WO 2011/ 033045PCT/ EP2010/ 063660 Het erocyclic Antiviral Conpounds The
present invention provides non-nucl eosi de conpounds of fornula I, and
certain deoioatd3s@s t hereof, which are inhibitors of RNARCH@EPeNdABICERNA
viral polynerase. These conpounds are useful for the treatnent of

RNA- dependent RNA viral infection. Theyl-are particularly useful as

i nhibitors of hepatitis C virus (HCV) NS5B pol ynerase, as inhibitors of HCV
replication, and 5 for the treatnment of hepatitis Cinfection. Hepatitis C
virus is the | eading cause of chronic |iver disease throughout the world.
(Boyer, N. et al., J. Hepatol. 2000 32:98-112). Patients infected with HCV
are at risk of devel oping cirrhosis of the liver and subsequent
hepat ocel | ul ar carci nona a 2N Eic&?éln‘kﬁ?nl i ndication for liver
transplantation. 10 HCV has %8 HYEr a8y rad-4ep nber of the virus famly
Fl aviviridae that includes the genera fl aviviruses, pestiviruses and
hapacei vi ruses which includes hepatitis C viruses (R
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of the DNA sequence. Mre than 30 subtypes have been distinguished. In the
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core protein (C) and two envel ope glycoproteins, 25 El and E2. HCV al so
encodes two proteases, a zinc-dependent netall oproteinase encoded by the
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10 Current and Future Ther apy for Chronic Hepatitis C Virus Liver D sease,
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type 2 or 3 genotypes (N. N. Zein, Clin. Microbiol. Rev., 2000 13:223-235).

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

the NS2-NS3 region and a serine protease encoded in the NS3 region. These proteases are



15 Status and Energing Strategies, Nature Rev. Drug D scov. 2002 1:867-881;
J. Z. Wi and Z. Hong, Targeting NS5B RNA- Dependent RNA Pol ynerase for

Ant i - HCV wbenmnidgrapy, Curr. Drug Targ. - Infect. Ds. PO0AP3(18)6s367- 219.
Ri bavirin

(1- ( (2R, 3R, 4S, 5R) - 3, 4- Di hydr oxy- 5- hydr&xynet hyl -t et rahydro-furan-2-yl)-1H
[1,2,4]triazol e-3-carboxylic acid am de; Virazole(r)) is a synthetic,

non- i Ntr&fufiiRE a6 dleEHEE Blspediic Regasl SRS picbisYolyfro@in intichesd stptianal Tig.
Ribavirin has in vitro activity against several DNA and RNA viruses
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therapy of HCV with ribavirin and interferon-a currently is the optinal
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S114). Although, in monotherapy ribavirin reduces serum amino transferase levels to normal in
40% of patients, it does not lower serum levels of HCV-RNA. Ribavirin also exhibits significant

toxicity and is known to induce 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



A nunber of potential nolecular targets for drug devel opnent as anti-HCV

t herapeutics have now been identified including, but not limted to, the
NS2- NS3 awoapriaBsemse, the NS3 protease, the NS3 hel i casecami2ailomcIebB

pol ymerase. The RNA-dependent RNA pol ynerase is 20 absolutely essential for
replication of the single-stranded, posktive sense, RNA genone. This enzyne
has elicited significant interest anong nedicinal chem sts. Nucl eosi de
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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;



WO 2011/ 033045PCT/ EP2010/ 063660 -5- Other targets for anti-HCV therapy
under investigation include cyclophilin inhibitors which inhibit RNA
bi ndi ng twoNBEI33m@Et azoxani de, Cel gosivir (M geni x), anPCHEPRIDO63660

a- gl ucosi dasel, caspase inhibitors, Toll-like receptor agonists and

i munosti mul ants such as Zadaxin (SciG4ene). 5 There is currently no
preventive treatnent of Hepatitis Cvirus (HCV) and currently approved

t her apijew. Tokiasdinietiast 4 ohiyr@Q Aicbst ahiCehenb@er. 2005 89(5):D850; gNL a0Erk ef al., J.
devel opnent of new pharnaceutical conpounds is essential. The present

i nvent iMe- ek U B (EDMI9hd according to fornula I, 10 or a
phar maceuti cal | y acceptabl e salt thereof wherein X |s Nor CR5 R is a
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hydroxyl R3 i s CH=CHAr napht hyl or C(=0 wherein Ar is phenyl
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the 20 replacenment does not form a oxygen-oxygen bond, (e) Cl_3 al oxy Cl 6

al kyl , compoRdsosiiensegpmpyuRds; nydijotide aBalapy shyleanidsopogs immepgpbulins,
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car toxyhtiinfadve 0drhp@B880.4 SREIT¢ datd Ot @A B3BHOmay also comprise prov1d1ng a cornpound
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

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).



-6- R and le are (i) independently in each occurrence (a) hydrogen, (b)

C 6 alkyl, (c) Ci-6 al kyl sulfonyl, (d) C1 6 acyl, (e) C1 6

hal oal kylwol2boimgBg4s(f) C3_7 cycl oal kyl sul fonyl, (g) C3-Pcayrre@alok3she C1_ 3

al kyl -sul fonyl, (h) C _6 al koxy-Cl_6 al kyl sul fonyl, (i) SO2NR6 or (k) Cl-6
hal oal kyl; 5 X2 is OH, Cl_6 alkoxy or Mreltd; R and Rd are (i)

i ndependently in each occurrence hydrogen, C 6 al kyl or C4_6 cycloal kyl or
(1) takae thestibeinttHCV thbRpRiuhd@devestigativhiisdlud@ylophitindihhdabdvidcie a
cyclic am ne wherein the cycloal kyl or cyclic amne noiety is substituted

by ( CH2YMNRRRA Méim@‘: t WS 3bs nijazegariide, (Grdgosivird Migeniy), gy drhaljias of erglecosidase- |
G Rda, K : : iR ) :
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hydr oxy&¢ik¥dne).cyano or hydroxy; or (ii) when taken together, Rd4a and R46
together are C2_4 al kylene and R4" is hydrogen, Cl1_3 alkyl, Cl1_2 al koxy,
hal ogen, Cl_3 hydroxyal kyl, cyano or Cl1_3 fluoroal kyl; R5 is hydrogen, Cl1_6
al koxy,Theed isgemcnsly moiprevativg kreatment gigHepatifip @e\p@mblﬁ%i yenil gusertly apprarMeence
hydr og r. G, 3.alkyl: or, .1 har euty cal | cept abl |t thereof.
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Hepat i tpharnfacYitidas cdrhiéddndy isrddsentiaf ect i on by admi ni stering a therapeutically
effective quantity of a conpound according to formula | to a patient in
need thereof. The conpound can be adm ni stered al one or co-adm nistered
wi t h otThemresanti invendion poempdasrdmmpouhdmescodingltd Bronk.1, 20 The present

i nvention also provides a nethod for inhibiting replication of HCV in a
cel | by administering a conpound according to formula I in an anount
effective to inhibit HCV. The present®®invention also provides a

phar maceutical conposition conerSL€é§ﬁ,R%npound according to fornmula I and
at | east one pharmaceutically accepfablle carflher, diluent or excipient.

The phrase "a" or "an" entity as u Kerein refers to one or nore of that
entity; for exanple, a 25 conpound refiers to one or nore conpounds or at

| east one conpound. As such, the ternms "a" (or "an"), "one or nore", and
"at | east one" can be used interchangeably herein. WD

20114 0 / =1 e "as defined herein above"
ref%is%ggégﬁgﬁgggégég?9%§&$%$?§3%;?§?Q%%%E group. In all other enbodinents
provid§?.q§log(ssubstituents whi ch can be present in each enbodi nent and
whi ch g nét gxplicitly defined retain the broadest definition. As used in
EP;IS ms Qﬁlél; Ih(e:t%}rola(t?y ’ra(Yl\@aﬁtse %cr:teéi %o?h tthre %Posdptcgo?lgllg‘[lingp ohfrzg-ﬁ?A%, Al-a a%(ril %—? gg}i of the

heteroaryl being optionally substituted by halogen, C; alkyl, C;3 haloalkyl, C, alkoxy:

H H H H
N. O N O N. O N O
P P 2 N A
% % N % %
A-1 A-2 A-3 A4

15 R?is hydrogen, cyano or hydroxyl;

R* is CH=CHAr, [C(R®),]a, naphthyl or C(=0)X* wherein Ar is phenyl and said phenyl or said
naphthyl are optionally independently substituted with one to three substitutents selected from
the group consisting of (a) hydroxy, (b) Cs alkoxy, (c¢) Ci alkyl, (d) C;.1o hydroxyalkyl
wherein one or two carbon atoms optionally can be replaced by oxygen provided that the

20 replacement does not form a oxygen-oxygen bond, (¢) C;; alkoxy-C, alkyl, (f) halogen, (g)
cyano, (h) C1. alkoxycarbonyl, (i) C1 alkylsulfonyl, (j) X'(CH,),. wherein X' is O, NR® or a
bond, (k) Cy.3 acylamino-C . alkyl, (I) (CH,).NR*R” wherein n is zero to two, and (m) carboxyl;



5 terns "conprise(s)"” and "conprising" are to be interpreted as having an
open-ended neaning. That is, the terns are to be interpreted synonynously
wi t h t he wonras#@s3tdsavi ng at | east” or "including at | ea®CT/EPWI8/06366€d | N
the context of a process, the term"conprising"” neans that the process
includes at least the recited steps, btft may include additional steps. Wen
used in the context of a conmpound or conposition, the term "conprising"
means  tRfahd Riarc@mpasaddarlyli ceepeaiti@a) Rekadas(IC, s ekst, (Hhe ¢ eci t ed
features or conponents, al so include additional features or
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sane cdajoalkytl. Thus, in a conpound in which R' appears twi ce and is defined
as 15 "independently carbon or nitrogen", both R's can be carbon, both R's
canjxaxﬁm(ngqn%agbx9@epEFRﬁpn be carbon and the other nitrogen. \Wen any
variable (e.g., Rl, Rd4a, Ar, X1 or Het) occurs nore than one tine in any
noi ety ReTanfi qEirasé @2 HRBHGIdE Yy ANdcHES Qe 8y EAOeNdSIk §roH QY R9cBhIKG] & (7§d i n
the present invention, its definition on each occurrence is indepéndent of

i ts deftilenttpgatheatwidwbe pitigheto which theyrace attaghedarc200ye beriinimat vy enein dhie

bsti d/ or. i abl.es . i.SSi i f h d |
st aby GORBNED ek Y TR RRIF AR BF SRR s SR S PR NR  hr ough

a bond eac efer to th oi.n f attag t.of a f Liopal grnoup or other
cheni c&f 1ﬁ8}"§9§el‘e§tl?ﬁg‘yﬁé§t6 rloa st S ERTP R Phormingtl TR 90 35 BB 31
foryex ; frowher eiityIR¢, Faltoxy? . ; Mo Q) Ikgb
i & R pndcR ) AR e iy @hzea%?ﬁgépgl ordiE ‘98‘5'%]".” kgt |C§/¥Qa°§

used hdwydioxynerais whhmtakan sagsthety R ehd Rietogethérerte Evenlkylsne end Binis hpdrogemay
but ne not CCUr, a t hat. t he, descri.ption ipclydes jnstances where the
event ?” @ﬁ?%u@sztaéﬁdéé’ ’ gag%%erns bé[ﬁ Byqr%}f@%’e%yafl% OE\EF T u?rtoafgg s not. For

exanpl ;5 ." ional |y substituted' nmeans that the optionally substituted
nDietyﬁﬁd§8£%88ﬁb6LéP@°§%HV/ BQHCb?ggy% sub stituent. The term "about" is
used herein to nmean approximately, in the region of, roughly, or around.
Whien t e’ it Edgpondispily in Gagh geairenef kwshipgmciGon aliyliPra nunerical range, it
nodi fies that range by extending the boundaries above and bel ow t he

nunky i @mhavmqq@tscaglétacwwthh@ saltrthefepler al , the term "about" is used herein to
nodi fy a nunerical val ue above and bel ow the stated value by a 10 vari ance
of 20%__As used herein, the recitg%%gg of a nunerical _range for a variable

i's i nt HSEESER BEHSY ANAOYIARS 4 MEBAL friTrHYS BESEIEHHPBHINCATEHE G i abl e
equal  tG,@MfeQfont dﬁﬂﬁi%ﬁn%%lﬁ%r@oehﬂ@éﬂ ARYEve Jitndity dQf ¢ ep‘é%ﬁ!i Q@o?di\‘\‘%'ftcph I's

i nherently discrete, the va can be equal to any integer val ue t he
nuner i datmulahées piteot idiced thdnepfe Atle poinpowndofantbe@dmamsgtercd Slamcloaichy, for a
vari abl

aﬁm\{\lglstglhedlv&?ith other antiviral compounds or immunomodulators.
20 The present invention also provides a method for inhibiting replication of HCV in a cell by

administering a compound according to formula I in an amount effective to inhibit HCV.

The present invention also provides a pharmaceutical composition comprising a compound

according to formula I and at least one pharmaceutically acceptable carrier, diluent or excipient.

The phrase “a” or “an” entity as used herein refers to one or more of that entity; for example, a
25 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.



15 inherently continuous, the variable can be equal to any real val ue of
the nunerical range, including the end-points of the range. As an exanpl e,
a vari ablwowhilaizzi4s descri bed as havi ng val ues bet ween @cam®2@0/06360 be 0, 1
or 2 for variables which are inherently discrete, and can be 0.0, 0.1,

0.01, 0.001, or any other real value fo&F variables which are inherently
conti nuous. Conpounds of formula | exhibit tautonerism Tautoneric

conpourdg phedle €9 dilfind® hérs dboveer2f thobeageyn vefiticibh &rfeﬁﬂﬁ%@ﬁp IRraflto@idropi ¢
tautonmers result fromthe mgration of a caovalently bonded hydrogen atom

bet weerSmMbRERATETRIOVIigd belaws sUhgERERt Mhjchesansie nrescaiicreibembed et adreph s to
| sol at g af, d QbEMIIYSnJFULATERE Brdidi@ldbiniBp@duce a m xture whose chemi cal

and physical properties are consistent wmth a m xture of conmpounds. The
position of the equilibriumis dependent on chemi cal features within the
ol ecul g usE@in @iApBEiBicatioh, WRBcin Pbatkitondl fhedi deth e Laaf oK@k enes, thsuch as
acet al dehyde, the keto form predom nates while; in phenols, the enol form
pr edomiteraise Sompuspin apd Grosnrspige arcdatbsieierétad byl ingeangenaind¢d oeaong.CH- ' =7

L Ry oA Sy SR 0 SR PR,

comon "ingludgigedt dedsy’. Waed ub&t BItheE Y&itée of b Pescesy) thettbien PdoegRRing! MvRAS tHanthe
enconpasses all tautoneric forns of the conmpounds, WO

2011/ 0PseLsPeTuEE 1ghds seuted gteps.tuiymay insdudenddbionak epsp\Whenasakin|thed
artisa 0 SR d o i r..nore
chiral %8%%?%?% %Enc})%ﬁlﬁéérgg? ore ggll% éﬁle?%n% \%I?%gm r g?eé?sg@g%t?% g?rle%p?%&f%r nms. The
r acHatcempofitibi astides aneass thetrbatddrfdatuted oatomsoretssbmhymlxdt inckede edditichedd i n
one enagntionmer, as well as diastereoners when there are two chiral centers,
and i XFHMES OhHPRUCY: enriched with 5 specific diastereomers are within

the scope of the present invention. It will be further appreciated by the
skil | e%h%%ﬁé%ﬂde}t ettty he 8{%ﬁ8fin&i9a‘%e h{a%%@r%bﬁé [3ppid RG%nk 3 g'i&s&%ée
endo- or “exo- confrgurati on, and the preésent 1 nvention covers of

conf i gurigouRsgardTtb ehdpreseans ot dbseiteio?R viarighlu deing that bdige dinglilViettn@bcfinition
stereoisoners (e.g. enantiomers), racem c mxtures or partially resolved

mi xt ur &thon thepame GrppowRfs Thas.fipa spmpeund igrghichRe prpcapdiegsrandtizdefingd as

i ndjid iCo. e c t wch
or S BRepdRhBLLRAR bR, bR PGk I\GrAE BRUPS oA Mol AR RIFD,
st er eoche b cabby aplithe otdempotogds. or m xtures enriched in one or nore

i soners. Methods for separation of isoners are well known (cf. Allinger N
L. and Eliel E. L. in "quias inIStereochenistry", Vol. 6, WIley

| nt er scVigrcasy veoizbly (aad R ni& " utie 2piey $lcbledcontstrpyd shanBng gty iany mooetsedgr aphy
usi ng i .adsor he -1.ndi vi dual, | . .pr.epar i N ir form
Fr om oy Tl Bend SERCIR oo ity LAREFEF AR RE RUREPEEH bR-R By, o
chem calefinitibh @meacdocutieseely iddepdnidagt shigsleh@ionBE bverg atheBoddutlnd. cAiks,al

acid, such_ as the_individual enantjoners of 10-canphorsulfonic acid, .
canfhorcpmbypfigns ofjupsiKucnsy HiiarmpRbles ercasrmissiblgrony if sugrgampounds result in

di acet y} i id, malic acid, pyrrolidone-5-carboxylic acid, and the

i ke, %f%%%%bﬁ%ﬁ?@gzo crystallizing the salts, and then freeing one or both
of the resolved bases, optionally repeating the process, so as obtain

ei t her ok sh@bblsSubsttBO BT Ybdrder "oF-t+he' @B khrolgifa boﬁd'ea@hfr%ﬁﬁohﬁé/?dﬁm an
optical purity of >95% Alternatively the racemates can be coval ent

| i nked of ettachateint af a Boatenaharouaex ethcaelemicd myielie hedicsst éb@e@ﬂbﬁlsle\mﬁwéwhc an

be sep h raphy or by fractional crystallization after which
time tﬁ%géﬁgpa m%h%?%?%ﬁ leis chemcally renoved to afford the pure 25

enanti oners.

MeC(=0)OR* wherein Ré = +—<] or +<] => MeC(-0)0—<]

25

A bond drawn into ring system (as opposed to connected at a distinct vertex) indicates that the

bond may be attached to any of the suitable ring atoms.



The conmpounds of formula | may contain a basic center and suitable acid
addition salts are fornmed fromacids which formnon-toxic salts. Exanples
of salts wb2onesg@ni ¢ aci ds i nclude the hydrochl ori de, Rgumeboionszbe)
hydr oi odi de, chloride, brom de, iodide, sulfate, bisulfate, nitrate,
phosphat e, hydrogen phosphate. Exanpl es-of salts of organic acids include
acetate, fumarate, 30 panpate, aspartate, besylate, carbonate, bicarbonate,
cansyl athe.terh aptiohall d€ tetRnall a3distd hétinrmdas ties ¥ sabsequdiels Vkeatrbed dadm0at e,
orotate, gluceptate, nethylsulfate, stearate, glucuronate, 2- naps Iate
t osy| atcECURptBRGe B buhneedtioh aeaur. skihp tha dessriphien e lidesnpianges Where
gl ucon 6. S « ate
benzoa’% tggm Or\é\fp @&Me%ﬁy%@ué@ngﬁ_{enggg%s%% Gy gd?%%oewﬁgﬁé%% 1?6 ab efoglg S see
Ber ge atlbsaitutedl’ > mBPhanthat tlﬁcmptmniﬂ)}? substtuledirBoiatydm&y inSorpBeati¢ & kydhngatorad . J.
Med._Chem . 2007 50: 6665. Technical and scientific terns used herein have
the‘%eéH?%ﬁw%%nnDnly understood by one of 5 skill in the art to which the
present invention pertains, unless otherw se defined. Reference is nade
her ei n vV, r; suneth e nd nat n in
the ar feaf B B85 TERSTER TP B Lol TG R T (OB L ER PR, B b es ' o
phar maowh&gie itdial 'ladeutGﬁm;eam @ﬁﬁlu@ubmma fﬁhﬂari%ﬁfiﬂ’aﬁg&(iﬂ 00digias thBesinge BY
Therapeutics, 10th Ed., McGaw Hi Il Conpanies Inc., New York (2001 The
starti sgteRamnethabamdpicsabayenidsbelesdhs anﬁr@ﬁthlw sehiosd. ioiepeizhdee
generah 1 i Aldrlch
cal Yo 8 1 R By oyl S o R B S le 87 4% L o
foIHbmnngmnm@ﬁéeres set forth in references. Materials, reagents and the
like to which reference are made in the foll ow ng description and exanpl es
are obtai nable from comerci al sources, unless otherw se noted. General
synt hetAscuspd bersthu thegepitaiion loé e nugiesedlirpneg Hna wr@éﬂq' iggntenyte tesommicy dkat thind
Fi eser t hesi Ky Vol unes
T on aebof BRI vRectfl SHERD GuiP AR St kLY e MR Bk i
W | ey- Y&iH veleYohish Mﬁﬁereﬂﬁ%n@lﬁﬁbt%nﬁlb\ﬁ@n@’l@aiﬂ bc At tesiysatefer viiRf tiand | .
Flemng (Eds.) vol, 1-9 Perganon, Oxford, 1991; quprehen3|ve Het erocyclic
Chem s thpperigal rp@gexmcmdﬂw@e aw&p@ntwf thipraeq. Buw) s s 1ablsw bicl 11984, vol |

te e t C. W 20
Rees (E@ §&@§n§gﬁ§ﬁhﬁ éﬁ%%%gﬁ%<%P§h%¥?%kaﬂeaug?ggﬁﬁ@hﬁeg%gl 5, Wley &
Sons: Nesudiog khe ehaa)b;mts/of thoeange- AQamoxchmple,la Waeiabenvliclais descritied aehswing | ed in
the art. I n one epbodinent of .th rese ntion there.is proyide
compourtdlUse BFEFh a{l@%%ﬁ% Uy Ljor %@rﬁ% qusﬁl are mherchtly discrefge and gy e ac ,
oK, 6K, K@, 1 l@VGlK@ o1, d?‘%n¥ Biher Al vafue %2 vartdbl@dhith ﬁfeemﬁéfentbd@d(ﬂtlﬂﬁ&lsher ein

above. The phrase i ned herein above" refers to the ‘broadest
definition for 25 each group. In all other enbodlnents provi ded bel ow,

subst i tQeigosnddib Coraaa 1Rkehipitestoinctisin € Aeito /O dbmpelindsash witeR t&b or Rdkc
explicitly defined retain the broadest defipition. K WO
20140 03esPeEriablEXpeOED sgtropic tautomers result from the migration of a covalently bonded

hydrogen atom between two atoms. Tautomers generally exist in equilibrium and attempts to
isolate an individual tautomers usually produce a mixture whose chemical and physical
properties are consistent with a mixture of compounds. The position of the equilibrium is
dependent on chemical features within the molecule. For example, in many aliphatic aldehydes
25 and ketones, such as acetaldehyde, the keto form predominates while; in phenols, the enol form
predominates. Common prototropic tautomers include keto/enol (-C(=0)-CH- S -C(-OH)=CH-
), amide/imidic acid (-C(=0)-NH- S -C(-OH)=N-) and amidine (-C(=NR)-NH- 5 -C(-
NHR)=N-) tautomers. The latter two are particularly common in heteroaryl and heterocyclic

rings and the present invention encompasses all tautomeric forms of the compounds.



-11- C12 fluoroal kyl, C1_3 hydroxyal kyl, cyano or hydroxyl; or a

phar maceutically acceptable salt thereof. In a third enbodi nent of the
present iwoenti/ss4shere is provided a conpound accor di ng@CrEPR@wmsdcan |
wherein X is CR5; R5 is hydrogen; le is 2-oxo-1,2-di hydro-pyridin-3-yl
optionally 5 substituted by hal ogen, G9-6 alkyl, Cl_3 haloalkyl, Cl 6

al koxy, X1-(CH2)1 6CO2H or X1-(CH2)2_  6NReRf V\/nerel n Xl is 0O, NR6 or a
bond; RBwilbbippeddiitedby {he(sRBlead ]artls‘Mﬂ i€ bdndof the t¥Mpoidsios farptuloNAkY ¥ontain
subst it ut ed phenyl ene- (NRaRb); and, R4 is CR4aR4bR4c wherein Rd4a, R4l and
R4’ ar &0p ﬁﬁéﬁéﬁ‘rﬁﬁ# Fgnters a aed mekégfwe cHIst 1 (HRe R steroaomeris feansy AbE e sal t

t her eof,. vi.ded a
compour e BaSRAEE SRS R Bhpl (B ERE Y RARBHLRR hdfE Sl C=T
2- 0X0- lyeZI-a:iidmsehreamqts ndhicn ¢1rey dre 0@d ichinall deytess, bisd mixttes phlyiahﬁbmgﬂlﬁd wah 6

| kyl hal | kyl ClL | k 2) 1. 6CO2H 2- B6NReRf
\?mer5e| ﬁp%*S élgﬁgfaeﬂup@srso%reav Hﬁfae 3?@3)6.0?]1@& ) esqat Mypntfary Etsyvéf b (%'?@%i nhn ?s
t wo; Ara%bl% f&{%‘tﬁﬁﬁé S aHRstdd b gAY | %of)m%m)oan%@% cithbr lefdo- or

CR4aR4bRAc whe n R4a and R4l together are C2_4 lene and R4 is
hydr ogemg-c@ifigiratiday hnd Bt pPesahtkioxgntioh abwehoth@mnﬁgmratldebe(plaBdw Ilnvenw(ano or

ClL 2 flu har rraceutl aII cce abl e .sal.t, t hereof yet
anot her iBodi e iR ABEPREEHE v BT oPhare e BB Ged s U o und
accor dirf@Ved rhiRfuied F the Rinfs &f fo%m@B@I alf®, Wiser®Yslire8@ae, th@indsvidual

2- 0X0-1, 2-di hydro-pyridin-3-y1 optionally substi t ut ed by hal ogen, Cl_6
al kg | t@ztorgemcaf%@sklweofm 6 al koxy, X1-(CH2)1 6CO2H or V-(CH2)2- B6NReRf
wherein X is 0, NR6 or a bond; R3 2-naphthyl optionally substituted

p- phenyl ene- 20 (N and, R4 i CR4 R4h-4c, . . . . :

K wher rﬁ@matqwﬁgﬁasqé S SHFTROY G Zwmlg}wé&el@mémwl isgpegs. The

phar maGeWitforl i a AGLERIBN R nS@ h’fteéo%‘i’ﬂounlié]orarﬁ&ftﬁ% erfiHRed il &M orfork he

present invention there is provided a conpound according to formla |
wher ei nsoxhdrs MéﬂxodRﬁ)rlsspdwﬁ@hm@fewmdre afesvedl lamvm(cﬁ -Pdlmgmiﬂ\b Ipyflndl diigl-13-Iy in

opti ong, sbttedb 1 6 alk a | C16alko,
S & oy st hetrel V5l 898 ol aoa iomd it cal et Ok
i's GH=GHA as aﬁfomaogﬂ%hfﬁﬁhé ¥ chiedl SHidrbéRd IRpheay ligmer{ NRaRrepdrad inSchiyelr ogen
and Rb is C1 6 alk fonyl; and, R4 is CRAaR4bR4c wherein R4a, R4l and

R4 ar éminm&epweqmr@hpneyur&rssAéuewtwelmndawéh@lrlmﬂw&ﬂ B«;paa%@@@teamcéély
t her eOfa mi turQ b ocﬁlnlgé gﬁ&%%g{ngf ts?lPs V%lhpg CRII‘ gﬁt g% 1881V§] ugf gnanam%r 1%\“ ded

a COI’TpOUI’] accC erern rogen, e IS

2- 0X0- bf20.dhatny H@x@ul}ﬁ)m aéid- Amphofiphdionaiphy. lﬁrﬁnﬁuhﬁlbhdrmtaedi tnﬁahahaggn Cl 6
al kyl, C1 3 haI oal k Cl 6 al kox X1-(CH2)1 6C02H or X1-(CH2)2- WD
2011/ 03F9gbarty Gm%@@e@@pmcz BRReRA DAY 8pid. sad the like, 1%@50@(1 Iya bond; R3

5 T SAGIAG I8  LRRT ST AR IPR L s Freh i deogen

hal oal Ipydmsﬂ foaybbtein e@Ber?ordapdl m&bﬂayﬂlaslm frangfithe ather; 184 in esfdﬁﬁMlaaRﬁigletn optidal
wherein R4a i ndependently C

phar maddtHY %fa%%/ 3@*&@%&%&%6 aiesrcap e cgvy ]Iﬁltbﬂaﬁ%éﬁo SEUBACABREUEE ¢ he

pr esent,ixay&p} ﬂogj?o&d&%fd%s{e%e&ﬁ&ywﬂﬁ@l can ORRAKNE] 9&8}%% atp%y o?b aétldnal
wherein X is ; R5 is hydrogen; R3 is S =

al koxy coystarllﬁzaRdn afiewiigh timelthel clogpd ayxi@iryds allld(mball}olen@Vh@tmdqui Ithe pmre
CR4?§Q 4 enan 10rners

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,
30 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,



it wherein:(i) R4a, Rab and R4 are independently selected fromCl_3 al kyl,
C 2 alkoxy, G _2 fluoroal kyl, Cl1_3 hydroxyal kyl, cyano or hydroxyl; or a
phar macewocallog3@scept abl e salt thereof. 10 |In anot her pemtErdinomsiccof t he
present invention there is provided a conpound according to formula |
wherein X is CR5; R5 is hydrogen; R3 i-$0R3 is C(=0)X2; X2 is NR Rd and
wherein le is hydrogen and Rd is a C4_6 eyel oal kyl substituted by

( CH2) " Nradigatyietddhiatd) beiszodRl Bsyldde, tan® pamoaté BaleN BoRdrdvievhyilsd@eR, saed s al kyl ,

Cll ea, K 6 hal oal kyl, or CR4aR4bR4c wherein: (k& and R4 are
i ndeperﬁfé%ﬁerfw sfell’é@’tnéd%f r B0 3 13pRg/G; S Qlawe Ré&% J e GhepoROM kyl , C1_3

hydrox* dldegk, cyano or 15 hydroxyl; or a phar maceutical ly acceptable salt
t her eo In a another embodi nent of the present invention there is provided
a conmpound according to fornula | wherein X is CR5; R5 is hydrogen; R3 is

R3 is Q{cchiietdandSeibsifiRciRes Yoo heich h& cithe M¥EHIAG BSMABHIyRAdEStR I e of
eyel oal kyl substituted by (CH2)"NRale wherein nis zero to two;, and R4 is

CRAaRAlskill in'tagaripewkich tkmmeseaﬁmvamtwnmﬁamﬁemlm Qﬁ@ﬁ‘déﬁ defjnedi Refesgrieglis or a
phar ma%?a%i h%r%l % Vat%ﬁ § &%H}O%Qi g (Ernape%a%q( Eh%klﬁ ITIP%FI gfan8?rdt he

present 1| nvent accor

wher ei Reférdnse G}R’aqs s%gifoﬂﬂb{dfe%ﬁétal {&chlﬂeﬁliﬂ Iﬁﬂﬁédo%g@/liﬂﬁhdld Gbedhmaagdit hyl ;
and, R4 is ,-. hydrogen, Cl 6 al ClRda, K hal oal k I or CR4aR4bR4c
wher ei #3ifman’ Saka Iﬁiwrmae ogical qumlcfé«ﬁﬂ%mf %@h@é&" SYcErFL @maw% Incgy 2

al kOXy’Neg;'¥8rl{ (:2'6998?(31%%%%?@11&&% epﬁ{g 9§¥@a| @{t}s uséﬂylﬁ{bge Qflnﬁglegl r’ren dn?s or a

phar maceuti ca sa {"ther eof n ano t he
pr eHentgenerey ticaithtihwadabls fiprmodntiec cal sgiphotsnchcaeas didhichgChamitdrG) @ are
wherein X is, CR5; R

6- met h&ﬁ%@mdfttwﬁf&ﬁi? %%tg[tﬁ%ﬁeéhlﬁﬂﬁw art fgflowing pregedpies setdPelén, c1 6

al kyl, rgf%%@es |Mat@r1£!§"1€§ée‘ﬁb’s and The ﬁ@‘l@%ﬁaﬁfefé’i’@ﬁd’eedr@n{ahé irPfd f(ﬁf’OWlﬁ«%
i ndependent |y selected ftom CL 3 al kyl, Cl 2 alkoxy, Cl 2 fluoroafkyl, Cl1_3

hydr oxydabdciptipn ey eraan@rles3ge hbtamakysl froro lcomnphaatlrsam@u&, iupkks gthaoepuabd.e sal t
t her eof WD 2011/ 03304 PCT/hEP 010/ 06366 y % cfh n})?dl ment of the
pr esentOHGE R CREEUIes PAY RG> 4 0 FPpS?ﬂli‘&e EH:C P dirRg ¢E Fi5ful a |1

\g@ ﬁrssle IS J[Rleﬁ%éng? }&5 dgggﬂ_u@ SPnMelienwaEyk Soadigal York eedigdes 1-0M RNE. DIRMR,
Comprehensive Organic Transformations, 2nd edition Wiley-VCH, New York 1999;
Comprehensive Organic Synthesis, B. Trost and 1. Fleming (Eds.) vol. 1-9 Pergamon, Oxford,
1991; Comprehensive 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.

20 Rees (Eds) 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 RY, R%, R?, RY, R, R*, R*, R°, R%, R%, R”, RS, R%, R, R, Ar, X, X', X* and n are as

defined herein above. The phrase "as defined herein above" refers to the broadest definition for
25 each group. In all other embodiments provided below, substituents which can be present in each

embodiment and which are not explicitly defined retain the broadest definition.

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

formula I wherein X is CR®; R’ is hydrogen; R* is CH=CHAr or [C(R®),], wherein n is two; Ar

is optionally substituted p-phenylene-(NR*R"); and, R* is hydrogen, C1. alkyl, Cy.¢ haloalkyl, or
30  CR*R*R* wherein:(7) R*,R* and R* are independently selected from C, 3 alkyl, Cy., alkoxy,



1, 2-di hydro- pyridin-3-yl, 3-oxo-3, 4-di hydro-pyrazin-2-yl,

3-0x0- 2, 3-di hydro-pyridazin-4-yl, optionally substituted by hal ogen, G _6
al kyl , Ciw® 2balo3ad4kyl , Cl1_6 al koxy, X1-(CH2)1 6CO2H or PCXEPLEBDSIH66NReRf
wherein XI is O, NR6 or a bond; R3 is CH=CHAr; Ar is optionally substituted
p- phenyl ene- (NRal e); and, R4 is hydrogéh, C _6 alkyl, C _6 hal oal kyl, or
CR4aR46R4c wherein: (i) Rd4a, R416 and R4" are independently selected from
Cl_3 aldgylfluotdalky?, @l KeMyoxyelkyl chhneosiaaidionyl; ok phatiyadeaioadl kiydoptabyadaa or

hydroxyl ; or a pharmaceutically acceptable salt thereof. In a tenth
enmbodi H§ieofof the present invention there is provided a conpound sel ected
froml-1 10 to I-7 in TABLE I. In another enbodi nent of the present

invention there is provided a nmethod of treating.,a HCV infectiaon in a

ot + et At Eea PR S s Sr TG Seiet<E B oot fiocfe b

ef f ect ifyi@maAdP Whtreaf Xas CRIPRURG haRhg 2texd-ormihyaird-pMHGHEI -l difi R3,
R4, Raa, Rab, RAc, R5, R6, Ra, y%bﬁ%gﬁe, Rd, Re,’ er}ai)&r?\“o?(, XI? 33°8nd n are
as def isnesdityted by halapoy &1 2yl K 1ahetoabyl, &b adhorenX -0F HneCPriégeNi-(CHvent i on
there i ovi.ded of {treatbn _ i nf éQn_in tient in need
t her eofﬁggf}mWh%E%lgﬁclg- adm n?rsatéeornl(ahg ésq?ﬁég%guotri[gg%l)a“‘évk ?rgﬁtﬂp%etwéhéﬁﬁ of a
conpoungtiastgrsdbsiguicd pihcApbic-(NRITEN gind, RE is GRP'RRR™ RherdR4R", R¥bandAEE ardR5,
R6, Ra, le, Re, Rd, Re, Rf, Ar, X X, X2 and n are as defined herein above
and at indensidesty Grmakyl os paharmacsetinelly sfcentidiorltdherreiast one anti viral
agent that inhibits replication of HCV. 20 In another enbodi nent of the
present invention there_.i.s provjded a thod of.treatin di sease caused
by P 1P ARG BT 0 BB TEE B CB B Sl MGVid6 A AT STEfee NG t

t her@peasiinnaal heRfif RGE CRE; RTY ARERIPOWN A 225k IpPEdin G- { s iehall
wherein Rl, R2, R3, Rd, Rda, Rbfd%%?fc, R5, R6, Ralfﬂi%%l,pp%el, Rg, ﬁﬂg, F% Ar,
X, X, sistitwted hy hrleges (detlkyb & ihdebiatkyhova ks, ¥i-(THastCOddor XmihE2)syst em

modul a%ggzelgfv:vﬁm&%l%tdx‘ffs N G §HANR? %s%ﬁébﬁlg(‘gr&’};@gf]m;wﬁﬁrg{ngé sSwhAKE O

col ony at'itng ractor. 1n another € resent
i nvent ioptlofidIBrsabitiuted pvildedese-eRIRIY; 4, R gat RITQ 'R *HMcionf RETdnaRTN a
patient in need thereof conpyising co-adm nistering a therapeutically

C

ef f ect itQ@ethghgime2-otlkge ndd ez qge vk 6npradkaxy. halpeeiGual e, R2, R3,
R4, 14 : : i : X, X2 d
IEA %gdﬁép?ﬂégg E%aélrggr nd?g glugf’oalkal(]i or a%hgrmeﬁ%utlﬁq’ly a'é@eé)éel%g%sdﬁ.rthelfé\og an

n are a ove a an‘interferon’or em ca
derivatized interferon. WD 2011/ 033045PCT/ EP2010/ 063660 -14- I n anot her

enbodi ng ?&t DbtHcP8mBsERRAL of tAY BFsEMR MR8 tHefe BHRKIiERIth @niRful@dc@lrdihg et | ng
a HCV infection in a patient In need thereof conprising co-admnistering a

t her apdetndal Wpcesin Xds CRe; RnsdnydragenaR cis Ppoim b 2atlessiretipsigd ing -ylorntienally
wher ei : a, Rdbh, . Rac, R5, RG L ~RIND, 1 Ra.\ Rf
A, ST e S0, Rl by SrehGicd abR «cFar
sNR°R" wherein X' is O, NR® or a bond; R? 2-naphthyl optionally substituted p-phenylene-
20 (NR'R"); and, R* is CR*R*"R* wherein R**, R** and R* are independently C,_; alkyl; or a

pharmaceutically acceptable salt thereof.

In another embodiment of the present invention there is provided a compound according to
formula T wherein X is CR’; R’ is hydrogen; R! is 2-oxo-1,2-dihydro-pyridin-3-yl optionally
substituted by halogen, C, alkyl, C;; haloalkyl, C\ alkoxy, X'-(CH,),.sCO,H or X'-(CH,),.

25  ¢NR°R' wherein X! is O, NR® or a bond; R? is CH=CHAr; Ar is optionally substituted p-
phenylene-(NR*R); R* is hydrogen and R is C s alkylsulfonyl; and, R* is CR**R*"R* wherein
R*, R* and R* are independently C,_; alkyl; or a pharmaceutically acceptable salt thereof.

In another embodiment of the present invention there is provided a compound according to
formula I wherein X is CR®; R® is hydrogen; R is 2-oxo-1,2-dihydro-pyridin-3-yl optionally
30 substituted by halogen, Ci alkyl, C; haloalkyl, C\ alkoxy, X'-(CH,);.sCO,H or X'-(CH,),.



5 conmpound sel ected fromthe group consisting of a HCV protease inhibitor,
anot her HCV pol ynerase inhibitor, a HCV helicase inhibitor, a HCV prinase
i nhi bi t orwearnd1120388Y¥ f usi on i nhibitor. In another enbodi wemtEPed100bIBPr esent
invention there is provided a nethod for inhibiting viral replication in a
cell by delivering a therapeutically efl?ective anmobunt of a conpound of the
10 formula | wherein R2, R2, R3, R4, Rda, R41l, R4c, R5, R6, Ra, Rb, Re, Rd,

-, K BRRRF whefeinX', is XB NRtor dscadaR’ defHACH Alig ARiifomdu Ry agbtivest pv t h at
| east one pharmaceytically acceptable carrier, diluent or excipient. In

anot her? @%ﬂ@lﬁ'@ﬂﬁtR >R B dYdogeemd Rnvpdntihaloatkyb e siadsprdonyle &1 aa%nﬁmnd
d f f 4 R4y, 40 4c o
" Re . o e 1A ar Gon QAR IEY S, R SERRIE: Brolth RERC and R s

f or useéndepetdeady iChg akyHOY aiphfuieatcewicalliFactdpeabld sltphavofded t he use of such a
conmpound for the preparation of a nmedicanent for treating a HCV infection.

I n anot her enbodi nent of the present invention there is provided a conpound
accor dilngnetberiumhodimeény pﬁtheaorﬁsem@rveﬁtwnmherms R yRad Rcomourrwccordmg to

, R5, R6, R. .R 1, X2,8nd,s3 xehi. n.apove in
conbl na?Rr%%)un \INI ﬁlﬁreh%R‘% k: CR? RnleS |y%&d ean Sﬁ%nl? at’g ang[/ % g‘lpeast

one antNRiR‘ahndBERthyidPaten] OfY etlkj'z1§cr@pdlwayu @[ncnf "RARA dierdins @) R, Ri'eadd ng a
HCV infection. Further iIs provided the use of such a conpound in

conbi nd¥ | 8 lwl@cpﬁn%ﬁnﬂb/é@)@@te@ Ao Grudbkyls st alkprbduk élueroaélwdw%lrs hydrexyakkel.one
t th t f
e arame RaB R EpLAR b ol O T Moo ment of t he

pr esent |nvent|on there is prOV|ded a conmpound according to 25 fornula I

wherei Nn both&Zombdimét of invEiftfon th&c iffrovidad a RBmp&end al%‘éorch toK
Ar, X, XI, X2 and are asg gflned here;n qpove in cogblnatl at Ieast

one i mfmm@llgwthémmﬂd&C&oR isdlydeacet; Rr 6R inCEr@RF oX 1§ NRER @@Whﬁremlﬂmr
e O e RSk €0 SRRl bR BB P T BURRE Wb F AP Al sease

caused her rOVI e us a co

conbi nahd &t 1S/\h§zd’110@dn b@@skyp 08, haluIRe], oy SRR R Ul ladréin:( qi“é,cR“édnd Rérare
interferon, interleukin, WO 2011/033045PCT/EP2010/063660 15-
independently selected from C, alkyl, Cy, alkoxy, C., fluoroalkyl, C, 3 hydroxyalkyl cyano or

15 hydroxyl; or a pharmaceutically acceptable salt thereof.

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

formula I wherein X is CR®; R’ is hydrogen; R is R? is C(=0)X?*; X is NR°R? wherein R® is

hydrogen and R%is a C4 cycloalkyl substituted by (CH,),NR*R"” wherein n is zero to two; and

R* is CR*R*"R* wherein R*, R*" and R* are independently C.; alkyl, or a pharmaceutically
20 acceptable salt thereof.

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

formula I wherein X is CR®; R’ is hydrogen; R? is optionally substituted naphthyl; and, R* is

hydrogen, C alkyl, C, haloalkyl, or CR*R*"R* wherein:(7) R*, R** and R* are

independently selected from C, 3 alkyl, C,., alkoxy, C;.; fluoroalkyl, C; 3 hydroxyalkyl, cyano or
25 hydroxyl; or a pharmaceutically acceptable salt thereof.

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

formula I wherein X is CR®; R’ is hydrogen; R? is 6-methanesulfonylamino-naphthalen-2-yl;

and, R* is hydrogen, C\ alkyl, C; haloalkyl, or CR*R*R* wherein:(i) R**, R*” and R* are

independently selected from C, 3 alkyl, C,., alkoxy, C;.; fluoroalkyl, C; 3 hydroxyalkyl, cyano or
30 hydroxyl; or a pharmaceutically acceptable salt thereof.



tunor necrosis factor or colony stinulating factor for the preparation of a
nmedi canent for treating a di sease caused by HCV I n anot her enbodi nent of

t he presewb 20nvBsi4son there i s provided a conpound accordirmgp2eio/odzsbeledf
formul alwhereinR1L,R2, R3,R4, R ,R4 ,R ,R5,R6,Ra,Rb, Rc, R Re, R Ar, X, X1, X2 and
5 n are as defined herein above and anl3nterferon or chemically derivatized
interferon for use in treating treating a HCV infection. Further is

provi def ahdtBerliSebodim&i ©ff ti [FesrROMREntRAGhED id proeidte b @BmpourhasbRiald i
derivatized interferon for the preparation of a nmedicanent for treating a

HOV i nfie@iyleh wharcantind Re b betrioatyl edigah sclogted BAM the gropicomsistigrad 2rexo-

id , i ng 4 f iy : , lea,
Pror Rae HHECRRRTL SSRAL OIS 4 nido RFPHL2, FORE Eulibitrg Ferig B4t o2
def i nedphenziyrsubbiwvted by halogbn, i tsiatkyl v t:Hhadoadieshet | anitdxwi Ka(CHenpoOsd or

| ect h . i St f a HCV.pr.ot i nhi bi t ther HCV
el /AT T P AR RN & S T A ol
a HCV fsusdiRited plyhgﬁ;tl&]ge-mwi%numﬂ {sq@hfd”ggn,acl'jféﬂdl!‘&ﬁécﬁdl&am(yfw@ﬁf%z‘"tm@r e

i's provided the4use4bo sych conpound i’'n conbi nation w th anot her
ant i vi vdlergop®RihR"S eddeBi ede indopand b hygyebaspedcforrs iGs 1 iatkgyl, &1 . alkaQY, Pr.ot ease

i nhi bi t.or not her, HCV | ymer ase ,i nhi bitor, ;a HCV hel,icase,inhihitor,.a
Hey or e oA RR L TR Bkt bt GRS PR afichetas %,
medi cament for treating a HCV infection. In another enbodi ment of the
resentg, | j . i I: . . in le,
o~ R U kB RO e pRSAH|RRA g BREPRARSYiR 4 Bt igBeg HRGTRLY 15,
andlh ao &-7as T2BIdei.i ned herein above adm xed with at | east one
pharmaceutically acceptable carrier, diluent or excipient for inhibiting

viral replication in a cell. In another enbodi nent of the present invention
t her e ilB apother apel dzmens o i nrpssnt wuepongherg isprovidpd amepthascorteiatpe 8 HGEVor nul a

| wher ej 3 . R3,. R4, .l to,. .Rae . , . Re : ,
xSt Fhpfit ip Bt orbldor SRR i s, Won e Wou?
phar neegutcbmpblind Rboriiigeptfanhea ¢ avheidt R' A1, REPR*, ®R** RY] Ri‘eRE, RTRE, RE R
“al kyl" as.,used herein w thout further Iimtation alone or in conbination
wi th ottheR gRodEsXs Yerbtadd ngic anBeHkE MeEbAdBEanched chai n, saturated,
nonoval ent hydrocarbon residue containing 1 to 10 carbon atons. "Cl_6

al kyl " -as ed herein refers to an al ky] conposed,of t car bo

alipl 48 St PG 5L T PaE Bt P roRror i 6 der s o BREPE AT R Y

gr oups infeetidHR a3RtieRtivked t%%f&%feorﬁﬁm% co-hGRMAK QR a thBrabélitichily bEEtRUt Y1 |

tert-butyl, neopentyl, hexall , and octyl. Any .~ . s 6
amount of a compound according to formula I wherein R’, R, R’, R*, R™, R*”, R*, R’, R’, R?,
R”, R, R, RS, R, Ar, X, X', X* and n are as defined herein above and at least one immune

system modulator and/or at least one antiviral agent that inhibits replication of HCV.

20  In another embodiment of the present invention there is provided a method of treating a disease
caused by HCV in a patient in need thereof comprising co-administering a therapeutically
effective amount of a compound according to formula T wherein R, R?, R?, R*, R*, R*", R¥,
R’, R% R, R, RS R RS, R, Ar, X, XY, X? and n are as defined herein above and at least one
immune system modulator selected from interferon, interleukin, tumor necrosis factor or colony

25 stimulating factor.

In another embodiment of the present invention there is provided a method of treating a HCV
infection in a patient in need thereof comprising co-administering a therapeutically effective
amount of a compound according to formula I wherein R, R%, R?, RY, R*, R**, R*, R>, R% R?,
R”, R, R%, RS, R, Ar, X, X', X? and n are as defined herein above and an interferon or

30 chemically derivatized interferon.



WO 2011/ 033045PCT/ EP2010/ 063660 -16- carbon hydrogen bond can be repl aced
by a carbon deuteriumbond with departing fromthe scope of the invention.
The def i nvDi2ong3s@scri bed herein may be appended to for FCT/EP2010/063660

chem cal | y-rel evant conbi nati ons, such as "heteroal kyl aryl,

"hal oal kyl heteroaryl," "aryl al kyl het er-d¢ycl yl ," "al kyl carbonyl ," 5

"al koxyal kyl ," and the |ike. Wien the term"alkyl" is used as a suffix

f ol | owIngn@n&t distodirgéiof @% prisenPetionl thstk is' prokided ¥ dicdhaed tkidating b MGV i s
intended to refer to an al kyl group, .as defined above, being su%stltut ed
Wi th ONRIoEET i RAiBRin RaehiSroahrmprivg @Qaﬁ@mm@t%mearth§rae@it¥calém tivamed
group. {0 A aahky H4graURshavi one
to two -'I;E)ldﬁt aé ?l?glgﬁ%oédlﬂg?&%lrﬁhgﬁ Vﬁl(lzﬁfrgl eﬁ%ylrk iShéin{yl’g{tg Ryl ; ﬁafn

bi phen;R RArR zu‘*km ari, KoXI'Jo dndisarans abﬁydd @rm pbdh alnd\anntgelomlviral t wo

al kyl am no su uent s Hydr ox Kk udes 2- hydr oxyet hyl

hy drbxFBRepYId Selee %tﬁi%?ﬂwgszmﬁépﬁ@ﬁmagﬂte%%lm%éﬁﬂﬁ HCV

2, 3-di %grn&)efmqﬁmbno@a HAW Heos)dRihtbilor ’aﬁcb'yﬁilfrﬁd&k{@t{lﬁﬁi’dr’ané@q{@@ Qi h-

Accordl ngly, as used herein, the term™hydroxyal kyl" is used to define a

subset igfibiet er oal kyl groups defined below. The term (ar)alkyl refers to

ei ther an unsubstituted al kyl or an aral kyl group. The term (hetero)aryl or

15 (hetero)aryl refers to either an aryl or a heteroar q%roup The term
Ué,f‘égq

" al kyl dnanothey’ qnakedimet of thegupsneventipnhere it Prexidad a B #hibitieg vEdr bon
r adi cal t ed
di vial ent Lcaﬁor%glar%oﬁ%{%g@e@go gffn ga%egmfgg’car%)tl‘)eoarm&n% Sélﬁﬂoﬁ%qwel?e
CI-IHI:H(ﬂ)r-nﬁrla Ch2ejein RAIRS R oRhR*UWRE, RITIRT RS ew RE)R& R mﬂ Rhem X eal,sxf ada
| i near or h %sat rateg dlvalent hydr ocar bon r adi r|S|n 1-4
car bon 8¢ &t 3#%* 3 ereipabayg admdxedqyithegde ﬁ%nf‘ap asFatiFa %a?pt? ¢ 5 e ed.

Except dhlﬁeﬁtfb@egﬁ?f%n{?f met hyl ene, the open val ences of an al kyl ene group are
not attached to the sane atom Exanples of al kyl ene radicals include, but
are not limted to, methylene, ethylene, propylene, 2-nethyl-propylene,

1,1- dilehdiiér @ttodiae of e prteneiny@nt®inhliéio u proeled a-Ebﬁlpb@i{d’TaccaﬂdMgXtys as
used herein neans.an -0 alk jé%goq,g wherein al k,yl . as, defined aboye 25

such adormutinbygiereit Rox’s Ras R y’I%xyR Ry Roplisdky R sanLR ‘yRoAF X XouXyinsky |
Y10 s @fﬂfeﬁlh%@fn a %ﬂ)% "n 'cr@& thquVt 1F?éc{101'1 SFQIEEFI 1,513 Sr&ﬁmrth@hé%o&fy as

use herer n enot es an al koxy group wt rou

pr evi oustlya defpared.fot’ (G _pit@aaitlbmo‘ija naglicasedt fmetreatmgreeH@Nsmfemtla]m O al kyl
wherein al kyl is Cl1_10. The term "hal o al kyl" as used herein denotes
an unbranched or branched chain al kyl group as 30 defined above wherein 1,
2, 3 ordngogtherrgpehodiaent #f dhespraseat myprdontthereds wvaie%alcggleﬁumBmM%to WD

201%20%3’%%@“%? %‘o’met’§1 SRR G Bk ﬂﬁmkﬂiﬁ ke RY yi AR and

trichl ar geat hM’inedlrefdnU%d&@hﬂﬂVémbﬁaﬁcﬁﬂ withet l@ydt ,oné iMmith¢IOfseeei hﬂ)kiulator and/or
2- chI oroet hyl, 2- bronoethyl, 2,2-dichl orqet \}/ 3- br onopr O%/Ce
2, 220 of |epstinae Bt vigal agemr dhat dntibitstiepligesian RY HC VAT yset trestiag A Y@P%Ctt%‘ a

hal Oal Kk en B %%&@1&@&%@ (i€ SeHark @@rnbéuntdhﬁ‘ cgﬁlloﬂlgﬁgln with at least one immune system

modulator and/or at least one antiviral agent that inhibits replication of HCV for the preparation

of a medicament for treating a HCV infection.

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

25 formula I wherein RY, R%, R, RY, R®, R*, R*, R°, R%, R%, R, R, R, R, R , Ar, X, X', X* and
n are as defined herein above in combination with at least one immune system modulator
selected from interferon, interleukin, tumor necrosis factor or colony stimulating factor for use in
treating a disease caused by HCV. Further is provided the use of such a compound in

combination with at least one immune system modulator selected from interferon, interleukin,



5 The term "hal oal koxy" as used herein refers to a group -OR where Ris

hal oal kyl as defined herein. The term "hal oal kyl thi 0" as used herein refers
to a growo-28R/08Bmse R i s hal oal kyl as defined herein. POe/EPRINI063660
"cycl oal kyl " as used herein denotes a saturated carbocyclic ring containing
3 to 8 carbon atons, i.e. cyclopropyl ,-1&ycl obutyl, cyclopentyl, cyclohexyl,
cycl oheptyl or cyclooctyl. 10 "C3 7 cycloal kyl" as used herein refers to a

cycl oaltiyibr sRrqasRetopbr bl stinfiAitR RN ctoN{dr ik SrapaeitCdfiaCmedibgmnent i@ t er m
"hal ogen” or "hal 0" as used herein neans fluorine, chlorine, bromne, or

i odi ne.tretieg ¢ disgasc cpypad O%yHiXyl " and "al koxyal kyl " as used herein denot es
al kyl radical as herein defined wherein one to three hydrogen atons on

di fferent carbo to i.s/ are repl aced 15 hydr oxyl or Koxy,.gr oups
FespecinVBTger SRed o o e ERLPR N (e yroy B e ordouts Sy

subst i tiy@Rfla T WVhekiER! IRY R*3RN YA, QMR E! RTRARE, RN ARER DR, ALK, X! akkandy
and the point of attachment of the al koxy is the oxygen atom The terns

" al Koxycaie By Asfined digepin ahoye arg eaimiemsrensr chpsticHbr darivadeadonissicrndpougs inf
formul a_- . i-neR.isalkyl. or |, respect i,vel n | kyl and aryl
ar e as AT RE AT B Rk b Byt ol FRREhEF A At .2

car bon ihterfk@d ot Ghé@midhlly dgeatibyd dtdifetdl Pr BRNfeparatdn,ofa hedibanidne fdréfcminda t r 0"
as used herein. refers to a group -NO2. The term "carboxyl" as used herein
ref ers HoVanfgstép - Co2H. The term "acyl" (or "al kanoyl") as used herein
denotes a group of formula -C(=0)R wherein R is hydrogen or |ower alkyl as

defined herein. The term.,or "al kyl carbonyl " as used herein, denotes, a 25
oroun’ dp arfernpedimey R RGrelh R R RYE inEouRe AshTRaE HOME e ma 6
acyio _Offofh%ilis BW}e'in REEY, R} R“,R“QFIQ‘I'JH{“S—‘RS—;QQ‘“BRC,QQ‘{, RRL RORE A2XDXA, R o1B -

The G acyl group is the fornyl group wherein R = H and a 3 acyl group
r ef er s maye gesefigy hergirepbavaan gdmbyinatiemivih psotheransine tlecpmpphad sadeqigd from the

wner e it onaisia oL BYY) wasHERERMELSh NG o8 YR RV et or m
" benzoyklicads inhsisitbr heHEMWpradascanlyibiar iyl Vausioairdybitor goousp inbedtaign IRCVS

phenyl. The term "cyclic am ne" as used herein refers to a saturated carbon
ring, defRetEmIFRGhethee 3 nrevided Hicpish ohtusheoBporRy Infoambarbior, WilhaRoMtEr ei n at

| eagd opgvitd ch&go&@c{ Q?e{&teﬂtﬁ)cgﬁ theS rgﬁlp{;@rfs%ﬁng}ﬁf?H%\h?lto%agéhﬁmi ¢l eoted from
the group consisting o S an , tor exanple, ptperidi ne, piperazine,

nor pho HCYi@p lyineraseonipbior, b BV delicaxomnhibitorer O W primease mhibiciriadd ndJCYyr azo

i ne,

fusion inhibitor for the preparation of a medicament for treating a HCV infection.

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

wherein RY, R%, R?, RY, R, R*, R*, R°, R%, R%, R”, RS, R%, R, R, Ar, X, X', X* and n are as
20 defined herein above admixed with at least one pharmaceutically acceptable carrier, diluent or

excipient for inhibiting viral replication in a cell.

In another embodiment of the present invention there is provided a composition comprising a
compound according to formula I wherein R, R%, R?, RY, R*, R**, R*, R’ , R, R* R", R, R’,
RS, R, Ar, X, X', X? and n are as defined herein above with at least one pharmaceutically

25 acceptable carrier, diluent or excipient.

The term “alkyl” as used herein without further limitation alone or in combination with other
groups, denotes an unbranched or branched chain, saturated, monovalent hydrocarbon residue
containing 1 to 10 carbon atoms. "C; alkyl" as used herein refers to an alkyl composed of 1 to
6 carbons. Examples of alkyl groups include, but are not limited to, lower alkyl groups include

30  methyl, ethyl, propyl, iso-propyl, n-butyl, iso-butyl, tert-butyl, neopentyl, hexyl, and octyl. Any



i m dazol i dine, azetidine wherein the cyclic carbon atons are optionally
substituted by one or nore substituents, selected fromthe group consisting
of hal ogewp 2opdBsenyg, phenyl, | ower al kyl, | ower al koxy @ecTZpPbyidnesyen at ons
on a carbon are both replace by oxo (=0). Wien the cyclic 10 amne is a

pi perazi ne, one nitrogen atom can be Gb@ionally substituted by G _6 al kyl,
Cl 6 acyl, Cl- 6 al kylsulfonyl. The ternms "al kyl sul fonyl" and

"aryl swhﬁb@ﬁmlydro@sn vsRIcdheeatflacterst £srborddt@iued bér with departi{Off@ik thher ei n R
is alkyl or aryl respectively and alkyl and aryl are as defined herein. The
t er m CEC@ATKYS WieHtidmy| ani do as used herein refers to a group RSO2NH
wher ei n R is a Cl-3 15 al kyl group as defined herein. The terns C _6

hal oal cl oal kyl sul f C3.7 cycl oa |-C1.3 ..

o ky - SR TOR des T ot G oo PR PGt clesty iiatings

S(0) ZRSM%se'h@te%dll@le 6“15@(‘)&1@5“116’[&021@”7‘a1%IYdllkyQHét5ﬁ6byclﬁ3’ AleNEHBAyKY! - C1_3
aIkyI and G alkoxg yl, respectlvely The terns

"al Kyl s“alkf-)@y@ﬂm thehiler. ! %{hgﬁl ﬁl@ltmnwﬂssﬁi’ thorsad ays @&ﬁhé@@wna@n@h@stemwoup
of 20 f L. N, ei.n I ar ect |

nyar ogdh B et PR SASELs B hRal e B ol RRSE A Ui i 8 e
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pentyloxy, hexyloxy, including their isomers. "Lower alkoxy" as used herein denotes an alkoxy
group with a "lower alkyl" group as previously defined. "C;.19 alkoxy" as used herein refers to

an-O-alkyl wherein alkyl is Cy.j¢.

The term “haloalkyl” as used herein denotes an unbranched or branched chain alkyl group as

30 defined above wherein 1, 2, 3 or more hydrogen atoms are substituted by a halogen. Examples
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attachment of the alkoxy is the oxygen atom.

The terms "alkoxycarbonyl" and "aryloxycarbonyl"as used herein denotes a group of formula -

C(=0)OR wherein R is alkyl or aryl respectively and alkyl and aryl are as defined herein.

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

herein refers to a group —CO,H.

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
25 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 Cg acyl group refers to hexanoyl when the alkyl chain is unbranched. The

term "arylcarbonyl" or "aroyl" as used herein means a group of formula C(=O)R wherein R is an
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respectively.

The terms "alkylsulfonylamido" and "arylsulfonylamido"as used herein denotes a group of
20 formula -NR'S(=0),R wherein R is alkyl or aryl respectively, R' is hydrogen or C;.3 alkyl, and

alkyl and aryl are as defined herein.

The terms "alkylsulfinyl” and "arylsulfinyl"as used herein denotes a group of formula -S(=0)R

wherein R is alkyl or aryl respectively and alkyl and aryl are as defined herein.

The term “acylamino” as used herein denotes a group of formula -NHC(=O)R wherein R is

25 hydrogen or lower alkyl as defined herein. C; acyl-amino refers to an acylamino group
wherein the C(=O)R moiety contains a total of 6 carbon atoms. The term "C, 3 acylamino-Ci
alkyl" refers to a C; alkyl substituent wherein one hydrogen atom is replaced by a Cy.

acylamino radical.
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The term "aryl" as used herein without further limitation refers to phenyl or naphthyl.

The term "phenylene" as used herein refers to a benzene ring with two open valences. A
phenylene moiety has three possible regioisomers, ortho-, -meta- or para-phenylene. Thus the

25  term p-phenylene-(NR*R") refers to a moiety (i):
*—Q—NRaRl’ (@)
R'

wherein R' refers to substitution encompassed by the claim.
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The terms (i) 3-o0x0-3,4-dihydro-pyrazin-2-yl, (ii) 3-ox0-2,3-dihydro-pyridazin-4-yl, and (ii1) 2-
oxo0-1,2-dihydro-pyridin-3-yl refer to the following moieties:

H H H

]TN o) N 20 N 20

L (L CO
U] (1) )

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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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), ANAS598 (Anadys Pharmaceuticals); GL.100597
(GNLB/NVS), VBY 708 (ViroBay), benzimidazole derivatives (H. Hashimoto et al. WO
01/47833, H. Hashimoto et al. WO 03/000254, P. L. Beaulicu ef al. WO 03/020240 A2; P. L.
Beaulicu et al. US 6,448,281 B1; P. L. Beaulieu et al. WO 03/007945 A1), benzo-1,2,4-
thiadiazine derivatives (D. Dhanak ef al. WO 01/85172 Al, 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. G. Darcy et al. W02003059356, filed
10/28/2002; D.Chai et al. WO 2004052312, filed 6/24/2004, D.Chai et al. W02004052313, filed
12/13/2003; D. M. Fitch et al., W0O2004058150, filed 12/11/2003; D. K. Hutchinson ef al.
WO02005019191, 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 ef al. in U. S. Patent Publication
US20060252785 and 1,1-dioxo-benzo[d]isothazol-3-yl compounds (J. F. Blake ez 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
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

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 (BOC,0), benzyl (Bn), butyl (Bu), Chemical Abstracts
Registration Number (CASRN), benzyloxycarbonyl (CBZ or Z), carbonyl diimidazole (CDI),
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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
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.).

COMPOUNDS AND PREPARATION
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
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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.

The following numbering system is used herein.

TABLE 1
ICsy' 2 3
MS MP
M)
424
1-1 0.004 (ES) 258.0-260.0
440
1-2 0.177 (ES) 178.0-180.0
442
1-3 0.027 (ES) 123.0-125.0
1-4 5.64 312 228.0-230.0
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ICsy' 2 3
MS MP
(uM)
1-5 0.042 | 472 208.0-210.0
1-6 0.004 | 451
H
N. (0] NHMs
I P N N
1-7 | 0.01 425 271.0-273.0
N{N
CMe,

1. HCV Polymerase Assay (Example 13)
2. Parent peak of mass spectra (Electrospray)
3. Melting Point

2-tert-Butyl-4-cyano-5-hydroxy-pyridine (A-1a) was prepared by the dipolar cyclization of 2-
tert-butyl-5-ethoxy-oxazole and acrylonitrile. (S. Bondock, Heteroatom Chem. 2005 16(1):49;
A. Hassner and B. Fischer, Heterocycles 1993 38(2):1441) The requisite oxazole was prepared

5 Dby dehydration of ethyl (2,2-dimethyl-propionylamino)-acetate (G. Stokker et al., J. Med. Chem.
1981 24:115-117). One skilled in the art will appreciate that replacing the fert-butyl ester with
other esters will afford pyridines with other C-6 substitution within the scope of the of the

present invention.
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SCHEME A
OR OBn
R'\_AL-CN Br A\~ CHO
I —— I ——
NF# step 3 NFA step 4
CMe, CMe, CMe,
A-la:R=R'=H A2 A-3a: R = CH,Ph
step 1 [ 3"y g - H R =Br [ A-3b:R=H
step2 [ A-ge: R = CH,Ph, R' = Br step 5
step 7 E A-4a: R"=NO, E A-5a: R = OSO,CF,
step 8 [ A-db: R"=NH, A-5b:R=H
A-4c: R" = NHSO,Me step 10

Sequential electrophilic bromination of the pyridine ring of A-1a with NBS and O-alkylation of
the hydroxyl affords A-1e. The O-alkylation is conveniently carried out by contacting the
phenol with a alkylating agent such as benzyl bromide in the presence of a base. Suitable bases
5 include, but are not limited to, an alkali metal or alkaline metal carbonate or hydroxide, such as
Na,COs3, K,COs, CaCOs, Cs;CO3, NaOH or KOH or an organic amine base such as, pyridine,
2,6-lutidine, collidine, TEA, NMM, DBU or DBN. The reaction is conveniently carried out in
an inert solvent such as an ether solvent, e.g., THF, DME or dioxane, an aromatic hydrocarbon

solvent, e.g., toluene, or a polar aprotic solvent such as DMF, NMP or DMSO.

10  To introduce the styryl or phenylethyl substitutent at C-4, the nitrile was reduced to the
corresponding aldehyde A-2. Reduction of a nitrile to the corresponding aldehyde can be carried
out by reduction with SnCl, (the Stephen Reduction) or by metal hydride reduction of the nitrile
to the imine which in both cases is hydrolyzed to the corresponding aldehyde. Metal hydride
reduction can be carried out with LiAIH4, LIAIH(OEt)s (J. Malek, Org. Reactions 1988 36:287-

15 289 and 438-448), DIBAL (A. Fischli, Helv. Chim. Acta 1978 61:2560) or NaAlHj. (J. March,
Advanced Organic Chemistry, John Wiley & Sons: New York, NY, 1992, p 918-919).

The styrene side chain is elaborated utilizing a Wittig condensation with a benzylidene-A’-

phosphane or a Wadsworth-Horner-Emmons condensation to afford A-3a. The preparation of
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substituted aryl analogs is readily accomplished utilizing Wittig or HWE reagents prepared by
condensation of aryl substituted benzyl halides that can be condensed with triphenylphosphine or
tricthylphosphite. Diethyl (4-nitro-benzyl)phosphonate is a suitable precursor for some
compounds of the present invention substituted with an amine which can, in turn, be optionally

sulfonylated.

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) The Wittig reagent is usually prepared from a phosphonium
salt, which is in turn prepared by reacting PhsP with an alkyl halide. The phosphonium salt is
suspended in a solvent such as Et,O or THF and a strong base such as phenyl lithium or #-
butyllithium is added. The Horner-Wadsworth-Emmons reaction (B. E. Maryanoff and A. B.
Reitz, Chem Rev. 1989 89:863-927) is the chemical reaction of stabilized phosphonate
carbanions with aldehydes (or ketones) to produce predominantly E-alkenes. The Horner-
Wadsworth-Emmons reaction (or HWE reaction) is the condensation of stabilized phosphonate
carbanions with aldehydes (or ketones) to produce predominantly E-alkenes. In contrast to
phosphonium ylides used in the Wittig reaction, phosphonate-stabilized carbanions are more

nucleophilic and more basic.

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). Other
reagents which have been used to reduce nitro compounds to amines include AlH3-AlCl,
hydrazine and a catalyst, TiCls, AI-NiCl,-THF, formic acid and Pd/C and sulfides such as NaSH,
(NHa4);S or polysulfides (i.e. the Zinn reaction). Aromatic nitro groups have been reduces with
NaBH, or BH3 in the presence of catalysts such as NiCl, and CoCl,. (J. March, Advanced
Organic Chemistry, John Wiley & Sons: New York, NY, 1992, p1216)

Concomitant reduction of the nitro substituent and the olefinic or acetylenic linker is
accomplished by catalytic hydrogenation in an inert solvent in the presence of a metal effective
to catalyze hydrogenation reactions such as platinum or palladium to afford (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
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correspondi ng al dehyde A-2. Reduction of a nitrile to the correspondi ng
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can be 685 dnMonM th Li ALH4, Li AIH(OEt)3 (J. Ml ek Org. Reactions 1988
36: 287- 15 289 and 438-448), DIBAL (A. Fischli, Hely. Chim Acta 1978

61: 2560) or NaAlH4. (J. March, Advanced Organic Chem stry, John Wley &
Sons: Nemod(etisn oNic pdH8aene ngd d8rddak&) rings can be accomplished by palladium-catalyzed

coupling. The Suzuki reaction is a palladium-catalyzed coupling of a boronic acid (R-B(OH),)

15  wherein R is aryl or vinyl) with an aryl or vinyl halide or triflate (R"Y wherein R' = aryl or vinyl;
Y = halide or -OSO,CF5) to afford a compound R-R'. Typical catalysts include Pd(PPhs)s,
Pd(OAc); and PdCly(dppf). With PdCl,(dppf), primary alkyl borane compounds can be coupled
to aryl or vinyl halide or triflate without B-climination. 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.

20 Littke et al., J. Am. Chem. Soc. 2000 122(17):4020-4028). The reaction can be carried out in a
variety of organic solvents including toluene, THF, dioxane, 1,2-dichloroethane, DMF, DMSO
and acetonitrile, aqueous solvents and under biphasic conditions. Reactions are typically run
from about room temperature to about 150° C. Additives (e.g. CsF, KF, TIOH, NaOEt and
KOH) frequently accelerate the coupling. There are a large number of parameters in the Suzuki

25 reaction including the palladium source, ligand, additives and temperature and optimum
conditions sometimes require optimization of the parameters for a given pair of reactants. A. F.
Littke et al., supra, disclose conditions for Suzuki cross-coupling with arylboronic acids in high
yield at RT utilizing Pd,(dba)s/P(fert-Bu); and conditions for cross-coupling of aryl- and vinyl
triflates utilizing Pd(OAc),/P(CsHi1)s at RT. J. P. Wolf et al., supra, disclose efficient condition

30 for Suzuki cross-coupling utilizing Pd(OAc),/o-(di-tert-butylphosphino)biphenyl or o-
(dicyclohexylyphosphino)biphenyl. One skilled in the art can determine optimal conditions

without undue experimentation.
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group remains in place. Cleavage of the O-methyl ether and subsequent controlled

25 hydrogenation allows selective debenezylation of the benzyl ether. One skilled in the art will
readily appreciate that routine optimization will identify reaction conditions which are selective
debenzylation or which are more vigorous and allow debenzylation and concomitant reduction of

the styryl double bond.

Compounds encompassed by the present invention wherein C-4 is substituted by a carboxyamido

30 moiety are prepared by condensation of a suitably substituted carboxylic acid and an amine.
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t he styrwo=ode3sdai n as descri bed above foll owed by reaattEPes1006366thhe nitro
group and sul fonylation of the aryl am ne whilst the benzyl oxy group
remains in place. Ceavage of the O-neBbyl ether and subsequent controlled
25 hydrogenation all ows sel ective debenezyl ati on of the benzyl ether. One
ski | I e@haifs.t O8e akitledMnl the ke adillayprapipfeabitaBuguititdtp 39 o Weafsedn zation wil |
identify reaction_conditions which are selective debenzylation or which are
nor e vidguBEsouiy iaihe pXridies serssplinplagn ohty Wihe srrtey heednizloppidia t he
styryl c@ﬂyﬁi\%sg&%@aﬂab\fp 2011/ 033045PCT/ EP2010/ 063660 -29- When C-3 is
substituted by a cyano group were prepared from et hyl
6-tert-butyl-2-chloro-3- cyano-isonicotinoate (26). After introduction of
the | atent pyridone by pall adi yngat@amzadTeoppyi ng as descri bed previously
the amde is formed by acylation of the am ne which can be effected by
prepari : ; - r

Bt 1 G e e e e Bt ve
w t h amfém sugablp ngthads dnows ¢d themt skslichindbe BiFEnclDGM; iTHFP andl ithvioo assaykout

wat er a co-solv t.e ratur.es between 00 and_.60 enerally in the
bt coender S b LN IB iREBES R AN RogeRin B b A ey ne.
and t hesinbk@intifrdak{9milo @AuRRHERribER BN bhsCer 31 BS/5 £ 1995V 81100, LBhMadhei 1
acid chlori des usi n% standard reagents well known to soneone skilled in the

art, swehl.ad§ralpgoa8 2491 188t 1d8, and Ranjith-Komeheiar i de/irqdags P AP 86dBHE2Bde and

the, i ke, Thase rea ts _can be used.in_presence ,of bases, .such ,
reattr s GRREASARER e FORpgR BTt By PREREINE Rl PRARRURVER B NS
into aciiiiviedrgAcaeitytin sayh sthifdaed by Eftel MEVGRUIhdrAg REQCRAHBES KRaVr t O
those skilled in the art, These activated acids were reacted directly with
t he amicABoulsHf sy prcsenf Hasntiogzre dasetripehin Brample B Cabdasqdapplicos seyemb oty 15

roced LNV h i i ji: .
eng ot 11 LR ol Mpddl T AN e RheRECT bioRdnSAO, o e S eno i il
(BOP) , Ri¥AnmHuhTY s@isr(iVolLiodimamp bragp Soiekcim 9992861 1 0 raagh Ko 3 pBiadhe of &y Bicdhrye or
2-f| uorg-1-net hyl i di_nj um pt Q] uenesul phgonat e kai yama' s reagent) and
t_helﬁ i Q@P& ag&%f’ ithe Feil-bried g @8%&%%‘25?8 ml_fSil@é %&eﬁlpagn%ﬁl}egwq)m or
Wi t houtiy\anPgs Greids itV EXEA R, Qh?r:dg%dséchc%%f 'a%ﬁhe&,%ﬂ&ﬂ)tnalsﬂéb’ @ﬁlic%_@e DMF or

DCM at tenperatures between C an . The 'reaction may alternatively be
car r i edooustingrofpirebemesgrusfural and host proteins, our understanding of Flaviviridae RNA

0- (7-azabenzotriazol -1-y1)-N,N,N., N -tetra | uronj u xaf.| uor ophosphat e
CHATU) SSTR AP S BB B e 3 et AT TR Ok iy PN Do
or THF.vafatloatdreits@Etuaidh Nege HEV My 1Rbn spstith. 21ihebiddd o ArtSomblnafe puBgRd HCV
Synthesi s of Am des and Rel ated Conpounds in Conprehensive O ganic

Sy e polymdrase\ny it eanppeluads inewdtro bpshemical @saypenayabroviliPpted sisindficienlicono1 pp.
381-411; .see R .C. . Larock pI.ehensi ve ani_c. Transf t.1,0 - A, GQui de
o, Funct SRSty p B St RERG SE05, e abhiSh BPSU RN R k™ o,
972- 97 Ghd balsulbg@iypepmi @i dppropiie Yriihiovhéthy. nDEMenstabPeo Diclt s ed nditdtidn of

i nvention wherein the central ring is a p}%]isrri di ne can be _pregared froma
2- al kyIHGY sendicatieromay by mows Bicdistiygiehinggveimcden thap demongtration o8HCV NS5B

di meth )RV o dine: 771-51-8) by sequential palladium
cat al yxz{%}ﬁglcoﬁgfﬁ%{ Z%WS?S%F‘?%%%§?4 4,6-trimethyl- [1,3,2] dio

xabori nan-2-yl)-vinyl] -phenyl} -nethanesul fonam de (39) and

2- oxp- 1, 2-di hydr opyri di ne- AN GRIANPATSMOCASRMN PloMe55- 49-5) to introduce
the side WD 2011/ 033045PCT/ EP2010/ 063660 -30- chains. One skilled in the
art wil i at ZUK i 3 : geously in
e pyr g R B e e e oy i e
der i vatadwassteat®naloaigedbings andNhiriovs. RBLal AdMIN4tEvios cdihke acthe Wrtyofahblete

i nventive unds ,as.inhihitors, of HCV activity may .be neasured by any of
e SuicPasH STt RGBSR Ae PR o0 Fisgieln s Sl B . AERTRg 1 i vo
and i n sMigehSoRS S@Yfipounds o £Me PRdsat ih@itibeYrd\NFREL IRV chQdhimiSieiedidyyotRdr t he
conpounds of fornula | can determ ned using standard assay procedures
destlt i edces of Bannshatiar ngludingeyBoupus (iggevensud duipopicdmeanterel al . |

1998 249:108-118 and Ranj ith- Kunn 2001

Virol o et. al .. .J. Virolagy..
75: 861%%(‘[%1§_c:ular, mtravenous, subcutancous, trans SR (whlcﬁlmay iniclude a penegthon



10 Unl ess ot herw se noted, the conpounds of this invention have
denonstrated in vitro HCV NS5B inhibitory activity in such standard assays.
The HCV pwbynarasesassay conditions used for conpounds eCTiEPOIpOEIHEMT
invention are described in Exanple 8. Cell-based replicon systens for HCV
have been devel oped, in which the nonsBtuctural proteins stably replicate
subgenom c viral RNA in Huh7 cells (V. Lohmann et al., Science 1999 285:110
and K. edharBbmgittageht) Buccal Sedseln idalhbor 0R0sP0sitPy ddmibhigracieh,| anagesdhdrepl i con
assay conditions used for conpounds of the present invention are described
i n Exarpytes af adminishationn sﬁﬁdéé%re%n}aamrqu admirigfFtion shegnerdly ardppsings e

consi st | k¢ n0on- ins, I of
i avi vie T gn b Rt RO P PO T Bk e MR A W
RNA- de penpleent' Risépanst tonthe astes iagrddieal. i dat i on of these studies in the HCV
replicon system |Inhibition of reconbinant purified HCV 20 pol ynerase with
conpounds in vitro biochem cal assays may be validated using the replicon
systemAnprnebindios sopmppyids 04 she rariest mvention as well apihic pbermsapicelly useadlsci at ed
wi th other. viral d L.Lul ar | | des .in [ oprat Qi;chionet.r
beronsth it (AT S BL L R B RRE RSy FRET SRR By SR AN
pr edi cttha/Rrdfofiphariaéeutidd nedrhsuiitidna andl@no dsdaped. i THe phbriiduiNGD Boinpduitiddsor y
activity in vitro biochem cal assays. 25DOSAGE AND ADM NI STRATI ON The
conpoursfd upkt dpspge fRERaRLY PhamrIisss ofegnveBtiqns) mgreieds intoaveitgaalari ety of
oral adm ni E f i -al: 1 [iSt ' can be
't ho TRl By BB AIR FRCe Cah e o i R T
capBlul dsymssmbytimana angsuitabicoefiectisy ampent odthesaesipe ngraiient ciampostmats wath thbe
present. inyention are efficaci ous when adm ni stered by other 30 routes of
hdm ni SHFERIGHITY Herigd irﬁgéeé%ﬁ? Fwafﬁwgd-( it P%ﬁy@ﬁeqyéwﬁrqoailpw&a%@ﬁy Barenteral ,
I nt ramé%ﬁ)‘lﬂy%ﬂ’as KOt dsaMRAQY $abl S Y OCHTANGBY s, SERARSHAS E&kdérﬁ‘ﬁ'u&ﬁin@@i/eléd%' ude a
penetration WO 2011/ 033045PCT/ EP20107 063660 -31- enhancement agent),
buccal [fomadationsj erHajuatsisoch ans g wpposbpasipngdmutiictsy aiNioner Gwhagpeatloefor
routes of adninig{r tion. The(pre%err§%>nannerqu.a%gjpistrah%oz i S ¢
gener a9 U8F-A" T ECHGTA OLBIRPRNIcLisy IYLPY! Wodrhg! $yMRERNURCE i g Aopke

ad] st gebrikE mRScEibNsolRicnb %rgﬁ%tf?&aIQEe.aN tyhiehl RBpaNshrt MBI Ratdie ibmSabbaspanse
to the active ingredient. A conpound or conpounds of the present

i nvent ito Aboul 95 Hedctive somprind gsisampawrdst(véw). | Thaisea bpreparations’ ort'defeghi&armii t h

one o TR SaSONVEILLORa SHELRY ROLS o GRIMGRL 81 uachld SRl Ging TRY oRERNEF S
into the Torm o pnarnmaceuti ca OerOSIutI ons an uni ages. e

phar magethel el Capppsdté thansn adiihe Wiirédiciisoag exkoinrdsiferayt frepLains idspschdafe on
conventjonal ingredients in conventjonal proportions, with or wthout

addi t i GhRalarsst PTERB OF Hrye andien dhe dseirerbilase 8ad PhHmacplanelis RaryBEse 10 forns may

contain any suitable effective anbunt of the active ingredient comensurate

with t iintended.daily dosage ran to be enpl oyed. .The pharmaceutica
Corbs HTFAE g M o0 B e BT s ru et DY o S uEPRITE S capeul es,
sem SOlphghnacB@WAEESmpdsitfdng bR 78282 BNt OG LA PR BBShio Rigidallfi ubAStherkast as

sol uti ons, suspensions, enulsions, elixirs, or filled capsules for oral
use; onnfi¢pinahle, ansk inrloflessaxsppacits et as apesptablecionveterinay s gbaas welbias e at i on;
or int rm. 5-sterile inj . ol utio .Of r | .4se. A
typi ca |pﬁ§rrnféa%81?é°t%|i %Sgle' V?Aﬁﬂel CO%:HS ﬁ?rzlﬁcl{ynoq@?lg %{Vgg oouri y%]‘?}ge?a ?H{éﬁlgtue e%ﬁgé}éea éutfEl iw\}g conpound
or congehkididy bavidhinisTdred iretdmixEEepah ahé onmoay suitdbls pherniaewical sxdipitnded to
i ncl ude both solid and |iquid formnul ati ons of the active conmpound and one
ski49 edlilpents pecariers welpsted pihaegaad & the ditendedapute vé ad migistiation and sfandakd st i n
differ i dependi ng on the target organ or tissue and on the
desiregm%gggggﬁgggﬁggﬁﬁcokinetic paranmeters. 20 The term "excipient" as
used herein refers to a compound that is useful in preparing a

phar macehirnfabutc@NPasdehiablR;” ng@Aeat Wiicaald @seﬁ_ﬂQ@Fie@Kﬂiﬁg apshrRtddREl
bi ol ogi cally nor otherw se undesirable, and includes eXCIEIentS that are

accept abmposigen thet isrsicnerrlly sefe neg-tawic) angdsncitherdio e haseiathealiscugdesimpbie
compounds ;QhudcQte WRYHNS a&RpfaBlt BenGHN n@a?ﬁﬁée%%c%'u%e but will generally be
[ ture one or I

adm ni stere n-adm X re suitable pharnmaceuti cal
exci pi ents,



25 diluents or carriers selected with regard to the intended route of

adm ni stration and standard pharnaceutical practice. "Pharmaceutically
accept ablwb0 208a33045hat whi ch is useful in preparing a plrarmeeeEnissad
conposition that is generally safe, non-toxic, and neither biologically nor
ot herwi se undesi rabl e and includes thaB2which is acceptable for human

phar maceuti cal use. WD 2011/ 033045PCT/ EP2010/ 063660 -32- A

" phar mec egHaiadeupc A cepépdtle sael form bDiM@ive iprédibitaayl 1gY @iiadRiconRyaal so
initially confer a desirable pharpmacokinetic property on the active

i ngr edidetitablgphapmagakénchis peenerty nttheaciiyg iagrpdicntorieh wate abagnt vy e neasplti vel y
af f ect 1 I | Fant, i : S
her apdiir R R B g ey AR KRR Tl Mk Rkl
salt" ob itatterapenpoandityeatie edgallhe phate fhapharcnacdiytaccaitdble sadtiCepabl e and
t hat_possesses the desired pharnmacol ogi cal activity of the parent conpound.
Such® s&PTEOHHEMERE:2 S@E)ﬂ;aée% &*aalaa?eﬂlrlsﬁ%s%lcf@?blﬁ aﬁr&af WS@W_S%@P garice aci ds
such a h_t.aaﬁ%rc%gkcfar A&GivaG o th PR BEAPD @& oS hULAE (RFASH addifidd GuRci d,
phosphoric acid, and the l'ike; or formed wth organic acids such as acetic
aci d, powpidoniticinacgadjc dvedsandi es lacirashlayocd cag dyt@bepnio prdnsdfuaciadid, gityeol i ¢
o1 SRl 260 881 B BLFRIR oH e SHRE B 2R 1
3- (4- hydidonyhaneaxld) BRigRnfandslofionfd /TR0 BE héld, pRivdehtia, Beticdacid, malonic

met hanesul foni ¢ aci d,” ethanesul fonic acid, 1,2-ethane-disulfonic acid,

2- hilir oridesusameslid.ondles agid, tnaldie pddniasalic epidctagerielacid, disicaetsh benzetveasid. f oni ¢
acid, 2- al enes oni ¢ [ 4-1 ol- uenesul. Iy C ' grsul fonic
2ci d, 2B ORISR G Gy fimathid R TRERBIIC S n QB BTG ot on

aci d, Xbthadeduitfonivl ap1dopi2osthancadisudfonid dcid Rhiyldaeelettanésifdnictaeld; bézgndsutfyhiacet i ¢
acid, lauryl sulfuric acid, gluconic acid, glutamc acid, hydroxynaphthoic
aci d, 814 yhlogobearenesfonig 3@d.ocnaphthelrmesiilongcaced. ddplpcpgpulippigacidgr (2)
salts f > L di esent. LN -elther is
el acS e A b D P el B A R o,
or En Slphenpipropianc aad, ttiowtidilavatie scidj Alriaan batyacticadid dairglsnibfusas acid,

et hanol am ne, dj et hanol ami ne, triethanol am ne, .20 tronethamne, . .
N- et h;ﬁl?ltj’PBl%‘r“d SR He Py drgaina ok aﬁ%@" ﬁ%ﬂk??’gba?lgt The He mygenipaider s,
tabl et nd Bld lid: oFENSHEBImEPERG! & o THPPATHA PG in ARGarhBRERALRiBEAUI es.

A solid carrier may be one or nore substances which nmay al so act as
di | uentrepladeddycrinetgl mgeng s an slshlubictdl 2y, g alkabnd eathtion, aws péminmg iageant s,

bi nders reservatives, tablet disintegratin ents, or.an encapsul ating
mat er | APORIRISOELLOE g D e g i Heanclamine tiehigobindlia ol i d
Whi T itfon@tiinihel N nwk g lubdnint nekiih¢liikd. ded active conponent. |n tablets,

the active conponent generally is mxed with the carrier having the

necessary binding capacity in suitable proportions and conpacted in the
shape &otidfomepdpsiatied. inSuid pdokderg aableterslls, mepsudtts, dachetarsappaitotiesyahed t o

magnesi um carbonate, na sium stearate, talc, sugar, .l.gctose, pectin,
doxt 11 REPSOIC R} oAl f?%@ﬁ@&ﬁ?ﬁ OhBE RpTCuPHaRGs & iR Ao Bel as _
car box)ﬁ%&lﬁ&'f&%bhﬁ% O8&its, SollGivY-&E! lhbﬂ?&nY@&spg‘&'ﬁg)%é?tstﬁlH&rs; prafivdiRes | i ke.

Solid formpreparations may contain, in addition the active conponent,
col or artalget disistegrasng sga, bi aeewapddtingrmsatenalt ilh pewddrs.ghedcaatugakrally is a

sweet eners, ..dispersants, .t hickener sql ubi |.i zi agents, and,t like. WO
208 o3 SB NP EPEOhE srnb SR i TRt hird R B o optly 48 R s 1 or
oral adgiivd ednigtine@penB@aliyigemixedwith the cafdeRhd Vo 1he Gletdbag beiilSdapRsity YT Ups,
el i xirs, aqueous sol utions, aqueous suspensions. These Include solid form
pr epar atiténespignpiongped ¢ampastrddn thy thape o dra dadired Pyitpblecrafiggrpinstusisdubt i ons
shortl f i -S| { i 0 j f X e, in
aqueo u)sé‘ré;?% gﬁtee;\dz[g gf A g%%ﬁg%?%to %ﬁ’slg%%&% %Rn%gag%ﬁggﬁhgug% ?agc?? 539 i ﬁegr;ctlg’g%ﬁ( ' such
as | ecistd¢h) gelatn it doacanti) mevhgedi Rilose) sodtme t@boAguapylscIBidd sdf 4 RSmERIng beax,
prepared by dissolving the active conponent in water and adding. suitable

col Yt arsPeod yttggind theslicen Spiic fosm PreRigations axyfoRE It d pddtion® fBs S Vs us pensi ons

can be BLERALE LAt SBELR AdbililGs MiuRely afllntiAGHq ﬁ&thfa‘t’?w&é?é’ﬂ%?é)ﬁsﬁbeﬂs&ltg‘,’at er

wi th viscous nater|aF, such as natura% or synthetic guns, resin
met hyl ¢kickaness eqlubsibeding rgerds, o yineliley | cel | ul ose, and ot her wel |l known



10 suspendi ng agents. The conpounds of the present invention may be

formul ated for parenteral admnistration (e.g., by injection, for exanple
bol us i njwot2znom3se4scont i nuous i nfusion) and nmay be presenTaP2010/06366¢ dose
formin anpoules, pre-filled syringes, small volume infusion or in

mul ti-dose containers with an added pr8%ervative. The conpositions nmay take
such forns as suspensions, solutions, or 15 enmulsions in oily or agueous
vehi cl gsquifl @rneXampk elss atdduitanls fororatidednstrpdnyiatinyé aqeidgbyanitionbxaapings of
oily or nonaqueous carriers, diluents, solvents or vehicles include

pr opy| ERBIERpeBITUPS 61YES AGYCOHE SRS aqupapetuApATsiops| $hese icludegolig doan | ) |

a0 PG aRloRs GAGANE i RIREA S fCedhvor & Mlqufl BRDren ARRTROAOBL RN e

for mul & ry agents such as preserving wet Ll mil yi ng o suspendi ng,
st abi | iEnuigioasutapbe drcppred i mguagsnfw exaadlple; matlu&c&is)proliyﬂt&le%d:ydo\llmluﬂngrseﬂl ent
may be in 20 omde# form obtalneg ase tlc i solation of sterile solid or
by I%/oﬁlFﬂYI qoaty guksifyine aaeit Pk 4 ?Clt}é/‘Bhé‘% HER MOROYEAEB G- W IO sui t abl e

vehi cl g1y Biofks can%%{réﬂa‘?ed W&l@%%n% 'Elfé%c’t’i@é &m nli)o-mﬁt LAPRAURASIing DR tE esent
invention may be fornulat'ed for topical admnistration to thé epiderm s as
oi nt nerbbrants, damersostaliibtingreed thickeamsngagentn s'dpicomd suppdansions C)mlvemanp@eféhyi
creans may, .fo xanpj. e fornmul ate ueous ofr. oi | bas

Che- addpvisineghe SRR e iR R RRARG bR et r iR neighh weh S BRG] ohmy
be for uh@t@dsthd, Resaty, ARUEREHUREe, Qb MMOASE xFhR I dcl luioBe, 38ABFRY wallk@own
contai ning one or more emil sifying agents, Stabi'lizing agents, dispersing
agelt s susngsgiagdeeiys-agent s, thi ckeni ng agents, or col oring agents.
Formul ati ons suitable for topical adm nistration in the nouth include

| ozeng npr i active agents in | avor ed_ base, | |y sucr se and
acaci ae@re FQ@%Aa?rﬂ%ﬁhe W&} VERIQTGRRY ?% E%amfaﬁ@ for P%r@%ter%i 5‘1? Fiistration
i nert 30 iRasors WhihtxaspRalodls ificaish & éb‘ﬁﬁﬁﬁdhs%ﬁ;%ﬁ)’ aﬁem%nge ﬁr‘é%‘téﬁ m%laﬁ

nout hwashes conprising the active ingredient in suitdble Itquid carrier.
VO 201ﬁb@3@@mEP@WmEFEQ1@%@6@6@ﬁH@SASHEHewbumpmmmm81@ﬁnmméhﬂbssantmnmvent|on

be f. d st rat t
Corn aavil R S By sl h s Pag BRE RS B Boaas s ol Pty e
and4 h%nﬁf&éﬁéﬂn%ﬂ?@@ﬂ@%ué Sl 189 €615 ImPRIRUR DAY USA Jlico Yo RXRTBRE ly &
stirri The nol ten honngeneous m xture is then poured into conveni ent
si zed ales gif pdyet nemqueBIs carisss, ddudits gpivents 9r vathdes wafyda perpylshe ghysol,
F;ﬁ;gﬂ éaoiy%}/he tn'e(?grlly %?Xfegg[al;l omJ ef%ecghxfeoorﬂ ’}s/a%r%g tg%l%{gr?a{n% 55%1% ?@%a E}rlzﬁr ![ gs

t he actdloser)] ﬁglrrﬁ@!y &itais lﬁfthm(kzﬁbrryl aREBLS aﬁchaersq)r&ssammg iwettinyg eﬁiulsmymghﬁ
appropriate. The conpounds of the present invention may be fornul ated for
nasal aHACAdiagr Sé%hl%ng PHEOGHPRA $1p% s2HEs. dlfsprhiyslynile a%veaz}s@lefi@at ey B¢ fect | y
to 4he \Y ,
oi et ¢ GO ReLGFAb IR b QAL BB oFERAR coliflor B BBl o SLABRRE 1o
form kmnﬂhﬁmmﬂdﬁﬁnﬁ@sﬁhaﬁuﬂdﬁeaﬁmeb og., pbpbtpﬁpg@hﬁaawawrbe achi eved by
the patient adm nistering an appropriate, predeterm ned volune of the
solution or suspension. In the case of a spray, this may be achi eved for
exanmpl & hwompan@s(ﬁf the prescat mwgntamormybm@)r@plaa%ﬁ foutapical slnpinstistopubds of

e P SR A Bt TRy 1B, B &% FAARLE AL, SA AL L b
partlcu e resp act

admi ni Sﬁa’yafdrcblﬁamfﬂ&?b@ﬁﬂm&wf&ﬂl \Wﬂh hn @@reenﬁbﬂ Mlﬁlﬁa@@w&th&h@hddlmf éft switeblsi ze for
exa | e of the order of five £@% m crons or |ess. Such a particle size my

t éhlﬁléﬂllrtgla%r&s lagwants n Lptiensgnty be frmulatadovigh yagicenoer ol hashandrhe

aCt'Ve\JJﬂ% £1ta1§3c {afht GreR¥nfudsifin agGkbibihD aBertdlidiPllsth

propellént g asoaogg' ﬁ?oro Iquocar%ﬁ%g%%%€§ &rlega%%ﬁé,f$ i

di chl orageht$, Isuspfetndlaghgﬂ&s, th]lck@hﬂlg)a@fntsuor arfetippapentso Formulations suitable for

di chl orot.etr quoroetha e, carqPq di oxi de or.other suitable The

aer osol Olﬂﬁi} alalm} SRR the rnouth include lozenges comprising active agents in a fla ored base,
usually sucrose and acacia or tragacanth; pastilles comprising the active ingredient in an inert

30 Dbase such as gelatin and glycerin or sucrose and acacia; and mouthwashes comprising the active

ingredient in a suitable liquid carrier.



al so contain a surfactant such as lecithin. The dose of drug may be
controlled by a netered valve. Alternatively the active ingredients may be
provi ded wo 2aiffi3saasof a dry powder, for exanple a powdePCEIEP2@/063660
conpound in a suitable powder base such as | actose, starch, starch 25
derivatives such as hydroxypropyl met hyB4cel | ul ose and pol yvi nyl pyrrolidi ne
(PVP). The powder carrier will forma gel in the nasal cavity. The powder
CONMPOSiTthe @BmEBYNnd3& fPEHEINe thveitidhinky BOSemuDK oo hdramastiatien ksupppsittres. or
cartridges of e.g., gelatin or blister packs fromwhich the powder nay be
adni ni <t Eremclipgyeansuchras aimixRtiap bfatty whdrelresideseer, cocet hyffcats fgfﬁgmélé?fi He

pr epar i |.€:C I I Of | ed
reIeaszﬂaﬁ%$ﬁf§®%§%?g#(gﬁk%%g%8§§g§%%?%g$%a?%ﬁ@ﬁagggugégﬁnggﬁéﬁgﬁconpounds
of t he hprmegemious migntd i thengoulrd ifitorcsulatied sizad trioddss diérwaal to@pols altdttet aneous
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powder may be administered by means of an inhaler.

When desired, formulations can be prepared with enteric coatings adapted for sustained or
30 controlled release administration of the active ingredient. For example, the compounds of the

present invention can be formulated in transdermal or subcutancous drug delivery devices.



between 1 and 5 dosages per day. Generally, treatnent is initiated with
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weight per day should be appropriate in monotherapy and/or in combination therapy. A preferred
daily dosage is between about 0.1 and about 500 mg/kg body weight, more preferred 0.1 and
about 100 mg/kg body weight and most preferred 1.0 and about 10 mg/kg body weight per day.
30 Thus, for administration to a 70 kg person, the dosage range would be about 7 mg to 0.7 g per

day. The daily dosage can be administered as a single dosage or in divided dosages, typically



nore additional antiviral agents, is an anmount effective to reduce the
viral load or achieve a sustained viral response to therapy. Useful
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A-1c ( Wifh agingle adBvenapeh). cooled to 0 C was added DI BAL-H (0.53 n, 0.53
mmol ). After stirring at 0 C for 10 mn, the reaction was diluted with

Et OAc and ag. 2N HCl. The organi c phase was separated, dried (M504),
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was added a solution of diethyl (4-nitro-
mediated by HCV infection, or the clinical symptoms thereof.

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

25 requirements in each particular case. That dosage can vary within wide limits depending upon
numerous factors such as the severity of the disease to be treated, the age and general health
condition of the patient, other medicaments with which the patient is being treated, the route and
form of administration and the preferences and experience of the medical practitioner involved.
For oral administration, a daily dosage of between about 0.01 and about 1000 mg/kg body

30  weight per day should be appropriate in monotherapy and/or in combination therapy. A preferred

daily dosage is between about 0.1 and about 500 mg/kg body weight, more preferred 0.1 and



phenyl) - phosphonate (273 ng, 1 mmol) in THF (1 nmL). After stirring at 0 C
for 10 mn, a 20 solution of A-2 (173 ng, 0.641 mmol) in THF (1 nL) was
added dr opwi2ee/033e reaction was stirred at RT for 1 h. PCHEP@2063660

m xture is partitioned between ag 1N HC1 and Et OAc. The organi c phase was
separated, dried (My504), filtered and3évaporated. The crude resi due was
purified by 5i02 chromatography eluting with 95:5 hexanes/Et0OAc to afford
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Et OAc/ hexane gradient to afford 55 (74% of A-4a. step 7 - Tin chloride

di hwraltlépetlm mg, 0.48 mml) was added to a solution of the A-4a (47 ny,
0.1 mmol) in EtOAc (3 nL) and the m xture heated at reflux for 2 h. The
reaction was cooled to.10 RT a ured into ice cold sat NaHCG3.
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The or gadineryiskifeaf thaart separddy g, rodiciod edivtgaipn and Hewgesegimen ebhpeteylat ed.
The cry g%ﬂ}ﬁ&i gl%?d Ingllﬂgélef {hE %P%%%lg Eet r (%ni%t porggeﬁp pd’mfoulﬁh& RY nfdifu o 35

hexanes
beneficial effect n patlents

25 The following examples illustrate the preparation and biological evaluation of compounds within
the scope of the invention. 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.



WO 2011/ 033045PCT/ EP2010/ 063660 -40- step 11 - To a solution of A-5b (47
nmg, 0.11 nmol) in HOAc (1 nL) in a mcrowave vial was added dropw se 48%
aq. HBr (WOQ6H/m8}5 The tube was seal ed and heated at 6@CTEPAIIAG3680 NN a
solid precipitated and the reaction was treated with sat'd. aq. NaHCO3 and
Et OAc. The organic | ayer was separated3®dried (MgSO4), filtered and
concentrated. The crude residue was 5 purified by Si02 chronmatography
eluting with 15:85 hexanes/ Et OAc toEahfopicdi | -1. N-(4- { (E)-2-

[3-ter pyrj.din-3 -yl)-phen
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6, 21 it ﬁﬁglﬁﬁ)%gmmg@ lg(gt ghg= &) met hoxy-pyri din- 3 yl boronic acid ( CASRN
957120-32-0). N ( - [3-tert-Butyl-5 -(6-nmetho xy-2-o0 xo

-1, 2-di hydro -pyr|d|n 3 -y1)-p henyl] -vinyl} - 10

phenyl )ﬂ@hﬁfm’éﬁbﬁmaﬁhﬁ& a196 @ﬁg@palr@ﬁlo@rxa&maa@toya @Rt ofithe AtBP(166 nl 1S
replaced with 6- di- ridin- 1 boronic acid (CASRN
221006-1mg), CA@M 69%1?( é§ Jim IP (e"rrpLBuﬁ qr stirtipgsat el fgrﬁﬂzn@, the reaption giapy dr o

-pyr| di ) rnepar ed
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met hox )ﬁh}awdl aﬁdm&aqréleﬂ)and)the@esadnecbo@%ﬁﬁ@d&m%ﬁ)ﬁseﬂBmﬂl)aut idE(Eanﬂ)perlﬂcdt\{on
{4-[(B)-2-(6-tert-Butyl-3-hydroxy-2'-oxo-1",2"-dihydro-[2, 31bi pyridinyl-4-y
1) -vinyl] - phenyl }- net hanesul f onam de (1-2) Cve3 A-3a: R = N2 step 1
20a: RsteE>- The residue from step 1was dissolved in DMF (3 mL) and treated with K,CO3 (276 mg,
2 mmol) and benzyl bromide (0.13 mL, 2 mmol). After stirring at RT overnight, the reaction
10  was partitioned between with brine and EtOAc. The crude residue was purified by Si0,

chromatography eluting with 9:1 hexanes/EtOAc to afford 124 mg (36%) of A-1ec.

step 3 - To a solution of A-1¢ (120 mg, 0.35 mmol) cooled to 0 °C was added DIBAL-H (0.53
mL, 0.53 mmol). After stirring at 0 °C for 10 min, the reaction was diluted with EtOAc and aq.
2N HCI. The organic phase was separated, dried (MgSQy), filtered and evaporated. The crude

15 residue was purified by SiO, chromatography eluting with 95:5 hexanes/EtOAc to afford 85 mg
(70%) of A-2.

step 4 - To a slurry of NaH (24 mg, 0.6 mmol, 60% in mineral oil dispersion) and 15-crown-5
(44 mg, 0.2 mmol) in THF (1 mL) cooled to 0 °C was added a solution of diethyl (4-nitro-
phenyl)-phosphonate (273 mg, 1 mmol) in THF (1 mL). After stirring at 0 °C for 10 min, a

20 solution of A-2 (173 mg, 0.641 mmol) in THF (1 mL) was added dropwise. The reaction was
stirred at RT for 1 h. The reaction mixture is partitioned between aq 1N HCl and EtOAc. The
organic phase was separated, dried (MgSQOy), filtered and evaporated. The crude residue was
purified by SiO, chromatography eluting with 95:5 hexanes/EtOAc to afford 221 mg (95%) of
A-3a.

25 step S - To a solution of A-3a (150 mg, 0.32 mmol) in HOAc (1 mL) in a 5 mL microwave vial
was added dropwise 48% aq. HBr (0.022 mL), sealed and heated at 60 °C overnight. The
solution was cooled and partitioned between sat'd. aq. NaHCOs and EtOAc. The organic layer
was separated, dried (MgSQy), filtered and concentrated. The crude residue was purified by
Si0, chromatography eluting with 95:5 hexanes/EtOAc to afford 70 mg (58%) of A-3b.



step 2 20b: R = NHSO2Me CMe3 Ar = 4-net hansul f anm do- phenyl Reduction of
the nitro group(step 1) and sul fonylation of the resulting amne (step 2)
were 20 cwornad3sds in accord with the procedures descriPphedPeoostasps 7 and
8 of exanple 1 to afford 20b. Both internedi ates were purified by Si02
chromat ography. WO 2011/ 033045PCT/ EP28%2-0/ 063660 -41- (0.9 nl), sealed and
irradiated in a mcrowave reactor at 115 C for 35 mn. The reaction m xture
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purification laditm (10% wt. on carb ng) was added to
a sol ut(74n) of A2taa (100 my, 0.19 rrrml) in MeOH (5 nL) at RT. The reaction

was stirred under 1 atmof H2 for 2 h. The catalyst was filtered and the
filtrate was _concentrated. The crude product was Purlfled on a pr&‘aratlve
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10 RT and poured into ice cold sat'd. aq. NaHCOs. The slurry was extracted with EtOAc. The

organic layer was separated, dried (MgSQy), filtered and concentrated. The crude residue was

purified by SiO, chromatography to afford A-4b.

step 8 - Methanesulfonyl chloride (31.9 puL, 0.41 mmol) was added to a solution of A-4b (160
mg, 0.41 mmol) in pyridine (2 mL) at 0 °C. After stirring at 0 °C for 10 min, the reaction was

15 poured into sat'd. aq. NH4Cl and extracted with EtOAc. The organic layer was separated, dried
(MgS0y), filtered and concentrated. The crude residue was purified by SiO, chromatography to
afford 64 mg (39%) of A-4c.

step 9 - Triflic anhydride (26.1 uL, 0.16 mmol) and Na,CO; (30 mg, 0.28 mmol) were added to a
solution of A-4¢ (64 mg, 0.14 mmol) in DCM (2 mL). After stirring at RT for 3 h, the reaction
20 was treated with sat'd. aq. NH4Cl and EtOAc. The organic layer was separated, dried (MgSOs),

filtered and concentrated. The crude residue was purified by SiO, chromatography eluting with

7:3 hexanes/EtOAc to afford 58 mg (71%) of A-5a.

step 10 - A tube was charged with A-5a (58 mg, 0.1 mmol), PA(OAc), (1.1 mg, 0.005 mmol) and
diphenylphosphinoferrocene (2.8 mg, 0.005 mmol). The tube was purged with argon and

25  charged sequentially with DMF (1 mL) and TEA (41.8 pL, 0.3 mmol) and formic acid (8 pL, 0.2
mmol). The tube was scaled and heated up at 80 °C for 3 h. The reaction was treated with sat'd.
aq. NH4Cl and EtOAc. The organic layer was separated, dried (MgSO,), filtered and
concentrated. The crude residue was purified by SiO;, chromatography eluting with 65:35
hexanes/EtOAc to afford 34 mg (79%) of A-5b.



Pal | adi um (20% wt. on carbon, 48 ng) was added to a solution of 24a (120
mg, 0.23 mml) in 1:1 EtO0Ac/MeOH (8 nlL) at RT. The reaction was stirred
under 1 avonofrddzo4everni ght. The 20 catal yst was filteredTardomhesshe | trate
was concentrated in vacuo. The crude product was purified on a preparative
Si 02 TLC pl ate devel oped with 30: 70 he#@nes/Et0Ac to afford 1-3. WD
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and the filtrate was concentrated. The crude residue was purified by Si 02
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stirred under 1 atm)sg ere of H2 for e catalyst was filtered off,

and t hégthexyrepridingd syl elf?@moadat(@éSR%%Wdﬁgcﬁé Oroduct was recrystallized
fromEtOAc to afford 59 ng of I-4 as a 15 white solid. Exarrple 5

6-tert i h 2 31bi car xyllc
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10 phenyl)-rnethanesulfonarmde is prepared analogously except in step 6, 21 is replaced with 2,6-

di-methoxy-pyridin-3-yl boronic acid (CASRN 221006-70-8).

N-(4-{(E)-2-[3-tert-Butyl-5-(6-methyl-2-ox0-1,2-dihydro-pyridin-3-yl)-phenyl]-vinyl} -phenyl)-
methanesulfonamide is prepared analogously except in step 6, 21 is replaced with 6-methyl-2 -

methoxy-pyridin-3-yl boronic acid (CASRN 1000802-75-4).

15 Example 2
N-{4-[(E)-2-(6-tert-Butyl-3-hydroxy-2'-oxo0-1',2'-dihydro-[2,3"Tbipyridinyl-4-yl)-vinyl]-phenyl} -

methanesulfonamide (1-2)

OBn
Brl\ N
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CMe

3

A3a R =NO,
stepll | R = NH,

step 2 : 20];) R =NHSO,Me Ar = 4-methansulfanmido-phenyl

Reduction of the nitro group(step 1) and sulfonylation of the resulting amine (step 2) were
20 carried out in accord with the procedures described in steps 7 and 8 of example 1 to afford 20b.

Both intermediates were purified by SiO; chromatography.

step 3 - A tube was charged with 20b (90 mg, 0.18 mmol), 21 (32 mg, 0.22 mmol), Pd(PPhs)4
(21 mg, 0.018 mmol), Na,CO; (57 mg, 0.54 mmol) and a mixture of MeOH (0.3 mL) and DCM



WO 2011/ 033045PCT/ EP2010/ 063660 -43- step 1 - A solution of 28 (527 ny,
1.31 mmol) and 1IN agq. LiOH (2.50 nL) in a mxture of THF (8 nL), MeOH (2
m.) and HRO 20ti/a3845wWas stirred at RT for 1 h. The react ipon/Brasioacicds fi ed to
pH of ca. 6.5 with 1IN aq. HClthen the organic volatiles were renoved under
reduced pressure. The residue was part-#ti oned between Et OAc and H20. The
organi c | ayer was separated, dried 5 (MySO4) and concentrated to give 500

mg of 30.9whi ) bea)l\asaﬂdaﬁddlmdtlﬂﬂe nﬁerx)bvas& efactor kDB foF BH&lin PURE fdactadd on. step
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Palladium (20% wt. on carbon, 48 mg) was added to a solution of 24a (120 mg, 0.23 mmol) in
1:1 EtOAc/MeOH (8 mL) at RT. The reaction was stirred under 1 atm of H, overnight. The
20 catalyst was filtered and the filtrate was concentrated in vacuo. The crude product was purified

on a preparative SiO, TLC plate developed with 30:70 hexanes/EtOAc to afford I-3.



N-
{4-[12-(6-tert-Butyl-3-cyano-2'-oxo0-1',2"-di hydro-[2, 31bi pyridinyl-4-yl)-eth
yl ] - phenywy 2011%3s@shanesul f onam de (1-6) Cve3 step 1rra/ERd@n/ 063660 CO2H
step 2 1-C.7 34b: R = CH2OH 34c: R = CHO Cwe3 1- 36a: R = NO2 step 4
ii=lw 36b: R= NH2 step 5 1 5. 36¢c: R-42NHSO2Me step 1 - To a solution of
34a (180 ng, 0.46 mml) in THF (6 nL) RT was added sequentially BOP (247
ng, O. 56 rrm)l) and |-Pr2NEt (97 [i LEx@mpfe 410l ). The mi xture was stirred at

RT for fore was .added. .The r sult

i xt or & ?‘%WF? Ry Droxe- lh%%h{;%@r{géﬁﬁwmﬁ&% Lo yircisid Mo P el was
re-di ssolved in Et 0Ac and washed with 1IN aq. HCl, sat'd. ag. NaHCG3, brine,
dried (MyS®) and concentrated. The gyude residue was purified by Si02
chromat ography eluting with an Et c/cjﬂexane gr adi entH(lg) to 40% Et OAc) to
afford 109 ng of 34lgnas a syr up B¢ cs4b (140 nmg, 0.37
mmol) in DCM (8did) 0¢@q;tto d cdmMés ol )
and foll owed by Deps- rtlr_]_pgr,(,om he Ij‘. The mi xture
was stirred at 0 QV stdpg reactyN was qggczentratél der reduced
pressure. The crude Iresi due was purifi by Si 02 chromato phy el uting

w th an Et OAc/ hexan(g‘\gerladl ent (10 to 20%Et 0Ac) to afford I&'% ng of 34c.
step 3 - To a sol utzéon of diethyl (4-m8robenzyl)phosphoriate (132 ny, 0.48
mml) in THF (5 nL) 20 at 0 C was added dropw se a solution of 1M NaHVDS
(485 [iL, 0.48 mmol) in THF. The m xture was stirred at 0 C for 15 mn then
a sol utstepnl oAs&tl@d idoway, tuBe s ooggd with 264E1.00 gnd.Y S wasoladASBN 115204-47-
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concentrate res
(8.0 mL), DCM (0.5 mL) and H,O (0.5 mL), scaled and irradiated in a microwave synthesizer at

110 °C for 30 min. The reaction mixture was diluted with DCM, filtered through a pad of

2N To a solu
¥ NaH
239

CELITE, and the filtrate was concentrated. The crude residue was purified by SiO,
10 chromatography eluting with a EtOAc/hexane gradient (5 to 30% EtOAc in hexanes) to afford
1.49 g of 28 as a white solid.

step 2 — A suspension of 28 (87 mg, 0.22 mmol) and Pd(OH),/C (50 mg) in EtOAc (20 mL) at
RT was stirred under 1 atmosphere of H, for 1.5 h. The catalyst was filtered off, and the filtrate
was concentrated. The crude product was recrystallized from EtOAc to afford 59 mg of I-4 as a

15  white solid.

Example §
6-tert-Butyl-3-cyano-2'-oxo-1',2'-dihydro-[2,3"bipyridinyl-4-carboxylic acid (4-

methanesulfonylamino-cyclohexyl)-amide (I-5)
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WO 2011/ 033045PCT/ EP2010/ 063660 -45- purified by Si 02 chronat ography
eluting with an Et 0OAc/ hexane gradient (10 to 50% Et0OAc) to afford 78 ng of
36a as a WDxOwms3@bs E, Z-i soners. step 4 - A solution of pPBE&PLYI6/06EHE0 0. 15
mmol ) and SnCl2.H20 (174 nmg, 0.77 mmol) in a mxture of DV (4 nL) and EtOH
(4 nmL) was heated at 40 C for 1 day. THe reaction was allowed to 5 cool to
RT, poured into a mxture of sat'd. aq. NaHCO3 and DCM and filtered. The
filtratsgepwasAgoneenbs 28 e327ang It emh9) dide N&$ 1R@Ht(2t0anE inkehieas oETec and
H20. The organi c | ayer was washed with brine, drie
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0. 069 Wﬁhlatﬁﬁd Pd(OH) 2/ C (30 ng) in Et OAc (20 nmL) at RT was sti rred under
1 atnosphere of H2 for 2h before the catalyst was filtered off. The
filtrate was 15 concentrated. The crude residue was purified on a

pr epar atdp\e- B @2olhlién of 3 @ 3d ene l0Bpadmvi)tand Eta%\tN (4Tm1mt@dm&x>v1@s slightly
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Wi ¢ anc ATl mABNAR (B0 e, 040K im0l ¢ AN 3644051 ek oy 2 B¢ 20

ot imandS YAy R “?’ﬁ‘%ﬁ%ﬁﬁ)%@”ﬁ*g’e dnd PO QY R R R B ref e _

4- 0 haniest fosairaiirpherylantal p4<d fd Epnaid T e b ebingherid Bfn i 0

PalC one Yt AR NP | RSk P AP As s s Bystraprashoggtibha " ©
t ol Uen%rﬁlé Gdr{Qd)(M’ﬁrO%Q W&ﬁcéﬁ%@d"ﬁ&l drﬁ(de remdue Was urlﬁed by SiO, chromatography

N- (4-i odo- phenyl) hanesul f onam de (2. 00 % CASRN

102294-<b@ng)with ¢ Eddg/hexant geadfent 630 tnﬂ)()O%EIt%CA) 1) afﬁpndrﬂeltﬁ hygommwfoam

step 3 — A suspension of 32(105 mg, 0.19 mmol) and Pd(OH),/C (35 mg) in EtOAc (10 mL) and
15 MeOH (2 mL) was stirred at RT under 1 atmosphere of H, for 1.5 h. The catalyst was filtered

off, and the filtrate was concentrated to give 78 mg of I-5 as a solid.

N-{1-[3-tert-Butyl-5-(2-0x0-1,2-dihydro-pyridin-3-yl)-benzoyl]-pyrrolidin-3-yl} -
methanesulfonamide is prepared analogously except in step 2, trans-N-(4-amino-cyclohexyl)-

methanesulfonamide is replaced with 33.

20 N-pyrrolidin-3-ylmethyl-methanesulfonamide (33)

TEA (1.05 mL, 7.5 mmol) was added to a solution of (R)-3-(aminomethyl)-1-N-Boc-pyrrolidine

(1 g, 5 mmol) in DCM (25 mL) at 0 °C. Methanesulfonyl chloride (0.43 mL, 5.5 mmol) was

then added. After stirring at 0 °C for 2 h, the reaction mixture was diluted with water. The

organic phase was separated, dried (MgSQOy), filtered and concentrated. The crude material was
25 treated with IM HCI in MeOH (25 mL) at RT and stirred at RT for 20 h. The volatiles were

removed under reduced pressure to 0.95 g of 33 as a white solid.

N-{4-[3-tert-Butyl-5-(2-0x0-1,2-dihydro-pyridin-3-yl)-benzoyl|-morpholin-2-ylmethyl} -
methanesulfonamide is prepared analogously except in step 2, trans-N-(4-amino-cyclohexyl)-

methanesulfonamide is replaced with N-morpholin-2-ylmethyl-methanesulfonamide (CASRN



WO 2011/ 033045PCT/ EP2010/ 063660 -46- [ 1, 3, 2] di oxabori nane (1.244 g, 8 mol,
CASRN 4627-10-5). The reaction was heated at reflux for 72 h, cooled to RT
and partiwpanad3basween Et 20 (100 nl) and 1M HCLl (20 nlipCT/EPROIQMGES6MS | ayer
was W thdrawn and re-extracted with Et20. The organi c phases were washed
sequentially with H20 and brine. The e#4+acts were conbi ned, dried
(Na2SO™4), filtered and 5 evaporated. The residue was purified by Si02

chr omat10g8 ARNY7-6). Urlidigttam dah baneadil) pedphrdayanglogei£itb cddirdsdroId YorEb@AL)- t o
afford 1.4 g (58% of 39. step 1: A tube was charged with 38 (0.13 g, 0.62
mol , eRsNpethympyrhadine ghycarbaxyfase GEASRNO48943mdi10) | Pd( PPh3) 4 (0. 036 g,
0.030 mml) and K3PO4.H20 (0.43 g, 1.9 mmol) in DWW (2.5 L), sealed and
heated to 100 C for 6 h with stirrigg. TEE reaction m xture was diluted
with 10 tol uene, washed with water, F3PMP¥ ¢ Na2S04), filtered, and
concenty-a4-¢2l(6iage Bufy@duseao-Pre&as Ue dihlis - 3iTbep i Risd yduey - 6thg Dt phichglgl- wWas
purified by Si 02 chromatography eluting wth Et0Ac/ hexane to afford 0.095 g
(4199 cpethimesdfopgmpde (I8) ni xt ure of 40 (0.090 g, 0.25 mol),

2- 0xX0- 1, 2-di hydropyri di ne-3-boronic acid (0.041 g, 0.30 mml, CASRN
951655-49-5), Pd(PPh3)4 (0.028 g, 0.025 n?gl) and Na2CO3 (0.078 g, 15 0.74
mml) in DCM MeOH (4:1, B3 nl) was irradiafied in a m crowave synthesizer at
115 C for 30 min. T werd partiti geyrbet ween DCM and

wat er and the organjic e dried ( i Jnd concentrat ed under
reduced pressure. i p ed by Si 02 chro ogr aphy
eluting with Et0Ac/ HOAc N f Iowqgmgy tritokg# on (DCNTNEQM%6tg?%fford 0. 016
g (15% of 1-7. 20Exanpl eY8 N-(4-

{(E)-2-[3-tert-Butyl -5-(2CMedi oxo- 1, 2, 3, 4- t e¥€ahydr o- pyri ni di n- 5- y1) - phenyl
1-vinyl}- phenyl)-nethangsulfonam de gézz @eR =@ title conpound is
prepared i n accostdp §£§R9Qﬂﬁs ure h Rl Ngxcept in step 6 of 25
exanple 1, 21 isseep[aged ™" ~° sep s 36¢: R = NHSO,Me

Wi t h2, 4- di oxo- 1, 2, 3, 4- t et4ahy&H6- pyri mi di n- 5- yl boroni ¢ aci d ( CASRN
70523-22-7). WD 2011/ 033045PCT/ EP2010/ 063660

step 1 - To a solution of 34a (180 mg, 0.46 mmol) in THF (6 mL) RT was added sequentially
BOP (247 mg, 0.56 mmol) and i-Pr,NEt (97 puL, 0.56 mmol). The mixture was stirred at RT for

10 min before NaBH,4 (21 mg, 0.56 mmol) was added. The resulting mixture was stirred for 1 h

10 then concentrated in vacuo. The residue was re-dissolved in EtOAc and washed with 1N agq.
HCI, sat'd. aq. NaHCQOs, brine, dried (MgSQ4) and concentrated. The crude residue was purified
by Si0; chromatography eluting with an EtOAc/hexane gradient (10 to 40% EtOAc) to afford
109 mg of 34b as a syrup.

step 2- To a solution of 34b (140 mg, 0.37 mmol) in DCM (8 mL) cooled to 0 °C was added

15 NaHCOs; (63 mg, 0.75 mmol) and followed by Dess-Martin periodinane (239 mg, 0.56 mmol).
The mixture was stirred at 0 °C for 1 h. The reaction was concentrated under reduced pressure.
The crude residue was purified by SiO; chromatography eluting with an EtOAc/hexane gradient
(10 to 20% EtOAc) to afford 137 mg of 34c.

step 3 - To a solution of diethyl (4-nitrobenzyl)phosphonate (132 mg, 0.48 mmol) in THF (5 mL)
20 at 0 °C was added dropwise a solution of 1M NaHMDS (485 uL, 0.48 mmol) in THF. The
mixture was stirred at 0 °C for 15 min then a solution of 34¢ (100 mg, 0.27 mmol) in THF (4
mL) was added. The resulting mixture was stirred from 0 °C to RT over 5 h before it was
quenched with sat'd. aq. NH4Cl. The reaction mixture was extracted with EtOAc. The organic

extract was washed with H,O, brine, dried (MgS0O4) and concentrated. The crude residue was
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4- chl omarificdyd a2 dydmaoghphpyltid@#ithARE OB .cthegandadivil (10 GASHR FHO2Q) &H- 4) ,

CuSO45H20Hg26.12 g 10.5 mml ) and H20 (300 nL) 10 and the m xture was

sti rr edfaFH7hegradd6aps p @Fﬂ@%”ﬂV%ZﬂWﬁWﬁs The reaction was cooled to 0 C and

an aqg. solution of NaCH was added until the pH was 4. The aqueous | ayer was

thrice extracted with _EtQAc (500 nL eac 2. 1 he conbi ned extracts were dried
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(0.902 cgror@tmr@ﬂ)by fdui@hg Wwigh fih E&Amsxm@cmw@%@tﬁécktofaffOIr@élS wigt of 34b 2and
seal ed. D pxane é? was added and the 20 reaction heated at 110 C
overniﬁHPm*%ﬁg ? 5EPTSW i xture was cooled to RT and extracted with EtOAc
(120 nL). The organic extract was washed sequentially with H20 (10 ni) and
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step 6 - A mixture of 36¢ (33 mg, 0.069 mmol) and Pd(OH),/C (30 mg) in EtOAc (20 mL) at RT

was stirred under 1 atmosphere of H, for 2h before the catalyst was filtered off. The filtrate was
15 concentrated. The crude residue was purified on a preparative Si0, TLC plate developed with

EtOAc. The product was slightly impure and further purified by preparative HPLC to afford 3.7

mg of I-6 as a white solid.

Example 7
N-(4-{(E)-2-[2-tert-Butyl-6-(2-ox0-1,2-dihydro-pyridin-3-yl)-pyrimidin-4-yl]-vinyl } -phenyl)-
20  methanesulfonamide (I-7)

c |
Y\r 39 Y\/\/‘“ (L\/\/Ar

step 1 step 2
CMe CMe CMe

38 40 I-7
Ar = 4-methanesulfonamido-phenyl

N-{4-[(E)-2-(4.4,6-Trimethyl-[ 1,3.2]dioxaborinan-2-yl)-vinyl]-phenyl } -methanesulfonamide
39)- To a solution of PA(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
25 mmol, CASRN 102294-59-7), tributyl amine (1.92 mL) and 4,4,6-trimethyl-2-vinyl-



5 (5-Brono- 6-nmet hoxy-pyridin-2-yl)-nethanol (50a) step a - To a solution of
3-brono-2-chl oro-6-nethyl -pyridine (2.0 g, 0.687 mmol) in CHCl3was added
MCPBA ( 3.\80¢011183@s5mol ) and the resulting sol uti on wasPhedredoat3cs® C
overni ght, The resulted solution was cooled and partitioned between DCM and
sat'd. aq. NaHCO3. The organic |ayer w6 dried (Na2SO4), filtered and
concentrated in vacuo. The crude product was purified by 10 Si 02

chr omat[0g1APbYatRkinhhd(@ . 244td) SanmEl, QASTRIeH6TTR | GSRATROtcadtdh Was 1BQ0EE Clle)k to
afford 1.88 g (87% of 3-brono-2-chloro-6-nethyl-pyridine 1-oxide (52a) as
a whi t do58) huooled oy R and partijoned befwisen ELY (160 milgyand Ay HGE (30 mhoMEPMEOH (4. 9

m) wa | Ik i . I 1 ed in
Vabuo. 290 LR A8 B FhnEh shon HTE FREENE Thotihfe BARCPRRRSRIREY ) oo

t o af f ceqhcdtifdiyowih 21, 0etnkd dxipne 6 The titydctpyericdombinbd, driiedaNag®O)SRldred siicep ¢ - A
solution of 52b_(0.47 and .aceti¢. anhydride (4.0 nL s heated at 120 C
for D Rramiee -eia"_ﬁff feaw_u%?w Bt Shcommapgantcvahs e Eﬁ@#&‘?é@eon a

Si 02 cokilmht&h ¥ 3099 AORAD) R%rELOA hexayario af ford nethyl _

5- br ono- 6- net hoxy- pyri din-2-yl-acetate (52c). step d - A solution of 52c

(0.060 g), 5% aqg. NaHCG3 (2 nL) and MeOH (2 nlL) was heated at 20 reflux for

2 h. Theprieas titenyvdy chhigee WARSI 8@ 13i ¢, 0092e8mbE ICWESRIN HBM BM S 1E8 )48 (@nei gt he
conmbi ned EtOAc extracts were dried, filtered and evaporated in vacuo . The
crude pPr@omoowBd(PRbr) {0835 o). EGi00RmO braoddd:BGn-ZhOy(0aBig, il Pgmmdt)rin DBE (2.5

Et OAc/ hexane,to afford.5 011/ 033045 / EP2010/.063660 :.49-, and t hen
rr T RGPl B o K o it R A el o AR Gt §F (0 to
10%(Et Qfadnd, vaghddavieh WeRr,rmicl /éﬂlﬂ@soaP, fBRR-dasndediRbfdtebendet fodusddBfreRure.
Et hyl ene gl ycol éo. 177 m, 3.17 nmol) was added to a tube containing a

sol ut i diesfudsgpsid@omptainedgss prrdicy tyrSiPprhromatagyapdhy cRfingavidhE#)A¢/hexageount
of Bu4N.' d tube 5 was sealed and the stirred sol ution
g PG 20 T8,

heat ed a t hen cool ed and partitioned between Et0Ac and
wat er. The organic | ayer was separated, dried (MpgSO4), filtered and

conce nkf@tzeﬂ A Q@b rdo 120890, ®b5 Bio1), -ﬂlﬁgobﬂﬁ-@'iﬂ}@r(ﬁﬁfh@fne@gotjoﬁicwcﬁip@f(ﬂq by
pal | adi umcat al yzed coupling of 50c and bis- (pi'nacol at o) di boron (0.934 g,
4 mol )g, 030awvok §ANRN 9% HE Sptetle #dtRPhee ¢ 02Hed). 025 mimep dnddfa,COs (0.078 g,
15 0.74 mmol) in DCM-MeOH (4:1, 3 mL) was irradiated in a microwave synthesizer at 115 °C for
30 min. The reaction mixture was partitioned between DCM and water and the organic phase
dried (Na,;S0Oy), filtered and concentrated under reduced pressure. The crude residue was

purified by SiO; chromatography eluting with EtOAc/HOACc, followed by trituration
(DCM/MeOH) to afford 0.016 g (15%) of I-7.

20 Example 8
N-(4-{(E)-2-[3-tert-Butyl-5-(2,4-diox0-1,2,3,4-tetrahydro-pyrimidin-5-yl)-phenyl]-vinyl} -
phenyl)-methanesulfonamide (42)

H

OYN O NHMs
HN. Z N N
|
N 2
CMe

The title compound is prepared in accord with the procedure in example 1, except in step 6 of
25 example 1, 21 is replaced with2,4-dioxo-1,2,3,4-tetrahydro-pyrimidin-5-yl boronic acid (CASRN
70523-22-7).



10 exanple 9. Condensation of 50d and 20c is carried out in accord wth the
procedure in step 3 of exanple 2 except 21 is replaced wth 50d.

Denet hyl awoaen11zn3so4debenzyl ati on of the ether protectingpPgrappsioasssecarri ed
out in accord with the procedures described in steps 4 and 5 of exanple 3.
Exanple 11 15 2- {(E)-2-[3 -tert-Butyl-42~netho xy-5 -(2-0

X0- 2H pyrazi n-1-yl)-phenyl] -vinyl} -5 - nethanesul fonyl am no-benzoic acid
met hyl ester (I-15) CO2Me 54 Example 9 56a: R = H step 2
56b: R = M Chve3 58a; R = .Step 4 , 8b: R =
N st Ob(h BT R BRSO Sh B dro-pyriBrErt-sh tbeAl 2t bpbenstil )| 52
(210. 26, dmBledulfonBiideZ44y3 mmol ) and DMSO (10 nl) is stirred overnight at RT
then heated to 50 C for"1 h. To the solution is added 1N NaOH 20 and the
resulting solid filtered. The filtrate is acidified with 6N HCl, extracted
wi th Et 0Ac, and the conbined extracts dried (Na2SO4), filtered and
evaporated to afford 56a. 1\1N 0 NHMs

5  The title compound is prepared in accord with the procedure in example 1, except in step 6 of

example 1, 21 is replaced 45.

B-(2.3-dihydro-3-0x0-4-pyridazinyl)-boronic acid (45)

step a - A 1 L round-bottom flask was charged with 4-chloro-5-hydrazinyl-3(2H)-pyridazinone
(8.0 g, 50 mmol, CASRN 6959-56-4), CuSO4-5H,0 (26.12 g, 10.5 mmol) and H,O (300 mL)
10 and the mixture was stirred and heated at reflux overnight. The reaction was cooled to 0 °C and
an aq. solution of NaOH was added until the pH was 4. The aqueous layer was thrice extracted
with EtOAc (500 mL each). The combined extracts were dried (Na,SO,), filtered and
evaporated. The remaining aqueous phase was adjusted to pH of 2 with 37% HCl and the
solution extracted six times with EtOAc. The extracts were combined, dried (Na,SO.), filtered

15 and evaporated to afford 4.75 g of 4-chloro-2H-pyridazin-3-one (46)

step b - A microwave vial was charged with 74 (0.400 g, 3 mmol), bis-(pinacolato)diboron
(0.934 g, 4 mmol), dicyclohexyl[2',4",6'-tris(1-methylethyl)[ 1,1'-biphenyl]-2-yl]-phosphine (X-
Phos, 0.058 g, 0.12 mmol), Pd,(dba); (0.056 g, 0.061 mmol) and KOAc (0.902 g, 9 mmol) and
the flask was evacuated and back-filled with Ar and sealed. Dioxane (6 mL) was added and the

20 reaction heated at 110 °C overnight. The reaction mixture was cooled to RT and extracted with
EtOAc (120 mL). The organic extract was washed sequentially with H,O (10 mL) and brine (10
mL), dried (Na,S0O,), filtered and evaporated. The crude product was triturated with Et,O to
afford 0.217 g of 45.



WD 2011/ 033045PCT/ EP2010/ 063660 -50- diluted with EtO0Ac and washed with 1N
HC1, H20 and brine. The organic phase is dried (Na2SOQ4), filtered and
concent r aveaoiwn3sasuo to afford 56b. step 3 is carried ®at/EPR0IQO6IHHE W t h
the procedure described in step 6 of exanple 1 to afford 58a. step 4 - To a
solution of 58a (3.18 mml) in DWF (1064%L) and Et 0Ac (10 nl) is added SnCl2
5 (12.72 mol) and the resulting solution is stirred at RT overnight. The
reactlon m xture is cooled to 0 C apchripRnohed by sl ow addition of ag.

The resu suspen nis filtered throuy pad of CELITE
and thé\§ 1 r@a% K- Efrfr]ﬁ’t“éfljg WX&%%@Y TRKY @@%@ﬁ@agva ”Pﬁoﬁg iy o e
(Na2S ; crude product is purified
by Si (%QSA%lg&n%%ﬁg??%%ﬂ%%@%? %ilgh%glgh&%%%%ﬁdggﬁatl on of 58b (step 5) is

carried out in accord with the procedure described in step 8 of exanple 1

to afford 58c. The pr epmi/N:' ;oiom‘e et hy[HO(CH,),0H,C_N\_OMe
2-[(BE)-2-(6-tert-butyl-2' fox¢-1', 2'=dihydro[ 2, 31bi Eyn“dl nyl-4-yl)-vinyl]-5-
met hanesul f onyl am no- benz Ng, conpl eted in accor g-ohe Erocedures in
steps 9-11 of exanple 1. Exanple 12 15HCV NS5B RNA Poly Activity The

enzymatic act|V|ty of _HCOYpelyvenase (NS5B570n- Conl ) was\@fured as the
i ncor poration of® “rpa}dmlg@ S\ddﬂﬁ | eoti de nonophosphailés iMeo acid insol uble

RNA products. Ungtpeo @ d@H | ed substrate was renoved by
filtration and scintilTant was a éf 0 the washed and dried filter plate
containing radio | abel ed RNA product. The anount of RNA product 20

gene 5B570- Conl he end he reaction was directly
propgort(ggaﬂgf?{1 019%™ X%%Uﬂlfl?%?'ﬁ]m%ﬁ%noéﬁ{ ed by the scintillant. The

N-term nal 6-histidine tagged HCV pol ynerase, derived from HCV Conl strain,
genoty I 9r

& or mihal; I ERARAS o ER IR, Aeif ARIIN: B0 8 CEVEREDD BICHER S o
E. col iadd¢d SIGPEBL3LE BE)O. phmcﬁ) ankhthe eaniingsotutioR Svas hoitad ai 50’(t dreeraighki, rithe
sequence of NS5B Conl nBank cessi nu 242654 i nserted
into tﬁ%ﬁugtr:%g EP%%%‘EQ% PREADTCAOSREER DA g éatfg‘g‘ﬁr%ﬂ%?é? “@Eﬁ‘o?fegeg%n
casset R0 BHANAOSORA ik ofd cGflchtrarld 5 NBLE TAL CfiMe YARIGN ORI T Ot

as a starter culture and | ater used inoculate 10 L of medi a suppl emént ed
wi t ) 1300udiroinatgpipby lelutimg atithzih B0 A lnxenngredpnecdito 80%alst OAwd te efforidyl .§the

addi tion9f mM .S rop i ogal act r anosi.de (1 PTG when
optical® @2@0{5?’5‘?“1% éimFg?é(l Bﬁmﬁlﬂ?g%&% (gg%/)vﬁ?@n lﬁg%oiad 0.8 and cells
were WO 2011/ 033045PCT/ EP2010/ 063660 -51-

step b — A solution of 52a (0.5 g) and 0.5 M NaOMe/MeOH (4.9 mL) was stirred at RT

overnight. The reaction mixture was concentrated in vacuo and the residue loaded on a SiO;
column and eluted with 5% MeOH/DCM to afford 3-bromo-2-methoxy-6-methyl-pyridine 1-
15 oxide (52b).

step ¢ — A solution of 52b (0.47 g) and acetic anhydride (4.0 mL) was heated at 120 °C for 2 h,
The reaction mixture was concentrated in vacuo and purified on a SiO, column eluting with 5%

EtOAc/hexane to afford methyl 5-bromo-6-methoxy-pyridin-2-yl-acetate (52¢).

step d — A solution of 52¢ (0.060 g), 5% aq. NaHCOs (2 mL) and MeOH (2 mL) was heated at
20 reflux for 2 h. The reaction mixture was partitioned between H,O and EtOAc and the combined
EtOAc extracts were dried, filtered and evaporated in vacuo. The crude product was purified by

Si0, chromatography eluting with 25% EtOAc/hexane to afford S0a.

step 1 — A mixture of 50a (300 mg, 1.38 mmol), CBr4 (686 mg, 2.07 mmol) and PPhs (5.43 mg,
2.07 mmol) in DCM (2 mL) was stirred at RT for 3 h. The reaction mixture was concentrated



harvested after 16 to 18 h at 30 C. NS5B570n-Conl was purified to
honogeneity using a three-step protocol including subsequent col um

chr omat ogwepbhi/o3804Bi - NTA, SP- Sepharose HP and Superdex PETmEP0108636EaChH
501AL enzymatic reaction contained 20 nM RNA tenplate derived fromthe

conmpl ementary 5 sequence of the Internd?- R bosone Entry Site (clRES), 20 nM
NS5B570n- Conl enzyne, 0.5 ILIC of tritiated UTP (Perkin El nmer catal og no.
TRK- 412id siRagiutified 8¢ Si0] ¢itomad gtaph$Olubhg R an BORGKhex@hdIEadianc@n6e €0y at i on
from7.5x10-5 Mto 20.6x10-6 I\/g | 1 uM each ATP, CTP, and GIP, 40 nM

Tri s- HEEOAQ t dford doPmenNgd ) off Wﬁ:ﬂ'qol?ﬂ?stsi‘?iﬂot hreitol), 4 mM MyCl2, and 5

pl of I f:o][rpound s;ari al diluted in DVBO React: on m xtures vve(rje assgnbl edfi n

96- i D V i Co.). i

> hv%t steg 2 iaelipd %@ﬁ%llﬁéﬁi?%&’&%@%%ﬁ&%@ﬁw OB 6oathinfi w3’ ©”
X ) : X 1 ; 40 .
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acet ¢ vagisealedtan e Q8] ¥htibTERcadd af 8% Weright manBdn codildd #hdipatitioasd 25 pl
of scintillant (Mcroscint 20, Perkin-Elnmer) was added to each reaction

wel | . Dstwiiea EaQHGrnd gratar) dhe oegentetlaer pras nenadigted cdried iMeg). idisteddider t ed to
counts cﬁﬁéenmgt;% R@aﬁ%%ﬂ%@f{@?coumo pl ate reader (Perkin-El nmer, Energy
ow, ; r

Range: icrency M mal, Count Tine: 1 mn, Background
Subtract: none, Cross talk reduction: Of). Data was anal yzed in Excel (r)

(M cr osgtbFonic & spatis tﬁie}aéﬁ%a%g phllgh$R)catalBRd 6@l T 508 abd15isAbSENCE Of

enzynme was used to determ ne the background signal, which was subtracted
from t Hein2® lanxjbeaen 0.9 &b t4 wme]) iPesdord wethdbsprogedure desciibersinwgaped pler f or med

in e absence of conpoun ro ich the backgroun orrected.actiyity
wns! Qo TG0 oo REPLEEsuL F RO S fur B AR i BRBEFEAET 4Pt YBY age
of the eﬂ&lﬁbkiz\/@(céﬂf’ﬂlrinrefpléEB@wﬁt@rﬂﬂﬂu MOk nEPiRA @S Aldi dRBerddylatBh 6 tHeheher
enzyme-cat al yzed rate of RNA synthesis was reduced by 50 % (1 C50) was

cal cul RFALECtHE Frpns; AigcatedhoVion agsord pathithepigseduroidaseribed ip siepmsk and ogf n) v =
% M n Jéxarﬁf;l)e325 X 7 [ + oco s j

Example 11

15 2-{(E)-2-[3-tert-Butyl-2-methoxy-5-(2-ox0-2H-pyrazin-1-yl)-phenyl]-vinyl}-5-

methanesulfonylamino-benzoic acid methyl ester (I-15)

54 56a:R=H 58a: R'=NO,
tep 20 o’ S6p: R = Mo step 4 L 501 = nm,
step S [g’ 550 i NHSO,Me

step 1 — A solution of A-2 (15.39 mmol), 54 (210.26 mmol), DBU (20.73 mmol) and DMSO (10
mL) is stirred overnight at RT then heated to 50 °C for 1 h. To the solution is added 1N NaOH

20 and the resulting solid filtered. The filtrate is acidified with 6N HCI, extracted with EtOAc, and
the combined extracts dried (Na,SO,), filtered and evaporated to afford 56a.

step 2 — A solution of S6a (4.608 mmol) iodomethane (16.87 mmol), K,CO3 (13.89 mmol) and
DMF (10 mL) is stirred overnight at RT. The resulting solution is filtered and the filtrate is



WD 2011/ 033045PCT/ EP2010/ 063660 -52- corresponds to the relative enzyne
activity (in %, " 9%n" is the residual relative activity at saturating
conmpound wonoeani3s@si on, "%Ax" is the relative naxi num eqTRPAMIVO6IH6E I Vity,
"X" corresponds to the conpound concentration, and "S" is the H Il
coefficient (or slope). Exanple 13 5HCEY-Replicon assay This assay neasures
the ability of the conmpounds of fornula Ito inhibit HCV RNA replication,
and t hefilefedrnati P Ac et wishedbvithtiN HCY, HQY addigidel edie@siniOphakicl driRtiect i ons.
The assay utilizes a reporter as a sinple readout for intracellular HCV
repl i cédNaRIQy).| fdtpeqd andrronegsiafadgn vaguorta pHEEd dhe was i ntroduced into the
first open reading frame of a genotype |Ib replicon construct NK5.1 10 (N
Krieger et,al.,.J. Virol. .2001,75(10):4614 i, mredi ately after the internal
K bosoriserb ey put bl Reest Ol Rk i be TENE phethalify s HSta' st
phosphot ransferase (NPTI1) gene via a self-cleavage peptide 2A from f oot
and no 1 | . I@% . , : Ql%f : .

Af ter ilé{r@vft ?gqtss ?%%%%P?%%%ﬁgt e gl\llﬁDV\]I\/gg?Ie(?}eQ%t) rlé%/%o@}%ﬁgggl I nt gishaﬁﬁgdngﬁg%atona
Huh7 c€l2.32 mand) GlBe ressitigantutionlionired anvBiTeovieaoglat dthe acudtiex paxtdeds St abl y
selected cell Line 15 2209-23 contaj ns repli ive HCV_subgenom ¢ RNA and
the actCP91ie_§ o BfCREH RN epadditioR égslé%ﬁ@@s #ﬁ@lq)-eaﬁ? EDRUINEFRPEPLEOT ¢ 5
RNA | eveliidBd su@fd &t of (ELIBTSAN theRiedd dilke Qith FroAdUBLECRbGoRMALES, one

in opaque white and one in transparent, in order to neasure the anti-viral
act i vi tbymgndiiedyNetS5Xi) cfilteyedbdndaconbentiateall in gaenwo Uk drmdquarpdibdt e preriesd byrigOt he
observeg@acti Vi t ti ) O‘i ue to decreased cell proliferation or due to cell
deat h. CHPTHRETPRIR @SR s (2200-23), which express Renilla I uciferase
reporter, were cultured in Dul becco's MEM (I nvitrogen cat no. 10569-010)
Wt 59 . i - ( I . . =147 at ed
ont ) 2 LELE LN CRbLT TR AR begRP ik He priCan WG SRR T
Twent y-ckaupleHotarasfordf&r. , Tidi (fré@araivin ofinhathy] @AE BL-(6-hatbogl-2 capbididihydio-t he
grow h ium ywere added the cells, which were. then further incybated at
37C f oJgﬁﬂfﬂ@@ﬂﬁ%‘}-ﬁfvu@éﬁ-3%@@%@%1?0%#@%@8%? breopiPiRied priscesdiyidh s
white plalagreal Qe.YEst 8Gnfid | uci ferase activity was nmeasured by using
the R 'luciferase Assay system (Pronega cat no. E2820). Al the reagents
described in the foll ow ng paragraph were included in the nmanufacturer's
kit, and the manufacturer's instrucktqanplevgre followed for preparations of
t he reagents. The cells were washed once with 100 ulL of phosphate buffered
sal Ihe (pH 7.0) (PBS) per @IVINgﬁ% QYRR EIFIEYUL of Ix R |uciferase
Assay Rich B SlodPhy BF HEY SAIFHEAM (IS5 T08Bri PHBERRAE G 20 M n. The
plate was then inserted into the Centro LB 960 m croplate | um noneter

( Ber t haoharpd®@iR0dfTANS BO4ISEPET¢ IERRE 06 1GpBEGhates 3xto eid hmoluddd BNA paductd 00 il L

of R luciferase, As uf fer S inject into.each well. and t i gnal
RUBRA or 0 T A R R e S A e R A Rt S
concen tvd}a@;hécpa[thfrieW}ﬁteG?Mﬂa écﬁl@diﬁihg @'acfi&lﬁbél@cﬂRNiAnlﬂo HER! TEOImbBY 8F R 151%%{‘@1&”
relation to the untreated cell control value, can be calculated fromthe

pl 030 ofgeperpicd by A B8t eaml o thefendiod tharshdtionagas dreeldy preippirionsl to dhagmount
concent r-atjon . escr.i bove. WST-1 reagent from Roche Diagnostic (cat
no. 16192@%%6“\}\13%(1% gho? lglr?ﬁ? e cytotoxicity assay. Ten ilL of WST-1 reagent
was added to each well of the transparent plates including wells that

cont ai ATedk @09 &idslik @@-H@wgﬁ%ﬂr{ga& Hél%diffb%'ﬁ@t\ﬁé_oﬁ%traﬁn,lkeﬁ&tlyg%eC’

and the OD val ue was neasu usi MRX Revel ation mcrotiter p
reader 1bLAB5BYFreaPpn Btcodtinsragd I areine redalelctiOnfat thedr-teamigis Oclatmye. toAafuhl- CC50,

t he concent jon of the drug r ired for.redugi | | oliferation by
50% | n FERALCONDOS TR T FESR B A Eort B Bt Be. dhr ERriea 17 om
t hexpl @bn@imeihe 0diAg SeduRACS i IOV S 3 oM BGdnB4ak UecéSion HiiMBercRIASH At | on
as descri bed above. ' '

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



TABLE Il Conpound Nunber HCV Replicon Activity ICso (11-1M Cytotoxic
Activity CC50 (LIM 1-10.108115.1 1-30.566 15Exanpl e 14 Pharnaceuti cal
conposi t iwoxonfo3sise subj ect Conpounds for admi ni strati ORCVIER26I0M6e3680 I OUt €S
were prepared as described in this Exanple. Conposition for O al
Administration (A) Ingredient % wt./w->51-Active ingredi ent 20.0% Lact ose
79. 5% Magnesi um stearate 0.5%

harvested after 16 to 18 h at 30° C. NS5B570n-Conl was purified to homogeneity using a three-

step protocol including subsequent column chromatography on Ni-NTA, SP-Sepharose HP and

Superdex 75 resins.

Each 50 pL enzymatic reaction contained 20 nM RNA template derived from the complementary
5 sequence of the Internal Ribosome Entry Site (cIRES), 20 nM NS5B570n-Conl enzyme, 0.5 uCi

of tritiated 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

10 (cat # MADVNOB, Millipore Co.) and incubated for 2 h at 30° C. Reactions were stopped by
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.

15 The amount of light emitted from the scintillant was converted to counts per minute (CPM) on a
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
20 enzymatic reactions. Positive control reactions were performed in the absence of compound,
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
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Example 13

5 HCV Replicon assay

This assay measures the ability of the compounds of formula I to inhibit HCV RNA replication,
and therefore their potential utility for the treatment of HCV infections. The assay utilizes a
reporter as a simple readout for intracellular HCV replicon RNA level. The Renilla luciferase
gene was introduced into the first open reading frame of a genotype 1b replicon construct NK5.1

10 (N. Krieger et al., J. Virol. 2001 75(10):4614), immediately after the internal ribosome entry site
(IRES) sequence, and fused with the neomycin phosphotransferase (NPTII) gene via a self-
cleavage peptide 2A from foot and mouth disease virus (M.D. Ryan & J. Drew, EMBO 1994
13(4):928-933). After in vitro transcription the RNA was electroporated into human hepatoma
Huh7 cells, and G418-resistant colonies were isolated and expanded. Stably selected cell line

15  2209-23 contains replicative HCV subgenomic RNA, and the activity of Renilla luciferase
expressed by the replicon reflects its RNA level in the cells. The assay was carried out in
duplicate plates, one in opaque white and one in transparent, in order to measure the anti-viral
activity and cytotoxicity of a chemical compound in parallel ensuring the observed activity is not

due to decreased cell proliferation or due to cell death.

20  HCV 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
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

25 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
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

30 20 uL of Ix 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
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waterg.s. to 100 mM WO 2011/ 033045PCT/ EP2010/ 063660 -55- Parenteral

For mul at iwo 20Dyo3Boagr edi ent % wt . /Wt . Active ingredi ent 0. PETEPSNdi063650
Chloridegs to nake isotonic Water for injection tol00 m The active
ingredient is dissolved in a portion ef3the water for injection. A
sufficient quantity of sodiumchloride is then added with stirring to nake
the solTéth®odisN! Al 100 piher B alikiFdr@it AsiayBeierSvaéAnfotteWitg RhchibENakd e

remai nder of the water for injection, filtered through a 0.2 mcron

menbr angnl m@@ureaindnmaec%aqedd deldr2- stcend MsapoerdentipovamTHEsf dat ur es

" hexpreenlalitrel f AHE S PL IR BR el et B BT SRS Tire R oo
functi @sil c@ﬂitrca vmteh@a@l Bércalmfa@dﬂsﬁoﬁl(ﬂﬁe bt &ff prkdtgtaeb ecdlict6d o6t hIdﬁ%t!ﬂs& as

appropri ate, separately, or in any conbination 10 of such features, be
uti 19 z@atYiBEvs é&&%ﬁ?@tﬁaﬁ@ P%%ﬁliﬂi’%irﬁbpﬁedl verse forms thereof. The
foregoing invention has been described in some detail by way of

| tr n and anpl e, rpose f rit nder st an.

i |1 bePSE saan FBEeSp hRenoRls FF RS Be St Indllge HRASIFHEERN Pt ons
may be LG HORATW fbaht WS 28&RRE B¢h {BE o ARREAAGH Gt %la'f"e% 1nc-:m@1f1§fw%'ﬂ§tha'tt i's
to be understood that the above description is intended to | lustrative

and notcontestmedit alpee ad blake @edtspmr@thenhmcu'bawd et Dh ashWl,dand tl’wdDBfV@he,wdae

det i d t to t h d houl i t ead
e et aersuad st bt NRACR ST o ot S T et SR e B P SR e Ber b ¢
t hey(f ulfited OPP rﬁﬁ) ety acentie doRcdMiabibn SPER dedPicBird! fér eftuktnbed The

patents, published applications, and scientific |literature referred to
her ei n pealifatstips hy 5% mdeI@d@eth@ﬂntmweceﬂlopmreldvaduﬁ, térebegalcudaied Gow ther eby

| ncor porloz%t %percgntlégef Ratdch o'f Thd G\@Tr 150 Elle § tqug concentration as described above.

TABLE 11
HCV Replicon Activity ~ Cytotoxic Activity
Compound Number
I-1 0.1081 15.1
I-3 0.566 --
15 Example 14

Pharmaceutical compositions of the subject Compounds for administration via several routes

were prepared as described in this Example.

Composition for Oral Administration (A)

Ingredient % wt./wt.
Active ingredient 20.0%
Lactose 79.5%

Magnesium stearate 0.5%




20 the sane extent as if each was specifically and individually indicated
to be incorporated by reference. Any conflict between any reference cited
her ei n amstot2ne/spasi fi ¢ t eachi ngs of this specificati on®CsEzkétobesssesol ved
in favor of the latter. Likew se, any conflict between an art-understood
definition of a word or phrase and a d&-inition of the word or phrase as
specifically taught in this specification shall be resolved in favor of the
| at t er .The\Rrediddes Qa3@ARPedd ERBELEd GHs64f3ulebBontaining about 100 mg each; one

Clainms 1. A conpound according to formula | wherein: (1) NX | 4R 5X
is N orapmy wealdjagpexpaite p éefpldaily 9sagst sel ected from the group consisting
of A-1, A-2, A-3 and A-4 said heteroaryl being optionally substituted by
hal ogen, C _6 al kyl, Cl1_3 hal oal kyl., Cl1 al. koxy: A-1A-2A-3A-4 R2 is

hydr ogen, cyano or hydroxglo?lp%lﬂgxi@@@&Wﬁ“f%{%@?i]., napht hyl or

C(=0) X2wherei n Ar tcdgNY!  and sard phepyl QF sald naphtnyl —are optionally
i ndependently substituted with one to three substitutents selected fromthe
group consi sting oafkti¢@nghadibroxy, (b) Cl_B.@hkoxy, (c) CL_6 alkyl, (d) G-io
hydr oxyal kyl wherein one or two carbon atonms optionally can be replaced by
oxygen provi ded t NagneHemstssradeenent dods>®ot form a oxygen- oxygen bond,
(e) C1_3 al koxy-C , al oge ,d) cyano, (h) C1_6

al koxycar bonyl , (f%)r &%aég{eg?{%flogﬁrjronyl , rb(? Xl (CH2) 1- wherein Xl is 0, NR6
or a bond, (k) ClL3ctasyl am no-Cl_6 al kyl76.§3%) (CH2)"NRaRb wherein n is zero

to two, and (m CcBBOXY inylpyrroliding)  1.0%

5 The ingredients are combined and granulated using a solvent such as methanol. The formulation
is then dried and formed into tablets (containing about 20 mg of active compound) with an

appropriate tablet machine.

Composition for Oral Administration (C)

Ingredient % wt./wt.
Active compound 1.0g
Fumaric acid 05¢g
Sodium chloride 20¢g
Methyl paraben 0.15¢g
Propyl paraben 005¢g
Granulated sugar 255¢g
Sorbitol (70% solution) 1285 ¢
Veegum K (Vanderbilt Co.) 1.0g
Flavoring 0.035 ml
Colorings 0.5 mg
Distilled water q.s. to 100 ml

10 The ingredients are mixed to form a suspension for oral administration.



Ra and Rb are (i) independently in each occurrence (a) hydrogen, (b) G _6
al kyl, (c) Ci1-6 al kylsulfonyl, (d) C1_6 acyl, (e) Cl1_6 hal oal kyl sul fonyl,
(0 C3_7 cwolwnldsgdssul fonyl, (g) C3-7 20cycl oal kyl - C1_3 achyr2eilobzsay| , (h)
Cl_6 al koxy-C1_6 al kyl sulfonyl, (i) SO2NR6 or (k) Cl-6 haloal kyl; X2 is OH,
Cl_6 alkoxy or NR Rd; R and Rd are (i-p5>4 ndependently in each occurrence
hydrogen, G 6 alkyl or C4 6 cycloalkyl or (ii) taken together with the
nitrogen to which they are attmb@eraap@»naﬂaml(m am ne wherein the
cycl oalkyl or cyclic amine moiety ig substituted by (CH?2)"NRaRb wherein n
is 25zero to twogredigt 2011/ 033045PCT/ BP20M0 063660 -57- R4 is hydrogen,
C 6 al kyl, C-+R4a—4b 6—hal oal kyl , or
CR4aR4bR4c V\her%‘fth"e(”il%rﬁﬂlﬁmR4 are i nddgerfdent |y selected from CL 3 al kyl ,
Cl_2 al koxy, Clggdifhé@ifaleky!, Cl_3 hydipxy@d Kyniccyano or hydroxy; or (ii)
when taken together, R4a and R46 together are C2_4 alkylene and R4™ is
hydrogen, C1_3 ‘é’lalcylforlmlectzonatbkoxy hall®¢e, C1_3 hydroxyal kyl, cyano or
Cl-3 5fl uoroaHeH—RS—hs—hydwg-eﬁ—a—e—aJ—ke*y—haJ—egeﬁ—ef—Cl_G al kyl; R6
i s independently in each occurrence hydrogen or C1_3 alkyl; or, a
pharmaceutical |y acceptable salt thereof. 2. A conpound accordi ng to cI aim
i-u\tl)wslte:’?[ll,lllt% aat} ﬁ?edl%ﬁ? ed?&kaﬂg{ 9 {381%%9 of Eﬂ‘)é waster%%tlogr A'Ag’ufficslerﬁ uaﬁ)tn[ lfy
sodium chlorlde is then added with stirring to make the solution isotonic. The solution is made

5 up to weight with the remainder of the water for injection, filtered through a 0.2 micron

membrane filter and packaged under sterile conditions.

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.



R4 is hydrogen, G _6 alkyl, C R4a,-4b _6 hal oal kyl, or CR4aR4bR4c wherein
(i)and R4" are 15i ndependently selected fromCl_3 al kyl, Cl1 2 al koxy, C _2
f I uor oal kyD,20G1033048ydr oxyal kyl , cyano or hydroxyl. 3. Arpcompoanades6€or di ng
to claim2 wherein le is 2-o0x0-1, 2-di hydro-pyridin-3-yl and R4 is CR'R4b-4c
K wherein e, R41 and R4 are independehédy C1_3 al kyl. 4. A conpound
according to claim3 wherein R3is CH=CHAr; Ar is optionally substituted
p20phenyl ene- (NRaR6) ; Ra is hydrogen and le is G _6 al kylsulfonyl. 5. A
conmpound according to claim1l wherein: Xis CR5; R5 is hydrogen; R3 is

C(=0) X2; 25X2 is OH, C _6 al koxy or NRafgdsk WO 2011/ 033045PCT/ EP2010/ 063660
-58- R4 is hydrogen, G _6 alkyl, G _6 haloal kyl, or CR4aR4bR4c wherein Rda,

RA1 and. R¢compsundndenandastbymsel aatReh:from C1_3 al kyl, Cl_2 al koxy, G _2
fluoroal kyl, Cl1_3 hydroxyal kyl, cyano or hydroxyl. 6. A conpound

according to claim5 wherein X2 is NR,Rd and wherein le is hydrogen and Rd
is 5a C4 6 cycl oal kyl substituted by 2);' NRaRb wherein n is zero to two.
7. A conpound according to claim ‘mﬁékﬁf ':%is CR5; R5 is hydrogen

N =zX @
hd

R

5 X is N or CR?;

R is a heteroaryl radical selected from the group consisting of A-1, A-2, A-3 and A-4 said
heteroaryl being optionally substituted by halogen, C; alkyl, C;3 haloalkyl, C, alkoxy:

H H H H
N. o N O N. O N. O
P P 2 N A
% % N % %
A-1 A-2 A-3 A4

R’ is hydrogen, cyano or hydroxyl;

10 R* is CH=CHAr, [C(R®),]a, naphthyl or C(=0)X* wherein Ar is phenyl and said phenyl or
said naphthyl are optionally independently substituted with one to three substitutents
selected from the group consisting of (a) hydroxy, (b) C,s alkoxy, (¢) Cis alkyl, (d) Ci.10
hydroxyalkyl wherein one or two carbon atoms optionally can be replaced by oxygen
provided that the replacement does not form a oxygen-oxygen bond, (¢) C;3 alkoxy-C, s

15 alkyl, (f) halogen, (g) cyano, (h) Cys alkoxycarbonyl, (i) C\.s alkylsulfonyl, (j) X'(CH,),.
wherein X' is O, NR® or a bond, (k) C,.; acylamino-C ) alkyl, (1) (CH,),NR*R" wherein n

18 zero to two, and (m) carboxyl;

R*and R" are (/) independently in each occurrence (a) hydrogen, (b) Cisalkyl, (¢) Cis
alkylsulfonyl, (d) Cisacyl, (¢) Cis haloalkylsulfonyl, (f) Cs5 cycloalkylsulfonyl, (g) Cs

20 cycloalkyl-C; 5 alkyl-sulfonyl, (h) C, alkoxy-C,s alkylsulfonyl, (i) SO;NRg or (k) C,
haloalkyl; X* is OH, Cy.s alkoxy or NR°R%;

R® and R are (i) independently in each occurrence hydrogen, Cy alkyl or Cys cycloalkyl
or (ii) taken together with the nitrogen to which they are attached are a cyclic amine
wherein the cycloalkyl or cyclic amine moiety is substituted by (CH,),NR*R” wherein n is

25 zero to two;



R3 is optionally substituted naphthyl; 10R4 is hydrogen, C _6 alkyl, G _6
hal oal kyl , or CR4aR4bR4c wherein: (i) Rda, -4b K and R4" are independently
sel ect ed woami@s3@sal kyl , Cl_2 al koxy, G _2 fl uoroal kyl pCCEP30ipaicoxyal kyl ,
cyano or hydroxyl. 8. A compound according to claim7 wherein R3 is

6- met hanesul f onyl am no- napht hal en- 2- yl-57- 9. A conpound according to
claim1l wherein: 15X isN, R is a heteroaryl radical selected fromthe
group consiRstid r@genZCQg@Hc;le, E— glhhnyssjmqﬁ By CRATRIBR Yl wherein (7) R**, R*" and R* are

3- oxo0- 3, 4- di hydr o- pyrazin-2-yl1 and 3-oxo-2, 3-di hydr o- yr|da2|n 4-y|, said
het er oar yl MSEPHECORY Fbtiard GO bseiobied a&myacogéaoro V6 Cak lbyqiroxmkﬂ

e or % bl MY ool ARERIARIRINE RYESAFFED GBI RSt Hha ' O

p- phenyl en®*{ NRg&lopen,-C RAlkE, Gydiilogenhal@ger Cak kydrox Gilkd, dfgahoak Kyk, or
CR4aR4bR4a K4b§y wherein: (i) and R4" are independently selected fromCl_3
al kyl , c1_3ugiop ; G _2 fluoroal kyl, Cl1_3 hydroxyal kyl, cyano or hydroxyl.
25 10. A co ound selected fromthe group consisting of: WD

2011/ 03304§P@rhmgﬁ11973@63166®y abgen of Ci alkyl;

6-tert-butyl-3-cyano-2' - oxo- 1’ -di hydro-[ 2, 31bi r|d|ny1 4- carboxylic
acid (4- mihandeppndémlyninlcach murrenqﬁdlﬂdmg@emﬁ)s a sd @ ; N
{4-[2-(6-tert-butyl-3-cyano-2'-oxo0-1"', 2" -di hydro-[ 2, 31b|pyr|diny1-4-y1)-eth

yl ] - phamhimacsetidrdlyescdptabiasiltdberesf\-
{4-[(E)-2-(6-tert-butyl-3-hydroxy-2'-oxo0-1', 2" -di hydro-[2, 31bi pyridi nyl-4-y
1)- V|ny1]

."A compound according to claim 1 wherein:

10 X is CR’;
R’ is hydrogen;
R* is CH=CHAr or [C(R®)];
Ar is optionally substituted p-phenylene-(NR*R");

R* is hydrogen, Cy alkyl, C 4 haloalkyl, or CR*R*"R* wherein (i) R*, R*” and R* are
15 independently selected from C,; alkyl, C,.; alkoxy, C;.; fluoroalkyl, C; 3 hydroxyalkyl,
cyano or hydroxyl.

3. A compound according to claim 2 wherein R" is 2-oxo0-1,2-dihydro-pyridin-3-yl and R* is
CR*R*R* wherein R*, R*” and R* are independently C; ; alkyl.

4. A compound according to claim 3 wherein R* is CH=CHAr; Ar is optionally substituted p-
20 phenylene-(NR*R); R* is hydrogen and R is C s alkylsulfonyl.
5. A compound according to claim 1 wherein:
X is CR%;
R’ is hydrogen;
R* is C(=0)X%;

25 X? is OH, C, alkoxy or NRR%;



phenyl } -nethanesul fonam de; N-
{4-[2-(6-tert-butyl-3-hydroxy-2'-oxo0-1',2"-di hydro-[2, 31bi pyridinyl-4-yl)-e
t hyl ] - phwoybii/o3seshanesul f onani de; N (4- PCT/EP2010/063660
{(E)-2-[2-tert-butyl-6-(2-0x0-1,2-di hydro-pyridin-3-yl)-pyrimdin-4-yl]-vin

yl} - 10phenyl) - net hanesul f onam de; anr8$- N
{4-[(B)-2-(6-tert-butyl-2"-o0xo0-1", 2" -di hydro-[ 2, 31bi pyridinyl-4-yl)-vinyl]-
phenyl}- met'hiaReioddoTahIAe] C) s halddlkyhot ORIRMR “acieesidiR1Y R*'Dagd Riard f or
use in treating a Hepatitis C Virus (HCV) infection. 12. A conbi nation
for co- adnimicRendspinielestediremfpotel deectinyg Crofleoraplih CGandydioxyddkek one
15i nmune s or and/or at |east one antiviral agent that inhibits
replicati oﬁ%]?)mﬁ@%%gf A conbi nation aaccording to claim 12 wherein the
i mmune system nodul ator is an interferon, interleukin, tunor necrosis
fact or ¢orA e&thpsdhdSicterdlmtth RGirh 3Gk Rirein 1P is NRERFRADM @i RM RER QK ioden by RF &I M
13 wherein the inmmune system nodul ator is an interferon or chemcally
derivat i 2ddicii¢leplkgl wbstitpmd by (CH2bdW R athcenn adeaitdithgva-o cl ai m 12 wherein
the antiviral compound is selected fromthe group consisting of a HCV
protease | nhibitor, another HCV pol ynmerase inhibitor, a HCV helicase
i nhi bi t70rA,C%1mPWdﬁ‘t°F‘?fa§’§tPﬁHi“Bilt‘6lim Ad a HCV fusion inhibitor. 16. A
conpound according to claim1 for inhibiting replication of HCV in a cell.
17. The us& R conpound according to claim1 for the manufacture a
medi canent for treating a 25Hepatitis C Virus (HCV) infection. WO
2011/ 03304 RP@IIy&reEEN0/ 063660 - 60- 18. The use of a conpound according to
claiml1l in conbination with at | east one i mune system nodul at or and/or at
| east one ®Riti§ uptiomhllpgentitutddataphthlyl;bi ts replication of HCV for the
manuf acture a nedi canent for treating a Hepatitis C Virus (HCV) infection.
19.10A net had i kydrége@aCi_palkal, Bepahloblksl, or VR RIGeréinf AR, ®1” emhRii ¢ ng
adm nistering to a Spatient in need thereof, a therapeutically effective
quant i ty oM EPEBRPBUMICHRLBPRIGIG A0/ e Tk 802 Tpreclkit fod hatrogyalkyh 1
further co.CQRN LS dm nistering at | east one i nmune system nodul at or
and/ or at Icgast rélﬁgfbgﬁ?i viral agent that inhibits replication of HCV.
21. The nmethod of claim 20 wherein the inmune system nodul ator is an
i nterf & Q0 compdiidl Rbdidmg td QLT wINe6in 8 i§ 6frd@hfiesElforsRIndiRY-nghAthalb@bing
factor. 22. e nethod of claim 21 wherein the i nmune system nodul ator is
an interferon or chemcally derivatized interferon.

9. A compound according to claim 1 wherein:

15 XisN;

R is a heteroaryl radical selected from the group consisting of 2-oxo-1,2-dihydro-pyridin-
3-yl, 3-0x0-3,4-dihydro-pyrazin-2-yl and 3-oxo-2,3-dihydro-pyridazin-4-yl, said heteroaryl
being optionally substituted by halogen, C alkyl, Cy.; haloalkyl, Ci alkoxy, X'-(CH,).
sCO,H or X'-(CH,),.sNR°R wherein X" is O, NR® or a bond;

20 R’ is CH=CHAr ;
Ar is optionally substituted p-phenylene-(NR*R");

R* is hydrogen, Cy alkyl, C 4 haloalkyl, or CR*R*R* wherein:(i) R**, R* and R* are
independently selected from C,; alkyl, C,.; alkoxy, C;.; fluoroalkyl, C; 3 hydroxyalkyl,
cyano or hydroxyl.

25 10. A compound selected from the group consisting of:

6-tert-butyl-3-cyano-2'-oxo-1',2'-dihydro-[2,3"|bipyridinyl-4-carboxylic acid methyl ester;



23. The nethod of claim 20 wherein the antiviral conpound is selected from
the group consisting of a HCV protease inhibitor, another HCV pol ynerase

i nhi bi t orwoaoH@33d¥el i case 15i nhi bitor, a HCV prinase i nirChirrosiomassbo@ HCV
fusion inhibitor. 24. A nmethod for inhibiting replication of HCV in a cell
be delivering a conpound according to-89-aim 1. 25. A conposition conprising
a conpound according to claim1 adm xed with at |east one pharnmaceutically
accept abl e @Gaferiigityl-HeyaneM'-o6- 16X ilpyded 2,3 Tbipyridinyl-4-carboxylic acid (4-

methanesulfonylamino-cyclohexyl)-amide;

N-{4-[2-(6-tert-butyl-3-cyano-2'-ox0-1',2'-dihydro-[2,3"bipyridinyl-4-yl)-ethyl]-phenyl } -

methanesulfonamide;

5 N-{4-[(E)-2-(6-tert-butyl-3-hydroxy-2'-oxo0-1',2"-dihydro-[2,3"Tbipyridinyl-4-yl)-vinyl]-

phenyl}-methanesulfonamide;

N-{4-[2-(6-tert-butyl-3-hydroxy-2'-oxo-1',2'-dihydro-[2,3'|bipyridinyl-4-yl)-ethyl]-

phenyl}-methanesulfonamide;

N-(4-{(E)-2-|2-tert-butyl-6-(2-0x0-1,2-dihydro-pyridin-3-yl)-pyrimidin-4-yl]-vinyl} -

10 phenyl)-methanesulfonamide; and,

N-{4-[(E)-2-(6-tert-butyl-2'-0x0-1',2"-dihydro-[2,3"bipyridinyl-4-yl)-vinyl]-phenyl} -

methanesulfonamide.

11. A compound according to claim 1 for use in treating a Hepatitis C Virus (HCV) infection.

12. A combination for co-administration of a compound according to claim 1 and at least one

15 immune system modulator and/or at least one antiviral agent that inhibits replication of HCV.

13. A combination aaccording to claim 12 wherein the immune system modulator is an

interferon, interleukin, tumor necrosis factor or colony stimulating factor.

14. A combination according to claim 13 wherein the immune system modulator is an

interferon or chemically derivatized interferon.

20 15. A combination according to claim 12 wherein the antiviral compound is selected from the
group consisting of a HCV protease inhibitor, another HCV polymerase inhibitor, a HCV
helicase inhibitor, a HCV primase inhibitor and a HCV fusion inhibitor.

16. A compound according to claim 1 for inhibiting replication of HCV in a cell.

17. The use of a compound according to claim 1 for the manufacture a medicament for treating a

25 Hepatitis C Virus (HCV) infection.
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18. The use of a compound according to claim 1 in combination with at least one immune system

modulator and/or at least one antiviral agent that inhibits replication of HCV for the

manufacture a medicament for treating a Hepatitis C Virus (HCV) infection .

19. 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.

20. The method of claim 19 further co-comprising administering at least one immune system

modulator and/or at least one antiviral agent that inhibits replication of HCV.

21. The method of claim 20 wherein the immune system modulator is an interferon, interleukin,

tumor necrosis factor or colony stimulating factor.

22. The method of claim 21 wherein the immune system modulator is an interferon or chemically

derivatized interferon.

23. The method of claim 20 wherein the antiviral compound is selected from the group
consisting of a HCV protease inhibitor, another HCV polymerase inhibitor, a HCV helicase
inhibitor, a HCV primase inhibitor and a HCV fusion inhibitor.

24. A method for inhibiting replication of HCV in a cell be delivering a compound according to

claim 1.

25. A composition comprising a compound according to claim 1 admixed with at least one

pharmaceutically acceptable carrier, diluent or excipient.



