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The present disclosure is generally directed to antiviral conmpounds and,
nore specifically, directed to conbinations of conpounds which can inhibit
hepatitis C virus (HCV), conpositions conprising such conpounds, and

nmet hods for treating hepatitis C using such conbi nations. 10HCV is a major
human pat hogen, infectin ' i]li ridw de -
roughly five times th Cﬁg%@ﬂ¥ﬁ?%$g€%ggpééﬂﬂgk%%ﬁﬁﬂ%ﬁﬁﬁggﬂ$% ency virus type
1. A substantial fraction of these HCV-infected individuals devel op serious
progressive |iver disease includingﬁcirrhosis and hepat ocel | ul ar

carcinoma. HCV is a poﬁl?tc?%ggw%ﬂﬂ TRNAEIA TS ATBREetT 6N conpari son of
the 15deduced am nghaGhslica@IUENRE (RMIndMNISL B8, PRFASYRaBA pPlicAldntKrikING. he 5’
untransl ated region has been classified as a separate genus in the
Flavi viri dde 4 7ﬂ§99ﬂPﬁAW§Wﬁéf%n8f the Flaviviridae fanily are envel oped
virions that contairfe greRASHLAINGrSE EARARY JRNBEIErLRGAHRG Al! mEmown
virus-specific proteins via translation of a single, uninterrupted, open
readi ng frame.sPediteHsi desteblocombinetieiy ehedragounds Wincherniphibit hepaties Guucl eot i de

and encoded arm 1 eng 1 t B% o U&.iiQot he high
error rate ofq?ﬂgggﬁggaégﬁﬁﬁﬁ-%g%ﬂ%ge%?&%NR g?ynﬁ?g§gﬂgﬁfg% Fégfs a

pr oof - r eadi ng hepgsidibiCl using sught colmbamtionsi x maj or genot ypes have been
characteri zed, and e than.5 u S een j W
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het er ogenei t y vafrldWidé -ragghtiefiwnshas alicatindepmntgpoed by hymhoimmutodtficamsy t 0 ari se

during nonot herapy treatnent:. thu iti | {treatment options for use
are desired. ‘mug%@?ie%§$E§F@a§?F§Wﬂ&&%§eEﬁﬁﬁﬁ%ﬁ% nﬁglgﬂ%‘%§@ﬂately 9500
nucl eot i des i neli@R@tdgraside has dRest nydledinpdthss@atil hepatdcaimarcaldonancodi ng a
single | arge polyp in of .about 3 am no acjids. In infected cells, this
pol yprotein is cIei@éﬁ“&@oﬂﬂWTﬁﬁ?gxﬂggA§FP%§*§91%%ﬂ?%ﬂ@ﬂ“ R r al

prot eases {50 [EkOMIEemindacAkEqichderaall tiRnstcAgle Shilaal if @b S(Nehngdi@t ei ns. I n

t he case of HCV,, eneration _of mature non-structural proteins (N52,

t he
N53, NS4A, Nsm@,lowé%?/&? hagbgenedeified as ayeparateggnisyn thrdlyividdac frpietles. The
first one is hgnhRwed ttoriBgviddaEhAall) dRAIEGRE valdds Mhe@YRm Aloskiie N52- N53
junction; the second one is a serine protease contained within the
N-term nal redfatledRNIsgenerr secodigaH kaewh virtiepeqific preteNs3iagFaas et aand
nedi ates al | theSHRARGAMGR, ofdEaY aflownst ream of NS3, both in cis, at
t he NS3-NS4A cl eavage site, and in trans, for the remaini ng NS4A- NS4B,
NS4B- NS5A, 20NS5A- NS§Bnsidlarabde hefiyegeneiyas frund aiihinghppectaogde gndsaeedsd pmino pl e
functions by i r i sting
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events. The NS SO e S nucl’eosi atase and RNA
hel i case act i uietdribsd with ddigbBionswatiwidd efrealiniod nipndivengorodtheigandtiavol ved i n

formati on of the nenbra weh where HCV replication. conpl exes. are thought

to aesenti 3 NeEETERTL ST PR deOg Rl gl Eg i RelBugs G,

RNA- dependent nRMAtheaby redtase; thighddisodahvredtmed optiork i@ wepkidedatedon of HCV

wi th other HCV proteins,, includin 5A, in a replicase conplex..15The

current standard oh%%ﬁP@eﬁHPd#&gég en@Peﬁﬁ??“%§%¥%%§§XV$¥ﬁo%ﬁ§Bhic HCV
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wever, a high proportion of patients fail to respond to this therapy an

treatnent is égéwt RWcrmpe #ridsi c}mﬂ? ctediellss ffgpabyreleinds cleaygdat miiple i s” a

great needst 0 sdevs! @Puisdn@iirdiNfottRELohdRES ih¥ Sirtdighilanl 8sn-sthlchhaygl) a nunber
of small nolecule HCV inhibitors are ) )
proteins. In the case of HCV, the generation of mature non-structural proteins (NS2,

NS3, NS4A, NS4B, NSSA, and NS5B) is effected by two viral proteases. The first

one is believed to be a metalloprotease and cleaves at the NS2-NS3 junction; the



20currently in clinical trials, based on clinical data from several studies
it is evident that conbinations of inhibitors nay be required to effect
sust ai nedwoi2oelo18&28ponse in HCV i nfected patients. Resi eCanseoigmee2g&Ence in
patients during treatnment, and post-treatnent viral rebound, have been
observed upon treatnment wth protease inhibitors, as well as, nucl eoside
and non-nucl eosi de HCV inhibitors. To achieve nmaxi mal efficacy and to
25potentially eradicate the Vi rus it will be critical to utilize

conbi nati on therapi es eci those t di stinct iral
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(0] Inhibitors wne ent plLl ation
di scl oses conpGUHYLRE m%ﬁcbpﬂ? Wrﬁl%?&&lwéﬂ\ﬁ%éﬁ(f%ﬁa%fmt% rad NdERs.JPghei n
encoded by HCVemdihitg NSAhes4E5ers4BN0S 56 N3 g 9B Qte%ctmgmgmwnds whi ch
inhibit the functi on of the NS3 pr ot ease encoded qutHCV U.S. Patent Ser.
&

No. 7,456, $66 P& tosaEe pylipluherionnpcbpth pringpt 2 eefectyrdpicths D3 fotepe NS5B

pol ynerase. ThgqRIR8RN tHl SEhOSHE BcIBAGIAST N&3HRI DAL QRS repRias@ speci fic HCV
NS5A i nhi bitor, a specific HCV NS3 protease inhibitor, and NS5B pol ynerase

i nhi bitors thapmapreniss Fhe formation ife NS3@E$4Apenmmex isianeessary for prppera £ r st
aspect the pr
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t her apeuti cal | cti tnt 0 ormul a (I (), or a
phar maceut i caﬂThy I@écpe@jelablse eslablts nuh@p@dﬁtrlp@sphpéasap@bwédie igaseddtizgic.ve
anount of C

accept abl e sal gﬁ ey %}egfa?n{%gfag@ }&?1%3%781%4 gnffo atl\%rég%ﬁ%ﬁ%@%%o%q%%by ound
effective to |wﬂerd3EI€Vtrbpé1catwnc:bmptexcsfar¢-Kﬂvuglmtwmné$@ N%Bj(aaopéfemafdaoeutl cally
acceptabl e carrier of , t ect. 1 npound
effective to |hﬁ’heub tﬁﬁqgo f%lelfaﬁ %I on 461)%/‘“%]@%1?@ ras at 1%}nv8]tvgcg " rom
PSI - 6130, PF- QRS86REadon &NFCH38th okHaXHB X SprotedX- 111(814d1ng N%Aaﬁa r&llic07127,

PSI - 7851, PSI-938, PSI-879, VCH 759, VCH 916, VCH 222, BMs-929075, GS-9190,
ABT-333, and ABFPE¥2. In a second aspect the present disclosure
provi des ajsconposi TheturkanPidstdng care fhiafcafeut éfaadst patieht acthicu@®nrmawmt of a

comound of 10U & (1 kit SR ShASEl Wypecsplanle palt

proportion of patients fail to respond to this therapy and treatment is associated with
significant side effects. Thus, there is a great need to develop safer and more
effective therapies. Although a number of small molecule HCV inhibitors are

20  currently in clinical trials, based on clinical data from several studies it is evident that
combinations of inhibitors may be required to effect sustained viral response in HCV
infected patients. Resistance emergence in patients during treatment, and post-treatment
viral rebound, have been observed upon treatment with protease inhibitors, as well as,
nucleoside and non-nucleoside HCV inhibitors. To achieve maximal efficacy and to

25  potentially eradicate the virus, it will be critical to utilize combination therapies,
especially those targeting distinct HCV viral targets. In vitro replicon-based
combination studies have shown that additive to synergistic effects can be achieved with
various combinations of HCV inhibitors.

Commonly owned patent application W0O2008/021927 discloses compounds

30 which inhibit the function of the NS5A protein encoded by HCV. U.S. Patent Ser.
No. 6,995,174 discloses compounds which inhibit the function of the NS3 protease
encoded by HCV. U.S. Patent Ser. No. 7,456,166 discloses compounds which inhibit

the function of the NS5B polymerase. The present disclosure teaches combinations



(I'1), or a pharmaceutically acceptable salt thereof a therapeutically

ef fective anount of a conpound of fornmula (I11) 10(111), or a

phar macewoDcaldossecept abl e salt thereof; and a phar maceariusadlips@stept abl e
carrier. In a first enbodi nent of the second aspect the nolar ratio
of the compound of formula (1), or a pharmaceutically acceptable salt
thereof, to the conpound of 15forrmula (I1), or a pharnaceuticall y

accept abl e salt thereof to the compound of formula (I11), or

phar maceut i cal her eof. t 1:2Q0:5 n ond
embodi ment of & ﬁ%ﬁ%@@é@a dPhﬂP & arﬁ?F‘é}rlC \Plgg%l?ro Sl %%%Lﬁ?gl\gsf% ormul a
(1), or a pharpasg@@mse aalditrsas eptabuefos b tredthereAHCWY.0 t he conpound of
formula (I1), or ?rmaceutlcally acceptabl e salt thereof, to the

conpound of 5f or rruﬂ“aa1 155 ‘fs}’eCtH’repéeSB‘P‘?élﬂWé‘gﬁPfoéféjlef Y CRROSIHOR FYBPEHIG A ¢ her eof |

i s about 1:25Qncki}RQtically effedtife Ambilt bHla &sRREAd bihermrigagnt di scl osure provi des

a nethod of treati ngv'an HCV infection in a patient, conprising

adm nistering to th tlent a therapeutically effec_ e anount of a

conposi tion conpri si a’\‘H:O@ound of formula (1)HRmeg_/ 20(1), or a

pharmaceutically acce a{}ﬂ*( = hekapeut i al\}“y effective
w)\ 1)) N i

anount of a conpound of 5o0r Ta r (i%@{l cally
acceptabl e salt thereof; a{i,herapeutl call y ef fective anmounii of a conpound

effective to inhibit the function of HCV pol ynerase; and a PKarmaceutically
acceptable carrier. @D,

or a pharmaceutically acceptable salt thereof; a therapeutically effective amount of a

compound of formula (II),

Cl

10 (ID),
or a pharmaceutically acceptable salt thereof; a therapeutically effective amount of a
compound effective to inhibit the function of HCV polymerase; and a
pharmaceutically acceptable carrier.
In first embodiment of the first aspect the compound effective to inhibit the
15 function of HCV polymerase is selected from PSI-6130, PF-00868554, ANA-598,
IDX-375, IDX-184, INX-189, BI-207127, PSI-7851, PSI-938, PSI-879, VCH-759,
VCH-916, VCH-222, BMS-929075, GS-9190, ABT-333, and ABT-072.
In a second aspect the present disclosure provides a composition comprising a

therapeutically effective amount of a compound of formula (I)



In a first enbodi nent of the third aspect the conpound effective to inhibit
the function of HCV polynerase is selected fromPSI-6130, PF-00868554,

ANA- 598, WOIDX/@BFR9 | DX- 184, | NX-189, BI-207127, PSI - 78BCT/URSIHAIRSS
PSI - 879, VCH 759, VCH 916, VCH 222, BMS-929075, GS-9190, ABT-333, and
ABT-072 In a fourth aspect the present disclsosure provides a nethod of
treating an HCV infection in a patient, conprising admnistering to the
patient a therapeutically effective anount of a conposition conprising a
therapeutically effeetjve amount of a compound of formula (1) meo Ove 5(1),

or a pharmaceutically‘3 cceptable salt thereof; a therageutically effective
anount of a conpound QI) (Il —pharyraceuti cal |l y
vie a

I
acceptabl e salt thereof.a herﬁpeu i -y eey pt —of a conpound of
formula (111) (I11), Nﬁqfiéupha maceuti€al |y acd%%t@bl salt thereof;
and a pharnmaceutical ly accsp¥abl e 15carri er. In a fi X! enbodi ment
of the fourth aspect the nolar ratio of the conpound of fornula (I), or a
pharmaceutical |y acceptable salt thereof(l),to the conmpound of formula (I1),
or a pharmaceutically a t abl Lt . thereof, to.the com n f.formul a
iy Por T o BBt REGTR R GpBoRRu M EE R i ikl e RETRE AR 2 ™
a second enbodonmpaindaff farhmalaf(dy,ut h aspect the nolar ratio of the conmpound of
formula (1), or a pharmaceutically ?chptable salt thereof, to the conpound
of formula (I1), or a pharmaceutic&l |y acceptable salt thereof, to the
conpound of forrmula (I11), or -z yreceutically acceptable salt thereof,
i s about 1:250:1000. O her as s ol the present disclosure may include
sui t abl e conbi nati ons of 1Qenboet neatis di scl osed herein. Yet other aspects
and enbodi nments may be found in the descr&ptio ovi ded herein.
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or a pharmaceutically acceptable salt thereof a therapeutically effective amount of a

compound of formula (IIT)

10 (TID),
or a pharmaceutically acceptable salt thereof; and a pharmaceutically acceptable
carrier.
In a first embodiment of the second aspect the molar ratio of the compound of
formula (1), or a pharmaceutically acceptable salt thereof, to the compound of

15 formula (II), or a pharmaceutically acceptable salt thereof, to the compound of



Al'l patents, patent applications, and literature references cited in the
specification are herein incorporated by reference in their entirety. In

t he case wbD 20B8/n8s20si st enci es, the present disclosure, PATIUSAIING46285
definitions, wll prevail. As used in the present specification, the
followi ng terns have the nmeanings indicated: As used herein, the
singular forns "a", "an", and "the" include plural reference unless the

context clearly dictates otherw se. 20Certain conpounds of the present

di sclosure may. exist in different stable conformational faorns which may be
Separ abl e TorRBHLih Sy Ao aiaTy aoseaadie et B oo 4oPE Moout an
asymmetric single bhongcofddmigmmpt 6f thesabiikaspdct fib &idl4 ritiondhi@@epeind i Ng

strain, may permt separation of different conforners, commonly known as
at r opi Soners. Of%%faé@e%a RFPERACHE Y RN e tdberpids ficsiomae el i somer 25

of these compaumdsa @nCorFphhiafa8Suti AR Rdptable salt bR GO MRRUAPSINAlrt he present
di scl osure can exi st as pharnmaceutically acceptable salts. The term

" phar maceut’i cdPIMpIHEELpt aphEmacggptically gecchialy sethercs; ispBpHd2eAt8%Gal t s or

zwi tterionic fornmsppf i GsfOROpRAS: AlclddR REGERAUMANRIIrASHIE icoh are
water or oil-soluble or dispersible, which are, within the scope of sound
30nedi cal | uddhfeetton is g patnl, compyisingseniinisterdiy ta e nafier athpsapeiticglles  of
patients w t hQut RXGAESHAEa Lo dohcompfidifdd Ehoufd bbehda IpSponse, or

ot her problen1ordconp ?éat?on %oéneﬁguﬁéféféféﬁ%qg reasona {Z benefit/risk
ratio, and are effed¥%e for their intended use. The/zslts can be prepared

during the final isolat d purification of tHe conpounds or separately
by reacting a suitable_n# %geﬁ X, oy Wiy b i EBY%Q" ia¥\Representative
acid addition salts iﬁERud ~agétate, = e/ al yirNate”, titbate, aspartate,
benzoat e, benzenesulfonaté{iﬁisuﬁfate, butyrate, canphof'dt€,
canphor sul fonat e; di gl uconate, glycerophosphate, heni sul fat®le hept anoat e,
hexanoate, |(f ormate, 5fumarate, hydrochl qpide, hydrobroni de, hydroiodide,

2- hydr oxyet hanesul fonate, |actate, nal eate, nesityl enesul fonate,

met hanesul f onaX & PhataisRvHGH b meecnizblsrnalt hereaf: e dharapspicalip chipgtine pravwhesul f onat e,
oxal ate, pal mMahBoudeFtiialqim persul fate, 3- phenylproprionate, picrate,

pi val ate, propionate, succina%e, tartrate, trichl oroacetate,
trifluoroacetate, phosphate, glutaggte, bicarbonate, para-tol uenesul fonate,
and 10 undecanoate. Exanples of_acilds which can be enployed to form

phar maceutical |y acceptabl e af omsalts include inorganic acids such as
hydrochl ori c, hydrobromc, s {C.Nand phosphoric, and organic acids such
as oxalic, maleic, succini& and ciftric. Basic ition salts can be
prepared during the final isolation,and ri& agjon 50f the conpounds by
reacting an acidic proton with a suifa agQ smch t he hydr oxi de,
carbonate, or bicarbonate of a netal i onf or W tAiSgnmoni a or an organic
primary, secondary, or tertiary am ne|The cati ensC of pharmaceutical ly
acceptable salts include Ii '%#ﬁ:%ﬁpﬁ%ﬂq pot assi um cal ci um nagnesi um
and al um num as well as n;%ﬁgxi guat ernary am ne cations such as
anmoni um 20 tetranethylanwoMlﬂﬁ TEFTaethylannDniunl nmet hyl am ne

di et hyl am ne, trimethylam ne, triethylam ne, diethylam ne, ethylam ne,
tributyl am ne, pyridine, N, N-dinethylanill),ne, N-nethylpiperidine,

N- et hyl hol i di cycl.oh i i ne, di | .am
NV AR T T A e W
represent at i veompgaiietfeaiviciemhibsahdfundtivn of HEV2Rilphdrmde] amd .of base addition

salts include ethyl enedi am ne, et hanol am ne,
p%arn%ceutlcgiy acceptable carrlaér.

In a first embodiment of the third aspect the compound effective to inhibit the
function of HCV polymerase is selected from PSI-6130, PF-00868554, ANA-59%,
20 IDX-375, IDX-184, INX-189, BI-207127, PSI-7851, PSI-938, PSI-879, VCH-759,
VCH-916, VCH-222, BMS-929075, GS-9190, ABT-333, and ABT-072

In a fourth aspect the present disclsosure provides a method of treating an



di et hanol am ne, piperidine, and piperazine. The di scl osure provides
phar maceuti cal conpositions, which are conprised of therapeutically

ef f ecti vewaroi8s20f conpounds of Formulae (1) and (I1) PCoOMIS2011/046285
pharmaceutically acceptable salts thereof, an NS5B i nhibitor, and one or
nore 30pharnmaceutically acceptable carriers, diluents, or excipients. The
term"therapeutically effective anmpbunt,"” as used herein, refers to the
total anmount of each active conponent that is sufficient to show a

meani ngful patient benefit, e.g., a sustained reduction in viral |oad. Wen
appli 6d to an HOUIVIRHAM LA FYRcI e RE LRI AN patY® DeBRaTCPG. ¢ or m
refers to thateffeftfic@giotitof abompositidh@Bmpihd £theclaPerdicaIBdIcb@l a@fduntdta term
refers to conbi ned nts of the active ingredients that result in the

t her apeutic eFPE@?W%aﬁgFW@P(aninistered in conbination, serially, or

si mul t aneousl y. The mamrpounds of Fornulae (1) and (11) and pharmaceutically
5acceptabl e salts thegb@mH and the NS5B pol ynerage inhipbitors, are as
descri bed above. The %arpL%f%sNrw%i%ggz}%%é;;§27§§j?ﬁmNenp\s nmust be
acceptable in the sengéjpf ﬁgiﬁbN 0 TN e(?}her ingr edi ent s of
the fornul ati on and not 'de{ eteribus to the recipient TheN I n accordance
w th anot her aspect of the ‘present disclosure there is al sowerovided a
process for. the preparation of a pharnagﬁutical formul ati on i ncl udi ng
10adm xi ng "conpounds of Forrmulae (1) and’(I11), or pharmaceutically

accept abl e saldrs phireaeniticalabdepableNTb Befof; ynlrgeetidalin itctios arandht ofve or nore
phar maceuti cal | y accept.abl ﬁ:rriers, di luents, or excipients. The term
"pharnaceutic&P%PmH@éE%FQBaé,” as used herein, refers to those conpounds,
materials, conpositions, and/or dogage fornms which are, within the scope of
sound nedi cal judgnment, suitable f use in 1l5contact with the tissues of
patients w thout excessive t 0¥ ™ irritation, allergic response, or

ot her probl em or conplication engurate with a reasonable benefit/risk
rati o, and are effective fol 9 nt ended use. Phar maceuti ca

formul ations may be presented in ugit dose f cont@i ning a predeterm ned
i¢p|&¥§>the 20phar maceut i cal

anount of active ingredients per uni’ osfp. '\
conpositions of this disclosure will{b i*hi e@ﬁ fromabout 1 to about
5 times per day or alternatively, as cont'f nugusdi nPusi on. Such

adm ni stration can be used-as a8ﬁ£¢o ke pr acute therapy. The anmount of
active ingredient that may C irnred with the carrier materials to
produce a single dosage form'w |9 AHTS$ dependi ng on the condition being
treated, the severity of the conditilon, the tinme of 25adm nistration, the
route of admnistration, the rate of exgﬁption of the compound enpl oyed,
the duration of treatnent, and the age, génder, weight, and condition of

t he patient0. Prebbarmeerutipilly adepptable shldthereboba thonpeuwice iyt dissteveaoruat afiang a
daily dose or sub-dase . ASNENei N above recited, or an appropriate fraction
t hereof, of an acCtive ingredient. Generally, treatnent is initiated with
smal | dosages substantially less than 30 the optj num dosg of the conpound.
Thereafter, the dosage is increased by small igé%gggﬂts until the optimum
ef fect under the circunstances is reached._ InN al , the conpound is nost
desirably adm nistered at a concentration that will generally afford
antivirally effective results w thout causivgfany harnful or deleterious
side effects. As the c
conbi nation of three or HBFeytONp
conpounds can be present in g4de et
normal |y adninistered in a noriot her apy
about 0.01 and about 250 milligram per

i - HCV activity, all

-agc r equal to the dosage
Do ége | evel s of between

(TID),
or a pharmaceutically acceptable salt thereof; and a pharmaceutically acceptable

15  carrier.



("mg/ kg") body wei ght per day, preferably between about 0.05 and about 100
ng/ kg body wei ght per day of each of the conpounds of the present

di scl osurwoane/mayggzocal in a nonot herapy for the prevent pom/tse@ 1os@as ment of
HCV nedi at ed di sease. The conpositions of this disclosure my be

co-fornul ated with one or nore additional 10t herapeutic or prophylactic
agents, for exanple, in the formof a nonolithic and/or bi/nulti-I|ayer

tabl et or nay be adm nistered separately fromthe therapeutic or

prophyl actic agent(s . Phar paceut i cal fornu] ati.ons may be gdapted for
Ty str at  on by, dhfabipbgitar o R fieh Shse 65 BT kB9 HREVBRE e ne! udi ng
buccal or sublfhmgiadl), or & fikdhceudanpsdeptablopilC@breé s Rehéicin@uirueccal

subl i ngual, or. transdernmal), vaginal, or parenteral (i ncluding
subcut aneous, PHIHHEUt AridbEEac Wep Biseiad S,altiﬂﬁfqog-t%ﬁieiceﬁpwﬁ of

i ntrasynovi al ,foiniifid @85, &F Qﬁlﬁarmh&hﬁ@j@&%bmblb B4if @b@st RnBbut 1120ty avenous, or
intradermal injections or infusions) route. Such fornulations may be
prepared by any nefhbicrioiippodimannefl the forgh apprelthmglar rie obtha fynrovEY
bringi ng into @SRkl 4 fafnREkiNS Aoaai &ntmddiho k& AP6@Id rer (s) or
exci pient(s). har maceuti cal fornul ati ons adapted for oral

admi ni strat i orfore BB, predamaseptigallydicewtablesaliticraof.do 8 camperdsfil es or

tabl ets; pOV‘U.%ﬁng (Iﬂf,gf‘%{ﬂ%%' aémiéﬁl%rg&% Qﬁle%ﬂ%&!@?f‘, RBodt:20466%!S or
non- aqueous |iquids; edible toanms o thps; or oil-1nwater liquid enulsions
or water-in-oil emdthrempscts gbtBopreians disdlesre mayr ingndd suatalrl porslinattonoef i n t he
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which are water o 11—so?uble or dispersible, whic , within the scope’of sound
30 medical judgment, suitable for use in contact with the tissues of patients without
excessive toxicity, irritation, allergic response, or other problem or complication

commensurate with a reasonable benefit/risk ratio, and are effective for their intended

use. The salts can be prepared during the final isolation and purification of the
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of therapeutically effective amounts of compounds of Formulae (I) and (II), or
pharmaceutically acceptable salts thereof, an NS5B inhibitor, and one or more
30  pharmaceutically acceptable carriers, diluents, or excipients. The term
“therapeutically effective amount,” as used herein, refers to the total amount of each

active component that is sufficient to show a meaningful patient benefit, e.g., a

sustained reduction in viral load. When applied to an individual active ingredient,
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sol utions and suspensions may be prepared fromsterile powders, granules,
and tabl et  pharmaceutical compositions of this dlsclosure will be administered from about T to

about 5 times per day or alternatively, as a continuous infusion. Such administration
can be used as a chronic or acute therapy. The amount of active ingredient that may
be combined with the carrier materials to produce a single dosage form will vary
depending on the condition being treated, the severity of the condition, the time of

25  administration, the route of administration, the rate of excretion of the compound
employed, the duration of treatment, and the age, gender, weight, and condition of the
patient. Preferred unit dosage formulations are those containing a daily dose or sub-
dose, as herein above recited, or an appropriate fraction thereof, of an active
ingredient. Generally, treatment is initiated with small dosages substantially less than

30 the optimum dose of the compound. Thereafter, the dosage is increased by small
increments until the optimum effect under the circumstances is reached. In general,
the compound is most desirably administered at a concentration level that will

generally afford antivirally effective results without causing any harmful or
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Conpany  Tar get CV-"796 Antiviral NS5B replicase inhibitor Weth /
Vi r ophar ma. NMbpggweight per day of each of the compounds of the present disclosure are typical in
a monotherapy for the prevention and treatment of HCV mediated disease. The
compositions of this disclosure may be co-formulated with one or more additional

10 therapeutic or prophylactic agents, for example, in the form of a monolithic and/or
bi/multi-layer tablet or may be administered separately from the therapeutic or
prophylactic agent(s).

Pharmaceutical formulations may be adapted for administration by any
appropriate route, for example by the oral (including buccal or sublingual), rectal,

15 nasal, topical (including buccal, sublingual, or transdermal), vaginal, or parenteral
(including subcutaneous, intracutaneous, intramuscular, intra-articular, intrasynovial,
intrasternal, intrathecal, intralesional, intravenous, or intradermal injections or
infusions) route. Such formulations may be prepared by any method known in the art
of pharmacy, for example by bringing into association the active ingredient with the

20  carrier(s) or excipient(s).

Pharmaceutical formulations adapted for oral administration may be presented
as discrete units such as capsules or tablets; powders or granules; solutions or
suspensions in aqueous or non-aqueous liquids; edible foams or whips; or oil-in-
water liquid emulsions or water-in-oil emulsions.

25 For instance, for oral administration in the form of a tablet or capsule, the
active drug component can be combined with an oral, non-toxic pharmaceutically
acceptable inert carrier such as ethanol, glycerol, water, and the like. Powders are
prepared by comminuting the compound to a suitable fine size and mixing with a
similarly comminuted pharmaceutical carrier such as an edible carbohydrate, as, for

30 example, starch or mannitol. Flavoring, preservative, dispersing, and coloring agent
can also be present.

Capsules are made by preparing a powder mixture, as described above, and

filling formed gelatin sheaths. Glidants and lubricants such as colloidal silica, talc,

10
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magnesium stearate, calcium stearate, or solid polyethylene glycol can be added to
the powder mixture before the filling operation. A disintegrating or solubilizing
agent such as agar-agar, calcium carbonate, or sodium carbonate can also be added to
improve the availability of the medicament when the capsule is ingested.

5 Moreover, when desired or necessary, suitable binders, lubricants,
disintegrating agents, and coloring agents can also be incorporated into the mixture.
Suitable binders include starch, gelatin, natural sugars such as glucose or beta-
lactose, corn sweeteners, natural and synthetic gums such as acacia, tragacanth or
sodium alginate, carboxymethylcellulose, polyethylene glycol, and the like.

10  Lubricants used in these dosage forms include sodium oleate, sodium chloride, and
the like. Disintegrators include, without limitation, starch, methyl cellulose, agar,
betonite, xanthan gum, and the like. Tablets are formulated, for example, by
preparing a powder mixture, granulating or slugging, adding a lubricant and
disintegrant, and pressing into tablets. A powder mixture is prepared by mixing the

15 compound, suitable comminuted, with a diluent or base as described above, and
optionally, with a binder such as carboxymethylcellulose, an aliginate, gelating, or
polyvinyl pyrrolidone, a solution retardant such as paraffin, a resorption accelerator
such as a quaternary salt and/or and absorption agent such as betonite, kaolin, or
dicalcium phosphate. The powder mixture can be granulated by wetting with a

20  binder such as syrup, starch paste, acadia mucilage, or solutions of cellulosic or
polymeric materials and forcing through a screen. As an alternative to granulating,
the powder mixture can be run through the tablet machine and the result is
imperfectly formed slugs broken into granules. The granules can be lubricated to
prevent sticking to the tablet forming dies by means of the addition of stearic acid, a

25  stearate salt, talc, or mineral oil. The lubricated mixture is then compressed into
tablets. The compounds of the present disclosure can also be combined with a free
flowing inert carrier and compressed into tablets directly without going through the
granulating or slugging steps. A clear or opaque protective coating consisting of a
sealing coat of shellac, a coating of sugar or polymeric material, and a polish coating

30 of wax can be provided. Dyestuffs can be added to these coatings to distinguish
different unit dosages.

Oral fluids such as solution, syrups, and elixirs can be prepared in dosage unit

form so that a given quantity contains a predetermined amount of the compound.

11
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USA

Syrups can be prepared by dissolving the compound in a suitably flavored aqueous
solution, while elixirs are prepared through the use of a non-toxic vehicle.
Solubilizers and emulsifiers such as ethoxylated isostearyl alcohols and
polyoxyethylene sorbitol ethers, preservatives, flavor additive such as peppermint oil

5 or natural sweeteners, or saccharin or other artificial sweeteners, and the like can also
be added.

Where appropriate, dosage unit formulations for oral administration can be
microencapsulated. The formulation can also be prepared to prolong or sustain the
release as for example by coating or embedding particulate material in polymers,

10 wax, or the like.

The compounds of formulae (I) and (IT), and pharmaceutically acceptable
salts thereof, along with the NS5B polymerase inhibitor can also be administered in
the form of liposome delivery systems, such as small unilamellar vesicles, large
unilamellar vesicles, and multilamellar vesicles. Liposomes can be formed from a

15 variety of phopholipids, such as cholesterol, stearylamine, or phophatidylcholines.

The compounds of formula (T) and (IT), and pharmaceutically acceptable salts
thereoof, along with the NS5B polymerase inhibitors may also be delivered by the
use of monoclonal antibodies as individual carriers to which the compound molecules
are coupled. The compounds may also be coupled with soluble polymers as

20  targetable drug carriers. Such polymers can include polyvinylpyrrolidone, pyran
copolymer, polyhydroxypropylmethacrylamidephenol,
polyhydroxyethylaspartamidephenol, or polyethyleneoxidepolylysine substituted
with palitoyl residues. Furthermore, the compounds may be coupled to a class of
biodegradable polymers useful in achieving controlled release of a drug, for example,

25  polylactic acid, polepsilon caprolactone, polyhydroxy butyric acid, polyorthoesters,
polyacetals, polydihydropyrans, polycyanoacrylates, and cross-linked or amphipathic
block copolymers of hydrogels.

Pharmaceutical formulations adapted for transdermal administration may be
presented as discrete patches intended to remain in intimate contact with the

30 epidermis of the recipient for a prolonged period of time. For example, the active
ingredient may be delivered from the patch by iontophoresis as generally described in

Pharmaceutical Research, 3(6), 318 (1986).

12
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Boehri nger |ngel heim Canada Ltd R&D, Laval, QC, Canada Non-Nucl eosi de NS5B
pol ynerase inhibitor Boehringer |Ingel heim Canada Ltd R&D, Laval, QC,
Canada Brand Nane Physiol ogi cal d ass

Pharmaceutical formulations adapted for topical administration may be
formulated as ointments, creams, suspensions, lotions, powders, solutions, pastes,
gels, sprays, acrosols, or oils.

For treatments of the eye or other external tissues, for example mouth and

5  skin, the formulations are preferably applied as a topical ointment or cream. When
formulated in an ointment, the active ingredient may be employed with either a
paraffinic or a water-miscible ointment base. Alternatively, the active ingredient may
be formulated in a cream with an oil-in-water cream base or a water-in oil base.

Pharmaceutical formulations adapted for topical administrations to the eye

10 include eye drops wherein the active ingredient is dissolved or suspended in a
suitable carrier, especially an aqueous solvent.

Pharmaceutical formulations adapted for topical administration in the mouth
include lozenges, pastilles, and mouth washes.

Pharmaceutical formulations adapted for rectal administration may be

15  presented as suppositories or as enemas.

Pharmaceutical formulations adapted for nasal administration wherein the
carrier is a solid include a course powder which is administered in the manner in
which snuff is taken, i.e., by rapid inhalation through the nasal passage from a
container of the powder held close up to the nose. Suitable formulations wherein the

20  carrier is a liquid, for administration as a nasal spray or nasal drops, include aqueous
or oil solutions of the active ingredient.

Pharmaceutical formulations adapted for administration by inhalation include
fine particle dusts or mists, which may be generated by means of various types of
metered, dose pressurized aerosols, nebulizers, or insufflators.

25 Pharmaceutical formulations adapted for vaginal administration may be
presented as pessaries, tampons, creams, gels, pastes, foams, or spray formulations.

Pharmaceutical formulations adapted for parenteral administration include
aqueous and non-aqueous sterile injection solutions which may contain anti-oxidants,
buffers, bacteriostats, and soutes which render the formulation isotonic with the

30 blood of the intended recipient; and aqueous and non-aqueous sterile suspensions
which may include suspending agents and thickening agents. The formulations may
be presented in unit-dose or multi-dose containers, for example sealed ampoules and

vials, and may be stored in a freeze-dried (lyophilized) condition requiring only the

13
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addition of the sterile liquid carrier, for example water for injections, immediately
prior to use. Extemporaneous injection solutions and suspensions may be prepared
from sterile powders, granules, and tablets.

It should be understood that in addition to the ingredients particularly

5 mentioned above, the formulations may include other agents conventional in the art

having regard to the type of formulation in question, for example those suitable for
oral administration may include flavoring agents.

The term "patient” includes both human and other mammals.

The term "treating" refers to: (i) preventing a disease, disorder or condition

10  from occurring in a patient that may be predisposed to the disease, disorder, and/or
condition but has not yet been diagnosed as having it; (ii) inhibiting the disease,
disorder, or condition, i.c., arresting its development; and (iii) relieving the discase,
disorder, or condition, i.c., causing regression of the disease, disorder, and/or
condition.

15 Table 1 below lists some illustrative examples of compounds that can be
administered with the compositions of this disclosure. The compositions of the
disclosure can be administered with other anti-HCV activity compounds in
combination therapy, either jointly or separately, or by combining the compounds

into a composition.

20
Table 1
Brand Name Physiological Class | Type of Inhibitor or | Source Company
Target

HCV-796 Antiviral NS5B replicase Wyeth / Viropharma
inhibitor

NM-283 Antiviral NS5B replicase Idenix / Novartis
inhibitor

GL-59728 Antiviral NS5B replicase Gene Labs /
inhibitor Novartis

GL-60667 Antiviral NS5B replicase Gene Labs /
inhibitor Novartis

2'C MeA Antiviral NS5B replicase Gilead
inhibitor

14



Bristol - Myers Squibb

i nhi bitor

pol ymer aswoOi2ntw/digg20r

ABT-333 Antiviral

Non- nucl eosi de NS5B pol yner ase

NS5B polymerase

inhibitor

Abbott Laboratories ABT-072 Antiviral Non-nucl eosi de NS5B
Abbott Laboratories PCT/US2011/046285
Brand Name Physiological Class | Type of Inhibitor or | Source Company
Target
PSI-6130 Antiviral NS5B replicase Roche
inhibitor
R-1626 Antiviral NS5B replicase Roche
inhibitor
GL-59728 Antiviral NS5B replicase Genelabs
inhibitor
PF-00868554 Antiviral Non-nucleoside Pfizer
NS5B polymerase
inhibitor
ANA-598 Antiviral Non-nucleoside Anadys
NS5B polymerase |Pharmaceuticals,
inhibitor Inc., San Diego, CA,
USA
IDX-375 Antiviral Non-Nucleoside Idenix
replicase inhibitor |Pharmaceuticals,
Cambridge, MA,
USA
IDX-184 Antiviral Nucleoside NS5B  |Idenix
polymerase Pharmaceuticals,
inhibitor Cambridge, MA,
USA
INX-189 Antiviral Prodrug of a Inhibitex Inc,
nucleoside NS5B  |Alpharetta, GA,
polymerase USA
inhibitor
BILB-1941 Antiviral Non-Nucleoside Boehringer
NS5B polymerase |Ingelheim Canada
inhibitor Ltd R&D, Laval,
QC, Canada
BI-207127 Antiviral Non-Nucleoside Boehringer

Ingelheim Canada
Ltd R&D, Laval,
QC, Canada

15
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GS-9190

Antiviral

Non-nucleoside
NS5B polymerase

inhibitor

Gilead

ABT-333

Antiviral

Non-nucleoside
NS5B polymerase

inhibitor

Abbott Laboratories

ABT-072

Antiviral

Non-nucleoside
NS5B polymerase

inhibitor

Abbott Laboratories

MK-0608

Antiviral

Nucleoside
polymerase

inhibitor

Merck
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and NS3 Protease Inhibitor (n=11) G oup B: NS5A I nhibitor, NS3 Protease

I nhi bitor, Pegylated Interferon Al pha and Ribarvirin (n=10) Genotype la (n)
9 9 Medi amoBapdlisze HCV RNA U/ nL 6.9 logio 6.7 | ogi o Medirars2HDU4EBA
Decline Week 2 11U/ nL -5.1 logio -5.3 logio RVR* n(% 7 (63.6% 6 (60%
eRVR* n(% 4 (36.4% 6 (60% cEVR* n(% 5 (45.5%9 9 (909 **

Brand Name Physiological Class | Type of Inhibitor or | Source Company
Target
MK-3281 Antiviral Non-nucleoside Merck

NS5B polymerase
inhibitor

(GSK-625433 Antiviral Non-nucleoside GSK

NS5B polymerase

inhibitor

XTL-2125 Antiviral Non-nucleoside Presidio
NS5B polymerase

inhibitor

The compositions of the present disclosure may also be used as laboratory
reagents. Compounds may be instrumental in providing research tools for designing
of viral replication assays, validation of animal assay systems and structural biology

5 studies to further enhance knowledge of the HCV disease mechanisms. Further, the
compounds of the present disclosure are useful in establishing or determining the
binding site of other antiviral compounds, for example, by competitive inhibition.

The compounds of this disclosure may also be used to treat or prevent viral
contamination of materials and therefore reduce the risk of viral infection of

10  laboratory or medical personnel or patients who come in contact with such materials,
e.g., blood, tissue, surgical instruments and garments, laboratory instruments and
garments, and blood collection or transfusion apparatuses and materials.

The present disclosure will now be described in connection with certain
embodiments which are not intended to limit its scope. On the contrary, the present

15 disclosure covers all alternatives, modifications, and equivalents as can be included
within the scope of the claims. Thus, the following examples, which include specific
embodiments, will illustrate one practice of the present disclosure, it being
understood that the examples are for the purposes of illustration of certain
embodiments and are presented to provide what is believed to be the most useful and

20  readily understood description of its procedures and conceptual aspects.

Starting materials can be obtained from commercial sources or prepared by

well-established literature methods known to those of ordinary skill in the art.
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HCV replicon cell lines were isolated fromcol onies as descri bed by Lohman,
15et. al (Lohmann, V., F. Korner, J.-0. Koch, U Herian, L. Theil mann, and
R Bart ersohlheyass22999, Sci ence 285:110-113) and used f @ecTaiskoiesopess nent s.
Briefly, replicon clones were linearized with Scal and RNA transcripts
synthesized in vitro using the T7 MegaScript transcription kit (Anbion,
Austin, TX) according to manufacturer's directions. Ten to 20 1.ig of in
vitro transcribed replicon RNA was 20 introduced into 4-5 X 106 Huh-7 cells

by transfecti it h | E- C r eagent Invtr Car | sbad, CA)
P11 oni ng randtdEhERe P Goge GebEore deleibis HRA RN BEY SR ont af ni ng
0.5 ng/nL GeneRivi (raxt(eﬁﬂ:a8ap1&1lﬁq@g181%bpon9@ekuﬂdbtbﬁabw/EPEW\IaNAad&mﬂ wedad 4medi a
was changed ever% g days. After approximtely 4 weeks, cells were
expanded for fOftYek 123 ‘lr%?gfl%‘lt Cell's were 25 maintained at 37 Cin DVEM
(G bco-BRL, Ro@kw dcbﬁplemplmﬁ&ogie%s c);azl nRelbst ed\CcRNA Serdt S gma) ,
pen|C|II|n/strepto cin, and 0.5 . Cell culture cytotoxicity and
| uci f er ase Sasd&y4en det er m ne corrpound ef ficacy, HCV replicon cells were

plated at a defgidi%o- %Qatgﬁal}gﬁb%ﬁth%%ﬂ —igR6-wel | plates in DVEM nedi a
cont ai ni ng 10% FBS. Fol i ncubati on overni ght, compounds serially

diluted i n DVSOONSHsUDRE®IH RNAet lhHabat Weck Fiiupdatessablo D s190 a fi nal
DVMBO concent r gt @i @ e tﬁlréo Cell plates were then incubated at 37C for 3
days prior to assayl ng cytotoxicity and HCV inhibition. Cell viability
was neasured using an Al amar Bl ue assay and CC50 val ues were cal cul ated
using the di an eff n N wo tines
wi th PBS afngg renil S%ﬁum @gr% %1%2 Sé{)((: 5|4v5| /f’) SBL%&%@\(?%&B& 0l b%%ﬁl%ggﬂ

Luci f erase Ass;dylesysutamts(lﬁr&muglarr@mtqonndannabsuppﬂvmmsdhral Bl‘émthraugh)r ding to

t he manuf act ur er, - di rections. .. 1d aes -\ ead on grl

M cropl ate scihtY Teldgf“f N Ve&'n& HJV s CET egw ¥pe(llﬂa%ﬁ? cri‘gfl%%at dirent
Conpany) . The B&joedtiacties WakdenThatwogenflzfd () subfsts daGemupat ehalbiyd usi ng

Excel Fit (Ver co 0 n conc ation) and
Cos rel a1 ve C OB EEHE SR s Mo S ST e s gn e A il e " F
EC50 w th Bxcelgftittd inldfefGUdiha@nd ABvirid. &FXE‘@M &:dt@ﬁndéteeta@le'i‘n two

((B-A)/(1+((CTx) D)), A and equal .the botto and t eaus of
the curve, res @ewmtgﬂ%:@aﬁapgn@ & two yuhiqees witilerthreothsr quyp Ba @Ei L3 W&iocur ve,
and D equal s tRgesboRIERRNN. - NEOHRsNALdi SnBL S € 8vehBFQIdidcBklnRA T RE

conbi nation studies, inhibitors of HCV NS5A, N53 pr ot ease, and NSH5B

pol ymer ase werdde RdNepReerl were ispasdeshlusign dernplutis pried. Bisstike Wi tiei ons, 200

times the desiggdcdnhad ao@é@@é’veﬁpﬁﬁ%‘éEq?aﬁﬂlf&ald‘f@&@dé?it@Hﬁsre%ht?y 3-fold
dilution in DVMSO prior to addition to cells/media. The conpounds were

tested as ¥onot her dP¢ exsultirsiow thatwhitd trretmen yiththo M lolnsibitereidptnd (Lbn
ratios. Cells weHR N3 B¥RAIE d&%r%@f&ﬂﬁlg@fx ordw iR SR Ptell e nt of HCV

i nhibition was then determ ned usin er ase as ay as descri bed
above. The potainheiand rlbeyfurot@momttat@lssnmﬂartRWé%@te@@nHCNedfeetg@mr@tmﬂ@uﬁl o)

analyzed 10 PALGLARL OX (ARTRL PR ST ALAIAG. TS RGGR, AL 4Bl 200N sm

additivity, ynerg term over —a range o rug concentrati ons,
and conbi nati @mperescprdrvgel b:eresugh&xyéNéaktl2tvdnla$®efssr drhec@Btamdtioni ral ef fects

of the drug treatne mbi nat.i ons é} rugs in
co nbl nat | O% V\an%alrgﬁlg‘?c{ \élreagsu&gressmt% ]fl:Il all su CtS re tre men% Vl\lq{l ﬁlﬁeecglacg%nrgcal

Basi's, Experi mﬁm‘zrall agaﬁswghoutm@e@dmmmhmrfeMI@amudi eibavidin wHulPyageirgoem and
Ant agoni smin Phar mac cal, Revi ews. 2006;

1 St udi
e85 0 a 51 o TR G S S Rt T R BhaRinc ot cal oot Cuar e
SAS Proc NLIN,

Cell lines

30 The Huh-7 cell-line used for these studies was obtained from Dr. Ralf
Bartenschlager (University of Heidelberg, Heidelberg, Germany) and was propagated
in DMEM containing 10% FBS, 10 U/mL penicillin and 10 pg /mL streptomycin.
The HCV replicons used in these studies were generated at Bristol-Myers Squibb
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and a four-paraneter logistic. Al conmbination indices were tested for
departure fromadditivity using isobol ogram net hods. Asynptotic confidence
i nt erval swoene/@EB®o cal cul ated for each of the conbi nat iPom/tsaeliloesss These
intervals are used to test for departure fromadditiyity by conparing the
bounds to one - a | ower bound of the interval greater than 1 indicates

ant agoni sm an upper bound of less than 1 indicates synergism and a val ue
of 1 contained in the interval indicates additiyity. 5Results Table

S 1eiple Comboati o Suler, L 0g, 165, L geren MSEA and Jsop b cors
Conbi nati on | nilbkdsd (&RRbHE UEACY leplicdh (BOhmaaM ev.aF| KResyltO. Koch, 80% ef fecti ve
/5% effective Herian, L. Theilmann, and R. Bartenschlager 1999, Science 285:110-113) was
synthesized by Operon Tehnologies, Inc. (Alameda, CA) using the sequence set forth
5 in EMBL Accession No.AJ242652, nucleotides 1801 to 7758. The functional
replicon was then assembled in plasmid pGem9zf(+) (Promega, Madison, WI) using
standard molecular biology techniques. To create a replicon encoding a luciferase
reporter, the gene encoding humanized Renilla Luciferase protein was introduced
upstream of the neomycin phosphotransferase gene. The resulting replicon consists
10 of (i) the HCV 5° UTR fused to the first 12 amino acids of the capsid protein, (ii) the
Renilla luciferase gene, (iii) the neomycin phosphotransferase gene (neo), (iv) the
IRES from encephalomyocarditis virus (EMCV), and (v) HCV NS3 to NS5B genes
and the HCV 3° UTR.
HCYV replicon cell lines were isolated from colonies as described by Lohman,
15 et. al (Lohmann, V., F. Korner, J.-O. Koch, U. Herian, L. Theilmann, and R.
Bartenschlager 1999, Science 285:110-113) and used for all experiments. Briefly,
replicon clones were linearized with Scal and RNA transcripts synthesized in vitro
using the T7 MegaScript transcription kit (Ambion, Austin, TX) according to
manufacturer’s directions. Ten to 20 ug of in vitro transcribed replicon RNA was
20 introduced into 4-5 X 10° Huh-7 cells by transfection with DMRIE-C reagent
(Invitrogen Corporation, Carlsbad, CA) following manufacturer’s protocols. After
24 h, selective media containing 0.5 mg/mL Geneticin (G418, Gibco-BRL,
Rockville, MD) was added and media was changed every 3 to 5 days. After
approximately 4 weeks, cells were expanded for further analysis. Cells were
25  maintained at 37 °C in DMEM (Gibco-BRL, Rockville, MD) with 10% heat

inactivated calf serum (Sigma), penicillin/streptomycin, and 0.5 mg/ml G418.

Cell culture cytotoxicity and luciferase assays
To determine compound efficacy, HCV replicon cells were plated at a density
30 of 10* per well in 96-well plates in DMEM media containing 10% FBS. Following
incubation overnight, compounds serially diluted in DMSO, or DMSO alone, were
added to individual wells to a final DMSO concentration of 0.5%. Cell plates were
then incubated at 37°C for 3 days prior to assaying for cytotoxicity and HCV

20



90% effecti ve

1.00 1.05 1.11 1 1.2 0.003 5.4 Additivity

1.08) (0.93, 1.17) (0.91, 1.30)
WO 2012/018829 PCT/US2011/046285

10

15

20

25

30

inhibition. Cell viability was measured using an Alamar Blue assay and CCs values
were calculated using the median effect equation.

Plates were then washed two times with PBS and renilla luciferase activity
assayed using a Dual-Glo Luciferase Assay System (Promega Corporation, Madison,
WI) according to the manufacturer’s directions. Plates were read on a TopCount
NXT Microplate Scintillation and Luminescence Counter (Packard Instrument
Company). The 50% effective concentration (ECsg) was calculated by using Excel
Fit (Version 2.0, Build 30). Known x (compound concentration) and y (% relative to
DMSO-only control wells) values were used to calculate the ECsy with Excel Fit
equation 205, represented as y = A + ((B-A)/(1+((C/x)"D))), where A and B equal
the bottom and top plateaus of the curve, respectively, C equals the x value at the

middle of the curve, and D equals the slope factor.

Combination studies

For inhibitor combination studies, inhibitors of HCV NS5A, NS3 protease,
and NS5B polymerase were each tested at eleven concentrations. Stock solutions,
200 times the desired final assay concentration, were prepared by 3-fold dilution in
DMSO prior to addition to cells/media. The compounds were tested as
monotherapies and in combinations at various concentration ratios. Cells were
exposed to compounds for 3 days and the amount of HCV inhibition was then
determined using the luciferase assay as described above. The potential
cytotoxicities of these combined agents were also analyzed in parallel by Alamar blue
staining. The degree of antagonism, additivity, or synergy was determined over a
range of drug concentrations, and combination response curves were fit to assess the
antiviral effects of the drug treatment combinations. The combined effect of the
drugs in combination was analyzed using the method of Chou Chou T. Theoretical
Basis, Experimental Design, and Computerized Simulation of Synergism and
Antagonism in Drug Combination Studies. Pharmacological Reviews. 2006;
58(3):621-81.

All estimates were computed using biostatistical software SAS Proc NLIN,
and a four-parameter logistic. All combination indices were tested for departure from
additivity using isobologram methods. Asymptotic confidence intervals were also

calculated for each of the combination indices. These intervals are used to test for

21
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0.93 1.01 1.1 2 0.705 0.002 2.4  Additivity (0.85, 1.01) (0. 88,
1.14) (0.88, 1.31)
WO 2012/018829 PCT/US2011/046285
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15

20

departure from additivity by comparing the bounds to one - a lower bound of the
interval greater than 1 indicates antagonism, an upper bound of less than 1 indicates

synergism, and a value of 1 contained in the interval indicates additivity.

Results
Table 3: Triple Combination Studies Using NS3 Protease, NSS5A and
NS5B Inhibitors
Combination Indices
a| NS3PI N.SS.A NSS.B (confidence interval) Overall
Expt EC<. nM Inhibitor | Inhbitor Result
50 ECs¢, nM |ECs, nM | 50% effective| 75% effective | 90% effective
1.00 1.05 1.11 .
1 1.2 0.003 5.4 Additivity
(0.92, 1.08) (0.93,1.17) (0.91, 1.30)
0.93 1.01 1.1
2 0.705 0.002 2.4 Additivity
(0.85,1.01) (0.88,1.14) (0.88, 1.31)
1.01 0.97 0.93
3 0.825 0.002 2.8 ? Additivity
(0.94, 1.08) (0.88, 1.06) (0.79, 1.07)

PI = Protease inhibitor

N Compounds tested at a molar ratio of 250:1:1000, NS3 PI to NS5A inhibitor to NS5B inhibitor

Resistance to antiviral therapy is become a major issue in the management of
patients with chronic viral infections. To achieve sustained viral responses, it will be
critical to utilize combination therapies, especially those targeting distinct HCV viral
targets.

These results demonstrate that combination treatment of replicon cells with
the NSS5A inhibitor of formula (I), the HCV NS3 protease inhibitor of formula (II),
and the NS5B inhibitor of formula (III) yield additive antiviral effects. Importantly,
no antagonistic effects or enhanced cytotoxicity were observed with any of these
combinations. Therefore, these combinations are excellent candidates for
combination regimens in HCV infected patients.

It will be evident to one skilled in the art that the present disclosure is not
limited to the foregoing illustrative examples, and that it can be embodied in other
specific forms without departing from the essential attributes thereof. It is therefore
desired that the examples be considered in all respects as illustrative and not

restrictive, reference being made to the appended claims, rather than to the foregoing
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1.01 0.97 0.93 3 0.825 0.002 2.8 Additivity (0.94, 1.08) (0.88,
1.06) (0.79, 1.07) PI = Protease inhibitor
WO 2012/018829 PCT/US2011/046285

examples, and all changes which come within the meaning and range of equivalency

of the claims are therefore intended to be embraced therein.
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a Conmpounds tested at a nolar ratio of 250:1:1000, NS3 PI to NS5A inhibitor
to NS5B i nhibitor 10Resistance to antiviral therapy is becone a nmajor issue
i n the nawagemanss2ef patients with chronic viral infectipomalS2io/o&eRs eve
sustained viral responses, it will be critical to utilize conbination

t herapi es, especially those targeting distinct HCV viral targets. These
results denonstrate that conbination treatnent of replicon cells with 15t he
NS5A inhibitor of formula (1), the HCV NS3 protease inhibitor of fornula
(1), and the NS5B inhibitor of forwugléii%) yield additive antivira
effects. Inportantly, no antagonistic s or enhanced cytotoxicity were
observed with any of these conbinations. Therefore, these conbinations are
excel l ent candi dates for conbjnation reginens in HCV infected patients.

201t will be eVHaddt G & Bkilled in the art that the present disclosure
is not limted to the foregoing illustrative exanples, and that it can be
enbodi ed in other specific fornms, without departing fromthe essenti al
attribut es 5t hdr eof A ©MPesitipiesastgisBe gdigransptiqelneffedize Rt PscHoEthsi der ed
in all respectgs@mulaustrative and not restrictive, reference being nade
to the appended cl ains, rather than to the foregoing exanples, and al
changes whi ch cone W4hin the neani ng and range of egagvalency of the
clains are therefore j ded to be embraced theflei 1 | M5 WHAT | S
CLAIMED IS 51. A conpo itﬁg;f'coﬂp S s apeutical )y «eff ective anount

of a conmpound of formula ( N\4M§\® b Y, or¥aNphdt mhceptical |y
acceptabl e salt thereof; a t'eraBeuticaIIy ef fective ambUAf of a 10
compound of fornula (11), (Il1), or a pharnaceutically accéMeabl e salt
thereof; a therapeutically effective amgpnt of a conpound effective to

inhibit the function of HCV polynerase; and a 15pharmaceutical ly acceptable
carrier. 2.A HAPBEMeTIHCRY ageriarietaliiercal: # thanperidnapv aliertise FReYH 0k t o

inhibit the &HBEIIdOR f@huld@l) pol ynerase is sel ected from PSI-6130,
PF- 00868554, ANA-598, |DX-375, |DX-184, |NX-189, BI-207127, PSI-7851,
PSI-938, PS|-879, VCH 759, 20 VCH 916, VCH 222, BMS- 929075, GS- 9190,
ABT- 333, and ABT-072.

A
N
cl Z
W ~
N %

(D),
or a pharmaceutically acceptable salt thereof; a therapeutically effective amount of a
compound effective to inhibit the function of HCV polymerase; and a

15 pharmaceutically acceptable carrier.

2. A composition of claim 1 wherein the compound effective to inhibit the

function of HCV polymerase is selected from PSI-6130, PF-00868554, ANA-59%,

IDX-375, IDX-184, INX-189, BI-207127, PSI-7851, PSI-938, PSI-879, VCH-759,
20 VCH-916, VCH-222, BMS-929075, GS-9190, ABT-333, and ABT-072.
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WO 2012/ 018829PCT/ US2011/ 046285 3. A conposition conprising a
therapeutically effective amunt of a conpound of fornula (I) neo Ow (1),
50r a phawomoeumidgal |y acceptabl e salt thereof; a therapeutuseahloys2ef fective

anount of a conpound of formula (1), (I1), or a pharmaceutically
acceptabl e salt thereof; a therapeutically effective anount of a 10
conpound of formula (111) (rrr), or a pharnaceutically accept abl e salt

t hereof ; and a pharnaceutically acceptable carrier.

2012/ 018829PCT/ US2Q11/ 046285 4.. The ¢ O?FOSI cla|n1 mhereiy t he

mol ar ratio of t he cOMPSURY Gmnrisingdipraneytica ¥e£ec Harhare ot ¢ anoyn
accept abl e saldrférhRrgof, to the conpound of formula (I11), or a
pharmaceutically acc table salt thereof, to the conpound of formula (111),

or a pharmaceuti call ceptable sal t thereof i s ab 1 20: 5. 5.
The conposition of cI where'n t rat ngi~ onpound of
formula (1), or a phar tlc II; D3 & |th eET~ to the conpound
of formula (Il1), or a p ar utNcal Nald MN of, to the
compound of formula (111), a pharmaceutical |y accept abl salt t her eof

i s about 1:250:1000. 6. A nethod of treating an HCV infecti™n in a
patient, conprising adm ni stering to thQDpatient a therapeutically

ef fective anount C od of claim®é6
ohorai n' o oo sBiRefRERS e RBeRh st M g sV SRt ShEl e ase
is selected froompRmid-obi30ulaRFA),00868554, ANA-598, | DX-375, |DX-184, | NX-189,
Bl -207127, PSI-7851, PSI-938, PSI-879, VCH 759, VCH 916, VCH 222,

BMS- 929075, GS-9190, ABT-333, and ABT-072. 8. A nethod of treating an HCV
infection in a patient, conprisdn \\gninistering

P
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(D),
or a pharmaceutically acceptable salt thereof; a therapeutically effective amount of a

10 compound of formula (III)

(1),

or a pharmaceutically acceptable salt thereof; and a pharmaceutically acceptable
carrier.
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20to the patient a therapeutically effective amount of a conposition of
claim3. 9. The nethod of claim8 wherein the wherein the ratio of the
conpound wb 2bwarsd2a (1), or a pharnaceutical ly accept ablpeTambaltve@szof, to
t he conpound of fornula (11), or a pharnaceutically acceptable salt
thereof, to the compound of 25forrmula (I11), or a pharmaceutically
acceptable salt thereof, is about 1:20:5. 10. The nmethod of claim3$8
wherein the ratio of the corrpound of formula (1), or a pharnaceutically

acceptable salt thereof, t C. rrruIaPrtf)l ., or
phar maceut i calty a@%‘éﬁ‘f%sglogﬁfﬁfla’?{?WEg m%feom‘f SR thﬁ%ﬁinwn‘??ﬁ mula (111),
or a 30phar nagetihil£@), bya pieeapicatidaty S@eptablbedle@ércof, & tAb@tipolad&0: 1000.

formula (II), or a pharmaceutically acceptable salt thereof, to the compound of

formula (III), or a pharmaceutically acceptable salt thereof, is about 1:20:5.

5. The composition of claim 3 wherein the molar ratio of the compound of
formula (1), or a pharmaceutically acceptable salt thereof, to the compound of
formula (II), or a pharmaceutically acceptable salt thereof, to the compound of
formula (III), or a pharmaceutically acceptable salt thereof, is about 1:250:1000.

10
6. A method of treating an HCV infection in a patient, comprising administering

to the patient a therapeutically effective amount of a composition of claim 1.

7. The method of claim 6 wherein the compound effective to inhibit the function

15 of HCV polymerase is selected from PSI-6130, PF-00868554, ANA-598, IDX-375,
IDX-184, INX-189, BI-207127, PSI-7851, PSI-938, PSI-879, VCH-759, VCH-916,
VCH-222, BMS-929075, GS-9190, ABT-333, and ABT-072.

8. A method of treating an HCV infection in a patient, comprising administering

20  to the patient a therapeutically effective amount of a composition of claim 3.

9. The method of claim 8 wherein the wherein the ratio of the compound of
formula (1), or a pharmaceutically acceptable salt thereof, to the compound of
formula (II), or a pharmaceutically acceptable salt thereof, to the compound of

25  formula (III), or a pharmaceutically acceptable salt thereof, is about 1:20:5.

10. The method of claim § wherein the ratio of the compound of formula (I), or a
pharmaceutically acceptable salt thereof, to the compound of formula (I), or a
pharmaceutically acceptable salt thereof, to the compound of formula (III), or a

30  pharmaceutically acceptable salt thereof, is about 1:250:1000.
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