COMBI NATI ONS OF HEPATITIS C VIRUS | NHI BI TORS CROSS- REFERENCE TO RELATED
APPLI CATI ONS This application clainms the benefit of U S

Provi sional Application Serial No. 561/371,399 filed August 6, 2010. The
present disclosure is generally directed to antiviral conpounds and, nore
specifically, directed to conbinations of co:wunds w. hidh can inhibit
hepatitis C virus (HCV), conpositions conprising such conpounds, and

nmet hods for treating hepatitis C using such conbinations. 10fiCV is a nmjor
human pat hogen, infecting an estimated 170 mllion persons worl dw de -
roughly five times the nunber infected by human ini nunodeficiericy virus
type I. A substantial cbraakih@ne of heseThHYcinikeshedrnoryi dual s devel op
serious progressive |iver disease, including cirrhosis and hepatocel ful ar
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20 Considerable heterogeneity is found within the nucleotide and encoded amino
acid sequence throughout the HCV genome due to the high error rate of the encoded
RNA-dependent RNA polymerase which lacks a proof-reading capability. At least
six major genotypes have been characterized, and more than 50 subtypes have been
described with distribution worldwide. The clinical significance of the genetic

25  heterogeneity of HCV has demonstrated a propensity for mutations to arise during
monotherapy treatment; thus, additional treatment options for use are desired.

The single strand HCV RNA genome is approximately 9500 nucleotides in
length and has a single open reading frame (ORF) encoding a single large polyprotein
of about 3000 amino acids. In infected cells, this polyprotein is cleaved at multiple

30  sites by cellular and viral proteases to produce the structural and non-structural (NS)
proteins. In the case of HCV, the generation of mature non-structural proteins (NS2,
NS3, NS4A, NS4B, NS5A, 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



remai ni ng NS4A- NS48, NS4B- NS5A, NS5A- NS58 sites. The NS4A protein 5appears
to serve multiple functions by both acting as a cofactor for the N83

prot ease and assisting in the nmenbrane |ocalization of NS3 and ot her viral
replicase conmponents. The formation of a NS3, NSAA conpl ex is necessary for
proper protease activity resulting in increased proteolytic efficiency of
the cl eavage events. The NS3 protein al so exhibits nucl eosi de

tri phosphatase and RNA helicase activities. 10 NS4B is an integral nenbrane
protein involved in formati on of the nenbranous web where HCV replication
conpl exes are thought to assenble, NS5B (also referred to herein as HELL
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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 W02008/021927 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



\ N--_--r-N:N or a pharmaceutically acceptable salt thereof: a
therapeutically effective amount of a conmpound of fornula (ff), 10 or a
pharmaceutically acceptable silt thereof; a therapeutically effective
anount of a conpound effective to inhibit the function of HO polynerase;
and a pharnmaceutically acceptable carrier. In first enbodi nent of
the first aspeci the conpound effective to inhibit the 15finction of FICV
pol ynmera, se is selected from P31-6130, PP-00868554, ANA-598,
| DX- 375, | NX- 189, B1-207127, P811.7851, P81-938, PSl1-879, VCH 759, VCH 916,
VE:HZZZ, BNB-3290|75, 63- 9190, ABT333, and ABT-072. in a second aspect
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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)



or a pharmaceutically acceptable sa hereof; and a pharnmacWe carrier. In a
first enbodi mnent of the second aspect the nolar rtto of thed of

formula (1), or a pharmaceutically acceptable salt thereof, to the

conpci and of 15formula (1f), or a pharmaceutically acceptable salt thereof,
to the conmpound of formula (111), or a pharmaceutically acceptable salt
thereof; is about 1:2 In a second enbodi nent of the second aspect the nolar
ratio of the compound of forrmula CO or a pharmaceutically acceptable salt
thereof, to the conmpound of fornmula (10, or a pharnmaceutically acceptable
salt thereof, to the conpound of 5formula (111), or a pharmaceutically
acceptabl e salt thergpb, |s aboul 1:250: 1000. In a third aspect the
present disclosure pro gs a nmethod of treating, ; |nfect|on in a

patient, conprising adhln <ér| to enN eutlcally
effective amount of a Nng>‘6€£$#‘*f§;}_4§;§;rme Sof fornula (0 hien
\'zs, 10(10, or a pharnaceu |cally acceptabl e salt theréU

t herapeutically effective alount of a compound of fornulacwm 150r a
pharmaceutically acceptable sail. thereg§ a therapeutically effective
anount of a conpound effective to inhib the function of HCV pol ynerase;
and a phar naceur aplarllngcemldbpacamtaéle@dﬂhﬁre@f a therapeutigafly gffqciiyesamoapiiodeli nent of
the third aspecy Qg effective to inhibit the function of HCV

pol ymer ase is se]in Aid SRR 6. 30, PF-00868554, ANA-598, 20

1DX- 375, 1M 184, TNX- 189, BI-2071279”PS- 1- 7851, PST-938, PS1-879, VCl |- 759,
VCH- 916, VCH- 222, BMs-929075, - 9190, ABT-333, and ABT-072
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or a pharmaceutically acceptable salt thereof a therapeutically effective amount of a

compound of formula (IIT)

10 (1),
' 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 (I), or a pharmaceutically acceptable salt thereof, to the compound of

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



In a fourth aspect the present disclsosure provides a nethod of treating an
HEY infection in a patient, conprising admnistering to the patient a
therapeutically effective amount of a conposition conprising a
therapeutically effective amount of a conpound of forrmula (1) Mee k:11 i’
O HN OO0t (I), or a pharmaceutically acceptable salt thereof; a
therapeutically effective ano i of a conmpound of fot nula (a), or a
pharmaceutically acceptable salt thereof a. therapeutically effective
anount of a conpound of fornula (111) (I11), or a pharmaceutically
acceptabl e salt thereof; and a pharmaceutically acceptable 15carrier.

In a first enbodi nent of the f . r ting.c0f the conpound
of formula (I),fgrg}qﬁaa(&%)h%rrarpa%rgj??%%a:ﬂrg&gargcel%%ag@?&e& légslatb&?kllgrg'es'of, to the
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t hereof, is abou
formula (IT), or a pharmaceutically acceptable salt thereof, to the compound of

5  formula (IIT), or a pharmaceutically acceptable salt thereof, is about 1:250:1000.
In a third aspect the present disclosure provides a method of treating an HCV
infection in a patient, comprising administering to the patient a therapeutically
effective amount of a composition comprising a compound of formula (I)
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15  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 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-593,

20 IDX-375,IDX-184, INX-189, BI-207127, PSI-7851, PSI-938, PS1-879, 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



In a second enbodi nent of the retrofit aspect the nolar ratio of the
conpound of fornula (10, or a pharnaceutically acceptable salt thereof, to
t he conpound of fornula (H), or a pharmaceutically acceptable salt thereof;
to the conmpound of forrmula (I11), or a pharnmaceutically acceptable salt
thereof; is about 1:250:1000. O her aspects of the present disclosure may
i ncl ude suitable conbinations of 10enbodi nents discl osed herein. Yet other
aspects and enbodi rents may he found hi the description provided herein.
Al'l patents., patent applications, and literature references cited in the
specification are herein incorporated by reference in their entirety. In
t he case of 15i i
definitions, $¢@8§%@§$ %p%%mtk rg&gﬁﬁﬂ%mghﬁﬁbg§gé§ﬁ%A@%%0|?%gatlon t he
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singular forns %,mmd%pﬁnmﬂgg)"the" include plural reference unless the
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cont ext clearly ctates otherw se Certain conpounds of the present
di scl osure may exist MR different stable conformatigmal forns which nay be
separ abl e. Tor si onal ﬁ@ﬁ( y dye t estricted r i gn about an
asymmetric single bond, ﬁi§¥p , &CBri Cyiidrnce or ring
strain, may permt separ of Ndi f 1 onf or mer®, nly known as

at ropi seners. The present } Iosure i ncl udes each conforfgti onal isomer 25
of these conmpounds and m xtures thereof. The conpounds of the present

dlsclosure can exist as pharnaceutlcalI&Dacceptable salts. The term

" pharmaceuti cal -y pﬁ&&@d@ﬁﬁml}ea&&héble ‘salthedSEHhBRpRLSIly EBRIESAMust Fal ts or
zwitterionic forns o e conpounds of the present disclosure which are
wat er or 0|I-sdPWBW@dﬁfﬁﬁmﬁbgBS|ble which are, within the scope of sound
30medi cal judgnent, suitable for uge’in contact with the tissues of
patients w thout excessive toxicit irritation, allergic response, or
ot her problem or conplication rensurate with a reasonabl e benefit/risk
ratio, and are effective for LNtended use. The salts can be prepared
during the final isolation@nd |cat|on of
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10  or a pharmaceutically acceptable salt thereof a therapeutically effective amount of a

compound of formula (IIT)

(1ID),

or a pharmaceutically acceptable salt thereof; and a pharmaceutically acceptable

15  carrier.



conpounds or separately by reacting a suitable nitrogen atomw th a
suitable, acid. Representative acid addition salts include acetate,

adi pare, alginate, citrate, aspartate benzoate, benzenesulforiate.

bi sul fate, butyrate, canphorate, canphorsul fonate; diglueonate,

gl ycer ophosphate, hernisulfate, heptanoffi.e, he.xanciate, formate,

| fumarate, hydrochl oride, hydrobrom cle, hydroodide,
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term 't her apeutindedtddy effective anount,"” as used herein, refers to the
total amount of each ﬁ&ﬁhé!&n%@ﬁ%@a??orﬁlb@af’ 4af, S« fmee;@mae pigashow a

meani ngful . pati ent benef | t g., a sustained reduction in viral | oad.
When appl i ed tde@ﬁn?eﬂ’éﬂeﬁ‘H‘?J%?Imeé’cﬁl"laﬂiédﬁc‘ﬁij? @8fT®#E,  adni ni stered al one, the

termrefersyfo that chigs &Hpsiids afm@ﬁesemﬁsralo&pphmya&lgtmcaff&ammmat| on, the
termrefers to copnbi ned armuné %ﬂ’h’%’ é)}l \ée redl entsdtpat result in
the therapeut i cCoBRFRRtional s HIFBY B e OFSHm GETRAYi8n° serially, or
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w t h anot he as ec resent osure there is also provided 3
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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



15contact wth the tissues of patients w thout excessive toxicity,
irritation, allergic response, or other problemor conplication
commensurate with a reasonable benefit/risk ratio, and are effoztive for
their intended us e. Phar maceutical fornulations nmay be presented in
unit dose fornms containing a predeterm ned anount of active ingredients per
unit dose. Typically, the 20pharmaceutical conpositions of this disclosure
will be adm nistered fromabout 1 to about 5 tinmes per day or
alternatively, as a continuous infusion. Such adm nistration can be used as
a chronic or acute therapy. The amount of active ingredient that may be

combined w th the, &%ﬁg dr%épaﬁ?etl}%y‘ ﬁdcﬁngt @suﬁﬁl@éjlﬂﬁ@geﬁatéfn%{h% sHiesRrasdf orm wi Il
vary depending on the conditi’on being treat the severity of the
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dibenzylethylenediamine. Other representative organic amines useful for the

25  formation of base addition salts include ethylenediamine, ethanolamine,
diethanolamine, piperidine, and piperazine.

The disclosure provides pharmaceutical compositions, which are comprised
of therapeutically effective amounts of compounds of Formulae (I) and (IT), 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, ¢.g., a

sustained reduction in viral load. When applied to an individual active ingredient,



Phar maceutical fornul ati ons adapted for oral adm nistration may be
presented as discrete units such as capsules or tablets; powders or
granul es; solutions or suspensions in aqueous or non-aqueous |i quids;

edi bl e foanms or whips; or oil-inwater liquid enul sions or water-inoil

enmul si ons. For instance, for oral admnistration in the formof a
tabl et or capsule, the active drug conponent can be conbined with an oral,
non-t oxi ¢ pharmaceutically acceptable inert carrier such as ethanol,

gl ycerol, water, and the |ike. Powders are prepared by comm nuting the
conpound to a suitable fine size arid mxing with a si:tnuaxly conm nuted
pharmaceuti cal a%gfnrlgt(%{d o1 qh@érn?ﬁfe?&b Ma?in%‘@& Qgg%gg a\ﬁ’ﬁ\en a 1ed {OOJ 30exanpl e,
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a solution retardant such as paraffin, a resorption accelerator such as a

quaternary sal tbe%ﬁfﬂflﬁ?fa%anda?é%?ffeﬁ‘t“iecfﬁt%re‘m"'“dbeﬁt‘;‘?? as benmre, kaolin, or
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B L
form ng di es byameansd sfa dﬂmalc@d@hutelthﬂnapuf Tbet@mumc)f agivelinggdient 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



stearamsalt, talc, or mneral oil. The lubricated m xture is then
conpressed into tablets. The conpounds of the present disclosure can al so
be conbined with a. free flowing, inert. carrier and conpressed into
tablets directly w thout going through the granulating or slugging steps. A
cl ear or opaque protective coating consisting of a. sealing coat of

shellac, a coating of sugar or polyneric material, and a polish coaling
30o0f wax can be provided. Dyestuffs can be added to these coatings to

di stinguish different unit dosages. Oral fluids such as solution, syrups,
and elixirs can be prepared in dosage unit formso Mat a given quantity
contains a preqﬁk%hghggg flunt of the conpound. Syrups can he prepared by
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Intimate contact w .
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,
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30epiderms of the recipient for a prolonged period of tine. For exanple,
the active ingredient may be delivered fromthe patch by iontophoresis as
general ly described in Pharnaceutical Research, 3(6), 318 (1986).

Phar maceuti cal fonnul ati ons adapted for topical adininstiution may be
formul ated as oi ntnents, creans, suspensions, |otions, powlers, solutions,
pastes, gels, sprays, aerosols, or oils. For treatnents of the eye or other
external tissues, for exanple nouth and 5skin, the fornulations are
preferably applied as a topleal ointnent or cream Wen 10ETE3U at0d in an
ointnment, the active ingredient may be enployed with either a paraffinic or

a wat er-m sci bl ,ﬁag%s'ﬁhﬁs%&%@gﬂaum@!ear%r@%&h\a%wm@la% bl Mepd A ent may be

formulated in a creamw t ol l-1n-water cream base or a water-in oil
base. Phar maceut¢ patdef mxmid tefdros filiga preedion.op distgrigeating adeihiligeg ati ons to

the eye 10i ncl ufe QY& 05 DR MRSERIRabBRAG o¥iEm A5 RMAIEMIsI 1R g sp! ved or
suspended in a suitable carrier, esgeC|afIy an aqueous sol vent.
1

Phar naceut i cal iorove fhaeyialility9hibe madiepnent wish g cemblilvipest®ht i on M the 33,0
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adm gi stration mgdlei%iﬁdetrmcmc&rsfamrgeiaﬁn,alaalaﬂ budars BEhudgu@scabeise powder which
is adm nistered in the manner in en spuff is taken, .Lc., by rapid
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cl ose up to theotiosea]gifbt taadokyhalhyltllabicopdycilyeneglncol,hed BObkrrier is a
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net er ed, dose pressuri zed aer oso | | zers, Insuffiators,
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.
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25Phar maceutical fornul ati ons adapted for vagi nal adm nistration may be
presented as pessaries, tanpons, creans, gels, pastes, foans, or spray
formul ati ons. Phar maceuti cal formul ati ons adapted for parentera

adm ni stration include agueous and non-aqueous sterile injection solutions
whi ch may contain anti-oxidants, buffers, bacteriostats, and sautes which
render the formulation isotonic with the 30bl ood of the intended recipient;
and aqueous and non-aqueous sterile Sli SpeteSi OE333 whi ch nmay i ncl ude
suspendi ng agents and thickening agents. The formul ati ons nay be presented
in unit-dose or nulti-dose containers, for exanple seal ed anpoul es and

Fequiti ng onty S STy SEFRRE Sl B AR CPRLAN 0. ) o
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guestion, for exanple those suitable for oral adm nistration may include

fl avoring agentbsaddde term "patient" includes both human and ot her mammal s.
The term "treating petRLSprbRHateCRsRiOMR irinigtichs tir SRA&EninistaG6 &8 be OF

condition 10fromoccurring in a patient dud may be predi sposed.to the
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having it; (il )relctbbdiof é@gpk BE cshtifeastmbedlifg@adiCilate Mateidntipdiynmms, | . e.
arresting its devel o& nt; and (iii) relieving the disease, disorder, or
condi tion, #%e.W2Xc¥d nlﬁ‘@ regression of the disease, disorder, and/or
condi tion. 15Tabl e Thd@hpuidds st BmateEl) ahd U8 tandphaveacentimuifyl sespeble conpounds
that can be adm nistered wth .t onposi ti.ons. of thi Yo e. The
conposi ti ons ofsal?sﬁgermf’sa A é”lﬁtg éhetc}gsr?% reg)R'én rrfa”lsenlfglél S &% ak/l\%ot% ﬁg%r%'%%t(r&%g?ﬁ i - HCV
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or by combi ni ng, b Ac.GOMRRRNYR: hikiRmBns ITRIR! Lip8meeln BeRISed from a

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

The compounds of formula (I) 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 palitoy] 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).
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Pharmaceutical formulations adapted for topical administration may be
formulated as ointments, creams, suspensions, lotions, powders, solutions, pastes,
gels, sprays, aerosols, 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
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addition of the sterile liquid carrier, for example water for injections, immediately
prior to use. Extemporancous injection solutions and suspensions may be prepared
from sterile powders, granules, and tablets.

It should be understood that in addition to the ingredients particularly
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
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.¢., arresting its development; and (iii) relieving the disease,
disorder, or condition, i.e., causing regression of the disease, disorder, and/or
condition.

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.

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
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NS5B replictise inhibitor Roche GL-59728 NS51 replict;te inhibitor

Gencl abs F-00868554 Antiviral Non-nucl eoside NSIB pol ymeraso inhibitor
Pfizer ANA-598 1DX-375 Antiviral AM N dal Antiviral Antw nd [ Non-nucl eosi de
I NS513 potymnerase !inhibitor Non-Nucl eoside replicase inbibi Rd Nucl eosi de
NS5f 3: | | pol ynerase:

Brand Name Physiological Class | Type of Inhibitor or | Source Company
Target
PSI-6130 Antiviral NSS5B replicase Roche
inhibitor
R-1626 Antiviral NS35B replicase Roche
inhibitor
GL-59728 Antiviral NSS5B 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
NS5B polymerase |Ingelheim Canada
inhibitor Ltd R&D, Laval,
QC, Canada
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| inhibitor Aradys Pharmaceuticals, Inc., San D ego, CA, USA kienix
Phar maceutical s, Canbridge, MA, USA Meni x Pharmaceuticals, Canbridge, M,
USA I DX-184 rivx-iss Prodrug of a nucl eosi de NS5B pol ynense i nhi bitor

I nhibitex inc Al pharetta, GA, USA BILB-1941 BI-207127 Antiviral Antiviral

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

PSI-7851 Antiviral Nucleoside Pharmasset,
polymerase Princeton, NJ, USA
inhibitor

PSI-938 Antiviral Nucleoside Pharmasset,
polymerase Princeton, NJ, USA
inhibitor

PSI-879 Antiviral Nucleoside Pharmasset,
polymerase Princeton, NJ, USA
inhibitor

VCH-759 Antiviral Non-nucleoside Vertex
NS5B polymerase
inhibitor

VCH-916 Antiviral Non-nucleoside Vertex
NSS5B polymerase
inhibitor

VCH-222 Antiviral Non-nucleoside Vertex
NS5B polymerase
inhibitor

BMS-929075 Antiviral Non-nucleoside Bristol-Myers
NS5B polymerase  [Squibb
inhibitor

GS-9190 Antiviral Non-nucleoside Gilead
NS5B polymerase
inhibitor

ABT-333 Antiviral Non-nucleoside Abbott Laboratories
NS5B polymerase
inhibitor

ABT-072 Antiviral Non-nucleoside Abbott Laboratories
NS5B polymerase
inhibitor

MK-0608 Antiviral Nucleoside Merck
polymerase
inhibitor
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Non- Nuel eosi de NS5R pol ynmentse inh M nd NoriNnel cosicte NS5B pol ynerase
i nhi bitor : Roehringer |IngetheimCanada Ltd R&D, Laval, QC, Canada
Beehringer Ingel heim Canada Ltd R&D, Laval, QC, Canada ... .,

, Physi al ogi cai O ass Type of |hhibitor 0? Targer Anti al Non-nucl eoside
NS513 pol ynerase rthi bdor GSK-625433 NI L-2125

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.

17



Antiviral Antivisat Not -ram e | acGSK NS513 pol ynexase i nhi bitor
"on-nucl eosi de NTS5B pol y-nme-rase inhibitor The conpositions of
the present disclosure nay al so be used as | aboratory reagents. Conpounds
may be instrumental in providing research tools for designing of vira
replicalion assays, validation of animl assay systens and structural
biology 5 studies to further enhance know edge of the MV di sease

mechani sms. Further, the conpounds of the present disclosure are useful in
establishing or determining the binding site of other antiviral conpounds,
for exanple, by conmpetitive inhibition. The conpounds of this

di scl osure may al so be used to treatjgamgrggent viral contam nation of
materials and therefore reduce the risk of viral infection of inlaboratory
or nedical perdompelndor patients who cone in contact with such materials,
e.g., blood, tissueq, Su-ggah ifnitdbf KRR @ﬂ}&nﬁﬁr(ﬂf%%e Jepher atory
instrunments and garnents, and bl ood collection or ranqu5|on appar at uses
and material s. following tipherogediers deserileil rqomanpnly opineq patrghwplica@Scr i bed i n

connecti on W t Ryg&jokab [H2¢ BPRd20@Nes Mh ire SN a3 Protdatd EMERS (doRipbindi t i t's
scope. On the contrary, the present disclosure covers all alt?rnatlves,
3]

modi fi cati ons, CARI™BR{IRY ¢a be Riegargkiof oy e PrResESEsHPedHR AR s cope of the
claims. Thus, theed 0S| PMinRGerRKAB|9eS 174MAl 6bmhsrly sided SR gitbitc enbodi ment s,

that the exanplBaicaie 1760 (e oD SeBEBIRor bEpPays G oot beedin o
enmbodi nent s andyaliepre@semsaibed i cPpnovildewindial.SiPatcheseigved7,450l6be t he nost
userul and 501 ead |, SS90,  AESRLL ABR LS PAESERMIR AL
commer ci al soumNBracaspinkipasrétbrinyla @8] 400 et BID) alsied Grdup tAe pavith eytethods known
to those of or duiltgr?grgn a%;lﬁliala!ld Jibrllv}ri%?&%{qg B) foﬁ%&{ﬁ% HCV genotype 1 null

responders. The primary aim was to determine the proportion of subjects achieving

undetectable HCV RNA (<10 [U/mL) at Weeks 2 and 4 of therapy and 24 weeks

15  post-treatment. A Week 12 interim analysis was performed. Twenty-one patients
(11 Group A, 10 Group B) were randomized in a sentinel cohort. The median age

was 55 years; 13 were male and 16 were white.

Table 2
Group A: NS5A Inhibitor | Group B: NS5A4 Inhibitor,
and NS3 Protease NS3 Protease Inhibitor,
Inhibitor (n=11) Pegylated Interferon
Alpha and Ribarvirin
(n=10)

Genotype la (n) 9 9
Median Baseline HCV 6.9 logio 6.7 logio
RNA IU/mL
Median HCV RNA -5.1 logio -5.3 logio
Decline Week 2 TU/mL
RVR* n(%) 7 (63.6%) 6 (60%)
eRVR* n(%) 4 (36.4%) 6 (60%)
cEVR¥* n(%) 5 (45.5%) 9 (90%)**
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Conpounds The HCV NS5A inhi bitor (conpound of formula (1)) can be
prepared follow ng the procedure described in commonly owned patent
applications 5 W2008/ 021927 or W2009/020825. The HCV N83 pr ot ease
i nhi bitor (compound of formula ny) can be prepared follow ng the procedure
described in comonly owned U.S. Patent Serial No. 6,995,174 and commonly
owned U. S. patent application 12/547,158. The Hest NS5B i nhi bitor of
formula (10) can be prepared by the procedure described in conmonly owned
U S. Patent Serial No. 7,456,166. 10The antiviral activity of the NS5A
|(22|)b| %86 (formula (1); 60 nmg QD) and the NS3 protease inhibitor (fornula
; ‘nig 4 E! wj i al pha. and
ribavirin (G oulg%ggra@ %ﬁ%‘;%(c%%égseﬁura gt}elér}%tegg%}%t%ei(%g%%ﬁfggr S. IoThe
primary ai m wassRVR (detralrdiiapid virblegip resppose) -ondetsictabla BiCACRNA actoiheVy palkid
undet ect abl e [%d%%&qre%{'eﬁt) at Weeks 2 and 4 of therapy and 24 weeks
| S post-treatnent. A Vieek I nterimanal ysis was I_f)erfor med. Twenty-one

patients (11 GBYR (eemmge BridupoByc yepwsy anadniicizble HGY BNAehVeHdP oohort . The
medi an age was pawgars; 13 were nale and 16 were white. Table 2 Genotype

la (n 9 logo |ogui 6.9 Median Baseline HCV RNA 11.1/ml., Median 11 RNA
Decl(i %e V‘éek92 *Mtgnt-to-treat analysis; breakthrough = failure 'a v

** One subject with HCV RNA <25 TU/mL at Week 12, undetectable (UD, <10
IU/mL) on retesting.

10 As shown in Table 2, six (54.5%) subjects experienced viral breakthrough
while all subjects in Group B maintained viral suppression. Viral breakthrough
occurred exclusively in individuals infected with genotype 1a, occurring as early as
Week 3 and as late as Week 12. The two genotype 1b subjects in Group A remained
HCV RNA undetectable. The six subjects with breakthrough received additional

15  pegylated interferon alpha and ribavirin. HCV RNA fell to undetectable in two
subjects and to <25 TU/mL in another two subjects while the other two had >1.5 logio
decreases in HCV RNA. No deaths, significant adverse events, or discontinuations
due to adverse events were recorded during the analysis period. Diarrhea was the
most common adverse event and was mainly mild to moderate in severity.

20 The results show that while treatment with the NS5A Inhibitor of formula (I)
and the NS3 Protease Inhibitor of formula (IT) with or without pegylated interferon
alpha and ribavirin demonstrated similar RVR rates in HCV infected genotype 1 null
responders, six of the eleven subjects receiving the two small molecules alone
experienced viral breakthrough by Week 12 while the four-drug combination

25  maintained viral suppression in all subjects. Therefore, treatment with direct acting
antivral agents without the pegylated interferon alpha and ribavirin would require one

or more additional therapeutic agents to prevent viral breakthrough.

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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VICnNn(% 7 (63.6%eRVR* n(% 4 (36.4% eEV.R* n(%9 5 (45.5% 18 RVR
(rapid virologic response) undetectable HCV RNA at Wek 4 of treatnent eRVR
(extended rapid virol ogic response) - undetectable 1ELl: CV RNA at both Wek
4 and Week 12 of treatnent CRVR (conpl ete rapid virol ogi c response) -
undet ect abl e REV RNA at Wek 12 of 5treatnent *Intent-to-treat analysis;
breakt hrough = failure One subject with HCV RNA <25 rU tnk at Wek

12undet ectable (LID 10 on retesting. As shown in Table 2, six (54.5%

subj ects experienced viral breakthrough

using the proecedure described in W02004014852. The coding sequence of the
published genotype 1b HCV replicon (Lohmann, V., F. Korner, J.-O. Koch, U.
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.
HCV 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 pg 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
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while all subjects in Goup B nmaintained viral suppression. Viral

br eakt hr ough occurred exclusively in individuals infected with genotype |

a, occurring as early as Wek 3 and as |late as Wek 12. The two genotype |Ib
subjects in Goup A remai ned HCV RNA undetectabl e. The six subjects with

br eakt hr ough recei ved additional 15pegyl ated interferon al pha and
ribavirin. HCV RNA fell to undetectable in two subjects and to <25 Hini,
in another two subjects while the other Iwo had >1.5 | ogw decreases in HCV
RNA. No deaths, significant adverse events, or discontinuations due to
adverse events were recorded during the analysis period. Diarrhea was the
nost comon adv.er. t I t, rity.
20The results sh Ibsﬁ?nna eﬂvﬁg{‘g %@ng{a‘%%%tu% ig{ah& %@%%Ea ﬁd Eeitogfﬁyegf formul a
(1) and the NS3wvder alcshsd usingihbivedian dfectfequatmah.a (D) with or w thout pegyiated
interferon alpha angy,fl Bayiufh hafleARANIRLEH 8k thd BlnlMBEAL Bl 1-1 CY

i nfected genotype | responders, SIX O ven subj ects receiving
the two smal | rmflamﬂulseg aé]utlirféloéx‘p@qu%@@dsﬁteﬁd?mme@a@‘tw%ﬂ?@aﬁ\’[ﬁ?so%ek 12

whi te the four ﬁgq&o&ﬁmb AR bRl R (ealone biby vidre RAPR £&HCAM I N al |
subj ects. Theref treatment with direct acting arttivral agents w thout

the pegyl ated iNWXEMiaerie sqimhationrad FrBaescench Coamar gl infBmsAe or mor e

addi ti onal ther@ﬂﬁﬂﬁ}’)CTm%eTfeEtﬂze@Blﬁ:\éﬁf&hoﬁlﬂEC?J) wbm&kma wmg&aél Ilnes
30The Huh-7 cc us or these studi es was obtai ned

from Dr
Bart . enschl agerF“((Mﬁ'iS\?%?Ql ?‘Vld&o I-I%‘loé?’@lxlﬁ%%“é’ou‘}qéioﬁ‘i?f“ﬁaé‘f’@ an?s%%ﬁ%‘)ve Qnd was
propagated in @ﬁM)h %mrytcamfu walsi%eEgr&e uld) tbledicup@ith€EC Y, inith Eﬁ‘&l B0 ny {j nt.
streptomycin. The HCV replieons us f ene ated at
Bristol - etk §6}Eﬁ“8‘6205u?5%‘m{ a8 pr @&h?ﬁ*@@ Iblﬁ)oggeri? 6?9“4‘ 14852. The
codi ng SequenC&hé]foﬁbﬁﬁn@hbbla&hl&d)fglehﬂ’t/g{mpdcbveﬂjcv eqpdld thonvalleahtmann, V.. F.
Kor ner, -0, Ko and R Bartenschl ager 1999,
Sci ence 285 1ldn1§‘?§?f%%ur§eyﬁdququlmsg'esOp aa a') ' Tehnol ogics, Inc.
(Al ameda, CA) using the sequence set forth 5 in EMBL Accessi on No. M242652,
nucl eoti des 180 175 he functi onal replicon was then assenbled in
pl asraid pGendbz opfbg'fmo(qlsgtdwg—ga Madi son, g usi ng standard nol ecul ar
bi ol ogy t echni ques. Fdfonlnbl@ac@b@naﬂ@pﬂnr%nn@ frﬁﬁ:\éNSifeNSéP&l‘ﬁéser eporter,

the gene encodifgy Ek@p& e%@éa&@teéfé&%‘tEl@&eﬂ%&cg{tﬁﬁﬁfsnSM@@solu'ﬂBrstduced ni of
t he neomyci n phosp ansfterase gene. The resulting )df i con consists 10he

ElCV 5 UTR fus¥8 tltnes tbhéesmdrfmal @?yaﬂncmiraaeq, §re@re@arﬁéb flbtifiopingi i) the

Reni | | a hi ci f erageo ga8i8e ac(dliﬂoh)toéeh@meﬁpmﬁlcammmé&mser ase gene (leo),
(iv) the 1RES from encephatenyocarditis virus and ("égr TICILNS3 to

NS513 genes and @PREeTpRics 28d i cpRDINEHNYS AT ‘@GH“CEIE?{“F‘O‘} afiess CHEETS sol at ed from

col oni es asmese&pdsaﬂd cbmpduadmrt&m ddy§ﬁid theadmo(lh.tQ)hHElVllﬁhlblwonwﬁtheKor ner, J.-0.
Koch, U. Henan,

tens SC| ence
285: 110- 113) arﬂﬂteﬂ@éﬂi ‘FHF%%CIfg?ﬁeaﬁaﬁé% e§°rlb§f$’8¥‘?3rh PRI PLon cl ones were
linearized wt h:nyeﬁdltﬁmd:"tlﬁ!hlé\cdrﬁlﬁ:&ﬂ@genpb@raymtahﬂﬁaedmcbaranelxbytArlamaumag the T7

MegaScri pt t I’ anscr. gtfho{}esgree _F ﬁ%‘%ngg)ln% ad 1v1§‘.y, o%sy;[g%y @ %%%I?MD& 0%8 a

manuf act urer' s “di F&cti on . ranscri bed replicon
RNA was range of drug concentrations, and comblnatlon response curves were fit to assess the

25  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.

30 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
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20i ntroduced into 4-5 X 1015 itult-7 cells by transfection with DVRLE-C
reagent (Ilnvitrogen Corporation, Carlsbad, CA) follow ng manufacturer's
protocols. After 24 h, selective nmedia containing 0.5 nginiL Ceneticin
(0418, G bco-BRL, Rockville, MD) was added and nedi a was changed every 3 to
5 days. After approximtely 4 weeks, cells were expanded for further
analysis. Cells were 25 maintained at 37 Cin DVEM (G bco-BRL, Rockville,
MD) with 10% heat inactivated calf serum (Sigma), penicillin/streptonycin,
and 0.5 ingrall 0418. Cell culture tytotorichy and |uny/erase assays To
determ ne conpound efficacy, Heir repbeon cells were plated at a density 30
of 101 per wel I grﬁigf 0 FBS.

Fol | owi ng i ncuba W(%%%S\Y/}%dﬁﬁugwye&mh%l ;{] Ogigg:t(gﬁ% Qwegb(glgd %ﬁ%DIVBO or

DI YI SO al one, visrmalgddedtherol indidites adtaadnisne b Epp@d?qun(f oflesk thenbdisgieicent r at i on

of 0.5% Cell %at sin, Wird Sl @llzllc&ﬁéfﬁéﬁyr?fﬂe ﬁ'ltteréjﬁdfcﬁés aadilgys prior to

assaying for cy Xi'city an i nhibition. viability was measured
usi ng an Al amar Bl ue assay and CC50 val ues were caI cuI ated using the nedian
ef fect equatd Ofpagis Pl ates were then washed two tinmes with PBS and

renilla luciferase activily assayed using a Dual -G o Luciferase Assay
System (Pronega Corporation, Mudison, 5according to the manuf actur er's
directions. Plates were read Q hat | ati on
and Lumi nescenc@®Sdtint er (P E‘%? o R S T A Ny Prors S5o4 & oct i ve
concentration (EC50) was cal nip tBV usi ng Excel Fit (Version 2.0, Build
30). Known x (conpound coneen n) and Gpmpidativeingites ve to DI M SO onl y
control wells) wal U%Pw,mblgﬁq(ﬁf id‘g _cal cul dtoafidepepinEral wi t h Fx QedrallFj t
equation 205, repr @gieﬂ]f’lactﬂamy:cm, S0 etttcfidh: A9% etetcd Clox)ctrg) | Ritthre A and B
equal the bott em-are—top—pateats—ot—the—curve—respecttvyety—€—equah the x
val ue at the mddlle of thgocum sand Dlg&ual s the sl op e 'fhet oraddiGayrbi nat i on
st udi es 15For inhilbitor|conbilnation &taidi¥es, CPhhiBi A?%l 9P Hov NS5A, NS: 3
pr ot ease, and 13 y sle re eadh testedlat el evién co ations.

St ock sol utions,” 20 89t| e rrds%%lhe %gsi r@gh, fdinal 08$$&y) ¢ahBeldtr <1Pfa%{;1mt§mere
prepared by 3-fold dilution ijn DNI $O prior [to @dditionobo cel|s/ media. The

conpounds were tegt é8%as Whot héf ap;i(@_ga,gmﬂ i psgondi hatioons) at" VAT ous
concentrati on HetHRST u=to—comnpounds o1 _3 days and the

amount of 1-1CV inhibition was then determ ned using the Miferase assay as
descri bed above Corq'qq@dsp@p@aﬁgtp(éqr ratio of 250:1:1000, NS3 PI to NS5A inhibitor to NS5B inhibitor

10 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

15  the NS5A 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.

20 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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eytotoxicilies of these conbi ned agents were also analyzed in parallel by
Al amar bl ue staining. The degree of antagonism additivity, or synergy was
determ ned, over a range of drug concentrations, and conbi nati on response
curves were fit to assess the 25antiviral effects of the drug treatnent
conmbi nations. The conbi ned effect of the drugs in conbination was anal yzed
using the nethod of Chou Chou T. Theoretical Basis, Experinental Design,
and Conputerized Sinmulation of Synergismand Antagonismin Drug Conbi nation
St udi es. Pharmacol ogi cal Revi ews. 2005; 58(13):621-81. 30Al] estimates were
conput ed using bi ostatistical software SAS Proc NUN, and a four-paraneter

| ogi stic I a ﬁg additivity
usi ng |sobologranﬂ%% %M§ﬂ0h &%ﬂ§3$§%gg%n hﬁgﬁ%gh %ﬁgé{gﬁgﬁﬁéﬁgﬁg | so

cal cul ated for(é@@Mmmswm@mcbmbmﬂubd@@qwﬂmﬁﬁﬁmﬂdhese intervals are used to
test for departure fromadditivity by conparing the bounds to one - a

| ower bound of the interval greater than 1 indicates antagoni sm an upper
bound of | ess than 1 indicaies synergism and a value of | contained in the
interval indicates additivity. 5Results Conpounds tested at a nolar ratio
of 250: 111000, N83 PI to NS5A. ithat to NS5I3 inhibitor toResistance to
antiviral therapy is becone a major issue in the nanagenent of patients
with chronic viral infections. To achieve sustained viral responses, it

will be critical o utilize conbination therapies, especially those
targeting distinct HCV viral targets. These results denonstrate that
conbination treatnent of replieon cells with isthe I NS5A inhibitor of
formula (1), the FICV NS3 protease inhibitor of fornmula. HO and the NS5B

i nhibitor of fornula (111) yield additive antiviral effects. Inportantly,
no antagoni stic effects or enhanced cytotoxieity were observed with any of
t hese conbi nations. Therefore, these conbinations are excell ent candi dates
for conbination reginmens in HCV inpatients. 20it will be evident to one
skilled in the art that the present disclosure is not to the foregoing
illustrative exanples, and that it can be enbodied in other specific forns
"W thout departing fromthe essential attributes thereof It is therefore
desired that the exanples be considered in all respects as illustrative and
not restrictive, reference being nade to the appended cl ai nms, rather than
to the foregoing
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exanpl es, and all changes which cone within the neaning and range of
equi val of the clains are therefore intended to be enbraced therein,
CLAIMS WHAT IS CLAIMED | S or a pharmaceutically acceptable salt

thereof; a therapeutically effective amount of a 10conpound of formula

(rer), (11,

therapeutically effective ambunt of a conpound effective to inhibit the
and a 15pharnaceutically acceptable carrier.
wherein the conpound effective to inhibit the

function of HCV pol ynerase;
2. A conposition of claiml

or a pharmaceutically acceptable salt thereof; a

function of 11CV polynerase is selected fromPSI-6130, PE-00868554,

ANA- 598, | DX-375, DX-184,

| NX-189, Bl 2@Qf/kg7, P8I -7851, P81-938, PSI-879,

VCl -1-759, 20 VCH 916, VCR-222, BMs5-929075, GS-9190, ABT-333, and ABT-072.

3. A conposition conprising a therap Uount of a conpound of formula (1)

or a phar maceutygarhycpapembd @bl e sal ereof; a therapeutica 'Y Ective
anount of a conpound of formula (I), (Li),

5

10

15

20

1. A composition comprising a therapeutically effective amount of a compound
of formula (I)
MeO

i

)" NH n />
SOOI S
\\ &’\)\H ¢ HN-{O

OMe
@,
or a pharmaceutically acceptable salt thereof; a therapeutically effective amount of a

compound of formula (II),

o
AN
cl AN
0
Oo)\ N ow b
N N &ﬁ*o

(0]
o]

Y

gt

1),
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.

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-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.
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or a phartnacendeally acceptable salt thereof; a therapeutically effective
anount of a AO conpound of fbrnmula 0-10, or a pharmaceutically acceptable
salt thereof; and a pharmaceutically acceptable carrier. 15 4. The
conposition of claim3 wherein the nolar ratio of the conmpound of fornm a
(r), or a pharmaceutically acceptable salt thereof, to the conmpound of
formula (I11), or a pharnaceutically acceptable salt thereof, to the
conpound of forrmula We, or a pharmaceutically acceptable salt thereof, is
about 1:20:5. 5. The conposition of claim3 wherein the nolar ratio of the
conmpound of forrmula (1), or a pharnmaceutically acceptable salt thereof, to
t he conmpound of, for : . j It

thereof, to théicon%%%nBS%#%Fgaéﬁﬁgg?%%#ﬁﬁﬁﬂiﬁg%&bﬁgﬁﬁgggﬁﬁ?%g1%3
accept abl e sal toffftrepleéP, is about 1:250:1000. 10 6. A nethod of treating
an BEV infeuion in apatient, conprising adm nistering to the patient a

t herapeutically effectqumannunt of a conpositiqn off§l iml. 7. The

met hod of claim6 wher®@in genRPouUAd AN iNthi hit the function of
HCV pol ynerase is sel eCted fr onhp : 36 7~ANA,598, | DX- 375,

| DX- 184, | NX-1 89, BI-2071%Z7,:PSH-7851, PSI-938, PSI-8M<VCl-1-759,

VCH 916, VCH 222, BN S-929075, CS-9190, ABT-333, and Al -1p¥é¢-072. 8. A

met hod of treating ImI-1CY infection i@Da patient, conprising adm 20to
the patient a therapeutically effective anount of a conposition of claim 3.
9. The method of aphirmpgeriSalihesceritablesplethagsek @ tharapavéically effestivg 2nqyat €dnpound of
formula (j), onmgpgma%ﬁggﬁg;hgglly acceptabl e salt thereof, to the conpound
of formula (11), or a pharmaceutically acceptable salt thereof, to the
conpound of 25forrmula (ill), or a gharmaceutically acceptstble salt

t hereof, is about 1:20:5. 10. et hod of claim8 wherein the ratio of

t he conmpound of fomma (), or

Cl

1),
or a pharmaceutically acceptable salt thereof; a therapeutically effective amount of a

10 compound of formula (IIT)

(1D,

or a pharmaceutically acceptable salt thereof; and a pharmaceutically acceptable

carrier.
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pharmaceutically acceptable salt thereof, to the conpound of formula (0),
or a pharmaceutically acceptable salt thereof, to the conpound of formula
(HD, or a 30pharnaceutically acceptable salt thereof, is about 1:250:1000.

4. The composition of claim 3 wherein the molar ratio of the compound of
formula (I), 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 1:20:5.

5
5. The composition of claim 3 wherein the molar ratio of the compound of
formula (I), or a pharmaceutically acceptable salt thereof, to the compound of
formula (II), or a pharmaceutically acceptable salt thereof, to the compound of
formula (I1I), 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 (I), or a pharmaceutically acceptable salt thereof, to the compound of
formula (II), or a pharmaceutically acceptable salt thereof, to the compound of

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

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

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