VPI /04 - 136 HCV NS3- NS4A PROTEASE | NHI BI TI ON TECHNI CAL FI ELD OF THE

| NVENTI ON The present invention relates to conpounds that inhibit serine
pr ot ease wotoad/dsysssparti cul arly the activity of hepatit ipeT@sye050351D53- NS4A
prot ease. As such, they act by interfering with the life cycle of the
hepatitis C virus and are al so useful as antiviral agentsvp'lih®4i_r1\é%nti on
further relates to conpositions for either ex vivo use or

adm nistration to a patient suffering fromHCV infection. The invention

al so relates to nethods of treatlng an HCVlnfectlon |n a patient by

admi ni stering a conposiid ; < . ACIKGROUND OF THE | NVENTI ON
I nfection by hepatitis C vi rus ("HCV) |s a corrpel | i ng human nedi cal

probl em HCV is recognitEdih ] pst cases of non-A,

non- B hepati ti or 0, oglobally[A
Al bert i et al “Ine’ "é\% ur a'TE ﬁ&%@fﬁgorg?% % ﬁ'és) %&ﬁﬁ%&q& é%%tgl ogy , 31.
(Suppl . 1)1n1p1ﬁ01t17sé141r(é.9@r9jﬂea§@aai¢ty1\f-my rpittmulalﬂlylumlal s may be

infected in the Unit States. alone. [MJ, Ater_ et The Epi deniol o
of Viral HEp@Y1§% ‘?ﬁq??%a%ﬂ%acéf &3, N%%s‘?“?‘%n‘?’é?‘b?as%t i nAS Ngrt h Am ?y

23, pp. 43uded &ﬂe%?@ctl\ﬂ) Intel¥dLing Hep@tuémé ﬁﬁ@r@%ciélf@f?tt@é\ in the
United States, at ol ogy , 31. ?Suppl pp 91 (1999) ] . Upon

first I@Xpdfs%@@tliblﬂi-icﬁ/ ‘Ohlrlys Mtam%&olmﬁ%@@bdﬁ navivieks devel op acute
clinical hepatitis Wil & LIS, aPREAL Ord £5OLY E L NP EEL 1 08

for either ex vivo use or for administration to a patient-

suffering from HCV infection. The invention also relates:.
to methods of treating an HCV infection in a patient by
15 administering a composition of this invention.

BACKGROUND OF THE INVENTION

Infection by hepatitis C virus (“HCV”) is a
compelling human medical problem. HCV is recognized as
the causative agent for most cases of non-A, non-B

20 hepatitis, with an estimated human sero-prevalence of 3%
globallyl[A. Alberti et al., “Natural History of
Hepatitis C,” J. Hepatology, 31., (Suppl. 1), pp. 17-24

(1999)]. Nearly four million individuals may be infected
in the United States alone [M.J. Alter et al., "“The

25 Epidemiology of Viral Hepatitis in the United States,
Gastroenterol. Clin. North Am., 23, pp. 437-455 (1994);

M. J. Alter “Hepatitis C Virus Infection in the United
States,” J. Hepatology, 31., (Suppl. 1), pp. 88-91

(1999)1.

30 Upon first exposure to HCV only about 20% of
infected individuals develop acute clinical hepatitis
while others appear to resolve the infection
spontaneously. In almost 70% of instances, however, the
virus establishes a chronic infection that persists for

35 decades [S. Iwarson, “The Natural Course of Chronic



spont aneously. In alnost 70% of instances, however, the virus establishes a
chronic infection that persists for decades [S. Iwarson, "The Natural

Cour se ofwOhoesmizeddepatitis,” FEMS M crobi ol ogy Revi ews pctAis2q@p/0320i- 204
(1994); D . Lavanchy, "d obal Surveilkbkance and Control of Hepatitis C" J .
Viral Hepatitis , 6 pp. 35-47 (1999)] This usually results in recurrent
and pr ogriéeBavet yswor BES i crebiol pgy aRewiews, Whi chPof 2eA- ¥%éds to nore

severe di stat S ¢ i C ona [M C
*on ESIIR T Bt EeT? S PH0E SR0d; hERALE N Bhe £BE PO

Revi ews ,Hégat ppis2d]« 220 (i188%)Hepatifast osetppl 35-4epapdp) 5.C Virus
Infectlon s ASSOCIated wih the Devel opnent of He atocellflar Car ci nonm, "

Proc . NafPisagsdellgjresysss 1%7reﬁbrr%§ﬁ7a%@4©r? 58851 VC Unfortunatel y,
there zar e,Hps 8K PR4! ¥i 6L f egﬁfygm&ég%ﬁen&ﬁléﬁroka@nd@!@ahgt 8bi pgrer ogressi on
of chronic HCV. e HCV genone encodes a pol yprotein of 3010-3033 am no

aci ds [ Q severehdbseaseastates Gnehi esrgunheal $oandnd E1ver5|ty of the
Fbpatltls C Virus roc. _Natl. Acagd. .Sci 8 -2455 (1991);
N . Kato e?pa ocelk%fecu Arc 8ﬁ?n$go?'th Huﬁ%%p éﬁg gtls Vi rus Genone
Fron1JapanepatﬁaélB@larmc&hcbb@méw,NEEMB HepadbbibdogyPrReciewat | 14 Acad. Sci .
USA , 87, pp._9524-9528 §1990 : Takanlzama et aI ., "Structure and

O gani zatPBn dtLt g0 HEpRPttisie %?FE% ebndte’ | SUFRREYCEFOfm WLFERA Carriers, "
J . Mig ol 1n£ebPioRPis1A025d1d8e41991N] endNBetVopRBaL Yt ural (NS) proteins
are presuned to provide the essential catalytic machinery for vira
replicatiBepaThecNs1pavt éancinpwadér Pyed. biapt ot Bohgt i 8cel eHFAge of the

pol yproteyy [, Bactsngehbagesss) 12l unrobPORLEYS)Y Bhere are no

broadly effective treatments for the debilitating

progression of chronic HCV.
15 The HCV genome encodes a polyprotein of 3010-3033
amino acids [Q.L. Choo, et al., “Genetic Organiiation and

Diversity of the Hepatitis C Virus.” Proc. Natl. Acad.

Sci. USA, 88, pp. 2451-2455 (1991); N. Kato et al.,
“Molecular Cloning of the Human Hepatitis C Virus Genome
20 From Japanese Patients with Non-A, Non-B Hepatitis,”

Proc. Natl. Acad. Sci. USA, 87, pp- 9524-9528 (1990); A. -

Takamizawa et al., “Structure and Organization of the
Hepatitis C Virus Genome Isolated From Human Carriers,”
J. Virol., 65, pp. 1105-1113 (1991)]. The HCV

25 nonstructural (NS) proteins are presumed to provide the
essential catalytic machinery for viral replication. The
NS proteins are derived by proteolytic cleavage of the
polyprotein [R. Bartenschlager et al., “Nonstructural
Protein 3 of the Hepatitis C Virus Encodes a Serine-Type

30 Proteinase Required for Cleavage at the NS3/4 and NS4/5
Junctions,” J. Virol., 67, pp. 3835-3844 (1993); A.
Grakoui et al., “Characterization of the Hepatitis C
Virus-Encoded Serine Proteinase: Determination of

Proteinase-Dependent Polyprotein Cleavage Sites,” J.



Protein 3 of the Hepatitis C Virus Encodes a Serine-Typ$ Pr ot ei nase
Required for Ceavage at the NS3/4 and NS4/5 Junctions,”™ J . Virol ., 67,
pp. 3835-WB44oqd5938); A . Gakoui et al ., "Characterizatiras2abose
Hepatitis C Virus-Encoded Serine Proteinase: Deternination of

[ e nde P [ e Vi, r ol 67, pp.
§§3565323 g%gggf' %&’ é#éﬁ%ﬁ?g ? E% ngg%& éssp5ﬁ Hd PleAtitication of
Hepatitis CEXbrassPohypndtEdeneheawageoﬁr@@ugbﬁatléls ¥ £9kys, 67, pp.
1385- 1395 NS3 is a serine protease reqU|red

993
for procesgéi %tﬁéBaFI??¥a@¢vPF8§u56Pypr 4Toly, . 6Virpb. 1363- pp.
4017-4026 {31983)1ooThe HCVTHR-PrateLn 3 (ﬁ$§ %OQtQEPﬁng srokeaggrotease

activity that hel ps process the najorift viral “enzynes dis thus
consid edréggéﬁ?ﬁaforoprvcﬁaslngpbfchepenlamd Cnfeetisvity. The HCV NS3

rine pr sential for_vir replication_since the substitutions
2? ;he gatgﬁﬁ??gbg??gd regﬂ+¥ed—%ﬁ Igi '%6%3t#9?§y (L1R98h] rpanzees [A. A
Kol ykhal ov et Thé HCV"NBpﬁibteSnCBVKNS§)eB@ﬁQ&Qn§“§Y§E£hﬁeaCt'V't'es and

erved RNA elenents.in the 3 ' nontranslated region are essential for
3??35 repl PEATFORT %CB?VbﬁY ghat\hebps, prgcepqBhoOsajoriTyecti the 181

ami no aci dei oh1 NS3{hes| s 319231:1&30308&ﬂé‘%&:&gé?ﬁ\?#é’frEt £ Qi hpve peen

shown to contain the serine protease domain o process f our
downstlPear¥ 8Pt E3abior hendiGin ot ypy bt gi nNTHE. HCVNNG? aérine"plepeéasé s C Vi rus

equi rement s_and Processing
E?ﬁe??ggne,£w£%§%é$%§i gggnélrgle%%ag go?lﬁéﬁﬁT Nene HOV NS3 serine

pr ot ease aﬂ@b$t$tw53@méaiEdtN@f@@ﬁ&Eytf&M$r1£@|ﬁ@s&i@@§$§ntﬁ§s¥'5§| non-
StruCturallnfect1v1ty in chimpanzees [A:A. Kolykhalov et al.,
“Hepatitis C virus-encoded enzymatic activities and
- 15 conserved RNA elements in the 3' nontranslated region are
essential for virus replication in vivo”, J. Virol., 74:
2046-2051] . The first 181 amino acids of NS3 (residues
1027-1207 of the viral polyprotein) have been shown to
contain the serine protease domain of NS3 that processes
.20 all four downsgream sites of the HCV polyprotein [C. Lin
et al., “Hepatitis C Virus NS3 Serine Proteinase: Trans-
Cleavage Requirements and Processing Kinetics”, J.
Virol., 68, pp. 8147-8157 (1994)].
The HCV NS3 serine protease and its associated
25 cofactor, NS4A, helps process the viral non-structural
protein region into individual non;structural proteins,
including all of the viral enzymes. This processing
appears to be analogous to that carried out by the human
immunodeficiency virus aspartyl protease, which is also
30 involved in processing of viral proteins. HIV protease
inhibitors, which inhibit wviral protein processing are
potent antiviral agents in man, indicating that

interrupting this stage of the viral life cycle results



protein region into individual non- structural proteins, including all of
the viral enzynes. This processing appears to be anal ogous to that carried
out by t heohuesmssissmunodefi ci ency virus aspartyl proteager/vsheshiiie: al so

i nvol ved in processing of viral proteins. HV protease inhibitors, which
inhibit viral protein processing are potent antiviral agents in man,

i ndi cat i ni? ttHerIipeerieptin@Eehiee ARt 9f tFrnNseauentlyelyt$ @ esul tsin
t her apeut J i e it is an attractive target for
drug disd%%%%%gtgg%é¥§T§%€?%%¥f%?ﬂ%éﬁﬂgg%%%ggé i nhi bitors have been
described in tdeverabrpatdént RLOT ROV praett ¢ @ame NoshibIWWD» DR/ U836 DeddD 02/ 08244,
WO 00/09%?8, %%é%%/095 3, WO 99/64442, \\O 99£07733, VWO 99/ 07734, WO

99/ 50230, IS5 630, TR B8 3% 678" ant WE97H HSRIH " UPT ed' St at es Pat ent
5,9905276p2 Mg3dd | NRS-B poeiagl Wb oo/ Bb908 9. wdkelo /6bem, Lgpt. , 8 , pp.
1713-18 (1998); W. Han et al ., Bioorg. Med. Chem Lett. , 10, 711-13
(2000); P9/ SAsdo@tOA 0778} ooNQ. MW7 7TherWO L22{502380, WPp. 1571-79
(2000); i has-Bru I o) ) L 10, pp. '
2267- 70 ?%%‘t%@g’ndﬁ% Qf}l_%ﬁ%%taen%tﬁglﬁf%%%\%g‘r g&;@g%(.i Fares Lott 10,

pp. 2271-F4t2009)$50,216) M noLl kmaswBhowey et Wakt heRidbegse Medpounds woul d
have t he %E ropriate profiles_to be a cegtable drugs. Furthernore, nost, if
not all di;gﬂesgyﬂhhiH?td?%'mk7%3ﬁ}%c Yt el i ngeRhet g otype 1 (la or Ib)
NS3- 44 Seéié@r%?%@@.secﬁémt heet @l geto, HOWEVES, (3686 F; ake BuNddbgty of

a

genotypes O ,_an variety of subtypes within each genotype. For
exanpl e, @t PkesePioP¥dij L e BPe PPevER7IntPhER@YO N/ t hr ough

ePio9¥g | Megoviphehat Leter
11) main genofypes Of FKV. @l 1hough; oL her subave-glassiiigd thg genotypes as

6 main

pPp. 2267-70 (2000); and S. LaPlante et al., Bioorg. Med. "

Chem. Lett., 10, pp. 2271-74 (2000).]. It is not known

15 however whether these compounds would have the
appropriate profiles to be acceptable drugs.
Furthermore, most, if not all of these inhibitors were
discovered using the genotype 1 (la or 1b) NS3-4A serine
protease as the target. However, there are a variety of

20 genotypes of HCV, and a variety of subtypes within each
genotype. For example, at present it is known that there
are eleven (numbered 1 through 11) main genotypes of HCV,
although others have classified the genotypes as 6 main
genotypes. Each of these genotypes is further subdivided:

25 into subtypes (la -1lc; 2a-2¢; 3a-3b; 4a-4e; 5a; 6a; 7a-
7b; 8a-8b; 9a; 1l0a; and 1l1la).



genot ype
-lc; 2a-

S.
2C;

4e; b5a; 6a; 7a- 7b; 8a-8b; 9a; 10a; and Il a)

Each of these genotypes is further subdivided into subtypes (la
3a- 3b; 4a-

. The

pr eval encwoabodidzesssubt ypes varies globally as fol |l ows : pEmarscasngsbl

scientif

ic belief is t

hat HCV genotype or subtype may determine the

responsi veness of the patient to therapy. Wile it has been noted that
there i s Bhem@revalé¢nre bef viclen sWetvieegs ccavicgenbebaltvnpsexity of the HCV
and the p@éiﬁg&és response to interferon therapy the reason for this

correlation T3% ‘unhcl ear.

| t

is generally accepted that genotype 2 HCV and

genot ypel Ba HCV vi r us- i nfFetined meatilgntis NesReNGrd Seute Mnedriala ;t her agpy to a
different degree than fhose patient infected with genotype 1 HCV. Thus,
while a jnumber of HCV proMEREe ith@usitiéld shave been desi gned/ di scover ed
agai nst gEpotype I HOV LS Estiy 15 BordoEdndehiter these Tnhihitors
wi Il effectively inhibilt ?he ﬁ%b ﬁ§§-4A ser?%e pr ot easesfrom ot her
genot ypejs2asuch as for | exatplcongemnigemetIpdCZ damd Jgerot wiel ThHOW
Ther ef ore—the—currenttunderstanding—ot—HCV/ has—not—ted—to—any—satigfactory
anti - HOM ents or treﬁ?ﬁﬁﬁt§9mﬂﬂg'éﬁ??t€§Fé@IPghéﬁ;Fﬁ§¥§$§' "Hev | di sease
i's combijpation treat mentg QfJeegyl ated interferon plus ribavirin. However,
interferons have significant side effects [M A . Waker et al
"Hepatitf3cC Virus: An|®psitvicommein QenodnypeA@pricadiess eand adogr ess, | DDT
4 , pp. pB18-29 (1999); . @%gad yr.et al ., "Current and Evol ving
Ther api es for Hepatitis;@au't |ﬁglg%?03§astroenterol. Hepatol ., 11, pp.
1199-120P341999); H . LHidAly Jarss@ergt ial AustOdlcizderdsseaitai ed With Alf
a-Interf| eron Therapy fior Chronic Viral Hepatitis," J Hepatol . -, |21,
pp.. 241243 Asia
4a Highly prevalent in Egypt
4c |Highly prevalent in Central Africa
5a Highly prevalent in South Africa
6a Restricted to Hong Kong, Macau and Vietnam
7a & 7b Common in Thailand
8a, 8b & 8c Prevalent in Vietnam
10a and 1l1la Found in Indonesia
The current scientific belief is that HCV genotype or
5 subtype may determine the responsiveness of the patient
to therapy. While it has been noted that there is a
correlation between the degree of genomic cdmplexity of
the HCV and the patient’s response to interferon therapy
the reason for this correlation is unclear. It is
10 generally accepted that genotype 2 HCV and genotype 3 HCV
virus-infected patients respond to conventional therapy
to a different degree than those patient infected with
genotype 1 HCV. Thus, while a number of HCV protease
inhibitors have been designed/discovered against genotype
15 1 HCV protease, it is not clear whether these inhibitors

will effectively inhibit the HCV NS3-4A serine proteases



(1994); P .F . Renault et al ., "Side Effects of Alpha Interferon,™
Semnars in Liver Disease , 9, pp. 273-277 . (1989) ] and induce long term
rem ssi onwono@nisyssa fraction (~ 25% of cases [0. Wil ardy/usbosessier on
Therapy in Chronic Hepatitis C Virus étnfection" , FEMS Mcrobiol . Rev. ,

14, pp. 279-288 (1994)] . In addition, this conbination treatnent has
roughly 8@@@@u@th@ﬁe@ev©¥ﬁpe$es%@ﬂbeaﬁSﬁ@& ¢xpmphei ganstynpeedt BAVwi th
genot ype n 50% SVR in genotype 1 HCV- infected patients [J.
G. MHtT %én%;fpg g ﬁQKI Engl. J . Med., 339: 1485- 1492 (1998); G .L

Davi s et aI Thedkefofagl thd cuﬁbdnt Bﬁ&erééaﬁdiﬁggoflﬁeﬁ)has Moteover, the
prospects_f ti -HCV vaccines remain uncertain. Thus, there is

effective ag
a need fo}eﬁnF% RRY cBRFLR %ﬂ??r¥K§the?9¥|%genbﬁrPFCEF%?FVeEBﬁpounds t hat

i nhi bigf HﬁveN§§19r9§@§§§1s§g&htﬁ9ﬁ9§yné§rnﬁ&vb&géséel i8s antiviral agents,

particularly as anti-HCV agents. There is also a need for conmpounds that

i nhi bi t veehbisagepnt ypestoent hef HXvggeatad pnbeeégéOSLMMRY OF THE

| NVENTI T esent e tlon needs. rovi.di ng a net hod
for inhfﬁ% gﬁﬁgéeﬁot Héﬂ%vg l%ﬁ%?£g§g§§ ?ﬁsﬁkﬁég%pQV§l % t he present
inventioneéﬁenﬁblImeSAthwlakgkgée as. supﬂép@tltmsotheirpsotRase i nhibitors

at specifically inhibitin enot ype and genot ype-3 HCV it is
contenpla?%ﬁrY¥%Y BFh%?rﬁgﬂge%8P§%%Cﬁe§K%ngeﬁﬁ?95%§SaiSB_an 4pePP-

benefjicci abl y-bohibbbed, by 238 OJ@eetn¥§nt'@@uﬁkéﬁtr§h§t§§0191ng
conpositions that conprise the V& 0 and the use thereof. Such

conp05|t|Bh@rﬂﬁye%efggeﬂepétptest€ethana§+v@aaévbééger©l
Hepatol., 11, pp. 1199-1202 (1999); H. L. A. Janssen et

al. “Suicide Associated with Alfa-Interferon Therapy for

Chronic Viral Hepatitis,” J. Hepatol., 21, pp..241-243

15 (1994); P.F. Renault et al., “Side Effects of Alpha

Interferon,” Seminars in Liver Disease, 9, pp. 273-277.

(1989)] and induce long term remission in only a fraction
(~ 25%) of cases [0. Weiland, “Interferon Therapy in

Chronic Hepatitis C Virus Infection” , FEMS Microbiol.

20 Rev., 14, pp. 279-288 (1994)]. In addition, this
_combination treatment has roughly 80% sustained viral
response (SVR) for patients infected with genotype 2 or 3
HCV and 40-50% SVR in genotype 1 HCV-infected patients
[J.G. McHutchison, et al., N. Engl. J. Med., 339: 1485-

25 1492 (1998); G.L. Davis et al., N. Engl. J. Med., 339:
1493-1499 (1998)]. Moreover, the prospects for effective
anti-HCV vaccines remain uncertain.

Thus, there is a need for more effective anti-HCV
therapies, particularly compounds that inhibit HCV NS3

30 protease. Such compounds may be useful as antiviral
agents, particularly as anti-HCV agents. There is also a
need for compounds that inhibit various genotypes of the

HCV serine protease.



be inserted into a patient, to treat biological sanples, such as bl ood,
prior to admnistration to a patient, and for direct admnistration to a
patient .wbno@ashusgase the conposition will be used to ipglmiuskéosioEdio1
replication and to | essen the risk of7or the severity of HCV infection.

BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 The alignnment of am no acid
sequence of el even genot ypdMVARY NS e INMERFHN¥ase domains Fig. 2 . The

consensus aninﬂh%ﬁggegggt$ﬁ§$§ﬁéig§ g@ﬂgggggsoghggggﬁgggSZ NS3 serine

pr ot ease domai n I gnnen am no acl d sequence of siXx
genot ype BréAANSS semetieodpr Hbeateh doiaims . gEngt yde Theandnsensus am no aci d

and nucl eoti de sequence of genotype 3a NS3 serine protease domain Fig. 5 .
The al | oAt Gre ThePCOneLrE et fo- P ILS oie R aF Galhv GRhET D pe. or

subgerot yogedydl i  Des 28ha€byx 365 @Nds 39 HEA A1 BER, DESKEY FIHEPE ke THE | NVENTI ON

The present invention provides nethods for inhibiting genotype-2 and
genot ype- Bnipiloieaxe, aki sheelbi onklvrinkyet htrg byerehyRet 2 ngndhe genot ype- 2

or genotype- t Wi - v j titive, reversible
peptidoniﬁ%??%gﬁééfﬁi pfo%gagglgg $%%$%?@§§t%ﬁ%@s§§§§§ é%%te bi ndi ng
const ant g&ndypé Bnil{anenotypes Kl sofmdy nby pavrO2£048B69] . VX- 950 may

be prepared in. general by nethods known to those skilled in the art (see,
e.g., v{)bg?E%%%@§ bY\¥%9880 A conpound of this invention may contain one or

nor e 1gsymret r i eh&af REEn 8L OB 888 FOUSE 8BYL OCEHhpoaSt { 8RENBHES
comprise the VX-950 and the use thereof. Such
compositions may be used to pre-treat invasive devices to
be inserted into a patient, to treat ‘biological samples,
such as blood, prior to administration to a patient, and
15 for direct administration to a patient. . In each case . the
composition will be used to inhibit HCV replication and -

to lessen the risk of or the severity of HCV infection.

BRIEF DESCRIPTION OF THE DRAWINGS

20 Fig. 1 The alignment of amino acid sequence of
eleven genotype 2 HCV NS3 serine protease domains
Fig. 2. The consensus amino acid and nucleotide
sequence of genotype 2a NS3 serine protease domain
Fig. 3. The alignment of amino acid sequence of six
25 genotype 3 HCV NS3 serine protease domains.
Fig. 4 The consensus amino acid and nucleotide
sequence of genotype 3a NS3 serine protease domain
Fig. 5. The alignment of the consensus amino acid
sequence of each genotype 6r subgenotype la, 1lb, 2a, 2b,

30. 3a and 3b.



and racem c m xtures, single enantioners, diastereoneric mxtures and

i ndi vidual diastereoners . Al such isoneric forns of these conpounds are
expr essl| ywonoeéaudesdsi n t he present invention. Each stereegeniscossasfion may be
of the Ror S configuration. For exanple, in certain enbodi nents, conpounds
used may be m xtures of the D- and L -isoners at the N - propyl-side chain
as depicted in the DBIFP@MHGDESEE&P[N@NSDFUEHEr NEENTAEON agents generat ed
through ratio drug. desi h onpound of
Structure A actie SR TG SBvaBtRth Tt SRR R ot i vity as
protease il i gembefes abl ynd tgensoypoundsrotesdé s enveati on have the
structure and stereochem stry depicted in conpounds in_VX-950. Anot her
embodi nerflere t P st%‘ﬁ/térh??o}ﬂyp?%'f%l‘é%l%gc’b%o%‘??‘?'bﬁp%o?rp?¥5| ng VX-950 or a

pharn%ceu%éﬁ§%g%éa§c§§g@gg§éS@ight@@rggé According to a preferred

enbodi ne is present in an anount effective to decrease the vira
| oad in a sanpV®-9%0i hs aa pedieat it wher erevens tbVé rpspehdodeseiseri ne

pr ot ease for the viral life cycI ada harnac utically
acceptabl%§ é@g ¥bt??s%h%p%%%%5? AT RcTEPTADI & %?tbln *a7 conpound of
this invesdhorant e(ki+) i ged3nm t@@aewﬁﬂmn@sxil@ﬂsa tmpsewsalts are

pr ef er abl %gerl ved from inorganic or organi ¢ acids and. bases. | ncl uded
anong suc 18283 t s W e hem3 vl POVPTP2ER@t B eICRBT Pht BY ‘a‘Fb}i“ﬁ fe,

aspaniat e HEAZOA Enobengenel 4l {Anahe, abE subiat €e ?UtYW@te citrate,
canphor ate, canphor sul fonate, cycl opentanepropi onaie

02/18369) .

VX-950

A compound of this invention may contain one or more
15 asymmetric carbon atoms and thus may occur ‘as racemates
and racemic mixtures, single enantiomers, diastereomeric
mixtures and individual diastereomers. All such isomeric
forms of these compounds are expressly included in the
present invention. Each stereogenic carbon may be of the
20 R or S configuration.
For example, in certain embodiments, compounds
used may be mixtures of the D- and L-isomers at the N-

propyl-side chain as depicted in the following structure:



di gl uconat e, dodecyl sulf ate, ethanesulfonate, fumarate, gl ucoheptanoate,
gl ycerophosphat e, hem sul f at e, hept anoat e, hexanoate, hydrochl ori de,

hydr obr onmvdepodnselssei odi de, 2- hydr oxyet hanesul f onat e, | aetatms005mbaat e,

met hanesul f onat e, 2-napht hal enesul fonate, nicotinate, oxal ate, panpate,
pecti nate, persulfate, 3-phenyl -propionate, picrate, pival ate, propionate,
succinate, tartrate, thiocyanate, tosy and undecanoate . Base salts

i ncl ude anmonium salts, alkali netal salts such as sodi um and pot assi um
salts, alkal{ne earth netal salt aS'baIC|un1and magnesi um sal ts,
salts wther i ¢ bases, gych
N- et hyl - D- gl ugam ne, and l'ts i nine, |ysine,
and so fongy. t\ijg basic ni i be quat erni zed
wi th such a | o al Ryjg hahy ropyl, and
butyl chloride, nlde& and i odi deg; di osuch a dlnethyl

di et hyl, di butyl sul f at es, ai halldes such as decyl,

| auryl, myristyl chl orides, brom degs and iodides, aral kyl
hal i des, such as benzyl phenet hyl brom des land others. Water or oi
-sol ubl e or dispersib oducts are thereby obtained. The conpounds

utilized in the conpositions and nethods of this invention may al so be
nodi fi ed by appending appropriate functionalities to enhance sel ective
bi ol ogi cal properties. Such nodi f iStEHGtEEeAare known in the art and include
t hose which increase biological penetration into a given biological system
(e.g., blevder|yaphusi gengseend terovah nekienalsgsugnyiesigereasedor al

avai'ab"éFg.,'ﬁﬁfﬁéée §O£HQ'éb&goﬁﬁda$£0§£ructure A as a starting -

5 compound may be tested for their activity as protease
inhibitors.

Preferably, the compounds of this invention have the
structure and stereochemistry depicted in compounds in
VX-950.

10 Another embodiment of this invention provides a
composition comprising VX-950 or a pharmaceutically
acceptable salt thereof. According to a preferred
embodiment, VX-950 is present in an amount effective to
decrease the viral load in- a sample or in a patient,

15 wherein said virus encodes a serine protease necessary
for the viral life cycle, and a pharmaceutically
acceptable carrier.

If pharmaceutically acceptable salts of a compound
of this invention are utilized in these compositions,

20 those salts are preferably derived from inorganic or
organic acids and bases. Included among such acid salts
are the following: acetate, adipate, alginate, aspartate,
benzoate, benzene sulfonate, bisulfate, butyrate,
citrate, camphorate, camphor sulfonate, cyclopentane-

25 propionate, digluconate, dodecylsulfate, ethanesulfonate,

fumarate, glucoheptanoate, glycerophosphate, hemisulfate,



adm nistration by injection, alter netabolismand alter rate of excretion.
Phar maceutically acceptable carriers that nay be used in these conpositions
i ncl ude, wotwewmsy4set |inited to, ion exchangers, aluni nacTalseeisnssm1
stearate, lecithin,serumproteins, sumh as human serum al bum n, buffer
subst ances such as phosphates, glycine, sorbic acid, potassium sorbate,
partial ghspearndaten xhexesoatesahydneedl oegdeabhedrabromadeds, water, salts

or electrgl yt h as ] f | sodi dr osphat e,
pot ase! unkFyEr bodhiE nodohan B R i a L P g RO BN RS PSR
silica, nagoeshasulfosatécatenapbthaiayéspyfonbtdoneicoeihatese-based
subst ances, pol yet hyl ene gl ycol, sodiun1car$g%§nethylcelIulose,

pol yacryl 3¥@52tGaxR3MORbey ePRGF LR2F Pol HBRFP Pene-bl ock pol yners,

pol yetshyl ensnghyeobr8p9oMReL, f BlcrafeCOopiA8at 8, apPhei shaed, enbodi ment, the
conpositions of this Tnvention are fornulated for pharmaceuti cal
adm ni st rau¢onabea hanhuhtepr ehepabhpabehuraaybaraganduch phar naceuti cal

conpositions of the present Ln ti 1) Ni d ,
parenteraf?é?c 9g?ﬁﬁala #58n §%¥§§,£§§%g§§|?@ngg%ﬁa§%§ggha§%?%g¥ buccal |y,
vagi nal | ymétaVi 8adtsj nphant ed sedtumoand pbeatstiom” palent eaakdlaseused

herei n i ncl udes subcut aneous, intravenous, intranuscular, infra-articular ,

i nt ra- synBeF &l Wefﬂ}rﬁéfé?naﬁu?hiﬂ?rﬁ?%%&ﬁw,?PﬂtWéﬁBEﬁ%P@,S? tPal esi onal
and unfragaﬁega%itHJsggaQBCOBaggéusgeahtgghaheye§0h§&§igﬁ§ﬁéy, the

conpositions are adm nistered orally or intravenously.
salts, N-methyl-D-glucamine, and salts with amino acids
such as arginine, lysine, and so forth.

Also, the basic nitrogen-containing groups may be
quaternized with such agents as lower alkyl halides, such

15 as methyl, ethyl, propyl,‘and butyl chloride, bromides
and iodides; dialkyl éulfates, such as dimethyl, diethyl,
dibutyl and diamyl sulfates, long chain halides such as
decyl, lauryl, myristyl and stearyl chlorides, bromides
and iodides, aralkyl halides, such as benzyl and

20 phenethyl bromides and others. ﬁater or oil-soluble or -
dispersible products are thereby obtained.

The compounds utilized in the compositions and
methods of this invention may also be modified by
appending appropriate functionalities to enhance

25 selective biological properties. Such modifications are
known in the art and include those which increase
biological penetration into a given biological system
(e.g., blood, lymphatic system, central nervous system),
increase oral availability, increase solubility to allow

30 administration by injection, alter metabolism and alter
rate of excretion.

Pharmaceutically acceptable carriers that may be
used in these compositions include, but are not limited

to, ion exchangers, alumina, aluminum stearate, lecithin,



Sterile injectable fornms of the conpositions of this invention may be
aqueous or ol eagi nous suspensi on. These suspensions nmay be fornul ated
accor di ngwbeodsashssques known in the art using suitabl epdirapessiosgopr
wetting agents and suspendi ng agents.11The sterile injectable preparation
may al so be a sterile injectable solution or suspension in a non-toxic
par ent er ad¢yurBdEEPtabhe dilcems drusyl veaerun f akberkmpl leubBer sol ution in

L 3 but angdl 6o NG, he, ao5ERLAM ey Nl e, and, solyeni s, ghat rmy be

enpl oyed are water 10N a sot ohi ¢ sodi um chl ori de

sol uti on.pdtassiid | @srbster i pert {aXegl pidside entonwesns iohal | y enpl oyed as a
sol vent or suspendi ng Wﬁg%unl For thigagurpose, aqg bl and fixed oil nmay be
enpl oyed FHMTAIHY St tRtle by aFidf: g¥eri BRLIESFKX¥ty acids, such as

ol ei c saci ¢h andr-dipe gb ycshbea depiypdhyes snecasef Whissathg preparation of
injectables, as are natural pharmaceutically-acceptable oils, such as olive
oi | or casydrogen rhegelkite] yporashiinm pplyesgetplydspeateersbdiisn These oil

sol utions suspensj ons al ontaj n g- i | cohol diluent or
di.sper san?ﬁ?f%lfjlc%epasz%%?b%@n%t h?/‘i(’)l%% %%jf ossgl%%oQSi '%%?S%inﬁper si ng agents
whi ch ar et €psDit 3t ¢ls esolyvimel fyrodhidone pf cphbilasetbasadl y accept abl e
dosage formnms including enul sions and suspensions. Qher comonly used

sur f act arﬁ‘_ét??t's%‘ﬁe%s 9‘9\13%‘?1%},‘3_’]5%%?159%%‘60]0{ hePAEWDI sifying agents or
bi oavigi | abl i dy-RONRPLEL 51 Wb &8, ?@}ﬁgawﬂwey;se@ak@s; he manufacture of

pharmaceutical |y acceptable solid, IT1quid, or other dosage forns may al so
be used frrlysehpleposeslybxypropy benenbl@oksagel yoerss of bet ween about

0.01 and 5g5§gtﬁ§géﬂgQéfgcgfdgn&e&ggi Pg{.day, pref erably between about 0.5

According to a preferred embodiment, the

compositions of this invention are formulated for
15 ‘pharmaceutical administration to a mammal, preferably a .
human being. |

Such pharmaceutical compositions of the present
invention may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally, buccally,

20 vaginally or via an implanted reservoir. The term
“parenteral”. as used herein includes subcutaneous,
intravenous, intramuscular, intra-articular,
intra-synovial, intrasternal, intrathecal, intrahepatic,.
intralesional and intracranial injection or infusion

25 techniques. Preferably, the compositions are
administered orally or intravenously.

Sterile injectable forms of the compositions of this
invention may be aqueous or oleaginous suspension. These
suspensions may be formulated according to techniques

30 known in the art using suitable dispersing or wetting
agents and suspending agents. The sterile injectable
preparation may also be a sterile injectable solution or
suspension in a non-toxic parenterally acceptable diluent

or solvent, for example as a solution in 1,3-butanediol.



and about 75 ng/ kg body wei ght per day of the protease inhibitor conpounds
descri bed herein are useful in a nonotherapy for the prevention and

t r eat mrentwof2o@nizbaggr al , particularly anti-HCV nedi ated ecsass@s/o3spically,

t he pharnmaceutical conpositions of thi2zs invention will be adm nistered from
about 1 to about 5 tines per day or alternatively, as a continuous

i nfusi on.At&rdh Wi aneantahlon einl desisaed asobverdriikatorngic e t her apy.

The amount_of .active i i ent t : ined with. th i er

mat eri al ser?pgloﬁfe o%uaclge awr%eﬁ‘& gf&oflo%%%es ?%%%%%F%@yls epcgelbnll n%oﬁg%[ﬁl t he host
treat ed astiltdei garddoud ssn noden cidddk on St Dhe, Af 1ygd cad 1 prapar ati on
wll contain from about 5%to a(gout 95% active conpound_(ww . Preferably,

such p_rerﬁﬁ%‘fefrbtrf_sor&)]rﬂt%i?{“ﬂl_r% b'i‘)'iutazﬁ)%‘f%n%b%jts 5%t 9e conpound. As 5
recogsi zegh by,pki l#ed Mf&t;s&f;%%,_s,a&fm Of 1 k& ecBIfilrr%‘yalB@ typically

measured in U (e.g., about" 4 mllion1U to about 12 mllion IU) . Wen the

conposi t i onslefed nrcluddard | sy idonpt¢ seore covbi datdbycefidoe. 950 and one or
nore additional_10.therapeutic . pro I iC t h t he compound
ﬁ(ﬁ%X(ﬁﬁﬂd HEUL %#%}g agﬂy %ﬁa 1%%g§g%§?r99

and the a Sa’geshlf shoul e’ presen t evel's of between

about 10 der % vendrdnesefel errabtye betewens aboutod0inPe B8O DESsE he dosage
normal |y adm ni stered in a nonot herapy. regi nen. 1 The pharnaceuti cal

5.
conposi t i DL BHFEF VR TERC TR Bl bY 23 FGeRHE st et Rd FRCR3Soral Iy

accepipabl &) gdasage for rincdtding, dutedpiriymiethdpy capsules, tablets,
aqueous suspensions or solutions. In the case of tablets for oral use,

carri er s phlyoxyet phrved ywepetond. | rEhese ¢bttoskuhengodh starch.

LUbrlcatlgggg'qgféns'may also contain a long-chain alcohol diluent .-

or dispersant, such as carboxymethyl cellulose or similar
dispersing agents which are commonly used in the

15 formulation-.of pharmaceutically acceptable dosage forms
including emulsions and suspensions. Other commonly used
surfactants, such as Tweens, Spans and other emulsifying
agents or bioavailability enhancers which are commonly
used in the manufacture of pharmaceutically acceptable

20. solid, liquid, or other dosage forms may also be used for
the purposes of formulation. . o N

Dosage levels of between about 0.01 and about 100

mg/kg body weight per day, preferably between about 0.5
and about 75 mg/kg body weight per day of the protease

25 inhibitor compounds described herein are useful in a
monotherapy for the prevention and treatment of
antiviral, particularly anti-HCV mediated disease.
Typically, the pharmaceutical compositions of this
invention will be administered from about 1 to about 5

30 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 upon the host treated and



such as magnesium stearate, are also typically added. For oral
admnistration in a capsule form wuseful diluents include |actose and dried
cor nst ar olwo 2WwBvmgueous suspensi ons are required for oralr/uss®sober acti ve
25 ingredient is conmbined with enmul sifByi ng and suspendi ng agents. If
desired, certain sweetening, flavoring or coloring agents may also be

added. Alths mRaytitylax Heogmhfhwmdun e raoiposi tA digefak his i nvention may
be adui i . § R dmi i stration.
€ adm “;}?}be?aexdaﬂ{bﬁg%blf)%rpéaﬁg’ %90%519{{%3 J&rafgcg.g:} a5 adm ni stration

These ma prepared by m xing the agent w a sul € non- irritating

exci pi entasthivh ¢ansolndl Gt/w)oomRenperatly £ duth |prpparaticrst al

tenperature and t ere](‘jge Wll melt in the rectumto rel eas§ trkgsdrug.Such
tol’s?

mat er i al STHA WY TIRAPBU t21° HRARBKE AU 7 e hyTEREYt The

phar maceutd &&dn CAMPASY L4181 &f HUSe i WS FON dBYagd s Pe adm nistered
topically, especially when the target of treatnent includes areas or organs
readi | y adtessienen yre opiridakipl teasvmd imclWdieg di ss@es Hf the eye,

t he ski n, & 11%1? #@V\@(g éﬁé@?tj{%%iﬂg&g.lﬁui tabl e topical fornulations are
0

;
readi |y prepared Tor eacC ese dreas or organs . Topical application
for the | ower Wwhdresthenatompeet t itays bef efliect Advemt o exdabr Segpp@si t ory
formul ati on (see ,above% \({)}é in a suitable enema formul ati.on.

a

Topi cal | YRR et PRI © e A0 Pe TREY. 2 ¥ E1Ypital applications,
the phar n|cerd ol 1 € QPSS IS By begdo Sl vdiedl die acSibd @kt €addh Nt ment

contai ning the active conponent suspended or dissolved in one or nore
carri er s.tiGaradditsignrl tagprtal should be present at dosage levels

of between about 10 to 100%, and more preferably between
about. 10 to 80% of the dosage normally administered in a
monotherapy regimen.

15. The pharmaceutical compositions of this invention
may be orally administered in any orally acceptable
dosage form including, but not limited to, capsules,
tablets, aqueous suspensions or solutions. In the case
of tablets for oral use, carriers that are commonly used

20 include lactose and .corn starch. Lubricating agents,
such as magnesium stearate, are also typically added.
For oral administration in a capsule form, useful
diluents include lactose and dried cornstarch. When
agueous suspensions are required for oral use, the active

25 ingredient is combined with emulsifying and suspending
agents. If desired, certain sweetening, flavoring or
coloring agents may also be added.

Alternatively, the pharmaceutical compositions of
this invention may be administered in the form of

30 suppositories for rectal administration. These may be
prepared by mixing the agent with a suitable
non-irritating excipient which is solid -at room
temperature but liquid at rectal temperature and

therefore will melt in the rectum to release the drug.



adm ni stration of the conpounds of this invention include, but are not
limted to, mneral oil, liquid petrolatum white petrolatum propylene

gl ycol , pwbyoosysdisgl ene, pol yoxypropyl ene conpound, enulpgirfuseevg/os@mxl and
water. Alternatively, the pharmaceutimal conpositions may be formulated in
a suitable |otion or creamcontaining the active conponents suspended or
di ssol vecPyeh graterigds el iphiidmceete DUt eecdppeadrax cardiers. Suitable

carriers | gqqgl, limted to, mneral oil, sorbitan
rmnostear%%@ p %/%%%b%ftﬁgc%%'cetyl esters wax, cetearyl al cohol,

2- oct yl dodecaritte , pretaadewt aEb| campb st Bons Fof dphs hahvext Use, t he

phar maceuti cal_ conpositions na e for ted as mcroni zed suspensions in
i sot oni ¢,™PH afo?%g%da‘i‘?ﬁﬁtee%%q?ﬁ%?l%%if%r et abt ,ﬂé_s"ﬁé%ll"u#? ns in

i sot oBi ¢, t Phead] dist e sttt e sl hdes £hdderom dhgbls WeiddoLy a -

preservative such as benzyl al konium chloride, Alternatively, for ophthalmc
uses, theagtegsekthy di orbrpbARD bisa e bel ok wid 2y cdisea2®s o?ht nent such

as petrol éér’ge%érhetkpg% eutl ckﬁj‘%rci)&p i 11008 jhis lLpvention may al so

be adm ni ster by ‘nasal aeroso I nhalatron.” Such conpositions are

pr epar ed scitoxloll enge doi ¢l hifvpueka wisbihs kanoavreéadi e prépatfegphforaceuti cal
formul ati on and be prepared as solutions in saline, enploying benzyl
al cohol o?a%tfr%#n@%/ﬁ§% ’ée%? eSerVH7NRs, absorption pronoters to enhance

bi oavai | abi | i tyop{dADr HGST ROANS: or@NEB T £ 188 hEswELNVENE s ONRh1 Sotakbi | 1 zi ng or
di spersing agents . Mst preferred are pharnmaceutical conpositions
f or mul at €Y dre orbfeqled nistd gf¢eml suppository formulation (see

above) or in a suitable enema formulation.
Topically-transdermal patches may also be used.
For topical applications, the pharmaceutical

15 compositions may be formulated in a suitable ointment
containing the active component suspended or dissolved in
one or more carriers. . Carriers for topical
administration of the compounds of this invention
include, but are not limited to, mineral oil, liquid

20 petrolatum, white petrolatum, propylene glycol,
polyoxyethylene, polyoxypropylene compound, emulsifying
wax and Water. Alternatively, the pharmaceutical
compositions may be formulated in a suitable lotion or
cream containing the active components suspended or

25 dissolved in one or more pharmaceutically acceptable
carriers. Suitable carriers include, but are not limited
to, mineral oil, sorbitan monostearate, polysorbate 60,
cetyl esters wax, cetearyl alcohol, 2-octyldodecanol,
benzyl alcohol and water.

30 For ophthalmic use, the pharmaceutical compositions
may be formulated as micronized suspensions in isotonic,
pH adjusted sterile saline, or, preferably, as solutions
in isotonic, pH adjusted sterile saline, either with our

without a preservative such as benzylalkonium chloride.



I n anot her enbodi nent, the conpositions of this invention additionally
conprise another ant i-viral agent, preferably an anti-HCV agent. Such
anti-vi r avoagenssasgncl ude, but are not limted to, i muromdéoatossiyr agent s,
such as a-, b- , and g-interferons, pegylated derivatized interferon- a
conpounds, and thynosin; other ant i-viral agents, such as ribavirin,

amant adi el t exrmk it wudigre omitHea 1 iithi e or st plepanaeeut T3k ot eases

(NS2-NS3 inhibitors and N 3-2{543 inhi bitors).: inhibitor her targets
in the H& ’Tgfcfseltcly%rfse,m?%c U |%§'“¥£%%%sle1{ agn% %%ﬁéeégs%u%hé)%i tors;

i nhi bi t oretofoldad@inal ribosone entry; broad- spectrumviral inhibitors,
such as | MPDH i nhibitors (e.g.,. conpounds, of Unjted States Patent

5,807, 876, 6, /98 AR TTRGERNE EEL @OTRAS UTEONSNG o 77 bR 2B VA U381 40381, WO
00/ 56331, and, 1y s aphengli ¢ 6l sl desdyatd vessd Neseof nnaisk ige! udi ng, but
not lirmted to VX-497, VX-148, and/'or VX-944) ; or conbinations of any of
t he aboveSuSeecammsos Wionvhrdktarprepaned . acend M riobi teclnimeesi r al ‘
Chenot her a 44, p. . 859 000 nd U S Patent_ 6,5 496, VX- 497 The
fol | ow nd”ég%]f iR aa%e us"éztci PorRi TN A Cragic]efn%rr & a}te*%frlr?rh(zg to
product s masai bbb emsred ddisonppl deativnsslind j ngnsibdeIng "Regzynt ron”
means PEG Intron (r) , peginteferon alfa- 2b, available from Schering

Cor por at i D¥EOhi PR e T NM 1Bt ¢ e $REYRE 1 YRT orPR8P¥BE 1R nt er f er on

al fa3b ayaidabl s f onecdiard ng: Co¢Por A1 Pl Kepi h¥pbtfrbds, " i bavirin”

means ribavirin (1-beta-D-ribofuranosyl- I'H1, 2 ,4-triazole-3-carboxam de,
avai | abl earid /o | @Mhéhacomcenit ieat b, sohebil Cobna Mesdis@Arsdedcri bed in the
agents. ' ' ‘

Most preferred are pharmaceutical compositions
formulated for oral administration.
15 - In another embodiment, the compositions of this
invention additionally comprise another anti-viral agent,
preferably an anti-HCV agent. Such anti-viral agents

include, but are not limited to, immunomodulatory agents,
such as a-, PB-, and y-interferons, pegylated derivatized

20 interferon-oa compounds, and thymosin; other anti-viral
agents, such as ribavirin, amantadine, and telbivudine;
other inhibitors of heﬁatitis C proteases (NS2-NS3
inhibitors and NS3-NS4A inhibitors); inhibitors of other
targets in the HCV life cycle, including helicase and

25 polymerase inhibitors; inhibitors of internal ribosome
entry; broad-spectrum viral inhibitors, such as IMPDH
inhibitors (e.g., compounds of United States Patent
5,807,876, 6,498,178, 6,344,465, 6,054,472, WO 97/40028,
WO 98/40381, WO 00/56331, and mycophenolic acid and

30 derivatives thereof, and including, but not limited to
VX-497, VX-148, and/or VX-944); or combinations of any of

the above. See also W. Markland et al., Antimicrobial &

Antiviral Chemotherapy, 44, p. 859 (2000) and U.S. Patent

6,541,496.



Merck I ndex, entry 8365, Twelfth Edition; also available as Rebetol (r)
from Schering Corporation, Kenilworth, NJ, or as Copegus (r) from Hoffmann-
La Roche,wbubodmsysssNI; " Pagasys" neans Pegasys (r) , pegcmtusedosessanr al fa-2a
avai | abl e Hof f mann-La Roche, Nutl ey, MJ; "Roferon"” mean Roferon (r) ,
reconmbi nant interferon alfa-2a avail able from Hof f mann-La Roche, Nutl ey,

NJ; "Berefor" neans Beref}UB (r)H, imterferon jgfa vai |l abl e from

Boehri nger | ngel hei m PhaOqageut NcalN._Lag. ~Ri Nl & CT; Sumferon (r) ,
a purified blend of natura 'pha in stich as Sum feron avail abl e
from Sum tono, Japan ; QAeH ke (?r) nterferon al pha nl available from
A axo_Wel | cone LTd. eat Britain; AIf eron (r) , a mxture of natural

al pha interferons made by Interferon Sciences, and avail abl e from Purdue
Frederick Co., CT; The term "interf &Xom®97as used herei n neans a nmenber of a

famly of hlgh ous C|esseC|f|c teins. that. inhibit viral
replication ar?a%/eceqocfrﬁl 6?%? I}éﬁréell Lh esponse, such
as i nterf&rﬁbr@ﬂm,réf&ﬁrﬁ e1r) Q%@u@fs ifterfasen gamm. e Merck | ndex,
entry 5015, Twelfth Editi on According to one enbodi ment of the present

i nvenbi oriipnlwe?atrﬂtcm‘f%rfdrh@ #atflerf eron. According to another

enmbodi nent , a]fqg!!_t t utilizes
nat ur al al pha |JLT% ero C!nr&:'Za é%gaé%@%rﬁgerréargfuﬁ rﬁ)j?%%?oén of the present
i nvent i orehut idvaEsablad Ufsdm &8 qitear imd eCdgras 2ion | matno]tmerrtle,rrtmﬂ,i ment, the

t herapeutic conbination of the reserg
Intron" meang Intron-

interferon alfa-2b
available from Schering Corporation, Kenilworth, NJ;

i0 - . "ribavirin" means ribavirin (l-beta-D-ribofuranosyl-
1H-1,2,4-triazole-3-carboxamide, available from ICN
Pharmaceuticals, Inc., Costa Mesa, CA; described in the
Merck Index, entry 8365, Twelfth Edition; also available
as Rebetol® from Schering Corporation, Kenilworth, NJ, or

15 as Copegus® from Hoffmann-La Roche, Nutley, NJ;

"Pagasys" means Pegasys®, peginterferon alfa-2a
available Hoffmann-La Roche, Nutley, NJ;

"Roferon" mean Roferon®, recombinant interferon
alfa-2a available from Hoffmann-La Roche, Nutley, NJ;

20 "Berefor" means Berefor®, interferon alfa 2
availéble from Boehringer Ingelheim Pharmaceutical, Inc.,
Ridgefield, CT;

Sumiferon®, a purified blend of natural alpha
interferons such as Sumiferon available from Sumitomo,

25 Japan; _

Wellferon®, interferon alpha nl available from
Glaxo Wellcome LTd., Great Britain;

Alferon®, a mixture of natural alpha interferons
made by Interferon Sciences, and available from Purdue

30 Frederick Co., CT;



invention utilizes reconbinant al pha interferon 2a or 2b. In yet another
enbodi nent, the interferon is pegylated al pha interferon 2a or 2b.

| nt er f er owe 2806/d3d38e for the present invention include: pCajuskasnssion
(interferon-al pha 2B, Schering Plough)7 , (b) Peg-Intron, (c) Pegasys, (d)
Roferon, (e) Berofor, (f) Sumferon, (g) Wllferon, (h) consensus al pha
i nterferon avadihabiern romtarfaron'has wesbdisr P Kiears § inemwlgeron; ()

Virafero r) 4.k, 1 r [ S.r ize .skilled
practiti o%néer%,f%"(lp];%tcgag%% bkl}ci%orﬁv%%?sd %%é)%{f% eérl%%[%/ﬂ;%m ni stered
orally. Ipderdaionthest nathibyiy caldayl ackpnicdtered aidl dglliNever t hel ess,

nothing herein limts the t hods or conbinations of this invention to any
speci fi ¢ IS R § ir?%gudlﬁﬁfs,lw JOTRMETR  FUH @b nat i on

accor gi Ng; {0+ 1 Sorh YESHA ONi e - it 51 €521 SEPF SESh YgadRget her, or in
any conbi nation thereof. In one enbodi nent, the protease inhibitor and
i nt er f er dthearkeaali Tiderr eantyy seper atBvelosHyeEdorign. | n one enbodi nent,

oY 200 10nel a3 9T I R ol oalagle dosaoe formu i
i nvol ves inweanti srat i e of ntconpatsrdsi s tdel ispect éfen ant srafnegacd conpound
may be diﬂ%%%%@ ém£££¥%§ gFigiéhégg%gﬁéhéﬁcéﬁgikation of the

10 present invention utilizes natural alpha interferon 2a.

- Or, the therapeutic combination of the present invention
utilizes natural alpha interferon 2b. In another
embodiment, the therapeutic combination of the present
invention utilizes recombinant alpha interferon 2a or 2b.

15 In yet another embodiment, the interferon is pegylated
alpha interferon 2a or 2b. Interferons suitable for the
present invention include:

(a) Intron (interferon-alpha 2B, Schering Plough),
(b) Peg-Intron,
20 (c) Pegasys,
(d) Roferon,
(e) Berofor,
(£) Sumiferon,
(g) Wellferon,

25 (h) consensué alpha interferon available from Amgen,

Inc., Newbury Park, CA,
(i) Alferon;
(j) vViraferon®;
(k) Infergen®.

30 As is recognized by skilled practitioners, a
protease inhibitor would be preferably administered
orally. Interferon is not typically administered orally.

Nevertheless, nothing herein limits the methods or

combinations of this invention to any specific dosage



ot her conpound in the conbination. A s recognized by skilled practitioners,
dosages of interferon are typically neasured in IU (e.g., about 4 mllion

| U to abowd 28d/03bdsi on 1U) . Accordingly, agents (whethecTtasbtiosgsast an

i mmunonodul atory agent or otherw se) shat nmay be used in conbination with a
conpound of this invention include, but are not limted to, interf

er on- al pE@Bg [an regoime . SCHats ngea:qﬂm@mpon@éba@ﬁom %W@WIPI ough,

I nt ef ero r e pha (Reddy, K .R.
et al n‘%(?l cac3f3 atn(?‘%g]féetiym?mpggyl a e&% A(%HFE% éé) eron al pha-2a
conpar ed %;ﬁ&ra&ﬁ]@rfardgetaima -@a im arqnmdmﬂsmﬁamqnattMeom th chronic

hepatitis C ( atol og p. 433 438 (200 consensus interferon
(Kao, J .H., eﬂ’ne ‘Xbﬁq @ ]rf%l'élr}?Je'i% #Ht he Treat enent

of mgon!ﬁiﬂ?PPéféﬂ sare] ad%ét@f@&rﬂ{ sdioPAd ol dodRge PRormd18-1423
(2000), interf eron-al pha 2A (Roferon A ; 'Roche), |ynphoblastoid or

"nat ur al "onentemdetiorent ntapy: eidﬁliitmné\fb YN el s Radmipigtered"aENt au, A New

Interferan Typ w i h tiretrov Y " Bi rls) 47,
op. 555 0 Y 190) Y | AR AR A S i e Hifluioof Gt  ons
for the Managernedepdrdiepadodage GSridemaartshis i:n\v@rﬁtbeSEﬂS‘EQl\iQs pp.
103-112 (1999) ; Interleukin 6 (Davis etal . "Future tions for the

Managemerﬁ‘ PR 195 L GO‘%?HIP%E'S Fhe 1SRRFLIB Seunes ph.caA93- 112 -

(1999) | dotssheykhdy e (dBYdSde? -dn e Sdecifd g%%@n@téfﬂ@aé}?r the
Managerrent of Hepatitis C" Semnars in Liver D sease , pp. 103-112

(1999) ; Rihrwigdmpourrd mnmmmtmanc@twmm%rﬁm of type 1
hel per T gel1, LeSPONSE; { LV 5 elafages "SHU M G PLLONS L QT the

typically measured in IU. (e.g., about 4 million IU to
about 12 million IU).

15 Accordingly, agents (whether acting as an
immunomodulatory agent or otherwise) that may be used in
combination with a compound of this invention include,
but are not limited to, interferon-alph 2B (Intron A,
Schering Plough); Rebatron (Schering Plough, Inteferon-

20 alpha 2B + Ribavirin); pegylated interferon alpha (Reddy,
K.R. et al. "Efficacy and Safety of Pegylated (40-kd)
interferon alpha-2a compared with interferon alpha-2a in
noncirrhotic patients with chronic hepatitis C

(Hepatology, 33, pp. 433-438 (2001); consensus interferon

25 (Kao, J.H., et al., "Efficacy of Consensus Interferon in

the Treatement of Chronic Hepatitis" J. Gastroenterol.

Hepatol. 15, pp. 1418-1423 (2000), interferon-alpha 2A

(Roferon A; Roche), lymphoblastoid or "natural"

interferon; interferon tau (Clayette, P. et al., "IFN-
30 tau, A New Interferon Type I with Antiretroviral

activity" Pathol. Biol. (Paris) 47, pp. 553-559 (1999);

interleukin 2 (Davis, G.L. et al., "Future Options for

the Management of Hepatitis C." Seminars in Liver

Disease, 19, pp. 103-112 (1999); Interleukin 6 (Davis et



Managenent of Hepatitis C." Semnars in Liver Disease , 19, pp. 103-112
Interferons may aneliorate viral infections by exerting direct

anti vi r alwefbentssssand/ or by nodi fyi ng the i nmune respongeTtius2008fo8abi on. The
effects of interferons are wften nedi ated through inhibition of
viral penetration or uncoating, synthesis of viral RNA translation of
viral protlei nSfutdie rions HeEdit WManrperdiasel Keppbinbs ¢ hat

(1999)

anti viral

th t j i f ' I I .et al .,
Exper ) onciiinits ot T DI a8 o L I R PR b of novel

I nterferaomtiedumetst 12 . (Daxes f & dn. Gt okl ne 'RBsture XppjondS5E3)

but are n
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stimul ate
"Russi an

i ncl ude,

t limted to, double stranded, ,. alone or_in conbination with
1 MAPIFERA T (SRR B Taceut i%&@bﬁma L1

“ I mugonasiiai sy pad BHar iEEo] 08i ¢ S OPETHi1esy Of 14 M Ak BShpdundfm  Acad.

Der mat ol .

, pp. S6-11 (2000{ . @ her non- i munonodul atory or

i mrunonodutatt oFyhatees ourel sderes ] prnerfe O f it xembt nagleer Wit e bl conpound of

Uh's | Vel ondncl sl ng. Uy not Lt ethlorodlope. spggl 11ed 1 WO

erence (Sée, e.g., page 273,

02/ 18369,

s incor por ated herein

| i nes 9- 2Zarmagepage &ff 4Hepatnet ds t©. PagEn2YE;s | imeLider bl g€dases, | ncor por at ed

herein by reference in it

synt hesi st of Pt eb§ 270l |

entijret : ounds that_stinulate the
P Eoh < HhosrErmaes ey el fgrate WEealr on

Cyt okipne Reecion$Tby ARetchyde: rbit M€iNptal | SF &L & Oandpiblggt randed
RNA, alone or in conbination with tobranycin and | m qui mod (3M
Phar maceute@hf ging Ssheleinmyne vespopsel. tOekmigetions, Bee11 (2000)). Qther

Conpoundsaﬁggwyréf Q@fgbtgrofhfﬁtg?yepgﬁg’afgleften mediated
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through inhibition of wviral penetration or uncoating,
synthesis of viral RNA, translation of viral proteins,
and/or viral assembly and release.

Compounds that stimulate the synthesis of interferon
in cells (Tazulakhova, E.B.‘et al., "Russian Experience
in Screening, analysis, and Clinical Application of Novel

Interferon Inducers" J. Interferon Cytokine Res., 21 pp.

65-73) include, but are not limited to, double stranded
RNA, alone or in combination with tobramycin, and
Imiquimod (3M Pharmaceuticals; Sauder, D.N.
"Immunomodulatory and Pharmacologic Properties of

Imigquimod" J. Am. Acad. Dermatol., 43 pp. S6-11 (2000).

Other non-immunomodulatory or immunomodulatory
compounds may be used in combination with a compound of
this invention including, but not limited to, those
specified in WO 02/18369, which is incorporated herein by
reference (see, e.g., page 273, lines 9-22 and page 274,
line 4 to page 276, line 11, which is incorporated herein
by reference in its entirety).

Compounds that stimulate the synthesis of interferon
in cells (Tazulakhova et al., J. Interferon Cytokine Res.

21, 65-73)) include, but are not limited to, double



antiviral activity by virtue of non- imunonodul atory nechani sns incl ude,

but are

not limted to, Ribavirin (I CN Pharmaceuticals); inosine 5

' - nonophosphadesdaBydr ogenase i nhi bitors (VX-497 fornmul acproseecdessiber ei n)

amant adi

ne and ri mant adi ne (Younossi »t al ., In Semnars in Liver

19, 95-102 (1999 ) LY217896 (U.S. Patent 4,835, 168) (Col aci no, et
Ant i mi cr giran MNA & At tderidp osnblrmta@r;zml( To8amy @iy and

Hydr oxyi h a, 10aoct ahydr o-
phenant hPEenglhgi car b%l%hc 2@3% cﬂsﬁlé esfsa‘“ﬁie 6 ﬁwbz%rﬁox% 4a di net hyl - 9-
(4- met hyIDepmmafcaIZJ red - ydd4mino)260d) ), 2 , 3,4 ,4a, 9 , 10

, | Ca-oct ah dr o- phenan ne Icarb I|c aC| met h est er-hydrochl ori de,-
- (2-Chl & é%pfgf'i‘ 1'37[] %if?@ Eﬁ‘b ¥R - hyiat gp a*ﬁY% %\?ent: 6, 127, 422)

For gul

Goodnan
Edi ti on,

pp. 1191-ded2Fragehddee ired 85 enmes wxw'x hisswiuil a Abtevr nddd vel y,

Di sease

al

%ﬂ&ﬂﬁlre{ip%‘csnlﬁ% &Ht\eﬁrtﬁfe aghm {51 Frdfiind Qi1 4 e or egoi ng
nol ecul es are either taught in the references cited bel ow, or are

wel | - knovreghranirmarinalsnidl s dwsaake frpt eldamgied oy Ij?l@VHHer}'den

in

M S TR AR Rl T oS M o0s). cnapter 50,

conpound that, exhibits HCV antiyviral activity, has been identified,

phar mace RST& My RT3V S L PR R IR PRI Sh B t’er:?'ﬁ1 néd using

once a

a

t echRpquesed N r &5 n Wel Jeknoiked e the, Sddliegl ardospn, Mpigrgder exanple,
Benet et al ., in Goodman & G | man's The Phannaeol ogi cal Basis of

Ther apeut {&sS . NPaftentEdt 18, 14 difmlaging, et k., MGREFPPIal New York
t Th
T F endieriZly o0, RS RENER G pdisiel v, Thus

(1996),
appropri
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I ons range, and
Hydroxyimino-6-methoxy-1,4a-dimethyll,2,3,4,4a,9,10,10a-

octahydro-phenanthrene-1l-carboxylic acid methyl ester; 6-
Methoxy-1,4a dimethyl-9- (4-methyl-piperazin-1-ylimino) -
1,2,3,4,4a;9,10,10a-octahydro-phenanthrene-lcarboxylic
acid methyl ester-hydrochloride; 1-(2-Chloro-phenyl) -
(2,2-Biphenyl-ethyl) -urea (U.S. Patent 6,127,422).
Formulations, doses, and routes of administration for the
foregoing molecules are either taught in the references
cited below, or are well-known in the art as disclosed,
for example, in F.G. Hayden, in Goodman & Gilman's The
Pharmacological Basis of Therapeutics, Ninth Edition,
Hardman et al., Eds., McGraw-Hill, New York (1996),
Chapter 50, pp. 1191-1223, and the references cited
therein. Alternatively, once a compound that exhibits HCV
antiviral activity has been identified, a
pharmaceutically effective amount of that compound can be
determined using techniques that are well-known to the
skilled artisan. Note, for example, Benet et al., in
Goodman & Gilman's The Phannaeological Basis of
Therapeutics, Ninth Edition, Hardman et al., Eds.,
McGraw-Hill, New York (1996), Chapter 1, pp. 3-27, and

the references cited therein. Thus, the appropriate

osing tegi nens, of such

t he

1



a conpound can be easily determ ned by routine nethods. The drug
a cell or cells,
or to a hwmomnoguabisent, either in separate pharnmaceuti calrty/ aseaspsabl e

conbinations o f the present invention can be provided to

formul ati ons adm ni stered sinultaneously or sequentially,

f or mul at

i ons

contai ning nore than one therapeutic agent, or by an assortnment o f single
agent andammulias iormye rdogeriul anIshs . arRe g ing steg fnene, refutieh f

dmi ni st t d hi i f i -
o Compongtboldf et B8 FEE PR RANAD Al lndmedld

i mrununosthendBg Scdnitgiinatairohe &S ethd pidwentet hrodsniofod heapriesent
are currently available and i nclude: AA- 2G adamantyl am de di pepti de;
LR)%‘?FF:' AT i%cae?h é’h

adenosi nPTRGHALL FEfFont & Uy

ti ve anount

i nvention

t5S"Ribi ; adjuvants,

Vaxcek; AdjaX, i 208l Asphd sHdrma RS dderayecidwne al gal gl ucan, SRi;
al ganunul i n, Anutech;” Anginl'yc; anticellular factors, Yeda, Anticort,;
ant i gast rigrmyl &t gednisterad | gom danaersl B yer epgauert takkiti gen

formul ation, |

azarol e; a%/n-“ﬁl-%gi’ﬁ?sn %L‘%%Hﬁ% fiics iﬁ?t%{e}% a@géc]if 199?&9%3}”% s%

pidol

nt BL-001;

BL- 009; Bsonspsdmtssdaimait L GERlgIShgaddt; andfmal zipke adwnoki ne
inhibitors, 1COS; CW peptides, Cty o f Hope; CN 5888; cytokjne -releasing
agent, StEormERd ipwg aditRT Braws hde JE e 19t RAAMTIREL R 1T Yar b sodi um
ECA-1@- 142 H Srdg  c SRS OX Shs NAYEHR Ld 1S a i 1286 98¢ £ &G A4 08 ukCE- 24578;
FLT-3 ligand, |nmunex; FR-900483; FR-900494; FR-901235; FTS-Zn, -
G prot ei st Caveenentd udapci n; gl utauri ne; glycophosphopeptical ;

6“453?;Cﬁ§xia£6éw%ﬁhﬁé¥“é¥ other. immunomodulators and

GW 2;

immununostimulants that: can be used in the methods of the

present invention are currently available and include:

15 . AA-2G; adamantylamide dipeptide; adenosine deaminase,

Enzon adjuvant, Alliance; adjuvants, Ribi; adjuvants,

Vaxcel; Adjuvax; agelasphin-11; AIDS therapy, Chiron;

algal glucan, SRI; alganunulin, Anutech; Anginlyc;

anticellular factors, Yeda; Anticort; antigastrin-17

20 immunogen, Ap; .antigen delivery system, Vac; antigen

formulation, IDBC; antiGnRH immunogen, Aphton;

Antiherpin; Arbidol; azarole; Bay-g-8939; Bay-r-1005;

BCH-1393; Betafectin; Biostim; BL-001; BL-009;

Broncostat; Cantastim; CDRI-84-246; cefodizime; chemokine

25 1inhibitors, ICOS; CMV peptides, City of Hope; CN-5888;

cytokine-releasing agent, St; DHEAS, Paradigm; DISC TA-

HSV; JO7B} I01A; I01Z; ditiocarb sodium; ECA-10-142; ELS-

1; endotoxin, Novartis; FCE-20696; FCE-24089; FCE-24578;

FLT-3 ligand, Immunex; FR-900483; FR-900494; FR-901235;

30 FTS-Zn; G-proteins, Cadus; gludapcin; glutaurine;

glycophosphopeptical; GM-2; GM-53; GMDP; growth factor

vaccine, EntreM; H-BIG, NABI; H-CIG, NABI; HAB-439;

Helicobacter pylori vaccine; herpes-specific immune

factor; HIV therapy, United Biomed; HyperGAM+CF;

TmmuMax;



vaccine, EntreM HBIG NABI; HCG NABI; HAB-439; Helicobacter pylori
vacci ne; herpes-specific inmune factor; HV therapy, United Bioned,

Hy per GAMWEB;2006m03ud¥B X ; | mun BCG, i mmune t her apy, Connect ipeejuskemsussaopdul at or
, Evans; inmmnonodul ators, Novacell; 32nreg-1; inreg-2; |Indonune; inosine
pranobex; interferon, Dong-A (al pha2); interferon, Genentech (gamm) ;

i nt er f er cHIMWND\BEG i sinraipha)heyawer | Comectbve; Gameanenodywkatemt er | euki n- 15

i comar oy s R R 6 b3 T Rusa 6 )

LW 50020; 1iidmurihj onagsine NFadsivexat ivesy £ ddssick; Domd - A etdkepies i n, TN ;
met hyl furyl b%éﬁlrm actones; MMP;, mrinostim mxed bacterial vaccine, Tern,
MM precteron /HsReHE oD - (GRIMRE: Hilr TR YRYabut?de, vacsyn, -

mur amgl  dj dye derdvadayen - 1] atdhe PERS | thes defhvati ¥eRinyed opi d; - 563;
NACCS- 6; NH-765; NI SV, Proteus; NPT-16416; NT-002; PA- 485; PEFA-814;
pept i des, ISoieex; pepteriorpiliant 6 PlReysecareh tFon; IeNARckd PO ; PGV

derivativ I vay . Pha 0j ect . 1099 . 265, 1549; No. 1585;
No. 1607;g‘f\%ﬂ’%7%5{%5%1%%%02’%%%m%6#@9QN%‘%;?N(%{ 3088; No.
3111; No.LB3Z%H07 NoLT 3d6i792dNo; BB6800ND; 189B8; SNoon3909; M. 4089; No. 4188;
No. 4451; No, 4500; No. 4689; No. 4833; glgn 494: No. 5217; No. 530;

pi dot i mod?eht Yt LR T ddiepHhai Tk SR aBR p%‘%i%bhyl | ot oxi n, Conpharm
POL-309; Rotiy1 £:G1 100k yrd A& orYAEB SR P OYH: r RRb ¥t R0 ike Ol ysacchari de A

, protein A ,” Berlux Bioscience, PS34W; Pseudononas MAbs, Teijin;
Psomagl obpacterial reaoingy rbxmnl MMpyrifeprbheastRet ridgeh, -RReiropep; -

S&g?f; ﬁ%?ﬁ@%ﬁ;@uf%@él mdPA08: 1 80! 1 ¥ he s fRMURL LAy 1 RY: d950Pae RU 41821
: derivative; muramyl peptide derivatives myelopid; -563;
NACOS-6; NH-765; NISV, Proteus; NPT-16416; NT-002; PA-
15 - 485; PEFA-814; peptides, Scios; peptidoglycan, Pliva;
Perthon, Advanced Plant; PGM derivative, Pliva;
Pharmaprojects No. 1099; No. 1426; No. 1549; No. 1585;
No. 1607; No. 1710; No. 1779; No. 2002; No. 2060; No.
2795; No. 3088; No. 3111; No. 3345; No. 3467; No. 3668;

20 - No. 3998; No. 3999; No. 4089; No. 4188; No. 4451; No.
4500; No. 4689; No. 4833; No. 494; No. 5217; No. 530;
pidotimod; pimelautide; pinafide; PMD-589;
podophyllotoxin, Conpharm; POL-509; poly-ICLC; poly-ICLC,
Yamasa Shoyu; PolyA-PolyU; Polysaccharide A; protein A,

. 25 Berlux Bioscience; PS34W0; Pseudomonas MAbs, Teijin;
Psomaglobin; PTL-78419; Pyrexol; pyriferone; Retrogen;
Retropep; RG-003; Rhinostat; rifamaxil; RM-06; Rollin;
romurtide; RU-40555; RU-41821; Rubella antibodies, ResCo;
5-27649; SB-73; SDZ-280-636; SDZ-MRLS53; SK&F-107647;

30 SLO04; SLO5; SM-4333; Solutein; SRI-62-834; SRL-172; ST-
570; S8T-789; staphage lysate; Stimulon; suppressin; T-
150R1; T-LCEF; tabilautide; temurtide; Theradigm-HBV;
Theradigm-HBV; Theradigm-HSV; THF, Pharm & Upjohn; THF,

Yeda; thymalfasin; thymic hormone fractions; thymocartin;



S-27649; SB-73; SDZ-280-636; SDZ- MRL953; SK&F-107647 ; SLO04; SLO5; SM 4333;
Solutein; SRI-62-834; SRL-172; ST- 570; ST-789; staphage |ysate; Stinmulon;
suppr essiwp 2006/034438Rl ; T-LCEF; tabil autide; tenurtide; PaenadignsiiBy;

Ther adi gm HBV; Ther adi gm HSV; THF, Pharm Upj ohn; THF, Yeda,- thymalf asin, -
thym ¢ hornone fractions; thyrmcartl n, -t hynol yr aphot ropi n; thynopentin;

thympentnwwmonmJWM@WnPe‘m é@WmQHﬁnﬁ)lsfil refakegyesm 5 , Al pha;

t hynost i t hy.notr MY f tor, Vi ragen, -
tuftsin, r@m%; enlﬂr‘é?{l (Hf @%OS ]gnbs %]Ié ag+; COLSF+; COW;
DA- A+; Gﬁﬂiﬂ;‘mosﬁﬂ:ﬂfirdﬂlr@ ﬂlﬂﬂnot:fﬁianﬂ FTM-B'—232:- AQR+118 F-Biandfels+; | F-G 1B+,

|L-24; 1L 12+ IL-15+ | Mo LHRH . LIPOORFL LYM Bt: LYM NKH LYM T+ OPI+;
PEP+:  PHEMEOT RALZAGEN: SuiginTiEelayqs ypenkgex; BT\

Repr egentﬁ@dﬁ nuel £0si@e) Bl Nuedh et L dec@eppasds, usgket- i nehe present
i nvention include , but are not linited to: (+) -cis-5-fluoro-1- [2-
(hydroxy THret HA}/H’alZ([L F+; o&%’clhfolbﬁ’rAS%] Htsi neE=G{+)IE L - deoxy- 3

-thlocy in p 3T i s-.b: - 2
(hydroxy JhyQS 5% I ]glﬂ' oxa+t"n|hﬁ11‘ é C#PjH I%)Rsllgne ?#ﬁélﬂ OJ';%%_}{HB 1,
di deoxy- L yMmink-acytyMime; [GP)+; smq, ,PHG- 2; 'RMEOXYN2; 'SY-CW-;

quoro bet a- D- ar abi nof uranosyl ) - 5- |odocyt03| ne (FIAC) ; 1 - (2 '-deoxy 2
Lo uoro -Béra- B ardhi Hof u¥RbsyWY - - 5- i odocytosi ne triphosphate (FI'ACTP); 1

- (24 rdsentdd ML %m@o&@é abh nof Wk POOSYhE cénﬁ@&ﬁ@é Lﬁ@@f&l (FMAY)

1- beta D-I’I of ur anosyl - | , 4-triazole-3 -carboxamde; 2 ', 3 -di deoxy 3
-f1 uor o- Bln@nﬁy@re@@xbcwvﬁmwmmb@&t) bufZ"ar@ no@llil—:@(‘ye@ to: -

gm (rjl(r)OS?r?et hy degggfép él}l ne F%d%@%@%gﬁrﬁet&@l di Elleg;(gegx'y-?l uor o- 5-
. - oxathiolan -5yl]cytosine; (- -2 - -deoxy-3'-thiocytidine- -
© 5'-triphospbate (3TC); (-) 4cis—5—fluoro:l—[2(hydroxy—

15 methyl) -[I, 3-oxathiolan-5-yl]lcytosine (FTC); (-) 2',
3', dideoxy-3'-thiacytidine[(-)-SddC]; 1- (2'-deoxy-2'-
fluoro-beta-D-arabinofuranosyl) -5-iodocytosine (FIAC) ;
1- (2'-deoxy-2'-fluoro-beta-D-arabinofuranosyl) -5-
iodocytosine triphosphate (FIACTP); 1- (2'-deoxy-2'-

20 fluoro-beta-D-arabinofuranosyl) -5-methyluracil (FMAU) ;
1-beta-D-ribofuranosyl-1, 2, 4-triazole-3-carboxamide;
2', 3'-dideoxy-3'-fluoro-5-methyl-dexocytidine (FddMeCyt)
; 2', 3'-dideoxy-3'-chloro-5-methyl-dexocytidine
(ClddMeCyt) ; 2', 3'-dideoxy-3'-amino-5-methyl-

25 dexocytidine (AddMeCyt) ; 2', 3'-dideoxy-3'-fluoro-5-
methyl-cytidine (FddMeCyt); 2', 3'-dideoxy-3'-chloro-5-
methyl-cytidine (ClddMeCyt); 2', 3'-dideoxy-3'-amino-5-
methyl-cytidine (AddMeCyt); 2', 3'-dideoxy-3'-
fluorothymidine (FddThd); 2', 3'-dideoxy-beta-L-5-

30 fluorocytidine (beta-L-FddC) 2', 3'-dideoxy-beta-L-5-
thiacytidine; 2', 3'-dideoxy-beta-L-5-cytidine (beta-L-
ddc); 9- (1, 3-dihydroxy-2-propoxymethyl) guanine; 2'-
deoxy-3'-thia-5-fluorocytosine; 3'-amino-5-methyl-

dexocytidine (AddMeCyt) ;2-amino-1, 9-[ (2-hydroxymethyl-



nmet hyl -cytidine (FddMeCyt) ; 2 ', 3 '-dideoxy-3 -chloro-5- nethyl
(A ddMeCyt); 2 '., 3 '-dideoxy-3 '-am no-5- nethyl-cytidine (AddMeCyt);
3 ' - di deoxp-2806/0394s8uor ot hym di ne (FddThd)
fluorocytidine (beta-L-FddC) 2 1, 3 'di deoxy- bet a-L-5-

' -di deoxy-beta-L-5-cytidine (beta-LddC) ; 9 - (1,
3-di hydr dxy- Qlyrﬂiwpmmtﬂftyﬁyl )etglmmln@ietziylld@hp@int&ﬁcaﬂ-es f

| uorocyto

; 2', 3 '-di degrysh@sasiiob-
t hi acyti di ne;

-cytidine

2",

- [ (2-hy Iagliyr?elt%vﬁr% %y@r%%%q% 1}/111 i%@t equjy'\ﬁ purlznagi g(r)lel

(gancycl @gdpandid -d:[aZ:et(aZ:-e’:m(lﬂman}dﬂmﬂzlm 9y)2 -eetrﬂanc) 1,1,9-#ihyptepandi |
di acetate (fanticlovir) dro-_9 - [{ -hydr y-
met hy! | mfpﬁ%ﬁyd@%eet(w& d‘%ﬁtrl')Y“SfH R%l%ﬁrrcwy

et hoxy)

et hyl

- but

-1-yl } guanipe @ﬁfgg&gﬁ'@ﬂﬂmxﬁmﬁﬁw%ym hydnexydret hyl -but -1-yl) -

6- deoxy- guani ne

. 3 '"-chl
(2- phosp
' -di deox

acycl.ovi raddstyphesphaie (GAMP); ;3 /Daardacysinacd/ 1 ~deapgiiadiass ne (GG

@reowS-aietvhiyt )- ,deﬁeocvhfmdr@(yeijdmngyme@yl but-1-yI) -
%e-matho et %/i e6 2 cni]o ri g
ostgEY lne( lapcn sap%ong/q r"nlsctlhoxyelt vi) aaaeszT noe Y PMVEA)

di deoxy-cytidine, - di deo cytosi ne (ddC). ; di deoxye%uanl ne (ddG)

di deoxy- i HeQdl ) 2 ‘Blhc(@hcﬁ?yc;nﬂ‘\‘ﬁttm’ﬁyet?y Xyt i di ne
tri p*ﬂespflﬁtaﬁurfégiﬁfﬂ?é 323" oS T BRSO ALC S _ ‘ - (2 ' -deoxy-2
'-flUoro-1- beta-D-arabi nofuranosyl) -5-1odo-uracil (FlAU) ; stavudi ne

9- bet a- Dmmmmeymmrlaﬁf—r&rmn WEﬁ))nohmm]@‘(Wa A -
9- bet a- D
(Ara- AI\/P)

and 2 ',

K:1g alg'll nof ur%e(mo(éyéw?gapur bGOcayncll 025 ecz?‘ygohoscpshé}1 e monohydr at e

J%oxy guanlne

JRioroeyt T
(thXBCHiH%bxyEﬂyﬁﬂdmhe, dldeoxy cytosine (ddC) ;

-~ dideoxy-guanine (ddG) ; dideoxy-inosine- (ddl) ; E-5- (2-
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20

25

30

bromovinyl) -2'-deoxyuridine triphosphate;  fluoro-
arabinofuranosyl-iodouracil; 1- (2'-deoxy-2'-fluoro-1-
beta-D-arabinofuranosyl) -5-iodo-uracil (FIAU) ;
stavudine; 9—beta—D—arabinofuranosyl—9H—purine—6—amine
monohydrate (Ara-A) ; 9-beta-D-arabinofuranosyl-9H-
purine-6-amine-5'-monophosphate monohydrate (Ara-AMP); 2-
deoxy-3'-thia-5-fluorocytidine; 2', 3'-dideoxy-guanine;
and 2', 3'-dideoxy-guanosine.

Synthetic methods for the preparation of nucleosides and
nucleotides useful in the present invention are well
known in the art as disclosed in Acta Biochim Pol., 43,
25-36 (1996); Swed. Nucleosides Nucleotides 15, 361-378
(1996); Synthesis 12,1465-1479 (1995); Carbohyd. Chem.
27, 242-276 (1995); Chena Nucleosides Nucleotides 3, 421-
535 (1994); Ann. Reports in-Med. Chena, Academic Press;
and Exp. Opin. Invest. Drugs 4, 95-115 (1995). '

The chemical reactions described in the references cited
above are generally disclosed in terms of their broadest
application to the preparation of the coﬁpounds of this

invention. Occasionally, the reactions may mnot be

tate“(fanciclovir),; 3 do- 3" - deoxyt hym di ne ( AZT)

2I1

3

9



Synthetic nethods for the preparati on of nucl eosi des and nucl eoti des usef ul
in the present invention are well known in the art as disclosed in Acta

Bi ochi m Reb.2p0cA394885- 36 (1996) ; Swed . Nucl eosi des Nuclpewtusd@s/oifigr 361- 378
(1996); Synthesis 12,1465-1479 (1995)25 Car bohyd. Chem 27, 242-276 (1995);
Chena Nucl eosi des Nucl eotides 3 , 421- 535 (1994); Ann. Reports in Med.
Chena, AcwiehiciFresss dErrBEded G reaghveaiooumdigbnaluded - Wwitd1yn 995) . The

nena, AcadEhic REEY X ;
(i sol osed 19 Titne 4 Shimatdd AT HaRE B P I on o1 The

conmpoundstedf which ittvientooourOocEsl dmal teadihe reasdnonsd nay tiodse
beappl i cahl e as_described to each conpound i ncluded within the scope of
conpoundsShit S @dsHY Het At - THe %olnp%%}as%%?%mjc %hi's"occurs will be

readi by recoan #ed v those,skidd e 1y dder dfted | By abdnvaicty Sases, either

the reactions can be successfully perforned by conventional nodifications
known t o ndrbisfel eadi idrel krowmhetarthoge gskibledppr opre adkt prot®ct il of

interferin ou by ¢ i e j ti,on ts, by
routine n%‘gﬁ)%%%f? on %?Oésegac ?Ignégolnd%ef%%%s#@ﬁ%% il%é?é%ér&g?ﬁ%r
react i onstdi sicd segt hes et sheentol dres W seagamventbpnedutithdé be applicabl e to.

the preparation of the correspondin onpounds of this. jnvention. In all
prepar at i VATt PRI £+ L8271 '?fgrfcilrl{%”ésar%n noWh btkG e |y preparabl e

fromlgnoviy 1ed Ard D16 T &1 d b 81 o | 18 PUICh 8981 Sendnal §gs are general ly
enpl oyed as antiviral agents as is, nucleotides (nucleoside phosphates)
somet i mescPrent bRl cohvkrhedrpl b ko sieeshe rooerRyat ot af | fhate their

Lransport_ across, ¢8| ko BRI ANSEs AP EXANPLS,&f: Aoghem cal |y modified

nucl eoti dé
preparative methods, all starting materials are known or

readily preparable from known starting materials.

15 While nucleoside analogs are generally employed as
antiviral agents as is, nucleotides (nucleoside -
phosphates) sometimes have to be converted to nucleosides
in order to facilitate their transport across cell
membranes. An example of a chemically modified nucleotide

20 . capable of entering cells is S-1-3-hydroxy-2-

- phosphonylmethoxypropyl cytosine (HPMPC, Gilead
Sciences). Nucleoside and nucleotide compounds used in
this invention that are acids can form salts. Examples
include salts with alkali metals or alkaline earth

25 metalg, such as sodium, potassium, calcium, or magnesium,
or with organic bases or basic quaternary ammonium salts.

This invention may also involve administering a
cytochrome P450 monooxygenase inhibitor. CYP inhibitors
may be useful in increasing liver concentrations and/or

30 increasing blood levels of compounds that are inhibited
by CYP.

If an embodiment of this invention involves a CYP
inhibitor, any CYP inhibitor that improves the

pharmacokinetics of the relevant NS3/4A protease may be



capable of entering cells is S-I-3-hydroxy-2- phosphonyl net hoxypr opyl
cytosine (HPMPC, G | ead Sciences) . Nucl eoside and nucl eoti de conpounds
used i n tWbedemseus8i on that are acids can formsalts. Epamplsessiopaabude
salts with alkali metals or alkaline marth netals, such as sodi um
potassium cal cium or magnesium or with organic bases or basic quaternary
anmoni umszed sin Bhinetirnvdmi dhimyl riresd dgwvol Vel GV R t el H teo%s/t ochr onme
P450 nonogQxyge | nhl b| to i.bi tof b f creasing .
liver conceéln]g]r&a i ONS- &t gt nlg:ﬁgads%wn tcfo’l ?W‘@P Wgc%irﬁ)ioyuzlnédés}) t hat a?e

i nhi bi t eckdyoddthzdTe ,artmmmchdmﬁycm tdvimse i ke gy iz wol ves a CYP
i nhibitor, any CYP inhibitor that_ inproves, the pharmacokinetics of the
rel evant R3O Ht e SPTREP HRARKRY i e i WY ofEXIF3 5Nt i on. These

CYP i ghi bfiﬁ&éftfiéld%lé&ﬁa%fe n%m\;&té[ﬁ:ﬂqéo fThd.anamid, (WO 94/14436)
ket oconazol e eandonycin, 4 -methyl pyrazole, cyclosporin,

cl onet hi arfazodimet i shrmeyalinacorakiotayisf ) u@@hﬁmﬂ‘elrm conazol e,

fl uvoxam ne, fl uoxetl nef azodone, sertr I ine, 1 i_ndi naV| r, nelfinavir,
anpr enavi®" Mo osaol g?/?al’mp 3 %Ylnré’\/l raqlf T navi r O%lerfaaw r’d| ne,

erythr ony&elavm_ﬂéé @wth%ré;%.nﬂ\ﬂtewe,d &P vmgmousmmm
ritonavir, ketoconazol e, troleandonycin, 4-nmethyl pyrazole, cyclosporin,

and ‘¢l onet ¥R aeh bl xS p%‘éq]é%ci%drh‘%%%‘él?orﬁt%‘forﬂ%%%%m r, see United

Stat g% Patabife b B3y 4 ARCLEE sdkbbers) nandhi ted States
Patent 5,484, 801, nlted St ates App icati on /40 690, and International

Appl-i cat | ohemanth 952 0696 Bond m@@vmmdgsagmm ¢6rrm@mrrmg the
ability Ogeéiéﬁfg)é”gkates Patent 6,037, 157, and the documents

cited therein: United States Patent 5,484,801, United
States Application.-08/402,690, and International
15 - Applications WO 95/07696 and WO 95/09614) .
Methods for measuring the ability of a compound to
inhibit cytochrome P50 monooxygenase activity are known

(see US 6,037,157 and Yun, et al. Drug Metabolism &

Disposition, vol. 21, pp. 403-407 (1993).

20 Various published U.S. Patent Applications provide
additional teachings of compounds and methods that could
be used in combination with VX-950 for the treatment of
hepatitis. It is contemplated that any such methods and
compositions may be used in combination with the methods

25 and compositions of the present invention. For brevity,
the disclosure the disclosures from those publications is
referred to be reference to the publication number but it
should be noted that the disclosure of the compounds in
particular is specifically incorporated herein by

30 reference. Exemplary such publications include U.S.
Patent Publication No. 20040058982; U.S. Patent
Publication No. 20050192212; U.S. Patent Publication No.
20050080005; U.S. Patent Publication No. 20050062522;
U.S. Patent Publication No. 20050020503; U.S. Patent



i nhibit cytochrone P50 nonooxygenase activity are known (see US 6, 037, 157
and Yun, et al . Drug Metabolism & Disposition , vol. 21, pp. 403-407

(1993). Vimoi2oas3pussl i shed U. S. Patent Applications provirde/umadeisiossanal

t eachi ngs of conpounds and nethods that could be used in conbination with
VX- 950 for the treatnent of hepatitis. It is contenplated that any such
met hods &b lciorgdoisin iNens A4 QR UKl ith TomatrY cﬁvlwltqﬁﬁllr@ M hods and

ComnoST U101 Pladdie, PreSented uan ol O B S L oddipy gy osure the

di scl osures’ From se publications is te erre e reference to the
publ i cat iwrs nLEraIﬁnd)muthcs&mdrd Nae, runce@bletmzshmmsmansme of the
conpounds_i.n particul ar 41oeC| ficall | ncor porat ed herein by_reference.

Exenpl ar yPURIGHEHuAT N § ozr'%0 Hecl LRFE 1U.5.5 PR PUbR i3 PNV -

2004085898754 44 7 £t aptg Ptﬂ%lﬂéa@élmfblhioca@ﬂﬂéq\iQZZzl@Mdbﬁvwrent
Publ i cati on No. 2005'0080005 U S. Patent Publication No. 20050062522 u. S.

Pat ent P%JSC&&MWUQMW 2 ® 4P e PulliTatParemNo. 20040229818;

U. S. Pat Publi.cati 00 817; . U..S tent. Publ.icati No.
200402243‘%&’13635t X RECM TR LR &%‘.Szo%aﬁrga%t’?fﬁgsﬂ.l Lo
Publ i cat imbj\@l8m()]ﬂﬂ§2@a&ér& ER&iEJ[‘IiatFlthrlliN@I 1 2000 3N 8 209%10110747; U S

Pat ent Publication No. 20040072788; U.S. Patent Publication No.
200400679915 - (R erpat R Bat iation 4803 Obbktadn 067 - FaEeWat ent

Publ i gat i NG 2 20030387 0l 2 44 457 1 S et Pubd d &3t | O Noe 2 203 ANES6895; UL S.
Pat ent Publication No. 20030181363; 'U.S. Patent Publication No.

2002014715104 09 &5 Phat éhtS PURA eyt |12ubJNmatzmmz52MOSQ19§2mx ent K
oo, e SO BEELZ Uy AL GAL g, 1y J0R0107102 1.

. .Publication No. 20050187165; U.S. Patent Publlcatlon No. SRR
200500459220.

15 Immunomodulators, immunostimulants ‘and other agents
useful in the combination therapy methods of the present
invention can be administered in amounts lower than those
conventional in the art. For example, interferon alpha is
typically administered to humans for the treatment of HCV

20 infections in an amount of from about 1 x 10° units/person
three times per week to about 10 x 10° units/person three
times per week (Simon et al., Hepatology 25: 445-448
.(1997)). In the methods and compositions of the present
invention, this dose can be in the range of from about 0.

25 1 x 10° units/person three times per week to about 7. 5 x
10° units/person three times per week; more preferably
from about 0. 5 x 10° units/person three times per week to
about 5 x 10° units/person three times per week; most
preferably from about 1 x 10° units/person three times per

30 week to about 3 x 10° units/person three times per week.

Due to the enhanced hepatitis C wvirus antiviral
effectiveness of immunomodulators, immunostimulants or
other anti-HCV agent in the presence of the HCV serine

protease inhibitors of the present invention, reduced



20050049220. | nmmunonodul ators, inmmunosti mul ants and ot her agents useful in
t he conbi nation therapy nethods of the present invention can be

adni ni st ewedoéem3suzeunt s | ower than those conventional i rctrhs2esio3sibor
exanple, interferon alpha is typicall2s adm nistered to humans for the
treatment of HCV infections in an amount of from about 1 x 106 units/person
three ti meyErs ek herabgmunanedulss Qi A TBEIeTn e € i GR35 Ber  week

(Si mon eteéﬁlslo&ec{"ﬁig?tﬁlé)gcyr&me% _'nfe”@né%ﬁqga%% )eorh ané{)&.gi&?é hods and

conpositi present 1nvention, t se in the range of
fr om aboworr emglat &d)heans irs/ pedisaiil dtinee duareso pere veadkariaedbout 7 . 5 x

106 units/ person three tinmes per. week; re preferably fromabout 0 . 5 x
106 uni t SRS T Hr 6 X1 Tt pef - YRele 1 SO % A6 iR S el Son ¢ hr ee
ti mesgperyieealer imstpried Liabiph fvamabot dha JA6sdidd séperson three tines
per week to about 3 x 106 units/person three tines per week. Due to the

enhanced epatdnedelatiorsisantt inmyneg s tefmekanten assdwted magiorod bt or s,
i mmunost i t r..0 i - nt. rese HCV ser.i ne
pr ot ease %ﬁi@o\?sseoéi}?%eﬂ&de%%% f}%@%}%ﬁ%&r‘% hf%@ﬁ%ﬁﬁ%ﬁ%& (k)ﬁfent hese

i Munono diHea tnasts o deTLES t o @t tsi e doentengl ayesdl hierd hre. t$watt ment et hods

and conpositions contenplated herein. Simlarly, due to the enhanced
hepatitisr@‘%ﬁer%sawr?'%r%ﬁn § ?q%?ﬂe%ersgot?yt MRS P HRF S i ne

prot egse dNMHAA101151 4 "o therps asanees of n | Iikderned ybad D&t and S
i mmunosti mul ants, reduced anounts of these HCV serine protease inhibitors
can be -enpragteaPing ttHemaRhodBh s capippstarord cott iy at & her ei n. Such

educes PR OapE el 8 AP OAIRLARY) SELGH 5 DR 111 ©
blot, dot-blot, or RT-PCR techniques, or by measurement :
of HCV surface or other antigens. Patients can be
15 similarly monitored during combination therapy employing
the HCV serine protease inhibitors disclosed herein and -
other compounds having anti-HCV activity, for example
nucleoside and/or nucleotide antiviral agents, to
determine the lowest effective doses of each when used in
20+ combination.
In the methods of combination therapy disclosed
herein, nucleoside or nucleotide antiviral compounds, or
mixtures thereof, can be administered to humans in an-
amount in the range of from about 0.1 mg/person/day to
25 about 500 mg/person/day; preferably from about 10
mg/person/day to about 300 mg/person/day; more preferably
from about 25 mg/person/day to about 200 mg/person/day;
even more preferably from about 50 mg/person/day to about
150 mg/person/day; and most preferably in the range of
30 from about 1 mg/person/day to about 50 mg/person/day.

Doses of compounds can be administered to a patient
in a single dose or in proportionate doses. In the latter

case, dosage unit compositions can contain such amounts



under goi ng therapy. This can be carried out by, for exanple, nonitoring HCV
RNA in patients 1 serumby slotblot, dot -blot, or RT-PCR techni ques, or by
measur enewd 20§6/03¢dssur f ace or ot her antigens. Patients eamuseosiossibar!y
noni t ored during conbination therapy ®npl oying the HCV serine protease

i nhi bitors disclosed herein and other conpounds having ant i-HCV activity,
for exanpble stikmedsipkeandioredficieotake wWntihg rdaibHged®se - to deternmine the

| owest ef j when j i i O he, gret hods of
conbi nat i%ﬁﬁ%ﬁ%ggﬁ%gﬁg%ﬁg&ﬁer el n&%ﬁcjflg%]g%)gd%é g‘?ﬂ%ug te%)?iée antiviral
conpoundsdose shoild eshideveodes teed Bey adm st eoe dotosdiliveg | than anount
in the ragrge of fromabout 0 .1 ng/person/day to about 500 ng/ person/day;

pr ef er abl§*¥9 om about 10 ngy/ person/day to about 300 ng/ person/day; nore

prefesabl y fromabardiwon Medper SO day 4 o200kt 200f F&f Deg SPRéHay; even
more preferably fromabout 50 ng/person/day to about 150 ny/person/day; and
nmost pr efEF@binEerr idre whlgetlod ¢ompeamdsitand ey perepes taior® about 50

o/ perso“él%’é‘@ré)soéﬁé PJW%%PQH”QS §£‘i‘e$’feé‘d£% ”%é%?—f&é’né& ﬁigﬁtée“t ina
si ngl e dose in proporiionate dosés. In the Tafiter case, dosage unit
conposi t i vasieay «bnf &t tosslc hi mebudi 5@f tiseibaad | | e Bsght hesenf doetrake -up the
daily dose. Miltjple doses per day can al so increase the tota ai |y dose
shoul d t rd HEeCéPe 3} etPH l'ffl‘én p%lrgs'bl?me pPREEF b nghe h%e\ﬁ‘?ﬁb’?YT‘Plt ‘?%%l meh for
treatigng fnpati 20, suhd efélﬁvgeféprra@nﬂ%wé@%ﬁ930mé£rhaégﬁo§9@@punds and/ or

conpositions of the present invention is selected in accordance with a
vari ety ofonscderatiome| sehgas hehagect el gt , eEekcady et |
pharmacokinetic, and toxicology profiles of the
particular compounds employed, and whether a drug
delivery syétem ig utilized. Administration of the drug
15 combinations disclosed herein should generally be
continued over a period of several weeks to several
months or years until virus titers reach acceptable
levels, indicating that infection has been controlled or
eradicated. Patients undergoing treatment with the drug
20 combinations disclosed herein can be routinely monitored
by measuring hepatitis viral RNA in patients' serum by
slot-blot, dot-blot, or RT-PCR techniques, or by
measurement of hepatitis C viral antigens, such as
surface antigens, in serum to determine the effectiveness
25 of therapy. Continuous analysis of the data obtained by
these methods permits modification of the treatment
regimen during therapy -so that optimal amounts of each
component in the combination are administered, and so
that the duration of treatment can be determined as well.
30 Thus, the treatment regimen/dosing schedule can be
rationally modified over the course of therapy so that
the lowest amounts of each of the antiviral compounds
used in combination which together exhibit satisfactory

anti-hepatitis C virus effectiveness are administered,



and nedi cal condition of the patient, the severity of the infection, the
route of adm nistration, pharmacol ogi cal considerations such as the

activi ty,wefbesmsesss phar macoki netic, and toxicol ogy profpciras2akosher

parti cul ar conmpounds enpl oyed, and wmet her a drug delivery systemis
utilized. Adm nistration of the drug conbinations disclosed herein should
gener al | a5 2onthaiuczdmielsErpeiopdobf sSuely el ivieeks ¢omReyedal 1font hs or

years unti j diters.reach C b I | bdj i i nfection
has been écéonr‘ﬁtﬂr%#le%ﬁ oifeé ecl‘éldl ca %g.&gia?i J.’e(%tis&){uﬁci‘a;sr g%g%&%%%%%ﬂg&w th the
drug conmsuatesntullgctosed ties eimfeamnidye. routinely nonitored by measuring
hepatitis virgl RNA in patjents' serumby slot-blot, dot-blot, or RT-PCR

t echni ques, or By PERESFEnERYS O L MR pRRFPTRETESS r HPe AneF gRhsthe LRV as

surfaee afdiOeNSproresSE UM Do ded£s NaNec I Bse&fhepdiNepessapiotper apy. .
Conti nuous anal ysis of the data obtained by these nethods permts

nmodi f i cat¢@rRoblat hens rebtrerite r o eeel aur ang $hetbpy sypeda®fopti nal

amounts o e i ormbi i r RS and so that
t he dur at%%ﬁ o&%%er@l%?rleﬁln% éc%%iggcﬁe%%;{rﬁl%}gn%g ﬁlé%%jp %ué,%‘?%étt r eat ment
regi men/ doGvV non Bedietibthe Tanpdei ¢rt s onBbT yexadp ¢ pdomw esr thereoncge of -
therapy so that the | owest anfj)unts of each of the antiviral  conpounds used

in conbi MEETUAS WAT RHEF S et MRIP BT Bi TR &P F sEaRt oty Gt iRepiePtis C Virus

ef f eqll VARESS: abke aGH1 Hb 54 €1.00e ARG 5195 t HAl 1 R b Sbh agb PIvaE 1 94sh antiviral
conpounds in conbination is continued only so long as is necessary to
successf Urdying eznt i ECY nd@lei Y bly / Thee ppesepre | pvent Rofr Bpteonpasses t he use

of the HRLRSSLNEs PROEEAT Sk O b 0L Se f BC, 0568 HgLELP hf yarious

interferons or interferon.derivatives having anti-HCV
activity and one. or more non-interferon compounds having

15 anti-HCV activity. When used in combination to treat or -
prevent HCV infection in a human patient, any of the
presently digsclosed HCV serine protease inhibitors and
foregoing compounds having anti-HCV activity can be
present in a pharmaceutically or anti-HCV effective

20 amount. By virtue of their additive or synergistic
effects, when used in the combinations described above, .
each can also be present in a subclinical
pharmaceutically effective or anti-HCV effective amount,
i.e., an amount that, if used alone, provides reduced

25 pharmaceutical effectiveness in completely inhibiting or
reducing the accumulation of HCV virions and/or reducing
or ameliorating conditions or symptoms associated with
HCV infection or pathogenesis in patients compared to
such HCV serine protease inhibitors and compounds having

30 anti-HCV activity when used in pharmaceutically effective
amounts. In addition, the present invention encompasses
the use of combinations of HCV serine proteaée inhibitors
and compounds having anti-HCV activity as described above

to treat or prevent HCV infections, where one or more of



conmbi nations with the foregoing and simlar types of conpounds having ant
i-HCV activity to treat or prevent HCV infections in patients. For exanple,
one or nowe 2bkex3ssei ne protease inhibitors can be used ipoTasp@sMaiibon Wit h:
one or nore interferons or interferomiderivatives having anti-HCV activity;
one or nore non- interferon conpounds having anti-HCV activity; or one or
mor e i nt ériiegonisnlorbl ey far crPeRkeUngs | Ve PFRSSMY Hntd - HCV activity and one

or nore - Interfe opou Vi ntj.- ct Vi When used in
conbi nat i%oorn&]fnt‘)a[%erue% éagl?lf pr e%éeygﬁ%{%?k%%ct%‘%{i%@aé%ﬂuén%%s)pati ent, any of
t he preseid (ard) setasatt HEY el ixid b seha i dsditor Ssa Bhyg- f or egoi ng
conpounds having anti-HCV activity can be present in a pharnaceutically or

ant i - HOV &t iR Aottt ~HyY \JEier bfe (HPYRGHRN tPWEPDrt Ly YT sti ¢
ef fects, e Haedyi Nedhier | nad ¢ s sleses | hedy ahove: n eaghe casr@l so be

present in a subclinical pharmaceutically effective or anti-HCV effective
anount , i"addiwivemmifect hadesifibgsedhe orenbineyieeteeedut evo

pharmaceutical effectiveness in npl etely inhibiting or_ reducing the
Beoum at 16 B TR e S8 TRt 5 g S el 17 a7 1 ELUBhdi f ons or
synpt ons #ss asumtefl thé he KA dRddcin DfepatdiDgeneslienén pati ents conpared
to such HCV serjne protease jnhibitors and conpounds, havi ng anti - HCV

activi ty SWRSFUSTA ¢ e bRt et e a1 i cthc ecAmRtrRS. et edddRt i on, the

presggt idWenidOnmSReP dhe use pfa corhl %&%’@_Pé FHhserine
protease i nhibitors and conmpounds havi'ng anti-HCV activity as descri bed
above to thaattlee gyevehttMO\Lifdectobrachnrgenbrelven lendft hese

i bi tor's, o GRUPOHRER SnBkESSa | Bas BRET FRESHEL ALy &1 fecti ve amount.
- maintenance dose of a compound, composition or ‘ *
. combination of this invention may be administered, if
15 necessary. Subseqguently, the dosage or frequency of
administration, or both, may be reduced, as a function of
the symptoms, to a level at which the improved condition
is retained when the symptoms have been alleviated to the
desired level, treatment should cease. Patients may,
20 however, require intermittent treatment on a long-term
basis upon any recurrence of disease symptoms.

It should also be understood that a specific dosage
and treatment regimen for any particular patient wili
depend upon a variety of factors, includihg the activity-

25 of the specific compound employed, the age, body weight,
general health, sex, diet, time of administration, rate
of excretion, drug combination, and the judgment of the
treating physician and the severity of the particular
disease being treated. The amount of active ingredients

30 will also depend upon the particular described compound
and the presence or absence and the nature of the
additional anti-viral agent in the composition.

According to another embodiment, the invention

provides a method for treating a patient infected with a



is (are) present in a subclinical pharmaceuticallyeffective or anti-HCV
effective anount (s) owing to their additive or synergistic effects. As
used her ewvo,206dus9488r m "addi ti ve effect” describes the ceugiiuseshsasfiect of
two (or nore) pharmaceutically actives2agents that is equal to the sum of
the effect of each agent given alone. A synergistic effect is one in which
t he conbivieghefdhagtagienigrd QY mre)raphlf mreist SR tPRREREht s i s

greater t O]Ei@g rgeali{glsgénet&‘f‘foe}f d Piffga%%[g% YN Along, Upon

i mprovenen s condition, a enance dose of "a compound,
conposi t iadmiati sogshimpti @nsafd th tsi emy entplonrmeye el @i stered, i f
necessary. Subsequently, the dosage or frequency of adninistyation, or
bot h, naf%’eeﬁteagﬂlceecﬁo L FAR 1T o RYS tHE s, PEOF S at which-

the iBpraved andidd A i shiLtalRad ihertda SadmiO B by & ieani ald evi at ed
to the desired level, treatnent should cease. Patients may, however,
requi re isuigferineniren eatiBhtinfect iohg- t Tuaibdsieatupert amgy recurrence of

disease syqmpiolPe | o should &l sp. b undersioqd Lhal, a-specl i, dosage and
t reat nent réjgl nmen “f or” any particul ar  patient w drepen upon a variety of
factors, sewdnidiyngHdweeatt | Wdoye ghré ferspee) filoe qonposmd espd oyed, the age,
body weight, general health, sex, diet, tinme of admnistration, rate of
excr et i oMUBRPESHbi nati on, and the judgnent of the treating physician-and

the ggverity ofptdie PArdicdd arefbseanenbei itk theaisds dhecmpunt of active
ingredients will also depend upon the particular described conpound and the

presence orversiric addhict 1orahly wrenpf i shethriditep el 2@minisieninggent in
the COHDQ§$té§¥E patient an anti-viral agent preferably an anti- . -
HCV agent. Such anti-viral agents include, but are not .

limited to, immunomodulatory agents, such as o-, B-, and

~ 15 y-interferons, pegylated derivatized interferon-a
compounds, and thymosin; other anti-viral agents, such as
ribavirin and amantadine; other inhibitors of hepatitis C
proteases (NS2-NS3 inhibitors and NS3-NS4A inhibitors) ;
inhibitors of other targets in the HCV life cycle,

20 includihg helicase and polymerase inhibitors; inhibitors
of internal ribosome entry; broadfspectrum viral
inhibitors, such as IMPDH inhibitors (the IMPDH
inhibitors disclosed in United Stdtes Patent 5,807,876,
mycophenolic acid and derivatives thereof); or

25 combinations of any of the above.

Such additional agent may be administered to said
patient as part of a single dosage form comprising both a
compound of this invention and an additional anti-viral
agent. Alternatively the additional agent may be

30 administered separately from the compound of this
invention, as part of a multiple dosage form, wherein
said additional agent is administered prior to, together
with or following a composition comprising a compound of

this invention.



Accordi ng to anot her enbodi nent, the invention provides a nethod for
treating a patient infected wwth avirus characterized by a virally encoded
seri ne prwbeasm3vdsst i s necessary for the life cycle of pthmaisveoswssiby

adm nistering to said patient a pharmaceutically acceptable conposition of
this invention. Preferably, the nmethods of this invention are used to treat
a patient suffEri¥et faretzerH@EmbedmeenonthSuereserat eventdgn conpl et el y

er adi cat Y i i r . 1 he Ve i e e

ot of o1 bSO Chipat AL O pofer SEAEAST T oodod Lo Meealll e the
met hods ddntdnded nfent admi sl 14 ot | tyo cangpet Sent heompeps bhg adme ni st eri ng
to said patient_an anti-viral agent preferably an anti- HCV agent. Such

anti - vi r & SRyt CIHATGERI LR LA It (TP T PR Mo ofdiul at ory agent s,

such 8s 3shatnace @i Pt &EES5ONS] e PESHHSS £l SlerdymbEzefhdnjerferon- a
conpounds, and thynosin;” other ant i-viral agents, such as ribavirin and
amant adi neompRyre RNl $ orverit hepat | $ush Cirbrebsel FNSENS3e$ nhi bitors

and NS3- i hhi bi tor ;- 1.nh bi t e j HCV life
cycle, i ﬁ@dﬂnﬁ E‘é‘]ﬁt?ceg%ee %(%lghipgﬁ/%c?agé’ IOIIB’I{]II ?t%ﬁ%;éc?%?%lé#%?s of internal
ri bosone Eregnf bewed-as perdsmsm vip ateleths pi duissopsleti @ss | MPDH 1 nhibitors
(the I MPDH i nﬁi bitors discl ose&éi n United States Patent 5,807, 876,

mycophend?t RLATH L Pl r PRt T Ve (HeFHF )Suchrag B2Yi oh3VeF' any of the

aboveo Sugdnaddi 1hehal c@gENtpdBY D& a8V Ni st ek efhtAogakdgpatient as part of
a single dosage form conprising both a conpound of this invention and an
addi t i onatomprnents rbiergreht and\ eehemt fhielgs the keldinfeped dgeptanay be

patient such as saline, dextrose, etc.

According to another embodiment the invention

provides methods of treating materials that may

15 potentially come into contact with a virus characterized
by a virally encoded serine protease necessary for its
life cycle. This method comprises the step of contacting
said material with a compound according to the invention.
Such materials include, but are not limited to, surgical

20 instruments and garments (e.g. clothes, gloves, aprons,
gowns, masks, eyeglasses, footwear, etc.); 1aboratory
instruments and garments (e.g. clothes, gloves, aprons,
gowns, masks, eyeglasses, footwear, etc.); blood
collection apparatuses and materials; and invasive

25 devices, such as shunts, stents, etc.

In another embodiment, the compounds of this
invention may be used as laboratory tools to aid in the
isolation of a virally encoded serine protease. This
method comprises the steps of providing a compound of

30 this invention attached to a solid support; contacting
said solid support with a sample containing a viral
serine protease under conditions that cause said protease
to bind to said solid support; and eluting said serine

protease from said solid support. Preferably, the wviral



adm ni stered separately fromthe conpound of this invention, as part of a
mul tiple dosage form wherein said additional agent is adm nistered prior

t o, togetwerowiduser foll owing a conposition conprisingrarTasopsesdonf this
invention.ln yet another enbodi nent tdae present invention provides a nethod
of pre-treating a biological substance intended for adm nistration to a
pati ent cEpmsipRPtdRsstigelatied i ddrtishgnaddial bi oI M3 Nt ance with a
phar nace:#;tljocstaéghgl accept abl e conposition conprising a conpound o f this

i nvent i off." SUcH bi ol ogi cal substances include, but are not limted to,

bl ood and conmneitder hetaaoft i hi rase i Bsithe phaateel @ilSLy subpopul ati ons of

bl ood cells_and the like;_ argans such as kidney, |iver, heart,. - lung, etc;

sperm an&r&%ﬁs-t%e G riSe Lt b rGTRATE UHRerddt  EHd B her fluids to be
i nfused iditQns Patd et UGS SaltHigse d8HMORE St rHAcadi ng to anot her
enbodi ment the invention provides nethods of treating materials that may
pot ent i alpyrrwae dhtiol lomfizadtion tdnly vAndiaxshardcttey ibedcdystrugd al |y
encoded serine protease necessar or its life cycle. This nmethod conprises
the step o fllcr%%larg iatflhge ssaciocperracfé/ert{% W th t:alC(’:l?)rrpr%)u‘—’lnfl a“(':Ac%'r ding to the
invention. Such materials includeEXaMpi@® not limted to, surgical

instruments and garnents (e.g. clothes, gloves, aprons, masks,
r

owns, ,
eyegl asses, f oot AT SHaReR RV TRY e ERATEMRR S €. g.

cl ot hes, HPUESnAREUS, HAWMISre NRSKSint@URH BSS8 e fOOE RIS . €t C.);: bl.ood
coll ection apparatuses and nmaterials; and invasive devices, such as shunts,

stents, dthesa hmithelr entidw it ,wihle conpoighls @f thg soresent

disclosure, appreciate that many changes can be made in
the specific materials and methods which are disclosed
and still obtain a like or similar result without.:

15 departing from the spirit and scope of the invention.
Example 1

HCV NS3 Protease HPLC Peptide Cleavage Asséy

This assay is a modification of that described by

Landro et al. [Landro J.A. et al., Biochemistry, 36, pp.

20 9340-9348 (1997)]. A single peptide substrate (NS5AB),
based on the NSSA/NSSB cleavage site for genotype la HCV,
was used with all proteases. The.substrate stock
solution (25 mM) was prepared in DMSO containing 0.2M DTT
‘and stored at -20 °C. A synthetic peptide cofactor

25 (KK4A) apprdpriate to each genotype was used as a
substitute for the central core region of NS4A. Peptide
sequences are shown‘below. The hydrolysis reaction was
performed in a 96-well microtiter plate format using 25
nM to 50 nM HCV NS3 protease in buffer containing 50 mM

30 HEPES pH 7.8, 100 mM NaCl, 20% glycerol, 5 mM DTT and 25
uM KK4A. The final DMSO concentration was no greater
than 2% v/v. The reactions were gquenched by the addition

of 10% trifluorocacetic acid (TFA) to yield a final TFA



invention may be used as | aboratory tools to aid in the isolation of a
virally encoded serine protease. This nethod conprises the steps o f

provi di ngve 20enpeissd o f this invention attached to a sekiradssespssibl
contacting said solid support with a 3anple containing a viral serine
protease under conditions that cause said protease to bind to said solid
support ; canFeslirdtipns fid &% ne Biroiedsis a0 il Wt iaP S{iisstt .

Pr ef er abl VLT ' ' [ is HCV

NS3- NSaA by Gt Bl AR B QR RS R Rl Gl SIS §° under st oo,
the fol | @daxe priepasladrey IR dadstnm g Bheanplassear®usisted did C18These ‘
exanpl es are for the purpose of illustration only and are not to be

const r ued &R [GHiuIhg ¥Hx S copen)of WHeH Meentiemtach Ehy Wl BRAPPLES The
foll owin e esent ef ';n;m ; chny s, . but are
not i \F%At e%d%%%%%erﬁt%nlg&nrhcg{s%%re%q# in tSAfiﬂgerr%tew lﬂé{:’?n i ght of

t he preseantodiistdtosuent apiprte et rijatt ivanyamch adigese mat;e, made in the
specific terials and net hods which are discl osed and St(islogp obtain a like

or sim | &eHELA \RY ot %9 MY f r oA He YPiTdee dMF stape of the

i nvent i onag, Fxsa{TPlei ch HEY /NS3 sPrehease 1bRke Rephinde cil,eryagesAssay This
assay is a nodification of that described by Landro et al . [Landro J .A .

et al ., Biokirm stry A3JingRr BIYVLGPLFIL90RT. A B R pepti de. :
Fuohgal s R oPer AL ASMUSSR ¢ v gL enslre 1
pr epar ed oveDONBQuiontAinmimgi dbc2AM I3, T followed by 1 min to 5% . :

solvent B and finished with 10 min post time using 5%

solvent B isocratic. The SMSY product peak, which

typically has a retention time of 10 min, was analyzed

15 wusing the data collected at 210 nM.

Peptide Sequences Used with HCV NS3 protease
Genotype Peptide : Sequence
All : NSSAB NH,-EDVV- (alpha)Abu-CSMSY-COCH
la KK4A NH, - KKGSVVIVGRIVLSGK-COOH
2a ' KK4A NH,-KKGSVSIIGRLHINQRA-COOH
3a ‘ KK4A NH,-KKGSVVIVGHIELGGKP-COOH

_ For determination of the kinetic parameters Km and
Vmax, the NSS5AB substrate was varied between 3 uM and 200
20 uM. The ratio of the product peak area to the reaction
time yielded a rate of enzyme catalyzed hydrolysis.
These rate vs. substrate concentration data points were
fit to the Michaelis-Menten equation using non-linear
regression. The value of k¢ was determined from Vmax
25 using the nominal protease concentration and a fully
cleaved substrate peptide as an instrument calibration

standard.



and stored at -20 OC . A synthetic peptide cofactor (KK4A) appropriate to
each genotype was used as a substitute for the central core region of NS4A.
Pepti de swoueswssssar e shown bel ow. The hydrol ysi s react ipamusasspssibor ned in
a 96-well mcrotiter plate format usiawsg 25 nMto 50 nM HCV NS3 protease in
buffer containing 50 MM HEPES pH 7.8, 100 mM Nad , 20%glycerol, 5 mM DTT

and 25 nmM KK4Kinghe of PaalaneivBsosc diade MSSRAE dvbsdsatre griddt ¢iICM han 2% v/ v.
The reacti ons N&er é’nq:tt;@n@l@ed by the additi on of 10%trif luoroagetic acid

I_n/

(TFA) to yi 6| fH—ral—TFFAcof cllL of—of—2 nZy et tfivity was
assessed by ,eﬁélrpé:typt?n of sub&t at“gband pr odlike g l\}Ir S sk phase

m cr obore HPLG_ ol umm (Phenomeaex Jupiter 5m g@ ?096\4 columm, 150x2.0 mm),
whi ch was heated to 40 OC using a thernostated colum chanber (s ng an

Agil ent serieall00 instrunenttiwi th autoi njecti anxang*di ode arrnay detection
at 210 and 2 nm_The flow tate was 0.2 M /mn with HOQQO 1% TFA (solvent
A ) and CH3CNA®& 1% TFA (sol vedf B ) . A lineaP.gradirént was used; 5 to 60%
solvent B ov P2—mragtes;—then—60% to-108% Ssotvenrt—Bover—t—tn, 3 mn
isocratic, followed by 1 min to 55@@%@% B and finished with 10 m n post
time using 5%solve ' |chtyp|cally
has a ret ‘ I yZeeE s 3 o ect ed at
210 nM For determ natlon of the k| netlc ara ters Kmand Vmax, the NS5AB
substrate was V3F i 8P bHe Weeh 3 n"I\P%?\JEieI?‘E)OFP bﬁﬁ%' rat + oCOFPPREHF oduct
peak ar eaei@%%@etﬁ@a@éé@ncéw@uﬂaeéﬁ&ds@oé@fst@fw@ﬁé Itsgecﬁﬁ@umz@@ld

hydr ol ysi s ese rate vs. substrate concentration data points were flt to
t he MSchakd¥ s Néhltnetheeq@fatrwmu@ﬁarnlgeﬁ@hum neafhen, test compound,

dissolved 1n DMSO, ‘was added to the mixture and 1ncubated

for 15 mlnutes at room temperature. The cleavage ‘
reactionlwas initiated by the addition of NSS5AB peptide
at a concentration equalbto Km (1i UM to 70 uM) and

10 incubated at 30°C for fifteen minutes. Seven to eight
concentrations of compound were used to titrate enzyme
activity for inhibition. Activity vs. inhibitor
concentration data points were fit to the Morrison
equation describing competitive tight-binding enzyme

15° inhibition using noﬁ—linear regregsion [Sculley, M.J. and
Morrison, J.F., Biochim. Biophys. Acta. 874, pp. 44-53
(1986)].

Apparent Inhibition Constants for VX-
950 with HCV NS3 Protease using Peptide
Cleavage Assay

Genotype Ki apparent (nM)
la 44
2a 40
3a 650

20 Example 3



regression. The value of kcat was determ ned from Vmax using the nom nal
prot ease concentration and a fully cleaved substrate peptide as an
i nst r umenwoadd/dspasi on st andard. Exanpl e 2 Det er mi nat i onpofr/iRessnssoi n HPLC
Pepti de Cl eavage Assay For eval uati om7of apparent Ki values, all conponents
except the t est corrpound and substrate vere pre- i ncubated for 5 mnutes at
) e i E iRE Y PVEO, was added to the
m xture and |ncubat ed for 15 mnutes at roomtenperature. The cl eavage
reacti on was |Emszexi: et el tddia s oi\etbffrmism wepbtdde at a concentration
equal to K ). and i cubted SfJ)leor fifteen m nutes.
Seven to e‘?a 1%%% ent?gﬁ%s ?a%og ou%db e used o tT réa e enzyne
activity tmliatﬂﬂi hitien.alAct iahdy. VBioddh bj t:oﬁro,ccyspen&mad;von data points
were fit to the Morrjson eqtatl on describing conpetiti ve ti ght - bi ndi ng
enzym§ .nm%?ttlon Bt hgr e 1o areFe peskrored stul 2 HUER8Y. and Morri'son,

) F.. BiaG 0y FAORNYSu hebes B14 9P 109-58 1888 dos EXpEDLE) BHOV NS3

oresce ce Peptide Assays hzymatic activity was deterni ned
usi ng a nodi i RET i omd 025 tAe EESAY ( Bilafsf:etrb?é)d, bsysfﬁmltalm@ RETa$l. [Taliani M.
et al i ochem 7 (1997)] react ons wer e
perforrredfbﬂhore%%ef]?%rp%%ﬁ%? n?lr%g%% E;SL;O 7C%) "‘l%o ﬁlﬁ/f’ " 20%
gl ycer ol , rbnaiV B30 adish @eon tid Kikdis (VR & aﬁaﬂaeammm@ 1he REtrvﬁlr) -
fluorescent_ peptide (AnaSpec, San Jose, CA) as substrate. Final DVSO
concéft r aYRBRES VRt e el $R a‘il‘h‘é%datr‘ia?tb/@‘%%/‘t’ﬁre TP ELRUGERLY wi se not ed,

reaCt'Onsmgﬁﬁébféﬁ“iQQQU§idbrescence microtitre plate reader

thermostatted at 30°C w1th exc1tatlon and em1581on_

filters of 355 nm and 495 nm, respectlvely.

For determination of the kinetic paraméters Km and
15 Vmax, the RET-S1 substrate was varied between 6 uM and
200 puM in Buffer A and allowed to react with 5 nM to 10
nM HCV NS3 protease for 5 to 10 minutes. The reactions
were guenched by the addition of 25 uL 10%
trifluorocacetic acid (TFA). Enzymatic activity was
20. . assessed by separation of substrate and products on a

reverse phase microbore HPLC column (Phenomenex Jupiter

54 C18 300A column, 150x2.0 mm), which was heated to 40
°C using a thermostated column chamber using an Agilent
gseries 1100 instrument with autoinjection and

25 fluorescence detection with excitation at 350 nm and
detection at 490 nm. The flow rate was 6.2 mL/min, with
H,0/0.1% TFA (solvent A) and CH,CN/0.1% TFA (solvent B).
A linear gradient was used; 5 to 100% solvent B over 30
minutes, then 100% to 5% solvent B over 2 min, and

30 finished with 10 min post time using 5% solvent B
isocratic. Activity vs. substrate concentration data
points were fit to the Michaelis-Menten equation using

non-linear regression. The value of kq;x was determined



nonitored in a fluorescence mcrotitre plate reader thernostatted at 300C

with excitation and em ssion filters of 355 nm and 495 nm

respectively.

For det erwbnadd/emsef the kinetic paraneters Km and Vmaxpctrhs2008038b1

substrate was varied between 6 nmM ands200 mMin Buffer A and allowed to
react with 5 nMto 10 nM HCV NS3 protease for 5 to 10 mi nutes.
react i onst W@t /e ehiats Hihe Heowideht imrPtofass epnaensxation wrdatetic aci d

(TFA)

products ‘on

Eﬂﬁ}’lgﬁ

rever se phase

td G AR Vd s MBS &

e ete EPIE

mcr

The

{ﬁhégtsubstrate and.
e

nonmenex Jupiter 5m

C18 300A cal iyt il xx dhdagd . whi ch was heated to 40 OC using a
using an Agilent series 1100 instrunment with
autoi njection and fluorescence detection with excitation at 350 nm and

t her nost at ed

detection at 490 nm The flowrate was 0.2 niL/ m n,

At dHROVAL b Ay (e \faiit- 33) -subdd A0aE i iR

(solvent A)
to 100% sol v
and fini shed
Vs. substrat
equati on usi
Vmax using t
pepti de as a
Potency with
HCV NS3 prot
follow ng an
5

col utmm chanber

ent B over 30 m
‘with 10 min pos

nut.g&g3 e Q0 to 5% sol vent B oy

tine using 5% solvent B jsocrati

a)
-
al 'd
T

dat a Koi (14 wer

rocaol nn Thao .

LNAN rp
T TTCTT

g » e
e nom nél prote

N

o O9T1T UTT.

Ase con88ntrati

LILLAYZ v

% Hcae A¥OT 06 #Chael|i
n andla’f gl L9 cl ea\

with H2O' 0. 1% TFA

was used; 5
er 2 mn,
Activity

i s- Ment en
erm nedf rom
ed substrate

iHbtl%%ﬁHi cat
Ext ended | ncuba

bldiio §tdpdgrq. Exgn ig ?OEE[er
i on The i nhi bitlion constant “for VX

pase wasadet erm

ned by gssayi ng [remal Bi BgxERgyNMe ad

bhation with VX

ext ended preinc

i nati on of.
950 and
tivity

B Examgle 4

Determination of Poténcy with Exteﬁded Incubation
The inhibition constant for VX-950 and HCV NS3
protease was determined by assaying remaining enzyme
10 activity following an extended preincubation with VX-950.
A stock solution of HCV NS3 protease in Buffer A was pre-
incubated for 10 minutes at room temperature, then
transferred to 30°C. An aliquot of VX-950 dissolved in

0,
o

100

X

DMSO was added to the pre-heated enzyme stock at

15 time zero.\ The reaction was initiated at time points
ranging from 5 to 360 minutes‘by addition of a 5 uL
aliquot of RET-S1 in Buffer A to a 95 puL aliquot of the
enzyme-inhibitor mixture, yielding final concentrations
of 4 uM RET-S1 and 5 nM to 20 nM HCV NS3 protease. The
20 change in fluorescence was monitored over a 150 second
window, and the rate of reaction Was determined from a
linear regression 5f the fluorescence vs. time data
points. Control rates were determined from a reaction
containing neat DMSO. Seven to eight concentrations of
25 compound were used to titrate enzyme activity for
inhibition. IC50 values were calculated from activity

vs. inhibitor concentration data using a standard



A stock solution of HCV NS3 protease in Buffer A was preincubated for 10
m nutes at roomtenperature, then transferred to 300 C. An aliquot of

VX- 950 diweabsadeiss 100 % DVSO was added to the pre-heatred/ispaygmesist ock at
time zero. The reaction was initiatedat time points ranging from5 to 360
m nut es 2{ addition of a 5 nL aliquot of RET-SI in Buffer Ato a 95 nL

al i quot ofoqift enzA/ mearangien thit midee, thewt RIRAY i seRdebivEnt rati ons of

4 MM RET- ?@5 t SIQM r p,;:;\ggg in fluorescence
was noni tore ver a 1@52%5;('\)%1 WIJI’}[@? o é)f eNS;rg"[a%P reacti on was

det er m netb¥Yomreg | exweaided gi s af imeeqmumbsmentc@ tise tinme data
points. Co tro] rates were determ.ned f a reaction containing neat DMSO

Seven to BHYHRITCHR RSt ¥nst OF %‘?rp%{% RPWRAd to titrate enzyme

activisty &@fythdM i Ofbr | &SR Vak ues were cal culated fromactivity vs.
i nhi bi tor concent ration data using a standar dI ogistic 2 paraneter fit.

Under these assay n of HCV NS3
prot ease foll ow ng LO v the inhibition
constant for the (i gﬁ? %ouir?gggré}/&a ?Ohﬁog’gﬁgr %cg% e Bxanpl e 5

Characterization pf | nh| bition from rogr ©Bss curve Anal y5| s The rates of

onset of slow binding i Henkitticen wer e |det er mkiednpy a nodification of the
met hod for neasurerent—of—progress—ecufves—deseribed—byNarjes et al .
[Narjes F . et al|., Biochédstry 39, |pp. 1849-1861 (2000)] . A stock
solution of HCV NS3 proteasg In Buffef A was pre-incubated| for 10 m nutes
at room t enper at ure,

3a 460

Example 5

Characterization of Inhibition from Progress Curve

Analysis

10 The rates of onset of slow binding inhibition were
determined by a modification of the method for
measurement of progress curves described by Narjes et al.

. [Narjes F. et al., Biochemistry 39, pp. 1849-1861

(2000)]. A stock solution of HCV NS3 protease in Buffer

15 A was pre-incubated for 10 minutes at room temperature,
then transferred to 30°C for an additional 10 minutes.
.The compound of interest, dissolved in 100% DMSO, was
added to a solution of RET-S1 in Buffer A. Compound and
substrate were then .incubated at 30°C for 10 minutes.

20 The reaction was initiated by addition of an aliquot of
pre-heated enzyme stock to the compound-substrate mixture
to yield final concentrations of 6 to 12 uM RET-S1 and
0.5 nM to 4 nM HCV NS3 protease. The change in
fluorescence was monitored for up to four hours, and the

25 fluorescence vs. time data points fit to Equation 1 by
non-linear regression [Morrison, J.F. and Walsh, C.T.,

Adv. Enzymol. Relat. Areas Mol. Biol. 61, pp. 201-301




then transferred to 300C for an additional 10 m nutes. The conpound of
interest, dissolved in 100% DVSO, was added to a solution of RET-SI in

Buf fer A woGowgouasd and substrate were then incubated arc3A8ehoso85130

m nutes. The reaction was initiated by addition of an aliquot of pre-heated
enzynme stock to the conmpound- substrate m xture to yield final

concent raﬂ?ﬁﬁs) ]of Q- uPl g FEsT-vS rard e B d of oM HRANSEDr ot ease.
The chanq:e Ay § qﬁ%eca chyMes monitored for up to four hours, and the

fl uorescence Vs. ata points fit to Equation 1 by non- Ilnear
regression [Myrrison, F . _and V\alsh CT. Adv. -Enzyno] . Relat . Areas
Mbl . Bi ol EQ¥RE1qH 1 od( t?)01’( 1588y 1t .+ Cofit ro1 ¥t &5 Q/Qereéq?je{ @i fed from a
reaction ,II(:)O)n}]@Ian NG neat DVSO Equatlon 1: K(t) =Vsxt+ (Vi - Vs) x
(1-exp (-kobs X" A replot of the kobs val ues vs. VX- 950 concentratl on

al l owed the def d forthe
formatl on of ti 3{1{% r@%oundﬁg ‘;mhé%ﬁ?%r \%rrp &%rﬁ he first
order rateal bomsd atte fdﬁteﬂrrsﬂm:t:edmomf dfottheche gﬁ‘éd:qndbomurrﬂe:emzzytrmll nhi bi t or
complex (k O b ittin uat i |nh bition constant for
this spec‘f%rés%ﬁi %‘ﬂ“ﬁatl?er eq?ﬂ %too‘?l%]fyl C!1[Nbrri son, J .F . and
Wal sh, Cﬂénzyﬁ%ﬂ&nﬁiﬁﬁﬂﬁ& coﬁﬁﬂé& (k Ay eagdMbhe Bh@bt 6tdepPPragll- 301 (1988)
]. Equation 2 : kobs = koff + (k on x [I]) / (1+[S] /Km Kinetic

Char act er¢onat It oFon/)d UBEOG Fki 191 | o ©1€ HOBINSEY Feditse from Progr ess

OOVl R AR gy o il o (Blabn 2,100 0

The inhibition constant for this spec1es was found from

the ratio of kdf / kon [Morrison, J.F. and Walsh, C.T.,

Adv. Enzymol. Relat. Areas Mol. Biol. 61, pp. 201-301
(1988)].

15 Equation 2: keps = koge + (Kon x [I1) / (1+[S]/Km)

Klnetlc Characterization of VX-950 inhibition of HCV NS3
Protease from Progress Curve Analysis
Genotype kon (M*sec™) | keer (sec™) Ki (nM)
la 1.3 x 10° 1.6 x 107 12
2a 2.0 x 10* 1.3 x 1073 67
3a 1.3 x 10° 5.7 x 107* 440

The progress curves obtained above were used to
determined the inhibition constant for VX-950 inhibition
20 of HCV NS3 protease through analysis of the remaining
enzyme activity at extended reation times. Reaction
rates were determined from a linear regression of the
fluorescence vs. time data points during the steady-state
portion of the reaction. Activity vs. inhibitor
25 concentration data points were fit to the Morrison

equation describing competitive tight-binding enzyme



3a 13 x 10357 x 104 440 The progress curves obtai ned above were used
to determined the inhibition constant for VX-950 inhibition of HCV NS3

pr ot ease wbnosgiomsal ysis of the remai ni ng enzyne acti viety/mtoosxsanded
reation times. Reaction rates were detiermned froma |inear regression of
the fluorescence vs. tinme data points during the steady-state portion of

t he reacti®mbieioniwsing neyhl Hrear fﬁﬁﬁﬁﬁﬁ*%@lb%C@b&%Ydenis Fde fit to

the Mrrig pkqgggtkyq?de§§{6?:gg gﬁﬁﬁ %lyﬁbgggh§7pl ng4gF§yHE|nh|b|t|on
usi ng non-Tinear regress ., Biochim

Bi ophys . (¥es8&).] 874, pp. 44-53 (1986)] . Exanple 6 Nbasurenent of

Di ssoci ation Rates from Enzyne- |nhibitor Conplex A stock solution of HCV
NS3 protease in Buffer A was pre-incubated for 10 mi nutes at room
tenperature, thentransferred to 30 0C for 0 m nutes. The
conmpound of i nt erestinHikisol e e DTS Eﬁ\?BOV}@\B%S%dﬂJe‘H?to the pre-heated
enzynme stock to yleIHC§SUSﬁNPF©t§6§@ Hﬁﬂéﬁz§ﬁ§adﬁdsra©enwlto 6.4 nmM
inhibitor. This splution was incubaﬁedeat 30 OC for an extended period to

al l ow the enzyme- rhibi Fex—to |¢ou,i| prum—The reaction was
initiated by dilution OF%¥h;x§ﬁzynE|nllbitor n1x 6@e into p solution of
RET-SI in Buffer A at 30 0Qa. Final concentrations were O {5 nMto 8 nM HCV
NS3 protease, 12 pM-REFSH—and—2nM-to-—32 “N!=gh=bitor. The change in

fl uorescence was nDnltored:%br up to flour hours;y“and the f|uorescence vs.
time data points it to Equgiion 2 by|[non-T1neargregressiopn. Control rates
wer e

5
Example 6

Measurement of Dissociation Rates.from Enzyme-Inhibitor

Complex

A stock solution of HCV NS3 protease in Buffer A was
10 pre-incubated for 10 minutes at room temperature, then
transferred to 30 °C for an additional 10 minutes. The
compound of interest, dissolved in 100% DMSO, was added
“to thé pre-heated enzyme stock to yield 330 nM to 1600 nM
enzyme and 1;0 UM to 6.4 pM inhibitor. This solution was
15 incubated at 30 °C for an extended period to allow the
enzyme-inhibitor complex to reach equilibrium. The
reaction was iﬁitiated by dilution of the enzyme-
inhibitor mixture into a solution of RET-S1 in Buffer A
at 30 °C. Final concentrations were 0.5 nM to 8 nM HCV
20 NS3 protease, 12 uM RET-S1, and 2 nM to 32 nM inhibitor.:
The change in fluorescence was monitored for up to four
hours, and the fluorescence vs. time data points fit to
Equation 2 by non-linear regression. Control rates were
determined from a reaction containing neat DMSO. Half-
25 lives of the tightly bound VX-950/HCV NS3 protease

complex were determined using Equation 3 [Segel, I.H.



determned froma reaction containing neat DMSO Halflives of the tightly

bound VX- 950/ HCV NS3 prot ease conpl ex were determ ned using Equation 3

[ Segel , IwoHoodBizamBem cal Cal cul ati ons , 2nd ed., W/ eyp&raspas/obaw York, p
228 (1976) . Equation 3 : t i/2 = 02693/ k off Exanple 7 HCV Replicon Cell

Assay Protocol Cells were obtained accordl ng to the nmethod of Lohmannn et

al ., Scikipehemixgpl Gmlculariorss ( 1Bgh)ed. Cdfikexontems nd'etepatitis C

virus (H e ColL intained in DMEM cont ai ni ng 10% f etal bovi ne
serum (F ok, %5 \Ag&rﬁmof 418, with appropriate supplenents (nedia A

) On i con ceI | ayer was treated with a trypsin: EDTA
mxture %urﬁ)t]écfppi ot’t/ﬁen i aﬂk s diluted into a final Zgncentration
of 100,000 cells per mM wit. 10,000 cells in 100 ul were plated into each
well of a 96-well tissue culture plate, and cultured overnight in a tissue
cul ture i NCURRLEoAlat3n AShsahtd £ SPONDOBEE KAV NEP B I Isder e serial |y
diluted into DVEM containi ng 2% FBgem@33 8% DMSO,” with appropriate
suppl enent|s_(nedia B ) The final concentrati of DMSO was nmi nt ai ned at
0. 5% t hr oyghout Gehetabeut i on| ser kes: (sdi 2 on tlhe répli corimel | npnol ayer
was renoveg,—and Lhc.. freth-a—B—cohtaifi ..ij vartoeys—coencentrattons—of conpounds
was added.| Medi a B t hout ahy cofipbuhd Q\/as added to ot F‘u%r wells as no
conpound coNtTol s Gl TS Werg i ncpbated, yisth cqrpound ofg 0. 5% DVBO i n medi a
B for 48 hours in a tissue culture’ |ncujbator atl 37C. At the end of the

48- hour i ncubation3at he nedi a 5.6 x 1074 21
. —
Example 7

~ HCV Replicon Cell Assay Protocol

Cells were obtained accordlng to the method of ‘
Lohmannn et al., Science, 285, pp. 110-113 (1999). Cells

10 containing hepatitis C virus (HCV) replicon were
maintained in DMEM containing 10% fetal bovine serum
(FBS), 0.25 mg per ml of G418, with appropriate
supplements (media A).

On day 1, replibon cell monolayer was treated with a

15 trypsin:EDTA mixture, removed, and then media A was
diluted into a.final concentration of 100,000 cells per
ml wit. 10,000 cells in 100 ul were plated into each well
of a 96-well tissue culture plate; and cultured overnight
in a tissue culture incubator at 37°C.

20 On day 2, compounds (in 100% DMSO) were serially
diluted into DMEM containing 2% FBS, 0.5% DMSO, with
appropriate supplements (media B). The final
concentration of DMSO was maintained at 0.5% throughout
the dilution series.

25 Media on the replicon cell monolayer was removed,

and then media B containing various concentrations of



was renoved, and the replicon cell nonolayer was washed once with PBS and
stored at -80 OC prior to RNA extraction. Culture plates with treated

repl i con welzhoemnssayers were thawed, and a fixed anountcefusansiobant RNA
virus, such as Bovine Viral Diarrhea &irus (BVDV) was added to cells in
each well. RNA extraction reagents (such as reagents from RNeasy kits) were
added to e¢¥erEds Wameaidad! y Nediky 3 vddip e ARDcofr®d Wt al RNA was

extract ed, gecordi nr&g_‘eﬁ%e Jostd ued iJQ(gl &;mm a(%ljé{l(na%][%/\gt h nodification to

i nprove extractio I cl ency and consi'stency. , total cellular RNA,
i ncl udi ng HCV ¢elpls oo RNA cwisest el ut Bch aroinsdun@ doat 0 - B GS@nin | furt her

processing. . A Ta n real-time, RT-PCR quantification assay was set up with
two sets rgefdjsﬁ)e%?g?% B i S oy Priobs %%ui/\ﬁér? ot™ %‘?\;’a The ot her was

for BYDV.37atal ANARXtERStaNtihd romideat okt 6P 1000 wehls was added
to the PCR reactions for quantification of both HCV and BVDV RNA in the

same PCR w$ | Temxyrati rard athe af ek ecaasce } hgeeeP bae ¥ ejaetwdsiirded on the

cal cul at S0 Bochr P o h SRt T urya G o T (8 e BOR prate. The

per cent agextofadtdwdi ti on or decrease of HCV RNA | evel due to conpound
treatment was cal cul ated using. the DVBO or no. conpou control as 0% of

i nhi bition. THeMtewer (Q:]o"i‘ltc%%t"? i o %i‘t%ﬁiE?P%b@/%’r?nfh?nﬂ} (TP HYRESY RNA

leveh o s phservietle daSarcdl £ uf phed dhoumnd her tahd@hd PIRIGAIrYEr@E, any given

conmpound. VX- 950 was found to have an 1C50 of 354 nMin this replicon

assay. such as Bovine Viral Diarrhea Virus (BVDV) was added to R

cells in each well. RNA extraction reagents (such as

reagents from RNeasy kits) were added to the cells

immediately'to aVoid'degradation of RNA. Total RNA was -

l15 extracted according the instruction of manufacturer with

modification to improve extraction'efficiency and
consistency. Finally, total cellular RNA, including HCV
replicon RNA, was eluted and stored at -80°C until '
further processing.

20 A Tagman real-time RT-PCR quantification assay was
set up with two sets of specific primers and probe. One
was for HCV and the ofher was for BVDV. Total RNA
extractants from treated HCV replicon cells was added to
the PCR reactions for quantification of both HCV and BVDV

25 RNA in the same PCR well. Experimental failure was
flagged and rejected based on the level of BVDV RNA in
each well. The level of HCV RNA in each well was
calculated according to a standard curve run in the same
PCR plate. The percentage of inhibition or decrease of

30 HCV RNA level due to compound treatment was calculated
using the DMSO or no compound control as 0% of
inhibition. The IC50 (concentration at which 50%

inhibition of HCV RNA level is observed) was calculated

from the titration curve of any given compound.



Exanpl e 8 Consensus sequences of the HCV NS3 serine protease donmain and
NS4A cof actor peptide for genotype 2a, 2b, 3a, or 3b . The nucl eoti de
sequenceswohoaddsgusgr agnent covering the NS3 serine prot easasdasmssonnd NS4A
cofactor peptide of many HCV isol at estwere obtai ned from GenBank and

al i gned using DNAstar software. These genotype 2 i sol ates include eight

f r om genot ype B Y iBeh ki aittd s e RN f Ay 786in ABDBA 663,
D50409, AE169000. AFEI69003, AF238481, AF238482) and three from genotype 2b
(GenBank "accessi on code P26661, AF238486, AB030907) . The alignnent of

am no aci d sequence of these el even genotype 2 HCV NS3 serine protease
domains is shown in Fig. 1 . The consensus am no acid and nucl eoti de
sequence of genotype 2a NS3 serine protease domain is shown in Fig. 2 .
Thesesgenotype 3 isol ates incl ude gk@uiifer @n genot ype 3a (GenBank accessi on
code AF046866, D17763 D28917 X769I§§LH two from genotype 3b (GenBank
accessi orCugs e A : EPUR e

these s'&smzp éfygev NS5 Ser dde: B 0f 358, 5 Tk ..
The conse i 5 1 3 serine
pr ot ease domal'rhe mlsdfmamuahe Fsl;eg;_[udncesFldﬂfal ¢INA aflreagm@rmmmmv@flm@e consensus

am no acid seqguence of each genot enotype_la, lb,_2a, 2b, 3a and
3 s howie MEE T e PRt GG O S G0t A0S OF ABRP TS eot | de
sequepCeso Pfmdhe HNA { LS00 ROEO BN 11854 dﬂﬁ‘émpéé’nﬂanlseérl@]- of several
i sol ates of genotype 2a or 2b were obtained from GenBank and aligned to

i dentify @l ktreenssins doNfsiear {2l tgesior y pelPesorIopoNgG3e serifel pres ease
domai n. Thg, AR APPIAE e Gn IED RS 32 OfcRBl | JEOLLLYoR coge

P26660, -AF177036, AB031663, D50409, AF169002, AF169003,

AF238481, AF238482) and three from genotype 2b (GenBank -
15 accession code. P26661, AF238486, AB030907). The alignmept
of amino acid sequence of these eleven genotype 2 HCV NS3
serine protease domains is shown in Fig. 1. The consensus
amino acid and nucleotide sequence .of genbtype 2a NS3
serine protease domain is shown in Fig. 2. These genotype
20 3 isolates include four from genotype 3a (GenBank
accession code AF046866, D17763, D28917, X76918) and two
from genétype 3b (GenBank accession code D49374 and
D63821). The alignment of amino acid sequence of these
gix genotype 3 HCV NS3 serine protease domains is shown in
25 Fig. 3. The consensus amino acid and nucleotide sequence
of genotype 3a NS3 serine protease domain is shown in Fig.
4. Finally, an alignment of the consensus amino acid
.sequence of each genotype or subgenotype la, 1b, éa, 2b,
3a and 3b is shown in Fig. 5.
30 Plasmid Construction. Amino acid and nucleotide
sequences of the DNA fragment encoding residues Ala'-

SerlBl

of several isolates of genotype 2a or 2b were
obtained from GenBank and aligned to identify a consensus

sequence for genotype 2a or 2b NS3 serine protease domain.



consensus sequence of genotype 3a or 3b HCV NS3 serine protease domain. The
cDNA fragnents of these consensus sequences were created by ol igonucl eotide
synt hesi swOGeswsznispt ) using the E . coli optimal codon wsagsooanssibhen
anplified by PCR and subcloned into pBEVI| for expression of the HCV
proteins with a Cterm nal hexahistidine tag in E. coli. The am no acid
#13 of t@%@ﬁ%@@éﬂ% 5 AR Pe elr VRIS Hubse | 1 ARl Y ta a Lys for a

sol ubi l'i zj t copfiL ned, e :

Expr essi oén&gsn P%é d;gtrli%eﬁ o E%%%WI\%?; serﬁl']éle pr (t)}‘?egse orral n Each of
t he expr mmmr@dmamis fThe tdm\TA-KMd\iﬁaezsmms@ mmemw@mm of
genotype 2a or 3a was transform o BL LysS coli cells

(St r at agetRIUCNEGD IS tTETRY %O‘bjrcg‘?vns%‘? Tn a BH nedium

(Difceg Lahgdidori SR enpnted dM)IP é&&rﬁ@l PesadHh ¢ddeniLidglin and 35
ng per m chl orarr%f\))em col"to an optical density of O. 75% 600 nM

| nduct i ortlv@n TP e GnaRChH eaidrsrec fored olrt haeBEVEY Dar 0C . Cel |

f 0 0C
brot o n R TFRLE b T A Y i HE LR P L X RN et 00 M hor

each of thuestHAA NS 4 oinaaBesco]]:DO OTlod axeixho pasi@ S ZES éslstelmbi}mc:\l 5 L of
buffer A 50 nmv HEPES ( 300 mvl‘ga% %n - octy
- D gl ucoRF AT e %r %se’rTEq‘%“ép‘f%t tFltUtl%‘aA)"(’v'?}%)agII‘%eﬁ%]F]aand

stirned for1.30i 1M Mndheat st s M.l echosPaeRt g efe HS| Edh £ M&d oby | Ui di zer
(Mcrofluidics, Newton, MA), followed by ultra-centrifugation at 54, 000k ¢

for 45 qumeJ e was added to the supernatants to a final
concentration of 5 ﬁ%?éé)é’%r\{“éx% Zp&'}ifféa@lowéfr@ﬁé Ny 6§&HIi |1 brat ed

serine protease domain. Each of the expression constructs
for the HCV NS3 serine protease domain of genotype 2a or
15 3a was transformed into BL21/DE3 pLysS E. coli cells
(Stratagene) . Freshly transformed cells were grown. at
37°C in a BHI medium (Difco Laboratories) supplemented
with 100 pg per ml carbenicillin and 35 pug per ml
chloramphenicol to an optical density of 0.75 at 600 nM.
20 Induction with 1 mM IPTG was performed for four hours at,
24°C.. Cell pastes were harvested by centrifugation and
flash frozen at -80°C prior to protein purification. All
purification steps were performed at 4°C. For each of the

HCV NS3 proteases, 100 g of cell paste was lysed in 1.5 L

o°

25 of buffer A {50 mM HEPES (pH 8.0), 300 mM NaCl, 0.1 n-
octyl-f3-D-glucopyranoside, 5 mM f-mercaptoethanol, 10%
(v/v) glycerol] and stirred for 30 min. The lysates were

"homogenized using a Microfluidizer (Microfluidics, Newton,
MA), followed by ultra-centrifugation at 54,000x g for 45

30 min. Imidazole was added to the supernatants to a final
concentration of 5 mM along with 2 ml of Ni-NTA resin pre-
equilibrated with buffer A containing 5 mM imidazole. The

mixtures were rocked for three hours and washed with 20

column volumes of buffer A plus 5 mM imidazole. The HCV



with buffer A containing 5 mMimdazole. The m xtures were rocked for three
hours and washed with 20 col um volunes of buffer A plus 5 nmM i m dazol e.
The HCVNSBopo@tmsbisss were el uted in buffer A containing $0@/usbisnmssiazol e.
The el uates were concentrated and | oaged onto a Hi -Load 16/ 60 Superdex 200
colum, pre-equilibrated with buffer A . The appropriate fractions of the
puri fi ed MOV praiasims wire poviedl dhdsitred aongoimamg IVDAVME 9 Havi ng
determ ned_ it he S S i p 3 ine

pr of case RO o L Sa s Auis J ot eh AN Rty LR aes 1
honbgeneiHiy- Ldan ynee/ &6 s|ayse fdex \26 0 950l wwet £ mosnckipd £ hrdhed WIEHA pepti de
(Landro t% .,. 1997 Bi ochem st ré/%/%and a, FREEubriérat e (Taliani et al .,
1997 AnalPUiEiSeHem ) TherRPRE IPF 17 L&/ E 0~ 1RyeS et i iR 15T 74 BC6t eady

st at e gnet hodk &k Gaafd remst e Pyataosthed det hpglsc (ext ended i ncubation and

progress curves) . Isolation of the consensus domain allowed a

determ nation of the binding characteristics of VX-950 to the donai n of
HCV-1 as conpared to HCV- 2 . TheﬂWLtEorgs showed that VX-950 has a
several -fold better activity than other 1 nhibitors that been descri bed by
t hose of skil |[Hawiddedattérmidd® et acabsannesl dymdhe oHvield arcv show t hat
the binding of VX-950 to_the NS3-4A serine protease is a, reversible,

coval ent ,9%‘6?1’:@6'2??1' viehe ﬁ%t?%ﬁ‘%l%@?%‘??ﬁﬁ SN REPLEIRH| €3 gent has a
di ff gpentefREddu $M QT bbbl Ly @kl fled Nad REhSIeROEHy S thaty@Ee.

presently under devel opnent. For exanple, other agents were seen to bind to
t he prot easeayhdieheVhi el e vascordieeised| wlthondeNadRreepiebdpetiti ve and

tight. Nb(f%ﬁ&gg”éé”giY; 1§9¥@§iochemistry) and a FRET substrate
(Taliani et al., 1997 Anal. Biochem.). The Ki* for VX-950
was determined using a steady state method and confirmed:
15 by two other methods (extended incubation and progress
curves) .

Isolation of the consensus domain allowed a
determination of the binding characteristics of VX-950 to
the domain of HCV-1 as compared to HCV-2. The inventors

20 * showed that VX-950 has a several-fold better activity than
other inhibitors that been described by those of skill in
the art. The data obtained by the inventors show that the
binding of VX-950 to the NS3-4A serine protease is a
reversible, covalent, competitive, tight and slow binding.

25 As such, this agent has a different mechanism of
inhibitory action than other agents that are presently
under development. For example, other agents were seen to
bind to the protease and the binding was reversible, non-
covalent, competitive and tight. More importantly, it was

30 determined that at the binding site of genotype 1 there is
a Val-Asp-Gln at residues 78-80 and amino acid 56 whereas
in genotype 2 there is a Ala-Glu-Gly. This difference in
amino acids at those residues means that there is a lower

conformational stability of the loop that is present in



determ ned that at the binding site of genotype 1 there is a Val-Asp-dn at
resi dues 78-80 and am no acid 56 whereas in genotype 2 there is a

Al a- d u- Gvg.2006nizs4sdi f ference in am no acids at those regcdus008®33181 t hat
there is a | ower conformational stabid7ity of the loop that is present inthe
serine protease in the HCV genotype as conpared to the stability of the

| oop in tife HErigehmyPeease pithe (HE |IRRot omfat maTeregd stabite ty

decr eases e -bi ndi Q i .nhi.hi i rease,l r mat i onal
st abi | i tys’%%lelxlptggt‘%% ‘%e R ﬁ%t'ﬁ{e‘% gﬁ\’eéé}i‘)";tﬁeg b ﬁwcﬁ{nhgecg{g%x- 950,
maki ng t Hisvdmnhidn ficormaat imial potaantl i nhidedorasods seié reipdteases from

genotype 2 HCV. Simlar results were seen with_ genotype 3 HCV jn, which
there i s SPLFHRAGTUTE oft EH IFTTIRE Adpl B8 L at’rggrb‘?]es%% ‘of ype 1

HCV. Whi | £ aipuresy ofo efbadi nBntse s tdiks dviend ivmdiayge deepx descri bed,
it is apparent that the basic exanples may be altered to provide other
embodi mer@ S0 wmaking ithie intelidmpoumndeozh ot Hodeniptbites ¢fhventi on.
Therefore, it wl]l be reciated t t op .1his_j ion is to be
defined BYHHE prp%tn%ae%p%ltgﬁ‘!’n“é %’%%%?5‘? h%ﬁ_l(fs)\)?/ tﬁ%ﬂsh%%f?‘%g%ﬁg%dments t hat
have beerwgmlpreasantedt:bygeveyc iie exanp) eirabavich Athexd t£€ alocunents are
i ncorporated herein by reference. CLAIMS W claim 1 . A nethod for
i nhi bi t i iFRENOTYEERD Mokt 5 ERE ARPITBRNSI APHE TR ease conpri sing
cont agt i nebtdefu of epse. Wi th VX- 950 or a pharmaceutically acceptable salt
thereof in an ‘anbunt effective to inhibit the activity of said protease. 2
A net hod forWhike b3 tiwgeHO\Ww HegregpiensgntinNs3»f this invention have -

been described, it is apparent that the basic examples may
be altered to provide other embodiments which utilize the
. compounds and methods of this invention. Therefore, it ..
15 will be appreciated that the: scope of this invention is to
be defined by the appended claims rather than by the
specific embodiments that have been represented by way of
example above. All cited documents are incorporated

herein by reference.



NS4A protease conprising contacting the protease with VX- 950 or a

phar maceutically acceptable salt thereof in an anmount effective to inhibit
t he acti wvoyoefossssd protease . 3 . A nethod for treati pgraskids/ogannt ype- 2
infection in a patient conprising admsni stering to the patient VX-950 or a
pharmaceutically acceptable salt thereof . 4 . A nethod for treating a HCV
genotype-3 infection in a patient ¢cdfMIing adnm nistering to the patient
VX- 950 owqa(gpgﬂgaceutically acceptable salt thereof . 5 . The nethod
accordi ng Foctdim3 or claim4 , conprising the additional step of

adm nistering to sajd ggtie t(in addj t. na%.a ent sglec; d froman

i mmunonodul atory agent ; d“%gb%)rﬁ?ﬁmﬁ?&% Trhi i PO A antiviral agent: a
second i nipd ¢ Of i Ofc HEAM-s Ol 1e@BE; NSI- NSWA bp E St e e abdOhbeIsingget -in the HCV
life cycle; or conbinations thereof; wherein said additional agent is

adni ni st eF@tAet 5oY dthRitPEpiease pakth of Xt fre0 s@fe® doRAFRAF B Rl 831 ¥K- 950 or
as & separal &y asagesd o M eredhe MRLNOLAGEOr Sl Adct OvE! 8o M AnipybeT e n
sai d i mmunonodul atory agent 1s a- , b- , or g-interferon or thynosin; said
antiviraltkgenttivitybaVasaid mneirdaskne or tel bi vudi ne; or said inhibitor
of another target in the HCV |life cycle is an inhibitor of HCV helicase,
pol ynerase, or netalloprotease . 7 . The nethod according to claim5b ,

wherei n wherein saigl. cyfoféties® FoASOnhibi BiLrHES Géhotpyers Bs3- The
met hod according to claim5 , wherein said additional agent is VX-497.
NS4A protease comprising contacting the protease with VX-

950 or a pharmaceutically acceptable salt thereof in an
amount effective to inhibit the activity of said

protease.

3. A method for treating a HCV genotype-2
infection in a patient comprising administering to the
patient VX-950 or a pharmaceutically acceptable salt

thereof.

4. A method for treating a HCV genotype-3
infection in a patient comprising administering to the
patient VX-950 or a pharmaceutically acceptable salt

thereof.

5. The method according to claim 3 or claim
4, comprising the additional stép of administering to
said patient an additional agent selected from an
immunomodulatory agent; a cytochrome p45 inhibitor, an
antiviral agent; a second inhibitor of HCV protease; an
inhibitor of another target in the HCV life cycle; or
combinations thereof; wherein said additional agent is
administered to said patient as part of the same dosage

form as VX-950 or as a separate dosage form.



9 . The nethod according to claim5 , wherein said additional agent is
interferon. 10. A nethod of elimnating or reducing genotype -2 or genotype
-3 HCV combamasbisen of a bi ol ogi cal sanple or nedical ecthabesasavy

equi pnent, conprising the step of conacting sai d biol ogi cal sanple or

medi cal or |aboratory equipnment with VX-950. 11. The nethod according to
claim 10, wherein said et hnd e Primg | o sellaidt & Wil body fl uid,

bi ol ogical tjssue, a surgical instrument, a surgical .garnent, a |aboratory
i nst rumerft®: ‘I%%i‘ﬂ?#‘&/l eI pt B orP ot ﬁ)err Yﬁbggegﬁﬁmnﬁﬂ ection
appar at us;handd 00d i Pthari-Podil Yaddakd di $O115066 MB erdmdntd@indhe net hod
according to claim 11, wherein said body fluid is blood. 13 . A conposition
for i nhi x| FRlHoudarot ygre-s@i NSEIINSHIA g e aarotdermpriaf IRt i 13 VX- 950, -or
aphar mac i Y- ce | e; salt ther [ { ective to

i nhi bit Ie-@‘/e ;Pgén%tly%ge- 2@)}@% l\?szl%r%rlo e%%lgé;o%n i @ﬁﬁ%%%%%hbl e carrier,

adj uvant gl et Ldee, dd.mk LoMpEesdtéade f or i nhi biting HCV genotype- 3 .
NS3- NS4A protease conprising i ) VX- 950, or a pharmaceutically acceptable
salt thereof, in an amount effective to inhibit HCV genotype-3 NS3- NS4A

protease; and ii) a carrigl, Aoy ke OFq Ve &1dom FhewkorPosi tion
according to claim 13 or claim 14, wherein said conposition is fornul ated
for adni nisgrein osrid evtpaeherne B645Thinkbrpost tiwnrdeewrding to clai m 15,
wherein said carrier, adjuvant or vehicle is a pharmaceutically acceptable
carrier, adjuvant or vehicle. ' : ' '

: 8. The method according to claim 5, wherein

.. said additional agent is VX-497.

9. The method according to claim 5, wherein

said additional agent is interferon.

10. A method of eliminating or reducing
genotype-2 or genotype-3 HCV contamination of a
biological sample or medical or laboratory equipment,
comprising the step of contacting said biological sample

or medical or laboratory equipment with VX-950.

11. The method according to claim 10, wherein
said sample or equipment is selected from a body fluid,
biological tissue, a surgical instrument, a surgical
garment, a laboratory instrument, a laboratory garment, a
blood or other body fluid collection apparatus; a blood

or other bodily fluid storage material.

12. The method according to claim 11, wherein

said body fluid is blood.

13. A composition for inhibiting HCV genotype-
2 NS3-NS4A protease comprising i) VX-950, or a



17. The conposition according to claim 16, wherein said conposition

conpri ses an additional agent selected from an i mmunonodul atory agent; a
cyt ochr onwopda3b4sBi bi tor, an antiviral agent; a secondpicmhisbedsossiof HCV
protease; an inhibitor of another tarmet in the HCV life cycle; a
cytochronme P-450 inhibitor; or conbinations thereof . 1'8 . The conposition
accor di ngehardegwt 172l Wheaetepisat e | st onbeiteaf or in aglen@meenta- | b- | or

g- interfe r SN, 1 tivi | S\ &) N mant adi ne, or
el bi vudi S e ore T R o SF S R et S R oo oyl o' s
an inhi bidiod Df) HQY hedépiasie]l e podynbsaseadpivaret abt opeloiebhse . 19. The
conposition according to claim17, wherein said cytochrone P-4 50 inhibitor
is ritonavir. 20. The conposition according to claim17, wherein said

addi tional agent is;¥X-487:odos TEok OFBOS] Ak OB BEEQT - P0géRoey e m 17,
wherein said additional agent is interferon.
3 NS3-NS4A protease comprising i) VX-950, or a
pharmaceutically acceptable salt thereof, in an amount
effective to inhibit HCV genotype-3 NS3-NS4A protease;

and ii) a carrier, adjuvant or vehicle.

15. The composition'according to claim 13 or
claim 14, wherein said qomposition is formulated for

administration to a patient.

16. The composition according to claim 15,
wherein said carrier, adjuvant or vehicle is a

pharmaceutically acceptable carrier, adjuvant or vehicle.

17. The composition according to claim 16,
wherein said composition comprises an additional agent
selected from an immunomodulatory agent; a cytochrome
p450 inhibitor, an antiviral agent; a second inhibitor of
HCV protease; an inhibitor of another target in the HCV
life cycle; a cytochrome P-450 inhibitor; or combinations

thereof.

18. - The composition according to claim 17,

wherein said immunomodulatory agent is a—, B—, or y-
interferon or thymosin; the antiviral agent is ribavirin,
amantadine, or telbivudine; oxr the inhibitor of another
target in the HCV life cycle is an inhibitor of HCV

helicase, polymerase, or metalloprotease.
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19. The composition according to claim 17,

wherein said cytochrome P-450 inhibitor is ritonavir.

20. The composition according to claim 17,

wherein said additional agent is VX-497.

21. The composition according to claim 17,

"wherein said additional agent is interferon.



