"TITLE OF THE APPLICATION MACROCYCLIC QUINOXALINE COMPOUNDS AS HCV NS3
PROTEASE INHIBITORS FIELD OF THE INVENTION The present invention relates to
macrocyclic compounds that are useful as inhibitors of the hepatitis C virus (HCV) NS3 protease, the
synthesis of such compounds, and the use of such compounds for treating HCV infection and/or
reducing the likelihood or severity of HCV infection, BACKGROUND OF THE INVENTION
Hepatitis C virus (HCV) infection is a major health problem that leads to chronic liver disease, such as
cirrhosis and hepatocellular carcinoma, in a substantial number of infected individuals. Current
treatmeniq TOEHEVIHe et IKER B munotherapy with recombinant interferon-a alone or in
combinatigp siththe-nyelensisanaiasibaviinounps Several virallyencederkenzymes@re putative
targets for therapeutic intervention, including a metalloprotease (NS2-3), a serine protease (NS3), a
helicase (1 53) and an RNA-dependent RNA polymerase (NS5B). The NS3 protease is located in the
N-termin&tde &R 6EeNE3brledin. NS4A provide a cofactor for NS3 activity. Potential
treatments for HCV mf“'éimpmkmied}eenammm indhecdifierentreferdnces mecludifig Balsano, Mini

Rev. Med,Ghedn: &(ﬂ)e B8 2008s Rotryrelab fediant fonissindMedisinrlGhs sty 233562,
2008, Sheldo? “‘iﬁ PFﬁ)fert O%§n I%ﬁ/ﬁ@ % %,16;]8 1d]/17]é=,<il181 Z dogfolfrsggce cO. et at,
Antiviral Réseat § %n% RS e presen? disc osu crela o a macrocy%lﬁyc
compour%%Y@fﬁ%ﬁﬁl(l) and pharmaceutically acceptable salts thereof. The compound and its salts

are HCV NS3 protease inhibitors. The compound and its salts have therapeutic and research

applicatignscg arotdsog first-aspeshof i present disclosure describes a compound of formula (1),
or a pharmaceutical acigergg&ecsalt thereqt:

infection is a major health probiem that leads to chronic
liver disease, such as cirrhosis and hepatocellular carcinoma, in a substantial number of infected
individuals. Current treatments for HCV infection include immunotherapy with recombinant
interferon-o alope or in combination with the nucleoside analog ribavirin.

Several virally-encoded enzymes are putative targets for therapeutic intervention,
including a metalloprotease (NS2-3), a serine protease (NS3), a helicase (NS3), and an RNA-
dependent RNA polymerase (NS5B). The NS3 protease is located in the N-terminal domain of
the NS3 protein. NS4A provide a cofactor for NS3 activity. _

Potential treatments for BCV infection have been discussed in the different
references including Balsano, Mini Rev. Med Chem. 8(4):307-318, 2008, Rénn er ol., Current
Topics in Medicinal Chemistry 8:533-562, 2008, Sheldon ef al., Expert Opin. Investig. Drugs
16(8):1171-1181, 2007, and De Francesco ef al., Antiviral Research 58:1-16, 2003,

SUMMARY
The present disclosure relates to a macrocyclic compound of formula (1) and

pharmacentically acceptable salts thereof. The compound and its salts are HCV NS3 protease
inhibitors. The compound and its salts have therapeutic and rescarch applications.

Thus, a first aspect of the present disclosure describes a compound of formuta (1),
or a pharmaceutical acceptable salt thereof:
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The present disclosure also includes pharmaceutical compositions containing a compound of the
present disclosure and methods of preparing such pharmaceutical compositions. In a second
aspect, there is provided a pharmaceutical composition comprising an effective amount of the
compound as defined above and a pharmaceutically acceptable carrier. The present disclosure further
includes methods of treating or reducing the likelihood or severity of HCV infection. In a third aspect,
there is provided the c Sdg‘%f apbove for use in medicine. _In a fourth aspect,
there is provided the cﬁg%ﬁﬁ rgs e i%glgeaq%\}/é g‘ﬁl u%seHEaBF‘e*‘\?S%’t’i%a% SPTHRAMRH: ST hfection.
In a fifth ZSPERAUIASTEhE Frovricirtioatss and autipdanbirsrrasmpBtichusetitied aboyesitithe
preparation of a medicamertdondniiytingnle s Mo Siprotease AstMiben Sompiaghin-nessiihersef.

In a sixth gapech, there s Aravideduse,of foe,compound.of composition. as defined aboye in the
preparatign of a medicament for preventing or treating infection me a sﬁbjec Iifi ne&d téreof.
Other embBHRFREAE dghens ditfrassrsdpredrtgisosueiern e ithe Ffghherddeseribatyin or
will be appalriéiv frdietle. ensuing description, examples and appended claims. DETAILED
DESCRIPTION OF THE, INVENTIQM:. there 17 BR-preseBkinvenlion includes,acompeynd etfgmmula
(I, and pharcinaceutlcally acceptable salts thereof. The compound and its pharmaceutlcaﬁy acceptable
salts are US&tGH the inhibition of HCV NS3 protease, the treatment of HCV infection and/or the
reduction of the likelihodaofosethetityeof, sthasCl mmfeddishtiRrophplactic apptifatibabanclfide;stoin

example dreatmenbatiersuspested-pasteegsure to HCV by such means as blood transfusion,
exchange of body fluids, bites, accidental needle stick, or osure to patient blood during surgery.

As pharmaceutical corr?ggs%ﬁ%‘naﬁ?ge%ﬁt@%r?sf%ﬁéogﬁgﬁgﬁﬁen@%%ﬁogﬁ%l = GRS R & AsEnge ,
therapeufit§anthoieprEpionplmies diasem foumdinayeds QomBbnph Wit ethieitthierapelitic agents
includingreutl Meirbafited to other HCV antivirals, anti-infectives, immunomodulators, antibiotics or
vaccines. NS3 inhikitor g useful in,the preparation and execution of screeni ssays
for antiviral compounds. For exa%% e%%é %grr}?&)dlfﬁ sé% can be used ‘t%“?s%‘ié e é’ﬁ%f/lr%near%(§£n § which

are exceftBAY SEIERMRIEHBBIL T sredisimst fartroverEtmap duatias mfpeiieriar dlGRcinormdtenids
may be used4d @stabfish or determine the binding site of other antivirals to HCV protease, e.g., by

competitive inhibition. ger emkfg‘éixfﬂémgr cHbeginExample %Si)%jérfgé%ly;%ééﬁo %@pé)r%n%lt (3S

compared tg the,compound of Examples 110 and 118 of WO 2008/05; , as severa
advantag%g%e{/(ﬂeﬁﬁ%éjﬁ259‘%1?1%]? ABRATERH Y9 Bt isPsSHip AR dRsiffe S rATBtoRRd appended
Ciaims,

DETAILED DESCRIPTION OF THE INVENTION

The present invention includes & compound of formula (1), and pharmaceuticslly
acoeptable salts thereof The compound and its pharmaceutically acceptabie salts are useful in
the inhibition of HCV NS3 protease, the treatmnent of HCV infection and/or the reduction of the
likelihood or severity of an HCV infection. Prophylactic applications include, for example,
treatrnent after suspected past exposure to HCV by such means as blood iransfusion, exchange of
‘body fluids, bites, accidental needle stick, or excposure to patient blood during surgery.

As pharmaceutical composition ingredients, the compounds and salts may be the
primary active therapeutic agent. When appropriate, the compound may be combined with other
therapeutic agents including but not limited to other HCV antivirals, anti-infectives,
immunomodulators, antibiotics or vaccines.

NS3 inhibitors are also useful iny the preparation and execution of SCreening assays
for antiviral compounds. For example, such compounds can be nsed to isolate enzyme mutants,
which are excellent screening tools for more powerful antiviral compounds. Furthermore, the
compounds may be used to establish or determine the binding site of other antivirals to HCV
protease, e.g., by competitive inhibition.



|. Compositions and Methods Different embodiments include the following: @A
pharmaceutical composition comprising an effective amount of a compound of formula (I) and a
pharmaceutically acceptable carrier. (b) The pharmaceutical composition of (a), further
comprising a second therapeutic agent selected from the group consisting of HCV antiviral agents,
munomodulators, and anti-infective agents. WO 2010/011566PCT/US2009/050915 (c) The
pharmaceutical composition of (b), wherein the HCV antiviral agent is an antiviral selected from the

group consisting of HCV |nh itors and H S5 rase |nh|btors

pharmaceutical comblnatlo&%@v% Vs (i 8 s o%oﬁrgfuy?éﬁatﬁﬁoﬁ% g&ﬁ&‘fﬁ%ﬁ%&ﬁ@agent
selected fROMATREEL Bmﬁtlhﬁ)&flﬁé\ﬁ ﬁﬁﬁ%ﬁﬁ%%%@%ﬁiﬁdﬁﬁ%ww@@dmm ifféctive
agents; wREHSP SHeCompaiadehitdbimiblaiyamdithths eometherapsitic agent are each employed in
an amount that renders the combination effective for inhibiting HCV NS3 protease, or for treating HCV

infection %ﬂ%%ﬁgﬁﬁﬁ}g the M&!@g&d or severity of HCV infection. (e) The combination of (d),

wherein the antiviral agent is an antiviral selected from the group consisting of HCV protease
inhibitors and HCV NSS%‘%ﬁﬁ}?h FphosimAbRgtsude the follyvRgethod of inhibiting HCV NS3 protease

in a subject in need thefebf whickheomprigizsbelisterimigdo thexsubjectanféfectvemmmauwntof a

compound@hfermalarfiprmuia (1) a(@)abpﬁmm@ﬁgﬁa@egeb{g}{eigggqmpn and/or reducing the likelihood
or severity of HCV mfec@_tpn 'n"?rlg’l}&lflk?ﬁ{ &Qg ghggeof WhIC es administerin lg to he subject

an effective amount of a com d of formula POSIRG eme o%f)on?p(rgﬁ Twhie
compounég o%%%?ﬁ%mgx?}lié“&%%?%%?é?éé W@&ﬁ]ﬁ?ﬁﬁf%ﬁ%\ﬂzﬂ}%ve?%ﬁf% aFfbkint of at Ieast one

second thirapEiTecyERtseastant fiofactie gasap consisting of HCV antiviral agents,
immunomodulators, and anti-infective agents. (i) The method of (h), wherein the HCV antiviral
agent is an antiviral selected from the group consisting of HCV protease inhibitors and HCV NS5B
polyrnerase inhibitors.
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A method of inhibiting HCV NS3 protease in a subject in need thereof which comprises administering
to the subject the pharmaceutical composition of (a.), (b), or (c) or the combination of (d) or (e). (k)A
method of treating HCV infection and/or reducin.g the likelihood or severity of HCV infection i.n a
subject in negghtherartwhich comprises administering to the subject the gharmagetitical, composition
of (a), (b), or (c) or the combination of (d) or (e). (2)A compound of formula (I) for use in
medicine, for use in prevention or treatment of IICV infection, or for use (i) in, (ii) as a medicament for,
or (iii) in the preparation of a medicament for: (a) inhibiting HCV NS3 protease, or (b) treating HCV
infection and/or reducwg% the Ilhellhood or sey rity of H V mﬁg& 0 In th&s&ws %mm c%unds of

the present invention ¢ optlonaﬁy%memptfoye ﬁ% ggm |nat one or more second“t erapeutlc

agents seléGeEHSHHEFERIAEI RGN srtififRenié agera-atid MR /MAdHaIS Bvo
2010/011566RCT4S20608/050915 In an of these embodiments, the compound may optionally

be used in the form of afcqharm@ﬁ@aa}ﬁeeum@@e&&am%@itmm is (T heAeRuRy, 01@%}%@9 fgrain,

denotes al(teinatlgcegdtglaet may, w aher |ate be c&gr bg}ne’gs Thu§ége,t§1{ N9 wgg;iludes each
listed alter

& 5
t|ve separate Yy as WE?[1 as tﬁelr comr%lna on 1f the co |nat|on IS not mu é exclusive.

Reference TS ISR by indiutiec Branecrbmplsses %ﬁﬁ%&% Ble hydrate.
A 'stable" emmpbimethiseticegmpdardwhichdanesdepre paadisthd! |wkéft5dm.>wbmsecsmffﬁute¢and

propertiesggmainiahea Rergausetiesemainesseptiatly unebangesifor anesiocked timaimficient to
allow use of thet 8WQ% Hor. 3Iae purposes described herein (e.g., therapeutic or prophylactic
t

administration 6 a subject). ITL Administration and Compositions The term "administration” and

variants thereof (e.g., "ABminiSEFFRYR ATESHPBLAH THEENS BroVidihgHitd ebrspBR 84 Brétrug of the
compoundcitiethi individaalinmeediofiteafilent swhesecanborpound bEiHeNRIBNtdyeorasprodrug
thereof is ptevigled. in combination with one or more other active agents (e.g., antiviral agents useful for

ireating HCV infection) iedminisyafiont AR i erAeis ts sachundersiepd g papourent

and sequential prOV|S|on of the compoun rsa egt er agents. ompounds of the

present inVEHifbHPBY 5& UilHiStEred Rt %%e&aﬁ%%ﬂ%%masﬁeﬁééﬂe%éﬁ erm
"pharmaceutically accefgable 4ahtihuférs weaisalbéf HelparemtutmpolivdawHienikdiaetivity and
which is nef-RigtegiCaly O ateise kidesimbledelgreis taitherdaxicsaosdihermsesdeleterious to the
recipient tlggg%g{)aﬁs% e.salis incliade %&QQ&W&&%&E? hich may, for example be formed by
mixing a soldution of a c&gxpou?%mth a 50 utlon L%9’11.?5rmaceutlc§ I}](%acce ?%ld .such
hydrochloric acid, sulfuti acid c@ﬁgl S B BEN LSRG & EOMPIURGE arrying
an acidic rioiesyhéaripe wiken Mﬂ@%ﬁt@ﬁ@%rﬁﬁé@ém&%ﬁv%&@mw%ma previeé ifor example,
alkali metahsahsufecgnstogizion HOpoiassitinagalts) i alkalinaeathoretalisalts igagivealgiin or
magnesium salts), and Its forpegd.with §pﬂ %Qfﬁﬁ@lﬁ% ligapdssHeh ﬁ{q@tﬁ{%ﬁy ;@mmonium salts.
Also, in the ase qof an Cld COOH or aI bgﬂo,vg} beln resergﬁg?@%utl aIIy acceptable
esters cart 8%‘?%%78? Y& %dTﬁ}ifﬁél%P ity %fl%l (HAAE A istids OHRE E8IREduUNd.
inhibitors. .
G A method of inhibiting HCV NS3 protease in a subject in need thereof
which comprises administering to the subject the pharmaceutical composition of (2), (b), or (¢} or
the combination of {(d} or (&),
(k) A method of treating HCV infection and/or reducing the likelihood or
severity of HCV infection in a subject in need thereof which comprises administering to the
subject the pharmaceuiical composition of (a), (b), or (¢) or the combination of (&) or {e).
o A compound of formula (F) for use in medicine, for use in prevention or
treatment of HCV infection, or for use (1) in, (i) as a medicament for, or (iii) in the preparation
of a medicament for: (8) inhibiting HCV NB3 protease, or {b) treating HCV infection and/or
reducing the likelthood or severity of HCV nfection. In these uses, the compounds of the
present invention can optionally be employed in combination with one or more second
therapeutic agents selected from HCV antiviral agents, anti-infective agents, and
immunomodulators.



As used herein, the term 'prodrug” is intended to encompass an inactive drug form or compound that
is converted into an active drug form or compound by the action of enzymes, chemicals or metabolic
processes in the body of an individual to whom it is administered. As used herein, the term
"composition"')vié 5@5@ 0 encompass a product comprising the specified ingredients, as well as any
product which result@?gbﬂgtctly or indirectly, from combining the specified ir?&r@%i%%?f)s(’f"%“
2010/011566PCT/US2009/050915 By "pharmaceutically acceptable" is meant that the
ingredients of the pharmaceutical composition must be compatible with each other and not deleterious
to the recipient thereof. . The term "subject” (alternatively referred to herein as "patient") as used
herein refers to an anin%éi‘l ﬁB%f&%I%PWQIWW%?&BW SHIRRAE, Rereade Bedrireobject of
treatment, ol semaio o B xpeshinblstsalt. The term "effective amount" indicates a sufficient
amount to exert a theraprutigar prophylaatic-effecicmasRatientisfeatedwitiiElCM Ao effective
amount is sufficientde ashievs.one.05mare;ohibe.fallpwing effedts reduce.the ability of EICV to

replicate, reduce FICA/ load, ‘agd increase viral clearance, For a patient not infected wi hHCV, an
effective acﬁg?glt:?ﬁ?‘iggsrhﬁiﬁgﬁ?’t‘é RS BRETSF RGBT following: a reduced susceptibility to HCV
infection,and a reducedFBERT the tafertimng wiresnelekmishe pengibtart ifféctimfsuchenicadisease.
For the puspeseacafighibiting HEWX NSSpraiease antpseatingiblCYiblogtipn-angiansgduaingdithe

likelihood @y ' Jdnfect : ent,invention, optionally
ot o oM IR

) ] f e agent with the
agents sitd B e o TRey EaR B8 Atministe 59 BB AT m%%@%?m'f%?rﬁ%{%n%onjunction
with pharniEaeriei o sipryAsindidiowaperapeatidtiephts or in a combination of therapeutic agents.
They can be administered alone, but typically are administered with a pharmaceutical carrier selected

on the basis of the.chosen raute of administration and standard pharmaceutical practice.

Compounds can, for e le, be administered by one aor more of the following routes: orally,
parenterally (includingXs?u%gﬁf'glneacﬁgjr%ufhﬁté%&%{hs?%%t‘?%%‘ﬁ%g]&rﬁ?ﬁgmst Ff‘iﬁ%ﬂ@?erﬁal injection or
infusion tetHARNYBL) PRATAIPARHORY e EE i RE SprayTrskivg P6 Hre evanyoundte Horindsfidushindosage of
a pharmaceuticélicompositidhcontaningah«iectivesiuount ofdhe: gcorpodndpanddanyentional
non-toxic pharnaceHticARcsERiablscariers. adivvants andvehiglesliguid Riepasatipng suitable
for oral acpioistiafion.fe g suspensione, syrps, lis and thelike) can pe prepared,agcording to
techniques now‘rflndt?ie, ar% and can employ any ot the usual ime i $URR%S “YijE8ls, oils,
alcohols affdtRa ke SbliorpE b stBReatipABR I RIcadssHstration (e.g., powders, pills, capsules
and tablets) can be prepatedapoonding tbetechniqilesknownain thedast -Anereamehaplaysiich solid
excipientspas:siasehes sugatpdaoindubnicants, hindersdisiaisarating.gegents andithe liker o
P B D G Lo R s e S
employ steril water as a carrier an thlonéllyhot er mgrealen s,'such as SQﬁJblmylgi 5 Ctable
solutions ¢&& b PrEPEEEECEE RIS FsIRGES Ko FetHicarRarefinSErbisrprdis doslistises a
saline solutichadd igiorc esés salitiomayr frsetatighecontaiming by miktineaobbaline dnc gluense. Fidither
guidance fosdmgthosisasiiable donuse RRRPRERG PharMAcsItisalicn QRS nt
enion 5115 Mo P40 S45LC 1 UCA008 L SEGLE Doredssyiche o saa 1 s
compositions is provided in Rerington's Phamiaceutical Sciences. fﬁj 1edition (&d."K. "R Gennaro,
Mack Publietisgeds Bismpeeutically $artepintiinde BPIA ittt kan kil iqarihisler&torally in a
dosage rafngevof O 00 %1 U008 mgikglofamarimeal:{bsglisiamar) otyoweightepedsytin, asingle dose
gr in dividesldeses.One.danage sange:is R0 0H0R qwflsgzo&a@%?a%&g%ﬁ%mam&%ﬂ éﬂe%%lilyg,'e
ose or in g C t e ral t m ody weight per day orally in
single or dci?/%%d%gigg%%r}grgﬁggggﬁ%ﬁaﬁggﬁg%g&%%ﬁ%ﬁ%%%ﬁ %X(f)?gbd?%(? %lt%{éxf@??n of
tablets or T4BLUIES RIRRLinTHG B 1B BB P HIY GPIkE e trgibchen B 4RIeRRAMY-1, 5, 10, 15, 20, 25,
50, 75, 100, 150, 200, 2501s300:460 IB0GI=NHTPE01 i ol thelaktiveningrpdient foatheesymptomatic
adjustmerfvaf ihecogageitthihs patientwibe teated: The specificcdesplevel)and frgauency of dosage

for any pagieyiasspafisitmay be-aed Ancwdl depend por.g waaRah Reiprs lpgluding the activity
of the spec&flc comrjgé)und employed, the metabolic stabilify and Ilength of action of that compound, the
age, bodyaw%lllaxr?ﬁeg heral health, sex, diet, mode and. time of administration, rate of excretion, drug
combination, the severity BfahEgaitichtdeeoneptiaisdidg theinsstehdergoingakerapyd©ombination

Treatmentomprising the specified ingredients, as well as any product which results, directly or indirectly,

from comibining the specified ingredients.



The quinoxaline macrocyclic compounds described herein can be used in a combination treatment
involving one or more additional therapeutic agents. Additional therapeutic agents include those also
targeting HCV, targeting a. different disease causing agent, or those enhancing the immune system.
Agents enhamjtg;gﬂgypur_]_e system include those g_enerally enhan_c_ing E]img%&%ss&é%gm function
and. those producing a specific immune response against FICV. Additional therapeutic agents
targeting HCV include agents targetin.g NS3 and agents targeting other HCV activities such as NS5A
and NS5B, and agents targeting host cell activities involved in HCV replication. Different HCV
inhibitors are described_in different publications. Magrocyclic compounds useful as inhibitors the HCV
protease inhibitors are (%gsé)rl e _ac{pl%ﬁfl 6T 190 Cvﬁf%&%%wr 5&%54‘2%}1%0 07/148135,
WO 08/05 PHH5 075 68/ Br a7 iy O 0B /o5 TE N O 08 08720t Ariton - HENoNSS rotease
inhibitors areigistidsadoin international Patent Application Publications WO 98/22496, WO 98/46630,

WO 99/07733, WO 99/%%%%1‘{\"911%8@8&&@9%%%9!&@%%9@é/\ﬁ@féﬁ/&%;%ﬁe%ﬁ?aggé@g%?&ﬁw ©
00/59929, 2 U.S, Patent No.

) 02/48116, WO 02/ VZ|.72 _British Patent No. GB 2 337 2, an )
6,323,180, s ai%%ﬁ%%ﬂé%é?ﬁglésmé‘f“%ﬁﬁaﬁé’ﬁ% ieaarearﬁ?lg/ ﬁé&‘%‘é‘y‘ﬁé" S TP RsHination
include ribSeRTRETVRRAFI 2N AT BFRE S#hosin alpha-1, interferon-3, interferon-a, pegylated
interferon-a (peginterferse-&)ra edfnhinatimowt: inteliferensa-afid:thavitinpacembination@fuic or
pegin:er;e@Qmﬁ&ﬁaéi@ﬁy&lnf@i@@%ﬁ@ﬂg&l&giwfﬁ@%@wﬁm@%ﬁgﬁ éu‘fﬂmé}m%%ﬁgire
peginterferon- and levavirin. Interferop-a includes recombinant interferon-a2a. (such
2010/0115%5@&%?%%5%%’6’8?% %‘ESE E{%‘ﬁ‘?r‘%@fér s S%ﬁé{gﬁegf%ﬁcﬁ&ﬁ%%%ﬁmﬁﬁ% Nutley,
NJ), pegylSEdIFHEETRIOH SXLPRT A P iRte et étay libhlas/ 1 nmriionioa werersn available
from SchesidZ@mipgs Kbrmitworth oNd)yrpefiiated interferandazind(REGHNIIRON FHavdaahinantd
consensus, iteifeseni(sy ¢l as intesipronalphacon:lo, pad:apurified niederan:a Pidyct. Amgen's
ecombinant consensus NGISI0n 15 16 B AADS ANEERCEN.Levouri s e ghaniiomer o

ribavirin which has shown immunomodulator vity similar to ribavirin Vir rnldlne? %f’%%ents an
analog of ﬁﬁﬁ\‘iﬁfﬁ%%‘%g@dlWW@@W@@W@XY'PI?@WWF&&&féﬁﬁ%éﬁ%@%f’%ﬁé%ﬁ*ﬁﬁnﬁiﬁﬁﬁﬁ@w be
administerggsseparssipratogifferdt wrtiesidurinfethdicoarse eftheiwpydbroneusrdntly-inidivided or
single combinatiass fRsmSive agent WRIDSHB ALY ONY BT, RN:Viramiding mayexgtdhainanti-HCV effects
i R s R R R S ech S
inosine monophosphate dehydrogenase (IMPDH). M , H'is'the rateimi Ing enzyme on the
biosynthette 8‘%%&%%‘68&% PRKB SR Bt resrts RIBRYIFH Rerdimin HHed ples lated
intracellul & Epgate AoropRoSpa N ter Rlative s wrirdhbibitor el DE 1 Hasisinhibitidrmef MPDH
representsanotiiannsetitdasgehiorihescistovensafinhipieis.ef FICV replication. Therefore, the
compounds of the present. i0 [ inistered. in_.combination with an inhibitor of
IMPDH, such as V -49?%2%{%% %gzl%\fs%? %%i%?r%%%g{%%#;ﬁ Applica ?6%";%%:‘]}%{?]’8?%&%0
97/41211 HHFHES 01108825 ARG HE INBHOHIBROTS SHERTREtHAHAISERISe PPN BIF25780; or
mycopheridiggamnstoticses & DiAisoachnd M bE inuilatdn Supph) AgestsiAbiion. 165«1893).

For the treatmheftof 4 € rintectionthepbampounds: obhpcrrese Béinventon wray.-alsqbe:administered
in combinatj ' ivi 12 ' —amiE arna ) mpr Qen ive
descrpton 61 e e T R AR Ik PR S ae™e
the trearnient of H lﬁ%?é’éﬁB%F,aﬂ?é’bc%‘%ﬁ%%ﬁﬁ%fsﬂ HEPELBEM et S RRAS His o BeRidfikigtered in
combinatiSRAihite sditivf aregesst erdisgdsdciiniisiver RT128I(Rch pnd can enfieycompbtads of
the presensinvertionsmayaiserdegtonhined, facshelsreatmentief 196 infectianwithantivired

2'-C-branched siaanueleasides disslasedinRe&sharn:Qunietal S0, Cham, 1/54-59
(1997); M, S, Wolfe et al. 3%6?_ quJ_ Le .%11- a%g%%’é?ﬁ&é&%’%?%ﬁ% %%%%80(%&%&?%5 %r{ternational

. 4 1 & 5 vk P N

Patent Apieﬁ(%')t%ﬁsﬁﬁﬁ%gt?qﬁg WA ff"ﬁb‘?f%‘l][f’\’glv CBi’ SoBS RS 155 267 WE04 9, WO
04/003000PRHEPIFO I eRG s D s Behigpiys 6fe dknlsewRisrniralnevipoitiosd b feferepwedn their
entirety. Suchr@l=gtbrenthigdesionwol@otides includec iyt arglootliniited 4o, 24 xCmprihydcytidine,
g1('2Cénet|%?ﬁlﬁlgl-ﬂgﬁ@[)%ﬂ¥bei’ﬁ@?@&mlt@%%ﬁ%ﬁ_é%! %Eﬁj‘ﬂﬁﬁ‘yligé@mth §i§!ﬁuﬁ‘&%dqan be p_repasedd er of th

-(2-C-methy1-P-D-riboluranosyl)-2.6- diaminopurine, and.the corresponding amino acid ester of the
ribose czabp/o%’ é@gl%%g“ éﬁﬁs %9@%?6?8%‘2@%&%%5‘?6‘6&%6&% %/%flr%l}(ﬁég’ﬁanmeeg@é‘r?é%ponding
optionally SHB& et CYaie C A BRafedisraster st s o isnes phute demansedor methods

suitable for use in preparing pharmaceutical compositions of the present invention and of




The compounds of the present invention may also be combined for the treatment of HCV infection with
other nucleosides having anti-HCV properties, such as those disclosed in International Patent
Application Publications WO 02/51425, WO 01/79246, WO 02/32920, WO 02/48165 and
W02005/003%4/,(nglyding R1656, (2R)-2'-deoxy-2'-fluoro-2'-C- methylcyt %@f\ﬁ/}g@gcompounds
3-6 on page 77); WO 01/68663 WO 99/43691; WO 02/18404 and NV020 1! and U.S. Patent
Application Publication US 2005/0038240, including 4'-azido nucleosides such as R1626,
4'-azidocytidine; U.S. Patent Application Publications US 2002/0019363, US 2003/0236216, US
2004/0006007 nd Us /0063658 nd International Apllcatloanubllcatlons WO
02/100415" W ’é%gﬁ WE0%F é‘?%lp@\? %@/ﬁéﬁ%’é %\} AR OE B EREE8500 and WO
04/02848&&@%%%@1@&&@@%%0%%Mé?blﬁ%'yfﬂé‘fﬂw&fcelﬁiﬂﬁé entlrety For the
treatment of HCV infectita cthepoanspoidrids of the present iniehtias-say-Alsobeiagiministesed in

combinatigmit mgﬁgkm@ft@aﬂﬂmpgownﬁﬁ% M@ EPEIRSE é%ﬁ%'&&%%%?@ﬁ@éfwnefase
|nh|b|torst atm iuse as co atlo é{;}g}%’f()‘% “gw §nota,ﬁ1lte to, tho Isclosed in
Internatlonaf’?ﬁaten‘f Ilcaﬁo SISETSERHNE 308 ADE: W3 68544 WO
2004/0oo8198dW@@féﬁ/oéﬂégfé%%W@azew/@dm@&m &g badervNghiET TR0 Nt Siglatent
ApplicatiodiBublidation Fd520044006i80théihcomenritdiceachriSbineordratedhretein Myraeigrence in

its entlretymQ&B%é@&k}ﬂ&%é@%%@@%@BM@@M&&%&%@@M& zmgtedﬁtO] 0/61'9%“&9'%

NM-283 tid Iso, WO 20Q5/0
(embodlmégte E:18l§])cle%2)(%l e I—T’é @%&Hgﬁ;:g&%ﬁg o(r)s tfﬁﬁ?%?énéé deﬁ)]1 g?frﬁbe ﬁ%{%‘gﬁiﬁgﬁﬁhe

present HW‘*N@B‘*&)P&F@&%%&%%@ %@%F@&%H b thaseheriinglesnipelaes fequency of
4-amino- 73(2aEs methyl-F:Deakahingdur angsyd)vitkpyndlel2 Ssphpyrimidineadety of factors
amino-7- (%{&Jﬁ?@éhﬁbgc{?ﬂﬂ@@mf@ v&;)cébt &HJ&E&Q&{S&'@&/ r{%%{%ﬁolm stability and length of

4- methylam no-7x meth ranosyl I rro mldlnc

4- d|metIaf/jlz;ﬂﬁilln{())1 Gf?g 1%& Bivo ﬁr}a{%o%)glg%%ayrro m moéfk” gnd time of

4- cyc|opr&.§§}v§ﬂﬁﬁ%@n(éa@ %Wt%ﬁwfﬁ? %@r"@?#ﬂbﬁﬁﬁ%ﬁf&[ﬁ @f wﬁﬁmﬁﬁémdmon and
4-amino- 42 1@svimydePzBrgliofaranosyl)-7[L pyrrolo[2,3-d]pyrimidine;
4-amino-7-(2-C-hydroxymethyl-f3-D-ribofuranosy-1)-7Hpyrrolo[2,3-d]pyrimidine;
4-amino-7x(2- romethyl-P-D-ribofuranosyl)-7Hpyrrolo[2,3-4pyrimidine;

4-amino- 51’ﬁ s s = ‘_i‘}/ea % -{-D ribofuranosyl1)-7Hpyrrolo[2,3-cfpyrimidine;
4-amino-7-(2-C-methy| 5. SRS BEFRT7 £LC ST BIOEIS A5 TdIRE1S 8 BE R iAcid,
4-arnino-Sdromatiy Za@tavethyhPDrivofe ranosyldddHappirdlef s cipyrimidintelditional

4-amino- ﬁtﬁ%%ﬂtﬁr@&ﬂmem@ﬁ@ﬂﬂérmwﬁmﬂfﬂﬂ%ﬁ -3IVRMIGI98ke causing agent,

4-amino-3:flyol ran reolo, rimidine

2,4- dlamlnét)%1 5% Zﬂg%q?ﬁ{pl%t]i {%{J% % rga%ngsgié@w&%ﬁ%% %é@%ﬁ@gﬁ%&ggggi?%
711-pyrrofS{ER ﬁ??dﬂ%e‘mz“&}ﬁﬁ% %éﬂé HTGHHRTLECE- BB SfaraiTES, A spggilic immune
pyrrolo[2, 8=ef3yyrintelims HOV. Additional therapeutic agents targeting HCV include agents targeting

2-amino-ANsyclaprapyaminent (AvermethykiiRibaiur an o8y )s Hdp e[ 2.3 diputimiding

2-arnino- @@ &z %EWEQS%Q&QQ&%@X%% Y, £o|0[2 3-d]pyrimidin-4(3H)-one;
4-amino-7-(2-C-ethy ribofuranos pyrrojo[2,3-d]pyrimidine;

4-amino-7-(2-C,2-0- dll‘%é RN Pétﬁﬁgsﬁf WM?SI&?@%‘W@W&%‘}“S Macroeyclic

7-(2-C- mmmaﬂ)l@w@éﬂhaamﬁgwwmm/%m@%}pyﬁmﬁww(@ Fpscoibed 20aiindes-raghyl-7-(2-C,
2-0-dimethyd-34D afisofwan osyi-7H - pywale] 263 s pydmigind(31s Livaries /051477, WO 08/051514,
4-amino-Axf3r e Xy 4 mgf W@Q@ e tHRyralQle éaxsglgyc{mqﬁ@matmnal Patent

o S P e R U e
4-amino- 'f}((@%?ﬁ?etw 99If5@?§8f|WW@WpW%%{@%@?pW@Q%@%9 WO 02/48116, WO
4-amino- B3O TaeBritdl- Pyt radas ¢l R 7 H2 ey eakb [2 B3-Hipriniding23, 1 80.

4-arnino-7-(2,4-di-C-inethylbiribgf %Qﬁ%ﬁe%ff&ﬂwgﬁ@{% 3 lpy L@%&nﬁ in a combination
4-amino- 7ag?[ %Ieo -3- flu%ro -2-C-methyl- SEDtgbofuran ) 7127 l&{ﬁ:r IOLZ ,3-d]pyrimidine; and the

correspondi %’”trl phosphates, ora P R che eﬁtéﬁ 1@P&GTO0 0 PRI b ounds
of the preSEH 3%&@%&3’}%’@&% %éﬂﬁtﬁ?ﬁ‘é’éf%roﬁié ﬁf@ﬁﬁﬁé’h@fﬁ evitafecisnbivimor-nucleoside
inhibitors pfdri@ifepalymerhsb:sudh, asthdseadiscloSedifriniernatidealRiabte piApplicatienfuflications
WO 01,7709 MO ALAFRE3: WO004425: WA 924062461 MR 02120495 WA 2005016927 (in
particular JTK0O03); the content of each is incorporated herein by reference in its entirety; and
HCV-796 (Viropharma Inc.). In one embodiment, non-nucleoside PICV NS5B polymerase
inhibitors that are used in combination with the presént HCV NS3 protease inhibitors are selected from
the following compounds: 14-cyclohexy1-6-[2-(dimethylamino)ethyll-7-oxo0-5,6,7,8-
tetrahydroindolo[2,1 -a] [2,5]berizodiazocine-11-carboxylic acid;
14-cyclohexyl1-6-(2-morpholin4-ylethyl)-5,6,7,8-tetrahydroindolo [2,1 -a]

2 BRlhenzodiazocine-11-carbhovyvliec acid: | A- ovveloheavyv1 G- [2-(dimethviaminnlethyv]l -2




[2,1-a][2,5]benzodiazocine-11-carboxylic acid; 14-cyclohex y1-3-methox
y-6-methy1-7-0x05,6,7,8-tetrahydroindolof 2,1-a] [2,5]benzodiazocine-11-carboxylic acid;
14-eyclohexyl1-642- (dimethylamino)ethy1]-3-methoxy-7-o0x0-5,6,7,8-tetrahydroindolo [2,I
-a][2,5]benzagigzemineklzcarboxylic acid; Pr PSS _
14-cyclohexy1-6-[3-(dimethylamino)propyl]-7-oxo-5,6,7,8-tetrahydroindolo 2i- ar h c acid,
14-cyclohexy1-7-o0xo-6-(2-piperidin-l-ylethyl)-
5,6,7,8-tetrahydroindolo[2,1-a][2,5]berizodiazocinc-11-carboxylic acid; 14- cyclohexyl -6-(2-

. 3iﬂﬁglﬁgmq@m?ﬁ%f%‘ﬁa§ R e r]ﬁ?%%%? ?Z ﬁ%ﬁg e 1
1-carboxylic %%% m %%é’g g}%é?ﬁé)m? NPT e8,258 6! ‘6‘?8%1 H618-[2,1-a]

2, 5]benzo§8?éi12]é‘6?ﬁ§ 3@&?@5&%@ ifggeferon-o.2b (PEGENE RON), a reoombmam consensus interferon
14-cyclohexytiNi dimefthaylaaine)soHionyk) +/p0Ke-6 (R-piperdinp 23 eh yn:6: 7 Sstefralygroindoio[2,1-
a] [2, 5]be%gé%§9§iﬁér;&&ﬂ£§@mg§é bame INF LRGLN Levovir j% the L- egtaéxt}ogl?r ﬁg virin

4- eyclohex l ?L |meth arnino H%Igéolmet no)sLéIfonyl 7-0X0- droindolo
[2,1 -al[2,5 B m%%‘(‘:‘rf}\l HTRAROKE Hlf“}/ %Vlf?tl(d}ﬁir@w&ﬁﬁ?ﬁféﬂms 2
y1]-7-0xo0- W@%@?éﬁ?ﬁﬂ%él?ﬂ@%ﬁ@l\f@ &Iﬁ%ﬁ&oﬁwzﬁiﬁ@u&iwbw@m@ el combination

14-cyclohexy bbabiiidetedhydneindoto|2iTead:{2b]bedaociazocinesd dreaehiccasith rently in

6-ally1-14-gyciohexyl-3:-metiexyaa,bil- 3z tetrahydroindolo[2,1-a][2,5]benzodiazocine-11- -carboxylic
acid; 14-cyclopentyl-6-

(dlmethylamlnoéethyll 5’%%“ B SRy dranas ofzedies %eﬁgﬁ?ﬁﬁﬁb%lvc%‘gﬁwc acid;
14 cyclohé&?ﬂu ﬂ?:(&??ﬁéﬁ%mjé‘ﬁ'ﬁ?ﬁﬁ}%ﬂgﬁ?amm nucleotides via inhibition of the intracellular enzyme
-5,6,7,8-temakiydromdplel; haa] (& blbepzeskd fotinel 1 Barumiylchacigs-limiting enzyme on the

13-cyclohexyfneativdeAs 6 Mﬁ%ﬂﬁ%ﬁf@fﬁ&&%@%c%ﬁ%ﬁgﬁz%ﬁﬁlﬁzﬁ:&%ﬁ&?ﬂ]e -10-carboxylic
acid; 15- C)é Ioh X ]E &2 dlm

tetrahydro %il ?rg&’ml az% ﬁ%ﬁ)é} obg dfe %F}:ngzt;&e 1s ar inhibitor of IMPDH.
15-cyclohe®y fiﬂ?’t‘?’%ﬁ“lﬁﬂ%‘%ﬁ?%ﬁ’ﬁﬁz‘%ef?ié@ﬁ‘a%mﬁ@émﬁc@%@fﬂ@faud

13- cyclohé@}’ &-pbxmﬁi,ﬂ aiteydm-&}ermdmip[:m;ﬁsdj{‘lhdbbcmazt)dm@ﬁpmaﬂ@aﬁarbewhmﬁ@iekeand
pharmacetigatiyiassepiaiie. salsisaereefivbSioanaund.Buabaton i is disc1GeMmRaHRds, dssgribed

herein cawaglﬁ%?daé%gvg A hasues,suoh as e ARl o b ElCt SRS

replicon activity Ication activity using echn| ues well-known Eor

example, E5A3f LAESCIoio OFe0 578541 075 ppbE %@@;cm See Acfpe’dlietnasddyié HCV N83
protease tineniesbvediflldkesusroai(TIRY) A$¥3y. as described below and in Mao et al., Anal.

Blocher-rt, 373:1-8, 2008:and t&@@m@@maigaaggmcﬁ&pItﬁ@@@&ﬁd{@&%{qﬂe\%@s&{%@@ém&w N83

protease ina flna volume of ay buffer containing 50 mM
HEPES, aﬁ%@%@%}?ﬁ%\%&{%‘gﬁ 3%30%@@%}5? 5%"5/‘ fR“i"iléﬁaf% 4 63 ?l% ¥n %af"%ad} 1% PEG
8000. NS3 UritCREBRR SRS REa e R pran r‘?&g REFItHS Aot RhmEantratian 315 s

30 WO 2@13@/@11.91@66PCI/U52009/050915 The reaction is initiated by addlng the TRF peptide

substrate (final concentration &80 Ly INS3 imesiatehbydrlvsislthesybsirate Jsauanched after 1

hour at ro €} i 5 I PH.2:5, roduct fluo [escence is detécted
using eit %%%%%RH{%\%} %%%%Oﬁﬁt%%o%ggﬁg\téoar%gg?}( rﬁ’eg &r'L ?fienancf%%f%:al Sciences)

with excit 8?‘1 St 340 nm and emission at 615 nm with a 400 us delay Testing concentrations of
different enzyme formsidrecsaleetadsoirdsuitdreat signatito tagkdsobadvalionés/B) tk168M:E50
values aretiatvetfising avidtandatefourpasanetesiitioibe datallctaluasare derved fram 1050

values us he+fell 1 [ ). Eqn(3 0 ion of substrate
alues ! ingtheofo @Y\Hr@ﬂ&ﬂﬂtﬂ% §d53. £k %] %Mlﬁ@ta'? S lr Lettl*émgzi‘&ggﬁg% vy

e c |chaeI|s sta
5620- 32?‘&%9 % tb?\!n‘i’lart?na %trgé?s 37“5* ‘\9‘1%‘{“ %@‘é@g‘FPg@%‘)‘QRAP%{iF&HPB% & Oé’ziéc’ﬁ\NAaL
BIOCHEMY 835972556y MRS2P ., WRANREISR HEMIH) 3878 008 WED 08 V243 2ribral @mipound
Productionf each of Fhelpresenrbipvenidhyalskincltdesaracessss facmaking.eesmpounds of formula

(). The commpaunds atihg Riesel aay%emalﬁ@mLeezr%awﬂwfe@yqr&%%cw% 19.edollowing
reaction schg1 gasﬂggw%a?‘n e%r odlflcatlons éégr @ ﬁ e startlng ‘materials,
reagents and tonventiohar syntRess 881&%5 I tHEse T8 "('fh I8 5I2R854%iBle to make use of
variants vifaEH R HEREE I%Wﬁéiﬂ@c%@%ﬁ epdiseiey ki lﬂﬂsﬂﬁt?ibfher nretliods for preparing
compounds of the invention will be readily apparent to the person of ordinary skill in the art in light of
the following reaction schemes and examples. Unless otherwise indicated, all variables are as defined
above. The following reaction schemes and examples serve only to illustrate the invention and its
practice. Olefin metathesis catalysts include ‘the following Ruthenium based species: F. Miller
et al., 118 J. AM. CHEM. SOC. 9606 (1996); G. Kingsbury et al., 121 5. Am. Chem. Soc. 791 (1999);
H. Scholl et al., 1 ORG. LEFT. 953 (1999); U.S. Patent Application Publication U52002/0107138; K.

Furstner et al., 64 ORG. CHEM. 8275 (1999). The utility of these catalysts in ring closing metathesis is
weaell known in the literatiire (e a Trnlka and Criithhe 24 ACC CHENM RES 19Q (2001) The




List of Abbreviations List of Abbreviations Delvl / CH2C12dichioromethane DCF,1 2 dichlqroethane
WO 2010/011566PCT/1JS2009/050915 DIEAdiisopropylethylamine DIVIFdimethyllonnamide
DIVISOdimethyl sulfoxide Dppfdiphenylphosphinoferrocene Et20diethyl ether EtOAcethyl acetate

HATUO- (7-azabenzatriazol-1N N -tetramethyluronium hexafluorophosphg&eT}!\UAS%I‘}r(}} /c(j}ggggloric acid

hydroxyls and the corresponding optionally substituted cyclic 1,3-propanedicl esters of the 5°-
phosphate dertvatives. '

The compounds of the present invention may also be combined for the treatment
of HCV infection with other nucleosides having anti-HCV properties, such as those disclosed in
International Patent Application Publications WO 02/51425, WO 01/79246, WO 02/32920, WO
(02/48165 and WO2005/003147 (including R1656, (2°R)-2’-deoxy-2’-flucro-2 (-
methyleytidine, shown as compounds 3-6 on page 77); WO 01/68663; WO 99/43691;

WO 02/18404 and WO2006/021341, and U.S. Patent Application Publication US 2005/0038240,
including 4°-azido nucleosides such as R1626, 4’-azidocytidine; U.S. Patent Application
Publications US 2002/0019363, US 2003/0236216, US 2004/0006007 and 18 2004/0063658;
and International Patent Application Publications WO 02/100415, WO 03/026589, WO
03/026675, WO 03/093290, WO 04/011478, WO 04/013300 and WO 04/028481; the content of
each is incorporated herein by reference in its entirety.

For the treatment of HCV infection, the compounds of the present invention may
also be administered in combination with an agent that is an inhibitor of HCV NSSB polymerase.
such HCV NS5B polymerase inhibitors that may be used as combination therapy include, but
are not limited to, those disclosed in International Patent Application Publications
WO 02/057287, WO 02/057425, WO 03/068244, WO 2004/000858, WO 04/003138 and
WO 2004/007512; U.S. Patent No. 6,777,392 and U.S. Patent Application Publication
US2004/0067501; the content of each is incorporated herein by reference in its entirety. Other
such HCV polymerase inhibitors include, but are not limited to, valopicitabine (NM-283; Idenix)
and 27-F-2’ -beta-methylcytidine (see also WO 2005/003147),

In one embodiment, nucleoside HCV NS5E polymerase inhibitors that are used in
combination with the present HCV N83 protease inhibitors are selected from the following
compounds: 4-amino-7-(2-C-methyl-B-D-arabinofuranosyly-7H-pyrrolol2,3-dpyrimidine; 4-
amino-7-(2-C-methyl-f-D-ribofuranosyl)-7H-pyrrolo[2,3-d]pyrimidine; 4-methylamino-7-(2-C-
methyl-B-D-ribofuranosyl)-7 H-pyrtelo[2,3-djpyrimidine; 4-dimethylamino-7-(2-C-methyl-f-D-
ribofuranosyl)-7H-pyrrelo[2,3-dipyrimidine; 4-cyclopropylamino-7-(2-C-methyi-B-D-
ribofuranosyi}-7 H-pyrrolo[ 2, 3-dlpyrimidine; 4-amino-7-(2-C-vinyl-B-D-ribofuranosyl)-7H-
pyrrolo{2,3-d|pyrimidine; 4-amine-7-{2-C-hydroxymethyl-B-D-ribofuranosyl)-7H4-
pyrrolof2,3-d]pyrimidine; 4-amino-7-(2-C-fluoromethyl-B-D-ribofurancsyl)-7H-
pyrroiof2,3-d|pyrimidine; 4-amino-5-methyl-7-(2-C-methyl-B-D-ribofuranosyl)-7H-
pyrrolo[2,3-d]pyrimidine; 4-amino-7-(2-C-methyl-p-D-ribofuranosyl)-7 H-
pyirolof2,3-d|pyrimidine-5-carboxylic acid; 4-amino-5-bromo-7-(2-C-methyl-p-D-
ribofuranosyl)-7 H-pyrrolof2, 3-dpyrimidine; 4-amino-5-chloro-7-(2-C-methyl-f-D-
ribofuranosyl)-7 H-pysrolo]2,3-d]pyrimidine; 4~amino-5-fluoro-7-(2-C-methyl-B-D-
ribofuranosyl)-7H-pyrrolof2,3-d]pyrimidine; 2 4-diamino-7-(2-C-methyi-B-D-ribofuranosyl-

.9



TMSC1Chlorotrirnethylsilame TBAFTetra-butyl ammonium fluoride DMAPDimethylarnino pyridine
MeCNacetonitrile MeOHmethanol Pd/Cpalladium on carbon
nit0-benzotriazol-1-yl-AT,N,N',N'-tetramethyluroni urn tetralluoroborate TEAtrifluoroacetatic acid

THFtetrahyd L { hromatographyPurification using Biotage Horizon usin sili_cggel cartridge
and specifiec?& %ro%ﬁl‘g&g i}é gradient HPLCAutomated mass or UV triggerggﬁfiﬁﬁ Brfothance liquid

chromatography using acidified MeCN and H20 gradients as mobile phase

7H-pyrrolo[2,3-dlpyrimidine; 2-amino-7-(2-C-methyl--D-ribofuranosyl)-7H-
pyrrole[2,3-dipyrimidine; 2-amino-4-cyclopropylamino-7-(2-C-methyl-B-D-ribofuranosvi)-7H-
pyrrolol 2 3-dpyrimidine; 2-amine-7-(2-C-methyl-B-D-ribofuranosyl)-7 H-
pyirolo[2.3-d]pyrimidin-4(3/)-one; 4-amino-7-(2-C-ethyl-B-D-ribofuranosyl -7 H-
pyrrolofZ,3-dipyrimidine; 4-amino-7-(2-C,2-0O-dimethyl-3-D-ribofuranosy)-7H-
pyrrolof2,3-dipyrimidine; 7-(2-C-methyl-§-D-ribofuranosyl -7 H-pyrrolo]2,3-dipyrimidin-4(3 H)-
one; 2-amino-S-methyl-7-(2-C, 2-O-dimethyl-B-D-ribofiwanosyl - TH-pyrrolo| 2,3-dlpyrimidin-
4(3H)-one; 4-amino-7-(3-deoxy-2-C-methyl-f-D-ribofuranosyl -7 H-pyrrolo[2,3-d|pyrimidine:
4-amng-7-(3-deoxy-2-C-methyl-B-D-arabinofuranosyl)- 7 H-pyrrole[2,3-dpyrimidine; 4-amino-
2-fluoro-7-(2-C-methyl-f-D-ribofuranosyl)-7H-pyrrolo[2,3-dlpyrimidine; 4-amino-7-(3-C-
methyl-B-D-ribofiranosyl)-7H-pyrrolof2,3-d]pyrimidine; 4-amino-7-(3-C-methyl-$-D-
xylofuranosyl)-7H-pyirolof2,3-d|pyrimidine; 4-amino-7-( 2,4~di—C-mc€hyI—{5—Dwrib0ﬁ1ranosyi}—
7H-pyrrolof2,3-djpyrimidine; 4-amino-7-(3-deoxy-3-fluoro-2-C-methyl-B-D-ribofuranosyl)-7H-
pyrrole[2,3-dlpyrimidine; and the corresponding 5'-triphosphates; or a pharmaceutically
acceptable salt thereof.

The compounds of the present invention may also be combined for the treatment
of HCV infection with non-nucieoside inhibitors of HCV polymerase such as those disclosed in
International Patent Application Publications WO 01/77091; WO 01/47883; WO 02/04425;
WO 02/06246; WO 02/20497, WO 2005/016927 (in particular JTK003); the content of each is
incorporated herein by reference in its entirety; and HCV-796 (Virevharma Inc.).

In one embodiment, non-nucieoside HCV NS3B polymerase inhibitors that are
used in combination with the present HCV NS3 protease inhibitors are selected from the
following compounds: 14-cyclohexyl-6-[2-(dimethylamino)ethyl]-7-0x0-5,6,7,8~
tetrahydroindolo[2,1-¢][2,5|benzodiazocine-11-carboxylic acid; 14-cyclohexyl-6-{2-morpholin-
d-ylethyl}-5,6,7 8-tetrahydroindolof2,1-@}2,5benzodiazocine-1 L -carboxylic acid; 14-
cyclohexyl-6-[2-(dimethylamino)ethyl]-3-methoxy-5,6,7,8-tetrahydroindolo]2, 1-a)

12,5 benzodiazocine-1 1-carboxylic acid; 14-cyclohexyl-3-methoxy-6-methyl-5.6,7,8-
tetrahydroindolo|2,1-2][2,5Thenzodiazocine-1 1 -carboxylic acid; methyl ({[(14-cycichexyi-3-
methoxy-6-methyl-5.6,7, 8-tetrahyvdroindolo{2,1-a}{2,5benzodiazocin-1 1-

vhcarbonyljamino } sulfonylacetate; ({[(14-cyclohexyl-3-methoxy-6-methyl-5,6,7,8-
tetrahydroindolo[2,1-4}] 2,5 benzodiazocin-1 1 -ylicarbonyl]amino } sulfonylacetic acid; 14-
cyclobexyl-N-[(dimethylamino)sulfonyl]-3-methoxy-6-methyl-5,6,7,8-tetrahydroindolo]2, 1 -4)
{25 benzodiazocine- 1 1-carboxamide; 3-chioro~ 4-cyclohexyl-6-{2-(dimethylamino)ethyl]-7-
o%0-3,6,7.8-tetrahydromdolo|2,1-4][2,5]benzodiazocine 1 1-carboxylic acid; N'-(11-carboxy-14-
cyclobexyl-7,8-dihydro-6H-indolo[1,2-¢][1,5Tbenzoxazocin-7-y1)-¥, N-dimethylethane-1,2-
diaminium bis{trifluoroacetate); 14-cyclohexyl-7.8-dibydro-6H-indole[1.2-¢][1,5]
benzoxazocine-11-carboxylic acid; 14-cyclohexyl-6-methyl-7-0x0-5,6,7,8-tetrahvdroindolo

.



MHzMegahertz Synthesis of Intermediates Intermediates A Intermediate #Structure A_IQ C?P Name
(1R,25)-1-Amino-N(cyclopropylsulfony0-2- vinyleyelopropanecarboxamide hydrochloride WO
2010/011566PCT/US2009/050915 Intermediate B 1UZ2R)-2-QL4-eo-1-vicvclopropvdlioxy}carhonyliL..

WO 2610/011566 PCT/USZOG9/050915

12,1-a}{2,5 Phenzodiazocine-1 I-carboxylic acid; 14-cyclohexyl-3-methoxy-6-methyl-7-oxo-
5,67 8-tetrahydroindolo[2,1-a][ 2,5 henzodiazocine- 1 | -carboxylic acid; 1 4-gyclohexy]-6-]2-
(dimethylaminojethyl]-3-methoxy-7-0x0-5,6,7,8-tetrahydroindalo[2, 1 -a}|2,5 Jbenzodiazocine-
11-carboxylic acid; 14-cyclohexyl-6-]3-( dimethylamino)propvl]-7-0x0-5,6,7,8-tetrabiydroindolo
[2,1-a}{2.5]benzodiazocine-1 1-carboxylic acid; 14-cyclohexyl-7-ox0-6-(2-piperidin-1-ylethy)-
5.6,7.8-tetrahydroindolo|2,1-a1[ 2,5 jbenzodiazocine-1 1 -carboxylic acid; 1 4-cyclohexyl-6-(2-
morpholin-4-ylethyl}-7-0x0-5,6,7,8-tetrahydroindolo] 2, 1-a}[2,5]benzodiazocine-1 1 -carboxylic
acid; 14-cyclohexyl-6-[2-(diethylamino)ethyl}-7-ox0-5,6,7 8-tetrahydroindolo[2, 1-a]
[2.5]benzodiazocine-1 H-carboxylic acid; 14-cyclohexyl-6-(1-methylpiperidin-4-y)-7-ox0-
5.6.78-tetrahydroindolo|2,1-41]2,5Tbenzodiazocine- 1 1 -carboxylic acid; 14-cyclohexyl-N-
[{dimethylamino)sulfonyl]-7-0x0-6-2-piperidin-1-ylethy])-5,6.7,8 -tetrahydroindolof2,1-¢]

[2,5 [benzodiazocine-11-carboxamide; 14-cyclohexyl-6-[2-(dimethylaminojethyl}-N-
{(dimethylamino)sulfonyl]-7-0x0-5.6,7 8-tetrahydreindolo]2. 1 -a1{ 25 Toenzodiazocine-11-
carboxamide; 14-cyclopentyl-6-[2-( dimethylamino)ethyl}-7-0x%0-5,6,7 8-tetrahydroindolo|2,1-4]
{2,5]benzodiazocine-1 1-carboxylic acid; 14-cyclohexyl-5,6,7,8-tetrahydroindolo[2,1-a]
[2.5]benzodiazocine-1 L-carboxylic acid; 6-allyl-14-cyclohexyl-3-methoxy-5,6,7,8-
tetrahydroindolof2,1-a[2,Sibenzodiazocine-11-carboxyiic acid; 14-cyclopentyl-6-[2-
(dimethylamino)ethyl]-5.6,7 8-tetrahydroindolo[2, 1-a}i2,5Tbenzodiazocine-1 1 -carboxylic acid;
14-cyclohexyl-6-[2-(dimethylamine)ethyl]-5,6,7,8-tetrahydroindolo2,1-¢1] 2.5 [benzodiazocine -
H-carboxylic acid; 13-cyclohexyl-S-methyl-4,5,6,7-tetrahydrofure[3',2":6,7] {1,4)diazocinof1,8-
alindole-10-carboxylic acid; 15-cyciohexyl-6-[2-{dimethylamino)ethyl]-7-0x0-6,7,8,9-
tetrahydro-5f-indoloj2,1-a}{2,6]benzodiazonine-12-carboxylic acid; 15-cvclohexyl-8-oxon
6,7.8.9tetrahydro-5H-indolo[2, 1 -0]{2.5Jbenzodiazonine-12-carboxylic acid; 13-cyclohexyl-6-
oxo-6,7-dihydro-5H-indolof 1,2-d] 1,4 ]benzodiazepine-1G-carboxylic acid; and pharmaceutically
acceptable salts thereof.

Y, Compound Evaluation

Compounds described herein can be evaluated for different activities such as the
ability to inhibit HCV NS3 activity, HCV replicon activity, and HCV replication activity using
techniques well-known in the art. (See, for example, Carroll er al., J. Biol. Cher. 275:11679-
11984, 2003.)

One such assay is HCV NS3 protease time-resolved fluorescence (TRF) assay as
described below and in Mao et ¢l 4nal. Biochem. 373:1-8, 2008 and International Patent
Application Publication WO 2006/102087. A NS3 protease assay can be performed, for
example, in a final volume of 100 ul assay buffer containing 50 mM HEPES, pH 7.5, 150 mM
Nall, 15 % glycerol, 0.15 % TRITON X-100, 10 mM DTT, and 0.1 % PEG 8000, NS3 and
NE4A protease is pre-incubated with various concentrations of inhibitors in DMSO for 20
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valine Step[(1E)-hepta-1,6-dien-1-yloxv'l (E) O, si A solution (0.5 M) of butenyl magnesium
bromide in THF (1.4 eq) was treated at -78C with Cu(1)Br,SMe2 (0.05 eq) and FIMPA (2.4 eq). The
mixture was stirred for 10 min then a solution (1 M) of acrolein (1 eq) and INISCI (2 eq) in Tl-if was
added over he internal temperature remained below -68 C. ixture was
stirred at 78%%%@ #]t%%tn treated with excess Et3N and diluted with hex}#@[}%&ﬁ%@ﬁmg room
temperature the mixture was treated with a small portion of 120 and filtered through CEIATE. The
filtrate was washed 10 times with H20 and then with brine. The organic layer was dried and the

poaties RIS MeCe.dueie sle hal R S&SP&%@;@ )%dw Rigese.(Ra mbany The

fraction collected at8 C contained the title compoun as a cotlorless qU| (400
MHz, CDCT3) 6 g‘T(%dii’r Qg H9 RO t@%%%b?‘%a(ﬁﬁsﬂq?ﬂsh@% e (RUSTTPDTIEPOZ T 2H),
1.94-1.88 mihzm 1. B3 9B MiTYRH) pb, £9 157 9K) c Step Sicramsidpentd e sitbyc 6HGpaRo1 ,014
A solution (0, 4biNIEoh the pregadiog eeripesndimhexanawas teaied witb-a:soWtin ré;&é&{parpiﬁtﬂn

(1.2 eq) ing &2nd. the K i e 1?5@1 Diiodo 1 2 e Was
added drcg)g(vl)gﬁegthen the g‘éﬁ%ﬁﬁa@%ﬁ%ﬁ?@ﬁﬁ@o T %Qm% ma 1%1 SZ%} é yrldlne (I eq) was

re peifg warme
added and B~ BOHGP 5 IR0A tREAISSTILY SRS ﬁ%{%él%lrﬂ “athdf-sTralvaRdifre was filtered
repeatedIﬂﬂﬁ?ﬁl@gﬁ@&ﬂ@@@ﬁﬁﬁiﬁ%ﬁ&%@&i@rﬁ@elﬂtﬂ)iﬁﬁ/aé\»omhlmﬁﬁmgfﬁilittwefﬁ?as«’@bmentrated
at 100 mbasianchthelsalitigriowhith remained (that contained

trimethyl{ktrans)-2- pent -4-en- %cylc;gc;{opfqpﬁdﬁo/ﬁ;/ |Iane toluene and pyriding) W@ﬁrfurther diluted with
THE'. The %(tu i ag cooled to O Ct eated d e with a solutign (1(1{/I TBAE (1.2 eq) in

r
THE. Afte? LT 5 SETRI S D0 S SR E M H T bomat ke
H20. The SeFESlis Pl ek aEe A0 RATHHOAS B TRE ROMbInGalbrgtircax Fadtswere washed
with brine fhé-ciicdoRe o Ualiohike.\WOI2030/0 EI666RC BUS2009/05081%7 al., Analvtical

Biochemistry 373 1-8, 2008.

V. General Compound Produciion

The present invention also includes processes for making compounds of
formula (I}). The compounds of the present invention can be readily prepared according to the
foliowing reaction schemes and examples, or modifications thereof, using readily available
starting materials, reagents and conventional synthesis procedures. In these reactions, it is also
possible to make use of variants which are themselves known to those of ordinary skill in this art.
Other methods for preparing compounds of the invention will be readily apparent to the person
of ordinary skill in the art in light of the following reaction schemes and exampies. Unless
otherwise indicated, all variables are as defined above. The following reaction schemes and
exampies serve only to llustrate the invention and its practice,

Olefin metathesis catalysts include the following Ruthenium based species: F,
Miller et al., 118 J. AM. CHEM. SocC. 9606 (1996); G. Kingsbury et al., 121 J. Am. Chem. Soc.
791 {1999}, H. Scholl etal., 1 OraG. LETT. 953 (1999, U.S. Patent Application Publication
US2002/0107138; K. Furstner et al., 64 J. ORG. CHEM. 8275 (1999). The utility of these catalysts
in ring closing metathesis is well known in the Hterature (e.g. Traka and Grubbs, 34 Acc. CHEM.
Res. 18 (2001}

The following exampies serve only to illustrate the invention and its practice. The

exampies are not to be construed as limitations on the scope or spirit of the inveniion,

List of Abbreviations

List of Abbreviations

DCM / CHyChy dichloromethane
DCE 1,2-dichloroethane
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volatiles afforded a residue that was purified by flash chromatography (eluent 0-66% Et20/petroleurn
ether) to furnish the title compound (71%) as a colorless liquid. 'H NMR (400 MHz, CDC13) 65.85-5.75
(m, 111), 5.00 (dd, 1= 17.1, 1.6 Hz, 11-1), 4.94 (br (1, ../-= 10.4 Hz, 1H), 3.20 (apparent dt, f= 6.4, 2.5
Hz, 1H), 2.10; ), 1.52-1.44 (m, 2H), 1.291.19 (m, 111), 1.15-1.07 (m, 1H), 0.95-0.87
(m,0.71-0.6%%ﬁ(§@6%%})(apparent g, J=r 6.0 Hz, 1H). Step 3: methyl ~ PCT/US2003/050915
3-methyl-N-(oxoinethylene)-L-yalinate 0 0 Th A solution (0.39 M) of methyl
3-methyl-L-valinate in a 2:1 mixture of saturated aqueous NaHCO3 and CH2C12 was cooled in an ice
bath and stjfred rapidly. The mixturegﬁ@éptxr{%x@glyggﬁﬁ%ohosgene (0.45 eq) in one portion and the
resulting r@ e was stirred for 0.5 hd.Th [ﬁaction‘ as diluted with CH2C12 and the layers were
separated. The aqueous phase was € dWitR"EB2C12 then the combined organics were washed
with brine af&Pltied. Removal of the &1t galesthe titte compound as clear oil that was kept for 12 h
under vactigmf (0.1 mbar) then used diiseethyiphdhesulisestant step. Iti NNIR (400 MHz, CDCT) 5 3.79
(s, 3H), 3. F&(3, 11-1), 1.00 (s, 91-1) aistep 4inmethyl 3-methyl-N-({1(1R2R)-2-pent-4-en-l-vicvelopropyl
oxy}carboj@zz )-E-valinate and methyleﬁ{mae(: e

yI-N-({V1S,25)-2-ment-4-en-1-ylcyclo ropvﬁoxy}ca‘rbonyl)-L-vaIinate H ----NeisvA A solution
(0.45 M) oF. (5-2-pent-4-en-I-yleycloprofaReriA tuedne Wad (vehidd-withrettyfiuronium
3-methyl-N-(oxomethylene)-L-valinatefi/heqgpangien DMA? (1 eq). The resulting mixture was
heated unger reflux for 12 h then cooleddenZQi G420 and EtOAc were added and the organic layer
was separﬁ% nd washed with 1N Hﬁ(}mgﬂr‘%ﬁﬁ%}%@ed- Removal of the volatiles afforded a residue
that was purified twice by flash chromatogra Tﬁy (eluent 0-30% Et20/petroleum ether). The first
fractions cofitdined methyl 3-methyl-RE %E‘R‘}%@lﬁéﬁﬂ@@ﬂﬁﬁyleyelopropylioxylcarbonyl)-L-vaIinate
(38%) as &VEHP MS (ES") tri/z 298 (NPHiythylamine pFhiditater fractions contained methyl
3-methyl-N4gfift 5,25)-2-pent-4-en-lyeyelapippylloxy}carbonyl)-L-valinate (28%) as an oil. MS (ES-)
tn,/z 298 (MzAcp' WO 2010/011566P%%/U§2009/050915 Step 5: 3-rnethvI-N-(;

[(1.R.2R132d-f)ent-4-en-l-vlcycloprop)fﬁoma[%%rbonvl -L-valine o OH
Pd/C palladium on carbon

T™BTU O-benzotriazol-1-yI-NN,N ' N “tetramethyluronium
tetraflucroborate

TFA trifluoroacetatic acid

THF tetrahydofuran

Flash Chromatography Purification using Biotage Horizon using silica gel cartridge and

specified mobile phase gradient

HPLC Automated mass or UV triggered high performance liquid
chromatography using acidified MeCN and HyO gradients as
mobile phase

MHz Megahertz

Svnthesis of Intermediates

Intermediates A

Intermediate #  Structure Name Li# Reference
Al (1R.28)-1-Amino-N- Wang et al,
{cyclopropylsulfonyl)-2- US 6,995,174

vinyleyclopropanecarboxamide

hydrochloride
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o] A solution (ftl M) of methyl 3-methyl-N-( [(1R,2R)-2-pent-4-en-1- ylcyclopropylloxy}
carbonyl)-L-valinate in 2:1 mixture of MeOH/I-120 was treated with LiOH.L120 (4 eq) and then heated
at 60 C for 4 h. The mixture was cooled and concentrated to half volume then diluted with EtOAc and
acidified with C1 (1 N). The organic layer was separated and washed with brine then
dried, Remov‘giacgﬁf%t%%av% atiles afforded the title compound (98%) as an oil nﬁ?‘{%‘*?’?ﬁf?*zm (M-1-H)*
Intermediates C Intermediate Cl: methyl (4R)-4-chloro-7-hoxyoultioxalin-2-v1)oxyl-L-nrolinate
hydrochlorlde aN a, ,N-"CO2Me HCI Step 1: 6 methoxvoumoxallne 2,3-dic NLT-- pi Ho---?*N 1 OH

A suspen 008 4:Meihx SDERLarfianine, _ dleth :_- ate(8e) was treated
collected s‘@ﬁéﬁﬁ/as washed W|th H. (&and EtOFi. The reS|due was dried to give the title compound
(69%). MS (Est) ink, 193 (MH)* \Jk

‘\(
/\/W/v

miep 1 [{(1EY-hepta-1.6-dien-1 -vioxvi{trimethvhsilane

&)
///\/\\’/\\/0\ _
S

7™
¥

A solution (0.5 M) of buteny! magnesium bromide in THF (1.4 eq) was treated at
~78°C with Cu(DBr.SMe; (0.05 eq) and AMPA (2.4 eq). The mixture was stired for 10 min
then a sotution (1 M) of acrolein (1 eq) and TMSCI (2 eq) in THF was added over 1 b such that
the internal temperature remained below -68 °C. The resulting mixture was stirred at -78 °C for
2 h then treated with excess EtsN and diluted with hexane. After reaching room temperature the
mixture was treated with a small portion of H,C and filtered through CELITE. The filtrate was
washed 10 times with HyO and then with brine. The organic layer was dried and the volatiles
were removed 1o give a residue that was distilled under reduced pressure (20 mbar). The fraction
collected at 80-86 °C contained the title compound (58%) as a colorless liguid. ' H NMR (460
MHz, CBCl;) 6 6.19 (¢, T = 11.6 Hz, 1H), 5.85-5.75 (m, 1H), 5.02-4.92 (m, 3H), 2.08-2.02 (m,
2H), 1.94-1.88 {m, 2H). 1.46-1.38 (m, 2H), 0.18 (s, 9H).

Sten 2. frans-2-peni-4-en-1-vicevelonronano]

OH
Mp W

A solution {0.45 M) of the preceding compound in hexane was treated with a

solution (15%) of Et;Zn (1.2 eq) in toluene and the resulting solution was cooled in an ice bath,
Diiodomethane (1.2 eq) was added dropwise then the solution was stirred for 1 h before being
warmed to 20 °C. Pyridine (6 eq) was added and the slurry was stirred for 15 min then poured
onto petroleum ether. The mixture was filtered repeatedly through CELITE until a transparent
solution was obtained. This mixture was concentrated at 100 mbar and the solution which
remained (that contained trimethyl{[{trans)-2-pent-4-en-1-yloyclopropyl]oxy ) silane, toluene and
pyridine) was further diluted with THF. The mixture was cooled to 0 °C then treated dropwise
with a solution (1 M) of TBAF (1.2 eq) in THF. After 10 min the mixture was allowed to warm
to 20 °C, and after a further 1 b was poured info HoO. The agueous phase was extracted with
EtOAc and the combined organic extracts were washed with brine then dried. Removal of the
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Step 2: 3-ehloro-6- ethoxyquinoxalin-2-ol WO 2010/011566PCT/US2009/050915 A solution
(1.53 M.) of 6-methoxyquinoxaline-2,3-diol in DMF was treated with SOC12 (1 eq) and heated at 110
C. After 1.5 h the reaction mixture was cooled and poured into aqueous HCI (1 N). The resulting
precipitate W%f%%%ql@&d washed with 1120 and Et.20. The dried solid, %%1%@%%;% %qulnantly the
title compound as a mixture with 6- methoxyquinoxaline-2,3-diol and
2,3-dichloro-6-methoxyquinoxaline. This material was used directly in the subsequent step. MS (ES+)
m/z 211 (y1+H)* Step 3: 1 -t en-butyl 2-methyl (2

S,4R.)-4- I(%@%%%&@@MM@%M x&l%@ E@eﬂ&%ﬁ%ﬁ?&&% é&u&?&}éw A solution
(0.35 M) 0@5}1 ros 6 me ho and

al n- - ated wit CO3(1
1-ten- buty 3(% rotrn%th B’?uﬁg‘\li:/m%j}ﬁ?r% i([s| eéq’slﬁﬁ‘%‘f‘c g#o%%%éﬁé} 11.1 eq).
The resulti{g ‘Eg%e Waé %5@@#6@98 LtHetd Bl furthérzpditioA- (6. fhed)-Gf 10éHbutii2-methy!
(2S,4S)-4- %[Q&-(bppmmhkn%ﬁﬂt&a&ﬁ@xyﬁ}ﬁWﬁol%Ml(ﬁ ditaybaxylate wasaddeds After¢gtirriag for 2 h
the mixture was soqled anddituteghwith H20andEI0AR. Thegorganicphases were washed with
aqueous HC1 (1 N), saturated aqueous NaHCO3 and brine. The dried organic phase was
concentrated to a residue that was purified by flash -chromatography (0-60% EtOActpetroleum ether) to
give the it Ponpaiid msivdr i arsumstyvize -doialings (ESt) m/z 438 (M+E)+ Step 4: methyl
(4R)-4-1(3- @I’fdpro 7jietboxyqumoxalln -2- YOoxyI L-prolinate hydrochloride ir

/T\

A solution (0.39 M) of methy! 3-methyl-L-valinate in a 2:1 mixture of saturated
agqueous NaHCG, and CH,Cls was cooled in an ice bath and stirred rapidiy. The mixture was
treated with triphosgene (0.45 eq) in one portion and the resulting mixture was stirred for 4.5 h.
The reaction was diluted with CHyCl, and the layers were separated. The agueous phase was
extracted with CHyCl then the combined organics were washed with brine and dried. Removal
of the solvent gave the title compound as clear oil that was kept for 12 h under vacuum (0.1
mbar) then used directly in the subsequent step. 'H NMR (400 MHz, CDCL) 6 3.79 (5, 3H),
3.75 (s, 1H), 1.60 (s, 9H).

step 4 methyl T-methvl-N-({1{1 R 2R)-2-pent-d-en-1-vievelonropylloxyv carbonvi)-L-valinate
and methy! 3-methviN-({[{15.252-peni-4-en-1 -vlevelopropyliony} carbonvl-L-valinate

H /ji
New.,
///ﬂ\/\‘/ﬂ?o‘o‘“‘-‘j\/ : 0/
Q //";\\

A solution (0.45 M) of trans-2-pent-4-en-1-ylcyclopropanol in toluene was
treated with methyl 3-methyl-N-(oxomethylene)-L-valinate (1.1 eq) and then DMAP (1 eq). The
resulting mixture was heated under reflux for 12 b then cooled to 20 °C. H,O and EtOAc were
added and the organic layer was separated and washed with IN HCI, brine and dried. Removal
of the volatiles afforded a residue that was purified twice by flash chromatography (eluent 0-30%
Et;O/petroieum ether). The first fractions contained methyl 3-methyl-N-{{[(1R,2R)-2-pent-4-en-
1-yleyclopropyljoxy}earbonyl)-L-valinate (38%) as an oil, MS (ES™) m/z 298 (M+H)"

The later fractions contained methyl 3-methyi-N-{{[(18,25)-2-pent-4-en-1-

vicyclopropylloxy) carbonyl)-L-valinate (28%) as an oil. MS (ES™) sz 208 (M+H)"
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N)y le" co2me Ha H A solution (0.62 M) of 1-tert-butyl 2-methyl (25,4R)-4-[(3-chloro-7-
methoxyquinoxalin-2-yl)oxy]pyrrolidine-1,2-dicarboxylate in CH2C12 was treated with a solution (4 M)
of HO in dioxane (5 eq). The mixture was stirred at 20 C for 2 h then treated with a WO

_2010/01156@5&1}{}6%@%9@/950915 solution (4 M) of FIC1 in dioxane (2 eq}&gﬁrﬁigm glgeaction wa.s
judged complete and the mixture was concentrated under reduced pressure, The residu.e was

triturated with Et20 to give the title compound (95%) as a solid. MS (ES') m/17338 (M-11711+
Example 1: Potassium (1(1R,25)-14{I(lalt,5S,8S.1012,22aR)-5-iert-butyl-14-methoxv-396-

diOXO-L1aﬁeﬁ’5@%&t@&&ﬁ ﬁ%}%ﬁ%&ﬁ%@%@%@%@ Q?,?ng thopy])-Lovali
methanocyclopropalls. It T1T ¢ 3 6 Tdioxadiazasvelonona % {%%%%ﬁ%ﬁ%}%%%n-&
inearbonvllfg,Qi/ngl;%-}dmLI\%ye}dpggpylIearbouvrneyelopropylsuIfouvflazauide I[I'N
ot /Z‘T;\
A soluiion (0.1 M) of methyl 3-methyl-N-({[(1R,2R)-2-peni-d-gn-1-
vicyclopropvi]owyjearbonyl)-L-valinate in 2:1 mixture of MeOH/IL,O was treated with
LIOH HaC (4 eg) and then heated at 60 °C for 4 h. The mixture was cooled and concentrated 1o
half volume then diluted with EtOAc and acidified with aqueous HC1 (1 N). The organic layer
was separated and washed with brine then dried. Removal of the volatiles afforded the title
compound (98%) as an oil. MS (BES™) m/z 284 (M+H)"

Intermediates O

Intermediate C1: methvyl (4R)-4-1(3-chloro-7-methoxyouinoxalin-2-vDeoxy)-L-nrolinste
hvdrochloride

Step 1: é-methoxvauinoxaline-2. 3 -diol
QN
e
HDJ'\?N
f
OH

A suspension of 4-methoxybenzene-1,2-diamine dihydrochioride in diethyl
oxalate (8 eq) was treated with EN (2 eq) and then heated at 150 °C for 2 h. The mixture was
cooled and filtered, and then the collected solid was washed with HoO and E1OH. The residue
was dried 10 give the title compound (69%). MS (ES™) mz 193 (M+H)”

Sten 2: 3-chicro-t6-methoxvauinoxalin-2-ol

NS

AN
HO \;/
Cl




Step I: methyl 3 -methyl -N-(1 [(1R2R)-2-pent-4-en-l-ylcyclopromilloxylearbonyl)- valsd -
(4R1-4-[(3-chloro-7-methoxyquirtoxalin-2-yl)oxv]-L-nrolinate A solution (0.2 M) of methyl
(4R)-4-[(.3-chloro-7-methoxyquinoxalin-2-ypoxyl11,-pmlinate hydrochloride in DMF was treated with
3-methyl-N-({{{4 Ry 2Fr &hent-4-en-lylcyclopropyljoxylcarbonyl)-L-valine (%&ﬁ%@éﬁ@?g .€q) and
IIATU (1.2 eq). The resulting mixture was stirred at 20 C for 5 h then diluted with EtOAc. The organic
layer was separated and washed with aqueous HO (1 N), saturated aqueous Nal-ICO3 and brine. The
dried organic phase was concentrated under reduced pressure to give a residue that was purified by

flash chromatography (elugnti9-30% Gt0AGiRaalswR.tben) fo.fumish thekille sampaynd,(6%) as

an oil. MS z 604 (MH.)% .V 10/Q.1156, W@%US 009/050915 Step 2: methyl 3-meth
N(iR 210500kt a%%%}f&ﬁﬁ?ﬁm: T S R A AN 75 AL T RYBHLAES A

solution (OEURHSThddHyIa- ety NG aRe s anhtfiicent srq eyl sroiy oyt Eidenay-L-val
yl-(412)-4-{Bdchibdo:Trmetdgyduinoxatin Reyfbxydapoprol matenimEtOMitkias treated with potassium

tFr)i;I g c1> VZO(EjViM)B@)E?«Q@i(i}ﬁiﬁﬂé-%ddlﬂpéﬁ&@m@gtﬁ%@%@q}re{mﬁq@%ﬁi{%ﬁmx@éﬁg Méﬁ%&ﬁf%@éf%@;@f Lh ehn
PRIz €9 eaq. . e was heated under reflux for then
e A s T e

cooled to room t}emperature . The organic phase was separated,
washed with H20 and brine then dried. Removal of the volatiles afforded a residue that was purified by
flash chrofigtodiraibn/-£20:30%aE1RXehéeRatelimn-dtlee) Targitetheudittegld ' 03 5
that was usgdidiresthwia:the subsequent step. MS (E.S1) nilz 595 (

IOR 18E A O
22aR)-5-tert-butv1-14-methg@6-dioxol.1a,3,4,5.6,9.10,20.21,22,22a—dodecahydro-8H-7,10-
methanocyclopropar18,19/:?311?;\1 0,3,61clioxadiazacyclononadecinol111,12-b | carboxylate frr OMe 0
A solution (0.02 M) of miéthyt3-rnethyl-N-(a(1R,2R)-2-pent-4-en-1yleyclopropylloxy)
carbony1)-L-valy1-(4R)-4-[(7°metboxy-3-vinylquinoxalin-2-ypoxy]-Lprolinate in DCE was heated to 80
C then treated with Than 1 ca IQ&C@&GS eq). The resulting mixture was stirred at 80 C for 1 b then
cooled to room temperature, an concentrated under reduced pressure. The residue was purified by
flash chromatography (20-50% Ef0Ac/

M+.1-11' Step 3, methyl (lak 5S 8S

A solution (0.35 M) of 3-chloro-6-methoxyguinoxalin-2-ol in NMP was treated
with Cs;CO; (1.5 eq) and 1-ferr-butyl 2-methyl (258,43)-4-{[{4-
bromophenyl)sulfonyl]oxy}pyrrolidine-1,2-dicarboxylate (1.1 eq). The resulting mixture was
stirred at 50 °C for 18 h then a further portion (0.1 eq) of 1-ters-buty! 2-methyl (28,48)-4-{[(4-
bromophenyi)sulfonyljoxy}pyrrolidine-1 2-dicarboxylate was added. After stirring for 2 h the
mixture was cooled and diluted with HoO and EtOAc. The organic phases were washed with
aqueous HCI (1 N), saturated aqueous NaHCO; and brine. The dried organic phase was
concentrated to a residue that was purified by flash-chromatography (0-60% EtOAc/petroleum
ether) to give the title compound (35% for two steps) as a solid. MS (ES™) mz 438 (M+H)"

Step 4: methyl (4R}-4-[(3-chloro-7-methoxvauinoxalin-2-vDoxvi-L-nrolinate hvdrochloride

A solution (0.62 M} of 1-fert-butyl 2-methyl (25,4R)-4-[(3-chloro-7-
methoxyquinoxalin-2-ylhoxylpyrrelidine-1,2-dicarboxvlate in CHyCly was treated with a solufion
(4 M) of HCl in diozane {5 eq). The mixture was stirred at 20 °C for 2 I then treated with 2
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WO 2010/011566PCT/US2009/050915 petroleum ether) to give the title compound (25% for 2 steps)
as a foam. MS (EST) n/z 567 (M+H)+ Step 4: methyl
(laR,5S.85,10R.22aR)-5-tert-buty1-14-methoxv-3.6-dioxol 1a3.4,5.6 9,10.1
8,19.20.2123,228siglradgsahvdro-8H-7.10- methartocyclopropal 18 1911]1,%%,9;1;@) 59013
ioxadiazacyclononad ecino[11,12-blquinoxaline-8- carboxylal e A solution (0.05 M) of methyl
(1aR,58,8S,10R,18E,22aR)-5-tert-buty1-14-
methoxy-3,6-dioxo-1,1a,3,4,5,6,9,10,20,21,22,22a-dodecallydro-8H-7,10-

methanocyclapiaRalis JAE: 40:.Calioxadiazamuclonanadecinglyd, G AeRickyingxaling-§.carboxylate

in MeO1-11dioxane %1 1 r%lgr) ﬁ%s treat‘i“ﬁ’(&%‘% Pd/C (8% in wejg he resu mgmlxture was stirred
under atmBSPHEE Bt FRFOYEH for A H ° ATy §W€/a fitETe ”8#"3?151 &R TEE d8riEntrated
under redleettisreasurens Givetise mﬁ@@aﬁiﬁdﬁﬁd}(@@@%@/ﬁ“%ﬁhd MS (EST) raiz 569 (M+1-11' Step

g:ﬁvgi) Ss%l}%%@@%%}éaﬁ%%&%ﬂ &ﬂ@?%ﬁ'ﬂé%@?@% %ﬁ)%@&»@bh%%@%&l&%@% gla-tetrade
3. 61d|oxa%ié%¥;é;%£g§‘§%¢,

methanocvelepropall8. 19111, 1(%.,3 6?dmmdmmwciﬂnamdecme?ﬂ 1Z-blguinexalin-8-

vilearbonvliaming-2-vinvicycloprepvliearbonvB (cvelopropvisulfonvDazanide

= E/O\
N/ i
(R) f\ Cag®
Nte] "S! \, K
= rS)/’\g h

f

Step 1: methyl 3-methvl-N-({(1R 2R)-2-pent-4-en-1-vicvclopropvlloxvicarbonvi)-L-valvi-

{4R)=4-I{ 3=chloro-7T-methoxvauinoxalin-2-yDoxvi-L-prolinate

A solution (0.2 M) of methyl (4R)-4-1(3-chloro-7-methoxyguinoxalin-2-vljoxy]-
Leprolinate hydrochloride in DMF was treated with 3-methyl-N-({[{1R,2R)-2-pent-4-en-1-
yleyclopropyljoxy pearbonyl)-L-valine (1.1 eq), DIEA (5 eq) and HATU (1.2 eq). The resulting
mixture wag stirred at 20 *C for 5 h then diluted with tOAc. The organic layer was separated
and washed with aqueous HFCI {1 N), saturated aqueous NaHCO; and brine. The dried organic
phase was concentrated under reduced pressure to give a residue that was purified by flash
chromatography {eluent 10-30% EtOAc/petroleum ether) to furnish the title compound (96%) as
an oil. MS (E8") m/z 604 (M+H)"
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WO 2010/011566PCT/LIS2009/050915 A solution (0.1 M) of methyl
(laR,55,8S,10R,22aR)-5-tert-buty1).14-metboxy-3,6-
dioxo-1,1a,3,4,5,6,9,10,18,19,20,21,22,22a-tetradecahydro-8H-7,10-
methanocyc%gp&[,&ﬁ,s]ﬁ%][l,10,3,6]dioxadiazacyclononadecino[11,12-b]oiyéq%j}|3%§égqgrboxylate in
a 1:1 mixture of H20/THIF was treated with LiOH.H20 (3 eq). The resulting mixture was stirred at 20 00
for 18 h, acidified with aqueous HCI (0.2 M) and diluted with EtOAc. The organic phase was separated,
washed with aqueous 1-IC1 (0.2 M) and brine then dried. Removal of the volatiles afforded the title

compoundy(33%6) a5 SOlid MSNES) ViR 055 (M-F 15 1) 316D & (1R 3982 A0R2P3a1y1
R)-5-tert-butyl- ,251-1- ClicyclopronylsulfonyHami 11 ol _carbonyl) -2-vinylcyclopronvi
)-14-methgmm@%%§§aw Loprolinate

tetradecahydro-81-1-7.10-metha.nocyclgpropall8,19111,10.3,61dioxadiazac_yelononad ec ino [1, 1
12- biouinoxaline-8-carboxamide N A solution (0.1 M) of (IaR,55,85,1
OR,22aR)-5-tert-buty1-14-methoxy&é§gib‘xol,1a,3,4,5,6,9,10,18,19,2021,22,22a—tetradecahydro-8H-7
,10- methanocyclopropa[18,19] [1,10,3#Jdioxadiazacyclononadecino [11,12-b]q u inoxal in.e-8-
carboxylic acid in CH2 treated \éﬂﬂp (1R,25)-1-{[(cyclopropylsulfonyl)arnino]carbonyl)-
2-vinyleyclopropanaminium ch?q_rige (1.3'€q)¥DIEA (3 eq), DMA? (1.5 eq) and THTL1 (1.45 eq), The
resulting mixture was stirred at 20 @; for-1g H8id then diluted with EtOAc. The solution was washed
with agueous HO! (0.2 M), saturatéd agilueous NaHCOS and brine. The organic phases were dried and
concentrated to give a residue that was purified by flash-chromatography (eluent 2.5% MeOH/CH2012)
to give the title compound (89%) as a solid. DC NMR (100 MHz, DMSO-d6) 8 172.32, 170.63, 169.04,
159.86, 156.95, 154.7451081500 {10 ¥4 of 33851 >-wijhnid), (128 B4RIiBrz-4477.:88, 105.89, 74.88,
59.75, 58,¥ity8bh8y B3} ediody W0, 53] 34 4984 D41 B30/ Bn3dioly JilntkaB0.437 28:84,-27.69,
27,28, 26 38,9 1A 10.60:5 600 é@gmaﬁ%ﬁz@g&ww-ﬂw&d triothylamine

Az p

2010/011 QP&T/; S2009/050915 Step 7: potassium fr <1- ) _
VIaR, 55,6010 2 DA S SRR 2L 4 MR ot LLCH S CHCls st (01 ) s

6-dioxol, Bedpd 5l begmeptyg Yo bpicd piiontidipy deichiyirs-gKledtoroom temperature and diluted
methanocwdianiigpaliBriohk] , The36idlioxhdiazany ciononsdeciiefl :2rbquindkanvihearbony!
lamino)-2-inyicyeLepionyiisarbanuiddeyclanioplswianvpazand gas Midomatogeraphy (20-30%

EtOAc/petroleum ether) to give the title compound as a yellow foam that was used directly in the
subsequent step. M8 (ES™) m/z 595 (M+H)"

Sten 3: methvl (1aR 55,85 10R, 18E . 22aR - S-teri-butvi-14-methoxv-3.6-dioxo-
1.18.3.4.5,6,9.10.20.21.22 22a-dodecahvdre-8H-7.10-
methanocvelopropal 18.1911.10. 3. 61dioxadiazacvelononadecino! 11,1 2-blauinoxaline-§-

carboxviaie

A solution (0.02 M} of methyl 3-methy-N-{{[{(IR.ZR)-2-pent-4-en-1-
vieyclopropylloxy} carbonyl)-L-valyl-(4R)-4-{(7-methoxy-3-vinylquinoxalin-2-yDoxyi-L-
profinate in DCE was heated o 80 °C then treated with Zhan 1 cafalyst (0.15 eq). The resulting
mixture was stirred at 80 °C for 1 r then cooled to room temperature and concentrated under
reduced pressure. The residue was purified by flash chromatography (20-50% EtOAc/

v i -



The preceding material was taken up in EtOH and the resulting solution (0.025 M) was cooledto 0 C. A
solution (0.02 M) of tert-SuOK (1.5 eq) in EtOH was added leading to the foimation of a precipitate. The
mixture was stirred at 20 C for 18 h then the solid was collected by filtration. This material was washed
with EtOH anglsiggdo, give thg title compound (93%) as a white crystalling&qﬁgz@@ 559%)* in/lz 767
(1V1+H)+ Example 2: Comparison of Different Compounds The compoun of xample 1 was
compared to the compound of Examples 110 and 118 of WO 2008/057209. The results are shown in
Tables 1 and 2 below. As illustrated in the tables and the discussion of the results, the compound of
formula (1) hav L.adv > i 1t o;\% tgggbi\y i%308/057209
Example %B %%F%é%ﬁ? g%%%ﬁzg\%\}g%o@b%?géﬁ% 9%%%%%26?%@53@%&06 g E 3/4 -% nhibitory
Activity (Kiy'b Replieon Activity2 EC50gtlb  Rat Liver Concentration @ 2411(25 tripk per Dog
Plasma AUC p, 5rnok per or Dog Liver Concentration @ 24h (5mpk per osi

Step 4: methyl (JaR.S8.88.10R 22aR)-5-tert-butvi- 1 4-methoxv-3 6-dioxo-

1.18.3.4.5.69.10.18.19.20.21.22 22a-tetradecahvdro-2H-7.10-
methanocyclopropal 18.1911.10.3.61dioxadiazacvelononadecino[11.12-blauinosaline-8-

carboxviate

A solution (0.05 M) of methyl (1aR,58,88,10R,18E,22aR)-5tert-butyl- 14-
methoxy-3,6-dioxo-1,12,3,4,5,6,9,10,20,21,22,22a-dodecalydro-8H-7,10-
methanocyclopropal18,15][1,10,3,6]dioxadiazacyclononadecino[11,12-blquinoxaline-8-
carboxylate in MeOH/dioxane (1:1 ratio) was treated with Pd/C (8% in weight). The resulting
mixture was stirred under atmosphers of hydrogen for 4 h. The catalyst was filiered off and the

filtrate was concentrated under reduced pressure to give the title compound (98%) as a solid. MS
(ES™) m/z 569 (M+H)Y

Step 5 {(1aR.55.88.10R 22aR - 5-tert-butvi- Ld-methoxv-3.6-diaxo-
1.1a2.3.4.5.6.9.10.18.19.2¢ 21,22 22a-tetradecahvdro-8H-7,10-
methanocvelopropal 18,191(1,10,3 6ldioxadiazacvclononadecine] 1 1.12-hlguinoxaline-8-

carboxvhc acid
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Covalent Protein ,Binding In Vivo' Physical properties5 Rat @ 6hRat @ 611Rat @ 6h plasma = BLQ
,plasma = LOQ ,plasma -- BLO, liver=303pmol/mg protein liver = LOQIliver = BLQ Potassium salt does
notl Potassium salt does notPotassium salt disproportionates to crystalline neutml form solution Ki.

Inhibition cor\g@%imt‘@ggpce to < 0.016 nM indicates that the observed aé;géié%éé?lﬁﬁ%ﬁla%n 0.016 nivi,

the exact amount less than 0.016 riM, was not determined by the assay; ective toncentration
achieving 50% viral replication suppression; gt: Genotype; AUC: Area Under the plasma
concentration/time curve; LOQ: Limit of quantitation (3 pmol/mg); BLQ: Below limit of quantitation.
Formula (I) Compound Compared to WO 2008/057209 Example 110 Advantageous properties

WO 201010115067 CT/USIBOOLDBLE 1) PRI ropeios (o St HGHraBAONGr e~
Compoundiékfotmamds)s:9.10.18,19,20,21.22 22a-tetradecahydro-8H-7,10-
methanocyclopropal 18,191{1,10,3,6]dioxadiazacyclononadecine[ 11,1 2-blquinoxaline-§-
carboxylate in 2 1:1 mixture of HoO/THF was treated with LIOH.H;O (3 eq). The resulting
mixture was stirred at 20 °C for 18 h, acidified with agueons HCE (0.2 M) and diluted with
BtOAc. The organic phase was separated, washed with aqueous HCI (0.2 M) and brine then
dried. Removal of the volatiles afforded the title compound (98%) as a solid. M5 (ES™) m/z 553
{(M-FD™

Step &: (1aR.5S5.88 10R 22aR)-5tert-butvl-N-({1R.Z25)-1-{ [{cvelopropyisulfonvDaming ]
carbonvl }-2-vinvievelopropvl-14-methoxy-3.6-dioxe-1.14.3.4.5,6,9,10,18,19.20,.21.22 224
tetradecahvdro-8H-7.1¢-methanocvclopropal 18.19111.10.3 61dioxadiazacvclononadecinef 11,12
blguinoxaline-8-carboxamide

7 | O
N/
|
SN
Jl
o [») o
r Hooy 0.0
A gy M5
A N “(/7
{RJ! ,.S‘E .‘.‘ H
L “\0\ o - ;
w8 g h
N
N 5

A solution (0.1 M) of (1aR,55,85,10R,22aR)-5-tert-butyl-1 4-methoxy-3,6-dioxo-
1,12,3,4,5,6,9,10,18,19,20,21,22,22a-tetradecahydro-8 H-7, 1 -
methanocyclopropal 18,19][1,10,3,6]dioxadiazacyclononadecinof 1 1,12-b]quinoxaline-§-
carboxylic acid in CHCly was treated with (IR, 28)-1-{[(cyclopropyisulfonyDamino)carbonyl}-
2-vinyleyclopropanaminivm chloride (1.3 eq), DIEA (3 eqj, DMAP {1.5 eq) and TBTU (1.45
eq), The resulting mixture was stirred at 20 °C for 18 h and then diluted with EtQOAc, The
solution was washed with aqueous HCI (0.2 M), saturated aqueous NaHCO; and brine. The
organic phases were diied and concentrated to give a residue that was purified by flash-
chromatograply {eluent 2.5% MeOH/CH,Cly) to give the title compound (89%) as a solid. *C
NMR (100 MHz, DMSO-dg & 172.32, 170.63, 169.04, 159.86, 156.95, 154,74, 148.10, 14041,
133.55 (2 signals), 128.94, 118,21, 117,58, 105.89, 74,88, 59.75, 58,71, 55.68, 54,13, 54,01,
40.13, 34.49, 34.04, 33.76, 32.68, 30.71, 30.43, 28.55, 27.69, 27.28, 26.38, 21.98, 18.49, 10.67,
5.69, 5.46; MS (ES™) m/z 767 (M+H)™
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2) Pharrnacokinetic profile in rats following administration of the potassium salt; and 3) Liver (target
organ) exposure. The differences in properties are particularly advantageous for the
formulation and administration of the formula (I) compound compared to the WO 2008/057209
Example 110,690k Nd,,T he lack of salt disproportionation for the formul%élglgg%g 9% gnables
dissolution of 1.8 mg/ml of the K4 salt form of the Compound of Example 1 in wate K ough the K4
salt form of the WO 2008/057209 Example 110 compound has improved aqueous solubility (9.7
mg/mL), the compound thus dissolved disproportionates to give a crystalline zwitterionic form which

has low aquoys sglublllt u- Il 'I%Q @%ﬁfﬁhg vgo ?1& e% quong of Ezgrjr;geml

provides an unexpected advarnta
improved pHrfkedkinktidiokd 5 T e S e %‘sma AUC and I|ver exposure for rat
and dog). W@M@&ﬁr&%ﬁmmedmwmaﬂmé&mcdﬁi/amhb;gmussfmmthe selection of
safe and efficagions deses forusadndhs lieatment i natiankFasiadhCampound Compared to
WO 2008/057209 Example 118 &n observed advantage of the compound of formula (1)
compared to W02008/057209 Example | | 8 is its resistance profile against different mutant enzymes.
In line with data from clinical stuges ith antiviral agents from related classes (e.g. HIV protease
inhibitors), and also from studl HCV NS3 protease inhibitors (e.g.. VX-950, telaprevir), it is
expected that viral resstancp’may ‘i’ievelop ggmgse to treatment with the current compounds. The

compound of Example 1 showed |mQro o Re ity (Ki) against different mutant enzymes that
are known to confer resi% nee to TIMJ N$3 pratease inhibitors. Table 2 summarizes activity against
different mutant enzymes. “T*hf)}s%@nrad\iantage of compound 1 may be an increased barrier to the
development of resistant viru§ whenaeministered to patients. it also provides the potential advantage
to treat patients who have failed othér therapies because of the development of resistance, since
compound 1 may inhibit this resistant virus. WO 2010/011566PCT/US2009/050915 Table 2 Ki values
vs. Ib mutant enzyme (%P SIHIETDEEST 'S 68ADDEBEIOTE80! the resulting solution (0.025

M) was cooled to 0 °C. A solution (0.02 M) of rerr-BuOK (1.5 eq) in BtOH was added leading

w0 the formation of a precipitate. The mixture was stirred at 20 °C for 18 h then the sotid was
collected by filtration. This material was washed with EtOH and dried to give the title
compound (93%) as a white crystalline solid. MS (ES") m/z 767 (M-+H)

Example 2: Comparison of Different Compounds

The compound of Example 1 was compared to the compound of Examples 110
and 118 of WO 2008/057209. The results ure shown in Tables 1 and 2 below. As illustrated in
the tables and the discussion of the results, the compound of formula (I) appears to have several
advantageous properties compared to both the WO 2008/057209 Example 118 compound and
the WO 2008/057209 Example 110 compound.
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D 68vD168YD168Q ' Example 10.18 0.43 0.04 0.080.140.22 0.12 cmp 118 a 0.86 0.12 0.45 0.651.5

0.42

WO 2010/0113566

Table 1

PCT/US2009/050915

solution,

WO 2008/05720¢ Example | WO 2008/057209
Example 118 . Example 110
| Structore # O~ O 5 O
s e A '
A v 4 v 4
QE NK,U\Q ogfm?g;g& 200 OE{,N N"<v Qoo
,:;;i\H d Né‘ \v ,—;f\\H a N\‘,‘f-N- \‘;? ,7’\}'1 d N\é»w. .\v
i ﬁ i
NS 3/4A
Inhibitory
Activity’ (KD <0.016 nM < 6.016 nM L < 0.016 aM
1b |
| Replicon 3nM 2 aM 5 nh
Activity”
ECs gtlb
Rat Plasma
AUC (@ 25mpk 38 5uM.h 20.6 uM.h 5.8 uM.h
per o5
Rat Liver
Concentration 8.4 uh 279 uM 8.5 uM
@ 24h (25 mpk
per as)
Dog Plasma
AUC @ Smpk 10.9 udd ks 48.60 uM.h LO pMh
per o5
Dog Liver :
Concentration | Not Available 120 uM 33 uM
@ 24h ( Smpk
pe; os)”
Covalent Rat (@ 6h Rat @ 6h Rat @ 6h
. Protein Binding | plasma =BLG, plasma = LOG , plasma = BLAO,
L n Vivo" liver=30&3pmol/mg protein | hHver = LOQ - Hiver = BL{O)
. Physical Potasgium salt does not Fotassium salt does not | Potassium salt
properties’ disproportionate in solution. | disproportionate in disproportionates fo

crystalline neutral form in
solution

Ki: Inhibition constant, reference to < ¢.016 nM indicates that the observed activity is less than 0.016
nM, the exact amount less than 0.016 5M was not determined by the assay; EC30: Effective
concentration achieving 50% viral replication suppression; gt: Genotype, AUC: Area Under the

plasma concentration/time curve; LOQ: Limit of quantitation 3 pmol/mg); BLQ: Below limit of

guantitation.

Formula (I) Compound Compared to WO 2008/057209 Exampie 110
Advantageous properties of the formula (I} compound versus the WO

2008/057209 Example 110 compound are the following:



Ib SHIFTA156S A156T i A156V R155K R155Q R1550 R155 Example 1

WO 26106/011566 PCT/USZ009/65091%

1) Physical properties (no salt disproportionation for the Compound of formula (I);

2) Pharmacokmetic profile in rats following administration of the potassium salt; and

3) Liver (larget organ) exposure.

The differences in properfies are particularly advantageous for the formulation

and administration of the formula (I} compound compared to the WO 2008/057209 Example 110
compound. The lack of salt disproportionation for the formula (B} compound enables dissolution
of 1.8 mg/ml of the K+ sait form of the Compound of Example 1 in water. Although the K+ salt
form of the WO 2008/057209 Example 110 compound has improved agueous solubility (9.7
mg/mL}, the compound thus dissolved disproportionates to give a erystalline zwitterionic form
which has low aqueous solubility (<0.00% mg/ml). The lack of this behavior for the Compoumd
of Example I provides an unexpected advantage in its formulation for pharmaceutical
administration and results 1n improved pharmacokinetic properties as reported in Table 1 (plasma
AUC and liver exposure for rat and dog). High plasma and liver exposure in preclinical species
is advantageous for the selection of safe and efficacious doses for use in the treatment of
patients.

Formula (I) Compound Compared to WO 2008/057209 Example 118

An observed advantage of the compound of formula (I) compared to
WO2008/057209 Example 118 is its resistance profile against different mutant enzymes. In line
with data from clinical studies with antiviral agents from related classes (e.g. HIV protease
inhibitors), and also from studies with HCV NS3 protease inhibitors {e.g., VX-950, telaprevir), it
is expected that viral resistance may develop in response to treatment with the cusrent
compounds. The compound of Example 1 showed improved enzyme affinity (Ki) against
different mutant enzymes that are known to confer resistance to HCV NS3 protease inhibitors.
Table 2 summarizes activity against different mutant enzymes. Thus, an advantage of
compound 1 may be an increased barrier to the development of resistart virus when administered
io patients. It also provides the potential advantage to treat patients who have failed other
therapies because of the development of resistance, since compound 1 may inhibit this resistant

virus.

1
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0.055.211 0.07 0.43 0.63 0.13 crnp 118 0.10 1415 0.081.9 2.3 0.56 mparative data collected in the
same run of the enzyme assays

WO 2010/011566 PCT/USZ009/050915

Table 2 Ki values' vs. 1b mutant enzvme (o)

1b SHIFT | DI168T | DI6SA | DIGSE DI6SG | D168V | Di6sY | DI6EQ
Exemmple 1 | 018 | 043 | 004 . 008 | 014 022 | 012
cmp 118 078 | 086 | 0.2 | 045 | 065 1.5 0.42

1b SHIFT AI568 | AIS6T | AI56V | RISSK | RI155¢ R155G | RIS5N
Example 1 0.05 | 52 11 0.07 0.43 0.63 0.13

cmp 118 0.10 34 iS5 | 008 19 23 1 055

'Comparative data collected in the same run of the enzyme assays

Further expected advantageous properties of the formula (I) compound versus the

WO 2008/057209 Example 110 compound include the following:
1} Low in vivo covalent binding; and
2) High plasma and liver exposure.

The formuia (F) compound was found to have very good covalent binding i vivo
characteristics and pharmacokinetic properties. Based on observed covalent binding i vive and
pharmacokinetic properties of the Example 1 compound and the WO 2008/057209 Example 118
compound, the formula (I) compound has significartly better in vive covalent binding
characteristics and pharmacokinetic properties .

Compounds which covalently bind fo proteins, or which form metabolites that
subsequently become covalently bound to proteins, potentially give rise to adverse events in
patients such as immunological toxicities mediated by antibody responses to the drug-protein
conjugate, and other idiosyneratic toxicities, (See Chem. Res, Toxicol. 2004, 17, 3-16.)

The compound of Example | showed undetectable binding to plasma proteins
following oral administration of a single 20 mg/kg dose to rats. (See Table 1.) Under analogous
conditions, the WO 2008/057209 Example 118 compound demonstrated detectable binding 1o rat
liver proteins (see Table 1), and therefore may be considered a less advantageous compound for
administration to human subjects than the compound of formula ().

Table 3 provides some additional in vive covalent binding data observed for
related compounds from WO 2008/057209 that contain the (R, R)-trans-2-alkylevelopentanol
maiety incorporated in Example 118.

.74 .



Further expected advantageous properties of the formula (I) compound versus the WO 2008/057209
Example 110 compound include the following: 1) Low in vivo covalent binding; and 2) High plasma and
liver exposure. The formula () compound was found to have very good covalent binding in
vivo charactegisgtigsandspharmacokinetic properties. Based on observed %{Q‘é@) % indingJn vivo and
pharmacokinetic properties of the Example 1 compound and the WO 2008/ xample 118
compound, the formula (I) compound has significantly better in vivo covalent binding characteristics
and phannacokinetic properties . Compounds which covalent, bind to proteins, or which form
metabolites that subsequently become covalently bound to proteins, potentially give rise to adverse
events in patients such as immunological toxicities. rgg%ated by antibody responses to the drug-protein

conjugate, and other idiosyncratic toxicities. (See Chem. Res, Toxmol 2004, 17, 3 16.) The
compound-ef-Example-1- ! ble binding-1o d;la rotems fallowing oral administration
of a single 20 mg/kg dose‘féi}ré%q %@'ﬁ%ble 1. ) U ' ." '2%:»% condltlgﬁ@ 1 3508/057209
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Example 1

W—pmmr{@g&%%and
therefore may %eiconsmered alessa

than the compound of fo# B ~"¢%  Table 3 e addition é@ﬁ/alent binding
data observed for related cqgnrgo@ rom WO 200‘6@0@7/299«%1& conta|é1

(R,R)-trans-2-alkylcyclopentan i rporated %E@@ I N§ 2op
2010/011566PCT/US2009/050915 ‘I‘éblﬁ 3. CovcilentRat 64: ?L Rai‘ @| 6hRa%D 6321 I%rot\qnplasma

-15 pmoI tHd%éle# astma t@lgﬁl CUIIIIUIJIGDIIIO. = ‘ﬁ.&{ @Uéicq uag Bindin “‘T K{? %u pn.u. €€} nug iver 24
ptnol eq./ mg}%% 63 pm;ﬁ%&l‘iwg 15 pmol eq./mg plasma = § pmol eq./mg piasmd = 6 pmol eq./mg
Bmc:fmg fiver = 38 pmol eg./mg liver = 24 pmol eq./mg | liver = 63 pmol eq/mg
In Vive

It is advantageous to have high plasma and liver exposure in preclinical species to
effectively demonstrate that the potential drug candidate does not elicit undesired toxicities, Ttis
also more likely that a compound that has high liver and plasma exposure in animals displays the
same behavior in man than one that does not. For such a compound, the required efficacious
exposure in man can be reached with a lower dose, advantageous both for the cost and ease of
manufacturing the drug, but also potentially lowering the likelihood of adverse effects. Target
organ exposwre in multiple preclinical species provides a rationale that high target organ
exposure is achievable for the compound in patients, and high liver exposure in both rat and dog
allows for confident evaluation of preclinical toxicity. High liver exposure is especiaily
advantagaous for HCV since this is the target organ for the drug.

The compound of Example 1 had a very good rat plasima and liver exposure, The
observed rat liver exposure was at a level greater than for WO 2008/057209 compound 118 and
compound 110, (See Table 1) Based on these results and on testing several different compounds
from WO 2008/057209 by oral administration io both rat (253mpk) and dog (Smpk), the
compound of formula (F) is also expecied to have dog liver exposures greater than
WO2008/057209 compound 118 and compound 110,

Methods

NS 3/4A Inhibitory Activity' (Ki: NS 3/4A Inhibitory Activity was determined
as described in Section [V. Compound Evahsation supra., and Mao et al., Anal Biochem 373:1-
8, 2008.
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In Vivo' It is advantageous to have high plasma and liver exposure in preclinical species to
effectively demonstrate that the potential drug candidate does not elicit undesired toxicities. It is also
more likely that a compound that has high liver and plasma exposure in animals displays the same
behavior in map Ehﬁ,rbﬂr%%that does not. For such a compound, the requwe}efﬂ&ggus exposure in
man can be reached with a lower dose, advantageous both for the cost an ease'f ﬁﬁgﬁhfacturlng the
drug, but also potentially lowering the likelihood of adverse effects. Target organ exposure in multiple
preclinical species provides a rationale that high target organ exposure is achievable for the compound

in patients, and high l"’?ic%ﬁ@&?%&:%@”%ﬁat mgiggg ,LQW g%[ @{édent %valuat{gn of B@rgcllnlcal

toxicity. High liver IS especially advantageou V since this Is t Iﬁgmf%l A for the
drug. e %‘f&m‘%ﬂd[}ﬁ%%f”é%r%lﬁfe@%ﬂa 4" e%%%oﬁ rRp Eh & ol Wé?fé%épc%%lr Wé
observed rafdijerExEsulE Wadet a level greater than for WO 2008/057209 compound 118 and
compound 110. (See Tablerla:Basedomthesekesulis’ andordesingsevawkdiferantcompasinds from

WO 20081057209 By arah adminisitlionia bothal (gomek) widkdas ompkl e compound of formula

() is also expected to have exposure than 4 p ung 118 and
compound ﬁhg%heéo% d[%g/ i\{%‘éﬁ %i't%gigj1 %ﬁ%ﬁfﬁl(kﬁo NS EHRIh BB e dty was
determine @B pisisesbd |ﬁB’é&%qﬁvs@mh@i@dﬁd@@ﬁl@@t@mwéﬂatsaﬁtﬁm@maﬁsmh Biochern
373:1- 8, 2008c:A/D 2AEMOALIGERET UBRORMH08IE, and comBap(icenAcivit@:EEsR:Rgphem)

Activity W%rdﬁqem'n@@a%a%iﬁg pracedwrasdeseribed in Carroll et al, 48&&9@15% Shy
278:11979 119@4%20530? en et al., Ant| lcrob Aghﬁ)ts 48:3944-3953 2 at Plasma
e

AUC (12),95m Weﬁ%’%%lﬁnﬁﬁsfv S RSOV Rt t‘?f@idit‘}éll’ﬁ ’v‘éﬂmle for iv
admlnlstra"t’i-’@hnéél’tjg ﬁ@%’%@%@@%@kﬂ@@ PECYepIRBRYBIdjerds weimdvistration te.8.P-10%
POLYSORBATESO: 90% Water or 100% PEG400). Animals were administered (n = 3) using a

crossover study deslgnﬁgmwmmam@g samelas e Gollacied gt ms, Roipiy between 2

minutes andalz LC. Liver samples were collected

e
post mortem in ra %o}l il ﬁ%)WlﬁT%gFﬁT&\stﬁV ARG “i a?ﬁebci%%%t’iﬁu&%ﬁﬁvé’?@%ﬁf@§ bt
weighed, ﬁéﬁf&?@é?ﬂ%@@ @h@mﬁf%é%@t@e% Keoiatd toseisktied. iRl Shdabempound
levei.s weiie teterminghbysRRPEPEEen a value Rhahracokinetie paiameters:aerezalculated based on
NoN-CoMpaAReat SRRSIS {8 GerdSing %Ag@a@l\m&@ﬂ&k’\k%&a OE’EP@%%%V}&%E@&H@E&EW were

below the Jimit of quantitation ( as value raI AUC estimation, the first
13LO valu%alrrﬁeté%qte?% aﬁ&ﬁa%[%}(ﬂa&%?en a%/} 1u/:%%ld’§f‘t% %E’(‘ L%(t‘@‘ff@ng’ﬁtﬁatlon while

subsequeEAlaEE in'tHe t’é‘}ﬁ%gfiﬁﬂw%?é@%%%gﬁéﬁéﬁ éi‘%ﬁﬁ@éﬁi meanhderdsprralirmcokinetic
parameterso@lep}wietss, dwaltHifdo@imbp forind) 961 CIRELGCEa; PACO:ALbS:. AUCO-infirlity were

caldCt#]at?d AUC Va|UeSIW@cP@lﬁ¥H@¥§‘BHﬁIﬂ%f“”§@§% H@tﬁﬁté%@l%ﬁt@%ﬁ\?{ %%g&ﬁglé% d%ﬂ&; at?”st
an el OI’ once | IN-VIvo Cova indin es
ﬁ?}% %mgj%fn ééjﬁ%gz% Hgt 1%8/'&5% Wj radicactivit Wasge?g %Téjir 9

compoun swer wtaééra mg/Kg dose contal at (purity

>08.5%) raCHONBHURY AR SpSREEPS %WﬁﬁBW@ﬁﬁ?@*@BﬁFmBﬁﬁbﬁ%ﬁé evapBiatecs rEtotracer
stock solutisaeiTeds maidesieavabidissolirdit ifvardosig vehictetsuitabletorpethas @idninistration (see

above) thef.agmiristered gralie rai{a@r SpestimeReint 2,16k 240 JBlrsmaardiliver were

collected %@J@&Q&E%e@/@@f@&o% a%gﬁ,fj? fore analysis. Counting of the plasma samples:
Place a 200 ti.L aliquot jin a 20 nil_ scintillation vial. Add 500 4. of SOLVABLETm and incubate at 1 h

with shaking at 55C. REMGYE 2N B CHBT SHIBPIES tHe5e dinth W thavat Bcanfipicwiagsrtin and
count. Plagitia $dmples{20050Lvakgabl)anérectivery prddesstushaskdasarizéd balenofer lillewproteins.

Tissue homeygnization: Weighedrliensamplarivere-dittsedwith 2ol 100 phesphate buffer (pH
7.4) and hﬁf&&&?@é@%&@ fﬁgtesgcd as described below for liver proteins.

Tissue homogenization. Weighed liver samples were diluted with 2 vol 160 mM
phosphate buffer (pH 7.4) and homogenized on ice.

Counting of the liver homogenaie: Aliguots were placed in 2 20 mL scintillation
vial, diluted with I mL of SoLvABLE™ and incubated for 1 h with shaking at 55°C. After
removal from the incubator and cooling 15 mL scintillation cocktail and 30% H>0, were added
and the radicactivity counted.



Counting of the liver homogenate: Aliquots were placed in a 20 mL scintillation vial, diluted with 1 ml.
of SOLVABLETmM and incubated for 1 h with shaking at 55C. After removal from the incubator and
cooling 15 ml, scintillation cocktail and 30% H202 were added and the radioactivity counted. WO

2010/011566RL M $40Q9/050915 Protein precipitation: Take 500_%%}{%%{%9 {ﬁg’% Iﬂ:8

T155¢ . = : 15
homogenate:aceton rile (if compound is suspected to have low solubility in acetonitrile, another solvent
may be selected), vortex and centrifuge (3500 ref for 20 min). Discard the supernatant. Protein
precipitate resus,oension: Sonication (minimal intensity, -t, 5 sec) and yortexing until the pellet

crumbles in 80% lvieOl-};2Q0% water.., . asi@gfr rotein.pellet: 2-5 mL 80:20 I\/leOl(-gl_' water. If
Pt o, TR SRR RoRReT AR SO e o

needed, remove 1.0 mL of add 15 SCl| )
wash the SFSEBRTFIfTHREF R ARtV I dupéiataeieizio prirordrRIt maydeasicitedbcrease by
more thanv200:imsbrsecitive Wddhes for 20 mirDisSokstionhefdhefinaipellet: | mL of 1 N NaOH or

SOLVABLETmM, incubatee 2l aneri ght.o8 Hallcompietebh dissaMetmiensity, LOWURGOf the final

pellet: 1 ml of dis \ﬁqkpe"%t'tlS rat, scintilation cacktall (if nother scintillation cocktail other than
ULTIMA 001-1)T -%bse‘“’a? ps)e Ie%%nggi?sehnut?rﬁggné%ﬁggﬁ!zﬁﬁi%%ﬁ%h 1N Hoggsnd count, Protein

concentration of the findl PR EIEH SR BiBeR KD RituShglBdeOak walgandorerdedunting biahk

samples: DE.ink iscimtitatisiadoatdall; midublivatdlsCountingedtatiedasing salution: Gatrtha known

volume of ghe-dosimgsalutismisniiplisatesupermatanDatasdnalysis .Averagedhe {@Q@%@Mi%cou nts

(DPIVI) Of%?@déﬁmé%u&%@%%?%%%%l%@ the specific activity of the dosing solution in uCihnol.
it the blan

Average the ra |oact|V|S£§,count_s 0 ank samples. Subtract the counts of the averaged blank
sample from the counts SHAHET ROMREEEN IR an dPIQSrhA Pt eahelisB RE airBitesrat
radioactivity W @hepeekinit voll manplsfdy dsshllivér and plasma pellet. Calculate the concentration of

radioactivity in each plasma-ancolives peteidydividing thesyale phtained,abave fnem by the:gpecific
activity (if another scintillation cocktail other than ULTiMa GOLD™ is used, pellet may require
neutralization using 1 N HCD, and count.

Protein concentration gf the final pellet: BCA or BIO-RaD kit using BSA as a
standard,

Counting blank samples: 15 mL scintillation cocktail, in duplicate.

Counting of the dosing solurion: Count a known volume of the dosing solution in
triplicate,

Data Analysis: Average the radioactivity counts {DPM) of the dosing solution
and calculate the specific activity of the dosing solution in uCi/fmol. Average the radioactivity
counts of the blank samples. Subtract the counts of the averaged blank sample from the counts
obtained from each liver and plasma pellet, Calculate the amount of radicactivity (uCi) per unit
volume (L) for each liver and plasma pellet. Caleulate the concentration of radioactivity in each
plasma and liver pellet by dividing the value obtained above {uCi/L) by the specific activity
(uCi/moly. Calculate the amount of covalently bound radioactivity to protein in pmol/mg
protein.

Counting biank samples: 15 mi. scintillation cocktail, in duplicate,

Counting of the dosing solution: count a known volume of the dosing solution in
triplicate.

Physical properties’; The erystailine test compounds (potassium salt, ca. 5 mg)

was weighed in a glass vial and water or aqueous buffer was added (100 pl). The slurry
oblained was stirred for 24 h at room temperature. After centrifuging, the supernatant was
analyzed by reversed-phase HPLC and the equilibrium solubility determined by comparison with
a calibration curve. The solid material was in part transferred onto an XRPD plate, dried and
then analyzed by X-Ray Powder Diffraction. The XRPD pattern was compared with positive

v



Cilmol.). Calculate the amount of covalently bound radioactivity to protein in pmol/mg protein. Counting
blank samples: 15 mL scintillation cocktail in duplicate. Counting of the dosing solution: count a known
volume of the dosing solution in triplicate. Physical properties5: The crystalline test compounds
(potassium sglt, g %H}%} was weighed in a glass vial and water or aqueoys buffer was added (100
tiL). The slurry obtained was stirred for 24 b at room temperature. After centrifc n?& %@%Upernatant
was analyzed by reversed-phase HPLC and the equilibrium solubility determined by comparison with a
calibration curve. The solid material was in part transferred onto an XRPD plate, dried and then

analyzed ey PouderRiacion. The R ERBASIas sompared i ostiue WO

2010/011566PCT USZ contfols for cr ta ine +sa ne“zwitterionic
and amorpfid ﬁgtfﬁ’ﬁﬁgdof%@‘%’f 6%58%8’1%&’?6%1&1{0{8%%ﬁ@e&%ﬁ%ﬁﬁ@%ﬁﬁéﬂ‘?ﬁﬁé@%fﬁﬁned from

a second portiohdoftherisbiidiiniaredabalbick was(idhizétMay DO HNIVIR: (Broker)stollowing

dissolutiomimPMEOreeLH: NME: S peelr sonpre-a0mpaiedtepasitive controlg.described above.

None of the references 1@8&%?&% %@é&%ﬂ&%ﬁ&%’ ﬁﬁ@ﬁ%?&'%‘ff“%&ﬁﬁ adm lgé\‘}gxf%rgeé)”% grttothe
S

claimed invention. Other e ments are within the Ing lat Ile"severa
embodimdREHERY B LREHMSAPIESbed, various modifications may be made without departing
from the spirit and scop@ib@théﬂmé@@mwemdm WHADT80C LIaIME DMBid sshecarmpoodiehediformula

(1), or a phatreaceninally, agceptable salttiareab®ications may be made without departing from the
spirit and scope of the present invention.
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2. A pharmaceutical composition comprising an effective amount of the compound of claim 1 and a
pharmaceutically acceptable carrier. 103. The pharmaceutical composition of claim 2, further
comprising a second therapeutic agent selected from the group consisting of a HCV protease inhibitor
and a HCV NS5B polymerase inhibitors. 4. The compound of claim | for use in medicine. 15

5. The compound of claim 1 for use in prevention or treatment of FICV infection. 6. Use of
the compound or composition according to anyone of claims 1-3 in the preparation of a medicament
for inhibithig HEENS 3 \pMdade: activity in a subject in need 20thereof. 7. Use of the
compound or composition according to anyone of claims 1-3 in the preparation of a medicament for

preventing or treating IWe&tlé)orl]ﬂ%tﬁ}ggil?0%1%’591]%5 a1 ;e7 1%‘}1@5?0"6?1%0%%)/ acceptable salt thereof

L

(M

2. A pharmaceutical composition comprising an effective amount of the

compound of claim 1 and a pharmaceutically acceptable carrier.

10 3. The pharmaceutical composition of claim 2, further comprising a second
therapeutic agent selected from the group consisting of a HCV protease inhibitor and a HCV

NS5B polymerase inhibitors.

4. The compound of claim 1 for use in medicine.
15
5. The compound of claim I for use in prevention or treatment of HCV infection.

6. Use of the compound or composition according to anyone of claims 1-3 in the
preparation of a medicament for inhibiting HCV NS3 protease activity in a subject in need

20 thereof.

7. Use of the compound or composition according to anyone of claims 1-3 in the
preparation of a medicament for preventing or treating infection by HCV in a subject in need
thereof.

25
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