COMBI NATI ON THERAPY FOR TREATI NG HCV | NFECTI ON TECHNI CAL FI ELD OF THE

| NVENTI ON 5 The present invention relates to therapeutic conbi nations
conpri si yoCGorgpawrids (1) and (2) as herein descri bed ana#compreanabdsg?
ribavirin. The present invention also relates to nethods of using such

t herapeutic conmbinations for treating HCV infection or alleviating one or
nore synptons thereof in a patient. 10 BACKGROUND OF THE | NVENTI ON
Hepatitis C virus (HCV) infection is a global human health problemw th
approxi mately 150,000 new reported cases each year in the United States
alone. HCV is a single stranded RNA virus, which is the etiol ogical agent
identified in noSt ¢RAGSINATIDRTHER RPRFORPPREATING BCUSINECETON
post-transplant hepatitis and is a cormon cause of acute sporadic
hepatitis. 15 It is estimated that nore than 50% of patients infected with
HCV become chronically infected and 20% of those develop cirrhosis of the

liver wthi nTé@HW‘&Eggﬁqyéﬁp?q%W%ﬁ nterferons, in parti cul ar,

alfa-interferons are approv e treatment of chronic HCV, e g.,

i nt er f er on- al FEP O RYSPERIIY(ASS- AherapRtic P RPIALCHS FYmPESing JRﬁ*’Fi@QE‘ﬂ’S-&b%“dA),
consensus i ntead AR dédcNRERGEENEH nall REbWaLd. TAS plR&aYnddfidn bR FBa&fiot hese and
other interferons |like pegylated. interferon alfa-2a Q}PEGA,SYSCIh and

pegyl at ed i nPgihpdy A ysigg puchsheraperiiq qQrReEsys fonrating HGVaRtestiofy s afllfid@iBonsi ve
to interfer o&@r%rggwmerem%ﬁgﬁemand anong the responders, there is a
high recurrence rate wthin 6 nonths after cessation of treatnment (Liang et
al., J. Med. Virol. 40:69, 1993). 25 Ribavirin, a guanosine analog with
broad spggt r gRCREIRYIY AR SLVERTIORNA and DNA viruses, has been shown in
clinical trials to be effective against chronic HCV i nfection when used in
conbi nat i on Hepattis Gtvams dFoY)-iafet@en i g globaldwgan hexdihpagbdene with hpprodisaiebt
352:1426- 14 ; ' : 1 83- - @g% hi s
conbi nation t é‘%@%&%%@%ﬁ%é%ﬁ%ﬁ%& %)Hvﬂel%j_%g gér%lt Sttﬁgsl%hr%géatﬁﬁgn% gg'ﬁ%]ﬁ : o
REBETRON(r) RNAteru.evtoch ialtfetiBlogiohlugentiideauiied in maScdaegsiofi gerPhoughlp post-
PEGASYS(r) RBV( r | a i rferon alfa-2a plus ribavirin.. i.nation
therapy. oottt SBIRpELERpk AL Hep R T 20fheB s Be st B2K bl T RN e | o
et al., 2902Itidstimagd thit mMedhan307% AHhti@B2infelodendrHC\é vanmaichitonichilys

conbi nati on therap i.rol pgi.c response rate i.s. still at or bel ow 50%
51n May 20111,11?‘?‘:}(‘?3 a¥ﬁl %@% Oxé%hf’%ec%gg@? F%EQ%%?fﬁk}? E‘éﬂf gltﬁﬁzh)ye?\r&ve been appr oved
in US by the FDA: the protease inhibitors boceprevir and tel aprevir
(Poordad et al., 2011 N Engl J. Med. 364: 1195-2062; Jacobs t al., 20 N
Enol | 3 Ned. 38 B8E 2 6o Do BRGICORT AT SRR AT P VR S54SR T4 28)
Addi ng one ofhrbiiesie Vi e g tdr@erfegil At @OFERON®-AN dhteAB@n-hifRay (INTRONGI oves
the cure rate from50%to 70-75% Aﬁgroval s in Europe and other 10countries

are expedt edEORENUSgricren INFERGHN®) as »igH o5 pegplatedifprangiohtiste 4n¢ oigpect ed to

become the ngwRtANARS fboOfacadnerdrof b2l APELASYSEY) aﬂ&ﬁé@kﬁ%&d%@ﬁqr&hﬁ&e are
significant side-effects typically associated with such therapies.

Ri bavi ri n suft dES-RFRPNP s adlpamadgiis e HAICSIMEN upeneBPrar- gk RedmeRit i vi ty,

i nterferencepWdvBr, SRELIBIIGNELGRIBRR, A28 TR Mt Siwreh@rh@ WEthin CRAIRAE Ster

i nsommi a, nausea and/or anorexia. Interferon 15alfa, with or w thout
ribavirin, ieesspigpef srasdenpilipngrinl, sMdé WA ¢@tod, 1993ri ng treat nent, patients
must be nitored carefully for flu-like synptons, depression, rashes and
abnornmal bl ood counts. Patients treated with interferon alfa-2b plus

ri baviri n shBibadrinot glansseneconipg ivithbicad speofrum ectivitysigdinst erany R&AUMdtDdA and
such subjects are i.der t LS Gl careful ly
ot or oot [ o kP SRABHELA LR, ALERIRIL o Rl RO B b

addi ti onal swben ebd axxtosmbimanenwal intaemn-dias Geelsiga, Popeud eapehiracr 3204 2Et al

synptoms and; BHNRIS: peichard et al., Lancer 351:83-87, 1998), and this combination therapy has
30  been approved for the treatment of HCV: REBETRON® (interferon alfa-2b plus ribavirin,
Schering-Plough); PEGASYS®RBV® (pegylated interferon alfa-2a plus ribavirin




25 30 The follow ng Conpound (1): g?Q .<H )LIA O y NH cx0 (1) 5having
the chem cal nane: 1-{

114- 118- Bvormor2A4(2Z4i sopr opyl car banoyl -t hi azol - 4-y1) - 7- PCT/EP2011/066567

met hoxy- qui nol i n-4-yl oxyl - 1- (R) - (2- cycl opent yl oxycar bonyl

am no- 3, 3-(S)-di net hyl butyryl)-pyrrolidine-(S)-2-carbonyll

-am nol-2-(S)-vinyl-cycl opropane-(R)-carboxylic acid, is known as a

sel ective and potent inhibitor of the HCV NS3 serine protease and useful in
the treatnment of HCV infection. Conpound (1) falls within the scope of the
10acyclic peptide series of HCV inhibitors disclosed in U S. Patents

6,323, 180, 7, afnatiod uféﬂﬁ% 7Ro%ﬁé &%ém@%ﬂ?%‘ﬂ L(a;'[éez B§8 stsﬁsqm%ﬁmﬁdefdi cal l'y
as Conpound # 1055 I n é Pat'ént 7,585 5, ound 1008 in U. S

Pat ent 7, 514et5157200@dwimhd Madg. 34BAE- %&?aerz@ém ¢\@alwﬂfhdhlﬁm>ralmn@m theiznyeof ,
can be prepa&gquéggggg$&£Tﬁﬁk%Qﬁk fLaly Peocedures found in the

above-cited references are herein i ncor porated by reference
in 15their entirety. Preferred fornB of Cbnpound (D) |nclude t he

crystalllpe Lyl ngBand il 0l U5 SR MG AR ATLALSLDS
|ncorppratedFDArempnmgmthﬁneﬂbampmvuaﬁmwpmuwd(BiﬁmmmWamDleNéhghbuﬂiby t he
fegu al oot alt SRS 28%52210&) o glfé%dltslt [z\):u;% gf‘ed BRI Bon SRLER. b1
N Engl J Med 364:2417-2428) Adding one of these drugs to pegylated interferon and
ribavirin improves the cure rate from 50% to 70-75%. Approvals in Europe and other
10 countries are expected to follow later in 2011 or 2012. This treatment is expected to
become the new standard of care for large patient populations.
There are significant side-effects typically associated with such therapies. Ribavirin
suffers from disadvantages that include teratogenic activity, interference with sperm
development, haemolysis, fatigue, headache, insomnia, nausea and/or anorexia. Interferon
15  alfa, with or without ribavirin, is associated with many side effects. During treatment,
patients must be monitored carefully for flu-like symptoms, depression, rashes and
abnormal blood counts. Patients treated with interferon alfa-2b plus ribavirin should not
have complications of serious liver dysfunction and such subjects are only considered for
treatment of hepatitis C in carefully monitored studies. Telaprevir and boceprevir have the
20  following additional side effects: anemia, rash, dysgeusia, neutropenia, anorectal

symptoms and others.
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wherein Bis ; Lis MeO-; L1 is Br; and R2 isH 5 A conbination therapy
regi men including adm ni stering Conpound (1) with an interferon-al pha and
ri baviri rwootaseriitbed in U S. Patent Application Publi earirraoiio66s67
2010/ 0068182. However, in view of the potential side-effects and overal
i nconveni ence of treatnment with an interferon (adm nistered by injection),
there is a continuing need in the field for alternative therapies for the
treatment and prevention of HCV infection which do not 10i nvol ve the use of
an interferon. Applicants have discovered that excellent antiviral results
can be achi eved by conbi ning Conmpound (1) with an HCV pol ynerase inhibitor
Compound (2) 1 a8 1h6hE Idddpb&ld @gscribed, and optionally ribavirin, as a
conbi nati on therapy W thout the use of an interferon. 15 The foll ow ng
Compound (2): (2) having the chem cal nane:
(BE)-3-112-(1-1[ 2- (5-Brono-pyri mdin-2-yl)-3-cyckgpentyl-1 -
5net hyl - 1H-i ndol e- 6- car bonyl | \ELiD
-am nol - cycl obutyl) - 3- met hy1- 3H beg
as a selective and potent i nhido{ t o
pol ynerase and useful in the trejy infection. Conpound (2) falls
within the scope of HCV inhibito d osed in U S Patents 7,141,574 and
7,582,770, and US Application Publicatfon 2009/ 0087409. Conpound (2) is
di scl osed 10specifically as Conpound 3085 in U S. Patent 7,582, 770.
Compound (2), and pharmaceutical fornul¥ons wher@ef, can be prepared
according to the general procedures fo bove-cited references,
all of which are herein incorporated hy C n their entirety.
Preferred forns of Conpound (2) incldge tlhe crystglline fornms, in
particular the crystalline sodium saltyorim whi cly/is prepared as herein
descri bed. 15 BRI EF SUMVARY OF THE I NVEMTI ON 20 The present invention

%%Fb

acrylic acid, is known
5B RNA- dependent RNA

provi des a nethod of treating HCV i tion or alleviating one or nore

synptons thereof in a patient conprisgng the step of admnistering to the
patient an effective anmount of <§2§é§2peutic conmbi nation conpri sing

Compounds (1) and (2) as herein cri bed, db a phar maceutical |y acceptabl e
salt thereof, and optionally ribavirin. The two or three actives of the
conmbi nati on can be admi nistered sinultaneously or 25separately, as part of

phar aceut | el R e o L B ) ey RS E9 8 ompan
by written imsthexequinng-4-plakdalt-iRdg2-asdppengieycargpngbarpoodd- L inkithiyh- Conpound
(2) and opti Qﬁﬁjyi))i)yhjof?cﬁ}{é—@)—rﬁ—Ja%ongfﬁ'—?lmﬁl{o??Zt&‘?—gﬁlyf?éycn%pialqg—ﬁﬁIcialcl))BXylic
acid, is known as a selective and potent inhibitor of the HCV NS3 serine protease and
useful in the treatment of HCV infection. Compound (1) falls within the scope of the
10 acyclic peptide series of HCV inhibitors disclosed in U.S. Patents 6,323,180, 7,514,557
and 7,585,845. Compound (1) is disclosed specifically as Compound # 1055 in U.S.
Patent 7,585,845, and as Compound # 1008 in U.S. Patent 7,514,557. Compound (1), and
pharmaceutical formulations thereof, can be prepared according to the general procedures
found in the above-cited references, all of which are herein incorporated by reference in
15  their entirety. Preferred forms of Compound (1) include the crystalline forms, in particular

the crystalline sodium salt form as described in U.S. Patent Application Publication No.

2010/0093792, also incorporated herein by reference.

Compound (1) may also be known by the following alternate depiction of its chemical

20  structure, which is equivalent to the above-described structure:

3-



5 The present invention further provides for a packaged pharnaceuti cal
conposition conprising a Conpound (2), which is acconpanied by witten

i nstructiwoeixrdiat i ng adm ni stering Conpound (1) w t hpCompemnaedsg) and
optionally ribavirin for the treatnent of HCV infection. 10 BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 depicts the change in HCV viral |oad
in a group of treatnent-nave patients 15 having chronic HCV genotype-1
infection and treated with Conpound (1) sodiumsalt (120 ng/day), Conpound
(2) sodiumsalt (1200 ng/day) and ribavirin as conbination therapy for 4
weeks, followed by conbination therapy with Conpound (1) sodiumsalt,

pegyl ated interferon alfa-2a and ribavirin. 20 Figure 2 depicts the change
in HCV viral load in a group of treatmnent-nave patients having chronic HCV
genotype-1 infection and treated with Conmpound (12 sodiumsalt (120

ng/ day), Conpound (2) sodiumsalt (18004 ngy/day. nd ribavirin as

conbi nation therapy for 4 weeks, Lhation therapy with
Compound (1) sodium salt, pegylatd a-2a and ribavirin. 25
DETAI LED DESCRI PTI ON OF THE | NVENTI O 30 "Conpound (1)" and
"Conpound (2)" are as defined above. ayFrin' refers to

143-D-ri bofuranosyl-1H 1, 2, 4-tri - 3-caf boxam de, available fromICN
Phar maceuticals, Inc., Costa Mesa, Iif.gand is described in the Merck

| ndex, conpound No. 8199, Ele¥entl Edifign. Its manufacture and
formulation is described iBU. Rat. . 771. Preferred marketed
ribavirin products include REBET (r)l an QUS(y). The termfurther

i ncl udes derivatives or anal ogs ther €of t hose described in U S
Pat. Nos. 6,063,772, 6,403,564 and 6,2?%,8§0f? or exanpl e, derivatives 5or
anal ogs include nodified ribavirins such as 5 -am no esters, |CN
Pharmaceutical's L- engntioner of ribavirin (ICN 47261), 2'-deoxy
derivatives of ribavirkn and 3- carboxam di ne derljlvatives of ribavirin,

vi ram di ne (previousl nown as ribam dine) andNhe[like. 10 The term

" phar maceut i whértip Biscept abl’ & MeD+ L' isdBmandaRsial t of a Conpound of formul a
(1) whichis, within the scope of sound nedical judgnent, suitable for use
in contact with the tissues of humans and | ower aninmals w thout undue

t oxi ci ty, 5i rAicbambinatign taérhgy gEimen éshelirgendmamderdipeCdmpoand ¢lo midans intateons t h a
reasonabl e benefit/risk ratio, ge |y water .or_qil-.15s0 I

i sperai bi e, SHErdrpagtn patrabe RATS i e S Pp el Rlfellee.

pEar maceut i CHlb'ilvyvea,(iﬁ; ei[abv&ﬁ :&% pgt‘eindalagﬂéieffkﬁm ar&ﬁilvkﬁillallﬁﬂnvenien?e of treatnlloelnt with |
pharmaceutical ] y-accept abl e se addition salts, Lists of sui e salts
are found in" lé?é{fgf,oné‘.?&%m%fefi & dgetign), thee is projplippingaped in i@?ﬁf}c} %B, pp. 1-19.
20 The ter m jRRAati@EeMbics & he-ReGRAE 8l Pevdfidh AV infRisalhich BBaRs t hose
salts which retain the biological effectiveness and properties of the free
bases and® whin¥Mvare usot! BiiyedgPeal |y or ot herwi se undesirable, formed with

i norgani ¢ acids such as hydrochloric acid, hydrobrom c acid, sulfuric acid,

sulfamc acid, nitric acid, phosphoric acid, and the |ike,
Applicants have discovered that excellent antiviral results can be achieved by combining

i ons

[Z)

Compound (1) with an HCV polymerase inhibitor Compound (2), as hereinafter described,
and optionally ribavirin, as a combination therapy without the use of an interferon.
15

The following Compound (2):



25and organi c acids such as acetic acid, trifluoroacetic acid, adipic acid,
ascorbic acid, aspartic acid, benzenesul fonic acid, benzoic acid, butyric
aci d, campbanin4aiid, canphorsul fonic acid, cinnam c acipdT/EP2ainiosssati d,

di gl uconi c acid, ethanesulfonic acid, glutamc acid, glycolic acid,

gl ycer ophosphoric acid, hem sulfic acid, hexanoic acid, formc acid,
fumaric acid, 2-hydroxyethane-sulfonic acid (isethionic acid), lactic acid,
30hydroxymal ei ¢ acid, malic acid, nmalonic acid, mandelic acid,

mesi tyl enesul foni ¢ aci d, methanesul fonic acid, naphthal enesul fonic acid,

ni cotinic acid, 2-naphthal enesulfonic acid, oxalic acid, panoic acid,
pectinic acid, phenylacetic acid, 3-phenyl propioni i d, pivalic acid,

propi onic acid, pyruvic acid, salicylic acid, stea acid, succinic acid,
sul fanilic acid, tartaEIc acid, p-toluenesul fonic ag+d, undecanoic acid,
and the like. 5The teryn "pharnaceuticdlley-acceptable bage_addition salt"
nmeans those salts wiCch T4t ai (I -ﬁblogfcal Tech\_venes agﬁ properties
of the free acids and which a 2 S ndesi r abl e,
formed with inorganic bases such a¥ a carbonate, or

bi carbonate of ammoniumor a netal ca euch as sW@i um potassium
lithium calcium nagnesium iron, zinc, copper, manganese, alum num and
the like. 10 Particularly preferred are €he amoni um potassium sodi um
calcium and magnesium salts. Salts derived from pharmaceutical |l y-accept a-
bl e organi c nontoxic bases include salts of primary, secondary, and
tertiary animaﬁgtquamemmangmamﬁhé[bohﬂadﬁdbpmsmbSmkmuﬂedthkhesmyMbluding
natural ly_occu

i on- exchange r%glns 3%6%““§m t%?%o qkb%%’béé?%ﬂhgﬁf%%EmPRHOigﬁglanlne

et hyl am ne, iﬁﬁkﬁkhyhambmeasﬁﬁﬁﬁhhyhﬂquemnmsm@ﬁﬁnmnanvMESBHH%®¢opyIan1ne,

b et byt o etk AR BRA T B e AL PR AR Ayudii 8 PEV e RrEpra a

caf f ei ne, hygnabanfinigs scepodfiHEy uihﬂiitatsﬁﬁsclo@édmﬁﬁﬂﬂdteammﬂ,l 5g4 b.he:cpsam ne,
nethylglucanlne theoqﬁgnlne, urines, @ﬁra2|ne ?lne

et hyl pi peri dine2 ERYIAH SUIE E’Br?ﬁ 1B 0% e hsrfhsr‘f 193¢

conmpoundsg Z%emﬁwga R SomYohradh 3085y U Phifer, 58d7met @Nﬂlﬁulﬁe (2)dirae,
N et hyl nor phol i ne, dlcyclohexylanlne di ben§¥lan1ne

N, N- di benzy| PH&R#eRYqahifrRelations disrahean heprenared accordiane (e ey SFRsafussi ne,
pol yam ne feﬁhﬂénnﬁéﬂxkgﬁu&h%ﬁnmaﬁrQl&HMﬁ&JMeH&@L%&%&%n@&ﬂﬁﬂh&mﬁ&%&ox'C
bases are isopropylam ne, diethylam ne, ethanolam ne, trinethylam ne,

di cycl ohexyl i geiirely h Brafereed fermg of Spmepynd. (2pisclmiadhe @Wﬁfﬁlllﬂ%mb aypgrcular

combi nat i on" a%rsfifle O5fcch Quf AR SN GORBhAA dsABreflf sc0lifh@r MoT € act i ve drug
subst ances, 1.e.”, conpounds having a t apeutic utility. Typically, each
such conﬁ@und in the therapeutic conbinations of the present invention wll
be present in a pharnmaceutical conposition conprising that conmpound and a
pharmaceutically acceptable 30 carrier. The conmpounds in a therapeutic
conbi nation of the present invention nmay be adm ni stered sinultaneously or
separately, 9} iments of the Invention 5

Accordi ng toﬁglﬁU@A@mod %Q}WE € present invention provides for a
nmet hod of treating HCV infection or alleviating one or nore synptoms

th foi at t th t ta th tient
ef 1 oot i vab a5 8 OHE: BRKIE LMELRGT RaRl b LY RO G 4 CHMBURE" (1) ag

defi ned her emdre sofmpanhighiestGeapdiead doyhpaciae e ateh of sahihisichag mﬁe pe&l@ﬁm@u nd (2)
as defined herei.n, or a ph rnaceutlcalkéaaccegtaQ£e 10salt t hereof,

optional Iy t OGSHFe MM & & PHARAUHF FOMIARALQn 4PTP URBYATTRhG (@) i rected to

the use of CuraaWARribd) or OphafnRBAIIABRE QUbpERs bt BGEaPiApBoRAl tibiigs eof , and
Conpound (2)

The two or three actives of the combination can be administered simultaneously or

25  separately, as part of a regimen.



or a pharmaceutically acceptable salt thereof, for the manufacture of

phar maceuti cal conpositions of each conpound, for use together, optionally
al so wi t hwoi2bewvi4ni7m, in the treatment of HCV infection. PCS/ERddi1066RAI
general enbodi nents include a packaged pharnmaceutical conposition
conprising a packagi ng containing one or nore doses of Conmpound (1) or a
phar maceutical ly acceptable salt thereof, or containing one or nore doses
of Conpound (2) or a pharnaceutically acceptable salt thereof, together
wWith witten instructions 20 directing the co-adm nistration of Conpound
(1), Conpound (2) and optionally ribavirin for the treatnent of HCV

infection. Apgt ﬂ@ienﬁﬁ@éﬁ%ﬁﬁﬂ&leﬂ p?oﬂhés%rt Eﬁgjacf(%e@pllﬁntnaéegﬁcaﬁ Q&nﬁofsi%%h ment of HCV

infection conprising: (a) one or nore doses of Conpound (1) or a

phar maceut i ccnnllgnsalg@@pnmu@d @alvihuthhen@ampala%bi(\bl)ltt@nestmtlcrmp@lqa@@s of
Conmpound ( 2) en
instructi onsacg]:'hil'ﬂgtg ?F dpﬂ’!ﬁgy I%Q ?12{1 ?tha?%ﬁﬁlohal aggl%cfma@?trw&ggn%ound

(2) and opt|OM%¢VymbmbaV|rin for the treatnment of HCV infection.

adm ni stering the therapeutic conbinations of the present |nvent|on, each
active agent can be adm nistered together at the sanme tine or separately at
di fferent tlWﬁﬂmﬁ&n&ﬂpﬂMﬂﬂﬁH@@ﬁﬁ@ﬂ@ﬁfadmmmka&dﬁhﬂﬂﬂ&uﬂ&manmmﬂﬁmmt i nvention
cont enpl at es _and. i ncl udes mni stering the
Goubl e or £ T ONEiPRa BT RL o SHE AR B Banit PRSP BB oo

t hi s conbi natdniinisteligg @pyipomd €KWpat @ehpoond @) ahd eionMe dg&iringdr Be treddadht

genot ypes, ag Vbeen denonstrated to be particularly effective in
treating FKND%% B2, i nfection, including subgenotypes Ia and I b. The
patient pepulation to be treated mnth t he conbi nation therapy of the
present invention can be further classified into "treatnent-nave" patients,
i.e., those patients who have not 10received any prior treatnent for HCV

i nfection, ipRIdHhRYCRWTIOROHE THE DRAWNGHt erf eron- i ntol erant or
contraindicated patients, and "treatnent experienced" patients, i.e, those
pati ents who have undergone prior treatnent for HCV. Either of these
classes of pgaj fghﬁﬂt&g\@ﬁ%h@&laﬁé Qf”il‘}ﬁﬁ/ Wi ibaEi ea %H%)bﬂ?etatn%’ﬁt hies gRyn@f the
present invention particular class of patrents that are preferabl
treated afe bdvorechimel@G¥ genaysel intagdavandarepied with Ueatomd/é) smwnd@itgbg{é
prior interf )P Y, id

Pher apy. (ner SFa RS IR (Rl ity P8 oD SRR En HtrE

di stinct grofops vetkpatlioand by cqniinatioo Seraph ovi@xXparpoemt@dsedm baigpégylatrdxi mum
reduction in, ring the first 12 weeks of treatnment with
interferon pqgﬁéﬂﬁﬁﬁfﬁin %WgﬂFi responders”), (2) those who experienced >
2x log io maxi mumreduction in HCV RNA Ievels during treatnent with 20
interfer PLus r | evel of
dot ect§ o (" PR Rl dPFESL BT R b (Bl RGP o g <
response WI tlmva@d:hdmtd H@Vlgﬂﬁ(&yﬁee]r meCﬁd)nJﬁldl’ttebtaH i th ICotrpedainy ) adtunhad (&20vi r al

| oad rebound e er, duri atne t han. due to t1ent
non- conpliangﬁ&mgrﬁa?P%¥ﬂg% Ph§®8 V%?@dﬂfmpgﬁ ﬁgg?mﬁmn§§“WEcording

to an alter nafr it weerhodivee by conﬁlhﬁitllaﬁ el Wi\ @Mpotid 1) Sudide Sal@pépgtatad of
reducing HCV-RNA levels in a patient in need thereof, conprising the step
of adni ni st elfH§GazegnpEbavVER a t her apeuti c conbi nati on according to the
present bhavention. Preferably, the method of the present invention reduces
the HCV-RNA levels in a patient to a |evel below the lower limt of
quantificatiQﬁTéHﬁﬂ)BE@?%H”KO§U€FFE@&NVE?”WQV RNA 30as used in the present

i nvention neans a |level below 25 International Units (1U) per m of serum
or plasma of pafigasisent as neasured by quantitative, multi-cycle reverse
transcri ptase

30 “Compound (1)” and “Compound (2)” are as defined above.

"Ribavirin" refers to 1-B-D-ribofuranosyl-1H-1,2,4-triazole-3-carboxamide, available from

ICN Pharmaceuticals, Inc., Costa Mesa, Calif. and is described in the Merck Index,



PCR net hodol ogy according to the WHO i nternational standard (Sal adanha J,
Lelie N and Heath A, Establishnment of the first international standard for
nucl ei ¢ awodoemghi7iii cati on technol ogy (NAT) assays for PCYHRRAL/OWIEY

Col | aborative Study G oup. Vox Sang 76:149-158, 1999). Such net hods are
well known in the art. In a preferred enbodi nent, 5 the nethod of the
present invention reduces the HCV-RNA levels in a patient to | ess than 25
U per mM of serumor plasnma. |In another enbodi nent the nmethod of the
present invention reduces the HCV-RNA levels in a patient to |less than a
detectible | evel. 10The usual duration of the treatnment for standard

i nterferon plisuh@RY]41b0 dieh AR, Al ohfflud SdBeksal Al lManet ype 1

i nfection, and at | east weeks for HCV genotypes 2 and 3. However, with
the triple cHrﬁaPmaNpmﬂltlkVéﬂapspf@fedmekqﬁde@ewnnlpmdeﬁ's inghpdg REBE?OB@ Epldss! bl e
Loonave a MUEBPEARSER WAl Ak Ao kbR oV ibel B LS, D! nat | on
t herapy of the present 1 nvention the conte I at'ed Gurati ons 015 treat ment
i ncl ude at | éastibed iw\Heﬂ<§at Iﬂépﬁé)bé,ﬁ%ﬂ)bwoaﬁﬂ aajsft,27JZ;_83WeE§ks);armlg deri¥atigen about
12 weeks go g‘rb ?logs 1ncl gdlﬁlg @aQ/ur tre t5 g&er% CiC Fv%n tg%%nd 48
weeks is p055| %urt er anbodt Hent’s 1 nc & treatnent for
at | east 24 mekﬁn«amﬂnbm)znmattICNelagﬂil)zIBdm@anveﬁ'ﬂves dfi rrbawperancbﬁl for different
HCV genotype enot
S Dar A st GaRs L Ry, il gipPvitels Pa§ VREE PO ¢ pi
conbi nat i on thhekapy of 20 the present invention, followed by a conbination
therapy of only Conpound (1) with ribavirin (and with or wthout
interferon) or followed by a conbination therapy of only Conmpound (2) with
ribavirino(and with or without interferon). The first conponent of the
t her apeut i ¢ Clontoiom Gthiaomceuigaidy sccerCarpailih thedik)a solt oba Ceppamdet Buniledl)l vy
accept abl e sa 1, ther e 0S| uch sition
corrprl ses Corrpl(():h1S Wt%)'the S%Olg h%l%nnangeedllfgpgg%[ﬁy asglécllebﬂ) ggaﬂ%athgggnof and
a phar maceut iisadslof hmnmemhab:iver aldmals avithoarundar tokieity, 1ﬂ-'1quon,aille1pghaemn®ut i cal

conpositions_t Co n or.a armaceutical ly

accept abl o MR HE p e gt L SRR RRE R s M S BT RERINET Lo e
speci f i c 1exasmptdsoafispesiti) shd ¢ftasvedbethas irtaideB@eorth i n t he exanpl es
section below. 1In general, the Conpound (1) or a pharmaceutically
acceptabl e salt thereof may be adm nistered at a dosage of at |east 40

mg/ day (in STROken GkludéMihdeehceQReisy)- acc@;dﬁﬂl& haa addi ek e{ﬁﬂfibhﬁnfa@d’utlé&@age

anounts and ranqes may i ncl ude Qn single or divyided dose R/'a

at | east 100%%Y %fé?/b@f Byditign saltsy Stsl‘ﬁéu‘??ﬁ}eoﬁék&s are found in, e.gy, §) Birgegf&f-» boo
nmg/ day (d) apndeast. 240, s8/pgayi14e) at |east 360 ng/day (f) at
| east 480 ngy/ day 10(g) from about 40 ng/day to about 480 ny/day (h)

from abod? 120 ny/ day to about 240 ng/day (i) from about 240 ng/day to
about 480 nUTRAY J'PhaRREHRRadBHERY acid addition salt" means those salts which retain

the biological effectiveness and properties of the free bases and which are not biologically
or otherwise undesirable, formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, sulfamic acid, nitric acid, phosphoric acid, and the like,

25  and organic acids such as acetic acid, trifluoroacetic acid, adipic acid, ascorbic acid,
aspartic acid, benzenesulfonic acid, benzoic acid, butyric acid, camphoric acid,
camphorsulfonic acid, cinnamic acid, citric acid, digluconic acid, ethanesulfonic acid,
glutamic acid, glycolic acid, glycerophosphoric acid, hemisulfic acid, hexanoic acid,
formic acid, fumaric acid, 2-hydroxyethane-sulfonic acid (isethionic acid), lactic acid,

30 hydroxymaleic acid, malic acid, malonic acid, mandelic acid, mesitylenesulfonic acid,

methanesulfonic acid, naphthalenesulfonic acid, nicotinic acid, 2-naphthalenesulfonic acid,



(k) about 240 ng/day 15(1) about 360 ng/day (m about 480 ng/day Although
Compound (1) or a pharnaceutically acceptable salt thereof may be

adm ni st ewecdoizn4si7mgl e or divi ded daily doses, once a dagTawpiiniosdseati on
(QD) of the daily dose is 20preferred. As the skilled artisan wll

appreci ate, however, |ower or higher doses than those recited above may be
requi red. Specific dosage and treatnent reginens for any particul ar patient
wi || depend upon a variety of factors, including the age, body weight,
general health status, sex, diet, tinme of adm nistration, rate of
excretion, drug conbination, the severity and course of the infection, the
patient s di sp@shlib GnkR atcﬁepécmn%%&kl%eﬁ}ngceh@ Gid 3 AR c1hh1ﬁvatﬂceat ing
physician. In general, the conpound I's nost desirably adm ni stered at
concentr at i o#rid, @monnqmd wituvic geidevalidyiliy agiflf seaagc aml i sucqﬂai: pgid.espiifenghid aged,
results with r gi.de effects. In

anot her enbo%#%%%%HgkggpggxﬂﬂﬁkQ%ﬂemﬁﬁggﬁfﬁ%ﬁ'&%H glng dose anount of
Conmpound 30(1) is adnlnlstered for the first adnlnlstratlon dose of the
treatment, hi

adnlnlstered %$8§d%%%mﬁéﬁgaﬁngxﬁém@gbSF%%§U$IQE %mgﬂ“ggzmgn% gglgrably,
the | oading dmbem&mmhﬂﬁxu&mabmuﬂpdmuhbaﬁ%m:muﬁmtkhmjwhyhm@ngh&pbg&ﬂbhe

amount i n subs uent rati O Int treat nent. in one
anbodi ment - PHEET PepRSEIS Fo Rk SO it bateh RS g o S ERREC or Aot
240 ng and sub&ﬁﬁme@ﬂndmﬁﬁse@fmﬁmﬁmﬁmnﬂahkhlanenadﬂMﬂm&ﬁ@ﬁqmuamum,dosage of
about 120 mg, In 5 anot her enbodi nent, the first dose of Co #g

admi ni st er ed Q' CYGE R BIGIeS YR P 456 ﬁ?ap%aalgga%%@ﬁmma& 4 Conpound
(1) are ag@m Pdrﬁ&tﬂéfrﬁ_,ﬁbréferr&l A0 &R Gk PutassAAh), s6Bum| EhiAnAte magRiReh nent

the first dose of Conpound (1) adm nistered is at a dosage of about 960 ng
and subsequetilts-dydederyed J@B‘ﬁﬂ’@&‘i‘f&i‘cf“i‘)calé’r cepigrivl ‘érgaéﬁl‘é‘&f’n&%m%baé"éé%‘éieéﬁltsabo ut
480 ng. 10 Byr prmhdrg S&Jamar%%alwmgaryl%&emw@@ary athiltd ®HpodNaANbABRed S that it
IS thereby possi bl'e to achieve steady state | evels of active drug in the
patient's sy3iags dglpfingpatpilinoying SB‘W&&{% gEngsecyginmiperandprEc Milpod | evel
achi eved by Ughitge 3sHRUBLEL hardlte ARS8l BmiRerSRIE1AfndBHdmiR, achi eved
with a doubl e dose but wthout the safety risk attendant to the
15subsequ&nt diedrlmmgotisthaliniing, spprapylanineftiproggembing. WbsalamBie, ethanekiones. t he
targeted ste le arti ' - means
that there l@g%mggggg%g<ﬁ§£mg?n@§%tgﬁgg{§%mﬁ-@55&%?32§%$§R§§%% 1§(%eginning
of therapy sbsinharginiesihstidme, caffeia¢, hgdnabimge, lthalameabegamel, ibylenddamgee, of
energi ng. 20 0 er t{on, nanely,
Conpound (2) glggogaarﬁ%%arﬁgr%@gln?%@g }ﬂif'%{ér@%:népf g%neggaq%im%ﬁ gé}p r}ll%’SNCOITpI’I sed in
a conpositi oethylﬁlpeﬂndme mnmemytanmonnmrqmmm)esdsmtrmmmdmﬁ@)mm(oomaounds

pharmaceytical ly a al t th tically acceptable
adjuvantg%r i |e$%$ §%$@§“ﬁ5ﬁarﬁ% u@P%hlm &%Rgﬁ ﬁqnphat may be used
for Corrpounddlé)}c)lohe@yflalamphansmﬂaumecmﬂ\l ddb«ﬁﬁgl@bérﬂthlyﬁnﬁl&l i- epﬂilﬁﬁlﬁﬂlf: Nar-e as
25descri bed i nt 7,582, 770. er.al 2). or a
ohar maceut; clpry byl saPamidr sy oRah B Ratir SRR Gortibs age
amounts and héhtEkaSErsEsI@BSprbfAImife \idintiride e(haﬂolsmmg,l temethyRinviegled doses):
30(a) at least 800 ny/day hgﬁ at | east 1200 ny/ day

dicyclohexylamine, ¢ e, and caffeine.

25
The term "therapeutic combination" as used herein means a combination of one or more

active drug substances, i.e., compounds having a therapeutic utility. Typically, each such

compound in the therapeutic combinations of the present invention will be present in a

pharmaceutical composition comprising that compound and a pharmaceutically acceptable
30  carrier. The compounds in a therapeutic combination of the present invention may be

administered simultaneously or separately, as part of a regimen.



(c) at least 1800 ny/day (d) at |east 2400 ng/day (e) from about 800 ny/day
to about 2400 ny/day (f) fromabout 1200 ng/day to about 1800

ng/ day 5(Wp 2br2amiabout 1800 ng/ day to about 2400 ny/ daypCh)EPRetonsa@bout 1200
ng/ day to about 2400 ng/day (i) about 1200 ng/day (j) about 1800 ng/day (k)
about 2400 ng/day 10 Al though Conpound (2) or a pharmaceutically acceptable
salt thereof nmay be admnistered in single or divided daily doses, twice a
day (BID) or thrice a day adm nistration (TID) of the divided daily dose
are preferred. As the skilled artisan will appreciate, however, |ower or

hi gher doses than those recited above may be required. Specific dosage and
treatnent 15reginmens for any particular patient will depend upon a variety
of factors, including the age, body weight, general health status, sex,
diet, tinme of adm nistration, rate of excretion, drug conbi nati on, the
severity and course of the infection, the patient's disposition to the
infection and the judgnment of the treating physician. In general, the
conmpound i s bm eiifb pihé Inva

mb aonni stered at a concentratlon | evel that will
general ly aff ntivirall f |ve r.esul C any

har nf ul o? de COdg O™ 8] é{nbf)glg%etg presen“ eélErlgn QGS#IB% l%g%ccggfdl ng to the
i nventi on, tneaungiﬁlﬂ\/i mﬁ:cdms«ir aﬁanamtg cmf: of.‘mmpcsgmﬂto(lﬁ)hdr@f admaumstt ered for the
first adninistratio f th i nducti on unt is

i oner e S S it b FE B R et S el D R HRIR ot i o
in the treataﬁmmnm&mfﬁmmﬁﬂﬂgaCﬁdmmummdgatdahmdﬂﬁanaﬁmqmmmuﬁaabﬂgt double to

triple in quantit unt in subse uent mnis at|ons
1 Phe trear fermetts Sy wteiind g BB6RhereRe o de Hord e
Conpound 1§ 2) sa&dﬁaréufsémb@myabged@s QOB ri0fvidh ONA a&ﬂmar@n@adnesluiasiaaaa% doses
of Conpound (2) are adnlnlstered at a dosage of about .. I'n anot her
enbodi nent, HREsE L Lompapaklyor Ephsmacytigaly aé“d’ﬁiah eéﬁléﬁhéﬁoﬁfm Caprgd sde of
about 1200 ng; e@ﬁlﬁrrﬁé&@&%ﬂbeﬁ&:eﬂﬂﬁ@@mﬁer@%p%@%aﬁ@ﬂact@fe%f @Hﬁnnaéeaa@l ed at a
dosage of about 400 n%' using this induction dose concept, cl ear
advant age i SCARPEILPES Q §a<thrfé’ﬂ@l§‘}n &5 gpgipgethes, opeippadly alsg “gﬂléé?@@ﬂndﬂélﬁ in
initial V|rah@£ﬁag0fh@%Mﬁkahgg initial viral response with the first dose
and then sustaining the drop with a subsequent | ower dose also restricts
t he seledtion of potential resistant variants. 5 The optional third

conponent  of AElctﬂﬁoﬁall1 gén%&? &hb&duﬁ&ﬂ?fn@ﬂhé Y Back&%ﬁ‘f)hym{awﬁﬁ&il 'E:j)rﬂpositﬁ)n

comprising a packaging containing one or more doses of Compound (1) or a

pharmaceutically acceptable salt thereof, or containing one or more doses of Compound
(2) or a pharmaceutically acceptable salt thereof, together with written instructions

20  directing the co-administration of Compound (1), Compound (2) and optionally ribavirin
for the treatment of HCV infection. Another embodiment is directed to a kit for the
treatment of HCV infection comprising: (a) one or more doses of Compound (1) or a
pharmaceutically acceptable salt thereof, and (b) one or more doses of Compound (2) or a
pharmaceutically acceptable salt thereof, and written instructions directing the co-

25  administration of Compound (1), Compound (2) and optionally ribavirin for the treatment

of HCV infection.

In administering the therapeutic combinations of the present invention, each active agent
can be administered together at the same time or separately at different times in separate

30  dosage administrations. The present invention contemplates and includes all such dosage



conprised in a pharmaceutical conposition. Typically, such conpositions
conprise ribavirin and a pharnmaceutically acceptabl e adjuvant or carrier
and are webDl2olrawrviin the art, including in a nunber of pommpetieadessoDavirin
formul ati ons. Fornul ati ons conprising 10ribavirin are also disclosed, e.g.,
in US Patent 4,211,771. The types of ribavirin that nmay be used in the
conbi nation are as outlined hereinabove in the definitions section. In one
preferred enbodi nent, the ribavirin is either REBETO.(r) or COPEGUJS(r) and
they may be administered at their | abel ed dosage | evels indicated for
15interferon plus ribavirin conbination therapy for the treatnent of HCV

| nf ecti on. . ClegOM Sfien Wrlifisfefify thE Lk GARHL ARKLAIDFHARN0R: hhifr esent
invention it nay be possible to use a | ower dosage of bavirin, e.g.,

| ower than ikereised the current standard interferon plus rlbaV|r|n t her apy,
whil e delivering the same or better efficacy than the current standard
therapy with | ess side-effects usually associated with such therapy. 20
Accordi ng toAkmmeﬂgsenﬁ@mmmnﬂmsmyﬁhepwﬁ®HvbcbﬁammgagmmathGVS$mnﬁwwm

dosages o 2016 ﬂassgeng demonstrgecy toq)% pa% 5?1%%) ef‘ffectlve in,trea ngBI-g(g‘)/ ﬁgl}oéya{)eelnmfl 90 my/ day

to about en abou o about 1200
ng/ day; 25(cmmhémgednmmhgu$1aaﬁDHng/day to about 1200 ny/ day; (d)
about 1000 ng/day (e) about 1200 ng/day (f) between about 300 ngy/day to
about 800 ny/ day (g) between about 300 ng/day to about 700 ng/day

30(h) bet meemhé@ﬁemg)bﬁlayu(ﬁlao aboektedAith l’rhfgbdﬁlyinz(tio)l tiedpyeé meﬁﬁ@eﬂfgﬁ\éﬁlyoﬂ o]

about 600 ng/d ). about 400 about 600 ng/day (1) about 800
my/ day 5 Acctt g%/rﬁ'&ﬂlejbdﬁ?‘féﬁeg dﬁ“f‘?grﬂ?nt "gll‘i‘é PAUEAY L HOSORANES P 8&]%? d¥bri ses

ribavirinoi Nredeifer damylpabi @St fR @Y i@dciesiondlitaend ldaid b iesrodai | y,
thrice daily, four tines a dﬁ% five times a day, or six tinmes a day. For
exanpl e, if BQlgarpecntamdicy Pﬁ&?ﬁdﬁdcgﬁﬁWP§§§W§EHﬁF RYOS g 1S dosage of

ribavirin, apgiedsddsnhe @Ue,%bﬁeqﬂok FESmentdeyHCS. @ﬁﬁérroedlesetmgesfohgaums
therapeutlc conbi nati on wi | rise ribavirin in a fornul ation,

tabl et, cont BRhPheatetgrththe C(ﬁ%ﬂﬁtwm@rw 0hthe PreseRy iiveAionE gy paé%awc@sé frfn one

embodi nent t Bﬁle{?ﬂ’s %@5&% lre@é%@d]& @l SRD Hl%E@tln%Erﬁélt B gaRENOH pRents iR @hAVRD
hepatitis Cviral (H i nfection or l'evi ating one or more synptons

t hereof ilh aumhtgoemn@mﬁrgﬁl nlgs tlbfé/lrgt té?famf by @reinengesppising to onid Herapat i ent a
therapeutic g@{@h{ D30 18P0 'CHE n- gegpéﬁ rs iR QH{?Qe cﬁ%)ncto s of patients:
e sa ngy

phar maceuti c y accepta at a osage
per day and ab these w@@e)qgmpepd d:agx, logw maximum reduction in HCV RNA levels during the

first 12 weeks of treatment with interferon plus ribavirin (“null responders™), (2) those who
experienced > 2x log;p maximum reduction in HCV RNA levels during treatment with

20  interferon plus ribavirin but never achieve HCV RNA levels below level of detection
(“partial responders™), and (3) those who achieved a virologic response with and during
interferon plus ribavirin therapy but had a viral load rebound either during treatment (other

than due to patient non-compliance) or after treatment has completed (“‘relapser™).

25  According to an alternative embodiment, the present invention provides a method of
reducing HCV-RNA levels in a patient in need thereof, comprising the step of
administering to said patient a therapeutic combination according to the present invention.
Preferably, the method of the present invention reduces the HCV-RNA levels in a patient
to a level below the lower limit of quantification (or “BLQ”). A BLQ level of HCV RNA

30  asused in the present invention means a level below 25 International Units (IU) per ml of

serum or plasma of a patient as measured by quantitative, multi-cycle reverse transcriptase

-10-



(b) Conpound (2) or a pharmaceutically acceptable salt thereof at a dosage
bet ween about 800 ng/day to about 2400 ng/day; and 20(c) optionally

ri baviri rwatoe/dowage of between about 400 ng/ day to abect/EP2Q0/06a6Tay .

I n anot her enbodi nent the present invention contenplates a nethod of
treating hepatitis Cviral (HCV) infection or alleviating one or nore
synptons thereof in a patient conprising 25the step of admnistering to the
patient a therapeutic conbination conprising: (a) Conpound (1) or a
pharmaceutically acceptable salt thereof at a dosage between about 120

ng/ day to about 240 ny/ day; (b) Compound (2) or a
phar maceut i Cﬁtklfneﬁﬁ)‘a&%??éc&dﬁé tB tﬂeh@fl@qgteﬁltatl(ﬂlaggfmﬁ (3DR&hWe s 'leﬂ@f&%d 1200
ng/ day to about 1800 ng/ day; d (c) optionally bavirin at a dosage of

bet ween abouteaDBOEstgIdaiyentof élb(ﬁlmt iIneiony/sthagard _fqrrliluelnlétdhérﬁm@hﬁ@@pnre nt the
present | ”Ve{%[:lh%ﬂ)\%?gﬁk??ws%?& RPNV AD éorllﬁ rhil@ siﬂﬁ&%ﬂoﬁﬂ %/09 S\éhg al (HCV)

infection or or nore synptons thereof rn a patient
conprising thels:Eg, b999ac$m:mmtlheds angvvtld)kmdml ip &tei agtn tin aptelfmmdpmbbdlment

conbi nat i on &Qg%gﬂo oP%e ﬁ%&@%&@%g@%es( }% LS %ggmg\gﬁm%% C%o 1¥ss?1?%ept able

salt thereof a
phar maceuti cai IWpeamd@mahrh@r plasrha. tIhen@befr eatbodintioshgmethbd ajhbupreaeziﬂo ng/ day

about 1000 nrBy" FHUEBOt TS0 R eRy « FiFPHB R beBaRReMHE BT Lde any of |

t he above-nenti oned enbodi nents, and where: (a) the ther apy is atriple
conbi nati on therapy i ncl udi ng adm ni stration of 15Conpound (1) or a

phar ma‘ce% ic %su%cd%g“ag%)gg# e ?ré‘% 1%1 %tqgr:: sgagl;larg(ﬁ:lgg?egglp}\)q/us( gllavmn tﬁe{rggy is ﬁt leftlsher apy

phar maceut | call accepta rrin
is a doubl e ¢dOwhike&triHIV porengpy infiaclondindgt B2 wetlsebi H@chéncﬁ:mepmanMN 1) or

a pharnmaceut j caII ta Ie .t her eof nd ra .

ohar maceut | cHPrg e BETFEIRE SamfiafinbPesry of AL PRTen kv diatriting
anti- 20HCV hgentosuch Susrtcheratonad die aeihs Wiﬂﬁihad@lawnmﬁaubh&le&ipwemaenti oned
enbodi nents, and where: infection is t he patient
is a treat neﬂrfeseﬂh\%enﬁlﬁf‘f%rf%’nte‘ﬁ‘Plafgv ety 10’???5”?@’(?@%&@‘&“{) %R’a?té' E%type 1 and

the patient px‘éfe@abl}r zﬁ@éa@ﬁmw&l@@rgl %ﬁﬁﬂ)o@tamlv@d%ks 1080t 24 RRBkS! ﬂ&i@@gﬁsl ve to a
conbi nation therapy of interfer onszpI us ribavirin. Further enbodinents

i ncl ude any BFAUPFE URERUW HeinpayaR4 werboinestkle as well s arther emBertmRRdUNd
(1) or a phappRecutiGal it AreepL ARke Sakd: ot ke aotvetis. adaiink ptesad: once a
day. the different HCV genotypes, e.g. HCV genotypes 2, 3, 4, 5 or 6 is expected to be similar.
Also contemplated is an initial treatment regimen with the triple combination therapy of
20  the present invention, followed by a combination therapy of only Compound (1) with
ribavirin (and with or without interferon) or followed by a combination therapy of only

Compound (2) with ribavirin (and with or without interferon).

The first component of the therapeutic combination, namely, Compound (1) or a

25  pharmaceutically acceptable salt thereof is comprised in a composition. Such a
composition comprises Compound (1), or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable adjuvant or carrier. Typical pharmaceutical compositions that
may be used for Compound (1), or a pharmaceutically acceptable salt thereof, are as
described in U.S. Patent 7,514,557. Further specific examples of compositions are as set

30  forth in the examples section below.

-11-



Compound (2) or a pharmaceutically acceptable salt thereof is adm nistered
three tines a day and the ribavirin, if included in the therapy, is

adm ni st ewedotviscE1a day. Furt her enbodi ments i ncl ude pamEPe§110bES67

above- nenti oned enbodi nents and where the 5l oadi ng dose concept in used for
Compound (1), e.g., the first dose of Conpound (1) admi nistered is double
in quantity to the subsequent doses. Further enbodi nents include any of the
above-nmenti oned enbodi nents, and where the therapeutic reginmen of the
present invention is adm nistered to the patient for at |east about 104
weeks, nore preferably at |east about 12 weeks, at |east about 16 weeks, at
| east about %Ageﬂ@lgllfghe C%Enploﬁlﬁﬁ(tl% %&%ﬁrr@eﬁe%ﬁlﬁsa&?éptﬁle éa@t"ﬂ?ére(ﬁ*biﬁw pet0 weeks.

Wth respect to the double or pl e conbi nation therapies of the present

i nvention, thdmipisiesdnt a ilepagneliapleast ¢ sy anemglernd divideld ddees). AAdditcmabi nat i ons
of the vario : [ - [ ' - .forth
herein. An a ?%%%%éﬁﬁﬁﬁ%%%%ﬁ%ﬁ@gﬁggg#%%%t§8ﬁ¥g&§ﬂg§%%g§gga%ﬁ§¥%§'eutica
conposi tion conprsatiepsal(Paukdgi ng contai ni ng one or nore doses of Conpound
(1) or a pharmaceyti.gal table salt thereof, or containing one or

nor e doseg of Cbﬁ%%ﬂ%gséﬁ%g@&%% a pharmaceutically acceptable salt thereof,
each toget her wi t) wrledst 200 mgiddyr ucti ons directing the co-adm nistration of
Compound (1), Conpound and optionally ribavirin for the treatnent of
HCV i nf ecti on. Iﬂﬁéﬂg?ﬁéﬁkgﬂggﬂ?nent, one or nore doses of Conpound (1) and
one or nore dosesepit l&Rnpoungd{y2) are placed together in a single packaging
formng a so-called "kit" wg%ch includes witten instructions directing
the co- 25adni ni sOr FBHEIMEHHpound (1), Conpound (2) and optional I'y
ribaviringfor thegl reatabBRloafg/ddeVo hsvhesdoiedayl N ei t her case, the

i ndi vi dual doses of Conpound (l%ﬁor a pharmaceutically acceptable salt

t hereof , or Cbnpdhhﬁo@g$m512gnﬁ Y b8t 3018/ dAYaccept abl e salt thereof, can
be in the form Of(i)aﬁ%npibohMOSﬁdgM@%de&hagdﬁﬁ A i cal dosage forns, e.g.

tabl ets, capsul es, and packaged within any of the standard types of
30pharnaceutical<ﬁa€%ﬁgﬁ%bn erials, e.g. bottles, blister-packs, etc.,

t hat may thenselwgﬁaggngg@h%hﬁfd wi thin an outer packaging material such as
a paper/cardboard box. The witten instructions will typically be provided
ei ther oSt he packaghewy3p@imerdanl (s) itself or on a separate paper (a
so-cal | ed "packa i [T t is provided together with the dosage forns
within the outerqgggﬁigﬁ%%hﬁéggrial. Al'l such packagi ng enbodi nents and
vari ations thereof are enbraced by the present invention. 5Additionally,

surprising r t v seen | e | l,en [ Vi i Vi and
S upgr essi gn %f[ H(%-lfé@ d\z}?1 §?‘%§§gﬁ’ﬁ acpgjtafr%agelg{r%gn}i %%gngptt%%’ Stél}%e%?etééeox gg 918? g(\?/I%ﬂrn és}etréﬁ
resi stance dinrsingty drhigvideorndilyn ddses ondchredag pytmini eatioe(@D)ad teelaidy déseds by t he

present inventjon. Accordingly, in.an additional .enmbodinment, there is

o ted oF nBelfil A6 e Ehaint P SPufa o fE R SR bR st Pl Rer apy
of the presefttitddbend innbe kquigkdf Spetifie do@pbadi ratiient feh@tieds {8 ahy parti@daror 10
no energence of HCV variants that code HCV.NS3 protease.am no acid
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islimted or no energence of HCV variants that encode HCVY NS5B pol ynerase
ani no acid sBSTH AR FAEE ohthepniggiogy FH@lePWe&%ﬂBP‘h'é’ttF“o‘erfH‘é‘r%’ﬂ;}heof t he

present izglvejmg%%sht of the &eMePh$RA&H. ik SereAD A @IBBIN D BIS deSirabfy | 1 M ted or no
ener gence of variants that encode both HCV NS3 protease anino acid
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pol ymer ase agijsu: Bfisthg SHP St of QNG RAQBiddUiidg the conbination therapy of
t he pr esent 1 nvention

In another embodiment according to the invention, a loading dose amount of Compound
30 (1) is administered for the first administration dose of the treatment. The loading dose

amount is higher than the dose amount administered for subsequent administrations in the

-12-



Furt her enbodi nents include any of the above-nentioned enbodi nents, and
where either: 20 (a) the HCV infection is genotype |la and the patient is a
t r eat mrentwoave/@atiient; or (b) the HCV infection is geneCcyme26ia/ cessd7 t he
patient is a treatnent-experienced patient who is non-responsive to a
conbi nati on therapy of interferon plus ribavirin; 25and wherein there is
limted or no energence of variants that encode substitutions at NS3

prot ease am no acid R155 and substitutions at NS5B pol ynerase P495 duri ng
t he conbi nation therapy of the present invention. 30 Exanples |I. Methods
for Preparing Compound (1) 5 Methods for preparing anorphous Conpound (1)

and a gener a!rea%ﬁé;ﬁ@r@f‘efaggr ok 1&%&;%&%@9@% Lﬂyou@&&%ﬁétlﬂghﬁm%ﬂ‘o& weRh{TBr can be
found in US Patents 6,323,180, 7,514,557 and 7, 58 Met hods T or
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o ot o0 il g aRAc . YL ERAAI CERARA Al Q00 LS AIRLBR AFLACS
2011/ 005646. mgmmmpm&mu&ﬁdbﬁsuﬁﬁm@gpmdkez&@mmmhmmﬁﬂmséamngﬂﬁabmnbammgelomL
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about 960 mg and subsequent doses of Compound (1) are administered at a dosage of
about 480 mg.

10
By using this loading dose concept, a clear advantage is that it is thereby possible to
achieve steady state levels of active drug in the patient’s system earlier than would
otherwise be achieved. The blood level achieved by using a doubled loading dose is the
same as would be achieved with a double dose but without the safety risk attendant to the

15  subsequent continuous administration of a double dose. By reaching the targeted steady
state level of active drug earlier in therapy also means that there less possibility of
insufficient drug pressure at the beginning of therapy so that resistant viral strains have a

smaller chance of emerging.

20  The second component of the therapeutic combination, namely, Compound (2) or a
pharmaceutically acceptable salt thereof is comprised in a composition. Such a
composition comprises Compound (2), or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable adjuvant or carrier. Typical pharmaceutical compositions that
may be used for Compound (1), or a pharmaceutically acceptable salt thereof, are as

25  described in U.S. Patent 7,582,770.

In general, the Compound (2) or a pharmaceutically acceptable salt thereof may be
administered at dosage amounts and in dose ranges that may include (in single or divided
doses):
30 (a) at least 800 mg/day
(b) at least 1200 mg/day

13-



Compound (1) Na salt APl 15.0 Mono-, Diglycerides of Caprylic/Capric Acid
(Capmul (r) MCM Lipid 46.3 Polyoxyl 35 Castor G| (Crenophor(r) EL) NF
Sur f act arw0201284Propyl ene A ycol USP Sol vent 7.7 DL-a-t ecoreriolocdisP

Anti - oxi dant 0.2 Tot al 100.0

(c) at least 1800 mg/day
(d) at least 2400 mg/day
(e) from about 800 mg/day to about 2400 mg/day
(f) from about 1200 mg/day to about 1800 mg/day
5 (g) from about 1800 mg/day to about 2400 mg/day
(h) from about 1200 mg/day to about 2400 mg/day
(i) about 1200 mg/day
(j) about 1800 mg/day
(k) about 2400 mg/day
10
Although Compound (2) or a pharmaceutically acceptable salt thereof may be administered
in single or divided daily doses, twice a day (BID) or thrice a day administration (TID) of
the divided daily dose are preferred. As the skilled artisan will appreciate, however, lower
or higher doses than those recited above may be required. Specific dosage and treatment
15 regimens for any particular patient will depend upon a variety of factors, including the age,
body weight, general health status, sex, diet, time of administration, rate of excretion, drug
combination, the severity and course of the infection, the patient's disposition to the
infection and the judgment of the treating physician. In general, the compound is most
desirably administered at a concentration level that will generally afford antivirally

20  effective results without causing any harmful or deleterious side effects.

In another embodiment according to the invention, an induction dose amount of
Compound (2) is administered for the first administration dose of the treatment. The
induction dose amount is higher than the dose amount administered for subsequent

25  administrations in the treatment. Preferably, the induction dose amount is about double to
triple in quantity, by weight, of the amount in subsequent administrations in the treatment.
For example, in one embodiment, the first dose of Compound (2) administered at dosage of
about 1200 mg and subsequent doses of Compound (2) are administered at a dosage of
about 600 mg. In another embodiment, the first dose of Compound (2) administered at a

30  dosage of about 1200 mg and subsequent doses of Compound (2) are administered at a

dosage of about 400 mg.
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Two specific soft-gel capsule drug product formul ati ons were prepared
according to the above general Fornulation # 1, a 40 ng product and a 120
ng producwo 2012dmgr7edi ent Function 40 ng 120 ny ny/ capedirEray/10esul e
Compound (1) Na salt (mlled) Drug substance 42.301 126. 902

Mono/ Di gl ycerides of Caprylic/Capric Acid Lipid phase 130.57 391.70

Pol yoxyl 35 Castor G| (NF) Mcrogol gl ycerol Ricinoleate (Ph. Eur.)
Surfactant 86.86

By using this induction dose concept, a clear advantage is that it is thereby possible to
achieve a greater drop in initial viral load. Maximizing initial viral response with the first
dose and then sustaining the drop with a subsequent lower dose also restricts the selection

of potential resistant variants.

The optional third component of the therapeutic combination, namely ribavirin, is
comprised in a pharmaceutical composition. Typically, such compositions comprise
ribavirin and a pharmaceutically acceptable adjuvant or carrier and are well known in the
art, including in a number of marketed ribavirin formulations. Formulations comprising

10 ribavirin are also disclosed, e.g., in US Patent 4,211,771.

The types of ribavirin that may be used in the combination are as outlined hereinabove in
the definitions section. In one preferred embodiment, the ribavirin is either REBETOL® or
COPEGUS® and they may be administered at their labeled dosage levels indicated for
15  interferon plus ribavirin combination therapy for the treatment of HCV infection. Of
course, with the triple combination therapy of the present invention it may be possible to
use a lower dosage of ribavirin, e.g., lower than is used the current standard interferon plus
ribavirin therapy, while delivering the same or better efficacy than the current standard
therapy with less side-effects usually associated with such therapy.
20
According to various embodiments, the ribavirin may be administered at dosages of (in
single or divided doses):
(a) between 400 mg/day to about 1200 mg/day;
(b) between about 800 mg/day to about 1200 mg/day;
25 (c) between about 1000 mg/day to about 1200 mg/day;
(d) about 1000 mg/day
(e) about 1200 mg/day
(f) between about 300 mg/day to about 800 mg/day
(g) between about 300 mg/day to about 700 mg/day
30 (h) between 500 mg/day to about 700 mg/day
(i) between 400 mg/day to about 600 mg/day
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260. 57 Propyl ene dycol Solvent 21.71 65.14 Vitamn E (dl-al pha tocopherol)
(USP) All-rac-al pha-tocopherol (Ph. Eur.) Anti- oxidant 0.56 1.69 N trogen3
Processi igoane/giwl g.s. Total Fill Wight 282.00 846. @0TS®Re11@ed5at i n
Capsul e Shell Shell 2804 5905 Wet Total Capsule

(j) about 400 mg/day
(k) about 600 mg/day
(1) about 800 mg/day

5  According to one embodiment, the ribavirin composition comprises ribavirin in a
formulation suitable for dosing once a day, twice daily, thrice daily, four times a day, five
times a day, or six times a day. For example, if a therapeutic combination comprises about
1000 mg/day dosage of ribavirin, and a dosing of five times a day is desired, then the
therapeutic combination will comprise ribavirin in a formulation, e.g., a tablet, containing,

10 e.g., about 200 mg of ribavirin.

For example, in one embodiment the present invention contemplates a method of treating
hepatitis C viral (HCV) infection or alleviating one or more symptoms thereof in a patient

comprising the step of administering to the patient a therapeutic combination comprising:

" (a) Compound (1) or a pharmaceutically acceptable salt thereof at a dosage
between about 48 mg per day and about 480 mg per day;
(b) Compound (2) or a pharmaceutically acceptable salt thereof at a dosage
between about 800 mg/day to about 2400 mg/day; and
20 (c) optionally ribavirin at a dosage of between about 400 mg/day to about 1200

mg/day.

In another embodiment the present invention contemplates a method of treating hepatitis C
viral (HCV) infection or alleviating one or more symptoms thereof in a patient comprising

25  the step of administering to the patient a therapeutic combination comprising:

(a) Compound (1) or a pharmaceutically acceptable salt thereof at a dosage
between about 120 mg/day to about 240 mg/day;
(b) Compound (2) or a pharmaceutically acceptable salt thereof at a dosage
30 between about 1200 mg/day to about 1800 mg/day; and
(c) optionally ribavirin at a dosage of between about 1000 mg/day to about 1200
mg/day.
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Weight 562 1436 Dry Total Capsule Wight 480 1250 142.30 ng of Conpound
(1) Na salt is equivalent to 40.0 ng of the active noiety. 2 126.90 ng of
Conmpound wo)oiNz4smhit is equivalent to 120.0 ng of the aeCrxEP20mioedsy? 3
Nitrogen is used as a processing aid and does not appear in the final
product. 54 The approxi mate wei ght of the capsule shell before drying and
finishing is 280 ng. The approxi nate wei ght of the capsule shell after
drying and finishing is 198 ng. 5 The approxi mate wei ght of the capsul e
shel | before drying and finishing is 590 ng. The approxi mate wei ght of the
capsul e shell after drying and finishing is 404 ng. 10 Exanple 2 - Softgel
Caspul e Forrmul ation # 2 The conposition of the liquid fill formul ation:

Monogr aph Functionality % w w | ngredi ent
In another embodiment the present invention contemplates a method of treating hepatitis C

viral (HCV) infection or alleviating one or more symptoms thereof in a patient comprising

the step of administering to the patient a therapeutic combination comprising:

(a) Compound (1) or a pharmaceutically acceptable salt thereof at a dosage of
about 120 mg/day;
(b) Compound (2) or a pharmaceutically acceptable salt thereof at a dosage of
about 1200 mg/day or about 1800 mg/day; and
10 (c) optionally ribavirin at a dosage of between about 1000 mg/day to about 1200
mg/day.

Further embodiments include any of the above-mentioned embodiments, and where:
(a) the therapy is a triple combination therapy including administration of
15 Compound (1) or a pharmaceutically acceptable salt thereof, Compound (2)
or a pharmaceutically acceptable salt thereof and ribavirin; or
(b) the therapy is a double combination therapy including administration of
Compound (1) or a pharmaceutically acceptable salt thereof and Compound (2)
or a pharmaceutically acceptable salt thereof, i.e., without any additional anti-

20 HCV agents.
Further embodiments include any of the above-mentioned embodiments, and where:
(a) the HCV infection is genotype 1 and the patient is a treatment-naive patient; or
25 (b) the HCV infection is genotype 1 and the patient is a treatment-experienced
patient who is non-responsive to a combination therapy of interferon plus

ribavirin.

Further embodiments include any of the above-mentioned embodiments, and where the

30  Compound (1) or a pharmaceutically acceptable salt thereof is administered once a day, the
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Compound (1) Na salt APl 15.0 Mono-, Diglycerides of Caprylic/Capric Acid
(Capmul (r) MCM Lipid 42.4 Polyoxyl 35 Castor G| (Crenophor(r) EL) NF
Sur f act arw02812241 WD 2012/ 041771PCT/ EP2011/ 066567 Pr opy| ene/EB2y1a0b66565P
Solvent Oeic Acid Lipid 8 5 DL-a-tocopherol

Compound (2) or a pharmaceutically acceptable salt thereof is administered three times a

day and the ribavirin, if included in the therapy, is administered twice a day.

Further embodiments include any of the above-mentioned embodiments and where the
5 loading dose concept in used for Compound (1), e.g., the first dose of Compound (1)

administered is double in quantity to the subsequent doses.

Further embodiments include any of the above-mentioned embodiments, and where the
therapeutic regimen of the present invention is administered to the patient for at least about
10 4 weeks, more preferably at least about 12 weeks, at least about 16 weeks, at least about

24 weeks, at least about 28 weeks or at least about 40 weeks.

With respect to the double or triple combination therapies of the present invention, the
present invention contemplates and includes all combinations of the various preferred

15  embodiments and sub-embodiments as set forth herein.

An additional embodiment is directed to a packaged pharmaceutical composition
comprising a packaging containing one or more doses of Compound (1) or a
pharmaceutically acceptable salt thereof, or containing one or more doses of Compound

20  (2) or a pharmaceutically acceptable salt thereof, each together with written instructions
directing the co-administration of Compound (1), Compound (2) and optionally ribavirin
for the treatment of HCV infection. In another embodiment, one or more doses of
Compound (1) and one or more doses of Compound (2) are placed together in a single
packaging forming a so-called “kit”, which includes written instructions directing the co-

25  administration of Compound (1), Compound (2) and optionally ribavirin for the treatment
of HCV infection. In either case, the individual doses of Compound (1) or a
pharmaceutically acceptable salt thereof, or Compound (2) or a pharmaceutically
acceptable salt thereof, can be in the form of any of the standard pharmaceutical dosage
forms, e.g. tablets, capsules, and packaged within any of the standard types of

30  pharmaceutical packaging materials, e.g. bottles, blister-packs, etc., that may themselves
be contained within an outer packaging material such as a paper/cardboard box. The

written instructions will typically be provided either on the packaging material(s) itself or

18-



USP Anti-oxidant 0.2 Total 100.0 A specific 150 ng soft-gel capsul e drug
product fornul ati on was prepared according to the above general fornula. 5
Exanpl e 3weo 2bevd1Bmel | Capsul e Forrnul ation # 3 10The comrpo4iPRe10/066567 t he
liquid fill formulation: Monograph Functionality % w w | ngredi ent

Compound (1) Na salt APl 20.0 Mono-, Diglycerides of Caprylic/Capric Acid

(Capmul (r) MM

on a separate paper (a so-called “package insert”) that is provided together with the dosage
forms within the outer packaging material. All such packaging embodiments and

variations thereof are embraced by the present invention.

5  Additionally, surprising results have been seen in the excellent antiviral activity and
suppression of HCV viral replication and limited emergence of viral resistance during the
combination therapy treatment contemplated by the present invention. Accordingly, in an
additional embodiment, there is limited or no emergence of viral resistance during the
combination therapy of the present invention. In a further embodiment, there is limited or

10 no emergence of HCV variants that encode HCV NS3 protease amino acid substitutions at
one or more of R155 and/or D168 and/or A156 during the combination therapy of the
present invention In a further embodiement there is limited or no emergence of HCV
variants that encode HCV NS5B polymerase amino acid substitutions at P495 during the
combination therapy of the present invention. In a more specific embodiement there is

15 limited or no emergence of HCV variants that encode both HCV NS3 protease amino acid
substitutions (NS3R155 and/or NS3D168 and/or NS3A156) and HCV NS5B polymerase

amino acid substitutions P495 during the combination therapy of the present invention

Further embodiments include any of the above-mentioned embodiments, and where either:
20
(a) the HCV infection is genotype la and the patient is a treatment-naive patient; or
(b) the HCV infection is genotype la and the patient is a treatment-experienced
patient who is non-responsive to a combination therapy of interferon plus
ribavirin;
25  and wherein there is limited or no emergence of variants that encode substitutions at NS3
protease amino acid R155 and substitutions at NS5B polymerase P495 during the

combination therapy of the present invention.

30
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Li pid 53.8 Pol yoxyl 35 Castor G| (Crenophor EL) NF Surfactant 23.0

Propyl ene d ycol USP Sol vent 3.0 DL-a-tocopherol USP Anti-oxidant 0.2 Tot al
100. 0 A wpeoiAi4e77150 ng hard-shel | capsul e drug productcrmrouliatisen was
prepared according to the above general formula. 15 Preparation of

Formul ations 1-3: The drug substance is jet-mlled to renove | arge
aggregates so that the mxing tinme for the

Examples

I. Methods for Preparing Compound (1)

5  Methods for preparing amorphous Compound (1) and a general description of
pharmaceutically acceptable salt forms can be found in US Patents 6,323,180, 7,514,557
and 7,585,845. Methods for preparing additional forms of Compound (1), in particular
the crystalline sodium salt form, can be found in U.S. Patent Application Publication No.
2010/0093792.

10

II. Formulations of Compound (1)

One example of a pharmaceutical formulation of Compound (1) include an oral solution
formulation as disclosed in WO 2010/059667. Additional examples include capsules
containing a lipid-based liquid formulation, as disclosed in WO 2011/005646. Examples

15 of such capsule formulations are described below.

Example 1 - Softgel Capsule Formulation # 1

The composition of the liquid fill formulation:

Monograph | Functionality | % w/w
Ingredient
Compound (1) Na salt API 15.0
Mono-, Diglycerides of Lipid 46.3
Caprylic/Capric Acid
(Capmul® MCM)
Polyoxyl 35 Castor Qil NF Surfactant 30.8
(Cremophor® EL)
Propylene Glycol USP Solvent 1.7
DL.-o-tocopherol USP Anti-oxidant 0.2
Total 100.0
20
Two specific soft-gel capsule drug product formulations were prepared according to the
above general Formulation # 1, a 40 mg product and a 120 mg product:
25
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'42.30 mg of Compound (1) Na salt is equivalent to 40.0 mg of the active moiety.
2126.90 mg of Compound (1) Na salt is equivalent to 120.0 mg of the active moiety.

? Nitrogen is used as a processing aid and does not appear in the final product.

* The approximate weight of the capsule shell before drying and finishing is 280 mg. The approximate
weight of the capsule shell after drying and finishing is 198 mg.
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> The approximate weight of the capsule shell before drying and finishing is 590 mg. The approximate
weight of the capsule shell after drying and finishing is 404 mg.

Example 2 - Softgel Caspule Formulation # 2

The composition of the liquid fill formulation:

Monograph | Functionality | % w/w
Ingredient
Compound (1) Na salt API 15.0
Mono-, Diglycerides of Lipid 42.4
Caprylic/Capric Acid
(Capmul® MCM)
Polyoxyl 35 Castor Qil NF Surfactant 339
(Cremophor® EL)

21-



S5addition, the mxture was cooled to 20-25 C over 20.5 h and held at 20-25
Cfor at least 1 h. The batch was filtered and rinsed with 28 wt %

2- propanovoiznizveti®sn (186 g), and water (500 g). The wet pcakP20va®6eh67 ed in
vacuo (< 200 Torr) at 40-45 Cuntil the water content was < 0.5%to give

i sopropyl 3-cycl opentyl-1-nmethyl-1Hindol e-6-carboxylate (52.7 g, 95%
yield) in 99.2 A% (240 nm. 10 The starting material nethyl

3-cycl opentyl- 1- net hyl - 1Hi ndol e- 6- car boxyl ate can be prepared as descri bed
in Exanple 12 of U. S. Patent 7,141,574, and in Exanple 12 of U. S. Patent
7,642,352, both herein incor por at ed by reference. 15 Step 2. Synthesis of

| sopropyl 28 giG&)!(ﬁl opent yl- -neg'glyl-u—l-lm4 £~ 67 carboxyl ate Thi s
rocess i depgxit the o ti el (,Ullui LI ons for symth s—f

4 Rl ptimat—c if1g, Sy &5} .
2- br ono- 3- cy [*UJ_ It ;1 J_’lllb'LllyJ_ T ||uU$}E L,%In y(ﬂaﬁ%td V|01%‘UILITI nati on of
t he cor r esppad *‘.:, 3 \,,\,'o“entyl rethyd—H-+nrdele—6 boxyl ate with
bromne It's v't\,]ry Hrportantto control the reactionten OAfLre and to
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in isopropanol greatly increases the stability of the isolated product.
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3-cycl opentyl- 1- net hyl - 1Hi ndol e- 6- car boxylate (50.0 g, 0.175 nol) and
acetonitrile (393 Q) was cooled to -63 C. Bromine (33.6 g, 0.210 nol) was
added whi | e Examplg axd Sheth CapsulenBormydation3 The resulting slurry was
stirred at - 5 63C for at | east 30 nm When HPLC showed > 94 % conversi on
(the HPLO salipl @nipositiobel tiukqehed formpkdpat el y with aqueous
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cake was sug i A} opanol ), l[and heated|to 755 C. The

resul ting ha P@H]f MCMA was treafled with 1.0 M aqueodis _sodium hydr oxi de

sol ution (9|Rol yyariCetePibi t h 135. 0N watler Sefacant ate £60maijntain the

bat ch at 753K§_UEMOSUEIB)enS|0n was stirred lat 755C for at |east 30 mm

cool ed to 15Propylonce@lyg®d- 40 nm and heSR at| 15%14Ht C for W@ |east 1 h. The
bat ch was f|Dier-edopheidised with 75 wW/SB 2- pr dpamoldamat er &l utji on (161 g),
and dried i pnTmacuo (<200 Torr) atf 50-60 Cjuntil the wat®0.ccontent was <
0.4%to give Isopropyl

2- br onp- 3- cyalspaeid y5b-nlg med-byell-chptule#ed frofuct airRaMMbay s @epadeds@tdréing &b. 6 g,
87 %yield )tkRb&L.coneorérdtth. nm) and 97.9 W% 20 Alternative Procedure:
The m xtyge of isopropyl 3-cyclopentyl-1-nethyl-1Hi ndol e-6-carboxylate (84
g, 0.294 nol) and isopropyl acetate (1074 g) was cooled to between -10-0 C.
Brom ne (50 PrepfatbhdofMinuldss added while the batch was naintained at -10 -
O C. The resulting slTurry 25 was stirred at the sanme tenperature for

addi ti onal 3%&%%%&&%%}3?9&&%&&1&5 ?ar%eoa%kl%gatésoéo%dt% Riirp A48} the

t hi osul fate pentahydrate ( g) and triethyl'am ne .5 g) in water (240 Q)
while thédte éflamamefavwsnmﬂ}heeqon%ﬁela@nct)remn@lyEm@ét nhibg tasgas patisle eat ed t o
40 - 50 C ang ¢ o t t he
sane tenper a;&%@@&;%ﬁﬂgg‘ lggaiﬁtggtg‘%@ Qito(r&ﬁ]ée %ﬁt c(ﬁ(‘{//\gsto lé%gll\égegh%lok{)ﬁ-ggmad&% and
stirred for tmedherv)io he moftbanilavicpintaameawes BMyinipeer.e 4]l trej exsiptnisiin h 56

wt % et hanol (h\é@ltlﬁ{)m?u?eltl%k Iaf%rkogn%gl%d ﬂ? d mg(nl% \%r gngldl Mixd A UIglf(glgl prior to

adding the drug substance. After addition of the drug substance, mixing continues until the
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25  fill solution is clear by visual inspection. A nitrogen blanket over the fill solution is used

throughout the preparation as a standard practice. The fill solution is passed through a
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Torr) at 50-60 Cuntil the water content was < 0.4%to give isopropyl
2-brono-3- cyclopentyl-1-nethyl-1Hindol e-6-carboxyl ate as a beige solid
(90-95 g,wBeBH4¥s7yield ). Step 3a,b. Preparation of compomrdoii/obsséDne- pot
Pd- cat al yzed boryl ati on- Suzuki coupling reaction Step3a To a cl ean and
dry reactor containing 20.04 g of isopropyl 2-brono-3-cyclopentyl-1-

nmet hy1l- 1H-i ndol e- 6- car boxyl ate, 1.06 g of Pd(TFP)2C12(3 nol% and 0.76 g of
tri(2- 15furyl)phosphine (6 nol% was charged 8.35 g of triethylamne (1.5
equi valent), 39.38 g of CH3CN at 2310 C under nitrogen or argon and started
agitation for 10 nmm 9 24 g of 4,4,5,5-tetranmethyl-1, 3, 2-di oxaborol ane was
charged nt ogfdi, LRAGE Ofy TR0l KT, \méaﬂama(ﬁldoftt& ARk H G maffias O
and stirred for 6h unti|l” the reaction conpleted. The b was cooled to
305 C and quemeHesds pirfdimad niilicingrséandfrd 9ofg gelgfingir haedt gshatip ﬁaPFUISGCC@n@bg}Q@dCHBCI\I.

17.24 g of 5; - 2- 1 0dORYL. i

potaSS|un1pho§;ﬁat%§?g?%t?%ﬁa ?g@%¥§%%?e%ﬁy%ggyﬁ%@$§ﬁg§%fﬁk£@%§ and 120 g

of H20) was shagedosilpsduent Irgsultingér sharygpmrosceniidallp glegant Fpeuleont ent  was

heated to,reflux (ca. 76-77 C) for 2 h until the reaction conpleted. 4.5 g

of 1-nethylim dazole was charged into the reactor at 70 C. The batch was

cooled to 20HIGMahahfﬁrﬁmmamgChﬁmmnmu2203 Cfor at least I h. The solid was

col | ected by tion..The t ke wa irs i nse it h

bt opanol . Vsl Bl PEJrsgahghpyBeTtRE ishTte GRBTEY S kb IS im a

t he t enper at awde7, 321700 mA BCAplivhiondPudligatiamdoool0®8maoeact or was charged dri ed

I, 10 wt% Norit SX Utra and 5 V of THF. The content was heated at 605 C

for at least 1 h. After the content was cooled to 355 C, the carbon was

filteredeff Tlﬁ’d’lﬁlléxivﬂﬂg%ﬂamblé @m%ld\s!s @k meifod fdMRefatihf hredRlidvas fehasged into a

cl ean reactor containing 1- |imdazole (10 vt %relative to 1). After

removal of 5 ?}nB‘?unﬂéz)ﬁhFS‘Eﬂ}“ﬂ?@ﬁ"@a@?é‘ﬁy bFHéeddBH{eéﬁ?se%%VePﬁ% cooled to

312 C. After the agitation rate was adjusted to over 120 rpm 2.5 V of

wat er was charged over a perlod of at Ieast 40 m nutes whil e maintaining

t he content Example 4 Rrepapatian of Gompounyd; @} SediumSgKt ent was agitated at 31 2

C for additional 20 mm 9.5 V of water was charged into the reactor over a

period of at least 30 mnutes at 31 2 C. The batch was then cooled to

about 25153 $tepdd Systhesiy pidgorfropyl dadydensntyl-130ethylnli -dndolcfdrearboxylatenas

collected and rinsed with 3 V of water. The wet product | was dried under

vacuum at the tenperature below 50 C (19.5 g, 95 W% 76% yield).

Al ternative Procedure: 20To a clean and dry reactor containing 40 g of

i sopropyl 2-brono- 3-cy¢l opentyl-1-nethyl - 1HisAdol e-6-carboxylate (0.110

nol), 0.74 g of Pd( 2 (3.30 mol, 3 nol % eq
(1) ‘ProLi, 'ProH

A\
MeO N (2) H,0 \rO
O Me O Me

20  Because of the instability of brominated product, methyl 3-cyclopentyl-1-methyl-1H-
indole-6-carboxylate needed to be converted into the more stable isopropyl 3-cyclopentyl-
1-methyl-1H-indole-6-carboxylate via a simple and high yielding operation. The
conversion worked the best with stoichiometric amounts of solid lithium isopropoxide.
Use of 0.1 eq lithium isopropoxide led to longer reaction times and as a result to more

25  hydrolysis by-product, while lithium isopropoxide solution in THF caused a problematic

isolation and required distillation of THF.

Procedure:
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3.2 g of tri(2-furyl)phosphine (13.78 mmol, 12.5 nol % equiv.) was charged
16.8 g of triethylamne (1.5 equivalent), 100 nL of acetonitrile at 25 C
under ni twogere/mn77ar gon. 20.8 g of 4, 4,5, 5-tetramet hyl- PC3/EP2di105&@bDr ol ane
was charged into the reactor within 30 25mm The m xture was heated to
reflux (ca. 81-83 C) and stirred for over 5 hrs until the reaction

conpl eted. The batch was cooled to 20 C and quenched with a m xture of 2.7
g of water in 50 mL of CH3CN. The batch was warned to 30 C, stirred for 1
hr and transferred to a second reactor containing 34.4 g of

5- brono- 2-i odopyrimdine in 100 nL of acetonitrile. The reactor was rinsed
with 90 m ofhARRLARLE fihf3-dRIobRyISLRORML [2ALHRL S0p)BRLBRHGST I L N

degassed aqueous potassi um phosphate sol ution (pre-prepared from93.2 g of
K3PO4 and 10@of and lifa2@) 1Sdew1®r(b@2ngo95‘7m0t2ﬁégm in Ppsonapeitvens stingdsat hest ed t o
reflux (ca. t of
1-nmethylim dacg% é%) I&J/afgé% efror Iﬁbr%&gh%eets{régg%ﬁgﬁ %%%?%Rglﬁ : g(%)qze%heer)ﬁzsxditur e was
stirred for atdwaag6001d wnsraddeiiheaaﬂ@p;e@mﬁsntphmawmemmmvedt HEDEE. pitase
separatio f 1.sQ a har t ool ed
sl ow y topo %f?dm ‘%‘ Flc'iXtPor gfoﬁe%t\é\?ﬁf%h%o%%dﬂﬁmﬁld\%ﬁlg a(t:g(l)? ?Poém@%%?
filtration. Therhmeiatch&taeﬁmd ancmredd tvith 2& wtio Rhprépapolapanek (188 gX aih«ﬂizd/a@) and

dri ed under um.,at th ture bel SOCt ellowto

O oon S0t u 1B6 85 kg UGB e e R TP 0 48 Sty S v Rl S50
and 1-met hyl wés pysyobigtie AR NVR)c1dpdAi3l- DineWs!- @Hﬁﬁ@ld}@darb&%@at@(ﬂh%an
reactor under_nitrogen. After the batch was heated to 50-53 C with

agi tation, p?%g/my&?ea”h%? NE*PBmE g of 50% aq. NaOH and 14.3 g of water)
was intrggluced into the reactor. The the resulting m xture was stirred at
50-53 C for about 10 hrs until the reaction conpleted. A 15 prem xed agq.
HOAc (60 g ofhexitrang magrig ngethyl dfcyciowsalyleretadd &dindeled-@rpxyagicays: 5 C to
reach pH 5. 5pregar§d as HAEriPad mMExYR ?1e01%kgds tPQtegtoﬁlél-q' @danrdhﬁﬁxaiﬁﬁ)% 13 Qry .8t | east
1.0 h. The solid product was collected and rinse WI th 80 g of NWP/ wat er
(1: 3 vol une Pagitd)4aa8L. bhbhesd igcayporpiad by refefpreepr oduct was dr| ed under
vacuum at the tenperature below 50 C to give Il as a pale yell ow powder
(19 -20 g, purity > 99.0 A% and 88.4 W% containing 5.4 w% 20 NW). The
yield ist1about 93-98% Not es: The original procedure used for the

hydr ol ysi s of, | S _car.li THF at 60 C.
A thougn ¢ Higl 20 SIREHE pIR by Rty Rl Fam AR R 2 o
grans scal e, carbexydatsadvant age of this nethod is the formati on of 5- M0 25
pyrimdine during hydrolysis (ca. 0.4 A%, which is extrenmely difficult to
remove in the subsequent steps. In addition, careful control has to be
exerted during cryst zation. Oherwise, at k slurry mght form during
acidification with . The use of NWP as sol t could overcone all
aforenentioned is \and Bgi%'éNt he pr oduct desired purity.

Al ternative apheaet Ao was &t}éﬂ N 71 g), isopropanol (332 g),
aqueous NaCH (22 g, 4ewt %retaimdrhamt er (11 g) ate anbi ent tenperature. The
m xture was heated to reflux (80 C) and stirred 5 for at least 3 hrs until
the react?on conpl eted. The batch was cooled to 70 C and charged a

suspensi on ofhig pﬁ)e@s@eden(lﬁedﬁh@apdnm LSRIRIAP &R e syithesdh of 2TH8mBI3XdyHIbFn0@S
stirred at the sane tenp ture for over 10 mn and filtered. The residue

was rinsed \Miflﬁt%(sldr%é%1carb@5v&at@yla bypspiattion 26 thg Foriesgonding e lapsntyh s
filtrate at ftn le 11§1glec6 cefr@d kﬁmﬂpﬁfroﬁﬂnﬁwlm)t indr @b 1S 8Ghe %l:t‘lﬂn' on (20

g) to reach pH . The batch was stirred for over 30 mn at 70 C, then
temperature and to quench the reaction mixture with a mixture of aqueous sodium

25  thiosulfate and 4-methylmorpholine to minimize the formation of the dibromo- and 2-
indolone impurities. Further neutralization of the crude product with NaOH in isopropanol

greatly increases the stability of the isolated product.
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10 cooled to 20 C over 1 hr and kept for at least 1.0 h. The solid product
was col lected and rinsed with 407 g of isopropanol/water (229 g IPA, 178 g
H20) . Thewprotuat7awas dried under vacuum at 80 C for ovecTEPRII/0666Ti ve | |
as a white powder (61 g, 95%yield). Notes on Steps 5 to 8 below. 15A
conci se and scal abl e 4-step process for the preparation of the
benzi m dazol e internedi ate V was devel oped. The first step was the
preparation of 4-chloro-2-(nethyl)- am nonitrobenzene starting from

2, 4-di chl oroni trobenzene usi ng aqueous nethyl amne in DVSO at 65 C. Then,
a ligandl ess Heck reaction with n-butyl acrylate in the presence of
Pd(OAc) 2, 1P g% eL1 C1, and DVAc at 110 C was discovered. 20 Step 5: SNAr
reaction of ? -chl or o- 2- ni t ropheny1) - met hyl am ne 2M MeNH2/ THF NEt 3, DNVSO,
650 90% To aTkonixtironl isfpr¢is disyderendyl-hintatioptéhipdglepentbpk date 6. 20 @5 208 3

1 equi Eﬁ))l) ahd 20 %?eit 9563%5)9) \U%rs) \A}é‘ﬁé %%dc"ﬁ’ré?n'}{'ﬁ‘e'\é's"%g% S A (1] wat er

(100 m., 114 eeplng the tenperature below 35 C.
The reactlona&EQW©ﬂ¢&medEEVM$Hmeumﬂnt4ﬂﬁéidﬂwphwﬁmg@mnwuwaMmmhnF t he

starting gmt :H élf(():f %gst@%) ml?or adl%ﬁ??%hr%&%ed% ?agﬁngzgrg%oﬁl(%lh?lﬁ%ss'ﬁ %)i ng orange

slurry and stirre ered
ri nsed WO 20b24ét®4 lﬂe?fﬂzﬁ%ﬁiﬁhﬁl%ﬁﬁﬂely P86 iéous 4- inemmwpl(oﬂﬁ)ﬂsddlu)n tindultinég ed under

reduced pressy r nitro t g,
0306 y1 el 0. -SRI IR el aih A RN b BE M R Bl o
(5-chl oro-2- g\ﬂinﬁdbﬂi}lhﬁﬂm&()hm yilea@HO@) whilelt@e &ni]ibpatuﬂe’ Qasthalntalned at —=5+5 °C.

Foo oot 2 TRl B et PReRene L Ol i i P
10 (250 nt) M@ﬁlalﬁdﬂ@@r sd?ﬁt&iﬂ&ﬂli QGfoﬂbwecﬁﬁ}lwﬁem g), AnddrRd infilol di@wetlefy
n-butyl acrylate (40 nL, 281.4 mol, 1. under nitrogen, The reaction

mixture was 86 WedThsevel sgfec spspaner) m% R 8@ 00 Besi o 7545 €. The
1-met hyl i m dazaligs K2k sGuida wak3fkad WR11,0 M-aqudddy sodRin %dﬂ&dd@d&ﬂmbb@ n%yt ure

was stirred for 30 nmbefore filtering and adding water (250 ni)
resul ting m xiduben Wigs1Bdbg watet 4 afate o Pyigpimtheybatgis 7pEX () t hﬁg}mwsm WRAs

filtered andywaghegs.banmd-b: Wak 84 nﬁﬂgoﬁéd t%qSII-@O@'b\%Ir d000 Bk Yahd held aL1se
3-met hyl am no-4-ni troci nnamate (7 99.2 A% purity). Step 7

Reduct i onS of "‘Ghiopatlgast [ B- feg Wha\ﬁﬁSrfdtezbdnliﬂlSﬁ@yVltb 7 wATrEt wopanol/water solution
(161 g), and dried in vacuo (<200 Torr) at 50-60 °C until the water content was < (0.4% to

give isopropyl 2-bromo-3-cyclopentyl-1-methyl-1H-indole-6-carboxylate as a solid (55.6
g, 87 % yield ) in 99.5 A% (240 nm) and 97.9 Wt%.

20  Alternative Procedure:

The mixture of isopropyl 3-cyclopentyl-1-methyl-1H-indole-6-carboxylate (84 g, 0.294
mol) and isopropyl acetate (1074 g) was cooled to between —10-0 °C. Bromine (50 g,
0.312 mol) was added while the batch was maintained at —10 — 0 °C. The resulting slurry
25  was stirred at the same temperature for additional 30 min and quenched with a pre-cooled
solution of sodium thiosulfate pentahydrate (13 g) and triethylamine (64.5 g) in water (240
g) while the temperature was maintained at 0-10 °C. The mixture was heated to 40 — 50 °C
and charged with methanol (664 g). After it was stirred at the same temperature for at least
0.5 h, the batch was cooled to 0 — 10 °C and stirred for another 1 hr. The precipitate was

30 filtered, rinsed with 56 wt% methanol/water solution (322 g), and dried in vacuo (<200

5.



To a reactor was charged n-butyl 3-nethyl am no-4-nitroci nnamate (70.0 g,
mol, 1.0 eq) , Raney N (4.9 g, -20wt % H20), charcoal "Norit SX Utra"
(3.5 g), wolooeme1717476 nL) and MeOH (224 nlL). The react ecTE®301¢les5ged Wit h
hydrogen (4 bar) and the m xture was stirred at 20- 25 C for about 2 hrs
until the reaction was conpleted. The reaction mxture was filtered and
rinsed the filter residue with toluene (70 nL). To the conbined filtrates
were added "Norit SX Utra" charcoal (3.5 g). The m xture was stirred at 50
Cfor 1.0 hr 5and filtered. The filtrate was concentrated under reduced
pressure to renove solvents to 50% of the original volunme. The remai ned
content was t 8o - I / (YB; [10 ne (335 nl)
at the sane ?@ﬁ%ﬁ?gkgrégn ﬁ@?ﬁ@%&%&%ﬁﬁ%%fg%% éﬁE%%%%g%ﬁﬁ&@%@@ﬁgo C and
seeded wi t h &jclops@eld! -oreihsi- di/sndoleh@ parbdxylte/ascdelige dolich@O0DGgp 88D Gnyield )- - 10 C.
The solid was filtered and rinsed with nethyl cycl ohexane in three portions
(3 x 46 10 nmL). The wet cake was dried in vacuo at 40 Cto give Ill (53.3
g, 215 mmol, 86% . Step 8: Preparation of benzim dazole V n-BuQ2C DCC NHwe
15 To reactor-1 was charged Il (35 g, 140.95 mol) in toluene (140 g). The
ni xture was heated to 50 C to obtain a clear solution. To a second reactor
was charged IV (36.4 g, 169.10 mml) and toluene (300 g), followed by
addition of a solution of dicyclohexyl carbodimde (11.6 g, in 50%tol uene,
28.11 mmol) at 0- 10 C The mxture was stirred at 20t he sane tenperature
for 15 mm t5Rp 3aparapdrinndk tehpoand 1By dndgot PAlcRRAlyzed bo§Bf{oalSutuRind t he
solution of dicyclohexyl carbodimde (52.4 g, in 50%toluene, 126.98 nmol)
within 1 hr ¢PHBE KeA°Hemi ni ng the batch tenperature at 0 - 10 C. The
m xture wgs agitated at the same tenperature for 3 hrs, and warnmed to 25 C
for another 1 hr. Once Il was consumed, toluene (-300 nL) was distilled
of f under reduced pressure atP - 8®3C. n-Butanol (200 25 g) was added,
followed by 3 M HCL sol'Ut?¥n br-n-butanol (188 g) while maintaining the
tenperature at 70 -<8D Csfisasiewokutijon, produtt precipitates). After
stirring for ove mm &e'dids 5 80" C,| the_xg t“ﬁﬁ% sego@l ed to 20 - 30 C
c

over 1 hr. The_ p ﬁc=mgngw@§QwEmbx n \ W't h acetone (172 g)
and toluene (8% g). wdhe wet cake was Wriged inkva at -60 Cto give V

t ol uene solvate as off white solid (60 - 72 g, 85 - 95%yield). Conpound V
could be used directly for the next step or basified prior to next step to

obtain the free base conpgynd VI useg~in the next step. 5
I B
(1 _<\N:/>_ ' N= " ho
i D \ :/>—Br
KaPO,, HO, reflux (76-77 °C) 1O N N +B(OH);
(2) Activated carbon 0 Me M QHPO A

To a clean and dry reactor containing 20.04 g of isopropyl 2-bromo-3-cyclopentyl-1-
methyl-1H-indole-6-carboxylate, 1.06 g of Pd(TFP),Cl»(3 mol%) and 0.76 g of tri(2-

15 furyl)phosphine (6 mol%) was charged 8.35 g of triethylamine (1.5 equivalent), 39.38 g of
CH;CN at 23£10 °C under nitrogen or argon and started agitation for 10 min. 9.24 g of
4,4,5,5-tetramethyl-1,3,2-dioxaborolane was charged into the reactor. The mixture was
heated to reflux (ca. 81-83 °C) and stirred for 6h until the reaction completed. The batch
was cooled to 30+5 °C and quenched with a mixture of 0.99 g of water in 7.86 g of

20  CH3;CN. 17.24 g of 5-bromo-2-iodopyrimidine and 166.7 g of degassed aqueous potassium
phosphate solution (pre-prepared from 46.70 g of KsPO4and 120 g of H,O) was charged

subsquently under argon or nitrogen. The content was heated to reflux (ca. 76-77 °C) for 2
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Step 9. Synthesis of (E)-Butyl
3-(2-(1-(2-(5-Bronopyrimdin-2-yl)-3-cycl opentyl-1-

hydr oxy- IWoi2nthal4e776- car boxam do) cycl obut y1) - 1- net hyl - 1HPb&rEpe¢idjobesstazol - 6-
yOacrylate VII Notes: The conversion of the acid into acid chloride was
achi eved using inexpensive thionyl chloride in the presence of catalytic
anmount of NWVP or DMF. An efficient crystallization was devel oped for the

i solation of the desired product in high yield and purity. 15 Procedure
(using free base VI): To the suspension of

2- (5-bronmopyri m din-2-yl)-3-cycl opentyl-1-nethyl- 1Hindol e-6- carboxylic
acid Il (seey %tﬁ%e‘lr)eac(tlgg’cg‘lﬁplgted 9;05 gof’\f méth ﬁrﬂ{atafdlél{vggcha&eguﬁgﬂﬁh%a%r NVP from
previ ous step, 7 nmol ) 1'n THF gy was added thionyl chlorid

(10.71 g). TWé(Z(IhﬂbmluW@S aakd 4 20#36@ catr@ﬂﬁan@hbblratéﬁﬂ wasr atlledst HAther t he
conversi on wa t ermine as .deri

di et hyl am ne3 tia Vﬁaﬁ&lﬁec{%gb %ﬂtra%on 00 é’v(:‘fgfa%fvﬁéhm énﬁﬁdl\\’\(}élts;% ppﬁ)%atnﬂyl anm ne
(378.77 g, 3lowsdby 200ed ﬁ\/HzQETEE: sofid sk dti¢doumderf vatijm lmlhq/llemperature below 50
3-(2-(1- am ng%gycl obutyl)-1-nmethyl-1H benzo [di im dazol-6-yl)acrylate VI
(25 86 g, W% 77.25 mmol) dissolved in THF (106.7 g) was added at a
rate to mai nindd Nddyhed %aﬂﬁﬁﬂb@r\@dsuhz&g&fdrtehﬂ, W@anﬁS)QBﬂtﬁan’c[b&/ﬂﬂRﬂMM was

stirred at 255 C for at r c |.etion of the am orrratlon
The mixture Co&fegE i hééitegf‘t Wogng] for g’%%d%e%@ th‘? ERPE Wescoo £(171. 5
g) of vol ati b@shd dNeoR wak el Striahd ﬁﬁde@ mmw aﬂ ’ﬁHF bﬂleqimme wmrme@dw&@d
pressure). The batch was adjusted. t 11 was added.

Water (15.0 ﬂ?al\/ﬁé%ct%&a%télm%d Ifl?féylfﬁuﬂf-zﬁ’kél@v% %s‘ielaFlY%@ I tAf%Ben@VEﬂrﬁ“IVOf
crystal | ijgatigp b9‘€1£%Hf1£tf%@l t(lé M&it&@bv’aé’thbﬁco%%d%1+zaﬁ¢d&ﬁ'é‘} @efi %f u@@%é\%s 1 h.
Water (90 g) was charged at 405 5C over 1 h, and the batch was cooled to
255 C in 0. 5adiustesigl opgs|1d0 fmm 2at V pbyater waseharga@ows piperioey af fepst 49 ednutesi nsed
with a mxt U&ﬁll@&almﬂﬁg(tﬁgcén&& fert &‘ﬁe ;(tstQ D0, A 'E:brﬁéiltwas %&H@Q a?oo
Torr) at 505 Cto give (E)-buty -(2-(1-(2-(5-bronmopyri mdin-

cycl opent y1- 3l adt°ayor aﬂﬂmpmj@{)gm@; ScaY lvbwatei @I@ﬁ)(&lyrgbd)bm l5’71§£)fflél@itorre*tell1yIpel‘lqelbenzol d
| i m dazol - rity of
98.0 10 A% (gi%%%%%gu%é Atgﬁm}z%%zlﬁ? it Bas o ?’gfgéé‘%ﬁ ?’E%.ﬁn”g?ﬁgﬁlg&’ound Y,
from Steps8) stifed fersadtioipnad 3(A/asmc¢$aﬂgee®hd was collected and rinsed with 3 V of water. The

2- (5-bromopyri - RENL Hiddel fs 65 k3 rboxylic
acid 11 (33. getdﬂrgdutc W%Sné“% uumc?)[ []{]- ntllﬁa'relt%@rb %’10 i oﬁéfb('%gﬂq% nggt)%a The

m xture was h&ayeti)to 40 C then added a solution of thionyl chloride (13
g) in toluene (17 g). The m xture was stirred at 40 C for at least 0.5 h
and cooled to 30 C. To a second reactor was charged with conpound V (the

bi s- HC1 sal t AltednaenePeRtdaee from Step 8) (39 4 g), toI uene (206 g) and

N, N-di i so | et h n 70. 8 25 C. onte tor

20t ransférr eﬁg ?816?%%@{3&4 feE&B&CO@[’? ‘et“ga%?cﬁ it 1?f§’é‘a°y ‘EPHIO e’(‘% &ethyl}h

m xture was $Hhﬂidoﬁﬁ6 3rbSQ14e foor 0 a0y, bet ¢Of BddmAchNenBo ethadi geeloMb Eduiv.) and

i sopr opanol and water (108 g) whi | e maj ntai ned the t(iagq]perature at 25

84
C. After sti f’?ig t‘T(grfurIBPIPﬂsrPhl?ee%G gl Hepliescqiakwasghpiged fhdigel cut ti ng.

To the or ganir&tlﬂﬁﬁﬁﬁa M@Seqﬁlhﬁléﬁl?c?loo 80P5rAPARAIrL 43590 uniB@thBFogtPdr egéonand
stirred for 10 M The aqueous phase was renoved after phase cuttin The

m xture was 258 8iok¢ ﬂ45|5efatrw@fl letdiosthoprlens st ehargedripiepiicerepcdor vatdan 3. of
vol ati | €35 fR]_I'lIl %@&Q&&ﬁ%ghéakéa% QJ ug?éahgi 85 eé)tanggﬂ%éd 1%1:5'\% gMﬂﬁﬁl t8g38 Q).

The batch was was stirre or over en coo C over
hr and hel d feacticaromhleted ITHerbagh wak eodaime 20 é0ped qlentcled withen sigturdofias g

]E IEl) t EL? Sl gl ? vgegervyn %8 mMr%FCff %ﬁl %e bat dwa%rv!/a?rgleci tr(]) 3\6%%us0t1r1%E f08rol h? a%g give

(1- (2- (5- br opgnR¥HeH Reddidderod coMEhRBRSAU:lsr 5-u¥Bh &Y ioddpyimtidiean 860 mL
30car boxam do) cycl obutd%l) 1-net hyl- 1H-benzo | dli m dazol-6-yl)acrylate VII

as a beige s chowgde eueRcEy W%{l]@fyd with 90 mL of acetonitrile. To the second reactor
30  was charged with degassed aqueous potassium phosphate solution (pre-prepared from 93.2

g of KsPO4sand 100 g of H,O) under argon or nitrogen. The content was heated to reflux
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WO 2012/ 041771PCT/ EP2011/ 066567 Step 10. Synthesis of
(BE)-3-(2-(1-(2-(5-Bromopyrimdin-2-yl)-3-cycl opentyl-1-nethyl-

1H i ndol ew8-20mvdaowam do) cycl obutyl) - 1- net hyl - 1H benzo[ dpcrirkamoloe@éyOacr yl i
c acid (Conpound (1)) 5VI1 (1) Notes: In this process, hydrolysis of
(E)-butyl 3-(2-(21-(2-(5-bronopyrimdin-2-yl)-3-cyclopentyl-

1-met hyl- 1H i ndol e- 6- car boxam do) cycl obutyl) - 1- net hyl - 1H benzol dl i m dazol - 6
- yeacrylate was carried out in m xture of THF/ MeOH and ag NaCH. Controll ed
10acidification of the corresponding sodiumsalt with acetic acid is very
critical to obtain easy-filtering crystalline product in high yield and
purity. Pr chq WeC) e 0%}63 I§M§1@ﬁ1@§éa@ﬁorp(for1(p@tecp gby, of 1 methylimidazole was
3-(2-(2-(2-(5-bronmopyrimdin-2-yl)-3-cyclopenty

15met hyl - 1H ¢h¢m§fﬂent6ﬂ@a¢d§m atrﬁ%%)?)@? dledblmtuyel\)vaﬂsnn‘e@ ﬁylat leaat e o Thel]

and WeoH (3o ShE S ebiia e h TR Sl bR T DL

with water (W&hg)aatcﬁl‘hms cmioletlls]b@/lmso %t dndrhetd fhedt weenl 163h6801@ Wwasrcobdeadt 1 h

for conplete ro S. resul t sol ution 3 and
71 terad ¢hr BUSRG THE ey Fv iy Bed B bape it 01 8t S &
pre-m xed soldthi@nt @b tovglerituré BelSw §) °@adkideI0d a(;3Baw @) browheolRiaRe | T Was
heated to 60 4 C, and acetic acid (41.4 g, 689 mmol) was added over 1 h
while the m%?lf}?e was wel |l agitated. The resulting suspension was stirred
at 60 4 C fogtef 45 Hydr zggﬁqrtomprtl on of acetic acid (41.4 g, 689 muol ) was
charged in 0.5 h, and batch was stirred at 60 4 for additional 0.5 h. The
batch was cooled to 26 4 C over 1 h and held for 1 h. The batch 25was
filtered, rinsed w "l a prenj; xed sol ution wat er (1956 g) and MeOH (773.6
g), dried at 50 C under vaq%%gﬂHzoo give

(E)- 3(2(1(2( Hit i_mvedsoigs-@- y 1) - ent ydbrl-

met hy1- 1H-| ndBLeNE6-gar xan%éﬁd?’*eycl i h ©*H benzo [d]

i ni dazol - 6-yl)a&cryl it acid (1) (419.00°g, 9@e%y| eI d) with? 99.0 A% (240 nm
and 94.11W % by HPLC. Step 11. Formation'of Conpound (1) Sodium Salt (Type

A) I (20 g) and 1-methyl-2-pyrrolidinone (NMP) (113 g) were charged into a clean reactor

under nitrogen. After the batch was heated to 50-53 °C with agitation, premixed aq. NaOH
(5.4 g of 50% aq. NaOH and 14.3 g of water) was introduced into the reactor. The the
resulting mixture was stirred at 50-53 °C for about 10 hrs until the reaction completed. A
15 premixed aq. HOAc (60 g of water and 9.0 g of HOAc) was added over 0.5 h at 45 +5 °C
to reach pH 5.5- 7.5. The batch was cooled to 20+5 °C and then kept for at least 1.0 h. The
solid product was collected and rinsed with 80 g of NMP/water (1:3 volume ratio) and then
60 g of water. The product was dried under vacuum at the temperature below 50 °C to give
II as a pale yellow powder (19 -20 g, purity > 99.0 A% and 88.4 wt%, containing 5.4 wt%
20  NMP). The yield is about 93-98%.

Notes: The original procedure used for the hydrolysis of I was carried out with aq. NaOH
(2.5 eq) in MeOH/THF at 60 °C. Although it has been applied to the preparation of Il on
several hundred grams scale, one disadvantage of this method is the formation of 5-MeO
25  pyrimidine during hydrolysis (ca. 0.4 A%), which is extremely difficult to remove in the
subsequent steps. In addition, careful control has to be exerted during crystallization.
Otherwise, a thick slurry might form during acidification with HOAc. The use of NMP as

solvent could overcome all aforementioned issues and give the product with desired purity.
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(1) 5 To a reactor were charged Conpound (1) (150 g, mmol ), THF (492 nl),
H20 (51 nL) and 45% aqueous NaOH solution (20.4 g, nmol). The m xture was
stirred fwo2ohda77at -25 Cto forma clear solution (pHPETEP2M11N6656D t he
solution was charged a suspension of Charcoal (1.5 g) and H20 (27 nL). The
m xture was stirred at -35 C for >30 mmand 10 filtered. The filter was
rinsed with THF (108 nL) and H20 (21 nmlL). The filtrate was heated to 50 C
and charged with nethyl ethylketone (MEK) (300 nL). The m xture was seeded
wi th Conmpound (1) sodiumsalt MEK solvate (Type A seeds (0.5 g) and
stirred for another 1 hr at 50 C. To the m xture was charged additional MK
(600 m.). The resultant m xture was stirred for another 1 hr at 50 C and
then cooled to 25 C. The 15 precipitate was filtered and rinsed with MEK
twice (2 X BQGenﬂa}ivemestet cake was dried in vacuumat 80 Cto give
Conmpound (1) o sodi um
salt (Type A ?/ga(%hggg-s%g 1% %ﬁll r?ﬁdq% g§ ue%ursyc}@ss e%g‘l\gtaa/gr? l%]d

manuf act ur edwhnyr ¢1he g)a;b(amelepr ompssuex Tephiire houbeauditngilse @Ds"Ca Aol stirtedout

20dryi ng of the soI Not es Re ystaIIi atiqQn Step 1

B s ont i I SR i AR rh o o s T o er g el S ol GBprded o
Cbservation gf én@@n%m}ﬁl’rdoﬁﬁmﬁg) %h%}ﬁ@pahbla@l ghQ“h@%dm’ngaE aRaRathdkans houl d
be reduced from 60 Cto 50 Cto prevent the dissolution of seed cr%stals

The cryst al | femReiBye for ey ile guin ppd fHerefHEhavERAMPTsiRsebithgerPRRA 1D ehe

sl ow, and oi Wafer%@)‘k%%%h%éﬁ@t?@ﬁﬁ@é‘%{ yied -whed B el syshiad¥es onasg,added
too fast after seedin hus ex%rﬁrlrrents wer e performe to optim ze the MEK

addi tion ti mEChsdutipgi( g)ttp rreach @Hni- 1§ Wheleatchi was seirredrier gver 69 mr evi@dCphertess
produced 1@99&&'11«%‘?1&@%@% 94;&'1‘1’1% Qﬂd lrg%iyyﬂ A 1825€PO%! ?ﬁe‘%@h{] g ghﬁ@?vgg Esitkdednd N the

desired high ensity. zation of anti-so nt addition and agi ng
time 15 An esiped with 07 mélsmspﬁnéﬁatmd%%g . 288 gﬁhoadihngrqdmfte’vaﬁ dhitdbwi ng t he

MEK anti - sol M&i@{ va%ﬂé}h% QI Abr 52 m&ggwggfrgs O\plﬂlegn%‘iv‘égr (}gf‘% #161%2' | ds

crystallized ou Ution Wt ging, the
slurry was cooled linearly over 2 hours to 20 C. The extended aging tine

did not si gnhf| gangl % éﬁéﬁ Yew yield losses in the nother liquor. The
crystallizat 2.4%vyield. 20 Inmediately after the
conpl eti on OA cohseMal senttdhict 4-aep pracass fokyheqirép;lraaolh uff theoberwasidobier ved al ong
with a | arge, anou S; cr e ution dis % thin one
nour . A cepal REORES e s redepiut e Rerrataub SRS P By *ex
can avoi d t h@minofifreban@dhe @fartidiglfrom 2,4-dichloronitrobenzene using aqueous methyl amine in
DMSO at 65 °C. Then, a ligandless Heck reaction with n-butyl acrylate in the presence of
Pd(OAc),, iPI'zNEt, LiCl, and DMAc at 110 °C was discovered.
20

Step 5: SNAr reaction of (5-chloro-2-nitrophenyl)-methylamine

CI\©:CI 2M MeNH,/THF CI\@[NHMe
NO, NEt;, DMSO, 65°C NO,

90%

To a solution of (5-chloro-2-nitrophenyl)-methylamine (40 g, 208.3 mmol, 1 equiv) in

25  DMSO (160 mL) was added 40% MeNH, solution in water (100 mL, 1145. 6 mmol, 5.5
eq) slowly keeping the temperature below 35 °C. The reaction was stirred at r.t. until the
complete consumption of the starting material (>10 h). Water (400 mL) was added to the

resulting orange slurry and stirred at r.t. for additional 2 h. The solid was filtered, rinsed
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25 The XRPD pattern on the wet cake confirnmed the MEK sol vated phase.

Anot her experinent was carried out to adapt the process for the slow
crystal | iwatznm4kizmet i cs observed in the current crystalPCraetéloncasystem A
1/2 hour aging time was included 30 after seeding and the MEK anti -sol vent
addition tinme was increased from2 to 4 hours at 50 C. Al solids were
found to have crystallized out of solution within 2 hours of aging.

Foll owi ng aging, the slurry was cooled linearly over 2 hours to 20 C and
hel d overnight. This did not inprove on the nother |iquor |osses
significantly. 5 In conclusion, the slurry at the end of the MEK addition
vas found toygf QAHEE0BAGndBiAE bl BHRESplLROM 5@. (SlhioRNAsFopitfiG CaS

previously in the 2-hour 'MEK addition, y not her |1 quor Wwas
observed. TheethgleomedAdAri Bife yisldf ¥ A% phriouvas eataiedgoh vtk addition to
prevent the oiling. 10 Drying Tinme Study A study was conducted to determ ne
the required drying tinme at 80 Cto neet the ICHIimts of residual

sol vent s of MeK 6aHdcKREactivhef (Sedhliirv-sihopbehyDbmethglayiimg f or a mi ni num of 5
hours is gequired to neet the ICHIimt on THF. 15 Effects of Water Content
on Yield and Crystallization The effect of water content on crystallization
was eval uated. The water contfent was varied fromthe 5. 6% (ww |evel

speci fied i nyLhe i s§1 ng gguresedrhe study was dore using 2050% nore
and 50% | ess wat n the crystallizatiqgpn. e dateratigated that 5.6%
wat er content i r opti mumybaes, @epd yield aper ability. I'V.

For mul ati ons of Conpound (2) B&EExzaapl es of Opharfraceuti cal fornul ations
cont ai ni ng Conpound (2) i g)gﬂlég(géc'fﬁ@ﬁcggpl et formul ati ons described bel ow. 30

WD 2012/ 041771PCT/ EP2011/ 7Exanpl e 5: Solid Oral Fornmulation # 1 The

conposition of the solid oral formulation: Monograph Functionality

To a mixture of 4-chloro-2-methylaminonitrobenzene (50.0 g, 268.0 mmol, 1.0 eq),
Pd(OAc), (0.30 g, 1.3 mmol, 0.005 eq) and LiCI (11.4 g 268.0 mmol, 1.0 eq) in DMAc

10 (250 mL) was added ‘Pr,NEt (56 mL, 321.5 mmol, 1.2 eq) followed by n-butyl acrylate (40
mL, 281.4 mmol, 1.05 eq) under nitrogen. The reaction mixture was stirred at 110 °C for
12 h, then cooled to 50 °C. 1-methylimidazole (10.6 mL, 134.0 mmol, 0.5 eq) was added
and the mixture was stirred for 30 min before filtering and adding water (250 mL). The
resulting mixture was cooled to r.t. over 1 h. The resulting solid was filtered and washed

15 with water and dried to yield n-butyl 3-methylamino-4-nitrocinnamate (71.8 g, 96 %, 99.2
A% purity).

Step 7: Reduction of n-butyl (3-methylamino-4-nitro)-cinnamate

20
0 Hy (4 bar) O
i MeHN
MeHN ™ O"BL Raney Ni . X 08U
Toluene-MeOH HoN
ON 20- 25 °C 2

To a reactor was charged n-butyl 3-methylamino-4-nitrocinnamate (70.0 g, mmol, 1.0 eq)

, Raney Ni (4.9 g, ~20wt% H»0), charcoal “Norit SX Ultra” (3.5 g), toluene (476 mL) and
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% w w Conpound (2) Na salt Active 34.45 Meglumine USP / Ph. Eur. Basifier
7.00 Sodium Lauryl Sulfate NF / Ph. Eur. Surfactant 3.50 Polyethyl ene

G ycol 6080 2bi2/041P. Eur. Sol ubilizer/ Binder 10.33 Mankcompr20i$Beds6Ph. Eur .
Filler 43.72 Colloidal Silicon D oxide NF/ Ph. Eur. didant

10

15

20

25

MeOH (224 mL). The reactor was charged with hydrogen (4 bar) and the mixture was
stirred at 20- 25 °C for about 2 hrs until the reaction was completed. The reaction mixture
was filtered and rinsed the filter residue with toluene (70 mL). To the combined filtrates
were added “Norit SX Ultra” charcoal (3.5 g). The mixture was stirred at 50 °C for 1.0 hr
and filtered. The filtrate was concentrated under reduced pressure to remove solvents to
50% of the original volume. The remained content was heated to 70 °C and charged slowly
methyl cyclohexane (335 mL) at the same temperature. The mixture was cooled to about
30 — 40 °C and seeded with III seed crystals, then slowly cooled the suspension to ~—10
°C. The solid was filtered and rinsed with methyl cyclohexane in three portions (3 x 46

mL). The wet cake was dried in vacuo at 40 °C to give III (53.3 g, 215 mmol, 86%).

Step 8: Preparation of benzimidazole V

DCC
WBUOzC\/\@[NHMe
o} CH: @ )
NH; M >< n-BuO,C ‘
HO2C-_NHBoc in 8 N»‘ o nBuOH,7080°C = 72 N N
: . n-BuOC._~ N H - ®N/>ﬁ
<\ > toluene, 5 \/\@ S HCl, 70-80 °C \O Ho
NH, cl

v

To reactor-1 was charged III (35 g, 140.95 mmol) in toluene (140 g). The mixture was
heated to 50 °C to obtain a clear solution. To a second reactor was charged IV (36.4 g,
169.10 mmol) and toluene (300 g), followed by addition of a solution of dicyclohexyl
carbodimide (11.6 g, in 50% toluene, 28.11 mmol) at 0 — 10 °C. The mixture was stirred at
the same temperature for 15 min, then charged parallelly with the content of reactor-1 and
the solution of dicyclohexyl carbodimide (52.4 g, in 50% toluene, 126.98 mmol) within 1
hr while maintaining the batch temperature at 0 — 10 °C. The mixture was agitated at the
same temperature for 3 hrs, and warmed to 25 °C for another 1 hr. Once III was consumed,
toluene (~300 mL) was distilled off under reduced pressure at 70 — 80 °C. n-Butanol (200
g) was added, followed by 3 M HCI solution in n-butanol (188 g) while maintaining the
temperature at 70 — 80 °C (Gas evolution, product precipitates). After stirring for over 30

min. at 70 — 80 °C, the mixture was cooled to 20 — 30 °C over 1 hr. The precipitate was
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0. 75 Magnesium Stearate NF/ Ph. Eur. Lubricant 0.75 Two specific solid oral
drug product formnul ati ons were prepared according to the above general

For mul at iwo 2#121041®150 ng product and a 200 ng product.

200 nmg 50 ny ng/ tabl et ng/tablet Conpound (2) Na salt' Drug Substance
206.71 51.71 Meglum ne Basifier 42.0 10.5 Sodi um Lauryl Sulfate

10

15

20

25

filtered and washed with acetone (172 g) and toluene (88 g). The wet cake was dried in
vacuo at ~60 °C to give V toluene solvate as off white solid (60 — 72 g, 85 — 95% yield).
Compound V could be used directly for the next step or basified prior to next step to obtain

the free base compound VI used in the next step.

Step 9. Synthesis of (E)-Butyl 3-(2-(1-(2-(5-Bromopyrimidin-2-yl)-3-cyclopentyl-1-
hydroxy-1H-indole-6-carboxamido)cyclobutyl)-1-methyl-1H-benzo[d ]Jimidazol-6-
yDacrylate VII

1) SOCl,, THF, cat. NMP
Q
2) i-PrNEt Me N
N= -BuQ” F N =
- " 1 00
A\ Br 3) N S
HO N W /4 \ N SN NN
N 2

o Me n-BuO__ J NH 0 Me
Il

o] v Me

v
g 4) Distill THF

5) MeOH/H;0
Notes:

The conversion of the acid into acid chloride was achieved using inexpensive thionyl
chloride in the presence of catalytic amount of NMP or DMF. An efficient crystallization

was developed for the isolation of the desired product in high yield and purity.

Procedure (using free base VI):

To the suspension of 2-(5-bromopyrimidin-2-yl)-3-cyclopentyl-1-methyl-1H-indole-6-
carboxylic acid II (see Step 4) (33.36 g, 90.0 wt %, containing ~0.2 equiv of NMP from
previous step,75.00 mmol) in THF (133.4 g) was added thionyl chloride (10.71 g). The
mixture was stirred at 2545 °C for at least 1 h. After the conversion was completed as
determined by HPLC (as derivative of diethylamine), the mixture was cooled to 1045 °C
and N,N-diisopropylethylamine (378.77 g, 300 mmol) below 25 °C. A solution of (E)-butyl
3-(2-(1-aminocyclobutyl)-1-methyl-1H-benzo[d]imidazol-6-yl)acrylate VI (25.86 g, 97.8
Wt%, 77.25 mmol) dissolved in THF (106.7 g) was added at a rate to maintain the
temperature of the content <25 °C. The mixture was stirred at 2545 °C for at least 30 min

for completion of the amide formation. The mixture was distilled at normal pressure to
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Surfactant 21.0 5.3 Pol yethyl ene G ycol 6000 Sol ubilizer Binder 62.0 15.
Mannitol (powdered) Filler 262.3 65.6 Purified Water2 G anul ati ng agent
g.S. g.s.wG@abla4dmh Silicon Dioxide didant 3.0 0.8 MagmreSinpooide@sat e3
Lubricant 3.0 0.8 Total

10

15

20

25

30

remove ca. 197 mL (171.5 g) of volatiles (Note: the distillation can also be done under
reduced pressure). The batch was adjusted to 40+5 °C, and MeOH (118.6 g) was added.
Water (15.0 g) was added and the mixture was stirred at 40+5 °C until crystallization
occurred (typically in 30 min), and held for another 1 h. Water (90 g) was charged at 40+5
°C over 1 h, and the batch was cooled to 2545 °C in 0.5 h, and held for at least 1 h. The
solid was filtered, rinsed with a mixture of MeOH (39.5 g), water (100 g), and dried in
vacuo (<200 Torr) at 5045 °C to give (E)-butyl 3-(2-(1-(2-(5-bromopyrimidin-2-yl)-3-
cyclopentyl-1-methyl-1H-indole-6-carboxamido)cyclobutyl)-1-methyl-1H-
benzo[d]imidazol-6-yl)acrylate VII (51.82 g, 96.6 % yield) with a HPLC purity of 98.0
A% (240 nm) and 99.0 Wt%.

Alternative Process (using compound V from Step 8)

To reactor 1 was charged 2-(5-bromopyrimidin-2-yl)-3-cyclopentyl-1-methyl-1H-indole-6-
carboxylic acid II (33.6 g), toluene (214 g) and N-methylpyrrolidone (1.37 g). The mixture
was heated to 40 °C, then added a solution of thionyl chloride (13 g) in toluene (17 g). The
mixture was stirred at 40 °C for at least 0.5 h and cooled to 30 °C. To a second reactor was
charged with compound V (the bis-HCI salt toluene solvate from Step 8) (39.4 g), toluene
(206 g) and N,N-diisopropylethylamine (70.8 g) at 25 °C. The content of reactor 1 was
transferred to reactor 2 at 30 °C and rinsed with toluene (50 g). The mixture was stirred at
30 °C for another 0.5 h, then charged with isopropanol (84 g) and water (108 g) while
maintained the temperature at 25 °C. After stirring for 10 min, remove the aqueous phase
after phase cutting. To the organic phase was charged isopropanol (43 g), water (54 g) and
stirred for 10 min. The aqueous phase was removed after phase cutting. The mixture was
distilled under reduced pressure to remove ca.250 mL of volatiles, followed by addition of
methyl tert-butyl ether (MTBE, 238 g). The batch was was stirred at 65 °C for over 1 hr,
then cooled to 20 C over 1 hr and held for another 1 hr at the same temperature. The solid
was filtered, rinsed with MTBE (95 g), and dried in vacuo at 80 °C to give (E)-butyl 3-(2-
(1-(2-(5-bromopyrimidin-2-yl)-3-cyclopentyl-1-methyl- 1 H-indole-6-
carboxamido)cyclobutyl)-1-methyl-1H-benzo[d]imidazol-6-yl)acrylate VII as a beige solid
(50 g, 90 % yield).
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600. 0 150.0 206.7 ng and 51.7 ng Conpound (2) Na salt (sodiumsalt) is

equi valent to 200 ng and 50 ng of the active noiety, Conpound (2) (free
acid), respeotzoseiry. 2. Purified water is used as a gr ardiratreoig/oecyent ; it
does not appear in the final product. 3. Vegetable origin Exanple 6: Solid
Oral Formulation # 2 The conposition of the solid oral fornulation:

Monogr aph Functionality % w w Conpound (2) Na salt Active 40.00 Arginine
USP / Ph. Eur. Basifier 8.00 Sodium Lauryl Sulfate NF / Ph. Eur. Surfactant
4. 00

Step 10. Synthesis of (E)-3-(2-(1-(2-(5-Bromopyrimidin-2-yl)-3-cyclopentyl-1-methyl-
1H-indole-6-carboxamido)cyclobutyl)-1-methyl-1H-benzo[d]imidazol-6-yl)acrylic

acid (Compound (1))
0 0
Me Me
n_Bqu\/\O\iNf y N\ \Ni>—Br THF/MeQOH/Water HO)K/\QTN- " N \Ni>—Br
SN N N / NaOH, 68 °C SN NN J
o} Me o Me
3 Vil M

Notes:

In this process, hydrolysis of (E)-butyl 3-(2-(1-(2-(5-bromopyrimidin-2-yl)-3-cyclopentyl-
1-methyl-1H-indole-6-carboxamido)cyclobutyl)- 1-methyl-1H-benzo[d]imidazol-6-
yDacrylate was carried out in mixture of THF/MeOH and aq NaOH. Controlled

10 acidification of the corresponding sodium salt with acetic acid is very critical to obtain

easy-filtering crystalline product in high yield and purity.

Procedure:
To the suspension of (E)-butyl 3-(2-(1-(2-(5-bromopyrimidin-2-yl)-3-cyclopentyl-1-

15 methyl-1H-indole-6-carboxamido)cyclobutyl)-1-methyl-1H-benzo[d]imidazol-6-
yDacrylate VII (489.0 g, 91.9 Wt%, 633.3 mmol) in THF (1298 g) and MeOH (387 g) was
added 50% NaOH (82.7 g, 949.9 mmol), followed by rinse with water (978 g). The
mixture was stirred between 65—-68 "C for about 1 h for complete hydrolysis. The resulting
solution was cooled to 35 OC, and filtered through an in-line filter (0.5 micron), and rinsed

20  with a pre-mixed solution of water (978 g) and MeOH (387 g). The solution was heated to
60 +4 OC, and acetic acid (41.4 g, 689 mmol) was added over 1 h while the mixture was
well agitated. The resulting suspension was stirred at 60 +4 "C for 0.5 h. Another portion
of acetic acid (41.4 g, 689 mmol) was charged in 0.5 h, and batch was stirred at 60 +4 C
for additional 0.5 h. The batch was cooled to 26 +4 ‘C over 1 h and held for 1 h. The batch

25  was filtered, rinsed with a premixed solution of water (1956 g) and MeOH (773.6 g), dried
at 50 'C under vacuum to give (E)-3-(2-(1-(2-(5-bromopyrimidin-2-yl)-3-cyclopentyl-1-
methyl-1H-indole-6-carboxamido)cyclobutyl)-1-methyl-1H-benzo[d]imidazol-6-yl)acrylic
acid (1) (419.0 g, 95 % yield) with > 99.0 A% (240 nm) and 94.1 Wt% by HPLC.
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WD 2012/ 041771PCT/ EP2011/ 066567 Pol yet hyl ene G ycol 8000 NF / Ph. Eur.
Sol ubi l'i zer/ Binder 12.00 Mannitol USP / Ph. Eur. Filler 35.00 Coll oidal
Silicon Dvoxbnb4NEA Ph. Eur. didant 0.50 Magnesi um St eacateP20Nf/064307 Eur
Lubricant 0.50 Two specific solid oral drug product formulations were
prepared according to the above general Forrmulation # 1, a 200 ng product
and a 400 ng product. 5 Ingredient Function 200 ng 400 ngy

Step 11. Formation of Compound (1) Sodium Salt (Type A)

Step 11

Me N NaOH (1.0 eq)
Ny N\ = B THF-MEK-H,0
NN N \N Y (1) Na salt
0 Me 05% Type A

To a reactor were charged Compound (1) (150 g, mmol), THF (492 mL), H,O (51 mL)
and 45% aqueous NaOH solution (20.4 g, mmol). The mixture was stirred for >1 hr at ~25
°C to form a clear solution (pH =9 -11). To the solution was charged a suspension of
Charcoal (1.5 g) and H,O (27 mL). The mixture was stirred at ~35 °C for >30 min and

10 filtered. The filter was rinsed with THF (108 mL) and H,O (21 mL). The filtrate was
heated to 50 °C and charged with methyl ethylketone (MEK) (300 mL). The mixture was
seeded with Compound (1) sodium salt MEK solvate (Type A) seeds (0.5 g) and stirred
for another 1 hr at 50 °C. To the mixture was charged additional MEK (600 mL). The
resultant mixture was stirred for another 1 hr at 50 °C and then cooled to 25 °C. The

15  precipitate was filtered and rinsed with MEK twice (2 x 300 mL). The wet cake was dried
in vacuum at 80 °C to give Compound (1) sodium salt (Type A) (145.6 g, 94%).

The Compound (1) sodium salt (Type A) MEK solvate seeds used in the above process
step can be manufactured by the above process except without using seeds and without

20  drying of the solvate.

25
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ng/tabl et ng/tablet Conpound (2) Na salt' Drug Substance 206.71 413.41
Arginine Basifier 41.4 82.7 Sodium Lauryl Sulfate Surfactant 20.7 41.3

Pol yet hylwoeo@oscmit 8000 Sol ubilizer/ Binder 62.0 124.0primmreaiolosqspowder ed)
Filler 180.9 361.8

Notes Regarding Crystallization Step 11

Process Optimization for Producing Higher Bulk Density Material

5  Observation of lab experiments showed that the seeding temperature should be reduced
from 60 °C to 50 °C to prevent the dissolution of seed crystals. The crystallization kinetics
in the THF/MEK/H,0O system was found to be slow, and oil / emulsion could be observed
when anti-solvent MEK was added too fast after seeding. Thus experiments were
performed to optimize the MEK addition time and aging time to minimize oiling. This

10 improved process produced agglomerated granular crystals consistently that resulted in the

desired high bulk density.

Optimization of anti-solvent addition and aging time

15 An experiment was designed to optimize the aging time following the MEK anti-solvent
addition at 50 °C. The data indicated that all solids crystallized out of solution within 3
hours of aging. Following aging, the slurry was cooled linearly over 2 hours to 20 °C. The
extended aging time did not significantly improve yield losses in the mother liquor. The

crystallization resulted in a 92.4% yield.

20
Immediately after the completion of the MEK addition, a milky oily solution was observed
along with a large amount of crystals. The oily solution dissipated within one hour. A
separate experiment determined that a slower addition rate of MEK can avoid the
formation of oil.

25

The XRPD pattern on the wet cake confirmed the MEK solvated phase.

Another experiment was carried out to adapt the process for the slow crystallization
kinetics observed in the current crystallization system. A 1/2 hour aging time was included
30 after seeding and the MEK anti-solvent addition time was increased from 2 to 4 hours at 50

°C.
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Purified Water2 G anul ating agent g.s. g.s. Colloidal Silicon D oxide
G@idant 2.6 5.2 Magnesium Stearate3 Lubricant 2.6 5.2 Total 516.8 1033.6

1. 206. 7 wo 20rh4473. 4 ng Conpound (2) Na salt (sodi um sa&CT)EPe@l1@6M6Val ent
to 200 ng and 400 ng of the active noiety, Conpound (2) (free acid),
respectively. 2. Purified water is used as a granul ating agent; it does not
appear in the final product. 103Vegetable origin Preparation of
Formul ati ons 1-2 15The drug substance along with the intragranul ar

exci pients including the basifier, surfactant, solubilizer/binder, filler
are mxed in a dry state in a high shear granulator prior to addition of

wat er. The diygoRkbeiafakd @Mdvd Bt QX SaRuEH SIuBY whfinSHERBE FeiRE | OF 1O
mlling to renove | arge agglonerates if necessary. After mxing is

g g
conpl ete, thEollpivwnanseng heglanwaacededisiengy prer 2hperd tnelt &r anddield qyermrghl-at i ng
agent in theTBEgﬁjgpﬁﬂ%?gQ%quagﬁ&ﬂkggggﬁﬁgggﬁg%&ggle end point is

achi eved. The wet gra es are renov appropriate drying
tenperatures either in a tray dryer or a fluid bed dryer. The dried

granul es ar e{nrgolncl:lgs(%m? ¥heps?u§lsyl A %eteﬂcﬁ QHQQ Nﬁil&"éc%ﬂio%%a%%u@d ltcl) progllljc%rgle%s mgthecz%o m
M1l ed granul'es are tThen
liquors without an oil phase; whereas previously in the 2-hour MEK addition, a milky oily
mother liquor was observed. The recommendation is for a 4-hour anti-solvent addition to

prevent the oiling.

10 Drying Time Study

A study was conducted to determine the required drying time at 80 °C to meet the ICH
limits of residual solvents of MEK and THF. The results showed that drying for a
minimum of 5 hours is required to meet the ICH limit on THF.

15

Effects of Water Content on Yield and Crystallization

The effect of water content on crystallization was evaluated. The water content was varied
from the 5.6% (w/w) level specified in the existing procedure. The study was done using
20 50% more and 50% less water in the crystallization. The data indicated that 5.6% water

content is near optimum for good yield and operability.

IV. Formulations of Compound (2)

25  Examples of pharmaceutical formulations containing Compound (2) include the tablet

formulations described below.

30
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bl ended with the extragranul ar excipients, glidant and | ubricant and then
tableted in a tablet press. V. dinical Results For the clinical trials
descri bedwbebmva41t7me Conpound (1) drug product was adm RCIEPR@EA/ 06656
softgel capsule |ipid-based fornmulation containing Conpound (1) sodium
salt. Conpound (2) drug product was adm nistered as a tablet fornulation
cont ai ni ng Conpound (2) sodiumsalt. Exanple 7 - Cinical Study with
Treat ment - Nave Patients Safety and antiviral activity of
interferon-sparing treatment with the protease inhibitor Conpound (1)
sodium salt, the HCV pol ynerase inhibitor Conmpound (2) sodiumsalt and

ribavirin i nE&irﬁ@E@ﬁ&hJ‘@féﬁopﬂﬁi @bhg WM th chronic hepatitis C genotype-1
i nfection. ound: Conpoun ?1 and Conpound (2) are potent and

specific '”hhli’ééo?l{cp%sl% bBe SRY oNRRY 1a96 tease and NS5B RNA-dependent RNA

pol ymer ase respe rvely. An interfero ree conbination of both antivirals
with ribavi inm(RBV) toeradicaig \rvullt(FulLfd ouid t.6, & My or
par adi gm shi-ft—in H"’l\tjre%t et E(U% Vethods qlun% .ys rar%jq?gej open- | abel

1 fcg\mjourlxl \(Z)f\\lansa M\ / vna- 1 nA ?Ct q Ay n t orl S :§rl
trlal, 32 t tHeEft—fave—T1cov—- BE &P ts—were—t+reated—over 4 weeks
with Con‘pou f\m ]gmllpnrl' um-salt \ S] Z\ 2SN 1 :& WHET enarmy + l*';7 tines a day

T , - = AYAY | STAT U | | LU A A A U\J\Jllg LN LI A > L |

(TID), Conppygsiiurh fyundanligly st e [SBH 3.

2 P-Wnd RBV (wei ght
based dosag P%ﬁ/eﬂlﬁ%rfﬂyﬁ’rl Fbond cﬁghljypri n tsﬂbbdh@@égindelPl d9%d HCV RNA vi rus
25 | oad (VL) Maasitareasur ed by ROUEB/PJGE%S(r)FﬂianI\/an(r) agsiay2wi th a | ower
limt of qug t1on—_of sut At—baseli nean age was Si
+ 11 yearg, ll%é%ﬁﬁhc%])@xﬁd%? N‘F)'Ibhn‘gm: @]\(}fmtﬁ 48 | Od %"72II at ?ents had
a rapi d and| BhargsiunSteeati ne dUNFH: EHe fi|isbricanb days, |$6Fol | pwed by a
sl ower segond phase decline in all except 2 patients. One patient
experienced Yo bpeeaitsbriosghdr(s poieasemilatisds w&XhRpdredisctratizrio thefabH@
treatment) apgheRNBorfHull8on #8XPSY B PERdcianda 204 fdpeodule. | ncrease. Both were in
the | ower dose group (400 ng TID Conpound (2)) and were genotype |la

DT

patients (cpnfirmed by NS5B sequenci ng) W th hb@hmbasel THemyL- day 29,
al | patient sIngleEnsui t ched per prioveed to tre LwWTh Woth (1)
sodi um sal t il | grinterfs (5 LENTThRBY—VIT pkpgrcal fesponse 5
rates (VL < Q&H l#;{é?%l) At ter 2 nggf%rlu é}l weet 3%8' oral lld) at m:rr|t are shown
1 H + e - Al A 2
gntégelgaggV&Xw%JiamBE&ﬁﬁ'ILI?;E%ﬁhﬁaamc“LD WIQROVII I ggu 25111/ m Day
Polyethyldne Glycol 6060 Solubilizer ’ 62.0 15.5
Binder
Mannitol (powdered) Filler 262.3 65.6
Purified Water” Granulating agent | g.s. g.s.
Colloidal Silicon Dioxide Glidant 3.0 0.8
Magnesium Stearate’ Lubricant 3.0 0.8
Total 600.0 150.0
0 " 206.7 mg and 51.7 mg Compound (2) Na salt (sodium salt) is equivalent to 200 mg

and 50 mg of the active moiety, Compound (2) (free acid), respectively.
Purified water is used as a granulating agent; it does not appear in the final product.
Vegetable origin

15
Example 6: Solid Oral Formulation # 2

The composition of the solid oral formulation:

Monograph Functionality % wiw
Compound (2) Na salt Active 40.00
Arginine USP / Ph. Eur. | Basifier 8.00
Sodium Lauryl Sulfate NF / Ph. Eur. Surfactant 4.00
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4/15 7/15 10/ 15 11/15 + Cnpd (1) + RBV  600mg TID Cnpd (2) 3/17 14/ 17
17/17 17/17 + Cnpd (1) + RBV
WO 2012/041771 PCT/EP2011/066567

10

15

20

Polyethylene Glycol 8000 | NF/ Ph. Eur. Solubilizer/ Binder | 12.00
Mannitol USP/Ph. Eur. | Filler 35.00
Colloidal Silicon Dioxide | NF/ Ph. Eur. Glidant 0.50
Magnesium Stearate NF/ Ph. Eur. Lubricant 0.50

Two specific solid oral drug product formulations were prepared according to the above
general Formulation # 1, a 200 mg product and a 400 mg product.

. . 200 mg | 400 mg
Ingredient Function meftablet | mg/tablet
Compound (2) Na salt’ Drug Substance 206.7" 413.4!
Arginine Basifier 41.4 82.7
Sodium Lauryl Sulfate Surfactant 20.7 41.3
Polyethylene Glycol 8000 Solubilizer/ Binder | 62.0 124.0
Mannitol (powdered) Filler 180.9 361.8
Purified Water” Granulating agent g.s. g.s.
Colloidal Silicon Dioxide Glidant 2.6 5.2
Magnesium Stearate’ Lubricant 2.6 5.2

Total 516.8 1033.6

206.7 mg and 413.4 mg Compound (2) Na salt (sodium salt) is equivalent to
200 mg and 400 mg of the active moiety, Compound (2) (free acid), respectively.

Purified water is used as a granulating agent; it does not appear in the final product.
Vegetable origin

Preparation of Formulations 1-2

The drug substance along with the intragranular excipients including the basifier,
surfactant, solubilizer/binder, filler are mixed in a dry state in a high shear granulator prior
to addition of water. The drug substance and the excipients may be screened prior to
milling to remove large agglomerates if necessary. After mixing is complete, the mixture is
granulated using purified water as a granulating agent in the high shear granulator till a
suitable end point is achieved. The wet granules are removed and dried at appropriate
drying temperatures either in a tray dryer or a fluid bed dryer. The dried granules are

milled by passing through a high speed mill, such as a Comill. Milled granules are then
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Below is a nore detailed presentation of the sane data show ng virol ogic
response by dose 10 group and by subgenotype (where BLQ = VL < 25 U nl)
where a gwoaviypeiTiwas nore precisely characterized as gem@ryqpa/n6&67 n t he
600 ng TID dose group: Day 8 BLQ Day 15 BLQ Day 22 BLQ Day 29 BLQ 4 7 10
11 400ng TID 27% 47% 67% 73% N=15 la: 2/10 la: 5/10 la: 6/10 la: 6/10 |Ib:
2/5 I b: 2/5

blended with the extragranular excipients, glidant and lubricant and then tableted in a

tablet press.

V. Clinical Results

For the clinical trials described below, the Compound (1) drug product was administered as
a softgel capsule lipid-based formulation containing Compound (1) sodium salt.
Compound (2) drug product was administered as a tablet formulation containing
Compound (2) sodium salt.

10

Example 7 - Clinical Studv with Treatment-Naive Patients

Safety and antiviral activity of interferon-sparing treatment with the protease inhibitor
Compound (1) sodium salt, the HCV polymerase inhibitor Compound (2) sodium salt and
ribavirin in treatment-naive patients with chronic hepatitis C genotype-1 infection.

15
Background: Compound (1) and Compound (2) are potent and specific inhibitors of the
HCV NS3/4A protease and NS5B RNA-dependent RNA polymerase, respectively. An
interferon-free combination of both antivirals with ribavirin (RBV) to eradicate HCV
infection would create a major paradigm shift in HCV treatment.

20
Methods: In this randomized open-label trial, 32 treatment-naive HCV genotype-1 patients
were treated over 4 weeks with Compound (2) sodium salt given at 400mg or 600mg three
times a day (TID), Compound (1) sodium salt given at 120mg daily (QD) and RBV
(weight based dosage at 1000mg or 1200mg daily in two doses). Plasma HCV RNA virus

25  load (VL) was measured by Roche COBAS® TagMan® assay with a lower limit of
quantification of 25 IU/ml.

Results: At baseline, mean age was 51 + 11 years, mean BMI 23.8 + 3.5 kg/mz, mean VL
6.48 LOG . All patients had a rapid and sharp VL decline during the first two days,
30 followed by a slower second phase decline in all except 2 patients. One patient experienced

VL breakthrough (increase by >1 LOG, from nadir during treatment) and one other
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| b: 4/5 Ib: 5/5 3 14 17 17 18% 82% 100% 100% 600ng TI D la: 2/8
|a:8/8 la: 88 la: 8/ 8 N=17
WO 2012/041771 PCT/EP2011/066567

experienced a (0.7 LOGjp VL increase. Both were in the lower dose group (400 mg TID
Compound (2)) and were genotype la patients (confirmed by NS5B sequencing) with high
baseline VL. On day 29, all patients were switched per protocol to treatment with
Compound (1) sodium salt, and pegylated interferon(PegIFN )/RBV. Virological response

5 rates (VL < 25 IU/ml) after 1, 2, 3 and 4 weeks of oral treatment are shown in the table.

Table: Proportion of patients with viral load <25 TU/ml

Day 8 Day 15 Day 22 Day 29
400mg TID Cmpd (2)

4/15 /15 10/15 11/15
+ Cmpd (1) + RBV
600mg TID Cmpd (2)

3/17 14/17 17/17 17/17
+ Cmpd (1) + RBV

Below is a more detailed presentation of the same data showing virologic response by dose
10 group and by subgenotype (where BLQ = VL < 25 IU/ml) where a genotype 1 was more
precisely characterized as genotype 6e in the 600 mg TID dose group:

Day 8 Day 15 Day 22 Day 29
BLQ BLQ BLQ BLQ
4 7 10 11
400mg TID 27% 47% 67% T3%
N=15 la: 2/10 la: 5/10 la: 6/10 la: 6/10
1b: 2/5 1b: 2/5 1b: 4/5 1b: 5/5
3 14 17 17
18% 82% 100% 100%
|600mg TID
la: 2/8 la: 8/8 la: 8/8 la: 8/8
N=17
1b: 1/8 1b: 5/8 1b: 8/8 1b: 8/8
6e: 0/1 6e: 1/1 6e: 1/1 6e: 1/1
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lb: 1/8 Ib: 5/8 |b: 88 Ib: 88 6e:
2012/ 041771PCT/ EP2011/ 066567

0/1 6e:1/1 6e:1/1 6e: 1/1 WO

7 22% 21 66% 27 84% 28

WO 2012/041771 PCT/EP2011/066567
7 21 27 28
22% 66% 84% 88%
Total
N la: 4/18 la: 13/18 la: 14/18 la: 14/18
- 1b: 3/13 1b: 7/13 1b: 12/13 1b: 13/13
6e: 0/1 6e: 1/1 6e: 1/1 6e: 1/1

10

15

20

25

The results demonstrate robust antiviral activity at 400 mg TID (overall 73% RVR; 100 %
for GT1b and 60% for GT1a), and excellent antiviral activity at 600 mg TID (100 % RVR
for GT1a and 1b). The change in VL over time for the 400 mg TID dose group is
graphically depicted in FIG 1, and the change in VL over time for the 600 mg TID dose
group is graphically depicted in FIG 2.

At the higher dose level, there was no difference between genotype (GT) 1a and 1b, while
GTla patients at 400mg TID had a lower response rate than those with GT1b, and one
GTla patient in the 400 mg TID dose group demonstrated a viral rebound (increase of = 1-
logip from nadir) during the 28-day treatment. The PegIFN sparing treatment was well
tolerated. The most common adverse events (AEs) were mostly mild gastro-intestinal
effects (diarrhea, nausea, vomiting), rashes or photosensitivity. There were no severe AEs,
SAE:s or treatment discontinuations within the 4-week study period. Laboratory parameters
did not indicate any relevant changes from baseline, except for a continuous drop in ALT
in all patients, a decrease of haemoglobin (median -2.5 and -3.6 g/dL) and increase of

unconjugated bilirubin (median +9.8 and +11.5 umol/l).

In addition, based on feedback from investigators, the combination therapy was found as
having improved tolerability as compared to other HCV treatments. A questionaire to
compare tolerability of the triple combination therapy of the present invention vs. other
HCYV regimens was sent to all 14 investigators. Tolerability was rated on a scale from -5 to
+5 (with “0” indicating comparable tolerability,”-5” much worse tolerability and “+5”

much better tolerability).
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88% Tot al la: 4/18 la: 13/18 la: 14/18 |la: 14/18 N=32 | b: 3/13
lb: 7/13 | b: 12/13 | b: 13/13 6e:0/1 6e:1/1
WO 2012/041771 PCT/EP2011/066567

The results are shown in the table below:

Trial Description  [vs. Other HCV Treatment n median [min max
[Compound (1) vs. SOC (PegIlFN/RBV) 8 +3.5 H2 +5
+ vs. Compound (1) + SOC 8 3.5 0 5
[Compound (2)
vs. Compound (2) + SOC 5 +3 0 +5
+
RBV vs. Telaprevir + SOC 7 +4 +3 +5
vs. other PegIFN-sparing regimen |2 +2.5 [0 +5

Conclusions: PeglFN sparing treatment with the the NS3/4A inhibitor Compound (1),

5 NS35B inhibitor Compound (2), and RBV demonstrated strong early antiviral activity
against HCV genotype 1 with good safety and tolerability. A phase IIb trial testing
different dose regimens of this combination, with longer durations, is planned to evaluate

sustained virologic response rates.

10 Only one GTla patient in the 400 mg TID dose group demonstrated a rebound in viral
load during the 28-day treatment period. Sequencing of the viral nucleic acid from the
rebound sample, showed that the virus contained sequence changes, relative to the
baseline pre-treatment sample, in both the NS3 protease and NS5B polymerase regions.
The nucleotide changes encoded for amino acid subsutitions R155K in NS3 and P495L in

15 NS5B and represent virus that is dually resistant to compound (1) and compound (2). The
low frequency of virologic rebound (only one out of 15 patients in the 400 mg TID dose
group, and no patients out of 17 in the 600 mg TID dose group) during treatment is a
surprising and unexpected result based on earlier assessment of compound (1) as a
monotherapy in a PegIFN sparing regimen for 14-days where the vast majority of both 1la

20  and 1b patients demonstrated virologic rebound during the treatment period (see the
monotherapy data for Compound (1) presented in U.S. Application Publication
2010/0068182).
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6e:1/1 6e:1/1 The results denonstrate robust antiviral activity at 400 ng
TID (overall 73% RVR, 100 % for GIlb and 60% for GIla), and excell ent
antivi ralwaeaebiamistyyiat 600 ng TID (100 % RVR for GIl a an#cCrtEp2o0iThessehange i n
VL over tinme for the 400 ng TID dose group is 5 graphically depicted in FIG
1, and the change in VL over tine for the 600 ng TID dose group is
graphically depicted in FIG 2. At the higher dose |evel, there was no

di fference between genotype (GI) la and Ib, while GIla patients at 400ng
TID had a | ower response rate than those with GIlb, and one 10 GIla pati ent
in the 400 ng TID dose group denonstrated a viral rebound (increase of 1-

| ogi 0 from npghdikAdfl-fihe i1 2 0AY it FRALIBAL PeelhE ?%gigfgglﬁlgﬁwﬁﬁmka eat ment
was well tolerate he nost common adverse events (AES) Were nostly mld
gastro-int esef qq>a1p0@1fdf(ébtcgmrmndn(z)rﬁ@énbmms@éectw@mqnpmgges thegglgegenegrof drug
phOtose”S't'%%&%mmlﬂﬁﬁﬁm, a@e&%n%@% %ﬁ&ﬂwﬁ §hﬁ Eal b5 6 Rbound 1 or

di sconti nuations wt e 4-wee stu perio thor at ory paraneters

15di d not i ndhﬁat@eanylmlaﬂowamongman@e§ h¢ twnﬁhms@ymrﬁexrolegic @pluref (@f15ain

conti nuous d re f di an
-2.5 and §3 %IQHP 6 dlose 013) E%tth a%kndggﬁ Vl%?@?%bur @]@F [?rre |a%(rﬁg 8 and
+11.5 unol/ 1§lose gﬁbup Bu@ddltmatﬂm,coinhme@bmﬁ cbmp@mackaﬂdbmve thegstangdttor s, t he

Co other rovtrsariaiee b ARy BRPE 4 B R B fEor “The o

triple conbirginedn t herapy of the present invention vs. other HCV reginens
was sent to all 14 investigators. Tolerability was rated on a scale from-5
to +5 (with "0" indicating conparable tolerability,"-5" nmuch worse

tol erabi hyty and "+5" 25nmuch better tolerability). WO

2012/ 041771PCT/ EP2011/ 066567 The results are shown in the table bel ow

Trial Description vs. O her HCV Treatnent n nedian m n nmax
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Compound (1) + Conpound (2) + RBV vs. SCC (Pegl FN RBV) 8 +3.5 +2 +5 vs.

Compound (1) + SOC 8 +3.5 0 +5 wvs. Conpound (2) + SOC 5 +3
WO 2012/041771 PCT/EP2011/066567

CLAIMS

1. A method of treating hepatitis C viral (HCV) infection or alleviating one or more

symptoms thereof in a patient comprising the step of administering to the patient a

5  therapeutic combination comprising:
(a) a compound of the following formula (1) or a pharmaceutically acceptable

salt thereof:
r > IO
Me | / NH

0\ H CO,H
o)
T

b) a compound of the following formula (2) or a pharmaceutically acceptable

10 salt thereof:

e

15
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0 +5 wvs. Telaprevir + SOC 7 +4 +3 +5 vs. other Pegl FN-sparing reginen 2
+2.5 0 +5 Conclusions: Pegl FN sparing treatnent with the the N53/4A

i nhi bi t orwGanpodn1 (1), 5 NS5B inhibitor Conpound (2), @ou/ERBMidessonst rat ed
strong early antiviral activity against HCV genotype 1 with good safety and
tolerability. A phase Ilb trial testing different dose reginens of this
conbi nation, with |Ionger durations, is planned to eval uate sustai ned

virol ogi c response rates. 10 Only one GIla patient in the 400 ng Tl D dose
group denonstrated a rebound in viral |oad during the 28-day treatnent
period. Sequencing of the viral nucleic acid fromthe rebound sanpl e,
showed that the v&&gﬁmgﬁﬁ%qbqﬁgwﬁﬁquence changes, relative to the baseline
pre-treatnent sanple, i oth the N53 protease and NS5B pol ynerase regi ons.
The nucl eoti de changes encoded for am no acid subsutitions RL55K in N53 and

PA95L i n 15N$5B dai(‘l%)r{ie‘?%lga%fdgg\i/n%’id Hinl 1h%e]ifeﬁl tHéJﬁF'@’infegéd S g%fgqf?&conpound

(1) and conpoun requency of virologic rebo only one out
of 15 patients in the 400 ng TID dose group, and no patients out of 17 in

the 600 ”9 Tg D dolsnee nge:rtl(l)oLclipe)ccquilill Ry lg.ir ela(grrﬁegv erle%\ sSaSHidt S Y %gnelf{\r/]ee xpect ed
result baSed”on earlTer assessment. of cofrpoun %ff as a nonotherapy in a
Pegl FN spari pgientegi men for 14-days where the vast mpjority of both la 20and
| b patients denonstrated virologic rebound during the treatnment period (see
t he nonot herapy data for Compound (1) presented in U S. Application

Publ i cati on 2010/THa6&lBd)according to any of the preceding claims, wherein said patient is non-
responsive to a combination therapy using ribavirin and an interferon alpha.
10
5. The method according to any of the preceding claims, wherein the HCV-RNA
levels of said patient are reduced to a level below 25 International Units (IU) per ml of

serum or plasma as a result of the treatment.

15 6. The method according to any of the preceding claims, wherein compound (1) or a
pharmaceutically acceptable salt thereof is administered at a dosage between about 40 mg

per day and about 480 mg per day.

7. The method according to any of the preceding claims, wherein compound (1) is

20  administered in the form of its sodium salt.

8. The method according to any of the preceding claims, wherein compound (2) or a
pharmaceutically acceptable salt thereof is administered at a dosage between about 800 mg
per day and about 2400 mg per day.

25
9. The method according to any of the preceding claims, wherein compound (2) is

administered in the form of its sodium salt.

10. The method according to any of the preceding claims, wherein said ribavirin is

30  administered at a dosage between about 400 mg/day and about 1200 mg/day.
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Definitely surprising results include the fact that the Pegl FN sparing

regi men conprised of conpound (1), conpound (2) and ribavirin effectively
suppr essesothe/@nrEigence of drug resistant variants thatrcoapeoibmesséTonmonl y
observed in clinical trials of conpound 1 or other protease inhibitors in
nonot herapy. The | ow frequency of virologic failure (1/15) in 5 the 400 ny
TI D dose group and the |ack of any virology failures (0/17) in the 600 ny
TI D dose group suggest that the conbination of conmpounds 1 and 2 have the
potential to achieve significantly inproved efficacies in a novel and nore
tol erabl e therapeutic regimen. 10 CLAIMS 1.A nethod of treating hepatitis
Cviral (HOV)yInPRELAOcAhEW Ahih e iedhe BRAR, whereif RAGHRuEOCT €OF 11
a patient conprising the step of adnlnlsterlng o the patient

5t her apeut i ccagmpitinn edromisteasdos p giplgeombination (lﬁyapallwbwprwdmlmtratlhleoff ol I owi ng
formula (1) I yNH cro(1)

(b) a conpouggn@%mgﬁgq?glF%&ﬁﬁah;ﬂﬁgﬁggh?%sgéﬁég%gggr 8@%“?)&7

accept abl e 1fsahiceptmieadceptadaehloptreadnall kipavic). ri bavirin. 2. The nethod
according ,to claim1, wherein the HCV infection is genotype 1. 53.The

met hod according to claiml or 2, wherein said patient is a treatnent-naive
patient. 4.1The Tetrwltbdaccodidy ngary of allai)msolftotllﬂewlmmn&ditmgamhm m; wherein

id tient th d
n i ntor or ofABRA" B Erins Il GRS APy T Ay BrhtuElE¥ced ng
cl ai ms, wher €bmpdéung (H@dalﬁhbﬁmiaeauﬁbeﬂlyalf:ce@abté spi@thenf aralr (Ebnli@dhkt@d of® a | evel
belom125 Internatlona

of serum or, as a result of
Dhe by oot monbhangaegeHle S S BE R oS R BB BB g ol ai e,
wherei n gonmpound (1) or a

13. A packaged pharmaceutical composition comprising a packaging containing:
(a) one or more doses of the following Compound (1) or a pharmaceutically acceptable

salt thereof:

15

L

o]
O e

or (b) one or more doses of the following Compound (2) or a pharmaceutically acceptable

salt thereof:
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pharmaceutically acceptable salt thereof is admnistered at a dosage

bet ween about 40 ng per day and about 480 ng per day. 7. The nethod
accordi ngvoaompgiii t he precedi ng cl ai ns, wherei n conpoRnd/EPL)11i066567

20adm nistered in the formof its sodiumsalt. 8. The method according to
any of the preceding clains, wherein conpound (2) or a pharmaceutically
acceptable salt thereof is adm nistered at a dosage between about 800 ng
per day and about 2400 ngy per day. 25 9. The method according to any of
the preceding clains, wherein conpound (2) is adm nistered in the form of
its sodiumsalt. 10. The nmet hod according to any of the preceding
clains, wherein said ribavirinis 30 adm nistered a dosage between about
400 ng/ day and about 1200 ng/day. WD 2012/041771P¢ P2011/ 066567 11. The
nmet hod according to any of the preceding clains, whgrein the therapeutic

conbi nati on adm ni st er & > |pIe ddebi nat i g ncludlng
admi ni stration of COOfpourrd ( ep a e salt
ACCEep & ereof and
any of “cl ai 1 o 12 wherein the

t hereof , Conpound (2) or a p
oubl e coMi nat i on t her apy

ribavirin. 12. The nethod accordlhb

t her apeuti c conbi nati on adm ni st ered a

i ncl udi ng adm ni stration of Conpound (1) or a pharmaceutically acceptable
salt thereof and Conpound (2) or a pharmaceutically acceptable salt thereof
Wi t hout the admi nistration of ribaviring) 13. A packaged pharnaceutica
conposition conprising a packagi ng containing: (a) one or nore doses of the
foll ow ng Conpound (1) or a pharnaceutically acceptable salt thereof: or
(b) one of nore doses of the follow ng Conpound (2) or a pharmaceutically
acceptable salt thereof: (2) 5 and witten instructions dlrectlng t he

co- adnln|str%@ﬂﬁﬁ“ﬁﬂm@ﬁﬁﬁﬁﬁﬁﬂp%@§ﬂmGPagmﬁﬁﬁﬁﬁﬁb@UFWHQPmy l3Eapt abl e salt
t hereof, an Fmellfz &)Ce}f)tgl'ile %lﬂh%m%@dn%hhd/ %,\/ aphabl.gusigdity t hereof,

and optlona y ribavirin or the treatnent of ection. 1014. A kit
for the treatemitblosaltdeyeqlmgd opiigiitlly shiiisiforghe f(feél}m@ﬁ ef B Viipleelictoses of the
foll ow ng Conpound (1) or a pharnaceutically acceptable salt thereof: and
(b) one or nore doses of the follow ng Conpound (2) or a pharnaceutically
accept ablle st t Addidof the treatment of HCV infection comprising:

(a) one or more doses of the following Compound (1) or a pharmaceutically acceptable salt

thereof:

o r | }—NH °

o]
O
15
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5 (2) and witten instructions directing the co-adm nistration of
Compound (1), or a pharmaceutically acceptable salt thereof, and Conpound
(2), or awpharxmacwuti cally 1l0acceptabl e salt thereof, amrdTmpRétonedsty
ribavirin, for the treatnment of HCV infection. 15. A conpound of the
following fornmula (1) or a pharmaceutically acceptable salt thereof: 15

for use together with a conpound of the following fornula (2) or a
pharmaceutically acceptable salt thereof: 5 (2), and optionally
ribavirin, in a nethod for the treatnent of HCV infection. 16. A conmpound of
the followng fornula (2) or a pharmaceutically acceptable salt 10t hereof:

(2), and (b) one or more doses of the following Compound (2) or a pharmaceutically acceptable

salt thereof:

O
p ,Me N=
HO /N y N« }Br
N N N
o M

e

2 ;

and written instructions directing the co-administration of Compound (1), or a
pharmaceutically acceptable salt thereof, and Compound (2), or a pharmaceutically

10 acceptable salt thereof, and optionally ribavirin, for the treatment of HCV infection.

15. A compound of the following formula (1) or a pharmaceutically acceptable salt

thereof:

r | }0
Me: /
H H
o]

o]
O
15
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for use together with a conpound of the followng fornmula (1) or a
phar maceutically acceptable salt thereof: 20 oyNH 00(1) and optionally
ri baviri rwoiznizo4mstthod for the treatnment of HCV i nfecti @0T/EP2011/066567

for use together with a compound of the following formula (2) or a pharmaceutically

acceptable salt thereof:

o)
p ,Me N=
HO /N y N« }Br
N N N
o M

e

2,

and optionally ribavirin, in a method for the treatment of HCV infection.

16. A compound of the following formula (2) or a pharmaceutically acceptable salt
10 thereof:
O
p Me N
HO N _
L LI )=
N N N
9] Me
15
2,

for use together with a compound of the following formula (1) or a pharmaceutically

acceptable salt thereof:

20
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r | }0
Me: /
H H
o

(o]
O e

and optionally ribavirin, in a method for the treatment of HCV infection.
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