WD 20101068760PCT/ US2009/ 067506 NEW 4- AM NO- 4- OXOBUTANOYL PEPTI DES AS

| NHI BI TORS OF VI RAL REPLI CATI ON CROSS REFERENCE TO RELATED APPLI CATI ONS

[ 0001] This application clains priority to US Provisional Patent

appl i cat wwonoNess7661/ 121, 378 fil ed December 10, 2008 ald/ER*PIB™%7 filed
July 17, 2009, both of which are hereby incorporated by reference in their
entirety. FIELD OF THE | NVENTI ON [ 0002] The present invention provides
4- am no- 4- oxobut anoyl peptides, useful as antiviral agents. Certain

4- am no- 4- oxobut anoyl peptides disclosed herein are potent and/ or

sel ective i Nhivbi-AMINOof-OXIQBITANGYLERPTEMHES HEINHEBITARSOEERS tis C virus
replication. The invention al soggf,gftiAdﬁéNphar maceut i cal conpositions

contai ning one or nore provides 4-am no-4- oxobutanoyl peptides and one or
nore pharnmaceutically acceptable carriers. Such pharmaceutical conpositions
may contain_a 4-amn no-4- ide as the only active agent or may
cont ai ﬁRQS§Bﬁﬁﬁ%@gpgﬁ%}ﬁgg‘gﬁg@%ﬁﬁ%&gﬁ%&ut anoyl peptide and one or nore

ot her phar nBRAYITLE appita@stdiaes pgeny & UTRevismnentdanaalissiop™Novi des net hods
for treating viral 1 nfectiqns, j i t,iot inf ect.: . BACKGROUND
[ 0003] STITICIE T saemuy op: ﬁﬂéa%@?%@lﬁ%&?ﬁa ilghﬂl%sg’c;?drt#é@g%& W ih the
hepat i {1.&Ghobfobied K relhBsEinenRanagdut 0 HCV, 80%to 85% become chronically
i nfect eé, at l'east 30 % develop cirrhosis of the liver and 1-4% devel op
hepat ocel | ul ar carci nonma. Hepatitis C Virus (HCV) is one of the nost

preval gt Gausas IQVERiORI ¢ | iver disease in the United States, reportedly
accounting for about 15 percent of acute viral hepatit.is to 70 percent
of chroni c [A#BAThe PresenGiRentan PHVEES HRPEEHTC m@f‘?ﬁﬂ%%]idgﬁ’ USecng-asst age |iver

di seasg,. and, |V GANCEEino AHxBMItcnotiPéplias @tlotd Hefeitt e podStand/ammon cause
of Iiver fra%spﬁ'ant ation in the U S ustralia, and nost..of. Equlpe.

Hepat i tclesti@ iolibisesofarrabesplisripn gartigtighoHeRstigs Copgs {fggﬁaﬁgn-aﬂhedgﬁ“yo, n the
United States, i : - Phaseifhe HRbrimfesloh@ss 4 smineual | y associ at ed
with n?lfoo#’rgg}ir%'tp\é\g]ﬁéag?tg?ré Cev%%gﬁ% sugg{;’%ts &a{ﬂcé\gﬁésa oyt 15%to 20% of

i nf ect edbpeapl gopiildsland pontrane® Dad e Be Y PEACRIATIC N o

2010/ 068760P 20091067 . . LS gV el P&ty active

si ngl eP I’rl%ﬁ‘ggl R 0%/nlq?nﬁ?@ﬁgcgalggn%%ﬁgghai%%%%né Sgggfgﬂ enome of about
9. 6 kbagehQY niag coltais sichinbidatés o arearher-+6oko OHe5H t he
famly Flaviviridae. At |]e . i ; sreatifd vial have been

char acP@PT‘%@‘&?cahy ilfive ’[1%‘}6{35]%%%-}%’36%%15? gggig{gﬁhﬁ%r%ﬁes é%-t ry into host

cel | s;intdeadts| iadlading Hepaitie CHGW®igenone, pol yprotein processing, and replicase
conpl ex assenbly; RNA replication, and virion assenbly and rel ease.

Transl ation of the HCV RNA genone yields a nore than 3000 am no acid | ong
pol yprphekarichatpi s processed by at |east two cellular and two viral

pr ot eases. The HCV pol tein IS, NH-CE.1 ~F2-.n7 = 1 5GANSAB

- NS5A- NS5B-1¢853HAn es‘Pma‘é/‘f%}/gﬁahewgdégP%ﬁ g)rg 1%‘.“5‘%?%%‘?% P ?ﬁl *and. si gnal

pept i dgr peRtkpiRsENIRVE, dven sSeipartredcionibdlyigspohsi bise3 Grdcetlenvage of the

N-termnal third of the | yprotein -El ~E2- . Sn@ﬁ/s}r- ctural
pr ot ei ¢i§h‘(SNS§ih@é?!@l\igﬁﬁx:ﬁpsgﬁ%ﬂigg‘ﬁ?%g}%rcf‘ Cénﬁqgg}k%étﬂgr%?ggse ma)&%Jat es a
first &S%fﬂe?ﬁ%%g@va?ént b8:sNB2nDIB3 lisdrtdiseastmethNE3HhSepretostads t hen nedi at es

a second ci s-cl eavage at the NS3- A junction. Th $3- X then
cl eavescamntingfos ébmaﬁgﬁf?eé‘éﬂg Ky !‘}ﬁgp%ltlﬁa at 28 £ ﬁrée’n‘r% gﬁ?%%éﬁ%%mdﬁct ur al

prot ei ps,, 5@%&%%&5%&5&@5@ S5d-AkcQfvet heapohndinet @interi Shassdi€edhitaions
essent i atl r i i

ormng an active HCV replicase conplex. 0007] Once
t he poihy pogtcemmoh gauspeblive [razpplaatieha u?eef&gi’%é’%ﬁl@o?f’glnéoft %foErlriﬁcr'pl[e'si ng at | east

the NSg. NepR- Q@I&ésténlé%ﬁi&éé |RORL BT DB0RES B RhRally Thbe Usipld tase Woitphex i s
cytopl'asm' ¢ and nmenbrane- associ at ed. Nhjor_enaénatic aCLL%;tiggmuﬁ;the

repl i case pbowpl BLViintskinids gerfinasspidebydmid sygpipys SA8° RTPESe *eri case

act | Vi%mi 1 NS3,; sand -iArdarendanh. RN RalysREBSR2ECVYI ty of NS 5B. In the
RNA replicdtion process, a conplenentary negative strand copy of the
genom ¢ RNA is produced. The negative strand copy is used as a tenplate to
synt hesi ze additional positive strand 2enotnic RNAs that may participate in
transl ation, replication, packaging, or any conbination thereof to produce
progeny virus. Assenbly of a functional replicase conplex has been

descri bed as a conponent of the HCV replication mechani sm Provisional
application 60/669, 872 "Pharmaceuti gal Conpositions and Mt hods of
Inhibiting 11 CV Replication" filed ril 11, 2005, is hereby incorporated
by reference in its entirety for its disclosure related to assenbly of the
replicase conpl ex. [0008] Current treatnment of hepatitis Cinfection
typically includes adm nistration of an interferon, such as pegyl ated
interferon (I1EN), in conbination with ribavirin. The success of current




R7 and Rs may be joined to forman optionally substituted 3- to 7- nembered
cycloal kyl ring or an optionally substituted 3- to 7-nenbered '
het er ocycl oal kyl ring containing 1 or 2 heteroatons i qQﬂga chosen
fromN, SYOawg§oeTeo O, RS is a C7-Cl1 saturated (r){)r nsg)?@yg %ed

hydr ocarbon chain that is (i) covalently bound to R7, where R7 is a

nmet hyl ene group or R5 is asaturated or unsaturated hydrocarbon chain that
is (ii) covalently bound to an optionally substituted cycloal kyl ring
formed by R7 and Rs being joined to froma 3- to 7- nenbered o %ally
subst i t ut ed[069HIHEAY kydn mwﬂ@eda%rtﬁlqaﬁrépéedr%%d&@ﬁtha@f“@eﬁ|aw;9ﬁm"%$ ande

(C3 C7%¥C' Oa'f‘z%u)( g%kgz‘%ﬂdﬂy sc}almﬁe%l a@ah?e&ﬁb@?mtﬁe Hfzﬁﬁéﬂrnﬂi» baehetthy familyt s carbon
oY group o formula. 0 RO where is_one of the

foI | O\MFhagmr:dw m&m @e@%ﬂ@ﬂ‘@ﬁb@eﬁ%ﬁ/é@e@ h@nu%arﬁ%ﬂ&s%yl ani no,

- COOH, - OR12 2 , , QSR 112
- NRLOSO2NRI | Oﬁgﬂl %‘m‘% %zl%g?wmk&@@ﬂs NN O genoe Kyl ,
C2- Coabkigpeylein (E2eccCha, lamyhcasc( CHPEXayERoR: RV colictianepf wr?@esssembly

g%gy(gzggﬁhegﬁ%@kgr C43| &%}%%}é@%@?) %ﬁ%éa% %ll%% 3000 amlno acid long

(aryl )@lyﬁ%&ld«hius prbce(sﬁeduycat Ib@stmm@nbddﬂﬂéwermzypl)‘ims Céﬁlfli(w each of

whi ch |s optional Iy substituted; RO is a phosphonate of the formula R Fits
P P- REAVOISE'® p is 0, 1, or 2; RO is RxXCO-Cdal kyl -, where X is

- (C=0) NH, wPﬂtl(ccEﬂ)zz- n@BR«Si-&ES&AWSZRBr NEBANG&HGOOHD RO s

- CH C3 C/ ™;a 802 C3-.C/ e
. NR(l(F)%)O(Z CH( [IQQ%/ éé@@é stggplRsPyoa g‘i%d(“"n%}’e%g%p% lé% )’3"6%&@“ & sal kyl |
C2- %abgégmbze(f@a&z ol aal lydoeoaCGaad kithe pél@m@c@%&n@émm@y— Cal kyl ,

aryl)Co r I I 5- to
e e A S i< SR
R10, R igrg BRGcRLEe &g NRUSBERAENTHNSH NBSAL brmemmmemeﬁadayd scogeiiar
trifluoronethyl, “or Cl-C6al kyl I|\I§%O;gl%l ken

(aryl ) ceaegastidy NS% &4 ‘@7‘&?&?‘6 am A &P 16}(%6& eaVc,s Al M)rée downstream
C2cy C'ng?e's‘&? %gr)ztg%e%ﬁhllﬁwo noﬁmmfa%w@ MepbrhEPrés2alngl theqroipioieis B
10- menbered bet 6l - n=171 C2al kyl , _each of WhIC is optionally substituted.
R13 i safssuthddgbnesrmtigiio jan aive A1 PR 3365?181’ fhdependent |y hydr ogen,
hydroxyl, o dis 1 bedn cl@fved thdchBeaby@bragano amganeasmydr oxyl ,
Cl- c2al kyl | [rogﬁé%%%gﬂ’log’ﬁgbt s “absent . engg NR20), mlp
- 0( C=0)neRF2aYS5B mmet@ﬁmarelmm@)ls asserplest (Téﬂespéiwaymplb%‘ 18 C@P@l_ﬂéﬁ”c and v s
taken t ogs the_r Q4 $:.Qnd RpIRaS &d deiige sinel2 or J s

t aken fnS %rm%% Ed &Qg}op%m&m%ﬂ g 9 rre}?rbear ed Hgga;}xl;o%xcl ic or
het er opmcﬂagecacnwrygz,nd\MﬁP@W hefliprge pEiviy blslﬁﬁ @ ENA-Sapenregt RAAgRImGFage
subst i tue ts e B EORECIAASZOR KB from
hal oge?l @%Qﬁfp@%en@tﬂ a{r%gé&l {ocgc\gzgalggé&}é}% ‘ al élxy ClC al koxy,
triflu r@ﬂﬁi]hb”’x is pnduced.i Tihq:mgwetsmd;mpmeﬁechaslastewﬂ@rﬁo pogEtifer with Y to
forma rjin bsent. . takemiohoget her with Y
to fonﬁ‘gdétlogalzﬁog’%e qﬁ?ﬁﬁ%}roe car (t)}%:aingxla#@arg& ﬁgglg‘?%ﬁé?{éﬁ cé%lrfll ns, which ring is
subst i pitkghn dg(\/blt ihy@oﬁxbmﬂltl@"rthemmfeo wldsctq froEny §1rumd°es@@nidéﬁfwnetm§@en from

halogen al koxy,
trifl uE?PB‘f?éﬁi ?ﬂ?’i‘p)fexaﬁ?glb de%% &)és mgz f’i‘én\l%f meﬁ gﬁry?gcg}éi?lﬁér with Yto
for m apfol REnd a Séa@&h (ﬁb@tﬁ'm ‘PharmaceZtm& C@mzpqmtaqns bid Me@pdq qfilnhilijieg i c

aryl) Co- C2al kyl ~or or tri h | yl, each
of ~ whi @ﬁVﬁqucaéﬁﬁsﬂ(afl Hl(m B‘h? & 1670y mcorpr?i}:()a?eéib uk %%ﬁ%%aulen%sc}n??lg% %Jelér%dent ly
choseng fomdakedenassdysly oxgpb repamqﬂﬁqmpiyﬁno -CONEl 2, - COOH, - SO2NR11Rp,

C=0) NR1: R12, - NR11(C=0)
Q(/Cal %(yl t hi [800%%@1‘5%?6“&‘1‘“ ‘éﬁ@ﬁ @F%X%%l ‘y%iaq@daﬁ‘%o%es é‘%mq%fk“gé%m oal kyl ,
and Cl ﬂﬁlnoﬁllcllf RDeo and nQe:@d’rori]-(IF@’ ileyitatiah Wh)‘ﬁ@@ml 121}5! spccess of
(pheny% Co- C2al kyl phen

het er oeursehy t@@awsw@wr%%gy %&S‘asl%ﬁ‘h@ﬁ%%%a“l(ﬂ%‘é%ﬁ)"aﬁgﬁgﬁ‘ B 634" Rapht hyl

i ndanyl, (5- or 6- nenbered heterocycl oal kyl) Co- C2al kyl, or 9- or

10- ntiber ed bi cyclic heteroaryl, each of which is substituted with 0, 1, or
2 substituents independently chosen from (c) bhal ogen, hydroxyl,
am no, cyano, nitro, -COCH, -CONH2, CH3(C=0)NH, =NCEL Cl1-Cal kyl,

Cl- Cal koxy, Ci1-CA4hydroxyal kyl, nono-, and di - Cl- Cal kyl am no, -NR8SO2R13, -
C(0)OR11, -NRBCOR11l, -NRBC(0)OR11, trifluoromethyl, and trifl uoronethoxy,
and (d) phenyl and 5- or 6-nenbered heteroaryl, each of which is
substituted with O or 1 or nore of hal ogen, hydroxyl, C3-Calkyl, and

Cl- C2al koxy. R20 represents O to 4 substituents is independently chosen at
from hal ogen, Cl1-Cal kyl, and Cl - C2al koxy. RIO and RIO are

p~




(4) RL and R2 are taken together to forman optionally substituted 5- to

9- nenbered bridged heterocyclic ring containing O, 1, or 2 additional N, S,
or 0 atons, or an optionally substituted 5- to 7-nenber h clic ring
cont ai ni MO RL16H68T6addi tional N, S. or 0 atons fused tgciﬁggﬁ%@%ﬁ§{
substituted 5- to 7-nmenbered carbocyclic or heterocyclic ring; or

and R2 are taken together to forman optionally substituted 4- to
7-menbered heterocyclic ring containing O or 1 additional N, S, or 0 atons
fused to an optionally substituted 5- to 9-nmenbered bridged carbocyclic or
het er ot ith whiel theguatient is infeqpd anddhRpatisples @éR@W%‘%&@t‘ﬂ‘?@?ﬂﬁwa%}ﬂﬁw an

opti onal Lyls oy SYt 6P Mixhibid d sf&% Edvigdlbdicul Rfprd at i on
haV|ng8 h¥otaﬁﬁmbe S?ﬂm§§%%§%hﬁgtons Wi t ﬁ 0} 1 " 2 additional heteroatons
i ndepengeatacyngcinagien aganormdl aso‘\Cféﬁaﬁ Y o hanceivh Wﬁ@oﬁuﬁ@f HVOHE) B8 ng

car bon, [ B3] 1 GeJrtAldtve aippads of Fornul a
I d.scFUQ%HB%%?@O%“%kER%“%&ggéﬁ‘%8??5??3 Pn an HCV repflcatlon assay, such
as theuH@Mmﬁ@@hﬁﬁmﬂHEBSﬁMusemi&@hﬁﬁimﬁmEmawEbéﬁﬁV'WﬁY@ﬁHW6$F@ﬁ§Ceﬁreferred
conpounds of Fontul a i Dit, s]"ﬂ:Q:B 10955 GHREPA8fes@fibdi€SS,  Or
nore pr8f BrEBt W“ﬁﬁoﬁﬁggﬁﬁgsng z@ﬁyﬁﬁ?@ﬁ%&% ary%? |’ ess; or still nore

pref erghty. an EC50 of about 10 nanonolar or less in an HCV replicon
replication assay TIFTATT FD DESCRI PTI ON OF THE | NVENTI ON CHEM CAL

DESCRI PTI ON AND TERM NOLOGY [0014] Prior to setting forth the

inVentSgﬂﬁMﬂRdeﬁﬁihszVENEyDMe hel pful to provide definitions of certain
ternms to be used herei o unds of. t in I sgdescribed
usi ng stand@pggﬂ%ﬁﬁﬂﬁv%PdW@’ SR PERYTER P E% erwpgég&;bﬁﬂpggﬁnlcal and

sci ent {6 4 S{oBBakS e HpRedseThe h&ﬁﬁn@h@x&ﬁnﬁ@oyﬂq&md&g ofioringlad cliriosddy

understood by one of skill in the .a whi ch t l ongs
UnIess@eﬁeé@ﬁﬁ“éﬁnﬁﬁ%ﬁﬁﬂﬂﬁépﬁﬂﬂﬁ?“P%Emﬁﬁﬁié&Wx%E%ﬁEg%nﬂﬁﬁﬁg&%ﬁp tc:?lgcludes

the fr%gy ‘i’ecé?ve lhﬁgﬁorpaﬁﬁepfaeﬁmofmiﬂa@;&oﬁpomdm&sumemo fydiat es of t he
oun phannaceutical |y acceptable salts of f{he cqypq

[ 0015] pﬂ'dnetaqeehw Cmnwlﬁléi’ ADGIEARATE FD PO ERPR i QHREih A58 &% Corrpounds
that s | i NG BRY018h@B bhafRE@icdIgaermpibs cazmldrs
stereo%%%ﬁ%%dpgmgg(§S&meH%&HQ WO, 2010/068?60PCNBZOOg/gﬁ§506
phar maceut i 98101yTha svepsicatimhes spriarisst medheds Af FEpEiegeentsHEeipr 3¢8 » 2 conpound
of Fornu | ARhQUR S mBfint 6O% Pathiuhd bEdrmadiang For nmul a
| A, anaﬂkﬁ?k&phgﬁdggg§H®Hkm§MHQ§n§E%§ all _forms_of sugﬁ)co ounds,
|ncIudﬂﬁgmsa%ﬁeh@ﬂdUmeﬁﬂﬂﬁgmb9%¢%§§“§Féﬁ#ﬁV&EonkﬁaﬁﬁﬁW8§i Y the context
in which this 16l ihA&ibepdrBculaly iddgkesan” do not
denote”’hvﬁvg?gﬁagﬁﬁek§gﬁgﬁgq$cvln&dkggtﬁ%r denotg t he B@esence of at |east
one ofn&hﬁdﬂﬁmemegdedmnpenm%F ringrfram oy infeqides sliseaspdubplse CopRBRPIE s
"conprisin / C keAQoms &gmigu@@sconstrued
as opeff® ‘é‘ﬂ%ﬂe“é trtcgt et amr_n1 Srﬁléag‘?lﬁ% hvﬁsﬁdgg ud f‘%{g&%ﬁtanot gI imted to").
ReC|ta&ﬁﬁﬁngﬁnmangﬁexmﬁsMaﬁaes are nerely intended to serve as a shorthand
met hod of [Li |l w thin the
range, unl éﬁéﬁﬁg&ﬁfggumﬂ ? Cxﬁéﬁg§§§%¥§an 02%5%%?§%§?gégita ue is
I ncor psiiat ecknt RiRotidies 5 pcmpcfundaf Fomuhd i forbination &vithgs o1 oI r eci t ed
herein. The endpoints of all ranges are included within the range and
|ndepeﬁﬁ@ﬁ?ﬁ§d%6W%lnable Al methods described herein can be perforned in
a suitable [Qﬂml'rhu{hbagﬁstatﬂ%etrm Beentivdiimdtdes cingrosids s Foortiel wi se cl early
contradi cted by_context of any and all exanples, or exenplary
Iangua@@ﬂveﬁﬁﬂmuyéﬁéﬂﬂﬂ%stsgpgm?ntended nmerely to better illustrate the
i nvention and does not pose a limtation on the scope of the invention
unl ess otherw se clainmed. No | anguage in the specification should be
construed as indicating any non-clained el enent as essential to the
practice of the invention as used herein. Unless defined otherw se,
technical and scientific terns used herein have the sane neaning as is
comonl y understood by one of skill in the art to which this invention
bel ongs. [0017] An "active agent” nmeans a conpound (including a
conpound of the invention), element, or m xture that when adm nistered to a
patient, alone or in conbination with another conpound, elenent, or
m xture, confers, directly or indirectly, a physiological effect on the
patient. The indirect physiological effect may occur via a netabolite or
ot her indirect nmechanism When the active agent is a conmpound, then salts,
sol vates (including hydrates) of the free conpound, crystalline fornmns,
non-crystalline foons, and any pol ynorphs of the conpound are included.
Conmpounds may contain one or nore asymetric el enments such as stereogenic
centers, stereog enlc axes and the I|ke e.g., asymmetric carbon atons, so




WO 2010/ 068760PCT/ US2009/ 067506 the nol ecule it substitutes is on the
carbon of the carbonyl group. The term "nono and/ or dial kyl car boxar ai de"
al so includes groups of the formula (al kyll)(C=0)NH and (al kyll) (C=0)

(al ky12) Nwoi ioMseeh t he point of attachnent is the nitPOHERIBY®EM The
groups al kyll and al kyl2 are independently chosen al kyl groups having the

i ndi cat ed nunber of carbon atons. [ 0038] "Oxo," neans a keto group
(C=0). An oxo group that is a substituent of a non aromatic carbon atom
results in a conversion of -CH2- to -C(=0)-. An oxo group that is a
substituent of an aromatic carbgn atomresults in a conversion of --CH to
-C(=0)-- and a | oss of aronat|C|¢ [ 0039] The term "substituted", as
used herein, means that any gpe or nore hydrogens on the designated atom or
group is replaced with a e{ {//on fromthe indicated group, provided that
t he de5|gnated atom s normal’ val'ence is not exceeded. WWen the substituent
is oxo (i.e., =0) then 2 hyd? jMﬁéﬂlmhe atomare replaced. Wen an oxo
group substitutes aromati c noiJet ¢ orrespondi ng partially
unsaturated ring replaées site aromalic E]ﬁé. For exanple a pyridyl group
substituted by oxo is_& atrons of substituents and/or
variables are pernid8ibld o i f such conbi nations result in stable
conpounds or useful syntbetfiscPsnt er nedi at es. A gFadduda Bonpound or stable
structure is nmeant to inply a conpound that is sufficiently robust to
survive i soMatibFeTHEh a reaction mixture, and subsequent formnulation into
an ef f eetiy gt hgkapasibicoraggRicov Al @ssd, athidr wiep speci fied substituents are
naned |nto the core structure. For exanple, it is to be understood that
when (detoalkyealkyl is listed as a possible substituent the point of
attachne of this substituent to the core structure is in the alkyl
portlonJ éf [ 0040] Suitable groups that may be present on a

substltu e position include, but are not limted to, e.g., hal ogen;
cyano; oxybmwmsﬁpblﬁa@kdﬁmdﬁlkanoyl (such as a C2-Co al kanoyl group

such as acyi{ gndﬁr}ﬁee %&@ft ecfgﬂ 2miond! Kyl gr oups (including cycl oal kyl
groups) havih out % oh atons, or t o _about 6 carbon atons;

al kenyl anduaRkyH%Wu@m@dﬁsiﬂmﬁwﬁdtﬁ@ @Fﬁhﬁ@hhﬁ%ﬂﬁ&woﬁ%hgﬂxﬁ%r@(Hﬁsaturated
| i nkages and.from,2 to 8,8h0 K rdag 1418y, al koxy groups
having’@ﬁgﬂgpmhn eua§y5@9q?ﬁ%kg§£§2§n8 fFom C?%ggboa?wg% or from1l to
about Geeacihdsuial.gas))Cabtydligkyrsuch as phenoxy; al kyl thi o groups including

t hose havi ng%%nemi)% %%%ﬁ%e%h' pet her L(t nkages {H%% c?#%@?k}l £ AL @ar bon

atons, or f 6° CArbon a oIS, i nyl “groups i1ncl udi ng
t hose hawiliogn0R&eroditond indezulidritiyyhosen t’rioatgés) amél Stwhinin ringtipopilsoaity 18sedar bon

atons, or_fraom carban ato I I Acl udi ng
t hose M1y % ﬁ%m%?'ﬁﬁ?%ﬂ@ﬁi%B SO RK ggégﬁgﬁﬁkéggﬁﬁﬁ%%aﬂﬁ &m carbon
at ons, sof Hromdsta ﬁabo@ttneﬁ&h%ﬂ barhoc W ﬁ@ltelféiﬁﬂam@}%@? tzbgm ©®T®®6 at omrs;

anlnoalkyl groups i_ncl n S. Qav 4208, o frontlto
about &hiHpP- Ft%ﬂWTﬁFﬁﬂ§ ﬁ%WgE@Q?EB Orlcﬁgcnn s aV|Hp&%hggﬁﬁ@Pgdcarbons

and one Or(@@H&eﬁ5m9§m{ﬂ@ngrwd@h@thlabnpheﬂymmKMQphmhyhpmxmnwdne i ke, each
ring either substituted or a$?gbst%% ed ar.o tlckrc% g Ké%l having 1 to 3
separ atEgfc gipdR fhayis ARy SbBGHEHEOVR By R4F 51 2 Poms, wi t h
benzyl (hgiihgqsan exenplary arylal kyl group; arylal koxy having I to 3
separate or fused rings and from W th

to about .18 ri.n rb ,
benzyl oxy bé\hy aahRexe HEPRIOECEF ¢P§W%&ﬂﬁ%ﬁ%%%smﬁpt%ﬁgﬁﬁuggFg%mﬁ nsat ur at ed,

or aLOHHtLg& h&@%o@ﬁ% ¥iglh bSnehialp, hay b agditiodadN3S &emaerua;he oPfin fpgisediyri ngs with 3
t o about

nbers per ring and _one or nore N,
coumar suwfllfuteétﬁr isol-mprybered kedapqviabe 1IRSFONARIPHA 901 ?W ona y’r‘ﬁO gyy amﬁgr azi nyl ,
pyr i m tq_# &?’ O’an f r(ﬁfﬁi’ﬂ( subB%he85 Yo 7-5Bh BOY carb @zl Mfeterobj’dhalﬂnﬂw forr@¥azol yl ,
I soxazo dazol yl, indolyl, benzofuranyl, benzothiazolyl,
tetrahynwdtmmamyﬁmnﬁeﬁhaﬁvd% WF anyl , plperldlnyl nDrphollnyI
pi perazinyl, and pyrrolidinyl. Such heterocyclic groups may be further
substituted, e.g. wth hydroxy, alkyl, alkoxy, hal ogen and am no.
[0041] A "dosage forni neans a unit of admnistration of an active agent.
Exanpl es of dosage forns include tablets, capsules, injections,

suspensi ons, liquids, enulsions, creams, ointnents, suppositories,

i nhal abl e fornms, transdermal fornms, and the I|ike. [ 0042]
"Pharmaceuti cal conpositions" are cohpositions conprising at |east one
active agent, such as a conpound or salt of Fainmula I, and at | east one

ot her substance, such as a carrier. Pharmaceutical conpositions neet the
US. FDA's GW (good manufacturing practice) standards for human or
non- human drugs. ~[0043] "Pharmaceutically acceptable salts" includes




[0062] (c) RI and R2 are joined to forma 5- to 7- nenbered "heterocyl oal kyl
ring containing 1 or 2 heteroatons independently chosen fromN, 0, and S
which ring i's optionally fused to a phenyl or 5- or 6- nenbered heteroaryl
to form avdemyedsr@ ring system each of which 5- to 7FPCHERHEIRYSS

het erocycl oal kyl ring OT bicyclic ring systemis optionally substituted.
[0063] (d) Any heterocycloal kyl ring formed by 121 and R2 may be
substituted with O to 2 substituents independently chosen from chloro,
fluoro, hydroxyl, COOH - CONH2, oxo, Cl- C4al kyl, Cl1-Cal koxy, nmpno- or

di - m(hWW@mmmumﬁhmmﬂmW@mQMWMﬁwwm@@¢W7mﬂmﬁ

Cal kyl car banmat e) CO- . i
di - C1- @p@%’c&ap% Hgg%ﬁéh@& oggle\l% ﬁééﬁ{) fgg;e;a?o aé;c?;iugnaﬂy substitute |
5-f1 UOBQla@%é}LISHréJTbﬂ@Qlca:Boqybhc calhdtea)cga:lmuplgo‘ﬁr the formul a0 [0064] (e)

Rl and R2 are joined to f orm i@Zi ne ring,
or a pi per a?Pde 2p§ Ry @ (AkEY Eg g‘%% OBPOﬂaHEI %ﬁu g%d%?%yﬁlggqygg@ﬁyg% whi ch |gs

opt i ongl Lyin RS chuligdhiroh Bkl & 620 $iillhsg mbuem:&(] ﬂ]debedtbke(m@l y chosen from

hal ogen, “oxo hydroxyl, amn K XY,
i ooy empiity Rl i S AR aTet o SERE RS

-G - Cal kﬁlﬁc & RAMBL &, and Ry ale GRBHIndéAIR1 and 122 are joined to forma 4- to
7 menber ed het'erocyl oal kyl ring containing O to 2 additional heteroatons

i ndependentﬂayhx?WQ’rhan"@mONam@O “@nd S which ring is optionally fused to a
- or 6- qg‘ger @gang@t@ @&gx(e,wl GCE- mgclogmm@d Qi angl LaronC2Chéitygr oat ons
y

|ndependent

thosen from bocyclic rin
to for ﬁlea:rckmd}(‘@ﬂaeikﬂ fep- %W%ql@ﬁﬁmﬂgéhcﬁkywe&ﬁogdof‘@eg@ %ﬁ%,g%* Y )

het er ocycl oal .k I cREGHS dnnd, LRG &mﬁ&mb@mmmbgmm with 0 to 3
subst i ?ﬁglnatnoyl ‘yrdlé%ﬂgn ecgt y ‘Ehdsen from A an

2010/ 068760PCHE200B/ BEYEBined t© foyh @t @Puianaly wawwsﬂif ‘x\;?d?%‘%‘??md amino, cyano,

0XO0, 5 Aol heterds X¥ine &htGahkyl t hi o,
nono- 8¥Ci?f%<-y&n{% ?q%érﬁg’?}g%&mfa“&g;ﬁéﬁr mi)lﬁo Sga%%q@cfl Cal tkyl cé;r banat e,
18} £01

nono- efzmtezeﬂtaz@ainﬁypwéwnﬂmxmld Cad9 sul fonyl, G Cal kyl sul f onami de,

Cl- CZhal oa Czhal.o Wikt O menpebaRb@myikyl Whi ch
pyridyl, y]liii Eﬁ‘ld ﬁ%nﬁ%ﬁéﬁﬁﬁ a%&%r%&??b?utued with r%c tg 2 gﬁbst:f tuents

i ndepe ﬂdgz&ta{ny)pﬁhmﬁlg muHmatu&@e’iﬂ to Frstempered eteipsy Henty! Tigp goninipiag £91 &4 kyl ;

each of which 5 t ycl oal kyl ring or bicyclic ring
systen‘l’?‘%ro%fP%l@ﬁlbcé?fjfrfdﬁ’ %SCS%%%% grHi@substl tuents chosen from

N- cycl opr opylandRs(alyibe lieiawdombirmes ppaenplls sithsoweadid e, 7- mprimbeesd cyclgatpdr banoyl ,
5 phenyl - LH Pyrazol i hueg®nd, PEOZII ARz Ot ARALAaigHPE bl dut ed wi th

hal ogefne gan option are’ taken toget her ?m a 5- to 6-nenbered
parti ahgtymgaﬁlgiﬂdé@atue&t@rchwe@i‘f&fml‘c Sgeel. t hat |s opti onal I y fused to a

phenyl or p whi.ch is s u nts
i ndependent S/ Ré I*?o*’s 7ﬁ8f1 s Ty e lfl%éﬁﬁffcg%% }éﬂf Iﬁ?‘g i Q)é%v%tzggﬁiﬂggf and
triflugremehbyk,isa meth{d@l%@a}up(cg){s Ria @Ach; RRuated of @msm@chtttddlyﬂmin’b‘al
pyrrolidine, piperidine

erazi a gfused to
D bhenghain wiidh (brovaoh bpereabe el uhibes el PR ARy LA P iC <
| ”depeﬁﬁgél%«} Jﬁé&@ S8k rsom memblemd 'OWELH)]. Arranidtefi o ydoalkyl 6OSZhd Rhjs RL is O

CltSS: HO 6- 11- sk HO VO 2010/ 068760
PCM] S2 B%ﬁ%?@ﬁ@sallqy@)oggcg—(:m oaglfyé)co Czalkyl

T is a tetrazole group attached via its carbon atom.

Or, T is a group of the formula:

O

& R¢ where Rg is one of the following:



HO o 01 NH NN NH ?ss-C5 00HCPN --,.... HN70 NS \=--_-/
\,. or NNH. . , 100681 (0 R1 and R2 are taken together to tormr
azeticlinyi nng suosu hal ogen substituents and O or 1 phenyl substituent.

[ 0068] (jwoRiemasmé es any of the definitions set fortﬁwﬁwﬁ%@?“ﬁﬁﬁ@e, and R2
is Cl-Co6al kyl or C3-Crcycloal kyl. [0069] (k)121 carries any of the

definitions set forth in (e) above, and R2 is hydrogen. [0070] (1) R1
and R2 are taken together to forman azetidinyl, pyrrolidinyl,
pyrazolidinyl, imdazolidinyl, oxazolidinyl, piperidinyl, piperazinyl,

nor phol i nyl r, a2gpaRyl amiact-CoyEt, agRicRal i0Rib, -SBet SRdPsEoqui nol i nyl ,

di hydr oqui nal i nyl , di hydroi uj | nyl, ,0c dr gk.ndal

1, 4- di o&gwﬁoﬁmb@@?ﬁsﬁé?gﬁm%@%l'%‘ﬁ%‘ﬁ’ “éég"f%ﬂ% ’6@?5’%%&%%‘? “each of which
isb V\D_@@m;lo@@gg60PC;’1US|2009/hOG750]§ substhi t ut edf\l/vith 0, 1, or I2
substituents independently chosen from ro, uor.o, oxyl, COCH,

- CONH2, oxoRe &fa @ﬁ@y??ﬁﬁﬁ@%ﬂaﬁk8%9?n n 4'ﬁmﬁﬁ$kéﬁ%ﬁg%g§1§%1no,

triflu ARy, @-Obyatiehalkydearbacaye) DG CTHERYNR -,

C1- Ma%ﬁ%%{%ﬁl)(%%o-yogsdcﬁ-yﬁ Czl@fbgyl r boxami de Een | bepzyl, pyridyl,
5-f1 uoy{l@b@m@wﬂkwwu@z?&wLé@fyh>?0"%ﬁ§<3’ Oﬁfsgﬁ‘b @‘fm 8‘”‘*8 ?fel%/’%f? %u?‘a@"x A 0071]
(m R1 gﬁqu%kﬁngﬁﬁggnuﬁgg@kagr to forma piperazinyl, norpholinyl, or
piperiglny group, each bridged with a nethyl ene, ethylene, or oxygen

bri dge, or Rgﬁarmﬁﬂémw@%iﬁﬁé%¥%ken toget her to form a decahydroqui nol i nyl
or decahydroigoquinolinyl group, each of which is bridged with a methyl ene,
et hyl ene, or oXygen bridge; or Rl and R2 are taken together to forma
5- or 6-ne héter ocycl oal kyl group chosen from pi perazinyl,

nmor phol i nyl, pfpﬁfﬁﬂﬁnyl and pyrrolidinyl rings, each of which 5- or 6-
menber ed het erocycl oal kyl group is ¥hmseditb laoicyicl ohexyl group, which

cycl ohexyl groyp Jes brjdoed with fciEhhy! s08ec-R9)Hlag08s Oy Paassnhy | dge;
or

Rg is ~CH(Ry)}Cs-Creycloalkyl), -SO2CH(Ry)Cs-Creycloalkyl), or
~NR;4S0,CH(Ry}C3-Creycloalkyl), where Ry is halogen or Ry is C;-Cealkyl, C-Cealkanoyl,
(Ca-CreyeloalkyhCo-Caalkyl, (C4-Creycloatkeny)Co-Caalkyl, (aryl)Co-Caalkyl, (aryDCo-
Caalkoxy, (heterocycloalkyl)Co-Coalkyl, or (5- to 10-membered heteroaryl)Co-Caalkyl, each of
which is optionally substituted.

Rio, Ry, and Ry are independently at each occurrence hydrogen or trifluoromethyl, or
C;-Cealkyl, Co-Cealkenyl, Cr-Cealkynyl, (ary)Co-C2alkyl, (Cs-CreycloalkyhCo-Coalkyl, (Cs-
Creycloaikenyi }Co-Coalkyl, (neterocyeloatkyDCo-Caalkyl, or (5- to 10-membered heteroaryDCe-
Cralky!, each of which is optionally substituted. |

Ri3 is hydrogen or C;-Coalkyl.

Ry and Rys are independently hydrogen, hydroxyl, or C;-Caalkyl.

ris (0,1, 0r 2.

M is hydrogen, halogen, hydroxyl, C1-Cralkyl, or C-Coalkoxy,
Y is absent, CR1sR1s, NRag, S, O, -O(C=0)}NR30)-, NH{C=0)NR3g)-, -NH(S=O}NRqo)-

(NR2p)(C=0)-, or -O(C=0)-; or Y is taken together with one of I, L, or M to form a ring.
Jis CH, or ] is taken together with Y to form a 3- to 7- membered carbocyclic or

heterocyclic ring, which ring is substituted with 0 or 1 or more substituents independently chosen




wherein each 121 and R2 group is substituted with O to 2 substituents
i ndependent|ly chosen from oxo, hal ogen, -CONH2, Q C2al kyl, Cl1-C2al koxy, and
Cl- C4al kyl carbamate. [0072] (n) RL and R2 are taken together to forma

group of wdabesradl a: each of which is substitut edCWUSHODORTEE2
substituents independently chosen from oxo, hal ogen, -CONH2, C1-C2al kyl,
Cl- C2al koxy, and Cl-C4al kyl carbamate. [0073] (o) RL and R2 are taken

together to forma bicyclic systemwith rings in spiro orientation having a
total of 9 to 11 ring atons with O, 1 or 2 additional heteroatons

i ndepepdentioYet RS, 108 Nand) €, andk,3, ®i-CAKRNED Al agoxy, ngmmm;ﬁ;eu ng
carbon, which $piro” WO 2010/ 068760PCT/ US2009/ 067506 r.i n stemis

subst i mqitteﬂuwmﬁhf@xys when Kig b&en ogethr ey EpeHB edine %Wotécea?f ' om oxo,

hal ogen, EJ; t%&'tg éther%ﬂg YGb 16204 Kaxy- mkR8%4d cz(rﬁ()cy&cme R3 tO
R8Subst i tuents 06 and 1234 are i ndependent I y (1) E‘Rl%’ éos €
i

(2) Cl he@araetmw rigg; w@@@m@%&ybﬂ@éﬂ&ﬁb 5L banPRF| SUbSEHERS ddepghr
b leYsa |
subst | { %dlné\én opycﬁ)oéfoarﬁmg%g %@;&C}%’ @Q@}%ﬁ@ﬁ!? it Ly, H{bﬂs @ﬁﬂvj‘of&ﬂiﬁm ogen,

hydr oxy | kanoyi C4a| koxy, Cl-C4al kylthi o,
nono- amanﬂw@metﬁmeat fepralisrigken Grehohyilo X| R YITM iRg @ar:b%h’ﬂ%&i koxy. [0076]

b R3|shdroen r 1 X Npi. er i
(C72:ycl oal k g‘&aki? {T& F%%L?%W\ﬁﬁéﬁy]%gh%gﬁa?eg%%rgg:g&eﬂr%{eehtIyyl{lcﬁrogen or

net hyl ¢, amuzaqh ﬁiz)hmﬁ?ﬂ nssumyntredg*eﬁh (nd ®RimaresubeHu@rCpdineRieRyY Fo8ehC2al kyl or

het | k - CAal kyl
(Co- OoRSAGaPRST T Tl B PR “?%ﬁé??ﬂﬁﬂég%@ B and R are
bot h hmﬂ[iqgﬂm)RmL QQ&‘J@IK}@ gi)z~(R51kmmy( Or-Chgilexygen Caadkyithin) HJGELO"G% Hik&1-,

C3- C7cy al k e _whichis
gubst i &ﬁ‘ﬁ@g’ %ﬁ) gp‘”tﬂgy%%%%ﬁ(g‘s?%ﬁlﬁelg? é%é(‘@ hgg K’?SJy C“ﬁ%%ﬂ}, r om hal ogen,
hydr oxgle cl@dlk}ﬂﬁﬂecmnQphenmizza}kymdnylmw@almw (5-@2 S@adnamredy | | o Cal | coxy,

Cl- C4a|k|th|o no K

Gl CobA a2 g (ReT émﬁ%}’&FSga‘ﬁf%lﬁ%tQﬁﬂf“”‘y[ %@%Pﬁd@{%@ i & C1- Cal kyl ,
( C3- CTgyaha@l heydroGoro SR slh @(V(Fgﬂﬂ@f of wnwmm@mhdwmq hegaehylotacnhi which s
unsubstituted; and Re IS en or rre 083] (i) RS is hydrogen,

Cl- C6als ﬁ%*ﬂt“(eé?"é@e%q‘&éw%‘ﬁ‘)e “@%ﬁ“ﬁiﬁt %ﬂse?ﬁ ‘or benzyl, and R6 is

hydr ogen. [(Q,C}ﬁf%sr(,m drRey1 Al n&R@ yaoenibo) L ADH rﬂgeim{g, (EIG)QQSQ]))MG}:LQ‘WOI—E hydr ogen

or nethyl; and Crc k Cal
(pheny? yCalleh &l 1€y4‘1k0}‘é’a€h(‘€¥ydwki?@f('ﬁs‘§ %%4 &t?e(‘it(éﬁh% " li%ﬁ%) “SUbstituents
i ndepe{égﬁgg Y- m@%ﬁﬂ tN@@(b%@ﬂ&ﬂﬂu&Mﬂé@ﬂyhnd Laﬂnmmemymmd CONH2,

al keny kanoyl , C1-C4al - C4al k no:. and
e om0t s SR 9 ,
2010/ 0%%@%@5%',)%9@%%97@9@@1 ‘mdcl{(ggﬁ@] (I) R7 is hydrogen or nethyl, and
c

cl oal kyl ) Co- CZaI k kyI each
of vvhl ch i %ur@tﬂg@tﬁﬁ@m“eﬂl\éﬁwenﬁﬁ wHeperdendy & ?58? ﬁtefﬁmg gﬁ‘rﬁPrﬁ@ -3k
menber %gd:)tcglgg)l))( ring or 3- to 7-nenbered heterocycl oal kyI ri ng
cont ai ni ng 2 heteroatons independently chosen fromN, , and 0, each
of Wwhi ch cym mdahkgrb ingepdndesly dugiorera PRYFPX Y halperts %@élkﬂtﬁrgaﬁ K¥¥h 0 to 2
substl nts d osen from hal ogen, hydroxyl, am no, cyano,
vinyl, héﬁmq (Fr 1@3%&&&@ Cl- C2al kox trifluoronethyl, and
trifluor omgmmhydrogdﬂoeﬁpza@{ﬁ CFﬁf‘zhﬁ@I&lhé arle- qébil p8kP%0 form a
vi nyl - subsi ted tC 319 519% n[g g&pce ofadd of EQufi1a MEWRRE ede 66t 0al kyl ri ng,
substitute luent & i ndependent |y chosen from hal ogen,
hydr OXt}ﬂlowﬁg.ﬁtﬁﬂaiokslis mcand Cl C2al koxy. [0088] (n) In certain enbodi nments

R3, R4, an ,_are inde ent | b Gogl kyl ,
(C3-Crcycl ggﬁgﬁ’;%‘bm&%ﬁl Orma%%ﬂen ?g%%n%ﬁmpg&@%&%%gﬁ 5 éorg’fn chis
unsubsdrittaatiedial ANE, &RO mESmhde rogeivnahcbuRitited €me®baﬂeﬂb¢i€r@¢yth gnyl ; or

R7 and Rs. are ined t vinI,- bsi y a4 to
o morigerEeA oA Y ot Qeer fish BBy S ORERY e PR

i ndepengdrpfdiy ohesedychid Hm. hal ogen, hydr oxyl, Cl-C2al kyl, and Cl-C2al koxy.
[0089] (O0) In certain other enbodinents R3, R4, and R5, are independently
hydrogen or nethyl; R5 is Cl-C6al kyl, (C3-C2cycl oal kyl) Co-C2al kyl, or
(phenyl ) Co- C2al kyl , each of which is unsubstituted; and




R7 is hydrogen and Rs is Cl-C4al kyl or phenyl; or R7 and Rs are joined to
forma vinyl- subsituted cycloproyl group or a 4- to 6- nenbered cycl oal kyl
ring, substituted with O to 2 substituents independently chosen from

hal ogen, R®ydin¥dre O - Cnal kyl, and Cl- C2al koxy. T and RE/Sizbstoctseent s
[0090] The |nvent| on includes conpounds and salts of Formula I in which T
is a group '27k of the formulaRO and RO carries any of the definitions
which follow [0091] (a) RO is hydroxyl, am no, -COOH, -012.12, -SR12,
-NR10(S=0)Kii, - NRI0SO2R11, -NRi 0oSON121112.12, -NRLOSC2NRI I R12,
-(C=0)0It10 I ’;, SR i9Reicroar LS, alydiroxyhC,-- 01212,

- NR10SO2R1i (Z)ofru T e [0092] Fﬂ(eb) F\g&;gs R OS0PRIL: in whi ch
Ri o |sChy1(Hylogen or nethyl; and R11 is Cl-C6al kyl, phenyl, C3-Crcycl oal kyl,

t hi enyl \é\jklhOtO3
substi t uent Q) ggég%ew taﬁ‘% c%i%%% ggr(hyﬁlg%g@?r?gwgq&a? Cl- CAal koxy,
Czal kenyl , ph&ayid Rosre m@mgmgether 1p GOY3 opégnaRy sphstitirgide F?I‘Il bergherein Rio
is hyd 1l is Kyl I dopsubsti tuted or
substi tﬂ’ge?‘i“}fn{éf%yoiﬁél%tfg&t?%%eokn? T gg%lrf% x#a?grmgfg% %?dgﬁb(‘d?ah% mgf)kenyl or
benzyl .substituted SEQﬂBﬁa]embcf)‘:d Ttterob ywliering omtiiniok lged a@b‘ﬁ%@hﬁd% opf) ABHUl a |

i ncl udi_ng .conpo r ( nd (b) set
forth |f‘t‘|5%€&1 '“‘é’toé’fLj gfﬁﬁgygmlm%%n %%lﬁ%é g&ﬁ%&#ﬁ{%@#@%@ggﬁdﬁﬁﬁ hydr ogen or
met hyl and R;Landl £33 ateraaltdnuoganiﬁ:tr Itwﬂoman GioQat wphtitaicd R1D Tr@elwe%ocycl oal kyl ,
phenyl, or nzyI each of S uents

i ndepeﬁ&@ﬁl“??ﬁ’célﬁeg%alf"f’e “h a%cﬂe]%naf% él@i %%?%égg %E gﬁ%‘%}ﬁy %Q%ga | kenyl ,
and (phepyd- mggber@aha@alcm{w@%@ ox(iﬁ)ercbctycmngabn enbodi ments Rio |s hydrogen
or nethyl and R]_is cycl o The r

SubstituentR [@E‘Q@]meﬁﬂé ékﬁ’g ?loo@?”F ﬁ‘&?%%é’éhycm#ptgﬁﬁ%gmaé{?}s t}? or rrul a l
in whi thsﬁfmbn@l{tatﬁmfh@{nhewdig ocendil i HgNsoms ®1thrﬁli Mﬂ’ admtlongﬂ h&gerde_lgonand M

[ 0097] (a) In certain embodi ments.n is 0; and 0, S, -0(C=0)-
or - Ofeepy(rgzcRosen HRBYE W@dﬁé”lwam%lélélﬂ“&?amst}?ﬁng Cﬁ'%ﬁ‘%] (p) In certain
ot her JRAtg-n is 0 and Y is 0. [0099] (c) The |nvent| on i ncl udes

enmbodi ments I'n which n is 0; and Y. is gj , v(\)/g _ l§1€§}ydrogen
or nethyl. [091VdjerigiacomppendsyfF gl [6F ‘}Fg‘reé@)m exfitil e aa‘f‘a%‘b%fh 12. The
Z SUbS%c%Pthpﬁf&% alsg}quh b iR O PYEsHebA MRt sehRYth I’hﬁEW'f OvHiehloBdwy(a) Z is

1- na napthyl, e follow ng definitions.
2010/ o&&m&ﬁm@@gs @fdmsla Igghibit al\/@?@@ié]%é@%ﬁtﬁ?l%ﬁ 459/ DB PE06 i ron,

[0104] pge?e)rabgy 15p@., 9F 2R PhidBohodr b2 still MB3R40f06%AGRRII 62009/ 067506
or

nanomolar or less in an HCV replicon replication assay

DETAILED DESCRIPTION OF THE INVENTION
CHEMICAL DESCRIPTION AND TERMINOLOGY

[0014] Prior to setting forth the invention in detail, it may be helpful to provide
definitions of certain terms to be used herein. Compounds of the present invention are described
using standard nomenclature. Unless defined otherwise, all technical and scientific terms used
herein have the same meaning as is commonly understood by one of skill in the art to which this
invention belongs. Unless clearly contraindicated by the context each compound name includes
the free acid or free base form of the compound as well hydrates of the compound and all
pharmaceutically acceptable salts of the compound.

[0015] The term “4-amino-4-oxobutanoyl peptides " encompasses all compounds that

satisfy Formula I, including any enantiomers, racemates and stereoisomers, as well as all




each of which is substituted by 0, 1, 2, or 3 substituents independently
chosen from hal ogen, G Caal kyl, G -Cal koxy, and nono- and
di -G -C4al kyl arnino. [0105] (c) Zis a group of the formula O

XN( 2. t..Wo205ed8760" 1" . .. ... ... RR2 ri-@& G R21"ct, \ ECTISWPI067M06% Kt X1
X5 1 s.ty'v LAIN X/ Xi R 1 Xayl, WD 2010/ 068760 ’
PCT/ US2009/ 067506 R 23 ... X4 r r Xi Jilt. i ...al". ... .:::..
/R x3 X2 X21R21 \ X2. S'1" 11 x4_ X5 ,.. X1, ' N ,R23 o

pharmaceutically acceptable salts of such compounds. The phrase “a compound of Formula I;’
includes all subgeneric groups of Formula I including Formula IA, and Formula II and HI as well
as all forms of such compounds, including salts and hydrates, unless clearly contraindicated by
the context in which this phrase is used.

f0016] The terms “a” and “an” do not denote a limitation of quantity, but rather denote
the presence of at Jeast one of the referenced item. The term “or” means “and/or”. The terms
“comprising”, “having”, “including”, and “containing” are to be construed as open-ended terms
{i.e., meaning “including, but not limited to”). Recitation of ranges of values are merely
intended to serve as a shorthand method of referring individually to each separate value falling
within the range, unless otherwise indicated herein, and each separate value is incorporated into
the specification as if it were individually recited herein. The endpoints of all ranges are
included within the range and independently combinable. All methods described herein can be
performed in a suitable order unless otherwise indicated herein or otherwise clearly contradicted
by context. The use of any and all examples, or exemplary language (e.g., “such as”}, is
intended merely to better illustrate the invention and does pot pose a limitation on the scope of
the invention unless otherwise claimed. No langﬁage in the specification should be construed as
indicating any non-claimed element as essential to the practice of the invention as used herein.
Unless defined otherwise, technical and scientific terms used herein have the same meaning as is
commeonly understood by one of skill in the art to which this invention belongs.

[0017] An “active agent” means a compound {including a compound of the invention),
element, or mixture that when administered to a patient, alone or in combination with another
compoun-d, element, or mixture, confers, directly or indirectly, a physiological effect on the
patient. The indirect physiological effect may oceur via a metabolite or other indirect
mechanism. When the active agent is a compound, then salts, solvates (including hydrates) of
the free compound, crystalline forms, non-crystalline forms, and any polymorphs of the
compound are included. Compounds may contain one or more asymmetric elements such as
stereogenic centers, stereogenic axes and the like, e.g., asymmetric carbon atoms, so that the
compounds can exist in different stereoisomeric forms. These compounds can be, for example,
racemates or optically active forms. For compounds with two or more asymmetric elements,
these compounds can additionally be mixtures of diastereomers. For compounds having

asymmetric centers, all optical isomers in pure form and mixtures thereof are encompassed. In

)




R1I\R?N ...--RR3R1 1l 3. X4 G3 Lr\r, /R21 or R21 1..cG3
e'rNSS)' | R23 wherein X1, X2, X3, X4. and X5 are independently N or "UH
and no nore man two O Al - X5 are N d, 07, 03, and 04 are independently
Cl 12, 0, ®p 20100826, wherein no nore than two of G toPOAUREWWBIHer t han
hydrogen; and 05 is N or CH. R21 represents fromO to 3 groups

i ndependently chosen from hal ogen, hydroxyl, am no, cyano, -CONH2, - COCH,
C2- CAal kanoyl, Cl-Cal kyl thio, nmono- and di-Cl-Cal kyl atni no, Cl- C2hal oal kyl ,
and Cl- C2hal oal koxy. R22 i s hydrogen, hal ogen, hydroxyl, am no,

cyano, -,G6Xbh, cbhp &aidkwhh ce@on«%dﬁamob’lh bofk-n@a deouryin ZOhnd@afdnyLs,chﬁmll mono- and

di - C1- Cal kyl at n| no ter, Cl- and C1- | oal koxy,

o Someiprmg! Preserrepet danky AT Ak e TRy P s Oy

(phenyl, 1‘%@44&9)&&’0 55 d 9 asPmmeBRB etk e@auﬁwm)@n QR aiukyreeuf®ss, or

6- rn::r71)(=,°\%(g,\:le23 het er oar EIﬁ)EC% %IZaS kIcl)ix ?I%B)fti ejnﬂrl nda@ beé Qr g nenber ed

het er o®y &Y supkyP) Gebazeamaas. Reohgion gf thf g %@ﬁﬁé?aé‘oa% R ARRRA eﬁ%aryl each

?f whi %Qaﬂlﬁlc QJ%%BV&H&ﬁﬁmWhB& Heh éhcrﬁfaiﬁzaﬁbkbﬁ]tthé pegthse dfmdeiﬁﬁfﬁ‘fﬁﬁélhtyorc hosen
rom

hal ogen, hydro am no, cyan nitro, - CQO—l
Ql - 13( ch@mm p@rwg, fOW@QFI@c?%Va LB oyt d&‘@%ﬂ“i!&wm ﬂ‘aﬁﬂmm
di - G - Cal.ky ésggmemenrslﬁﬁa@@mm h&0) ORI i, - NRBCORL1, - NRB(( 0) OR11,
trifluoronmethyl, trifluoromethoxy, and QZ) phenyl and_5- ‘i(‘) 6- nenber ed
het er oar yl , [(8A8hA s thatiisna apern W%‘G‘W?Wyélbﬁlrs isjusgd forjpgigates PHEY ogen,
hydr OXy attacc:ll lfgryaJ sub %%cgq}okgﬁ% ]M@HQ%%%@E?C]&!@Q&&&&&H@ ﬂﬁ@u"'h'&dl@&e ndently
chosen rfrom al ogen, %y dr oxyl f , and CI- C2al koxy. R4 is
i ndepemﬁéx&'mhqmwdmoé@m)&towach occurrence from hydrogen and G - C2al kyl .
[0106] (d) 5001% %&]Ean%?lp catcggngﬂif}r@f!)rﬁ) Mﬁgé]d%;en} attdhed th?@r% a ¥bio- R22, , R22

N X3, --fr
(-(C=0)-) bridge. Alkanoy! groups have the indicated number of carbon atoms, with the carbon

" of the keto group being included in the numbered carbon atoms. For example a Coalkanoyl

group is an acetyl group having the formula CHa(C=0)-.

[0020] A bond represented by a combination of a solid and dashed line, le. ¥==== , may
be either a single or double bond.

[0021] “Alkyl” is a branched or straight chain saterated aliphatic hydrocarbon group,
having the specified number of carbon atoms, generally from 1 to about 12 carbon atoms. The
term C;-Csalkyl as used herein indicates an alkyl group having from 1, 2, 3, 4, 5, or 6 carbon
atoms. Other embodiments include alkyl groups having from 1 to 8 carbon atoms, 1 to 4 carbon
atoms or 1 or 2 carbon atoms, e.g. C;-Csalkyl, C;-Caalkyl, and C;-Caalkyl. When Co-C, alkyl is
used herein in conjunction with another group, for example, (ary)Co-Cs alkyl, the indicated
group, in this case aryl, is either directly bound by a single covalent bond (Cp), or attached by an
alkyl chain having the specified number of carbon atoms, in this case 1, 2, 3, or 4 carbon atoms.
Co-Cralkyl is used in conjunction with heteroaryl, aryl, phenyl, cycloalkyl, and heterocycloalkyl,
e.g,, {3- to 10-membered heteroaryl)Co-Caalkyl, (aryD)Co-Coalkyl, (phenyl)Co-Coalkyl, (Cs-
Creycloalkyl)Co-Caalkyl, and (heterocycloalkyl)Co-Caalkyl. Examples of alkyl include, but are
not limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, 3-methylbutyl, (-butyl, n-pentyl, and
sec-pentyl.

[0022] “Alkenyl” indicates a straight or branched hydrocarbon chain comprising one or

more unsaturated carbon- carbon double bonds, which may occur in any stable point along the
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X4X3, X4 Nc-- or"1-1Rv wherein X1, X), X3, and X4, are independently N or
CH,and no nore than two of X1-X4 are N. R21 represents fromO to 3
groups i ndependently chosen from hal ogen, hydroxyl, am no, cyano, -CONH2,
- COOH, Clw@adikgésreoC2- Cal kanoyl, Cl1- Cal koxy, Cl- Cal kyl tPRITES2¥AGS%6and

di - C1- Cal kyl am no, Cl-C2hal oal kyl, and C1-C2hal oal koxy. R22 is hydrogen,

hal ogen, hydroxyl, am no, cyano, -CONH2, -COCH, C2' Cl- Cal koxy,
Cl- Cal kyl t hi o, nmono- and di - Cl- Cal kyl am no, Cl-Cal kyl ester, G C2hal oal kyl,
and Cl1- C2hal oal koxy, or R22 is (C3-C7Cyd Qal kyl ) CoC2al kYI ,

( pheny Lp0- Q2alyk yloupd fbetbyd h@an@&s&itk@mﬁica(eanumber@}f carborbapred E.g. Co-

het er oar Co- C2a d roa I napht hyl ,
indanypb{‘%‘%}yi16‘?”%“%%‘?%‘5?3&@’%& £§8 2? O%Skglrl o) %n)%eg% nlﬁl%&(g ngnbe)r/ed
bi cycl i&pedishorinticatcdaakenof grodiis abscribedhiosit [}tplu:taﬁyl hwetfmoz tolabowr122
substituents inde endentl osen from am no,
cyano, <EPey Foms GoeE p eﬁ‘ﬁgﬁ‘ PW% BTy f%lgr C&% E;%OI?&( YRR

Cl- @hﬁgéﬂﬁiy@dflﬁb{&myzmgs indinde elhen$l, plopkig] Atibneny] gaﬁ@ga 502R|| - C(0)01211,
-NR8C01211, -NRBCS JORIi, triflu bﬁrorreth%{ gm,gtrl tuor ?Cpunye

(2) phenyl BH&FISASKYGrdisiBer et hetEr 64 Sfined abqvg wd Wn] 5”8l |tut ed
with 0,08, Qhs IRERdUrofd IR NeenbyidEiOxpl), ERimflas Kﬂ/d!kex@imﬁﬁa,lﬂ(lomynol[ 0107]
(e) Zis a group of the fornula R21A22x|yyX4 X5[1 ﬁ@%?lsa

qui nol liméed, BHEO SN YAn-PIOPOXY. HPPOBY: Oy BUPERIR @ﬁ’bé’cﬁe sz is a
qui nol %ﬂ]?ox;&f LRGL PP RG] ¥@Bedeky( h-heRRd, iﬁ@(o‘@rﬂ mRbesaRRL and R22 in Z

carry I"owm ng defini'tions: R21 represents a substituent at
t he 7- pesiylpeooxiof Whive “GuicnBoryes ugHdn I‘?Y“Pén(éheéc&&?uﬁ’l BRI Pifost i t uent s

i ndepepd e, Bup, Y G4 Oig cfibd B@achedGANER2, - COOH,
Ci1- Cal E’ % @Ccm[)%g%é%/l C?L!i?éu&g ot;l(p’ rmSno- a?nd I - (’S}€Cal Ky Icam no, Fdl
or

C2hal oatvia;ebuy aovdd @’l‘)—%? heid gsA Chedsoyy). amtachq!m’ P SKOPHSRYP 5%*1? the ek
(pyri dgﬂ)é of2alkyl d fq;a 0f e WLl aﬁombcamoa Utoed, WhdicRaleddy Rundto
substi 5t 815 e send. y

chosen from hal ogen, hydr oxyl, amino, cyano,
- COOH, th@%f(ﬁﬁhlleybs,mlﬁﬂs \@thk@bkyxy qoeorateind di - G - Cal kyl ar ni no,

trifluor Om;ﬂ)‘%li’l Ihfgpd t“ eé%é’r" ?rﬁ?cta{%gﬁ alk 1 orou is%éﬂi% h@llan AEL@CH?:E rE@E)uo

enbodi nment oxy or e oxy Ituent at 7- posi t| on of the
qui nol kn@teanfkagt. Zhesstpheﬂtyge 07y Epwn Either 013{:!@4{1933] £id)gr (21P|0§ lh@ forpymlp010/ 068760

PCT/ US substituted by 0, 1, 2, or 3
subst i T@@fﬁ%ﬁcﬁ’éﬁeﬁ’&@ﬁ e?orﬁlgg‘erg fr%]'1 al ogen, Cl- C4al kyl, C1-C4al koxy,
and nono- qo@izsqll“A(E;y}tﬁia’l’ klyizrarazﬂqybs Q& 2he afkpd giaup éndn 2bky1 gread gfd@éin%npounds of
ForrruIaIII c.grou I |1c!| [0113]
W t hi nPgEgip Hﬁ‘i"&g tIhT: nd{cﬁEgP F% %HO%O i&gﬁée O?Iétwrré?wh%ﬂfg ohd R are

j oi nedg@ich@sk mo@rﬂheaszlﬁﬁj iﬂd}rﬂeAnpyerm;ﬂirydlhyH}mo;grqm@ns gethgihior pi perazine ring or
a plpera2|ne rin to a

|
subst i t ut edO%ao h’g‘@/}” S‘?“‘@W&Pﬁﬁrﬁ“@“ﬂ CHH%B%D t‘f }Bog ﬁ%seﬁm% i hﬁ%l?o en,
hydr oxylos. 8HRemsdNips yﬁéﬁirdhyﬂ uBsted @ﬁﬁl:’arb@ler@ﬁakkrybr; atamdmCl C2a| koxy.

2 el e i oesen s SR YO A PSR s o
COOH, 17 Ml Frichdut ne@FARms 2RO PORBdrs 1 Where(iAaiEkIREA gr@ips may be
substituted. Such substitution may include fusion to a 5 to 7-membered saturated cyclic group
that optionally contains 1 or 2 heteroatoms independently chosen from N, (J, and §, to form, for
example, a 3,4-methylenedioxy-phenyl group. Aryl groups include, for example, phenyl,
naphthyl, including 1-naphthy! and 2-naphthyl, and bi-phenyl.
[0027] In the term “(aryl)alkyl,” aryl and alkyl are as defined above, and the point of
attachment is on the alkyl group. “(Ary1)Co-Caalkyl” indicates an ary! group that i3 directly

attached via a single covalent bond (aryl)Coalkyl or attached through an alkyl group having from
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-CONRi oRit; where Rio, Rn, and 1232 are independently hydrogen, or

Cl- Coal kyl , C2-00al kenyl, C2-C6al kynyl, (C3-C7cycl oal kyl ) Co- C2al kyl ,

(het erocycl oal kyl ) Co- C2al kyl , (phenyl) Co- C2al kyl , - to 6- er ed
nonocycl V0 rEre#sEr yl ) Co- C2al kyl , each of which is sué’gﬂsﬁqﬂgaﬁmﬁh O0to 3
substituents independently chosen from hal ogen, hydroxyl, oxo, Cl-C2alkyl,
Cl- C2al koxy, trifluoronethyl, and trifluoronethoxy. [0117] R16 1S 0to 2
substituents independently chosen from hal ogen, Cl-C2al kyl, and C1-

C2al koxy. [01181 Mis hydrogen or--nmethyl. [0119) Z is a %w nol i ne of the
formul a t@léﬁoht{@al@ﬁx]atdmer%ﬂampmg_f (paprlssaewsand iperqpehinddphepRiealsyinosi t i on

f th X
Of 1o 1ol 1543, Opl 8 2u bk DRSSt HENE S AdemaRlent ayichoser

C2- Cal kkanpytas m@sl;e@m@om mrmmoleaﬂdnduhs@m@waa wyPrae@ brigge ¢@hal oal kyl, and

Cl- C2hal o | Kyl
(pyri dW@g(Lﬁé%ﬁ%kﬁ covaleaily bc’f‘mﬁlivﬁ%(%:l ﬁh?%)s( §ub %QHI%E(%% \?\A 5 Cm‘,%n o 2
subst i t uent oy depangerit iya s@hmmyﬂmmhrahnﬂggwup erlmrylspecsmﬂ ABMbEy ano,

-COOH, -CONH2, C1-
b1 11 orbi G Aom S MO T T STat O P8 T Rafh Cn R CHbaTAE.
conpoungs;sangdosalib § (B4, Fa; mﬂ)a:aﬂbén ride RAMIN (Nlaﬂ)a&ytmﬁﬁmenulﬂaaﬂb/\ [0122]

Wthin Formula A, Rl ndR2areta en to r r nyl
nor pho PFHYRL ffo@?aﬂi’bﬂétl}‘ieﬂl?‘ﬁﬂ?ﬁﬁ”g‘?fcﬁﬁrﬁm 8%‘h0rbr| %Q‘%‘éﬁe& Qatr%) d%r{i‘ gsﬁ%gke%/hyl ene,

Or  OXY g8hsuBbihibl98s m&Y have a cycloalfgl graing] wiZchais ettztcakdaam ats@gegﬂmep Emrrf}gmsmf a

decahydroqui nol i nyl" or decahydr oi uj nol.in r ch o i's

br i dgedyaailyl gronstipgrdsfact Oé’i"ﬁﬁl %Vﬁ]z’ggéf# ISRy \é{,yl,% gl?dhexﬁ 0w ay%i&gdnd R2 are
taken {00 ?E&'@Eﬂf&t&i Ifngg,r fﬂ‘bﬁ)s@nc}&{s n@rbﬂﬁﬁﬁk@cﬁr@ﬁa:ﬁﬁttﬁfeomy&hml“kyﬂoa@emﬂbls@hOSen
from pi perazi nyl, rphol i nyl, eri rings, each of

o 3} ?ﬁ/’f g gc Q bon
whi ch Bydrmaﬂ@nﬂ E\@%i‘@)’ BB@E‘?G‘BIFSGEF OEB0H9) 68 %ﬁ%‘ ?frbezi‘I ¢ Hérérocyet oal kyl

9r0UI0 ld§Ubf1 ggceggngcgrg&lgg%yl group, which cycl ohexyl group is bridged
a“feth | 'ene, 8t hyl ene or oxycgen bri
i

bri dge, rein ea and R2 group
i s substl tu[tOQZP}v'ﬁhﬁhef@lS f'eydodkd it s‘nﬁﬂﬁﬁ%ﬁfewggﬁ‘fqn&m Vﬁﬁ‘é’e‘ﬁ f r om oxo,

hal ogen kR Yoint@ne z@ia @ﬁa)lflﬂé' wahignak R3 R4,
and R6! are |%% @I%‘%’%Iﬁ%ﬁ yg’%rglggndor A m RS(clsa 1 ﬁ

net hly CE
( C3- C7eyoh cahkybleGle T2ubpKics iortherhere)s jC8 eetztaqnwpﬁa%‘/é)c% 081”1%1}? h i s

unsubsti t ut R 1cSci &yi1, or phenyl; or R7
and R8FLVE @c%é%%ﬁ}flglzﬁ ag\}}éﬁ%&ggﬂ%g{ﬁ?ﬁt ed Cgi/g%g%?%ylygroup or a 4- to 6-

menber egtlahyctimahidy indrdynighexgibgiilt uted with 0 to 2 substituents

[ d d h f,., i l a a1 o S BavL <0 @_0
0 oo ( Nl RERV 3 R R P et Rt sl SREEIS srbhosfyvns %’.s)a g oup

of t hebﬁeejflaﬁlhian&r of cﬂ&m eacrmh R@stitgtefRi© 302 Riere KW@P aoRE0IT & ey R ER

met hyl ; al kyl , tihl;enyd . or

i mi daz8i gleé’ﬁﬁlhe qf%ﬁg%at?%s sﬁﬁg%{%bfehd &Eﬁ%ﬁl{l g%k%s%ggttﬁlﬁ?uent s
|ndepe&%ﬂiolméﬂﬁjh@ﬁmmdmaﬁmﬂmﬂlwmhyi Ghd p@ia-Gupkokyl; C2- C4al kenyl, phenyl, or
benzyl . [0127] Ri 6 re t A tly chosen
at from hall8 ﬂiaﬂé %@Tﬁ“’éﬁé{) E%ﬂégﬁksdéﬁ&{%ﬁe AE Qgeﬁ:?}ggﬁ%dép ogen,

Cl- czag@égmb@e b@@ﬂdﬁ)&]}mh@l‘racﬁﬂﬁ)@hm oal koxy. [1f179] 7 is n group of the

fzgligy 132876&-5@12/ Ugg]gég}/i Q6§q;ggpm capesszazolgf) 8% 8 607rc§ Ogloro b\r/c\%o and iodo.

[0033] “Heteroaryl” indicates a stable monocyclic aromatic ring having the indicated
number of ring atoms which contains from 1 to 3, or in some embodiments from 1102,
heteroatoms chosen from N, O, and S, with remaining ring atoms being carbor, or a stable
bicyclic or tricyclic system containing at least one 5- to 7-membered aromatic ring which
contains from 1 to 3, or in some embodiments from 1 to 2, heteroatoms chosen from N, (3, and §,

with remaining ring atoms being carbon. Monocyclic heteroaryl groups typically have from 5 to
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each of which is substituted by 0, 1, 2, or 3 substituents independently
chesen from hal ogen, C 4al kyl, G - Caal koxy, and nono- and

di - C1- C4al kyl am no. [0130] Al'so included herein are conmpounds and

sal t s of WabIP&’80 or any of the subfornul ae thereof ?HTW?[’@%“&?OGI east one
of the following conditions is nmet: (I ) RL and R2 are joined to forma

het erocycl oal kyl ring which is not piperidine or pyrrolidine; (2) Y is not
oxygen; and/ or (3) Z is not [0131] Any of the definitions for the
variables Rl, R2, R3, , R7, Rs, R16, Y, Z, and T used for Fornula | A may be
used fDrinEapmuliasimormipdivemtshudiginestirearyogrmusaee o Ehpribged bdgorghg as a
stabl e conpound results.. . RVACEUT nRRERARATE. NBimember ardrdPki32ing Conpounds
of t he®PHRPeRE & Can be 1%115%?\& ster“’e%&?!s_mt he neat5I gﬁgﬁecal , but are

pr ef er giphyd adnicnimsitaerredic @s nen-phaatraoeu tWewl the g suhbdr A anEeSIHSAY| v, t he

inventio rovides pharmceut.i anmos f; i LS : ynd or
phar na@%gftg%’érly} ?O'é%‘gx@%‘?dggl tgeséa gFtt%IlOg% theesﬁg?&r;@ gFﬁBQJH‘}[S %ﬁé}%ﬁ‘eﬁlsﬁmﬂ?ﬂﬁgat | east
one phakiBeou heabd y Sieabptripisén dahetemaryl Froap pr matedban £df isconposi ti on may
contain a compound o alt of Form I ] i I or may
cont ai Plﬂ“é‘r’l‘iaﬂé’lpr e tgadgqett?%ﬁ”a mbﬁ%@v%da%gtﬁfntss ?r?thg Q'loxm%fi%%ﬁc}%%ﬁg%ﬁnds of the
i nvent i,6R Ay, baaaget o ikteesed canat Inylude.dpi manbyljimipd e mkerodll.Ipyrankly

i nhal ation or spray,.syblingually, transdernally. .vi | s
adni ni @tr%zgmhd%ﬂﬂ?%ewﬂwha Ak dmglpéf}éggGWéﬁ%ﬁgZ%?@G%gngbht hal mi ¢
sol ut i @fazoB, }zo NBienfIBRRSLy]] iHioflesigg eiazniyt, bEwoidid-atelpnkencantaaylni ng

conventional phai maceutical]y acceptabl.. riers.  Tilt har utical
conposharehiarhy BazsPPRsPYEL B‘%‘Z%glﬁ%ﬁpﬂ’gyﬁ%ﬁ%xﬁ Vly%"ﬁasnggbrpldg%?ﬁﬁ e.g., as
an aergg(gg,l,’m@i Gbeadlyla gel, a pill, a capsule, a tablet, a syrup, a

transdernmal patch, or an ophthal m.c.solution. Sonme dasage forns, such as
Labl ot's. andOBdpILH wgh e SEITAIN FU TG CBy 5 S0 DA aE

It doses

cont ai 09 ARRKRPEF BleS FHARIchhiEBing frohh BiabinEhCorpaRenbsn fRag, 0.an
effective anount to achieve the desired Purpﬁgse. . 1%0 34%[f ‘Cﬁr,rlters

i ncl udeddx vithramrRnaHeE HPMHRHRECENG, FhisEURLCHTCE FPE 1 Pﬁ]}w FghPurity and
sufficient ly ?‘ﬁ’n&- %@%Wm& RufSReloh RIS BAD Ny b eycliaBeTtoE@idalyl on 1o the
pati ent" béi ng freated. The carrier can be inert or it can possess

phar nmegewtsiveelly bevedfin 4 (fbolt STipiomST N8 Sgfe GHPOBPEUSTPIEYinpl oyed i n

conj unction. Whth, b $ins Whids CBERHEI 1Rt RsQVbARy ar@baghica® quantity
of m&grﬁr%ﬁyioyﬁpﬁg%%r??gﬁ‘%}#?g% pg":r> “unist gcgsle of td?e co§r(rpo(51fr§1?df%j ) [ 0135]
O assedmvefromabeitéivs td apohtideingtsiimsa Eaariples pi hefredclegkyisides elugaff eri ng
agents, cpol.orjin ts., . di LB ants, emulsifiers, flavorants,
2'i derfP&P ?ht%ir' P%S‘%?@Q* %P%Igdééﬂ/’gﬁpéggi%gé?ﬁ?zer s, surfactants, tableting
agents, andoosst Thagrmiéatscy Sy ek iedicatesasatyeatqd ssbssigientn ##d han one

cl ass,, for exanpl e vegetabl '  BSat@cH R dGRNt i n sone

for wl@fqrwgloggg agd ali‘%?luaé%?s ﬂﬁﬁg%%lﬁg%éap@&lgﬁgﬁér@%tphﬂar maceut i cal |y acceptabl e
carri emseiobgldatiel)sliglaareup s tlarodies]e itabsibios sop Groaldé ewdrt FRgsant h, mal t,

gelatin; talc, and vegetahle.oils,. [ . ' : 88y11 ncl uded
R N e S U Lt
the acti vi ty03af Thdrwerss onpomac/of ditdieylpnesentichty gatrdery.or tertiary alkpl1 36] The
phar maceuti cal conpositions can be fornulat f adm.aistration.
These “BRPFSIRS BRTCIA AN SHEPTEE g H%;nr% ngse\l}\g{ké%al%s’('gw%%eaof a

hydr azQne, @hvide G 3eidadydiaai dfesbanponndTnsiusialdynet of baskyamboet 5 wt. %

of a hydrazone or a diacyl hydrazi ne,compqund. Sone. odi {.s contain

f r om adseiptis 95 HOGEMIRER %Hi?ﬂcsggm\ﬂf‘?' agg g’r‘%ﬁ%ﬁ”ﬁ%‘ﬁ * %gl\%%f %ﬁﬂ%ﬂ% out 75 wt. %
of t he;AyHlia4eReRmdthAHpyhydnazi ne conpound. METHODS OF TREATMENT

[0137] The invention includes nethods fng%eventi n nd treating hepatitis

9 !
C i nf ect i of@37biMeppoepdfichdi-dARerteeridse GBI E “8?0'311{218?%8% of “the
i nvent jon t0 RalheRi-@o)l st difkylbeRakinidesr &pl o tiedbinni @Ikylinkieed with a
hepatiti.s C virus. A conpound of the inventi orﬁgﬁa}/ berﬁfgr o] dted (as the only
acti veN-6Gedt ipmhivhyhanoinebettagbget 65Be manovi FAIoHE FHSE S50 Dnal  acti ve
agents. WD 2010/ 068760PCT/ US2009/ 067506 [0138] The pharnaceuti cal
conbi nations disclosed herein are useful for preventing, and treating
hepatitis Cinfections in patients. [0139] An effective anobunt of a
pharmaceutical conbination of the invention nmay be an anmount sufficient to
(a) prevent hepatitis C or a synptogof a hepatitis C fromoccurring in a
pati ent who may be predi sposed to hepatitis C but has not yet been
di agnosed as having it or prevent diseases that may be associated with or
caused by a primary hepatitis Cinfection (such as liver fibrosis that can
result in the context of chronic HCV infection); (1)) inhibit the
progression of hepatitis C, and (c) cause a regression of the hepatitis C




WD 2010/ 068760PC171182009/ 067506 t herapy, the nethods of the invention may
conprise adm nistering or delivering the conpound of The invention and an
additional active agent sequentially, e.g., in-separate solution, enulsion,
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shown in the foll owing schenes may be extracted, dried, filtered and/or
concentrated, and may be further purified (e.g., by chronmatography). Each
variable (e.g., "R') in the follow ng Schenes, refers to any group .
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nol i n-4- yl oxy) pyrrol i di ne- 2- car boxa



7 8 WO 2010/ 068760PCTI US2009/ 067506 ~ [0162] The Acid 7 (0.15nmml) in
1.0 L DVF is stirred with pepridine (excess, 0.6mmol, 4eq), HATU (115ngy,

0.3mol, 2.0cq), and DI EA (0.45mvol, 3.0eq) for 4 hrs i s
subj ect edVO3XHEE6Purification to afford 77.1ng 8. St g&%zgﬂé%{érgtlon of

(3S)-34(2S, 4R) - 2- (1- (et hoxycar bonyl) - 2-vi nyl cycl opr opyl car banoye- 4-

(7- met hoxy- 2- phenyl qui nol i n-4-yl oxy) pyrrolidine-1-carbonyl)-4, 4-di met hyl pen
tanoic acid 0 91011 [0163] The Acid 5 (105rrg, 0. 46mol , 1. 2eq) in 1.2
mL DMF is stirred with 9 (202ng, 0.38nmmmol ), (290nmy, 076 2. 0eq),
and DI EA (1{®W>can@le@@ayhaav@em6@m acwwébiﬁf%étsu?%uf%esb”é g“%j“@blﬂ%ﬁe ‘8 HPLC

purificatign to 1dga1%%§b§§§&e§&eﬁ TR0aY @) alRiof BrobiSic kst gdiit 1 eat ed

with 0" FFA R Al DCM over ni ght. The solvent is removed to provide
11 in mm@ymh ds carboxsuceqmc& anphegteat @ﬁhﬂémaffquﬁf&ﬁlya?@a%lﬁ salts iﬂclu‘%eo164] The

Acid 1 0,045 o e e
(0. 27l oy PP s e g e RO Bep ke RERHIEEEEE 5 0ea

for 2 Msded Theexuingleufreningn-guh 1e<argardc oGy TP SEEPSnCEeRRYREn21. 2 ng
12 (65% yi el %azﬁ chié’gh\kle%eh&é%d&]&%& rdaBic Bl 808 as WidibertNc Nafd b th@hic6 hrs. The

m xt ur &% subjecte to  HPLC purification to
af f or d suflsBicN@iifkdic, phdsEiri8) nitricland &eé@e cod the salty prejpared from organig g¢igssuch

I PM as acetic, prop:omc, suceinic, glycohc, stearic, lactic, malic, tartaric, citric, ascorbic, pam(nc,
maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic, mesylic, esylic, besylic,
sulfanilic, 2-acetoxybenzoic, fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic,
oxalic, isethionic, HOOC-(CH,),-COOH where n is (-4, and the like. Lists of additional suitable
salts may be found, e.g., in Remington ' Pharmaceutical Sciences, 17th ed., Mack Publishing
Company, Baston, Pa., p. 1418 {1985).

[0045] The term “carrier” applied to pharmaceutical compositions of the invention refers
to a diluent, excipient, or vehicle with which an active compound is provided.

[0046] A “pharmaceutically acceptable excipient” means an excipient that is useful in
preparing a pharmaceutical composition that is generally safe, non-toxic and neither biologically
hor otherwise undesirabie, and includes an excipient that is acceptable for veterinary use as well
as human pharmaceutical use. A “pharmaceutically acceptable excipient” as used in the present
application includes both one and more than one such excipient.

[0047] A “patient” is a human or non-human animal in need of medical treatment.
Medical treatment can include treatment of an existing condition, such as 2 disease or disorder,
prophylactic or preventative treatment, or diagnostic treatment. In some embodiments the
patient is a human patient.

[0048] “Providing” means giving, administering, selling, distributing, transferring (for
profit or not), manufacturing, compounding, or dispensing.

[0049] “Providing a compound of Formula I with at least one additional active agent”
means the compound of Formula I and the additional active ageni(s) are provided simultaneously
in a single dosage form, provided concomitantly in separate dosage forms, or provided in
separate dosage forms for administration separated by some amount of time that is within the

time in which both the compound of Formula I and the at least one additional active agent are |
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within the blood stream of a patient. The compound of Formula I and the additional active agent
need not be prescribed for a patient by the same medical care worker. The additional active
agent or agents need not require a prescription. Administration of the compound of Formula I or
the at least one additional active agent can oceur via any appropriate route, for example, oral
tablets, oral capsules, oral liguids, inhalation, injection, suppositories or topical contact.

[0050] “Treatment,” as used herein includes providing a compound of Formula [, either
as the only active agent or together with at least one additional active agent sufficient to: (a)
prevent a disease or a symptom of a disease from occurring in a patient who may be predisposed
to the disease but has not yet been diagnosed as having it {e.g. including diseases that may be
associated with or caused by a primary disease (as in liver fibrosis that can result in the context
of chronic HCV infection); (b) inhibiting the disease, i.e. arresting its development; and (¢)
relieving the disease, i.c., causing regression of the disease. “Treating” and “treatment” also
means providing a therapeutically effective amount of 2 compound of Formula I, as the only
active agent or together with at least one additional active agent to a patient having or susceptible
to a hepatitis C infection.

[0051] A “therapeutically effective amount” of a pharmaceutical combination of this
invention means an amount effective, when administered to a patient, to provide a therapeutic
benelit such as an amelioration of symptoms, e.g., an amount effective to decrease the symptoms
of 2 hepatitis C infection. For example a patient infected with a hepatitis C virus may present
elevated levels of certain liver enzymes, including AST and ALT. Normal levels of AST are
from 5 to 40 units per liter of serum (the liquid part of the blood) and normal levels of ALT are
from 7 to 56 units per liter of serum. A therapeutically effect amount is thus an amount
sufficient to provide a significant reduction in elevated AST and ALT levels or an amount
sufficient to provide a return of AST and ALT levels to the normal range. A therapeutically
effective amount is also an amount sufficient to prevent a significant increase or significantly
reduce the detectabie level of virus or viral antibodies in the patient’s blood, serum, or tissues,
One method of determining treatment efficacy includes measuring HCV RNA levels by a
convention method for determining viral RNA Ievels such as the Roch TagMan assay. In certain
preferred embodiments treatment reduces HCV RNA levels below the limit of quantitation (30
IU/mL, as measured by the Roche TagMan(R) assay) or more preferably below the limit of
detection (10 TU/mL, Roche TagMan).
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N-(1- (cycl opropyl sul f onyl car banmoyl) - 2- vinyl cycl opro y1,1c)T e oxy- 2-
phenyl qui‘ﬁ%lz‘i’lﬁgﬁ&"’?ﬂ oxy) pyrrolidine-2- carboxam deIO PdhabobiofRhe XY
(1-(cycl opropyl sul fonyl car banoyl) -2- vinyl cycl opropyl)-4-(7-net hoxy- 2-

70052} A significant increase or reduction in the detectable level of virus or viral
antibodies is any detectable change that is statistically significant in a standard parametric test of

statistical significance such as Student’s T-test, where p < 0.05.

CHEMICAL DESCRIPTION
[0053] Formula I includes all subformulae thereof. In certain situations, the compounds

of Formula I may contain one or more asymmetric elements such as stereogenic centers,
stereogenic axes and the like, e.g. asymmetric carbon atoms, so that the compounds can exist in
different stereoisomeric forms. These compounds can be, for example, racemates or optically
active forms. For compounds with two or more asymmetric elements, these compounds can
additionally be mixtures of diastereomers. For compounds having asymmetric centers, it should
be understood that all of the optical isomers and mixtures thereof are encompassed. In addition,
compounds with carbon-carbon double bonds may occur in Z- and E-forms, with all isomeric
forms of the compounds being included in the present invention. In these situations, single
enantiomers, ie., optically active forms, can be obtained by asymmetric synthesis, synthesis
from optically pure precursors, or by resolution of the racemates. Resolution of the racemates
can also be accomplished, for example, by conventional methods such as crystallization in the
presence.of a resolving agent, or chromatography, using, for example using a chiral HPLC
column.

[0054] Where a compound exists in various taulomeric forms, the invention is not limited
to any one of the specific tautomers, but rather includes all tautomeric forms.

[0055] The present invention is intended to include all isotopes of atoms occurring in the
present compounds. Isotopes include those atoms having the same atomic number but different
mass numbers. By way of general example, and without limitation, isotopes of hydrogen include
tritium and deuterium and isotopes of carbon include e B3¢ and .

[0056] Certain compounds are described herein using a general formula that includes
variables, e.g. R, R1-Rs, Ris, Ris, Rio, M, n, T, Y, and Z. Unless otherwise specified, each
variable within such a formula is defined independently of other variables. Thus, if a group is
said to be substituted, e.g. with 0-2 R*, then the group may be substituted with up (o two R¥

groups and R* at each occurrence is selected independently from the definition of R*. Also,
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combinations of substituents and/or variables are permissible only if such combinations resultin

stable compounds.

[0057] In addition to compounds of Formula I as described above, the invention also

includes compounds of Formula I in which one or more of the following conditions is met for the

variables Formula I The invention includes compounds of Formula I or Formula IA, Formula IT

(Formula TA, If and TII are subgeneric groups Formula of T) that carry any combination of the

variable definitions set forth below that results in a stable compound.
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[0058] For example, the invention includes embodiments in which any one or more of
the following conditions are met, so long as a stable compound results.
The R; and R, Substituents

[0059] The invention includes embodiments in which R; and R, carry any of the
following definitions.

10060] (a) R; and R; form an optionally substituted azetidine ring.

[0061] (b) R, and R, for an azetidine ring that is unsubstituted, or substituted with 1 or 2
halogen atoms or phenyl substituted with 0 to 3 substituents independently chosen from
halogen, methyl, and methoxy.

70062] (c) Ry and R, are joined to form a 5- to 7- membered heterocyloalkyl ring
containing 1 or 2 heteroatoms independently chosen from N, O, and S which ring is optionally
fused to a phenyl or 5- or 6- membered heteroaryl to form a bicyclic ring system, each of which
5- o 7- membered heterocycloalkyl ring or bicyclic ring system is optionally substituted.

f0063] (d) Any heterocycloalkyl ring formed by Ry and Ry may be substituted with 0 to
2 substituents independently chosen from chloro, fluoro, hydroxyl, COOL, -CONHg, oxo, Cs-
Caalkyl, C;-Qalkoxy, mono- or di-C;-Csalkylamino, trifluoromethyl, (mono- or di-C;-

Cialkylcarbamate)Co-Coalkyl-, C;_C4alkylestef, mono- or di-C;-Caalkylcarboxamide phenyl,
R F

Yo <

SJNTS
benzyl, pyridyi, 5-fluorobenzo[d}imidazol-2-yl, and a group of the formula 5

r0064] (¢) R, and Ry are joined to fori a pyrrolidine, piperidine, or piperazine ring, or a
piperazine ring fused to a phenyl or cyclohexy! ring, each of which is optionally substituted with
0 to 2 substituents independently chosen from halogen, oxo hydroxyl, amino, CONHo,

-COOH, C;-Coalkyl, C1-Coalkoxy, triffuoromethyl, mono- and di-Cy-Caalkylcarboxamide, and
mono- and di-C;-Caalkylcarbamate.

[0065] (f) Ry and R, are joined to form a 4- to 7- membered heterocyloalkyl ring
containing 0 to 2 additional heteroatoms independently chosen from N, O, and S which ring 1s
optionally fused to a 5- or 6- membered heterocyclic ring, containing 1 or 2 heteroatoms
independently chosen from N, O, and §, or 5- or 6-membered carbocyclic ring to form a bicyclic
ring system, each of which 5- to 7- membered heterocycloalkyl ring or bicyclic ring system is

substituted with O to 3 substituents independently chosen from A- and AB-,
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where A is halogen, hydroxyl, amino, cyano, 0xo, —CONHZ; -COOH, C;-Caalkyl, Cy-
Calkanoyl, Ci-Csalkoxy, C1-Caalkylthio, mono- or di-Cy-Cyalkylamino, C;-Caalkylester, mono-
or di-C;-Csalkylcarbamate, mono- or di-(31—C,r;alkylcarboxamide, C;-Caalkylsulfonyl, Ci-
Csalkylsulfonamide, C;-Czhaloalkyl, Ci-Czhaloalkoxy, pyridyl, pyrimidinyl, and phenyl, which
pyridyl, pyrimidiny! and phenyl are substituted with 0 to 2 substituents independently chosen
halogen, methyl and methoxy; and B is C,-Caallyl;

each of which 3- to 7- membered heterocycloalkyl ring or bicyclic ring system is also
substituted with 0 or 1 substituents chosen from N-cyclopropyl-3-
(trifluoromethyl)phenylsulfonamido, thiazol-2-ylcarbamoyl, 5-phenyl-1H-pyrazol-3-yl, and
benzimidazolyl optionally substituted with halogen; or

R, and Ry are taken together to form a 5- to 6-membered partially unsaturated or
aromatic group that is optionally fused to a phenyl or pyridyl group, which is substituted with 0
to 3 shustituents independently chosen from halogen, -CONHz, C;-Caalkyl, C;-Coalkoxy, and
trifluoromethyl.

10066] (g) R: and R, are joined to form a pyrrolidine, piperidine, or piperazine ring, or a
piperazine ring fused to a phenyl, each of which is optionally substituted with O to 2 substituents
independently chosen from methyl, -CONHz and fluoro.

[0067] (h)y Ry 1s

o o)

3 i =

HO.

A

HO @]
o) HO o . 0
ot O)—\N/\*‘)L RN %/L‘f
NP k/N HO

HO 533 =

HO 53:
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[0068] (i) R, and Ro are taken together to form an azetidiny] ring substituted with 0 to 2

halogen substituents and 0 or 1 phenyl substituent,

[0068] (i) R, carries any of the definitions set forth in (e) above, and R, is C;-Csalkyl or

Cs-Creycloalkyl.

[0069] (k) R, carries any of the definitions set forth in{e) aﬁove, and R; is hydrogen.

[0070] (1) R, and Ry are taken together to form an azetidinyl, pyrrolidinyl, pyrazolidinyl,

imidazolidinyl, oxazolidinyl, piperidinyl, piperazinyl, morpholinyl, azepanyl,

octohydroquinolinyl, octohydroisoguinolinyl, dihydroquinolinyl, dihydroisoquinolinyl,

octohydroindolyl, 1,4-dioxa-8-azaspiro[4.5}decan-8-yl, or octohydroisoindolyl, each of which is
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substituted with 0, 1, or 2 substituents independently chosen from chloro, fluoro, hydroxvl,

COOH, -CONH,, oxo, Ci-Caalkyl, Ci1-Caalkoxy, mono- or di-C;-Caalkylamino, trifluoromethyl,

(mono- or &i-C;-Cealkylcarbamate)Co-Cralkyl-, C-Cialkylester, mono- or di-C;-

Caalkylcarboxamide phenyl, benzyl, pyridyl, 5-fluorobenzoldlimidazol-2-vi, and a group of the
ROF

Yo ~

formula O

[0071] {(m) R; and R; are taken together to form a piperazinyl, morpholinyl, or
piperidinyl group, cach bridged with a methylene, ethylene, or oxygen bridge, or

R, and R; are taken together to form a decahydroquinolinyl or decahydroisoquinolinyl
group, each of which is bridged with a methylene, ethylene, or oxygen bridge; or

R, and R; are taken together to form a 5- or 6-membered heterocycloalkyl group chosen
from piperazinyl, morpholinyl, piperidinyl and pyrrolidinyl rings, each of which 5- or 6-
membered heterocycloalkyl group is fused to a cyclohexyl group, which cyclohexyl group is
bridged with a methylene, ethylene or oXygen bridge;

wherein each R; and R, group is substituted with 0 to 2 substituents independently
chosen from oxo, halogen, -CONHy, Ci-Cralkyl, C-Coalkoxy, and Ci-Caalkyl carbamate.

[0072] (n) R; and R; are taken together to form a group of the formula:

_&7@ <G :
| i
<, X

AN
each of which is substituted with 0 to 2 substituents independently chosen from oxo0, halogen,
-CONH,, Cy-Caalkyl, C;-Caalkoxy, and Ci-Caalkyl carbamate.

[0073] (o) R and R; are taken together to form a bicyclic system with rings in spiro
orientation having 2 total of 9 to 11 ring atoms with 0, T or 2 additional heteroatoms

independently chosen from N, O, and § with remaining ring atoms being carbon, which spiro
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ring system is substituted with 0 to 2 substituents independently chosen from oxo, halogen, -
CONH,, C;-Caalkyl, and C;-Caalkoxy.

{00741 (MR
The R3 to Rs Substituents

[0075] (a)} Rs and Ry are independently (1) hydrogen, or (2) C-Cyalkyl or (Cs-
Creycloalkyl)Co-Caalkyl, each of which is substituted with 0 to 3 substituents independently
chosen from halogen, hydroxyl, amino, cyano, -CONHy, -COOH, C;-Caalkyl, Co-Caalkanoyl, Ci-
Calkoxy, Ci-Caalkylthio, mono- and di-C;-Caalkylamino, C1-Cohaloalkyl, and C;-Cshaloalkoxy.

[0076] (b) Rs is hydrogen or methyl and R4 18 hydmgen, Cy-Caalkyl, or (Cs-
Coeycloalkyl)Co-Caalkyl.

[0077] (c) Rs and Ry are independently hydrogen or methyl.

[0078] (d) R;is hydrogen and Ry is (Cs-Creycloatkyl)Co-Coalkyl or (heterocyloalky)Co-
Coalkyl. '

{00791 {e) R is hydrogen or C,-Cjalkyi, or (C3-CeeycloalkylYCo-Coalkyl, and Ry 1s
hydrogen,

~ [0080] (f) R3 and Ry are both hydrogen.

[0081] (g) Rs is (1) hydrogen, or (2) C;-Cealkyl, (Cs-Creyeloalkyl)Co-Coalkyl, or
(phenyl)Co-Cralkyl, each of which is substituted with 0 to 3 substituents independently chosen
from halogen, hydroxyl, amino, cyano, <CONHy, -COQH, Cy-Cyalkyl, Co-Caalkanoyl, Ci-
Calkoxy, C1-Calkylthic, mono- and di-C;-Cualkylamino, C;-Cjhaloalkyl, and C;-Cohaloalkoxy;
and R is hydrogen or methyl.

[10082] (h) Rs is C-Cealkyl, (Cs-Creyeloalkyl)Co-Coalkyl, or (phenyDCo-Cralkyl, each of
which is unsubstituted; and Ry is hydrogen or methyl.

[0083] (1) Rs is hydrogen, C;-Cealkyl, (Ca-Cecycloalkyl)Co-Coalkyl, phenyl, or benzyl,
and Rg is hydrogen. '

{0084] (j) Rs and Rg are both hydrogen.

J0085] (k) Ry is hydrogen or methyl; and Rgis C-Caalkyl, (C3-CieycloalkyhCo-Caalkyl,
or {phenyDCo-Czalkyl, each of which is substitated with O to 3 substituents independently chosen
from halogen, hydroxyl, amino, cyano, -CONHy, -COOH, C;-Caalkyl, Co-Caalkenyl, Cp-
Caalkanovl, C1-Caalkoxy, Ci-Caalkylthio, mono- and di-C1-Csalkylamino, C;-Cghaloalkyl, and

C;-Cshaloalkoxy.
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[00861 (D R5 is hydrogen or methyl, and Rs is C1-Caalkyl, (Cs-CreyeloalkyhCo-Coalkyl,
or {phenyl)Cqo-Coalkyl, cach of which is unsubstituted; or R; and Rgare joined to form a 3- to 7-
membered cycloalkyl ring or 3- to 7-membered heterocycloalkyl ring containing 1 or 2
heteroatoms independently chosen from N, S, and O, each of which cyclolalkyl or
heterocycloalkyl ring is substituted with 0 to 2 substituents independently chosen from halogen,
hydroxyl, amino, cyano, vinyl, Ci-Caalkyl, C;-Caaikenyl, C-Coalkoxy, triflaoromethy], and
trifluoromethoxy.

[0087] (m) R7 and Rg are joined to form a vinyl-subsituted cycloproyl group or a 4~ to 6-
membered cycloalkyl ring, substituted with 0 to 2 substituents independently chosen from
halogen, hydroxyl, C1-Caalkyl, and Cy-Coalkoxy.

[0088] (n) In certain embodiments Ry, R4, and Re, are independently hydrogen or methyl;

Rs 15 C1-Csalkyl, (Ca-Creycloalkyl)Co-Cralkyl, or (phenyl)Co-Coalkyl, each of which is
pnsubstituted; and

Ry is hydrogen and Rg is C;-Caalkyl or phenyl; or

Ry and Rg are joined to form a vinyl-subsituted cycloproyl group or a 4- to 6- membered
cycloalkyl ring, substituted with O to 2 substituents independently chosen from halogen,

hydroxyl, Ci-Cralkyl, and Cy-Coalkoxy.
[0089] (0) In certain other embodiments Rs, Ry, and Rg, are independently hydrogen or

methyl;

Rs is C1-Cealkyl, (C3-Creycloatkyl)Co-Caalkyl, or (phenyljCo-Coalkyl, each of which is
unsubstituted; and

R7 is hydrogen and Ry 1s C;-Caalkyl or phenyl; or Ry and Rg are joined to form a vinyl-
subsituted cycloproyl group or a 4- to 6- membered cycloalkyl ring, substituted with 0 to 2

substituents independently chosen from halogen, hydroxyl, C;-Cealkyl, and C;-Coalkoxy.

T and Ro Substituenis
[0090] The invention includes compounds and salts of Formula Iin which T 1s a group

o

of the formula j?? Ry and Rs carries any of the definitions which follow.
[0091] (&) Rg is hydroxyl, amino, -COOH, —NRK}RU, -OR;Q, —SRu, —NR]()(S:O)RH, -
NR16805R 1, -NR10SONR 1R 12, -NR16SO02NR 11 R 12, -(C=0)OR 10, -NR19(C=0)ORys, or -

CONR R ;.
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Ry is hydroxyl, -OR 2, -NR1pSO2R 11, o1 -NR10SO2NR ;R 1.

[0092] (b) Ro is ~NR15SO;Ry3; in which Ryg is hydrogen or methyl; and
Ry is Cj-Csalkyl, phenyl, Cs-Creycloalkyl, thienyl, or imidazolyl, each of which is subsituted
with 0 to 3 substituents independently chosen from halogen, Cy-Caalkyl, Cy-Caalkoxy, Co-
Csalkenyl, phenyl, or benzyl.

[0093] (c) Re is -NR1pSO;R1;; wherein Rypis hydrogen and Ry is C-Caalkyl or
cyclopropyl, which is unsubstituted or substituted with one substituent chosen from chloro, Cy-
Caalkyl, Cy-Caalkenyl, or benzyl.

[0094] (d) The invention includes compounds of Formula I including compounds in
which Ry carries the definitions (a) and (b) set forth immediately above in which Rip and Ry are
independently hydrogen or methyl and Ry, s trifluormethyl or C;-Cealkyl or Ry is Cs-
Coycloalkyl, phenyl, or benzyl, each of which is substitated with 0 to 2 substituents.
independently chosen from halogen, C;-Caalkyl, Ci-Caalkoxy, C,-Caalkenyl, and (phenyl)Co-
Cralkyl.

[0095] (&) In certain embodiments Ry is hydrogen or methyl and Ry is cyclopropyl.
The Y, n, J, and L Variables and M Substituerﬁ ‘

[0096] The invention includes compounds and salts of Formula Iin which any éf the
following conditions are met for Y, n, J, L, and M.

[0097] {a} In certain embodiments nis 0; and Y is absent, 0O, §, -0(C=0)-, or -
O(C=0)(NRzg)-, where Rz is hydrogen or methyl. '

[0098] (b) In certain other embodiments nis 0 and Y 18 O,

[0099] (c) The invention includes embodiments in which n is 0: and Y is -(NRag{C=0)-,

where Ryg is hydrogen or methyl.

[0100] (d) M is hydrogen
[01017 (e} J and L are both CHa.

The 7 Substifuent
[0102] The Z Substituent may have any of the following definitions.

[0103] (a) 7 is 1-naphthyl, 2-napthyl,
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each of which is substituted by 0, 1, 2, or 3 substituents independently chosen from halogen, Cy-
Cualkyl, Ci-Caalkoxy, and mono- and di-C;-Caalkylamino.
10105] (c) Z is a group of the formula

Rz1 X N Rz
h XE N 822 F{21‘£ 2 \Y
YN Y NP
il G7 X4
X4_~ / /X1
X5 o

WY
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wherein X;, Xa, Xa. X4, and Xs are independently N or CH and no more than two of X; ~

X5 are N,
Gy, Gz, Gs, and Gy are independently CIL, O, S, or NRys, wherein no more than two of G to Gy
are other than hydrogen; and Gs is N or CH.

Rz represents from O to 3 groups independently chosen from halogen, hydroxyl, amino,
cyano, -CONH;, -COOH, C;-Caalkyl, C,-Cialkanoyl, C;-Caalkoxy, Ci-Caalkylthio, mono- and
di-Cy-Csalkylamino, C;-Cohaloalkyl, and C;-Czhaloalkoxy.

R, is hydrogen, halogen, hydroxyl, amino, cyano, -CONH,, -COOH, C1-Caalkyl, Co-
Caalkanoyl, C;-Caalkoxy, C-Cyalkylthio, mono- and di-C;-Caalkylamino, C1-Caalkylest
Cshaloalkyl, and C;-Cyhaloalkoxy, or

Ry is (Ca-Creyeloalky)Co-Cralkyl, (phenyDCo-Coalkyl, (phenyl)Ce-Coalkoxy, (5- or -
membered heleroaryl)Co-Coalkyl, (5-or 6-membered heteroaryl)Co-Coalkoxy, naphthyl, indanyl,
{5- or 6-membered heterocycloalkyl)Co-Coalkyl, or 9- or 10 membered bicyclic heteroaryl, each
of which is substituted with 0, 1, or 2 substituents independently chosen from:

(1) halogen, hydroxyl, amino, cyano, nitro, -COOH, -CONHa, CH3(C=0)NH-, C;-
Caalkyl, Ci-Caalkoxy, C;-Cshydroxyalkyl, mono- and di-C;-Caalkylamino, -NRgSO2R 11, -
C{OYORq1,

“NRsCOR 1, -NRgC(OYORyy, trifluoromethyl, trifluoromethoxy, and
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(2) phenyl and 5- or 6-membered heteroaryl, each of which is substituted with Q or 1 or

more of halogen, hydroxyl, C;-Caalkyl, C;-Coalkoxy;

R, is 0 to 2 substituents independently chosen from halogen, hydroxyl, C;-Caalkyl, and
C:-Coalkoxy.
Ry, is independently chosen at each occurrence from hydrogen and C;-Cpalkyl.
101061 (d) Z is a group of the formula
Ra1 Rao1

X X R \Xs_
\3 \l/ Xé\ 1_\ \ 22 N\ 2\
B
Xgo Pz X1 X 2~ =N
5 X4
.—-—N -
RE?\ R21\ Ro T N
\ 7
G Ry T Rz oo T Ry

wherein X;, X», X3, and Xy, are independently N or CH and no more than two of X;~X4 are N.

Ry; represents from 0 to 3 groups independently chosen from halogen, hydroxyl, amino,
cyano, -CONHz, -COOH, Cy-Caalkyl, C2-Csalkanoyl, C;-Caalkoxy, C;-Caalkylthio, mono- and
di-C-Caalkylamino, C;-Czhaloalkyl, and C;-Czhaloalkoxy.

Rz is hydrogen, halogen, hydroxyl, amino, cyano, -CONH,, -COGH, C1-Caalkyl, Co-
C4alkanoyl, Ci-Caalkoxy, C-Caalkylthio, mono- and di-C;-Cqalkylamino, Ci-Caalkylester, Cy-
Cshaloalkyl, and C,-Cohajoalkoxy, or

R,y is (Ca-Creycloalkyl)CoCaalkyl, (phenyl)Co-Coalkyi, (phenyl)Co-Cralkoxy, (5- or 6-
membered heteroarylYCo-Coalkyl, (5- or 6-membered heteroaryl})Co-Cralkoxy, naphthyl, indanyi,
(5- or 6-membered heterocycloalkyl)CoCoalkyl, or 9- or 10 membered bicyclic heteroaryl, each
of which is substituted with 0, I, or 2 substituents independently chosen from

(1) halogen, hydroxyl, amino, cyano, nitro, -COOH, -CONH,, CH3(C=0)NH-, Ci-
Caalkyl, Ci-Caalkoxy, Ci-Cahydroxyalkyl, mono- and di-C;-Caalkylamino, -NRgSO2R 1, -
C({OOR 11, -NRgCOR1, -NRgC(O)OR3, trifluoromethyl, and trifluoromethoxy, and

(2) phenyl and 5- or 6-membered heteroaryl, each of which is substituted withQ or 1 or
more of halogen, hydroxyl, C;-Cealkyl, Ci-Caalkoxy.

[0107] (e) Z is a group of the formula
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[0109] (g) In certain embodiments Z is a quinoline of the formula given in (f) and the
variables Ra; and Ry in Z carry the following definitions:

Ry represents a substituent at the 7-position of the quinoline, and 0 to 2 additional
substituents independently chosen from halogen, hydroxyl, amino, cyano,
CONH,, -COOH, C;-Caalkyl, C,-Calkanoyl, C;-Cyalkoxy, mono- and di-C;-Csalkylamino, Ci-
Chaloalkyl, and C;-Czhaloalkoxy; and

Ry is (phenyl)Co -Cralkyl or (pyridyl)Co-Coalkyl, each of which is substituted with 0, 1,
or 2 substituents independently chosen from halogen, hydroxyl, amino, cyano, -COOH,
-CONH,, C;-Caalkyl, C;-Cqalkoxy, mono- and di-C;-Caalkylamino, trifluoromethyl, and

trifluoromethoxy.
[0110] (b) In other embodiments Ry is a methoxy or ethoxy substituent at the 7-position

of the quinoline and Ry is phenyl or pyridyl.
[0111] (i) Z s
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each of which is substituted by 0, 1, 2, or 3 substituents independently chosen from halogen, C;-

Calkyl, C;-Caalkoxy, and mono- and di-C;-Caalkylamino.

[0112] The invention includes compounds of Formula III (which is a subgeneric group of

Formula I)

z
/
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Formula 11T

Iy

[01131 Within Formula IHI the following conditions are met.

AAAAA

ring or a piperazine ring fused to a phenyl, each of which is optzonaﬂy substituted with 0 to 2
substituents independently chosen from halogen, hydroxyl, amino, CONHz, C;-Caalkyl(C=0)-
COOH, C;-Caalkyl, and C1-Cpalkoxy.

[0115] Rs, R4, R, and Rg are independently chosen from hydrogen, C;-Caalkyl, and (Cs-
Cycycloalkyl}Cg—CzalkyI.

[01161 R is hydroxyl, amino, -COOH, NRoR11, -OR12, -NR316SO2R11, -(C=0YOR 0, 0F
CONRoR11; where Rig Ri1, and Rz are independently hydrogen, or C;-Cealkyl, (Cy-Cgalkenyl,
Co-Cealkynyl, (Ca-Creycloalkyl)Co-Caalkyl, (heterocycloalkyl)Co-Cralkyl, (phenyl)Co-Coalkyl,

or (5- to 6-membered monocyclic heteroaryl)Co-Coralkyl, each of which is substituted with 0 to 3
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substituents independently chosen from halogen, hydroxyl, oxo, Ci-Caalkyl, C1-Caalkoxy,

trifluoromethyl, and trifluoromethoxy.
[0117] Rye is O to 2 substituents independently chosen from halogen, C;-Csalkyl, and C;-

Coalkoxy.
[0118] M is hydrogen or methyl.
[0119] Z is a quinoline of the formula
Roy
w\\ Na
[ N

[IaVa W

[0120] Wherein
Ry represents a substituent at the 7-position of the quinoline, and O to 2 additional

Raz

substituents independently chosen from halogen, hydroxyl, amino, cyano,
-CONH,, -COOH, C;-Caalkyl, Cs-Cyalkanoyl, C;-Csalkoxy, mono- and di-Cy-Cyalkylamino, Cs-
(ohaloalkyl, and Cy-Cyhaloalkoxy; and

Ry, is (phenylyCo-Caalkyl or (pyridyl)Co-Coalkyl, each of which is substituted with 0, 1,
or 2 substituents independently chosen from halogen, hydroxyl, amino, cyano, -COOH,
-CONH,, Ci-Cyalkyl, Ci-Caalkoxy, mono- and di-C;-Caalkylamino, trifluoromethyl, and

trifluoromethoxy.
[0121] The invention includes compounds and salts of Formula IA

Z\'} 5o 4
S
N O Ry As
R1/ MO
O As Pormula IA
r0122] Within Formula JA, R; and Ry are taken together to form a piperazinyl,
morpholinyl, or piperidinyl group, each bridged with a methylene, ethylene, or oxygen bridge, or
R, and R; are taken together to form a decahydroquinolinyl or decahydroisoquinolinyl

group, each of which is bridged with a methylene, ethylene, or oxygen bridge; or

R, and R, are taken together to form a 5- or 6-membered heterocycloalkyl group chosen

from piperazinyl, morpholinyl, piperidinyl and pyrrolidiny! rings, each of which 5- or 6-
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membered heterocycloalkyl group is fused to a cyclohexyl group, which cyclohexyl group is
bridged with a methylene, ethylene or oxygen bridge: wherein each R and Ry group is
substituted with 0 to 2 substituents independently chosen from oxo, halogen, -CONHa, C)-
Cralkyl, C1-Coalkoxy, and C,-Caalkyl carbamate;Rs, Rs, and R, are independently hydrogen or

methyl.
[0123] Rs is C;-Cealkyl, (Cs-Creycloalkyl)Co-Coalkyl, or {phenyl)Co-Czalkyl, each of

which is unsubstituted.
[0124} Ryis hydrogen and Rg is C;-Caalkyl or phenyl; or Ry and Ry are joined to form a
vinyl-subsituted cycloproyl group or a 4- to 6- membered cycloalkyl ring, substituted with 0 to 2
substituents independently chosen from halogen.

{0125] Y is absent, O, S, -O(C=0)-, or -O(C=0)NRx0)-, where Ry is hydrogen or

methyl.
0O

[0126] T is a group of the formula :27 Ro: and Rois NR;¢SO:R;y, where Ryg is
hydrogen or methyl; and Ruis C-Cealkyl, phenyl, Cs-Creyeloalkyl, thienyl, or imidazolyl,
each of which is subsituted with 0 to 3 substituents independently chosen from halogen, Ci-
Caalkyl, Ci-Caalkoxy, C,-Caalkenyl, phenyl, or benzyl.

[0127] Ry represents 0 to 2 substituents is independently chosen at from halogen, Ci-

Coalkyl, and C;-Caalkoxy.
[0128] Rap is hydrogen, C;-Coalkyl, C;-Czhaloalkyl, or C,-Cohaloalkoxy.

[0129] Z is a group of the formula
S
I@ @ j@ =N
R
e
NZ S~

OO X0 QL
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each of which is substituted by 0, 1, 2, or 3 substituents independently chosen from halogen, C;-
Caalkyl, Cy-Cialkoxy, and mono- and di-C;-Csalkylamino.
[0130] Also included herein are compounds and salts of Formuta I or any of the
subformulae thereof in which at Jeast one of the following conditions is met: (1) R; and Rz are
joined to form a heterocycloalkyl ring which is not piperidine or pyrrolidine; (2) Y is not

oxygen; and/ or (3) Z is not

[0131] Any of the definitions for the variables Ry, Ro, Ra, , R7,Ra, Ry Y, Z, and T used

for Formula 1A may be used for Formula I or other subgeneric formulae of Formula I so long as

Yoo

a stable compound resuiis.

PHARMACEUTICAL PREPARATIONS

70132] Compounds of the invention can be administered as the neat chemical, but are
preferably administered as a pharmacentical composition. Accordingly, the invention provides
pharmaceutical compositions comprising a compound or pharmaceutically acceptable salt of the
Formula I, together with at least one pharmaceutically acceptable carrier. The pharmaceutical
composition may contain a compound or salt of Formula T as the only active agent, or may
contain one or more additional active agents.

[0133] Compounds of the invention may be administered orally, topically, parenterally,

by inhalation or spray, sublingually, transdermally, via buccal administration, rectally, as an
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ophthalmic solution, or by other means, in dosage unit formulations containing conventional
pharmaceutically acceptable carriers. The pharmaceutical composition may be formulated as
any phafmaceu'tically useful form, ¢.g., as an acrosol, a cream, a gel, a pill, a capsule, a tablet, a
syrup, a transdermal patch, or an ophthalmic solution. Some dosage forms, such as tablets and
capsules, are subdivided into suitably sized unit doses containing appropriate quantities of the
active components, e.g., an effective amount to achieve the desired purpose.

[0134] Carriers include excipients and diluents and must be of sufficiendy high purity
and sufficiently low toxicity to render them suitable for administration to the patient being
treated. The carrier can be inert or it can possess pharmaceutical benefits of its own. The
amount of carrier employed in conjunction with the compound is sufficient to provide a practical
quantity of matesial for administration per unit dose of the compound.

[0135] Classes of carriers include, but are not limited to binders, buffering agents,
coloring agents, diluents, disintegrants, emulsifiers, flavorants, glidents, lubricants, preservatives,
stabilizers, surfactants, tableting agents, and wetting agents. Some carriers may be Hsted in more
than one class, for example vegetable oil may be used as a Jubricant in some formulations and a
diluent in others. Exemplary pharmaceutically acceptable carriers include sugars, starches,
celluloses, powdered tragacanth, malt, gelatin; tale, and vegetable oils. Optional active agents
may be included in a pharmaceutical composition, which do not substantially interfere with the
activity of the compound of the present invention.

[0136] The pharmaceutical compositions can be formulated for oral administration,
These cormpositions contain between 0.1 and 99 weight % (wt.%) of a hydrazone or a diacyi
hydrazine compound and usually at least about 5 wt.% of a hydrazone or a diacyl hydrazine

compound. Some embodiments contain from about 25 wt. % to about 50 wt. % or from about 5

Wt.% to about 75 wt.% of the hydrazone or diacyl hydrazine compound.

METHODS OF TREATMENT
[0137] The invention includes methods of preventing and treating hepatitis C infections,

by providing an effective amount of a compound of the invention to patient at risk for hepatitis C
infection or infected with a hepatitis C virus. A compound of the invention may be provided as

the only active agent or may be provided together with one or more additional active agents.
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[0138] The pharmaceutical combinations disclosed herein are useful for preventing and
treating hepatitis C infections in patients.

f0139] An effective amount of a pharmaceutical combination of the invention may be an
amount sufficient to (a) prevent hepaiitis C or a symptom of 2 hepatitis C from occurring in a
patient who may be predisposed to hepatitis C but has not yet been diagnosed as having it or
prevent discases that may be associated with or caused by a primary hepatitis C infection (such
as liver fibrosis that can result in the context of chronic HCV infection); (b) tnhibit the
progression of hepatitis C; and (c) cause a regression of the hepatitis C infection. An amount of
a pharmaceutical composition effect to inhibit the progress or cause a regression of hepatitis C
includes an amount effective to stop the worsening of symptoms of hepatitis C or reduce the
symptoms experienced by a patient infected with the hepatiﬁs C virus. Alternatively a halt in
progression or regression of hepatitis C may be indicated by any of several markers for (he
disease. For example, a lack of increase or reduction in the hepatitis C viral load or a lack of
increase or reduction in the number of circulating HCV antibodies in a patient’s blood are
markers of a halt in progression or regression of hepatitis C infection, Other hepatitis C disease
markers include aminotransferase levels, particularly levels of the liver enzymes AST and ALT.
Normal levels of AST are from 5 to 40 units per liter of serum (the liquid part of the blood) and
normal levels of ALT are from 7 to 56 units per liter of serum. These levels will typically be
clevated in 2 HOV infected patient. Disease regression is usually marked by the return of AST
and ALT Jevels to the normal range.

[0140] Symptoms of hepatitis C that may be affected by an effective amount of a
pharmaceutical combination of the invention include decreased liver function, fatigue, fiu-like
symptoms: fever, chills, muscle aches, joint pain, and headaches, nausea, aversion to certain
foods, unexplained weight loss, psychological disorders including depression, tenderness in the
abdomen, and jaundice.

[0141] “Liver function” refers to a normal function of the liver, inciuding, but not limited
to, a synthetic function including synthesis of proteins such as serum proteins (e.g., albumin,
clotting factors, alkaline phosphatase, aminotransferases {e.g., alanine transaminase, aspastate
transaminase), 5-nucleosidase, y glutaminyltranspeptidase, etc.), synthesis of bilirubin, synthesis
of cholesterol, and synthesis of bile acids; a liver metabolic function, including carbohydrate

metabolism, amino acid and ammonia metabolism, hormone metabolism, and lipid metabolism;
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detoxification of exogenous drugs; and a hemodynamic function, including splanchnic and portal
hemodynamics.

[0142] An effective amount of a combination described herein will also provide a
sufficient concentration of the active agents in the concentration when administered to a patient.
A sufficient concentration of an active agent is a concentration of the agent in the patient’s body
necessary to prevent or combat the infection. Such an amount may be ascertained
experimentally, for example by assaying blood concentration of the agent, or theoretically, by
calculating bioavailability. The amount of an active agent sufficient to inhibit vira! infection in
vitro may be determined with a conventional assay for viral infectivity such as a replicon based
assay, which has been described in the Hiterature.

[0143] The invention also includes using pharmaceutical combinations comprising a
compound of the invention in prophylactic therapies. In the context of prophylactic or
preventative treatment an effective amount of a compound of the invention is an amount
sufficient to significantly decrease the patient’s risk of contracting a hepatitis C infection.

[0144] The invention includes a method of inhibiting HCV replication in vive comprising
providing a compound or salt of the invention to a patient infected with HCV a concentration of
the compound or salt sufficient to inhibit HCV replicon replication in vitro. In this instance the
concentration includes an in vivo concentration, such as a blood or plasma concentration. The
concentration of compound sufficient to inhibit HCV replicon replication in vitro includes may
be determined from an assay of replicon replication such as the assay provided in Example 3,
herein.

[0145] Methods of treatment include providing certain dosage amounts of a compound of
the invention to a patient. Dosage levels of each active agent of from about 0.1 mg to about 140
mg per kilogram of body weight per day are useful in the treatment of the above-indicated
conditions (about 0.5 mg to about 7 g per patient per day). The amount of active ingredient that
may be combined with the carrier materials to produce a single dosage form will vary depending
upon the patient treated and the particular mode of administration. Dosage unit a compound of
the invention. In certain embodiments 25 mg to 500 mg, or 25 mg to 200 mg of a compound of
the invention are provided daily to a patient. Frequency of dosage may also vary depending on

the compound used and the particular discase treated. However, for treatment of most infectious
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disorders, a dosage regimen of 4 times daily or less is preferred and a dosage regimen of 1 or 2
times daily is particularly preferred.

| 10146] It will be understood, however, that the specific dose level for any particular
patient will depend upon a variety of factors including the activity of the specific compound
employed, the age, body weight, general heaith, sex, diet, time of administration, route of

administration, and rate of excretion, drug combination and the severity of the particular disease

in the patient undergoing therapy.

PACKAGED FORMULATIONS
[0147] The invention comprises providing a compound or salt of Formula I in a container

together with instructions for using the composition to treat a patient suffering from Hepatitis C
infection.

[0148] The invention includes packaged pharmaceutical combinations. Such packaged
combinations include a compound of Formula I in a container. The container may additionally

include instructions for using the combination to treat or prevent a viral infection, such as a

hepatitis C infection, in a patient.

[0149] The packaged pharmaceutical combination may include one or more additional

active agents,

COMBINATION METHODS
[0150] The invention includes pharmaceutical compositions and methods of treatment in

which a compound or salt of the invention is provided together with one or more additional
active agents. In certain embodiments the active agent (or agents) is an HCV protease inhibitor
or HCV polymerase inhibitor. For example the protease inhibitor may be telaprevir (VX-950)
and the polymerase inhibitor may be valopicitabine, or NM 107, the active agent which
valopicitabine is converted into in vivo. In certain embodiments the second active agent is
ribavirin, interferon, or Peg-interferon alpha conjugate.

[0151] According to the methods of the invention, the compound of the invention and an
additional active agent may be: (1) co-formulated and administered or delivered simultaneou sly
in a combined formulation; (2) delivered by alternation or in parallel as separate formulations; or

(3) by any other combination therapy regimen known in the art. When delivered in alterpation
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therapy, the methods of the invention may comprise administering or delivering the compound of
The invention and an additional active agent sequentially, e.g., In scparate solution, emulsion,
suspension, tablets, pills or capsules, or by different injections in separate syringes. In general,
during aiternation therapy, an effective dosage of each active ingredient is administered
sequentially, i.e., serially, whereas in simultancous therapy, effective dosages of two or more
active ingredients are administered together. Various sequences of intermittent combination
therapy may also be used.

[0152] In certain embodiments method of treatment includes providing a patient with a
compound of Formula I and an interferon such as a pegylated interferon or interferon gamma.
The interferon may be the only compound provided with the compound of the invention or may
be provided with an additional active agent that is not an interferon.

[0153] The invention methods of treatment and pharmaceutical combinations including
compounds of the invention any one or combination of the following compounds and substances
as an additional active agent:

Caspase inhibitors: IDN 6556 (Idun Pharmaceuticals)

Cvclophilin Inhibitors: NIM811 (Novartis) and DEBIO-025 (Debiopharm)

Cytochrome P430 monoox ygenase infubiters: ritonavir (WO 94/14436), ketoconazole,
troleandomycin, 4-methyl pyrazole, cyclosporin, clomethiazole, cimetidine, itracopazole,
fluconazole, miconazole, fluvozamine, fluoxetine, nefazodone, sertraline, indinavir, nelfinavir,
amprenavir, fosamprenavir, saquinavir, lopinavir, delavirdine, erythromyein, VX-944, and VX-
497, Preferred CYP inhibitors include ritonavir, ketoconazole, troleandomycin, 4-methyl
pyrazole, cyclosporin, and clomethiazole

Glucocorticoids: hydrocortisone, cortisone, prednisone, prednisolone,
methylprednisolone, triamcinolone, paramethasone, betamethasone, and dexamethasone

Hematopoieting: hematopoietin-1 and hematopoietin-2. Other members of the
hematopoietin superfamily such as the various colony stimulating factors (e.g. (e.g. G-CSF, GM-
CSE, M-CSP), Epo, and SCF (stem cell factor_)

Homeopathic Therapies: Milk Thistle, sitymarin, ginseng, glycyrrhizin, lcorice root,
schisandra, vitamin C, vitamin E, beta carotenc, and selenium

Immunomodulatorv compounds: thalidomide, 1L-2, hematopoietins, IMPDH inhibitors,

for example Merimepodib (Vertex Pharmaceuticals Inc.), interferon, including natural interferon
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(such as OMNIFERON, Viragen and SUMIFERON, Sumitomo, a blend of natural interferons),
natural interferon alpha (ALFERON, Hemispherx Biopharma, Inc.), interferon alpha nl from
lymphblastoid cells (WELLFERON, Glaxo Wellcome), oral aipha interferon, Peg-interferon,
Peg-interferon alfa 2a (PEGASYS, Roche}, recombinant interferon alfa 2a (ROFERON, Roche),
inhaled interferon alpha 2b (AERX, Aradigm), Peg-interferon alpha 2b (ALBU FERON, Human
Genome Sciences/ Novartis, PEGINTRON, Schering), recombinant interferon alfa 2b (INTRON
A, Sc%ieﬁng), pegylated interferon alfa 2b (PEG-INTRON, Schering, VIRAFERONPEG,
Schering) ,interferon beta-1a (REBIF, Serono, Inc. and Pfizer), consensus interferon alpha
(INFERGEN, Valeant Pharmaceutical), interferon gamma-1b (ACTIMMUNE, Intermune, Inc.),
un-pegylated interferon alpha, alpha interferon, and its analogs, and synthetic thymosin alpha 1
(ZADAXIN, SciClone Pharmaceuticals Inc.})

Immunosupressants’ sirolimus (RAPAMUNE, Wyeth)

In.teﬂculdns:.(ILul, IL-3, IL-4, IL-5, IL-6, 11.-10, IL-11, IL-12), LIF, TGF-beta, TNF-
alpha) and other low molecular weight factors (e.g. AcSDKP, pEEDCK, thymic hormones, and

minicytokines) '
Interferon Enhancers: BEMZ702 (Transition Therapeutics)
IRES inhibitors: VGX-410C (VGX Pharma)
Monoclonal and Polvclonal antibodies: XTL-6865 (XTL), HuMax-HepC (Genmab),

Hepatitis C Immune Globin (human) (CIVACIR, Nabi Biopharmceuticals)
Nucleoside anajogues: Lamivudine (EPIVIR, 3TC, GlaxoSmithKline}, MK-0608

(Merck), zalcitabine (HIVID, Roche US Pharmaceuticals), ribavirin (including COPEGUS
(Roche), REBETOL (Schering), VILONA (ICN Pharmaceuticals, and VIRAZOLE (ICN
Pharmaceuticals), and viramidine (Valeant Pharmaceuticals), an amidine prodrug of ribavirin,

Combinations of nucleoside analogues may also be employed.
Non-nucleoside inhibitors: PS1-6130 (Roche/ Pharmasset), delaviridine (RESCRIPTOR,

Pfizer), and HCV-796 (Viropharm)
P7 protein inhibitor: amantadine (SYMMETREL, Endo Pharmaceuticals, Inc.}

Polvmerase inhibitors: NM283 (valopicitabine) {Idenix) and NM 107 (Jdenix).
Protease inhibitors: BILN-2061 (Boehringer Ingelheim), GW-433908 (prodrug of
Amprenavir, Glaxo/ Vertex), indinavir (CRIXIVAN, Merck), ITMN-191 (Intermune/ Array
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Biopharma), VX950 (Vertex) and combinations comprising one or more of the foregoing

protease inhibitors
RNA interference: SIRNA-034 RNAI (Sirna Therapeutics)
Therapentic Vaccines: 1C41 (Intercell), IMN-0101 (Imnogenetics), (1 5005

(Globéimmune), Chronvac-C (Tripep/ Inovio), ED-002 (Imnogenetics), Hépavaxx C (ViRex

Medical)
TNF aconists: adalimumab (HUMIRA, Abbott), entanercept (ENBREL, Amgen and

EIEIL .-

Wyeth}, infliximab (REMICADE, Centocor, Inc.)

Tubulin inhibitors: Colchicine

Sphineosine-1-phosphate receptor modulators: FI'Y720 (Novartis)

TLR agonists: ANA-975 (Anadys Pharmaceuticals), TLR7 agonist (Anadys
Pharmaceuticals), CPG10101(Coley), andTLRY agonists including CPG 7909 {Coley)
Cvelophilin Inhibitors: NIM811 (Novartis) and DEBIO-025 (Debiopharm)

[0154] Patients receiving hepatitis C medications are typically given interferon together
with another active agent. Thus methods of treatment and pharmaceutical combinations in which
a compound of The invention is provided together with an interferon, such as pegylated
interferon alfa 2a, as the additional active agenis are included as embodiments. Similarly

methods and pharmaceutical combinations in which ribavirin is an additional active agent are

provided herein.

EXAMPLES

[0155] This invention is further illustrated by the following examples that should not be
construed as limiting.

[0156] Compounds provided herein may generally be prepared using standard synthetic
methods. Starting materials are generally readily available from commercial sources, such as
Sigma-Aldrich Corp. (St. Louis, MO). For example, a synthetic route similar to that shown in
Example 1 or 2 may be used. It will be apparent that the final product and any intermediate(s)
shown in the following schemes may be extracted, dried, filtered and/or concentrated, and may
be further purified (e.g., by chromatography). Each variable (e.g., "R") in the following
Schemes, refers to any group consistent with the description of the compounds provided herein.

An individua! skilled in the art may find modifications of one or several of the synthetic steps
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described herein without diverting significantly from the overall synthetic scheme. Further

experimental details for synthesis of representative compounds via these schemes are provided in

Examples 1-5, herein.

ABBREVIATIONS
[0157] The following chemical abbreviations are used in Example 1. Additional

abbreviations used in these examples will be familiar to those of skill in the art of organic

chemical synthesis.

CDI 1,1'-Carbonyldiimidazole

DBU Diazabicyclof5.4.0Jundec-7-ene

DCM Dichloromethane

DIEA N, N-Diisopropylethyl amine

DMF Dimethyl formamide

HATU (O-(7-azabenotriazol-1-y1)-1,1,3, 3-tetramethyluronium
HBTU O-(1H-Benzotriazol-1-yl) N, N,N’,N'-tetramethyluronium hexafluorophosphate
NMM N-methylmorpholine

RCM Ring-closing metathesis

TEA Triethylacetate

TFA Trifluoroacetic acid

ExaMPLE 1. SYNTHESLS OF I—((ZS,4R)—1—((S)-2—’I‘ERT—BUTYL-4—OXO—4—(PIPERIDIN—1-
YL}BUTANOYL}—4—(7—METHOXY—Z—PHENYLQUINOLIN-4—YLOXY}PYRROL[DINEQ—CARBOXAMIDO)-Z-
VINYLCY CLOPROPANECARBOXYLIC ACID

Step 1. Preparation of N-(cyclopropylsulfonyl)-1-(BOC-amino)-2-

vinyleyclopropanecarboxamide

O
Q Og 20
5 col BocHN N,s
BocHN O A \v
+ O'--/s D ———emac M
HoN 8218 /
% 2

[0158] CDI(2.98 g, 18.4 mim, 1.1 eq) is dissolved in ethyl acetate. N-Boc-
cyclopropylvinyl acid (3.8 g, 16.7 mm, 1.0 eq), prepared via the procedure given by Beaulieu,

P.L. et al. (J. Org. Chem. 70: 5869-79 (2005)) is added to the CDV ethyl acetate mixture and
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stirred at RT until the starting material is consumed. Cyclopropy! sulfonamine (2.2 g, 18.4 mm,
1.1 eq) is added to this mixture followed by DBU (2.1 ml, 20.5 mm, 1.23 eqg) and the mixture is
stirred at RT for 2 h. Workup and purification by silica gel chromatography provides 2g of
compound 2.
Step 2. Preparation of (25 AR)-tert-butyl 2-(1-(cyclopropylsulfonylcarbamoyl)-2-
Vinylcyclopropyicarbamoyl}—4u(7—meth0xy-2—pheny}quinoiin~4—y§oxy)pyrrolidine—1 -carboxylate
and {(28,4R)-N~{ 1—(cyclepropy}sulfonylcarbamoyl)-2-Vinylcyclopropy1)w4—(7-methoxy-2w
phenylquinolin-4-yloxy)pyrrolidine-2-carboxamide
‘o)
A g
I PN
7~ Ox "/O ! =
o}
; C

* HN §\V
O

L. / (A=<
oo S, v

o

O A

H HNJ‘ v

TFA L

. 7

{0159} Compound 1(4.3g, 9.3mmol, 1.1 eq), prepared according to the method given ins

WO 02/060926, in DMF is stirred with O-(Benzotriazol-1y1}-N,N.N " N'-Tetramethyluronium
hexafluorophosphate (4.1g,10.5mmol, 1.3eq) for 30 minutes, followed by addition of
cyclopropylamine 2 (1.92g, 8.3mmol, 1.0eq) and N-methylmorpholine (2.52g, 25.0mmol,3.0eq).
The mixture is stirred over night and the solvent removed under reduced pressure. The resulting
residue is diluted with ethyl acetate and washed with saturated aqueous NaHCO;. The orgamic

solvent is dried over MgSO4 and concentrated under reduced pressure to afford crude 3, which is

used for next step without further purification.
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a) | In coco, I Qal otuEN (2S,412)-1
-((S)-2-tert-butyl-4-norpholino-4- oxobu tanoy 1)-N((1R, 2S)-1-

(cycl opropyl sul fonyl car banobyl) - 2- vi nyl cycl opropyl) - 4- ( 6-i net hox -3-
phenyl i S¥QUPWEESHE 1 -yl oxy) pyrrolidi ne-2- ear boxani d&/US2009/067

1-yl) but anoyl) - 4- (7- net hoxy-2- phenyl qui nol i n-4-yloxy)-N((1 R 28) 1-

(t hi ophen-2-yl sul fonyl carb anoyl)-2- vin ylcyclopropyl)pyrrol|d|ne 2- car box
am de STRUCTURE O=ti Oi n%=20 07- 0 y-

[0160] Comﬁound 3 in 10 ml dry CHyCly is treated with 5 mL TFA and stirred over

night. The solvent is removed and the residue recrystallized from ethyl acetate to afford 4.12 g

Compound 4 (61% yield two steps).
Step 3. Preparation of (38)-3-((28,4R)-2-(1-{cyclopropylsulfonylcarbamoyl)-2-
vinylcyclopropylcarbamoyl)—4-(’7—mathoxy-2-phenquuinolin-4—y1oxy)pyrrolidine-l-carbonyl}—

- 4,4-dimethylpentanoic acid
/ i b A( ‘w‘
Q, Ti Q
ch Q\«P T P
. % i~ o 1% M
o /\\ 4 m 4

5 T

11?

{0161} The Acid 5 (58mg, 0.25mmol, 1.2eq}, prepared via the procedure given by Evans,
D.A., et al. (J. Org. Chem. 64: 6411- 6417 (1999)) in 1.2 mL DMF is stirred with 4 (138mg,
0.21mmol), HATU (160mg, 0.42mmol, 2.0eq), and DIEA (0.63mmol, 3.0 eq) overnight. The
mixture is subjected to HPLC purification (o afford 121mg 6 (77% yield), which is further
treated with 0.5 mL TFA in 1.0 mL DCM overnight. The solvent was removed to provide
Compound 7 in 100% yield. '
Step 4.  Preparation of (28, 4R)-1-((S)-2-tert-butyl-4-ox0-4-(piperidin-1-yDbutanoyh)-N-{1-

ilfonylearbame ,r“ 2-vinyleyclopropyl)-4-(7-methoxy-2-phenylquinolin-4-

e s
C,a‘s Z_)_{o Q0
HIN N v N =
&
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[0162} The Acid 7 (0.15mmol) in 1.0 mL DMF Is stirred with pepridine (excess,
0.6mmol, deq), HATU (115mg, 0.3mmol, 2.0eq), and DIEA (0.45mmol, 3.0eq) for 4 hrs. The
mixture is subjected to HPLC purification to afford 77.1mg 8.

Step 5. Preparation of (35)»3—((28,4]?.)—2-(1—(ethoxycarbonyl)-Z—Vinylcyc]opropylcarbamoyl)-4—
(7-z’nethoxy—2-phenquuinolin-4-yloxy)pyrroiidine— 1—carbonyl)-&@dimethyipentanoic acid

Q/YQ f° f°
Z}:ﬁo

o)

/'--.. . /"‘*-b
HCE

10163] The Acid 3 (105mg, 0.46mmoel, 1.2eq) in 1 .2 mL DMF is stirred with 9 (202mg,
0.38mmol), HATU (290mg, 0.76mmol, 2.0eq), and DIEA (1.2mmol, 3.0eq) overnight. The
mixture is subjected to HPLC puﬁﬁcation to afford 204.3mg 10 (75% yield), which is further
teated with 0.5 ml TFA in 1.0 mL DCM overnight. The solvent is removed to provide 11 in

100% yield.

< f s O /OI Ny O o I N @

s

= W
%, 4,
¢ Q — e w G,
— —_—
A HN‘fijc A~ e l:;L-(D,i‘DH
HO S / l‘\i—‘(\?’ e i \ hth
° T o AN % RPN C
o]

Step 6. Preparation of final product

[0164] The Acid 11 (30mg, 0.045mmol) in 1.0 mL DMF is stirred with pepridine
(0.27mmol, 6eq), HATU (34mg, 0.09mmol, 2.0eq), and DIEA (0.14mmol, 3.0eq) for 2 hrs. The
mixture is subjected to HPLC purification to afford 21.2 mg 12 (65% vield), which is hydrolyzed
in methanol with 2N NaOH for 6 hrs. The mixture is acidified with 6N HCI and subjected to
HPLC purification to afford 7.6 mg 13.
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di hydr o- WA ZBYeBeent a[ h] qui noli n- 4- yloxy)pyrrol i di nECYYEAPEEXAN de
(28,4R) -1-((S)-2-tert-butyl -4-o0x0-4-(4-

(trilluoronethyl) pi peridin-1-yl)butanoyl)-N(28)-1-(cyclopropylsulfony'l.ca
rbanmoyl) - 2- vinylcyclopropyl)-4-(2-(2-

(i sopropylam no)thiazol-4-yl)-7-nmethoxy- 8-

met hy 1quj no1i n- 4- yIoxy) pyn' oli di ne-2- c, arboxam de STRUCTURE L. 0 y-
oC I HO|yr ,11,1/4(5 INNMNI -4 ‘pdp 06 (n N WO '
2010/ 068)760PCT/ TIS2009/ 067506 -4 + u, | P

=

b

&

£y_’]

fluoropiperidin-1-yl)-4-oxobutanoyl)-N-((25)-

1-(cyclopropyisulfonylcarbamoyl)-2-
vinylcyclopropyl)-4-(2-(4-isopropylthiazo)-2-
v1}-7-methoxy-8-methylquinolin-4-

{25 4R)-1-((25)-2-tert-butyl-4-(3-
yloxy)pyrrolidine-2-carboxamide

Name

A%/
/ED
Y N\
o zx
O:&{-——
= = Tz "
. o
O
=7 \ <
O\ ’fﬁ

257.

FrE (ECsp < 1 micromolar), ** (ECsp between 1 micromolar and 10 micromolar) and * (ECsy greater than .10 micromolar)

Cpd. [ STRUCTURE
—
@




| 0C33 @N' N
(2S,4R)-1H(S) - 24ert - buty1- 4- oxo4- (pi peri di n1-yl) but anoyl) - N- U2S) - 1-

(cycl opropyl sul fonyl car banoyl) - 2- vinyl eydopropyl)-4-(7-net hoxy-
- met hyl - 0 IMEPTAUI nol i n- 4- yl oxy) pyrrol i di ne-2- car bg%[ﬁ?%%”&(‘%s"%
(2S,4R)-14(S) - 24ert-butyl- 4- oxo-4-(4-

(trifl yl
T ERR LY LA RPeEk dhoi ke KR ARANDE WMidid Remikr LRy Ropaemybisul fony Lear ba

{ORE gyﬁl nol jn&é-Gdrapopngnigivied bereinre teatep 6 4he ﬁ@hfmw@ﬂﬂerthe@heatvnn | LO -
of Z))e H%patms C re};lli\&l:on m c19_tu1 ed cells in which the HCV replicon constrR&Mas been
incorporated. The HCV replicon system was described by Bartenschlager, et. al (Science,
285, pp. 110-113 (1999)). The replicon system is predictive of in vivo anti-HCV activity;
compounds that are active in humans uniformly evidence activity in the replicon assay.

[0167] In this assay HCV replicon containing cells are treated with different
concentrations of the test compound to ascertain the ability of the test compound to suppress
replication of the HCV replicon, As a positive control, HCV replicon-containing cells are
treated with different concentrations of interferon alpha, a known inhibitor of HCV
replication. The replicon assay system includes Neomycin Phosphotransferase (NPT} as a
component of the replicon itself in order to detect the transcription of replicon gene products
in the host cell. Cells in which the HCV replicon is actively replicating have high levels of
NPT: the level of NPT is proportional to HCV replication. Cells in which the HCV replicon
is not replicating also have low levels of NPT and thus do not survive when treated with
Neomycin. The NPT level of each sample is measured using a captured ELISA.

[0168] A protocol for testing compounds for the ability to inhibit viral replication of

the Hepatitis C replicon cultured cells in which the replicon construct has been incorporated,

follows, _
34, HCV Replicon and Replicon Expression
[0169] The HCV genome consists of a single ORF that encodes a 3000 amino acid

polyprotein. The ORF is flanked on the §' side by an untranslated region that serves as an
internal ribosome entry site (IRES) and at the 3’ side by a highly conserved sequence
necessary for viral replication (3-NTR). The structural proteins, necessary for viral infection,
are located near the 5' end of the ORF. The non-structural proteins, designated NS2 to NS5B
comprise the remainder of the ORF.

[0170] The HCV replicon contains, 5'-3', the HCV-IRES, the neomycin
phosphotransferase (neo) gene, the IRES of encephalomyocarditis viras, which directs
translation of HCV sequences NS3 to NS5B, and the 3-NTR. The sequence of the HCV
replicon has been deposited in GenBank (Accession no. AJ242652).

[0171] The replicon is transfected into Fuh-7 cells using standard methods. such as

electroporation.

3B. Cell Maintenance

159




WO 2010/ 068760PCT/ US2009/ 067506 ~ WO 2010/ 068760 PCT/ US2009/ 067506 ...- +
2/)- I ;3 | Qgi OM NI - ’
2S,4R) - 14(S)-2-tert-butyl-4-oxo-4-(piperidi nEyEbut anoyE-4-(5-chl ot o-6-neth
oxy- 3- (py®2aipmes2syEi soqui nol i nThyl oxy) - N- (( 2s§/- 1- Peikabodind "
(cycl opropyl sul f onyEar banoyl) - 2- vi nyl cycl opropyl ) pyrrolidi ne-2-ear boxam de

(25, 4R) 4H( S}~ 21 er 1 - - 4-(3 3 di  neri di 1)-4-(5-
(35 580 4Ry o et et i o 3
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supplcr!}elz;lxtgd Wlleiﬁ} MIFBS} L%ldtami.t\ale,onoﬁe%se%tim) arfho Qcids, penicillin (100

units/ml), streptomycin (100 micrograms/mi), and 500 micrograms/mi of Geneticin (G418),
screening media (DMEM supplemented with 10% FBS, L-glutamine, non-essential amino
acids, penicillin (100 units/ml} and streptomycin (100 micrograms/ml)), 96 well tissue culture
plates (flat bottom), 96 well plates (U bottom for drug dilution), Interferon alpha for positive
control, fixation reagent (such as methanol: acetone), primary antibody (rabbit anti-NPTIl),
secondary antibody: Fu-N1 I, and enhancement solution.

[0173] HCV replicon-containing cells support high levels of viral RNA replicon
replication when their density is suitable. Over-confluency causes decreased viral RNA
replication. Therefore, cells must be kept growing in log phase in the presence of 500
micrograms/ml of G418. Generally, cells should be pas sed twice a week at 1: 4-6 dilution.
Cell maintenance is conducted as follows:

f0174] HCV replicon-containing cells are examined under a microscope to ensure that
cells growing well. Cells are rinsed once with PBS and 2 mi trypsin is added. The cell/
trypsin mixture is incubated at 37 °C in a CO, incubator for 3-5 minutes. After incubation 10
ml of complete media is added to stop the trypsinization reaction, Cells are blown gently; put
into a 15 mi tube,.and spun at 1200 rpm for 4 minutes. The trypsin/ medium solution is
removed. Medium (5 m}) is added and the cells are mixed carefully. The cells are counted.

[0175] The cells are then seeded onto 96-well plates at a density of 6000-7500
cells/100 microliters/ well (6—7.5 x 10° cells/10 ml/plate). The plates are then incubated at 37
°C in a 5% CO; incubator. ‘

[0176] Cells are examined under a microscope approximated 24 hours after seeding
and prior to adding drugs. If counting and dilution were performed correctly, cells are 60-
70% confluent and nearly all cells should attach and spread evenly in the well.

3C. Treatment of HCV-replicon containing cells with Test Compound
[0177] HCV replicon-containing cells are rinsed with once PBS once; 2 mls of trypsin

are then added. Cells are incubated at 37°C in a 5% CO; incubator for 3-5 minutes. 10 mls
of complete medium is added to stop the reaction. Cells are blown gently, put into a 15 mi
tube, and spun at 1200 rpm for four minutes. The trypsin/medium solution is removed and 5
mis of medium (500 ml DMEM (high glucose}) from BRL catalog #12430-054; 50 mls 10%
FRS, 5% Geneticin G418 (30 mg/ml, BRL catalog #10131-035), 5 mi MEM non-essential
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4 %)R UZ:T 0 1 GBE-(BRIB DS 14 T ohd hmd MEN axopessential sotintecid BRI fEMARCHE
gtR &)009?06 fc%gis/ 100 ul/well of 96 well plate (6—7.5x105 cells/10 ml/plate). Plates are
placed into 37°C 5% CO; incubator overmght.
3D. Assay

[0179] The following morning, drugs (test compounds or interferon alpha) are diluted
in 96 well U bottom plates with media or DMSO/media, depending on the final concentration
chosen for screening. Generally for 6 concentrations of each test compounds ranging from
10 micromolar to .03 micromolar are applied. 100 u! of the test compound dilution is
placed in wells of the 96 well plate containing the HCV replicon cells. Media without drug is
added to some wells as a negative controls. DMSO is known to affect cell growth.
Therefore, if drugs diluted in DMSOQ are used, all wells, including negative control (media
only) and positive control (interferon alpha) wells, must contain the same concentration of
DMSO, for single dose screening. The plates are incubated at 37°C in a humidified 5% CO,
environment for three days.

[0180] On day four, the NTPII assay is quantitated. The medium is poured from the
plates and the plates are washed once in 200 pl of PBS. The PBS is then decanted and the
plates tapped in a paper towel to remove any remaining PBS. Cells are fixed in situ with 100
pl/well of pre-cooled (-20°C) methanol: acetone (1:1) and the plates are placed at -20°C for
30 minutes.

[0181] The fixing solution is poured from the plates and the plates allowed to air-dry
completely (approximately one hour). The appearance of the dried cell layer is recorded and
the density of the cells in the toxic wells is scored with the naked eye. Alternatively cell
viability may be assessed nsing the MTS assay described below.

[0182] The wells are blocked with 200 ul of blocking solution (10% FBS; 3% NGS in
PBS) for 30 minutes at room temperature, The blocking solution is removed and 100 u! of
rabbit anti-NPTII diluted 1:1000 in blocking solution is added to each well. The plates are
then incubated 45-60 minutes at room temperature. After incubation, wells are washed six
times with PBS-0.05% Tween-20 solution. 100 ul of 1:15,000 diluted Enropium (EU)-
conjugated goat anti-rabbit in blocking buffer is added to each well and incubated at room
temperature for 30-45 minutes. The plates are washed again and 100 pl of enhancement

solution (Perkin Elmer #4001-0010) is added to each well. Each plate is shaken (approx. 30
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rpm) in a plate shaker for three minutes. 95 ul is transferred from each well to a black plate;
the EU signal is quantitated in a Perkin-Elmer VICTOR plate reader (EU-Lance).
[0183] When tested in this assay Compounds 11, 16, 25, 33, 38, 39, and 40 exhibit

EC50 values of about 10 micromolar or less.

ExAMPLE 4. CYTOTOXICITY ASSAYS

[0184] To insure that the decrease in replicon replication is due to compound activity
against the HCV replicon rather than nonspecific toxicity assays are used to quantitate
compound cytotoxicity.

4A. Cellular protein albumin assay for cytoloxicity

[0185] Cellular protein albumin measurements provide one marker of cytotoxicity.
The protein levels obtained from cellular albumin assays may also be used to provide a
normalization reference for antiviral activity of compounds. In the protein albumin assay
HCV replicon-containing cells are treated for three days with different concentrations of
helioxanthin; a compound that is known to be cytotoxic at high concentrations. The cells are
lysed and the cell lysate used to bind plate-bound goat anti-albumin antibody at room
temperature (25 °C to 28 °C) for 3 hours. The plate is then washed 6 times with 1X PBS.
After washing away the unbound proteins, mouse monoclonal anti-human serum albumin i8
applied to bind the albumin on the plate. The complex is then detected using phosphatase-
labeled anti-mouse IgG as a second antibody.

4B. MTS Assay for Cytotoxicity
[0186] Cell viability may also be determined by CELLTITER 96 AQUEOUS ONE

Solution Cell Proliferation Assay (Promega, Madison W), a colorimetric assay for
determining the number of viable cells. In this method, before fixing the cells, 10-20 pl MTS
reagent is added to each well according to manufacturer's instructions, plates are incubated at
37°C* and read at OD 490 nm. During the incubation period iiving cells covert the MTS
reagent to a formazan product which absorbs at 490 nm. Thus the 490 nm absorbance is
directly proportional to the number of living cells in culture.

[0187] A direct comparison of the Cellular Albumin and MTS methods for
determining cytotoxicity may be obtained as follows: Cells are treated with different

concentrations of test compound or Helioxanthin for a three day-period. Prior to lysis for

detection albumin as described above, the MTS reagent is added according to manufacturer's

instroction to each well and incubate at 37 °C and read at OD 490 nm. The celiular albumin

quantitation is then performed as described above.
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(2S,4R) -14(S)-2-tert-butyl-4-oxo-4-(4- (trifluoronethyDpiperidin- 1

-yEbut anoyE-N((S)-1 - (cycl opropyl sul f onyl car banoy0- 2-

vi nyl cycl opropyl) - 4- ( 7- met hoxy- 8- net hyl - 2-

(pyridi n-2-yEqui nol i n-4-yl oxy) pyrrolidine-2- carboxam de MCSLLP
(2S,4R)-E((S)-2-tert-butyl -4-oxo0-4-(4-

(tritl Hﬂé et hyEpi peri di n-1-yl) but anoyH N( (S) - E(eyelopropyl sulfonylcarbarn
oyl)- 2= %Rycl opr opyE- 4- (2- (4-i sopropylt hi azol- 2-

yE- 7- met hoxy- 8- net hyl qui noli n-,t- yloxy)pyrrolidi ne-2-carboxam de STRUCTURE

-?2,a0(, i -au 2 't -/ \\ 41 N' O-- X X
(1. A compound or piTarmaceu:tLlcal.E.y acceptable salt thereof, wherein the compound is

{28,4R)-1-{{S)-2-tert-butyl-4-( 3, 4-dihydroisequinelin-2( 1 H)-y! )-4-oxobutanoyl)-N-(1-
(cyclopropylsutfonylcarbamoyi}-2-vinyleyclopropyi)-4-( 7-methoxy-2-phenylquinolin-4-
yloxy)pyrrolidine-2-carboxamide;

(28,4R)-1-((8)-3-((8)-4-benzyl-2-oxooxazolidine-3-carbonyl)-4,4-dimethylpentanoyl)-N-(1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropyl)-4-(7-methoxy-2-phenylquinolin-4-
yloxy)pyrrolidine-2-carboxamide; 47

(28,4R)-1-((S)-2-tert-butyl-4-morpholino-4-oxobutanoyl)-N-((1R,25)-1-
(cyclopropylsulfonyicarbamoyl)-2-vinyleyclopropyl)-4-(7-methoxy-2-phenylquinolin-4-
vioxy)pyrrolidine-2-carboxamide; 48

(3R,58)-1-((S)-2-tert-butyl-4-oxo-4-(piperidin-1 -y )butanoyl)-5-(1-
{(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoylpyrrolidin-3-yi 4-
fluoroisoindoline-2-carboxylate; 50

(3R,58)-1-((S)-2-tert-butyl-4-oxo-4-(piperidin-1-yl)butanoy)-5-((1R,28)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoylpyrrolidin-3-yl biphenyl-
4-ylcarbamate;61

(28,4R)-1-((S)-2-tert-butyl-4-oxo-4-(piperidin-1-yD)butanoyl)-N-((1R,2S)-1-
{(cyclopropylsulfonylcarbamoyl)-2-vinyleyclopropyl)-4-(6-methoxy-3-phenylisoquinolin-
i-yloxyjpyrrolidine-2-carboxamide;

(28,4R)-1-((S)-2-tert-butyl-4-morpholino-4-oxobutanoyl)-N-((1R,25)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinyleyclopropyl)-4-(6-methoxy-3-phenylisoquinolin-
t-yloxy)pyrrolidine-2-carboxamide;71

(28,4R)-1-((28)-2-tert-butyl-4-(octahydroisoquinolin-2{ 1 H)-yl)-4-oxobutanoyl)-N-((1R,2S8)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinyicyclopropyl)-4-(7-methoxy-2-phenylquinolin-4-
yloxy)pyrrolidine-2-carboxamide;74

(28,4R)-1-((2S)-2-tert-butyl-4-oxo-4-(1,4-dioxa-8-azaspiro[4.5]decan-8-yhbutanoyl)-N-
((1R,2S)-I-(cyclopropylsulfonylcarbamoyl)-2-vinyleyclopropyl)-4-(7-methoxy-2-
phenylquinolin-4-yloxy)pyrrolidine-2-carboxamide; 75
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(25,4R)-1-({8)-4-(azepan-1-yl)-2-tert-butyl-4-oxobutanoyl}-N-{(I1R,25)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinyleyclopropy!)-4-(7-methoxy-2-phenylquinolin-4-
yloxy)pyrrolidine-2-carboxamide; 77

(2S,4R)-1-((25)-2-(2-(2~azabicyclo[2.2.1 theptan-2-yi)-2-oxoethyl)-3,3-dimethylbutanoyl)-N-
((1R,29)-1-(cyclopropylsuifonylcarbamoyl)-2-vinylcyclopropyl)-4-(7-methoxy-2-
phenylquinolin-4-yloxy)pyrrolidine-2-carboxamide; 79

N Y
@NMO THY
T
/]\ 81

(3R,58)-1-({S)-2-tert-butyl-4-oxo-4-(piperidin-I-yl)butanoyi)-5-((1R,25)-1-
(cyclopropylsulfonyicarbamovi)-2-vinylcyclopropylcarbamoylpyrrolidin-3-yl 3,4-
dihydroisoquinoline-2{1H)-carboxylate; 85

methyl 2-(((3R,58)-1-((8)-2-tert-butyl-4-oxo-4-(piperidin-1-yDbutanoyl)-5-((1R,28)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylecarbamoyhpyrrolidin-3-
vioxy)carbonylamino)benzoate;93

ethyl 2-(((3R,55)-1-((S)-2-tert-butyl-4-oxo-4-(piperidin-1-yhbutanoyh-5-((1R,28)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoypyrrolidin-3-
yloxy)carbonylamino)benzoate;94

(3R,58)-1-((S)-2-tert-butyl-4~oxo0-4-(piperidin-1-yDbutanoyl)-5-((1R,28)-1-
{cyclopropylsulfonylcarbamoyh)-2-vinyleyclopropylcarbamoylpyrrolidin-3-yl 3-
phenoxyphenylcarbamate;95

(25,4R)-1-((S)-2-tert-butyl-4-oxo-4-(piperidin-1-y)butanoyl)-N-((1R,28)-1 -
(cyclopropylsulfonylcarbamoyl)-2-vinyleyclopropyl)-4-(2-(2-(isopropylamino)thiazol-4-
yi)-7-methoxyquinelin-4-yloxy)pyrrolidine-2-carboxamide; 96

(3R,55)-1-({S)-2-tert-butyl-4-oxo-4-(piperidin- I -yDbutanoy}-5-((I1R,25)-1 -

(cyclopropylsulfonylearbamoyl)-2-vinyleyclopropylecarbamoyl)pyrrolidin-3-yl 9H-

carbazole-9-carboxylate;99
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11 | OM OLLM (2S,4R)-1-((S)-2-tert-butyl -4-o0xo-4-(4-
(trifluoronethyl)piperidin-1-yl)butanoyl)-N((S)-1-(cyclopropylsulfonylcarba
noyl) -2- vinylcyclopropyl)-4-(7-methoxy-8-ntthyl-2-
(pyridin-3-yl) qui nolin-4-yloxy)pyi 40li di ne-2- car boxam de MCSLLP
((1R)-1-(cycl opropi |l sul fonyl car banoy1) - 2-

vi nyl cycl opropyl) - 4- ( 2- (24sopropy|thiazo| 4-

Y1) T ERUROA YR AU RSl Y SRR 9k i 21512 car boxar de
(cyclopropylsulfonylcarbamoyl)-2- vmylcyciopropy 4-(2-(2- (1soprepylamino)thiazol-4-
yl)-7-methoxyquinolin-4-yloxy)pyrrolidine-2-carboxamide; 100
(28,4R)-1-((S)-2-tert-butyl-4-ox0-4-(piperidin- I -yDbutanoy)-N-((1R,28)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinyleyclopropyl)-4-(6-methoxyisoquinolin-1-
yloxy)pyrrolidine-2-carboxamide; 101
(28,4R)-1-((S)-2-tert-butyl-4-ox0-4-(piperidin-1-yl}butanoyl)-N-((1R,28)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropyl)-4-(2-(pyridin-2-yl)thieno[3,2-
d]pyrimidin-4-yloxy)pyrrolidine-2-carboxamide; 122
(3R,58)-1-({S)-2-tert-butyl-4-oxo-4-(piperidin-1-yDbutanoy}-5-((1R,2S)-1-
(cyclopropylsulfonylcarbamoyh-2-vinyleyclopropylcarbamoyl)pyrrolidin-3-yl 10H-
phenothiazine-10-carboxylate; 123
(2S,4R)-1-{(2S}-2-tert-butyl-4-(5-fluoro-2-(piperidin-2-yl)- 1 H-benzo[d]imidazol- 1 -yI)-4-
oxobutanoyl)-N-({(1R,28)-1-(cyclopropylsulfonylcarbamoyl)-2-vinyleyclopropyl)-4-(7-
methoxy-2-phenylquinolin-4-yloxy)pyrrolidine-2-carboxamide; 126
(28,4R)-4-(1H-benzofd]imidazol-1-y)-1-({5)-2-tert-butyl-4-oxo-4-(piperidin- 1 -yYbutanoyl)-N-
(2-(cyclopropanesulfonamido)-2-oxoethyl)pyrrolidine-2-carboxamide; 127
(25,4R)-1-((S)-2-tert-butyl-4-oxo-4-(piperidin- { -y Dbutanoy)-N-((1 R, 25)- 1 -
{cyclopropylsulfonylcarbamoyl}-2-vinylcyclopropyl)-4-(4,5-diphenyl-1H-1,2,3-triazol-1 -
yhpyrrolidine-2-carboxamide; [28
(3R,58)-1-({S)-2-tert-butyl-4-oxo-4-(piperidin- 1 -yl)butanoyt)-5-((1R,25)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylearbamoyl)pyrrolidin-3-yl
diphenylcarbamate; 129
(3R,58)-1-((S)-2-tert-butyi-4-oxo-4-{piperidin- 1 -yhbutanoy!)-5-((1R,28)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinyicyclopropylcarbamoylpyrrolidin-3-yI 10,11-
dihydro-5H-dibenzo[b,flazepine-5-carboxylate; 130
(Z)-((3R,58)-1-{(S)-2-tert-butyl-4-ox0-4-(piperidin-1-yDbutanoyl}-5-((1R,28)-1-
(cyclopropyltsulfonylcarbamoyl)-2-vinyleyclopropylcarbamoybhpyrrolidin-3-yl) 5H-

dibenzo[b,f]azepine-5-carboxylate; 131
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(28,4R)-1-((S)-2-tert-butyl-4-0x0-4-(piperidin-1-yDbutanoy!)-N-((1R,28)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropyl)-4-(3-phenylquinoxalin-2-
yloxy)pyrrolidine-2-carboxamide; 133

(25,4R)-1-((8)-2-tert-butyl-4-ox0-4-(piperidin- 1-yDbutanoyl)-N-((1R,28)- 1 -
(cyclopropylsulfonylcarbamoy!)-2-vinyleyclopropyl)-4-(2-(2-(dimethylamino)thiazol-4-
yh-7-methoxyquinolin-4-yloxy)pyrrolidine-2-carboxamide; 137

(25,4R)-1-((8)-2-tert-butyl-4-morpholino-4-oxobutanoy!)-N-({1R,28)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinyleyclopropyl)-4-(2-(2-(dimethylamino)thiazoi-4-
yD-7-methoxyquinolin-4-yloxy)pyrrolidine-2-carboxamide; 138

(28,4R)-1-((5)-2-tert-butyl-4-ox0-4-(piperidin-1-yl)butanoy)-N-((1R,2S)-1 -
(cyclopropylsultonylcarbamoyl)-2-vinyleyclopropyl)-4-(4,5-diphenyl-2H-1 2, 3-triazol-2-
yhpyrrolidine-2-carboxamide; 139

F-((S)-3-((25,4R)-2-((1R,28)-1-(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylearbamoyl)-
4-(7-methoxy-2-phenylquinolin-4-yloxy)pyrrolidine-1-carbonyl)-4,4-
dimethylpentanoyl)octahydro-1H-indole-2-carboxylic acid; 142

(25,4R)-1-((S)-2-tert-butyl-4-oxo-4-(piperidin-1-yl)butanoyl)-N-((IR,25)-1-
(cyclopropylsulfonylecarbamoyl)-2-vinyleyclopropyl)-4-(7-methoxy-2-(pyridin-2-
ylquinazolin-4-yloxy)pyrrolidine-2-carboxamide; 144

(25,4R)-1-({5)-2-tert-butyl-4-ox0-4-(piperidin- I -yl)butanoyl)-4-(8-chloro-7-methoxy-4-
(pyridin-2-ylquinolin-2-yloxy}-N-((1R,28)-1-(cyclopropylsulfonylcarbamoyl)-2-
vinyleyclopropyl)pyrrolidine-2-carboxamide; 148

{28,4R)-1-((S)-2-tert-butyl-4-oxo-4-(piperidin- 1 -yl)butanoy)-N-({ IR ,28)-1 -
{cyclopropylsulfonyicarbamoyl)-2-vinyleyclopropyl)-4-(4-(pyridin-2-y1)-8,9-
dihydrofuro[2,3-h]quinolin-2-yloxy)pyrrolidine-2-carboxamide; 150

(28,4R)-1-((S)-2-tert-butyl-4-oxo-4-{piperidin-1-y)butanoy}-N-((1R,28)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropyl)-4-(2-(pyridin-2-y1)-8,9-

dihydrofuro[2,3-h]quinolin-4-yloxy)pyrrolidine-2-carboxamide; 152
(25,4R)-1-((8)-2-tert-butyl-4-morpholino-4-oxobutanoyl}-N-((1R,28)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropyl)-4-(2-(pyridin-2-y1)-8,9-
dihydrofuro[2,3-hjquinolin-4-yloxy)pyrrolidine-2-carboxamide; 153
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EXAMPLE 3. ASSAY FOR | DENTI FYI NG COMPOUNDS WHI CH | NHI BI T HCV REPLI CATI ON

[0166] 5 eunrds, cl.e g here . ility to inhibit viral
repli c(agﬁgﬁqét@%%@é‘g‘g% @lg)s‘?én?%ﬁq ig/@%ﬁ%ﬂé&ﬁ "tslgbg{dﬁgél”l s in which the FICV
replicon c(ﬁmiqpmnyishla”snﬁ&emmmpl-pm@eld_proﬁpaaﬂﬁﬁ\dopl@;@lrio(ﬁaﬁx&yrstOHn was

descri bed b Bar t.en ¢ r} e% al (Science, 285, pp. 110-113 (1999)). The
replicon s;p @WIEGE $Y&T3 in vivo anti-HCOV acti vi ty; conpounds that

are agsR)6)- ﬂ%(&%ﬂ%ut{ﬂuéﬁd}{om higtidde neebaahd - §)(ﬁ1'R”2§)he replicon assay.
[0167] In this assay replicon containing cells are treated with

di fferent éﬁ’ﬁ@@mpﬁ%lf@%%&w%@ FEisylcyeaponnigabemasirrmodidin-1-hes.abi | i ty of

the test cQRRRVNIHLQSYPR! 9%%(;&91%&5 cation of the HCV replicon. As a
positive control, HCV replicon-containing cells are treated with different

concent-H3RiSSh-(69-3- Wt'téilﬁhéf‘loWOaff -fhiperidan- Ikﬂ’@hntanwﬁiﬂ Bi(1R,2%F1-HCV replication.

Th I f NPT
component _F R o P B R B R Fiacr  pt i on of
replicon geheogrindinettscarboxtiméichiost cell. Cells in which the HCV replicon is

ti | i.cat h | | f NPT | | of NPT i
S(r:olp\(; %%‘ﬁer (({Sga I n%P&EV%&(8%4gGFPe%\é2]F §8'i“ﬁa%¥ )CIHQEI%ZE{)I%V ?epl i colnsi s not
replicati n@y@lb’é@pbl@tﬂ@oﬂyﬂﬂrﬂa&%?l)sz -ah 1NE’Toﬁagy1 huys. (Qmue%ne%ﬂw)\ﬁhmhme“

treated with Neonycin | eve each sanple is nedsured using a
capt ured EYfisapyrrolidine-2jegrbegmidepp bt ocol for testing conpounds for the

abi i teby@ 1'4%@3)@(&25@1{6@' ((IRERJ1 GALl B8R )QIE 11‘0#?5*‘-?03‘?@3%% pbis Creplicon cul tured
cells in licon construcF been | orporat ed, follows. 3A
HCV Repl i c\sﬁyleyﬁ@m@ﬂpqlwyﬁ%ﬁ?-@@@p&w -phenylquinplyg 6 9pxyTperokidive- fremborel)consi st s

of a singlgy %ﬁyn@gm@yggg@%@ 13&%"ﬁm no acid polyprotein. The ORE i s
fl anked on the 5 by an untransl at'ed regl on that serves as an internal

ri bosetfenit((y)- §1¥Q1“éblety]§>§@)<o~&r(§1pg[idlpﬁeyigmtaﬂod Moy 1R.25) dhl y conser ved
| h tural proteins,
odacenry FEAOEBEYl Rl nol SRR b N R hiea PSR ISR . Be SThe

non- st r uct WUyginopin ek y%m:s)py@@siamh—badoiﬂ%ﬂdi O6NS5B conpri se the renai nder of
t he The pli on C 51-3', the HCV-IRES, the
neow@gﬁ%hog%%%?éa@e‘} ggogpf@{gg ‘étam{ %nNa(ﬁ%?@r "encephal onyocardi tis

virus, whigefel leb}eﬁitﬁﬂ)ﬁ’lﬂ@ﬁl@hlﬂby pD- v@iyi&ﬂ@épmwmﬁlemgﬁ b Bp-and the
3 I\FI'R The sequence of the HCV regl icon has been dep}(])sflgggtﬁl n GenBank
( Accessi onY

)ﬁ]&}me}g\n Qgggyjrrohdme -2-car

(28,4R}-1-{(25)-2-tert-butyl-4-oxo-4-(3-0x0-8-azabicyciof3.2. [ Joctan-8-yl)butanoyl)-N-

oxamide; 16

((1R,25)-1-(cyclopropylsulfonylcarbamoyl)-2-vinyleyclopropyl)-4-(7-methoxy-2-
phenylquinolin-4-yloxy)pyrrolidine-2-carboxamide; 169
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[0171] The replicon is transfected into Huh-7 cells using standard net hods

such as electroporation. 3B. Cell Maintenance WO

2010/ 068760PCT/ US2009/ 067506 [0172] The equi pnent aW&eri al s

i nclude, but are not limted to, Huh-7 HCV replicon-contai ells,

mai nt enance nedi a (DVEM (Dul becco's nodified Eagl e nedia) supplenented with
10% PBS, L-glutam ne, non-essenti al am no acids, penicillin (100 units/m),

strept 42y ar I of Ceneticin
oL SEURRRL ) (400 TLer 0TS k0, SO0 TGOS AR o Cenet ol
non- essent |(<a4010@mm@uh°em3dwb@emi)ez Vinyiey¢|2@0pylnibsihy!lpyr@tdinst-yleat omyci n (100

m cr ogr ans/ e i SS ulture plates (flat botton), 96 well
plates (U Bg?r?%‘%%’h}ﬁme Caéboéf“inlﬁquﬁ Interferon al pha for positive control,

fixat |(¢1‘£’14$)€tﬁgeﬂtyl 6= UFB-63S RY-Danad, ZS)ap@tyaﬂpaopyl@mfwdél@ﬂ{dyb®y (rabbit
ant i - NPTI 1 econdar%ﬁgntl body; Eu-N ,. and enhancenent sol ution.

[0173] HOV'IEBHPIEBPYGHORTAY HE” (Zé‘Fqﬂ%Oth?plﬁk?Pt’ aHingHntexiergpyroligineal- RNA
replicon r@&bbm)u @%Mfé&ﬁwp&hﬁldylmﬁaia%wﬁf079"zthabép%ane@/%Ebo&gmé pency causes

decreased viral' RNA replication herefore, cells nust t ‘'growing in

| og phEEaRISH-HE) pristdned-4osxo5biparisingyahetndyibs- (0&1@) 1Gener ally, cells
hould b
conduct o L2t PEpYLA: MR Bl dv i St ing o T BURNGS. S

exam ned ufdebozamidesidscope to ensure that cells gr oW ng weII Cells are

< nenar e PR AR ek Rl B S b el e e Retat i on

10 ad of cunpireLs)- rre@ca)pr@yadﬁ@@lda%asﬁdmzthielytcwﬂaﬁﬂopymtm%tﬁ tion. Cells
are bl omT%@ntly, F’hﬂ into a 15 tube, and spun at 1200 rpmfor 4

ni nut es nylajipefi W)Wﬁ%’élﬂﬁtq FbPemidsirbired. |VEdI um (5 M) is added
and t [ e [0175] The
ool & OB LAT A A ‘S‘f‘)‘”m%‘?"ie”yf“ | §Bbnd) 5e§@ & 6000- 7500

cel | s/ 100 @ydeplopyles!&myloetbampgh-2: \5nydcﬁgkﬁarwmas%ah&)yﬂﬂpyspblahm-)ﬁ-yiil-'ﬁﬂé— plates are
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N—((3R 58) 1-((S)-2-tert-butyl-4-(4-fluoropiperidin-I-yl)-4-oxobutanoyl)-5-

N N\




2. A pharmaceutical conposition conprising a therapeutically effective
anount of one or nore conpounds or salts of Caim1l and at | east one
pharmaceutically acceptable carrier. MOSLLP

2. A pharmaceutical composition comprising a therapeutically effective amount of one or

more compounds or salts of Claim 1 and at least one pharmaceutically acceptable carrier.



