WD 2009/ 082701PCT/ US2008/ 087736 HCV PROTEASE

| NHI Bl TORS AND USES THEREOF CROSS- REFERENCE TO RELATED
WRRBROLATI ONS [ 0001] The present invention cl ai PGI/US2008/087736

priority to United States provisional application

serial nunber 61/016, 110, filed Decenber 21, 2007,

Uni t ed JHEVERROTHBWSH INRIBIIQRS AND USESaFHEREOFber

61/ 016,473, filed Decenber 23, 2007, United States

provi sional application serial nunmber 61/075, 001,

filed Ju , j t LSihRnal
appl i cat¢§$§&ﬁgﬁﬁﬁrﬁgﬁ1¢@§g§%@éﬁﬁﬁ{f§?@$ enber
[0001]19. T%Q%gbseﬂtnﬁvéﬁﬁbh leRls gﬁoﬁg% WHiteWyrghy Etl%vﬁl%hﬁb%plication serial
i ncorporated by reference. TECHNI CAL FIELD OF TH
numbdr NMEINBL 108, [f0QD Zjeddrabaor 2is 2007 Minétod i Syates @ratieenal application serial
conpounds useful as inhibitors of HCV protease. The

numbgr fyléhihHH, dileo Dseaibedes’ pAY mbbead iXaley proyévest gpplacation serial

i I §{\R0..C of 1] resent. -
numocf R RRT Bl R TR v Sy TR RY R ol BBl FPBRbop poral number
61/098,678, FilQESPRMbePT1OVRFOROHR Gtif@y B Esch FAMMERIUNRYHindddborated b
I'NVENTI ON'[ 0003] I't is estirra?e?}ved t hat over 170 rPISJI:IingEO Y
refererpeopl e worl dwi de are infected with the Hepatitis C
virus (HCV). Wth an estinmated human sero-preval ence
of 3% globally, HCV is the major cause for nobst cases

of non-A, n t 1S i [., J.

Hepat ol ogy gEEéd(@%pr h%l)%ngé 1%%%;‘%9@ le the
[0002]sY "IhE Besiit iaGettidn HeRAS ith icompoieds dReful a$ AiEbIRA b PGV protease.

at | east 85% of HCV i nfections becone chronic, and 20%

The myenttdmoalso profvisles phardevaitiopllyl aaceptaklic rompesiBonsTdverpeising compounds
| ess than a 50% Sutil\o/ciiva rate .at four..years, post

of the fIreseRGLUVENIPN PN LF BHIE SpighgomRpitipnsol the tigptgent of various

disordéﬁso‘:i ated with increased incidence of hepatocellular
carci nona. [0004]HCV is a positive-stranded RNA virus

whose genone BXOKEREUND QP THEINVENHON oxi mat el y
3000 am no acids. This precursor protein is processed .
[0003]i nt & iaestinesdest thaoover 4 20 melfipw peaplawoddwidaerpsinfagteduyithl the Hepatitis

LD o e P e b, 55, B b e
cause TN RRst cades c?f]ﬁoﬁ-lA,. &%?Eﬁpaﬁ%{ (A rAIGK Pf aj H(eglﬁg#og%l %_é., (Suppl. 1):

protelns are derive proteol yt'i ¢ cl eavag
17-24,p009nr Bihelk mhagydnmers pf ssitBspatits pibeide de sérhe paiasnht 1@hst 85% of
catalytic machinery for viral replication. [0005] NS3 )
HCV ingctionsdisporax Fhratiel ndéd Ywefthpsednisriad dayedpriaer pisthisian There is less

term nal serine protease domai,n and RNA- endent .

than NP SRRt P RO SREFRATE oMeBiNh, SRR HESTRRERn i aiso

associdtB@lvith MR reaVQ BOAH L2 KGRI HR2ARGIABY 736 NSAA protein
serves as a co-factor for the serine protease activity

[0004]of N8/ iNS3pdsitivetstramdedaRNA pirot ehbyet penoarzymeddshatpolyprotein of
cl eaves sites |iberating other nonstructural proteins )

approxyaaielys A004P arpmoHoudsy e phis HEGUSIPT diefeinsisprogagssideinto at least 10 viral

e USBRRHS Gl 2 it 5P RSFRUSPL 3R, 5, v N
(Blighe )t #bbti 3 hadtiviRg rraey 308uppt Briey10m998). HCV nonstructural (NS) proteins
are derived by proteolytic cleavage of the polyprotein and are presumed to provide the essential
catalytic machinery for viral replication.

[0005]  NS3is an approximately 68 Kda protein, and has both an N-terminal serine protease

domain and an RNA-dependent ATPase domain at its C-terminus. It has been shown that the
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treatnment is effective in only 15-20% of patients

(Weiland, 0., FEMS Mcrobiol. Rev. 14: 279- 88, 1994),
w@eaoksesosi gni fi cant side effects (Wal ker, M APCT/E82008/087736

al ., DDT 4: 518-29, 1999; Moradpour, D., et al., Eur.

J. Gastroenterol. Hepatol. 11: 1199-1202, 1999). Wiile

NS4Atphetciouerents stcadatasdfontheoaring ppegyd adtiety iofitNS3f eXSihfuactions as a
in conbination with ribavirin, is nore efficaci ous and
proteoafﬁals CHEYNG thaa @@?‘@és@éeﬂﬂ]&?&%@@eﬂm%I@ﬂs’@&?‘%@llﬁﬁfﬁmﬁ rmecessary for HCV

replcdifh i1 VA gige S0Py S M ey i o

[0006]L T ealomeRLiRasral SR TS RN LAy nﬁ@@yﬁa@w e[h&ﬁﬁ)ﬁ%tf%nterferon
such as thyroid dysfunction (‘Huang, F.

treatmdhitrigbifédeivatn onlg 1531069 of ﬁeﬂﬁﬂtsl(mlaﬂﬂﬂiﬁj FEMSGYZIVC}GHI@ B&mrl4 279-

dj? ognosis for patients suffering from HCV i nf ec
88, 1% %Ihiehmsaga rcantagie offeels t@¥alke M dpprioged DDT 4: Y89, 1999

Moradﬁaﬁlﬁr Pm%g raZ g g&a%géﬁtgloz it ?g%lﬂu&%$g@?$?_§éo "WhEhe current

standafd\MEMé %g{ll@@@%ﬂeﬁeﬂaﬁ% HOMNERIoh QUi bRAkn, GO MRV BER acious and

of this invention, and pharnaceutical |y acceptable
appears dmxtcsreaseoh@atdaelﬂldmf ¢arcinemefih gatiente vath HOM-tldtad smhbsw (Hung,

e 2T GG B IS Eo B o
o R . I BT 008 i o e

401, 200@sent i nvention, and phar maceuti cal |y accept abI e
conposi tions ther eof are useful for treating a
[0007)var iTée pomn‘prdg@@asf@spatldnts suffirmg foom EENdinf¢ating and the current lack of
di sor ers,

associ at di sea
elfectif FpPI e P s B HELS ooy BB PR for Balyelipibjprs of HCV
1]0%"% WO 2009/ 082701PCT/ US2008/ 087736 [ 0010] Conpounds
NS3 p SC.
rovided by this invention are al so useful for the
st udy of HCV protease in biological and pathol ogi cal
phenonmena; the stu i ntracel lul ar signal
t ransduction pab HM%@R%G]FaTHE IBWENT/I(@Not ease; and
[0008]It Eﬁgtbﬁﬁp%évgt Dot fgl\{l?(l lfll%lttlc%?npgfmc{; of this IIE)VGHEIOenaSH%d pharmaceutically
acceptable compositions thereof, are effective as inhibitors of HCV protease. Such compounds

have the general formula I:

R
0

or a pharmaceutically acceptable salt thereof, wherein R, Rl’, R*, R’, R* and R” are as defined
herein.

[0009] Compounds of the present invention, and pharmaceutically acceptable compositions
thereof, are useful for treating a variety of diseases, disorders or conditions, associated with

HCV. Such diseases, disorders, or conditions include those described herein.
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BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0011] Figure 1
depi cts a nmass spectroscopi c anal ysis of HCV NS3/4A
wowdodosype protease in the presence of test copr@DUSIH08/087736
[-1. [0012]Figure 2 depicts a mass spectroscopic
anal ysis of HCV NS3/4A wild-type protease in the
[0010]pr eSenpeuts preddediignthalincentioR? are {10ds3fufif@uhestddylepHCVsprotease
ss spectroscopi c anal ysis of HCV NS3/4A protease.

in biolggiggl@pctm@th@l@gwaldéﬁn@ﬁ@laathwwy op Btapdkidas pigaaldmapdustian pathways

. of NS3/ 4A nmut ant D168V protease jn t resence, .0f
mediaBi by ARt B cp By e G ERRT bt A VERRRER ihiBiors.
spectroscopi ¢ anal ysis of HCV NS3/4A nmutant Al156S
protease in the presence of test conpound 1-11.
[ 0016] Fi gur BAAEFdPESCRIRTIONS O IS PHE DRAMINGS anal ysi s
NS3/ 4A nmut ant R155K protease in the presence

f HCV y f ,
(0011} ¢sf I By GGG S12-13S SPSHRSEPRICGiRl¥s1y O bIVANS3/AA e kktype protcase in
ectr opi C lLysis of HCV NS3/4A nutant A156T
the preé?%f%@ggeégﬁoﬁnﬁoﬁﬁgg'}%ence of test conpound I-11.
[0012][ O0¥§ure AueFicR B8Rk S e%trbﬁ@bi_ctahﬁgwgf HOVEXNSRUA wild-type Frotease in

sel f-tcl eavage products are inhibited by treatement o
the praseqpieiof ot ealfdosndd-28. Conpound 1-47 for 16 hours.

00191 Figure 9 depicts an irreversibl | ent
[0013li[ nhﬂél&rs depigitdiise Spectescopic aR%X%P’S‘f‘éXé\zg-’a‘é&ﬁ%?aﬁ%t es

ro i iLbit] ro VA i
[0014)P! | g?glggg d pp?cao{ﬁfa%ke?p{eg’ ag&ﬁeaf,gg@?lg Goqg@t‘{/' ¥3/4% Hi®nt D168V
proteasih fthChreavagss te@kb@polndd-onpounds are renoved.

[ 0020] Figure 10 depicts an irreversi bl e coval ent

[0015]i nhiFigurerS (emeotp cunussl spBirossbpiRSRafysist @fal€’V NS3/4A mutant A156S
protease in the presence of test compound I-11.

[0016]  Figure 6 depicts a mass spectroscopic analysis of HCV NS3/4A mutant R155K
protease in the presence of test compound I-11.

[0017]  Figure 7 depicts a mass spectroscopic analysis of HCV NS3/4A mutant A156T
protease in the presence of test compound I-11.

[0018]  Figure 8 depicts that the NS3 internal self-cleavage products are inhibited by
treatement of replicon cells with Compound 1-47 for 16 hours.

[0019]  Figure 9 depicts an irreversible covalent inhibitor (compound I-11) of NS3 protease
demonstrates prolonged inhibition of NS3 protease activity in the wild-type replicon cells, as
measured by self-cleavage, after the compounds are removed.

[0020]  Figure 10 depicts an irreversible covalent inhibitor (compound I-25) of NS3 protease

demonstrate prolonged inhibition of NS3 protease activity in the wild-type replicon cells, as

measured by self-cleavage, after the compounds are removed.

DETAILED DESCRIPTION OF CERTAIN EMBODIMENTS
1. General Description of Compounds of the Invention:

[0021]  In certain embodiments, the present invention provides a compound of formula I:

Page 3 of 185



denonstrate prolonged inhibition of NS3 protease
activity in the wild-type replicon cells, as neasured
whooses¥ecl eavage, after the conpounds are renPwBUS2008/087736
DETAI LED DESCRI PTI ON OF CERTAI N EMBODI MENTS 1. Genera
Descri ption of Conpounds of the Invention: [0021]In
certain enbodi nents, the preﬁﬁnﬁzinvention provi des a
compound of formula I: WO
2009/ 082701PCT/ US200& 087 or a pharmaceutically
acceptabl e salt thergqof, enein: Rand Rl' are
i ndependent |y hydrgge i pnal ]y substituted Cl1-6
aliphatic, or R and RL'll are| tBkefR 't ogether to form an
optional |y substituted®- edRcar bocyclic ring;
R2a is -OH or - NHSO2R2; IsH-N(fR 2 or an optionally
substituted group selected from @3 7 cycloal kyl, a
bri dged bicyclic, 6-10 nenbered aryl, 5-10 nmenbered
het eroaryl having 1-4 het er dat ons i ndependent |y

r Btr .or sulfur, or 4-7
or a pRE SR G, B Bl P e, %) o ot oo |
R' and RUgReRdgRhiNtIS Blyeokedof sRBnAl §udSEHted @Y G8Phatiel or R' and R' are

sul fur; each R is independently hydrogen, optionally
taks bagetheutoefdrnCan eptédniajhh sutisgtutadr3-7 membRredgatbheychiamsg;
7a. DLLTO om are taken together with the nitrogen to
R'lsggﬁﬁ{%ﬁﬁséﬁ%enbered het erocyclic ring having 1-2
2. r ' r-om_pi eNny. . ol
R i - S0R £ 1P Bh SR SRSHAR! b B or PR bridggd bicyclic
6- R nendctodkanl, t Dgethanboed hetehaiyl havigr Veinhagroatoaysindependently

forman optionally substituted saturated or '
scloetedtitnmatedogen, r8ygembar sdfuri ay havinemgbaed hetereayelat dwsing 1-2

nelg R IGiRePTS SIS HRPPOTGRED SRERL ) S Lbipr | ses a
each R‘é‘f?'iéﬁl%g%edgﬁtﬂ“ '(%r%}l%tit%ﬁﬂlfsu'bétﬁgtea @]_gﬁgﬁhgﬂc, B, and Rl'

n t'oge their Intervening atons to
ftoronR aon thptsamoalifrygentdisini dreitekdn Sedetitcatvaich tic nitrogen to form a 4-7
unsaturated 12-18 nenbered ring having 2-6 heteroatons
i nd&pahaeedt hojeraesiclie treg havig At hefgmatodisypdepengently sclected from
ein the.ring fornmed thereby conprises a

sulfﬁr, wher ?
war B8R 05 YED: \E6 097 082701PCT/ US2008/ 087736
R? is a warhead group, or:

R® and R' arc taken together with their intervening atoms to form an optionally
substituted saturated or unsaturated 12-18 membered ring having 2-6 heteroatoms
independently selected from nitrogen oxygen, or sulfur, wherein the ring formed
thereby comprises a warhead group; or

R* and a ring formed by R' and R"” are taken together with their intervening atoms to
form an optionally substituted saturated or unsaturated 12-18 membered ring having
2-6 heteroatoms independently selected from nitrogen oxygen, or sulfur, wherein the

ring formed thereby comprises a warhead group;
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R4 is H -NHC(O)R5, -NHC(0)OR6,0R1, or a natural or
unnatural am no acid side-chain group; each R5 is
wo pabepgatdent |y -N(R)2 or an optionally substi tRCEUS2008/087736
group selected fromCl_6 aliphatic, a bridged
bi cyclic, 6-10 nenbered aryl, 5-10 nmenbered heteroaryl
havi ng 1-4 heteroatons i ndepeddently selected from
nitrogen, oxygen, or osul filur, pr 4-7 nmenbered
het er ocycl yl havi ng ﬁfﬁrhe oaf o i ndependent |y
,. selected from nitrogen,ll oxygen, Hor sulfur; R6 is an .
R" is HopNHEHQIR Y -NSIIGEDIORIt ed Qr oup sel ect@d: fahwah oEunBatural amino acid
.aliphatic, a bridged bicyclic, 6-10 nenbered aryl,
ﬁdsi% N@MPer ed het eroaryl having 1-4 heteroat ons

cch R ARGRIEIA 1y S Syt BT RUAL ARSI SRSy Bl o lphtic
bridgédebieondlRe- lionsgembade afly 53 el eahirded havfomiyl he@e.l-4 heteroatoms

_oxygen, or sulfur; R7 is an optionally substituted
indgperentbelselected! frompmitciges, akygohaot ylfia, br iddfeeembered heterocyclyl

hi cyclic, 6-10. nenber aryl, -.5-10 nmenber ed het er.oaryl
hapiag ! koot QRO s RIS BB E De P RGBT PG,
6 - t 7 d . . . _

R B PR S BoyP AU By T RIS s it o1
mceeeglt @4, 5k mmambeed éteraxxyl demingor-4 sutckantomandepddently selected
¢ N-f{ép, ; or R4 an({]ﬂgz arfmtakeggtq?ggtt&her IWIIIJ'Eh 'thﬁizrght .
ToNh BYOZeh | ¢y 2eit, orsSWigT.f & AHNPT racyclgubsiing utedeteroatoms
.d%atura{led or satgrrgat ed 16-22 yered ring having

7 indspendgn Bé%eéeg{egﬂ tfuoqlﬂ Eg}é&éﬂgqnyorssél Iég;dﬁglom ni t rogen,

R’ is QX YE0Onal i ; I 't ¢ Hliphatid, S bri icyclic, 6-1
S ddpondent 1y Sel et da Trom hal ogar,  1OR oL hcpe e 610
menieR)d2aryor5- ptiembere \hewrdasyli Havtngd] -Cihctradtonh atdependentty selected

mis an integer fromO to 4, inclusive; s is an
froph NEEREN.f PXYBFID Qrosubiur,j ¢ict-Usmembered jhetepasyelifk Bgansg flrloRptgroatoms

indsBitsat LSRG BITRE Bl Bt g™ 10

[ 0022KCaoppourds of this invention include those
(Q%ed ;\geJ/{ﬁﬁr ally above, and are further
t

* 5 or R* and R” are taken together with their intervening atoms to form

R”is
an optionally substituted, saturated or unsaturated 16-22 membered ring having 2-6
heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R” is independently selected from halogen, -OR°, -CN, -NO,, -N(R°),, or
optionally substituted C; 4 aliphatic; and

m 1s an integer from 0 to 4, inclusive;

s is an integer from 0 to 4, inclusive;

t is an integer from 0 to 4, inclusive;

wherein the sum of s and t is non-zero.

2. Compounds and Definitions:
[0022] Compounds of this invention include those described generally above, and are further
illustrated by the classes, subclasses, and species disclosed herein. As used herein, the following

definitions shall apply unless otherwise indicated. For purposes of this invention, the chemical
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illustrated by the cl asses, subclasses, and species
di scl osed herein. As used herein, the follow ng
waledopnsr7dbons shal | apply unl ess ot herw se i ndi PEX/Es2008/087736
For purposes of this invention, the chem cal Page 5 of
185 WO 2009/ 082701PCT/ US2008/ 087736 el ements are
clementdlard identéfitd i @codanteneeh the Periddec Pelile oditie FricatspAS version,
the El ements, CAS version, Handbook of Chem stry and
Handbppk if dshenmisfiyh apy theﬁ,tﬁonﬁm yAd@emlw ggrrqrﬂcprmcaﬁe%pf organic

em.stry are descrih
chem SRR s SR AL kB SRR P2y SR Beassoies Books,
Sausal§§usl@b9téi’fd AP’ @mand\éa c&gmﬁc RG¥ANESY S ganieg . Smith, MB. and
Chemi stry", 5thE., M B, ’and March, J.
MarchJ dhoMi [Véyey&&SBoss, NWNY‘«Sd{ k ZOQQOﬂm cnhee eoténte of mhllcélnar:e hereby
of which are hereby incor por at ed by reference.
lnCOTPP@@WTﬁ%T@é‘?m aliphatic" or "aliphatic group", as

002312 pa oo TReS; APLARGPOlT ShEEs bhreBumeh BrL ARG o G.c.
unbrarfeiéd)Nort Piahched, G@TRIuRIdEHY usbitidk® hy@fochidah B MhNE completely
one ‘or nore units of unsaturation, or a nonocyclic

saturaﬂag?ebrolnfﬂtrcbmnalm ronbior yodri amkty of oosatilion, loat fnenccyehy kydedgarbon or
) sa ated or, that contal ns one or nore unjts of
bicyclign ra@aélfqnoﬁha BtCORRI LR | Wiuiged Aroiat icentals s gt apqrgnits of

unsatu};a?vgf%g lvwayc?\S Ilgfﬁg?lgﬁg ga?SO refe?r)éﬁ It(? ﬁ‘ér&%@@t' #aqrb? Slrcle " “cmloahphatlc

e poI'nt o
or “cycPalkie)r @at haf a tsh@lapbiac of Qttadﬂﬁieﬁﬁﬁ) eHeNREMDS the molecule. Unless
speci fi ‘ed, ali phatic groups contain 1-6 aliphatic
otherwdsersposified, atighatic rgrcmpﬁeommmdd@ plepitagic carbop htatisc Iy s@upembodiments,
contain 1-5 ali |cc rbon atoms. |In other C
sliphe G gistphepan” Lp iy R G e e orlb b SIIPOG e cliphatic eroups
r I ' :
contaiff qoﬁg ggp@ggt%gﬁbﬁh %tq}gé Iy gttﬂ? F)E:hega %g&rillﬂge ks ah]?rlahp Ié?(;dpg contain 1-3
ahpha@d baboe e ardts yetabﬂhﬁh@rhbd‘dugéﬁw Paliph et gtolilpslc@ntam 1-2 aliphatic
al i phatic carbon atons. In sone enbodi nents,
carbor @gimb.odit Bcph@@mbodlm@nts “warlbdgpetie” (oo carbwpl@abky¢yc)0alkyl”) refers

to & mioGgiele &puf BENER (B b RATP L SRETGS B segfains one or more
units df rl‘l'nEﬁuIQ{mIP %ﬁ@&/H{Cﬁtl ﬁ’(?’ar(ﬁﬂétlc"‘maf’ Rag ac‘sn'f%E p8inf HP&t;a%hrlg]l&ﬁ% the rest
has a singl'e poi nt at t achnment e'rest

of the mmdlewild. e SuiGibid sliphatiakidqabatiictudgr butpse inocClitéted tdyUinear & branched,
not limted to, |inear or branched, substituted or
substityfed utis tinsupsdited) kiKYl alkawhy pikyaylkgioyps gndupsbrigsdthereof such as

(evelog kPR, oS YL et ARSI A kemyi [ 00241 as

[0024]“5eg‘ssh%fade hBreird MG fe%mbr@%éddﬁgﬁslf‘é" GYEhsl 16 anky 8Fi&Jchc tRgaAR¥tem, i.c.
bicyclic ring system car bocyclic or

carboclgeliccoobgtedotyclic s situratatl el partiagrinsaldateduhsatg atakeed ,one bridge. As
having at |east one bridge. As defined by | UPAC, a
defined i IHFAC, jas DHALE IS raanélﬁe@clafﬁiaqmmoﬁ HOWBHOT 3R 2k aF ryplspce bond

conne&gllgq\gg g)ﬁg%egl%a(?s wﬁ%rﬁecf?rlagehg\?ﬂfi) ? d%?epe%ﬁ %fc'o ik i\ﬁ:{n tﬁg %n? System which
is bonvbd &) thrsc RENERE skélefal aRBSOfexPMAIA 9(?@}0%% & Qe eglbgdlments a

(excludi ng hydrogen). In sone e ment's, a brid
bridgeBibooyclid grogp a7 Iin&smg ninbersapdriedrbetematonc 1@d@@endently selected from
) het er oat ons_ | ndep % ent | %]Psel ected from n| trogen,
NItrog@h PRYEFN, Hr Subfpy. £ C] I:)ggig yca@eggowsc'xyecwp]é BB Bgthg,ag and include
[ art u
those g@)h{)%@g%\@h LNEhak ca g g% ldge? ﬁlgg{ e @’ﬁhg ?ﬁoleeule at any

ere each I'S a

substit@fablehgrtioal &Qﬁﬂr%eﬁtatcﬁﬂy [ﬁﬂc‘%toltﬁewfvﬁ@ |sﬁec%db@fbr1@%ed blcychc group is

nitrogen atom Unless otherw se specifi ed

bicyclic group is WO 2§ 1PCT/ US2008/ 087736

optionally substituted wg)%ﬁéo%@gor nore substituents

as set forth for aliphatic groups. Additionally or

alternatively, any substitutable nitrogen of a bridged

bicyclic group is optionally substituted. Exenplary

bridged bicyclics include: H\ 1/;"HO0 HNJ \ N HNH



[0025] The term "l ower alkyl" refers to a Cl_4 straight
or branched al kyl group. Exenplary |ower al kyl groups
wae@nga7hyl , et hyl, propyl, isopropyl, butyl, PECDDS109$/087736
and tert-butyl. [0026]The tern1"|omer hanaIkyI"
refers to a Cl_4 straight or branched al kyl group that
optionhliy subsitiutedit with Wrich ooneomer sutstigicital agaset :’f(OIdefor aliphatic groups.
27] The term "heteroqatom' neans one. or of
Addltl@g@}]geqai altgr@p‘fﬂ‘(ﬂly, apy pm@@@@blwggmf@sbrld@pd chlmfoup is optionally

an I di,zed rm of nitrogen, sulfur,
S“bst“éﬁgsﬁ ﬂl Wb&&%ﬁ%ﬁ%ﬁ%ﬁs ey uat er ni zed for m of any
basi c pjtrogen oR; a substtutabl e i trogen
heterog¢yclic rin |n
3, 4-di H d|
NR+ (As S i j
term "unsaturafted, " as used her e| n rreans t at a
noi ety has one or nore units of unsaturation.
2009/ 0§2701PCT/ US2008/ 087736 [ 0029] used her e| n,

an
refers to a

is a
%o 6, iﬁpqz:§;5{4
0

eng_group in

! r
‘y &) @

allphatlc group. [0031] The term aIkenerne refers to
a bival ent alkenyl group. A substituted al kenyl ene
chain is a _pql { | east one

doubl e bOJ bns ar e
repl aced ‘ 2 uents
|nclude t ho I i 7 ut ed

hatlc roup HOOSZ]AS used herein, the term
[0025]" cy h@mﬂ@p pwenalkyl? egferb 40 8 61a stpightl arransed alfsylogrgup. Exemplary

lower 91%391 gl)roups are methyl, ethyl, propyl, isopropyl, butyl, isobutyl, and tert-butyl.

[0026]  The term “lower haloalkyl” refers to a C,.4 straight or branched alkyl group that is
substituted with one or more halogen atoms.

[0027] The term “heteroatom” means one or more of oxygen, sulfur, nitrogen, phosphorus,
or silicon (including, any oxidized form of nitrogen, sulfur, phosphorus, or silicon; the
quaternized form of any basic nitrogen or; a substitutable nitrogen of a heterocyclic ring, for
example N (as in 3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or NR" (as in N-substituted
pyrrolidinyl)).

[0028] The term "unsaturated,” as used herein, means that a moiety has one or more units of

unsaturation.
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N.. the follow ng structure: [0033] The term "hal ogen"
nmeans F, C, Br, or |I. [0034] The term"aryl" used
w@b@pesonl as part of a larger noiety as in "aredkRyk2008/087736
"aral koxy," or "aryloxyal kyl," refers to nonocyclic or
bicyclic ring systens having a total of five to
[0029]f OU%ts&ISéﬂ hdarlg, the et Sblv'dlbtﬁr(algr(oﬁcl J;)%ﬁltrataher ﬁﬂsﬁ@traitdsd straight or
he systemis aromatic and wherein each ring in
brancf@gtétYélfﬁC@tbﬁtlshm ,3efers to bivileat atlerenss alkemphency @tdrﬁlkmiﬁlne chams that
rchangeably with the term"aryl ring.'

areStrflg%t\%%ﬁ%e El&er “Msed al one or as part of a

[0030] ar gﬁé 51 e&]l( R Refer@h@laKyivalent ﬁ[{?ll K%Y, " AR ™alkylene chain” is a
aryl oxyalkyl refers to nonocyclic and blcycllc ring

polymstjay]te&afrgrohp,vuen g(@Hi)gat atherin £ isvepdsaiviGntegangproferdbéyr Som 1 to 6, from
ein _at least _one ring in the systemis aromatic

lto4 afrfan e Beftamel©or?, o .ﬁr@m %%t hed §9@tlemdcaélﬁxleter@atnwﬁ @gobygnethylene

eroup Y B o BB Syl ot ety s Sl g, Sl
substltﬁéﬂis)ﬂlbﬁlﬁé‘Hﬁ)s@ﬂesbﬁ&dﬂfeﬁﬁxef& a's{ﬂbls@iﬂitécpa[h hat®d ptbup.refers to

an aromatic ring system which incl udes but not
[0031] i niThedertno’jallphgleyd”, re!ﬁarptmmjoivalmaplﬂ{mwIgmt@nt&nrsabwrutech glkenylene
chein J § GO RIS GPER AT RS Bl ot b Rabaat i Yhich agg or more
hydroéeth a{tgmy ﬁfedreggléfd Q"tth sﬂs%@rﬁpstu?ab\f@ klﬁ)lg'ilﬁgntgrlt?gﬁ?&e t?losehdescrlbed

non- ar

belowa&mﬁ@nmbd almahagtdﬁpdyl napht hi m dyl,
phenant hri di nyl, or tet rahydr onapht hyl, and the |ike.

[0032]\/\0 2@0@¢®B@@@1¢h€f¢m16‘200]8p%71¢8ﬁ” [roo3a6d Trhavalent axclopropyl group of
"het er oaryl "heteroar-," used alone or as part of
a | ar ger rmi,er{;l . 0., heteroaral kyl," or
thefoll Wentlegtoa al ko%” refer to groups having 5 to 10 ring
at'oie; Ht?re?era y 5, 6, or 9 ring atons; having 6, 10,
[0033]0r T‘ﬁetetnne‘h@l@ fPcafRr €@JBYBHrd cyclic array; and
having, in addition to carbon atonms, fromone to five
[0034]het dho&trmrieryl Tised bmmot imgtaetr afaitlangtr merb‘eyres 1 Saralkyl, o'tpealkoxy,” or

I TN O T TR N
ring mlkgﬁl%le&%a\?h&reﬁga? rl‘easmlf eIrl irnythe s?é‘ﬁr[) ‘T’s ér?ﬁ‘nﬁ‘ﬁ'éj find %&% %ueitach ring in the

rany

systenPYdmRam ¥lto 7tﬁﬂgaﬁ1@1|nbérs Tk rtétirpl‘éf%r],” rﬁ%}ﬂg@hﬁﬁd, interchangeably with the
|soxazolyl oxadi azol yl', thiazolyl, 'isothiazolyl,

term “ariyl wol. Az ol yI pyridyl, pyridazinyl, pyrimdinyl,

[0035]3%/:3?@i e |“a | n’dt(é)sleifié 4 loiﬁ i Iqr%lll,lvggrargaltgth r ; 1? !éq. VL ’a“ar%{léoxy, or
“aryloﬁiatﬂgrrlgggtgfr?gtto I@étﬁ)?%élﬁ%nﬂq)‘?cgggg k{ 8 égeﬁgg;hér‘\r&}éa total of five to 10 ring
membé&y Ol itin RhRbIt One ﬁﬁ% hethespeye isydromatiighd wiesie eztdh&mg in the system

radi cal or point of attachnent is on the
contalmﬁeﬁleaedarsevmt lieg mem@erSNoﬂteu tptim “argl”emnbt gsedi intsrahdegeably with the

term ° Eﬁ'yg of H‘Ir %}%Ig?ndm gt}efg E)Ptthg #pﬁ lag%glf)gr i almfefelrs to an aromatic
ring s;@%ﬂﬁvfﬁcﬂﬁf&l les BAHAR Pin¥ted t(:) %ﬂ’i lnﬁ 15/6{ illﬂﬂl%’l,' Mracyl and the like,

azi nyl, ’qui nazol I ny i no
which mquamiel ozrlnm’e ,sulﬁ’sﬁtdéﬁtmlﬂl&o mamdectiwnhﬂn thpkwpast thlterm “aryl,” as
phenot hi azi nyl , phenoxazi nyl, tetrahydroquinolinyl,
itis use@hergmy@ra(gr@wmw{mh qwqromg\tﬁ.‘drlng is fused to one or more non—aromatic rings,

st B 2 B S0y 5 B Mo,

like. used interchangeably Mﬁth the terns heteroaryl ring,
“heteroaryl group,” or "heteroaromatic," any of which
terns include rings thap,ar |onaIIy substi tut ed.
The tern1"heteroaralkylP éigéﬁﬁgto an al kyl group
substituted by a heteroaryl, wherein the al kyl and
het er oaryl portions independently are optionally
substituted [0037]As used herein the terns

heterocycle 'heterocyclyl, heterocycllc radlca

o, o o L T o o T



[ 0039] As used herein, the term"partially unsaturated"
refers to a ring noiety that includes at |east one
walewblog27or triple bond. The term"partially  PCT/US2008/087736
unsaturated" is intended to enconpass rings having
multiple sites of unsaturation, but is not intended to
[0036] nciTudl&ras YhetabaryEtand otetgtoari eded @kone as aiq@’r’ed)fm larger moiety, ¢.g.,
w defined. &10001] As used herein, the phrase "natura
heteregplkp, 2@ e@mﬂléaﬂéqu ﬁe@r&gmup%h@/ﬂ@ $ & 1(hang pigans, EW&]T%MY 5,0,

no.aci,ds naturally ogccuri

or 9 rify 45 @%V?f@%y6 d0ch i SO BAbAGAGE G0 ey g addition
to carﬂ(ﬁn behﬁr rﬁro oRY 45 GRRORIG o AFITOTRE i “ﬁ’ét%rﬁétﬂﬁl?’ refers to nitrogen,

i'ne, l|eucine Isoleuclne, I oni
oxygel, hn&ﬂsyﬂlfaf amdriﬁcluddsmymﬁtﬁﬁbd fonel gfr rﬁird)%e!ﬁ or%(lﬁhﬁlaﬁ& dn§ quaternized
sonetinmes classified as nonpol ar or drophoblc and
form ofthesic nitrogen. dtetqrodrsk gronpstinelude, anthei lamta@tgn,ath@@yh frsanydiyrrolyl,

imida 3B oL HRAL . oSpEATe %%%y% TSR PRGOS, thiazolyl

1soth1a§§l§ﬁgfrlr1a?a{dgazo e rﬁﬁgr ﬁg%a'zmg %@h@ g%ﬁgﬁhflatlgﬂrﬁml\r%’fehyiispurmyl

naphtlf}iﬁdingl ranﬁqitaﬁdmydr Thy démh‘l‘ﬁete@oarﬁm and ‘aletect&rha\ae used herein, also
charged si de-chains. Such charged am no acids include
includg ;gmpé in athifihg hefcroaioenatip singds desed dhenepr srom Aat, ;ﬁygk)ahphatlc or

the art  wou ani ze. t protectiaon
heterofyl B i R o 8081 db-:LRUTE dh Op dfudRicfftgfnetic ring
Nonhrﬁﬁhg%x% bids RRNRR! iAdolyF NoiRSAIPbSzotBichl bRRoYurliy2t 86688 furanyl,
tyr osi ne hydr oxyl group can ‘render thaf tyrolné
indazoMn peeinaimidardlyhy dreoghiabélel, byuivolyt, uésoqhinplyht eambhgylt hehthalazinyl,
. ﬁdroxyl gro;f 6}0040 As used herein, the phrase
quinazeifiylafliipeXaliai dé/-auinalignde cerharofy | grasidinylr aeaqanylophpethiazinyl,

0 acids not. i ncl ude
phenoi(azu}yl 0 et]ﬁby%ﬁﬁl lo(ﬁlalll L dgetrra]lgl}f%?lg?q%nohnglur an g pplrlg?{bgt QW? 4-oxazin—
3(4H)ﬁﬁle dﬁ%fdr&@ﬁ #HGY ﬁia¥ B4 edbnBIon 910?@1'1& STHe@HH dBetéd8ryl” may be used
soner of" any he 20 naturally occuring am no
1nterclmug@bly Whtinthie mfrrais “hetbnmarydmngﬁ “hdtaoanyhgﬂoupi,é oh tﬂmbaeerromet,lc ” any of

orni t.hi ne, .norl euci ne, yr 0X er unnat ur al
which fepmsdnelpdeings; thel-ap apfrl@aﬁy éuw@mtei ﬁ@ﬁ/ﬁemb l%ﬁtréoqs%l refers to an
7R1P
alkyl %l?d Ql%é@fl nclbh, de heﬁﬁg?ﬁr%ahl%se%r &%ha I1 gf?cggggllo r&?%&%oh%nﬁgfendently
are optidHAdY Wititydd no aci ds incl ude nodified anino acids,
i ncludi ng those that are N al kyl at ed, cycllzed
[0037]phodpshoed hercind theateensy | Teteragycheri dmtasokychti’ dhittatoeyklic radical,” and

heter(!eﬁ?(glg(lf {}g@ arg nﬁ?ﬁ‘,ﬁi&ﬂ‘%{({héﬁg%@blg a@ Ireg:grntg gbs(t) %h]eng 2‘{927—maerr]nbered monocyclic

or 7—1?%%%{@@3&2&1%&%@%% ?ilhmé%g]tﬁh? ésﬁér‘}{ dr | beft 1’3}%: i’venp}’ unsaturated,
and haWg, G0 BddHIeh tORErbaM@biny, @Itébé‘rtmbﬂét petferably @ht @S foul Mheteroatoms, as

gener al, the term "substit uted," whether pr eceded by
defined rbovee r\Mhe'nomeddnabfepenw to moting aeanef & Haterasmeleothertore "nitrogen”

inchudgRf R g et B ORI G & DTN SEP TR GGeE e ing having
0-3 hAOBLARAL:Ye3 YRAS bHHISIF QR NBY b SHIAADLEN (as in 3.4-

substituent at each Substitut p05|t|o

dihydrgr sy rratyd), Wite(as iopyerdliday] )poe NROG i Fnsubstitateyt pgirvlédinyl).
structure may be substituted with nore than one

[0038]s ub4t hateresiiclie sing seebe ﬁht&@hﬁcht%iﬁﬁemnﬂmé GG |@ny heferoatom or carbon

N n h r diff
atom tﬁgtke)‘isﬁéﬂ %g}giatﬁt%ﬁy St%gcrtﬁ%? :'?85 aB-‘ﬁQ eagfﬁagt?mg f8he§ & Tptiofily substituted.
ExamyR8Y b 1088 dafliatddbP faRMat ?&Qtu?a”[ RERERY R yadidags fachldR! without
result 1n the formation of stable or chenical

f easi bl e conpounds. Thep} E% gkable, " as used her ei n,

refers to conpounds that are no substantial ly al tered

when subjected to conditions to allow for their

production, detection, and, in certain enbodinents,

their recovery, purification, and use for one or nore

of the pur poses di scl osed hereln [0042]SU|tabIe

o o g, " .. o R . o - .



WD 2009/ 082701PCT/ US2008/ 087736 br anched
al kyl ene) C(0) 0- N(R) 2, wherein each R nay be
waawsnsa7ot ed as defined bel ow and is i ndependePtT/yS2008/087736
hydrogen, Cl1_6 aliphatic, -CH2Ph, -0(CH2)0_11311,
- CH2- (5-6 nenbered heteroaryl ring), or a 5-6-nenbered
limitatéomt ut@tadgdrofiasryl,al teyrahyds@hioplangd, patroladipgl, r pipgridiayli ngyrrolinyl,
0-4 heter oat ons i ndependently sel ected from nitrogen,

tetrahyslgayénelingls tetgahydioisogninokitwidegely aaninglinyheoxieplidinyli piperazinyl,

cioxar KT U SFRET PR 56 dhAE ST ofpuyotidy fitlsuinuctidingl. The
terms 3hé't8r0ﬁ§d’ﬂ?ge r‘ﬁ@teﬁ)@%{&l&t epbterB&fclyl Alidgy” YRSELEY AL EGouP? “heterocyclic

aryl - or bicyclic ring Having 0-4 heteroatons

moietyi, halep'drceotyclc sdicalt ed usedmtarchtangebly, haveiy g, alsorinclude groups in
sul fur, which nmay be substitut ed as defined bel ow. .

which P@ewg]csselm i 8 TwisA v ancepimera el hetrsprrgl, eincyrloabphatig émgs such as

1nd0111%y$,g%{ ngc,;on@d%fﬁ&tn%@ﬁrpqgﬁ n\é\ﬁ délrlﬁ g ?%h%go%%ﬁﬁéﬁy Eg're?he radical or

{
point dﬂ(ﬁ‘&ﬁ&)@%ﬁg 8; ﬁim_hs ﬁbt@ﬂ)@&‘cl%l Iﬁ@ﬂ% &Cﬁ%&?c&»clf CSF@‘EQ%;) be mono- or bicyclic.

The teHﬁ(‘habmnyclylaﬂdyl”-rb&rs to(a@HRy0 gﬁm@Os)lbsutute@ @y-IZ)lﬁteﬁc(C(yOI)/D kyherein the
0) OR. 2SR CH2
alkyl ané‘ goméc( )ﬂtl)or{sejl@z%q%%@we Optlmﬁzly@u %ﬁ - NC2,

[0039]al Ky ene(} Eﬁ‘( g@oﬁ% tg’ltn{ %agt%&yq{maﬁ%% ?gfelﬁ t&a rin§ moiety that includes

erern eac

at least @Y ABHBIE Wk @dple rboﬂ@ €T RfRCPa@idPYinsdhahied” isSintended to encompass
substituted only with one or nore hal ogens, and is

rings havéhepewtioht bijessefl wottetitionobutGs nbt antendedt tocncludHamt or heteroaryl

. -0 0 11311, or a 5-6-menbered saturated, partially
mmeu%é%%%% ée r aryl ring having 0-4 heteroatoms

| nd I ck .
0011 PRREE A PE GRS e Lk FRERMS AP ERun? Tesp g th sid-
chain g@np@ﬁ agy oMl 2(Ramiol 46 na%r@l%d o&urin@ @t plovelhd. aBlh natural amino

di val ent substituents on a saturated carbon atom of an

acids ‘ngprdeothal noppelabsen hydrepitobig eming aeldaidglyeinge fleninewivalite, leucine

isoleuci%ﬂ,m:eahﬂ%gﬁla\l thg@l(l@lgm%) %R Ban ag&%%%%(%ﬁtﬁlgy gsg%n?eglmeé classified
a5 nonASE B ) Rl G BRSSPt e PAmfip o2 BRD BN poler.or
hydrolﬁﬁhaiaﬁmmdmbﬁl qich a3 tyeosine Setss Ithﬂebmde Sa@amniwd galso known as
saturated, partially unsaturated, ar ring having
aspartgie, whanetherasdl, @&ﬁamw&@pde@éﬁ@nlmoymsaélé@tﬂ ef when ﬁhatrg@g,e%paragme
r.sul fur. Suita i val en ubS|tu nt
and. oJIRHAEE (Rl e on PtoBBUR, Bt ERsaPHEr et T - drhS. s
charged Ohih@R1dh n GRS E gkltnhlt i@ QHP hisfigin ‘édeOne 4} gﬁ*r?a)(yzs}%@ in the art
wher ei n each | ndépenderit occurrence of R* is selected
wouldfrecognizy drad gentectiGh o 06 aglolap ahiydroplnlic lamirayadie sideHolin batt edder that
. as, defined below, or an unsubstituted 5-6-nenbere
amino ggid oRpAEr. %)éremraplpya sehlyuretedad teesing kpdrexyh grorc}a\saam gender that

oyl SRR RIS IS A M o3

[0040][ 004{%]11@&& fhafthenhs El%ﬁé ARSI %uforhj@ldaﬂldleoﬁﬂiﬂ C%oﬁiﬁ ORr o the side-

i ncl ude hal ogen, -R, -(ha
chain gﬁ)(up alfolRiho aeﬁN not @(cﬂ))cted-l in k3 O3tOR 20 andkiD, aciddHmRutyrally occuring in
' IS unsubstituted

protenimhlgsr 'sg?%éé@e&e b§/? %ia%h{io S&@?g@g@ fhe P-a39meh 0] Ry ?ﬁ]t%@) R@ naturally
OCCHI‘IR%&@%LO a %Sl( %@gﬁl}mgﬁglm aclldg q ﬁllgﬁ@é lrhé géeg%ﬁ,? &IIHRE%E I‘forleucme

and thp@kinkalOtherumaatital atifd, acs sﬁfe}’dhai‘nb Ag: WV kigviDtodone of ordinary skill
eteroat ons i ndependent|y selected from nitrogen,

oxygen, or sulfur. [00 SHb fPése substituents on a
substitutable nitrogen o an optionally substituted"
group include -Rt, -NRt2, -C(O)Rt, -C(0)ORt,
-C(0O)C(O)Rt, -C(O)CHC(O)Rt, -S(0)2Rt, S(0)2NRI. 2,
-Q(S)NR.r2, -C(NH)NRt 2, or -N(R)S(O)ZR wher ei n each
Rt i s | ndependent I y hydr ogen, Cl aI | phat| c vvh| ch may

- s R . - - R b .



WD 2009/ 082701PCT/ US2008/ 087736 organi ¢ aci ds such as
acetic acid, oxalic acid, maleic acid, tartaric acid,
w@rdopfog27aci d, succinic acid or malonic acid orP@OHUSE0$IERT736
ot her nethods used in the art such as ion exchange.
O her pharmaceutically acceptable salts include
in theai pad enclaleginnatuesl ahiphaichdade phzaﬁqoaﬂtladrmnnatural amino acids include
benzenesul fonat e, benzoate, bisulfate, bora

modifigdgiping: asidsciachyripabese thad pistbe bulatesh axcdized; W@%)b@n/lated acetylated,

amicaf RS SREIGE 4PE edive P iy SPbRigP B isdiial o acidis o
D- 1sorﬁéry GeSRRNGSRIR rts, 4h YERNALEamAG THAW § Aligmdept anoat e,
hexanoat e, hydroi odi de, 2-hydroxy- et hanesul f onat e,

[0041]I aCTA(sbldosmabed heaahatempbandsaboé, theaunrvwhticul thag econtain  “optionally
,. mal eate, nmal onate, nethanesul faonate,
SubStltEteﬁaﬁﬂ‘?lﬁtéﬁfseneg Wneitht B 5T otsebsited, niwhellics pregedad dy the term

ondo3 3 AL S BRTRA Sy AREEH R s RET) e rren

with aShR@IakEhstRMACT DAkS otﬁé{l\xﬁs%t Bdichtdd tafn&to%tloﬁaﬂl'y%ﬁﬁfﬁﬁ%@’ group may
p-tol uenesul fonate, undecanoate, valerate $alts, an

have at fugtable lsebstlp@ﬁﬂﬁ]ﬁah slﬂosﬁwab\lfaepbsftmomf dppgoppi aandeNltmsm;re than one
..include al kali netal %kall e. earth netal,  ammoni Li
positiogr{p aX gives sruers May K substipbed widlh Mok thanong Jubptitugt selected from a

speciﬁgg t(grlgg]? eth%agﬁthﬁgﬁta bt Sithde ltﬁédg 1‘{3% ddru mffelré Lll}lrttj ery position.

um cal cium gnesi um an

CombinRAsIYRE @Uﬁsltlﬁ@his}énafsﬁ)ﬁ@d Bphigs srkitfonl 426 bté(f@ablyz\ﬁﬁlﬁi@e that result in the
appropriate, nontoxic anmoni um quaternary ammoni um

formammfasmb&feorcdnemmﬁy E@smcqn@ougdsc oTlmtelmn ovisblg liehused herein, refers

o cop e YO A R, S RRBRBIRS S e
5
roas RSB 3 CH e BURAGR, B EEERAFB b o oo

or mor@ d Hicl pafstdisdbsag heemonmeri c, and geonetric (or
conformational)) forns of t he structure; for exanple,
[0042}t he SRitabihel MBnewdt gubHituantssor @rsubsitkfabls yoarhon ratem oérmetoptionally

.Z apd E doubl e bond , 0
sabstiis T gy PTG BAoRHer (4130 R a1 Hghtdh -OR': -O(CH:- R, -O-

<CH2>%%C§?5§$2§%ﬁ%e*@ﬁ@%)&ﬁ@?ﬁ%k o~ CRRoPRarbisfiapay be substuied

with R} XSS, L NEPRR ARG BERAHAARAA S 164 NOR=ENPSGRER may be

I nventl on ess of herw se st at ed,
substlth&dtvoﬂmq c((Eldf)gm()(tﬁﬂmohlep}amhybwhmﬁSnaquetshhsututtvceWﬁth(R[‘P aN@8,; -CN;
within the scope of the invention. Addltlonally

—Ns; umfézs)(smﬁﬁbr Wi 5@2bt4hi(%ac(@1&°uotNﬂeos)CﬁféBl ct-é6HnerN(R)C(OINR®;
N Rk zprgﬁk&eﬁ@ﬁﬁ 3 COM“&@M@MV&@%. Shdcomre:
NRe B R EE AR f?g@ﬁg SART Ul e ?)SQKC%@)O (C(O)SR>
(oo RIS LI T, N ST CRERAD s

—(CHZ%UO(O?W nvem@(@jNR@uch chgyswnds aygsisref ul (CHDO (OCONR?:

, ‘as analytical tools, as probes in bi ol og

-C(O)Né(ﬁa%)R oC(AE (O, apMCH,@@BRE;S C(N@R&)RPdaqmez)dMSlSW —(CH,),
the pr esent invention. In certain enbodi ment s, a
4S(0)2\Ré;r hea(@H@buS(Q)zOR% o#(C&lz}m@Sl(@be’,conﬂfﬂ(ODlﬁJPc"@,npr-l(@Hs)o sS(O)R;
nore deuterium ato

'N(ROE@@QN&BTM§&T$@E&50M(@§7)R§6 @@ﬁéﬁ\]&s WEQURAP @}Rozat RB(O)R®;
—OP(Q)Ee)(S]ggr)z;i éﬂk%‘i\;?{ :} ?l(q?rag t gr @%E;ng%{l agkyleﬁg)p~&ﬁa)t@|oér £ ;:gtralght or

coval ently bonded to HCV protease in a substantially
nonr ever si bl e manner. yhereas a reversible
inhibitor is able to b|n to {% is generally unable
to forma coval ent bond with) HCV protease, and

t herefore can becone di ssociated fromthe HCV protease
an irreversible inhibitor wll remain substantially
bound to HCV protease once covalent bond fornatlon has

o S s -,
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conpound via a suitable substituent. As used herein,

wao b@owga7m "sui t abl e substituent” refers to a nRCEUS2008/087736
that is capable of covalent attachnment to a detectable
noi ety. Such noieties are well known to one of

branched dikyesny)FR)OIN(RT) L Rt cadR R °iMg) blabetitQtedSis defined below and is
containing, e.g., a carboxylate noiety, an am no
independénglyyhy depgemi(al s amphaioy ;- CHsPha -YdHox yith, RoHe{ 30 ntembgendeheteroaryl
reci ated that such,no

) b few | an i eti
ring), G, St B HSERY YR GHERTY G et BotrybBRDBEMEE Br Prigrostoms

. h i ubp: i n . ar ..
wir LN ELI8 [ERTRETSheh B KTl SHBLAE v e
above,SWelnd@kdchescoiB¥ndeg o AR agi@doydtiter GliihCikeif e &lifigy atom(s), form a

sone enbodi nents, such noieties nay be attached via a
3-12-theBibergd | sotmdded, i partiablfy wanatazitale oniaryl monal ky beyclic ring having 04

optignally in the presence of a copper catalyst. i

heterogjaing &&%p@fdea@f Fﬁ‘geféffqr §Rmdwé9ﬁe§t PXY 28T ISR Wb ey by pubstituted

nel ude those described by Rostovtsev et al.

o deﬁﬂﬁ(g%‘%lv&?mem Int. Ed. 2002, 41, 2596-99 and Sun et

[004312] - SuBIAE Mbhtaalett SBMuenBOBR: R 7(or StheSfing [ RPRE A%y taking two
used herein, the term"detectable noiety" is used

indepohdérer édeangrablof RE tth%dtllitﬁ‘ vith ntheir ala@hvendpd atolispt 88 independently
any noi ety capable of being detected, e.qg., primary

halogenabel €HandRk S ecohalaRy). | atEFR)-POH, mar(gHonbORS, ~ s¢EH2BsCH(OR")::
-oaEL % Se N a1 domukbet HkecRO0LT oQignar FoRY Sy sk,

CHGERLELIAE 200 o oNeREND e, SeNERL ey, osie,

nmo cati ons. ta noieties
-C(O)sRSo-(Cnel sueeht wﬂmm&talaﬁ&lag@@)p]m[eﬁoaﬂwgwhm& each R® is
[ 0057] The term "secondary | abel” as used herein

unsubstigfteqd ar wherapresededdysihele” assubsdinied oahdwita phoosmpicdaligans, and is
) ti t hat i .t h d

e X
saturat@/pa %a@l&:uﬁsaﬁﬁ%d?&%?ﬁQﬁfg%abﬁggf—%gﬂefbtaﬁorﬂﬁﬁdép:agiééﬁﬁg selected from

st’rept avi di n- enzyne conj ugat For antigen
nitrog&@e GRPEHA! Yr isklfier nSiadleedivaey dubSitudes amta hadne@RIPOE atom of R°
_ conj ugates. Sone fluorescent groups act as secondary
includ¢ a0eind Because they transfer energy to another group
in the process of _.nonradiative fluorescent resonance, .
100441 e ST AFERGH HRESAE ci & RECERED R BP0 s Ty b e:optionally
: » C i 0058} The L " f nt. *
Subsntlua%ge%?(?ﬁ" %@%g?gg&;gﬂ%ov%@%%,an% " qu"om}frqgﬁggf’ uIs\%\g' COJOR ,
=NNHS$€D RN =Nt ¢ =NOR H%@I(Rez?)zlgba,t oral${ 01 ,))i ght wheeingaclindapendent
defined excitation wavel ength and emt |ight energy at
occurrgnagi of fRe rie aeleated, Bpmrydrmge liphatess which aneyskresubstitalse las defined
i ncl ude,. bu not. limted to: Alexa Fluor, dyes . .
belowy a5 iheo s Mapbsshd o foied bl By R 88 sing having 0-
F : , a 594, o
4 o IABEnRAdy sQeBeA M ainaR: o UERT o B igplp divalen
substitAddtAthaAMe vobnd BODCHY] chbeistu(aBlERaFbonk bf aBChptidalR6ubstituted” group
) BODI PY,.TMR, BODI PY TR, BODI PY 530/ 550, BQDI PY 558/ 568,
includgHNER B64)-5 PoieraODIabYndpendBo ocBuEIE@Y0 38 1s 5gactedfopmy drogen,

Cis algpillca)ﬁch' ’1(.‘)1381%1)% Egrﬂlﬁﬁsgl/ﬂ?%%%}é dgaéggb)éxo&b, oqc;\%rﬁi Sn%ut?s%tuted 5—-6—membered
saturat%%q%h%%mm{ WS2008/ rgl%ﬁﬁ%?léy%{éﬂ %g@%ﬁdﬁg.ﬁ%e?ﬁ%%égﬂ’%)s?lected from

umari h 343, Ceyani ne dyes

nitrogddansygden, ddapldxy| , Di al kyl am nocounari n,
4' 5" -Dichloro-2', 7" -di net hoxy-fl uorescei n, DV NERF,
Eosin, Erythrosin, Fluorescein, FAM Hydroxycoumari n,
| RDyes (1 RD40, | RD 700, JOE, Lissam ne
rhodam ne B, Mari na Bl upgfgggétgﬁggjycourmri n,
Napht hof | uorescein, Oregon Green 488, Oregon G een
500, Oregon Green 514, Pacific Blue, PyMPO, Pyrene,
Rhodam ne B, Rhodam ne 6G Rhodam ne G een, Rhodam ne
Red, Rhodol G een,

— — I T - T T B



WD 2009/ 082701PCT/ US2008/ 087736 or a
phar maceutically acceptable salt thereof, wherein: R
w@pwRd270ar e i ndependent |y hydrogen or opti onabdTUS2008/087736

substituted Cl1-6 aliphatic, or R and RL' are taken

together to forman optionally substituted 3-7
[0045|menSeitshde sabstimeyts loncthe iatighati®goirs of RHimludeNHBERR2:R R2(haloR®),

is s Néggz or an optional lé substituted E(gl{'ou sel ect ed .
-OH, QR m-Bghaoley @ H(0)OH. b (R, biNHy.ciINER®, 6NES2, or -NO,, wherein

nber e ryl, 5-10 menbered het eroaryl,.. hayi ng 1-
cach ﬁ%se?‘bsﬁﬁ%ﬁ%tg# Rh é”ﬂ]éﬁedgﬁf?@d:b& Oedlsf%“\é?ﬂth‘ie%f r°8§’eW}tﬁ one or more
y i I . (OF, afiniati cyegl hawd
g5 8 BB B AT OBRY TR(PAGHS, M Ao

saturatoa,ygetrally ansauafedy or aegamghavmgiOrd dpercdemtd igddpgddangenelected from
) optionally substituted C1_6 aliphatic, or: two R on
mtrogqrhexgéﬁ@rrwkfvrogen atom are taken together with the

ni t Logen forma 4-7 I h (Cl.i ing.. .. »
1004612, SHBEER: S et B 4o HRRAGE RARED §F 8E1 Gy Pifircd” eroup
includ®i tROYERR "OXYOEMR' Or-3ONRT,; — )'cgowﬁ-, Y. CUHEHECO)RL, i-5(0),RT,
a coval ent bond or a bivalent ClL_8 saturated or ‘
-S(0),DRS -1 AINRT,, SEOHIR ", 00r -BNERII(OMR hyticromacdsbrR ¢ aindgpendently
wher ei n_qne, its of L ar

hydrog%t Con gli}])l’vltiapi\tdlmg{) g% glg}%g‘[@eed:agﬁegg%bga9w, unsubst1tutecf —OPh, or an

unsubsff%%t%) psg—%eﬁ%%ﬁ( %%@rate}i’&'f@t%@%iupsiﬁ%@g)(@) 'agy(l:( 851% having 0-4
heteroat&ms in(ﬁ@erzldenﬁgelecte@’(fﬁ@ nitrog@{,:d\}l@?gen, orNﬁ[‘ﬁué, oRf néfwiitﬁétanding the

hydr ogen, C1 al i phatic opti ona]{ y substituted with

definitgmnogbaval teenndeNaRicniopcaONenes of R, 1t0kenetrgethed with their intervening
urate

B L LT AT [ —
iy HGASTIEES fSPROAATHGE R ASSEt YRGByt

[0047]Re  Guiealds sulatificR@ @ the aliphdtidepgnderl lae sebgsided]yf Kasgen, R®,
-QZ, _oxo, N2, hal ogen, CN, a suitable |eaving gi&%up, .
-(haloR}), a0Eh -©R), i-6baloR o pENon&l(DYORubE(PIOR e dNH:2t KNGS, ~NR*, or

hal ogen, or , er gi n: P . .
NO:, 3ot ol rPeTOe] BEYHE Prscr G by colar ubiispad gplyavith one
' ; 0 i at St 6
o e GRS, 4T, SRR, o, MPLACLCH e RO B8, or 5.
membered Rytuenel, paititBy ahsdQiratce, @pdrybriag hyviag@—4 mdeprrshenindypendently
replaced by -N(R)-, -S-, -0-, -C(0)-, -0C(0)-,
selectedé?@) pitrogersoxygedy oLs8pr. . - N(R) C(0) -, - C(0) N(R) -,

-N(R).S02-.. _or : SO2NGR) -; an i s hydrogen 1- 6 .
100481, AL IR hesib By Pairmeb el e ORE, ik Sy e selts which
are, witHR thO§copof Qund medical judgment, suitable for use in contact with the tissues of
humans and lower animals without undue toxicity, irritation, allergic response and the like, and
are commensurate with a reasonable benefit/risk ratio. Pharmaceutically acceptable salts are well
known in the art. For example, S. M. Berge et al., describe pharmaceutically acceptable salts in
detail in J. Pharmaceutical Sciences, 1977, 66, 1-19, incorporated herein by reference.
Pharmaceutically acceptable salts of the compounds of this invention include those derived from
suitable inorganic and organic acids and bases. Examples of pharmaceutically acceptable,

nontoxic acid addition salts are salts of an amino group formed with inorganic acids such as

hydrochloric acid, hydrobromic acid, phosphoric acid, sulfuric acid and perchloric acid or with
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R3 and a ring formed by Rl and R1' are taken together
Wth their intervening atons to forman optionally
wG@aipsns7ot ed saturated or unsaturated 12-18 nePdEUSH08/087736

ring having 2-6 heteroatons independently selected
fromnitrogen oxygen, or sulfur, wherein the ring

organit acidesuchhenedic calypkilresid maddihedad tataigecid) citfkdadid, ddccinic acid

NHC( Q) R5, - NHC(0) OR6, OR1, or a natural or unnat ur al
or MalgRiG@CH cOrd b i BEC PEFT mgthodp: usech dt th@s arts SUch oisp wmd exehpgee. Other

or anotlonllys stltut grodp sel ecte
pherm Ry {ly Gadp@Rls PER VPG e oG o PIERS" S oS eppartate
benzerRslfonal; HOnAFREDEE:Ghth el a0 2| ralta ¢hkiphokatd, E‘ﬁﬁﬁfo%ﬁ@ﬁﬁe citrate,
i ndependently selected from nitrogen, oxygen,
cyclopsutafiepropiarate- digheobete e clodedydsudfatec| ytharvamifongte] - &rrnate fumarate,
het er oat ons i ndependently sel ected from nitrogen

glucohspipglp, & mer@nhomhate Réwpgat‘arheawl%waﬂwa@a@s:.llrsw%ta hydroiodide,

roup C1.6 alipha
2y B RETEGS. At PR She, ali) cBfis, aplaey mateare,
malonft8Y | ghdmedulRLERY Oﬁllﬁﬁﬁhhleﬁe%@lm%t h&oﬁﬁt@cﬁlﬁ%té I @MBate, oxalate,
ni trogen, oxygen, or sulfur, or 4-7 menbered

palmithtes parwyfclpﬁbtntamumgutfate hqﬂlemﬁpmpmatemﬂmphuﬂ@ rplmlrat_e propionate,

sel ect ed om nitro oxygen, | fur R7 is
stearatafﬁuaﬁp@tsrﬁﬁ Pl QRS hl@@}@&a@rm@u@@%@qm@@ fm%e@@ftee valerate salts,

jphatic, a bridged bicyclic, 6-10 menbered aryl,
Mwihgh% nenbered heteroaryl having 1-4 heteroatons

[0049] ndS@l@sﬂ defNddy 6@l 8sirestidid ORI IntRBE MIkaBXHGRN, alﬁéhne earth metal,
sul fur, or 4-7 menbered heterocycly havi ng 1-2
1for

ammotmsmemdalﬂ dfs sdlkd ppelisle Repryscottive ikl for ohhahing cardemgtal salts include
or sulfur; and O i Sr is; or R4 and .
sodiurey gy Wihy JRIERY B SHGRA M@éﬂe@%@ raqdn#f@r Dt Bt oraiaceutically

acceptglﬂéa lﬁg: g]t(enlgi% gﬁ%xﬁﬁ'@? r | ng aVI ng%gduél% H%aéy 5 Onlum and

amine| uliope rfogndd yisiag! @ﬁlhfé@loﬁi QuEhiakr RgRle, hodygrle, c@ﬂboxylate sulfate,
sul fur; each occurrence of RY is independently

phosphsedt, astagd lcfwery@ikﬂawkfgmﬁe andemyl sutfdpate. NO2, - N(R) 2, or

0050225 R0 BB b st R b, AR AR Bt a
isomerié @1 Ot ftifmedif idk®dr¥ineric, and geometric (or conformational)) forms of the
structure; for example, the R and S configurations for each asymmetric center, Z and E double
bond isomers, and Z and E conformational isomers. Therefore, single stereochemical isomers as
well as enantiomeric, diastercomeric, and geometric (or conformational) mixtures of the present
compounds are within the scope of the invention. Unless otherwise stated, all tautomeric forms
of the compounds of the invention are within the scope of the invention. Additionally, unless
otherwise stated, structures depicted herein are also meant to include compounds that differ only
in the presence of one or more isotopically enriched atoms. For example, compounds having the
present structures including the replacement of hydrogen by deuterium or tritium, or the
replacement of a carbon by a °C- or '*C-enriched carbon are within the scope of this invention.
Such compounds are useful, for example, as analytical tools, as probes in biological assays, or as
therapeutic agents in accordance with the present invention. In certain embodiments, a warhead

. 3 . . .
moiety, R, of a provided compound comprises one or more deuterium atoms.
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s is an integer fromO to 4, inclusive; t is an
integer fromO to 4, inclusive; wherein the sumof s
wW@pw9Insi7el non- zero. [0062] I n certain enbodi meneGT/UR2008087736
a coval ent bond. [0063]In certain enbodinents, L is a
bi val ent Cl1_8 saturated or unsaturated, straight or
[0051]br archeet hdnyidy the aronrekaibic” whataicrsitdn éhiliitod’] refots to an inhibitor
three net hyI ene units of L are optionally and

(i.c. a cormporadd dst syahl@‘m bceayaloptly pendsgrto pli e pedteaspyra a substantially non-
revermb%ﬁ@ I%el‘ d['(l%i‘b %N%e%)adevel&@e ncl)hlg@r 1‘?%%2t0)bm(ao_ gaut 1s generally

unable tg(fﬁlﬂRﬁ tovald¥f %nd &[th)b V'ﬁbfease%%&ﬂefbr@ 84t RicBme dissociated from
nbodi nent s, I's a bivalent Cl1_8 saturated or

the HGNI pait&asahredrev&isfom ighibitor wib]rramaimesdbstmﬂﬂp beurtdon HBMiprotease once
In certain enbodinents, L is [0065]In certain
covaleat by feEntipn has pgmgreéo\,lgpyéeﬁqlb]@dﬁlﬁbltor@p.@ally dimlay zime dependency,

whereﬁ%%fee O}E%lw&aﬁis Wlﬂbﬁ’l\ﬁﬁ@f &nh W]Hﬁ%&? 1nh1'QFrgd§épl contact
with tBe enz ) Edi@CeMbodimehts, AONersiIO@ilon vwilBmain substantially

enbodi ments, L is a bivalent C2_8 strai ght or
bound o H&\hpm,teakwohoa cavdort bohé formaher kasroctuhakandtwil leastindoend for a

nd a vvo addi tional nethylene units
time pﬁﬁlocﬁlh%trl% 06‘5?“@%‘%?@ ?PF& E#endent |y repl aced by

[0052] Sggfe%oda & géé)r)tﬁ’ﬁ& a'\go@pgggd 18 a@%ﬂ(a@lrreve&?%lf inh‘%ipc)r ‘ate known

to one[d?@RHhAr skidlrih Ahdare ”@&Uﬁl 8RS indlude bat &k et Eﬂﬁlte%@nzyme kinetic
strai ght or branched, hydrocarbon chain wherein L has

analysgt of elasunhﬂneom quisile dfothd envepoand | eisls tHGY epmtsaipy [tbaiaise of mass
spectrourgét}y 0 the [I)rotem Il'u?gctggget Ynodified in the presence of the inhibitor compound,
discontinuous exposure, also known as “washout,” experiments, and the use of labeling, such as
radiolabelled inhibitor, to show covalent modification of the enzyme, as well as other methods
known to one of skill in the art.

[0053]  One of ordinary skill in the art will recognize that certain reactive functional groups
can act as “warheads.” As used herein, the term “warhead” or “warhead group” refers to a
functional group present on a compound of the present invention wherein that functional group is
capable of covalently binding to an amino acid residue (such as cysteine, lysine, histidine, or
other residues capable of being covalently modified) present in the binding pocket of the target
protein, thereby irreversibly inhibiting the protein. It will be appreciated that the —-L-Y group, as
defined and described herein, provides such warhead groups for covalently, and irreversibly,
inhibiting the protein.

[0054]  As used herein, the term “inhibitor” is defined as a compound that binds to and /or
inhibits HCV protease with measurable affinity. In certain embodiments, an inhibitor has an ICsy
and/or binding constant of less about 50 uM, less than about 1 uM, less than about 500 nM, less
than about 100 nM, less than about 10 nM, or less than about 1 nM.

[0055] A compound of the present invention may be tethered to a detectable moiety. One of

ordinary skill in the art will recognize that a detectable moicty may be attached to a provided
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C(0)-, -NRC(0)-, -C(O)NR-, -N(R S02-, -S&2N(R) -, -S-,
-S(0)-, -S2-, -0C(0)-, or and one or two additional
woreiobhpsEsne units of L are optionally and i ndepr@des1008/087736
repl aced by cycl opropylene, -0-, -N(R-, or -C(0)-.
[0068] I n sone enbodi nents, L is a bivalent C2_8
composihd aicghtuiablcubntined, Akydédiacihothe edrai fyuititde substituchtdsefers to a
_at | east one double bond and at | east one nethyl ene.
moicty, Hiat isofapgble of caylent agagynencioy detegiablegneiclyr Sugh moieties are well
addi tiopal .net hyl.ene units of are gptiopal.ly and
know fo AR BT S et i, Tu inelgf B RBfyne. SR pycarborylat
moicty?an aflif) moidtH ABH Cil ity . 8 '
oietyZ ap SRS ool ORI IRT S0 PENGRY Hoiel NP RIAEHR & . Tt wil be
appreciateath diae ducth yi@ea rihon be hiaicot yMattachicd tb haovatedl @agtounder via a

doubl e bond. One_ of ordi nardﬁé skill in the art wll .
tetheripg QI 28Ch ata diialenh seyiatide ob sRertvald eideqcathiop nihging hdn some

embod 580 55h BRiTAT by B araRNT 18 o BRniraldn sampsagdiments such
moicti€ A bRREadHRHS/id 91MW-A@1ARdiAbKF bl @Rge SR alByhcVBytidHhally in the
exanpl e, such an L group having an al kyl i dene” branched

presenchaf acdppet aathdyst.- MdghGfsH) r@HAick chidruistry are kaowe in the art and include
nbodi is a bival en h

nts, L C2_8 straj ar
those arﬁkmgf, ‘&‘PW%?MK BonBERY- iR T ﬁd-LﬁQgsﬁ_la@SP@-g%@nM@n etal,
. j y | bond. Exenplary L groups include
BIOCO@% g?%ﬁiwﬁfgﬁo[ 0070]In certain enbodi nents, L
[0056] S Ashisv@h&Bin, G Brrstd&t@dble @loidtyaRGREH int&¥En@EMIPith the term
chain wherein L has at | east one doubl e bond and ‘at

"label'| @aisltelams_do ey hngdigy] @apabia 0fd§ei11g {lgeatesh lcac qutingayry labeld)and secondary
labels.[ &ic egﬁ@@fmﬁg%s’s ’to_pa 5@}%@%&%&%&’%? of 14C), mass-tags, and
fluores; t%%éﬂ%ﬁ%e@%%&%ﬁ&%m%%( f&3dtzeted without further

modific&ACHDS(0h Bleidiids Al GdB)de, lu@inescent and phosphorescent groups.
CH2CH2C( 0) CHECH( CH3) -, or - CH( CHB3) 0C( 0) CHECH- . o
[0057]] 00Th3 Iterme ésecandane hbeli arensed, harein getershtoy glogaties @rchgas biotin and
. strai.ght .or branched,, hydrocarhbon chai.n wherein L has .
variou§ phffl a s Ml FEILEC b B EATE 4f oeSut DRERHitthypreeBduction of a
I . L 1 | _ 3 _ . s T
a5 199 Bl Oy OOFE g0 R o
conjugateancied, artipdn okidelboRecwndirp whenetiatck thag atludeasitibodeenzyme

. doubl e bond and at |east one nethylene unit of L is
conjugaiep| aware fyorescent groups act as secondary labels because they transfer energy to

another group in the process of nonradiative fluorescent resonance energy transfer (FRET), and
the second group produces the detected signal.

[0058] The terms “fluorescent label”, “fluorescent dye”, and “fluorophore” as used herein
refer to moieties that absorb light energy at a defined excitation wavelength and emit light
energy at a different wavelength, Examples of fluorescent labels include, but are not limited to:
Alexa Fluor dyes (Alexa Fluor 350, Alexa Fluor 488, Alexa Fluor 532, Alexa Fluor 546, Alexa
Fluor 568, Alexa Fluor 594, Alexa Fluor 633, Alexa Fluor 660 and Alexa Fluor 680), AMCA,
AMCA-S, BODIPY dyes (BODIPY FL, BODIPY R6G, BODIPY TMR, BODIPY TR, BODIPY
530/550, BODIPY 558/568, BODIPY 564/570, BODIPY 576/589, BODIPY 581/591, BODIPY
630/650, BODIPY 650/665), Carboxyrhodamine 6G, carboxy-X-rhodamine (ROX), Cascade
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NRC(0)-, -C(O)NR-, -N(R)S02-, -SO2N(R)-, -S-, -S(0)-,
-S2-, -0C(0)-, or -C(0)0-, and one or two additional
woreiobhpsEsne units of L are optionally and i ndepr@des1008/087736
repl aced by cycl opropylene, -0-, -N(R)-, or -C(0)-. In
sonme enbodi nents, L is -CH20C(0) CH=CHCH2-
Blue, Gd@eaﬁa‘ﬂélﬁlvh@bummn 3CH( Clmftht? )dP€x( Q()?y}IZC!y-E Cy®6,78lybrd), Dansyl,

certai n enbodi nents

Dapoxy iRl byl@qﬂ@mzmgckﬁ)i chhWR%@mQﬂw@mrescem DM-NEREF, Eosin,

Emhr%g%é%} Hydrﬁg%og':m > NR?%{%F%%O IRD 800), JOE,
Llssamlwm MaH%@m%choumWﬁ I\Ilﬁh‘r_o@ﬁ@'elg&m Oregon Green

488, W&R@(m ,Oregon— Gk@NRG@QPaglﬁb (Biu@p)PIyMR.G,, Pywitiey, dlhodamine B,
each i s_independently hydrogen or OE@I? onal | y

RhOd%t@@aut%l%Pd@lm@ éﬁﬁe%atwdaf[l@‘@7ﬁeﬂn dohj frcen, 2'4',5'7-Tetra-
bromoglﬁ}b_?%g &%ﬁg% ﬁe@@%p&%ﬁ d—@@l&l—& g_al’rboxytetramethylrho damine

(TAM R¥CHR T Red=RHSQ2CH=CH- , - NHSO2CH=CHCH2- ,

0) (C=N2) C(0) -, - NHC(0) CH=CHCH2N( CHB) -,
[0059]- Nkﬁmmass-twmmd@iﬂ-reﬁers-tNI—i(ﬁ(yOl)flﬁle@GH@—@Oea,pable of being
unique]%@%)ggdc\lﬁq&w%e ;1ts @9952 Nl\s:ggol%)gchpggfq;%ﬁyku a\gg_lzetwtjon techniques.
ExamR04PORILETT! URAORE! OITAROOOIOULD SAE et as N-4I(-

I men i'S a biva
Methoﬁyt@ﬁﬁhﬁ%behxﬂkﬁﬂph@m %ﬂylg@@%@yﬂldenfp@&)@t | £agt ong2,3,5,6-
triple bond ncerta|n embodi nents, L is a bival ent

Tetrafigprogd éuernaiﬂghltopbfmobyla}lm&efcﬂ ac¢tw:heo«mr buh thehralcrivathies.eilThe kynthesis

ast one tri

and ui t§h§ff tioe Bt o | Rasribd o CRded S oPt s AeaDl §.709.016,
5,360 Q@? gc_ﬁ% 9'9{3( _,%E)%%, 0_04(71(0%% g%lo 028 2 g 3%% 270.” Hher examples of

mass—tegﬁﬁhdluﬂe N8 ,ard-ndralsmad {oﬁﬁhaéle@tﬁﬁstdldédx%mwﬂld@m d)h@bnucleotldes of
| east one nethylene unit of L is replaced by -NR)-

varying NemjtiT( @yd- baseq(m)lposmo@( ©jigopeptdes, @BEoYacchagdes, gand other synthetic
polymgr%%ég]p@mg oaﬁlbf}q&%u e%ﬁ@?}%l %%%&:ngg%e varicty of organic molecules,
both n%oggz:c%?%%d (bl&ﬁ@%& or syARGE Qrffnds) SF(d {pfopriaft mass range
(100-2000 Daltons) may also be used as mass-tags.

[0060] The terms “measurable affinity” and “measurably inhibit,” as used herein, means a
measurable change in HCV protease activity between a sample comprising a compound of the
present invention, or composition thereof, and HCV protease, and an equivalent sample

comprising HCV protease, in the absence of said compound, or composition thereof.

3. Description of Exemplary Compounds:

[0061]  In certain embodiments, the present invention provides a compound of formula I:
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[0077] I n certain enbodinents, L is a bivalent C2_8

strai ght or branched, hydrocarbon chain wherein one
woreiobpsEsne unit of L is replaced by cycl opr opyP@€nesSnngl087736

one or two additional nmethylene units of L are

i ndependently replaced by -C(0)-, -NRC(0)-, -C(0)NR-,

-N(R) S02-, or -S2N(R)-. ExenplRfry L groups include

- NHC( 0) - cycl opr opyl ene- S02- d - NHC(0) -

cycl opropyl ene-. [O00R8] As i ned general ly above, Y
i's hydrogen, Cl-6 alilphatic gptionally substituted

w th oxo, hal ogen, g , ,or_a 3-10 nenbered
nonocyclic or bicyclic,| sat r% € rt| ally
unsaturated, or aryl riohgb | 0-B%het er oat oms

i ndependent|y sel ected from ngtrofjen, oxygen, or

sul fur, and wherein said ring is Substituted W th at
1-4 Re groups, each Re is independently selected from
-Q Z, oxo, N2, hal ogen, cN! a suitable I eavi ng group,

orap}%’l &i]e‘é' aﬂé&f&%ﬁ sal’t"ﬂf‘e Ny fRrd;§. @ coval ent bond or a

urate or unsaturated, straight or

andOthdmﬁdepeﬁ&’éiﬁ'ﬂS?Q@ﬂ\Q% 61h@ptfd)nal\lWﬁfb§ﬂ1tﬁte@@ sQliphatle, or R! and R are
met hyl ene units of are optionally and |ndependently

takee pdgathetitobfprm ay Wtwnallygsqbstlmted 3-Taembered @@bOYyclic ring;
a @, or -S@-, -N(R)C(0)-, - AO0)N(R)-
R2 is Cﬁ%%%ﬂ%&ﬁ% SO2N( R) - and Z i's hydrogen or Cl_6

P%?tah &ﬁ&%&gg@% 1%{1te°du Eét'é nggi f%ﬁl d O)é%I@QiIOQ Bldged bicyclic,

6- Wﬁfcﬁﬁﬁf@d 49080110 Mmesbdred lhet%fﬂa@_ﬂl lmntgs;l -4Yhétsro@bnB independently
al i phatic optionally substituted with oxo, hal ogen
selmaf ferm anfrogan. sopEcte rivoslfienos 4-% memizzed l@tetmyyllyl having 1-2
tituted.with oxo, hal oge or CN.

el po Btk b S i eSR o RO B a1 y

n sone
cach FENBRIDURER, IR Grighal, g80 1 PR (Bt ok soe
\rtWOSR(Ezh the aatoy Mifrogen[ 618 Idre Itatkeﬁ)ttb@thee rﬁaddtm‘aﬁtrsgen\r‘toi form a 4-7

ClL 6 al kyl substituted with oxo, hal ogen,

Sucmembgfeéulpféerp%@llgcrélg ooy | khﬂ@paton@rwmenéemly selected from
VO 2009/ 082701PCT/ US2008/ 087736 [0082] I n

certlgfolgelér%?ﬂ%ﬁinn%ﬁ Y is a saturated 3-6 nenbered

R? is OPOSN&GEIhC ring havi ng 0-3 heteroatons independently
selected from nitrogen, oxygen, or sulfur, wherein Y
L issasulbsitntt bdreld omiat hivdledt Reg gatorapes, onlvhﬂﬂaetrattedgaﬂmgﬁe drsbranched,
as defined above and descri bed herein. [0083]In sone
arhonchainywherep angs Gvatsdhrse mevisrensrwts of L are optionally and

l%eéo%ﬁ&%ﬁ el éeagoa(“%eoﬁ rhieds R R ERfo Pl Newso--
V\JSU}N@R)Z (Q}J-g er @((')‘)(ﬁa-‘sh @@ isms @@SD-“@(—NR)- -N=N-,
above and descri erein.” Exenplary such rings are
eqrre@(jdﬁz)and oxet ane rings, wherein each ri ng |s

s bsti t ut gr oups, , wher ei is_as
@ S b vbpitia CaBeeHy DUE BRI T 0[4@3@%% heF CN, ora3-10

TR (L A B e e
011%‘[%6&10@5 ifichéRigatly YWhEt@l fodmifogdnNBxygen SHOSllfut, Ltin@dwherem said

1-4 Re groups, wherein each Re i's as defined
atmtgﬂssmdtu@swnhl bdR” @@qusna,ndSuch rings | ncl ude

rldlne rolidi ne, ei rin . .
Bt bl iivhiidlpa o & 2}” e logiin e & witae leaving
dgﬁgtlﬁ] oda @?Mlphaac gptjl\éﬁally substituted with oxo, halogen, NO,, or CN, wherein:
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cT-444121-2 , wherein each R, Q Z, and Re is as

defi ned above and described herein. [0085]1n sone
wepdvomsatent s, Y is a saturated 3-6 nenbered car@DUymb$/a87736

ring, wherein said ring is substituted with 1-4 Re

groups, wherein each Re is as defined above and

des Q ishedvhienteiond of B bdatdnaCns edtinatdd e nhsfurdted, straight or branched,

cycl opropyl, cyclobutyl, cyclopentyl, or cyclohexyl,.

wher eiliydegerpop ichyni wheyginsaricrasttwe mgthyene. unifRef §¢ aigpptionally and

wherei.n each Re is as.,defipned abgye d | be
ner of rndeocaly edtse P ol REneE; - 0B I0)- FepgrS0- or
Re is @ap,def; b X bbe I(R)-: 3 I'n
e B R S A e T

Z 18 ibdropdnudrddl o\wiiphaticapogertly sabstiortedNGRZh ofd B8BRém NE& b’ N; or
empodi ments, Y i;s a partially unsaturated 3-6 menbered

R R o e forech by Had R rotaBom Sesh gy hiber migenasaomy o form an

sel d fromnitr n, 0OXx ur, herein .
SERIRA gL PR PRPERL RNl B b Sy oving 2
SRGodtemb SnRPeriiRhilN 86l c ARP VB nPRfkoBaS kYRR o QfIRk Nwherein the ring
[0087] I n sone enbodinents, Y is a partially
ufosa¢dithatebyl c@nprisse atvartedd gaubpcycl i c ring, wherein

said ring is substituted with_1-4 Re groups, wherein

each Re is as defined abqye apd described herein. In

some enbodi ments, Y R§ cywl o opg[gyl, cycl obut enyl

cycl opentenyl, or WO 2009/Y82781PCT/ US2008/ 087736

4. LY ny| rejon egch rpmg 1I's substituted with 1-4
R7is %éﬁbﬂ@ﬁ?; y%@’@ each Re is as defii 81@636\‘7‘8“3&‘1’{81 aminio acid
siddesgini -herein. In certain enbodiments, Y isl-2,
wherein each Re is as defined above and descri bed
cach Riéy mtlepenf @BI§SN(R), oe at aptivnelip edistierddssronp sekecredfamt Cal dlyphatic, a
unsaturated 4-6 nenbered heterocyclic ring havi ngi 1-2
bridgrdebisyelisnb-10naepherae ailySd 8 meemkeaged hepropivt hayeg 1-4 heteroatoms
. OX Ng. Or, sul faur erein said ri IS stitute
ind¥ ey, et e MG PRl I, Ba 2 B neterocyetyl
haﬁﬁg\l@l m@t o%&%ﬁ@ fdBRGdBRIySRctel FroffhitrBkdh, 6XeH) FRIkS; Y
I's selected from
R® is an optionally substituted group selected from C aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; and
R” is an optionally substituted group selected from C. aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, or sulfur; and

0
o s
R”is t 3 or R*and R” are taken together with their intervening atoms to form

an optionally substituted, saturated or unsaturated 16-22 membered ring having 2-6
heteroatoms independently selected from nitrogen, oxygen, or sulfur;
each occurrence of R” is independently selected from halogen, -OR°, -CN, -NO,, -N(R°),, or

optionally substituted C;4 aliphatic; and
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000 NNR1\ 1:2? 77-(Re)1-2(Re cr\%iij)Crtifi) 1-21-2
0)1-2(Re)i-2(Re)i-2 wherein each R and Re is as
waledovngaionbove and descri bed herein. [0089]1 n PEr/USI008/087736
enbodi nents, Y is a 6-nenbered aromatic ring having
0-2 nitrogens wherein said ring is substituted wth
m is ail idegBefrgmd@up, inchieivej n each Re group is as defined
. above and described herein. In certain enbodi ments, Y
s 1s anjigfegsy &gy 0 o ARCMAIVE; or  pyri mi di nyl, wherein each ring

t i‘iﬁ su StidtUtzgd ﬁ{th, 1-4 Re groups, wherein each Re is
15 Al HECRFEHPed Cab J&SRd descri bed her ei n. [0090] I n sone

whereRITROLINTB snd tYs hch-sgp.ected from 1 r (R)141-(Re)14
k(Re)1-3 5 cN wherein each Re is as defined above and
[0062]des & tdvtach drelsoeliment§, 009 2 covalott bemd. enbodi nents, Y is a

5-menbered heteroaryl ring having 1-3 heteroatons )
[0063]; no&p&rdramtempodiamcats ddix A iant geniurgey genmsayrated, straight or

G s 5B, SR AR B TA  BB Ggats md
indepcHBS&HH BEAadIBT BY Neycldpr&iHiidhce D@ NBIRIC(OY-| SCﬁ))N(R)-, -NéR)SOz-,
menbéred partiall’y unsaturated or aryl ring having 1-

-SO;NGiRY- £ F@at-O(fB)-i HAE(EDNdERO)Q-, sB, e80ed-Sro S r,0§€RNR)-, -N=N-, or
_oxygen, and sulfur, wherein said ring is substituted
-C-Nokth 1- 4 Re groups, wherein each Re group is as

[0064]::I ef III{] %%ﬁﬁ’ %ﬂ%oé&qﬁn e’ic Esi Q % a@eﬁ{[ ?'t‘l% sa%ﬁg{? l’o‘? {%S%%@%Fy |st’lraigh‘[ or

i ngs are i soxazoly oxazo thi‘azo :
branchRYf18@fdciitbon RYif OlnydertainbhdddimentN LeOYECH,-t ri azol e,

t hi adi azol e, and oxadi azol e, wherein each ring is
[0065]s ub$n ¢artatreemiwiditherts, 3. iRe cgvabend $pnd, ~CH,-, -NH-, -CH,NH-, -NHCH,-,
-NHC(O)-, -NHC(O)CH,0C(0)-, -CH,NHC(O)-, -NHSO;-, -NHSO,CH,-,
-NHC(O)CH,0C(O)-, or -SO,NH-.
[0066] In some embodiments, L is a bivalent C,g straight or branched, hydrocarbon chain
wherein L has at least one double bond and one or two additional methylene units of L are
optionally and independently replaced by -NRC(O)-, -C(O)NR-, -N(R)SO,-, -SO,N(R)-, —S-,
-3(0)-, -SO;-, -0C(0)-, -C(0)0O-, —O-, -N(R)-, or -C(O)-.
[0067] In certain embodiments, L is a bivalent Cy g straight or branched, hydrocarbon chain
wherein L has at least one double bond and at least one methylene unit of L is replaced by
-C(0)-, -NRC(0)-, -C(O)NR-, -N(R)SO»-, -SO;N(R)-, -S-, -S(O)-, -SO,-, -OC(0)-, or -C(0)0O-,
and one or two additional methylene units of L are optionally and independently replaced by
cyclopropylene, —O-, -N(R)-, or -C(O)-.
[0068] In some embodiments, L is a bivalent C,g straight or branched, hydrocarbon chain
wherein L has at least one double bond and at least one methylene unit of L is replaced by
-C(0)-, and one or two additional methylene units of L are optionally and independently
replaced by cyclopropylene, —O-, -N(R)-, or -C(O)-.
[0069] As described above, in certain embodiments, L is a bivalent C, g straight or branched,
hydrocarbon chain wherein L has at least one double bond. One of ordinary skill in the art will

recognize that such a double bond may exist within the hydrocarbon chain backbone or may be
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Page 24 of 185 WO 2009/082701PCT/ US2008/ 087736
wherein each Re group is as defined above and
wale®ensdsed herein. In certain enbodi nents, Y iBCT/US2008/087736
sel ected from RRRRNNNN\ ( NRe 4 1%ift.
SJIVL "flirt, NNzl ?1/1VANC 1 N\ k Us(Re)i

“ex0” t03t'he ¢ BodRbdpie éllanﬂzﬁldﬁhus\ foldhid aR alkiytidercFRegup. Eﬂy”way of example, such an
L gr01\1p hngfgg)g 1an2a11\<}t(lid-eile( %fgn%hezdt Ichamll fn%c\hlldr\e)(se -%%IZCS CH,)CH;-. Thus, in some
embodiments, L is a bivalent C,.¢ straight or branched, hydrocarbon chain wherein L has at least
one alkylidenyl double bond. Exemplary L groups include -NHC(O)C(=CH;)CH,-,
[0070] In certain embodiments, L is a bivalent C, g straight or branched, hydrocarbon chain
wherein L has at least one double bond and at least one methylene unit of L is replaced by
-C(0)-. In certain embodiments, L is -C(O)CH=CH(CHzs)-, -C(O)CH=CHCH;NH(CHs)-,
-C(O)CH=CH(CH3)-, -C(O)CH=CH-, -CH,C(O)CH=CH-, -CH,C(O)CH=CH(CHz3)-,
-CH,CH,C(0O)CH=CH-, -CH,CH,C(0O)CH=CHCH,-, -CH,CH,C(O)CH=CHCH,NH(CHj3)-, or
-CH,CH,C(O)CH=CH(CHz)-, or -CH(CH;)OC(O)CH=CH-.
[0071] In certain embodiments, L is a bivalent C, g straight or branched, hydrocarbon chain
wherein L has at least one double bond and at least one methylene unit of L is replaced by
-0C(0)-.
[0072] In some embodiments, L is a bivalent C, straight or branched, hydrocarbon chain
wherein L has at least one double bond and at least one methylene unit of L is replaced by
-NRC(O)-, -C(O)NR-, -N(R)SO;-, -SO,N(R)-, -S-, -S(0)-, -S0O;-, -OC(O)-, or -C(0)0O-, and one
or two additional methylene units of L are optionally and independently replaced by
cyclopropylene, —O-, -N(R)-, or -C(O)-. In some embodiments, L is -CH,O0C(O)CH=CHCH,-,
-CH,-0OC(0)CH=CH-, or -CH(CH=CH,)OC(0)CH=CH-.
[0073] In certain embodiments, L is -NRC(O)CH=CH-, -NRC(O)CH=CHCH;N(CH3)-,
-NRC(O)CH=CHCH,0-, -CH,NRC(O)CH=CH-, -NRSO,CH=CH-, -NRSO,CH=CHCH,-,
-NRC(0)(C=N,)C(0)-, -NRC(O)CH=CHCH;N(CHj3)-, -NRSO,CH=CH-, -NRSO,CH=CHCH,-,
-NRC(O)CH=CHCH,0-, -NRC(O)C(=CH,)CH;-, -CH,NRC(0)-, -CH,NRC(O)CH=CH-,
-CH,CH,;NRC(O)-, or -CH,NRC(O)cyclopropylene-, wherein each R is independently hydrogen
or optionally substituted C, ¢ aliphatic.
[0074] In certain embodiments, L is -NHC(O)CH=CH-, -NHC(O)CH=CHCH,N(CH3)-,
-NHC(O)CH=CHCH,0-, -CH,NHC(O)CH=CH-, -NHSO,CH=CH-, -NHSO,CH=CHCH,-,
-NHC(O)(C=N;)C(0)-, -NHC(O)CH=CHCH,N(CHj3)-, -NHSO,CH=CH-, -NHSO,CH=CHCHj,-
, -NHC(O)CH=CHCH,0-, -NHC(0O)C(=CH,)CH;-, -CH;NHC(O)-, -CH,NHC(O)CH=CH-,
-CH,CH,NHC(O)-, or -CH,NHC(O)cyclopropylene-.
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55( wherein each R and Re is as defined above and
descri bed herein. [0092] I n certain enbodi nents, Y is
wa@roogiodonenber ed bicyclic, saturated, parti al PgI/US2008/087736
unsaturated, or aryl ring having 0-3 heteroatons
i ndependently sel ected from nitrogen, oxygen, or
[0075]sul Tusomavbrbedimes@d) O is krigvalant €4l Straight @dbrandhed Thydirdarbon chain
groups, wherein Re is as defined above and descri bed

wheremelp éat“nat lpgst onaiiriide bandaripieresin gapeeiments, Lois 4 bovajant Co straight or
sat r

d .bi I || wi
branctff RS Grtdn Chy SharBRT hiarleiaR Frgp?ﬁ‘sE?@c%ngqoanferoa?ﬁwogdddﬂwnal
methyRhé hﬁi@@@fL%‘é’S@Ebna@ﬁ? afd rfd%end%‘ﬁ’[%f %gﬁc&ﬁb)g NII{QED)- S.C(O)NR-, -S-,

substltuted Re groups, rern

-S(0) déﬁ‘@zneﬂ(%ﬂ)avé(ﬂﬁ]ﬂ) -ge3-Cc NGO dneCEd . Iisoanpdnalsodimerntd) L has at least
jcyclic rings include 2, 3- d|hydrobenzo[dkjsoth|azole
one tﬂ@)ﬁé?oélﬂ nd af lgast opg methylons sinitofiLei eplacsd by aNED-gNERY0)-, -C(0)-,

as defined above and descri bed herein.
'C(O)%g _?Qg&g’e |9ed general |y above, each Re group is
[0076] nd@&@rﬁﬁlﬁﬁ%? ?!; pehugd -C£OM £ EH, N Rpr QFJ% -RAICPORECCH,CH,-,
a

CN, a suita eavi ng group, or C _6 phatl C
-CH,-Gpti@hal -CyCElh6t,i- Cti €0 )\W=Ch 6((@)C3@tl ag€hl, ORC))(5C-CN,

wher ei n i s. a.coval ent ond ival e )
100775 at It aftr@é% 5 %@S@tﬁrr]ai% 1V§ wa%qﬁtra tBF Qﬁ&ﬁ@a‘ hydrocarbon chain

Wherefﬁy%oglr%gggeg ﬁ%ﬁ; |y an O%Sng&%é IEEEGDF% Cegee ol b Sadditional

rnethy}ehlé Rhits of I§are m@%)endéﬁﬁ%)(re laceﬁ@(yOJC(ﬁe RCgIE)RXLQO)- -@@)NRO rN(R)SO,-,

or SO.SGEN, REXPTARG' 2. ouhy rcbuger NHC(G -6 Cabiophleni-80;- and NHC(O)
I (&ﬂﬁonally substituted with oxo, hal ogen, NO2, or CN.

CYCOQUYHF1'n certain enbodi nents, Re is Cl-6 aliphatic

opt t UL &d YWt al . ~ .
[00781°P o%@;hé{; rgéﬁgﬁa m¥ p&& h?d%gn %ﬁgﬁ?ﬁ Js!%nalgf sufituted with
0Xo0, h\i@g&@019098&7QNPGH_/aU§2@Qﬁérﬁl§’e?e7cﬁﬁloh@@@ﬁ& loh bs®EC, saturated partially

enbodi nents, Re is -QZ, wherein Qis a coval ent bond

unsatugatedl, or peyl Hipgheyiea O¢3 heseroatmemsiindepguiicotie aglectedhfrommatrogen, oxygen,

or sull§B e 5 soi it s s TR ) BF efpihcieb is tiSpendonty
electédyﬁj&ﬂ;@rf’odiocﬂ% alYAR! €NNy Qﬁlfab%gﬁ%\?{‘% é’ig%ﬁydr@ > allphdiR, wherein

r'e optiona ’In(fy and i hdepen ace

Q is al\RrvalenNFBGﬁd))or, a -BCAIMIRE ;5 sSrurated-or unS§tOjated, sﬁﬁ}ght @f branched,
-S2-. In other enbodinents, Qis a bivalent C2
hydroggrhoai Gat, yhelsipprenardworpethpleas ok eHaiare eripnaly attd independently

reptactfty S0 e G Ramir | YA i HaGEnaSHer §F o BeRHRICO)- -

C(O)I\RR) J@)SO%M%(—@)QN (RIA@UNRIs hydBogen 0P Ty %al Hhic Opth%Q'I% substituted

n certalrn enmbodi nEnts, the ety of
w1th0R&3 hgkogemN(sg by@dNogen. | n sone enbodi ments, -QZis
CH=CH2 or -C(Q)CH=CH2. [0096]In certain
[0079]e ?ﬁ‘rlf@ﬁ‘t@nb%iﬁé‘ﬁl@ pdyiivgependent |y sel ected from

(0080 B &u:&#&'\%’d(‘%&pm&o @%%gf 8@%55\'@'&@35%%‘2% oxo, halogen,

NO,, &((9\)1 O%@ erﬁ-KdahﬁgﬂT%(QMS C@@&W@mnal@( Qu&defted with oxo, halogen,
CN, or -
NO3, or CN In other embodiments, Y 1s Cy¢ alkynyl optionally substituted with oxo, halogen,

NO;, or CN. In some embodiments, Y 18 C, 5 alkenyl. In other embodiments, Y is C,.4 alkynyl.
[0081] In other embodiments, Y is C;s alkyl substituted with oxo, halogen, NO,, or CN.
Such Y groups include —CH,F, -CH,Cl, -CH,CN, and -CH,NO,.
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[0097] I n certain enbodinents, Re is a suitable |eaving
group, ie a group that is subject to nucl eophilic
waelec@plosamenent . A "suitable | eaving” is a chem Pel/US0081(87736
that is readily displaced by a desired i ncom ng
chem cal noiety such as the thiol noiety of a cysteine
[0082]of Imtﬁfaﬁst:mb@ﬁinbﬁbl ¥ i$ easturngddd-6 upsntere marhdcyklmmng having 0-3
the a ee, "Advanced Organic Chenistry
heterogtgmg ynd@@mﬂ@ntly;pﬂe@@ﬂ froglpmtrggp, gEyEen) ohplipy.) ‘@ggerglﬁdY is substituted

Such Vi ps incl.u are not
with 18 gratis yhitayER b 2F e Be i st hesfi onal 1y
[oosslsub%{ isdrHE @ehudlineh &Y NP RONKAGMYod Smtﬂl@fﬁﬁérlad’ héﬂekﬁwﬁcultlﬁgi having 1
al kenyl sul fonyl oxy, optionally substituted
heteroamyll ssla:bifed fiypkyoosyy,germotyhifrogamcwikirain eamid uimg rivsubkfiteted with 1-2 R® groups,
es of suitable |eaving groups i nc] ude chl or o,
Whereancs»a@h Rblrs ghectined gbe s, anécd@%%ﬂeyd Ffeinh dresnienowgh sikgs are epoxide and

oxetanﬁr%é%_v@}%% é l ox¥%]%§ | uI Jﬁil \}éltl} ]S l} &rouns. wherein each R° is as defined

above Qﬁ@ﬂ@cﬂm%{ewl fonyl oxy (br osyI oxy). [0098]1In certain
enbodi mrents, the foll ow ng enbodi nents and

[0084]c onibi ntiei embodfmentk,- ¥ iappslagaratd:ch} -6Lmemsbaed hetatoeptlicGngBhaving 1-2
strai ght ar branched, rocarbon chai.n wherein .
heterogipmy S@E@ fod v ervEEH & lai%éena\ﬁ%r:r@ﬁ saig rﬂn{é\AbSUé’éféFPEeFidﬁg! 9% groups.

wherel{ﬂeéapy 3? %y 8&%&&%5)% %@%?ﬁkﬁlnﬁér%é%gg rﬁ&@? W%’iﬁ&idine and

pyrrolrdﬁre; wh&@ﬁl) cach TiR&4s subsBfatdd with 1A R) gmupsfi ViR ORI FETiE as defined
N(R)-, or -C(0)- ; and Y is hydrogen or Cl_6

aI [ phatl c optl onal 'y substituted with oxo, hal ogefR®) 12
NC2, or CN, or L is a bivalent C285tr ~Q¥Z
branched, hydrocarbon chain wherein L | east m

dobeo and | east o t hylene u of L i
above aél %&@'ﬁaea&ere& o)l Cer%ﬁCEI@EOdlmenté( B’EHR_ i N( R) S02-
(R)- SEN(R) -, -S-, -S( 0)-, -S2-, -0 0) or -C(0)O0-,

/Qnd?)one or two additional met hyI ene units of L are

0 onal |y and i ndependently repl aced by

cl opropyl ene, -0-, -N(R)-, or -C(0)-; and Y is
yHr og&élnrem caCh R, @, 2l mpil"&tls as dgiinicd aladvieyind dixstibeduicein.
wi th oxo, i val en

[0085]> #n %qu‘a?raﬁqdo r%?n%r%hscwauraﬁgi &ré@ﬁ’g@%& @ﬁfzpﬁfﬁ‘%ﬁ &g wﬁqrein said
ring 1sl'§ﬁ?§%fﬁfte& §ARY. ﬁfﬁegr‘aﬁ&b Iw?lelk%g{]éjdcﬁ‘gkd [1356%{5 défl@?& ab%@g 3nd described herein.

ene uni rs replace
In certhih%nﬂﬁﬁirhér@@&f 1sr®51|@¥f099? cyﬂbﬁﬁyloﬁydlop@h@d Qﬂtcg@lﬁﬁ’é ' vﬁﬁf’em cach
|ndependently repl aced by cycl opropyl ene
ring isonbstig@(te) with éFPde\grpspshwhcr@gmacl@R (] a1 daﬁlaﬂld| b angl descrlbed herem..
optionally subst %ﬂ W|th oxo haI ogen I\I02, or CN;
e

In corfp bR, OP L arer ot Rhorhdt il oRARRRE: asdgsgribed herein.
In cert@ﬁ%b@ﬂﬁlne%s W@%Cléﬁ‘@pﬂ%bﬁ%aﬁfﬂ @uBéﬁ’tuttedq{lltﬂ— hhl%gér? Rhe&Eedo,.

hydr ogen or -6 aliphatic
[0086]0 pt o n@rtahry embddimiettst €ds wptulmahx mnsaltlahte(j; érf) miPered madipyclic ring

L is a pival ent trai or branche
hav m&%%&a%@ms érhfépwdﬁm 8 m ﬁ ‘tgroge@ag%yg@ﬁeord%ﬁﬁgr,ewherem said

ring is E%ﬁ&@}g\yﬁﬁ 1- ﬁlgesg}:oﬁég H%% og é‘%ﬁgr i %&Ei%ﬁ) efi Lag#f‘e arng %lesac%%gd herein.

[0087]o pt HIP Béthé )ém%é’c(dlﬁfehtts uyed aV‘pa RC? sat'[lfﬂhltéélgﬁﬂ m&ﬁ?@re@éar&%ychc ring,
s -
whereml\ﬁd O Ci=OHSHAR, w1t1CH-IQ:I\Rt€®)1@-I:ﬂZhdmm eNFhS@ GHrsGi¢fined above and

N2
descrlbqldﬁaf@% @?03\' %ﬁ@x e éqwmwclobumsbef@f@mtenyl or
. NRSQ2CH=CHCH2-, - NRC( O) CH=CHCH20-
- NRC( 0) C(=CH2) CH2-, C%%gg%gh% CH2NRC(O) CH=CH,
- CH2CH2NRC(0) -, or - )ycycl opropyl ene-; wherein
Ris Hor optionally substituted C1_6 aliphatic; and Y
is hydrogen or C _6 aliphatic optionally substituted
wi th oxo, hal ogen, NO2, or CN;, or kg) Lis
- NHC( 0) CH=CH-, - NHC( O) CH:CHCHZN( CH3)
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NHSQ2CH=CHCH2- , - NHC( 0) CH=CHCH20-, - NHC(0) C(=CH2) CH2-,
- CH2NHC( 0) -, CH2NHC(0) CH=CH-, - CH2CH2NHC(0)-, or
WO g2MBAZ00) cycl opr opyl ene-; and Y is hydrogen PCT/032068/087736

ali phatic optionally substituted with oxo, hal ogen,

NC2, or CN, or Ica) L is a bivalent C2_8 straight or
cyclohbxaiyt vckeinhyadh oiagidxubstith@d witkhied &° rdupbashatin leeesR® Be defined

al kyl i denyl doubl e bond and at | east one mnethyl ene

unit of L is replaced by -C(0)- N )3-, - C(0) NR-,

-N(R) S02-, -S2N(R)-, -S-, -S(O) ‘Q ., _-0C(0)-, or
above EI% &)ngnbedh% q{ﬁl %%eﬁ%in?eﬂ@oﬁl%‘a ?Q?| thémv&ﬁ%feﬁr?ea%BR 18 as

a and in S

ption epen Iy replaced By

deﬁne@.‘dﬁdv@ﬁh@ﬂb’sicﬁﬁ@i her&n, - N( R) or -C(0)-; and Y is
drogen or Cl_6 aliphatic opt| onal |y substituted with

[0088]o¥o In hextaaigembodfmﬂnts,oY 1K}Npa1@all§Lumsgtuaat@i ¢4l reemberad Beterocyclic ring
havingg} 2 eldparie HEPE o Ao OO S et G O DR ™ heren said

ring 1s§2%¥%%§%%8¥ '1'—%511%, Wh%r(egf%ﬁﬁ @ah%\%é%gg%d %@%%?%Eh%d herein.
In certai-embo&nihts, Y iS6Bected 62H0) -, or -C(0)0-, and Y is
hydrogen or Cl_6 aliphatic optionally subst iot uted with

oxo, hal ogem, NO2, or cN® or j L CEC
- CECCH2N( i sjppr opyl) - NPIC( 0) CE c&
- CH2- CE QR, -

- CH20C( 20 nd Y!%s\_y rog@mef/\C1_6 hatlc
opti onal | g:% ?tzut ed WI r‘)d@xo E{Jagen 19r CN;
or L is @ bivalent C2_&R°§brai ght(R&y., br anc(rmépLz

hydr ocarbon chain wherein one nethylene unit of L is

wherem@achal%@ad By iscy e Bpadabgy el denetibsddcisin. t wo addi t i onal

[0089] N l ene um‘t{gﬁﬁ#@ntsl' ﬁ{l%als —éne%lebng‘%gt | é}’l{lc rln%cl?awrg 8)2 nitrogens
whereﬁ@%mb rmé)fg(s%stttuté’d w1tﬁ\(lol @f orGp8. Whirsin RUEH RIERUP's Qd@@lned above

al i phatic optionally substituted wth oxo, -~ hat ogen,
and ddNEbhedotier&dN;, Iarcetthin dmbodiment)Waliseplicnblpipgriayid ot py$midinyl, wherein
sel ected from EHG\:Cl 6 al kyl substituted with oxo,
cach ring|ip gehstitutgdpwithy 2Opps, Whipresn g@q}@eﬁqylp ap gefilpdaabpye and described
herein substituted with oxo, halogen, NO2, or CN;, or (iii)
CZ 6 al kynyl optionally substituted with oxo, hal ogen,

[0090]N021n AmdRhbdAmédty )y R sSiabtbd bgd 3-4 nember ed
het erocyclic ring "havi ng 1 heteroatom sel ect ed from

oxxgen or nltr@ en vvhereersald ring INQ substlt

sBosy e ke o Mo A 3L S Rdff'gﬂa

wherein each R® is as defined above and described herein.

[0091]  In other embodiments, Y is a 5-membered heteroaryl ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3
R® groups, wherein each R® group is as defined above and described herein. In some
embodiments, Y is a 5 membered partially unsaturated or aryl ring having 1-3 heteroatoms
independently selected from nitrogen, oxygen, and sulfur, wherein said ring is substituted with 1-
4 R® groups, wherein each R® group is as defined above and described herein. Exemplary such
rings are isoxazolyl, oxazolyl, thiazolyl, imidazolyl, pyrazolyl, pyrrolyl, furanyl, thienyl,
triazole, thiadiazole, and oxadiazole, wherein each ring is substituted with 1-3 R® groups,
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(v) a saturated 5-6 nenbered heterocyclic ring having
1-2 heteroatom sel ected from oxygen or nitrogen
wob@pes2a10sai d ring i s substituted with 1-4 Re BPCDURNN8/087736

wherein each Re is as defined above and descri bed

herein; or (Re)i-2 NNs-C-Z""NR\( (;\ (vi)1l-21-2 O
whereiefacin 88 gadupVie andelinde sbovcbad desdrthicd hemin. [nvicrthinaembodiments, Y is

saturated 3-6 nenbered carbocyclic ring, wherein said
selectadifrgnii s substituted with 1-4 Re groups, wherein each

Re i g as defined abgve and descrihed herein; or (yiii)

a paer ally unsatur ed 3-6 nenber d rmnocycl ic INNg

ha \\/nLO 3 heter i ndependeqf | N sel ect ed f\/omN
gr\m!e Gaxygen%L URD) 1 | V\II1§I‘€I ®&hgl ringiY TR
su stltuted with 1-4 Re groups, wherein each Re Is as

def iped above and described hereig, or (ix) a J\If\a
partial l'y unsat ur atred 3- 6 rrerrbereq{l carbocyclic rNpg,
whererny saldrlng\ \ﬁubstltute ‘tNh14Regoup\
whel eljm(Reagh Re i ] 1§~ @Fbned abWvgrary, descri bedy Re

herern; or 0-3 (.0 c-.--1--2, wherein each Re is as
defi d above and cribed hereipd.or (xi) a
L afly unsatu ed\f 6 menbe Eterocycll (?Ilﬂk
gmngj R21heter RﬂdependénLLy felected 1

nltrogen oxygen, or sulfur mhereln said ring |s
Zgbs SSut gd Wi th 1_6@;5}5 groups, veh Kein each Ref S
g.l_neQa ove an vl |gae,kaed herg \{ g NjRe

wherein each R and R® is as defined above and described herein.
[0092] In certain embodiments, Y is an 8-10 membered bicyclic, saturated, partially
unsaturated, or aryl ring having 0-3 heteroatoms independently selected from nitrogen, oxygen,
or sulfur, wherein said ring is substituted with 1-4 R® groups, wherein R® is as defined above and
described herein. According to another aspect, Y is a 9-10 membered bicyclic, partially
unsaturated, or aryl ring having 1-3 heteroatoms independently selected from nitrogen, oxygen,
or sulfur, wherein said ring is substituted with 1-4 R® groups, wherein R° is as defined above and
described herein.  Exemplary such bicyclic rings include 2,3-dihydrobenzo[d]isothiazole,
wherein said ring is substituted with 1-4 R® groups, wherein R° is as defined above and described
herein.
[0093]  As defined generally above, each R® group is independently selected from —Q-Z, oxo,
NO;, halogen, CN, a suitable leaving group, or C,¢ aliphatic optionally substituted with oxo,
halogen, NO,, or CN, wherein Q is a covalent bond or a bivalent C;4 saturated or unsaturated,
straight or branched, hydrocarbon chain, wherein one or two methylene units of Q are optionally
and independently replaced by —N(R)-, -S-, -O-, -C(O)-, -OC(0)-, -C(0)O-, -SO-, or -SOy-, -
N(R)C(0)-, -C(O)N(R)-, -N(R)SO;-, or —-SO,N(R)-; and Z is hydrogen or C,; aliphatic
optionally substituted with oxo, halogen, NO,, or CN.
[0094]  In certain embodiments, R® is C, aliphatic optionally substituted with oxo, halogen,
NO,, or CN. In other embodiments, R® is 0xo, NO,, halogen, or CN.
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NRN t'27 lij) 1-2 (Re )1-2(Re )1-2O (Re)1-2 wherein
each R and Re is as defined above and descri bed
wegoeiosg7onr (xiii) a 6-nenbered aromatic ring PEWUSIP08/087736
0-2 nitrogens wherein said ring is substituted with
1-4 Re groups, wherein each Re group is as defined
[0095]abovie sanel citlbsdimiing,0R her-O-A; wikdrein ) & 4 bivvakent bbiadNsndIZ is hydrogen
) ?Tk. se/1-47?7?e[1-3(RerN )i -ng s /1-3 N, wherein each
(i.c., RRas hydregengietn eiber cithogineiil Rd dscRidbaherdt 8ina bhyalquk ¢y s gaturated
5- menber ed heteroaryl ring, having 1-3.heteroatons .
or unsf R RGRNI Y DL QAT AT L DgH < B2 copethylene units of
arc SPidrAlly M EKRDERAE rdpldded b -NRb,S-NKGd{b?Q HONRE; X.Re0-, -C(0)-,
Q g?ﬂoups?’ wher elbn eac ! Ige ar ozp is as defi ng%l )Elbove and ©)
-SO-, desXi.béd other embodiments WO 12 0HY 082 101 RERIHS2OBI@N 3.7 Blrocarbon
' ]gs( -(Re)i -2TL_-7/-1Re)i-24(N ' '
chain having at least one double bond, wherein one or two methylene units of Q are optionally
and independently replaced by —NR-, -NRC(O)-, -C(O)NR-, -S-, -O-, -C(0)-, -SO-, or -SO,-. In
certain embodiments, the Z moiety of the R group is hydrogen. In some embodiments, -Q-Z is
-NHC(O)CH=CHj, or -C(O)CH=CH,.
[0096] In certain embodiments, each R® is independently selected from from oxo, NO,, CN,
fluoro, chloro, -NHC(O)CH=CH,, -C(O)CH=CH,, -CH,CH=CH,, -C=CH, -C(O)OCH,(ClI,
-C(O)OCHF, -C(O)OCH,CN, -C(0)CH,Cl, -C(O)CH,F, -C(O)CH,CN, or -CH,C(O)CHs.
[0097]  In certain embodiments, R® is a suitable leaving group, ic a group that is subject to
nucleophilic displacement. A “suitable leaving” is a chemical group that is readily displaced by
a desired incoming chemical moiety such as the thiol moiety of a cysteine of interest. Suitable
leaving groups are well known in the art, e.g., see, "Advanced Organic Chemistry," Jerry March,
5™ Ed., pp. 351-357, John Wiley and Sons, N.Y. Such leaving groups include, but are not
limited to, halogen, alkoxy, sulphonyloxy, optionally substituted alkylsulphonyloxy, optionally
substituted alkenylsulfonyloxy, optionally substituted arylsulfonyloxy, acyl, and diazonium
moicties. Examples of suitable leaving groups include chloro, iodo, bromo, fluoro, acetoxy,
methanesulfonyloxy (mesyloxy), tosyloxy, triflyloxy, nitro-phenylsulfonyloxy (nosyloxy), and
bromo-phenylsulfonyloxy (brosyloxy).
[0098] In certain embodiments, the following embodiments and combinations of -L-Y
apply:

(a) L is a bivalent Cy5 straight or branched, hydrocarbon chain wherein L has at least one
double bond and one or two additional methylene units of L are optionally and
independently replaced by -NRC(O)-, -C(O)NR-, -N(R)SO;-, -SO,N(R)-, -S-, -S(0)-,
-S0,-, -0C(0)-, —C(0)O-, cyclopropylene, —O-, -N(R)-, or -C(O)- ; and Y is hydrogen or
C aliphatic optionally substituted with oxo, halogen, NO,, or CN; or

(b) L is a bivalent C, straight or branched, hydrocarbon chain wherein L has at least one

double bond and at least one methylene unit of L is replaced by -C(O)-, -NRC(O)-,
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IRe (xvi) (Re)1l-3 axik,dNA, Ne (Re)i-3_(Re)i2z('N
IY(Re)i -2NR 000/0" \ (5('N (Re)132 V-N

W@ Repios20( Re) 12ti 2/1-1Re S 5 ((( NN ? PCT/US2008/087736
\W)---(Re)1_3\ _7-\":-(Re)i -2(Re)1-2712/j- Re wherein
each R and Re is as defined above and descri bed

h€ @)NR -, eN(R )8 DiA, }S@IN(B)-1 0S yefits¥,e80B{ a¥€(0)s, or -C(0)0O-, and one or
saturated, partially unsaturated, or aryl ring havin

0ve pddi@ongh raethyleted apitn 6 i |a§ﬁ ontienedl candy mﬁtﬁmnﬂ%@erﬁplaced by
Ry R froai el Pk Rl Yo d8diskeT HET: anb@lg pgrionaly
ds%gtnm*e@%ﬁ%&sl Hmog(eﬁ)Nda lop cN%p) and Y is selected
from (1) al kyl UBstituted with oxo, hal ogen,
(CNORs a (blva@hlt C@g staight dEEbrﬁlchédg é‘ly;itocalﬂ)bm «)h]aah Iw;herem L has at least one
S(lijo?l?)fel goltjltdea(ljld\{av‘lt fegstoo)l(l(e) mert]ha;lgngeeurt]nt of L'is replaced by -C(O) and one or two
additional methylene units of L are optionally and independently replaced by
cyclopropylene, —O-, -N(R)-, or -C(O)-; and Y 1s hydrogen or C,s aliphatic optionally
substituted with oxo, halogen, NO,, or CN; or
(d) L is a bivalent C, straight or branched, hydrocarbon chain wherein L has at least one
double bond and at least one methylene unit of L is replaced by —C(O)-; and Y is
hydrogen or C, aliphatic optionally substituted with oxo, halogen, NO,, or CN; or
(¢) L is a bivalent C, g straight or branched, hydrocarbon chain wherein L has at least one
double bond and at least one methylene unit of L is replaced by -OC(O)-; and Y is
hydrogen or Cy aliphatic optionally substituted with oxo, halogen, NO;, or CN; or
() L is -NRC(O)CH=CH-, -NRC(O)CH=CHCH,;N(CHj3)-, -NRC(O)CH=CHCH,O-,
-CH,NRC(0)CH=CH-, -NRSO,CH=CH-, -NRSO,CH=CHCH;-, -NRC(O)(C=N,)-,
-NRC(O)(C=N,)C(0)-, -NRC(O)CH=CHCH,N(CH3)-, -NRSO,CH=CH-,
-NRSO,CH=CHCH;-, -NRC(O)CH=CHCH,0-, -NRC(0)C(=CH,)CH,-, -CH,NRC(0O)-,
-CH,NRC(O)CH=CH-, -CH,CH,;NRC(O)-, or -CH,NRC(O)cyclopropylene-; wherein R
is H or optionally substituted C;.¢ aliphatic; and Y is hydrogen or C, aliphatic optionally
substituted with oxo, halogen, NO,, or CN; or
(g0 L is -NHC(O)CH=CH-, -NHC(O)CH=CHCH,N(CH3)-, -NHC(O)CH=CHCH,0-,
-CH,NHC(O)CH=CH-, -NHSO,CH=CH-, -NHSO,CH=CHCH,-, -NHC(O)(C=N,)-,
-NHC(O)(C=N)C(O)-, -NHC(O)CH=CHCH,N(CH3)-, -NHSO,CH=CH-,
-NHSO,CH=CHCH,-, -NHC(O)CH=CHCH,0-, -NHC(O)C(=CH,)CH,-, -CH,NHC(O)-,
-CH,NHC(O)CH=CH-, -CH,CH;NHC(O)-, or -CH,NHC(O)cyclopropylene-; and Y is
hydrogen or C; aliphatic optionally substituted with oxo, halogen, NO,, or CN; or
(h) L is a bivalent C,5 straight or branched, hydrocarbon chain wherein L has at least one

alkylidenyl double bond and at least one methylene unit of L is replaced by -C(O)-,
-NRC(0)-, -C(O)NR-, -N(R)SO;-, -SO,N(R)-, -S-, -S(0)-, -SO,-, -OC(0)-, or —-C(0)O-,
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(iii) C2_6 alkynyl optionally substituted with oxo,

hal ogen, NO2, or CN;, or (iv) a saturated 3-4 nenbered
wedoengoycl i c ring having 1 heteroatom sel ect ePICT/D82008/087736

oxygen or nitrogen wherein said ring is substituted

with 1-2 Re groups, wherein each Re is as defined

adndwic an dvalaiiitidnabacthgleat onitsasf [(atf opticativaad edegendently replaced

nmenber ed heterocyclic ring havi n 1-2 heteroatom )

sB @Etopepryieam Sky i) opr (ﬂ)o@é@ﬁ vih 8y &pgenseli (i oralinbpaticsoptionally

wh h R
upr b B e T BN R e o Ry -2
(_)m%t bwﬁféﬁ{PC?% sthtidht (oY'b)fanQﬂédl% dt%car%ﬂ- cRain W@Fe’ir? Lrha§ af Meast one

e i's as defined above and describ
hteipkei bpndrandvenc) oa tsat additienh! In€hytend emesl afaLbamyopm(nlally and
ring, wherein said rlﬁg(l S substituted with

gl#lé@pﬁgde%e%la?ﬁde@cnl\l k. ACatRs. %\HI%Qw,e Séhal(R) -S-, -S(0)-,

p-??)fz Bﬁgoﬂer e' (rogﬁg, dan%gﬁ %&Fﬁggeilgc?r r% b%‘mc ol?tloﬁ%lly substituted

haith b, Ba B &?Q\Elz%ﬁt@lﬂ%ﬂ ndependent |y sel ected from
ni trogen, oxygen or sulfur, wherein said ring is

(Dsdbsis t =4y, Wr(fEFCGHA\I(Repg)prs ~NWEOeCFCERHgIHRe 1(@&Ha6=C-CH;-,

o bttt 3"@088?7@%&?@&2@%&@9 g
aeh'pﬂatf‘cad@gloéélﬂfgsub?ut&t ?\ftjﬁte g& en%lo h I'N%Z, ges K o u ps

e”l'S as

(_)hEIisea BivaRht O; Sstkaidhae bRinbhedaRirRarbch @ﬁlnd\ﬁlﬁérélﬁd)n@ lene unit
and descri bed herein; or (XI ) a partially unsaturate

4of6L merepcetibh eycé@momdtﬂecandi ang drdwo ragditioal re¢teylomet wmts of L are

SBPTRIen A PP R -T & UBEET RES TR )-eS- -S00)-
SRS DR 5 TC@APD R 1 5 A AR NG @Blonlly subsiucd

descri erein;
with oxo, halogen, NO,, or CN; or

(D) Lis a covalent bond and Y s selected from:
(i) Cy¢ alkyl substituted with oxo, halogen, NO,, or CN;
(ii) C,6 alkenyl optionally substituted with oxo, halogen, NO,, or CN; or
(iii) Cy6 alkynyl optionally substituted with oxo, halogen, NO,, or CN; or
(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups, wherein each
R® is as defined above and described herein; or
(v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups, wherein each
R® is as defined above and described herein; or
(R%)1.2 (R%)12
ZCMN’Q Z ‘%ﬁ\,\NR QN%
(vi) 2 2 or

defined above and described herein; or

2 wherein each R, Q, Z, and R° is as
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wherein each R and Re is as defined above and

descri bed herein; or (xiii) a 6-nenbered aromatic ring
whawpngp70t 2 nitrogens wherein said ring i s subBCT/US10081087736

with 1-4 Re groups, wherein each Re group is as

defi ned above and described herein; or (W) (N N(Nr\lI

[ @iy Nspufped 3-§ ﬁ&%])nbarettltchiboumb elinj, whabtinReidiringas susfitutgldyith 1-4

above and descri bed Qereln (xv) a 5-menbered

het Br 8Eups, vhicrin eaehiRn s as-dal 1n@t @maﬂwsm@w@mm y

omnitro or sul.fur

G PitgeliL Mol RA e g el e RAGHEDD peteroatoms

eac [ b d [
Ho g}dlgﬁelﬂéﬁ’tl&p sbl%%t% Oﬁj(%fel nﬂgg%eﬁ‘l %&%gé}f‘ Rord ??lﬁ[rz k’l}?ﬂt{enll\l I\?ald ring is

- f r siRs)itutéd w1thvhe4f 8I" groaps, hw]R:rand:aEleRl $s asddeted nbovaimléescribed
and_ descri bed herein; or
erein; or
(ix) a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is
substituted with 1-4 R® groups, wherein each R® is as defined above and described
herein; or
0-3

)
(R . . . .
(x) ‘% s )1'2, wherein each R® is as defined above and described herein; or

(xi) a partially unsaturated 4-6 membered heterocyclic ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is

substituted with 1-4 R® groups, wherein each R® is as defined above and described

herein; or
0 0 0 0
?‘NJW £ 0 € IR a\ v
)—/7\(Re)1'2 Z L )1-2 2 ¢ )1-2 \/'(1)12
(xiiy O R (R%)1-2 or (R%12

wherein each R and R® is as defined above and described herein; or
(xiii) a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted
with 1-4 R® groups, wherein each R® group is as defined above and described herein;

or

¢ M o
(W)g\/ ha g T (R4 3_\/_[{1 W g_“\/ (R°) 13§k

wherein each R® is as defined above and described herein; or

\\_|J

(xv) a 5-membered heteroaryl ring having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R® groups,

wherein each R® group is as defined above and described herein; or
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(xvii) an 8-10 nenbered bicyclic, saturated, partially
unsaturated, or aryl ring having 0-3 heteroatons

w0 pabepgatdent |y sel ected from nitrogen, oxygen,POr/US2008/087736
sul fur, wherein said ring is substituted with 1-4 Re
groups, wherein Re is as defined above and descri bed
her ei n; an) Lis -IﬁR)C(O) and R i s selected fit om

(| ) C I kyI sub uted with o hal ogen, W}ﬂ or
eotlo gbstltut - W
0( o) gh lR T2 al kyng/IN— &

opti onal | y subst | t yt ed VVI t h oxo haI ogen, NQO2, ,or CN;
or (ivjna saturatedn3-4 menberednhet erocyclic fif'ng
havi ngNl het er oat seI ect ed fromn oxygen or nitwogen
wher ef n_Bai d ri ngi S\SI§§St i tut with 1-2 Re oﬂ;&g

wher e nl\é%the i 4 ned W@mﬂ descr Nbed
herein; or (v) a sat rated 5-6 nenbered heterocycl iC

ring ng 1-2 hets atom sel ef{g@d fromdoxyge
SIrE)ngn 1|e3|nn \h—Re Q)g geﬁ—ﬁe&ﬁé;%ov ag:—ljldae

descri bed herein; orS(Re)l- .(NNRN 1-2 , , ereln
each R Z, and {;eewvs as defi \ﬁbove and d CTI bed

h d 3 nﬁ-n@a d e
riegglgn_ I1Is?a| %;{R?sfsub ”1\% tﬁarl ‘)IQ?’R :
gr oyl eln\é@lﬁfl ﬁ Jﬁd%?ﬁ“aﬁﬁﬁh&s ﬁ%vg ﬁlfu{ &]e%?ﬁl@e*a%\é?el Q)q

descr erern; or (Vi y unsa urated

3achii R €0 fdmboRa O LlE sﬁthfb%dhpa/mﬁllgy GrsdtuR2éE oo @ﬁy@ﬂﬁg having 0-3
| ndependent ly selected from nitrogen, oxygen,

sul heteroatgimsr wilepesddnty rsclegted rom guttogen t eptygdn, vt Smllfmr wirgein said
roups, wherejn e is as defi .
3es 2 i Onia vt e B8 rou o R ks B dbar by andgdescribed

?xf gd carbocyclic ring, wherein sald ring is
subs tuted with 1-4 Re groups, wherein each Re is as

(milefi§ ne@)abale iagitctdSam:bed herein; or 0-3 (Q),
wherein each Re is as defined above and descri bed

Hér @iatlkyd rsul(smu}edawiplaexq aplpgeny At ar@ed 4- 6 menber ed
h(‘zszt) EJ;? gﬁé&'&l %p{lonagy sfaa tlpuged w1%h 8}?(}, ‘ﬁ518§‘én? %2, or CN; or
(iii) C,. alkynyl optionally substituted with oxo, halogen, NO,, or CN; or
(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups, wherein each
R’ is as defined above and described herein; or
(v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups, wherein each

R°® is as defined above and described herein; or

(R®)1.2 (R%)12
zf\ N—=QZ Léi\/\NR i\/\N—‘%’
(vi) 2o 2 or 12 wherein each R, Q, Z, and R® is as

defined above and described herein; or
(vii) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4

R® groups, wherein each R® is as defined above and described herein; or
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i ndependently selected from nitrogen, oxygen, or

sul fur, wherein said ring is substituted with 1-4 Re
w@e@aps270mwher ei n each Re i s as defined above apdir/us2008/087736

descri bed herein; or 0 O NRN: 2? cr\\Ifi)1l-2c\-1+4/)

1-21ij) 1-2 (R1-2(R 1-20 (Re)1-2 wherein each R

amili)Re pusiabp vledtimaed Rbavenbsred desocydiedinpehaiing 06 heteroatoms

(xiii) a 6-nmenbered aromatic ring having 0-2 nitrogens . .

whetsiepenslgntty selegfed sfreynbitrpgai ekyast: hort sulfime vficstipssaid ring is

oot DA 5 PO, AR L0 BB et o
-4 kéRe) &5 3-(Re)1_3 (xiv) N N wherein each Re is as

defined above and described herein; or
(ix) a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is

substituted with 1-4 R® groups, wherein each R® is as defined above and described
herein; or

0-3

/
7 (R® . . . .
(x) g I )1'2, wherein each R® is as defined above and described herein; or

(xi) a partially unsaturated 4-6 membered heterocyclic ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is

substituted with 1-4 R® groups, wherein each R® is as defined above and described

herein; or
0 0 0 0
?*NJW £ 0 /)k NR a\ v
TR ‘% \\_y)mz ‘2" v )1-2 \/{1)12
(xif) O (R%)12 (R%)12 or (R

wherein each R and R° is as defined above and described herein; or
(xiii) a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted
with 1-4 R® groups, wherein each R® group is as defined above and described herein,;

or

N
D W > D
' e S ge L —(R® L —(R® - (R)13
- T (R4 0 (R®)14 1 —(R%)13 1 (R g |
wherein each R® is as defined above and described herein; or
(xv) a 5-membered heteroaryl ring having 1-3 heteroatoms independently selected from

nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R® groups,

wherein each R® group is as defined above and described herein; or

N N N N
{2 € 2 ¢ N ¢ N
o SET ®ha ST SY TR, SRTF
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(xv) a 5-nenbered heteroaryl ring having 1-3
het er oat ons i ndependently sel ected from nitrogen,

w@o0gese70nr sul fur, wherein said ring is substPCT/USH08/087736

with 1-3 Re groups, wherein each Re group is as
defi ned above and descri bed herei n, or ,0, 5 (o((]\l N
(Re)l;,@,Zl li Re (W&/S N

_Z(RejS)1 27-(Re) 2t|L-|||Re'V\here|n each lﬁand Re
is a i ned ab nd descri erein; (wal) an
8- 10@@6@@ bi ¢ cl\dRe )sat ur a@‘?(}p@qgl ally \_TR°
unsat ur at ed, or aryI ring having 3 heteroatorrs

i ndependent I y sel ec fromnitrggen, oxygen,
sulf d)&p t@thuted V\nt(l;%{ 4 \Re

erein ngis s
gr ou R iaN Fg \Lsna& def | ngdvaiod®)and d

herein; co) L is a bivalent Cl1_8 saturat ed or

unsat u strai or branche hydr ocar bon i n;
and §§e| ect egsgﬁ R ) Clgﬁid L ,, substi mRe
Wit h Ab,_/ ogend Wap, c?? 16 al kehw—7

opti onal | y bst i t.uted 0XO0, , or CN

or %Flie}n@ﬁ Ry Ay 4 g‘P?‘EMVF9H£&%§%?quF%H'Mt h oxo,

b EREEY A9 FempPied ol sl PN, Gttt oFFY B Having 03

OXY geBroafoniyi ntlG@adenthy eeRiRd SRIrdl nittdden,| SxyeEWSdr Julfue dvherein said
with 1-2 Re groups, wherein each Re is as def i ned

abovieg ansibgiésted i withd | Hek egroupsowh¢rein R is as definodchbsvéand described
menber ed heterocyclic ring having 1-2 heteroatom
sel 8T8 from oxygen or nitrogen wherein said ring is

E, ne(g%@gl Xﬂdt‘?dslsgfécgﬁf Lpups, wherein each Re is as

ve an escribed herein; or (Re)l-2
(1) C16 alkyl substituted with oxo, halogen, NO,, or CN; or

(i1) Cy6 alkenyl optionally substituted with oxo, halogen, NO,, or CN; or

(iii) C,6 alkynyl optionally substituted with oxo, halogen, NO,, or CN; or

(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups, wherein each
R is as defined above and described herein; or

(v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups, wherein each

R® is as defined above and described herein; or

(R%)12 (R%)1.2
o NG céL\/\NR K\/\N—‘Zj
(vi) 2 2 or 12 wherein each R, Q, Z, and R® is as

defined above and described herein; or

(vii) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4
R® groups, wherein each R® is as defined above and described herein; or

(viii) a partially unsaturated 3-6 membered monocyclic ring having 0-3 heteroatoms

independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
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'CQ-Z NNR c; T_4_4e; T_4A (vi) 1-2,12, O 1-2 , wherein

each R, Q Z, and Re is as defi ned above and descri bed
wheoeisz7onr (vii) a saturated 3-6 nenbered carPODY81008087736

ring, wherein said ring is substituted with 1-4 Re
groups, wherein each Re is as defined above and
deseitishatedheitieilnd ROprduys,i whereinpach Ralid ys defsat ubateeshd described
3-6 menbered nonocyclic ring having 0-3 heteroatons
[ nd@ﬁé@déﬁt ly selected fromni t rogen, oxygen, or

sfur rein, sai 4 of 185 . e

ot ShPuRied T Gebliped Guditafle 08, whorsiy wid ring s
def SiRHnRROYRh 30 RE gﬁﬁl@b b@ﬁ’eraﬁ F@ERNR® 9 ad Hdfined above and described
partial 'y unsat ur at '6 menbered car bocyclic ring,
wheheicm; sai d ring is substituted with 1-4 Re groups,
wherei n each Re is as defined above and descri bed
hereieyé%ér 0-3 (C), wherein each Re is as defined
abogt aw\ descrl bed herein; or (xi) a partially

% QHIRADELR tsegs%reﬁﬁefagiwfoee bl Aol Br
er oatorrB |ﬁdependent sel

omog@ partially Sutlsdtufatedwipsr ﬁlleﬂlb&@d chotdro@clis rﬁllgbﬁd;wﬁgm €0 heteroatoms
wth 1-4 Re groups, wherein each Re is as defined
abovsicperdcufiss seliceied T eniffogass @xygerRE sdfur, wherein said ring is

cr \5ng 1%ujfed2v%}th ]1+4{ i( grousz \lrhereln ¢ CFR f{ 25( Rs) &et?hed a{) e) (12 described

herein; or
0 0 0 0
?‘N)S & 0 £ MR gk N:z’
)_-/I\(Re)m % \\_(J)m %" v )1-2 \/'(1)12
(xiiy O R)1-2 (R%)1-2 or Rz

wherein each R and R°® is as defined above and described herein; or
(xiii) a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted
with 1-4 R® groups, wherein each R® group is as defined above and described herein;

or

N N
s e 3 o s oo 3 St o
(xiv) v
wherein each R® is as defined above and described herein; or
(xv) a 5-membered heteroaryl ring having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R® groups,
wherein each R® group is as defined above and described herein; or
N N N N

] € 2. g(\N g_(*N

S e
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wherein each R and Re is as defined above and
descri bed herein; or (xiii) a 6-nenbered aromatic ring

whaooogp70t 2 nitrogens wherein said ring i s sSubBCT/US10681087736

with 1-4 Re groups, wherein each Re group is as

defi ned above and described herein; O NNN,N r° Net
7 (Re) gy (Re)i - 4nk( Re) 1- 3- (Re)ng.kﬁ (xiv) N N»qherein
each R¢ is as defi m,ed above and escri bed hereiNn; or

(xv) & Synmenber ed’he eroaryl rmaw ng 1-3¢ N
het er §afjp(rs), 3ndepn lR‘iyzseIe fRepm nitro enj R®

oxygen, or sulfur ereln saidTring is substituted
with 1-8 _Re groups, erein each BQgroupls as, O

defingd apove an ﬁ/salbed heee n Nor (R%(L"S(o
? V- R%3 Z(ReWL 2 R)Maereén\_edclfﬁ R-2and

defined above and described herein; or (xvii) an_ 8-10

ere | cyclic, urat ed, p ﬁkal |y unsatur ﬁ\d
S& ;ﬁf A oy 5%822?‘%&‘%'&%?“3%@“9
PR i B S e

DT 1Oty Eanle ot sl B g gp e heving 03
- NHBERfSms b @ntH2@1eC R -fror@mitrogen, oxygen, or sulfur, wherein said

ring is substituted with 1-4 R® groups, wherein R® is as defined above and described

herein;

(0) L is a bivalent C, 5 saturated or unsaturated, straight or branched, hydrocarbon chain; and

Y is selected from:

(i) Ci alkyl substituted with oxo, halogen, NO,, or CN;

(i1) C,6 alkenyl optionally substituted with oxo, halogen, NO,, or CN; or

(iii) Cy alkynyl optionally substituted with oxo, halogen, NO,, or CN; or

(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups, wherein each
R® is as defined above and described herein; or

(v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from
oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups, wherein each
R® is as defined above and described herein; or

(R)1.2 (R%)12
?)CMN’Q Z (?;L\/\NR QN%

(vi) 2 2 or 2 wherein each R, Q, Z, and R° is as
defined above and described herein; or

(vii) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4
R° groups, wherein each R® is as defined above and described herein; or

(viii) a partially unsaturated 3-6 membered monocyclic ring having 0-3 heteroatoms

independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
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S2NH-; and Y is selected from (i) CL_6 alkyl

substituted with oxo, halogen, NO2, or CN, or (ii)
w@2008/08d7kenyl optionally substituted wi th oxo, PeEUSIE$I087736

NO2, or CN; or (iii) C2_6 alkynyl optionally

substituted wth oxo, halogen, NO2, or CN; or (iv) a

sat witatieted3w#h rrehBeé pagiphevksraayath &° id agddfard rgode and described

het er oat om sel ected from oxygen or nitrogen wherein

sai aernemngr IS subst ituted with 1-2 Re groups, wherein

h def i ned, ab bed. h n:. e
? 9"s tiApaattb g nfoGrEsSRe, SFEEYHRT St nitRin g rine i

sﬁl%hﬁﬁéaawm&ﬁ RegtRgs [ WRIRIRMAER® ¢ asnuéf{n%a @Bove and described
vvherel nsaidring is substituted with 1-4 Re groups,

wheheiem; each Re i s as defined above and descri bed

herei n;. or defi ned above and descri bed herein; or

(vii) 08aturated 3-6 nenbered carbocyclic ring,
%eln/ Jsaid ring is substituted with 1-4 Re groups,

V\Q e| \EnJeé 12R%,he§e1@éacﬂ?<f hﬁﬁeﬁgﬁlﬁo%%@@@ﬂgﬁ%&em or

or (VI art unsat ur at

nenbe padialtp ngsyatate 446ngleﬂlamd theferdeylolt @fngabpiy 1-2 heteroatoms
[ ndependent |y selected fromnitrogen, oxygen, or

sul msdﬁpendn@beusnle@ad dem ngjtrpgens Ly Ee: uere dubiurt hwherein Raid ring is

gr oups h Re is, as. defined aboy

des SRl Rb ARG by Sgarrh e fndiifiel bete mpdescrived
menfgr gp parbocycllc ring, wherein Sald ring is

substltuted with 1-4 Re groups, wherein each Re is as
defined gbove and descrithed herei @ or 0-3 (OOwherein

each Repgabﬁs defi ned ahpve and d scri bed heflein; or

(xi).sa tially unsatyrated 4- ered peeyclic
ri ng2hqvi JE-Z hete t |n(3? entlysl ted
from ni gé'?w -20xygen’ mulf esein s k4ng is
substifuted with 1-4 roups,( relneR e is as
d@ fned above and desc@ﬂ%ed here| 9 il 615

wherein each R and R°® is as defined above and descr1bed herein; or
(xiii) a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted
with 1-4 R® groups, wherein each R® group is as defined above and described herein;

or

N NQ x
/\ R), o 4 —(R%),. e l(Re)1-3
E g 1 -4 g 1 -3 1-3
(xiv) v
wherein each R® is as defined above and described herein; or
(xv) a 5-membered heteroaryl ring having 1-3 heteroatoms independently selected from

nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R® groups,

wherein each R® group is as defined above and described herein; or
N N 3 N
N N
( l ( l . g( N g_( N

S L e
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wherein each R and Re is as defined above and

descri bed herein; or (xiii) a 6-nenbered aromatic ring
whawpngp70t 2 nitrogens wherein said ring i s subBCT/US10081087736

with 1-4 Re groups, wherein each Re group is as

defined above and described herein; or (W) (NrN(Nr\l

/5 rN_gi,pe\ _(Re)13~NtN mherelgv@ach Re is asf\d—eflned

above dnd descri bed herein; or (%v) a 5- rrerrberewl

het ergaryl ring W)g 1- 3 het gf oyjons |ndep demltly

sel ec\eT{rRepm ni t o\hiRe m(ygen§ of~®8), § ur r e R®

said ring is substituted wwth 1-3 Re groups, V\hereln

each Reogroup is as @L%el ned abm_;qund descri bedO
her ei LOQ) s(1" ( NRe )1 -2 .
-fri )\_iJZ(Re)q\AD ogL\s@‘?)@a_Pc:T US20063 07736 N__// R

S S S SN
g_( 2 g_\( l(Re)W g_\\‘_/’\‘!\‘(Re)1-2 3_( va

T (R3 N N— R®

wherein each R and R°® is as defined above and described herein; or

(xvii) an 8-10 membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3

heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said

ring is substituted with 1-4 R® groups, wherein R® is as defined above and described

herein;

(p) L is a covalent bond, -CH;-, -NH-, -C(O)-, -CH;NH-, -NHCH;-, -NHC(O)-,
-NHC(O)CH,0C(0)-, -CH,NHC(Q)-, -NHSO,-, -NHSO,CH,-, -NHC(0)CH,0C(O)-, or

-SO,NH-; and Y is selected from:

(i) Cy6 alkyl substituted with oxo, halogen, NO,, or CN; or

(i) Cy6 alkenyl optionally substituted with oxo, halogen, NO,, or CN; or
(iii) C,. alkynyl optionally substituted with oxo, halogen, NO,, or CN; or

(iv) a saturated 3-4 membered heterocyclic ring having 1 heteroatom selected from

oxygen or nitrogen wherein said ring is substituted with 1-2 R® groups, wherein each

R® is as defined above and described herein; or

(v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from

oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups, wherein each

R is as defined above and described herein; or
(R%).2 (R%)1.2
/\N’Q -Z L\/\NR QN =
(vi) . , -2 or 2

defined above and described herein; or

, wherein each R, Q, Z, and R°® is as

(vii) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4

R® groups, wherein each R® is as defined above and described herein; or

Page 36 of 185



1i Vain, | y I211(N \lie LT(Re)i-2 UARe)i-2N. R} 5
(o(N(0O'NO71-(Re)i-2Nli Re SS ( (' N

WO 2000@%970t 2- 1L-i s(Re)i-2iii Re wherein each Rr@mntisies/ 087736
is as defined above and descri bed herein; or (xvii) an
8- 10 nmenbered bicyclic, saturated, partially
uirsptapaitiedy vasat@ated 3-6 ngerh‘mtémgldho@chetrﬁfgomm 0-3 heteroatoms
i ndependent|y sel ected from nitrogen, oxy
sul fngependprtteispleeted dfrom nigtrpgens (BEER, ugle gul rt rwhprezm F@ld ring is

ﬂ;?”@ﬁnm‘{“aewﬁh'l FRe Ig?ou%g’ \9 erenqeeglcl?ﬁe\llse asacrlledﬁneg %ove and described

herein; or
(ix) a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is
substituted with 1-4 R® groups, wherein each R® is as defined above and described
herein; or
0-3

g/ ~R):.s . .. . .
, wherein each R” 1s as defined above and described herein; or

(xi) a partially unsaturated 4-6 membered heterocyclic ring having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is

substituted with 1-4 R® groups, wherein each R® is as defined above and described

herein; or
0 0 0 0
?*NJW £ 0 £ IR a\ v
)—/I\(Re)m ‘% \\_y)mz ‘2" v )1-2 \/{1)12
(xif) O (R%)12 (R%)12 or (R

wherein each R and R° is as defined above and described herein; or
(xiii) a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted
with 1-4 R® groups, wherein each R® group is as defined above and described herein,;

or

(\ (N\ D o O L (Rge
A L Re S+ Re),, o —T—(RY5 o (RO (R®)43
(m)gv e Sy Rone SN ST 13§LN/

wherein each R® is as defined above and described herein; or
(xv) a 5-membered heteroaryl ring having 1-3 heteroatoms independently selected from
nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R® groups,

wherein each R® group is as defined above and described herein; or

¢ 2 ¢ 2 ¢ N ¢ N
o SET ®ha ST ST TR SRTR
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[0099] I n certain enbodi nents, the Y group of fornula I

is selected fromthose set forth in Table 1, bel ow,
wob@pesatoeach wavy |ine indicates the point ofPCT/US2008/087736

attachnent to the rest of the nolecule. Table 1.

Exenplary Y G oups of Formula I: UVwxY
zaabbgq,gdee hhiihi kk 1-5-, Re I LIl "SFl-s SAaNr N
NN N./ /NNNN | eReRgy N
Nw Q} N\N ( \N
i\ TR \ N Rz K\ TR ALY
0] 0 O
S TN G W TR G
3\\_IT(R‘*)1-3 g N (Re2 /(R ? N— R
S S S<
4 ¢ 2 { N ¢ N
g_\\ N3 g_\‘—N\(Re)“ é_\‘_/’\'(Re)vz g_N_’T R®

wherein each R and R® is as defined above and described herein; or
(xvii) an 8-10 membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups, wherein R® is as defined above and described
herein.
[0099]  In certain embodiments, the Y group of formula I is selected from those set forth in
Table 1, below, wherein each wavy line indicates the point of attachment to the rest of the
molecule.

Table 1. Exemplary Y Groups of Formula I:

0 0 o) 0 0
a-N;j <] e-N;j a-Nﬁ a;j( aﬁ(
o) OZ} 0 CHs o ¢l o Cl 0 CHs

a b c d e f
5 0 S Ss Cl 55
O [
= 94 ZA\'CH3 EN»D B B
CHa CH 7 N el
3 0 N
g h i j k l
N O3 CN  o_CN N=-CN 0
iV SV G S %
—‘2>‘<\N,s ‘2,&:\1( —Z‘<\N,N "2,‘<\N.o : Ny h”\)ﬁ
m n 0 p q r

Page 38 of 185



ooPPqg ?11-.. )-Re,.. N1\Nt;t1 N H 11L?lif Re tt
ONJ1 )-Re f )-Re ?17 N ,17 O ZZaaa o, NNS\NN \ | / Nf
w@e09Re27k1 )-Re "-r' ("1 N Re PCT/US2008/087736

I> f) D DCN ID 50 KC“
p 9 fq fm fT
? ? P
aliotihe
LR |
S B iy

Re

:z,J:< E>: J:\>_Re JN\>_R L{

rr By 1t uu 4%
Me MeN~ N
WO Lo O
£ />_ "L,L( e o>_
ww XX yy 2 aaa
Y S S N s~N
0 \ A\ e
e [ = L= JO
) :L,L/( o] P kT e
Re
bbb cce ddd eee fif

Page 39 of 185



bbbcccdddeeeN 0 eeeei Ti fgggghhhhjiji
zzzzaaaaabbbbbccccc ddddd wherein each Re is

w0 pabepgatdent |y a suitabl e | eaving group, NO2, EXI/US2008/087736
0x0. [00100] In certain enbodi nents, the R3 group of

formula | is selected fromthose set forth in Table 2,
bel ow, ywherei n gach wavy |ine indicat e%l
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wherein each R® is independently a suitable leaving group, NO,, CN, or oxo.
[00100] In certain embodiments, the R? group of formula I is selected from those set forth in
Table 2, below, wherein each wavy line indicates the point of attachment to the rest of the

molecule.

Table 2. Exemplary & Groups:

O Me
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wherein each R® is independently a suitable leaving group, NO,, CN, or oxo.

[00101] In certain embodiments, the R' and R groups of formula T are independently
hydrogen or optionally substituted Cy.¢ aliphatic. In some embodiments, R' is hydrogen and R"
is Cy4 aliphatic. In other embodiments, R' is hydrogen and R" is n-propyl.

[00102] In certain embodiments, the R' and R groups of formula T are taken together to form

an optionally substituted 3-7 membered carbocyclic ring. In some embodiments, the R' and R"
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C 0 O0CH30 NH%-C 'CH3 ';?.tAc O
ccccccddddddeeeeeeffffffgggggg wherein each Re is
w0 pabepgatdent |y a suitabl e | eaving group, NO2, EN/US2008/087736
oxo0. [00101] In certain enbodinents, the Rl and Rl
groups of fornmula | are independently hydr ogen or
grouppft foornalal lyars ubleshi togdtiest t&ifoin ah ioptiaailg . subSﬁitlﬁedTEyclopropyl ring. In
embodi ments, 171 is hydrogen and R1' is
some mbqsiﬁa@nt% thq R aﬁdh%r getpo el fesmuks 1 any taken ma‘riﬁé@@rfoma cyclopropyl
0102] In certain enbodi nents, the
“ngS“nQP“tBﬁa tk&ﬁ\éﬁﬁg}ggf formula | are taken together to
forman optionally substituted 3-7 nenbered o
carbocyclic ring. In sonme enbodi nents, the Rg art

WO 2009/ 082701PCT/ US2008/ 087736 groups of fB
are taken together to forman optionally subst|jtut d |-|

[00103]y ¢ o psrepathbddiments, RF is SITENHTHOR MEVHG(0)ORE, R Cand AL ; or
groups of formul a | aretakentogether to forma '

or R* andcRopredplen togathersvibls thicirunteryening ltaneshipl foon anjapyipnally substituted,

saturated or unsaturated 16-22 membered ring having 2-6 heteroatoms independently selected

from nitrogen, oxygen, or sulfur.

[00104] In certain embodiments, the R* group of formula I is -NHC(O)R’. In some

embodiments, the R* group of formula I is -NHC(O)OR®. In other embodiments, the R* group of

N

formula 1 is 0 R . In certain embodiments, the R* group of formula T is
hydrogen.

[00105] In some embodiments, when R* is -NHC(O)R’, R’ is Cy. aliphatic or an optionally
substituted group sclected from a bridged bicyclic, 6-10 membered aryl, 5-10 membered
heteroaryl having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 4-
7 membered heterocyclyl having 1-2 heteroatoms independently selected from nitrogen, oxygen,
or sulfur.

[00106] In some embodiments, when R* is -NHC(O)OR®, R® is C\. aliphatic or an optionally
substituted group sclected from a bridged bicyclic, 6-10 membered aryl, 5-10 membered
heteroaryl having 1-4 heteroatoms independently selected from nitrogen, oxygen, or sulfur, or 4-
7 membered heterocyclyl having 1-2 heteroatoms independently selected from nitrogen, oxygen,
or sulfur.

[00107] In some embodiments, the R* group of formula I is an amino acid side-chain group.
In some embodiments, the R* group of formula I is an unnatural amino acid side-chain group.
In some embodiments, the R* group of formula I is an aliphatic unnatural amino acid side-chain
group. In some embodiments, the R* group of formula I is an unnatural amino acid side-chain

group of alanine substituted with one, two, or three R° groups, wherein each R° is as defined
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I 1 [00103] In soneenbodinents, R4 is H -NHC(0)R5,
-NHC(0)0OR6,0; O or R4 and Rz are taken together with
W@ b@p8a7at er veni ng atons to form an opti onal | yPCT/US2008/087736

substituted, saturated or unsaturated 16-22 nenbered
ring having 2-6 heteroatons I ndependent |y sel ected

above f rianpomictond@eiments tgeR, godupsell foumula[ DB1D4jtutah agiiid adith side-chain
enbodi ments, the R4 group of formula | is -NHC(0)R5.

group.| n sone enbodi ments, the R4 group of formula | is

o010 AR b RGPS T Rh i B 8 PPl e i
hai k@l h hylf, Of i f formula I i
chain ﬁl@ﬁﬁ’d a 1nb %1 e{‘_&@f RIfN nyS S&?{lle %rﬂbaolﬁ?fgﬁl;tﬁﬁpor Qfgoﬂf)% ormula I is
the nammllammmb lagAdSLdaedhamugreub of Dt:a:’barmead eht shd erobodimbnts,dhe®” group of

bi cyclic, 6-10 nenpered aryl, 5-10 nmenbered heteroaryl
formulﬁam thg natuzel gainer agi mlﬁ;cl}a#m&rﬁ@m afehxalayn@a ected from

10010]¢ &7 B s FH0CRTD s, G oLl o Bl FRREECsipg acid sid-chain

group §?4Jaﬁﬁ1% eth §dn%@rﬂtbddﬁrﬁ&ﬁ§1 thORY 8 opforrﬁtﬂﬂafl% the @RI Ghiddacid side-
sone enbodi ments, when R4 i3 - R6, R6 is Cl1 6

chain gibipbiDialioe. knsamm emlvmilmyntsubssRl gmtup abf doromie Ealthe hedral amino
froma brid gIC yclic, 6-10 nmenbered aryl, 5-10

acid sifjgspadp é@ul%@?gr‘@ Ry havi ng 1-4 heteroatons

[001104 ndirp ?d?ﬁlee &H)&ldn@gllltg ﬁgﬁee ﬂ4 gfoﬁg]to? ﬁrﬁl?lgﬁep?on%ﬁ%%?% q&ﬁne of amino acid

erocyc avin

side-cthgt glroqu RrBoth tYapendantdonfiGeh@st %thcﬁ IRIBréliph faRORNorred to herein as
oxy or sul fur. [00107] In sonme enbodi nents, the R4

“D,L-myxe pnmfo dad mde-ghdin igsoupn.” am seoncaghlobdeinetds, dh@rahlogxf d¥pto L-amino

acid SAREEAUPA M WO PO i S ph Sl sonb2: 3 TH4; 115, and
1:6. TR 21? Eé@ﬂ Smbddieitd Jﬁé Ry gro%ﬁ olf RSN A 15 1§ Lalﬂix%li L RARk sfde-chain

unn am no acl aln group

group.eTisklrEadb8imehRethBR * @i qip f Grnfudy ITiéﬂaED L- rhﬁedlﬁaliﬂé Rafelphai group.
am no acid side-chain group of alani ne substit ut ed
[001114; t Wlglgenott wishingr tot b deurr EY Guip shartiguéar eheprgaihis Feligvessthat for

09/ 082701PCT/. 008/.087736 aboye. Ln some
Compoélﬁ%@efﬂﬂﬁlggg%al‘{ ey AMBURIOPIF G 1B YP 11@‘ gﬁr‘fgil{‘ﬁ“é‘l‘non is useful
I
in allo@HEeRfing I RO AU o AR DipAnE RGN bRicase.
[0011Hni Mo caeiid Sntseliradag, nthgrRupndR'ag@opnef (forula TRArei Bidependently
methyl). In sone enbodi ment s, the R4 group of formula
0pt10nﬂ11y subshigitothetuas salertad fmﬁl PPépRmBlyC ﬁﬁaswu@dogrﬁubfselected from Cis

aliphaff B B oorkp R SRACERPHET RicRrouty fontile, 2R foypangependently
selectfrdm & tﬁ‘)‘gbﬁ‘ @x nﬁ%&lo&oﬁl]lfulr Rrat PeEmeELe ‘Hbt@?o@&@yl g4 heteroatoms

group o I's the natural amno acid
1ndepeﬁdﬂ&brc$edﬂctedgfrompm¢rbgmaloxlygen lor sxdfie elmbmﬂmerretmbsdmtem R’ is an
formula | is the natural am no acid

Optlonghbd llbe e Sglr(bwlemb?re@bh@tﬁrqaﬁé hayipg dunict@nsens mdspendegthesclected
from nRtr%%e oﬁ%{g‘%{lg{)rgéb ITH aan:fi slt aﬂngoﬁfbélgqyi 6ﬁ1basF1#tegi ﬁb thhatlc group. In

enbodi nment s, R4 group of fornmula I consists of a

mxture of a no acid side-chain groups in both the D

and |- conflg S R4 groups are referred to
Somg irﬂené% "B L- xe@dﬁﬂlﬁéycéé}eéygl de-chain groups." In

[001133()”% & ?nd&ﬂ:&;&ﬁentg he i aNH?g SQNhérglnLKSQEHT@%R&%Igﬂ? -N(R), or an

de-c groups i’s selec rom an
option_élblsub&iti!n@ed %roh séledted fror, A &llﬁﬁatpa 4 sé'_me anBodimBats, TPUS -N(R), and
in certain enbodi nents, the R4 group of fornula 1T is a
cach ROjsLindepcadendlydrnyidrmecs, Qiémoai@{ subgtituted. Cilsraliphdtex or two R on the same
enbodi nents, the R4 graqiy gngi qula | is a D, L-m xed
val i ne si de-chain group. F ? % VWil e not wishing to
be bound by any particular theory, it is believed that
for conpounds of forrmula I, having an anmi no acid
side-chain group in the D-configuration is useful in
aI I OWI ng a conpound to adopt an or| entat i on conduci ve

oy NN A AN T



sonme enbodi ments, R5 isand R7 is cyclohexyl. [00113]
In certain enbodinents, R4 is -NHC(O)R5, wherein R5 is
wo pabepgatdent |y -N(R)2 or an optionally substi tRCEUS2008/087736
group selected fromCl_6 aliphatic. In sone
enbodi nents, R5 is -N(R)2 and each R is independently
nitrogdiy stbmgas takepttogotiadr [ witls thestiirdgethed fSiln @ &7 indnalidred h@erocyclic ring
~two R on the sane Page 47 of 185 WO
havmgz@tigh@s@mwcnﬁlw@@gwwm@é pmr vegeatoyiedy ©rtaken In some

! t . W t igr to f 4-7 d
embod GEBL I8 PR SRR bRl BTbRed B ncent 1
(001148 &€ E&Shif EABRMEARIGE R’ QRAGEOK fofthult 4l i up -og{iB‘nafﬂgrﬁﬁbstituted 5-10
enbodi nents, R5 is -N(R) 2 and each R is independently

membérgd hetgearyd ring hiwitgy [ -4 He@ddateths indepmadémiyrselentd diomemtrsgen, oxygen,
the RS group of formyla | is an optionally substituted )
or suliyr.1 dn saws spbgdmenty Kariy an opHenaliysupityted thaempysd daigroaryl ring

having (i SRRRERT 1 SERGHARER bRl OnY 9o, P
[00115uUb$t bérhieemBodTBRRE! @€ RTek8iPaf WrmbilaDishavéiBndityZsubstituted Ci.

nitrogens. In certain errbod7| nments, R5 is piperaZinyl.
aliphafiOQ@tdiy |1Im sen¢ ainmbodmuods, kntis,a tbremcRd @¢hougkyf group. In other

ormula .l is an optiopally substituted Cl-6 aliphatic
embodrgm@%.R O n"é‘ﬁg‘ifd’icﬁgﬁ’fyi, R7 is a branched C _5
al kyl group. In other enbodients, R7 is cyclopentyl

or cycl ohexyl. RY enbodinments, Rz is 4 (RY)ymN .4. In
certain enbodi nents, Rz i 2\ O In certain
enbodi nents, Rz isln certa PO nts, Rz is

t

[00116)RY)Ymcbttain embodiments, R” is In certain embodiments, R” is

74
vy — 2
(R)m N | (Ry)m{jO
N

N
A | | . WO .
0 In certain embodiments, R* is / In certain
Rl |
-
~ 0 NN
R I M I§
embodiments, R” is ‘. In certain embodiments, R” is * 0.
Rl |
In certain embodiments, R’ is ™Y . In certain embodiments, R” is
4 RY
(R%@
AN N 0
)=0 . . . N~ . . ,
7. In certain embodiments, R” is \ . In certain embodiments, R
F
@)
N—4
2y

18
[00117] In some embodiments, RY is halogen. In other embodiments, R is C;4 aliphatic. In

certain embodiments, R’ is fluoro. In certain embodiments, R’ is chloro. In certain
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1,1/4/0 In certain enbodinents, Rz is . In certain
enbodi nents, Rz 1is [00117] In sone enbodi nents, RY
w0 goobasgen. I n ot her enbodi ments, RY is G _4 PCT/US2008/087736
aliphatic. In certain enbodinments, RY is fluoro. In
certain enbodi nents, RY is chloro. In certain WO
embod2@ 084, G825 dtdhad/ US2O0h eBBsdmeatspRYisnedd.S In Rtict smbodin®nts, R’ is
In certain enbodi nments, RY is iodo. In other
vinyl. enbodi ments, RY is Vi nyI [00118] In sone embodi nents,
tween 1 and 3,,inclusive,

ool B e ST R R au R et R ) hIBR, n some
embodRBRs, S ROMI TABHHS emBbdithests, h Q9L 1R8] sohfé HYOBInSHROA] 18Nt S,

s 1s an integer between 1 and 3, inclusive. |n sone
[00115Hnbdxd|snmntsnbcsilmsnt§1 s Im &onﬁe@nﬂmdwmni sands 3, sclusivien In some

sonme enbpodi nents, .. I'n_some enbodi nents, s is 3.
emboqlmetgbnselse(}-,bgu§%e]t3§1bo@rqegts,4s iy boTpopme wmbgdiments, s is 2. In some

t between 1 and 3,
embofifRfG o8 B sehe il toTe 0. o
(001263 "D 0eli SBRRE Smbddimentd;- t i a%oﬁ‘ﬁeg@m%déﬁnl Sandt 3] ncBsieN In some
some enbodi ments, t is 3. In some enbodi nent’s, t |s 4,
embodieit 1f] isIth bresarné ambodiodniseniss]. ﬂtneoﬁea:ndxodm@nmﬁ tis 2. In some
I n, ot her enbodi nents, the R2a group

embo‘{b‘?‘elf%rthﬁli allnlssol-“@ CINOEEERS, tiferein R2 i s as defi ned
[0012ﬂg3¥1§ ]&%gn glflgc\?lcl{lglgrgtg atjﬂg rReEl oué %T'?Orpﬁlﬂael Fér %ﬁ?gh}) (r)thF{ %r:nbodiments,
the R0 gfdap of Bermula I is -NHSO,R?, whereln R” is as defined above and described herein.
Thus, the present invention provides a compound of formula I-a or I-b:

o-R° o-FR

R3

R3
N N
R4)j( o R“H/ o
0
0

I-a I-b
or a pharmaceutically acceptable salt thereof, wherein each of Rl, Rl’, Rz, RS, R4, and R”is as
defined above for formula I and described in classes and subclasses above and herein.
[00122] In certain embodiments, the R* group of formula I-b is -N(R),. In other
embodiments, the R” group of formula I-b is an optionally substituted group selected from Cs.
cycloalkyl, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-
2 heteroatoms independently selected from nitrogen, oxygen, or sulfur. In certain embodiments,
R*is C3; cycloalkyl or 6-10 membered aryl. In some embodiments, R* is optionally substituted
6-10 membered aryl. In some embodiments, R* is phenyl. In certain embodiments, R” is
cyclopropyl.
[00123]  In certain embodiments, R? is selected from Cs.; cycloalkyl, a bridged bicyclic, 6-10

membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected from
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or a pharmaceutically acceptable salt thereof, wherein
each of RI, Ry, R2, R3, -4, Kand Rz is as defined
wa@bwomesXior fornula | and described in cl asses BEMUS2008/087736

subcl asses above and herein. [00122] In certain

enbodi nents, the R2 group of formula I-bis -N(R2. In
nitrog@, hﬁy‘geﬁml(ldlfme ot -7 rhdnebeRR] Igitavogycbll hfivangrid2eheterdntorgs mdependently

optionally substituted group selected fromC3_7
selecte@ﬁqr@attt@gﬁn 0py2D, presbbted aryl, 5-10 nembered

j00124)5) 5 &It eBRbiRRGy de R E0R et R DS ARGl group. In some

embodi'i‘ﬁ&ti? rtﬁéth %@Rbg%ﬁbsy bf fORMIIRY afe takerBEQRQAL M Bheir intervening atoms
I ndependent |y sél ected from nitrogen, oxygen, or

to formudrd optionaly cebdtiduted eattbmthdmnhmatul?&ed 424Q38 ﬁemberbd)ainlgyﬂtavmg 2-6
or 6-10 nepbered a%({ I n. sonme enbodi nent s, IS
heterogigm dwbﬂpmdegttbﬁlptt éremsmtreg%%@edoraw}tur WIPPT% (e ring formed

thereb QRO BB st D5 chBod b LR SHP R B bR and R”

are tal&%' t@gétﬁé} \{/ﬂﬂp 'Eﬁe%?er%ﬁt B/biY lto fenPhh @Echal GYiBdtinged saturated or
- menbered aryl, 0 menbered heteroaryl having

unsatunateti he{ &neatbered rmgdtapmlg&e@ hitgros@insatdapefidentty Belgetedt owmfnitrogen

oxyeciyor R DeTgh e T rDRT DaTRBERRBR Y P KAV ERgP: 2
[0012%(Et Als 0&%{5@ éérf%?ﬁlsreﬂ)?g%ttgy flﬁg lr§i%tahy ﬂtg RNy rIggﬁjéUps ?f formula 1

xygen, certdi n enbo

comprisds Qﬁv@ﬂiéa@ﬁroﬁp r AY |u§ed| hetdin, ahMEHrRADoRHOID a wathca® ¥Rup” means that
enbodi nent e and R groups of fornmula | are

the ringfkiemed: lygk hmt Ruwist dntht:mmbstltuﬁti evithemivagicad grosp 100 hﬁ&)smh arwarhead

eroup 5iRBGR A0 Y RAR FRG. 2P RPN ot Fo RABBLAdCR: £ T may bo
substltﬁ%he&fitﬁdarf rEﬁ] r\’véré@agleg ?y FHerei? sy lﬁ eéclb'ﬁps meﬁse'd@sctn%@d herein.

or med ereby c ises a war roup
Altemetmmdlme fihg fofR@daidRa ahd rt@ Hag rilfee hpaypridte &Jadlréalof aarmrhead group
taken together with their intervenin tons tp form an
incorpeiptadowighin ;th@ubgt Fouewapatthe tng cﬁormedﬂm&t ardaR emay ancigde one or

o ST W8 S TG i
result If J‘gﬁ 1stc|3§e[ber’c%)?ff GRARR{P ﬁlt%ﬁffylr LB gr(%agé' Eﬂyac{cﬁﬂ%@ with the

gen above, e
presenanﬁlvdﬁhmgr OLnp Ser@in feﬁt‘tﬂdiﬁ&ents (Ib)fffmﬂgs &smad Vi REathdgROUp. optionally
As used herein, the phrase ' %erl ses a warhead group
substitutsd abthe lvat f-t @rey-posﬁgmfmthmspebyto eanlebnRp WIBCheRt ik ettached

[0012@?2 tItOV'Vt M?@%ﬁ%@@% VR et RY aig g g ?Fptvtéh M Heraniervening
atoms 'tq_ %nfaﬁ ﬁg{j}l&ﬂg sﬁ?stlﬁﬂg%ﬁlturﬂ@é' opﬁﬁﬁﬂiﬁ%d ] SEﬁef%&Jad fflg having 2-6

rou erei

heterogteme rmdtﬁelnd@ﬁﬂya lsﬂectétt frefmaitio et nyg%ﬂ €orl Summr fs@emdmﬁyuna?; include
and R has the appropriate Lures of a warhead group

those WheteinRoraad edingifertied by Re and a@d RFere telcartpgathert he ring

lﬂﬂlZﬁnsﬁwﬁwﬁﬁﬂn&efﬂfa Vg8 S eeit B bt o Fa faned 5y £ and RY arc
aken BEUFEARUBIEN R BPTDLPAL .00, B NI | A3 0 ety

is capa coval ent ylng HCV pr ot ease
I n accordance mnth t he present invention. In certain
enbodi nents, the ring forned by R3 and R is
optionally substituted at the a-, 13-, or y-position
with respect to the carbon to which R4 is attached.
[00126] It wll be appreciated that when R3 and Rl are
taken together with their intervening atons to form an
optionally substituted saturated or unsaturated 12-18
menbered ring having 2-§,0hef6fped oms i ndependent |y
sel ected fromnitrogen o%yg or sulfur, such
conpounds i ncl ude those mhereln R3 and a ring forned
by R and and R1l' are taken together. [00127]
Exenpl ary conmpounds of fornula | wherein R3 and a ring
f or med by R and Rl are taken together |nclude those

Y r o ~



0 0---- al-c-51-c-6 or a pharmaceutically
acceptable salt thereof, wherein each of R2a, R4, and
woR200098281 def i ned above and descri bed i n cl assEGI/EsIH08/087736

subcl asses herein. It will be appreciated that,

al t hough fornmulae I-c-1, I-c-2, I-¢c-3, I-c-4, I-c-5,

and |-c-6 depi/R,Zt a cyclopropyl ring forsred by R and

Ry, this grogp is depicted for the pyrposes of
exenplificatijon and therefore other and R1l' groups,

as descri be rein, are contenpl ate [00128]

Exenpl a s\uch /conpoumds i ncl ude(aj t hgseyset forth in

Tabl e 3, N[ QP12 Whi | e corpolindg ofH f ofhul ae
I'C']”RM -[C-2, |- grd, |-c-5 6 e
depi ct ed havilhg A X) - doubl e RS chedi sty i n

t he rocyéBic ring, it vvillobe umder sto hat, in
j 7 conpoundy of
c-3, 'P*c- 4, ?&2@‘\'{]

cert ai
l-c-5, a
roni ded havi ng

l-c-2,

2009/ 01PCT/ US2008/ 0877
(E) - doubl e bond stereochem stry in the_macrocylic
ring. In some enb&di nents, nixtures l6%2bot h

stereoi soners arerprovided. |n other, enbodi nents,
conmpounds of forpulae I-cl, I-c-2,/t-¢c-3, |-c-4,
l-c-5, and |I-c-6Jmay be treated urifler suitabl e
conditions tg sdturate tdwe doubl nd. [00130] In
certain enbo and re/takerPtogether to
form an optgas
carbocyclic ri

%Za
conpounds

I-¢-3 I-c-4
R R?
0 o)
0]
N
R4
0]
I-¢c-§ I-c-6

or a pharmaceutically acceptable salt thereof, wherein each of R, R”, and R” is as defined above
and described in classes and subclasses herein. It will be appreciated that, although formulae I-
¢-1, T-c-2, I-¢-3, I-c-4, I-¢-5, and T-c-6 depict a cyclopropyl ring formed by R' and R', this
group is depicted for the purposes of exemplification and therefore other R' and R' groups, as
described herein, are contemplated.

[00128] Exemplary such compounds include those set forth in Table 3, infra.

[00129] While compounds of formulae I-¢-1, I-¢-2, I-¢c-3, I-c-4, I-¢c-5, and I-c-6 are depicted
as having (Z)-double bond stereochemistry in the macrocyclic ring, it will be understood that, in

certain embodiments, compounds of formulag I-¢-1, I-¢-2, I-¢-3, I-¢c-4, I-¢-5, and I-¢-6 may be
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I-d or a pharnaceutically acceptable salt thereof,
wherein each R2a, R3, R4, Rz, and Ris as defined in
wo e00o082101 and descri bed in classes and subcl aB&EES2008/087736

above and herein. [00131] In sone enbodinents, Ris an
optionally substituted group selected from Cl-6

providad hphag (E)-dolible donek sterebeittinignt is thRnbGoetiiying. llin s@hhr@nbodiments,
enbodi ments, Ris vinyl. [00132] Exenplary R3 gro fp

mixtutg$ of bithrsterorsomens geq pigededy oléle)ﬂ@féwbp@e@n@moan@ of formulae I-e-

1, Tedohfaa i< 85, af-biaRs: REREELE add WIS saify 3 seturate the

doubld @@t her with their |ntervening atons to form an
optionally substltuted saturated or unsaturated 16-22
[00130te e rcedaini ergbdtiments, R- GantieRer @rat ke itogbepe ndeforinyan optionally
sel ected fromnitrogen, B oxy or sulfur. In_sone
substitgieg oty ra¢mercRearhpRyChe Tinge naw eogedimsptswich qamaopnds are of
r%nnuh 4§rven|ng atons to forman optionally substituted,
turated 18-22 nenbered ring having 3-5 heteroatons
|ndependently sel ected Rrom nitrogen, oxygen, or
sul fur. In sone enbodlﬁBnts the ring formed by R4 and

Rz is substituted wth e nore Rm groups, wherein
each occurrence of Rmi¢s |nd enflent|ly hal ogen, -OR
-CN; -SCN; - -SG? 2a- N(R) 2; - NHC(0) R,
ut e
@l Tp

or an optlonally su up selected fromthe
group consisting of hatke and C3_7
cycloal kyl. In certa| enbodlnents the present
i nvention provides conpoun of fornula l-e or |-f:
or a pharmaceutically acce ‘bble salt thereof, wherein
ora plﬁﬁﬁ&eﬁﬁcaﬂy aBoephableRER thedf, WhoreiRBEHRF RAR? et ehqug’ i Bs defined
formula |~ and descrlbed in classes and Subcl asses
in forrmbaV enchdn:icﬂn]mden nkasses hisd subclasseegmive indherdint o 6,

inclusive; and each occurrence of Rmi s independently
[00131 4 J)tgéﬂmc e@@ imenig, R\ QSR)aQ -opgpnally gibsiigled) grpup sclected from €y

ahph&ﬁ"#J @15' ﬁl%ggiﬁl%ﬂg &%@? @Rgoéﬂédﬁe%ﬁoblgh‘?ﬁﬁnl ggme

[001321”b@§1b1ﬁﬁ%5R3 Rrdups bf oSO iapted 'tHB@@*d%saned 8bcke and herein, as
[001 In certain enbodinents, Rmis Cl_6 aliphatic.

w@Hasmogahpw&mbndhhbﬁtbﬂOWM1|s nethyl [ 00136] In sone

enbodi nent s s an opthnall sub i tuted gr.ou
(00133 ¢ dn-patpiny ?TB?H%@TQ@S AV i 9y e ta ﬁ%@re%la) g}eﬁeﬂiegvenmg atoms to

form éi ﬁ‘pﬁ%llly %@stg[ycg,gsm%gor wfl&turﬁcg Sla6\r/]%’p¥ﬁc%ml nclﬁﬁé having 2-6

heterodtb@s enddp&idehipe sbidtesdetrdin altthgde FUX‘}F@Q' of Sulftabliescine &Ebsdnents, R

00138] Wil e compounds of formulae I-e and |-f are
and Rdewt daked tagethervivith their heterx(ezyngoattomE)to dioabl & bpinehally substituted,

unsatu gt P BUTER Te o BR La hEGHUBEN DSl B bt e g nitrogen,
OXyge% gh‘lh?'e 1h5 &E@‘%bddiﬁlcﬂ{?%eﬁﬁn fo%b&j hayd 1@’915 g‘ﬁ%ﬁlﬂl‘%’&!\/ﬁl one or

ereochemstry int croc ic ring

more R®EEADS) vATERAE caBNcSurr&REBORMIS uﬁbpé‘n@éﬁﬂ# lﬂﬁogene-(:ﬁ("d -ENf-SCN; -
may be provided having (Z)-doubl e bond stereochen1stry
SR®; SORCHESOREy AQ; i-Bl(RT)NGNHE(OsR e resrtagptiona iyt substitutet yres selected
of both stereoisonmers are provided. |In other
from taerigsadipnenisisting ehpoarihade ane il @eloplkyl. abwl certdin ggmpogignents, the
r eat ed undgr suitab e ond 0 saturate the
presen 5 B GRS REPREFs S M L€ Bolkbound of for mul a 1 -g
or I-h: WD 2009/082701PCT/U82008/087736 l-g or a
pharmaceutically acceptable salt thereof [00139] In
certain enbodi nents, R4 and Rz are taken together as
descri bed above, and R3 and a ring forned by R and
R1l' are taken together ms. g§§§[$ped above, to form
novel bimacrocyclic conpGunds n certain enbodi nents,
the ring fornmed by R4 and Rz is substituted with one
or nore Rm groups as descri bed above for fornulae |-e
and |-f. I'n sone enbodi nents, the macrocyclic ring
forned by RS and a r|ng forned by RI and Rb |s

L T Y 1 I o



or a pharmaceutically acceptable salt thereof; wherein

each = independently represents a single or double
whemwd/08avet hods of preparing such conmpounds, i NPEXUE1008087736

to those described herein for the synthesis of other

macrocycl es and conpounds i ncorporating a warhead,

i ncl ude (R"hose descri bed by McCauley, J. A et al.

Angew. m Int. Ed., 2008, 47, }4 9104-7. WO
2009/ 0&27 / US2008/ 087736 [ 001 sone
enbodj s na gethyl ene unit of ¥R& nrcregyclic ring

for bby aﬁdarlngformsdb 1z aﬁﬁRl‘
repl ed by ampL-Y noi ety to prov de a C©rrpound of

[la I-mor Y.-n: &g ceutlc

ng‘t Le sal therHof vvhe d peH
repres % a Ssim rbl e bo 4[ 001 i
describ ovg an ein, in cerd al odldre
the R4 grglpyo Oconpou s of for Ohydrog
In certaig emgpodinents, the present | n\ﬁsntl on prow des
a conpound of formJIaII-aorII- I1-all-b , R2,
- K3, wherein dech of the R1, R'and Rz Bfoups is as

oraph%%gécgtﬁd lggtgcfé:g lsgt:l;pere ?Vv?he?er}g eg %SC Ibed IZJI gl ,a‘?nedS R° is as

defined in formula I and described in classes and subclasses above and herein;

p is an integer from 1 to 6, inclusive; and

cach occurrence of R™ is independently halogen, -OR®; -CN; -N(R°); or an optionally
substituted group selected from the group consisting of C, s aliphatic and Cs 7 cycloalkyl.

[00134] In some embodiments, p is 1. In some embodiments, p is 2.

[00135] In certain embodiments, R™ is C, ¢ aliphatic. In some embodiments, R™ is methyl.
[00136] In some embodiments, R° is an optionally substituted group selected from Cie
aliphatic. In some embodiments, R° is ethyl. In other embodiments, R° is vinyl.

[00137] Exemplary R® groups of formulac I-e and I-f include those described herein and
depicted in Table 3, below.

[00138] While compounds of formulac I-e and I-f are depicted as having either (Z) or (E)
double bond stercochemistry in the macrocyclic ring, it will be understood that, in certain
embodiments, compounds of formulae I-e and I-f may be provided having (E)-double bond
stereochemistry in the macrocyclic ring. In certain embodiments, compounds of formulac I-e
and I-f may be provided having (Z)-double bond stereochemistry in the macrocylic ring. In
some¢ embodiments, mixtures of both stercoisomers are provided. In other embodiments,
compounds of formulac I-e and I-f may be treated under suitable conditions to saturate the

double bond, thereby forming a compound of formula I-g or I-h;
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[00142] Exenplary conpounds of fornmula | are set forth

in Table 3 below. WD 2009/ 082701PCT/ US2008/ 087736
waawbmes301 Exenpl ary Conpounds of Fornula | WPCT/US2008/087736

2009/ 082701PCT/ US2008/ 087736 WO

2009/ 082701PCT/ US2008/ 087736 1-551-56 1-611-62

Qj »
%ﬁ W %g

I-g I-h
or a pharmaceutically acceptable salt thereof.
[00139] In certain embodiments, R* and R” are taken together as described above, and R® and
a ring formed by R' and R"” are taken together as described above, to form novel bimacrocyclic
compounds. In certain embodiments, the ring formed by R* and R* is substituted with one or
more R™ groups as described above for formulac I-e and I-f. In some embodiments, the
macrocyclic ring formed by R® and a ring formed by R' and R" is substituted with an —L-Y

warhead group to provide a compound of formula I-j or I-k:

(RY), (Rm
IV, ar
1 — NS O 1 N O
| Y | Y
0 ' O
(R™p H 9 R™eT H
o 4N NZ&RZE‘ k(\)0-4 ’ N NZ&RZE
O\,rN 0 © OTN o ©
0 (Qos/~) 0 (Qos/~)
Ly Ny
I-j I-k

or a pharmaceutically acceptable salt thereof; wherein each === independently represents a single
or double bond. Methods of preparing such compounds, in addition to those described herein for
the synthesis of other macrocycles and compounds incorporating a warhead, include those

described by McCauley, J.A. et al., Angew. Chem. Int. Ed., 2008, 47, pp. 9104-7.
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[00143] In certain enbodinents, the present invention
provi des any conpound depicted in Table 3, above, or a
w@baenoseut i cal |y acceptable salt thereof. [OORGAHSAS8/087736
defined generally above, R3 is a warhead group.
Wthout wishing to be bound by any particul ar theory,
[00140]t issded erabetimtitata subklcRSugit ofifie, micreychi@ritge &gmed by R and a
) grouBs ,are particularly suitable for covalently
ring fosmedibR@ ead B deyerdiesd by e L-¥gneigt to pravide deamenondd of formula I-m
domain of HCV protease. One of ordinary skill in the
art will appreciate that HCV protease, and nutants
t hereof, have a cysteine residue @Rm_the binding
domai n. ’ﬁ“certain enbodi nent s, ounds of the

or I-n

presen%f tion have a warhead{gr jcharacterized
in thatxd i ve conpounds may elv%hs C159

cyst efine resN of HCV proteasg.

2009/ ©82701PCTf US2008/ 087736 [0p145] Thys, in sone
enbodiyrent s, Is characterized in that\the -L-Y

mo{RfYy+ s capa i ndi ng a cMstG ne

resi due\j hereb reger s b inhithy ting h Jn
certain \éfbedi nint 3 tRe BY'stei ne \PésidugVi sCyg{59R6f
HCV pr otrashke t thereof O i ded
residue n nberin% iIs<¥n accordance (code

it
Q1RS4). P0014E e of ordinary sk®I1!§b B,art will
recogni ze thatka variety of warhead groubps, as defined
herein, are suv¥table for such coval ent bendi ng. Such
R3 groups include, but are not limted to, those
descri bed hekBl n and depicted in Table S,Lﬁupra. Thi s
n r 0Gen rfaor.m .
or a pRRERRIEAR0 sFRbul U EROE s B 3 MBS orpigye sinele
ordoubR dgfiail in Exanples 17 through 21, infra. [00147]
Accordi ng to another aspect, the present inv?ntion
[0014r oVisdlescribed abyvegat derconmpr catfangerhi@diperds, alasB, gronp dor compounds
tant thereof, covalently bonded to an inhibitor at
of for@gis@hydrqgegoi&ceé%bgp esn’ts,tt TesSAt igyendion;pgovides a compound of
ﬁnmuﬁqx_kﬁqiby bonded via a linker noiety. [00148] In
certain enbodi nents, the present invention provides a
conj ugate of the fobmR*a Cysl1l59-1i nkegzi nhi bitor

nmoi ety. One of ord¢nary skill in e art wll
recogni ze that thel"linker" group cprresponds to an
-L-Y war heg S Lgescrrs ﬁhanAccordingly,

in certain e di pents, e |ipgkerl g pHings defi ned

for -L-Y was defO'né¥l afjove and d@ScN bad i 8 cl asses

and subcl asses herdin.glt will be appragi@t &,

however, that the |linker group is bivalent and,

therefore, the cdlesponding -L-Y grHdp is al so

i nt epd t q,1be 1hivalent sulting from.the .reactio f
where IR ok 0 R e cyrsh B3 Estiriy b BTdE £ BFhR" Hove and
describBdliRPlasde 0 8K ERbclafQORASH. | n certain enbodi ments, the

Inhibitor noiety is a conpound of formula A- 0-Rz A
[001421h e EremplepclongpouthdsefRbrmulR’ | arRRet, fodh 1Kl #biel3 Rdogr oups of

formula Ais as defined for formula |I above and

described in classes and subcl asses herein. Thus, in

certain enbodi nents, the present invention provides a

conjugate of the fornmula: WO

2009/ 082701PCT/ US2008/ 087736 Cys159 R22
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O wherein each of the R ,R2a, - 4,
K and Rz groups of the conjugate is as defined for
w0 o00a082101 above and described in classes and PCT/US2008/087736

subcl asses herein. [00150] In sone enbodi nents, R3 is
characterized in that the -L-Y noiety is capabl e of

Table 8. 0¥ adreplbdyyCdmpudndgofiferi@ulayst ei ne resi due t her eby
irreversibly inhibiting the enzynme. In certain
enbodi nents, the cysteine residue is Cysl6 of J
protease, or a nu t hereof, where the provide
reS|d nunberi ng |n accordance W th Unlprot

Q91R 51] Acc ig to anot her aspect, é\
L%Zgn

rese tion provig i si HCV
rot age a nut@ht ! honded /t o an
%QMH at Q/S 16, ; [ 'O %‘NH‘: of
|§N c@vﬁillgrr(( ot o° i " \ 152} i
tai af enBogliTent s o ph pfesknt invention ngV| S d“j“q
ugate of the FS%ﬁhh Cysi16-1i nker - i nhi bi

nD ty. One of ordlnary skill in the art wll

recogni pg that the "linker"[-proup corresponds - an

-L-Y war head group as described herein. Accordingly,

in certain e@bodinentséijéfblinker group is as defined

for -L- Y was |defined a nd described in classes

and sub herein. Tt ‘VT be appr eci at ed, 0

homeve&b the linker grotp is blvalent and, o F

therefo e (W;espo ng LYY U/ s al 5o/ LQ;;

rea

tEﬁezgé Hth Cysigsgi oteehi?

|nuta t" edf . [00153] Ian rtain dlneﬁt s—q
AN nnlety 'S aw ound of fornula A— it

A1 wWereln each of the , Ry, Ra, -4,

K ajg Rz groups of fornula qﬁﬂ is as defined f°f6
fornula | above and described in classes and
subcl a§ses herein. Thus, in certain enbodi ments, the

presen venti on provideg a conjugate of the fornula:

WO,2009+-882701PCT/ US2008/ 736 0-Rz 0 where
the R2a, -4, K and Rz
def| oro(pgnula I Ebove and described in 'cl asses
and Zﬁh%l hereln. ¢ 00 -

1-7 1-8 |BY
F :
F
N 0
C%\ o Ng F \f
N\go 7): O S, .
4 7 0 0 H \V/4
H 9099 N, LY 7 OW/N" -
N/ S N " N N
Y o) § A LTATY
’ Oé o >Fg o X \
N N
?;3 Oﬂy;
I-10 I-11 1-12
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General Methods of Providing the Present Conpounds
[00154] In certain enbodi nents, the present conpounds

wa@e@oggater al | y prepared according to Scheme 1 BEL/USTNS/087736

bel ow. Schene 1 -0 WO
2009/ 082701PCT/ US2008/ 087736 [ 00155] In one aspect,
the present inventiof provides nethods forg preparing

compounds of for I, according to th t eps
depicted in Sche above wherein eac pable is as
Nfined and descri be ®in and each PG hgna_suitable

an fipha- a np ster of f Lo, \Y% peptid
/45 up|A M, ttpns totg pept ide of fm
ptid

“J

F

sentirety of which is here

‘ecting group. At st p S-1, an N-protecte% (e.q.
Bog) proline derivative fon a)A IS condezeﬁ\ﬁMAt@

H

j, Lablse cou ndi i ons are
fhéart §nd incl ud bose gescrfbed in d Iq
lication nunber 2002094822 (US68253 ﬁ
Eyzlncorporated by e ence.
Unl ess erw se indi cated aid conditions are
RSE! M3

ref erenc as suitabl e peptide coupling condi tirbhs
t hroughout this appl ecation. [00156] At skep S-2, the

ester group is hydeg|lyzed with a suitab base and
ubsequent |y nethﬂ"*-d to give a dip of
la D. Suitabl e \a i ncl ude, but ar olimted

>ree

al kal i ne netal s, IE aline earth netal hydroxides,

W ’/

.S

A

to

an onmbi nat igoHs t here n sone gegbodi ments;,—the o ¢ o
baséélﬁr,i | ¥ hydr oxi de. 13| 'S4t step S—éi&ﬁrﬁ, 4
dmp% de fof Nt oxfrul a Dy sVcdupifsdiwi¥h a sulf olfamf dS N WV

E using éﬁyﬁab#ecbe i de coupl%ﬁ@\/&bo

condl n to glve oacylsulf am de of ornula F.
] At step S— age of the pr FV group
(e g\=Boc renoval) fron1a pepti de of fornu gi ves

an am f formula G 1In tai n enbodi nents,
cl eavaglg (gf the Boc group i‘geachl eved by cont Jcm ng a
cenpound of fornmula FFwith a mneral or organic acid

#0 a hal ogenated h ocar bon solvent. In sone
wdinents, In so odinments, the acid is
N

oroacetic aci Phe solvent is F
di choor onet hane. [00159] Au step S-5, an amaqge
formu GH|s°GDQpIed MAt arbo« |c aC|d

fornugg\ﬁ |table |ng condi tiong
kyb an Fe\ﬁgdl%teﬂc a éﬁkr R L%

60] er nedi at e fornul
nverfed to conpo *o-°0ﬁ~ in ste fgﬁﬁlc are
escrgggd as exanp hey. n. [00161] Ag*ﬂ
gener\ |y above, the PG gredp of formulae®A, C, D, and
Fis a]eﬂftable am no protge zblng group. SU|tabi21an1no
protecting groups are well kKhown in the art and

i nclude those described in detail in Protecting G oups
in Oganic Synthesis, T. W Geene and P. G M Wits,
3" edition, John Wley & Sons, 1999, the entirety of
which is incorporated herein by reference. Protected
amines are well known in the art and include those
described in detail in Geene (1999). Suitable

nono- protected am nes further include, but are not
limted to, aral kyl am nes, carbamates, allyl am nes,
am des, and the |ike. Exanples of suitable nono- WO
2009/ 082701PCT/ US2008/ 087736 protected am no noieties
i ncl ude t-butyl oxycarbonyl am no (- NHBOC)

et hyl oxycar bonyl am no, net hyl oxycar bonyl am no,

trichl oroet hyl oxycar bony) agi I 'yl oxycar bonyl am no
(- NI | oc) yl Oxy PRy gP1gA! | yI OXY y

benzyl oxocar bonyl am no(- NHCBZ), al | yl am no, benzyl am no(
- NHBn) ,

N



fl uor enyl net hyl car bonyl (-NHFnoc), formam do,
acet am do, chl oroacetam do, dichl oroacetam do,
wao pdoglsoppacet am do, phenyl acet am do, PCT/US2008/087736
trifluoroacetam do, benzam do, tbutyl diphenylsilyl,
and the like. Suitable di-protected am nes include
am nes that are subsfituted with two substituents
i ndependent |y sel d fromthose described above as
nono- pr ot ected am ,yand further include cyclic
i mi des, such as pht hat¥wi%e, naleinmi de, succinimde,

and the like. [00162] |p other enbodi nentg, the
resent compounds are ge by Progpar g ccording to
hee 2 set forth belomfiggf% el
266@/082701PCT/U820Q§/%8 [ @®1%63] M n OReN ect,
th@ present |nvent|on prgfpdes t hods for beparlng

o n , rnul 14 cordi’ng to the stept 0 00
p| ab At step S-6, renozgkjfﬁ “”
oup fron1a di pe de of fornula Chs'

c |eved der aci d-catatiNzed conditions §r1J4ﬁ9

dlpéptlde ester of formul &9. [00164] At 7, o

tide ester of fornmil% J is condens mﬁbggﬁ;
funct| nal i zed am no aci d/®f forrmula H using su#tabl e

peptid upling condition 0 give a tripepti ester
of forﬁhﬁg K which is furtﬁ@? converted to a fﬁa
trlpeptlde ester of fornula L in steps whirch are
Fdescribed as exanples herein. [00165] A=6tep S-8, the
<:jtﬁfter group on a d:aw-und of formula L drol yzed
th a suitable bas« a d(§ubsequently neutr- Bl i2ed to
gi'ye a tripeptide of To wula M Suitabl e basegs

i ne| ude, but are not liRited to, alkaline net 000
al kan{ nes e r@honetal hydfo |des éhﬁ conbi nat Lopg ¥, IV
m

t he N nbodlne ﬁs S¢sis |ithi N
hydrlyxiode '1301 6] pept‘?ﬁé‘
QT/orrru Pa M s conden mntﬁ a Y f onani ornul E

:7/%S| sui tabl e pept) pl i ng condltlgﬁg t8 ive
oupds of formul I.o 00167] The PG group o
for C H and Kis aSwtable am no protecting

group escri bed above. Uses, Fornulatio d
gt%‘?‘gti on Phar naceut i i‘&pl y acceptabl e 012':)7(1

Admi ni
conpositions [0016 Accordi ng to anot her enbodi nent,
he i nvention prodgzéixa conmposition copprising a
canpound of this ighv or a pharma Lcally
F Btable derivative t eof and a phartaoeubi cal ly
acoeptable carrier, adju ,HoP vehlcfe \% anount
mﬂle conp05|t| nventlo Ls such

tha t op TRRS A @bl |t HCV dfagﬁgb “”
Fhe eof , §ﬁ1 a Blo\oglcal sanpl eyorN'i N \§7

tleﬁf { certaln fibo 0
onp und |n conp05|t ons

i ments, the amp®sgNofxg
f thls i nvent idno i such\
that s effective to nea%u I nhi bit rpt gase,
or § nt thereof, in a biolegical sanple i
patient. In certain enbodi nents, a conposition of this
inventile?is fornul ated fol-28dni ni stration to la30
patient in need of such conposition. In sone

enbodi nents, a conposition of this invention is

formul ated for oral adm nistration to a patient.
[00169] The term "patient," as used herein, neans an
animal, preferably a manmal, and nost preferably a
human. WD 2009/ 082701PCT/ US2008/ 087736 [00170] The
term "pharnmaceutically acceptable carrier, adjuvant,

or vehicle" refers to € carrier, adjuvant, or
vehi cl e that does not 33%??%3%%§% phar macol ogi ca
activity of the conmpound with which it is fornul ated.
Phar maceutical |y acceptable carriers, adjuvants or
vehicles that may be used in the conpositions of this
|nvent|on i nclude, but are not limted to, ion

o I s I I T L T




WD 2009/ 082701PCT/ US2008/ 087736 [00174] For this

pur pose, any bland fixed oil may be enpl oyed i ncl udi ng
w@whega7dr nono- or di-glycerides. Fatty aci dSPCHUSIW0O#E87736

oleic acid and its glyceride derivatives are useful in

the preparation of injectables, as are natura

phar maceutically-a ptable oils, such asfolive oil or
castor oil, especi%ﬁ?%}in t heir pol yoxy | at ed
versions. These oi] Pons or suspen n nay al so

F gﬁgin a long-chain al hoI dlluent or dispefsant,

suoh as carboxynethyl cel? $€ or031n1lar dmsper3|n% 0 o

ageq;gbﬁﬁat aa@ connnnly N» f or mul at oﬁ
phar “&”C accept jblje gel fornms inc
ogrhil '? nd s \szensﬁpﬁigé r connnnlyo

ns and oth r:

|ng agents orl bioavailability enB?hcer whi ch
nly used i n théYfanuf acture of =
phaPmaceutical |y acceptable solid, liquid, or other
dosage gy n8 may al so be uggd for the purposes.gpf
formul ation. [00175] Pharmaceutically acceptabl e
conpositions of this invention may be orAlly

Fadmi ni stered in any prally acceptable age form

i ncl udi ng, but not—Ximted to, capsul bl et s,
<:j%§huepus suspenS|o<i§Eﬁ solutions. In the %éfoof

ets for oral us Q?orlers commonl y useg i ncl ude

Iaotose and corn starchy Lubricating agents,’ chHaso 00
rrag i um Qaﬂate are so, .t wpigcal | y added%wqr %!

a cap Xuyseful dig uln NN
'ﬁQLQ I %se and driteq cornstiarc¥. %uﬁ;@%
§§u&pe sions are requiyfed for opal use, ar\Lrﬁ/e
>T?ng dient is conbi Wiy I sifyin and S di ng

ag s. If desired; Icerjain sweetening, flav g or
col ofing agents nay also e added. [00176] /
Al ternatively, pharmaceutically acceptable

conposik3bns of this invenld38n may be adm ni stléd6ed in
the form of suppositories for rectal adm nistration.

These can be prepared by g the ageny with a
uitable non-irritati n® eﬁfjg%ﬁnt t hat olid at
d

mytenperature but |igu rectal telRp@rasure and
thé?efore will nelt in%he rectgn1t8 rel easef t he drug.
Such terloage, i ncl ude o oa',}o eg/ beeswax’.and 0 0
pol e eyl ycol s. y . utlcall N, 4
ace ﬁﬁb o oOhl i'nve t|on NaI eH \K7
aﬁ <Bter d top y,: espegiAlly mhen

?eaLne |ncludes a easyOrYor gans readi CeSSIb e
by t opi cal appllcatlon budi ng dlsea the eye,
the skfy, or the | ower ?n?é%tlnal tract. SUIt

topi cal "formul ations are readily prepared for each of
thes? areas or organs. [p 78] Topi cal appllcatloP §or
the I'ower intestinal tract can be effected in a rectal
supp03|tory formul ati on (see above) or in a suitable
enema formul ati on. Topical |l y-transdermal patches nay
al so be used. WO 2009/ 082701PCT/ US2008/ 087736 [ 00179]
For topical applications, provided pharmaceutically
acceptabl e conpositions may be fornulated in a
suitabl e oi ntment containing the active conmponent
suspended or dissolved in one or nore carriers.
Carriers for topical adm nistration of conpounds of
this invention include, but are not limted to,

mneral oil, liquid petrolatum white petrol atum
propyl ene gl ycol, poly pol yoxypr opyl ene
conmpound, emnul sifying a%%gggékggfer Al ternatively,
provi ded pharmaceutically acceptabl e conpositions can
be formulated in a suitable | otion or cream contai ni ng
the active conponents suspended or dissolved in one or
nore pharnaceutlcally acceptable carriers. SU|tabIe
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[00188] As described herein, the present invention

provides irreversible inhibitors of one or nore HCV
w@e@bessel genot ypes, and variants thereof SuchPCT/US2008/087736

conmpounds, conprising a warhead group designated as

173, include those of fornmulae I, I-a, |I-b, I-c-1,
-2, 1-¢-3, |I-c- -c-5, |I-c- MD
O§2701PCT/U820 0874636 6, 1-d, |-ye; jq l-qg,
I-a and I - as\ﬁéscrlbed her e{ n. some

nbod? , 9R3 d's

har a& riz Jp thit the =L-Y, %4
of cov LY n to a
3si gdu eﬁ%by iMrrev r§ yogﬁg%%lt tthe (i}jf
vaho hing to be Jp any partldQTa he ry,

it $s° |eved t hat su%h groups, i.e. Wart
gr ougsSn=ar e partlcularlf itable for coval én
bi ndi n 0 a key cysteine i due in the bindi
donaing%éﬂone or nore HCV Eﬁitease genot ypes J@&
variants thereof. In sone enbodi nents, @ne or nore
genot ypes i nhi bited by conpounds of t pr esent
invention include la, Ib, 2a, and 3a. ertain
enbodi ments, one or (nore such vari ant ge ALS5S6T,
A1565, D168V, D16 and R155K. [00189] Ch of
ordi nary skill iﬁif%ﬁ\art wi || appreciate that HCV
r ot ease genotypes riants thereof hav ne H"
e.cysteine residuesjnear the binding donal
fmbut wi shing to be G nd byoaay,partoc »;gtbeo
it i%s bellewed that pro | marhe d gro%p t Q)
t he nterast faci |hﬂ | enty
|fﬂc t| n* of t hal @yé%blne by the ma he%dlgroup In

%p’ mbadi nent s, stei né resi due of igiergst is
CysISQ of HCV prote sezégggype I b, or a var|§E;§
théFéQL, where the provi resi due nunberin in
accordance with Uniprot (code QQ1R54). Cysteine

resi duds4df other HCV prot E4de genotypes and subt ygetd
suitable for covalent nodification by igreversible

o

"inhibitors of the pfesent invention i ude those
sunmmari zed in Tab 3a, bel ow, where bol d and
derlined "C' retersi tg a cysteine resi oconserved
atYan equi val ent po *fbn to Cysl59 of oprotease
suptype | b. Table 3a. #CV genotxpe/ subt ypée 0
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SEQ ID NO 1 | a GHAVE FRAAVCTRGVAKAV
CH. BI D- V271. EU482858 SEQ ID NO 2 la

WERNYBFRAAVCTRGVAKAY DE. Bl D- V25. EU482831 SEQ pCx/NE2008087736
| a GHAVGLFRAAVCTRGVAKAV US. H77- H21. AF011753 SEQ I D NO

4 | b GHAVG FRAAVCTRGVAKAV AU. HCV- A. AJOOOOOQ SEQ I D NO
5 I b GHWG FRAAVCTRGVAKAV

osd
e} " C 0’@ 2
ha
1-52
/ /
N_ O N_ O
v L o v L
O\H Es% Dﬁ(“ 0\\%
N H N
b H\/g o o H\)\ o
) " o
™ ™
1-55 1-56
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CH. BI D-V272. EU482859 SEQ ID NO 6 IDb

GHAVGE FRAAVCTRGVAKAV JP. HCV- BK. Mb8335 SEQ ID NO 7 1 ¢
WORWYBFRAAVCTRGVAKAV | D. HC- (0. D14853 SEQ | D NerT/8SZD08/087736

GHVAG FRAAVCTRGVAKAV | N. AY051292. AY051292 SEQ ID NO. 9

2a GHAVGE FRAAVCSRGVAKSI JP. AY746460. AY746460 SEQ I D

Wza
N

I-61 1-62
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[00143]

GHAVG FRAAVCSRGVAKSI JP. JCH- 6. AB047645 SEQ I D NO 11

2a GHAVGAE FRAAVC SRGVAKSI . G2AK1. AF169003 SEQ ID NO 12
WQ R00GioB7E_ FRAAVCARGVAKSI  JP. HC- J8. D10988 SEQ | BCTy082008087736

2b GHAVGLFRAAVCARGVAKSI JP. MD2b1-2. AY232731 SEQ I D NO

14 WO 2009/ 082701PCT/ US2008/ 087736 HCV genot ype/

I-63 1-64

1-65 1-66

Table 3, above, or a pharmaceutically acceptable salt thereof.

[00144]

In certain embodiments, the present invention provides any compound depicted in

As defined generally above, R® is a warhead group. Without wishing to be bound by

any particular theory, it is believed that such R® groups, i.c. warhead groups, are particularly

suitable for covalently binding to a key cysteine residue in the binding domain of HCV protease.
One of ordinary skill in the art will appreciate that HCV protease, and mutants thereof, have a
cysteine residue in the binding domain. In certain embodiments, compounds of the present

invention have a warhead group characterized in that inventive compounds may target the C159

cysteine residue of HCV protease.
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subt ype Representative Sequence Portiona Patient ID
Sequence ldentifier 2c GHAVA FRAAVCSRGVAKSI
WO BEREL27D60409 SEQ | D NO 15 2i AHAVGA FRAAVCSRER/HKSI008/087736
VN. D54. DQL55561 SEQ I D NO 16 2k GHAVG FRAAI CTRGAAKSI
MD. VAT96. AB031663 SEQ ID NO 17 3a
[00145] Thus, in some embodiments, R® is characterized in that the -L-Y moicty is capable of

covalently binding to a cysteine residue thereby irreversibly inhibiting the enzyme. In certain
embodiments, the cysteine residue is Cys159 of HCV protease, or a mutant thereof, where the
provided residue numbering is in accordance with Uniprot (code Q91RS4).

[00146] One of ordinary skill in the art will recognize that a variety of warhead groups, as
defined herein, are suitable for such covalent bonding. Such R® groups include, but are not
limited to, those described herein and depicted in Table 3, supra. This phenomenon may be
determined by performing mass spectroscopic experiments using the protocol described in detail
in Examples 17 through 21, infra.

[00147] According to another aspect, the present invention provides a conjugate comprising
HCV protease, or a mutant thereof, covalently bonded to an inhibitor at Cys159. In some
embodiments, the inhibitor 1s covalently bonded via a linker moiety.

[00148] In certain embodiments, the present invention provides a conjugate of the formula
Cys159-linker—inhibitor moiety. One of ordinary skill in the art will recognize that the “linker”
group corresponds to an -L-Y warhead group as described herein. Accordingly, in certain
embodiments, the linker group is as defined for -L-Y was defined above and described in classes
and subclasses herein. It will be appreciated, however, that the linker group is bivalent and,
therefore, the corresponding -L-Y group is also intended to be bivalent resulting from the
reaction of the warhead with the Cys159 of HCV protease, or a mutant thereof.

[00149] In certain embodiments, the inhibitor moiety is a compound of formula A

0-R?

]
v

N
R4Jﬁ‘r R'I R'I' ,
0 R
WY
H

0
A

wherein each of the R', Rl’, R* R* and R” groups of formula A is as defined for formula I
above and described in classes and subclasses herein. Thus, in certain embodiments, the present

invention provides a conjugate of the formula:
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GHVAGQ FRAAVCTRGVAKAL CH. 452. DQ437509 SEQ ID NO 18 3a
GHVAGQ FRAAVCTRGVAKAL DE. HCVCENSL. X76918 SEQ I D NO 19

W@ 200S0RAE FRAAVCTRGVAKAL | D. ps23. EU315121 SEQ PCI/NL20092087736
3b GHVMA FI AWCTRGVAKAL | N. R&A416. DQR84965 SEQ I D NG
21 3b GHWAE FRAAVCTRGVAKAL JP. HCV- Tr. D49374 SEQ | D NO
22 Cys159

| _
O-R*
N
R4 /}R’I R’I'
0 4 H&r
0

wherein each of the R, R", R*, R, and R” groups of the conjugate is as defined for formula T

RZa

above and described in classes and subclasses herein.

[00150] In some embodiments, R’ is characterized in that the -L-Y moiety is capable of
covalently binding to a cysteine residue thereby irreversibly inhibiting the enzyme. In certain
embodiments, the cysteine residue is Cysl6 of HCV protease, or a mutant thereof, where the
provided residue numbering is in accordance with Uniprot (code Q91RS4).

[00151] According to another aspect, the present invention provides a conjugate comprising
HCV protease, or a mutant thercof, covalently bonded to an inhibitor at Cysl6. In some
embodiments, the inhibitor is covalently bonded via a linker moiety.

[00152] In certain embodiments, the present invention provides a conjugate of the formula
Cysl16-linker—inhibitor moiety. One of ordinary skill in the art will recognize that the “linker”
group corresponds to an -L-Y warhead group as described herein. Accordingly, in certain
embodiments, the linker group is as defined for -L-Y was defined above and described in classes
and subclasses herein. It will be appreciated, however, that the linker group is bivalent and,
therefore, the corresponding -L-Y group is also intended to be bivalent resulting from the
reaction of the warhead with the Cys16 of HCV protease, or a mutant thereof.

[00153] In certain embodiments, the inhibitor moiety is a compound of formula A-1:
O-R?

]
v

N
R4)ﬁ( R'] R']' ,
0 R8
WY
H

o)
A-1
wherein each of the Rl, Rl’, RZa, R4, and R” groups of formula A-1 is as defined for formula T
above and described in classes and subclasses herein. Thus, in certain embodiments, the present

invention provides a conjugate of the formula:
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3k GHVAG FRAAVCTRGVAKAL | D. JK049. D63821 SEQ I D NO 23
4a GHAAG FRAAVCTRGVAKAV EG EQ9. DQR88077 SEQ I D NO. 24
W 200808280 FRAAVCTRGVAKAY . 01-09. DQ418782 SEQ | BCINIS208%5087736
4a GHAAGLFRAAVCTRGVAKAV . F753. DQ418787 SEQ I D NO 26
4d GHAAG FRAAVCTRGVAKAV . 03-18. DQ418786
Cys16

| o
OR
N
R4 ?R1 R1'
0]
0 NX,(
H 5

wherein each of the R', R", R, R*, and R” groups of the conjugate is as defined for formula T

R2a

above and described in classes and subclasses herein.

General Methods of Providing the Present Compounds

[00154] In certain embodiments, the present compounds are generally prepared according to

Scheme 1 set forth below:

Scheme 1
O0—R* O—RE
Rl R"
N * H N>ﬁ/ R N —>
PG~ 2 s PG~ R R s
0
OR
0% “oH o™ N
A B C o
0—R? O—Rz
H.N _R?
S
Ay
N © _N
PG . PG .
R R L Rl R" 4 E—
OH $3 N _R? S-4
07 N 0 N s<
H H A
0 0
D F
R3

I-0
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SEQ I D NO 27 4d GHAAG FRAAVCTRGVAKTV . 24. DQ®16083 SEQ
I D NO 28 4f GHAVG FRAAVCTRGVAKAV FR. | FBT84. EF589160
WEEQARTNO. 29 4f GHAVA FRAAVCTRGVAKAV PCT/US2008/087736
FR. | FBT88. EF589161 SEQ I D NO. 30 5a
GHWGVFRAAVCTRGVAKAL GB . EUH1480. Y13184 SEQ I D NO 31
[00158a GHYMOWHUPRAAMCTIGMAKALvention provides methods for preparing compounds of

formula I, according to the steps depicted in Scheme 1 above wherein each variable is as defined
and described herein and each PG is a suitable protecting group. At step S-1, an N-protected
(e.g. Boc) proline derivative of formula A is condensed with an alpha-aminoester of formula B
using peptide coupling conditions to give a dipeptide of formula C. Suitable peptide coupling
conditions are well known in the art and include those described in detail in PCT publication
number W02002094822 (US6825347), the entirety of which is hereby incorporated by
reference.  Unless otherwise indicated, said conditions are referenced as suitable peptide
coupling conditions throughout this application.

[00156] At step S-2, the ester group is hydrolyzed with a suitable base and subsequently
neutralized to give a dipeptide of formula D. Suitable bases include, but are not limited to,
alkaline metals, alkaline ecarth metal hydroxides, and combinations thereof. In some
embodiments, the base is lithium hydroxide.

[00157] At step S-3, a dipeptide of formula D is coupled with a sulfonamide of formula E
using suitable peptide coupling conditions to give an acylsulfonamide of formula F.

[00158] At step S-4, cleavage of the protective group (e.g. Boc removal) from a dipeptide of
formula F gives an amine of formula G. In certain embodiments, cleavage of the Boc group is
achieved by contacting a compound of formula F with a mineral or organic acid in a halogenated
hydrocarbon solvent. In some embodiments, In some embodiments, the acid is trifluoroacetic
acid and the solvent is dichloromethane.

[00159] At step S-5, an amine of formula G is coupled with an carboxylic acid of formula H
using suitable peptide coupling conditions to give an intermediate compound of formula I-0.
[00160] Intermediate compound of formula I-0 is converted to compounds of formula I in
steps which are described as examples herein.

[00161] As defined generally above, the PG group of formulaec A, C, D, and F is a suitable
amino protecting group. Suitable amino protecting groups are well known in the art and include
those described in detail in Protecting Groups in Organic Synthesis, T. W. Greene and P. G. M.
Wuts, 3 edition, John Wiley & Sons, 1999, the entirety of which is incorporated herein by
reference. Protected amines are well known in the art and include those described in detail in
Greene (1999).  Suitable mono-protected amines further include, but are not limited to,

aralkylamines, carbamates, allyl amines, amides, and the like. Examples of suitable mono-
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ZA. SA13. AF064490 SEQ I D NO 32 6a GHVWG.FRAAVCTRGVAKSL
HK. 6a74. DQ480524 SEQ I D NO 33 6a GHVVG.FRAAVCTRGVAKSL
wWoR008aF270DQA80512 SEQ I D NO 34 6a GHVVGLFRAAVEETRONABEL87736
HK. EUHK2. Y12083 SEQ I D NO. 35 6b GHVWG.FRAAVCTRGVAKAL
. T11 580. NC 009827 SEQ ID NO 36 6¢C
protected amino moieties include t-butyloxycarbonylamino (-NHBOC), ethyloxycarbonylamino,

methyloxycarbonylamino, trichloroethyloxycarbonylamino, allyloxycarbonylamino (-NHAlloc),
benzyloxocarbonylamino (-NHCBZ), allylamino, benzylamino (-NHBn),
fluorenylmethylcarbonyl (-NHFmoc), formamido, acetamido, chloroacetamido,
dichloroacetamido, trichloroacetamido, phenylacetamido, trifluoroacetamido, benzamido, t-
butyldiphenylsilyl, and the like. Suitable di-protected amines include amines that are substituted
with two substituents independently selected from those described above as mono-protected
amines, and further include cyclic imides, such as phthalimide, maleimide, succinimide, and the
like.

[00162] In other embodiments, the present compounds are generally prepared according to

Scheme 2 set forth below.

Scheme 2
RS
, PG OH
0—R? O—R N
0
H
_N — HN -
PG R1 R S-6 R! R S-7
OR
0 N>ﬂ‘/ R o) N><n/
H H
c O g °
0—R? O—R?
R3 R3

Na”
A O—R?
0
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GHVWWGA.FRAAVCTRGVAKAL TH. Th846. EF424629 SEQ I D NO 37
6d DHVWG.FRAAVCTRGVAKAL VN. VN235. D84263 SEQ I D NO 38
WG 2005R27H. FRAAVCTRGVAKAI  CN. GX004. DB14805 SEQPETIUBKDNS/087736
39 6f GHAVA FRAA VCTRGVAKAI TH. G- 0044. DQB35760 SEQ I D
NO 40 6f GHAVA FRAAVCTRGVAKAI TH. C-0046. DQB35764 SEQ
[00163]D NOoneaspect, the present invention provides methods for preparing compounds of

formula I, according to the steps depicted in Scheme 1 above. At step S-6, removal of the Boc
group from a dipeptide of formula C is achieved under acid-catalyzed conditions to give a
dipeptide ester of formula J.

[00164] At step S-7, a dipeptide ester of formula J is condensed with a functionalized amino
acid of formula H using suitable peptide coupling conditions to give a tripeptide ester of formula
K which is further converted to a tripeptide ester of formula L in steps which are described as
examples herein.

[00165] At step S-8, the ester group on a compound of formula L is hydrolyzed with a
suitable base and subsequently neutralized to give a tripeptide of formula M. Suitable bases
include, but arec not limited to, alkaline metals, alkaline ecarth metal hydroxides, and
combinations thereof. In some embodiments, the base is lithium hydroxide.

[00166] At step S-9, a tripeptide of formula M is condensed with a sulfonamide of formula E
using suitable peptide coupling conditions to give compounds of formula I.

[00167] The PG group of formulac C, H, and K is a suitable amino protecting group as

described above.

4. Uses, Formulation and Administration
Pharmaceutically acceptable compositions

[00168] According to another embodiment, the invention provides a composition comprising
a compound of this invention or a pharmaceutically acceptable derivative thereof and a
pharmaceutically acceptable carrier, adjuvant, or vehicle. The amount of compound in
compositions of this invention is such that is effective to measurably inhibit HCV protease, or a
mutant thereof, in a biological sample or in a patient. In certain embodiments, the amount of
compound in compositions of this invention is such that is effective to measurably inhibit HCV
protease, or a mutant thereof, in a biological sample or in a patient. In certain embodiments, a
composition of this invention is formulated for administration to a patient in need of such
composition. In some embodiments, a composition of this invention is formulated for oral
administration to a patient.

[00169] The term “patient,” as used herein, means an animal, preferably a mammal, and most

preferably a human.
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69 GHVWG.FRAAVCTRGVAKAL HKEK6554. DQB314806 SEQ I D NO
42 6g GHVWWGLFRAAVCTRGVAKAL | DJK046. D63822 SEQ I D NGO
W@ 2008/082HVAGA FRAAVCTRGVAKSL VN. VNOO4. D84265 SEPTT/DSING%/087736
44 6i GHVAG FRAAVCTRGVAKSL TH. C-0159. DQ@B35762 SEQ I D
NO 45 6) GHVAGQ FRAAVCTRGVAKSL TH. G- 0667. DQB35761
[00170] The term “pharmaceutically acceptable carrier, adjuvant, or vehicle” refers to a non-

toxic carrier, adjuvant, or vehicle that does not destroy the pharmacological activity of the
compound with which it is formulated. Pharmaceutically acceptable carriers, adjuvants or
vehicles that may be used in the compositions of this invention include, but are not limited to,
ion exchangers, alumina, aluminum stearate, lecithin, serum proteins, such as human serum
albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium sorbate, partial
glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such as
protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, sodium
chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-based
substances, polyethylene glycol, sodium carboxymethylcellulose, polyacrylates, waxes,
polyethylene-polyoxypropylene-block polymers, polyethylene glycol and wool fat.

[00171] A “pharmaceutically acceptable derivative” means any non-toxic salt, ester, salt of an
ester or other derivative of a compound of this invention that, upon administration to a recipient,
is capable of providing, either directly or indirectly, a compound of this invention or an
inhibitorily active metabolite or residue thereof.

[00172] As used herein, the term "inhibitorily active metabolite or residue thereof" means that
a metabolite or residue thereof is also an inhibitor of HCV protease, or a mutant thereof.

[00173] Compositions of the present invention may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally, buccally, vaginally or via an implanted reservoir.
The term "parenteral" as used herein includes subcutaneous, intravenous, intramuscular, intra-
articular, intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional and intracranial
injection or infusion techniques. Preferably, the compositions are administered orally,
intraperitoneally or intravenously. Sterile injectable forms of the compositions of this invention
may be aqueous or oleaginous suspension. These suspensions may be formulated according to
techniques known in the art using suitable dispersing or wetting agents and suspending agents.
The sterile injectable preparation may also be a sterile injectable solution or suspension in a non-
toxic parenterally acceptable diluent or solvent, for example as a solution in 1,3-butanediol.
Among the acceptable vehicles and solvents that may be employed are water, Ringer's solution
and isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally

employed as a solvent or suspending medium.
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SEQ I D NO 46 6] GHVAG FRAAVCTRGVAKSL
TH. Th553. DQB35769 SEQ | D NO. 47 6k
WERMMNBFRAAVCTRGVAKSL CN. KMA1. DQ278893 SEQ | D INO/USB0$#87736
GHVAGQ FRAAVCTRGVAKSL CN. KMA5. DQ278891 SEQ I D NO 49 6k
GHVAG FRAAVCTRGVAKSL VN. VNEO5. D84264 SEQ I D NO. 50 61
[00174PHVAGH RAAMESRGWAHKSBAnd fixed oil may be employed including synthetic mono- or

di-glycerides. Fatty acids, such as oleic acid and its glyceride derivatives are useful in the
preparation of injectables, as are natural pharmaceutically-acceptable oils, such as olive oil or
castor oil, especially in their polyoxyethylated versions. These oil solutions or suspensions may
also contain a long-chain alcohol diluent or dispersant, such as carboxymethyl cellulose or
similar dispersing agents that are commonly used in the formulation of pharmaceutically
acceptable dosage forms including emulsions and suspensions. Other commonly used
surfactants, such as Tweens, Spans and other emulsifying agents or bioavailability enhancers
which are commonly used in the manufacture of pharmaceutically acceptable solid, liquid, or
other dosage forms may also be used for the purposes of formulation.

[00175] Pharmaceutically acceptable compositions of this invention may be orally
administered in any orally acceptable dosage form including, but not limited to, capsules, tablets,
aqueous suspensions or solutions. In the case of tablets for oral use, carriers commonly used
include lactose and corn starch. Lubricating agents, such as magnesium stearate, are also
typically added. For oral administration in a capsule form, useful diluents include lactose and
dried cornstarch. When aqueous suspensions are required for oral use, the active ingredient is
combined with emulsifying and suspending agents. If desired, certain sweetening, flavoring or
coloring agents may also be added.

[00176] Alternatively, pharmaceutically acceptable compositions of this invention may be
administered in the form of suppositories for rectal administration. These can be prepared by
mixing the agent with a suitable non-irritating excipient that is solid at room temperature but
liquid at rectal temperature and therefore will melt in the rectum to release the drug. Such
materials include cocoa butter, beeswax and polyethylene glycols.

[00177] Pharmaceutically acceptable compositions of this invention may also be administered
topically, especially when the target of treatment includes areas or organs readily accessible by
topical application, including diseases of the eye, the skin, or the lower intestinal tract. Suitable
topical formulations are readily prepared for each of these areas or organs.

[00178] Topical application for the lower intestinal tract can be effected in a rectal
suppository formulation (see above) or in a suitable enema formulation. Topically-transdermal

patches may also be used.
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US. 537796. EF424628 SEQ | D NO. 51 6m
GHAVGVFRAAVCTRGVAKSL TH. C-0185. DQB35765 SEQ I D NO 52
WG 200G AVFRAAVCTRGVAKSL TH. G- 0208. DQB35763 SERTT/DSINB/087736
53 6n GHVWGA FRAAVCTRGVAKSL CN. KM42. DQ278894 SEQ | D NO
54 6n GHVWGE FRAAVCTRGVAKSL TH. D86/ 93. DQB35768 SEQ I D
[0017NC Fbbtopiral applications, provided pharmaceutically acceptable compositions may be

formulated in a suitable ointment containing the active component suspended or dissolved in one
or more carriers. Carriers for topical administration of compounds of this invention include, but
arc not limited to, mineral oil, liquid petrolatum, white petrolatum, propylene glycol,
polyoxyethylene, polyoxypropylene compound, emulsifying wax and water. Alternatively,
provided pharmacecutically acceptable compositions can be formulated in a suitable lotion or
cream containing the active components suspended or dissolved in one or more pharmaceutically
acceptable carriers. Suitable carriers include, but are not limited to, mineral oil, sorbitan
monostearate, polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl
alcohol and water.

[00180] For ophthalmic use, provided pharmaceutically acceptable compositions may be
formulated as micronized suspensions in isotonic, pH adjusted sterile saline, or, preferably, as
solutions in isotonic, pH adjusted sterile saline, either with or without a preservative such as
benzylalkonium chloride. Alternatively, for ophthalmic uses, the pharmaceutically acceptable
compositions may be formulated in an ointment such as petrolatum.

[00181] Pharmaceutically acceptable compositions of this invention may also be administered
by nasal acrosol or inhalation. Such compositions are prepared according to techniques well-
known in the art of pharmaceutical formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable preservatives, absorption promoters to enhance
bioavailability, fluorocarbons, and/or other conventional solubilizing or dispersing agents.
[00182] Most preferably, pharmaceutically acceptable compositions of this invention are
formulated for oral administration. Such formulations may be administered with or without
food. In some embodiments, pharmaceutically acceptable compositions of this invention are
administered without food. In other embodiments, pharmaceutically acceptable compositions of
this invention are administered with food.

[00183] The amount of compounds of the present invention that may be combined with the
carrier materials to produce a composition in a single dosage form will vary depending upon the
host treated, the particular mode of administration. Preferably, provided compositions should be
formulated so that a dosage of between 0.01 - 100 mg/kg body weight/day of the inhibitor can be

administered to a patient receiving these compositions.
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GHAVGLFRAAVCTRGVAKAI CA. QC227. EF424627 SEQ I D NO 56
WO 2009/ 082701PCT/ US2008/ 087736 HCV genot ype/ subtype
woe@PesENt at i ve Sequence Portiona Patient | D SeQUesmes/ 087736
Identifier 6p GHVWGLFRAAVCTRGVAKAI CA. QC216. EF424626
SEQ ID NO 57 6g GHAVGLFRAAVCTRGVAKAI
[00184] It should also be understood that a specific dosage and treatment regimen for any

particular patient will depend upon a variety of factors, including the activity of the specific
compound employed, the age, body weight, general health, sex, diet, time of administration, rate
of excretion, drug combination, and the judgment of the treating physician and the severity of the
particular disease being treated. The amount of a compound of the present invention in the

composition will also depend upon the particular compound in the composition.

Uses of Compounds and Pharmaceutically Acceptable Compositions
[00185] Compounds and compositions described herein are generally useful for the inhibition
of HCV protease activity and/or the activity of a mutant thereof. Thus, provided compounds are
useful for treating non-A, non-B hepatitis, including hepatitis C.
[00186] HCV is an extremely variable virus that forms polymorphic swarms of variants within
the host. Worldwide, six different genotypes have now been defined (Simmonds et al.,
Hepatology, Vol. 42, No. 4, 2005). These genotypes have been further classified into more
closely related, genectically distinct subtypes. Comparative sequence portions, known as
consensus sequences, are set forth in Table 3a, below. HCV genotypes and subtypes are
distributed differently in different parts of the world, and certain genotypes predominate in
certain arcas. Genotypes 1-3 are widely distributed throughout the world. Subtype 1a is prevalent
in North and South America, Europe, and Australia. Subtype 1b is common in North America
and Europe, and is also found in parts of Asia. Genotype 2 is present in most developed
countries, but is less common than genotype 1
(http://www .hcvadvocate.org/hepatitis/factsheets pdf/genotype FS.pdf). Other genotypes are
prevalent in ex-US patient populations and are therefore important targets.
[00187] Notably, a cysteine located at amino acid position 159 in genotype 1b is conserved in
all genotypes and subtypes of HCV NS3 sequenced to date, although the amino acid position
may be different in other genotypes and subtypes. Targeting this cysteine residue with
irreversible inhibitors should enable the development of agents which are effective against
multiple HCV genotypes.
[00188] As described herein, the present invention provides irreversible inhibitors of one or
more HCV protease genotypes, and variants thereof. Such compounds, comprising a warhead

group designated as R’, include those of formulae I, I-a, I-b, I-¢-1, I-¢-2, I-¢-3, I-c-4, I-¢-5, I-c-
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CA. QC99. EF424625 SEQ I D NO 58 6t GHVWGE.FRAAVCTRGVAKAI
VN. TV241. EF632069 SEQ I D NO 59 6t
WY FRAAVCTRGVAKAI  VN. TV249. EF632070 SEQ | DPAXDUSTHO8/087736
6t GHVVG.FRAAVCTRGVAKAI VN. VT21. EF632071 SEQ I D NO 61
7a SHCVGAE FRAAVCTRGVAKAV CA. QC69. EF108306 SEQ I D NO 62
6, I-d, I-e, I-f, I-g, I-h, Il-a, and II-b, as described herein. In some embodiments, R’ is

characterized in that the -L-Y moiety is capable of covalently binding to a cysteine residue
thereby irreversibly inhibiting the enzyme. Without wishing to be bound by any particular
theory, it is believed that such R’ groups, i.c. warhead groups, are particularly suitable for
covalently binding to a key cysteine residue in the binding domain of one or more HCV protease
genotypes or variants thercof. In some embodiments, one or more genotypes inhibited by
compounds of the present invention include 1a, 1b, 2a, and 3a. In certain embodiments, one or
more such variants include A156T, A156S, D168V, D168A, and R155K.

[00189] One of ordinary skill in the art will appreciate that HCV protease genotypes and
variants thercof have one or more cysteine residues near the binding domain. Without wishing to
be bound by any particular theory, it is believed that proximity of a warhead group to the
cysteine of interest facilitates covalent modification of that cysteine by the warhead group. In
some embodiments, the cysteine residue of interest is Cys159 of HCV protease subtype 1b, or a
variant thereof, where the provided residue numbering is in accordance with Uniprot (code
Q91RS4). Cysteine residues of other HCV protease genotypes and subtypes suitable for
covalent modification by irreversible inhibitors of the present invention include those
summarized in Table 3a, below, where the bold and underlined “C” refers to a cysteine residue

conserved at an equivalent position to Cys159 of HCV protease subtype 1b.

Table 3a.
HCV Representative Sequence Patient ID Sequence
genotype/ Portion” Identifier
subtype
la GHAVGLFRAAVCTRGVAKAV H77TNC 004102 SEQIDNO: 1
la GHAVGIFRAAVCTRGVAKAV | CH.BID-V271.EU482858 | SEQ ID NO: 2
la GHAVGIFRAAVCTRGVAKAV | DE.BID-V25.EU482831 | SEQID NO:3
la GHAVGLFRAAVCTRGVAKAV | US.H77-H21.AF011753 | SEQID NO: 4
b GHAVGIFRAAVCTRGVAKAV | AU.HCV-A.AJ000009 | SEQIDNO:5
1b GHVVGIFRAAVCTRGVAKAV | CH.BID-V272.EU482859 | SEQID NO: 6
1b GHAVGIFRAAVCTRGVAKAV JP.HCV-BK.M58335 SEQ IDNO: 7
lc GHAVGIFRAAVCTRGVAKAV ID.HC-G9.D14853 SEQIDNO: 8
lc GHVAGIFRAAVCTRGVAKAV | IN.AY051292.AY051292 | SEQIDNO:9
2a GHAVGIFRAAVCSRGVAKSI | JP.AY746460.AY 746460 | SEQ ID NO: 10
2a GHAVGIFRAAVCSRGVAKSI JP.JCH-6.AB047645 SEQ ID NO: 11
2a GHAVGIFRAAVCSRGVAKSI .G2AK1.AF169003 SEQ ID NO: 12

2b GHAVGLFRAAVCARGVAKSI JP.HC-J8.D10988 SEQ ID NO: 13

2b GHAVGLFRAAVCARGVAKSI | JP.MD2b1-2.AY232731 | SEQ ID NO: 14
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>1200 9900 A156S 112 2900 D168V >1200 43 WO

2009/ 082701PCT/ US2008/ 087736 D168A >1200 150 a
wOdodosype data were obtai ned from cel |l - based BEFHYRN8/087736

and nmutant data were obtained from bi ochem cal assays.

See Lin et al. and protocols described herein. Table

HCAb. ConReparbievtativeSequédek ues| (NM aPa@i¢NID2061 VX- 9%dyuence
genotype/ Portion” Identifier
subtype

op GHVVGLFRAAVCTRGVAKAI CA.QC216.EF424626 | SEQ ID NO: 57

6q GHAVGLFRAAVCTRGVAKAI CA.QC99.EF424625 SEQ ID NO: 58

6t GHVVGLFRAAVCTRGVAKAI VN.TV241.EF632069 | SEQ ID NO: 59
6t GHVVGLFRAAVCTRGVAKAI VN.TV249.EF632070 | SEQ ID NO: 60
6t GHVVGLFRAAVCTRGVAKAI VN.VT21.EF632071 SEQ ID NO:; 61
7a SHCVGIFRAAVCTRGVAKAV CA.QC69.EF108306 SEQ ID NO: 62

* 1t will be appreciated by one of ordinary skill in the art that every virus is prone to mutation
and subject to polymorphisms, and any genotype consensus sequences described herein are
representative of a given genotype or subtype. Such representative consensus sequences are

available at http://hcv.lanl.gov/content/sequence/NEWALIGN/align.html.

[00190] Drug resistance is emerging as a significant challenge for targeted therapies. For
example, drug resistance has been reported for HCV protease inhibitors in development. Such
compounds include BILN 2061 and VX-950, developed by Boehringer Ingelheim and Vertex

Pharmaceuticals, respectively. The structures of BILN 2061 and VX-950 are depicted below.
H;CO

N )
" QA d
0 O 0 0 _ﬁ 0

BILN 2061 VX-950
[00191] In fact, a recent article published by Vertex Pharmaceuticals, entitled, “In Vitro
Resistance Studies of Hepatitis C Virus Serine Protease,” squarely addresses the problem of
mutant resistance observed with VX-950 and BILN 2061. See Lin ef al., The Journal of
Biological Chemistry, Vol. 279, No. 17, Issue of April 23, pp. 17508-17514, 2004. This article
concludes that “future hepatitis C therapy involving small molecule inhibitors of HCV enzymes
might require multidrug combination, as in the case of the current HIV treatments.” See page
17513, last paragraph.
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Compound 1-1 WI 4 402 0.66 A156T -- -- 3 Al156S 7 4650
2 D168V 5090 163 2 D168A 1860
WO 2009/082701 PCT/US2008/087736

[00192] Resistance to specific antiviral drugs is a major factor limiting the efficacy of
therapies against many retroviruses or RNA viruses. The error-prone nature of these viruses
allows for the development of mutations that afford resistance to currently available drugs or
drugs undergoing clinical testing. The resistance problem is a critical hurdle faced in drug
development of new HCV-specific inhibitors to treat HCV patients.

[00193] A recent in vitro resistance study using two HCV NS3-4A protease inhibitors, VX-
950 and BILN 2061, found that resistance mutations selected against either inhibitor resulted in a
significant reduction in susceptibility to the inhibitor itself. However, the primary resistance
mutations against BILN 2061 were fully susceptible to VX-950, and the major resistance
mutation against VX-950 remained sensitive to BILN 2061 (Lin et al., Jour. Biol. Chem.
279(17): 17508-14, 2004).

[00194] It has been surprisingly found that provided compounds inhibit at least five HCV
protease mutants, including A156T, A156S, D168V, and D168A and R155K. This stands in
contrast to other known HCV protease inhibitors (e.g., VX-950 and BILN 2061) which inhibit
only two mutants each. In fact, no drug described in the prior art has been shown to be an
effective inhibitor of all known HCV protease mutants. For example, and as set forth in Tables
4a and 4b below, where the BILN 2061 and VX-950 data are as reported by Lin et al. and
elsewhere in the HCV literature, and the data for compound I-3 was obtained according to
methods set forth in the Examples, infra. Without wishing to be bound by any particular theory,
it is believed that compounds of the present invention may be effective inhibitors of drug
resistant forms of HCV protease. While Table 4b shows compound I-3 activity against four
reference HCV variants (A156T, A156S, D168V, and D168A), the ensuing examples will
describe other provided compounds of the invention that are active against these variants as well
as a fifth (R155K) variant.

Table 4a. Comparative K; Values (nM)*

BILN 2061 VX-950
WT 19 100
A156T >1200 9900
A156S 112 2900
D168V >1200 43
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about %Or’pm@y @houtt%élrmseahomt e0 tlmm) aboutil6A tmmpJ @yerdn alydue 18Qfktimes more

potentgtggt.%/ érﬁo §Hcpgd g@%g):omgg H¥ uiaai v@ﬁ:relp 6@{ R gpglgty of formula I is
instea(?g%ﬂ-' n{l)dgg[gg?ﬂgl Eisafngth? L& rﬁ{) ﬂnb 1 @% ts‘[ﬁ%ﬂ u'ngubstltuted

conpoun
straighdl bﬂ@@n(ﬂﬁt&dlheﬂylc(@gw{kadlk@@l)odyclb(hbm| (d ?El@beﬂtylt h t he

speci fi c conpoun | oyed, and |like tactors well
[00191<]n0\/§r$ used hmmn’émt@rm célmtoal dmpgaesiginee” pefers enthe, logseofisgesgptibility

| f bl t
of  dr et e Y EACHAR® 7 Qosoiricr Rt TptaiR Bt Rekitgel "o
[0019%00%@@9& BerCRAMBRS e %§1st91flce "?%i%rs' 9 AR deOh ﬁl@ Rﬁtype nucleic acid
dm ni stered to humans and er ani s oral

sequerice Gdodinkgya tgrpsteproeimldnd/or ithd Hagtistsequeake ol the target which changes
|ntrava%1nally, intraperitoneally, topically (as by
S

decreap@awévph the mthrstersefiest olthe peybitop ae Hiel tyrgetyotain. or al or

00194170 FronBd g Py It St ARG BP B £olifaBad Goposicions

describddChGORPAINESiRE Wieh itRY 8R4HAY JEBYDRE REUTH rh'rétu%fﬁfj include NS3,
orally or parenterally at dosage |evels of about 0.01

NS3+4eg bkgnuanathotebf. 50 rrg/ kg and preferably from about 1

ng/ k% to. about 25 % of . subj.ect body vvellg
[0020(HayT ® AVl %rcempwréisu lélzadagn thtsén‘(%tl%ﬁﬁs ajahigies Qfé‘&& NS3+4A,

oram rtagl\‘r[/ ?ﬂgee%) | o eyg %sa%%({ 1?12\% aa,nz,ln W‘g%g 4 {;T%ipﬁn%a?n vzﬁrp assays include

assaysn@@ﬂdétm{lﬁ@finmmsn Qatidityier Wbt A pméetsb nagutq@y laﬁd/sho tRdsubsequent
by any particular theory, it is believed

functigrabamgadncisr at iAdiPagf acdvity off aofivaied NSB eNSBsthblaf a mutant thereof.

i nhi bitor of HCV NS3 ro eas Irfﬁ rticul all)rI%
Alterngr@vzgnxfzg@é)éws fqyﬁntgﬁt@ }lyy O ey ihibigr i tenbing t NS3 or NS3+4A.

Inhlbltg% nﬁ@lg Ih@' g@?egpggrb&o%ﬁlo%ﬁlﬂééﬁe ﬁgli% lnlgerloqrt% %gldlntgalsolatmg the

inhibit8fINE8 o BiHibitor ANSB M E6HHp160 Hﬁ@aétteﬂnﬁﬁmg&h@@ﬂbﬁ‘ﬁtsdf%@dlab@l bound.
a patient in need thereof at |east once daily. In

ot her enbodi nents, a pr osition is

adm nistered to a pati e[g% ?%gnggdmt hereof tw ce daily,
three tinmes daily, or four tines daily. [00206]
Compounds of fornula I, for exanple, generally provide
prol onged duration of action when admnistered to a
pat| ent as conpared to a correspondi ng conpound of

' ~ . o r



WO 2009/ 082701PCT/ US2008/ 087736 Sol id conpositions of
a simlar type may al so be enployed as fillers in soft
wa@naoksarot fill ed gel atin capsul es usi ng such eRCT/pHm™ng/e87736
as lactose or mlk sugar as well as high nolecul ar
wei ght pol et hyl ene glycols and the |ike. [00214] The
Alternativtel y énldbinge dundiisg man baldsertiged by mirsiig: £ D@Iﬁlﬁ)&ﬁlﬁ!lbﬁteeph‘rlment where
formw th one or nore exci& ents as noted above.

new ifubifass @ess Higubatest mithoNS3 gpINeY3s4A ohoalgéé@ n@ypsradléb,gands Detailed

pills, and granul es dvvlth
conditiye it s 8 e A SR el S PHoRPERDn dh el iRl BPRSART Ns3-4a,
oramﬁﬁﬁttthagéf adc bR HOT,LAGRs YL, known in the
pharmaceutical formulating art. in such solid dosage
[0020F]or Seritidyerotatds\aes € tanpootandlynafypriveolgtiorenaythenitiidh ckebvd papgitle bonds
one inert diluent such as sucrose, |l actose or starch,
in protgiish HsssEBC PExGRse Mayibainsbidepihsrdigstiviagnzygen shymgtrypsin, trypsin,

and el%tar% telﬁlﬁ Sprotggsg nvgg %1 é'? Hﬁé& ag)gtfngc o$%r1 %3 nf:sln]g(}esgetss a characteristic

“catal }tRRHET ABRIsES sSHid) agHabRINES IaHAThatieRE ah& t8fdher function to activate
m crocrystalline céllulose. In the case of capsul es,

serine t@kdret & canttnp bddwith e chogmgsubstiates threapy diys ol congpa pspnde bond.

bufferin The TRy optionally contain
In addgwgép ﬁl@qs% éta%&éﬁque 861 ed%{ﬂ €aye8 pabisipgie 1y aCV@ﬁﬁTdsqftpr%ﬁt'lonS including

1mmu1{1B/aa§1 ﬂ@%ﬁ] lfﬁase the active ingredient(s) only, or
rentia

y, in a certain part of the intestinal
[00201]r agls, use@thcend! thy, teinil aréhehayed trammend “samy egf®@fto reversing,
enbeddi ng conp03|t|ons t hat can be used i ncl ude
alleviapog,ydebying thalvssciod.esr lal’mbltmgﬁb@ projga0g 06} ddeswge diwrd, or onc or

for topi r trans ni strati.on. of a
more. S pBTmCTIOR 11 ORI B T el b GRRIIRGIS jigeimment may be
| it
wdmin S F Ty SRS b o BEVCEE g0, RIS oSBANS, gt ey
be admmdwredsﬁlam hise@nsh sy infgnsv Rdd eRarppla) @Gt intd! Beyadministered to a
acceptabl e carrier and any needed preservatives or
suscepbbfcf indiyidugl pgr thehe enset v€édymmpemsHakniie light it distasm of symptoms

and/Ol‘B]é 1&8 %0 &eh?tﬁn‘%ﬁ eg ég%g tﬁpﬁyﬁg@or%vﬁtﬁ?‘[}[@ﬁ rln%tl g]% B2 continued after
ympt(ﬁﬁéjha{\fe%k%weﬁ dfeo Eb?a]nﬂ%i‘ct% évehf‘(‘/ﬁ%i%ﬁeﬁ%ﬁrﬁéﬂ% ates the

use of trans ave the added
[00203}dv Tht agapaindpaed cethpgitvantacodrtiiag tolelc methyd of tha present invention,
conmpound to the body. Such dosage forns can be nade by
may beljad@Bisiorad UBRg anys papwit 4gd ane rm@%@dwmstﬁattqmeeffﬂe@ﬁefor treating or
on_enhancer s al sq

lessen nﬁgb%g%véﬁg’h%{ ‘?aln&‘if Bt “YREEYHD Gaetact 8?8&@‘1?3?86@{2‘]%“ Regological

dlsordEIaE&nib?ﬁrelﬁﬁl 6 OBhA-RI1d(&H dRYrd8l, 1NN diRkaQY i iaNGrdad @& der, The exact
controlling nenbrane or by dispersing the conpound in

amourd rgxplingdevill vatyr framasubged to Jubf22t] @ppohdmgrahi thg speciesnege, and general
enbodi nent, the invention relates to a nethod of

conditjopnphithg ﬁ@ngvé,r the spicetie 86 éh%ldflfe?/tilqu the, I&lﬁmulﬂf odficlits mode of

adrmmg g{ilpo(%lg Ialg(grﬁgﬁlkﬁpﬁlg %ﬂ]ﬁﬂ&&éﬁ §(f; ﬁlf ou\ﬁea %? arte eI fﬂl ulated in dosage

unit féthn forGASPBS bl MktGAHP ahe uRGoddtyd o€ 86REY NPhe éﬁ@é?s%h "dosage unit
Accordi ng to anot her enbodi nent’, the I'nvention rel ates

form" amuﬂdmetelrmrd:fm ta miplysichily glsbﬁd mmtaifeag&ﬂ appopaatentivreth¢ patient to be

treated[ Hé vgl le]be 3?1&6%%%01'@33&%812' %1:0‘3' 3@51)'@%?%@ es Icglr%pounds and
ompogﬁ%hégft e Elie%ht ﬂl\}ght%no\g .llao%l de&?gﬁp h)?th‘éﬂ a&t&cﬁné@r@ﬁﬁg%iﬁfin the scope

of soun@Redind. Juﬂgln&ﬁr tl"ﬁé %p&i@@@ff@@%sdosb hevdl e Rk Qarticular patient or
relates to a nethod of i rreverS| bly inhibiting HCV

protease, or a nutant tdy g @§t|V|ty in a

bi ol ogi cal sanpl e conprising t e step of contacting

sai d biological sanple with a conpound of this

i nvention, or a conposition conpri sing said conpound.
[00218] The term "bi ol ogi cal sanple", as used herein,
i ncl udes, w thout I|n1tat|on ceII cultures or

e T Y o s o . I o o



[00225] Ot her exanples of agents the inhibitors of
this invention may al so be conbined with incl ude,
wowabosa7ol i mtation: treatments for Al zhei ner' BCDUS®aSE87736
such as Aricept(r) and Excelon ; treatnments for HV
such as ritonavir; treatnments for Parkinson's Di sease
organisid Okl ladepeRADRASIC arairigiypel, faetora @i, the afisonde! teing treated and the
pram pexol e, bronocriptine, pergolide, trihexephendyl, )
severltan af éﬁ%rﬁl%dﬁﬁe theygehiviey fobr ther engeifieg cmpqunél empieyed: oﬁtes specific

s, beta, interferon )
comwésﬁgsnpf%si QDA b° n%tel %8%?&’? Flgﬂﬁ% aé@tdﬁﬁﬁ 9f ﬂ‘efP&Fent the time
of adARidiaBors Ueltcast @Jlrﬁhﬁs%fa%n i ratd90eRbkAion of 388 @f)&:lfﬁco compound
treating schizophrenia such as zyprexa, risperdal

cmploget; olgu diratiendf el oEemecp drugantsed lrﬂf:d)rahrmincmrgr agﬁmdattal with the
such as corticosteroids, TNF bl ockers, IL-1

spemﬁa zcmﬂoam iCAWloYSdc Pltfjp tt&@ dedons awell kpewva dn fthe atleaizqah grts.  The term

i RS 0t AT RSTARY T RN B9

[00204]Df qhi Eharhﬁt:&ﬁlfcﬁ[}%b%e%ﬁlﬂé cb®P8diedRio¥$his invention can be administered
cycl ophopham de, "azat hi opri ne, and sul f asal azi ne;

to humensr end ayldr carfimels oorslly,ucdvtadly, zpa@ntdrailyol 1ntnmstt@‘ndbe intravaginally,

inrapegfencalioripnicslings, B oy éq‘%%rm@'rn%ﬁéfeﬁé%% busallyoRs an g or nasa
spray, A s PRk ki ng%ﬂhlggsﬁg e Sey anéfs o{%%d:ﬂ%ﬂt l!)entgg &E&ted In certain

car di ovasScu easeé suc

emboduﬁ&itb' th@cSmpBinds &jfi the invehtisrdhf beC@dn@lhiéf&édh@ﬂaHﬁ—"or parenterally at
bl ockers, and statins: agents for treating |liver

dosagaleyelasd aboith) .k medkeg tocdmub FBiniske ehd m@wlvlarﬁmm about 1 mg/kg to

d anti-vir ents; agents fo

terfer "
about ¢4 {ken b0 BIbhE5h DOEh B bt R QP hadr Sinrs FIg1s 6 dhg tg.obtain the desired

kem c agents, and WO
therap%%ﬁ%g%mlpcw US2008/ 087736 growth factors; agents

[00203]hatn psré¢ emBodifneht3pi gptﬁndwadomgtﬁbmed adisinftedl ®Sa patient in need
cytochronme P450 inhibitors (i.e., inhibitors of
therGOﬁen@bdﬂllin Withew doiming amde cbvmhy iapyipBiticalar tl(eeryg it is believed that

B O T
adv antbg&)%gq’&)r énﬂ:e(‘(%ﬂ? %ﬂmﬁttﬁ%m@% r@tleﬁtc’iﬂn& @%régf th ¢ treatment of a

esent 1 nvent or a p ar ceuti cal Yy accepta

d1sordam&wtéd with HaadF NSB praa¢ase atindontasit siitedindnts; apbdvidddi cofnposmon is
wi th a nonocl onal anti bodé or an si RNA therapeutic.
4

admln{St@t)@izftD]a matisaleinaged theewilt kagmnee %i&y bT@ dlepricribedigreats, a provided

compRFRBGE hE i TR o F T i FRERLASE A0E Plubs Rihgs daity, or four

timescﬁ'li ernatively, those agents nmay be part of a single
dosage form m xed together with a conpound of this

[00206]nv €otripomndsrof forsiutgl, éoreramplsi ganorally pfovadtrmraiosgeelrdadatiaa of action
part. of a multiple dosage reginme, the two active

when %@l@ﬁtsgerwﬁty el iGRiiCO Mg i Couerpeuing corapayng of ifqatmutﬂ I wherein

o RS GBS 90810 AR cs.
unsubﬂtﬁit@d r&lky‘l)h%rén%ﬁéﬁ Ak RUyORIKID. or alRGFPI NSt cxadplk, a co 1I30und of

related’terms refers to the sinultaneous or sequentia
formuladndanipsavidit profongéd dureticpefiaction semtdminmstaed tr dpateet as compared

Wth this inve For exanpl e, a conpound of _the
t0 2 CQBfCSRAWANG; Cﬁtt@ﬁtllilimfo tzzﬁp ulgd vehsaRiinihos s el QIHORwE hay instead a non-

warhecjé(g ﬁg)?eg §£éuh(r:n fg[%ﬂ@ dsétﬂﬂz‘b&)ﬁo%?l ;bshtt g(g Wﬁ?;ﬁnghllh%ltdt& straight or

brancliéﬂ'aﬂgegiﬂfiégecfg‘lilkﬁnyl‘)céi@fo@bm|dt tibgendylesent invention
provi des a single uni't dosage Form conprising a

conpound of fornmula I, g ?Fjgﬂgpnal t herapeutic
agent, and a phar maceutl ally acceptable carrier,

adj uvant, or vehicle. [00229] The anount of both, an
i nventi ve conmpound and additional therapeutic agent
(in those conpositions which conprise an additional
therapeutl c agent as descrl bed above) that may be

o - T s a o o



[00235] To a solution of (1R
2S) - 1- am no- 2-vi nyl cycl opr opane carboxylic acid ethyl
w@saoens17ol uenesul fonic acid (0.33 g, 1.0 mmol ) PErUS2008/087736

(2S,4R)-1-(tert-butoxycarbonyl)-4-(4-

fl uor oi soi ndol i ne- 2- car bonyl oxy) pyrrol i di ne-2-car boxyl
[00207]c &iquild (dds#keg forinsOformota) ddmidiStrationofnchclef dnt taré | mt Wagited to,

added HATU (0.44 g, 1.2 mmol) and then DI EA (0.46 m,
pharm@cegtleﬁ%lm 9ccem‘élﬁ QRilsipns, gtmcméw:hﬁl(mm rselum@ §v$nen@@n8atsyrups and

ehx1rsSI(naardtd tl%l tﬂgﬁ e?.q%gF gom@};ltgl 5 th% ﬁﬂ%ﬁ% 1%1%@5 (t)I‘Il'[E?ln 1nert diluents
comm8EMGREBhate arl RECH &S fd%lé%arﬁ@% Hhesel MG dotedR, m'l-u]:ﬁﬁﬂﬂé agents and

acetate and washed wth water and brine tw ce and
emulsifiiersesichvasr cthipl? §icdhol Aisopropy e nioulad], ofhyk chrbemdte, tthyl asctede benzyl
Eroduct was subject to chrormto raph%, on siljica gel
¥

alcohof, NspAHebzeme pronquge gl@C% - rylente ghyeel) él%%d&mamms oils (in

pariet: XoliEheed "Wl SoRord G ke Bl g Yefll AT Bivcerol,
tetrahﬁ@ofﬁffu?l agoﬁ(ﬁ M?éthylhﬁb élplfﬂls Qhd TE{TEI/ acM?Qs]fErg laf %rbw and mixtures

N Li oH aqueous sol ution nmol ) . After
thercof tBesudemglelatdﬂueItts tlﬁ&)oratlébmpmnmns tzmealscemclundo adjoivattusueh as wetting

vvas n zed th 1.0 N HCL. The qrganic solvents
agentsygipys mnﬁn @ge%éwa?ﬁma& W AENg: AR PFITHRNE agents.

[OOZOSJqU%aB&a‘tHQt a%%f' n@C'tfﬁr' [_Ekc%gglteo.lsﬁ'fhég iHREAG. ac@w'&lug_l%:]r oleaginous

e organic | a

susperdR B afhy Wetfhr14t6@ ac@REngRSthd knen Atearsing it blfsperyi@g or wetting
2009/ 082701PCT/ US2008/ 087736 magnesi um sul fate. After

agentsrapdousplending sgdnisedthe s@rif: gy e@fabtermeparatioa mynysuhelawesile injectable
obtained: M5 mz: 526.2 (M:H+). c: | t%rmsdl ate
solutiqng SuSMSlqno@rz@wle?a 18 % Baeib Ruispct aﬁpa&%ﬂ? gpend oz splyent, for
0 I
exarnp{eo %9 68}ut18 gggju)cah g@lrog SAurF?{ngg Q%\% gen\aeg{\gcgégsatq;?rsroéfgnt} Bhat may

be emﬁﬁﬁed Qfe kzah@ URinge < kslpticrp I SlPl fa@ﬂa%tdﬁc (9diliéh ghlodid® solution. In
mml ) and DBU (0.16 g, 1.0 nmol) were added to the
additione stettiicofixad odtsureconvhetiamiably gmploméa%a solyasd omsuspendintgonedium. For

ddi t h : t d.and .
this piee g g Tiad SR EATARORY ERO U MG B gperides. In
addltldglggl@tg%ldyﬁ%cds Buid &id 4Bkt 1n%1?@%%@43tlon§?ﬁg%atﬁ | Ut ion

rine. After drying ove
[002090! Thatinjctthide fesmdatdnvaan debjtetized foo eghnplembp@iﬂtmbn through a
on silica_gel using hexane/EtOAc (1:1-1:2). A total of
bacterigl-griginaf filicne of iby| @cepABbMn dtoRkzingbresnisely: thef fopmiof sterile solid
ME.m z: 605.0

compoliiofs SR b IsQs NG Trestibeb dbapb el il injctable

medlu%gg%@ﬁ}us'ghe product fromstep Ic (0.25 g, 0.41 nmol)
s dissolved in 4 N HCL in dioxane. The m xture was

[002164t i i ectleatto prdlond the cifcbouf a cbhtpeund efitheaprewht dovewtdnt, St is often
. a 10-nL portion of DCM was poured jin followed by
desnalé@ éﬂa@l@‘att ﬁbspﬁ)tlém)@ﬁ 8@scompﬁu%d B@@cﬂ@b@t@mm igfnescaigr injection.

This mapl\})g agc e so %e%a, 11 %gfé) Ic% fall nﬁmfgrrno?q%lgus material
with ppgmaté[t s%mbﬂk@ mezratefz%bgbqgtmmﬁf)the rfPuhe theh eS8 dpét Rs rate of
dissolution that, in turn, may depend upon crystal size and crystalline form. Alternatively,
delayed absorption of a parenterally administered compound form is accomplished by dissolving
or suspending the compound in an oil vehicle. Injectable depot forms are made by forming

microencapsule matrices of the compound in biodegradable polymers such as polylactide-
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)O 0 [00239] To a solution of the product of step id
(0.16 g, 0.28 mmol) and N-Boc-3- (Fnoc)am no-L-al ani ne
W@ 2009682791 0. 35 mMmol ) in 5.0 nL of DMF was addePRICHBI1008/087736

(125 ng, 0.33 nmol) and DIEA (130 ng, 1.0 nmol) at

r.t. under stirring. TLC analysis indicated conpletion
polyglodolidbeDepetighhi nport aedtioart comgowtictopoBeheatbiicethe aa@rdwfithe particular

A 20-nL portion of EtO0Ac was poured in and the m xt ure
polymgga smptoyRéd thi £ate a)beﬁﬂﬂI&uan plelease seonbs/ pentygjled NEreoages of other

ioded R 5 St S e S0 L Bl i

formul%ﬂ()l%@é ) ﬁféEbfre@ 'By %hﬂré,[%ﬁngE‘l& cdiBpoRBLS lipdoBRe Gpﬁﬁ&?ﬂulmons that
A total of etitle conpound was obt ai ned

are coN@tﬂiD@@itﬁ)B&d@Oﬂd@ﬁ&/ US2008/ 087736 Step if: Internediat e
@Z‘} OHN- S< [00240] A soI ution of 0.10 %of the . . )
[0021% o§@BEOFHonst %brqcéa Oh vagipal aémlrm:vratlxﬂptaﬁ: aro b ahily, anpasitpgics which

can bR B8 bt hC LR of g SRR SHUL Pl gon-iiaing

excipi®Sol Edrfistakedh M doBoBxRR eﬁo%‘éﬁ%ﬂetfe”gl%l bpa)éhﬁﬂoglto?? Wit which are
of the title compound. Step |g: Conpound (I

solid aHhMbBnNenipeBide duBqid oy temperature and therefore melt in the rectum or

a§3R 5S)-14(S)-3-aeryl am do- 2- (tert-but oxyearbonyl am no
vagin &V@géﬁ@ﬁ?fﬂ%the active compound. |
[0021ij é:?é [(?%1 rciésa%,o)fﬁrﬂpf:o? g?/al gkﬂn @ﬂ%ﬁS@ﬁ&%&%yc]a%é&és" 'taﬂ}}/étsc Bf)(i:ﬂso Bowders,

and grﬁlhlﬁésf !Dﬁ §1§¢|hr!;6ﬁ’di dbQpe f&ais bthé)éb@x‘ieecomﬁﬁ)ﬁﬁdl Qyhixed hathi fdecasdéhe inert,
mol ) was added dropwise at 0 Cto a stirred

pharmswluuﬁllaracoﬁfptﬁﬁe prpifiontas rcmme) suxfh asrﬂ@dpmodut,rate drrcaealgum phosphate
3 nL of DCM cont ai
andlory ) @F PR BT B A s e R Tes scpys, gl and silci

acid, [B)();Mbugliﬁ:(‘ Lornnrs, apd R %ﬁscéﬁ)é’ﬁ&]ﬁﬂlﬂeﬁlﬂb}@ %ﬂe{tes gelatin,

e resul tihg solu B was

polyv15ilF?t@01Mn%§m€’dsb eehd y@elanrap heakdtants bldhadseglydesip dplistitegrating

vent afforded the crude product, which was purified

agentshynck S cHgaT-ogamphalcin csflioneta, peihtoedtitipinga fsfareht, alginig acid, cortain
hexane/ Et 0AC

silicat g §iq S0ygY Syfoivk. cyalkgh TEAIHE GFn s £ BUgRRpdLAorion
accelef(’é%ﬁsl gml)ads NeGterddly Snfhohifr dadumdsl @) SbitinyBaBt€ such4l; Br example,

cetyl alcohol and glycerol monostearate, h) absorbents such as kaolin and bentonite clay, and 1)
lubricants such as talc, calcium stearate, magnesium stearate, solid polyethylene glycols, sodium
lauryl sulfate, and mixtures thereof. In the case of capsules, tablets and pills, the dosage form
may also comprise buffering agents.

[00213] Solid compositions of a similar type may also be employed as fillers in soft and hard-
filled gelatin capsules using such excipients as lactose or milk sugar as well as high molecular
weight polyethylene glycols and the like. The solid dosage forms of tablets, dragees, capsules,
pills, and granules can be prepared with coatings and shells such as enteric coatings and other
coatings well known in the pharmaceutical formulating art. They may optionally contain
opacifying agents and can also be of a composition that they release the active ingredient(s) only,
or preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner.

Examples of embedding compositions that can be used include polymeric substances and waxes.
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WD 2009/ 082701PCT/ US2008/ 087736 [00242] In simlar
fashi on using the product of Internediate if the
w0 200bo8d7ay conmpounds were prepared: 1-2 [ 0024B¢T/US2008/087736
(3R 5S)-14(S)-2-(tert-but oxycarbonyl am no) - 3- (vi nyl sul
f onam do) pr opanoyl) - 5-

Solid ©drkpadBlond of aysmdpr @}pylrﬁayi filenpk ceatﬂlnmdw;b)ﬁllbrs/ imydfe yad aprd-filled
ropyl car barmoyl ) pyrrolidin-3-yl 4-

gelatin qapgen wngnwieh exapionts 4p b@t@;@ at gilk Rpgar@s Wll(agth@hcmw@@#m weight

poletngfggpdiycolvatd e i85, ooy T IO FED ST

[0021@ 3§Tﬁ§)actlve430$ﬁpcﬁmﬂ§ 84t 2RYRXMCRIR2BYAIIAQ) fdnd #itBNRror more

excipigte ny Inatodt @oivel oThxr cplahdgdipe FotdRpP Hybldts,( drygdespeappyles upills, and
f onyl car banoyl) -

granulgy gap s, picpye thcc&agwd) Ry Hchdis gntgrig coatings, release controlling
coatln%%grgfjé?t%gﬁ\/ég g ngné)wglar btﬁ %ﬁlgﬁnaceutlcal 90n§1911a@1ng art'v%n such solid

dosage forms the active compound may be admixed with at least one inert diluent such as
sucrose, lactose or starch. Such dosage forms may also comprise, as is normal practice,
additional substances other than inert diluents, ¢.g., tableting lubricants and other tableting aids
such a magnesium stearate and microcrystalline cellulose. In the case of capsules, tablets and
pills, the dosage forms may also comprise buffering agents. They may optionally contain
opacifying agents and can also be of a composition that they release the active ingredient(s) only,
or preferentially, in a certain part of the intestinal tract, optionally, in a delayed manner.
Examples of embedding compositions that can be used include polymeric substances and waxes.

[00215] Dosage forms for topical or transdermal administration of a compound of this
invention include ointments, pastes, creams, lotions, gels, powders, solutions, sprays, inhalants
or patches. The active component is admixed under sterile conditions with a pharmaceutically
acceptable carrier and any needed preservatives or buffers as may be required. Ophthalmic
formulation, car drops, and eye drops are also contemplated as being within the scope of this
invention. Additionally, the present invention contemplates the use of transdermal patches,
which have the added advantage of providing controlled delivery of a compound to the body.
Such dosage forms can be made by dissolving or dispensing the compound in the proper
medium. Absorption enhancers can also be used to increase the flux of the compound across the
skin. The rate can be controlled by either providing a rate controlling membrane or by dispersing
the compound in a polymer matrix or gel.

[00216] According to one embodiment, the invention relates to a method of inhibiting serine
protease activity in a biological sample comprising the step of contacting said biological sample
with a compound of this invention, or a composition comprising said compound.

[00217] According to another embodiment, the invention relates to a method of inhibiting

HCV protease, or a mutant thereof, activity in a biological sample comprising the step of
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WD 2009/ 082701PCT/ US2008/ 087736
[ 00245] (3R, 5S5)-14(S)-2-(tert-butoxycarbonyl am no)-34(E
wO 200908b70et hyl am no) but - 2- PCT/US2008/087736
enam do) propanoyl)-5-( (1R, 2S)-1-(cycl opropyl sul fonyl ca
r banoy1) - 2-
contactih@ ydaizly Glodeicud ydaopidoavithy ) mtnpidmhﬂ dofn ¢13s )iﬂ:ébnﬁbmomo ias O(i)mposition
dol i ne- 2-car boxyl ate: Rf: DCMLMeOH 9:1); MS m z
compragy, $id wemppund odw seytain rﬁr@bqﬁm 8, fthe HRtoR |rﬂgtes He 2 method of

imeverRRF e RS LIRS oo i Phed G TRpna fobiofgionl sample

comprfé Rl W&)I@Jcﬁﬁgﬁﬁ@ biohh caq segnlge Qitd aNoni]poﬁnc[ th%fszlwentlon ora
, 5S)-14(S)-4-acryl am (t'ert-but oxycarbonyl am no

compo)shmoh anmpﬂém@se@d&nﬂ@md
oo, el By O syl onvl ear baroy ) 2:vizyl vl opropyl gt oy
culture%ld)l'r'%g(&aq\g{hﬁ?eg)k 'br;%?geg ‘ﬁﬂ%?ﬁ@%ﬁﬂeﬁﬂé%jn a%n%gtflélg(tg%gfrlaél\{ﬁ gé'reof and
blood, IshliVaSuGRITRRE deN@S tdaFSBRGEREL RES Auls B8 ckticishBerséfeps and

i nternedi ates as descri bed bel ow. Step 2a:
[00219]nt drmidombé HEY pu@a2009/ O 8R7dL BCToSRO08Y 38 A7A86logical sample is
uscful for a variety of purposes that are known to one of skill in the art. Examples of such
purposes include, but are not limited to, blood transfusion, organ-transplantation, biological
specimen storage, and biological assays.
[00220]  Another embodiment of the present invention relates to a method of inhibiting HCV
protease, or a mutant thereof, activity in a patient comprising the step of administering to said
patient a compound of the present invention, or a composition comprising said compound.
[00221] According to another embodiment, the invention relates to a method of inhibiting
HCV protease, or a mutant thereof, activity in a patient comprising the step of administering to
said patient a compound of the present invention, or a composition comprising said compound.
According to certain embodiments, the invention relates to a method of irreversibly inhibiting
HCV protease, or a mutant thereof, activity in a patient comprising the step of administering to
said patient a compound of the present invention, or a composition comprising said compound.
In other embodiments, the present invention provides a method for treating a disorder mediated
by HCV protease, or a mutant thercof, in a patient in need thereof, comprising the step of
administering to said patient a compound according to the present invention or pharmaceutically
acceptable composition thereof. Such disorders are described in detail herein.
[00222] Depending upon the particular condition, or disease, to be treated, additional
therapeutic agents, which are normally administered to treat that condition, may be administered
in combination with compounds and compositions of this invention. As used herein, additional
therapeutic agents that are normally administered to treat a particular disease, or condition, are

known as "appropriate for the disease, or condition, being treated".
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/Nyl O HN O 00 'Boc O [00249] To a solution of the
product of step id fromExanple 1 (0.12 g, 0.22 mmol)
waeaosBoet gl yci ne (0.054g, 0.31 mml) in 4.0 nkCD1S2008/087736
acetonitrile was added HATU (133 ng, 0.35 nmol) and
DIEA (0.12 nL, 0.66 mmol) at r.t. under stirring. The
[00223]eadi | amtain xdmbiodintenss, Stk i progdilet ocopdund)l GrVBompakifldrC thereof, is

nal ysi s i nd| cated corrpl etion of the coupling
admmw@afzd? inggembapapign ryyitho enoehay Aghihiey ¢fdie ¥prpigasgnar ¢ ryariant thereof. In

re s washed, wth a buffer / A
some Safetisteal s REAC g el phcropbBiing GEGE i aihimistered in
combih&1FRUAh Aot la¥ttal a?&lﬁ (E‘a"uls'l‘ij @ntﬁﬁﬁg b!%e‘ntsvﬁéluéé‘ jueGte dof limited to,
chromat ogr aphy on sifica gel (eluen Et OAC/ hexane) .
immudnicdultorpfagéhtd Guch af a4t e alndtyl-letecfefqns,bp’e(gyka&sl dehityatizaé dnterferon-o
Rf 0.2 (EtOAc): Ms miz:. 664.0 (M+H+). Step 2b;
compquﬂdSer #sli thyraosply - ofhsp 2asgir virh eagﬁp@d uweh £ #0ibeviEl, gnantadine, and

tebiviicg iyl MubRa B hodia ¢ SROGHES (NP AGE ifiitord, g ygs-Nsea

inhibith; e BILNT 20mVald 9K-990)V aiblisitoroB vifer RALLL R RS H@@‘Ahfe cycle,
was poured in followed by evaporation to dryness. This

includmgodssscoinddPMyantdist i ioimbitats)] mbsdtoy oﬁ\zmtpmtahtrﬁbosvmxasntry, broad-
the title c

spectrl?tﬁt@r%fre%ﬁawegbcha%s fM@BHc&l@étpfs € ,mya)pﬁg%%%rﬁc% and derivatives

thereo o R ¥t BREBE bR 736 1.6 (o025

[00224]3RIH Lrtdin ( anwdimélﬁgnzsi aainalibn SA( 1 Rr2 Forcl w0 GYifd] OReRBYmay be

|'sul f onyl car banoy1)
administengd. ¢ {rc koo gybedintsatyp y @oynbrrakipul iof-33e% more antiviral agents may be

4-f | uor.oi soi ndol i ne-2-car box e: The title co
admmmgednaola MG SEPHIRF SN e ﬁwgﬁtl SRS aHY %&W dr i rlgavmn or
d bed
e, T Lo AL ONGA: B gl g egeone descr be
[00225] 0 MOXkuR @xéﬁﬁﬁle@bﬂ @iehBdhe fhibdodks c(fEhl@lﬁﬁaentlcbﬁnﬁjr also ® Codbined with

(MeH ). [00252] Follow ng the procedures describhed in
1ncludwmlmué lipitatiore tfcatmenis fiog d)gsqn@q guchedeiricept and Excelon

neampry ) BV @CPE# B0 e A o[ 1 ko Adgeage such s L.
DOPAQ%?%% r O?(éa bhie, 19 ﬁr%%r pampyekbre2orhid¥tisife! PRESIRM! fAkEShendyl,
and ambntadioe;sgicagofor rt&aﬂng: aviblaplel StlerosiVEME)Zsuch3R. Betg Mitekfron (e.g.,
Avonex® and Rebif® ), Copaxone®, and mitoxantrone; treatments for asthma such as albuterol
and Singulair®; agents for treating schizophrenia such as zyprexa, risperdal, seroquel, and
haloperidol; anti-inflammatory agents such as corticosteroids, TNF blockers, IL-1 RA,
azathioprine, cyclophosphamide, and sulfasalazine; immunomodulatory and immunosuppressive
agents such as cyclosporin, tacrolimus, rapamycin, mycophenolate mofetil, interferons,
corticosteroids, cyclophophamide, azathioprine, and sulfasalazine; neurotrophic factors such as
acetylcholinesterase inhibitors, MAO inhibitors, interferons, anti-convulsants, ion channel
blockers, riluzole, and anti-Parkinsonian agents; agents for treating cardiovascular disease such
as beta-blockers, ACE inhibitors, diuretics, nitrates, calcium channel blockers, and statins; agents
for treating liver discase such as corticosteroids, cholestyramine, interferons, and anti-viral

agents; agents for treating blood disorders such as corticosteroids, anti-leukemic agents, and
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1-8 [00254]
(3R, 58)-14(R) - 2-acryl am dopr opanoyl) - 5- 01R, 28) - 1-
w@ eopelogginopyl sul f onyl car banmoyl) - 2- vi nyl cycl opr P@E/USN$887736

noyl ) pyrrolidin-3-yl-4-

fl uoroi soi ndol i ne-2-car boxylate: M5 mz: 632.1 (M+l-).
growthl f8tdr®02den]s that prolong or improve pharmacokinetics such as cytochrome P450
... (3R,58)-14(R)-2-acryl am do- 3- net hyl but anoyl) - 5- 41R, 28
inhibitoms. (i.c., nhibitors of metabdlic breakdown) and CYP3A4 mKlbltors (e.g., ketokenozole

and ey OB SRS LSS A RABRA Ry WL R KGR SR 0.
[0022({]:\/#;?@ gérfa% el%_glid&ﬁl[%%%,é%&giiﬂwﬁad &t @ pMReiliZven®BR;: & a pharmaceutically
accept(l‘tﬁ&,c&ﬁbesﬁidnﬂhérﬁeﬁam axyibietered m donbmetignl Jvith -2 GddRo2Bhallantibody or

. (cycl opropyl sul fonyl car banoyl) - 2- vi nyl cycl opr opyl car ba
an SIR g\ t§TaRGHIs] i di n- 3- y1- 4-

lu | Soi,ndol i.ne- 2- car hoxyl P Zo 124 0Oc (MrHE) . -

1002274, 358 SRR Gt R0 GBian) BB Bigp Ty O] Hy ventive
(o) S At e .
compdnig%)ét?ﬂélﬁlg? I{%?)O-B}ll-og’ dsZpatb O BRIPIETHENaPe feoh@il AQLRAARAY, those
agents(neaycheqprtayiypl ssnglld dosygcctaroamoyd Yogzthei with @ywomppuralbyfl thiaiiantion in
.oyl )pyrroljdin-3-yl-4- : . .
o sing R RHBPBY GO GRS S5 4 Bk oF apltipty dosggesiseimpseifoNmgactive agents
may b%5§u%ﬂlittelgssi%ﬁéneg§s(?y,356(1!}@1'1"[1@1}7 or within a period of time from one another
normally within five hours from on¢ another.

bR IN13

[00228] As used herein, the term “combination,” “combined,” and related terms refers to the
simultancous or sequential administration of therapeutic agents in accordance with this
invention. For example, a compound of the present invention may be administered with another
therapeutic agent simultaneously or sequentially in separate unit dosage forms or together in a
single unit dosage form. Accordingly, the present invention provides a single unit dosage form
comprising a compound of formula I, an additional therapeutic agent, and a pharmaceutically
acceptable carrier, adjuvant, or vehicle.

[00229] The amount of both, an inventive compound and additional therapeutic agent (in
those compositions which comprise an additional therapeutic agent as described above) that may
be combined with the carrier materials to produce a single dosage form will vary depending upon
the host treated and the particular mode of administration. Preferably, compositions of this
invention should be formulated so that a dosage of between 0.01 - 100 mg/kg body weight/day of
an inventive can be administered.

[00230] In those compositions which comprise an additional therapeutic agent, that additional
therapeutic agent and the compound of this invention may act synergistically. Therefore, the
amount of additional therapeutic agent in such compositions will be less than that required in a
monotherapy utilizing only that therapeutic agent. In such compositions a dosage of between

0.01 - 100 mg/kg body weight/day of the additional therapeutic agent can be administered.
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[ 00258] Followi ng the procedures described in Exanple
2, the follow ng conpounds were made simlarly: 1-46
WO 0256870 68) - 1- ( 2- acet am do- 2- ( 1- acryl oyl azet i BCTUS209€0887736
cetyl)-5-01R, 2S)-1-
(cyclopropylsulfonylcarbannyl)-Z-vinylcyclopropylcarba
[0023 1oy rTheyamamlnt oif mdal-tiy)ﬁal4‘therapeutlc agent present in the cornposmons of this
fl uor 0| soi ndol i ne- 2- car boxyl at e: mz: 715.2 (M-HY) .
inventpgyall g ngfmorg Ehan\m P00} the%zlwq Fb@wmjéb'de&dm&tsed 1n & gomposition

compr{si}}go §},]t£{ B%)WIC %ﬁexﬁ 61;315 X 1931 lctgfzeeatglergt r}’reeraJﬁ} t%e (am%%ntocﬁe Additional
therap QAR a%@t-ulf ’tl(e%f@ieﬁ@ﬁ? eemb&t&' Jo%ﬁklﬁ&[s%mﬁﬂée oM 2Bkt 30%) BP00% of

ropyl car banmoyl ) pyrrolidin-3-
the anfointomorms by prbedrit me a Zomgosbmo«yd:c&mmsmﬁhmn aent/83h& oflyhtherdpeutically
. EXAMPLE 3 [00261] The title conmpound was prepared
active 3gdr di ng to the steps and internediates as descri bed
bel ow. Step 3a: Internediate 3a [00262] To a sol ution
of (S)-3-am no-2-(tert-butoxycarbonyl am no) propanoi c
acid (2.04 g, 10 moXEMBAFIEATION 30 mmol) in 50 niL
CH2C12 was added nitrobenzenesul fonyl chloride (2.9 g,

[00232]]3 @srdepiciedan thTExiﬁqﬁesﬂbeldm,rie qmasinsaxempbty ¢robodifemtsuosipounds
RT. The sol ve was re nder um fol.| opwed

are prwrefiwécog%gm s feHovilpg gafer Hur% elt 3yl ﬁﬁﬁ F‘BPTP%@/*@&E thag glthough

the geﬁ@tﬁpﬁl%th\yfig | elg'lcg\lth’_%n{hte s IR c@t%%&}igu qubﬁle ese;gth?wentlon the

of gani ¢ over ere
follovv’gr@I %eg@ﬂal ﬂ@ﬁhoﬂ@ Ry @Ehet eetlotl9kAowh & &fé&ﬁ&m&ﬁﬁ@%ﬂfﬁﬁin&h@ art, can be

' 0 9. Step 3b: Internediate 3b
applied to all compounds and subclasses and species of each of these compounds, as described
herein.
[00233] Compound numbers utilized in the Examples, below, correspond to compound

numbers set forth in Table 3, supra.

EXAMPLE 1

[00234] The title compound was prepared according to the steps and intermediates as
described below.

Step 1a: Intermediate 1a
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WO 2009/ 082701PCT/ US2008/ 087736 [ 00263] The crude
Internmediate 3a (2.0 g), K2CO3 (1.5, 4 equiv.) were
wale@sosared in 10 mL DMF. Mel (0.8 nL, 4 eqiV.)PWEBS2008/087736
added to the reaction at RT. The resulting m xture was
stirred for 20 hours. The DMF was nostly renoved under
vacuum and 100 nlL Et OAc was\added and the m xture was
washed with water and bri e organic |ayer was
dried over Na2SO4. After pval of solvent, the crude
product was subject to a‘shart silica gel colum
(eluents: EtOAc/hexane) to|produce 1.62 g of the
Internmediate 3b. M5 niz: 9 (M:Na+). Step 3c:
Intermediate 3c [00264] :To a solution of Internediate
3b (1.6 g, 3.8 mmol) in mL of THF/ MeOH (1:1) was
added 1 N Li OCH aqueous S$olfution (5.8 nL, 5.8 muol).
After stirring at r.t ghog the reaction
m xture was neutraliz%‘ﬁw h™. 9N HCL. The organic
sol vent was evapor at ed uanm and the remaining
aqueous phase was acidifiedft pPFS using 1.0 N HC1
was extracted with EtOAc. - The organic |ayer. was

[00235/l/as Hed saletipnoef (&, 2Rord-angigo ar‘ﬂ@dcmrop&ﬂwerb@wcsw atfeyl ester

S L R i S——r—
ﬂuoroﬁ&_ﬁéélin‘éez M%loxyWﬂ&%éQ&%M% lhM$20Q8¢, Oﬁ@ oA mL of

: Internedi ate [00265] To a sol ution
aceton[tnteewmﬂiidad HA'HU (0442, d,2 OndD) iIIltﬂDﬂh&tn MEAI(ﬂMérmb,dI atremol) under
nhydr ous

Stll’rln&érél@ gxmlc‘%lqu Was %@%%Lé&r%@op@ {]}gtergt e @oggp]ﬁﬁ;[ﬂops%lon of starting
materims Etﬁe {Qedsh rgqxlt_%g Ké Emég)o)at f gﬁe fes1dﬂ9 ggs d1§§0f1\56rd' 90 m-liL&hyl acctate

anal ysi's an

and wEDER vimOwhteReid Bitncafwied aﬁm@rlélpél‘fer 1\&2@@4 MR QEMbR oPfsolvent, the
Et OAc was poured in and the m xture was washed with a

crude mﬂﬁﬁrwe(mﬁbjdct tA@Mamgtmhy aNasEagzeh (g x et IO ACThé:1). 0.35 g of the
. %\% drl %g 3 2S4. After renoval of
title ¢ B yvas P glng ; SO (M

'subject to
h on silica gel (eluents: EtOAc/hexane).
Step IR' @P&F&%{lég%% g of Internediate 3d was obtained: Rf
0.1 (EtOAc); M5 niz: 891.8 Hg Step 3e:
Internmedi ate 3e [00266] ution of Internedi ate
3d (0.10 g, 0.11 mml) in { DMF was added
phenyl thiol (30 ng, 0.26 mywl) and K2CO3 (40 ng, 0.3
mml ). The resulting mixturé was stirred for 20 hours
at RT. 30 mM Et0OAc was add nd the m xture was
washed with water and bring and water. The organic
| ayer was dried over Na2 ., After renoval of solvent,
the crude product was subje¢t to chromat ography on
silica gel (eluents: EtQAC/ exane) to produce 0.1 g of
crude Intermediate 3e. %6 mz:%%06.9 (MtH Page 101 of
185 WD 2009/ 082701PCT/ US2008/ 087736 Step 3f: Conpound

[00236]" 1¥o a solution of the product of step 1a (0.35 g, 0.66 mmol) in 5 mL of THF/ MeOH
(1:1) was added 1N LiOH aqueous solution (2 mL, 2.0 mmol). After stirring at r.t. for 10 hours,

the reaction mixture was neutralized with 1.0 N HCL. The organic solvents were evaporated
under vacuum, and the remaining aqueous phase was acidified to pH~3 using 1.0 N HCI and was

extracted with EtOAc. The organic layer was washed with brine, and was dried over anhydrous
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[ 00267]
(3R, 55)-14(S)-2-(tert-but oxycar bonyl am no) - 3- (Nret hyl a
W@ poobasa7on) pr opanoyl) - 5- 01R, 2S) - 1- (cycl opr opy| BCi/U8299$/687736

ar banoyl) - 2-

vi nyl cycl opr opyl car banmoyQpyrrol i di n-3-y14-fl uoroi soi nd
magneStuimned fatec Alftooxydoadlafflselldnt, B8 Rydfohd titthdoarpoded (v8s olktained: MS m/z:

0.11 nmmol) was added dropwise at 0 Cto a stirred
526.2@4tHtk on of 0.1 g (0.1 nmml) of the product from step

3e,in 3 f DCM containing 0.04 nL (0.3 mol ) of
Step #T*"&?rﬁﬁ%ﬁg. The reaction m xture was stirred at

r.t. for 1.5 hrs and thgmwas diluted with 10 niL of

DCM The resul ting sol fas washed twice with

bri ne and was dried ove agnesi um sul fate. Renoval of

sol vent afforded the crydg product, which was purified

by chromat ography on sillica gel eluting first with

hexane/ EtOAc (1:3 - 1:5 nd then with EtO0Ac. A total

of 20 ng of the title Qonﬁ%und was obt ai ned: [00268]

Rf 0.15 (EtO0Ac); M5 mlz\ 760.9 (MFFI'). iflNWR

(CD30D, 400 MHz) 6 7.82fm 1H), 7.13-6.98 (m 2H)

6.75 (m 1H), 6.23 (d#d\IH, J = 2.3, 16.5 Hz), 5.73

(m 2H), 5.45-5.29 %ﬁ] NH5. @2 (dd, 1H, J = 1.4,

10.0 Hz), 4.72 (s, 4H), ©4,

1H, 3.91 (m 1H), 3.75-3 ﬁﬁrﬁiﬂﬂ, 3.15 (s, 3H)

2.96 (m 1H), 2.42 (m 1H), 2.250(m 2H), 1.87 (m

st ' e s s SRR RS B
added {RPIA 622, QU il 360D P BinscRiscdon 650Gy 1 bour
cyclop%(g%?sﬁﬁ])namide 0.18 g, 1.5 mmol) and DBU (0.16 g, 1.0 mmol) were addled to the

, 5S)-1-((S) - 2- (t ert - but oxycar bonyl am no) - 3- ( Nnmet h
reactioni mixhwsell Thermaixiwlo Wos stiragdoat 1-G for (a Bitia®)1-10-Hoaysc Top sapgrt svas then

removgcgl %1?41 | ggsg ag‘g%/ﬁll%lé%@am &9@9 and prﬁwgslyﬂ with aqueous NaOAc buffer

4-.f L yor.ai Soi i ne-2-carhoxyl ate: Rf: 0.5 OH
(0H~5q 38 TR SR bl Sicn GRLBRAL i B hpGeRg femoval of
solven¥SthR9residue was, subjected to chromatography on silica gel using hexane/EtOAc

S -4-(Fnocan1nof—2-(tert-butoxyc r bonyl ami no) but anoi c
(1:1~1adi A\ toalstf B B of thetthle gohpoendvas obtained: Ry 0.1 (EtOAc:hexane = 1:1),
S%- 3-am no- 2-(tert-but oxycarbonyl am no) propanoi c
MS mizepQP.0 (MelX ol | owi ng conpound was prepared:  1-13

Step lbggﬁ%‘e‘iﬁﬁtﬁéﬂ 2- (tert-but oxycar bonyl am no) - 4- ( N- net hyl

acryl am do) but anoy1l) -

5-01R, 2S)-1-(cycl opro onyl car banoyl) - 2-vi nyl cycl
opr opyl car banoyl ) pyrrol7di n-3-y1

4-f 1l uoroi soi ndol i ne-2-garboxyl ate: Rf: 0.45 (DCM MeOH
95:5); MS mz: 775.3 (M¥H+). [00273] In simlar
fashion, follow ng the ocedures described in Exanple
3, compound 1-14 can @e nBde by using ethyl iodide in

m Q1H), 4.25-4.09 (m

step 3b in place of whyl iodide: WO
2009/ 082701PCT/ US2008/ 0B7736
1- 14 HN

(3R, 5S)-14(S)-2-(tert-bygtd¥ycr bonyl ami no) - 3- (N-et hyl a
cryl am do) propanoy1l) - 5<01R] - |c|’
1- (cycl opropyl sul f onyl carb mﬂﬂl‘f—zﬂu nyl cycl opropyl car

banoyl ) pyrrolidi n-3-yl14- 5
f 1 uor oi soi ndol i ne-2-car boxyl ate
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[00274] Conpound 1-15 was nmade by follow ng the
procedures described in Exanple 3, using allyl brom de
WO p00gHg0B8b in place of nmethyl iodide. 1-15 [ 0BQTE$2008/087736
(3R 55)-14(S)-3-(N-allylacryl am do)-2-(tert-butoxycarb
onyl am no) pr opanoyl) - 5-
[00238)1 RTBS))foﬂuéth)i(ﬁh ofeparyD2aId 0y Im:mo]t) aneylispolRed/inny NAYCl mplioxane.

ropyl car bamoyl ) Eyrrolldln 3-y
The mixtyigrvessbied 6t I-hdornl Bawpakipr EﬁH@VaRPf sofves, ¢ Bevrivportion of DCM

was pERP b HE BLRY sEmRidisiy birises G WiPrar ShCeL RSN followed by

evaporain wa@Pipfed fou?hﬁﬁék ?dfgllv@ﬁﬁr&ﬁ’(ﬁfé%oﬁ@ RRRAN dsCusBE HRle @y Y the next
ester In'step la and follow ng the appropriate

step: MSon/ediMds(MEHc)rl bed |n Exanpl e 3:
3R, 5S5)-14(9)-3-(N-allylacryl am do)-2-(tert-butoxycarb
Step lénmtﬁrrﬂl%’éi}tﬂllépanoyl) 54( 1R, 2R) - 1-(cy
cl opropyl sul f onyl car bam)y - et hyl cycl opropyl car banoy

' )pyrrolidin-3-yl1 4- fluo +ndol i ne- 2- car boxyl ate
(3R, 55)-1-0S)-2-(tert-but oygar bonyl am no) - 3- (N- net hyl
acryl am do) propanoyl) - 5-
((I R 2R) - 1- (cycl opropyl sul f'gnyl car banoy1l) - 2- et hyl cycl o
propyl carbanmoyl ) py rroliding3-yl

4-f 1 uoroi soi ndol i ne-2-carBoxy ate 0 1-18

(3R, 58)-14(S)-3-acryl ani dé: 2- (tert - but oxycar bonyl ani no
) propanoyl) - 5- 41R<2R) - 1-

(cyclopropylsulfonvfnsigi 1) 2- ethylcyclopropylcarba

moyl ) pyrrolidin-3-yl

f 1 uor oi soi ndol i ne- 2-wwar box 00377] In simlar
fashion, the foll ow n>:©o par ed: 1-50

[ 00278]

(58)-1-(2-(tert-but o)@’ar bonyl am no) -3-0E) - 4- (di net hyl
am no) - N- net hyl but - 2

[0023ﬁgg%d0)5%51?1‘%%n09/ %ﬁe pro&i{xct 012 82ep lﬁc%f) f6o WP ST fl?na)flldcﬁ-Boc 3-

r s i
oINS o e S e G0N YA apoP S 0.
mmol @d PAEA (VB) migz 1.08di801% af M+-dndkr Jtirring. TLC analysis indicated completion of
the coupling reaction had occurred after one hour. A 20-mL portion of EtOAc was poured in and
the mixture was washed with a buffer (pH~4, AcONa/AcOH), NaHCOj; and brine, and was dried

over MgSO;. After removal of solvent, the crude oil product was subject to chromatography on

silica gel (cluents: EtOAc/hexane). A total of 0.14 g of the title compound was obtained.
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WO 2009/ 082701PCT/ US2008/ 087736 EXAMPLE 4 [ 00280]
The title conpound was prepared according to the steps
wa@pajosarer nedi at es as descri bed bel ow. Step 4aPCT/US2008/087736

Internmedi ate 4a [00281] The Internediate e fromstep
le was treated with 4 N HCl according to the procedure

Step 1€ckncerinfedihte of step 1d to afford the Internedi ate 4a as
its HC1 salt. M5 miz: 815 2 (M-H+). Step 4b:
Internmedi ate 4b WO 2009//082¢y01PCT/ US2008/ 087736
[ 00282] Cycl opentyl chl orofar/mate (1.5 equiv.) was
added dropwise at 0 Cto stirred solution of
Intermediate 4a (1 equiv. Nfrom step 4a in DCM
containing 3 equiv. of triethylam ne. The reaction
m xture was stirred at r.ot"or 1.5 hrs and then was
diluted with 10 nL of DCM The resulting solution was
washed tw ce vvlth bri necang was dried over magnesi um
sul fate. Renoval ol af forded the crude
product, which vvas M )y chromat ogr aphy on
silica gel eluting ffrs th’ alae/EtOAc (1:3 - 1:5)
and then with Et0Ac affor %F compound
(60-909%9: MS mlz: 925. 2 ( Ste@ Conpound 1-19
[ 00283]
(3R, 595)-14(S)- 3-acr ngm do- 2- (cycl opent yl oxycar bonyl am
i no) propanoyl) - 5-

0024011 R 2 S)lutior ciy(bll(bgmii Biel psadiconfstemd barbyl) e D ViFnyitle y2¥oayiperidine

was SRR, O RLa cthglig%ﬁ§ clipatitethio divpess wSgfighyacuum. The
rsidad 55, REER fh HOOM LALAIT 848 HmEERE HpGbRuble

oce ures scri

Step 1@59 O (MrH [00284] Starting fromthe appropriate

Internmedi ates, in simlar fashion, the foll ow ng
Compgungpdubds were prepared: 1-20

NH O

s

X
[00241] (3R,55)-1-((S)-3-acrylamido-2-(tert-butoxycarbonylamino)propanoyl)-5-
((1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-yl 4-
fluoroisoindoline-2-carboxylate: Acryloyl chloride (10 #L, 0.12 mmol) was added dropwise at
0 °C to a stirred solution of 55 mg (0.08mmol) of the product from step 1f in 3 mL of DCM
containing 3 equiv. of triethylamine. The reaction mixture was stirred at r.t. for 1.5 hrs and then
was diluted with 10 mL of DCM. The resulting solution was washed twice with brine and was
dried over magnesium sulfate. Removal of solvent afforded the crude product, which was
purified by chromatography on silica gel eluting first with hexane/EtOAc (1:3 ~ 1:5) and then
with DCM-methanol (50:1 ~ 25:1)). A total of 27 mg of the title compound was obtained: Ry 0.4
(EA:McOH = 10:1); MS m/z: 746.9 (M+H").
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[ 00285]
(3R, 58)-14(8)-2-(cycl opentyl oxycar bonyl am no) - 3- (Nmet h
wQ b@ewgd7am do) pr opanoyl) - 5- 01R, 2S) - 1- (cycl opr opyT/8810D087736
yl car banoyl) - 2-
yi nyl cycl opr opyl car banoyl ) pyrrolidin-3-yl
[00242}- f [ eintlas dashibal usivex theqaohex yf dhermelliated ] £ theHoDéeinybdhhpounds
20:1); MS mz: 773.2 (MtH+). 1-21 [00286]
Wefep(fgﬂrﬂslS) 14(S) - 2- (cycl opent yl oxycar bonyl am no) - 4- (Nnet h
yl acryl am do) but an )-5-01R, 2S) - 1- (cycl opr opyl sul f ony
| car banoyl) - 2-
vinyl cycl opropyl ca yrrolidin-3-yl
4-f1 uor oi soi ndol i ne- 2-¢ rboxyl ate: Rf: 0.4 (Et0Ac/ MeOH
20:1); MS nmlz: 787.3 (M) . 1-52 [[00287]

(58)-5-01R, 2S) - 1- ( &u oMyl car banoy1) - 2-
yi nyl cycl opr opyl caal)g;n@y (¥- (Wet hoxycar bonyl ) bi
cycl o[ 2. 2. 2] oct ane- 1; o,

car boxam do) - 3- (N—mg;ﬁyl cryla 1 do) propanoyl ) pyrrolidi
n-3-y1l 4-fl uor oi soi ndolfi ne 2- carboxylate: [00288] Rf:
0.45 (Et OAc/ MeOH 10:1); r% 855.3 (M+H+). EXAWVPLE
5 WD 2009/ 082701PCT/ USZOOgl' 87736 1-22 [00289] The
| t . o
[00245] 33R§ ‘?éeSZ‘éaS t ggfﬁ?g&@ﬁgﬁﬁ gglﬁﬂsﬁlﬁ%aﬁﬁ&ﬁﬁr(ﬁﬁﬂoyl) 5
(1R, ZSlﬁ-ﬂE(CYB%ﬂJrapﬁlsﬂﬁ)nyll@Gﬂz&ﬁbyl):@-v&n}ﬂqlcldpropvlcﬁrbamoyl)pyrrolldln 3-yl 4-
Boc- L- Threoni ne
fluorojsaindaiiog Sregrbasnle: a0 0 DA MEOH 19 YISHH/ 2053 (V).
foll owed by the addition of catalytic anount of DMAP
and TEA (1.0 nL, 6 mml). The reaction m xture was
stirred for 10 h at RT. Aqu NaHCC3 sol ution (10
nm.) was added to quench the dtion. After 2 hours, 1
N HC1 aqueous solution was gdged slowy to pH -3. The
DCM | ayer was col |l ected and t"ne aqueous was extracted
by DCM (2 X 10 nL). The orgg @ | ayer was dried over
Na2SO4, filterd andit sol wyent was renoved to provide
t he crude product.

HN
_%qq
)( °
I-3
[00244]  (3R,5S5)-1-((2S)-2-(tert-butoxycarbonylamino)-3-(2-chloro-2-
phenylacetamido)propanoyl)-5-((1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-
vinylcyclopropylcarbamoyl)pyrrolidin-3-yl 4-fluoroisoindoline-2-carboxylate: Rf: 0.50
(DCM/MeOH 95:5); MS m/z: 845.2 (M+H").

Q@ o o
H \Y/
o. O Ny, S
. N
%/ \( N N W
HNy, o]
| o ™ o]
N\/\)J\

I-4
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WD 2009/ 082701PCT/ US2008/ 087736 Step 5b: 1-22 0 .00 HN
00

W 2®2049370BR, 5S) - 1- ((2S, 3R) - 3- ((E) - but - 2- enoy| orgh/u2008/€87736
rt-
but oxycar bonyl am no) but anoy1) -5- ((I R 25)-1-(cycl opropy

[00243]s ul BRBS)-da(adtydty bidoxycarbonylamino)-3-((E)-4-(dimethylamino)but-2-
vi nyl cycl opr ogél car banoyl ) pyrrolidin-3-y1l-4-fl uoroi soi
enamidglpirppanoyDcia((bBs2p)-dt(eycloprepysulfenydeanbayntd)das made by

vinylefoBrang Btttk A S oo SRS 285 apry g RE 035

(DCMVM@@ngQDsmr gied e nternedi ate le in Exanple 1.
A total ‘of 90 ng of the title conpound was obt ai ned

[00246]r otn mﬁﬁlanﬁashfonlmhlgrtheqircaiuet ofdintéimedifie (1EtDACH)-4VBmocamino)-2-
mz: 774.3 (MtH [00292] Starting fromthe Internedi ate
(tert- bmexng@%@mmqi@t?m%w dhealopP B campORTt WasRIERAE®s, i n
simlar fashion, the follow ng conmpounds were
prepared: 0 1-23 [00293]

(3R, 55)-14(S)-2-(t - but oxycar bonyl am no) - 3-(2-(terthb
ut oxycar bonyl am no%l oyl oxy) propanoyl) - 54( 1R, 2S) - 1-
WO 2009/ 082701PCTHUS 087736

(cycl opropyl sul f onyl car ;moyl) 2 Vi nyI cycl opropyl car ba
moyl ) pyrrolidin- 3

f 1 uor oi soi ndol i ne o MS/\@Z 862.2 (M1).
1-24

[00294] (3R, 59) - 1- 428 ;’;R) 3°(a yl oyl oxy)-2-(tert-butox

ycar bonyl am no) bumn“e
I-5
[00247]  (3R,55)-1-((S)-4-acrylamido-2-(tert-butoxycarbonylamino)butanoyl)-5-((1R,2S)-
1-(cyclopropylsulfonylcarbamoyl)-2-vinyleyclopropylcarbamoyl)pyrrolidin-3-yl 4-
fluoroisoindoline-2-carboxylate: Rf: 0.40 (EtOAc/MeOH 10:1); MS m/z: 761.3 (M+H)).

EXAMPLE 2

\
1-6
[00248] The title compound was prepared according to the steps and intermediates as
described below.

Step 2a: Intermediate 2a
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01R, 2S)-1-(cycl opropyl sul f onyl ear banoy1) - 2- vi nyl eycl op
ropyl ear banoyl ) pyrrolidin-3-yl 4-

w0 bawonga78ni ndol i ne- 2- car boxyl ate: Rf: 0.4 ( Et OPC)/USIBB/087736
mz: 760.1 (M1). EXAWPLE 6 Conpound 1-25
[00295] (1-25): The title conpound was prepared
according to the steps a ' nt er nmedi ates as descri bed
bel ow. Step 6a: I|nternedi 6a WO
2009/ 082701PCT/ US2008/ 0877 OH [00296] To a solution
of N-Boc-pyroglutamc acid"(0.23 g 1.0 nmol) in 10.0
nmL of anhydrous THF was gd
2- met hyl prop- 1- enyl ) magneési um brom de (0.5 Min THF, 5
m, 2.5 mvol) at -78C stowyly. The reaction m xture was
stirred for 1 h at -78Cn N HCl (2.5 nlL) aqueous

sol ution was added and§ hgrniixtaure was sl owy war ned
up to RT. The pH vvaS'N\adjOuz&;‘%oﬁ?- 3-4 by 1 N HCL. The
THF was then renoved Bthde ci\ifradd the renai ni ng
aqueous was extracted by DCM (3 R 15 nL). The organic
ay [ 1daf4 :
0244295 SR E AR ATERE 1t S5 030 OL0ERho) X
Boc-glyeidd (008029731 mmol) in 4.0 mL of acctonitrile was added HATU (133 mg, 0.35
3R 5S5)-1-0S)-2-(tert-butoxycarbonyl am no)-7-nmet hyl-5-
mmol)pgngd@ s (e hbinl) 086 mmol) at r.t. under stirting. The reaction mixture was stirred

for 2 B RR ot SR OBLRSHLT SNSRI SR Biffing BULGECA R of
roiLsQi pdel i ne- 2+ boxy! ' [ 0

EIOAL MGTRAA Il N, RISROBHMME THE 4 b B buncon)

NaHCOrend ey, aethvad dricdaveisiNg ¢S O4AAef ehdoowl of golivhre, thoupide pepduct was
reactions described for Internediate |le in Exanp

le 1.
subjecita gliramatgragly A sdica grle(clycpise EKdgbenstc mastobthoailndag of the title

from 10 ) | liat e id; (Et 0Ac); Ms

Compor‘%f@:‘”a%‘?ﬁt?“ri{g?%ﬂ%] (ERORFRAR F@D%B‘b&f(%%@s M) 6 7 31 (dd,
1H, J=13.3, 7.4 Hz), 7.13-6.98 (m 2H), 6.18 (s, 1H),
5.74 (m 1H), 5.38 (s, 1H), 5.32 (d, 1H, J=17.0 Hz),

Step 2b: bifefmedidte2bJ=10. 1 Hz), 4.72 (s, 4H), 4.48 (dd, 1H,
J=17.0, 9.16 Hz), 4.29 (m_2H), 3.89 (m 1H), 2.93 (m
1H), 2.60-2.35 (m 2H), Em 2H), 2.10 (s, 3H),
2.02-1.75 (br, 1H), 1.88 3H), 1.46-0.80 (m 14H).
WD 2009/ 082701PCT/ US2008/ 736 13C NMR (CD30D, 100
VHz) : 201.8, 175.3, 174. 5 170. 6, 157.7, 156.9,
155.6, 141.1, 134.2, 131.(_32;&0124. 8, 119.9, 119.7,
118.6, 115.0, 114.8, 80. 76.1, 61.0, 55.0, 54.9,
54.8, 53.5, 53.3, 52.7,(5Q.3, 50.1, 42.6, 40.3, 35.7,
35.4 , 32.1, 28.7, 28.5NA7.7, 26.9, 24.0, 20.9, 6.74,

/—§ NH O

6. 47. N b W 0
_N iv-s—=<

o)
[00250] The product from step 2a (0.10 g, 0.15 mmol) was dissolved in 2 mL of 4 N HCI in
dixoxane and the reaction was stirred for 1 hour at RT. After removal of solvents, a 3-mL portion
of DCM was poured in followed by evaporation to dryness. This process of DCM addition
followed by evaporation was repeated three times to give the title compound Intermediate 2b as
its HCI salt (0.10 g). MS m/z: 564.0 (M+H").
Step 2c:
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[00298] Starting fromthe Internediate id, by coupling
Wth the appropriate internmedi ates made simlarly as
waemgnsdied in Step 6a, the foll owi ng conpoundsPEEDS2008/087736
prepared: 1-26 [00299]
(3R 5S)-14(S, E)-2-(tert-but oxycarbonyl am no) - 5- oxooct -
6-enoyl)-5-41R, 2S) - 1- .
(cycl opropyl sul fonyl carb 1) - 2-vi nyl cycl opropyl car ba
noyl ) pyrrolidin-3-yl-4-
fluoroisoindoline-2-carboﬁzlate: A total of 80 ng of
the title conpound was o %ned from 150 ng of
Intermediate id: Rf 0.3 EEtOAc); Ms mz: 760.3 (M-H
1-27 [00300]
(3R 5S)-14(S) - 2- (tert bu xycarbonylan1no) 6- met hy1l- 5-
oxohept - 6- enoyl) - 5-

01R, 2S)-1-(cycl opr OWI s@l o yl) 2-vinyl cycl op
r opyl car banoyl ) pyrrogﬂﬁ NI-“ ge 114 of 185 WD
2009/ 082701PCT/ US200 87736 ©

fl uoroi soi ndol i ne-2-carboxylate: A total of 80 ng of
the title conmpound was obtdihed from 150 ng of

00251, TSPt ggsctul EA St Sabiand Kiahnyicarbamoyt)-2-
Vlnylcgcgéﬁrogyllcglrl?asnlfg}?{m)y ?rogi%g{z §?'é 1‘?1"'60}6%&?2312‘?% i"ﬂ_ﬁb&g_ﬁ%&é MThe title
compouad whkinads b3 Logslthg Imrmbaik{m 2b hi?fd eérwo bl uaiag '(H:wa Tllowing the

J=10.1, 1.4 Hz), 4. 2 (m
couplugg,g‘eactgorggie@cmbeq |£9r Ingengledeqw ZgHy totzl qég& e q_f|-qyle tlge gompound was

PR 53, 0 50 (=
[00251&3RP5@W1;1g(‘[§ E)ocgdt(réseﬁéscﬁlb’etdom)’Eﬁdhﬁﬂ@W MY RAdwh ®InkPoknds were

oxooct enoyl)
made GhRa2R) - 1- (cycl opr opyI sul f onyl car banoyl) - 2- et hyl cycl op
ropyl car bamoyl ) pyrrolidin-3-yl
4- 11 uor oi soi ndol i ne- 2- car by Xyl ate: A total of 50 ng of
the title conpound was oed from 150 ng of
Internediate id: Rf 0. {-&t0OAc); MS nfz: 796.2
(M:Na+) . [00302] Startigig fromthe Intermediate id,

t he foll ow ng conmpounds ; Hor pa,ped by coupling Wit h
the appropriate |nterneéﬁéﬁg§

ev§|n1larly as
described in Step 6a N\;£.b-2
(3R 55)-1-09)-2-(tert butoxyc r bonyl am no) - 5- oxooct - 6-
ynoy1)-54( 1R, 2S)-1- [*
(cycl opropyl sul f onyl car banoyl) - 2- vi nyl cycl opr opyl car ba
nmoyl ) pyrrolidin-3-yl14- fludebi soi ndol i ne-2-carboxyl ate

[00253] (3R,55)-1-(2-(E)-but-2-enamidoacetyl)-5-((1R,25)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-yl-4-
fluoroisoindoline-2-carboxylate: MS m/z: 632.0 (M+H").
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WD 2009/ 082701PCT/ US2008/ 087736
1-29
W@ 3RBYY701L- 0S) - 2- (t ert - but oxycar bonyl ani no) - 8, BEHUN®D$1§87736
1- 5- oxonon- 6-ynoyl) -5- ((I R, 2S) - 1-
(cycl opropyl sul fonyl car banoy1) - 2- vi nyl cycl opr opyl car ba
nmoyl ) pyrrolidin-3-yl4- fl &oroi soi ndoline-2-carboxyl ate
1- 30
(3R 5S5)-1-0S)-2-(tert-Qu car bonyl am no)-3, 3, 7-trime
t hy1l- 5- oxooct - 6- enoyl) -5- 01R, 25)- 1-(cy
cl opropyl sul f onyl car bamoyl) - 2-vigwy! cycl opr opyl car banoy
| Ypyrrolidin-3-yl4- fl udhonso gﬁ%ne- 2- car boxyl at e

WD 2009/ 082701PCT/ us§®%s¢g% 7 736"
1-31 N
(3R, 595)-14(S)-2-(ter - but oxycarbonyl am no)-4,4,7-trinme

t hy1l- 5- oxooct - 6- enoyl) - 5- 4] 2S)- 1-(cy
cl opr opyl sul f onyl car banoy1l) - 2- vi nyl cycl opr opyl car banoy
[00254]) pﬁR,égl-bl-i(W)Q-W¥mmiﬂqmﬂ8wlhﬂ'éﬁﬂa£§)i’l—-car boxyl at e

(eveloprggyisuffonvipaspamop D inglsy JgroRy arRAmANRSTroBins oy 4 .
ﬂ“““??%@@%?‘%ﬁ?f)@ﬁﬁ%qagﬁyﬁq%ar 26?%;/1]1(%? \)/'i nyl cycl opropyl car ba

nmoyl ) pyrrolidin-3-yl4- fluoroisoindoline-2-carboxyl ate
[00303] M5 mz: 760.1 (M+1l-1"). [00304] The foll ow ng
conmpound was made by pal | adi um cat al yzed hydr ogenati on
of Intermediate id, followed by coupling reaction
described in step 6b: WD 2809/ 082701PCT/ US2008/ 087736

Os N
990

Y

Q,

H "

H %N(KLHSW
Og N 0

° N
T

I-9
[00255] (3R,55)-1-((R)-2-acrylamido-3-methylbutanoyl)-5-((1R,25)-1-

(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-yl-4-
fluoroisoindoline-2-carboxylate: MS m/z: 660.2 (M+H").

F

.

0

4

(R
N/ .S

‘ N

N ;LH W

H
O N A0
0.0
Y
CHs

I-10
[00256] (3R,5S)-1-(2-(2-acetoxybenzamido)acetyl)-5-((1R,2S)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-yl-4-
fluoroisoindoline-2-carboxylate: MS m/z: 724.0 (M+H").
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[ 00305]
(3R, 55)-1-((S)-2-(tert-butoxycarbonyl am no)-7-nethyl-5

WO 200008270 6- enoy 1) - 5- PCT/US2008/087736
01R, 2R) - 1- (cycl opr opyl sul f onyl car banoy1) - 2- et hyl cycl op
ropyl car banmoyl ) pyrrolidin-3-yl
4-f | uor oi soi ndol i ne- 2-car boxyljate: A total of 33 ng of

the title conmpound was dbt ai from 100 ng of
Intermediate id: Rf 0.5, MS tnlz: 776.2 (MA
). [00306] In simlar f ion, the foll ow ng
conpounds are made: § Y

1-34 N H

(3R 59)-1-((S)-2- T\gfe ycay bonyl anmi no) - 6- net hy1-5
- oxohept - 6-enoyl) - 5 (1R 2R) - 1

(cyclopropylsulfonylcarbannyl)-Z-ethyIcyclopropylcarba
nDyI)pyrrolldln 3-y1l 4- 1-49

oi soi ndol i ne- 2- car boxyl at e
[00257_|] 6dSS) -1-((R)-2-(2-chloropyrimidin-4-ylamino)propanoyl)-5-((1R,2S)-1-

(cycloééﬁq’gsgifoéylg;}%))z}%osr@% rlﬁyb@%qxﬁ&%yﬁngM)% brofiaffEs Y—gt- 4-

ﬂuomis@m;oﬁﬁé-gwkwyiaqucetBmﬁem@@fmw MChoPESRY (MRHbR

pyrrolidin-3-yl
[00258]I uiﬁokbmsmg ribio pragedi@esc desbobod mt Exdnple @1 the following compounds were
S)-1-0S)-2-(tert-butoxycarhbonyl am no)-5-cycl obute
made W&Tﬂlla -oxopent anoy1l) - 5-
((I R 2R) - 1- (cycl opropyl sul f onyl car banoy1l) - 2- et hyl cycl o

‘ ar boxyl at e 1-62
(3R 5S)-14(S)-2-(ter coxycar bonyl am no) - 6- cycl obuty
| i dene- 5- oxohexanoyl) - 54
01R, 2R) - 1- (cycl opropyl s onyl car hanoyl) - 2- et hyl cycl op
ropyl car banoyl ) py rrollgkﬁk%ﬁn 4M | uor
oi soi ndol i ne- 2- car boxyl Za
(3R, 55)-1-0S,E)-2-(tert-but oxycd
hyl - 5- oxonon- 6- enoyl) - 8¢
01R, 2R) - 1- (cycl oprop ul f
ropyl car bamoyl ) py rrolidin-3{ yl 4-fluor
oi soi ndol i ne- 2- car boxyl at e
2009/082701PCT/U82008/0877i>’_96

[00259]  (5S)-1-(2-acetamido-2-(1-acryloylazetidin-3-yl)acetyl)-5-((1R,25)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-yl-4-
fluoroisoindoline-2-carboxylate: MS m/z: 715.2 (M+H)).
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1-64
(3R, 55)-1-0S5)-2-(tert-but oxycarbonyl am no)-2-((S)-2-o0x
w@eopeloggient - 3- enyl ) acetyl) - 5- PCT/US2008/087736
((I R 2R) - 1- (cycl opropyl sul f onyl car banoy1l) - 2- et hyl cycl o
propyl car banmoyl ) pyrrolidi n-3-
y14-fl uoroi soi ndol i ne- 2- caid3oxyl ate [ 00307] The
| ow n& conmpound was made by %3' onged pal | adi um

f ol
10026t £99)06-tiyRerBEBAELBH D124 HGRBJONSFanban A Aey])-5-
(R, 2341-(ELopop s ory ReaRb Ay 1) 3G I QUG Sy It Do 9 5 Blidin-3-y1-4-
ﬂuoro(s%ﬁd%ﬁ)lé-é%@dxilag@(@q? PR YGR{QPRY| ami no) - 7- met hyl - 5-

0xooct - 6- enoy1

(cycl opropanesul f onam do) - 1- oxohexan- 2- yl car banoyl ) pyr
rolidin-3-yl 4-fluoroisogindoline2-carboxylate: A total
of 58 nmg of the title cEXﬁ@@ﬁHE@1-44) was obt ai ned
from100 ng of Internediate id: Rf 0.5 (EtOAc); M

m z: 800.2 (MtNa+). WD 20084 082701PCT/ US2008/ 087736
EXAMPLE 7 1-45

[00308](1aR,3aS,5R,9S,%§ﬁ 7 Z)-11- (o-ni trophenyl sul f ony
1)-9-(tert- 0,
butoxycarbonylanino)-la-ggxgho r&%%;sulfonylcarbannyl)
- 3, 8-di oxo-1, 1a, 2, 3, 3a,4,6,6," ’ 11,12, 13, 14, 16a- he
xadecahydr ocycl oprop }p§5?ol [2, 1-
c][l,4,81triazacyc|2§iﬂﬁ deci - 5-y1-4-fl uoroisoindolin
e-2-carboxyl ate (1-4%):Jhe title conpound is prepared
according to the steps ang i nternedi ates as descri bed
bel ow. Step 7a: Intermediagg§;7a OH 1 0-3:si N2

[00261] The title compound was prepared according to the steps and intermediates as
described below.

Step 3a: Intermediate 3a

[00262] To a solution of (S)-3-amino-2-(tert-butoxycarbonylamino)propanoic acid (2.04 g, 10
mmol), TEA (4.5 mL, 30 mmol) in 50 mL CH,Cl, was added nitrobenzenesulfonyl chloride (2.9
g, 13.0 mmol) at RT. The mixture was stirred for 10 hours at RT. The solvent was removed
under vacuum followed by the addition of 100 mL EtOAc. The organic layer was washed with 1
N HCI (to pH 3), water and brine. The organic layer was dried over Na,SOy, filtered and the
solvent was removed to afford the crude Intermediate 3a (4.0 g).

Step 3b: Intermediate 3b

Page 99 of 185



[00309] The Internediate 7a was nmade follow ng the

procedure described for the synthesis of Internediate
w@eoobysa1si ng 5- br onopent - 1- ene as the al kyl at i PQI/US2008/087736

reagent. Step 7b: Internediate 7b WO

2009/ 082701PCT/ US2008/ 087736 [00310] The Internedi ate

7b was made by coupling Inter iate id from Exanple 1

and I nternedi ate 7a usi f,ol | owi ng the coupling

reacti ons described for| | ter\msdl ate le in Exanple 1.

M5: 946.2 (M+l). Step 7c: Co(g(m)und 1-45 [00311] To a

solution of 540 ng of Interned@@te 7b in 150 nL of

anhydr ous di chl or onet hane adg@ed 100 ny
1,3-Bis(2,4,6-trimethyl phen 4,é-dihydroinidazol-
yl i dene[ 2- (i - propoxy)-5-(N, I met hyl am nosul f onyl )

0026} hemué ke Mitepmraiatd$n (U I cd |11@I’]4(é tiahWsdre ABsolved in 10 mL
| ﬁc 303, Zannan Phar na (Ltoo?gg uzndesrz n|trgglerz 'Ir'% solved 1n

DMF. Mg {0 £imlg, heqy.himes mdh@&teerdacj&bn 48RT dheresulimg. miXhuge was stirred
for 20 E@%t T&Bﬁ@dwgqo glgls %%chog]n i elr gga;u?nat e]é]@{rgﬂ.ﬁic bAc was added and

the l’nl% ep?;ggn g@%ﬁg%th\?ﬁ%ﬁ Lllid:?r R EP%“O%&BIE ?feﬁltwas dried Y 1?11%2804 After

remov@lf of REIVERS ithce dryde Ostogict \bvﬁ t 30 (EShort sﬂiﬁ@ gel column (eluents:
2009/ 082701PCT/ US2008/ 087736 00312] In simlar

EtOA¢baxhn®r pisyluest k62 § nfthailntermediate 3b. MS m/z: 439.9 (M+Na").

S)-5-al .yl gm no-2-tert-butoxycarbonyl am nopent anoi c
Step?’gsi"ae“’lﬁedgté €7a, the followi ng conpound was prepared:

1-53 [00313] Ms: 916.3 (ES—) [0#314]In sim|ar fashion,
by starting with

(S)-4-[But-3-enyl - (2- ﬂt/r?ﬂfbenz%esulfonyl)-

am no] - 2-tert - but oxycar boffyl ami-no- butyric acid in step
7a, the follow ng conpound V\%st:(g)r epared:. 1-54

NO,

[00264] To a solution of Intermediate 3b (1.6 g, 3.8 mmol) in 10 mL of THF/Me¢OH (1:1)
was added 1 N LiOH aqueous solution (5.8 mL, 5.8 mmol). After stirring at r.t. for 10 hours, the
reaction mixture was neutralized with 1.0 N HCI. The organic solvent was evaporated under
vacuum, and the remaining aqueous phase was acidified to pH~3 using 1.0 N HCl and was
extracted with EtOAc. The organic layer was washed with brine, and was dried over anhydrous
sodium sulfate. After removal of solvent, 1.5 g of Intermediate 3¢ was obtained. MS m/z: 402.0

(M-1, negative mode).
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[00315] M5 : 916.3 (ES-) WO
2009/ 082701PCT/ US2008/ 087736 EXAWMPLE 8 / 1-35
wQ @308y 701LlaR, 3aS, 5R, 9S, 16aS, Z) - 11- acryl oy1- 9- (PET/US1H08/a87736

xycar bonyl am no) - 1a-

(cycl opropyl sul fonyl car banoyl) - 3, 8- di oxo-1, 1a, 2, 3, 3a, 4
Step 3d5hiefn&lidR 341, 12, 13, 14, 16a- hexadecahydr ocycl opr opal[ n]

pyrrolo [2,1-c] [1,4,8]triazacycl opentadecin-5-yl1-4-

f 1 uor oi soi ndol i ne- arboxylate (1-35): The title

conpound was prepg ) according to the steps and

i nternmedi ates as degcr) bed bel ow. [00317] Step 8a:

Internmedi ate 8a: [0B 0The|nt8w?ediate 8a was made

by treating conpound 1-5fro 7 wth

t hi ophenol foll ow ng t he” dufe described in step

3e. Ms: 733.3 (Mr1l). [003 St ejp> 8b: Conpound 1- 35:

WO 2009/ 082701PCT/ U82g08“08 736 | [ 00320] The title

conmpound was nade thgati ng I nternediate 8a with

acryloyl chloride foll ocw ngNLhe procedure described in

step 3f. Rf 0.2 (5% MeOH pge DCM); M5 mz: 787.3 (MH

[00321] In simlar fashionj By treating Internediate

8a with chl oroacetyl chl Q1.2 eq), the follow ng

conmpound was prepar ed:

[00265] To a solution of Intermediate 1d (0.12 g, 0.20 mmol) and Intermediate 3¢ (0.12 g,
0.3 mmol) in 5.0 mL of anhydrous acetonitrile was added HATU (0.11 g, 0.3 mmol) and DIEA
(0.14 mL, 0.9 mmol) at r.t. under stirring. TLC analysis and LC-MS indicated completion of the
coupling reaction after one hour. A 20-mL portion of EtOAc was poured in and the mixture was
washed with a buffer (pH~4, AcONa/AcOH), NaHCO; and brine. The organic layer was dried
over Na,S0,. After removal of solvent, the crude product was subject to chromatography on
silica gel (eluents: EtOAc/hexane). A total of 0.10 g of Intermediate 3d was obtained: Ry 0.1
(EtOAc); MS m/z: 891.8 (M+H").

Step 3e: Intermediate 3e
F

;\: \\ //
°~©4<
>( T
N
H

[00266] To a solution of Intermediate 3d (0.10 g, 0.11 mmol) in 3 mL DMF was added

'\

phenylthiol (30 mg, 0.26 mmol) and K,CO; (40 mg, 0.3 mmol). The resulting mixture was
stirred for 20 hours at RT. 30 mL EtOAc was added and the mixture was washed with water and
brine and water. The organic layer was dried over Na,SO4. After removal of solvent, the crude
product was subject to chromatography on silica gel (eluents: EtOAc/hexane) to produce 0.1 g of

crude Intermediate 3e. MS m/z: 706.9 (M+H ).
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1-47
(1laR, 3aS, 5R, 9S, 16aS, Z) - 11-chl oroacetyl-9-(tert - but oxyc
wa@edongd7anm no) - 1a- (cycl opr opyl sul f onyl car banoyRQF/BSR0&1087736

oxo-1, 1a, 2, 3, 3a, 4,5, 6, 8,9, 10, 11, 12, 13, 14, 16a- hexadecah
ydrocycl opropa[ n] pyrrolo [2, 1-c]

Step 3I:1Cémpound Bracycl opent adeci n- 5-y1- 4-
fl uor oi soi ndol i ne- 2-carboxyl ate (1-45) [00322] Ms:
831.2 (MrNa'). [0032B] In similar fashion, by treating

Internmedi ate 8a wj Chl oroacetyl chloride (3.0 eq),
the follow ng co nd was prepared: WO

2009/ 082701PCT/ US200 36 Cl 1-48 [00324] Ms:

907. 2 (MtNa+) . [00325] n simlar fashion, by starting
w th conpounds 1-53, and 54 |n03mgp 8a, the
foll ow ng conpounds wer 1- 36

(1aR, 3aS, 5R, 9S, 16aS Z)Hl tert-but oxycarbo
nyl am no) - 1a- (cyclo on IcarbanDyl) 3, 8- di oxo-
1, 1., 2, 3,3a,4,5,6, 10\11 12,713, 14, 16a- hexadecahydr o
cyclopropa[n]pyrro [1 4 9]tr|azacyclopentadec
n 5 y1 4- quor0|30|ndo 2- car boxyl ate [ 00326] ME:

g WO 2009/ 082701PCT/ US2008/ 087736
[00267] (3R S)- -1 ((S)—2 (tert-butoxycarbonylamino)-3-(N-

methylacrylamido)propanoyl)-5-((1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-
vinyleyclopropylcarbamoyl)pyrrolidin-3-yl 4-fluoroisoindoline-2-carboxylate (I-11)
Acryloyl chloride (9 uL, 0.11 mmol) was added dropwise at 0 °C to a stirred solution of 0.1 g
(0.1 mmol) of the product from step 3e in 3 mL of DCM containing 0.04 mL (0.3 mmol) of
triethylamine. The reaction mixture was stirred at r.t. for 1.5 hrs and then was diluted with 10 mL
of DCM. The resulting solution was washed twice with brine and was dried over magnesium
sulfate. Removal of solvent afforded the crude product, which was purified by chromatography
on silica gel eluting first with hexane/EtOAc (1:3 ~ 1:5) and then with EtOAc. A total of 20 mg
of the title compound was obtained:

[00268] R; 0.15 (EtOAc); MS m/z: 760.9 (M+H"). "HNMR (CD;0OD, 400 MHz) 3 7.32 (m,
1H), 7.13-6.98 (m, 2H), 6.75 (m, 1H), 6.23 (dd, 1H, J = 2.3, 16.5 Hz), 5.73 (m, 2H), 5.45-5.29
(m, 2H), 5.12 (dd, 1H, J = 1.4, 10.0 Hz), 4.72 (s, 4H), 4.45 (m, 1H), 4.25-4.09 (m, 1H), 3.91 (m,
1H), 3.75-3.50 (m, 1H), 3.15 (s, 3H), 2.96 (m, 1H), 2.42 (m, 1H), 2.25 (m, 2H), 1.87 (m, 1H),
1.45-0.85 (m, 14H).

[00269] In similar fashion using the Intermediate 3e, 2-chlorocthanesulfonyl chloride, and

tricthyl amine, the following compound was prepared:
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1-37

(1laR, 3aS, 5R, 9S, 16aS, Z) - 13- acryl oyl-9-(tert-but oxycarbo
wog00a/08210) - 1a- (cycl opr opyl sul f onyl car banoy1l) - 3P@F/US29R%/087736

1,1a,2,3,3a,4,5,6,8,9,10, 11, 12, 13, 14, 16a- hexadecahydr o

cycl opropal e] pyrrol 011, 2- al

[1,4,10]triazacycl6pgnt adeci n-5-y14-

f 1 uor oi soi ndol i ne-®-€at boxyl ate [00327] M5 : 787.3

(ES+), 785.3 (ES-¥. EXANWPLE 9 (1-40) [00328] The

title conpound is prepargd according to the steps and

i nternedi ates as descri bgd\inyt ®Lhene below. WO

2009/ 082701PCT/ US20R8/ 8%% -m‘sn? hyl hex- 5- enyl

carbonochloridate = 9] 922 © - 39-

o. O
A4
\/S\N

I-12
[00270]  (3R,5S5)-1-((S)-2-(tert-butoxycarbonylamino)-3-(N-
methylvinylsulfonamido)propanoyl)-5-((1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-
vinylcyclopropylcarbamoyl)pyrrolidin-3-yl 4-fluoroisoindoline-2-carboxylate: Rf: 0.55
(DCM/MeOH 95:5); MS m/z: 797.3 (M+H ).
[00271] In similar fashion, using (S)-4-(Fmocamino)-2-(tert-butoxycarbonylamino)butanoic
acid in step 3a in the place of (S)-3-amino-2-(tert-butoxycarbonylamino)propanoic acid, the

following compound was prepared:

N o)
5 t:
jf
* 0
L b, M
o} Ny, P
) AV
HN 1, (0]
‘ ¢ 0
ad
[¢]

I-13
[00272] (3R,5S)-1-((S)-2-(tert-butoxycarbonylamino)-4-(N-methylacrylamido)butanoyl)-
5-((1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-yl
4-fluoroisoindoline-2-carboxylate: Rf: 0.45 (DCM/MeOH 95:5); MS m/z: 775.3 (M+H").
[00273] In similar fashion, following the procedures described in Example 3, compound I-14

can be made by using cthyl iodide in step 3b in place of methyl iodide:
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O\//N, CO2Me O\ NHBoc Internediate 9-1 [00329] Met hyl
2,2,12,12-tetranet hyl- 4, 9-di oxo- 3, 10- di oxa- 5, 8-di azahe
WO 2@eos2rbt ene- 7- car boxyl ate (I nternedi at e 9- 1pCT/U2088/087736

stirring solution of 381 ng of nethyl

2-am no- 3-(tertbutoxycarbonyl am no) propanoat e
hydrochl oride, and 1FnL of Et3N in 10 nlL of anhydrous
THF, was added 1. | of 2,2-dinethyl hex-5-enyl

car bonochl ori dat e. @ resulting mxture was stirred
at rt overnight, the ?gﬁbentrated The residue was
subj ect to colum chrongtography on Page 129 of 185
WD 2009/ 082701 PCT/ US2008% 77§6<suibca gel MAth

hept anes/ Et 0Ac (v/v 7/1) i ving 500
col orl ess oil (9096 E Nhh\%ZD013) d 5. 82 (m
o(dd 1H J = 13.2, 1.8 Hz),

1H), 5.64 (br s, Iz

4.95 (d, 1H, J = )¥‘4\83 br s, 1H), 4.39 (br d,
1H, J = 6.0 Hz), 3 Q 3 80 (s, 3H), 2.55
(m 2H), 2.02 (m 2H) S 1.35 (m 2H),
0.91 (s, 6H). Internediate % [00330]

2,2,12, 12- tetranethyl-4,9-&16xo 3, 10- di oxa- 5, 8-di azahe

GR, ssgaﬁﬁ% %?fe??ﬁut%xﬁ&'i‘ﬁ@ﬁ%@o -‘31(?11 §th{laBE i&§ﬁ0§ @yl)-ér-g(m,zsy

ring mxture of I nterme
1- (cycll‘ipxq@lﬁﬂfoﬁylthrlﬂl‘md‘gﬂpﬁviﬂyﬁ:yéﬁpmpﬁtﬂbémoymraﬂﬁﬁﬁi-ﬂﬂQ-
my of LiQH H20 followed by 5 nL of water. The reaction
fluorojsoindgline-dearkaxylated at rt for 30 min, then acidified

si 12 1.0 N HC and extracted with 60 of .
o0274f7 . RRedit ke ade G AR e B bSRhES disindad i Frrte 3, using
allyl bmnala& ﬁflh%@ac%ﬁﬁlemgﬁ%rde” ter filtration and

concentration, 460 f sticky 0|I was obt ai ned as

desired product (950 . LG M5 nmz 357.2 (ES-).

I nternmedi ate 9-3 331] (28,4R)-1-tert-buty|

2- et hyl

4- (4- br onoi soi ndol i ne< arbonyloxy)pyrrolldlnel 2-dic
arboxyl ate (Internedi ate, 9- 3) To a solution
containing 0.5 g of (28 t ﬁk&utyl 2- et hyl

4- hydr oxypyrrolidine-1, 2 % atﬁ (2 mol) in 5
mL of N, N—dlnethylac dde€d 370 ng of

car bonyl d||n1dazole 1 1 q 'V/) The reaction was
heated at 60 C for 00 ng of

4- br onoi soi ndol e (2 ﬂﬁs added. The reaction was

continued at 60 C overnlgh After cooling down, the
reacti on m xture was extracnsd with 50 nL of EtOAc,
and washed with water, brine, and dried over Na2SM4.

[0027 45 t €3R.HH)- 11(@01‘3dﬁ1 -alhdagrslaaide r 2 tetinbutoxecarkasiydaneingpropanoyl)-5-

(IR 2§y PR b P By e e ondy by Sdia-3-11 4-
ﬂuoromn{d}ﬁl{é -2- c'a[%d&é?latéﬂRZf 53 g@ cRI/VESH 9§V!(§)1Ms 1%?)/87 3 W),

2009/ 082701PCTF US2008 36 Inter late
[00276] The following compounds can be made by starting with the (IR, 2S)-1-amino-2-

ethylcyclopropane carboxylic acid ethyl ester in step 1a and following the appropriate procedures

described in Example 3:
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NCO2Me Bl oc [00332] (2S,4R)-1-tert-butyl 2-nethyl
4- (4-vinylisoi ndol i ne-2-carbonyl oxy) pyrrolidinel, 2-dic

wa@emongld7at e (I nternediate 9-4). Under Ar, to aPGDIUS1008087736

of 745 ng of internediate 8-3 (1.58 nmmol) in 30 nL of
de- gassed tol uene, was added 170 ng of pall adi um
tetraki stri phenyl phoSphi ne foll owed by 700 uL of vinyl
tributyltin (2.4 ). The reaction m xture was
heated at 100 C o ht. After cooling down, the

sol vent was renoved reduced pressure, and the
residue was purified byoflash col um chromat ography on
silica gel with heptanes 0A¢ GNKM09/1 - 3/1) as

el uent, giving white sol 8. P . LCMs: mz =
317.2 (ES+, Mtl-Boc)gy [nt di t@ 9- [ 00333]

(2S, 4R) - et hyl 14(S) - é?iter - but ®xycar bonyl am no) - 24( 2,
2- di et hyl hex- 5- ~

enyl oxy) car bonyl anin )pé anoyl) - 4- (4-vinyl-2, 3-di hydr
0o- 1H i ndene- 2- car bonyl oxyjJpyrrol i di ne- 2- carboxylate
(Intermediate 9-5). Internmpggate 9-4 was
Bocdeprotected using 4 N HC1 in di oxane as descri bed

(3R,59)1- @S)aquemylaczﬁamm)qt(tmmt@g»cmnymﬁmypdomy ()Q-—@ER IR)-

mmol) was added to a stirring mxture containing 358
1-(cyclapropylsulfoayleathamaylp2-ethylcy cloprenyloarbaipoyhny roelidin-3d s
uL of DIPEA in 5 nL of THF. After
ﬂ““”&@@%ﬁpﬁn?‘%rk ﬁﬁ the reaction mxture was dil uted
with 60 nL of EtOAc and washed wi th saturated sodi um
bi car bonat e, diIuted HCl, and dried over Na2SO4.
Concentration and pufification by flash col um
chr omat ogr aphy on ica gel with heptanes/Et0Ac (1/1)
giving white soli (90% . LCGMsS: nmlz = 557.3
(ES+, Mt1l-Boc). WO 82701PCT/ US2008/ 087736
Internmedi ate 9-6 [ 00834] Macrocyclic Internediate
9-6. Under N2, a dilutedssol uji <bp 485 ng of
internediate 9-5 and 150 &3 al yst 1B were
stirred in 100 nL oﬂ,dﬁ [;ggém i®hl of oet hane at 50 C
overni ght. The reactipn 3 Rt ureyYwas then passed
t hrough a short col , tlen eluted with
hept anes/ Et 0Ac (v/V 11/ 39 The concentrated fraction
was then subject to preHPXT purification, giving 312
mg of browny solid (70%. EgsM5: mlz = 529.2 (ES+,
M+1- Boc). Internediate 9-8 [00335] Macrocycle

(3R,59)rit-gB)v2dteat-butdx ecarBonylmmirio)-3ANemetiatglafrido)pespanoyl)-5-
hydrolyzed in 1 nL of MeOH and 1 nL of THF using 1 nL

((AR,2 11(cmclnpmqpﬂsu}f@mquarhﬂmoxl)@ ¢thyleyclapropxlcaxbrmeyd) py rrgHdin-3-yl

4ﬂu0 é:loedd %n% atctl on m xture was extracted with 30

Fqisojpdoling ﬁ ne. The organic |ayer was then
washed with brlne, and dried over MJSO4. After
filtration and concentration, the residue was
redissolved in 1.5 nL of anhydrous acetonitrile, 25 ng
of HATU, 200 uL of DI PEA were then added foll owed by
13 ng of internediate 9-7. After stirring at rt for 20
mn, the reaction m xture was concentrated and
purified directly by prep-HPLC, giving 20 ng yell ow
solid (61%. LCMS: nlz = 727.2 (ES+, M1-Boc, 825.2
(ES-). [00336] 1-40: To a solution of 20 ng of
internediate 9-8 stirred in 1 L dichloronethane, was
added 1.5 nL of 4.0 MHC1 in dioxane. After 30 m n,
the reaction m xture was concentrated. To the residue
was added 1.5 nL of acetonitrile, 200 uL of DI PEA, 20
ng of acrylic acid, and 50 ng of HATU. After stirring
at rt for 30 mn, the ggﬁ dsYtF ggxture was
concentrated and purified by prep-HPLC, giving white
solid 14.0 ng (68%W. LCMs. mz = 779.3 (ES-), 781.2
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WO 2009/ 082701PCT/ US2008/ 087736 [00337] In simlar
fashion, by starting with Internedi ate 3c instead of

WO nioensasdi at e 3a, the follow ng compound can bECTEHSI®NS/087736
1-41 [00338] In simlar fashion, using the saturated
formof Internediate 9-6, the follow ng conpound was
made: oK_ 1-42 [00389] LC-Ms: mz = 781.3 (ES),

783.2 (ES+). [003 In simlar fashion, if both
Internediate 9-7 I ter nmedi ate 9-8 are hydrogenat ed
bef ore coupling, the %wi ng conpound can be made:

1-43 WD 2009/ 082701PCTpUS2008/ 087736 EXAMPLE 10 1-55

[ 00341] Enone-macrocycli{ 415 OTfegotitl e conpound was
prepared according to thgg 'Hner nmedi at es as

described in the sch@mﬁ

o gv
I-18
(BR,5S)-1-((S)-3-acrylamido-2-(tert-butoxycarbonylamino)propanoyl)-5-((1R,2R)-1-
(cyclopropylsulfonylcarbamoyl)-2-ethylcyclopropylcarbamoyl)pyrrolidin-3-yl 4-
fluoroisoindoline-2-carboxylate

[00277]  In similar fashion, the following compound was prepared:
Z—)Y ; \V/

u*°
e

I-50
[00278]  (5S)-1-(2-(tert-butoxycarbonylamino)-3-((E)-4-(dimethylamino)-N-methylbut-2-
enamido)propanoyl)-5-((1R,25)-1-(cyclopropylsulfonylcarbamoyl)-2-
vinylcyclopropylcarbamoyl)pyrrolidin-3-yl 4-fluoroisoindoline-2-carboxylate:
[00279] Rf: 0.45 (DCM/MeOH 95:5); MS m/z: 818.5 (M+H").

Page 106 of 185



Internediate 10-1 WO 2009/ 082701PCT/ US2008/ 087736
[ 00342]

w@ 3)vastenzyl 1- (2, 2- di met hyl hex- 5- enyl ) 5- oxopyPeDUSZH0$1€87736
-1, 2-di carboxylate (Internediate 10-1): At 0 C, to a
stirring solution of 440 ng of
5- Oxo-pyrrolidine-2-car BRAMPEEaci d benzyl ester (2
mol ), 300 uL of trlethyl am ne, 300 ng of
N, N- di et hyl am nopy fdi ne (2.2mmol) in 7 nL of
di chl or onet hane, ded 2 mol of 4-pentenyl-1-y1l
chl orof ormate. The aation m xture was then warnmed to
rt, and stirred 24 hr. After concentration, the
resulting residue was di?® IvedolgoEt OAc 40 nL, washed
with 6 nL of 1.0 N ag. 1 Wl sand dried over
anhydr ous sodi um sul fatke. | ThHe gaN sol vent was
evapor at ed under reducgdyplPesgure, and the residue was

purified by flash t\ngrap y on silica gel using
hept ane/ Et OAc (v/v gi ving 430 ng of
colorless oil as |nterrre te 10-1 (58% . Internedi ate

10-2 [00343]
2- ((2, 2-di net hyl hex- 5- enyl &19) car bony! ani no) 7 met hy1-
oct enoi c .acid Int r medi 10; 2)
l0028@eb3ﬁ9¢r% CRPOHEY FiBhe S AOHGNG 0 Hbg d@@fzandzwtwedlaws as
descnggdbgow 278 uL of Et3Si H in 2 nm of dichloronethane
rt for 30 min. After filtration, the concentrated
Step4ﬁeh1teiuﬁedm4aubj ect to Gignard reagent (2.5 equivV)
addition at -78 C for. 2 hr. After quenching with
diluted acid, the prgduct was extracted with
di chl or onet hane a 0 ied over MgSO4. The concentrated
product is desired Qgedl ate 10-2, which was used
directly for next step 00344] Fol | om ng the general
procedures descri bed |n°£xanpl e 9 Inter nedi ate 9-4

was de-Boced with 4 N HC Pled with

i nternedi ate 10-2, which u”e mermedi ate 10- 3.
I nternmedi ate 10-3 undﬂf Oolfet i h rret at hesi s usi ng
ei ther Grubbs catal yst o ha NS catalyst, to give

macrocycl e I nternedi ate 1@”4 After basic hydrolysis
with LiOH, the acid formofeci nternedi ate 10-4 was
coupled with Internediate 9-7, furnishing the title
compound 1-55. Ms: mfe = 806.3 (ES). [00345] In

[0028 i NTharInterafedfte 16 MRAAURED e IbasCRERE wthePN Q{Cl‘/\&‘&ﬁrdlng to the
using the saturated formof Internmediate 9-7:

proced00BS O8R40 RET 1 UsPd6sd 68 AnBE mediabG4ExAMHE shit. Si ngI e

haj rotease (wt) peptide expression and
M8 m%uﬁﬁ @@rlﬂgn [ 00346] The single-chain proteolytic
(o]20:1] 1- 32- GSGS- NS33-631) was cloned into
Step4gE@kiﬂBéd(}%%gen Madi son, W) and transfornmed into
DH1OB cells (Invitrogen). The resulting plasm d was
transferred into erichia co/i BL21 (Novagen) for
protein expression purification as described
previously (1, 2). BNE®#Y, the cultures were grown at
37 Cin LB nedium contaioni ng 100 iag/nL of anmpicillin
until the optical densitz—gtxlﬁo Imm(OD600) reached

1.0 and were induced by agdhth- W
i sopropyl -fl-D-thioggl 4kt sitdeV(I PTG to 1 nM

After an additional incupaPi o at 18 C for 20 h,
bacteria were harv d bywcentrifugation at 6,000 xg
for 10 mn and res endegmkn a lysis buffer
containing 50 M Na3PO4, pH 8.0, 300 nM NaCl, 5 mM
2- mer capt oet hanol, 10% gl ycerol, 0.5% | gepal CA630,
and a protease inhibit kk consisting of 1 nmM
phenyl met hyl sul f onyl 2 ecﬂgigfqg.gS l'ig/ L | eupeptin,
pepstatin A, and 2nM benzam dine. Cells were |ysed by
freezing and thaw ng, foll owed by sonication. Cell
debris was renoved by centrifugation at 12,000 x g for
30 m n. The super natant was further clarified by

o - M o ~ P T L S o~ N\ I T



WD 2009/ 082701PCT/ US2008/ 087736 EXAMPLE 12 C oni ng and
expressi on of HCV protease A156S, A156T, D168A, D168V
wa@elewwgsEsi st ance nmutants and C159S vari ant [ 00BdS20h&087736

nmut ant DNA fragnments of NS4A/ NS3 were generated by PCR
and cloned into pET expression vector. After

[00282]r aastepemylchloroferimatBRl worpehentaddal tropwiseat 0 °C to a stirred
expression was i nduced with PTG for 2 hours. The

solutiodi of tlatgyevedialeidan (pragusi ndromesteppdai i ECMseongpining 3 equiv. of

) ffini col.um.foll owed by siz | usi 0 ) )
tricthy BT GOy MIESORND SIS #0605 - RSy ey ey dilusagwith 10 mL

of Dcw' reréﬁﬁ?ﬁog({ﬂrw}tng% wéshegg\@c]gl%eﬁg ('E:)ftﬂlleo %@dngévhﬁg@gyer magnesium

sulfatoa ReayvWTselvent! dffordcihe th¥e pRIdUBE Wit easRiriiBd ®§ thematography
I ncubate 20 m nutes at room tenperature. Thed;%at e was

on siligaegal chttingifirsioritBiEpangBtOia (lokciltRtand WearwigsE€H)c oraféord the title

e reader or nonitored at
Cmﬂ“%ﬁéaﬁkﬂﬁ?554ﬂ%%?3%?2?@§Lhchieve the kinetic curve.
Swp4kp@§ﬁ§LuH@Fl§nzy”B tol erated 1% DMSO and 2% et hano

I'nt experinments of testing conpounds, the conpounds
in pure DVMSO were diluted 10 tinmes with 20% net hano
(10% DMSO and 2096nethano|) Thi s conmpound sol ution
was added to the reagtion (not exceedi ng 10% of the
final reaction vol The final concentration of the
organi ¢ solvents wa \?d]waa and 2% net hanol . EXAMPLE
14 Additional assay protocols Met hod A:  [00350] The
conpounds were assayed t valuatgothe antivira
activity and cytotoxicit nds in vitro using
HCV RNA replicons. Th;sHa S e cell line ET

(1 uc-ubi neo/ ET), mhlcﬁrl & h nan Huh7 hepat oma cel
line that contains ‘HCVNRNA eplicon with a stable

| uci ferase (Luc) r rter d three cel

cul ture-adaptive nutation The HCV RNA | evel s were
directlgbneasured by viral speC|f|c TagMan RT- PCR

[0028For WERAS ({3 -aveylamide2AGC] apratyivxscabany Brdine)proyanoyl)-5-

(1R 2R Rl Py RS it 6168 R SR Papy By rolidin-3-y1 4
ﬂuoroﬁ%ﬁ*a@ggléf c'grg% WW ﬁ%@f@%ﬂe ords T%&%Morﬂ Ihterhlddiate 4b

accordliﬂg tbelecroscdurgidticeitemsesy 1fahd srgilg. MBNVEN) 75000k fE)al
ovi ne serum (FBS), 1% penicillin-streptomycin
[0028{] perStatipg plyom 1 e g pRITeRHiate  InteBeedigiesniin Gamslay fashicys thepfollowing
ator at 37C. Al cell culture reagents were

Cmﬂp%%ﬁ%Wﬁ?@“?P@ﬂ1Nbdlatech (Manassas, VA). Cells were
trypsinized (1% trypgi n: EDTA) and plated out at 5 x

103 cells/well in te 96-well assay plates (Costar)
dedi cated to cell r (cytotoxicity) or antivira
activity assessnents. s were added at six 3-fold
concentrations each andgthe assay was run in DVMEM 5%
FBS, 1% pen-strep, 1969 eo waan i nterferon

al pha-2b (PBL Bi ol abs, | NJ) was i ncl uded
in each run as a posbtﬂw | H ound. Cells were
processed 72 hr post iﬁ Qddlt on mhen the cells are
still subconfl uent tIVh¥a| ctivity was neasured by
anal yzi ng replicon | uci ferase activity using

the Steady-d o Luciferas say System (Pronega,

Madi son, W) according to jyggufacturer's instruction.
The nunber of cells in each well was determ ned by
CytoTox-1 reagent (Pronega). Conpound profile was
derived by cal culating applicable EC50 (effective
concentration inhibiti Y plication by 50%,
EC90 (effective concen??%tygﬁﬁgﬁﬁlbltlng Vi rus
replication by 90%, 1C50 (concentration decreasing
cell viability by 50% and SI50 (selective index:
EC50/ 1 C50) val ues. 1C50 values for sel ected compounds
are set forth in Table 5, bel ow



Met hod B: HCV protease assay using FRET net hodol ogy
[00352] A quantitative, fluorescence resonance energy
wao e@n®8En1 ( FRET) - based net hodol ogy was enpl oyePICT/0S2008/087736
identify HCV NS3/4A protease inhibitors. The assay
enpl oyed a synthetic FRET peptide, derived fromthe
[0028FHCV (3KESHY- bR S32e@ydgygensylo ey carbdnyldnhiao FEYNpr ot ease to

eval uate the acti vi tﬁﬁm conmpounds agai nst the

methytﬂ%fleaa@)npomnyloér(l 25 hE(@yickopvenydsudionyleprBanygyl:Zre

. . C | ex syn | G 4pe whi.ch conpasses .t

vinylef@ERrogSlea iy FOIRT o Bl SR SR DS R 8 R g 04

(EtOA‘MM@I@@@W'MQWz E%QS(WHN‘ and C-ternmni,
respectively (Invitrogen, ‘Carl sbad, CA). Fluorescence
measurenent was used to estimate the I C50 val ue of the
test conmpound. The two fl uoronhores forma quenchi ng
pair and exhibit FRET within jthe intact peptide. Upon
cl eavage of the FRET pepci}i y HCV NS3/ 4A pr ot ei nase
conpl ex (100ng/nli), V\DCZO O 82701PCT/ US2008/ 087736
the fluorescence is reg @% oOEan be continuously
nmoni t ored at excita@’oﬁf 33 \3740/ 490nm EXAMPLE
15 HCV Protease FRE dj/mofoo V\FI d Type and Mt at ed
NS3/4A | b Enzynes ( [00358] The foll ow ng
prot ocol was used to generate | C50 val ues as depicted
for conpound 239 in Table 4, above. The protocol is a
modi fi ed FRET-based assay I%102) fromin Vitro

100286150k SRRF Gl te ool 3o b 4195 14| nher e

e R AU TSR A AR IRAAREP 1
vinylcpelopiopyleaehuyo) pysr dlidin-8ws 4-fludB@ESeind dlihg- 5 tarbgsylafe: Rf: 0.4
NS3/ 4A 8 rotease enzyne from Bi oenza (Muntain View,

(EtOACAcQid g0 ): M X nyz AN D20 FRET pepti de substrate
from Anaspec (San Jose, CA) were prepared in 50 mM
HEPES, pH 7.8, 100 nM NaCl, DIT and 20% gl ycerol .
5 tL of each enzyne were pr, bated in a Corning
(#3573) 384-wel |, black, -t reated jricrotiter plate
(Corni ng, NY) fog 3 n atoféig h\"’aOSgL vol unme
of 50% DVSO and Sef i di lut ,Odnds prepared in
50% DIVSO. Protease re started with the
addi tion of 45 tL of theO ?F“su strate and nonitored
for 120 m nutes at kex487/k 14 t hrough Quad
nonochronoters in a Synergy4 pI ate reader from Bi oTek
(Wnooski, VT). At the concl_usion of each assay,
progress curves from each W82 were exanined for

[UOZSﬁLQEﬁ}t &gﬁ#ﬁg—?'( @rgﬁ?snﬁ?%yﬁca&?f&@flkgf It ;:/S( g)Ran nut es

Vlnylc?ﬂoﬁl%?ymhmﬂlﬁ(%h) thzlm gﬁ@thomafsﬁd br§elofes. 2fotianed- f r om

ope of a plot of relative fluoifescence units vs
carboxamigdo}- m(Nuneth)/laamdamhhl)plmlpanoﬂn)yagﬂldmﬁ-yl AHluor oiseindoline-2-

concentration to estimate 1Cso fromlog[lnhibitor] vs

carboxdatsponse, Variabl e Slope nodel in G aphPad Prismfrom

) . I f
0028 e?ekgt e% @Qb oun s}(@rerel)s[,ﬂéI %‘rﬁ?ﬁ@%@l \eaS?egel g\r/v.

[ 00355] Table 5 shows the activity of selected
conpounds of this invention in the FRET Assay. The
compound nunbers correspond to the compound nunbers in
Tabl e 3. Conmpounds having an activity designated as
"A" provided an I C50 <1O nM conpounds havi ng an
activity designated as ﬁAPEF@E sded an | Cso 10-100 nM
compounds havi ng an activi eS|gnated as "C'
provided an I Cso of 108 g%$ lYgs compounds having an
activity designated as prOV|ded an | Cso of
1000- 10, 000 nM and conpounds having an activity

desi gnated as "E" provided an | Cso >10,000 nM WO
2009/ 082701PCT/ US2008/ 087736 Table 5. Enzymatic Data
for Exenplary Conmpounds (1 Cso Conpound tested Enzyne /

N



HCV A156S A HCV A156T A HCV DI68A A HCV D168V A
(1-6) WI A HCV A156S A
WO 2009/082701 PCT/US2008/087736

[00289] The title compound was prepared according to the steps and intermediates as
described below:

Step 5a: Intermediate S5a
H

0o

>
o)
\
[00290] To a solution of Boc-L-Threonine (0.44g 2.0 mmol) in 10.0 mL of DCM was added
crotyl chloride (0.32 g, 3.0 mmol) at RT followed by the addition of catalytic amount of DMAP

g O
0-_N,,
o .

and TEA (1.0 mL, 6 mmol). The reaction mixture was stirred for 10 h at RT. Aqueous NaHCO;
solution (10 mL) was added to quench the reaction. After 2 hours, 1 N HCI aqueous solution was
added slowly to pH ~3. The DCM layer was collected and the aqueous was extracted by DCM
(2 X 10 mL). The organic layer was dried over Na,SQO,, filterd and the solvent was removed to

provide the crude product.
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HCV A156T A HCV DI68A B HCV D168V B (1-7) W B
DI68A D (I-11) WI A D168A
WO 2009/082701 PCT/US2008/087736

Step Sb: 1-22

(0]
Y
o’c
BN
7, P
" g IV
OYNI 00
/

[00291] (3R,55)-1-((2S,3R)-3-((E)-but-2-enoyloxy)-2-(tert-
butoxycarbonylamino)butanoyl)-5-((1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-
vinylcyclopropylcarbamoyl)pyrrolidin-3-yl-4-fluoroisoindoline-2-carboxylate:  The title
compound was made by coupling Intermediate 1d from Example 1 and Intermediate 5a using
HATU following the coupling reactions described for Intermediate 1e in Example 1. A total of
90 mg of the title compound was obtained from 109 mg of Intermediate 1d: R; 0.5 (EtOAc);
MS m/z: 774.3 (M+H).

[00292]  Starting from the Intermediate 1d, by coupling with the appropriate intermediates, in

similar fashion, the following compounds were prepared:

o
o4
?I
(=]
Y

I-23
[00293] (3R,55)-1-((S)-2-(tert-butoxycarbonylamino)-3-(2-(tert-
butoxycarbonylamino)acryloyloxy)propanoyl)-5-((1R,2S)-1-
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B EXAMPLE 16 HCV Protease FRET Assay for WI and
Mut ated NS3/4A | b Enzynmes (1050 APP). [00356] The
w0 od0bosd7ay prot ocol was used to generate "appaP@nuUs2008/087736
I C50 (1 Cso APP) val ues as depicted in Table 6, bel ow
Wthout wishing to be bound by any particul ar theory,
(cycloptopyliuh'ehylea/mdntoblbn Vieebloy dppropgleaiiamssyd)pyveolidin-8504-
val ues, provide a nore useful indication of
ﬂuormsomnheeyéwaébﬁxyhmw WorR02and-4ke thus nore
representative of binding affinity. The protocol is a
nodi fi ed FRET-based assay (v03) devel oped to eval uate
compound pot ency, rark-order and resistance profiles
against wild type C159S, A156S, A156T, D168A,
D168V, R155K nuta the HCV NS3/4A | b protease
enzynme as follows: 10 mfcﬁzks of NS3/4A protease enzyne
from Bi oenza (Muntain Yiew, CA) and 1.13X
5- FAM QXLTnb20 FRET pept‘r s bsi rabe from Anaspec
(San Jose, CA) were prep I?" Trls HC1, pH
7.5, 5 nM DTT, 2% ad ghyc 5 ialL of
each enzyne were ad /Jf’%or niwg (#3575) 384-wel |, WO
2009/ 082701PCT/ US2 36 blYack, mcrotiter plates
(Corning, NY) after p03 n a 0.5 jut volune of 50%
DVBO and serially diluted rrpounds prepared in 50%
DMSO. Prot ease reactions Wer ﬁ i medi ately started
after enzyme addition with ?Re addition of 45 iut of

[00294%he (Eﬁ%@)-ﬁk{gfslt %1@)2@ g&glog@&yﬁ?-'(@?t B%;ég‘r%rﬁ&gﬁ it ?ﬁltﬁﬁoyl) -5-

485/'k plate rea

((IR, ZS)Mﬂoyﬂdpmpﬁﬂl)lfolﬁtlcat'lmncylhalwwlqrcl(qﬁ'opﬂcﬁrbaﬂmyypyrrolldln 3-yl 4-
ogress curves from each re exam ned f
ﬂuorops,on%g

Hne-g-carhoxylate: Rt §. ééEt%p)f M zafilet (). ( R2 95%
confidence intervals, absolute sum of squares).
Initial velocity (O mnutes to 15+ mi nut es) from each
reaction was determ nedgknorpthg sl ope of a plot of
relative fluorescence units vs tinme (mnutes) and then
pl otted agai nst i nhi bi Compoond&26rati on as a percent
of the no inhibitor and no enzyne controls to estimte
apparent 1C50 fromlog[ I nhibitor] vs Response,
Vari abl e Sl ope nond in GaphPad Prismfrom G aphPad
Software (San Di eg, G .o [00357] Table 6 shows the
activity of selected coifpounds of this invention in
the FRET Assay. The confBpund nunbers correspond to the

conmpound numbers in Tabl . Ko Ads having an
activity designated as H" o] { | G50 <10 nM
compounds havi hg an ®&cini y daSi gnat'ed as "B"

provided an 1 C50 >10 pMiand 10/ nM conpounds havi ng
an activity designaped as) "C' provided an 1 C50 >100 nM
and 1000 nM conpounds iJijg an activity designated
as "D' provided an 1 C50 >1 nM and <10, OOO nM and

[0029%?23?-2§gsfh%%¥i mﬁgﬂl { VIrijar%F %ﬁcg %%get% tﬁle st 3 andb%ttermedlates as

describc@mefexenpl ary Corrpounds Conpound tested Enzyme | Assay
Inhibition (1-1) WI' A HCV Al56S A
Step 6a: Intermediate 6a
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HCv A156T B HCV D168A C HCV D168V B Replicon 2 B
Replicon 2 Bl Conpound tested Enzyne / Assay
WO pdoosa7don PCT/US2008/087736

[00296] To a solution of N-Boc-pyroglutamic acid (0.23 g 1.0 mmol) in 10.0 mL of
anhydrous THF was added 2-methylprop-1-enyl)magnesium bromide (0.5 M in THF, 5 mL, 2.5
mmol) at -78°C slowly. The reaction mixture was stirred for 1 h at -78°C. 1 N HCI (2.5 mL)
aqueous solution was added and the mixture was slowly warmed up to RT. The pH was adjusted
to ~3-4 by 1 N HCl. The THF was then removed under vacuum and the remaining aqueous was
extracted by DCM (3 X 15 mL). The organic layer was dried over Na;SQ,, filterd and the
solvent was removed to provide the crude product.

Step 6b: 1-25

0 oo

N, L ¥
Sas1h
>r 2
[00297]  (3R,55)-1-((S)-2-(tert-butoxycarbonylamino)-7-methyl-5-oxooct-6-enoyl)-5-
((1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-yl 4-
fluoroisoindoline-2-carboxylate: The title compound was made by coupling Intermediate 1d
from Example 1 and Intermediate 6a using HATU following the coupling reactions described
for Intermediate 1e in Example 1. A total of 80 mg of the title compound was obtained from
108 mg of Intermediate 1d: R; 0.3 (EtOAc); MS m/z: 774.1 (M+H"). 'HNMR (CD;OD, 400
MHz) 6 7.31 (dd, 1H, J=13.3, 7.4 Hz), 7.13-6.98 (m, 2H), 6.18 (s, 1H), 5.74 (m, 1H), 5.38 (s,
1H), 5.32 (d, 1H, J=17.0 Hz), 5.12 (d, 1H, J=10.1 Hz), 4.72 (s, 4H), 4.48 (dd, 1H, J=17.0, 9.16
Hz), 4.29 (m, 2H), 3.89 (m, 1H), 2.93 (m, 1H), 2.60-2.35 (m, 2H), 2.22 (m, 2H), 2.10 (s, 3H),
2.02-1.75 (br, 1H), 1.88 (s, 3H), 1.46-0.80 (m, 14H).
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(1-2) W A HCV A156S A HCV A156T A HCVv D168A A HCV

D168V A Replicon 2 B
WO 2009/082701 PCT/US2008/087736

BC NMR (CD;0D, 100 MHz):
§201.8, 1753, 174.5, 170.6, 157.7,156.9, 155.6, 141.1, 134.2,131.2, 124.8, 119.9, 119.7, 118.6,

115.0, 114.8, 80.3, 76.1, 61.0, 55.0, 54.9, 54.8, 53.5, 53.3, 52.7, 50.3, 50.1, 42.6, 40.3, 35.7, 35 4
,32.1,28.7,28.5,27.7,26.9,24.0, 20.9, 6.74, 6.47.
[00298] Starting from the Intermediate 1d, by coupling with the appropriate intermediates

made similarly as described in Step 6a, the following compounds were prepared:

: /

[00299] (3R,55)-1-((S,E)-2-(tert-butoxycarbonylamino)-5-o0xooct-6-enoyl)-5-((1R,2S)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-yl-4-
fluoroisoindoline-2-carboxylate: A total of 80 mg of the title compound was obtained from 150

mg of Intermediate 1d: R; 0.3 (EtOAc); MS m/z: 760.3 (M+H").

F

&

0
Y
0
BN
N, .S
N ) N
OYH\E/goo Vv
X,
1-27

[00300] (3R,55)-1-((S)-2-(tert-butoxycarbonylamino)-6-methyl-5-oxohept-6-enoyl)-5-
((1R,2S)-1-(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-yl 4-
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Replicon 2 C1 (1-5 W A HCV A156S A HCV Al56T B
HCV D168A C HCV D168V B Replicon 2
WO 2009/082701 PCT/US2008/087736

fluoroisoindoline-2-carboxylate: A total of 80 mg of the title compound was obtained from 150
mg of Intermediate 1d: R; 0.4 (EtOAc); MS m/z: 782.2 (M+Na"). 'HNMR (CD:0D, 400 MHz)
0 7.31 (dd, 1H, J=13.3, 7.4 Hz), 7.09 (dd, 1H, J=33, 7.4 Hz), 7.0 (m, 1H), 6.12 (s, 1H), 5.82 (s,
1H), 5.74 (m, 1H), 5.39 (s, 1H), 5.31 (dd, 1H, J=1.4, 17.0 Hz), 5.12 (dd, 1H, J=10.1, 1.4 Hz),
4.73 (m, 4H), 4.48 (m, 1H), 4.32 (m, 2H), 3.90 (m, 1H), 2.91 (m, 1H), 2.42 (m, 1H), 2.22 (m,
2H), 2.01 (m, 1H), 1.90-1.85 (m, 2H), 1.84 (s, 3H), 1.40-1.02 (m, 14H).

v’
*}
7 0O oo
H
N, R
0
"y
>° )
0
o
1-39

[00301] (3R,55)-1-((S,E)-2-(tert-butoxycarbonylamino)-6-methyl-5-o0xooct-6-enoyl)-5-
((1R,2R)-1-(cyclopropylsulfonylcarbamoyl)-2-ethylcyclopropylcarbamoyl)pyrrolidin-3-yl
4-fluoroisoindoline-2-carboxylate: A total of 50 mg of the title compound was obtained from
150 mg of Intermediate 1d: R; 0.5 (EtOAc); MS m/z: 796.2 (M+Na").

[00302] Starting from the Intermediate 1d, the following compounds are prepared by

coupling with the appropriate intermediates made similarly as described in Step 6a:

0,
N
N l,, N/
H H V
o
OYN,, o
\~/0
AN
1-28

(3R,58)-1-((S)-2-(tert-butoxycarbonylamino)-5-oxooct-6-ynoyl)-5-((1R,2S)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-yl 4-

fluoroisoindoline-2-carboxylate
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B Replicon 2 C1 (1-6) WIr A HCV A156S A HCV A156T A
HCV D168A C HCV D168V C
WO 2009/082701 PCT/US2008/087736

1-29
(3R,5S)-1-((S)-2-(tert-butoxycarbonylamino)-8,8-dimethyl-5-oxonon-6-ynoyl)-5-((1R,2S)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylecarbamoyl)pyrrolidin-3-yl 4-

fluoroisoindoline-2-carboxylate

I-30
(3R,58)-1-((S)-2-(tert-butoxycarbonylamino)-3,3,7-trimethyl-5-oxooct-6-enoyl)-5-((1R,2S)-

1-(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-yl 4-

fluoroisoindoline-2-carboxylate
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Replicon 2 C Replicon 2 D (1-7) Wi C HCV A156S C
HCV A156T C HCV D168A D

WO 2009/082701 PCT/US2008/087736

o]
Y
0
Z_&('&' 18
H N KNV
OYN,, .
FES
o P
131

(3R,58)-1-((S)-2-(tert-butoxycarbonylamino)-4,4,7-trimethyl-5-oxooct-6-enoyl)-5-((1R,2S)-
1-(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-yl 4-

fluoroisoindoline-2-carboxylate

¥’
0,
\ ,
H A_xﬁ
(o]
O N Ag
\{/0 o)
P

I-32
(3R,55)-1-((S)-2-(tert-butoxycarbonylamino)-6-methyl-4-oxohept-5-enoyl)-5-((1R,25)-1-
(cyclopropylsulfonylcarbamoyl)-2-vinylcyclopropylcarbamoyl)pyrrolidin-3-yl 4-
fluoroisoindoline-2-carboxylate
[00303] MS m/z: 760.1 (M+H)).

[00304] The following compound was made by palladium catalyzed hydrogenation of

Intermediate 1d, followed by coupling reaction described in step 6b:
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HCv D168V D (1-8) WIr A HCV A156S A HCV A156T A HCV
D168A A HCV D168V B (1-9) W
WO 2009/082701 PCT/US2008/087736

¥
ol
7T 0O oo
H
N, R4
o\ O
0
OYN\:/go
>°
0
——
1-33

[00305] (3R,5S)-1-((S)-2-(tert-butoxycarbonylamino)-7-methyl-5-o0xooct-6-enoyl)-5-
((1R,2R)-1-(cyclopropylsulfonylcarbamoyl)-2-ethylcyclopropylcarbamoyl)pyrrolidin-3-yl
4-fluoroisoindoline-2-carboxylate: A total of 33 mg of the title compound was obtained from
100 mg of Intermediate 1d: R; 0.5 (EtOAc); MS m/z: 776.2 (M+H").
[00306] In similar fashion, the following compounds are made:
F
C@fo
/ Ho§ QP
%N,, HsW

oYN\_/&o 0

o :
x %ﬁ
I-34
(3R,55)-1-((S)-2-(tert-butoxycarbonylamino)-6-methyl-5-oxohept-6-enoyl)-5-((1R,2R)-1-

(cyclopropylsulfonylcarbamoyl)-2-ethylcyclopropylcarbamoyl)pyrrolidin-3-yl 4-

fluoroisoindoline-2-carboxylate

Page 118 of 185



A HCV A156S A HCV A156T A HCV D168A B HCV D168V C
(1- 1 0) WI C HCV A156S C
WO 2009/082701 PCT/US2008/087736

1-60
(3R,58)-1-((S)-2-(tert-butoxycarbonylamino)-6-methyl-4-oxohept-5-enoyl)-5-((1R,2R)-1-
(cyclopropylsulfonylcarbamoyl)-2-ethylcyclopropylcarbamoyl)pyrrolidin-3-yl 4-

fluoroisoindoline-2-carboxylate

Boc - 0O
@/10
1-61

(3R,58)-1-((S)-2-(tert-butoxycarbonylamino)-5-cyclobutenyl-5-oxopentanoyl)-5-
((1R,2R)-1-(cyclopropylsulfonylcarbamoyl)-2-ethylcyclopropylcarbamoyl)pyrrolidin-3-

yl 4-fluoroisoindoline-2-carboxylate
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1-62

(3R,5S)-1-((S)-2-(tert-butoxycarbonylamino)-6-cyclobutylidene-5-oxohexanoyl)-5-
((1R,2R)-1-(cyclopropylsulfonylcarbamoyl)-2-ethylcyclopropylcarbamoyl)pyrrolidin-3-

yl 4-fluoroisoindoline-2-carboxylate

N
Boc” Y
%A ’

(3R,5S)-1-((S,E)-2-(ter t-butoxycarbonylamino)-8,8-dimethyl-5-oxonon-6-enoyl)-5-
((1R,2R)-1-(cyclopropylsulfonylcarbamoyl)-2-ethylcyclopropylcarbamoyl)pyrrolidin-3-

yl 4-fluoroisoindoline-2-carboxylate
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(BR,55)-1-((S)-2-(tert-butoxycarbonylamino)-2-((S)-2-oxocyclopent-3-enyl)acetyl)-5-
((1R,2R)-1-(cyclopropylsulfonylcarbamoyl)-2-ethylcyclopropylcarbamoyl)pyrrolidin-3-

yl 4-fluoroisoindoline-2-carboxylate

[00307] The following compound was made by prolonged palladium catalyzed hydrogenation
(24-48 hours) of Intermediate 1d, followed by coupling reaction described in step 6b:

I-44
(3R,5S)-1-((S)-2-(tert-butoxycarbonylamino)-7-methyl-5-oxooct-6-enoyl)-5-(1-
(cyclopropanesulfonamido)-1-oxohexan-2-ylcarbamoyl)pyrrolidin-3-yl 4-fluoroisoindoline-
2-carboxylate: A total of 58 mg of the title compound (I-44) was obtained from 100 mg of
Intermediate 1d: R; 0.5 (EtOAc); MS m/z: 800.2 (M+Na").
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EXAMPLE 7

I-45
[00308] (1aR,3aS,5R,9S,16aS,Z)-11-(o-nitrophenylsulfonyl)-9-(tert-

butoxycarbonylamino)-1a-(cyclopropylsulfonylcarbamoyl)-3,8-dioxo-
1,1a,2,3,32,4,5,6,8,9,10,11,12,13,14,16a-hexadecahydrocyclopropa[n]pyrrolo[2,1-
c|[1,4,8]triazacyclopentadecin-5-yl-4-fluoroisoindoline-2-carboxylate ~ (I-45): The title
compound is prepared according to the steps and intermediates as described below:

Step 7a: Intermediate 7a

[00309] The Intermediate 7a was made following the procedure described for the synthesis
of Intermediate 3¢ by using 5-bromopent-1-ene as the alkylating reagent.

Step 7b: Intermediate 7b
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[00310] The Intermediate 7b was made by coupling Intermediate 1d from Example 1 and
Intermediate 7a using HATU following the coupling reactions described for Intermediate 1e in
Example 1. MS: 946.2 (M+1).

Step 7¢: Compound 1-45

[00311] To a solution of 540 mg of Intermediate 7b in 150 mL of anhydrous
dichloromethane was added 100 mg 1,3-Bis(2,4,6-trimethylphenyl)-4,5-dihydroimidazol-2-
ylidene[2-(i-propoxy)-5-(N,N-dimethylaminosulfonyl) phenyljmethyleneruthenium (II) (Zhan
catalyst 1B, RC-303, Zannan Pharma Ltd.) under nitrogen. The resulting mixture was heated at
48 °C overnight. The LC-MS showed complete conversion to the product. Reaction solution was
subject to flash column chromatography on silica gel with eluent (heptane/EtOAc v/v 1:1 to pure

EtOAc), giving 140 mg of the desired product. MS: 916.3 (ES-).
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[00312] In similar fashion, by starting with (S)-5-allylamino-2-tert-butoxycarbonylamino-

pentanoic acid in step 7a, the following compound was prepared:

[00313] MS:916.3 (ES-)
[00314] In similar fashion, by starting with (S)-4-[But-3-enyl-(2-nitro-benzenesulfonyl)-
amino|]-2-tert-butoxycarbonylamino-butyric acid in step 7a, the following compound was

prepared:

[00315] MS :916.3 (ES-)
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EXAMPLE 8

[00316] (1aR,3aS,5R,9S,16aS,Z)-11-acryloyl-9-(tert-butoxycarbonylamino)-1a-
(cyclopropylsulfonylcarbamoyl)-3,8-dioxo-1,12,2,3,32,4,5,6,8,9,10,11,12,13,14,16a-
hexadecahydrocyclopropa[n]pyrrolo[2,1-c|[1,4,8]triazacyclopentadecin-5-yl-4-
fluoroisoindoline-2-carboxylate (I-35): The title compound was prepared according to the steps

and intermediates as described below:

[00317] Step 8a: Intermediate 8a:

[00318] The Intermediate 8a was made by treating compound 1-45 from Example 7 with
thiophenol following the procedure described in step 3e. MS: 733.3 (M+1).
[00319] Step 8b: Compound I-35:
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[00320] The title compound was made by treating Intermediate 8a with acryloyl chloride
following the procedure described in step 3f. Rf 0.2 (5% MeOH in DCM), MS m/z: 787.3
(M+H)).

[00321] In similar fashion, by treating Intermediate 8a with chloroacetyl chloride (1.2 ¢q),

the following compound was prepared:

1-47
(1aR,3aS,5R,9S,16aS,Z)-11-chloroacetyl-9-(tert-butoxycarbonylamino)-1a-
(cyclopropylsulfonylcarbamoyl)-3,8-dioxo-1,1a,2,3,3a,4,5,6,8,9,10,11,12,13,14,16a-

hexadecahydrocyclopropa[n|pyrrolo[2,1-¢][1,4,8]triazacyclopentadecin-S-yl-4-
fluoroisoindoline-2-carboxylate (I-45)

[00322] MS: 831.2 (M+Na).

[00323] In similar fashion, by treating Intermediate 8a with Chloroacetyl chloride (3.0 ¢q),

the following compound was prepared:
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[00324] MS: 907.2 (M+Na).
[00325] In similar fashion, by starting with compounds I-53, and I-54 in step 8a, the

following compounds were prepared:

I-36
(1aR,3aS,5R,98,16a8,Z)-12-acryloyl-9-(tert-butoxycarbonylamino)-1a-
(cyclopropylsulfonylcarbamoyl)-3,8-dioxo-1,1a,2,3,32,4,5,6,8,9,10,11,12,13,14,16a-
hexadecahydrocyclopropa[n|pyrrolo[2,1-¢][1,4,9]triazacyclopentadecin-5-yl 4-
fluoroisoindoline-2-carboxylate
[00326] MS: 785.3 (ES-).
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1-37
(1aR,3aS,5R,98,16a8S,Z)-13-acryloyl-9-(tert-butoxycarbonylamino)-1a-
(cyclopropylsulfonylcarbamoyl)-3,8-dioxo-1,12,2,3,32,4,5,6,8,9,10,11,12,13,14,16a-
hexadecahydrocyclopropale|pyrrolo[1,2-a][1,4,10]triazacyclopentadecin-5-yl 4-
fluoroisoindoline-2-carboxylate

[00327] MS : 787.3 (ES+), 785.3 (ES-).

EXAMPLE 9 (I-40)

/

CT

4 o}
H \\S//
N, N
N H

[00328] The title compound is prepared according to the steps and intermediates as described

in the scheme below:
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2,2-dimethylhex-5-enyl carbonochloridate

N

Cl H
HoN_ _CO;Me Y \/\)</0 N_ _CO;Me
o Y LiOH
HCI »
NHBoc © NHBoc
9-1
KOy,
Q\COzME Q)“ Z° SnBu.
B 3
0 = -l ~
NH ",
Br CDI O\ PA(PPh3)4
Iil CO,Me
Boc
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Y >
° NHBoc O\
\/\></ N Nco,Me
\ ° H\/L
N RCM
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° X
1) 4N HCl NHBoc
2) HATU, DIPEA
9-5
1) LiOH {\ 0
2)Hl
3) HATU, DIPEA \ \or 1) Hal
N
o N, N S 2) acrylic acid
o P N N \V HATU, DIPEA
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NHBoc
9'7 9_8

[00329]  Methyl

NHBoc

Intermediate 9-1

PCT/US2008/087736

\/\/k/o n\(cozﬂ

© NHBoc

2,2,12,12-tetramethyl-4,9-dioxo-3,10-dioxa-5,8-diazahexadec-15-ene-7-

carboxylate (Intermediate 9-1). To a stirring solution of 381 mg of methyl 2-amino-3-(tert-

butoxycarbonylamino)propanoate hydrochloride, and 1 mL of Et3N in 10 mL of anhydrous THF,

was added 1.5 mmol of 2,2-dimethylhex-5-enyl carbonochloridate. The resulting mixture was

stirred at rt overnight, then concentrated. The residue was subject to column chromatography on
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silica gel with heptanes/EtOAc (v/v 7/1) as eluent, giving 500 mg colorless oil (90%). "HNMR
(400 MHz, CDCl;) d 5.82 (m, 1H), 5.64 (br s, 1H), 5.02 (dd, 1H, J=13.2, 1.8 Hz), 4.95 (d, 1H, J
= 8.2 Hz), 4.83 (br s, 1H), 4.39 (br d, 1H, J = 6.0 Hz), 3.83 (br s, 2H), 3.80 (s, 3H), 2.55 (m, 2H),
2.02 (m, 2H), 1.43 (s, 9H), 1.35 (m, 2H), 0.91 (s, 6H).

Intermediate 9-2

MOYHTcoZH

o NHBoc

[00330] 2,2,12,12-tetramethyl-4,9-dioxo-3,10-dioxa-5,8-diazahexadec-15-ene-7-carboxylic
acid (Intermediate 9-2). To a stirring mixture of 500 mg of intermediate 8-1 in a mixed solvent
of MeOH-THF (5 mL-5 mL), was added 420 mg of LiOH-H,O followed by 5 mL of water. The
reaction mixture was stirred at rt for 30 min, then acidified using 12 mL of 1.0 N HCI, and
extracted with 60 mL of dichloromethane. The organic layer was washed with brine and dried
over MgSOs. After filtration and concentration, 460 mg of sticky oil was obtained as desired

product (95%). LC-MS: m/z = 357.2 (ES-).

Intermediate 9-3

0

¢
0,
A_rlq)\cozm

Boc
[00331] (2S,4R)-1-tert-butyl 2-methyl 4-(4-bromoisoindoline-2-carbonyloxy)pyrrolidine-
1,2-dicarboxylate (Intermediate 9-3). To a solution containing 0.5 g of (25,4R)-1-tert-butyl 2-
methyl 4-hydroxypyrrolidine-1,2-dicarboxylate (2 mmol) in 5 mL of N,N-dimethylacetamide,
was added 370 mg of carbonyl diimidazole (1.1 equiv.). The reaction was heated at 60 °C for 1
hr, then 400 mg of 4-bromoisoindole (2 mmol) was added. The reaction was continued at 60 °C
overnight, After cooling down, the reaction mixture was extracted with 50 mL of EtOAc, and
washed with water, brine, and dried over Na,SO,4. After filtration and concentration, the residue
was purified by flash column chromatography on silica gel using heptanes/EtOAc (v/v 5/2),
giving white solid 745 mg (79%). LC-MS: m/z = 369.2 (ES+, M+1 - Boc).
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Intermediate 9-4

S,

O,

Q\cozm

Boc
[00332] (2S,4R)-1-tert-butyl 2-methyl 4-(4-vinylisoindoline-2-carbonyloxy)pyrrolidine-
1,2-dicarboxylate (Intermediate 9-4). Under Ar, to a solution of 745 mg of intermediate 8-3
(1.58 mmol) in 30 mL of de-gassed toluene, was added 170 mg of palladium
tetrakistriphenylphosphine followed by 700 uL of vinyl tributyltin (2.4 mmol). The reaction
mixture was heated at 100 °C overnight. After cooling down, the solvent was removed under
reduced pressure, and the residue was purified by flash column chromatography on silica gel
with heptanes/EtOAc (v/v 9/1 — 3/1) as eluent, giving white solid 533 mg (81%). LC-MS: m/z =
317.2 (ES+, M+1-Boc).

Intermediate 9-5

26

NHBoc
[00333] (2S,4R)-methyl 1-((S)-3-(tert-butoxycarbonylamino)-2-((2,2-dimethylhex-5-
enyloxy)carbonylamino)propanoyl)-4-(4-vinyl-2,3-dihydro-1H-indene-2-
carbonyloxy)pyrrolidine-2-carboxylate (Intermediate 9-5). Intermediate 9-4 was Boc-
deprotected using 4 N HCI in dioxane as described in Example 1. 288 mg of this de-Boc
intermediate (0.82 mmol) was added to a stirring mixture containing 358 mg of intermediate 9-
2 (1.0 mmol), 400 mg of of HATU (1.05 mmol), 300 ulL of DIPEA in 5 mL of THF. After
overnight stirring, the reaction mixture was diluted with 60 mL of EtOAc, and washed with
saturated sodium Dbicarbonate, diluted HCl, and dried over Na,SO,. Concentration and
purification by flash column chromatography on silica gel with heptanes/EtOAc (1/1) giving
white solid 485 mg (90%). LC-MS: m/z = 557.3 (ES+, M+1-Boc).
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Intermediate 9-6

S

baad
0 “~NHBoc

[00334] Macrocyclic Intermediate 9-6. Under N,, a diluted solution of 485 mg of

intermediate 9-5 and 150 mg Zhan’s catalyst 1B were stirred in 100 mL of de-gassed

dichlorocthane at 50 °C overnight. The reaction mixture was then passed through a short column,

then eluted with heptanes/EtOAc (v/v 1/3). The concentrated fraction was then subject to pre-

HPLC purification, giving 312 mg of browny solid (70%). LC-MS: m/z = 529.2 (ES+, M+1-

Boc).

Intermediate 9-8

[00335] Macrocycle Intermediate 9-8. 25 mg of intermediate 9-6 was hydrolyzed in 1 mL
of MeOH and 1 mL of THF using 1 mL of 1.0 N LiOH for 1 hr. 1.2 mL of 1.0 N HCI was then
added, and the reaction mixture was extracted with 30 mL of dichloromethane. The organic layer
was then washed with brine, and dried over MgSQ,4. After filtration and concentration, the
residue was redissolved in 1.5 mL of anhydrous acetonitrile, 25 mg of HATU, 200 uL of DIPEA
were then added followed by 13 mg of intermediate 9-7. After stirring at rt for 20 min, the
reaction mixture was concentrated and purified directly by prep-HPLC, giving 20 mg yellow
solid (61%). LC-MS: m/z = 727.2 (ES+, M+1-Boc, 825.2 (ES-).

[00336] 1-40: To a solution of 20 mg of intermediate 9-8 stirred in 1 L dichloromethane, was
added 1.5 mL of 4.0 M HCl in dioxane. After 30 min, the reaction mixture was concentrated. To
the residue was added 1.5 mL of acetonitrile, 200 uL of DIPEA, 20 mg of acrylic acid, and 50
mg of HATU. After stirring at rt for 30 min, the reaction mixture was concentrated and purified

by prep-HPLC, giving white solid 14.0 mg (68%). LC-MS: m/z = 779.3 (ES-), 781.2 (ES+)
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[00337] In similar fashion, by starting with Intermediate 3¢ instcad of Intermediate 3a, the

following compound can be made:

NYO
\ 3
~ o}
N O\\ //O
N, N/S
N H ;;
H
o N\/K ¢
T - 0
o] :\N/

oi
I-41

[00338] In similar fashion, using the saturated form of Intermediate 9-6, the following

NYO
O/
“ o]
H N
No, P
N H \/
u
Q N\/K ¢
\n/ N
© ~m

o]

compound was made:

I-42
[00339] LC-MS:m/z=781.3 (ES-), 783.2 (ES+).
[00340] In similar fashion, if both Intermediate 9-7 and Intermediate 9-8 arc hydrogenated

before coupling, the following compound can be made:
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EXAMPLE 10

(o]

N T

I-55

Enone-macrocyclic I-45. The title compound was prepared according to the steps

and intermediates as described in the scheme below:
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Intermediate 10-1
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[00342] (S)-2-benzyl  1-(2,2-dimethylhex-5-enyl)  S-oxopyrrolidine-1,2-dicarboxylate
(Intermediate 10-1): At 0 °C, to a stirring solution of 440 mg of 5-Oxo-pyrrolidine-2-carboxylic
acid benzyl ester (2 mmol), 300 uL of triethylamine, 300 mg of N,N-dimethylaminopyridine
(2.2mmol) in 7 mL of dichloromethane, was added 2 mmol of 4-pentenyl-1-yl chloroformate.
The reaction mixture was then warmed to rt, and stirred 24 hr. After concentration, the resulting
residue was dissolved in EtOAc 40 mL, washed with 6 mL of 1.0 N aq. HCI, brine, and dried
over anhydrous sodium sulfate. The organic solvent was evaporated under reduced pressure, and
the residue was purified by flash chromatography on silica gel using heptane/EtOAc (v/v 4/1-
2/1), giving 430 mg of colorless oil as intermediate 10-1 (58%).

Intermediate 10-2

\/\)QOTH CO,H
o

[00343]  2-((2,2-dimethylhex-5-enyloxy)carbonylamino)-7-methyl-5-oxooct-6-enoic  acid
(Intermediate 10-2). The debenzylation was done with 13 mg of Pd(OAc),, 24 uL of Et;N, 278
uL of Et;SiH in 2 mL of dichloromethane at rt for 30 min. After filtration, the concentrated
residue was subject to Grignard reagent (2.5 equiv) addition at -78 °C for 2 hr. After quenching
with diluted acid, the product was extracted with dichloromethane and dried over MgSOs. The
concentrated product is desired intermediate 10-2, which was used directly for next step.
[00344] Following the general procedures described in Example 9, Intermediate 9-4 was
de-Boced with 4 N HCI, then coupled with intermediate 10-2, which produced Intermediate
10-3. Intermediate 10-3 underwent olefin metathesis using either Grubbs catalyst or Zhan’s
catalyst, to give macrocycle Intermediate 10-4. After basic hydrolysis with LiOH, the acid form
of intermediate 10-4 was coupled with Intermediate 9-7, furnishing the title compound I-55.
MS: m/e = 806.3 (ES).

[00345] In similar fashion, compound I-56 can be prepared when using the saturated form of

Intermediate 9-7;
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EXAMPLE 11

Single chain HCV protease (wt) peptide expression and purification

[00346] The single-chain proteolytic domain (NS4Aj;3-GSGS-NS;3431) was cloned into
pET-14b (Novagen, Madison, WI) and transformed into DH10B cells (Invitrogen). The resulting
plasmid was transferred into Escherichia co/i BL21 (Novagen) for protein expression and
purification as described previously (1, 2). Briefly, the cultures were grown at 37 °C in LB
medium containing 100 pg/mL of ampicillin until the optical density at 600 nm (OD600)
reached 1.0 and were induced by addition of isopropyl-B-D-thiogalactopyranoside (IPTG) to 1
mM. After an additional incubation at 18 °C for 20 h, bacteria were harvested by centrifugation
at 6,000 xg for 10 min and resuspended in a lysis buffer containing 50 mM Na;PO,, pH 8.0, 300
mM NaCl, 5 mM 2-mercaptoethanol, 10% glycerol, 0.5% Igepal CA630, and a protease inhibitor
cocktail consisting of 1 mM phenylmethylsulfonyl fluoride, 0.5 pg/mL leupeptin, pepstatin A,
and 2mM benzamidine. Cells were lysed by freezing and thawing, followed by sonication. Cell
debris was removed by centrifugation at 12,000 x g for 30 min. The supernatant was further
clarified by passing through a 0.45-um filter (Corning) and then loaded onto a HiTrap chelating
column charged with NiSO4 (Amersham Pharmacia Biotech). The bound protein was eluted with
an imidazole solution in a 100-to-500 mM linear gradient. Selected fractions were run through
Ni*" column chromatography and were analyzed on a 10% sodium dodecyl sulfate (SDS)-
polyacrylamide gel. The purified protein was resolved by electrophoresis in a 12% SDS-PAGE
gel and then transferred onto a nitrocellulose membrane. The protein was analyzed by Western
blot analysis using monoclonal antibodies against NS3. Proteins were visualized by using a
chemiluminescence kit (Roche) with horseradish peroxidase-conjugated goat anti-mouse

antibodies (Pierce) as secondary antibodies. The protein was aliquoted and stored at -80 °C,

Page 136 of 185



D4 0-39) WI A HCV A156S A HCV D168A C HCV RI55K B
(1-40) WI A HCV A156S A
WO 2009/082701 PCT/US2008/087736

EXAMPLE 12

Cloning and expression of HCV protease A156S, A156T, D168A, D168V drug-resistance
mutants and C159S variant

[00347] The mutant DNA fragments of NS4A/NS3 were generated by PCR and cloned into
pET expression vector. After transformation into BL21 competent cells, the expression was
induced with IPTG for 2 hours. The His-tagged fusion proteins were purified using affinity

column followed by size exclusion chromatography.

EXAMPLE 13

[00348]  Assay buffer: 2% CHAPS, 50mM Tris pH 7.5, 50% glycerol, 2uM M-2235 (Bachem)
substrate. In a 50 ul reaction, add 49 ul assay buffer, lul (1U) HCV serine protease (Bioenza).
Incubate 20 minutes at room temperature. The plate was read at either 350/460 nm (excitation/
emission) on a fluorescent micro-plate reader or monitored at one-minute intervals to achieve the
kinetic curve.

[00349] The enzyme tolerated 1% DMSO and 2% methanol. In the experiments of testing
compounds, the compounds in pure DMSO were diluted 10 times with 20% methanol (10%
DMSO and 20% methanol). This compound solution was added to the reaction (not exceeding
10% of the final reaction volume). The final concentration of the organic solvents was: 1%

DMSO and 2% methanol.

EXAMPLE 14
Additional assay protocols
Method A:
[00350] The compounds were assayed to evaluate the antiviral activity and cytotoxicity of
compounds in vitro using HCV RNA replicons. This assay used the cell line ET (luc-ubi-
neo/ET), which is a human Huh7 hepatoma cell line that contains an HCV RNA replicon with a
stable luciferase (Luc) reporter and three cell culture-adaptive mutations. The HCV RNA levels
were directly measured by viral specific TagMan RT-PCR:
Forward primer: ACGCAGAAAGCGTCTAGCCAT (SEQ ID NO: 63)
Reverse primer: TACTCACCGGTTCCGCAGA (SEQ ID NO: 64)
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Probe: [6-FAM]-CCTGGAGGCTGCACGACACTCAT-[TAMRA]
(SEQ ID NO: 65)

[00351] The ET cell line was grown in Dulbecco’s modified essential media (DMEM), 10%
fetal bovine serum (FBS), 1% penicillin-streptomycin (pen-strep), 1% glutamine, 250 ug/mL
G418 in a 5% CO, incubator at 37°C. All cell culture reagents were obtained from Mediatech
(Manassas, VA). Cells were trypsinized (1% trypsin:EDTA) and plated out at 5 x 10° cells/well
in white 96-well assay plates (Costar) dedicated to cell number (cytotoxicity) or antiviral activity
assessments, Drugs were added at six 3-fold concentrations each and the assay was run in
DMEM, 5% FBS, 1% pen-strep, 1% glutamine. Human interferon alpha-2b (PBL Biolabs, New
Brunswick, NJ) was included in each run as a positive control compound. Cells were processed
72 hr post drug addition when the cells are still subconfluent. Antiviral activity was measured by
analyzing replicon-derived luciferase activity using the Steady-Glo Luciferase Assay System
(Promega, Madison, WI) according to manufacturer’s instruction. The number of cells in each
well was determined by CytoTox-1 reagent (Promega). Compound profile was derived by
calculating applicable ECs (effective concentration inhibiting virus replication by 50%), ECyg
(effective concentration inhibiting virus replication by 90%), ICsy (concentration decreasing cell
viability by 50%) and Slsyp (selective index: ECsy/ICsy) values. ICsy values for selected

compounds are set forth in Table 5, below.

Method B: HCV protease assay using FRET methodology

[00352] A quantitative, fluorescence resonance energy transfer (FRET)-based methodology
was employed to identify HCV NS3/4A protease inhibitors. The assay employed a synthetic
FRET peptide, derived from the HCV NS5A/5B cleavage site, with the HCV protease to
evaluate the activity of compounds against the protease by monitoring the cleavage activity of
the complex. A synthetic peptide which encompasses the NS5A-5B junction (NH2-
EDVVCCSMSYK-COOH) was labeled with Dabeyl and Edans at N- and C-termini, respectively
(Invitrogen, Carlsbad, CA). Fluorescence measurement was used to estimate the 1Csg value of the
test compound. The two fluorophores form a quenching pair and exhibit FRET within the intact

peptide. Upon cleavage of the FRET peptide by HCV NS3/4A proteinase complex (100ng/mL),
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the fluorescence is recovered and can be continuously monitored at excitation/emission =

340/490nm.

EXAMPLE 15
HCYV Protease FRET Assay for Wild Type and Mutated NS3/4A 1b Enzymes (ICso)
[00353] The following protocol was used to generate I1Csy values as depicted for compound
239 in Table 4, above. The protocol is a modified FRET-based assay (v_02) from In Vitro
Resistance Studies of HCV Serine Protease Inhibitors, 2004, JBC, vol. 279, No. 17, pp17508-
17514, Inherent potency of compounds was assessed against A156S, A156T, D168A, and
D168V mutants of the HCV NS3/4A 1b protease enzyme as follows:
[00354] 10X stocks of NS3/4A protease enzyme from Bioenza (Mountain View, CA) and
1.13X 5-FAM/QXL™S520 FRET peptide substrate from Anaspec (San Jose, CA) were prepared
in 50 mM HEPES, pH 7.8, 100 mM NaCl, 5 mM DTT and 20% glycerol. 5 uL of each enzyme
were pre-incubated in a Corning (#3573) 384-well, black, non-treated microtiter plate (Corning,
NY) for 30 min at 25°C with a 0.5 uL volume of 50% DMSO and serially diluted compounds
prepared in 50% DMSO. Protease reactions were started with the addition of 45 uL. of the FRET
substrate and monitored for 120 minutes at Ax487/Aem3 14 through Quad® monochromoters in a
Synergy” plate reader from BioTek (Winooski, VT). At the conclusion of cach assay, progress
curves from each well were examined for linear reaction kinetics and fit statistics (R, absolute
sum of squares). Initial velocity (0 minutes to 30+ minutes) from each reaction was determined
from the slope of a plot of relative fluorescence units vs time (minutes) and then plotted against
inhibitor concentration to estimate ICsy from log[Inhibitor] vs Response, Variable Slope model
in GraphPad Prism from GraphPad Software (San Diego, CA). 1Csy values for selected
compounds are set forth in Table 5, below.
[00355] Table 5 shows the activity of selected compounds of this invention in the FRET
Assay. The compound numbers correspond to the compound numbers in Table 3. Compounds
having an activity designated as “A” provided an 1Csy <10 nM; compounds having an activity
designated as “B” provided an ICsy 10-100 nM; compounds having an activity designated as “C”
provided an 1Csy of 100-1000 nM; compounds having an activity designated as "D" provided an
ICs of 1000-10,000 nM; and compounds having an activity designated as "E" provided an ICs
>10,000 nM.
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Table 5. Enzymatic Data for Exemplary Compounds (ICs)

Compound tested Enzyme / Assay Inhibition

WT

>

HCV A1568
(I-1) HCV A156T
HCV D168A
HCV D168V

WT

HCV A1568
(I-6) HCV A156T
HCV DI168A
HCV D168V

WT
DI68A

(17)

WT
D168A

(I-11)

W | O W ® B | | ] | | | >

EXAMPLE 16

HCYV Protease FRET Assay for WT and Mutated NS3/4A 1b Enzymes (ICso app)-

[00356] The following protocol was used to generate “apparent” 1Csy (ICsy app) values as
depicted in Table 6, below. Without wishing to be bound by any particular theory, it is believed
that 1Cs app, contrasted with ICsy values, may provide a more useful indication of time-
dependent inhibition, and are thus more representative of binding affinity. The protocol is a
modified FRET-based assay (v 03) developed to evaluate compound potency, rank-order and
resistance profiles against wild type and C159S, A156S, A156T, D168A, D168V, R155K
mutants of the HCV NS3/4A 1b protease enzyme as follows:10X stocks of NS3/4A protease
enzyme from Bioenza (Mountain View, CA) and 1.13X 5-FAM/QXL™S520 FRET peptide
substrate from Anaspec (San Jose, CA) were prepared in 50 mM Tris-HCI, pH 7.5, 5 mM DTT,
2% CHAPS and 20% glycerol. 5 uL of each enzyme were added to Corning (#3575) 384-well,
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black, microtiter plates (Corning, NY) after spotting a 0.5 uLL volume of 50% DMSO and serially
diluted compounds prepared in 50% DMSO. Protease reactions were immediately started after
enzyme addition with the addition of 45 uL of the FRET substrate and monitored for 60-90
minutes at Ae485/Aem320 in a Synelrgy4 plate reader from BioTek (Winooski, VT). At the
conclusion of cach assay, progress curves from each well were examined for linear reaction
kinetics and fit statistics (R%, 95% confidence intervals, absolute sum of squares). Initial velocity
(0 minutes to 15+ minutes) from each reaction was determined from the slope of a plot of
relative fluorescence units vs time (minutes) and then plotted against inhibitor concentration as a
percent of the no inhibitor and no enzyme controls to estimate apparent 1Cso from log[Inhibitor]
vs Response, Variable Slope model in GraphPad Prism from GraphPad Software (San Diego,
CA).

[00357] Table 6 shows the activity of selected compounds of this invention in the FRET
Assay. The compound numbers correspond to the compound numbers in Table 3. Compounds
having an activity designated as “A” provided an 1Csy <10 nM; compounds having an activity
designated as “B” provided an ICsy >10 nM and <100 nM; compounds having an activity
designated as “C” provided an ICsy >100 nM and <1000 nM; compounds having an activity
designated as "D" provided an ICsy >1000 nM and <10,000 nM; and compounds having an
activity designated as "E" provided an ICsy >10,000 nM.

Table 6. Enzymatic Data for Exemplary Compounds

Compound tested Enzyme / Assay Inhibition

WT
HCV A156S
HCV A156T
(I-1) HCV D168A
HCV D168V

Replicon >
Replicon >

W lw|w||w >
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Compound tested Enzyme / Assay Inhibition

WT A
HCV A156S
HCV A156T
(I-2) HCV D168A
HCV D168V

Replicon 2
Replicon 2

—_

WT
HCV A156S
HCV Al156T
(I-5) HCV D168A
HCV D168V

Replicon 2
Replicon 2

—_

WT
HCV A156S
HCV Al156T
(I-6) HCV D168A
HCV D168V

Replicon 2
Replicon 2

—

WT
HCV A1568
(1-7) HCV A156T
HCV DI168A
HCV D168V

WT
HCV A1568
(1-8) HCV A156T
HCV DI68A
HCV D168V

WT
HCV A156S
(I-9) HCV A156T
HCV D168A
HCV D168V

WT
HCV A156S
(1-10) HCV A156T
HCV D168A
HCV D168V

ololglalalalw > = o lolglalaalCPlalalals = =0 w|w|alw > =0 o> ||| >
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Compound tested

Enzyme / Assay

Inhibition

(I-11)

WT

HCV A156S

HCV A156T

HCV D168A

HCV D168V

HCV R155K

Replicon *

Replicon *

—)

(I-13)

WT

HCV A156S

HCV Al156T

HCV D168A

HCV D168V

Replicon *

Replicon *

—|

(1-19)

WT

HCV A156S

HCV A156T

HCV D168A

HCV D168V

(1-20)

WT

HCV A156S

HCV A156T

HCV D168A

HCV D168V

Replicon *

Replicon *

—

(1-22)

WT

HCV A156S

HCV A156T

HCV D168A

HCV D168V

HCV R155K

Replicon *

Replicon *

—

(1-23)

WT

HCV A156S

HCV Al156T

HCV D168A

HCV D168V

Replicon *

Replicon *

Ow|@ | [ | > |F|w|w | ao|w |z = | w|w|w > == @@= 2w | @ | [ > |2 > (@ | @ @ > >
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Compound tested

Enzyme / Assay

Inhibition

(1-24)

WT

HCV A156S

HCV A156T

HCV D168A

HCV D168V

Replicon *

Replicon *

—

(1-25)

WT

HCV A156S

HCV A156T

HCV D168A

HCV D168V

HCV RI155K

Replicon *

Replicon *

—|

(1-26)

WT

HCV A156S

HCV A156T

HCV D168A

HCV D168V

(1-27)

WT

HCV A156S

HCV A156T

HCV D168A

HCV D168V

Replicon *

Replicon *

—

(1-32)

WT

HCV A156S

HCV D168A

HCV RI155K

HCV C1598

HCV D168V

HCV A156T

(1-33)

WT

HCV A156S

HCV D168A

HCV R155K

(1-35)

WT

HCV A156S

HCV D168A

HCV RI155K

w|w | |olo|w e |w e e e | Oz = e e | e | w | oo w 3 s | O @ > >
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Compound tested

Enzyme / Assay

Inhibition

Replicon

C3

Replicon

C4

(1-36)

WT

HCV A1568

HCV D168A

HCV R155K

> | > [

Replicon

Replicon

olle)

(1-37)

WT

HCV A156S

HCV D168A

HCV R155K

Replicon

Replicon

(1-39)

WT

HCV A156S

HCV D168A

HCV R155K

(1-40)

WT

HCV A156S

HCV D168A

HCV R155K

(1-42)

WT

HCV A156S

HCV D168A

HCV R155K

(1-44)

WT

HCV A1568

HCV D168A

HCV RI155K

(1-45)

WT

HCV A156S

HCV D168A

HCV R155K

> | (OO |w | |w|w | 2| w | > |w | o[> |20 w | w | > >

Replicon

Replicon

O™

(1-46)

WT

HCV A156S

HCV D168A

HCV RI155K

ERCIERES

Replicon

Replicon

wllw)
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Compound tested

Enzyme / Assay

Inhibition

(1-47)

WT

HCV A156S

> | >

HCV D168A

HCV RI155K

Replicon

EAN RS

Replicon

(1-48)

WT

HCV A156S

HCV D168A

HCV R155K

(I-49)

WT

HCV A156S

HCV D168A

HCV R155K

Replicon

-~ (o8

Replicon

(1-50)

WT

HCV A156S

HCV D168A

HCV RI155K

Replicon

Replicon

O |glg|alxw|CPlou|lglalalo|alw|w|C| % |w|w

£ (o8

(1-51)

WT

HCV A156S

HCV D168A

HCV R155K

Replicon

Replicon

ClO|w|w|> >

N Y

(1-52)

WT

HCV D168A

Replicon

= [%

Replicon

SANAI=IE

(1-53)

WT

HCV A156S

HCV D168A

HCV R155K

Replicon

Replicon

(1-54)

WT

HCV A156S

s i g =

HCV D168A

HCV RI155K

Replicon

Olw |w
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! Designates ICyg value (nM).
? Data collected from assay described in Example 14.
* Designates ECsq value (nM). Data collected from assay described in Example 26.

4 Designates ECoq value (nM). Data collected from assay described in Example 26.

EXAMPLE 17

[00358] Mass spectrometric analysis of HCV wild type or HCV variant C159S in the presence
of test compound 1s performed. 100 pmols of HCV wild type (Bioenza CA) is incubated with
test compound for 1 hr and 3 hrs at 10-fold access of test compound to protein. 1ul aliquots of
the samples (total volume of 4.24ul) are diluted with 10ul of 0.1% TFA prior to micro C4
ZipTipping directly onto the MALDI target using Sinapinic acid as the desorption matrix (10
mg/mL in 0.1%TFA:Acetonitrile 50:50). Analyses are performed on a Shimadzu Biotech Axima
TOF* (Shimadzu Instruments) matrix-assisted-laser desorption/ionization Time-of-Flight
(MALDI-TOF) mass spectrometer. The same procedure is carried out on 100 pmols of HCV
C159S mutant of HCV protease for 3 hrs at 10-fold excess of test compound to protein.

EXAMPLE 18

Modification of Cys159 of wild-type HCV protease using a tryptic digest strategy

[00359] HCV is incubated with test compound for 3 hrs prior to tryptic digestion.
lodoacetamide 1s used as the alkylating agent after compound incubation. For tryptic digests a 2
ul aliquot (0.06ug/ul) is diluted with 10 ul of 0.1% TFA prior to micro C18 Zip Tipping directly
onto the MALDI target using alpha cyano-4-hydroxy cinnamic acid as the matrix (5 mg/mL in
0.1%TFA:Acetonitrile 50:50).

[00360] For tryptic digests the instrument is set in Reflectron mode with a pulsed extraction

setting of 1800. Calibration is done using the Laser Biolabs Pep Mix standard (1046.54, 1296.69,
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1672.92, 2093.09, 2465.20). For CID/PSD analysis the peptide is selected using cursors to set
ion gate timing and fragmentation occurred at a laser power about 20% higher and He is used as
the collision gas for CID. Calibration for fragments is done using the P14R fragmentation

calibration for the Curved field Reflectron.

EXAMPLE 19

[00361] As depicted in Figures 1 and 2, mass spectrometric analysis of HCV wild type in the
presence of test compounds I-1 and I-25 was performed using the following protocol: HCV
NS3/4A wild type (wt) was incubated for 1 hr at a 10X fold access of test compound to protein.
2ul aliquots of the samples were diluted with 10ul of 0.1% TFA prior to micro C4 ZipTipping
directly onto the MALDI target using Sinapinic acid as the desorption matrix (10 mg/ml in 0.1%
TFA:Acetonitrile 50:50). For intact protein mass measurement the instrument was set in linear
mode using a pulsed extraction setting of 24,500 and apomyoglobin as the standard to calibrate
the instrument.

[00362] As depicted in Figure 1, compared to the protein with no compound, the protein
incubated with compound I-1 has reacted significantly to produce a new species at MW 25,218
Da, which is approximately 751 Da heavier and consistent with the mass of compound I-1 at 747
Da.

[00363] As depicted in Figure 2, after 1 hour reaction time there was conversion to a new
peak at MH+ of 25,240 Da which is 773 Da heavier and consistent with the mass of compound I-
25.

[00364] Compounds I-2, I-§, I-6, 1-8, 1-9, 1-10, 1-13, I-19, 1-20, 1-22, 1-23, 1-24, I-26, and I-
27 were tested in a similar fashion, using the methods described in Example 17, and measurable

covalent modification of HCV NS3/4A wild type was observed.

EXAMPLE 20
[00365] As depicted in Figures 4, §, 6, and 7, mass spectrometric analysis of HCV mutants in
the presence of compound I-11 was performed. HCV Mutants (A1568S), (R155K), (D168A),
(A156T), and (D168V) were incubated for 3 hrs at a 10X fold access of test compound to
protein. 2 ul aliquots of the samples were diluted with 10ul of 0.1% TFA prior to micro C4
ZipTipping directly onto the MALDI target using Sinapinic acid as the desorption matrix (10
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mg/ml in 0.1% TFA:Acetonitrile 50:50). For intact protein mass measurement the instrument
was set in linear mode using a pulsed extraction setting of 24,500 and apomyoglobin as the
standard to calibrate the instrument.

[00366] As depicted in Figure 4, for the HCV (D168V) mutant there is complete conversion
after 3 hours reaction time. The mass difference between the new species and the unreacted
mutant is consistent with the mass of compound I-11.

[00367] As depicted in Figure 5, for the HCV (A156S) mutant there is complete conversion
after 3 hours reaction time. The mass difference between the new species and the unreacted
mutant is consistent with the mass of compound I-11.

[00368] As depicted in Figure 6, for the HCV (R155K) mutant there is good conversion after
3 hours reaction time. The mass difference between the new species and the unreacted mutant is
consistent with the mass of compound I-11.

[00369] As depicted in Figure 7, for the HCV (A156T) mutant there is complete conversion
after 3 hours reaction time. The mass difference between the new species and the unreacted
mutant is consistent with the mass of compound I-11.

[00370] Compounds I-19 and 1-24 were tested in a similar fashion using the methods
described in Example 18, and measurable covalent modification of HCV NS3/4A D168A was

observed.

EXAMPLE 21
Cell culture
[00371] Huh-luc/neo-ET, Huh7-Lunet were obtained from ReBLikon Gmbh (Heidelberg,
Germany). Cells were grown in Dulbecco modified Eagle medium (DMEM; Invitrogen)
supplemented with 2 mM L-glutamine, nonessential amino acids, 100 U of penicillin/ml, 100 pg
of streptomycin/mL, and 10% fetal bovine serum. G418 (Geneticin; Invitrogen) was added at a

final concentration of 400ug//mL. Huh7-Lunet were grown in the absence of G418.

EXAMPLE 22
Mutant constructs

[00372] Constructs containing clinically relevant mutations were generated by performing

site-directed mutagenesis on the pFK-I1389-luc-ubi-neo-NS3-3’ET plasmid (ReBLikon Gmbh
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conpoun
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[ 00364]
1-19,

t est ed
descrlb

1-

heavi er and consi stent with the nmass of
dIl-1 at 747 Da. [00363] As depicted in
r 1 hour reaction tinme there was convers
eak at M of 2 ich is 773 Da
éa%%g?qgfggonpound | 25.
Compounds 1-2, 1-5, 1-6, 1-8, 1-9, 1-10,
20, 1-22, 1-23, 1-24, 1-26, and |-
in a simlar fashion, using the nethods
ed |n Exanple 17 and neasurable covalen
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EXAMPLE 20 [ 00365] As depicted in Figures 4, 5, 6, and
7, mass spectronetric analysis of HCV nutants in the
w@e@gmesarel of conmpound |-11 was performed. HCV RUX/ESL088/087736
(A156S), (R155K), (D168A), (Al56T), and (D168V) were
i ncubated for 3 hrs at a 10X fold access of test
conpound to protein. 2 RKAMPIGU23s of the sanples were
_diluted with 1 Qul of 0.1% TFA prior to mcro C4
In vitep; thamsgyiptign di rect |y onto the MALDI target using

o037 P ey s 555 SR 048 g e protoco

descriﬂ_e’a%)AE@fuﬁéﬂnt i £1€,90: 341, FRR0dNEAOL 200 Pt rlra'ﬁ?csrg)tion of positive-
measurenent the instrunent was set in |linear nopde

strand USCWgRA Apu ipkside DINApFKRNI34 £tRIFHIng/N$3-24E B06btained from ReBLikon

a&g\i{%ogl obin as the standard to calibrate the o
Gmbh; (Fisidellivish Geronele Vandiassied cridu Asel fallgued by, Seedr Afigg restriction

digest PGS ke B PR AR PP B B PR i gssotves
in RNARUREAUSH: AN 1ahGrivhsPRaLRSs WWhEINE BS nfNBHIEISHH 7.5), 12 mM

with the mass of conpound I-11. [00367] As depicted in
MgCLE2 guMespsrmifime, 4heMHGhioALSES)a A2 antM tchegostratsoncafingatle necleoside

) conversjon after. 3 hours reactio i me.. The S
tﬂphowﬁﬁtﬁef RNt et ¢ stﬁew? 9 @i(ﬂ@%%pdt mUm}?@a%Nécpolymerase

o ComS] i t ) )

prom D SO A B EIEST WL OGP PRl bl adaca,

the red®Hb@Was ift@bed for ABHICORVEGBRICAPHGT ey teBninend by tBagdditdh of | U
time. The mass difference between the new species and

of RNadeelragniPNasst(Brbnmga hper vgsofqdassiid D, fallewed byeinealzgionffor 30 min at
~compound 1-11. [ 00369 epi,cted i.n Figure 7, for . .
37 °C; paRACoN gt Ty e i P e SC RIS ddNanvas digpiared wih
: r Chi I h [ e :
onoflb Pt IRYISGL SN S UREETRE dmined by

measufeditat 8f &Rt oprichhdéigy mag60 afn (ODPEYNghd RN ift@0dy Qlas checked by
Conpounds 1-19 and 1-24 were tested in a simlar

denatufiag hgapsaussi elgetrapborgsishods descri bed in Exanpl e 18, and
nmeasur abl e coval ent nodification of HCV NS3/4A D168A
was observed. EXAVPLE 21 Cell culture [00371]
Huh- 1 uc/ neo- ET, Huh7- Lynes r bt ai ned from ReBLi kon
Grbh (Hei del berg, Cer rmny)%lﬁ‘g were grown in

Transfa¢tioe oL HOVOLlI e vgth gagdrfe nnd seleotioMEMablevelltlinegen)

suppl eqented with 2 nM L-gl utam ne, nonessential amni no
[00374ci dsl0" tdeh L wiet pallsivesre seededrpyer naght iya 32 well plate, the next day 1 ug

: 0 .
of RNSUSEELAER T pAREARREE £l B0 6 R was prtomec
accordi@N & Manatab QRerQf iRRUDLS Mind bl GukURRE: WelsEclbPWRII Rvere cither
t e absence of G418. EXAMPLE 22 Mutant constructs
subjecfed 8 MAicifSams hysag bs supattal w 6418 (400ugall) yeleriloaviamtrder to establish
mut ati ons were generated by performng site-directed
stable gelt lifsnesi s on the pFK-1389-1 uc- ubi - neo- NS3- 3' ET
pl asm d (ReBLi kon Grbh

EXAMPLE 25
Inhibition of Protease Self cleavage
[00375] Huh-7-Luc-Neo-ET cells were plated in Replicon Assay Medium (RPMI
supplemented with 5% FBS, 1X non-essential amino acids and pen/strep) at a density of 1 x 10°

cells/well in 12 well plates. Eight hours later the media was removed and replaced with 1 ml
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WO 2009/ 082701PCT/ US2008/ 087736 ( Hei del berg,
CGermany)). using the QuickChange Il Site-Directed
worioapgatesi s Kit (Stratagene, La Jolla, CA) ackor/uib1egs/087736
to manufacturer's directions and with the priners
described in Table 7, below. Table 7: Prinmer sequence
media esetdininy estcabiposiu (Futelbt pdrepmpoatd) ard D.0RYNBMSO and the cells were
NS3- A156S- F GCTGTGEESGCATCTTTCGGTCTGCCGTGIGC ACCCGAGEG
retum@tg tho iRgubas oysmught.5exxtgen hours later 1 well from each compound and 1

o LR SSTRGAIORC A0, 558 L0y Hocion
B
The reMaBHAY G ER- werSHESH NECCAMNESXBEGCRACTITT REPCOCETa A@HeiTirned to the
incuba\?o%QCIeﬁs l\>vlce)ire \ngshlgl(? %fl(%leéfgé; hF\z)ur by removing the old media and replacing it with
fresh media and were lysed and collected at 4, 12, 24, and 48 hours following the first collection.
[00376] Cell lysates were separated by SDS-Page (4-20%) and transferred to Immobilon-P
PVDF membrane (Millipore Corporation, MA) and blotted with polyclonal anti NS3 antibody
(Bioenza,CA). Blots were scanned on an Odyssey infrared scanner from Licor and the FL band
and cleavage products were quantified separately using the Licor software provided with the
scanner. The cleavage product was calculated as a percentage of the total NS3 in each sample
and then normalized to the DMSO control so that the DMSO control reflects 100% activity.
Results and Discussion

[00377] When protease activity is inhibited, self-cleavage is abolished and the only protein
species detectable is the holoenzyme. After 16 hours of continuous exposure of the replicon
cells to NS3 inhibitor compound, the self-cleavage products were undetectable in the treated
samples, but readily detectable in the not treated control replicon cells. Prolonged duration of
action was demonstrated by exposing the replicon cells to a protease inhibitor for 16 hours, at
which time the compound was removed, and the replicon cells were repeatedly washed for
several more hours. Covalent irreversible NS3 inhibitors demonstrated sustained inhibition of
NS3 internal self-cleavage activity for up to 48 hours, whereas the protease self-cleavage activity
rapidly returned when using reversible compounds (Figure 8).

[00378] Figure 8 depicts that the NS3 internal self-cleavage products are inhibited by
treatement of replicon cells with Compound 1-47 for 16 hours.

[00379] Figure 9 depicts an irreversible covalent inhibitor (compound I-11) of NS3 protease
demonstrate prolonged inhibition of NS3 protease activity in the wild-type replicon cells, as
measured by seclf-cleavage, after the compounds are removed. The compound was incubated
with replicon cells for 16 hours and then removed (time 0). Even up to 48 hours after removal of

a covalent irreversible NS3 inhibitor, NS3 self-cleaving activity is inhibited by at least 50%,
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AGACT CGACGGGTACAAAGGCCACCGCCTTCGCA ACCCC SEQ 1D NO 71

N53- D168V- F GGGGT TGCGAAGGCGGTGGTCTTTGTACCCGTCG AGTCT
WEEQARMO 72 NS3- D168V- R PCT/US2008/087736

AGACT CGACGGGTACAAAGACCACCGCCTTCGCA ACCCC SEQ I D NO 73
NS3- C159S- F ATCTTTCGGGCT GCCGTGAGCACCCGAGGGGTTG CGAAG

whereBEQrdvErsie drig, MX3930] sisvsRvirtually complete return of activity in as little as 4
CTTCGCAACCCCT CGGGT GCTCACGGCAGCCCGA AAGAT SEQ | D NO 75

hours a3 drRpssIORA CACGCT GTGGGCATCTTTAAGGCTGCCGTGTGCA CCCGA

[0038@% L8053 RlSﬁ@&@@ﬁVé&é&&}&l%?@pound I-25) of NS3 protease

demonstrate prolonged inhibition of NS3 protease activity in the wild-type replicon cells, as
measured by self-cleavage, after the compounds are removed. The compound was incubated
with replicon cells for 16 hours and then removed (time 0). Even up to 48 hours after removal of
a covalent irreversible NS3 inhibitor, NS3 self-cleaving activity is inhibited by at least 40%,
whereas a reversible drug, VX-950, shows virtually complete return of activity in as little as 8

hours after drug removal.

EXAMPLE 26

Luciferase Assay

[00381] The compounds were assayed to evaluate the antiviral activity and cytotoxicity of
compounds using replicon-derived luciferase activity. This assay used the cell line ET (luc-ubi-
neo/ET), which is a human Huh7 hepatoma cell line that contains an HCV RNA replicon with a
stable luciferase (Luc) reporter and cell culture-adaptive mutations. The ET cell line was grown
in a 5% CO; incubator at 37 °C in Dulbecco’s modified essential media (DMEM) supplemented
with 2 mM L-glutamine, nonessential amino acids, 100 U of penicillin/ml, 100 pg of
streptomycin/mL, and 10% fetal bovine serum. G418 (Geneticin; Invitrogen) was added at a
final concentration of 400ug//mL.

[00382] All cell culture reagents were obtained from Invitrogen (Carlsbad). Cells were
trypsinized (1% trypsin:EDTA) and plated out at 5 x 10° cells/well in white 96-well assay plates
(Costar) dedicated to cell number (cytotoxicity) or antiviral activity assessments. Test
compounds were added at six 3-fold concentrations each and the assay was run in DMEM, 5%
FBS, 1% pen-strep, 1% glutamine, 1% non essential amino acid. Human interferon alpha-2b
(PBL Biolabs, New Brunswick, NJ) was included in each run as a positive control compound.
Cells were processed 72 hr post test compound addition when the cells were still subconfluent.
Antiviral activity was measured by analyzing replicon-derived luciferase activity using the
Steady-Glo Luciferase Assay System (Promega, Madison, WI) according to manufacturer’s
instruction. The number of cells in each well was determined by Cell Titer Blue Assay

(Promega). Compound profile was derived by calculating applicable ECsy (effective
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SEQ ID NO 77 WD 2009/ 082701PCT/ US2008/ 087736 EXAMPLE
23 In vitro transcription [00373] In vitro transcripts
wW@R00BIOR27pDSi t i ve strands were generated by usiPQI/Uk®08/087736
protocol described by Lohmann V et al., J. Virol.
77:3007-3019, 2003. For transcription of
concerpasibh inhébiitg ainldi efcaldifby S0Yon a6 (dﬂiﬂéﬁ‘(@dﬂﬁc&ﬁﬁﬂion inhibiting virus
Pl - Luc/ NS3- 3"/ ET, obtai ned from ReBLi ko
rephca@lﬂéubcreﬁf(}/e)r éCmCﬁé@Iiﬁﬁﬁ%tyon desrpaging eelt éfalbwty I]@Y/@e/?) and Sls (selective
, d Scal . After restriction digest, DNA was
md@“ggkwgﬁgﬁﬁﬂ%fth phenol and chloroform precipitated
wi th ethanol, and dissolved in RNase-free water. In
vitro transcription reactions contai ned 80 nM HEPES
[00383]pHWhik)we Mvmtﬂdsmjﬁdzl, nitnbeivo$ pmbadidicnss, of 4Ris mitention, it is apparent
dithiothreitol, a 125 mM .concentration of each

that o hasie sxanes m@%%@lﬁﬂﬁ%ﬁ t@ pravids efherrauhodpnents tll}@t yflize the compounds
and m?@%s#éél&? ijn %t%ﬁlge erD% g? wgigl?? aéép?eglf';{eé tﬁNAheD %8?5??{ tﬁgllnventlon is

to be ddinkl B I apRnYEEERRS WaRr afdas, th@@ﬁec‘iﬂi’ceeﬁ@&ﬁﬁlbﬁﬁ th¥@%ave been
i ncubated for another 2 h. Transcription was

repres¢reechynagedf dxyymplee addition of 1 U of RNase-free DNase
(Promega) per ug of plasm d DNA, followed by
i ncubation for 30 mn at 37 C. After extraction with
aci di ¢ phenol and chloroform RNA was precipitated
wi th isopropanol and dissolved in RNase-free water
The concentration was determ ned by nmeasurenent of the
optical density at 260 nm (0D260), and RNA integrity
was checked by denaturing agarose gel el ectrophoresis.
EXAMPLE 24 Transfection of HCV full |ength genone and
sel ection of stable cell lines [00374] 7x104
Huh7-Lunet cells were seeded over night in a 12 well
plate, the next day 1 ug of RNA/well was transfected
using Mrus Tx (Madison, W) kit. Transfection was
performed according to manufacturer's instructions,
and 24 hours after transfection cells were either
subjected to Luciferase assay or subjected to (418
(400ug/ nl) selection in order to establish stable cel
lines. EXAMPLE 25 Inhibition of Protease Self cleavage
[ 00375] Huh-7-Luc-Neo-ET cells were plated in Replicon
Assay Medi um (RPM suppl emented with 5% FBS, 1X
non- essential am no acids and pen/strep) at a density
of 1 x 105 cells/well in 12 well plates. Eight hours
| ater the nedia was renoved and replaced with 1 m WO
2009/ 082701PCT/ US2008/ 087736 nedi a cont ai ni ng test
conmpound (5 wells per compound) and 0.02% DVSO and t he
cells were returned to the incubator overnight.
Si xteen hours later 1 well from each conmpound and 1
untreated well were washed with PBS, then |ysed and
scraped into 30 ul of Cell Extraction Buffer
(Bi osource, Camarillo, CA) plus Conpl ete Protease
I nhi bitor (Roche, Indianapolis, IN). The remaining
wells were rinsed 2 X with PBS then fed with Replicon
Media and returned to the incubator. Cells were washed
once every hour by renoving the old nedia and
replacing it with fresh nedia and were |ysed and
collected at 4, 12, 24, and 48 hours follow ng the
first collection. [00376] Cell |ysates were separated
by SDS-Page (4-20% and transferred to | nmmobilon-P
PVDF nmenbrane (MI|ipore Corporation, MA) and blotted
wi th polyclonal anti NS3 anti body (Bioenza, CA). Blots
were scanned on an CUy@g@yH;qugged scanner from Licor
and the FL band and cl age products were quantified
separately using the Licor software provided with the
scanner. The cl eavage product was cal cul ated as a
percentage of the total NS3 in each sanple and then
normal i zed to the DVSO control so that the DWVSO
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[00379] Figure 9 depicts an irreversible coval ent
i nhibitor (conpound |-11) of NS3 protease denonstrate
w@e@bosayed i nhibition of NS3 protease activityPCTHUS1968/087736
wi | d-type replicon cells, as neasured by
sel f-cl eavage, after the conpounds are renoved. The
conpound was i ncubated WJIAIMS®! i con cells for 16
hours and then renoved (tinme 0). Even up to 48 hours
after renoval of a covalent irreversible NS3
Wecli.nhibitor, NS3 self-cleaving activity is inhibited by
M| east 50% WO 2009/ 082701PCT/ US2008/ 087736 wher eas
a reversible drug, VX-950, shows virtually conplete
return of activity in as little as 4 hours after drug
r enovad cofpOBEQ fdriplrle 10 depicts an irreversible
coval ent inhibitor (conpound 1-%5) of NS3 protease
denonstrate prol onged inhibi tgoh of NS3 protease
activity in the wild-type repglicon cells, as neasured
by sel f-cl eavage, af fer tfie onpounds are renoved. The
conpound was i ncubat wiN.h peplicon cells for 16
hours and then renBYe [ Q). dven up to 48 hours
ir

after renoval of a cova ent er sibl e NS3
i nhi bitor, NS3 self-cleaymg t™Nty is inhibited by
at |l east 40% whereas a reverdi bl & drug, VX-950, shows
virtually conplete return of actiQity in as little as
8 hours after drug removal . {EXAMPLE 26 Luciferase
Assay [00381] The conpounds were assayed to eval uate
ora pHahﬁa@ﬁtiéa‘MF/raadepta@Iei selt therefidvigréiat oxi city of conpounds
. usj.ng replicon-derived luciferase activity. This assay |,
R" andq B e@ret inéepsaddntly ihydrogan ¢of epsiondlihebstETied Guhiabiphdts, er R and R* are
human .Huh7. hepatoma cell. |.i ne that contai ns an HCV RNA
kSRR R S oBinE syt R s LBy BB Rfle Figing
R% s ¢ ( - adaptive mutations. The ET cell line was
lsgﬁg&%qgﬁyg{5@6CIﬂ i ncubator at 37 Cin Dul becco's
R? is -NiRl), forr @dl ops@atly isabstiree @ogbRdMdedsfugplanentleskyi & bridgodMicyclic,
L- gl utam ne, nonessential am no acids, 100 U of )
6- Ke megiberednari, | S-19onerglecrest heteraapl ofiayaien 1 i hetgipatormosndependently
fetal. bovi.ne serum (418 neticin: lnvitrogen .
selyfo el URFeaio Thsre it rUEFORT o dogtFid i ByalEhaving 12
het¥ldatdt R ihd GHhdHS sEIEASERER RS o8n Ay BEN BAsIfuPM
eln&itr&géﬁk(car?giad). beﬁsgﬁgﬁg& ryps?nized (1%
cach Rt is ypleperded )y daopstn popadoed lyosubstettite® Ox ¢ dlgBatielok:s/ wel | i n

white 96-well assay pl ates §Cbstar) dedi cated to cel
niPnR ron( ty t8MEX1iEpgep) ateyp 4 takgn tegethes (wighy thy nitrogen to form a 4-7

asses t:Sp . 1est .conpo at .Sj -fo
con TBARER s OR R MRGMEE: 1L Bo PR ChaRiebasli ggea from
FBShitd e R ORysdnl 8PsulfhPo 9l ut am ne, 1% non essenti a
am no acid.”  Human interferon al pha-2b (PBL Bi ol abs,
R’ is {NeVy Bhareiswi ck, NJ) was included in each run as a
positive control compound. Cells were processed.72 hr
L pogtcovlent bitpauAdiselentt  on Sieird e uesfurgcgeyteight jqr) branched,
ﬁﬁ%ﬁ&d&l{ﬂoﬂ%ﬁm &'ﬂ&le}ﬂ 51?6', @& tqr\ﬁuteg nyg@dgﬁ% lftrseoq Lere.orPtionally and
analyzing replicon-derrved TucitTerase activity using

tif@epeh @y -rEp|8cct U dyRIopFspy RS ANIRY SNERIC(BT-ODE@AN(R)-, -N(R)SOx-,

Madi son, ) according to manufacturer's 1nstruction.
TN (RbeO-o1C(0el HBCIN-,eQtB)OretS-, 263, G606 ri=e0-G{FNR)-, -N=N-,
Cell_é%ber Bl ue Assay (Pronega). Conpound profile was
e by cal cul ating applicable EC50 (effective WO

¥ B e e o BT B (b B CN%r 4 310

cianebitd aloheuycliabi BitydlioGavirateds pagially aadat@ated)or 4848ing having 0-3
| C50 (concentration degg§gﬁ§gg ?gll viability by 50%

and SI50 (selective indeX: é & 050) val ues. [00383]

Wil e we have descri bed a nunber of enbodi nents of

this invention, it is apparent that our basic exanples

may be altered to provide other enbodi nents that

utilize the conpounds and nethods of this invention.
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R2a is -OH or -NHSO2R2; R2 is -N(R)2 or an optionally
substituted group selected fromC3_7 cycloal kyl, a
wheiodgexiobi cyclic, 6-10 nmenbered aryl, 5-10 nmeP@EDSH08/087736

het eroaryl having 1-4 heteroatons independently
selected fromnitrogen, oxygen, or sulfur, or 4-7
nesdredteds helepemietty ydledialvirom ditrégdneteygeal emsulfur, and wherein said
i ndependently sel ected fromnitrogen, oxygen, or
St ifr subsimiFdrvite af o seatae nﬁqiqpem&@ﬂwéh,cte@ gtams m&d-Zy 0xo0, NO,,
wﬁ?stit%ed(ﬁl ?ﬁ\lti phatic, or: two R on the sane

?%B’e atlorsdrB 4 5K & er?lgget her with the nitrogen to
for @ & atolaltRTREH 8 a BRLAMP €Yi? bdtGrateli B9 uh@Wir9d, Strdight or branched,
het er oat ons 1 ndependently selected from nitrogen,

oxygerhydarcaboh fchain, RBereim onk-oY twaineatkeflene unifs ©f & are optionally and
coval ent bond or a bivalent C 1 8 saturated or

unsat Uréapspdendy replaghd by rNBraneh@d,-CHYdr-LardoPOrhaidn,

wherei ne, two, pr.threg t hyl ni of L ar .
opt Pon vt alpubiar Ty S0 Poh o+ haibedl 8r on:
or RY GhPR BRYAIRRA %c%sltﬂgfew'ith INGRhfeehing atéh bR an optionally substituted
NCR) S02-, ~SOEN(R) -, -0-, ~0(0) , ~0C(0)-, -&0)0-,
- BturateSOr ,unsad@Ated 12 & Blemberod( mNRhaving R=tNhetematovhsi mdependently
hydr ogen, Cl-6 aliphatic gpti nall% s,ubstitutﬁd with |
ogé cte afrqg@gﬁr,ogg} oxgen.qir syltar pesggy the ring formed thereby comprises -L-
2{).0(91/ 082701PCT/ US2008/ 087736 het er oat ons i ndependent |y
sel ected fromnitrogen, oxygen, or sulfur, and wherein
R'sall d ridg'erh& GRS bihd BEede WKeh tadlthbr 4itH tR4PRtervening atoms to form
i ndependently selected from-QZ, oxo, N2, halogen,
GN, optron@lly Gubstitghditsatiratedher einpatur@eds12a1 & onentemed bogdhaving 2-6
or a hival.ent sgturated or unsaturated, strajght .
e Gpatiith e SR SR RogHb P omesRire yadieh the ring
I . ,onal | y and i ndependently
B e Phpial a QAL BRUHERE) LY 250 o S
and Z is hydrogen or Cl1-6 ali@hatic optionally
substituted with oxo 5h_aIH)_gen o, CN; or R3 and Rl are

t aken toget her vvith{Q eryeni ng atons to form an
opti onal Isy substituted |lsatufrated or unsaturated 12-18

R* is HreNBE(OR T iMGCINIRTg 2-B het'er oat oner a mdegandemttinyl amino acid

.selected fromnitrogen oxygen, or sulfur, wherein the
SideichNERENPed t her eby conprises -L-Y; or R3 and a ring

s TP R e P LS RRAR S Gy o

briggddubiey @R, eriounsmbste@tad 3§20 kerhRARE h&kohiyN BaViay i100 heteroatoms
2-6 heteroatons i ndependently selected from nitrogen

indsperglently oelected firom mvthomeri axyger, of ngfuroondd/ tenteingd heterocyclyl
-N 0) R5,

ha?iﬁ%ﬁﬁ@?@%? S SaEagh B Bl NomATaReE OREhOT ALY

is $h do%’ciSHﬁfy”s&@@t‘d&ﬁ group selected from C, aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; and

is an optionally substituted group selected from C,. aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, or sulfur; and
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each RS is independently -N(R)2 or an optionally
substituted group selected fromCl 6 aliphatic, a
wheiodgexiobi cyclic, 6-10 nmenbered aryl, 5-10 nmeP@EDSH08/087736
het eroaryl having 1-4 heteroatons independently
selected from ni trogen, oxygen, or sulfur, or 4-7
edet & ocycl yl having 1-2 heteroatorrs
sel ected fromnitrogen, oxygen,
R0 'S 3} Pphi ®7ald t)fke%HB%éthér%flﬁldth&E %&v&ﬁ%%ﬁg to form
from Cl_6 allphatlc a brid I cyc ered
an a@pﬂonal@ LQbgrieubdr Muﬂa&tiet)loamydtuﬂaadl m@uzz dhetnbred OI&Ith aving 2-6
i ndependent Ial sel ected fromnitrogen, oxy
e@mafqms mggpendeptlysplpredomantergssyeygen. Ry %!@ 1-

het er oat en tl el ect fromnigr o
cach QiFRRE WE T it IRERSREREY kel BRRCEodRA TS ’gﬁgﬁﬁ-“% AR or
opisiUp s§l§s|t1ﬁfféc?@|1 Mt afy al i phatic, a bridged
bicyclic, 6-10 ered aryl, 5-10 nenmbered heteroaryl
mJSmhﬂM#ﬁgﬁ@ﬂ@thé{E&b@WﬂﬂB |ndependently sel ected from
. hitrogen gen, .or sulfur, or 4-7 nenbered
Swanﬁ@@%?%@@b Vl W%WWH@ 1-2 heteroat ons i ndependent |y

. e romn gen, oxygen, or sulfur; and Page
tis an’ci‘ﬁ%geghg%ég“ 11128’657%082701PCT/ US2008/ 087736 0 (RY),- Rz
whereinthe Qim 5¥s #ad iRdor@s@o t aken together with their
intervening atons to form an optionally substituted,

saturat ed or unsaturated 16-22 nenbered ring having
- er oat ons, i ndependently sel ected from nitrogen,
o%cyg e]the&m@emfdﬁworé O r WhRES RY i S

3. 0 ntly selected from hal ogen, -OR -CN, -NQ2,
Ris Wf%@‘%gr optional Iy substituted G _4 aliphatic; and

L 09 bScoillchtnb®@ebr b 6ivalbntt O) 4 sathfA€ddUsH MfSanfated @fhight or branched,
integer fromO to 4, inclusive; t is an inte romoO

thydzlqcarmnlclhsmvwhem@@, W, g tbmmrmthﬁe@nlmms %SL are optionally and
non-ze

vildsnsn nﬂréel?lgch d by gq%éf e, ﬂ N R@Q@é %@Nﬂ@ ~oH(R)SOx-,
i .

Wher ein oné
tdir-€e=NBY; hyI ene units of L are opt| onal | y and
i ndependent lai/ repl aced by cycl yl ene, -NR-

1

Ylsm(yda)og@m)cm pjw)cm@p@nauysmq; obwith g@;imhg)zn NOgor CN, or a 3-10

r&g@%{ﬁ?d mon Rpé oro‘t}%ycég,_%@ged \Paﬁquﬁyﬂia%@ﬁd OF rygzmg havmg 0-3
PR RSN IRl i IR i i

s@ﬁgﬂ@&ﬁt&dtutemawﬁh 8lIRF guovgpaf andat ed, or aryl ring haV| ng
-3 heteroatons independent | sel ected from njt rogen,
eaq}y&géwndgpengmtbrus,elec@ddfrqma@%n o5& WOy, hiedpeen, CN, a suitable leaving

HapshaCe ribelr BathudTy RURIBR MRS Ries™ NDp oy, wherein:

ON, QBis ol ABhSoh8 BY b B@alent Cy saturated or unsaturated, straight or branched,
hydrocarbon chain, wherein one or two methylene units of Q are optionally and
independently replaced by —-N(R)-, -S-, -O-, -C(0)-, -OC(0)-, -C(0)0O-, -SO-, or
-S0;-, -N(R)C(O)-, -C(O)N(R)-, -N(R)SO,-, or —-SO,N(R)-; and

Z 1s hydrogen or C, aliphatic optionally substituted with oxo, halogen, NO,, or CN.

3. The compound according to claim 1, wherein:
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group, or a Cl-6 aliphatic optionally substituted wth
oxo, hal ogen, NO2, or CN, wherein: Qis a coval ent
whemd/oga7on bi val ent Cl1_6 saturated or unsat ur aP@mpsS2008/087736
strai ght or branched, hydrocarbon chain, wherein one
or two nethylene units of Qare optionally and
Lis alhmme E@[@ IStrzhlghtr (&[i:hr&ﬁﬁdd hwdfd‘d(nFB))ﬁ chaifb-wherdin L hdS(al Jeast one double

- ¢ 0) or N(R) C( 0)
bonal:(cml N@R)or tml\l@thé}ﬂeml m ylenscmt(s R)f L #p @pzomaélyha,x@r ingenendently

req‘i%qegéaé/n a’f):ré Qﬁﬁkl oﬁh@/ gmﬂ;ccér’ 02 , -0C(0)-,

CEYLRE 9@2@?&525%%%877% A0 i val ent @2 8

Y is hgtmogem i, sadipbatanaitedal shydsttmted boith oka@ihalogher¥On dr Eidsor a 3-10
at | east one_doubl e bond and one or two additional

membheridl marocyRlie or Bieyqlicapauigisdi BHERY, uzsabrsted p e ditg Javing 0-3
hete%% 0%%%6&%&&6’?'1@%%8&0%%@% trogeE(ch)ngt) %g @%fu& i Egﬁ%geﬁ%md ring is

subsBituted WER) 4 R°Qrougs(#-; Y i's hydrogen, Cl_6 aliphatic
optl onal ly substituted with oxo, hal ogen, NO2, or CN,

cach Roris md8pehdenthristected frovmeQyZ; | dxo, NOz,Hlat]I)gBh,l GN, $sultatbbtleai/mg group,
t I
or Pt hat o iopaop O dalse U Cee bt et NDmattey dsrein:
(2%;9%” ov Iétsl%ntdu& a gﬂf%le}wer sﬂur%’?e'd rﬁn@% E?ed? straight or branched,
St PS; eacC

| ndﬁ?@ﬁ@eﬁ‘mﬂ Yhég! KRdree (frfeod% tv@r Znet Xe N, ofN@I Rg@Ptionally and
CN, a suitable |eavi ng group, or CI-6 aliphatic

opt imslepdridyntisu bepldceditbyd-MiRh 6x%0-0- haC@en O(NOQ -@(OEN, -SO-, or

sat[g3 & 3](8%&933 Q@&S@gh ?@W g k Prch d

h? ?sé%?cgé b%%ﬁ;ihat‘mﬁ@% [PShBst ﬁtep\()@thrﬂ% hﬁ/a!l(%ﬁ N6l %P N

epen 'y repla
-N(R) - -S -0-, -¢(0)-, -0C(0)-, -C(0)0-, SO or
-S2-, -N( R) C(0) - C( 0) N( R) - N( R) S02-, or

- 4500 N( Bye-compaundzaccerdingdp 6kjem 3owhating al i phat i ¢

L is o PO Bt st S B e B SR s Pl doudl
bo%\éﬁ‘él %meagzc»& fiktl h?leﬁ@tunﬁrofbﬁ %g%b%g IT%('d-r _r 0 chdgf-‘i TC(O)NR-,

erelrn has at east one dou

-N(ID)SO’;TEFWJI‘&R&- Ui, tS@)-,-SOs-, F@PIGHc ant —E‘IO)(@( @ﬂd one or two additional
0) - C(0) NR- N(R) 502-, -S2N(R) - 5(0) -
meﬂsd@e umtscqf01> are gptiongllpyand  indgpandsniy aepleded la/d avalonspiallene, —O-,
th unlts of L are optionally and |ndependently
N@p’l%o@@ ycI opropyl ene, -0-, NR)- -C(0)-;
Y is hf8ch dr &) DYGFHAGE BptRinalfy sébstukdaRat &XOOHMb Nb_/ﬂ CN.
° y?gggset itut Ed%vm th %xgaﬁ%g ggéln NO2, . 5. Oer
corrpound according to clai m 4, wher e| n L is a bivalent
8 straight or branched ydrocar bon chain wherein L

h%s at TheeaBpowHacgoignIedo @E@ﬁa 4awheram [y sadivabing Cos stralght or

N e e
unit oﬂol?fi_@%?%%é;ﬁ -7 (0 e Rina GRe oﬂowvooadqitfa)ﬁmwhﬁ@& umt@'of LM &ptionally
and independently réplaced by cyclopropylene, —O-, -N(R)-, or -C(O)-.
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WD 2009/ 082701PCT/ US2008/ 087736 6. The conpound

according to clains 4, wherein L is a bivalent C2_8
w@Reoalogptol or branched, hydrocarbon chai n wher eP@I/LS1va%087736

at | east one double bond and at | east one nethyl ene

unit of L is replaced by -0C(0)-. 7. The

c@npourte ceapotiet srgotdmgtb alaim84, witeegie Lnis b bivalent C, ¢ straight or

- NRC( 0) CHECH- . ,
branchegpydmcarsetrimip Nheremsh, has aygasoonerdeahicibpd andaytpeasione pgthylene

O
unit ofps ey -ORHbp cH=CHCH2- | - NRO(0) ( C=N2) - , - NRC(0) (C=N

2) ¢(0) -,
- %\I(F\:’(C( )0) CH=CHCH2N( CH3) - , - NRSO2CH=CH- , - NRSO2 CH=CHCH2-

NRC( 0) Thd=Chi@paand, achizding) & =hiz) GH2 wherd@H2NRG( ONRC(0)CH=CH-,
- CH2NRC( 0) CH=CH-, CH2CHZNRC(0) - or
'NRC(-C&C@NE&:@QZNQH%r opy! eMRC(OMRBAEHCHR s H or-CHNRC(O)CH=CH-,
ional | i tout 1 6 alj i cogand Yy _
NRSGEIE & TGS o BIENG Nelins: | AURE@IG TP CCON
-NRC@@HZ@HG}%MCHB\)QZ, or CN..NR&OICB=CPRpPOUNnd accNR&IGHECHCH,-,

aim?7, wherein

NRCIHCHELEEHGACH2NNREE) C (- SHECH,CHGHGMRIC(O)-,  -CH;NRC(O)CH-CHL,
CHAN G Oreor i D ey B GHPSn B) s entiapsthosubstituted

LRSS Ry B G v

or CN- CHZNHC( O) CH=CH- ,

8. The compound according to claim 7, wherein L is -NHC(O)CH=CH-,

NHC(O)CH=CHCH,N(CH)-, NHC(0)CH=CHCH,0-, -CH,NHC(0)CH=CH-,
NHSO,CH=CH-,  -NHSO,CH=CHCH,-,  -NHC(O)(C=N,)-,  -NHC(O)(C=N,)C(O)-,
NHC(O)CH=CHCH,N(CHj)-, NHS0,CH=CH-, NHS0,CH=CHCH;-,

-NHC(O)CH=CHCH,0-, -NHC(O)C(=CH;)CH,-, -CH,NHC(O)-, -CH,NHC(O)CH=CH-,
-CH,CH,;NHC(O)-, or -CH,NHC(O)cyclopropylene-.

9. The compound according to claim 3, wherein L is a bivalent C, straight or
branched, hydrocarbon chain wherein L has at least one alkylidenyl double bond and at least one
methylene unit of L is replaced by -C(O)-, -NRC(O)-, -C(O)NR-, -N(R)SO,-, -SO,;N(R)-, -S-, -
S(0)-, -SO,-, -OC(0)-, or -C(0)O-, and one or two additional methylene units of L are
optionally and independently replaced by cyclopropylene, —O-, -N(R)-, or -C(O)-.

10.  The compound according to claim 1, wherein:
L is a bivalent C,g straight or branched, hydrocarbon chain wherein L has at least one triple bond
and one or two additional methylene units of L are optionally and independently replaced by

-NRC(O)-, -C(O)NR-, -N(R)SO;-, -SO;N(R)-, ~S-, -S(0)-, -S0,-, -0C(0)-, or -C(0)O-,
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CH2CH2NHC( 0) -, or -CH2NHC(O0) cycl opropyl ene-. 9.

The conpound according to claim3, wherein L is a
whraoabga1ol C2_8 strai ght or branched, hydrocar bp@T/Tkmn$i087736

wherein L has at |east one al kylidenyl double bond and

at | east one nethylene unit of L is replaced by

Y is hydi(o@én ,C 1= NIRph&jc- optioadlB) Nstitutei( {5020, , hatoBeR2 N(®),-or C1&-or a 3-10
or -C(0)0-, and one or two additional

mq@ﬂierﬁ,dl @ﬂ@ocaﬁﬁq ar btpymlcaseéur@@fii pHERLY unyarated oy e aifg aving 0-3

help Bt achbn e SRR PR rael xR or s Bl sad ring i

Su&&lﬁﬁé@\p&h@&_[&g%@gl.‘g{at or branched, hydrocarbon chain
wherein L has at |east one triple bond and one or two

each Ridglindememaentlyedetegted faonu HQt-& otxb NO@,rhal@pnl @Nazh buitadledeaving group,
|ndependently replaced b

or Cpg ﬁi}p@@ e op 1ogé;l>)r\qumutedgath ng }leogen 1§@2 _or (‘N,@(l@;em or

iy agayielab @it oG T SRR, Sy bt

O0XOhy Jﬂ@&eﬁ’g&f‘ chmwhé%fﬂnq}ﬁe &Y tveb %Ie%ilglléﬁ%nfﬁﬁtrsecfilL Q are optionally and
m)nocycl ic or bicyclic, saturated, "partially

uns atdepandent]y mpl%eéllbyﬁm@)h aSi,ng)-0-C(Met Q&) oE(0)0-, -SO-, or

i 707 -SNBJGHeBr e AR b R0 Fpoe NGt 1.4
2 s ik U0 o i EREIaFR, L IREREATRY: hoR§ 881 86l o

or Cl-6 allphatlc optlonally substituted with oxo,

hal ogen, NQO2, CN, wherein: Qis a coval ent bond or
al Ibi valentton@l)uad satonding éal Cbrm ufs athareat ¥dis hydrageglor Cax aliphatic

anched, roc erein one or two
Optlonﬁléfﬂif/’ H‘@dd‘ﬁﬁ &0 a‘l@eﬁcﬁ |ﬁ:al |y and i ndependently

replaced by -N(R -, -S-, -O-, -C(0)-, -0C(O0)-,
-C(0)0-, -SO, or -SO2- -N(R)C(0)-, -C(O)N(R)-
- R) -, com OWN@R)ordln@ndtoz bﬁlrﬂydrlqgeWh@‘émCﬂ 6 is -C=C-,
al i phatic optlonall substituted with oxo, hal ogen,
-C= C@\MQ‘I(ISOPTOQN)- -NHC(O)XECCtHheHeonpbukhaCacdor &?@Hz@ -c1GL0)C=C-

r drogen or G _6 aliphatic optionally
'C(Oi(gb%ti)li Sﬂ?@% (t)ﬁ: gi hal ogen, NC2, or CN. 12.
The conpound accordi ng to claim1l, wherein L is
-CEC-, -CECCH2N(i sopropyl)-, -NHC(0)CECCH2CH2-,
- BH2- OHe-cGhipound @Eﬁ@h&%&o clatrCh2@€h & eEC, - C(0) CEC-, or
- CH20C( =0) CEC- . The conpound accordi ng t
L is a bjvalent 675 reshsion bTaIBClﬂ@éi by@p%b@n@ha@zwgergmmﬁ glmthxd?ne unit of L is

repgff h e g g[ﬂ‘ﬁ ISR ?gy gP %ﬁ]r acgggeorgﬁlemqﬁ %%err:lgt{ltg of i\%ge n Iaependently

o_ 1 h u ndep nt. .
sy ol ool oo
-C(@Q--S(O) -S2-, -0C(0)-, or -C(0)0-; Yis

dr ogen, C16aI|phat|cot|onaIIy substituted with
Y s h@i 19LCth eﬁ wgaélﬁﬁat;qcm)tlog@llmbs puteq waith) oxeydislsgegNO2, or CN, or a 3-10

me'irnaogget%yr%glgocaghco?r §¥¥(fhc Fa‘aéraﬁ?gvﬁ trﬁgl%y gﬁlﬁ%‘ é}traa%?ao r aﬁ%l ring having 0-3

heﬂef&ﬁﬁ%ﬂ@é}%hd/enﬁ? ls@8dteAifrbh MM dPch ! RGBEN, P YR, rb;nd%erem sa1d ring is
sul fur, and wherein said ring is Stibstituted with 1-

sulﬁetlgercb\uplsl -ddticgregsharide i s i ndependent |y sel ected from
CN, a sui

ble |
cach Rgfls @ﬂe@népmgh%ﬁchaém oRed- WoslﬂQg,tl{af%aegaoCbeha%/ F}ﬂ%k?erleaVlng group,
or ET gl%)%g,tlc %al‘?}; st &Y o, halogen, NO,, or CN, wherein:
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WO 2009/ 082701PCT/ US2008/ 087736 Q is a coval ent bond

or a bivalent Cl1_6 saturated or unsaturated, straight
w@eoobosatehed, hydrocarbon chain, wherein one oOPCT/WS2008/087736

met hyl ene units of Q are optionally and i ndependently

replaced by -N(R)-, -S-, -0-, -C(0)-, -0C(O0)-,

-@(i0)Ccovale@bondosr a bvdlent €N RtGiaH-or unSiti)aldRytraight or branched,

-N(R) S02-, or -S®2N(R)-; and Z is hydrogen or Cl-6

al i bﬁ@rp%ﬁ@p@h%awhgre@uwt PR mceale\m Heodts Hal oye@ptionally and

gl piend ol S TR0 o

Subsgo LUNIR)(HN -CUPN(RR! QRIS NR-—SOENGY-: and

The conpound according to claim’l, wher im: L i's a
coHvdlydrdgebon@; s alphéiic optiohkIR) Kﬁ(n@t)tuted writhaxbj haddgent NG, 08 CN.
saturated or unsaturated, straight or branched,

hydr ocarbon chain; and Y is selected fromthe

‘Lst i hﬁ’t é‘lll%& {@r g‘%%’g‘ﬂnéiw | éﬂ 1(3@&1@‘8‘1?‘@&%(”0%@ & NC?; aliphatic

optlonﬁlh}kﬁfﬂ)){ﬂltuféﬁtm&rtﬁb' P{alc?éﬁsNOE ld)tr@N wi th oxo, hal ogen,
CN, (i) al kynyl optionally substituted

W|th oxo hal ogen, NO2, or CN;, or (iv) a saturated 3-4

nber het erocyclic ring. havi H 1 het eroatom
-ect CPF“@HP %Fﬁ%‘iﬁh%rtoﬁ AP dgWACTERer ei n said ring is

Lisa § etnlt Bgﬁ(ﬁ d?(gﬁ) dc%}%l]q%éBﬁ % ﬁ%len‘?& ig( él/a)aﬁgteé %I‘ H s%{‘u%le(? sﬁralght or

ere avil ng ter oa

bre&l@h@phﬁﬁoéd&mmmg@m or nitrogen wherein said r| ng is
substituted with 1-4 Re groups; or (Re)i-2 L

Y is sak@id-fym NNFfolgmmgél) (lﬁgugb,(x?)\( 61-2 ; or \(NI:I i) a |
P oo s G RElREe MO gidas o (i1 1)
P K5 sy ORI Sitn PRI, B BRL R Por N T

I’\Glzﬁ)r(ozggeﬂl{yng’mﬁﬁallﬁub&uhﬁed} kvithWixer Ieildes AN, ok ON; b8
substituted with 1-4 Re groups; or (ix) a partially

umdat etaragadl 3- %mﬁf@b@delwftrwy@b@mgu baviigng, ham@ftt@mnselected from
sal gX)Egleﬂ%r m%rosggIP \%L!crteﬁlltsgl nng 18 su]bstltufa % v%hofjask groups or
(v) a saturated 5-6 membered heterocyclic ring having 1-2 heteroatom selected from

oxygen or nitrogen wherein said ring is substituted with 1-4 R® groups; or
(R%1-2 (R)12
W07 X NR X%
s, s
12 1

(vi) , 2 or

(vii) a saturated 3-6 membered carbocyclic ring, wherein said ring is substituted with 1-4

2, or

R° groups; or

(viii) a partially unsaturated 3-6 membered monocyclic ring having 0-3 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups; or

(ix) a partially unsaturated 3-6 membered carbocyclic ring, wherein said ring is

substituted with 1-4 R® groups; or
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WO 2009/ 082701PCT/ US2008/ 087736 0-3 c_1-2 (C), wherein
each Re is as defined above and descri bed herein; or

w@ xi0p/ose7parti al |y unsaturated 4-6 nenbered hetBCDUyN$/E87736
ring having 1-2 heteroatons independently sel ected
fromnitrogen, oxygen, or substituted wth 1-4 Re
groupsfoer 00 Cr\'-ifi)1l-2ANR (Re)1-2(Re)i-2 wherein
each d Re is as defi ned above and descri bed

é)’ﬁ,m RO i 1) rgbered aromatic ring
o@ ni trogens - m@w& chiﬁ & asidsnsdsabeypat 4%@8@%@%% or

o PRy ORI M }ATAER, e W oo

independently selected from nitrogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 R® groups; or
0 0

0 0
K NR N:??
gﬂ\})b/,\(Re)u 2( ‘2"/\\\- ) ) 6

v O
sS4,
(xii) O (R%)1-2

wherein each R and R°® is as defined above and described herein; or

(R®)}12 or (R%12

(xiii) a 6-membered aromatic ring having 0-2 nitrogens wherein said ring is substituted

with 1-4 R groups; or
Ns -

)14 (R4 _( \_' N3 _: Re”é_'
(W)g\/ g\/ g\/“ é\/ K

wherein each R® is as defined above and described herein; or

\_|J

(xv) a 5-membered heteroaryl ring having 1-3 heteroatoms independently selected from

nitrogen, oxygen, or sulfur, wherein said ring is substituted with 1-3 R® groups; or

f 2 ¢ 2 < N ¢ N
(ovi) Eﬂ‘ (R l\\_,'T(R‘*u SY_TR%.2 ; ALY
an N sn i
N N N N_
R R, N N
\ 7R LR\ rens (N_/TRG
0 0 0 @)

\ } N ) \ \\N _( N .
éT\_I’\(Re)w é N (R 3_\\_’/ (R%1-2 3 N— R
S S S. S
& ( 2 v N ¢ N
3_‘\\}@%.3 3_\\_,'7(“*%-2 3—\\_17<Re)1.2 B_N—’/ R®

(xvii) an 8-10 membered bicyclic, saturated, partially unsaturated, or aryl ring having 0-3
heteroatoms independently selected from nitrogen, oxygen, or sulfur, wherein said
ring is substituted with 1-4 R® groups;
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wherein each Re is as defined above and descri bed
herein; or (xv) a 5-nmenbered heteroaryl ring having
wda2®@9%g27er oat ons i ndependent |y sel ected from nPCT/ONG/087736
oxygen, or sulfur, wherein said ring is substituted
with 1-3 Re groups; or ( -'"1__Z(Re)1-2 RR' c(NNN, N
where@N 1 (11" 2VIN\ \\7.--(Re)1-2N. R(O\NO' ¢ ( NS s (
N'S ni Re : : L
each R is independently hydrogen, optionally substituted C,_¢ aliphatic, or:
each R° is independently selected from —Q-Z, oxo, NO,, halogen, CN, a suitable leaving group,
or Cy¢ aliphatic optionally substituted with oxo, halogen, NO,, or CN, wherein:

Q is a covalent bond or a bivalent C, saturated or unsaturated, straight or branched,
hydrocarbon chain, wherein one or two methylene units of Q are optionally and
independently replaced by —-N(R)-, -S-, -O-, -C(0O)-, -OC(0)-, -C(0)0O-, -SO-, or
-SO2-, -N(R)C(O)-, -C(O)N(R)-, -N(R)SO,-, or —-SO,N(R)-; and

Z is hydrogen or C, aliphatic optionally substituted with oxo, halogen, NO,, or CN,

16.  The compound according to claim 15, wherein L is a covalent bond, -CH,-, -NH-,
-C(0)-, -CH;NH-, -NHCH;-, -NHC(0)-, -NHC(O)CH,0C(0)-, -CH,NHC(O)-, -NHSO;-,
-NHSO,CH,-, -NHC(O)CH,0C(0)-, or -SO,NH-.

17.  The compound according to claim 16, wherein L is a covalent bond.

18.  The compound according to claim 15, wherein Y is selected from:

o) 0] 0 0 0
z-Nﬁ <] a-N;j e-N;j e;j( ajj(
0 O;/} 0 CHs; o Cl o C o CH;

a b c d e f
o 0 S < Cl s
e g\ N 'Z‘N')D ) T
CH, CH, L N N~ ~Cl
g h i j k l
N O3 CN CN 0
NV TS « 1 =q f‘ﬁ\)\@
CN
m n 0 y4 q ¥
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se (s -'"171;--(Re)1-2 (xvii) an 8-10 nenbered
bicyclic, saturated, partially unsaturated, or aryl
WO 20vg/okeavi ng 0- 3 heteroat ons i ndependent |y sel BCT/E82008/087736
from ni trogen, oxygen, or sulfur, wherein said ring is
substituted with 1-4 Re groups; Page 162 of 185 WO
2009/F082701PCT/ US2008/ 087736 wherein: each Ris
depgndent | ychydr ogen, optionally substnouted Cl_6

al i i c,p_or) emgch 'e is F dependent] y sel B t from
-g;t 6X0, hat |tablu davi Jﬁ CN
o] aly naI L% R “et ; % GK
hal oden, , CN whidiPzih: 0 i €M Toval em bond

a bivalent C1 6 saturated or unsaturated tgalght or
br anched, ﬁydrocar%on chai n, wher ei n one or

opt nal | y pen nNIy
& W‘“\

-/NN(R) NLAYN(R) -
f and Z is hydrogen or Cl- 6
stitut W th oxo, hal og

nmet byl

ne ur1 ts of Qﬁ,»ar

-QO(%/-SON
-N(E)s!t)z-, or -sozN(R)
al i'phatic optienally

NC2, or CN. 16. The compound according to cl ai m
15, wterein Laas a cbbalent boed, -CH2-,ddNH, - C@) -
- CH2NH- -NH}Q -N NHXO)GQOQO//
OC( ) N or
A nd accoldl toc ?f
ein wd a co ent bU 18. Th¥ _~
ouhd accor |ng to Ia|n115 wherein Y is sel ecfed
from ||
fjjj A S’Y\ n/\r f’r
Re Re
i pp
E>: ,E\>_Re U—R
s A
rr By 1t uu 4%
Me
N MeN—N N
e A\ Re \ | Re | A\ Re
| />_R J\)_ | / /[/ J: >_
/ :L? ‘,'27 '11 :27 0
Re
ww xx » b4 aaa
~N S S
0 \ A\ e
/ S
. L§§;>_- ﬁ%[:%( U~ X s
Re
bbb cce ddd eee fif
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"11-11 N1 ;1\1 kJkkkk @55 -% N N S 0000 O

tttt VWAWAKXXX YYYYzzzzaaaaabbbbbccccc or ddddd
wob@pesatoeach Re is i ndependently sel ected fr oPeT/US2008/087736

hal ogen. 19. The conpound according to claim1, wherein
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wherein each R® is independently selected from halogen.

19.  The compound according to claim 1, wherein R? is selected from:
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wherein each R® is independently a suitable leaving group, NO,, CN, or oxo.

20.  The compound according to claim 1, wherein said compound is of formula Il-a or

11-b:
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M t t UUUUUUVIWANAAKXXXXX O yyyyyy wherein each Re is

i ndependently a suitable | eaving group, NO2, CN, or
W@x@9/0200iThe conpound according to claimi1, WhRCEUS2008/087736

said compound is of formula Il-a or Il-b: I1-all-b

or a pharmaceutically acceptable salt thereof 21. A

conpound sel ect @d-Rrom t he group consi spi-rg of :

WO 2009/ 0827 CT/ US2008/ 087736

N N
R3/\n/ R1 R'I' Rs/\n/ R1 R'I' H
0 OH 0 N, __R?
0 N><[( 0 N>ﬂ( 5
5 g0

0
II-a 11-b

or a pharmaceutically acceptable salt thereof.

21. A compound selected from the group consisting of:
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0,, 1-63 00 NS '"H.,<O0 1-65 22. A conposition
W@ 9pissdng a conpound according to claiml, aPdI/ES2008/087736

pharmaceutically acceptabl e adjuvant, carrier, or

vehi cl e. 23. The conposi tion according to claim

22,F in conmbination wth addi ti onal her apeutic
agent . 24. The co ion acc g to claim
&wﬁerei n the add|t|O her apeut ¥c &raf is an

ant Wrcoal agent .
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WD 2009/ 082701PCT/ US2008/ 087736 25. A nethod for
i nhibiting HCV protease, or a nutant thereof, activity
WO poog/oka7el ogi cal sanple or in a patient conpriBCTYS100&087736
step of contacting said biological sanple with a
compound according to claim1 or a conposition
t her eof . 26. The nethod according to claim 25,
wherein the HCV pr ase, or a nutant thereof,
activity is inhibi i rreversibly by covalently
Frmdi fying a cysteine t{%ue conserved at an
equi val ent position to s159 of HCV prot ease subtype
b. 27. The mnet hodjaccoy dih®, po ¢ m 25,
elei N the HCV prot ease) 0K . AHj-aRL t f,
ac\ﬁwtylsmhlblte(pl“rrv sibl ¥ by cov qy
mo8j fyi ng s159. Y 80 The/ nmet hod accorging to

cl 2 2in t pr ot €ase, or a nut ai 0 o\,o
tln VI isiin tedlrrever5|blyb s
ot | rmd' ying Cysl 29. A rrethlo

r atl ng HCV pr ot easeH%dl ated di sor de
p |Qant conprising the B of adm ni st Lo sal
pt a compound accor d\n to claim1l

conp03|t| on thereof. . The net hod of cNegt m 29,
wher ei e step of adm ni ring occurs once ily.
31. Thgl'%t hod accordi ng ti'tzgl aim29, wherein ]tqﬁe

d| sorder is hepatitig C 32. A nethaed of

Ftreating an HCV pr ase-nedi ated disorge{ in a
atient conprisin step of irrever @v i nhibiting
oProtease by co et ly nodifying a cys JTa‘e

due conserved at an\feqw val ent position to CA/3159

ofOHCV prot ease subtype©l b. 33. The net 000
cI 3 ar,,%l n the rone \\@enotype 0 bH,y )‘s"
c.b NV

g 6e, 6f, 6h 6i,/6j, n,

>r%o 6q, 6t , an(%i gf
2701PCT/ us2008/ /36 34. The nBt of
cl ai , Wherein the HCV prot ease genotype or /subtype
is |a, 2a, or 3a. The met hod ac I ng
to cl a|]!1$529 conpri si ng thézgt ep of irreversi gll'%/7d
i nhibiting HCV pr og%e by coval ent 'y nmodi fying Cysl59

of HCV prot ease. 36. The net hod ording to
%ai m 29, conprl sighg Gtep of irreversihl y
F I hfﬁBi ting HCV prot easeoby coval ently i g Cysl6

of d—ICVprotease mo quate of thée formula
' in the € 159|§oo

3 t eage.N H A ¥onj ugat thel Y
18- mker Ynhl bi°t o\ i ety, wher gqi rNt e

th ' flal
0 2avgb,o 2 , 't.s% e(%Lo oBk 45 n%o 4?{?”"5511
6 0

Cys16 of Oprot ease. 39. The @Q(EI‘
37, wherein th |n£1'bitor m)ietyiﬂ/ f formu
X

1-29 1-30
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or a pharmaceutically acceptable salt thereof,

wherein: R and Rl' are independently hydrogen or
wo@piovoseabl y substituted Cl-6 aliphatic, or R BCMURD08/087736

are taken together to forman optionally substituted

3-7 nmenbered carbocyclic ring; Rka is -OH or - NHSO2R2;

R2 is -N(R)2 or an tionally substituted/fgroup
sel ected from C3 7§?2Eﬁoalkyl, a bridge icyclic,
6- 10 menbered arylyg frenbered heter yl havi ng

F ﬁeteroatons |ndepen ntly selected fro qrogen
oxygen or sul fur, or 4- Qa;E*‘eredohﬁterocycwyl haV|ng
ISI

temoa o%@ |ndepend ed fromn ogmn %P
; e chH ep HEEntly h M; NN
subst tuteﬁr phatlc oro o

oo /0%2 PCT/ US2064/®8 R on the

\+n tr n atom are taken together with th nltr gen to
for -7 menbered hete cycllc ring hav
het & oat ons i ndependent|y sel ect ed fron1n|trogen
oxygen,.f sul fur; R4 i g.3b, - NHC(O0) RS, 1-33
-NHC(0) OR6, 0, or a natural or unnatural am no acid
si de-chai n group; each R5 is independentFy -N(R)2 or

[ [ fromCl_6

Fan optionally substijuted group selec
al i phatic, a brid bi cyclic, 6-10 red aw, 5-10
nber ed het eroar ving 1-4 heteroat onsN °
r'hgpendent | y sel ec eom ni trogen, oxyge or
u

subfur, or 4-7 nenbered, heterocyclyl haV|ng
het tp Pqﬁependent seLeatQﬂofron1n|tr g ,N, “”
oxyggggé ; R6 I y Q [y subsii t \Y7
t%d rmnOHﬁ thc, Va mq
-10 nenber d
dently s cte

|ch ic, B-10 nenbgﬁé
g 1- heteroatﬁﬁs hm

ni¢ ogen, oxygen, on sylflur, or 4-7 nenbered
het effocycl yl having 1-2 h teroatons |ndependent
sel ected fromnitrogen, oxygen, or sulfur; and 'S
an optiledal |y substituted #38up sel ected fronﬂG% 6
al i phatic, a bridged blcycllc 6- 10 menbered aryl,
E-10 nenbered heteroaryl havifig 1-4 heteroat ons
y ndependently sel ectedXr rogen, Qxygen, or

fgr, or 4-7 nenbered t yclyl hav 1 2

hefﬁroatons |ndependent selecbeg $ron1n|tﬂ¢gen
OXy orosylfur and Q¥§\W’ Rzi's; or R4 and Rz o
Nher
CfyOe

. 0
are (t ther wit “KNENET Yrepi ng atdﬁﬁ\%ﬁ %
fongfgﬁf QEEY ik satzﬁgted ‘\7

H#EWat 16- 27| mefiber e haV|ng 29 %e%hf%at ns

>f%depen tly sel ected nitrogen
ul fur _N__O ;%rﬂ\
Me
4 ¢

1-37 I-38 1-39
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each occurrence of RY is independently selected from
hal ogen, -OR, -CN, -NO2, -N(R)2, or optionally
waaiwsosr7at ed C_4 aliphatic; and mis an integeCT/U8908/@B7736
to 4, inclusive; s is an integer fromO to 4,
inclusive; t is an integer fromO to 4, inclusive;
rein the sum of dt is non-zero . The
Jlugate of claim rein the inhi r mnlety i's
Grg/nula A Page {181 oT185 WO

009/% 701PETY |JS2008/ 087736 0- Rzop RR. or, aj \V/
har melc eyt el P _accept a 3 kﬁg?eo
and 51“ e/l ndeperide th\/&y rggen opg

subgtitit ed C1-6 allpﬁ?1|c<>or R and Rl"gér

t oget to forman optio |y substituted 3=
nenbéﬁgd=carbocycllc ring: ais -CHor NHSCQRZ R2
is -N or an optionally bstituted group sel ecte
from c?_‘ﬁ’ cycl oal kyl, a brMEed bi cyclic, 6-10 "
menbered aryl, 5-10 menber ed het eroaryl ghaving 1-4

het er oat ons i ndependently sel ected frgam nitrogen,
oxygen, or sulfur, or 4-7 menbered hé ycl yl havi ng
1-2 heteroatons indgpendently sel ectet—Xrampitrogen,

oxygen, or sul fur,—gach R is independent yjﬁydrogen
optionally substi Cl 6 aliphatic, or: @
N

1-43 I-44 1-45
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two R on the sane nitrogen atom are taken together
wWth the nitrogen to forma 4-7 nenbered heterocyclic

WO 20vg/0keavi ng 1-2 heteroat ons i ndependent|y sel BCT/E82008/087736
fromnitrogen, oxygen, or sulfur; RS R4 is H,
-NHC(0) R5, - NHC(0)OR6, OR1, or a natural or unnat ur al
am no acid side-chain group; each R5 is /i ndependently
-N(R)2 or an optionally substituted @o sel ected
fromGC _6 aliphatic, a bridged bicycli G- 10 nmenber ed
aryl, 5-10 nenbered het egoaryl' havi ng 1-% %teroatorrs

i ndependent |y sel ected f|§e rogen, oxyge o oo
, 4-7 menbered Retero€yclyl havi ng%l}érH \/

; el ect e&\/‘}from ni &L BgEN, T4

9 oma?l\yy subst]i t ut ed

Jphatic, a brlgg

yl, %-10 menberey h oaryl

tons i ndependently selecfed f om

rogén ygen, or syl f|u °o or 4-7 menb d

S eter ocyclyl having 1~ ter oat ons i nde dent 'y

sel ect e]g‘h(j rom nitrogen, g@ or sul fur; 7 is

an optiofally substltutedg up selectedfrom 6

al i phatic, a bridged bicyclic, 6-10 nenbered aryl,

5-10 rrerrbered het aryl having 1-4 h roat ons

i ndependent |y sel Page 182 of 18

2009/ 082701PCT/ US 736 fromnitrog yBxygen or

sul fur, or 4-7 nenberegd heterocyclyl havi ng, 1-2

het er oat ons i ndependent I, seéaecrt o fromnitr ngy ¢ 90
oxyge N{jﬁzsulfur; and £¢ \ ﬁ,% Rz is;%l’( m&w
Rz ar n toget her nl\llﬁlh heb rH i nver veni R A tH

te saturate

form optlonﬁlly syb OE
ﬁn’b havi ng ‘% heteyOat ons
en y seI e d frqu nltrogen ygen, or
sul

cl

N

cea h occurrence %% 21 S mdependentl% NO,
select d from hal ogen, - -CN, -N®2, -N(R) 2, @
optiommally substituted Cl l'iphatic; and mis
i nt eger omO to 4, inclu e; S is an integ rom O
to 4, ]nguswe is anlﬁféger fromOto4eII£54f
i ncl usiv
/ /

o} N

W 7 T

1-55 1-56

Page 176 of 185



wherein the sumof s and t is non-zero. 41.The
conpound according to claiml, wherein Rz is

W@ 2009/08p50conpound according to claim1, wherei PCRUSHNEI087736
Rz are taken together with their intervening atons to
forman optionally substituted, saturated or
uy urated 16-22 nenbered ri aving 2-6 heteroatons
i<EEh- dently selected fromn ggen, oxygen, or

rN_..O 43. The conpoupd—8cq@rdpng to clain142,
ﬁhereln\vﬁe conpound is of fdrmul & I or
2009/082@91PCT/USZQ98l@87736 or a pharnaceutlcab

y
accept abl It T he eo% Owhekei n: pis | nigeg r‘%@@m
1to 6, i ; Lult ég;h 0 currenc N’
i ndepengdent | agerd! - OR 2N of, an. H \$7
optlgnaN bst|t ted group sel n1the gr oup
cons %&lng 0 al i phatic and _cyQ oal ¥yl ; and
Ris an op ITy substituted gfo ed from
G _6 aliphgt] N~ 44. The conpound ccording to
claim1, whetein Rl and Rl' are taken ther to form
an optional substituted 3-7 nmenbered carbocyclic
ring. 45 The conpound accordlng to cl ai m 44,
wherein R andRl' are taken together do8f orm
wherein Ris an optionally sub tuted group sel ected
fro 1 6 aliphatic. 46 compound accor di ng
to 45, wherein R is vinyk N O

N\fO F \(

I-61 1-62
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47. The conpound according to claim45, wherein Ris
et hyl .
WO 2009/082701 PCT/US2008/087736

1-65 and I-66.

22. A composition comprising a compound according to claim 1, and a

pharmaceutically acceptable adjuvant, carrier, or vehicle.

23.  The composition according to claim 22, in combination with an additional

therapeutic agent.

24, The composition according to claim 23, wherein the additional therapeutic agent

is an antiviral agent.
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25. A method for inhibiting HCV protease, or a mutant thereof, activity in a
biological sample or in a patient comprising the step of contacting said biological sample with a

compound according to claim 1 or a composition thereof.

26.  The method according to claim 25, wherein the HCV protease, or a mutant
thereof, activity is inhibited irreversibly by covalently modifying a cysteine residue conserved at

an equivalent position to Cys159 of HCV protease subtype 1b.

27.  The method according to claim 25, wherein the HCV protease, or a mutant

thereof, activity is inhibited irreversibly by covalently modifying Cys159.

28.  The method according to claim 25, wherein the HCV protease, or a mutant

thereof, activity is inhibited irreversibly by covalently modifying Cysl16.

29. A method for treating an HCV protease-mediated disorder in a patient,
comprising the step of administering to said patient a compound according to claim 1 or a
composition thereof.

30.  The method of claim 29, wherein the step of administering occurs once daily.

31.  The method according to claim 29, wherein the disorder is hepatitis C.

32. A method of treating an HCV protease-mediated disorder in a patient comprising
the step of irreversibly inhibiting HCV protease by covalently modifying a cysteine residue
conserved at an equivalent position to Cys159 of HCV protease subtype 1b.

33.  The method of claim 32, wherein the HCV protease genotype or subtype is

selected from the group consisting of 1a, 1b, 1c, 2a, 2b, 2¢, 21, 2k, 3a, 3b, 3k, 4a, 4d, 4f, Sa, 6a,
6b, 6¢, 6d, 6¢, 6f, 6g, 6h, 61, 6j, 6k, 61, 6m, 6n, 60, 6p, 67, 6t, and 7a.
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34.  The method of claim 33, wherein the HCV protease genotype or subtype is 1a, 1b,

2a, or 3a.

35.  The method according to claim 29, comprising the step of irreversibly inhibiting

HCYV protease by covalently modifying Cys159 of HCV protease.

36.  The method according to claim 29, comprising the step of irreversibly inhibiting

HCV protease by covalently modifying Cys16 of HCV protease.

37. A conjugate of the formula Cys159-linker—inhibitor moiety, wherein the Cys159
18 Cys159 of HCV protease.

38. A conjugate of the formula Cys16-linker—inhibitor moiety, wherein the Cys16 is
Cys16 of HCV protease.

39.  The conjugate of claim 37, wherein the inhibitor moiety is of formula A:
O-R*

1
Faya's

N
R4)ﬁT R1 R']' ”
0 5 N>S],R
H

O
A

or a pharmaceutically acceptable salt thereof, wherein:

R' and R" are independently hydrogen or optionally substituted C,_ aliphatic, or R' and R are
taken together to form an optionally substituted 3-7 membered carbocyclic ring;

R*is -OH or -NHSO;R%;

R* is -N(R); or an optionally substituted group selected from Cs.; cycloalkyl, a bridged bicyclic,
6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each R is independently hydrogen, optionally substituted C;.¢ aliphatic, or:
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two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered heterocyclic ring having 1-2 heteroatoms independently selected from

nitrogen, oxygen, or sulfur;

N

R*is H, -NHC(O)R’, -NHC(O)OR®, O R’ , or a natural or unnatural amino acid

side-chain group;

cach R is independently -N(R), or an optionally substituted group selected from C,.¢ aliphatic, a

bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl
having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

is an optionally substituted group selected from Ci. aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; and

is an optionally substituted group selected from C, aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, or sulfur; and

)
=z s
R”is t %5 or R* and R” are taken together with their intervening atoms to form

an optionally substituted, saturated or unsaturated 16-22 membered ring having 2-6

heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R” is independently selected from halogen, -OR°, -CN, -NO,, -N(R®),, or

optionally substituted C;4 aliphatic; and

m 18 an integer from 0 to 4, inclusive;

s is an integer from 0 to 4, inclusive;

t is an integer from 0 to 4, inclusive;

wherein the sum of s and t is non-zero.

40.  The conjugate of claim 38, wherein the inhibitor moiety is of formula A:
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O-R?

or a pharmaceutically acceptable salt thereof, wherein:

R' and R" are independently hydrogen or optionally substituted Cy.¢ aliphatic, or R' and R' are
taken together to form an optionally substituted 3-7 membered carbocyclic ring;

R*is -OH or -NHSO,R%;

R* is -N(R); or an optionally substituted group selected from Cs.; cycloalkyl, a bridged bicyclic,
6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently
selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2
heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each R is independently hydrogen, optionally substituted C;.¢ aliphatic, or:

two R on the same nitrogen atom are taken together with the nitrogen to form a 4-7
membered heterocyclic ring having 1-2 heteroatoms independently selected from

nitrogen, oxygen, or sulfur;

H
RS\H/NW/U\H%

R*is H, -NHC(O)R®, -NHC(O)OR®, O R’ , or a natural or unnatural amino acid
side-chain group;

cach R is independently -N(R), or an optionally substituted group selected from Cy.s aliphatic, a
bridged bicyclic, 6-10 membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms
independently selected from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl
having 1-2 heteroatoms independently selected from nitrogen, oxygen, or sulfur;

R® is an optionally substituted group selected from C. aliphatic, a bridged bicyclic, 6-10
membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms
independently selected from nitrogen, oxygen, or sulfur; and

R” is an optionally substituted group selected from C aliphatic, a bridged bicyclic, 6-10

membered aryl, 5-10 membered heteroaryl having 1-4 heteroatoms independently selected
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from nitrogen, oxygen, or sulfur, or 4-7 membered heterocyclyl having 1-2 heteroatoms

independently selected from nitrogen, oxygen, or sulfur; and

R, O::)\)N—(

R*is ; or R* and R” are taken together with their intervening atoms to form
an optionally substituted, saturated or unsaturated 16-22 membered ring having 2-6
heteroatoms independently selected from nitrogen, oxygen, or sulfur;

each occurrence of R” is independently selected from halogen, -OR°, -CN, -NO,, -N(R°),, or
optionally substituted C;4 aliphatic; and

m 1s an integer from 0 to 4, inclusive;

s is an integer from 0 to 4, inclusive;

t is an integer from 0 to 4, inclusive;

wherein the sum of s and t is non-zero.

F

0
0
41.  The compound according to claim 1, wherein R” is v

42.  The compound according to claim 1, wherein R* and R” are taken together with
their intervening atoms to form an optionally substituted, saturated or unsaturated 16-22

membered ring having 2-6 heteroatoms independently selected from nitrogen, oxygen, or sulfur.

43.  The compound according to claim 42, wherein the compound is of formula I-e or
I-f:

et Rm_“ v

I-e I-f
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or a pharmaceutically acceptable salt thereof;,
wherein:
p 1s an integer from 1 to 6, inclusive; and
each occurrence of R™ is independently halogen, -OR®; -CN; -N(R®),; or an optionally
substituted group selected from the group consisting of C,_¢ aliphatic and C;.;7 cycloalkyl;
and

R is an optionally substituted group selected from C, aliphatic.

44.  The compound according to claim 1, wherein R' and R" are taken together to

form an optionally substituted 3-7 membered carbocyclic ring.

45.  The compound according to claim 44, wherein R' and R" are taken together to
form:

R

?’iN%N”'{
H

O

wherein R° is an optionally substituted group selected from C,.¢ aliphatic.
46.  The compound according to claim 45, wherein R° is vinyl.

47.  The compound according to claim 45, wherein R° 1s ethyl.
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