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this stage pidse yigal h&%@xclwﬂeﬁeﬂeﬁpe%tw%o BHIVE ABRO t(msedReig HCV -
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particularly as serine protease inhibitors, and nore
particularly as HCV NS3 praot ease i nhi bitors.
Specifically, such conpounds nay be useful as
antiviral agents, particularly as anti-HCV agents.
[ 0013] BRI EF SUMVARY OF THE | NVENTI ON [0014] This
di scl osure relates to conmpounds of fornmula I, or a
pharmaceutically acceptable salt or mxtures thereof,
wherein the variables are described herein. 0 *LNR3




[0014c] In a third aspect, there is provided a nmethod
of inhibiting the activity of a serine protease
conprising the step of contacting in vitro said
serine protease with the conposition according to the
second as ec&U§£3014d] In a fourth aspect, there is
WOHM@W Hegntihh ptablished brisne 1o RV descared sgniesferomereatment.
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[00141 TRE BB swelrSIRIE fo &9% H§5 of foﬁnﬁla‘l%t J&a}tﬁgce&léﬁﬂl%ﬁeptable
at the C* position ese properties enhance the
salt ormiistuagsethertieet, afhran theenselieniredesrmbehbercinf formul a |
with greater than 50% R,i soner at position C° as
inhibitors of serine p ot ease activity, such as
inhibiting the aédt vi of hepatitis C virus NS3-NS4A
prot ease. [001% i'gh b;oavallablllty and the
favorabl e i sone ion properties at position C
del i'ver enhanc t herapeutic effectlveness in
compounds of tfre present Hpventl such as’
/,QE\X/J hexyl - 1- oxo- 2-
[(pyra2|rtyIcarbonyIFan1noIe hyl]ah1no]&3 3- dlnethyl
‘1-oxobutyl | - N-KI R) - 142~
(cycl opropyl ami no) - 1, 2- di oxo®t hyl | butyl ] oct ahydro-cyc
| openta[c]prrol e-1- car boxa de, as conpared to
conpounds .of 50% or greater S isoner at position C*.
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Figures 1A-B are plots of the nean (SD) plasnma
[0014a4 d%éeﬁﬁstr BPPSnISEISHS Broyisles e B1rerd éﬁﬁeﬁome)ﬂcwpmﬁouﬂds
aquﬂﬁ%ﬁter than 50% R i sonmer at position C* and a
cormpound with 50% or |less R isoner at position C*
versus tinme follow ng oral admnistration of the
conpound. [0020] Figures 2A-B are plots of the nean
(SD) plasma concentrations of a conmpound of fornula
(1) with greater than 50% R i somer at position C* and
a conpound with 50% or. | ess R isonmer at position C
versus tinme followng oral adm nistration of the
conpound. [0021] Figures 3A-B are plots of the nean
(SD) plasna concentrations of a conpound of fornula
(1) with greater than 50% R i sonmer at position C* and
a conpound with 50% or less 1? isoner at position C*




[ 0022] DETAI LED DESCRI PTI ON OF THE | NVENTI ON -[ 0023]

| . DEFI NI TI ONS [ 0024] For- purposes of this invention,
the chem cal elenments are identified in accordance
wi'th the Periodic Table of the Elenents, CAS version,
Handbook of Ghemistry and 75t h Ed.

Addi ti onal | ener al ' o gani c chen1stry
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Uni versity Sciegge Baoks, - ) *19 9,
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Smth, MB. and Mar J., John W eyo&
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as_ set forth bel ow. used he
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Ry g(%eag?lg msa%(%ﬁ]?a Ec f‘?bfgjgb %gﬁe‘{ﬂ? Ig?‘iﬁ%ﬁegﬁ‘f(f) %?Cceg able carrier,

mﬁ&nmnmmheﬁwkExanples of al kyl groups include, but are :
imted to, nmethyl, ethyl, propyl, isopropyl, -
(00 E‘EFE’ y‘JP rﬂ“% BiRegt theseis nsgiged a tl’l@thodblfm}khbltmg plerac;m,ty of a serine
Rader roup.can
S ubst %&S ‘é‘g ﬂZ%St%? B%%@?%u}égg K bsaig SF%P%B Ot Wltgﬁ]ée or
‘wnnvmeosabstmhgenﬂss&umh chal o, cycloaliphatic [e.q.
IoaI | oal | cen heterocycloallphatlc
roo T 483 it pef usmw%# et o Fompici gecoding o e
dhdYkpech il BE ARhUE
° [e. gpec (al'i phat |&g?%%§€%%r§l§ Eﬁcycﬁopﬁﬂ ﬁ% ?%)38% léy%f)ﬁeme
Pﬂﬁﬁﬁe(heterocycloal|phat|c)carbonyl] nltro cyano,

[001% ﬁlg: glf%fggvP§&qctﬁ%e?§$r§ gé,{h)ggﬁ{tﬂggq% | gg]mggmtlon comprising the
combhﬁicﬁ(llsg)ﬂm @e?JQW(maJ-F{@zmlza@dﬁ&exyl- ~0%0-2-

) car bonyl ani uo,

(heterocycloa I'ky
[(PyFetogfcgehopy H@ﬁ@lhﬂ&ﬁnmw] -hdtdmetyhll Iqrdobaﬁyﬂdﬁ—)[(ld?m -

(cYCEJg%m cyc né’eﬂ}yg@éf @g)ﬁ%y" an n ar b@iﬁ)’m%l -capjjoxamide,

andhmmemﬁaﬁylanlnocarbonyl] am no [e g.
cycloallphatlcanlno or

L hatlcanlno
[001% t rgg Péﬁ@ﬁnit @b@ﬁhﬁ@lpsurg alsp @sdytes [c(ep}gumaceutlcal _
comBaditRIRLh £ 11?3%?@ the HHLJ\)G 031% 8 s thil Pgo 1§f;h composmons can

_ hi our ea,
be ussdrtd arvotyéat devlcd:ﬂhhﬂ ok at becmxwed 1nt0 a patient, to treat biological samples,

eteroc cl qal i phati coxy, aryl oxy, het er oar oXYy,
and é};{]g/m {2) %QWF%{FK gkeachﬁ%ﬁmm%mn will be used to

lesseﬁ"cl'fé/ﬁﬁ@éftl)(?@lyé S ¥rit fﬂliyﬁb ifec WkLhOUt lim tation,
sone exanpl es of substltut I'kyl s i ncl ude
car boxyalkyl (such as HOOC-al kyl, ,
al | coxycar bonyl al kyl, and aIicylearbonyloxyallcyl),
cyanoal | cyl, hydroxyallcyl, al koxyal | cyl, acyl al kyl,
(alkoxyaryl)alkyl, (sul fonyl ar ai no) al kyl (such as
(al kyl - SO02- am no) al kyl ), am noal | cyl, am doal kyl,
(cycloaliphatic)allcyl, or fjal oal kyl. [0028] As used
herein, an "allcenyl"™ group refers to an aliphatic
carbon group that contains 2- 8 (e.g., 2-6 or 2-4)
carbon atons and at | east one double bond. 'Li ke an
al kyl group, an allcenyl group can be straight or
branched. Exanpl es of an al kenyl group include, but
arc not limted to, allyl, isoprenyl, 2-butenyl, and
2- hexenyl . An allcenyl group can be optionally
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ed4cltral lertal tylidatbon3' atil dno, aryl carbonyl am no,
ar al kyl car bonyl am no, ‘
(het erocycl oal kyl ) car bonyl am no,

WO24evae8t ycl oal | cyl al kyI ) car bor tyl ami no, PCT/US2006/029988

* Dok me%@mlggamm Qafufil Ivh&a R gxb a8 470
100753 al kyl'am nocar bonyl , cycl oa Iog?l am nIo?:('ar bonyl , &
positiom et e&m@wm in e kgoumheaicTiiBD Y%, umxgqc@dém@ﬁ%%éfﬁwaﬂymow

bmavaJiH ?ﬁ&& R an%w&&& EJ'% 1%4111?{ 5}:9:10[119(3 g present in an amount of 50

n No
% or gieaite Mheymcrdly] the Rtmmamhf: Cﬁ‘rposmon is about 2 times more

e
convertSUh kYo thextikdreriat CHpestion Mt adiigiRe ar&ﬁﬁg&fﬁiﬁ khe S isomer
sul fam de, oxo, car box*y car banoy

converigyin Viya) o diraR isessaat thedt epasdipa) aapse @F@ﬁﬁéb%}}m‘l‘&t}i‘? oxy,
thempeﬁﬁi@ffe‘aﬂ{}éﬁéﬁ)&‘ffonﬁgoﬂhgﬁyéﬁ‘é%%urllgf with ¥0% R isomer at

oxycar bony car ydr oxy. Wt hout
position Cfriag mhibbers oS ssrine proteapd adivisy, sscdimnmkulutlwtha ey |of hepatitis

noal kenyl , al koxyal kenyl , acyl al kenyl ,
Cwlﬁk’g’l lggf%;)% ar al kenyl , (al koxyarypal kenyl ,

[0017] ( S‘hé fugli] bioﬁfaﬁh]ﬁﬁﬁy&lnﬂ dizythvdrabie somsr conversmn properties at position

- C* deli %ﬁtﬁwﬁgﬂgg %@q:cgg?z?/eﬁgﬂtq%&g R %X p@ﬁent invention, such as
(18 3ama&s;@L[l@r);aL[{(zhp@%%lo&&yp@aﬁoner ein, an "alkynyl"

group refers _to an aliphatic car bon oup t hat
[@w@@p@)w@e@@@m}zﬁi’wa% PEBGGRE [Fd has
(cyclop?c{'p Jrcd{;len ﬁu@ﬁ&q %/é?oes & c%{ylf(}s%;fl@eg?cgﬁglde as

compareh qspdr@ou:biapf 3% ongleatbx nﬁxswdr a @ommro@‘ér gyl and

[QOIS]gﬂtbgyiylt iit %E%ﬁﬂﬁléﬁ%ﬁ) %G Elrgsl such as

[0019] ﬁrgnyds 1Ahe|aerpml1s afjthe mam«azl)sgb) pligmb :mickg&aum of a compound of
terocycl o 0X er,.oar OXV,, . o
formuls T VRS s 1P o g S G R APPSR P o fss

R 1som§rlh|t SIﬁ@rmr&s@s b Fd1RMthg bRl Qimmi@ﬂriﬁbh@fﬂ:@%binf)&m or
i.csul fartyl ] sul finyl

i ph
[0020] éy oA @sﬂgqt PPt oF themeap &FA) Hlmqoaéegmm pf a compound of
formulasﬂj M#&a&zﬁhﬁl 5098 R Qi 'a?p&%n C8nli H%@ﬁb&ﬁ@vﬁﬂl ﬁa/e?-bn less

of” cycloal | phati cS02-], amdo [e.qg., am nocarbon

R isomerlak positirinfGoversoa tigpe follivipg ozt isbwigisartion of the compound.
[0021] ﬁﬁg&eﬁs’ %‘é‘k% %ﬁ;ﬁ?«ﬁ&fﬁpﬂ?ﬁg 1 a?:bng ﬂasma concenirations of a compound of

fermula;&):wmgﬂeéleﬂihar mhﬂhmem @f pasitiondifi andaamhpmpld with 50% or less

R mom?rﬁgP%s%é&g‘y VISR €'Inf ggi%%l W on o?the compound.

[0022]§]cycl oal ky}j) ﬂmb E?@RMOthEmMFNﬂ%N amino
etergara rbonyl am no, heteroaryl carbonyl am no

[0023] & he]tgg 1\iinocarbonyl] urea, thiourea,

[0024] Féhl 5@15&&1 of BidhvaH R the %héiﬁ%éﬂ‘é?e&&%)éke identified in accordance

cycl oal i phati_c,

yl'car bonyl o
with o Rar sl eiemers, S Y Eiandanoy of Cheyisry andPhysics

75th Ex% ﬁ%@é‘?‘%%j fg% #ﬁ%ﬁﬁ&?@? }éfa ?rgo nyﬁe]mst% are d cn'bed in “Organic
Chemiséiy? dfham&wrmﬂopmvsmtf? Ssignced3apks, &wsbh’wy 19% labdli‘Myich 3

cl oal | ha1 et oal.i,phat i.C). QX Y0
Aavancef S BRI B, B3RS MR 1 KR WY goms
New Y&Re Qﬁ@l@ﬁ:&eﬁt@@bﬁtenta of which bRdrydby irbthortai 0B ikt .no" .
These terns when used al one or in connection with
another group refers to ah amido group such as
-N(Rx)-C(0)-RY or -C(0)-N(Rx)2, when used term nally,
and -C(0)- or -N(Rx)-C(0)- when used internally,
wherein Rx and RY are defined below. 6 WO
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[0028] ME@E&E&‘M *anéehﬁa gma yéfa@ kd\8h alffh¥t CHERABOR A Sontains 2-

aral kyl c onyl am
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heferc%@hﬂp@b@bm@w eﬁﬁmlearhmm? &y kesgrp@ripminqgarbonyl], urea,

o 5609 BB \RDERENEINY Ly tSso B,
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ring systemhaving 2 to 34dings. For exanple, a
benzof used group i ncludes benzo fused with one or two
4 to 8 nenbered heterocycloaliphatic noieties (e.qg.
i ndolizyl, indolyl, isoindolyl, 3Hindolyl,
i ndol i nyl , benzo[b]furyl benzo[b]thlophenyl,
qU|noI|nyI or |squ|noI|ny1) Sone exanpl es of
heteroaryl are azetldlnyl pyrldyl 111- 10 WO




[0049] A "heteroaral kyl" group, as used herein,

refers to an al kyl group (e.g., a Cmal kyl group)

that is substituted with a heteroar34 group. Both
wO2007koyds89 and "heteroaryl "™ have been defi ned BITAuS2006829988
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a]kylammemmgt)mbmowabmhﬂlc%nhdo a(heiemajalkybhmwo Getetvagd)amido,

(heteroe}zj(ir I}&ﬁf lgru ﬁ ﬁ?r M{%ﬂla%lp.ligen "l %;1 ? &élwloﬁ%ﬁiaﬂ%llal%ldb, or

cycloalkPBingdRcycl oal kypal kyl, aryI heteroaryl al koxy,
cycl oalkyl oxy, heterocycloalk arylogz,. x
[0031] @ﬁ%bﬂfwo%@y amioz |SRGIPARIGFS, 10 WP%%FW YR A

Eﬁ T‘@M Qcydk LISRDREA) DRI 1 aliphati
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heterocqrybhh;diakg; I(Mrwn;mhﬁmng)ahphaﬁc heteroaryl carboxy, sulfanyl, sulfinyl,

st USRI ARSI AAR, PLSOEPINEA A
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(heteroatlibIRb¥)catbb 8@, cabh bPWHRE beifild Héﬁféﬁﬁhneﬁdhﬂ%@ﬁig%@:ﬁ:ﬂ?

or carbannyl [ 0050] As used hereln ‘acyl” rou

substitwted. cExamplesof WO@S YeHodE ary
When %% oty %1@0” Fﬁﬁlﬁ% \;ggtﬂtge eﬁ yﬁmﬁ ARh BN Y i is )epresented

I ned ‘previously
by - eeR§hasahdsqmm¢am;dgaaldeﬁmda!bpvees of acyl groups.
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SN T OTRE R AT TN R

tetrahyﬂt%ﬁiﬁ&ﬁn}loor&ﬁrzﬁlbfhﬁbbntﬂrac@{y@, Lﬁﬁth\fét@ﬁﬁ) rigd $¥lemns Iﬁaﬁhﬂﬁm

fined preV|oust [ 0053] As used herei.n,
monocy@@rr@armgtpm iR @fak legstoge of te sags ﬁa’t\hlwght Ritricyclic ring
SR 1l bERzoMREd 13 méRbeRdt
ﬂm&ﬂ@ﬁﬁﬁg%géeggﬂﬂgglfned a %%égand R2 can €é al i phatic,
carbocpeliglringsir Bdrieptraple.ca beneefared gyeipoasingaspheny] fused with &g pr more

*CronBle D RRRRG AR BRI GrirpB B bt oy e o g mnens

including eliphatix &g gitlotimikeniyb 08 a]kmﬂ]ca,m}bahpm(ﬁ%ycloﬂ@(t@i)m)bhphahc |

heterow&%%ﬁ@aﬁ%%&aﬁ%ioa&aﬁ@ﬁ)aﬁlﬁ{;g}cg%{yl gtthTu?p IO%WC( 0)- or

(cyctoeui?, dy@@e(mwr@yclhatpmah@mtamoxyghaeuaamﬁ@;rcaramphan)oxy,

phatic roup substituted wt - hal oge
(hetercrrpliphARicionE ey BRFFOHAY HPRPI O pa@eg—wu% F%TBBCY‘;@F:‘S’”% of

abenz&ig%(ﬂc c&slﬁgyéﬁ% P nitfd; cﬂ%ﬁaﬁﬁlﬂio S6yPpR !, Bliftiaficdafbonyl;

B used herern, group refers-to

(cycloah@besm mbmﬂeﬂmlmhan@@@h@@)wml ;&ar@hpleti@y@;bontﬂ»en

e FRBAFABENY (AJBBE B G o 0

(heteroamtighdtieyoaitoayll;ysukiony! {e\@(al@@q@smwr anirerS sk dulfinyl [e.g.,

. naII ha been f.hn
stiphatiSThr S oxflsaPhaE o PR E L, AP SR v SR
mercaﬂt@fs@Ifoﬁ Qreh)ibicutdayGillfdmeyt: &ﬂ&hﬂd&ﬂ@%arbﬁmo}iﬂ%éﬁ)ﬁve& an aryl
when used termnally; or -S(0)2-NRx- or =NRx -S(0)2-

can be gHARSHNEH i nternal |y, wherein Rx, e, and Rz are
defi ned above. [0060] As used herein a "sul fanyl "
group refers to -S-Rx when used termnally and -S-
when used internally, wherein Rx has been defined
above. Exanpl es of sulfanyls include aliphatic-S-,
cycl oal i phatic-S-, aryl-S-, or the like. [0061] As
used herein a "sulfnyl" group refers to -S(0)-Rx when
used termnally and -5(0)- when used internally,
wherein Rx has been defined above. Exenplary sul finyl
groups include aliphatic-S(0)-, aryl-S(0)-,




[ 0065] As used herein, an "al koxycarbonyl," which is

enconpassed by the term carboxy, used alone or in

connection with another group refers to a group such
woaso7alésyd - O- C(0)-. [0066] As used herein, arPCT/US2006/629988
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0 dlﬂagﬁ@\lli\oaékg(mm@aﬂyﬂr @mpxﬁggfgthﬂ&bXYGﬂ@Deﬂ)ﬁfﬂ C(0) -
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ammol;&&ﬁgrl c(qlﬁxeﬂmhﬁfo%?fy.l)ammocmmwyaaucyrwfbenﬁ)wmm,
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(el B (R D p  f or s
(sulfantop])adyE[esst, (aningsufonypylbSalkrvtonyhamyl ¢ @@601653 nal |y
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(et ek G SRR B I  con

| amydrof’y%mygﬁxdﬂ aRRY1BarbbRDAB]; aEylatgE dribabsliylarylvp-atnbrcRm-

am di no" group refers to the struct

alkoxycasbony IR INERIERYIN- OB P-hel Oérﬁwarﬁﬁ\?@(lﬁeen def i ned
neral, the term"vicinal" refers
(hemm?g&%{%ghit&gce]lrrué% substltuents on a group that
[0034]|Amisa@hgemm “oralipbatis” seabiss an Seralsl” anprprTeics tp g aliphatic
ubst ] I BRRLREOMBalkyl,”
e e e
and “aiyl’Bare tEfited (hére.ﬁ}u et éxtamplet of anlar&plgﬁtmlﬁpch dvan arableyl gerem is

two or nore carbon atons, wherein the sub-stituents
benzylar e attached to the same carbon atom [0076] The

[0035]t§§ wed hiremnadrakdlvy]” ardp rdfers & apdlkyl sroupf(er., o €1t4wudkyl group)

that is st%;g;u%g{%WOf 1 Eroup Wthlaénkyg @;ég§t tﬁﬂVFﬁ?genéﬁwe%'hgcf%o% An
exampR RS laf Fxroﬁg is ﬁéﬂ&}lh A &Qﬁﬂﬁﬁoﬂtﬁnﬂtyﬁsﬂbﬁﬁﬁte@%ﬁl la@e or more

em ca ucture.” Carboxyal |

substﬂi&cﬂf( @):Eaadip}nhhq [s-sanliekafisnd, @ﬁaﬁléméf m&s@ﬂggqa&%%@d
o L S LS Ry GRSl it

eycloallngihdeyeliaityDplkph hetbuyrlodliy i (heteroestoadkylebal @nérheeeacparyl,

a]koxyZH %ﬁ]& ) etkrg gza_ﬁiy%p agy%xycyh%{ek?%%loﬂ ggaﬁ{ylégﬁr

heteroﬁ{aﬁcyiox 200+, @Eek‘d)a:roylj’ mgb @{bo@f (ﬁ.ﬂ?oxycaﬂ)onyl aﬂﬁlsoavbaméibms
car oxy groups_used J nierna use
ameﬁ@gemmnocaé et @l oaERemy IR e aﬁ%‘%‘% 1% nd

(cycloﬂk%laﬁ(%fé!:drl it AinS Y GBonyRelitts] |afh@cy%ﬁﬁdoﬁ§\lahﬂtﬁt ic,

hatlc aryl, or_heteroaryl, each of

(heteramtyélo mmce@e@m@qwloa’é(ﬂaﬂﬁf car] %s used
hatero%r?(fc%}q%n%ﬁlﬁn{ag?%%ség?l LS Eéﬂ)ﬁﬂﬂéﬂﬁﬂoﬁ ¥ Mald, Bl &@bgy, keyla

I pahc ring system or bicyclic
mercap&pd]bﬂhxﬂjahﬂt sutfoxy ngess e ousen, iswlfaniyb sulfrneide, FgsOrgAamoyl.

[003613 A F.%gglereﬁhflmglrcgaﬁz &nglbsr I dzﬁggl Pid‘e‘s}/ §. |1ﬁ %e ' @ q{)sé(rsltﬁ%mbered

structures that form two rings, wherein the two rings have at least one atom in common (e.g,

2 atoms in common). Bicyclic ring systems include bicycloaliphatics (e.g., biéycloa]kyl or
bicycloalkenyl), bicycloheteroaliphatics, bicyclic aryls, and bicyclic heteroaryls.
g 7 _



adamant anyl, norbonanyl, bicyclo[3.2.1]octyl,

bi cycl o[ 2. 2. 2] octyl, bicycl o[ 3. 3. 1] nonyl,

bi cycl o[ 3. 2. 3] nonyl , 2-oxabicyclo[2.2.2]octyl, _
woboermadaseycl o[ 2. 2. 2] octyl, azabi cycl o[ 3. 2, 1|REEVUH2006 921988

" I0037] g cy‘%lhu%%éﬁ}‘%ﬁ%?%‘%h% 35%“?‘%&%%%PCT/ é’zooa@g% and 2
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[0038] Ay oA e T i VS I e B SRR B

blcych@{f&@m vt bncvgeayﬂmg of quecgqlsL 1) lcarb(mi: MohmaEkgaﬂﬁéskgﬂ cycloalkyl
het er ocycl oal k heterocycloal ¥I gX
groups fnslude 6% tggropyg qyeﬁpyutyb ﬂgq W pgg.g exy cycloheptyl, adamantyl,

norbo tcﬁw é/c@dh%éokmhéﬁw de@dhyareziﬁ hhelt ﬁ&fm% [20M¥otyl,

heteroarallc et eroaro

bicyclof@.2 2y, Aidbele}s. 3 AltoroxbioslaTb I Ioe L sER A plementy
azacyc@%y G ac:%%nl 4 ar%o%k{)ﬁc‘fz%ﬂ%ﬂ@ol@amﬂ OA “cycloalkenyl” group, as used

herein, (€8 koahdmsarbmatty rbadyolindianififel O @iey HeBrcbtoy kimskaying one
ar al

Or MOT} foublerhe % g@{ b@%%rg)og EY%ngrﬁrﬁtg)s include cyclopentenyl, 1,4~
cycloh&ﬁﬁﬁ ﬂ%&@ioﬁé‘%tgﬂﬂl adykpeBaiylarRyAgdtoriddenyl, octahydro-naphthyl,
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cycloh@geggﬂeocr %%%Légnm%%l@@ gé@?&;ﬁg@gﬁ%g%&ﬁ a bg)&y am nglkyl
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used herein, an "aliphatic
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: strai ati.c_chain t i
(heterepel DRI e e PR Yo g & ATl S i,
(cyclozaiphﬂi%waﬂ@n H@;h:rh t(aﬁclzed:@haicyamphm@cazuoﬁmnmo wher e Q is
rogen or an al'| phati.c group; Wﬁ%g@g sha
(eryDcamhom  pRaH e B AR e (B E A PR R OB
((heter@lh}cﬁ)) Haﬁ??gﬁﬂialﬁcjc%b HA88ing)] (ﬁb’tlaro@ﬂ@)lcﬁt%onﬁérkﬁﬁydr

cynyl chalns where al kyl, al ken
(hetercawﬁpwtk}cﬁmonﬂﬂ@@éfﬁﬂﬁ%&aﬂ?bﬁv@ 2-[FER61 @fﬂtaé?qw of
e e

@n&pﬂﬁkﬁﬁﬁﬂﬁﬁ.Gmyﬁm@ﬂMEMﬁamwauhgwihree rings, .each ring

(oS R SR e B Bl s, S

hydroifuxﬁ@féaﬁtb nsﬂ]féﬂ;ﬂ &8, thSZII—SKllﬁ ammhbso,eheulﬁnmme rkyl-S(0)-],

S e
[0039]5)1@%%& hatbRO4cyb e MORE I RIR1S Brilaiphitie, Wiitrbcdhalipttiaseyl, or

tuted or unsubstituted." As described herein,

heteroumhp@hméwh@hhﬁhbeqﬂlﬂ?@mq WEVies-opt i onal |y be
[0040]%?%%{1& ﬁj 98 1:198{ ARRSE A HERE S heRbR i9kyl

are | gener a bove, or ‘as exenpli by
group pat 4 he@&tb@cloalkasﬁ@@ups mmoﬁm being @ptiprally é%bsatutqdr?é set’forth
i nvention. As described herein, the variables in
belowt ornula 1, e.g., Ri., R2, and R3, and other variabl es

[0041]0152@&3%& ﬁ&ém& h %Mcﬁﬁ&ﬂﬁb@&u@p&m foi ac3- m mmnb;:rcd ooho-a8
al kyl and aryl. Unless ot se no

f, th
bioyliised pi geO - Pofo LR ReFd e eSS’

structd?) Gn Fhid théféf 108k @ SheGRptAREE athbRFdtdi @A), WED, S, or
optionally substituted wWith one or nore substituents

descri bed herein. Each sub&tituent of a specific
group is further optionally substituted with one to
three of hal o, cyano, oxo, allroxy, hydroxy, am no,
nitro, aryl, haloallcyl, and al kyl. For instance, an
al kyl group can be substituted with al kyl sul fanyl and
t he al kyl sul fanyl can be optionally substituted with
one to 15 WO 2007/ 016589PCTf US2006/ 029988 rr 16r




[0082] In general, the term"substituted,"” whether
preceded by the term"optionally" or not, refers to
the replacenment of hydrogen radicals in a given

- Woslovmbasee W th the radi cal of a specified PCT/US2006/029988

conmBE A R SRS G e,

ten'ahyﬂfop?@ﬂjﬂpieﬂﬂiﬁfdmfdyla A anﬁlbﬁﬂaﬂymert‘edﬂthlaw&) I le?sélomlhn@rl,vwmhdyl

[ CRE T T T T

octahy%ﬁh%hrcﬁih@ M’aﬁﬁh}ﬂﬁﬁ@d&ﬁa&t&s}m@pyﬁmmmemymmbm

structure can be substituted wth

octahydngberzplblibisphapeyledvgabicyelal 22 Lleeirh 4 @é'ﬁ vgyvggﬁ 2. %lﬁ%‘yl 3-aza-
blcycloy?%;dcg}i ea%dﬁ@%cgértlﬁ‘!# §.3 1td?se7]ﬁ@d§13 &hdibéfcﬁﬁent at

ubstituent, such as a

heterodyeloemcgbgrommmby lfysed authb@hbn»d mabiety sughas Feirehydreigoquinedipe. A
“hetemé’yg?aelﬁﬁyny %0 up’ %so?sﬁ& geg;%‘g ngﬁ%r Al Er?]%JJ Ig g ?ﬁgﬂgﬂlcc(a{é Fy toL0-

memb@EEm6iio-@F Bichdicy nsdcidomatiarihd snmtire hdving mmgmrezdnuble bonds,
: conbinationsg&%ﬁsubstltuenéf envi |on

b hi .
and wheRibARS Q5 ip0ss of 1A HE% SR H HaEraHemy Frgr Qet $>. onofyelic and

bmyclcfh@fefﬂ%hb]?dﬁc@&e iR Bbred Sdcofdil o Gihliatd Eszb nBmeadIRaNdS .
he phrase "stable or chemically feasible

[OMZI@b@temeycéqaﬂcyl prficarecycipatieny sEpipsap Aapptionallngibsiituted with one

C to
ormorg KRR Biop ks MABHER ST SHRTE ORI QRAL LRI, |0
(cyclo&liphattc)al@hmsehgtmogwioahpm; @ntercmdoal@batfvmhpbﬁ@, 8Lnor e

v, e DB SRR Bk o By e
(arahpﬁﬁi&ﬁﬁﬁ[@eﬂeﬁ:aﬁﬁph&tﬂb}tﬁ;y; z&a};lg]ﬁe(‘;&udj‘gylamglrnajl dé];&da [elt.%f teﬂe
(ahphﬂ\g&“gtﬁ%ﬁ g“ﬁ?ﬁﬁrigﬁ@}“ Grhosy {%ﬁ& ‘71?35}1 et ve
ahphaﬁ‘tﬁ&%dnbzﬁﬁ&no, gaﬁ»ﬁ)@}b ?ﬁﬁﬁn@(d&ﬁ@iﬁaﬂ?%&ﬂnﬁa&n@sed

hérein, an effective anmount is defined as the nt

@eterchmlmbéhca@r%ﬁlﬁ@ma (befetospdenlipbatisy paRpiiRaTbpRy
(heterc’aw ﬁfli'ng N &é}g ﬂaﬁ@)e%bﬁﬂaﬂﬁ%}e hfid) @ﬁb&@qe g.on

) SUI‘ ace area wel and condi t1on

HOO(p alikapaytarboftyl of nlkﬁlcmébmlomﬂ,sﬂ@b’b[e@ﬁ, (%@k@éﬂ@ﬁﬁ)ﬁ‘@fbam’lrral s

B

((heterﬁé;&hﬁhp@&ﬁ)ﬂiﬁ]iﬁb)caﬂﬁenyl oﬂﬁﬁe&iﬁhﬁ%ﬁﬁﬁboﬁd}jﬁ@; c¥amochalo,

hy&o%@ £ S gf[ag :( ts&é%xgpgrtea?%l%ﬂ%d%] S0 F ig?,h%lfyzyuijﬁnyl],
sulfan_)@ffé 8Y alRIBEIEROR Hul 5.2, %rea,%dﬁk&ysmmmmﬂﬁm&es 6x4,1970) .

used hereln, "patient” refers to a nanmal
0mﬁw@%&lud|ng a hunan [0085] Unl ess ot herwi se stated,
[0043]SA kG4 g@@d H&{a | REGE B DS cPRRMbickic] mhwftﬁc ring

i'so e. enan i oneric, d|astereorner|c
systenetmmngeldnéﬁ rrmg a(oms vehsretin pRANTi TBTA of the igg aiomsfls § hgieroatom (e.g.,

NO’$or eac é%%ﬁ#% r?%ﬁkg °B%“52?&%ﬁ§‘%ﬁ% ?%H&@é#&ﬂﬁncoru :

least oﬁé)ﬂffrhé)ﬁﬁg's&ﬁ BETHidysho Gﬁﬁkﬁﬁﬁﬁ&ﬁl“rsyﬂtﬁns 1s aromatic. A heteroaryl group

ARSI P s o
mclud@ilﬁhﬁﬂﬁbﬁmvﬁlﬁbnel SFEWBH S0 &méﬂﬂieiedaﬁtemﬂbﬂmﬁd mpieties (e g.,
' di ast ereoneric, and eonetrlgG%or confornathﬁ£ﬁ)ﬁ 1
indolizyi, smdpldsisgipdqipe3H tméf&ﬁsa oI fueyly paozp ghenyl,
quinol: PB@ISQ:&!I&A&%YD”ES}BE le@npit AR Rr Qi1 RF -SRI IOb Ry, A
utonmeric fornms of 1e conpounds of the invention
are wi thin the scope of tf@ invention. Additionally,
unl ess otherw se stated, structures depicted herein
are al so neant to include conpounds that differ only
in the presence of one or nore isotopically enriched
atons. For exanple, conmpounds having the present
structures except for the replacenent of hydrogen by
deuteriumor tritium or the replacenent of a carbon

-




[0086] A conpound of formula (1) that is acidic in

nature (e.g., having a carboxyl or phenolic hydroxyl

group) can forma pharmaceutically acceptable salt
wosMeiniessoa sodi um potassium cal ci um or gopch/ssphéc029988

~ ezl o SR RR R Pt REHEY o RE b R

1soqm1%mﬂmﬁmﬂ:@zo@l keghthex] thésxanthyeh, pﬂe,na{hlka}thﬁrﬂﬂmtﬁm%id

e G R R S e S S

benzthﬁé@lgplp%ﬁd Afinig | fq@fdxﬂsqmﬂ&bw @mﬁmsir ﬁﬁtﬁﬂﬁsﬂl&uﬁﬁk&ﬁ,
cpJmoxﬁ%lroromc aci d, ydr0|0|c aci d, furic acid,

Asoauisglyl, dh-guindizy, b?m@slp?n&thl@dl%b& orl S-Haphthyndyl
[0044] Rvﬁfé G0, ﬂéh&&fcg&h&&oﬁyis Q&Hgﬁxlgyl&lﬁf gbengv Qﬁapﬁﬂn%lyl

citric acid enzol C aCI

pynol}d,mxdzolﬁlathamljdl, mnd:motjd pymzpkyl asixdzol¥lyiswthiagolyle i 3,4-thiadiazolyl,

2oy Pl B g P o el R Y RAGHIT &Rt Tat e
Monodyﬁlld Referadidls aPéhﬁxraﬁted abebidihg Qrstaribidcheditahonpnelpaied
a_compaund of formula i,n |ts fregolglaaﬁ

t t
RUTHE AR Al e
mdolylhifﬁf)%’?l@ﬁicgb]%ﬁZﬂbeﬂzg &1, ﬁhﬁ ﬁgtﬂinﬁdlﬁ?l ﬁ'ﬂloiazyl
rochloride salt) acid addition sal

isoind: ﬁmnd@lyh bﬁveftﬂ@wlb@em[bﬂ@mphgnﬂ,rm@z@ab berzipidasy. benztmazolyl
h t t :

P urmyfbam SO W@I w%lhﬁblgldl um &ﬁphfﬁdol% soc&iﬁ?nlﬁmxalyl’

1,8-naphitigaidh napteridypo Basfs]milmtaraacm}sramwxmheredammﬁug}q-standard

chemlcg)rgpoun%ﬁnof formula (1) can also be, for exanple, in
ot %chiral conpounds, racemic m xtures,

[0046] oph¢taahﬂyy?s aptibnatly eHFHRIEIOSIh Gndr @ n@brasibeﬁmmm;g:g (;Dﬂh}&atic
ture .o | a ere r.s ns or

fo2. affgh ekl o e ) SOvE Bt BRI R R, 200 or

heterod§Rk S (OB loa OARRIipTNR: &9 hetskag by ati ons

have t he fol ovvln ani ngs. an- abbrevi ation is

(cycloab@hat@mfn@@terwdﬁ hﬁ*@@ege ﬁ@ﬁi%im yet@r@@?b%%‘daf@ahﬁm}fxm
ot PR, B0 ROy SRS syt o
heterodyglwlmg@ﬁﬁdﬂbwhy br lwblm histemoagyl);i mma;mm yexl {{ e $1=7 YO
aiphatiyy ity B ARG RAN L ARt SRS

(araliplptiopafbonylt gieetocg‘claaﬂjthh‘xl)e&rbcdﬂd = doubl et of doubl et s

(@eter%ywmgl Y %ony dl I(ﬁ%teroar%\l/ll):hauc)carbonyl] sulfonyl [e.g.,
aliphaticsulfonyl or aminosulfonyl]; sulfinyl [e.g., aliphaticsulfinyl]; sulfanyl [e.g.,
aliphaticsulfanyl]; nitro; cyano; halo; hydroxy; mercapto; sulfoxy; urea; thiourea; sulfamoyl;
sulfamide; or carbamoyl. Alternatively, a heteroaryl can be unsubstituted.

[0047] Non-limiting examples of substituted heteroaryls include (halo)heteroaryl [e.g.,

mono- and.di-(thalo)heteroaryl]; (carboxy)heteroaryl [e.g., (alkoxycarbonyl)heteroaryl];

.. cyanoheteroaryl; aminoheteroaryl [e.g., ((alkylsulfonyl)amino)heteroaryl

and((dialkyl)amino)heteroaryl}; (amido)heteroaryl [e.g., aminocarbonylheteroaryl,
((alkylcarbonylamino)heteroaryl, (((alkyl)amino)alkyljaminocarbonyl)heteroaryl,
({(heteroaryl)amino)carbonyl)heteroaryl, ((heterocycloaliphatic)carbonyl)heteroaryl, and
((alkylcarbonyl)amino)heteroaryl]; (cyanoalkyl)heteroaryl; (alkoxy)heteroaryl;
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DVAP = di net hyl am nopyri di ne DMSO = di net hyl sul f oxi de

EDC = et hyl - 1- ( 3-di net hyam nopr opyl ) car bodi i rai de eq.

= equi val ents EtOAc = ethyl acetate g = grans HOBT =
wdlehyessaybenzot ti azol e DI PEA = Huni g' s basepe]jmszoas/ozggss

B s i o o
(alkylsﬁfbﬂyl)h&'@fﬁafﬂl] &y@ré)iybﬂcyl)mterﬁmrlz (dTkdoAyhlRehiedter =
Iy i N
(heterocycloaliphatic)heteroaryl; (cycloaliphatic)heteroaryl; (nitroalkyl)heteroaryl;

- (((alkylsulfonyhamino)alkyDheteroaryl; ((alkylsulfonyl)alkyl)beteroaryl;
(cyanoalkylheteroaryl; (acyDheteroaryl [e.g., (aJch_lcarbonyl)heteroaryl]; (alkyDheteroaryl,
and (haloalkyDheteroaryl [e.g., trihaloalkylheteroaryl].

[0048] A “heteroaraliphatic (such as a heteroaralkyl group) as used herein, refers to an
aliphatic group (e.g., a Ci.4-alkyl group) that is substituted with a heteroaryl group.
“Aliphatic,” “alkyl,” and “heteroaryl” have been defined above.

[0049] A “heteroaralkyl” group, as used herein, refers to an alkyl group (e.g., a Ci4-alkyl
group) that is substituted with a heteroaryl group. Both “alkyl” and “heteroary!” have been
defined above. A heteroai'alkyl is optionally substituted with one or more substituents such
as alkyl {including carboxyalkyl, hydroxyalkyl, and haloalkyl such as irifluoromethyl),
alkenyl, alkynyl, cycloalkyl, (cycloalkyl)alkyl, heterocycloalkyl, (heterocycloalkylalkyl,
aryl, heteroaryl, alkoxy, cycloalkyloxy, heterocycloalkyloxy, aryloxy, heteroaryloxy,
aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl, nitro, carboxy, alkoxycarbonyl,
alkylcarbonyloxy, aminocarbonyl, alkylcarbonylamino, cycloalkylcarbonylamino,
(cycloaﬂcylalkyljcarbonylamino, arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkylcarbonylamino, (heterocycloalkylalkyl)carbonylamino,
heferoarylcarbon}damjno, heteroaralkylcarbonylamino, cyano, halo, hydroxy, acyl, mercapto,

- alkylsulfanyl, sulfoxy, urea, thiourea, sulfamoyl, suliamide, oxo, or carbamoyl.

[0050] As used herein, an “acyl” group refersto a formyl group o RE-C(0)- (such as alkyl-
C(O)-, also referred to as “alkylcarbonyl™) where R* and “alkyl” have been defined
previously. Acetyl and pivaloyl are examples of acyl groups.

[0051] As used herein, an “aroyl” or “heteroaroyl” refers fo an aryl-C(O)- or a heteroaryl-
C(0)-. The aryl and heteroaryl portion of the aroyl or heteroaroyl is optionally substituted as
previously defined.

[0052] As used herein, an “alkoxy™ group refers to an alkyl-O- group where “alky]l” has been
defined previously. 7

[0053] As used herein, a “carbamoyl” group refers to a group having the structure -O-CO-
NR*RY or -NR*-CO-0-R” wherein R* and R” have Been defined above and R” can be
aliphatic, aryl, araliphatic, heterocycloaliphatic, heteroaryl, or heteroaraliphatic.

12



PEPC =

1-(3-(1-pyrrolidinyppropyl)-3-ethyl carbodiimde :

PP- HOBT = pi peri di ne- pi peri di ne-I|-hydroxybenzotri zol e
wEmo/asmounds per square i nch Ph = phenyl q pCrustobed299ss

e e e LNk = gulntet WO 2007/ 0165 1 00, A
toosTIH Goggerl My SRR 1 L O R - ORI DCOR

when tiséd 8 sekrmifad goupt of JOG{O)aEet(@)0ReihEn Tidd o3 an internal group.
tetrahydroofuran fic = thin [ ayer_ chr natography,!l& =
\ pﬁfm ted with 1-

[0055)Ascyset bareip. apaloaliphatis” giogp exferp
3 halo%egp_?fgﬂ in§SEHEBAHE 9m Bh1dalks1 RERA&The LoMEIEE,0N provi de

esirabl e therapeutic treatnents because they were
[0056]ghysused bareincn Trareapto”(greun wferpiocodiai | abi | ity when the R

005 BBy OB . ISR SIS 30E kg o
S(0)3-84%n used internally.
[0058] As used herein, a “sulfamide” group refers to the structure -NR*-S(0)-NRR” when
used terminally and -NR*-S(0),-NRY- when used internally, wherein R*, RY, and R” have '
been defined above. _
[0059] As used herein, a “sulfonamide™ group refers to the structure -S(0),-NR*RY or -NR*-
S(0)-R” when used termina]ly;ror -S(0)2-NR*- or -NR¥ -S(0),- when used internally,
wherein RX, RY, and RZ are defined above. |
[0060] As used herein a “sulfanyl” group refers to -S-R* when used terminally and -S- when
used internally, wherein R* has been defined above. Examples of sulfanyls include aliphatic-
S-, cycloé.]iphaﬁo-&, aryl-8-, or the like.
[0061] As used herein a “sulfinyl” group refers to -S(0)-R* when used terminally and -S(O)-
when used internally, wherein R* has been defined above. Exemplary sulfinyl groups
include aliphatic-S(O)-~, aryl-8(0)-, (eycloaliphatic(aliphatic})) -S(0)-, cycloalkyl-S(0O)-,
heterocycloaliphatic-S(O)-, heteroaryl-S(0)-, or the like, '
[0062] As used herein, a “sulfonyl” group refers 10-S(0)-R* when used terminally and - '
S(O),- when used internally, whercin R* bas been defined above, Exémplary sulfonyl groups
include aliphatic-S(0),-, aryl-S(0),-, (cycloaliphatic(aliphatic))}-S(0)z-, cycloaliphatic-S(0),-
, heterocycloaliphatic-S(O),-, heteroaryl-S{O)-, (cycloaliphatic(amido(aliphatic)))-S(O).-or
the like. -
{0063] As used herein, a “sulfoxy” group refers to -O-SO-RX or -S0-0-R¥, when used
terminally and -O-S(O)- or -S(0)-O- when used internally, where R* has been defined above.
[0064] As used herein, a “halogen” or “halo™ group refers to fluorine, chlorine, bromine or
iodine. :
[0065] As used herein, an “alkoxycarbonyl,” which is encompassed by the term carboxy,
used alone or in connection with another group refers to a group such as alkyl-O-C(O)-.
[0066] As used herein, an “alkoxyalkyl™ refers to an alkyl group such as alkyl-O-alkyl-,
ﬁvherein alkyl has been defined above.
[0067] As used herein, a “carbonyl” refer to -C(0)-.
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about 90% about 95% or about 98% . Unexpectedly,
-the 1? isoner at the C* position is about 2 tines

nore bi oavailableé than the S isonmer at the C*
wpneiticsse. Additionally, the 1? isoner at C‘ropesishansss

—_ rts .o i _S I sonmer at C* position at a
o TO‘?@”ﬁg‘F‘g eﬁ%%%%%% r?%ﬁlgtgo e Sat the C* position. These

[0069pAe pexdtheredn, emf‘mnnealkji’eretfdsretcame stiicgure (R 9sN-alkghess of

ounds. of for reater 0% R i soner

WO?Oﬁ?“Es%’ﬂﬂ% acf@yaa%n}&tﬁ’hr% e gipicdur @ﬁ@ %@f ease
[0071ﬁ&§ udedthéreis ue&e@Sgrb irk td’tﬁe kAR A8 INFRH-CP-IGRYRZ and 2

pat it s VI rus 34 ro{,ez?lse For instance,
“thiouzgsgrauppeiens frothe seture HER mCéJg RY whenisedierminatly gus 3R
CO-NAFEat er than 50% R i soner at C* had neasur ed

(app)'s of Iessthan3uM(e , about 2 p. M about
~NRX-£SM1P when vesd inlswmatly, viEddn BR) R” Iaﬁﬁ B” bgvedfeen definet hbove.

fo072fR8Yed Bestin s s BB B s R R R R

or and the favorable isomer conversion properties at

NR* Elgs%lgtcﬁ&e%?geﬁ! hlvfée%ﬂ%g%h@g% gﬂe &Féﬁﬁﬁ? bt Frt i nvention,

0073 P M6 se@erein, the term am:ad fers to the structure -C= NER*RY
[ ]S 3aRer mé) 2-[ mo[%l?u IE:erscyctl?%hexyl 1(1§1x{o) 2@ )

where{n@%g/m rhave 'been deﬁned above.

[0074?’5‘@£&9§' We )tgﬂi' QG tﬂ@ﬂalagﬁﬁ)ﬁngﬁfgﬁﬁ%njcs oﬁ)ﬁﬁbﬁﬁ’ﬂhat
includéscyvol op prospserbom atws, Whereiti thy swistijpents ateyfthahed shadircentaybon

| opent a[ c] pyrrol e-1-carboxam de, as conpared to

‘conpounds of 50% or greater S isonmer at position C+.

[0075] BQRAdral] the tmxégelmtnal’m&mtﬂom Miewiefies sabstinee vnd g@cfup that
formula | 2007/ 016589PCT/ 1 1.52006/ 029

includgs rao K S0EE FaE0AT Ao Bt SR A Lo PR en Eqsgarbon

_atom. vvherel n [0093] C* represents a diasteroneric carbon

and the R isonmer is greater than 50% of the

[007 G]rma@tteim “tesménafly cands teraally” et theloceting ofe gppiwithima
subsmilggg ﬂ] ﬁ{ M whin tgg %ﬁfo%g ?%reseglng%l@ enB oH‘he @Pbstl’ment not

opt 1 ona st I tut an optional
furthemheinded uoah@@st@y &emhempabauucma rCavbaxiyealial, 1. ay, &%Q(Q)Ctam;és an

examPﬁ]eeéf%Lc opﬁ' %%luh Yy subst ut e%’l ﬁg?g ellrl%ﬁj%y %%%%]q P %; esent in
the middle ofial sul.blstﬁim;ﬁ éos ztxt_(ﬂ?e; ergdrof {llﬁl- m‘biatﬂ(ii&?]mlﬁﬁ écb ﬂaie h-l.;]st la:fl'he chemmal
strucugh AR Rirpl o Bt R G oo F et e
alkyl-(t(el)@te@ﬂy &1 ﬂ@llO{U@)la%d—)%Pe SatdpkR aF bafbcs#kg%&% beRAdniflly.

or an optjopally substituted heteroaryl
[0077] As used herein, “cyclic group” includes mono-, bi~, and fri-cyclic nng systems

atoms.

including cycloaliphatic, heterocycloaliphatic, aryl, or heteroaryl, each of which has been
previously defined. |
f0078] As used herein, a “bridged bicyclic ring system” refers to a bicyclic
heterocyclicalipahtic ring system or bicyclic cycloaliphatic ring system in which the rings are
bridged. Examples of bridged bicyclic ring systems include, but are not limited to,
adamantany], norbornanyl, bicyclo[3.2.1]oetyl, bicyclo[2.2.2]octyl, bicyelo|3.3.1 Jnonyl,
bicyclo[3.2.3]nonyl, 2-oxabicyclo[2.2.2]octyl, 1-azabicyclo[2.2.2]octyl, 3-
azabicyclo[3.2.1]octyl, and 2,6-dioxa-tricyclo[3.3.1.03,7]nonyl. A bridged bicyclic ring
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RT-N 5- [0098] P3- isk6 [0099] T is -C(0)-, -0C(0)-

-NHC(0)-, -C(0)C(0)-, or -SO2-. [00100] Each of R5

and R5' is independently H an optionally substituted
wa@iopthassoc, an optionally substituted cycl oabépbsdobdozovss

B e “sysiﬂ%%h% g’ﬁ@%@#ﬁ?“t ted hgo?é%‘%gcl o&#ﬁat%}z}(&&u&ng

s s i L S
ut e al | atl Cc a | SuUupstitu

cycloaﬁ@? exsinayabiorl, gﬁﬂoevf%craﬂlw sfﬁﬁgqopxqsq Yokt . hsterqasyl,

alkoxya 1&@@1&@9&&&1%@%331&1 'j}ear?l%%e{e&ayﬁ ,g,h aial al)‘?r e

ached fdrm a“5- nenber ed

heterogl@kﬁflﬂixnﬂr@sd hﬁmmrexlmltr@, chlé:pey,@lim@dvqnm aﬂcwbarb@myl@?%
59?&13, d bicyclic
ammo%]e e q%g%l At t Qﬁ}l%lglﬁ‘ e, d
(cyclohikﬁl&ﬂcgbgmﬂamlammahry@arbonlgiamhtd amaﬂdylcyrboﬁﬁbmsms an
t t er oag,om sel e or
(heter SR H R R Re elerp ok i DRV ittt 1 ut ed

hetero@yicRfbahy1Emin MhedRbirARAkAHoRuMSihb tdyhRr hitB! Bk Acy], @ercapto,
21% optl%nal 'y substlfﬂut edylr;henyldy VO 20 cg P

alkylsytfapyl, sulfoxy, ysga, f selamipepye pGabeRoYss R71
[0079]1A§used h&jém,Nan “allphatm chain” refers to a branched or siraight aliphatic group

(e.g., alkyl groups, alkenyl groups, or alkynyl groups). A straight aliphatic chain has the
structne :

~[CH,]~-, where v is 1-6. A branched aliphatic chain is a straight aliphatic chain that is
substituted with one or more aliphatic groups. A branched aliphatic chain has the structure
-[CHQ]y- where Q is hydrogen or an aliphatic group; hoﬁever, Q sﬁall be an aliphatic group
in at least one instance. The term aliphatic chain includes alkyl chains, alkenyl chains, and
alkynyl chains, where alkyl, alkenyl, and alkynyl are defined above.

[0080] The term “tricyclic fused ring system” refers to a cycloaliphatic, heterocycloaliphatic,
aryl or heteroaryl system containing three rings, each ring sharing at least iwo common atoms

with at least one other ring. Non—limiﬁng. examples of a tricyclic fused ring system include
. anthracene, xanthene, 1H-phenalene, teﬁadecahydrophenanthrene acridine and
pheuothlazme
[0081] The phrase “optionally subsﬁmted” is used mterchangeably with the phrase
“substifuted or unsubstituted.” As described herein, compounds of the invention can
optionally be substituted with one or more substituents, such as are illustrated generally
above, or as exemplified by particular classes, subclasses, and species of the invention. As
described herein, the variables in formula I, e.g., Ry, Ra, and Rs, and other variables contained
therein encompass specific groups, such as alky! and aryl. Unless otherwise noted, each of
the specific groups for the variables Ry, Ry, and Rs, and other variables contained therein can
- be optionally substituted with one or more substituents described herein. Each substituent of
a specific group is further optionally substituted with one to three of halo, cyano, oxo, alkoxy,
hydroxy, amino, nitro, aryl, haloalkyl, and alkyl. For instance, an alky! group can be
substituted with alkylsulfanyl and the alkylsulfanyl can be optionally substituted with one to
15



[00103] P4-L2-P3 isAs 0 RS R5' [00104] Each of R 7

and R7'" is independently H an optionally substituted

al i phatic, an optionally substituted cycloaliphatic,
woemompbisonal |y substituted heterocycl oal i phakRGYS2006/029988

R T
addltloﬁdll exaaipld)iHeaywibalikil ;tdmgn ﬁrag(cﬁﬂaaaqwe@tbomgmm can be @tlomjly

menbered cyclgali hat| or IO
substtod s e R DRl CHGR: BRCETTt o OB gt
When Ma%lkoﬁf odpd 26 BSGhd tBRe s%ﬂ@ Rtofn é‘radjaberﬁ atoRiE) theawto alkoxy
optionally substituted nonocycl

groups jpant form & ik éngethehwith éhe afomy(s) ﬁod”h?"]f’r%%@e &8uht i onal Iy
[0082] %E&%}%er egmg?a % ii,e V\t}l@fh@f Mbd byRthe terf® optionally” or not,

y subst uted bi cyclic
refers théieacpaynbaalf hphagecradioals in fﬁgIV?IDSﬁPEmﬁ%Wﬁh thegadical of 2

oSBT SpR4E8 S R B o b

in the deftipBeradf c)ém‘pﬁﬁﬁcalaﬂ& eﬁdinpiw tﬂe:rhwfo fumlesh ethervdsd ipdicated, an
sel ected from -

optiongGERHICAGEEH TR SHESEe AT R AR R M RRERLg: Erovp:

and whgﬁglofe‘:iﬁéﬁ GheldoSidon Y ar@@veh@ﬁuéﬂnﬁ@aﬁ p6 tubatituted eth lyre Ban
orman 8- to 14-nenbered opt [ Qnalt:h%
one substityent; spl@@tefﬁﬁbmwp@ﬁeé goup) the FGStUYRTE eaf be Fibeiiuy saoppor

d:ffercz%ﬂ of X‘%HL/\E%SL g % 1r115 éxﬁ NBubiPasOPiekePHAk ikl chiBY bound to

y ‘substi t ut ed ‘phenyl” to form
anotheauing pichana bygloeélqﬂstmfom aspimgbicyclc 1188 EsiaRreas, both rings share

one co%{nlgg Cl | Gy usegarduﬂag}s%.@]tu‘f% a%tgﬂlggé]g%@% cﬁﬁﬁngﬁoﬁ of

subsht@dﬂ&%ﬁsiéh&%;ﬁﬂlﬂsﬁhﬁmmn aigrthasp torobiaktions shabssinlf u:t’rbd formation
cycl oal,i {1 an optionally substituted
ofstab}qgghe@ggagy SasiblheqmROUnds, opt i onal Iy substit ut ed
[0083] ek %ﬁﬁ?& %kableqrr cﬁé‘mﬁﬁﬂj' paabley &ubsd hdrﬁh,&éfe@d‘lﬁwinpounds that
H, an op tlonalé%@subs %te ali hatlc
arenotanbwla}bfﬁtewi whmstbietied tp copditigns tpHawites theip production,

detectglgtahc? ﬁ%*e}r%/ﬂ}zfﬁgﬁ tré(!o%rgg_plﬁﬁfcﬁﬁ(ﬁﬁ ¥ied @8 |fd>1mil@tdr fordd¥ the purposes

stitut aryl, or an optlonall¥
disclossdihartint iri @ohcrautexdpaenys, 2 sfablyrosPownd; o chempisaldly feagipl compound

is one T_hgl(lﬁ h(afesﬁg '%1(153’%% al‘tq%LcP &ﬁ%gﬂepg%g}mﬁfy%% O}fz‘rO Ezor"i‘éﬁg n%ﬁw ‘
absence GNnoistueF®; othdd Gﬁﬁnm’&l&y retdtive xonditidds HoR at le@Ra wee](;()g

[0084]. }Eis(\@)a@qsm i cﬁte( %(1)%%1 is dég%j%%e a%%c%%ﬁ%rgé to confer a =

therapelﬁé QDG Bh she tre@gﬁ%ﬁléﬁ%d is PO dRigrihined based on age, surface
-(CH2) 0. 2NHC(0) R™, - N( R.IN( os and
area, wepghtppng p@@(t[pp@f \{;he paﬂexﬁ R‘iﬁiﬁ%ﬁ%j‘%}) of ngg@éﬁrﬁmm S an
d by F he
humans %@l&%ﬁm %@Oﬁﬁ%ﬁ% S)fz Mﬁkﬁg&[})ké(ﬁé)dﬁl?c{lfi \ 2y reireich et
al., Canddf CHRDEDR. Rep-N{ORY] 9 (1966) @Qeﬁmﬁyﬁe ppea my 5 @Q@W tely

determér}cii%%@ez e 8{1‘2 5& %ﬁé Qﬁ?%pauegwg S§ %Vg% i?lg‘ﬁm“%}e’pgﬁ?g t(\}/\%éy

Pharmﬂcfeﬁti@ﬁs, %ﬂ@myhﬂemﬁ drk, IE190). Woused herein, “patient” refers to a
?07/ 0 5 9PCT/ U52006/ 029988
it11a660/ 1d may form a 3- to

[OOSS]h eg%rm%eﬁe SRARdEmeds dBpitted hamtam:am mga:ﬁtycs trehwde all
av

ing up, to 3 heteroatons ndepen en g §? Fihe
isomerig G RnamiomsFic,SHasHHBRmBeTe, ?‘r%‘) MY
b2t immeAriéSentet((7) and

mnmmﬂ%éﬁba g%om%?Mgﬂégx%ﬁgﬁﬁeggrocycloaI|phat|c gﬁ% ®

wherein any ring has up tdé3 substituents each '

i ndependent|ly selected fromJ2, or one of 12 or Ji2

i s hydrogen. [00110] Each R is independently selected

fromH Cl1-Cl2 aliphatic, C3-Cl0 cycloal kyl, or

C3-C10 cycl oal kenyl, C3-C10 cycloallcyl-Cﬁ-CﬂZ

al i phatic, C3-Cl0 cycl oal kenyl -G -C12 aliphati c,

C6-C10 aryl, C6-10 aryl-Cl1-Cl12 aliphatic, 3- to




[00112] In several enbodinments, J1 and h, together

with the atons to which they are attached, may forma

Cg to Cl12 optionally substituted bicyclic ring.
WORMOM1BY9 | n several enbodinents, 32 and J' 2P(Ifd§é0ﬂ6@?-9988

e son P TR M TRpticghee.

stereocEe}t;ﬁbal #doinfsais e]] as enzutiomptic, @mtekapn@uhgpﬂ gearagitis (aro

contr SR ARSI Sy DAL i

Unless 8theA#isd s@atam hiC &u’édi&hc&'ﬁﬁlsai oumhyofﬂraumeaﬁ@am avithin

the scoATIOR Xﬁ%ﬁgiééte\%%‘iﬁ\%c ot LR AP R e

‘are a &TBE élﬂa‘etéo SRRl Sl 8RN &R delof oBEHI 6B Can
s da%pen ently gln eltheer ?ﬁgnR Wconfl%%atlon

1sotop1@ﬁy aiiched atpouRosexempich eoppradt hayinadeePrajebstaghigs croept

for the ?qgga'cmt " C%&ﬁo\ﬁ%n% | BB d%r tﬁ?ﬂe Bl thk Pélf)%tnhgﬁ o 28rbon by a

3l geomnetric I sonmers an
B-or é@é@ﬁhﬁhﬁﬁfo& apenlithinXhe scope ¢fithis énventidnn Suchicorgpauades s c

m xt ures, conpounds accor the i nvent
useful, s ERE o SR OO B S SR e 8 und. of the
10086] X &3ERnd HMBALIL (I) tHaelsueRE: ihhemraleg!, Samﬁng wharbticyl st pivaclic
sel ected from | ndependent | y
hydroxylogyup) Fan fors @peaT Fﬁ?ﬁ?téb ¢ aach%‘ﬁb m%?ﬁa%f%}ﬁ%%}“ﬁ
calcium,. %EGIHQQ?SAE‘O% Vﬁ %%@Eﬁeﬂlﬁon@:ﬁéﬂsﬂt@f@rbﬁﬂ%\iﬁer

he atons to t ey are attached, form an
pharmmpauealmaadcyptdﬂ@mm mh as mpu@msalkxlﬁng@&érymxyalkﬂamnes

nment s,
o SR B A B
additioh @alwh Exbmpleeyf sackeacids mclhéedhydfrtmmtmm cidphyidortadmie acid,
hydrolgqlicgsté,ég@m ac{ao Q:L%Ehanes omx acxd phosp@l rie :la’lcqg plg}%ﬁophenyl-

sulfonic acid, carbonic acid, succinic acid, citric acid, benzoic acid, oxalic acid, malonic acid,

salicylic acid, malic acid, fumaric acid, ascorbic acid, maleic acid, acetic acid, and other
mineral and organic acids well known to those skilled in the ait. The acid addition salts can
be prepared by treating a compound of formula I in its free base form with a sufficient
amount of an acid (e.g., hydrochloric acid) to produce an acid addition salt (e.g., 2
hydrochloride salt). The acid addition salt can. be converted back to its free base form by
treating the salt with a suitable dilute aqueous basic solution (e.g., sodium hydroxide, sodium
bicarbonate, potassihm carbonate, or ammonia). Compounds of formula (I) can also be, for
example, in a form of achiral compounds, racemic mixtures, optically active compounds,
pute diastereomers, or a mixture of diastereomers. |
[0087] The terms “50% or less R isomer” is used interchangeably with “50% or greater S

© isomer”.
[0088] The following abbreviations have the following meanings. If an abbreviation is not
defined, it has its generaily accepted meaning.
BEMP = 2—tért—buty}jmino—2— diethylamino- 1,3-dimethylperhydro-1,3,2- diazaphosphorine
Boc = t-butoxycarbonyl |
BOP = benzotriazol-1-yloxy-tris (dimethylamino)phosphonium hexaftuorophosphate
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WO 2007/ 016589PC T/ US20061029988 [00119] In several

enbodinments, Ji and J3 together with the atons to

whi ch they are attached forman optionally
wosaygdisasat ed nono cyclic ring such that the PECT/UR2086/029988

—_— b@ﬁﬁw@%iye&%as: [00121] In several enbodinents, L

- . [00122] In several enbodinents, Rl is
bs = brbAW¥sindt&@tr exanple, Rl is RW, wherein Ris an
d:do@?%i'onal |y substituted aryl or an optionally

stituted heteroaryl and Wis -0-. In other
dd = dfihReef dgmless R is optionally substituted aliphatic or
optionally substituted cycloaliphatic. For exanple, R

DIC = flidsopropplemibedémidy substituted aral kyl or an optionally
DW§%§§&I@H% teroaral kyl. [00123] In several
enmbodr ment

DMAP = dimethylarrﬁilsmpyrid{ni

DMSO = dimethylsulfoxide

EDC = ethyl-1-(3-dimethyaminopropyl)carbodiimide
eq. = equivalents |

EtOAc = ethyl acetate

g = grams

HOBT = 1-hydroxybenzotriazole 7

DIPEA = Hunig's base = diisopropylethylamine

L = liter

m = multiplet

M =molar

max = maximum

meq = milliequivalent

.mg = milligram

mL = milliliter

mm = millimeter

mmol = millimole

MOC = methoxyoxycarbonyl

N =normal

ng = panogram

nm = nanometers

OD = optical density

PEPC = 1-(3-(1-pymrolidinyl)propyl)-3-ethylcarbo diimide
PP-HOBT = piperidine-piperidine-1-hydroxybenzotrizole
psi = pounds per square inch

Ph = phenyl

q = quartet

quint. = quintet
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[00124] In several enbodinents, RL is RW. [00125] In

several enbodinents, Ris an optionally substituted

al i phatic, an optionally substituted cycloaliphatic,
waonmbssonal | y substituted heterocycl oal i pharCoUs®e6/029988

e 1o seQPELONALL Y Ssubstituted aryl, or an optionally
e mm“%ﬁ?ﬁ%f%ﬂ%#eteroaryl; and Wis a bond, -0-, -S-, or

s=singldR4-. [00126] In several enbodinments, Ris an
_ ,Piqgtionally substituted aliphatic or an optionally
t=tpstibstituted cycloaliphatic. [00127] In several

TFA =8ABRb4¥BId id R 1S an optionally substituted aralkyl
or an optionally substituted heteroaral kyl. [00128]

THF =jtefrabipdre odinents Ris [00129] In other
=ﬂ]?]gg _ R:is wherein R19 is independently H,
e 9%fg§ - ﬁ?%ﬁ?’g}?i c, (C6-C10)-aryl,
uL =nfiG6ked 0) - ary1l- (G Cl12) al i phatic, (C3-C10)-cycl oal kyl

oy -cycl oal kenyl , [(C3-Cl10)-cycl oa] kyl or
W“‘ﬂf!@"&‘%ﬁ; kenyl]- (G -Cl2)-aliphalic, (3 to 10

[0089]mEITbe CENPOENEYPCY Cl oal i phati c-, (6 to 10 menbered)-

[0090] Eg}pgy%g%é:sl q% géeldgrg%%ﬂ%yén%p g{cémﬁdi Q@% tﬁerape(uttc Ecrgatgignts
becausegigﬁ %Je%bs&‘%@f%&f 47 eg&:r %@aﬂ%ﬂﬂh@ﬁén%e R Es%%g Bposition

bond, ( 12)-al i phatic, -0-,

C* was fiRgfer, thar(f(szj; of themix qﬁ:qugbqut % abayt FPe; @OHW/E ghopt 85%,
o 5 P L PRI SRS ok PR Bt
about Htim& thiswe HARSailable than the S isomer at the C* position. Additionally, the R
isomer at C* position converts in vivo to the S isomer at C* position at a higher percentage
than the S at the C* position. These properties enhance the therapeutic effectiveness of
compounds of formula I with greater than 50% R isomer at position C* as inhibitors of serine

protease activity, such as inhibiting the activity of hepatitis C virus NS3-NS4A protease. For
instance, s01une embodiments of the present invention that were greater than 50% R isomer at
C* had measured Ki{app)’s of less than 3 uM (e.g., about 2 pM, about 15 M , or about

1 190 pM), ICse’s of less than about 0.9 uM (e.g., about 0 883 uM), and a CCs of greater
than 100 M.

[0091] The high bioavailability and the favorable isomer conversion properties at pOSiflOﬁ
C* deliver enhanced therapeutic effectiveness in compounds of the present invention, such as
(18,3aR,6aS)-2-[(25)-2-{[(2S)-2-cyclohexyl-1-0x0-2-
[(pyrazinylcarbonyl)amino]ethyljamino]-3,3-dimethyl-1-oxobutyl]-N-{(1R)-1-[2-
(cyclopropylamino)-1,2-dioxoethyl]butyljoctahydro-cyclopenta[c]pyrrole-1-carboxamide, as
compared to compounds of 50% or greater S isomer at position C*,

[0092] The present invention provides a compound of formula I
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wherein each Z2 is independently 0, S, NR1O, or
C(1240) 2. [00133] Each R10 is hydrogen,
(G-Cl2)-aliphatic, (C6-Cl0)-aryl,
w £007/a6s%r Yl - (Cl C12) aliphalic, (C3-10)- cycl ont K E2006/029988

e oalk w L (C3-C0)- cycloalkyl or

B & ¢ A cy%oal kf%lﬁq “2)gal i phatic, (3 to 10
menber ed) - hetel‘J |i pbatic-, (6 to 10 nenbered) -
het er ocycl oal -§12) al i phatie-, (5 to 10
nenber ed) - het e 5 to 10
msrrbered)-hetﬁ oaryl (C| C12) d:‘d i phatic-; pis
i ndependently™1 o ng H s Jl ndependently a single
bond or a doubl e bOB' [ 06y g ral
enbodi nents, RW WD 2007/ 016589PCF US2006/ 029988
1 te' 1140eUm akt5 R NrA R6, and each of Rs
and Wb is independently an Gptl onal Iy substituted
aliphatic, an optionally gqubstituted cycloaliphatic,

an opt] onal 'y bstitut.ed het er %ﬁzl Qal i phatic, an
or a phammaceHigrlly Ace ¢ $al QE anixiry Pti onal |y

[0093]S UbSkhkhRd (ﬁﬁﬁe%ﬁaw&arbo%tdﬁ 288 optionally

substi t ut ed allg/atlc an opti onal | y substituted
the R ispaes tscma;dr than,$0%pef fbmmwemﬁ@teﬂ@ theedsrmrrray the Cfyposigion.

a g el ththe atons to V\hlchthey are
-[009'4]at 114% dr%'ri-nii to 7- menbered optionally

[0095]5 Ubsstah bplﬁcmdllymmsmjmldlahpm;ammmomély sobstignt@l cyclpaliphatic, an -

oo RREE TSR ORBL B RS BOBLR by

substitB@dihétbrongd. het er oat om sel ected from-0-, -S- or

NR5r; and_.T -C(0 -0C(0)-, -N 0)-, -
{0095]C(‘8)1ﬁ?}3“d 3FR4I 292’(:(‘ %‘OOlSG]C(I)n sevelr_lgl( Zanbodi nents, T

[0097] éké(ﬁ% optib Ghstitited SYMEA, aﬁaﬁgﬁhn?mbsmiedlcwoahphm

00138] In several enbodi ment s,

an opmmmsgyﬁlmtqdd@mg}yclqahﬂl@%raw opEeRsHY SHRsHitged ey} g an optionally
subsututgé- QQ‘[&(}QM
R; R4
| RI- NX e
[0098] Ps-is Ry
[0099] T is -C(O)-, -OC(0)-, -NHC(O}-, -C(OYC(O)-; or -80,-.
[00100] Each of Rs and Rs' is independently H, an optidnally substituted aliphatic, an _
optionally substituted cycloaliphatic, an optionally substituted heterocycloaliphatic, an.

optionally substituted phenyl, or an optionally substituted heteroaryl.

[00101] Re is an optionally substituted aliphatic, an optionally substituted heteroaryl, an
optionally substituted phenyl; or Rs and R, together with the atoms to which they are
attached, may form a 5- fo 7-membered optionally subsiituted monocyclic
heterocycloaliphatic, or a 6- to 12-membered optionally substituted bicyclic
'heterocycloéliphatic, in which each heterocycloaliphatic ring optionally contains an
additional heteroatom selected from -O-, S-or -NRsp-. |

[00102] Rsp is H, an optiovally substituted aliphatic, an optionally substituted heteroaryl, or
an optionally substituted phenyl.
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[00140] In several enbodinents, T is -5(0)2, [00141]

The mi xture of cliastereoneric conmpounds according to

claim®6, wherein R is 134- R7 R71 1,6 RT-N :
wdl2eB7d8sse and P4- L2- P3- i sRBR5 R5l |, wher ei npeecsroodo2998s8

o ¥ .w;zhz.h@pqmldzg;wé%ds i ndependently H, an optionally
No

substituted aty Iﬁ)’ha , an optionally substituted
wonal | y substituted phenyl; or
R7 and R21, gefth gitththe atomto which they are
form ]

het er oar yhe—
[0010]tRudefed may® .to 7-nmenbered cycl oaliphatic

£ - Liphat i ng; i :
1001047 bR PR B8 pBr bt cpPlnally s AT b AT
optiondly substifutedeerolabishatip!dnapebhally sulisititéd lietstooyolvaliptatic.cn
o LGB L ke JRIZELSF O LT e
with thé AtoNBRREG ORIt aR@hby, ﬁé&ki‘éféﬁ b8t R07-BE@YELE Eycloaliphatic or

het erocycl oali phafic, or "a 6- to 12-nenbered
heteroqyglopkinhati¢ 5ing; @b 8y pedRe doasthey with therptames o 37hjeh thesharg attached,

may FoBAGH- %‘-ﬁ?ﬂ{?&%&%{i 8?%6&2%&%33’8%5&&%5 BRI Yktefdc D oali et(i:ct’ a 3— 10

optio cont at ns I onal heteroatom s
T-menmberdropipnally Sibstitnted MRBOey clio hetetvaryl, RS- &n t2-Rémbewed eplivayally

With t t 9. whi ch 1 ttach
substitfod,Bebal bRl rsibiniRles B & P 18 S eribe CHR Rl Sl
bicyclig ;ﬁétmolax_ryl,&F whizh Mth&tﬂﬁ@y?mmﬁmiaﬁo ﬁﬁ]i_ldt@toaﬁyhﬁi_gi dpﬁltaﬁﬂly contains
C | C use ri S e reln | C | C .
on QR BT P TCE Tn F0I0R N Gsor OF PEH R S Ioeethesayith
the atoRRtd RBRh ey Stdmbit-Ul B8y ARt R, ARt Aify QRtnOfAhEY by Rs

substituted 10- to 16-nenbered tricyclic fused rin
and Reguaytfam agy tp d44pegrberednpbipraly; substiyp lapths@wﬁénpg%gpma
. | - - la
Where]gu esb?‘lgt%id% glé Eetgeé o%%?? [C,j ?ﬁ%dr aﬁiﬂr\ﬁll\%r Red W £ rtolally
substit@ed picdybis SOPCH djtipodl/ 0bgi®@ed 10- to 16-membered tricyclic fused ring
" réptidrfaillfllllstitliter7l [00142] In several

SYS®nbodi ments, R7' is H and R7 is Cl-C6 al kyl, C3-Cl10
[00105¢ W lioH ok ¥ IproiécBnggfdupy cl oal kyl - C1-12 al kyl, C6-Cto

yl,, -Cs-Cm -X-C6.alkyl, 3; tg 10- d. . .
100106} B2 greiopp phtied aishalty i gyl Fayiuied chcloatipharc, an
optiondlBts8h%MEd RMdrbRRBaliphatit, daloptiahdyl subdiituté DhelGo P BEHEd

. heteroaryl, or 5-to 10-nenbered heteroaryl-Cren
optionglivieybstityigthphesYl. The ni xture of di ast ereonmi ¢ conpounds

[001072“%2%1?1 A GRionMIEBREY altghatfe, an Qf)tic{rf_aﬁ% éﬂsﬁﬁl&d%%t@é@haﬁc, |

) ment’'s, R7 and R/, together wth the atomto
an optiohalky tsubstibyedeteronyelpeliptatic faproptionally substifterarile ovan optionally

3 j substituted cycloaliphatic ring. [00145]
substi géigﬁg%g% enbodi nents, 11.7 and R7', together with

{00108F eis abond, tOFANCED)- drefOar e at t ached, form
[00109] Each of Iy, J» T, and J; is independently halogen, -OR!, -OC{ON(R"), -NO, -CN, -
CF3, -OCFs, -R', oxo, thioxo, -NR"),, -SR’, -COR', -SO;R, -80,N(R"),, -SOsR’, -C(O)R,
“C{OYC(O)R!, -C(O)CH,C(O)R', -C(SR, -C(0)OR’, -OC(O)R’, -C(ON(R")z, -OC(OINR ),
-C(SNR ), (CHa)ooNHC(O)R', -NRINR)COR', -NRINR)C(O)OR',
NER)NR)CONRY,, NRISO,R', NR)SONR); NRICO)OR', NRICO)R),
NRNCES)R, -NER)C(OINR,, NRIC(SIN(R),, -N(CORHCOR', N(OR)R', -
CENENR ), -COIN(OR)R', -C(=NOR)R', -OP(0)OR ), -P(O)R");, -P(O)(OR),, or -

- P(OYH)(OR"), or one selected from J; and T, is H, wherein two R'-groups together with the
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[00146] In some enbodinents, Ris " [00147] In

several enbodi nents, a conpound of fornmula I includes
a structure wherein R3 is optionally substituted
welebpitadsec (e. g., Opti onal Iy substituted PCT/U82006/029988

K 0 bst ed cvy.cloaliphatic
~ v oot oSS MY GRLRRR - Yo Blrpiabel SouplF s oRbtCring
systemRving 0pkd ¥ heedastods didePerdehity @;rem-ﬂmm W@y érs, wherem the ring
{% nally substituted aryl, or optionally
1509“@5@% S84/0dd het eroaryl . [00148] In some enbodi ments,
Cg-Cm%l'aSCsa@P(B tanald ¢ Eg.tl%lbﬁlﬁ%le& At4- @P%Eieﬁm?aﬁahphatm and

onal substitu an optional
‘whereig aﬁsltﬂilﬁ hﬁs &g te J snkstifuepis a@thndappncbnﬂb pﬁtl@C@daf‘mw Jo, or one of Iz or
'21shy°ﬁH g_l tuted heterocycl oaliphatic. [00149] In sone
nments, R 2 is optionally substituted aliphatic

{001 105) rEadpRi ie nﬂebqndaﬁb&{elebmﬁ Ebmp ey Cry alijdﬁtic Cg-Cw cycloalkyl, or
7/016 P U 06/.0299 t r hi,r
Ceré?‘f ﬂé%ﬁgig-qd xcf’ffﬂﬁiyg Cl%é’ 5@%% bafﬁfaq ploalgariGifred
aliphat@| CpU C biy@mi-ld alfaRed, Bt tot 1BAn e bdrePhdtRBRic oalipttic, 6-
P aopt flo%tglhj?dy é;lgbst it ut%d het er ocycl oal i pr)hat |tc @Cooi 1] >
to 10T RLSgR el bc-Cr  APbatic, 0 1B eLRaschesrgATyL o 5- 1o
10—mexﬁﬂé}&ﬂﬁé¥@:8&§1-0 1 BpiHisB R¥in REARLBH 3 Eﬁbsﬁt%\él%& 8lch

di nents, |s optlonally substi tut ed

mdepe(u@;;ﬂmlec@d@qm &t optionally

[00111] In several emquaments, J; and I, together with the atoms to which they are
attached, may form a Cg to Cyp optionally substituted bicyelic ring.

[00112] In several embodiments, I; and J;, together with the atoms to which they are
attached, may form a Cg to C;, optionally substituted bicyclic ring.

[00113] In several embodiments, J, and J'3, together with the carbon atom to which they aré

attached, may form an optionally substituted 5-10 membered cycloaliphatic, or an optionally
substituted 5- to 10-membered heterocycloaliphatic ring.
[00114] In several embodiments, J, and J3, together with the atoms to which they are
attached, may form a Cy to C2 optionally substituted bicyclic ring.
[00115] Compounds of the present invention can contain one or more asymmetric eenters.
These asymmetric centers can independently be in either the R or S configuration. Certain
compounds of the invention can also exhibit geometrical isomerism. The present invention
also includes individual geometrical isomers and stereoisomers and mixtures thereof,
including racemic mixtures, of compounds according to the invention.
[00116] In several embodiments, a compound of the present invention includes the moiety
I o |

J3
Ny 1

T,

0O which is one selected from:

22



substituted (C1-C6)-cycloal kyl. [00154] In severa
enbodi nents, a conpound of -fornmula | includes a
structure wherein R2 is optionally substituted

waq fdo7/6iesml | phatic (e.g., optionally substitubeduszoo6/029988

gwm,“g,wgnggphm KM'L» optionally substituted

)-cy oaliphatic (e.g., optionally substituted
Cl C6) -cygl oal kyl'), qptionally ituted
‘het er ocy, al i phat i i onaj-ly subst it wi yl, ,
opt i onall stitutad heter |”3[001 ] \l ne.sone
N° epbodi mejit s; i's ¥ptifonal | y }subkt’i tute N

T (€1-CO-al"i pattc, Gptionally subs©|tuted““ o -

cycl oali phatic, optionally substituted ar
ionally substituted hetero [0015 In Sone,.
odi e ts : [001 7] I n sev
enbodl \S Cy rop [ 00158 ver {t%:>
ts =S a |s

o UStItu
! o [8) ,
1
% o
u ‘z@? E
d E g 5 , % S

, Or o wherein n is 0 or 1 and each of Z and Z*.
1s independently -CR'R'-, -5~ or -O-. ' )

[00117] In several embodiments, a compound of formula I includes a structure wherein Jy
and J», together with the atorns to which they are attached, form an optionally substituted

. mono- or bicyclic ring such that the - moiety is
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(heterocycl oali phatic)aliphatic: In other exanples, T
is a bond and Ris an optionally substituted aryl or
an optionally substituted heteroaryl. WO

2007/ 016589PCT1US2006/ 029988 14' f001,59tirt dief at

ei nt 5del i bgents, T is -C(0)- and Ris optlonally

it ut ed heteroaryl optional |y subs t| aryI.

] I ~seyera nt he C
S g% 1]. ergN Cﬁ%ﬁ esents a
"t ur e*o SH i s is at
50%ef the ni ture 0[0016 ]- |n Gever ap S
t he percentage of the R isomer in the

eat er$ han ) er tHham 70

, er t e gr eat t han

b | t ers¥tan 99of .
pMmd MS i¥o of oS

»|scgreate [00184] In
several enbodlnent FeEr s at

: : conpou
97/433 0, US 2002 016294,

, B ,aﬁsOOrme28¢
. 02/-48116, A0 01/ 07407, SO 98/ 46630, * WD
00/ 59929, wo 99/07733 WO 00/ 09588, US 20020016442,
WD 00/ 09543, WO 99/07734, US 6, 018,020, US 6, 265, 380,
(0058 fin 60841 0BTdinidBs, 200 RO0B 21 PEMIAIBHSHULTD D
/.22 WQRLORORB4ptiody OBABEE29, WO
a“gg‘i%‘? érswma% %@‘?‘%%ﬁgé%%gzoomnmsp and WO
02/ 18369, which are |ncmrpfrated,hereln by reference.
[00171] Non-limting es of the conpounds of the
i nvention include: , S)-2-
[(25)-2-[[(28)-2-cyc] q | -I-o0xo0-2- [(pyra2|nylcarbon
yl ) am no] et hyl ] am n&g -'3; -dlnethyl WO
2007/ 016589PCT/ US2006/ 029} S
- rlfoibliTitYl PM Cl RY: f efr ( YcIopropylanino)-l,Z-diox
t gtk akydr o- - moiety is
m@@b ég%ﬁyg%%%pyrrole 1- carboxam de. [00172] In
several enbodi nents of the present invention, the R
i soner at the C* positiondis greater than 50% of the
m xture, and the m xture has a Ki (app) of [ess than
1.5 gM when determ ned using a two-day (48 hour) HCV
replicon incubation assay, as described herein.
[00173] In several enbodinents, the Risonmer at the
C* position is greater than 50% of the m xture, and
the m xture has an. 1Cso of less than.1 p.Mand a
CC50 of more than 90 gM when deternined using a
two-day (48 hour) HCV replicon incubation assay.




[00174] In several enbodinents, the R isonmer at the

C* position is greater than 50% of the m xture and

the m xture includes a Ki(app) of about 1.190 11M an

wol2@EdeRe about 0.883 'LM and a CC50 of gr edEYUS201ef429988
e b WNA‘Q.QQFLIHM‘,d%tm@nm ned using a two-day (48 hour)
-replicon incubation assay. [00175] severa
' : « er than % R
o

errbodl ment s,

¢ potlon is
and the m xture has
[00177] In

pr epar by kno
is ill rated i

s redc ,
tthe presemce of %c. i ngxl e nt ‘sch=as, &g EDC
and HOBt to give the correspoadi ng am #e of fortml a
3. Oxidation of ami de 3 provides the conmpounds of

represents an N-protecti ng,
for f er ela rtlono

@osi ti on @, of the ¢present
processed by known techni ques.
7 (4

of pure S
o - of a known R
and S’i soner (at C*) ratio. Another techni gue
i ncl udes conducting a synthetic pathway that provides
a desired ratio of Risonmer at C- to S isoner at C*.
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[00184] Preparation of the pure R isonmer or S isoner

at C* is described in WD 02/18369 and is illustrated

in Scheme 2. .."...C*HOH. BueNH 4 C*Ily, CN BocNH CH
WOR2007/0B584?111 r CH3 COOH H2N' 8 OH PCT/US2006/029988

B T § & Nuelt 2T

[00119] In several embodiments, J; and Js together with the atoms to which they are attached
form an optionally substituted monocyclic ring such that the

J

Ja N2

= N J1
£

or

O moiety is:
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?", C*H COOH CtrzHN7 011 10 2 Schene 2 [00185]

Referring to Schene 2, an optical isonmer of

Boc-norvaline of fornula 4 is first converted to the
wemorrasmondi ng N net hyI (mat hoxy) am de of fopqmbsgo&mygss

o 1 di tnet hyl h i,n t resgnce
~ oot iR Begeld Abintnpih Kot i B AR 4 g VheRe
and J, &guilbniit 1Y ioldeo PR tB8Eart Bigachel foah b Aitdno®fclit GihpWheh that
6. . The cyanohydrin of fornula 7 is achieved by

ion of the norvalinal 6 to the bisulfite
JaaddiX i on compl ex (not shown) followed by a reaction

‘?SSI um cyani deH Reaction of the cyanohydrin
rmu @ ed hydrochloric acid
{fie cyano group and
t|on to glv “N+wg” dii no- hydroxy acid of
“for@ula 8. ion of at'ﬁe resul tant am no- hydroxy
acid 8 w tﬁl I\I- (benzyl oxycar bonyl oxy) succi ni m de gi ves
[OOIZ]t]Iiesﬁazaldmbmdnabmw,eLisf—CfQ)—r.ruI a 9, which can be further

nvert 0;.an f fornula.l fionwth
[OOIZ%iﬁLg s%vn{ag gmmints, ltlﬁ g‘%- gog CXam ul 9[. Es\éR@Veo,uaw eremR IS an
opﬁonﬂ@@ﬁsﬁtutéﬂl ﬁﬂ%r&lﬁd)ph@"ﬂy sh&ﬁt@@ﬂmﬁma&ﬁ amnfl Vﬁl‘iﬁ -(ﬂl% 10other

embodvrsmpt ¢ gog% 50 tﬁa%l%ﬁap%tm%iyawlb ﬁ%?@?ﬁiﬁp%ﬂc

For exé&ﬁﬂa rxaiseag opﬂ&ﬁanz ShsHARGT drhIGINr a8 bpidRAILE SififtedRefroaralkyl.
hr omat ogr aphi ¢ separ ation procedures. See Tabl es

[00123j Igﬁqyegﬂ embodiments R.

[00124] In several embodiments, Ry is RW-.

[00125] In several embodiments, R is an optionally substituted aliphatic, an optionally
substituted cycloaliphatic, an optionally substiiuted heterocycloaliphatic, an optionally
substituted aryl, or an optionally substituied heteroaryl; a1_1d W is a bond, -O-, -S-, or -NR,-.
[00126] In several embodiments, R is an optionally substituted aliphatic or an opticnally
substituted cycloaliphatic. ' '

[00127] In several embodiments, R is an optionally substituted aralkyl or an optionally
substituted heteroaralkyl.

[00128] In some embodiments R is

/\5*.

Iz

[00129] In other embodiments, R is
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Table 1. Exanple Separation of R and S isonmers at C*

of conpounds of fornmula I. 36 -WO

2007/ 016589PCT/ US2006/ 029988 "Pli alifeter Val ue ,
wPanzmesser Anal yte M xtures of R and S | sonerst/o§2006/029988

e o I‘J%;q“gmp& % Eormula | Analytical | n t ment ati on PE
Pl Typé{*’ofHDe cti orR1 rormt ogr aphy

Nor maID/RJ:] R{;ol um ¥ Rm R
10 Rw ’ 10

R iRw ; R g B R ‘O\\SI/ORO g
g™ N ' o ‘N g™ N
H \-NH g \7ZNH

O R

Q Rips,, it 0% £V} PR 0 %,
RIO\K))\N RIO\K/S\N RIO\K/S\N%
H \7=NH 7 H \75 l‘gi H \7% ISL

S—K K
F/ A YR Y 3 or 5
Ryg O Rp O Ry

wherein Ryg is independently H, (C;-Cyp)-aliphatic, (Cs-Cio)-aryl, (C¢-Cig)-aryl-(C;-
Cio)aliphatic, (Cs-Cig)-cycloalkyl or -cycloalkenyl, [(Cs-Cig)-cycloalkyl or -cycloalkenyl]-
(C1-Cyp)-aliphatic, (3 to 10 membered)-heterocycloaliphatic-, (6 to 10 membered)-
heterocycloaliphatic-(C;-Cyp)aliphatic-, (5 to 10 membered)-heteroaryl-, or (5 to 10
membered)-heteroaryl-(C,-Cyz)-aliphatic-.

[00130] Each K is a bond, (C;-Cjp)-aliphatic, ~O-, ~S-, -NRg-, -C(O}-, or -C(O)NRy-, wherein
Ry is hydrogen or (C;-Cp)-aliphatic; and m is 1-3. ‘
[0013 1] In soﬁ‘te embodiments, R is:

S 0 e & e & S

==
e

[00132] In further embodiments, R is:

S Jyt gt ot ]

@ N - R B e
, N N
D+ D+ D+ D+ T+

H H H H T 3 o
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Chiral Pak AD Col unmm Dinensions L: 250 mm D: 4.6 nmm
Particle size: 5 p.mFl ow Rate 13 nlL/m nute Run Tinme
16.0 m nutes Injection Volune 20 pL Mbil e Phase 20%
wo sopowpspl al cohol 80% hexane Extraction Progedusmosn299ss
l'iquid/liquid
POT/NB06 29988

“

o“n N

O !

wherein each Z” is independently O, S, NRys, or CRigk-

[00133] Each Ryg is hydrogen, (Ci-Cia)-aliphatic, (Cg-Cig)-aryl, (Cs-Cyo)-aryl-(C;-
Cip)aliphatic, (Cy-10)-cycloalkyl or -cycloalkenyl, [(Cs-Cip)-cycloalkyl or —cycloalkenyl}-(C;-
Cy)-aliphatic, (3 to 10 membered)-heterocycloaliphatic-, (6 to 10 membered)-
heterocycloaliphatic-(C,~Cio)aliphatic-; (5 to 10 membered)-heteroaryl-, or (5 to 10

independently a single bond or a double bond.
[00134] In several embodiments, RW- is

. o § O.Q
» OK, oH— Q“;‘, [;S , Qﬁ&, o |

H

N

[00135] In several embodiments, R; is P3, P3is
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[00187] A specific separation of a m xture contai ning

R and S isoners of conpounds of the formula, in

which C* icpresents a mxture of Rand S isoners, was
wpmof/asadd according to Table 1. The retenti sOT/AUBIBE029988

e B “«*T}Qﬁ . easured, o be 8 mnutes 27 seconds for the R
! jﬁgr at C, and 6 m nutes 35 seconds for the S
“RT-NS r

at C, as illustrated in Table 2. WO
12007/ 016589PCT/ US2006/ 029988 " Table2r Sepai | ti 6' neeR
“Hd 'S ias8 seshof Bs apdBls iy ipdependently an aptinnalis substimisd gliphetie, an

e
optionally substituted aryl, or an optionally substituted heteroaryl; Re is an optionally
substituted aliphatic, an optionally substituted heteroaryl, an optionally substituted phenyl, or
‘Rs and R together With the ratoms tb which they are attached form a 5- to 7- membered
optionally substituted monocyclic heterocyele, or a 6- to 12- membered optionally substituted
bicyclic heterocycle, in which each heterocycle ring optionally contains an additional
hetercatom selected from ~O-, -S- or -NRsp-; and T is -C(O)-, -OC(O)-, -NHC(O)-, -
C(0)C(0)- or -80;-. .

[00136] In several embodiments, T is -C(O)-.
[00137] In several embodiments, T is -OC(O)-.
[00138] In several embodiments, T is -NHC(O)-.
 [00139] In several embodiments, T is ~C(Q)C(O)-.
[00140] In several embodiments, T is -S(O),-.
[00141] The mixiure of diastereomeric compounds according to claim 6, wherein R; is Py~

R, R4 Ifs
N -
RT'—E‘\T
Rg

L;-Ps-; and Py-Lo-P3-is O Rs Rf » wherein each of R7 and R7' is independently
H, an optionally substituted aliphatic, an optionally substituted heteroaryl, or an optionally
-substituted phenyl; or Ry and R', together with the atom fo which théy are attached, may
form a 3- to 7-membered cycloaliphﬁﬁc or heterocycloaliphatic ring; or Ry and R, together
with the atoms to which they are attacheci, may form a 5- to 7-membered optionally
substituted mc__moeycllic heterocycloaliphatic, a 5- io 7-membered optionally substituted
monocyclic heteroaryl, a 6- to 12-membered optionally substituted bicyclic
heterocycloaliphatic, or a 6- to 12-membered opﬁonally substituted bicyclic heteroaryl, in
which eachheterocycloaliphatic or heteroaryl ring optionally contains an additional
heteroatom selected from -O-, -S- or -NRsg-; or when Rs and R, together with the atoms to
which they are attached, form & ring, R and the ring system formed by Rs and Rg may form
an 8- to 14-membered optionally substituted bicyclic fused ring system, wherein the bicyclic
fused ring system is optionally furtber fused with an optionally substituted phenyl i:o form an
optionally substituted 10- to 16-membered tricyclic fused ring system; Rz is H or a protecting
group; Rsp is H, an optionally substituted aliphatic, an optionally substituted heteroaryl, or an
30



750 pL/m n Make-up Solution 40:60:1:1

acetonitril e:acetone: nethanol:formc acid Fl ow Rate

250 RL/ m nute Autosanpler LEAP HTS PAL with cooling
memmwswosarnpl er Tenp 2 C Autosat npl er NeepdtBuidodnzooss
cetone Injection Vol. 100 ILL HPLC
CPS-1, 250 Mmx 2 mm 5- mn

[00142] In several embodlments, R+ is H; and Ry is C1-Cs alkyl, Cs~Cyg cycloalkyl, Cs-Cyp
' cycloalkyl-Cy-, alkyl, C¢-Cio aryl, Ce-Cio aryl-Cy~Cs alkyl, 3- to 10-membered
heterocycloaliphatic, 6- to 10-membered heterocycloaliphatic-Cq-Ci2 alkyl, 5~ to 10-
membered heteroaryl, or 5- to 10-membered heteroaryi-C -Cp2 alkyl. - o
[00143] The mixture of dlastereomenc compounds of claim 22, wherein Ry is

i@

[00144] In several embodiments, Ry and Ry, together with the atom to which they are
attached, form a 3- to 7-membered optionally substituted cycloaliphatic ring.
[00145] In several embodiments, Ry and Ry', together with the atom to which they are

%, 8.5, 0.
o,

[00146] In some embodiments, R is N

[00147] In several embodiments, a compound of formula I includes a structuwre wherein R3 is
optionally substituted aliphatic (e.g., optionally substituted (C;-Cs)-alkyl), optionally
substituted cycloaliphatic (e.g., optionally substituted (C1-Cg)-cycloalkyl), optionally
substituted heterocycloaliphatic, optionally substituted aryl, or optionally substituted

attached, form

heteroaryl.
[00148] In some embodiments , Ry is an optionally substituted aliphatic, an optionally
substituted phenyl, an optionally substituted eycloaliphatic, or an optionally substituted

heterocycloaliphatic.
[00149] In some embodiments, R, is optionally subsututed aliphatic or optionally substituted

phenyl.
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particle size HPLC Col um Tenp about -1 C Typi cal

Initial Columm Pressure 97 bar Autosanpler Run Tine

7.75 mnutes Autosanpl er Needl e Wash Program
WORMI@EGS vI 1 PreOnS1v10 Pred nSlvl 5 PreCl nSREEI52006/029988

R i T

cycloaliiahﬁmgrbmpﬁenaﬂymbﬂﬂasdlh@@ioﬂtf}loailh@ﬁpt i somer at the C

sition,a gtention time of 4.0 minutes was
[00151 B:'reee&lblog’lm Slrsorrer at the C* position.

S QL T
b, b % N ©_

[00152] In several embodiments, Ry is n-propyl.

[00153] Tn several embodiments, Rj is optionally substituted (C1-C5) -alkyl or optionally
substituted (C;-Cs)—cycloalkyl

[00154] In several embodiments, a compound of formula [ includes a structure wherein Ry is
optionally substituted (ClaCG)—aliphéﬁc (e.g., optionally substituted (C1-Ce)-alky}), optionally
substituted (C;-Cg)-cycloaliphatic (e.g., opﬁonally substituted (C;-Cg)-cycloalkyl), optionally
substituted heterocycloaliphatic, optionally substituted aryl, or optionally substituted

heteroaryl. 7 ,
[00155] In some embodlments Rz is optlonally substituted (C;-Cr)-aliphatic, optionally
substituted cycloaliphatic, optionally substituted aryl or optionally substituted heteroaryl.
[00156] In some embodiments, Rj is:

X

S A
o S o

[00157] In several embodiments, Rs is cyclopropyl.
{00158] In several embodiments, T is a bond and R is optionally substituted
(heterocycloaliphatic)aliphatic. In other examples, T is a bond and R is an optionally

substituted aryl or an optionally substituted heteroaryl.
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[00189] W FORMULATI ONS, USES, AND ADM NI S! RATI ONS

[ 00190] Conpounds of the present invention can be

desi rabl e therapeutic agents because they were
woaeheeisserl t o have a greater bioavail ability BAFEIP2006629%88 -

" Tomﬁggi%ﬁ%@g%%?e&&ﬁeﬁmﬁg@'ig %nﬁ‘?@i@%ﬁﬁoﬂaﬁ?@ub@ﬁ%é&fheiehﬁryl

about about ™ 70% " about 80% about
opuonaﬂﬁ%bs’atu@dtanQO% about 95% or about 99% M xt ures

reater t han ,50% R | posi tion
4 [001601%}55% Dt?%gh PR ‘F%géafgxgmﬁﬁab & than the S

I'soner at the C* positian. o: |f|cally,:the t ot-al

bi oavai l@biyl it ty wa® abplt t he oraIIy dosed R
i somer Hﬁ\yﬂ%

2007/ 016589PIT1U2088107P988 t d* Bei striner
At"C*1 when Pepresent ed by phe D ,ezgosure of
the 2 isomers. @her more? f okl ow g aI dosi ng,

the R isoner at to S isoner at © converS| on was

100161 EtersiR /oy SPBHEDH RRRR G0 S eEP PaE Ll B P A bt

Sﬂ%oﬁ?{ﬁﬂ&m@fter an oral dose when conpared with that

er an |V dose. [00191laﬁ gnds of the .present "
[00162] i el s, (RRTeEenioge PLBe (1oEt 1o he K I geater than
bgﬁa&ﬁﬁaﬁ ofRIEPRRR IS %4, BRiak thaBi 85 RAlE
60%’( %fe%\}se %dcﬂbc)f Y, part?gﬁﬁlearly t he act :%\kﬁaty of
grcaterhmna&%,lcsg@awﬂm%%} NS4A prot ease. Sone enbodi nents

th | .
o e RV S g
[00164{ @n %veraﬁ&@‘bﬁdjﬁents ghd ratib ofIR td.S otnadelat C@ fis ab@t@ltth@ oo 30

£l t h t 0.9

001650 Whisyeghmbesenss g Pt Brcaapering tomot B2

[00 166T'1§?évetéﬁahtfaéailmbﬁt§ |thlegﬁﬁo faf;ms s Q;ldﬁteﬁfat G:;ﬂ s @?aemm@ to 10.
m Xtures O coO ounds O ornul a Qr re

[00167] An Wﬁ@hemb@mg&wh%rﬂ% RE Bithie lsalné'gﬂﬂé C* ihgre %%@a’b% ‘Fﬁv

[00168T 1h SQBR etboditneROShd iaﬁB ofk@&é A3nefne conbaditemin 9 to 2.

hi's T nvention provides phar maceuti cal conposition
[00165%% dﬁpsmenaft ngb@i]memdhmmﬁgpf R@ fnigomers at §yF is greater than 99 to 1.

nmaceut i.call
B e
structu€) BRMemE cD4 sdrive Ipﬂtmsb mhsi:u’pr e€emporinds haviagihe siructural elements

ef fective tpo decre s the V|r d
o e STl TEEES v Ut LA RuR BT Sfonin
publicAoRE:CHTLYTIETR0SES L00IV01 6198, WO atlslazsgmm/esmnwca

o B S W BESE OB B BH FsB hyara wo
99/502??' wo R t79 OWoﬁfmgttsv g 8h2i0 17 1708 S OCEMAPBIORE, (IS,

ose sa tsare preferably derived from.inor %r
20030008425 WWOLB/ABS 1 O 44675, 1WI 0193407 TR G 34630 200 §0/30929,
WO 992@’7??,[’%"060(}/@3585 °t1§ 9%@@16@9% ?‘9/0@%?@@99/@17@14@42 e,

at'e enzoa enzene sulfonate, bisulf
6,018,000, V1520265, 380] TS 6608 O2TaEHORAIS03 0 A FbPOCSA N A WO 98/22496,

os s SRS BRI D SER WOt o

20040@12)49 %ﬂmvosmh@e 69, WiBEH &t tﬁcetperatda&mam bateferetivexano
drochlorlde hydr obr

I 0i.0

[0017H>M¢1bkr§1§tnﬁ§ﬁ@§ﬂl|et St ETPRER b PR et (1530 6as)-2-

1 | ERBAALAPESBhh R 1jaRtias]td, hatnesthyl-
[25) fﬁgﬁ?%ﬁﬁgr nogt%émépectl nate, per suI fattgy] 3 g{ﬁenyl

propi onate, picrate, pivalate, propionate, succinate,

tartrate, thiocyanate, tosylate and undecanoate. Base

salts include ammoni um sal®s, alkali netal salts,

such as sodi um and potassium salts, alkaline earth

nmetal salts, such as cal ciumand nmagnesi um salts,

salts with organic bases, such as dicycl ohexyl am ne

salts, N nmethyl D glucanine, and salts with am no

aci ds such as arginine, lysine, and so forth. [00195]

Al so, the basic nitrogen containing groups may be




car boxynet hyl cel | ul ose, pol yacryl ates, waxes,

pol yet hyl ene pol-yoxypropyl ene -bl ock pol yners,

pol yet hyl ene gl ycol and wool fat. [00198] According
woto7anessher enbodi nent, the conpositions of RAT/ES2006/029988

+ = 1ol ERPLE G B Ry L R ERTRRRR A ¢

cyclopdiBa®prrdie-1@atboranideei ng. [00199] Such phar maceuti cal

- conposi fions_of t| resent inventian ) TR
00172 st g Al el ar iy o kol af p 5 postionis
greater #h 30 SR B adnirY, anf @6 Bixkite havaski(dpp) oflesdbdr Y5 pM when

determing&gng ez {4 ba) HENS IS oR IR SEi5%, e e ped borin.
[00173@%&%?41%]{‘%@%&1&&& Mﬁk}h@{ at the ¥ fosiohii€ste@its thid§098 of the

ovial, 1 rasternal, I ntrathecal, intrahepatic,
mixturé, ahd e esikinredias am8Cso of lesctham] &M sndjadeGs ghmgre thf YLpiYrvben

t echni ques. . Pr ra the 1 are
determiggyt ped BredPs PG HOV PR b IRER AT 00 ieriie
[001741 T 8FeAbEEbJdanEmRs, die X homepaiesCt paitions$ grehfesthan 50% of the

] invention may_be a ous .0 I i nPUS . SU nsj
vty g s G oo PSR 4R G A s v
and a &S BREHEShAMDON: NI Relehindd dsitttd R@-dyi(tRhie) HCVpepikiong

or wetting agents and suspendi ng agents. The sterile
incubafior} aseavabl e preparati on may al so be a sterile

h b SURRRMAS HBitdrha JDINR bRKicE at the C*
[0017%%5%%%?5 y a%%tké’pt a ees dil uent_ﬁor sol vent, for .
positior havep! Iighes bivawdlabiliothan mixtugs with 3p%dir diss R Asaseay ot the C

... acceptabl e vehicles and solvents that nay be enpl oyed

POSIOLy o water, Ringer's 40 WO
[001767 QR §évR0 5B BRGMEHd, SROR Giof29 Bi&Be C* position is greater than 50% of the

. sbirditirtlititqrtcrinaTheilitaWwhl gri,de solution. In
mixturg, 38 thegpixtugs asigy ?avﬁ%glbtygﬁrgatg%/%a%gdn@ém ionally
[001778 TR5Q%EH eABo@BmSALMBER idines WiShe Qdipbgtioreid abont 2Rimestahi s

) urpose, any bl and leed oil may be enpl oyed
bioavailahié adhag isoner #dbs €7 RBHBOHr di gl ycerides. Fatty
[0017 Bﬁ%gg’ve%'eﬁ %Bocﬁﬁeﬁds,%? RaSInthr 3¥e £t Ho@ltivERIpkdd€er than 50% of the
erivatives are useful in the préeparatjon of
mixture rgnd chearbixtige isagore readiinahsotied than a mixture including 50% or less of the

. har gutical | y-acceptable oils, such as olive oi
R1xm%¢%gg€¢opo H9% especial ly in their pol yoxyet hyl at ed
[00179] S Skl embbdisenis) the Rdsandr atihe 6 positprIsireter 0% afghe

ity oy R B e PR G B b5 S K st e

C*poggﬁﬂts whi ch are commonly used in the fornul ati on of

pharmaceutical |l y accept abl e dosage forns incl uding
[0018@nEI-SiSYNTHEEI§@§E@M%§nS. Ct her comonly used

[0018@%%%@5&@5 oF Hein RSt BS % prepReddhydntwh pdliods. An example
nul'si fying

agents or bioavailability enhancers which
of suclmethodsmyothisyraigd duSéhemede manuf acture of

pharmaceutically acceptable solid, liquid, or other
dosage forns nay al so be used for the purposes of
formul ati on. [00201] In one enbodi nent, dosage |evels
of between about 0.01 and about 100 ny/ kg body wei ght
per day of the protease inhibitor conpounds descri bed
herein are useful in a nonotherapy for the prevention
and treatnment of antiviral, particularly anti-HCV
nmedi at ed di sease. In anot her enbodi nent, dosage
| evel s of between about 0.5 and about 75 ng/ kg body
wei ght per day of the protease inhibitor conpounds
described herein are usefuW4 in a nonotherapy for the
prevention and treatnent of antiviral, particularly
anti-HCV nedi ated di sease. Typically, the
phar maceuti cal conpositions of this invention will be
adm ni stered fromabout 1 to about 5 tines per day or
alternatively, as a continuous infusion. Such
adm ni stration can be used as a chronic or acute




[ 00207] For ophthal m ¢ use, the pharmaceuti cal
conpositions may be fornul ated as m croni zed ,
suspensions in isotonic, pH adjusted sterile saline,
wWOom)7/pes8$ er abl y, as solutions in isotonic, HETAN20N6(022988
sterile saline, either with our vvithout a
presgerv Y ve such as benzyl al koni um chl ori de.
' y, for opht haI 19350 1111868 t he
tital cgnposhNLo e fornulated in an
nt\ such as petrol af tm [O 208] The
tPdal conpositimns of this invention may
al so be adm ni stered by nasal aerosol or inhalation.
Such canpositions are prepadred according to
techni ques well known in the art of -pharnaceuti cal
formul ati on and may be prepared as sol.utions in
salinef242 WD 2007/ 016589PCT/ US2Q06/ §29988

1" | al aryi WoefityPal cilihorfirg ui tabl e
rvatives, absorption pronok erthance g
bﬁﬂéva | aki | i tQH fl uorocar bons, d/ ok o er/‘\L,N,R

Laﬂfﬂl zing or dlspers ig agerd s. 3
[00209] In gne enbodi ment, the phar maceut i ﬁ al

conposi tion82are fornul ated for oral m nistration.
[ 00210] ¥n anot her errbodl ment t he conpositions of
this invention additi ongl orrprl se anot her

anti-viral agent, pr eferglﬁ' y an anti - HCV agent.. Such
[0018H Rdferving & Schgmatl sa pmdhddre aniduif fammlaibis réacteil vath ap@uino-

ool FLRRIS B RS o A B8 S B B o iomt

give tHe QEREPOALER, ﬁﬂﬁebﬁﬂﬂﬁﬁh& %Mbm%ﬂ&lmd‘d Brpadvideg et ®mpounds of
such as rl%aw rin, amantadi ne t el bj vudi nﬁ cﬁt her

FormujadhiSyitelde exidizmgagants melide; epam%a REpdfgesn

| ah Schy
hypocl’xlﬂ:ﬁﬂe ?.E!l %hg Irpgeéstéél:g Io%@?h@%%éﬂiﬂn%hﬁzé ?%ds ?f:}figﬂnhﬂé Phsed@h Scheme

L may hebispasa bametipds Jvnssan HOUBO0G20 0 W 2 1579, gemino-
alcoho:l %ﬁ%gﬁéwggr%&h@lseaf 9er %g:ga{% El%:ﬁlo&é {lék%??golﬁ r%(é)

02/18369. unFctxeﬂuai R0, aspriahiBah }Bpﬁﬂaiu@§'pu1ﬁth498§1ﬂ5€8removed for

465 054,.472,. \\D 97/ 2
forther s i0R OF By AOPUTR LRSI ARG PORIAT A e R
Thus, a:e %ftﬁ.@:ﬁ:enﬁﬁdhé Binb dicoBol oftfbrmdt 2 tdnrtetacltleved bemmm
C, or any conbination of any of the above. See al so

)0
elaborgiongd ithe RufBoigy- al ., Antimicrobial & Antiviral

kﬁ{r@s%f Rom&2 %t pSHQD) C'a Rkl pRsedtatveniion can be
[0018% EJ4E1M4 o s Roracts b D )0C [0021 SeThe fol?nofm ng

processl@ifbmmmﬁ@haxq@emm eramplerpt ewhtfwhma diluting a pure R
orS lsgmeﬁe(:é'{c% ‘Oh%*QWI f gﬁﬁﬁ%& @IFljﬁlt %?f gf Rﬁ@hﬁr respectlvely

“Peg- I it ron

AnothmmpEEﬁsﬂdﬂ'lfRﬂiIWS mph@q:srdmtmg @muampr@a Ehowra B 40 £ 4881 e

psl L SRR o LY O B b s

isomePM &, abd ﬁolfuiﬁ@ BT Sebairena Imown R and S isomer (at C*) ratio. Another
technique includes conducting a synthetic pathway that provides a desired ratio of R isomer at

)

C* to S'isomer at C*..
[00184] Preparation of the pure R isomer or S isomer at C* is described in WO 02/18369 and

is illustrated in Scheme 2.
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Corporation, Kenilworth, NJ; [00214] "ribavirin"
means ribavirin -
(1-beta-D-ribofuranosyl-1H1, 2, 4- triazol e- 3-

waeawhoxsssi de, avail able from | CN Phar maceut i Baffsszoesloz99ss

Inc., Costa Mesa, CA; described in the rck I ndex,
entry 8365, Twelfth Edition; also avail able as
REBETROL(r) from eri ng_Corporation, '
NJ, or as” COPEGASUS(R) fr Hoffmerm- La Roghe, ———
Nut | e, . WO 200} 91 6589PCTf US2006/ 0299 | Hit'
Boerd} 52| |r Par agyr pdckmear € GASWS 0, pegi®edfer
al fa-2g avail abl e Hof f ftlann- La Roche, Nutl ey, ohU
[ 00246] "Roferon" nmedn ROFERON(r), reconbiﬁant
interferon al fa-2a avail abl e-from Hof f mann-La Roche,
Nut | ey, NJ; [00217] "Berefor" neans BEREFOR(r),
inter{eron al pha 2 avdil abl e from Boeh[i nger
I ngel heym Phar maceuti cal, | nc——_Ri dgefield, CT;
.[00218] SUM FERON(r) a purified blend off natura
ﬁH €¥ ons such _awuSpwober on_ay a8kl eC49om
Sun1 ono, Papan; [ 00849] LLFERCRKfM¥%terferon al pha
nl avail aBe from d axo Yebikcone LTd.: Ggeam.Brltaln
[ 00220] 7ALFERON(r), a m Xture of nat ur al al pha
interferons nade by Interferon Sciences, and
avai l{fabl e from Purdue Frederick Co., CT; [00221] The
term{interferon” as used herein neans a nmenber of a
fam | y>pf hioghly honpl ogous species-specific proteins
that inhibit] viral replication and|celljlar
pr&%@}é? omy@)d nodul ate i Mmuneciues) ns such as
interfero alpha interferon b&M, oy intEfferon
gamma. ThE8HMerck | ndex, entry 5015, Fwel f h Edi ti on.
[00222] fgcording to one enbodi ment, of the present
invention, the interferon is a- |nterferon Accor di ng
to another enbodi nent, SchelmeZapeuti c conblnatlon of

he pr.ese i nventio tilizes. natur
100159 Keiriag Bt ioaeme by in g ot SRR ho st A rate 4P fittle
convex&ﬁ% ﬁfétcoiréglssmlhgﬂ-ﬁéthﬁ(ﬁaamﬁmc&l of dbitide 5 B RadtBizarith
I n anot her enbodi nent e theraﬁgutlc

dlmethaliﬁéﬂom@mm@ ipthermeseprect GHL. Redustion ohtheemide Swith lithium
alumn:ﬁl%gl%g @ﬁ‘ﬁhd@ b ﬁofv@.ﬁxﬁﬂ bEfARuIRS. e[‘he% ohj?d.riﬁ%f foRRidvels
e I ment ,

the interferon is pegyla
mﬁkwﬁhheuﬂ@wghnQﬁﬂnmmﬂbhmﬂﬁﬁ@ﬂﬁémﬁﬁ@e@@h@@b@@mﬁ@ﬁ@%ﬂﬂﬁWﬂﬁ

rolowPEREE e ALAG 8 Rk R4 b i BT B

cl

with crentBREyORchibric pEa iékﬂlts (nfh)ydﬁBMsFeEm‘@ancE gop @;ld degiotection

to sivefiEpapre ks wkag bl KRG Bt alh B Rpea

with Nebinzloki&ehédiyloxy)succinimide gives the Cbz derivative of formula 9, which can

be further converted to an amide of formula 10 by reaction with the amine R3NH, in the
presence of the coupling reagent PyBOP and HOBT. Hydrogenation of amide 10 with 10%
Pd/C gives the amine of formula 2.

[00186] Mixtures of compounds of Formula I can be optionally separated into its constituent

stereoisomers, e.g., by chromatographic separation procedures. See Tables 1 and 2.

Table 1. Example Separation of R and S isomers at C* of compounds of formula I. -
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[00232] (j) VBI AFERONe; [00233] (k) I NFERGENCI; and

WD 2007/ 016589PCT/ US2006/ 029988 [ 00239117 NMBUFERONTM .

[00235] As is recognized by skilled practitioners, a
wrot/ease | nhi bitor woul d be preferably adm prEtSoarhe9ss

'““m e QLY e LEELEIrON IS NOt typicC dm nj stered
T Tdral Ty, N%%& He¥ ess, not hi ng h?ﬁh{rﬁ\rf*’ﬁf § t he
methods or sg@Rkd nations of iMpktirek BYRBhAd §TsohRrsTY

-gpeci fic dosage forms or tegine. Thus, each conpgnent
of a conbi nati on accordi ng t oCHRPEM 8l Imay |be

aam k %ﬁﬂ] %h [V, _{OeTBETSCIRk ABT
onblnayﬁéﬁ?% ereof. 100286] In one e o&?ﬁ%nt. tthe
roteaséYmnﬁTEmmubnand |n1erferon MeMBIm ni stered in

nno-ondhad et ANy/
Tprarat Ul HOF-A5- A ofRe—efi T 11 oty
1dd|t|03§Fmﬁiéﬁ?lp% adnmi n{ st er ed ﬁgﬁ of a single
0sage T Qigiath Tpd Ne Pr ot fase 1 Ngdiafek AD as a

eparate dosage form As this invention involves/fa
onbi nation of conpounds, |the spedif£f¢manounts of

rach CQ%H@HHS'EEX‘ depepdent on (. Eggcific
Anmount s o Ther conﬁOundilwq{¥§conbination. As
ecognlzed by skilled pra,titioBmﬁdpsﬂbshgns of

nnnnn \ naciradedan 11 1 (A~ ~
IIL CI I CI Ul I L;ul I ICUQUI < LI L. \C. U. ]
[bout 4 ey 3#3111 to abput 12 mdTHHNE S) [ 00237]
CCOFdIngtﬁhnTﬁﬁ%ntS (whet her acti Q0 aSmady

unonodul at.ory..agent.. orlotherwise) that nmav_heliused

n conbimietion Yoy a compound of t B9 BLi nvent i on

et ude, IlUl Frmiedt 11 III
albunlnhﬁﬁ#%r &ron al pha avéﬂragFgo'ron1bﬁ
(enone SC|ences |nterfer3n aIphaS@%h@nNERON-A(r),

. TR
I\I_I_)I_II\

rahaord A

PCTICTT I_I uu LIL} \I\I / \Qb JCl | I_I UUUII
I nt ef et gﬁmﬂP ﬁgkﬁgmi R bafirin): P 9@§W'd i nterfleron
alpha (Reddy, K.R et al. "Efflcacy and Safety o

gyl ated (40- kd% i nterferon_al pha-2a conpared Wi th
[00187} rﬂéneﬁ@r: S#P2EALGR A Qanxtﬁrerv@ﬁ@mnaﬂgﬁn S pemesrif gompeynds of the
chronic hepatitis C alepatology 33, pp. 433-438
( ); conse S erpn (Kao, J.H, et al.
"KL file nsepsps—l n rferon in the Treatnent of
Chrioni Ep& t i . Gastro . Hepatol. 15, pp.
14181403 000) ,01i ni2 eﬂﬁh A (Rof eron A -
Roche),[;:EbhoblasﬁbldHor nat@ial" interferon;
formule nt er f er tau (d ayette P et al. ,,iﬁ'wﬁbhtjauepr&eﬁiew

mixh:r!pg)%irf %S’BF pe I t L et ’ og[‘l a[%tglgz\%nt on times were
measux*e& E@Eel Erkiufes 27 @%ﬁﬂ§for @e':R 13&511613&’5 C aﬂﬁLﬂ Mﬁﬁte@gtj ls&fds for

for the Managenent of Hepatitis C." Seminars in Liver
the S isomeeaide, asifuststed mJ3ble 2> (1999); Interleukin 6 (Davis
et al. "Future Options for the Management of
Hepatitis C." Seminars in Liver D sease 19, pp. 103-
112 (1999); interleukin 12 (Davis, G L. et al.
"Future Options for the Managenent of Hepatitis C "
Semnars in Liver D sease, 19, pp. 103-112 (1999);
Ri bavirin; and conpounds that enhance the devel opnment
of type 1 helper T cell response (Davis et al.
"Future Options for the Managenent of Hepatitis C "
Semnars in Liver D sease, 19, pp. 103-112 (1999).
Interferons may aneliorate viral infections by
exerting direct antiviral effects and/or by nodifying
the i mune response to infection. The antivira
effects of interferons are often WO
2007/ 016589PCT/ US2006/ 029988
itredniarlifittglininhillititiffbf V|raI penetration
or uncoating, synthesis of viral RNA translation of
viral proteins, and/or viral assenbly and rel ease.
[ 00238] Compounds that stimulate the synthesis of
interferon in cells (Tazul aldnva, E.B. et al.
"Russi an Experience in Screening, analysis, and

—SS0 D OO0 0O 0 (NSO

(all




[00242] Methods for neasuring the ability of a

conpound to inhibit cytochrone P450 nonoeoxygenase

activity are known (see US 6,037,157 and Yun, et al.
wroogotsssvabol i sm & Di sposition, vol. 21, pp.péD8sA0oz99ss

oS R R AR e o

conposi tion or conbi natiBRLAf this invention may be

adninist-ered.-if—necessary Quhcanuanflu t he-dosage

T o Toot) AsAs AT A AR A Ao

or fﬁé’&&ﬁ%‘hﬂw%dm nistration, or both, may be

reduc ﬁgﬁnti’ﬁo@aﬂc NCTion of |[The gy ey %@ﬁﬂﬂé&eﬁn& ﬁl\éﬁfamﬁ[

which the inproved condition is retail

synpt onglowaRfree been al leviated to the d&&jkn| eveI ,

tea fit g—cease—Patt+ents nay,
000 MR teo 000, 020565 11 et ve ewP‘{’ iie
ititebfliftefittreatment on @eMMeﬁ%tmmah&chamd

so cwnﬁfnnt [ 00244 It should

OO T T—¢ o roort

al so bePlghd%t ood that a speC| fic desQywminye

tTeat mR]ls &ﬁgblmen for—any | parti gHbard mc\%ﬁﬂgmt

depend upon variety of factors, including the

act i Wirtogangflert Femnys peci f| c ,onpound enpl oyﬁédﬂ the age,

gﬁtﬁaﬁpﬁﬁﬁegﬁ;%’;ﬁﬁe Iolfcme (Er etblcg’n ggdﬁfée F@ﬁéf%%‘h on,

and thejdetisiowgint of the tfeating physicignpiand the

vaprlfv of the particular disease being treated-.The

amountiHC Gelmye | ngr edi eht sHyparsl GPED. FOTBHE LpFh > m
the particular described ¢onpound and gﬁagleg sence or
absence and the pature of |the addit] oﬁ anti-viral -

ageﬁiPhﬂﬂcmlhmnd"@nposHl on. [00245] Acccabmtﬂb"(ﬂo

o FUG GRIa FRYEnt i nf ected wi in & Ol Plis

ch@gﬁggagfﬂ@g@nnyma virally encoded sevqgm@t ease

rv for thellife PVP|Q of the virus by

Al&ﬂ%ﬁﬂﬁ%ﬁ@?ﬂﬁ&@b@@paﬂ ent a phar PgEESiylalll y
acceptabl e conposition of |this invenpjpilgdin @ne
enbodi nent, the nethods of this invention are used to
treat a patient suffering{froma HC\Picklddtl od. Such
treatnment -may conpletely eradicate tp% ¥ﬂ ‘f’ll
infection or reduce the severity thereo n another
enbodi ment, the patient i$ a human bEre(i@pSlw{rDOMG] In
an al ternate enbodi ment, the nethods,of
i.nvention additionally comprise the B QBISE

adm nistering to said patient an anti-viral "agent
referably an anti-HCV agent. Such anti-viral agente

[’8018éo ] fésingfhe sqparatign mehods WupatecdingTgble Zeatriention timead p\p minutes

was mESERE For gﬂoﬁ%r &the E8pBitidht and! a%l%ﬁﬁ tg % £ DG AlGhs
erivatized I nterferon-a conpounds, ynosi n;

measmﬂtﬁ@'theﬁtspmvr atdhe QYposileon. such as ri baV| rin,

[OOISﬁggg 'S a}{r’@’t eas’&W%ﬂﬂ lgsr,ns °

[001 QU}IWAds oﬂmnekmsmsmemmh ichx bodesiratfle thetfipsuticaget bedanse

thy S PR e GRG0 i 1 ety C° was

greater tﬁérﬁjﬂ%bfﬂhb BESORHE 2N Bbtt 0V0abus PEs! e[b'éﬂ% 80'/5 about 85%, about
i nhi bitors, such as | MPDH i nhi bitors COVPOUND

90%, akout 9ade, ot #hopt YNPDIMixGHPL VI ERsaigr than 5 df IISWII@rﬁt the~™ position
were aﬁglféé%ﬁnep Qﬁiﬁa\%ﬂ%z t@ﬁ%@@ Gochnef 98nmd €8 oéﬁi&? PORBRICkE, the

aci d erivatives thereof); 1nhibit

total broywadehhmmasmbmﬂ@ﬁ%sfm theas'all‘ﬂ doserblisomenat Goaridi 50%¢ foo s
of any of the above. [0023%] Additional agents can be
adm nistered to the patient as part of a single
dosage form conprising both a conpound of this
i nvention and an additional anti-viral agent.
Al ternatively the additional agent may be
adm ni stered separately fromthe conmpound of this
invention, as part of a nmultiple dosage form wherein




[ 00249] According to another enbodi nent the invention

provi des nethods of treating materials that may

potentially cone into contact with a virus - :
w@fmnmgwrl zed by a virally encoded serl ne proil/esHes029988

= oy BRSBTS B S

Furtheaf60) Bl1Sink Qrall h@sm@m isemer 250 Ro BBlkGhérath €*ichS)ettaeh was
but are not Ilmteé sur gi cal mstrumsnts and

more Rofpingithan the é isqepestah §§ to fisomssat Giyropwasiogolifeconygaien,
occurrY BH 1SSkt ?@&%%{ d&éeqwﬂen cbﬁﬁ%@%%%ét DAL H TR b,

and garrrents . gl oves, aprons, gowns,
[0019 HeStmpouadecafthespresent inwthne amn beswsefu) thetsipedip treimhantt fooHCV
r I d
i RS 35358 AR B 58 S e RN e U o
hepah‘mmmNﬁrbIGdA@masel Reme aﬂb@ﬂmdm of the pieserit invemidndhat were

aroatef iy 0% et G i Poemutbe mbee 5 s Yoy e ot -

uM, abgRt NN OFAUbbsiaST SoNeMp ICsBs Of lefr R boRidD. @FE@@@O ) 4B6ut 0883
this invention attached to.a solid suppor

uM), @éﬁﬁé%@mgmﬁﬁrﬂla@ép@é%upport with a sanple
[0019% ﬁfﬂe%x%{?&a RAclblié? mSBbaNE a@&.aﬁsﬁéﬁ? gfﬁggﬁf : opflﬂgédna@éf

at cause said protease to bind
fonnu]s@ panrtteatingid C¥ in tvhigh thainiktere conteing grtienthen £ wf theiRdisomer
at CF l-lod support. In one enbodi nent, the viral serine
Ifo &gase isolated by this nmethod i s HCV NS3- NS4A
[001973 r@ﬁe&&ﬂﬁ&z{ldﬁﬂ aﬁ]ﬂs Menﬂ&ﬁﬁr\iﬁdb@@ﬁ!ﬁﬁha&mﬁm bemfosition

Bi oavai | abi S isQ mars at on C* of
comprig AP W 5 PP DRa A R e B S TRt
salts theffoR AN €cokBid RYanbeSerhiidbn ol GhOetihipotRd 6f fkdhlaY is present in an

adm ni stered a conpound _of forrrul a |l wherein the

amounphigciiy e todsrrsasedey viza depd ins sauple sk Paient whrein sed wirus

Y I
oo Mo e kORIl S gl g

cartierS i somer at position C'; or a corrpound of formula I

o154t 1Eb Fcalep AR SRR SRSy B it

' in thesa cmpnsnaahas dose salfs a%@pm@idb@ defived bmbhargehis engrb@adc avddsend

bases. g_p ted u %0*@"&% M@g‘gﬁgﬁcﬁ%@}w% ﬁ.tgmage aspartate,

benzozd] @bﬁzeﬂ@s@fon&e 'Hléulﬂfe Elﬁf/ﬂﬁieCmﬁﬁﬂedcah@)hﬁfa%V e4thpHol sulfohiite,
i nt er conver si on. 00254] The determ nati on_ of

cyclopewewmla?%ﬁég wongist fpdegydsubiates Slama HEmaraies oer |

glucohBb oﬁﬁosphd?e Bleﬁﬁﬂﬁat@%@pﬂaﬁba@é’ﬁ&aﬁ@it&'tﬂyefb%m%
conducf usi n hiral Tiquid

hydrobpgide JwvdsgolidT @smgmt@ggg’?@mtm lactate maleaie, methanesuifonate 2

naphthgﬂﬁé?;{lff%ér gfcgﬂﬁrf#%g)éélﬁ@#m@afet éécltﬁ%fg T‘F%%/Sﬁi%[g ﬂ@ﬂ?@ rI]'O ionate,

plcratef pmalaﬂeabrop:dmtmlsstmmﬁe, tamtrite, thiatwnptactossdee BimbmﬂebansatedBase

ingfpagpiroptin S, B anei TR S R o 50t S line

earth niéi@l sdlts| SRARS cAléium and magnesium salts, salts with organic bases, such as

dicyclobexylamine salts, N methyl D glucamine, and salts with amino acids such as arginine,
lysine, and so forth. . v

[00195] Also, the basic niirogen containing groups may be quatermzed with such agents as
lower alkyl halides, such as methyl, ethyl, propyl, and butyl chloride, bromides and iodides;
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(%9 S isoner at position C-: (1S, 3aR, 6aS) -
2-1(2S)-2-[[(28)-2-cycl ohexyl- 1-oxo- 2-
[ (pyrazi nyl car bonypani no] et hyl | am no

wq 2087/8ssbionret hyl - 1- oxobut y13- N-K1S) - 1- ' pcfmszoosnggss
e dlﬁ“?ﬁ@&é%‘éfﬂ@fﬁ'ﬁ#}?? o Al ) YLy o oo el
| such 2@ ¥& fand s@zryl Rldisdesitomidepasl ibdiags, @ﬁﬂcyl hahdes

WNIEETE R N e
produ(.JEs g&e%legéb%ﬁa}ﬂedl oxobutyll -N-[(1R)-1-
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[00194]i Iibmtmqudb utilzedge thetpptipodijensapé metods pfthis éiesationmppalso
oo Ry A balh o SuBlo BEAshal ©
propertie tSucke mddfidations are known. in the art and include those which increase
biological penetration into a given biclogical system (e.g., blood, lymphatic system, central
nervous system), increase oral availability, increase solubility to allow adminisiration by
injection, alter metabolism and alter rate of excretion.

[00197] Pharmaceutically acceptable carriers that may be used in these compositions include,
but are not limited to, ion exchangers, alumina, aluminum stearate, lecithin, serum proteins,
such as human seram 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; magnésium niéﬂicate, polyvinyi
pyrrolidone, cellulose based substances, polyethylene glycol, sodium
carboxymethylcellulose, polyacrylates, waxes, polyethylene polyoxypropylene block
polymers, polyethylene glycol and wool fat.

[00198] According io another embodiment, the compositions of this invention are formulated
for pharmaceutical administration to a mammal. In one embodiment said mammal is a
human being; | |

[00199] Such pharmaceutical compositions of the present invention may be administered
orally, paienterally, by inhalation spray, topically, rectally, né.sally, buccally, vaginally or via
an implanted reservoir. The term “parenteral” as used herein inciudes subcutaneous,
intravenous, intramuscular, intra articular, intra synovial, intrasternal, intrathecal,
inirahepatic, intralesional and intracranial injection or infusjon techniques. Preferably, the
compositions are administered orally or intravenously.

[00200] Sterile injectable forms of the compositions of this inveniion 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
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46 [00255] The fornulations of the solid dispersions

contai ning either 10%of the R S mixture, the R

isomer, or the S isonmer were prepared according to
woballoass4s Tabl e 4 Conpositions of Solid D sRETAISaM6/029988

ot e S0 ARn F AL A B LpfadlitCRTRANE FrePofloREeT  al
%fm%@ﬂ@qt%@?@' &&;nck%gi ugiton. m %gg’r e Act ] \e/eoi Srsfg?gdi ent
convenfitilly £8810¥€0as h@Blvent or suspending medium. For this purpose, any bland -
fixed oil may be employed including 'Syntﬁetic 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 Jong-chain
alcohol dituent or dispersant, such as carboxymethyl cellulose or similar dispersing agents
which 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 cc)mmonly used in
the manufacture of pharmaceutically acceptable solid, liquid, or other dosage forms may also
be used for the purposes of formulation.

[00201] In one embodiment, dosage levels of between about 0.01 and about 100 mg/kg body
weight per day of the protease inhibitor compounds described herein are useful in a
monotherapy for the prevention and treatment of antiviral, particularly anti-HCV mediated
disease. In another-embodiment, dosage levels of between about 0.5 and about 75 ,m_g/kg
body weight per day of the protease inhibitor compounds described herein are useful ina
monotherapy for the prévention and freatment of antiviral, particularly anti-HCV mediated
disease. Typically, the pharmaceutical compositions of this invention will be administered
from about 1 to about 5 times per day or alternatively, as a continvous infusjon. Such
administration can be used as a chronic or acute therapy. The amount of active ingredient
that may be combined withthe carrier materials to produce a single dosage form will vary
depending upon the host treated and the particular mode of administration. A typical
preparation will contain from about 5% to about 95% active compound (w/w). In one
embodiment, such preparations contain from about 20% to about 80% active compound.
[00202] When the compositions of this invention comprise a combination of a compound of
formula I and one or more additional therapeutic or prophylactic agents, both the compound
and the additional agent should be present at dosage levels of between about 10 to 100% of
the dosage normally administered in a monotherapy regimen. Tn another embodiment, the
additional agent should be present at dosage levels of between about 10 to 80% of the dosage
normally administered in a monotherapy regimen. The pharmaceutical compositions of this
invention may be orally administered in any orally acceptable dosage form ncluding, but not
Iimited to, capsules, tablets, aqueous suspensions or solutions. In the case of tablets for oral

use, carriers that are commonly used include lactose and corn starch. Lubricating agents,

41



Sodium | auryl sulfate (ng) 30 30 30 PVP K30a (ng) 967

967 967 Ethanol (nlL) 10 10 10 Total weight (gm of

dry powder 1 1 1 : :
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¢ "sich 4% ﬂi’&@“ﬁﬁﬁiu:(ﬂ“‘sf‘éafa'té',“ﬂi'e also typically added. For oral administration in a capsule
form, useful dilvents include lactdse and dried cornstarch. When aqueous suspénsic')ns are
required for oral use; the active ingredient is combined with emulsifying and suspending
agents. If desifcd, certain sweetening, flavoring or coloring agents may also be added.
[00203] Alternatively, the pharmaceutical compositions of this invention may be

' administered in the form of suppositories for rectal administration. These may be prepared

by mixing the agent with a suitable non irritating excipient which is solid at room
temperature but liquid at rectal temperature and therefore will melt in the rectum to release
the drug. Such materials include cocoa butter, beeswax and polyethylene glycols.
[00204] The pharmaceutical 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.
[00205] Topical application for the lower intestinal tract may be effected in a rectal
suppository formulation (see above) or in a suitable enema formulation. Topically
transdermal patches may also be used.
[00206] For topical applications, the pharmaceutical compositions may be formulated in a
suitable ointment containing the active corponent suspended or dissolved in one or more
carriers. Carriers for topical administration of the compounds of this invention include, but
are not ﬁmited to, mineral oil, liquid petrolatum, white petrolatum, propylene glycol,
polyoxyethylene, polyoxypropylene compound, emulsifying wax and water. Alternatively,
the pharmaceutical compositions may be formulated in a suitable lotion or cream containing
the active components suspended or 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. '
[00207] For ophthalnﬁc use, the pharmaceutical compositions may be formulated as
micronized suspensions in isotonic, pH adjusted sterile saline, or, preferably, as solutions in
isotonic, pH adjusted sterile saline, either with our without a preservative such as
benzylalkonium chloride. Alternatively, for ophthalmic uses, the pharmaceutical
compositions may be formulated in an ointment such as petrolatum.
[00208] The pharmaceutical compositions of this invention may also be administered by
nasal aerosol 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,
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[00211] The following definitions are used herein (with trademarks referring to products

avajléble as of this application's filing date).

[00212] "Peg-Intron” means PEG-INTRON@, peginteferon, alpha-2b, available from

Schering Corporation, Kenilworth, NJ;

[00213] "Intron" means INTRON-A®, interferon alpha-2b available from Schering

Corporation, Kenilworth, NJ;

[00214] "ribavitin" means ribavirin (1-beta-D-ribofuranosyl-1H-1,2,4-triazole-3-
_carboxamide, available from ICN Pharmaceuticals, Inc., Costa Mesa, CA; described in the

Merck Index, entry 8365, Twelfih Edition; also available as REBETROL® from Schering

Corporation, Kenilworth, NJ, or as COPEGASUS® from Hoffmann-La Roche, Nutley, NJ;
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Adm ni stered Target Dose Level (ng/kg) Target Dose
Vol unme (nL/kg) 7 Oral Gavage L/ N 1832- 071B- R i soner
at C- 30 10 6 Oral Gavage UN 1832- 071A .
WO 2007/016589 . PCT/US2006/029988

e g2 S Ph Sy niedhd PEGAS YS®, peginterferon alfa-2a available Hoffinann-La Roche,
Nutley, NJ; : _
[00216] "Roferon” mean ROFERON®, recombinant interferon alfa-2a available from
Hoffmann-La Roche, Nutley, NJT; '
[00217] "Berefor" means BEREFOR®, interferon alpha 2 available from Boehringer
Ingelheim Pharmaceutical, Inc., Ridgefield, CT;

- [00218] SUMIFERON®, a purified blend of natural alpha interferons such as Sumiferon

available from Sumitomo, Japan;
[00219] WELLFERON@, interferon alpha nl available from Glaxo Wellcome LTd., Great
Britain;
[00220] ALFERON®, a mixture of natural alpha interferons made by Interferon Sciences,
and available from Purdue Frederick Co., CT;
[00221] The term "interferon” as used herein means a member of a family of highly
homologous species-specific proteins that inhibit viral replication and cellular proliferation,
and modulate immune response, such as interferon alpha, interferon beta, or interferon
gamma. The Merek Index, entry 5015, Twelfth Edition.
[00222] According to one embodiment of the present invention, the interferonis a-
interferon. According to another embodiment, a therapeutic combination of the present
invention utilizes natural alpha interferon 2a. Or, the therapeutic combination of the pres-ent
invention utilizes natural alpha interferon 2b. In another embodiment, the therapeutic |
combination of the present invention utilizes recomBinant alpha interferon 2a or Zb. In yet
another embodiment, the interferon is pegylated alpha interferon 2a or 2b. Interferons
suitable for the present invention include: '
[00223] (2) INTRON-A® (interferon-alpha 2B, Schering Plough),
[00224] (b) PEG-INTRON®,
[00225] (c) PEGASYS®,
[00226] (d) ROFERON®,
[00227] (e) BEREFOR®,
[00228] (f) SUMIFERON®,
[00229] (g) WELLFERON®,
[00230] (h) consensus alpha interferon available from Amgen, Inc., Newbury Park, CA,
[00231] (i) ALFERON®; ' |
[00232] (j) VIRAFERON®;
[00233] (k) INFERGEN®; and
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recognized by skilled practitioners, dosages of interferon are typically measured nIU (e.g.,

about 4 million IU to about 12 million IU).

[00237] Accordingly, agents (whether acting as an mmmomodulatory agent or otherwise)

that may be used in combination with a compound of this invention include, but are not

limited to, Albuferon™ (albumin-Interferon alpha) available from Human Genome Sciences;
iﬁterferon—alpha 2B (INTRON-A®, Schering Plough); REBETRON® (Schering Plough,
Inteferon-alpha 2B + Ribavirin); pegylated interferon alpha (Reddy, K.R. et al. "Efﬁcacj? and
Safety of Pegylated (40-kd) interferon alpha-2a compared with interferon alpha-2a in
noncirrhotic patients with chronic hepatitis C (Hepatology, 33, pp. 433-438 (2001);
consensus interferon (Kao, J.H., et al., "Efficacy of Consensus Intexferon in the Treatment of
Chronic Hepatitis" J. Gastroenterol. Hepatol. 15, pp. 1418-1423 (2000), interferon-alpha 2A
(Roferon A; Roche), lymphoblastoid or "natural” intefferon; interferon tau (Clayette, P. et al.,
"IFN-tan, A New Interferon Type I with Antiretroviral activity" Pathol. Biol. (Paris) 47, pp.
553-559 (1999); interleukin 2 (Davis, G.L. et al., "Future Options for the Management of
Hepatitis C." Seminars in Liver Disease, 19, pp. 103-112 (1999); Interleukin 6 (Davis et al.
"Future Options for the Management of Hepatitis C." Seminars in Liver Disease 19, pp. 103-
112 (1999); interleukin 12 (Davis, G.L. et al., "Future Options for the Management of
Hepatitis C." Seminars in Liver Disease, 19, pp. 103-112 (1999); Ribavirin; and compounds
that enhance the development of type 1 helper T cell response (Davis et al,, "Fiture Options
fof the Management of Hepatitis C." Seminars in Liver Disease, 19, pp. 103-112 (1999).
Interferons may ameliorate viral infections by exerting direct antiviral effects and/or by

modifying the immume response to infection. The antiviral effects of interferons are often
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inhibitor. CYP inhibitors may be useful in increasing liver concentrations and/or increasing
blood Ievels of compounds that are inhibited by CYP.

{60241] If an embodiment of this invention involves a CYP inhibitor, any CYP inhibitor that
improves the pharmacokinetics of the relevant NS3/4A protease may be used in a method of
this invention. These CYP inhibitors include, but are not limited to, ritonavir (WO
94/14436), ketoconazole, troleandomycin, 4-methyl pyrazole, cyclosporin, clomethiazole,
cimetidine, itraconazole, fluconazole, miconazole, fluvoxamine, fluoxetine, nefazodone,
sertraline, indinavir, nelfinavir, amprenavir, fosamprenavir, saquinavir, lopinavir, delavirdine,
erythromycin, VX-944, and COMPOUND XX. Preferred CYP inhibitors include ritonavir,
ketoconazole, troleandomycin, 4-methyl pyrazole, cyclosporin, and clomethiazole. For
preferred dosage forms of ritonavir, see United States Patent 6,037, 157, and the documents
- cited therein: United States Patent 5,484,801, United States Application 08/402,690, and -
Intemnational Applications WO 95/07696 and WO 95/09614).

[00242] Methods for measuring the ability of a compound to inhibit eytochrome P450
monooxygenase activity are known (see US 6,037,157 and Yun, et al. Drug Metabolism &
Disposition, vol. 21, pp. 403-407 (1993).

[00243] Upon improvement of a patient's condition, a maintenance dose of a compound,
composition or combination of this invention may be administered, if necessary.
Subsequent_ly, the dosage or frequency of administration, or both, may be reduced, as a
function of the symptoms, 1o a level at which the improved condition is retained when the
symptoms have been alleviated to the desired level, treatment should cease. Patients may,
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" ROweVEr, dtiite Tttt treatment on a Jong-term basis upon any recurrence of disease
symptoms. = ' ,
[00244] Tt should also be understood that a specific dosage and treatment regimen for any
particular patient will depend upon a variety of factors, inclﬁding the activity of the speciﬁé
compound employed, the age, body Weight, general health, sex, diet, time of administration,
rate of excretion, drug combination, and the judgment of the treating physician and the
severity of the particular disease being treated. The amount of active ingredients will also
depend upon the particular described compound and the presence or absence and the nature
of the additional anti-viral agent in the composition.
[00245] According to another embodiment, the invention provides a method for treating a
patient infected with a virus characterized by a virally encoded serine protease that is
necessary for the life cycle of the virus by administering to said patient a pharmaceutically
acceptable composition of this invention. In one embodiment, the methods of this invention
are used to treat a patient suffering from a HCV infection. Such treatment may completely
eradicate the viral infection or reduce the severity thereof. In another embodiment, the
patient is 2 human being. 7
[00246] In an alternate embodiment, the methods of this invention additionally comprise the
step of administering to said patient an anti-viral agent preferably an anti-HCV agent. Such
anti-viral agents include, but are not limited io, immunomodulatory agents, such as o—, B or
v interferons, pegylated derivatized interferon-o. compounds, and thymosin; other anti-viral
agents, such as ribavirin, amantadine, and telbivudine; other inhibitors of hepatitis C
proteases (NS2-NS3 inhibitors and NS3-NS4A inhibitors); inhibitors of other targets in the
HCYV life cycle, including but not limited to helicase and polymerase inhibitors; inhibitors of
internal ribosome enfry; broad;spectrum viral iphibitors; such as IMPDH inhibitors (e.g.,
COMPOUND XX and other IMPDH inhibitors disclosed in United States Patents 5,807,876
and 6,498,178, mycophenolic acid and derivatives thereof); ihhibitors of cytochrome P-430,
such as ritonavir, or combinations of any of the above.
[00247] Additional agents can be administered to the patient as part of a single dosage form
comprising both a compound of this invention and an additional anti-viral agent.
Alternatively the additional agent may be administered separately from the compound of this
invention, as part of a multiple dosage form, wherein said additional agent is administered
prior to, together with or following a composition comprising a compound of this invention.
[00248] In yet another embeodiment the present invention provides a method of pre-treating a
biological substance intended for administration to a patient comprising the step of contacting
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DeriveDladbbMipiéciase pnpwml acimbdﬁdg)@ﬂé\ﬁidlﬂfn dffsqulSof fornie acidto
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prevent FHitrg HEFEAVESOB- of the S isoner at C* (about
[002543 Cril %Q)mmﬂi&r!&légﬁbeﬁtrﬂéﬂs b#both H%T@1s¥9ﬁ§r z&ﬁ%ﬁe” .y%@imép b
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Dose (ng/kg) DN _AUCINF (hr*ltg/nm) Mean (SD)

Sat C Rat C- S at C R isoner

1.56 0.34 (0.17)
WO 2007/616589

Rat G

at C 92:8 16. 87

PCT/US2006/029988

W e éhforﬂﬁ‘tﬁ Sraphty/Hmass spedtrdmetry (LC/MS/MS e.g., LC!tandem mass spectroscopy)

method. Compounds for oral administration to rats include those listed in Table 3.
Table 3 Compoumds for Oral Administration to Rats

Diastereoisomer

Mixture
Number

R isomer af
C* (%)

S isomer at
C* (%)

S isomer at position C*: (18,3aR,6aS)-
2-[(28)-2-[[(28)-2-cyclohexyl-1-0x0-2-
[(pyrazinylcarbonyl)amino]ethyl]amino
}-3,3-dimethyl-1-oxobutyl}-N-[(185)-1-
[2-(cyclopropylamino)-1,2-
dioxoethyl]butyl]octahydro-
cyclopenta[c]pyrrole-1-carboxamide

S isomer

|

92

8

R isomer at position C¥*: (15,3aR,6aS)-
| 2-[(28)-2-[[(28)-2-cyclohexyl-1-0x0-2-
[(pyrazinylcarbonylamino]ethyllamino
1-3,3-dimethyl-1-oxobutyl]-N-[(1R)-1-
[2-(cyclopropy1ammo)~1 2-
dioxoethyl]butyljoctahydro-
cyclopentafc]pyrrole-1-carboxamide

R isomer

93

A mixture of nominal ratio of 60% S
isomer and 40% R isomer (at position
C*)

R:S
mixture

54

46

- [00255] The formulations of the solid dispersions containing either 10% of the RS mixture,

the R isomer, or the S isomer were prepared according to Table 4.

‘Table 4 Compositions of Solid Dispersion Formulations

Formulation I 2 3
Component T S isomer at C* RisomeratC* |R:SatC*
: mixture

Active ingredient (mg) 100 100 100

{ Sodium lauryl suifate (mg) 30 30 30
PVP K30" (mng) 967 967 967
Ethanol (ml.) 10 10 10
Total weight (gm) of dry 1 1 1
powder

PVP contained 10% water. Weights corrected for water.

[00256] For éach preparation, the active ingredient was dissolved in the total volume of

absolute ethanol in round bottom evaporation flask, then heated at 40° C and sonicated for

approximately 5 to 6 minutes (min) until dissolved. The sodium lauryl sulfate and PVP were
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1.35 (+0.88) S isoner at C- 7:93 1.23 17.65 0.72

(0.52).0.14 (+ 0.07) RS at C- mxture 54:46.10.50

9.05 0.22 (+0.07) 0.30 ( 0.06t n=2; AUC', cannot be
woestinessed in the remaining rats PCT/US2006/029988

= e d tETHS sk tontalitihgthe drug solution and were then mixed until dissolved. The
" mixtures were dried under Roto-vap for about 15 min.

[00257] After a dry powder was obtained, the solid was then scraped from the flask and
transferred to a glass container. The solid was driéd for 24 hr at 55° C in a vacuum oven with
nitrogen bleed. The dry solid was then milled by mortar and pestle and was stored in a
tightly cappeti vial. Before dosing the rats, 30 milliliters (mL) of Watér was added to the dry
solid to yield 3 mg/mL of R isomer at C*, S isomer at C*, or R:S at C* mixture.
[00258] Male Sprague Dawley rats (Charles River Laboratories, Kingston, RI; n=6-
7/group) were used in the study. The day before dosing, the rats were cannulated in the
carotid artery for collecting blood samples. Rach rat was administered orally at 2 nominal
dose of 30 mg/mL of either the R isomer at C*, the S isomer at C¥, or the R:S at C* muxture.
‘The experiments were performed with a parallel study design as 6 separate single dose

studies as described in Table 5.
Table 5 Experimental Design
Target
. Target
Dose Dose Compound Dose
No. of Rafs Route Formulation | Administered DE);eg}l,{gel Volume
| (mL/kg)
_ L/N 1832- . *
7 Oral Gavage 071B RisomeratC 30 10
6 - Oral Gavage 071A S isomer at C* 30 10
L/N 1832- R:Sat C*
6 Oral Gavage. o710 piture 30 10

[00259] Following IV injection and oral administration, setial blood samples were collected
at pre-dose and 0.25, 0.5,1,1.5,2,3,4, 6, 8, and 24 hr after oral administration. The blood
samples were collected in tubes containing potassium EDTA and were centrifuged to plasma
within 15 min of collection. A diluted solution of formic acid was prepared by diluting 1 m[
of formic acid with 9 mI, of water. A total of 5 micro liters (L) of this diluted formic acid
was placed inte each plasma tube. An aliquot of plasma (1 00 pL per tube) was placed into
appropriately labeled tubes containing the formic acid, and the acidified plasma was stored
frozen ai -70° C until analysis. The acidification step was implemented to prevent in vitro
interconversion.

[00260] Referring to Table 6, several bicavailability parameters for compounds undergoiﬁg
reversible metabolism could be estimated by the following descriptions. All symbols contain

a subscript representing the measured entity and a superscript representing the dosed entity:
50 ’
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[0027TrR1ll erringi uTabl68p a simlar exposure of the S

i somer at position C* can be achieved by the
“woemni/eiesser at i on of either a dose of the R i sErmBUsméc/2H9ss

- oo AT o AT i

at C*; versus 0.14 hr*pg/ ), based on the assurrptl on t hat
resence. o

[0026Z] El?ﬁ zgsqngs&pr%élog\fm @mlargggﬁee;%%émﬁeaé @g%t ose ol‘ t%e gomer,

{00263] OFwaSI@fébteQéhtst tﬁe bdtignaRganal bm@)ﬁnﬂﬁ Sasid dnh.ﬁe QmHENIET
dose of the S isoner achi eved-a much -

exposur@ wefbe &qa@ §dsomert (at ppsitianiE) @mamg dose ghibe Hdpgmarel y

10026 1G5 T P e R o Ay Bl b e Gobink?)
exposifse tmﬂﬂrméﬁ iSinererpaitme -G10 folmwizgiddase of the S dmr of
[0026%] :@l{%?r%%@ﬁéa(ﬂﬁ (Ef%%,t’ ijsongéa fa%ﬁsRa?}lés% oﬁ%gisgn?r
at C*, athich’is Be adlatfv® rfiicndf dobe-dotmiaHesdeAUas aﬁr an oral dose of the R isomer
versus that after the IV dose of the R isomer; and

- [00266] FRS represents bioavailability of the R isomer at C* after a dose of the S isomer at
C#*, which is the relative ratio of dose-normalized AUCR after an oral dose of the S isomer

versus that after the IV dose of the S isomer.
Table 6 Smmary of all bioavailability parameters

Parameter | Parameter Value | S Isomer at C* R Isomér at'C*
Symbol (%) Contribution (%) | Contribution (%)
FR*~ 80.59 |0 80.59

Fe 42.88 42388 0

Fras® | 9635 15.76 (80,59

Fris® 49.23 42.88 6.35

Fg~ - 1139.99 NA NA

Fr® 157.88 NA NA

N/A = not applicable

[00267] Referring also to Figs 1A-B, 2A-B, and 3A-B, the R isomer at C* was more readily
absorbed than the S isomer at C* since the FRR value was greater than the FSS value, and the
FR+SR value was greater than the FR+SS value (approximately 2-fold). Figures 1A, 2A, and
3A are rectilinear plots of plasma concentrations of a compound of formula (I) with greater
than 50% R isomer at position C* and a ‘compound- with 50% or less R isomer at position C*
versus time following oral administration of the compound. Figures 1B, 2B, and 3B are Log-
linear plots of plasma concentrations of 2 compound of formula (I) with greater than 50% R
isomer at position C* and a compouﬁd with 50% or less R isomer at position C* versus time
followiﬁg oral administration of the compound. The plasma concentrations in Figs 1A and
1B were mez;sured in rats following oral administration at a nominal dose of 30 mg/kg (R
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92:8 16.8? 1.56 0.34( 0.17) 0.13( 0.08) S isoner at
C* 7:93 1.23 17.65a 0.050( 0.036) 0.14( 0.07) R S at
C* mixture 54:46 10.50a 9.05a 0.22( 0.07)

isomer at C*). The plasma concentrations in Figs 2A and 2B were measured in rats following
oral administration at a nominal dose of 30 mg/kg (S isomer at C*). The plasma concentrations in
Figs 3A and 3B were measured in rats following oral administration at a nominal dose of 30
mg/kg (R:S at Position C* Mixture).

[00268] The R to S at position C* conversion was observed after an oral dose of the R isomer at
C*, and the S'to R at position C* conversion was observed after an oral dose of the S'isomer at
C*, The contribution of the S isomer to the total bioavailability after a dose of the R isomer was
assessed by the difference between FR+SR and FRR, which was [5.76%.

Similarly, the contribution of the R isomer at C* to the total bioavailability afier a dose of the §
isomer at C* was assessed with the difference between FR+SS and FRS, which was 6.35%.
[00269] The extent of the R to S at position C* conversion was greater for an orally
administered dose of the R isomer at C* as compared with the intravenously administered

dose of the R isomer at C*. The value of FSR was 139.99%, which means that the AUCINF
(area under the curve from fhe time of dosing to infinity) of the S isomer observed after an oral
dose was 1.39 times that observed after the same doses were given intravenously. Similarly, the
FRS value was 157.88%, indicating that the S to R at position C* conversion was greater
(approximétely 1.57 times) for the orally administered S isomer than for the intravenously
administered S isomer.

[00270] The R to S at position C* conversion was more prominent than the S to R conversion at
position C*. The DN_AUCINF (dose-normalized AUCINF) of the S isomer at C* from a dose
of the R isomer at C* was higher than that from a dose of the S isomer at C* (about 10-fold).
Although a similar trend was observed for the exposure of the R isomer at C*, the DN AUCINF
of the R isomer from a dose of the § isomer at C* was higher than that from a dose of the R
isomer at C* (2-fold), as shown in Table 7.

Table 7 Summary of Dose-nermalized AUCyx of the R isomer and the § isomer.

DN_AUCr (hr*pg/mL) Mean
R:SDose | DO (mg/ke) (+£5SD)
Dose Group Ratio = S
| | Rate Sat C*

R isomer at

o & 92:8 1687 | 1.56 | 0.34(0.17) 1.35 (£0.88)
‘éf"me" at 7:93 123 | 1765 | 0.72(052) 0.14 (+ 0.07)
RSatC* _ X
S, 54:46 1050 | 9.05 | 022 (z0.07) 030 (£ 0.06)

* 12, AUCz cannot be estimated in the remaining rats
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dose-nornal i zed AUCI NF. bn=2; AUCI NF cannot be
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rrers nor e w ng oral dosi ng,
Furtheﬁor& mesmﬂ mcmmenmocm 36as* i P approrintaesstthd duanofithe

DN TR e et Sisorer doge ani b PROATERE) it 880 o fsomer

dose. corrpared with that after an |V.dose. [00277] .Exanpl e
nzyme Assay Protocol [00278] BPLC M crobore
[00273h6¥1ﬁ@§_ﬁ6}a1§€g@}1&tq &?%#SO@AB&%B@W flese i §-nidre digh not

E&EEZ%% 3 t &b d oft dose of the R i
apbeat Cﬁ urcAs p- Vﬂ? VaS Im:V Alg OSCs0 Seer - Il\%{nerSer -Tyr-CO
[002740DMhere was high variability in the observed tlme to reach the maximum

concentrations of the R isomer and the S isomer. The mean (+ SD) Tmax values were 2.11 (&
1.24) hr, 3.39 (+ 2.38) hr, and 4.88 (£ 3.53) hr for the R isomer after oral administration of

. the R isomer, the S'isomer, and R:S mixture, respectively. The corresponding mean (5D)

- Tmax values were 2.27 (+ 1.44} hr, 2.52(+ 2.19) hr, and 4.88 (+ 3.53) hr for the S isomer.
[00275] Following an oral dose of ’she R isomer, the harmonic mean ty;, value was 2.18 hr for

the R isomer, which was greater than the IV ty, value of 0.75 hr. Following an oral dose of
' 53



A stock solution of 20 nmM 5AB was nmade in DVSO w

0.2M DIT. This was stored in aliquots at -20 C

[00280] Buffer: [00281] 50 naM HEPES, pH 7.8; 20%
watogpenesse; 100 mM NaCl [ 00282] Total assay VPETOB2006E9988

+ = v BB KR ST B 3950 S B
than the IV ty, value of 1.73 hr. 7

[00276] Therefore,'in rats, the bioavailability of the R isomer at position C* was about 2
times that of the S isomer at position C*. The total bioavailability was about 98% for the
orally dosed R isomer at position C* and about 50% for the orally dosed S isomer at position
C*, when represented by the combined exposuze of the 2 isomers. Furthermore, following |
oral dosing, the R at C* 1o S at C* conversion was more prominent than the S at C* to R at C*
conversion. Interconversion occurred to a larger extent after an oral dose when compared
with that after an IV dose.

[00277] Example 2: HCV Enzyme Assay Protocol

[00278} HPLC Microbore method for separation of 5AB substrate and products

[00279] Substrate: ,

NH2-Glu-Asp-Val-Val-(alpha) Abu-Cys-Ser-Met-Ser-Tyr-COOH

A stock solution of 20 mM 5AB was made in DMSO w/ 0.2M DTT. This was stored in
aliquots at -20 C. | | . "

[00280] Buffer:

[00281] 50 mM HEPES, pH 7.8; 20% glycerol; 100 mM NaCl

[00282] Total assay volume was 100 pL.

Reagent - X1 coﬁc. in aséay
(nL)

Buffer  86.5 See above

5 mM KK4A 0.5 25 yM

1MDTT 7 0.5 5mM

DMSO or inhibitor 2.5 12.5% viv

50 uM tNS3 0.05 25 nM

250 pM 5AB (initiate) 20 25 uM

[00283] The buffer, KK4A, DTT, and tNS3 were combined; distributed 78 pL each into
wells of 96 well plate. This was incubated at 30° C for =5-10 min.

[00284] 2.5 pL of appropriate concentration of test compound was dissolved in DMSO
(DMSO only for control) and added to each well. This was incubated at room temperature
for 15 min.

[00285] Initiated reaction by addition of 20 pL of 250 pM 5AB substrate (25 pM

concentration is equivalent or slightly lower than the Km for SAB).
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DMSO or inhibitor 2.5 2.5%v/v 50 glg tNS3 0.05 25 nM
250 OA 5AB (inirtiate) 20 25 pM [00283] The buffer,
. KK4A, DITT, and I NS3 were conbined; distributed 78 !lL
w@E2ohoicsdeo wel | s of 96 well plate. This was potubabeshooss

. wm%%%g 5%40{‘%9 ) %{; Q}. 6n[00284] 2.5 pL of

of test conpound was

[oozsﬂlmhﬁmrbm%@pmdamwluémwmrol) and added

o_each wel | s was_incubated at room tenperature

[0028$]o?m11@31ﬁ?drﬂ20ﬂ1(§(ﬁ2’85?t315 Mav@lp reaction by addition of
[oozsﬁosé%a%ate%fsﬁéﬁ fdd%t%% ﬁi&?ﬁété Lk 2R vytiM $R5ERB A AION

qui val ent " or [ ower than"the Km for 5AB).
[002905043@@@@@@@3@@@@ 061029988 10028-617baterfffrTh.

10029 inurfentation: Agilent 1100

[00292] Degasser G1322A

[00293] Binary pump G1312A

[00294] Autosampler G1313A

[00295} Column thermostated chamber G1316A

[00296] Diode array detector G1315A

[00297] Colummn: _

[00298] Phenomenex Jupiter; 5 micron C18; 300 angstroms; 150x2 mm; P/O 00F-4053-B0
- [00299] Column thermostat: 40° C

[00300] Injection volume: 100 uL

[00301] Solvent A =IIPLC grade water + 0.1% TFA.

[00302] Solvent B =HPLC grade acetonitrile + 0.1% TFA

Time (min) %B Flow Max press.
{ml/min)

0 HER 02 400

12 60 02 400

13 1100 0.2 400

16 100 02 400

17 s Toz 400

[00303] Stop fime: 17 min
[00304] Post~run time: 10 min. ‘
[003051 Compounds with Ki’s belov? 1uM are designated A. Compounds with Ki’s ranging
from 1pM to 5pM are designated B. Compounds with Ki’s above 5uM are designated C.
Table 2 below depicts Mass Spec., HPLC, 1H-NMR, and Ki data for certain compounds of
the invention. “ND” means no data. 1H-NMR spectra were recorded at 500 MHz usmg a
Bruker AMX 500 instrument. ' '
[00306] In a 15 minute incubation period, the S isomer exhibited a Ki in category A and the
R isomer exhibited a Ki in category B. The Ki are determined by the Fluorescence Peptide
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[00287] Term nated reaction by addition of 25 jiL of

10% TFA [00288] Transferred 120 jiL aliquots to HPLC

vials [00289] Separated SMSY product from substrate
wEniA163¢4A by the followi ng nmethod: [00290] MouSheReoss

+ - R ARt oo G S BB i B B
NS3 SekiaéPIoRA8Oddscrivtiian axdhes Vobd 413A [ 00295] Col um
t her nost at ed chanber 0131 6A [00296] D ode array

[00307) Bbaspeenkingtis AB&aXS] 00297] Col unm: [00298] Phenomenex
050) Yl 3 Rl RO O 058 0 HENN T e
[00309] The steadyrstajoinhintionl@dstant, KFosreyergoiompannds of iqamulg I was

rade I o 1204 - = k
kS oty R R, PR gt iy
describbdhit. TaliesisM., E. Bianchi, F. Narjes, M. Fossatelli, A. Rubani, C. Steinkuhler, R.
De Francesco, and A. Pessi. 1996. A Continuous Assay of Hepatitis C Virus Protease Based

on Resonance Energy Transfer Dépsipepﬁde Substrates. Anal. Biochem. 240:60-67; hereby
. incorporated by reference.
[00310] The assay was performed in a buffer containing 50 mM HEPES (pH 7.8), 100 mM
NaCl, 20% glycerol, and 5 mM dithiothreitol (Buffer A), using the RET-S1 fluorescent
peptide as substrate. Reactions were contimuously monitofed using an fMax fluorescence
microtitre plate reader (Molecular Devices; Sunnyvale, CA) thermostatied at 30° C, with
_excitation and emission filters of 355 nm and 495 nm, respectively. A stock solution of HCV
NS3 protease in Buffer A containing 25 uM KK4A peptide was pre-incubated for 10 min at
room temperature, followed by an additional 10 min incubation at 30° C. An aliquot of a
compound of formula I with 50% or less R isomer, dissolved in 100% dimethyl sulfoxide
(DMSO), was added to a solution of RET-S1 in Buffer A containing 25 uM KK4A peptide
and pre-incubated at 30° C for 10 min. The reaction was initiated by the addition of an
aliquot of the NS3 protease/KK4A stock to the compound/RET-81/KK4A/Buffer A mixture
to yield final concentrations of 12 pM RET-81, 2% (v/v) DMSO, 25 uM KK4A peptide, and
0.5-1.0 nM HCV NS3 protease. Steady-state reaction rates were deétermined from linear
‘regression of the fluorescence vs. time data points obtained over a 5-min window ata
" reaction time of 4 h. Ki* ofthe compounds was determined by fitting activity vs. inhibitor
concentration data to the Morrison equation for tight-binding enzyime inhibition. See
Motrison, J. F. 1969. Kinetics of the reversible inhibition of enzyme-catalyzed reactions by
tight-binding inhibitors. Biochir. Biophys. Acta 185:269-86; hereby incorporated by
reference.
[00311] The dissociation rate constant of the complex between HCV NS3 protease and
compounds was determined using the RET-S1 substrate as follows. A stock solution of HCV
NS3 protease in Buffer A containing 25 pM KK4A peptide was prepared as described above.
A 1 pL aliquot of 100 pM of a compound of formula I with 50% or less R isomer dissolved
in 100% DMSO was added to a 49 uL aliquot of the pre-warmed enzyme stock to yield a
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£ WiV Sr320 oVl dnzyiidind 2 UM of the compound, which was then incubated at 30° C
for 4 h to allow formation of the enzyme-inhibitor complex to reach equilibrium. The
dissociation reaction was initiated by serial dilution of an 8 uL aliquot of the enzyme-
inhibitor mixture, into 192 pL of Buffer A containing 25 pM KK4A peptide and 2% DMSO
(v/v), and then into 192 pL of RET-S1 in Buffer A containing 25 pM KKA4A peptide and 2%
DMSO, both pre-warmed to 30° C. Final concentrations were 0.5 nM HCV NS3 protease, 25
uM KX4A peptide, 12 pM RET-S1, and 3 nM (18,3aR,6a8)-2-[(28)-2-[[(28)-2-cyclohexyl-
1-oxo-2-(pyrazinylcarbonyl)amino]ethtyl|]amino}-3,3-dimethyl-1-oxobutyl}-N-[(1R)-1-{2-
(cyclopropylamino)-1,2-dioxoethyl [butyl] octahydro-cyclopenta[clpyrrole-1-carboxamide.
The change in flucrescence was monitored over a 4h window, and the fluorescence vs. time
data plots were fit to the following equation: F(f) = Vs x t+ (Vi - Vs) x (1-exp {-kobs x
t))/kobs + C, by non-linear regression. Control rates were determined from a reaction
containing neat DMSO. Under these experimental conditions kobs is within 20% of koff.
The half:life of the complex (t2) was calculated from koff using the following equation: ty»
=0.693/koff. |
[00312] Example 4: HPLC-based Peptide Cleavage Assay for HCV NS3 Serine
Protease:
[00313] This assay is a slightly modified version of what has been previously described in
Landro, J. A., S. A. Raybuck, Y. P. Luong, E. T. O'Malley, S. L. Harbeson, K. A.
Morgenstern, G. Rao, and D. J. Livingston. 1997. Mechanistic Role of an NS4A Peptide
Cofactor with the Truncated N'S3 Protease of Hepatitis C Virus: Elucidation of the NS4A
Stimulatory Effect via Kinetic Analysis and Inhibitor Mapping. Biochemistry 36:9340-9348;
| hereby incorporated by reference. |
[00314] The NS3 protease (1025 nM) and 25 pM KK-4A was pre-incubated for Sminin a
buffer containing of 50 mM HEPES (pH 7.8), 100 mM NaCl, 20% glyeerol, and 5 mM |
dithiothreitol, at room temperature. HCV protease inhibitors, dissolved in DMSO, were
added to the enzyme mixture, with a final DMSO concentration of 2% (v/v), and incubated
for 15 min at room temperature. The proteolysis reaction was initiated by the addition of
 NS5A/NS5B substrate at a concentration equal to its Km (25 pM) and incubated for 15 min
at 30° C. The reaction was quenched by the addition of one-forth volume of 10%
trifluoroacetic acid and analyzed on a Teversed phase HPLC column. Sample analysis was
completed within 24 hours of reaction termination. The apparent inhibition constant,
Ki(app), of HCV protease inhibitors were calculated using a least-squares fitting method of
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[00311] The dissociation rate constant of the conpl ex
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was t hen |ncubated at 30 C for 4
and orsl Ghadhes GRS SRR PRI SPLTF Ee iR AT Eiored e wntl

analysigqgarh¢19§ ngmf ﬂ&n%é%ﬁﬁhﬁkh&& &@%&rﬁ? gy@&dwa Ehirl Bguid

utiron of an 8 gL aliquo

chromaemuimfmm spnctromemy MMShmh@gzwgmsampkB@ff flb pther studies

o of S R85 %a%m@?@%e@%ﬂsﬁﬁﬂm@%ﬁﬁeﬁgm@@%d

to condiivt Adfdddnipaginental :aﬂlj(si@%f Mﬁ}m@ﬁiﬂﬁq il Berpest/Rro VaGia@, 4.0.1

B

pharmdchRin ﬁﬁ@t&l@ b8 .2z 61[ @,%ﬁbr@avgﬁﬁkﬂh@% ot mmlmum or average
- 0X0- 2-T (pyr azi nylcar| bon Bam no] et | aa/ mia{n 21

concengietign of W e, Tegpeetingly), £91C0-8 or AUCO-in (tot areaun er

conceq%%ﬁ&{ &H{ré’?&!ﬁ% R gr bt gioqmﬁeh Yés#é&i(rél ], ﬂﬁt(ﬁé)ﬂﬂfe%f cyc

pyrrole-1-carboxamd ange iIn

ehmméﬂanﬁ;r@[s@@nldmdmmm),ta@d s Grodumeoighistibuivn gt steady stakrd.

[00319;] OljfﬁJ sl ﬁgrﬁ‘&*’d‘ﬁtﬂ%‘n"ﬁfg% i’l@h&tﬁ?ﬂ%ﬁfi@é&l bgsngbt}ﬁnds of

Formuld 1 @xRafs- kobs x t))/kobs + C, by non-linear
B IRNC A R
evaluaf%ﬁ E@fdtmﬂ&ﬁingwbﬁ ddeRSstie®ibE of 8 solxfidti of a%ﬁip@iﬁnddﬁfpfopylene

he half-1ife of the conplex_ (tin) vvasc{%num d
glycolf Birrarreni( aaimals nensropR) ot gl gshag Yrpoministered 2

f PEPAL Glebre-d

i S LAy SR oy Bl o,
0.5,1 zm sr &h$a§i~dose adreihistgdtionyonecnvyn &P apimals was W?étpehfa@e

poit, S0t Bl BOGoRERERRE v B oot g epch o

PlasmaSsamblesMairg ebiained hy cc@trififgiog ttertdodd, sagplek.i "vf‘hfn'ghq;lg hver was

romovg B HEAFPE, R P VAT B G RA SRLey O FNE e o At

weighial U Hadrive cof mm@m&@%eﬁﬂdmmﬁtganyedamem equmomme of
Kinetic Analysis apd inhibitor Mapping. Biochenmi stry

water. SEheqplasmagd diverseppley WerrpO~at ed by ref erence. |
00 ol AMOnEPmBddd.and 25 ji M KK-4A
70 C&?%Xsﬁgﬁggﬁedﬁ{ Oérh%%ﬂ%:n in a buffer containing of
[OOBZECEWIHEPB&Sm(qe Madedfor H;OU NA3-4 Serine Beotegsgrer ol , and
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N-terfiog] 616 SHIF Baes 14 GHHECY SR By GarEiRa ol yoneite
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_reaction termnation. The apparent inhibition
constant, Ki(app), of HCV protease inhibitors were
cal cul at ed using a least-squares fitting nethod of
WO 2007/ 016589PCT/ US2006/ 029988 '
fisnlifieWtre ssMrdbdeti tM Morrison's equation
for tight binding conpetitive inhibition. See




[00315] Exanple 5: 1C50 Determnation in [ICY Replimm
Cells: [00316] Several conpounds of formula | possess
concentrations at which the FICY RNA I evel in the

wo Rplo16ss0 cells is reduced by 50% (1C50) or byr/BSfsn299ss

R e e

,fﬁxpreséli_lle&ﬁ’béc&ﬂ!pfcﬁ%ﬁﬁnl(s l(Qlviesan) to Yenerdte pKdeWTﬁ;HCV Pro}lSEAP. AJ.
rlran el |l mann an SC
correspRaing ¥esion ot BHs Risog @Wgh ?ﬂa%gtsrl Ei%-sﬂf@w? ﬁl?scaﬁimg %F’h 139 in

the actiVe RAIFU SR NS3 4D RrinSpHARASE pAEMTHE VR0 R AN 9428 B¥nerated by

I ncorporated by reference) using four-paranmeter curve

the sanfg qwterimgmgb@RmSmnmgmféhqdymmgr@@ S entgigng the

st B, 33 CATRRYAAS AR BRI g

Rockvile, IID) @ith RatblincarikddpAadendiiiis msmgk pAdf,W@ HUEpePEAP or pAd-

e%‘dg[% Wﬁ@iﬁ%ﬁ%ﬁ%ﬁ?@? gﬂé‘lcée 00 pv: no%gltl)h RetGBBiant

adenoxﬁkhi@é&.tvlrdr@f)ﬂrm Ug%ahmhl HRrid8idilsity bRdichedtafrE8gation and desalted
transcr]| pt 1 0ON

T- PCR or Tagna ass%y The
by diaiiliratignotte Cermiprep 8 dikgs (Millipprs. llﬂ&@ﬁ% SrilepQyiug rapid
titer kiWRBINRADMNEGE 1tHALE HetHfinS ﬁﬁ%m%ﬁ%fhﬁ@éﬁoﬁé oL (FOasE

using the tetrazoliumbased cell viability assay as

recombjuant pdepevinise Soclks. Steweel-pld SCID nyice (5t 2thg, Chapes Rigery, B.

it 301 g Hoglfly it gy B Wtgory R gl Ry o

less R Bemtior vith whicedlese, Twichotys diter Auwingy rec@@biant adendvime Ad-

T—HBS’% %@gf} Pﬁ%ﬁéﬁﬂ g—f(;ﬁpmw 1Iczvt::lé 1811Je(c::te\c/1| ih R latgrrai E\ﬁ vein of the

" mice. (1S, 3aR, 6aS)-2-[(23)-2-[[(29)-2- cycl ohexyl 1- oxo 2
[00323[] Sy azérptgll c(ﬁ_ata:(g%%/sll))g}g{ye y sltat tdh t}/lat] m%_ogllp ete 111 ectlons

would LGUE! RRERR%H 8\ AR)mlyds. dzvﬁee@eérbxﬁés&eﬁ%ulvﬂai BoBiAe it

 oPenta[ c] Pyrrole-|- carboxam de. [00317] Exanple 6:
blood samplasets @trs@ atgtiffercaidimapoin paytdniedipn ISP retreorbital eye

bleeds ' J%E ﬁg g %Bﬁf Qf E?ﬂ&tm': un&AfP RUAds s&'tnglfvgz{s a4, uféd 5-

re eva Ua ats and dogs. A group
fold wﬁpdlamﬂnd ~veten any theatctivitgeoftiEAR)inktbe semen v@smetam@h@mg awas

S %ieﬁﬁ%%ﬁyé{é@o@é?ﬁ PRI 5558, Epp gk

microlﬁﬂ@liiuﬁﬁcbﬂw obb/ BRI QI A). M]ﬂﬂ‘ﬁhﬁ@tﬂokinsﬁxsmabmﬁgﬂasma
35% PEG400 40% 5% xtrose, in water Ser i, al. 5
samplag WsER STy E @aﬂrﬂ& § THOPRE SYPS 3P, ed it

VOIUIHEQS ((f%%‘f Qﬁﬁﬁ)mcchcﬂls E@m@geiiﬁ&i atl stoved B 80 °& prids 2, andlysi®, The

h, post-dose admi nistration. A group of 3
Samplweée @@B@F@u%%ck(l@l L6/MS M%SYS%H es River, MA\) were
r A | us dose of 3 5 ny/ kg
“003243%3%;}*& %I?agp g?@%cr?gfﬁ&l{lﬁy Yo et Egnol 40% PE&400 and
[003255 Oftte DEWVurSaft dizsterdingmis comrpinsls ofihisinvaition et formulated in any

cuanne) SR % At ERER Rl B8k 308 il O Fompoumds t

the sutf}@lt tem maﬂﬁﬁs &gl sonms ahlﬁcia]immus theonixarabf dtaietb@sericn

compopis EPBTIG  SPUEF A aﬁei THHPETolds Oun&‘%&‘; gl Saiom

'kmndﬁﬂmﬁ(gg’yodlun1|aury| sul fate and then dosed as an
oral gavage. A group of 3 58 WD
2007/ 016589PCT/ US2006/ 029988
itrial eSpftrgaw Dawl eyitat ST250 to 300 g, Harlan, MD)
was dosed orally with 40 ng/ kg of the conpound, and a
group of 3 nale Beagle dogé (10.9-12.0 kg) was
adm ni stered an oral dose of 13.2 ng/ kg of the
conmpound. In both oral studies, blood sanples were
taken at pre-dose, 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8,
12, and 24 h follow ng dose adm nistration. In both
i ntravenous and oral studies, plasma sanples were
obt ai ned by centrifugation and stored at -70 C until



[00323] Experinental criteria prospectively stated

that animals wth inconplete injections would not be

included in the data analysis. Mce were anesthetized
woneghfroiessol | uor ane, and bl ood sanpl es wer e coptpotnk/@boss

- e OlntS 0s IsgC tion using retro
ﬁmamﬁﬁ%“?% @%@ g tﬁgs ftimate tine point by
[003273 it KIB0:heB5% punct ure. Muse serumwas diluted 5-

fol%S h distilled water and the activity of SEAP in
[00328] % e’fim was neasur ed usi ng a Phospha- Li ght
[003291?@%5&9&1%3 B fﬁﬁ?&leﬂ &g aBuaioin ? BRBix oSt Bistdrbdneric

a Tropix TR717 mcropla | um nonet er

compopryspBVR KBBeaﬂd(w@enqlmg SLEdra Eﬂéeﬂ[ﬁ bk spEeibpp@mehylene chloride

I r t
Tollow By Sy B R ol Sy e lica ol potain
differe@ anpluntyed tHewhmjuredf dddtdremnérc campdynds ofibgemiaziddo%hP VP K-
ored.at.; 80 C prior to analysis. The sanples were:
30 Gw%ﬁfﬁ“é%ég %) ng a chiral LG NS/ MB system [00324]
[00330PvadimalexaiBRE BESRUhhdeaticaCosmpsition®8She fRG2Rbmdie

m xture of diastereoneric conmpounds of this inyvention

compoppgs o formgiank fen be formylatadysimiar e the fompasidons siegraibpd iy WL
2005/1‘2@@763&% Whiire %ﬁtynt%&%&&ﬂlyﬁe@&mu@sm&he& ﬁﬁtsterfsw e of

ounstotheSUJect g., a mamml). |In sone

lﬁoxﬂé dﬁﬂ%ﬂﬂ%EhﬂﬂﬁDﬂﬂﬁNﬁﬁe of dlastereonerlc conpounds
f
[003323% yVI %S )E/JFF %?[&aagﬁvgﬁ? %&5@%&& bleta% deg%n ed in T;ongjuncflon with

the detsiiddfchﬂceip@ﬁih.ﬁ):reof e B0FIng ﬁ@ﬁﬁi@ﬁﬁﬁr %8266 lc()lﬁﬁﬁ% and not

lllmttl{600326 Nhttl%etlﬁﬂglatlﬁlﬁé r%ﬁ%? :#%%%&6]3¥ﬁ%/0ﬂmf

aspects; AdvaaRpés, Qi Gedifibfiops AP aithth by sebps sOih ifdlpwikecimimst ur e
of di astereoneric conpounds, PVP | C30, and suspendi ng
SLS in a solvent such as nethanol : net hyl ene chl ori de
foll owed by spray-drying to renove the solvent. O her
phar maceuti cal conpositions contain different anmounts
of the m xture of diastereoneric conpounds of Fornula
1(49%, PVP K30 (49%, and SLS (2% . [00330]
Addi ti onal exanpl es of pharmaceutical conpositions of
t he di astereoneric conpounds of fornula I can be
formulated simlarly to the conpositions described in
WO 2005/ 123076, the entire content of which is hereby
incorporated in its entirety. [00331] VI. OTHER
EMBODI MENTS [00332] It is to be understood that while
the invention has been described in conjunction wth
the detail ed description thereof, the foregoing
description is intended to illustrate and not limt
the scope of the invention, which is defined by the
scope of the appended clains. O her aspects,
advant ages, and nodifications are within the scope of
the following clainms. Wat is clained is: 1. The
m xture of diastereoneric conpounds, conp
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or a pharmaceutically acceptable salt or m xtures
t hereof, wherein C* represents a mxture of the R and
S isoners; and the R isoner is greater than 50% of
the mxture relative to the S isomer at the C
position. 2. The m xture of diastereoneric conpounds
according to claiml1l, wherein the percentage of the R
isonmer in the mxture is greater than 60% 3. The
m xture of diastereoneric conpounds according to
\Vﬁﬁagamﬁhamﬁereln the percentage of the Risoner in
the m xture is greater than 70% 4. The m xture of d
'astereoner|c conmpounds according to claim3, wherein

= e mxture is
]'ggé ater t E%é&ﬂé%§%0$W0§&ﬂP ébéﬁh(m ast ereenenc

conmpounds accordlng to claim4, wherein he percentage

of the Risonmer in the mjxture ds greater t han 90%

6. The my e of dicast eiyéorye ounds accordi ng
to claim dlep ag ot)the R isoner in

the mxturd id gre ' 5 h xture of
di astereonelic c [ aim :
wherein the percentage of the R the m Xxi s

unds accg o
greater than 98% 8. The m xture of dlastereonerlc
conpounds according to claim?7, wherein the .
percentage of the Risonmer in the mxture is greater-
than 99% 4. ‘A pharnaceutical conposition for

or & Bﬁ%%ﬁﬁ%mg% accepm ?ae s Imn m%{ r%ts I’{h%{']etof Cv?hr@ %*nrgp}eggnts a

mitd® Sk RaD) $2sIRE%); &d [ﬂﬁe(ﬁ $onr Wﬁb&&&h&i‘ﬁ@%@ﬁﬂre&mxmre
(py-razinyl carbon% amino] ethyl] a mni)]
¢

[
relatgiedo dieneishognattbo &b pasiyan.- N- [ (1R)-112-
(cycl opropyl ami no) - 1, 2- di oxoet hyl ] but y1] oct ahydr o-cyc
| openta[c pyrrole-l- carboxam de" in an anount
2. Bid ool dasierdonlint: campenidiecqrdingas elaimnpwherein the
acceptable carrier, adjuvant or vehlcle 10. A
petqgtpgsePidhe Rawrtrdn g mwreetarww 1t 0Woser i ne
prot ease conprising the step of contacting in vitro
said serine protease with the conposition according
3. Tiee rolxinnod diastbieonibhie cuseowfds theprdiogposhtn: dnwheeimrtte ng
“to claim9,.in the nuf acture |canent for
P HRER 40 EREACt TR R SGGrHEEY B bage. 12, A
phar naceuti cal conposition conprising the conpound (1
S, 3aRfiaS)-2-1(29)- 2-[[( % 2-cycl
4. Diverixiurg obdpsRrdbusyic azinpyinsanbonying antlamh 3, wherein the

pefcq&t%% 4‘%]%089% I%B‘%&%l}(%?%% g,%«t% er]thfﬁq 80%.
di oxoet hyl ] butyl ] oct ahydr o-cycl opent a[ c] pyrrol e- I-car

boxam de, and an exci pi ent.
5. The mixture of diastereomeric compounds according to claim 4, wherein the

percentage of the R isomer in the mixture is greater than 90%.
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6. The mixture of diastereomeric compounds according to claim 5, wherein the

percentage of the R isomer in the mixture 1s greater than 95%.

7. The mixture of diastereomeric compounds according to claim 6, wherein the

percentage of the R isomer in the mixture is greater than 98%.

8. The mixture of diastereomeric compounds according to claim 7, wherein the

percentage of the R isomer in the mixture is greater than 99%.
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A pharmaéeutical composition for treating HCV énféction in a patient mm?rising
the compound (18,3aR,6a3)-2-[(28)-2-{[{28)-2-cy¢lohexv]-1-0x0-2-
[(pyrazinylcarbonyl)amino]ethyl]amino]-3,3-dimethyl- 1 -oxobutyl --N-[(1R)-1-[2-
(cyci@pimpylamino}- 1 ,Q—dioxee‘{hyl]bu‘{yﬂ0cta;hydro-cyc§.op entajcipyrrole-1-
carboxamide, , in an é?n'ount effective to inhibit a serine protease; and a acceptable

carrier, adjuvant-or vehicle,

10. A method of inhibiting the activity of a serine protease comprising the step of

contacting in vifro said serine protease with the composition according to claim 9.

1. The use of the composition according to claim 9 in the manufacture of a

medicament for inhibiting the activity of serine protease.

12. A pharmaceutical composition comprising the compound (15,3aR,6a8)-2-[(28)-
2—{[(2S)-«2»~cyc]ohexy1—l -oxo-2-[(pyrazinylecarbonyl)aminolethylJaminol-3,3-
dimethyl-1-oxobutyl]-N-[{1R)-1-[2-(cyclopropylamino)-1,2-

éioxoeth}?i}%ntyl]octahyé.fo-cyclopéﬁia{c] pﬁr@l e-1-carboxamide, and an excipient.
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