10

15

20

25

30

35

I NHI BI TORS OF SERI NE PROTEASES, PARTI CULARLY HCV NS3
- NS4A PROTEASE CROSS REFERENCE TO RELATED APPLI CATI ONS

wpQ0lp76Bni s application clainms the benefit of pOmiUSe®h4/023054

St ates Provisional Application nunber 60/488, 535,
filed July 18, 2003, entitled "Inhibitors of Serine
Prot eases, Particularly HCV NS3 - NS4A Protease”, the
entire contents of which is hereby incorporated by
reference. TECHNI CAL FI ELD OF THE | NVENTI ON [ 0002] The
present inventigneiebatesrt QERONBOBRASERBEL i nhi bi t
serine prot eager@eiriAtily udANd LA Yorde gt i vity of
hepatitis C7Vi - , they

ﬁCt by i nEgpEer kRBEMkREt R, Ll SrEXC! BpPichBeons
epatitis al

. The Jnvention furth relates to . .
gﬂdaiiht‘nﬁceuthﬁ%lai T T BhsS T | AP EHRERE cofpdrhird
eidthes ddviaxi a0 MEel Ddaif in adpeStE@LAPN, 4952 filed

atient suffering fromHCV infection. The invention
‘:g-}]éb Tl S t erpridelead e sIproigrapare hgS ehane orpoterises ,
%a[%i?&f&ldﬁ/ ofcrf rh%@—'ﬁf@f%f@eé%g’eptﬂk?@. %ﬂ‘tjﬂfé’aéér?@énts

y admni st'ering a pharmaceuti cal conposition
acongrici nigs dhexmeipounttafpdrtd tsed rivme nté Ber eBACKGROUND OF
THE | NVENTI ON [ 0003] Infection by hepatitis C virus
("HCV') is a conpelling human medi cal problem HCV is
recogni zed asrgchgiIeausatint® agentus annmeizpses of

non -A, non-B . )
[0002] The present invention relates to compounds that

inhibit serine protease activity, particularly the
activity of hepatitis C virus NS3-NS4A protease. As such,
they act by interfering with the life cycle of the
hepatitis C virus and are also useful as antiviral
agents. The invention further relates to pharmaceutical
compositions comprising these compounds either for ex
vivo use or for administration to a patient suffering
from HCV infection. The invention also relates to
processes for preparing the compounds and methods of
treating an HCV infection in a patient by administering a
pharmaceutical composition comprising a compouﬁd of this

invention.

BACKGROUND OF THE INVENTION

[0003] Infection by hepatitis C virus (“HCV”) is a
compelling human medical problem. HCV is recognized as
the causative agent for most cases of non-A, non-B
hepatitis, with an estimated human sero-prevalence of 3%
globally [A. Alberti et al., “Natural History of
Hepatitis C,” J. Hepatology, 31., (Suppl. 1), pp. 17-24

(1999)1. Nearly four million individuals may be infected
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hepatitis, with an esti mated human sero -preval ence of
3% globally [A Alberti et al., "Natural Hi story of

weolepmtootdss C," J . Hepatology , 31., (Suppl. 1pCTmS2004/023054

17- 24 (1999)]. Nearly four mllion individuals may be
i nfectedGastroenterol. din. North Am , 23, pp. 437-
455 (1994); M. J . Alter "Hepatitis C Virus Infection
inthe United States," J . Hepatology , 31., (Suppl.
1), pp. 88- 91 (1999) ]. [0004] Upon first exposure to
¢ apdryc ahoul @0PA ofndpfiecArd, | 20j vbguads7 deyel ppogs) ;
acute clinical hepatitis while others appear to

Meshi Vel kdie 1HgRRET bk shontEkeotisf§ction aimosihe 7694 bed
' ce e V4 rus lishe chy opY C
%%%]'i osn—t—h'al—verrs-l%‘j' Ao s :)f/io'r’ dec s []?.j’ !Is%g'r s%%,éli The
Net9f)al . Course of Chronic Hepatitis," FEMS

i ol Revi e 14 .. 201 - 204 (1994) . .
Ma% chy, oﬁ%%bé“&%r%?%%ﬁ%et%r%c\éo%%%léﬁug 208 of
iHepadtdd siddiviliua M rédvéepatddite . cBinfdal 3k@edpét‘gitis
V%Eﬂ?ﬂgg)éi@? This usually results in recurrent an

Hed y@xﬁﬁ%rﬁ%@%@é{e i ¢ aked ioken whi ch

an% eafds fo seas s
SEB; rr C‘{gl S ar%' h%&%@%ﬁﬁa@ cﬁcﬁ%@fﬁ’ Li.%&é\%\?r’ the
videpatadiab1G drab Hepdinneld ulafedar e nt(.‘h?ﬂil-Z 1%65%\1&1",8 for

crobio Revi ews 14, . 211 - 220 A
BRSO g e bR rowiecth itiantc
ARG @itet Wiks it ARYed R Hewf e pat pC eﬂg& ul®d1-204
Carci noma, " Proc. Natt. Acad. Sci .~ USA , 87, pp.
Gop7)-; 6549 3vETTYY .. Gfdhralurfarers/ Lidnee and Guutrol of
IR L1 80ty VLIRS i, e 8PS 18 Moo ) .

This usually results in recurrent and progressively

worsening liver inflammation, which often leads to more
severe disease states such as cirrhosis and
hepatocellular carcinoma [M.C. Kew, “Hepatitis C and

Hepatocellular Carcinoma”, FEMS Microbiology Reviews, 14,

pp. 211-220 (1994); I. Saito et. al., “Hepatitis C Virus
Infection is Associated with the Development of

Hepatocellular Carcinoma,” Proc. Natl. Acad. Sci. USA,

87, pp. 6547-6549 (1990)]1. Unfortunately, there are no
broadly effective treatments for the debilitating
progression of chronic HCV.

[0005] HCV is a RNA virus of the Flaviviridae family.
Acute infection with HCV causes a generally mild, often
asymptomatic, acute hepatitis. However, at least 85% of
patients infected with HCV do not fully clear the virus
and develop chronic infection of the liver. Once chronic
hepatitis C is established, spontaneous clearance of the
virus is rare and the majority of patients with chronic

hepatitis C develop slowly progressive liver disease.
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progression of chronic HCV. [0005] HCV is a RNA virus
of the Flaviviridae famly. Acute infection with HCV

woausas’aigeneral ly mld, often asynptomatic, RCUMUS2004/023054

hepatitis. However, at |east 85% of patients infected
with HCV do not fully clear the virus and devel op
chronic infection of the liver. Once chronic hepatitis
C is established, spontaneous clearance of the virus
is rare and the majority of patients with chronic
diepiodis. C uevel oprs | avdnye OB £SSh¥Enl & Vigépatitis C
di sease.cjrrhosjs. Long - termsequelae o f chronic
epade i sl hortuddwaripsial iepatard fheparecebhelar

denatacel | ul r & NOB-
Infects 1 7 fE)Errll(':‘fllélzéon peres%n%hév\%rm %ng%/eﬁ%gﬂﬁéljfon
nersyEaner kdwidd ar gerepridporieon el pedirentss Wlnolar@er

SEAR TSI ThaHABR- G0 dGeR HEVGRerT DL B Toted entex

tepailitis dedsaexpeciiad 4 o i &t fd.cantihy ﬂtﬂ%@@s@f deaths
[ 0006] Typical synptoms o f HCV i nfection include

e AT hrixd it e t@sts feamemited -t o amt § boieky

55%6 o f HCV as denonstrated by a positive test
]ggr - RiSrA clinical stigmata o f chronic Iiver

kﬂQQﬁiua (wyﬂﬁqﬁﬁ(ﬂympHHMH dﬁﬂHﬁM&idiﬁKﬁﬂoﬂT&hdﬁﬁde
odes poI roteln of 3010 - 3033 am no
SR QRALT . ER el e o (%i‘Felt TG 2t 12
e dAAee ey e ats tdendrignatd d gs@s RO oMl for
Acad. Sci . USA , 88, pp. 2451 - 245 1991); N . Kato
HEV-RNA, . cliwg) qedul sl coiadis cﬁhndmlmdmaren—lebaeases, ©r
hepatocellular damage.
[0007] The HCV genome encodes a polyprotein of 3010-
3033 amino acids [Q.L. Choo, et. al., “Genetic
Organization and Diversity of the Hepatitis C Virus.”

Proc. Natl. Acad. Sci. USA, 88, pp. 2451-2455 (1991); N.

Kato et al., “Molecular Cloning of the Human Hepatitis C
Virus Genome From Japanese Patients with Non-2, Non-B

Hepatitis,” Proc. Natl. Acad. Sci. USA, 87, pp. 9524-9528

(1990); A. Takamizawa et. al., “Structure and
Organization of the Hepatitis C Virus Genome Igolated
From Human Carriers,” J. Virol., 65, pp. 1105-1113
(1991)]. The HCV nonstructural (NS) proteins are
presumed to provide the essential catalytic machinery for
viral replication. The NS proteins are derived by
proteolytic cleavage of the polyprotein [R.
Bartenschlager et. al., “Nonstructural Protein 3 of the
Hepatitis C Virus Encodes a Serine~Type Proteinase
Required for Cleavage at the NS3/4 and NS4/5 Junctions,”
J. Virol., 67, pp. 3835-3844 (1993); A. Grakoui et. al.,

“Characterization of the Hepatitis C Virus-Encoded Serine
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Virus Genone From Japanese Patients with Non - A, Non
- B Hepatitis,” Proc. Natl. Acad. Sci. USA , 87, pp.

wOsm5/00768528 (1990); A . Takam zawa et. al ., PCT/US2004/023054

"Structure and Organi zation o f the Hepatitis C Virus
Genone |solated From Human Carriers,” J . Virol. , 65,
pp. 1105 - 1113 (1991)]. The HCV nonstructural (NS)
proteins are presuned to provide the essenti al

catal ytic machinery for viral—replication. The N S
rag e NA ar@calesuy esic byar ot emhytdes thgayage of the
fol yprotein [R Bartensch| ager et. al .

Q@THst FiRa el PF PP BEHS € therHepRelypsotsin rgheavage

a eI Typ Pr el ol r
d eavage atsirh\feﬁNOSlsfy X /%?%%n@on(fggip T?mel

etﬁhl pp. " NBBB5Ls 8m1ﬂ@9_8gotdase Gakoliedtfona | .,
Laract eri zati on of Ihe atitis C Virus - Encoded

R R0y HEPR G kDU e POLYPRGTFERS] ot andirol.

ddensd f iamt7-omo 4 (rggagag”,l s C Virus Pol yprotein

d eavage Products,” J . Virol_ ., 67, pp. 1385 - 1395

(OQRS - | Therdi@y N§ preffein 3 \GE3k Or@ime pregeine

;
SRRIES JQPIEP eSSl SRILLS S bty of the
Yi1893)gn z 33808 arkhel HRKUNS qurntieiar &1 (MSHntcioalt af s wiral

ot eas IVIt . that hel ps process the
Se“ne r %ﬂg%ﬂ Hte s, T ankf iUt FHt ekpns

l@ﬁaﬁ’fg |yailiﬂcd% fevad FieRld Q\ﬁﬁ %@f@aéé‘f@é‘éfé/ééé’l\\lfslfal

known that nutations in the yellow fever virus

iFectdsE e dBmsasis alT i extti iy, [Chaidernes that the
l\ﬁlgtex"ﬁ{lﬂa rlj% G I\R%jg%? t!\l' ralerﬂyorkaelr%@ Illf"rom

nstructu r ot el
Yellow Fever Virus 1s a Serine Protease Responsible for

Site-Specific Cleavages in the Viral Polyprotein”, Proc.
Natl. Acad. Sci. USA, 87, pp. 8898-8902 (1990)]. The
first 181 amino acids of NS3 (residues 1027-1207 of the

viral polyprotein) have been shown to contain the serine
protease domain of NS3 that processes all four downstream
sites of the HCV polyprotein [C. Lin et al., “Hepatitis
C Virus NS3 Serine Proteinase: Trans-Cleavage
Requirements and Processing Kinetics”, J. Virol., 68, pp.
8147-8157 (1994)17.

[0009] The HCV NS3 serine protease and its associated
cofactor, NS4A, helps process all of the viral enzymes,
and is thus considered essential for viral replication.
This processing appears to be analogous to that carried
out by the human immunodeficiency virus aspartyl
protease, which is also involved in viral enzyme
processing. HIV protease inhibitors, which inhibit wviral

protein processing, are potent antiviral agents in man,
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Yel |l ow Fever Virus is a Serine Protease Responsible
for Site - Specific Cleavages in the Vira

weabosmonasei n*, Proc. Natl. Acad. Sci . USA , 8PCTMS2004/023054

8898 - 8902 (1990)]. The first 181 am no acids of NS3
(residues 1027 - 1207 of the viral polyprotein) have
been shown to contain the serine protease domain of
NS3 t hat processes all four downstream sites of the

HCV pol yprotein [C. Lin et al ., "Hepatitis C Virus
NI Sglienel Pratei Nes esedia8SpLdeayagei fKegusbearnt s and
Processing Kinetics", J . Virol. , 68, pp. 8147 - 8157

39992511V ObRg e T hEO HOE WB3d5BEPYiRr Yr ot ease and i ts

y ate r t
e Cnayres annire’ This S5homEr 2488Ee Tnatpa  OF mov
has ahot eped cad | @my dhhsr psocestaagoap peat 5-HOV b&gents or
anal ogous to that. carried out_ by the human _.
PRERBHSTT Ci Sty Ui T CReREar { e Tt Base: Sk Eheflstherapy
Bd5 HENVE &k & Ny I Btht SPZYFEN PFOELSRENY. (LY, PLOLeassor
inhibitors, which inhibit viral protein processing,

Ritlel per 'ehen dfe i P a02 Abehe S, | mhemdl Sohewgoenef ywhitvh 1s

rj | ttr LV, arget for
ASPELIS Mol RSt s ALES, 0. LT AL L8 ol PLrons
henderstandi hepof 4406 hatfaots | Bd. tR. anyaledhest al.,
satisfactory anti -HCV agents or treatnents. Until
r

TENEHYES the/ ontS: &5t VSRR tHerdpyr et ARRE 9 Slaes eand

Masg+elLf f ason 4 egiend 14 See, (Bdh) ; RET AR iSaLSE: 00:
No. WO 02/ I83 69, t:%Edisclosuge of)mhich 'S ngein

hcor Poretent mnd derlnioey Thetamies , fontiedaronss Have
fLONf] @l A& SIS ECtS Mo, Waker e 8150

(1999); H. L. A. Janssen et al. “Suicide Associated with

Alfa-Interferon Therapy for Chronic Viral Hepatitis,” J.
Hepatol., 21, pp. 241-243 (1994); P.F. Renault et al.,

“"Side Effects of Alpha Interferon,” Seminars in Liver

Disease, 9, pp. 273-277. (1989)] and induce long term
remission in only a fraction (~ 25%) of cases [O.
Weiland, “Interferon Therapy in Chronic Hepatitis C Virus

Infection”, FEMS Microbiol. Rev., 14, pp. 279-288

(1994)]. Ribavirin, a broad spectrum antiviral agent,
has reported acitivty in chronic hepatitis C. Recent
introductions of the pegylated forms of interferon (PEG-
Intron® and Pegasys®) and the combination therapy of
ribavirin and pegylated interferon (Rebetrol®) have
resulted in only modest improvements in remission rates
and only partial reductions in side effects (see, e.g.,
United States patent 6,299,872, United States patent
6,387,365, United States patent 6,172,046, United States
patent 6,472,373, the disclosures of which are

incorporated herein by reference). Moreover, the
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wOho@Edpwest et al .,

"Hepatitis C Virus: An Overview of Current Approaches
and Progress,” DDT , 4 , pp. 518- 29 (1999); D
“Current and Evol vi ng Ther apCearstan/023054
Hepatitis C, " Eur. J . Gastroenterol. Hepatol. , 11,

pp. 1199 - 1202 (1999); H. L . A . Janssen et al .

"Sui cide Associated with Alfa - Interferon Therapy for
Chronic Viral Hepatitis,” J . Hepatol ., 21, pp. 241-
243 (1994); P .F . Renault et al ., "Side Effects of
Koqu] | nt ertiey orngllesem ad Snéatl Lfoemd* Seastect Bve Pinti-
273 - 277.,(1989)]. and induce long termrem ssion in
B Phpdaids i {tionpyrbf cuaud®s Weat arrly be used as
) r b [ TayRred it

nidilEide n%l?:ﬁélﬁ/{s&ﬁ/’c el ?ﬂi“Rrglvﬁ?‘%ﬁ , W%%.fd PaYe g
(oS dut iR heotiantniala dn qacb st rihdnt tavts al  agent
has .reported acitivty in chronic, hepatitis C . _Recent
RGOS O 01" THET S HRARE 1 BT G1OT 1 GBS

HREG AL TR rds anely RegasHs(tdas @nchit 11 i nat i on

ribavirin and pegylated interferon

t her apy of .
Mél{)%%l(lrsaf) e GERAUEHE ifRoly wrest as antiviral

j eg%]_t : 1 SSi at qgg y parti al
drgregéﬁ%tv’i ns %%Lnd%a[dg{%aﬁge%}%&( s}gcél,- ; r.%,HUni ted States
[t 6, 298 Sizsduriti tiedrSttates patweintesH, 3B AGH]s that

United States patent 6,172,046, United States patent
Y e R B S G ook el sl
arield) Mo HRIR eRtR)are MRS ord NR[Q04 N Jdhug, £ heke

is a need for nore effective anti - HCV therapies
asntGscul arly conpounds that may be used as protease

i nhibitors. Such inhibitors woul d have therapeutic

potential as protease inhibitors,
SUMMARY OF THE INVENTION

[0013] The present invention provides a compound of

formula I:

XY
Rz O Ry Y

T '{'j/U\NJ\[(N NB4
\[Or Ry ll?z 0 OR><¥V.
5 N5
I
or a pharmaceutically acceptable salt thereof,
wherein:
X and X' are both fluorine; or
X and X' are independently C(H), N, NH, O, or S; and X
and X’ are taken together with the carbon atom to which
they are bound to form a 5- to 7-membered saturated or
partially unsaturated ring having up to 4 heteroatoms
independently selected from N, NH, O, S, SO, and SO;;
wherein any atom is optionally singly or multiply

substituted with up to 3 substituents selected
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particularly as serine protease inhibitors, and nore
particularly as HCV NS3 protease inhibitors.

wepewsiohiesal | y, such conpounds may be useful asPCT/US2004/023054

antiviral agents, particularly as anti-HCV agents.
[0012] The present invention provides conpounds that
are potent binders and inhibitors of the HCV NS3/ NS4A
serine protease and are, therefore, useful as anti
-HCV agents . SUMVARY OF THE | NVENTI ON [ 0013] The

pr esemhryﬂlveﬂCBGntlpr)h\éitéQ@anyQQnﬂQBn@l@f) henwai&ytl . and a

phar maceutical |y acceptable sal t

théFéoFl0%H§F§FﬁcyciyémdwiefeéﬂeS@é@hSﬁpﬁ@ﬁiﬁéngohaﬁ up

;ngoXB s@b@th@g%ﬁ%gdggﬁéﬁtgﬁthd@pe H@ntggbfg% 7, and

d X' are taken together wth the car on1t
whi chV tikeyhalkegdoundR o, f-0¥0n, a—EN‘teC$5n9HbeF9ﬂ R' oxo,

satyrated o artia saturate avi ng to 4
he gr ?OHB&IE penkéﬁﬁly gvécwggthSﬁl lOXMH

: 8@1ya@ﬁe8%xy\l\heN¢Rm any-at om 1soRp} i 05@d 1y, SJ NxR
or nultiply substltuted Wth upto 3 substltuents

seT%@%%dO@h@W (5L O Pk er oa@ﬁf@ @‘3016310)
cyng@ 5¥59N d aCQ5§ %1 (€ﬁ§eroq¥ mh§L§j8Rsald
t se1e

n

second ring ﬁas up |%uen

|nd@p@h@EhtlyOCKOhRJ,,—c O)N(R'),, -OC(O)N(R
—-C(S)N(R')2, -(CHz)¢-2NHC(O)R', -N{(R')N(R')COR',

-N(R')N(R')C(O)OR', -N(R')N(R')CON(R'),, -N(R')SO;R',

-N(R')SO;N(R")2, -N(R')C(O)OR', -N(R')C(O)R',
“N(R')C(S)R', -N(R')C(O)N(R')z, -N(R')C(S)N(R')q,
-N(COR')COR', -N(OR')R', -C(=NH)N(R'),, -C(O)N(OR')R',
-C(=NOR')R', -OP(0) (OR')z, -P(O) (R')2, -P(O) (OR')z, or

-P(0) (H) (OR'"); wherein;

R' ig independently selected from:

hydrogen-,

(Cl1-Cl2)-aliphatic-,

(C3-C10) -cycloalkyl- or -cycloalkenyl-,

[ (C3-Cl0)-cycloalkyl or -cycloalkenyl]-~(C1l-C12)-
aliphatic-,

(C6-C10)-aryl-,

(C6-C1l0)-aryl-(Cl-Ccl2)aliphatic-,

(C3-C10) -heterocyclyl-,

(C3-C10) -heterocyclyl-(Cl-Cl2)aliphatic-,

(C5-C10) -heterocaryl-, and

(C5-C10) -heterocaryl- (C1l-Cl1l2)-aliphatic-;

wherein up to 5 atoms in R' are optionally and
independently substituted with J;

wherein two R' groups bound to the same atom form

a 3- to l0-membered aromatic or non-aromatic ring
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wa 2805/08tdsy | enedi oxy,

J is halogen, -OR 1, -N®2, -CN, -CF3, -OCF3, -R 1,
oxo, thioxo, =N(R ), =N(OR ), 1, 2-nethyl enedi oxy,
-N(R1 2, - SR, - SOR, PCBHORR04/023054
- SN(R 1)2, - SGBR, - CCOR, -CCOC(OR,

- O R, -OCONR, -C(QCH2(OR, -SR,
-C(SY R, -COR, -OC(OR, -C(ONR 1V2, -CC (ON
(R)Z, -C(S)N(R') 2, - (CH2)0-2NHC(O)R , -N(R )N(R
"YCOR, -N(R)N(R)C(0)OR , -N(R 1JN(R 1JCON(R 1J2,

N( Rd{&%ll l\&l%édS@h&R(%%mMR/ﬂJC(Q]O? , -N
R)C(OR ', -N(R 1JC(S)R , -N(R 1JC(O%§I(F€ J2, -N
(R 1) iié;#\@ﬂp@t}?roalr\l(bm(@&i@ CYQI@RIMYR |, or G =NH) N

(R 1J 2
o0 (& %M%%%%%z%%% NI
wher esulys iR tuarsts rmi@lmm@@ﬁ]tiryd@@dne@?xeﬁlfrlﬁmrﬁrklyfjr ogen

- Cl2 ) ha C3-C10) -cycl oal kyl - or
X %ﬁéﬁ%al%%y*néelg’erﬁ%%tjé’o ( cycl oal kyl or -
cyelaabkenyl ] - (CI Cl2 Jaliphatic - , (Cb-AQ -aryl
-, 5}06- C10 EL - (Cl1-C12 Jaliphatic - , (C3-C10)
-hdéféreéyery lphat(LGSvC] O J-heterocyclyl - (Cl-Cl12

Jakb§h6359~cycloalkyl— or -cycloalkenyl-,
(C3-C10) ~cycloalkyl-(Cl-Cl2)-aliphatic-,
(C6-C10) ~aryl-,

~—~~ 1

(C3-C10)-heterocyclyl-; or
(C5-C1l0)-heteroaryl-;
wherein up to three aliphatic carbon atoms in Y and
Y’ may be replaced by O, N, NH, S, S0, or SO;;
wherein each of Y and Y’ is independently and
optionally substituted with up to 3 substituents
independently selected from J;
R1 and R3 are independently:
(Cl-Cci2)-aliphatic-,
(C3-C10) ~cycloalkyl- or -cycloalkenyl-,
[ (C3-C1l0)-cycloalkyl- or -cycloalkenyll-(Cl-Cl2)-
aliphatic-,
(C6-C10)-aryl-(Cl-Cl2)aliphatic-, or
(C5-C10) -heterocaryl-(Cl-Cl2)-aliphatic-;
wherein up to 3 aliphatic carbon atoms in R; and R;
may be replaced by a heteroatom selected from O, N, NH,
S, S0, or SOz in a chemically stable arrangement;
wherein each of R; and R; is independently and
optionally substituted with up to 3 substituents
independently selected from J;
Ra, Ra, and R; are independently:

hydrogen-,



(C5-C10) -heteroaryl - , and (C5-Cl10 J-heteroaryl -

(C1-C12) -aliphatic - ; wherein up to 5 atons in R
wanespptdisonal | y and i ndependent|ly substituted RCTHSI004/023054

wherein two R 1 groups bound to the same atomforma

3- to 10-nenbered aromatic or non -aromatic

ringoptionally fused to a (C6-Cl10) aryl, (Cb-

Cl10) heteroaryl, (C3-Cl0) cycloal kyl, or a

(C3-C10) heterocyclyl, wherein any ring has up to 3

suljsti-tuentargel-ectiedipndapepdantly ;fromJ ; Y and Y '

are independently: hydrogen - , (Cl-Cl12 )- aliphatic -

. (CIREOY R Wy chRdiRy alighaticyradpkethoms in Ry, Re,

(Cénglﬁ% mayckﬁé %(ﬂiﬂcgd (181 C]h?et)erngI cfmastélcecte%dcgr&{rb 0,

-aryl - - heteroc
) - NetEHoaSylSO,,amﬂeS@pnlmpat@heMIe@lhy|@hable car bon
atons_in Y apnd Y ' may be replaced by O N, NH S,
SO o8B ™ \therein each of Y and Y ' is independently

and apidrial laaguhbst ifyt @d, Wahl Hp ik0 1%d%gb*é§1tilehl&§@/t $nd
i ndependently sel ected fromJ ; R and are
i nEBpeABBALYysupbetitcebey- wakhphgat fo 3 ?UP€Bl€m@?tS

Coghoabnca gt e UE g (00

Rs and Rs' are independently hydrogen or (Cl-Cl2)-
aliphatic, wherein any hydrogen is optionally replaced
with halogen; wherein any terminal carbon atom of Rs ig
optionally substituted with sulfhydryl or hydroxy; or
Rs is Ph or -CH;Ph and Rs. is H, wherein said Ph or
-CH;Ph group is optionally substituted with up to 3
substituents independently selected from J; or

Rs and Rs: together with the atom to which they are bound
is a 3- to 6-membered saturated or partially
unsaturated ring having up to 2 heteroatoms selected

from N, NH, O, SO, and SO0;; wherein the ring has up to

2 substituents selected independently from J;

W is:

(o] o .

Ra OR6 N

\\RG
’ ! y or
o) o) o
Ts
B
/ \RB

wherein each Rg is independently:

hydrogen-,



ali phatic - , (C6-AO -aryl - (d-d2)aliphatic - ,

or (C5-Cl10) -heteroaryl - (Cl-Cl12) - aliphatic - ;
wohers@omssup to 3 aliphatic carbon atons in R a0d/uR3004/023054

may be replaced by a heteroatom selected fromO , N,

NH, S, SO or SO2 in a chemcally stable arrangenent;

wherein each of R and R3 is independently and

optionally substituted with up to 3 substituents

i ndependently selected fromJ ; R2, R4, and R7 are

i ndependesttyo) hydyogenl-ci0Fa1EhAhtiaryl - (CL-Cl2)
-aliphatic - ; wherein up to two aliphatic carbon

at ons | HCR2CLRY-CHAdORIKIAy BE FEplasdéepyla.
het er oa s t . n N
a chem gg?? " ?gb?gcghggjﬁ %rrelra\ll cwa%grgékgg 3 qcioééb -
R4, aﬂipﬁhuxnﬁndependently and optionally substituted
MAth up tituents_independently selected from

; éhg %%Byaﬁg ?ﬁﬂ@ﬁ@ﬁ@gntly hydrogen or (Cl-Cl12)

- alIphatgcClmmehetaraeyCMyﬂtQ@@ncng oa&hgﬂakhx-
replaced wi t h hal ogen; wherein any tern1na car bon

at om of (R5r-€1Bptherarbgrslbst Pruted with sul f hydryl or
Y0 69 Coh S0 iy EUEN 0, Rl MELe) 1
up to 3t®db3§|§neﬂps |wﬂephndeat byusrédl ect edef safed ;
or R %&%[%% 1:%Fth%&ﬁ“§31égﬁéénéﬁgﬁ‘%ﬁgg(ﬁléﬂfxﬂ?re
boundtitrogen a g g
atom, a (C3-C1l0)-heterocyclic ring;
wherein Rs is optionally substituted with up to 3
J substituents;
wherein each Rg is independently -OR'; or the Rg
groups together with the boron atom, is a (C3-C10)-
membered heterocyclic ring having in addition to the
boron up to 3 additional heterocatoms selected from N,
NH, O, SO, and SO;;
V is O or a valence bond; and
T is:
(C1-C1l2)-aliphatic-;
(C6-C10) —aryl-,
(C6-C10) -aryl-(Cl-Cl2)aliphatic-,
(C3-C10) -cycloalkyl or -cycloalkenyl-,
[ (C3-C10)-cycloalkyl or —-cycloalkenyl]-(C1l-C12)~
aliphatic-,
(C3-C10) -heterocyclyl-,
(C3-C10) -heterocyclyl- (Cl-Cl2)-aliphatic-,
(C5-C10) -heteroaryl-, or
(C5-C10) -heteroaryl-(Cl-Cl2)-aliphatic-;
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Is a 3- to 6-nenbered saturated or partially
unsaturated ring having up to 2 heteroatons sel ected

wonwmMres1NH, 0 , SO and SO2; wherein the ringChas200p9/023054

to 2 substituents sel ected i ndependently fromJ ; W

is: O.B R8 wherein each Re is independently: hydrogen

- ,(Cb- dO - aryl - (C1- C12 )aliphatic - , (C3-

C10) - cycloal kyl - or cycloal kenyl - , [(C3-TO -

cycl oal kyl - or cycloal kenyl] - (Ad-C2 )- aliphatic -

, 6€3s0g ) ahehenoeyTlyl stablé@rr@ﬂ@e&xeﬁ@?erocycl yl

- (C1-Cl12 )-aliphatic - (C5-_ AO -heteroaryl -

(C5- agreini@daryiis quilomably _Supsphaered- Wlt]@)rup to

P Rufs 9 Qusy s Whi ch are bound to the sane nitrogen

atom formtogether with that nitrogen atom a (C3-
mmaldétbt@:my@he cfol hgyinhec@ipolReds sapt eombhdyd :

B P ASpEerT o L 66 1 BT TR g S 4 ot e 10-

dlliltﬂﬁat—fm—abﬁ@h_lﬂi oM 5 J gedarl £33 EdddbonyErdestho-2-

heterocyclic ring having in addition to the boron up

PRI DEty et ghritiohsl skt ddredhy Yo | ester
glycine;

b) N-acetyl-L-leucyl-(28)-2-cyclohexylglycyl-(38)-6,10-
dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-2-phenyl-glycine;

c) N-acetyl-L-leucyl-(2S)-2-cyclohexylglycyl-(38)-6,10-
dithia~2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-2-phenyl-glycinamide;

d) N-acetyl-L-leucyl-(28)-2-cyclohexylglycyl-(38)-6,10-
dithia-2-azaspirol4.5]decane-3~carbonyl-3-amino-2-
oxohexanoylglycyl-N,N-dimethyl-2-phenyl-glycinamide;

e) N-acetyl-L-leucyl-(2S)-2-cyclohexylglycyl-(38)-6,10-
dithia~2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-N-methoxy-N-methyl-2-phenyl-
glycinamide;

f) (23) -N~acetyl-L~-leucyl- (28)-2-cyclohexylglycyl-(38) -
6,10-dithia-2-azaspiro[4.5]decane-3~carbonyl-3-amino-2-
oxohexanoylglycyl-2-phenyl-1,1-dimethylethyl ester,
glycine;

g) (28) -N-~acetyl-L-leucyl- (2S)-2-cyclohexylglycyl-(38) -
6,10-dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-2-phenyl-glycine;

h) (28) -N-~acetyl-L-leucyl-(2S)-2-cyclohexylglycyl-(38) -
6,10-dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-2-phenyl~glycinamide;

i) (28) -N-acetyl-L-leucyl~ (2S)-2-cyclohexylglycyl- (3S) -

11
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NH O, SO and SO2; Vis Oor a valence bond; and T
is: (d-Cl2) - aliphatic-; (C6- C10) - aryl - |,

wOCes0hds1- aryl - (CLl-Cl2) aliphatic - , (C3-@10)US2004/023054

cycl oal kyl or - cycloal kenyl - , [(C3-TO -

cycl oal kyl or - cycloal kenyl] - (A- Cl12) - aliphatic
-, (C3-C10) -heterocyclyl - , (C3-A O -heterocyclyl
- (C1- C12) - aliphatic - , (C5-C10) -heteroaryl - ,
or (C5-A-O- -heteroaryl - (d- A2) - aliphatic - ;or

B2 28 Qﬁl%f&@@i%slé@éﬁﬁ(l@ﬁ@ﬂ@%loﬂ@@y%w&%h Js) -

|s optlonall substituted with up to 3 Jsubstltuents
-a3asyiore bhi nideeapauhdsa b e@reke? u@temoaa—

%%?é%y%%ﬂ%%ﬁw iﬂé@i’%# R e

glardiorgrhide 3- am no - 2- oxohexanoyl gl ycyl - 2-phenyl -
1 1- di net hyl ethi/ ester glycine; b ) Nacetyl -L-

eu&hac%§&§ E?Qwﬁ:Qﬁﬁﬂ@ﬂIﬁyﬁmglu¥@m§1fﬁﬂﬁﬁlﬁlth@alyl ~-N-
Q o - 2-

oxo exa@o;p%l%?engly a%ﬁu{] eancﬁatylaa% n%j CJJS cet yl

&ﬂmeﬁ}quoafdhyl()@témm)omw4@lwa 7{ 3S)-6,10- dithia
- azaspiro [4.5]decane - 3- carbonyl - 3-amno -2-

ao%?o?%’ﬁ%ﬁw - Qlfieraner8 LaRasAmLdR y ci nani de
1) N-acetyl-L-o-glutamyl-L-o-glutamyl-L-valyl-L-valyl-N-
[1-[oxo (2-propenylamino)acetyl]lbutyl]-,2-(1,1~
dimethylethyl) ester-(8S)-1,4-dithia-7-
azaspiro[4.4]lnonane-8-carboxamide;
m) N-acetyl-L-o-glutamyl-L-0-glutamyl-L-valyl-L-valyl-N-
[1-[oxo(2-propenylamino)acetyl]lbutyl]-(8S)-1,4-dithia-7-

azaspirol[4.4]nonane-8-carboxamide;

n) N-acetyl-L-o-glutamyl-L-o-glutamyl-L-valyl-2-

‘cyclohexylglycyl—(8S)—l,4—dithia—7—azaspiro[4.4]nonane-8—

carbonyl—B—amiho—Z—oxohexanoyl—glycine;

0) N-acetyl-L~oa-glutamyl-L-od-glutamyl-L-valyl-2-
cyclohexylglycyl-(8S)-1,4-dithia-7-azaspiro[4.4]nonane-8-
carbonyl-3-amino-2-oxohexanoylglycyl-2-phenyl-
glycinamide;

p) N-acetyl-L-o-glutamyl-L-o-glutamyl-L-valyl-2-
cyclohexylglycyl-(8S)-1,4-dithia-7-azaspiro[4.4]lnonane-8-
carbonyl-3-amino-2~oxohexanoyl-,1,2-bis(1,1-
dimethylethyl)-7-(2-propenyl)ester glycine; and

g) N-acetyl-L-~o-glutamyl-L-o-glutamyl-L-valyl-2-
cyclohexylglycyl-(8S8)-1,4-dithia-7-azaspiro[4.4]lnonane-8-
carbonyl-3-amino-2-oxohexanoyl-1,2-bis (1, 1l-dimethylethyl)

ester glycine.

12



d) N-acetyl -L- leucyl - (2S)- 2-cyclohexyl glycyl-

(3S)-6,10- dithia - 2-azaspiro [4.5]decane - 3-
woaodsmaydsl - 3- am no-2 - oxohexanoy 1glycyl -N ptH/US2004/023054

di met hyl - 2- phenyl -glycinam de; e) N acetyl -L-

| eucyl - (2S)- 2- cycl ohexyl glycyl - (3S)- 6, 10-

dithia - 2- azaspiro [4.5]decane - 3- carbonyl-3-am no

- 2- oxohexanoyl glycyl -N nethoxy -N nethyl -2-phenyl

~ glycinamde; f) (2S)-N acetyl -L-Ieucyl-

delfpr L€ yehohaxe R ymydbundS3And 6eHO-@éé MtRereof. such

2-azaspiro [4.5]decane - 3- carbonyl-3 - amno - 2-

mla‘?ﬂeﬂns g3 ype %%e‘?@|prq—t11e®|¢ nEnYaylee gevices to

5 (28 se Cyccfo%?%(y?a 111\15 acrgc%y%r%%oﬂ dcy]?#lcal samples,

aaca‘zmlbbocﬁcl Eg}mtemnanteo a&nlmmt’cmawieﬁs mnmqaatfent, and

xoh xan C -gl yci ne;
‘f %t%"x 18?%2‘?;? e/C( 75)0 tzlefe:‘g/cl #%X%C%IW the
cor&gi’@ltzﬁ)ril%ﬂlﬁ e us <y ZRASBAK Dodd u&F dJ?éﬁ‘I?catfbn and
carbonyl - 3-amno - 2- oxohexanoyl glycyl- 2-phenyl
Lylirgriitdee 1)sK 28) -av -Heetsgverity et HiCV {128)ct2ion.
10 cycl ohexyl gl ycyl - (3S)-j) (2S)-Nacetyl -L- leucyl -
(2S)- 2- cycl ohexylglycyl - (3S)- 6,10- dithia -
2- azaspi r opATABL.HRCEARECRIBTTANbORYTHE BNWYRNDOON 2-
oxohexanoyl gl ycyI -N -met hoxy -N -nethyl -2-phenyl -
| ycinam de ; N -acetyl -L-a- glutamyl -L-a-
|8] sailrryl _'ﬂllﬁ,gmﬁfser}_t \ﬂé}\gﬁntwn I{quwfc%g@) a compound of
AZRepenyl am no) acetyl] butyl] - ,bis (1,1- dinethyl
ethyl) ester - (8S)-1,4-dithia - 7- azaspiro [4
15 . 4] nonane - 8- carboxam de; 1) N acetyl -L-a-
gl utanyl -L-a- glutanyl -LXvaI yI -L-valyl -N-

O

T/V

O 1 2

I
or a pharmaceutically acceptable salt thereof,
wherein: |
20 X and X' are both fluorine; or
X and X’ are independently C(H), N, NH, O, or S; and X
and X’ are taken together with the carbon atom to which
they are bound to form a 5- to 7-membered saturated or
partially unsaturated ring having up to 4 heteroatoms
25 independently selected from N, NH, O, S, SO, and SO,;
wherein any atom 1s optionally singly or multiply
substituted with up to 3 substituents selected
independently from J; and wherein said ring is
optionally fused to a second ring selected from (C6-

30 Cl0)aryl, (C5-Cl0)heterocaryl, (C3-Cl0)cycloalkyl, and a

13
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[1- [oxo (2-propenylam no) acetyl ]Jbutyl ]- ,2- (1, 1-
di net hyl ethyl) ester - (8S)- 1,4- dithia - 7-

weazeasmorai[ 4 . 4] nonane - 8- carboxam de; m ) NPE€a@SR0K/023054

-L-a- glutanyl -L-a-glutanyl -L-valyl -L-valyl -N -

[1- [oxo (2-propenylam no) acetyl] butyl] - (8S)-
1,4-dithia - 7- azaspiro [4 .4] nonane - 8-

carboxam de; n ) N - acetyl -L-a- glutanyl -L-a-

glutanmyl -L-valyl - 2- cyclohexylglycyl - (8- 1 ,4-
dithizm ts Mﬂ@éﬂ rajed . Anenanen, 8crearbeayl, --r', oxo,
3-am.no - 2- oxohexano -glycine ; o) N - acetyl
-Ltﬁlﬁﬁetanyl : Ja—Népgféwyﬂ 2rmeshylengdioxy,” 1, 2-

cy [ - S- | _4rdit 1 spir .
4%%%%%%%%%6&@8%%25 Ss-grﬁ no’@d-)ﬁZ’- {s838P I MR ),
oxeﬁ@x&hoyﬁg[(y)d?ll -2 phEDYD) R gl yC{Opd{@EOR P, ) -acetyl

oy ARt BTN o R e R Saksior (4

. 4lagoaoe ' 8®cQ@m®nch<o$NQﬁ1"5‘9, -dc (openexpnoyl -
1 ,2-bis (1,1- dinethyl ethyl) 7- (2 propenl)
est@r(SQ;N)KI& ne; afféﬁzj O)zl\ﬁ-ca(@ét%/l, AR ")@ (R'aER - L- a-

o, sk YEl o 2GR SR Bl (Bl ooun
3- aNi( RO)SO@J(B(O)I’L;QX&MW )€ (I0)DRbI,s (NI(RI-)a (0 Ry, ethhyl )

t i ne. ' th b d d t
Cheran?) HERTR ok FetABnTBY ) pe SHBS ToTs et R-xf,e;fe
Invﬁfécm flegkees- ﬁ@oﬁ@-‘)RnseL&:@dmﬁmRa pati@mmt@a

treat biol ogi cal sanpl es, such as ood prior
adnf hF¥PRAI Ron t@PéObé@Réh:t, *dﬁtp)ftft Xti,r e®@(0) (OR')5, or

adm n ient. In each case the
co%é@f ?&bﬁ @eﬁg'@a to inhibit HCV -replication

and R' is 1ndependently selected from:

hydrogen-,

(C1-Cl12)-aliphatic-,

(C3-C10) ~cycloalkyl- or -cycloalkenyl-,

[ (C3-Cl1l0)-cycloalkyl or -cycloalkenyl]-(Cl-Cl2)-
aliphatic-,

(C6-C10) -aryl-,

(C6-C10)-aryl-(Cl-Cl2)aliphatic-,

(C3-C10) -heterocyclyl-,

(C3-C10) -heterocyclyl-(Cl-Cl2)aliphatic-,

(C5-C10) -heterocaryl-, and

(C5-C10) ~heterocaryl-(Cl-Cl2)-~aliphatic-;

wherein up to 5 atoms in R' are optionally and
independently substituted with J;

wherein two R' groups bound to the same atom form
a 3- to 10-membered aromatic or non-aromatic ring
having up to 3 heteroatoms independently selected
from N, NH, O, S, SO, and S0, wherein said ring is

optionally fused to a (C6-Cl0)aryl,

14
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wpQeEHD768Ine present

to lessen the risk of or the severity of HCV

i nfection. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
i nvention provides a conporau/us£004/023054
formulal : X1 Y-JI Yy, CORSR I or a
pharmaceutically acceptable salt thereof, wherein : X
and X' are both fluorine; or X and X' are

i ndependently C(H), N, NH,L O, or S; and X and X'
are taken together with the carbon atomto which they

are bouskk i ttudt N Sebect @ 7T HRSHER @S SBY UF BbRAT OF
_$artially unsaturated ring having up to 4 het er oat ons

ehdetts y RRAWPEFOM N, NH, O, S, SO, and

ch‘dgg egLn any atomis optlonally S|ngly or nmultiply
substltuted with up to 3 substituents sel ected

|nd§@eﬁaéhthylphanu¢ » and wherein said ring is

fus second r el e ted from (C6
?g ghby(€§C§96§%¥?ér8£ryFYCEe§ % cycloalkyl, and
aJ(cs babogetclodRidl (MR c12(Na116R3 1 c0CF3, -R,
ox0, thioxo, =N(R ), =N(OR ), 1, 2-nethyl enedloxy

1, 3C6ERY) -8B®droxy, -N(R 1)2, -SR, -SOR, - SRR,
'SQEQKEﬁégZheterocycly1~, or

(C5-C10)-heteroaryl~;
wherein up to three aliphatic carbon atoms in Y and
Y’ may be replaced by O, N, NH, S, SO, or SO;;
wherein each of Y and Y’ is independently and
optionally substituted with up to 3 substituents
independently selected from J;
R; and R3; are independently:
(Ci1-Ccl2)-aliphatic-,
(C3-C10) -cycloalkyl- or -cycloalkenyl-,
[ (C3-C10)-cycloalkyl- or -cycloalkenyl]-(Cl-Cl2)-
aliphatic-,
(C6-C10) -aryl-(Cl-Cl2)aliphatic—~, or
(C5-C10) ~heteroaryl- (C1l-Cl2)-aliphatic-;
wherein up to 3 aliphatic carbon atoms in R; and R;
may be replaced by a heteroatom selected from 0, N, NH,
S, SO, or SO; in a chemically stable arrangement;
wherein each of R; and R; is independently and
optionally substituted with up to 3 substituents

independently selected from J;

Rz, R4, and R; are independently:

hydrogen-,

(C1-C1l2)-aliphatic-,

(C3-C10) ~cycloalkyl-(Cl~Cl12)-aliphatic-, or
(C6-C1l0)~aryl-(Cl-Ccl2)-aliphatic-;

15



- SBR, -(OR, -(O O
(O CONR, -C(OCH 2¢O
Woa(FooRsL, - OC(OR 1, C(O)

, ~OCOCR,
, "SR, -HYOR,
R1 2, OC(O) N( RP@T/2IS2004/023054
-C(S)N(R' 1 2, -(CH2)0-2NHC(O R, -N(R)N(R)COR, -NR
1IN(R 1JQ{O OR 1, -N(R 1JN(R 1JCON(R 1J2, -N(R
1JS2R , -N(R 1JS®2N(R 1J2, -N(R 1JC(OOR, -N (R 1)C
()R 1, -N(R 1JC(S)R', -N(R 1JC(O N(R 1J2, -N(R
1JC(S)N(R 1 2, -N(COR)COR , -N(OR 1)R, -C (=NH)N
( RY) 2nH; Gs( 030 CBnd) BO; ,in Gf =) RAL 1 OREEQLIORL) 2,
-P(O (R1)2, -P(O (OR1)2, or - P(O (H(OR);
mh@FéFﬂ?em?@trs i ndependently sel ected from hydrogen
-, t 1 Loal kvl r
5 ) cy%&%@n;ela%ﬂm?ﬂéé égo)éﬁa lg ? aﬁﬁ%ﬁgggﬁ_eﬁkly aPla
cyopbabketh]subgﬁitﬁiédehtbhaplto 3, spBbtC@pntaryl
- 6-CLO ,-aryl .- (d,-¢C12 liphatic - , (C3-C O
| intersmenyifr Yerpeb SRy bf P“h‘gtefocyclyl S &)

! bpRaki C are iSRefdidentigt efy@Rioder or ael (@)Cl0)
- -heteroaryl - (Cl-Cl12) -aliphatic - ;
aliphatic, wherein any hydrogen is optionally replaced

TOZAX

10 with halogen; wherein any terminal carbon atom of Rs is
optionally substituted with sulfhydryl or hydroxy; or
Rs is Ph or -CH,Ph and Rs. is H, wherein said Ph or
-CH,Ph group is optionally substituted with up to 3
substituents independently selected from J; or

15 Rs and Rs: together with the atom to which they are bound
is a 3- to 6-membered saturated or partially
unsaturated ring having up to 2 heterocatoms selected
from N, NH, O, S0, and 80;; wherein the ring has up to

2 substituents selected independently from J;

20 W is:
O o o) Rg
Rs ORG N
~N
Re
, ’ , Or
o o o
Ts
B
/// \\RB
wherein each Rg is independently:
hydrogen-,
(Cl-C12)-aliphatic-,
25 (C6-Cl0)-aryl-,

(C6-C10)-aryl-(Cl-Cl2)aliphatic-,

16
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wgnroeospe7dsound to the sane atomforma 3-

wherein up to 5 atons in R' are optionally and

i ndependently substituted with J ; wherein two R’
t o 10POEMmIS200e/d23054
aromatic or non -aromatic ring having up to 3

het er oat ons i ndependently selected fromN, NH, 0, S,
SO and SO2, wherein said ring is optionally fused to
a (C6-dOaryl,substituents sel ected i ndependently
fromJ ; Y and Y ' are independently: hydrogen -

(C1- Caﬁj)pmtp@a;ic -, (C-C10) - cycloalkyl - or -
cycloalkenyl - -ClO) cycl oal kyl - (C1-Cl12 )-

al i phat i(€ 10()6@53(9136}30-1/ WJ -, (C3- ClO)

- het erogyg |)é|10) ol ggrbéﬁ) Cﬂetcelzgar ﬁ’ga\Fl‘ erein

uptothree al i patlcc atons i ay be
repl acedChbyCOO0,) -NejteMdar§l- ,S@r or SO2; wherein each

Cubst |1 QEEaCHEY APy oo VAGHELT Faanre e RS ton Fy

sel ect edwbr e JrouBs, a%@l@% %&% b@ﬁﬁﬁe%@e%EEYSame
(C1-C12)-aliphatic - , (C3-C10) d@i/cloa kyl - or -

cycl dul tkepgan -atomy @:@1 cj}oget;ly@r tkly|thaigrn1trogen
g?’Cl oﬂc%@nyzjc] &C?S—((SG = e’eer_c%y@flé'flng} (C6-C10) -
yl 1-C1 al't phatic ;- or
wherein R¢ is optionally substituted with up to 3
J substituents;
wherein each Rg is independently -OR'; or the Rg
groups together with the boron atom, is a (C3-C10)-
membered heterocyclic ring having in addition to the
boron up to 3 additional heteroatoms selected from N,
NH, O, SO, and S0;;
V is O or a valence bond; and
T is:
(Cl-Ccl2)-aliphatic-;
(C6-C1l0) -aryl-,
(C6-C10)-aryl-(Cl-Cl2)aliphatic-,
(C3-C10)-cycloalkyl or -cycloalkenyl-,
[(C3-C10)~-cycloalkyl or -cycloalkenyll-(Cl-C12)-
aliphatic-,
(C3-C10) -heterocyclyl-,
(C3-C10) ~heterocyclyl- (C1-Cl2)-aliphatic-,
(C5-C10) ~-heterocaryl-, or
(C5-C10) -heterocaryl-(Cl-Ccl2)-aliphatic-;
wherein up to 3 aliphatic carbon atoms in T may be
replaced by a heteroatom selected from 0, N, NH, S, SO,
or SO; in a chemically stable arrangement;
wherein each T is optionally substituted with up to

3 J substituents;
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(C5-C10) -heteroaryl - (Cl1-Cl2) -aliphatic - ; wherein

up to 3 aliphatic carbon atons in R and R3 may be
woeplsaoed1 by a heteroatom sel ected from O, N pPCNES2084/023054

SO, or SO2 in a chemcally stable arrangenent; wherein

each of R and R3 is independently and optionally

substituted with up to 3 substituents independently

selected fromJ ; R2, R4, and R7 are independently:

hydrogen - , (Cl-Cl2)-aliphatic - ,
diEiGHY) ~Lyed it KW -5 (ddedzla?)3 = céﬂﬂdﬂyﬂJILamlnéﬂZ—
(C6-C10) - aryl (Cl-C12) -aliphatic - ;N, NH S, SO
ezl ﬂ@%m%‘é?h%ﬁ%%‘aﬂbl%%@%@hyl SHeRRiI n

R2, R4, and R7 is independently and optionally
Substituted with up to 3 substituents independently
keel éﬁaembtfybm <JlgudRbl -afitb ) RSZ -yl alnatepagyidentl-y(33) -6, 10-

4‘15&21%33% %;%Lr@al CSe]di%all ;{%ﬁ%%g 6}_#/ hydrogen

&R ovEafIBRR, 1aip413}ggnﬁ5g1§,&g{é onal |y substi t ut ed
wi th sul fhydryl or hydrox or R5 is Ph or CH Ph and

cns %aqetw%hér@m%ﬁmﬁ—cmﬁ@prmsl -6,10-

é%;ﬁjdleaynzﬁ%;& [245:52131%'% om—?o_éaq:g%é}ﬂand a%efﬂi dget her
mmxmwmmmmmw@mm is a 3-to
‘ﬁa\%ﬁ?&d sat ur at a#riléﬁl |y ur;gyaf Lirygctfld (r3|Sn)g 6, 10-
dithia-2- azasp1ro[4.5]decane—B—carbonyl—3—am1no—2—
oxohexanoylglycyl-N,N-dimethyl-2-phenyl-glycinamide;
e) N-acetyl-L-leucyl-(28)-2-cyclohexylglycyl-(38)-6,10-
dithia-2-azaspirol[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-N-methoxy-N-methyl-2-phenyl-
glycinamide; |
£) (2S) -N~acetyl-L-leucyl-(28)-2-cyclohexylglycyl-(3S) -
6,10-dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-2-phenyl-1,1l-dimethylethyl ester,
glycine;
g) (28) -N~acetyl-L-leucyl-(23)-2-cyclohexylglycyl-(38) -
6,10-dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-2-phenyl-glycine;
h) (28) -N~acetyl-L-leucyl- (2S8)-2-cyclohexylglycyl-(38) -
6,10-dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-2-phenyl-glycinamide;
i) (2S8) -N-acetyl-L-leucyl- (28)-2-cyclohexylglycyl-(38) -
6,10-dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-N,N-dimethyl-2-phenyl-glycinamide;
3) (28) -N-acetyl-L-leucyl- (2S)-2-cyclohexylglycyl-(38) -
6,10-dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-

oxohexanoylglycyl-~-N-methoxy-N-methyl-2-phenyl-
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fromN, NH O, SO and SO2; wherein the ring has up
to 2 substituents selected independently fromJ ; W

wO0200507d81 R8 wherein each R6 is independentl y: poyaiseman23054

-, (C1-C12)-aliphatic - , (Cb -AO- aryl - ,
(C6-C10)- aryl - (d-d?2)aliphatic - ,aliphatic - |,
(C3-C10) -heterocyclyl - , (C3-Cl0) -heterocyclyl -
(C1-C12) -aliphatic - , (C5-AA O -heteroaryl - , or
€C5-€10) - -heteroaryl--—(CL-C12) -aliphatic -, or two

e Nl gen atom
%rmtoget% %ﬁéﬁhgé)y ﬁ%gﬁ&ﬁ%ﬁf%i%g fClO)
dimekidnwb@'ldhyl: &3 e - M@relm%it]sia}mir onal | y
substltu th éo 3 J substituents; wherein each
é%p%m}%‘?ﬁ‘ % STRETRORRMIGR Rs groups t oget her
Ryt t
etg\rTo%e/% coé]i(%g a’%/‘Jf1 f|%C§ad%$%arﬁy¥gﬂ?ﬁgfgoronvﬁl 1-N
tlo- &mm{pmmnmﬁmlmtﬁbjm&}eﬁ]i rom N 1-NH, 0 ,

éimeéh§ﬁ (%§l estééo{Sg)¥?|eQ%F]£ng7—and
azaspiro[4.4]lnonane-8-carboxamide;

m) N-acetyl-L-o-glutamyl-L-o-glutamyl-L-valyl-L-valyl-N-
[1-[oxo (2-propenylamino)acetyl]lbutyl]-(88)-1,4-dithia-7-
azaspiro[4.4]nonane-8-carboxamide;

n) N-acetyl-L-o-glutamyl-L-o-glutamyl-L-valyl-2-
cyclohexylglycyl-(88)-1,4-dithia-7-azaspirof[4.4]nonane-8-
carbonyl-3-amino-2-oxohexanoyl-glycine;

0) N-acetyl-L-o-glutamyl-L-o-glutamyl-L-valyl-2-
cyclohexylglycyl-(8S)-1,4-dithia-7-azaspiro[4.4]nonane-8-
carbonyl-3-amino-2-oxohexanoylglycyl-2-phenyl-
glycinamide;

p) N-acetyl-L-o-glutamyl-L-o-glutamyl-L-valyl-2-
cyclohexylglycyl-(8S)-1,4-dithia-7-azaspiro[4.4]nonane-8-
carbonyl-3-amino-2-oxohexanoyl-,1,2-bis(1,1-
dimethylethyl)-7-(2-propenyl)ester glycine; and

q) N-acetyl-L-o-glutamyl-L-o-glutamyl-L-valyl-2-
cyclohexylglycyl-(8S)-1,4-dithia-7-azaspiro[4.4]nonane-8-
carbonyl-3-amino-2-oxohexanoyl-1,2-bis(1,1-dimethylethyl)

ester glycine.

Definitions

[0016] The term "aryl" as used herein means a
monocyclic or bicyclic carbocyclic aromatic ring system.

Phenyl is an example of a monocyclic aromatic ring
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Tis : (Cl1-Cl2 )-aliphatic - ; (Cb-dO - aryl - ,

(Cb-dO - aryl - (Ci1-C12) aliphatic - , (C3-Cl10) -
woyailsmatdsyl or - cycl oal kenyl - , [(C3-C O - PCT/US2004/023054

cycl oal kyl or - cycloal kenyl] - (Cl1-Cl2) - aliphatic -

, (C3-C10) -heterocyclyl - , (C3-A O -heterocyclyl -

(C1-C12) - aliphatic - , (C5-C10) -heteroaryl - , or

(C5-C10) -heteroaryl - (Cl1-C12) - aliphatic - ;
wherein up to 3 aliphatic carbon atons in T may be
et @ne duyr & h edieT P adoen sel esd egvd remhads N, abhaSic,

SO, or SO2 in a chemcally stable arrangenent; wherein

@dth e ptT onalf yls PELERRA viF Rt @Stl@sc@daherem
Sibstd tyentss difdy &, -2r az éi& é ylg cs, 7,

car bony -am no - 2- oxo exano heny
GaL- dlihyetatrﬂ (E]tmyhormsemlmymﬁ@:,cWJ)ld?\Lcad@tbcyycllc

-L-1 eucyl -, (2S)-2-cycl ohexyl gl ycyl - (3S)-6,10- dithia
AL /s giTY { 4. 5] decane - 3- carbonyl - 3- anmino - 2-

mozlwanowﬂeglﬁ@mﬂ-%@i@mé%cg}ycid@ dsdd MEPEBE Wheans a
-L-lTeucyl - (29)-2-cyclohexyl glycyl- (35)-6,10- dithia

MOTRGLHSIS [ 38} et apen = ar@m%@r%oﬁmg _systemilving 1
% SR e el A1 )
s@al’ﬁl}te{ﬁ tfhn‘can -0 2-N,aZ[\&5,pIS‘,O 5{01 Sldesmnen a3chearikenyk
sté%le arrangement In a bicyclic non-aromatic ring
system embodiment of "heterocyclyl" one or both rings may
contain said heteroatom or heteroatom groups. It is
understood that as used herein, the term " (C5-Cl10)-
heterocyclyl-" includes any one of a C5, C6, C7, C8, (9,
and C1l0 monocyclic or bicyclic non-aromatic ring system
having 1 to 3 heteroatom or heteroatom groups in each
ring selected from O, N, NH, and S in a chemically stable
arrangement.

[0018] The term "heteroaryl" as used herein means a
monocyclic or bicyclic aromatic ring system having 1 to 3

hetercatom or hetercatom groups in each ring selected

from O, N, NH, and S in a chemically stable arrangement.

In such a bicyclic aromatic ring system embodiment of
"heteroaryl":

- one or both rings may be aromatic; and

- one or both rings may contain said heteroatom or
heteroatom groups. It is understood that as used herein,
the term " (C5-Cl10)-heteroaryl-" includes any one of a C5,
c6, C7, C8, C9, and Cl0 monocyclic or bicyclic aromatic
ring system having 1 to 3 heteroatom or heteroatom groups
in each ring selected from O, N, NH, and S in a

chemically stable arrangement.
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oxohexanoy 1glycyl-N 7N-di nethyl - 2-phenyl - glyc
inam de; e) Nacetyl-L - leucyl - (2S5 - 2-

woyalsmossy| gl ycyl - (3S)-6,10- dithia 2- azaspPCofi$2004/023054

. 5] decane - 3- carbonyl - 3-am no - 2- oxohexanoy

1gl ycy1l-N -net hoxy -N-nethyl- 2-phenyl - gl ycinam de;

f) (2S)-Nacetyl-L - leucyl- (2S)-2- cycl ohexylglycyl

- (3S)- 6,10- dithia - 2-azaspiro [4.5]decane - 3-
carbonyl - 3-am no - 2- oxohexanoyl glycyl - 2-phenyl -
1t lrsliumidid teddythest s , uphy nhdesing) (12S) cdrRcety] =d12) -
-1 eucyl - (2S)- 2-cycl ohexylglycyl- (3S)- 6,10- dithia
aliphalgi 't el udRseaneone RE car®bonyd2 - @, P naC5, C6,

h lycyl = 2- -. gl.ycine;
R 90y, g S el s
188 & kbarlehint hateoms 2- azasis ral §¢ . dbjdecainsod Ghat
SRR oo g s o o f e e "G "o
{2 Rs 2C WU OhedH Y | chd 3D) - Ehd G-did hi &,c10a1ky1 or

2-azaspiro [4.5]decane - 3-carbonyl - 3-amno - Z-

Axolradarrly gl SR N2 digroasiiic 2phamed -oxgllycidged
j-nam-de; j : -l [, -. (2S),- 2- .
ARG P THSRIN S 3 vt e 1SR Fowtie
Cyjldeddreny]l Fimar henwd onds-animre whitgxahexanoyl
L%ga%%%l ! Nﬂ_ngﬁ} %ylaséglgqeqt g{%{ ] ZIiJ) t{]oeo’ncﬁ;tgiagt%:qs! oli(soed herein,
tHdmaidin ot fd do1eptRfy 1 dBRy1 -1 o A kerkr -
azaspi ro[ 4. 4] nonane - 8- carboxam de; 1) N acetyl - L-
inclgidasamply one of aglQi.amd, A5va&l6yl G7,L-Gal y19 - Nnd C10

R AR AL B, ool Ying.
Examples of cycloalkyl groups include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclohexenyl,
cycloheptyl, cycloheptenyl, nornbornyl, adamantyl and
decalin-vyl.

[0020] The phrase "chemically stable arrangement" asg
used herein refers to a compound structure that renders
the compound sufficiently stable to allow manufacture and
administration to a mammal by methods known in the art.
Typically, such compounds are stable at a temperature of
40°C or less, in the absence of moisture or other

chemically reactive condition, for at least a week.

Embodiments

[0021] According to one embodiment, the compounds of

the present invention are of formula I:
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azaspiro [4 .4]nonane - 8- carboxam de; m) N-acetyl -
L- a- glutanyl - L-a- glutanyl - L-valyl - L-valyl -N

wP2eo0sfooxas{ 2- pr openyl am i i o)acetyl] butyl] - (8Br1/U$2004423054

dithia - 7- azaspiro [4 .4]nonane - 8- carboxam de; n
) N-acetyl - L-a- glutanmyl - L-a- glutanyl - L-valyl -
2- cycl ohexyl glycyl - (8S)- | 4-dithia-7 -azaspiro [4

. 4] nonane - 8- car bony 1 3 am no - 2- oxohexanoy
1g|y ci ne L- &g glutanyl - L- a-

gl ut anyl 1_/ I cyl - (89)- 1 ,4-
dithia- V\g* g/rt 404]n ng""y car bonyl - 3-
amn. o- 2- oxohexanoy gl ycyl “-R®- gl enyl gl yci nami de; p

) I\I-acetyl -L-a- glutanyl -L-a- glutanmyl -L-valyl - 2-
cycl ohexyl glycyl - (85)- 1 ,4-dithia - 7- azaspiro [4

OM]m@m@naC®tmbmwcceﬁtam nealt 2tlxodekanoyl -

vﬁ}gré’lff’ (1,1- dimethylethyl) - 7- (2-propenyl) est er
glycine,- and q ) N -acetyl - L- a- glutanyl -L-a-

Ylardamyl ard-batlyl Frud-iyclehexyl glycyl - (8S)- | , 4-
dithia - 7-azaspiro[4.4] nonane - 8- carbonyl - 3-

Qb £ Zar%ﬁcfﬁg%@?ﬁfﬁnt 1y CoHli N(INH. Qi ¥ h§1 and X

et byk) xeshee Qhk%hn%ogQ%BEQ'%ﬁ%ﬁSthgo%gkbgﬂeakgﬁnEo which
‘aryl" as used herein neans a nonocyclic or bicycl

catb@yyeracbaundatpcfprmgasﬁstEWl7Pmem¥bre§ aatexanaﬁeor

of _a c r i.C_ringsystems wh reln only one

ot PRRETRSEYT Gt heRErear PR BE VG AT pll By finnefebpgoms

undﬁaépeadehhap asluseddherenn,t fve,t er mg’, (€6, C&Qh SOy;

-aw% " includes any one of a C6, d, c8, 9,
ﬁﬁﬁé@y@PYcaEPmbFéy@PFéO@éﬂ%@c§éPQéYaP§n@Pﬂ§lpﬂﬁg

substituted with up to 3 substituents selected
independently from J; and wherein said ring is
optionally fused to a second ring selected from (C6-
Cl0)aryl, (C5-Cl0O)heterocaryl, (C3-C1l0)cycloalkyl, and a
(C3-Cl0)heterocyclyl, wherein said second ring has up
to 3 substituents selected independently from J;

J is halogen, -OR', -NO, -CN, -CF;, -OCF3, -R', 0xo0O,
thioxo, =N(R'), =N(OR'), 1,2-methylenedioxy, 1,2-
ethylenedioxy, -N(R'),, -SR', -SOR', -SO;R', -SO,N(R'),,
-SO3R', -C(O)R', -C(O)C(O)R', -C(O)C(O)OR',
-C(O)C(O)NR', -C(O)CH,C(O)R', -C(S)R', -C(S)OR',
-C(O)JOR', -OC(O)R', -C(O)N(R")2, -OC(O)N(R')z,
-C(S)N(R')2, -(CHz)o-2NHC(O)R', -N(R')N(R')COR',
-N(R")N(R')C(O)OR', -N(R')N(R')CON(R')2, -N(R')SO4R',
-N(R'")SOzN(R')3, -N(R')C(O)OR', ~-N(R')C(O)R',
-N(R')C(S)R', -N(R')C(O)N(R')2, -N(R')C(S)N(R')2,
-N(COR')COR', -N(OR')R', -C(=NH)N(R'),, -C(O)N(OR')R
-C(=NOR')R', -OP(O) (OR')z, -P(O)(R')a2, -P(0) (OR')3, or
-P(0) (H) (OR'); wherein;

R' is independently selected from:
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[0017] The term "heterocyclyl"” as used herein neans a
nmonocyclic or bicyclic non -aromatic ring system

wboavisng7eBit o 3 heteroat om or het er oat om gr oups PCT/US2aD/023054

ring selected fromO , N, NH S, SO and SO2 in a
chem cally stable arrangenent. In a bicyclic non
-aromatic ring system enbodi nent of "heterocyclyl" one
or both rings nay contain said heteroatom or

heteroatom groups . It is understood that as used
her ei n, <tbecn©nnfby(c@5a@k9)l - oret ekea¥eh ¥enyii-ncl udes
any one of a Cbh, A, C8, €9, and O nonocycllc or

b|cycl|é(ﬁénC1Oér§wﬁﬂpélkwﬁg0§ys?§ﬁﬂﬁé&kﬁ@¥i]rdcé -C12)

het er heteroatom groups in each ring sel ected
from‘—%‘?"u %&&NH and Sin a chemcally stable

arrangerf€at-C10))6618[L-The term "heteroaryl"” as used
her ei n n nmonocyclic bicycli ¢ aromatic ring
SySten1R§g—§&%i_?6y§ KEFnggﬁahﬁéﬁaﬁéFeroaton1groups
in each(@Bnglgng@E@gogygmygL , NH, and Sin a
chen1ca||§ st abl e arrangenent. In such a blcycllc

r

aromat i 6C ﬁéOéybﬁéﬁr@ﬁﬁééVﬁeNﬁloﬂlQhéﬂepbatyb -
one orngeghc&bggﬁegg¥8gﬁgirong . and - one or both

rings contai n sai ef 0&t'9m or het er oat om gr oups
It is (Gﬁde[LQI) ehdttalaahr§$ ysedcheneeiphbeiterm

"(C5-A O -heteroary " inclydes any one of a_C5, Ch,

C7, Cs, reéﬁd“@lé?nﬁn@&?@ﬁlénoﬁ bREGCPPELaREMAYI and

ring Syhsmddan ng il st iglgnpatpm or het eroat om

groups in each ring selected fromO , N, NH and Sin
a wherein two R' groups bound to the same atom form

a 3- to l0-membered aromatic or non-aromatic ring
having up to 3 heteroatoms independently selected
from N, NH, O, S, SO, and S0;, wherein said ring is
optionally fused to a (C6-Cl0)aryl,
(C5-C1l0)heterocaryl, (C3-Cl0)cycloalkyl, or a
(C3-Cl0)heterocyclyl, wherein any ring has up to 3
substituents selected independently from J;
Y and Y’ are independently:

hydrogen-,

(Cl-Ccl2)-aliphatic-,

(C3-C10) -cycloalkyl- or -cycloalkenyl-,

(C3-C10) -cycloalkyl-(Cl-Cl2)-aliphatic-—,

(C6-C10) -aryl-,

(C3-C10) -heterocyclyl-; or

(C5-C10) -heteroaryl-;
wherein up to three aliphatic carbon atoms in Y and

Y’ may be replaced by O, N, NH, S, SO, or SO0;;
wherein each of Y and Y’ is independently and

optionally substituted with up to 3 substituents

independently selected from J;

23



10

15

20

25

30

chemcally stable arrangenent.It is understood that as
used herein, the term"(Cl-Cl2) - aliphatic - "

wonadswdesiany one of a G, C2 , C3, C4, C5, CBCTMR2004/023054

C8, C9, AdO dIl, and Cl2 straight or branched al kyl
chain of carbon atons. It is also understood that

al kenyl or al kynyl enbodi nents need at |east two
carbon atons in the aliphatic chain. The term
"cycl oal kyl or cycloal kenyl " refers to a nonocyclic

or (tgsedoprcheidgedybi-cyel Leyeabhokyakic,ring system
that is not aromatic. Cycloal kenyl rings have one or
not éCanl8) ofvaheat ivati 4. ~FycleadkspylddéEdredd) that

as_ys ein, the term"(C3-Cl10) - cycloal kyl - or -
cy%Fogﬂﬁgggl'- " includes any one of a C3, C4, C5, Cs,
C7(C&8C1CYraant-CCcO-abapeytphatde~-fused or bridged

o s E AT HRES S erBhr Sy C e CRObRPSES Chgcl opent yI
cycl epRdin g%ﬁg'@@(%m{ﬂphéﬁﬂ(a el 1ot Oiri?@_llﬁg}‘l@ =

nor nbor nyl , mantyl and decalin -yl . [0020]
phiagebechenlagarflybyt abhetarpangeneatecasdusedmher eNn NH,

refers~to C t nders the . .

Corposat Shr oL o LR & e e e e

adm nikstredin eradio cf manembl by tet hedsp&nosntiy dhe
such conpounds are stable at a

.. Typically, -
et RaE Y o UBSBE BE SR EEL R, WOt he AbSEREL: bhents

o{ SEHHENQEN LT egeggggggagkgmrgactive condition, for
at | east a week. Enbodi nents [0021] According to one

RenbBdi mrd Rt lverec dmssmaisiagftly

hydrogen-,
(Cl-cl2)-aliphatic-,
(C3-C10) -cycloalkyl-(Cl-Cl2)-aliphatic-, or
(C6-C1l0)-aryl-(Cl-Cl2)-aliphatic-;

wherein up to two aliphatic carbon atoms in Ry, R,
and R; may be replaced by a heteroatom selected from O,
N, NH, S, SO, and S0; in a chemically stable
arrangement;

wherein each of Ry, Ry, and R; is independently and
optionally substituted with up to 3 substituents

independently selected from J;

Rs and Rs: are independently hydrogen or (Cl1-Cl2)-

aliphatic, wherein any hydrogen is optionally replaced
with halogen; wherein any terminal carbon atom of Rs is
optionally substituted with sulfhydryl or hydroxy; or
Rs 1s Ph or ~CH,Ph and Rs. is H, wherein said Ph or
~-CH,Ph group is optionally substituted with up to 3

substituents independently selected from J; or

Rs and Rs: together with the atom to which they are bound

is a 3- to 6-membered saturated or partially
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woheosraomsut i cal | y acceptabl e salt thereof,

the present invention are of formulal :Vv NJ . J I-
-i "MTTcwORLR OO0OR R" | or a

and X' are both fluorine; or X and X' are

i ndependently C(H), N, NH,L O, or S; and X and X'
are taken together with the carbon atomto which they
are bound to forma 5- to 7-nmenbered saturated or
partially unsaturated ring having up to 4 heteroatons
| ndepengenthisntel eehed tiomlepeNden® 1y $rom@; and
S2; wherein any atomis optionally singly or multiply
Wubstituted with up to 3 substituents sel ected
inquendentIy fromJ; and wherein said ring is
optjpjonal ly fused to second ring sel e@ted frRe (C6-
(C3-C10) {{cycl oalikyl , and

en, - OR, -N®|| -ON, -¢F3, -ocr3,[[-R, oXb, of
thioxog=N(R), =N(OR)Q 1 ,2-nethyl enedilbxy, 1,2-’
ethyl enedioxy, -N(R )2, -SR, -SOR, -S&R 1,
S®N(R )2, - S®BR, -C(OR 1, -C(OC(OR,
-QREUOR1L -OCONR1L -COQCH2(OR 1, -9
1, -lé(S)CR, “C(OOR, -0(OR, - CONR 2 -0 0
124 -C(SYN(R) 2, - (CH2)0-2NHC(0) R 1, -N(RW(R 1

ORI

wherein each R is independently:

hydrogen-,

(Cl1-Cc12)-aliphatic-,

(C6-Cl0)-aryl-,

(C6-C10)~aryl-(Cl-cl2)aliphatic-,

(C3-C10) -cycloalkyl- or cycloalkenyl-,

[ (C3-Cl0) -cycloalkyl- or cycloalkenyl]-(Cl-Cl2)-
aliphatic-,

(C3-C10)-heterocyclyl-,

(C3-C10) ~heterocyclyl-(Cl-Cl12)-aliphatic-,

(C5-C10) ~heterocaryl-, or

(C5-C10) -~heteroaryl- (Cl-Cl2)-aliphatic-~, or

two R groups, which are bound to the same
nitrogen atom, form together with that nitrogen
atom, a (C3-C1l0)-heterocyclic ring;

wherein Rs is optionally substituted with up to 3
J substituents;
wherein each Rg is independently -OR'; or the Rg

groups together with the boron atom, is a (C3-C10)-

membered heterocyclic ring having in addition to the

25
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“N(R)N(R!JC(OOR 1, -N(R 1JN(R 1JCON(R 1J2, -N(R
1JSRR , -N(R 1JS2N(R 1J2, -N(R 1JC(OOR, -NR

wo2eEOPRS1 - N(R 1JC(SIR 1, -N(R 1JC(O N(R 1J2, PeN{UR2004/023054

1JC(S)N(R 1J2, -N(COR 1JCOR 1, -N(OR 1JR 1, - C(=NH)
N(R 1J2, -C(ONOR 1JR, -Cf=NOR 1JR 1, -OP(O (OR1J2,
- P(O (R1J2, - P(O(OR 1J2, or -P(O (H (ORLY;
wherein; R' is independently selected from (C3-Cl10) -

cycl oal kyl - or - cycloalkenyl - , [(C3-CO -

tyid aaldeyla oratertyelmidkemnd - (CL-Cl2 )- aliphatic -
(Cb-dO -aryl -, (C6-C10) - aryl -

q%G!IS-’ClZ)aIiphatic -, (C3-d O -heterocyclyl - ,

( h zlyl. - (Cl-Cl2 )aliphatic - ,

(%C%%Z)hgtﬁg‘?gé}réglb -, and (C5- Cl10 )-heteroaryl -

(Clce121y) abicphatic - ; wherein up to 5 atons in R

ar ptionally and. i endent substituted with J ;
szgr{?iWﬁa 1“3&60%@@8%8&%{?% same atomforma
3- (t9-&Qomeabenediryonsli ccob1BaNkeakQIBLi C TiNg
havi&gru to 3 heteroatons I ndependently sel ected from
N [ (RF?10) -cgclogbrvanarsegychhetkerydardCiirRg2)s

' |ly fused to a (C6-Cl0) aryl,
a?%gd%%) eteroaryl, (C3-Cl10) cycloal kyl, or a
(C8cE10) hetbebeyotytlyhherein any ring has up to 3
subss LEuRt s pelcted, t ndgpendept Ly, fromd i v and ¥
(C5-C10)-heteroaryl-, -or
(C5-C10) -heterocaryl-(Cl-Cl2)-aliphatic-;
wherein up to 3 aliphatic carbon atoms in T may be
replaced by a heteroatom selected from O, N, NH, S, SO,
or SO, in a chemically stable arrangement;
wherein each T is optionally substituted with up to
3 J substituents;
provided that the following compounds are excluded:
a) N-acetyl-L-leucyl-(2S)-2-cyclohexylglycyl-(3S)-6,10-
dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-2-phenyl-1,1-dimethylethyl ester
glycine;
b) N-acetyl-L-leucyl-(2S)-2-cyclohexylglycyl-(3S)-6,10-
dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-2-phenyl-glycine;
c) N-acetyl-L-leucyl-(2S)~-2-cyclohexylglycyl-(3S)-6,10-
dithia-2-azaspirol[4.5}decane-3~carbonyl-3-amino-2-
oxohexanoylglycyl-2-phenyl~glycinamide;
d) N-acetyl-L-leucyl-(2S)-2-cyclohexylglycyl-(38)-6,10-
dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-N, N-dimethyl-~2-phenyl-glycinamide;
e) N-acetyl-L-leucyl~(2S)-2-cyclohexylglycyl-(38)-6,10-
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hydrogen - , (Cl-Cl2 )-aliphatic - , (C3-Cl0) -

cycl oal kyl - or - cycloal kenyl - , (C3-Cl1l0 )-
woyalspatdsyl - (CL-Cl2 )-aliphatic - , (Cb-C O peTasyi04/023054
, (C3-C10) -heterocyclyl - ; or (C5-Cl0) -heteroaryl -

; wherein up to three aliphatic carbon atons in Y and
Y ' may be replaced by 0, N, NH S, SO or S
wherein each of Y and Y ' is independently and
optionally substituted with up to 3 substituents
ghglenesnatedé ) y sel ect ed fromJ ; (03- CIO) - Cvd Qal kYl -

cl oal ken (C3- Cl cl oal kyl - or -
%&db%{?kém?etﬂ(%i kﬂ%}yl &% b TCFIYEC ohe%xﬂagbf@l (38) -
t
PG EGIRRGEIRE 2 G5 i loa e L fn g 2
ealberaatwhel yey R 2 -grigeR3l + hal- disne gpy beetyb as ter ,

fhﬁéeroatom selected fromO, NNH S SO or SO in a
< ea’lly st abl e arrangenent; wherein each of R and

33 lcszs)ndw@cf@l@ﬁllw—mﬂc@pl(mﬂiycﬁm@ﬁéiﬂgﬂydyih(W)—
to 3 substituents independently selected fromJ ;
ﬁa@oﬂiﬂotfmaa%-ea%mmg%rﬁl@ecm%gc@frbony%d—@@zz}o 2-
phabi rory 65 A Rleny PGl pRLY] - (C1-CL2

h) (28) -N-acetyl-L-leucyl-(28)-2-cyclohexylglycyl-(38) -
6,10~-dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-2-phenyl-glycinamide;

i) (28) -N-acetyl-L-leucyl- (2S)-2-cyclohexylglycyl~ (38) -
6,10-dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-N,N-dimethyl-2-phenyl-glycinamide;

3) (28) ~-N-acetyl-L-leucyl-(2S)-2-cyclohexylglycyl-(38) -
6,10-dithia-2~azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-N-methoxy-N-methyl-2-phenyl-
glycinamide;

k) N-acetyl-L-o-glutamyl-L-a-glutamyl-L-valyl-L-valyl-N-
[1~-[oxo (2-propenylamino)acetyl]lbutyl]l-,bis(1,1-
dimethylethyl)ester-(8S)-1,4-dithia-7-
azaspiro[4.4]lnonane-8-carboxamide;

1) N-acetyl-L-o-glutamyl-L-o-glutamyl-L-valyl-L-valyl-N-
[1-[oxo(2-propenylamino)acetyl]lbutyl]-,2-(1,1-
dimethylethyl) ester-(8S)-1,4-dithia-7-
azaspiro[4.4]nonane-8-carboxamide;

m) N-acetyl-L-o-glutamyl-L-o-glutamyl-L-valyl-L-valyl-N-
[1-[oxo (2-propenylamino)acetyl]lbutyl]-(88)-1,4-dithia-7-
azaspiro([4.4]nonane-8-carboxamide;

n) N-acetyl-L-o-glutamyl-L-o~-glutamyl-L-valyl-2-
cyclohexylglycyl-(88)-1,4-dithia-7-azaspiro[4.4]nonane-8-

carbonvl -3 -amino-2-~oxohexanovl-alvcine:
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(C6-C10 )- aryl - (C1-Cl12 )-aliphatic - ; wherein up
to two aliphatic carbon atons in R2, R4, and R7 may be

woeplsaoed1 by a heteroatom sel ected fromO , N PCNES2084/023054

SO, and S in a chemcally stable arrangenent ;
wherein each of R2, R4, and R7 is independently and
optionally substituted with up to 3 substituents

i ndependently selected fromJ ; R5 and R5. are
tndependent+y--hydrogen-or {(C1-Cl2) - aldphatic,-

%\&Fg' any hydr ogeg, ' I epl ith
a o%léﬂl; asnv\%er el n%ék?%?}?n%%ﬁ%ig%%% %t@?n&%WRS IS
ohtd¢omehide substituted with sul fhydryl or hydroxy; or

R5 is Ph or CH2Ph and Ris H, wherein said Ph or
RICHZPtA R Bl T<optieay 1 yLs¥bst it amel-WrYalvip-2o 3

QUDRLLAPIL S PSBRAEI L) ek el P 400 08 R0 o

@adbonydl -63 -renbes-€2- cathues-adesly D, DAz thad (Y 21 - _

S BT EhcT T 18 SIS e LY gaRd .

JEarS ool B S hiamat i ¢ ey va i ek

eyaroloasollasl ke (83), -1, 4-dithia~-7-azaspiro[4.4]nonane-8-

carbonyl-3-amino-2-oxohexanoyl-1,2-bis (1, l-dimethylethyl)
ester glycine.

[0022] According to another embodiment of the present

invention, the compounds are of formula Ia:

X va
V. E;/lok )Ri”/N 4
! \Ef Rq 22 0 OFS ;Z
Ta

or a pharmaceutically acceptable salt thereof,

wherein:

X and X’ are independently C(H), N, NH, O, or 8; and X
and X’ are taken together with the carbon atom to which
they are bound to form a 5- to 7-membered saturated or
partially unsaturated spirocyclic ring having up to 4
heterocatoms independently selected from N, NH, O, S,
SO, and S0;; wherein any atom is optionally singly or
multiply substituted with up to 3 substituents selected
independently from J; and wherein said ring is
optionally fused to a second ring selected from (C6-
Cl0)aryl, (C5-Cl0)hetercaryl, (C3-Cl1l0)cycloalkyl, and a
(C3-Cl0)heterocyclyl, wherein said second ring has up

to 3 substituents selected independently from J;
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[(C3-A O - cycloalkyl - or cycloal kenyl] - (C1-Cl12 )-

aliphatic - , (C3-A O )-heterocyclyl - , (C3-Ad 0O
wohetsmoosycl yl - (Cl-Cl2)-aliphatic - , (C5-ClOLT/US2004/023054

-heteroaryl - , or (C5-CAA O -heteroaryl - (Cl-Cl2)

-aliphatic - , or two R6 groups, which are bound to

the sane nitrogen atom formtogether with that .
nitrogen atom a (C3-Cl0) -heterocyclic ring; wherein
R6 is optionally substituted with up to 3 J

subshivileertisoxyherai(R 'each-88' | s-sodepende! y ~SBN (R
or thengrou together with the boron at om is a
(C35€31% g?‘ed het@tet9tRi ¢ rFhY) RAQI PG i n

d heV | d;
?Cgbt bg@_<bglmlh FuCSoPcBioford Phce (BpRY; aBdslakd:

-arg (D) OBI' €DZ) OalRl phaCl(O)N R' ()633 QIOIO)Ncbe@,aI kyl

cycpégxgréﬁ‘sl kenyk(az @1§‘§H%3(§3C;Pphatl Ho3 ) &rr,

( C3nCRO) wheat ecqeoyoky|, ——N,(R( %(ﬁlt}’):omﬁt'% ocyglxl) so.r',
(C1- ClZi -aliphatic - , (C5 O -heteroaryl ~, or (Cb-
(310)“ Rhebeeldar Yz, (‘@T_L-F@l’é}(-o eﬂﬁ phatNQR C (QuFRerei n up

to_g(ahhBRaYRE, cafhan) BYBTR (k7) T, "B (B8 c(g)N(R" )2,
-N(COR'")COR', -N(OR')R', -C(=NH)N(R')z, -C(O)N(OR')R',
-C(=NOR')R', -OP(0) (OR')z, -P(O)(R')y, -P(0O)(OR'"),, or
-P(0) (H) (OR'); wherein;

R' is independently selected from:

hydrogen-,

(Cl-Cl1l2)-aliphatic-,

"(C3-C10)-cycloalkyl- or -cycloalkenyl-,

[ (C3-C10)-cycloalkyl or -cycloalkenyl]-(Cl-C12)-
aliphatic~,

(Ce-C10)-aryl-,

(C6-C10)-aryl-(Cl-Ccl2)aliphatic-,

(C3-C10) -heterocyclyl-,

(C3-C10) -heterocyclyl-(Cl-Cl2)aliphatic-,

(C5-C10) -heterocaryl-, and

(C5-C10) -heterocaryl- (Cl-Cl2)-aliphatic~;

wherein up to 5 atoms in R' are optionally and
independently substituted with J;

wherein two R' groups bound to the same atom form
a 3- to 10-membered aromatic or non-aromatic ring
having up to 3 heteroatoms independently selected
from N, NH, O, S, SO, and SO;, wherein said ring is
optionally fused to a (C6-Cl0)aryl,
(C5-Cl0)heteroaryl, (C3-Cl0)cycloalkyl, or a
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repl aced by a heteroatom selected fromO , N, NH S,
SO or S in a chemcally stable arrangenent; wherein

weaais/007d8s optional |y substituted with up to 3P3T/US2004/023054

substituents ; provided that the foll ow ng conpounds
are excluded: a) N-acetyl-L-Ieucyl- (2S)-
2-cycl ohexyl gl ycyl - (3S)-6,10- dithia -2-azaspiro [4
. 5] decane - 3-carbonyl -3 -amno - 2- oxohexanoyl
gl ycyl -2-phenyl -1,1-dinmethyl ethyl ester glycine; b
Yy dha@cet ydrd-hedeyden { 2S) - 2- cycl ohexyl gl ycyl -

38) 6,10- dithia-2 -azaspiro [4 .5]decane - 3-

ehShy: arg-kferendentbgohexanoy 1glycyl - 2- phenyl

-gI L tyI L-1eucyl - (2S)-2-cycl ohexy
1gl§g ??)(§%§p§_?g% ‘dithia -2-azaspiro [4.5] decane
-34C6aChOmybycaoaﬁkyd—-@r exghéxaiehngllycyl - 2-phenyl

ol %heé?f)gwwﬁoaa%gﬁ”'om e

. S5hdepaneic-3- ogarbonyl -an1no - 2- oxohexanoy
1g|ycy| -N , N-di net hyl - henyl -gly cinam de ; e)
N- aEét¢iLO) - ﬁéMéleltgéyalzp Vépohexyl gl ycyl -

3S

(29 RS A SR o ey et 9 (G e R ana w
azmapi be féphhdedabg- 3 heaehoaybmssea@bm@derom 0, N, NH,
oxohexano IgI cyl-2 - hen I 1-di met hyl et hyl

esfer? é tﬁ)a(é%ﬁ y?t%blel%ﬁﬁ§mgem%@§)

2- cy%@@m gié/éh”of #33ka @élgs dhliBhandear #3280k O

[4.5] decane - 3- carbonyl - 3- amno - 2- oxohexanoy
1gPpeyonal prepybstighypednwith up to 3 substituents

independently selected from J;

R; and R; are hydrogen;

R4 is selected from:
hydrogen-,
(C1-C6)-alkyl-,
(C3~-C1l0)-cycloalkyl-(Cl-C6)-aliphatic~, or
(C6-C10)-aryl-(Cl-C6)-aliphatic-;

wherein R4 is independently and optionally

substituted with up to 3 substituents independently
selected from J;

Rs» is hydrogen;

Rs is (Cl-C6)-aliphatic, wherein any hydrogen is
optionally replaced with halogen;

W is:
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h)

(2S)-N- acetyl-L-1eucyl - (25)-

2-cycl ohexyl gl ycyl - (3S)- 6,10-dithia -2-azaspiro [4
wO3)ibwozise - 3- carbonyl - 3-amino - 2- PCT/US2004/023054

oxohexanoyl gl ycyl - 2-phenyl -glycinamde; i)

(2S)-N-acetyl -L- leucyl - (2S)- 2- cycl ohexylglycyl -

(3S)- 6,10- dithia - 2-azaspiro [4.5]decane - 3-

carbonyl - 3- amino - 2- oxohexanoy 1glycyl-N , N

di

glyci n&vide; k ) N acet

thyl -g-phenyl lycin de ; 1) (gS)- N—acetyl
S 6 N\qlthla

oylglycyi
-L-a-glutanyl -L ga-gl utanyl

-L-valyl -L-valyl -N- [1 [oxo0 (2-propenyl ami no)

acetyl] butyl] - ,bis (1,1- dinmethyl ethyl) ester -
(8SJ8 1 ,4-dithia - 7- azaspiro [4 .4] nonane - 8-
carQoxam de; 1) N -acetyl -L-a-glutanyl - L-a-glutanyl
-L-Balyl -L-valyl -N- [1- [oxo (2-propenyl am no)

etyl R?utyl] - ,2- (1,1- dinethyl ethyl) ester -
(8S) - 4-dithia - 7- azaspir o [4.4]nonane-
8- car‘/ﬁtﬁmrdeeadmf)s Ns- dodieplendeng-lgl:ut amyl - L- a-
gl utanyl -~ % §1|Y| -L-valyl -N- [1-[oxo0
Xy a

(2- prope

no) acetyl] butyl]- (8S)-1,4-dithia - 7-

azaspi r ocj4ce4}-adrgne, 8- car boxam de; n ) N acetyl
-L-a- glutanyl -L-a-glutanyl -L-valyl -2-
FyBy

cycl ohexyPg

- 4]

ne -J

00,40

V is

Fary8sy- 1,4-dithia -7- azaspiro [4

nonagesBe1) LheyIL (c1= c@walﬁy%gﬁghixagoglm s 1y

hekaﬁﬁy Q@Dycyyclgaphghylor cycloalkenyl-,

[ (C3-C10) -cycloalkyl- or cycloalkenyll]-(C1l-C6)-
alkyl-,

(C5-C10) -heteroaryl-(Cl-C6)-alkyl-, or

two Re¢ groups, which are bound to the same
nitrogen atom, form together with that nitrogen
atom, a (C3-Cl0)-heterocyclic ring;

wherein R¢ is optionally substituted with up to 3
J substituents;

wherein each Rg is independently -OR'; or the Rg
groups together with the boron atom, is a (C3-C10)-
membered heterocyclic ring having in addition to the
boron up to 3 additional heteroatoms selected from
N, NH, O, SO, and 80;;

a valence bond; and

T is:

(C6-C10)-aryl-,
(C6-Cl1l0)-aryl-(Cl-C6)aliphatic-,
(C5-C10)-heterocaryl-, or

(C5-C10) -heteroaryl-(Cl-C6)-aliphatic-;
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glycinamde ; p) N acetyl -L-a- glutanyl
-L-a-glutanyl -L-valyl - 2- cycl ohexyl glycyl - (8S)-
woO 2dostotdsia - 7-azaspiro[4 .4]nonane - 8- car beayius2004/023054
3-amno - 2- oxohexanoyl - ,1 ,2-bis (1, 1-
di met hylethyl) - 7- (2-propenyl) ester glycine; and q
) N -acetyl -L-a- glutanyl -L-a- glutanyl -L-valyl -
2- cycl ohexyl glycyl - (8S)- |,4-dithia - 7- azaspiro[4
.4]nonane - 8- carbonyl - 3-amino - 2- oxohexanoyl -

%rbb@g(imladéﬂéﬁb&aEnEYé&aﬁﬁéeérﬁéﬁ@éﬁ@ntE0022]
Accordlng to anot her enbodi nent of the present

i nverfieein addmouh ded ekt ly oFwes bl fated wiph yur7to

5 R5. la or a pharmaceutically
> acceptaﬂﬁg sﬁ%gihereof wherein : X and X' are
[mndemdc;/oﬂﬁ)g o, OINH effbodntierd: ; o AincorpaumadX &f
bb_@%en tqgether with the carbon atomto which t hey
forma 5- to 7-nenbered saturated or
paKtlaIIy unsaturated spirocyclic ring having up to 4
el gat ons i ndependently selected fromN, N4 O, S
S and S2; wherein any atomis optionally singly

ap(% agstltuted with up to 3 substituents
selecte :H% ﬁﬁ%htly fromJ ; and wherein said ring
4

X X

Y
Y'
/N :

10 wherein:
nis 0, 1, or 2;
Y and Y’ are as defined in any of the embodiments
herein; and
the ring containing X and X’ is optionally
15 substituted with up to 3 J substituents, wherein J is as
defined in any of the embodiments herein.
[0024] According to another embodiment for compounds

of formula I, the

X X
Y
Yl
N radical is:
e e el
S S 0.0 0] S S 0]

)n )n )n
S S O
Y Y Y Y
Y . Y . Y Y .
20 N i N > _N or N ;

wherein:



optionally fused to a second ring selected from (Cb-
AdoOaryl, (C-AOheteroaryl, (C3-C10) cycl oal kyl, and
wa 2030 wEsD) het erocycl yl, wherein said second r Pag/usSam4/023054

up to 3 substituents sel ected i ndependently fromJ

;ethyl enedioxy, -N(R1)2, - SR1, -SOR 1, -SO2R, -

S2N(R1 2, - SBR, -CCOR 1, -CCOCOR,

-QO O R 1L, -OAONRIL -OCH2C(QR 1, -C9R

1, -C(S R 1, -C(COOR, -CC(OR 1, -C(OON(R) 2, -CC

1) NG ) Qont BN Re 1924 x( GR) op 2Nkt 0) v Rsdbs t M Red

'&\I%I(Rl)cml, -N(R 1IN(R 1JC(O OR 1, ,-N(Rl%lNR’ .

W R §2 3 fRbsseprets NSO DN Ry 25 @émed in
5 ot DG (@Rin. -NMR J)USR

éﬂl\ﬁ@% é(ﬁéi' N?m%%§§le%% (%%lcm'(S) N (R 1)2, -N(COR

0@ | -AMARA)RY, to GdEher (Rndd@imenC & N¢GROAMRIS

L. :¢(=NOR)JR,, -OP(O (OR1)2, - P(O(R1 2, - P(O

‘i%ﬁ‘%ﬁ‘ul\fg% L B (I(—D)(O(?l);)v\herei Ew;)(R' i s (9

[ ndently selected from hydrogen - , (Cl-Cl2)
liyghatic - , (C3-Cl10) - cycloal kyl - or -

C oA kenyl - |, [(C3-AA O - cycloal kyl or -

c%/{c a kenyl] - (Cl1-Cl2 )- aliphatic - , (Cb-AO
~ATW - padiy Q. -aryl - (A -CLl2) aliphatic - ,
(C3-Ad O -heterocyclyl - , (C3-AO -heterocyclyl -

(r(fl\-ég;l,Z) aliphatic - ,
S S
v |

Y
jo g

10 wherein:
n is 0 or 1; and
Y and Y’ are H.
[0026] In another embodiment of compounds of formula

I, the

Bl
S S

Y
Yl
/N N '
15 radical is:

L
S S

Y
Y
/N .

wherein:
n is 0 or 1; and
Y and Y' are H.
20 [0027] In another embodiment of compounds of formula

I, the
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(C5-C10) -heteroaryl - , and (C5-Cl10 J-heteroaryl -
(C1-C12) -aliphatic - ; wherein up to 5 atons in R 1
wanespptdisonal | y and i ndependent|ly substituted RCTHSI004/023054
wherein two R ' groups bound to the same atomforma
3- to 10-nenbered aromatic or non - aromatic ring
havi ng up to 3 het er oat ons i ndependently sel ected from
, , , SO, and SO2, wherein said ring is

aIIy fused to a (C6-C10) aryl,
( ¥0) het eroaryl, (C3-C10) cycl oal kyl, or aY and Y '
yc&ra(,gﬁecrbl Rig . and R3 are i ndependently

(Cl C6)-aliphatic - , (C3-Cl0) - cycloalkyl - or -
al kenyl - |, [(C3-A O - cycloal kyl - or -
cloal kenyl] - (Cl-C6) - aliphatic - , or (Cb-AO -
Y (Cl-C6)aliphatic - ; wherein up to 3 aliphatic

cigr pon at ons in R and R3 nay be replaced by a
fietegoatom selected fromO , N, NH S, SO or S in
a chemcally stable arrangement; wherein each of Ri
VAR R s i ndependently and optional |y substituted

Wi t hFEJ; SL _Fsﬁg)st ituents independently selected from
; and '‘R7 are hydrogen; R4 is selected from

hydr agemad Y’ (e @) - al kyl -
[0028] According to one embodiment of compounds of
formula Ta, the

X

XY Y
N : ;
radical is:

wherein:

nis 0, 1, or 2; and

the ring containing X and X’ is optionally
substituted with up to 3 J substituents, wherein J is as
defined in any of the embodiments herein.
[0029] According to another embodiment of compounds of

formula Ia, the

n
X X

N . \
/f%fz\ radical is:
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(C3-C10) - cycloalkyl - (C1-C6) -aliphatic - , or
(C6-Cl0)-aryl - (C1-C6) - aliphatic - ; wherein R4 is

wondesperdent | y and optional ly substituted w t hpap/use003/023054

substituents independently selected fromJ ; R5. is

hydrogen; R5 is (Cl1-C6) -aliphatic, wherein any

hydrogen is optionally replaced with hal ogen; Wis:R6
-T 6 .N. ,or wherein each Re is independently:

hydrogen - (O -Cb)-alkyl - , (Ch-A O -aryl - ,
?%G;Zg%o ) - ‘ér_z\ i (.)01§ ) al kyl ii(csZcm)y-
€yclwal kyl-- on cycl-6al Kenyl -~ [XC3-J O -

cycloal kyl - or cycloal kenyl] - (d-C6) - alkyl -,

(G5O - het efpar vyl n- CB) - jhb- » or two R
groyps, whi re bogpd 1o the gsang nitrogen atom

f togeth ith th nitroge tom a (C3-C10)

-het/er ocycl i ng;. er/ei n %Egﬁs ptianal ly

Substi tuted W up + J su tyents ; wherein each

| S: 1 hdependently -OR ; or the R groups together
“\%??]#16]{}1@ boron atom is a (C3-Cl10) -

nis 0, 1, or 2; and

the ring containing X and X’ is optionally
substituted with up to 3 J substituents, wherein J is as
defined in any of the embodiments herein.
[0030] According to another embodiment of compounds of

formula Ia, the

n
X X

N \ .
/iiil radical is:

oL
S S

wherein:
n is 0 or 1.

[0031] According to another embodiment of compounds of

formula Ia, the

R

S._S

N
/Giil radical is:
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menbered heterocyclic ring having in addition to the
boron up to 3 additional heteroatons selected fromN ,

woOlkp0s5@0076880, and SO2; V is a val ence bond; andrPTTiUs2a04/023054

(Cb-dO -aryl - , (C6-C10) -aryl - (Cl-C6)aliphatic -
, (C5-AO -heteroaryl - , or (C5-Cl10) -heteroaryl -
(C1-C6)- aliphatic - ;or SO2 in a chemcally stable
arrangenent; wherein each T is optionally substituted
with up to 3 J substituents. [0023] According to one
fw&mmﬂ&miﬂoﬂff@ﬁﬂﬁpwﬁﬂé ofhé afradént in¥&€tXolh provides a
Nradical is : XJ Ywherein: nis O, 1, or 2; Y and Y
COmRPQURYE Qﬁ#f?ﬁ%ﬂ1% HAy of the enbodi nents herein; and

the ring contai X and X' is optionally
substituted with ufto 3 J substituents, wherein J is
as defined in t he enbodi nents herein [ 00243

Accor%m t dXanft ﬁnbodlnent for conpounds
T /Ljr
Ri Re Rs R5
ID
wherein:
n, Ri, R2, R3, Ra, Rs, Rs:, Ry, V, T, W, Y, and Y’ are
as defined in any of the embodiments herein.
[0033] According to an embodiment of compounds of

formula I, the

X‘Y
X Y

-~ radical is:

wherein:

X, X', Y, and Y’ are as defined in any of the
embodiments herein; and

the fused benzo ring is optionally substituted with
up to 3 J substituents, wherein J is as defined in any of
the embodiments herein.
[0034] According to another embodiment of compounds of

formula I, the

XY’
x Yl

N
-~ radical is:
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of formula I , the " X X JX"Yradical i s: ) nr)
r{ OO0OYY Y orthering containing X and X' is

wopbtismoadsily substituted with up to 3 J substit BEDUS2004/023054

wherein J is as defined in any of the enbodiments
herein. [0025] According to another enbodi nent for

conpounds of fornula I, the Uradical is: wherein: n
is O0or 1; and Y and Y ' are H. [0026] In another
sgbogkgfgfnof ﬁorgogng? gf ;ggnula I, the \ radica
wherein:

X and X', are as defined in any of the embodiments
herein; Y and Y’ are H; and

the fused benzo ring is optionally substituted with
up to 3 J substituents, wherein J is as defined in any of
the embodiments herein.
[0035] According to an embodiment of compounds of

formula Ia, the

X‘(
X Y

~N radical is:

wherein:

X, and X', are as defined in any of the embodiments
herein; and

the fused benzo ring is optionally substituted with
up to 3 J substituents, wherein J is as defined in any of
the embodiments herein.
[0036] According to another embodiment of compounds of

formula Ia, the

X‘Y
X Y

N . .
-~ radical is:
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Y and Y ' are H. [0027] In another enbodi nent of
conpounds of formula | , thewherein : nis 1; and Y

wandsvoesare H . [0028] According to one enbodPaEmS20#/023054

conmpounds of fornmula la, the X ,Nradical is : X X

wherein : nis 0, 1, or 2 ; and the ring containing X

and X' is optionally substituted with up to 3 J

substituents, wherein J is as defined in any of the
odi ments herein. [0029] According to another

e i ment of conpounds of fornmula la, the X X

r@dipcal is :( or Nwherein: ni s 0, 1, or 2; and the

LN containing X and X i s optionally substituted

withap t o 3 J substituents, wherein J i s as defined

wheraiy: of the enbodi nents herein.

X and X', are as defined in any of the embodiments
herein; Y and Y’ are H; and

the fused benzo ring is optionally substituted with
up to 3 J substituents, wherein J is as defined in any of
the embodiments herein.
[0037] According to another embodiment of compounds of
formula I or formula Ia, the present invention provides a

compound of formula IE:

. N\HL /kn/N R4
! \[O]/ Ry TRZ o) ORNXW
IE

wherein:

Ri, Ra, R3, R4, Rs, Rs:, Ry, V, T, W, ¥, Y’', X and X’
are as defined in any of the embodiments herein; and

the fused benzo ring is optionally substituted with
up to 3 J substituents, wherein J is as defined in any of
the embodiments herein.
[0038] According to another embodiment for compounds
of formula IE, X and X' are S, Y and Y’ are H, R;, Rz, Rs,
R4, Rs, Rs:, Ry, V, T, and W are as defined in any of the
embodiments herein, and the fused benzo ring is
optionally substituted with up to 3 J substituents,
wherein J is as defined in any of the embodiments herein.
[0039] According to another embodiment for compounds

of formula I, the
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[ 0030] According t o another enbodi nent of conpoundsof

formula la, the radical i s : wherein: ni s 0 or 1.
wpQeBbp78ccordi ng t o anot her enbodi nent of corpOWS®SN23054
fornula la, the radical i s wherein :fornmula | or

fornmula la, the present invention provides a
conpoundof formula ID: g RT OKR3 Y-YY VUY Y ORL R2
O- s R1IDwherein: n, R, R, R3, R4, R5,

Rﬁ' , R7, V, T, W Y, and Y' are as defined i n any of
x §4aang5@gga§ herein . [0033] According t o an

ﬁanginent of conpounds of formula | , the X X Y-Y' N
fcgd i s Y
Yl
/N ;
wherein:

Y and Y’ are H.

[0040] In another embodiment of compounds of formula

I, the

X‘Y
X Y'

< radical is:

wherein:

Y and Y’ are H.
[0041] According to yet another embodiment of
compounds of formula I, the present invention provides a

compound of formula IF:

Rz O R Y

O R R, O

wherein:

Ri, R2, R3, R4, Rs, Rs', Ry, V, T, W, Y and Y’ are as
defined in any of the embodiments herein.
[0042] According to another embodiment of compounds of

formula I, W is:
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Mrvherein : X, X', Y, and Y ' are as defined in any
of the enbodi nents herein; and the fused benzo ring is
wopbtismoadsily substituted with up to 3 J substit BEDUS2004/023054
wherein J is as defined in any of the enbodi nents
herein . [0034] According to another enbodi nent of
conpounds of fornmula I, the X x Y . radical is :1 X
, XY wherein : X and X, are as defined in any of
t hewenbodi gents herein; Y and Y' are H; and the
zoﬁﬁﬁg is optionally substituted with up to
tituents , wherein J is as defined in any of
the e di ments herein. [0035] According to an
enbodi ®nt of canmpounds of fornula la, the , N \
ical «d.s: er.el n: , d L ake def.i;n i
mgﬁé}%éggl tlhrg tgir%b‘éb@i n%}ét]sNR}éRs RIS oot 850 ASm ISk NgE1 L Bs
aliphatic), -NH-(C3-C6 cycloalkyl), -NH-CH(CH;)-aryl, or

-NH-CH (CH3) ~heteroaryl, wherein said aryl or said

5 heterocaryl is optionally substituted with up to 3
halogens.
[0043] According to another embodiment of compounds of

formula I, W is:

0 Re

Rs

o ;

10 wherein in the W, when the NRgRs is selected from -NH-(Cl-
C6 aliphatic), said Cl-C6 aliphatic is C1-C6 alkyl with
no J substituents.

[0044] According to another embodiment of compounds of

formula I, W is:

0 Re

Re

15 o) ;
wherein in the W, when the NRgR¢ is selected from either
(C6-Cl0) -aryl-(Cl-Cl2)~aliphatic or (C5-Cl0)-heteroaryl-
(Cl-cl2)-aliphatic-, said Cl-Cl2-aliphatic is a Cl-Cé6
alkyl group with no J substituents. In another

20 embodiment, said Cl1l-C6 alkyl is substituted with up to 3
J substituents.
[0045] According to another embodiment in compounds of

formula I, the NRgR¢ in the W radical is:
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herein; and the fused benzo ring is optionally

substituted with up to 3 J substituents, wherein J is
weaod@biased i n any of the enbodi nents herein. pOD®8004/023054

Accordi ng to another enbodi ment of conpounds of

formula la, the ,N \ radical is:wherein: X and X,

are as defined in any of the enbodi nents herein; Y and

Y ' are H; and the fused benzo ring is optionally

substjtuted with up fo 3 J substituents , wherein J is

as deflned in any of the enbodi ments herein . [0037]

cor t o anot her odi ment of canpounds ofCl o
or f I t he *F

0|o~ acmgmj Eﬁmnwg ; , 9%%%;@*

mhereln R , R4 Rs, Rs , :
Y, X and X ' are as deflned in any of the enbodlnents

hereln Han sed, penz giis o uHon- F
subst i Bi h up t% stltuent w Jis
as defined in any of th rent$ her éi n. [ ©038]

Accordi ng to anot her enbodlnent for conpounds
[0046] According to another embodiment in compounds of

formula I, the NRgRg in the W radical is:

C

[00471 In another embodiment of compounds of formula

I, in the W, the NRgRsg is:

W R

[0048] In vet another embodiment of compounds of
10 formula I, in the W, the NRzRs is:
H
5N
[0049] According to an embodiment in compounds of

formula I or formula Ia, the NR¢R¢ in the W radical is:
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of formula lE, Xand X' are S, Yand Y ' are H, Ril,

R2, R3, R4, R5, R, R7, V, T, and Ware as defined
wono@vg7esi t he enbodi ments herein, and the fusedThennae023054

ring is optionally substituted with up to 3 J

substituents, wherein J is as defined in any of the

enbodi nents herein. [0039] According to another

enbodinent for conpounds of forrmula I, theradical is :
Y wh in::Yand Y '; are H. [-0040] In angother
enbo nent of conpounds of formula I, the radical IS :

[ 0041]

F HF ' wher ei n Y.and Y ' are H

o e ogfery o ooy
fornul , the nventlon des a

of Tormula IF; RR5 |F wherein : ~R R2, R3, RE R5
R-5'" R7, V T, W, Yand Y are as defined in any

of the enbOv'“ ntis hegegin. | Acco qlng pot her
. af  gonpourmedl

enbodi g

[0050] According to another embodiment in compounds of

formula I or formula Ia, the NRgzR¢ in the W radical is:

ZT

i
fn

3 = = F
[0051] In another embodiment of compounds of formula I
or formula Ta, in the W, the NRgR¢ is:
_EH\$7 “?“\r/lzi}”
“% H\:/Q/CI or _g-H\./@/F
[005;] According to another embodiment of compounds of

formula I, W is:
0 Re

Re

o ;
wherein in the W, the NRgRg is NH,.
[0053] According to another embodiment of compounds of

formula I, W is:
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formula |l , Wis:N O wherein in the W, the NRGR6 is
selected from-NH+ (Cl1-C6 aliphatic), -NH (C3-C6

woyalsmatdsyl ) , -NH- CH(CH 3)-aryl, or -NH CH( CHPCT/US2004/023054
3)-heteroaryl, wherein said aryl or said heteroaryl is
optionally substituted with up to 3 hal ogens . [0043]
Accordi ng to anot her enbodi nent of conpounds of
formula | , Wis: 9 RO wherein in the W, when the

i's spdaected from-NH (d- C6 allphatlc) , said

rphatic is Cl-C6 alkyl with no J substituents

Accordi ng to anot her enbodi nent of conpounds

lal , Wis: OR6 Owherein in the W, when

t he NR@Q6 isiselected fromeither (C6-C10) - aryl -

ti 0) ete oaryl Cl2)
-}g%fp att c%ﬁggﬁd %“Qcﬁ"’z(% %ﬁw &5 clr}esé[a R o(ﬁClE}T
gioegimét ths Noedesmubsti tuents. I n anot her enbodi nent,
[ d Cl-C6_ al s substituted with up to 3 J
E‘ﬁi‘g‘ﬂ t uen%%CO%%m %] C AP Wi g RPARGIHeF %ﬁb%ammwds of
fopenpornds of fornula I, the NR6R6 in the Wradical

ORg

O ;
wherein in the W, the R¢ is as defined in any of the
embodiments herein.
[0055] According to another embodiment of compounds of

formula I, W is:
Ts

B

wherein in the W, the Rg is as defined in any of the

.
I

embodiments herein.
[0056] According to an embodiment of compounds of

formula Ia, W is:

wherein in the W, the NR¢Rs is selected from -NH-(Cl-C6
aliphatic), -NH-(C3-C6 cycloalkyl), -NH-CH(CH;)-aryl, or
-NH-CH (CHz) ~heterocaryl, wherein said aryl or said
heteroaryl is optionally substituted with up to 3

halogens.
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NC/ d t %W L ;i r / F[0046] According to another

enbodi nent in conpounds of fornmula | , the NR6R6 i the
woo@tooal is: HGN NV J or [0047] | n anot hePCT/US2004/023054
enbodi nent of conpounds of forrmula I , in the W, the
NR6R6 is: HINNNYV . \ J or [0048] In yet another
enbodi nent of conpounds of formula |, in the W, the
NR6R6 is: -i V [0049] According to an enbodi ment in
conmpounds of fornmula | or fornmula la, the NR6R6 in the
Wadical RsV . ¢ H-1-NH-ij-NNwv-\j/ or CI F

[ 0050] Acclording to anot her enbodi nent in conmpounds o
f rmulag or formula la, the NRRin the Wradical

\R6

O ;
wherein in the W, when the NRsR¢ is selected from -NH- (Cl-
5 €6 alkyl), said Cl-C6 alkyl has no J substituents.

[0058] According to another embodiment of compounds of

formula TIa, W is:

wherein in the W, when the NRgRg is selected from either

10 (C6-C10)-aryl-(C1l-C6)~-alkyl or (C5-Cl0)-heterocaryl-(Cl-
C6)-alkyl-, said C1l-C6 alkyl group has no J substituents.
In another embodiment, said Cl-C6 alkyl is substituted
with up to 3 J substituents.

[0059] According to another embodiment in compounds of

15 formula Ia, the NR¢R¢ in the W radical is:

3“}@ | -é-ﬁr@“ | _E'HY@CI, —%-H;'/UC'
F
. 5. cl N F
g =

[0060] According to another embodiment in compounds of

formula Ia, the NRgRg in the W radical is:
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cH -1-N [0051] In another enbodinment o f conpounds o
f formulal or fornmula la, in the Wthe NR 6R 6 is:
wo 2ed¥/00768f 0052] According t o another enbodi neRCTWSE004/023054

compounds o f formula I , Wis: OR6 wherein in the W
, the NRG6R 6 i s NH2 . [0053] Accordingt o
anot her enbodi nent o f conpounds o f formula | , W

is:6 Owhereininthe W, the Ris as defined in any
of the enbodi ments herein. [Q054} Accordlnglto anot het
enbodi nent of conpounds of formula I, Wis: OO

mhe ininthe W, the R6is as deflned in any of the

e Sohere FAccor qu t e=anogher
. >l CO%‘HET«W@}‘/fopmJT RS . B
F

[0061] In another embodiment of compounds of formula

Ta, in the W, the NRgRg is:

%Hv ;g 7/@N |
O O

[0062] In yet another embodiment of compounds of

formula Ta, in the W, the NRgR¢ is:

v

[0063] According to another embodiment of compounds of

4N

10 formula Ia, W is:
QO Rg

Rs

o ;
wherein in the W, the NRgRs is NH,.

[0064] According to another embodiment of compounds of

formula Ta, W is:

0

R

15 o ;
wherein in the W, the R¢ is as defined in any of the

amhnAddimanta hoaratin
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R8; wherein in the W,
t he enbodi nents herein.
wentdorsnt of conpounds of formula la, Wis:
wherein in the W,
(Cl-C6 aliphatic),

the Rg is as defined in any of

[ 0056] According to an
ECRAISL04/023054
the NRGR is selected from-NH
-NH (C3-C6 cycloal kyl) , -NH CH(CH
wherein said aryl

3)-aryl, or
or said heter
to 3 hal ogens

-NH CH(CH 3) - het eroaryl,

oaryl is optionally substituted with up
.wherein in the W, when the NRG6R6 is

sel@cted from-NH (Cd- C6 alkyl) , said Cl1-C6 al kyl
has|lno J substituents . [0058] According to another
O?% compounds of fornula la, Wis: OR6

e W7 when the NR6R6 is selected from
Cb-d O -aryl - (C1-C6)- alkyl or (C5-C10)
ryl - (d- C6)-alkyl - , said d-Cb al kyl
group ks no J substituents. |In another enbodi nent,

aid Cl-C6 Ik | is substituted with up to 3 J
i ddht [Vbosfé}e s ded PRy Oed TaR6t Hér 2evbedi
éﬂbdﬁﬂﬁgﬂﬂgﬁhégeﬁ@rnula la, the NRgR in the Wradica

0060] According to another enbodinment in
unds Asfcdwsting &9 @anatieNRIPpIGindet WE achrgadunds of

é%m[QP6%4 Iqqanother enbodi nent of conpounds of

A 1he W,

B
/\R

.
7

the NROR6 is:

wherein in the W, the Rg is as defined in any of the

embodiments herein.

[0067]

compounds of formula I or formula Ia,

with the boron atom, is

According to another embodiment for W in

each Rg together
a {(C5-C10)-membered heterocyclic

ring having no additional heteroatoms other than the

boron and the two oxygen atoms.

In one embodiment,

groups are selected from:

R
0 R
.__B/ ' R'
\Y)
R
wherein R' is

of compounds of formula I or formula IA, R’

[0068]
compounds of formula I,

compound of formula IG:

(C1l-C6)-aliphatic.

R’ ;

In another embodiment

is methyl.

According to yet another embodiment of

the present invention provides a
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-S-N or [0062] In yet another enbodi nent of conpounds

of formula la, in the W, the NR6GR6 is: - [0063]
waeerodiasy t o anot her enbodi ment of conpounds BET/US2004/023054

formula la, Wis: OR6 wherein in the W, the RGR6 is

NH2 . [0064] According to another enbodi nent of

conpounds of fornula la, Wis: Owherein in the W,

the Ris as defined in any of the m-i tnn - |

pwher |n he V/ yhe R6 is as defined in any of the

eqpo | e 6ng B@OQf] Accordi ng to anot her
WE F np

formula la, Wis: .B RS8;
whe elmalnR hey W, j

3 as defined in any of the
enbodlnents her ei n .R{OBﬁ ] Aﬁgordlng to anot her
enbodi nent for Win conpoundsof fornula | or fornula
la, each R8 togather with the boron atom is a (Cb-
C10) -nenbered heterocyclic ring having no additiona
&t'dat ons other than the boron and the two oxygen

atong, . dn y B0 ke, Ry, V, T, X, X/, Y, and Y
are as defined in any of the embodiments herein.

[0069] According to another embodiment for compounds
of formula IG, X and X’ are S, Y and Y’ are H, n, Ry, Rg,
R3, R4, Rs, Rs:, Ry, V, and T are as defined in any of the
embodiments herein.

[0070] According to another embodiment of compounds of
formula I or formula Ia, the present invention provides a

compound of formula IG-1:

Y.
T)Am/
012 XU%

IG~-1

wherein:

n, Ri, Ra2, R3, R4, Rs, Ry, Ry, V, T, X, X', Y, and Y’
are as defined in any of the embodiments herein.
[0071] According to another embodiment of compounds of
formula IG-1, X and X’ are S, Y and Y’ are H, n, Ry, Ry,
R3, Ra; Rs, Rs:, Ry, V, and T are as defined in any of the
embodiments herein.
[0072] According to another embodiment in compounds of

formula I, Rs' is hydrogen and Rs is:
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15

groups are selected from wherein R1 is (Cl-C6)
-aliphatic. In another enbodi nent of conpounds of
woaoomozsst or forrmula A, R ' is methyl. [0068PCT/US2004/023054
According to yet another enbodi nent of conpounds of
formula I, the present invention provides a conpound
of fornula IG7o0R3 (I , N-f, ORRR OIG
wher ei n: : ', R2 R3 R4 R5 RS, R7, v, T, X

XNCY N and any \of th
ﬁ%bglnéhts h |n 0069 orgwrg tlo anotjher
Enbodi fent for co ouhds Xapd X' are

S, Yand Y ' are H, , Rl R2 R3..7HA ", R7,
V| and T are as deflned in any of thé=enbod|nents
WT"C)O?O] Accordi ng to anot her enbodi nent of
f mula | or fornula la, the present
tion p dgs a conpound of fornmula IGIl : R7 O
4 OoR1 IG | wherein: n, Rl, R2, R3, R4,
»"R5", Ry, T, X, X, Y, and Y ' are as
deflned i n any of t he enbodlnents her ei_n.

[Q&E%}d|ngA?%O%ﬁb@ﬁeFoeﬁ%Ed?ﬂ%ﬁFere RPOURA E 6?
éﬁﬁgﬁééslg% Form&aand, Xg., akenvardgendaya raresH . n

[YAVAV,V S [Va¥a¥aV¥a) [VaUaVaV S
N ¢
5\ H N or
F F F
' F
[0074] According to another embodiment in compounds of

formula I, Rs: and Rg is:

\ \ A;\ L§> A%>
, , , , , or
V
[0075] According to an embodiment in compounds of

formula Ta, Rs is:

F
FF F

[0076] According to another embodiment in compounds of
formula Ta, Rs is:

‘ l l l

hhd A [YAVAV, VS [VaVaVaVal [Va¥avaVyl
X N :
E) . or
F F F
F

[0077] According to another embodiment of compounds of

formula I or formula Ia, the present invention provides a

compound of formula IH:
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R3, R4, R5, RS , R7, V, and T are as defined in any
of the enbodi nents herein. [0072] According to another
wendonant i n conmpounds of forrmula | , R5. isproyaisemaen23os4
and RS is:M\ / \ FF v/W' L/W[0073] According to
yet anot her enbodi nent in conpounds of formula I, R
.1s hydrogen and R5 is: [0074] According to another
enbodi ment in conpounds of formula I, R5.and R5 is: L
L/ VWL JW, LLL T\LLL UYWiLLL J [0075] According to
an enbodi nent yrpounds of formula la, R5 is: 1 1
11 R7I OOR@] Ac q%ng to anot her enbodi nent in
| a

Ma @ R5 is: [0077] According to

Ta g% r%od ment yor ounds of formula I or
foerI&lsz tAe presest | 6on provides a conpound
of formula IH X X O ROOO0O' V-NR eR6 OIH wherein
:n, R, R, R3, R4, fach R6, R7, V, T, X, X, Y,
and Y ' are asIgIefl ned in any of the enbodl ment s
her ei n.

wherein:

n, R;, Ra, Rs, Rs, e@ach Rs, Ry, V, T, X, X', ¥, and Y’
are as defined in any of the embodiments herein..
[0078] According to another embodiment for compounds
of formula IH, n, Ri;, Ry, Ri, R4, Ry, V, and T are as
defined in any of the embodiments herein, X and X' are S,

Y and Y’ are H, and NRgRg is:

H
_N
“&W

[0079] According to another embodiment for compounds
of formula TH, n, R;, Ry, R3, Ra, Ry, V, and T are as
defined in any of the embodiments herein, X and X' are S,
Y and Y’ are H, and NRgRgs is:

?’LZ_NHZ

[0080] According to another embodiment for compounds
of formula I, Ry, Ry, and R; are each independently H,
methyl, ethyl, or propvl. »

[0081] According to another embodiment for compounds
of formula I, Ry, Ry, and Ry are each H.

[0082] According to an embodiment in compounds of
formula Ia, Rs is hydrogen.

[0083] According to another embodiment in compounds of
formula I or formula Ia, the present invention provides a

compound of formula IJ:
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[0078] According to another enbodi nent for conpounds
of formulalH n, R, R, R3, R4, R, V, and T are

weaod@biased i n any of the enbodi nents herein, KCams20644/023054

are S, Yand Y ' are H, and NR6R6 is: H [0079]
Accordi ng to anot her enbodi ment for conpounds of
formula IH n, RL, R2, R3, R4, R7, V, and T are as
defi ned in any of the enbodi ments herein, X and X'

are S, H, and NR6R6 is: VNH 2 [0080]
Pﬁﬂw P1enb i ment for conpounds of

T Rj are each independently H ,
nmet Ry ethb , prop NRERO81] According to

anot her enbodlnent for co ounds of formula I, R2, R4,
and R7 are each H . According to an enbodi nent
i n conpounds of fornula la, R4 is hydrogen. [0083]
Accordi ng to aniet her enbodi ment i n conpounds of
ngnula | or formula la, the present invention
prOV|d%s a conmpound of forrmula 1J:HOR3 Y ORlL NR6R6
O I I mhetgi BRy; BachRRg, RB, ®ach RBs,, W, ahd W ,are.ad’

and Y ' are as defined in any of the enbodi nents
4ﬁ§%§ in any of the embodimerits herein.

[0084] According to another embodiment for compounds
of formula IJ, n, Ri, Rz, V, and T are as defined in any
of the embodiments herein, X and X' are S, Y and Y’ are

H, and NR6R5 is:

N
= \§7

[0085] According to another embodiment for compounds
of formula IJ, n, Ri, Ri3, V, and T are as defined in any
of the embodiments herein, X and X’ are S, Y and Y’ are
H, and NRgRg is:

'Zq_;_NHZ

[0086] According to another embodiment in compounds of

formula I, R; is:

[0087] In another embodiment in compounds of formula
I, Rs is:
\\j/// N \:cki’ o Y
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[ 0084] According to another enbodi nent for conpounds
of formulalJ, n, R, R3, V, and T are as defined in
wanysoh7dashe enbodi nents herein, X and X' are BCYUSDm4/423054
"'are H, and NR Ris: H[0085] According to another
enbodi nent for conpounds of formula IJ, n, R, R3, V
, and T are as defined in any of the enbodi nents
herein, X and X' are SYand Y' are H, and NR6Re
is: VNH 2 [0086] According to another enbodi nent in

conmpounds of formulp I , R3is: iLL/ L/ or / >
[ 0087] ot her di ment in conpounds of fornula

I, R3 is; Id\r\er Iorl vLLL | 1 [0089] According to an
enbodi menty” i n conpopnds of formula la, R3 is: VA LLL
or </ "> 1 1 [0090] In another enbodinent i n

8 fdunds Aefcdrsimg &£9 @n R3odiment alij \gpmpounds of

formula TIa, Rz is:

T

[0090] In another embodiment in compounds of formula
Ia, R3 is:
\:J:T/ v \::ki/ °r~nqﬁ
l 7 7 7
[0091] According to another embodiment in compounds of

formula Ta, Rz is:

[0092] According to another embodiment in compounds of
formula I or formula Ia, the present invention provides a

compound of formula IK:

)n

X XY

Py :
>o

IK

NRgRg
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[ 0091] According to another enbodi nent in conpounds of
formula la, R3 is: [0092] According to another
wentdorant i n conmpounds of forrmula | or fornubPariua2004/023054
the present invention provides a conpound of fornula
IKi OY ' R NR6R6 O IKin any of the enbodi nents
herein. [0093] According to another enbodi nent for
compounds of formula IK, n, R, V, and T are as
defined in any of the enbodi nents herein, X and X'
il gny of Ytle8denbodanentks, handifoR 6 is : HN V . [0094]
Accordi ng to another enbodi nent for,co

ounds of
19993 a TRCCREOLRg Y snGhEeT SPROSNRF HEH FATBAY AP
h i pents her eixp, : A 7 of
> ogrgoﬁﬁr?fgnﬁi\l%h 1?1; :\F'ngaﬁc[?gl?)g%%e Aﬁﬁ%ln%&% gﬂgn%%e?
teaberbo@inenns coapeimdsXofnfloKrubael S; Wi ahd Y’ Apre H,
096]_ According to anot her enbodi nent in conpounds of
a%%rﬁﬁ#% SR is
H

?L;NW

[0094] According to another embodiment for compounds
10 of formula IK, n, Ri;, V, and T are as defined in any of

the embodiments herein, X and X’ are S, Y and Y’ are H,

and NRgRg is:

EAL

[0095] According to another embodiment in compounds of

15 formula I, R; is:

v ¥ ¥+ QY
Reys

[0096] According to another embodiment in compounds of

formula I, Ry 1S:

20 [0097] In another embodiment of compounds of formula

I, R; is cyclohexyl.
[0098] According to an embodiment in compounds of

formula Ia, R; is:
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IVP viw> v / \ \ nor "wl [0097] In another
enbodi nent of conpounds of fornmula I, R is cycl ohexyl

WO 2030983381 Accor di ng to an enbodi nent i n conpouRds/US004/023054

formula la, RLis : T LA/\AVAVAL L or [00993
Accordi ng to another enbodi nent in conmpounds of
formula la, R is: "JW | [0100] In another enbodi nent

of conpounds of fornmula la, R is cyclohexyl . [0101]

According t not h enbodivrent of. conpounds of
formula | orvfornmuker | a, pres%wt I nvEntion

provi des a conpdund of “forrmula IL: Y'V.N O\ O NR6R6
Ol L wherein: n,~ach R, V, T, X, X, Y, and Y

' are as defined in MLTJQ:

] I

; Q¥
[0099] According to another embodiment in compounds of

formula Ia, R; is:

[0100] In another embodiment of compounds of formula
Ta, Ri is cyclohexyl.

[0101] According to another embodiment of compounds of
formula I or formula Ia, the present invention provides a

compound of formula IL:

wherein:

n, each R¢, v, 7, X, X', ¥, and Y’ are as defined in
any of the embodiments herein.‘
[0102] According to another embodiment for compounds
of formula IL, n, V, and T are as defined in any of the
embodiments herein, X and X’ are S, Y and Y’ are H, and

NRg¢R¢ is:
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any of the enbodi nents herein. [0102] According to
anot her enbodi nent for conpounds of formula IL, n, V
woO 200300768ar e as defined in any of the enbodi meRCE/US2004/023054

herein, X and X' are S, Yand Y ' are H, and NR6R is
:[0103] According to another enbodi nent for conmpounds

of formula lL, n, V, and T are as defined in any of

t he enbodi nents herein, X and X' are S, Y and Y

are H,- and NR6R6 is : 2 [0104] According to anot her

i rrent '}%0 frsbrfbg:}fe‘}r 'Hﬂt?odrme\ﬁﬂ or o(‘fclrthS

ccordi ng to anot ment conpoun
dﬁnﬁnﬂmnﬂa:mherpresemtx1HVGﬂm(as aﬁmnm$:ﬂ1enmpauh¢he

f f I Y'Y— Y\ | N/ T H I
e RS & et @58 S 7 Shich o R Hylana
MReR¢ Yis: and Y ' are as defined in any
b3.L;-NH2
[0104] According to another embodiment in compounds of

formula I, V is O.

[0105] According to another embodiment of compounds of
formula I, the present invention provides a compound of

formula IM:

X XY
H 0 Y'
Tilﬂ/NS{J\N N H O
o A" o & : NReRs
O E
IM

wherein:

n, each R¢, T, X, X', ¥, and Y’ are as defined in any
of the embodiments herein.
[0106] According to another embodiment for compounds
of formula IM, n and T are as defined in any of the
embodiments herein, X and X’ are S, Y and Y’ are H, and

NRe¢Rg is:

H
%NW
{01071] According to another embodiment for compounds
of formula IM, n and T are as defined in any of the
embodiments herein, X and X' are S, Y and Y’ are H, and
NRgRg ig:
@%NHZ
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of the enbodi ments herein. [0106] According to another
enbodi nent for conpounds of fornula IM n and T are as

wdebismethsi n any of the enbodi nents herein, X aRdTXS2004/023054

are S, Yand Y ' are H, and NR6GR6 is : H [0107]

Accordi ng to anot her enbodi ment for conpounds of

formula IM n and T are as defined in any of the

enbodi nents herein, X and X' are S, Yand Y' are H

, and NR6R6 is: N H2[0109] According to another

BEobogl) mentAddo €IS UHS! Sad t K OF NethisodiiMén £ Of fiUdSmbpSunds of

the present invention provides a conpound of fornula

f¥mue whertei frrmpla Tachtlre present Mnventiemdoxovides a
of the enbodi nents herein.

fﬁﬁ%&?ﬁ cé%pg ﬁgEF%néﬁother enbodi nent for conpounds

of formula IN, n and T are as defined in any of the

enbodi nent s . her Xand X' are S, Yand Y ' are H
{Qﬁﬁro

, and NR6R6 i 111] According to another
enbodi ment | f oX ghpounds of formula IN, n and T are as
def ned i nyan yhe enmbodi nents herein, X and X'
eN\J)LY nd N e H) and NR6R6 is:
NR6R6
IN
wherein:

n, each Rg, T, X, X’, Y, and Y’ are as defined in any
of the embodiments herein.
[0110] According to another embodiment for compounds
of formula IN, n and T are as defined in any of the
embodiments herein, X and X’ are S, Y and Y’ are H, and

NRgRg is:

H
3%N
v

[0111] According to another embodiment for compounds
of formula IN, n and T are as defined in any of the
embodiments herein, X and X’ are S, Y and Y’ are H, and
NR¢Rs is:
2 NH2
[0112] According to an embodiment in compounds of
formula I, T is (C3-Cl0)heterocyclyl- or (C5-
Cl0)heterocaryl-;

wherein each T is optionally substituted with up to

3 J substituents.
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10
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N H2 [0112] According to an enbodi nent in conpounds of

formula I, Tis (C3-AOheterocyclyl - or (C5-
wherein each T is optional PEgT/US2004/023054

substituted with up to 3 J substituents. C6) heteroaryl
wherein each T is optionally substituted with up
to 3 J substituents . [0114] In another enbodinent in
compounds of formula I, Tis: OOOHN-N V- r s N
t4--¥=SNN- NN--NHHHH-LHHNHcaHHO V

Aot N H H wherein :

wherein each T is optionally substituted with up to

3 J substituents.

[0114] In another embodiment in compounds of formula
I, T is:
Lt T4 I+ Ty
N, TN N @ N
H ’ H ’ H ' H ’
N N
[+ I+ D+ I
N N\N / N
\ \ "\ A\
H 2 H I H H
N
® ), Tt
F \rf S~
0] N ~ 0] N ~ z N
\}é | | jﬁs 0 \4
’ H 4 H ! ’
0] (0] 0] Q
Py ZH ﬁ““ \
@ SN o)\rr/ \g‘i o N) g | y —E‘
Ho Hoo ;L , \y ,
Cl \ HN/\
PBS IEEEGHS
cl N\ or O/ N
H , H
wherein:
Z is independently O, S, NR', or C(R'),.
[0115] In another embodiment in compounds of formula
I, T is:

(M
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Z is independently O, S, NR, or C(R )2 . [0115] In
anot her enbodi nent in conpounds of fornmula I, T is:
wOR0EbdtesAccordi ng to an enbodi ment i n conpoun#eTmis2004/023054
formula la, Tis: (C3-CAOheteroc g clyl- or
(C5-Ad Oheteroaryl - ; wherein each T is optionally
substituted with up to 3 J substituents . [0118]
Accordi ng to another enbodi ment in conpounds of
formula la, T is (C5-C6)heterocyclyl - or (C5-
C6) leet eroaryl - ; wherein each T is optionally
{tuted with up to 3 J substituents . [0119] In
anot fler enbodi nent in conmpounds of fornula la, T is:
c..rvi- s/ "/ " NMO\ OH'" N NVt N WN-
i -NV\ HHNHN O<g/ - NHH

3

[01171] According to an embodiment in compounds of
formula Ia, T is:
(C3-Cl0)heterocyclyl- or (C5-Cl0)heteroaryl-;

wherein each T is optionally substituted with up to
3 J substituents.
{0118] According to another embodiment in compounds of
formula Ia, T is (C5-C6)heterocyclyl- or (Cb-
C6)heterocaryl-;

wherein each T is optionally substituted with up to
3 J substituents.

[0119] In another embodiment in compounds of formula

Ia, T is:

o \




y HHHCV L or < ~\ HHwerein: Zis independently

0, S, NR, or (R 112 . [0120] In another enbodi nent
wonosmopsunds of fornula la, T is: [0121] | n aROThSR004/023054

enbodi nent in conpounds of fornmula la, T is: Q[0122]

Accordi ng to another enbodi nent of conpounds of

formula | or fornmula la, the present invention

provi des a conpound of formula 10: O o NR6GR6 O 10

gpereﬁp: n, egch Re,éx\ﬁwx ' Y, and Y ' are as
efined in any of thé& enbodi nents herein. [0123]

Accordng to anot her enbodithent .for conpounds of
formula IN, nis as defined in any of the enbodiments
Weeeed: X and X' are S, Yand Y' are H, and NRG6R6

is:[0124] Accordi t. 0 _anot her odi nent for
Lon%&%nﬁ% %?&?Qﬁ¢é§%F¥*¢8h P 5 %gnge?¥ﬁggéihzany of the
BOd@al] ment Bn hed@t er Xerdbskd Mnén@r n Sonfpdedy of afSrithla

and NR R i s:
5 Ia, T is:

(e

[0121] In another embodiment in compounds of formula

Ta, T is:
Q

>+

\
H

10 [0122] According to another embodiment of compounds of
formula I or formula Ia, the present invention provides a

compound of formula IO:

N A Xy
[/ | g 0 Y
H
Sy N\:/KN N H oo
o ~A_ "t o 4 : NReRs
I >o
15 10
wherein:

n, each Rg, X, X', Y, and Y’ are as defined in any of
the embodiments herein.
[0123] According to another embodiment for compounds
20 of formula IN, n is as defined in any of the embodiments

herein, X and X’ are S, Y and Y’ are H, and NRgR¢ is:

58



10

15

20

25

NH2 [0125] According to another enbodi nent of
conpounds of formula | or fornula la, the present
wonvesmn7en provi des a conpound of fornula | P @CNRSRO4AR3054
| P wherein: n, each R, X X', Yand Y ' are as
defined in any of the enbodi ments herein. [0126]
Accordi ng to anot her enbodi nent for conpounds of
formula IP, nis as defined in any of the enbodi nments
herein; X and X' are S, Yand Y ' are H and NR5R6 is:
m@]m] ACLOrEing to anether spbediment ter eerpeunds
of formula IP, ni1s as defined in any of the
o&nbodiwbat ENhen ei s, aX @eufjmxed dreagy, OF hhg §MPOGiBER{Ls

n¢55 L8 pnbotRASE NP 01281601 g o aflacgiogt Tent
«%%waup inR, Y, Y, Ri, R2 R3 R4, Re, -7 and T is

Cl- C6) - aIkyI . [0129] Accordi ng to an enbodi nent for
[coEBPUNdsaetofainyl 8ol anoshed é&@bedifpnt aFi phapounds of

group in R"' and sai d[ 0130] Accordlng t o anot her
fRFpoHR nEn®T | FOEBYhBURds BRSfBFRBFRT| TBVERbint RTPYides a

cEREGREPOENE i fu1 L Pp:
o) (\ﬁ)”
o) g ,Y-
- Jd/{% 7
H 6 A " o OE//SZ/NRGRG
@ Nk
IP
wherein:

n, each Rg¢, X, X', Y, and Y’ are as defined in any of
the embodiments herein.
[0126] According to another embodiment for compounds
of formula IP, n is as defined in any of the embodiments

herein, X and X’ are S, Y and Y’ are H, and NRgR¢ is:

H
L}?{.N\
[0127] According to another embodiment for compounds
of formula IP, n is as defined in any of the embodiments
herein, X and X’ are S, Y and Y’ are H, and NRgRg is:
?z.;NHQ
[0128] According to an embodiment for compounds of
formula I, said (Cl1l-Cl2)-aliphatic group in R', Y, Y’', Ru,
Ra, Ri3, Rsa, Rsg, Ry, and T is (Cl—C6)—a1kyl.
[0129] According to an embodiment for compounds of

formula Ia, said (C1l-Cl2)-aliphatic group in R' and said
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o OvVW Ni OHOOOVOOO<I| la2a SS0O0O00O0O0
4da SSv H?H// OOO*5aa' or O" OO 7a [0131]
wohersmomgsounds of this invention may contai n ORETAIS2004/023054
nore asymmetric carbon atons and thus nmay occur as
racemates and racem c m xtures, single enantioners,
di astereoneric m xtures and individual diastereoners .
Al'l such isomeric forns of these conpounds are
expressly included in the present invention. Each
[61B0POgENAEcEALDNG ﬂayahetbérthmbﬁﬁmmeﬁt in compounds of
configuration.in fornmulae ID- IP. [Q133] In another
ferBeH? nEnPY fﬁémE%ﬁp6ﬁnd§h6fCPﬁPguPﬁvéﬁtlon have the
structure and Fb%reochen1stry depicted in c ounds 2a
to . [0134] 4 nganot her enbodi nent, the cqﬁggynds of

t Wi 'nv§p ' ve tge struct e and enisbry
eol Ctkﬁgm;r;@ | [Mj\( kﬁ@“%“w
Ho5 [ij H 6 o (} o (} 0
2a ,

1a
@ 0 P
N
S 0 o) Y ) 0
o A" 6 o 7 o Ho§ 2 0 8 6 r} s
O 3a ’ O 4a

é/\ls S S
(o] O _ O Q ’ (@] O (@] (@] (0]

6a or
g’ME
N\
S¥BSE TR
o A" o o ;7 o
[::] 7a r/

[0131] The compounds of this invention may contain one
. or more asymmetric carbon atoms and thus may occur as
racemates and racemic mixtures, single enantiomers,
diastereomeric mixtures and individual diastereomers.

All such isomeric forms of these compounds are expressly
included in the present invention. Each stereogenic

carbon may be of the R or S configuration.
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in conmpound 7a. [0135] Any of the enbodi ments recited
above, including those enbodinents in the above

wepersiessl may be combi ned to produce anot her eprbodiSEE®AN23054

of this invention. [0136] As used herein, Pl, P2, P3,
P4 refer to the residues of an HCV protease inhibitor
as defined in the art [J. A . Landro et al .
"Mechani stic Role of an NS4A Peptide Cofactor with the
Truncated NS3 Protease of Hepatitis C Virus :
£ uebatiHn of-the NS4A Stinulatory Effect via Kinetic
anal ysi s and | nhi bitor Mapping", Biochemstry , 36,
b?:l3%134o- b@@%qlgg?)@mmrglmn%uchhgr@owm%wﬁ this
[ r [ ti,one ].The_ prese I hvention
%%%é+%g§Ppo é%ﬁh%QH%%$%é§%%gi% %&ﬁﬁ%ﬁ%o% SRt epicted
NEH dikaursds i 2@ v otaease. In certain enbodi nents of

nds of formulae I apd |la of the present )
VAL T on, T RAROHPOLTRRO MY Pa. CapCMRRURAT U  BRLs
adeidd analh Rydriagens Honds, v tih 4 hee enzyiee rtgepi&ed
certain enbodi nents of the present invention, & P4 cap
W te@ygerind e and the carbonyl (adjacent to radical V

=4 n f I or_| f orm hydr ogen. bonds to.t .
ISr)rdnal:ll':)'n'r’ jchai A arcla)% néylfe a%%oa ‘%‘?%%Spsld Ce%%ee%t%oe‘f?/' ojfm_?ﬁédlng
lysse ciidbdiesddie iof dihe Peieasse eIy Mmay b efdbined
enbodi ments of the present invention, another hydrogen

HORF IV G ARy (PN TRt etqf (Feit eserrldl - t he
NI¥e0r oulnd Nidy mlasi | and 1@y wherepp &f%e to fhe

hydr ogen) of the P3 group with the proteaset
NSZ/ NS e éIPF amasmdr nidinidgiside.as defined in the

art [J. A. Landro et al., “Mechanistic Role of an NS4A
Peptide Cofactor with the Truncated NS3 Protease of
Hepatitis C Virus: Elucidation of the NS4A Stimulatory
Effect via Kinetic analysis and Inhibitor Mapping”,

Biochemistry, 36, pp. 9340-9348 (1997)] and as such are

well known to skilled practitioners.

[0137] The present invention provides potent binders
and inhibitors of the HCV NS3/NS4a serine protease. In
certain embodiments of compounds of formulae I and Ia of
the present invention, the compounds have P4 caps that
allow for additional hydrogen bonds with the enzyme
backbone. 1In certain embodiments of the present
invention, a P4 cap nitrogen atom and the carbonyl
(adjacent to radical V or T in formulae I or Ia) form
hydrogen bonds to the main chain carbonyl and NH groups
respectively of the Cys-158 residue of the protease
enzyme. In certain embodiments of the present invention,
another hydrogen bond is formed by the NH moiety
(represented by the N-R, group in formulae I and Ia,

wherein R; is hydrogen) of the P3 group with the protease
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Additionally, the P2 spirocyclic proline group fills
the P2 pocket and nakes favorable van der Waal s

woanisaotesni t h the Arg - 155 side chain in the PCYUS2004/023054

NS3/ NS4A serine protease enzynme. This invention al so
provi des Wgroups that bind efficiently to the
catalytic site of the HCV NS3/ NS4a serine protease

| ocated in the PI' pocket. [0138] Abbreviations which
are used in the schenes, preparations and the exanpl es

datudwoingsy g & seiire t@tdadnel diddaly Me. N, N
dlnethyl fornanlde Et CAc : ethyl acetate AcOH acetlc
L3 ﬁfé%q]yfﬂ SRIEMG LI rrddmte group f£ills the

D?&‘ YYEDF A R DU SO SRR

HMI@OIQ‘HI@E daeu.c'tét 20 rcli et MyHe e{merNEBUNSLIPersterlne

S AR G nd B L BN JoriE dHeH oroups
t@ﬁtﬁﬂdﬁﬂ&r@ﬂﬂ)cﬁ!ﬂtflﬁf ﬂd'ﬁﬂé@d%ﬂ@sﬂ%%ﬂ“yﬂhe HCV

sul f oxi de DCCA: di chl oroacetic acid
NiSi/ 3610 pATEmey IgifitRese located in the Pl’ pocket.

[0138] Abbreviations which are used in the schemes,

preparations and the examples that follow are:

THF: tetrahydrofuran

DMF: N,N,~dimethylformamide

EtOAc: ethyl acetate

AcOH: acetic acid

DMAP: dimethylaminopyridine

HOBt: 1l-hydroxybenzotriazole hydrate

HOSu: succinic acid

EDC: 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride

Et20: diethyl ether

BOC: tert-butyloxycarbonyl

Cbz: benzyloxycarbonyl

Chg: cyclohexyl glycine

t-BG: tert-butylglycine

DAST: (diethylamino)sulfur trifluoride

DMSO: dimethyl sulfoxide

DCCA: dichloroacetic acid

DIEA: diisopropylethylamine

MeCN: acetonitrile

TEMPO: 2,2,6,6-tetramethyl-1l-piperidinyloxy, free
radical)

DMEM: Dulbecco’s Modified Eagle’s Medium

PBS: phosphate-buffered saline
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MeCN: acetonitrile TEMPO 2 ,2 ,6,6- tetranethyl -

| - pi peridinyloxy, free radical) DMVEM Dul becco's
wohdisfooss1 Eagl e' s Medi um PBS: phosphat e- buf f er ed1/US2004/023054

salineND: not determ ned MS: mass spectronetry LC

l'iquid chromat ography General Synthetic Methodol ogy:

[0139] The conpounds of this invention may b e

prepared in general by methods known to those skilled

in the art- Schenes IA 1B, and 1- 6 below illustrate
MYyNthet i detOtiBSed 0 the conpounds of the present
i nvention. O her equival ent schenmes, which will b e

M%ad‘i‘ar%ﬁ aﬁi{%ﬁ’fel”rﬂmet@x he ordi nary skilled or gani c

y b e used to synthesize
va'ri 013%1 porti ons o@%@ nol ecule as illustrated by
t he general schenes bel ow, and the preparative
TEMPO, d or ox,

% 3 : > Acet at e HX (tn) HBr
BFS((]Et)Z CH2C| 2| BOC—RS C(I}| EDC, HOBt

[0139] The compounds of this invention may be prepared

in general by methods known to those skilled in the art.
Schemes 1A, 1B, and 1-6 below illustrate synthetic routes
to the compounds of the present invention. Other
equivalent schemes, which will be readily apparent to the
ordinary skilled organic chemist, may alternatively be
used to synthesize various portions of the molecule as
illustrated by the general schemes below, and the

preparative examples that follow.

Scheme 1:

OH 0
TEMPO, Clorox,
NaHCO;, NaBr, H,0
o \\(N Toluene, Ethyl Acetate 0 YN
(0] (9 o} O/
1 0 2 (0]

x//\§7 ) !
X‘
Y, HB
HX ~ Ny 3< fi ACCI)H HBr o
BF;(OEt), \‘(

CH,Cl,
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8\ -x T-COCH .3 LiOH EDC, HOBt O 3 THF DI EA, CH2CI 2 ¢
Oo-HRL s K1 y/ 10 EDC, HOBt DI EA, CH2O 2 EDC DWVSO
WORGRAIDEAA 0 Et hyl Acetate Il Y 1 HH2 NL g OpBras2abhi/023054
12 NR6R6 | Awherein n, T, X, X, R, R, R3, and

Rl are as defined in any of the enbodi nents herein.
Internmedi ate 11 was prepared according to the

procedures descri bed by Schoel | kopf, et al ., Justus

Li ebigs Ann. Chem GE, pp. 183.- 202 (1976) and

sappon et al ., oOrg&sic Letters, 2(]18), pp. r2 769

@ort 2000) . ounds | an 78 were Dioxang
DIEA, CH,Cl, N
HoN
o : /
d o ©
5 6 ©
Boc-R-COOH //\(7 ) n
EDC, HOBt X .
DIEA, CH,Cl, X
HC1 o] Rs
H,N
N
H
\\/ \‘( | O/
R4 0
7 8

T-COOH

EDC,HOBt LioH
DI Checy ™ \(“\N )\‘( g I \(\\\ )\“/ ?
\‘( z \‘( H

EDC, HOBt
DIEA, CH,Cl, EDC
DMSO ___ .
NRgRg DCAA
Rs (0] \)x\ )\‘( )\)\ Ethyl Acetate
HaN NRgRg
OH 11 1

xq )“
Xl
0 Ra 0
H N Rs
T N N NRgRg
H
\‘( | .
R1 (@) H 0
IA
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prepared according to this schene or variations

thereof. A s would b e recogni zed by skilled
woneistoitdsoner s, ot her suitabl e and conmerci al | pCT/US2004/023054

avai |l abl e coupling reagents may b e used to prepare

internediates 5, 1, 9 and 12. Additionally, it will b

e recogni zed that the commercially avail abl e Boc

protected am no aci ds represented by, for instance,

BoC - R3- COCH, may alternatlvely b e substituted with
whhsetomyer € ak, Bz, pRot &Rte®’anng Beiase . asudefbred in

R e S L e O S e

ptBpaextidattendohgl sbetnedpabecdidres ceppetbds bl
formula A can b_e acconplished using other suitable
SebaalLLkens . kRbwALt o €H§t§§|PF§@1ﬁFtﬁ§§n C8ERenEEr APPEH

L RE0D S AT RO DG, PCRr, " R PBO.R OoONEY 42
24380H ppBOZHAONRRBY 2 ( Z@QQ)NhrﬁpmpOBG@HNlﬂéRe)WGEN HCI /
pEéSQEEEC§%§6£ 1d|o§angh1 thmg ngvgrlatlons thereof.
As would be recognized by skilled practitioners, other
suitable and commercially available coupling reagents may
be used to prepare intermediates 5, 7, 9, and 12.
Additionally, it will be recognized that the commercially
available Boc protected amino acids represented by, for
instance, Boc-R3;—-COOH, may alternatively be substituted
with the commercial Cbz protected amino acids. Suitable
deprotection conditions to remove the Cbz protecting
groups are known to those skilled in the art. Likewise
the oxidation of intermediate 12 to compounds of formula

IA can be accomplished using other suitable conditions

known to the skilled artisan.

Scheme 1A:
OH OH
HoN oH EtOH, HCI HoN o~ (BOC)O0,
cat H2804 ‘HCl THF
Rs O Rs O
40 41
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wonisromdiate 4 6 frominternedi ate 40.

44 45 o HZN N(R6)2 HCI R R O 46 [0141] Schene | A above
provides a synthetic route for the preparation o f

I nt er nedTAR2004/023054
was prepared according to the procedures described by
Schoel I kopf, et a | ., Justus Liebigs Ann. Chem GCE
pp. 183 - 202 (1976) and Stenple et al ., Oganic
Letters, 2(18), pp. 2769 - 2772 (2000). Esterif

ication to ithe ethyl r rochl orj de
accon‘p}[g shegg using JAEE}_@EQEZY.am di ¢ condi i onsED%r)'E'OSU

protection o f the d%Q@e followed b yhasrc hyBMFysis
afforded the Boc acid 4 3 . Amne coupling with HN(R 6
)2 with EBC and succinic acid afforded i de 44 which
was subsequently oxidized to the diketoamde 4 5 with
Dess - Martin periodinane. Boc renoval under acidic
condi tiomst provided internediate 4 6 a ©the

Blz%g@ochl ri deN&g %rlﬁ?ﬁl# 5 m e ar a l§1g/|,@(def|

P Hgé A |o><ane
Rs ' O CHZCIZ
44 45
@)
HoN N(Re)2
‘HCl
Rs O
46
[0141] Scheme 1A above provides a synthetic route for

the preparation of intermediate 46 from intermediate 40.
Intermediate 40 was prepared according to the procedures
described by Schoellkopf, et al., Justus Liebigs Ann.
Chem. GE, pp. 183-202 (1976) and Stemple et al., Organic
Letters, 2(18), pp. 2769-2772 (2000). Esterification to
the ethyl ester hydrochloride 41 was accomplished using
catalytic acidic conditions. Boc protection of the amine
followed by basic hydrolysis afforded the Boc acid 43.
Amine coupling with HN(Rg), with EDC and succinic acid
afforded amide 44 which was subsequently oxidized to the
diketo amide 45 with Dess-Martin periodinane. Boc
removal under acidic conditions provided intermediate 46
as the hydrochloride salt wherein Rs and Rg¢ are as defined

in any of the embodiments herein.

Scheme 1B:
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HOWI ONRGRO RL 6 10 O 46 NR6R6 | A [0142] Scheme |IB

above provides an alternate synthetic route for the

wonrepawadsi on of conpounds | A frominternedi at ePd®/US2004/023054
10%d/ C, MeOH, H2(40 s BoC- R3- COOH HO EDC,

Schene 2 : '
HOBt Di oxane DI EA, CH2Cl 2 14 15N Boc-Rr COCH H2N EDC,
HOBt / DIEA, CH2Cl 2 s 16 H,N 17 18 T- COOH EDC, HOBt EDC

DMSO

/ \ /n
EDC, HOBt
DMAP, CH,Cl,
\(“\ )\‘( Rs Q
HZNJ\”/N\NRE;RO\
O 46
x//\Q >”
X'
o Rs o)
H N Rs
. H y NRsRg
H
¢ 5 )N
o) Ry e} H 0]

IA

5 [0142] Scheme 1B above provides an alternate synthetic

route for the preparation of compounds IA from

intermediate 46.

Scheme 2:

O R
F
10%Pd/C,
DAST, MeOH, H,(40 psiz
—
©\/°\\(N CHaCly O\‘(N
/ | e
2 .

H Boc-R3-COOH HCI
N EDC HOBt Dloxane
/ DIEA, CH2012

15

10

14
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NR6R6 DCAA Et hyl Acetate H2ZN NR6R6 OH 1 1 21 o NR6R6

I B [0143] Schenme 2 above provides a general synthetic
woauis@ofast t he preparation of conpounds of for pOaSkdd4/023054

wherein T R6, R5, R3 and Rl are as defined in any of

t he enbodi nents herein. As woul d be recogni zed by

skilled practitioners, other suitable and commercially

avai |l abl e coupling reagents may be used to prepare

i nt gr nedijat esy epresented by, for instance,

BOC may al t Bécraicourel y be substituted with the

B0l z prot eEbedoBm ng acids . Suitable
depr ot di ti B8, @BCly enove t he Cbz protecting

groups areoknown to those skilled in the art. Likew se
t he OXIq' ion of internediate 21 to conpounds of
formul a 1B nay be acconplished using other suitable
conditions known to the s

Iled artisan. One of sKil
inthe art wll %Iso gni ze that conpounds of
formula I B nfly al50 be pr pare@ frominter i at
using thg c i ti cri beB38 ove inliSch

%E“? 1. T OH || Pyridi ngs Li oH 0S ene 02
D TOF, o

THHF >020
1 O
17
F
F
T-COOH .
EDC,HOBt ?Eﬁi e R
DIEA, CH,CI, ﬁ? H N
yA T N N
H
\\( \‘( I o
0 Ry o]
20
F
F
EDC, HOBt
DIEA, CH,CL, o) Rs Q EDC
- R
N 5 DMSO
c o . ¥ NRgRs DCAA
5 INl Ethyl Acetate
0 N bu
HaN NRsRg o Ri o
OH 11
[0143] Scheme 2 above provides a general synthetic

route for the preparation of compounds of formula IB
wherein T, R®, R, R®, and R® are as defined in any of the
embodiments herein. As would be recognized by skilled
practitioners, other suitable and commercially available

coupling reagents may be used to prepare intermediates
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15

OO o0 22 EDC, HOBt D EA, CH2C 2 0 H2ZN T NR6R6 OH

11DMSO NR6R6 DCAA Et hyl Acetate O RL 25 O NR6R6 | C
wpQdesap768cheme 3 above provi des a general synt ReETiUS2004/023054

route for the preparation of conpounds of forrmula IC

wherein X, X, T, R5, R5, R3, and Rl are as defined

in any of the enbodi nents herein. One of skill in the

art will also recognize that conmpounds of fornula IC

may al so be prepared frominternedi ate 46 using the
repndsenvad descfobetnabaneei NBSChBECA®I, Suwene 4

algggﬁagkée §h§é §E§£g§£uée @igﬁhthe commercial Cbz
protected amino acids. Suitable deprotection conditions
to remove the Cbz protecting groups are known to those
skilled in the art. Likewise the oxidation of
intermediate 21 to compounds of formula IB may be
accomplished using other suitable conditions known to the
skilled artisan. One of skill in the art will also
recognize that compounds of formula IB may also be

prepared from intermediate 46 using the conditions

described above in Scheme 1B.

Scheme 3:

1. T-OH, Pyndine, LiOH

Triphosgene, 0 THF

2. DIEA,THF, 22 HZO
§ g ﬁ(

EDC, HOBt
DIEA, CH,Cl,
,/ \\“/ \\Y/ﬂ\\ 0
NRgRg
OH 11
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OO0J ? NaNO2 /AcCOH 2b . OCEt OBt OEt NOH Z n / HOAC
NaQAc 1b 3b O .OEt A c20 (3 eq.)/ AICIII33 QH 10% KOH

WO 28i5007681- reflux / 1 h HOEC 2/ rt to 400Cr/usi®ho23054
H O 3b 4b 5b [0145] Schene 4 above provides a
synthetic route for the preparation o f pyrrole acid
internmediate 5b. It will b e appreciated by those
skilled in the art that other pyrrole analogs o f

interest may b e synthe5| d by di fications of

DMSO
Eﬁ P cgate

.[0144] Scheme 3 above provides a general synthetic

5 route for the preparation of compounds of formula IC
wherein X, X’, T, R®, R®, R}, and R' are as defined in any
of the embodiments herein. One of skill in the art will
also recognize that compounds of formula IC may also be
prepared from intermediate 46 using the conditions

10 described above in Scheme 1B.

Scheme 4:
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O H2N 0 H 35N EDC DCAA Et hyl Acetate [0146] Schenme 5
above provides a synthetic route for the preparation

wohosmopsund 2a. Conpounds 3a, 5a, 6a, and 7a werasalg023054

prepared generally according to scheme 5 . One of
skill in the art will also recognize that conmpounds of
formula 2a, 3a, 5a 6a, and 7a may al so be prepared
frominternmedi ate 46 using the conditions described
above in Schene IB. Schenme 6 : EDC, ﬂ%gﬁﬁ?%%% CHrdl
OEDC, HOBt DI EA, CH2A 2 O H2N OH 35 E / yl
Acetate [0147] Schene 6 above provides a synthetic
route for the preparation of conpound Ia. Conpound 4a

was al so rwa
0 O

O
M NaNO, / AcOH 2b / \ OEt
OEt ————> OEt — N
NOH Zn / HOAc 4
NaOAc
1b 3b

? o
/2/—\>\Y(0Et Ac0 (3 eq.)/ AICl3 /zﬁoa 10% KOHlEtOH> /E/_QOH
N >

H O  EtCly/rtto40°C/16h N° Y refux/th v
5b

3b 4b

[0145] Scheme 4 above provides a synthetic route for
the preparation of pyrrole acid intermediate 5b. It will
be appreciated by those skilled in the art that other
pyrrole analogs of interest may be synthesized by

modifications of scheme 4.

Scheme 5:

0
HS\/\/S H
N '
0\\\/ BF;(OEt),
) o/ CH,Cl,
2 o

S S
HBr
AcOH
o N — 2 HBr HN
\‘( / O/
e} 0]
26 o] o
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prepared generally according to schene 6 . One of

skillconditions descri bed above in Schene | B. [0148]
wahodsmagisicertai n exenpl ary enbodi nents are depCTiuseno4/023054

and described below, it wll be appreciated that

conpounds of this invention can be prepared according

to the nmethods described generally above using

appropriate starting materials generally available to

one of ordinary skill in the arz [ 0149] Anot her /

enbodi ment of this i provi des a pharmaceut gcal 7

conposition conpri sd d of fornula

B@ﬂﬁﬂxﬁﬁla r a har ffaceut|i cal)l y aceept abl e

iz t glon odi meni®@ghe co of
ﬁﬁig I lafis p\esent in an @r

effectlve to decred%e t ooad in a sanpl or d/

a patient, wherein saiyg Viras encodes a serine

prot ease necessary for the viral life cycle, and %?

pharmaceutically accept carrier. [0150] If

phagtegeut i cal |y acceptgﬁr:73alts of the conpounds ﬁ;/\7
ention ar edsin these conpositj ons, 4

FUSiHOB{ py
oS sal t s are

organi c aci ds fand

ncl Yifeg, among
salts areH he |

cet at-e—"aput at
at e,

a ane, lenzoat e, gdéulfon /
but yr at iZrate, c&nhphgfrate, canphor -ulfonaté3 < °
cycl opent a pr opi onate, di gl uconatey dodecyl sul fate,

et hanesul f ¢, f3gmarate, gl ucoheptanoateg, 31

gl ycer ophosptrat e, hem sul f at e,

EDC, HOBt LiOH
DIEA, CHyCl, THE,,
N H,0

]
™
N CO,H

lll"“

sﬂ

d EDC, HOBt
DIEA, CH,Cl,

P S P

OH 35
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10

worbasanms1 net hanesul f onat e,

hept anoat e, hexanoate, hydrochl oride, hydrobrom de,
hydr oi odi de, 2-hydroxyet hanesul fonate, | actate,

ni coti nate, oxal ate, panpbate, pectinate, persulfate,
3- phenyl -propionate, picrate, pivalate, propionate,
succinate, tartrate, thiocyanate, tosylate andearth
netal salts, such as cal cium and nagnesi um salts,
salts wi th organi c \bases, b as, di eyel ohexyl am ne

salts, N-nethy sglts with am no
2 é andQJo forth mﬂﬂlSl]

such as i/ne,
theNQE;%E\\ cont i
ed 'l'\‘b as r alkyl Iﬁﬁ?cetaté
; et hyl ,0 progyI"N and utz%schlo
br oni de® and o|d§§; d|aPkyI sul f aP'8s uch as

i butyl and dianyl sulfates, |ong
chai n hali des such as decyl, lauryl, nyristyl and
stearyl chlorides, brom des_and iodides, ar al kyl

hal i des, such as benzyl d enet hyl brom des and
others. Water or oil -sokuble/or dispersible products

|ate

il [ in the art
[ [ [ cal
i ven Di ol ogi cal ~ sy m (e.qg.,

tem central nervous systen),
dvai l ability, increase solubility to

i NnCrease ors
al | ow

[0146] Scheme 5 above provides a synthetic route for
the preparation of compound 2a. Compounds 3a, 5a, 6a,
and 7a were also prepared generally according to scheme
5. One of skill in the art will also recognize that
compounds of formula 2a, 3a, 5a, 6a, and 7a may also be
prepared from intermediate 46 using the conditions

degcribed above in Scheme 1B.

{2

Scheme 6

EDC, HOBt
DIEA, CH,Cl,

HoN (0]

e
Q
Iz
=z

© /s
31 y
H

CO,H
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adm ni stration by injection, alter netabolism and
alter rate of excretion. [0153] Pharmaceutically
waceBmhaishe carriers that may be used in t hesePCT/US2004/023054
conmpositions include, but are not limted to, ion
exchangers, alum na, alum num stearate, |ecithin,
serum proteins, such as human serum al bum n, buffer
substances such as phosphates, glycine, sorbic acid,
pot assi sor bat e, eride m xtures of

s, wat OH salts or

ytes, sa?h asy protlam squ%%g, di sodi um
phﬁﬁgggﬁed hydr oggfisPhosphat e,

S, gl ycol ;” sodi um
car bexynme hylcgllulose ol Y ates , waxes,
pol yet hyl &ne ox%ﬁropyl ne -bl ock pol yners,
pol yet hyl ene 0 d. wool fat . [0154] According
to one enbodiNaent, the conpositions of this invention
are formul ated Tor pharmaceutical adm nistration to a
mammal , preferably a human peing. [0155] Such
pharnacgutlcal conposi tiong of the present invention
may b e\adninisteredioral |y, enteraﬁ? HOWy
i nhal at | spr ay ectal |y, Pi§ SEpfly
y, vagindally i g an/i npl anted reseryoir.” The

renfer a ei n includes
S, Intr ramuscul ar,

N
artidul ar

intza - synow al /i ntdhst er nal | //Zﬁl
i ntrathecl, ah tic, Pntrale5|onal N
|ntracran|al ect | or infusion tecﬁﬁ?ques . H
Preferably, th onpositions are OH 3%
0
/ \ EDC;
DMSO
NH DCAA
N B Ethyl Acetate
H é
0
: [
S
0
/\ N
NH
N H
H . o N
» "2 YN
1a
[0147] Scheme 6 above provides a synthetic route for

the preparation of compound la. Compound 4a was also

prepared generally according to scheme 6. One of gkill
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adm ni stered orally or intravenously. [0156] Sterile
injectable forns of the conpositions of this invention

worysmossaqueous or ol eagi nous suspensi on. TheBeT/US2004/023054

suspensions may b e fornulated according to techniques
known in the art using suitable dispersing or wetting
agents and suspending agents . The sterile injectable
preparation may also b e a sterile injectable solution
or suspension in a non - toxic parenterally acceptable

dohdebions dekeenbedf aboexamnl echgma sglution in 1
-g anedi ol . Among the acceptabl e vehicles and
£§% éin s t fatPRBGRDCET ERDROSEEMBL BT HatBPOARMARER' 3Te
. . o -sndi chlori Lt .
byt ren a4 nspton ot oL oTLSe 881 M eBpghlea wnac
eppboyeds asfathbbvénventisuspendbagpredanad &ototrlisg to

bl and, fixed oil | d includin
B RePr el 8P teq  SopSter THoabors: by ke, aupronehate
asapt EhE ﬁ@térﬁaﬂgcgé@éﬁakfﬁ0&0§il§ﬁ§@ 88 8hLVEFObtaPhary

castor oil, especially in ei r pol yoxyet hyl at ed
et st ohd theh@sk-oil sol utions or suspensions nay al so

in a -..Cchai ol - dj n I Spe n
U R A
Rlyemaceht thahr eogposbol gn usedpihsihg & ocombath@no of

har naceuti cal | ccept abl e dosage forps |including
ERREREnt ah ety iRefines. & Phertomibhrg. L etecestable
SAIT £ BERSPESE . SUEBCEBATNE RS, 0P aBiHEAINELDET the compound
emul si fying agents or bioavailability enhancers whic

|y emsetormithel amhef peesert ofn phar ameeut i ca
éﬁ’f@&?ﬁpé aPJ) edec‘gfégselﬁlgé“\girﬁ f(gah&rin a sample or in a

patient, wherein said virus encodes a serine protease
necessary for the viral life cycle, and a
pharmaceutically acceptable carrier.

[0150] If pharmaceutically acceptable salts of the
compounds of this invention are utilized in these
compositions, those salts are preferably derived from
inorganic or organic acids and bases. Included among
such acid salts are the following: acetate, adipate,
alginate, aspartate, benzoate, benzene sulfonate,
bisulfate, butyrate, citrate, camphorate, camphor
sulfonate, cyclopentane-propionate, digluconate,
dodecylsulfate, ethanesulfonate, fumarate,
glucoheptanoate, glycerophosphate, hemisulfate,
heptanoate, hexanoate, hydrochloride, hydrobromide,
hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,
methanesulfonate, 2-naphthalenesulfonate, nicotinate,
oxalate, pamoate, pectinate, persulfate,
3-phenyl-propionate, picrate, pivalate, propionate,

succinate, tartrate, thiocyanate, tosylate and
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dosage forns may al so be used for the purposes of
formul ati on. [0157] Dosage | evels of between about

wO 206/0am$1 about 100 ng/ kg body wei ght per day, PCT/US2004/023054
preferably between about 0.5 and about 75 ny/ kg body
wei ght per day of the protease inhibitor conpounds
descri bed herein are useful in a nonotherapy for the
prevention and treatnent of antiviral, particularly
anti -HCV nedi ated di sease. Typically, the

ephehnmaeeal i saltsonposht asnsabéiwhi sndnyeaneshun ilbe,

adm ni stered fromabout 1t b .5t d
sSfteriathvergenis Bogsnci uchenrntheyoho R A o
safpk nigihathon-pag1heaMsed, asna €8108i wieh anihe acids

therapy. The anount of active ingredient that may be
sechbifedrginbnehel¥aiReer aRdt 82 AP5tHo produce a

[§i99 e dogggghfeﬁgwwégi Vﬂiﬁ%ggeﬁﬂébﬂea9£9ﬂgt?foﬂﬁ§2yay

reated an e particular of adm ni stration.
btygieakrpt epdratf thnsuchl agentai asf toweabealkyb%nadides,

about 95% acti ve conpound . P b h
SBPBpaF AEFORE - coREATR: | PEPEbOVE 300 FEL aBBNP 8050
bRk MesConROYnEi aE0158] aYhen EherseaBposkhibanasofifbihyl,

I nvention conprise a _conbination of a conpound of |
diethula fibpagénendhdipuybesptEsEnt, atongsahainehailides

of . bet ween_abo 0.to 9 n e :
SBPuBEniabs0c 16 P8 60MbEoFE A30a56Rbr b Ty oL ides.
baoniaest enadibaidespnarhekgpyhaddiasn sufpfl89] b&heyl and
gharnaceuticaL conpositions of this inven hon may be
P -solublée or

PRPFYYAdRFAMSHEP e ANCRRFT B al Migter O O

dispersible products are thereby obtained.

[0152] The compounds utilized in the compositions and
methods of this invention may also be modified by
appending appropriate functionalities to enhance
selective biological properties. Such modifications are
known in the art and include those which increase
biological penetration into a given biological system
(e.g., blood, lymphatic system, central nervous system),
increase oral availability, increase solubility to allow
administration by injection, alter metabolism and alter
rate of excretion.

[0153] Pharmaceutically acceptable carriers that may
be used in these compositions include, but are not
limited to, ilon exchangers, alumina, aluminum stearate,
lecithin, serum proteins, such as human serum albumin,
buffer substances such as phosphates, glycine, sorbic
acid, potassium sorbate, partial glyceride mixtures of
saturated vegetable fatty acids, water, salts or
electrolytes, such as protamine sulfate, disodium

hydrogen phosphate, potassium hydrogen phosphate, sodium
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accept abl e dosage formincluding, but not limted to,
capsul es, tablets, aqueous suspensions or solutions.

wonodasle7asase of tablets for oral use, carrierspPChals2@n®23054

commonly used include | actose and corn starch.
Lubricating agents, such as magnesi um stearate, are
al so typically added. For oral admnistration in a
capsul e form wuseful diluents include | actose and
dried cornstarch. Wen aqueous suspensions are

selstavdesd proolabthgtenthglpebl yesbagnadi ent is
conbi ned wth emul sifying and suspendi ng agents. |If
ﬂ%%b?%%WeE%Y%%$%1§%%%?ehPﬁbYaF¥ﬁ%®F?ﬁg WAXes} ori ng

BOPPL EnRYnal 501 e ey 1 LOLOBT oA L SLRghLYEL Y. Lhe

pharnaceutlc OSI ns of th I'oh may be
pohy ety berd ghy¢hb andnwoélsﬂ@positories for rectal

' t Th db n
BOERA  { TRECR TR o notie-SpPodTarRhg LAt frBest Ripns
&5 61014 diddet ODSN t @ADCF Gl Pa bl FbAUDHaAhab86E Bka]
tenperature and therefore will nelt in the rectumto

FEN ke ¥ el o U Suedmmat erPaeEeTaklvide tewsea beiter,
'gﬁ%@&&tgégf%moé%% T0e 1 pe resent

pharnaceutléaﬁ conpositions o S |nven i on may
eradm on stay ok tafphtal ¢ yored p@mmw p\ﬁlﬁ@ntd@ﬁalﬁyge]by
of t eatnent i ncl udes, areas or ans r eadi

FH SR 1opi WL Ycalf% Jmm%ﬁ%]gf}di shageally,
wigihel BY eor tes Sdeh Mm@l ad ey | @é‘@érv@i:?St i b [ OdE4]

Topi cal application for the | ower intestina

“parenteral” as used herein includes subcutaneous,
intravenous, intramuscular, intra-articular,
intra-synovial, intrasternal, intrathecal, intrahepatic,
intralesional and intracranial injection or infusion
techniques. Preferably, the compositions are
administered orally or intravenously.

[0156] Sterile injectable forms of the compositions of
this invention may be agueous or oleaginous suspension.
These suspensions may be formulated according to
techniques known in the art using suitable dispersing or
wetting agents and suspending agents. The sterile
injectable preparation may also be a sterile injectable
solution or suspension in a non-toxic parenterally
acceptable diluent or solvent, for example as a solution
in 1,3-butanediol. Among the acceptable vehicles and
solvents that may be employed are water, Ringer's
solution and isotonic sodium chloride solution. In
addition, sterile, fixed oils are conventionally employed
as a solvent or suspending medium. For this purpose, any
bland fixed o0il may be employed including synthetic mono-

or di-glycerides. Fatty acids, such as oleic acid and
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tract may be effected in a rectal suppository
formul ati on (see above) or in a suitable enenna
woaoomobzadsi on. Topically - transdernmal patches pay/uab®an23054
be used. [0163] For topical applications, the
phar maceuti cal conpositions may be fornulated in a
sui tabl e oi ntnment containing the active conmponent
suspended or dissolved in one or nore carriers.
Carriers for topical admi nistration of the conmpounds
aotephablenvehsi oauchchadelibat oat eonotaktait edlt o,

mneral_oil, |jquid trol a i,te petralatu .
STPORyRERE bhyEBRLE aPruRER LAl Erb SR Fopy RasEe i
s60HROYAY, o2MYlisHENE NEnWaNagnd1wat ebntAl heanabhyekitain

the pharmaceutical conpositions may be fornulated in a
asgphabl dilwvenbnosr dtpranfebht aPRFRgatheagbpryBethyl

ts._s d ' v [n.one: e
CERERRaSE. Pr AT ML CaBbobt Ty B chEs o181 B0, FRECconmonly
usadr iar shencbugdelabiibnavé pbarhaoetiedcadlynaneeritabilk,

sorbi tan nnnostiarate, og%sorbate 60, cetyl esterg
daargecePERFy gl EghbE, SB¢ %9Paoaaéaﬁ8ﬁ?68§ﬁ9§ﬁ- ther
c8hf6hel aBdavahekactaAfd] EQEnOBAt bhaklhs, uspanthend

phar meceuti cal conpositions nmay be formlated as
ofheroninzédi§yipenspenssi ari bbporpd lapMlagyushbancers

terile sali or et er y 1.0 in
oRifbonfe: ContGar fopadicet FRY nafRasCtlERREE [Nk oun
phbthedtuaipatier uatepeadliehsaiifienzybuabkopirumcher

chloride. Alternatively, for gphthal mc uses, the
Sy bene

dpRaPRaEtlF cBRY cBhPBsPE BASImayThEFoPHIPSEET ©
formulation.
[01571] Dosage levels of between about 0.01 and about

100 mg/kg body weight per day, preferably between about
0.5 and about 75 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.
Typically, the pharmaceutical compositions of this
invention will be administered from about 1 to about 5
times per day or alternatively, as a continuous infusion.
Such administration can be used as a chronic or acute
therapy. The amount of active ingredient that may be
combined with the carrier materials to produce a single
dosage form will vary depending upon the host treated and
the particular mode of administration. A typical
preparation will contain from about 5% to about 95%
active compound (w/w). Preferably, such preparations
contain from about 20% to about 80% active compound.
[0158] When the compositions of this invention

comprise a combination of a compound of formula I or
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in an ointment such as petrolatum [0165] The
phar maceuti cal conpositions of this invention may al so

woeo@ioTasi st er ed by nasal aerosol or inhal ati oRCT/®S2(04/023054

conpositions are prepared according to techni ques well
known in the art of pharmaceuti cal absorption pronoters
to enhance bioavailability, fluorocarbons, and/or

ot her conventional solubilizing or dispersing agents .

10166] I n another enbodi nent, the pharnaceutica

LGEWOSEHhHANS Béepf@éaﬂtaa@ddégag@r abyadgl BESHERKEERA- about
10167] I n one enbodi nent, the conpositions of this

AvERt 1 0P acend | BpEe | Hrebeaprbie habvaer agent, 18uth 88%
& C Qcﬁégggec?oéégl%ghéggn{gis é#‘%?n ?}_\{t gcgoggg?P- 450

Inhibrtors Tn are no ed'to
FTodaadnl f an enbodi nent of this invention involves a

YP_ihhib CYP i nhibitor that roves t he
BEahcoki Bt R et G b SO ABEH HMLDr oF chab ay
hevdiseton rtné:ly rﬁ‘é hegeh pf+ t Mlﬁfé/@@fé@ N:n Thes o Py

i nhibitors include, but are not limted to, rltonaV|r
%%ﬂ?@ﬁﬂhhﬂBd@ﬁagﬁef@@@nh@@ﬂ@dlmgoIb@hd@ﬂvclnmlﬂedﬁthyl

t
PO L R LT INEE B o theliifons . T
tﬂteumerreﬁ et et ofvex; ?3%21 naé;enecarﬁﬂemvuﬁat are
avl r saqui navi r,
D 1o o BT ol e A e VS g il VX
L4ﬁ7rlca°%§§ HAeht D, %ﬁr@%ﬁ%sam é‘é@ré@@' bitOr$1so

i nclude ritonavir, ketoconazole, trol eandonyC|
QypﬁgqﬁﬂywﬂﬁdgdnegFor oral administration in a capsule

form, useful diluents include lactose and dried
cornstarch. When aqueous suspensions are required for
oral use, the active ingredient is combined with
emulsifying and suspending agents. If desired, certain
sweetening, flavoring or coloring agents may also be
added.

[0160] 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 that is solid at room
temperature but liquid at rectal temperature and
therefore will melt in the rectum to release the drug.
Such materials include cocoa butter, beeswax and
polyethylene glycols.

[0161] 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
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cycl osporin, and clonethi azole. [0169] Methods for

nmeasuring the ability of a conmpound to inhibit
woyi@onranme P50 nonooxygenase activity are KnorOT(USem4/023054

US 6,037,157 and Yun, et al . Drug Metabolism &

Di sposition , vol. 21, pp. 403- 407 (1993) . [0170] A

CYP inhibitor enployed in this invention may be an

i nhibitor of only one isozyne or nore than one

isozyme. If the CYP inhibitor inhibits nore isozyne,
[0h62]1 nhi bropicahyapelécahibesfoirnhhei Llowas inbegphinal

nmore[ 0171] In nmet hod of thi nventi on
tFﬁﬁFbW?%rLﬁa§fg$C58H1ﬁ?s?eF%ﬁg?%gﬁPﬂgPsﬁf?ﬁytﬁSrmulatlon

(sepabbbie) Covi FHSaNS3h #AbpEOLRAsE FBRIRLEBE oD the

sanme dosage formor in separate dosage fornms . [0172]

TeopichaelyyPranhibrrat RAHChHeot Ba¥ealffRi bRt BFSdr e
[Qgghglsteﬁsg tpg§sg§ g%glgeaeg néorEEe Eﬁ&?mhﬂ@h?hka&

e admnis sinu taneous
céipeshaibuel payt be E¥Pmubatbit dn aayubéahﬁa1nustmeed
in any. tinme period around adm nistrati.o

f th .
Cﬁ?Bﬁéagag.HH?bPFEFVGTHQFPPgeﬂFhéuﬁﬁﬁnﬁﬁﬁ|grté%gﬁa}vsé in

oﬁgnb9'§E§éeéaE£h@Est0 chogether £¥i-t Rop@kafol | owi ng the
[ 4A protease inhibitor. The tinme period of

aéxamlmssrampnno§hbbﬁdcc@pgunﬁ8t pat thhe CYPERBRPBI t or

. af t h h b
SSASEHE B FRL°BRL: IRBLoAnEGPr B18RR0, HUL0I 1y e
pbtrstattifie @Prienpebibdatamoubdobeladei glgteied before

the protease inhibitor is substantlallﬁngetabo
|I

DARPEY SERELERED PO LYORYRFPRVACPRoCRAPPUnCY | FBUGF LERAND
wBkOLEaSGatARI bi @k Lrnatively, the pharmaceutical

compositions may be formulated in a sultable lotion or
cream contalning 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.

[0164] For ophthalmic 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 compositiong may be formulated
in an ointment such as petrolatum.

[0165] 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

80



10

15

20

25

30

[0173] In another enbodi ment, the conpositions of this

invention additionally conprise another anti -vira
wagenstop7gst ef erably an anti - HCV agent. Such anPCTASR00al023054

agents include, but are not limted to,

i mmunonodul atory agents, such as OC- , b- , and g-

interf erons, pegylated derivatized interferon -a

conmpounds, and thynosin; other anti -viral agents,

such as ribavirin, amantadi ne, and tel bivudine, - other
ab@ﬁf%ti@mSpﬁéth@ﬁ$itbSeﬁh@moéeb$eavémEﬁbhEEty,

i nhi bitors and i nhibitors) ;.inh
EHEPEPCREPYRT S ?% fe ?E£k¥|?%nE?%Fégn?%cFﬁéFh Pi2i8h or

gg%g{ggﬁgoggéﬁgs hel i case and pol ynerase inhibitors;

ibitors of internal ribosome entry; broad- spectrum

(01661 |ghlh;@@@%hGSUQMbQ@lmﬁFt»iFhﬁlEhﬂéﬁ§C€§tgca
U
e e e i

[0X67148, andbéne éﬁbSéﬂmentorthenbomgbsmnionﬁ afiytbfs
_the above. ﬁ%0174 The term "interferon" as used herein
imeantlan nefber 1 erahly afPTHT b ShRBRFPSRoABPBHouSCR a8 2

g Fhf§mépﬁchgbclﬂﬁ959t8§ théachne¥eb&h¥bﬁalp 450

Icatron and cellular proliferation, and nodul ate
1nhnhn90rsspnnéedesubhtasrennetfénmmtaﬂphaf rhtenpEibn

(8568 Tt Fy A B BPORREE o8] ot rp oy Shenl Bl 78S

cpat iﬁﬁibﬁt@@DdahyoﬂYPalﬂELBiEBﬂnCha60$ﬁp®6vaSC @maound
conposition or conbination of this_invention may
phaﬁmﬁpgkéﬂ@510$fOﬁeE%gsaﬁ}eVQQESEaééﬁﬁ|9r0Fﬁéseo§a§ebe

u?égzggggeg§¥%8§uggn?%%ég%ﬁ%éﬁELOH( behBseMByYPbenhibitors
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 VX-497. According
to one embodiment, the CYP inhibitors include ritonavir,
ketoconazole, troleandomycin, 4-methyl pyrazole,
cyclosporin, and clomethiazole.

[0169] Methods for measuring the ability of a compound
to inhibit cytochrome P50 monooxygenase activity are

known (see US 6,037,157 and Yun, et al. Drug Metabolism &

Disposition, vol. 21, pp. 403-407 (1993).

[0170] A CYP inhibitor employed in this invention may
be an inhibitor of only one isozyme or more than one
isozyme. If the CYP imhibitor inhibits more isozyme, the

inhibitor may nevertheless inhibit one isozyme more
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the synptons, to a level at which the inproved
condition is retained when the synptons have been

walb@woased to the desired | evel, treatnment shearas2004/023054

cease. Patients may, however, require intermttent

treatnment on a long - term basis upon any recurrence

of di sease synptons. [0176] It should al so be

understood that a specific dosage and treat nment

regimen for any particular patient will depend upon a

ver7ely ofifastmeshodnef uthhg iheereion|tynefcthe

speci fic conpound enpl oyed, the age, body wei ght, .

e FOREBRY oo seenin} sEered ngogE thei Wi B r Bheoepatitis
[ DL 1.0 ] t

G The (ol Aoy e e h R TRe T, B ! HREBH £omm

@arin cskparaiccdssadei figrms eat ed. The anount of active

' i ent i 0, depend upon.the particul ar

HAS od ot AR ra peoeit e Capke bt ohenre

dahidBsodréddeiadgbpdoned absdgyi FmageShch NiAREbi tor may

conposjtion. [0177] According to another enbodi nent,

R diEhT F P Pr e dle ss HHREMORO WY t r el Feignat paeient the
%ﬂ%%f%ﬂé? ML 3 :iﬁlfsgtéfjeé ai}?i ag%& 'ofﬂ{i%ﬂ%eriod

rmaceuti cal accept abl'e” conpos
arend | adnibrefetabdy, of heheathodsaoé 1 bl twent | Tihat

d t t, atient sufferjng froma, HCV
$55 oS P Do o T TryA oot Sten o PR S A ¢ he
Mo Fatnd ROt Onber e EoMEEnd hensaves j 4y thsrenie Mre

preferably, the patient is a human being. [0178] In an
HhiHRe efimli vere Penkodeehoydngiistiiation should be

such that the CYP inhibitor affects the metabolism of the

protease inhibitor. For example, if the protease
inhibitor is administered first, the CYP inhibitor should
be administered before the protease inhibitor is
substantially metabolized and/or excreted (e.g., within
the half-life of the protease inhibitor).

[0173] In another embodiment, the compositions of this
invention additionally comprise another anti-viral agent,
preferably an anti-HCV agent. Such anti-viral agents

include, but are not limited to, immunomodulatory agents,
such as o-, B-, and y-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 HCV life cycle, including metalloprotease,
helicase and polymerase inhibitors; inhibitors of
internal ribosome entry; broad-spectrum viral inhibitors,
such as IMPDH inhibitors (e.g., compounds of United
States Patent 5,807,876, 6,498,178, 6,344,465, 6,054,472,
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invention additionally conprise the step of
admnistering to said patient an anti -viral agent

wonefsaoaishy an anti - HCV agent. Such anti -vi Paii/US2004/023054

agents include, but are not limted to,

i mmunonodul atory agents, such as (X- , b- , and g-
interferons, pegylated derivatized interferon - a
conmpounds, and thynosin; other anti -viral agents,
such as ribavirin, amantadi ne, and tel bivudi ne; other

1t béd of 6 Wi - hepatytisas paed ees esx{ NBRy NSSr
inhibitors and NS3 -NS4A inhibitors) ; inhibitors of
Hpeina kRt OF Pheo HANE | dROES el e, i ncl udi ng

FeipAd] OPr %ﬁ?s@errpe'l ixf@éﬁ%&?& Poly @é@&%ﬁ%ﬂi hoLSs a
Inhibitors of 1nternal ribosone entry; broad -
et und \a rizdminhi dof tlokghl s dcdmekoddBPHpadl dstepscific

e AR et S0 A S e B
8 AORS s + MR 00456 Iddan Bk MugRRphenabdSoded d aneh as

derivatives thereof, and including, but not limted to
egronelolys, idHerriensn 1924y, : onriworhi ereeh opemnd .

e. c e |_agent may be
a m%%%é%?%gﬂ%§:ﬁ#é?%g%¥§%1h%?%ﬁ#%‘ﬁghgﬁéﬁhgle
boszRlle f orup@o niprprsivegndant o € oppoiwde of ddiGition, a
i nvention and an additional anti viral,K agent.

TRHHrFRAT SR §P T & T dHli BRI Gy TRTRRSE HEPRAR ni st er ed
SRR el oh fdomide Garmauh ofay b dYVEMdO0e@S 1 £
part of a nultiple dosage form "whereinthis invent iIon
neqepEB0]y 1 n Ss ethsttiely e ol degage her pfesamncy of
.c?%"‘af{o!i?gtqu[ﬂo Vi do“:f‘cS b%tq’?,t qr%jy Qt])te pfeeddceté,eaési, I Ainction of
gl cal substance
the symptoms, to a level at which the improved condition
is retained when the gymptoms have been alleviated to the
desired level, treatment should cease. Patients may,
however, require intermittent treatment on a long-term
basis upon any recurrence of disease symptoms.
[0176] It should also be understood that a specific
dosage and treatment regimen for any particular patient
will depend upon a variety of factors, including the
activity of the specific compound employed, the age, body
weight, general health, sex, diet, time of
administration, rate of excretion, drug combination, and
the judgment of the treating physician and the severity
of the particular disease being treated. The amount of
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.

[0177] According to another embodiment, the invention

provides a method for treating a patient infected with a
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i ntended for admnistration to a patient conprising
the step of contacting said biological substance wth

wea pisann@ceut i cal |y acceptabl e conmposi ti on conmpCcTRISHEY4/823054

conmpound of this invention. Such biol ogical substances
i nclude, but are not limted to, blood and conponents
t hereof such as plasma, platelets, subpopul ati ons of

bl ood cells and the |ike; organs such as ki dney,

l'iver, heart, lung, etc; spermand ova,- bone marrow

amdmmp@ﬁmg sté heafafpaanénet hephhtudbdsut ocheli{nf used
into a patient such, as saline, dextrose, etc. [0181

%%%%Pm%et SOBROT het ORnpbdF bRt IRVeRFhoRnt | BREBPBIP
PRLhpdsnOhs theathng PRVERERLS Lhat, 8By Pot €P!—:»%§' %ypatient

cone into contact with a virus characteri zed
¥ éﬁhltyn@ nfodede SECY nenpect base negessatyehonent smayfe

hod f~ cont act
e T e ek R

savert tPn:hSUEHE Matestal sréAstaleey, buke apgr Noht 1 1814 ed
to, surgjcal instrunents and garnents (e.g. clothes,

RO ons, gowns, masks, eyegl asses, footwear,

B3 £797 'abﬂﬁaéﬂréllté‘éﬁé&‘émé}{uéo@ﬂfﬂ T B Spbn@ds of this

cl ot hes, gl oves, aprons, gowns, ﬁ% s, ‘eyegl asses,
imxmmmmnn &d@iﬁlomabbﬂ cmmpfmseouhap$a$@t@Se@dmh@isterlng
mat eri and i nvasive devices, such a

R & PO B R e b b s 4n anti-
KOTSRS of sl dth Sarh PV +ON dnBe UserL@s, |1 Bhoratoryot

tools to aid in the isolation of a V|raIIy encoded
siavd ted prot emeundiw@dulatory agents, such as o-, B-, and

v-interferons, pegylated derivatized interferon-a
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 HCV life
cycle, including metalloprotease, helicase and polymerase
inhibitors; inhibitors of internal ribosome entry; broad-
spectrum viral inhibitors, such as IMPDH inhibitors

(e.g., compounds of United States Patent 5,807,876,
6,498,178, 6,344,465, 6,054,472, WO 97/40028, WO
98/40381, WO 00/56331, and mycophenolic acid and
derivatives thereof, and including, but not limited to
VX~-497, VX-148, and/or VX-944); or combinations of any of
the above.

[0179] Such additional agent may be administered to
sald 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
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met hod conprises the steps of providing a conpound of

this invention attached to a solid support; contacting
weaim/mundsi d support with a sanpl e containi ng arPCT/US2004/023054

viral protease fromsaid solid support. Preferably, the

viral serine protease isolated by this nethod is HCV

NS3 - NS4A protease. [0183] In order that this

i nvention be nore fully understood, the follow ng

preparative and testing exanples are set forth. These
tekanphesnaienf or the purpose of illustration only and

[ ot to b e construed I|n1t the_sco of th
[sﬁggﬂtionl?n Yahy? ﬁﬁéﬁ %ﬁmfﬁk8g?elpfﬁﬁﬁ8§p pypgtion
p¥BeaLECar fedhal 680pMslzeUehhing Br BkelodM¥ad08ubstance

instrument. Mass spec, sanples were analyzed on a

1Wtendﬁ@ls§ozqa@m1@atmbwn FBs8 BpEEERBNEPBPLOFRAt EBS
n_si
sklpopaotgalBelhds Ll B18ELEPRRI MbaDLARE Brn a

e’rn & nBes spectrometer
pHatrRgcélioncablechtoaptEbAe oompbsmnmbngcampyls&hblbe
phase for all  mass spe¢ analg Si onsi sted.o

ca@@95ﬂ¢t9ﬁ|Ehlaa%eveﬁFkPares hP6° QQFSP&IEuﬁélangss

1ﬂcﬂ9géf'ﬁﬁt £9é8§£tA§1M§€€dhﬁbe'Blobﬁeahérﬁbﬁbohﬁhﬁb"
refers to the HPLC retenti on tIrTE I N mnutes

thesecfasedhwiehpihemgonpbahelethe BPboopeleftPes Pimes
oh3HeRrBbeath! DRGSR 2L B LROTLAR MEchs e, date
hBaekar duhlf; £BEQ; sperm and ova; bone marrow and
components thereof, and other fluids to be infused into a
patient such as saline, dextrose, etc.

[0181] According to another embodiment the invention
provides methods of treating materials that may
potentially come into contact with a virus characterized
by a virally encoded serine protease necessary for its
life cycle. This method comprises the step of contacting
said material with a compound according to the invention.
such materials include, but are not limited to, surgical
instruments and garments (e.g. clothes, gloves, aprons,
gowns, masks, eyeglasses, footwear, etc.); laboratory
instruments and garments (e.g. clothes, gloves, aprons,
gowns, masks, eyeglasses, footwear, etc.); blood
collection apparatuses and materials; and invasive
devices, such as shunts, stents, etc.

[0182] In another embodiment, the compounds of this
invention may be used as laboratory tools to aid in the
igsolation of a virally encoded serine protease. This
method comprises the steps of providing a compound of
this invention attached to a solid support; contacting

said solid support with a sample containing a viral
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Colum: YMC C 8 (Cat. No. 326289C46); G adient

[ Gradient Tinme: 10- 90% CH3CN H20 over 9 m nutes, then
WeQOICHBCN for 2 mi nutes; Flow Rate: 0.8m / m RCT/US2004/023054

Det ect or Wavel engt h: 215nM and 245nM [0186] Chemi cal

nam ng for sel ected conpounds herein was acconplished

usi ng the nam ng program provi ded byExanple 1 3-acetyl

- 4 ,5-dinmethyl - 2-pyrrole carboxylic acid (5b)

[0187] A solution of sodiumnitrite (36.9 g, 0.534

pEbYedde 7O o ﬁlmmlm@@ﬁ@ drpﬁé\féﬁa}bpya Shérvedal
solution of ethy|acetoacetate (7 0.538 nol) in
AU P LR | B O bRl cbﬁédF]%ll%tm@’@@d I t GV {3 -NS4A
dion was conplete, the |ight yellow reaction
m xture was allowed to warmto roomtenperature. After
BUl&ﬁhut esin adnfdetmetlsaiartlung event adn Hoel heea fully
on was quenched with_ 350 nL of

d
S s PO GRS o sa e ud Ans 5o tEng]
emanﬂeg@raﬁe Q-:Xéﬂf aEdSrer erkaddi deshsines vasdegh W ke

water (2 X 125 nl) and saturated sodi um hydrogen

et dglidbtist sol i | gnly 20d 19952 MYt . tahee w@mznued
t
4 AYEpMas, dried yﬁgsgk;@@ i ial ﬁ&pdngow%w e

I'n vacuo to glve
Hydr oxyi m no - 3- oxobut anoate Ib as a pale yellow oil.

1H NWVR (CDA 3) d 10. 3 (S@%@%Z (g, 2H), 2.3 (S

3H), 1.3 (t, 3H ppm [O hed sodium (12.4 g ,

b0 ol ) mvwasraddedthe @ wdrala 2athuwoanane, (A8 a

gghkéi52ﬁ§lggg fggi;ﬁgggt Mass spec. samples were

analyzed on a MicroMass ZQ or Quattro II mass

spectrometer operated in single MS mode with electrospray

ionization. Samples were introduced into the mass

spectrometer using flow injection (FIA) or

chromatography. Mobile phase for all mass spec. analysis

consisted of acetonitrile-water mixtures with 0.2% formic

acid as a modifier.

[0185] As used herein, the term “Ri(min)” refers to the

HPLC retention time, in minutes, associated with the

compound. The HPLC retention times listed were either

obtained from the mass spec. data or using the following

method:

Instrument: Hewlett Packard HP-1050;

Colummn: YMC Cig (Cat. No. 326289C46);

Gradient/Gradient Time: 10-90% CH3CN/H20 over 9 minutes,
then 100% CH3CN for 2 minutes;

Flow Rate: 0.8ml/min;

Detector Wavelength: 215nM and 245nM.

[0186] Chemical naming for selected compounds herein

was accomplished using the naming program provided by
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formate (43.47 nmL, 0.538 nol) in dry ether (540 ni)
W th vigorous nechanical stirring over a period of 1 h
WO 20b5r00mgg1Whi ch tine the mixture was chill ed | RCRUSR@DEN23054
salt bath. The m xture was then stirred at roomtenp,
for 14 hours. After cooling the reaction mxture to
40C for a few hours, the precipitated sodiumsalt was
obtained by filtration and washed thoroughly with
cold, dry ether to afford 49.3 g (75% of the desired
sodiumsalt of 2-nethy - 3- oxobutyr al dehyde 2b. 1H
NVR (DMSO-d6) d 9.1 (s, .9 (s, 3H, 1.3 (s, 3H
ppm aci d/ 30% wat er and 500C . Zinc powder
3422119 4, 50 304L thh)- 2Wasradded ReHoxeN ithage dVSh)30
m nutes mal ntai ni ng the tenperature bel ow 100 OC .
When the addition was conplete, the suspensi on was
xed f,0 ut.es I nt of
08Bt or 2 RPERrTEPL RS polllEl Bt 18,5 &% 534
mpll¢ciipi Vat ed ot weeegl was akided Kroprétsieono 30.skigred

459 f th d eth | |
SEAPb IR Qo CHBY | THOIRCCERERs) T8 60 08 gl By 100
thbf @l%cﬁ%l %Hbtl% 3cigh a3Hoe2. 0 after3ihe dhditﬁbn was

To a solution of alum num chl ori de
cp@@lweg th@ thtnw)ehl@m Irpagitdipno e ettivaite WeE8 @ LHoped

t 25C t 7..75
th. 158 \@%) %%ﬁ”e s %IWP )éng%sn Ix f%%%g’? S(?Lnglr%g ari‘i the
stame.inkomat@rifianuthes, beken cansolmed, onhef rpe)ardthoel mas

10.49 g , 0.0 ! di chl t hs 30
BB e 00BN O RS SR SEARrEl B Hh Gy

a8l Q2 % hour ;i )Af t @heBRrganic extracts were combined

and washed with water (2 X 125 mL) and saturated sodium

hydrogen carbonate agueous solution (2 X 105 mL). The
organic layer was dried with sodium sulfate and
concentrated in vacuo to give 84.2 g (98%) of ethyl-2-
Hydroxyimino-3-oxobutanoate 1b as a pale yellow oil.

'm NMR (CDCl;) 4 10.3 (s, 1H), 4.2 (g, 2H), 2.3 (s, 3H),
1.3 (t, 3H) ppm.

[0188] Crushed sodium (12.4 g, 0.540 mol) was added to
a solution of 2-butanone (48.2 mL, 0.538 mol) and ethyl
formate (43.47 mL, 0.538 mol) in dry ether (540 mL) with
vigorous mechanical stirring over a period of 1 h, during
which time the mixture was chilled in an ice-salt bath.
The mixture was then stirred at room temp. for 14 hours.
After cooling the reaction mixture to 4°C for a few hours,
the precipitated sodium salt was obtained by filtration
and washed thoroughly with cold, dry ether to afford 49.3
g (75%) of the desired sodium salt of 2-methy-3-
oxobutyraldehyde 2b. H NMR (DMSO-d¢) 4 9.1 (s, 1H), 1.9
(s, 3H), 1.3 (s, 3H) ppm.
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arh %%dl’ifth%né’@%? Pt P

additional 3 hours at 800C , the m xture was poured
into ice water and extracted with dichl orone thane.

wohersoogani c | ayer was dried with anhydrous soOHCETMS2004/023054

sul fate and concentrated in vacuo to an orange

resi due. Short plug filtration over silica gel (30%
ethyl acetate / 70% hexanes) gave 7.5 g (60% of ethyl
- 3-acetyl - 4,5-dinmethyl - 2-pyrrole carboxyl ate 4b.
1H NVR (CDC 3) d 9.0 (bs, IH), 4.3 (g, 2H, 2.7 (s,

add/ 23d% (WatdH) and - WatBed 3D, 54°3. (tzlﬁéﬂp@ﬁaér[@éﬂlil g,
A m xture of pyrrole ester 4b (8.2 g, 0.0392 nol) ,

fi) n643§ Hegro) el added P¥ C 19195 Wbt @ seY & mdmmw@s wer e
I
concent r at%dtll}enhigac%egg&%xﬁ &m@?gépme@l%gde%et 0

ddidi widy whe oombdletee actle fsesband hodi Wag erdl uvasd for 15

extract ed with et he The3‘? ]gc%]%y}ghaﬁaet%@; ﬂélgﬁ%\%tshhort

2y | e §%&%ﬁlpﬁe@£¢§té@e@%@c s@h i glvéH AR
I§9<Od6 d 2.5 (s, 3H), 2 (s, 3H) 2 0 (s, 3H) ppm
el en 2-3q 2L €{2C45‘c§/)cl@fle5®¢ d@sw%@y@@yhé D=

&%{%}%]I) ﬁ%}%gi %ﬂ% %ﬂ%zaspl ro%iﬂﬂ{s] ecaﬁé d 3.0

(d:ax,bdw)l; o6 aci o) }H)cycclo}Jr(x@yI:Hm nooxal y&, -3t yll.0 (s,
m de q(2€31 [0192 To a solution of L- 4-hydroxy
r rlotd dite 3 Mdi carboxyli ¢ aci d 1-benzyl ester

?omﬁyl esd &f éo](&ﬁh d %ﬁﬁmlxﬁﬁy%ﬁf&r@@mg@cﬁ den
toluene (30 nL) /ethyl acetate (30 nl) was added Na

Q1372€89n01]) 1imn gﬂjgy@ncma]tc@roethane (580 mL) at 25°C was
added slowly acetic anhydride (17.75 mL, 0.188 mol). The

resulting mixture was stirred at room temp. for 10
minutes, then a solution of pyrrole 3b (10.49 g, 0.0627
mol) in dichloroethane (30 mL) was added and the reaction
mixture was stirred at room temp. for 2 hours. After an
additional 3 hours at 80°C, the mixture was poured into
ice water and extracted with dichloromethane. The organic
layer was dried with anhydrous sodium sulfate and
concentrated in vacuo to an orange residue. Short plug
filtration over silica gel (30% ethyl acetate / 70%
hexanes) gave 7.5 g (60%) of ethyl-3-acetyl-4,5-dimethyl-
2-pyrrole carboxylate 4b. H NMR (CDCl;) 4 9.0 (bs, 1H),
4.3 (g, 2H), 2.7 (s, 3H), 2.1 (s, 3H), 1.9 (s, 3H), 1.3
(t, 3H) ppm.

[01911] A mixture of pyrrole ester 4b (8.2 g, 0.0392
mol), in ethanol and 100 mL of 10% potassium hydroxide
were refluxed for 1 hour. The mixture was cooled and
concentrated in vacuo to an oil. Water was added to the
oil, the mixture acidified with dilute HCl and extracted

with ether. The organic phase was dried with anh. sodium
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(5 m) . TEMPO (17 ng) was added, the m xture cool ed

to 40C and a solution of Corox(r) (18nmL) , sodium
woiesrdonasat e (2. 75g) and water (to 40 nL tot al PeoiUSR®Y/023054

was added over 30 m nutes. The resulting suspension

was stirred 10 m nutes before adding i sopropanol (0.2

nm.) . The organi c phase was separated and the aqueous

phase extracted with ethyl acetate. The conbi ned

organi c |layers were washed with a 0.3 N solution of
5s8dpumtt puosuBfatetgid4t, hedibeiche -8 r—'pgdr@»\ler ceathorml ic

sul_f filte , a (o t i acug t
SﬁGegﬂo?F aPﬁ?h’gCatﬂgW @é&%ﬂa (L?g gﬂﬂﬁt'. g 2
gntbﬁ?ﬂ Qt@ﬁqéhegﬁmeﬁpgradlent (100@6hexanes to 40%
Et OAc/ hexanes in 10963teEs) afforded 2.85 g (96% of

4- oxo- pyrroI|d|ne -1, xylic acid 1 benzyl

H& 2. 65 .% 35 of |ro 2. 60
+39 ; e m xture was

cw@&Bﬁgobglaﬁgﬁbbgﬁngﬂabu&9landmgabrrea overni ght. The
reaction was quenCﬁeu‘by addlng T nL pﬁta33|um

carbonat e aqueous solution (2 g/30 nL) followed by 321

sat rate is car ho [ USk s H.7
o9y, 2 he o PoRiat i PO chg Bt A e U2 -
d&ﬂb}tﬁbb&y& ipagredi arbenlzi/at estkirl Lemedthand esareet r(dt.Odr,

in vacuo. Purification on a, plug_of sili i ng
LwPt R oPGERBCSSh EhaRe M sty Pnettg?%i“e(l? é?@o’“%; /ﬁt@yg
a28098e( 69 nel) was added NaBr (1.28g, 1.14 eq) in water
(5 mL). TEMPO (17 mg) was added, the mixture cooled to

4°C and a solution of Clorox® (18mL), sodium bicarbonate
(2.75g) and water (to 40 mL total volume) was added over
30 minutes. The resulting suspension was stirred 10
minutes before adding isopropanol (0.2 mL). The organic
phase was separated and the agueous phase extracted with
ethyl acetate. The combined organic layers were washed
with a 0.3 N solution of sodium thiosulfate and then
brine, dried over sodium sulfate, filtered, and
concentrated in vacuo to an amber oil. Purification via
a silica gel plug eluting with an EtOAc/hexanes gradient
(100% hexanes to 40% EtOAc/hexanes in 10% steps) afforded
2.85 g (96%) of 4-oxo-pyrrolidine-1,2-dicarboxylic acid
l-benzyl ester 2-methyl ester 2 as a clear oil. M NMR
(cpcly) 4 7.35 (m, 5H), 5.15-5.30 (m, 2H), 4.80-4.90 (m,
1H), 3.95-4.05 (m, 2H), 3.80 (s, 3/5 of 3H), 3.65 (s, 2/5
of 3H), 3.0 (m, 1H), 2.65 (d, 3/5 of 1H), 2.60 (4, 2/5 of
1H) ppm.
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desired 6,10- dithia - 2- aza - spiro [4.5]decane - 2
, 3- dicarboxylic acid - 2-benzyl ester 3-nethyl ester
waaomnozsel ear oil. 1H NVR (CDCl 3) d 7.30 (m BEUS008523054
- 525 (m 2H), 4.6 (t, 0.5H), 4.55(t, 0.5H), 3.8(s,
1.5H), 3.75(m IH), 3.6(s, 1.5H), 2.95(m IH, 2 .85
(m 3H), 2.75 (m IH, 2.4(m 0.5H), 2.35(m 0.5H), 2
.0 (m 2H) ppm [0194] Cbz -protected dithiane (50ng)
26 in AcCH (140QuL) was treated with 30%Br/ AcOH

E2034H,) (and i) rrednbomiZthedr fadt wheaat eapexaur e.
Et hyI ether (20 nL) was added, the suspension stirred,

BINRRFR L e AR B bF FT e oY HremL glhe- prréla@dm@cte@@aw@l

GIEEIPTS, a8l £Ou L0508 o) desired-0 dGuodithi a

sret iyl orest2rg 2¥0 aslp fettbwdd -y 031 sall. i df amit@:satfl)@

HB lt. 1H NMR (CDA3).d 4.75 (t,_IH), 3.8 (s, 3H),
ST PIoARLom e 18 AUt 4k B8 T i 1Hgened axdnics

Wiﬁh ﬁaé@%(rbriﬂ@ th&e &fﬂe&kavéﬁﬂ&n$§ﬂfgﬂsLmé&ﬁe81um

tert -but yCi ne (243 ng, Bachem EDC (20

HOBta Y61 ere@rmacbl@m@mtzrme)dummwczee rrL) was

SR 41508 g8 A 0 00

'P&iébdahleqlétﬂlyﬂete\m%& qbhyl>acel aiecandaln @oiNgH@bo% hes
organi cs washed wi th saturated sodi um bi car bonat e, 1.0

@@Sglrly%ci rfe Wi hirh a4 - %@m@w [4 0P4 Rrasst 4ind
EaFhanat 1%'5(&1‘2@12%1955{ Oi et eR %é f'ﬂélé@ a
ford 70

vvi th 30% Et QAc/ hexane 300 ny
@l]@ﬂreﬁilz (H—thycér%oﬁm &mj nbH) , 35,.85-5.25 (m,

ﬂ@]’de utéy %Q’bo%(%%gt'ac hy}2 %gﬁz’er )Ia';o?’ 7 (m,
1H), 3.6(s, 1.5H), 2.95(m, 1H), 2.85(m, 3H), 2.75(m, 1H),
2.4(m, 0.5H), 2.35(m, 0.5H), 2.0(m, 2H) ppm.

[0194] Cbz-protected dithiane (50mg) 26 in AcOH
(140ul) was treated with 30%HBr/AcOH (210ulL) and stirred
for 2 hourg at room temperature. Ethyl ether (20 mL) was
added, the suspension stirred, solvent decanted off and
then the procedure repeated twice more to give 40 mg
(95%) of desired 6,10-dithia-2-aza-spiro[4.5]decane-3-
carboxylic acid methyl ester 27 as a reddish-brown solid
and as the HBr salt. 'H NMR (CDCl;) d 4.75 (t, 1H), 3.8
(s, 3H), 3.65 (4, 2H), 2.9-3.1 (m, 4H), 2.7 (m,1H), 2.55
(m, 1H), 1.95 (m, 1H), 1.85 (m, 1H) ppm.

[0195] L-Boc-tert-butyl glycine (243 mg, Bachem), EDC
(201 mg), HOBt (161 mg), and DIEA (502 ul) in DMF (3 mL)
was treated with the amine salt 27 (300 mg) in DMF (1 mL)
and stirred at room temp. overnight. The mixture was
partitioned between ethyl acetate and 1.0 N HCl, the
organics washed with saturated sodium bicarbonate, 1.0 N

glycine sodium salt solution, 10% potassium carbonate
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a white solid. 1IHNWR (CDC3) d 5.2 (d, IH), 4.7 (t,
IH, 4.65 (s, IH, 4.3 (d, IH , 3.8 (d, IH, 3.75 (s,
wGIRos/087681 (M H) 3.0 (m IH), 2.8 (m IH, 2PZ%US2004/023054
IH), 2.6 (m 2.2 (m IH, 2.2 (m IH, 1.95 (m
IH), 1.45 (s, QFD , 1.05 (s, 9H) ppm [0196] Boc
protected am ne 28 (243 ng) in dioxane (1 nL) was
treated with a 4 . ON HO /di oxane solution (2 nL) and
stirred for 2 hours at roomtenperature. The m xture
Puasfeéonceohr ahed phugactiosildbivear ped ehuCHRAG Ziahd30%

evaporated in vacuqQ to ve 208 O of d ire
550 ahcuaras 2L gorascapRBl gl | BTy P1 Hek 18oR02 R Hogt-

butgxy@é§b0n§@bﬁ9nb43 §Laﬁﬁéﬂﬁyi %ut?@&@@xﬁ|ﬂ© -agkthia-2-
nmet hyl ester 29 as a white so and as the HO salt.

awasspgpeé4 Fidecagg73tcarbogyllic- B@éd-m@ybyéhéﬁyﬁr 28 as

54 ny; e
2 e, g T BT & Bt ) B et it 1)
4a85nes$anH 294(38%armg)lHin CHRCKZA, (ZHmL)3and t(e 3H), 3.1
m xture stirred for 2 hours. The m_xture

(Bar £t i ofed BBt weBh efhyl (Beetdte and>1. mﬁﬁﬁ@ 2t-Re (M

185 9ani gs wasmﬁsi woth s@di wim bi gapBongl eaxnl, 01N4g! ygi,ne
odlun1salt sof Gt ion, 10A)pota33|un1carbonate sol uti on
9Hnhd erﬁe(BheﬁHdrppm over sodlun1sulfate flltered

once trated in,.vacuo. lof | i on_a
[Qﬁglga ge 8IHFPE§Cte ha§6§e P%ﬁéagée% es apﬁor
m221Es( te¥htel #ith2a meDN-H@ua&i©&ah@n$bamtﬁ@n:(2 mL)

cycl ohexyl - acetylamno) - 3 ,3- dinmethyl -butyryl] -
apd16tarthiafor22 BOHTS gbi FOPY. SFEBERAEUTe3. cARBoRjRIuTre

wgg'goﬁggﬂ¥ka@§5 39&@%0, glurried in CHyCl, and

evaporated in vacuo to give 208 mg (100%) of desired 2-

QE

(2-amino-3,3-dimethyl-butyryl)-6,10-dithia-2-aza-
spiro[4.5]decane-3~carboxylic acid methyl ester 29 as a
white solid and as the HCl salt. Mass Spec. MH+ = 347.1.
[0197] L-Boc-cyclohexyl glycine (154 mg, Bachem), EDC
(115 mg), HOBt (81 mg), and DIEA (284 mg) in CHyCl; (1 mL)
was treated with amine salt 22 (189 mg) in CHzCl,; (2 mL)
and the mixture stirred for 2 hours. The mixture was
partitioned between ethyl acetate and 1.0 N HCl, the
organics washed with sodium bicarbonate, 1.0 N glycine
sodium salt solution, 10% potassium carbonate solution
and brine then dried over sodium sulfate, filtered, and
concentrated in vacuo. Purification on a plug of silica
gel eluting with 30% EtOAc/hexanes afforded 221mg (70%)
of 2-[2~tert-butoxycarbonylamino-2-cyclohexyl-
acetylamino)-3,3-dimethyl-butyryl]~-6,10-dithia-2-aza-
spiro[4.5]decane-3-carboxylic acid methyl ester 30 as a

white solid.
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wGoBos/ob7Ad (s, 9H),

.8 (m IH, 227 (m IH, 2.6 (m
5(m IH, 220 (m IH, 1.65 (m
5(m

[0198] Boc protected anmin

4H), 1.05 (s, 9H) POPMIS2004/023054
e 30 (221ng) in dioxane (InL)

was treated with a 4 . ON HCO / di oxane sol ution (2nL)

and stirred for 2 hours at roomtenperature. The

m xture was concentrated in vacuo, slurried in CH2C 2,

evaporated, the procedure repeated and the m xture

@N,apm a,t ezﬂ 8 n( xwacm gl ven 19 ND £ 10008, ofndes? r@@'(m,

- amno - 2- cyclohexyl - acetylamn

1}?) oﬁfﬂe'ft h{p -]kﬁj)t'yr%/{q nSIHD-dik e (m2-TRya 2 45?” fo
a r [ Ci thyl ester 31 as a
v{ﬁ)i te 'sgfi Qﬁ'anﬁas?hdéé)ké’ sa )t. ss gpec. M+ =

BRI [ 01889 Myoeedtrmsd saoniha23( 262@111[19‘\1 din cdhi Gheeme  (1mL)

BUTETEH. Hact (4 O o o IR De QAT (oa gL rAnd

HAGIeR (f9)2 aiwlhinsd idd etbatt tindFaBuhur SI'heTr}@lxture was

m xture was_partitioned between Et OAc and 1 . ON HC
WWQ@@ btz e qten vt @V efn <FBClm savpmpsated, the

ug G géelfe‘{#é a‘%ﬁ% AR o & b e o

By (A5 %y of 1 alEsi el s i1ed {22—[2:3/(241:{3@«;@ 2 c?_yclohexyl—
%c‘%“ R R Lt O 16 AR a2
s%ﬁ.xrcp[d & &d&&@@ca&ommw&lm U ITEééwér efieds a

as a white solid. Mass spec

vé‘g(r@z sqIGZ0CIncEstertlss RE0mpPLt n Mss veen%o: (MDOTL486 2.
() e aated D 3 FA0a A Wt S, 5

stirred f
(40mg), HOBt (32 mg), and DIEA (99uL) in CH,Cl, (2 mL) was

white solid.(m 2H)
7

)
IH, 2.2 (m IH 2.1
1.1

a

treated with amine salt (98mg) in CHyCl, (2mL) and stirred
at RT for 3 hours. The mixture was partitioned between
EtOAc and 1.0N HCl washed with brine then dried over
sodium sulfate, filtered, and concentrated in vacuo.
Purification on a plug of silica gel eluting with 100%
EtOAc afforded 50mg (45%) of desired 2-[2-{2~cyclohexyl-
2-[ (pyrazine-2-carbonyl)-amino] -acetylamino}-3, 3~
dimethyl-butyryl)-6,10-dithia-2-aza-spiro[4.5]decane-3-
carboxylic acid methyl ester 33 as a white solid. Mass
spec. MH+ = 592.1, MH- = 590.2.

[0200] Ester 33 (50mg) in THF-water (400uL-100ul) was
treated with LiOH (7mg) and the mixture stirred for 3
hours at room temperature. The mixture was evaporated,
diluted with EtOAc, washed with 1.0N HCl and brine then
dried over magnesium sulfate, filtered, and concentrated
in vacuo to give 2-[2-{2-cyclohexyl-2-[ (pyrazine-2-
carbonyl) -amino] -acetylamino}-3,3-dimethyl-butyryl)-6,10-

dithia~2-aza-spiro[4.5]decane-3-carboxylic acid 34 as a
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hours at roomtenperature. The m xture was evapor at ed,
diluted with Et QAc, washed with 1 .ON HCO and brine

woOhers/odrdsed over magnesi um sul fate, filtered, aQWUS2004/023054

concentrated in vacuo to give 2- [2- {2- cyclohexyl -
2- [(pyrazine - 2- carbonyl) - am no] - acetyl am no}
3 ,3- dinethyl -butyryl) - 6,10- dithia-2-aza -
spiro[4.5] decane - 3- carboxylic acid 34 as ab576. 2.
[0201] Acid 34 (49ng) , EDC (14.2ng), HOBt (17.8nm),
sed 2D EA (44ul) in CH2CI 2 (1 m_) was treated with 3-

' - 2-hg d h I | am ne 35
(R g, " greogi r%y%exa&"' 5 qagljt%ezv“f@?ﬁgﬁgg@e&&i%%)

S 1hK
& e B bl %H%t%:n,%%%e e W S fhino-

l—émmﬁmarz(lm)qc:@ &azelcmmwammasz (7 -lﬁlf)g and

DAL 00 Al ARG B

IHHoed 1xeyt sadidim sufdaties f1d8R5Lhnandeanc e 1 atm
in vacuo. Purification on a plug of silica gel el uti ng

W3¢ 0206 MEOHICH STamp e 15t cPéd fsﬁ@%rgo%ﬂ%#t%ﬁrw 2-
2[ %.8 {2 2'7(‘6\90|207h7@2()y| C}%{Z_CEL%D@ d %:'heg%{ qpﬂ%%é stirred

no] - acetyl "am "ho
oﬁre.tﬁ)llghh e ®E. 2-EE@Za -wmiardnie[dél, leidie&&rminlcﬁ} washed

S ol el 2 e

ik ere@d adha [d&%n@%wyﬁm%&ﬁ ( :ﬂi'&)fl'd'htﬁtéﬁb\(‘on a
620uL) was treated with EDC (Qla& foll owed by DMSO
o

plzea@b) siligen afilcflortoaemidc MeSAy|OH8hd @2hEorded
3%@%5%/%“ de %gl%red?’% rﬂ?p%gescy%lohoe%lt e2r£p[ pyrleaz:me 2-

tlon m Xt ure was
carbonyl) -amino]-acetylamino} -3, 3-dimethyl-butyryl)-6,10-

dithia-2-aza~spiro[4.5]decane-3-carboxylic acid[l-
(cyclopropylaminooxalyl-butyl)-amide 36 as a white solid.
Mass spec. MH+ = 746.1, MH- = 744.3.

[0202] Hydroxyamide 36 (31lmg) in EtOAc (620uli) was
treated with EDC (120mg) followed by DMSO (233ul), then
dichloroacetic acid (34ul) and the mixture stirred for 30
minutes at room temp. The reaction mixture was diluted
with 1.0N HC1l (620ul.), the organics washed with water,
then concentrated in vacuo and purified by preparative
HPLC to give 1l4dmg (45%) of desired 2-(2-{2-cyclohexyl-2-
[ (pyrazine-~-2-carbonyl)-amino] -acetylamino}-3,3-dimethyl-
butyryl)-6,10-dithia-2-aza~spiro[4.5]decane-3-carboxylic
acid(l-cyclopropylaminooxalyl-butyl)-amide 2a as a white
solid. 'H NMR (CDCl3) d 9.4 (s, 1H), 8.75 (s, 1H), 8.65
(s, 1H), 8.3 (s, 1H), 7.45 (4, 1H), 6.8 (d, 1H), 5.4 (4,
iH), 4.8 (m, 2H), 4.6 (m, 1H), 4.5 (m, 1H), 3.7 (d, 1H),
3.1 (m, 2H), 2.8 (m, 2H), 2.65 (m, 2H), 2.3 (m, 1H), 2.2
(m, 1H), 1.95 (m, 3H), 1.7 (m, 6H), 1.4 (m, 2H), 1.15 (m,
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with 1 .0ON HO (62QuL), the organics washed with

wat er, then concentrated in vacuo and purified by
wonepawasive HPLC to give 14ng (45% of desiredBCRAISEE@D4/023054
{2- cycl ohexyl - 2- [(pyrazine - 2- carbonyl) - am no]

- acetylamno} - 3 ,3- dinethyl - butyryl) - 6, 10-

dithia - 2- aza - spiro [4.5]decane - 3- carboxylic

acid (1- cycl opropyl am nooxal yl -butyl) - am de 2a as

a white solid. 1H NWVR (CDA3) d 9.4 (s, IH, 8.75 (s,

IH), 8.65 (s, IH), 8.3 (s, IH, 7.45 (d, IH, 6.8 (d,

IH), 5.4 (d, IH), 4.8 2 4.6 (m IH, 4.5 (m

|E)|), 3.7 Ed, |E)|), 3.1 E%‘éby_,iiz?_s Em 2H), 2.65 (m
2 3 .

c%;clc@ﬁb@manclrafd}&(lyl mm}lqma@md@mrw)oxal yl -butyl)

-amde (Ta) [0203] This conpound was prepared from 2-
[2- (2- amino - 2- cyclohexyl - acetylamno) - 3

HOPOTE o L dfael b NS e 2202 Bl dfino-
—myzﬁaﬂmkyi&aalﬁm]dmdum)b@@ﬂdnmmlﬂoﬁywﬂd] %,10-

<%Cﬁty I2ed3l'z§$5 di nﬂs%g%]l 2- p rrol carblcicxg/alll C._aci qu{Sf)

dyee N epSgida 40 dé&&%ﬁ&ﬁ%&%d i é@&%ﬁzﬂ@ P .and

The title conpound was isolated as a white solid (11%

F-mcqtagt dotte)imgtdye: - avertd lon Erhoxy 4@ aaitl SH =
Vet K AP £ EHBL LRI RO Ll f5san Pt Qce!

procedures similar to those described in example 2. The
title compound was isolated as a white solid (11% for

last gtep). LCMS: retention time = 4.8 min, M+H = 801.2.

Example 4

HCV Replicon Cell Assay Protocol:

[0204] Cells containing hepatitis C wvirus (HCV)
replicon were maintained in DMEM containing 10% fetal
bovine serum (FBS), 0.25 mg per ml of G418, with
appropriate supplements (media A).

[0205] On day 1, replicon cell monolayer was treated
with a trypsin:EDTA mixture, removed, and then media A
was diluted into a final concentration of 100,000 cells
per ml wit. 10,000 cells in 100 ul were plated into each
well of a 96-well tissue culture plate, and cultured
overnight in a tissue culture incubator at 37°C.

[0206] On day 2, compounds (in 100% DMSO) were
serially diluted into DMEM containing 2% FBS, 0.5% DMSO,
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[0204] Cells containing hepatitis C virus (HCV)

replicon were maintained in DMVEM contai ning 10% f et al
woavisme7aer um (FBS), 0.25 ng per ml of (418, RCTHS2004/023054

appropriate supplenents (nedia A ). [0205] On day 1 ,

replicon cell nonolayer was treated with a trypsin:

EDTA m xture, renoved, and then nedia A was dil uted

into a final concentration of 100,000 cells per mi

wit. 10,000 cells in 100 ul were plated into each well

e alDBrtedd ddsisare. culture plate, and cul tured
overnight in_a tissue culture incubator at 370C .

On MREL® on e JIFRISI 49T ADDLLIWED) 2R avas

Is&ﬁmahé Aid Unegh 1L DML Al N 90, 20 EBS, 0. 5%

DVEO, t ution series dia on
gaptertomn Tielis noh ot @ymruvegs wasmadtbd and}detdtteen Brelei'@hdﬁ;t

contain ari ous centrations of conmpounds was
HgsP™ %%fa:; V@S\;Ma(qé?f{] @b NS FRISPTR Hrdher
aidS1@s. no conpound control S . [0208] Cells were

I ncubated with conmpound or 0.5% DVSO in nedia B for 48
HHARE] | n acq%ls%uée@mnﬁ@ammm earEd Qr thed eSO

(%Le rep ICOﬂ ceLHq rmno% a)r/herat mﬁls%%e%ce%yﬁﬁoﬁg at

3t st grtedclad endBQOTC ire of8 oo RNA rexttbbaacitoron. t O 2] i a

QJIture‘%éﬁte )é\nth tre ted re Ilcon Cellr%,fenrgrl%%%v?azéhed

cHE as BN and r@oxfé@rarﬁweaeo\ﬁd lﬁl(cﬁVQ\é @S
extraction.

[0209] Culture plates with treated replicon cell
monolayers were thawed, and a fixed amount of another RNA
virus, such as Bovine Viral Diarrhea Virus (BVDV) was
added to cells in each well. RNA extraction reagents
(such as reagents from RNeasy kits) were added to the
cells immediately to avoid degradation of RNA. Total RNA
was extracted according the instruction of manufacturer
with modification to improve extraction efficiency and
consistency. Finally, total cellular RNA, including HCV
replicon RNA, was eluted and stored at -80°C until
further processing.

[0210] A Tagman real-time RT-PCR quantification assay
was set up with two sets of specific primers and probe.
One was for HCV and the other was for BVDV. Total RNA
extractants from treated HCV replicon cells was added to
the PCR reactions for quantification of both HCV and BVDV
RNA in the same PCR well. Experimental failure was
flagged and rejected based on the level of BVDV RNA in
each well. The level of HCV RNA in each well was

calculated according to a standard curve run in the same
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added to cells in each well. RNA extraction reagents
(such as reagents from RNeasy kits) were added to the

woebdsporasmedi ately to avoi d degradati on of RNAPCT@S2004/023054

RNA was extracted according the instruction of
manufacturer with nodification to i nprove extraction
efficiency and consistency. Finally, total cellular
RNA, including HCV replicon RNA, was el uted and stored
at - 8Q0C until further processing. [0210] A Tagman
ushlg -thé MMERT-oPCR e ddind ad bt 85 SaY GBSoset up
Wwth two sets of specific primers,and probe. One was
TR HEAGd (HRE GORH (@RNIRACTNED Tt apRiA 50%
Sof I t t 4 ' I

B LR e By Gt 1T et T o ot TBorm- ey o
Tarein BURY RNAra i ethecwane FCRme| ¢ivéEx peoinpem @l
failure was flagged and rejected based on the | evel of
BVDV RNA in each well. The level of HCV RNA in each
wel | was cal cul ated accoggamgléosa standard curve run
in the saneusing the DMSO or no conpound control as 0%
of inhibition. The 1C50 (concentration at which 50%

3! P ¢l evel is observed) was

calculated fromthe titration curve of any given

nd appl.e Kl S Prot ocol . 02%1 PLC
‘ﬁﬂ Cr %or Iélpﬁeét 56— g?%’ﬁgﬁgﬁoﬁggf SERBTENESM 8 e]‘S d
siteticitse Sihd tgrddictd2- G u - ASp -Val -Val -

al pha) Abu -Cys - Ser -Met -Ser -Tyr -COCH

ubgstrate:
NH;-Glu-Asp-Val-Val- (alpha) Abu-Cys-Ser-Met-Ser-Tyr-COOH
[0212] A stock solution of 20 mM 5AB (or concentration
of your choice) was made in DMSO w/ 0.2M DTT. This was

stored in aliquots at -20 C.

[02131] Buffer: 50 mM HEPES, pH 7.8; 20% glycerol; 100

mM NaCl

[0214] Total assay volume was 100 uL
X1 conc. in
(pL) assay

Buffer 86.5 see above

5 mM KK4A 0.5 25 uM

1 M DTT 0.5 5 mM

DMSO or inhibitor 2.5 2.5% v/v

50 uM tNS3 0.05 25 nM

250 uM 5AB 20 25 uM

(initiate)
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[0212] A stock solution of 20 mM 5AB (or concentration
of your choice) was made in DMSO w / 0.2M DTT. This
woaesosgnased in aliguots at - 20 C .

nmM HEPES, pH 7.8; 20% gl ycerol; 100 mM Nad [0214]
Total assay volume was 100 nmL XI cone . in (nL ) assay
Buffer 86.5 see above 5 nM KK4A 0.5 25 nM1 MDTT 0.5
5 mM DMSO or inhibitor 2.5 2.5%v/v 50 nMtNS3 0.05 25
nM 250 nM 5AB 20 25 nM (initiate)was incubated at 30 C
wely indwbatddniar JO216Ho2.-F-Mo efirappropriate
concentration of test conpound was dissol ved i n. DMSO

[OBVSA onl ¥ -FoMie Gt FRBT ORd Rl sPREHEGT IR 10f st

dgﬁb'dﬂaJ : QIR t; u r ' :Qggég
Inlf%ategé%ig%%%gﬁ'by g'ditﬁ%% %%Mggcﬁ%gggkgéégmM &é
agh stddatce YR ®ar¥l owident rAtiisonwass igguibeliashtatorroom
slightly | ower than.the Kmfor 5AB) . Incubated for 20
H%Wﬁ%ﬁ? qsg%rTéEﬁﬁﬁéPed reaction by addition of 25 niL
[0217Q% TFAnkanrsiey neth d2dnrbalddgiatisod o HPLC i &ls 250

k9218 Separ at ed SMSY product from substrate and KK4A
uM 5AB substrate (25 pM concentration is eguivalent or
slightly lower than the Km for 5AB).

Incubated for 20 min at 30 C.
Terminated reaction by addition of 25 uL of 10% TFA
Transferred 120 uL aliquots to HPLC vials
[0218] Separated SMSY product from substrate and KK4A
by the following method:

Microbore separation method:

Instrumentation: Agilent 1100
Degasser G1l322A

Binary pump G1312A

Autosampler G1313A

Column thermostated chamber G1l316A
Diode array detector GL315A
Column:

5 micron C18;

Phenomenex Jupiter;

mm; P/O 00F-4053-B0

300 angstroms; 150x2

40 C
100 uL
Solvent A = HPLC grade water + 0.1% TFA

Column thermostat:

Injection volume:

Solvent B = HPLC grade acetonitrile + 0.1% TFA

[ 0213] Buf PeT/uSad4/023054

97

Time %B Flow Max
(min) (ml/min) |press.
0 5 0.2 400

12 60 0.2 400




by the follow ng nethod: M crobore separation nethod:

I nstrunentation: Agilent 1100 Degasser GL322A Binary
worm3/0816812A Aut osanpl er G1313A Col umm t her nDs PCaUS004/023054
chanber GL316A Di ode array detector G1315A Col umm:
Phenonenex Jupiter; 5 mcron C8; 300 angstrons; 150x2
mm P/0 O0OF- 4053 -BO Columm thernostat: 40 C
I njection volunme: 100 nL Solvent A = HPLC grade wat er
+ 0. 1% TFA Sol vent B, HPLC grade acetonityile + 0.1%
TFA I me 98 Flogv Max{ (m@m)2(mM ' mn)lgpress. 0 5 0.2 400
12 60 0.2 40017 5 0.2 400 Stopltinme: 17 mn Post -run
time: 10 min. [0219] Table 1 bel ow depicts Mass Spec.

-H ., MH, s=observed) , HPLC, 1H NWR ("Yes" if
és%é ct'_{-flé?év'ggga obt ai ned), Ki, and IC50 data for certain
Eagpatndsc afie § ) inivent i on. [ 0220] Conpounds wi t h Ki

's ranging fromlInMto 5mM are
[0219]g %ﬁble 1 below depicts Mass Spec. (M-H, M+H,

5 obs=observed), HPLC, *H-NMR (“Yes” if spectral data
obtained), Ki, and ICsy data for certain compounds of the
invention.

[0220] Compounds with Ki’s ranging from 1uM to 5uM are
designated A. Compounds with Ki’s ranging from 1uM to

10 0.5uM are designated B. Compounds with Ki’s below 0.5uM
are designated C. Compounds with ICsp’s ranging from 1uM
to 5uM are designated A. Compounds with ICsy’s ranging
from 1uM to 0.5uM are designated B. Compounds with ICs¢’S
below 0.5uM are designated C.

15
Table 1:
Compound| MS+ MS- | HPLC, Ki ICso TH-NMR
{(obs) (obs) | Re(min) (CDC13)
la 801.2 | 799.2 4.80 C C Yes
2a 744 .0 742.2 4.0 C C Yes
3a 704.4 | 702.6 3.63 C C Yes
4a 761.1 759.3 3.77 C c Yes
S5a 744 .2 | 742.1 4.05 C - Yes
6a 744 .2 | 742.3 3.94 C - Yes
7a 730.2 | 728.3 3.90 C C Yes
20 [0221] All of the documents cited herein, are

incorporated herein by reference.
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designated A . Conmpounds with Ki 's ranging froml|uM
to 0.5nM are designated B . Conpounds with Ki 's bel ow

wO 20BmWaat e designated C . Conpounds with | CSOPET/US2004/023054

ranging frominMto 5nM are designated A . Conmpounds
with ICso's ranging fromlImMto O .5nM are desi gnat ed
B . Conpounds with 1C50 's bel ow 0.5nM are desi ghat ed
C. Table 1 : Conpound M5+ MS- HPLC, Ki |1C50 1H NMWVR
(obs) (obs) RR (mn) (CDC-3)1a 801.2 799.2 4.80 CC
w¥eg13amf44.0 742.2 4.0 C C Yes 3a 704.4 702.6 3.63 CC
Yes 4a 761.1 759.3 3.77 C C Yes 5a 744.2 742.1 4.05 C

- Yes 6ap744mBotbd. 3£3£834nG1a Yes 7a 730.2 728.3 3.90
C C Yes [0221] Al of the docunents cited herein, are

i ncorporated herein by reference.We claim 1 . A
conpound of forrmula | : 5 % or a pharmaceutical |y
acceptabl e salt thereof,X rein : X and X' are both
fluorine; or XRand®d X Rzarke 1 dg&gndently C(H), N, NH

O, or S TWQH/)&W/U\N/KWN N
ORY Ry

O R R, O
T

or a pharmaceutically acceptable salt thereof,

wherein:

X and X’ are both fluorine; or

X and X’ are independently C(H), N, NH, O, or S; and X
and X’ are taken together with the carbon atom to which
they are bound to form a 5- to 7-membered saturated or
partially unsaturated ring having up to 4 heteroatoms
independently selected from N, NH, O, S, SO, and SO;z;
wherein any atom is optionally singly or multiply
substituted with up to 3 substituents selected
independently from J; and wherein said ring is
optionally fused to a second ring selected from (C6-
Cl0)aryl, (C5-Cl0)heterocaryl, (C3-Cl0)cycloalkyl, and a
(C3-C1l0)heterocyclyl, wherein said second ring has up
to 3 substituents selected independently from J;

J is halogen, -OR', -NO;, -CN, -CF;, -0CF;, -R', o0x0,
thioxo, =N(R'), =N(OR'), 1,2-methylenedioxy, 1,2-
ethylenedioxy, -N(R'),;, -SR', -SOR', -SO3R', -SO0;N(R'),,
-SO3R', ~C(O)R', -C(O)C(O)R', -C(O)C(O)OR",
-C(O)C(O)NR', -C(O)CH,C(O)R', =-C(S)R', -C(S)OR',
-C(O)OR', -OC(O)R', -C(O)N(R')z, -OC(O)N(R')3,
-C(S)N(R')z, -(CHy)0-2NHC(O)R', -N(R')N(R'")COR',
-N(R')N(R'")C(O)OR', -N(R')N(R')CON(R')2, -N(R')SO2R',
-N(R'")SO2N(R"'"),2, -N(R')C(O)OR', -N(R')C(O)R',
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and X' are taken together with the carbon atomto
whi ch they are bound to forma 5- to 7-nenbered

weabesroatesd or partially unsaturated ring havi ngCuuSkm4423054

het er oat ons i ndependently selected fromN, NH, 0O, S
, SO and SO2; wherein any atomis optionally singly
or multiply substituted with up to 3 substituents

sel ected i ndependently fromJ ; and wherein said ring
is optionally fused to a second ring selected from

(C6c ek prY} , -0LB0 C1ORNEL er-(Q) (R')2, -P(O) (OR'),, or
(C3 10)c cIoaIk |, and a (C3-d O heterocyclyl,
wheF &P (8 QRSECOWHGF?H@ has up to 3 substituents

Sﬁog‘:t eg: 'EQeﬁﬁﬁgﬁéﬁé¥n£i%”bélecﬂe&5f%ﬁx?gen - OR,

oxo, thioxo, =N(R),
=N( OR )hydro@emet hyl enedi oxy, 1,2- ethyl enedi oxy,

NR 1 S SO2R 1, SO2N(R 1 2, - SABR 1
-c§0) 3 fei @6 &Sgsﬂ‘atlﬁ(@qcmow (C(O)C(O) NR 1,
C( ©) CH(@ﬁ@lR loycGOS) Ryl oﬁ(%ﬁéalk@ﬁ@.m 1,

OC(OR 1, N(R) 2 O N 2,
(o) 1R 6] - 02 R 109 e e - (C1-L12) -

1’“‘31’1%35 N (R 1)N (R)CON(R )2, -N(R)S0O 2R\
-N(R°T )2 -N(R 1) (0)OR , -N (R 1)C (0)R 1, -
C( =NOR' ( cya'—clgoP(afgylfoan “P(O (R)2, -P(O (ORL 2,

selecteg%é gi? ﬁ?ﬁ%%gzﬁf gig)afgphéglégdependently
(C3-C10)-heterocyclyl-,
(C3-C1l0)-heterocyclyl-(Cl-Cl2)aliphatic-,
(C5-C10) -heterocaryl-, and
(C5-C10) -heteroaryl-(Cl-Cl2)-aliphatic~;
wherein up to 5 atoms in R' are optionally and
independently substituted with J;
wherein two R' groups bound to the same atom form
a 3- to l1l0-membered aromatic or non-aromatic ring
having up to 3 heterocatoms independently selected
from N, NH, O, S, SO, and S0O;, wherein said ring is
optionally fused to a (C6-Cl0)aryl,
(C5-Cl0)hetercaryl, (C3-Cl0)cycloalkyl, or a
(C3-Cl0)heterocyclyl, wherein any ring has up to 3
substituents selected independently from J;
Y and Y' are independently:
hydrogen-,
(Cl-Cl2)-aliphatic-,
(C3-C10)-cycloalkyl- or —-cycloalkenyl-,
(C3-C10) -cycloalkyl-(Cl-Cl2)-aliphatic-,
(C6-C10) -aryl-,
(C3-C10) -heterocyclyl-; or
(C5-C10)-hetercaryl-;
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(C1- C12 )- aliphatic - , (C3- Cl10) - cycloal kyl - or

- cycloalkenyl - , [(C3- Cl10) - cycloal kyl or -
woyalspatdsenyl ] - (Cl- Cl2) - aliphatic - , (CbhPCTIUS004/023054

aryl - , (Cb- C10) -aryl - (A-C12) aliphatic - , (C3-

A O -heterocyclyl-, (C3- AO -heterocyclyl - (d-

Cl2) aliphatic - , (C5- AO -heteroaryl - , and (C5-

Cl10) -heteroaryl - (Cl- Cl2) - aliphatic - ; wherein

up to 5 atons in R' are optionally and i ndependently

substiHateaech Waldh bf whercein twoiRdepghdeps1hownd to
the same atomforma 3- to 10-nenbered aromati ¢ or non
- epbhenatlyi mgenaiFRgedpwiBhauReter dabBREt1tuents

| NERSPIRALhY1 SeLEFLEBCAT ION 5 N O, 'S, SO and SO

erel n sal r|ng I'S option y fused to a (Cb- O

Raryhd RCBreClddapetngtepardyt:, ( C3- C10) cycl oal kyl, or a

(C3- terocyclyl, wherein any ring has up to 3
sgﬁgf%é%gﬁf§{§%¥%%¥%d’lndependently fromJ ; nd Y
arecjnﬁg@ﬁnﬁﬁﬁlbalkpydr@gencycloéine£§2) al i phatic -

Céc3 ClO - cycloal kyl - or - cycloalkenyl -
£@20§10 Xt barkyl= pri-cradyallenphari€l=C12)

(%%@ucﬁw' "
(C6-Cl10)-aryl-(Cl-Cl2)aliphatic-, or
(C5-C10)-heteroaryl-(Cl-Cl2)-aliphatic-;
wherein up to 3 aliphatic carbon atoms in R; and Rs
may be replaced by a heteroatom selected from O, N, NH,
S, 80, or SO, in a chemically stable arrangement;
wherein each of R; and R; 1s independently and
optionally substituted with up to 3 substituents

independently selected from J;

Ry, Ra, and Ry are independently:

hydrogen-,
(Cl-Cl2)-aliphatic-,
(C3-Cc10)-cycloalkyl-(Cl-Cl2)-aliphatic-, or
(C6-Cl0)-aryl-(Cl~-Cl2)-aliphatic-;

wherein up to two aliphatic carbon atoms in R;, Ry,
and R; may be replaced by a heterocatom selected from O,
N, NH, S, SO, and SO; in a chemically stable
arrangement;

wherein each of Ry, R4, and Ry is independently and
optionally substituted with up to 3 substituents

independently selected from J;

Rs and Rs» are independently hydrogen or (Cl-Cl2)-

aliphatic, wherein any hydrogen is optionally replaced
with halogen; wherein any terminal carbon atom of Rs is

optionally substituted with sulfhydryl or hydroxy; or
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(C3-C10) -heterocyclyl - ; or (C5-d 0)-heteroaryl -
;wherein each of Y and Y ' is independently and

wopbtismoadsily substituted with up to 3 substit ueRCE/US2004/023054

i ndependently selected fromJ ; R and R3 are

i ndependently: (Cl-Cl2)- aliphatic - , (C3-Cl0) -

cycl oal kyl - or - cycloal kenyl - , [(C3-AO -

cycl oal kyl - or - cycloal kenyl] - (Cl-Cl2 )- aliphatic
-, (C6-dO -aryl - (A-A2) aliphatic - , or

(Céuﬁsﬁltuhﬂter batiybendéfti ¢l Qasleateahﬁtbm J;;owherein
al i phatic carbon_atons in R _and R3 may

RoBPaoba Lok oo ST e PO T R Chev a§s bgund

SQ; 508 §02tbn6am8ﬁ88kéa' Eé{tﬁké%s 8FT BRYENENiy, Wherein
each of R and R3 is independently and optionally

subssaturetedi rinaphaviggsubstot deheseradepwadent byted

hylg(re?c;telﬂ fl(ngfm él %éez ?]%a’?(i%ﬁha 7eraere |1ir}t%ependerhlg/ up to

Cy2|@ﬂlb£yituelﬁ€é §d2pctralii pﬂdép@ndentpy €bmCro -aryl
(Cd-d2) -aliphatic - ; wherein up to two aliphatic
Yedron atoms in R2, R4, and R7 may be replaced by a

hetgr oat om sel ectedgromO , N, NH, S SO and SQ2

::lﬂi:%Fiically iiiTLi\&iiéngenent/:/JL\\H//

Ts
"

wherein each Rg¢ is independently:
hydrogen-,
(Cl—Cl2)—aliphatic—,
(Cé-Ccl0)-aryl-,
(C6-Cl0)-aryl-(Ci-Cl2)aliphatic-,
(C3-C1l0)~cycloalkyl- or cycloalkenyl-,
[(C3-C10)-cycloalkyl- or cycloalkenyl]-(Cl-Cl2)-

aliphatic-,
(C3-C10)-heterocyclyl-,
(C3-C10)-heterocyclyl-(Cl-Cl2)-aliphatic-,
(C5-C10) -heterocaryl-, or
(C5-C10) -heterocaryl- (Cl-Cl2)-aliphatic-, or
two Rg groups, which are bound to the same

nitrogen atom, form together with that nitrogen

atom, a (C3-Cl0)-heterocyclic ring;
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wherein each of R, R4, and R7 is independently and
optionally substituted with up to 3 substituents

wondespendent |y sel ected fromJ ; RS and R5. ar BCT/US2004/023054

i ndependent|y hydrogen or (Cl-Cl2) - aliphatic,
wherei n any hydrogen is optionally replaced wth

hal ogen; wherein any term nal carbon atomof R5 is
optionally substituted with sul fhydryl or hydroxy;
orsubstituents independently selected fromJ ; or R5

and Rheriggetdirin W t hst hadapendes tmyi cht'hebrarteleb@lgnd
is a 3- to 6-nenbered saturated or partiall
un@ﬁPHP%\t BaoerhRer heiFRgthp b@rsznhét:@m@af-énﬁ- $EPeELBY-

d,. t h
o ehet eEaT e e Eh s TR denr) Soribnng Foyyhe
|sbofﬁﬁ ap tB &hadéinieaah E@teroademsndehebyed from N,

hydr pge C12)-aliphatic-, (C-dO -aryl - ,
cﬁ c1o§ %?yland 2ic12) aliphatic - , (C3-CL0) -

vcché Qaldyyla vaQler@ecRAgerrq - . [(C3-A O -cycl oal kyl
- or cycloalkenyl] - (C1-C12) aliphatic - (C3-C10)
T Héterocyclyl - , (C3-Cl0 )-heterocyclyl - (C1-Cl2 )-
al'@fgéiﬁ ) —aliphatic~-;
(C6-C10) ~aryl-,
(C6-Cl0)-aryl-(Cl-Cl2)aliphatic-,
(C3-C10)-cycloalkyl or -cycloalkenyl-,
[ (C3-C10)-cycloalkyl or —-cycloalkenyl]-(Cl-Cl2)-
aliphatic-,
(C3-C10) -heterocyclyl-,
(C3-C10)-heterocyclyl-(Cl-Cl2)-aliphatic-,
(C5-C10)-heteroaryl-, or
(C5-C10)-heteroaryl-(Cl1-Cl2)-aliphatic-;

wherein up to 3 aliphatic carbon atoms in T may be

replaced by a heteroatom selected from O, N, NH, S, SO,

or SO, in a chemically stable arrangement;
wherein each T is optionally substituted with up to

3 J substituents;
provided that the following compounds are excluded:
a) N-acetyl-L-leucyl-(28)-2-cyclohexylglycyl-(38)-6,10-
dithia-2-azaspirol[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoyvlglycyl-2-phenyl-1,1-dimethylethyl ester
glycine;
b) N-acetyl-L-leucyl-(2S8)-2-cyclohexylglycyl-(3S)-6,10-
dithia-2-azaspirol[4.5]decane-3~-carbonyl-3-amino-2-
oxohexanoylglycyl-2-phenyl-glycine;
c¢) N-acetyl-L-leucyl-(2S8)-2-cyclohexylglycyl-(3S)-6,10-

dithia-2-azaspiro[4.5]decane-3~-carbonyl-3-amino-2-
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(C5-A O -heteroaryl - , or (C5-Cl0) -heteroaryl -
(C1-C12) - aliphatic - , or two R groups, which are

woawsthotesit he sane nitrogen atom form toget hePCwiuso4/023054

that nitrogen atom a (C3-C O -heterocyclic ring;
wherein each Ris independently -OR ; or the R groups
together with the boron atom is a (C3-Cl10) - nenbered
het erocyclic ring having in addition to the boron up
to 3 additional heteroatons selected fromN, NR', O
dithQa~2ametaSE;roV 4. $]Qiewarﬁa—\8a4c®mr@dﬂ$ aarichoFA-s
(C1-C12) -aliphatic - ; 2 é , .(C6-,C10)
owwanoeféﬂl@le-y ﬂ\bﬁ&me&hﬂ c@éle@if )—g Ywaaaw%
9" —%lé%lt%l—lﬁe-méuc 1= b(s@*zdc%loh(‘exg} %;}%&1 gf35) -6,10-
cycl oal kenyl ] - - I phatic -
dlh@n@*@cwczla)stplro [4( Gad@na)ne-ﬁetc@ﬁmmlWB —an(mp—@1—2) -

FohBrEs gy e R B2 SaRS: 1 wp o

gay@llmghgtileq carbon atons |n T may be repl aced by a
het eroatom sel ected from O , SO or SO |n

fa cHem) calir |afe§w&b|lglmﬁgé@§dr2-m&1@h¢>%f&a%wyl§ 38) -
60RGARM: % SURSHI LG WSt dHA 0 33 oL SR hi-BUeRliSo -2 -

oxochexanoylglycyl-2-phenyl-1, l-dimethylethyl ester,
glycine;

g) (28) -N-~acetyl-L-leucyl- (28) -2-cyclohexylglycyl-(38) -
6,10-dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-2-phenyl-glycine;

h) (28) -N~acetyl-L-leucyl- (2S8) -2-cyclohexylglycyl- (38) -
6,10-dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-2-phenyl-glycinamide;

i) (28) -N-~acetyl-L-leucyl- (28)-2-cyclohexylglycyl-(38) -
6,10-dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-
oxohexanoylglycyl-N,N-dimethyl-2-phenyl-glycinamide;

J) (28) -N~acetyl-L-leucyl-(28) -2-cyclohexylglycyl- (3S) -
6,10-dithia-2~azaspiro[4.5]decane-3~-carbonyl-3-amino-2-
oxohexanoylglycyl-N-methoxy-N-methyl-2-phenyl-
glycinamide;

k) N-acetyl-L-o-glutamyl-L-0-glutamyl-L-valyl-L-valyl-N-
[1~[oxo(2-propenylamino)acetyl]butyl]l-, bis (1,1~
dimethylethyl)ester-(83)-1,4-dithia-7-
azaspiro[4.4]nonane-8-carboxamide;

1) N-acetyl-L-o-glutamyl-L-o-glutamyl-L-valyl-L-valyl-N-
[1-Toxo (2-propenylamino)acetyl]lbutyl]l-,2-(1,1-
dimethylethyl) ester-(8S)-1,4-dithia-7-
azaspirol4.4]nonane-8-carboxamide;

m) N-acetyl-L-o-glutamyl-L-0-glutamyl-L-valyl-L-valyl-N-
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provi ded that the foll owi ng conpounds are excluded: a
) N-acetyl -L- leucyl - (2S)- 2- cyclohexylglycyl -
WO028)5/006810 - dithia-2 -azaspiro [4,5]decane - P8T/US2004/023054
carbonyl - 3- amino -2- oxohexanoyl glycyl - 2-phenyl -
l,1-dimethyl ethyl ester glycine; b ) N acetyl
-L-leucyl - (2S)- 2- cyclohexylglycyl - (3S)- 6,10 -
dithia-2 -azaspiro [4.5]decane - 3- carbonyl - 3-
am no - 2- oxohexanoy 1glycyl- 2-phenyl -gly cine ; c¢)
nN‘aﬁe%ﬂetyh 1~ trarfy A S LA e -Graeyl - 2 (39) -
- dithia-2 -azasplro [4 .5]decane - 3- carbonyl -
@%mwylzlmcwﬂu—d% 21, e@z@smm@—ma&]mm& 4]nonane-8~-
bon oxahex .19l ycyl -
: TR %eﬁﬁﬁo%egﬁan@ et S S
7L hﬁ%@étglL%Sbc- ﬂl@%& YA IR ePyEQ 2
hia - azaspiro 5] decane - "3- carbonyl
Ca/@ 1@ﬂmem®'1g1270ydxdl8§>& aﬁow—gilyt@la —~INarretstpdxyo- (4 Aietcmgne - 8-

ngfen 'éygﬁf an1d 3L0%§§§YC§31§t§¥}L Ieucyl

glyezaspiice ;[ 4. 5]decane 3 - carbonyl - 3- am no -2-
oxohexanoy | gl ycyl - 2-phenyl- 1,1-dinethyl ethyl
10 pest &-acgitydi-fie o-gil ut28l-INLacetgilutiany 1| -Guci 1y 1 (25) - 2-

c?%ié%%%@ﬁﬁg%%¥g¥lg&pb§n¢|%1%%lgnﬁhgzéé§1r5¥i %]nonane 8-
camb)@mngybﬁﬂm@ylz ~odobReavoy1g!, M6 Izn%lsm) 1-

(29) - N—acet{ - Ieuc (- 28)- - eyel ohexy |l glycyl -
dGQSFhYQeiﬁ- dit7hi( —Pzﬁﬁﬁﬁyﬁ ﬁ@tﬁ¢ Sﬁﬂ angl
onyl 3- anln ohex c enyl
ol SeArE e iR e P S

15 c@%@b%%&&ﬁbQ&%QEL 8803§)4 dithia-7-azaspiro[4.4]nonane-8-
carbonyl-3-amino-2-oxohexanoyl~1,2-bis (1, l-dimethylethyl)

ester glycine.

2. The compound according to claim 1, wherein the
X

X?%Y.
N ] .
20 ~ radical is:

wherein:
nis 0, 1, or 2;
X, X', ¥, and Y’ are as defined in claim 1; and
25 the ring containing X and X’ is optionally
substituted with up to 3 J substituents, wherein J is as

defined in claim 1.

3. The compound according to claim 2, wherein the
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6,10- dithia - 2-azaspiro [4.5]decane - 3- carbonyl -
3-am no - 2- oxohexanoy 1glycyl-N , N-di nethyl -
wa2pi3@mayds1- gl ycinamde ; j) (2S)-N acetyl - L-| eaTyis2004/023054
(2S)- 2-eyel ohexy lglycyl - (3S)- 6,10- dithia
-2-azaspiro [4.5]decane - 3- carbonyl -3-amno -2-
oxohexanoy 1gl ycyl - N-nmet hoxy -N-net hyl - 2-phenyl -
glycinanide; k ) Nacetyl -L-a-glutanyl -L-a- glutanyl
-L-valyl -N- [1-[ox0 (2-propenyl am no)
]butyl] - ,bis (1,1- dinmethylethyl )ester- (8S)-
Itliraall—cal 1azasp| ro [4.4] nonane - 8- carboxan de

) N-acet -L-a-gl utanyl - gmutarryl -L-val yl
ayl - in [oxp}j(\g rpropeﬁ%é no )acetyl ]butyl

$- (1,0Q¢ rrethcy 1) es (85)- 1 ,4-dithia
52a3p| ‘Z ¥oxan de cm)
N etyl; - Ly Ejl uta -Y-a- gI nYI -L-val yl
“L-valyl -Kn ) W acetyl - Ma- gFuta -L-a- gl utanyl

-L-valyl - 2: cycl ohexyl %I ycyl 1,4-dithia -
piro JA4] nonghe cagf bapyl - 3-am no -
- gXohexanoyl Sgl yci O o) N- -L-a-gl utanyl
| ut a -val cy yl gl ycyl - (8S)-

Ythi a g—{- &zaspiyo [2(' 4] nQnang” - . 8- carbonyl -
' N0 - ’2 oxwhexarroyl ghycyl < 2- henyl - gl yci nam de
wheRlint acetyl -L-a- glutanyl -L-a- glutanyl -L-valyl
- 2- cycl ohexyl glycyl - (8S)-1,4-dithia - 7-azaspiro
[4 . 4] aen@nel, ®xr @arbonyl - 3-am no - 2- oxohexanoyl

- ,1._2-bi 1,1- di I
5 astel BT eRTandseeRtneR i Gadt gorReP e )

t@bu&aﬁblcoht&@bﬁhg-xzand X’ is optlonally substituted

with up to 3 J substituents, wherein J is as defined in

claim 1.

10 4. The compound according to claim 3, wherein the

- radical is:

Y
_N

wherein:
n is 0 or 1; and

15 Y and Y’ are H.

5. The compound according to claim 4, wherein the
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cycl ohexyl gl ycyl - (8S)- 1,4-dithia - 7- azaspiro [4
. 4] nonane - 8- carbonyl - 3- am no - 2-oxohexanoyl -
woO 205m0%8( 1, 1- di met hyl ethyl) ester glycine. 2PCT/TiS2004/023054
conmpound according to claim1, wherein the X\ radica
is: wherein: nis O, 1, or 2; X, X, Y, and Y ' are
as defined in claim1; and the ring containing X and X
' is optionally substituted with up to 3 J
%u tuents, wherein J is as defined inclaiml . 3.
he/c¥npound according to claim?2, wherein theN Y
/ﬁédl ak-aldisal kgl:'n' XX OY Y Y wherein: ni s O,
1, or 2; Yand Y are as defined i n claim1; and the
)@ontalnlng X and X i s optionally substituted
up t o 3 J substituents, wherein J i s as defined
Yaim 1. 4. The conpoundaccordlng t oclaim3,
efe¥n the U radical i s : S Sg

.
'

wherein:
n is 0 or 1; and

5 Y and Y’ are H.

6. The compound according to any one of claims 1-5,

wherein W is:

0 Re

Rg

o ;

10 wherein in the W, the NRgRg is selected from -NH- (C1l-C6
aliphatic), -NH-(C3-C6 cycloalkyl), -NH-CH(CHz)-aryl, or
-NH-CH{(CH;3) -heteroaryl, wherein said aryl or said
hetercaryl is optionally substituted with up to 3
halogens.

15

7. The compound according to ciaim 6, wherein in

the W, the NRgR; is:

L ;r\ §f< f‘“r\ %7/@ F,
o w wr
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Y wherein: ni s O0or 1; and Y and Y are H 5. The
conpoundaccording t o claim4, wherein the\ radical
wO2005W07éserein : ni s 0 or 1; and Y and Y' aPeTHS204/023054
The conpound according t o any one of clainms 1- 5,
wherein W s : OR6 whereini nthe W the NRRi s
selected from-NH+ (Cl- C6 aliphatic), -NH (C3- C6
cycloal kyl) , -NH CH(CH3)- aryl, or -NH CH(CH3) -
heteroaryl, wherein said aryl or said heteroaryl i s
toRf WgnalHey nghstiduted with up t o 3 halogens . 7 .
The corrpound according t o claim6, whereini n the W

tgﬁ \R R it : @ H TN, iy - N -S- N TN, or t e \W.
R6R6| s. N t N§' e /JconmpouTiN-g ngt
m'8, whérein i n ’ ’
Cl
H F F
_§H7@, “ ‘%‘N7/®, or _E'H7/Q/ .
’ ’ F

5
9. The compound according to claim 8, wherein in
the W, the NRgRg 18:
H H = N
_.%N _§_N7/@
H Cl s H F
“g'N7/®/ or g“Y@
10 10. The compound according to claim 9, wherein in

the W, the NRgRg is:

4N

v

11. The compound according to any one of claims 1-

15 10, wherein Rs. is hydrogen and Rs is:

NN F
SH
F F’ 2 ) F, :’7 > ’ or
F
F
FFLFF F
12. The compound according to claim 11, Rs is:
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the W the NR6R6 i s : ¢ H- 1 NT NNJ or 10. The

conpound according to claim9, wherein in the W, the
WORGRATa1: ,H --N 11 . The conpound accor di ngPCD/UaB0N4/023054

one of clains 1- 10, wherein Ris hydrogen and R5 is:

JX J LLL P AA/ L > LLL / v/VL) "SHyYy \ F F 12. The

conpound according to claim1ll, R5 is:, \ or 13 . The

compound according to any one of clainms 1- 12, wherein

R2, R4, \and R7~are each _i.ndepgpdently H , nethyl |,
et hyl )61\ pr opyl .7?@_‘<Th%r cgmpound accordi ng to any
one off clafms 1- 13, efein R is : r L. O LL L" |

| 15. The conpound acc%rding t o claiml14 wherein R3
s : or

13. The compound according to any one of claims 1-
12, wherein R;, Ry, and R; are each independently H,

5 methyl, ethyl, or propyl.

14. The compound according to any one of claims 1-

13, wherein R3 is:

10
15. The compound according to claim 14, wherein Rj
is:
\\j/// X \\%/// Or‘ﬂﬁ,
| , , '
15 16. The compound according to claim 15, wherein R?
is:

17. The compound according to any one of claims 1-

20 16, wherein R' is:
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10

15

20

25

W,/w> VL/ V vLL 1 16. The conpound according t o
claim15, wherein Ri s : or L vLL 17 . The conpound

weacerdiasg t o any one of clainms 1- 16, wherei nPRL/USS00X023054

| LLL L L iLLL t/Ws [/ or 18. The conpound according to
claim17, wherein RLis : vL L/>1 19. The conpound
according to claim 18, wherein R is cycl ohexyl . 20.
The conpound according to any one of clains 1- 19,
wherein Vi val e bong- 21.<}he congound
according t vany oﬁ%Fof ckat ns 1020, wigfein T is :
(C3-A O -heterocyclyl’ - or (C5-Cf0)heteroaryl -
wherein each T is optionally substituted with up to 3

J substituents . 22. ym@e\conpound according to claim
21, wherein T is (G et%&?cZg;yl - or
(C5-C6) het eroarylwe ; whereidsh-each T is optionally

substituted with up to 3 Josubstituents. 23. The
conpound according to claim22, wherein Tis:GON \
\ HL HHH

18. The compound according to claim 17, wherein Ry

is:

19. The compound according to claim 18, wherein Rj

is cyclohexyl.

20. The compound according to any one of claims 1-

19, wherein V islé valence bond.

21. The compound according to any one of claims 1-
20, wherein T is:
{(C3-C10)-heterocyclyl- or (C5-Cl0)heterocaryl-;
wherein each T is optionally substituted with up to

3 J substituents.

22. The compound according to claim 21, wherein T
is (C5-Cé6)heterocyclyl- or (C5-C6)heteroaryl-;
wherein each T is optionally substituted with up to

3 J substituents.

23. The compound according to claim 22, wherein T

is:

110



10

15

-N\ VN-N-NI NHHHHNHN- "N y/ goy o< -H

HHHO HHwhherein: Zis independently 0, S, NR,
wono@B(oR7e812 . 24. The conpound accordi ng to cl acmuR3004/023054

wherein T is: N- y or 25. The conpound according to

claim1l1, wherein said (Cl1-Cl12) -aliphatic group in R,

Y, Y, R, R, RB, R4, R, R7, and T is

(Cl-06)-alkyl. I1IR7 Oi' v TYN
o '\ 07 P\ o I\ 07' T\
' H , H ., H
Nro )+ ['\ N
>+ [+ 04 D+
\H ) \H ) \H g \H ,
(Y, ), L, 1+
N Y Yoo WO O/S\N\‘
, I o,

of%a oﬁﬁ}a Lx 15
) ! b "

1

T+, A
N or >/S\N/
\ o \

Cl i
Ho H '

wherein:

Z is independently O, S, NR', or C(R'),.

24. The compound according to claim 23, wherein T

is: ]
N N
END?{ of I N\H %

25. The compound according to claim 1, wherein said
(Cl-Cl2)-aliphatic group in R', Y, Y’', Ry, Ry, Rs, Ra, Rg,
R7, and T is (C1l-C6)-alkyl.
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ORL R OOT WRR5 / \R5 |a or a pharmaceutically
acceptable salt thereof, wherein : X and X' are
wondesperent |y C(H), N, NH, O, or S; and X aRrdTXS2004/023054
are taken together with the carbon atomto which they
are bound to forma 5- to 7-nmenbered saturated or
partially unsaturated spirocyclic ring having up to 4
het er oat ons i ndependently selected fromN, NH, O, S
, SO and SO ; wherein any atomis optionally singly
or nmultiply substituted 'tKYup to 3 substituents
sel ected i ndepg pd tI);er Y and wherein said ring

is optionalyy RI \$e ond)?4r|ng sel ected from
(C6~ d O)T/ /gg (C3-C10)
cycl oal kyl, zmd |a1 0 %ﬁ ¢lyl, wherein said

second ring has up to 3 substi S selected
i ndependently fromJza J is hal ogen, -OR , N02 - CN,
-CF3, -0OCF3, -R, _oxo, thioxo Né %
of 2. %ﬁﬁvﬁceﬁgape%}y gcgepEeR}reRadt ower ﬂefR 1) 2,
wh%?e -SR2R, -SE2N(R )2, - SBR, -C(O R’
CCLIECLCE S "GOCONR, -0 T
X2€0Q) R’ a::é( EnRepen@eSEOR C (HC[ ONORNH, - OC( OrRS,; and X

(% géRV\%{%CSaF%OC (‘N? I\‘%ﬁﬁ% ("Htf}c(c%?N( gﬁ\ﬁr}{ atqp o which

) GEBPRire bd Rl IN(Rrn CONR t9 27 -mdier¢ SER urated or

partially unsaturated spirocyclic ring having up to 4

heteroatoms independently selected from N, NH, O, S,
SO, and S80;; wherein any atom is optionally singly or
multiply substituted with up to 3 substituents selected
independently from J; and wherein said ring is
optionally fused to a second ring selected from (Cé6-
Ccl0)aryl, (C5-Cl0)hetercaryl, (C3-Cl0)cycloalkyl, and a
(C3-Cl0)heterocyclyl, wherein said second ring has up
to 3 substituents selected independently from J;

J is halogen, -OR', -NO,, -CN, -CF;, -OCF;, -R', oxo,
thioxo, =N(R'), =N(OR'), 1,2-methylenedioxy, 1,2-
ethylenedioxy, -N(R')z, -SR', -SOR', -SOR', -SO;N(R')2,
-SO03R', ~-C(O)R', -C(O)C(O)R', -C(O)C(O)OR',
-C(O)C(O)NR', —-C(O)CHC(O)R', -C(S)R', -C(S)OR',
-C(O)OR', -OC(O)R', -C(O)N(R'")2, -OC(O)N(R')2,
-C(S)N(R'")3, -(CHjy)o-2NHC(O)R', -N(R')N(R')COR',
-N(R'")N(R')C(O)OR', -N(R')N(R')CON(R')2, -N(R')SO2R',
-N(R')SO;N(R')2, -N(R')C(O)OR', -N(R')C(O)R',
-N(R')C(S)R', -N(R')C(O)N(R')z2, -N(R')C(S)N(R')2,
~-N(COR')COR', -N(OR')R', -C(=NH)N(R')z, -C(O)N(OR')R',
-C(=NOR')R', -OP(0O) (OR')z, -P(O)(R')2, -P(O)(OR')2, or
-P(0) (H) (OR'); wherein;
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-N(R 1) SO2N(R )2, -N(IT)COOR 1, -N(R")C (O)R ",
-N(R 1JC(S)R 1, -N(RMC(ON(R 132, -N(R1)C (SN (R
wOR#s5/00NMECOR )COR , -N(OR 1) R -C (=NH) N (R per1/usdo4/023054
(ON(OR)R 1, -C(=NOR')R\ -OP(O (OR1 2, -P(O (R 1
2, -P(O(OR1 2, or - P(O (H(OR1l); wherein;(Cl-C12)

- aliphatic - , (C3-C10) - cycloal kyl - or -

cycl oal kenyl - , [(C3-Cl10) - cycloal kyl or -

cycl oal kenyl] - (Cl-Cl12) - aliphatic - , (Cb-AO
-aryl - (c1{€E6 Clél Ipkdtylc~, (CL-Cl12 )aliphatic - ,
(C3-C10) -heterocycly (C3-C10) -heterocyclyl -
(Cl- 012§C%1¢1p%1<?36010a1]@c%“ Q)" CM%@H&%Y , and

(C5- CLOp (chebfh pak F?’J:loailg}I G2)_¢ f&iméﬁym (Mhesep n_

up to 5 atorrs In are optional and 1 ndependently
substiliphediwr-th J ; wherein two R' groups bound to
t he sang &g@formﬁ - to 10-nenber ed aromatic or
non -ar \t ¥ aving up to 3 heteroatons

| ndependentdyo )seéngﬁleobixm MNiightl~, S, SO and
SO2, wherein said ring tionally fused to a

( C6- CLOYCHTGA0) (@tﬁmyw toaryl, (C3-Cl10)
cycl oal {%’Lcﬂﬁ ?é@r&@l;@ft BELSYE YAo 1 SESLD, any
ring has up
(C5- ClO) —-heteroaryl-, and
(C5-C10) -heteroaryl-(C1-Cl2)-aliphatic-;
wherein up to 5 atoms in R' are optionally and
independently substituted with J;
wherein two R' groups bound to the same atom form
a 3- to 10—memberedyaromatic or non-aromatic ring
having up to 3 hetercatoms independently selected
from N, NH, O, S, SO, and S0, wherein said ring is
optionally fused to a (C6-Cl0)arvl,
(C5-Cl0)Yheterocaryl, (C3-Cl0)cycloalkyl, or a
(C3-Cl0)heterocyclyl, wherein any ring has up to 3
substituents selected independently from J;
Y and Y’ are hydrogen;
R; and Rz are independently:
(Cl-C6)-aliphatic-,
(C3-Cc10)~-cycloalkyl- or —cycloalkenyl-,
[{C3-C10)-cycloalkyl- or —-cycloalkenyll-(Cl-C6)-
aliphatic-, or
(c6-C1l0)-aryl-(Cl-C6)aliphatic-;
wherein up to 3 aliphatic carbon atoms in R; and R;
may be replaced by a heteroatom selected from O, N, NH,

S, SO, or S0; in a chemically stable arrangement;
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substituents sel ected i ndependently fromJ ; Y and Y '
are hydrogen; R and R3 are independently: (Cl-C6) -

weabkogvatdisc - , (C3-Cl0) - cycloal kyl - or - PCT/US2004/023054
cycl oal kenyl - , [(C3-Cl10) - cycloal kyl - or -
cycl oal kenyl] - (C1-C6) - aliphatic - , or (Cb-AO -
aryl - (Cl-C6)aliphatic - ; wherein up to 3 aliphatic

carbon atons in R and R3 may be replaced by a

het eroatom sel ected from0O , N, NH, S, SO or SO in
a ahemaaldye 1St addlee@red@nfesment ; | ndependent |y sel ected
fromJ ; -2 and R7 are hydrogen; R 4 is selected from
Rpydden are vEragsfial kyl - , (C3-Cl0) - cycloal kyl -

5 Rr{AsPdredt&y! from, O (C6-C10) - aryl - (Cl-C6) -
alkyl - ; wherein R4 is independently and optionally
subhsiidgered with up to 3 substituents independently

se%c[%g_tcg@_jglm_ ; R5. is hydrogen; R5 is (Cl-C6)
-a hat'i ¢, r'ein any hydrogen is optionally
r et ace W dfe hed ogens (W4ss) -elkyl-, or
(C6-C10)-aryl-(Cl-C6)-alkyl-;

10 wherein Ry is independently and optionally
substituted with up to 3 substituents independently
selected from J;

Rs: is hydrogen;
Rs; is (Cl-C6)-aliphatic, wherein any hydrogen is

15 optionally replaced with halogen;
W is
Q Q 0 Re
Rs ORG N
~N
Re
. ’ , Or
o) o 0
Ts
B
~N
/ R8
wherein each R is independently:
hydrogen-,
20 (C1-C6)-alkyl-,

(C6-C10) -aryl-,

(C6-C10)-aryl-(Cl-C6)alkyl-,

(C3-C10) -cycloalkyl- or cycloalkenyl-,

[ (C3-C10)-cycloalkyl- or cycloalkenyl]-(CL-C6)-
25 alkyl-,

(C5-C10) -heteroaryl-(Cl-C6)-alkyl-, or
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R .B R8 wherein each Re is independently: hydrogen - |,

(C1- C6) -alkyl -, (Cb-dO -aryl - , (C6-C10) -aryl
wo 20Bbo@8) al kyl - , (C3- A O - cycloal kyl - OPCT/US2004/023054
cycl oal kenyl - , [(C3-Cl10) - cycloal kyl - or
cycl oal kenyl] - (d-Cb) al kyl - , (C5- C10
)-heteroaryl - (d-Cb)-alkyl - , oratom a (C3-C10)

-heterocyclic ring; wherein R6 is optionally
substituted with up to 3 J substituents; wherein each

R8 i atbmgdependentiy) ~@8téro@yculile B8ngroups toget her
wWth the boron atogm is . a menber ed
het er oSG iFg lﬁ’a\?ipﬁdoﬂﬁll&éfd |sf~‘30c§r’ilttélttel<?e""r3<§|1']ohlpu Fo 3

5 to 3jadditiopgbnheteroatons selected fromN, NH O,
SO, an%gjg(f; V ]las a val ence bond; and T is : (Cb-CI O)

-ar yI -wheredn @aQh -Rar yils -1n@@pe@bi)@@lt|lp'haﬂl?d - or the Rg
(S G hap EHERRREY! v . Pl S5 hsdli 8HCE Meapugy-
at ongeBefefbleblrocyclic ring having in addition to the
boron up to 3 additional heteroatoms selected from
10 N, NH, O, SO, and SO3;
V is a valence bond; and
T is:
(C6-C10) -aryl-,
(C6~-C1l0)-aryl-(Cl-C6)aliphatic-,
i5 (C5-C10)-heterocaryl-, or
(C5-C10) -heterocaryl-{(Cl-C6)-aliphatic-;
wherein up to 3 aliphatic carbon atomg in T may be
replaced by a heterocatom selected from O, N, NH, 3, SO,
or S0, in a chemically stable arrangemert;
20 wherein each T is optionally substituted with up to

3 J substituents.

27. The compound according to claim 26, wherein the

- radical is:

Y

wherein:

nis 0, 1, or 2; and
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repl aced by a heteroatom selected fromO, N, NH S,
SO or SOin a chemcally stable arrangenent; wherein
weaais/007d8s optional |y substituted with up to 3P3T/US2004/023054
substituents . 27. The conpound according to claim 26,
wherein the X X r radical is : wherein: nis 0, 1
or 2 ; anddefined in claim26. 28. The conpound
according to claim 27, wherein the radical is: or
wherein : nis 0, 1, or 2; and the ring containing X
defidn¥d iinscoptimofdl.ly substituted with up to 3 J
substituents, wherein J is as defined in claim26. 29.
The conpound according to claim 28, wherein the x X
5  radieal igne WBRHBLAG: aBcb®a¥nel th 3BimThe, cwmé%rigl the
according to claim?29, wherein theradical
e Qin :ni sOor 1

iijl radical is:

T T NS

S-S 0.0 0._S

wherein:

N
ov
=}

n is 0, 1, or 2; and
10 the ring containing X and X’ is optionally
substituted with up to 3 J substituents, wherein J is as

defined in claim 26.

29. The compound according to claim 28, wherein the

~——

n
X X

15 -/iijl radical is:

wherein:

nis 0 or 1.

20 30. The compound according to claim 29, wherein the
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31. The conpound according t o any one of clainms 26-
30, wherein Ws: OR6 whereini nthe W the RGBR6 i s
woeebdobedifrom - NH- (Cl- C6 aliphatic), -NH (CBETM82004/023054
cycloal kyl) , -NH CH(CH3) - aryl, or - NH CH(CH3) -
heteroaryl, wherein said aryl or said heteroaryl i s
optionally substituted with up t o 3 hal ogens . 32.
The conpound according t o claim 31, wherein i n the
he NRgRi s : Hs HNL T N-NT N-ci-NH NorsHIN
_\%l( TNV d 4 /] or Hi-N 34. The conpound
-~ dimicﬁhrliaém 33, wherein in the W, the NR6R6
H-INi-NNJ O

K\ﬁn

I
wherein:

nis 0 or 1.

31. The compound according to any one of claims 26-

30, wherein W is:

o) Re

Rs

o ;
wherein in the W, the NRsRs 1s selected from -NH- (Cl-C6
aliphatic), -NH-(C3-C6 cycloalkyl), -NH-CH(CH3)-aryl, or
-NH-CH(CH3) -heteroaryl, wherein said aryl or said
heteroaryl is optionally substituted with up to 3

halogens.

32. The compound according to claim 31, wherein in

the W, the NRgRs is:

ENDPNA
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or 35. The compound according to claim 34, wherein in

the Wthe NR6R6 is : 36. The conpound accordi ng to any
wonesoh7ash ai s 26- 30, wherein Wis: O R6 O wWheCEiUus2008/023054

the W, the NR6R6 is NH2. 37. The conpound accordi ng

to any one of clainms 26- 30, wherein Wis: K6 wherein

inthe W, the Ris as defined in claim26. 38. The

compound according to any one of clainms 26- 30,

wherein Wis: wherein in the W, the Ris as defined

q4cla|n1ZgH 39./1Rke conpoynd rdlng t

C§ ms 26 lggyein Mﬁ§a 8\58 mhere%

t;2k3’|s as defined in clainf2640. :The ¢
according to any one of clainms 26- 39, mher-ln R5 is:

LLL VA/WO LLLL L / v/VWLL/ y \F F 41. The conpound

cl um140 Fein Hi S
aﬁ tC? or - -NYQ(W
F

5 34. The compound according to claim 33, wherein in

the W, the NRgRs is:

Yy sH N
e %NY@ |

35. The compound according to claim 34, wherein in

10 the W, the NRgRg is:

A

36. The compound according to any one of claims 26-

4N

30, wherein W is:

0 Rs

Rg

15 (o) ;
wherein in the W, the NRgRg is NH,.

37. The compound according to any one of claims 26-

30, wherein W is:
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F F 42. The conpound according to any one of clains
26- 41, wherein R4 is hydrogen. 43. The conpound
weacerdiasg t o any one of clainms 26- 42, wher ei RCRYS2®4/023054
vL L/ V1L L/ VLLL or s y | 44. The conpound
according to claim43, wherein R3is : or vLLL xjyjXP
< /VT><JW 11 | | 45. The conpound according to
claim44, wherein R3 is: v/\L r> f\f\n 46. The
ound ggcording to any one of clainms 26- 45,
i IstAALJIA 1 iLAVILL/ 11 47 . The
conpoufld according t o claim46, wherein RL i s :
48. The conpound according to claim47,
wherei @ R1 iis cycl ohexyl . 49. The conpound according
] e.of ai 6-: 48 15T+ 4S; - 640
w@%rggﬁ QL t%F w'oF%%C§§Ci%)ﬁsmﬁgE§hgﬁ }h;clégﬁ £40)

eterocycly et eroary

38. The compound according to any one of claims 26-

5 30, wherein W is:
0

ORs

o ;

wherein in the W, the Rg is as defined in claim 25.

39. The compound according to any one of claims 26-
10 30, wherein W is:
Ts

B
- \Rs.

14

wherein in the W, the Rg is as defined in claim 26.

40. The compound according to any one of claims 26—
15 39, wherein Rs is:

W\‘f\/‘

l
DA w'vv ,MIM, \/V\II\I‘\I\I\IIV‘W\’IV‘W
5\ L\ F
F F » > F - s ’ ,‘\ 3 or
F
F FF F
F .

41. The compound according to claim 40, wherein Rsg

is:
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wherein each T is optionally substituted with up to 3

J substituents . 50. The conpound according to claim
wo20swosei n T i s (C5-C6) heterocyclyl - or PCT/US2004/023054

(C5-C6) heteroaryl - ; wherein each T is optionally

substituted with up to 3 J substituents. 51. The

conpound according to claim50, wherein Tis: IM\ C

OIMHHHH-NN_Nv->- VINNNNHHHHNHN

.SNHJ] i fJ & Cdx 0. N or HH wherein : Z

is inde,;)énlc:ientl>0 ; %NFR T,%r C(R )2 .

F .

F

42. The compound according to any one of claims 26-

41, wherein R4 is hydrogen.

5
43 . The compound according to any one of claims 26-
42, wherein R; is:
\mnp,/ J\.Iiu" F\J\/\/ W:U‘/% u\fv\ or Nr‘
I ’ 14 ' ’ ’
10 44. The compound according to claim 43, wherein R3
is:
>vv~|/ uvlv‘ ?m!/ or \I\f\l-l‘
| ; ' '
45. The compound according to claim 44, wherein R;
15 is:

46. The compound according to any one of claims 26-

45, wherein R! is:

120



52. The conpound according to claim51, wherein T is:
k N or 53. The conpound according to clai m 26,

wohersmormsssai d (CLl- Cl2)-aliphatic group in R ' aad/usaid023054

(Cl-C6)-54. The conpound according to claim1l or claim
26, vvhereinthe compound is : O.N A0 OO0 7 0 1a
2a SCS O . * - 324a000) OvOOO) 0 5a 6a
or HO" 0 O/ O 7a 55. A pharnmaceutical conposition

conpri si ng d accoyding tp any one of claims
1-54 or a p:g i cal | cceptabl e s‘af’t thereof in
ef

an anount ectlve to |nh|b|t a serine protease; and
a acceptable carrieK, adjuvant or vehicle. patient .
57. The conposit I%dl r:g(t&cl ai m 56, wherein

47. The compound according to claim 46, wherein R;

is:

SN VAV, Vol S DATAYA or
5 | ) | ) I oo |
48. The compoﬁnd according to claim 47, wherein R,
is cyclohexyl.
10 49. The compound according to any one of claims 26-
48, wherein T is:
(C3-C10) -heterocyclyl- or (C5-Cl0)heterocaryl-;
wherein each T is optionally substituted with up to
3 J substituents.
15
50. The compound according to cldim 49, wherein T
ig (C5-C6)heterocyclyl- or (C5-C6)heterocaryl-;
wherein each T is optionally substituted with up to
3 J substituents.
20

51. The compound according to claim 50, wherein T

is:
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said conposition conprises an additional agent

sel ected from an i mmunonodul atory agent; an antivira
wagenstop7aa1 second i nhi bitor of HCV protease; anPCT/US2004/023054

i nhi bitor of another target in the HCV |life cycle; and

a cytochrone P- 450 inhibitor; or conbinations

thereof. 58. The conposition according to claimb57,

wherei n said i munonodul atory agent is a- , b- , or g-

#nt ef er on tthDSIn the antiviral_agent is
Ori baviy i n, Bt axij ne. S telj vudi n€ or Yhe
i nhi bitor of another target in the HCV I|f cycle is
an inhibitor of HCV hellc§§ pol ynmer ase, or
rmi?§§C)ro&§§§€>% . an |t|dm/' cogding to
cll ai rei ai d %bne = énhlbltor IS
ritTonavir nethod bltl%g~ he activity of
a seltne pr ot ea conpr|5| the step qg contacting

sai d serine protease with a conpound according to any
ong, of clains 54. 61. The_method according to claim

, erein erine ot emse i SH NS3
rot epse pt hod of] tremting a nhfection in
et fFSIEQ t S TiNstering to said

patl ent "a conp S|t|on accorhlng to clalﬁm56 addi ti onal
agent sel ectedM rom an i mmihonodul at ory agent; an
antivyjral agent; _a second inhibitor of HCV protease;

i ithi bi tor of ®nother target in the HCVHi fe cycle;
or ¢ i nati ons _thereof; wherein said addit al agent

co i on
O T ~ 0 T \fi o T \ﬁi %
Ho Ho hoo Y ,
C
HN
PSRN
cl N\ O%ﬁ\\N\ ;
H , H

wherein:

7 is independently O, S, NR', or C(R')3.

52. The compound according to claim 51, wherein T

is:

NS B —+
EN;\S,{ or AN .

H

53. The compound according to claim 26, wherein

sald (Cl-Cl2)-aliphatic group in R' and said (C1-Cé6)-
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according to claim56 or as a separate dosage form

64. The nethod according to claim®63, wherein said
wonmsvonasdul atory agent is a- , b- , or g intePCEUSN081023054

thynosin; said antiviral agent is ribavarin or

amant adi ne; or said inhibitor of another target in the

HCV life cycle is an inhibitor of HCV helicase,

pol ynmerase, or netall oprotease. 65. A nethod of

elimnating or reduci ng HCV contam nation of a

bi ol gdi.calrhsagpheoondmedicoaldioky ltabellatiar § equiciesnt 26,

conprising the step of contacting said biol ogical
WBgKSE SASNEGTP]PEr 1Fabor at ory equi prent with a

conposition ac ding to claim55. 66. The hod

accoRdi ng to cdaign 65, wherein said sanple §r g

\n;?\lj:; ctedfrom bl o, ot heg ﬁﬁ( | ui d%[
fcal thswsug, fp gurdical (i nstrignent,| ansdrdjcal H
¥ aNl aljor a or\/}”i\ﬁst\wnem, a’qI ab@ ayfor y qj\jl\(y)(N\v

gaF mant

gar miéht~a bl 8od ®r ot her body fl { d~spl |l ebtiop ~
appar a . and a bl pod or other bod ui d storage J
material . 1a 2a

[:j 3a r/ ’ [:j 4a [/ ,

ba 6a or

55. A pharmaceutical composition comprising a
compound according to any one of claims 1-54 or a
pharmaceutically acceptable salt thereof in an amount
effective to inhibit a serine protease; and a acceptable

carrier, adjuvant or vehicle.
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patient.

57. The composition according to claim 56, wherein
said composition comprises an additional agent selected
from an immunomodulatory agent; an antiviral agent; a
second inhibitor of HCV protease; an inhibitor of another
target in the HCV life cycle; and a cytochrome P-450

inhibitor; or combinations thereof.

58. The composition according to claim 57, wherein

said immunomodulatory agent is o—, B—, or y-interferon or
thymosin; the antiviral agent is ribavirin, amantadine,
or telbivudine; or the inhibitor of another target in the
HCV life cycle is an inhibitor of HCV helicase,

polymerase, or metalloprotease.

59. The composition according to claim 58, wherein

said cytochrome P-450 inhibitor is ritonavir.

60. A method of inhibiting the activity of a serine
protease comprising the step of contacting said serine
protease with a compound according to any one of claims

1-54.

61. The method according to claim 60, wherein said

serine protease is an HCV NS3 protease.
62. A method of treating an HCV infection in a

patient comprising the step of administering to said

patient a composition according to claim 56.
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additional agent selected from an immunomodulatory agent;
an antiviral agent; a second inhibitor of HCV protease;
an inhibitor of another target in the HCV life cycle; or
combinations thereof; wherein said additional agent is
administered to said patient as part of said composition

according to claim 56 or as a separate dosage form,

64. The method according to claim 63, wherein said

immunomodulatory agent is o—, P-, or y-interferon or
thymosin; said antiviral agent is ribavarin or
amantadine; or said inhibitor of another target in the
HCV life cycle is an inhibitor of HCV helicase,

polymerase, or metalloprotease.

65. A method of eliminating or reducing HCV
contamination of a biological sample or medical or
laboratory equipment, comprising the step of contacting
gaid biological sample or medical or laboratory equipment

with a composition according to claim 55.

66. The method according to claim 65, wherein said
sample or equipment is selected from blood, other body
fluids, biological tissue, a surgical instrument, a
surgical garment, a laboratory instrument, a laboratory
garment, a blood or other body fluid collection
apparatus, and a blood or other body fluid storage

material.
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