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ABSTRACT

The present invesntion relates to compounds of formula I or formuia la or
pharmaceutically acceptable salts thereof, that inhibit serine protease activity,
particularly the ac-tivity of hepatitis C virus NS3-NS<4A protease. As such, they act by
interfering with tre life cycle of the hepatitis C ~virus and are useful as antiviral
agents. The inve-ntion further relates to pharmaceeutically acceptable compositions
comprising said ccompounds either for ex vivo uses or for administration to a patient
suffering from HRCV infection and processes fow preparing the compounds. The
invention also reslates to methods of treating an HCV infection in a patient by15
administering a pharmaceutical composition comprising a compound of this

invention.
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INHIBITORS OF SERINE “PROTEASES,
PARTICULARLY HCV NS3-NSS4A PROTEASE

CROSS REFERENCE TO RELATEED APPLICATIONES

[ooo1i} This application claims the benefit o.f United
States Provisional Application numaber 60/488,5385, filed
July 18, 2003, entitled sTnhibitoms of Serine Eroteases,
Particularly HCV NS3-NS4A Proteas-e”, the entire= contents

of which is hereby incorporated lwy reference.

TECHNICAL FIELD OF T HE INVENTION

[0002] The present invention =xrelates to commpounds that
inhibit serine protease activity , particularl=y the _
activity of hepatitis C virus NS 3-NS4A protea se. As such,
they act by interfering with the= life cycle oef the
hepatitis C virus and are also taseful as anti_viral
agents. The invention further -~relates to ph=armaceutical
compositions comprising these ceompounds eithe=r for ex
vivo use or for administration to a patient :suffering
from HCV infection. The inventzion also rela _tes to
processes for preparing the comnpounds and me=thods of
treating an HCV infection in a patient by acOministering a
pharmaceutical composition commprising a comg;ouﬁd of thiss

invention.

BACKGROUND OF ~ITHE INVENTION
[0003] Infection by hepatit=is C virus (™ HCV”) is a

compelling human medical probIllem. HCV is r—ecognized as-
the causative agent for most e«cases of non-34, non-B
hepatitis, with an estimated “human sero-preevalence of =%
globally [A. Alberti et al., “Natural Hist .ory of

Hepatitis C,” J. Hepatology, 31., (Suppl. 1), pp. 17-2~4
(1999)1. Nearly four milliora individuals may be infec ted
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Gastroenterol. Clin. North Am., 23, pp. 437-455 (1994) ;
M. J. Alter “Hepatitis C Virus Infection in the United.

States,” J. Hepatology, 31., (Suppl. 1), pp. 88-91

{1999)1].

[0004] Upon first ex=zposure to HCV only about 20% of
infected individuals deavelop acute clinical hepatitis
while others appear to resolve the infection
spontaneously. In almo-st 70% of instances, however, tlne
virus establishes a chr onic infection that persists for—
decades [S. Iwarson, “T-he Natural Course of Chronic

Hepatitis,” FEMS Microb._lology Reviews, 14, pp. 201-204

(1994); D. Lavanchy, “GIobal Survelllance and Control oef
Hepatitis C,” J. Viral Elepatitis, 6, pp. 35-47 (1999)].

This usually results in recurrent and progressively
worsening liver inflammation, which often leads to more
severe disease states suach as cirrhosis and
hepatocellular carcinomaa [M.C. Kew, “"Hepatitis C and
Hepatocellular Carcinoma.”, FEMS Microbiology Reviews, 14,
pp. 211-220 (1994); I. Saito et. al., “Hepatitis C Viruss

Infection is Asscociated —with the Development of
Hepatocellular Carcinoma ,” Proc. Natl. Acad. Sci. USA,
87, pp. 6547-6549 (1990) 1. Unfortunately, there are no
broadly effective treatmeants for the debilitating

progression of chronic HCV.

{0co5} HCV is a RNA virus of the Flaviviridae family.
Acute infection with HCV causes a generally mild, often
asymptomatic, acute hepatzitis. However, at least 85% of
patients infected with HC"V do not fully clear the virus
and develop chronic infec tion of the liver. Once chronic
hepatitis C is establishee«d, 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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cirrhosis. Long-texm sequelae of chronic Thepatitis C
include cirrhosis, Thepatic failure, and hempatocellular
carcinoma. It is estimated that HCV infec ts 170 million
persons worldwide. Over the next ten year s, as a larger
proportion of patiesnts who are currently i mfected enter
the third decade of their infection, the number of deaths
attributed to hepatitis C is expected to s-ignificantly
increase.

[oco6l] Typical ssymptoms of HCV infectiocoen include
elevated ALT, posit-ive test for anti-HCV amntibodies,
precence of HCV as demonstrated by a posit-ive test for
HCV-RNA, clinical stigmata of chronic livear disease, or
hepatocellular damz=z:ge.

[0007] The HCV genome encodes a polyprotein of 3010-
3033 amino acids [Q.L. Choo, et. al., “Geretic
Organization and Diversity of the Hepatitiis C Virus.”
Proc. Natl. Acad. Sci. USA, 88, pp. 2451-2455 (1991); N.

Kato et al., *Molecular Cloning of the Humman Hepatitis C
Virus Genome From Japanese Patients with MJon-A, Non-B

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

(1990); A. Takamizawa et. al., “Structure and
Organization of the Hepatitis C Virus Gencome Isolated
From Human Carrierss,” J. Virol., 65, pp. Z1105-1113
(1991)]. The HCV monstructural (NS) prote=ins are
presumed to provide the essential catalyt3c machinery for
viral replication. The NS proteins are de=rived by
proteolytic cleavage of the polyprotein [ERR.
Bartenschlager et. al., "Nonstructural Prootein 3 of the
Hepatitis C Virus ¥ncodes a Serine-Type Pmoteinase
Required for Cleavage at the NS3/4 and NS«4/5 Junctions,”
J. Virol., 67, pp. 3835-3844 (1993); A. Gmakoui et. al.,

“Characterization of the Hepatitis C Viruss-Encoded Serine
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(1993); A. Grakoui et. al., “Expression and
Identification of Hepatitis C Virus Pol—yprotein Cleavage
Productsg,” J. Virol., 67, pp. 1385-1395 (1993); L. Tomei
et. al. , “NS3 is a serine protease requ.ired for
process=ing of hepatitis C virus polypro tein”, J. Virol.,
67, pp- 4017-4026 (1993)].

[0008] The HCV NS protein 3 (NS3) co-nmtains a serine
proteasse activity that helps process th_e majority of the
viral enzymes, and is thus considered e=gsential for wviral
replication and infectivity. It is knoewn that mutations
in the vyellow fever virus NS3 protease decrease viral
infect#® vity [Chambers, T.J. et. al., “E=vidence that the
N-term#.nal Domain of Nonstructural Prot_ein NS3 From
Yellow Fever Virus is a Serine Protease= Responsible for
Site-Specific Cleavages in the Viral Poelyprotein”, Proc.
Natl. Acad. Sci. USA, 87, pp. 8898-8902 (1990)]. The
first 1.81 amino acids of NS3 (residues 1027-1207 of the

viral polyprotein) have been shown to c=ontain the serine
protease domain of NS3 that processes a_l1ll four downstream
sites of the HCV polyprotein [C. Lin et. al., “Hepatitis
C Viruss NS3 Serine Proteinase: Trans-Cl eavage
Requiresments and Processing Kinetics”, _dJ. virol., 68, pp.
8147-81.57 (19%94)]. _

[0009] The HCV NS3 serine protease a-md its associated
cofactor, NS4a, helps process all of th.e viral énzymes,
and is thus considered essential for vi.xal replication.
This pr-ocessing appears to be analogous to that carried
out by the human immunodeficiency virus aspartyl
proteasse, which is also involved in vir.al enzyme
process-ing. HIV protease inhibitors, wZhich inhibit viral

protein. processing, are potent antivirall agents in man,
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Consequently HCV NS3 s erine protease is also an
attractive target for drug discovery.

[0010] Furthermore, the current understanding of HCV
has not led to any otheer satisfactory anti-HCV agents or
treatments. Until recently, the only established therapy
for HCV disease was in terferon treatment (see, e.g., PCT
publication No. WO 02/ 18369, the disclosure of which is
herein incorporated by~ reference). However, interferons
have significant side effects [M. A. Wlaker et al.,
“Hepatitis C Virus: An Overview of Current Approaches and
Progress,” DDT, 4, pp. 518-29 (1999); D. Moradpour et
al., “Current and Evol-ving Therapies for Hepatitis C,”
Eur. J. Gastroenterol. Hepatol., 11, pp. 1159-1202

(1999); H. L. A. Janss en et al. “Suicide Associated with
Alfa-Interferon Therapry for Chronic Viral Hepatitis,” J.
Hepatol., 21, pp. 241-243 (199%4); P.F. Renault et al.,

vgide Effects of Alpha Interferon,” Seminars in Liver

Disease, 9, pp. 273-2777. (1989)] and induce long term
remission in only a fraction (~ 25%) of cases [O.
Weiland, “Interferon Therapy in Chronic Hepatitis C Virus
Infection”, FEMS Microkiol. Rev., 14, pp. 279-288

(1994)]1. Ribavirin, a broad spectrum antiviral agent,
has reported acitivty 3in chronic hepatitis C. Recent
introductions of the pexgylated forms of interferon (PEG-
Intron® and Pegasys®) &nd the combination therapy of
ribavirin and pegylated interferon (Rebetrol®) have
resulted in only modest= improvements in remission rates
and only partial reduct-ions in side effects (see, e.g.,
United States patent 6, 299,872, United States patent
6,387,365, United Statexs patent 6,172,046, United States
patent 6,472,373, the disclosures of which are

incorporated herein by zreference). Moreover, the
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[00171 Thus, there is a need foor more effective anti-
HCV #®cherapies particularly compourads that may be used as
protesase inhibitors. Such inhibi®ors would have
theraapeutic potential as protease inhibitors,
part—icularly as serine protease irhibitors, and more
part—icularly as HCV NS3 protease —mAnhibitors.
Spec—ifically, such compounds may koe useful as antiviral
agen#s, particularly as anti-HCV =agents.

[001222] The present invention pmrovides compounds that
are pootent binders and inhibitors of the HCV NS3 /NS4A
serirne protease and are, therefore, useful as anti-HCV

agenits.

SUMMARY OF THE IDJVENTION

[00133]) The present invention px—ovides a compound of

formc_ala I:

or a pharmaceutically acceptable ssalt thereof,

wherez=in:

X and X’ are both fluorine; or

X and X' are independently C{H), N, NH, O, or S; and X
ancid X' are taken together with t—he carbon atom to which
theay are bound to form a 5- to "Z-membered saturated or
parctially unsaturated ring havirng up to 4 hetercatoms
inclependently selected from N, MH, O, S, SO, and SOz;
whearein any atom is optionally ssingly or multiply

sukostituted with up to 3 substii—uents selected
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Cl0)aryl, (C5-Cl0)hetercaryl, (C3-Cl0)cycloalkyl, and a
(C3-Cl0)heterocyclyl, whereirs. said second ring has up
to 3 substituents selected irzdependently from J;

J is halogen, -OR', -NO, —CN, -CF;, -OCFs, -R', oOxoO,
thioxo, =N(R'), =N(OR'), 1,2—methylenedioxy, 1,2-
ethylenedioxy, -N(R')z, -SR', =-SOR', -SOzR', -SON(ERR') 2,
-SO3R', -C(O)R', -C(O)C(O)R', -C(O)C(O)OR', .
-C(0)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')2,
-C(S)N(R')3z, -(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')SOR-"',
-N(R')SO;N(R')z, -N(R')C(O)OR ', -N(R' JC(O)R',
-N(R')C(8)R', -N(R')C(O)N(R') 2, -N(R')C(S)N(R')z,
-N(COR')COR', -N(OR')R', -C(=NH)N(R'),, -C(O)N(OR') R',
—-C{=NOR')R', -OP(0)(OR')2, -P (0)(R')2, -P(0) (OR')2, o
-P(0) (H) (OR'); wherein;

R' is independently selected from:

hydrogen-,

(Cl1-Cl12)-aliphatic-,

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

[ (C3-C10)-cycloalkyl or -cycloalkenyl]l-(Cl-Cl=2)-
aliphatic-,

(C6-C10) -aryl-,

{C6-C10) —-aryl-(Ccl-Cci2)al iphatic-,

(C3-C10) -heterocyclyl-,

(€3-C10) -heterocyclyl- (Cl1-Cl2)aliphatic-,

(C5-C10) ~heterocaryl-, amd

(C5-C10) ~-heteroaryl- (Cl—C12)-aliphatic~;

wherein up to 5 atoms irm R' are optionally and3
independently substituted with J;

wherein two R' groups bound to the same atom £orm

a 3- to 10-membered aromatic or non-aromatic rin-g
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optionally fused to a (C6-Cl0)=aryl,
(C5-C10)hetexroaryl, (C3-Cl0)cy cloalkyl, or a
(C3-C10)heterocyclyl, wherein any ring has up to 3

substituents selected independ ently from J;

Y ard Y’ are independently:

Ry

Ro,

h ydrogen-,
({ ¢1-C12)-aliphatic-,
( €3-C10)-cycloalkyl- or -cycloallkenyl-,
( €3-C10)-~-cycloalkyl-(Cl1-Cl2)-aliphatic-,
(c6-C10)-arvl-,
C ¢3-Cc10)-heterocyclyl-; or
C C5-C10)-heteroaryl-;
wherein up to three aliphatic carbon atoms in Y and
¥’ may be replaced by 0, N, NH, S, 80, or S0;;
wherein each of ¥ and ¥’ is in_dependently and
Optionally substituted with up t o 3 substituents
i ndependently selected from J;
&nd R; are independently:
gcCcl-ci2)-aliphatic-,
@ C3-C10)-cycloalkyl- or -cycloal kenyl-,
E (C3-C10) -cycloalkyl- or —cycloa lkenyl]l-(Cl-Cl2)-
&aliphatic-,
«C6-Cl0)-aryl-(Cl-Cl2)aliphatic~ , or
& C5-C10) -hetercaryl-{Cl1-C12)-aliphatic-;
wherein up to 3 aliphatic carloon atoms in R; and Rj
mnay be replaced by a heteroatom selected from O, N, NH,
=, S0, or S0, in a chemically stable arrangement;
wherein each of R; and R; is imdependently and
optionally substituted with up t o 3 substituents
& ndependently selected from J;
Re, and R; are independently:
Hydrogen-,
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(C6-C10) —aryl-{Cl-Cl2)-aliphatic-;

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

wherein each of R;, Ry, and R, is independently ancd
optionally substituted witkh up to 3 substituents
independently selected from J;

Rs and Rs are independently hydrogen or (C1-Cl2)-
aliphatic, wherein any hydwzogen is optionally replacced
with halogen; wherein any %¥erminal carbon atom of Res is
optionally substituted witkh sulfhydryl or hydroxy; oor
Rs is Ph or —CHPh and Rs. is H, wherein said Ph or
-CH,Ph group is optionally substituted with up to 3
substituents independently selected from J; ox

Rs and Rs: together with the atom to which they are boumnd
is a 3- to 6-membered saturated or partially
unsaturated ring having up to 2 heterocatoms selecteed
from N, NH, O, SO, and SO,z wherein the ring has up to
2 substituents selected independently from J;

W is

1 2 o Re

Re OR; ,L
R
’ H ] or
0 o o

Ts

B
/ \Ra

wherein each Rg is indep endently:

hydrogen-,
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(C6~C10) -aryl- (C1-Cl2)aliphatic-,
(C3-C10) -cycloalkyl- or cycloalkenyl-,
[(C3-C10) -cycloalkyl- orxr cycloallkxenyl]l-(C1l-C12) -
aliphatic-,
(C3-C10) -heterocyclyl-,
(C3-C10) -heterocyclyl-(C1-Cl2) ~a’liphatic-,
(C5-C10)-heteroaryl-, or
(C5-C10) -heteroaryl-(C1l-C1l2)-alimohatic-, or
two Rg groups, which are bound t-o the same
nitrogen atom, form together with t=hat 'nitrogen
atom,' a (C3-C10)-heterocyclic ring=
wherein Rs is optionally substitwiated with up to 3
J substituents;
wherein each Ry is independently -OR'; or the Rg
gr-oups together with the boron atom, is a (C3-Ccl10) -
me=mbered heterocyclic ring having in addition to the
boron up to 3 additional heteroatoms selected from N,
NEX, O, SO, and SOj;
V is O or a valence bond; and
T is :
(CC1-c12) -aliphatic-;
(CC6-C10) -aryl-,
(CC6-C10) -aryl- (Cl-Cl2)aliphatic-,
(C3-c10) -cycloalkyl or -cycloalkenyl—,
[ {C3-C10)-cycloalkyl or -cycloalkeny]-(Cl-C12)-
alip-hatic-,
(C3-C10) ~heterocyclyl-,
(C23-C10) -heterocyclyl-(Cl-C12)-aliphaatic-,
(CC5-C10) -heterocaryl-, or
(C25-C10) -heteroaryl-(Cl-Cl2)-aliphat=c-;

10
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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—(ZS)—2—cyclohexylglycyl—(38)—6, 10-

d@ithia-2-azaspiro[4.5]decane-3-carbonyl-3-amino-2-

- oxohexanoylglycyl-2-phenyl -1, 1-dimethyl ethyl ester

glycine;

b) N-acetyl-L-leucyl- (2S) -2-cyclohexylglycyl- (38)-6, 10-
dithia-2-azaspiro[4.5]decane-3-carbonyl-3-amnino-2-
oxochexanoylglycyl-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~-(2S) -2-cyclohexylglycyl-(3S8)-6_ 10~
dithia-2-azaspirol[4.5]decane-3~carbonyl-3-amino-2-
oxohexanoylglycyl-N,N-dimethyl-2-phenyl-glycinamide;

e) 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;

f) (28) -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;

g) (28) -N-acetyl-L-leucyl-(28)-2-cyclohexylglycyl-( 38)-
6,10-dithia-2-azaspiro[4. S)decane-3-carbonyl-3-aminos-2-
oxohexanoylglycyl-2-pheny l-~glycine;

h) (28) -N-acetyl-L-leucy l- (2S8)-2-cyclohexylglycyl-({ 3S)-
6,10-dithia-2-azaspiro({4. 5]decane-3-carbonyl-3-aminoe-2-
oxohexanoylglycyl-2-pheny 1-glycinamide;

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

1
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j)  (28)-NI-acetyl-L-leucyl-(2S)-2-cyclohexylaglycyl-(3S)-
6,10~dithi. a-2-azaspiro[4.5] decane-3-carbonyl—3-amino-2-
oxohexanoy=lglycyl-N-methoxy-N-methyl-2 -phenyl -
glycinamiAe;
k) N—acet:yl—L—oc—glutamyl-L—oc—glutamyl-L—valyl—L—valyl—N—
[1—[oxo(2—-propenylamino)acetyl]butyl]-,bis(1,.1—
dimethylet=hyl)ester-(85)-1, 4-dithia-7-
azaspirol £l .4]1nonane-8-carboxamide;
1) N—acet:yl—L—a—glutamyl—L—oc—glutamyl—L—val:(l—L—valyl-N—
[1- [oxo (2—propenylamino)acetyl]butyll-,2- (1, -
dimethylet=hyl) ester-(8S)-1,4-dithia-7-
azaspiro[£4.4]nonane-8-carboxamide;
m) N—aceﬁtyl—L—a-glutamyl—L-(x—glutamyl—L—valyl—L—valyl—N-
[1-[oxo (2 —propenylamino)acetyl]butyl]l-(88)-1 ,4-dithia-7-
azaspiro[<l.4)nonane-8-carboxamide;

n) N-ace®yl-L-o-glutamyl-L-0-glutamyl-L-val-yl-2-

' cyclohexy 1glycyl-(8S)-1, 4-dithia-7-azaspiro{ 4.4]lnonane-8-

carbonyl-3 ~amino-2 -oxohexanoyl-glycine;

0) N-ace&yl-L-o-glutamyl-L-d-glutamyl-L-val yl-2-
cyclohexy_lglycyl-(8S)-1,4-dithia-7-azaspiro[ 4. 4]1nonane-8-
carbonyl-3-amino-2-oxohexanoylglycyl-2-pheny-1-
glycinamicie;

p) N-ace-tyl-L-a-glutamyl-L-o~glutamyl-L-val. yl-2-
cyclohexylglycyl-(8S)-1,4~-dithia-7-azaspirol 4. 41nonane-8-
carbonyl - 3-amino-2~oxohexanoyl-,1,2-bis (1,1~
dimethyle-thyl) -7-(2-propenyl)ester glycine; and

q) N-ace-tyl-L-o-glutamyl-L-o-glutamyl-L-val.yl-2-
cyclohexy1glycyl-(8S)-1,4-dithia-7-azaspiro[ 4.4]lnonane-8-
carbonyl - 3-amino-2-oxohexanoyl-1,2-bis (1, 1-Alimethylethyl)

ester glyecine.

12
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comprise the above compounds and the use thereof. Suckh
compositions may be used to pre-ttreat invasive devices to
be inserted into a patient, to txrreat biological sample s,
swach as blood, prior to administmration to a patient, a_nd
for direct administration to a paatient. In each case the
composition will be used to inhi¥oit HCV replication armd

t o lessen the risk of or the sev erity of HCV infectior.

DETAILED DESCRIPTION OF THE INVENTION

E£0015] The present invention provides a compound o=f

Formula I:

X )CY
R O Ry -
T’V\rr”w*w)\rr@“ w
O R, R, O O R4 Rs
I
or a pharmaceutically acceptabl e salt thereof,
wherein: .
X and X' are both fluorine; or
X and X’ are independently C(H) , N, NH, O, or §; and X
and X' are taken together wikh the carbon atom to which
they are bound to form a 5- to 7-membered saturate=d or
partially unsaturated ring having up to 4 heteroat—oms
independently selected from I, NH, O, S, SO, and S0:;
wherein any atom is optional ly singly or multiply
substituted with up to 3 sukmstituents selected
independently from J; and wh_ erein said ring is
optionally fused to a second ring selected from (CZ6-

Cl0)aryl, (C5-Cl0)heteroaryl., (C3-Cl0)cycloalkyl, and a

13
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J is Thalogen, -OR', -NOz, -CN, -CFj, ~0CE;, -R', oxo,
thioxo, =N(R'), =N(OR'), 1,2-methylenediox=y, 1.,2-
ethyleneedioxy, -N{R')z, -SR', -SOR', -SOzR' , -SO;N(R') 2,
-S0:R', -C(O)R', -C{(0)C(0)R', -C(O)C(O)OR' =
-C(0)C(*O)NR*', -C(O)CH:C(O)R', ~-C(S)R', -C{(=)OR',
-C(D)OR.', -OC(O)R', -C(O)N(R')2, -OC(O)N(R ‘Y2,

-C(S)N{ R') g3, - (CH,) 9-2NHC(O)R "', -N(R"}N(R')COR',
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-N(R')N-(R')C(O)OR', -N(R')N(R' YCON(R')2, —-MN(R')SOR',

~N(R')S:O,N(R')2, -N(R')C(O)OR", -N(R')C(OYRR’,
-N(R')C= (S)R', -N(R')C(O)N(R')2, -N(R' )C(S)(R") 2,
-N(COR' )COR', -N(OR')R', -C(=NH)N(R')2, -C (0O)N(OR')R',
-C({=NOR2')R', -OP(0) (OR')z, -P(O) (R')2, -P(O)(OR'}2, OT
-P(0) (M) (OR'); wherein;
R' is independently selected from:
hy=drogen-,
(C1-cl2)~aliphatic-,
(C23-C10) -cycloalkyl- or —-cycloalkenyX -,
[ CC3-C1l0)-cycloalkyl or -cycloalkenyM ]- {c1-~Cc12) -
alipThatic-,
(C6-C10) -aryl-,
(C6-C10) —aryl- (C1-Cl2)aliphatic~,
(C3-C10)-heterocyclyl-,
(C3-C10) -heterocyclyl-(Cl-Ccl2)aliphat-ic-,
(C5-C10) ~heteroaryl-, and
(C5-C10) -heteroaryl-(C1-C12) -aliphat3c-;
wherein up to 5 atoms in R' are opticnally and
inde—pendently substituted with J;
wherein two R' groups bound to the saame atom form
a 3- to 10-membered aromatic or non-arosmatic ring
havimg up to 3 heteroatoms independentl. y selected
from. N, NH, O, S, SO, and SO, wherein ssaid ring is
opti onally fused to a (C6-Cl0)aryl,

14
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substituents selected independently from J;
Y and Y’ are independently=:
5 hydrogen-,
(C1-cl12) -aliphatic-,
(C3-C10) -cycloalkyl- or -cycloalkenyl-,
(C3-c10) -cycloalkyl-(C1l -C12)-aliphatic-,
(C6-C10) —aryl-,
1.0 (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 S0;
wherein each of Y ancl Y’ is independently and
15 optionally substituted with up to 3 substituents
independently selected from J;
. Ry and R; are independentlsy:
(C1-cl12) -aliphatic-,
(C3-C10) -cycloalkyl- or— -cycloalkenyl-,
20 [ (C3-C10) -cycloalkyl- cexr —cycloalkenyl]l-(Cl-C12)—
aliphatic-,
(C6-C10) -aryl- (Ci1-Cl2)aliphatic-, or
(C5-C10) ~heteroaryl- (C1_-C12)-aliphatic-;
wherein up to 3 aliplatic carbon atoms in R; aond Rs
25 may be replaced by a he=tercatom selected from O, N, NH,
S, SO, or S0, in a chemically stable arrangement ;-
wherein each of R; arad R; is independently and
optionally substituted with up to 3 substituents
independently selected from J;
30 Ry, R4, and R; are independcdently:
hydrogen-,
(C1-cl2)~-aliphatic-,
(C3-C10) -cycloalkyl-(Cl_-Cl12)-aliphatic~-, or
(C6-C10)-aryl-(Cl-Cl2) —aliphatic-;

15
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N, NH, SS, SO, and SO; in a chemically stable=
arrangernent;

5 wheresin each of Rz, Ry, and Ry is indepeniently and
optionaZlly substituted with up to 3 substit—uents
indepenedently selected from J;

Rs and Rs: are independently hydrogen or (Cl-C 12)-
. aliphat ic, wherein any hydrogen is optionaM ly replaced
10 with ha logen; wherein any terminal carbon &tom of Rs is
optiona_lly substituted with sulfhydryl or Iydroxy; or
Rs is PTh or -CHzPh and Rs. is H, wherein sai.d Ph or
~CH,Ph -group is optionally substituted witla up to 3
substit—uents independently selected from J ; or
15 Rs and Rs: together with'the atom to which theay are bound
is a 3— to 6-membered saturated or partial’ly
unsatur—ated ring having up to 2 heteroatom s selected
from N, NH, 0, SO, and SO;; wherein the rirmg has up to
2 subst—ituents selected independently from. J;
20 W is:

(o] o o) Rs
Rs ORs ' rll\
Rg
L] ! ’ or

0 o o

I

B

/ \RB
wher—ein each Rg is independently:
h=ydrogen-,
(€C1-C12) ~aliphatic-,
25 («C6-C10) -aryl-,

(«C6-C10) -aryl-(C1l-Cl2)aliphatic-,

16
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alipheatic-,
(C3-C10) -heterocyclyl-,
(C3-C10) ~heterocyclyl- (C1-C12)-al iphatic-,
(C®™5-C10) -heteroaryl-, or
(C™5-C10)-heteroaryl-(C1-C12)-aliphatic-, or
tweo R¢ groups, which are bound to the same
nitrogen atom, form together with tThat nitrogen
atom, a (C3-C10)-heterocyclic ring;
wh_erein R¢ is optionally substitu ted with up to 3
J sukostituents;
wheresin each Rg is independently -OR'; or the Rs
groups together with the boron atom, is a (C3-C10) -~
membere=d heterocyclic ring having in a&addition to the
boron up to 3 additional heteroatoms Selected from N,

NH, O, S0, and SOz;

V is O or a valence bond; and

T is:

(Cl-ci2=)-aliphatic-;

(C6-Cl0Om)-aryl-,

(C6-C10O®)-aryl-(Cl-Cl2)aliphatic-,
(C3-C10»)-cycloalkyl or -cycloalkenyl- .,

[ (C3-CL1.0) -cycloalkyl or —-cycloalkenyl 1-(Cl-Cl2)-

aliphatic—,

(C3-C1™)-~heterocyclyl-,
(C3-C10)-heterocyclyl-(C1-Ci12) -aliphatic-,
(C5-C10)-heteroaryl-, or
{c5-c1(@)-hetercaryl-(C1-Cl2)-aliphatiec-;

whereain up to 3 aliphatic carbon at-oms in T may be
replace=d by a heterocatom selected frosm O, N, NH, S, SO,
or SO, in a chemically stable arrangemnent;

whereain each T is optionally substi.tuted with up to

3 J substzituents;

17
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dithia-2-azaspiro[4.5]decane-3 -carbonyl-3-am-ino-2-
oxolexanoylglycyl-2-phenyl-1, 1-dimethylethyl ester
glyesine;

b) N~acetyl-L-leucyl-(28S) -2-cyclohexylglycy 1-(3S)-6, 10-
dithia-2-azaspiro[4.5]decane-3 -carbonyl-3-am ino-2-

oxo hexanoylglycyl-2-phenyl-glycine;

) N-acetyl-L-leucyl-(2S) -2-cyclohexylglycy=1-(38)-6, 10-
dit. hia-2-azaspirol4.5)}decane-3-carbonyl-3 —amino-2-
oxoshexanoylglycyl-2-phenyl-glycinamide;

4a) N-acetyl-L-leucyl- (25) -2-cyclohexylglycysl-(35)-6,10-
dithia-2-azaspirol[4.5)decane-3~carbonyl-3 -arnino-2-
oxohexanoylglycyl-N, N-dimethyl-2-phenyl —glyc:i inamide;

e) N—acetyl—L—leucyl— (28) -2-cyclohexylglycyrl-(35)-6,10-
dit=hia-2-azaspiro[4.5]decane-3-carbonyl-3-arnino-2-
oxohexanoylglycyl-N-methoxy-N-methyl-2 -phen=yl-
glycinanmide; |

f) (2S) -N-acetyl-L-leucyl-(28) -2-cyclohexylglycyl- (38) -
6,10-dithia-2-azaspiro[4.5]decane-3-carbony 1-3-amino-2~-
oxohexanoylglycyl-2-phenyl-1,1-dimethylethy 1 ester,
gl=/cine;

qg) (28) -N-acetyl-L-leucyl- (28)-2-cyclohexy—-1glycyl- (3S) -
6, 10-dithia-2-azaspiro{4.5]decane-3-carbony—1-3 —amino-2-
ox<chexanoylglycyl-2-phenyl-glycine;

h) (28) ~N-acetyl-L-leucyl- (28) -2-cyclohexy—lglycyl-(3S) -
6, 10~-dithia-2-azaspiro[4.5}decane-3-carbony=l-3-amino-2-
ox-ohexanoylglycyl-2-phenyl-glycinamide;

i) (28) ~N-acetyl-L-leucyl- (28) -2-cyclohexy=lglycyl-(3S) -
6, 10-dithia-2-azaspiro{4.5]decane-3-carbony-1l-3-amino-2-
ox-ohexanoylglycyl-N,N-dimethyl-2-phenyl-glyscinamide;

3) (28) ~-N-acetyl-L-leucyl~ (2S) -2-cyclohexys1glycyl-(3S) -
6, 10-dithia-2-azaspiro[4.5]decane-3-carbonys1-3-amino-2-
oxzochexanoylglycyl -N-methoxy-N-methyl-2~pherayl-
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[1- [ox0 (2-p Yopenylamino)acetyl]butyl]-, bis(1,1-
dimethyleth-yl)ester-(8s)-1,4-dithia-7- '
azaspiro[4. 4)nonane-8-carboxamide;

1) N—acety‘l—L-oc—gluta.myl—L—oc—glutamyl—L——valyl—L—valyl—N—
[1- [ox0 (2-p>ropenylamino)acetyllbutyl]-, 2— (1,1-
dimethyletlmyl) ester-(8S)-1,4-dithia-7-

azaspiro(4. 4]nonane-8-carboxamide;

m) N-acetyl—L-a—glutamyl—L—a—glutamyl—L—valyl—L—valyl—N—
[1- [oxo (2-p>ropenylamino)acetyllbutyl]l- (85)-1, 4-dithia-7-
azaspiro[4 — 4]nonane-8-carboxamide;

n) N—acetyl—L—oc—glutamyl—L—a—glutamyl—L—valyl—Z-
cyclohexylglycyl-(88) -1, A-dithia-7-azaspi rol[4.4]nonane-8-
carbonyl-3—amino-2-oxohexanoyl-glycine;

0) N-acetwyl-L-o-glutamyl-L-o~-glutamyl-L—valyl-2-
cyclohexyleglycyl-(85)-1, 4-dithia-7-azaspiro[4.4Inonane-8-
carbonyl-3—amino-2-oxohexanoylglycyl-2 -pkenyl-
glycinamidee;

p) N-acet:zl-L—oc—glutamyl—L—a—glutamyl—L—valyl—Z—
cyclohexyl-glycyl-(8S)-1,4-dithia-7-azasp=iro {4.4]nonane-8-
carbonyl-3 —amino-2-oxohexanoyl-,1,2-bis(1,1-
dimethylethyl)~7- (Z—eropenyl) ester glycime; and

q) N-acet—yl-L-o-glutamyl-L-o-glutamyl-L —valyl-2-
cyclohexyl glycyl-(8S)-1, 4-dithia-7-azasp-Ddirof4.4]lnonane-8-
carbonyl-3 —~amino-2-oxohexanoyl-1,2-bis(1 , 1-dimethylethyl)

ester glyc.ine.

Definition_.s

[0016] The term "aryl' as used herein means a
monocyclics or bicyclic carbocyclic aroma tic ring system.

Phenyl is an example of a monocyclic arommatic ring
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systeems wherein only one of the two rings iss aromatic,
e.g. , tetralin. It is understood that as ussed herein,
the term " (C6-C10)-aryl-" includes any one eof a C6, C7,
c8, €9, and C10 monocyclic or bicyclic carbeocyclic
aromatic ring.
(00171 The term "heterocyclyl" as used h erein means a
monocyclic or bicyclic non-aromatic ring sy-stem having 1
to 3 heteroatom or heterocatom groups in eacch ring
selexcted from O, N, NH, S, SO, and SO; in a chemically
stalbble arrangement. In a bicyclic non-aromatic ring
systtem embodiment of "heterocyclyl® one or both rings may
con®ain said heteroatom or heteroatom groups. It is
understood that as used herein, the term " (C5-C10)-
heteerocyclyl-" includes any one of a CS, s, C7, €8, C9,
and €10 monocyclic or bicyclic non-aromaties ring system
hav ing 1 to 3 heteroatom or heteroatom growmaps in each
rin g selected from O, N, NH, and S in a cheemically stable
arr angement.
[00 18] The term "heteroaryl® as used he rein means a
mon_ocyclic or bicyclic aromatic ring systemm having 1 to 3
het-erocatom or heteroatom groups in each ri ng selected
from O, N, NH, and S in a chemically stabl.e arrangement.
ITn such a bicyclic aromatic ring system emabodiment of
"hesteroaryl":

- one or both rings may be aromatic; and

-~ one or both rings may contain said heteroatom or
het-eroatom groups. It is understood that as used herein,
the term " (C5-C10)-heteroaryl-" includes amny one of a C5,
Cc6. C7, C8, C9, and C10 monocyclic or bicwsclic aromatic
rirmg system having 1 to 3 heteroatom or he=teroatom groups
in each ring selected from O, N, NH, and S in a

chezmically stable arrangement.
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It is unders-tood that as used herein, the t.erm " (Cl-Cl2)-
aliphatic-" _includes any one of a Cl, C2, 3, C4, C5, Cé,
Cc7, CB, €9, «Cl0, C11, and Cl2 straight or I>ranched alkyl
chain of carbon atoms. It is also understood that
alkenyl or a lkynyl embodiments need at leasst two carbon
atoms in the aliphatic chain. The term "cy cloalkyl ox
cycloalkenyl " refers to a monocyclic or fused or bridged
bicyclic car-bocyclic ring system that is not aromatic.
Cycloalkenyl. rings have one or more units of
unsaturation.. It is also understood that as used herein,
the term " (C=3-Cl1l0)-cycloalkyl- or —cycloalkenyl-"’
includes any~ one of a C3, C4, C5, C6, C7, C8, C9, and C10
mbnocyclic osr fused or bridged bicyclic carbocyclic ring.
Examples of cycloalkyl groups include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cyclolhexenyl,
cycloheptyl, cycloheptenyl, normbornyl, adewmantyl and
decalin-yl.

[0020] Time phrase "chemically stable arr-angement" as
used herein refers to a compound structure that renders
the compound sufficiently stable to allow mmanufacture and
administrati on to a mammal by methods knowrz in the art.
Typically, s:uch compounds are stable at a t—emperature of
40°C or less , in the absence of moisture ox other

chemically r-eactive condition, for at least- a week.

Embodiments

[0021] Ac=cording to one embodiment, the compounds of

the present invention are of formula I:
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' T#V\!(N\KU\'}‘)\I\/NW"}W W
O Ry Ry O O Ry Rg
I

or a pharmaeceutically acceptable salt thereof,

wherein:

X and X’ aree both fluorine; or

X and X’ ar e independently C(H), N, NH, O, or S; and X
and X’ ar—e taken together with the carborx atom to which
they are bound to form a 5- to 7-membered saturated or
partially.s unsaturated ring having up to 4 heteroatoms
independesntly selected from N, NH, O, S, SO, and SO»;
wherein =any atom is optionally singly or multiply
substitut—ed with up to 3 substituents sel ected
independe=ntly from J; and wherein said ring is
optionallly fused to a second ring selected from (C6-
Ccl0)aryl. (C5-C1l0)hetercaryl, (C3-~C10)cyc10a1kyl, and a
(C3-C10) keterocyclyl, wherein said second ring has up
to 3 subsstituents selected independently from J;

J is Imalogen, -OR', -NO;, -CN, -CF3;, -OCF3;, -R', oxo,
thioxo, ==N(R'), =N(OR'), 1,2-methylenedioxy, 1,2-
ethyleneclioxy, -N(R')z, -SR', -SOR', -SO:R’, -SO;N(R') 2,
-SO3R', —C(O)R', -C(O)C(O)R', -C(O)C(O)OR. ',
-C(0)C{ODNR', -C(O)CH,C(O)R', -C(8)R', -C(S)OR"',
~-C(O)OR' _, -OC(O)R', -C(O)N(R"}2, -OC(O)N(R')z,
~C(S)N{R *)2, -{CHz)-2NHC(O)R', -N(R')N(R' )COR',
-N(R'")N(ER')C(O)OR', -N(R')N(R')CON(R')2, -N(R')SOR',
-N(R')SON(R'");, -N(R')C(O)OR', -N(R')C(O)DR',
~N(R')C(SS)R', -N(R')C(O)N(R')z, -N(R')C(S)N(R')2,
-N(COR')COR', ~-N(OR')R', -C(=NH)N(R')2, —C(O)N(OR')R',
-C(=NOR'DR', -OP(0)(OR')z, -P(0)(R')2, -P (0) (OR')2, oI
-P(0) (H) (OR'); wherein;

R' —is independently selected from:
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(C3-C10)— cycloalkyl- or -cycloalkenyl-,

[(C3-C10) -cycloalkyl orxr —cycloalkenyl]-(C 1-Cl12) -
aliphatic-,

(C6-C10) —aryl-,

(C6-C10) —aryl-(Cl-Cl2)aliphatic-,

(C3-C10) —heterocyclyl-,

(C3-C10) —heterocyclyl-{(C1-C12) aliphatic-,

(C5-C10) —heteroaryl-, and

(C5-C10) —heteroaryl-(C1-C12)-aliphatic-;

wherein wip to 5 atoms in R' are optionall y and
independent 1y substituted with J;

wherein ftwo R' groups bound to the same &=tom form
a 3- to 10—membered aromatic or non-aromati c ring
having up t-o 3 heteroatoms independently se lected
from N, NH, O, S, SO, and SOz, wherein said ring is
optionally fused to a (C6-Cl0)aryl,
(C5-C10)het=ercaryl, (C3-Cl0)cycloalkyl, or a
(C3-C10)het=erocyclyl, wherein any ring has wup to 3
substituentcs selected independently from J;

Y and Y’ are indAependently:

hydrogen-,
(c1-Cc12)-aliphatic-,
(C3-C10) -cycl-oalkyl- or -cycloalkenyl-,
(C3-C10) -cycl-oalkyl- (C1-C12) -aliphatic-,
(C6-Cl0) -aryl -,
(C3-C10) -hetexrocyclyl-; or
(C5-C10) -hete=xoaryl-;
wherein up to three aliphatic carbon atoms in Y and
Y’ may be replaced by O, N, NH, S, SO, or S0;;
wherein eacch of ¥ and Y’ is independently amd
optionally suJstituted with up to 3 substituemnts
independently- selected from J;
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(c3-C10)-cycloalkyl- or -cyclecoalkenyl-,
[ (C3-C10) -cycloalkyl- or —cycTloalkenyl]-(Cl-C12) -
aliphatic-,
(C6-C10)-aryl-(Cl-Cl2)aliphatzic-, or
(C5-C10) -heteroaryl-(Cl1-Cl12) —-aaliphatic-;
wherein up to 3 aliphatic carbon atoms in Ry and R3
may be replaced by a heteroat om selected from O, N, NH,
g, SO, or S0, in a chemically stable arrangement;
wherein each of R; and R; i=s independently and
optionally substituted with up to 3 substituents

independently selected from J°;

R,, Rq, and R; are independently =.

Rsg

Rs

hydrogen-,
{c1-c12)-aliphatic-,
(C3-C10)-cycloalkyl-(C1l-C12) - aliphatic-, or
(C6-C10) —aryl- (C1-Cl2)-alipha_tic-;

wherein up to two aliphatic carbon atoms in Rz, Ry,
and Ry may be replaced by a heteroatom selected fromm O,
N, NH, S, SO, and SO, in a cheemically stable
arrangement;

wherein each of Ry, R4, and R; is independently arad
optionally substituted with up to 3 substituents
independently selected from J;
and Rs: are independently hydmrogen or (C1-Cl2)-
aliphatic, wherein any hydrog-en is optionally replamced
with halogen; wherein any terminal carbon atom of Rs is
optionally substituted with s-ulfhydryl or hydroxy; or
Rs is Ph or ~CH,Ph and Rs. is M, wherein said Ph or
-CH,Ph group is optionally sulostituted with up to 3
substituents independently se=lected from J; or
and Rs. together with the atorm to which they are borand

is a 3- to 6-membered saturat.ed or partially
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2 substituents selected independermtly from J;

Wiss:
‘3 Q 0 Rg
O
Rg Re N\R
, , ¢ ,or
0 o o

Rs

l

B
e \Rs

wherein each R¢ is independentl-y:

hydrogen-, ‘

(Ci-cl1l2) -aliphatic-—,

(C6-C10)-aryl-, |

(C6-C10) -aryl-(Cl-Cl2)alipha tic-,

(C3-C10) -cycloalkyl- or cycl ocalkenyl-,

[ (C3-C10)-cycloalkyl- or cyc loalkenyl]-(C1l-Cl2)-
aliphatic-,

(C3-C10) -heterocyclyl-,

(C3-C10) ~heterocyclyl- (Cl1-C1 2)-aliphatic-,

(C5-C10) -heteroaryl-, or

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

two Rg groups, which are bou:nd to the same
nitrogen atom, form together w=ith that nitrogen
atom, a (C3-Cl10)-heterocyclic mring;

wherein R¢ is optionally subsstituted with up to 3
J substituents;
wherein each Rz is independentl.y ~-OR'; or the Rs

«roups together with the boron atzom, is a (C3-C10)-
mrembered heterocyclic ring havingg in addition to the
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V is O or a valence bond; and
T is:
(Cl—~Cl1l2)-aliphatic-;
(C6 —-cl0) -aryl-,
(C6 —-C10) -aryl-(Cl-Cl2)aliphatic-,
(C3 -C10) -cycloalkyl or ~-cycloalken—vl-,
[ (C=3-C10)-cycloalkyl or —cycloalkemyl]-(C1-C12) -
aliphatic-,
(C3--C10) -heterocyclyl-,
(C=-C10) -heterocyclyl- (C1-C12)-ali phatic-,
(C=-C10) -heteroaryl-, -or
(CS5-C10) -heteroaryl- {C1-C12)-alipmatic-;

—~wherein up to 3 aliphatic carbomn atoms in T may be
replaced by a heteroatom selected from 0, N, NH, S, SO,
or SO, in a chemically stable arra ngement;

wherein each T is optionally suldostituted with up to

3 J s ubstituents;

provi ded that the following compound s are excluded:

a) NI-acetyl-L-leucyl-(2S) -2-cyclohe xylglycyl-(3S)-6,10-
dithi a-2-azaspiro[4.5)decane-3-carbo nyl-3-amino-2-
oxohe=xanoylglycyl-2-phenyl-1,1-dimet hylethyl ester
glyci_ne;

b) NI-acetyl-L-leucyl-(2S) -2-cyclohe=xylglycyl- (3S)-6,10-
dithi_a-2-azaspiro[4.5]decane-3-carbosnyl-3-amino-2-
oxohe=xanoylglycyl-2-phenyl-glycine;

c) Nl-acetyl-L-leucyl-(28S) -2-cycloheaxylglycyl- (3S)-6,10-
dithi_a-2-azaspiro[4.5]decane-3~carbonyl-3-amino-2-
oxohe=xanoylglycyl-2-phenyl-glycinami de;

d) MN-acetyl-L-leucyl-(28)-2-cycloheexylglycyl- (38)-6,10-
dith& a-2-azaspiro[4.5]decane-3-carbonyl-3~-amino-2-
oxohe=xanoylglycyl-N, N-dimethyl-2-phesnyl-glycinamide;

e) N-acetyl-L-leucyl-(28)-2-cyclohesxylglycyl-(3S8)=-6,10-
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glycinamidez

£) (28)-N-aacetyl-L-leucyl- (2S) -2-cyclohexylglycyl -(38)-
6,10-dithia—2-azaspiro[4.5] decane-3-carbonyl-3-ami no-2-
oxohexanoylcylycyl-2-phenyl-1,1 -dinethylethyl esterT,
glycine;

g) (28)-N-acetyl-L-leucyl-(2S) -2-cyclohexylglycy X .- (38) -
6,10-dithia —2-azaspiro([4.5]decane-3 -carbonyl-3-am3 no-2-
oxohexanoyl-glycyl-2-phenyl-glycine;

h) (28)-N- acetyl-L-leucyl-(28) -2-cyclohexylglycy1-(38)-
6,10-dithia -2-azaspiro[4.5]decane-3 -carbonyl-3-am=ino-2-
oxohexanoyl glycyl-2-phenyl-glyc inamide;

i) (28) -N— acetyl-L-leucyl-(2S) -2-cyclohexylglycy—1-(3S)-
6,10-dithia -2-azaspiro[4.5] decane-3-carbonyl-3-am-ino-2-
oxohexanoyl glycyl-N,N-dimethyl-2-phenyl-glycinami de;

j) (28)-N—acetyl-L-leucyl-(28) -2-cyclohexylglycy 1-(38)-
6,10-dithiam-2-azaspizrol4.5] decane-3-carbonyl-3-am ino-2-
oxohexanoylL glycyl—N—methoxy—N—methyl-2—phenyl—
glycinamide;

k) N-acetysl-L-0-glutamyl-L-0-glutamyl-L-valyl-L—valyl-N-
[1- [oxo (2-propenylamino)acetyl]lbutyl]-,bis (1,1~
dimethylethiyl)ester-(8S)-1,4-dithia-7-

azaspiro[4 - 41nonane-8-carboxamide;

1) N—acetyl—L—oc-glutamyl—L—a—glutamyl—L—valyl—-L—valyl-N—
[1- [ox0 (2-propenylamino)acetyllbutyl]l-,2-(1,1-
dimethyletkayl) ester-(8S)-1,4-dithia-7-

azaspirol[4 - ¢1nonane-8-carboxamide;

m) N-acetwl-L-a-glutamyl-L-o-glutamyl-L-valyl-L—valyl-N-
[1- [oxo0 (2-poropenylamino) acetyllbutyl]-(85)-1,4-di thia-7-
azaspiro[4 .4]nonane-8-carboxamide;

n) N-acetwl-L-o-glutamyl-L-o~-glutamyl-L-valyl-2—
cyclohexyleylycyl- (8S)-1,4-dithia-7-azaspiro[4.4]ronane-~-8-

carbonvl -3 —aminn-2~aoxohexanovl-aglvcine:
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carbonyl -3-am-ino-2-oxohexanoylglycyl- 2~ yphenyl-
glycinamide;

P) N—acetyl—:L—oc—glutamyl—L—oc—glutamyl——L—valyl—2—
cyclohexylgly cyl-(8S)-1, A-dithia-7-azasspiro[4.4)nonane-8-~
carbonyl-3-am.ino-2-oxchexanoyl-, 1,2-bis (1,1~
dimethylethyl )-7-(2-propenyl)ester glycine; and

a) N—acetyl—L—oc—-glutamyl—L—on—glutamyl—L—valyl—Z-
cyclohexylgly=cyl-(8S)-1,4-di thia-7-azasspiro[4.4]nonane-8-
carbonyl-3-amino-2-oxohexanoyl-1, 2-bis (1,1l-dimethylethyl)
ester glycine.

[0022] According to another embodim ent of the present

invention, tkIhe compounds are of formul a Ia:

X X
Yy
W/u\)\f N
Nw
R1 Rg R5

Ia

or a pharmac-eutically acceptable salt thereof,

wherein:

X and X’ are independently C(H), N, Nxi, O, or S; and X
and X’ are taken together with the carbon atom to which
they are kound to form a 5- to 7-membered saturated or
partially unsaturated spirocyclic ring having up to 4
heterocatormns independently selected from N, NH, O, S,
SO, and SO,; wherein any atom is op-tionally singly or
multiply ssubstituted with up to 3 ssubstituents selected
independemtly from J; and wherein said ring is
optionall=y fused to a second ring sselected from (C6-
ci0)aryl, (C5-Cl0)heteroaryl, (C3-C10)cycloalkyl, and a
(C3-Cl0)h-eterocyclyl, wherein said second ring has up
to 3 subs tituents selected independently from J;
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ethylenedi_oxy, -N(R')2, -SR', -SOR', -SO;R', —SO=N(R')2a,
-SO3R', -C (O)R', -C(0)C(O)R', -C(O)C(O)OR',
-C(O)C(O)MR', -C{O)CHC(O)R', -C(S)R', -C(S)OR"',
-C(0)OR', -OC(O)R', —C(O)N(R')2, -OC(O)N(R")2,
—C{S)N(R'® 3, -(CHz)o,NHC(O)R', -N(R')N(R')COR',
-N{(R'")N(R ')C(O)OR', -N(R')N(R')CON(R')2, -N(R')SO0R',
“N(R')SO,NKI(R')2, -N(R')C(O)OR', -N(R')C(O)R',
-N(R')C(ST)R', -N(R")C(O)N(R')a2, -N(R')C(S)N(R') =,
-N(COR')CER', -N(OR')R', -C(=NH)N(R')z, -C(O)N(OOR")R',
-C(=NOR')zR', -OP(0)(OR'),, -P{(0) (R')2, -P(O)(OR' )z, oOr
-P(0O) (H) (=OR'); wherein;
R' i s independently selected from:
hydr ogen-,
(Cl- cl2)-aliphatic-,
" " (C3- Cl0)-cycloalkyl- or -cycloalkenyl-,
[ (C3 -Cl10)-cycloalkyl or --cycloalkenyl]~(C1l.-Cl2)-
aliphat-ic-,
{(C6—C10)-aryl-,
(C6—C10)-aryl-(Ccl-Cl2)aliphatic-,
(C3—C10)-heterocyclyl-,
(C3—C10) -heterocyclyl- (Cl-Cl2)aliphatic-,
(C5—cC10) -heteroaryl-, and
(C5—C10) -heterocaryl- (C1-C12)-aliphatic~;
wher—ein up to 5 atoms in R' are optionallys and
indepemndently substituted with J;
wher—ein two R' groups bound to the same at-om form
a 3- teo l0-membered aromatic or non-aromatic. ring
having up to 3 heteroatoms independently sel ected
from N , NH, O, S, SO, and 80,, wherein said =xring is
option.ally fused to a (C6-Cl0)aryl,
{C5-C1 O)hetercaryl, (C3-Cl0)cycloalkyl, or a.
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Y and Y’ are hydrogen;
R; and Rs are independently:
(C1-C6 )-aliphatic-,
(C3-Cl 0) -cycloalkyl- or -cycloalkemyl-,
[(C3-C10) -cycloalkyl- or —cycloalkeanyl]-(C1-C6) -
alipha tic-, or
(C6-C1.0) —aryl-(Cl-C6)aliphatic-;
whe-rein up to 3 aliphatic carbon. atoms in R; and R3
may be replaced by a heteroatom seBected from O, N, NH,
S, SO, or SO, in a chemically stabl.e arrangement;
whe rein each of R; and R; is independently and
optiorally substituted with up to 3 substituents
_ independently selected from J;
R; and R— are hydrogen;
Ry is sellected from:
hydrogyen-,
(Cl-C6&)-alkyl-,
(C3-C7L0) -cycloalkyl-(C1-C6)-alipha tic-, or
(C6-C10) ~aryl- (C1-C6) -aliphatic-~;
whesrein Rq is independently and eoptionally
subst-tuted with up to 3 substituemts independently
selected from J;
Rs: is hxydrogen;
Rs is (C 1-C6)-aliphatic, wherein any hydrogen is
optiomally replaced with halogen;

W is:
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Re U q
~

/‘\“/ | /\n/ | /l\"/ & .

o0 o 3 |

Ts
PR,
wherein each R¢ is independently: B
hydrogen-,
(C1-C6)-alkyl-,
(C6-C10) ~aryL-,
{(C6-C10)-aryMR-(Cl-C6)alkyl-,
(C3-C10)-cycZloalkyl- or cycloalkenyl-,
[ (C3-Cl0) -cycloalkyl- or cycloalkenyl]- (C1-C6) -
alkyl-,
(C5-C10)-hetearoaryl-(Cl-C6)-alkyl-, ox
two Rg¢ groupss, which are bound to the same
nitrogen atom, form together with that nitrogen
atom, a (C3-Cl1l0-)-heterocyclic ring;
wherein R¢ iss optionally substituted with up to 3
J substituents;
wherein each Rg is independently -OR'; or the Reas
groups together— with the boron atom, is a (C3-Cl0D -
membered heterccyclic ring having in addition to &he
boron up to 3 amdditional heteroatoms selected frorm
N, NH, O, SO, aand S0;;
V is a valence bond; and
T is:
{C6-CL0) -aryl-,
(C6-C10) -aryl-(CZl-Cé)aliphatic-,
(C5-C10) -heteroca=xyl-, or
(C5-C10) -heteroca=xryl-(Cl-C6)-aliphatic-;

K] |
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or SO, in a chemically stable arrangement;
whereein each T is optionally substit-uted with up to
5 3 J subst ituents.

[0023] According to one embodiment of conmpounds of
formula I , the
X Y
X Y
N . .
radical is:

10 wherein:
nis 0, 1, or 2;
v armd Y’ are as defined in any of tThe embodiments
herein; and
the ring containing X and X’ is opt ionally
15 gcubstitut-ed with up to 3 J substituents, wherein J is as
defined in any of the embodiments herein..
[0024] According to another embodimen t for compounds
of formula I, the

rradical is:

% %
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the ring containing X and X' is optionally substituted

woith up to 3 J substituents, wherein J is ass defined in
5 amy of the embodiments herein.

[#0025] According to another embodiment for compounds

o=f formula I, the

In
X X

Y
N Y
- radical is:

(g
s._S

Y
Y
/"N .

10 wvherein:
n is 0 or 1; and
Y and Y’ are H.
C 00261 In another embodiment of compound.s of formula
I, the

(g

8-S

og

Y

N

15 - radical is:

4
S.__S

Y
4
/—’N .

wrherein:
n is 0 or 1; and
Y and Y’ are H.
20 K 0027] In another embodiment of compoundls of formula
-, the
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o

- radical is:
(" 4n
Y

wherein:
n is 15 and

Y and ' are H.

[0028] Aeccording to one embodiment of compounds of
formula Ia, the

X
XY v

N

- rad_ ical is:

L
X X

,‘ﬁ\.
14

wherein:

nis 0, 1, or 2; and

the ri ng containing X and X’ is optiomally
substituted® with up to 3 J substituents, wvherein J is as
defined in any of the embodiments herein.
[0029] Ac=cording to another embodiment of compounds of
formula Ia, the

)n
X X

/ﬁ rad3cal is:
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AR
whereirm:
n is 0, 1, or 2; and
the ring containing X and X' is optional-ly
5 gubsti®tuted with up to 3 J substituents, wher-ein J is as
definesd in any of the embodiments herein.

[0030] According to another embodiment of ¢ ompounds of

formul a Ia, the

L

X =<
/Q radical is:

AR

S S
10 /Q;

wherei n:
2 is 0 or 1.

[0031 N According to another embodiment of —ompounds of
formulMa Ia, the

L

S S
15 /fi radical is:
G
S =
where-in:
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formula I or Eormula Ia, the present inventicon provides a

compound of foormula ID:

L
S SY
Il?-, 0 Ro Y'R
TV N\'/U\N/L_\“/N 1\34
\"/ 1 XW
o R1 Rz 0 (o] R5 Rsl
ID
wherein:

n, Ri, R, R3, Ra, Rs, RS', R’], V, T, W, !, and Y’ are
as defined imm any of the embodiments herein..
[0033] Acc-ording to an embodiment of compwounds of

formula I, th e

- radic al is:

wherein:

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

the fus&a benzo ring is optionally subsstituted with
up to 3 J subwstituents, wherein J is as defi_ned in any of
the embodimen.ts herein.
[0034] According to another embodiment off compounds of
formula I, th-.e

-~ radic=al is:
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whereim:

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

t_he fused benzo ring is optionally sulostituted with
up to 3 J substituents, wherein J is as defined in any of
the emabodiments herein.
{00351 According to an embodiment of compounds of
formul a Ia, the

X

1Y ¥
_N

wherei_n:

radical is:

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

t=he fused benzo ring is optionally sukostituted with
up to 3 J substituents, wherein J is as de#ined in any of
the embodiments herein.
[0036] According to another embodiment of compounds of

formul_a Ia, the
X

x'YY

~N radical is:
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/ﬁ;

wherein:
X and X' _ are as defined in any of the e:mbodiments

herein; ¥ and Y’ are H; and

5 the fuseei benzo ring is optionally substzituted with
up to 3 J subsstituents, wherein J is as defimed in any of
the embodimen-ts herein.
[00371 Acc-ording to another embodiment of compounds of
formula I or formula Ia, the present invention provides a

10 compound of f ormula IE:

A
! \Ior R4 r?Rz 0 OR: W
Rg
IE
wherein:
Ri, Rz, B3, R4, Rs, Rs:y Ry, V, T, W, Y, Y’, X and X'
15 are as definesd in any of the embodiments here=in; and
the fusesd benzo ring is optionally subs< tituted with
up to 3 J sulostituents, wherein J is as defimed in any of
the embodimerats herein.
[0038] Acccording to another embodiment fozxr compounds
20 of formula I, X and X' are S, Y and Y’ are ZH, Ri, Ra, Ra,
R4, Rs, Rs, Ry, V, T, and W are as defined irm any of the
embodiments Ierein, and the fused benzo ring is
optionally swabstituted with up to 3 J substi tuents,
wherein J is as defined in any of the embodizments herein.
25 [0039] According to another embodiment fo:x compounds

of formula I . the
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N \ radica&al is:

F__F

Y

Y
wherein:

Y and Y’ are H.
[0040] In another embodiment of compoundss of formula
I, the

X Y
x Y'
N . .
radical is:

= il
mn
~<

Y
d ;
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:

/R F
Y

T/V\R/Nﬁ)]\N/J\n/N Y;\I;:(W

1

wherein:

Ry, Ry, B3, R4, Rs, Rs:, Ry, V, T, W, ¥ and Y’ are as
defined in a.my of the embodiments herein.
[0042] Ac=cording to another embodiment of compounds of

formula I, W& is:
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N
- \RG
o) ;
wherein in the W, the NReRs is selected from ~-NH- (C1-C6
aliphat ic), -NH-(C3-Cé cycloalkyl), -NHL-CH(CH3) ~aryl, or
~NH-CH( CHs)-heteroaryl, wherein said ar=wl or said
heteroa_ryl is optionally substituted with up to 3

halogems.
[0043] According to another embodiment of compounds of
formul=a I, W is:
T T
N
~
Rs
o ;

whereir in the W, when the NR¢R¢ is sel ected from -NH-(Cl1-
C6 alipohatic), said C1l-Cé aliphatic ig ©¢1-c6 alkyl with
no J swmibstituents.

[0044] According to another embodim-ent of compounds of
formul.a I, W is:
T
N
~
Re
o ;

wherei n in the W, when the NReR¢ is selMected from either
(c6-Cl 0) -aryl-(Cl-Cl2)-aliphatic or (C=5-Cl0) -heterocaryl-
(C1-Cl.2)-aliphatic-, said Cl-Cl2-aliplmatic is a C1-C6
alkyl group with no J substituents. I°n another
embodi_ment, said C1-C6 alkyl is substi tuted with up to 3
J subsstituents.

[0045] According to another embodiment in compounds of

formul_a I, the NRgR¢ in the W radical ds:
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[#0046] According to another emb odiment in compounds of

formula I, the NRsR¢ in the W radical is:

L §“T® | %‘“7/@" , "3'“7/@0"
5

[(047] In another embodiment off compounds of formulaa
I, in the W, the NRgRg is:

_¢H H [N
o '€N7/@ |

[€0048] In yet another embodimemt of compounds of
10 formula I, in the W, the NR¢Rs is:
H
_g.N
£-0049] According to an embodimment in compounds of

formula I or formula Ta, the NRsRes in the W radical is =
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1,
4
i,
[
|
v
ZI
Ilu-? (@)
- Q

W F sH cl s H F

[005@0] According to another embod iment in compounds of
formwila I or formula Ia, the NRgR¢ ira the W radical is:
H C H Cl
5 N 2
, EN\./C'/ % N.VQ/

_g',:}

e
ZT
’Illv?
T,
e

In another embodiment of c=ompounds of formula T

[005 1]
in the W, the NRg¢Rs is:

or £ ormula Ia,
‘é“v H

H Cl F
According to another embociment of compounds of

N
N/

tite,

[005 2]
10 forrmula I, W is:
o Ts

o ;
wher—ein in the W, the NRgR¢ is NH;.
[00+53]) According to another emboc@iment of compounds of
formmula I, W is:
42
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o ;
wh erein in the W, the Re¢ is as defined in any of the

em bodiments herein.
[0 054] According to another embodiment of compounds of

foexmula I, W is:
(o]

ORg
O ;

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

embodiments herein.

{O®055] According to another embodiment of compounds ofE
formula I, W is:
Ts
B
~
/'/ RB;

wlnerein in the W, the Ry is as defined in any of the
emmbodiments herein.
[O0561 According to an embodiment of compounds of
formula Ia, W is:

O Rg

NG

Re

O ;
wlhaerein in the W, the NRgR¢ is selected from -NH-(C1-Cé
al_iphatic), -NH-(C3-Cé cycloalkyl), -NH-CH(CH;)-aryl, or
-I}JH-CH (CH;) -heteroaryl, wherein said aryl or said
hesteroaryl is optionally substituted with up to 3

ha=alogens.
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o] Ts
N
JY -~
o ;

wherein in tlhe W,
5 ©6 alkyl), saaid C1-Cé6 alkyl has no J substituemts.
[0058] Ac+-cording to another embodiment of c=ompounds of

when the NRgRg 1S selected fr-om -NH- (Cl-

formula Ia, W is:

18] R|s
N
o ;

wherein in t—he W, when the NReRe¢ is selected fr—om either
10 (C6-C10) —ary=l-(C1-C6) -alkyl or (C5~C10) -hetercaryl-(Cl-

c6) -alkyl-, said Cl-C6 alkyl group has no J swmbstituents.

In another embodiment, said C1-C6 alkyl is subostituted

with up to 3 J substituents.
[0059] According to another embodiment in —ompounds of

15 formula Ia, the NRgR¢ in the W radical is:

sH 5 H s H +N <H F
s T a

_§H7/® ] '§'H Y@N 4 Y@CI —§-H7C'@’C'

[00601] According to another embodiment in ccompounds of

formula Ia, the NRgRg in the W radical is:
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vo o ' - ' !
Cl
H F F
-%%:@ : 'g"“j/@/ or "§'H7/@ '
3 1 F
[0061 T Tn another embodiment of compounds of formula

Ta, ir the W, the NR¢Rg is:

=+ s [N
N

H c 3 F
'§'“7J© or mr@
5 ’ .
[0062] In yet another embodiment of compounds of
formuTla. Ia, in the W, the NRgR¢ -ls:
H
_g.N
[0063 ] According to another embodiment of compounds of
10 formu la Ia, W is:
i T
N
~N
Rg
o ;
where=-in in the W, the NRe¢R¢ is NH;.
[0064 ] According to another embodiment of compounds of

formu_.la Ia, W is:
(o]

Rs

15 o :
where=in in the W, the R¢ is as Aefined in any of the

arnhArB imantae harain
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ORg

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

embodiments herein.

[0066] According to ano ther embodiment of compounds of
formula Ia, W is:
"
B
~
-~ Rg;

’

wherein in the W, the Ry is as defined in any of the
embodiments herein.

[0067] According to another embodiment for W in
| compounds of formula I or formula Ia, each Rg together
with the boron atom, is 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' R’
R'
/O /O\
N\ TN
o o]
Rl
R'

wherein R' is (Cl1-C6)-alipshatic. In another embodiment
of compounds of formula I or formula IA, R' is methyl.
[0068] According to yet another embodiment of
compounds of formula I, tlhie present invention provides a

compound of formula IG:
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y ':,37 Rg (
T’T W
0 Ry 2
Rso
IG
wherein:

n, Ry, R, Ry, Re, Rs, Rsry, Ry, V, T, X, X', ¥, and Y’
are as definead in any of the embodime=nts herein.
[0069] According to another embodiment for compounds
of formula IC3, X and X’ are S, Y and Y’ are H, n, Ry, 15\2,
R;, R4, Rs, R=s., Ry, V, and T are as de=fined in any of the
embodiments Maerein.
[0070] Acecording to another embod=iment of compounds of
formula T or formula Ia, the present invention provides a

compound of formula IG-1l:

(o} 1 Rz O OR5 R5

IG-1

wherein:

n, Ri, TRz, R3, Ry Rs; Rs:, Ry, V_, T, X, X', ¥, and Y’
are as defirmed in any of the embodimments herein.
[0071] According to another embocdiment of compounds of
formula IG-A, X and X' are S, Y and Y’ are H, n, Ry, Ra,
R3, Rs, Rs, Ry, Ry, V, and T are as Jefined in any of the
embodiments herein.
[0072] Ac~cording to another embocliment in compounds off
formula I, ERs is hydrogen and Rs is:.
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RRIRREP O

<he

[0073] According to yet araother embodiment in

compounds of formula I, Rs: i= hydrogen and Rs is:

Y PV A

N ¢
’ 3 OwI'

5 [0074] According to anotheer embodiment in compounds of

formula I, Rs» and Rs is:

, or
) ’ ) b} /
[00751 According to an embodiment in compounds of

formula Ia, Rs is:

e e b e e
NSRS ))
A ’ F

F

(00761 According to anotlier embodiment in compounds of

10

formula Ta, Rs is:

o de e e
X C .
> N or
F F F
F
[0077] According to anotZher embodiment of compounds of

15 formula I or formula Ia, th-e present invention provides a

compound of formula IH:
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Lol ):(,
R 0 R g YY'
l7 3 R4
T/v\n,N\_\(\kNJ\n/N Al
)
(o] R1 R2 (o] (o] :: NRGRG
> o]
IH
whereirn:

n~ Ry, Ry, Ri, Re, €ach Re;, Ry , V, T, X, X', ¥, and Y’
are as defined in any of the emboediments herein..
[0078] According to another emodiment for compounds
of forrmula IH, n, Ri, Rz, Ri, Re, Ry, V, and T are as
definecl in any of the embodiments herein, X and X’ are S,

Y and ' are H, and NRe¢R¢ is:

“L..nv

{00791} According to another emmbodiment for compounds
of formmula IH, n, Ri, Rz, Ri, Ra, Ry, V, and T are as
define-d in any of the embodimentss herein, X and X’ are s,
Y and ~Y' are H, and NRgRe¢ is:

o NHp

[0080] According to another embodiment for compounds
of for mula I, Ry, Rs, and R; are each independently H,
methyl , ethyl, or propyl. '

[0081] According to another emnbodiment for compounds
of for-mula I, Rz, Ry, and Ry; are each H.

[0082] According to an embodimmnent in compounds of
formul a Ia, Rs is hydrogen.

[0083] According to another ermbodiment in compounds of
formul_a I or formula Ia, the pressent invention provides a

compomnd of formula IJ:
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0 R Y
H s (
0 Ry H o 0 E/ﬂ)/NRsRe
> o]

IJ

wherein:

n, Ry, Rs, each R¢, V, T, X, X', ¥, and Y’ are as
defined in any of the embodiments herein.
[0084] According to another emioodiment for compounds
of formula IJ, n, Ri, Rz, V, and T are as aefined in any
of the embodiments herein, X and 3¢’ are $, Y and Y' are
H, and NR¢Rg is:
’QHV
[0085] According to another emloodiment for compounds
of formula IJ, n, Ri, Ry, V, 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:
‘31_;_NH2

[0086] According to another emBoodiment in compounds of

formula I, Rs is:

¥ ¥ ¥ =K.

[0087] In another embodiment imm compounds of formula

I, Rzis:

S0

PCT/US2004/023054
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P

[0 089] According to an emkoodiment in compounds of

5 foxymula Ia, Rs; is:

A R

[0: 0901} In another embodime=nt in compounds of formula.

Ia=, R3 is:

¥ v+ ¥

10 [OB091] According to anoth-er embodiment in compounds of

formula Ia, Rs is:

[C092] According to anoth er embodiment in compounds of
15 formula I or formula Ia, the present invention provides a

compound of formula IK:

X Xy
= Nw)]\ N H o
T \ﬂ/ H N
O Ry 0 o MRgRg

IK
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in any of the embodiments herein.

[0093] According to another embodiment= for compounds
of formula IK, n, Ry, V, and T are as def ined in any of
the eml>odiments herein, X and X' are S, ¥ and Y’ are H,

and NReRs is:

‘«ﬁ\v

[0094] According to another embodimen® for compounds
of formmla IK, n, Ry, V, and T are as defined in any of
the emfbodiments herein, X and X’ are S, -y and Y’ are H,
and NR eRs is:

. NHy

{00951 According to another embodimen-t in compounds of

formul a I, R; is:

v Y ¥
A gk

[0096 R According to another embodimerat in compounds of

formula I, R is:

~ Y ¥ sy

[00977] In another embodiment of compecounds of formula
I, Ry is cyclohexyl.
[009871 According to an embodiment in compounds of

formula Ia, R; is: .
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X X X K o~
T, T, r, o, r,
| ”l(k
s O
[0099] According to another embodime=nt in compounds of

formula Ia, R; is:

w Y ¥ 5oy

5 [01001] In another embodiment of comgoounds of formula

Ta, R; s cyclohexyl.
[0101] According to another embodime=nt of compounds of

formula. I or formula Ia, the present irvention provides a
compoun_d of fomﬁla IL:

10

A
Y 5L il H%/%N%Re

IL

whereira:
n, each Rg, V, T, X, X', Y, and Y~ are as defined in

15 any of the embodiments herein.
[0102] According to another embodim_ent for compounds
of formula IL, n, V, and T are as defi med in any of the
embodimnents herein, X and X’ are S, Y and ¥’ are H, and

NRgRg 1ss:
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[0103 R According to another embodliment for compounds
of formula 1L, n, V, and T are as de=fined in any of the

embod3iments herein, X and X’ are S, Y and Y’ are H, and

NRgR¢ is:
~}.,1,-NH2
{0104 7] According to another embocdiment in compounds of

formula I, V is O.
{0105 1 According to another embocdiment of compounds of

formula I, the present invention preovides a compound of

formu.la IM:

Yo

X )(’Y
H O Y
H 0
T’O N N N N
. "o 4 3 NRgRs
(0]
IM
wherein:

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

NR¢Rgs is:

}QHV

{01077] According to another embcdiment for compoundss
of feormula IM, n and T are as defiraed in any of the
emboediments herein, X and X' are S. Y and ¥’ are H, and
NReRe is:

‘h;‘NHz
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fo1 09] According to another embodiment in compounds of
formula I or formula Ia, the present inveration provides a

compound of formula IN:

(Y

X X'Y

T H\j\ @H (0]

\EOu o ONE;SrNReRe
o]

wherein:
n, each Rg, T, X, X', ¥, and Y’ are &s defined in any

IN

of the embodiments herein.

03110} 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

“h;_“v
[0111] According to another embodiment for compounds
of formula IN, n and T are as defined in any of the
enkyodiments herein, X and X’ are S, Y and Y’ are H, and
NR&Rs is:
0 NIH;
[0112] According to an embodiment in c=ompounds of
foaxmula I, T is (C3-Cl0)heterocyclyl- or (C5-
Cl®)heteroaryl-; '

wherein each T is optionally substit-uted with up to
3 J substituents.
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C6)hexteroaryl-;

wherein each T is optionally substituted with up to
3 J s=substituents.
[0114) In another embodiment ir compounds of formula

I, T is:

)Q /Or% /[> y0s
>+ W—% E e

\ N\

EL O/O /O hog

wher—ein:

7 is independently O, S, NR™ , or C(R')2.
[01AL5] In another embodiment i.n compounds of formul=
I, T is:

.

N ~.
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[0117 ¢ According to an embodiment in compo unds of
formula Ia, T is:
(C3 -C10)heterocyclyl- or (c5-Cl0)heteroary1-;

wyherein each T is optionally substituted with up to
3 J swuibstituents.
{01187 According to another embodiment in compounds of
formuTla Ia, T is (C5-C6)heterocyclyl- or (Cc5—
¢6)Yhe—terocaryl-;

—~herein each T ig optionally substituted with up to
3 J s—ubstituents.

{0119 1 In .another embodiment in compounds of formula
Ia, T is: .
_ N S/>_ HN
);} s P Wa i /l:}—%
O \H , (o] \H , (¢ \H , 0o \H ,

Ny )= '[\ ) N/”\>__
Q % 'J\N §_ I N/—% '!"\N %
\H , \H , \H , \H ’
(2 L o
- }’S © N F{ ° T }é\ O/S\ \
’ ’ H 4 H ?
(o] (0] 0 Q
Z Zﬁw, ﬁ NH
O/I\T 2 O/l\N L NN | N\ —§—
H ' 'L s '!l ’ \H r
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— ™~
cl N\ or & N\
H , H .
wh erein:
% is independently O, S, NR™, or C(R'):z.
{0 120] In another embodiment 3n compounds of formula
5 Ia, T is:
L)
N
(0-121] In another embodiment =in compounds of formula
Ia_, T is:
0,
M
10 [0-122] According to another emmbodiment of compounds ofE

fosrmula I or formula Ia, the present invention provides &=

coesmmpound of formula IO:

Bk
[/N . o X XYY.
N, ]\“/}I:ll\)]\ KQH o)
TR T N}"%NRGRG
O 5 ¢

15 IO

whLerein:
n, each Rg, X, X', ¥, and Y~ are as defined in any o £

th e embodiments herein.
[0 123] According to another ermbodiment for compounds

20 of formula IN, n is as defined ir any of the embodiments

he rein, X and X’ are S, Y and ¥’ are H, and NRgR¢ is:
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[0124] According to another embodiment for compounds
of formula IN, n is as defined in any of the embodimentss
herein, X and X' are S, Y and Y’ are H, and NRgRs is:

5 N
[0125] According to another embodiment of compounds of
formula I or formula I a, the present invention provides a

compound of formula IF:

o (Y

)n
O g X'YY‘
/ | H
H
! N\:/U\N N o
6 A" o 4§ _}/KrNReRs
[ ] > o]
10
IP
wherein:
n, each Rg, X, X7, ¥, and Y' are as defined in any— of

the embodiments hereim.
15 [0126] According teo another embodiment for compoundss

of formula IP, n is a.s defined in any of the embodiment=s

herein, X and X' are S, Y and ¥’ are H, and NRgRg is:

H

=y

[0127] According t_o another embodiment for compound=s
20 of formula IP, n is a.s defined in any of the embodimen¥®ts

herein, ¥ and X' are S, Y and Y’ are H, and NRgRs is:

W

[0128] According t—o an embodiment for compounds of

formula I, said (Cl1-C312)-aliphatic group in R', ¥, ¥', Ry,
25 Ry, R3, R4, Rg, Ry, andA T is {(C1-C6)~-alkyl.

[01291] According tzo an embodiment for compounds of

formula Ia, said (Cl1l—Cl2)-aliphatic group in R' and sa id

S9
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[0 30] According to another eml>odiment in compounds of

for-mula I or formula Ia, the compound is:

q Q! N M
S lonf\utgi%;n%gn\v [N%n Vmurgi%(“ \)l\gﬂ\v
O (0. O ro

5 1a 2a

s__S Q 8.5

f G

o©"’o o o) o:i”
5a ' 6a or

10 f0 131} The compounds of this imvention may contain one
. or more asymmetric carbon atoms amd thus may occur as
ra-cemates and racemic mixtures, scingle enantiomers,
di.astereomeric mixtures and indiv-idual diastereomers.
2l 1 such isomeric forms of these <ompounds are expressly
15 1in cluded in the present invention . Each stereogenic

caxbor may be of the R or S conficguration.
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in formulae ID-IP.
[0133] Tn another embodiment, t=he compounds of this
invention have the structure and sstereochemistry depicted
in compounds 2a to 4a.
{o134] Tn another embodiment, t=he compounds of this
invention have the structure and stereochenistry depicted
in compound 7a.
[0135] Any of the embodiments —recited above, including
those embodiments in the above sp-ecies, may be combined
to produce another embodiment of this invention,
[0136] As used herein, Pl, P2, P3, P4 refer to the
residues of an HCV protease inhilwmitor as defined in the
art [J. A. Landro et al., "Mechammistic Role of an NS4A
Peptide Cofactor with the Truncat—ed NS3 Protease of
Hepatitis C Virus: Elucidation ofS the NS4A Stimulatory
Effect via Kinetic analysis and IInhibitor Mapping”,
' Biochemistry, 36, pp. 9340-9348 &1997)] and as such are

well known to skilled practitionesrs.

[0137] The present invention pprovides potent binders
and inhibitors of the HCV NS3/NSela gerine protease. In
certain embodiments of compounds of formulae I and Ia of
the present invention, the compo—unds have P4 caps that
allow for additional hydrogen bomds with the enzyme
backbone. In certain embodiment s of the present
invention, a P4 cap nitrogen atoom and the carbonyl
(adjacent to radical V or T in f ormulae I or Ia) form
hydrogen bonds to the main chain. carbonyl and NH groups
respectively of the Cys-158 resi due 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 im formulae I and Ia,

wherein R; is hydrogen) of the P-3 group with the protease= .
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the HCV NS3/NS4a serine protease binding site.

Additionally, the P2 spirocyclic proline group fillss the

P2 pocket and makes favorable van der Waals contact with

the Arg-155 side chain An the HCV NS3/NS4A serine

protease enzyme. This Anvention also provides W grooups

that bind efficiently to the catalytic site of the EHCV

NS3/NSd4a serine protease located in the P1l’' pocket.

[0138] Abbreviations which are used in the schemess,

preparations and the examples that follow are:

THF: tetrahydrofuran

DMF: N,N,-dimethylformarnide

EtOAc: ethyl acetate

AcOH: acetic acid

DMAP: dimethylaminopyridline

HOBt: l-hydroxybenzotriazole hydrate

HOSu: succinic acid

EDC: 1-(3-dimethylaminopropyl)-3-ethyl carbodiimide
hydrochloride

Et,0: diethyl ether

BOC: tert-butyloxycarboryl

Cbz: benzyloxycarbonyl

Chg: cyclohexyl glycine

t-BG: tert-butylglycine

DAST: (diethylamino)sulfur trifluoride

DMSO: dimethyl sulfoxide

DCCA: dichloroacetic aci d

DIEA: diisopropylethylamine

MeCN: acetonitrile

TEMPO: 2,2,6,6-tetrametlhyyl-1-piperidinyloxy, free
radical)

DMEM: Dulbecco’s Modified Eagle’s Medium

PBS: phosphate-buffered saline
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ND: not determined
MS: mass spectrometry

IC: liquid chromatcgraphy

General Synthetic Methodology:

[0139] The compounds of %his invention may be prepared
in general by methods known to those skilled in the -art.
Schemes 1A, 1B, and 1-6 beleow illustrate synthetic r outes
to the compounds of the pressent invention. Other
equivalent schemes, which will be readily apparent t o the
ordinary skilled organic chenmist, may alternatively De
used to synthesize various portions of the molecule as
illustrated by the general schemes below, and the
preparative examples that £ ollow.

Scheme 1:

OH o]
TEMPO, Clorox,
NaHCOj o NeBr, Hy0
o \‘(N Toluene, Ethyl Acemg 0 W(N
) 4 )
(o} 2 O
[ )
X
HX X'H HBr
\/\(\’)' AcOH HBr "
BF,(OE:), \\(
CH,Cl, /

63



WO 2005/007681 PCT/US2004/023054

X
Boc-R4-COOH HCI Rs
EDC, HOBt )<O)L !
DIEA, CH,Cl; N

HoN /

o} d o
6

Boc-R;-COOH xq)"
._}_——»

EDC, HOBt %
DIEA, CH,Cl, - . Ry
Dloxane N
1 O
8
X ) -
. X'
T-cooH L:OH o Rs
EDC, HOB! 4
DIEA, CHCTy )\‘( H2° T \\)LH)\‘(
N 0 OH
. R o
10
x//\Q )" _
X'
EDC, HOBt Rs e
DIEA, CHyCly
» Rs DMSO __
- Kl N NRgRg DCAA
Re O T\“/ N Ethyl Acetate
o N ' OH
HzN)%NReRg 0 R+ o]
OH 11 12

q )n
X'
Ra
H N Rs
T N\\j\N/H‘/ NRgRg
Y N
o) R4 © of
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whe-vrein n, T, X, X', R®, R%, R}, =nd R! are as defined imn
any of the embodiments herein. Entermediate 11 was
preypared according to the proceduares described by
Scheoellkopf, et al., Justus Lieb=igs Ann. Chem. GE, pPP-
183 —202 (1976) and Stemple et al -, Organic Letters,

2(1 8), pp. 2769-2772 (2000). Corunpounds la-~7a were
pre—pared according to this scheme2 or variations thereoX.
As —would be recognized by skillecdl practitioners, other
sui table and commercially availakole coupling reagents Tmay
be used to prepare intermediates 5, 7, 9, and 12.
Add_ditionally, it will be recogni=ed that the commercially
ava_ilable Boc protected amino acds represented by, fox
ins tance, Boc-R3-COOH, may alterraatively be substituted
wit h the commercial Cbz protectecd amino acids. Suitablle
dep.rotection conditions to remove= the Cbz protecting
gro-ups are known to those skillecd in the art. Likewise
the- oxidation of intermediate 12 to compounds of formula
IA can be accomplished using othe=sr suitable conditions

kno~wn to the skilled artisan.

Sch_eme 1A:
OH H
HoN oH EtOH, HCI Ho BN o_~ (BOC), O,
catH,SO04  HO THF
R5 R5 (o]
40 41
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Jz g THF/MeOH/ | |  EDC,HOSu,
s H,O Re O  DMF
42 43
OH e}
BOCHEN N(Rg), Dess Martin, BOCHN N(Rg)2 4N HCl/
" t-BuOH,CH-Cl, ' dioxane,
Rs O — 5 O CH,Cl,
44 45
0
HZN\HKH/N(RG)Z
HC!
_ Rs O
46
[01 411 Scheme 1A above provid es a synthetic route for

the. preparation of intermediate 46 from intermediate 40.
Int_ermediate 40 was prepared acc.ording to the procedures
des.cribed by Schoellkopf, et al. , Justus Liebigs Ann.
Che=am. GE, pp. 183-202 (1976) and Stemple et al., Organic
Let=ters, 2(18), pp. 2769-2772 (Z000). Esterification to
thes ethyl ester hydrochloride 41- was accomplished using
catzalytic acidic conditions. Boc protection of the amine
fol_lowed by basic hydrolysis affforded the Boc acid 43.
Ami_ne coupling with HN(Rg)z with EDC and succinic acid
aff=orded amide 44 which was subsequently oxidized to the
dilseto amide 45 with Dess-Martira periodinane. Boc
remnoval under acidic conditions provided intermediate 46
as the hydrochloride salt wherefin Rs and Rs are as defined

in any of the embodiments hereim.

Schkaene 1B:
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! \/ /n
E-DC, HOBt
D®MAP, CH,Cl,
0 Rs >
H N o)
T\\E/N\(\\\u)\‘( e
o) OH
LN Ry d HoN NRgRg
10 O 46
x//\o)”
X
(o} Rs R Q
H N
\\( H 3 N
O Ry O H o
JA
5 [0W42] Scheme 1B above providcles an alternate synthe<tic

rowate for the preparation of cormpounds IA from

inwcermediate 46.

Schheme 2:
10%Pd/C,
DAST, MeOH, Hy(-40ps)
Q\/’YE; ka(i
10
(=
F
HN oc-R3 -COOH )< )\\ HCl
EDC, HOBt Dioxang
/ DIEA, cnzc12 N
o
14 15
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|
N Boc-R;-COOH
HoN / EDC, HOBt .
o DIEA, CH,Cl,

O
O
16
F
F F
0 HCl o Re
n N Dioxane )\“/N
> HN
o} o (o)
Ry (o) Ry o)
17 18
F
F F
;;:Co?{lgm Ry LiOH o Rs3
—_— g THF
DIEA, CHCl, o N o~ XA N
T N / T N
j{ H 0 (o] \[ le) OH
0 1 O R4 o]
19 20
F
F
EDC, HIOBt .
DIEA, CR,CY, Rs EDC
- H N Rs DMSO .
N NRgRg DCAA
R (o] T u Ethyl Acetate
o) N
H OH
HaN NRgRg o R o
OH 11 21
F
F
o) R3 o]
R
N 5
T H\H\\H)\\\/ NRgRq
T 5 N
R4 o H o]
5 1B
[01@3] Scheme 2 above provides a genera_l synthetic

routce for the preparation of compounds of formula IB

wher-ein T, R®, R®, R, and R' are as definedl in any of the
10 embodiments herein. As would be recognize-d by skilled

practitioners, other suitable and commerci.ally available

coupyling reagents may be used to prepare imtermediates
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represented by, for instarce, Boc-R3;-COOH, may
alternatively be substituted with the commercial Cbz
protected amino acids. Suiitable deprotection conditions
to remove the Cbz protect ing groups are known to those
skilled in the art. DLikewise 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, Pyridine, .
(6]
Triphosgene, 0° LioH

X'
- o R THE
2. DIEA,THF, 22 N\)\ )\“/N -
x o
~ N /
o R ' \‘( ° °©
0 Ry o
~ »
o

Ry O
22
X
xl
o R EDC, HOBt
DIEA, CH,Cl,
H N o
N
A2 N Rs O
lo} OH
0 R °© HaN N
2 4 2 RGRB
OH 1 1
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'!l Rs E\[SO
| NRgRs DCAA
/O\\( N Ethyl Ace=tate
T H
o) N
0 Ry o H OH
25
X
X'
Rs
%) N
o -y N NRgRg
s \\( H
T
0 N
o R4 (o] H o

IC

.[0144] Scheme 3 above provides a general syn—thetic

5 route £ or the preparation of compounds of formuZla IC .
wherein: X, X', T, R®, R%, R?, and R! are as defiraed in any

of the embodiments herein. One of skill in the art will

also re=cognize that compounds of formula IC may also be
prepare=d from intermediate 46 using the conditi-ons

10 descrilmed above in Scheme 1B.

Scheme 4:
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Sodium / ether
0°Cto rt/ 16h
KONa
/([L)OL NaNO, / AcOH
OEf —— >
Znl HOAc
Na(OAc
1b
(o]
/?/—\)\‘(ost Acz0 (3 eq.)/ AICl3 T oet 103% KOH / EtOH
N — -
H ©  EtClp/rto40°C/18h N Y refux/1h
3b 4b
[0145] Scheme 4 above provides a synthetic route for
It will

the preparation of pyrrole acid inter—mediate 5b
be appreciated by those skilled in the art that other
pyvrrole analogs of interest may be swmnthesized by

modifications of scheme 4.

Schenme 5:

0
HS _~_-SEH
S
0\\\/N BF;(OEt),
O 0/ CH2C12
2 o
10
) //w ) //w
HBr
o) N '—Agoi> HBr HN:
N O\ /
0 o)
26 o]
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Boc-tBG-COOH

EDC HOBt chrxane
DIEA, CHZCIZ
Boc-Chg-COOH

HCl

EDC, HOBt
DIEA, CH,CL,

%s

mu"

\\Illl

30 31
EDC, HOBt N o) uon
DIEA, CHCl 7 \ H
N N 1120
7 =y H
~ | o A
N COH
32
s/’/? EDC, HOBt
D
/N o IEA, CH,Cl, .
Cl o A
~ N N
N e "8 OH 2
o) o
34 HoN N
OH 35
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[0146] Scheme 5 above provides a synthetic route for

uun-..

n
,ﬁ

&khe preparation of compound 2a. Compounds 3a, 5a, 6a,
=and 7a were also prepared generally according to scheme
. One of skill in the art will also recognize that
«ompounds of formula 2a, 3a, 5a, 6a, and 7a may also be
prepared from intermediate 46 using the conditions

«described above in Scheme 1B.

0

Scheme 6:

EDC, EIOBt
0 DIEA, CH,CL |
PN N
H,N o
Y N /
E o} 0
2 d
4 [ sb
3
N COH
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THE .
H,0
EDC, HOBt
DIEA, CH,Ch,
o)

HaN N

/\JL N
@

lllmu

jn -4

Illll“

||I||u

Iz

[0147] Scheme 6 above provides a synthetic route for
the preparation of compound 1la. Compound 4a was also

prepared generally according to s cheme 6. One of skill
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—onditions described above in Scheme 1B.

[£0148] Although certain exemmplary embodiments are
<Jepicted and described below, it will be appreciated that
«ompounds of this invention cam be prepared according teo
—+the methods described generall v above using appropriate
sStarting materials generally a vailable to one of ordina—rxy
skill in the art.

[0149] Another embodiment o»f this invention provides a
—pharmaceutical composition comwprising a compound of

formula I or formula Ia or a prharmaceutically acceptabl e

salt thereof. According to orme embodiment, the compoun-d

of formula I or formula Ia is present in an amount

effective to decrease the viraal load in a sample or in a
patient, wherein said virus eracodes 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 ar-e utilized in these

compositions,'those salts are preferably derived from
inorganic or organic acids and bases. Included among
such acid salts are the followring: acetate, adipate,
alginate, aspartate, benzoate, benzene sulfonate,
bisulfate, butyrate, citrate, camphorate, camphor
sulfonate, cyclopentane-propiconate, digluconate,
dodecylsulfate, ethanesulfonat-e, fumarate,
glucoheptanoate, glycerophosplhate, hemisulfate,
heptanoate, hexanoate, hydroclaloride, hydrobromide,
hydroiodide, 2-hydroxyethaneswalfonate, lactate, maleate=,
methanesulfonate, 2-naphthalernesulfonate, nicotinate,
oxalate, pamoate, pectinate, roersulfate,
3-phenyl-~propionate, picrate, pivalate, propionate,

succinate, tartrate, thiocyan=ate, tosylate and
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earth metal salts, such as caalcium and magnesium sal ts,
salts with organic bases, such as dicyclohexylamine
salts, N-methyl-D-glucamine, and salts with amino ac:ids
such as arginine, lysine, and so forth.

[0151] Also, the basic nii-rogen-containing groupss may
be quaternized with such agerats as lower alkyl halidles,
such as methyl, ethyl, propy-l, and butyl chloride,
promides and iodides; dialky’l sulfates, such as dime=thyl,
diethyl, dibutyl and diamyl sulfates, long chain ha¥™. ides
such as decyl, lauryl, myris tyl and stearyl chloridess,
promides and iodides, aralky~l halides, such as benz=yl and
phenethyl bromides and other-s. Water or oil-soluble= o
dispersible products are the=reby obtained.

{0152} The compounds util ized in the composition s and
methods of this invention maay also be modified by
appending appropriate fﬁncti_onalities to enhance
selective biological propert-ies. Such modification_s are
¥nown in the art and include those which increase
biological penetration into a given biological syst-em
{(e.g., blood, lymphatic syst-em, central nervous sysstem),
increase oral availability, increase solubility to allow
administration by injection_, alter metabolism and aalter
rate of excretion.

[0153] Pharmaceutically &cceptable carriers that= may
be used in these compositioms include, but are not
limited to, ion exchangers, alumina, aluminum stear—ate,
lecithin, serum proteins, s-uch as human serum alburmin,
puffer substances such as posphates, glycine, sorkoic
acid, potassium sorbate, pa xtial glyceride mixturess of
saturated vegetable fatty a cids, water, salts or
electrolytes, such as protamine sulfate, disodium

hydrogen phosphate, potassi um hydrogen phosphate, =odium

76



10

15

20

25

30

WO 2005/007681 PCT/US2004/023054

substances, polyethylene glycol, sodium
carboxymethylcellulose, Jolyacrylates, waxes,
polyethylene-polyoxyprogxylene—block polymers,
polyethylene glycol and wool fat.

[0154] According to ome embodiment, the compositions
of this invention are formulated for pharmaceutical
administration to a mammal, preferably a human being.
[0155] Such pharmaceutical compositions of the present
invention may be adminis tered orally, parenterally, by
inhalation spray, topically, rectally, nasally, buccally,
vaginally or via an impl anted reservoir. The term
“parenteral” as used her-ein includes subcutaneous,
intravenous, intramuscul ar, intra-articular,
intra-synovial, intrastewrnal, intrathecal, intrahepatic,
intralesional and intracsranial injection or infusion
techniques. Preferably, the compositions are
administered orally or intravenously.

[0156] Sterile inject-able forms of the compositions of
this invention may be aqgueocus or oleaginous suspension.
These suspensions may bes formulated according to
techniques known in the art using suitable dispersing or
wetting agents and suspesnding 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. Amomg the acceptable vehicles and
solvents that may be emp»loyed 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 oil may be employved including synthetic mono-

or di-glycerides. Fatty acids, such as oleic acid and
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ac=ceptable oils, such as olive oil or castor oil,
esspecially in their polyoxyethylated versions. These oil
scolutions or suspensions mays also contain a long-chadin
a"lcohol diluent or dispersart, such as carboxymethyl
ceellulose or similar disperssing agents which are comInonly
u:sed in the formulation of pharmaceutically acceptable
d_osage forms including emulssions and suspensions. Orther
c.ommonly used surfactants, =such as Tweens, Spans and
o-ther emulsifying agents or bioavailability enhancerss
wwhich are commonly used in the manufacture of
>harmaceutically acceptable solid, liguid, or other
@Aosage forms may also be us ed for the purposes of
f=ormulation.

I 01571 Dosage levels of between about 0.01 and aloout
1100 mg/kg body weight per day, preferably between aloout
O.5 and about 75 mg/kg body= weight per day of the
porotease inhibitor compoun®as described herein are useful
Sn a monotherapy for the prevention and treatment o=f
=antiviral, particularly antzi-HCV mediated disease.
~Typically, the pharmaceutical compositions of this
~invention will be administered from about 1 to about 5
frimes per day or alternatixvsely, as a continuous inf-usion.
==uch administration can be used as a chronic or acute
~therapy. The amount of act-ive ingredient that may De
«combined with the carrier rmaterials to produce a single
~dosage form will vary deperding upon the host treat.ed and
the particular mode of adm-inistration. A typical

—preparation will contain fzrom about 5% to about 95%

active compound (w/w). Preferably, such preparations
contain from about 20% to @about 80% active compound.
{0158] When the composi-tions of this invention

comprise a combination of a compound of formula I or
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agent= should be present at dosage levels of between about

10 to 100%, and more preferably between about 10 to 80%
of the dosage normally administered in = monotherapy
regimen.

[01593] The pharmaceutical compositiomms of this
inverntion may be orally administered in any orally
acceptable dosage form including, but n.ot limited to,
capsuiles, tablets, aqueous suspensions or solutions. In
the —ase of tablets for oral use, carri ers that are
commonly used include lactose and corn starch.
Lubr-icating agents, such as magnesium sstearate, are also
typietally added. For oral administrati_on in a capsule
form , useful diluents include lactose aand dried
cornsstarch. When aqueous suspensions amre required for
oral use, the active ingredient is coml>ined with
emulssifying and suspending agents. 1f desired, certain
sweetening, flavoring or coloring agent—s may also be
adde-d.

{016 O] Alternatively, the pharmaceut—ical compositions
of t-his invention may be administered iin the form of
supp ositories for rectal administratiorma. These may be
prep ared by mixing the agent with a sui.table

non- irritating excipient that is solid at room

temp erature but liquid at rectal temper—ature and
ther-efore will melt in the rectum to release the drug.
Such. materials include cocoa butter, beeswax and
poly-ethylene glycols.

[016 1] The pharmaceutical compositicons of this
inveention may also be administered topi.cally, especially
when. the target of treatment includes &=areas or organs
read_ily accessible by topical applicatZon, including

dise-ases of the eye, the skin, or the lower intestinal
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[ 0162] Topical application for the lower intestinal.
t—ract may be effected in a rectal suppository formulat=ion
( see above) or in a suitabl.e enema formulation.
Topically-transdermal patckhies may also be used.
k01631 For topical applications, the pharmaceuticaZl
—ompositions may be formulated in a suitable ointment
—ontaining the active compenent suspended or dissolve=d in
one or more carriers. Carxiers for topical
=dministration of the comp-ounds of this invention
—include, but are not limit ed to, miheral oil, liquid
petfolatum, white petrolatum, propylene glycol,
—‘polyoxyethylene, polyoxypr opylene compound, emulsifyi ng
~wax and water. Alternativ-ely, the pharmaceutical
compositions may be foxrmul ated in a suitable lotion or
cream containing the activwe components suspended or
dissolved in one or more pharmaceutically acceptable
carriers. Suitable carriers include, but are not lirmited
to, mineral oil, sorbitan monostearate, polysorbate &0,
cetyl esters wax, cetearyl alcohol, 2-octyldodecanol .
benzyl alcohel and water.
[0164]) For ophthalmic wase, the pharmaceutical
compogitions may be formuTlated as micronized suspensions
in isotonic, pH adjusted sterile saline, or, preferadly,
as solutions in isotonic, pH. adjusted sterile saline ,
either with our without a preservative such as
benzylalkonium chloride. Alternatively, for ophthalmmic
uses, the pharmaceutical <ompositions may be formula.ted
in an ointment such as pe trolatum. A
[0165] The pharmaceuti cal compositions of this
invention may also be administered by nasal aerosol or
inhalation. Such composi tions are prepared accordimeg to

techniques well known in the art of pharmaceutical
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absorpti.on promoters to enhance bioavailability,
fluorocamrbons, and/or other conventional solubiliz ing or
dispersi-ng agents.

[01661] In another embodiment, the pharmaceutica-1
composit-ions are formulated for oral administratiosn.
(01671 In one embodiment, the compositions of t=his
invention additionally comprise another agent, such as a
cytochrome P-450 inhibitor. such cytochrome P-450
inhibitors include, but are not limited to, ritonavir.
[0168] If an embodiment of this invention invokves a
CYP inh-bitor, any CYP inhibitor that improves the
pharmacekinetics of the relevant NS3/4A prdtease mnay be
used in a method of this invention. These CYFP inkhibitors
include , but are not limited to, ritonavir (WO 94 ./14436),
ketoconazole, troleandomycin, 4-methyl pyrazole,
cyclosp-orin, clomethiazole, cimetidine, itraconazole,
flucona zole, miconazole, fluvoxamine, fluoxetine,

nefazod one, sertraline, indinavir, nelfinavir,
amprena—~vir, fosamprenavir, saquinavir, lopinavir,

delavir dine, erythromycin, VX-944, and VX-497. A«ccording
to one embodiment, the CYP inhibitors include riteonavir,
ketocon azole, trcleandomycin, 4-methyl pyrazole,
cyclosporin, and clomethiazole.

{01691 Methods for measuring the ability of a =conpound
to inhi bit cytochrome P50 monooxygenase activity -are
known ( see US 6,037,157 and Yun, et al. Drug Metabolism &
Disposgi tion, vol. 21, pp. 403-407 (1993).

[0170] A CYP inhibitor employed in this invent ion may
be an inhibitor of only one isozyme or more than one
isozyme=. If the CYP inhibitor inhibits more isoz-yme, the

inhibit.or may nevertheless inhibit one isozyme moO re
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[017 1] In a method of this invention, the CYP

inhi bitor may be administered together with the Hepatitis
C virus NS3/4A protease inhibitor in the same dosage form
or in separate dosage forms.

[0172] If the CYP inhibitor and protease inhibitor are
administered in separate dosage forms, each inhibitor may
be administered about simultaneously. Altexmatively, the
CYP inhibitor may be administered in any time period
arouand administration of the protease. inhibitor. That
is, the CYP inhibitor may be administered pxrior to,
together with, or following the NS3/4A protease
inhibitor. The time period of administration should be
such that the CYP inhibitor affects the metabolism of the
protease inhibitor. For example, if the protease
inh-dibitor 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).

[01-731 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
agermts, such as ribavirin, amantadine, and telbivudine;
other inhibitoxrs of hepatitis C proteases (INS2-NS3
inh-sibitors and NS3-NS4A inhibitors); inhibi tors 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 o f United
States Patent 5,807,876, 6,498,178, 6,344,465, 6,054,472,
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limited to VX-497, VX-148, and/ or VX-944); or
combinations of any of the above.

[0174] The term "interferon"™ as used herein means a
member of a family of highly homologous species-specific
proteins that inhibit viral replication and cellular
proliferation, and modulate immune response, such as
interferon alpha, interferon beta, or interferon gamma.
The Merck Index, entry 5015, Twelfth Edition.

[0175] Upon improvement of & patient's condition, a
maintenance dose of a compound, composition or
combination of this invention rnay be administered, if
necessary. Sub_sequently, the dosage or frequency of
administration, or both, may be reduced, as a function of
the symptoms, to a level at which the improved conditiora
is retained when the symptoms ave been alleviated to tlne
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, bocly
weight, general health, sex, diet, time of
administration, rate of excret ion, drug combination, anci
the judgment of the treating physician and the severity
of the particular disease beimg treated. The amount of
active ingredients will also Aepend upon the particular
described compound and the pressence or absence and the
nature of the additional anti-viral agent in the
composition.

[0177] According to another- embodiment, the inventiomn

provides a method for treatingr a patient infected with &
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administe ring to said patient a pharmaceutzically
acceptabl e composition of this invention. Preferably,
the methoeds of this invention are used to ~treat a patient
sufferingr from a HCV infection. Such tre.atment may
completel.y eradicate the viral infection o=x reduce the
severity thereof. More preferably, the pa tient is a
human bei.ng.

[01781 In an alternate embodiment, the methods of this
inventiora additionally comprise the step o»f administering
to said poatient an anti-viral agent prefer—ably an anti-

HCV agent=. Such anti-viral agents include=, but are not
limited t=o, immunomodulatory agemnts, such as o-, B-, and

v-interfearons, pegylated derivatized inter feron-o
compoundss, and thymosin; other anti-viral agents, such as
ribavirir, amantadine, and telbivudine; ot=her inhibitors
of hepat-itis C proteases (NS2-NS3 inhibitors and NS3-NS4A
inhibitoms); inhibitors of other targets i.n the HCV life
cycle, imicluding metalloprotease, helicase and polymerase
inhibito-rs; inhibitors of internal ribosomne entry; broad-
spectrum viral inhibitors, such as IMPDH Enhibitors
(e.g., ceompounds of United States Patent 5,807,876,
6,498,171, 6,344,465, 6,054,472, WO 97/40028, WO
98/40381 , WO 00/56331, and mycophenolic acid and
derivati—ves thereof, and including, but not limited to
VX-497, ~VUX~148, and/or VX-944); or combinsations of any of
the abov-e.

[0179] Such additional agent may be adrministered to
said pat.dent as part of a single dosage foorm comprising
both a c.ompound of this invention and an &=dditional anti-
viral ag ent. Alternatively the additiona’l agent may be
administ ered separately from the compound of this

inventiom, as part of a multiple dosage foorm, wherein
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this invemmtion.

(01801 In yet another embodimen t the present inventi_on
provides a method of pre-treating a biological substancce
intended for administration to a pratient comprising the
step of c—ontacting said biological. substance with a
pharmaceratically acceptable composition comprising a
compound of this invention. Such biological substancess
include, but are not limited to, lood and components
thereof s=such as plasma, platelets., subpopulations of
blood ce’lls and the like; organs =uch as kidney, liver ,
heart, lwming, etc; sperm and ova; TJbone marrow and
componen—ts thereof, and other flu ids to be infused int o a
patient .such as saline, dextrose, etc.

[o181] According to another embodiment the inventiocn
provides methods of rreating mate=rials that may
potentia_lly come into contact witth a virus characteriz=ed
by a vir-ally encoded serine protease necessary for it_s
life cyc=le. This method comprises the step of contactzing
said mat—erial with a compound according to the invent3s.on.
Such mat—erials include, but are raot limited to, surgiczal
instrume=nts and garments (e.g. clothes, gloves, apronss,
gowns, masks, eyeglasses, footwear, etc.); laboratory
instrume=nts and garments (e.g. cAothes, gloves, apronss,
gowns, mnasks, eyeglasses, footwear, etc.); blood
collectFon apparatuses and materzials; and invasive
devices o, such as shunts, stents, etc.

[oisz2] In another embodiment, the compounds of thi s
inventicon may be used as laborateory tools to aid in t he
igsolatieon of a virally encoded s-erine protease. This
method acomprises the steps of providing a compound ofS
this in=vention attached to a sol id support; contactimmg

said solid support with a sample containing a viral
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protease from said solid support. Prefesrably, the viral
serine pr-otease isolated by this method is HCV NS3-NS4A
protease .

[0183] In order that this invention e more fully
understocd, the following preparative ard testing
examples are set forth. These examples are for the
purpose of illustration only and are no¥% to be construed

as limit#ng the scope of the invention =in any way.

EXAMPLES

[0184] lH-NMR spectra were recorded a&at 500 MHz using a
Bruker AMIX 500 instrument. Mass spec. ssamples were
analyzed on a MicroMass ZQ or Quattro I I mass
spectrometer operated in single MS mode with electrospray
ionization. Samples were introduced in®o the mass
spectrometer using flow injection (FIA) or
chromatoggraphy. Mobile phase for all m&ss spec. analysis
consisted of acetonitrile-water mixturess with 0.2% formic
acid as = modifier.
[0185] As used herein, the term “Rt(min) » refers to the
HPLC retesntion time, in minutes, associ=ted with the
compound . The HPLC retention times lis®ed were either
obtained from the mass spec. data or us—ing the following
method:
Instrumerat: Hewlett Packard HP-1050;
Column: WMC Cig (Cat. No. 326289C46);
Gradient ~ CGradient Time: 10-90% CH3CN/H20 over 9 minutes,

thera 100% CHsCN 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 progra=m provided by
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Example 1
3-acetyl-4,5-dimethyl-2-pyrrole carboxylic acid (5b)

{0187} A solution of sodium nitrite (36.9 g, 0.534
mol) in 70 mL of water was added dropwise to a stirr-ed
solution of ethylacetoacetate (70 g, 0.538 mol) in 1.401
mL of glacial acetic acidl at 0°C. After the additicon was
complete, the light yellow reaction mixture was allcowed
to warm to room temperat-ure. After 30 minutes, all the
starting material had been consumed, the reaction was
quenched with 350 mL of water and extracted with etlyl
acetate (2 X 125 mL). The organic extracts were cornbined
and washed with water (2 X 125 mL) and saturated socdium
hydrogen carbonate aqueous 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-oxobutancate 1b as a pale yellow oil .

ly NMR (CDCl;) d 10.3 (s, 1H), 4.2 (q, 2H), 2.3 (s, 3H),
1.3 (t, 3H) ppm.

[o188] crushed sodium (12.4 g, 0.540 mol) was ad.ded to
a solution of 2-butanone (48.2 mL, 0.538 mol) and e thyl
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 bwath.
The mixture was then stirred at room temp. for 14 h_ours.
After cooling the reaction mixture to 4°C for a few- hours,
the precipitated sodium salt was obtained by filtra_tion
and washed thoroughly with cold, dry ether to affor-d 49 .3
g (75%) of the desired ssodium salt of 2-methy-3-
oxobutyraldehyde 2b. HI NMR (DMSO-ds¢) 4 9.1 (s, 1H@, 1.9
(s, 3H), 1.3 (s, 3H) ppm.
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acid/ 30% water and warmed to 50°C. Zinc powder (42.21 g,
0.646 mol) was added portion-wise over 30 minutes
maintaining the temperature below 100°C. When the
addition was complet-e, the suspension was refluxed for 15
minutes, then poured into 4 L of ice-water. After a short
time, the product precipitated out to give, after
filtration, 30.1 g €45%) of the desired ethyl-4,5-
dimethyl-2-pyrrole carboxylate 3b. H NMR (CDCl3) d 9.0
(bs, 1H), 6.7 (s, 1¥I), 4.3 (q, 2H), 2.3 (s, 3H), 2.0 (s,
3H), 1.3 (t, 3H) pprm.

[0190] To a solution of aluminum chloride (50.19 g,
0.376 mol) in dry d-ichloroethane (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 solwition 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 extra<cted with dichloromethane. The organic
layer was dried with anhydrous sodium sulfate and
concentrated in vac uo 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 an<d 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
0il, the mixture ac idified with dilute HCl and extracted

with ether. The orgganic phase was dried with anh. sodium
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5.8 g'" of pure 3-acetyl-4,5-dimethy 1-2-pyrrole carboxylic
acid 5b as a solid. H NMR (DMSO-g) d 2.5 (s, 3H), 2.2
(s, 3-#), 2.0 (s, 3H) ppm.

Example 2
2- (2— {2-cyclohexyl-2-[ (pyrazine-2— carbonyl) -amino] -

acetyrlamino}-3, 3-dimethyl-butyryl) -6, 10-dithia-2-

azaspirol4.5]decane-3 —carboxylic =xcid(1-

cyclopropylaminooxalyl-butyl) -amiSe (2a)

[01922] To a solution of L-4-hyciroxy-pyrrolidine-1,2-
dica-rboxylic acid l-benzyl ester —-methyl ester 1 (3.0g,
1.0 «=g, Advanced Chem Tech) in toTluene (30 mL)/ethyl
acetzate (30 mL) was added NaBr (1 .28g, 1.14 eq) in water
(5 mI). TEMPO (17 mg) was added, the mixture cooled to
4°C and a solution of Clorox® (18omL), sodium bicarbonate=
(2.7 5g) and water (to 40 mL total volume) was added over—
30 meinutes. The resulting suspen_sion was stirred 10

minu tes before adding isopropanol. (0.2 mbL). The organic
phas=e was separated and the aqueosus phase extracted withh
ethy~1 acetate. The combined orgaanic layers were washed
witla a 0.3 N solution of sodium tzhiosulfate and then
brirme, dried over sodium sulfate, filtered, and
conceentrated in vacuo to an amber— oil. Purification via
a si lica gel plug eluting with aro EtOAc/hexanes gradient—
(100O% hexanes to 40% EtOAc/hexane=s in 10% steps) afforde=d
2.85 g (96%) of 4-oxo-pyrrolidine=-1,2-dicarboxylic acid
1-besnzyl ester 2-methyl ester 2 &as a clear oil. ¥ NMR
(cpcls) 4 7.35 (m, 5H), 5.15-5.300 (m, 2H), 4.80-4.90 (m,
1H) o 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, 3/55 of 1H), 2.60 (d, 2/5 eof
1H) ppmn.
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BF3;0Et; (119 uL). Tohe mixture was warmed to room
temperature and stimred overnight. The reaction was
quenched by adding 1 mL potassium carbonate aqueous
solution (2 g/30 mL) followed by 321 uL of saturated
sodium bicarbonate to adjust to pH 7-8. Washed organi_cs
with water, brine, —then dried over anhydrous magnesiunm
sulfate, filtered amd concentrated in vacuo.

Purification on a p lug of silica gel eluting with tolwiene
Shexane/ethyl ethem (2:330:1) yielded 200mg (60%) of
desired 6, 10-dithia ~2-aza-spiro(4.5]decane-2,3-
dicarboxylic acid-2 -benzyl ester 3-methyl ester 26 as a
clear oil. H NMR (CDCl;) 4 7.30 (m, 5H), 5.05-5.25 (m,
2H), 4.6 (t, 0.SH), 4.55(t, 0.5H), 3.8(s, 1.5H), 3.75(m,
1H), 3.6(s, 1.5H), 2.85(m, 1H), 2.85(m, 3H), 2.75(m, Z1H),
2.4(m, 0.5H), 2.35Cm, 0.5H), 2.0(m, 2H) ppm.

[{0194] Cbz-protected dithiane (50mg) 26 in AcOH

(140ulL) was treated with 30%HBr/AcOH (210uL) and stir=—red
for 2 hours at room temperature. Ethyl ether (20 nL) was
added, the suspensi on stirred, solvent decanted off amd
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 metzhyl ester 27 as a reddish-brown so 1lid
and as the HBr salt. 'H NMR (CDCl;) 4 4.75 (t, 1H), 3.8
(s, 3H), 3.65 (d, =2H), 2.9-3.1 (m, 4H), 2.7 (m,1H), 2.55
{m, 1H), 1.95 {(m, AH), 1.85 (m, 1H) ppm.

[0195] L-Boc-ter-t-butyl glycine (243 mg, Bachem), EDC
(201 mg), HOBt (161 mg), and DIEA (502 uL) in DMF (3 mL)
was treated with thie amine salt 27 (300 mg) in DMF (1. mL)
and stirred at roomm temp. overnight. The mixture was-
partitioned betweern ethyl acetate and 1.0 N HCl, the
organics washed wit-h saturated sodium bicarbonate, 1. 0 N

glycine sodium saltz solution, 10% potassium carbonate=
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purification on a plug of silica gel eluting with 30%%
EtOAc/hexanes afforded 300 mg (70%) of desired 2-(2- tert-
butoxycarbonylamino-3,3 -Aimethyl-butyryl)-6,10-di thi=a-2-
aza—spiro[4.5]decane—3—carboxylic acid methyl ester .28 as
2 white solid. 'H NMR (C=DCl;) & 5.2 (4, 1H), 4.7 (&, 1H),
4.65 (s, 1H), 4.3 (d, 1H®, 3.8 (4, 1H), 3.75 (s, 3H) , 3.1
(m, 1H), 3.0 (m, 1H), 2.8 (m, 1H), 2.75 (m, 1H), 2.6 (m,
1H), 2.2 (m, 1K), 2.1 (m, 1H), 1.95 (m, 1H), 1.45 (s=,
9H), 1.05 (s, 9H) ppm.

[0196] Boc protected mamine 28 (243 mg) in dioxane (1
ml,) was treated with a 4 .ON HCl/dioxane solution (2 mL)
and stirred for 2 hours at room teﬁlperature. The mi_xture
was concentrated in vacu o, slurried in CHzCl: and
evaporated in vacuo to g ive 208 mg (100%) of desired3 2-
(2-amino-3, 3-dimethyl-bu tyryl) -6, 10-dithia-2-aza-
spiro[4.5]decane-3—carbo-xylic acid methyl ester 29 &=xs a
white solid and as the HECl salt. Mass Spec. M+ = —347.1.
[01971] L-Boc-cyclohex=yl glycine (154 mg, Bachem) _, EDC
(115 mg), HOBt (81 mg), and DIEA (284 mg) in CH,Clz; (1 mL)
was treated with amine ssalt 29 (189 mg) in CHzCl: (2 L)
and the mixture stirred for 2 hours. The mixture waas
partitioned between ethy»l acetate and 1.0 N HCl, thee
organics washed with sodium bicarbonate, 1.0 N glyc_ine
sodium salt solution, 10O% potassium carbonate solut.ion
and brine then dried oveer sodium sulfate, filtered, and
concentrated in vacuo. Purification on a plug of s ilica
gel eluting with 30% EtOAc/hexanes afforded 221mg ( 70%)
of 2—[2—tert—butoxycarbonylamino—-z—cyclohexyl— .
acetylamino) -3, 3-dimethys1-butyryl]-6,10-dithia-2-az a-
spiro[4.5]1decane-3-carboxylic acid methyl ester 30 as a

white solid.
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(m, 2H), 2.8 (m, 1H), 2.7 (rum, 1H), 2.6 (m, 1H), 2.2 (m,
1H), 2.15 (m, 1H), 2.0 (m, ZLH), 1.65 (m, 7H), 1.45 ( s,
9H), 1.15 (m, 4H), 1.05 (s, 9H) ppm.

[0198] Boc protected amime 30 (221mg) in dioxane (1lmL)
was treated with a 4.0N HCl /dioxane solution (2mL) aand
stirred for 2 hours at room temperature. The mixtur—e was
concentrated in vacuo, slur.ried in CHzCly, evaporatecd, the
procedure repeated and the -mixture evaporated in vaccuo to
give 197 mg (100%) of desir ed 2-[2-(2-amino-2-cycloliexyl-
acetylamino) -3, 3-dimethyl-b=utyryll-6,10-dithia-2-az=a-
spiro[4.5]decane-3-carboxyl ic acid methyl ester 31 =s a
white solid and as the HCl salt. Mass spec. MH+ = 4.86.2.
[0199] pyrazine acid 32 (26mg, Aldrich Chem Co.) , EDC
(40mg), HOBt (32 mg), and IDIEA (99uL) in CHxCl, (2 mEL) was
treated with amine salt (98mg) in CHxCl; (2mL) and s tirred
at RT for 3 hours. The mixcture was partitioned belwween
EtOAc and 1.0N HCl washed wzith brine then dried ovex
sodium sulfate, filtered, amnd concentrated in vacuo .
Purification on a plug of ssilica gel eluting with 1-00%
EtOAc afforded 50mg (45%) of desired 2-[2-{2-cycloheexyl-
2-[ (pyrazine-2-carbonyl) -armiino] -acetylamino}-3, 3~
dimethyl-butyryl)-6,10-ditnia-2-aza-spirol4.5]decan-e-3-
carboxylic acid methyl estesr 33 as a white solid. Mass
spec. MH+ = 592.1, MH- = 530.2.

[0200] Ester 33 (50mg) &n THF-water (400uL-100ul ) was
treated with LiOH (7mg) andl the mixture stirred for 3
hours at room temperature. The mixture was evapora ted,
diluted with EtOAc, washed with 1.0N HCl and brine then
dried over magnesium sulfat—e, filtered, and concent rated
in vacuo to give 2-[2-{2-cwclohexyl-2-[ (pyrazine-2-
carbonyl)-amino]-acetylamirao} -3, 3-dimethyl-butyryl) -6,10-
dithia~2-aza-spiro[4.5]decane-3-carboxylic acid 34 as a
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576.2.

[0201]  Acid 34 (49mg), EDC (14.2mg), HOBt (17.8mg),
and DIEA (44ul) in CHxCl: (1 mL) was treated with 3-amino-
2-hydroxy-hexanoic acid cyckopropylamine 35 (17 .3mg,
prepared according to the mesthods described by U.
Schoellkopf et al., Justus Z.iebigs Ann. Chem. GE, 1976,
183-202, and J. Stemple et &1., Organic Letters 2000,
2(18), 2769-2772) in CH,Cl, (1 mL) and the mixture stirred
overnight at RT. EtOAc was added, the organics washed
with 1.0N HCl and brine, then dried over sodium sulfate,
filtered, and concentrated _in vacuo. Purification on a
plug of silica gel eluting =wwith 2% MeOH/CH,Cl, afforded
31mg (50%) of desired 2-[2- {2-cyclohexyl-2-[ (pyrazine-2-
carbonyl) -amino] -~acetylamin-o}-3, 3-dimethyl-butyryl)-6,10-
dithia-2-~aza-spiro[4.5]decame-3-carboxylic acid[l-
(cyclopropylaminooxalyl-but-yl) -amide 36 as a white solid.
Mass spec. MH+ = 746.1, MH- = 744.3.

[0202] Hydroxyamide 36 ( 3lmg) in EtOAc (620uL) was
treated with EDC (120mg) fo llowed 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 HCl (620ull), the organics washed with water,
then concentrated in vacuo and purified by preparative
HPLC to give l4mg (45%) of desired 2-(2-{2-cyclohexyl-2-
[ (pyrazine-~2-carbonyl)-amin o] -acetylamino}-3,3 -dimethyl-
butyryl) -6,10-dithia-2-aza~— spiro[4.5]decane-3-carboxylic
acid(l-cyclopropylaminooxal yl-butyl)-amide 2a as a white
solid. 'H NMR (CDCl3) 4 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,
1), 4.8 (m, 2H), 4.6 (m, LH), 4.5 (m, 1H), 3.7 (4, 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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Example 3
2-{2-{2-[ (3-~ac=ctyl-4, 5_dimethyl-1H-pyrrole-2-caxbonyl) -

amino]-2-cyclochexyl-acetylamino}-3, 3-dimethyl-loutyryl) -
6,10-dithia~2— aza-spiro(4.5] decane-3-carboxylic: acid(1-

cyclopropylami nooxalyl-butyl)-amide (la)

[02031] This- compound was prepared from 2-[2— (2-amino-
2-cyclohexyl-amcetylamino)-3, 3-dimethyl-butyryl ¥ -6,10-
dithia-2-aza-spiro[4.5] decane-3-carboxylic acid methyl
ester 31 (prepared as described above in examp-le 2) and
3-acetyl-4,5-Aimethyl-2-pyrrole carboxylic acid 5b
(prepared as escribed above in example 1) usimxg
procedures simmilar to those described in examplle 2. The
title compounc was isolated as a white solid (111% for

last step). ILCMS: retention time = 4.8 min, M—H = 801.2.

Example 4

HCV Replicon Clell Assay Protocol:

[0204] Cells containing hepatitis C virus ( HCV)
replicon were maintained in DMEM containing 10 % fetal
bovine serum (FBS), 0.25 mg per ml of G418, wi th
appropriate swpplements (media A).

[02051 On «day 1, replicon cell monolayer wa.s treated
with a trypsi=:EDTA mixture, removed, and therx media A
was diluted imto a final concentration of 100, 000 cells
per ml wit. 1 0,000 cells in 100 ul were plated into each
well of a 96-~well tissue culture plate, and cwltured
overnight in & tissue culture incubator at 37<C.

{02061 On day 2, compounds (in 100% DMSO) wrere
serially dilu ted into DMEM containing 2% FBS, 0.5% DMSO,
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the dilution series.

[0207] Media on the resplicon cell monolayer was
removed, and then media ™ containing various
concentrations of compoumds was added. Media B without
any compound was added t o other wells as no compound
controls.

[0208] Cells were inc ubated with compound or 0.5% DMSO
in media B for 48 hours in a tissue culture incubator at
37°C. At the end of the= 48-hour incubation, the media
was removed, and the replicon cell monolayer was washed
once with PBS and stored at -80°C prior to RNA
extraction.

[0209] Culture platess with treated replicon cell
monolayers were thawed, and a fixed amount of another RNA
virus, such as Bovine Vi ral Diarrhea Virus (BVDV) was
added to cells in each wwell. 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 imporove extraction efficiency and
consistency. Finally, %otal cellular RNA, including HCV
replicon RNA, was elutecd 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 treate d HCV replicon cells was added to
the PCR reactions for quantification of both HCV and BVDV
RNA in the same PCR wel 1. Experimental failure was
flagged and rejected ba sed on the level of BVDV RNA in
each well. The level o £ HCV RNA in each well was

calculated according to a standard curve run in the same
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using the DMSO or no compound control as 0% of
inhibition. The IC50 €concentration at which 50%
inhibition of HCV RNA level is observed) was calculated

from the titration curwe of any given compound.

Example 5

HCV Ki Assay Protocol:

[0211] HPLC Microbore method for separation of 5AB
substrate and products

Substrate:
NH,-Glu-Asp-val-val- (alpha) Abu-Cys-Ser-Met-Ser-Tyr-COOH
[0212] A stock solwmtion of 20 mM S5AB (or concentration

of your choice) was made in DMSO w/ 0.2M DTT. This was

stored in aliquots at -20 C.

[0213] Buffer: 50 mM HEPES, pH 7.8; 20% glycerol; 100
nM NaCl
[0214] Total assay volume was 100 ub
X3 con¢. in
(L) assay
Buffer 8&6.5 see above
5 mM KK4A 0.5 25 uM
1 M DIT 0.5 5 mM
DMSO or inhibitor 2.5 2.5% v/v
50 uM tNS3 0 .05 25 nM
250 pM 5AB 20 25 nM
(initiate)
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was inc—ubated at 30 C for ~5-10 min.
[02161] 2.5 uL of appropriate concertration of test
compoun-d was dissolved in DMSO (DMSO only for control)
and added to each well. This was incwibated at room
temperamture for 15 min.
[0217] Tnitiated reaction by addit ion of 20 uL of 250
1M 5AB substrate (25 uM concentration. is equivalent or
slight Ay lower than the Km for 5AB).
Ircubated for 20 min at 30 C.
Terminated reaction by addition of 25 uL of 10% TFA
Transferred 120 pL aliquots to EIPLC vials
[0218] Separated SMSY product from substrate and KK4A
by the following method:

Microb-ore separation method:

Instrumentation: Agilent 1100

Degass er G1322A

Binary— pump G1312A

Autosa_mpler G1313A

Column- thermostated chamber G1316A

Diode array detector G1315A

Columms :

Phenomenex Jupiter; 5 micron C18; 30 O angstroms; 150x2
mm; P/”0 00F-4053-B0

Columro thermostat: 40 C

Inject—ion volume: 100 pL

Solverat A = HPLC grade water + 0.1% TFA
Solverat B = HPIC grade acetonitrile + 0.1% TFA

Tirme %B Flow Meax
(min) (ml/min) | presss.
0 5 0.2 400

1= 60 0.2 400
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17 5 0.2 400

S#op time: 17 min

Peost-run time: 10 min.

[«0219] Table 1 below depicts Mass Spec. (M-H, M+H,
obs=observed), HPLC, 'H-NMR (“Yes” if spectral data

o btained), Xi, and ICsy data for certain compounds of the
i mvention.

[ 0220] Compounds with Ki’s ranging frrom 1uM to 5uM are
Mesignated A. Compounds with Ki’s rangirag from 1pM to

08 .5uM are designated B. Compounds with Ki’s below 0.5uM
aare designated C. Compounds with ICsp’sS ranging from 1luM
t—0 5uM are designated A. Compounds with ICsp’s ranging
=rom 1uM to 0.5pM are designated B. Compounds with ICsp’s
I>elow 0.5uM are designated C.

MWable 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 744.01 742.2 4.0 C c Yes
3a 704.4] 702.6 3.63 C C Yes
da 761.11 759.3 3.77 C C Yes
5a 744.21 742.1 4.05 c - Yes
6a 744.2 | 742.3 3.94 C - Yes
7a 730.2| 728.3 3.90 c c Yes
[0221] All of the documents cited hesrein, are

incorporated herein by reference.
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CLATIMS
Wex claim:

1. A compound of formula I:

Y ’34
' lr L Rz mp
I
or a pharmaceutically acceptabl e salt thereof,
wh erein: ' .
X and X’ are.both fl{mrine; or
X and X’ are independently C(H) , N, NH, O, or §; and X
and X’ are taken together witch the carbon atom to whi ch
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 SO3;
wherein any atom is optionally singly or multiply
subgstituted with up to 3 substit{lents gelected
independently from J; and wherein said ring is
optionaily' fused to a second ring selected from (C6-
ClO).aryl, (C5~C10)heteroaiyl, (C3-CL0)cycloalkyl, and a
{(C3-C10)heterocyclyl, whereira said second ring has up
to 3 substitﬂent.s selected irxdependently from J;

J is halogen, —OR',' -NO;, —CN, -CF3;, -0CF;, -R', 0xo0=,
thioxo, =N(R'), =N(OR'), :_l.,2—-methy1enedioxy, 1,2~
ethylenedioxy, -N(R')z, -SR', -SOR', ~SO;R', —-SO;N(R')z=,
—803R'., ~-C(O)R', -C{(O)C(O)R', -C(0)C(O)OR?,
—C(0)C(O)NR', -C(O)CHC(O)R*, -C(S)R', -C(S)OR',
—C({0)OR', -OC(0)R', ~C(O)N(R' )2, -OC(OIN(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 ')JCON(R')2, -N(R')SOR',
—N(R')SO;N(R')2, -N(R')C(O)OR' , -N(R')C(O)R',
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CN(R')C(S)R.', -N(R')C(O)N(R')z, -N(R')C(S IN(R' )2,
R', ~C(=NH)N(R')2, - C(O)N(OR')R

~N(COR')COR.', -N(OR')

~C(=NOR')R' , -OP(0O) (OR"')2z,

~P(0) (H) (ORx') ; wherein;

~P(0) (R')2, ~P (0)(OR')2, or

R' is independently selected from:

hydrocyen-—,

(C1-Ccl1.2)-aliphatic-, '
(C3-C1.0) ~cycloalkyl- or —-cycloalkenw_—yl—,
[ (C3-C10) -cycloalkyl or —cycloalkenzyl]-(Cl-Cl2)-

aliphati c-,
(C6-CM0) —aryl-,

(C6-CR0)-aryl-(C1l-Cl2) aliphatic-,
(C3-CR0)-heterocyclyl-,
(C3-CA0) -heterocyclyl- (cl-cl12)aliph atic-,

(C5-C7L0) ~heteroaxryl-,

and

(C5-CT10) ~heteroaryl- (C1-C12)-alipha tic-;

where=in up to 5 atoms in R' are o‘pt_.ionally and

independently substituted with J;
where-in two R' groups bound to the same atom form

a 3- to 10-membered aromatic or non-axromatic ring

havxng wmp to 3 heteroatoms independenttly selected

from N, NH 0, S,

s, and SOz, whereir said ring is

optional_ ly fused to a (C6-Cl0)aryl,

(C5-C10) heteroaryl,

(C3-C10)cycloalky™l, or a

. (C3-C10) heterocyclyl, wherein any rin g has up to 3

substitiaents selected independently £ rom J;

v and Y’ are independently:

hydrogen-,
(C1-Cl2)-a liphatic-,

(C3-C10) -c—ycloalkyl- or —cycloalkenyl-,
(C3-C10) -c—ycloalkyl- (C1-C1l2) -aliphatic—_

(C6-C10)-a ryl-,

(C3-C10)-h eterocyclyl-~;

(C5-C10) -h_etercaryl-;

100
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Rs

whereim up to three aliphatic carbon atoms in Y and
Y' nay be replaced by 0, N, NH, &, SO, or SO3:

whereim each of Y and Y’ is imdependently and
optionall.y substituted with up to 3 gubstituents
independe=ntly selected from J;
and Rjz aree independent].y:

(c1-Cc12) —aliphatic-,

(C3 -Cc10 ) —cycloalkyl- or ~cycloalkenyl-,

[ (C3-C10) .—Cycloalkyl* or —cycloalkenyl]-(CLl-C12)-
aliphatic-,
(C6-C10) —aryl-(CL-C12) aliphatic—, ox
(C5-C10) —heteroaryl-(C1-Cl12) -al-iphatic-; -
whereim up to 3 aliphatic car-bon atoms in Ry and Rs
may be vreplac'ed by a hgateroatom selected from O, N, NH,
S, SO, ox— SOZ. in a chemically stzable arrangement;
whereim éach of Ry and R’_; is dndependently and
optionall .y substitxited with up <to 3 substituents

independently selected from J:

Ry, Ry, and Ry are independently:

hydrogen—,

(c1-Cc12) —aliphatic-,

(C3-C10) —cycloalkyl- (c1-c12)-al iphatic-, or
(C6-C10) —aryl- (C1-C12)-aliphati c-; '

‘whereim up to two aliphatic —arbon atoms in Rz, Rq,
and Ry ma=y be replaced by a hete=roatom selected freom O,
N, NH, S, SO, and SOz in a chem-ically stable
arrangemeant; ' ‘

wherei—m each of Ry, Rs, and R— is independently =and
optionalEy substituted with up to 3 substituents
independesntly selected from J;
and Rs. a re independently hydrogen oxr (cl-c12)-
aliphatic>, wherein any hydrogen. is optionally replaced
with halogen; wherein any termi mal carbon atom of Rs is

optionall y substituted with sul fhydryl or hydroxy = oOr
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Rs is Ph or —-cCH,Ph and Rs is H, wherein said P-h or
—CH,Ph group —is optionally substituted with up to 3
substituents independently selected from J; O

Rs and Rs- togetlnef with the atozﬁ to which they a=re bound
is a 3- to 6—membered saturated or partially
unsaturated rrlng having up to 2 heteroatoms sealected
from N, NH, O, So, and S0,; wherein the ring Imas up to
2 substltuent:s selected independently from J;

W is: |

Rs

|
P
wherein e=ch R¢ is independently:
hydrogem-, .
(C1-Ccl12 )—alipha;ic—,
(C6-C10 )-aryl-,
{C6-C10 )-aryl—(Cl—ClZ)aliphatic—,
(C3-C10 )-cycloalkyl— or cycloalkenyl-—,
[(Cc3-Cl Q) - -cycloalkyl- or cycloalkenyl]— {Cl-c12)-
aliphatic—,
(C3-C10 )-heterocyclyl-,
(CB—ClCﬁ)—heterocyclyl—(Cl-C12)—aliphatic:—,
(C5-C10e)-heteroaryl—, oOT
(CS—ClC»)—heteroaryl—(Cl—Cl2)—aliphatic~ , or
two R¢ groups, which are bound to the s=me
nitrogen =atom, form together with that nit=rogen

atom, a (C:3—C10)—heterocyclic ring;
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wherein Rs is optional ly substituted with up to 3

"J substituents;
is indepé,ndently -OR'; or the Rg
is.a (C3-Cc10)~-

wiherein each Rg

groups together with the boron atom,

5 mermbered heterocyclic ring having in addition to the

boxr—on up to 3 additional hesteroatoms selected from N,
NR*® , O, S0, and SOz

V is O or a valence bond; and

T is: .
(C3 ~C10) -heterccyclyl-, or

(C5 -C10) -heterocaryl-,
wherein each T is optiorally substituted with up tco

3 4J Substituents;

25 provn_ded that the following «<ompounds are excluded:

a) MN-acetyl-L-leucyl-(2S)- —cyclohexylglycyl (38)-6,1Q-
dithi a-2-azaspiro[4.5)decane -—3—carbonyl—3—am1no-2—
oxohexanoylglycyl-2-phenyl-1 ,L-dimethylethyl ester
glycine;

30 b) M-acetyl-L-leucyl-(25)-2 —cyclohexylglycyl-(38)-6,1 0-
dith# a-2-azaspiro[4.5]decane -3 ~carbonyl-3—-amino-2-
oxohexanoylglycyl-2-~phenyl-g-lycine;
¢) MN-acetyl-L- leucyl (28) -2 2 —cyclohexylglycyl-(38)-6,1 0-

dithSa-2~azaspiro(4.5]decane=-3- carbonyl-3-amino- 2—

10 3
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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-(28¥» -2-cyclohexylglycyl-( 35)-6,10—

dithia-2-azaspiro(4.5] decane-3-carbonyl-3-amino-2-

oxohexanoylglycyl-N-metho =y-N-methyl-2 -phenyl-

glycinamide;
(28) -N-acetyl-L- leucy1-(28)~-2- cyclohexylglycyl (38) —

£)

6,10-dithia-2-azaspiro[4.%5]decane-

3-carbonyl-3-amino-2-

oxohexanoylglycyl-2-pheny1-1,1- dimethylethyl ester,

glycine;
(28) N—acetyl ~-L~-leucy 1- (2S) -2-cyclohexylglycyl-(3S) —

g)

6,10-dithia-2-azaspiro[4. 5]decane- -3-carbonyl-3-amino-2—

oxohexanoylglycyl—~2-pheny- 1-glycine;
(ZS)—N—acetyl—L—leucy-l—(ZS)ﬂ2—cyclohexy1glycy1—(35)——

h)

6,10-dithia-2-azaspiro[4.. 5] deca.ne—3—carb'ony1—3—amino—z—

oxohexanoylglycyl-2- pheny-l—glycinamide;
(Zs)—N—acetyl ~L-leucy1-(28)-2- cyclohexylglycyl-(38) -

i)

6,10-dithia-2- azasp1ro[4 5] decane-3-carbonyl-3- -amino-2-

oxohexanoylglycyl—N N-dimethyl-2-phenyl- -glycinamide;
(28) ~-N-acetyl-L- ~leucy=l-(28) - 2 cyclohexylglycyl- (38) -

j)

6,10—d1th1a—2—azasp1ro[4. 5] decane-3- -carbonyl-3-amino-2-

oxohexanoylglycyl-N-methoxy-N-me thyl-2-phenyl-

glycn.naml de;

k)

N—acetyl -L-o~glutamy Rl -L- oc-glutamyl -L-valyl-L-valyl—N-

[1-[oxo (2-propenylamino) =cetyllbutyl]-,bis(1,1-

dimethylethyl)ester- (85) —1,4-dithia-7-

azaspiro[4.4]lnonane-8- —-caxrboxamide;

1)

N-acetyl-L-a-glutamy 1-L- oc—glutamyl -L-valyl- L-—valyl——N-

[1- [oxo (2-propenylamino) =cetyl]lbutyl]l-,2-(1,1-
dimethylethyl) ester-(8S)-1, 4-dithia-7-

azaspirof4.4] nonane-8-caxboxamide;

m)

N-acetyl-L-a-glutamy 1 —L~0L—glutamyl—L-valyl—L—valyl-N¥
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[1- [ «oxo (2-propenylamino }' acetyllbutzyl]-(8S)-1, 4~dithia-"7-
azasypliro[4. 4]nonane—8—carboxamide_;

n) N-acetyl-L-o-glutamyl-L- o-glufamyl- ~L-valyl-2-
cycl-chexylglycyl-(8S)-1,4- dithia~-"7-azaspiro(4. 4]nonane—8.—
carb onyl-3-amino-2- oxohexanoyl—-gl=ycine;

o) MN-acetyl-L-a-glutamyl-L- o-glu—tamyl- ~L-valyl-2-

cycl ohexylglycyl—(8S)—1,4—d1th1a—-‘7 -azaspirof4. 4]nonan¢—8—

. carb onyl-3-amino-2 -oxohexanoyl gly-cyl-2 -phenyl-

glyc inamide;
D) 1\1-acetyl—-L—(x.—glutamyl—L—-OL—glu_tamyl-L—valyl~2—
cycl ohexylglycyl-(8S) -1,4-dithia- 7-azaspiro[4.4]nonane e

carb onyl -3-amino-2-oxchexanoyl-,1 ,2-bis(1,1-

dlme.thylethyl) -7-(2-propenyl)este.xr glycine; and

q) N-acetyl-L- oc—gluta.my;—L—oc—glu:tamyl ~-I-valyl- 2—

cycl chexylglycyl-(88)-1,4- -~dithia~ 7-azaspirol4. 4lnonane=-8-

carb»onyl-3-amino-2- oxohexanoyl -1, 2—bis(1,1—dimet:hyletb_yl)

..estesxr glycine.

9. The compound according O claim 1, wherein time

- radical is:

whex—ein:

n is 0, 1, or 2;

X, X', Y, and Y' are as defined in claim 1; and

the ring containing X and X/ is optionally
subsstituted with up to 3 J subst-ituents, wherein J is &S

defi ned in claim 1.

3. The compound according 0 claim 2, wherein tine
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.

v .
N—{ Y
< radical is:

In n
S : S

Y Y
PO

wherein :
n ds 0, 1, or 2;
5 Y and Y’ are as defined in claim 1; and
the rineg containing X and X' is optionally substituted
with up to 3 J substituents, wherein J is a s defined in

claim 1 .

10 4. The compound according to claim 3, wherein the

("

X X
<X
-~ radical is:
AL
S S
X
Yl
o ,

wherein :
n ds 0 or 1; and
15 Y =&and Y are H.

5. The compound according to claim 4, wherein the
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)
LU

radical is:

woherein:
nis 0 or 1; and

Y and Y’ are H.

6. The compound accord.ing to any one of claims 1-5,

w_herein W is:

Q Re

WDierein in the W, the NR¢Rs ALS selected from —NH—(C1~C:6
alliphatic), -NH-(C3-C6 cyclowalkyl), -NH-CH(CH;3) ~aryl, or
—~ENH-CH (CH;) ~heteroaryl, wher-ein said aryl or said
hesterocaryl is optionally sulostituted with up to 3

haalogens.

7. The compound according to claim 6, wherein In

tie W, the NRgRg is:

o H -g-ﬁ s H F
LR N O

WO W WO
W W LA
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8 . The compound according to claim 7, wherein in

the W, the NRgRg is:

%HV_ | ;ﬂr@ | -g—EY@N | %%@ o

5
9 . The compound according to claim 8, wherein in
the W, the NRgRg is:
H H N ' ’
# %-NY@ -
' Ci s H F
"2-“7/@/‘ or §N7/®/
10 1.0. The compound according to claim 9, wherein in

the W, the NRgRg is:

v

Al. The compound according to any one of claims 1-

-é-N

15 10, whierein Rs: is hydrogen and Rs is:

o I I

S\\SH.\ j
PR ARRBEE
FLFEF

T12. The compound according to claim 11, Rs ig:
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13. The c—ompound according te any one of claims 1~
12, wherein Rz, Ry, and R; are each independemtly H,

5 methyl, ethyl, or propyl.

14. The c—ompound according to any one of claims 1-

13, wherein R3 dis:

7 ’

10 .
15. The. compound according to claim 14, wherein Rj
is:
X
l ”~ l r ‘ 4
15 16. The c<ompound according to claim 1 5, wherein R?
is:

17. The -compou_nd»according to any one= of claims 1-

20 16, wherein R* is:
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~ Y ¥ ; N
A P, b 1 , o,
} ! .
, or .

18. The compound according to claim 17, wherein Rm

is:

19. ‘The compound according to claim 18, wherein Ro

is cycloheexyl.

20. The compound according to any one of claims 1 -

19, where-in V is a valence bond.

21. The compound according to claim 20, wherein T®
is (C5-C6 )heterocyclyl- or (C5-Cé)h eteroaryl-;
whereein each T is optionally s-ubstituted with up t-o

3 J subst:ituents.

22. The compound according to claim 21, wherein T

is;
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wherein: _
7 is inclependently 0O, S, NR',

or C(R2") 2.

23. The= compound according to claim 22, vwherein T

10 is:
O

N AN S
[N;]\;{ .or ‘ N\H %

24. Th e compound according to claim 1, wherein said

(c1-c12)-ali—phatic group in R', ¥, ¥', Ri, Rz, R3, Ray Re,

15 Ry, and T is (ClL-C6)-alkyl.

-
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25. . A comp ound of formula Ia:

Ia

or a pharmaceuti cally acceptable salt thereof,

wherein:

X and X’ are ind ependently C(H), N, NH, O, or s; and X

and X‘ are tal<en together with the carbon atom to which
they are bouncl to form a 5- to 7~membeer saturated or
partially unsa&turated spirocyclic ring having up to 4
heterocatoms ix:ldependently selected €rxom N, NH, 0, S,
S0, and S0;; vahefein any atom is opt ionally singly or
multiply subst-ituted with up to 3 substituents _sel.ec;ted
independently from J; and wherein said ring is
optionally fussed to a second ring selected from (C6-
cl0)aryl, (C5—C10) heteroaryl, (CB—ClO)éycloalkyl, and a
(éB—ClO)heter@cyclyl, ‘wherein said second ring has up
to 3 substitue=nts selected independently from J;

J is haloge=m, -OR', -NO;, -CN, -CFs, -OCF3, -R', oxo,
thioxo, =N(R'D, =N(OR'}, 1,2-methylenedioxy, 1,2- '

ethylenedioxy . -N(R')z, -SR', —-SOR', -SOR', ~S0,N(R") 2,
_S0sR', -C(O)RR', -C(0)C(O)R', —C(O)C(O)OR",
-C(0)C(C)NR', -C(O)CHC(O)R', -C(S)R', ~C(S)OR"',
~C(0)OR', —-OC (0)R', -C(O)N(R')z, ~0OC (O)N(R') 2,
~C(S)N(R')2, — (CHa)o-sNHC(O)R', -N(R' )IN(R')COR',

“N(E*')N(R')C(OD)CR'", —N(R‘),N(R')CON(R‘)Z, -N{R')SOR",
SN(R')SO;N(R') 2, -N(R')C(OJOR', —-N(R "JC(OIR', |
~N(R')C(S)R', -N(R')C(O)N(R')z, ~N(R ') C(S)N(R")2,
-N(COR')COR', ~-N(OR')R', -C(=NH)N(R™ )2, ~C(O)N(OR')R',
_C(=NOR')R', —O0P(0)(OR')2, -P(0) (R") 2, -P(QO) (OR")z2, OF
~P(0) (H) (OR') & wherein;
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R' is independently‘ selected from:

hydrogen-—,

(c1-cl2)-aliphatic-,

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

[ (C3-C10) -cycloalkyl or —cycloalkenyl] - (C1-Cc12) -
aliphatic-,

(C6—C10)—aryl—,

(c6-CLO) ~aryl- (Cl—Clz)aljphatic— .

(C3-C10) -heterocyclyl-, ,

(C3-C10) ~-heterocyclyl-(ca-Cl2)al iphatic-,

(C5-C10) ~heteroaryl-, and

(C5-C10)-heteroaryl- (C1-cC12) -aliphatic-;

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

wherein two R' groups pownd to the same atom form
a 3- to 10-membered aromati_c or non-aromatic fing
having up to 3 heteroatoms indepenaently selected
from N, NH, O, S, 80, and SO0z, wherein said riﬁg is
optionally fused to a .(CG—ClO)aryl, |
(C5-Cl0)heteroaryl, (c3-Cc10)cycloalkyl, or a
_(C3—C10)heterocyc1y1,. wherein any ring has up to 3

substituents selected independently from J;

v and Y' are hydrogen;

Ry and R; are independently:

(C1-C6)-aliphatic—,
(C3~C10)—cy¢10alkyl~ or -cycl oalkenyl-,
[ ({C3-C10) -cycloalkyl- or —CY€ 10alkényl] ~{(Cl-C6)-
aliphatic-, or
(C6-C10)-aryl- (C1-C6) aliphati c—;

wherein up to 3 aliphatic carbon atoms in R; and Rj
may be replaced by a heteroat om selected from O, N, NH,
g, 80, or SO; in a chemically stable arrangement;

113 A
Amended sheet: 26 June 2007



-WO 2905/007681 ) . PCIC/US2004/023054

wherein each of R; and R3 is independently a_nd

optionally substituted with up to 3 substituemts

independently selected from J;
R, and R; are hydrogemn;
5 Ry is selected from:
I\lydrogenv-,
(c1-c6) -alkyl-,
(C3-C10) -cycloalkyl- (C1-C6)-alkyl-, or
(C6-C10) ~aryl- (C1-Cb) ~alkyl-;
10 wherein Rq is independently and optionally .

substituted with up to 3 substituents indepencdently

- selected from J;
Rs: 1s hydrogen;
Ry is (Cl1-Cé6)- ~aliphatic, wherein any hydrogen is

15 - optionally replaced w1th halogen;
W is: '
0O O
Rs ORg
s ¥
8] 8]
Ta
B
~
-~ Rg
wherein each Rg is independently:
A hydrogen-,
20 (C1-C6) -alkyl-,

(C6-Cl0)~aryl-,

(Cc6-Cl0)-aryl- (c1-C6)alkyl-,

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

[ (C3-C10)-cycloalkyl- OT cycloalkenyl]~
25 alkyl-,

(Cc5-C10) -heteroaryl-(C1-C6) ~alkyl-, or
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two Rg groups, which are bound to t=he same

nitrogen atom, form together with tha-t nitrogen
atom, a ( C3-Cl0) heterocycllc ring;

whereira Rg is optionally substltuted with up to 3

5 J substit-uents; A
whereir each Rg is independently ~OR'; or the Rg
groups tosgether with the boron atom, is a (¢3-C10)~
membered heterocyclic ring having in addition to the

boron up to 3 additional heteroatoms selected from

10 N, NH, O, S0, and S02;
V is a valence= bond; and
T is:
(C6-C10) —axxyl-, _ )
(C6-C10) —amyl- (cl-c6)aliphatic-,
15 (C5-C10) ~hesteroaryl-, or
| (c5-C10) —heteroaryl—(Cl—CGS—aliphatic— :
wherein wmp to 3 aliphatic carbon atomrmis in T may be
replaced by a heteroatonm selected from &, N, NH, S, SO,
or 80, in a chemically stable arrangemert;

20 . wherein ee=ach T is optionally substitiated with up to

3 J substituemts.

26. The compound according to claim 25, wherein the
0 Y
X Yl.
N : :
radicasl is:

" Yn

X X
y /Q |

wherein:

nis 0, 1., or 2; and
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the rirag containing X and X' is optionally
substituted with up to 3 J substituents, wherein J is as

defined in claim 25.

5 27. Tte compound according to claim 26, wherein the

radiesal is:

98
e

nis 0, 1, or 2; and

R
RRae
2y 9

10 the rirmg containing X and X' is optionally

wherein:

substituted with up to 3 J substituewnts, wherein J is as

defined in claim 25.

28. Time compound according to claim 27, wherein the

N
X X

15 /@ radical is:

wherein:

nis 0 or 1.

20 29. Th.e compound according to <claim 28, wherein the
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[

S._S

/ﬁ radical is:

Y

S-S

wherein:

nis 0 or 1.

30. The compound according to any one of claims 25-
29, wherein W is:
o) Te

N

Rg

0O ;
wherein in the W, the IReRs is selected from -NH- (Cl1l-C6
aliphatic), -NH-(C3-C6 cycloalkyl), -NH-CH(CH;)-aryl, or
~NH-CH (CH;) -heteroaryl , wherein said aryl .or said
heteroaryl is optionalZIy substituted with up to 3

halogens.

31. The compound according to claim 30, wherein in

the W, the NRgR¢ is:

_gﬁ _g-ﬂ 7//< 7/\ §H7/® F'
r® e A ety
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'32.° The compound according to claim 31, wherein in

ths W, the NRsRg is:

—2“7&/\@%0’ | EQYOF 4 ﬁf@:

33 The compound according to claim 32, wherein in

the W, the NRgRg is:

_§.H sH Y
N\V . ENY@ ,

34. The compound according t=o claim 33, wherein in

the W, the NRgRg is:

35. The compound according t=o any one of claims 25- -

29, wherein W is:
(®) Rg

Rg
o ;

wherein in the W, the NR¢Rs is NH2 -

36. The compound according tbo any one of claims 25-

29, wherein W is:

118
Amended sheet: 26 June 2007



\d

WO 2005/007681 ' : PCT/USS2004/023054

O

O ;

wherein in the WJ, the Rg¢ is as defined in claim 25.

" 37. The compound according to any one of claims 25-

5 29, wherein W is:
(o]

OR;

O ;

wherein in the w7, the Rg is as defined in claim 24.

38. The cosmpound according to any one of claims 25-

10 29, wherein W is:
. Ta

& ..
- \Ra.

4

wherein in the W, the Rg is as defined in claim 25.

39. The co-mpou.nd according to any one of claims 25-
15 38, wherein Rs i=s:
wx‘l\/\ v\/l/v ~A’\II_V_\ nn}m\ N.!,V\JV\‘N\ W\I/V‘ J\J‘\(J'V‘
5\ N ‘.
F F > H F 3 , y ll ) or
i F F
e F

40. The co mpound according to claim 39, where in Rs

ig:
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» > or
FF F

41. The compound &ccording to any one. of clairms 25-

40, wherein Ry is hydrogen.

42. The compound &according to any One of clairus 25-

41 yherein Rz is:

\/\) \‘/ Y . ol
uvl\r\ uvlm J\fl\f‘ l , e |

!

43. The compound according to claim 42, where in Rs

44 . ‘The compound according to claim 43, where=in R3

is:

45. The compound according to any one of cla3ins 25-

44, wnerein R! is:
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v F Yy
Rep

46. The comp ocund according to claim 45, wherein W,

N

47. The comp ound according to claim 46, wherein Ry

is:

is cyclohexyl.

48. The comp ound according to any one of claims 25-
47, wherein T is: '
1¢3-C10)~-heterocyclyl- or (C5-C10) heteroaryl-;
wherein each T is optionally substituted with up ~to’
3 J substituents.

49, The comp ound according to cldim 48, wherein =T
is (C5-C6)heterocy-clyl- or (C5~-C6)heterocaryl-;

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

50. The comp ound according to claim 49, wherein =T

is:
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0"\ SNEY HN/>, 3
T T T
O o o
\H ¢ ° \H I3 \H ' \H 4

O
A
7
H
Cl \
T+
Cl \
wherein: _
7 ig independently O, S, NR', or C(R")z.
5 51. The compound accoxding to claim 50, wherein T
is:
(@]
N N s
| e
&~ or N
NN oL

52 The compound accorsding to claim 25, wherein

1.0 said (Ccl-cl12)-aliphatic group in R' and said (C1-C6)-
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aliphatic grooup in Ri, Rs, Rs, and T is (Cl—_C6)—alkyl.

53. The compound according to claim 71 oxr claim 25,

wherein the compound is:

(A nﬁﬂ;@njg(n
EI~'o I H 0 o(é 0 v
O 1a' :

O O ‘ O .0 ( (0] ’ 0 O . | o O o ,

w

3

2a

3a

[%“Jﬁj}ﬁ\v | ENJ\KHE)LE%SR)EHV
O . 5a 3 O &a or

smS |
Uﬁ(dkuj;ﬁr“t\r“\v
| O 7a (

54. A pharmaceutical composition comwrising a
compound according to any one of claims ‘1—53 or a
pharmaceutically acceptable salt thereof i.n an amount
effective to inhibit a serine protease; arad a acceptable

carrier, ad—juvant or vehicle.
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55. The composition according to claim 54, wherein
said compo sition is formulated for admini stration to a

patient.

56. The composition according to cl.aim 55, wherein
sald compossition comprises an additional agent selected
from an imrnunomodulatory agent; an antivi ral agent; a
second inhidbitor of HCV protease; an inhibitor of another
target in the HCV life cycle; and a cytochrome P-450

inhibitor; or combinations thereof.

57. "The composition according to claim 56, wherein
said immunomodulatory agent is a-, B-, or y—-interferon or
thymosin; t—he antiviral agent is ribavarimn, amantadine,
or telbivudine; or the inhibitor of another target in the
HCV life cycle is an inhibitor of HCV heldcase,

polymerase, or metalloprotease.

58. The composition according to claim 57, wherein

said cytochirome P-450 inhibitor is ritonawvir.

59. An ex vivo method of inhibiting the activity of
a serine pr otease comprising the step of contacting said
serine prot ease with a compound according to any one of

claims 1-53 .

60. T he method according to claim 529, wherein said

serine prot<ease 1s an HCV NS3 protease.

61. AL composition according to claim 55 for use in
a method of treating an HCV infection in a patient,
wherein the method comprises the step of administering to

said patient the composition.
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62. The composition according to clairm 61, further
comprrising the additional step of administer ing to said
patient an additional agent selected from an
immun.omodulatory agent; an antiviral agent; a second
inhib>itor of HCV protease; an inhibitor of a nother target
in the HCV life cycle; or combinations there of; wherein
said additional agent is administered to sai d patient as
part of said composition according to claim 55 or as a

separ ate dosage form.

63. The composition according to claim 62, wherein
said Admmunomodulatory agent is o-, B-, or y--interferon or
thymossin; said antiviral agent is ribavarin or
amantadine; or said inhibitor of another target in the
HCV ldfe cycle is an inhibitor of HCV helicasse,

polymesrase, or metalloprotease.

©4. An ex vivo method of eliminating o r reducing
HCV contamination of a biological sample or medical or
laboratory equipment, comprising the step of contacting
said Ioioclogical sample or medical or laboratory equipment

with @& composition according to claim 54.

©5. The method according to claim 64, wherein said
samples or equipment is selected from blood, other body
fluids , biological tissue, a surgical instrument, a
surgical garment, a laboratory instrument, a laboratory
garmen t, a blood or other body fluid collecti on
appara tus, and a blood or other body fluid st orage

materi al.

6 6. A pharmaceutical composition according to claim
54, sudstantially as herein described with re-ference to

any one of the Examples 1 to 3.
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