
INHIBITORS OF SERINE PROTEASES [0001] CLAIM OF
PRIORITY [0002] This patent application claims the
benefit of U.S. provisional patent application serial
no. 60/704,772, filed on August 2, 2005, which is
hereby incorporated by reference. [0003] FIELD OF THE
INVENTION [0004] The present invention relates to
compounds that inhibit serine protease activity,
particularly the activity of hepatitis C virus
NS3-NS4A protease. As such, they act by interfering
with the life cycle of the hepatitis C virus and are
useful as antiviral agents. The invention further
relates to compositions comprising these compounds
either for ex vivo use or for administration to a
patient suffering from HCV infection. The invention
also relates to methods of treating an HCV infection
in a patient by administering a composition comprising
a compound of this invention. [0005] BACKGROUND OF THE
INVENTION [0006] Infection by hepatitis C virus
("HCV") is a compelling human medical problem. HCV is
recognized as the causative agent for most cases of
non-A, non-B hepatitis, with an estimated human
prevalence of 3% globally [A. Alberti et al., "Natural
History of Hepatitis C," J. Hepatology, 31., (Suppl.
1), pp. 17-24 (1999)]. Nearly four million individuals
may be infected in the United States alone [MJ. Alter
et al., "The Epidemiology of Viral Hepatitis in the
United States, 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)]. [0007] Upon first
exposure to HCV only about 20% of infected individuals
develop acute clinical hepatitis while others appear
to resolve the infection spontaneously. In almost 70%
of instances, however, the virus establishes a chronic
infection that persists for decades [S. Iwarson, "The
Natural Course of Chronic Hepatitis," FEMS
Microbiology Reviews, 14, pp. 201-204 (1994); D.
Lavanchy, "Global Surveillance and Control of
Hepatitis C," J . Viral Hepatitis, 6, pp. 35-47
(1999)]. This usually results in recurrent and
progressively worsening liver inflammation, which
often leads to more severe disease states such as
cirrhosis and hepatocellular carcinoma [M.C. Kew,
"Hepatitis C and Hepatocellular Carcinoma", FEMS
Microbiology Reviews, 14, pp. 211-220 (1994); I .
Saito et. al., "Hepatitis C Virus Infection is
Associated with the Development of Hepatocellular
Carcinoma," Proc. Natl. Acad. Sci. USA, 87, pp.
6547-6549 (1990)]. Unfortunately, there are no broadly
effective treatments for the debilitating progression
of chronic HCV.r Sncodes a polyprotein of 3010-3033
amino acids [Q.L. Choo, et. al, "Genetic Organization
and Diversity of the Hepatitis C Virus." Proc. Natl.
Acad. Sci. USA, 88, pp. 2451-2455 (1991); N. Kato et
al., "Molecular Cloning of the Human Hepatitis C Virus
Genome From Japanese Patients with Non-A, Non-B
Hepatitis," Proc. Natl. Acad. Sci. USA, 87, pp.
9524-9528 (1990); A. Takamizawa et. al., "Structure
and Organization of the Hepatitis C Virus Genome
Isolated From Human Carriers," J. Virol., 65, pp.
1105-1 113 (1991)]. The HCV nonstructural (NS)
proteins are presumed to provide the essential
catalytic machinery for viral replication. The NS
proteins are derived by proteolytic cleavage of the
polyprotein [R. Bartenschlager et. al., "Nonstructural
Protein 3 of the Hepatitis C Virus Encodes a
Serine-Type Proteinase Required for Cleavage at the
NS3/4 and NS4/5 Junctions," J. Virol, 67, pp.
3835-3844 (1993); A. Grakoui et. al.,
"Characterization of the Hepatitis C Virus-Encoded
Serine Proteinase: Determination of
Proteinase-Dependent Polyprotein Cleavage Sites," J .
Virol, 67, pp. 2832-2843 (1993); A. Grakoui et. al,
"Expression and Identification of Hepatitis C Virus
Polyprotein Cleavage Products," J. Virol, 67, pp.
1385- 1395 (1993); L. Tomei et. al, "NS3 is a serine
protease required for processing of hepatitis C virus
polyprotein", J. Virol, 67, pp. 4017-4026 (1993)].
[0009] The HCV NS protein 3 (NS3) is essential for
viral replication and infectivity [Kolykhalov, Journal
of Virology, Volume 74, pp. 2046 -2051 2000 "Mutations
at the HCV NS3 Serine Protease Catalytic Triad abolish
infectivity of HCV RNA in Chimpanzees]. It is known
that mutations in the yellow fever virus NS3 protease
decrease viral infectivity [Chambers, TJ. et. al,
"Evidence that the N-terminal Domain of Nonstructural
Protein NS3 From Yellow Fever Virus is a Serine
Protease Responsible for Site-Specific Cleavages in
the Viral Polyprotein", Proc. Natl. Acad. Sci. USA,
87, pp. 8898-8902 (1990)]. The first 181 amino acids
of NS3 (residues 1027-1207 of the viral polyprotein)
have been shown to contain the serine protease domain
of NS3 that processes all four downstream sites of the
HCV polyprotein [C. Lin et al, "Hepatitis C Virus NS3
Serine Proteinase: Trans-Cleavage Requirements and
Processing Kinetics", J. Virol, 68, pp. 8147-8157
(1994)]. [0010] The HCV NS3 serine protease and its
associated cofactor, NS4A, helps process all of the
viral enzymes, and is thus considered essential for
viral replication. This processing appears to be
analogous to that carried out by the human
immunodeficiency virus aspartyl protease, which is
also involved in viral enzyme processing. HIV protease
inhibitors, which inhibit viral protein processing,
are potent antiviral agents in man indicating that
interrupting this stage of the viral life cycle
results in therapeutically active agents.
Consequently, HCV NS3 serine protease is also an
attractive target for drug discovery.IV [OO l
15MMeCeMy1; tne^bMy established therapy for HCV
disease was interferon treatment. However, interferons
have significant side effects [M. A. Walker et al.5
"Hepatitis C Virus: An Overview of Current Approaches
and Progress," DDT, 4, pp. 518-29 (1999); D. Moradpour
et al., "Current and Evolving Therapies for Hepatitis
C," Eur. J. Gastroenterol. Hepatol, 11, pp. 1199-1202
(1999); H. L. A. Janssen et al. "Suicide Associated
with Alfa- Interferon Therapy for Chronic Viral
Hepatitis," J. Hepatol, 21, pp. 241-243 (1994); P.F.
Renault et al, "Side Effects of Alpha Interferon,"
Seminars in Liver Disease, 9, pp. 273-277. (1989)] and
induce long term remission in only a fraction (~ 25%)
of cases [O. Weiland, "Interferon Therapy in Chronic
Hepatitis C Virus Infection", FEMS Microbiol. Rev.,
14, pp. 279-288 (1994)]. Recent introductions of the
pegylated forms of interferon (PEG-INTRON(r) 



and PEGASYS(r)) and the combination therapy of
ribavirin and interferon (REBETROL(r)) have resulted
in only modest improvements in remission rates and
only partial reductions in side effects. Moreover, the
prospects for effective anti-HCV vaccines remain
uncertain. [0012] Thus, there is a need for more
effective anti-HCV therapies. Such inhibitors would
have therapeutic potential as protease inhibitors,
particularly as serine protease inhibitors, and more
particularly as HCV NS3 protease inhibitors.
Specifically, such compounds may be useful as
antiviral agents, particularly as anti-HCV agents.
[0013] BRIEF SUMMARY OF THE INVENTION [0014] This
invention relates to compounds of formula I, or a
pharmaceutically acceptable salt or mixtures thereof,
wherein the variables are described herein. I [0015]
In another aspect, the invention also relates to
pharmaceutical compositions that include the above
compounds and uses thereof. Such compositions can be
used to pre-treat devices that are to be inserted into
a patient, to treat biological samples, and for direct
administration to a patient. In each case, the
composition will be used to lessen the risk of or the
severity of the HCV infection.[OOr ' 'A Mt 'ge us ' h
ures of compounds of formula I5where the R isomer at
position C* is present in an amount greater than 50%,
unexpectedly have substantially more bioavailability
than mixtures where the S isomer at position C* is
present in an amount of 50 % or greater. Unexpectedly,
the R isomer at the C* position is about 2 times more
bioavailable than the S isomer at the C* position.
Additionally, the R isomer at C* position converts, in
vivo, to the S isomer at C* position at a higher
percentage than the S isomer converts, in vivo, to the
R isomer at the C* position. These properties enhance
the therapeutic effectiveness of compounds of formula
I with greater than 50% R isomer at position C* as
inhibitors of serine protease activity, such as
inhibiting the activity of hepatitis C virus NS3-NS4A
protease. [0017] The high bioavailability and the
favorable isomer conversion properties at position C*
deliver enhanced therapeutic effectiveness in
compounds of the present invention, such as
(lS,3aR,6aS)-2-[(2S)-2-[[(2S)-2-cyclohexyl-l-oxo-2-
[(pyrazinylcarbonyl)amino] ethyl]amino] -3,3-dimethyl-
1-oxobutyl] -N-[(1R)- 1-[2- (cyclopropylamino)-
1,2-dioxoethyl]butyl] octahydro-cyclopenta[c]pyrrole-
1-carboxamide, as compared to compounds of 50% or
greater S isomer at position C*. [0018] DETAILED
DESCRIPTION OF THE FIGURES [0019] Figures IA-B are
plots of the mean (SD) plasma concentrations of a
compound of formula (I) with greater than 50% R isomer
at position C* and a compound with 50% or less R
isomer at position C* versus time following oral
administration of the compound. [0020] Figures 2A-B
are plots of the mean (SD) plasma concentrations of a
compound of formula (I) with greater than 50% R isomer
at position C* and a compound with 50% or less R
isomer at position C* versus time following oral
administration of the compound. [0021] Figures 3A-B
are plots of the mean (SD) plasma concentrations of a
compound of formula (I) with greater than 50% R isomer
at position C* and a compound with 50% or less R
isomer at position C versus time following oral
administration of the compound. [0022] DETAILED
DESCRIPTION OF THE INVENTION [0023] I . DEFINITIONS
[0024] For purposes of this invention, the chemical
elements are identified in accordance with the
Periodic Table of the Elements, CAS version, Handbook
of Chemistry and Physics, 75th Ed. Additionally,
general principles of organic chemistry are described
in "Organic Chemistry", Thomas Sorrell, University
Science Books, Sausalito: 1999, and "March's Advanced
Organic Chemistry", 5th Ed., Ed.: Smith, M.B. and
March, J., John Wiley & Sons, New York: 2001, the
entire contents of which are hereby incorporated by
reference." ' [0025] B cn d lh ompounds of the
invention may optionally be substituted with one or
more substituents, such as are illustrated generally
above, or as exemplified by particular classes,
subclasses, and species of the invention. [0026] As
used herein the term "aliphatic" encompasses the terms
alkyl, alkenyl, alkynyl, each of which being
optionally substituted as set forth below. [0027] As
used herein, an "alkyl" group refers to a saturated
aliphatic hydrocarbon group containing 1-8 (e.g., 1-6
or 1-4) carbon atoms. An alkyl group can be straight
or branched. Examples of alkyl groups include, but are
not limited to, methyl, ethyl, propyl, isopropyl,
butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl,
n-heptyl, or 2-ethylhexyl. An alkyl group can be
substituted (i.e., optionally substituted) with one or
more substituents such as halo, cycloaliphatic [e.g.,
cycloalkyl or cycloalkenyl], heterocycloaliphatic
[e.g., heterocycloalkyl or heterocycloalkenyl], aryl,
heteroaryl, alkoxy, aroyl, heteroaroyl, acyl [e.g.,
(aliphatic)carbonyl, (cycloaliphatic)carbonyl, or
(heterocycloaliphatic)carbonyl], nitro, cyano, amido
[e.g., (cycloalkylalkyl)carbonylamino,
arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino,
(heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino
alkylaminocarbonyl, cycloalkylaminocarbonyl,
heterocycloalkylaminocarbonyl, arylaminocarbonyl, or
heteroarylaminocarbonyl], amino [e.g., aliphaticamino,
cycloaliphaticamino, or heterocycloaliphaticamino],
sulfonyl [e.g., aliphatic-SO 2-], sulfinyl, sulfanyl,
sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo,
carboxy, carbamoyl, cycloaliphaticoxy,
heterocycloaliphaticoxy, aryloxy, heteroaryloxy,
aralkyloxy, heteroarylalkoxy, alkoxycarbonyl,
alkylcarbonyloxy, or hydroxy. Without limitation, some
examples of substituted alkyls include carboxyalkyl
(such as HOOC-alkyl, alkoxycarbonylalkyl, and
alkylcarbonyloxyalkyl), cyanoalkyl, hydroxyalkyl,
alkoxyalkyl, acylalkyl, aralkyl, (alkoxyaryl)alkyl,
(sulfonylamino)alkyl (such as (alkyl-SO2-amino)alkyl),
aminoalkyl, amidoalkyl, (cycloaliphatic)alkyl, or
haloalkyl. [0028] As used herein, an "alkenyl" group
refers to an aliphatic carbon group that contains 2- 



8 (e.g., 2-6 or 2-4) carbon atoms and at least one
double bond. Like an alkyl group, an alkenyl group can
be straight or branched. Examples of an alkenyl group
include, but are not limited to, allyl, isoprenyl,
2-butenyl, and 2-hexenyl. An alkenyl group can be
optionally substituted with one or more substituents
such as halo, cycloaliphatic [e.g., cycloalkyl or
cycloalkenyl], heterocycloaliphatic [e.g.,
heterocycloalkyl or heterocycloalkenyl], aryl,
heteroaryl, alkoxy, aroyl, heteroaroyl, acyl [e.g.,
(aliphatic)carbonyl, (cycloaliphatic)carbonyl, or
(heterocycloaliphatic)carbonyl], nitro, cyano, amido
[e.g.,cyc al l i) '  lJortyra ino, arylcarbonylamino,
aralkylcarbonylamino, (heterocycloalkytycarbonylamino,
(heterocycloalkylalky^carbonylamino,
heteroarylcarbonylamino, lieteroaralkylcarbonylamino
alkylaminocarbonyl, cycloalkylaminocarbonyl,
heterocycloalkylaminocarbonyl, arylaminocarbonyl, or
heteroarylaminocarbonyl], amino [e.g.,
aliphaticaniino, cycloaliphaticamino,
heterocycloaliphaticamino, or aliphaticsulfonylamino],
sulfonyl [e.g., alkyl-SO 2-, cycloaliphatic-SO 2-, or
aryl-S02-], sulfinyl, sulfanyl, sulfoxy, urea,
thiourea, sulfamoyl, sulfamide, oxo, carboxy,
carbamoyl, cycloaliphaticoxy, heterocycloaliphaticoxy,
aryloxy, heteroaryloxy, aralkyloxy, heteroaralkoxy,
alkoxycarbonyl, alkylcarbonyloxy, or hydroxy. Without
limitation, some examples of substituted alkenyls
include cyanoalkenyl, alkoxyalkenyl, acylalkenyl,
hydroxyalkenyl, aralkenyl, (alkoxyaryl)alkenyl,
(sulfonylamino)alkenyl (such as (alkyl-SO
2-amino)alkenyl), aminoalkenyl, amidoalkenyl,
(cycloaliphatic)alkenyl, or haloalkenyl. [0029] As
used herein, an "alkynyl" group refers to an aliphatic
carbon group that contains 2- 8 (e.g., 2-6 or 2-4)
carbon atoms and has at least one triple bond. An
alkynyl group can be straight or branched. Examples of
an alkynyl group include, but are not limited to,
propargyl and butynyl. An alkynyl group can be
optionally substituted with one or more substituents
such as aroyl, heteroaroyl, alkoxy, cycloalkyloxy,
heterocycloalkyloxy, aryloxy, heteroaryloxy,
aralkyloxy, nitro, carboxy, cyano, halo, hydroxy,
sulfo, mercapto, sulfanyl [e.g., aliphaticsulfanyl or
cycloaliphaticsulfanyl], sulfinyl [e.g.,
aliphaticsulfmyl or cycloaliphaticsulfmyl], sulfonyl
[e.g., aliphatic-SO 2-, aliphaticamino-SO 2-, or
cycloaliphatic- SO2-], amido [e.g., aminocarbonyl,
alkylaminocarbonyl, alkylcarbonylamino,
cycloalkylaminocarbonyl,
heterocycloalkylaminocarbonyl,
cycloalkylcarbonylamino, arylaminocarbonyl,
arylcarbonylamino, aralkylcarbonylamino,
(heterocycloalkyl)carbonylamino,
(cycloalkylalkyl)carbonylamino,
heteroaralkylcarbonylamino, heteroarylcarbonylamino or
heteroarylaminocarbonyl], urea, thiourea, sulfamoyl,
sulfamide, alkoxycarbonyl, alkylcarbonyloxy,
cycloaliphatic, heterocycloaliphatic, aryl,
heteroaryl, acyl [e.g., (cycloaliphatic)carbonyl or
(heterocycloaliphatic)carbonyl], amino [e.g.,
aliphaticamino], sulfoxy, oxo, carboxy, carbamoyl,
(cycloaliphatic)oxy, (heterocycloaliphatic)oxy, or
(heteroaryl)alkoxy. [0030] As used herein, an "amido"
encompasses both "aminocarbonyl" and "carbonylamino".
These terms when used alone or in connection with
another group refers to an amido group such as
-N(RX)-C(O)-R Y or -C(O)-N(R X)2, when used
terminally, and -C(O)- N(R X)- or -N(RX)-C(O)- when
used internally, wherein Rx and Rg are defined
below."' E ani l s mi g otf lis fclude alkylamido
(such as alkylcarbonylamino or alkylaminocarbonyl),
(heterocycloaliphatic)amido, (heteroaralkyl)amido,
(heteroaryl)amido, (heterocycloalkyl)alkylamido,
arylamido, aralkylamido, (cycloalkyl)alkylamido, or
cycloalkylamido . [0031] As used herein, an "amino"
group refers to -NRXRY wherein each of Rx and Rg is
independently hydrogen, aliphatic, cycloaliphatic,
(cycloaliphatic)aliphatic, aryl, araliphatic,
heterocycloaliphatic, (heterocycloaliphatic)aliphatic,
heteroaryl, carboxy, sulfanyl, sulfinyl, sulfonyl,
(aliphatic)carbonyl, (cycloaliphatic)carbonyl,
((cycloaliphatic)aliphatic)carbonyl, arylcarbonyl,
(araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycloaliphatic)aliphatic)carbonyl,
(heteroaryl)carbonyl, or (heteroaraliphatic)carbonyl,
each of which being defined herein and being
optionally substituted. Examples of amino groups
include alkylamino, dialkylamino, or arylamino. When
the term "amino" is not the terminal group (e.g.,
alkylcarbonylamino), it is represented by -NRX- . Rx
has the same meaning as defined above. [0032] As used
herein, an "aryl" group used alone or as part of a
larger moiety as in "aralkyl", "aralkoxy", or
"aryloxyalkyl" refers to monocyclic (e.g., phenyl);
bicyclic (e.g., indenyl, naphthalenyl,
tetrahydronaphthyl, tetrahydroindenyl); and tricyclic
(e.g., fluorenyl tetrahydrofluorenyl, or
tetrahydroanthracenyl, anthracenyl) ring systems in
which the monocyclic ring system is aromatic or at
least one of the rings in a bicyclic or tricyclic ring
system is aromatic. The bicyclic and tricyclic groups
include benzofused 2-3 membered carbocyclic rings. For
example, a benzofused group includes phenyl fused with
two or more C4-8-arbocyclic moieties. An aryl is
optionally substituted with one or more substituents
including aliphatic [e.g., alkyl, alkenyl, or
alkynyl]; cycloaliphatic; (cycloaliphatic)aliphatic;
heterocycloaliphatic; (heterocycloaliphatic)aliphatic;
aryl; heteroaryl; alkoxy; (cycloaliphatic)oxy;
(heterocycloaliphatic)oxy; aryloxy; heteroaryloxy;
(araliphatic)oxy; (heteroaraliphatic)oxy; aroyl;
heteroaroyl; amino; oxo (on a non-aromatic carbocyclic
ring of a benzofused bicyclic or tricyclic aryl);
nitro; carboxy; amido; acyl [ e.g., aliphaticcarbonyl;
(cycloaliphatic)carbonyl;
((cycloaliphatic)aliphatic)carbonyl;
(araliphatic)carbonyl; (heterocycloaliphatic)carbonyl;
((heterocycloaliphatic)aliphatic)carbonyl; or
(heteroaraliphatic)carbonyl]; sulfonyl [e.g.,
aliphatic-SO2- or amino-SO2-]; sulfinyl [e.g.,
aliphatic-S(O)- or cycloaliphatic-S(O)-]; sulfanyl
[e.g., aliphatic-S-]; cyano; halo; hydroxy; mercapto;
sulfoxy; urea; thiourea; sulfamoyl; sulfamide; or
carbamoyl. Alternatively, an aryl can be
unsubstituted." " [5033TNb 'n"-ri'Mitffl'g x I 1Sof
substituted aryls include haloaxyl [e.g., mono-, di (
such as p,m-dihaloaryl), and (trihalo)aryl];
(carboxy)aryl [e.g., (alkoxycarbonyl)aryl,
((aralkyl)carbonyloxy)aryl, and (alkoxycarbonyl)aryl];
(amido)aryl [e.g., (aminocarbonyl)aryl,
(((alkylamino)alkyl)aminocarbonyl)aryl,
(alkylcarbonyl)aminoaryl, 



(arylaminocarbonyl)aryl, and
(((heteroaryl)amino)carbonyl)aryl]; aminoaryl [e.g.,
((alkylsulfonyl)amino)aryl or ((dialkyl)amino)aryl];
(cyanoalkyl)aryl; (alkoxy)aryl; (sulfamoyl)aryl [e.g.,
(aminosulfonyl)aryl]; (alkylsulfonyl)aryl;
(cyano)aryl; (hydroxyalkyl)aryl; ((alkoxy)alkyl)aryl;
(hydroxy)aryl, ((carboxy)alkyl)aryl;
(((dialkyl)amino)alkyl)aryl; (nitroalkyl)aryl;
(((alkylsulfonyl)amino)alkyl)aryl;
((heterocycloaliphatic)carbonyl)aryl;
((alkylsulfonyl)alkyl)aryl; (cyanoalkyl)aryl;
(hydroxyalkyl)aryl; (alkylcarbonyl)aryl; alkylaryl;
(trihaloalkyl)aryl; p-amino-malkoxycarbonylaryl;
p-amino-m-cyanoaryl; p-halo-m-aminoaryl; or (m-
(heterocycloaliphatic)-o-(alkyl))aryl. [0034] As used
herein, an "araliphatic" such as an "aralkyl" group
refers to an aliphatic group (e.g., a Cl-4 alkyl
group) that is substituted with an aryl group.
"Aliphatic," "alkyl," and "aryl" are defined herein.
An example of an araliphatic such as an aralkyl group
is benzyl. [0035] As used herein, an "aralkyl" group
refers to an alkyl group (e.g., a Cl-4 alkyl group)
that is substituted with an aryl group. Both "alkyl"
and "aryl" have been defined above. An example of an
aralkyl group is benzyl. An aralkyl is optionally
substituted with one or more substituents such as
aliphatic [e.g., alkyl, alkenyl, or alkynyl, including
carboxyalkyl, hydroxyalkyl, or haloalkyl such as
trifluoromethyl], cycloaliphatic [e.g., cycloalkyl or
cycloalkenyl], (cycloalkyl)alkyl, heterocycloalkyl,
(heterocycloalkyl)alkyl, aryl, heteroaryl, alkoxy,
cycloalkyloxy, heterocycloalkyloxy, aryloxy,
heteroaryloxy, aralkyloxy, heteroaralkyloxy, aroyl,
heteroaroyl, nitro, carboxy, alkoxycarbonyl,
alkylcarbonyloxy, amido [e.g., aminocarbonyl,
alkylcarbonylamino, cycloalkylcarbonylamino,
(cycloalkylalkyl)carbonylamino, arylcarbonylamino,
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino,
(heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, or
heteroaralkylcarbonylamino], cyano, halo, hydroxy,
acyl, mercapto, alkylsulfanyl, sulfoxy, urea,
thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl.
[0036] As used herein, a "bicyclic ring system"
includes 8-12 (e.g., 9, 10, or 11) membered structures
that form two rings, wherein the two rings have at
least one atom in common (e.g., 2 atoms in common).
Bicyclic ring systems include bicycloaliphatics (e.g.,
bicycloalkyl or bicycloalkenyl),
bicycloheteroaliphatics, bicyclic aryls, and bicyclic
heteroaryls.[D037] s'us'e'd he"rem,"a
""byoloaliphatic" group encompasses a "cycloalkyl"
group and a "cycloalkenyl" group, each of which being
optionally substituted as set forth below. [0038] As
used herein, a "cycloalkyl" group refers to a
saturated carbocyclic mono- or bicyclic (fused or
bridged) ring of 3-10 (e.g., 5-10) carbon atoms.
Examples of cycloalkyl groups include cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
adamantyl, norbornyl, cubyl, octahydro-indenyl,
decahydro-naphthyl, bicyclo[3.2.1]octyl,
bicyclo[2.2.2]octyl, bicyclo[3.3.1]nonyl,
bicyclo[3.3.2.]decyl, bicyclo[2.2.2]octyl, adamantyl,
azacycloalkyl, or
((aminocarbonyl)cycloalkyl)cycloalkyl. A
"cycloalkenyl" group, as used herein, refers to a
non-aromatic carbocyclic ring of 3-10 (e.g., 4-8)
carbon atoms having one or more double bonds. Examples
of cycloalkenyl groups include cyclopentenyl, 1,4-
cyclohexa-di-enyl, cycloheptenyl, cyclooctenyl,
hexahydro-indenyl, octahydro-naphthyl, cyclohexenyl,
cyclopentenyl, bicyclo[2.2.2]octenyl, or
bicyclo[3.3.1]nonenyl. A cycloalkyl or cycloalkenyl
group can be optionally substituted with one or more
substituents such as aliphatic [e.g., alkyl, alkenyl,
or alkynyl], cycloaliphatic, (cycloaliphatic)
aliphatic, heterocycloaliphatic,
(heterocycloaliphatic) aliphatic, aryl, heteroaryl,
alkoxy, (cycloaliphatic)oxy,
(heterocycloaliphatic)oxy, aryloxy, heteroaryloxy,
(araliphatic)oxy, (heteroaraliphatic)oxy, aroyl,
heteroaroyl, amino, amido [e.g.,
(aliphatic)carbonylamino,
(cycloaliphatic)carbonylamino,
((cycloaliphatic)aliphatic)carbonylamino,
(aryl)carbonylamino, (araliphatic)carbonylamino,
(heterocycloaliphatic)carbonylamino,
((heterocycloaliphatic)aliphatic)carbonylamino,
(heteroaryl)carbonylamino, or
(heteroaraliphatic)carbonylamino], nitro, carboxy
[e.g., HOOC-, alkoxycarbonyl, or alkylcarbonyloxy],
acyl [e.g., (cycloaliphatic)carbonyl,
((cycloaliphatic) aliphatic)carbonyl,
(araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycloaliphatic)aliphatic)carbonyl, or
(heteroaraliphatic)carbonyl], cyano, halo, hydroxy,
mercapto, sulfonyl [e.g., alkyl-SO 2- and aryl-SO 2-],
sulfinyl [e.g., alkyl-S(O)-], sulfanyl [e.g.,
alkyl-S-], sulfoxy, urea, thiourea, sulfamoyl,
sulfamide, oxo, or carbamoyl. [0039] As used herein,
"cyclic moiety" includes cycloaliphatic,
heterocycloaliphatic, aryl, or heteroaryl, each of
which has been defined previously. [0040] As used
herein, the term "heterocycloaliphatic" encompasses a
heterocycloalkyl group and a heterocycloalkenyl group,
each of which being optionally substituted as set
forth below. [0041] As used herein, a
"heterocycloalkyl" group refers to a 3-10 membered
mono- or bicylic (fused or bridged) (e.g., 5- to
10-membered mono- or bicyclic) saturated ring
structure, in which one or more of the ring atoms is a
heteroatom (e.g., N, O, S, orc'omblhatidWthefe'bf).
"KXamples of a heterocycloalkyl group include
piperidyl, piperazyl, tetrahydropyranyl,
telxahydrofuryl, 1,4-dioxolanyl, 1,4-dithianyl,
l,3-dioxolanyl, oxazolidyl, isoxazolidyl, morpholinyl,
thiomorpholyl, octahydrobenzofuryl,
octahydrochromenyl, octahydrothiochromenyl,
octahydroindolyl, octahydropyrindinyl,
decahydroquinolinyl, octahydrobenzo[b]thiopheneyl,
2-oxa-bicyclo[2.2.2]octyl, l-aza-bicyclo[2.2.2]octyl,
3-azabicyclo[ 3.2.1]octyl, anad
2,6-dioxa-tricyclo[3.3.1.03,7]nonyl. A monocyclic
heterocycloalkyl group can be fused with a phenyl
moiety such as tetrahydroisoquinoline. A
"heterocycloalkenyl" group, as used herein, refers to
a mono- or bicylic (e.g., 5- to 10- membered mono- or
bicyclic) non-aromatic ring structure having one or
more double bonds, and wherein one or more of the ring
atoms is a heteroatom (e.g., N, O, or S). Monocyclic
and bicycloheteroaliphatics are numbered according to
standard chemical nomenclature. [0042] A
heterocycloalkyl or heterocycloalkenyl group can be
optionally substituted with one or more substituents
such as aliphatic [e.g., alkyl, alkenyl, or alkynyl],
cycloaliphatic, 



(cycloaliphatic)aliphatic, heterocycloaliphatic,
(heterocycloaliphatic)aliphatic, aryl, heteroaryl,
alkoxy, (cycloaliphatic)oxy,
(heterocycloaliphatic)oxy, aryloxy, heteroaryloxy,
(araliphatic)oxy, (heteroaraliphatic)oxy, aroyl,
heteroaroyl, amino, amido [e.g.,
(aliphatic)carbonylamino,
(cycloaliphatic)carbonylamino, ((cycloaliphatic)
aliphatic)carbonylamino, (aryl)carbonylamino,
(araliphatic)carbonylamino,
(heterocycloaliphatic)carbonylamino,
((heterocycloaliphatic) aliphatic)carbonylamino,
(heteroaryl)carbonylamino, or
(heteroaraliphatic)carbonylamino], nitro, carboxy
[e.g., HOOC-, alkoxycarbonyl, or alkylcarbonyloxy],
acyl [e.g., (cycloaliphatic)carbonyl,
((cycloaliphatic) aliphatic)carbonyl,
(araliphatic)carbonyl, (heterocycloaliphatic)carbonyl,
((heterocycloaliphatic)aliphatic)carbonyl, or
(heteroaraliphatic)carbonyl], nitro, cyano, halo,
hydroxy, mercapto, sulfonyl [e.g., alkylsulfonyl or
arylsulfonyl], sulfinyl [e.g., alkylsulfmyl], sulfanyl
[e.g., alkylsulfanyl], sulfoxy, urea, thiourea,
sulfamoyl, sulfamide, oxo, or carbamoyl. [0043] A
"heteroaryl" group, as used herein, refers to a
monocyclic, bicyclic, or tricyclic ring system having
4 to 15 ring atoms wherein one or more of the ring
atoms is a heteroatom (e.g., N, O, S, or combinations
thereof) and in which the monocyclic ring system is
aromatic or at least one of the rings in the bicyclic
or tricyclic ring systems is aromatic. A heteroaryl
group includes a benzofused ring system having 2 to 3
rings. For example, a benzofused group includes benzo
fused with one or two 4 to 8 membered
heterocycloaliphatic moieties (e.g., indolizyl,
indolyl, isoindolyl, 3H-indolyl, indolinyl, benzo
[b]furyl, benzo [b]thiophenyl, quinolinyl, or
isoquinolinyl). Some examples of heteroaryl are
azetidinyl, pyridyl, IHihaazblyVlu yi, thiazolyl,
oxazolyl, imidazolyl, tetrazolyl, benzofuryl,
isoquinolinyl, benzthiazolyl, xanthene, thioxanthene,
phenothiazine, dihydroindole, benzo[l,3]dioxole,
benzo[b]furyl, benzo[b]thiophenyl, indazolyl,
benzimidazolyl, benzthiazolyl, puryl, cinnolyl,
quinolyl, quinazolyl,cinnolyl, phthalazyl, quinazolyl,
quinoxalyl, isoquinolyl, 4H-quinolizyl,
benzo~l,2,5-thiadiazolyl, or 1,8-naphthyridyl. [0044]
Without limitation, monocyclic heteroaryls include
furyl, thiophenyl, 2H-pyrrolyl, pyrrolyl, oxazolyl,
thazolyl, imidazolyl, pyrazolyl, isoxazolyl,
isothiazolyl, 1,3,4-thiadiazolyl, 2H-pyranyl,
4-H-pranyl, pyridyl, pyridazyl, pyrimidyl, pyrazolyl,
pyrazyl, or 1,3,5-triazyl. Monocyclic heteroaryls are
numbered according to standard chemical nomenclature.
[0045] Without limitation, bicyclic heteroaryls
include indolizyl, indolyl, isoindolyl, 3Hindolyl,
indolinyl, benzo[b]furyl, benzo[b]thiophenyl,
quinolinyl, isoquinolinyl, indolizyl, isoindolyl,
indolyl, benzo[b]furyl, bexo[b]thiophenyl, indazolyl,
benzimidazyl, benzthiazolyl, purinyl, 4H-quinolizyl,
quinolyl, isoquinolyl, cinnolyl, phthalazyl,
quinazolyl, quinoxalyl, 1,8-naphthyridyl, or pteridyl.
Bicyclic heteroaryls are numbered according to
standard chemical nomenclature. [0046] A heteroaryl is
optionally substituted with one or more substituents
such as aliphatic [e.g., alkyl, alkenyl, or alkynyl];
cycloaliphatic; (cycloaliphatic)aliphatic;
heterocycloaliphatic; (heterocycloaliphatic)aliphatic;
aryl; heteroaryl; alkoxy; (cycloaliphatic)oxy;
(heterocycloaliphatic)oxy; aryloxy; heteroaryloxy;
(araliphatic)oxy; (heteroaraliphatic)oxy; aroyl;
heteroaroyl; amino; oxo (on a non-aromatic carbocyclic
or heterocyclic ring of a bicyclic or tricyclic
heteroaryl); carboxy; amido; acyl [ e.g.,
aliphaticcarbonyl; (cycloaliphatic)carbonyl;
((cycloaliphatic)aliphatic)carbonyl;
(araliphatic)carbonyl; (heterocycloaliphatic)carbonyl;
((heterocycloaliphatic)aliphatic)carbonyl; or
(heteroaraliphatic)carbonyl]; sulfonyl [e.g.,
aliphaticsulfonyl or aminosulfonyl]; sulfinyl [e.g.,
aliphaticsulfinyl]; sulfanyl [e.g.,
aliphaticsulfanyl]; nitro; cyano; halo; hydroxy;
mercapto; sulfoxy; urea; thiourea; sulfamoyl;
sulfamide; or carbamoyl. Alternatively, a heteroaryl
can be unsubstituted. [0047] Non-limiting examples of
substituted heteroaryls include (halo)heteroaryl
[e.g., mono- and di-(halo)heteroaryl];
(carboxy)heteroaryl [e.g.,
(alkoxycarbonyl)heteroaryl]; cyanoheteroaryl;
aminoheteroaryl [e.g.,
((alkylsulfonyl)amino)heteroaryl
and((dialkyl)amino)heteroaryl]; (amido)heteroaryl
[e.g., aminocarbonylheteroaryl,
((alkylcarbonyl)amino)heteroaryl,
((((alkyl)amino)alkyl)aminocarbonyl)heteroaryl,
(((heteroaryl)amino)carbonyl)heteroaryl,
((heterocycloaliphatic)carbonyl)heteroaryl, and
((alkylcarbonyl)amino)heteroaryl] ;
(cyanoalkyl)heteroaryl; (alkoxy)heteroaryl;(slfa
noyl)n 'et'er'aryl
[fe.g':5"('aminosulfonyl)heteroaryl];
(sulfonyl)heteroaryl [e.g., (alkylsulfonyl)heteroaryl]
; (hydroxyalkyl)heteroaryl; (alkoxyalkyl)heteroaryl;
(hydroxy)heteroaryl; ((carboxy)alkyl)heteroaryl;
(((dialkyl)amino)alkyl]heteroaryl;
(heterocycloaliphati^heteroaryl;
(cycloaliphatic)heteroaryl; (nitroalkyl)heteroaryl;
(((alkylsulfonyl)amino)alkyl)heteroaryl;
((alkylsulfonyl)alkyl)heteroaryl;
(cyanoalkyl)heteroaryl; (acyl)heteroaryl [e.g.,
(alkylcarbonyl)heteroaryl]; (alkyl)heteroaryl, and
(haloalkyl)heteroaryl [e.g., trihaloalkylheteroaryl].
[0048] A "heteroaralipliatic (such as a heteroaralkyl
group) as used herein, refers to an aliphatic group
(e.g., a C1-4-alkyl group) that is substituted with a
heteroaryl group. "Aliphatic," "alkyl," and
"heteroaryl" have been defined above. [0049] A
"heteroaralkyl" group, as used herein, refers to an
alkyl group (e.g., a C^-allcyl group) that is
substituted with a heteroaryl group. Both "alkyl" and
"heteroaryl" have been defined above. A heteroaralkyl
is optionally substituted with one or more
substituents such as alkyl (including carboxyalkyl,
hydroxyalkyl, and haloalkyl such as trifluoromethyl),
alkenyl, alkynyl, cycloalkyl, (cycloalkyl)alkyl,
heterocycloalkyl, (heterocycloalkyl)alkyl, aryl,
heteroaryl, alkoxy, cycloalkyloxy,
heterocycloalkyloxy, aryloxy, heteroaryloxy,
aralkyloxy, heteroaralkyloxy, aroyl, heteroaroyl,
nitro, carboxy, alkoxycarbonyl, alkylcarbonyloxy,
aminocarbonyl, alkylcarbonylamino,
cycloalkylcarbonylamino,
(cycloalkylalkyl)carbonylamino, arylcarbonylamino,
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino,
(heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino,
cyano, halo, hydroxy, acyl, mercapto, alkylsulfanyl,
sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or
carbamoyl. 



[0050] As used herein, an "acyl" group refers to a
formyl group or RX-C(O)- (such as alkyl- C(O)-, also
referred to as "alkylcarbonyl") where Rx and "alkyl"
have been defined previously. Acetyl and pivaloyl are
examples of acyl groups. [0051] As used herein, an
"aroyl" or "heteroaroyl" refers to an aryl-C(O)- or a
heteroaryl- C(O)-. The aryl and heteroaryl portion of
the aroyl or heteroaroyl is optionally substituted as
previously defined. [0052] As used herein, an "alkoxy"
group refers to an alkyl-O- group where "alkyl" has
been defined previously. [0053] As used herein, a
"carbamoyl" group refers to a group having the
structure -O-CONRXRY or -NR X-CO-O-R Z wherein Rx and
Rg have been defined above and Rz can be aliphatic,
aryl, araliphatic, heterocycloaliphatic, heteroaryl,
or heteroaraliphatic.[0054] As used herem,"a
"c'arboxy" group refers to -COOH, -C00R L, -OC(O)H
-0C(0)R L when used as a terminal group; or -OC(O)- or
-C(O)O- when used as an internal group. [0055] As used
herein, a "haloaliphatic" group refers to an aliphatic
group substituted with 1- 3 halogen. For instance, the
term haloalkyl includes the group -CF3. [0056] As used
herein, a "mercapto" group refers to -SH. [0057] As
used herein, a "sulfo" group refers to -SO3H or -SO3RX
when used terminally or S(O)3- when used internally.
[0058] As used herein, a "sulfamide" group refers to
the structure -NRX-S(O)2-NRYRZ when used terminally
and -NRX-S(O)2-NRY- when used internally, wherein Rx ,
Rg , and Rz have been defined above. [0059] As used
herein, a "sulfonamide" group refers to the structure
-S(O)2-NRXRY or -NRXS( O)2-RZ when used terminally; or
-S(O)2-NRX- or -NRX -S(O)2- when used internally,
wherein Rx , Rg , and Rz are defined above. [0060] As
used herein a "sulfanyl" group refers to -S-Rx when
used terminally and -S- when used internally, wherein
Rx has been defined above. Examples of sulfanyls
include aliphatic- S-, cycloaliphatic-S-, aryl-S-, or
the like. [0061] As used herein a "sulfinyl" group
refers to -S(O)-RX when used terminally and -S(O)-
when used internally, wherein R has been defined
above. Exemplary sulfinyl groups include
aliphatic-S(O)-, aryl-S(O)-,
(cycloaliphatic(aliphatic)) -S(O)-, cycloalkyl-S(O)-,
heterocycloaliphatic-S(O)-, heteroaryl-S(O)-, or the
like. [0062] As used herein, a "sulfonyl" group refers
to-S(O)2-Rx when used terminally and - S(O)2- when
used internally, wherein Rx has been defined above.
Exemplary sulfonyl groups include aliphatic-S(O)2-,
aryl-S(O)2-, (cycloaliphatic(aliphatic))-S(O) 2-,
cycloaliphatic-S(O)2- ,
heterocycloaliphatic-S(O)2-5heteroaryl-S(O)2-,
(cycloaliphatic(amido(aliphatic)))-S(O) 2-or the like.
[0063] As used herein, a "sulfoxy" group refers to
-O-SO-RX or -SO-O-RX, when used terminally and
-0-S(O)- or -S(O)-O- when used internally, where Rx
has been defined above. [0064] As used herein, a
"halogen" or "halo" group refers to fluorine,
chlorine, bromine or iodine. [0065] As used herein, an
"alkoxycarbonyl," which is encompassed by the term
carboxy, used alone or in connection with another
group refers to a group such as alkyl-O-C(O)-. [0066]
As used herein, an "alkoxyalkyl" refers to an alkyl
group such as alkyl-O-alkyl-, wherein alkyl has been
defined above. [0067] As used herein, a "carbonyl"
refer to -C(O)-.'[00OTJ"AU'sed ifere n ' xo" refers to
=0. [0069] As used herein, an "aminoalkyl" refers to
the structure (Rx )2N-alkyl~. [0070] As used herein, a
"cyanoalkyl" refers to the structure (NC)-alkyl-.
[0071] As used herein, a "urea" group refers to the
structure -NRX-CO-NR YRZ and a "thiourea" group refers
to the structure -NR X-CS-NR YRZ when used terminally
and -NRXCO- NR Y- or -NRX-CS-NR Y- when used
internally, wherein Rx , Rg , and Rz have been defined
above. [0072] As used herein, a "guanidine" group
refers to the structure -N=C(N(R XRY))N(R XRY) or
-NRX-C(=NR X)NRXRY wherein Rx and Rg have been defined
above. [0073] As used herein, the term "amidino" group
refers to the structure -C=(NR X)N(R XRY) wherein Rx
and Rg have been defined above. [0074] In general, the
term "vicinal" refers to the placement of substituents
on a group that includes two or more carbon atoms,
wherein the substituents are attached to adjacent
carbon atoms. [0075] In general, the term "geminal"
refers to the placement of substituents on a group
that includes two or more carbon atoms, wherein the
substituents are attached to the same carbon atom.
[0076] The terms "terminally" and "internally" refer
to the location of a group within a substituent. A
group is terminal when the group is present at the end
of the substituent not further bonded to the rest of
the chemical structure. Carboxyalkyl, i.e., Rx
O(O)C-alkyl is an example of a carboxy group used
terminally. A group is internal when the group is
present in the middle of a substituent to at the end
of the substituent bound to the rest of the chemical
structure. Alkylcarboxy (e.g., alkyl-C(O)O- or
alkyl-OC(O)-) and alkylcarboxyaryl (e.g.,
alkyl-C(O)O-aryl- or alkyl-O(CO)-aryl-) are examples
of carboxy groups used internally. [0077] As used
herein, "cyclic group" includes mono-, bi-, and
tri-cyclic ring systems including cycloaliphatic,
heterocycloaliphatic, aryl, or heteroaryl, each of
which has been previously defined. [0078] As used
herein, a "bridged bicyclic ring system" refers to a
bicyclic heterocyclicalipahtic ring system or bicyclic
cycloaliphatic ring system in which the rings are
bridged. Examples of bridged bicyclic ring systems
include, but are not limited to, adamantanyl,
norbornanyl, bicyclo[3.2.1]octyl, bicyclo[2.2.2]octyl,
bicyclo[3.3.1]nonyl, 



bicyclo[3.2.3]nonyl, 2-oxabicyclo[2.2.2]octyl,
l-azabicyclo[2.2.2]octyl, 3- azabicyclo[3.2.1]octyl,
and 2,6-dioxa-tricyclo[3.3.1.03,7]nonyl. A bridged
bicyclic ringsys r b O tio a l ibstituted with one or
more substituents such as alkyl (including
carboxyalkyl, hydroxyalkyl, and haloalkyl such as
trifluoromethyl), alkenyl, alkynyl, cycloalkyl,
(cycloalkyl)alkyl, heterocycloalkyl,
(heterocycloalkyl)alkyl, aryl, heteroaryl, alkoxy,
cycloalkyloxy, heterocycloalkyloxy, aryloxy,
heteroaryloxy, aralkyloxy, heteroaralkyloxy, aroyl,
heteroaroyl, nitro, carboxy, alkoxycarbonyl,
alkylcarbonyloxy, aminocarbonyl, alkylcarbonylamino,
cycloalkylcarbonylamino,
(cycloalkylalkyl)carbonylamino, arylcarbonylamino,
aralkylcarbonylamino, (heterocycloalkyl)carbonylamino
5 (heterocycloalkylalkyl)carbonylamino,
heteroarylcarbonylamino, heteroaralkylcarbonylamino,
cyano, halo, hydroxy, acyl, mercapto, alkylsulfanyl,
sulfoxy, urea, thiourea, sulfamoyl, sulfamide, oxo, or
carbamoyl. [0079] As used herein, an "aliphatic chain"
refers to a branched or straight aliphatic group
(e.g., alkyl groups, alkenyl groups, or alkynyl
groups). A straight aliphatic chain has the structure
-[CH2]v-, where v is 1-6. A branched aliphatic chain
is a straight aliphatic chain that is substituted with
one or more aliphatic groups. A branched aliphatic
chain has the structure -[CHQ]V- where Q is hydrogen
or an aliphatic group; however, Q shall be an
aliphatic group in at least one instance. The term
aliphatic chain includes alkyl chains, alkenyl chains,
and alkynyl chains, where alkyl, alkenyl, and alkynyl
are defined above. [0080] The term "tricyclic fused
ring system" refers to a cycloaliphatic,
heterocycloaliphatic, aryl or heteroaryl system
containing three rings, each ring sharing at least two
common atoms with at least one other ring.
Non-limiting examples of a tricyclic fused ring system
include anthracene, xanthene, lH-phenalene,
tetradecahydrophenanthrene, acridine and
phenothiazine. [0081] The phrase "optionally
substituted" is used interchangeably with the phrase
"substituted or unsubstituted." As described herein,
compounds of the invention can optionally be
substituted with one or more substituents, such as are
illustrated generally above, or as exemplified by
particular classes, subclasses, and species of the
invention. As described herein, the variables in
fonnula I, e.g., R1, R2, and R3, and other variables
contained therein encompass specific groups, such as
alkyl and aryl. Unless otherwise noted, each of the
specific groups for the variables R1, R , and R3, and
other variables contained therein can be optionally
substituted with one or more substituents described
herein. Each substituent of a specific group is
further optionally substituted with one to three of
halo, cyano, oxo, alkoxy, hydroxy, amino, nitro, aryl,
haloalkyl, and alkyl. For instance, an alkyl group can
be substituted with alkylsulfanyl and the
alkylsulfanyl can be optionally substituted with one
toe 6f"hMdf c ahO ' '6'5 klKoxy, hydroxy, amino,
nitro, aryl, haloalkyl, and alkyl. As an additional
example, the cycloalkyl portion of a
(cycloalkyl)carbonylamino can be optionally
substituted with one to three of halo, cyano, alkoxy,
hydroxy, nitro, haloalkyl, and alkyl. When two alkoxy
groups are bound to the same atom or adjacent atoms,
the two alkoxy groups can form a ring together with
the atom(s) to which they are bound. [0082] In
general, the term "substituted," whether preceded by
the term "optionally" or not, refers to the
replacement of hydrogen radicals in a given structure
with the radical of a specified substituent. Specific
substituents are described above in the definitions
and below in the description of compounds and examples
thereof. Unless otherwise indicated, an optionally
substituted group can have a substituent at each
substitutable position of the group, and when more
than one position in any given structure can be
substituted with more than one substituent selected
from a specified group, the substituent can be either
the same or different at every position. A ring
substituent, such as a heterocycloalkyl, can be bound
to another ring, such as a cycloalkyl, to form a
spiro-bicyclic ring system, e.g., both rings share one
common atom. As one of ordinary skill in the art will
recognize, combinations of substituents envisioned by
this invention are those combinations that result in
the formation of stable or chemically feasible
compounds. [0083] The phrase "stable or chemically
feasible," as used herein, refers to compounds that
are not substantially altered when subjected to
conditions to allow for their production, detection,
and preferably their recovery, purification, and use
for one or more of the purposes disclosed herein. In
some embodiments, a stable compound or chemically
feasible compound is one that is not substantially
altered when kept at a temperature of 40 C or less, in
the absence of moisture or other chemically reactive
conditions, for at least a week. [0084] As used
herein, an effective amount is defined as the amount
required to confer a therapeutic effect on the treated
patient, and is typically determined based on age,
surface area, weight, and condition of the patient.
The interrelationship of dosages for animals and
humans (based on milligrams per meter squared of body
surface) is described by Freireich et al., Cancer
Chemother. Rep., 50: 219 (1966). Body surface area may
be approximately determined from height and weight of
the patient. See, e.g., Scientific Tables, Geigy
Pharmaceuticals, Ardsley, New York, 537 (1970). As
used herein, "patient" refers to a mammal, including a
human. [0085] Unless otherwise stated, structures
depicted herein are also meant to include all isomeric
(e.g., enantiomeric, diastereomeric, and geometric (or
conformational)) forms of the structure; for example,
the R and S configurations for each asymmetric center,
(Z) and (E)r duB -b di'cW'sbriim;' a ) and (E)
conformational isomers. Therefore, single
stereochemical isomers as well as enantiomeric,
diastereomeric, and geometric (or conformational)
mixtures of the present compounds are within the scope
of the invention. Unless otherwise stated, all
tautomeric forms of the compounds of the invention are
within the scope of the invention. Additionally,
unless otherwise stated, structures depicted herein
are also meant to include compounds that differ only
in the presence of one or more isotopically enriched
atoms. For example, compounds having the present
structures except for the replacement of hydrogen by
deuterium or tritium, or the replacement of a carbon
by a 



13C- or 14C-enriched carbon are within the scope of
this invention. Such compounds are useful, for
example, as analytical tools or probes in biological
assays. [0086] A compound of formula (I) that is
acidic in nature (e.g., having a carboxyl or phenolic
hydroxyl group) can form a pharmaceutically acceptable
salt such as a sodium, potassium, calcium, or gold
salt. Also within the scope of the invention are salts
formed with pharmaceutically acceptable amines such as
ammonia, alkyl amines, hydroxyalkylamines, and
N-methylglycamine. A compound of formula I can be
treated with an acid to form acid addition salts.
Examples of such acids include hydrochloric acid,
hydrobromic acid, hydroiodic acid, sulfuric acid,
methanesulfonic acid, phosphoric acid,
p-bromophenylsulfonic acid, carbonic acid, succinic
acid, citric acid, benzoic acid, oxalic acid, malonic
acid, salicylic acid, malic acid, fumaric acid,
ascorbic acid, maleic acid, acetic acid, and other
mineral and organic acids well known to those skilled
in the art. The acid addition salts can be prepared by
treating a compound of formula I in its free base form
with a sufficient amount of an acid (e.g.,
hydrochloric acid) to produce an acid addition salt
(e.g., a hydrochloride salt). The acid addition salt
can be converted back to its free base form by
treating the salt with a suitable dilute aqueous basic
solution (e.g., sodium hydroxide, sodium bicarbonate,
potassium carbonate, or ammonia). Compounds of formula
(I) can also be, for example, in a form of achiral
compounds, racemic mixtures, optically active
compounds, pure diastereomers, or a mixture of
diastereomers. [0087] The terms "50% or less R isomer"
is used interchangeably with "50% or greater isomer".
[0088] The following abbreviations have the following
meanings. If an abbreviation is not defined, it has
its generally accepted meaning. BEMP =
2-tert-butylimino-2- diethylamino-
l,3-dimethylperhydro-l,3,2- diazaphosphorine Boc =
t-butoxycarbonyl BOP = benzotriazol-1-yloxy-tris
(dimethylamino)phosphonium hexafluorophosphatebd' - !
Bfdaamd " 'bKt ":;i" ";i""-* ""'" bs = broad singlet d
= doublet dd = doublet of doublets DIC =
diisopropylcarbodiimide DMF = dimethylformamide DMAP =
dimethylaminopyridine DMSO = dimethylsulfoxide EDC
ethyl-l-(3-dimethyaminopropyl)carbodiimide eq. =
equivalents EtOAc = ethyl acetate g = grams HOBT =
1-hydroxybenzotriazole DEPEA = Hunig's base =
diisopropylethylamine L = liter m = multiplet M =
molar max = maximum meq = milliequivalent mg =
milligram mL = milliliter mm = millimeter mmol =
millimole MOC = methoxyoxycarbonyl N = normal ng =
nanogram nm = nanometers OD = optical density PEPC =
l-(3-(l-pyrrolidinyl)propyl)-3-ethylcarbodiimide
PP-HOBT = piperidine-piperidine-1-hydroxybenzotrizole
psi pounds per square inch Ph = phenyl q = quartet
quint. = quintetr """ fpfo fdtat dp'er lmute '*"" s =
singlet t = triplet TFA = trifluoroacetic acid THF =
tetrahydrofuran tic = thin layer chromatography mL =
microliter UV = ultra-violet [0089] II. COMPOUNDS
[0090] Compounds of the present invention provide
desirable therapeutic treatments because they were
observed to have a greater bioavailability when the R
isomer at position C* was greater than 50% of the
mixture (e.g., about 60%, about 70%, about 80%, about
85%, about 90%, about 95%, or about 98%).
Unexpectedly, the R isomer at the C* position is about
2 times more bioavailable than the S isomer at the C*
position. Additionally, the R isomer at C* position
converts in vivo to the S isomer at C* position at a
higher percentage than the S at the C* position. These
properties enhance the therapeutic effectiveness of
compounds of formula I with greater than 50% R isomer
at position C* as inhibitors of serine 



protease activity, such as inhibiting the activity of
hepatitis C virus NS3-NS4A protease. For instance,
some embodiments of the present invention that were
greater than 50% R isomer at C* had measured Ki(app)'s
of less than 3 mM (e.g., about 2 mM, about 1.5 mM , or
about 1.190 mM), IC50 5Sof less than about 0.9 mM
(e.g., about 0.883 mM), and a CC50 of greater than 100
mM. [0091] The high bioavailability and the favorable
isomer conversion properties at position C* deliver
enhanced therapeutic effectiveness in compounds of the
present invention, such as
(lS,3ai?,6aS)-2-[(25)-2-[[(25)-2-cyclohexyl-l-oxo-2-
[(pyrazinylcarbonyl)amino] ethyl]amino]-3,3-dimethyl-
1-oxobutyl] -N-[(1R)-1-[2- (cyclopropylamino)-
1,2-dioxoethyl]butyl] octahydro-cyclopenta[c]pyrrole-
1-carboxamide, as compared to compounds of 50% or
greater S isomer at position C*. [0092] The present
invention provides a compound of formula Ift'"" 1U It
/ U U I or a pharmaceutically acceptable salt or
mixtures thereof, wherein [0093] C represents a
diasteromeric carbon atom; and the R isomer is greater
than 50% of the mixture relative to the S isomer at
the C* position. [0094] R1 is RW-, P3-, or P4-L2-P3-.
[0095] R is an optionally substituted aliphatic, an
optionally substituted cycloaliphatic, an optionally
substituted heterocycloaliphatic, an optionally
substituted aryl, or an optionally substituted
heteroaryl. [0096] W is a bond, -NR4-, -O-, or -S-.
[0097] R4 is H, an optionally substituted aliphatic,
an optionally substituted cycloaliphatic, an
optionally substituted heterocycloaliphatic, an
optionally substituted aryl, or an optionally
substituted heteroaryl. [0099] T is -C(O)-, -OC(O)-,
-NHC(O)-, -C(O)C(O)-, or -SO2-. [00100] Each of R and
R5' is independently H, an optionally substituted
aliphatic, an optionally substituted cycloaliphatic,
an optionally substituted heterocycloaliphatic, an
optionally substituted phenyl, or an optionally
substituted heteroaryl. [00101] R6 is an optionally
substituted aliphatic, an optionally substituted
heteroaryl, an optionally substituted phenyl; or R and
R6, together with the atoms to which they are
attached, may form a 5- to 7-membered optionally
substituted monocyclic heterocycloaliphatic, or a 6-
to 12-membered optionally substituted bicyclic
heterocycloaliphatic, in which each
heterocycloaliphatic ring optionally contains an
additional heteroatom selected from -O-, -S- or
-NR50-. [00102] R 0 is H, an optionally substituted
aliphatic, an optionally substituted heteroaryl, or an
optionally substituted phenyl.\f~ 't;.a> ." 'M" 1W
1ImI' r' II(tm) " H" 'K t7 llf 1 R7 R6 [00103] P 4 -L
2 -P 3 Is R s  R R ' . [00104] Each o f R 7 and R 7 '
i s independently H , an optionally substituted
aliphatic, an optionally substituted cycloaliphatic,
an optionally substituted heterocycloaliphatic, an
optionally substituted phenyl, o r an optionally
substituted heteroaryl; or R 7 and R 7 ', together
with the atom t o which they are attached, may form a
3 - t o 7-membered cycloaliphatic o r
heterocycloaliphatic ring; or R 7 and R , together
with the atoms t o which they are attached, may form a
5 - to 7-membered optionally substituted monocyclic
heterocycloaliphatic, a 5 - t o 7-membered optionally
substituted monocyclic heteroaryl, a 6 - to
12-membered optionally substituted bicyclic
heterocycloaliphatic, o r a 6 - t o 12-membered
optionally substituted bicyclic heteroaryl, in which
each heterocycloaliphatic o r heteroaryl ring
optionally contains an additional heteroatom selected
from -O-, -S- o r -NR 5O- , or when R 5 and R 6 ,
together with the atoms t o which they are attached,
may form a ring; R 7 and the ring system formed b y R
5 and R 6 may form an 8 - t o 14-membered optionally
substituted bicyclic fused ring system, wherein the
bicyclic fused ring system i s optionally further
fused with an optionally substituted phenyl t o form
an optionally substituted 10- t o 16-membered
tricyclic fused ring system. [00105] R i s H o r a
protecting group. [00106] R 2 i s an optionally
substituted aliphatic, an optionally substituted
cycloaliphatic, an optionally substituted
heterocycloaliphatic, an optionally substituted
heteroaryl, o r an optionally substituted phenyl.
[00107] R 3 i s H , an optionally substituted
aliphatic, an optionally substituted cycloaliphatic,
an optionally substituted heterocycloaliphatic, an
optionally substituted aryl, o r an optionally
substituted heteroaryl. [00108] L i s a bond, -CF 2 -
, -C(O)-, o r -SO 2 - . [00109] Each OfJ 1, J 2 T2,and
J 3 i s independently halogen, -OR', -OC(O)N(R') 2 ,
-NO 2 , -CN, - CF 3 , -OCF 3 , -R 1, oxo, thioxo,
-N(R) 2 , -SR', -COR', -SO 2R', -SO 2N(R) 2 , -SO 3R',
-C(O)R', -C(O)C(O)R', -C(O)CH 2C(O)R 1, -C(S)R 1,
-C(O)OR', -OC(O)R', -C(0)N(R') 2 , -0C(0)N(R') 2 ,
-C(S)N(RO 2 , -(CH 2) O-2NHC(O)R', -N(R')N(R')C0R',
-N(R')N(R')C(0)0R', -N(RON(ROCON(RO 2 , -N(ROSO 2R',
-N(R')SO 2N(R') 2 , -N(ROC(0)OR', -N(ROC(O)R 1,
-N(ROC(S)R', -N(ROC(O)N(RO 2 , -N(ROC(S)N(RO 2 ,
-N(COROCOR', -N(OROR', - C(=NH)N(R') 2 , -C(O)N(OR)R',
-C(=N0R')R', -OP(O)(ORO 2 , -P(O)(RO 2 , -P(O)(OR) 2 ,
or - P(O)(H)(OR'), o r one selected from J 2 and J 2 i
s H , wherein two R ' groups together with theIV- t
m'si'ti3iWM'ii'l' th'ey arg1'WMd may form a 3- to
10-membered aromatic or non-aromatic ring system
having up to 3 heteroatoms independently selected from
N O, or S, wherein the ring is optionally fused to a
C6-C10 aryl, a C5-C10 heteroaryl, a C3-C10 cycloalkyl,
or a C3-C10 heterocycloaliphatic, and 



wherein any ring has up to 3 substituents each
independently selected from J2, or one of J2 or J 2 is
hydrogen. [001 10] Each R ' is independently selected
from H, C1-C12 aliphatic, C3-C10 cycloalkyl, or
C3-C1Ocycloalkenyl, C3-C10 cycloalkyl-CrCn aliphatic,
C3-C1 cycloalkenyl-CrC 12 aliphatic, C6-C1O aTyI,
C6-10 3TyI-C1-C12 aliphatic, 3- to 10-membered
heterocycloaliphatic, 6- to 10-membered
heterocycloaliphatic-CrC^ aliphatic, 5- to 10-membered
heteroaryl, or 5- to 10-membered heteroaryl-Ci-C
aliphatic, wherein R' has up to 3 substituents each
independently selected from J2. [001 11] In several
embodiments, J 1 and J2, together with the atoms to
which they are attached, may form a C8 to C12
optionally substituted bicyclic ring. [001 12] In
several embodiments, J1 and J3, together with the
atoms to which they are attached, may form a C to C1
optionally substituted bicyclic ring. [001 13] In
several embodiments, J2 and J '2, together with the
carbon atom to which they are attached, may form an
optionally substituted 5-10 membered cycloaliphatic,
or an optionally substituted 5- to 10-membered
heterocycloaliphatic ring. [001 14] In several
embodiments, J2 and J3, together with the atoms to
which they are attached, may form a C to C12
optionally substituted bicyclic ring. [001 15]
Compounds of the present invention can contain one or
more asymmetric centers. These asymmetric centers can
independently be in either the R otS configuration.
Certain compounds of the invention can also exhibit
geometrical isomerism. The present invention also
includes individual geometrical isomers and
stereoisomers and mixtures thereof, including racemic
mixtures, of compounds according to the invention.
[001 16] In several embodiments, a compound of the
present invention includes the moiety which is one
selected from:is independently -CR1R'-, -S- or -O-.
[001 17] In several embodiments, a compound of formula
I includes a structure wherein J1 and J2, together
with the atoms to which they are attached, form an
optionally substituted mono- or bicyclic ring such
that the moiety is[001 18] In several embodiments, a
compound of formula I includes a structure wherein J1
and J2, together with the atoms to which they are
attached, form an optionally substituted mono- or
bicyclic ring such that the moiety isDEWAXING PROCESS
USING ZEOLITES MTT AND GON BACKGROUND OF THE INVENTION
This application claims the benefit of U.S.
Provisional Application Serial No. 60/706,134 filed
August 4 , 20005. Field of the Invention The present
invention relates to processes for dewaxing
hydrocarbon feedstocks employing a combination of
zeolites MTT and GON as a catalyst. State of the Art
Because of their unique sieving characteristics, as
well as their catalytic properties, crystalline
molecular sieves and zeolites are especially useful in
applications such as hydrocarbon conversion, including
dewaxing of hydrocarbon feedstocks. Zeolites may also
be used for reducing the haze point in feedstocks such
as bright stock. (See, for example, U.S. Patent No.
6,051 ,129, issued April 18, 2000 to Harris et al., in
which zeolite EU-1 in combination with ZSM-48 and/or
SSZ-32 is used to reduce haze in bright stock. This
patent is incorporated by reference herein in its
entirety.) Although many different crystalline
molecular sieves have been disclosed, there is a
continuing need for new zeolites with desirable
properties for hydrocarbon and chemical conversions,
and other applications. SUMMARY OF THE INVENTION In
accordance with the present invention, there is
provided a dewaxing process comprising contacting a
hydrocarbon feedstock under dewaxing conditions with a
catalyst comprising a combination of zeolites having
the MTT and GON framework topologies defined by the
connectivity of theirtetrahedral atoms (referred to
herein simply as MTT and GON). The MTT and GON
zeolites are preferably predominantly in the hydrogen
form. The present invention also includes a process
for improving the viscosity index of a dewaxed product
of waxy hydrocarbon feeds comprising contacting the
waxy hydrocarbon feed under isomerization dewaxing
conditions with a catalyst comprising a combination of
zeolites MTT and GON, preferably predominantly in the
hydrogen form. The present invention further includes
a process for producing a C-20+ lube oil from a C2o+
olefin feed comprising isomerizing said olefin feed
under isomerization conditions over a catalyst
comprising at least one Group VIII metal and a
combination of zeolites MTT and GON. The zeolites may
be predominantly in the hydrogen form. In accordance
with this invention, there is also provided a process
for catalytically dewaxing a hydrocarbon oil feedstock
boiling above about 350F and containing straight chain
and slightly branched chain hydrocarbons comprising
contacting said hydrocarbon oil feedstock in the
presence of added hydrogen gas at a hydrogen pressure
of about 15-3000 psi with a catalyst comprising at
least one Group VIII metal and a combination of
zeolites MTT and GON, preferably predominantly in the
hydrogen form. Further included in this invention is a
process for isomerization dewaxing a raffinate
comprising contacting said raffinate in the presence
of added hydrogen with a catalyst comprising at least
one Group VIII metal and a combination of zeolites MTT
and GON. The raffinate may be bright stock, and the
zeolites may be predominantly in the hydrogen form. 



The present invention also provides a process for
reducing the cloud point of a hydrocarbon feed
comprising contacting a hydrocarbon oil feedstock
which has a major portion boiling over 1000 0F (538
0C) with a catalyst system comprising a combination of
a zeolite having MTT topologyand a zeolite having GON
topology, wherein at least a portion of said feedstock
is converted. DETAILED DESCRIPTION OF THE INVENTION In
hydrodewaxing, one target is to hydroconvert the
longest hydrocarbons in the feed. If these are left
unconverted, they can cause haze in the product. The
haze is quantified by cloud point. The Gibbs free
energy of adsorption for n-alkanes quantifies the
ability of a particular zeolite structure for
selectively absorbing and converting nalkanes. In
order to reduce the cloud point, it is advantageous to
employ zeolites that impose a significantly lower
Gibbs free energy of adsorption on a long as opposed
to short n-alkane. Gibbs free energies of adsorption
can be determined with consistency and accuracy.
Examples of these determinations are presented in
"Journal of Physical Chemistry B" (2004), 108(33),
12301-12313. These determinations indicate that the
difference between absorbing and converting a long
n-alkane and a short n-alkane is only minimally
different for MTT-type zeolites. The GON-type zeolites
exhibit the maximum difference in Gibbs free energy of
adsorption between long and short n-alkanes. It is
surprising the Gibbs free energies of adsorption of
these zeolites demonstrate such a markedly different
response to the variation in n-alkane chain length. By
employing GON-type zeolites in addition to MTT-type
zeolites, the conversion of heavy wax (long n-alkanes)
can be significantly increased, thereby lowering the
cloud point of the product. Zeolites having the MTT
framework topology are known. For example, the zeolite
designated "SSZ-32" and methods for making it are
disclosed in U.S. Patent No. 5,053,373, issued October
1, 1991 to Zones. This patent discloses the
preparation of zeolite SSZ-32 using an N-lower
alkyl-N'- isopropylimidazolium cation as an organic
structure directing agent (SDA),sometimes called a
templating agent. U.S. Patent No. 4,076,842, issued
February 28, 1978 to Plank et al., discloses the
preparation of the zeolite designated "ZSM-23", a
zeolite with a structure similar to SSZ-32, using a
cation derived from pyrrolidine as the SDA. Zeolites
SSZ-32 and ZSM-23 are commonly referred to as having
the MTT framework topology. Both of the aforementioned
patents are incorporated herein by reference in their
entirety. In addition, R. Szostak, Handbook of
Molecular Sieves, 1992 lists zeolites designated ISI-4
and KZ-1 as having the MTT topology. The zeolite
designated EU-13 is described in C. Baerlocher et al.,
Atlas of Zeolite Framework Types, 5th Revised Edition,
2001 , International Zeolite Association as having the
MTT topology. Dewaxing processes using MTT zeolites
are known. For example, U. S. Patent No. 4,222,855,
issued September 16, 1980 to Pelrine et al., discloses
a dewaxing process using ZSM-23 or ZSM-35. Likewise,
U. S. Patent No. 5,376,260, issued December 27, 1994
to Santilli et al., discloses a dewaxing process using
a catalyst containing SSZ-32. U. S. Patent No.
6,663,768, issued December 16, 2003 to Miller, also
discloses a dewaxing process which uses ZSM-23 or
SSZ-32 in the catalyst. U. S. Patent No. 4,601 ,993,
issued July 22, 1986 to Chu et al., discloses a
dewaxing process using a combination of ZSM-23 and
zeolite Beta. Zeolites having the GON topology are
also known. For example, the zeolite designated
"GUS-1" and a method of making it is disclosed in
Plevert et al., "GUS-1 : a mordenite-like molecular
sieve with the 12-ring channel of ZSM-12", Chem.
Commun., 2000, pp. 2363-2364 which in incorporated
herein by reference in its entirety. GON-type zeolites
are 12 ring/8 ring zeolites with uni-dimensional
channels. The MTT and GON zeolites are used in the
present invention in combination. As used herein, the
term "combination" includes mixtures of the zeolites,
layers of the zeolites, or any other configuration in
which the feed comes in contact with both zeolites.
For example, the combination may be agraduated mixture
in which the feed initially contacts a portion of the
mixture which comprises essentially all one of the
zeolites. The concentration of the second zeolite can
be gradually increased, and the concentration of the
first zeolite gradually decreased, in successive
portions of the mixture until the mixture becomes
essentially all second zeolite. Depending on the feed,
reaction conditions, and desired product, the
combination may be such that the feed initially
contacts the MTT zeolite first or the GON zeolite
first. The combination of MTT and GON zeolites may
also be used in layers. The use of catalyst layers is
disclosed in U. S. Patent No. 5,149,421 , issued
September 22, 1992 to Miller, which is incorporated by
reference herein its entirety. The order of the layers
may be MTT in a first layer and GON in a subsequent
layer, or vice versa. Depending upon the nature of the
feed and the desired products, the MTT and GON
zeolites can be employed over a wide range of
concentrations. The catalyst combination may comprise
1-99 weight percent MTT zeolite and 99-1 weight
percent GON zeolite. Preferably, the crystal size of
the zeolites is 



less than 0.1 micron, i.e., the longest dimension of
the crystal is less than 0.1 micron. The crystalline
MTT and GON can be used as-synthesized, but preferably
will be thermally treated (calcined). Usually, it is
desirable to remove the alkali metal cation by ion
exchange and replace it with hydrogen, ammonium, or
any desired metal ion. The zeolite can be leached with
chelating agents, e.g., EDTA or dilute acid solutions,
to increase the silica to alumina mole ratio. The
zeolite can also be steamed; steaming helps stabilize
the crystalline lattice to attack from acids. The
zeolite can be used in intimate combination with
hydrogenating components, such as tungsten, vanadium,
molybdenum, rhenium, nickel, cobalt, chromium,
manganese or a noble metal, such as palladium or
platinum.Metals may also be introduced into the
zeolite by replacing some of the cations in the
zeolite with metal cations via standard ion exchange
techniques (see, for example, U.S. Patent Nos.
3,140,249 issued July 7 , 1964 to Plank et al.;
3,140,251 issued July 7, 1964 to Plank et al.; and
3,140,253 issued July 7 , 1964 to Plank et al.).
Typical replacing cations can include metal cations,
e.g., rare earth, Group IA, Group MA and Group VIII
metals, as well as their mixtures. Of the replacing
metallic cations, cations of metals such as rare
earth, Mn, Ca, Mg, Zn, Cd, Pt, Pd, Ni, Co, Ti, Al, Sn
and Fe are particularly preferred. The hydrogen,
ammonium and metal components can be ionexchanged into
the zeolites. The zeolites can also be impregnated
with the metals, or the metals can be physically and
intimately admixed with the zeolites using standard
methods known to the art. Typical ion-exchange
techniques involve contacting the zeolites with a
solution containing a salt of the desired replacing
cation or cations. Although a wide variety of salts
can be employed, chlorides and other halides,
acetates, nitrates and sulfates are particularly
preferred. The zeolites are usually calcined prior to
the ion-exchange procedure to remove the organic
matter in the channels and on the surface, since this
results in a more effective ion exchange.
Representative ion exchange techniques are disclosed
in a wide variety of patents including U.S. Patent
Nos. 3,140,249 issued July 7 , 1964 to Plank et al.;
3,140,251 issued July 7 , 1964 to Plank et al. and
3,140,253 issued on July 7, 1964 to Plank et al.
Following contact with the salt solution of the
desired replacing cation, the zeolites are typically
washed with water and dried at temperatures ranging
from 650C to about 200 0C. After washing, the zeolites
can be calcined in air or inert gas at temperatures
ranging from about 2000C to about 800C for periods of
time ranging from 1 to 48 hours, or more, to produce a
catalytically active product especially useful in
hydrocarbon conversion processes.The zeolites can be
formed into a wide variety of physical shapes.
Generally speaking, the zeolite can be in the form of
a powder, a granule or a molded product, such as
extrudate having a particle size sufficient to pass
through a 2-mesh (Tyler) screen and be retained on a
400-mesh (Tyler) screen. In cases where the catalyst
is molded, such as by extrusion with an organic
binder, the zeolite can be extruded before drying, or
dried or partially dried and then extruded. The
zeolites can be composited with other materials
resistant to the temperatures and other conditions
employed in organic conversion processes. Such matrix
materials include active and inactive materials and
synthetic or naturally occurring zeolites as well as
inorganic materials such as clays, silica and metal
oxides. Examples of such materials and the manner in
which they can be used are disclosed in U.S. Patent
No. 4,910,006, issued May 20, 1990 to Zones et al. and
U.S. Patent No. 5,316,753, issued May 31, 1994 to
Nakagawa, both of which are incorporated by reference
herein in their entirety. The MTT and GON zeolites are
used in dewaxing hydrocarbonaceous feedstocks.
Hydrocarbonaceous feedstocks contain carbon compounds
and can be from many different sources, such as virgin
petroleum fractions, recycle petroleum fractions,
shale oil, liquefied coal, tar sand oil, synthetic
paraffins from NAO, recycled plastic feedstocks,
bright stock, Fischer-Tropsch waxes (i.e., synthetic
waxes derived from a Fischer Tropsch process,
preferably an oxygenate-containing Fischer Tropsch
process, boiling below about 7000F (371 0C)) and, in
general, can be any carbon containing feedstock
susceptible to zeolitic catalytic dewaxing reactions.
Depending on the type of processing the
hydrocarbonaceous feed is to undergo, the feed can
contain metal or be free of metals. It can also have
high or low nitrogen or sulfur impurities. It can be
appreciated, however, that in general processing will
be more efficient (and the catalyst more active) the
lower the metal, nitrogen, and sulfur content of the
feedstock. Preferably, after treating the feedstock
inaccordance with the present invention, the cloud
point of the feedstock (depending on its original
composition) is reduced to not more than 100C. The
dewaxing of hydrocarbonaceous feeds can take place in
any convenient mode, for example, in fluidized bed,
moving bed, or fixed bed reactors depending on the
types of process desired. The formulation of the
catalyst particles will vary depending on the
conversion process and method 



of operation. Typical dewaxing reaction conditions
which may be employed when using catalysts comprising
a combination of zeolites MTT and GON in the dewaxing
reactions of this invention include a temperature of
about 200- 4750C, preferably about 250-4500C, a
pressure of about 15-3000 psig, preferably about
200-3000 psig, and a LHSV of about 0.1-20, preferably
0.2-10. The MTT and GON combination, preferably
predominantly in the hydrogen form, can be used to
dewax hydrocarbonaceous feeds by selectively removing
straight chain paraffins. Typically, the viscosity
index of the dewaxed product is improved (compared to
the waxy feed) when the waxy feed is contacted with a
combination of zeolites MTT and GON under
isomerization dewaxing conditions. The catalytic
dewaxing conditions are dependent in large measure on
the feed used and upon the desired pour point.
Hydrogen is preferably present in the reaction zone
during the catalytic dewaxing process. The hydrogen to
feed ratio is typically between about 500 and about
30,000 SCF/bbl (standard cubic feet per barrel),
preferably about 1000 to about 20,000 SCF/bbl.
Generally, hydrogen will be separated from the product
and recycled to the reaction zone. Typical feedstocks
include light gas oil, heavy gas oils and reduced
crudes boiling above about 350F (177C).A typical
dewaxing process is the catalytic dewaxing of a
hydrocarbon oil feedstock boiling above about 35O0F
(1770C) and containing straight chain and slightly
branched chain hydrocarbons by contacting the
hydrocarbon oil feedstock in the presence of added
hydrogen gas at a hydrogen pressure of about 15-3000
psi with a catalyst comprising a combination of
zeolites MTT and GON and at least one Group VIII
metal. The hydrodewaxing catalyst may optionally
contain a hydrogenation component of the type commonly
employed in dewaxing catalysts. See the aforementioned
U.S. Patent No. 4,910,006 and U.S. Patent No.
5,316,753 for examples of these hydrogenation
components. The hydrogenation component is present in
an effective amount to provide an effective
hydrodewaxing and hydroisomerization catalyst
preferably in the range of from about 0.05 to 5% by
weight. The catalyst may be run in such a mode to
increase isodewaxing at the expense of cracking
reactions. The feed may be hydrocracked, followed by
dewaxing. This type of two stage process and typical
hydrocracking conditions are described in U.S. Patent
No. 4,921 ,594, issued May 1, 1990 to Miller, which is
incorporated herein by reference in its entirety. The
combination of MTT and GON may also be used to dewax
raffinates, including bright stock, under conditions
such as those disclosed in U. S. Patent No. 4,181
,598, issued January 1, 1980 to Gillespie et al.,
which is incorporated by reference herein in its
entirety. It is often desirable to use mild
hydrogenation (sometimes referred to as
hydrofinishing) to produce more stable dewaxed
products. The hydrofinishing step can be performed
either before or after the dewaxing step, and
preferably after. Hydrofinishing is typically
conducted at temperatures ranging from about 19O0C to
about 3400C at pressures from about 400 psig toabout
3000 psig at space velocities (LHSV) between about 0.1
and 20 and a hydrogen recycle rate of about 400 to
1500 SCF/bbl. The hydrogenation catalyst employed must
be active enough not only to hydrogenate the olefins,
diolefins and color bodies which may be present, but
also to reduce the aromatic content. Suitable
hydrogenation catalyst are disclosed in U. S. Patent
No. 4,921,594, issued May 1, 1990 to Miller, which is
incorporated by reference herein in its entirely. The
hydrofinishing step is beneficial in preparing an
acceptably stable product (e.g., a lubricating oil)
since dewaxed products prepared from hydrocracked
stocks tend to be unstable to air and light and tend
to form sludges spontaneously and quickly. Lube oil
may be prepared using a combination of zeolites MTT
and GON. For example, a C2o+ lube oil may be made by
isomerizing a C2o+ olefin feed over a catalyst
comprising a combination of zeolites MTT and GON,
preferably predominantly in the hydrogen form, and at
least one Group VIII metal. Alternatively, the
lubricating oil may be made by hydrocracking in a
hydrocracking zone a hydrocarbonaceous feedstock to
obtain an effluent comprising a hydrocracked oil, and
catalytically dewaxing the effluent at a temperature
of at least about 400F (2040C) and at a pressure of
from about 15 psig to about 3000 psig in the presence
of added hydrogen gas with a catalyst comprising a
combination of zeolites MTT and GON, preferably
predominantly in the hydrogen form, and at least one
Group VIII metal.WHAT IS CLAIMED IS: 1. A dewaxing
process comprising contacting a hydrocarbon feedstock
under dewaxing conditions with a catalyst comprising a
combination of zeolites having the MTT and GON
framework topologies defined by the connectivity of
their tetrahedral atoms. 2. The process of Claim 1
wherein the zeolites are predominantly in the hydrogen
form. 3. The process of Claim 1 wherein the catalyst
further comprises at least 



one Group VIII metal. 4. The process of Claim 1
wherein the feedstock is bright stock. 5. The process
of Claim 1 wherein the feedstock is derived from a
Fischer Tropsch process. 6. The process of Claim 1
wherein the MTT and GON zeolites have a crystal size
less than 0.1 micron. 7. A process for improving the
viscosity index of a dewaxed product of waxy
hydrocarbon feeds comprising contacting a waxy
hydrocarbon feed under isomerization dewaxing
conditions with a catalyst comprising a combination of
zeolites having the MTT and GON framework topologies
defined by the connectivity of their tetrahedral
atoms. 8. The process of Claim 7 wherein the zeolites
are predominantly in the hydrogen form. 9. The process
of Claim 7 wherein the catalyst further comprises at
least one Group VIII metal.10 . A process for
producing a C20+ lube oil from a C2o+ olefin feed
comprising isomerizing said olefin feed under
isomerization conditions over a catalyst comprising a
combination of zeolites having the MTT and GON
framework topologies defined by the connectivity of
their tetrahedral atoms. 11. The process of Claim 10
wherein the zeolites are predominantly in the hydrogen
form. 12. The process of Claim 10 wherein the catalyst
further comprises at least one Group VIII metal. 13. A
process for catalytically dewaxing a hydrocarbon oil
feedstock boiling above about 3500F (177 0C) and
containing straight chain and slightly branched chain
hydrocarbons comprising contacting said hydrocarbon
oil feedstock in the presence of added hydrogen gas at
a hydrogen pressure of about 15-3000 psi under
dewaxing conditions with a catalyst comprising a
combination of zeolites having the MTT and GON
framework topologies defined by the connectivity of
their tetrahedral atoms. 14. The process of Claim 13
wherein the zeolites are predominantly in the hydrogen
form. 15 . The process of Claim 13 wherein the
catalyst further comprises at least one Group VIII
metal. 16. A process for isomerization dewaxing a
raffinate comprising contacting said raffinate in the
presence of added hydrogen under isomerization
dewaxing conditions with a catalyst comprising a
combination of zeolites having the MTT and GON
framework topologies defined by the connectivity of
their tetrahedral atoms.17. The process of Claim 16
wherein the zeolites are predominantly in the hydrogen
form. 18. The process of Claim 16 wherein the catalyst
further comprises at least one Group VIII metal. 19.
The process of Claim 16 wherein the raffinate is
bright stock. 20. A process for reducing the cloud
point of a hydrocarbon feed comprising contacting a
hydrocarbon oil feedstock which has a major portion
boiling over 10000F (538C) with a catalyst system
comprising a combination of a zeolite having MTT
topology and a zeolite having GON topology, wherein at
least a portion of said feedstock is converted. 2 1.
The process of Claim 20 wherein the catalyst system
further comprises a hydrogenation component. 22. The
process of Claim 20 wherein the cloud point of the
feedstock is reduced to not more than 1O0C. 23. The
process of Claim 2 1 wherein the hydrogenation
component comprises a Group VIII metal. 24. The
process of claim 23 wherein the Group VIII metal is
selected from platinum, palladium and mixtures
thereof. 25. The process of Claim 20 wherein the
process is a dewaxing process and wherein the
contacting is conducted under dewaxing conditions. 26.
The process of Claim 20 wherein the hydrocarbon oil is
bright stock.27. The process of Claim 20 wherein the
hydrocarbon oil is derived from a Fischer-Tropsch wax.
28. The process of Claim 20 wherein the process is
conducted in the presence of added hydrogen gas. 29.
The process of Claim 20 wherein the MTT and GON
zeolites are aluminosilicates. 30. The process of
Claim 20 wherein the MTT and GON zeolites have a
crystal size less than about 0.1 micron. 


