
INHIBITORS OF SERINE PROTEASES CROSS-REFERENCE [0001]
This application claims priority to U.S. provisional
application serial number 60/71 1,530 filed August 26,
2005, the entire contents of which are incorporated
herein by reference. FIELD OF THE INVENTION [0002] The
present invention relates to compounds that inhibit
serine protease activity, particularly the activity of
hepatitis C virus NS3-NS4A protease. As such, they act
by interfering with the life cycle of the hepatitis C
virus and are also useful as antiviral agents. The
invention further relates to 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. BACKGROUND OF THE INVENTION [0003]
Infection by hepatitis C virus ("HCV") is a compelling
human medical problem. HCV is recognized as the
causative agent for most cases of non-A, non-B
hepatitis, with an estimated human sero-prevalence of
3% globally [A. Alberti et al., "Natural History of
Hepatitis C," J . Hepatology, 31., (Suppl. 1), pp.
17-24 (1999)]. 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)]. [0004] 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. 2 11-220 (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.[0005] The HCV genome encodes a
polyprotein of 3010 -3033 aminoaci[dQs .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 o f 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 N S proteins are derived b y
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 i s a
serine protease required for processing of hepatitis C
virus polyprotein", J . Virol., 67, pp. 4017-4026
(1993)]. [0006] The HCV N S protein 3 (NS3) contains a
serine protease activity that helps process the
majority of the viral enzymes, and i s thus considered
essential for viral replication and infectivity. It is
known that mutations in the yellow fever virus NS3
protease decrease viral infectivity [Chambers, T.J.
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)]. [0007] The HCV NS3
serine protease and its associated cofactor, NS4A,
helps process all of the viral enzymes, and i s thus
considered essential for viral replication. This
processing appears to b e analogous to that carried
out by the human immunodeficiency virus aspartyl
proteasej 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. [0008] There
are not currently any satisfactory anti-HCV agents or
treatments. Untilrecently, the on yestablished therapy
for HCV disease was interferon treatment. However,
interferons have significant side effects [M. A.
Walker et al., "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 pegylated
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.
[0009] 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.
SUMMARY OF THE INVENTION [0010] This invention relates
to compounds of formula I or a pharmaceutically
acceptable salt thereof wherein, Each A is -(CXiX
2)a-; Each B is -(CXiX 2)b-; Each X1 is independently
hydrogen, halo, amino, sulfanyl, optionally
substituted (Ci- 4)-aliphatic, optionally substituted
aryl, or -0-X 1A;Each X2i s independently
hydrogenh,alo, amino, sulfanyl, optionally substituted
(C1- 4)-aliphatic, optionally substituted aryl, or
-0-X 1B ; X 1A and X 1B are each independently an
optionally substituted aliphatic, an optionally 



substituted cycloaliphatic, an optionally substituted
heterocycloaliphatic, an optionally substituted aryl,
or an optionally substituted heteroaryl; Or, X 1 and
X2 together form an oxo group; Each R 1 is -ZAR4,
wherein each ZA is independently a bond or an
optionally substituted branched or straight C 1-12
aliphatic chain wherein up to three carbon units of ZA
are optionally and independently replaced b y -C(O)-,
-C(S)-, -C(0)NR A- , -C(0)NR AN RA-, -C(O)O-, -NR
AC(0)0-, -O-, -NR AC(0)NR A-, -NR ANR A-, -S-, -SO-,
-SO 2-, -NR A- , -SO 2N RA-, or -NR AS0 2NR A-
provided that -NR ANR A-, -NR AC(0)NR A-, or -NR A S0
2N R A- i s not directly bound to the nitrogen ring
atom of formula I ; Each R4 i s independently RA,
halo, -OH, -CN, -NO 2 , -NH 2 , or -OCF 3; Each R A i
s independently hydrogen, an optionally substituted
aliphatic, an optionally substituted cycloaliphatic,
an optionally substituted heterocycloaliphatic, an
optionally substituted aryl, or an optionally
substituted heteroaryl; Each R2 is -Z R , wherein each
ZB i s independently a bond or an optionally
substituted branched or straight C 1-12 aliphatic
chain wherein up to three carbon units of ZB are
optionally and independently replaced b y -C(O)-,
-C(S)-, -C(0)NR B-, -C(0)NR BN RB-, -C(O)O-, -NR
BC(0)0-, -NR BC(0)NR B-, -NR BN RB-, -S-, -SO-, -SO
2-, -NR B-, -SO 2N R -, or -NR B S0 2N RB-, provided
that SO, SO2 , or -S0 2N RB- is not directly bound to
the carbonyl of formula I ; Each R 5 is independently
R B, halo, -OH, -CN, -NO 2, -NH 2 , or -OCF 3; Each R
B is independently hydrogen, an optionally substituted
aliphatic, an optionally substituted cycloaliphatic,
an optionally substituted aryl, or an optionally
substituted heteroaryl; Or R 1 and R2 , together with
the atoms to which they are attached, form an
optionally substituted heterocycloaliphatic ring; Each
R 3 is an optionally substituted aliphatic, amino,
sulfonyl, sulfanyl, sulfmyl, sulfonamide, sulfamide,
sulfo, -0-R 3A , an optionally substituted
cycloaliphatic, an optionally substituted
heterocycloaliphatic, an optionally substituted aryl,
or an optionally substituted heteroaryl;Each R 3 A i
sindep e nde t l y an optionally substituted
aliphatic, an optionally substituted cycloaliphatic,
an optionally substituted heterocycloaliphatic, an
optionally substituted aryl, or an optionally
substituted heteroaryl; Each Y and Y' is independently
-ZDR7, wherein each ZD is independently a bond or an
optionally substituted straight or branched C1-6
aliphatic chain wherein up to two carbon units of ZD
are optionally and independently replaced by -C(O)-,
-C(S)-, -C(0)NR D-, -C(O)NR DNRD-, -C(O)O-,
-NRDC(O)O-, -O-, -NRDC(O)NR D-, -NRDNRD-, -S-, -SO-,
-SO2-, -NR0 -, -SO2NRD-, -NRDSO2- or -NRDSO2NRD-, or Y
and Y' together form =O or =S; Each R7 is
independently R, halo, -OH, -CN, -NO 2, -NH2, or -OCF
3; Each R is independently hydrogen, or optionally
substituted aryl; and Each of a and b is independently
0, 1, 2, or 3; provided that the sum of a and b is 2
or 3. [0011] In some aspects, the invention features a
pharmaceutical composition comprising a compound of
formula I or a pharmaceutically acceptable salt
thereof in an amount effective to inhibit a serine
protease; and an acceptable carrier, adjuvant or
vehicle. The composition may include an additional
agent selected from an immunomodulatory agent; an
antiviral agent; a second inhibitor of HCV protease;
an inhibitor of another target in the HCV life cycle;
and a cytochrome P-450 inhibitor; or combinations
thereof. The immunomodulatory agent is a-, b-, or
g-interferon or thymosin; said antiviral agent is
ribavirin, amantadine, or telbivudine; or said
inhibitor of another target in the HCV life cycle is
an inhibitor of HCV helicase, polymerase, or
metalloprotease. Cytochrome P-450 inhibitor may be
ritonavir. [0012] In other aspects, a method of
inhibiting the activity of a serine protease
comprising the step of contacting said serine protease
with a compound of formula I . The serine protease may
be an HCV NS3 protease. The methods also inluce
treating an HCV infection in a patient by
administering a compound of formula I. The method may
also include administering to said patient an
additional agent selected from an immunomodulatory
agent; an antiviral agent; a second inhibitor of HCV
protease; an inhibitor of another target in the HCV
life cycle; or combinations thereof; wherein said
additional agent is administered to said patient in
the same dosage form as the serine protease inhibitor
or as a separate dosage form. The immunomodulatory
agent is a- , b- , or g-interferon or thymosin; said
antiviral agent is ribavarin or amantadine; or said
inhibitor of another target in the HCV life cycle is
an inhibitor of HCV helicase, polymerase, or
metalloprotease. [0013] In still other aspects, a
method of eliminating or reducing HCV contamination of
a biological sample or medical or laboratory
equipment, includes the step of contacting
saidbiological sample o medical or laboratory
equipment with a compound of formula I . The sample or
equipment may be selected from blood, other body
fluids, biological tissue, a surgical instrument, a
surgical garment, a laboratory instrument, a
laboratory garment, a blood or other body fluid
collection apparatus; a blood or other body fluid
storage material. [0014] The compounds of the
invention, as described herein, also exhibit
advantageous PK properties and/or increased potency.
[0015] The invention also relates to compositions that
comprise the above compounds and the use thereof;
methods of preparing compounds of formula I , and
methods of assaying compounds for serine protease
activity. Such compositions may 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. DEFINITIONS [0016] 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. [0017]
As described herein, compounds of the invention may
optionally b e substituted with one or more
substituents, such as are illustrated generally above,
or as exemplified by particular classes, subclasses,
and species of the invention. [0018] As used herein
the term "aliphatic" encompasses the terms alkyl,
alkenyl, alkynyl, each of which being optionally
substituted as set forth below. [0019] 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, phospho,
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,(heteroc cl oal kyl a
lkyl ) car bonyl mi no, heteroarylcarbonylamino,
heteroaralkylcarbonylamino alkylaminocarbonyl,
cycloalkylaminocarbonyl,
heterocycloalkylaminocarbonyl, arylaminocarbonyl, or
heteroarylaminocarbonyl], amino [e.g., aliphaticamino,
cycloaliphaticamino, or heterocycloaliphaticamino],
sulfonyl [e.g., aliphatic-SO 2-], sulfmyl, 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-SO
2-amino)alkyl), aminoalkyl, amidoalkyl,
(cycloaliphatic)alkyl, or haloalkyl. [0020] 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, phospho, 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, heterocycloaliphaticamino, or
aliphaticsulfonylamino], sulfonyl [e.g., alkyl-SO 2-,
cycloaliphatic-SO2-, or aryl-SO 2-], 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.
[0021] 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 bes t rai ho r 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], sulfnyl [e.g., aliphaticsulf
nyl or cycloaliphaticsulfinyl], 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,
(cycloalkylalky)carbonylamino,
heteroaralkylcarbonylamino, heteroarylcarbonylamino
orheteroarylaminocarbonyl], 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. [0022] 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(RX)- or -N(RX)-C(O> when used
internally, wherein Rx and Rg are defined below.
Examples of amido groups include alkylamido (such as
alkylcarbonylamino or alkylaminocarbonyl),
(heterocycloaliphatic)amido, (heteroaralkyl)amido,
(heteroaryl)amido, (heterocycloalkyl)alkylamido,
arylamido, aralkylamido, (cycloalkyl)alkylamido, or
cycloalkylamido. [0023] 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, sulfnyl, 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. [0024] As used
herein, an "aryl" group used alone or as part of a
larger moiety as ina ralkyl" , "aralkoxy" o r
"aryloxyalkyl" re er s t o monocyclic (e.g., phenyl);
bicyclic (e.g., indenyl, naphthalenyl,
tetrahydronaphthyl, tetrahydroindenyl); and tricyclic
(e.g., fluorenyl tetrahydrofluorenyl, o r
tetrahydroanthracenyl, anthracenyl) ring systems in
which the monocyclic ring system i s aromatic or at
least one o f the rings in a bicyclic o r tricyclic
ring system i s aromatic. The bicyclic and tricyclic
groups include benzofused 2-3 membered carbocyclic
rings. For example, a benzofused group includes phenyl
fused with two o r more C 4-8 carbocyclic moieties. A
n aryl i s optionally substituted with one o r more
substituents including aliphatic [e.g., alkyl,
alkenyl, o r 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 o f 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; o r
(heteroaraliphatic)carbonyl]; sulfonyl [e.g.,
aliphatic-SO 2 - o r amino-S q 2 -]; sulfinyl [e.g.,
aliphatic-S(O)- o r cycloaliphatic-S(O)-]; sulfanyl
[e.g., aliphatic-S-]; cyano; halo; hydroxy; mercapto;
sulfoxy; urea; thiourea; sulfamoyl; sulfamide; or
carbamoyl. Alternatively, an aryl can b e
unsubstituted. [0025] Non-limiting examples o f
substituted aryls include haloaryl [e.g., mono-, d i (
such a s 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. [0026] A s
used herein, an "araliphatic" such a s an "aralkyl"
group refers t o an aliphatic group (e.g., a (C 1-4
)-alkyl group) that i s substituted with an aryl
group. "Aliphatic," "alkyl," and "aryl" are defined
herein. A n example o f an araliphatic such a s an
aralkyl group i sbenzyl. [0027] As used herein, an
"aralkyl" group refers to an alkyl group (e.g., a
(C1-4)-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 trifiuoromethyl], 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,
(heterocycloalkylalky^carbonylamino,
heteroarylcarbonylamino, or
heteroaralkylcarbonylamino], cyano, halo, hydroxy,
acyl, mercapto, alkylsulfanyl, sulfoxy, urea,
thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl.
[0028] 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. [0029] As used herein, a "cycloaliphatic"
group encompasses a "cycloalkyl" group and a
"cycloalkenyl" group, each of which being optionally
substituted as set forth below. 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 phosphor, aliphatic [e.g., alkyl,
alkenyl, or alkynyl], cycloaliphatic, (cycloaliphatic)
aliphatic, heterocycloaliphatic,
(heterocycloaliphatic) aliphatic, aryl, heteroaryl,
alkoxy, (cycloaliphatic)oxy,
(heterocycloalirhatic)oxy, aryloxy, heteroaryloxy,
(araliphatic)oxy,(het er o ar al i pha t i coxy,ar oyl
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-SO2- and aryl-SO2-],
sulfmyl [e.g., alkyl-S(O)-], sulfanyl [e.g.,
alkyl-S-], sulfoxy, urea, thiourea, sulfamoyl,
sulfamide, oxo, or carbamoyl. [0030] As used herein,
"cyclic moiety" includes cycloaliphatic,
heterocycloaliphatic, aryl, or heteroaryl, each of
which has been defined previously. [0031] As used
herein, the term "heterocycloaliphatic" encompasses a
heterocycloalkyl group and a heterocycloalkenyl group,
each of which being optionally substituted as set
forth below. [0032] 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, or combinations thereof).
Examples of a heterocycloalkyl group include
piperidyl, piperazyl, tetrahydropyranyl,
tetrahydrofuryl, 1,4-dioxolanyl, 1,4-dithianyl,
1,3-dioxolanyl, oxazolidyl, isoxazolidyl, morpholinyl,
thiomorpholyl, octahydrobenzofuryl,
octahydrochromenyl, octahydrothiochromenyl,
octahydroindolyl, octahydropyrindinyl,
decahydroquinolinyl, octahydrobenzo[6]thiopheneyl,
2-oxa-bicyclo[2.2.2]octyl, l-aza-bicyclo[2.2.2]octyl,
3-azabicyclo[ 3 .2. l]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. [0033] A heterocycloalkyl or
heterocycloalkenyl group can be optionally substituted
with one or more substituents such as phosphor,
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 . ., ( ali ph ati c)c ar
bonyamino, (cycloaliphatic)carbonylamino,
((cycloaliphatic) aliphatic)carbonylamino,
(aryl)carbonylamino, (araliphatic)carbonylamino,
(heterocycloaliphati^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,
((heterocycloalipb.atic)aliphatic)carbonyl :, or
(heteroaraliphatic)carbonyl], nitro, cyano, halo,
hydroxy, mercapto, sulfonyl [e.g., alkylsulfonyl or
arylsulfonyl], sulfinyl [e.g., alkylsulfinyl],
sulfanyl [e.g., alkylsulfanyl], sulfoxy, urea,
thiourea, sulfamoyl, sulfamide, oxo, or carbamoyl.
[0034] 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, IHindazolyl, furyl, pyrrolyl,
thienyl, 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-
1,2,5-thiadiazolyl, or 1,8-naphthyridyl. [0035]
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.
[0036] 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.[0037]Aheteroaril 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 b e unsubstituted. [0038] 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;
(sulfamoyl)heteroaryl [e.g.,
(aminosulfonyl)heteroaryl]; (sulfonyl)heteroaryl
[e.g., (alkylsulfonyl)heteroaryl] ;
(hydroxyalkyl)heteroaryl; (alkoxyalkyl)heteroaryl;
(hydroxy)heteroaryl; ((carboxy)alkyl)heteroaryl;
(((dialkyl)amino)alkyl]heteroaryl;
(heterocycloaliphatic)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].
[0039] A "heteroaraliphatic (such as a heteroaralkyl
group) as used herein, refers to an aliphatic group
(e.g., a (C^-alkyl group) that is substituted with a
heteroaryl group. "Aliphatic," "alkyl," and
"heteroaryl" have been defined above. [0040] A
"heteroaralkyl" group, as used herein, refers to an
alkyl group (e.g., a (C1-4)-alkyl group) that i s
substituted with a heteroaryl group. Both "alkyl" and
"heteroaryl" have been defined above. A heteroaralkyl
i s 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,ar
y,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. [0041] As used herein, an "acyl" group
refers to a forniyl group or RX-C(O)- (such as
alkyl-C(O)-, also referred to as "alkylcarbonyl")
where R and "alkyl" have been defined previously.
Acetyl and pivaloyl are examples of acyl groups.
[0042] 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. [0043] As used herein, an "alkoxy" group
refers to an alkyl-O- group where "alkyl" has been
defined previously. [0044] As used herein, a
"carbamoyl" group refers to a group having the
structure -O-CONRXRY or -NRX-CO-O-RZ wherein Rx and Rg
have been defined above and Rz can be aliphatic, aryl,
araliphatic, heterocycloaliphatic, heteroaryl, or
heteroaraliphatic. [0045] As used herein, a "carboxy"
group refers to -COOH, -COORX -OC(O)H, -OC(O)RX when
used as a terminal group; or -OC(O)- or -C(O)O- when
used as an internal group. [0046] 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. [0047] As used
herein, a "mercapto" group refers to -SH. [0048] As
used herein, a "sulfo" group refers to -SO3H or -SO3RX
when used terminally or - S(O)3- when used internally.
[0049] 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. [0050] As used
herein, a "sulfonamide" group refers to the structure
-S(O)2-NRXRY or -NRX-S(O)2-RZ when used terminally; or
-S(O)2-NRX- or -NRX -S(O)2- when used internally,
wherein R , R , and R are defined above. [0051] 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.0052] As s e d herein "sulfinyl "groupf
refers to -S(O)-R X when used terminally and -S(O)-
when used internally, wherein R x 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. [0053] A s used herein, a "sulfonyl" group
refers to-S(O) 2-R 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-
heteroaryl-S(O) 2-,
(cycloaliphatic(amido(aliphatic)))-S(O) 2-or the like.
[0054] A s used herein, a "sulfoxy" group refers to
-O-SO-R X or -SO-O-R X, when used terminally and
-0-S(O)- or -S(O)-O- when used internally, where R x
has been defined above. A s used herein, a "halogen"
or "halo" group refers t o fluorine, chlorine, bromine
or iodine. A s used herein, an "alkoxycarbonyl," which
is encompassed by the term carboxy, used alone or in
connection with another group refers to a group such a
s alkyl-O-C(O)-. A s used herein, an "alkoxyalkyl"
refers to an alkyl group such a s alkyl-O-alkyl-,
wherein 



alkyl has been defined above. [0055] A s used herein,
a "carbonyl" refer to -C(O)-. [0056] A s used herein,
an "oxo" refers to =0. [0057] A s used herein, the
term "phospho" refers to phosphinates and
phosphonates. Examples of phosphinates and
phosphonates include -P(O)(R P)2, wherein Rp is
aliphatic, alkoxy, aryloxy, heteroaryloxy,
(cycloaliphatic)oxy, (heterocycloaliphatic)oxy aryl,
heteroaryl, cycloaliphatic or amino. [0058] A s used
herein, an "aminoalkyl" refers to the structure (Rx
)2N-alkyl-. [0059] A s used herein, a "cyanoalkyl"
refers to the structure (NC)-alkyl-. [0060] A s used
herein, a "urea" group refers to the structure -NR
X-CO-NR YRZ and a "thiourea" group refers t o the
structure -NR X-CS-NR YRZ when used terminally and -NR
XCO- NR Y- or -NR X-CS-NR Y- when used internally,
wherein R x , R g , and R z have been defined above.
[0061] A s used herein, a "guanidine" group refers t o
the structure -N=C(N(R XRY))N(R XRY) or -NR X-C(=NR
X)NR XR Y wherein R x and Rg have been defined above.
[0062] A s used herein, the term "amidino" group
refers to the structure -C=(NR X)N(R XRY) wherein Rx
and Rg have been defined above.0063 ] I n general, the
term"vicinal" refetrsothe placement of substituents on
a group that includes two or more carbon atoms,
wherein the substituents are attached to adjacent
carbon atoms. [0064] 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.
[0065] 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 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. [0066] A s 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. [0067] A s 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[3.3.1.0
3'7]nonyl. A bridged bicyclic ring system can be
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. [0068] A s 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
thestructure-[CHQ 2]V -, where vis 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. [0069] 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 R 1, R2, and R3, and other
variables contained in formulae described herein
encompass specific groups, such as alkyl and aryl.
Unless otherwise noted, each of the specific groups
for the variables R 1, R2, and R3, and other variables
contained therein can b e 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, cycloaliphatic,
heterocycloaliphatic, heteroaryl, haloalkyl, and
alkyl. For instance, an alkyl group can be substituted
with alkylsulfanyl and the alkylsulfanyl can be
optionally substituted with one to three of halo,
cyano, oxo, alkoxy, 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 alkxoy groups can form a ring
together with the atom(s) to which they are bound.
[0070] 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.[0071] The phrase "stable or chemically
feasible,"as used herein, refers t ocompoundsthat 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 4 0 C or less, in the absence
of moisture or other chemically reactive conditions,
for at least a week. [0072] A s used herein, an
effective amount is defined as the amount required to
confer a therapeutic effect on the treated patient,
and i s 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
b e approximately 



determined from height and weight of the patient. See,
e.g., Scientific Tables, Geigy Pharmaceuticals,
Ardsley, New York, 537 (1970). A s used herein,
"patient" refers t o a mammal, including a human.
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) double bond isomers, and (Z) and (E)
conformational isomers. Therefore, single
stereochemical isomers as well a s 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 t o 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 b y
deuterium or tritium, or the replacement of a carbon b
y a 13C- or 1 C-enriched carbon are within the scope
of this invention. Such compounds are useful, for
example, as analytical tools or probes in biological
assays, or as therapeutic agents. [0073] In other
aspects, the invention features certain compounds as
described generically and specifically below. Such
specific descriptions are illustrative only and are
not meant to limit scope of the compounds or uses
thereof.A. Generic Compounds [0074] In some aspects,
the invention provides compounds of formula I useful
for inhibiting serine protease activity and methods of
inhibiting serine protease activity. Compounds of
formula I include: I or a pharmaceutically acceptable
salt thereof wherein, Each A is -(CX1X2 )a-; Each B is
-(CXiX2)b-; Each X1 is independently hydrogen, halo,
amino, sulfanyl, optionally substituted (C1-
4)-aliphatic, optionally substituted aryl, or -0-X 1A;
Each X2 is independently hydrogen, halo, amino,
sulfanyl, optionally substituted (C1- 4)-aliphatic,
optionally substituted aryl, Or-O-X 1B; X1A and X1B
are each independently an optionally substituted
aliphatic, an optionally substituted cycloaliphatic,
an optionally substituted heterocycloaliphatic, an
optionally substituted aryl, or an optionally
substituted heteroaryl; Or, X1 and X2 together form an
oxo group; Each R1 is -Z R4, wherein each ZA is
independently a bond or an optionally substituted
branched or straight C1-12 aliphatic chain wherein up
to three carbon units of Z are optionally and
independently replaced by -C(O)-, -C(S)-, -C(0)NR A-,
-C(0)NR ANRA-, -C(O)O-, -NRAC(O)O-, -O-, -NRAC(0)NR
A-, -NRANRA-, -S-, -SO-, -SO2-, -NRA- -SO2NRA-, or
-NRAS0 2NRA- provided that -NRANRA-, -NRAC(0)NR A-, or
-NRAS0 2NRA- is not directly bound to the nitrogen
ring atom of formula I; Each R4 is independently RA,
halo, -OH, -CN, -NO2, -NH2, or -OCF3; Each RA is
independently hydrogen, an optionally substituted
aliphatic, an optionally substituted cycloaliphatic,
an optionally substituted heterocycloaliphatic, an
optionally substituted aryl, or an optionally
substituted heteroaryl;Each is- B R 5,where inch ZB is
independently a bond or an optionally substituted
branched or straight C1-12 aliphatic chain wherein up
to three carbon units of ZB are optionally and
independently replaced by -C(O)-, -C(S)-, -C(O)NR B-,
-C(0)NR BNRB-, -C(O)O-, -NR C(O)O-, -NR BC(0)NR B-,
-NR BNRB-, -S-, -SO-, -SO 2-, -NR B-, -SO 2NR -, or
-NR BSO2NRB-, provided that SO, SO2 or -SO 2NRB- is
not directly bound to the carbonyl of formula I; Each
R5 is independently RB, halo, -OH, -CN, -NO 2, -NH 2,
or -OCF 3; Each RB is independently hydrogen, an
optionally substituted aliphatic, an optionally
substituted cycloaliphatic, an optionally substituted
aryl, or an optionally substituted heteroaryl; Or R 1
and R2, together with the atoms to which they are
attached, form an optionally substituted
heterocycloaliphatic ring; Each R3 is an optionally
substituted aliphatic, amino, sulfonyl, sulfanyl,
sulfinyl, sulfonamide, sulfamide, sulfo, -0-R 3A, an
optionally substituted cycloaliphatic, an optionally
substituted heterocycloaliphatic, an optionally
substituted aryl, or an optionally substituted
heteroaryl; Each R3A is independently an optionally
substituted aliphatic, an optionally substituted
cycloaliphatic, an optionally substituted
heterocycloaliphatic, an optionally substituted aryl,
or an optionally substituted heteroaryl; Each Y and Y
' is independently -ZDR7, wherein each ZD is
independently a bond or an optionally substituted
straight or branched C1-6 aliphatic chain wherein up
to two carbon units of ZD are optionally and
independently replaced by -C(O)-, -C(S)-, -C(0)NR D-,
-C(O)NR DNRD-, -C(O)O-, -NR DC(O)O-, -O-, -NR DC(O)NR
D-, -NR DNRD-, -S-, -SO-, -SO 2-, -NR-, -SO 2NRD-, -NR
DSO2-, or -NR DSO2NRD-, or Y and Y ' together form =O
or =S; Each R7 is independently R, halo, -OH, -CN, -NO
2, -NH 2, or -OCF 3; Each R is independently hydrogen,
or optionally substituted aryl; and Each of a and b is
independently O, 1, 2, or 3; provided that the sum of
a and b is 2 or 3. B. Specific Compounds 1.
Substituent R1 : [0075] Each R1 is -ZAR4, wherein each
ZL is independently a bond or an optionally
substituted branched or straight C1-12 aliphatic chain
wherein up to three carbon units of ZA are optionally
and independently replaced by -C(O)-, -C(S)-, -C(0)NR
A-, -C(0)NR ANRA-, -C(O)O-, -NR AC(0)0-, -0-, -NR
AC(0)NR A-, -NR ANRA-, -S-, -SO-, -SO 2-, -NR A-,-SO 2
N R A-,or-NR A SO2NRA-provided that -NRANRA-,
-NRAC(O)NRA-, or -NRASO2NRA- is not directly bound to
the nitrogen ring atom of formula I . [0076] EaChR 4 i
s independently RA, halo, -OH, -CN, -NO 2, -NH 2, or
-OCF 3. [0077] Each R A is independently hydrogen, an
optionally substituted aliphatic, an optionally
substituted cycloaliphatic, an optionally substituted
heterocycloaliphatic, an optionally substituted aryl,
or an optionally substituted heteroaryl. [0078] In
several embodiments R 1 is optionally substituted with
1 to 4 substituents. [0079] In certain embodiments, R
1 is -Q4-W4-Q3-W3-Q2-W2-Q 1; wherein each of W2, W3,
and W4 is independently a bond, -C(O)-, -C(S)-,
-C(O)N(Q 5)-, -C(O)O-, -O-, -N(Q 5)C(O)N(Q 5)-, -SO
2-, -N(Q 5)SO 2- -S-, -N(Q 5)-, -SO-, -OC(O)-, -N(Q
5)C(O)O-, or -SO 2N(Q 5)-; each OfQ 1, Q2, Q3 and Q4
is independently a bond, an optionally substituted C
1-4 aliph atic, an optionally substituted
cycloaliphatic, an optionally substituted
heterocycloaliphatic, an optionally substituted aryl,
an optionally substituted heteroaryl, or a hydrogen
when Q 1, Q2, Q3, or Q4 is the terminal group OfR 1;
and each Q5 i s independently 



hydrogen or an optionally substituted aliphatic. In
some specific embodiments, Q4 is a bond. [0080] In
several embodiments, R 1 is an optionally substituted
acyl group. In several examples, R 1 is an optionally
substituted alkylcarbonyl. Additional examples OfR 1
include (amino)alkylcarbonyl, (halo)alkylcarbonyl,
(aryl)alkylcarbonyl, (cycloaliphatic)alkylcarbonyl, or
(heterocycloaliphatic)alkylcarbonyl. Included in these
examples are embodiments where R 1 is
(heterocycloalkyl(oxy(carbonyl(amino))))alkylcarbonyl,
(heteroaryl(carbonyl(amino(alkyl(carbonyl(amino)))))al
kylcarbonyl,
(bicycloaryl(sulfonyl(amino)))alkylcarbonyl,
(aryl(alkoxy(carbonyl(amino))))alkylcarbonyl,
(alkyl(carbonyl(amino)))alkylcarbonyl,
(alkenyl(alkoxy(carbonyl(amino))))alkylcarbonyl,
(cycloaliphatic(alkyl(amino(carbonyl(amino)))))alkylca
rbonyl,
(heteroaryl(carbonyl(amino(alkyl(carbonyl(amino))))))a
lkylcarbonyl,
(alkyl(ammo(carbonyl(amino))))alkylcarbonyl, or
(bicycloaryl(amino(carbonyl(amino))))alkylcarbonyl,
each of which i s optionally substituted with 1-3
substituents. [0081] In several embodiments, R 1 is an
optionally substituted carboxy group. In one example,
R 1 is optionally substituted alkoxycarbonyl. Another
example OfR 1 includes (C1-4)-alkoxycarbonyl, or
(tricyclic aryl)alkoxycarbonyl, each of which is
optionally substituted with 1-3 substituents. Other
carboxy groups include (aliphatic(oxy))carbonyl, a
(heteroaralkyl(oxy))carbonyl,
(heterocycloaliphatic(oxy)carbonyl,
(aralkyl(oxy))carbonyl,eacho fwhichisoptionally ubs t
itu ted with 1-3 of halo, alkoxy, aliphatic,
cycloaliphatic, heterocycloaliphatic, aryl,
heteroaryl, or combinations thereof. [0082] In several
embodiments, R1 is optionally substituted
aminocarbonyl. Examples OfR 1 include
(alkoxy(aryl(alkyl)))aminocarbonyl,
(alkyl)aminocarbonyl, or
(aryl(alkoxy(carbonyl(alkyl(amino(carbonyl(alkyl))))))
)aminocarbonyl, each of which is optionally
substituted with 1-3 substituents. [0083] In several
embodiments, R1 is optionally substituted heteroaryl.
In one example, R1 is an optionally substituted
oxazolyl, pyrrolyl, furyl, thiophenyl, triazinyl,
pyridinyl, pyrazinyl, pyrimidinyl, or pyridazinyl.
[0084] In several embodiments, R 1 is an
alkylsulfonyl, aminosulfonyl, arylsulfonyl,
heteroarylsulfonyl, cycloaliphaticsulfonyl, or
heterocycloaliphaticsulfonyl, each of which is
optionally substituted with 1-4 substituents. [0085]
In several embodiments, R1 is an optionally
substituted alkylsulfonyl. Examples OfR 1 include
(aryl)alkylsulfonyl, or (alkyl(amino))alkylsulfonyl,
each of which is optionally substituted with 1-3
substituents. alkylsulfonyl, aminosulfonyl,
arylsulfonyl, heteroarylsulfonyl,
cycloaliphaticsulfonyl, or
heterocycloaliphaticsulfonyl, each of which is
optionally substituted. In certain embodiments, R1 is
an optionally substituted alkylsulfonyl. [0086] The
compound of claim 11, wherein R 1 is
(aryl)alkylsulfonyl, or (alkyl(amino))alkylsulfonyl,
each of which is optionally substituted. [0087] In
some specific embodiments, R 1 is
(amino)alkylcarbonyl, (halo)alkylcarbonyl,
(aryl)alkylcarbonyl, (cycloaliphatic)alkylcarbonyl, or
(heterocycloaliphatic)alkylcarbonyl,
(heterocycloalkyl(oxy(carbonyl(amino))))alkylcarbonyl,
(heteroaryl(carbonyl(amino(alkyl(carbonyl(amino)))))al
kylcarbonyl,
(bicycloaryl(sulfonyl(amino)))alkylcarbonyl,
(aryl(alkoxy(carbonyl(amino))))alkylcarbonyl,
(alkyl(carbonyl(amino)))alkylcarbonyl,
(alkenyl(alkoxy(carbonyl(amino))))alkylcarbonyl,
(cycloaliphatic(alkyl(amino(carbonyl(amino)))))alkylca
rbonyl,
(heteroaryl(carbonyl(amino(alkyl(carbonyl(amino))))))a
lkylcarbonyl,
(alkyl(amino(carbonyl(amino))))alkylcarbonyl, or
(bicycloaryl(amino(carbonyl(amino))))alkylcarbonyl,
each of which is optionally substituted. [0088] In
other specific embodiments, R 1 is a
heteroarylcarbonyl, a
(cycloaliphatic(alkyl(amido(alkyl))))carbonyl, a
(heterocycloaliphatic(oxy(amido(alkyl))))carbonyl, an
(aryl(sulfonyl(amino(alkyl))))carbonyl, an
(aralkyl(oxy(amido(alkyl))))carbonyl, an
(aliphatic(oxy(amido(alkyl))))carbonyl, a
(cycloaliphatic(alkyl(amido(alkyl))))carbonyl,
a(heterocycloaliphatic)carbonyl,ora
(hyelteroaryl(amido(alkyl(amido(alkyl))))carbonyl5each
of which is optionally substituted with 1-4 of halo,
aliphatic, cycloaliphatic, acyl, alkoxy, or
combinations thereof. [0089] In still other
embodiments, R1 is amido. For example, R1 is
(alkoxy(aryl(alkyl)))aminocarbonyl,
(alkyl)aminocarbonyl, or
(aryl(alkoxy(carbonyl(alkyl(amino(carbonyl(alkyl))))))
)aminocarbonyl, each of which is optionally
substituted. [0090] In several embodiments, R1 is
wherein T is a bond, -C(O)-, -OC(O)-, -NHC(O)-,
-S(O)2N(H)-, -C(O)C(O)- or -SO2-; each R is
independently hydrogen, amino, an optionally
substituted aliphatic, an optionally substituted
cycloaliphatic, an optionally substituted
heterocycloaliphatic, an optionally substituted aryl,
or an optionally substituted heteroaryl; each R8 and
R' 8 is independently hydrogen, an optionally
substituted aliphatic, an optionally substituted
cycloaliphatic, an optionally substituted
heterocycloaliphatic, an optionally substituted aryl,
or an optionally substituted heteroaryl; and each R9
is independently hydrogen, an optionally substituted
aliphatic, an optionally substituted heteroaryl, an
optionally substituted phenyl, or R and R9, bound on
adjacent atoms, taken together with the atoms to which
they are attached form a 5 to 7 membered, optionally
substituted monocyclic heterocycloaliphatic, or a 6 to
12 membered, optionally substituted bicyclic
heterocycloaliphatic; or R8 and R'g, taken together
with the atoms to which they are attached form an
optionally substituted cycloaliphatic or an optionally
substituted heterocycloaliphatic. For clarity, when R1
is QVI, each of R , R' 8 and R9 in each subunit can be
independently selected as described above. The set OfR
, R' 8 and R9 variables in one subunit need not
necessarily be identical to the same set of R , R' 8
and R9 variables in the other subunit. [0091] In other
embodiments, R1 is QI or QII. [0092] In some
embodiments, R in the substituent in QI, QII, QIII,
QIV, QV, or QVI is[0093] I nother embodiments,R1isQ
andR i s [0094] In other embodiments, R in the
substituent in QI, QII, QIII, QIV, QV, or QVI is
wherein each R1 and R' 1O is independently hydrogen,
optionally substituted aliphatic, optionally
substituted aryl, optionally substituted heteroaryl,
optionally substituted heterocycloaliphatic, or
optionally substituted cycloaliphatic, or R10 and R'
10 together with the atom to which they are both bound
form an optionally substituted cycloaliphatic or an
optionally substituted heterocycloaliphatic; and each
K is independently a bond, (C1-12)- aliphatic, -O-,
-S-, -S(O)2-, -NR 1 -, -C(O)-, or -C(O)NR 14-, wherein
R14 is hydrogen or an optionally substituted
(C1-12)-aliphatic; and n is 1-3. For clarity, when
more than one R10 is present in QI, QII, QIII, QIV,
QV, or QVI, each R1 can be the same or different. In
several embodiments, R10 or R' 1O is
[(C3_10)-cycloalkyl or cycloalkenyl]-(C
1-12)-aliphatic, (3 to 10m em b er e d) - he t e
rocycloaliphaic, (3 to 10
membered)-heterocycloaliphatic-(C1-12)-aliphatic-, (5
to 10 membered)-heteroaryl, or (5 to 10
membered)-heteroaryl-(C 1-12)-aliphatic-. [0095] In
still other embodiments, R in the substituent in QI,
QII, QIII, QIV, QV, or QVI is [0096] In further
embodiments, R in the substituent in QI, QII, QIII,
QIV, QV, or QVI iswherein each Z is independently -O-,
-S-, -NR50-, or -C(R.5o)2-, is independently a single
bond or a double bond, and each R5 is independently
hydrogen, optionally substituted aliphatic, optionally
substituted aryl, optionally substituted heteroaryl,
optionally substituted 



heterocycloaliphatic, or optionally substituted
cycloaliphatic; and n is 1 or 2. [0097] In several
embodiments, R1 is wherein wherein T is a bond,
-C(O)-, -OC(O)-, -NHC(O)-, -S(O) 2N(H)-, -C(O)C(O)- or
-SO2-; each R is independently hydrogen, amino, an
optionally substituted aliphatic, an optionally
substituted cycloaliphatic, an optionally substituted
heterocycloaliphatic, an optionally substituted aryl,
or an optionally substituted heteroaryl; each R and
R'g is independently hydrogen, an optionally
substituted aliphatic, an optionally substituted
cycloaliphatic, an optionally substituted
heterocycloaliphatic, an optionally substituted aryl,
or an optionally substituted heteroaryl; and each R9
is independently hydrogen, an optionally substituted
aliphatic, an optionally substituted heteroaryl, an
optionally substituted phenyl, or R and R9, bound on
adjacent atoms, taken together with the atoms to which
they are attached 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; or R and R' 8, taken
together with the atoms to which they are attached
form an optionally substituted cycloaliphatic or an
optionally substituted heterocycloaliphatic; each R1
and R'p is independently hydrogen, an optionally
substituted aliphatic, an optionally substituted
heteroaryl, an optionally substituted phenyl, an
optionally substituted cycloaliphatic, an optionally
substituted heterocycloaliphatic; or R11 and R' p
together with the atom to which they are both attached
form an optionally substituted 3 to 7 membered
cycloaliphatic or heterocycloaliphatic ring; and each
R12 is independently hydrogen or a protecting group.
[0098] In some embodiments, R11and R' 1 together with
the atom to which they are attached form a 3 to 7
membered ring. Non-limiting examples include:[0099]
Non-limiting examples OfR and R11 include:
Alternatively, R and R11 together with the atoms to
which they are attached may form an optionally
substituted 5 to 7 membered monocyclic
heterocycloaliphatic or an optionally substituted 6 to
12 membered bicyclic heterocycloaliphatic, in which
each heterocycloaliphatic or aryl ring optionally
contains an additional heteroatom selected from O, S
and N. [00100] Also, R and R9 together to with the
atoms to which they are attached can form a ring, R7
and the ring system formed by R8 and R9 form an
optionally substituted 8 to 14 membered bicyclic fused
ring system, wherein the bicyclic fused ring system is
optionally further fused with an optionally
substituted phenyl to form an optionally substituted
10 to 16 membered tricyclic fused ring system. [00101]
In several embodiments, R1 is: , wherein T is -C(O)-,
and R is[00102] In several embodiments, R1 is a group
selected from:TUNABLE DUAL-ANTENNASYSTEM FOR MULTIPLE
FREQUENCYBAND OPERATION Field [0001] The present
application relates generally to communications, and
more specifically, to a tunable dual-antenna system.
Background [0002] Wireless communication devices, such
as mobile phones, may have a single antenna for
transmitting and receiving signals. A desire to
support multiple frequency bands and multiple wireless
communication standards may require increasing the
size of the existing antenna or installing additional
antennas. These options create problems for newer
wireless devices with small form factor. BRIEF
DESCRIPTION OF THE DRAWINGS [0003] FIG. IA illustrates
a system with a single transmit/receive antenna.
[0004] FIG. IB illustrates a system with multiple
transmit/receive antennas. [0005] FIG. 1C illustrates
a system with separate non-tunable transmit and
receive antennas. [0006] FIG. 2A illustrates a device
with two tunable antennas in accordance with an
embodiment of this application. [0007] FIG. 2B
illustrates a device with multiple tunable antennas,
which may provide transmit and/or receive diversity.
[0008] FIG. 3A illustrates antenna frequency response
in terms of reflected power for a transmit and receive
frequency band for the system of FIG. IA. [0009] FIG.
3B illustrates antenna frequency response in terms of
reflected power for transmit and receive frequency
bands for the system of FIG. IB. [0010] FIG. 3C
illustrates antenna frequency response in terms of
reflected power for transmit and receive frequency
bands for the system of FIG. 1C. [0011] FIG. 4
illustrates antenna resonant frequency response in
terms of reflected power for transmit and receive
frequency bands for the system of FIG. 2.[0012] FIG. 5
illustrates a configuration where two antennas are
positioned inside, near or on a top portion of a
device or a circuit board of the device. [0013] FIG. 6
illustrates a configuration where two antennas are
positioned substantially orthogonal to a horizontal
plane (cross-sectional view) of a device or a circuit
board of the device. [0014] FIG. 7 illustrates a
configuration where one antenna is positioned
substantially orthogonal to a second antenna on or
inside a device or a circuit board of the device.
[0015] FIG. 8 illustrates an example of measured
antenna frequency response in terms of reflected power
to demonstrate frequency tunability of the TX/RX
antenna pair of FIG. 2. [0016] FIG. 9 illustrates a
method of using the antenna system 200 of FIG. 2.
DETAILED DESCRIPTION [0017] Some wireless
communication devices, such as "world phones," are
intended to operate with multiple frequency bands
("multi-band") and multiple communication standards
("multi-mode"), which may need a multi-band antenna
and/or multiple antennas to function properly. A law
of physics dictates a multi-band antenna to be
electrically bigger than a single-band antenna to
function over the required frequency bands. A
"multi-band" device can use one transmit/receive
antenna for each frequency band and thus have multiple
transmit/receive antennas (FIG. IB). Alternatively, a
"multi-band" device can use one multi-band antenna,
but is required to add a multiplexer or a
single-pole-multiple-throws switch to route the
antenna signal for each frequency band to the
appropriate transmitter and receiver of each band.
[0018] Similarly, a "multi-mode" device can use one
transmit/receive antenna for each communication
standard and thus have multiple transmit/receive
antennas (FIG. IB). Alternatively, a "multi-mode"
device can use one multi-band antenna with additional
multiplexers or single-pole-multiple-throws switches
to operate. Some wireless standards, such as EV-DO
(Evolution Data Optimized) and MIMO (Multiple Input
Multiple Output), may use diversity schemes that need
additional antennas to enhance data throughput
performance and voice quality. The desire for more
multi-band antennas on a wireless communication device
has grown and has become an issue due to an increase
in size and cost of wireless devices. Handset
manufacturers are under pressure to reduce cost and
size of their devices.[0019] FIG. IA illustrates a
system 100 with a single transmit/receive antenna 102,
a duplexer 104, transmit circuitry 106 and receive
circuitry 108. The duplexer allows the 



transmit circuitry 106 and receive circuitry 108 to
share the single antenna 102 for transmitting and
receiving signals. [0020] FIG. IB illustrates a system
110 with multiple transmit/receive antennas 102, 112,
duplexers 104, 114, transmit circuitries 106, 116 and
receive circuitries 108, 118. As an example, antenna
102, duplexer 104, transmit circuitry 106 and receive
circuitry 108 may be configured to transmit and
receive CDMA signals, while antenna 112, duplexer 114,
transmit circuitry 116 and receive circuitry 118 may
be configured to transmit and receive GSM or WCDMA
signals. [0021] FIG. 1C illustrates a system 120 with
separate non-tunable transmit and receive antennas
122, 123, transmit circuitry 126 and receive circuitry
128. A problem with this system 120 may be coupling,
i.e., cross-talk, overlap or leakage, of energy or
frequency between transmit and receive signals, as
shown in FIG. 3C. [0022] FIG. 3A illustrates antenna
frequency response in terms of reflected power for a
transmit (Tx) and receive (Rx) frequency band 300 for
the system 100 of FIG. IA. [0023] FIG. 3B illustrates
antenna frequency response in terms of reflected power
for transmit and receive frequency bands 302A, 302B
for the system 110 of FIG. IB. [0024] FIG. 3C
illustrates antenna frequency response in terms of
reflected power for transmit and receive frequency
bands 304, 306 for the system 120 of FIG. 1C. [0025]
As an example, an ideal transmit frequency band may be
824-849 Megahertz (MHz), and an ideal receive
frequency band may be 869-894 MHz in one
configuration. As shown in FIG. 3C, the transmit
frequency band 304 overlaps with the receive frequency
band 306, which may cause interference or noise in the
transmit and receive circuitries 126, 128. Filters or
isolators may have to be added to limit such
interference or noise. [0026] FIG. 2A illustrates a
device 220 with two tunable antennas 202, 203, a
frequency controller 210, transmit circuitry 206 and
receive circuitry 208, in accordance with an
embodiment of this application. The device 220 has one
set of separate transmit and receive antennas 202, 203
that are tunable for multiple frequency bands and/or
multiple wireless communication modes. The device 220
may be a wireless communication device, such as a
mobile phone, a personal digital assistant (PDA), a
pager, a stationary device, or a portable
communication card (e.g., Personal Computer Memory
CardInternational Association (PCMCIA)), which may be
inserted, plugged in or attached to a computer, such
as a laptop or notebook computer. [0027] The antennas
202, 203 may be sufficiently small and sized to fit
inside a particular communication device. The transmit
and receive circuitries 206, 208 are shown as separate
units, but may share one or more elements, such as a
processor, memory, a pseudo-random noise (PN) sequence
generators, etc. The device 220 may not require a
duplexer 104 as in FIG. IA, which may reduce the size
and cost of the device 220. [0028] The separate
transmit and receive tunable antennas 202, 203 have
frequency tuning/adapting elements, which may be
controlled by frequency controller 210 to enable
communication in multiple frequency bands (multi-band)
(also called frequency ranges or set of channels)
and/or according to multiple wireless standards
(multiple modes). The antenna system 200 is configured
to adaptively optimize its performance for a specific
operating frequency. This may be useful for a user
that wishes to use the device 200 in various countries
or areas with different frequency bands and/or
different wireless standards. [0029] For example, the
antennas 202, 203 may be tuned to operate in any
frequency band of multi-band wireless applications,
such as Code Division Multiple Access (CDMA) 450MHz,
CDMA 800MHz, Extended Global System for Mobile
communications (EGSM) 900MHz, Global Positioning
System (GPS) 1575MHz, CDMAl 800MHz, CDMAl 900MHz,
Digital Cellular System (DCS) 1700MHz, Universal
Mobile Telecommunications System (UMTS) 1900MHz, etc.
The antennas 202, 203 may be used for CDMA Ix EV-DO
communication, which may use one or more 1.25-MHz
carriers. The system 200 may use multiple wireless
standards (multiple modes), such as CDMA, GSM,
Wideband CDMA (WCDMA), Time-Division Synchronous CDMA
(TD-SCDMA), Orthogonal Frequency Division Multiplexing
(OFDM), WiMAX, etc. [0030] The tuning elements of
antennas 202, 203 may be separate elements or
integrated as a single element. The tuning elements
may be controlled by separate control units in the
transmit and receive circuitries 206, 208 or be
controlled by a single control unit, such as frequency
controller 210. [0031] FIG. 4 illustrates a reflected
power for transmit and receive frequency bands 400,
402 for the system 200 of FIG. 2. There is no overlap
of the bands 400, 402 inFIG. 4 as there is in FIG. 3.
There may be a fixed or adjustable gap between bands
400, 402. The bands 400, 402 may be narrower than
bands 300, 302 in FIG. 3. The antennas 202, 203 may
have narrower individual frequency responses to
minimize coupling (or cross-talk) between the transmit
and receive circuitries 206, 208. At any time slot,
each antenna may cover only a small portion of a
transmit or receive frequency sub-band around an
operating channel, as shown in FIGS. 4 and 8. [0032]
The tuning elements may be used to change the
operating frequency of the TX and RX antennas 202,
203. The tuning elements may be voltage-variable
micro-electro mechanical systems (MEMS),
voltage-variable Ferro-Electric capacitors, varactors,
varactor diodes or other frequency adjusting elements.
For example, a different voltage or current applied to
a tuning element may change a capacitance of the
tuning element, which changes a transmit or receive
frequency of the antenna 202 or 203. [0033] The dual
antenna system 200 may have one or more benefits. The
dual antenna system 200 may be highly-isolated (low
coupling, low leakage). A pair of orthogonal antennas
as shown in FIG. 7 may provide even higher isolation
(lower coupling). High- Q and narrow-band antennas may
provide high isolation between TX and RX chains in a
full-duplex system, such as a CDMA system. [0034] By
using separate and small TX and RX antennas 202, 203
with narrow instantaneous bandwidth to provide high
isolation between the antennas 202, 203, the system
200 may allow certain duplexers, multiplexers,
switches and isolators to be omitted from radio
frequency (RF) circuits in multi-band and/or
multi-mode devices, which saves costs and reduces
circuit board area. [0035] Smaller antennas provide
more flexibility in selecting antenna mounting
locations in the device 220. [0036] The system 200 may
enhance harmonic rejection to provide better signal
quality, i.e., better voice quality or higher data
rate. [0037] The system 200 may enable integration of
antennas with transmitter and/or receiver circuits to
reduce wireless device size and cost. The
frequency-tunable transmit and receive antennas 202,
203 of system 200 may enable size and cost reduction
of host multi-mode and/or multi-band wireless devices
by reducing the size and/or number of antennas. 



[0038] The system 200 may be used to implement a
diversity feature, e.g., polarization diversity (FIG.
7) or spatial diversity (FIG. 2B), for example, in
EV-DO or MIMOsystems. FIG. 2B illustrates a device
with multiple tunable antennas 232A, 232B, 233A, 233B,
which may provide transmit diversity and/or receive
diversity. Any number of tunable transmit and/or
receive antennas may be implemented. [0039] The
antennas 202, 203 of FIG. 2A may be configured in a
variety of ways and locations inside a device 220.
FIGS. 5-7 provide some examples. [0040] FIG. 5
illustrates a configuration (front view) where two
antennas (with tuning elements) 502, 504 are
positioned inside, near or on a top portion of a
device 500 or a plate or a circuit board of the
device. FIG. 5 also shows transmit and receive
circuitries or sources 506, 508. [0041] FIG. 6
illustrates a configuration (cross-sectional end view)
where two antennas 602, 604 are positioned
substantially perpendicular to a horizontal plane of a
device 600 or a circuit board of the device. This may
be called a planar inverted "F" antenna (PIFA). FIG. 6
also shows transmit and receive circuitries 606, 608.
[0042] FIG. 7 illustrates a configuration (front view)
where one antenna 702 is positioned substantially
orthogonal to a second antenna 704 on or inside a
device 700 or a circuit board of the device. FIG. 7
also shows transmit and receive circuitries 706, 708.
[0043] FIG. 8 illustrates an example of measured
reflected power to demonstrate frequency runability of
the TX/RX antenna pair 202, 203 of FIG. 2. A top half
of FIG. 8 shows a transmit antenna reflected power
with a center frequency of 853 MHz and a capacitance
of 1.8 picoFarads (pF). The top half also shows a
receive antenna reflected power with a center
frequency of 899 MHz and a capacitance of 1.8 pFs. A
bottom half of FIG. 8 shows a transmit antenna
reflected power with a center frequency of 837 MHz and
a capacitance of 2 pFs. The bottom half also shows a
receive antenna reflected power with a center
frequency of 876 MHz and a capacitance of 2 pF. Other
data may be measured using various configurations and
parameters of the antenna system 200. [0044] FIG. 9
illustrates a method of using the antenna system 200
of FIG. 2. In block 900, the system 200 transmits
signals with a first antenna 202 and receives signals
with a second antenna 203 using a first frequency
range associated with a first wireless communication
mode. The first frequency range may be a set of
channels, e.g., channels defined by different codes
and/or frequencies. [0045] In block 902, the device
220 determines whether there has been a change in
frequency range and/or mode. If not, the antenna
system 200 may continue in block900. If there was a
change, then the system 200 transitions to block 904.
The device 220 may determine whether a frequency range
and/or second wireless communication mode provides
better communication (pilot or data signal reception,
signal-to-noise ratio (SNR), frame error rate (FER),
bit error rate (BER), etc.) than the first frequency
range and/or wireless communication mode. [0046] In
block 904, the system 200 tunes the antennas 202, 203
with elements 210, 212 according to a second frequency
range associated with the first wireless communication
mode or a second wireless communication mode. The
second frequency range may be a set of channels, e.g.,
channels defined by different codes and/or
frequencies. [0047] In block 906, the system 200
transmits signals with the first antenna 202 and
receives signals with the second antenna 203 using the
second frequency range. [0048] Those of skill in the
art would understand that information and signals may
be represented using any of a variety of different
technologies and techniques. For example, data,
instructions, commands, information, signals, bits,
symbols, and chips that may be referenced throughout
the above description may be represented by voltages,
currents, electromagnetic waves, magnetic fields or
particles, optical fields or particles, or any
combination thereof. [0049] Those of skill would
further appreciate that the various illustrative
logical blocks, modules, circuits, and algorithm steps
described in connection with the embodiments disclosed
herein may be implemented as electronic hardware,
computer software, or combinations of both. To clearly
illustrate this interchangeability of hardware and
software, various illustrative components, blocks,
modules, circuits, and steps have been described above
generally in terms of their functionality. Whether
such functionality is implemented as hardware or
software depends upon the particular application and
design constraints imposed on the overall system.
Skilled artisans may implement the described
functionality in varying ways for each particular
application, but such implementation decisions should
not be interpreted as causing a departure from the
scope of the present invention. [0050] The various
illustrative logical blocks, modules, and circuits
described in connection with the embodiments disclosed
herein may be implemented or performed with a general
purpose processor, a Digital Signal Processor (DSP),
an Application Specific Integrated Circuit (ASIC), a
Field Programmable Gate Array (FPGA) or
otherprogrammable logic device, discrete gate or
transistor logic, discrete hardware components, or any
combination thereof designed to perform the functions
described herein. A general purpose processor may be a
microprocessor, but in the alternative, the processor
may be any conventional processor, controller,
microcontroller, or state machine. A processor may
also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a
microprocessor, a plurality of microprocessors, one or
more microprocessors in conjunction with a DSP core,
or any other such configuration. [0051] The steps of a
method or algorithm described in connection with the
embodiments disclosed herein may be embodied directly
in hardware, in a software module executed by a
processor, or in a combination of the two. A software
module may reside in Random Access Memory (RAM), flash
memory, Read Only Memory (ROM), Electrically
Programmable ROM (EPROM), Electrically Erasable
Programmable ROM (EEPROM), registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage
medium known in the art. An exemplary storage medium
is coupled to the processor such that the processor
can read information from, and write information to,
the storage medium. In the alternative, the storage
medium may be integral to the processor. The processor
and the storage medium may reside in an ASIC. The ASIC
may reside in a user terminal. In the alternative, the
processor and the storage medium may reside as
discrete components in a user terminal. [0052] The
previous description of the disclosed embodiments is
provided to enable any person skilled in the art to
make or use the present invention. Various
modifications to these embodiments will be readily
apparent to those skilled in the art, and the generic
principles defined herein may be applied to other
embodiments without departing from the spirit or scope
of the invention. Thus, the present invention is not
intended to be limited to the embodiments shown herein
but is to be accorded the widest scope consistent with
the principles and novel features disclosed herein.
[0053] WHAT IS CLAIMED IS:CLAIMS 



1. A wireless communication device comprising: a
transmit antenna with a first tunable element to
change a first transmit frequency band associated with
a first communication mode to a second transmit
frequency band associated with the first communication
mode or a second communication mode; and a receive
antenna with a second tunable element to change a
first receive frequency band associated with the first
communication mode to a second receive frequency band
associated with the first communication mode or the
second communication mode. 2. The device of Claim 1,
wherein the frequency bands comprise at least two of
Code Division Multiple Access (CDMA) 450MHz, CDMA
800MHz, Extended Global System for Mobile
communications (EGSM) 900MHz, Global Positioning
System (GPS) 1575MHz, CDMAl 800MHz, CDMAl 900MHz,
Digital Cellular System (DCS) 1700MHz, and Universal
Mobile Telecommunications System (UMTS) 1900MHz. 3.
The device of Claim 1, wherein the first transmit
frequency band is at least 100 MHz higher than the
second transmit frequency band. 4. The device of Claim
1, wherein the first and second communication modes
comprise at least two of CDMA, GSM, Wideband CDMA
(WCDMA), Time-Division Synchronous CDMA (TD-SCDMA),
Orthogonal Frequency Division Multiplexing (OFDM), and
WiMAX. 5. The device of Claim 1, wherein first and
second tunable elements comprise voltage-variable
micro-electro mechanical systems (MEMS). 6. The device
of Claim 1, wherein first and second tunable elements
comprise voltage-variable Ferro-Electric capacitors.7.
The device of Claim 1, wherein the first transmit
frequency band and the first receive frequency band
are substantially isolated from each other. 8. The
device of Claim 1, wherein the transmit antenna is
orthogonally positioned to the receive antenna. 9. The
device of Claim 1, further comprising a second receive
antenna with a third tunable element to provide
receive diversity. 10. The device of Claim 1, further
comprising a second transmit antenna with a third
tunable element to provide transmit diversity. 11. A
wireless communication device comprising: a
transmitting means with a first tuning means to change
a first transmit frequency band associated with a
first communication mode to a second transmit
frequency band associated with the first communication
mode or a second communication mode; and a receiving
means with a second tuning means to change a first
receive frequency band associated with the first
communication mode to a second receive frequency band
associated with the first communication mode or the
second communication mode. 12. A wireless
communication device comprising: a transmit antenna
with a first tunable element to change a first
transmit frequency set of channels associated with a
first communication mode to a second transmit
frequency set of channels associated with the first
communication mode or a second communication mode; and
a receive antenna with a second tunable element to
change a first receive frequency set of channels
associated with the first communication mode to a
second receive frequency set of channels associated
with the first communication mode or the second
communication mode. 13. A method for wireless
communications, the method comprising:transmitting
signals with a first antenna and receiving signals
with a second antenna using a first frequency range
associated with a first wireless communication mode;
tuning the transmit and receive antennas to a second
frequency range associated with the first
communication mode or a second wireless communication
mode; and transmitting signals with the first antenna
and receiving signals with the second antenna using
the second frequency range. 14. The method of Claim
13, further comprising determining whether the second
wireless communication mode provides better
communication than the first wireless communication
mode. 15. The method of Claim 13, wherein the
frequency ranges comprise at least two of Code
Division Multiple Access (CDMA) 450MHz, CDMA 800MHz,
Extended Global System for Mobile communications
(EGSM) 900MHz, Global Positioning System (GPS)
1575MHz, CDMA1800MHz, CDMA1900MHz, Digital Cellular
System (DCS) 1700MHz, and Universal Mobile
Telecommunications System (UMTS) 1900MHz. 16. The
method of Claim 13, wherein the first frequency range
is at least 100 MHz higher than the second frequency
range. 17. The method of Claim 13, wherein the first
and second communication modes comprise at least two
of CDMA, GSM, Wideband CDMA (WCDMA), Time-Division
Synchronous CDMA (TD-SCDMA), Orthogonal Frequency
Division Multiplexing (OFDM), and WiMAX. 18. The
method of Claim 13, wherein the first antenna and
second antenna use frequency bands that are
substantially isolated from each other. 19. The method
of Claim 13, further comprising receiving signals with
a third antenna to provide receive diversity.20. The
method of Claim 13, further comprising transmitting
signals with a third antenna to provide transmit
diversity. 2 1. A method for wireless communications,
the method comprising: transmitting signals with a
first antenna and receiving signals with a second
antenna using a first frequency set of channels
associated with a first wireless communication mode;
tuning the transmit and receive antennas to a second
frequency set of channels associated with the first
communication mode or a second wireless communication
mode; and transmitting signals with the first antenna
and receiving signals with the second antenna using
the second frequency set of channels. 


