
HETEROBICYCLIC METALLOPROTEASE INHIBITORS CROSS
REFERENCE TO RELATED APPLICATIONS [0001] This
application claims priority from U.S. Provisional
Application No. 60/734,991, filed November 9, 2005;
U.S. Provisional Application No. 60/706,465, filed
August 8, 2005; and U.S. Provisional Application No.
60/683,470 filed May 20, 2005, the contents of each of
which are hereby incorporated by reference. FIELD OF
THE INVENTION [0002] The present invention relates
generally to amide containing heterobicyclic
metalloprotease inhibiting compounds, and more
particularly to heterobicyclic MMP-13 inhibiting
compounds. BACKGROUND OF THE INVENTION [0003] Matrix
metalloproteinases (MMPs) and aggrecanases (ADAMTS = a
disintegrin and metalloproteinase with thrombospondin
motif) are a family of structurally related
zinc-containing enzymes that have been reported to
mediate the breakdown of connective tissue in normal
physiological processes such as embryonic development,
reproduction, and tissue remodelling. Over-expression
of MMPs and aggrecanases or an imbalance between
extracellular matrix synthesis and degradation has
been suggested as factors in inflammatory, malignant
and degenerative disease processes. MMPs and
aggrecanases are, therefore, targets for therapeutic
inhibitors in several inflammatory, malignant and
degenerative diseases such as rheumatoid arthritis,
osteoarthritis, osteoporosis, periodontitis, multiple
sclerosis, gingivitis, corneal epidermal and gastric
ulceration, atherosclerosis, neointimal proliferation
(which leads to restenosis and ischemic heart failure)
and tumor metastasis. [0004] The ADAMTSs are a group
of proteases that are encoded in 19 ADAMTS genes in
humans. The ADAMTSs are extracellular, multidomain
enzymes whose functions include collagen processing,
cleavage of the matrix proteoglycans, inhibition of
angiogenesis and blood coagulation homoeostasis
(Biochem. J. 2005, 386, 15-27; Arthritis Res.
Ther.2005, 7, 160-169; Curr. Med. Chem.
Anti-Inflammatory Anti-Allergy Agents 2005, 4, 251-
264). [0005] The mammalian MMP family has been
reported to include at least 20 enzymes, {Chem. Rev.
1999, 99, 2735-2776). Collagenase-3 (MMP-13) is among
three collagenases that have been identified. Based on
identification of domain structures for individual
members of the MMP family, it has been determined that
the catalytic domain of the MMPs contains two zinc
atoms; one of these zinc atoms performs a catalytic
function and is coordinated with three histidines
contained within the conserved amino acid sequence of
the catalytic domain. MMP-13 is over-expressed in
rheumatoid arthritis, osteoarthritis, abdominal aortic
aneurysm, breast carcinoma, squamous cell carcinomas
of the head and neck, and vulvar squamous cell
carcinoma. The principal substrates of MMP-13 are
fibrillar collagens (types I, II, III) and gelatins,
proteoglycans, cytokines and other components of ECM
(extracellular matrix). [0006] The activation of the
MMPs involves the removal of a propeptide, which
features an unpaired cysteine residue complexes the
catalytic zinc (II) ion. X-ray crystal structures of
the complex between MMP-3 catalytic domain and TEVIP-I
and MMP- 14 catalytic domain and TIMP-2 also reveal
ligation of the catalytic zinc (II) ion by the thiol
of a cysteine residue. The difficulty in developing
effective MMP inhibiting compounds comprises several
factors, including choice of selective versus
broad-spectrum MMP inhibitors and rendering such
compounds bioavailable via an oral route of
administration. SUMMARY OF THE INVENTION [0007] The
present invention relates to a new class of
heterobicyclic amide containing pharmaceutical agents
which inhibits metalloproteases. In particular, the
present invention provides a new class of
metalloprotease inhibiting compounds that exhibit
potent MMP-13 inhibiting activity and/or activity
towards MMP-3, MMP-8, MMP-12, ADAMTS-4, and ADAMTS-5.
[0008] The present invention provides several new
classes of amide containing heterobicyclic
metalloprotease compounds, of which some are
represented by the following general formulas:Formula
(I) Formula (II) Formula (III) Formula (IV) Formula
(V)Formula (VI) wherein all variables in the preceding
Formulas (I) to (VI) are as defined hereinbelow.
[0009] The heterobicyclic metalloprotease inhibiting
compounds of the present invention may be used in the
treatment of metalloprotease mediated diseases, such
as rheumatoid arthritis, osteoarthritis, abdominal
aortic aneurysm, cancer, inflammation,
atherosclerosis, multiple sclerosis, chronic
obstructive pulmonary disease, ocular diseases,
neurological diseases, psychiatric diseases,
thrombosis, bacterial infection, Parkinson's disease,
fatigue, tremor, diabetic retinopathy, vascular
diseases of the retina, aging, dementia,
cardiomyopathy, renal tubular impairment, diabetes,
psychosis, dyskinesia, pigmentary abnormalities,
deafness, inflammatory and fibrotic syndromes,
intestinal bowel syndrome, allergies, Alzheimer's
disease, arterial plaque formation, periodontal, viral
infection, stroke, cardiovascular disease, reperfusion
injury, trauma, chemical exposure or oxidative damage
to tissues, wound healing, hemorroid, skin
beautifying, pain, inflammatory pain, bone pain and
joint pain. [0010] In particular, the heterobicyclic
metalloprotease inhibiting compounds of the present
invention may be used in the treatment of MMP- 13
mediated osteoarthritis and may be used for other MMP-
13 mediated symptoms, inflammatory, malignant and
degenerative diseases characterized by excessive
extracellular matrix degradation and/or remodelling,
such as cancer, and chronic inflammatory diseases such
as arthritis, rheumatoid arthritis, osteoarthritis
atherosclerosis, abdominal aortic aneurysm,
inflammation, multiple sclerosis, and chronic
obstructive pulmonary disease, and pain, such as
inflammatory pain, bone pain and joint pain. [001 1]
The present invention also provides heterobicyclic
metalloprotease inhibiting compounds that are useful
as active ingredients in pharmaceutical compositions
for treatment or prevention of metalloprotease -
especially MMP-13 - mediated diseases. The present
invention also contemplates use of such compounds in
pharmaceutical compositions for oralor parenteral
administration, comprising one or more of the
heterobicyclic metalloprotease inhibiting compounds
disclosed herein. [0012] The present invention further
provides methods of inhibiting metalloproteases, by
administering formulations, including, but not limited
to, oral, rectal, topical, intravenous, parenteral
(including, but not limited to, intramuscular,
intravenous), ocular (ophthalmic), transdermal,
inhalative (including, but not limited to, pulmonary,
aerosol inhalation), nasal, sublingual, subcutaneous
or intraarticular formulations, comprising the
heterobicyclic metalloprotease inhibiting compounds by
standard methods known in medical practice, for the
treatment of diseases or symptoms arising from or
associated with metalloprotease, especially MMP- 13,
including prophylactic and therapeutic treatment.
Although the most suitable route in any given case
will depend on the nature and severity of the
conditions being treated and on the nature of the
active ingredient. The compounds from this invention
are conveniently presented in unit dosage form and
prepared by any of the methods well-known in the art
of pharmacy. [0013] The heterobicyclic metalloprotease
inhibiting compounds of the present invention may be
used in combination with a disease modifying
antirheumatic drug, a nonsteroidal anti-inflammatory
drug, a COX-2 selective inhibitor, a COX-I inhibitor,
an immunosuppressive, a steroid, a biological response
modifier or other anti-inflammatory agents or
therapeutics useful for the treatment of chemokines
mediated diseases. DETAILED DESCRIPTION OF THE
INVENTION [0014] The terms "alkyl" or "alk", as used
herein alone or as part of another group, denote
optionally substituted, straight and branched chain
saturated hydrocarbon groups, preferably having 1 to
10 carbons in the normal chain, most preferably lower
alkyl groups. Exemplary unsubstituted such groups
include methyl, ethyl, propyl, isopropyl, n-butyl,
tbutyl, isobutyl, pentyl, hexyl, isohexyl, heptyl,
4,4-dimethylpentyl, octyl, 2,2,4- trimethylpentyl,
nonyl, decyl, undecyl, dodecyl and the like. Exemplary
substituents may 



include, but are not limited to, one or more of the
following groups: halo, alkoxy, alkylthio, alkenyl,
alkynyl, aryl (e.g., to form a benzyl group),
cycloalkyl, cycloalkenyl, hydroxy or protected
hydroxy, carboxyl (--COOH), alkyloxycarbonyl,
alkylcarbonyloxy, alkylcarbonyl, carbamoyl (NH2-CO-),
substituted carbamoyl ((R10)(R 11)N-CO- wherein R10 or
R1 1 are asdefined below, except that at least one of
R10 or R1 1 is not hydrogen), amino, heterocyclo,
mono- or dialkylamino, or thiol (--SH). [0015] The
terms "lower alk" or "lower alkyl" as used herein,
denote such optionally substituted groups as described
above for alkyl having 1 to 4 carbon atoms in the
normal chain. [0016] The term "alkoxy" denotes an
alkyl group as described above bonded through an
oxygen linkage (~O~). [0017] The term "alkenyl", as
used herein alone or as part of another group, denotes
optionally substituted, straight and branched chain
hydrocarbon groups containing at least one carbon to
carbon double bond in the chain, and preferably having
2 to 10 carbons in the normal chain. Exemplary
unsubstituted such groups include ethenyl, propenyl,
isobutenyl, butenyl, pentenyl, hexenyl, heptenyl,
octenyl, nonenyl, decenyl, and the like. Exemplary
substituents may include, but are not limited to, one
or more of the following groups: halo, alkoxy,
alkylthio, alkyl, alkynyl, aryl, cycloalkyl,
cycloalkenyl, hydroxy or protected hydroxy, carboxyl
(-COOH), alkyloxycarbonyl, alkylcarbonyloxy,
alkylcarbonyl, carbamoyl (NH2 -CO-), substituted
carbamoyl ((R10)(R1^N-CO- wherein R10 or R11 are as
defined below, except that at least one of R10 or R1 1
is not hydrogen), amino, heterocyclo, mono- or
dialkylamino, or thiol (--SH). [0018] The term
"alkynyl", as used herein alone or as part of another
group, denotes optionally substituted, straight and
branched chain hydrocarbon groups containing at least
one carbon to carbon triple bond in the chain, and
preferably having 2 to 10 carbons in the normal chain.
Exemplary unsubstituted such groups include, but are
not limited to, ethynyl, propynyl, butynyl, pentynyl,
hexynyl, heptynyl, octynyl, nonynyl, decynyl, and the
like. Exemplary substituents may include, but are not
limited to, one or more of the following groups: halo,
alkoxy, alkylthio, alkyl, alkenyl, aryl, cycloalkyl,
cycloalkenyl, hydroxy or protected hydroxy, carboxyl
(--COOH), alkyloxycarbonyl, alkylcarbonyloxy,
alkylcarbonyl, carbamoyl (NH2-CO-), substituted
carbamoyl ((R10)(R 11)N~CO- wherein R10 or R1 1 are as
defined below, except that at least one of R10 or R1 1
is not hydrogen), amino, heterocyclo, mono- or
dialkylamino, or thiol (-SH).[0019] The terra
"cycloalkyl", as used herein alone or as part of
another group, denotes optionally substituted,
saturated cyclic hydrocarbon ring systems, containing
one ring with 3 to 9 carbons. Exemplary unsubstituted
such groups include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, cyclooctyl, cyclodecyl, and cyclododecyl.
Exemplary substituents include, but are not limited
to, one or more alkyl groups as described above, or
one or more groups described above as alkyl
substituents. [0020] The term "bicycloalkyl", as used
herein alone or as part of another group, denotes
optionally substituted, saturated cyclic bridged
hydrocarbon ring systems, desirably containing 2 or 3
rings and 3 to 9 carbons per ring. Exemplary
unsubstituted such groups include, but are not limited
to, adamantyl, bicyclo[2.2.2]octane,
bicyclo[2.2.1]heptane and cubane. Exemplary
substituents include, but are not limited to, one or
more alkyl groups as described above, or one or more
groups described above as alkyl substituents. [0021]
The term "spiroalkyl", as used herein alone or as part
of another group, denotes optionally substituted,
saturated hydrocarbon ring systems, wherein two rings
are bridged via one carbon atom and 3 to 9 carbons per
ring. Exemplary unsubstituted such groups include, but
are not limited to, spiro[3.5]nonane, spiro[4.5]decane
or spiro[2.5]octane. Exemplary substituents include,
but are not limited to, one or more alkyl groups as
described above, or one or more groups described above
as alkyl substituents. [0022] The term
"spiroheteroalkyl", as used herein alone or as part of
another group, denotes optionally substituted,
saturated hydrocarbon ring systems, wherein two rings
are bridged via one carbon atom and 3 to 9 carbons per
ring. At least one carbon atom is replaced by a
heteroatom independently selected from N, O and S. The
nitrogen and sulfur heteroatoms may optionally be
oxidized. Exemplary unsubstituted such groups include,
but are not limited to,
l,3-diaza-spiro[4.5]decane-2,4-dione. Exemplary
substituents include, but are not limited to, one or
more alkyl groups as described above, or one or more
groups described above as alkyl substituents. [0023]
The terms "ar" or "aryl", as used herein alone or as
part of another group, denote optionally substituted,
homocyclic aromatic groups, preferably containing 1 or
2 rings and 6 to 12 ring carbons. Exemplary
unsubstituted such groups include, but are not limited
to, phenyl, biphenyl, and naphthyl. Exemplary
substituents include, but are not limited to,one or
more nitro groups, alkyl groups as described above or
groups described above as alkyl substituents. [0024]
The term "heterocycle" or "heterocyclic system"
denotes a heterocyclyl, heterocyclenyl, or heteroaryl
group as described herein, which contains carbon atoms
and from 1 to 4 heteroatoms independently selected
from N, O and S and including any bicyclic or
tricyclic group in which any of the above-defined
heterocyclic rings is fused to one or more
heterocycle, aryl or cycloalkyl groups. The nitrogen
and sulfur heteroatoms may optionally be oxidized. The
heterocyclic ring may be attached to its pendant group
at any heteroatom or carbon atom which results in a
stable structure. The heterocyclic rings described
herein may be substituted on carbon or on a nitrogen
atom. [0025] Examples of heterocycles include, but are
not limited to, lH-indazole, 2- pyrrolidonyl,
2H,6H-l,5,2-dithiazinyl, 2H-pyrrolyl, 3H-indolyl,
4-piperidonyl, 4aHcarbazole, 4H-quinolizinyl,
6H-l,2,5-thiadiazinyl, acridinyl, azocinyl,
benzimidazolyl, benzofuranyl, benzothiofuranyl,
benzothiophenyl, benzoxazolinyl, benzoxazolyl,
benzthiazolyl, benztriazolyl, benztetrazolyl,
benzisoxazolyl, benzisothiazolyl, benzimidazalonyl,
carbazolyl, 4aH-carbazolyl, b-carbolinyl, chromanyl,
chromenyl, cinnolinyl, decahydroquinolinyl,
2H,6H-l,5,2-dithiazinyl, dihydrofuro[2,3-
]tetrahydrofuran, furanyl, furazanyl, imidazolidinyl,
imidazolinyl, imidazolyl, l -indazolyl, indolenyl,
indolinyl, indolizinyl, indolyl, isatinoyl,
isobenzofuranyl, isochromanyl, isoindazolyl,
isoindolinyl, isoindolyl, isoquinolinyl, isothiazolyl,
isoxazolyl, morpholinyl, naphthyridinyl,
octahydroisoquinolinyl, oxadiazolyl,
1,2,3-oxadiazolyl, 1,2,4-oxadiazolyl,
1,2,5-oxadiazolyl, 1,3,4-oxadiazolyl, oxazolidinyl,
oxazolyl, oxazolidinylperimidinyl, oxindolyl,
phenanthridinyl, phenanthrolinyl, phenarsazinyl,
phenazinyl, phenothiazinyl, phenoxathiinyl,
phenoxazinyl, phthalazinyl, piperazinyl, piperidinyl,
pteridinyl, piperidonyl, 4-piperidonyl, pteridinyl,
purinyl, pyranyl, pyrazinyl, pyrazolidinyl,
pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazole,
pyridoimidazole, pyridothiazole, pyridinyl, pyridyl,
pyrimidinyl, pyrrolidinyl, pyrrolinyl, pyrrolyl,
quinazolinyl, quinolinyl, 4H-quinolizinyl,
quinoxalinyl, quinuclidinyl, carbolinyl,
tetrahydrofuranyl, tetrahydroisoquinolinyl,
tetrahydroquinolinyl, tetrazolyl, 6H-
1,2,5-thiadiazinyl, 1,2,3-thiadiazolyl,
1,2,4-thiadiazolyl, 1,2,5-thiadiazolyl,
1,3,4-thiadiazolyl, thianthrenyl, thiazolyl, thienyl,
thienothiazolyl, thienooxazolyl, thienoimidazolyl,
thiophenyl, triazinyl, 1,2,3-triazolyl,
1,2,4-triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyl,
xanthenyl.[0026] Further examples of heterocycles
include, but not are not limited to,
"heterobicycloalkyl" groups such as
7-oxa-bicyclo[2.2.1]heptane, 7-azabicyclo[
2.2.1]heptane, and l-aza-bicyclo[2.2.2]octane. [0027]
"Heterocyclenyl" denotes a non-aromatic monocyclic or
multicyclic hydrocarbon ring system of about 3 to
about 10 atoms, desirably about 4 to about 8 atoms, in
which one or more of the carbon atoms in the ring
system is/are hetero element(s) other than carbon, for
example nitrogen, oxygen or sulfur atoms, and which
contains at least one carbon-carbon double bond or
carbon-nitrogen double bond. Ring sizes of rings of
the ring system may include 5 to 6 ring atoms. The
designation of the aza, oxa or thia as a prefix before
heterocyclenyl define that at least a nitrogen, oxygen
or sulfur atom is present respectively as a ring atom.
The heterocyclenyl may be optionally substituted by
one or more substituents as defined herein. The
nitrogen or sulphur atom of the heterocyclenyl may
also be optionally oxidized to the corresponding
N-oxide, S-oxide or S,S-dioxide. "Heterocyclenyl" as
used herein includes by way of example and not
limitation those described in Paquette, Leo A. ;
"Principles of Modern Heterocyclic Chemistry" (W. A.
Benjamin, New York, 1968), particularly Chapters 1, 3,
4, 6, 7, and 9; "The Chemistry of Heterocyclic
Compounds, A series of Monographs" (John Wiley & Sons,
New York, 1950 to present), in particular Volumes 13,
14, 16, 19, and 28; and "J. Am. Chem. Soc. ", 82:5566
(1960), the contents all of which are incorporated by
reference herein. Exemplary 



monocyclic azaheterocyclenyl groups include, but are
not limited to, 1.,2,3,4- tetrahydrohydropyridine,
1,2-dihydropyridyl, 1,4-dihydropyridyl,
1,2,3,6-tetrahydropyridine,
1,4,5,6-tetrahydropyrimidine, 2-pyrrolinyl,
3-pyrrolinyl, 2-imidazolinyl, 2-pyrazolinyl, and the
like. Exemplary oxaheterocyclenyl groups include, but
are not limited to, 3,4-dihydro- 2 -pyran,
dihydrofuranyl, and fluorodihydrofuranyl. An exemplary
multicyclic oxaheterocyclenyl group is
7-oxabicyclo[2.2.1]heptenyl. [0028] "Heterocyclyl," or
"heterocycloalkyl," denotes a non-aromatic saturated
monocyclic or multicyclic ring system of about 3 to
about 10 carbon atoms, desirably 4 to 8 carbon atoms,
in which one or more of the carbon atoms in the ring
system is/are hetero element(s) other than carbon, for
example nitrogen, oxygen or sulfur. Ring sizes of
rings of the ring system may include 5 to 6 ring
atoms. The designation of the aza, oxa or thia as a
prefix before heterocyclyl define that at least a
nitrogen, oxygen or sulfur atom is present
respectively as a ring atom. The heterocyclyl may be
optionally substituted by one or moresubstituents
which may be the same or different, and are as defined
herein. The nitrogen or sulphur atom of the
heterocyclyl may also be optionally oxidized to the
corresponding N-oxide, S-oxide or S,S-dioxide. [0029]
"Heterocyclyl" as used herein includes by way of
example and not limitation those described in
Paquette, Leo A. ; "Principles of Modern Heterocyclic
Chemistry" (W. A. Benjamin, New York, 1968),
particularly Chapters 1, 3, 4, 6, 7, and 9; "The
Chemistry of Heterocyclic Compounds, A series of
Monographs" (John Wiley & Sons, New York, 1950 to
present), in particular Volumes 13, 14, 16, 19, and
28; and "J. Am. Chem. Soc. ", 82:5566 (1960).
Exemplary monocyclic heterocyclyl rings include, but
are not limited to, piperidyl, pyrrolidinyl,
piperazinyl, morpholinyl, thiomorpholinyl,
thiazolidinyl, 1,3-dioxolanyl, 1,4- dioxanyl,
tetrahydrofuranyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, and the like. [0030]
"Heteroaryl" denotes an aromatic monocyclic or
multicyclic ring system of about 5 to about 10 atoms,
in which one or more of the atoms in the ring system
is/are hetero element(s) other than carbon, for
example nitrogen, oxygen or sulfur. Ring sizes of
rings of the ring system include 5 to 6 ring atoms.
The "heteroaryl" may also be substituted by one or
more substituents which may be the same or different,
and are as defined herein. The designation of the aza,
oxa or thia as a prefix before heteroaryl define that
at least a nitrogen, oxygen or sulfur atom is present
respectively as a ring atom. A nitrogen atom of a
heteroaryl may be optionally oxidized to the
corresponding N-oxide. Heteroaryl as used herein
includes by way of example and not limitation those
described in Paquette, Leo A. ; "Principles of Modern
Heterocyclic Chemistry" (W. A. Benjamin, New York,
1968), particularly Chapters 1, 3, 4, 6, 7, and 9;
"The Chemistry of Heterocyclic Compounds, A series of
Monographs" (John Wiley & Sons, New York, 1950 to
present), in particular Volumes 13, 14, 16, 19, and
28; and "J. Am. Chem. Soc. ", 82:5566 (1960).
Exemplary heteroaryl and substituted heteroaryl groups
include, but are not limited to, pyrazinyl, thienyl,
isothiazolyl, oxazlyl, pyrazolyl, furazanyl, pyrrolyl,
1,2,4-thiadiazolyl, pyridazinyl, quinoxalinyl,
phthalazinyl, imidazo[l,2-a]pyridine,
imidazo[2,l-b]thiazolyl, benzofurazanyl, azaindolyl,
benzimidazolyl, benzothienyl, thienopyridyl,
thienopyrimidyl, pyrrolopyridyl, imidazopyridyl,
benzoazaindole, 1,2,3-triazinyl, 1,2,4-triazinyl,
1,3,5-triazinyl, benzthiazolyl, dioxolyl, furanyl,
imidazolyl, indolyl, indolizinyl, isoxazolyl,
isoquinolinyl, isothiazolyl, , oxadiazolyl, oxazinyl,
oxiranyl, piperazinyl, piperidinyl, pyranyl,
pyrazinyl, pyridazinyl, pyrazolyl, pyridyl,
pyrimidinyl, pyrrolyl, pyrrolidinyl, quinazolinyl,
quinolinyl, tetrazinyl, tetrazolyl,1,3,4-thiadiazolyl,
1,2,3-thiadiazolyl, 1,2,4-thiadiazolyl,
1,2,5-thiadiazolyl, thiatriazolyl, thiazinyl,
thiazolyl, thienyl, 5-thioxo-l,2,4-diazolyl,
thiomorpholino, thiophenyl, thiopyranyl, triazolyl and
triazolonyl. [0031] The phrase "fused" means, that the
group, mentioned before "fused" is connected via two
adjacent atoms to the ring system mentioned after
"fused" to form a bicyclic system. For example,
"heterocycloalkyl fused aryl" includes, but is not
limited to, 2,3-dihydro-benzo[l,4]dioxine,
4H-benzo[l,4]oxazin-3-one, 3H-Benzooxazol-2-one and
3,4- dihydro-2H-benzo[/] [1,4]oxazepin-5 -one. [0032]
The term "amino" denotes the radical -NH2 wherein one
or both of the hydrogen atoms may be replaced by an
optionally substituted hydrocarbon group. Exemplary
amino groups include, but are not limited to,
n-butylamino, tert-butylamino, methylpropylamino and
ethyldimethylamino. [0033] The term "cycloalkylalkyl"
denotes a cycloalkyl-alkyl group wherein a cycloalkyl
as described above is bonded through an alkyl, as
defined above. Cycloalkylalkyl groups may contain a
lower alkyl moiety. Exemplary cycloalkylalkyl groups
include, but are not limited to, cyclopropylmethyl,
cyclopentylmethyl, cyclohexylmethyl, cyclopropylethyl,
cyclopentylethyl, cyclohexylpropyl, cyclopropylpropyl,
cyclopentylpropyl, and cyclohexylpropyl. [0034] The
term "arylalkyl" denotes an aryl group as described
above bonded through an alkyl, as defined above.
[0035] The term "heteroarylalkyl" denotes a heteroaryl
group as described above bonded through an alkyl, as
defined above. [0036] The term "heterocyclylalkyl," or
"heterocycloalkylalkyl," denotes a heterocyclyl group
as described above bonded through an alkyl, as defined
above. [0037] The terms "halogen", "halo", or "hal",
as used herein alone or as part of another group,
denote chlorine, bromine, fluorine, and iodine. [0038]
The term "haloalkyl" denotes a halo group as described
above bonded though an alkyl, as defined above.
Fluoroalkyl is an exemplary group.[0039] The term
"aminoalkyl" denotes an amino group as defined above
bonded through an alkyl, as defined above. [0040] The
phrase "bicyclic fused ring system wherein at least
one ring is partially saturated" denotes an 8- to
13-membered fused bicyclic ring group in which at
least one of the rings is non-aromatic. The ring group
has carbon atoms and optionally 1-4 heteroatoms
independently selected from N, O and S. Illustrative
examples include, but are not limited to, indanyl,
tetrahydronaphthyl, tetrahydroquinolyl and
benzocycloheptyl. [0041] The phrase "tricyclic fused
ring system wherein at least one ring is partially
saturated" denotes a 9- to 18-membered fused tricyclic
ring group in which at least one of the rings is
non-aromatic. The ring group has carbon atoms and
optionally 1-7 heteroatoms independently selected from
N, O and S. Illustrative examples include, but are not
limited to, fluorene,
10,ll-dihydro-5H-dibenzo[a,d]cycloheptene and
2,2a,7,7a-tetrahydro-lHcyclobuta[ a]indene. [0042] The
term "pharmaceutically acceptable salts" refers to
derivatives of the disclosed compounds wherein the
parent compound is modified by making acid or base
salts thereof. Examples of pharmaceutically acceptable
salts include, but are not limited to, mineral or
organic acid salts of basic residues such as amines;
alkali or organic salts of acidic residues such as
carboxylic acids; and the like. Examples therefore may
be, but are not limited to, sodium, potassium,
choline, lysine, arginine or N-methyl-glucamine salts,
and the like. [0043] The pharmaceutically acceptable
salts include the conventional non-toxic salts or the
quaternary ammonium salts of the parent compound
formed, for example, from non toxic inorganic or
organic acids. For example, such conventional
non-toxic salts include those derived from inorganic
acids such as, but not limited to, hydrochloric,
hydrobromic, sulfuric, sulfamic, phosphoric, nitric
and the like; and the salts prepared from organic
acids such as, but not limited to, acetic, propionic,
succinic, glycolic, stearic, lactic, malic, tartaric,
citric, ascorbic, pamoic, maleic, hydroxymaleic,
phenylacetic, glutamic, benzoic, salicylic,
sulfanilic, 2-acetoxybenzoic, fumaric,
toluenesulfonic, methanesulfonic, ethane disulfonic,
oxalic, isethionic, and the like.[0044] The
pharmaceutically acceptable salts of the present
invention can be synthesized from the parent compound
which contains a basic or acidic moiety by
conventional chemical methods. Generally, such salts
can be prepared by reacting the free acid or base
forms of these compounds with a stoichiometric amount
of the appropriate base or acid in water or in an
organic solvent, or in a mixture of the two. Organic
solvents include, but are not limited to, nonaqueous
media like ethers, ethyl acetate, ethanol,
isopropanol, or acetonitrile. Lists of suitable salts
are found in Remington's Pharmaceutical Sciences, 18th
ed., Mack Publishing Company, Easton, PA, 1990, p.
1445, the disclosure of which is hereby incorporated
by reference. [0045] The phrase "pharmaceutically
acceptable" denotes those compounds, materials,
compositions, and/or dosage forms which are, within
the scope of sound medical 



judgment, suitable for use in contact with the tissues
of human beings and animals without excessive
toxicity, irritation, allergic response, or other
problem or complication commensurate with a reasonable
benefit/risk ratio. [0046] The phrase
"pharmaceutically acceptable carrier" denotes media
generally accepted in the art for the delivery of
biologically active agents to mammals, e.g., humans.
Such carriers are generally formulated according to a
number of factors well within the purview of those of
ordinary skill in the art to determine and account
for. These include, without limitation: the type and
nature of the active agent being formulated; the
subject to which the agent-containing composition is
to be administered; the intended route of
administration of the composition; and, the
therapeutic indication being targeted.
Pharmaceutically acceptable carriers include both
aqueous and non-aqueous liquid media, as well as a
variety of solid and semi-solid dosage forms. Such
carriers can include a number of different ingredients
and additives in addition to the active agent, such
additional ingredients being included in the
formulation for a variety of reasons, e.g.,
stabilization of the active agent, well known to those
of ordinary skill in the art. Non-limiting examples of
a pharmaceutically acceptable carrier are hyaluronic
acid and salts thereof, and microspheres (including,
but not limited to poly(D,L)-lactide-co-glycolic acid
copolymer (PLGA), poly(Llactic acid) (PLA),
poly(caprolactone (PCL) and bovine serum albumin
(BSA)). Descriptions of suitable pharmaceutically
acceptable carriers, and factors involved in their
selection, are found in a variety of readily available
sources, e.g., Remington's Pharmaceutical
Sciences,17th ed., Mack Publishing Company, Easton,
Pa., 1985, the contents of which are incorporated
herein by reference. [0047] Pharmaceutically
acceptable carriers particularly suitable for use in
conjunction with tablets include, for example, inert
diluents, such as celluloses, calcium or sodium
carbonate, lactose, calcium or sodium phosphate;
disintegrating agents, such as croscarmellose sodium,
cross-linked povidone, maize starch, or alginic acid;
binding agents, such as povidone, starch, gelatin or
acacia; and lubricating agents, such as magnesium
stearate, stearic acid or talc. Tablets may be
uncoated or may be coated by known techniques
including microencapsulation to delay disintegration
and adsorption in the gastrointestinal tract and
thereby provide a sustained action over a longer
period. For example, a time delay material such as
glyceryl monostearate or glyceryl distearate alone or
with a wax may be employed. [0048] Formulations for
oral use may be also presented as hard gelatin
capsules where the active ingredient is mixed with an
inert solid diluent, for example celluloses, lactose,
calcium phosphate or kaolin, or as soft gelatin
capsules wherein the active ingredient is mixed with
non-aqueous or oil medium, such as glycerin, propylene
glycol, polyethylene glycol, peanut oil, liquid
paraffin or olive oil. [0049] The compositions of the
invention may also be formulated as suspensions
including a compound of the present invention in
admixture with at least one pharmaceutically
acceptable excipient suitable for the manufacture of a
suspension. Li yet another embodiment, pharmaceutical
compositions of the invention may be formulated as
dispersible powders and granules suitable for
preparation of a suspension by the addition of
suitable excipients. [0050] Carriers suitable for use
in connection with suspensions include suspending
agents, such as sodium carboxymethylcellulose,
methylcellulose, hydroxypropyl methylcelluose, sodium
alginate, polyvinylpyrrolidone, gum tragacanth, gum
acacia, dispersing or wetting agents such as a
naturally occurring phosphatide (e.g., lecithin), a
condensation product of an alkylene oxide with a fatty
acid (e.g., polyoxyethylene stearate), a condensation
product of ethylene oxide with a long chain aliphatic
alcohol (e.g., heptadecaethyleneoxycethanol), a
condensation product of ethylene oxide with a partial
ester derived from a fatty acid and a hexitol
anhydride (e.g., polyoxyethylene sorbitanmonooleate);
and thickening agents, such as carbomer, beeswax, hard
paraffin or cetyl alcohol. The suspensions may also
contain one or more preservatives such as acetic acid,
methyl and/or n-propyl p-hydroxy-benzoate; one or more
coloring agents; one or more flavoring agents; and one
or more sweetening agents such as sucrose or
saccharin, [0051] Cyclodextrins may be added as
aqueous solubility enhancers. Preferred cyclodextrins
include hydroxypropyl, hydroxyethyl, glucosyl,
maltosyl and maltotriosyl derivatives of a-, b-, and
g-cyclodextrin. The amount of solubility enhancer
employed will depend on the amount of the compound of
the present invention in the composition. [0052] The
term "formulation" denotes a product comprising the
active ingredient(s) and the inert ingredient(s) that
make up the carrier, as well as any product which
results, directly or indirectly, from combination,
complexation or aggregation of any two or more of the
ingredients, or from dissociation of one or more of
the ingredients, or from other types of reactions or
interactions of one or more of the ingredients.
Accordingly, the pharmaceutical formulations of the
present invention encompass any composition made by
admixing a compound of the present invention and a
pharmaceutical carrier. [0053] The term "N-oxide"
denotes compounds that can be obtained in a known
manner by reacting a compound of the present invention
including a nitrogen atom (such as in a pyridyl group)
with hydrogen peroxide or a peracid, such as
3-chloroperoxy-benzoic acid, in an inert solvent, such
as dichloromethane, at a temperature between about
-10-80C, desirably about 0C. [0054] The term
"polymorph" denotes a form of a chemical compound in a
particular crystalline arrangement. Certain polymorphs
may exhibit enhanced thermodynamic stability and may
be more suitable than other polymorphic forms for
inclusion in pharmaceutical formulations. [0055] The
compounds of the invention can contain one or more
chiral centers and/or double bonds and, therefore,
exist as stereoisomers, such as double-bond isomers
(i.e., geometric isomers), enantiomers, or
diastereomers. According to the invention, the
chemical structures depicted herein, and therefore the
compounds of the invention, encompass all of the
corresponding enantiomers and stereoisomers, that is,
both the stereomerically pure form(e.g., geometrically
pure, enantiomerically pure, or diastereomerically
pure) and enantiomeric and stereoisomeric mixtures.
[0056] The term "racemic mixture" denotes a mixture
that is about 50% of one enantiomer and about 50% of
the corresponding enantiomer relative to all chiral
centers in the molecule. Thus, the invention
encompasses all enantiomerically-pure,
enantiomericallyenriched, and racemic mixtures of
compounds of Formulas (I) through (VI). [0057]
Enantiomeric and stereoisomeric mixtures of compounds
of the invention can be resolved into their component
enantiomers or stereoisomers by well-known methods.
Examples include, but are not limited to, the
formation of chiral salts and the use of chiral or
high performance liquid chromatography "HPLC" and the
formation and crystallization of chiral salts. See,
e.g., Jacques, J., et al., Enantiomers, Racemates and
Resolutions (Wiley- Interscience, New York, 1981);
Wilen, S. H., et al., Tetrahedron 33:2725 (1977);
Eliel, E. L., Stereochemistry of Carbon Compounds
(McGraw-Hill, NY, 1962); Wilen, S. H., Tables of
Resolving Agents and Optical Resolutions p. 268 (E. L.
Eliel, Ed., Univ. of Notre Dame Press, Notre Dame,
hid., 1972); Stereochemistry of Organic Compounds,
Ernest L. Eliel, Samuel H. Wilen and Lewis N. Manda
(1994 John Wiley & Sons, Inc.), and Stereoselective
Synthesis A Practical Approach, Mihaly Nogradi (1995
VCH Publishers, hie, NY, N.Y.). Enantiomers and
stereoisomers can also be obtained from
stereomerically- or enantiomerically-pure
intermediates, reagents, and catalysts by well-known
asymmetric synthetic methods. [0058] "Substituted" is
intended to indicate that one or more hydrogens on the
atom indicated in the expression using "substituted"
is replaced with a selection from the indicated
group(s), provided that the indicated atom's normal
valency is not exceeded, and that the substitution
results in a stable compound. When a substituent is
keto (i.e., =O) group, then 2 hydrogens on the atom
are replaced. [0059] Unless moieties of a compound of
the present invention are defined as being
unsubstituted, the moieties of the compound may be
substituted. In addition to any substituents provided
above, the moieties of the compounds of the present
invention may be optionally substituted with one or
more groups independently selected from: C1-C4 alkyl;
C2-C4 alkenyl; C2-C4 alkynyl; CF3; 



halo; OH; 0-(Ci-C 4 alkyl); OCH2F; OCHF2; OCF3; ONO2;
OC(O)-(C1-C4 alkyl); OC(O)-(Ci-C4 alkyl);
OC(O)NH-(Ci-C 4 alkyl); OC(O)N(Ci-C4 alkyl)2;
OC(S)NH-(Ci-C 4 alkyl); OC(S)N(Ci-C 4 alkyl)2; SH;
S-(Ci-C4 alkyl); S(O)-(C1-C4 alkyl); S(O)2-(C-C 4
alkyl); SC(O)-(Ci-C 4 alkyl);SC(O)O-(Ci-C 4 alkyl);
NH2; N(H)-(C1-C4 alkyl); N(C1-C4 alkyl)2; N(H)C(O)-(C
1-C4 alkyl); N(CH3)C(O)-(Ci-C 4 alkyl); N(H)C(O)-CF3;
N(CH3)C(O)-CF3; N(H)C(S)-(Ci-C 4 alkyl); N(CH3)C(S)-(C
1-C4 alkyl); N(H)S(O)2-(Ci-C4 alkyl); N(H)C(O)NH2;
N(H)C(O)NH-(Ci-C 4 alkyl); N(CH3)C(O)NH-(Ci-C 4
alkyl); N(H)C(O)N(Ci-C 4 alkyl)2; N(CH3)C(O)N(Ci-C 4
alkyl)2; N(H)S(O)2NH2); N(H)S(O)2NH-(Ci-C 4 alkyl);
N(CH3)S(O)2NH-(C1-C4 alkyl); N(H)S(O)2N(C1-C4 alkyl)2;
N(CH3)S(O)2N(Ci-C 4 alkyl)2;N(H)C(O)O-(Ci-C 4 alkyl);
N(CH3)C(O)O-(Ci-C 4 alkyl); N(H)S(O)2O-(Ci-C4 alkyl);
N(CH3)S(O)2O-(C1-C4 alkyl); N(CH3)C(S)NH-(Ci-C 4
alkyl); N(CH3)C(S)N(C 1-C4 alkyl)2; N(CH3)C(S)O-(Ci-C
4 alkyl); N(H)C(S)NH2; NO2; CO2H; CO2-(C1-C4 alkyl);
C(O)N(H)OH; C(O)N(CH3)OH: C(O)N(CH3)OH;
C(O)N(CH3)O-(Ci-C4 alkyl); C(O)N(H)-(C1-C4 alkyl);
C(O)N(C1-C4 alkyl)2; C(S)N(H)-(Ci-C 4 alkyl);
C(S)N(Ci-C4 alkyl)2; C(NH)N(H)-(Ci-C 4 alkyl);
C(NH)N(C-C 4 alkyl)2;C(NCH3)N(H)-(C 1-C4 alkyl);
C(NCH3)N(C1-C4 alkyl)2; C(O)-(Ci-C 4 alkyl);
C(NH)-(C1-C4 alkyl); C(NCH3)-(Ci-C 4 alkyl);
C(NOH)-(Ci-C 4 alkyl); C(NOCH3)-(Ci-C 4 alkyl); CN;
CHO; CH2OH; CH2O-(Ci-C4 alkyl); CH2NH2; CH2N(H)-(Ci-C
4 alkyl); CH2N(Ci-C 4 alkyl)2; aryl; heteroaryl;
cycloalkyl; and heterocyclyl. [0060] In some cases, a
ring substituent may be shown as being connected to
the ring by a bond extending from the center of the
ring. The number of such substituents present on a
ring is indicated in subscript by a number. Moreover,
the substituent may be present on any available ring
atom, the available ring atom being any ring atom
which bears a hydrogenwhich the ring substituent may
replace. For illustrative purposes, if variable Rx
were defined as being: this would indicate that Rx is
a cyclohexyl ring bearing five Rx substituents. The Rx
substituents may be bonded to any available ring atom.
For example, among the configurations encompassed by
this are configurations such as: , and These
configurations are illustrative and are not meant to
limit the scope of the invention in any way. [0061] In
one embodiment of the present invention, the amide
containing heterobicyclic metalloprotease compounds
may be represented by the general Formula (I): Formula
(I) wherein: R1 is selected from hydrogen, alkyl,
cycloalkyl, heterocycloalkyl, bicycloalkyl,
heterobicycloalkyl, spiroalkyl, spiroheteroalkyl,
aryl, heteroaryl, cycloalkyl fused aryl,
heterocycloalkyl fused aryl, cycloalkyl fused
heteroaryl, heterocycloalkyl fused heteroaryl,
cycloalkylalkyl, heterocycloalkylalkyl,
bicycloalkylalkyl, heterobicycloalkylalkyl,
spiroalkylalkyl, spiroheteroalkylalkyl, arylalkyl,
heteroarylalkyl, cycloalkyl fused
arylalkyl,heterocycloalkyl fused arylalkyl, cycloalkyl
fused heteroarylalkyl, and heterocycloalkyl fused
heteroarylalkyl, wherein alkyl, cycloalkyl,
heterocycloalkyl, bicycloalkyl, heterobicycloalkyl,
spiroalkyl, spiroheteroalkyl, aryl, heteroaryl,
cycloalkyl fused aryl, heterocycloalkyl fused aryl,
cycloalkyl fused heteroaryl, heterocycloalkyl fused
heteroaryl, cycloalkylalkyl, heterocycloalkylalkyl,
bicycloalkylalkyl, heterobicycloalkylalkyl,
spiroalkylalkyl, spiroheteroalkylalkyl, arylalkyl,
heteroarylalkyl, cycloalkyl fused arylalkyl,
heterocycloalkyl fused arylalkyl, cycloalkyl fused
heteroarylalkyl, and heterocycloalkyl fused
heteroarylalkyl are optionally substituted one or more
times; R2 is selected from hydrogen and alkyl, wherein
alkyl is optionally substituted one or more times or
R1and R2 when taken together with the nitrogen to
which they are attached complete a 3- to 8-membered
ring containing carbon atoms and optionally containing
a heteroatom selected from O, S(O)x, or NR50 and which
is optionally substituted one or more times; R3 is
NR20R2 1; R4 in each occurrence is independently
selected from R10, hydrogen, alkyl, cycloalkyl,
heterocycloalkyl, aryl, heteroaryl, halo, haloalkyl,
CF3, (C0-C6)-alkyl-COR 10, (C0-C6)-alkyl- 



OR10, (C0-C6)-alkyl-NR10R11, (C0-C6)-alkyl-NO2,
(C0-C6)-alkyl-CN, (C0-C6)-alkyl- S(O)yOR10 ,
(C0-C6)-alkyl-S(O) y R10R11,
(C0-C6)-alkyl-NR10CONR11SO2R30, (C0-C6)-alkyl-
S(O)xR10, (C0-C6)-alkyl-OC(O)R 10,
(C0-C6)-alkyl-OC(O)NR10R11, (C0-C6)-alkyl-
C(=NR10)NR10R1 1 , (C0-C6)-alkyl-NR 10C (=NR11)NR10R1
1, (C0-C6)-alkyl-C(O)OR 10, (C0-C6)-
alkyl-C(O)NR10R11, (C0-C6)-alkyl-C(O)NR 10SO2R11,
(C0-C6)-alkyl-C(O)-NR 11-CN, 0-(C 0- C6)-alkyl-C(O)NR
10R11 S(O).-(C0-C6)-alkyl-C(O)OR 10, S(O)x-(C0
-C6)-alkyl-C(O)NR10R1 1, (C0-C6)-alkyl-C(O)NR
10-(C0-C6)-alkyl-NR10R1 1, (C0-C6)- -NR10-C(O)R10,
(C0-C6)-alkyl- NR10-C(O)OR10 , (C0-C6)-alkyl-NR
10-C(O)-NR10R11, (C0-C6)-alkyl-NR 10-S(O)yNR10R11,
(C0- C6)-alkyl-NR10-S(O)yR10, O-(C0-C6)-alkyl-aryl and
O-(C0-C6)-alkyl-heteroaryl, wherein each R4 group is
optionally substituted by one or more R14 groups; R10
and R11 in each occurrence are independently selected
from hydrogen, alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl,
haloalkyl, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl, heteroarylalkyl and aminoalkyl, wherein
alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl,
aryl, heteroaryl, arylalkyl, heteroarylalkyl and
aminoalkyl are optionally substituted one or more
times, or R10 and R11 when taken together with the
nitrogen to which they are attachedcomplete a 3- to
8-membered ring containing carbon atoms and optionally
containing a heteroatom selected from O, S(O)x, or
NR50 and which is optionally substituted one or more
times; R14 is independently selected from hydrogen,
alkyl, arylalkyl, cycloalkylalkyl, heteroarylalkyl,
heterocyclylalkyl and halo, wherein alkyl, arylalkyl,
cycloalkylalkyl, heteroarylalkyl and heterocyclylalkyl
are optionally substituted one or more times. R20 is
selected from hydrogen and alkyl, wherein alkyl is
optionally substituted one or more times; R2 1 is a
bicyclic or tricyclic fused ring system, wherein at
least one ring is partially saturated, and wherein the
bicyclic or tricyclic fused ring system is optionally
substituted one or more times; R22 is selected from
hydrogen, hydroxy, halo, alkyl, cycloalkyl, alkoxy,
alkenyl, alkynyl, NO2, NR10R1 1, CN, SR10, SSR10 ,
PO3R10, NR10NR10R11, NR10N-CR 10R1 1,NR10SO2R1 1,
C(O)OR10, C(O)NR10R1 1, SO2R10 , SO2NR10R1 1 and
fluoroalkyl, wherein alkyl, cycloalkyl, alkoxy,
alkenyl, alkynyl, and fluoroalkyl are optionally
substituted one or more times; R30 is selected from
alkyl and (C0-C6)-alkyl-aryl, wherein alkyl and aryl
are optionally substituted; R50 in each occurrence is
independently selected from hydrogen, alkyl, aryl,
heteroaryl, C(O)R80, C(O)NR80R8 1, SO2R80 and
SO2NR80R8 1, wherein alkyl, aryl, and heteroaryl are
optionally substituted one or more times; R80 and R8 1
in each occurrence are independently selected from
hydrogen, alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl,
haloalkyl, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl, heteroarylalkyl and aminoalkyl, wherein
alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl,
aryl, heteroaryl, arylalkyl, heteroarylalkyl and
aminoalkyl are optionally substituted, or R and R8 1
when taken together with the nitrogen to which they
are attached complete a 3- to 8- membered ring
containing carbon atoms and optionally a heteroatom
selected from O, S(O)x, -NH, and -N(alkyl) and which
is optionally substituted one or more times;Q is a 5-
or 6-membered ring selected from aryl and heteroaryl,
wherein aryl and heteroaryl are optionally substituted
one or more times with R ; D is a member selected from
CR22 and N; x is selected from 0 to 2; y is selected
from 1 and 2; and N-oxides, pharmaceutically
acceptable salts, prodrugs, formulation, polymorphs,
racemic mixtures and stereoisomers thereof. [0062] In
another embodiment, compounds of Formula (I) may be
selected from Group I(a): wherein:R5 1 is
independently selected from hydrogen, alkyl, aryl,
heteroaryl, arylalkyl, cycloalkylalkyl,
heteroarylalkyl and haloalkyl, wherein alkyl, aryl,
heteroaryl, arylalkyl, cycloalkylalkyl,
heteroarylalkyl and haloalkyl are optionally
substituted one or more times. [0063] In still another
embodiment, compounds of Formula (I) may be selected
from: [0064] hi yet another embodiment, compounds of
Formula (I) maybe selected from: [0065] hi some
embodiments, R3 of the compounds of Formula (I) may be
selected from Substituent Group 1:wherein: R5 is
independently selected from hydrogen, alkyl,
C(O)NR10R1 1, aryl, arylalkyl, SO2NR10R1 1 and
C(O)OR10 wherein alkyl, aryl and arylalkyl are
optionally substituted one or more times; R7 is
independently selected from hydrogen, alkyl,
cycloalkyl, halo, R4 and NR10R11, wherein alkyl and
cycloalkyl are optionally substituted one or more
times, or optionally two R7 groups together at the
same carbon atom form =O, =S or =NR10 ; R9 in each
occurrence is independently selected from R10 ,
hydrogen, alkyl, cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, halo, CHF2, CF3, OR10 , COOR10 ,
CH(CH3)CO2H, (C0-C6)- alkyl-COR10 (C0-C6)-alkyl-OR 10
, (C0-C6)-alkyl-NR 10R11, (C0-C6)-alkyl-NO2,
(C0-C6)-alkyl- CN, (C0-C6)-alkyl-S(O)yOR10 ,
(C0-C6)-alkyl-P(O)2OH, (C0-C6)-alkyl-S(O)yNR10R1 1,
(C0-C6)- alkyl-NR10CONR11SO2R30,
(C0-C6)-alkyl-S(O)xR10, (C0-C6)-alkyl-OC(O)R 10,
(C0-C6)-alkyl- OC(O)NR10R11 , (C0-C6)-alkyl-C(=NR
10)NR10R1 1, (C0-C6)-alkyl-NR10C(=NR11)NR10R1 1, (C0-
C6)-alkyl-NR10C(=N-CN)NR10R11, (C0-C6)-alkyl-C(=N-C^NR
10R1 1, (C0-C6)-alkyl- NR10C(=N-NO2)NR10R1 1,
(C0-C6)-alkyl-C(=N-NO2)NR10R11,
(C0-C6)-alkyl-C(O)OR10, (C0- C6)-alkyl-C(O)NR10R1 ,
(C0-C6)-alkyl-C(O)NR10SO2R1 ,
C(O)NR10-(C0-C6)-alkyl-heteroaryl,
C(O)NR10-(C0-C6)-alkyl-aryl,
S(O)2NR10-(C0-C6)-alkyl-aryl,
S(O)2NR10-(C0-C6)-alkylheteroaryl, S(O)2NR10-alkyl,
S(O)2-(C0-C6)-alkyl-aryl,
S(O)2-(C0-C6)-alkyl-heteroaryl, (C0- C6)-alkyl-C(O)-NR
1 CN, O-(C0-C6)-alkyl-C(O)NR10R1
S(O)x-(C0-C6)-alkyl-C(O)OR 10,
S(O)x-(C0-C6)-alkyl-C(O)NR 10R1 1,
(C0-C6)-alkyl-C(O)NR10-(C0-C6)-alkyl-NR 10R11,
(C0-C6)- alkyl-NR10-C(O)R10,
(C0-C6)-alkyl-NR10-C(O)OR10,
(C0-C6)-alkyl-NR10-C(O)-NR10R1 1, (C0-
C6)-alkyl-NR10-S(O)yNR10R11,
(C0-C6)-alkyl-NR10-S(O)yR1 1, O-(C0-C6)-alkyl-aryl and
O- (C0-C6)-alkyl-heteroaryl, wherein each R4 group is
optionally substituted by one or more R14 groups; E is
selected from a bond, CR10R11, O, NR5, S, S=O, S(=O)2,
C(-0), N(R10)(O=O), (C=O)N(R10), N(RI0)S(=O)2, SeO)
2N(R10), C=N-OR11, -C(R10R11)C(R10R1 1)-, -CH2-W1-
andW1 is selected from O, NR5, S, S=O, S(=O)2,
N(R10)(C=O), N(R10)S(=O)2 and S(=O)2N(R10); U is
selected from C(R5R10), NR5, O, S, S=O and S(=O)2; A
and B are independently selected from CR9, CR9R10
NR10, N, O and S; G, L, M and T are independently
selected from CR9 and N; g and h are independently
selected from 0-2; m and n are independently selected
from 0-3, provided that: when E is present, m and n
are not both 3; when E is -CH2-W1-, m and n are not 3;
and when E is a bond, m and n are not O; and p is
selected from 0-6; wherein the dotted line represents
a double bond between one of: carbon "a" and A, or
carbon "a" and B. For example, in some embodiments, R3
of the compounds of Group I(a) may be selected from
Substituent Group 1 as defined hereinabove.[0066] In
some embodiments, R of Formula (I) may be selected
from Substituent Group 1(2): wherein: R is selected
from C(O)NR10R1 1, COR10 , SO2NR10R11, SO2R10, CONHCH3
and CON(CH3)2, wherein C(O)NR10R1 1, COR10,
SO2NR10R11, SO2R10, CONHCH3 and CON(CH3)2 are
optionally substituted one or more times; and r is
selected from 1-4. For example, in some embodiments,
R3 of the compounds of Group I(a) maybe selected from
Substituent Group 2, as defined hereinabove. [0067] In
yet a further embodiment, R3 of Formula (I) may be
selected from Substituent Group 3:For example, in some
embodiments, R3 of the structures of Group I(a) may be
selected from Substituent Group 3 as defined
hereinabove. [0068] In another embodiment, R9 may be
selected from Substituent Group 4:wherein: R52 is
selected from hydrogen, halo, CN, hydroxy, alkoxy,
fluoroalkoxy, alkyl, aryl, 



heteroaryl, arylalkyl, cycloalkylalkyl,
heteroarylalkyl, haloalkyl, C(O)NR10R1 1 and SO2NR10R1
1, wherein alkoxy, fluoroalkoxy, alkyl, aryl,
heteroaryl, arylalkyl, cycloalkylalkyl,
heteroarylalkyl, and haloalkyl are optionally
substituted one or more times. For example, in some
embodiments, R9 of Substituent Group 3 may be selected
from Substituent Group 4 as defined hereinabove.
[0069] In yet a further embodiment, R3 of the
structures of Formula (I) may be Substituent Group 16:
For example, in some embodiments, R3 of the structures
of Group I(a) maybe selected from Substituent Group 16
as defined hereinabove.[0070] In still a further
embodiment, R3 of Formula (I) may be selected from
Substituent Group 5 : wherein: R9 is selected from
hydrogen, fluoro, halo, CN, alkyl, CO2H For example,
in some embodiments, R3 of the structures of Group
I(a) may be selected from Substituent Group 5 as
defined hereinabove. [0071] In another embodiment, R1
of Formula (I) may be selected from Substituent Group
6:wherein: R25 is selected from hydrogen, alkyl,
cycloalkyl, C(O)NR10R1 1 and haloalkyl, wherein alkyl,
cycloalkyl, and haloalkyl are optionally substituted
one or more times; B1 is selected from NR10 , O and S;
D2, G2, L2,M2 and T2 are independently selected from
CR18 and N; and Z is a 5- to 8-membered ring selected
from cycloalkyl, heterocycloalkyl, aryl and
heteroaryl, wherein cycloalkyl, heterocycloalkyl, aryl
and heteroaryl are optionally substituted one or more
times. For example, in another embodiment, R1 of the
structures of Group I(a) may be selected from
Substituent Group 6 as defined hereinabove.[0072] In
yet another embodiment, R1 of the structures of Group
I(a) may be selected from Substituent Group 7:For
example, in some embodiments, R1 of the structures of
Group I(a) may be selected from Substituent Group 7 as
defined hereinabove. [0073] In still another
embodiment, R1 of Formula (I) may be selected from
Substituent Group 8: wherein: R and R are
independently selected from hydrogen, alkyl and halo,
wherein alkyl is optionally substituted one or more
times, or optionally R12 and R13 together form =O, =S
or =NR10 ; R18 is independently selected from the
group consisting hydrogen, alkyl, haloalkyl,
cycloalkyl, heterocycloalkyl, alkynyl, aryl,
heteroaryl, OH, halo, CN, C(O)NR10R11, CO2R10, OR10,
OCF3, OCHF2, NR10CONR10R1 1, NR10COR1 1, NR10SO2R1 1,
NR10SO2NR10R1 1, SO2NR10R11 and NR10R11, wherein
alkyl, haloalkyl, cycloalkyl, heterocycloalkyl,
alkynyl, aryl, and heteroaryl are optionally
substituted one or more times; R19 is independently
selected from the group consisting hydrogen, alkyl,
haloalkyl, cycloalkyl, heterocycloalkyl, alkynyl,
aryl, heteroaryl, OH, halo, CN, C(O)NR10R11, CO2R10,
OR10, OCF3, OCHF2, NR10CONR10R1 1, NR10COR1 1,
NR10SO2R1 1, NR10SO2NR10R11, SO2NR10R1 1 and NR10R1 1,
wherein alkyl, haloalkyl, cycloalkyl,
heterocycloalkyl, alkynyl,aryl, and heteroaryl are
optionally substituted one or more times, or
optionally two R19 groups together at one carbon atom
form =O, =S or =NR10; R25 is selected from hydrogen,
alkyl, cycloalkyl, C(O)NR10R1 1 and haloalkyl, wherein
alkyl, cycloalkyl, and haloalkyl are optionally
substituted one or more times; J and K are
independently selected from CR10R18,NR10 , O and
S(O)x; Ai is selected from NRIQ, O and S; and D2 , G 2
, L2 ,M2 andT 2 are independently selected from CR18
and N. For example, some embodiments, R of the
structures of Group I(a) maybe selected from
Substituent Group 8 as defined hereinab ve. [0074] In
a further embodiment, R1 of Formula (I) may be
selected from Substituent Group 9:For example, in some
embodiments, R1 of the structures of Group I(a) may be
selected from Substituent Group 9 as defined
hereinabove. [0075] In yet a further embodiment, R1 of
Formula (I) may be selected from Substituent Group
10:wherein: R5 is independently selected from
hydrogen, alkyl, C(O)NR10R1 1, aryl, arylalkyl,
SO2NR10R11 and C(O)OR10 wherein alkyl, aryl and
arylalkyl are optionally substituted one or more
times; R, 18 is independently selected from the group
consisting hydrogen, alkyl, haloalkyl, cycloalkyl,
heterocycloalkyl, alkynyl, aryl, heteroaryl, OH, halo,
CN, C(O)NR110 Vr. l l1, CO2R, 10 ,OR10, OCF3,
OCHF2,NR10CONR10R1 1, NR10COR1 1,NR10SO2R1
1,NR10SO2NR10R1 1, SO2NR10R1 1 and NR10R1 1 wherein
alkyl, haloalkyl, cycloalkyl, heterocycloalkyl,
alkynyl, aryl, and heteroaryl are optionally
substituted one or more times; R19 is independently
selected from the group consisting hydrogen, alkyl,
haloalkyl, cycloalkyl, heterocycloalkyl, alkynyl,
aryl, heteroaryl, OH, halo, CN, C(O)NR10R11, CO2R10,
OR10, OCF3, OCHF2, NR10CONR10R1 1,NR10COR11,
NR10SO2R11,NR10SO2NR10R1 1, SO2NR10R1 1 and NR10R1 1,
wherein alkyl, haloalkyl, cycloalkyl,
heterocycloalkyl, alkynyl, aryl, and heteroaryl are
optionally substituted one or more times, or
optionally two R1 groups together at one carbon atom
form =O, S or =NR10; R25 is selected from hydrogen,
alkyl, cycloalkyl, CONR10R1 1 and haloalkyl, wherein
alkyl, cycloalkyl and haloalkyl are optionally
substituted one or more times; L2,M2, and T2 are
independently selected from CR18 and N; L3,M3, T3, D3,
and G3 are independently selected from N, CR18, and
with the provision that one of L3,M3, T3, D3, and G3
is Bi is selected from the group consisting of NR10, O
and S; X is selected from a bond and (CR10R11VE(CR
10R11E is selected from the group consisting of a
bond, CR10R1 1, O, NR5, S, S=O, S(=O)2, C(=O), N(R
10)(C=O), (C=O)N(R10), N(R10)S(=O)2, S(=O)2N(R 10),
C=N-OR1 1, -C(R10R11)C(R10R1 1)-, -CH2-W1- and W1 is
selected from the group consisting of O, NR5, S, S=O,
S(=O)2, N(R10)(C=O), N(R10)S(=O)2 and S(=O)2N(R10); U
is selected from C(R5R10), NR5, O, S, S=O, S(=O)2; g
and h are independently selected from 0-2; w is
selected of 0-4; and Q2 is a 5- to 8-membered ring
consisting of cycloalkyl, heterocycloalkyl, aryl,
heteroaryl, which is optionally substituted one or
more times with R19 . [0076] For example, in some
embodiments, R1 of the structures of Group I(a) may be
selected from Substituent Group 10 as defined
herinabove. [0077] In still a further embodiment, R1
of Formula (I) may be selected from Substituent Group
11:[0078] For example, in some embodiments, R1 of the
structures of Group I(a) may be selected from
Substituent Group 11 as defined hereinabove. [0079] In
another embodiment, R1 of Formula (I) may be selected
from Substituent Group 12:For example, in some
embodiments, R1 of the structures of Group I(a) may be
selected from Substituent Group 12 as defined
hereinabove. [0080] In yet another embodiment, the
amide containing heterobicyclic metalloprotease
compounds may be represented by the general Formula
(II): Formula (II)and N-oxides, pharmaceutically
acceptable salts, prodrugs, formulation, polymorphs,
racemic mixtures and stereoisomers thereof, wherein:
R1 in each occurrence may be the same or different and
is as defined hereinabove; R2 in each occurrence may
be the same or different and is as defined
hereinabove; and all remaining variables are as
defined hereinabove. [0081] In still another
embodiment, the compound of Formula (II) may be
selected from Group II(a): wherein all variables are
as defined hereinabove. [0082] In a further
embodiment, the compound of Formula (II) may be
selected from:[0083] In yet a further embodiment, the
compound of Formula (II) may be selected 



from: [0084] In still a further embodiment, at least
one R1 of Formula (II) may be selected from
Substituent Group 13: wherein:R6 is selected from: R9,
cycloalkyl, heterocycloalkyl, aryl, heteroaryl,
C(O)OR10, CH(CH3)CO2H, (C0-C6)-alkyl-COR 10,
(C0-C6)-alkyl-OR 10, (C0-C6)-alkyl-NR 10R11, (C0-C6)-
alkyl-N0 2, (C0-C6)-alkyl-CN, (C0-C6)-alkyl-S(O)yOR10,
(C0-C6)-alkyl-P(O) 2OH, (C0-C6)- alkyl-S(O)yNR10R11,
(C0-Ce)-alkyl-NR10CONR11SO2R30, (C0-C6)-alkyl-S(O)
xR10 , (C0-C6)- alkyl-OC(O)R 10, (C0-C6)-alkyl-OC(O)NR
10R11, (C0-C6)-alkyl-C(=NR 10)NR10R11, (C0-C6)-
alkyl-NR10C(=NR1 NR10R1 , (C0-C6)-alkyl-NR
10C(=N-CN)NR 10R1 , (C0-C6)-alkyl-C(=NCN) NR10R1x,
(C0-C6)-alkyl-NR 10C(=N-N0 2)NR10R1 ,
(C0-C6)-alkyl-C(=N-NO 2)NR10R11, (C0-C6)-alkyl-C(O)OR
10, (C0-C6)-alkyl-C(O)NR 10R11, (C0-C6)-alkyl-C(O)NR
10SO2R11 , C(O)NR10-(C0-C6)-alkyl-heteroaryl,
C(O)NR10-(C0-C6)-alkyl-aryl,
S(O)2NR10-(C0-C6)-alkylaryl,
S(O)2NR10-(C0-C6)-alkyl-heteroaryl, S(O)2NR10-alkyl,
S(O)2-(C0-C6)-alkyl-aryl, S(O)2-
(C0-C6)-alkyl-heteroaryl, (C0-C6)-alkyl-C(O)-NR 1 -CN,
O-(C0-C6)-alkyl-C(O)NR 10R1 ,
S(O)x-(C0-C6)-alkyl-C(O)OR 10,
S(O)x-(C0-C6)-allcyl-C(O)NR10R1 , (C0-C6)-alkyl-C(O)NR
10- (C0-C6)-alkyl-NR 10R11, (C0-C6)-alkyl-NR
10-C(O)R10, (C0-C6)-alkyl-NR 10-C(O)OR10, (C0-C6)-
alkyl-NR10-C(O)-NR10R1 1, (C0-C6)-alkyl-NR
10-S(O)yNR10R11, (C0-C6)-alkyl-NR 10-S(O)yR1 1,
O-(C0-C )-alkyl-aryl and O-(C0-C6)-alkyl-heteroaryl,
wherein each R6 group is optionally substituted by one
or more R14 groups; D4, G4, L4,M4, and T4 are
independently selected from CR6 or N; and all
remaining variables are as defined hereinabove. For
example, in some embodiments, at least one R1 of the
structures of Group II(a) may independently be
selected from Substituent Group 13 as defined
hereinabove. [0085] In another embodiment, at least
one R1 of Formula (II) may be selected from
Substituent Group 14:[0086] For example, in some
embodiments, at least one R of Group II(a) may
independently be selected from Substituent Group 14 as
defined hereinabove. [0087] In yet another embodiment,
R6 of Substituent Group 14 may be selected from:
hydrogen, halo, CN, OH, CH2OH, CF3, CHF2, OCF3, OCHF2,
COCH3, SO2CH3, SO2CF3, SO2NH2, SO2NHCH3, SO2N(CH3)2,
NH2, NHCOCH3, N(COCH 3)2, NHCONH2, NHSO2CH3, alkoxy,
alkyl, CO2H,wherein R9 in each occurrence is
independently selected of hydrogen, fluoro, chloro,
CH3, CF3, CHF2, OCF3, and OCHF2; and R25 is selected
of hydrogen, CH3, COOMe, COOH, and CONH2. [0088] In
yet another embodiment, at least one R1 of Formula
(II) may be selected from Substituent Group
15:PHARMACEUTICAL FORMULATIONS AND METHODS OF
TREATMENT USING THE SAME Field of the Invention The
present invention relates to pharmaceutical
formulations that are useful for treating a wide
variety of diseases or disorders associated with
hepatitis C virus ("HCV") by inhibiting HCV protease
(for example HCV NS3/NS4a serine protease), and/or
diseases or disorders associated with cathepsin
activity and inhibiting cathepsin activity. BACKGROUND
OF THE INVENTION HCV has been implicated in cirrhosis
of the liver and in induction of hepatocellular
carcinoma. The prognosis for patients suffering from
HCV infection is currently poor. HCV infection is more
difficult to treat than other forms of hepatitis due
to the lack of immunity or remission associated with
HCV infection. Current data indicates a less than 50%
survival rate at four years post cirrhosis diagnosis.
Patients diagnosed with localized resectable
hepatocellular carcinoma have a fiveyear survival rate
of 10-30%, whereas those with localized unresectable
hepatocellular carcinoma have a five-year survival
rate of less than 1%. Current therapies for hepatitis
C include interferon- a (INF ) and combination therapy
with ribavirin and interferon. See, e.g., Beremguer et
al. (1998) Proc. Assoc. Am. Physicians 110(2):98-1 12.
These therapies suffer from a low sustained response
rate and frequent side effects. See, e.g., Hoofnagle
et al. ( 1997) N. Engl. J. Med. 336:347. Currently, no
vaccine is available for HCV infection. Hepatitis C
virus (HCV) is a (+)-sense single-stranded RNA virus
that has been implicated as the major causative agent
in non-A, non-B hepatitis (NANBH), particularly in
blood-associated NANBH (BB-NANBH)(see, International
Patent Application Publication No. WO 89/04669 and
European Patent Application Publication No. EP 381
216). NANBH is to be distinguished from other types of
viralinduced liver disease, such as hepatitis A virus
(HAV), hepatitis B virus (HBV), delta hepatitis virus
(HDV), cytomegalovirus (CMV) and Epstein-Barr virus
(EBV), as well as from other forms of liver disease
such as alcoholism and primary biliar
cirrhosis.Recently, an HCV protease necessary for
polypeptide processing and viral replication has been
identified, cloned and expressed; (see, e.g., U.S.
Patent No. 5,712,145). This approximately 3000 amino
acid polyprotein contains, from the amino terminus to
the carboxy terminus, a nucleocapsid protein (C),
envelope proteins (E1 and E2) and several
non-structural proteins (NS1 , 2, 3, 4a, 5a and 5b).
NS3 is an approximately 68 kda protein, encoded by
approximately 1893 nucleotides of the HCV genome, and
has two distinct domains: (a) a serine protease domain
consisting of approximately 200 of the N-terminal
amino acids; and (b) an RNAdependent ATPase domain at
the C-terminus of the protein. The NS3 protease is
considered a member of the chymotrypsin family because
of similarities in protein sequence, overall
three-dimensional structure and mechanism of
catalysis. Other chymotrypsin-like enzymes are
elastase, factor Xa, thrombin, trypsin, plasmin,
urokinase, tPA and PSA. The HCV NS3 serine protease is
responsible for proteolysis of the polypeptide
(polyprotein) at the NS3/NS4a, NS4a/NS4b, NS4b/NS5a
and NS5a/NS5b junctions and is thus responsible for
generating four viral proteins during viral
replication. This has made the HCV NS3 serine protease
an attractive target for antiviral chemotherapy. It
has been determined that the NS4a protein, an
approximately 6 kda polypeptide, is a co-factor for
the serine protease activity of NS3. Autocleavage of
the NS3/NS4a junction by the NS3/NS4a serine protease
occurs intramolecularly (i.e., cis) while the other
cleavage sites are processed intermolecularly (i.e.,
trans). Analysis of the natural cleavage sites for HCV
protease revealed the presence of cysteine at P 1 and
serine at P1' and that these residues are strictly
conserved in the NS4a/NS4b, NS4b/NS5a and NS5a/NS5b
junctions. The NS3/NS4a junction contains a threonine
at P 1 and a serine at P1'. The Cys Thr substitution
at NS3/NS4a is postulated to account for the
requirement of cis rather than trans processing at
this junction. See, e.g. , Pizzi et al. (1994) Proc.
Natl. Acad. Sci (USA) _91:888-892, Failla et al.
(1996) Folding & Design 1:35-42. The NS3/NS4a cleavage
site is also more tolerant of mutagenesis than the
other sites. See, e , Kollykhalov et al. ( 1994) J.
Virol. 68:7525-7533. It has also been found that
acidic residues in the region upstream of the cleavage
site are required for efficient cleavage. See, e.g.,
Komoda et al. (1994) J. Virol. 68:7351-7357.lnhibitors
of HCV protease that have been reported include
antioxidants (see, International Patent Application
Publication No. WO 98/14181 ), certain peptides and
peptide analogs (see, International Patent Application
Publication No. WO 98/17679, Landro et al. (1997)
Biochem. 36:9340-9348, lngallinella et al. (1998)
Biochem. 37:8906-8914, Llinas-Brunet et al- (1998)
Bioora. Med. Chem. Lett. 8:1713-1718), inhibitors
based on the 70-amino acid polypeptide eglin c (Martin
et al. (1998) Biochem. 37:1 1459-1 1468, inhibitors
affinity selected from human pancreatic secretory
trypsin inhibitor (hPSTI-C3) and minibody repertoires
(MBip) (Dimasi et al. (1997) J. Virol. 71:7461-7469),
cVHE2 (a "camelized" variable domain antibody
fragment) (Martin et al.(1997) Protein Enq.
10:607-614). and a1-antichymotrypsin (ACT) (Elzouki et
al.) (1997) J. Hepat. 27:42-28). A ribozyme designed
to selectively destroy hepatitis C virus RNA has
recently been disclosed (see, BioWorld Today 9(217) :
4 (November 10, 1998)). Reference is also made to the
PCT Publications, No. WO 98/17679, published April 30,
1998 (Vertex Pharmaceuticals Incorporated); WO
98/22496, 



published May 28, 1998 (F. Hoffmann-La Roche AG); and
WO 99/07734, published February 18, 1999 (Boehringer
lngelheim Canada Ltd.). Pending and copending U. S.
patent applications, Serial No. 60/194,607, filed
April 5, 2000, and Serial No. 60/198,204, filed April
19, 2000, Serial No. 60/220,1 10, filed July 21, 2000,
Serial No. 60/220,109, filed July 21, 2000, Serial No.
60/220,107, filed July 21, 2000, Serial No.
60/254,869, filed December 12, 2000, Serial No.
60/220,101 , filed July 21, 2000, Serial No.
60/568,721 filed May 6, 2004, and WO 2003/062265,
disclose various types of peptides and/or other
compounds as NS-3 serine protease inhibitors of
hepatitis C virus. There is a need for new treatments
and therapies for HCV infection to treat or prevent or
ameliorate of one or more symptoms of hepatitis C,
methods for modulating the activity of serine
proteases, particularly the HCV NS3/NS4a serine
protease, and methods of modulating the processing of
the HCV polypeptide using the compounds provided
herein. Another aspect of the present invention is
directed to inhibiting cathepsin activity. Cathepsins
(Cats) belong to the papain superfamily of lysosomal
cysteine proteases. Cathepsins are involved in the
normal proteolysis and turnover of target- Aproteins
and tissues as well as in initiating proteolytic
cascades by proenzyme activation and in participating
in MHC class Il molecule expression. Baldwin (1993)
Proc. Natl. Acad. ScL, 90: 6796-6800; Mixuochi (1994)
Immunol. Lett., 43:189-193. However, aberrant
cathepsin expression has also been implicated in
several serious human disease states. Cathepsins have
been shown to be abundantly expressed in cancer cells,
including breast, lung, prostate, glioblastoma and
head/neck cancer cells, (Kos et al. (1998) Oncol.
Rep., 5:1349-1361 ; Yan et al. (1998) Biol. Chem.,
379:1 13-123; Mort et al. (1997) Int. J Biochem. Cell
Biol., 29: 715-720; Friedrick et al. (1999) Eur. J
Cancer, 35:138-144) and are associated with poor
treatment outcome of patients with breast cancer, lung
cancer, brain tumor and head/neck cancer. Kos et al,
supra. Additionally, aberrant expression of cathepsin
is evident in several inflammatory disease states,
including rheumatoid arthritis and osteoarthritis.
Keyszer (1995) Arthritis Rheum., 38:976-984. The
molecular mechanisms of cathepsin activity are not
completely understood. Recently, it was shown that
forced expression of cathepsin B rescued cells from
serum deprivation-induced apoptotic death (Shibata et
al. (1998) Biochem. Biophys. Res. Commun., 251:
199-203) and that treatment of cells with antisense
oligonucleotides of cathepsin B induced apoptosis.
lsahara et at. (1999) Neuroscience, 91:233-249. These
reports suggest an anti-apoptotic role for the
cathepsins that is contrary to earlier reports that
cathepsins are mediators of apoptosis. Roberts et al
(1997) Gastroenterology, 113: 1714-1726; Jones et al.
(1998) Am. J Physiol., 275: G723-730. Cathepsin K is a
member of the family of enzymes which are part of the
papain superfamily of cysteine proteases. Cathepsins
B, H, L, N and S have been described in the
literature. Recently, cathepsin K polypeptide and the
cDNA encoding such polypeptide were disclosed in U.S.
Pat. No. 5, 501 ,969 (called cathepsin O therein).
Cathepsin K has been recently expressed, purified, and
characterized. Bossard, M. J., et al., (1996) J Biol.
Chem . 271, 12517-12524; Drake, F. H., et al., (1996)
J. Biol. Chem . 271 , 1251 1-12516; Bromme, D., et
al., (1996) J. Biol. Chem . 271 , 2 126-21
32.Cathepsin K has been variously denoted as cathepsin
O, cathepsin X or cathepsin 0 2 in the literature. The
designation cathepsin K is considered to be the more
appropriate one (name assigned by Nomenclature
Committee of the International Union of Biochemistry
and Molecular Biology). Cathepsins of the papain
superfamily of cysteine proteases function in the
normal physiological process of protein degradation in
animals, including humans, e.g., in the degradation of
connective tissue. However, elevated levels of these
enzymes in the body can result in pathological
conditions leading to disease. Thus, cathepsins have
been implicated in various disease states, including
but not limited to, infections by Pneumocystis
carinii, trypsanoma cruzi, trypsanoma brucei brucei,
and Crithidia fusiculata; as well as in
schistosomiasis malaria, tumor metastasis,
metachromatic leukodystrophy, muscular dystrophy,
amytrophy, and the like. See International Publication
Number WO 94/04172, published on Mar. 3, 1994, and
references cited therein. See also European Patent
Application EP 0 603 873 A 1, and references cited
therein. Two bacterial cysteine proteases from P.
gingivallis , called gingipains, have been implicated
in the pathogenesis of gingivitis. Potempa, J., et al.
(1994) Perspectives in Drug Discovery and Design , 2,
445-458. Cathepsin K is believed to play a causative
role in diseases of excessive bone or cartilage loss.
Bone is composed of a protein matrix in which spindle-
or plateshaped crystals of hydroxyapatite are
incorporated. Type I Collagen represents the major
structural protein of bone comprising approximately
90% of the structural protein. The remaining 10% of
matrix is composed of a number of non-collagenous
proteins, including osteocalcin, proteoglycans,
osteopontin, osteonectin, thrombospondin, fibronectin,
and bone sialoprotein. Skeletal bone undergoes
remodeling at discrete foci throughout life. These
foci, or remodeling units, undergo a cycle consisting
of a bone resorption phase followed by a phase of bone
replacement. Bone resorption is carried out by
osteoclasts, which are multinuclear cells of
hematopoietic lineage. In several disease states, such
as osteoporosis and Paget's disease, the normal
balance between bone resorption and formation is
disrupted, and there is a net loss of bone at each
cycle. Ultimately, this leads to weakening of the bone
and may result in increased fracture risk with minimal
trauma.The abundant selective expression of cathepsin
K in osteoclasts strongly suggests that this enzyme is
essential for bone resorption. Thus, selective
inhibition of cathepsin K may provide an effective
treatment for diseases of excessive bone loss,
including, but not limited to, osteoporosis, gingival
diseases such as gingivitis and periodontitis, Paget's
disease, hypercalcemia of malignancy, and metabolic
bone disease. Cathepsin K levels have also been
demonstrated to be elevated in chondroclasts of
osteoarthritic synovium. Thus, selective inhibition of
cathepsin K may also be useful for treating diseases
of excessive cartilage or matrix degradation,
including, but not limited to, osteoarthritis and
rheumatoid arthritis. Metastatic neoplastic cells also
typically express high levels of proteolytic enzymes
that degrade the surrounding matrix. Thus, selective
inhibition of cathepsin K may also be useful for
treating certain neoplastic diseases. There are
reports in the literature of the expression of
Cathepsin B and L antigen and that activity is
associated with early colorectal cancer progression.
Troy et al., (2004) Eur J Cancer, 40(10):1610-6. The
findings suggest that cysteine proteases play an
important role in colorectal cancer progression.
Cathepsin L has been shown to be an important protein
mediating the malignancy of gliomas and it has been
suggested that its inhibition may diminish their
invasion and lead to increased tumor cell apoptosis by
reducing apoptotic threshold. Levicar et al., (2003)
Cancer Gene Then, 10(2): 141-51 . Katunama et al.,
(2002) Arch Biochem Biophys., 397(2):305-1 1 reports
on antihypercalcemic and antimetastatic effects of
CLIK-148 in vivo, which is a specific inhibitor of
cathepsin L. This reference also reports that CLIK-148
treatment reduced distant bone metastasis to the femur
and tibia of melanoma A375 tumors implanted into the
left ventricle of the heart. Rousselet et al., (2004)
Cancer Res., 64(1): 146-51 reports that anti-cathepsin
L single chain variable fragment (ScFv) could be used
to inhibit the tumorigenic and metastatic phenotype of
human melanoma, depending on procathepsin L secretion,
and the possible use of anti-cathepsin L ScFv as a
molecular tool in a therapeutic cellular
approach.Colelia et al., (2003) Biotech Histochem.,
78(2):101-8 reports that the cysteine proteinases
cathepsin L and B participate in the invasive ability
of the PC3 prostrate cancer cell line, and the
potential of using cystein protease inhibitiors such
as cystatins as anti-metastatic agents. 



Krueger et al., (2001) Cancer Gene Ther., 8(7):522-8
reports that in human osteosarcoma cell line MNNG/HOS,
cathepsin L influences cellular malignancy by
promoting migration and basement membrane
degradation.. Frohlich et al., (2204) Arch Dermatol
Res., 295(1 0):41 1-21 reports that cathepsins B and L
are involved in invasion of basal cell carcinoma (BCC)
cells. U.S. Provisional Patent Application Serial No.
Not Yet Assigned, entitled "Compounds for Inhibiting
Cathepsin Activity", filed April 20, 2005, discloses
various types of peptides and/or other compounds as
inhibitors of cathepsin. Cathepsins therefore are
attractive targets for the discovery of novel
chemotherapeutics and methods of treatment effective
against a variety of diseases. There is a need for
compounds and associated formulations useful in the
inhibition of cathepsin activity and in the treatment
of these disorders. There is a need for pharmacuetical
formulations inlcuding inhibitors of HCV protease or
cathepsin having good dissolution to facilitate
absorption of the inhibitor. SUMMARY OF THE INVENTION
The present invention provides pharmaceutical
formulations comprising (i) at least one surfactant
and (ii) at least one compound of Formulae I-XXVI. In
one embodiment, the compound is a compound of
structural Formula IFormula I or a pharmaceutically
acceptable salt, solvate or ester thereof; wherein: Y
is selected from the group consisting of the following
moieties: alkyl, alkyl-aryl, heteroalkyl, heteroaryl,
aryl-heteroaryl, alkyl-heteroaryl, cycloalkyl,
alkyloxy, alkylaryloxy, aryloxy, heteroaryloxy,
heterocycioalkyloxy, cycloalkyloxy, alkylamino,
arylamino, alkyl-arylamino, arylamino,
heteroarylamino, cycloalkylamino and
heterocycloalkylamino, with the proviso that Y maybe
optionally substituted with X11 or X12; X11 is alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkyl-alkyl,
heterocyclyl, heterocyclylalkyl, aryl, alkylaryl,
arylalkyl, heteroaryl, alkylheteroaryl, or
heteroarylalkyl, with the proviso that X may be
additionally optionally substituted with X12 ; X12 is
hydroxy, alkoxy, aryloxy, thio, alkylthio, arylthio,
amino, alkylamino, arylamino, alkylsulfonyl,
arylsulfonyl, alkylsulfonamido, arylsulfonamido,
carboxy, carbalkoxy, carboxamido, alkoxycarbonylamino,
alkoxycarbonyloxy, alkylureido, arylureido, halogen,
cyano, or nitro, with the proviso that said alkyl,
alkoxy, and aryl may be additionally optionally
substituted with moieties independently selected from
X12; R1 is COR5 or B(OR)2, wherein R5 is H, OH, OR8,
NR9R10, CF3, C2F5, C3F7, CF2R6, R6, or COR7 wherein R7
is H OH, OR8, CHR9R10, or NR9R10 , wherein R6, R8, R9
and R10 are independently selected from the group
consisting of H, alkyl, aryl, heteroalkyl, heteroaryl,
cycloalkyl, cycloalkyl, arylalkyl, heteroarylalkyl,
[CH(Rr )]pCOOR1 1, [CH(R1')] pCONR12R13, [CH(R1'
)]PSO2R11 , [CH(Rr )]pCOR1\ [CH(R1')]pCH(OH)RCH(Rr
)CONHCH(R2' )COO R11, CH(R1')CONHCH(R2')CONR12R13 ,
CH(Rr )CONHCH(R2' )R\ CH(R1')CONHCH(R2')CONHCH(R
3')COO R11, CH(R1')CONHCH(R2')CONHCH(R3') CONR12R13,
CH(R1')CONHCH(R 2')CONHCH(R3') CONHCH(R4 )COO R11 ,
CH(R1')CONHCH(R2' ) CONHCH(R 3')CONHCH(R4')CONR12R13,
CH(Rr )CONHCH(R2'
)CONHCH(R3')CONHCH(R4")CONHCH(R5')COO R11 and CH(R1'
)C0NHCH(R 2' )CONHCH(R3')CONHCH(R4 >)CONHCH(R5')
CONR12R13, wherein R1' , R2' , R3' , R4', R5' , R11 ,
R12, R13 , and R' are independently selected from the
group consisting of H, alkyl, aryl, heteroalkyl,
heteroaryl, cycloalkyl, alkyl-aryl, alkyl-heteroaryl,
aryl-alkyland heteroaralkyl; Z is selected from O, N,
CH or CR; W maybe present or absent, and if W is
present, W is selected from C=O, C=S, C(=N-CN), or
SO2; Q maybe present or absent, and when Q is present,
Q is CH, N, P, (CH2)P, (CHR)P , (CRR')p , O, NR, S, or
SO2; and when Q is absent, M may be present or absent;
when Q and M are absent, A is directly linked to L; A
is O, CH2, (CHR) p , (CHR-CHR') p , (CRR') p, NR, S,
SO2 or a bond; E is CH, N, CR, or a double bond
towards A, L or G; G may be present or absent, and
when G is present, G is (CH2)P, (CHR) p, or (CRR')P;
and when G is absent, J is present and E is directly
connected to the carbon atom in Formula I as G is
linked to; J maybe present or absent, and when J is
present, J is (CH2)P, (CHR) p, or (CRR')P, SO2, NH, NR
or O; and when J is absent, G is present and E is
directly linked to N shown in Formula I as linked to
J; L may be present or absent, and when L is present,
L is CH, CR, O, S or NR; and when L is absent, then M
may be present or absent; and if M is present with L
being absent, then M is directly and independently
linked to E, and J is directly and independently
linked to E; M may be present or absent, and when M is
present, M is O, NR, S, SO2, (CH2) P, (CHR)
p(CHR-CHR')p, or (CRR') p ; p is a number from Oto 6;
and R, R', R2, R3 and R4 are independently selected
from the group consisting of H; C1- C10 alkyl; C2-C10
alkenyl; C3-C8 cycloalkyl; C3-C8 heterocycloalkyl,
alkoxy, aryloxy, alkylthio, arylthio, amino, amido,
ester, carboxylic acid, carbamate, urea, ketone,
aldehyde, cyano, nitro, halogen; (cycloalkyl)alkyl and
(heterocycloalkyl)alkyl, wherein said cycloalkyl is
made of three to eight carbon atoms, and zero to six
oxygen, nitrogen, sulfur, or phosphorus atoms, and
said alkyl is of one to six carbon atoms; aryl;
heteroaryl; alkyl-aryl; and alkyl-heteroaryl; wherein
said alkyl, heteroalkyl, alkenyl, heteroalkenyl, aryl,
heteroaryl, cycloalkyl and heterocycloalkyl moieties
may be optionally and chemically-suitably substituted,
with said term "substituted" referring to optional and
chemically-suitable substitution withone or more
moieties selected from the group consisting of alkyl,
alkenyl, alkynyl, aryl, aralkyl, cycloalkyl,
heterocyclic, halogen, hydroxy, thio, alkoxy, aryloxy,
alkylthio, arylthio, amino, amido, ester, carboxylic
acid, carbamate, urea, ketone, aldehyde, cyano, nitro,
sulfonamido, sulfoxide, sulfone, sulfonyl urea,
hydrazide, and hydroxamate; further wherein said unit
N-C-G-E-L-J-N represents a five-membered or
sixmembered cyclic ring structure with the proviso
that when said unit N-C-G-E-L-J-N represents a
five-membered cyclic ring structure, or when the
bicyclic ring structure in Formula I comprising N, C,
G, E, L, J, N, A, Q, and M represents a five-membered
cyclic ring structure, then said five-membered cyclic
ring structure lacks a carbonyl group as part of the
cyclic ring. In another embodiment, the compound is a
compound of Formula II: Formula Il or a
pharmaceutically acceptable salt, solvate or ester
thereof; wherein: Z is O, NH or NR12; X is
alkylsulfonyl, heterocyclylsulfonyl,
heterocyclylalkylsulfonyl, arylsulfonyl,
heteroarylsulfonyl, alkylcarbonyl,
heterocyclylcarbonyl, heterocyclylalkylcarbonyl,
arylcarbonyl, heteroarylcarbonyl, alkoxycarbonyl,
heterocyclyloxycarbonyl, aryloxycarbonyl,
heteroaryloxycarbonyl, alkyaminocarbonyl,
heterocyclylaminocarbonyl, arylaminocarbonyl, or
heteroarylaminocarbonyl moiety, 12 13 with the proviso
that X may be additionally optionally substituted with
R or R ; XI is H; C1-C4 straight chain alkyl; C1-C4
branched alkyl or ; CH2-aryl (substituted or
unsubstituted); 12 R is alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkyl-alkyl, heterocyclyl,
heterocyclylalkyl, aryl, alkylaryl, arylalkyl,
heteroaryl, alkylheteroaryl, or heteroarylalkyl
moiety, with the proviso that R12 may be additionally
optionally substituted with R .R is hydroxy, alkoxy,
aryloxy, thio, alkylthio, arylthio, amino, alkylamino,
arylamino, alkylsulfonyl, arylsulfonyl,
alkylsulfonamido, arylsulfonamido, carboxy,
carbalkoxy, carboxamido, aikoxycarbonylamino,
alkoxycarbonyloxy, alkylureido, arylureido, 



halogen, cyano, or nitro moiety, with the proviso that
the alkyl, alkoxy, and aryl may 13 be additionally
optionally substituted with moieties independently
selected from R . P1a, P1b, P2, P3, P4, P5, and P6 are
independently: H; C1-C10 straight or branched chain
alkyl; C2-C10 straight or branched chain alkenyl;
C3-C8 cycloalkyl, C3-C8 heterocyclic;
(cycloalkyl)alkyl or (heterocyclyl)alkyl , wherein
said cycloalkyl is made up of 3 to 8 carbon atoms, and
zero to 6 oxygen, nitrogen, sulfur, or phosphorus
atoms, and said alkyl is of 1 to 6 carbon atoms; aryl,
heteroaryl, arylalkyl, or heteroarylalkyl, wherein
said alkyl is of 1 to 6 carbon atoms; wherein said
alkyl, alkenyl, cycloalkyl, heterocyclyl;
(cycloalkyl)alkyl and (heterocyclyl)alkyl moieties may
be optionally substituted with R , and further wherein
said P1a and P1b may optionally be joined to each
other to form a spirocyclic or spiroheterocyclic ring,
with said spirocyclic or spiroheterocyclic ring
containing zero to six oxygen, nitrogen, sulfur, or
phosphorus atoms, and may be additionally optionally
substituted with R 3; and P1 is H, alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkyl-alkyl, heterocyclyl,
heterocyclylalkyl, aryl, aryl-alkyl, heteroaryl, or
heteroaryl-alkyl; with the proviso that said P1' may
be additionally optionally substituted with R13. In
another embodiment, the compound is a compound of
Formula III Formula III or a pharmaceutically
acceptable salt, solvate or ester thereof; wherein:G,
J and Y may be the same or different and are
independently selected from the group consisting of
the moieties: H, alkyl, alkyl-aryl, heteroalkyl,
heteroaryl, arylheteroaryl, alkyl-heteroaryl,
cycloalkyl, alkyloxy, alkyl-aryloxy, aryloxy,
heteroaryloxy, heterocycloalkyloxy, cycloalkyloxy,
alkylamino, arylamino, alkyl-arylamino, arylamino,
heteroarylamino, cycloalkylamino and
heterocycloalkylamino, with the proviso that Y maybe
additionally optionally substituted with X11 or X12;
X11 is selected from the group consisting of alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkyl-alkyl,
heterocyclyl, heterocyclylalkyl, aryl, alkylaryl,
arylalkyl, heteroaryl, alkylheteroaryl, or
heteroarylalkyl moiety, with the proviso that X11 may
be additionally optionally substituted with X12; X12
is hydroxy, alkoxy, aryloxy, thio, alkylthio,
arylthio, amino, alkylamino, arylamino, alkylsulfonyl,
arylsulfonyl, alkylsulfonamido, arylsulfonamido,
carboxy, carbalkoxy, carboxamido, alkoxycarbonylamino,
alkoxycarbonyloxy, alkylureido, arylureido, halogen,
cyano, or nitro, with the proviso that said alkyl,
alkoxy, and aryl may be additionally optionally
substituted with moieties independently selected from
X12; R1 is COR5 or B(OR)2, wherein R5 is selected from
the group consisting of H, OH, OR8, NR9R10, CF3, C2F5,
C3F7, CF2R6, R6 and COR7 wherein R7 is selected from
the group consisting of H, OH, OR8, CHR9R10 , and
NR9R10 , wherein R6, R8, R9 and R10 may be the same or
different and are independently selected from the
group consisting of H, alkyl, aryl, heteroalkyl,
heteroaryl, cycloalkyl, cycloalkyl, arylalkyl,
heteroarylalkyl,
CH(R1')COOR11,CH(R1')CONR12R13,CH(R1')CONHCH(R2')COOR1
1 , CH(R1')CONHCH(R2')CONR 12R13,CH(R1')CONHCH(R
2')R',CH(R 1')CONHCH(R2')CO
NHCH(R3')COOR11,CH(R1')CONHCH(R 2')CONHCH(R
3')CONR12R13, CH(R1')CONHCH(R2
>)CONHCH(R3')CONHCH(R4')COOR 11,CH(R1)CONHCH(R2')C
ONHCH(R3')CONHCH(R4 )CONR12R13,CH(R1')CONHCH(R
2)CONHCH(R3')CONHC H(R4')CONHCH(R5
)COOR11,andCH(R1')CONHCH(R2)CONHCH(R3')CONHCH(R4')
CONHCH(R5') CONR12R13 , wherein R1', R2', R3' , R4',
R5', R11, R12, R13, and R may be the same or different
and are independently selected from a group consisting
of H, alkyl, aryl, heteroalkyl, heteroaryl,
cycloalkyl, alkyl-aryl, alkyl-heteroaryl, aryl-alkyl
and heteroaralkyl;Z is selected from O, N, or CH; W
maybe present or absent, and if W is present, W is
selected from C=O, C=S, or SO2; and R, R', R , R and R
are independently selected from the group consisting
of H; C1- C10 alkyl; C2-C10 alkenyl; C3-C8 cycloalkyl;
C3-C8 heterocycloalkyl, alkoxy, aryloxy, alkylthio,
arylthio, amino, amido, ester, carboxylic acid,
carbamate, urea, ketone, aldehyde, cyano, nitro;
oxygen, nitrogen, sulfur, or phosphorus atoms (with
said oxygen, nitrogen, sulfur, or phosphorus atoms
numbering zero to six); (cycloalkyl)alkyl and
(heterocycloalkyl)alkyl, wherein said cycloalkyl is
made of three to eight carbon atoms, and zero to six
oxygen, nitrogen, sulfur, or phosphorus atoms, and
said alkyl is of one to six carbon atoms; aryl;
heteroaryl; alkyl-aryl; and alkylheteroaryl; wherein
said alkyl, heteroalkyl, alkenyl, heteroalkenyl, aryl,
heteroaryl, cycloalkyl and heterocycloalkyl moieties
may be optionally substituted, with said term
"substituted" referring to optional and
chemically-suitable substitution with one or more
moieties selected from the group consisting of alkyl,
alkenyl, alkynyl, aryl, aralkyl, cycloalkyl,
heterocyclic, halogen, hydroxy, thio, alkoxy, aryloxy,
alkylthio, arylthio, amino, amido, ester, carboxylic
acid, carbamate, urea, ketone, aldehyde, cyano, nitro,
sulfonamide, sulfoxide, sulfone, sulfonylurea,
hydrazide, and hydroxamate. In another embodiment, the
compound is a compound of Formula IV Formula IV or a
pharmaceutically acceptable salt, solvate or ester
thereof; wherein: Y is selected from the group
consisting of the following moieties: alkyl,
alkyl-aryl, heteroalkyl, heteroaryl, aryl-heteroaryl,
alkyl-heteroaryl, cycloalkyl, alkyloxy, alkylaryloxy,
aryloxy, heteroaryloxy, heterocycloalkyloxy,
cycloalkyloxy, alkylamino, arylamino, alkyl-arylamino,
arylamino, heteroarylamino, cycloalkylamino and
heterocycloalkylamino, with the proviso that Y maybe
optionally substituted with X11 or X12; X11 is aikyl,
alkenyl, alkynyl, cycloalkyl, cycloalkyl-alkyl,
heterocyclyl, heterocyclylalkyl, aryl, alkylaryl,
arylalkyl, heteroaryl, alkylheteroaryl, or
heteroarylalky!, with the proviso that X may be
additionally optionally substituted with X12; X12 is
hydroxy, alkoxy, aryloxy, thio, alkylthio, arylthio,
amino, alkylamino, arylamino, alkylsulfonyl,
arylsulfonyl, alkylsulfonamido, arylsulfonamido,
carboxyl, carbalkoxy, carboxamido,
alkoxycarbonylamino, alkoxycarbonyloxy, alkylureido,
arylureido, halogen, cyano, or nitro, with the proviso
that said alkyl, alkoxy, and aryl may be additionally
optionally substituted with moieties independently
selected from X12; R1 is selected from the following
structures: wherein k is a number from 0 to 5, which
can be the same or different, R11 denotes optional
substituents, with each of said substituents being
independently selected from the group consisting of
alkyl, alkenyl, alkynyl, aryl, cycloalkyl, alkyl aryl,
heteroalkyl, heteroaryl, aryl-heteroaryl,
alkyl-heteroaryl, alkyloxy, alkyl-aryloxy, aryloxy,
heteroaryloxy, heterocycloalkyloxy, cycloalkyloxy,
alkylamino, arylamino, alkyl-arylamino, arylamino,
heteroarylamino, cycloalkylamino,
heterocycloalkylamino, hydroxy, thio, alkylthio,
arylthio, amino, alkylsulfonyl, arylsulfonyl,
alkylsulfonamido, arylsulfonamido, carboxyl,
carbalkoxy, carboxamido, alkoxycarbonylamino,
alkoxycarbonyloxy, alkylureido, arylureido, halogen,
cyano, and nitro, with the proviso that R11 (when R11
H) maybe optionally substituted with X11 or X12; Z is
selected from O, N, CH or CR;W may be present or
absent, and if W is present, W is selected from C=O,
C=S, C(=N-CN), or S(O2); Q may be present or absent,
and when Q is present, Q is CH, N, P, (CH2)P, (CHR)P,
(CRR')p , O, N(R), S, or S(q 2); and when Q is absent,
M may be present or absent; when Q and M are absent, A
is directly linked to L; A is O, CH2, (CHR) p ,
(CHR-CHR') p , (CRR ) P, N(R), S, S(O2) or a bond; E
is CH, N, CR, or a double bond towards A, L or G; G
may be present or absent, and when G is present, G is
(CH2)P, (CHR) p, or (CRR')P; and when G is absent, J
is present and E is directly connected to the carbon
atom in Formula I as G is linked to; J may be present
or absent, and when J is present, J is (CH2)P, (CHR)
p, or (CRR')P, S(O2) , NH, N(R) or 0 ; and when J is
absent, G is present and E is directly linked to N
shown in Formula I as linked to J; 



L may be present or absent, and when L is present, L
is CH, C(R), O, S or N(R); and when L is absent, then
M may be present or absent; and if M is present with L
being absent, then M is directly and independently
linked to E, and J is directly and independently
linked to E; M may be present or absent, and when M is
present, M is O N(R), S, S(O2), (CH2)P, (CHR)
p(CHR-CHR Jp, or (CRR') p ; p is a number from 0 to 6;
and R, R', R2, R3 and R4 can be the same or different,
each being independently selected from the group
consisting of H; CrCi 0 alkyl; C2-C10 alkenyl; C3-C8
cycloalkyl; C3-C8 heterocycloalkyl, alkoxy, aryloxy,
alkylthio, arylthio, amino, amido, ester, carboxylic
acid, carbamate, urea, ketone, aldehyde, cyano, nitro,
halogen, (cycloalkyl)alkyl and
(heterocycloalkyl)alkyl, wherein said cycloalkyl is
made of three to eight carbon atoms, and zero to six
oxygen, nitrogen, sulfur, or phosphorus atoms, and
said alkyl is of one to six carbon atoms; aryl;
heteroaryl; alkyl-aryl; and alkyl-heteroaryl; wherein
said alkyl, heteroalkyl, alkenyl, heteroalkenyl, aryl,
heteroaryl, cycloalkyl and heterocycloalkyl moieties
may be optionally substituted, with said term
"substituted" referring to substitution with one or
more moieties which can be the same or different, each
being independently selected from the group consisting
of alkyl, alkenyl, alkynyl, aryl, aralkyl, cycloalkyl,
heterocyclic, halogen, hydroxy, thio, alkoxy,aryloxy,
alkylthio, arylthio, amino, amido, ester, carboxylic
acid, carbamate, urea, ketone, aldehyde, cyano, nitro,
sulfonamido, sulfoxide, sulfone, sulfonyl urea,
hydrazide, and hydroxamate; further wherein said unit
N-C-G-E-L-J-N represents a five-membered cyclic ring
structure or six-membered cyclic ring structure with
the proviso that when said unit N-C-G-E-L-J-N
represents a five-membered cyclic ring structure, or
when the bicyclic ring structure in Formula I
comprising N, C, G, E, L, J, N, A, Q, and M represents
a five-membered cyclic ring structure, then said
five-membered cyclic ring structure lacks a carbonyl
group as part of said five-membered cyclic ring. In
another embodiment, the compound is a compound of
Formula V Formula V or a pharmaceutically acceptable
salt, solvate or ester of said compound wherein: (1)
R1 is -C(O)R5 or -B(OR)2; (2) R5 is H, -OH, -OR8,
-NR9R10, -C(O)OR 8, -C(O)NR9R10 , -CF3, -C2F5, C3F7, -
CF2R6, -R6, -C(O)R 7 or NR7SO2R8; (3) R7 is H, -OH,
-OR8,or -CHR9R10 ; (4) R6, R8, R9 and R10 are
independently selected from the group consisting of H:
alkyl, alkenyl, aryl, heteroalkyl, heteroaryl,
cycloalkyl, arylalkyl, heteroarylalkyl, R14 , -
CH(R1')CH(R1')C(O)OR 11,[CH(R1')]pC(O)OR 11,-[CH(Rr
)]pC(O)NR 12R13,-[CH(R1')]
pS(O2)R11,-[CH(R1')]pC(O)R11,-[CH(R1')]pS(O2)NR12R13,
CH(R1')C(O)N(H)CH(R 2'XR'), CH(Rr )CH(R1')C(O)NR
12R13, -CH(R1')CH(R 1')S(O2)R11 , -
CH(R1')CH(R1')S(O2)NR12R13 , -CH(R1')CH(R1')C(O)R11 ,
-[CH(R1')]PCH(OH)R 11, - CH(R1' )C(O)N(H)CH(R 2'
)C(O)OR11, C(O)N(H)CH(R 2')C(O)OR11,- C(O)N(H)CH(R
2')C(O)R 11,CH(R1')C(O)N(H)CH(R 2') C(O)NR12R13 ,-
CH(R1')C(O)N(H)CH(R 2')R ,CH(R1')C(O)N(H)CH(R
2')C(O)N(H)CH(R3')C(O)OR 11,CH(R r )C(O)N(H)CH(R
2')C(O)CH(R 3 )NR12R13,CH(R r )C(O)N(H)CH
(R2')C(O)N(H)CH(R 3')C(O)NR 12R13 CH(R1')C(O)N(H)CH(R
2')C(O)N(H)CH(R 3 >)C(O)N( H)CH (R4')C(O)OR 11, H(Rr
)C(O)N(H)CH(R 2')C(O)N(H)CH(R 3')C(O)N(H)CH(R
4')C(O)NR 12R13 , 5 CH(R1 )C(O)N(H)CH(R 2'
)C(O)N(H)CH(R 3')C(O)N(H)CH(R 4')C(O)N(H)CH(R
5')C(O)OR 11 , andCH(R 1')C(O)N(H)CH(R 2')C(O)N(H)CH(R
3')C(O)N(H)CH(R 4')C(O)N(H)CH(R 5') C(O)NR 12R13;
wherein R1' , R2', R3', R4', R5', R11, R12and R13 can
be the same or different, each 0 being independently
selected from the group consisting of: H, halogen,
alkyl, aryl, heteroalkyl, heteroaryl, cycloalkyl,
alkoxy, aryloxy, alkenyi, alkynyl, alkyl-aryl,
alkylheteroaryl, heterocycloaikyl, aryl-alkyl and
heteroaralkyl; or R12 and R13 are linked together
wherein the combination is cycloalkyl, 5
heterocycloaikyl, ary or heteroaryl; R14 is present or
not and if present is selected from the group
consisting of; H, alkyl, aryl, heteroalkyl,
heteroaryl, cycloalkyl, alkyl-aryl, allyl,
alkyl-heteroaryl, alkoxy, arylalkyl, alkenyi, alkynyl
and heteroaralkyl; (5) R and R' are present or not and
if present can be the same or different, each 0 being
independently selected from the group consisting of:
H, OH, C1-C10 alkyl, C2- Cio alkenyi, C3-C8
cycloalkyl, C3-C8 heterocycloaikyl, alkoxy, aryloxy,
alkylthio, arylthio, alkylamino, arylamino, amino,
amido, arylthioamino, arylcarbonylamino,
arylaminocarboxy, alkylaminocarboxy, heteroalkyl,
alkenyi, alkynyl, (aryl)alkyl, heteroarylalkyl, ester,
carboxylic acid, carbamate, urea, ketone, aldehyde,
cyano, !5 nitro, halogen, (cycloalkyl)alkyl, aryl,
heteroaryl, (alkyl)aryl, alkylheteroaryl,
alkylheteroaryl and (heterocycloalkyl)alkyl, wherein
said cycloalkyl is made of three to eight carbon
atoms, and zero to six oxygen, nitrogen, sulfur, or
phosphorus atoms, and said alkyl is of one to six
carbon atoms; (6) L' is H, OH, alkyl, heteroalkyl,
aryl, heteroaryl, cycloalkyl, or heterocyclyl; (7) M'
is H, alkyl, heteroalkyl, aryl, heteroaryl,
cycloalkyl, arylalkyl, heterocyclyl or an amino acid
side chain;or L' and M' are linked together to form a
ring structure wherein the portion of structural
Formula 1 represented by is represented by structural
Formula 2: Formula 2 wherein in Formula 2: E is
present or absent and if present is C, CH, N or C(R);
J is present or absent, and when J is present, J is
(CH2)P, (CHR-CHR') P, (CHR)P, (CRR')p, S(O2), N(H),
N(R) or O; when J is absent and G is present, L is
directly linked to the nitrogen atom marked position
2; p is a number from 0 to 6; L is present or absent,
and when L is present, L is C(H) or C(R); when L is
absent, M is present or absent; if M is present with L
being absent, then M is directly and independently
linked to E, and J is directly and independently
linked to E; G is present or absent, and when G is
present, G is (CH2)P, (CHR)P, (CHRCHR') p or (CRR') P;
when G is absent, J is present and E is directly
connected to the carbon atom marked position 1; Q is
present or absent, and when Q is present, Q is NR, PR,
(CR=CR), (CH2)P, (CHR)p , (CRR') p , (CHR-CHR') p , O,
NR, S, SO, or SO2; when Q is absent, M is (i) either
directly linked to A or (ii) an independent
substituent on L, saidindependent substituent bing
selected from -OR, -CH(R)(R'), S(O)0-2R or -NRR' or
(Ni) absent; when both Q and M are absent, A is either
directly linked to L, or A is an independent
substituent on E, said independent substituent bing
selected from -OR, -CH(R)(R'), S(O)0-2R or -NRR' or A
is absent; A is present or absent and if present A is
O, O(R), (CH2)P, (CHR)P , (CHR-CHR') P , (CRR')p,
N(R), NRR', S, S(O2), -OR, CH(R)(R') or NRR'; or A is
linked to M to form an alicyclic, aliphatic or
heteroalicyclic bridge; M is present or absent, and
when M is present, M is halogen, O, OR, N(R), S, S(O
), (CH2)P, (CHR)p (CHR-CHR')p, or (CRR')P; or M is
linked to A to form an alicyclic, aliphatic or
heteroalicyclic bridge; (8) Z is represented by the
structural Formula 3: Formula 3 wherein in Formula 3,
Y is selected from the group consisting of: H, aryl,
alkyl, alkylaryl, heteroalkyl, heteroaryl,
aryl-heteroaryl, alkyl-heteroaryl, cycloalkyl,
alkyloxy, alkyl-aryloxy, aryloxy, heteroaryloxy,
heterocycloalkyloxy, heteroalkyl-heteroaryl,
heteroalkyl-heterocycloalkyl, cycloalkyloxy,
alkylamino, arylamino, alkyl-arylamino, arylamino,
heteroarylamino, cycloalkylamino and
heterocycloalkylamino, and Y is unsubstituted or
optionally substituted with one or two substituents
which are the same or different and are independently
selected from X11 or X12; 



X11 is alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkyl-alkyl, heterocyclyl, heterocyclylalkyl,
aryl, alkylaryl, arylalkyl, heteroaryl,
alkylheteroaryl, or heteroarylalkyl, and X is
unsubstituted or optionally substituted with one or
more of X12 moieties which are the same or different
and are independently selected; X12 is hydroxy,
alkoxy, alkyl, alkenyl, alkynyl, aryl, aryloxy, thio,
alkylthio, arylthio, amino, alkylamino, arylamino,
alkylsulfonyl, arylsulfonyl, alkylsulfonamido,
arylsulfonamido, carboxy, carbalkoxy, carboxamido,
alkylcarbonyl, arylcarbonyl, heteroalkylcarbonyl,
heteroarylcarbonyl, sulfonylurea,
cycloalkylsulfonamido,
heteroaryl-cycloalkylsulfonamido,
heteroaryl-sulfonamido,
alkoxycarbonylamino,US2006/021003 - 20 -
alkoxycarbonyloxy, alkylureido, arylureido, halogen,
cyano, or nitro, and said alkyl, alkoxy, and aryl are
unsubstituted or optionally independently substituted
with one or more moieties which are the same or
different and are independently selected from alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkyl-alkyl,
heterocyclyl, heterocyclylalkyl, aryl, alkylaryl,
arylalkyl, heteroaryl, alkylheteroaryl, or
heteroarylalkyl; Z is O, N, C(H) or C(R); R31 is H1
hydroxyl, aryl, alkyl, alkyl-aryl, heteroalkyl,
heteroaryl, aryl-heteroaryl, alkyl heteroaryl,
cycloalkyl, alkyloxy, alkyl-aryloxy, aryloxy,
heteroaryloxy, heterocycloalkyloxy,
heteroalkyl-heteroaryl, cycloalkyloxy, alkylamino,
arylamino, alkyl-arylamino, arylamino,
heteroarylamino, cycloalkylamino or
heterocycloalkylamino, and R31 is unsubstituted or
optionally substituted with one or two substituents
which are the same or different and are independently
selected from X13 or X14 ; X13 is alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkyl-alkyl, heterocyclyl,
heterocyclylalkyl, aryl, alkylaryl, arylalkyl,
heteroaryl, alkylheteroaryl, or heteroarylalkyl, and X
is unsubstituted or optionally substituted with one or
more of X14 moieties which are the same or different
and are independently selected; X14 is hydroxy,
alkoxy, alkyl, alkenyl, alkynyl, aryl, aryloxy, thio,
alkylthio, arylthio, amino, alkylamino, arylamino,
alkylsulfonyl, arylsulfonyl, alkylsulfonamido,
arylsulfonamido, carboxy, carbalkoxy, carboxamido,
alkylcarbonyl, arylcarbonyl, heteroalkylcarbonyl,
heteroarylcarbonyl, cycloalkylsulfonamido,
heteroarylcycloalkylsulfonamido,
heteroarylsulfonamido, aikoxycarbonylamino,
alkoxycarbonyloxy, alkylureido, arylureido, halogen,
cyano, or nitro, and said alkyl, alkoxy, and aryl are
unsubstiuted or optionally independently substituted
with one or more moieties which are the same or
different and are independently selected from alkyl,
alkenyl, alkynyl, cycloalkyl, cycloalkyl-alkyl,
heterocyclyl, heterocyclylalkyl, aryl, alkylaryl,
arylalkyl, heteroaryl, alkylheteroaryl, or
heteroarylalkyl; W may be present or absent, and if W
is present, W is C(=O), C(=S), C(=NCN), or S(O2); (9)
X is represented by structural Formula 4:Formula 4
wherein in Formula 4, a is 2, 3, 4, 5, 6, 7, 8 or 9;
b, c, d, e and f are O, 1, 2, 3, 4 or 5; A is C, N, S
or O; R29 and R29 are independently present or absent
and if present can be the same or different, each
being independently one or two substituents
independently selected from the group consisting of:
H, halo, alkyl, aryl, cycloalkyl, cycloalkylamino,
cycloalkylaminocarbonyl, cyano, hydroxy, alkoxy,
alkylthio, amino, -NH(alkyl), - NH(cycloalkyl),
-N(alkyl)2, carboxyl, C(O)O-alkyl, heteroaryl,
aralkyl, alkylaryl, aralkenyl, heteroaralkyl,
alkylheteroaryl, heteroaralkenyl, hydroxyalkyl,
aryloxy, aralkoxy, acyl, aroyl, nitro,
aryloxycarbonyl, aralkoxycarbonyl, alkylsulfonyl,
arylsulfonyl, heteroarylsulfonyl, alkylsulfinyl,
arylsulfinyl, heteroarylsulfinyl, arylthio,
heteroarylthio, aralkylthio, heteroaralkylthio,
cycloalkenyl, heterocyclyl, heterocyclenyl,
Y1Y2N-a!kyh YiY 2NC(O)- and Y1Y2NSO2-, wherein Yi and
Y2 can be the same or different and are independently
selected from the group consisting of hydrogen, alkyl,
aryl, and aralkyl; or R29 and R29> are linked together
such that the combination is an aliphatic or
heteroaliphatic chain of 0 to 6 carbons; R30 is
present or absent and if present is one or two
substituents independently selected from the group
consisting of: H, alkyl, aryl, heteroaryl and
cylcoalkyl; (10) D is represented by structural
Formula 5:Formula 5 wherein in Formula 5, R32, R33 and
R34 are present or absent and if present are
independently one or two substituents independently
selected from the group consisting of: H, halo, alkyl,
aryl, cycloalkyl, cycloalkylamino, spiroalkyl,
cycloalkylaminocarbonyl, cyano, hydroxy, alkoxy,
alkylthio, amino, -NH(alkyl), - NH(cycloalkyl),
-N(alkyl)2, carboxyl, -C(O)O-alkyl, heteroaryl,
aralkyl, alkylaryl, aralkenyl, heteroaralkyl,
alkylheteroaryl, heteroaralkenyl, hydroxyalkyl,
aryloxy, aralkoxy, acyl, aroyl, nitro,
aryloxycarbonyl, aralkoxycarbonyl, alkylsulfonyl,
arylsulfonyl, heteroarylsulfonyl, alkylsulfinyl,
arylsulfinyl, heteroarylsulfinyl, arylthio,
heteroarylthio, aralkylthio, heteroaralkylthio,
cycloalkenyl, heterocydyl, heterocyclenyl, Y^N-alkyl-,
Y1Y2NC(O)- and Y1Y2NSO2-, wherein Y1 and Y2 can be the
same or different and are independently selected from
the group consisting of hydrogen, alkyl, aryl, and
aralkyl; or R32 and R34 are linked together such that
the combination forms a portion of a cycloalkyl group;
g is 1, 2, 3, 4, 5, 6, 7, 8 or 9; h, i, j , k, I and m
are 0, 1, 2, 3, 4 or 5; and . A is C, N, S or O, ( 11)
provided that when structural Formula 2: Formula 2
isand W is CH or N, both the following conditional
exclusions (i) and (ii) apply: conditional exclusion
(i): T is not -NH-R 36, wherein R36 is H, C6 or 10
aryl, heteroaryl, -C(O)-R 37, -C(O)-OR 37 or -C(O)-NHR
37, wherein R37 is C1-6 alkyl or C3-6 cycloalkyl; and
conditional exclusion (ii): R1 is not -C(O)OH, a
pharmaceutically acceptable salt of - C(O)OH, an ester
of -C(O)OH or -C(O)NHR 38 wherein R38 is selected from
the group consisting of C 1-8 alkyl, C3-6 cycloalkyl,
C6 to 10 aryl or C7_16 aralkyl. In another embodiment,
the compound is a compound of Formula Vl Formula Vl or
a pharmaceutically acceptable salt, solvate or ester
of said compound, wherein: Cap and P' are
independently H, alkyl, alkyl-aryl, heteroalkyl,
heteroaryl, arylheteroaryl, alkyl-heteroaryl,
cycloalkyl, alkyloxy, alkyl-aryloxy, aryloxy,
heteroaryloxy, heterocyclyloxy, cycloalkyloxy, amino,
alkylamino, arylamino, alkyl-arylamino, arylamino,
heteroarylamino, cycloalkylamino, carboxyalkylamino,
arlylalkyloxy or heterocyclylamino, wherein each of
said alkyl, alkyl-aryl, heteroalkyl, heteroaryl,
arylheteroaryl, alkyl-heteroaryl, cycloalkyl,
alkyloxy, alkyl-aryloxy, aryloxy, heteroaryloxy,
heterocyclyloxy, cycloalkyloxy, amino, alkylamino,
arylamino, alkyl-arylamino, arylamino,
heteroarylamino, cycloalkylamino, carboxyalkylamino,
arlylalkyloxy orheterocyclylamino can be unsubstituted
or optionally independently substituted with one or
two substituents which can be the same or different
and are independently selected from X1 and X2 ; X1 is
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkyl-alkyl,
heterocyclyl, heterocyclylalkyl, aryl, alkylaryl,
arylalkyl, arylheteroaryl, heteroaryl,
heterocyclylamino, alkylheteroaryl, or
heteroarylalkyl, and X can be unsubstituted or
optionally independently substituted with one or more
of X2 moieties which can be the same or different and
are independently selected; X2 is hydroxy, alkyl,
aryl, alkoxy, aryloxy, thio, alkylthio, arylthio,
amino, alkylamino, arylamino, alkylsulfonyl,
arylsulfonyl, alkylsulfonamido, arylsulfonamido,
carboxy, carbalkoxy, carboxamido, alkoxycarbonylamino,
alkoxycarbonyloxy, alkylureido, arylureido, halogen,
cyano, keto, ester or nitro, wherein each of said
alkyl, alkoxy, 



and aryl can be unsubstituted or optionally
independently substituted with one or more moieties
which can be the same or different and are
independently selected from alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkyl-alkyl, heterocyclyl,
heterocyclylalkyl, aryl, alkylaryl, arylalkyl,
arylheteroaryl, heteroaryl, heterocyclylamino,
alkylheteroaryl and heteroarylalkyl; W may be present
or absent, and when W is present W is C(=O), C(=S),
C(=NH), C(=N-OH), C(=N-CN), S(O) or S(O2); Q maybe
present or absent, and when Q is present, Q is N(R),
P(R), CR=CR', (CH2)p, (CHR)p , (CRR")p , (CHR-CHR') p,
O, S, S(O) or S(O2); when Q is absent, M is (i) either
directly linked to A or (ii) M is an independent
substituent on L and A is an independent substituent
on E, with said independent substituent being selected
from -OR, -CH(R') , S(O)0-2R or -NRR'; when both Q and
M are absent, A is either directly linked to L, or A
is an independent substituent on E, selected from -OR,
CH(R)(R'),-S(O) 0-2R or -NRR'; A is present or absent
and if present A is -O-, -O(R) CH2-, -(CHR)P- ,
-(CHRCHR') p-, (CRR') P, N(R), NRR', S, or S(O2), and
when Q is absent, A is -OR, - CH(R)(R') or -NRR' ; and
when A is absent, either Q and E are connected by a
bond or Q is an independent substituent on M; E is
present or absent and if present E is CH, N, C(R); G
may be present or absent, and when G is present, G is
(CH2)P, (CHR)P, or(CRR') P; when G is absent, J is
present and E is directly connected to the carbon atom
marked position 1; J may be present or absent, and
when J is present, J is (CH2)P, (CHR-CHR')p, (CHR)p,
(CRR')p, S(O2), N(H), N(R) or O; when J is absent and
G is present, L is directly linked to the nitrogen
atom marked position 2; L may be present or absent,
and when L is present, L is CH, N, or CR; when L is
absent, M is present or absent; if M is present with L
being absent, then M is directly and independently
linked to E, and J is directly and independently
linked to E; M may be present or absent, and when M is
present, M is O, N(R), S, S(O2), (CH2)P, (CHR)p,
(CHR-CHR')p, or (CRR 1Jp; p is a number from 0 to 6;
R, R' and R3 can be the same or different, each being
independently selected from the group consisting of:
H, C1-C10 alkyl, C2-C10 alkenyl, C3-C8 cycloalkyl,
C3-C8 heterocyclyl, alkoxy, aryloxy, alkylthio,
arylthio, amino, amido, arylthioamino,
arylcarbonylamino, arylaminocarboxy,
alkylaminocarboxy, heteroalkyl, heteroalkenyl,
alkenyl, alkynyl, aryl-alkyl, heteroarylalkyl, ester,
carboxylic acid, carbamate, urea, ketone, aldehyde,
cyano, nitro, halogen, (cycloalkyl)alkyl, aryl,
heteroaryl, alkyl-aryl, alkylheteroaryl,
alkyl-heteroaryl and (heterocyclyl)alkyl; R and R' in
(CRR') can be linked together such that the
combination forms a cycioalkyl or heterocyclyl moiety;
and R1 is N(R) or O. In another embodiment, the
compound is a compound of Formula VIIFormula VII or a
pharmaceutically acceptable salt, solvate or ester
thereof, wherein, M is O, N(H), or CH2; n is 0-4; H R1
is -OR6, -NR6R7 or O R6 ; where R6 and R7 can be the
same or different, each being independently selected
from the group consisting of hydrogen, alkyl, alkenyl,
alkynyl, heteroalkyl, cycloalkyl, cycloalkylalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl,
heterocyclyl, heterocyclylalkyl, hydroxyl, amino,
arylamino and alkylamino; R4 and R5 can be the same or
different, each being independently selected from the
group consisting of H, alkyl, aryl and cycloalkyl; or
alternatively R4 and R5 together form part of a cyclic
5- to 7- membered ring such that the moiety R x 4x R N
5 Hi is X is selected from the group consisting of:
where p is 1 to 2, q is 1-3 and P is alkyl, aryl,
heteroaryl, heteroalkyl, cycloalkyl, dialkylamino,
alkylamino, arylamino or cycloalkylamino; and R3 is
selected from the group consisting of: aryl,
heterocyclyl, heteroaryl,where Y is O, S or NH, and Z
is CH or N, and the R8 moieties can be the same or
different, each R8 being independently selected from
the group consisting of hydrogen, alkyl, heteroalkyl,
cycloalkyl, aryl, heteroaryl, heterocyclyl, hydroxyl,
amino, arylamino, alkylamino, dialkylamino, halo,
alkylthio, arylthio and alkyloxy. In another
embodiment, the compound is a compound of Formula
VIII: Formula VIII or a pharmaceutically acceptable
salt, solvate or ester thereof, wherein, M is O, N(H),
or CH2; H R1 is -OR6, -NR6R7 or 6 R ; where R6 and R7
can be the same or different, each being independently
selected from the group consisting of hydrogen, alkyl,
alkenyl, alkynyl, heteroalkyl, cycloalkyl,
cycloalkylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, heterocyclyl, heterocyclylalkyl,
hydroxyl, amino, arylamino and alkylamino; Pi is
selected from the group consisting of alkyl, alkenyl,
alkynyl, cycloalkyl haloalkyl;P3 is selected from the
group consisting of alkyl, cycloalkyl, aryl and
cycloalkyl fused with aryl; R4 and R5 can be the same
or different, each being independently selected from
the group consisting of H, alkyl, aryl and cycloalkyl;
or alternatively R4 and R5 together form part of a
cyclic 5- to 7- membered ring such that the moiety R x
4 x R N 5 Hi is represented by where k is 0 to 2; X is
selected from the group consisting of: where p is 1 to
2, q is 1 to 3 and P2 is alkyl, aryl, heteroaryl,
heteroalkyl, cycloalkyl, dialkylamino, alkylamino,
arylamino or cycloalkylamino; and R3 is selected from
the group consisting of: aryl, heterocyclyl,
heteroaryl, where Y is O, S or NH, and Z is CH or N,
and the R moieties can be the same ordifferent, each
R8 being independently selected from the group
consisting of hydrogen, alkyl, heteroalkyl,
cycloalkyl, aryl, heteroaryl, heterocyclyl, hydroxyl,
amino, arylamino, alkylamino, dialkylamino, halo,
alkylthio, arylthio and alkyloxy. In another
embodiment, the compound is a compound of Formula IX:
Formula IX or a pharmaceutically acceptable salt,
solvate or ester thereof, wherein, M is O, N(H), or
CH2; n is 0-4; where R6 and R7 can be the same or
different, each being independently selected from the
group consisting of hydrogen, alkyl, alkenyl, alkynyl,
heteroalkyl, cycloalkyl, cycloalkylalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl, 



heterocyclylalkyl, hydroxyl, amino, arylamino and
alkylamino; R4 and R5 can be the same or different,
each being independently selected from the group
consisting of H, alkyl, aryl and cycloalkyl; or
alternatively R4 and R5 together x NHform part of a
cyclic 5- to 7- membered ring such that the moiety R4
R5 is represented by where k is 0 to 2; X is selected
from the group consisting of:where p is 1 to 2, q is 1
to 3 and P is alkyl, aryl, heteroaryl, heteroalkyl,
cycloalkyl, dialkylamino, alkylamino, arylamino or
cycloalkylamino; and R3 is selected from the group
consisting of: aryl, heterocyclyl, heteroaryl, where Y
is O, S or NH, and Z is CH or N, and the R8 moieties
can be the same or different, each R8 being
independently selected from the group consisting of
hydrogen, alkyl, heteroalkyl, cycloalkyl, aryl,
heteroaryl, heterocyclyl, hydroxyl, amino, arylamino,
alkylamino, dialkylamino, halo, alkylthio, arylthio
and alkyloxy. In another embodiment, the compound is a
compound of Formula X:Formula X or a pharmaceutically
acceptable salt, solvate or ester thereof; wherein: R1
is H, OR8, NR9R10, or CHR9R10, wherein R8, R9 and R10
can be the same or different, each being independently
selected from the group consisting of H, alkyl-,
alkenyl-, alkynyl-, aryl-, heteroalkyl-, heteroaryl-,
cycloalkyl-, heterocyclyl-, arylalkyl-, and
heteroarylalkyl; A and M can be the same or different,
each being independently selected from R, OR, NHR,
NRR', SR, SO2R, and halo; or A and M are connected to
each other such that the moiety: shown above in
Formula I forms either a three, four, six, seven or
eight-membered cycloalkyl, a four to eight-membered
heterocyclyl, a six to ten-membered aryl, or a five to
ten-membered heteroaryl; E is C(H) or C(R); L is C(H),
C(R), CH2C(R), Or C(R)CH2; R, R', R2, and R3 can be
the same or different, each being independently
selected from the group consisting of H, alkyl-,
alkenyl-, alkynyl-, cycloalkyl-, heteroalkyl-,
heterocyclyl-, aryl-, heteroaryl-, (cycloalkyl)alkyl-,
(heterocyclyl)alkyl-, aryl-alkyl-, and
heteroaryl-alkyl-; or alternately R and R' in NRR' are
connected to each other such that NRR' forms a four to
eight-membered heterocyclyl; and Y is selected from
the following moieties:wherein G is NH or O; and R15 ,
R16, R17 and R18 can be the same or different, each
being independently selected from the group consisting
of H, alkyl, heteroalkyl, alkenyl, heteroalkenyl,
alkynyl, heteroalkynyl, cycloalkyl, heterocyclyl,
aryl, arylalkyl, heteroaryl, and heteroarylalkyl, or
alternately, R15 and Rj16 are connected to each other
to form a four to eight-membered cycloalkyl,
heteroaryl or heterocyclyl structure, and likewise,
independently R17 and R18 are connected to each other
to form a three to eight-membered cycloalkyl or
heterocyclyl; wherein each of said alkyl, aryl,
heteroaryl, cycloalkyl or heterocyclyl can be
unsubstituted or optionally independently substituted
with one or more moieties selected from the group
consisting of: hydroxy, alkoxy, aryloxy, thio,
alkylthio, arylthio, amino, amido, alkylamino,
arylamino, alkylsulfonyl, arylsulfonyl, sulfonamide,
alkyl, aryl, heteroaryl, alkylsulfonamido,
arylsulfonamido, keto, carboxy, carbalkoxy,
carboxamido, alkoxycarbonylamino, alkoxycarbonyloxy,
alkylureido, arylureido, halo, cyano, and nitro. In
one embodiment, the compound is a compound of Formula
Xl: Formula Xlor a pharmaceutically acceptable salt,
solvate or ester thereof; wherein: R1 is H, OR8,
NR9R10 , or CHR9R10 , wherein R8, R9 and R10 can be
the same or different, each being independently
selected from the group consisting of H, alkyl-,
alkenyl-, alkynyl-, aryl-, heteroalkyl-, heteroaryl-,
cycloalkyl-, heterocyclyl-, arylalkyl-, and
heteroarylalkyl; A and M can be the same or different,
each being independently selected from R, NR9R10, SR,
SO2R, and halo; or A and M are connected to each other
(in other words, A-E-L-M taken together) such that the
moiety: V-/ < > shown above in Formula I forms either
a three, four, six, seven or eight-membered
cycloalkyl, a four to eight-membered heterocyclyl, a
six to ten-membered aryl, or a five to ten-membered
heteroaryl; E is C(H) or C(R); L is C(H), C(R),
CH2C(R), or C(R)CH2; R, R', R2, and R3 can be the same
or different, each being independently selected from
the group consisting of H, alkyl-, alkenyl-, alkynyl-,
cycloalkyl-, heteroalkyl-, heterocyclyl-, aryl-,
heteroaryl-, (cycloalkyl)alkyl-, (heterocyclyl)alkyl-,
aryl-alkyl-, and heteroaryl-alkyl-; or alternately R
and R' in NRR' are connected to each other such that
NR9R10 forms a four to eight-membered heterocyclyl; Y
is selected from the following moieties: wherein Y30
and Y31are selected fromwhere u is a number 0-6; X is
selected from O, NR15, NC(O)R16 , S, S(O) and SO2; G
is NH or O; and R15 , R16, R17 , R18 , R19 , Ti, T2,
T3 and T4 can be the same or different, each being
independently selected from the group consisting of H,
alkyl, heteroalkyl, alkenyl, heteroalkenyl, alkynyl,
heteroalkynyl, cycloalkyl, heterocyclyl, aryl,
arylalkyl, heteroaryl, and heteroarylalkyl, or
alternately, R17 and R18 are connected to each other
to form a three to eight-membered cycloalkyl or
heterocyclyl; wherein each of said alkyl, aryl,
heteroaryl, cycloalkyl or heterocyclyl can be
unsubstituted or optionally independently substituted
with one or more moieties selected from the group
consisting of: hydroxy, alkoxy, aryloxy, thio,
alkylthio, arylthio, amino, amido, alkylamino,
arylamino, alkylsulfonyl, arylsulfonyl, sulfonamide,
alkyl, aryl, heteroaryl, alkylsulfonamido,
arylsulfonamido, keto, carboxy, carbalkoxy,
carboxamido, alkoxycarbonylamino, alkoxycarbonyloxy,
alkylureido, arylureido, halo, cyano, and nitro. In
another embodiment, the compound is a compound of
Formula XII: Formula XII or a pharmaceutically
acceptable salt, solvate or ester thereof; wherein:R1
is H OR8, NR9R10, or CHR9R10, wherein R8, R9 and R10
can be the same or different, each being independently
selected from the group consisting of H, alkyl-,
alkenyl-, alkynyl-, aryl-, heteroalkyl-, heteroaryl-,
cycloalkyl-, heterocyclyl-, arylalkyl-, and
heteroarylalkyl; A and M can be the same or different,
each being independently selected from R, OR, NHR,
NRR', SR, SO2R, and halo; or A and M are connected to
each other such that the moiety: < > shown above in
Formula I forms either a three, four, six, seven or
eight-membered cycloalkyl, a four to eight-membered
heterocyclyl, a six to ten-membered aryl, or a five to
ten-membered heteroaryl; E is C(H) or C(R); L is C(H),
C(R), CH2C(R), or C(R)CH2; R, R', R2, and R3 can be
the same or different, each being independently
selected from the group consisting of H, alkyl-,
alkenyl-, alkynyl-, cycloalkyl-, heteroalkyl-,
heterocyclyl-, aryl-, heteroaryl-, (cycloalkyl)alkyl-,
(heterocyclyl)alkyl-, aryl-alkyl-, and
heteroaryl-alkyl-; or alternately R and R' in NRR' are
connected to each other such that NRR' forms a four to
eight-membered heterocyclyl; and Y is selected from
the following moieties: wherein G is NH or O; and R15,
R16, R17, R18, and R19 can be the same or different,
each being independently selected from the group
consisting of H, alkyl, heteroalkyl, alkenyl,
heteroalkenyl, alkynyl, heteroalkynyl, cycloalkyl,
heterocyclyl, aryl, arylalkyl, heteroaryl, and
heteroarylalkyl, or alternately, (i) either R15 and
R16 are connected toeach other to form a four to
eight-membered cyclic structure, or R15 and R19 are 



connected to each other to form a four to
eight-membered cyclic structure, and (ii) likewise,
independently, R17 and R18 are connected to each other
to form a three to eight-membered cycloalkyl or
heterocyclyl; wherein each of said alkyl, aryl,
heteroaryl, cycloalkyl or heterocyclyl can be
unsubstituted or optionally independently substituted
with one or more moieties selected from the group
consisting of: hydroxy, alkoxy, aryloxy, thio,
alkylthio, arylthio, amino, amido, alkylamino,
arylamino, alkylsulfonyl, arylsulfonyl, sulfonamido,
alkylsulfonamido, arylsulfonamido, alkyl, aryl,
heteroaryl, keto, carboxy, carbalkoxy, carboxamido,
alkoxycarbonylamino, alkoxycarbonyloxy, alkylureido,
arylureido, halo, cyano, and nitro. In another
embodiment, the compound is a compound of Formula
XIII: Formula XIII or a pharmaceutically acceptable
salt, solvate or ester thereof; wherein: R1 is H OR8,
NR9R10 , or CHR9R10, wherein R8, R9 and R10 can be the
same or different, each being independently selected
from the group consisting of H, alkyl-, alkenyl-,
alkynyl-, aryl-, heteroalkyl-, heteroaryl-,
cycloalkyl-, heterocyclyl-, arylalkyl-, and
heteroarylalkyl; A and M can be the same or different,
each being independently selected from R, OR, NHR,
NRR', SR, SO2R, and halo; or A and M are connected to
each other (in other words, A-E-L-M taken together)
such that the moiety: < > shown above in Formula I
forms either a three, four, six, seven or
eight-memberedcycloalkyl, a four to eight-membered
heterocyclyl, a six to ten-membered aryl, or a five to
ten-membered heteroaryl; E is C(H) or C(R); L is C(H),
C(R), CH2C(R), or C(R)CH2; R, R', R2, and R3 can be
the same or different, each being independently
selected from the group consisting of H, alkyl-,
alkenyl-, alkynyl-, cycloalkyl-, heteroalkyl-,
heterocyclyl-, aryl-, heteroaryl-, (cycloalkyl)alkyl-,
(heterocyclyl)alkyl-, aryl-alkyl-, and
heteroaryl-alkyl-; or alternately R and R' in NRR' are
connected to each other such that NRR' forms a four to
eight-membered heterocyclyl; and Y is selected from
the following moieties: wherein G is NH or O, and R15,
R16, R17 , R18 , R19 and R20 can be the same or
different, each being independently selected from the
group consisting of H, C1-C10 alkyl, C1-C-10
heteroalkyl, C2-Ci 0 alkenyl, C2-Ci 0 heteroalkenyl,
C2-Ci 0 alkynyl, C2-Ci 0 heteroalkynyl, C3-C8
cycloalkyl, C3-C8 heterocyclyl, aryl, heteroaryl, or
alternately: (i) either R15 and R16 can be connected
to each other to form a four to eight-membered
cycloalkyl or heterocyclyl, or R15 and R19 are
connected to each other to form a five to
eight-membered cycloalkyl or heterocyclyl, or R15 and
R20 are connected to each other to form a five to
eight-membered cycloalkyl or heterocyclyl, and (ii)
likewise, independently, R17 and R18 are connected to
each other to form a three to eight21003 - 38 -
membered cycloalkyl or heterocyclyl, wherein each of
said alkyl, aryl, heteroaryl, cycloalkyl or
heterocyclyl can be unsubstituted or optionally
independently substituted with one or more moieties
selected from the group consisting of: hydroxy,
alkoxy, aryloxy, thio, alkylthio, arylthio, amino,
amido, alkylamino, arylamino, alkylsulfonyl,
arylsulfonyl, sulfonamido, alkylsulfonamido,
arylsulfonamido, keto, carboxy, carbalkoxy,
carboxamido, alkoxycarbonylamino, alkoxycarbonyloxy,
alkylureido, arylureido, halo, cyano, and nitro. In
another embodiment, the compound is a compound of
Formula XIV: Formula XIV or a pharmaceutically
acceptable salt, solvate or ester thereof; wherein: R1
is H, OR8, NR9R10, or CHR9R10, wherein R8, R9 and R10
can be the same or different, each being independently
selected from the group consisting of H, alkyl-, 5
alkenyl-, alkynyl-, aryl-, heteroalkyl-, heteroaryl-,
cycloalkyl-, heterocyclyl-, arylalkyl-, and
heteroarylalkyl; A and M can be the same or different,
each being independently selected from R, OR, NHR,
NRR', SR, SO2R1and halo; or A and M are connected to
each other such that the moiety: 0 > shown above in
Formula I forms either a three, four, six, seven or
eight-membered cycloalkyl, a four to eight-membered
heterocyclyl, a six to ten-membered aryl, or a five to
ten-membered heteroaryl; E is C(H) or C(R);L is C(H),
C(R), CH2C(R), or C(R)CH2; R, R', R2, and R3 can be
the same or different, each being independently
selected from the group consisting of H, alkyl,
heteroalkyl, aikenyl, heteroalkenyl, alkynyl,
heteroalkynyl, cycloalkyl, heterocyclyl, aryl,
arylalkyl, heteroaryl, and heteroarylalkyl, or
alternately R and R' in NRR' are connected to each
other such that NRR' forms a four to eight-membered
heterocyclyl; and Y is selected from the following
moieties: wherein G is NH or O; and R15, R16, R17 and
R18 can be the same or different, each being
independently selected from the group consisting of H,
alkyl, heteroalkyl, aikenyl, heteroalkenyl, alkynyl,
heteroalkynyl, cycloalkyl, heterocyclyl, aryl, and
heteroaryl, or alternately, (i) R15 and R16 are
connected to each other to form a four to
eight-membered cyclic structure, and (ii) likewise,
independently R17 and R18 are connected to each other
to form a three to eight-membered cycloalkyl or
heterocyclyl; wherein each of said alkyl, aryl,
heteroaryl, cycloalkyl or heterocyclyl can be
unsubstituted or optionally independently substituted
with one or more moieties selected from the group
consisting of: hydroxy, alkoxy, aryloxy, thio,
alkylthio, arylthio, amino, amido, alkylamino,
arylamino, alkylsulfonyl, arylsulfonyl, sulfonamido,
alkylsulfonamido, arylsulfonamido, alkyl, aryl,
heteroaryl, keto, carboxy,carbalkoxy, carboxamido,
aikoxycarbonylamino, alkoxycarbonyloxy, alkylureido,
arylureido, halo, cyano, and nitro. In another
embodiment, the compound is a compound of Formula XV:
Formula XV or a pharmaceutically acceptable salt,
solvate or ester thereof; wherein: R1 is H, OR8,
NR9R10 , or CHR9R10, wherein R8, R9 and R10 can be the
same or different, each being independently selected
from the group consisting of H, alkyl-, aryl-,
heteroalkyl-, heteroaryl-, cycloalkyl-, cycloalkyl-,
arylalkyl-, and heteroarylalkyl; E and J can be the
same or different, each being independently selected
from the group consisting of R, OR, NHR, NRR7, SR,
halo, and S(O2)R, or E and J can be directly connected
to each other to form either a three to eight-membered
cycloalkyl, or a three to eight-membered heterocyclyl
moiety; Z is N(H), N(R), or O, with the proviso that
when Z is O, G is present or absent and if G is
present with Z being O, then G is C(=O); G maybe
present or absent, and if G is present, G is C(=O) or
S(O ), and when G is absent, Z is directly connected
to Y; Y is selected from the group consisting
of:TRAFFIC PREEMPTION SYSTEM COMMUNICATION METHOD
FIELD OF THE INVENTION The present invention is
generally directed to systems and methods that allow
traffic light systems to be remotely controlled using
high-integrity data communication, for example,
involving optical pulse transmission from an optical
emitter to an optical detector that is
communicatively-coupled to a traffic light controller
at an intersection. BACKGROUND OF THE INVENTION
Traffic signals have long been used to regulate the
flow of traffic at intersections. Generally, traffic
signals have relied on timers or vehicle sensors to
determine when to change the phase of traffic signal
lights, thereby signaling alternating directions of
traffic to stop, and others to proceed. This situation
is commonly exemplified in an emergencyvehicle
application. 



Emergency vehicles, such as police cars, fire trucks
and ambulances, are generally permitted to cross an
intersection against a traffic signal. Emergency
vehicles have typically depended on horns, sirens and
flashing lights to alert other drivers approaching the
intersection that an emergency vehicle intends to
cross the intersection. However, due to hearing
impairment, air conditioning, audio systems and other
distractions, often the driver of a vehicle
approaching an intersection will not be aware of a
warning being emitted by an approaching emergency
vehicle. There are presently a number of known optical
traffic priority systems that permit for a fixed code
to be embedded into the data stream to identify each
vehicle and provide security. Such a code can be
compared to a list of authorized codes at the
intersection to restrict access by unauthorized users.
This approach can be disadvantageous for certain
applications or environments. For example, one problem
with this approach arises when the transmitted data
protocol is generally known or can easily be
intercepted and re-created by unauthorized users. Once
the transmitted data has been decoded or the
transmitted data has been recorded for future
playback, an unauthorized device can be used to
activate the system. In addition, an unauthorized
device can be used to activate the system
withoutintercepting any transmitted data by attempting
to activate the system using various codes until a
code is discovered that successfully activates the
system. There are some straight-forward approaches for
preventing such unauthorized access to the traffic
light control systems. One approach is to remove any
such intercepted or discovered code from the system
database altogether. Coordination of such removal,
however, can be burdensome and expensive since the
vehicle code and the authorized code list at each
intersection would need to be changed. Another
approach is to prevent the unauthorized use by
equipping all authorized vehicles, as well as the
intersection (traffic light control) systems, with
special communication transceivers that interact to
provide another layer of security before providing
access to the traffic light control systems. This
approach can also be burdensome and expensive since
each of the vehicles, as well as the systems at each
intersection, would need additional equipment. SUMMARY
OF THE INVENTION The present invention is directed to
overcoming the above-mentioned challenges and others
that are related to the types of approaches and
implementations discussed above and in other
applications. The present invention is exemplified in
a number of implementations and applications, some of
which are summarized below. In connection with one
embodiment, the present invention is directed to
implementations that allow traffic light systems to be
remotely controlled using highintegrity data
communication. One such implementation employs
optically encoded data being transmitted to traffic
light control equipment located at an intersection. In
a more particular example embodiment, a
remotely-controlled traffic-preemption system includes
an encoder circuit, an optical source, an optical
detector, and a decoder circuit. The encoder circuit
is adapted to generate a set of signal pulses. At
least one bit of a data word is encoded as a function
of amplitude modulation of a first subset of the set
of signal pulses and at least another bit of the data
word is encoded as a function of frequency modulation
of a second subset of the set of signal pulses. The
optical source is adapted to transmit a set of light
pulses having a respective light pulse for each signal
pulse of the set of signal pulses. The optical
detector is adapted to receive the set of light
pulses. Thedecoder circuit is adapted to generate the
data word from the set of light pulses received at the
optical detector. In another more particular example
embodiment, a communication method is provided for use
in a remotely-control traffic-preemption system. At
least one bit of a data word is encoded as a function
of amplitude modulation of a first subset of a set of
optical pulses and at least another bit of the data
word is encoded as a function of frequency modulation
of a second subset of the set of optical pulses. The
set of optical pulses is transmitted to an optical
detector. The data word is decoded from the optical
pulses received at the optical detector. The above
summary of the present invention is not intended to
describe each illustrated embodiment or every
implementation of the present invention. The figures
and detailed description that follow more particularly
exemplify these embodiments. BRIEF DESCRIPTION OF THE
DRAWINGS The invention may be more completely
understood in consideration of the detailed
description of various embodiments of the invention in
connection with the accompanying drawings, in which:
FIG. 1 is a perspective view of a bus and an ambulance
approaching a typical traffic intersection, with
emitters mounted to the bus, the ambulance and a
motorcycle each transmitting an optical pulses in
accordance with the present invention; FIG. 2 is a
block diagram of the components of the optical traffic
preemption system shown in FIG. 1; FIG. 3 is a block
diagram of the components of an emitter for optical
traffic preemption system for an embodiment in
accordance with the present invention; FIGs. 4A, 4B,
4C, 4D, and 4E illustrate optical pulses transmitted
between a vehicle and equipment at an intersection for
various example communication protocols in accordance
with the present invention; and FIG. 5 is a flow
diagram of the operation of the optical traffic
preemption system at a vehicle and an intersection in
accordance with the present invention. While the
invention is amenable to various modifications and
alternative forms, specifics thereof have been shown
by way of example in the drawings and will be
described in detail. It should be understood, however,
that the intention is not necessarilyto limit the
invention to the particular embodiments described. On
the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling
within the spirit and scope of the invention as
defined by the appended claims. DETAILED DESCRIPTION
OF VARIOUS EMBODIMENTS The present invention is
believed to be applicable to a variety of different
types of validation of operation requests in an
optical traffic preemption system. While the present
invention is not necessarily limited to such
approaches, various aspects of the invention may be
appreciated through a discussion of various examples
using these and other contexts. The optical traffic
preemption system shown in FIG. 1 is presented at a
general level to show the basic circuitry used to
implement example embodiments of the present
invention. In this context, FIG. 1 illustrates a
typical intersection 10 having traffic lights 12. A
traffic signal controller 14 sequences the traffic
lights 12 through a sequence of phases that allow
traffic to proceed alternately through the
intersection 10. The intersection 10 is equipped with
an optical traffic preemption system having certain
aspects and features enabled in accordance with the
present invention to provide communication in an
efficient, flexible and practicable manner. This
communication is provided in the optical traffic
preemption system of FIG. 1 by way of optical emitters
24A, 24B and 24C, detector assemblies 16A and 16B, and
a phase selector 18. The detector assemblies 16A and
16B are stationed to detect light pulses emitted from
authorized vehicles approaching the intersection 10.
The detector assemblies 16A and 16B communicate with
the phase selector 18, which is typically located in
the same cabinet as the traffic controller 14, and
which differentiates between authorized vehicles and
unauthorized vehicles using a high-integrity, yet
practicable approach. In FIG. 1, an ambulance 20 and a
bus 22 are approaching the intersection 10. The
optical emitter 24A is mounted on the ambulance 20 and
the optical emitter 24B is mounted on the bus 22. The
optical emitters 24A and 24B each transmit a stream of
light pulses. The stream of light pulses can transport
codes that identify a requested command or operation.
The detector assemblies 16A and 16B receive these
light pulses and send anoutput signal to the phase
selector 18. The phase selector 18 processes and
validates the output signal from the detector
assemblies 16A and 16B. For certain validated output
signals, the phase selector 18 issues a traffic
preemption command to the traffic signal controller 14
to preempt the normal operation of the traffic lights
12. In various embodiments, communication is provided
by encoding the requested command or operation using
both amplitude modulation and frequency modulation of
certain subsets of the light pulses. In certain
embodiments, the encoding of the requested 



command or operation can be modified, including
modification by changing the light pulses that receive
amplitude modulation and/or changing the light pulses
that receive frequency modulation. It will be
appreciated that a specific light pulse can have only
amplitude modulation, only frequency modulation, or
both amplitude and frequency modulation. The specific
amplitude modulation and frequency modulation used for
an encoding can be based on a key, and modification of
the encoding of a requested command can be
accomplished by updating the value for the key. The
emitters 24A, 24B and 24C can include the key for
encoding an identification code for the requested
command or operation, and phase selector 18 can also
include the key for decoding the identification code.
The key of an emitter 24A, 24B and 24C can be a
time-varying key that is synchronized or approximately
synchronized with a time-varying key of the phase
selector 18. The time-varying keys can prevent
unauthorized activation by playback of a recorded
transmission after the keys are updated. FIG. 1 also
shows an authorized person 2 1 operating a portable
optical emitter 24C, which is there shown mounted to a
motorcycle 23. In one embodiment, the emitter 24C is
used to set in phase selector 18 a key used selecting
the encoding of a requested command or operation.
Typically, configuration of each phase selector 18,
including setting the key, is manually perform by
authorized maintenance personnel. In another
embodiment, the emitter 24C is used by the authorized
person 2 1 to affect the traffic lights 12 in
situations that require manual control of the
intersection 10. Various embodiments of the invention
can transfer the requested command or operation in a
code with a fixed length (and in other embodiments
with a protocol-defined variable length) from emitters
24A524B and 24C to detector assemblies 16A and
16B.Example operation identification codes include a
vehicle identification code of a preemption request
and a code to download information from an emitter 24C
to phase selector 18. For a request to preempt the
normal operation of the traffic lights 12, the code
can be repeatedly continuously during transmission
from emitters 24A and 24B to ensure initiation of
preemption as soon as an emitter 24A or 24B comes into
range of the intersection 10. For an operation that
does not require a time-critical response from the
phase selector 18, the code can vary during
transmission to allow more information to be
transferred from emitters 24A, 24B and 24C to detector
assemblies 16A and 16B. For example, an operation to
download information, such as an updated key, from an
emitter 24C to phase selector 18 can begin with a
download command in a first code in the stream of
light pulses followed by the information to be
downloaded in subsequent codes in the stream of light
pulses. In one embodiment, the operation
identification code transferred from emitters 24A, 24B
and 24C to detector assemblies 16A and 16B can be
subdivided into various ranges. For example, a code
with a fixed width of 14-bits has 16,384 potential
values, and these codes can be subdivided into 10,000
vehicle identification codes and 6384 other "special"
codes, as shown at code table 25. A value of zero can
correspond to a default vehicle identification code
that is not associated with any particular vehicle.
The vehicle identification codes can be transmitted by
emitters 24A, 24B and 24C to request preemption of the
traffic lights 12. Following validation of the vehicle
identification code by the phase selector 18, the
phase selector can issue a traffic preemption command
to the traffic signal controller 14 to select a
particular phase of the traffic lights 12. The special
codes can be used to command other operations,
including a command to download a key to phase
selector 18 from emitter 24C. In one embodiment, each
vehicle 20, 22, and 23 has a set of thumbwheel
switches used by an administrator or operator for the
vehicle to select a vehicle identification code for
the vehicle from the codes of code table 25. In
addition, the thumbwheel switches can be used to
manually provide all or a portion of the key
specifying the encoding for the optical emitter 24A,
24B, and 24C respectively mounted on vehicles 20, 22,
and 23. For example, code table 25 can include 10,000
vehicle identification codes and 6384 special codes
and selection of one of the 6384 special codes on the
thumbwheel switches canupdate a value that is included
in the key. In one embodiment, such a special code
from the thumbwheel switches of emitter 24C can be
transferred by authorized person 2 1 using a manually
initiated key download command to phase selector 18
for use in the key for decoding. Generally, an update
of the key should pass any validation process
currently in force and potentially additional layers
of security before the update is accepted by the phase
selector 18. Phase selectors constructed in accordance
with the present invention can be configured to use an
identification code in various ways. In one
configuration, the phase selector 18 is provided with
a list of authorized identification codes. The phase
selector 18 confirms that the vehicle is indeed
authorized to preempt the normal traffic signal
sequence. If the transmitted code does not match one
of the authorized codes on the list, preemption does
not occur. In another configuration, the phase
selector 18 logs all preemption requests by recording
the time of preemption, direction of preemption,
duration of preemption, identification code,
confirmation of passage of a requesting vehicle within
a predetermined range of a detector, and denial of a
preemption request due to improper authorization.
Attempted abuse of an optical traffic preemption
system can be discovered by examining the logged
information. In another embodiment of the present
invention, an optical traffic preemption system helps
run a mass transit system more efficiently. An
authorized mass transit vehicle having an optical
emitter constructed in accordance with the present
invention, such as the bus 22 in FIG. 1, spends less
time waiting at traffic signals, thereby saving fuel
and allowing the mass transit vehicle to serve a
larger route. This also encourages people to utilize
mass transportation instead of private automobiles
because authorized mass transit vehicles move through
congested urban areas faster than other vehicles.
Unlike an emergency vehicle 20, a mass transit vehicle
22 equipped with an optical emitter may not require
total preemption. In one embodiment, a traffic signal
offset is used to give preference to a mass transit
vehicle 22, while still allowing all approaches to the
intersection to be serviced. For example, a traffic
signal controller that normally allows traffic to flow
50 percent of the time in each direction responds to
repeated phase requests from the phase selector to
allow traffic flowing in the direction of the mass
transitvehicle 22 to proceed 65 percent of the time
and traffic flowing in the other direction to flow 35
percent of the time. In this embodiment, the actual
offset can be fixed to allow the mass transit vehicle
22 to have a predictable advantage. Generally, proper
authorization should be validated before executing an
offset for a mass transit vehicle 22. In a typical
installation, the traffic preemption system does not
actually control the lights at a traffic intersection.
Rather, the phase selector 18 alternately issues phase
requests to and withdraws phase requests from the
traffic signal controller, and the traffic signal
controller 14 determines whether the phase requests
can be granted. The traffic signal controller 14 may
also receive phase requests originating from other
sources, such as a nearby railroad crossing, in which
case the traffic signal controller 14 may determine
that the phase request from the other source be
granted before the phase request from the phase
selector 18. However, as a practical matter, the
preemption system can affect a traffic intersection 10
and create a traffic signal offset by monitoring the
traffic signal controller sequence and repeatedly
issuing phase requests that will most likely be
granted. According to a specific example embodiment,
the traffic preemption system of FIG. 1 is implemented
using a known implementation that is modified to
implement the codes and algorithms discussed above for
encoding and decoding. For example, an Opticom(tm)
Priority Control System (manufactured by 3M Company of
Saint Paul, Minnesota) can be modified to implement
the codes and algorithms discussed above for encoding
and decoding. Consistent with features of the
Opticom(tm) Priority Control System, one or more
embodiments of U.S. Patent No. 5,172,1 13 can be
modified in this manner. Also according to the present
invention, another specific example embodiment is
implemented using another so-modified
commercially-available traffic preemption system, such
as the Strobecom II system (manufactured by TOMAR
Electronics, Inc. of Phoenix, Arizona). FIG. 2 is a
block diagram showing the optical traffic preemption
system of FIG. 1. 



In FIG. 2, light pulses originating from the optical
emitters 24B and 24C are received by the detector
assembly 16A, which is connected to a channel one of
the phase selector 18. Light pulses originating from
the optical emitter 24A are received by the detector
assembly 16B, which is connected to a channel two of
the phase selector 18.The phase selector 18 includes
the two channels, with each channel having signal
processing circuitry (36A and 36B) and a decoder
circuit (38A and 38B), a main phase selector processor
40, long term memory 42, an external data port 43 and
a real time clock 44. The main phase selector
processor 40 communicates with the traffic signal
controller 14, which in turn controls the traffic
lights 12. With reference to the channel one, the
signal processing circuitry 36A receives an analog
signal provided by the detector assembly 16A. The
signal processing circuitry 36A processes the analog
signal and produces a digital signal, which is
received by the decoder circuit 38A. The decoder
circuit 38A extracts data from the digital signal,
validates proper authorization and provides the data
to the main phase selector processor 40. Channel two
is similarly configured, with the detector assembly
16B coupled to the signal processing circuitry 36B
which in turn is coupled to the decoder circuit 38B.
The long term memory 42 is implemented using
electronically erasable programmable read only memory
(EEPROM). The long term memory 42 is coupled to the
main phase selector processor 40 and is used to store
a list of authorized identification codes and to log
data. It will be appreciated that key 39 can be stored
in long term memory 42. The decoder circuits 38A and
38B can use optional key 39 to decode the signal
received from detector assemblies 16A and 16B. In one
embodiment, a received vehicle identification code is
decoded using the key and the resulting decoded
vehicle identification code is checked against a list
of authorized identification codes from long term
memory 42. The external data port 43 is used for
coupling the phase selector 18 to a computer. In one
embodiment, external data port 43 is an RS232 serial
port. Typically, portable computers are used in the
field for exchanging data with and configuring a phase
selector. Logged data is removed from the phase
selector 18 via the external data port 43 and key 39
and a list of authorized identification codes is
stored in the phase selector 18 via the external data
port 43. The external data port 43 can also be
accessed remotely using a wired or wireless modem,
local-area network or other such device.Key 39 can be
updated from a portable computer via external data
port 43. In addition, main phase selector processor 40
can update key 39 in response to a command received
from detector assemblies 16A and 16B to update the key
39. The real time clock 44 provides the main phase
selector processor 40 with the actual time. The real
time clock 44 provides time stamps that can be logged
to the long term memory 42 and is used for timing
other events, including timed update of the key 39. In
one embodiment, the key 39 is selected from a list
stored in memory 42 at specified times, such as once a
day. In another embodiment, the key 39 is generated
from the date and time or another time-based parameter
provided by the real time clock 44 or another natural
parameter. For example, a hash algorithm of the date,
time, and/or a current value for a manually provided
base key is used to periodically generate values
automatically for key 39. In yet another embodiment,
the key 39 is updated with a new value at a particular
time, such as three in the morning of the day after
receiving the new value for key 39. In an alternative
embodiment, the validation algorithm uses multiple
keys. For example, real time clock 44 can be
incompletely synchronized with a similar real time
clock in each of emitters 24A, 24B and 24C and
decoding using two keys may compensate for keys that
are periodically updated using incompletely
synchronized real-time clocks. During a first half or
other initial portion of the period for a key based on
real-time clock 44, decoder circuits 38A and 38B can
perform decoding using the key and the prior key.
Decoding is successful if either decoding attempt
succeeds. During a second half or other final portion
of the period for a key based on real-time clock 44,
decoder circuits 38A and 38B can similarly perform
decoding using the key and the next key. FIG. 3 is a
block diagram of the components of an emitter for
optical traffic preemption system for an embodiment in
accordance with the present invention. An optical
source 102, such as a Xenon flash tube or high
intensity light emitting diode, on a vehicle emits
short pulses of light that are received by a detector
of a traffic light controller to request preemption of
the normal operation of the traffic light to expedite
passage of the vehicle through the traffic light. A
signal generation circuit 104 generates an output
signal to control the flashes of light from optical
source 102. The signal generation circuit 104 can
include a transformer used to generate an output
signal having high-voltage pulses that each trigger a
Xenonstrobe light to emit a pulse of light. Data
specifying the timing of the pulses of the output
signal can be provided by protocol circuit 106, with
the pulses of the output signal using amplitude
modulation and frequency modulation. Protocol circuit
106 can generate the timing specification for the
pulses of light emitted by optical source 102.
Protocol circuit 106 can generate the timing
specification of the pulses of light emitted by
optical source 102 by generating the data words to be
embedded in the optical pulse stream and encoding
these data words to generate the timing specification
for the pulses. The data words embedded in the optical
pulse stream can include information specified at user
interface 108. In one embodiment, interface 108
includes an input device used by an operator or
administrator of the vehicle carrying emitter 100 to
specify one or more vehicle identification codes.
Example input devices include thumbwheel switches and
keypads. An operator setting up a vehicle
identification code can additionally specify a key 110
for the emitter 100. For example, one digit of a
multi-digit vehicle identification code can specify a
key 110 causing emitter 100 to emit an optical pulse
stream using a particular combination of amplitude
modulation and frequency modulation. For ease of usage
by an operator, the operator can be unaware that a
portion of each vehicle identification code actually
selects a key 110 instead of or in addition to being
embedded in the transmitted optical pulse stream. In
another embodiment, interface 108 includes a mechanism
to specify default operation of the emitter or to
configure operation of the emitter after manufacture,
such as jumper settings within the enclosure of the
emitter or externally configurable non-volatile
storage. Protocol circuit 106 can generate a
specification of the optical pulse stream, including
embedding a vehicle identification code received from
user interface 108. Protocol circuit 106 can include
storage circuits 112 providing protocol information
such as a mapping of a particular bit of the vehicle
identification code to the amplitude modulation and/or
frequency modulation of a particular optical pulse. In
one embodiment, the information in a storage circuit
112 can be a protocol algorithm, such as protocol
state transition diagrams or processor-executable
code. The protocol circuit 106 can include a
processor, such as a microprocessor, that executes
theprocessor-executable code to create data, such as a
specification of the optical pulse stream. In another
embodiment, the information in storage circuit 112 can
be a logic implementation, such as a programmable
logic array or programmable logic device configured
with programming data for the modulation schemes. In
yet another embodiment, the information in storage
circuit 112 can be protocol tables, such as the next
state and outputs as a function of the current state
and inputs. Combinations of a protocol algorithm, a
logic implementation, and tables can be used by
protocol circuit 106 in an alternative embodiment. The
contents of storage circuit 112 can be externally
accessible to allow the manufacturer or an
administrator of a fleet of vehicles to update the
modulation schemes supported by protocol circuit 106.
Optical emitter 100 can have a real-time clock 114.
The date and/or time from the real-time clock or
another time-based parameter or other natural
parameter can be used to select or modify the key 110.
For example, a hash algorithm of the date and time,
and potentially a manually updated base key, can be
used to generate an updated value for the key 110
every ten minutes. The key 110 can be dependent on a
manually provided base key, such as a base key
provided on thumbwheel switches and/or from a coupled
portable computer, and/or the current date and time.
The key 110 can be manually updated, for example, in
response to detection of unauthorized usage, and/or
automatically updated 



based on the current data and time. FIGs. 4A, 4B, 4C,
4D and 4E illustrate optical pulses transmitted
between a vehicle and equipment at an intersection for
an example communication protocol in accordance with
the present invention. As illustrated in FIG. 4A,
optical pulse stream 200 can alternate between a set
202 of light pulses using amplitude modulation and a
set of light pulses 204 using frequency modulation. An
example for each of sets 202 and 204 is illustrated in
Figs. 4B and 4C, enlarged to show detail. As shown in
FIG. 4B, set 202 of optical pulse stream 200 has major
stroboscopic pulses of light 206 occurring at a
particular frequency that typically is nominally
either 10 Hz or 14 Hz. Between the major pulses,
optional data pulses 208, 210, and 212 embed the
encoded data words in the set 202 of optical pulse
stream 200.For example, if pulse 208 is present then
an encoded data word has a first bit of one, and if
pulse 208 is absent then the encoded data word has a
first bit of zero. The value of a first bit of the
encoded data word determines the amplitude modulation
of either a full level for pulse 208 or a zero level
for pulse 208. If pulse 210 is present then the
encoded data word has a second bit of one, and if
pulse 210 is absent then the encoded data word has a
second bit of zero. Similarly, if pulse 212 is present
then the encoded data word has a third bit of one, and
if pulse 212 is absent then the encoded data word has
a third bit of zero. Typically, the optional pulses
208, 210, and 212 are half-way between the major
pulses 206. Another optical pulse stream that only
includes sets of pulses 202 may correspond to the
communication protocol of an Opticom(tm) Priority
Control System. As shown in FIG. 4C, set 204 of
optical pulse stream 200 has stroboscopic pulses of
light that nominally occur at a particular frequency
that typically is approximately either 10 Hz or 14 Hz,
but the pulses are displaced from the nominal
frequency to embed the encoded data words in the
optical pulse stream 200. For example, after an
initial pulse 214, only one or the other of pulses 216
and 218 is present and if an early pulse 216 is
present then an encoded data word has a first bit of
zero and if late pulse 2 18 is present then the
encoded data word has a first bit of one. The value of
a first bit of the encoded data word determines the
frequency modulation of either an early pulse 216 or a
late pulse 218. Only one or the other of pulses 220
and 222 is present and if early pulse 220 is present
then the encoded data word has a second bit of zero
and if late pulse 222 is present then the encoded data
word has a second bit of one. Similarly, only one or
the other of pulses 224 and 226 is present and if
early pulse 224 is present then the encoded data word
has a third bit of zero and if late pulse 226 is
present then the encoded data word has a third bit of
one. Typically, each pulse 216 through 226 is
separated from the prior pulse with a nominal time
period corresponding to the nominal frequency with the
actual separation between a pulse and the prior pulse
providing frequency modulation by being slightly less
or slightly more than the nominal time period. An
early pulse with a separation from the prior pulse of
slightly less than the nominal time period embeds a
data bit of zero and a late pulse with a separation
from the prior pulse of slightly more than the nominal
time period embeds a data bit of one. For example, if
pulse 216 is present then a second bit ofzero is
embedded when pulse 220 is separated from pulse 216 by
slightly less than the nominal time period, and if
pulse 218 is present then a second bit of zero is
embedded when pulse 220 is separated from pulse 218 by
slightly less than the nominal time period. Another
optical pulse stream that only includes sets of pulses
204 may correspond to the communication protocol of a
Strobecom II system. Optical pulse stream 240 of FIG.
4D has major stroboscopic pulses of light 242
occurring at a particular frequency that typically is
nominally either 10 Hz or 14Hz. Between the major
pulses, optional data pulses 244 through 260 embed the
encoded data words. Optical pulse stream 240 encodes
two bits of the encoded data between each major light
pulse 242. Optical pulse stream 240 permits more
encoded data or duplicated encoded data to be
transmitted within a given time interval as compared
to an optical pulse stream that encodes only one bit
of data between each major pulse. For example, optical
pulse stream 240 may double the number of bits for
encoded data from 14-bits to 28-bits, correspondingly
increasing the number of possible vehicle
identification codes from 16,384 possible codes to
over 268 million possible codes. A typical
installation of a remotely-controller traffic
preemption system could be configured with 1000
authorized vehicle identification codes. An
unauthorized user may be readily able to "guess" an
authorized vehicle identification code when 1000 of
16,384 possible codes are authorized. However,
guessing authorized vehicle identification code is
unlikely when 1000 of 268-million possible codes are
authorized vehicle identification codes. Optical pulse
stream 240 can encode the first and second bits in
data pulses 244, 246 and 248. The combination of the
first and second bits has four possible values and
pulses 244, 246 and 248 have four corresponding data
pulse combinations. In a first combination, all pulses
244, 246 and 248 are absent. In a second combination,
pulse 244 is present and pulses 246 and 248 are
absent. In a third combination, pulse 246 is present
and pulses 244 and 248 are absent. In a fourth
combination, pulse 248 is present and pulses 244 and
246 are absent. Typically, optical pulse stream 240 is
generated by an optical emitter having a Xenon flash
tube. The Xenon flash tube can emit an optical pulse
by converting energy stored in a capacitor into a
flash of light. Generally, the power supply for the
Xenon flashtube takes some time to recharge the
capacitor for the next flash of light. Thus, the time
between optical pulses generally should exceed a value
corresponding a capacitor recharge time. Typically,
positions for optical pulses 244, 246 and 248 are
separated by a time period that permits at most one of
the optical pulses to be emitted. Thus, the absence of
any of the optical pulses 244, 246 and 248 or a pulse
that is one of optical pulses 244, 246 and 248 can
correspond to the amplitude modulation and/or
frequency modulation of an optical pulse that is
nominally in the pulse position for optical pulse 246.
The absence of pulses 244, 246 and 248 can correspond
to an amplitude modulation of zero amplitude and
unknown frequency modulation. The presence of only
optical pulse 246 can correspond to an amplitude
modulation of full amplitude and a frequency
modulation of zero shifting. The presence of only
optical pulse 244 can correspond to an amplitude
modulation of full amplitude and a frequency
modulation of early shifting. The presence of only
optical pulse 248 can correspond to an amplitude
modulation of full amplitude and a frequency
modulation of late shifting. Optical pulse stream 270
of FIG. 4E combines pulse positions of sets 202 and
204 of optical pulse stream 200 from FIG. 4A, allowing
more encoded data or duplicated encoded data to be
transmitted within a given time interval. After an
emitter transmits an initial pulse 272, the presence
or absence of pulse 274 respectively provides a first
bit of one or zero, and the presence of either of
mutually exclusive pulses 276 or pulse 278 provides a
second bit of zero or one. Optical pulses 274, 280,
and 286 have respective amplitude modulation of either
full amplitude or zero amplitude and optical pulses
276 or 278, 282 or 284, and 288 or 290 have frequency
modulation of either early or late shifting.
Additional bits three through six are similarly
embedded by pulses 280 through 290. In one embodiment,
pulses 274, 280, and 286 are transmitted by an emitter
onehalf of the nominal period after the previous
pulse. For example, if pulse 276 is present then pulse
280 is transmitted one-half of the nominal period
after pulse 276 and if pulse 278 is present then pulse
280 is transmitted one-half of the nominal period
after pulse 278. In another embodiment, pulses 274,
280, and 286 are transmitted half-way between the
previous and following pulses. The nominal frequency
used to transmit pulses of an optical pulse stream
200, 240, and 270 can determine a priority. For
example, a frequency of approximately 10 Hz
cancorrespond to a high priority for an emergency
vehicle and a frequency of approximately 14 Hz can
correspond to a low priority for a mass transit
vehicle. FIG. 5 is a flow diagram of the operation of
the optical traffic preemption system at a vehicle and
an intersection in accordance with the present
invention. As in FIG. 2, operation/activity of the
equipment at the vehicle is shown at the left side of
the illustration and operation/activity of the
equipment at the intersection is shown at the right
side of the illustration. At the vehicle, the operator
of the vehicle or an agent of the system administrator
selects the unique vehicle identification code for the
vehicle (and its associated emitter equipment). Such
an agent is shown at node 64, with a connecting data 



line showing the unique vehicle identification code
being passed to the vehicle at activity node 66. The
key for encoding the vehicle identification code can
be preinstalled in the vehicle, passed by the agent
(line 76), and/or automatically changed as a function
of a natural parameter (e.g., every second Tuesday of
each month at 11:58pm Central), as a function of an
algorithm (per the updates at data lines 72 and 87),
and/or as a function of an irregular parameter such as
pseudo-random sequence identifying a time at which
this key changes and/or the manner in which the key
changes. Node 70 depicts another optional feature in
which the encoding operation at node 66 is only
enabled in response to a special enable command being
manually entered. Each such manual data entry can be
readily implemented using conventional touch keys or
other types of switches for selecting the appropriate
codes. Once enabled and equipped with the appropriate
code selection, the light pulse signaling can be
emitted from the vehicle-installed equipment toward
the equipment at the intersection, as shown at node
68. As shown at node 84, the light pulse signaling is
detected at the intersection and a data signal is
passed to node 86. Assuming that the vehicle
identification code is authorized, the data signal
includes the vehicle identification code as encoded
using the key selected as discussed above in
connection with 25 of FIG. 1. At node 86, the received
date is decrypted using the key and, if the key and/or
algorithm has been updated (per line 87), using the
updated information. Before phase selection, another
data processing module validates the preemption
attempt (node 88) by comparing the decode data signal
(e.g., vehicle identification code) with authorized
codes as stored at the code management table (node
90). The preemption attempt (whether or not
successful)is logged (node 92) as is conventional in
the above-discussed embodiments and commercial
systems. While certain aspects of the present
invention have been described with reference to
several particular example embodiments, those skilled
in the art will recognize that many changes may be
made thereto. For example, the optical emitter and
detector circuitry, as well as the data signal
processing (data look-up, data sending and formatting,
and data encoding and decoding) can be implemented
using a signal processing circuit arrangement
including one or more processors, volatile and/or
nonvolatile memory, and a combination of one or more
analogy, digital, discrete, programmable-logic,
semiprogrammable logic, non-programmable logic
circuits. Examples of such circuits for comparable
signal processing tasks are described in the
previously-discussed commercial devices and various
references including, for example, U.S. Patents, No.
5,172,1 13, No. 5,519,389, No. 5,539,398 and No.
4,162,447. Such implementations and adaptations are
embraced by the above-discussed embodiments without
departing from the spirit and scope of the present
invention, aspects of which are set forth in the
following claims.What is claimed is: 1. A
remotely-controlled traffic-preemption system,
comprising: an encoder circuit adapted to generate a
set of signal pulses, wherein at least one bit of a
data word is encoded as a function of amplitude
modulation of a first subset of the set of signal
pulses and at least another bit of the data word is
encoded as a function of frequency modulation of a
second subset of the set of signal pulses; an optical
source adapted to transmit a set of light pulses
having a respective light pulse for each signal pulse
of the set of signal pulses; an optical detector
adapted to receive the set of light pulses; and a
decoder circuit adapted to generate the data word from
the set of light pulses received at the optical
detector. 2. The system of claim 1, wherein the
encoder circuit and the decoder circuit are each
further adapted to modify the optical pulses included
in the first and second subsets responsive to a key.
3. The system of claim 1, wherein the optical source
is mounted to a vehicle and the data word includes a
vehicle identification code associated with the
vehicle. 4. The system of claim 1, wherein the decoder
circuit is further adapted to issue a
traffic-preemption command for an associated traffic
light responsive to the data word. 5. The system of
claim 1, wherein the first subset of the set of the
signal pulses and the second subset of the set of the
signal pulses do not share any signal pulse. 6. The
system of claim 1, wherein the first subset of the set
of the signal pulses and the second subset of the set
of the signal pulses share at least one signal pulse.
7. A communication method for use in a
remotely-control traffic-preemption system, the method
comprising:encoding at least one bit of a data word as
a function of amplitude modulation of a first subset
of a set of optical pulses; and encoding at least
another bit of the data word as a function of
frequency modulation of a second subset of the set of
optical pulses; transferring the set of optical pulses
to an optical detector; and decoding the data word
from the optical pulses received at the optical
detector. 8. The communication method of claim 7,
further comprising modifying the optical pulses
included in the first and second subsets in response
to a key. 9. The communication method of claim 7,
wherein an optical emitter is mounted to a vehicle,
the data word includes a vehicle identification code
associated with the vehicle, and transferring the set
of optical pulses to the optical detector includes
transmitting the set of optical pulses from the
optical emitter and receiving the set of optical
pulses at the optical detector. 10. The communication
method of claim 7, further comprising attempting to
validate the data word and selecting a phase for an
associated traffic light in response to the validation
of the data word. 11. The communication method of
claim 7, wherein the first subset of the set of the
optical pulses and the second subset of the set of the
optical pulses do not share any signal pulse. 12. The
communication method of claim 7, wherein the first
subset of the set of the optical pulses and the second
subset of the set of the optical pulses share at least
one signal pulse. 13. An optical emitter for a
remotely-controlled traffic-preemption system, the
optical emitter comprising:an encoder circuit adapted
to generate a set of signal pulses, wherein at least
one bit of a data word is encoded as a function of
amplitude modulation of a first subset of the set of
signal pulses and at least another bit of the data
word is encoded as a function of frequency modulation
of a second subset of the set of signal pulses; and an
optical source adapted to transmit a set of light
pulses having a respective light pulse for each signal
pulse of the set of signal pulses. 14. The system of
claim 13, wherein the encoder circuit is further
adapted to modify the optical pulses included in the
first and second subsets responsive to a key. 15. The
optical emitter of claim 13, wherein the optical
source is mounted to a vehicle and the data word
includes a vehicle identification code associated with
the vehicle. 16. The optical emitter of claim 13,
wherein the first subset of the set of the signal
pulses and the second subset of the set of the signal
pulses do not share any signal pulse. 17. The optical
emitter of claim 13, wherein the first subset of the
set of the signal pulses and the second subset of the
set of the signal pulses share at least one signal
pulse. 18. A phase selector for a remotely-controlled
traffic-preemption system, the phase selector
comprising: an optical detector adapted to receive the
set of light pulses, wherein at least one bit of a
data word is encoded as a function of amplitude
modulation of a first subset of the set of light
pulses and at least another bit of the data word is
encoded as a function of frequency modulation of a
second subset of the set of light pulses; and a
decoder circuit adapted to generate the data word from
the set of light pulses received at the optical
detector. 19. The phase selector of claim 18, wherein
the data word includes a vehicle identification code
associated with a vehicle transmitting the set of
light pulses and the decoder circuit is further
adapted to attempt to validate the vehicle
identification code.20. The phase selector of claim
19, wherein the decoder circuit is further adapted to
issue a command selecting a phase for an associated
traffic light responsive to the validation of the
vehicle identification code. 


