
TITLE OF THE INVENTION METHOD OF INHIBITING C-KIT
KINASE CROSS-REFERENCE TO RELATED APPLICATIONS This
application claims priority to U.S. Provisional
Application for Patent No. 60/793,471, filed April 20,
2006, the entire disclosure of which is hereby
incorporated in its entirely. FIELD OF THE INVENTION
The present invention relates to methods of reducing
or inhibiting kinase activity of C-KIT in a cell or a
subject, and the use of such methods for preventing or
treating in a subject a cell proliferative disorder
and/or disorders related to C-KIT. BACKGROUND OF THE
INVENTION Protein kinases are enzymatic components of
the signal transduction pathways which catalyze the
transfer of the terminal phosphate from ATP to the
hydroxy group of tyrosine, serine and/or threonine
residues of proteins. Thus, compounds which inhibit
protein kinase functions are valuable tools for
assessing the physiological consequences of protein
kinase activation. The overexpression or inappropriate
expression of normal or mutant protein kinases in
mammals has been a topic of extensive study and has
been demonstrated to play a significant role in the
development of many diseases, including diabetes,
angiogenesis, psoriasis, restenosis, ocular diseases,
schizophrenia, rheumatoid arthritis, atherosclerosis,
cardiovascular disease and cancer. The cardiotonic
benefits of kinase inhibition has also been studied.
In sum, inhibitors of protein kinases have particular
utility in the treatment of human and animal disease.
The receptor tyrosine kinase C-KIT and its ligand Stem
Cell Factor (SCF) are essential for hemoatpoiesis,
melanogenesis and fertility. SCF acts at multiple
levels ofthe hemoatpoietic hierarchy to promote cell
survival, proliferation, differentiation, adhesion and
functional activation. It is of particular importance
in the mast cell and erythroid lineages, but also acts
on multipotential stem and progenitor cells,
megakaryocytes, and a subset of lymphoid progenitors
(see, Int J Biochem Cell Biol. 1999 Oct;
31(10):1037-51). Sporadic mutations of C-KIT as well
as autocrine/paracrine activation mechanisms of the
SCF/C-KIT pathway have been implicated in a variety of
malignancies. Activation of C-KIT contributes to
metastases by enhancing tumor growth and reducing
apoptosis. Additionally, C-KIT is frequently mutated
and activated in gastrointestinal stromal tumors
(GISTs), and ligand-mediated activation of C-KIT is
present in some lung cancers (see, Leuk Res. 2004 May;
28 Suppl 1:S1 1-20). The C-KIT receptor also is
expressed on more than 10% of blasts in 64% of de novo
acute myelogenous leukemias (AMLs) and 95% of relapsed
AMLs. C-kit mediates proliferation and anti-apoptotic
effects in AML (see, Curr Hematol Rep. 2005 Jan;
4(l):51-8). C-Kit expression has been documented in a
wide variety of human malignancies, including
mastocytosis, mast cell leukemia, gastrointestinal
stromal tumour, sinonasal natural killer/T-cell
lymphoma, seminoma, dysgerminoma, thyroid carcinoma;
small-cell lung carcinoma, malignant melanoma, adenoid
cystic carcinoma, ovarian carcinoma, acute myelogenous
leukemia, anaplastic large cell lymphoma,
angiosarcoma, endometrial carcinoma, pediatric T-cell
ALL, lymphoma, breast carcinoma and prostate
carcinoma. See, Heinrich, Michael C. et al. Review
Article: Inhibition of KIT Tyrosine Kinase Activity: A
Novel Molecular Approach to the Treatment of
KIT-Positive Malignancies. Jouranl of Clinical
Oncology, VoI 20, No 6 (March 15), 2002: pp 1692-1703.
SUMMARY OF THE INVENTION The present invention
provides methods of reducing or inhibiting kinase
activity of C-KIT in a cell or a subject, and the use
of such methods for preventing or treating in a
subject a cell proliferative disorder and/or disorders
related to C-KIT.Other features and advantages of the
invention will be apparent from the following detailed
description of the invention and from the claims.
DETAILED DESCRIPTION OF THE INVENTION The terms
"comprising", "including", and "containing" are used
herein in their open, non-limited sense. ABBREVIATIONS
As used herein, the following abbreviations are
intended to have the following meanings (additional
abbreviations are provided where needed throughout the
Specification): ATP adenosine triphosphate Boc or BOC
r -butoxycarbonyl DCM dichloromethane DMF
dimethylformamide DMSO dimethylsulfoxide DIEA
diisopropylethylamine EDCI
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride EDTA ethylenediaminetetraaceticacid
EtOAc ethyl acetate FP fluorescence polarization HOBT
or HOBt 1-hydroxybenzotriazole hydrate LC/MS (ESI)
Liquid chromatography/mass spectrum (electrospray
ionization) MeOH Methyl alcohol NMR nuclear magnetic
resonance RT room temperature TFA trifluoroacetic
acidTHF tetrahydrofuran TLC thin layer chromatography
DEFINITIONS The term "alkyl" refers to both linear and
branched chain radicals of up to 12 carbon atoms,
preferably up to 6 carbon atoms, unless otherwise
indicated, and includes, but is not limited to,
methyl, ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl, tert-butyl, pentyl, isopentyl, hexyl,
isohexyl, heptyl, octyl, 2,2,4-trimethylpentyl, nonyl,
decyl, undecyl and dodecyl. The term "hydroxyalkyl"
refers to both linear and branched chain radicals of
up to 6 carbon atoms, in which one hydrogen atom has
been replaced with an OH group. The term
"hydroxyalkylamino" refers to an hydroxyalkyl group in
which one hydrogen atom from the carbon chain has been
replaced with an amino group, wherein the nitrogen is
the point of attachment to the rest of the molecule.
The term "cycloalkyl" refers to a saturated or
partially unsaturated ring composed of from 3 to 8
carbon atoms. Up to four alkyl substituents may
optionally be present on the ring. Examples include
cyclopropyl, 1,1-dimethyl cyclobutyl, 1,2,3-
trimethylcyclopentyl, cyclohexyl, cyclopentenyl,
cyclohexenyl, and 4,4-dimethyl cyclohexenyl. The term
"hydroxyalkyl" refers to at least one hydroxyl group
bonded to any carbon atom along an alkyl chain. The
term "aminoalkyl" refers to at least one primary or
secondary amino group bonded to any carbon atom along
an alkyl chain, wherein an alkyl group is the point of
attachment to the rest of the molecule.The term
"alkylamino" refers to an amino with one alkyl
substituent, wherein the amino group is the point of
attachment to the rest of the molecule. The term
"dialkylamino" refers to an amino with two alkyl
substituents, wherein the amino group is the point of
attachment to the rest of the molecule. The term
"heteroaromatic" or "heteroaryl" refers to 5- to
7-membered mono- or 8- to 10-membered bicyclic
aromatic ring systems, any ring of which may consist
of from one to four heteroatoms selected from N, O or
S where the nitrogen and sulfur atoms can exist in any
allowed oxidation state. Examples include
benzimidazolyl, benzothiazolyl, benzothienyl,
benzoxazolyl, furyl, imidazolyl, isothiazolyl,
isoxazolyl, oxazolyl, pyrazinyl, pyrazolyl, pyridyl,
pyrimidinyl, pyrrolyl, quinolinyl, thiazolyl and
thienyl. The term "heteroatom" refers to a nitrogen
atom, an oxygen atom or a sulfur atom wherein the
nitrogen and sulfur atoms can exist in any allowed
oxidation states. The term "alkoxy" refers to straight
or branched chain radicals of up to 12 carbon atoms,
unless otherwise indicated, bonded to an oxygen atom.
Examples include methoxy, ethoxy, propoxy, isopropoxy
and butoxy. The term "aryl" refers to monocyclic or
bicyclic aromatic ring systems containing from 6 to 12
carbons in the ring. Alkyl substituents may optionally
be present on the ring. Examples include benzene,
biphenyl and napththalene. The term "aralkyl" refers
to a Ci_6 alkyl group containing an aryl substituent.
Examples include benzyl, phenylethyl or
2-naphthylmethyl. The term "sulfonyl" refers to the
group -S(O) Ra, where Ra is hydrogen, alkyl,
cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl and
heteroaralkyl. A "sulfonylating agent" adds the -S(O)
Ra group to a molecule.FORMULA I The present invention
comprises methods of using the compounds of Formula I 



(referred to herein as "the compounds of the present
invention"): I or a solvate, hydrate, tautomer or
pharmaceutically acceptable salt thereof, wherein: A
is phenyl or pyridyl, either of which may be
substituted with one of chloro, fluoro, methyl, -N3,
-NH2, -NH(alkyl), -N(alkyl)2, -S(alkyl), -O(alkyl), or
4- aminophenyl; W is pyrrolyl (including l
-pyrrol-2-yl), imidazolyl, (including l
-imidazol-2-yl), isoxazolyl, oxazolyl, 1,2,4
triazolyl, or furanyl (including furan-2-yl), any of
which may be connected through any carbon atom,
wherein the pyrrolyl, imidazolyl, isoxazolyl,
oxazolyl, 1,2,4 triazolyl, or furanyl may contain one
- Cl, -CN, -NO2, -OMe, or -CF3 substitution, connected
to any other carbon; R2 is cycloalkyl (including
cyclohexenyl, cyclopentenyl), thiophenyl,
dihydrosulfonopyranyl, phenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may
be independently substituted with one or two of each
of the following: chloro, fluoro, and C(i _ )alkyl
(including 4,4-dimethyl cyclohexenyl, 4-methyl
cyclohexenyl, 2-methyl thiophenyl, 3-methyl
thiophenyl), with the proviso that tetrahydropyridyl
is connected to the ring A through a carbon-carbon
bond;X is Z is CH or N; D1 and D2 are each hydrogen or
taken together form a double bond to an oxygen; D3 and
D4 are each hydrogen or taken together form a double
bond to an oxygen; D5 is hydrogen or -CH3, wherein
said -CH may be relatively oriented syn or anti; Ra
and Rb are independently hydrogen, cycloalkyl,
haloalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl; E is N, S, O, SO or SO , with the
proviso that E may not be N if the following three
conditions are simultaneously met: Qa is absent, Qb is
absent, and R is an amino group or cyclic amino
radical wherein the point of attachment to E is N;
absent, -CH2-, -CH2CH2-, or C(O);absent, -NH-, -CH2-,
-CH2CH2-, or C(O), with the proviso that Qb may not be
C(O) if Qa is C(O), and further provided that Qb may
not be - NH- if E is N and Qa is absent, further
provided that Qb may not be - NH- if R3 is an amino
group or cyclic amino radical wherein the point of
attachment to Qb is N; R3 is hydrogen, phenyl,
hydroxyalkylamino (including 2-hydroxy ethylamino),
(hydroxyalkyl) 2amino, hydroxyalkyl(alkyl)amino
(including l-hydroxyeth-2-yl(methyl)amino), alkylamino
(including methylamino), aminoalkyl (including 2-amino
isopropyl), dihydroxyalkyl (including 1,3-dihydroxy
isopropyl, 1,2-dihydroxy ethyl), alkoxy (including
methoxy), dialkylamino (including dimethylamino),
hydroxyalkyl (including 1-hydroxy eth-2-yl), - COOH,
-CONH2, -CN, -SO2-alkyl-R4 (including -SO2CH3), -NH2,
or a 5 or six membered ring which contains at least
one heteroatom N and may optionally contain an
additional heteromoiety selected from S, SO2, N, and
O, and the 5 or 6 membered ring may be saturated,
partially unsaturated or aromatic (including
piperidinyl, morpholinyl, imidazolyl, and pyridyl)
wherein aromatic nitrogen in the 5 or 6 membered ring
may be present as iV-oxide (including pyridyl
N-oxide), and the 5 or 6 membered ring may be
optionally substituted with methyl, halogen,
alkylamino, or alkoxy (including 1 methyl imidazolyl);
R3 may also be absent, with the proviso that R3 is not
absent when E is nitrogen; R4 is hydrogen, -OH,
alkoxy, carboxy, carboxamido, or carbamoyl.EMBODIMENTS
Embodiments of the present invention include a
compound of Formula I wherein: a) A is phenyl or
pyridyl, either of which may be substituted with one
of chloro, fluoro, methyl, -N3, -NH2, -NH(alkyl),
-N(alkyl)2, -S(alkyl), -O(alkyl), or 4- aminophenyl;
b) A is phenyl ; c) W is pyrrolyl (including l
-pyrrol-2-yl), imidazolyl, (including l
-imidazol-2-yl), isoxazolyl, oxazolyl, 1,2,4
triazolyl, or furanyl (including furan-2-yl), any of
which may be connected through any carbon atom,
wherein the pyrrolyl, imidazolyl, isoxazolyl,
oxazolyl, 1,2,4 triazolyl, or furanyl may contain one
- Cl, -CN, -NO2, -OMe, or -CF3 substitution, connected
to any other carbon; d) W is furan-2-yl, l
-pyrrol-2-yl, or l -imidazol-2-yl, any of which may be
substituted at the 4 or 5 carbons with -CN; e) W is 3
-2-imidazolyl-4-carbonitrile or 5-cyano-l
-pyrrol-2-yl; f) W is 3 -2-imidazolyl-4-carbonitrile;
g) R2 is cycloalkyl (including cyclohexenyl,
cyclopentenyl), thiophenyl, dihydrosulfonopyranyl,
phenyl, furanyl, tetrahydropyridyl, or dihydropyranyl,
any of which may be independently substituted with one
or two of each of the following: chloro, fluoro, and
C(i _ )alkyl (including 4,4-dimethyl cyclohexenyl,
4-methyl cyclohexenyl, 2-methyl thiophenyl, 3-methyl
thiophenyl), with the proviso that tetrahydropyridyl
is connected to the ring A through a carbon-carbon
bond; h) R2 iscycloalkyl (including cyclohexenyl,
cyclopentenyl), which may substituted with one or two
C(1-3)alkyl (including 4,4-dimethyl cyclohexenyl,
4-methyl cyclohexenyl); i) R2 is cyclohexenyl, which
may substituted with one or two C(i_3)alkyl: j ) R2 is
cyclohexenyl, 4,4-dimethyl cyclohexenyl, or 4-methyl
cyclohexenyl; k) R2 is cyclohexenyl; 1) X is m) X is
n) X is o) Z is CH or N; p) Z is CH; q) D1 and D2 are
each hydrogen or taken together form a double bond to
an oxygen; r) D1 and D2 areeach hydrogen; s) D3 and D4
are each hydrogen or taken together form a double bond
to an oxygen; t) D3 and D4 are each hydrogen; u) D5 is
hydrogen or -CH3, wherein said -CH 3 may be relatively
oriented syn or anti; v) Ra and Rb are independently
hydrogen, cycloalkyl, haloalkyl, aryl, aralkyl,
heteroaryl, or heteroaralkyl; w) E is N, S, O, SO or
SO , with the proviso that E may not be N if the
following three conditions are simultaneously met: Qa
is absent, Qb is absent, and R3 is an amino group or
cyclic amino radical wherein the point of attachment
to E is 



N; x) E is N, with the proviso that E may not be N if
the following three conditions are simultaneously met:
Qa is absent, Qb is absent, and R is an amino group or
cyclic amino radical wherein the point of attachment
to E is N; absent, -CH2-, -CH2CH2-, or C(O); z) Qa is
absent, -CH2CH2-, or C(O); aa) Qa is absent, or C(O);
bb) Qa is C(O); absent, -NH-, -CH2-, -CH2CH2-, or
C(O), with the proviso that Qb may not be C(O) if Qa
is C(O), and further provided that Qb may not be -NH-
if E is N and Qa is absent, further provided that Qb
may not be -NH- if R3 is an amino group or cyclic
amino radical wherein the point of attachment to Qb is
N;absent, -CH2CH2-, or C(O), with the proviso that Qb
may not be C(O) if Qa is C(O); absent, or C(O), with
the proviso that Qb may not be C(O) if Qa is C(O); ff)
R3 is hydrogen, phenyl, hydroxyalkylamino (including
2-hydroxy ethylamino), (hydroxyalkyl) 2amino,
hydroxyalkyl(alkyl)amino (including l-hydroxyeth-2-
yl(methyl)amino), alkylamino (including methylamino),
aminoalkyl (including 2-amino isopropyl),
dihydroxyalkyl (including 1,3-dihydroxy isopropyl,
1,2-dihydroxy ethyl), alkoxy (including methoxy),
dialkylamino (including dimethylamino), hydroxyalkyl
(including 1-hydroxy eth-2-yl), - COOH, -CONH2, -CN,
-SO2-alkyl-R4 (including -SO2CH3), -NH2, or a 5 or six
membered ring which contains at least one heteroatom N
and may optionally contain an additional heteromoiety
selected from S, SO2, N, and O, and the 5 or 6
membered ring may be saturated, partially unsaturated
or aromatic (including piperidinyl, morpholinyl,
imidazolyl, and pyridyl) wherein aromatic nitrogen in
the 5 or 6 membered ring may be present as iV-oxide
(including pyridyl N-oxide), and the 5 or 6 membered
ring may be optionally substituted with methyl,
halogen, alkylamino, or alkoxy (including 1 methyl
imidazolyl); R3 may also be absent, with the proviso
that R3 is not absent when E is nitrogen; gg) R3 is
hydrogen, phenyl, 2-hydroxy ethylamino,
l-hydroxyeth-2-yl(methyl)amino, methylamino, 2-amino
isopropyl, 1,3-dihydroxy isopropyl, 1,2-dihydroxy
ethyl, methoxy, dimethylamino, 1-hydroxy eth-2-yl,
-COOH, -CONH2, -CN, - SO2-, -SO2CH3), -NH2,
piperidinyl, morpholinyl, imidazolyl, pyridyl, pyridyl
N-oxide), or 1 methyl imidazolyl; hh) R3 is alkylamino
(including methylamino), dialkylamino (including
dimethylamino), or -SO2-alkyl-R4 (including -SO2CH3);
ii) R3 is methylamino, dimethylamino, or - -SO2CH3;
JJ) R3 idimethylamino; kk) R4 is hydrogen, -OH,
alkoxy, carboxy, carboxamido, or carbamoyl; and 11) R4
is hydrogen; and all combinations of a) to 11),
inclusive, herein above. Other preferred embodiments
of Formula I are those wherein: A is phenyl or
pyridyl, either of which may be substituted with one
of chloro, fluoro, methyl, -N3, -NH2, -NH(alkyl),
-N(alkyl)2, -S(alkyl), -O(alkyl), or 4- aminophenyl; W
is pyrrolyl, imidazolyl, isoxazolyl, oxazolyl, 1,2,4
triazolyl, or furanyl, any of which may be connected
through any carbon atom, wherein the pyrrolyl,
imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or
furanyl may contain one - Cl, -CN, -NO2, -OMe, or -CF
substitution, connected to any other carbon; R2 is
cycloalkyl, thiophenyl, dihydrosulfonopyranyl, phenyl,
furanyl, tetrahydropyridyl, or dihydropyranyl, any of
which may be independently substituted with one or two
of each of the following: chloro, fluoro, and C(i_
3)alkyl, with the proviso that tetrahydropyridyl is
connected to the ring A through a carbon-carbon bond;
X isand is oriented para with respect to -NHCO-W; Z is
CH or N; D1 and D2 are each hydrogen or taken together
form a double bond to an oxygen; D3 and D4 are each
hydrogen or taken together form a double bond to an
oxygen; D5 is hydrogen or -CH3, wherein said -CH3 may
be relatively oriented syn or anti; Ra and Rb are
independently hydrogen, cycloalkyl, haloalkyl, aryl,
aralkyl, heteroaryl, or heteroaralkyl; E is N, S, O,
SO or SO2, with the proviso that E may not be N if the
following three conditions are simultaneously met: Qa
is absent, Qb is absent, and R3 is an amino group or
cyclic amino radical wherein the point of attachment
to E is N; absent, -CH2-, -CH2CH2-, or C(O);Qb is
absent, -NH-, -CH2-, -CH2CH2-, or C(O), with the
proviso that Qb may not be C(O) if Qa is C(O), and
further provided that Qb may not be - NH- if E is N
and Qa is absent, further provided that Qb may not be
- NH- if R3 is an amino group or cyclic amino radical
wherein the point of attachment to Qb is N; R3 is
hydrogen, hydroxyalkylamino, (hydroxyalkyl) 2amino,
alkylamino, aminoalkyl, dihydroxyalkyl, alkoxy,
dialkylamino, hydroxyalkyl, - COOH, -CONH2, -CN,
-SO2-alkyl-R4, -NH2, or a 5 or six membered ring which
contains at least one heteroatom N and may optionally
contain an additional heteromoiety selected from S,
SO2, N, and O, and the 5 or 6 membered ring may be
saturated, partially unsaturated or aromatic, wherein
aromatic nitrogen in the 5 or 6 membered ring may be
present as iV-oxide, and the 5 or 6 membered ring may
be optionally substituted with methyl, halogen,
alkylamino, or alkoxy; R3 may also be absent, with the
proviso that R is not absent when E is nitrogen; R4 is
hydrogen, -OH, alkoxy, carboxy, carboxamido, or
carbamoyl. Other preferred embodiments of Formula I
are those wherein: A is phenyl or pyridyl; W is
pyrrolyl, imidazolyl, isoxazolyl, oxazolyl, 1,2,4
triazolyl, or furanyl, any of which may be connected
through any carbon atom, wherein the pyrrolyl,
imidazolyl, isoxazolyl, oxazolyl, 1,2,4 triazolyl, or
furanyl may contain one - Cl, -CN, -NO2, -OMe, or -CF3
substitution, connected to any other carbon;R2 is
cycloalkyl, thiophenyl, dihydrosulfonopyranyl, phenyl,
furanyl, tetrahydropyridyl, or dihydropyranyl, any of
which may be independently substituted with one or two
of each of the following: chloro, fluoro, and 1-
3)alkyl, with the proviso that tetrahydropyridyl is
connected to the ring A through a carbon-carbon bond;
X is and is oriented para with respect to -NHCO-W; Z
is 



CH or N; D1 and D2 are each hydrogen or taken together
form a double bond to an oxygen; D3 and D4 are each
hydrogen or taken together form a double bond to an
oxygen; D5 is hydrogen or -CH3, wherein said -CH may
be relatively oriented syn or anti; Ra and Rb are
independently hydrogen, cycloalkyl, haloalkyl, aryl,
aralkyl, heteroaryl, or heteroaralkyl;E is N, S, O, SO
or SO , with the proviso that E may not be N if the
following three conditions are simultaneously met: Qa
is absent, Qb is absent, and R is an amino group or
cyclic amino radical wherein the point of attachment
to E is N; Qa is absent, -CH2-, -CH2CH2-, or C(O); Qb
is absent, -NH-, -CH2-, -CH2CH2-, or C(O), with the
proviso that Qb may not be C(O) if Qa is C(O), and
further provided that Qb may not be - NH- if E is N
and Qa is absent, further provided that Qb may not be
- NH- if R3 is an amino group or cyclic amino radical
wherein the point of attachment to Qb is N; R3 is
hydrogen, hydroxyalkylamino, (hydroxyalkyl) 2amino,
alkylamino, aminoalkyl, dihydroxyalkyl, alkoxy,
dialkylamino, hydroxyalkyl, - COOH, -CONH2, -CN,
-SO2-alkyl-R4, -NH2, or a 5 or six membered ring which
contains at least one heteroatom N and may optionally
contain an additional heteromoiety selected from S,
SO2, N , and O, and the 5 or 6 membered ring may be
saturated, partially unsaturated or aromatic, wherein
aromatic nitrogen in the 5 or 6 membered ring may be
present as iV-oxide, and the 5 or 6 membered ring may
be optionally substituted with methyl, halogen,
alkylamino, or alkoxy; R3 may also be absent, with the
proviso that R is not absent when E is nitrogen; R4 is
hydrogen, -OH, alkoxy, carboxy, carboxamido, or
carbamoyl. Other preferred embodiments of Formula I
are those wherein:A is phenyl or pyridyl; W is 3
-2-imidazolyl-4-carbonitrile; R2 is cycloalkyl,
thiophenyl, dihydrosulfonopyranyl, phenyl, furanyl,
tetrahydropyridyl, or dihydropyranyl, any of which may
be independently substituted with one or two of each
of the following: chloro, fluoro, and 1- 3)alkyl, with
the proviso that tetrahydropyridyl is connected to the
ring A through a carbon-carbon bond; X is ; , or and
is oriented para with respect to -NHCO-W; Z is CH or
N; D1 and D2 are each hydrogen or taken together form
a double bond to an oxygen; D3 and D4 are each
hydrogen or taken together form a double bond to an
oxygen;D5 is hydrogen or -CH3, wherein said -CH3 may
be relatively oriented syn or anti; Ra and Rb are
independently hydrogen, cycloalkyl, haloalkyl, aryl,
aralkyl, heteroaryl, or heteroaralkyl; E is N, S, O,
SO or SO , with the proviso that E may not be N if the
following three conditions are simultaneously met: Qa
is absent, Qb is absent, and R is an amino group or
cyclic amino radical wherein the point of attachment
to E is N; Qa is absent, -CH2-, -CH2CH2-, or C(O);
absent, -NH-, -CH2-, -CH2CH2-, or C(O), with the
proviso that Qb may not be C(O) if Qa is C(O), and
further provided that Qb may not be - NH- if E is N
and Qa is absent, further provided that Qb may not be
- NH- if R3 is an amino group or cyclic amino radical
wherein the point of attachment to Qb is N; R3 is
hydrogen, hydroxyalkylamino, (hydroxyalkyl) 2amino,
alkylamino, aminoalkyl, dihydroxyalkyl, alkoxy,
dialkylamino, hydroxyalkyl, - COOH, -CONH2, -CN,
-SO2-alkyl-R 4, -NH2, or a 5 or six membered ring
which contains at least one heteroatom N and may
optionally contain an additional heteromoiety selected
from S, SO2, N, and O, and the 5 or 6 membered ring
may be saturated, partially unsaturated or aromatic,
wherein aromatic nitrogen in the 5 or 6 membered ring
maybe present as iV-oxide, and the 5 or 6 membered
ring may be optionally substituted with methyl,
halogen, alkylamino, or alkoxy; R3 may also be absent,
with the proviso that R is not absent when E is
nitrogen; R4 is hydrogen, -OH, alkoxy, carboxy,
carboxamido, or carbamoyl. Other preferred embodiments
of Formula I are those wherein: A is phenyl or
pyridyl; W is 3 -2-imidazolyl-4-carbonitrile; R2 is
cyclohexenyl which may be substituted with one or two
methyl groups; X is and is oriented para with respect
to -NHCO-W; Z is CH or N; D1 and D2 are each hydrogen
or taken together form a double bond to an oxygen;D3
and D4 are each hydrogen or taken together form a
double bond to an oxygen; D5 is hydrogen or -CH3,
wherein said -CH3 may be relatively oriented syn or
anti; Ra and Rb are independently hydrogen,
cycloalkyl, haloalkyl, aryl, aralkyl, heteroaryl, or
heteroaralkyl; E is N, S, O, SO or SO2, with the
proviso that E may not be N if the following three
conditions are simultaneously met: Qa is absent, Qb is
absent, and R3 is an amino group or cyclic amino
radical wherein the point of attachment to E is N;
absent, -CH2-, -CH2CH2-, or C(O); Qb is absent, -NH-,
-CH2-, -CH2CH2-, or C(O), with the proviso that Qb may
not be C(O) if Qa is C(O), and further provided that
Qb may not be - NH- if E is N and Qa is absent,
further provided that Qb may not be - NH- if R3 is an
amino group or cyclic amino radical wherein the point
of attachment to Qb is N; R3 is hydrogen,
hydroxyalkylamino, (hydroxyalkyl) 2amino, alkylamino,
aminoalkyl, dihydroxyalkyl, alkoxy, dialkylamino,
hydroxyalkyl, - COOH, -CONH2, -CN, -SO2-alkyl-R 4,
-NH2, or a 5 or six membered ring which contains at
least one heteroatom N and may optionally contain an
additional heteromoiety selected from S, SO2, N, and
O, andthe 5 or 6 membered ring may be saturated,
partially unsaturated or 



aromatic, wherein aromatic nitrogen in the 5 or 6
membered ring may be present as iV-oxide, and the 5 or
6 membered ring may be optionally substituted with
methyl, halogen, alkylamino, or alkoxy; R3 may also be
absent, with the proviso that R is not absent when E
is nitrogen; R4 is hydrogen, -OH, alkoxy, carboxy,
carboxamido, or carbamoyl. Other preferred embodiments
of Formula I are those wherein: A is phenyl or
pyridyl; W is 3 -2-imidazolyl-4-carbonitrile; R2 is
cyclohexenyl which may be substituted with one or two
methyl groups; X is an s oriented para with respect to
NHCO-W; Z is CH; D1 and D2 are each hydrogen; D3 and
D4 areeach hydrogen; D5 is -CH3, wherein said -CH 3
may be relatively oriented syn or anti; E is N;
absent, -CH2-, -CH2CH2-, or C(O); absent, -CH2-,
-CH2CH2-, or C(O), with the proviso that Qb may not be
C(O) if Qais C(O), further provided that Qb may not be
-NH- if R3 is an amino group or cyclic amino radical
wherein the point of attachment to Qb is N; R3 is
hydrogen, hydroxyalkylamino, (hydroxyalkyl)2amino,
alkylamino, aminoalkyl, dihydroxyalkyl, alkoxy,
dialkylamino, hydroxyalkyl, -COOH, -CONH2, -CN, -SO2-
CH3, -NH2, pyridyl, pyridyl-N-oxide, or morpholinyl.
Other preferred embodiments of Formula I are those
wherein: A is phenyl or pyridyl; W is 3
-2-imidazolyl-4-carbonitrile; R2 is cyclohexenyl which
may be substituted with one or two methyl groups; X
isor and is oriented para with respect to -NHCO-W.
Examples of compounds of Formula I include:
S-cyano-furan^-carboxylic acid [4-(4-methyl-piperazin-
1-yl)-2-(3-methyl-thiophen- 2-yl)-phenyl]-amide, and
5-cyano-furan-2-carboxylic acid
[4-(4-methyl-piperazin- 1-yl)-2-(2-methyl-thiophen-
3-yl)-pheny1] -amide, and solvates, hydrates,
tautomers and pharmaceutically acceptable salts
thereof. Additional examples of compounds of Formula I
include: 4-cyano-lH-imidazole-2-carboxylic acid
[4-(l-acetyl-piperidin-4-yl)-2-(l, 2,5,6-
tetrahydro-pyridin-3-yl)-phenyl]-amide, 4-cyano-
1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(l
,1-dioxo-hexahydro- 1l6-thiopyran-4-yl)-phenyl]-amide,
5-cyano-furan-2-carboxylic acid
[2-cyclohex-l-enyl-4-(4-methyl-piperazin-l-yl)-
phenyl]-amide,S-cyano-furan^-carboxylic acid
[2-(3,6-dihydro-2H-pyran-4-yl)-4-(4-methylpiperazin-
1-yl)-phenyl]-amide, 4-cyano-
1H-imidazole-2-carboxylic acid [2-(l ,1-dioxo- 1,2,3
,6-tetrahydro- 1l6-
thiopyran-4-yl)-4-piperidin-4-yl-phenyl]-amide,
4-cyano- 1H-imidazole-2-carboxylic acid
[4-(1-acetyl-piperidin-4-yl)-2-( 1,1-dioxol,
2,3,6-tetrahydro-l l6-thiopyran-4-yl)-phenyl]-amide,
5-cyano-furan-2-carboxylic acid
[2'-methyl-5-(4-methyl-piperazin-l-yl)-biphenyl-2-
yl]-amide, and 5-cyano-furan-2-carboxylic acid
[2'-fluoro-5-(4-methyl-piperazin- 1-yl)-biphenyl-2-
yl]-amide, and solvates, hydrates, tautomers and
pharmaceutically acceptable salts thereof. Further
examples of compounds of Formula I are:
(4-{4-[(4-cyano-lH-imidazole-2-carbonyl)-amino]-3-cycl
ohex-l-enyl-phenyl}- piperidin-l-yl)-acetic acid,
4-cyano- 1H-imidazole-2-carboxylic acid
[4-(l-carbamoylmethyl-piperidin-4-yl)-2- cyclohex-
1-enyl-phenyl]-amide, 4-cyano-
1H-imidazole-2-carboxylic acid [2-(4-methyl-cyclohex-
1-enyl)-4-piperidin- 4-yl-phenyl]-amide, 4-cyano-
1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[
1-(2-hydroxy-ethyl)- piperidin-4-yl]-phenyl} -amide,
4-cyano- 1H-imidazole-2-carboxylic acid
[2-(4-methyl-cyclohex- 1-enyl)-4-( 1-pyridin-
2-ylmethyl-piperidin-4-yl)-phenyl]-amide,4-cyano-
1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[
1-(2-hydroxy- 1-
hydroxymethyl-ethyl)-piperidin-4-yl]-phenyl} -amide,
4-cyano- 1H-imidazole-2-carboxylic acid
{4-[l-(2-cyano-ethyl)-piperidin-4-yl]-2-
cyclohex-1-enyl-phenyl} -amide, 4-cyano-
1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[
1-(2-morpholin-4-ylethyl)-
piperidin-4-yl]-phenyl}-amide, 4-cyano-
1H-imidazole-2-carboxylic acid (2-cyclohex-
1-enyl-4-piperidin-4-ylphenyl)- amide, 4-cyano-
1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[
1-(2- methanesulfonyl-ethyl)-piperidin-4-yl]-phenyl}
-amide, 4-cyano- 1H-imidazole-2-carboxylic acid
[2-cyclohex-1-enyl-4-( 1-pyridin-2-ylmethylpiperidin-
4-yl)-phenyl] -amide, 4-cyano-
1H-imidazole-2-carboxylic acid
{2-cyclopent-l-enyl-4-[l-(l-methyl-lHimidazol-
2-ylmethyl)-piperidin-4-yl]-phenyl} -amide, 4-cyano-
1H-imidazole-2-carboxylic acid (2-cyclopent-
1-enyl-4-piperidin-4-ylphenyl)- amide, 4-cyano-
1H-pyrrole-2-carboxylic acid (2-cyclohex-
1-enyl-4-piperidin-4-yl-phenyl)- amide, 4-cyano-
1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(3
,4,5 ,6-tetrahydro-
2H-[l,2']bipyridinyl-4-yl)-phenyl]-amide, and 4-cyano-
1H-pyrrole-2-carboxylic acid
[4-(1-acetyl-piperidin-4-yl)-2-cyclohex-
1-enylphenyl]- amide,and solvates, hydrates, tautomers
and pharmaceutically acceptable salts thereof. Other
examples of compounds of Formula I are: 4-cyano-
1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[
1-(I -oxy-pyridine-3-
carbonyl)-piperidin-4-yl]-phenyl} -amide, 4-cyano-
1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[
1-(I -oxy-pyridine-4-
carbonyl)-piperidin-4-yl]-phenyl} -amide, 4-cyano-
1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[
1-(3-morpholin-4-ylpropionyl)- piperidin-4-yl]-phenyl}
-amide,
4-{4-[(4-cyano-lH-imidazole-2-carbonyl)-amino]-3-cyclo
hex-l-enyl-phenyl}- piperidine-1-carboxylic acid
amide, 4-cyano- 1H-imidazole-2-carboxylic acid
{2-cyclohex-1-enyl-4-[ 1-(pyridine-3 -
carbonyl)-piperidin-4-yl]-phenyl} -amide,
4-{4-[(4-cyano-lH-imidazole-2-carbonyl)-amino]-3-cyclo
hex-l-enyl-phenyl}- piperidine-1-carboxylic acid
(2-hydroxy-ethyl)-amide, 4-cyano-
1H-imidazole-2-carboxylic acid
{2-cyclohex-l-enyl-4-[l-(2-3H-imidazol-4-
yl-acetyl)-piperidin-4-yl]-phenyl} -amide, 4-cyano-
1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[
1-(2-pyridin-4-ylacetyl)- piperidin-4-yl]-phenyl}
-amide, 4-cyano- 1H-imidazole-2-carboxylic acid
(2-cyclohex- l-enyl-4-{l -[2-(I -methyl- IHimidazol-
4-yl)-acetyl]-piperidin-4-yl}-phenyl)-amide,4-cyano-
1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[
1-(2-pyridin-3-ylacetyl)-
piperidin-4-yl]-phenyl}-amide, 4-cyano-
1H-imidazole-2-carboxylic acid {2-cyclohex-1-enyl-4-[
1-(2- methanesulfonyl-acetyl)-piperidin-4-yl]-phenyl}
-amide, 4-cyano- 1H-imidazole-2-carboxylic acid
{2-cyclohex-1-enyl-4-[ 1-(2-pyridin-2-ylacetyl)-
piperidin-4-yl]-phenyl} -amide, and 4-cyano-
1H-imidazole-2-carboxylic acid
[4-(l-acetyl-piperidin-4-yl)-2-cyclohex-lenyl- 



phenyl]-amide, and solvates, hydrates, tautomers and
pharmaceutically acceptable salts thereof. Another
example compound of Formula I is: 4-cyano-
1H-imidazole-2-carboxylic acid [2-cyclohex-1-enyl-4-(
1-{2-[(2-hydroxyethyl)-
methyl-amino]-acetyl}-piperidin-4-yl)-phenyl]-amide,
and solvates, hydrates, tautomers and pharmaceutically
acceptable salts thereof. Another example compound of
Formula I is: 4-cyano- 1H-imidazole-2-carboxylic acid
{2-cyclohex-1-enyl-4-[1-(2-dimethylaminoacetyl)-
piperidin-4-yl]-phenyl} -amide, and solvates,
hydrates, tautomers and pharmaceutically acceptable
salts thereof. Another example compound of Formula I
is: 4-cyano- 1H-imidazole-2-carboxylic acid
{2-cyclohex-1-enyl-4-[ 1-(2-morpholin-4-ylacetyl)-
piperidin-4-yl]-phenyl}-amide,and solvates, hydrates,
tautomers and pharmaceutically acceptable salts
thereof. Still other example compounds of formula I
are: 4-Cyano-lH-imidazole-2-carboxylic acid
(4-[l-(3-amino-3-methyl-butyryl)-
piperidin-4-yl]-2-cyclohex-l-enyl-phenyl} -amide
trifluoroacetic acid salt,
4H-[l,2,4]-triazole-3-carboxylic acid (2-cyclohex-
l-enyl-4-piperidin-4-yl-phenyl)- amide bis
trifluoroacetic acid salt,
5-Chloro-4H-[l,2,4]-triazole-3-carboxylic acid
(2-cyclohex- l-enyl-4-piperidin-4-ylphenyl)- amide
trifluoroacetic acid salt, 5-Cyano-
1H-imidazole-2-carboxylic acid [2-cyclohex-
1-enyl-4-(cis-2,6-dimethylpiperidin-
4-yl)-phenyl]-amide bis trifluoroacetic acid salt,
5-cyano-1H-imidazole-2-carboxylic acid [2-cyclohex-
l-enyl-4-(trans-2,6-dimethylpiperidin-
4-yl)-phenyl]-amide bis trifluoroacetic acid salt,
5-Cyano-1 H-imidazole-2-carboxylic acid
{2-cyclohex-l-enyl-4-[l-(R)-(+)-(2,3-
dihydroxy-propionyl)-piperidin-4-yl]-phenyl} -amide,
5-Cyano- 1H-imidazole-2-carboxylic acid [2-cyclohex-
1-enyl-4-( 1-methoxy-piperidin- 4-yl)-phenyl] -amide
trifluoroacetic acid salt, 4-Cyano-
1H-imidazole-2-carboxylic acid
[6-(4,4-dimethyl-cyclohex- 1-enyl)-
l',2',3',4',5',6'-hexahydro-[2,4']bipyridinyl-5-yl]-am
ide trifluoroacetic acid salt, 5-Cyano-1
H-imidazole-2-carboxylic acid
(4-[l-(2-amino-2-methyl-propionyl)-
piperidin-4-yl]-2-cyclohex-l-enyl-phenyl} -amide
trifluoroacetic acid salt, and 5-Cyano-
1H-imidazole-2-carboxylic acid [6-cyclohex- 1-enyl-
1'-(2-methanesulfonylethyl)- r,2 >,3',4>,
5>,6>-hexahydro-[2,4 >]bipyridinyl-5-yl]-amide,and
solvates, hydrates, tautomers and pharmaceutically
acceptable salts thereof. Additional example compounds
of Formula I are: 4-Cyano- 1H-imidazole-2-carboxylic
acid {2-cyclohex- 1-enyl-4- [1-(2-methylaminoacetyl)-
piperidin-4-yl]-phenyl} -amide, 4-Cyano-l
H-imidazole-2-carboxylic acid [
1'-(2-dimethylamino-acetyl)-6-(4,4- dimethyl-cyclohex-
1-enyl)- 1' ,2 ' ,3 ' ,4 ' ,5 ' ,6 ' -hexahydro-[2,4
']bipyridinyl-5 -yl]-amide trifluoroacetic acid salt,
and 4-Cyano-l H-imidazole-2-carboxylic acid
[6-(4,4-dimethyl-cyclohex-l-enyl)-l '-(2-
methanesulfonyl-ethyl)- 1' ,2 ' ,3 ' ,4 ' ,5 ' ,6'
-hexhydro-[2,4 ' ]bipyridinyl-5-yl]-amide
trifluoroacetic acid salt, and solvates, hydrates,
tautomers and pharmaceutically acceptable salts
thereof. As used herein, the term "the compounds of
the present invention" shall also include solvates,
hydrates, tautomers or pharmaceutically acceptable
salts thereof. PHARMACEUTICALLY ACCEPTABLE SALTS As
stated, the compounds of the present invention may
also be present in the form of pharmaceutically
acceptable salts. For use in medicines, the salts of
the compounds of the present invention refer to non
toxic "pharmaceutically acceptable salts." FDA
approved pharmaceutically acceptable salt forms (Ref.
InternationalJ. Pharm. 1986, 33, 201-217; J. Pharm.
Sci., 1977, Jan, 66(1), pi) include pharmaceutically
acceptable acidic/anionic or basic/cationic
salts.Pharmaceutically acceptable acidic/anionic salts
include, and are not limited to acetate,
benzenesulfonate, benzoate, bicarbonate, bitartrate,
bromide, calcium edetate, camsylate, carbonate,
chloride, citrate, dihydrochloride, edetate,
edisylate, estolate, esylate, fumarate, glyceptate,
gluconate, glutamate, glycollylarsanilate,
hexylresorcinate, hydrabamine, hydrobromide,
hydrochloride, hydroxynaphthoate, iodide, isethionate,
lactate, lactobionate, malate, maleate, mandelate,
mesylate, methylbromide, methylnitrate, methylsulfate,
mucate, napsylate, nitrate, pamoate, pantothenate,
phosphate/diphosphate, polygalacturonate, salicylate,
stearate, subacetate, succinate, sulfate, tannate,
tartrate, teoclate, tosylate and triethiodide. Organic
or inorganic acids also include, and are not limited
to, hydriodic, perchloric, sulfuric, phosphoric,
propionic, glycolic, methanesulfonic,
hydroxyethanesulfonic, oxalic, 2-naphthalenesulfonic,
p-toluenesulfonic, cyclohexanesulfamic, saccharinic or
trifluoroacetic acid. Pharmaceutically acceptable
basic/cationic salts include, and are not limited to
aluminum, 2-amino-2-hydroxymethyl-propane-l,3-diol
(also known as tris(hydroxymethyl)aminomethane,
tromethane or "TRIS"), ammonia, benzathine,
-butylamine, calcium, calcium gluconate, calcium
hydroxide, chloroprocaine, choline, choline
bicarbonate, choline chloride, cyclohexylamine,
diethanolamine, ethylenediamine, lithium, LiOMe,
L-lysine, magnesium, meglumine, NH3, NH OH,
N-methyl-D-glucamine, piperidine, potassium,
potassium- -butoxide, potassium hydroxide (aqueous),
procaine, quinine, sodium, sodium carbonate,
sodium-2-ethylhexanoate (SEH), sodium hydroxide,or
zinc. PRODRUGS The present invention also includes
within its scope, prodrugs of the compounds of the
present invention. In general, such prodrugs will be
functional derivatives of the compounds which are
readily convertible in vivo into an active compound.
Thus, in the methods of treatment of the present
invention, the term "administering " shall encompass
the means for treating, ameliorating or preventing a
syndrome, disorder or disease described herein with
the compounds of the present invention or a prodrug
thereof, which would obviously be included within the
scope of the invention albeitnot specifically
disclosed any given compound. Conventional procedures
for the selection and preparation of suitable prodrug
derivatives are described in, for example, "Design of
Prodrugs ", ed. H. Bundgaard, Elsevier, 1985.
STEREOCHEMICAL ISOMERS One skilled in the art will
recognize that some compounds of the present invention
have one or more asymmetric carbon atoms in their
structure. It is intended that the present invention
include within its scope single enantiomer forms of
the compounds of the present invention, racemic
mixtures, and mixtures of enantiomers in which an
enantiomeric excess is present. The term "single
enantiomer " as used herein defines all the possible
homochiral forms which the compounds of the present
invention and their N-oxides, addition salts,
quaternary amines, and physiologically functional
derivatives may possess. Stereochemically pure
isomeric forms may be obtained by the application of
art known principles. Diastereoisomers may be
separated by physical separation methods such as
fractional crystallization and chromatographic
techniques, and enantiomers may be separated from each
other by the selective crystallization of the
diastereomeric salts with optically active acids or
bases or by chiral chromatography. Pure stereoisomers
may also be prepared synthetically from appropriate
stereochemically pure starting materials, or by using
stereoselective reactions. The term "isomer" refers to
compounds that have the same composition and molecular
weight but differ in physical and/or chemical
properties. Such substances have the same number and
kind of atoms but differ in structure. The structural
difference may be in constitution (geometric isomers)
or in an ability to rotate the plane of polarized
light (enantiomers).The term "stereoisomer " refers to
isomers of identical constitution that differ in the
arrangement of their atoms in space. Enantiomers and
diastereomers are examples of stereoisomers. The term
"chiral" refers to the structural characteristic of a
molecule that makes it impossible to superimpose it on
its mirror image. The term "enantiomer" refers to one
of a pair of molecular species that are mirror images
of each other and are not superimposable. The term
"diastereomer " refers to stereoisomers that are not
mirror images. The symbols "R" and "S" represent the
configuration of substituents around a chiral carbon
atom(s). The term "racemate " or "racemic mixture "
refers to a composition composed of equimolar
quantities of two enantiomeric species, wherein the
composition is devoid of optical activity. The term
"homochiral" refers to a state of enantiomeric purity.
The term "optical activity" refers to the degree to
which a homochiral molecule or nonracemic mixture of
chiral molecules rotates a plane of polarized light.
It is to be understood that the various substituent
stereoisomers, geometric isomers 



and mixtures thereof used to prepare the compounds of
the present invention are either commercially
available, can be prepared synthetically from
commercially available starting materials or can be
prepared as isomeric mixtures and then obtained as
resolved isomers using techniques well-known to those
of ordinary skill in the art. The isomeric descriptors
"R," and "S" are used as described herein for
indicating atom configuration(s) relative to a core
molecule and are intended to be used asdefined in the
literature (IUPAC Recommendations for Fundamental
Stereochemistry (Section E), Pure Appl. Chem., 1976,
45:13-30). The compounds of the present invention may
be prepared as an individual isomer by either
isomer-specific synthesis or resolved from an isomeric
mixture. Conventional resolution techniques include
forming the free base of each isomer of an isomeric
pair using an optically active salt (followed by
fractional crystallization and regeneration of the
free base), forming an ester or amide of each of the
isomers of an isomeric pair (followed by
chromatographic separation and removal of the chiral
auxiliary) or resolving an isomeric mixture of either
a starting material or a final product using
preparative TLC (thin layer chromatography) or a
chiral HPLC column.POLYMORPHS AND SOLVATES
Furthermore, the compounds of the present invention
may have one or more polymorph or amorphous
crystalline forms and as such are intended to be
included in the scope of the invention. In addition,
the compounds may form solvates, for example with
water (i.e., hydrates) or common organic solvents. As
used herein, the term "solvate" means a physical
association of the compounds of the present invention
with one or more solvent molecules. This physical
association involves varying degrees of ionic and
covalent bonding, including hydrogen bonding. In
certain instances the solvate will be capable of
isolation, for example when one or more solvent
molecules are incorporated in the crystal lattice of
the crystalline solid. The term "solvate" is intended
to encompass both solution-phase and isolatable
solvates. Non-limiting examples of suitable solvates
include ethanolates, methanolates, and the like. It is
intended that the present invention include within its
scope solvates of the compounds of the present
invention. Thus, in the methods of treatment of the
present invention, the term "administering" shall
encompass the means for treating, ameliorating or
preventing a syndrome, disorder or disease described
herein with the compounds of the present invention or
a solvate thereof, which would obviously be included
within the scope of the invention albeit not
specifically disclosed. N-OXIDES The compounds of the
present invention may be converted to the
corresponding Noxide form following art-known
procedures for converting a trivalent nitrogen into
its N-oxide form. Said N-oxidation reaction may
generally be carried out by reacting the starting
material with an appropriate organic or inorganic
peroxide. Appropriate inorganic peroxides comprise,
for example, hydrogen peroxide, alkali metal or earth
alkaline metal peroxides, e.g. sodium peroxide,
potassium peroxide; appropriate organic peroxides may
comprise peroxy acids such as, for example,
benzenecarboperoxoic acid or halo substituted
benzenecarboperoxoic acid, e.g.
3-chlorobenzenecarboperoxoic acid, peroxoalkanoic
acids, e.g. peroxoacetic acid, alkylhydroperoxides,
e.g. utyl hydro-peroxide. Suitable solvents are, for
example, water, lower alcohols, e.g. ethanol and the
like, hydrocarbons, e.g. toluene, ketones, e.g.
2-butanone, halogenated hydrocarbons, e.g.
dichloromethane, and mixtures of such solvents.
TAUTOMERIC FORMS The compounds of the present
invention may also exist in their tautomeric forms.
Such forms although not explicitly indicated in the
present application are intended to be included within
the scope of the present invention. PREPARATION OF THE
COMPOUNDS OF THE PRESENT INVENTION During any of the
processes for preparation of the compounds of the
present invention, it may be necessary and/or
desirable to protect sensitive or reactive groups on
any of the molecules concerned. This may be achieved
by means of conventional protecting groups, such as
those described in Protecting Groups, P. Kocienski,
Thieme Medical Publishers, 2000; and T.W. Greene &
P.G.M. Wuts, Protective Groups in Organic Synthesis ,
3rd ed. Wiley Interscience, 1999. The protecting
groups may be removed at a convenient subsequent stage
using methods known in the art.Methods of Preparation
Scheme 1 Scheme 1 illustrates general methodology for
the preparation of compounds of Formula I . Compounds
of Formula 1-2 can be obtained by ortho-halogenation,
preferably bromination, of amino compounds of Formula
1-1 followed by metalcatalyzed coupling reactions with
boronic acids or boronate esters (Suzuki reactions,
where R2M is R2B(OH) or a boronic ester) or tin
reagents (Stille reactions, where R2M is R2Sn(alkyl)3)
(for reviews, see N. Miyaura, A. Suzuki, Chem. Rev.,
95:2457 (1995), J . K. Stille, Angew. Chem, Int. Ed.
Engl, 25: 508024 (1986) and A. Suzuki in
Metal-Catalyzed Coupling Reactions, F. Deiderich, P.
Stang, Eds., Wiley-VCH, Weinheim (1988)). Compounds of
formula 1-1 may be commercially available, or the
above palladium mediated cross-coupling reactions
described above may be used to generate compounds of
Formula 1-1 from starting material 1-0. Preferred
conditions for the bromination of 1-1 are
N-bromosuccinimide (NBS) in a suitable solvent such as
L,L/-dimethylformamide (DMF), dichloromethane (DCM) or
acetonitrile. Metal-catalyzed couplings, preferably
Suzuki reactions, can be performed according to
standard methodology, preferably in the presence of a
palladium catalyst such as
tetrakis(triphenylphosphine)palladium(0) (Pd(PPhS) ),
an aqueous base such aq. Na CO , and a suitable
solvent such as toluene, ethanol, dimethoxyethane
(DME), or DMF.Compounds of Formula I can be prepared
by reaction of compounds of Formula 1-2 with
carboxylic acids WCOOH according to standard
procedures for amide bond formation (for a review,
see: M. Bodansky and A. Bodansky, The Practice of
Peptide Synthesis, Springer-Verlag, NY (1984)) or by
reaction with acid chlorides WCOCl or activated esters
WCO Rq (where Rq is a leaving group such as
pentafluorophenyl or N-succinimide). The preferred
reaction conditions for coupling with WCOOH are: when
W is a furan, oxalyl chloride in DCM with DMF as a
catalyst to form the acid chloride WCOCl and then
coupling in the presence of a trialkylamine such as
DIEA; when W is a pyrrole,
l-(3-dimethylaminopropyl)-3-ethylcarbodiimide
hydrochloride (EDCI) and
l-hydroxybenzotriazole-6-sulfonamidomethyl
hydrochloride (HOBt); and when W is an imidazole, the
preferred conditions are
bromotripyrrolidinophosphonium hexafluorophosphate
(PyBrOP) and diisopropylethylamine (DIEA) in DCM. It
is understood that the optional substitution present
on ring A in Formula I may be present in the starting
materials 1-1 or 1-3 and, in such cases, would be
carried through the synthesis outlined in Scheme 1.
Alternatively various substituents on compounds of
Formula I may be introduced in a number of ways
described below to provide the optional substitution
listed for Formula I . The leaving group "Li" present
on ring A in Formula 1-0 or 1-3, can be substituted
before or at any step during Scheme 1. When such
leaving groups (preferably fluoro or chloro) are
activated by the nitro group of Formula 1-3 for
nucleophilic attack, they can undergo direct
nucleophilic aromatic substitution by ammonia and
azide anion or by amines, alcohols, thiols and other
nucleophiles in the presence of a suitable base such
as K2CO3, V,L/-diisopropylethylamine (DIEA) or NEt3.
When the leaving group is suitable for metal-catalyzed
couplings (preferably bromo or
trifluoromethanesulfonyloxy), a number of
cross-coupling reactions (such as Suzuki or Stille
reactions as discussed above for the introduction of
R2) may be performed. Other metalcatalyzed coupling
reactions that can be employed include aromatic and
heteroaromatic amination and amidation (for reviews,
see: S. L. Buchwald, et al, Top. Curr. Chem., 219: 13
1-209 (2001) and J . F. Hartwig in "Organopalladium
Chemistry or Organic Synthesis Wiley Interscience, NY
(2002). Additional metal catalyzed cross coupling
reactions with 2,4,6-trimethyl-cyclotriboroxane may be
employed if Liis bromo, iodo, or chloro activated by
nitro to generate optional methyl substitution (see M.
Gray, et al, Tetrahedron Lett., 41: 6237-40 (2000)).
In some cases, the initial substituents can be further
derivatized as described below to provide the final
substitution of Formula I . An alternative method for
the introduction of nitrogen-containing heterocyclic
substituents onto ring A is to form the heterocycle
from an amino group on ring A. The amino group may be
originally present in the starting material in a
protected or unprotected form or may result from the
reduction of a nitro group which also can be either
originally present in the starting material or
attached by a nitration reaction. In addition, the
amino group may be formed by reduction of an azide
group which can be present in the starting material or
may result from nucleophilic aromatic substitution of
an activated halide by azide anion as mentioned above.
The amino group may also result from nucleophilic
aromatic substitution of an activated halide (in, for
example a nitrohalo compound) by ammonia or by the
anion of a protected ammonia equivalent, for example,
t-butyl carbamate. If introduced in protected form,
the amine can be deprotected according to standard
literature methods. (For examples of amine protecting
groups and deprotection methods see: Theodora W.
Greene and 



Peter G. M. Wuts, John Wiley and Sons, Inc., NY
(1991).) The ring-forming reaction involves treatment
of the aniline amino group with a suitable optionally
substituted dielectrophile, preferably a dihalide or
dicarbonyl compound, which results in two
substitutions on the amino group to form an optionally
substituted heterocycle. In the case of dihalides, any
of a number of suitable bases can be added as an acid
scavenger such as potassium carbonate, sodium
hydroxide, or, a trialkylamine such as triethylamine.
Thus, treatment with a bis(2-haloethyl)amine such as
bis(2- chloroethyl)amine or bis(2-bromoethyl)amine
would afford a piperazine ring (see, for example, J.
Med. Chem., 29: 640-4 (1986) and J. Med. Chem., 46:
2837 (2003)). Optional substitution on the amine
nitrogen of the reagent would incorporate optional
substitution on the terminal amine of the piperazine.
For example, treatment with
V,V-bis(2-chloroethyl)aniline would give an
JV-phenylpiperazino group. Treatment with a
bis(2-haloethyl)ether or bis(2-haloethyl)thioether
would afford a morpholine or thiomorpholine ring,
respectively.Another alternative method to direct
substitution to introduce heterocyclic substituents
onto ring A is to form the heterocycle from an
aldehyde (i.e. from a formyl group on ring A). The
formyl group may be originally present in the starting
material in a protected or unprotected form or may
result from or any of a number of formylation
reactions known in the literature including a
Vilsmeier-Haack reaction (for a review of formylation
chemistry, see: G. A. Olah, et al, Chem Rev., 87:
(1987)) or by para-formylation of nitroaromatics (see:
A. Katritsky and L. Xie, Tetrahedron Lett., 37:347-50
(1996)). Finally it is understood that compounds of
Formula I may be further derivatized. Protecting
groups on compounds of Formula I can be removed
according to standard synthetic methodologies
(Theodora W. Greene and Peter G. M. Wuts, John Wiley
and Sons, Inc., NY (1991)) and can be then subjected
to further derivatization. Examples of further
derivatization of compounds of I include, but are not
limited to: when compounds of Formula I contain a
primary or secondary amine, the amine may be reacted
with aldehydes or ketones in the presence of a
reducing agent such as sodium triacetoxyborohydride
(see Abdel-Magid J.Org. Chem. 61, pp. 3849-3862,
(1996)) to reductively alkylate; with acid chlorides
or carboxylic acids and an amide bond forming reagent
as described above to form amides; with sulfonyl
chlorides to form sulfonamides; with isocyanates to
form ureas; with aryl- or heteroaryl-halides in the
presence of a palladium catalyst as described above
(see Buchwald and Hartwig references above) to form
aryl and heteroarylamines. In addition, when compounds
of Formulae I contain an aryl halide or heteroaryl
halide, these compounds may be subjected to
metal-catalyzed reactions with boronic acids (for
example, Suzuki or Stille couplings as described
above), or, amines or alcohols (Buchwald- or
Hartwigtype couplings, see Buchwald and Hartwig
references above). When compounds of Formulae I
contain a cyano group, this group may be hydrolyzed to
amides or acids under acid or basic conditions. Basic
amines may be oxidized to N-oxides and conversely
N-oxides may be reduced to basic amines. When
compounds of Formula I contain a sulfide, either
acyclic or cyclic, the sulfide can be further oxidized
to the corresponding sulfoxides or sulfones.
Sulfoxides can be obtained by oxidation using an
appropriate oxidant such as one equivalent of
(meto-chloroperbenzoicacid)MCPBA or by treatment with
NaIO (see, for example, J . Regan, et al, J. Med.
Chem. 46: 4676-86 (2003)) and sulfones can be obtained
using two equivalents of MCPBA or by treatment with
4-methylmorpholine N-oxide and catalytic osmium
tetroxide (see, for example, PCT application WO
01/47919). Scheme 2a wherein Z is CH Optional further
derivatization as described for scheme 2a Scheme 2a
illustrates a route to compounds of Formula I . F
represents -NQaQbR -, - O-, S, SO, or SO2, and AA
represents -NH 2 or -NO2. D1 and D2 are shown for
illustrative purposes only; it is recognized by those
skilled in art that D5 D6 D7 D8 may also be present.
Ketones of formula 2-1 can be converted to a vinyl
triflate of formula 2-2 by treatment with a
non-nucleophilic base such as LDA and then trapping of
the resulting enolate with a triflating reagent such
as trifluoromethanesulfonic anhydride or preferably
N-phenyltrifluoromethanesulfonimide. Suzuki coupling
of boronic acids or boronate esters of formula 2-3 to
vinyl triflates of formula 2-2 can provide compounds
of formula 2-4 where Z is C {Synthesis, 993 (1991)).
For compounds of formula 2-4 treatment with Pd/C can
reduce both the olefin (and the nitro if AA is NO2) to
give Z is CH, AA is NH2. Compounds of formula 2-4
where F represents -SO 2 can be prepared from
compounds of formula 2-4 where AAis -NO2 and F is a
sulfide (F is -S-) by oxidation with MCPBA or other
methods described in Scheme 1. The nitro group may
then be reduced with Pd/C to reduce both the nitro and
the olefin. Compounds of formula 2-4 (AA is NH ) are
then converted to compounds of Formula 2-5 (which also
represent compounds of Formulae I if no further
modifications are required) as described in Scheme 1.
Compounds of formula 2-5 may be further modified to
provide additional compounds of Formula I . For
example, in cases where F is -NQ aQbR3-, QaQb is a
direct bond, and R3 represents a BOC protecting group
(CO2tBu), the BOC group may be removed according to
standard methodology such as trifluoroactic acid (TFA)
in DCM (Greene and Wuts, ibid.) to provide a secondary
amine that can then be further derivatized to provide
compounds of Formula I . Further derivatization
includes, but is not limited to: reactions with
aldehydes or ketones in the presence of a reducing
agent such as sodium triacetoxyborohydride to provide
compounds of Formula II where F is - NCH2R3 (A. F.
Abdel-Magid, ibid); with acid chlorides or with
carboxylic acids and an amide bond forming reagent (as
described in Scheme 1) to provide compounds of Formula
II where F is -NCOR3; with sulfonyl chlorides (as
described in Scheme 1) to provide compounds of Formula
I where F is -NSO2Ra; with isocyanates(as described in
Scheme 1) to provide compounds of Formula II where F
is -NC0NR aRb; or subjected to metal-catalyzed
substitution reactions as outlined in Scheme 1 to
provide compounds of Formula I where F is -NR . (S. L.
Buchwald, et al, ibid.; J . H. Hartwig, ibid.) For the
above example, Ra and Rb are independently hydrogen,
alkyl, cycloalkyl, haloalkyl, aryl, aralkyl,
heteroaryl and heteroaralkyl.Scheme 2b Scheme 2b
illustrates a modification of Scheme 2a to synthesize
partially unsaturated compounds of Formula I . E
represents -NQaQbR3-, -O- (D1 and D2 are H), -S- (D1
and D2 are H), -(D1 and D2 are H), or -SO2- (D1 and D2
are H), and RAA represents - NH Or -NO . Compounds of
formula 2-4 are prepared as shown in Scheme 2. If RAA
is -NO2, the nitro group must be reduced by a method
that does not reduce olefins, such as iron and
ammonium chloride. IfRAA of formula 2-4 is an amino
group then no step is necessary and compounds of
formula 2-4 are also compounds of formula 2-7. To
prepared compounds of formula 2-7 where E is -SO2- or
-SO-, the oxidation of the sulfide must be performed
on compound 2-4 where RAA is -NO2 as described above,
followed by nitro reduction. Scheme 3 3-2 Scheme 3
illustrates the preparation of intermediates for the
synthesis of compounds of Formula I, where ring A is
pyridyl, and R5 is the optional substitution on ring A
orone of the heterocyclic substituents as defined in
Formula I . K is NH or other functional groups such as
NO , COOH or COOR which can eventually be converted to
amino group by known literature methods such as
reductions for NO2 (as discussed for Scheme 1) or
Curtius rearrangement for COOH (for a review, see
Organic Reactions, 3 : 337 (1947)). L3 and L4 are
halogens. (K is COOH can also be formed from K is COOR
by simple base- or acid-catalyzed hydrolysis.) In
general, the selectivity and order in introducing R2
and R5 can be achieved by the relative reactivity of
the halogens L3 and L4 chosen in compound (3-1), the
intrinsic selectivity of the heterocycle and/or the
reaction conditions employed. An example of using the
relative reactivity of the halogens L3 and L4 in
selectively introducing R2 and R5 would include the
situation where, in compounds of Formula 3-1 where L3
is a fluoro group and L4 is a bromo group, selective
displacement of the fluoro group by a nucleophile can
be achieved followed by substitution of the remaining
bromo group by metal-catalyzed substitution chemistry
(such as Suzuki or Stille cross-coupling reactions as
further outlined below). Similarly in compounds of
Formula 3-1 where one of L3 and L4 is an iodo group
and the other is a bromo or chloro group, selective
metal-catalyzed substitution chemistry (such as Suzuki
or Stille cross-coupling reactions or Buchwald/Hartwig
aminations as further discussed below) on the iodo
group can be achieved followed by replacement of the
remaining bromo or chloro group by another
metal-catalyzed substitution reaction. As illustrated
in Scheme 3, leaving group L in Formula 3-1 can be
first substituted to obtain compounds of Formula 3-3
or leaving group L4 can be first substituted to obtain
compound of Formula 3-2. Compounds 3-2 or 3-3 can then
be reacted to 



displace L3 or L4 to furnish the compound of Formula
3-4. Thus, a direct nucleophilic displacement or
metal-catalyzed amination of compound of Formula 3-1
with a secondary amine, ammonia or a protected amine
such as tertbutyl carbamate (for review, see Modern
Amination Methods: Ricci, A., Ed.; Wiley- VCH:
Weinheim, 2000), can be used to introduce R5 in
Formulae 3-2 or 3-3 where R5 is a primary or secondary
amine, amino group (NH2), and amine equivalent or a
protected amino group. Metal-catalyzed coupling of
compound 3-1 with boronic acids or boronates esters
(Suzuki reaction, M is boronic acid group or boronate
estergroup) or with organotin compounds (Stille
reaction, M is SnR , where R is alkyl and the other
substituents as defined above, as described in Scheme
1 can provide compounds of Formulae 3-2 or 3-3.
Compound 3-2 can be further converted to compound 3-4
by a metal-catalyzed Suzuki or Stille coupling as
described above. L4 in compound 3-3 also subsequently
can be substituted with R5 to obtain compounds of
Formula 3-4, again, by a direct nucleophilic
substitution or metal-catalyzed reaction with a
nucleophile or by the same metal-catalyzed
cross-coupling reaction as described above. When R5 in
the formulae (3-2, 3-3 or 3-4) is a protected amine
and K not an amino group, it can be deprotected to
unmask the amino functionality. This amino
functionality can then be further derivatized as
described in Scheme 1. When the K group in Formula 3-4
is not an amino group (such as functionality described
above), it can be converted to an amino group
according to known literature methods (see, for
example Comprehensive Organic Transformations: Larock,
R.S.; Wiley and Sons Inc., USA, 1999) and the
resulting amine 3-5 can be employed in amide bond
formation reactions as described in Scheme (1) to
obtain the compounds in Formula I . When K in Formula
3-4 is an amino group it can be directly used in amide
coupling as described above. Scheme 4a Introduce 4-1
4-2 4-3 4-4Scheme 4b 4-5 4-6 4-7 4 _8 Schemes 4a and
4b illustrate the preparation of intermediates to be
further modified according to Scheme 3 starting from a
monohalo-substituted compound of Formulae 4-1 and 4-5
by introducing the second leaving group after the
replacement of the first one has been completed. These
can also be used for the synthesis of compounds of
Formula I where ring A is a pyridine and R5 is either
the optional substitution on Ring A or one of the
heterocyclic substituents. As in Scheme 3, the
remaining positions on the pyridine ring can be
substituted as described in Formula I . K is NH or
other functional groups such as NO , COOH or COOR
which can eventually be converted to amino group by
known literature methods such as reductions or Curtius
rearrangement as described in Scheme 3. L3 and L4 are
halogens. In these compounds, T is either H or is a
functional group such as OH that can be converted to
leaving groups L3 or L4 such as halogen, triflate or
mesylate by known literature methods (see, for
example, Nicolai, E., et al, J. Heterocyclic
Chemistry, 31, (73), (1994)). Displacement of L3 in
compound of Formula 4-1 or L4 in Formula 4-5 by
methods described in Scheme 3, can yield compounds of
Formulae 4-2 and 4-6. At this point, the substituent T
of compounds 4-2 or 4-6 can be converted to a leaving
group L4 or L3 (preferably a halogen) by standard
methods to provide compounds of Formulae 4-3 and 4-5.
For example, when T is OH, the preferred reagents to
effect this transformation are thionyl chloride, PCI5,
POCI3 or PBr (see, for examples, Kolder, den Hertog.,
Reel. Trav. Chim. Pays-Bas; 285, (1953), and Iddon, B,
et. al., J. Chem. Soc. Perkin Trans. L , 1370,
(1980)). When T is H, it can be directly halogenated
(preferably brominated) to provide compounds of
Formulae 4-3 or 4-7 (see, for example, Canibano, V. et
al., Synthesis, 14, 2175, (2001)). The preferred
conditions for bromination are NBS in a suitable
solvent such as DCM or acetonitrile.The compounds of
Formulae 4-3 or 4-7 can be converted to compounds of
Formulae 4-4 or 4-8 by introduction of the remaining
groups R2 or R5, respectively, by the methods
described above and then on to compounds of Formula I,
by the methods described in Scheme 3 for conversion of
compounds of Formulae 3-4 and 3-5 to compounds of
Formula I . Representative compounds of the present
invention and their synthesis are presented in
thefollowing chart and examples thereafter.
Thefollowing arefor exemplarypurposes only and are in
no way meant to limit the invention. Preferred
compounds of thepresent invention are Examples 5, 17,
23, 34, 38, and 51. Preferred examples of inhibitors
of C-KIT are 51a, 48, 52, 55, and 26.Name Structure
4-Cyano- 1H-imidazole-2- carboxylic acid
{2-cyclohex-lenyl- 4-[ 1-(2-morpholin-4-ylacetyl)-
piperidin-4-yl]-phenyl}- amide 4-Cyano-
1H-imidazole-2- carboxylic acid {2-cyclohex-lenyl- 4-[
1-(3-morpholin-4-ylpropionyl)- piperidin-4-yl] -
phenyl} -amide 5-Cyano-furan-2-carboxylic acid
[2'-methyl-5-(4-methyl-piperazin-
1-yl)-biphenyl-2-yl]-amide 5-Cyano-furan-2-carboxylic
acid [2'-fluoro-5-(4-methyl-piperazin-
1-yl)-biphenyl-2-yl]-amide 5-Cyano-furan-2-carboxylic
acid [2-cyclohex-1-enyl-4-(4-methylpiperazin-
1-yl)-phenyl]-amideSUBSTITUTED BIPHENYL CARBOXYLIC
ACIDS AND DERIVATIVES THEREOF The present invention
relates to compounds having the general formula (I)
with the definitions of A, X, Ri-R4 given below,
and/or a salt or ester thereof. Furthermore, the
invention relates to the use of said compounds for the
treatment of Alzheimer's disease and their use for the
modulation of g-secretase activity. Alzheimer's
Disease (AD) is a progressive neurodegenerative
disorder marked by loss of memory, cognition, and
behavioral stability. AD afflicts 6-10% of the
population over age 65 and up to 50% over age 85. It
is the leading cause of dementia and the third leading
cause of death after cardiovascular disease and
cancer. There is currently no effective treatment for
AD. The total net cost related to AD in the U.S.
exceeds $100 billion annually. AD does not have a
simple etiology, however, it has been associated with
certain risk factors including (1) age, (2) family
history (3) and head trauma; other factors include
environmental toxins and low level of education.
Specific neuropathological lesions in the limbic and
cerebral cortices include intracellular
neurofibrillary tangles consisting of
hyperphosphorylated tau protein and the extracellular
deposition of fibrillar aggregates of amyloid beta
peptides (amyloid plaques). The major component of
amyloid plaques are the amyloid beta (A-beta, Abeta or
AB) peptides of various lengths. A variant thereof,
which is the ABl-42-peptide (Abeta-42), is believed to
be the major causative agent for amyloid formation.
Another variant is the ABl-40-peptide (Abeta-40).
Amyloid beta is the proteolytic product of a precursor
protein, beta amyloid precursor protein (beta-APP or
APP). Familial, early onset autosomal dominant forms
of AD have been linked to missense mutations in the
b-amyloid precursor protein (b-APP or APP) and in the
presenilin proteins 1 and 2. In some patients, late
onset forms of AD have been correlated with a specific
allele of the apolipoprotein E (ApoE) gene, and, more
recently, the finding of a mutation in
alpha2-macroglobulin, which may be linked to at least
30% of the ADpopulation. Despite this heterogeneity,
all forms of AD exhibit similar pathological findings.
Genetic analysis has provided the best clues for a
logical therapeutic approach to AD. All mutations,
found to date, affect the quantitative or qualitative
production of the amyloidogenic peptides known as
Abeta-peptides (Ab), specifically Ab42, and have given
strong support to the "amyloid cascade hypothesis" of
AD (Tanzi and Bertram, 2005, Cell 120, 545). The
likely link between Ab peptide generation and AD
pathology emphasizes the need for a better
understanding of the mechanisms of Ab production and
strongly warrants a therapeutic approach at modulating
Ab levels. The release of Ab peptides is modulated by
at least two proteolytic activities referred to as b-
and g- secretase cleaving at the N-terminus (Met-Asp
bond) and the C-terminus (residues 37-42) of the Ab
peptide, respectively. In the secretory pathway, there
is evidence that b-secretase cleaves first, leading to
the secretion of s-APPb (sb) and the retention of a 11
kDa membrane-bound carboxy terminal fragment (CTF).
The latter is believed to give rise to Ab peptides
following cleavage by g-secretase. The amount of the
longer isoform, AB42, is selectively increased in
patients carrying certain mutations in a particular
protein (presenilin), and these mutations have been
correlated with earlyonset familial Alzheimer's
disease. Therefore, AB42 is believed by many
researchers to 



be the main culprit of the pathogenesis of Alzheimer's
disease. It has now become clear that the g-secretase
activity cannot be ascribed to a single particular
protein, but is in fact associated with an assembly of
different proteins. The gamma-secretase activity
resides within a multiprotein complex containing at
least four components: the presenilin (PS)
heterodimer, nicastrin, aph-1 and pen-2. The PS
heterodimer consists of the amino- and carboxyterminal
PS fragments generated by endoproteolysis of the
precursor protein. The two aspartates of the catalytic
site are at the interface of this heterodimer. It has
recently been suggested that nicastrin serves as a
gamma-secretase-substrate receptor. The functions of
the other members of gammasecretase are unknown, but
they are all required for activity (Steiner, 2004.
Curr. Alzheimer Research 1(3): 175-181).Thus, although
the molecular mechanism of the second cleavage-step
has remained elusive until present, the
g-secretase-complex has become one of the prime
targets in the search for compounds for the treatment
of Alzheimer's disease. Various strategies have been
proposed for targeting gamma-secretase in Alzheimer's
disease, ranging from targeting the catalytic site
directly, developing substrate-specific inhibitors and
modulators of gamma-secretase activity (Marjaux et
al., 2004. Drug Discovery Today: Therapeutic
Strategies, Volume 1, 1-6). Accordingly, a variety of
compounds were described that have secretases as
targets (Lamer, 2004. Secretases as therapeutics
targets in Alzheimer's disease: patents 2000 - 2004.
Expert Opin. Ther. Patents 14, 1403-1420.) Indeed,
this finding was recently supported by biochemical
studies in which an effect of certain NSAIDs on
g-secretase was shown (Weggen et al (2001) Nature 414,
6860, 212 and WO 01/78721 and US 2002/0128319;
Morihara et al (2002) J . Neurochem. 83, 1009; Eriksen
(2003) J . Clin. Invest. 112 , 440). Potential
limitations for the use of NSAIDs to prevent or treat
AD are their inhibition activity of Cox enzymes, which
can lead to unwanted side effects, and their low CNS
penetration (Peretto et al., 2005, J . Med. Chem. 48,
5705-5720). Thus, there is a strong need for novel
compounds which modulate g-secretase activity thereby
opening new avenues for the treatment of Alzheimer's
disease. The object of the present invention is to
provide such compounds. The object is achieved by a
compound having the general Formula (I) Iwherein A is
O, S or NH, X is a bond or a group -CRsR wherein R 5
and R are independently, selected from the group
consisting of H, alkyl selected from the group CH3,
C2H5, 1-CsH , n-C3H7, -C H c, n-C4H9, sec-C4H9, tert-C
4H9; alkenyl selected from C H3, -C H5, n-C H5,
n-C4H7, i- C4H7, sec-C4H7; wherein in any of the alkyl
or alkenyl groups one or more H atoms optionally can
be substituted with one or more substituents
independently selected from the group consisting of
OH, F, Cl, Br, I and CF3; or R5, R6 may jointly form
together with the carbon atom to which they are
attached a ring, either saturated or unsaturated,
substituted or unsubstituted, having 3 to 6 C-atoms,
and which may contain in the ring one or more
heteroatoms from the group N, S or O, and which
heteroatom may be identical or different if more than
one heteroatom is present; R1, R , R3 and R4 are
independently selected from the group consisting of H;
F; Cl; Br; I; CN; OH; C(O)N(R 7R8); S(O)2R7;
SO2N(R7R8); S(O)N(R7R8); N(R7)S(O)2R8; N(R8)S(O)R 8;
S(O)2R7; N(R7)S(O)2N(R8R8a); SR7; N(R7R8); N(R7)C(O)R
8; N(R7)C(O)N(R 8R8a); N(R7)C(O)OR 8; OC(O)N(R 7R8);
C(O)R7; substituted and unsubstituted Ci-C4-alkyl and
substituted and unsubstituted Ci-C4-alkoxy, and
wherein the substituents of both groups Ci-C4-alkyl
and Ci-C4-alkoxy are selected from F, Cl, Br, I, CF3;
R7, R8, R8a are independently selected from the group
consisting of H; Ci-C4-alkyl; heterocyclyl; and C3_7
cycloalkyl, wherein Ci-C4-alkyl; heterocyclyl; and
C3_7 cycloalkyl are optionally substituted with one or
more substituents independently selected from the
group consisting of F, Cl, Br, I and CF3; Y is a
carboxy group -C(O)OH or a substituted or
unsubstituted tetrazole group R9and Rio are
independently selected from the group consisting of:
H, F, and CF3; and solvates, hydrates, esters, and
pharmaceutically acceptable salts thereof.The term
"substituted" as used herein includes both part and
full substitution. Substituents can be either
saturated or unsaturated. In case R 5 and R are part
of a ring, the ring can be substituted by Ci-C4-alkyl
or OH, F, Cl, Br, I and CF3 Esters are those according
to formula (I) in which H of the carboxy group is
replaced by an organic residue Rya. Suitable organic
residues are known to a person skilled in the art.
Preferred R7a include the following:an unsubstituted
or at least monosubstituted alkyl, preferably a C1-C10
alkyl, an alkenyl, preferably C2-C10-alkenyl, an
alkynyl, preferably C3-Ci0-alkynyl, and an
unsubstituted or at least monosubstituted, saturated
or unsaturated, non-aromatic or aromatic ring having 3
to 6 C-atoms, and which may contain in the ring one or
more heteroatoms from the group N, S or O, and which
heteroatom may be identical or different if more than
one heteroatom is present. Said substituents being
selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, N, S, O, carboxy, sulphonyl, and the
like and which can be further substituted. Examples
for current aromatic groups include aryl groups, for
example phenyl groups, and heteroaryl groups, which
aryl and heteroaryl groups may be substituted,
preferably by the substituents given above. In another
embodiment of the invention: A is O or NH; X is -CR5R6
wherein R5 and R are independently selected from the
group consisting of H, CH3, C H5, i-C3H7, n-C3H7, -C
H9, n-C4H9, sec-C4H9, and tert-C4H9; wherein in any of
the alkyl groups one or more H atoms optionally can be
substituted with one or more substituents
independently selected from the group consisting of
OH, F, Cl, Br and I; or R5, R jointly form together
with the carbon atom to which they are attached a
cyclopropyl ring; R1, R2, R3 and R4 are independently
selected from the group consisting of H, OH, 1-
4)alkyl, C(i _4)alkoxy, -N(CH3)2, -SO2CH3, CN, OCF3,
-C(O)CH3, OCH3, CF3, F, and Cl; wherein said C(i
_4)alkyl and C(i _4)alkoxy are optionally independetly
substituted with one, two, or three substituents
selected from the group consisting of I, Br, F, and
Cl;Y is CO2H; R9and Rio are independently selected
from the group consisting of: H, F, and CF3; and
solvates, hydrates, esters, and pharmaceutically
acceptable salts thereof.. In another embodiment of
the invention: A is O or NH; X is -CR5R6 wherein R5
and R6 are H, CH3, C2H5, i-C3H7, n-C3H7, i-C4H9,
n-C4H9, sec- C4H9, or tert-C4H9; R1, R2, R3 and R4 are
independently selected from the group consisting of H,
OH, 1- 4)alkyl, C(i _4)alkoxy, -N(CH3)2, -SO2CH3, CN,
OCF3, -C(O)CH3, OCH3, CF3, F, and Cl; wherein said C(i
_4)alkyl and C(i _4)alkoxy are optionally independetly
substituted with one, two, or three substituents
selected from the group consisting of I, Br, F, and
Cl; Y is CO2H; R9and Rio are independently selected
from the group consisting of: H, F, and CF3; and
solvates, hydrates, esters, and pharmaceutically
acceptable salts thereof. In another embodiment of the
invention: A is O or NH; X is -CR5R6 wherein R5 and R6
are H, CH3, C2H5, i-C3H7, n-C3H7, i-C4H9, n-C4H9, sec-
C4H9, or tert-C4H9; Y is CO2H; R1, and R2 are
independently selected from the group consisting of
CF3, H, F, Cl, OCH3, C(i _4)alkyl, and CN. R3 and R4
are independently selected from the group consisting
of H, CF3, F, and Cl; R9 is H or F; Rio is H; and
solvates, hydrates, esters, and pharmaceutically
acceptable salts thereof.In another embodiment of the
invention, the object is achieved by a compound having
the general Formula (I*) Formula I wherein A is O, S
or NH, X is a bond or a group -CRsR wherein R 5 and R
are, independently of each other, selected from the
group consisting of H; alkyl selected from the group
CH3, C2H5, i-C3H7, n-C 3H7, -C H c, n-C 4Hc,,
SeC-C4Hg, tert-C 4Hc,; alkenyl selected from C H3,
1-C3H , n- C3H , n-C 4H7, i-C4H7, sec-C 4H7; wherein
in any of the alkyl or alkenyl groups one or more H
atoms optionally can be substituted with one or more
substituents independently selected from the group
consisting of OH, F, Cl, Br, I and CF3; or R5 and R
being part of a ring, either saturated or unsaturated,
substituted or unsubstituted, having 3 to 6 C-atoms,
and which may contain in the ring one or more
heteroatoms from the group N, S or O, and which
heteroatom may be identical or different if more than
one heteroatom is present; 



R1, R2, R3 and R4 are independently selected from the
group consisting of H; F; Cl; Br; I; CN; OH; C(O)N(R
7R8); S(O)2R7; SO2N(R 7R8); S(O)N(R 7R8); N(R 7)S(O)
2R8; N(R 8)S(O)R 8; S(O)2R7; N(R 7)S(O) 2N(R 8R8a);
SR7; N(R 7R8); N(R 7)C(O)R 8; N(R 7)C(O)N(R 8R8a); N(R
7)C(O)OR 8; OC(O)N(R 7R8); C(O)R 7; substituted and
unsubstituted Ci-C 4-alkyl and substituted and
unsubstituted Ci-C 4-alkoxy, and whereinthe
substituents of both groups d-C 4-alkyl and d-C
4-alkoxy are selected from F, Cl, Br, I, CF3; R , Rs,
R-8a are independently selected from the group
consisting of H; Ci-C 4-alkyl; heterocyclyl; and C 7
cycloalkyl, wherein Ci-C 4-alkyl; heterocyclyl; and
C3-7 cycloalkyl are optionally substituted with one or
more substituents independently selected from the
group consisting of F, Cl, Br, I and CF3; Y is a
carboxy group -C(O)OH or a substituted or
unsubstituted tetrazole group and/or a salt or ester
thereof. The term "substituted" as used herein
includes both part and full substitution. Substituents
can be either saturated or unsaturated. In case R 5
and R are part of a ring, the ring can be substituted
by Ci-C 4-alkyl or OH, F, Cl, Br, I and CF3 Esters are
those according to formula (I) in which H of the
carboxy group is replaced by an organic residue R7a.
Suitable organic residues are known to a person
skilled in the art. Preferred R7a include the
following: an unsubstituted or at least
monosubstituted alkyl, preferably a Ci-Ci 0 alkyl, an
alkenyl, preferably C2-Ci 0-alkenyl, an alkynyl,
preferably C3-Cio-alkynyl, and an unsubstituted or at
least monosubstituted, saturated or unsaturated,
non-aromatic or aromatic ring having 3 to 6 C-atoms,
and which may contain in the ring one or more
heteroatoms from the group N , S or O, and which
heteroatom may be identical or different if more than
one heteroatom is present. Said substituents being
selected from the group consisting of halogen, alkyl,
alkenyl, alkynyl, N , S, O, carboxy, sulphonyl, and
the like and which can be further substituted.
Examples for current aromatic groups include aryl
groups, for example phenyl groups, and heteroaryl
groups, which aryl and heteroaryl groups may be
substituted, preferably by the substituents given
above. The term "Ci-C 4-alkyl" refers to methyl,
ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl,
sec-butyl, and tert.-butyl."C3-7 cycloalkyl" or "C3_7
cycloalkyl ring" means a cyclic alkyl chain having 3 -
7 carbon atoms, e.g. cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cyclohexenyl, cycloheptyl.
Each hydrogen of a cycloalkyl carbon may be replaced
by a substituent. "Heterocyclyl" or "heterocycle"
means a cyclopentane, cyclohexane or cycloheptane ring
that may contain up to the maximum number of double
bonds (aromatic or non-aromatic ring which is fully,
partially or un-saturated) wherein at least one carbon
atom up to 4 carbon atoms are replaced by a heteroatom
selected from the group consisting of sulfur
(including -S(O)-, -S(O) -), oxygen and nitrogen
(including =N(O)-) and wherein the ring is linked to
the rest of the molecule via a carbon or nitrogen
atom. Examples for a heterocycle include but are not
restricted to furan, thiophene, pyrrole, pyrroline,
imidazole, imidazoline, pyrazole, pyrazoline, oxazole,
oxazoline, isoxazole, isoxazoline, thiazole,
thiazoline, isothiazole, isothiazoline, thiadiazole,
thiadiazoline, tetrahydrofuran, tetrahydrothiophene,
pyrrolidine, imidazolidine, pyrazolidine, oxazolidine,
isoxazolidine, thiazolidine, isothiazolidine,
thiadiazolidine, sulfolane, pyran, dihydropyran,
tetrahydropyran, imidazolidine, pyridine, pyridazine,
pyrazine, pyrimidine, piperazine, piperidine,
morpholine, tetrazole, triazole, triazolidine,
tetrazolidine, azepine or homopiperazine.
"Heterocycle" means also azetidine. In preferred
embodiments, the invention relates to a compound
having the general formula (I) wherein A, X; Y; Ri and
R ; and R3, R4, R 5 and R independently of each other
have the following meanings: A is O; and/or X is a
group -CR5R wherein R5 and R are, independently of
each other, selected from the group consisting of H;
alkyl selected from the group CH3, C2H5, i-CsHy,
n-CsHy, i- C4H9, n-C 4H9, SeC-C H9, tert-C 4H9;
wherein in any of the alkyl groups one or more H atoms
optionally can be substituted with one or more
substituents independently selected from the group
consisting of OH, F, Cl, Br and I; and/or Ri, R2, R3
and R4 are independently selected from the group
consisting of H; OH; C1-C4- alkyl or Cl-C4-alkoxy,
substituted partly or fully by F, Cl, Br, I; and/orR5
and R6 being H; or R5 being H and R6 being CH3, C2H5,
C3H7 or C4H9 or isomers thereof; or Ri and R being CH
or R1, R2 jointly form together with the carbon atom
to which they are attached a cyclopropyl ring; and/or
Y is a carboxy group and/or a salt or ester thereof.
Within this group of embodiments, it is even more
preferred if all the groups A; X; Y; R1, R2, R3, R4,
R5 and R have the meanings defined beforehand. It is
even more preferred if A; X; Y; Ri and R2; and R3, R4,
R5 and R6 independently of each other have the
following meanings: A is O; X is a group -CR5R with R5
and R6 being H; or R5 being H and R6 being CH3, C2H5,
C3H7 or C4H9 or isomers thereof; or R5 and R6 being
CH3 or R5, R6 jointly form together with the carbon
atom to which they are attached a cyclopropyl ring;
and/or R1, R2, R3 and R4 are independently selected
from the group consisting of H; OH; C1-C4- alkyl or
Cl-C4-alkoxy, substituted partly or fully by F, Cl,
Br, I; and/or and/or Y is a carboxy group and/or a
salt or ester thereof. Within this group of
embodiments, it is even more preferred if all the
groups A; X; Y; R1, R2, R3, R4, R5 and R6 have the
meanings defined beforehand. It is still more
preferred if A; X; Y; Ri and R2; and R3, R4, R5 and R6
independently of each other have the following
meanings: A is O; X is a group -CR5R6 , with R5 and R6
being H; or R5 being H and R6 being CH3, C2H5, C3H7 or
C4H9 or isomers thereof; Y is a carboxy groupR1, R2,
R3 and R4 are independently selected from the group
consisting of H, OH, CH3, OCH3, CF3, F, and Cl; and/or
and/or a salt or ester thereof. Within this group of
embodiments, it is even more preferred if all the
groups A; X; Y; Ri and R ; and R3, R , R 5 and R have
the meanings defined beforehand. In another
embodiment, the invention relates to compounds
selected from the group consisting of
2-(5-(4-fluorophenoxy)-4'-trifluoromethyl-biphenyl-3-y
l)-pentanoic acid (I)
2-(5-(phenoxy)-4'-trifluoromethyl-biphenyl-3-yl)-penta
noic acid (II) and solvates, hydrates, esters, and
pharmaceutically acceptable salts thereof. In another
embodiment, the invention relates to compounds
selected from the group consisting of:PRE-DECODING
VARIABLE LENGTH INSTRUCTIONS FIELD [0001] The present
disclosure relates generally to the field of
processors and in particular to a method of
pre-decoding variable length instructions, such as to
identify undefined instructions. BACKGROUND [0002]
Variable length instruction set architectures are
known in the art. For example, when the Thumb (16-bit)
extensions are added to the ARM (32-bit) instruction
set, the resulting mix may be considered a variable
length instruction set. As another example, executable
Java code comprises a series of bytecodes, with each
instruction ranging between 2 and 256 bytes in length.
In general, variable length instruction sets comprise
instructions of a base size, and longer instructions
that are an integral multiple of the base size. [0003]
Processor architectures and instruction sets evolve
over time. In particular, as semiconductor technology
advances, functionality may be rendered in hardware
that formerly required an extensive software routine
to accomplish. To efficiently exploit the advanced
hardware structures, new instructions are added to the
instruction set. However, one feature of stable
processor architectures is backward compatibility.
That is, software written for a processor architecture
should be executable on an older processor that
conforms to the architecture, even if it does not
implement the most recent functionality or directly
execute the most recent instructions. Accordingly,
common processor architectures include an "undefined"
instruction which generates anexception, and the
function associated with the undefined instruction is
executed in software. [0004] One common approach taken
by conventional high-performance processors to
optimize instruction decoding is pre-decoding. A
pre-decoder is a logic circuit that inspects and
partially decodes instructions fetched from memory
prior to storing the instructions in an instruction
cache (I-cache). The pre-decoder generates a small
number of pre-decode bits that are stored along with
each instruction in the I-cache. Upon fetching
instructions from the cache, the pipeline decoder may
utilize the predecode bits to simplify the instruction
decoding task. Pre-decode bits may, for example,
identify branch instructions, identify the length of
an instruction in a variable length 



instruction architecture, or the like. Pre-decode bits
may also be utilized to identify undefined
instructions. [0005] In a variable length instruction
set processor that implements pre-decoding, a small
number of pre-decode bits may be associated with the
shortest, or base, instruction length. A known
instruction cache implementation is to associate this
number of pre-decode bits with each I-cache storage
location (each of which corresponds to the base
instruction length). Longer instructions, occupying an
integral multiple of I-cache storage locations, are
correspondingly associated with a larger number of
pre-decode bits. The number of discrete properties
that can be encoded into the pre-decode bits
associated with an instruction is thus a minimum for
the base instruction length. If all of the available
pre-decode bit encodings of the base instruction
length are otherwise defined, utilizing the pre-decode
bits to identify an undefined base length instruction
would require increasing the number of pre-decode bits
associated with the base instruction length. This
technique would in turn increasethe number of
pre-decode bits stored along with every storage
location in the I-cache. Since undefined instructions
are rarely encountered, and instructions longer than
the base length have a rich pre-decode bit encoding
space, adding pre-decode bits to identify undefined
base length instructions can waste expensive I-cache
storage space. SUMMARY [0006] According to one or more
embodiments described herein, a pre-decoder may
indicate a property of an instruction when the
pre-decode bit encoding space associated with that
instruction length is fully defined. By altering the
instruction to emulate an instruction of a different
length, the pre-decoder may utilize an available
encoding of the pre-decode bits associated with the
different length instruction to indicate the property.
[0007] One embodiment relates to a method of
pre-decoding an instruction in a processor. A property
of a first instruction is identified. The first
instruction is altered to emulate a second
instruction. Pre-decode bits for the second
instruction are generated that identify the property
of the first instruction. [0008] Another embodiment
relates to a processor operative to read instructions
from memory. The processor includes an instruction
cache memory storing instructions read from memory and
pre-decode bits associated with each instruction. The
processor also includes a pre-decoder interposed
between the memory and the instruction cache, the
pre-decoder operative to identify a property of a
first instruction; alter the first instruction to
emulate a second instruction; generate pre-decode bits
for the second instruction that identify the property
of the first instruction; and write the pre-decode
bits for the second instruction to the instruction
cache.BRIEF DESCRIPTION OF DRAWINGS [0009] Figure 1 is
a functional block diagram of a processor. [0010]
Figure 2 is a functional block diagram depicting
mapping variable length instructions from memory to
the instruction cache. [0011] Figure 3 is a functional
block diagram depicting mapping an undefined
instruction from memory to the instruction cache.
[0012] Figure 4 depicts a method of pre-decoding an
instruction, according to one embodiment. DETAILED
DESCRIPTION [0013] Figure 1 is a functional block
diagram of a processor 10. The processor 10 executes
instructions in an instruction execution pipeline 12
according to control logic 14. The pipeline 12 may be
a superscalar design, with multiple parallel pipelines
such as 12a and 12b. Each pipeline 12a, 12b includes
various registers or latches 16, organized in pipe
stages, and one or more Arithmetic Logic Units (ALU)
18. Pipe stage registers or latches 16 and ALUs 18 may
read operands from and/or write results to registers
in a General Purpose Register file 28. [0014] The
pipelines 12a, 12b fetch instructions from an
Instruction Cache (I-Cache or 1$) 20, with memory
addressing and permissions managed by an
Instruction-side Translation Lookaside Buffer (ITLB)
22. Data is accessed from a Data Cache (D-Cache or D$)
24, with memory addressing and permissions managed by
a main Translation Lookaside Buffer (TLB) 26. In
various embodiments, the ITLB 22 may comprise a copy
of a portion of the TLB 26. Alternatively, the ITLB 22
and TLB 26 may be integrated. Similarly, in various
embodiments of the processor 10, the I-cache 20 and
D-cache 24 may be integrated, or unified. Misses in
the I-cache 20 and/or the D-cache24 cause an access to
main (off-chip) memory 36, under the control of a
memory interface 34. [0015] Instructions fetched from
memory are processed in a pre-decoder circuit 37 prior
to being stored in the I-Cache 20. The pre-decoder 37
partially decodes the instructions, and appends
pre-decode bits, which are stored along with the
instructions in the I-Cache 20. When instructions are
fetched from the I-Cache 20, the pre-decode bits
provide information about each instruction that may be
used by Decode pipe stages within pipelines 12a and
12b to more quickly and/or more efficiently decode the
instruction. For example, pre-decode bits may identify
the length of an instruction in a variable length
instruction set architecture, identify branch
instructions, and the like. [0016] The processor 10
may include an Input/Output (I/O) interface 38,
controlling access to various peripheral devices 40,
42. Those of skill in the art will recognize that
numerous variations of the processor 10 are possible.
For example, the processor 10 may include a
second-level (L2) cache for either or both the I and D
caches. In addition, one or more of the functional
blocks depicted in the processor 10 may be omitted
from a particular embodiment. [0017] Figure 2 is a
functional block diagram depicting the mapping of
instructions from memory 36 into a line in the I-cache
20, through the pre-decoder 37, for one illustrative
and non-limiting implementation. Instruction A is a
16-bit instruction (the base instruction length for
this example). Upon instruction A being fetched from
memory, the pre-decoder 37 appends two pre-decode bits
PA, which are stored along with the instruction A in
the I-cache 20. Instruction B is a 32-bit instruction,
stored in memory 36 as B0 and B1. The pre-decoder 37
appends four pre-decode bits, stored in theI-cache 20
as PBO and PB1. Instruction C is a 16-bit instruction,
and is stored in the Icache 20 along with two
pre-decode bits Pc. [0018] As indicated by the table
of Figure 2, instructions A and C, having two
predecode bits each, have a pre-decode bit encoding
space of four. That is, four discrete properties -
such as instruction length, whether the instruction is
a branch, or the like - may be encoded into the
pre-decode bits for instructions A and C. Instruction
B, having a four pre-decode bits, has a pre-decode bit
encoding space of 16. If supported by the
architecture, a 48-bit instruction would have six
pre-decode bits, for an encoding space of 64, and so
on. [0019] Assuming that, in a given implementation,
all four of the pre-decode bit encodings for 16-bit
instructions such as A and C are defined, an
additional pre-decode bit may be added to each 16-bit
storage location in the I-cache 20 to utilize the
predecode bits to indicate an undefined 16-bit
instruction. This would result in every storage
location in the I-cache 20 having three associated
pre-decode bits. 16-bit instructions would then have a
pre-decode encoding space of eight - only five of
which would be utilized. Additionally, 32-bit
instructions would have a pre-decode encoding space of
64; 48-bit instructions would have a pre-decode
encoding space of 512. Since this is far in excess of
the number of discrete properties about instructions
that the predecoder can indicate, increasing the
number of pre-decode bits for the 16-bit instruction
length result in a large waste of expensive I-cache 20
storage. [0020] According to one embodiment, an
undefined 16-bit instruction in this example may be
altered to emulate a 32-bit instruction. The property
that the instruction is in fact a 16-bit undefined
instruction is encoded into one of the 16 predecode
encodings associated with 32-bit instructions. In
Figure 3, instruction D is a 16-bit undefined
instruction. Upon writing instruction D to the I-cache
20, it is altered to emulate a 32-bit instruction,
comprising Do and D1. Pre-decode bits PDO and PDI are
written, indicating that instruction D is actually a
16-bit undefined instruction. [0021] In one
embodiment, where only the fact of a 16-bit undefined
instruction is required by the pipeline 12, the
pre-decoder 37 may write only the pre-decode bits PDO
and PDI to the I-cache 20, discarding the instruction
D. In another embodiment, such as where data within
the bit field of the instruction is common or helpful
to vector the software trap, the instruction D may be
written to either of Do or D1, or both, as well as the
pre-decode bits PDO and PDI being written to the
I-cache 20. In still another embodiment, the
pre-decoder 37 may write the instruction D to one of
Do or Di, and may write additional information to the
other 16-bit I-cache 20 storage location, as well as
writing the pre-decode bits PDO and PDI . In any
event, it is the pre-decode bits PDO and PDI that both
emulate a 32-bit instruction (so that all the
pre-decode bits are read) and indicates that the
instruction is actually a 16-bit undefined
instruction. In this manner, the pre-decoder 37 can
indicate a base size undefined instruction without
expanding the pre-decode bits associated with base
size instructions, hence avoiding inefficient memory
utilization. [0022] In the embodiment depicted in
Figure 3, neither instruction E nor F is predecoded or
loaded into the I-cache 20. Since the effective length
of an instruction in the line has been altered between
the memory 36 and the I-cache 20, the remainder of the



cache line cannot contain all of the remaining
instructions in the corresponding memory spaces (e.g.,
both E and F). The pre-decoder 37 may mark the
remainder of the cache line as unused or invalid, or
may simply insert invalid or undefined pre-decode bits
in the appropriate bit positions. In normal execution,
the processor will trap to softwareupon encountering
the undefined instruction, and the cache line will
likely be replaced. Utilizing a software exception
handler to handle the trap caused by the undefined
instruction allows software to emulate instructions
which were not contemplated at the time a processor,
such as processor 10, is fixed in silicon or other
semiconductor material. If other code happens to
branch into the cache line, it will encounter an
incorrect pre-decode and/or not recognize an expected
instruction, causing the cache line to reload, or
possibly causing an exception. Since undefined
instructions are assumed to be rarely encountered, the
performance impact of a corrupted I-cache line due to
the altered undefined instruction emulating an
instruction of a different length is not of great
concern. [0023] The method disclosed herein is not
limited to an undefined instruction of the base
instruction length, as described above. In general,
for any instruction property that may commonly be
indicated via pre-decode bits but where the pre-decode
bit encoding space for the associated instruction
length is fully defined, the property may be indicated
by altering the instruction to emulate an instruction
of a different length, and utilizing an available
pre-decode bit encoding of the different length
instructions. For example, assume that all 16
encodings of the four pre-decode bits associated with
32-bit instructions in the previous example are
defined, but only three or fewer of the four encodings
of the two pre-decode bits associated with 16-bit
instructions are defined. In this case, a particular
property of a 32-bit instruction not defined in the
32-bit instruction pre-decode bits may be indicated by
altering the 32-bit instruction to emulate a 16-bit
instruction, and encoding the relevant property in an
available pre-decode bit encoding of the two
pre-decode bits associated with 16-bit instructions.
In this case, half of the 32-bit instruction bit field
is lost, so the property being encoded is
preferablyone that does not depend on the instruction
bit field (such as the fact that the instruction is
undefined, although this is not the only property that
may be so indicated). [0024] Figure 4 depicts a method
of pre-decoding an instruction, according to one
embodiment. Upon a miss in the I-cache 20, the memory
interface 34 fetches at least a first instruction from
the memory 36 (block 50). The pre-decoder 37 inspects
the first instruction and identifies a property of the
first instruction (block 52), such as that the first
instruction is undefined. The pre-decoder 37 altars
the first instruction to emulate a second instruction
(block 54), such as a second instruction of a
different length. The pre-decoder 37 additionally
generates pre-decode bits for the second instruction
that identify the property of the first instruction
(block 56). That is, one of the available encodings of
the pre-decode bits associated with the second
instruction length is allocated to the relevant
property of the first instruction. The pre-decoder 37
writes the second instruction and the associated
pre-decode bits to the I-cache 20 (block 58). When the
pipeline 12 fetches the second instruction and its
pre-decode bits from the Icache 20, logic in a Decode
pipe stage inspects the pre-decode bits to identify
the property of the first instruction (block 60), such
as the fact that the first instruction is undefined.
The pipeline 12 then takes appropriate action, such as
for example causing an exception to handle the
undefined instruction in software. [0025] According to
one or more embodiments described herein, a
pre-decoder 37 may indicate a property of an
instruction when the pre-decode bit encoding space
associated with that instruction length is fully
defined. By altering the instruction to emulate an
instruction of a different length, the pre-decoder 37
may utilize an available encoding of the pre-decode
bits associated with the different length instruction
to indicate the property. When a property of a shorter
instruction is indicated in the predecode bit
encodings of a longer instruction, one or more
instructions or fractions of an instruction will be
displaced from the I-cache line. When a property of a
longer instruction is indicated in the pre-decode bit
encodings of a shorter instruction, some of the
instruction bit field is lost. Accordingly, the
instruction property indication technique disclosed
herein is commonly employed to indicate
exception-causing instruction properties, such as the
fact of that an instruction is undefined, although it
is not limited to such cases. [0026] Although the
present invention has been described herein with
respect to particular features, aspects and
embodiments thereof, it will be apparent that numerous
variations, modifications, and other embodiments are
possible within the broad scope of the present
invention, and accordingly, all variations,
modifications and embodiments are to be regarded as
being within the scope of the invention. The present
embodiments are therefore to be construed in all
aspects as illustrative and not restrictive and all
changes coming within the meaning and equivalency
range of the appended claims are intended to be
embraced therein.CLAIMS What is claimed is: 1. A
method of pre-decoding an instruction in a processor,
comprising: identifying a property of a first
instruction; altering the first instruction to emulate
a second instruction; and generating pre-decode bits
for the second instruction that identify the property
of the first instruction. 2. The method of claim 1
wherein the first instruction will cause an exception.
3. The method of claim 2 wherein the first instruction
is undefined. 4. The method of claim 1 wherein the
processor's instruction set is a variable length
instruction set, and wherein the first and second
instructions have different lengths. 5. The method of
claim 4 wherein each defined instruction length has a
different number of pre-decode bits associated with
instructions of that length. 6. The method of claim 5
wherein insufficient encodings of the pre-decode bits
associated with instructions of the length of the
first instruction are available to encode the property
of the first instruction.7. The method of claim 6
wherein at least one encoding of the pre-decode bits
associated with instructions of the length of the
second instruction is available to encode the property
of the first instruction. 8. The method of claim 1
wherein the first instruction is a 16-bit instruction
having two pre-decode bits associated with it. 9. The
method of claim 8 wherein the second instruction is a
32-bit instruction having four pre-decode bits
associated with it. 10. The method of claim 9 wherein
one of the sixteen encodings of the pre-decode bits
associated with 32-bit instructions identifies the
associated 32-bit instruction as a 16-bit undefined
instruction. 11. A processor operative to read
instructions from memory, comprising: an instruction
cache memory storing instructions read from memory and
predecode bits associated with each instruction; a
pre-decoder interposed between the memory and the
instruction cache, the predecoder operative to:
identify a property of a first instruction; alter the
first instruction to emulate a second instruction;
generate pre-decode bits for the second instruction
that identify the property of the first instruction;
and write the pre-decode bits for the second
instruction to the instruction cache.12. The processor
of claim 11 wherein the instructions read from memory
are from a variable length instruction set. 13. The
processor of claim 12 wherein the instruction cache
comprises a plurality of instruction storage locations
corresponding to the length of the shortest
instruction, and wherein a predetermined number of
pre-decode bits are associated with each storage
location. 14. The processor of claim 13 wherein the
instruction cache stores instructions longer than the
shortest instruction in an integer multiple of storage
locations, and associates with each instruction the
pre-decode bits associated with each storage location.
15. The processor of claim 13 wherein the first
instruction is a 16-bit instruction having two
pre-decode bits associated with it. 16. The processor
of claim 15 wherein the second instruction is a 32-bit
instruction having four pre-decode bits associated
with it. 17. The processor of claim 16 wherein one of
the sixteen encodings of the predecode bits associated
with 32-bit instructions identifies the associated
32-bit instruction as a 16-bit undefined instruction. 


