
GAMMA SECRETASE MODULATORS Reference To Related
Application This application claims the benefit of
U.S. Provisional Application No. 60/916458 filed on
May 7, 2007. Field of the Invention The present
invention relates to certain heterocyclic compounds
useful as gamma secretase modulators (including
inhibitors, antagonists and the like), pharmaceutical
compositions containing the compounds, and methods of
treatment using the compounds and compositions to
treat various diseases including central nervous
system disorders such as, for example,
neurodegenerative diseases such as Alzheimer's disease
and other diseases relating to the deposition of
amyloid protein. They are especially useful for
reducing Amyloid beta (hereinafter referred to as Ab)
production which is effective in the treatment of
diseases caused by Ab such as, for example, Alzheimers
and Down Syndrome. Background of the Invention
Alzheimer's disease is a disease characterized by
degeneration and loss of neurons and also by the
formation of senile plaques and neurofibrillary
change. Presently, treatment of Alzheimer's disease is
limited to symptomatic therapies with a
symptom-improving agent represented by an
acetylcholinesterase inhibitor, and the basic remedy
which prevents progress of the disease has not been
developed. A method of controlling the cause of onset
of pathologic conditions needs to be developed for
creation of the basic remedy of Alzheimer's disease.
Ab protein, which is a metabolite of amyloid precursor
protein (hereinafter referred to as APP), is
considered to be greatly involved in degeneration and
loss of neurons as well as onset of demential
conditions (for example, see Klein W L, et al
Proceeding National Academy of Science USA,Sep. 2,
2003, 100(18), p. 1041 7-22, suggest a molecular basis
for reversible memory loss. Nitsch R M, and 16 others,
Antibodies against b-amyloid slow cognitive decline in
Alzheimer's disease, Neuron, May 22, 2003, 38(4), p.
547-554) suggest that the main components of Ab
protein are Ab40 consisting of 40 amino acids and Ab42
having two additional amino acids at the C-terminal.
The Ab40 and Ab42 tend to aggregate (for example, see
Jarrell J T et al, The carboxy terminus of the b
amyloid protein is critical for the seeding of amyloid
formation: implications for the pathogenesis of
Alzheimer's disease, Biochemistry, May 11,1993,
32(18), p. 4693-4697) and constitute main components
of senile plaques (for example, (Glenner GG, et al,
Alzheimer's disease: initial report of the
purification and characterization of a novel
cerebrovascular amyloid protein, Biochemical and
Biophysical Research Communications, May 16, 1984,
120(3), p. 885-90. See also Masters C L, et al,
Amyloid plaque core protein in Alzheimer disease and
Down syndrome, Proceeding National Academy of Science
USA, June 1985, 82(12), p. 4245-4249.). Furthermore,
it is known that mutations of APP and presenelin
genes, which is observed in familial Alzheimer's
disease, increase production of Ab40 and Ab42 (for
example, see Gouras G K, et al, lntraneuronal Ab 142
accumulation in human brain, American Journal of
Pathology, January 2000, 156(1 ) , p. 15-20. Also, see
Scheuner D, et al, Nature Medicine, August 1996, 2(8),
p. 864-870; and Forman M S, et al, Differential
effects of the Swedish mutant amyloid precursor
protein on b-amyloid accumulation and secretion in
neurons and nonneuronal cells, Journal of Biological
Chemistry, Dec. 19, 1997, 272(51 ) , p. 32247-32253.).
Therefore, compounds which reduce production of Ab40
and Ab42 are expected as an agent for controlling
progress of Alzheimer's disease or for preventing the
disease. These Abs are produced when APP is cleaved by
beta secretase and subsequently clipped by gamma
secretase. In consideration of this, creation of
inhibitors of v secretase and b secretase has been
attempted for the purpose ofreducing production of
Abs. Many of these secretase inhibitors already known
are peptides or peptidomimetics such as L-685,458.
L-685,458, an aspartyl protease transition stale
mimic, is a potent inhibitor of amyloid b-protein
precursor g-secretase activity, Biochemistry, Aug. 1,
2000, 39(30), p. 8698- 8704). Also of interest in
connection with the present invention are: US
2006/000401 3 (Eisai, published January 5, 2006); WO
2005/1 10422 (Boehringer Ingelheim, published November
24, 2005); WO 2006/045554 (CellZome AG, published May
4, 2006); WO 2004/1 10350 (Neurogenetics , published
December 23, 2004); WO 2004/071431 (Myriad Genetics,
published August 26, 2004); US 2005/0042284 (Myriad
Genetics, published February 23, 2005) and WO
2006/001877 (Myriad Genetics, published January 5,
2006). There is a need for new compounds,
formulations, treatments and therapies to treat
diseases and disorders associated with Ab. It is,
therefore, an object of this invention to provide
compounds useful in the treatment or prevention or
amelioration of such diseases and disorders. Summary
of the Invention In its many embodiments, the present
invention provides a novel class of heterocyclic
compounds as gamma secretase modulators (including
inhibitors, antagonists and the like), methods of
preparing such compounds, pharmaceutical compositions
comprising one or more such compounds, methods of
preparing pharmaceutical formulations comprising one
or more such compounds, and methods of treatment,
prevention, inhibition or amelioration of one or more
diseases associated with the Ab using such compounds
or pharmaceutical compositions. The compounds of this
invention (Formula I) can be useful as gamma secretase
modulators and can be useful in the treatment and
prevention of diseases such as, for example,
Alzheimers disease, mild cognitive impairment (MCI),
Downs Syndrome, Glaucoma (Guo et.al., Proc. Natl.
Acad. Sci. USA 104,13444-13449 (2007)), Cerebral
amyloid angiopathy, stroke or dementia (Frangione et
al., Amyloid: J. Protein folding Disord. 8, suppl. 1,
36-42 (2001 ), Microgliosis and brain inflammation (M
P Lamber, Proc. Natl. Acad. Sci. USA 95, 6448-53
(1998)), Olfactory function loss (Getchell, et.al.
Neurobiology of Aging, 663-673, 24, 2003). In one
embodiment, the present application discloses a
compound, or pharmaceutically acceptable salts,
solvates, esters or prodrugs of said compound, said
compound having the general structure shown in Formula
I: Formula I wherein U, G, V, R1, R2, R6, R7, R8, R9,
and R10 are as defined below. In another embodiment,
the present application discloses a compound, or
pharmaceutically acceptable salts, solvates, esters or
prodrugs of said compound, said compound having the
general structure shown in Formula IA: Formula IA
wherein U, G, V, R1, R2, R6, R7, R8, R9, and R10 are
as defined below. The compounds of Formula I can be
useful as gamma secretase modulators and can be useful
in the treatment and prevention of diseases such as,
for example, central nervous system disorders such as
Alzheimers disease and Downs Syndrome.This invention
also provides compounds of formula I. This invention
also provides pharmaceutically acceptable salts of the
compounds of formula I. This invention also provides
pharmaceutically acceptable esters of the compounds of
formula I. This invention also provides
pharmaceutically solvates of the compounds of formula
I. This invention also provides compounds of formula I
in pure and isolated form. This invention also
provides compounds of formula I in pure form. This
invention also provides compounds of formula I in
isolated form. This invention also provides compounds
1 to 164. This invention also provides compounds 1 to
9. This invention also provides compounds 10 to 164.
This invention also provides compounds 10 to 162. This
invention also provides pharmaceutical compositions
comprising an effective amount of one or more (e.g.,
one) compounds of formula I, or a pharmaceutically
acceptable salt, ester or solvate thereof, and a
pharmaceutically acceptable carrier. This invention
also provides pharmaceutical compositions comprising
an effective amount of one or more (e.g., one)
compounds of formula I , or a pharmaceutically
acceptable salt, ester or solvate thereof, and an
effective amount of one or more (e.g., one) other
pharmaceutically active ingredients (e.g., drugs), and
a pharmaceutically acceptable carrier. This invention
also provides a method for modulating (including
inhibiting, antagonizing and the like)
gamma-secretase, comprising administering an effective
(i.e., therapeutically effective) amount of one or
more compounds of formula I to a patient in need of
treatment. This invention also provides a method for
modulating (including inhibiting, antagonizing and the
like) gamma-secretase, comprising administering
aneffective (i.e., therapeutically effective) amount
of a compound of formula I to a patient in need of
treatment. This invention also provides a method of
treating one or more neurodegenerative diseases,
comprising administering an effective (i.e.,
therapeutically effective) amount of one or more
compounds of formula I to a patient in need of
treatment. This invention also provides a method of
treating one or more neurodegenerative diseases,
comprising administering an effective (i.e.,
therapeutically effective) amount of a compound of
formula I to a patient in need of treatment. This
invention also provides a method of inhibiting the
deposition of amyloid protein (e.g., amyloid beta
protein) in, on or around neurological tissue (e.g.,
the brain), comprising administering an effective
(i.e., therapeutically effective) amount of one or
more compounds of formula I to a patient in need of
treatment. This invention also provides a method of
inhibiting the deposition of amyloid protein (e.g.,
amyloid beta protein) in, on or around neurological
tissue (e.g., the brain), comprising administering an
effective (i.e., therapeutically effective) amount of
a compound of formula I to a patient in need of
treatment. This invention also provides a method of
treating Alzheimer's disease, comprising administering
an effective (i.e., therapeutically effective) amount
of one or more compounds of formula I to a patient in
need of treatment. This invention also provides a
method of treating Alzheimer's disease, comprising
administering an effective (i.e., therapeutically
effective) amount of a compound of formula I to a
patient in need of treatment. This invention also
provides a method of treating Alzheimer's disease,
comprising administering an effective (i.e.,
therapeutically effective) amount of one or more
compounds of formula I, in combination with an
effective (i.e., therapeutically effective) amount of
one or more cholinesterase inhibitors (such as, for
example, ()-2,3-dihydro-5,6-dimethoxy-2-[[1
-(phenylmethyl)-4-piperidinyl]methyl]-1 H -inden-1-one
hydrochloride, i.e, donepezil hydrochloride, available
as the Aricept (r) brand of donepezil hydrochloride),
to a patient in need of treatment. This invention also
provides a method of treating Alzheimer's disease,
comprising administering an effective (i.e.,
therapeutically effective) amount of one or more
compounds of formula I, in combination with an
effective (i.e., therapeutically effective) amount of
one or more compounds selected from the group
consisting of Ab antibody inhibitors, gamma secretase
inhibitors and beta secretase inhibitors. This
invention also provides combinations comprising an
effective (i.e., therapeutically effective) amount of
one or more compounds of formula I , in combination
with an effective (i.e., therapeutically effective)
amount of one or more compounds selected from the
group consisting of cholinesterase inhibitors (such
as, for example,
()-2,3-dihydro-5,6-dimethoxy-2-[[1-(phenylmethyl)-4-
piperidinyl]methyl]-1 H -inden-1-one hydrochloride,
i.e, donepezil hydrochloride, available as the Aricept
(r) brand of donepezil hydrochloride), Ab antibody
inhibitors, gamma secretase inhibitors and beta
secretase inhibitors. This invention also provides a
method of treating Alzheimer's disease, comprising
administering an effective (i.e., therapeutically
effective) amount of a compound of formula I, in
combination with an effective (i.e., therapeutically
effective) amount of one or more (e.g., one)
cholinesterase inhibitors (such as, for example,
()-2,3-dihydro-5,6-dimethoxy-2-[[1-(phenylmethyl)-4-pi
peridinyl]methyl]- 1 H -inden-1-one hydrochloride,
i.e, donepezil hydrochloride, available as the Aricept
(r) brand of donepezil hydrochloride), to a patient in
need of treatment. This invention also provides a
method of treating Downs syndrome, comprising
administering an effective (i.e., therapeutically
effective) amount of one or more compounds of formula
I to a patient in need of treatment. This invention
also provides a method of treating Downs syndrome,
comprising administering an effective (i.e.,
therapeutically effective) amount of a compound of
formula I to a patient in need of treatment.This
invention also provides a method of treating Downs
syndrome, comprising administering an effective (i.e.,
therapeutically effective) amount of one or more
compounds of formula I, in combination with an
effective (i.e., therapeutically effective) amount of
one or more cholinesterase inhibitors (such as, for
example,
()-2,3-dihydro-5,6-dimethoxy-2-[[1-(phenylmethyl)-4-
piperidinyl]methyl]-1 /-V -inden-1-one hydrochloride,
i.e, donepezil hydrochloride, available as the Aricept
(r) brand of donepezil hydrochloride), to a patient in
need of treatment. This invention also provides a
method of treating Downs syndrome, comprising
administering an effective (i.e., therapeutically
effective) amount of a compound of formula I, in
combination with an effective (i.e., therapeutically
effective) amount of one or more (e.g., one)
cholinesterase inhibitors (such as, for example,
()-2,3-dihydro-5,6-dimethoxy-2-[[1-(phenylmethyl)-4-pi
peridinyl]methyl]- 1 -inden-1-one hydrochloride, i.e,
donepezil hydrochloride, available as the Aricept (r)
brand of donepezil hydrochloride), to a patient in
need of treatment. This invention also provides
combination therapies for ( 1) modulating
gamma-secretase, or (2) treating one or more
neurodegenerative diseases, or (3) inhibiting the
deposition of amyloid protein (e.g., amyloid beta
protein) in, on or around neurological tissue (e.g.,
the brain), or (4) treating Alzheimer's disease. The
combination therapies are directed to methods
comprising the administration of an effective amount
of one or more (e.g. one) compounds of formula I and
the administration of an effective amount of one or
more (e.g., one) other pharmaceutical active
ingredients (e.g., drugs). This invention also
provides a method of treating mild cognitive
impairment, comprising administering an effective
amount of one or more (e.g., one) compounds of formula
I to a patient in need of treatment. This invention
also provides a method of treating glaucoma,
comprising administering an effective amount of one or
more (e.g., one) compounds of formula I to a patient
in need of treatment.This invention also provides a
method of treating cerebral amyloid angiopathy,
comprising administering an effective amount of one or
more (e.g., one) compounds of formula I to a patient
in need of treatment. This invention also provides a
method of treating stroke, comprising administering an
effective amount of one or more (e.g., one) compounds
of 



formula I to a patient in need of treatment. This
invention also provides a method of treating dementia,
comprising administering an effective amount of one or
more (e.g., one) compounds of formula I to a patient
in need of treatment. This invention also provides a
method of treating microgliosis, comprising
administering an effective amount of one or more
(e.g., one) compounds of formula I to a patient in
need of treatment. This invention also provides a
method of treating brain inflammation, comprising
administering an effective amount of one or more
(e.g., one) compounds of formula I to a patient in
need of treatment. This invention also provides a
method of treating olfactory function loss, comprising
administering an effective amount of one or more
(e.g., one) compounds of formula I to a patient in
need of treatment. This invention also provides
pharmaceutical compositions comprising a combination
of an effective amount of one or more (e.g., one)
compounds of formula I, in combination with an
effective amount of one or more compounds selected
from the group consisting of cholinesterase
inhibitors, Ab antibody inhibitors, gamma secretase
inhibitors and beta secretase inhibitors. The
pharmaceutical compositions also comprise a
pharmaceutically acceptable carrier. This invention
also provides a kit comprising, in separate
containers, in a single package, pharmaceutical
compositions for use in combination, wherein one
container comprises an effective amount of a compound
of formula I in a pharmaceutically acceptable carrier,
and another container (i.e., a second container)
comprises an effective amount of another
pharmaceutically activeingredient, the combined
quantities of the compound of formula I and the other
pharmaceutically active ingredient being effective to:
(a) treat Alzheimer's disease, or (b) inhibit the
deposition of amyloid protein in, on or around
neurological tissue (e.g., the brain), or (c) treat
neurodegenerative diseases, or (d) modulate the
activity of gamma-secretase. This invention also
provides a kit comprising, in separate containers, in
a single package, pharmaceutical compositions for use
in combination, wherein one container comprises an
effective amount of a compound of formula I in a
pharmaceutically acceptable carrier, and another
container (i.e., a second container) comprises an
effective amount of another pharmaceutically active
ingredient (as described below), the combined
quantities of the compound of formula I and the other
pharmaceutically active ingredient being effective to:
(a) treat Alzheimer's disease, or (b) inhibit the
deposition of amyloid protein (e.g., amyloid beta
protein) in, on or around neurological tissue (e.g.,
the brain), or (c) treat neurodegenerative diseases,
or (d) modulate the activity of gammasecretase. This
invention also provides any one of the methods
disclosed above and below wherein the compound is
selected from the group consisting of the compounds 1
to 164. This invention also provides any one of the
above mentioned methods of treatment wherein the
compound is selected from the group consisting of
compounds in Table 1 (i.e. compounds 1 to 9). This
invention also provides any one of the methods
disclosed above and below wherein the compound of
formula I is selected from the group consisting of the
compounds 10 to 164. This invention also provides any
one of the methods disclosed above and below wherein
the compound of formula I is selected from the group
consisting of the compounds 10 to 162. This invention
also provides any one of the methods disclosed above
and below wherein the compound is any one of the
compounds 1 to 164.This invention also provides any
one of the pharmaceutical compositions disclosed above
and below wherein the compound is selected from the
group consisting of the compounds 1 to 164. This
invention also provides any one of the pharmaceutical
compositions disclosed above and below wherein the
compound is any one of the compounds 1 to 164. This
invention also provides any one of the methods
disclosed above and below wherein the compound is
selected from the group consisting of the compounds in
Table 14. This invention also provides any one of the
methods disclosed above and below wherein the compound
is any one of the compounds in Table 14. This
invention also provides any one of the pharmaceutical
compositions disclosed above and below wherein the
compound is selected from the group consisting of the
compounds in Table 14. Other embodiments of this
invention are directed to any one of the embodiments
above or below that are directed to formula I , or the
use of formula I (e.g. the embodiments directed to
methods of treatment, pharmaceutical compositions and
kits), wherein the compound is a compound of formula
IA instead of formula I. Those skilled in the art will
appreciate that the compounds of formula I and formula
IA are isomers of each other. Detailed Description In
one embodiment, the present invention discloses
compounds which are represented by structural Formula
I, or a pharmaceutically acceptable salt, solvate,
ester or prodrug thereof. In one embodiment, the
present application discloses a compound, or
pharmaceutically acceptable salts, solvates, esters or
prodrugs of said compound, said compound having the
general structure shown in Formula I:Formula I
wherein: U is \-CR5 or N ; G is O or S; V is selected
from the group consisting of a bond, O, -C(O)-, and
N(R14 ) ; R1 is selected from the group consisting of
H, halo, alkyl-, alkenyl-, alkynyl-, aryl-,
arylalkyl-, alkylaryl-, cycloalkyl-, cycloalkylalkyl-,
heteroaryl-, heteroarylalkyl-, heterocyclyl- and
heterocyclyalkyl-, wherein each of said alkyl-,
alkenyl- and alkynyl-, aryl-, arylalkyl-, alkylaryl-,
cycloalkyl-, cycloalkylalkyl-, heteroaryl-,
heteroarylalkyl-, heterocyclyl- and heterocyclyalkyl-
can be unsubstituted or optionally independently
substituted with 1-5 substituents which can be the
same or different, each substituent being
independently selected from the group consisting of
the moieties shown below; R2 is selected from the
group consisting of H, alkyl-, alkenyl-, alkynyl-,
aryl-, arylalkyl-, alkylaryl-, cycloalkyl-,
cycloalkylalkyl-, heteroaryl-, heteroarylalkyl-,
heterocyclyl- and heterocyclyalkyl-, wherein each of
said alkyl-, alkenyl- and alkynyl-, aryl-, arylalkyl-,
alkylaryl-, cycloalkyl-, cycloalkylalkyl-,
heteroaryl-, heteroarylalkyl-, heterocyclyl- and
heterocyclyalkyl- can be unsubstituted or optionally
independently substituted with 1-5 substituents which
can be the same or different, each substituent being
independently selected from the group consisting of
the moieties shown below; or, alternatively, R1 and R2
may be joined together to form a C5-C8 cycloalkyl or a
5-8 membered heterocyclyl moiety, with each of said
cycloalkyl or heterocyclyl moiety being unsubstituted
or optionallyindependently being substituted with 1-5
substituents which can be the same or different, each
substituent being independently selected from the
group consisting of the moieties shown below; or,
alternatively, R1 and R8 are taken together to form a
bond (i.e., there is a triple bond between the carbon
atom to which R1 was bonded to and the carbon to which
R8 was bonded to, i.e., the compound of formula I is a
compound of formula II: formula Il wherein G, U, V,
R2, R6, R7, R9, and R10 are as defined for formula I);
R5, R6 and R7 can be the same or different, each being
independently selected from the group consisting of H,
-C(O)R 15, -C(O)OR15, -C(O)N(R 15)(R16) , -C(=NOR
15)R16 , alkyl-, alkenyl-, alkynyl-, aryl-,
arylalkyl-, alkylaryl-, cycloalkyl-, cycloalkylalkyl-,
heteroaryl-, heteroarylalkyl-, heterocyclyl- and
heterocyclyalkyl-, wherein each of said alkyl-,
alkenyl- and alkynyl-, aryl-, arylalkyl-, alkylaryl-,
cycloalkyl-, cycloalkylalkyl-, heteroaryl-,
heteroarylalkyl-, heterocyclyl- and heterocyclyalkyl-
can be unsubstituted or optionally independently
substituted with 1-5 substituents which can be the
same or different, each substituent being
independently selected from the group consisting of
the moieties shown below; or alternately, R6 and R7
can be joined together to form a carbocyclic
spirocyclic moiety or a heterocyclic spirocyclic
moiety wherein each of said carbocyclic spirocyclic
moiety and heterocyclic spirocyclic moiety can be: (i)
unsubstituted or optionally independently substituted
with 1-4 substituents which can be the same or
different, each substituent being independently
selected from the group consisting of the moieties
shown below, or (ii)fused with an aryl, heteroaryl,
cycloalkyl or heterocycloalkyl ring, wherein each of
said carbocyclic spirocyclic moiety, heterocyclic
spirocyclic moiety, aryl, heteroaryl, cycloalkyl and
heterocycloalkyl ring can be unsubstituted or
optionally independently substituted with 1-4
substituents which can be the same or different, each
substituent being independently selected from the
group consisting of the moieties shown below; R8 is
selected from the group consisting of H, halo, -CN,
-OR15, -C(O)R 15, -C(O)OR 15 , -C(O)N(R 15)(R16) ,
-SR15, -S(O)N(R 15)(R16) , -CH(R15)(R16) ,
-S(O)2N(R15)(R16 ) , -C(=NOR 15)R16 , -P(O)(OR
15)(OR16) , -N(R15)(R16), -alkyl-N(R 15)(R16 ),
-N(R15)C(O)R16, -CH2-N(R15)C(O)R16 , -CH2-N(R
15)C(O)N(R 16)(R17) , -CH2-R15; -CH2N(R15)(R16) ,
-N(R15)S(O)R16 , -N(R15)S(O)2R16, -CH2-N(R 15)S(O)2R16
, -N(R15)S(O)2N(R16)(R17) , -N(R15)S(O)N(R 16)(R17) ,
-N(R15)C(O)N(R16)(R17) , -CH2-N(R15)C(O)N(R 16)(R17) ,
-N(R15)C(O)OR 16 , -CH2-N(R15)C(O)OR16 , -S(O)R 15,
-N3, -NO2 and -S(O)2R15 , alkyl-, aryl-, arylalkyl-,
alkylaryl-, cycloalkyl-, cycloalkylalkyl-,
heteroaryl-, heteroarylalkyl-, heterocyclyl- and
heterocyclyalkyl-, with each of said alkyl-, alkenyl-,
alkynyl-, aryl-, arylalkyl-, alkylaryl-, cycloalkyl-,
cycloalkylalkyl-, heteroaryl-, heteroarylalkyl-,
heterocyclyl- and heterocyclyalkyl- being
unsubstituted or optionally independently substituted
with 1-3 substituents which can be the same or
different, each substituent being independently
selected from the group consisting of the moieties
shown below; R10 is selected from the group consisting
of a bond, alkyl-, aryl-, arylalkyl-, arylalkenyl-,
alkylaryl-, cycloalkyl-, cycloalkylalkyl-,
heteroaryl-, heteroarylalkyl-, heterocyclyl-,
heterocyclyalkyl- and the moieties:where X is O, N(R14
) or S; wherein each of said alkyl-, aryl-,
arylalkyl-, arylalkenyl-, alkylaryl-, cycloalkyl-,
cycloalkylalkyl-, heteroaryl-, heteroarylalkyl-,
heterocyclyl- heterocyclyalkyl- and the above-noted
moieties for R10 can be unsubstituted or optionally
independently substituted with 1-3 substituents which
can be the same or different, each being independently
selected from the group consisting of the moieties
shown below; or, alternatively, R8 and R10, together
with the carbon atom to which they are bound, can form
a C4-C7 carbocyclic (e.g., cycloalkyl) ring, or a 4-7
membered heterocyclyl ring, or a C4-C7 carbocyclenyl
(e.g., cycloalkenyl) ring, or a 4-7 membered
heterocyclenyl ring; and wherein said carbocyclic
ring, heterocyclyl ring, carbocyclenylring, or
heterocyclenyl ring is optionally substituted with 1-5
independently selected R2 1 substituents; R9 is
selected from the group consisting of alkyl-,
alkenyl-, alkynyl-, aryl-, arylalkyl-, alkylaryl-,
cycloalkyl-, cycloalkylalkyl-, heteroaryl-,
heteroarylalkyl-, heterocyclyl- and heterocyclyalkyl-,
wherein each of said alkyl-, alkenyl- and alkynyl-,
aryl-, arylalkyl-, alkylaryl-, cycloalkyl-,
cycloalkylalkyl-, heteroaryl-, heteroarylalkyl-,
heterocyclyl- and heterocyclyalkyl-can be
unsubstituted or optionally independently substituted
with 1-3 substituents which can be the same or
different, each substituent being independently
selected from the group consisting of the moieties
shown below, R14 is selected from the group consisting
of H, alkyl, cycloalkyl, cycloalkylalkyl,
cycloalkenyl, heterocyclyl, heterocyclylalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, -CN, -C(O)R15
, -C(O)OR 15 , -C(O)N(R 15)(R16 ), -S(O)N(R 15)(R16 )
, -S(O)2N(R15)(R16) , -C(=NOR 15)R16 , and -P(O)(OR
15)(OR16), andwherein each of said alkyl, cycloalkyl,
cycloalkylalkyl, cycloalkenyl, heterocyclyl,
heterocyclylalkyl, aryl, arylalkyl, heteroaryl, and
heteroarylalkyl groups is optionally substituted with
1-5 substituents independently selected from the group
consisting of the moieties shown below; R15, R16 and
R17 are independently selected from the group
consisting of H, alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl, heterocyclyl, heterocyclylalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl,
arylcycloalkyl, arylheterocyclyl, R18-alkyl,
R18-cycloalkyl, R18-cycloalkylalkyl, R18-heterocyclyl,
R18-heterocyclylalkyl, R18-aryl, R18-arylalkyl,
R18-heteroaryl and R18-heteroarylalkyl; R18 is 1-5
substituents independently selected from the group
consisting of alkyl, alkenyl, alkynyl, aryl,
arylalkyl, arylalkenyl, arylalkynyl, -NO 2, halo,
heteroaryl, -CF 3, -CN, -C(O)R 19 , -C(O)OH, -C(O)OR
19, -C(O)NHR 20, -C(O)NH 2, -C(O)NH 2-C(O)N(alkyl) 2,
-C(O)N(alkyl)(aryl), -C(O)N(alkyl)(heteroaryl), -SR
19, -S(O) 2R20, -S(O)NH 2, -S(O)NH(alkyl),
-S(O)N(alkyl)(alkyl), -S(O)NH(aryl), -S(O) 2NH2, -S(O)
2NHR 19, -S(O) 2NH(heterocyclyl), -S(O) 2N(alkyl) 2,
-S(O) 2N(alkyl)(aryl), -OCF 3, -OH, -OR20,
-O-heterocyclyl, -O-cycloalkylalkyl,
-O-heterocyclylalkyl, -NH2, -NHR 20, -N(alkyl) 2,
-N(arylalkyl) 2, -N(arylalkyl)-(heteroarylalkyl),
-NHC(O)R 20, -NHC(O)NH 2, -NHC(O)NH(alkyl),
-NHC(O)N(alkyl)(alkyl), -N(alkyl)C(O)NH(alkyl),
-N(alkyl)C(O)N(alkyl)(alkyl), -NHS(O) 2R20, -NHS(O)
2NH(alkyl), -NHS(O) 2N(alkyl)(alkyl), -N(alkyl)S(O)
2NH(alkyl) and -N(alkyl)S(O) 2N(alkyl)(alkyl); or,
alternately, two R18 moieties on adjacent carbons can
be linked together to form: R19 is alkyl, cycloalkyl,
aryl, arylalkyl or heteroarylalkyl; R2200 iiss
aalllkyl, cycloalkyl, aryl, halo substituted aryl,
arylalkyl, heteroaryl or heteroarylalkyl;wherein each
of the carbocyclic spirocyclic, heterocyclic
spirocyclic, alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, heterocycloalkylalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, alkenyl and
alkynyl groups in R1, R2, R5, R6, R7, R8, R9, R10 and
R14 are independently unsubstituted or substituted by
1 to 5 R2 1 groups independently selected from the
group consisting of alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl, cycloalkenyl,
heterocycloalkyl, heterocycloalkylalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, halo, -CN,
-OR15, -C(O)R15, -C(O)OR 15, -C(O)N(R 15)(R16), -SR15
, -S(O)N(R15)(R16) , -CH(R15)(R16), -S(O)2N(R15)(R16)
, -C(=NOR 15)R16 , -P(O)(OR 15)(OR16) , -N(R15)(R16) ,
-alkyl-N(R 15)(R16) , -N(R15)C(O)R16,
-CH2-N(R15)C(O)R16 , -CH2-N(R15)C(O)N(R 16)(R17),
-CH2-R15; -CH2N(R15)(R16) , -N(R15)S(O)R16 , -N(R
15)S(O) 2R16 , -CH2-N(R 15)S(O) 2R16 ,
-N(R15)S(O)2N(R16)(R17) , -N(R15)S(O)N(R 16)(R17 ) ,
-N(R15)C(O)N(R16)(R17) , -CH2-N(R15)C(O)N(R 16)(R17 )
, -N(R15)C(O)OR 16, -CH2-N(R 15)C(O)OR 16, -S(O)R 15 ,
-N3, -NO2 and -S(O)2R15; wherein each of the alkyl,
cycloalkenyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, heterocycloalkylalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, alkenyl and
alkynyl groups in R2 1 are independently unsubstituted
or substituted by 1 to 5 R22 groups independently
selected from the group consisting of alkyl,
cycloalkyl, cycloalkenyl, heterocycloalkyl, aryl,
heteroaryl, halo, -CF3, -CN, -OR15, -C(O)R15 , -C(O)OR
15, -alkyl-C(O)OR 15, C(O)N(R15)(R16 ), -SR15 ,
-S(O)N(R 15)(R16 ) , -S(O)2N(R15)(R16) , -C(=NOR
15)R16, -P(O)(OR 15)(OR16) , -N(R15)(R16) , -alkyl-N(R
15)(R16) , -N(R15)C(O)R16, -CH2-N(R 15)C(O)R 16,
-N(R15)S(O)R 16 , -N(R15)S(O) 2R16, -CH2-N(R15)S(O)
2R16, -N(R15)S(O)2N(R16)(R17) , -N(R15)S(O)N(R16)(R17)
, -N(R15)C(O)N(R 16)(R17), -CH2-N(R 15)C(O)N(R16)(R17
) , -N(R15)C(O)OR16 , -CH2-N(R15)C(O)OR16, -N3, -NO2,
-S(O)R 15 and -S(O)2R15 . Thus, one embodiment is
directed to a compound of the formula I:Formula I 



or a pharmaceutically acceptable salt, solvate.or
ester thereof, wherein: U is |>-CR5 or N ; G is O or
S; V is selected from the group consisting of a bond,
O, -C(O)-, and N(R14 ) ; R1 is selected from the group
consisting of: H, halo, alkyl-, alkenyl-, alkynyl- ,
aryl-, arylalkyl-, alkylaryl-, cycloalkyl-,
cycloalkylalkyl-, heteroaryl-, heteroarylalkyl-,
heterocyclyl- and heterocyclyalkyl-, wherein each of
said alkyl-, alkenyl- and alkynyl-, aryl-, arylalkyl-,
alkylaryl-, cycloalkyl-, cycloalkylalkyl-,
heteroaryl-, heteroarylalkyl-, heterocyclyl- and
heterocyclyalkyl- is optionally substituted with 1-5
substituents independently selected from the group
consisting of the R2 1 groups; R2 is selected from the
group consisting of: H, alkyl-, alkenyl-, alkynyl-,
aryl-, arylalkyl-, alkylaryl-, cycloalkyl-,
cycloalkylalkyl-, heteroaryl-, heteroarylalkyl-,
heterocyclyl- and heterocyclyalkyl-, wherein each of
said alkyl-, alkenyl- and alkynyl-, aryl-, arylalkyl-,
alkylaryl-, cycloalkyl-, cycloalkylalkyl-,
heteroaryl-, heteroarylalkyl-, heterocyclyl- and
heterocyclyalkyl- is optionally substituted with 1- 5
substituents independently selected from the group
consisting of the R2 1 groups; or R1 and R2 are joined
together to form a C5-C8 cycloalkyl or a 5-8 membered
heterocyclyl moiety, wherein each of said cycloalkyl
or heterocyclyl moiety is optionally substituted with
1-5 substituents independently selected from thegroup
consisting of the R2 1 groups; orR1 and R8 are taken
together to form a bond (i.e., there is a triple bond
between the carbon atom to which R1 was bonded to and
the carbon to which R8 was bonded to, i.e., the
compound of formula I is a compound of formula II:
formula Il wherein G, U, V, R2, R6, R7, R9, and R10
are as defined for formula I); R5, R6 and R7 are each
independently selected from the group consisting of H,
-C(O)R15, -C(O)OR 15 , -C(O)N(R 15)(R16), -C(=NOR
15)R16 , alkyl-, alkenyl-, alkynyl-, aryl-,
arylalkyl-, alkylaryl-, cycloalkyl-, cycloalkylalkyl-,
heteroaryl-, heteroarylalkyl-, heterocyclyl- and
heterocyclyalkyl-, and wherein each of said alkyl-,
alkenyl- and alkynyl-, aryl-, arylalkyl-, alkylaryl-,
cycloalkyl-, cycloalkylalkyl-, heteroaryl-,
heteroarylalkyl-, heterocyclyl- and heterocyclyalkyl-
is optionally substituted with 1-5 substituents
independently selected from the group consisting of
the R2 1 groups; or R6 and R7 are joined together to
form a carbocyclic spirocyclic moiety or a
heterocyclic spirocyclic moiety wherein each of said
carbocyclic spirocyclic moiety and heterocyclic
spirocyclic moiety is: (i) optionally substituted with
1-4 substituents idependently selected from the group
consisting of the the R2 1 groups, or (ii) fused with
an aryl, heteroaryl, cycloalkyl or heterocycloalkyl
ring, and wherein each of said carbocyclic spirocyclic
moiety, heterocyclic spirocyclic moiety, aryl,
heteroaryl, cycloalkyl and heterocycloalkyl ring is
optionally substituted with 1-4 substituents
independently selected from the group consisting of
the the R2 1 groups; R8 is selected from the group
consisting of H, halo, -CN, -OR15 , -C(O)R15 , -C(O)OR
15, -C(O)N(R 15)(R16) , -SR15 , -S(O)N(R 15)(R16) ,
-CH(R 15)(R16), -S(O)2N(R15)(R16), -C(=NOR 15)R16 ,
-P(O)(OR 15)(OR16 ) , -N(R 15)(R16) ,-alkyl-N(R
15)(R16) , -N(R15)C(O)R16 , -CH2-N(R 15)C(O)R16 ,
-CH2-N(R15)C(O)N(R 16)(R17), -CH2-R15;
-CH2N(R15)(R16), -N(R 15)S(O)R 16 , -N(R15)S(O)2R16,
-CH2-N(R15)S(O)2R16, -N(R15)S(O)2N(R16)(R17),
-N(R15)S(O)N(R 16)(R17) , -N(R15)C(O)N(R 16)(R17) ,
-CH2-N(R 15)C(O)N(R 16)(R17) , -N(R15)C(O)OR 16 ,
-CH2-N(R15)C(O)OR 16 , -S(O)R 15, -N3, -NO2 and
-S(O)2R15 , alkyl-, aryl-, arylalkyl-, alkylaryl-,
cycloalkyl-, cycloalkylalkyl-, heteroaryl-,
heteroarylalkyl-, heterocyclyl- and heterocyclyalkyl-,
and wherein each of said alkyl-, alkenyl-, alkynyl-,
ary!-, arylalkyl-, alkylaryl-, cycloalkyl-,
cycloalkylalkyl-, heteroaryl-, heteroarylalkyl-,
heterocyclyl- and heterocyclyalkyl- moieties is
optionally substituted with 1-3 substituents
independently selected from the group consisting of
the the R2 1 groups; R10 is selected from the group
consisting of a bond, alkyl-, aryl-, arylalkyl-,
arylalkenyl-, alkylaryl-, cycloalkyl-,
cycloalkylalkyl-, heteroaryl-, heteroarylalkyl-,
heterocyclyl-, heterocyclyalkyl- and the moieties: and
where X is O, N(R14 ) or S; wherein each of said
alkyl-, aryl-, arylalkyl-, arylalkenyl-, alkylaryl-,
cycloalkyl-, cycloalkylalkyl-, heteroaryl-,
heteroarylalkyl-, heterocyclyl-, heterocyclyalkyl-,is
optionally substituted with 1-3 substituents
independently selected from the group consisting of
the R2 1 groups; or, alternatively, R8 and R10 ,
together with the carbon atom to which they are bound,
can form a C4-C7 carbocyclic (e.g., cycloalkyl) ring,
or a 4-7 membered heterocyclyl ring, or a C4-C7
carbocyclenyl (e.g., cycloalkenyl) ring, or a 4-7
membered heterocyclenyl ring; and wherein said
carbocyclic ring, heterocyclyl ring,
carbocyclenylring, or heterocyclenyl ring is
optionally substituted with 1-5 independently selected
R2 1 substituents; R9 is selected from the group
consisting of alkyl-, alkenyl-, alkynyl-, aryl-,
arylalkyl-, alkylaryl-, cycloalkyl-, cycloalkylalkyl-,
heteroaryl-, heteroarylalkyl-, heterocyclyl- and
heterocyclyalkyl-, and wherein each of said alkyl-,
alkenyl-, alkynyl-, aryl-, arylalkyl-, alkylaryl-,
cycloalkyl-, cycloalkylalkyl-, heteroaryl-,
heteroarylalkyl-, heterocyclyl- and heterocyclyalkyl-
is optionally substituted with 1- 3 substituents
independently selected from the group consisting of
the R2 1 groups; R14 is selected from the group
consisting of H, alkyl, cycloalkyl, cycloalkylalkyl-,
cycloalkenyl, heterocyclyl, heterocyclylalkyl-, aryl,
arylalkyl-, heteroaryl, heteroarylalkyl-, -CN, -C(O)R
15, -C(O)OR 15 , -C(O)N(R 15)(R16) , -S(O)N(R 15)(R16
) , -S(O)2N(R15)(R16 ) , -C(=NOR 15)R16 , and -P(O)(OR
15)(OR16) , and wherein each of the alkyl, cycloalkyl,
cycloalkylalkyl-, cycloalkenyl, heterocyclyl,
heterocyclylalkyl-, aryl, arylalkyl-, heteroaryl,
heteroarylalkyl- groups is optionally substituted with
1-5 independently selected R2 1 groups;R15 , R16 and
R17 are independently selected from the group
consisting of H, alkyl, alkenyl, alkynyl, cycloalkyl,
cycloalkylalkyl-, heterocyclyl, heterocyclylalkyl-,
aryl, arylalkyl-, heteroaryl, heteroarylalkyl-,
arylcycloalkyl-, arylheterocyclyl-, (R18)nalkyl-,
(R18)n -cycloalkyl-, (R18)n-cycloalkylalkyl-, (R18 )n
-heterocyclyl-, (R18)nheterocyclylalkyl-,
(R18)n-aryl-, (R18)n-arylalkyl-, (R18 )n-heteroaryl-
and (R18 )nheteroarylalkyl-; n is 1 to 5; Each R18 is
independently selected from the group consisting of:
alkyl, alkenyl, alkynyl, aryl, arylalkyl-,
arylalkenyl-, arylalkynyl-, -NU2, halo, heteroaryl,
-CF3, -CN, -C(O)R 19, -C(O)OH, -C(O)OR 19, -C(O)NHR
20, -C(O)NH 2, -C(O)NH2-C(O)N(alkyl) 2,
-C(O)N(alkyl)(aryl), -C(O)N(alkyl)(heteroaryl), -SR19,
-S(O)2R20, -S(O)NH 2, -S(O)NH(alkyl),
-S(O)N(alkyl)(alkyl), -S(O)NH(aryl), -S(O)2NH2,
-S(O)2NHR19 , -S(O)2NH(heterocyclyl), -S(O)2N(alkyl)2,
-S(O)2N(alkyl)(aryl), -OCF3, -OH, -OR20,
-O-heterocyclyl, -O-cycloalkylalkyl,
-O-heterocyclylalkyl, -NH2, -NHR20, -N(alkyl) 2,
-N(arylalkyl) 2, -N(arylalkyl)-(heteroarylalkyl),
-NHC(O)R20, -NHC(O)NH 2, -NHC(O)NH(alkyl),
-NHC(O)N(alkyl)(alkyl), -N(alkyl)C(O)NH(alkyl),
-N(alkyl)C(O)N(alkyl)(alkyl), -NHS(O)2R20, -NHS(O)
2NH(alkyl), -NHS(O)2N(alkyl)(alkyl), -N(alkyl)S(O)
2NH(alkyl) and -N(alkyl)S(O) 2N(alkyl)(alkyl); or two
R18 moieties on adjacent carbons can be linked
together to form: R19 is selected from the group
consisting of: alkyl, cycloalkyl, aryl, arylalkyl and
heteroarylalkyl; R20 is selected from the group
consisting of: alkyl, cycloalkyl, aryl, halo
substituted aryl, arylalkyl, heteroaryl and
heteroarylalkyl; Each R2 1 is independently selected
from the group consisting of: alkyl, alkenyl, alkynyl,
cycloalkyl, cycloalkylalkyl-, cycloalkenyl,
heterocycloalkyl, heterocycloalkylalkyl-, aryl,
arylalkyl-, heteroaryl, heteroarylalkyl-, halo, -CN,
-OR15 , -C(O)R 15, -C(O)OR 15, -C(O)N(R 15)(R16) ,
-SR15, -S(O)N(R 15)(R16), -CH(R 15)(R16),
-S(O)2N(R15)(R16) -C(=NOR 15)R16 , -P(O)(OR 15)(OR16)
, -N(R15)(R16) , -alkyl-N(R 15)(R16) , -N(R15)C(O)R 16
, -CH2-N(R 15)C(O)R 16 , -CH2-N(R 15)C(O)N(R 16)(R17 )
, -CH2-R15 ; -CH2N(R15)(R16) , -N(R15)S(O)R 16,
-N(R15)S(O)2R16 , -CH2-N(R 15)S(O)2R16 , -N(R
15)S(O)2N(R16)(R17 ) , -N(R15)S(O)N(R 16)(R17) ,
-N(R15)C(O)N(R 16)(R17 ) , -CH2-N(R 15)C(O)N(R
16)(R17) , -N(R15)C(O)OR 16 , -CH2-N(R15)C(O)OR16 ,
-S(O)R 15, -N3, -NO2 and -S(O)2R15 ; wherein each of
the alkyl, cycloalkenyl, cycloalkyl, cycloalkylalkyl-,
heterocycloalkyl, heterocycloalkylalkyl-, aryl,
arylalkyl-, heteroaryl, heteroarylalkyl-, alkenyl and
alkynyl R2 1 groups is optionally substituted with 1
to 5 independently selected R22 groups; and Each R22
is independently selected from the group consisting of
alkyl, cycloalkyl, cycloalkenyl, heterocycloalkyl,
aryl, heteroaryl, halo, -CF3, -CN, -OR15 , -C(O)R 15,
-C(O)OR 15, -alkyl-C(O)OR 15, C(O)N(R 15)(R16) ,
-SR15, -S(O)N(R 15)(R16) , -S(O)2N(R15)(R16) , -C(=NOR
15)R16, -P(O)(OR 15)(OR16) , -N(R15)(R16) , -alkyl-N(R
15)(R16 ) , -N(R15)C(O)R 16, -CH2-N(R 15)C(O)R 16 ,
-N(R15)S(O)R 16 , -N(R 15)S(O)2R16, -CH2-N(R
15)S(O)2R16 , -N(R15)S(O)2N(R16)(R17) , -N(R15)S(O)N(R
16)(R17) , -N(R15)C(O)N(R 16)(R17), -CH2-N(R
15)C(O)N(R 16)(R17) , -N(R15)C(O)OR 16 , -CH2-N(R
15)C(O)OR16 , -N3, -NO2, -S(O)R 15 and -S(O)2R15 . In
another embodiment, the present application discloses
a compound, or pharmaceutically acceptable salts,
solvates, esters or prodrugs of said compound, said
compound having the general structure shown in the
formula : wherein:U is Or N; G is O or S; V is
selected from the group consisting of a bond, O,
-C(O)-, and N(R14 ); R1 is selected from the group
consisting of: H, halo, alkyl-, aryl-, arylalkyl-,
alkylaryl-, cycloalkyl-, cycloalkylalkyl-,
heteroaryl-, heteroarylalkyl-, heterocyclyland
heterocyclyalkyl-, wherein each of said alkyl, aryl,
heteroaryl, cycloalkyl and heterocyclyl can be
unsubstituted or optionally independently substituted
with 1-5 substituents which can be the same or
different, each substituent being independently
selected from the group consisting of the moieties
shown below; R2 is selected from the group consisting
of: H, alkyl-, aryl-, arylalkyl-, alkylaryl-,
cycloalkyl-, cycloalkylalkyl-, heteroaryl-,
heteroarylalkyl-, heterocyclyland heterocyclyalkyl-,
wherein each of said alkyl, aryl, heteroaryl,
cycloalkyl and heterocyclyl can be unsubstituted or
optionally independently substituted with 1-5
substituents which can be the same or different, each
substituent being independently selected from the
group consisting of the moieties shown below; or,
alternatively, R1 and R2 may be joined together to
form a C5-C8 cycloalkyl or a 5-8 membered heterocyclyl
moiety, with each of said cycloalkyl or heterocyclyl
moiety being unsubstituted or optionally independently
being substituted with 1-5 substituents which can be
the same or different, each substituent being
independently selected from the group consisting of
the moieties shown below; or, alternatively, R1 and R8
are taken together to form a bond (i.e., there is a
triple bond between the carbon atom to which R1 was
bonded to and the carbon to which R8 was bonded to,
i.e., the compound of formula I is a compound of
formula II:formula Il wherein G, U, V, R2, R6, R7, R9,
and R10 are as defined for formula I ; R5, R6 and R7
can be the same or different, each being independently
selected from the group consisting of H, -C(O)R 15 ,
-C(O)OR 15, -C(O)N(R 15)(R 16) , -C(=NOR 15)R16 ,
alkyl-, aryl-, arylalkyl-, alkylaryl-, cycloalkyl-,
cycloalkylalkyl-, heteroaryl-, heteroarylalkyl-,
heterocyclyl- and heterocyclyalkyl-, wherein each of
said alkyl, aryl, heteroaryl, cycloalkyl and
heterocyclyl can be unsubstituted or optionally
independently substituted with 1-5 substituents which
can be the same or different, each substituent being
independently selected from the group consisting of
the moieties shown below; or alternately, R6 and R7
can be joined together to form a carbocyclic
spirocyclic moiety or a heterocyclic spirocyclic
moiety wherein each of said carbocyclic spirocyclic
moiety and heterocyclic spirocyclic moiety can be: (i)
unsubstituted or optionally independently substituted
with 1-4 substituents which can be the same or
different, each substituent being independently
selected from the group consisting of the moieties
shown below, or (ii) fused with an aryl, heteroaryl,
cycloalkyl or heterocycloalkyl ring, wherein each of
said carbocyclic spirocyclic moiety, heterocyclic
spirocyclic moiety, aryl, heteroaryl, cycloalkyl and
heterocycloalkyl ring can be unsubstituted or
optionally independently substituted with 1-4
substituents which can be the same or different, each
substituent being independently selected from the
group consisting of the moieties shown below;R8 is
selected from the group consisting of H, halo, -CN,
-OR15, -C(O)R15, -C(O)OR 15, -C(O)N(R 15)(R16), -SR15
, -S(O)N(R 15)(R16), -CH(R 15)(R16) , -S(O)2N(R15)(R
16) , -C(=NOR 15)R16, -P(O)(OR 15)(OR16) ,
-N(R15)(R16) , -alkyl-N(R 15)(R16) , -N(R15)C(O)R 16 ,
-CH2-N(R15)C(O)R 16, -CH2-N(R15)C(O)N(R 16)(R17) ,
-CH2-R15; -CH2N(R15)(R 16) , -N(R15)S(O)R16 , -N(R
15)S(O) 2R16 , -CH2-N(R15)S(O) 2R16,
-N(R15)S(O)2N(R16)(R17) , -N(R 15)S(O)N(R16)(R17) ,
-N(R15)C(O)N(R16)(R17 ) , -CH2-N(R15)C(O)N(R 16)(R17 )
, -N(R 15)C(O)OR16 , -CH2-N(R15)C(O)OR 16, -S(O)R 15,
-N3, -NO2 and -S(O)2R15, alkyl, cycloalkyl, aryl and
heteroaryl, with each of said alkyl, cycloalkyl, aryl
and heteroaryl being unsubstituted or optionally
independently substituted with 1-3 substituents which
can be the same or different, each substituent being
independently selected from the group consisting of
the moieties shown below; R10 is selected from the
group consisting of a bond, aryl, heteroaryl,
cycloalkyl, heterocyclyl, arylalkyl-, alkylaryl-,
heteroarylalkyl-, heterocyclylalkyland the moieties:
where X is O, N(R14 ) or S; wherein each of said aryl,
heteroaryl, cycloalkyl, heterocyclyl and the
above-noted moieties for R10 can be unsubstituted or
optionally independently substituted with 1-3
substituents which can be the same or different, each
being independently selected from the group consisting
of the moieties shown below;or, alternatively, R8 and
R10 , together with the carbon atom to which they are
bound, can form a C4-C7 carbocyclic (e.g., cycloalkyl)
ring, or a 4-7 membered heterocyclyl ring, or a C4-C7
carbocyclenyl (e.g., cycloalkenyl) ring, or a 4-7
membered heterocyclenyl ring; and wherein said
carbocyclic ring, heterocyclyl ring,
carbocyclenylring, or heterocyclenyl ring is
optionally substituted with 1-5 independently selected
R2 1 substituents; R9 is selected from the group
consisting of alkyl, aryl, heteroaryl, heterocyclyl,
arylalkyl, alkylaryl, heteroarylalkyl and
heterocyclylalkyl wherein each of said alkyl, aryl,
heteroaryl and heterocyclyl can be unsubstituted or
optionally independently substituted with 1-3
substituents which can be the same or different, each
substituent being independently selected from the
group consisting of the moieties shown below; R14 is
selected from the group consisting of H, alkyl,
cycloalkyl, cycloalkylalkyl, cycloalkenyl,
heterocyclyl, heterocyclylalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, -CN, -C(O)R 15 , -C(O)OR
15 , -C(O)N(R 15)(R16) , -S(O)N(R 15)(R16 ) ,
-S(O)2N(R15)(R16) , -C(=NOR 15)R16, and -P(O)(OR
15)(OR16); R15, R16 and R17 are independently selected
from the group consisting of H, alkyl, alkenyl,
alkynyl, cycloalkyl, cycloalkylalkyl, heterocyclyl,
heterocyclylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, arylcycloalkyl, arylheterocyclyl,
R18-alkyl, R18-cycloalkyl, R18-cycloalkylalkyl,
R18-heterocyclyl, R18-heterocyclylalkyl, R18-aryl,
R18-arylalkyl, R18-heteroaryl and R18-heteroarylalkyl;
or, alternately, R18 is 1-5 substituents independently
selected from the group consisting of alkyl, alkenyl,
aryl, arylalkyl-, arylalkenyl-, arylalkynyl-, -NO2,
halo, heteroaryl, -CF3, -CN, -C(O)R 19, -C(O)OH,
-C(O)OR 19 , -C(O)NHR 20, -C(O)NH2,
-C(O)NH2-C(O)N(alkyl) 2, -C(O)N(alkyl)(aryl),
-C(O)N(alkyl)(heteroaryl), -SR19 , -S(O)2R20, -S(O)NH
2, -S(O)NH(alkyl), -S(O)N(alkyl)(alkyl),
-S(O)NH(aryl), -S(O)2NH2, -S(O)2NHR19 ,
-S(O)2NH(heterocyclyl), -S(O)2N(alkyl)2,
-S(O)2N(alkyl)(aryl), -OCF3, -OH, -OR20,
-O-heterocyclyl, -O-cycloalkylalkyl, 



-O-heterocyclylalkyl, -NH2, -NHR20, -N(alkyl) 2,
-N(arylalkyl) 2,-N(arylalkylMheteroarylalkyl),
-NHC(O)R20, -NHC(O)NH 2, -NHC(O)NH(alkyl),
-NHC(O)N(alkyl)(alkyl), -N(alkyl)C(O)NH(alkyl),
-N(alkyl)C(O)N(alkyl)(alkyl), -NHS(O) 2R20, -NHS(O)
2NH(alkyl), -NHS(O)2N(alkyl)(alkyl), -N(alkyl)S(O)
2NH(alkyl) and -N(alkyl)S(O) 2N(alkyl)(alkyl); or,
alternately, two R18 moieties on adjacent carbons can
be linked together to form: R19 is alkyl, cycloalkyl,
aryl, arylalkyl or heteroarylalkyl; R20 is alkyl,
cycloalkyl, aryl, halo substituted aryl, arylalkyl,
heteroaryl or heteroarylalkyl; wherein each of the
carbocyclic spirocyclic, heterocyclic spirocyclic,
alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, alkenyl and alkynyl groups in R1, R2,
R5, R6, R7, R8, R9, R10 and R14 are independently
unsubstituted or substituted by 1 to 5 R2 1 groups
independently selected from the group consisting of
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,
cycloalkenyl, heterocycloalkyl, heterocycloalkylalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, halo,
-CN, -OR15, -C(O)R 15, -C(O)OR 15 , -C(O)N(R 15)(R16 )
, -SR15 , -S(O)N(R 15)(R16) , -CH(R15)(R16) ,
-S(O)2N(R15)(R16) , -C(=NOR 15)R16 , -P(O)(OR
15)(OR16) , -N(R15)(R 16) , -alkyl-N(R 15)(R16) ,
-N(R15)C(O)R16, -CH2-N(R 15)C(O)R16 ,
-CH2-N(R15)C(O)N(R 16)(R17) , -CH2-R15; -CH2N(R15)(R16
) , -N(R15)S(O)R16 , -N(R15)S(O)2R16 , -CH2-N(R15)S(O)
2R16 , -N(R15)S(O)2N(R16)(R17) ,
-N(R15)S(O)N(R16)(R17), -N(R 15)C(O)N(R 16)(R17),
-CH2- N(R15)C(O)N(R 16)(R17), -N(R15)C(O)OR16,
-CH2-N(R15)C(O)OR 16 , -S(O)R 15, -N3, -NO2 and
-S(O)2R15; wherein each of the alkyl, cycloalkenyl,
cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, alkenyl and alkynyl groups in R2 1
are independently unsubstituted or substituted by 1 to
5 R22 groups independently selected from the group
consisting of alkyl,cycloalkyl, cycloalkenyl,
heterocycloalkyl, aryl, heteroaryl, halo, -CF3, -CN,
-OR15 , -C(O)R 15 , -C(O)OR 15 , -alkyl-C(O)OR 15,
C(O)N(R 15)(R16), -SR15, -S(O)N(R15)(R16) ,
-S(O)2N(R15)(R16) , -C(=NOR 15)R16, -P(O)(OR 15)(OR16)
, -N(R15)(R16), -alkyl-N(R 15)(R16), -N(R15)C(O)R16 ,
-CH2-N(R15)C(O)R16, -N(R15)S(O)R16, -N(R15)S(O) 2R16 ,
-CH2-N(R15)S(O)2R16, -N(R15)S(O)2N(R16)(R17) ,
-N(R15)S(O)N(R16)(R17) , -N(R15)C(O)N(R16)(R17) ,
-CH2-N(R15)C(O)N(R 16)(R17 ) , -N(R15)C(O)OR16 ,
-CH2-N(R15)C(O)OR16 , -N3, -NO2, -S(O)R15 and
-S(O)2R15 ; In another embodiment, the present
application discloses a compound, or pharmaceutically
acceptable salts, solvates, esters or prodrugs of said
compound, said compound having the general structure
shown in the formula : wherein: U is CR5 or N; V is
selected from the group consisting of a bond, -C(O)-,
O and -N(R14 ) ; R1 is selected from the group
consisting of H, halo, alkyl-, aryl-, arylalkyl-,
alkylaryl-, cycloalkyl-, cycloalkylalkyl-,
heteroaryl-, heteroarylalkyl-, heterocyclyland
heterocyclyalkyh wherein each of said alkyl, aryl,
heteroaryl, cycloalkyl and heterocyclyl can be
unsubstituted or optionally independently substituted
with 1-5 substituents which can be the same or
different, each substituent being independently
selected from the group consisting of halo, -CN, -NH2,
-NH(alkyl), -N(alkyl)2, hydroxy and alkoxy groups; R2
is selected from the group consisting of H, alkyl-,
aryl-, arylalkyl-, alkylaryl-, cycloalkyl-,
cycloalkylalkyl-, heteroaryl-, heteroarylalkyl-,
heterocyclyland heterocyclyalkyh wherein each of said
alkyl, aryl, heteroaryl, cycloalkyl andheterocyclyl
can be unsubstituted or optionally independently
substituted with 1-5 substituents which can be the
same or different, each substituent being
independently selected from the group consisting of
halo, -CN, -NH2, -NH(alkyl), - N(alkyl)2, hydroxy and
alkoxy groups; or, alternatively, R1 and R2 may be
joined together to form a C5-C8 cycloalkyl or a 5-8
membered heterocyclyl moiety, with each of said
cycloalkyl or heterocyclyl moiety being unsubstituted
or optionally independently being substituted with 1-5
substituents which can be the same or different, each
substituent being independently selected from the
group consisting of halo, -CN, -NH2, -NH(alkyl),
-N(alkyl)2, hydroxy and alkoxy groups; or,
alternatively, R1 and R8 are taken together to form a
bond (i.e., there is a triple bond between the carbon
atom to which R1 was bonded to and the carbon to which
R8 was bonded to, i.e., the compound of formula I is a
compound of formula II: formula Il wherein G, U, V,
R2, R6, R7, R9, and R10 are as defined for formula I;
R5, R6 and R7 can be the same or different, each being
independently selected from the group consisting of H,
-C(O)R15, -C(O)OR 15, -C(O)N(R 15)(R16) , -C(=NOR
15)R16 , alkyl-, aryl-, arylalkyl-, alkylaryl-,
cycloalkyl-, cycloalkylalkyl-, heteroaryl-,
heteroarylalkyl-, heterocyclyl- and heterocyclyalkyl-,
wherein each of said alkyl, aryl, heteroaryl,
cycloalkyl and heterocyclyl can be unsubstituted or
optionally independently substituted with 1-5
substituents which can be the same or different, each
substituent being independently selected from the
groupconsisting of halo, -CN, -NH2, -NH(alkyl),
-N(alkyl) 2, hydroxy, alkoxy, -aryl and -heteroaryl
groups; or alternately, R6 and R7 can be joined
together to form a carbocyclic spirocyclic moiety or a
heterocyclic spirocyclic moiety wherein each of said
carbocyclic spirocyclic moiety and heterocyclic
spirocyclic moiety can be: (i) unsubstituted or
optionally independently substituted with 1-4
substituents which can be the same or different, each
substituent being independently selected from the
group consisting of halo, alkyl, -CN, -NH2,
-NH(alkyl), -N(alkyl) 2 hydroxy, alkoxy, aryl and
heteroaryl groups, or (ii) fused with an aryl,
heteroaryl, cycloalkyl or heterocycloalkyl ring,
wherein each of said carbocyclic spirocyclic moiety,
heterocyclic spirocyclic moiety, aryl, heteroaryl,
cycloalkyl and heterocycloalkyl ring can be
unsubstituted or optionally independently substituted
with 1-4 substituents which can be the same or
different, each substituent being independently
selected from the group consisting of halo, alkyl,
-CN, -NH2, -NH(alkyl), -N(alkyl) 2, hydroxy, alkoxy,
aryl and heteroaryl groups; R8 is selected from the
group consisting of H, halo, -CN, -OR15 , -C(O)R 15 ,
-C(O)OR15 , -C(O)N(R 15)(R16) , -SR15 , -S(O)N(R
15)(R16 ) , -CH(R 15)(R16 ) , -S(O)2N(R15)(R16) ,
-C(=NOR 15)R16, -P(O)(OR 15)(OR16) , -N(R15)(R16) ,
-alkyl-N(R 15)(R16) , -N(R15)C(O)R16 , -CH2-N(R
15)C(O)R16 , -CH2-N(R15)C(O)N(R 16)(R17) , -CH2-R15;
-CH2N(R15)(R16) , -N(R15)S(O)R 16, -N(R15)S(O)2R16 ,
-CH2-N(R15)S(O)2R16, -N(R15)S(O)2N(R16cR17),
-N(R15)S(O)N(R 16)(R17 ), -N(R15)C(O)N(R 16)(R17 ) ,
-CH2-N(R15)C(O)N(R 16)(R17 ) , -N(R15)C(O)OR 16 ,
-CH2-N(R15)C(O)OR16 , -S(O)R 15, -N3, -NO2 and
-S(O)2R15, alkyl, cycloalkyl, aryl and heteroaryl,
with each of said alkyl, cycloalkyl, aryl and
heteroaryl being unsubstituted or optionally
independently substituted with 1-3 substituents which
can be the same or different, each substituent being
independently selected from the group consisting of
halo, alkyl, -CN, -NH2, -NH(alkyl), -N(alkyl) 2,
hydroxy and alkoxy groups;R10 is selected from the
group consisting of a bond, aryl, heteroaryl,
cycloalkyl, heterocyclyl, arylalkyl, alkylaryl,
heteroarylalkyl, heterocyclylalkyl and the moieties:
where X is O, NH or S; wherein each of said aryl,
heteroaryl, cycloalkyl, heterocyclyl and the
above-noted moieties for R10 can be unsubstituted or
optionally independently substituted with 1-3
substituents which can be the same or different, each
being independently selected from the group consisting
of halo, alkyl, -CN, -NH2, -NH(alkyl), -N(alkyl) 2,
hydroxy and alkoxy groups; and R9 is selected from the
group consisting of alkyl, aryl, heteroaryl,
heterocyclyl, arylalkyl, alkylaryl, heteroarylalkyl
and heterocyclylalkyl wherein each of said alkyl,
aryl, heteroaryl and heterocyclyl can be unsubstituted
or optionally independently substituted with 1-3
substituents which can be the same or different, each
substituent being independently selected from the
group consisting of halo, alkyl, -CN, -NH2,
-NH(alkyl), -N(alkyl) 2, hydroxy and alkoxy groups. In
another embodiment R1 and R2 can be the same or
different, each being independently selected from the
group consisting of H, alkyl-, alkenyl-, alkynyl-,
aryl-, arylalkyl-, alkylaryl-, cycloalkyl-,
cycloalkylalkyl-, heteroaryl-, heteroarylalkyl-,
heterocyclyl- and heterocyclyalkyl-, wherein each of
said alkyl-, alkenyl- andalkynyl-, aryl-, arylalkyl-,
alkylaryl-, cycloalkyl-, cycloalkylalkyl-,
heteroaryl-, heteroarylalkyl-, heterocyclyl- and
heterocyclyalkyl- can be unsubstituted or optionally
independently substituted with 1-5 substituents which
can be the same or different, each substituent being
independently selected from the group consisting of
the moieties shown below; or, alternatively, R1 and R2
may be joined together to form a C5-C8 cycloalkyl or a
5-8 membered heterocyclyl moiety, with each of said
cycloalkyl or heterocyclyl moiety being unsubstituted
or optionally independently being substituted with 1-5
substituents which can be the same or different, each
substituent being independently selected from the
group consisting of the R2 1 moieties. In another
embodiment R5, R6 and R7 can be the same or different,
each being independently selected from the group
consisting of H, alkyl-, alkenyl-, alkynyl-, aryl-,
arylalkyl-, alkylaryl-, cycloalkyl-, cycloalkylalkyl-,
heteroaryl-, heteroarylalkyl-, heterocyclyl- and
heterocyclyalkyl-, wherein each of said alkyl-,
alkenyl- and alkynyl-, aryl-, arylalkyl-, alkylaryl-,
cycloalkyl-, cycloalkylalkyl-, heteroaryl-,
heteroarylalkyl-, heterocyclyl- and heterocyclyalkyl-
can be unsubstituted or optionally independently
substituted with 1-5 substituents which can be the
same or different, each substituent being
independently selected from the group consisting of
the moieties shown below; or alternately, R6 and R7
can be joined together to form a carbocyclic
spirocyclic moiety or a heterocyclic spirocyclic
moiety wherein each of said carbocyclic spirocyclic
moiety and heterocyclic spirocyclic moiety can be: (i)
unsubstituted or optionally independently substituted
with 1-4 substituents which can be the same or
different, each substituent being independently
selected from the group consisting of the moieties
shown below, or (ii) fused with an aryl or heteroaryl
ring, wherein each of said carbocyclic spirocyclic
moiety, heterocyclic spirocyclic moiety, aryl and
heteroaryl ring can be unsubstituted or optionally
independently substituted with 1-4 substituents which
can be the same or different, each substituent being
independently selected from the group consisting of
the R21 moieties.In another embodiment each of the
alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
heterocycloalkylalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, alkenyl and alkynyl groups in R1, R2,
R5, R6, R7, R8, R9, R10 and R14 are independently
unsubstituted or substituted by 1 to 5 R2 1 groups
independently selected from the group consisting of
alkyl, alkenyl, alkynyl, cycloalkyl, cycloalkylalkyl,
cycloalkenyl, heterocycloalkyl, heterocycloalkylalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl, halo,
-CN, -OR15, -C(O)R15 , -C(O)OR 15, -C(O)N(R 15)(R 16)
, -SR15 , -S(O)N(R 15)(R16) , -CH(R 15)(R16) ,
-S(O)2N(R15)(R16), -C(=NOR 15)R16 , -P(O)(OR 15)(OR16)
, -N(R15)(R16) , -alkyl-N(R 15)(R16) , -N(R15)C(O)R16,
-CH2-N(R15)C(O)R16, -CH2-N(R15)C(O)N(R16)(R17),
-CH2-R15; -CH2N(R15)(R16) , -N(R15)S(O)R16,
-N(R15)S(O) 2R16, -CH2-N(R15)S(O)2R16 ,
-N(R15)S(O)2N(R16)(R17) , -N(R15)S(O)N(R16)(R17 ) ,
-N(R15)C(O)N(R16)(R17), -CH2-N(R15)C(O)N(R 16)(R17) ,
-N(R15)C(O)OR 16 , -CH2-N(R15)C(O)OR16 , -S(O)R 15 ,
-N3, -NO2 and -S(O)2R15 ; wherein each of the alkyl,
cycloalkenyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, heterocycloalkylalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl, alkenyl and
alkynyl groups in R2 1 are independently unsubstituted
or substituted by 1 to 5 R22 groups independently
selected from the group consisting of alkyl,
cycloalkyl, cycloalkenyl, heterocycloalkyl, aryl,
heteroaryl, halo, -CF3, -CN, -OR15, -C(O)R 15 ,
-C(O)OR 15 , -alkyl-C(O)OR 15 , C(O)N(R 15)(R16) ,
-SR15, -S(O)N(R 15)(R16 ) , -S(O)2N(R15)(R16) ,
-C(=NOR 15)R16 , -P(O)(OR 15)(OR16) , -N(R15)(R16 ) ,
-alkyl-N(R 15)(R16), -N(R15)C(O)R16,
-CH2-N(R15)C(O)R16 , -N(R15)S(O)R16 , -N(R15)S(O)2R16
, -CH2-N(R15)S(O) 2R16 , -N(R15)S(O)2N(R16)(R17) ,
-N(R15)S(O)N(R16)(R17 ) , -N(R15)C(O)N(R 16)(R17),
-CH2-N(R15)C(O)N(R 16)(R17) , -N(R15)C(O)OR 16 ,
-CH2-N(R15)C(O)OR16 , -N3,-NO2, -S(O)R15 and
-S(O)2R15. In another embodiment the compounds of
formula I are compounds of formula II:formula Il
wherein G, U, V, R2, R6, R7, R9, and R10 are as
defined for formula I. In another embodiment the
compounds of formula I are compounds of formula III:
wherein R6, R7, R9, R10 and R2 1 are as defined in
formula I. In another embodiment the compounds of
formula I are compounds of formula IV: wherein R6, R7,
R9, R10 and R2 1 are as defined in formula I. In
another embodiment the compounds of formula I are
compounds of formula V: wherein R6, R7, R9, R10 and R2
1 are as defined in formula I. Examples of formula V
include:In another embodiment the compounds of formula
I are compounds of formula Vl: wherein R6, R7, R9, R10
and R2 1 are as defined in formula I . In another
embodiment the compounds of formula I are compounds of
formula VII: wherein R6, R7, R9, R10 and R2 1 are as
defined in formula I. In another embodiment the
compounds of formula I are compounds of formula VIII:
wherein R6, R7, R9, R10 and R2 1 are as defined in
formula I.In another embodiment the compounds of
formula I are compounds of formula IX: wherein R6, R7,
R9, R10 and R2 1 are as defined in formula I. In
another embodiment the compounds of formula I are
compounds of formula X: wherein R6, R7, R9, R10 and R2
1 are as defined in formula I. Those skilled in the
art will appreciate that for the compounds of the
invention: Those skilled in the art will appreciate
that in the compounds of the invention R6 can be:
Those skilled in the art will appreciate that in the
compounds of the invention R7 can be: Thus, for
example, in embodiments of this invention R6 and R7
can be:In other embodiments of this invention R6 and
R7 can be: In another embodiment G is O. In another
embodiment G is S. In another embodiment V is selected
from the group consisting of a bond, O, and N(R14 ) .
In another embodiment V is a bond. In another
embodiment V is -C(O)-. In another embodiment V is
-N(R14 )-. In another embodiment R8 is selected from
the group consisting of H, alkyl-, aryl-, arylalkyl-,
alkylaryl-, cycloalkyl-, cycloalkylalkyl-,
heteroaryl-, heteroarylalkyl-, heterocyclyl- and
heterocyclyalkyl-, with each of said alkyl-, alkenyl-
and alkynyl-, aryl-, arylalkyl-, alkylaryl-,
cycloalkyl-, cycloalkylalkyl-, heteroaryl-,
heteroarylalkyl-, heterocyclyl- and heterocyclyalkyl-
being unsubstituted or optionally independently
substituted with 1-3 substituents which can be the
same or different, each substituent being
independently selected from the group consisting of
the R2 1 moieties. In another embodiment R8 is
selected from the group consisting of H, alkyl,
cycloalkyl, aryl and heteroaryl, with each of said
alkyl, cycloalkyl, aryl and heteroaryl being
unsubstituted or optionally independently substituted
with 1-3 substituents which can be the same or
different, each substituent being 



independently selected from the group consisting of
the R2 1 moieties. In another embodiment R8 is
selected from the group consisting of H, alkyl,
cycloalkyl, aryl and heteroaryl, with each of said
alkyl, cycloalkyl, aryl and heteroaryl being
unsubstituted or optionally independently substituted
with 1-3 substituents which can be the same or
different, each substituent beingindependently
selected from the group consisting of halo, alkyl,
-CN, -NH2, -NH(alkyl), -N(alkyl) 2, hydroxy and alkoxy
groups. In another embodiment, R8 and R10 , together
with the carbon atom to which they are bound, form a
C4-C7 carbocyclic (e.g., cycloalkyl) ring, or a 4-7
membered heterocyclyl ring, or a C4-C7 carbocyclenyl
(e.g., cycloalkenyl) ring, or a 4-7 membered
heterocyclenyl ring; and wherein said carbocyclic
ring, heterocyclyl ring, carbocyclenyl ring, or
heterocyclenyl ring is optionally substituted with 1-5
independently selected R2 1 substituents. In another
embodiment, R8 and R10 , together with the carbon atom
to which they are bound, form a C4-C7 carbocyclic
(e.g., cycloalkyl) ring; and wherein said carbocyclic
ring is optionally substituted with 1-5 independently
selected R2 1 substituents. In another embodiment, R8
and R10 , together with the carbon atom to which they
are bound, form a 4-7 membered heterocyclyl ring; and
wherein said heterocyclyl ring is optionally
substituted with 1-5 independently selected R2 1
substituents. In another embodiment, R8 and R10 ,
together with the carbon atom to which they are bound,
form a C4-C7 carbocyclenyl (e.g., cycloalkenyl) ring;
and wherein said carbocyclenyl ring is optionally
substituted with 1-5 independently selected R2 1
substituents. In another embodiment, R8 and R10 ,
together with the carbon atom to which they are bound,
form a 4-7 membered heterocyclenyl ring; and wherein
said heterocyclenyl ring is optionally substituted
with 1-5 independently selected R2 1 substituents. In
another embodiment, U is C(R5) . In another
embodiment, U is N. In another embodiment R1 is H. In
another embodiment R1 is halo (e.g., Br). In another
embodiment, R2 is H. In another embodiment, R2 is
alkyl.In another embodiment, R2 is methyl. In another
embodiment, R2 is alkoxyalkyk In another embodiment,
R2 is 3-methoxypropyk In another embodiment, U is N
and R2 is 3-methoxypropyk In another embodiment, R2 is
arylalkyk In another embodiment R2 is selected from
the group consisting of: (a) alkyl, (b) alkyl
substituted with an -OR 15 group (e.g., -Oalkyl, such
as, for example, -OCH3) or a halo group (e.g., Cl),
(c) arylalkyl- substituted with an -OR 15 group (e.g.,
-Oalkyl, such as, for example, -OCH3) or a halo group
(e.g. F), (d) cycloalkyl (e.g., cyclopropyl), (e)
heterocycloalkyl (e.g., (e) cycloalkylalkyl-
substituted with a halo substituted alkyl (e.g.
wherein the halo substituted alkyl is -CH 2CI). In
another embodiment R2 is selected from the group
consisting of: H, -(CH2)3OCH3, -CH3, -CH2CH3,
-(CH2)2OCH3, -(CH2)2CH(CH3)2, -CH2CH(CH3)CH2CH3,
-CH2CH2CH3, In another embodiment R2 is selected from
the group consisting of: H, -(CHs)3OCH3, -CH3,
-CH2CH3, -(CH2)2OCH3, -(CH2)2CH(CH3)2,
-CH2CH(CH3)CH2CH3, -CH2CH2CH3,In another embodiment,
R2 is phenylmethyl-. In another embodiment, R2 is
(4-alkoxy)phenylmethyl-. In another embodiment, R2 is
(4-methoxy)phenylmethyl-. In another embodiment, R1 is
H. In another embodiment, R1 is alkyl. In another
embodiment, R1 is methyl. In another embodiment, R1
and R2 are joined together to form a cyclopentyl ring,
which is unsubstituted. In another embodiment, R1 and
R2 are joined together to form a cyclopentyl ring,
which is substituted with 1-3 substituents which can
be the same or different, each being independently
selected from the group consisting of halo, alkyl,
-CN, -NH2, -NH(alkyl), -N(alkyl) 2 hydroxy and alkoxy
groups. In another embodiment, R1 and R2 are joined
together to form a cyclohexyl ring, which is
unsubstituted. In another embodiment, R1 and R2 are
joined together to form a cyclohexyl ring, which is
substituted with 1-3 substituents which can be the
same or different, each being independently selected
from the group consisting of halo, alkyl, -CN, -NH2,
-NH(alkyl),-N(alkyl) 2, hydroxy and alkoxy groups. In
another embodiment, U is N, and R1 and R2 are joined
together to form a piperidinyl ring including the N of
U as the nitrogen of said piperidinyl ring, which is
unsubstituted.In another embodiment,, U is N, and R1
and R2 are joined together to form a piperidinyl ring
including the N of U as the nitrogen of said
piperidinyl ring, wherein said piperidinyl ring is
substituted with 1-3 substituents which can be the
same or different, each being independently selected
from the group consisting of halo, alkyl, -CN, -NH2,
-NH(alkyl), -N(alkyl)2, hydroxy and alkoxy groups. In
another embodiment, U is N, and R1 and R2 are joined
together to form a pyrrolidinyl ring including the N
of U as the nitrogen of said pyrrolidinyl ring, which
is unsubstituted. In another embodiment, U is N, and
R1 and R2 are joined together to form a pyrrolidinyl
ring including the N of U as the nitrogen of said
pyrrolidinyl ring, wherein said pyrrolidinyl ring is
substituted with 1-3 substituents which can be the
same or different, each being independently selected
from the group consisting of halo, alkyl, -CN, -NH2,
-NH(alkyl), -N(alkyl)2, hydroxy and alkoxy groups. In
another embodiment, U is N, and R1 and R2 are joined
together to form a piperazinyl ring including the N of
U as a nitrogen of said piperazinyl ring, which is
unsubstituted. In another embodiment,, U is N, and R1
and R2 are joined together to form a piperazinyl ring
including the N of U as a nitrogen of said piperazinyl
ring, wherein said piperazinyl ring is substituted
with 1-3 substituents which can be the same or
different, each being independently selected from the
group consisting of halo, alkyl, -CN, -NH2,
-NH(alkyl), -N(alkyl)2, hydroxy and alkoxy groups. In
another embodiment R6 is selected from the group
consisting of: H, alkyl (e.g. methyl), cycloalkyl
(e.g. cyclopropyl), -C(O)OR 15 (e.g. -C(O)OR 15
wherein R15 is H or alkyl), alkyl substituted with 1-3
halos (e.g. alkyl substituted with 1-3 F), -C(O)R 15
(e.g -C(O)R 15 wherein R15 is alkyl), and alkyl
substituted with -OR 15 (e.g. alkyl substituted with
-OR 15 wherein R15 is H or alkyl, such as, for
example, wherein R6 is -CH 2OH). In another
embodiment, R6 is H. In another embodiment, R6 is
alkyl. In another embodiment, R6 is methyl.In another
embodiment R6 is alkyl substituted with 1-5
independently selected R2 1 moieties. In another
embodiment R6 is alkyl substituted with one R2 1
moiety. In another embodiment R6 is alkyl substituted
with one R2 1 moiety, and said R2 1 moiety is -OR 15.
In another embodiment R6 is alkyl substituted with one
R2 1 moiety, said R2 1 moiety is -OR 15, and said R15
is selected from the group consisting of: H and alkyl.
In another embodiment R6 is alkyl substituted with one
R2 1 moiety, said R2 1 moiety is -OR 15 , and said R15
is H. In another embodiment R6 is alkyl substituted
with one R2 1 moiety, said R2 1 moiety is -OR 15 , and
said R15 is alkyl (e.g. methyl). In another embodiment
R6 is methyl substituted with 1-3 independently
selected R2 1 moieties. In another embodiment R6 is
methyl substituted with one R2 1 moiety. In another
embodiment R6 is methyl substituted with one R2 1
moiety, and said R2 1 moiety is -OR 15. In another
embodiment R6 is methyl substituted with one R2 1
moiety, said R2 1 moiety is -OR 15 , and said R15 is
selected from the group consisting of: H and alkyl. In
another embodiment R6 is methyl substituted with one
R21 moiety, said R2 1 moiety is -OR 15, and said R15
is H. In another embodiment R6 is methyl substituted
with one R2 1 moiety, said R2 1 moiety is -OR 15 , and
said R15 is alkyl (e.g. methyl). In another embodiment
R7 is selected from the group consisting of: (a) aryl
substituted with 1-3 R2 1 moieties (e.g. phenyl
substituted 1-3 halos, such as, 1-3 F), (b) aryl (e.g.
phenyl) substituted with -OR 15 wherein R15 is (i) an
alkyl substituted with 1-3 halos (e.g. F), or (ii)
alkyl, (c) aryl (e.g., phenyl), (d) aryl (e.g. phenyl)
substituted with alkyl wherein said alkyl is
substituted with 1-3 halos (e.g.,F), (e) aryl
substituted with aryl (e.g. -phenyl-phenyl), (f)
alkyl, (g) heteroaryl (e.g. thienyl or pyridyl), (h)
arylalkyl-, and (i) cycloalkyl). In another
embodiment, R7 is aryl. In another embodiment, R7 is
an unsubstituted phenyl. In another embodiment, R7 is
a phenyl which is substituted with 1-4 substituents
which can be the same or different, each substituent
being independently selected from the group consisting
of halo, alkyl, -CN, -NH2, -NH(alkyl), -N(alkyl) 2,
hydroxy, alkoxy, aryl and heteroaryl groups. In
another embodiment, R7 is phenyl substituted with 1-3
substituents which can be the same or different, each
substituent being independently selected from the
group consisting of halo, alkyl, -CN, -NH2,
-NH(alkyl), -N(alkyl) 2, hydroxy, alkoxy, aryl and
heteroaryl groups. In another embodiment, R7 is phenyl
substituted with 1-3 independently selected halos. In
another embodiment, R7 is phenyl substituted with 1-3
F. In another embodiment, R7 is phenyl substituted
with 1 F. In another embodiment R7 is p-CI-phenyl. In
another embodiment, R7 is unsubstituted naphthyl. In
another embodiment, R7 is naphthyl which is
substituted with 1-4 substituents which can be the
same or different, each substituent being
independently selected from the group consisting of
halo, alkyl, -CN, -NH2, -NH(alkyl), -N(alkyl) 2,
hydroxy, alkoxy, aryl and heteroaryl groups. In
another embodiment, R7 is unsubstituted biphenyl. In
another embodiment, R7 is biphenyl which is
substituted with 1-4 substituents which can be the
same or different, each substituent being
independently selected from the group consisting of
halo, alkyl, -CN, -NH2, -NH(alkyl), -N(alkyl) 2,
hydroxy and alkoxy groups. In another embodiment, R7
is R7 is 3-(1 , 1 '-biphenyl)-yl. In another
embodiment, R7 is R7 is 4-(1 ,1'-biphenyl)-yl.In
another embodiment, R6 is H and R7 is a biphenyl which
can be unsubstituted or optionally independently
substituted with 1-4 substituents which can be the
same or different, each substituent being
independently selected from the group consisting of
halo, alkyl, -CN, -NH2, -NH(alkyl), -N(alkyl)2,
hydroxy and alkoxy groups. In another embodiment, R6
is methyl, and R7 is a biphenyl which can be
unsubstituted or optionally independently substituted
with 1-4 substituents which can be the same or
different, each substituent being independently
selected from the group consisting of halo, alkyl,
-CN, -NH2, -NH(alkyl), -N(alkyl)2, hydroxy and alkoxy
groups. In another embodiment, R6 is H, and R7 is a
phenyl which can be unsubstituted or optionally
independently substituted with 1-4 substituents which
can be the same or different, each substituent being
independently selected from the group consisting of
halo, alkyl, -CN, -NH2, -NH(alkyl), -N(alkyl)2,
hydroxy and alkoxy groups. In another embodiment, R6
is methyl, and R7 is a biphenyl which can be
unsubstituted or optionally independently substituted
with 1-4 substituents which can be the same or
different, each substituent being independently
selected from the group consisting of halo, alkyl,
-CN, -NH2, -NH(alkyl), -N(alkyl)2, hydroxy and alkoxy
groups. In another embodiment, R6 and R7 are joined to
form a spirocyclic unit shown below: In another
embodiment, R6 and R7 are joined to form a spirocyclic
unit shown below:In another embodiment R6 is alkyl
substituted with 1-5 independently selected R21
moieties, and R7 is phenyl substituted with 1-3
substituents which can be the same or different, each
substituent being independently selected from the
group consisting of halo, alkyl, -CN, -NH2,
-NH(alkyl), -N(alkyl) 2, hydroxy, alkoxy, aryl and
heteroaryl groups. In another embodiment R6 is alkyl
substituted with one R2 1 moiety, and R7 is phenyl
substituted with 1-3 substituents which can be the
same or different, each substituent being
independently selected from the group consisting of
halo, alkyl, -CN, -NH2, -NH(alkyl), -N(alkyl) 2,
hydroxy, alkoxy, aryl and heteroaryl groups. In
another embodiment R6 is alkyl substituted with one R2
1 moiety, and R7 is phenyl substituted with 1-3
independently selected halos. In another embodiment R6
is alkyl substituted with one R2 1 moiety, and R7 is
phenyl substituted with 1-3 F. In another embodiment
R6 is alkyl substituted with one R2 1 moiety, and R7
is phenyl substituted with one F. In another
embodiment R6 is alkyl substituted with one R2 1
moiety, and said R2 1 moiety is -OR 15, and R7 is
phenyl substituted with 1-3 substituents which can be
the same or different, each substituent being
independently selected from the group consisting of
halo, alkyl, -CN, -NH2, -NH(alkyl), -N(alkyl) 2
hydroxy, alkoxy, aryl and heteroaryl groups. In
another embodiment R6 is alkyl substituted with one R2
1 moiety, and said R2 1 moiety is -OR 15 , and R7 is
phenyl substituted with 1-3 independently selected
halos.In another embodiment R6 is alkyl substituted
with one R2 1 moiety, and said R2 1 moiety is -OR 15 ,
and R7 is phenyl substituted with 1-3 independently
selected F. In another embodiment R6 is alkyl
substituted with one R2 1 moiety, and said R2 1 moiety
is -OR 15 , and R7 is phenyl one F. In another
embodiment R6 is alkyl substituted with one R2 1
moiety, said R2 1 moiety is -OR 15 , and said R15 is
selected from the group consisting of: H and alkyl,
and R7 is phenyl substituted with 1-3 substituents
which can be the same or different, each substituent
being independently selected from the group consisting
of halo, alkyl, -CN, -NH2, -NH(alkyl), -N(alkyl)2,
hydroxy, alkoxy, aryl and heteroaryl groups. In
another embodiment R6 is alkyl substituted with one R2
1 moiety, said R2 1 moiety is -OR 15 , and said R15 is
selected from the group consisting of: H and alkyl,
and R7 is phenyl substituted with 1-3 independently
selected halos. In another embodiment R6 is alkyl
substituted with one R2 1 moiety, said R2 1 moiety is
-OR 15 , and said R15 is selected from the group
consisting of: H and alkyl, and R7 is phenyl
substituted with 1-3 independently selected F. In
another embodiment R6 is alkyl substituted with one R2
1 moiety, said R2 1 moiety is -OR 15 , and said R15 is
selected from the group consisting of: H and alkyl,
and R7 is phenyl substituted with one F. In another
embodiment R6 is alkyl substituted with one R2 1
moiety, said R2 1 



moiety is -OR 15, and said R15 is H, and R7 is phenyl
substituted with 1-3 substituents which can be the
same or different, each substituent being
independently selected from the group consisting of
halo, alkyl, -CN, -NH2, - NH(alkyl), -N(alkyl)2,
hydroxy, alkoxy, aryl and heteroaryl groups. In
another embodiment R6 is alkyl substituted with one R2
1 moiety, said R2 1 moiety is -OR 15 , and said R15 is
H, and said R15 is selected from the group consisting
of: H and alkyl, and R7 is phenyl substituted with 1-3
independently selected halos.In another embodiment R6
is alkyl substituted with one R21 moiety, said R21
moiety is -OR 15, and said R15 is H, and said R15 is
selected from the group consisting of: H and alkyl,
and R7 is phenyl substituted with 1-3 independently
selected F. In another embodiment R6 is alkyl
substituted with one R21 moiety, said R2 1 moiety is
-OR 15 , and said R15 is H, and said R15 is selected
from the group consisting of: H and alkyl, and R7 is
phenyl substituted with one F. In another embodiment
R6 is alkyl substituted with one R2 1 moiety, said R2
1 moiety is -OR 15, and said R15 is alkyl (e.g.
methyl), and R7 is phenyl substituted with 1-3
substituents which can be the same or different, each
substituent being independently selected from the
group consisting of halo, alkyl, -CN, -NH2, -
NH(alkyl), -N(alkyl) 2, hydroxy, alkoxy, aryl and
heteroaryl groups. In another embodiment R6 is alkyl
substituted with one R2 1 moiety, said R2 1 moiety is
-OR 15 , and said R15 is alkyl (e.g. methyl), and R7
is phenyl substituted with 1-3 independently selected
halos. In another embodiment R6 is alkyl substituted
with one R2 1 moiety, said R21 moiety is -OR 15 , and
said R15 is alkyl (e.g. methyl), and R7 is phenyl
substituted with 1-3 independently selected F. In
another embodiment R6 is alkyl substituted with one R2
1 moiety, said R2 1 moiety is -OR 15 , and said R15 is
alkyl (e.g. methyl), and R7 is phenyl substituted with
one F. In another embodiment R6 is methyl substituted
with 1-3 independently selected R2 1 moieties, and R7
is phenyl substituted with 1-3 substituents which can
be the same or different, each substituent being
independently selected from the group consisting of
halo, alkyl, -CN, -NH2, -NH(alkyl), -N(alkyl)2,
hydroxy, alkoxy, aryl and heteroaryl groups. In
another embodiment R6 is methyl substituted with one
R2 1 moiety, and R7 is phenyl substituted with 1-3
substituents which can be the same or different, each
substituent being independently selected from the
group consisting of halo,alkyl, -CN, -NH2, -NH(alkyl),
-N(alkyl)2, hydroxy, alkoxy, aryl and heteroaryl
groups. In another embodiment R6 is methyl substituted
with one R2 1 moiety, and R7 is phenyl substituted
with 1-3 independently selected halos. In another
embodiment R6 is methyl substituted with one R2 1
moiety, and R7 is phenyl substituted with 1-3 F. In
another embodiment R6 is methyl substituted with one
R2 1 moiety, and R7 is phenyl substituted with one F.
In another embodiment R6 is methyl substituted with
one R2 1 moiety, and said R2 1 moiety is -OR 15 , and
R7 is phenyl substituted with 1-3 substituents which
can be the same or different, each substituent being
independently selected from the group consisting of
halo, alkyl, -CN, -NH2, -NH(alkyl), -N(alkyl) 2,
hydroxy, alkoxy, aryl and heteroaryl groups. In
another embodiment R6 is methyl substituted with one
R2 1 moiety, and said R2 1 moiety is -OR 15 , and R7
is phenyl substituted with 1-3 independently selected
halos. In another embodiment R6 is methyl substituted
with one R2 1 moiety, and said R2 1 moiety is -OR 15,
and R7 is phenyl substituted with 1-3 independently
selected F. In another embodiment R6 is methyl
substituted with one R2 1 moiety, and said R2 1 moiety
is -OR 15 , and R7 is phenyl one F. In another
embodiment R6 is methyl substituted with one R2 1
moiety, said R2 1 moiety is -OR 15, and said R15 is
selected from the group consisting of: H and alkyl,
and R7 is phenyl substituted with 1-3 substituents
which can be the same or different, each substituent
being independently selected from the group consisting
of halo, alkyl, -CN, -NH2, -NH(alkyl), -N(alkyl)2,
hydroxy, alkoxy, aryl and heteroaryl groups. In
another embodiment R6 is methyl substituted with one
R2 1 moiety, said R2 1 moiety is -OR 15 , and said R15
is selected from the group consisting of: H and alkyl,
and R7 is phenyl substituted with 1-3 independently
selected halos.In another embodiment R6 is methyl
substituted with one R2 1 moiety, said R2 1 moiety is
-OR 15 , and said R15 is selected from the group
consisting of: H and alkyl, and R7 is phenyl
substituted with 1-3 independently selected F. In
another embodiment R6 is methyl substituted with one
R2 1 moiety, said R2 1 moiety is -OR 15 , and said R15
is selected from the group consisting of: H and alkyl,
and R7 is phenyl substituted with one F. In another
embodiment R6 is methyl substituted with one R2 1
moiety, said R2 1 moiety is -OR 15 , and said R15 is
H, and R7 is phenyl substituted with 1-3 substituents
which can be the same or different, each substituent
being independently selected from the group consisting
of halo, alkyl, -CN, -NH2, - NH(alkyl), -N(alkyl) 2,
hydroxy, alkoxy, aryl and heteroaryl groups. In
another embodiment R6 is methyl substituted with one
R2 1 moiety, said R2 1 moiety is -OR 15 , and said R15
is H, and said R15 is selected from the group
consisting of: H and alkyl, and R7 is phenyl
substituted with 1-3 independently selected halos. In
another embodiment R6 is methyl substituted with one
R2 1 moiety, said R2 1 moiety is -OR 15 , and said R15
is H, and said R15 is selected from the group
consisting of: H and alkyl, and R7 is phenyl
substituted with 1-3 independently selected F. In
another embodiment R6 is methyl substituted with one
R2 1 moiety, said R2 1 moiety is -OR 15 , and said R15
is H, and said R15 is selected from the group
consisting of: H and alkyl, and R7 is phenyl,
substituted with one F. In another embodiment R6 is
methyl substituted with one R21 moiety, said R2 1
moiety is -OR 15, and said R15 is alkyl (e.g. methyl),
and R7 is phenyl substituted with 1-3 substituents
which can be the same or different, each substituent
being independently selected from the group consisting
of halo, alkyl, CN, -NH2, -NH(alkyl), -N(alkyl) 2,
hydroxy, alkoxy, aryl and heteroaryl groups. In
another embodiment R6 is methyl substituted with one
R21 moiety, said R2 1 moiety is -OR 15 , and said R15
is alkyl (e.g. methyl), and R7 is phenyl substituted
with 1-3 independently selected halos.In another
embodiment R6 is methyl substituted with one R2 1
moiety, said R21 moiety is -OR 15 , and said R15 is
alkyl (e.g. methyl), and R7 is phenyl substituted with
1-3 independently selected F. In another embodiment R6
is methyl substituted with one R2 1 moiety, said R21
moiety is -OR 15, and said R15 is alkyl (e.g. methyl),
and R7 is phenyl substituted with one F. In another
embodiment R6 is selected from the group consisting
of: H, methyl, cyclopropyl, -C(O)CH2CH3, -CHF2, -CF3,
-C(O)OCH3, -CH2OH, -CH2OCH3, -CH2OCH(CH3)2, -C(O)OH,
-C(CH3)3, -C(OH)(CH3)2, -C(O)CH3, -CH(CH3)OH,
-CH2C(OH)(CH3)2, -CH2CH2OH and In another embodiment
R7 is selected from the group consisting of:In another
embodiment R6 and R7 taken together with the carbon to
which they are bound form a spiro ring selected from
the group consisting of:In another embodiment R6 is
selected from the group consisting of: H, methyl,
cyclopropyl, -C(O)CH2CH3, -CHF2, -CF3, -C(O)OCH3,
-CH2OH, -CH2OCH3, -CH2OCH(CH3)2, -C(O)OH, -C(CH3)3,
-C(OH)(CH3)2, -C(O)CH3, -CH(CH3)OH, -CH2C(OH)(CH3)2,
-CH2CH2OH and and R7 is selected from the group
consisting of:In another embodiment, R8 is H. In
another embodiment, R8 is alkyl. In another
embodiment, R8 is methyl. In another embodiment, R10
is aryl. In another embodiment, R10 is phenyl.In
another embodiment R10 is aryl substituted with 1 to 3
independently selected R2 1 moieties. In another
embodiment R10 is aryl substituted with 1 to 3 R2 1
moieties, wherein each R2 1 moiety is the same or
different -OR 15 group. In another embodiment R10 is
aryl substituted with 1 R2 1 moiety. In another
embodiment R10 is aryl substituted with one R2 1
moiety, and said R21 moiety is -OR 15 . In another
embodiment R10 is aryl substituted with one R2 1
moiety, said R2 1 moiety is -OR 15 , and said R15 is
alkyl. In another embodiment R10 is aryl substituted
with one R2 1 moiety, said R2 1 moiety is -OR 15, said
R15 is alkyl, and said alkyl is methyl (i.e., said R2
1 moiety is -OCH 3) . In another embodiment R10 is
phenyl substituted with 1 to 3 independently selected
R2 1 moieties. In another embodiment R10 is phenyl
substituted with 1 to 3 R2 1 moieties, wherein each R2
1 moiety is the same or different -OR 15 group. In
another embodiment R10 is phenyl substituted with 1 R2
1 moiety. In another embodiment R10 is phenyl
substituted with one R2 1 moiety, and said R2 1 moiety
is -OR 15. In another embodiment R10 is phenyl
substituted with one R2 1 moiety, said R2 1 moiety is
-OR 15 , and said R15 is alkyl. In another embodiment
R10 is phenyl substituted with one R2 1 moiety, said
R2 1 moiety is -OR 15 , said R15 is alkyl, and said
alkyl is methyl (i.e., said R21 moiety is -OCH 3) . In
another embodiment R10 is: In another embodiment R10
is:wherein the - R10 -R9 moiety is: In another
embodiment R10 is aryl substituted with 1 to 3 R2 1
moieties, wherein each R2 1 moiety is the same or
different halo. In another embodiment R10 is aryl
substituted with 1 to 3 R2 1 moieties, wherein each R2
1 moiety is F. In another embodiment R10 is aryl
substituted with one R2 1 moiety, and said R2 1 moiety
is halo. In another embodiment R10 is aryl substituted
with one R2 1 moiety, said R2 1 moiety is -halo, and
said halo is F. In another embodiment R10 is phenyl
substituted with 1 to 3 R2 1 moieties, wherein each R2
1 moiety is the same or different halo. In another
embodiment R10 is phenyl substituted with 1 to 3 R2 1
moieties, wherein each R2 1 moiety is F. In another
embodiment R10 is phenyl substituted with one R2 1
moiety, and said R2 1 moiety is halo. In another
embodiment R10 is phenyl substituted with one R2 1
moiety, said R2 1 moiety is -halo, and said halo is F.
In another embodiment R10 is:In another embodiment R10
is: wherein the - R10-R9 moiety is: In another
embodiment, R10 is unsubstituted heteroaryl. In
another embodiment R10 is unsubstituted heteroaryl
wherein said heteroaryl is pyridyl. In another
embodiment R10 is: In another embodiment R10 is:
wherein the - R10-R9 moiety is:In another embodiment
R10 is selected from the group consisting of: In
another embodiment, R9 is unsubstituted heteroaryl. In
another embodiment of this invention R9 is selected
from the group consisting of heteroaryl and heteroaryl
substituted with 1-3 R2 1 groups, and wherein each R2
1 is independently selected. In another embodiment, R9
is heteroaryl which is substituted with 1-3
substituents which can be the same or different, each
substituent being independently selected from the
group consisting of halo, alkyl, CN, NH2, NH(alkyl),
N(alkyl)2, hydroxy and alkoxy groups. In another
embodiment of this invention R9 is selected from the
group consisting of imidazolyl and imidazolyl
substituted with 1-3 R2 1 groups, and wherein each R2
1 is independently selected. In another embodiment of
this invention R9 is imidazolyl substituted with 1- 3
R2 1 groups, and wherein each R2 1 is independently
selected. In another embodiment, R9 is imidazolyl
substituted with 1-3 substituents independently
selected from the group consisting of halo, alkyl, CN,
NH2, NH(alkyl), N(alkyl)2, hydroxy and alkoxy groups.
In another embodiment, R9 is imidazol-1-yl. In another
embodiment, R9 is 4-methyl-imidazol-1-yl. In another
embodiment, R9 is 5-chloro-4-methyl-imidazol-1-yl.In
another embodiment R10 is selected from the group
consisting of aryl and aryl substituted with one or
more R21 groups, and R9 is selected from the group
consisting of heteroaryl and heteroaryl substituted
with one or more R21 groups, and wherein each R2 1 is
independently selected. In another embodiment R10 is
selected from the group consisting of phenyl and
phenyl substituted with 1-3 independently selected R2
1 groups, and R9 is selected from the group consisting
of imidazolyl and imidazolyl substituted with 1- 3
independently selected R2 1 groups. In another
embodiment R10 is phenyl substituted with 1-3
independently selected R2 1 groups, and R9 is selected
from the group consisting of imidazolyl and imidazolyl
substituted with 1-3 independently selected R2 1
groups. In another embodiment R10 is selected from the
group consisting of heteroaryl and heteroaryl
substituted with 1-3 R2 1 groups, and the R9 group is
selected from the group consisting of heteroaryl and
heteroaryl substituted with 1- 3 R2 1 groups, and
wherein each R2 1 is independently selected. In
another embodiment R10 is selected from the group
consisting of pyridyl and pyridyl substituted with 1-3
R2 1 groups, and the R9 group is selected from the
group consisting of imidazolyl and imidazolyl
substituted with 1-3 R2 1 groups, and wherein each R2
1 is independently selected. In another embodiment R10
is pyridyl, and the R9 group is imidazolyl substituted
with 1-3 R2 1 groups, and wherein each R2 1 is
independently selected. In another embodiment the
R9-R10- moiety is: In another embodiment the R9-R10-
moiety is:In another embodiment the R9-R10- moiety is:
In another embodiment the R9-R10- moiety is: In
another embodiment the R9-R10- moiety is In another
embodiment R9-R10- moiety is:In another embodiment
R9-R10- moiety is: In another embodiment, the present
application discloses a compound, or pharmaceutically
acceptable salts, solvates, esters or prodrugs of said
compound, said compound having the general structure
shown in Formula: wherein the various moieties are
defined above. In another embodiment, the present
application discloses a compound, or pharmaceutically
acceptable salts, solvates, esters or prodrugs of said
compound, said compound having the general structure
shown in Formula :wherein the various moieties are
defined above. In another embodiment, the present
application discloses a compound, or pharmaceutically
acceptable salts, solvates, esters or prodrugs of said
compound, said compound having the general structure
shown in Formula: wherein the various moieties are
defined above. In another embodiment, the present
application discloses a compound, or pharmaceutically
acceptable salts, solvates, esters or prodrugs of said
compound, said compound having the general structure
shown in Formula: wherein the various moieties are
defined above. In another embodiment, the present
application discloses a compound, or 



pharmaceutically acceptable salts, solvates, esters or
prodrugs of said compound, said compound having the
general structure shown in Formula: wherein the
various moieties are defined above.In another
embodiment, this invention discloses a compound, or
pharmaceutically acceptable salts, solvates, esters or
prodrugs of said compound, said compound having the
general structure shown in the formula: wherein U is
N; R1 is H; R2 is alkyl; R6 is H; R7 is 3-(1
,1'-biphenyl)-yl; R8 is H; R10 is phenyl; and R9 is
imidazol-1-yl. In another embodiment, this invention
discloses a compound, or pharmaceutically acceptable
salts, solvates, esters or prodrugs of said compound,
said compound having the general structure shown in
the formula: wherein U is N; R1 is H; R2 is alkyl; R6
is H; R7 is phenyl; R8 is H;R10 is alkoxy-substituted
phenyl; and R9 is 4-methyl-imidazzol-i-yl. In another
embodiment, this invention discloses a compound, or
pharmaceutically acceptable salts, solvates, esters or
prodrugs of said compound, said compound having the
general structure shown in the formula: wherein U is
N; R1 is H; R2 is alkyl; R6 is H; R7 is
4-fluoro-phen-1-yl; R8 is H; R10 is phenyl; and R9 is
imidazol-1-yl. In another embodiment, this invention
discloses a compound, or pharmaceutically acceptable
salts, solvates, esters or prodrugs of said compound,
said compound having the general structure shown in
the formula: wherein U is N; R1 is H; R2 is methyl; R6
is H;R7 is 4-fluoro-phen-1-yl; R8 is H; R10 is phenyl;
and R9 is d-chloro^-methyl-imidazol-i-yl. In another
embodiment, this invention discloses a compound, or
pharmaceutically acceptable salts, solvates, esters or
prodrugs of said compound, said compound having the
general structure shown in the formula: wherein U is
N; R1 and R2 are connected to form a 5-membered ring;
R6 is H; R7 is 3-(1 , 1'-biphenyl)-yl; R8 is H; R10 is
phenyl; and R9 is imidazol-1-yl. In another
embodiment, this invention discloses a compound, or
pharmaceutically acceptable salts, solvates, esters or
prodrugs of said compound, said compound having the
general structure shown in the formula: wherein U is
N; R1 is H; R2 is alkyl;R6 and R7 are connected to
form a 5-membered spirocyclic ring wherein said
spirocyclic ring is fused with a benzo ring; R8 is H;
R10 is phenyl; and R9 is imidazol-1-yl. In another
embodiment, this invention discloses a compound, or
pharmaceutically acceptable salts, solvates, esters or
prodrugs of said compound, said compound having the
general structure shown in the formula: wherein U is
N; R1 is H; R2 is alkoxyalkyl; R6 is alkyl; R7 is
phenyl; R8 is H; R10 is phenyl; and R9 is
imidazol-1-yl. In another embodiment, this invention
discloses a compound, or pharmaceutically acceptable
salts, solvates, esters or prodrugs of said compound,
said compound having the general structure shown in
the formula: wherein U is N;R1 is H; R2 is arylalkyl;
R6 and R7 are connected to form a 5-membered
spirocyclic ring wherein said spirocyclic ring is
fused with a benzo ring; R8 is H; R10 is
alkoxy-substituted phenyl; and R9 is imidazol-1-yl. In
another embodiment, this invention discloses a
compound, or pharmaceutically acceptable salts,
solvates, esters or prodrugs of said compound, said
compound having the general structure shown in the
formula: wherein U is N; R1 is H; R2 is
(alkoxy)aryl-alkyl-; R6 and R7 are connected to form a
5-membered spirocyclic ring wherein said spirocyclic
ring is fused with a benzo ring; R8 is H; R10 is
(alkoxy-substituted)aryl; and R9 is imidazol-1-yl. In
another embodiment, this invention discloses a
compound, or pharmaceutically acceptable salts,
solvates, esters or prodrugs of said compound, said
compound having the general structure shown in the
formula:wherein U is N; R1 is H; R2 is alkoxy-alkyl-;
R6 is alkyl; R7 is phenyl substituted with halo; R8 is
H; R10 is (alkoxy-substituted)aryl; and R9 is
imidazol-1-yl. In another embodiment, this invention
discloses a compound, or pharmaceutically acceptable
salts, solvates, esters or prodrugs of said compound,
said compound having the general structure shown in
the formula: wherein U is N; R1 is H; R2 is
alkoxy-alkyl-; R6 is alkyl; R7 is phenyl substituted
with halo; R8 is H; R10 is (alkoxy-substituted)aryl;
and R9 is 4-alkyl-imidazol-1 -yl.In another
embodiment, this invention discloses a compound, or
pharmaceutically acceptable salts, solvates, esters or
prodrugs of said compound, said compound having the
general structure shown in the formula: wherein U is
N; R1 is H; R2 is alkoxy-alkyl-; R6 and R7 are
connected to form a 5-membered spirocyclic ring; R8 is
H; R10 is (alkoxy-substituted)aryl; and R9 is
4-alkyl-imidazol-1-yl. In another embodiment, this
invention discloses a compound, or pharmaceutically
acceptable salts, solvates, esters or prodrugs of said
compound, said compound having the general structure
shown in the formula: wherein U is N; R1 is H; R2 is
alkoxy-alkyl-; R6 and R7 are connected to form a
5-membered spirocyclic ring wherein said spirocyclic
ring is fused with a benzo ring; R8 is H; R10 is
(alkoxy-substituted)aryl; andR9 is
4-alkyl-imidazoM-yl. In another embodiment, this
invention discloses a compound, or pharmaceutically
acceptable salts, solvates, esters or prodrugs of said
compound, said compound having the general structure
shown in the formula: wherein U is N; R1 is H; R2 is
alkoxy-alkyl-; R6 and R7 are connected to form a
5-membered spirocyclic ring wherein said spirocyclic
ring is fused with a benzo ring; R8 is H; R10 is
(alkoxy-substituted)aryl; and R9 is
5-halo-4-alkyl-imidazol-1-yl. In another embodiment,
this invention discloses a compound, or
pharmaceutically acceptable salts, solvates, esters or
prodrugs of said compound, said compound having the
general structure shown in the formula: wherein U is
N; R1 is H; R2 is alkoxy-alkyl-; R6 and R7 are
connected to form a 5-membered spirocyclic ring; R8 is
H;R10 is (alkoxy-substituted)aryl; and R9 is
4-alkyl-imidazol-1-yl. In another embodiment, this
invention discloses a compound, or pharmaceutically
acceptable salts, solvates, esters or prodrugs of said
compound, said compound having the general structure
shown in the formula: wherein U is N; R1 is H; R2 is
alkoxy-alkyl-; R6 is alkyl; R7 is phenyl substituted
with halo; R8 is H; R10 is (alkoxy-substituted)aryl;
and R9 is 5-halo-4-alkyl-imidazol-1-yl. Other
embodiments are directed to any one of the above
embodiments wherein R1 and R8 cis to each other
instead of trans, that is the formulas above have the
moiety: Other embodiments are directed to any one of
the above embodiments wherein R6 has the
stereochemistry:Other embodiments are directed to any
one of the above embodiments wherein R7 has the
stereochemistry: Thus Other embodiments are directed
to any one of the above embodiments wherein R6 and R7
have the stereochemistry Other embodiments are
directed to any one of the above embodiments wherein
R6 and R7 have the stereochemistry An illustrative
group of compounds of the invention are shown in Table
1 (Compounds 1 to 9). Table 1 (Compounds 1 to
9)andRepresentative compounds of the invention also
include compounds 10 to 161 (Tables 3 to 13 below),
162 (Method M below), 163 (Method N below), and 164
(Method O below). Thus, one embodiment of this
invention is directed to a compound selected from the
group consisting of:
(8E)-5,6,7,8-TETRAHYDRO-8-[[3-METHOXY-4-(4-METHYL-1
H-IMIDAZOL-1-
YL)PHENYL]METHYLENE]-ALPHA,ALPHA-DIMETHYL-3-(3,4,5-
TRIFLUOROPHENYL)-3H-[1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE-3-METHANOL (ENANTIOMER
A) ; (-)(8E
)-3-(3-CHLORO-4-FLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3
- METHOXY-4-(4-METHYL-1
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-3- METHYL-3H-[1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE (ENANTIOMER);
(+)-(8'E)-6-FLUORO-2,3,5',6',7',8'-HEXAHYDRO-8'-[[3-ME
THOXY-4-(4-METHYLI
H-IMIDAZOL-i-YL)PHENYL]METHYLENE]SPIRO[4H-1-BENZOPYRAN
-4,3'- [3H][1 ,2,4]OXADIAZOLO[4,3-a]PYRIDINE]
(ENANTIOMER);
(8E)-3-(3,4-DIFLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-M
ETHOXY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-3-METHYL-3H- [ 1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE (ENANTIOMER A);
(8Z)-3(R)-(4-FLUOROPHENYL)-5,6-DIHYDRO-8-[[3-METHOXY-4
-(4-METHYL- 1H-IMIDAZOL-1
-YL)PHENYL]METHYLENE]-3,6(S)-DIMETHYL-3H,8H- [ 1
,2,4]OXADIAZOLO[3,4-c][1 ,4]OXAZINE;
(8Z)-3-(4-FLUOROPHENYL)-5,6-DIHYDRO-8-[[3-METHOXY-4-(4
-METHYL-1HIMIDAZOL-
1-YL)PHENYL]METHYLENE]-3,6,6-TRIMETHYL-3H,8H- [ 1
,2,4]OXADIAZOLO[3,4-c][1 ,4]OXAZINE;
(8E)-3-(3,5-DIFLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-M
ETHOXY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-3H- [ 1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE-3-METHANOL;(+)-(8E
)-5-FLUORO-2 >3,5',6',7'
8'-HEXAHYDRO-8'-[[3-METHOXY-4-(4-METHYL-
1H-IMIDAZOL-I-YL)PHENYL]METHYLENE]SPIRO[I H-INDENE-I
,3'- [3H][1 ,2,4]OXADIAZOLO[4,3-a]PYRIDINE]; (8E
)-6,8-DIFLUORO-2,3,5'
>6',7',8'-HEXAHYDRO-8'-[[3-METHOXY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]SPIRO[4H-IBENZOPYRAN-
4,3'-[3H][1 ,2,4]OXADIAZOLO[4 ,3-a] PYRIDINE]
(ENANTIOMER A);
(8Z)-3(R)-(4-FLUOROPHENYL)-5,6-DIHYDRO-8-[[3-METHOXY-4
-(4-METHYL- 1H-IMIDAZOL-1
-YL)PHENYL]METHYLENE]-3,6(R)-DIMETHYL-3H,8H- [ 1
,2,4]OXADIAZOLO[3,4-c][1 ,4]OXAZINE;
(8E)-5,6,7,8-TETRAHYDRO-8-[[3-METHOXY-4-(4-METHYL-1
H-IMIDAZOL-1-
YL)PHENYL]METHYLENE]-3-(3,4,5-TRIFLUOROPHENYL)-3H- [ 1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE-3-METHANOL (ENANTIOMER
A);
(8E)-3-(3,5-DIFLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-M
ETHOXY-4-(4- METHYL-1 H-IMIDAZOL-1
-YL)PHENYL]METHYLENE]-3-METHYL-3H- [ 1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE;
(-)-(8E)-5,6,7,8-TETRAHYDRO-8-[[3-METHOXY-4-(4-METHYL-
1 H-IMIDAZOL-1- YL)PHENYL]METHYLENE]-3-METHYL-3-
[4-(TRIFLUOROMETHOXY)PHENYL]- 3H-[1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE;
(8E)-3-(4-CHLOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-METHO
XY-4-(4- METHYL-1
H-IMIDAZOL-1-YL)PHENYL]METHYLENE]-3-METHYL-3H- 



[ 1 ,2,4]OXADIAZOLO[4,3-a]PYRIDINE;
(8E)-3-(4-FLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-METHO
XY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-3,6(R)-DIMETHYL-3H-
[ 1 ,2,4]OXADIAZOLO[4,3-a]PYRIDINE (SINGLE
DIASTEREOMER); (-)-(8E
)-5',6',7',8'-TETRAHYDRO-8'-[[3-METHOXY-4-(4-METHYL-1
H-IMIDAZOL-
1-YL)PHENYL]METHYLENE]-1-METHYLSPIRO[3H-INDOLE-3,3'-
[3H][1 ,2,4]OXADIAZOLO[4,3-a]PYRIDIN]-2(1 H)-ONE
(ENANTIOMER);
(8E)-3-(4-FLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-METHO
XY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-3-METHYL-3H- [ 1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE;
5-(4-FLUOROPHENYL)-3-[(E)-2-[3-METHOXY-4-(4-METHYL-1H-
IMIDAZOL-1-
YL)PHENYL]ETHENYL]-ALPHA,ALPHA,5-TRIMETHYL-I
,2,4-OXADIAZOLE- 4(5H)-ETHANOL;
(8E)-3-(4-FLUOROPHENYL)-5,6,7,8-TETRAHYDRO-3-(METHOXYM
ETHYL)-8-
[[3-METHOXY-4-(4-METHYL-1H-IMIDAZOL-I-YL)PHENYL]METHYL
ENE]-3H- [ 1,2,4]OXADIAZOLO[4,3-a]PYRIDINE;
(8E)-3-(4-FLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-METHO
XY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-ALPHA,ALPHADIMETHYL-
3H-[1 ,2,4]OXADIAZOLO[4,3-a]PYRIDINE-3-METHANOL
(ENANTIOMER A); (-)-(8E )-5-FLUORO-5'
6',7',8'-TETRAHYDRO-8'-[[3-METHOXY-4-(4-METHYL-
1H-IMIDAZOL-1-YL)PHENYL]METHYLENE]SPIRO[3H-INDOLE-3
3'- [3H][1 ,2,4]OXADIAZOLO[4,3-a]PYRIDIN]-2(1 H)-ONE;
(8E)-5,6,7,8-TETRAHYDRO-8-[[3-METHOXY-4-(4-METHYL-1
H-IMIDAZOL-1-
YL)PHENYL]METHYLENE]-3-(4-METHOXYPHENYL)-3-METHYL-3H-
[ 1,2,4]OXADIAZOLO[4,3-A]PYRIDINE (ENANTIOMER B);
(8E)-3-(4-FLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-METHO
XY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-3H- [1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE-3-METHANOL (ENANTIOMER
A);
(8E)-3-(2,4-DIFLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-M
ETHOXY-4-(4- METHYL-1 H-IMIDAZOL-1
-YL)PHENYL]METHYLENE]-3H- [
1,2,4]OXADIAZOLO[4,3-a]PYRIDINE-3-METHANOL;
(8E)-3-(4-FLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-METHO
XY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-ALPHA-METHYL-3H- [
1,2,4]OXADIAZOLO[4,3-A]PYRIDINE-3-METHANOL
(DIASTEREOMER 2); P H3
(8E)-5,6,7,8-TETRAHYDRO-8-[[3-METHOXY-4-(4-METHYL-1H-I
MIDAZOL-1-
YL)PHENYL]METHYLENE]-3-METHYL-3-(3,4,5-TRIFLUOROPHENYL
)-3H- [ 1 ,2,4]OXADIAZOLO[4,3-a]PYRIDINE (ENANTIOMER
A);(+)-(8E )-7-FLUORO-2
3,5',6',7',8'-HEXAHYDRO-8'-[[3-METHOXY-4-(4-METHYL-
1H-IMIDAZOL-1 -YL)PHENYL]METHYLENE]SPIRO [4H-I
-BENZOPYRAN-4,3'- [3H][1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE];
(8Z)-3(R)-(4-FLUOROPHENYL)-5,6-DIHYDRO-8-[[3-METHOXY-4
-(4-METHYLIH-
IMIDAZOL-I-YL)PHENYL]METHYLENE]-3-METHYL-3H,8H- [
1,2,4]OXADIAZOLO[3,4-c][1 ,4]OXAZINE;
(8E)-5,6,7,8-TETRAHYDRO-8-[[3-METHOXY-4-(4-METHYL-1
H-IMIDAZOL-1- YL)PHENYL]METHYLENE]-3-METHYL-3-
[4-(TRIFLUOROMETHYL)PHENYL]- 3H-[1
,2,4]OXADIAZOLO[4,3-A]PYRIDINE (ENANTIOMER B);
(8E)-3-(4-FLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-METHO
XY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-ALPHA-METHYL-3H- [ 1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE-3-METHANOL
(DIASTEREOMER 4);
(8E)-5,6,7,8-TETRAHYDRO-8-[[3-METHOXY-4-(4-METHYL-1
H-IMIDAZOL-1-
YL)PHENYL]METHYLENE]-ALPHA-METHYL-3-(3,4,5-TRIFLUOROPH
ENYL)-3H- [ 1,2,4]OXADIAZOLO[4,3-a]PYRIDINE-3-METHANOL
(DIASTEREOMER 2); and (+)-(8E
)-2,3,5',6',7',8'-HEXAHYDRO-8'-[[3-METHOXY-4-(4-METHYL
-1 HIMIDAZOL-
1-YL)PHENYL]METHYLENE]SPIRO[4H-1-BENZOPYRAN-4,3'-
[3H][1 ,2,4]OXADIAZOLO[4,3-a]PYRIDINE] (ENANTIOMER B).
Another embodiment of this invention is directed to
the
compound:(8E)-5,6,7,8-TETRAHYDRO-8-[[3-METHOXY-4-(4-ME
THYL-1 H-IMIDAZOL-1-
YL)PHENYL]METHYLENE]-ALPHA,ALPHA-DIMETHYL-3-(3,4,5-
TRIFLUOROPHENYL)-3H-[1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE-3-METHANOL (ENANTIOMER
A) . Another embodiment of this invention is directed
to the compound:
(-)-(8E)-3-(3-CHLORO-4-FLUOROPHENYL)-5,6,7,8-TETRAHYDR
O-8-[[3- METHOXY-4-(4-METHYL-1 H-IMIDAZOL-1
-YL)PHENYL]METHYLENE]-3- METHYL-3H-[1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE (ENANTIOMER). Another
embodiment of this invention is directed to the
compound:(+)-(8'E)-6-FLUORO-2,3,5',6',7',8'-HEXAHYDRO-
8'-[[3-METHOXY-4-(4-METHYL-
1H-IMIDAZOL-1-YL)PHENYL]METHYLENE]SPIRO[4H-1-BENZOPYRA
N-4,3'- [3H][1 ,2,4]OXADIAZOLO[4,3-a]PYRIDINE]
(ENANTIOMER). Another embodiment of this invention is
directed tothe compound:
(8E)-3-(3,4-DIFLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-M
ETHOXY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-3-METHYL-3H- [ 1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE (ENANTIOMER A). Another
embodiment of this invention is directed to the
compound: CH3
(8Z)-3(R)-(4-FLUOROPHENYL)-5,6-DIHYDRO-8-[[3-METHOXY-4
-(4-METHYL-
1H-IMIDAZOL-1-YL)PHENYL]METHYLENE]-3,6(S)-DIMETHYL-3H,
8H- [ 1,2,4]OXADIAZOLO[3,4-c][1 ,4]OXAZINE.Another
embodiment of this invention is directed to the
compound:
(8Z)-3-(4-FLUOROPHENYL)-5,6-DIHYDRO-8-[[3-METHOXY-4-(4
-METHYL-1HIMIDAZOL-
1-YL)PHENYL]METHYLENE]-3,6,6-TRIMETHYL-3H,8H- [1
,2,4]OXADIAZOLO[3,4-c][1 ,4]OXAZINE. Another
embodiment of this invention is directed to the
compound:
(8E)-3-(3,5-DIFLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-M
ETHOXY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-3H-
[1,2,4]OXADIAZOLO[4,3-a]PYRIDINE-3-METHANOL Another
embodiment of this invention is directed to the
compound:(+)-(8E
)-5-FLUORO-2,3,5',6',7',8'-HEXAHYDRO-8'-[[3-METHOXY-4-
(4-METHYL- 1H-IMIDAZOL-1-YL)PHENYL]METHYLENE]SPIRO[1
H-INDENE-1 ,3'- [3H][1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE]. Another embodiment of
this invention is directed to the compound: (8E
)-6,8-DIFLUORO-2,3,5',6',7',8'-HEXAHYDRO-8'-[[3-METHOX
Y-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]SPIRO
[4H-IBENZOPYRAN- 4,3'-[3H][1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE] (ENANTIOMER A).
Another embodiment of this invention is directed to
the
compound:(8Z)-3(R)-(4-FLUOROPHENYL)-5,6-DIHYDRO-8-[[3-
METHOXY-4-(4-METHYL-
1H-IMIDAZOL-1-YL)PHENYL]METHYLENE]-3,6(R)-DIMETHYL-3H,
8H- [ 1 ,2,4]OXADIAZOLO[3,4-c][1 ,4]OXAZINE. Another
embodiment of this invention is directed to the
compound:
(8E)-5,6,7,8-TETRAHYDRO-8-[[3-METHOXY-4-(4-METHYL-1
H-IMIDAZOL-1-
YL)PHENYL]METHYLENE]-3-(3,4,5-TRIFLUOROPHENYL)-3H- [
1,2,4]OXADIAZOLO[4,3-a]PYRIDINE-3-METHANOL (ENANTIOMER
A). Another embodiment of this invention is directed
to the compound:
(8E)-3-(3,5-DIFLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-M
ETHOXY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-3-METHYL-3H- [
1,2,4]OXADIAZOLO[4,3-a]PYRIDINE.Another embodiment of
this invention is directed to the compound: (-)-(8E)-5
t6 7,8-TETRAHYDRO-8-[[3-METHOXY-4-(4-METHYL-1
H-IMIDAZOL-1- YL)PHENYL]METHYLENE]-3-METHYL-3-
[4-(TRIFLUOROMETHOXY)PHENYL]- 3H-[1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE. Another embodiment of
this invention is directed to the compound:
(8E)-3-(4-CHLOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-METHO
XY-4-(4- METHYL-1 H-IMIDAZOL-1
-YL)PHENYL]METHYLENE]-3-METHYL-3H- [ 1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE. Another embodiment of
this invention is directed to the
compound:(8E)-3-(4-FLUOROPHENYL)-5,6,7
8-TETRAHYDRO-8-[[3-METHOXY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-S^(R)-DIMETHYL-3H- [
1,2,4]OXADIAZOLO[4,3-a]PYRIDINE (SINGLE DIASTEREOMER).
Another embodiment of this invention is directed to
the compound: (-)-(8E
)-5',6',7',8'-TETRAHYDRO-8'-[[3-METHOXY-4-(4-METHYL-1
H-IMIDAZOL-
1-YL)PHENYL]METHYLENE]-I-METHYLSPIRO[3H-INDOLE-3,3'-
[3H][1 ,2,4]OXADIAZOLO[4,3-a]PYRIDIN]-2(1 H)-ONE
(ENANTIOMER). Another embodiment of this invention is
directed to the compound:
(8E)-3-(4-FLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-METHO
XY-4-(4- METHYL-1 H-IMIDAZOL-1
-YL)PHENYL]METHYLENE]-3-METHYL-3H- [
1,2,4]OXADIAZOLO[4,3-a]PYRIDINE. Another embodiment of
this invention is directed to the
compound:5-(4-FLUOROPHENYL)-3-[(E)-2-[3-METHOXY-4-(4-M
ETHYL-1H-IMIDAZOL-1-
YL)PHENYL]ETHENYL]-ALPHA,ALPHA,5-TRIMETHYL-I
,2,4-OXADIAZOLE- 4(5H)-ETHANOL. Another embodiment of
this invention is directed to the compound:
(8E)-3-(4-FLUOROPHENYL)-5,6,7,8-TETRAHYDRO-3-(METHOXYM
ETHYL)-3-
[[3-METHOXY-4-(4-METHYL-1H-IMIDAZOL-I-YL)PHENYL]METHYL
ENE]-3H- [ 1,2,4]OXADIAZOLO[4,3-a]PYRIDINE. Another
embodiment of this invention is directed to the
compound:(8E)-3-(4-FLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-
[[3-METHOXY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-ALPHA,ALPHADIMETHYL-
3H-[1 ,2,4]OXADIAZOLO[4,3-a]PYRIDINE-3-METHANOL
(ENANTIOMER A). Another embodiment of this invention
is directed to the compound: (-)-(8E
)-5-FLUORO-5',6',7',8'-TETRAHYDRO-8'-[[3-METHOXY-4-(4-
METHYL-
1H-IMIDAZOL-1-YL)PHENYL]METHYLENE]SPIRO[3H-INDOLE-3,3'
- [3H][1 ,2,4]OXADIAZOLO[4,3-a]PYRIDIN]-2(1 H)-ONE.
Another embodiment of this invention is directed to
the compound:
(8E)-5,6,7,8-TETRAHYDRO-8-[[3-METHOXY-4-(4-METHYL-1
H-IMIDAZOL-1- YL)PHENYL]METHYLENE]-3-
(4-METHOXYPHENYL)-3-METHYL-3H- [
1,2,4]OXADIAZOLO[4,3-A]PYRIDINE (ENANTIOMER B).Another
embodiment of this invention is directed to the
compound:
(8E)-3-(4-FLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-METHO
XY-4-(4- METHYL-1 H-IMIDAZOL-1
-YL)PHENYL]METHYLENE]-3H-
[1,2,4]OXADIAZOLO[4,3-a]PYRIDINE-3-METHANOL
(ENANTIOMER A). Another embodiment of this invention
is directed to the compound:
(8E)-3-(2,4-DIFLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-[[3-M
ETHOXY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-3H- [
1,2,4]OXADIAZOLO[4,3-a]PYRIDINE-3-METHANOL. Another
embodiment of this invention is directed to the
compound:(8E)-3-(4-FLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-
[[3-METHOXY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-ALPHA-METHYL-3H- [
1,2,4]OXADIAZOLO[4,3-A]PYRIDINE-3-METHANOL
(DIASTEREOMER 2). Another embodiment of this invention
is directed to the compound: PH3
(8E)-5,6,7,8-TETRAHYDRO-8-[[3-METHOXY-4-(4-METHYL-1
H-IMIDAZOL-1-
YL)PHENYL]METHYLENE]-3-METHYL-3-(3,4,5-TRIFLUOROPHENYL
)-3H- [ 1,2,4]OXADIAZOLO[4,3-a]PYRIDINE (ENANTIOMER
A). Another embodiment of this invention is directed
to the compound: (+M8 E )-7-FLUORO-2
3,5',6\7',8'-HEXAHYDRO-8'-[[3-METHOXY-4-(4-METHYL-
1H-IMIDAZOL-1 -YL)PHENYL]METHYLENE]SPIRO [4H-I
-BENZOPYRAN-4,3'- [3H][1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE].Another embodiment of
this invention is directed to the compound:
(8Z)-3(R)-(4-FLUOROPHENYL)-5,6-DIHYDRO-8-[[3-METHOXY-4
-(4-METHYL- 1H-IMIDAZOL-1
-YL)PHENYL]METHYLENE]-3-METHYL-3H,8H- [ 1
,2,4]OXADIAZOLO[3,4-c][1 ,4]OXAZINE. Another
embodiment of this invention is directed to the
compound:
(8E)-5,6,7,8-TETRAHYDRO-8-[[3-METHOXY-4-(4-METHYL-1
H-IMIDAZOL-1- YL)PHENYL]METHYLENE]-3-METHYL-3-
[4-(TRIFLUOROMETHYL)PHENYL]- 3H-[1
,2,4]OXADIAZOLO[4,3-A]PYRIDINE (ENANTIOMER B) Another
embodiment of this invention is directed to the
compound:(8E)-3-(4-FLUOROPHENYL)-5,6,7,8-TETRAHYDRO-8-
[[3-METHOXY-4-(4- METHYL-I
H-IMIDAZOL-I-YL)PHENYL]METHYLENE]-ALPHA-METHYL-3H- [
1,2,4]OXADIAZOLO[4,3-a]PYRIDINE-3-METHANOL
(DIASTEREOMER 4). Another embodiment of this invention
is directed to the compound:
(8E)-5,6,7,8-TETRAHYDRO-8-[[3-METHOXY-4-(4-METHYL-1
H-IMIDAZOL-1-
YL)PHENYL]METHYLENE]-ALPHA-METHYL-3-(3,4,5-TRIFLUOROPH
ENYL)-3H- [ 1,2,4]OXADIAZOLO[4,3-a]PYRIDINE-3-METHANOL
(DIASTEREOMER 2). Another embodiment of this invention
is directed to the compound: (+)-(8E
)-2,3,5',6',7',8'-HEXAHYDRO-8'-[[3-METHOXY-4-(4-METHYL
-1 HIMIDAZOL- 1 -YL)PHENYL]METHYLENE]SPIRO [4H-I
-BENZOPYRAN-4,3' [3H][1
,2,4]OXADIAZOLO[4,3-a]PYRIDINE] (ENANTIOMER B).Another
embodiment of this invention is directed to Compound 1
(see Table 2). Another embodiment of this invention is
directed to Compound 2 (see Table 2). Another
embodiment of this invention is directed to Compound 3
(see Table 2). Thus, another embodiment of this
invention is directed to Compound 4 (see Table 2).
Another embodiment of this invention is directed to
Compound 5 (see Table 2). Another embodiment of this
invention is directed to Compound 6 (see Table 2).
Another embodiment of this invention is directed to
Compound 7 (see Table 2). Another embodiment of this
invention is directed to Compound 8 (see Table 2).
Another embodiment of this invention is directed to
Compound 9 (see Table 2). Another embodiment of this
invention is directed to Compound 10 (see Table 3).
Another embodiment of this invention is directed to
Compound 11 (see Table 3). Another embodiment of this
invention is directed to Compound 12 (see Table 3).
Another embodiment of this invention is directed to
Compound 13 (see Table 3). Another embodiment of this
invention is directed to Compound 14 (see Table 3).
Another embodiment of this invention is directed to
Compound 15 (see Table 3).Another embodiment of this
invention is directed to Compound 16 (see Table 3).
Another embodiment of this invention is directed to
Compound 17 (see Table 3). Another embodiment of this
invention is directed to Compound 18 (see Table 3).
Another embodiment of this invention is directed to
Compound 19 (see Table 3). Another embodiment of this
invention is directed to Compound 20 (see Table 3).
Another embodiment of this invention is directed to
Compound 2 1 (see Table 3). Another embodiment of this
invention is directed to Compound 22 (see Table 3).
Another embodiment of this invention is directed to
Compound 23 (see Table 3). Another embodiment of this
invention is directed to Compound 24 (see Table 3).
Another embodiment of this invention is directed to
Compound 25 (see Table 3). Another embodiment of this
invention is directed to Compound 26 (see Table 3).
Another embodiment of this invention is directed to
Compound 27 (see Table 3). 



Another embodiment of this invention is directed to
Compound 28 (see Table 3). Another embodiment of this
invention is directed to Compound 29 (see Table 3).
Another embodiment of this invention is directed to
Compound 30 (see Table 3).Another embodiment of this
invention is directed to Compound 3 1 (see Table 3).
Another embodiment of this invention is directed to
Compound 32 (see Table 3). Another embodiment of this
invention is directed to Compound 33 (see Table 3).
Another embodiment of this invention is directed to
Compound 34 (see Table 3). Another embodiment of this
invention is directed to Compound 35 (see Table 3).
Another embodiment of this invention is directed to
Compound 36 (see Table 3). Another embodiment of this
invention is directed to Compound 37 (see Table 3).
Another embodiment of this invention is directed to
Compound 38 (see Table 3). Another embodiment of this
invention is directed to Compound 39 (see Table 3).
Another embodiment of this invention is directed to
Compound 40 (see Table 3). Another embodiment of this
invention is directed to Compound 4 1 (see Table 3).
Another embodiment of this invention is directed to
Compound 420 (see Table 3). Another embodiment of this
invention is directed to Compound 43 (see Table 3).
Another embodiment of this invention is directed to
Compound 44 (see Table 3). Another embodiment of this
invention is directed to Compound 45 (see Table
3).Another embodiment of this invention is directed to
Compound 46 (see Table 3). Another embodiment of this
invention is directed to Compound 47 (see Table 3).
Another embodiment of this invention is directed to
Compound 48 (see Table 3). Another embodiment of this
invention is directed to Compound 49 (see Table 3).
Another embodiment of this invention is directed to
Compound 50 (see Table 4). Another embodiment of this
invention is directed to Compound 5 1 (see Table 4).
Another embodiment of this invention is directed to
Compound 52 (see Table 4). Another embodiment of this
invention is directed to Compound 53 (see Table 4).
Another embodiment of this invention is directed to
Compound 54 (see Table 4). Another embodiment of this
invention is directed to Compound 55 (see Table 4).
Another embodiment of this invention is directed to
Compound 56 (see Table 4). Another embodiment of this
invention is directed to Compound 57 (see Table 4).
Another embodiment of this invention is directed to
Compound 58 (see Table 4). Another embodiment of this
invention is directed to Compound 59 (see Table 4).
Another embodiment of this invention is directed to
Compound 60 (see Table 4).Another embodiment of this
invention is directed to Compound 6 1 (see Table 4).
Another embodiment of this invention is directed to
Compound 62 (see Table 4). Another embodiment of this
invention is directed to Compound 63 (see Table 4).
Another embodiment of this invention is directed to
Compound 64 (see Table 4). Another embodiment of this
invention is directed to Compound 65 (see Table 4).
Another embodiment of this invention is directed to
Compound 66 (see Table 4). Another embodiment of this
invention is directed to Compound 67 (see Table 4).
Another embodiment of this invention is directed to
Compound 68 (see Table 4). Another embodiment of this
invention is directed to Compound 69 (see Table 4).
Another embodiment of this invention is directed to
Compound 70 (see Table 4). Another embodiment of this
invention is directed to Compound 7 1 (see Table 4).
Another embodiment of this invention is directed to
Compound 72 (see Table 4). Another embodiment of this
invention is directed to Compound 73 (see Table 4).
Another embodiment of this invention is directed to
Compound 74 (see Table 4). Another embodiment of this
invention is directed to Compound 75 (see Table
4).Another embodiment of this invention is directed to
Compound 76 (see Table 4). Another embodiment of this
invention is directed to Compound 77 (see Table 4).
Another embodiment of this invention is directed to
Compound 78 (see Table 4). Another embodiment of this
invention is directed to Compound 79 (see Table 4).
Another embodiment of this invention is directed to
Compound 80 (see Table 4). Another embodiment of this
invention is directed to Compound 8 1 (see Table 4).
Another embodiment of this invention is directed to
Compound 82 (see Table 4). Another embodiment of this
invention is directed to Compound 83 (see Table 4).
Another embodiment of this invention is directed to
Compound 84 (see Table 4). Another embodiment of this
invention is directed to Compound 85 (see Table 4).
Another embodiment of this invention is directed to
Compound 86 (see Table 5). Another embodiment of this
invention is directed to Compound 87 (see Table 5).
Another embodiment of this invention is directed to
Compound 88 (see Table 5). Another embodiment of this
invention is directed to Compound 89 (see Table 5).
Another embodiment of this invention is directed to
Compound 90 (see Table 5).Another embodiment of this
invention is directed to Compound 9 1 (see Table 5).
Another embodiment of this invention is directed to
Compound 92 (see Table 5). Another embodiment of this
invention is directed to Compound 93 (see Table 5).
Another embodiment of this invention is directed to
Compound 94 (see Table 5). Another embodiment of this
invention is directed to Compound 95 (see Table 5).
Another embodiment of this invention is directed to
Compound 96 (see Table 5). Another embodiment of this
invention is directed to Compound 97 (see Table 6).
Another embodiment of this invention is directed to
Compound 98 (see Table 6). Another embodiment of this
invention is directed to Compound 99 (see Table 6).
Another embodiment of this invention is directed to
Compound 100 (see Table 6). Another embodiment of this
invention is directed to Compound 101 (see Table 7).
Another embodiment of this invention is directed to
Compound 102 (see Table 7). Another embodiment of this
invention is directed to Compound 103 (see Table 8).
Another embodiment of this invention is directed to
Compound 104 (see Table 8). Another embodiment of this
invention is directed to Compound 105 (see Table
8).Another embodiment of this invention is directed to
Compound 106 (see Table 8). Another embodiment of this
invention is directed to Compound 107 (see Table 9).
Another embodiment of this invention is directed to
Compound 108 (see Table 9). Another embodiment of this
invention is directed to Compound 109 (see Table 9).
Another embodiment of this invention is directed to
Compound 110 (see Table 10). Another embodiment of
this invention is directed to Compound 111 (see Table
10). Another embodiment of this invention is directed
to Compound 112 (see Table 10). Another embodiment of
this invention is directed to Compound 113 (see Table
10). Another embodiment of this invention is directed
to Compound 114 (see Table 10). Another embodiment of
this invention is directed to Compound 115 (see Table
10). Another embodiment of this invention is directed
to Compound 116 (see Table 10). Another embodiment of
this invention is directed to Compound 117 (see Table
11) . Another embodiment of this invention is directed
to Compound 118 (see Table 11) . Another embodiment of
this invention is directed to Compound 119 (see Table
11) . Another embodiment of this invention is directed
to Compound 120 (see Table 11) .Another embodiment of
this invention is directed to Compound 121 (see Table
11) . Another embodiment of this invention is directed
to Compound 122 (see Table 4). Another embodiment of
this invention is directed to Compound 123 (see Table
4). Another embodiment of this invention is directed
to Compound 124 (see Table 11) . Another embodiment of
this invention is directed to Compound 125 (see Table
11) . Another embodiment of this invention is directed
to Compound 126 (see Table 11) . Another embodiment of
this invention is directed to Compound 127 (see Table
11) . Another embodiment of this invention is directed
to Compound 128 (see Table 11) . Another embodiment of
this invention is directed to Compound 129 (see Table
11) . Another embodiment of this invention is directed
to Compound 130 (see Table 11) . Another embodiment of
this invention is directed to Compound 131 (see Table
11) . Another embodiment of this invention is directed
to Compound 132 (see Table 11) . Another embodiment of
this invention is directed to Compound 133 (see Table
11) . Another embodiment of this invention is directed
to Compound 134 (see Table 11) . Another embodiment of
this invention is directed to Compound 135 (see Table
11) .Another embodiment of this invention is directed
to Compound 136 (see Table 11) . Another embodiment of
this invention is directed to Compound 137 (see Table
11) . Another embodiment of this invention is directed
to Compound 138 (see Table 11) . Another embodiment of
this invention is directed to Compound 139 (see Table
12). Another embodiment of this invention is directed
to Compound 140 (see Table 12). Another embodiment of
this invention is directed to Compound 141 (see Table
12). Another embodiment of this invention is directed
to Compound 142 (see Table 12). 



Another embodiment of this invention is directed to
Compound 143 (see Table 12). Another embodiment of
this invention is directed to Compound 144 (see Table
12). Another embodiment of this invention is directed
to Compound 145 (see Table 12). Another embodiment of
this invention is directed to Compound 146 (see Table
12). Another embodiment of this invention is directed
to Compound 147 (see Table 12). Another embodiment of
this invention is directed to Compound 148 (see Table
12). Another embodiment of this invention is directed
to Compound 149 (see Table 12). Another embodiment of
this invention is directed to Compound 150 (see Table
12).Another embodiment of this invention is directed
to Compound 151 (see Table 12). Another embodiment of
this invention is directed to Compound 152 (see Table
12). Another embodiment of this invention is directed
to Compound 153 (see Table 12). Another embodiment of
this invention is directed to Compound 154 (see Table
12). Another embodiment of this invention is directed
to Compound 155 (see Table 12). Another embodiment of
this invention is directed to Compound 156 (see Table
12). Another embodiment of this invention is directed
to Compound 157 (see Table 12). Another embodiment of
this invention is directed to Compound 158 (see Table
13). Another embodiment of this invention is directed
to Compound 159 (see Table 13). Another embodiment of
this invention is directed to Compound 160 (see Table
13). Another embodiment of this invention is directed
to Compound 161 (see Table 13). Another embodiment of
this invention is directed to Compound 162 (see Method
M). Another embodiment of this invention is directed
to Compound 163 (see Method N). Another embodiment of
this invention is directed to Compound 164 (see Method
O).Other embodiments of this invention are directed to
pharmaceutically acceptable salts of any one of the
embodiments above directed to any one of compounds 1
to 164. Other embodiments of this invention are
directed to pharmaceutically acceptable esters of any
one of the embodiments above directed to any one of
compounds 1 to 164. Other embodiments of this
invention are directed to solvates of any one of the
embodiments above directed to any one of compounds 1
to 164. One embodiment of this invention is directed
to a compound of formula I . Another embodiment of
this invention is directed to a pharmaceutically
acceptable salt of a compound of formula I. Another
embodiment of this invention is directed to a
pharmaceutically acceptable ester of a compound of
formula I. Another embodiment of this invention is
directed to a solvate of a compound of formula I .
Another embodiment of this invention is directed to a
compound of formula I in isolated form. Another
embodment of this invention is directed to a compound
of formula I in pure form. Another embodiment of this
invention is directed to a compound of formula I in
pure and isolated form. Another embodiment of this
invention is directed to a pharmaceutical composition
comprising an effective amount of one or more (e.g.,
one) compounds of formula I and a pharmaceutically
acceptable carrier. Another embodiment of this
invention is directed to a pharmaceutical composition
comprising an effective amount of a pharmaceutically
acceptable salt of one or more (e.g., one) compounds
of formula I and a pharmaceutically acceptable
carrier. Another embodiment of this invention is
directed to a pharmaceutical composition comprising an
effective amount of a pharmaceutically acceptableester
of one or more (e.g., one) compounds of formula I and
a pharmaceutically acceptable carrier. Another
embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of a solvate of one or more (e.g., one)
compounds of formula I and a pharmaceutically
acceptable carrier. Another embodiment of this
invention is directed to a pharmaceutical composition
comprising an effective amount of one or more (e.g.,
one) compounds of formula I , and an effective amount
of one or more (e.g., one) other pharmaceutically
active ingredients (e.g.,) drugs, and a
pharmaceutically acceptable carrier. Examples of the
other pharmaceutically active ingredients include, but
are not limited to drugs selected form the group
consisting of: (a) drugs useful for the treatment of
Alzheimer's disease, (b) drugs useful for inhibiting
the deposition of amyloid protein (e.g., amyloid beta
protein) in, on or around neurological tissue (e.g.,
the brain), (c) drugs useful for treating
neurodegenerative diseases, and (d) drugs useful for
inhibiting gamma-secretase. Another embodiment of this
invention is directed to a pharmaceutical composition
comprising an effective amount of one or more (e.g.,
one) compounds of formula I, and effective amount of
one or more BACE inhibitors, and a pharmaceutically
acceptable carrier. Another embodiment of this
invention is directed to a pharmaceutical composition
comprising an effective amount of one or more (e.g.,
one) compounds of formula I, and effective amount of
one or more cholinesterase inhibitors (e.g., acetyl-
and/or butyrylchlolinesterase inhibitors), and a
pharmaceutically acceptable carrier. The compounds of
formula I can be useful as gamma secretase modulators
and can be useful in the treatment and prevention of
diseases such as, for example, central nervous system
disorders such as Alzheimers disease and Downs
Syndrome. Thus, another embodiment of this invention
is directed to a method for modulating (including
inhibiting, antagonizing and the like)
gamma-secretasecomprising administering an effective
amount of one or more (e.g., one) compounds of formula
I to a patient in need of such treatment. Another
embodiment of this invention is directed to a method
for modulating (including inhibiting, antagonizing and
the like) gamma-secretase, comprising administering an
effective amount of a compound of formula I to a
patient in need of treatment. Another embodiment of
this invention is directed to a method of treating one
or more neurodegenerative diseases, comprising
administering an effective amount of one or more
(e.g., one) compounds of formula I to a patient in
need of treatment. Another embodiment of this
invention is directed to a method of treating one or
more neurodegenerative diseases, comprising
administering an effective amount of a compound of
formula I to a patient in need of treatment. Another
embodiment of this invention is directed to a method
of inhibiting the deposition of amyloid protein (e.g.,
amyloid beta protein) in, on or around neurological
tissue (e.g., the brain), comprising administering an
effective amount of one or more (e.g., one) compounds
of formula I to a patient in need of treatment.
Another embodiment of this invention is directed to a
method of inhibiting the deposition of amyloid protein
(e.g., amyloid beta protein) in, on or around
neurological tissue (e.g., the brain), comprising
administering an effective amount of a compound of
formula I to a patient in need of treatment. Another
embodiment of this invention is directed to a method
of treating Alzheimer's disease, comprising
administering an effective amount of one or more
(e.g., one) compounds of formula I to a patient in
need of treatment. Another embodiment of this
invention is directed to a method of treating
Alzheimer's disease, comprising administering an
effective amount of a compound of formula I to a
patient in need of treatment. This invention also
provides combination therapies for ( 1) modulating
gamma-secretase, or (2) treating one or more
neurodegenerative diseases, or (3)inhibiting the
deposition of amyloid protein (e.g., amyloid beta
protein) in, on or around neurological tissue (e.g.,
the brain), or (4) treating Alzheimer's disease. The
combination therapies are directed to methods
comprising the administration of an effective amount
of one or more (e.g. one) compounds of formula I and
the administration of an effective amount of one or
more (e.g., one) other pharmaceutical active
ingredients (e.g., drugs). The compounds of formula I
and the other drugs can be administered separately
(i.e., each is in its own separate dosage form), or
the compounds of formula I can be combined with the
other drugs in the same dosage form. Thus, other
embodiments of this invention are directed to any one
of the methods of treatment, or methods of inhibiting,
described herein, wherein an effective amount of the
compound of formula I is used in combination with an
effective amount of one or more other pharmaceutically
active ingredients selected from the group consisting
of: BACE inhibitors (beta secretase inhibitors),
muscarinic antagonists (e.g., mi agonists or m2
antagonists), cholinesterase inhibitors (e.g., acetyl-
and/or butyrylchlolinesterase inhibitors); gamma
secretase inhibitors; gamma secretase modulators;
HMG-CoA reductase inhibitors; non steroidal
anti-inflammatory agents; N-methyl-D-aspartate
receptor antagonists; anti-amyloid antibodies; vitamin
E; nicotinic acetylcholine receptor agonists; CB1
receptor inverse agonists or CB1 receptor antagonists;
an antibiotic; growth hormone secretagogues; histamine
H3 antagonists; AMPA agonists; PDE4 inhibitors; GABAA
inverse agonists; inhibitors of amyloid aggregation;
glycogen synthase kinase beta inhibitors; promoters of
alpha secretase activity; PDE-10 inhibitors and
cholesterol absorption inhibitors (e.g., ezetimibe).
Another embodiment of this invention is directed to a
method of treating Alzheimer's disease, comprising
administering an effective amount of one or more
(e.g., one) compounds of formula I, in combination
with an effective (i.e., therapeutically effective)
amount of one or more cholinesterase inhibitors (such
as, for example,
()-2,3-dihydro-5,6-dimethoxy-2-[[1-(phenylmethyl)-4-
piperidinyl]methyl]-1 H -inden-1-one hydrochloride,
i.e., donepezil hydrochloride,available as the
Aricept(r) brand of donepezil hydrochloride), to a
patient in need of treatment. Another embodiment of
this invention is directed to a method of treating
Alzheimer's disease, comprising administering an
effective amount of a compound of formula I , in
combination with an effective amount of one or more
(e.g., one) cholinesterase inhibitors (such as, for
example, ()-2,3-dihydro-5,6-dimethoxy-2-
[[1-(phenylmethyl)-4-piperidinyl]methyl]-1 H
-inden-1-one hydrochloride, i.e., donepezil
hydrochloride, available as the Aricept(r) brand of
donepezil hydrochloride), to a patient in need of
treatment. Another embodiment of this invention is
directed to a method of treating Alzheimer's disease,
comprising administering an effective amount of one or
more (e.g., one) compounds of formula I, in
combination with an effective amount of one or more
compounds selected from the group consisting of Ab
antibody inhibitors, gamma secretase inhibitors and
beta secretase inhibitors. Another embodiment of this
invention is directed to a method of treating
Alzheimer's disease, comprising administering an
effective amount of one or more (e.g., one) compounds
of formula I, in combination with an effective amount
of one or more BACE inhibitors. Another embodiment of
this invention is directed to a method of treating
Alzheimer's disease, comprising administering an
effective amount of one or more compounds of formula
I, in combination with an effective amount of Exelon
(rivastigmine). Another embodiment of this invention
is directed to a method of treating Alzheimer's
disease, comprising administering an effective amount
of one or more compounds of formula I, in combination
with an effective amount of Cognex (tacrine). Another
embodiment of this invention is directed to a method
of treating Alzheimer's disease, comprising
administering an effective amount of one or more
compounds of formula I, in combination with an
effective amount of a Tau kinase inhibitor.Another
embodiment of this invention is directed to a method
of treating Alzheimer's disease, comprising
administering an effective amount of one or more
compounds of formula I, in combination with an
effective amount of one or more Tau kinase inhibitor
(e.g., GSK3beta inhibitor, cdk5 inhibitor, ERK
inhibitor). This invention also provides a method of
treating Alzheimer's disease, comprising administering
an effective amount of one or more compounds of
formula I , in combination with an effective amount of
one anti-Abeta vaccination (active immunization).
Another embodiment of this invention is directed to a
method of treating Alzheimer's disease, comprising
administering an effective amount of one or more
compounds of formula I, in combination with an
effective amount of one or more APP ligands. Another
embodiment of this invention is directed to a method
of treating Alzheimer's disease, comprising
administering an effective amount of one or more
compounds of formula I, in combination with an
effective amount of one or more agents that upregulate
insulin degrading enzyme and/or neprilysin. Another
embodiment of this invention is directed to a method
of treating Alzheimer's disease, comprising
administering an effective amount of one or more
compounds of formula I, in combination with an
effective amount of one or more cholesterol lowering
agents (for example, statins such as Atorvastatin,
Fluvastatin, Lovastatin, Mevastatin, Pitavastatin,
Pravastatin, Rosuvastatin, Simvastatin, and
cholesterol absorption inhibitor such as Ezetimibe).
This invention also provides a method of treating
Alzheimer's disease, comprising administering an
effective amount of one or more compounds of formula
I, in combination with an effective amount of one or
more fibrates (for example, clofibrate, Clofibride,
Etofibrate, Aluminium Clofibrate). Another embodiment
of this invention is directed to a method of treating
Alzheimer's disease, comprising administering an
effective amount of one or more compounds of formula
I, in combination with an effective amount of one or
more LXR agonists.Another embodiment of this invention
is directed to a method of treating Alzheimer's
disease, comprising administering an effective amount
of one or more compounds of formula I, in combination
with an effective amount of one or more LRP mimics.
Another embodiment of this invention is directed to a
method of treating Alzheimer's disease, comprising
administering an effective amount of one or more 



compounds of formula I , in combination with an
effective amount of one or more 5-HT6 receptor
antagonists. Another embodiment of this invention is
directed to a method of treating Alzheimer's disease,
comprising administering an effective amount of one or
more compounds of formula I, in combination with an
effective amount of one or more nicotinic receptor
agonists. Another embodiment of this invention is
directed to a method of treating Alzheimer's disease,
comprising administering an effective amount of one or
more compounds of formula I, in combination with an
effective amount of one or more H3 receptor
antagonists. This invention also provides a method of
treating Alzheimer's disease, comprising administering
an effective amount of one or more compounds of
formula I , in combination with an effective amount of
one or more histone deacetylase inhibitors. Another
embodiment of this invention is directed to a method
of treating Alzheimer's disease, comprising
administering an effective amount of one or more
compounds of formula I , in combination with an
effective amount of one or more hsp90 inhibitors.
Another embodiment of this invention is directed to a
method of treating Alzheimer's disease, comprising
administering an effective amount of one or more
compounds of formula I, in combination with an
effective amount of one or more ml muscarinic receptor
agonists. Another embodiment of this invention is
directed to a method of treating Alzheimer's disease,
comprising administering an effective amount of one or
morecompounds of formula I , in combination with an
effective amount of one or more 5-HT6 receptor
antagonists mGluRI or mGluR5 positive allosteric
modulators or agonists Another embodiment of this
invention is directed to a method of treating
Alzheimer's disease, comprising administering an
effective amount of one or more compounds of formula I
, in combination with an effective amount of one or
more mGluR2/3 antagonists. Another embodiment of this
invention is directed to a method of treating
Alzheimer's disease, comprising administering an
effective amount of one or more compounds of formula I
, in combination with an effective amount of one or
more anti-inflammatory agents that can reduce
neuroinflammation. Another embodiment of this
invention is directed to a method of treating
Alzheimer's disease, comprising administering an
effective amount of one or more compounds of formula
I, in combination with an effective amount of one or
more Prostaglandin EP2 receptor antagonists. This
invention also provides a method of treating
Alzheimer's disease, comprising administering an
effective amount of one or more compounds of formula I
, in combination with an effective amount of one or
more PAI-1 inhibitors. This invention also provides a
method of treating Alzheimer's disease, comprising
administering an effective amount of one or more
compounds of formula I, in combination with an
effective amount of one or more agents that can induce
Abeta efflux such as gelsolin. This invention also
provides a method of treating Downs syndrome,
comprising administering an effective amount of one or
more (e.g., one) compounds of formula I to a patient
in need of treatment. This invention also provides a
method of treating Downs syndrome, comprising
administering an effective amount of a compound of
formula I to a patient in need of treatment. This
invention also provides a method of treating Downs
syndrome, comprising administering an effective amount
of one or more (e.g., one)compounds of formula I , in
combination with an effective amount of one or more
cholinesterase inhibitors (such as, for example,
()-2,3-dihydro-5,6-dimethoxy-2-
[[1-(phenylmethyl)-4-piperidinyl]methyl]-1 H
-inden-1-one hydrochloride, i.e., donepezil
hydrochloride, available as the Aricept(r) brand of
donepezil hydrochloride), to a patient in need of
treatment. This invention also provides a method of
treating Downs syndrome, comprising administering an
effective amount of a compound of formula I, in
combination with an effective amount of one or more
(e.g., one) cholinesterase inhibitors (such as, for
example, ()-2,3-dihydro-5,6-dimethoxy-2-[[1-
(phenylmethyl)-4-piperidinyl]methyl]-1 H -inden-1-one
hydrochloride, i.e., donepezil hydrochloride,
available as the Aricept(r) brand of donepezil
hydrochloride), to a patient in need of treatment.
This invention also provides a method of treating mild
cognitive impairment, comprising administering an
effective amount of one or more (e.g., one) compounds
of formula I to a patient in need of treatment. This
invention also provides a method of treating glaucoma,
comprising administering an effective amount of one or
more (e.g., one) compounds of formula I to a patient
in need of treatment. This invention also provides a
method of treating cerebral amyloid angiopathy,
comprising administering an effective amount of one or
more (e.g., one) compounds of formula I to a patient
in need of treatment. This invention also provides a
method of treating stroke, comprising administering an
effective amount of one or more (e.g., one) compounds
of formula I to a patient in need of treatment. This
invention also provides a method of treating dementia,
comprising administering an effective amount of one or
more (e.g., one) compounds of formula I to a patient
in need of treatment. This invention also provides a
method of treating microgliosis, comprising
administering an effective amount of one or more
(e.g., one) compounds of formula I to a patient in
need of treatment.This invention also provides a
method of treating brain inflammation, comprising
administering an effective amount of one or more
(e.g., one) compounds of formula I to a patient in
need of treatment. This invention also provides a
method of treating olfactory function loss, comprising
administering an effective amount of one or more
(e.g., one) compounds of formula I to a patient in
need of treatment. This invention also provides
combinations (i.e., pharmaceutical compositions)
comprising an effective amount of one or more (e.g.,
one) compounds of formula I , in combination with an
effective amount of one or more compounds selected
from the group consisting of cholinesterase inhibitors
(such as, for example,
()-2,3-dihydro-5,6-dimethoxy-2-[[1-(phenylmethyl)-4-
piperidinyl]methyl]-1 H -inden-1-one hydrochloride,
i.e., donepezil hydrochloride, available as the
Aricept(r) brand of donepezil hydrochloride), Ab
antibody inhibitors, gamma secretase inhibitors and
beta secretase inhibitors. The pharmaceutical
compositions also comprise a pharmaceutically
acceptable carrier. This invention also provides a kit
comprising, in separate containers, in a single
package, pharmaceutical compositions for use in
combination, wherein one container comprises an
effective amount of a compound of formula I in a
pharmaceutically acceptable carrier, and another
container (i.e., a second container) comprises an
effective amount of another pharmaceutically active
ingredient (as described above), the combined
quantities of the compound of formula I and the other
pharmaceutically active ingredient being effective to:
(a) treat Alzheimer's disease, or (b) inhibit the
deposition of amyloid protein (e.g., amyloid beta
protein) in, on or around neurological tissue (e.g.,
the brain), or (c) treat neurodegenerative diseases,
or (d) modulate the activity of gammasecretase.
Another embodiment of this invention is directed to a
pharmaceutically acceptable salt of a compound of
formula (I), said compound of formula (I) being
selected from the group consisting of: Il to X.Another
embodiment of this invention is directed to a
pharmaceutically acceptable ester of a compound of
formula (I), said compound of formula (I) being
selected from the group consisting of: Il to X.
Another embodiment of this invention is directed to a
solvate of a compound of formula (I), said compound of
formula (I) being selected from the group consisting
of: Il to X. Another embodiment of this invention is
directed to a compound of formula (I) in isolated
form, said compound of formula (I) being selected from
the group consisting of: Il to X. Another embodment of
this invention is directed to a compound of formula
(I) in pure form, said compound of formula (I) being
selected from the group consisting of: said compound
of formula (I) being selected from the group
consisting of: Il to X. Another embodiment of this
invention is directed to a compound of formula (I) in
pure and isolated form, said compound of formula (I)
being selected from the group consisting of: said
compound of formula (I) being selected from the group
consisting of: Il to X. Another embodiment is directed
to a pharmaceutical composition comprising an
effective amount of one or more (e.g., one) compounds
of formula (I) and a pharmaceutically acceptable
carrier, said compound of formula (I) being selected
from the group consisting of: said compound of formula
(I) being selected from the group consisting of: Il to
X. Another embodiment is directed to a pharmaceutical
composition comprising an effective amount of a
pharmaceutically acceptable salt of one or more (e.g.,
one) compounds of formula (I) and a pharmaceutically
acceptable carrier, said compound of formula (I) being
selected from the group consisting of: said compound
of formula (I) being selected from the group
consisting of: Il to X. Another embodiment is directed
to a pharmaceutical composition comprising an
effective amount of a pharmaceutically acceptable
ester of one or more (e.g., one) compounds of formula
(I) and a pharmaceutically acceptablecarrier, said
compound of formula (I) being selected from the group
consisting of: said compound of formula (I) being
selected from the group consisting of: Il to X.
Another embodiment is directed to a pharmaceutical
composition comprising an effective amount of a
solvate of one or more (e.g., one) compounds of
formula (I) and a pharmaceutically acceptable carrier,
said compound of formula (I) being selected from the
group consisting of: said compound of formula (I)
being selected from the group consisting of: Il to X.
Another embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds of formula
(I), and an effective amount of one or more (e.g.,
one) other pharmaceutically active ingredients (e.g.,
drugs), and a pharmaceutically acceptable carrier.
Examples of the other pharmaceutically active
ingredients include, but are not limited to drugs
selected form the group consisting of: (a) drugs
useful for the treatment of Alzheimer's disease, (b)
drugs useful for inhibiting the deposition of amyloid
protein (e.g., amyloid beta protein) in, on or around
neurological tissue (e.g., the brain), (c) drugs
useful for treating neurodegenerative diseases, and
(d) drugs useful for inhibiting gamma-secretase, said
compound of formula (I) being selected from the group
consisting of: said compound of formula (I) being
selected from the group consisting of: Il to X.
Another embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds of formula
(I), and effective amount of one or more BACE
inhibitors, and a pharmaceutically acceptable carrier,
said compound of formula (I) being selected from the
group consisting of: said compound of formula (I)
being selected from the group consisting of: Il to X.
Another embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: Il to X, and an
effective amount of one or more cholinesterase
inhibitors (e.g., acetyl- and/or
butyrylchlolinesterase inhibitors), and a
pharmaceutically acceptable carrier.Another embodiment
of this invention is directed to a pharmaceutical
composition comprising an effective amount of one or
more (e.g., one) compounds selected from the group
consisting of: Il to X, and effective amount of one or
more muscarinic antagonists (e.g., mi agonists or rri2
antagonists), and a pharmaceutically acceptable
carrier. Another embodiment of this invention is
directed to a pharmaceutical composition comprising an
effective amount of one or more (e.g., one) compounds
selected from the group consisting of: Il to X, and
effective amount of Exelon (rivastigmine), and a
pharmaceutically acceptable carrier. Another
embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: Il to X, and effective
amount of Cognex (tacrine), and a pharmaceutically
acceptable carrier. Another embodiment of this
invention is directed to a pharmaceutical composition
comprising an effective amount of one or more (e.g.,
one) compounds selected from the group consisting of:
Il to X, and effective amount of a Tau kinase
inhibitor, and a pharmaceutically acceptable carrier.
Another embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: Il to X, and effective
amount of one or more Tau kinase inhibitor (e.g.,
GSK3beta inhibitor, cdk inhibitor, ERK inhibitor), and
a pharmaceutically acceptable carrier. Another
embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: Il to X, and effective
amount of one anti-Abeta vaccine (active
immunization), and a pharmaceutically acceptable
carrier. Another embodiment of this invention is
directed to a pharmaceutical composition comprising an
effective amount of one or more (e.g., one)compounds
selected from the group consisting of: Il to X, and
effective amount of one or more APP ligands, and a
pharmaceutically acceptable carrier. Another
embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: consisting of: Il to X,
and effective amount of one or more agents that
upregulate insulin degrading enzyme and/or neprilysin,
and a pharmaceutically acceptable carrier. Another
embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: Il to X, and effective
amount of one or more cholesterol lowering agents (for
example, statins such as Atorvastatin, Fluvastatin,
Lovastatin, Mevastatin, Pravastatin, Pravastatin,
Rosuvastatin, Simvastatin, and cholesterol absorption
inhibitor such as Ezetimibe), and a pharmaceutically
acceptable carrier. Another embodiment of this
invention is directed to a pharmaceutical composition
comprising an effective amount of one or more (e.g.,
one) compounds selected from the group consisting of:
consisting of: Il to X, and effective amount of one or
more fibrates (for example, clofibrate, Clofibride,
Etofibrate, Aluminium Clofibrate), and a
pharmaceutically acceptable carrier. Another
embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: consisting of: Il to X,
and effective amount of one or more LXR agonists, and
a pharmaceutically acceptable carrier. Another
embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: Il to X, and effective
amount of one or more LRP mimics, and a
pharmaceutically acceptable carrier. 



Another embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one)compounds selected
from the group consisting of: Il to X, and effective
amount of one or more 5-HT6 receptor antagonists, and
a pharmaceutically acceptable carrier. Another
embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: consisting of: Il to X,
and effective amount of one or more nicotinic receptor
agonists, and a pharmaceutically acceptable carrier.
Another embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: Il to X, and effective
amount of one or more H3 receptor antagonists, and a
pharmaceutically acceptable carrier. Another
embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: Il to X, and effective
amount of one or more histone deacetylase inhibitors,
and a pharmaceutically acceptable carrier. Another
embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: Il to X, and effective
amount of one or more hsp90 inhibitors, and a
pharmaceutically acceptable carrier. Another
embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: Il to X, and effective
amount of one or more ml muscarinic receptor agonists,
and a pharmaceutically acceptable carrier. Another
embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: Il to X, and effective
amount ofone or more 5-HT6 receptor antagonists mGluRI
or mGluR5 positive allosteric modulators or agonists,
and a pharmaceutically acceptable carrier. Another
embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: Il to X, and effective
amount of one or more one mGluR2/3 antagonists, and a
pharmaceutically acceptable carrier. Another
embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: Il to X, and effective
amount of one or more anti-inflammatory agents that
can reduce neuroinflammation, and a pharmaceutically
acceptable carrier. Another embodiment of this
invention is directed to a pharmaceutical composition
comprising an effective amount of one or more (e.g.,
one) compounds selected from the group consisting of:
Il to X, and effective amount of one or more
Prostaglandin EP2 receptor antagonists, and a
pharmaceutically acceptable carrier. Another
embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: Il to X, and effective
amount of one or more PAI-1 inhibitors, and a
pharmaceutically acceptable carrier. Another
embodiment of this invention is directed to a
pharmaceutical composition comprising an effective
amount of one or more (e.g., one) compounds selected
from the group consisting of: Il to X, and effective
amount of one or more agents that can induce Abeta
efflux such as gelsolin, and a pharmaceutically
acceptable carrier. The compounds of formulas (I)
selected from the group consisting of: Il to X can be
useful as gamma secretase modulators and can be useful
in the treatment and prevention of diseases such as,
for example, central nervous system disorders (such as
Alzheimers disease and Downs Syndrome), and treating
mild cognitiveimpairment, glaucoma, cerebral amyloid
angiopathy, stroke, dementia, microgliosis, brain
inflammation, and olfactory function loss. Thus,
another embodiment of this invention is directed to a
method for modulating (including inhibiting,
antagonizing and the like) gamma-secretase comprising
administering an effective (i.e., therapeutically
effective) amount of one or more (e.g., one) compounds
of formula (I) to a patient in need of such treatment,
said compound of formula (I) being selected from the
group consisting of: Il to X. Another embodiment of
this invention is directed to a method for modulating
(including inhibiting, antagonizing and the like)
gamma-secretase, comprising administering an effective
(i.e., therapeutically effective) amount of a compound
of formula (I) to a patient in need of treatment, said
compound of formula (I) being selected from the group
consisting of: Il to X. Another embodiment of this
invention is directed to a method of treating one or
more neurodegenerative diseases, comprising
administering an effective (i.e., therapeutically
effective) amount of one or more (e.g., one) compounds
of formula (I) to a patient in need of treatment, said
compound of formula (I) being selected from the group
consisting of: Il to X. Another embodiment of this
invention is directed to a method of treating one or
more neurodegenerative diseases, comprising
administering an effective (i.e., therapeutically
effective) amount of a compound of formula (I) to a
patient in need of treatment, said compound of formula
(I) being selected from the group consisting of: Il to
X. Another embodiment of this invention is directed to
a method of inhibiting the deposition of amyloid
protein (e.g., amyloid beta protein) in, on or around
neurological tissue (e.g., the brain), comprising
administering an effective (i.e., therapeutically
effective) amount of one or more (e.g., one) compounds
of formula (I) to a patient in need of treatment, said
compound of formula (I) being selected from the group
consisting of: Il to X.Another embodiment of this
invention is directed to a method of inhibiting the
deposition of amyloid protein (e.g., amyloid beta
protein) in, on or around neurological tissue (e.g.,
the brain), comprising administering an effective
(i.e., therapeutically effective) amount of a compound
of formula (I) to a patient in need of treatment, said
compound of formula (I) being selected from the group
consisting of: Il to X. Another embodiment of this
invention is directed to a method of treating
Alzheimer's disease, comprising administering an
effective (i.e., therapeutically effective) amount of
one or more (e.g., one) compounds of formula (I) to a
patient in need of treatment, said compound of formula
(I) being selected from the group consisting of: Il to
X. Another embodiment of this invention is directed to
a method of treating Alzheimer's disease, comprising
administering an effective (i.e., therapeutically
effective) amount of a compound of formula (I) to a
patient in need of treatment, said compound of formula
(I) being selected from the group consisting of: Il to
X. Another embodiment of this invention is directed to
a method of treating mild cognitive impairment,
glaucoma, cerebral amyloid angiopathy, stroke,
dementia, microgliosis, brain inflammation, or
olfactory function loss, comprising administering an
effective (i.e., therapeutically effective) amount of
one or more (e.g., one) compounds of formula (I) to a
patient in need of treatment, said compound of formula
(I) being selected from the group consisting of: Il to
X. Another embodiment of this invention is directed to
a method of treating mild cognitive impairment,
glaucoma, cerebral amyloid angiopathy, stroke,
dementia, microgliosis, brain inflammation, or
olfactory function loss, comprising administering an
effective (i.e., therapeutically effective) amount of
a compound of formula (I) to a patient in need of
treatment, said compound of formula (I) being selected
from the group consisting of: Il to X. This invention
also provides combination therapies for ( 1)
modulating gamma-secretase, or (2) treating one or
more neurodegenerative diseases, or (3) inhibiting the
deposition of amyloid protein (e.g., amyloid beta
protein) in, on oraround neurological tissue (e.g.,
the brain), or (4) treating Alzheimer's disease. The
combination therapies are directed to methods
comprising the administration of one or more (e.g.
one) compounds of formula (I), and the administration
of one or more (e.g., one) other pharmaceutical active
ingredients (e.g., drugs). The compounds of formula
(I), and the other drugs can be administered
separately (i.e., each is in its own separate dosage
form), or the compounds of formula (I) can be combined
with the other drugs in the same dosage form. Thus,
other embodiments of this invention are directed to
any one of the methods of treatment, or methods of
inhibiting, described herein, wherein the compounds of
formula (I) are used in combination with an effective
amount of one or more other pharmaceutically active
ingredients selected from the group consisting of:
BACE inhibitors (beta secretase inhibitors);
muscarinic antagonists (e.g., mi agonists or m2
antagonists); cholinesterase inhibitors (e.g., acetyl-
and/or butyrylchlolinesterase inhibitors); gamma
secretase inhibitors; gamma secretase modulators;
HMG-CoA reductase inhibitors; non-steroidal
anti-inflammatory agents; N-methyl-D-aspartate
receptor antagonists; anti-amyloid antibodies; vitamin
E; nicotinic acetylcholine receptor agonists; CB1
receptor inverse agonists or CB1 receptor antagonists;
an antibiotic; growth hormone secretagogues; histamine
H3 antagonists; AMPA agonists; PDE4 inhibitors; GABAA
inverse agonists; inhibitors of amyloid aggregation;
glycogen synthase kinase beta inhibitors; promoters of
alpha secretase activity; PDE-10 inhibitors; Exelon
(rivastigmine); Cognex (tacrine); Tau kinase
inhibitors (e.g., GSK3beta inhibitors, cdk5
inhibitors, or ERK inhibitors); anti-Abeta vaccine;
APP ligands; agents that upregulate insulin
cholesterol lowering agents (for example, statins such
as Atorvastatin, Fluvastatin, Lovastatin, Mevastatin,
Pitavastatin, Pravastatin, Rosuvastatin, Simvastatin);
cholesterol absorption inhibitors (such as Ezetimibe);
fibrates (such as, for example, for example,
clofibrate, Clofibride, Etofibrate, and Aluminium
Clofibrate); LXR agonists; LRP mimics; nicotinic
receptor agonists; H3 receptor antagonists; histone
deacetylase inhibitors; hsp90 inhibitors; ml
muscarinic receptor agonists; 5-HT6 receptor
antagonists; mGluRI ; mGluR5;positive allosteric
modulators or agonists; mGluR2/3 antagonists; anti
inflammatory agents that can reduce neuroinflammation;
Prostaglandin EP2 receptor antagonists; PAI-1
inhibitors; and agents that can induce Abeta efflux
such as gelsolin. This invention also provides
combination therapies for ( 1) modulating
gamma-secretase, or (2) treating one or more
neurodegenerative diseases, or (3) inhibiting the
deposition of amyloid protein (e.g., amyloid beta
protein) in, on or around neurological tissue (e.g.,
the brain), or (4) treating Alzheimer's disease. The
combination therapies are directed to methods
comprising the administration of one or more (e.g.
one) compounds of formula (I) selected from the group
consisting of: Il to X, and the administration of one
or more (e.g., one) other pharmaceutical active
ingredients (e.g., drugs). The compounds of formula Il
to X, and the other drugs can be administered
separately (i.e., each is in its own separate dosage
form), or the compounds of formula Il to X can be
combined with the other drugs in the same dosage form.
Thus, other embodiments of this invention are directed
to any one of the methods of treatment, or methods of
inhibiting, described herein, wherein the compounds of
formula (I), selected from the group consisting of: Il
to X are used in combination with an effective amount
of one or more other pharmaceutically active
ingredients selected from the group consisting of:
BACE inhibitors (beta secretase inhibitors),
muscarinic antagonists (e.g., mi agonists or m2
antagonists), cholinesterase inhibitors (e.g., acetyl-
and/or butyrylchlolinesterase inhibitors); gamma
secretase inhibitors; gamma secretase modulators;
HMG-CoA reductase inhibitors; non-steroidal
anti-inflammatory agents; N-methyl-D-aspartate
receptor antagonists; anti-amyloid antibodies; vitamin
E; nicotinic acetylcholine receptor agonists; CB1
receptor inverse agonists or CB1 receptor antagonists;
an antibiotic; growth hormone secretagogues; histamine
H3 antagonists; AMPA agonists; PDE4 inhibitors; GABAA
inverse agonists; inhibitors of amyloid aggregation;
glycogen synthase kinase beta inhibitors; promoters of
alpha secretase activity; PDE-10 inhibitors; Exelon
(rivastigmine); Cognex (tacrine); Taukinase inhibitors
(e.g., GSK3beta inhibitors, cdk5 inhibitors, or ERK
inhibitors); anti-Abeta vaccine; APP ligands; agents
that upregulate insulin cholesterol lowering agents
(for example, statins such as Atorvastatin,
Fluvastatin, Lovastatin, Mevastatin, Pitavastatin,
Pravastatin, Rosuvastatin, Simvastatin); cholesterol
absorption inhibitors (such as Ezetimibe); fibrates
(such as, for example, for example, clofibrate,
Clofibride, Etofibrate, and Aluminium Clofibrate); LXR
agonists; LRP mimics; nicotinic receptor agonists; H3
receptor antagonists; histone deacetylase inhibitors;
hsp90 inhibitors; ml muscarinic receptor agonists;
5-HT6 receptor antagonists; mGluRI ; mGluR5; positive
allosteric modulators or agonists; mGluR2/3
antagonists; anti-inflammatory agents that can reduce
neuroinflammation; Prostaglandin EP2 receptor
antagonists; PAI-1 inhibitors; and agents that can
induce Abeta efflux such as gelsolin. Other
embodiments of this invention are directed to any one
of the methods of treatment, or methods of inhibiting,
described herein, wherein the compounds of formula
(I), selected from the group consisting of: Il to X
are used in combination with an effective amount of
one or more other pharmaceutically active ingredients
selected from the group consisting of: BACE inhibitors
(beta secretase inhibitors), muscarinic antagonists
(e.g., nr agonists or m2 antagonists), cholinesterase
inhibitors (e.g., acetyl- and/or
butyrylchlolinesterase inhibitors); gamma secretase
inhibitors; gamma secretase modulators; HMG-CoA
reductase inhibitors; non-steroidal anti-inflammatory
agents; N-methyl-D-aspartate receptor antagonists;
anti-amyloid antibodies; vitamin E; nicotinic
acetylcholine receptor agonists; CB1 receptor inverse
agonists or CB1 receptor antagonists; an antibiotic;
growth hormone secretagogues; histamine H3
antagonists; AMPA agonists; PDE4 inhibitors; GABAA
inverse agonists; inhibitors of amyloid aggregation;
glycogen synthase kinase beta inhibitors; promoters of
alpha secretase activity; PDE-10 inhibitors; and
cholesterol absorption inhibitors (e.g., ezetimibe).
Other embodiments of this invention are directed to
any one of the methods of treatment, or methods of
inhibiting, described herein, wherein the compoundsof
formula (I), selected from the group consisting of: Il
to X are used in combination with an effective amount
of one or more other pharmaceutically active
ingredients selected from the group consisting of:
Exelon (rivastigmine); Cognex (tacrine); Tau kinase
inhibitors (e.g., GSK3beta inhibitors, cdk5
inhibitors, or ERK inhibitors); anti-Abeta vaccine;
APP ligands; agents that upregulate insulin
cholesterol lowering agents (for example, statins such
as Atorvastatin, Fluvastatin, Lovastatin, Mevastatin,
Pravastatin, Pravastatin, Rosuvastatin, Simvastatin);
cholesterol absorption inhibitors (such as Ezetimibe);
fibrates (such as, for example, for example,
clofibrate, Clofibride, Etofibrate, and Aluminium
Clofibrate); LXR agonists; LRP mimics; nicotinic
receptor agonists; H3 receptor antagonists; histone
deacetylase inhibitors; hsp90 inhibitors; ml
muscarinic receptor agonists; 5-HT6 receptor
antagonists; mGluRI ; mGluR5; positive allosteric
modulators or agonists; mGluR2/3 antagonists;
anti-inflammatory agents that can reduce
neuroinflammation; Prostaglandin EP2 receptor
antagonists; PAI- 1 inhibitors; and agents that can
induce Abeta efflux such as gelsolin. Another
embodiment of this invention is directed to a method
of treating Alzheimer's disease, comprising
administering an effective (i.e., therapeutically
effective) amount of one or more (e.g., one) compounds
of formula (I) selected from the group consisting of:
Il to X, in combination with an effective (i.e.,
therapeutically effective) amount of one or more
cholinesterase inhibitors (such 



as, for example,
()-2,3-dihydro-5,6-dimethoxy-2-[[1-(phenylmethyl)-4-
piperidinyl]methyl]-1 H -inden-1-one hydrochloride,
i.e., donepezil hydrochloride, available as the
Aricept(r) brand of donepezil hydrochloride), to a
patient in need of treatment. Another embodiment of
this invention is directed to a method of treating
Alzheimer's disease, comprising administering an
effective (i.e., therapeutically effective) amount of
a compound of formula (I) selected from the group
consisting of: Il to X, in combination with an
effective (i.e., therapeutically effective) amount of
one or more (e.g., one) cholinesterase inhibitors
(such as, for example, ()-2,3-
dihydro-5,6-dimethoxy-2-[[1-(phenylmethyl)-4-pipehdiny
l]methyl]-1 H -inden-1-onehydrochloride, i.e.,
donepezil hydrochloride, available as the Aricept(r)
brand of donepezil hydrochloride), to a patient in
need of treatment. Another embodiment of this
invention is directed to a method of treating
Alzheimer's disease, comprising administering an
effective (i.e., therapeutically effective) amount of
one or more (e.g., one) compounds of formula (I)
selected from the group consisting of: in combination
with an effective (i.e., therapeutically effective)
amount of one or more compounds selected from the
group consisting of Ab antibody inhibitors, gamma
secretase inhibitors and beta secretase inhibitors.
Another embodiment of this invention is directed to a
method of treating Alzheimer's disease, comprising
administering an effective (i.e., therapeutically
effective) amount of one or more (e.g., one) compounds
of formula (I) selected from the group consisting of:
Il to X, in combination with an effective (i.e.,
therapeutically effective) amount of one or more BACE
inhibitors. Another embodiment of this invention is
directed to a method of treating Alzheimer's disease,
comprising administering an effective (i.e.,
therapeutically effective) amount of a compound of
formula (I) selected from the group consisting of: Il
to X, and the Compound of Example 1, in combination
with an effective (i.e., therapeutically effective)
amount of one or more BACE inhibitors. Another
embodiment of this invention is directed to a method
of treating Downs syndrome, comprising administering
an effective (i.e., therapeutically effective) amount
of one or more (e.g., one) compounds of formula (I)
selected fromt the group consisting of: Il to X to a
patient in need of treatment. Another embodiment of
this invention is directed to a method of treating
Downs syndrome, comprising administering an effective
(i.e., therapeutically effective) amount of a compound
of formula (I) selected from the group consisting of:
Il to X, to a patient in need of treatment. Another
embodiment of this invention is directed to a method
of treating Downs syndrome, comprising administering
an effective (i.e., therapeutically effective) amount
of one or more (e.g., one) compounds of formula (I)
selectedfrom the group consisting of: Il to X, in
combination with an effective (i.e., therapeutically
effective) amount of one or more cholinesterase
inhibitors (such as, for example,
()-2,3-dihydro-5,6-dimethoxy-2-[[1-(phenylmethyl)-4-
piperidinyl]methyl]-1 H -inden-1 -one hydrochloride,
i.e., donepezil hydrochloride, available as the
Aricept(r) brand of donepezil hydrochloride), to a
patient in need of treatment. Another embodiment of
this invention is directed to a method of treating
Downs syndrome, comprising administering an effective
(i.e., therapeutically effective) amount of a compound
of formula (I) selected from the group consisting of:
Il to X, in combination with an effective (i.e.,
therapeutically effective) amount of one or more
(e.g., one) cholinesterase inhibitors (such as, for
example, ()-2,3- dihydro-5,6-dimethoxy-2-[[1
-(phenylmethyl)-4-piperidinyl]methyl]-1 H -inden-1
-one hydrochloride, i.e., donepezil hydrochloride,
available as the Aricept(r) brand of donepezil
hydrochloride), to a patient in need of treatment.
Another embodiment of this invention is directed to
combinations (i.e., pharmaceutical compositions)
comprising an effective (i.e., therapeutically
effective) amount of one or more (e.g., one) compounds
of formula (I) selected from the group consisting of:
in combination with an effective (i.e.,
therapeutically effective) amount of one or more
compounds selected from the group consisting of
cholinesterase inhibitors (such as, for example,
()-2,3-dihydro-5,6-dimethoxy-
2-[[1-(phenylmethyl)-4-piperidinyl]methyl]-1 H
-inden-1-one hydrochloride, i.e., donepezil
hydrochloride, available as the Aricept(r) brand of
donepezil hydrochloride), Ab antibody inhibitors,
gamma secretase inhibitors and beta secretase
inhibitors. The pharmaceutical compositions also
comprise a pharmaceutically acceptable carrier. This
invention also provides a kit comprising, in separate
containers, in a single package, pharmaceutical
compositions for use in combination, wherein one
container comprises an effective amount of one or more
(e.g., one) compounds of formula (I) (e.g., compounds
selected from the group consisting of: Il to X in a
pharmaceutically acceptable carrier, and another
container (i.e., a secondcontainer) comprises an
effective amount of another pharmaceutically active
ingredient (as described above), the combined
quantities of the compounds of formula (I) and the
other pharmaceutically active ingredient being
effective to: (a) treat Alzheimer's disease, or (b)
inhibit the deposition of amyloid protein (e.g.,
amyloid beta protein) in, on or around neurological
tissue (e.g., the brain), or (c) treat
neurodegenerative diseases, or (d) modulate the
activity of gammasecretase. This invention also
provides a kit comprising, in separate containers, in
a single package, pharmaceutical compositions for use
in combination, wherein one container comprises an
effective amount of a compound selected from the group
consisting of the compounds of formulas (I) (e.g. the
compounds selected from the group consisting of: Il to
X) in a pharmaceutically acceptable carrier, and
another container (i.e., a second container) comprises
an effective amount of another pharmaceutically active
ingredient (as described above), the combined
quantities of the compound of formulas (I) and the
other pharmaceutically active ingredient being
effective to: (a) treat Alzheimer's disease, or (b)
inhibit the deposition of amyloid protein (e.g.,
amyloid beta protein) in, on or around neurological
tissue (e.g., the brain), or (c) treat
neurodegenerative diseases, or (d) modulate the
activity of gamma-secretase. Other embodiments of this
invention are directed to any one of the above methods
of treatment, pharmaceutical compositions, or kits
wherein the compound of formula I is any one of the
compounds 1 to 164. Other embodiments of this
invention are directed to any one of the above methods
of treatment, pharmaceutical compositions, or kits
wherein the compound of formula I is any one of the
compounds in Table 14. Examples of cholinesterase
inhibitors are tacrine, donepezil, rivastigmine,
galantamine, pyridostigmine and neostigmine, with
tacrine, donepezil, rivastigmine and galantamine being
preferred. Examples of mi agonists are known in the
art. Examples of m2 antagonists are also known in the
art; in particular, rti2 antagonists are disclosed in
US patents5,883,096; 6,037,352; 5,889,006; 6,043,255;
5,952,349; 5,935,958; 6,066,636; 5,977,138; 6,294,554;
6,043,255; and 6,458,812; and in WO 03/031412, all of
which are incorporated herein by reference. Examples
of BACE inhibitors include those described in:
US2005/01 19227 published 06/02/2005 (see also
WO2005/01 6876 published 02/24/2005), US2005/0043290
published 02/24/2005 (see also WO2005/014540 published
02/17/2005 ) , WO2005/05831 1 published 06/30/2005
(see also US2007/0072852 published 03/29/2007),
US2006/01 11370 published 05/25/2006 (see also
WO2006/065277 published 06/22/2006), US Application
Serial No. 11/71 0582 filed 02/23/2007, US2006/0040994
published 02/23/2006 (see also WO2006/014762 published
02/09/2006), WO2006/014944 published 02/09/2006 (see
also US2006/0040948 published 02/23/2006), WO2006/1
38266 published 12/28/2006 (see also US2007/0010667
published 01/1 1/2007), WO2006/1 38265 published
12/28/2006, WO2006/1 38230 published 12/28/2006,
WO2006/138195 published 12/28/2006 (see also
US2006/0281 729 published 12/1 4/2006), WO2006/1 38264
published 12/28/2006 (see also US2007/0060575
published 03/15/2007), WO2006/138192 published
12/28/2006 (see also US2006/0281730 published
12/14/2006), WO2006/13821 7 published 12/28/2006 (see
also US2006/0287294 published 12/21/2006),
US2007/0099898 published 05/03/200 (see also
WO2007/050721 published 05/03/2007), WO2007/053506
published 05/10/2007 (see also US2007/099875 published
05/03/2007), U.S. Application Serial No. 11/759336
filed 06/07/2007, U.S. Application Serial No.
60/874362 filed 12/12/2006, and U.S. Application
Serial No. 60/87441 9 filed 12/12/2006, the
disclosures of each being incorporated incorporated
herein by reference thereto. As used above, and
throughout this disclosure, the following terms,
unless otherwise indicated, shall be understood to
have the following meanings: "TBAF" means tetrabutyl
ammonium fluoride "At least one" means one or more
than one, for example, 1, 2 or 3, or inanother
example, 1 or 2, or in another example 1."One or more"
with reference to the use of the compounds of this
invention means that one or more than one compound is
used, for example, 1, 2 or 3, or in another example, 1
or 2, or in another example 1. "Patient" includes both
human and animals. "Mammal" means humans and other
mammalian animals. It is noted that the carbons of
formula I and other formulas herein may be replaced
with 1 to 3 silicon atoms so long as all valency
requirements are satisfied. "Alkyl" means an aliphatic
hydrocarbon group which may be straight or branched
and comprising about 1 to about 20 carbon atoms in the
chain. Preferred alkyl groups contain about 1 to about
12 carbon atoms in the chain. More preferred alkyl
groups contain about 1 to about 6 carbon atoms in the
chain. Branched means that one or more lower alkyl
groups such as methyl, ethyl or propyl, are attached
to a linear alkyl chain. "Lower alkyl" means a group
having about 1 to about 6 carbon atoms in the chain
which may be straight or branched. "Alkyl" may be
unsubstituted or optionally substituted by one or more
substituents which may be the same or different, each
substituent being independently selected from the
group consisting of halo, alkyl, aryl, cycloalkyl,
cyano, hydroxy, alkoxy, alkylthio, amino, oxime (e.g.,
=N-OH), -NH(alkyl), -NH(cycloalkyl), -N(alkyl)2
-O-C(O)-alkyl, -O-C(O)-aryl, -O-C(O)-cycloalkyl,
carboxy and -C(O)O-alkyl. Non-limiting examples of
suitable alkyl groups include methyl, ethyl, n-propyl,
isopropyl and t-butyl. "Alkenyl" means an aliphatic
hydrocarbon group containing at least one
carbon-carbon double bond and which may be straight or
branched and comprising about 2 to about 15 carbon
atoms in the chain. Preferred alkenyl groups have
about 2 to about 12 carbon atoms in the chain; and
more preferably about 2 to about 6 carbon atoms in the
chain. Branched means that one or more lower alkyl
groups such as methyl, ethyl or propyl, are attached
to a linear alkenyl chain. "Lower alkenyl" means about
2 to about 6 carbon atoms in the chain which may be
straight or branched. "Alkenyl" may be unsubstituted
or optionallysubstituted by one or more substituents
which may be the same or different, each substituent
being independently selected from the group consisting
of halo, alkyl. aryl, cycloalkyl, cyano, alkoxy and
-S(alkyl). Non-limiting examples of suitable alkenyl
groups include ethenyl, propenyl, n-butenyl,
3-methylbut-2-enyl, npentenyl, octenyl and decenyl.
"Alkylene" means a difunctional group obtained by
removal of a hydrogen atom from an alkyl group that is
defined above. Non-limiting examples of alkylene
include methylene, ethylene and propylene. "Alkynyl"
means an aliphatic hydrocarbon group containing at
least one carbon-carbon triple bond and which may be
straight or branched and comprising about 2 to about
15 carbon atoms in the chain. Preferred alkynyl groups
have about 2 to about 12 carbon atoms in the chain;
and more preferably about 2 to about 4 carbon atoms in
the chain. Branched means that one or more lower alkyl
groups such as methyl, ethyl or propyl, are attached
to a linear alkynyl chain. "Lower alkynyl" means about
2 to about 6 carbon atoms in the chain which may be
straight or branched. Non-limiting examples of
suitable alkynyl groups include ethynyl, propynyl,
2-butynyl and 3-methylbutynyl. "Alkynyl" may be
unsubstituted or optionally substituted by one or more
substituents which may be the same or different, each
substituent being independently selected from the
group consisting of alkyl, aryl and cycloalkyl. "Aryl"
means an aromatic monocyclic or multicyclic ring
system comprising about 6 to about 14 carbon atoms,
preferably about 6 to about 10 carbon atoms. The aryl
group can be optionally substituted with one or more
"ring system substituents" which may be the same or
different, and are as defined herein. Nonlimiting
examples of suitable aryl groups include phenyl and
naphthyl. "Heteroaryl" means an aromatic monocyclic or
multicyclic ring system comprising about 5 to about 14
ring atoms, preferably about 5 to about 10 ring atoms,
in which one or more of the ring atoms is an element
other than carbon, for example nitrogen, oxygen or
sulfur, alone or in combination. Preferred heteroaryls
contain about 5 to about 6 ring atoms. The
"heteroaryl" can be optionallysubstituted by one or
more "ring system substituents" which may be the same
or different, and are as defined herein. The prefix
aza, oxa or thia before the heteroaryl root name means
that at least a nitrogen, oxygen or sulfur atom
respectively, is present as a ring atom. A nitrogen
atom of a heteroaryl can be optionally oxidized to the
corresponding N-oxide. "Heteroaryl" may also include a
heteroaryl as defined above fused to an aryl as
defined above. Non-limiting examples of suitable
heteroaryls include pyridyl, pyrazinyl, furanyl,
thienyl, pyrimidinyl, pyridone (including
N-substituted pyridones), isoxazolyl, isothiazolyl,
oxazolyl, thiazolyl, pyrazolyl, furazanyl, pyrrolyl,
pyrazolyl, triazolyl, 1,2,4- thiadiazolyl, pyrazinyl,
pyridazinyl, quinoxalinyl, phthalazinyl, oxindolyl,
imidazo[1 ,2-a]pyridinyl, imidazo[2,1-b]thiazolyl,
benzofurazanyl, indolyl, azaindolyl, benzimidazolyl,
benzothienyl, quinolinyl, imidazolyl, thienopyhdyl,
quinazolinyl, thienopyrimidyl, pyrrolopyridyl,
imidazopyridyl, isoquinolinyl, benzoazaindolyl,
1,2,4-triazinyl, benzothiazolyl and the like. The term
"heteroaryl" also refers to partially saturated
heteroaryl moieties such as, for example,
tetrahydroisoquinolyl, tetrahydroquinolyl and the
like. "Aralkyl" or "arylalkyl" means an aryl-alkyl-
group in which the aryl and alkyl are as previously
described. Preferred aralkyls comprise a lower alkyl
group. Nonlimiting examples of suitable aralkyl groups
include benzyl, 2-phenethyl and naphthalenylmethyl.
The bond to the parent moiety is through the alkyl.
"Alkylaryl" means an alkyl-aryl- group in which the
alkyl and aryl are as previously described. Preferred
alkylaryls comprise a lower alkyl group. Nonlimiting
example of a suitable alkylaryl group is tolyl. The
bond to the parent moiety is through the aryl.
"Carbocyclic" means a non-aromatic saturated or
unsaturated mono- or multicyclic ring system
comprising about 3 to about 10 carbon atoms,
preferably about 5 to about 10 carbon atoms.
Carbocyclic rings include cycloalkyl rings and
cycloalkenyl rings as defined below. Thus, examples of
carbocyclic rings include bicyclic rings, such as, for
example, norbomyl, adamantly, norbornenyl,
andbicyclo[3.3.1]nonane The carbocyclic rings are
optionally substituted with one or more independently
selected "ring system substituents" as defined below.
"Cycloalkyl" means a non-aromatic mono- or multicyclic
ring system comprising about 3 to about 10 carbon
atoms, preferably about 5 to about 10 carbon atoms.
Preferred cycloalkyl rings contain about 5 to about 7
ring atoms. The cycloalkyl can be optionally
substituted with one or more "ring system
substituents" which may be the same or different, and
are as defined above. Nonlimiting examples of suitable
monocyclic cycloalkyls include cyclopropyl,
cyclopentyl, cyclohexyl, cycloheptyl and the like.
Non-limiting examples of suitable multicyclic
cycloalkyls include 1-decalinyl, norbornyl, adamantyl
and the like. "Cycloalkylalkyl" means a cycloalkyl
moiety as defined above linked via an alkyl moiety
(defined above) to a parent core. Non-limiting
examples of suitable 



cycloalkylalkyls include cyclohexylmethyl,
adamantylmethyl and the like. "Cycloalkenyl" (or
"carbocyclenyl") means a non-aromatic mono or
multicyclic ring system comprising about 3 to about 10
carbon atoms, preferably about 5 to about 10 carbon
atoms which contains at least one carbon-carbon double
bond. Preferred cycloalkenyl rings contain about 5 to
about 7 ring atoms. The cycloalkenyl can be optionally
substituted with one or more "ring system
substituents" which may be the same or different, and
are as defined above. Nonlimiting examples of suitable
monocyclic cycloalkenyls include cyclopentenyl,
cyclohexenyl, cyclohepta-1 ,3-dienyl, and the like.
Non-limiting example of a suitable multicyclic
cycloalkenyl is norbornylenyl. "Cycloalkenylalkyl"
means a cycloalkenyl moiety as defined above linked
via an alkyl moiety (defined above) to a parent core.
Non-limiting examples of suitable cycloalkenylalkyls
include cyclopentenylmethyl, cyclohexenylmethyl and
the like."Halogen" means fluorine, chlorine, bromine,
or iodine. Preferred are fluorine, chlorine and
bromine. "Halo" refers to fluoro, chloro, bromo or
iodo. "Ring system substituent" means a substituent
attached to an aromatic or non-aromatic ring system
which, for example, replaces an available hydrogen on
the ring system. Ring system substituents may be the
same or different, each being independently selected
from the group consisting of alkyl, alkenyl, alkynyl,
aryl, heteroaryl, aralkyl, alkylaryl, heteroaralkyl,
heteroarylalkenyl, heteroarylalkynyl, alkylheteroaryl,
hydroxy, hydroxyalkyl, alkoxy, aryloxy, aralkoxy,
acyl, aroyl, halo, nitro, cyano, carboxy,
alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl,
alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl,
alkylthio, arylthio, heteroarylthio, aralkylthio,
heteroaralkylthio, cycloalkyl, heterocyclyl, -O-C(O)-
alkyl, -O-C(O)-aryl, -O-C(O)-cycloalkyl, -C(=N-CN)-NH
2, -C(=NH)-NH 2, -C(=NH)- NH(alkyl), oxime (e.g.,
=N-OH), YiY 2N-, YiY 2N-alkyl-, YiY 2NC(O)-, YiY
2NSO2- and -SO2NY1Y2, wherein Yi and Y2 can be the
same or different and are independently selected from
the group consisting of hydrogen, alkyl, aryl,
cycloalkyl, and aralkyl. "Ring system substituent" may
also mean a single moiety which simultaneously
replaces two available hydrogens on two adjacent
carbon atoms (one H on each carbon) on a ring system.
Examples of such moiety are methylene dioxy,
ethylenedioxy, -C(CH3)2- and the like which form
moieties such as, for example: "Heteroarylalkyl" means
a heteroaryl moiety as defined above linked via an
alkyl moiety (defined above) to a parent core.
Non-limiting examples of suitable heteroaryls include
2-pyridinylmethyl, quinolinylmethyl and the like.
"Heterocyclyl" means a non-aromatic saturated
monocyclic or multicyclic ring system comprising about
3 to about 10 ring atoms, preferably about 5 to about
10 ring atoms, in which one or more of the atoms in
the ring system is an element other than carbon, for
example nitrogen, oxygen or sulfur, alone or
incombination. There are no adjacent oxygen and/or
sulfur atoms present in the ring system. Preferred
heterocyclyls contain about 5 to about 6 ring atoms.
The prefix aza, oxa or thia before the heterocyclyl
root name means that at least a nitrogen, oxygen or
sulfur atom respectively is present as a ring atom.
Any -NH in a heterocyclyl ring may exist protected
such as, for example, as an -N(Boc), -N(CBz), -N(Tos)
group and the like; such protections are also
considered part of this invention. The heterocyclyl
can be optionally substituted by one or more "ring
system substituents" which may be the same or
different, and are as defined herein. The nitrogen or
sulfur atom of the heterocyclyl can be optionally
oxidized to the corresponding N-oxide, S-oxide or
S,S-dioxide. Non-limiting examples of suitable
monocyclic heterocyclyl rings include piperidyl,
pyrrolidinyl, piperazinyl, morpholinyl,
thiomorpholinyl, thiazolidinyl, 1,4-dioxanyl,
tetrahydrofuranyl, tetrahydrothiophenyl, lactam,
lactone, and the like. "Heterocyclyl" may also mean a
single moiety (e.g., carbonyl) which simultaneously
replaces two available hydrogens on the same carbon
atom on a ring system. Example of such moiety is
pyrrolidone: "Heterocyclylalkyl" means a heterocyclyl
moiety as defined above linked via an alkyl moiety
(defined above) to a parent core. Non-limiting
examples of suitable heterocyclylalkyls include
pipehdinylmethyl, piperazinylmethyl and the like.
"Heterocyclenyl" means a non-aromatic monocyclic or
multicyclic ring system comprising about 3 to about 10
ring atoms, preferably about 5 to about 10 ring atoms,
in which one or more of the atoms in the ring system
is an element other than carbon, for example nitrogen,
oxygen or sulfur atom, alone or in combination, and
which contains at least one carbon-carbon double bond
or carbon-nitrogen double bond. There are no adjacent
oxygen and/or sulfur atomspresent in the ring system.
Preferred heterocyclenyl rings contain about 5 to
about 6 ring atoms. The prefix aza, oxa or thia before
the heterocyclenyl root name means that at least a
nitrogen, oxygen or sulfur atom respectively is
present as a ring atom. The heterocyclenyl can be
optionally substituted by one or more ring system
substituents, wherein "ring system substituent" is as
defined above. The nitrogen or sulfur atom of the
heterocyclenyl can be optionally oxidized to the
corresponding N-oxide, S-oxide or S,S-dioxide.
Non-limiting examples of suitable heterocyclenyl
groups include 1,2,3,4- tetrahydropyridinyl,
1,2-dihydropyridinyl, 1,4-dihydropyridinyl,
1,2,3,6-tetrahydropyridinyl,
1,4,5,6-tetrahydropyrimidinyl, 2- pyrrolinyl,
3-pyrrolinyl, 2-imidazolinyl, 2-pyrazolinyl,
dihydroimidazolyl, dihydrooxazolyl,
dihydrooxadiazolyl, dihydrothiazolyl,
3,4-dihydro-2H-pyranyl, dihydrofuranyl,
fluorodihydrofuranyl, 7-oxabicyclo[2.2.1]heptenyl,
dihydrothiophenyl, dihydrothiopyranyl, and the like.
"Heterocyclenyl" may also mean a single moiety (e.g.,
carbonyl) which simultaneously replaces two available
hydrogens on the same carbon atom on a ring system.
Example of such moiety is pyrrolidinone:
"Heterocyclenylalkyl" means a heterocyclenyl moiety as
defined above linked via an alkyl moiety (defined
above) to a parent core. It should be noted that in
hetero-atom containing ring systems of this invention,
there are no hydroxyl groups on carbon atoms adjacent
to a N, O or S, as well as there are no N or S groups
on carbon adjacent to another heteroatom. Thus, for
example, in the ring:there is no -OH attached directly
to carbons marked 2 and 5. It should also be noted
that tautomeric forms such as, for example, the
moieties: are considered equivalent in certain
embodiments of this invention. "Alkynylalkyl" means an
alkynyl-alkyl- group in which the alkynyl and alkyl
are as previously described. Preferred alkynylalkyls
contain a lower alkynyl and a lower alkyl group. The
bond to the parent moiety is through the alkyl.
Non-limiting examples of suitable alkynylalkyl groups
include propargylmethyl. "Heteroaralkyl" means a
heteroaryl-alkyl- group in which the heteroaryl and
alkyl are as previously described. Preferred
heteroaralkyls contain a lower alkyl group.
Non-limiting examples of suitable aralkyl groups
include pyridylmethyl, and quinolin-3-ylmethyl. The
bond to the parent moiety is through the alkyl.
"Hydroxyalkyl" means a HO-alkyl- group in which alkyl
is as previously defined. Preferred hydroxyalkyls
contain lower alkyl. Non-limiting examples of suitable
hydroxyalkyl groups include hydroxymethyl and
2-hydroxyethyl. "Acyl" means an H-C(O)-, alkyl-C(O)-
or cycloalkyl-C(O)-, group in which the various groups
are as previously described. The bond to the parent
moiety is through the carbonyl. Preferred acyls
contain a lower alkyl. Non-limiting examples of
suitable acyl groups include formyl, acetyl and
propanoyl. "Aroyl" means an aryl-C(O)- group in which
the aryl group is as previously described. The bond to
the parent moiety is through the carbonyl.
Non-limiting examples of suitable groups include
benzoyl and 1- naphthoyl. "Alkoxy" means an alkyl-O-
group in which the alkyl group is as previously
described. Non-limiting examples of suitable alkoxy
groups include methoxy,ethoxy, n-propoxy, isopropoxy
and n-butoxy. The bond to the parent moiety is through
the ether oxygen. "Aryloxy" means an aryl-O- group in
which the aryl group is as previously described.
Non-limiting examples of suitable aryloxy groups
include phenoxy and naphthoxy. The bond to the parent
moiety is through the ether oxygen. "Aralkyloxy" means
an aralkyl-O- group in which the aralkyl group is as
previously described. Non-limiting examples of
suitable aralkyloxy groups include benzyloxy and 1- or
2-naphthalenemethoxy. The bond to the parent moiety is
through the ether oxygen. "Alkylthio" means an
alkyl-3- group in which the alkyl group is as
previously described. Non-limiting examples of
suitable alkylthio groups include methylthio and
ethylthio. The bond to the parent moiety is through
the sulfur. "Arylthio" means an aryl-S- group in which
the aryl group is as previously described.
Non-limiting examples of suitable arylthio groups
include phenylthio and naphthylthio. The bond to the
parent moiety is through the sulfur. "Aralkylthio"
means an aralkyl-S- group in which the aralkyl group
is as previously described. Non-limiting example of a
suitable aralkylthio group is benzylthio. The bond to
the parent moiety is through the sulfur.
"Alkoxycarbonyl" means an alkyl-O-CO- group.
Non-limiting examples of suitable alkoxycarbonyl
groups include methoxycarbonyl and ethoxycarbonyl. The
bond to the parent moiety is through the carbonyl.
"Aryloxycarbonyl" means an aryl-O-C(O)- group.
Non-limiting examples of suitable aryloxycarbonyl
groups include phenoxycarbonyl and naphthoxycarbonyl.
The bond to the parent moiety is through the carbonyl.
"Aralkoxycarbonyl" means an aralkyl-O-C(O)- group.
Non-limiting example of a suitable aralkoxycarbonyl
group is benzyloxycarbonyl. The bond to the parent
moiety is through the carbonyl. "Alkylsulfonyl" means
an alkyl-S(O2)- group. Preferred groups are those in
which the alkyl group is lower alkyl. The bond to the
parent moiety is through the sulfonyl."Arylsulfonyl"
means an aryl-S(O2)- group. The bond to the parent
moiety is through the sulfonyl. The term "substituted"
means that one or more hydrogens on the designated
atom is replaced with a selection from the indicated
group, provided that the designated atom's normal
valency under the existing circumstances is not
exceeded, and that the substitution results in a
stable compound. Combinations of substituents and/or
variables are permissible only if such combinations
result in stable compounds. By "stable compound' or
"stable structure" is meant a compound that is
sufficiently robust to survive isolation to a useful
degree of purity from a reaction mixture, and
formulation into an efficacious therapeutic agent. The
term "optionally substituted" means optional
substitution with the specified groups, radicals or
moieties. The term "purified", "in purified form" or
"in isolated and purified form" for a compound refers
to the physical state of said compound after being
isolated from a synthetic process (e.g. from a
reaction mixture), or natural source or combination
thereof. Thus, the term "purified", "in purified form"
or "in isolated and purified form" for a compound
refers to the physical state of said compound after
being obtained from a purification process or
processes described herein or well known to the
skilled artisan (e.g., chromatography,
recrystallization and the like) , in sufficient purity
to be characterizable by standard analytical
techniques described herein or well known to the
skilled artisan. It should also be noted that any
carbon as well as heteroatom with unsatisfied valences
in the text, schemes, examples and Tables herein is
assumed to have the sufficient number of hydrogen
atom(s) to satisfy the valences. When a functional
group in a compound is termed "protected", this means
that the group is in modified form to preclude
undesired side reactions at the protected site when
the compound is subjected to a reaction. Suitable
protecting groups will be recognized by those with
ordinary skill in the art as well as byreference to
standard textbooks such as, for example, T.W. Greene
et a/, Protective Groups in organic Synthesis (1991 ),
Wiley, New York. When any variable (e.g., aryl,
heterocycle, R2, etc.) occurs more than one time in
any constituent or in Formula I, its definition on
each occurrence is independent of its definition at
every other occurrence. As used herein, the term
"composition" is intended to encompass a product
comprising the specified ingredients in the specified
amounts, as well as any product which results,
directly or indirectly, from combination of the
specified ingredients in the specified amounts.
Prodrugs and solvates of the compounds of the
invention are also contemplated herein. A discussion
of prodrugs is provided in T. Higuchi and V. Stella,
Pro-drugs as Novel Delivery Systems (1987) 14 of the
A.C.S. Symposium Series, and in Bioreversible Carriers
in Drug Design, (1987) Edward B. Roche, ed., American
Pharmaceutical Association and Pergamon Press. The
term "prodrug" means a compound (e.g, a drug
precursor) that is transformed in vivo to yield a
compound of Formula I or a pharmaceutically acceptable
salt, hydrate or solvate of the compound. The
transformation may occur by various mechanisms (e.g.,
by metabolic or chemical processes), such as, for
example, through hydrolysis in blood. A discussion of
the use of prodrugs is provided by T. Higuchi and W.
Stella, "Pro-drugs as Novel Delivery Systems," Vol. 14
of the A.C.S. Symposium Series, and in Bioreversible
Carriers in Drug Design, ed. Edward B. Roche, American
Pharmaceutical Association and Pergamon Press, 1987.
For example, if a compound of Formula I or a
pharmaceutically acceptable salt, hydrate or solvate
of the compound contains a carboxylic acid functional
group, a prodrug can comprise an ester formed by the
replacement of the hydrogen atom of the acid group
with a group such as, for example, (C 1- C8)alkyl,
(C2-C12)alkanoyloxymethyl, 1-(alkanoyloxy)ethyl having
from 4 to 9 carbon atoms,
1-methyl-1-(alkanoyloxy)-ethyl having from 5 to 10
carbon atoms, alkoxycarbonyloxymethyl having from 3 to
6 carbon atoms, 1- (alkoxycarbonyloxy)ethyl having
from 4 to 7 carbon atoms,
1-methyl-1-(alkoxycarbonyloxy)ethyl having from 5 to 8
carbon atoms, N- (alkoxycarbonyl)aminomethyl having
from 3 to 9 carbon atoms, 1-(N-
(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon
atoms, 3-phthalidyl, 4- crotonolactonyl,
gamma-butyrolacton-4-yl, di-N,N-(C
1-C2)alkylamino(C2-C 3)alkyl (such as
b-dimethylaminoethyl), carbamoyl-(C 1-C2)alkyl, N,N-di
(C1- C2)alkylcarbamoyl-(C1-C2)alkyl and piperidino-,
pyrrolidino- or morpholino(C 2- C3)alkyl, and the
like. Similarly, if a compound of Formula I contains
an alcohol functional group, a prodrug can be formed
by the replacement of the hydrogen atom of the alcohol
group with a group such as, for example, (CrC
6)alkanoyloxymethyl, 1-((C1- C6)alkanoyloxy)ethyl,
1-methyl-1-((C 1-C6)alkanoyloxy)ethyl, (C1-
C6)alkoxycarbonyloxymethyl, N-(C
1-C6)alkoxycarbonylaminomethyl, succinoyl, (C
1-C6)alkanoyl, a-amino(C 1-C4)alkanyl, arylacyl and
a-aminoacyl, or a-aminoacyl- a-aminoacyl, where each
a-aminoacyl group is independently selected from the
naturally occurring L-amino acids, P(O)(OH) 2,
-P(O)(O(CrC 6)alkyl) 2 or glycosyl (the radical
resulting from the removal of a hydroxyl group of the
hemiacetal form of a carbohydrate), and the like. If a
compound of Formula I incorporates an amine functional
group, a prodrug can be formed by the replacement of a
hydrogen atom in the amine group with a group such as,
for example, R-carbonyl, RO-carbonyl, NRR'-carbonyl
where R and R' are each independently (C 1-C1o)alkyl,
(C3-C7) cycloalkyl, benzyl, or R-carbonyl is a natural
a-aminoacyl or natural a-aminoacyl, -C(OH)C(O)OY 1
wherein Y1 is H, (Cr C6)alkyl or benzyl, -C(OY2)Y3
wherein Y2 is (C1-C4) alkyl and Y3 is (CrC )alkyl,
carboxy (C i-C6)alkyl, amino(C r C4)alkyl or mono-N-or
di- N,N-(C 1-C6)alkylaminoalkyl, -C(Y4)Y5 wherein Y4
is H or methyl and Y5 is mono- N- or di-N,N-(CrC
6)alkylamino morpholino, piperidin-1-yl or
pyrrolidin-1-yl, and the like. One or more compounds
of the invention may exist in unsolvated as well as
solvated forms with pharmaceutically acceptable
solvents such as water, 



ethanol, and the like, and it is intended that the
invention embrace both solvatedand unsolvated forms.
"Solvate" means a physical association of a compound
of this 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. "Solvate"
encompasses both solution-phase and isolatable
solvates. Non-limiting examples of suitable solvates
include ethanolates, methanolates, and the like.
"Hydrate" is a solvate wherein the solvent molecule is
H2O. One or more compounds of the invention may
optionally be converted to a solvate. Preparation of
solvates is generally known. Thus, for example, M.
Caira et al, J. Pharmaceutical Sci., 93(3) , 601-61 1
(2004) describe the preparation of the solvates of the
antifungal fluconazole in ethyl acetate as well as
from water. Similar preparations of solvates,
hemisolvate, hydrates and the like are described by E.
C. van Tonder et al, AAPS PharmSciTech., 5(1), article
12 (2004); and A. L. Bingham et al, Chem. Commun.,
603-604 (2001 ). A typical, non-limiting, process
involves dissolving the inventive compound in desired
amounts of the desired solvent (organic or water or
mixtures thereof) at a higher than ambient
temperature, and cooling the solution at a rate
sufficient to form crystals which are then isolated by
standard methods. Analytical techniques such as, for
example I . R. spectroscopy, show the presence of the
solvent (or water) in the crystals as a solvate (or
hydrate). "Effective amount" with reference to the
amount of a compound of formula I , or another drug,
used in a pharmaceutical composition, method of
treatment or kit, means a therapeutically effective
amount. "Effective amount" or "therapeutically
effective amount" is meant to describe an amount of
compound or a composition of the present invention
effective in inhibiting the above-noted diseases and
thus producing the desired therapeutic, ameliorative,
inhibitory or preventative effect.The compounds of
Formula I can form salts which are also within the
scope of this invention. Reference to a compound of
Formula I herein is understood to include reference to
salts thereof, unless otherwise indicated. The term
"salt(s)", as employed herein, denotes acidic salts
formed with inorganic and/or organic acids, as well as
basic salts formed with inorganic and/or organic
bases. In addition, when a compound of Formula I
contains both a basic moiety, such as, but not limited
to a pyridine or imidazole, and an acidic moiety, such
as, but not limited to a carboxylic acid, zwitterions
("inner salts") may be formed and are included within
the term "salt(s)" as used herein. Pharmaceutically
acceptable (i.e., non-toxic, physiologically
acceptable) salts are preferred, although other salts
are also useful. Salts of the compounds of the Formula
I may be formed, for example, by reacting a compound
of Formula I with an amount of acid or base, such as
an equivalent amount, in a medium such as one in which
the salt precipitates or in an aqueous medium followed
by lyophilization. Exemplary acid addition salts
include acetates, ascorbates, benzoates,
benzenesulfonates, bisulfates, borates, butyrates,
citrates, camphorates, camphorsulfonates, fumarates,
hydrochlorides, hydrobromides, hydroiodides, lactates,
maleates, methanesulfonates, naphthalenesulfonates,
nitrates, oxalates, phosphates, propionates,
salicylates, succinates, sulfates, tartarates,
thiocyanates, toluenesulfonates (also known as
tosylates,) and the like. Additionally, acids which
are generally considered suitable for the formation of
pharmaceutically useful salts from basic
pharmaceutical compounds are discussed, for example,
by P. Stahl et al, Camille G. (eds.) Handbook of
Pharmaceutical Salts. Properties, Selection and Use.
(2002) Zurich: Wiley-VCH; S. Berge et al, Journal of
Pharmaceutical Sciences ( 1977) 66(1 ) 1- 19; P.
Gould, International J. of Pharmaceutics (1986) 33
201-217; Anderson et al, The Practice of Medicinal
Chemistry (1996), Academic Press, New York; and in The
Orange Book (Food & Drug Administration, Washington,
D.C. on their website). These disclosures are
incorporated herein by reference thereto.Exemplary
basic salts include ammonium salts, alkali metal salts
such as sodium, lithium, and potassium salts, alkaline
earth metal salts such as calcium and magnesium salts,
salts with organic bases (for example, organic amines)
such as dicyclohexylamines, t-butyl amines, and salts
with amino acids such as arginine, lysine and the
like. Basic nitrogen-containing groups may be
quartemized with agents such as lower alkyl halides
(e.g. methyl, ethyl, and butyl chlorides, bromides and
iodides), dialkyl sulfates (e.g. dimethyl, diethyl,
and dibutyl sulfates), long chain halides (e.g. decyl,
lauryl, and stearyl chlorides, bromides and iodides),
aralkyl halides (e.g. benzyl and phenethyl bromides),
and others. All such acid salts and base salts are
intended to be pharmaceutically acceptable salts
within the scope of the invention and all acid and
base salts are considered equivalent to the free forms
of the corresponding compounds for purposes of the
invention. Pharmaceutically acceptable esters of the
present compounds include the following groups: ( 1)
carboxylic acid esters obtained by esterification of
the hydroxy groups, in which the non-carbonyl moiety
of the carboxylic acid portion of the ester grouping
is selected from straight or branched chain alkyl (for
example, acetyl, n-propyl, t-butyl, or n-butyl),
alkoxyalkyl (for example, methoxymethyl), aralkyl (for
example, benzyl), aryloxyalkyl (for example,
phenoxymethyl), aryl (for example, phenyl optionally
substituted with, for example, halogen, dialkyl, or
C1- 4alkoxy or amino); (2) sulfonate esters, such as
alkyl- or aralkylsulfonyl (for example,
methanesulfonyl); (3) amino acid esters (for example,
L-valyl or Lisoleucyl); (4) phosphonate esters and (5)
mono-, di- or triphosphate esters. The phosphate
esters may be further esterified by, for example, a C1
o alcohol or reactive derivative thereof, or by a
2,3-di glycerol. Compounds of Formula I , and salts,
solvates, esters and prodrugs thereof, may exist in
their tautomeric form (for example, as an amide, enol,
keto or imino ether). All such tautomeric forms are
contemplated herein as part of the present
invention.The compounds of Formula I may contain
asymmetric or chiral centers, and, therefore, exist in
different stereoisomeric forms. It is intended that
all stereoisomeric forms of the compounds of Formula I
as well as mixtures thereof, including racemic
mixtures, form part of the present invention. In
addition, the present invention embraces all geometric
and positional isomers. For example, if a compound of
Formula I incorporates a double bond or a fused ring,
both the cisand trans-forms, as well as mixtures, are
embraced within the scope of the invention.
Diastereomeric mixtures can be separated into their
individual diastereomers on the basis of their
physical chemical differences by methods well known to
those skilled in the art, such as, for example, by
chromatography and/or fractional crystallization.
Enantiomers can be separated by converting the
enantiomeric mixture into a diastereomeric mixture by
reaction with an appropriate optically active compound
(e.g., chiral auxiliary such as a chiral alcohol or
Mosher's acid chloride), separating the diastereomers
and converting (e.g., hydrolyzing) the individual
diastereomers to the corresponding pure enantiomers.
Also, some of the compounds of Formula I may be
atropisomers (e.g., substituted biaryls) and are
considered as part of this invention. Enantiomers can
also be separated by use of chiral HPLC column. It is
also possible that the compounds of Formula I may
exist in different tautomeric forms, and all such
forms are embraced within the scope of the invention.
Also, for example, all keto-enol and imine-enamine
forms of the compounds are included in the invention.
All stereoisomers (for example, geometric isomers,
optical isomers and the like) of the present compounds
(including those of the salts, solvates, esters and
prodrugs of the compounds as well as the salts,
solvates and esters of the prodrugs), such as those
which may exist due to asymmetric carbons on various
substituents, including enantiomeric forms (which may
exist even in the absence of asymmetric carbons),
rotameric forms, atropisomers, and diastereomeric
forms, are contemplated within the scope of this
invention, as are positional isomers(such as, for
example, 4-pyridyl and 3-pyridyl). (For example, if a
compound of Formula I incorporates a double bond or a
fused ring, both the cis- and trans forms, as well as
mixtures, are embraced within the scope of the
invention. Also, for example, all keto-enol and
imine-enamine forms of the compounds are included in
the invention.) Individual stereoisomers of the
compounds of the invention may, for example, be
substantially free of other isomers, or may be
admixed, for example, as racemates or with all other,
or other selected, stereoisomers. The chiral centers
of the present invention can have the S or R
configuration as defined by the IUPAC 1974
Recommendations. The use of the terms "salt",
"solvate", "ester", "prodrug" and the like, is
intended to equally apply to the salt, solvate, ester
and prodrug of enantiomers, stereoisomers, rotamers,
tautomers, positional isomers, racemates or prodrugs
of the inventive compounds. The present invention also
embraces isotopically-labelled compounds of the
present invention which are identical to those recited
herein, but for the fact that one or more atoms are
replaced by an atom having an atomic mass or mass
number different from the atomic mass or mass number
usually found in nature. Examples of isotopes that can
be incorporated into compounds of the invention
include isotopes of hydrogen, carbon, nitrogen,
oxygen, phosphorus, fluorine and chlorine, such as 2H,
3H, 13C, 14C, 15N, 18O, 170 , 3 1P, 32P, 35S, 18F, and
36CI, respectively. Certain isotopically-labelled
compounds of Formula I (e.g., those labeled with 3H
and 14C) are useful in compound and/or substrate
tissue distribution assays. Tritiated (i.e., 3H) and
carbon-14 (i.e., 14C) isotopes are particularly
preferred for their ease of preparation and
detectability. Further, substitution with heavier
isotopes such as deuterium (i.e., 2H) may afford
certain therapeutic advantages resulting from greater
metabolic stability (e.g., increased in vivo halflife
or reduced dosage requirements) and hence may be
preferred in some circumstances lsotopically labelled
compounds of Formula I can generally be prepared by
following procedures analogous to those disclosed in
the Schemesand/or in the Examples hereinbelow, by
substituting an appropriate isotopically labelled
reagent for a non-isotopically labelled reagent.
Polymorphic forms of the compounds of Formula I , and
of the salts, solvates, esters and prodrugs of the
compounds of Formula I, are intended to be included in
the present invention. The compounds according to the
invention can have pharmacological properties; in
particular, the compounds of Formula I can be
modulators of gamma secretase (including inhibitors,
antagonists and the like). More specifically, the
compounds of Formula I can be useful in the treatment
of a variety of disorders of the central nervous
system including, for example, including, but not
limited to, Alzheimer's disease, AIDS-related
dementia, Parkinson's disease, amyotrophic lateral
sclerosis, retinitis pigmentosa, spinal muscular
atrophy and cerebellar degeneration and the like.
Another aspect of this invention is a method of
treating a mammal (e.g., human) having a disease or
condition of the central nervous system by
administering a therapeutically effective amount of at
least one compound of Formula I, or a pharmaceutically
acceptable salt, solvate, ester or prodrug of said
compound to the mammal. A preferred dosage is about
0.001 to 500 mg/kg of body weight/day of the compound
of Formula I. An especially preferred dosage is about
0.01 to 25 mg/kg of body weight/day of a compound of
Formula I, or a pharmaceutically acceptable salt or
solvate of said compound. The compounds of this
invention may also be useful in combination
(administered together or sequentially) with one or
more additional agents listed above. The compounds of
this invention may also be useful in combination
(administered together or sequentially) with one or
more compounds selected from the group consisting of
Ab antibody inhibitors, gamma secretase inhibitors and
beta secretase inhibitors.If formulated as a fixed
dose, such combination products employ the compounds
of this invention within the dosage range described
herein and the other pharmaceutically active agent or
treatment within its dosage range. Accordingly, in an
aspect, this invention includes combinations
comprising an amount of at least one compound of
Formula I, or a pharmaceutically acceptable salt,
solvate, ester or prodrug thereof, and an amount of
one or more additional agents listed above wherein the
amounts of the compounds/ treatments result in desired
therapeutic effect. The pharmacological properties of
the compounds of this invention may be confirmed by a
number of pharmacological assays. Certain assays are
exemplified later in this document. This invention is
also directed to pharmaceutical compositions which
comprise at least one compound of Formula I , or a
pharmaceutically acceptable salt, solvate, ester or
prodrug of said compound and at least one
pharmaceutically acceptable carrier. For preparing
pharmaceutical compositions from the compounds
described by this invention, inert, pharmaceutically
acceptable carriers can be either solid or liquid.
Solid form preparations include powders, tablets,
dispersible granules, capsules, cachets and
suppositories. The powders and tablets may be
comprised of from about 5 to about 95 percent active
ingredient. Suitable solid carriers are known in the
art, e.g., magnesium carbonate, magnesium stearate,
talc, sugar or lactose. Tablets, powders, cachets and
capsules can be used as solid dosage forms suitable
for oral administration. Examples of pharmaceutically
acceptable carriers and methods of manufacture for
various compositions may be found in A. Gennaro (ed.),
Remington's Pharmaceutical Sciences, 18th Edition,
(1990), Mack Publishing Co., Easton, Pennsylvania.
Liquid form preparations include solutions,
suspensions and emulsions. As an example may be
mentioned water or water-propylene glycol solutions
for parenteral injection or addition of sweeteners and
opacifiers for oral solutions,suspensions and
emulsions. Liquid form preparations may also include
solutions for intranasal administration. Aerosol
preparations suitable for inhalation may include
solutions and solids in powder form, which may be in
combination with a pharmaceutically acceptable
carrier, such as an inert compressed gas, e.g.
nitrogen. Also included are solid form preparations
that are intended to be converted, shortly before use,
to liquid form preparations for either oral or
parenteral administration. Such liquid forms include
solutions, suspensions and emulsions. The compounds of
the invention may also be deliverable transdermally.
The transdermal compositions can take the form of
creams, lotions, aerosols and/or emulsions and can be
included in a transdermal patch of the matrix or
reservoir type as are conventional in the art for this
purpose. The compounds of this invention may also be
delivered subcutaneously. Preferably the compound is
administered orally. Preferably, the pharmaceutical
preparation is in a unit dosage form. In such form,
the preparation is subdivided into suitably sized unit
doses containing appropriate quantities of the active
component, e.g., an effective amount to achieve the
desired purpose. The quantity of active compound in a
unit dose of preparation may be varied or adjusted
from about 1 mg to about 100 mg, preferably from about
1 mg to about 50 mg, more preferably from about 1 mg
to about 25 mg, according to the particular
application. The actual dosage employed may be varied
depending upon the requirements of the patient and the
severity of the condition being treated. 



Determination of the proper dosage regimen for a
particular situation is within the skill of the art.
For convenience, the total daily dosage may be divided
and administered in portions during the day as
required. The amount and frequency of administration
of the compounds of the invention and/or the
pharmaceutically acceptable salts thereof will be
regulated according to the judgment of the attending
clinician considering such factors asage, condition
and size of the patient as well as severity of the
symptoms being treated. A typical recommended daily
dosage regimen for oral administration can range from
about 1 mg/day to about 500 mg/day, preferably 1
mg/day to 200 mg/day, in two to four divided doses.
Another aspect of this invention is a kit comprising a
therapeutically effective amount of at least one
compound of Formula I, or a pharmaceutically
acceptable salt, solvate, ester or prodrug of said
compound and a pharmaceutically acceptable carrier,
vehicle or diluent. Yet another aspect of this
invention is a kit comprising an amount of at least
one compound of Formula I, or a pharmaceutically
acceptable salt, solvate, ester or prodrug of said
compound and an amount of at least one additional
agent listed above, wherein the amounts of the two or
more ingredients result in desired therapeutic effect.
The invention disclosed herein is exemplified by the
following preparations and examples which should not
be construed to limit the scope of the disclosure.
Alternative mechanistic pathways and analogous
structures will be apparent to those skilled in the
art. Reagents and reaction conditions can be changed
according to the knowledge of those skilled in the
art. Where NMR data are presented, 1H spectra were
obtained on either a Varian VXR-200 (200 MHz, 1 H),
Varian Gemini-300 (300 MHz) or XL-400 (400 MHz) and
are reported as ppm down field from Me4Si with number
of protons, multiplicities, and coupling constants in
Hertz indicated parenthetically. Where LC/MS data are
presented, analyses was performed using an Applied
Biosystems API-100 mass spectrometer and Shimadzu
SCL-10A LC column: Altech platinum C18, 3 micron, 33mm
x 7mm ID; gradient flow: 0 min - 10% CH3CN, 5 min -
95% CH3CN, 7 min - 95% CH3CN, 7.5 min - 10% CH3CN, 9
min - stop. The observed parent ion is given. The
following solvents and reagents may be referred to by
their abbreviations in parenthesis: Thin layer
chromatography: TLCdichloromethane: CH2CI2 ethyl
acetate: AcOEt or EtOAc methanol: MeOH
trifluoroacetate: TFA triethylamine: Et3N or TEA
butoxycarbonyl: n-Boc or Boc nuclear magnetic
resonance spectroscopy: NMR liquid chromatography mass
spectrometry: LCMS high resolution mass spectrometry:
HRMS milliliters: ml_ millimoles: mmol microliters: ml
grams: g milligrams: mg room temperature or rt
(ambient): about 250C. N-bromosuccinimide: NBS
N-chlorosuccinimide: NCS EXAMPLES Method AMethod A,
Step 1 The following method was adapted for the
oxadiazoline synthesis (Tsuge, Otohiko; Kanemasa,
Shuji; Suga, Hiroyuki; Nakagawa, Norihiko. Bulletin of
the Chemical Society of Japan (1987), 60(7), 2463-73).
Compound A 1 (R8 = H, R10 = 3-MeO-Phenyl, R9 =
4-(4-Methylimidazol-1- yl), 3g) and A2 (4.2 g) in 135
ml of anhydrous THF was heated at 1000C in a sealed
tube under nitrogen overnight. Solvent was evaporated
and residue chromatographed using a silica gel column
eluted with EtOAc / Hexane to give 2.7 g of A3 (R1 =
H, R8 = H, R10 = 3-OMePhenyl, R9 =
4-(4-Methyl-imidazol-1-yl)). Method A, Step 2 A3 (R1 =
H, R8 = H, R10 = 3-MeO-Phenyl, R9 =
4-(4-Methyl-imidazol-1-yl), 2.7 g) and potassium
acetate ( 1.4 g) in 120 ml_ MeOH was cooled to 0c
before hydoxylamine hydrochloride ( 1 g) was added.
The reaction mixture was stirred for 90 min before the
solvent was evaporated. The residue was partitioned in
EtOAc and brine. The organic layer was dried over
anhydrous Na2SO4, The crude was purified on C18
reverse phase column to give 1g of A4 (R1 = H, R8 = H,
R10 = 3- MeO-Phenyl, R9 = 4-(4-Methyl-imidazol-1-yl)).
MS (M+1): 258. Method A, Step 3 A mixture of A5 (R2 =
3-MeO-propyl, 3 ml_) and A6 ( R6 = Me, R7 = p-Fphenyl,
1.2 ml_) in a sealed tube was heated at 50c with 2g of
4A molecular sieves under nitrogen for 3h and r.t. for
72 h. The volatile was removed to give A7 (R2 =
3-MeO-Propyl, R6 = Me, R7 = p-F-Phenyl) as an oil
which was used for next step without further
purification. Method A, Step 4 A mixture of A4 (R1 =
H, R8 = H, R10 = 3-MeO-Phenyl, R9 =
4-(4-Methylimidazol- 1-yl), 100 mg),
N-Chlorosuccinimide (51 .9 mg) and pyridine (8 uL) in
1.2ml_ of DCM was stirred at r.t. for 10 min followed
by addition of A7 (R2 = 3- OMePropyl, R6 = Me, R7 =
p-F-Phenyl) and TEA (0.8 mL). The reaction mixture was
stirred at r.t. overnight before it was diluted with
DCM, washed with brine, dried over anhydrous sodium
sulfate. The solvent was removed and residue purified
via a reverse phase column eluted with MeCN / Water
with 0.1 % formic acid to give product A8 (R1 = H, R2
= 3-OMePropyl, R6 = Me, R7 = p-F-Phenyl, R8 = H, R10 =
3-MeO-Phenyl, R9 = 4-(4-Methyl-imidazol-1-yl). 1H NMR
(CDCI3, ppm): 7.96 (br, 1H), 7.59-7.55 (m, 2H),
7.48-7.44 (d, 1H), 7.27- 7.5 (m, 1H), 7.18-7.16 (m,
1H), 7.12 (m, 2H), 7.09-7.05 (t, 1H), 6.96 (br, 1H),
6.57- 6.53 (d, 1H), 3.89 (s, 3H), 3.27 (s, 3H),
3.29-3.14 (m, 4H), 2.32 (s, 3H), 1.89 (s, 3H), 1.55
(br, 2H). MS (ES-LCMS, M+1 ) 465. The compounds in
Table 2 were synthesized using methods similar to that
of Method A. Table 2Derivatives of Fluorene,
Anthracene, Xanthene, Dibenzosuberone and Acridine and
Uses Thereof This application claims priority of U.S.
Provisional Application 60/928,592, filed 10 May 2007,
and 60/999,1 53, filed 15 October 2007, the
disclosures of which are herein incorporated by
reference in their entirety. FIELD OF THE INVENTION
The present invention relates to the field of novel
compounds useful for the treatment of cancer and
methods of use thereof. BACKGROUND OF THE INVENTION
The Wnt/beta-catenin signaling pathway is recognized
as one of the key signaling pathways in cancer and as
a valid target for therapeutic intervention in many
tumor types, especially colon tumors. The cells of
multicellular organisms have the ability to recognize
and signal each other, sometimes from fair distances.
Such signaling may be accomplished by production of
signaling molecules produced by one cell and which
subsequently bind to a specific receptor on a
different cell. Such signaling pathways have been
implicated in various disease processes, including
cancer. Wnt signaling, via receptor binding and
subsequent increase in intracellular b-catenin, is
referred to as the canonical pathway. Wnt proteins
form a family of highly conserved secreted signaling
molecules that regulatecell-to-cell interactions and
have been implicated in cancer pathogenesis. Wnt
proteins bind to receptors of the Frizzled and LRP
families on the cell surface. Through several
cytoplasmic relay components, the signal is transduced
to b- catenin, which then enters the nucleus and forms
a complex with TCF to activate transcription of Wnt
target genes. In this pathway, Wnt polypeptides is
either present on the surface of a signaling cell or
released by that cell and eventually contact a
specific cellsurface receptor of another cell. Such
receptors on target cells include the Frizzled/LRP
receptor (LRP = LDL-receptor-related protein) and they
transmit a signal to intracellular proteins, such as
b-catenin, whose steady-state level is usually kept
relatively low through continuous degradation (usually
mediated by proteosomes). This is controlled by a
complex containing the proteins GSK-3/APC/Axin (GSK-3
= glycogen synthase kinase and APC = Adenomatous
Polyposis CoIi). The result of Wnt-binding at the
surface of the target cell is to inhibit b-catenin
degradation, whereupon the latter builds up, enters
the nucleus and combines with transcriptional
regulators to turn on genes. It has been found that
mutations that promote constitutive activation of the
Wnt signaling pathway can lead to cancer [for a
review, see Logan and Nusse, "The Wnt Signaling
Pathway in Development and Disease," in Ann. Rev. Cell
Dev. Biol. , 20:781-810 (2004)] For example, mutations
in Axin2 may predispose an individual to colon cancer
(Lammi et al., Am. J. Hum. Genet., 74:1043-50 (2004)).
In another such example, familial adenomatous
polyposis (FAP), an inherited disease characterized by
numerous polyps in the colon and rectum, is often
caused by truncation of APC (another Wnt
signalingpathway protein), which promotes aberrant
activation of the Wnt pathway [see: Kinzler et al.,
Science, 253:661-665 ( 1991)] Mutations in APC and b-
catenin have also be detected in colon cancer and
other tumor types (for a review see Giles et al.,
Biochim. Biophys. Acta, 1653:1-24 (2003)). In
addition, mutations in Axin that cause loss of
function have been identified inhepatocellular
carcinomas [see: Satoh et al., Nat. Genet., 24:245-50
(2000)] Thus, any mutation or other cellular event
that serves to decouple Wnt signaling and b-catenin
regulation appears to be important in producing
cancer. Because such cancer-genesis events have been
linked to elevated levels of b-catenin (i.e.,
situations where b-catenin levels are Wnt
independent), small organic compounds and other agents
that serve to re establish this linkage or otherwise
reduce b-catenin would prove useful in abating the
cancerous process and find use as anti-neoplastic
agents. The present invention provides such agents in
the form of disulfonamide derivatives of fluorene,
anthracene, xanthene, dibenzosuberone and acridine
that reduce levels of beta-catenin in tumor cells.
Structurally related fluorene and anthracene
derivatives with the sulfonamide groups substituted
with aromatic amines are known in the art (see, for
example, US 2004/0019042) as inhibitors of P2X3 and
P2X2/3 containing receptors and have been found useful
in the treatment and prevention of disorders such as
bladder overactivity, urinary incontinence or pain.
However, herein it is shown that novel structurally
related compounds can be prepared and used as
modulators of the Wnt/b-catenin pathway. It is known
that b-catenin is a regulator of the Wnt signally
pathway (see Willert and Nusse, Current Opinion in
Genetics and Development, 8:95-102 (1998). BRIEF
SUMMARY OF THE INVENTION The invention provides novel
compounds useful for the treatment of cancer that
interfere with the Wnt signaling pathway and reduce
levels of beta-catenin in cancer cells, and methods
for their synthesis. In specific embodiments, these
compounds include disulfonamide derivatives
offluorene, anthracene, xanthene, dibenzosuberone and
acridine that reduce levels of beta-catenin in tumor
cells. Compounds of the invention have the structure
of Formula I : Formula I Wherein n = 0 - 2 and wherein
when n = 1, X is selected from CH2, O, NRA, CO, and
C=NORA and wherein when n = 2 , X = CH2 wherein RA is
selected from H, alkyl, heteroalkyl, alkenyl, alkynyl,
cycloalkyl, -C(=O)R B, -C(=O)ORB, -C(=O)NR BRC, -C(=NR
B)RC, -NRBRc, heterocycloalkyl, aryl or polyaromatic,
heteroaryl, arylalkyl and aIkyIa ryI wherein each of
said RB and Rc is independently H alkyl, or
heteroalkyl, U and V are each independently selected
from C=O and O=S=O and wherein when U is C=O, V is not
C=O, Ri, R2, R3, and R4 are each independently
selected from H alkyl, heteroalkyl, cycloalkyl,
arylcycloalkyl, alkenyl, alkynyl, aryl, heteroaryl,
heterocycloalkyl, and each of said Ri, R2 and said R3,
R4 can independently combine to form heterocycloalkyl,
R5 and R6 are each independently selected from H, OH,
SH, alkoxy, thioalkoxy, alkyl, halogen, CN, CF3, NO2,
COORD, CONRDRE, NRDRE, NRDCOR E > NRDSO2RE, and
NRFCONRDRE;wherein R , RE and RF are independently H,
alkyl, heteroalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, cycloalkyl, or heterocycloalkyl; and
wherein if X is O, Y is O and U and V are both O=S=O,
then NRiR 2 and NR3R4 are not identical wherein R1 and
R3 are each independently selected from H and lower
alkyl, and wherein R2 and R4 are each independently
selected from lower alkoxy(loweralkyl),
di(lower)alkylamino(lower)alkyl, halobenzyl,
morpholino(lower)alkyl, or NRiR 2 and NR3R4 are
independently selected from piperidino, morpholino,
piperazino, N-phenylpiperazino, ethylamino, or
substituted glycine and wherein when X is (CH2)2 Y is
O or NOH, and U and V are each O=S=O then none of Ri,
R2, R , and R4 is methyl, and wherein when n = O, Y is
O or NOH, and U and V are each O=S=O, then NRiR 2 and
NR3R4 are not identical and R1, R2, R3, and R4 are
each independently selected from C1-C5 alkyl, Ci 0
alkyl, C16 alkyl, C17 alkyl, phenyl, benzyl,
naphthalenyl, piperizino, pyridinyl, pyrazolyl,
benzimidazolyl, triazolyl; or NR1R2 and NR3R4 are
independently piperidino, morpholino, or piperazino.
and wherein when X is CO, Y is O, and U and V are each
O=S=O then NR1R2 and NR3R4 are not the same and
wherein R1, R2, R3, and R4 are each independently
selected from methyl, ethyl, hydroxy-CrC 3-alkyl, SH,
RO, COOH, SO, NH2, and phenyl; and NR1R2 and NR3R4 are
independently selected from unsubstituted piperidino,
N-methylpiperazino or N-methylhomopiperazino, and
wherein when X is C=O or C=NOH, Y is O or NOH, and U
and V are each O=S=O and one of R1 or R2 and one of R3
or R4 is phenyl then the other of R1 or R2 and R3 or
R4 is not H or alkyl,including all pharmaceutically
acceptable salts, esters, amides, stereoisomers,
geometric isomers, solvates or prodrugs thereof. In
specific embodiments, the compounds of the invention
include those of Tables 2 to 13 and said compounds
make up the invention either individually or in any
combination. The present invention also provides
therapeutic compositions of any of the compounds of
the invention, such as the compounds of Tables 1 to
13. The present invention also relates to a method for
ameliorating cancer or tumor metastasis in a mammal
comprising administering to said mammal an effective
amount of a compound of the invention. Especially
contemplated are uses of the compounds of Tables 1 to
13. DEFINITIONS 



Unless expressly stated otherwise, each of the
following terms has the indicated meaning: "Acyl" or
"carbonyl" is a radical formed by removal of the
hydroxy from a carboxylic acid (i.e., R-C(=O)-).
Preferred acyl groups include (for example) acetyl,
formyl, and propionyl. The term "carbon chain"
embraces any alkyl, alkenyl, alkynyl, or heteroalkyl,
heteroalkenyl, or heteroalkynyl group, which are
linear, cyclic, or any combination thereof. If the
chain is part of a linker and that linker comprises
one or more rings as part of the core backbone, for
purposes of calculating chain length, the "chain" only
includes those carbon atoms that compose the bottom or
top of a given ring and not both, and where the top
and bottom of the ring(s) are not equivalent in
length, the shorter distanceshall be used in
determining the chain length. If the chain contains
heteroatoms as part of the backbone, those atoms are
not calculated as part of the carbon chain length.
"Alkyl" means a saturated hydrocarbon chain having 1
to 15 carbon atoms, preferably 1 to 10 carbon atoms.
Used alone or in combination, it refers to an
optionally substituted straight-chain, or optionally
substituted branched-chain saturated hydrocarbon
radical having from one to about thirty carbons, more
preferably one to twelve carbons. Non-limiting
examples of alkyl radicals include methyl, ethyl,
n-propyl, isopropyl, n-butyl, isobutyl, secbutyl,
tert-butyl, tert-amyl, pentyl, hexyl, heptyl, octyl
and the like. The term "alkenyl," alone or in
combination, refers to an optionally substituted
straight-chain, or optionally substituted
branched-chain hydrocarbon radical having one or more
carbon-carbon double-bonds and having from two to
about thirty carbon atoms, more preferably two to
about eighteen carbons. Examples of alkenyl radicals
include ethenyl, propenyl, butenyl, 1,3-butadienyl and
the like. The term "alkynyl," alone or in combination,
refers to an optionally substituted straight-chain or
optionally substituted branched-chain hydrocarbon
radical having one or more carbon-carbon triple-bonds
and having from two to about thirty carbon atoms, more
preferably from two to about twelve carbon atoms, from
two to about six carbon atoms as well as those having
from two to about four carbon atoms. Examples of
alkynyl radicals include ethynyl, 2-propynyl,
2-butynyl, 1,3-butadiynyl and the like. "Alkene" is a
hydrocarbon chain having at least one (preferably only
one) carbon-carbon double bond and having 2 to 15
carbon atoms, preferably 2 to 10, more preferably 2 to
5 carbon atoms."Alkyne" is a hydrocarbon chain having
at least one (preferably only one) carbon-carbon
triple bond and having 2 to 15 carbon atoms,
preferably 2 to 10, more preferably 2 to 5 carbon
atoms. Alkyl, alkene and alkyne chains (referred to
collectively as "hydrocarbon chains") may be straight
or branched and may be unsubstituted or substituted.
Preferred branched alkyl, alkene and alkyne chains
have one or two branches, preferably one branch.
Preferred chains are alkyl. Alkyl, alkene and alkyne
hydrocarbon chains each may be unsubstituted or
substituted with from 1 to 4 substituents; when
substituted, preferred chains are mono-, di-, or
tri-substituted. Alkyl, alkene and alkyne hydrocarbon
chains each may be substituted with halo, hydroxy,
aryloxy (e.g., phenoxy), heteroaryloxy, acyloxy (e.g.,
acetoxy), carboxy, aryl (e.g., phenyl), heteroaryl,
cycloalkyl, heteroalkyl, heterocycloalkyl, spirocycle,
amino, amido, acylamino, keto, thioketo, cyano, or any
combination thereof. Preferred hydrocarbon groups
include methyl, ethyl, propyl, isopropyl, butyl,
vinyl, allyl, butenyl, and exomethylenyl. A "lower
alkyl" is a shorter alkyl, e.g., one containing from
one to about six carbon atoms. Also, as referred to
herein, a "lower" alkyl, alkene or alkyne moiety
(e.g., "lower alkyl") is a chain comprised of 1 to 10,
preferably from 1 to 8 , carbon atoms in the case of
alkyl and 2 to 10, preferably 2 to 8 , carbon atoms in
the case of alkene and alkyne. "Alkoxy" means an
oxygen radical having a hydrocarbon chain substituent,
where the hydrocarbon chain is an alkyl or alkenyl
(i.e., -O-alkyl or -O-alkenyl). Examples of alkoxy
radicals include methoxy, ethoxy, npropoxy,
isopropoxy, n-butoxy, isobutoxy, sec-butoxy,
tert-butoxy, allyloxy and the like. "Aryl" is an
aromatic hydrocarbon ring. Aryl rings are monocyclic
or fused bicyclic ring systems. Monocyclic aryl rings
contain 6 carbon atoms in the ring. Monocyclic aryl
rings are also referred to as phenyl rings. Bicyclic
aryl rings contain from 8 to 17 carbon atoms,
preferably 9 to 12 carbon atoms, in the ring. Bicyclic
aryl rings include ring systems wherein one ring is
aryland the other ring is aryl, cycloalkyl, or
heterocycloakyl. Preferred bicyclic aryl rings
comprise 5-, 6- or 7-membered rings fused to 5-, 6-,
or 7- membered rings. Aryl rings may be unsubstituted
or substituted with from 1 to 4 substituents on the
ring. Aryl may be substituted with halo, cyano, nitro,
hydroxy, carboxy, amino, acylamino, alkyl,
heteroalkyl, haloalkyl, phenyl, aryloxy, alkoxy,
heteroalkyloxy, carbamyl, haloalkyl, methylenedioxy,
heteroaryloxy, or any combination thereof. Preferred
aryl rings include naphthyl, tolyl, xylyl, and phenyl.
The most preferred aryl ring radical is phenyl.
"Aryloxy" is an oxygen radical having an aryl
substituent (i.e., -O-aryl). Preferred aryloxy groups
include (for example) phenoxy, napthyloxy,
methoxyphenoxy, and methylenedioxyphenoxy.
"Cycloalkyl" refers to a saturated or unsaturated
hydrocarbon ring that is not aromatic. Cycloalkyl
rings are monocyclic, or are fused, spiro, or bridged
bicyclic or polycyclic ring systems. Monocyclic
cycloalkyl rings contain from about 3 to about 12
carbon atoms, preferably from 3 to 7 carbon atoms, in
the ring. Bicyclic cycloalkyl rings contain from 7 to
17 carbon atoms, preferably from 7 to 12 carbon atoms,
in the ring. Preferred bicyclic cycloalkyl rings
comprise 4-, 5- 6- or 7-membered rings fused to 5-,
6-, or 7-membered rings. Cycloalkyl rings may be
unsubstituted or substituted with from 1 to 4
substituents on the ring. Cycloalkyl may be
substituted with halo, cyano, alkyl, heteroalkyl,
haloalkyl, phenyl, keto, hydroxy, carboxy, amino,
acylamino, aryloxy, heteroaryloxy, or any combination
thereof. Preferred cycloalkyl rings include
cyclopropyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl and cyclononyl rings. The term "cycloalkyl"
also embraces cyclic alkyl radicals that include
monocyclic, bicyclic, tricyclic, and higher polycyclic
alkyl radicals wherein each cyclic moiety has from
three to about twelve carbon atoms, which would be a 3
to 12 membered ring. Examples of cycloalkyl radicals
include cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl and the like. The term "cycloalkynyl"
refers to cyclic alkynyl radicals which include
monocyclic, bicyclic, tricyclic, and higher polycyclic
alkynyl "radicals whereineach cyclic moiety has from
three to about eight carbon atoms. A "lower alkynyl"
refers to an alkynyl having from two to about six
carbons. "Halo" or "halogen" is fluoro, chloro, bromo
or iodo. Preferred halo are fluoro, chloro and bromo;
more preferred typically are chloro and fluoro,
especially fluoro. "Haloalkyl" is a straight,
branched, or cyclic hydrocarbon substituted with one
or more halo substituents. Preferred are C1-C12
haloalkyls; more preferred are C-|-C6 haloalkyls;
still more preferred still are C1-C3 haloalkyls.
Preferred halo substituents are fluoro and chloro.
"Heteroatom" is a nitrogen, sulfur, or oxygen atom.
Groups containing more than one heteroatom may contain
different heteroatoms. The terms "heteroalkyl,
heteroalkenyl and heteroalkynyl" include optionally
substituted alkyl, alkenyl and alkynyl structures, as
described above, and which have one or more skeletal
chain atoms selected from an atom other than carbon,
e.g., oxygen, nitrogen, sulfur, phosphorous or
combinations thereof. "Heteroalkyl" is a saturated or
unsaturated chain containing carbon and at least one
heteroatom, wherein no two heteroatoms are adjacent.
Heteroalkyl chains contain from 2 to 15 member atoms
(carbon and heteroatoms) in the chain, preferably 2 to
10, more preferably 2 to 5 . For example, alkoxy
(i.e., -O-alkyl or -O-heteroalkyl) radicals are
included in heteroalkyl. Heteroalkyl chains may be
straight or branched. Preferred branched heteroalkyl
have one or two branches, preferably one branch.
Preferred heteroalkyl are saturated. Unsaturated
heteroalkyl have one or more carbon-carbon double
bonds and/or one or more carbon-carbon triple bonds.
Preferred unsaturated heteroalkyls have one or two
double bonds or one triple bond, more preferably one
double bond. Heteroalkyl chains may be unsubstituted
or substituted with from 1 to 4 substituents.
Preferred substituted heteroalkyl are mono-, di-, or
tri-substituted. Heteroalkyl may be substituted with
lower alkyl, haloalkyl, halo, hydroxy, aryloxy,
heteroaryloxy, acyloxy, carboxy, monocyclic aryl,
heteroaryl, cycloalkyl, heteroalkyl, heterocycloalkyl,
spirocycle, amino, acylamino, amido, keto, thioketo,
cyano,or any combination thereof. Where a group is
described, for example, as an alkyl derivative, such
as "-ethylpyridine" the dash "-" indicates the point
of attachment of the substituent. Thus,
"-ethylpyridine" means attachment of ethylpyridine via
the ethyl portion of the group whereas
"ethylpyridine-" means attachment via the pyridine
ring. "Heteroaryl" is an aromatic ring containing
carbon atoms and from 1 to about 6 heteroatoms in the
ring. Heteroaryl rings are monocyclic or fused
bicyclic ring systems. Monocyclic heteroaryl rings
contain from about 5 to about 9 member atoms (carbon
and heteroatoms), preferably 5 or 6 member atoms, in
the ring. Bicyclic heteroaryl rings contain from 8 to
17 member atoms, preferably 8 to 12 member atoms, in
the ring. Bicyclic heteroaryl rings include ring
systems wherein one ring is heteroaryl and the other
ring is aryl, heteroaryl, cycloalkyl, or heteroalkyl,
heterocycloalkyl. Preferred bicyclic heteroaryl ring
systems comprise 5-, 6- or 7-membered rings fused to
5-, 6-, or 7-membered rings. Heteroaryl rings may be
unsubstituted or substituted with from 1 to 4
substituents on the ring. Heteroaryl may be
substituted with halo, cyano, nitro, hydroxy, carboxy,
amino, acylamino, alkyl, heteroalkyl, haloalkyl,
phenyl, alkoxy, aryloxy, heteroaryloxy, or any
combination thereof. Preferred heteroaryl rings
include, but are not limited to, the following: Furan
Thiophene Pyrrole Pyrazole Imidazole Oxazole Isoxazole
Isothiazole Thiazole 1,2,5-Thiadiazole 1,2,3-Triazole
1,3,4-Thiadiazole Furazan 1,2,3-Thiadiazole
1,2,4-Thiadiazole Benzotriazole 1,2,4-Triazole
Tetrazole1,2,4-Oxadiazole 1,3,4-Oxadiazole
1,2,3,4-Oxatriazole 1,2,3,4-Thiatriazole
1,2,3,5-Thiatriazole 1,2,3, lsoindole Benzofuran
Benzothiophene 1H-lndazole Purine Quipoline
Isoquinoline Cinnoline Phthalazine Quinazoline
Quinoxaline 1,8-Napthypyridine A fused heteroaryl
radical may contain from two to four fused rings and
where the ring of attachment is a heteroaromatic ring,
the other individual rings within the fused ring
system may be aromatic, heteroaromatic, alicyclic or
heterocyclic. The term heteroaryl also includes
mono-heteroaryls or fused heteroaryls having from five
to about twelve skeletal ring atoms, as well as those
having from five to about ten skeletal ring atoms. The
term "lower heteroaryl" refers to a heteroaryl having
five to about ten skeletal ring atoms, e.g., pyridyl,
thienyl, pyrimidyl, pyrazinyl, pyrrolyl, or
furanyl."Heteroaryloxy" is an oxygen radical having a
heteroaryl substituent (i.e., -O-heteroaryl).
Preferred heteroaryloxy groups include (for example)
pyridyloxy, furanyloxy, (thiophene)oxy, (oxazole)oxy,
(thiazole)oxy, (isoxazole)oxy, pyrmidinyloxy,
pyrazinyloxy, and benzothiazolyloxy.
"Heterocycloalkyl" is a saturated or unsaturated ring
containing carbon atoms and from 1 to 4 (preferably 1
to 3) heteroatoms in the ring. Heterocycloalkyl rings
are not aromatic. Heterocycloalkyl rings are
monocyclic, or are fused, bridged, or spiro bicyclic
ring systems. Monocyclic heterocycloalkyl rings
contain from about 3 to about 9 member atoms
(including both carbons and heteroatoms), preferably
from 5 to 7 member atoms, in the ring. Bicyclic
heterocycloalkyl rings contain from 7 to 17 member
atoms, preferably 7 to 12 member atoms, in the ring.
Bicyclic heterocycloalkyl rings contain from about 7
to about 17 ring atoms, preferably from 7 to 12 ring
atoms. Bicyclic heterocycloalkyl rings may be fused,
spiro, or bridged ring systems. Preferred bicyclic
heterocycloalkyl rings comprise 5-, 6- or 7-membered
rings fused to 5-, 6-, or 7-membered rings.
Heterocycloalkyl rings may be unsubstituted (i.e.,
contain hydrogens as substituents of the ring atoms)
or substituted (on either carbons or heteroatoms or
both) with from 1 to 4 substituents selected from
methyl, halo, haloalkyl, cyano, hydroxy, carboxy,
keto, thioketo, amino, acylamino, acyl, amido, alkyl
(other than methyl), heteroalkyl, haloalkyl, phenyl,
alkoxy, aryloxy or any combination thereof. Preferred
substituents on heterocycloalkyl include methyl,
ethoxyl, halo and haloalkyl. A heterocycloalkyl ring
may be attached as a substituent of a larger structure
by any chemically feasible atom of said
heterocycloalkyl ring. Preferred heterocycloalkyl
rings include, but are not limited to, the following:
Oxirane Aziridine Oxetane Azetidine Tetrahydrofuran
Pyrrolidine 3H-lndole1,3-Dioxolane 1,2-Dithiolane
1,3-Dithiolane 4,5-Dihydroisoxazole
2,3-Dihydroisoxazole Pyrazolidine 2H-Pyran
3,4-Dihydro-2H-pyran Tetrahydropyran 2H-Chromene
Chromone Chroman Piperidine Morpholine 4H-1,3-Oxazine
6/-/-1 ,3-0xazine Cepham Piperazine Azepane
1,3-Dithiane 1,4-Dioxane Penem Thiolane
2,3-Dihydro-1W-lsoindole Phthalan 1,4-Oxathiane
1,4-Dithiane hexahydro-Pyridazine
1,2-Benzisothiazoline Benzylsultam [l,4]DiazepaneThe
term "membered ring" can embrace any cyclic structure,
including aromatic, heteroaromatic, alicyclic,
heterocyclic and polycyclic fused ring systems as
described below. The term "membered" is meant to
denote the number of skeletal atoms that constitute
the ring. Thus, for example, pyridine, pyran, and
pyrimidine are six-membered rings and pyrrole,
tetrahydrofuran, and thiophene are five-membered
rings. The term "aryl," alone or in combination,
refers to an optionally substituted aromatic
hydrocarbon radical of six to about twenty ring atoms,
and includes mono-aromatic rings and fused aromatic
ring. A fused aromatic ring radical contains from two
to four fused rings where the ring of attachment is an
aromatic ring, and the other individual rings within
the fused ring may be aromatic, heteroaromatic,
alicyclic or heterocyclic. Further, the term aryl
includes mono-aromatic ring and fused aromatic rings
containing from six to about twelve carbon atoms, as
well as those containing from six to about ten carbon
atoms. Examples of aryl groups include, without
limitation, phenyl, naphthyl, anthryl, chrysenyl, and
benzopyrenyl ring systems. The term "lower aryl"
refers to an aryl having six to about ten skeletal
ring carbons, e.g., phenyl and naphthyl ring systems.
The term "heterocyclic" refers to optionally
substituted saturated or unsaturated nonaromatic ring
radicals containing from five to about twenty ring
atoms where one or more of the ring atoms are
heteroatoms such as, for example, oxygen, nitrogen,
sulfur, and phosphorus. The term alicyclic includes
mono-heterocyclic and fused heterocyclic ring
radicals. A fused heterocyclic radical may contain
from two to four fused rings where the attaching ring
is a heterocyclic, and the other individual rings
within the fused heterocyclic radical may be aromatic,
heteroaromatic, alicyclic or heterocyclic. The term
heterocyclic also includes mono-heterocyclic and fused
alicyclic radicals having from five to about twelve
skeletal ring atoms, as well as those 



having from five to about ten skeletal ring atoms.
Example of heterocyclics include without limitation,
tetrahydrofuranyl, benzodiazepinyl,
tetrahydroindazolyl, dihyroquinolinyl, and the like.
The term "lowerheterocyclic" refers to a heterocyclic
ring system having five to about ten skeletal ring
atoms, e.g., dihydropyranyl, pyrrolidinyl, indolyl,
piperidinyl, piperazinyl, and the like. The term
"alkylaryl," alone or in combination, refers to an
aryl radical as defined above in which one H atom is
replaced by an alkyl radical as defined above, such
as, for example, tolyl, xylyl and the like. The term
"arylalkyl," or "aralkyl," alone or in combination,
refers to an alkyl radical as defined above in which
one H atom is replaced by an aryl radical as defined
above, such as, for example, benzyl, 2-phenylethyl and
the like. The term "heteroarylalkyl" refers to an
alkyl radical as defined above in which one H atom is
replaced by a heteroaryl radical as defined above,
each of which may be optionally substituted but
wherein the aryl group is attached to a larger core
structure with the alkyl group being the terminal
moiety. The term "alkylheteroaryl" refers to an alkyl
radical as defined above in which one H atom is
replaced by a heteroaryl radical as defined above,
each of which may be optionally substituted but
wherein the alkyl group is attached to a larger core
structure with the heteroaryl group being the terminal
moiety. The term "aryloxy," alone or in combination,
refers to an aryl ether radical wherein the term aryl
is defined as above. Examples of aryloxy radicals
include phenoxy, benzyloxy and the like. The term
"alkylthio," alone or in combination, refers to an
alkylthio radical, alkyl-S-, wherein the term alkyl is
as defined above. The term "arylthio," alone or in
combination, refers to an arylthio radical, aryl-S-,
wherein the term aryl is as defined above.The term
"heteroarylthio" refers to the group heteroaryl-S--,
wherein the term heteroaryl is as defined above. The
term "acyl" refers to a radical -C(O)R where R
includes alkyl, alkenyl, alkynyl, aryl, heteroaryl,
alicyclic, heterocyclic, arylalkyl or heteroarylalkyl
wherein the alkyl, alkenyl, alkynyl, aryl, heteroaryl,
alicyclic, heterocyclic, arylalkyl or heteroaryl alkyl
groups may be optionally substituted. The term
"acyloxy" refers to the ester group -OC(O)R, where R
is H, alkyl, alkenyl, alkynyl, aryl, heteroaryl,
alicyclic, heterocyclic, arylalkyl, or heteroarylalkyl
wherein the alkyl, alkenyl, alkynyl, aryl, heteroaryl,
alicyclic, heterocyclic, arylalkyl or heteroarylalkyl
may be optionally substituted. The term "carboxy
esters" refers to -C(O)OR where R is alkyl, aryl or
arylalkyl, wherein the alkyl, aryl and arylalkyl
groups may be optionally substituted. The term
"carboxamido" refers to the structure_-C(O)NRR' where
nitrogen is attached to the carbonyl carbon and each
of R and R' are independently selected from the group
consisting of H, alkyl, aryl, heteroaryl, alicyclic,
heterocyclic, arylalkyl and heteroarylalkyl, wherein
the alkyl, aryl, heteroaryl, alicyclic, heterocyclic,
or arylalkyl groups may be optionally substituted. The
term "oxo" refers to double-bonded oxygen, depicted as
=O. The term "halogen" includes F, Cl, Br and I . The
terms "haloalkyl, haloalkenyl, haloalkynyl and
haloalkoxy" include alkyl, alkenyl, alkynyl and alkoxy
structures, as described above, that are substituted
with one or more fluorines, chlorines, bromines or
iodines, or with combinations thereof.The terms
"perhaloalkyl, perhaloalkyloxy and perhaloacyl" refer
to alkyl, alkoxy and acyl radicals as described above,
that all the H atoms are substituted with fluorines,
chlorines, bromines or iodines, or combinations
thereof. The terms "cycloalkyl, arylalkyl, aryl,
heteroaryl, alicyclic, heterocyclic, alkyl, alkynyl,
alkenyl, haloalkyl, and heteroalkyl" include
optionally substituted cycloalkyl, arylalkyl, aryl,
heteroaryl, alicyclic, heterocyclic, alkyl, alkynyl,
alkenyl, haloalkyl and heteroalkyl groups. The terms
"alkylamino", refers to the group -NHR 1 where R is
independently selected from alkyl. The terms
"dialkylamino", refers to the group -NRR' where R and
R' are alkyls. The term "sulfide" refers to a sulfur
atom covalently linked to two atoms; the formal
oxidation state of said sulfur is (II). The term
"thioether" may be used interchangeably with the term
"sulfide." The term "sulfoxide" refers to a sulfur
atom covalently linked to three atoms, at least one of
which is an oxygen atom; the formal oxidation state of
said sulfur atom is (IV). The term "sulfone" refers to
a sulfur atom covalently linked to four atoms, at
least two of which are oxygen atoms; the formal
oxidation state of said sulfur atom is (Vl). The terms
"optional" or "optionally" mean that the subsequently
described event or circumstance may but need not
occur, and that the description includes instances
where the event or circumstance occurs and instances
in which it does not. For example, "aryl optionally
mono- or disubstituted with an alkyl" means that the
alkyl may but need not be present, or either one aikyl
or two may be present, and the description includes
situationswhere the aryl is substituted with one or
two alkyls and situations where the aryl is not
substituted with an alkyl. "Optionally substituted"
groups may be substituted or unsubstituted. The
substituents of an "optionally substituted" group may
include, without limitation, one or more substituents
independently selected from the following groups or
designated subsets thereof: lower alkyl, lower
alkenyl, lower alkynyl, lower aryl, heteroaryl,
alicyclic, heterocyclic, arylalkyl, heteroarylalkyl,
lower alkoxy, lower aryloxy, amino, alkylamino,
dialkylamino, diarylalkylamino, alkylthio, arylthio,
heteroarylthio, oxo, oxa, carbonyl (-C(O)),
carboxyesters (-- C(O)OR), carboxamido (-C(O)NH 2) ,
carboxy, acyloxy, - H halo, -CN, -NO 2, - -N3, -SH,
-OH, -C(O)CH 3, perhaloalkyl, perhaloalkoxy,
perhaloacyl, guanidine, pyridinyl, thiophene, furanyl,
indole, indazole, esters, amides, phosphonates,
phosphonic acid, phosphates, phosphoramides,
sulfonates, sulfones, sulfates, sulphonamides,
carbamates, ureas, thioureas and thioamides,
thioalkyls. An optionally substituted group may be
unsubstituted (e.g., -CH 2CH3) , fully substituted
(e.g., -CF 2CF3) , monosubstituted (e.g., - CH2CH2F)
or substituted at a level anywhere in-between fully
substituted and monosubstituted (e.g., -CH 2CF3) .
Some of the compounds of the present invention may
contain one or more chiral centers and therefore may
exist in enantiomeric and diastereomeric forms. The
scope of the present invention is intended to cover
all isomers per se, as well as mixtures of cis and
trans isomers, mixtures of diastereomers and racemic
mixtures of enantiomers (optical isomers) as well.
Further, it is possible using well known techniques to
separate the various forms, and some embodiments of
the invention may feature purified or enriched species
of a given enantiomer or diastereomer. A
"pharmacological composition" refers to a mixture of
one or more of the compounds described herein, or
pharmaceutically acceptable salts thereof, with other
chemical components, such as
pharmaceuticallyacceptable carriers and/or excipients.
The purpose of a pharmacological composition is to
facilitate administration of a compound to an
organism. The phrase "pharmaceutically acceptable
carrier" as used herein means a
pharmaceutically-acceptable material, composition or
vehicle, such as a liquid or solid filler, diluent,
excipient, solvent or encapsulating material, involved
in carrying or transporting the subject agent from one
organ, or portion of the body, to another organ, or
portion of the body. Each carrier must be "acceptable"
in the sense of being compatible with the other
ingredients of the formulation and not injurious to
the patient. Some examples of materials which can
serve as pharmaceutically-acceptable carriers include:
(1) sugars, such as lactose, glucose and sucrose; (2)
starches, such as corn starch and potato starch; (3)
cellulose, and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose
acetate; (4) powdered tragacanth; (5) malt; (6)
gelatin; (7) talc; (8) excipients, such as cocoa
butter and suppository waxes; (9) oils, such as peanut
oil, cottonseed oil, safflower oil, sesame oil, olive
oil, corn oil and soybean oil; (10) glycols, such as
propylene glycol; ( 11) polyols, such as glycerin,
sorbitol, mannitol and polyethylene glycol; (12)
esters, such as ethyl oleate and ethyl laurate; ( 13)
agar; (14) buffering agents, such as magnesium
hydroxide and aluminum hydroxide; ( 15) alginic acid;
(16) pyrogen-free water; (17) isotonic saline; ( 18)
Ringer's solution; ( 19) ethyl alcohol; (20) phosphate
buffer solutions; and (21 ) other non-toxic compatible
substances employed in pharmaceutical formulations. A
physiologically acceptable carrier should not cause
significant irritation to an organism and does not
abrogate the biological activity and properties of the
administered compound. The term "excipient" refers to
an inert substance added to a pharmacological
composition to further facilitate administration of a
compound. Examples of excipients include but are not
limited to calcium carbonate, calcium phosphate,
various sugars and types of starch, cellulose
derivatives, gelatin, vegetable oils and polyethylene
glycols.As used herein, the term "therapeutic effect"
includes, but is not limited to, the inhibition, in
whole or in part, of the growth of cells
characteristic of a proliferative disorder, e.g.,
colon cancer. A therapeutic effect may also include
amelioration of one or more of the symptoms of the
disease, other than cell growth or size of the cell
mass, and may include 1) a reduction in the number of
cells; 2) a reduction in cell size; 3) inhibition
(i.e., slowing, preferably stopping) of cell
infiltration (i.e., metastasis) into peripheral
organs; 3) inhibition or slowing of cell growth;
and/or 4) relieving one or more symptoms associated
with the disease, such as cancer. Any amount or dose
of a compound disclosed herein that results in such a
therapeutic effect is deemed to be a "therapeutically
effective dose" or a "therapeutically effective
amount" of said compound. As it relates to cancer, the
phrase "effective amount" means an amount sufficient
to effect a desired response, or to ameliorate a
symptom or sign, with respect to metastasis or primary
tumor progression, size, or growth. Typical mammalian
treatment recipients include mice, rats, cats, dogs,
and primates, including humans. An effective amount
for a particular patient may vary depending on factors
such as the condition being treated, the overall
health of the patient, the method, route, and dose of
administration and the severity of side affects.
Preferably, the effect will result in a change in
quantitation of at least about 10%, preferably at
least 20%, 30%, 50%, 70%, or even 90% or more. When in
combination, an effective amount is in ratio to a
combination of components and the effect is not
limited to individual components alone. A "solvate" is
a complex formed by the combination of a solute (e.g.,
a metalloprotease inhibitor) and a solvent (e.g.,
water). See J. Honig et al., The Van Nostrand
Chemist's Dictionary, p. 650 ( 1953). The terms
"optical isomer", "geometric isomer" (e.g., a cis
and/or trans isomer), "stereoisomer", and
"diastereomer" have the accepted meanings (see, e.g.,
Hawley's Condensed Chemical Dictionary, 11th Ed.). The
illustration of specific protected forms and other
derivatives of thecompounds of the instant invention
is not intended to be limiting. The application of
other useful protecting groups, salt forms, prodrugs
etc., is within the ability of the skilled artisan. A
"prodrug" is a form of a drug that must undergo
chemical conversion by metabolic processes before
becoming an active, or fully active, pharmacological
agent. A prodrug is not active, or is less active, in
its ingested or absorbed or otherwise administered
form. For example, a prodrug may be broken down by
bacteria in the digestive system into products, at
least one of which will become active as a drug.
Alternatively, it may be administered systemically,
such as by intravenous injection, and subsequently be
metabolized into one or more active molecules. As used
herein, the term "IC50" refers to an amount,
concentration or dosage of a particular test compound
that achieves a 50% inhibition of a maximal response
in an assay that measures such response. In some
method embodiments of the invention, the "IC50" value
of a compound of the invention can be greater for
normal cells than for cells exhibiting a proliferative
disorder, e.g., breast cancer cells. The value depends
on the assay used. By a "standard" is meant a positive
or negative control. A negative control in the present
case refers to a normal as opposed to a cancerous
cell, e.g., a sample possessing Wnt/ b-catenin pathway
activity that correlates with a normal cell. A
negative control may also include a sample that
contains no such pathway. By contrast, a positive
control does contain such pathway, preferably of an
amount that correlates with overexpression as found in
proliferative disorders, e.g., breast cancers. The
controls may be from cell or tissue samples, or else
contain purified ligand (or absent ligand),
immobilized or otherwise. In some embodiments, one or
more of the controls may be in the form of a
diagnostic "dipstick."By "selectively targeting" is
meant affecting one type of cell to a greater extent
than another, e.g., in the case of cancerous cells
versus non cancerous cells. DETAILED DESCRIPTION OF
THE INVENTION The present invention provides a
compound having the structure of Formula I Formula I
wherein n = 0 - 2 and wherein when n = 1, X is
selected from CH2, O NRA 1 CO, and C=NOR A and wherein
when n = 2 , X = CH2 Y = O, S, NORA, or NRA wherein RA
is selected from H, alkyl, heteroalkyl, alkenyl,
alkynyl, cycloalkyl, -C(=O)R B, -C(=O)OR B, -C(=O)NR
BRC, -C(=NR B)RC, -NRBRC- heterocycloalkyl, aryl or
polyaromatic, heteroaryl, arylalkyl and alkylaryl
wherein each of said RB and Rc is independently H,
alkyl, or heteroalkyl, U and V are each independently
selected from C=O, and O=S=O and wherein when U is
C=O, V is not C=O, Ri, R2> R3, and R4 are each
independently selected from H, alkyl, heteroalkyl,
cycloalkyl, arylcycloalkyl, alkenyl, alkynyl, aryl,
heteroaryl, heterocycloalkyl, and each of said NR1R2
and NR3R4 can independently form heterocycloalkyl,Rs
and R are each independently selected from H, OH, SH,
alkoxy, thioalkoxy, alkyl, halogen, CN, CF3, NO2,
COORD, CONRDRE, NRDREI NRDCOR E, NRDSO 2RE, and
NRFCONRDRE; wherein R , RE and RF are independently H,
alkyl, heteroalkyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, cycloalkyl, or heterocycloalkyl;
provided that if X is O, Y is O and U and V are both
O=S=O, then NRiR and NR3R4 are not identical wherein
Ri and R3 are each independently selected from H and
lower alkyl, and wherein R2 and R are each
independently selected from lower alkoxy(loweralkyl),
di(lower)alkylamino(lower)alkyl, halobenzyl,
morpholino(lower)alkyl, or NRiR 2 and NR3R4 are
independently selected from piperidino, morpholino, 



piperazino, N-phenylpiperazino, ethylamino, or
substituted glycine and that if X is (CH2)2, Y is O or
NOH, and U and V are each O=S=O then Ri, R2, R3, and
R4 are not all methyl and that if n = O, Y is O or
NOH, and U and V are each O=S=O, then NRiR 2 and NR3R4
are not identical and of R1, R2, R3 and R4 are each
independently selected from CrC 5 alkyl, C 10 alkyl,
Ci 6 alkyl, Ci 7 alkyl, phenyl, benzyl, naphthalenyl,
piperizino, pyridinyl, pyrazolyl, benzimidazolyl,
triazolyl; or NRiR 2 and NR3R4 are independently
piperidino, morpholino, or piperazino. and that if X
is CO, Y is O, and U and V are each O=S=O then NRiR 2
and NR3R4 are not identical, and wherein Ri, R2, R3,
and R4 are each independently selected from methyl,
ethyl, hydroxy-Ci-C 3-alkyl, SH, RO, COOH, SO, NH2,
and phenyl or wherein one or both of non-identical
NRiR 2 and NR3R4 is unsubstituted piperidino,
N-methylpiperazino or Nmethylhomopiperazino,and
wherein when X is C=O or C=NOH, Y is O or NOH, and U
and V are each O=S=O and one of Ri or R2 and one of R3
or R4 is phenyl then the other of Ri or R2 and R3 or
R4 is not H or alkyl, including all pharmaceutically
acceptable salts, esters, amides, stereoisomers,
geometric isomers, solvates or prodrugs thereof. In
another embodiment, the invention provides a compound
having the structure of Formula Il Formula wherein R7
and R are independently selected from H and SO2NR3R4
and one of R7 or R8 is hydrogen, or of Formula III
Formula III wherein R7 and R are independently
selected from H and SO2NR3R4, wherein one of R7 and R8
is hydrogen and wherein in each of said Formulas Il
and III the other substituents have the meanings as
defined for Formula I. In specific examples of the
invention, the compound of Formula I is a structure
wherein A is NRi or wherein A is (CR1R m, m = 1, or
wherein A is (CRiR 2)m, m = 2, and Ri and R2 are as
defined elsewhere herein.In specific examples of the
invention, the compound of Formula I is a structure
wherein B is NR-i, or wherein B is (CR1R2)Oi, m = 1,
or wherein B is (CRiR2)m, m = 2 , and Ri and R2 are as
defined elsewhere herein. In other specific examples
of the invention, the compound of Formula I is a
structure wherein C is NRi or wherein C is (CRiR 2)m,
m = 1 or m=2, and R1 and R2 are as defined elsewhere
herein. In other specific examples of the invention,
the compound of Formula I is a structure wherein D is
NR1 or wherein D is (CR1R2 m, m = 1 or m = 2 , and R1
and R2 are as defined elsewhere herein. In additional
specific examples of the invention, the compound of
Formula I is a structure wherein n=0, which results in
the center X-containing ring being a 5-membered ring.
In other specific examples of the invention, the
compound of Formula I is a structure wherein X is O
and n = 1 or wherein X is O and n = 2 . In specific
examples of the invention, the compound of Formula I
is a structure wherein X is NR1, n = 1, or wherein X
is CO and n = 1, or wherein X is C=NOR 1, n = 1 and R1
is as defined elsewhere herein. In specific examples
of the invention, the compound of Formula I is a
structure wherein X is CR1R2, n = 1 or wherein X is
CR1R2, n = 2 and wherein Ri and R2 are as defined
elsewhere herein. In specific examples of the
invention, the compound of Formula I is a structure
wherein Y is O, or wherein Y is NRi or wherein Y is
NOR1 and wherein R1 is as defined elsewhere herein. In
one embodiment of Formula I , when Y is O, X is not
C=O and when X is C=O, Y is not O. In a separate
embodiment, Y is O and X is C=O. In another embodiment
of Formula I, when E is O or NR1, either Y is not NOH
or n is not 1. In a separate embodiment of the latter,
when E is O or NR! , n is 1 and Y is NOH. In specific
examples of the compounds of Formula I , U and V are
each O=S=O. Additional examples of the latter are
compounds wherein X is CH2and n = 1 or 2 and Y is O or
S, or compounds wherein X is CH2 and n = 1 or 2 and Y
is NORA, or NRA,or compounds X is O, and Y is O or S,
or compounds wherein X is O, and Y is NORA or NRA,or
compounds wherein X is NRA, and Y is O or S, or
compounds wherein X is NRA, and Y is NORA, or NRA, or
compounds wherein X is CO and Y=O, or compounds
wherein X is CO and Y is NORA or NRA, or compounds
wherein X is C=NORA and Y is O, or compounds wherein X
is C=NORA and Y is NORAIn all embodiments of Formula I
when X is C=O or C=NOH, Y is O or NOH, and U and V are
each O=S=O and one of R1 or R2 and one of R3 or R4 is
phenyl then the other of Ri or R2 and R3 or R4 is not
H or alkyl. Thus, by way of non-limiting example, if X
is C=O Y is NOH, U and V are each O=S=O, and Ri and R4
are each phenyl, then R2 is not H or alkyl and R3 is
not H or alkyl. In one embodiment of Formula II, Ri,
R2, R3, and R4 are each independently selected from H,
alkyl, cycloalkyl, alkenyl, and alkynyl. In another
such embodiment, RA is hydrogen and Ri, R2, R3, and R4
are each independently selected from H, alkyl,
cycloalkyl, alkenyl, and alkynyl. In an additional
such embodiment, NRiR 2 and NR3R4 are each
independently a 6- to 15-membered heterocycle,
preferably a heterocycloalkyl. In specific embodiments
of Formula II, R1, R2, R3, and R4 are each
independently selected from H, alkyl, cycloalkyl,
alkenyl, or alkynyl. In other such examples, RA is
hydrogen and R1, R2, R3, and R4 are each independently
selected from H, alkyl, cycloalkyl, alkenyl, or
alkynyl. In additional examples, NRiR2 and NR3R4 are
independently 6- to 15-membered heterocycle,
preferably a heterocycloalkyl containing one nitrogen
in the ring. In other embodiments, the compounds of
the invention are derivatives of one of the following
ring systems, especially disulfonamide derivatives
thereof:fluorene anthracene dibenzosuberone Such
compounds may be suitably substituted. The present
invention also relates to compositions of compounds,
including those in Tables 1-13, and having structures
of Formula I in a therapeutically effective amount in
pharmaceutically acceptable carrier. Formula I wherein
X = CH2 and n = 0 - 2; or O, NRA, CO, or C=NORA and
n=1 Y = O, S, NORA, or NRA wherein RA is independently
selected from hydrogen, alkyl, heteroalkyl, alkenyl,
alkynyl, cycloalkyl, -C(=O)RB, -C(=O)OR B,
-C(=O)NRBRc, -C(=NRB)RC, -NR RC, heterocycloalkyl,
aryl or polyaromatic, heteroaryl, arylalkyl and
alkylaryl wherein each of said RB and Rc is
independently H, alkyl, heteroalkyl, U and V are each
independently selected from C=O, and O=S=O and
provided U is C=O, V can not be C=O,Ri >R2, R3, and R4
are each independently selected from hydrogen, alkyl,
heteroalkyl, cycloalkyl, arylcycloalkyl, alkenyl,
alkynyl, aryl, heteroaryl, heterocycloalkyl, and each
of said NRiR 2 and NR3R4 can independently form
heterocycloalkyl, R5 and R6 are selected from
hydrogen, hydroxyl, sulfhydryl, alkoxy, thioalkoxy,
alkyl, halogen, CN, CF3, NO2, COORD, CONRDRE, NR RE,
NRDCOR E, NRDSO 2RE, and NRFCONRDRE; wherein R , RE
and RF are independently hydrogen, alkyl, heteroalkyl,
aryl, arylalkyl, heteroaryl, heteroarylalkyl,
cycloalkyl, and heterocycloalkyl; including all
pharmaceutically acceptable salts, esters, amides,
stereoisomers, geometric isomers, solvates or prodrugs
thereof. The compounds of said compositions may also
contain a multi-ring cycloalkyl or heterocycloalkyl
bridge structure (as shown in the tables) containing a
total of up to 12 atoms an up to 4 heteroatoms
selected from N and O. The present invention also
provides therapeutic compositions of any of the
compounds of the invention, such as the compounds of
Tables 1 to 13. The compounds of the invention may be
in the form of pharmaceutically acceptable salts,
esters, amides, stereoisomers, geometric isomers,
solvates or prodrugs thereof. Where a compound of the
invention is a stereoisomer, the latter may be an
enantiomer or a diastereomer. Where said compound is a
enantiomer (or contains a chiral center, for example,
a chiral carbon atom), the form of the compound used
for pharmaceutical purposes may include either
enantiomer or the racemate, although one of said
enentiomers may be preferred, such as where it is the
active form or is more active than the other
enentiomer. Where said compound of the inventionis a
geometric isomer (e.g., contains a carbon pair with
substituents attached in cis- or trans-
configuration), either the cis- form, or the trans-
form, may be preferred for pharmaceutical use,
although mixtures of the cis- and trans forms may be
used in the methods of the invention to the extent
they have the desired pharmaceutical effect. A
"pharmaceutically-acceptable salt" is a cationic salt
formed at any acidic (e.g., carboxylic acid) group, or
an anionic salt formed at any basic (e.g., amino)
group. Many such salts are known in the art, as
described in WO 87/05297 (Johnston et al., published
September 11, 1987 incorporated by reference herein).
Examples of suitable acid salts include acetate,
adipate, alginate, aspartate, benzoate,
benzenesulfonate, bisulfate, butyrate, citrate,
camphorate, camphorsulfonate, cyclopentanepropionate,
digluconate, dodecylsulfate, ethanesulfonate, formate,
fumarate, glucoheptanoate, glycerophosphate,
glycolate, hemisulfate, heptanoate, hexanoate,
hydrochloride, hydrobromide, hydriodide,
2-hydroxyethanesulfonate, lactate, maleate, malonate,
methanesulfonate, 2-napthalenesulfonate, nicotinate,
nitrate, oxalate; palmoate, pectinate, persulfate,
3-phenylpropionate, phosphate, picrate, pivalate,
propionate, salicylate, succinate, sulfate, tartrate,
thiocyanate, tosylate and undecanoate. Other acids,
such as oxalic, while not in themselves
pharmaceutically acceptable, may be employed in the
preparation of salts useful as intermediates in
obtaining the compounds of the invention and their
pharmaceutically acceptable acid addition salts.
Preferred cationic salts include the alkali metal
salts (such as sodium and potassium), and alkaline
earth metal salts (such as magnesium and calcium) and
organic salts. Preferred anionic salts include the
halides (such as chloride salts), sulfonates,
carboxylates, phosphates, and the like. Compounds of
the present invention that contain one or more acidic
functional groups are capable of forming
pharmaceutically acceptable salts with
pharmaceutically acceptable bases. The term
"pharmaceutically acceptable salts" in these instances
refers to the relatively non-toxic, inorganic and
organic base addition salts of compounds of the
present invention. Thesesalts can likewise be prepared
in situ during the final isolation and purification of
the compounds, or by separately reacting the purified
compound in its free acid form with a suitable base,
such as the hydroxide, carbonate or bicarbonate of a
pharmaceutically acceptable metal cation, with
ammonia, or with a pharmaceutically acceptable organic
primary, secondary or tertiary amine. Representative
alkali or alkaline earth salts include the lithium,
sodium, potassium, calcium, magnesium, and aluminum
salts and the like. Illustrative examples of some of
the bases that can be used include sodium hydroxide,
potassium hydroxide, choline hydroxide, sodium
carbonate, N+(C1-4 alkyl)4, and the like.
Representative organic amines useful for the formation
of base addition salts include ethylamine,
diethylamine, ethylenediamine, ethanolamine,
diethanolamine, piperazine and the like. This
invention also envisions the quaternization of any
basic nitrogen-containing groups of the compounds
disclosed herein. Water or oil-soluble or dispersible
products may be obtained by such quaternization. Such
salts are well understood by the skilled artisan, and
the skilled artisan is able to prepare any number of
salts given the knowledge in the art. Furthermore, it
is recognized that the skilled artisan may prefer one
salt over another for reasons of solubility,
stability, formulation ease and the like.
Determination and optimization of such salts is within
the purview of the skilled artisan's practice. In
another aspect, the present invention relates to
compositions of any of the compounds of the invention,
preferably wherein such compound is present in a
pharmaceutically acceptable carrier and in a
therapeutically effective amount. Such compositions
will generally comprise an amount of such compound
that is not toxic (i.e., an amount that is safe for
therapeutic uses). Selected examples of compounds of
the invention include, but are not limited to, any or
all of the compounds of Tables 2-1 3. Any and all such
compounds are specifically claimed for their use in
any and all of the methodsof the invention. In each
indicated structure, the ligand is attached via the
atom marked with an asterisk (*). For example, in
Table 1 the sulfur atoms of the core structure are
attached to the indicated R group at the asterisked
nitrogen of the R column of the table. Table
1WASTEWATER MERCURY REMOVAL PROCESS FIELD OF THE
INVENTION [0001] This invention relates to methods for
removing mercury from wastewater streams and, in
particular, to methods for removing mercury from
wastewater streams from petroleum refineries and other
petroleum processing installations. BACKGROUND OF THE
INVENTION [0002] Natural gas and crude oils produced
in certain areas of the world contain mercury in
quantities sufficient to render their processing
problematical. For example, hydrocarbon condensates
derived from natural gas produced in certain regions
of southeast Asia may contain over 1000 parts per
billion by weight (ppbw) of mercury, while crude oils
from certain regions of Argentina frequently contain
well over 2000 ppbw of mercury. The produced waters
from gas and oil wells with elevated levels of mercury
may also contain high levels of mercury precluding
their discharge to the environment as the direct
result of contact between the water and the oil or gas
in the subterranean production interval. Wastewater
streams associated with processing the gas and oil may
also contain mercury arising from contact between
process water streams and hydrocarbon streams. The
contact may take place, for example, by the use of
water or aqueous treatment streams to remove other
contaminants such as nitrogenous compounds. [0003] The
mercury may be present in several forms including
ionic, elemental, particulate and organic. Crude oils,
for example, may contain elemental mercury but this
may be oxidized in various process units to produce
water-soluble salts (Hg+, Hg2+) and complexes.
Additionally, anaerobic bacteriacan convert suspended
mercury in particulate forms to water-soluble organic
forms so that transfer between the two solvent species
occurs readily. [0004] The presence of the mercury
raises problems of two kinds. First, the mercury may
attack the metals in processing equipment by the
formation of amalgams; this is a problem which is
especially notable with items made of aluminum and
aluminum alloys, such as the cold boxes in cryogenic
plants such as the ethylene separators found in
petrochemical units and in natural gas 



treatment installations. The presence of mercury on
the equipment may also dictate its treatment as
hazardous waste when removed from service. Mercury
poisoning may also reduce the life of processing
catalysts. [0005] Second, mercury, as an elemental
impurity that cannot be destroyed but only moved from
one stream to another, will often enter process water
streams. This may occur by direct contact with the
stream, for example, during washing or from the use of
process steam. Recent studies have shown that as much
as 20% of the mercury in the crude can enter a
refinery wastewater stream. In any event, increasingly
stringent environmental regulations make it necessary
to remove the mercury from the water before it can be
discharged to the environment. Recent environmental
limits mayplace the discharge target as low as 0.1
ppbw. The difficulty in dealing with
mercury-containing crudes and other petroleum streams
is exacerbated by the fact that increasingly,
shortages of high quality crudes have led to the use
of supplies of crude containing high levels of
mercury. [0006] Currently, few technologies are
available for removing mercury from streams of
wastewater and produced water. The main commercial
technology available for treating mercury in water
consists of adding one of several
commercially-available precipitants, usually sulfided
polymers, to precipitate dissolved ionic mercury and
remove it by means of gas or air flotation. Atechnique
of this kind is described in U.S. Patent No. 6,635,182
(Coleman). Although this method is effective at
removing the bulk of mercury found in wastewater
(ionic species as Hg2+), it cannot remove all mercury
species which may be present, including insoluble
particulate mercury compounds, elemental mercury
(Hg(O)), present either as such or dissolved in minor
amounts in the water, and organic mercury, principally
monomethyl and dimethyl mercury. Where significant
amounts of mercury or numerous different species are
present and effluent limits are low, existing
technologies are not likely to remove the amounts of
mercury necessary to achieve environmental compliance.
[00.07] Other proposals for treating aqueous streams
to remove mercury and other heavy metals are found in
U.S. Patents No. 4,814,091 (Napier), 5,667,694 _
(Cody), 6,165,366 (Sarangapani) and 7,092,202
(Zhuang). Prefiltration followed by pH adjustment and
sulfide precipitation followed by flocculation and
postfiltration is used in the method of US 4,814,091.
The method described in . US 5,667,694 uses an
organoclay sorbent which can then be separated from
the water, containing the removed metal. A treatment
better adapted to continuous use is described in US
6,165,366, which uses sequential hypochlorite
oxidation, filtration and removal of organics using
activated carbon. In the method described in US
7,029,202, a lignin derivative is used initially to
form a complex compound with the mercury or other
metal after which a coagulant is used to form a floe
which is then separated as a sludge. These methods
have, however, not shown themselves to be sufficient
to remove mercury in many wastewater stream to the
levels needed for regulatory compliance. SUMMARY OF
THE INVENTION [0008] It is an aspect of the present
invention to provide a processing technique for
removing mercury from aqueous streams (e.g.,
wastewater, produced water, process streams) which is
effective to remove this metalregardless of the form
in which it is present, be it ionic, elemental,
particulate or organic, with the objective of
achieving an effective removal of the mercury
contaminant to levels acceptable for discharge to the
environment. [0009] The processing according to an
embodiment of the invention comprises four primary
removal steps. First, a mercury precipitant, which
targets dissolved ionic species of mercury and
converts them to water-insoluble form is added to the
aqueous stream. The majority of these precipitated
solids, as well as some particulate mercury and
hydrocarbon contaminants, are then subsequently
removed by means of flotation, usually operated as
dissolved air ,induced air, or induced gas flotation.
Following the removal of the precipitated solids,
additional particulate and precipitated ionic mercury
removal is accomplished by filtration, suitably with a
media filter. Finally, activated carbon acts as a
polishing step to remove the remaining dissolved ionic
mercury species as well as elemental and organic forms
of mercury. This combination of processing steps is
capable of achieving levels of mercury removal from
water that have not previously been thought possible.
[0010] The method for removing mercury in ionic and
non-ionic form from an aqueous stream in accordance
with one aspect of the present invention includes
adding a water-soluble mercury precipitant to the
aqueous stream to react with dissolved mercury
compounds present in the stream to form a
waterinsoluble precipitate of a mercury compound.
Non-ionic forms of mercury which may also be present
in the aqueous stream may include organic mercury
compounds and/or elemental mercury. The
water-insoluble precipitate of the mercury compound is
then separated from the aqueous stream by means of
flotation along with hydrocarbons which may be
present. The separated aqueous solution is then passed
through a filter to remove residual precipitated
mercury compounds and form a filtrate of water with a
reduced level of mercury, Thefiltrate is then passed
over activated carbon to remove residual dissolved
ionic mercury species as well as elemental and organic
forms of mercury. [0011] The mercury precipitate may
comprise a compound which reacts with the dissolved
mercury compounds present in the stream to form
water-insoluble sulfides of mercury. The mercury
precipitant may suitably comprise an alkali metal
sulfide, an alkali metal polysulfide, an alkaline
earth metal sulfide, an alkaline earth metal
polysulfide. Other mercury precipitants include
thiazoles, alkali metal thiocarbamates, alkali metal
dithiocarbamates, alkali metal xanthates and alkali
metal trithiocarbonates. A preferred class of
water-soluble mercury precipitants are the polymeric
dithiocarbamates. [0012] The media filter may comprise
a dual media filter, e.g. a sandanthracite. DRAWINGS
[0013] Fig. 1 is a process schematic for a mercury
removal process in accordance with an embodiment of
the present invention. DETAILED DESCRIPTION [0014] The
following preferred embodiments of the invention are
described by way of illustration. All stated
proportions and percentages are by weight unless
indicated to the contrary. [0015] As shown in the Fig.
1, the mercury-containing aqueous stream enters a
treatment unit for processing according to the present
invention by way of line 10 where it meets an injected
aqueous stream of water-soluble mercury precipitant
entering from line 11. Upon mixing of the two streams,
which typically takes place readily in the flow lines,
a reaction occurs to precipitatedissolved ionic
mercury out of solution. The stream then passes into a
flotation tank 12 in which the precipitated solids are
separated by flotation in the conventional manner. The
liquid from the floatation tank then passes through
line 13 to filter 14 in which residual precipitated
ionic mercury particles are removed. The resulting
filtrate then passes through line 15 to vessel 16 for
an activated carbon polishing step in which remaining
dissolved ionic mercury together with elemental and
organic mercury are removed along with residual
hydrocarbons. The water, essentially free of all
mercury species then leaves the treatment unit through
line 17 and can be followed by other treatment steps
which may be necessary or desirable, for example,
biotreatment to reduce chemical oxygen demand or, if
the stream is by now in compliance with applicable
regulations, discharged to the environment. [0016] The
present mercury removal process is applicable to
aqueous streams which contain mercury, including
wastewater and produced water streams. As noted above,
such aqueous streams are frequently associated with
the production and refining of mercury-containing
hydrocarbons and with production of petrochemical
streams made from such hydrocarbons. The aqueous
streams may be encountered close to the zone of
production or, conversely, may be encountered at
distant processing sites if the hydrocarbons have not
been treated to remove the mercury before shipping.
The present process has been proven to be effective at
treating streams which contain levels of mercury up to
60,000 ng/1 (nanograms per litre, equal to 60 ppb)
through testing; however, it is anticipated that
treating streams having as high as ppm levels of
mercury is feasible. [0017] In accordance with the
mercury removal process, the aqueous stream containing
the mercury species is subjected to an initial
precipitation step to convert soluble mercury
compounds in ionic form to an insoluble condition so
that the compounds may be subsequently removed by
physical means. To thisend, a mercury precipitant,
that is, a compound which will react with dissolved
mercury cations, usually Hg2+, is brought into contact
with the aqueous stream in this step of the process.
Contact may be achieved by simply adding a solution of
the precipitant to the aqueous stream and mixing to
ensure adequate contact throughout the body of the
water. While the mixing of the mercury precipitant
with the water stream may be accomplished by means
such as, for example, coagulant-type mix tanks, towers
with contact trays, countercurrent contactors or other
devices intended to break up the added precipitant
solution and distribute it uniformly throughout the
mercury-containing water stream, these will generally
not be necessary since the reaction between the
precipitant and the dissolved mercury species takes
place quickly. Normally, it suffices to add a solution
of the precipitant to the aqueous flow stream at
normal flow rates, ensuring, however, that good mixing
is achieved in order to permit the reaction between
the precipitant and the dissolved ionic mercury to
take place. This may be achieved in an area of high
turbulence, such as the suction side of a pump. If,
however, a sump is present at the inlet of the
flotation tank for mixing in coagulants or floculents,
this can conveniently be used as a location for
injection of the precipitant with good mixing assured
prior to the flotation step. When coagulants or
flocculants are added in conjunction with a mercury
precipitant care must be taken to ensure
compatibility. For example, if an anionic precipitant
and cationic coagulant are used in conjunction, at
least 30 seconds of mixing should be provided between
injection points to avoid adverse interactions between
the products. The mercury precipitant is preferably
used in the form of a solution so as to permit easy
and effective mixing with the aqueous stream. [0018]
One class of mercury precipitating agents comprises
sulfides which react with the dissolved mercury ions
to form insoluble mercury sulfide precipitates. A
preferred class of sulfide precipitants comprises the
watersoluble sulfides such as hydrogen sulfide, alkali
metal sulfides such as sodium sulfide and the alkali
metal polysulfides, alkaline earth metal sulfides,
alkalineearth metal polysulfides, which are both
economic and commercially available. Other materials
which may be used to precipitate the mercury in
sulfide form include the thiazoles, alkali metal
thiocarbamates, alkali metal dithiocarbamates, alkali
metal xanthates and alkali metal trithiocarbonates
such as sodium trithiocarbonate (Na 2CS 3) . The
appropriate amount of the precipitant may be
empirically determined. [0019] To satisfy the need for
a metal scavenging agent that is less toxic and also
forms a large, fast settling floe, highly efficient
metal chelating polymers have become commercially
available and these are useful as mercury precipitants
in the present process. Water soluble polymers of this
type include the polydithiocarbamates which may be
used effectively in the present process _ with a
reduced risk of discharge of either the mercury itself
or of a toxic treating agent. Polymers of this type
are described, for example, in U.S. Patents Nos.
5,500,133; 5,523,002; 5,658,487; 5,164,095; and
5,510,040 and are currently marketed by Betz-Dearborn
Inc. and Nalco Inc., under the respective trade names
of METCLEAR(tm) 2405 and NALMET(tm). Precipitants of
this type are preferred for use in the present process
in view of their ability to produce a flocculent
precipitate which can be readily separated in the
subsequent gas flotation step although, again,
coagulants and floculents may be added. In streams
containing up to 60 ppb mercury, the use of the
water-soluble polymeric dithiocarbamates in amounts up
to 30 ppm has been found adequate for substantial
mercury removal but in all cases, the necessary amount
relative to the level of ionic mercury contaminant
should be determined empirically or by reference to
supplier directions. [0020] The mercury precipitants
are normally used at near-neutral or slightly alkaline
conditions, with values close to 8 being typical,
although lower and higher pH values can be tolerated.
The molar amount of the selected precipitant should at
least equal the amount of mercury ions to be removed
with a slightexcess preferably being present. The use
of large excesses of precipitants such as sodium
sulfide should, however, be avoided as they may lead
to the formation of water-soluble mercury sulfide
complexes which inhibit removal of mercury by the
present process. Additionally, excessive amounts of
sulfides and other precipitants of this type could
exceed the amounts permitted in water discharges and
since certain of these precipitants may be toxic in
themselves, care must be taken to ensure that they are
not present in the discharged wastewater. Another
reason for not using excessive amounts of precipitant
is that residual amounts will tend to be adsorbed upon
the carbon and will load up the carbon bed
prematurely. The optimal amount of precipitant should,
for this reason, not exceed the mercury content by
more than one order of magnitude. Temperatures during
the precipitation step can suitably range from 10-40C
(about 50- 1000F) although temperatures outside this
range are not to be excluded. The average residence
time in the precipitation step should be long enough
to enable the reaction to take place through the body
of liquid and for the precipitate to form fully.
Normally from 10 to 20 minutes will be adequate and
sufficient. [0021] The metal complex precipitates
formed by reaction of the mercury with precipitants
such as the sulfides, polysulfides, mercaptans,
thiocarbonates, thiocarbamates and xanthates are
usually in the form of fine solids which do not settle
or filter easily and for this reason, are susceptible
to clogging and may even pass through most filtration
systems. Addition of a coagulant or flocculating agent
is normally preferable to achieve efficient removal of
these suspended solids in the subsequent gas flotation
step, even when using the preferred polymeric
dithiocarbamate precipitants. Additionally, coagulant
or flocculating agents may be required in services
with high levels of influent free hydrocarbon and/or
suspended solids to help remove these contaminants and
avoid adverse interactions with the mercury
precipitant. Suitable coagulants and flocculants are
organic or inorganic, or a combination of the two, and
may bepolymeric, either anionic or cationic and
usually can be categorized as polyelectrolytes such as
sodium aluminate, aluminum trihydrate, and ferric
chloride. Polymeric organic coagulants and flocculants
include the polyacrylamides, diallyldimethylammonium
chloride (DADMAC) polymers, DADMAC-polyacrylamides and
epichlorohydrin dimethylamine (EPI-DMA) polyamines. If
used, these materials may be added in the conventional
amounts. These coagulants and flocculants are
typically added to streams prior to treatment by
flotation; they may continue to be used in the present
process to promote separation of the precipitated
mercury compounds. The amount of coagulant or
flocculant is generally in line with existing
practices for removing suspended solids since the
amount of precipitated mercury compound is not great.
Typically, up to about 50 ppm is used, depending on
the nature of the coagulant or flocculant and in most
cases, less than 25 ppm will be sufficient, e.g. 10
ppm. [0022] Following the addition of the precipitant
and any coagulating or flocculating agent, the aqueous
stream and the precipitate of the insoluble mercury
compound are transmitted to the flotation tank 12
where the majority of the precipitate is removed by
flotation (which includes and normally, is, dissolved
air, induced air, or induced gas flotation). Flotation
techniques and 



equipment are well known. An example of a gas
flotation unit similar to those which may be used as a
part of the present process is found in U.S.
6,635,182. Using flotation, the precipitated mercury
compounds are concentrated into a sludge which can be
removed from the water phase and sent for disposal
according to conventional solids treatment methods.
The flotation step therefore acts to concentrate the
mercury content of the aqueous stream, along with
other metals removed in the precipitation/flotation,
including lead, cadmium, nickel and copper. The
flotation step may also remove hydrocarbons which may
be present in the water; normally, hydrocarbons
present will be carried off in the float which is
carried up to the surface of the water by the action
of the asbubbles. If volatile hydrocarbons are likely
to be present, a closed flotation tank should be used.
[0023] Additional removal of particulate mercury, too
small to be removed by flotation, is then conducted by
media filtration following the flotation. To this end,
the processed aqueous stream is removed from flotation
tank 12 via line 13 to the filtration unit 14. The
filtration process can be carried out using filters
appropriate to the volume of water passing through the
unit and to the need to remove very finely-divided
particles of mercury from the water. Although the use
of mechanical filters and membrane microfilters may be
contemplated, media filters will normally be
preferred. Media filtration is carried out using a bed
of finely-divided, inert solid such as sand or
anthracite which retains particulate mercury and any
residual precipitate not removed by flotation. The bed
particle size should be chosen in accordance with the
floe size achieved in the precipitation/flotation
step. Normally, the media filter will have the largest
particle size medium on top of the bed with
progressively decreasing particle size down through
the bed The downflow dual media filter is the
preferred type in view of its ability to process large
quantities of water although other types of filter may
also be used. Backwash capabilities should preferably
be incorporated. A dual media filter with sand on
bottom (particle size 0.4 - 0.6 mm) and anthracite on
top (particle size 0.85 - 0.95 mm) is particularly
preferred although media particle sizes of this
magnitude will be suitable with other media filters.
Flux rates of up to about 3 l/m2/min (about 9
gal/ft2/min) are suitable for use in a dual media
filter in the present process and similar rates would
be typical of other media. [0024] The filtered aqueous
stream is again filtered through a bed of activated
carbon to remove any residual dissolved ionic mercury
species as well as elemental and organic forms of
mercury. Carbon has been found effective for removing
potential trace species (elemental as well as organic)
as well as to actas a final guard bed for particulate
matter. A notable feature of the present technique is
that the carbon is more selective for mercury than for
dissolved organics or chemical oxygen demand (COD)
with the result that the bed remains active for
mercury removal even after the ability to remove
organics has dissipated, as shown by an increase in
the COD of the activated carbon filtrate. [0025] The
type of carbon most preferred in this step is granular
activated carbon with an average particle size from
0.8 to 1.0 mm although particle sizes both above and
below this range may be found suitable. A preferred
type of carbon is standard bituminous coal based
activated carbon. Carbons of this kind are widely
available commercially from suppliers such as Calgon
Carbon Corporation, Pittsburgh PA, Fresh Water
Systems, Greenville SC and Res-Kem Corp Media, PA.
Flow rates over the granular carbon beds using a
downflow regime can typically be 1 to 2 l/m2/min
(about 3-5 gal/ft2/min). A minimum of two activated
carbon columns in series is preferred with operation
in a lead / polish configuration. In this
configuration, lead bed breakthrough can be tolerated,
allowing the lead bed to stay on-line longer and
become more heavily loaded. The polish bed removes any
residual mercury allowing for mercury-free effluent.
After the lead bed is spent, it is replaced with fresh
carbon and then becomes the polish bed. The use of
powder activated carbon (PAC) in a slurry contact
reactor with the PAC removed in a subsequent solids
separation stage would be less preferred both in terms
of cost and the ability to remove particulates without
the additional solids separation stage. Another option
would be PAC addition to an existing activated sludge
biological treatment unit. [0026] Pilot tests were
conducted to confirm the effectiveness of the mercury
precipitant and media filter on the removal of mercury
on wastewater from a petroleum refinery by spiking the
effluent from the IAF (Induced Air Floatation) unit
with mercury to simulate the wastewater expected when
running high mercury crude. The test wastewater was
spiked in the testing with 30 wppbionic mercury
(mercury chloride) and treated with various amounts of
the mercury precipitant, GE Betz MetClear (MR 2405),
before being passed to a settling tank to permit some
removal of the precipitated solids. In some tests a
cationic coagulant, GE Betz Klaraid (CDP 1337), was
added to minimize interaction between
free-hydrocarbon/suspended solids and MetClear as well
as improve settling of the pin floe produced. The
effluent from the settling tank was then filtered
through a media filter comprising sand and anthracite.
Mercury levels were measured before the precipitant
addition and before and after the media filter. The
six week test confirmed that at optimal chemical
dosing rates, 96% mercury removal could be achieved
using the mercury precipitant. With the addition of
the media filter, over 99% removal of dissolved ionic
mercury was achieved with all levels in the treated
wastewater being below the detection limit of 0.1
wppb. The addition of the air flotation step could be
expected to improve filter operation (increase filter
run length) by superior removal of the precipitated
solids prior to entry to the filter bed. [0027] The
results are shown in Table 1 below.Table 1 Removal of
Ionic Mercury (30ppb) by Precipitation,
Filtration[0028] The use of activated carbon is an
effective guard for organic mercury was also confirmed
by pilot plant testing. In the tests, the IAF
wastewater was spiked with organic mercury (as mercury
alkyl dithiocarbamate) at 30 ppb and 60 ppb to
simulate the expected aqueous stream composition
associated with high mercury content crude and gases.
The spiked wastewater was processed through a dual
media filtration unit of sand and anthracite as above
followed by a single activated carbon column.. Mercury
levels were measured before passing through the media
filter, before passing through the carbon column, and
after the carbon column. Additionally, chemical oxygen
demand (COD) levels were also measured to determine
whether COD or mercury would be selectively adsorbed.
It was discovered that complete mercury removal was
maintained even after COD breakthrough (breakthrough
of dissolved organic compounds). In this seven week
test, outlet mercury levels of less than 0.1 wppb
(detection limit) were consistently achieved and the
carbon life was proven to be sufficient for commercial
operation.[0029] The results of testing using 30 ppb
of added organic mercury are given in Table 2 below.
Table 2 Organic Hg (30ppb) Removal over Dual Media
Filter, Carbon Run Hg before Hg after Hg after
Removal: Removal: Total No. DMF, ppb DMF, ppb Carbon,
ppb DMF Carbon Removal 1 5.1 0.9 0.1 82.40% 88.90%
98.00% 2 1.2 0.09 0.1 92.50% - 11.10% 91.70% 3 0.1 0.1
0.1 0.00% 0.00% 0.00% 4 0.4125 0.1 0.1 75.80% 0.00%
75.80% 5 0.1625 0.1 0.1 38.50% 0.00% 38.50% 6 0.3625
0.1 0.1 72.40% 0.00% 72.40% 7 1.35 0.1 0.1 92.60%
0.00% 92.60% 8 1.065 0.3625 0.1 66.00% 72.40% 90.60% 9
1 0.0875 0.1 91.30% -14.30% 90.00% 10 1.4 0.5 0.1
64.30% 80.00% 92.90% 11 1.5 0.4 0.1 73.30% 75.00%
93.30% 12 0.7 0.3 0.1 57.10% 66.70% 85.70% 13 0.1 0.1
0.1 0.00% 0.00% 0.00% 14 0.8 0.1 0.1 87.50% 0.00%
87.50% 15 0.2 0.1 0.1 50.00% 0.00% 50.00% 16 0.1 0.3
0.1 -200.00% 66.70% 0.00% [0030] The results obtained
with the addition of 60 ppb organic mercury are shown
in Table 3 below.Table 3 Organic Hg (60ppb) Removal
over Dual Media Filter, Carbon Run H g before H g
after I after Removal: Removal: Total No. DMF, ppb
DMF, ppb Carb oonn,, ppppbb DMF Carbon Removal 17 0.5
0.4 0.1 20.00% 75.00% 80.00% 18 0.5 0.3 0.1 40.00%
66.70% 80.00% 19 1.3 0.1 0.1 92.30% 0.00% 92.30% 2 0
0.1 0.1 0.1 0.00% 0.00% 0.00% 2 1 1.2 0.1 0.1 91.70%
0.00% 91.70% 2 2 1 0.2 0.1 80.00% 50.00% 90.00% 2 3
0.7 0.6 0.3 14.30% 50.00% 57.10% 2 4 0.6 0.7 0.2
-16.70% 71.40% 66.70% 2 5 0.3 0.8 0.4 166.70% 50.00%
-33.30% 2 6 0.3 0.4 0.3 -33.30% 25.00% 0.00% 2 7 0.2
0.2 0.00% 0.00% 2 8 0.4 0.2 50.00% 50.00% [0031] The
selectivity o f the carbon for mercury removal in
preference to the removal o f organics creating
chemical oxygen demand (COD) is shown in Table 4
below, obtained in certain o f the runs identified in
Table 3 above. The results show that COD is not
reduced to the same extent a s the organic mercury,
indicating that there is a selectivity for mercury
removal.Table 4 COD Effluent from Carbon Column Run
COD before COD after % COD No. DMF, mg/1 Carbon, mg/1
Reduction 17 387 194 50% 18 346 205 41% 19 267 159 40%
20 351 190 46% 2 1 174 243 -40% 23 275 192 30% 24 214
197 8% 25 276 215 22% [0032] Isotherm tests were
conducted using dissolved ionic mercury (mercury
chloride), organic mercury (diethylmercury), and
elemental mercury to confirm the effectiveness on
different forms of mercury. The tests confirmed that
carbon was shown to have the ability to remove each of
the dissolved forms of mercury, although the carbon
capacities differ depending on the species.CLAIMS: 1.
A method for removing mercury in ionic and non-ionic
form from aqueous streams, comprising: (i) adding a
mercury precipitant to the aqueous stream to react
with dissolved ionic mercury compounds present in the
stream to form a water-insoluble precipitate of a
mercury compound, (ii) separating the precipitated
mercury compounds from the water of the stream by
means of gas flotation, (iii) passing the water
separated from the stream through a media filter to
remove residual particulate material and form a
filtrate of water with a reduced level of mercury,
(iv) passing the filtrate over activated carbon to
remove residual mercury. 2. A method according to
claim 1 in which the non-ionic forms of mercury
present in the aqueous stream comprise organic mercury
compounds. 3. A method according to anyone of the
preceding claims in which the nonionic forms of
mercury present in the aqueous stream comprise
elemental mercury. 4. A method according to anyone of
the preceding claims in which the mercury precipitant
comprises a compound which reacts with the dissolved
mercury compounds present in the stream to form
water-insoluble sulfides of mercury.5. A method
according to claim 4 in which the mercury precipitant
comprises an alkali metal sulfide, an alkali metal
polysulfide, an alkaline earth metal sulfide, an
alkaline earth metal polysulfide 6. A method according
to anyone of the preceding claims in which the mercury
precipitant comprises a thiazole, an alkali metal
thiocarbamate, an alkali metal dithiocarbamate, an
alkali metal xanthate or an alkali metal
trithiocarbonate compound which reacts with the
dissolved mercury compounds present in the stream to
form a water-insoluble compound of mercury. 7. A
method according to anyone of the preceding claims in
which the mercury precipitant comprises a
water-soluble polymeric dithiocarbamate which reacts
with the dissolved mercury compounds present in the
stream to form a water-insoluble compound of mercury.
8. A method according to claim 7 in which the aqueous
stream comprises mercury in an amount up to 60 ppbw
and the amount of the added water-soluble polymeric
dithiocarbamate is up to 50 ppmw. 9. A method
according to claim 8 in which the amount of the added
watersoluble polymeric dithiocarbamate is up to 30
ppmw. 10. A method according to anyone of the
preceding claims in which the pH is maintained in the
range from about 6 to about 9 when the mercury
precipitant is added to the aqueous stream. 11. A
method according to claim 10 in which the temperature
is maintained in the range from 10-40C when the
mercury precipitant is added to the aqueous stream.12.
A method according to claim 10 in which a coagulant or
floculant is added to the stream when the precipitate
is formed. 13. A method according to claim 12 in which
the amount of coagulant or floculant is less than 25
ppm. 14. A method according to anyone of the preceding
claims in which the media filter comprises a dual
media filter. 15. A method according to claim 14 in
which the dual media filter comprises a sand bed on an
anthracite bed. 16. A method according to claim 15 in
which the dual media filter comprises sand with a
particle size of 0.4 - 0.6 mm sand on bottom and
anthracite with a particle size of 0.85 - 0.95 mm on
top of the sand. 17. A method according to anyone of
the preceding claims in which the flux rate through
the filter is up to about 3 l/m2/min. 18. A method
according to anyone of the preceding claims in which
the activated carbon comprises granular activated
carbon with an average particle size from 0.8 to 1.0
mm. 19. A method according to claim 18 in which the
activated carbon comprises bituminous coal based
activated carbon. 20. A method according to claim 18
in which the flow rates over the granular carbon is 1
to 2 l/m2/min. 


