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THERAPEUTIC ISOXAZOLE COMPOUNDS

BACKGROUND OF THE INVENTION

[0001] Monoamine oxidase (MAO, EC 14.34) is a flavin-dependent
metabolic enzyme responsible for the oxidative deamination of both endogenous,
aminergic neurotransmitters and xenobiotic amines. There are two reported isoforms of
MAO, MAO-A and MAO-B, which arise from two independent genes (Bach, et. al.,
Proc. Natl. Acad. Sci., 1988, 85, 4934-4938). Both forms of MAO are distributed in a
variety of tissues in varying amounts throughout the body; in the human brain, MAO-B is
present to a greater extent then MAO-A (Saura, et. al., Neuroscience, 1996, 70, 755-774).

[0002] MAO-A has greater selectivity for serotonin and adrenalin while
MAO-B is selcctive for tyramine and phenethyl amine while both isoforms will
metabolize dopamine. Studies have shown that the level of MAO-B activity in the brain
increases with age (Fowler, et.al., J. Neural Transm., 1980, 49, 1-20). The process of
oxidative deamination, which produces both peroxide and aldehydes as byproducts, has
also been associated with an increase in oxidative damage in the brain, especially to‘
dopaminergic neurons, potentially exacerbating the neuronal degeneration associated with
diseases such as Alzheimer’s Disease and Parkinson’s Disease. There are also reports
that the level of MAO-B activity present is greater in patients with Alzheimer’s disease
which may be linked to the increased cognitive impairment of Alzheimer patients
(Dostert, et.al, Biochem. Pharmacol., 1989, 38, 555-561; and Emilsson, et.al.,
Neuroscience Letters, 2002, 326, 56-60). This link between oxidative stress and
progression of neuronal damage suggests that inhibition of MAO-B will minimize the
degenerative effects of both of these diseases, presumably by preventing the metabolism
of monoamines in the brain. Furthermore, the relative increase in dopamine levels, due to
inhibition of its metabolism, may have effects on downstream regulation of plasticity-
associated cognitive function, which may help repair, not just impede the progression of

these diseases.
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[0003] The use of selective MAO-B inhibitors for neurological diseases has
been known for some time (Bentue-Ferrer, et.al., CNS Drugs, 1996, 6, 217-236). Most
early MAO inhibitors for the treatment of depression were irreversible inhibitors with
minimal selectivity for MAO-B versus MAO-A. This can be problematic due to potential
side effects associated with both the subsequent inability of the irreversibly inhibited
enzyme to effectively metabolize dietary amines associated with cardiovascular events
(the “cheese effect”) and the potential for drug-drug interactions with other drugs that are
metabolized by MAO-B. More recent drugs, including selegiline and rasagiline, while
still irreversible inhibitors, have greater selectivity for MAO-B, and have better side-
effect profiles (Chen & Swope, J Clin Pharmacol. 2005 45, 878-94). There is currently
a need for compounds that are useful for enhancing cognitive function and for treating
cognitive deterioration in Parkinson’s Disease and Alzheimer’s Disease, as well as
compounds that can generally improve cognition in normal, diseased, and aging subjects.
Preferably, such agents will have higher potency and/or fewer side-effects than current

therapies.

SUMMARY OF THE INVENTION
[0004] The invention provides MAO-B inhibiting compounds that are useful,
for example, for enhancing cognitive function in animals (e.g. humans). Accordingly, the
invention provides a method for inhibiting one or more MAO enzymes in an animal
comprising administering to the animal an effective MAO inhibiting amount of a

compound of formula I.

Embodiments, Aspects and Variations of the Invention

[0005] The present disclosure provides the following embodiments, aspects

and variations: One embodiment provides a compound of formula I:
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or a pharmaceutically acceptable salt or prodrug ester thereof,

wherein:

R' is H (hydrogen), or is selected from the group consisting of aryl and (C)-
Ce)alkyl, each optionally substituted with one or more Ry;

each Ry is independently selected from the group consisting of halo, cyano,
nitro, —C(O)OH, (C,-C¢)alkyl, (C3-Cs)cycloalkyl, -(CH;)aOH, (C;-Cg)alkoxy,
halo(C,-Cg)alkoxy,  (C-Ce)alkylC(O)—,  (C)-Ce)alkylOC(O)-, and (Ci-
Ce)alkylC(0)O—;

A'is N (nitrogen), or CR?;

R’ is H (hydrogen), (C,-Cg)alkyl, aryl(C,-Ce)alkyl, (C,-Ce)alkenyl,
(C,-Cy)alkynyl, or aryl optionally substituted with one or more halo;

A? and A’ are each independently O (oxygen) or N (nitrogen) with the
proviso that when A%is O, A¥is N and when A’ is N, Alis O;

B is aryl or heteroaryl, each optionally substituted with one or more R’

X is -C(=0)~, —C(=S)-, ~C(R*),- or —S(0)~;

each n is independently an integer selected from 0, 1, and 2;

each z is independently an integer selected from 0, 1, and 2;

Y is R*, -N(R*);, —-OR?, -SR*, or —C(R%);, each optionally substituted with
one or more Rgy;

each R* is independently selected from the group consisting of hydrogen,
-OH, (C-Ceg)alkyl, (Cy-Ce)alkenyl, (C3-Ce)alkynyl, (C-Ce)alkanoyl,
(C,-Cg)alkoxycarbonyl, (C;-Cg)cycloalkyl, —(CH,).(C;3-Cs)cycloalkyl, heteroaryl,
aryl, aryl(C;-Ce)alkyl, heterocycle, heterocycle(C,-Ce)alkyl,
heterocycle(C,-Cg)alkanoyl, and NR,Ry; or when Y is -N(R*),, then two R* groups
are optionally taken together with the nitrogen to which they are attached to form a
3-8 membered monocyclic or a 7-12 membered bicyclic ring system, each

optionally comprising one or more additional heteroatom groups selected from O
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(oxygen), S(0),, and NR, wherein each ring system is optionally substituted with
one or more Ry;

each R, and Ry, is independently hydrogen or (C,;-Ce)alkyl, or R, and R, are
optionally taken together with the nitrogen to which they are attached to form a 3-8
membered monocyclic or a 7-12 membered bicyclic ring system, each optionally
substituted with one or more C,-C galkyl groups;

each R, is independently selected from the group consisting of hydrogen,
(Cy-Ce)alkyl, aryl, heteroaryl, (C)-Ce)alkylsulfonyl, arylsulfonyl,
(Cy-Ce)alkylC(O)-, arylC(O)-, hydroxy(C,-Celalkyl, alkoxy(C,-C¢)alkyl,
heterocycle, (Cy-Ce)alkylOC(O)-, (C,-Cg)alkylaminocarbonyl, and
arylaminocarbony];

each Ry is independently halo, cyano, nitro, oxo, RRgN(C;-Ce)alkyl,
—(CH2)sNRRg;, —C(O)NRfR;, -NRC(O)Rg, arylC(O)NR(R;, —C(O)OH,
(Ci-Ce)alkyl, (C3-Cg)cycloalkyl, —(CH;),OH, (C;-Cg)alkoxy, halo(C;-Ce)alkoxy,
(C,-Cg)alkylC(0)~, (C,-Ce)alkylOC(O)—, (C;-Ce)alkylC(O)O-, heterocycle, aryl,
heterocycle(C;-Cg)alkyl, aryl(C;-Cg)alkyl, =NR,S(O),(C,-Cs)alkyl, -NR.S(O),aryl,
—NR.C(O)NRR;, -NR.C(O)ORy, or —OC(O)NR(Ry;

each R, is independently hydrogen, (C,-Cg)alkyl, aryl or heteroaryl;

each Ry and Ry is independently hydrogen, (C;-Cg)alkyl, aryl or heteroaryl,
or Ry and R, are optionally taken together with the nitrogen to which they are
attached to form a 3-8 membered monocyclic or a 7-12 membered bicyclic ring
system, each optionally comprising one or more additional heteroatom groups
selected from O (oxygen), S(O),, and NR, wherein each ring system is optionally
substituted with one or more Rg;

each R, is independently halo, cyano, nitro, oxo, RiRjN(C;-Cs)alkyl,
—(CH2).NRiR;, —-C(O)NR;R;, -NR\C(O)R;, arylC(O)NRiR;, —C(O)OH, (C;-
Ce)alkyl, (C;5-Cg)cycloalkyl, —(CH;).OH, (C,-Cs)alkoxy, halo(C,-C¢)alkoxy, (C;-
Ce)alkylC(O)—, (C;-Ce)alkylOC(O)—, (C,-C¢)alkylC(O)O—, heterocycle, aryl,
heterocycle(C,-C¢)alkyl, aryl(C,-Cg)alkyl, ~NR.S(0),(C,-Cg)alkyl,
—NR,S(O),aryl, -NRC(O)NR;R;j, -NR\C(O)OR;, or —-OC(O)NRR;;

each Ry is independently hydrogen, (C,-Cg)alkyl, aryl or heteroaryl;

each R; and R; is independently hydrogen, (C,-Cs)alkyl, aryl or heteroaryl;

each R’ is (Ci-Celalkyl, -NR;R;j, =C(O)NRR;, or aryl(C,-Cq)alkyl; and

_4.-
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the dashed line represents an optional double bond wherein the ring
comprising A', A% and A® is heteroaromatic;
with the proviso that the compound of formula I is not selected from the

group consisting of:
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[0006] Another embodiment includes a compound having the formula:
R
JA
N\o)\. /Y
X
or a pharmaceutically acceptable salt or prodrug ester thereof,
wherein the variables are defined according to the definitions for the
compound of formula I. Another embodiment includes the compound of formula
I, wherein each R® can be independently (C,-Ce)alkyl, or aryl(C,-Ce)alkyl.
Another embodiment includes the compound of formula I, wherein each Ry can
be halo, cyano, nitro, —OH, or (C;-Cg)alkyl. In some embodiments Ry can be

fluoro.

[0007] Another embodiment includes a compound having the formula:

or a pharmaceutically acceptable salt or prodrug ester thereof,
wherein the variables are defined according to the definitions for the

compound of formula I.

[0008] Another embodiment includes the compound of formula I with the
proviso that when B is a 5-membered ring and Y is -N(R*),, then R* is not a 7-
azabicyclo[2.2.1]heptane or 1-azabicyclo[2.2.2]octane, each optionally substituted with
(C1-Cg)alkyl. Another embodiment includes the compound of formula I with the proviso
that when B is a 5-membered ring, then R? is not —C(O)NRJR;.

[0009] Another embodiment includes the compound of formula I with the
proviso that when B is thiophene and not substituted with R}, X is —-C(=0)—, Y 1s —
N(R4)2, and one R* is H, then the other R*is not —OH; and

when B is thiophene and not substituted with R®, and X is —~C(=0)-, then
Y is not —OH, or —O(C,-C¢)alkyl.
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[0010)] Another embodiment includes the compound of Formula I having
formula Ia:

R1
A’

5 ) 22
ed
Y

X

(Ia)

or a pharmaceutically acceptable salt or prodrug ester thereof,

wherein:

Z',Z?, and Z’ are each independently O (oxygen), N (nitrogen), S (sulfur),
or CR® O (oxygen), N (nitrogen), S (sulfur), or CR?® with the proviso that at least
one of Z', Zz, and Z° is not CR?;

each R® s independently H (hydrogen), (C,-Cs)alkyl, -NR{R,,
—C(O)NR(Rg, or aryl(C,-Cs)alky];

each Ry and Ry is independently hydrogen, (C)-Ce)alkyl, aryl or heteroaryl,
or Rr and R, are optionally taken together with the nitrogen to which they are
attached to form a 3-8 membered monocyclic or a 7-12 membered bicyclic ring
system, each optionally comprising one or more additional heteroatom groups
selected from O (oxygen), S(O),, and NR, wherein each ring system is optionally
substituted with one or more Rg;

each R, is independently halo, hydroxy, cyano, nitro, oxo, COOH, ,
-NRiR;, RiRjN(C;-C¢)alkyl, —(CHz).NRiR;, —C(O)NRR;, -NRC(O)R;,
arylC(O)NR;R;, —C(O)OH, (C,-Cg)alkyl, (Cs-Cs)cycloalkyl, —(CH;)sOH, (C,-
Cg)alkoxy, halo(C;-Cg)alkoxy, (C;-Ce)alkylC(O)-, (C;-Cg)alkylOC(O)-, (C;-
Ce)alkylC(O)O—, heterocycle, aryl, heterocycle(C,-Cg)alkyl, aryl(C;-Ce)alkyl,
-NR.S(0),(Ci-Co)alkyl, —NRyS(O).aryl, —-NRC(O)NRR;, -N R(C(O)OR;, or
—OC(O)NRR;;
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each R is independently selected from the group consisting of hydrogen,
(C1-Ce)alkyl, aryl, heteroaryl, (C;-C¢)alkylsulfonyl, arylsulfonyl, (C;-
Ce)alkylC(O)—, arylC(O)-, hydroxy(C,-Ce)alkyl,  alkoxy(C;-Cs)alkyl,
heterocycle, (C-Cg)alkylOC(O)—, (C;-Ce)alkylaminocarbonyl, and
arylaminocarbonyl;

each n is independently an integer selected from 0, 1, and 2;

each z i1s independently an integer selected from 0, 1, and 2;

each Ry is independently hydrogen, (C,-C¢)alkyl, aryl or heteroaryl;

each R; and R; is independently hydrogen, (C,-Cg)alkyl, aryl or heteroaryl;

R’, A', Az, A3, X and Y are defined according to the definitions for the
compound of formula I; and

the dashed line represents an optional double bond wherein the ring
comprising Z', Z*, and Z? is heteroaromatic.

In some embodiments Z' can be O (oxygen), N (nitrogen) or S (sulfur). In
some embodiments Z* can be O (oxygen), N (nitrogen) S (sulfur), or CR>. In
some embodiments Z> can be O (oxygen), N (nitrogen) S (sulfur), or CR>.

[0011] Another embodiment includes a compound of formula Ia with the
proviso that when Z' is O (oxygen), N (nitrogen) or S (sulfur) and Y is -N(R*),, then R*
is not a 7-azabicyclo[2.2.1]heptane or 1-azabicyclo[2.2.2]octane, each optionally
substituted with (C;-Cg)alkyl. Another embodiment includes a compound of formula Ia
with the proviso that when Z' is S (sulfur), then Z? is not CR® where R® is —C(O)NRR;.

[0012] Another embodiment includes a compound of formula Ia, wherein vA
is S (sulfur). Another embodiment includes a compound of formula Ia, wherein X is —
C(=0). Another embodiment includes the compound of formula Ia, wherein each R}, can
be halo, cyano, nitro, —OH, or (C,-Ce)alkyl. In some embodiments Ry, can be fluoro.

[0013] Another embodiment includes the compound of formula Ia with the
proviso that when Z' is S (sulfur) and Z? and Z® are both CR® where each R® is H
(hydrogen), X is —C(=0O)-, Y is -N(R*),, and one R? is H, then the other R* is not —OH;
and when Z' is S (sulfur) and Z* and Z* are both CR® where each R® is H, and X is — -
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C(=0)-, then Y is not —-OH, or —O(C)-Ce)alkyl. Another embodiment includes the
compound of formula Ia with the proviso that when Z' is S (sulfur) and Z? is CR® where
R® is H (hydrogen), X is —C(=0)-, Y is —=N(R*),, and one R* is H, then the other R* is not
-OH; and when Z' is S (sulfur) and 72 is CR® where R’ is H, and X is —C(=0)-, then Y is
not —OH, or —O(C,-Cg)alkyl. Another embodiment includes the compound of formula Ia
with the provision that when Z' is S (sulfur) and Z* is CR® where R® is H (hydrogen), X is
—-C(=0)-, Y is ~N(R"),, and one R* is H, then the other R? is not —OH; and when Z' is S
(sulfur) and Z* is CR® where R® is H, and X is —C(=0)-, then Y is not —OH, or -0O(C)-
Celalkyl.

(0014] Another embodiment includes the compound of formula Ia, wherein

Y is —-N(R*),. In some embodiments, -N(R*), is piperidinyl optionally substituted with one

or more Ry.
[0014a] Another embodiment includes a compound of formula la:

R1

A"

2 Y 2
A\\A3 ‘:/I \}123

7
x—Y

(Ia)

or a pharmaceutically acceptable salt or prodrug ester thereof,
wherein;

R' is H (hydrogen), or is selected from the group consisting of aryl and
(C-Ce)alkyl, each optionally substituted with one or more Ry,;

each Ry, is independently selected from the group consisting of halo, cyano,
nitro, and —OH;

A'is N (nitrogen), or CR?

A? and A? are each independently O (oxygen) or N (nitrogen) with the
proviso that when A’ is O (oxygen), A® is N (nitrogen) and when A? is N
(nitrogen), AlisO (oxygen);
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R? is H (hydrogen), (C;-Cg)alkyl, aryl(Ci-Cealkyl, (C5-Cg)alkenyl, (Cyp-
Ce)alkynyl, or aryl optionally substituted with one or more halo;

X is —C(=0)-, —C(=S)~, —S—, or —=S(0)—;

Y is—N(R*), where the two R* groups are taken together with the nitrogen
to which they are attached to form a 3-8 membered monocyclic or a 7-12
membered bicyclic ring system, each optionally comprising one or more additional
heteroatom groups selected from O (oxygen), S(O),, and NR, wherein each ring
system is optionally substituted with one or more Ry;

each R, is independently selected from the group consisting of hydrogen,
(C-Cealkyl, aryl, heteroaryl, (C)-Ce)alkylsulfonyl, arylsulfonyl,
(C\-CgalkylC(O)—,  arylC(O)—, hydroxy(Ci-Ce)alkyl,  alkoxy(C;-Cg)alkyl,
heterocycle, (C1-Ce)alkylOC(O)—, (C,-Cg)alkylaminocarbonyl, and
arylaminocarbony];

each Ry is independently halo, cyano, nitro, oxo, RRgN(C,-Cg)alkyl,
—(CH2)uNR(Ry, —C(O)NR{R;, —NR.C(O)Rg, arylC(O)NR(R,, —C(O)OH, (C;-
Ce)alkyl, (Cs3-Cg)cycloalkyl, —(CH,),OH, (C-Cgalkoxy, halo(C,-Ces)alkoxy,
heterocycle, aryl, heterocycle(C,-Cg)alkyl, aryl(Ci-Co)alkyl, —NR.S(O),(C)-
Ce)alkyl, ~NR.S(O),aryl, -NR.C(O)NR;R,, -NR.C(O)ORy, or ~OC(O)NR{Ry;

each n is independently an integer selected from 0, 1, and 2,
each z is independently an integer selected from 0, 1, and 2

7' is S (sulfur);

Z? and Z? are each independently O (oxygen), N (nitrogen), S (sulfur), or
CR%;

each R® is independently H (hydrogen), (C,-Cg)alkyl, or aryl(C,-Cg)alkyl;

each Ry and Ry is independently hydrogen, (C)-Cg)alkyl, aryl or heteroaryl,
or Ry and R, are optionally taken together with the nitrogen to which they are
attached to form a 3-8 membered monocyclic or a 7-12 membered bicyclic ring
system, each optionally comprising one or more additional heteroatom groups
selected from O (oxygen), S(O),, and NR, wherein each ring system is optionally

substituted with one or more Rg;
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each Rq is independently halo, cyano, nitro, oxo, COOH,
RiRjN(C-Cg)alkyl, —(CH;).NRiR;, “C(O)NR;Rj, -NR\C(O)R;, arylC(O)NR;R;,
—C(O)OH, (C\-Cgalkyl, (Cs-Cg)cycloalkyl, —(CH),OH, (C,-C¢)alkoxy,
halo(C-Cg)alkoxy, (C;-Cs)alkylC(O)—, (C;-Ce)alkylOC(O)—, (C,-Cs)alkylC(O)O—,
heterocycle, aryl, heterocycle(C,-Cg)alkyl, aryl(C;-Ce)alkyl, —NR,S(O),(C;-
Ce)alkyl, -NRyS(O),aryl, -NR,C(O)NRiR;, -NRC(O)OR;, or -OC(O)NRiR;;
each Ry is independently hydrogen, (C,-C¢)alkyl, aryl or heteroaryl;

each R; and R; is independently hydrogen, (C,-Ce)alkyl, aryl or heteroaryl;
and

the dashed line represents an optical double bond wherein the ring

comprising YA Zz, and Z? is heteroaromatic.

[0015] Another embodiment includes a compound having the formula:

X
[0016] or a pharmaceutically acceptable salt or prodrug ester thereof,
[0017] wherein the variables are defined according to the definitions for the

compound of formula Ia.

[0018] Another embodiment includes a compound having the formula:
R‘l

>:A1 RS

N N/ v RS
/

X—Y

S

or a pharmaceutically acceptable salt or prodrug ester thereof;
wherein the variables are defined according to the definitions for the compound of

formula Ia.
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[0019] Another embodiment includes a compound having the formula:
R1
Al R®
T
o 7 ) R
S
X—Y

or a pharmaceutically acceptable salt or prodrug ester thereof,

wherein the variables are defined according to the definitions for the compound of

formula Ia.

[0020] Another embodiment includes the compound of formula I having

the formula Ila:

R1
A
L
A\A3 _—r
74
x—Y
(11a)

or a pharmaceutically acceptable salt or prodrug ester thereof,

wherein:

R' is H (hydrogen), or is selected from the group consisting of aryl and (C-
Cg)alkyl, each optionally substituted with one or more Ry;

each Ry, is independently selected from the group consisting of halo, cyano,
nitro, —C(O)OH, (C,-Ce)alkyl, (C;3-Cs)cycloalkyl, -(CH,),OH, (C,-C¢)alkoxy,
halo(C,;-Ceg)alkoxy, (C;-CgalkylC(O)—, (C,-Ce)alkylOC(O)~, and (C;-
Ce)alkylC(O)O—;

A'is N (nitrogen), or CR%;

R? is H (hydrogen), (C,-Cg)alkyl, aryl(C,-Cg)alkyl, (C,-Cs)alkenyl,

(C3-Cg)alkynyl, or aryl optionally substituted with one or more halo;

-11 -
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A’ and A® are each independently O (oxygen) or N (nitrogen) with the
proviso that when AZis O, A*is N and when A%is N, A’ is O;

Z', 7%, and Z* are each independently O (oxygen), N (nitrogen), S (sulfur),
or CR® with the proviso that at least one of Z' 7%, and Z? is not CR® ;

each R® is independently H (hydrogen), (C,-Cg)alkyl, -NRR;,
—C(O)NRR;, or aryl(C;-Ce)alkyl;

X is ~C(=0)-, -C(=S)-, —C(R*)»—, or —-S(0),~;

each n is independently an integer selected from 0, 1, and 2;

each z is independently an integer selected from 0, 1, and 2;

Y is -N(R*), optionally substituted with one or more Rg;

each R* is independently selected from the group consisting of hydrogen,
—OH, (C,-Ce)alkyl, (Cy-Ce)alkenyl, (Cy-Cg)alkynyl, (C,;-Cq)alkanoyl, (C;-
Ce)alkoxycarbonyl, (Cs3-Csg)cycloalkyl, —(CH;)n(Cs-Cg)cycloalkyl, heteroaryl, aryl,
aryl(C;-Cg)alkyl, heterocycle, heterocycle(C,-Cg)alkyl, heterocycle(C,-
Ce)alkanoyl and NR,Ry; or two R groups are optionally taken together with the
nitrogen to which they are attached to form a 3-8 membered monocyclic or a 7-12
membered bicyclic ring system, each optionally comprising one or more
additional heteroatom groups selected from O (oxygen), S(O),, and NR. wherein
each ring system is optionally substituted with one or more Ry;

each R, and R, is independently hydrogen or (C;-Ce)alkyl, or R, and R,
are optionally taken together with the nitrogen to which they are attached to form
a 3-8 membered monocyclic or a 7-12 membered bicyclic ring system, each
optionally substituted with one or more C,-C ¢alkyl groups;

each R, is independently selected from the group consisting of hydrogen,
(Ci-Celalkyl, aryl, heteroaryl, (C;-Ce)alkylsulfonyl, arylsulfonyl, (C;-
Ce)alkylC(O)—, arylC(O)-, hydroxy(C;-Ce)alkyl,  alkoxy(C;-Cg)alkyl,
heterocycle, (C,-Ce)alkylOC(O)—, (C,-Ce)alkylaminocarbonyl, and
arylaminocarbonyl;

each Ry is independently halo, cyano, nitro, oxo, R{RgN(C,-Cs)alkyl,
—(CH2)sNRR,;, ~C(O)NR{R,;, ~NR.C(O)R,, arylC(O)NR¢R,, —C(O)OH, (C;-

-12-
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Ce)alkyl, (C;-Cs)cycloalkyl, —(CH,),OH, (C,-C¢)alkoxy, halo(C,-Ce)alkoxy, (C;-
Ce)alkylC(O)—, (C;-Cg)alkylOC(0)-, (C,-C¢)alkylC(O)O-, heterocycle, aryl,
heterocycle(C;-Ce)alkyl, aryl(C,-Cg)alkyl, -NR,S(0),(C,-C¢)alkyl, -NRS(O),aryl,
-NR:.C(O)NR(R,, -NR.C(O)ORy, or -OC(O)NRRg;

each R, is independently hydrogen, (C,-C¢)alkyl, aryl or heteroaryl;

each Ry and Ry is independently hydrogen, (C;-Cs)alkyl, aryl or heteroaryl,
or Ry and R, are optionally taken together with the nitrogen to which they are
attached to form a 3-8 membered monocyclic or a 7-12 membered bicyclic ring
system, each optionally comprising one or more additional heteroatom groups
selected from O (oxygen), S(O),, and NR, wherein each ring system is optionally
substituted with one or more Rg;

each Ry is independently halo, cyano, nitro, oxo, R;RjN(C,-Ce)alkyl,
-(CH2).NRiR;, -C(O)NRiR;, -NRC(O)R;, arylC(O)NR;R;, —C(O)OH,
(Ci-Ce)alkyl, (C3-Cg)cycloalkyl, —(CH3)sOH, (C,-C¢)alkoxy, halo(C;-Cs)alkoxy,
(C-Ce)alkylC(0)-, (C,-Cg)atkylOC(0)—, (C,-Cs)alkylC(O)O—, heterocycle, aryl,
heterocycle(C,-Ce)alkyl, aryl(C,-Ce)alkyl, —NRS(0),(C,-Ce)alkyl,
—NRS(O),aryl, -NRC(O)NR;R;j, -NR\C(O)OR;, or -OC(O)NR;R;;

each Ry is independently hydrogen, (C,-Cg)alkyl, aryl or heteroaryl;

each R; and R; is independently hydrogen, (C,-Ce)alkyl, aryl or heteroaryl,
and

the dashed line represents an optional double bond wherein the ring
comprising A', A%, and A’ is heteroaromatic and the ring comprising z' 2} and 2°
1s heteroaromatic;

with the proviso that the compound of formula IIa is not selected from the

group consisting of:
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[0021] In some embodiments Z' can be O (oxygen), N (nitrogen) or S (sulfur).
In some embodiments Z* can be O (oxygen), N (nitrogen) S (sulfur), or CR®. In some
embodiments Z* can be O (oxygen), N (nitrogen) S (sulfur), or CR®. In a typical
embodiment, Z'canbe S (sulfur), Z? can be CR® and Z® can be CR®.

[0022] Another embodiment includes the compound of formula Ila with the
proviso that when Z' is O (oxygen), N (nitrogen) or S (sulfur), then R* is not a 7-
azabicyclo[2.2.1]heptane or 1-azabicyclo[2.2.2]octane, each optionally substituted with
(C1-Cg)alkyl. Another embodiment includes the compound of formula Ila with the
proviso that, Z* is not CR® where R® is —C(O)NR;R;. Another embodiment includes the
compound of formula Ila with the proviso that when Z' is S (sulfur) and Z* and Z? are
both CR® where each R® is H, X is ~C(=0)-, Y is —~N(R*),, and one R? is H, then the
other R* is not —OH; and when Z' is S (sulfur) and Z* and Z* are both CR® where each
R’ is H, and X is —C(=0)-, then Y is not —OH, or —O(C,-Cs)alkyl. Another embodiment
includes the compound of formula Ila wherein —N(R*), is piperidinyl optionally
substituted with one or more Rq. Another embodiment includes the compound of
formula IIa, wherein each Ry, can be halo, cyano, nitro, “OH, or (C;-C¢)alkyl. In some

embodiments Ry, can be fluoro.
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[0022a] Another embodiment includes a compound of formula ITa:

R1

(IIa)

or a pharmaceutically acceptable salt or prodrug ester thereof,
wherein:

R' is H (hydrogen), or is selected from the group consisting of aryl and (C)-
Ce)alkyl, each optionally substituted with one or more Ry;

each Ry, is independently selected from the group consisting of halo, cyano,
nitro, and —OH;

Alis N(nitrogen), or is CR?,

R? is H (hydrogen), (C)-Cealkyl, aryl(C-Cgalkyl, (C,-Ce)alkenyl,
(Ca-Cg)alkynyl, or aryl optionally substituted with one or more halo;

A? and A® are each independently O (oxygen) or N (nitrogen) with the
proviso that when Alis O, A}is N and when A% is N, Alis O;

Z'is S (sulfur);

7% and Z? are each independently O (oxygen), N (nitrogen), S (sulfur), or
CR?,

each R® is independently H (hydrogen), (C;-Cg)alkyl, or aryl(C,-Cg)alkyl;

X is -C(=0)-, -C(=S)—, —-S—, or ~§(O)~;

each n is independently an integer selected from 0, 1, and 2;

each z is independently an integer selected from 0, 1, and 2;

Y is -N(R*), optionally substituted with one or more Rg;

each R* is independently selected from the group consisting of hydrogen,
-OH, (C,-Cgalkyl,  (Cy-Ce)alkenyl,  (C;-Cglalkynyl,  (C;-C¢)alkanoyl,
(C-Cg)alkoxycarbonyl, (Ci-Cg)cycloalkyl, —(CH,),(Cs-Cg)cycloalkyl, heteroaryl,
aryl, aryl(C,-Cg)alkyl, heterocycle, heterocycle(C,-Cg)alkyl,
heterocycle(C)-Cg)alkanoyl and NRyRy; or two R* groups are optionally taken
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together with the nitrogen to which they are attached to form a 3-8 membered
monocyclic or a 7-12 membered bicyclic ring system, each optionally comprising
one or more additional heteroatom groups selected from O (oxygen), S(O),, and
NR( wherein each ring system is optionally substituted with one or more Rg;

each R, and Ry, is independently hydrogen or (Cy-Ce)alkyl, or R, and Ry, are
optionally taken together with the nitrogen to which they are attached to form a 3-8
membered monocyclic or a 7-12 membered bicyclic ring system, each optionally
substituted with one or more C,-C galkyl groups;

each R, is independently selected from the group consisting of hydrogen,
(C1-Cg)alkyl, aryl, heteroaryl, (Cy-Ce)alkylsulfonyl, arylsulfonyl,
(C-Cg)alkylC(O)—, arylC(O)—, hydroxy(C,-C¢)alkyl, alkoxy(C,-Cg)alkyl,
heterocycle, (C-Cg)alkylOC(O)—, (C)-Cg)alkylaminocarbonyl, and
arylaminocarbony];

each Ry is independently halo, cyano, nitro, oxo, R{RgN(C;-Cs)alkyl,
“(CH2)aNR{R,, —C(ONR{R,, —NR.C(O)Rg, arylC(O)NRR,, —C(O)OH,
(Cy-Ce)alkyl, (C;-Cg)eycloalkyl, —(CH;),OH, (C;-Cg)alkoxy, halo(C,-Cs)alkoxy,
(C1-Ce)alkylC(O)—, (C;-Cg)alkylOC(O)—, (C,-Cs)alkylC(O)O—, heterocycle, aryl,
heterocycle(C,-Ce)alkyl, aryl{C;-Ce)alkyl, =NR S(0),(C,-Cg)alkyl, -NR,S(O),aryl,
—NRC(O)NR(R,, ~NR.C(O)ORy, or —OC(O)NR(R;

each R, is independently hydrogen, (C,-Ce)alkyl, aryl or heteroaryl;

each Ry and Ry is independently hydrogen, (C;-Cq)alkyl, aryl or heteroaryl,
or Ry and R, are optionally taken together with the nitrogen to which they are
attached to form a 3-8 membered monocyclic or a 7-12 membered bicyclic ring
system, each optionally comprising one or more additional heteroatom groups
selected from O (oxygen), S(O),, and NR, wherein each ring system is optionally
substituted with one or more Rg;

each R, is independently halo, cyano, nitro, oxo, RiRjN(C;-Ce)alkyl,
—(CH2)uNRR;, ~C(O)NRjR;, -NRC(O)R;, arylC(O)NRR;, -C(O)OH,
(Cy-Ce)alkyl, (C3-Cs)eycloalkyl, —(CH3),OH, (C,-Cg)alkoxy, halo(C,-Ce)alkoxy,
(C-Ce)alkylC(O)—, (C-Cg)alkylOC(O)—, (C,-Ce)alkylC(O)O—, heterocycle, aryl,
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heterocycle(C,-Cg)alkyl, aryl(C,-Cg)alkyl, —NRS(0),(C;-Cglalkyl,
-NRS(O)aaryl, -NRyC(O)NR;R;, -NR(C(O)OR;, or -OC(O)NRiR;;

each Ry is independently hydrogen, (C,-Cg)alkyl, ary!l or heteroaryl,

each R; and R; is independently hydrogen, (C;-Cq)alkyl, aryl or heteroaryl;
and

the dashed line represents an optional double bond wherein the ring
comprising A', A% and A’ is heteroaromatic and the ring comprising Z', Z? and Z*
is heteroaromatic;

with the proviso that the compound of formula Ila is not selected from the

group consisting of:

AW Q
N— H
O—N 0 / S
' O_N o |

H

with the proviso that when Z? and Z* are both CR® where each R® is H, X
is —C(=0), Y is —N(R"),, and one R* is H, then the other R* is not ~OH.

an



WO 2009/029632 PCT/US2008/074353

[0023]) Another embodiment includes a compound having the formula:

R1
Al

2 ) Z
A\A3))\(/ \23
z‘~/<

X/Y

[0024] or a pharmaceutically acceptable salt or prodrug ester thereof,

[0025] wherein the variables are defined according to the definitions for the
compound of formula Ila.

[0026] Another embodiment includes a compound having the formula:

R1
>: Al RS

o
\N/ 7 / RS

S
X—Y
or a pharmaceutically acceptable salt or prodrug ester thereof,

wherein the variables are defined according to the definitions for the compound of
formula Ila.

[0027] Another embodiment includes a compound having the formula:

R1
Al R®
s \
N 5
N 7 R
© /
S
X—Y

or a pharmaceutically acceptable salt or prodrug ester thereof,

wherein the variables are defined according to the definitions for the compound of
formula Ila.

[0028] Another embodiment includes the compound of formula Ila selected

from the group consisting of:
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or a pharmaceutically acceptable salt or prodrug ester thereof.
[0029] Another embodiment includes the compound of formula I having the

formula Id:
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R1
>=-A‘
A2‘ /l‘) 12\2
\)_\3 ‘:’ \~Iz3
b
C(R%)3
0

(Id)

or a pharmaceutically acceptable salt or prodrug ester thereof,

wherein:

R' is H (hydrogen), or is selected from the group consisting of aryl and
(C,-Ce)alkyl, each optionally substituted with one or more Ry,

each R is independently selected from the group consisting of halo, cyano,
nitro, —C(O)OH, (C,-C¢)alkyl, (Cs-Cg)cycloalkyl, -(CH;),OH, (C,-Ce)alkoxy,
halo(C,;-C¢)alkoxy,  (C,-Cg)alkylC(O)-, (C,-CgalkylOC(O)-, and (C;-
Ce)alkylC(O)0O—;

A'is N (nitrogen), or CR%

R?* is H (hydrogen), (C,-Cealkyl, aryl(C,-Cg)alkyl, (Cy-Cq)alkenyl,
(C;-Ce)alkynyl, or aryl optionally substituted with one or more halo;

A? and A’ are each independently O (oxygen) or N (nitrogen) with the
proviso that when Alis O, A% is N and when A’ is N, Alis 0;

Z', 7% and Z? are each independently O (oxygen), N (nitrogen), S (sulfur),
or CR® with the proviso that at least one of Z' 7% and Z’ is not CR?;

Z%is O, N (nitrogen), S (sulfur), or CR’;

2’ is O, N (nitrogen), S (sulfur), or CR?;

each R® is independently H (hydrogen), (C,-Celalkyl, -NRR;,
—C(O)NR;R;, or aryl(C,-Cs)alkyl;

each R* is independently selected from the group consisting of hydrogen,
—OH, (C-Ce)alkyl, (C,-Cg)alkenyl, (C,-Cs)alkynyl, (C,-Ce)alkanoyl, (C;-
Ce)alkoxycarbonyl, (C3-Cs)cycloalkyl, —(CH;).(C3-Cg)cycloalkyl, heteroaryl, aryl,
aryl(C,-C¢)alkyl, heterocycle, heterocycle(C;-C¢)alkyl, heterocycle(C,-Ceg)alkanoyl
and NR, Ry, each optionally substituted with one or more Rg;

each R, and Ry, is independently hydrogen or (C,-Ce)alkyl, or R, and Ry, are

optionally taken together with the nitrogen to which they are attached to form a 3-8

=22 -
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g membered monocyclic or a 7-12 membered bicyclic ring system, each optionally

(@\| substituted with one or more C,-C galky! groups;

EZ each Ry is independently halo, cyano, nitro, oxo, RRgN(C;-Cs)alkyl,

:E —(CH,)u.NRRg, —C(O)NR(R;, -NR.C(O)R,, arylC(O)NR(R,, —-C(O)OH, (C\-

— Ce)alkyl, (C3-Cg)cycloalkyl, =(CH;)qOH, (C,-Ce)alkoxy, halo(C,-Cg)alkoxy, (C;-

~ Ce)alkylC(O)-, (C,-Cg)alkylOC(0O)~, (C;-Cg)alkylC(O)O—, heterocycle, aryl,

% heterocycle(C,-Cg)alkyl, aryl(C,-Cg)alkyl, -NR,.S(O),(C;-Cs)alkyl, -NR.S(O),aryl,
I g -NRC(O)NR¢R;, -NR.C(O)ORy, or —OC(O)NRRy;

% each n is independently an integer selected from 0, 1, and 2;

8 each z is independently an integer selected from 0, 1, and 2;

N each R, is independently hydrogen, (C,-C¢)alkyl, aryl or heteroaryl;

each Ry and Ry is independently hydrogen, (C,-Ce)alkyl, aryl or heteroaryl,
or Ry and R, are optionally taken together with the nitrogen to which they are
attached to form a 3-8 membered monocyclic or a 7-12 membered bicyclic ring
system, each optionally comprising one or more additional heteroatom groups
selected from O (oxygen), S(O),, and NR, wherein each ring system is optionally
substituted with one or more Rg;

each Rq is independently halo, cyano, nitro, oxo, RiR;N(C,-Ce)alkyl,
—(CH.)uNRiR;, —C(O)NRiR;, -NR\C(O)R;, arylC(O)NRiR;, —C(O)OH, (C;-
Ce)alkyl, (C3-Cs)cycloalkyl, =(CH,)aOH, (C,-C¢)alkoxy, halo(C,-Cg)alkoxy, (C;-
’ Ce)alkylC(O)—, (C;-Cg)alkylOC(O)—, (C,-Cs)alkylC(O)O—, heterocycle, aryl,
, heterocycle(C,-Cg)alkyl, aryl(C,-Ce)alkyl, -NR,S(0),(C-Ce)alkyl,
' -NR;S(0),aryl, -NR,C(O)NR;R;, -NRyC(O)OR;, or -OC(O)NR;R;;
| each Ry is independently hydrogen, (C,-C¢)alkyl, aryl or heteroaryl;

each R; and R; is independently hydrogen, (C,-Ce)alkyl, ary! or heteroaryl;

and

-23 -
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the dashed line represents an optional double bond wherein the ring

comprising Al Az, and A? is heteroaromatic and the ring comprising Z', 77 and

Z? is heteroaromatic.

[0030] In some embodiments Z' can be O (oxygen), N (nitrogen) or S (sulfur).
In some embodiments Z* can be O (oxygen), N (nitrogen) S (sulfur), or CR’. In some
embodiments Z* can be O (oxygen), N (nitrogen) S (sulfur), or CR>. In a typical
embodiment, Z' can be S (sulfur), Z? can be CR® and Z* can be CR®. Another
embodiment includes the compound of formula Id, wherein each Ry, can be halo, cyano,
nitro, “OH, or (C,-C¢)alkyl. In some embodiments Ry, can be fluoro.

[0031] Another embodiment includes a compound having the formula:

R1
g
-
A‘\\Aé)\(/z\z:;
o {
X/Y
[0032] or a pharmaceutically acceptable salt or prodrug ester thereof,
[0033] wherein the variables are defined according to the definitions for the
compound of formula Ia.

[0034] Another embodiment includes a compound having the formula:

R1

>:A1 RS

N N RS
\_/
C(R%);3
O
or a pharmaceutically acceptable salt or prodrug ester thereof,

wherein the vanables are defined according to the definitions for the compound of

formula Id.

-24-
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[0035] Another embodiment includes a compound having the formula:

R1

>‘;A1 Rs

\_J
C(R")s
O
or a pharmaceutically acceptable salt or prodrug ester thereof.

wherein the variables are defined according to the definitions for the

compound formula Id.

[0036] Another embodiment includes the compounds of formula I having

the Formula Ie:

R1
>/: Al
Aé\ ,‘:‘ 22\23
a3 G h
i ) Y
2, X7

(Ie)

or a pharmaceutically acceptable salt or prodrug ester thereof,

wherein:

R' is H (hydrogen), or is selected from the group consisting of (C,-Cg)alky!
and aryl, each optionally substituted with one or more Ry;

each Ry, is independently selected from the group consisting of halo, cyano,
nitro, —C(O)OH, (C,-Ce)alkyl, (C3-Cg)cycloalkyl, -(CH;),OH, (C,;-Ce)alkoxy,
halo(C,-C¢)alkoxy,  (C,-Ce)alkylC(O)-,  (C,-Ce)alkylOC(O)-, and (C;-
Ce)alkylC(O)O—;

AlisN (nitrogen), or CRZ;

R® is H (hydrogen), (C,-Cg)alkyl, aryl(C,-Cg)alkyl, (Cp-Cgalkenyl,
(C3-Ce)alkynyl, or aryl optionally substituted with one or more halo;

A? and A’ are each independently O (oxygen) or N (nitrogen) with the
proviso that when A%is O, A¥is N and when Alis N, Alis O;
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Z' is N (nitrogen), or CR;

Z%isN (nitrogen), or CRS;

2} isN (nitrogen), or CR®;

Z'isN (nitrogen), or CR>;

each R® is independently H, (C;-Cg)alkyl, -NRiR;, —C(O)NR;R;, or
aryl(C,-Ce)alkyl;

X is -C(=0)-, ~C(=S)—, -C(R*),—, or =S(0),~;

each n is independently an integer selected from 0, 1, and 2;

each z is independently an integer selected from 0, 1, and 2;

Y is R*, -N(R*),, -OR?, —SR*, or —C(R*);, each optionally substituted
with one or more Ry;

each R? is independently selected from the group consisting of hydrogen,
—OH, (C-Cg)alkyl, (C,-Cs)alkenyl, (C,-Ce)alkynyl, (C,-Cs)alkanoyl, (C,-
Ce)alkoxycarbonyl, (C;-Cs)cycloalkyl, —(CH;)a(C3-Csg)cycloalkyl, heteroaryl, aryl,
aryl(C,-Ce)alkyl, heterocycle,  heterocycle(C;-Cq)alkyl, heterocycle(C,-
Ce)alkanoyl and NR,Ry; or when Y is —-N(R*),, then two R? groups are optionally
taken together with the nitrogen to which they are attached to form a 3-8
membered monocyclic or a 7-12 membered bicyclic ring system, each optionally
comprising one or more additional heteroatom groups selected from O (oxygen),
S(O),, and NR, wherein each ring system is optionally substituted with one or
more Rgy;

each R, and R, is independently hydrogen or (C;-Ce)alkyl, or R, and R,,
are optionally taken together with the nitrogen to which they are attached to form
a 3-8 membered monocyclic or a 7-12 membered bicyclic ring system, each
optionally substituted with one or more C,-C alkyl groups;

each R, is independently selected from the group consisting of hydrogen,
(Ci-Cg)alkyl, aryl, heteroaryl, (C;-C¢)alkylsulfonyl, arylsulfonyl, (C;-
Ce)alkylC(O)—, arylC(O)-, hydroxy(C,-Ce)alkyl, alkoxy(C;-Cs)alkyl,
heterocycle, (C-Cg)alkylOC(0O)-, (C,-Cg)alkylaminocarbonyl, and

arylaminocarbonyl;
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each Ry is independently halo, cyano, nitro, oxo, RiRgN(C;-Cq)alkyl,
—(CH;)oNRR;, —~C(O)NR{R,;, -NR.C(O)R,, arylC(O)NR(R,, —C(O)OH, (C,-
Ce)alkyl, (C3-Cg)cycloalkyl, —(CH;),OH, (C,-Ce)alkoxy, halo(C,-Cs)alkoxy, (C;-
Ce)alkylC(0)~, (C;-Cg)alkylOC(0)—-, (C,-Cg)alkylC(O)O—, heterocycle, aryl,
heterocycle(C,-Cg)alkyl, aryl(C,-Cg)alkyl, -NR.S(0),(C,-Cs)alkyl, -NR,S(O)aryl,
—NRC(O)NRR;, -NR.C(O)ORy, or ~OC(O)NR(Ry;

each R, is independently hydrogen, (C;-C¢)alkyl, aryl or heteroaryl;

each Ry and Ry is independently hydrogen, (C;-Cq)alkyl, aryl or heteroaryl,
or Rr and R, are optionally taken together with the nitrogen to which they are
attached to form a 3-8 membered monocyclic or a 7-12 membered bicyclic ring
system, each optionally comprising one or more additional heteroatom groups
selected from O (oxygen), S(O),, and NR, wherein each ring system is optionally
substituted with one or more Ry;

each Ry is independently halo, cyano, nitro, oxo, R;RjN(C;-Cq)alkyl,
—(CH,).NR;R;, —C(O)NRiR;, —NR\C(O)R;, arylC(O)NR;R;, —C(O)OH, (C;-
Ce)alkyl, (C3-Cg)cycloalkyl, —(CH;),OH, (C,-C¢)alkoxy, halo(C;-Cs)alkoxy, (C,-
Ce)alkylC(O)—, (C,-Ce)alkylOC(O)—, (C,-C¢)alkylC(O)O—, heterocycle, aryl,
heterocycle(C,-Cg)alkyl, aryl(C,-Ce)alkyl, —NRS(0),(C,-C¢)alkyl,
~NR(S(O)aryl, -NR,C(O)NRR;, -NR,C(O)OR;, or -OC(O)NR;R;;

each Ry is independently hydrogen, (C,-Ce)alkyl, aryl or heteroaryl;

each R; and R; is independently hydrogen, (C,-Cg)alkyl, aryl or heteroaryl,
and

the dashed line represents an optional double bond wherein the ring
comprising A', A% and A’ is heteroaromatic and the ring comprising Z',2% 7’ and
7' is aromatic or heteroaromatic

with the proviso that the compound of Formula Ie is not selected from the

group consisting of:
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[0037] Another embodiment includes the compound of formula Ie wherein
7', 7% Z? and Z* can each be CR®. Another embodiment includes the compound of
formula Ie wherein Y can be -N(R*),. Another embodiment includes the compound of
formula Ie wherein Z', Zz, Z? and Z* can each be CR® and Y can be —N(R“)z. Another
embodiment includes the compound of formula Ie, wherein each R, can be halo, cyano,
nitro, —“OH, or (C,-C¢)alkyl. In some embodiments Ry, can be fluoro.

[0038] Another embodiment includes a compound having the formula:

R’l

RS
A1
>/\ \ RS
N\
O
x
RS
R5

or a pharmaceutically acceptable salt or prodrug ester thereof,
wherein the variables are defined according to the definitions for the compound of

formula Ie.

[0039] Another embodiment includes the compound of formula Ie selected

from the group consisting of

F FF F F
o F F
- 0. .~ 0. ~
O N N
O b O bl O 2
F F F F F F
F F F
0. ~ 0. ~ 0. ~
N N | N |
H < .
O N O/ N O/
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0. -~ 0. - 0O. -
N O N N
N
0 (o] (0]
F F F F F F
F F F
0. - 0. ~ 0. ~
N f::] N N
N
© , © , and °

or a pharmaceutically acceptable salt or prodrug ester thereof.

[0040] Another embodiment includes a compound having the formula:

R‘l
5
N
N F
N Y
X/

R5
R5
or a pharmaceutically acceptable salt or prodrug ester thereof,

wherein the variables are defined according to the definitions for the compound of

formula Ie. In some embodiments, Y can be -N(R*), and X can be —C(=0)-. In

some embodiments, R! can be CF; and A! can be CR?.

[0041] Another embodiment includes the compound of formula Ie, wherein
z', Zz, Z? and Z* can each be CR®, Y can be —N(R“)z, and X can be —~C(=0)-. Another
embodiment includes the compound of formula Ie, wherein Y can be —C(R4)3 and X can
be —C(=0)-. Another embodiment includes the compound of formula Ie wherein Y can

be —~C(R%)3, X can be -C(=0)- and Z', Z?, Z* and Z* can each be CR®.
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[0042] Another embodiment includes a compound having the formula:

or a pharmaceutically acceptable salt or prodrug ester thereof,

wherein the variables are defined according to the definitions for the compound of

formula Ie.

[0043] One embodiment of the invention provides a pharmaceutical
composition comprising:

a) the compound of any of the embodiments and examples disclosed herein; and

b) a pharmaceutically acceptable carrier.

[0044] The present embodiments provide for a method of preparing a
pharmaceutically acceptable salt of the compound of any of the embodiments and
examples disclosed herein, comprising:

a) deprotecting a corresponding compound that comprises one or more protecting

groups to provide the compound; and

b) forming a pharmaceutically acceptable salt from the compound.

[0045] The present embodiments provide for a method of inhibiting one or
more monoamine oxidase (MAQ) enzymes in an animal comprising administering to the
animal an effective amount of a compound of any of the embodiments and examples
disclosed herein. In some embodiments, the animal is a healthy animal. In some
embodiments, the animal is an aged animal.

[0046] The present embodiments provide for a method for improving
cognitive function in an animal in need of such treatment comprising administering to the
animal an effective amount of a compound of any of the embodiments and examples
disclosed herein. In some embodiments, the animal can be a healthy animal. In some

embodiments, the animal can be an aged animal.
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[0047] The present embodiments provide for a method for activating the
CREB pathway in an animal in need of such treatment, comprising administering to the
animal an effective amount of a compound of compound of any of the embodiments and
examples disclosed herein.

[0048] The present embodiments provide for a method for treating age-
associated memory impairment, mild cognitive impairment, Alzheimer’s disease or
Parkinson’s disease in an animal in need of such treatment comprising administering to
the animal an effective amount of a compound of any of the embodiments and examples
disclosed herein. In some embodiments, the animal can have a psychiatric disorder. In
some embodiments, the psychiatric disorder can be a psychotic disorder, a neurological
disorder, or a neurotic disorder. In some embodiments, the psychotic disorder can be
schizophrenia. In some embodiments, the animal can have a disorder of the central
nervous system. In some embodiments, the animal can have head trauma, brain trauma or
cerebrovascular disease. In some embodiments, the cerebrovascular disease can be
vascular dementia. In some embodiments, the animal can have attention deficit disorder.
In some embodiments, the animal has an affective disorder the cerebrovascular disease is
vascular dementia the mild cognitive impairment is associated with depression.

[0049] The present embodiments provide for a method for treating a
psychiatric disorder in an animal comprising administering to an animal in need thereof
an effective amount of of a compound of any of the embodiments and examples disclosed
herein. In some embodiments, the psychiatric disorder can be a disorder of the central
nervous system. In some embodiments, the disorder of the central nervous system can be
age-associated memory impairment, mild cognitive impairment, Alzheimer’s disease or
Parkinson’s disease. In some embodiments, the psychiatric disorder can be associated
with head trauma, brain trauma or cerebrovascular disease. In some embodiments, the
psychiatric disorder can be attention deficit disorder. In some embodiments, the
psychiatric disorder can be an affective disorder. In some embodiments, the
cerebrovascular disease can be vascular dementia. In some embodiments, the psychiatric

disorder can be depression.
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[0050] The present embodiments provide for a use of a compound of any of
compound of any of the embodiments and examples disclosed herein, or a
pharmaceutically acceptable salt or prodrug ester thereof, for the manufacture of a
medicament useful for improving cognitive function in an animal.

[0051] The present embodiments provide for a use of a compound of any of
the embodiments and examples disclosed herein, or a pharmaceutically acceptable salt or
prodrug ester thereof, for the manufacture of a medicament useful for inhibiting MAO
receptors in an animal.

[0052] The present embodiments provide for a use of a compound of any of
the embodiments and examples disclosed herein, or a pharmaceutically acceptable salt or
prodrug ester thereof, for the manufacture of a medicament useful for activating the
CREB pathway in an animal.

[0053] The present embodiments provide for a use of a compound of any of
the embodiments and examples disclosed herein, or a pharmaceutically acceptable salt or
prodrug ester thereof, for the manufacture of a medicament useful for treating a

psychiatric disorder in an animal.

DETAILED DESCRIPTION OF THE INVENTION
Definitions

[0054] As used herein, common organic abbreviations are defined as follows:

[0055] Ac Acetyl

[0056] aq. Aqueous

[0057] Bu n-Butyl

[0058] cat. Catalytic

[0059] CDI 1,1’°-carbonyldiimidazole

[0060] °C Temperature in degrees Centigrade

[0061] Dowtherm® eutectic mixture of diphenyl ether and biphenyl
[0062] DBN 1,5-Diazabicyclo[4.3.0]non-5-ene

[0063] DBU 1,8-Diazabicyclo[5.4.0Jundec-7-ene

[0064] DIEA Diisopropylethylamine
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[0065] DMA Dimethylacetamide

[0066] DMF N,N'-Dimethylformamide

[0067] DMSO Dimethylsulfoxide

[0068] Et Ethyl

[0069] g Gram(s)

[0070] h Hour (hours)

[0071] HPLC High performance liquid chromatography
[0072] 1Pr or isopr Isopropyl

[0073] LCMS Liquid chromatography-mass spectrometry
[0074] Me Methyl

[0075] MeOH Methanol

[0076] mL Milliliter(s)

[0077] Pd/C Palladium on activated carbon

[0078] ppt Precipitate

[0079] It Room temperature

[0080] TEA Triethylamine

[0081] Tert, t tertiary

[0082] THF tetrahydrofuran

[0083] uL Microliter(s)

[0084] The term “halo” used herein refers to fluoro, chloro, bromo, or iodo.

As used herein, the term “alkyl” refers to an aliphatic hydrocarbon group. The alkyl
moiety may or may not be a “saturated alkyl” group, i.e., one that does not contain any
alkene or alkyne moieties. An “alkene” moiety refers to a group consisting of at least two
carbon atoms and at least one carbon-carbon double bond, and an “alkyne” moiety refers
to a group consisting of at least two carbon atoms and at least one carbon-carbon triple
bond. The alkyl moiety may be branched, straight chain, or cyclic. Examples of
branched alkyl groups include, but are not limited to, isopropyl, sec-butyl, t-butyl and the
like. Examples of straight chain alkyl groups include, but are not limited to, methyl,

ethyl, propyl, butyl, pentyl, hexyl, heptyl, and the like. Examples of cycloalkyl groups
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include, but are not limited to, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cycloheptyl, and the like.

[0085] The term “alkoxy” used herein refers to straight or branched chain
alkyl radical covalently bonded to the parent molecule through an --O-- linkage.
Examples of alkoxy groups include, but are not limited to, methoxy, ethoxy, propoxy,
isopropoxy, butoxy, n-butoxy, sec-butoxy, t-butoxy and the like.

[0086] The term “alkoxycarbonyl” used herein refers to an alkoxy radical
covalently bonded to the parent molecule through a carbonyl linkage. Examples of
alkoxycarbonyl groups include, but are not limited to, methylOC(O)—, ethylOC(O)—,
propylOC(O)—, isopropylOC(O)—, butylOC(O)—, n-butylOC(O)—, sec-butylOC(O)—, t-
butylOC(O)— and the like.

10087] The term “alkenyl” used herein refers to a monovalent straight or
branched chain radical of from two to twenty carbon atoms containing a carbon double
bond including, but not limited to, 1-propenyl, 2-propenyl, 2-methyl-1-propenyl, 1-
butenyl, 2-butenyl, and the like.

[0088] The term “alkynyl” used herein refers to a monovalent straight or
branched chain radical of from two to twenty carbon atoms containing a carbon triple
bond including, but not limited to, 1-propynyl, 1-butynyl, 2-butynyl, and the like.

[0089] The term “aryl” used herein refers to homocyclic aromatic radical
whether one ring or multiple fused rings. Moreover, the term “aryl” includes fused ring
systems wherein at least two aryl rings, or at least one aryl and an ortho-fused bicyclic
carbocyclic radical having about nine to ten ring atoms in which at least one ring is
aromatic share at least one chemical bond. Examples of “aryl” rings include, but are not
limited to, optionally substituted phenyl, biphenyl, naphthalenyl, phenanthrenyl,
anthracenyl, tetralinyl, fluorenyl, indenyl, and indanyl.

[0090] The term, “heterocycle” or “heterocycle group” used herein refers to an
optionally substituted monocyclic, bicyclic, or tricyclic ring system comprising at least
one heteroatom in the ring system backbone. The heteroatoms are independently selected
from oxygen, sulfur, and nitrogen. The term, “heterocycle” includes multiple fused ring

systems. Moreover, the term “heterocycle” includes fused ring systems that may have
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any degree of saturation provided that at least one ring in the ring system is not aromatic.
The monocyclic, bicyclic, or tricyclic ring system may be substituted or unsubstituted,
and can be attached to other groups via any available valence, preferably any available
carbon or nitrogen. Preferred monocyclic ring systems are of 3 to 8 members. Six
membered monocyclic rings contain from up to three heteroatoms wherein each
heteroatom 1s individually selected from oxygen, sulfur, and nitrogen, and wherein when
the ring is five membered, preferably it has one or two heteroatoms wherein each
heteroatom is individually selected from oxygen, sulfur, and nitrogen. Preferred bicyclic
cyclic ring systems are of 7 to 12 members and include spirocycles. An example of an
optional substituent includes, but is not limited to, oxo (=0).

[0091] The term “heteroaryl” used herein refers to an aromatic heterocyclic
group, whether one ring or multiple fused rings. In fused ring systems, the one or more
heteroatoms may be present in only one of the rings, or in two or more rings. Examples
of heteroaryl groups include, but are not limited to, benzothiazyl, benzoxazyl,
quinazolinyl, quinolinyl, isoquinolinyl, quinoxalinyl, pyridyl, pyrrolyl, oxazolyl, indolyl,
thienyl, and the like. The term “heterocycle” encompasses heteroaryl fused to a non-
aromatic ring system.

[0092] The term “heteroatom” used herein refers to, for example, O (oxygen),
S (sulfur) and N (nitrogen).

[0093] The term “heteroatom group” used herein refers to a radical containing
a “heteroatom” optionally substituted with a substituent. The “heteroatom group” is
covalently bonded to the parent molecule through the “heteroatom.” Examples of a
“heteroatom group” includes, but is not limited to, O (oxygen), S (sulfur), S(O), S(O),,
NH and N (nitrogen) substituted with a group selected from, but are not limited to, (C;-
Ce)alkyl, aryl, heteroaryl, (C;-C¢)alkylsulfonyl, arylsulfonyl, (C,-C¢)alkylC(O)—,
arylC(O)—, hydroxy(C;-C¢)alkyl, alkoxy(C;-C¢)alkyl, heterocycle, (C;-Cg)alkylOC(O)—,
(Ci-Cg)alkylaminocarbonyl, and arylaminocarbonyl. When the “heteroatom group” is
incorporated as a part of a 3-8 membered monocyclic or a 7-12 membered bicyclic ring
system, each “heteroatom” within the “heteroatom group” is covalently bonded twice as

part of the ring system. For example, when O (oxygen) is incorporated in a ring system,
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the oxygen is covalently bonded twice to provide an ether type linkage, this type of ring
system includes, but is not limited to, morpholinyl and the like. In another example,
when N (nitrogen) substituted with (C;-Cg)alkyl is incorporated in a ring system, the
nitrogen is covalently bonded twice to provide an amine type linkage, this type of ring
system includes, but is not limited to, N-methylpiperazinyl, N-ethylpiperazinyl, N-
propylpiperazinyl, N-2-propylpiperazinyl, N-butylpiperazinyl, N-2-butylpiperazinyl, N-
pentylpiperazinyl, N-hexylpiperazinyl, and the like. In some embodiments, a “heteroatom

b

group” can be a “heteroatom.” In other embodiments, a “heteroatom group” is a
“heteroatom” with a substituent, for example the substituent can be another heteroatom or
a group as disclosed herein.

[0094] The term “amino” used herein refers to a nitrogen radical substituted
with hydrogen, alkyl, aryl, or combinations thereof. Examples of amino groups include,
but are not limited to, -NHMethyl, —NH,, —NMethyl,, —NPhenylMethyl, —-NHPhenyl,
—NEthylMethyl, and the like. An “alkylamino” refers to a nitrogen radical substituted
with at least one alkyl group. Examples of alkylamino groups include, but are not limited
to, —NHMethyl, —NMethyl,, —NPropylMethyl, —NHButyl, —NEthylMethyl,
—NPhenylMethyl, and the like. An “arylamino” refers to a nitrogen radical substituted
with at least one aryl group. Examples of alkylamino groups include, but are not limited
to, ~NPhenylMethyl, -NHPhenyl, and the like.

[0095] The term ‘“alkylaminocarbonyl” used herein refers to an alkylamino
radical covalently bonded to the parent molecule through the carbon of a “carbonyl”
group. Examples of alkylaminocarbonyl groups include, but are not limited to,
—C(O)NHMethyl, —C(O)NMethyl,, —C(O)NPropylMethyl, —C(O)NHButyl,
—C(O)NEthylMethyl, ~C(O)NPhenylMethyl, and the like.

[0096] The term ““arylaminocarbonyl” used herein refers to an alkylamino
radical covalently bonded to the parent molecule through the carbon of a “carbonyl”
group. Examples of arylaminocarbonyl groups include, but are not limited to,

—C(O)NPhenylMethyl, ~C(O)NHPhenyl, and the like.
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[0097] The term “arylalkyl” used herein refers to one or more aryl groups
appended to an alkyl radical. Examples of arylalkyl groups include, but are not limited
to, benzyl, phenethyl, phenpropyl, phenbutyl, and the like.

[0098] The term “heteroarylalkyl” used herein refers to one or more heteroaryl
groups appended to an alkyl radical. Examples of heteroarylalkyl include, but are not
limited to, pyridylmethyl, furanylmethyl, thiopheneylethyl, and the like.

[0099] The term “aryloxy” used herein refers to an aryl radical covalently
bonded to the parent molecule through an --O-- linkage.

[0100] The term “alkylthio” used herein refers to straight or branched chain
alkyl radical covalently bonded to the parent molecule through an --S-- linkage.
Examples of alkylthio groups include, but are not limited to, methylsulfanyl,
ethylsulfanyl, propylsulfanyl, isopropylsulfanyl, cyclopropylsulfanyl, butylsulfanyl, n-
butylsulfanyl, sec-butylsulfanyl, t-butylsulfanyl, cyclobutylsulfanyl and the like.

[0101] The term “alkylsulfonyl” used herein refers to straight or branched
chain alkyl radical covalently bonded to the parent molecule through an --S-- linkage
where the sulfur is substituted with two oxygen atoms. Examples of alkylsulfonyl groups
include, but are not limited to, methylsulfonyl, ethylsulfonyl, propylsulfonyl,
isopropylsulfonyl, cyclopropylsulfonyl, butylsulfonyl, n-butylsulfonyl, sec-butylsulfonyl,
t-butylsulfonyl, cyclobutylsulfonyl and the like.

[0102] The term “arylsulfonyl” used herein refers to optionally substituted
aryl radical covalently bonded to the parent molecule through an --S-- linkage where the
sulfur i1s substituted with two oxygen atoms. Examples of optionally substituted
arylsulfonyl groups include, but are not limited to, phenylsulfonyl,
trifluoromethylphenylsulfonyl, methoxyphenylsulfonyl, methylphenylsulfonyl,
cyanophenylsulfonyl, fluorophenylsulfonyl, chlorophenylsulfonyl, bromophenylsulfonyl,
biphenylsulfonyl, naphthalenylsulfonyl, phenanthrenylsulfonyl, anthracenylsulfonyl,
tetralinylsulfonyl, fluorenylsulfonyl, indenylsulfonyl, and indanylsulfonyl propyl,
isopropylsulfonyl, cyclopropylsulfonyl, butylsulfonyl, n-butylsulfonyl, sec-butylsulfonyl,
t-butylsulfonyl, cyclobutylsulfonyl and the like.
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[0103] The term “carbonyl” used herein refers to C=0 (i.e. carbon double
bonded to oxygen).

[0104] The term “oxo” used herein refers to =O (i.e. double bond to oxygen).
For example, cyclohexane substituted with “0x0” is cyclohexanone.

[0105] The term “alkanoyl” used herein refers to a “carbonyl” substituted with
an “alkyl” group, the ‘“alkanoyl” group is covalently bonded to the parent molecule
through the carbon of the “carbonyl” group. Examples of alkanoyl groups include, but
are not limited to, methanoyl, ethanoyl, propanoyl, and the like. Methanoyl is commonly
known as acetyl.

[0106] The term, “heterocyclealkanoyl” used herein refers to a “alkanoyl”
substituted with an “heterocycle” group, the “heterocycle” group is covalently bonded to
the parent molecule through the carbonyl of the “alkanoyl” group. Examples of
heterocyclealkanoyl groups include, but are not limited to, 2-(piperidin-1-yl)acetyl, 2-
(morpholin-4-yl)acetyl, 2-(piperazin-1-yl)acetyl, 2-(4-methylpiperazin-1-yl)acetyl, 3-
(piperidin-1-yl)propanoyl, 3-(morpholin-4-yl)propanoyl, 3-(piperazin-1-yl)propanoyl, 3-
(4-methylpiperazin-1-yl)propanoyl,  3-(2,6-dimethylpiperidin-1-yl)propanoyl,  3-(3,5-
dimethylmorpholin-4-yl)propanoyl, 3-(pyrrolidin-1-yl)propanoyl, 2-(pyrrolidin-1-
yl)acetyl, 2-(azetidin-1-yl)acetyl, 3-(azetidin-1-yl)propanoyl, ethanoyl, propanoyl, and the
like.

[0107] As used herein, a radical indicates species with a single, unpaired
electron such that the species containing the radical can be covalently bonded to another
species. Hence, in this context, a radical is not necessarily a free radical. Rather, a
radical indicates a specific portion of a larger molecule. The term “radical” can be used
interchangeably with the term “group.”

[0108] As used herein, a substituted group is derived from the unsubstituted
parent structure in which there has been an exchange of one or more hydrogen atoms for
another atom or group.

[0109] Asymmetric carbon atoms may be present in the compounds described.
All such isomers, including diastereomers and enantiomers, as well as the mixtures

thereof are intended to be included in the scope of the recited compound. In certain cases,
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compounds can exist in tautomeric forms. All tautomeric forms are intended to be
included in the scope. Likewise, when compounds contain an alkenyl or alkenylene
group, there exists the possibility of cis- and trans- isomeric forms of the compounds.
Both cis- and trans- isomers, as well as the mixtures of cis- and trans- isomers, are
contemplated. Thus, reference herein to a compound includes all of the aforementioned
isomeric forms unless the context clearly dictates otherwise.

[0110] Various forms are included in the embodiments, including
polymorphs, solvates, hydrates, conformers, salts, and prodrug derivatives. A polymorph
is a composition having the same chemical formula, but a different structure. A solvate is
a composition formed by solvation (the combination of solvent molecules with molecules
or ions of the solute). A hydrate is a compound formed by an incorporation of water. A
conformer is a structure that is a conformational isomer. Conformational isomerism is
the phenomenon of molecules with the same structural formula but different
conformations (conformers) of atoms about a rotating bond. Salts of compounds can be
prepared by methods known to those skilled in the art. For example, salts of compounds
can be prepared by reacting the appropriate base or acid with a stoichiometric equivalent
of the compound.

[0111] The term “pro-drug ester” refers to derivatives of the compounds
disclosed herein formed by the addition of any of several ester-forming groups that are
hydrolyzed under physiological conditions. Examples of pro-drug ester groups include,
but are not limited to fatty acid esters, pivoyloxymethyl, acetoxymethyl, phthalidyl,
indanyl and methoxymethyl, as well as other such groups known in the art, including a (5-
R-2-o0x0-1,3-dioxolen-4-yl)methyl group. Other examples of pro-drug ester groups can be
found in, for example, T. Higuchi and V. Stella, in "Pro-drugs as Novel Delivery
Systems", Vol. 14, A.C.S. Symposium Series, American Chemical Society (1975); and
"Bioreversible Carriers in Drug Design: Theory and Application", edited by E. B. Roche,
Pergamon Press: New York, 14-21 (1987) (providing examples of esters useful as
prodrugs for compounds containing carboxyl groups). Each of the above-mentioned

references is herein incorporated by reference in their entirety.
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[0112] Where a dashed line (----) appears in a structure, the dashed line
represents a bond that is optionally present (in accordance with the rules of valency),
indicating, together with the single bond to which it is adjacent, either a single or double
bond. A dashed line encircling the inside of a ring indicates that the ring is optionally
aromatic or heteroaromatic.

[0113] The term “animal” as used herein includes birds, reptiles, and
mammals (e.g. domesticated mammals and humans).

[0114] The terms “individual,” “host,” “subject,” and “patient” are used
interchangeably herein, and refer to a mammal, including, but not limited to, murines,
simians, humans, mammalian farm animals, mammalian sport animals, and mammalian
pets.

[0115] The term “selectively inhibiting” as used herein means that a
compound inhibits the activity of MAO-B to a greater extent than it inhibits the activity
of MAO-A (in vitro or in vivo). In one embodiment of the invention, the compound of
formula I inhibits the activity of MAO-B two times more than it inhibits the activity of
MAO-A. In another embodiment of the invention, the compound of formula I inhibits
the activity of MAO-B five times more than it inhibits the activity of MAO-A. In another
embodiment of the invention, the compound of formula I inhibits the activity of MAO-B
ten times more than it inhibits the activity of MAO-A. In another embodiment of the
invention, the compound of formula I inhibits the activity of MAO-B one hundred times
more than it inhibits the activity of MAO-A.

[0116] The term “psychiatric disorder” as used herein includes psychotic
disorders, neurological disorders and neurotic disorders. The term includes
schizophrenia, age-associated memory impairment (AAMI); mild cognitive impairment
(MCI), delirum (acute confusional state); depression, dementia (sometimes further
classified as Alzheimer’s or non-Alzheimer’s type dementia); Alzheimer’s disease;
Parkinson’s disease; Huntington’s disease (chorea); mental retardation; (e.g., Rubenstein-
Taybi and Downs Syndrome); cerebrovascular disease (e.g., vascular dementia, post-

cardiac surgery); affective disorders; psychotic disorders; autism (Kanner’s Syndrome);
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neurotic disorders; attention deficit disorder (ADD); subdural hematoma; normal-pressure
hydrocephalus; brain tumor; head trauma (postconcussional disorder) or brain trauma.

[0117] It will be appreciated by those skilled in the art that compounds of the
invention having a chiral center may exist in and be isolated in optically active and
racemic forms. Some compounds may exhibit polymorphism. It is to be understood that
the present invention encompasses any racemic, optically-active, polymorphic,
stereoisomeric, or regioisomeric form, or mixtures thereof, of a compound of the
invention, which possess the useful properties described herein, it being well known in
the art how to prepare optically active forms (for example, by resolution of the racemic
form by recrystallization techniques, by synthesis from optically-active starting matenals,
by chiral synthesis, or by chromatographic separation using a chiral stationary phase) and
how to determine MAO-B inhibiting activity using the standard tests described herein, or
using other similar tests which are well known in the art.

[0118] Specific and preferred values listed below for radicals, substituents,
and ranges, are for illustration only; they do not exclude other defined values or other
values within defined ranges for the radicals and substituents.

[0119] For example, (C,-C¢)alkyl includes, but is not limited to, methyl, ethyl,
propyl, isopropyl, butyl, iso-butyl, sec-butyl, pentyl, 3-pentyl, hexyl, and the like; (C,-
Cs)alkenyl includes, but is not limited to, vinyl, allyl, 1-propenyl, 2-propenyl, 1-butenyl,
2-butenyl, 3-butenyl, 1,-pentenyl, 2-pentenyl, 3-pentenyl, 4-pentenyl, 1- hexenyl, 2-
hexenyl, 3-hexenyl, 4-hexenyl, 5-hexenyl, and the like; (C,-Ce)alkynyl includes, but is not
limited to, ethynyl, 1-propynyl, 2-propynyl, 1-butynyl, 2-butynyl, 3-butynyl, 1-pentynyl,
2-pentynyl, 3-pentynyl, 4-pentynyl, 1- hexynyl, 2-hexynyl, 3-hexynyl, 4-hexynyl, 5-
hexynyl, and the like; (C;-Cg)cycloalkyl can be cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, and the like; (C3-Cg)cycloalkyl(C;-Cg)alkyl includes, but is not limited to,
cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl, 2-
cyclopropylethyl, 2-cyclobutylethyl, 2-cyclopentylethyl, 2-cyclohexylethyl, and the like;
(C-Ce)alkoxy includes, but is not limited to, methoxy, ethoxy, propoxy, isopropoxy,
butoxy, iso-butoxy, sec-butoxy, pentoxy, 3-pentoxy, or hexyloxy; (C,-Ce)alkyl optionally

substituted with one or more cyano includes, but is not limited to, 2-cyanoethyl, 3-
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cyanopropyl, 2-cyanopropyl, 4-cyanobutyl, and the like; (C;-Ce)alkylC(O)—includes, but
is not limited to, acetyl, propanoyl butanoyl, and the like; (C;-Cg)alkyl optionally
substituted with one or more halo includes, but is not limited to, iodomethyl,
bromomethyl, chloromethyl, fluoromethyl, trifluoromethyl, 2-chloroethyl, 2-fluoroethyl,
2,2,2-trifluoroethyl, pentafluoroethyl, and the like; (C;-Cg)alkyl optionally substituted
with one or more hydroxy includes, but is not limited to, hydroxymethyl, 2-hydroxyethyl,
2-hydroxypropyl, 2,4-hydroxybutyl, and the like; (C,-C¢)alkylOC(O)—includes, but is not
limited to, methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, isopropoxycarbonyl,
butoxycarbonyl, pentoxycarbonyl, or hexyloxycarbonyl; (C;-Cg)alkylC(O)O—includes,
but is not limited to, acetoxy, propanoyloxy, butanoyloxy, isobutanoyloxy, pentanoyloxy,
or hexanoyloxy; (C;-Ce¢)alkoxy(Cy-Cg)alkyl includes, but is not limited to, 2-
methoxyethyl, 2-ethoxyethyl, 2,2-dimethoxyethyl, 3-ethoxypropyl, 4,4-dimethoxybutyl;
(C-Cy)alkylOC(O)(C;-Cg)alkyl includes, but is not limited to, methoxycarbonylmethyl,
ethoxycarbonylmethyl, methoxycarbonylethyl, or ethoxycarbonylethyl; aryl includes, but
is not limited to, phenyl, indenyl, or naphthyl; and heteroaryl includes, but is not limited
to, furyl, imidazolyl, triazolyl, triazinyl, oxazoyl, isoxazoyl, thiazolyl, isothiazoyl,
pyrazolyl, pyrrolyl, pyrazinyl, tetrazolyl, pyridyl, (or its N-oxide), thienyl, pyrimidinyl (or
its N-oxide), indolyl, isoquinolyl (or its N-oxide) or quinolyl (or its N-oxide).

[0120] Processes for preparing compounds of formula I are provided as
further embodiments of the invention and are illustrated by the following procedures in

which the meanings of the generic radicals are as given above unless otherwise qualified.
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[0121] Compounds of formula I can be prepared using the general synthetic

schemes illustrated below.

Scheme 1
F,C._O
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[0122] The thienyl carboxylic acid can be converted to an intermediate acid
chloride followed by coupling with an appropriate amine to provide the desired product.
The thienyl carboxylic acid can be treated with an appropriate chlorinating agent, with or
without solvent, to provide an intermediate acid chloride which can be isolated or treated
directly to provide the desired product. The thienyl carboxylic acid can be converted to
an acid chloride using a chlorinating agent in the presence of solvent or neat. For
example, the chlorinating agent can be selected from oxalyl chloride, thionyl chloride,
phosphorus trichloride, phosphorus oxychloride, phosgene and phosgene equivalents, and
the like. The solvent can be selected from methylene chloride, chloroform, benzene,
toluene and the like. In a representative example, oxalyl chloride in the presence of
catalytic DMF can canvert the thienyl carboxylic acid to an acid chloride with toluene as
the solvent.

[0123] The intermediate acid chloride can then be reacted with an amine in an
appropriate solvent optionally in the presence of a base to provide the desired product.
The solvent can be selected from methylene chloride, chloroform, benzene, toluene, THF,
diethyl ether, dioxane, and the like. The base can be selected from triethylamine,

diisopropylethyl amine, DBU, DBN, DMAP, pyridine, and the like and combinations
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thereof. In a representative example, the acid chloride can react with the appropriate
amine in the presence of THF and triethylamine as a base to provide the desired product.

[0124] The amide can be condensed with ethyl trifluoroacetate in the presence
of solvent and a base to provide a P-diketone. The solvent can be selected from
methylene chloride, DMF, NMP, toluene and the like and combinations thereof. The
base can be selected from sodium cthoxide, sodium methoxide, sodium tert-butoxide,
potassium ethoxide, potassium methoxide, potassium tert-butoxide, sodium hydride,
potassium hydride, and the like. In a representative example, the amide can react with
ethyl trifluoroacetate in the presence of toluene and sodium ethoxide to provide the
desired B-diketone.

[0125] The B-diketone can be converted to the isoxazole by reacting with
hydroxylamine hydrochloride in an appropriate solvent, optionally, an additional step of
refluxing with trifluoroacetic acid may be advantageous to complete the conversion. In a
representative example, the B-diketone can react with hydroxylamine hydrochloride in the
presence of acetic acid followed by reacting in the presence of trifluoroacetic acid at
reflux to provide the desired isoxazole. In some embodiments a mixture of regioisomeric
1soxazoles may form.

[0126] Alternatively, the B-diketone can be substituted at the o-position by an
alkylation then converted to the isoxazole. The B-diketone can be reacted with an
alkylating agent in an appropriate solvent and base to provide an o-substituted [3-
diketone. The alkylating agent can be selected from an optionally substituted alkylhalide,
an optionally substituted alkylsulfonate and the like. The solvent can be selected from
DMF, NMP, THF, dioxane, and the like and combinations thereof. The base can be
selected from sodium ethoxide, sodium methoxide, sodium tert-butoxide, potassium
ethoxide, potassium methoxide, potassium tert-butoxide, sodium hydride, potassium
hydride, and the like. In a representative example, the -diketone can react with an
alkylhalide in DMF with sodium hydride as the base.

[0127] The a-substituted B-diketone can be converted to the isoxazole by

reacting with hydroxylamine hydrochloride in an appropriate solvent. In a representative
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example, the a-substituted [3-diketone can react with hydroxylamine hydrochloride in the

presence of acetic acid. In some embodiments a mixture of regioisomeric isoxazoles may

form.
Scheme 2
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[0128] The thienyl carboxylic acid can be converted to an thienyl carboxylic
ester by esterfication. For example the thienyl carboxylic acid can be converted to a
thienyl carboxylic ester by treating the thienyl carboxylic acid with acid in the présence of
an alcoholic solvent and heating. The acid can be hydrochloric acid, sulfuric acid and the
like. The solvent can be methyl alcohol, ethyl alcohol, and the like. In a representative
example, the thienyl carboxylic acid can react with ethyl alcohol at reflux in the presence
of sulfuric acid to provide the thienyl carboxylic ester. The thienyl carboxylic ester can
be condensed with ethyl trifluoroacetate in the presence of solvent and a base to provide a
B-diketone. The solvent can be selected from methylene chloride, DMF, NMP, toluene
and the like and combinations thereof. The base can be selected from sodium ethoxide,
sodium methoxide, sodium tert-butoxide, potassium ethoxide, potassium methoxide,
potassium tert-butoxide, sodium hydride, potassium hydride, and the like. In a
representative example, the ester can react with ethyl trifluoroacetate in the presence of
toluene and sodium ethoxide to provide the desired -diketone ester.

[0129] The B-diketone ester can be substituted at the a-position by an

alkylation then converted to the isoxazole. The B-diketone ester can be reacted with an
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alkylating agent in an appropriate solvent and base to provide an a-substituted f-
diketone. The alkylating agent can be selected from an optionally substituted alkylhalide,
an optionally substituted alkylsulfonate and the like. The solvent can be selected from
DMF, NMP, THF, dioxane, and the like and combinations thereof. The base can be
selected from sodium ethoxide, sodium methoxide, sodium tert-butoxide, potassium
ethoxide, potassium methoxide, potassium tert-butoxide, sodium hydride, potassium
hydride, and the like. In a representative example, the B-diketone ester can react with an
alkylhalide in DMF with sodium hydride as the base at around 60 °C.

[0130] The a-substituted -diketone ester can be converted to the isoxazole
by reacting with hydroxylamine hydrochloride in an appropriate solvent. In a
representative example, the a-substituted B-diketone ester can react with hydroxylamine
hydrochloride in the presence of acetic acid to provide the a-substituted isoxazole ester.
The o-substituted isoxazole ester can be converted to the a-substituted isoxazole
carboxylic acid by acid or base catalyzed hydrolysis. The base catalyzed hydrolysis can
be accomplished treating the a-substituted isoxazole ester with a base in an appropriate
solvent in the presence of water. The base can be selected from sodium hydroxide,
potassium hydroxide, lithium hydroxide, and the like. The solvent can be selected from,
ethyl alcohol, methyl alcohol, THF, dioxane, DMF, NMP, and the like and combinations
thereof. In a representative example, the ester in THF can be hydrolyzed by reacting with
lithium hydroxide in the presence of water to provide an a-substituted isoxazole
carboxylic acid.

[0131] The o-substituted isoxazole carboxylic acid can be converted to an
intermediate acid chloride followed by coupling with an appropriate amine to provide the
desired product. The a-substituted isoxazole carboxylic acid can be treated with an
appropriate chlorinating agent, with or without solvent, to provide an intermediate acid
chloride which can be isolated or treated directly to provide the desired product. The a-
substituted isoxazole carboxylic acid can be converted to an acid chloride using a
chlorinating agent in the presence of solvent or neat. For example, the chlorinating agent

can be selected from oxalyl chloride, thionyl chloride, phosphorus trichloride, phosphorus
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oxychloride, phosgene and phosgene equivalents, and the like. The solvent can be
selected from methylene chlonide, chloroform, benzene, toluene and the like. In a
representative example, oxalyl chloride in the presence of catalytic DMF can convert the
o-substituted isoxazole carboxylic acid to an acid chloride with toluene as the solvent.
The intermediate acid chloride can then be reacted with an amine in an appropriate
solvent optionally in the presence of a base to provide the desired product. The solvent
can be selected from methylene chloride, chloroform, benzene, toluene, THF, diethyl
ether, dioxane, and the like. The base can be selected from triethylamine,
diisopropylethyl amine, DBU, DBN, DMAP, pyridine, and the like and combinations
thereof. In a representative example, the acid chloride can react with the appropriate
amine in the presence of THF and triethylamine as a base to provide the desired product.
[0132] Alternatively, the o-substituted isoxazole carboxylic acid can be
converted to the desired product using a coupling reaction. The o-substituted isoxazole
carboxylic acid can be reacted with a coupling agent in the presence of a catalyst and the
appropriate amine in the presence of a solvent to provide the desired product. The
reaction can be optionally run in the presence of a base. The coupling agent can be
selected from dicyclohexylcarbodiimide (DCC), diisopropylcarbodiimide (DIC), 1-ethyl-
3-(3-dimethylaminopropyl) carbodiimide hydrochloride (EDC), O-Benzotriazole-
N,N,N’,N’-tetramethyl-uronium-hexafluoro-phosphate (HBTU), O-(7-Azabenzotriazol-1-
yl)-N,N,N’,N'-tetramethyluronium hexafluorophosphate (HATU), O-(Benzotriazol-1-yl)-
N,N,N' N'-tetramethyluronium tetrafluoroborate (TBTU), (Benzotriazol-1-
yloxy)tripyrrolidinophosphonium hexafluorophosphate (PyBOP), Bromo-tris-
pyrrolidinophosphonium hexafluorophosphate (PyBrOP), and the like. The catalyst can
be selected from DMAP, 1-hydroxy-benzotriazole (HOBt), 1-hydroxy-7-aza-
benzotriazole (HOAt) and the like. The solvent can be selected from methylene chloride,
chloroform, DMF, NMP, THF, EtOAc, pyridine and the like. The base can be selected
from triethylamine, diisopropylethylamine and the like. In a representative example, the
o-substituted isoxazole carboxylic acid can react with the appropriate amine in the
presence of methylene chloride using EDC as the coupling agent and DMAP as the

catalyst.
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Scheme 3
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[0133] The thienyl carboxylic ester can be condensed with ethyl
difluoroacetate in the presence of solvent and a base to provide a 3-diketone. The solvent
can be selected from methylene chloride, DMF, NMP, toluene and the like and
combinations thereof. The base can be selected from sodium ethoxide, sodium
methoxide, sodium tert-butoxide, potassium ethoxide, potassium methoxide, potassium
tert-butoxide, sodium hydride, potassium hydride, and the like. In a representative
example, the ester can react with ethyl difluoroacetate in the presence of toluene and
sodium ethoxide to provide the desired 3-diketone ester.

[0134] The PB-diketone ester can be substituted at the a-position by an
alkylation then converted to the isoxazole. The B-diketone ester can be reacted with an
alkylating agent in an appropriate solvent and base to provide an o-substituted f-
diketone. The alkylating agent can be selected from an optionally substituted alkylhalide,
an optionally substituted alkylsulfonate and the like. The solvent can be selected from
DMF, NMP, THF, dioxane, and the like and combinations thereof. The base can be
selected from sodium ethoxide, sodium methoxide, sodium tert-butoxide, potassium

ethoxide, potassium methoxide, potassium tert-butoxide, sodium hydride, potassium
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hydride, and the like. In a representative example, the B-diketone ester can react with an
alkylhalide in DMF with sodium hydride as the base at around 60 °C.

[0135] The a-substituted B-diketone ester can be converted to the isoxazole
by reacting with hydroxylamine hydrochloride in an appropriate solvent. In a
representative example, the a-substituted B-diketone ester can react with hydroxylamine
hydrochloride in the presence of acetic acid to provide the a-substituted isoxazole ester.
In some embodiments a mixture of regioisomeric isoxazoles may form. The
regioisomeric isoxazoles may be separated and individually taken through the remaining
steps or taken through the remaining steps as the mixture.

[0136] The a-substituted isoxazole ester can be converted to the a-substituted
isoxazole carboxylic acid by acid or base catalyzed hydrolysis. The base catalyzed
hydrolysis can be accomplished treating the a-substituted isoxazole ester with a base in
an appropriate solvent in the presence of water. The base can be selected from sodium
hydroxide, potassium hydroxide, lithium hydroxide, and the like. The solvent can be
selected from, ethyl alcohol, methyl alcohol, THF, dioxane, DMF, NMP, and the like and
combinations thereof. In a representative example, the ester in THF can be hydrolyzed by
reacting with lithium hydroxide in the presence of water to provide an a-substituted
1soxazole carboxylic acid.

[0137] The a-substituted isoxazole carboxylic acid can be converted to an
intermediate acid chloride followed by coupling with an appropriate amine to provide the
desired product. The a-substituted isoxazole carboxylic acid can be treated with an
appropriate chlorinating agent, with or without solvent, to provide an intermediate acid
chloride which can be isolated or treated directly to provide the desired product. The a-
substituted isoxazole carboxylic acid can be converted to an acid chloride using a
chlorinating agent in the presence of solvent or neat. For example, the chlorinating agent
can be selected from oxalyl chloride, thionyl chloride, phosphorus trichloride, phosphorus
oxychloride, phosgene and phosgene equivalents, and the like. The solvent can be
selected from methylene chloride, chloroform, benzene, toluene and the like. In a

representative example, oxalyl chloride in the presence of catalytic DMF can convert the
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o-substituted isoxazole carboxylic acid to an acid chloride with toluene as the solvent.
The intermediate acid chloride can then be reacted with an amine in an appropriate
solvent optionally in the presence of a base to provide the desired product. The solvent
can be selected from methylene chloride, chloroform, benzene, toluene, THF, diethyl
ether, dioxane, and the like. The base can be selected from triethylamine,
diisopropylethyl amine, DBU, DBN, DMAP, pyridine, and the like and combinations
thereof. In a representative example, the acid chloride can react with the appropriate

amine in the presence of THF and triethylamine as a base to provide the desired product.
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