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THIOIMIDAZOLIDINONE ANDROGEN RECEPTOR ANTAGONISTS AND USES THEREOF
FIELD OF THE INVENTION

[001] The present invention relates to novel substituted thioimidazolidinone compounds and
pharmaceutical compositions comprising such compounds for treatment of androgen receptor-

assoclated diseases or disorders, such as prostate cancer, benign prostatic hypertrophy, male hair
loss, muscle loss, ache and hirsutism.

BACKGROUND OF THE INVENTION

[002] The androgen receptor (AR) is a 110Kda steroidal nuclear receptor. One of its key functions
IS androgen-activated gene transcription. The androgen receptor plays an important role in many
male hormone related diseases such as prostate cancer, benign prostatic hypertrophy, male hair
loss, muscle loss and hirsutism (hypertrichosis). For this reason, selective androgen receptor
antagonists may be useful for such conditions and diseases including but not limited to: male
contraception; treatment of a variety of male hormone-related conditions such as hypersexuality and
sexual deviation; treatment of conditions including benign prostatic hyperplasia, acne vugaris,
androgenetic alopecia, and hirsutism; preventing the symptoms associated with reduced
testosterone such as hot flashes after castration; purposefully preventing or counteracting
masculinisation in the case of transsexual women undergoing sex reassignment therapy; an
antineoplastic agent and palliative, adjuvant or neoadjuvant hormonal therapy in prostate cancer;

and decreasing the incidence of, halting or causing a regression of prostate cancer.

[003] Prostate cancer is onhe of the most common cancers in men around the world, and is one of
the leading causes of cancer death in men in the United States. Current standard treatment for local
prostate cancer is surgery and radiation. Unfortunately, the cancer relapses in one-third of the

treated patients. Together with patients diagnosed with advanced prostate cancer, they are treated
with surgical castration or chemical castration, which is called hormone therapy (HT). Often HT is
also combined with drugs acting as androgen receptor antagonists. Hormone therapy is highly
effective for controlling cancer cells in most of patients with advanced prostate cancer. However, the
prostate cancer cells eventually adapt to the low androgen environment and become resistant to HT.
As a result, the cancer will recur in almost all such patients in 2-5 years.

[004] Androgen receptor antagonist drugs, such as flutamide and bicalutamide, were originally

designed to avoid the side effects of HT and to overcome resistance in prostate cancer patients.

1
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Although these androgen receptor antagonists work well as a co-treatment with HT in naive
advanced prostate cancer patients, their efficacy against refractory prostate cancer, as a single
agent, or co-treatment, has been limited. There have been reports that androgen agonism was
observed for hydroxyfluamide (the active form of flutamide) and bicalutamide. The residual agonistic
effect may be responsible for the drugs’ ineffectiveness in overcoming resistance. The therapeutic
benefit of these androgen receptor antagonist drugs have also been hampered by significant side
effects such as liver toxicities associated with flutamide and bicalutamide. Recent studies have
suggested that reactivation of the AR signaling pathway may be the root cause for developing

resistance to HT. Mutation and over-expression of AR are two of the common underlying molecular
mechanisms for the observed resistance.

[005] Therefore, there is significant medical need for better androgen receptor antagonists that
should have potent antagonism but devoid of any agonism when treating castration resistant

prostate cancer cells. There is also a need to reduce the observed side effects such as liver toxicity

found in existing androgen receptor antagonist drugs.

SUMMARY OF THE INVENTION

[006] The present invention comprises compounds of formulas (1) — (IV) below, methods of using

such compounds as antagonists of androgen receptors, and pharmaceutical compositions
containing such compounds and saits thereof.

[007] In one embodiment, the invention is directed to compounds and pharmaceutical
compositions comprising a compound of formula (1):

or a pharmaceutically-acceptable salt, solvate, hydrate, prodrug or derivative thereof,

wherein Ry is selected from

H NC

NC
o L
N NC
Y
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wherein Z is selected from hydrogen, CF3, alkoxy, CF;0, halogen, cyano and C4-C4 alkyl
optionally substituted with one or more halogens;

Y is independently selected from one or two halogen, alkoxy, hydroxyl, CF;0 and cyano;

W is selected from oxygen, sulfur and two hydrogens;

R3 and R, are independently selected from C4-C4 alkyl optionally substituted with one or
more fluoro or hydroxyl groups, or Rz and R4 and the carbon to which they are attached
together form a 3-6 membered cycloalkyl ring, wherein one or more carbons may be optional
substituted with one or more fluoro or hydroxyl groups, and wherein one of the carbons is
optionally an oxygen or nitrogen; and

R, is a substituted or unsubstituted alkyl, aryl, heteroaryl or heterocyclic group.

[008] In certain embodiments, Y is halogen or cyano. In certain embodiments, Z is halogen,
methoxy, cyano, methyl or CFi. In certain embodiments, W is oxygen.

[009] In certain embodiments, Ry is a phenyl or naphthyl group. In certain embodiments, R is an
aryl group substituted with one or more C4-Cg alkyl, C(O)NHR", SO,R", SO,NHR", cyano, hydroxyi,
alkoxy, C(S)NHR", C(O)OR", CH,(CH,),,Q, halogen or a 5-6 membered heteroaryl group, where R’
is selected from hydrogen, C4-Cg alkyl, C4-Cg cycloalkyl and C4-Cg alkenyl; m is an integer selected
from O to 6; and Q is selected from C(O)NHR", SO,R", SO,NHR", cyano, hydroxyl, alkoxy,
C(S)NHR" and C(O)OR". In certain embodiments, R, is a substituted phenyl or naphthyl group. In
certain embodiments, R, is 4-fluorophenyl, 2-fluoro-4-methylamido-phenyl, 4-tolyl, 3-fluoro-4-methyi-
phenyl, 4-cyanophenyl, 4-methylsulfonyl-phenyl, or 4-ethoxylcarbonylphenyl.

[0010] In certain embodiments R, is an unsubstituted heteroaryl group. In certain embodiments, Ro
is a heteroaryl group substituted with one or more C4-Cg alkyl, C(O)NHR", SO,NHR", cyano,
C(S)NHR”, C(O)OR”, hydroxyl, alkoxy, CH(CH,)nQ, halogen or a 5-6 membered heteroaryi group,
where R” is selected from hydrogen, C4-Cg alkyl, C4-Cg cycloalkyl and C4-Cg alkenyl; m is an integer
selected from 0 to 6; and Q is selected from C(O)NHR”, SO,R”, SO,NHR?”, cyano, hydroxyl, alkoxy,
C(S)NHR" and C(O)OR". In certain embodiments, R, is a substituted pyridyl group. In certain
embodiments, R, is 6-methyl-pyridin-3-yi.

[0011] In certain embodiments, R; is a substituted alkyl group. In certain embodiment, R; is a
substituted saturated heterocyclic group, such as but not limited to 3-piperidine, 4-piperidine,
tetrahydropyrane, 3-pyrrolidine or tetrahydrofuran.

3
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[0012] In certain embodiments, R; and R, are independently selected from methyl, ethyl, or methyil
optionally substituted with one or more fluoro groups. In certain embodiments, R3 and R4 and the

carbon to which they are attached together form a cyclopropy!, cyclobutyl, cyciopentyl or cyclohexyl
ring which may be optionally substituted with one or more fluoro or hydroxyl groups.

[0013] In another embodiment, the invention is directed to compounds and pharmaceutical
compositions comprising a compound of formula (ll):

S

R'4<
1 j‘jﬁw*z

W RP'3R'4 (11)

or a pharmaceutically-acceptable salt, solvate, hydrate, prodrug or derivative thereof,
wherein R4 is selected from
i NC
Yo 0L
77X R'O
Y' Y

wherein Z is selected from hydrogen, CF5, alkoxy, CF;0, halogen, cyano and C,-C4 alkyl
optionally substituted with one or more halogen,;

Y' is independently selected from one or more alkyl and CF;
R’ is selected from C4-C3 alkyl or CF3;

W is selected from oxygen, sulfur and two hydrogens;

R'3 and R’4 and the carbon to which they are attached together form a 3-6 membered
cycloalky! ring wherein one or more carbons may be optional substituted with one or more

fluoro or hydroxyl groups, and wherein one of the carbons is optionally an oxygen or
nitrogen; and

R, is a substituted or unsubstituted alkyl, aryl, heteroaryl or heterocyclic group.

[0014] In certain embodiments, Y' is methyl, ethyl, or CF3. In certain embodiments, R’ is methyl,

ethyl or CF5. In certain embodiments, Z is halogen, methoxy, cyano, methyl or CFs.

4
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[0015] In certain embodiments, R, is phenyl or naphthyl. In certain embodiments, R is an aryl
group substituted with one or more C4-Cg alkyl, C(O)NHR", SO,R", SO,NHR", cyano, hydroxyl,
alkoxy, C(S)NHR”, C(O)OR", CH»(CH,).Q, halogen or a 5-6 membered heteroaryl group, where R”
is selected from hydrogen, C4-Cg alkyl, C4-Cg cycloalkyl and C4-Cg alkenyl; m is an integer selected
from 0 to 6; and Q is selected from C(OINHR", SO,R", SO,NHR", cyano, hydroxyl, alkoxy,
C(S)NHR” and C(O)OR". In certain embodiments, R; is a substituted phenyl or naphthyl group. In
certain embodiments, R, is 4-fluorophenyl, 2-fluoro-4-methylamido-phenyl, 4-tolyl, 3-fluoro-4-methyl-
phenyl, 4-cyanophenyl, 4-methylsulfonyl-phenyl, or 4-ethoxylcarbonylphenyl.

[0016] In certain embodiments, R, is a heteroaryl group substituted with one or more C-Cg alkyl,
C(O)NHR”, SO,NHR”, cyano, C(S)NHR”, C(O)OR”", hydroxyl, alkoxy, CHx(CH3),Q, halogen or a 5-6
membered heteroaryl group, where R” is selected from hydrogen, C4-Cg alkyl, C4-Cg cycloalkyl and
C,-Cq alkenyl: mis an integer selected from 0 to 6; and Q is selected from C(O)NHR", SO2;R”,
SO,NHR”, cyano, hydroxyl, alkoxy, C(S)NHR" and C(O)OR". In certain embodiments, R; is a
substituted pyridyl group. In certain embodiments, R, is 6-methyl-pyridin-3-yl.

[0017] In certain embodiments, R, is a substituted alkyl group. In certain embodiments, R is a
substituted saturated heterocyclic group, such as but not limited to 3-piperidine, 4-piperidine,
tetrahydropyrane, 3-pyrrolidine or tetrahydrofuran.

[0018] In certain embodiments, R'; and R’4 and the carbon to which they are attached together form

a cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl ring which may be optionally substituted with one
or more fluoro or hydroxyl groups.

[0019] In another embodiment, the invention is directed to compounds and pharmaceutical
compositions comprising a compound of formula (lll):

NC
WY,
Z1 N R
X S N7

W R‘;sR"zi (111)

or a pharmaceutically-acceptable salt, solvate, hydrate, prodrug or derivative thereof,

wherein Z4 is selected from CF;0, methyl, CH,F, CHF,, CF3, methoxy, halogen and cyano;

X is selected from halogen, alkoxy, CF3;0, hydroxyl and cyano;

22427523.1
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W is selected from oxygen, sulfur and two hydrogens;

R"3 and R, are methyl, or R"; and R4 together form a 3-6 membered alkyt ring which may
be optionally substituted with one or more fluoro or hydroxyl groups; and

R, is a substituted or unsubstituted alkyl, aryl, heteroaryl or heterocyclic group.

[0020] In certain embodiments, Z, is methyl, CH;F, CHF,, CF3, methoxy, halogen and cyano. In
certain embodiments, X is halogen.

[0021] In certain embodiments, R, is phenyl or naphthyl. In certain embodiments, R, is an ary!
group substituted with one or more C4-Cg alkyl, C(O)NHR", SO,R”, SO,NHR", cyano, hydroxyl,
alkoxy, C(S)NHR", C(O)OR", CH,(CH,),Q, halogen or a 5-6 membered heteroaryl group, where R”
is selected from hydrogen, C4-Cg alkyl, C4-Cg cycloalkyl and C4-Cg alkenyl; m is an integer selected
from O to 6; and Q is selected from C(O)NHR", SO,R”, SO,NHR", cyano, hydroxyl, alkoxy,
C(S)NHR" and C(O)OR". In certain embodiments, R, is a substituted phenyl or naphthyl group. In
certain embodiments, R» is 4-fluorophenyl, 2-fluoro-4-methylamido-phenyl, 4-tolyl, 3-fluoro-4-methyl-
phenyl, 4-cyanophenyl, 4-methylsulfonyl-phenyl, or 4-ethoxylcarbonylphenyl.

[0022] In certain embodiments, R, is an unsubstituted heteroaryl group. In certain embodiments, R»
IS a heteroaryl group substituted with one or more C4-Cg alkyl, C(O)NHR", SO,NHR", cyano,
C(SINHR", C(O)OR", hydroxyl, alkoxy, CHx(CH,)Q, halogen or a 5-6 membered heteroaryl group,
where R" is selected from hydrogen, C4-Cg alkyl, C1-Cg cycloalky! and C+-Cg alkenyl; m is an integer
selected from 0 to 6; and Q is selected from C(O)NHR", SO,R", SO,NHR", cyano, hydroxyl, alkoxy,

C(S)NHR" and C(O)OR". In certain embodiments, R, is a substituted pyridyl group. In certain
embodiments, R, is 6-methyl-pyridin-3-yl.

[0023] In certain embodiments, R, is a substituted alky! group. In certain embodiments, R, is a
substituted saturated heterocyclic, such as but not limited to 3-piperidine, 4-piperidine,

tetrahydropyrane, 3-pyrrolidine or tetrahydrofuran.

[0024] [n certain embodiments, R”; and R”4 are methyl, or R"; and R"; and the carbon to which they
are attached together form a cyclopropy! or cyclobuty!l or cyclopentyl or cyclohexyl ring which may be
optionally substituted with one or more fluoro or hydroxyl groups.

[0025] In another embodiment, the invention is directed to compounds and pharmaceutical
compositions comprising a compound of formula (IV):

22427523.1
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NC
m ’ /B
- A
Z Pd”l<ht##<;;:;?’f

x A/
W DR
R“3R 4 (IV)

or a pharmaceutically-acceptable salt, solvate, hydrate, prodrug or derivative thereof,
wherein Z4 is selected from CF30, methyl, CH,F, CHF,, CF5;, methoxy, halogen and cyano;
X is selected from halogen, alkoxy, CF30, hydroxyl and cyano;

W is selected from oxygen, sulfur and two hydrogens;

R’; and R"4 are methyl, or R"; and R”; together form a 3-6 membered cycloalkyl ring
optionally substituted with one or more fluoro or hydroxyl groups;

B is independently selected from one or more hydrogen, cyano, methyl, CF; or halogen; and

A is selected from C4-Cg alkyl, C(O)NHR", SO,R", SO,NHR”, cyano, hydroxyl, alkoxy,
C(S)NHR", C(O)OR", CH,(CH,),Q, halogen and a 5-6 membered heteroaryl group, where R’
IS selected from hydrogen, C4-Cg alkyl, C4-Cg cycloalkyl and C4-Cg alkenyl; m is an integer
selected from 0 to 6; and Q is selected from C(O)NHR", SO,R", SO.NHR", cyano, hydroxyl,
alkoxy, C(S)NHR" and C(O)OR".

[0026] In certain embodiments, Z, is methyi, CH,F, CHF,, CF3, methoxy, halogen or cyano. In
certain embodiments, X is halogen.

[0027] In certain embodiments, R”; and R"; are methyl. In certain embodiments, R"; and R"4 and
the carbon to which they are attached together form a cyclopropyl or cyclobutyi or cyclopentyl or

cyclohexyl ring which may be optionally substituted with one or more fluoro or hydroxyl groups.

[0028] In certain embodiments, B is independently one or more hydrogen, cyano, methyl, CF; or
halogen.

[0029] In certain embodiments, A is methyl, ethyl, halogen, C(O)NHCH;, C(O)NH;, cyano, methoxy,
ethoxy, SO;Me, SO,NH,CH3 or SO,NH,.

[0030] In certain embodiments, W Is oxygen.

224275231
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[0031] In certain embodiments of compounds of formulas (1) - (IV), W is oxygen.

[0032] In another embodiment, the invention is directed to a pharmaceutical composition comprising
a compound of any one of formulas (1) — (1V) or its pharmaceutically acceptable salt, prodrug or a
solution thereof as an active ingredient. In other embodiments, the invention is directed to a
compound of any one of formulas (1) — (IV) and a pharmaceutically-acceptable carrier, diluent or

excipient. In another embodiment, the invention is directed to a compound of any one of formulas (|)
— (IV) for topical or dermal applications.

[0033] In other embodiments, method are provided for preventing, reducing the progression of,
treating or regressing a disease or disorder related to androgen receptor activity by administering to
a subject at risk for development thereof or afflicted therewith, a compound of any one of formulas (1)
— (IV) or a pharmaceutical composition thereof. In certain embodiments, the disease or disorder is
selected from hormone sensitive prostate cancer or hormone refractory prostate cancer, benign
prostatic hyperplasia, acne, androgenic alopecia, hirsutism, excess sebum and alopecia due to an
androgen receptor disorder, hypersexuality, sexual deviation, preventing or counteracting
masculinisation in the case of transsexual women undergoing sex reassignment therapy, as an
antineoplastic agent and palliative, adjuvant or neoadjuvant hormonal therapy in prostate cancer; or
for decreasing the incidence of, halting or causing a regression of prostate cancer. In another

embodiment, a compound of formula (1) — (IV) or a pharmaceutical composition thereof is useful for
male contraception.

[0034] In a further embodiment, use of a compound of any one of formula (I) - (IV) or a
pharmaceutical composition thereof is provided for male contraception, for treatment of any of the
above diseases and disorders, for purposefully preventing or counteracting masculinisation in the
case of transsexual women undergoing sex reassignment therapy, for decreasing the incidence of,

halting or causing a regression of prostate cancer, or as an antineoplastic agent or palliative,
adjuvant or neoadjuvant hormonal therapy in prostate cancer.

[0035] In a yet further embodiment, use of a compound of any one of formula (l) - (IV) or a

pharmaceutical composition thereof is provided for the manufacture of a medicament for any of the
above uses.

[10036] In another embodiment, the present invention provides a compound of any one of formula (l)
— (IV) or a pharmaceutical compaosition thereof for any of the above uses.

BRIEF DESCRIPTION OF THE FIGURE

22427523.1
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[0037] Figure 1 shows the effect of a compound of the invention on promoting hair growth in a
murine model.

DEFINITIONS

[0038] The term “aliphatic”, as used herein, includes both saturated and unsaturated, straight chain
(i.e., unbranched) or branched aliphatic hydrocarbons, which are optionally substituted with one or
more functional groups. As will be appreciated by one of ordinary skill in the art, “aliphatic” is
intended herein to include, but is not limited to, alkyl, alkenyl, or alkynyl moieties. Thus, as used
herein, the term “alkyl” includes straight and branched alkyl groups. An analogous convention
applies to other generic terms such as “alkenyl’, “alkynyl” and the like. Furthermore, as used herein,
the terms “alkyl’, “alkenyl”, “alkynyl” and the like encompass both substituted and unsubstituted
groups. In certain embodiments, as used herein, “lower alkyl” is used to indicate those alkyl groups
(substituted, unsubstituted, branched or unbranched) having 1-6 carbon atoms. “Lower alkenyl” and

“lower alkynyl’ respectively include corresponding 1-6 carbon moieties.

[0039] In certain embodiments, the alkyl, alkenyl and alkynyl groups employed in the invention
contain 1-20; 2-20; 3-20; 4-20; 5-20; 6-20; 7-20 or 8-20 aliphatic carbon atoms. In certain other
embodiments, the alkyl, alkenyl, and alkynyl groups employed in the invention contain 1-10; 2-10; 3-
10;: 4-10; 5-10; 6-10; 7-10 or 8-10 aliphatic carbon atoms. In yet other embodiments, the alkyi,
alkenyl, and alkynyl groups employed in the invention contain 1-8; 2-8; 3-8; 4-8; 5-8; 6-20 or 7-8
aliphatic carbon atoms. In still other embodiments, the alkyl, alkenyl, and alkynyl groups employed
in the invention contain 1-6; 2-6; 3-6; 4-6 or 5-6 aliphatic carbon atoms. In yet other embodiments,
the alkyl, alkenyl, and alkynyl groups employed in the invention contain 1-4, 2-4 or 3-4 carbon
atoms. llustrative aliphatic groups thus include, but are not limited to, for example, methyl, ethyl, n-
propyl, isopropyl, allyl, n-butyl, sec-butyl, isobutyl, tert-butyl, n-pentyl, sec-pentyl, isopentyl, tert-
pentyl, n-hexyl, sec-hexyl, moieties and the like, which again, may bear one or more substituents.
Alkenyl groups include, but are not limited to, for example, ethenyl, propenyl, butenyl, 1-methyl-2-
buten-l-yl, and the like. Representative alkynyl groups include, but are not limited to, ethynyl, 2-
propynyl (propargy1), 1-propynyl and the like.

[0040] The term “alicyclic’, as used herein, refers to compounds that combine the properties of
aliphatic and cyclic compounds and include but are not limited to monocyclic, or polycyclic aliphatic
hydrocarbons and bridged cycloalkyl compounds, which are optionally substituted with one or more
functional groups. As will be appreciated by one of ordinary skill in the art, “alicyclic” is intended
herein to include, but is not limited to, cycloalkyl, cycloalkenyl, and cycloalkynyl moieties, which are
optionally substituted with one or more functional groups. lllustrative alicyclic groups thus include,

9
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but are not limited to, for example, cyclopropyl, -CH.-cyclopropyl, cyclobutyl, -CH,-cyclobutyl,
cyclopentyl, -CHj-cyclopentyl, cyclohexyl, -CH,-cyclohexyl, cyclohexenylethyl, cyclohexanylethyl,
norborbyl moieties and the like, which again, may bear one or more substituents.

[0041] The term “alkoxy” or “alkyloxy”, as used herein refers to a saturated (i.e., O-alkyl) or
unsaturated (i.e., O-alkenyl and O-alkynyl) group attached to the parent molecular moiety through an
oxygen atom. In certain embodiments, the alkyl group contains 1-20; 2-20; 3-20; 4-20; 5-20; 6-20; 7-
20 or 8-20 aliphatic carbon atoms. In certain other embodiments, the alkyl group contains 1-10; 2-
10, 3-10; 4-10; 5-10; 6-10; 7-10 or 8-10 aliphatic carbon étoms. In yet other embodiments, the alkyi,
alkenyl, and alkynyl groups employed in the invention contain 1-8; 2-8; 3-8; 4-8; 5-8; 6-20 or 7-8
aliphatic carbon atoms. In still other embodiments, the alkyl group contains 1-6; 2-6; 3-6; 4-6 or 5-6
aliphatic carbon atoms. In yet other embodiments, the alkyl group contains 1-4; 2-4 or 3-4 aliphatic
carbon atoms. Examples of alkoxy, include but are not limited to, methoxy, ethoxy, propoxy,
ISopropoxy, n-butoxy, i-butoxy, sec-butoxy, tert-butoxy, neopentoxy, n-hexoxy and the like.

[0042] Some examples of substituents of the above-described aliphatic (and other) moieties of
compounds of the invention include, but are not limited to aliphatic; alicyclic; heteroaliphatic;
heterocyclic; aromatic; heteroaromatic; aryl; heteroaryl; alkylaryl; heteroalkylaryl; alkylheteroaryi;
heteroalkylheteroaryl; alkoxy; aryloxy; heteroalkoxy; heteroaryloxy; alkylthio; arylthio; heteroalkylthio;
heteroarylthio; F;, C1; Br; |, -OH; -NO,; -CN; -CFj;; -CH,CF3; -CHC1,; -CH,OH; -CH,CH,0H; -
CH2NHz; -CH2SO,CHj; -C(=0)R,; -CO2R,); -C(=O)N(R,)2; -OC(=0O)R,; -OCO;R,; -OC(=0)N(R,)q; -
N(R)2 -OR. -SSRy, -S(O)R,, -S(O)R,, -NR(CO)R,, -N(R)CO2R,; -N(R)S(O):Rs -
N(R)C(=OIN(R,)2; -S(O)N(R,).: wherein each occurrence of R, independently includes, but is not
limited to, aliphatic, alicyclic, heteroaliphatic, heterocyclic, aryl, heteroaryl, alkylaryl, alkylheteroaryi,
heteroalkylaryl or heteroalkylheteroaryl, wherein any of the aliphatic, alicyclic, heteroaliphatic,
heterocyclic, alkylaryl, or alkylheteroaryi substituents described above and herein may be substituted

or unsubstituted, branched or unbranched, saturated or unsaturated, and wherein any of the aryl or
heteroaryl substituents described above and herein may be substituted or unsubstituted. Additional
examples of generally applicable substituents are illustrated by the specific embodiments shown in

the Examples that are described herein.

[0043] In general, the term “aromatic moiety”, as used herein, refers to a stable mono- or poiycyclic,
unsaturated moiety having preferably 3-14 carbon atoms, each of which may be substituted or
unsubstituted. In certain embodiments, the term “aromatic moiety” refers to a planar ring having p-
orbitals perpendicular to the plane of the ring at each ring atom and satisfying the Huckel rule where
the number of pi electrons in the ring is (4n+2) wherein n is an integer. A mono- or polycyclic,
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unsaturated moiety that does not satisfy one or all of these criteria for aromaticity is defined herein
as “‘non-aromatic’, and is encompassed by the term “alicyclic”.

[0044] In general, the term "heteroaromatic moiety’, as used herein, refers to a stable mono- or
polycyclic, unsaturated moiety having preferably 3-14 carbon atoms, each of which may be
substituted or unsubstituted; and comprising at least one heteroatom selected from O, S and N
within the ring (i.e., in place of a ring carbon atom). In certain embodiments, the term
“heteroaromatic moiety” refers to a planar ring comprising at least one heteroatom, having p-orbitals
perpendicular to the plane of the ring at each ring atom, and satisfying the Huckei rule where the
number of pi electrons in the ring is (4n+2) wherein n is an integer.

[0045] It will also be appreciated that aromatic and heteroaromatic moieties, as defined herein may
be attached via an alkyl or heteroalkyl moiety and thus also include —(alkyl)aromatic, -
(heteroalkylaromatic, -(heteroalkyl)heteroaromatic, and —(heteroalkyl)heteroaromatic moieties.
Thus, as used herein, the phrases “aromatic or heteroaromatic moieties” and “aromatic,
heteroaromatic, —(alkyl)aromatic, -(heteroalkyl)aromatic, -(heteroalkyl)heteroaromatic, and -
(heteroalkyl)heteroaromatic” are interchangeabie. Substituents include, but are not limited to, any of

the previously mentioned substituents, i.e., the substituents recited for aliphatic moieties, or for other
moieties as disclosed herein, resulting in the formation of a stable compound.

[0046] The term “aryl”, as used herein, does not differ significantly from the common meaning of the
term in the art, and refers to an unsaturated cyclic moiety comprising at least one aromatic ring. In
certain embodiments, “aryl” refers to a mono- or bicyclic carbocyclic ring system having one or two

aromatic rings including, but not limited to, phenyl, naphthyl, tetrahydronaphthyl, indanyl, indenyl and
the like.

{0047] The term “heteroaryl”’, as used herein, does not differ significantly from the common meaning
of the term in the art, and refers to a cyclic aromatic radical having from five to ten ring atoms of
which one ring atom is selected from S, O and N; zero, one or two ring atoms are additional
heteroatoms independently selected from S, O and N; and the remaining ring atoms are carbon, the
radical being joined to the rest of the molecule via any of the ring atoms, such as, for example,
pyridyl, pyrazinyl, pyrimidinyl, quinolinyl, isoquinolinyl, and the like.

[0048] It will be appreciated that aryl and heteroaryl groups (including bicyclic aryl groups) can be
unsubstituted or substituted, wherein substitution includes replacement of one or more of the
hydrogen atoms thereon independently with any one or more of the following moieties including, but
not limited to: aliphatic; alicyclic; heteroaliphatic; heterocyclic; aromatic; heteroaromatic; aryl,
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heteroaryl; alkylaryl; heteroalkylaryl; alkylheteroaryl; heteroalkylheteroaryl; alkoxy; aryloxy;
heteroalkoxy; heteroaryloxy; alkylthio; arylthio; heteroalkylthio; heteroarylthio; F; C1; Br; |; -OH; -
NO;; -CN; -CH2(CH3)0.6CN; -CF3; -CH,CF3; -CHC1,; -CH,0H; -CH,CH,0H; -CH,NH,; -CH,SO,CH;;
-C(=0)Rx; -COxRy); -C(=0)N(R,)2; -C(=O)NHR,; -CH2(CHz)os C(=O)N(Ry)2; -CH2(CH2)os
C(=O)NHR,; -OC(=O)R; -OCOzR,; -OC(=O)N(R,)2; -N(Ry)2; -OR,; -SRy; -S(O)R; -S(O)Rs; -
NR(CO)R,; -N(R)COIR,; -N(R)S(O)R,; -N(RIC(=O)N(Ry)2; -S(O)}N(R,)2; wherein each
occurrence of R, independently includes, but is not limited to, aliphatic, alicyclic, heteroaliphatic,
heterocyclic, aromatic, heteroaromatic, aryl, heteroaryi, alkylaryl, alkylheteroaryl, heteroalkylaryl or
heteroalkylheteroaryl, wherein any of the aliphatic, alicyclic, heteroaliphatic, heterocyclic, alkylaryl, or
alkylheteroaryl substituents described above and herein may be substituted or unsubstituted,
branched or unbranched, saturated or unsaturated, and wherein any of the aromatic,
heteroaromatic, aryl, heteroaryl, -(alkyl)aryl or -(alkyl)heteroaryl substituents described above and
herein may be substituted or unsubstituted. Additionally, it will be appreciated, that any two adjacent
groups taken together may represent a 4, 5, 6, or 7-membered substituted or unsubstituted alicyclic

or heterocyclic moiety. Additional examples of generally applicable substituents are illustrated by
the specific embodiments shown in the Examples that are described herein.

[0049] The term “cycloalkyl”, as used herein, refers specifically to groups having three to seven,
preferably three to ten carbon atoms. Suitable cycloalkyls include, but are not limited to cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl and the like, which, as in the case of aliphatic,
alicyclic, heteroaliphatic or heterocyclic moieties, may optionally be substituted with substituents
including, but not limited to aliphatic; alicyclic; heteroaliphatic; heterocyclic; aromatic;
heteroaromatic; aryl; heteroaryl; alkylaryl; heteroalkylaryl; alkylheteroaryl, heteroalkylheteroaryi;
alkoxy; aryloxy; heteroalkoxy; heteroaryloxy; alkylthio; arylthio; heteroalkylthio; heteroaryithio; F; C1;
Br; I; -OH; -NO,; -CN; -CF;; -CH,CF3;; -CHC1,; -CH,OH; -CH,CH,OH; -CH>NH,; -CH,SO,CH3; -
C(=0)R,; -CO5(R,); -C(=O)N(R,);; -OC(=0)R,; -OCO;R,; -OC(=O)N(R,)2; -N(Ry)2; -OR,; -SRy; -
S(O)Rs  -S(O)2Ry; -NR(CO)R,; -N(R,)CO2Ry; -N(Ry)S(O)2Ry; -N(R)C(=O)N(Ry)2; -S(O)2N(Ry)2;
wherein each occurrence of R, independently includes, but is not limited to, aliphatic, alicyclic,
heteroaliphatic, heterocyclic, aromatic, heteroaromatic, aryl, heteroaryl, alkylaryl, alkylheteroaryl,
heteroalkylaryl or heteroalkylheteroaryl, wherein any of the aliphatic, alicyclic, heteroaliphatic,
heterocyclic, alkylaryl, or alkylheteroaryl substituents described above and herein may be substituted

or unsubstituted, branched or unbranched, saturated or usaturated, and wherein any of the aromatic,
heteroaromatic, aryl or heteroaryl substituents described above and herein may be substituted or
unsubstituted. Additional examples of generally applicable substituents are illustrated by the specific
embodiments shown in the Examples that are described herein.
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[0050] The term “heteroaliphatic”, as used herein, refers to aliphatic moieties in which one or more
carbon atoms in the main chain have been substituted with a heteroatom. Thus, a heteroaliphatic
group refers to an aliphatic chain which contains one or more oxygen, sulfur, nitrogen, phosphorus
or silicon atoms, e.g., in place of carbon atoms. Heteroaliphatic moieties may be linear or branched,
and saturated or unsaturated. In certain embodiments, heteroaliphatic moieties are substituted by
independent replacement of one or more of the hydrogen atoms thereon with one or more moieties
including, but not limited to aliphatic; alicyclic; heteroaliphatic; heterocyclic; aromatic;
heteroaromatic; aryl; heteroaryl; alkylaryl; alkylheteroaryl, alkoxy; aryloxy; heteroalkoxy;
heteroaryloxy; alkylthio; aryithio; heteroalkylthio; heteroarylthio; F; C1; Br; I; -OH; -NOy; -CN; -CFj; -
CH,CF3; -CHC1,; -CH,OH; -CH,CH,0H; -CH,NH,; -CH.SO,CHaj; -C(=0)R,; -COx(Ry); -C(=O)N(Ry)2;
-OC(=0)R,; -OCO2R,; -OC(=O)N(Ry)2; -N(Ry)2; -ORy; -SRy; -S(O)Rs;  -S(O)Rx; -NRJ(CO)Ry; -
N(R)CO2R,; -N(R)S(O)R,; -N(R)C(=O)N(R,)2; -S(O)2N(Ry)2; wherein each occurrence of R,
independently includes, but is not limited to, aliphatic, alicyclic, heteroaliphatic, heterocyclic,
aromatic, heteroaromatic, aryl, heteroaryl, alkylaryl, alkylheteroaryl, heteroalkylaryl or
heteroalkylheteroaryl, wherein any of the aliphatic, alicyclic, heteroaliphatic, heterocyclic, alkylaryl, or
alkylheteroaryl substituents described above and herein may be substituted or unsubstituted,
branched or unbranched, saturated or unsaturated, and wherein any of the aromatic,
heteroaromatic, aryl or heteroaryl substituents described above and herein may be substituted or

unsubstituted. Additional examples of generally applicable substituents are illustrated by the specific
embodiments shown in the Examples that are described herein.

[0051] The term “heterocycloalkyl’, “heterocycle” or “heterocyclic’, as used herein, refers to
compounds which combine the properties of heteroaliphatic and cyclic compounds and include, but
are not limited to, saturated and unsaturated mono- or polycyclic cyclic ring systems having 5-16
atoms wherein at least one ring atom is a heteroatom selected from O, S and N (wherein the
nitrogen and sulfur heteroatoms may be optionally be oxidized), wherein the ring systems are
optionally substituted with one or more functional groups, as defined herein. In certain
embodiments, the term “heterocycloalkyl”, “heterocycie” or “heterocyclic” refers to a non-aromatic 5-,
6- or 7- membered ring or a polycyclic group wherein at least one ring atom is a heteroatom selected
from O, S and N (wherein the nitrogen and sulfur heteroatoms may be optionally be oxidized),
including, but not limited to, a bi- or tri-cyclic group, comprising fused six-membered rings having
between one and three heteroatoms independently selected from oxygen, sulfur and nitrogen,
wherein (i) each 5-membered ring has 0 to 2 double bonds, each 6-membered ring has 0 to 2 double
bonds and each 7-membered ring has 0 to 3 double bonds, (ii) the nitrogen and sulfur heteroatoms
may be optionally be oxidized, (iii) the nitrogen heteroatom may optionally be quaternized, and (iv)
any of the above heterocyclic rings may be fused to an aryl or heteroaryl ring. Representative
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heterocycles include, but are not limited to, heterocycles such as furanyl, thiofuranyl, pyranyl,
pyrrolyl, pyrazolyl, imidazolyl, thienyl, pyrrolidinyl, pyrazolinyl, pyrazolidinyl, imidazolinyl,
imidazolidinyl, piperidinyl, piperazinyl, oxazolyl, oxazolidinyl, isooxazolyl, isoxazolidinyl, dioxazolyl,
thiadiazolyl, oxadiazolyl, tetrazolyl, triazolyl, thiatriazolyl, oxatriazolyl, thiadiazolyl, oxadiazolvl,
morpholinyl, thiazolyl, thiazolidinyl, isothiazolyl, isothiazolidinyl, dithiazolyl, dithiazolidinyl,
tetrahydrofuryl, and benzofused derivatives thereof. In certain embodiments, a “substituted
heterocycle, or heterocycloalkyl or heterocyclic” group is utilized and as used herein, refers to a
heterocycle, or heterocycloalkyl or heterocyclic group, as defined above, substituted by the
independent replacement of one, two or three of the hydrogen atoms thereon with but are not limited
to aliphatic; alicyclic; heteroaliphatic; heterocyclic; aromatic; heteroaromatic; aryl; heteroaryl,
alkylaryl; heteroalkylaryl; alkyiheteroaryl; heteroalkylheteroaryl, alkoxy; aryloxy; heteroalkoxy;
heteroaryloxy; alkylthio; arylthio; heteroalkylthio; heteroarylthio; F; CI; Br; [; - OH; -NO,; -CN; -CF3; -
CH,CF3; -CHCI,; -CH,OH; -CH,CH,OH; -CH,NH,; -CH,SO,CH3; -C(=0)R,; -CO2(R,); -C(=O)N(Ry)2;
-OC(=0)R,; -OCO.R,; -OC(=O)N(Ry)2; -N(R))2; -ORy; -SRy; -S(O)Ry; -S(O)Ry; -NR(CO)R,; -
N(R)COR,; -N(R)S(O):Ry; -N(R)C(=OIN(R,)2; -S(O)N(Ry)2; wherein each occurrence of R,
independently includes, but is not limited to, aliphatic, alicyclic, heteroaliphatic, heterocyclic,
aromatic, heteroaromatic, aryl, heteroaryl, alkylaryl, alkyiheteroaryl, heteroalkylaryl or
heteroalkylheteroaryl, wherein any of the aliphatic, alicyclic, heteroaliphatic, heterocyclic, alkylaryl, or
alkylheteroaryl substituents described above and herein may be substituted or unsubstituted,
branched or unbranched, saturated or unsaturated, and wherein any of the aromatic,
heteroaromatic, aryl or heteroaryl substitutents described above and herein may be substituted or

unsubstituted. Additional examples or generally applicable substituents are illustrated by the specific
embodiments shown in the Examples, which are described herein.

[0052] Additionally, it will be appreciated that any of the alicyclic or heterocyclic moieties described

above and herein may comprise an aryl or heteroaryl moiety fused thereto. Additional examples of

generally applicable substituents are illustrated by the specific embodiments shown in the Examples
that are described herein.

[0053] The terms “halo” and “halogen” as used herein refer to an atom selected from fluorine,
chlorine, bromine and iodine.

[0054] The term “haloalkyl” denotes an alkyl group, as defined above, having one, two, or three
halogen atoms attached thereto and is exemplified by such groups as chloromethyl, bromoethyi,
triftuoromethyl, and the like.
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[0055] The term “amino”, as used herein, refers to a primary (-NH.), secondary (-NHR,), tertiary (-
NRR,) or quaternary (-N'R,R,R,) amine, where R,, R, and R, are independently an aliphatic,
alicyclic, heteroaliphatic, heterocyclic, aromatic or heteroaromatic moiety, as defined herein.
Examples of amino groups include, but are not limited to, methylamino, dimethylamino, ethylamino,
diethylamino, diethylaminocarbonyl, methylethylamino, iso-propylamino, piperidino, trimethylamino,
and propylamino.

[0056] The term “acyl’, as used herein, refers 1o a group having the general formula —C(=O)R,

where R is an aliphatic, alicyclic, heteroaliphatic, heterocyclic, aromatic or heteroaromatic moiety, as
defined herein.

[0057] The term “C1.Cg alkenylidene”, as used herein, refers to a substituted or unsubstituted, linear
or branched unsaturated divalent radical consisting solely of carbon and hydrogen atoms, having
from two to six carbon atoms, having a free valence “-* at both ends of the radical, and wherein the

unsaturation is present only as double bonds and wherein a double bond can exist between the first
carbon of the chain and the rest of the molecule.

[0058] As used herein, the terms “aliphatic”, “heteroaliphatic”, “alkyl”, “alkenyl”, “alkynyl’,
“heteroalkyl”, “heteroalkenyl”, “heteroalkynyl”, and the like encompass substituted and unsubstituted,
saturated and unsaturated, and linear and branched groups. Similarly, the terms “alicychc’,
‘heterocyclic”, “heterocycloalkyl”, “heterocycle” and the like encompass substituted and
unsubstituted, and saturated and unsaturated groups. Additionally, the terms “cycloalkyl”,
‘cycloalkenyl”, “cycloalkynyl”, “heterocycloalkyl”, “heterocycloalkenyl”’, “heterocycloalkynyl”,

“aromatic”, “heteroaromatic”, “aryl’, “heteroaryl” and the like encompass both substituted and
unsubstituted groups.

[0059] In certain embodiments of the compounds described herein, W is two hydrogens. For
example, in formula I, when W is two hydrogens, formula I is I'. In formula Il, when W is two
hydrogens, formula Il is II'. In formula {ll, when W is two hydrogens, formula lll is II". In formula |,

when W is two hydrogens, formula IV is IV'. These are shown below.
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[0060] In other embodiments, one or more hydrogen atoms of a compound described herein can be
replaced with a deuterium atom. Such deuterated derivatives are fully embraced by the disclosure
herein. In certain embodiments, the hydrogen on a carbon of the aryl group or the heteroaryl group
of Ry or R, (formula 1) of R’y of R’, (formula 11) is replaced with a deuterium. In other embodiment,
the hydrogen on a carbon of the alkyl group in Y, Z, R, Y’ of formula 1, 11, lil or IV or the alkoxy group
inY, Y, Zof formula |, II, Il or IV is replaced with a deuterium. In other embodiment, the hydrogen
on a carbon of the alkyl group or the alkoxy group in A or B of formula IV is replaced with a
deuterium. In other embodiment, the hydrogen on a carbon of the alkyl group in R3/R4, R'3/R'4 of
formula -1V is replaced with a deuterium.

[0061] The phrase, “pharmaceutically acceptable derivative”, as used herein, denotes any
pharmaceutically acceptable salt, ester, or salt of such ester, of such compound, or any other adduct
or derivative which, upon administration to a patient, is capable of providing (directly or indirectly) a
compound as otherwise described herein, or a metabolite or residue thereof. Pharmaceutically
acceptable derivatives thus include among others prodrugs. A prodrug (also referred to as pro-drug)
is a derivative of a compound, usually with significantly reduced pharmacological activity, which
contains an additional moiety, which is susceptible to removal in vivo yielding the parent molecule as
the pharmacologically active species. An example of a pro-drug is an ester, which is cleaved in vivo
to yield a compound of interest. Another example is an N-methy! derivative of a compound, which is
susceptible to oxidative metabolism resulting in N-demethylation. Pro-drugs of a variety of
compounds, and materials and methods for derivatizing the parent compounds to create the pro-
drugs, are known and may be adapted to the present invention. Certain exemplary pharmaceutical
compositions and pharmaceutically acceptable derivatives will be discussed in more detail herein
below.
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[0062] As used herein, the term "isolated” when applied to the compounds of the present invention,
refers to such compounds that are (i) separated from at least some components with which they are

associated in nature or when they are made and/or (ii) produced, prepared or manufactured by the
hand of man.

[0063] As used herein the term “biological sample” includes, without limitation, cell cultures or
extracts thereof; biopsied material obtained from an animal (e.g., mammal) or extracts thereof; and
blood, saliva, urine, feces, semen, tears, or other body fluids or extracts thereof; or purified versions
thereof. For example, the term “biological sample” refers to any solid or fluid sample obtained from,
excreted by or secreted by any living organism, including single-celled micro-organisms (such as
bacteria and yeasts) and multicellular organisms (such as plants and animals, for instance a
vertebrate or a mammal, and in particular a healthy or apparently healthy human subject or a human
patient affected by a condition or disease to be diagnosed or investigated). The biological sample
can be in \any form, including a solid material such as a tissue, cells, a cell pellet, a cell extract, cell
homogenates, or cell fractions; or a biopsy, or a biological fluid. The biological fluid may be obtained
from any site (e.g. blood, saliva (or a mouth wash containing buccal ceils), tears, plasma, serum,
urine, bite, seminal fluid, cerebrospinal fluid, amniotic fluid, peritoneal fluid, and pleural fluid, or cells
therefrom, aqueous or vitreous humor, or any bodily secretion), a transudate, an exudate (e.g. fluid
obtained from an abscess or any other site of infection or inflammation), or fluid obtained from a joint
(e.g. a normal joint or a joint affected by disease such as rheumatoid arthritis, osteoarthritis, gout or
septic arthritis). The biological sample can be obtained from any organ or tissue (including a biopsy
or autopsy specimen) or may comprise cells (whether primary cells or cultured cells) or medium
conditioned by any cell, tissue or organ. Biological samples may also include sections of tissues
such as frozen sections taken for histological purposes. Biological samples also include mixtures of
biological molecules including proteins, lipids, carbohydrates and nucleic acids generated by partial

or complete fractionation of cell or tissue homogenates. Although the sample is preferably taken
from a human subject, biological samples may be from any animal, plant, bacteria, virus, yeast, etc.
The term animal, as used herein, refers to humans as well as non-human animals, at any stage of
development, including, for example, mammals, birds, reptiles, amphibians, fish, worms and single
cells. Cell cultures and live tissue samples are considered to be pluralities of animals. In certain
exemplary embodiments, the non-human animal is a mammal (e.g., a rodent, a mouse, a rat, a
rabbit, a monkey, a dog, a cat, a sheep, cattle, a primate, or a pig). An animal may be a transgenic
animal or a human clone. If desired, the biological sample may be subjected to preliminary

processing, including preliminary separation techniques.

DETAILED DESCRIPTION OF THE INVENTION
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[0064] The selective androgen receptor (AR) antagonists embodied herein have utility for numerous
conditions and diseases such as but not limited to male contraception; treatment of a variety of male
hormone-related conditions such as hypersexuality and sexual deviation; treatment of conditions
including benign prostatic hyperplasia, acne vugaris, androgenetic alopecia, and hirsutism;
purposefully preventing or counteracting masculinisation in the case of transsexual women
undergoing sex reassignment therapy; an antineoplastic agent and palliative, adjuvant or
neoadjuvant hormonal therapy in prostate cancer; and decreasing the incidence of, halting or
causing a regression of prostate cancer.

[0065] As noted above, prostate cancer is one of the most common cancers in men around the
world, and is one of the leading causes of cancer death in men in the United States. The androgen
receptor antagonist drugs, such as flutamide and bicalutamide, were originally designed to avoid the
side effects of HT but androgen agonism was observed for hydroxyfluamide (the active form of
flutamide) and bicalutamide. The present invention addresses the significant medical need for
better androgen receptor antagonists that have potent antagonism but devoid of any agonism, and a

reduction in the observed side effects such as liver toxicity found in existing androgen receptor
antagonist drugs.

[0066] The compounds of the present invention are androgen receptor antagonists, which can be
used to alleviate any condition associated with inappropriate activation of the androgen receptor. In
addition to prostate cancer, other examples of such conditions include acne, hirsutism, seborrhoea,
excess sebum, and alopecia. In order to exhibit the therapeutic properties described above, the
compounds need to be administered in a quantity sufficient to inhibit activation of the androgen
receptor. In a typical embodiment, the compounds are administered topically, which is especially
appropriate for hirsutism, alopecia, acne and hyperseborhhea. Androgens, having a profound effect

on hair loss, stimulate hair growth by prolonging the growth phase of the hair cycle (anagen) and
increasing follicle size. Hair growth on the scalp does not require androgens but, paradoxically,

androgens are necessary for balding on the scalp in genetically predisposed individuals (androgenic
alopecia) where there is a progressive decline in the duration of anagen and in hair follicle size. The
compounds may also be used topically to decrease seborrhea production and more specifically to

alleviate hyperseborrhoea (oily skin), which can be used topicaliy alieviate acne.
1) General Description of Compounds of the Invention

[0067] The present invention comprises compounds of formulas (I} - (1V) below, methods of using
such compounds as antagonists of androgen receptors, and pharmaceutical compositions

containing such compounds and salts thereof.
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In certain embodiment, compounds of the invention include compounds of the general formula () or
formuta (I1) as further defined below:

or a pharmaceutically-acceptable salt, solvate, hydrate, prodrug or derivative thereof,
wherein R is selected from
H

NC
NC
oo, O
v \*’ NC
Y

Y

wherein Z is selected from hydrogen, CF3, alkoxy, CF3;0, halogen, cyano and C4-C4 alkyl
optionally substituted with one or more halogens;

Y is independently selected from one or two halogen, alkoxy, hydroxyl, CF;O and cyano;
W is selected from oxygen, sulfur and two hydrogens;

R; and R4 are independently selected from C4-C, alkyl optionally substituted with one or
more fluoro or hydroxyl groups, or Rz and R4 together form a 3-6 membered cycloalkyl ring,
wherein one or more carbons may be optional substituted with one or more fluoro or hydroxyil
groups, and wherein one of the carbons is optionally an oxygen or nitrogen; and

R, is a substituted or unsubstituted alkyi, aryl, heteroaryl or heterocyclic group.
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Non-limiting examples of compound of formula (1) include

O O O
S NHMe
NC -/ NG/ S NHMe NG S NHMe
VL L A
FaC Ve ~ F3C ‘e
3 F G J Cl E G 3 F O

S F S (’\,;/ NC > O/SOZMe
NCTX:;X“NJLN chi:;LmHLN/%bid NN
MeO | O)f /z MeO | o/>l MeO - O)/ ]
O
NCQ JJ\N/;/I\ NHMe NCQNj\N@/ NCQN/[S]\N
MeO L O)’/L MeO “: o/\/ IZ . NC OH\

continued in next page
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9 MeO S
F O
v, K LT s N
\ JLN NC )]\ NG/ S /O/
—= / N~ N \ J\N
R r | Cl —— <" N\
© F d | MeLE o)/ |

{0068] A number of important subclasses of the compounds of formula (1) deserve special mention.
These subclasses, (lll), and (1V), will be described in further detail below, and include compounds
comprising one or more selections of the following substituents. Where aromatic rings may have

one or more substituents, more than one such substituent may be present, each independent of the
other.

1) Zis hydrogen;

2) Zis C4-C4 alkyl such as but not limited to methyl or ethyl, optionally substituted with one or more
halogen groups;

3) Zis CFj;

4) Zis alkoxy;
5) Zis CF;0;
6) Zis halogen;

7) Zis cyano;
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8) Zis fluoro;

0) Y is halogen;

10) Y is alkoxy such as but not limited to methoxy and ethoxy;

11) Y is hydroxyl;

12) Y is CF;0;

13) Y is cyano;

14) W is oxygen;

15) W is sulfur;

16) W is two hydrogens;

17) Rz and R4 are independently methyl, ethyl, propyl or butyl groups;

18) R3 and R, and the carbon to which they are attached together form a 3-6 membered cycloalkyl
ring optionally substituted with one or more fluoro groups, and in which one of the carbons is
optionally an oxygen or nitrogen;

19) Rz and R, and the carbon to which they are attached together form cyclopropyi;
20) R3 and R4 and the carbon to which they are attached together form cyclobutyl,

21) Rz and R4 and the carbon to which they are attached together form cyclopentyil;

22) Rz and R4 and the carbon to which they are attached together form azetidine, pyrrolidine or

piperidine,;

23) Rz and R, and the carbon to which they are attached together form oxetane, tetrahydrofuran or
tetrahydropyran.

24) Ry is phenyl or naphthyl;

25) Ry is a substituted aryl group;
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26) Ry is an aryl group substituted with one or more C,-Cg alkyl, C(O)NHR”, SO,R", SO,NHR",
cyano, hydroxyl, alkoxy, C(S)NHR", C(O)OR", CH,(CH.)»Q, halogen or a 5-6 membered
heteroaryl group, where R is selected from hydrogen, C4-Cg alkyl, C4-Cg cycloalkyl and C4-Csg
alkenyl; m is an integer selected from 0 to 6; and Q is selected from C(O)NHR", SO,R”,
SONHR", cyano, hydroxyl, alkoxy, C{S)NHR" and C(O)OR";

27) Ry is a substituted phenyl such as 4-fluorophenyl, 2-fluoro-4-methylamido-phenyl, 4-tolyl, 3-
fluoro-4-methyl-phenyl, 4-cyanophenyl, 4-methylsulfonyl-phenyl, or 4-ethoxylcarbonylphenyi;

28) R is an unsubstituted heteroaryi group;
29) Rsyis a pyridinyl group;

30) Ryis a pyridin-3-yl group;

31) R» is a substituted heteroaryl group;

32) Ry is a heteroaryl group substituted with one or more C4-Cg alkyl, C(O)NHR”, SO.NHR", cyano,
C(S)NHR", C(O)OR", hydroxyl, alkoxy, CHx(CH,)»Q, halogen or a 5-6 membered heteroaryl
group, where R" is selected from hydrogen, C4-C; alkyl, C4-Cg cycloatkyl and C4-Cg alkenyi; mis
an integer selected from 0 to 6; and Q is selected from C(OYNHR", SO,R", SO,NHR", cyano,
hydroxyl, alkoxy, C(S)INHR" and C(O)OR";

33) R is a substituted heteroaryl group such as 6-methyl-pyridin-3-yi;
34) Ry is 6-methyl-pyridin-3-yi group;

35) Rj is a substituted saturated heterocycle, such as but not limited to 3-piperidine, 4-piperidine,
tetrahydropyrane, 3-pyrrolidine or tetrahydrofuran;

H

|
77X
Y
NC
L

36) R4 is wherein Z and independently one or two Y are as described above,

37) R1 1S
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“"O\
Y

38) Ry is wherein Y is as described above;

Nc@\
A
NC\Q\
40) Ry is Y

the carbon to which they are attached together form a 3-6 membered cycloalkyl ring optionally

39) Ry is wherein Y' is a C41-Cg alkyl, such as methyl and ethyl;

wherein Y' is a C4-Cg alkyl, such as methyl and ethyl, and R; and R4 and

substituted with one or more fluoro or hydroxyl groups, and in which one of the carbons is
optionally an oxygen or nitrogen;

NCQ\
v
NCQ\
42) Ry is Y

attached together'form a 3-6 membered cycloalkyl ring optionally substituted with one or more

41) R4 is wherein Y' is CF3;

wherein Y’ is CF3, and Rz and R4 and the carbon to which they are

fluoro or hydroxyl groups, and in which one of the carbons is optionally an oxygen or nitrogen,;

NC
R'O : ®

43) Ryis ~wherein R’ is C41-C3 alkyl;
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NC
R'O: : »
44) R4 is , wherein R’ is C4-C5 alkyl, and R3 and R4 and the carbon to which they
are attached together form a 3-6 membered cycloalkyl ring optionally substituted with one or

more fluoro or hydroxyl groups, and in which one of the carbons is optionally an oxygen or
nitrogen;

NC
R’Oj : »
45) R;is ~wherein R’ is CFj;
NC
R'O: : »
46) Rqis ~wherein R’ is CF,, and R; and R4 and the carbon to which they are

attached together form a 3-6 membered cycloalkyl ring optionally substituted with one or more

fluoro or hydroxyl groups, and in which one of the carbons is optionally an oxygen or nitrogen,;

NC

N
p:

47) R4 18 Y’ . wherein Z is as described above and Y’ is alkyl such as methyl and ethyl;
H
NC \
|
27X
48) ; Ry s Y’ . wherein Z is as described above and Y' is alkyl such as methyl and

ethyl, and R3 and R4 and the carbon to which they are attached together form a 3-6 membered
cycloalkyl ring optionally substituted with one or more fluoro or hydroxyl groups, and in which

one of the carbons is optionally an oxygen or nitrogen;

H

|
27X
Yl

“wherein Z is as described above and Y' is CF3; and/or
25

49) R4 18

22427523.1



CA 02772579 2013-08-13

CA 2,772,579
Blakes Ref: 79534/00001

H
NC N
27X
50) R, is Y’ - wherein Z is as described above and Y' is CF3, and R; and R4 and the

carbon to which they are attached together form a 3-6 membered cycloalkyl ring optionally
substituted with one or more fluoro or hydroxyl groups, and in which one of the carbons is

optionally an oxygen or nitrogen.

[0069] In certain embodiments, the present invention defines particular classes of compounds of

special interest, in one aspect, compounds of formula (l1):

S

R'1\NJ<
R
A

W Flt\'gR"‘ (11)

or a pharmaceutically-acceptable salt, solvate, hydrate, prodrug or derivative thereof,

wherein R'¢ is selected from

NC
77X R'O

Y’ Y’

wherein Z is selected from hydrogen, CF3, alkoxy, CF3;0, halogen, cyano and C4-C4 alkyl

optionally substituted with one or more halogen,;
Y’ is selected from alkyl and CFj;
R’ is selected from C4-C; alkyl or CF3;

W is selected from oxygen, suifur and two hydrogens;

R’; and R4 and the carbon to which they are attached together form a 3-6 membered
cycloalkyl ring wherein one or more carbons may be optional substituted with one or more

fluoro or hydroxyl groups, and wherein one of the carbons is optionally an oxygen or

nitrogen; and
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Rz is a substituted or unsubstituted alkyl, aryl, heteroaryl or heterocyclic group.

NC ’ X
o
[0070] In certain embodiments, R’; is Y wherein Y’ is methyl, ethyl, or CF.
NC
R'O : ®
[0071] In certain embodiments, R’y is wherein R’ is methyl, ethyl or CF.
H
NC i N
27X
[0072] In certain embodiments, R4 is Y’ wherein Y’ independently is one or two

methyl, ethyl or CF3, and Z is halogen, methoxy, cyano, methyl or CFs.
[0073] In certain embodiments of compounds of formula (ll), W is oxygen.

[0074] In certain embodiments, R, is a phenyl or naphthyl group. In certain embodiments, R» is an
aryl group substituted with one or more C4-Cg alkyl, C(O)NHR”, SO,R”, SO,NHR", cyano, hydroxyl|,
alkoxy, C(S)NHR", C(O)OR", CH»(CH,),Q, halogen or a 5-6 membered heteroaryl group, where R”
is selected from hydrogen, C-Cg alkyl, C4-Cg cycloalkyl and C4-Cg alkenyl; m is an integer selected
from 0 to 6; and Q is selected from C(O)NHR", SO,R", SO,NHR", cyano, hydroxyl, alkoxy,
C(SINHR" and C(O)OR".

[0075] . In certain embodiments, R, is 4-fluorophenyl, 2-fluoro-4-methylamido-phenyl, 4-tolyi, 3-
fluoro-4-methyl-phenyl, 4-cyanophenyl, 4-methylsulfonyl-phenyl, or 4-ethoxylcarbonylphenyt.

[0076] In certain embodiments R; is an unsubstituted heteroaryl group. In certain embodiments R
is a pyridyl group. In certain embodiments, R, is a heteroaryl group substituted with one or more C-
Cs alkyl, C(O)NHR”, SO,NHR", cyano, C(S)NHR", C(O)OR’, hydroxyl, alkoxy, CH2(CH2)»Q, halogen
or a 5-6 membered heteroaryl group, where R” is selected from hydrogen, C1-Cs alkyl, C4-Ce
cycloalkyl and C4-Cg alkenyl; m is an integer selected from 0 to 6; and Q is selected from C(O)NHR",
SO,R", SO,NHR", cyano, hydroxyl, alkoxy, C(S)NHR" and C(O)OR". In certain embodiments, R; is a
substituted pyridyl group. In certain embodiments, R, is 6-methyl-pyridin-3-yl.
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[0077] In certain embodiments, R, is a substituted alkyl group. In certain embodiments, R, is a
substituted saturated heterocyclic group. In certain embodiments, R, is a substituted saturated

heterocycle, such as but not limited to 3-piperidine, 4-piperidine, tetrahydropyrane, 3-pyrrolidine or
tetrahydrofuran.

[0078] In certain embodiments, R’; and R'; and the carbon to which they are attached together form

a cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl ring which may be optionally substituted with one
or more fluoro or hydroxyl groups.

[0079] In certain embodiments, R, is a substituted saturated heterocycle, such as but not limited to
3-piperidine, 4-piperidine, tetrahydropyrane, 3-pyrrolidine or tetrahydrofuran.

[0080] Non-limiting examples of compounds in this embodiment of formuia (II) include:

O PG W AN
MeO ﬁ” « [ “NHMe NJ(N NHMe | N%N/@/KNHMe
/
oL T I s S

[0081] In preferred embodiments, R’ is methyl, CF; or ethyl. In certain preferred embodiments, W is
oxygen. In certain embodiments, W is sulfur. In certain preferred embodiments, R; and R4 and the
carbon to which they are attached together form a 3-6 membered cycloalkyl ring. In other preferred
embodiments, one of the carbons in the 3-6 membered cycloalkyl ring is an oxygen or nitrogen. In
certain preferred embodiments, the ring is a cyclobutyl group. In certain embodiments the ring is a
cyclopentyl group. In certain embodiments the ring is a cyclohexyl group. In certain embodiments,

R, is a substituted aryl group. In certain embodiments, R is phenyl. In certain embodiments, R; is a
substituted heteroaryl group.

[0082] Non-imiting examples of compounds in this embodiment of formula (ll) include compounds
of formula (l1A):
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R
v AN

W F[;g R4 (LIA)
[0083] In compounds of formula (llA), Y' can be alkyl such as methyl or ethyl. In other
embodiments, Y' can be CF;. In certain embodiments, Y' can independently be two of any of the
foregoing substituents. In certain embodiments, W is oxygen. In certain embodiments, Z is
hydrogen. In certain embodiments, Z is C4-C,4 alkyl optionally substituted with one or more halogen
groups, such as but not limited to methyl and ethyi. in certain embodiments, Z is CF3. In certain
embodiments, Z is alkoxy. In certain embodiments Z is CF3;0. In certain embodiments, Z is

halogen. In certain embodiments, Z is cyano. In certain preferred embodiments, Z is fluoro. In
certain embodiments, W is sulfur. In certain embodiments, W is two hydrogens.

[0084] In certain preferred embodiments, W is oxygen.

[0085] In certain embodiments, R3* and R,' and the carbon to which they are attached together form
a 3-6 membered cycloalky! ring in which one of the carbons is optionally an oxygen or nitrogen. In
certain embodiments, the ring is a cyclopropyl group. In certain embodiments the ring is a cyclobutyi
group. In certain embodiments the ring is a cyclopentyl group. In certain embodiments the ring is a
cyclohexyl group. In certain embodiments, R; and R, together form a 3-6 membered cycloalkyl ring
in which one of the carbons is optionally substituted with one or more fluoro groups. In certain
embodiments the ring is a cyclobutyl group. In certain embodiments the ring is a cyclopentyl group.
In certain embodiments the ring is a cyclohexyl group. In preferred embodiments, the ring is a
cyclobutyl group.

[0086] In certain embodiments, R, is an aryl group substituted with one or more C+-Cg alkyl,
C(O)NHR”, SO,R”, SO,NHR", cyano, hydroxyl, alkoxy, C(S)NHR", C(O)OR", CH,(CH,)~Q, halogen
or a 5-6 membered heteroaryl group, where R” is selected from hydrogen, C4-Cg alkyl, C1-Ce
cycloalkyl and C4-Cg alkenyl: m is an integer selected from 0 to 6; and Q is selected from C(O)NHR",
SO,R", SO,NHR", cyano, hydroxyl, alkoxy, C(S)NHR" and C(O)OR".

[0087] In certain embodiments, R; is a substituted phenyl or naphthyl group. In certain
embodiments, R, is 4-fluorophenyl, 2-fluoro-4-methylamido-phenyl, 4-tolyl, 3-fluoro-4-methyl-phenyl,
4-cyanophenyl, 4-methylsulfonyl-phenyl, or 4-ethoxyicarbonyipheny!.
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[0088] In certain embodiments, R, is a heteroaryl group substituted with one or more C4-Cg alkyl,
C(O)NHR", SO,NHR”, cyano, C(S)NHR”, C(O)OR”, hydroxyl, alkoxy, CH,(CH2),Q, halogen or a 5-6
membered heteroaryl group, where R” is selected from hydrogen, C4-Cg alkyl, C4-Cg cycloalkyl and
C1-Cg alkenyl; m is an integer selected from 0 to 6; and Q is selected from C(O)NHR", SO.R",
SO,NHR", cyano, hydroxyl, alkoxy, C(S)NHR" and C(O)OR". In certain embodiments, R is a
substituted pyridyl group. In certain embodiments, R, is 6-methyl-pyridin-3-yl.

[0089] In certain embodiments, R, is a substituted alkyl group. In certain embodiment, R, is a
substituted saturated heterocyclic group, such as but not limited to 3-piperidine, 4-piperidine,
tetrahydropyrane, 3-pyrrolidine or tetrahydrofuran.

[0090] Non-limiting examples of compounds in this embodiment of formula (l1) include compounds

of formula (118):
NC
QW
RO N

SN

W RI’\'sR"‘ (1IB)
[0091] In compounds of formula (lIB), R’ can be C4-C; alkyl, such as methyl and ethyl. In other
embodiments, R’ can be CFs.

[0092] In certain preferred embodiments, W is oxygen.

[0093] In certain embodiments, R;‘ and R4 and the carbon to which they are attached together form
a 3-6 membered cycloalkyl ring in which one of the carbons is optionally an oxygen or nitrogen. In
certain embodiments, the ring is a cyclopropyl group. In certain embodiments the ring is a cyclobutyl
group. In certain embodiments the ring is a cyclopentyl group. In certain embodiments the ring is a
cyclohexyl group. In certain embodiments, R; and R, together form a 3-6 membered cycloalkyl ring
in which one of the carbons is optionally substituted with one or more fluoro groups. In certain
embodiments the ring is a cyclobutyl group. In certain embodiments the ring is a cyclopentyl group.

In certain embodiments the ring is a cyclohexyl group. In preferred embodiments, the ring is a
cyclobutyl group.

[0094] In certain embodiments, R, is an aryl group substituted with one or more C4-Cs alkyl,
C(O)NHR”, SO,R", SO,NHR”, cyano, hydroxyl, alkoxy, C(S)NHR", C(O)OR", CH»(CH»)»Q, halogen
or a 5-6 membered heteroaryl group, where R” is selected from hydrogen, C4-Cg alkyl, C1-Ce
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cycloalkyl and C4-Cg alkenyl, m is an integer selected from 0 to 6; and Q is selected from C(O)NHR",
SO,R", SO;NHR”, cyano, hydroxyl, alkoxy, C(S)NHR” and C(O)OR".

[0095] In certain embodiments, R; is a substituted phenyl or naphthyl group. In certain
embodiments, R; is 4-fluorophenyl, 2-fluoro-4-methylamido-phenyl, 4-tolyl, 3-fluoro-4-methyi-pheny,
4-cyanophenyl, 4-methylsulfonyl-phenyl, or 4-ethoxylcarbonylphenyil.

[0096] in certain embodiments, R; is a heteroaryl group substituted with one or more C-Cg alkyl,
C(O)NHR", SO,NHR", cyano, C(S)NHR”, C(O)OR”, hydroxyl, alkoxy, CH,(CH,),,Q, halogen or a 5-6
membered heteroaryl group, where R” is selected from hydrogen, C4-Cg alkyl, C4-Cg cycloalkyl and
C1-Cg alkenyl; mis an integer selected from 0 to 6; and Q is selected from C(O)NHR”, SO,R’,
SO,NHR", cyano, hydroxyl, alkoxy, C(S)NHR” and C(O)OR". In certain embodiments, R, is a
substituted pyridyl group. In certain embodiments, R, is 6-methyl-pyridin-3-yl.

[0097] In certain embodiments, R; is a substituted alkyl group. In certain embodiment, R, is a
substituted saturated heterocyclic group, such as but not limited to 3-piperidine, 4-piperidine,
tetrahydropyrane, 3-pyrrolidine or tetrahydrofuran.

[0098] Non-limiting examples of such compounds include

NS W FoE IS O W
MeO N ,@ANHMe MeO NJ( O
/ AN N
O)b F S
and O

[0099] Non-limiting examples of compounds in this embodiment of formula (ll) include compounds

of formula (IIC):
NC
=
S W,
' NHRZ

Y
W R4 (I1IC)

R'3
[00100] In compounds of formula (IIC), Y’ can be alkyl such as methyl or ethyl. In other
embodiments, Y’ can be CF5. In certain embodiments, Y’ can independently be two or three of any of
the foregoing substituents.
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[00101]In certain preferred embodiments, W is oxygen.

[00102]In certain embodiments, R3’ and R4 and the carbon to which they are attached together form
a 3-6 membered cycloalkyl ring in which one of the carbons is optionally an oxygen or nitrogen. In
certain embodiments, Rs' and R4’ together form a 3-6 membered cycloalkyl ring in which one of the
carbons is optionally an oxygen or nitrogen and one of the carbons is optionally a substituted with
one or more fluoro or hydroxy groups. In certain embodiments, the ring is a cyclopropyl group. In
certain embodiments the ring is a cyclobutyl group. In certain embodiments the ring is a cyclopentyil
group. In certain embodiments the ring is a cyclohexyl group. In certain embodiments, R; and R4
together form a 3-6 membered cycloalkyl ring in which one of the carbons is optionally substituted
with one or more fluoro groups. In certain embodiments the ring is a cyclobutyl group. In certain

embodiments the ring is a cyclopentyl group. In certain embodiments the ring is a cyclohexyl group.
In preferred embodiments, the ring is a cyclobuty! group.

[00103]In certain embodiments, R, is an aryl group substituted with one or more C4-Cg alkyl,
C(O)NHR", SO,R", SO,NHR”, cyano, hydroxyl, alkoxy, C(S)NHR", C(O)OR", CH2(CH;)»Q, halogen
or a 5-6 membered heteroaryl group, where R" is selected from hydrogen, C4-Cg alkyl, C4-Cg

cycloalkyl and C4-Cg alkenyl; m is an integer selected from @ to 6; and Q is selected from C(O)NHR",
SO,R", SONHR", cyano, hydroxyl, alkoxy, C(S)NHR" and C(O)OR".

[00104]In certain embodiments, R, is a substituted phenyl or naphthyl group. In certain
embodiments, R, is 4-fluorophenyl, 2-fluoro-4-methylamido-phenyl, 4-tolyl, 3-fluoro-4-methyl-phenyl,
4-cyanophenyl, 4-methylsulfonyl-phenyl, or 4-ethoxylcarbonylphenyl.

[00105]In certain embodiments, R; is a heteroaryl group substituted with one or more C4-Cg alkyl,
C(O)NHR”, SO,NHR", cyano, C(S)NHR", C(O)OR”, hydroxyl, alkoxy, CH>(CH2)»Q, halogen or a 5-6
membered heteroaryl group, where R” is selected from hydrogen, C1-Cg alkyl, C4-Cg cycloalkyl and
C4-Cg alkenyl; m is an integer selected from 0 to 6; and Q is selected from C(O)NHR", SO2R",
SO,.NHR", cyano, hydroxyl, alkoxy, C(S)NHR” and C(O)OR". In certain embodiments, Rz 1s a
substituted pyridyl group. In certain embodiments, R, is 6-methyl-pyridin-3-yl.

[00106]In certain embodiments, R; is a substituted alkyl group. In certain embodiment, Rz Is a
substituted saturated heterocyclic group, such as but not limited to 3-piperidine, 4-piperidine,
tetrahydropyrane, 3-pyrrolidine or tetrahydrofuran.

[00107]Non-limiting examples of compounds in this embodiment of formula (HC) include:
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[00108]In certain embodiments, the present invention defines particular classes of compounds of
formula (1) that are of special interest, referred to above as formula (lil):

or a pharmaceutically-acceptable salt, solvate, hydrate, prodrug or derivative thereof,
wherein Z; is selected from CF3;0, methyl, CH,F, CHF»,, CF3, methoxy, halogen and cyano;
X is selected from halogen, alkoxy, CF30, hydroxyl and cyano;

W is selected from oxygen, sulfur and two hydrogens;

R"; and R”4 are methyl, or R";3 and R"; and the carbon to which they are attached together

form a 3-6 membered alkyl ring which may be optionally substituted with one or more fluoro
or hydroxyl groups; and

R, is a substituted or unsubstituted alkyl, aryl, heteroaryl or heterocyclic group.
[00109]In certain embodiments, Z4 is methyl, CH,F, CHF,, CF3;, methoxy, halogen and cyano.

[00110}in certain embodiments, X is halogen.

[00111]In certain embodiments, R; is a phenyl or naphthyl group. In certain embodiments, R; Is an
aryl group substituted with one or more C4-Cg alkyl, C(O)NHR", SO,R", SO,NHR", cyano, hydroxyl,
alkoxy, C(S)NHR”, C(O)OR", CH,(CH,)»Q, halogen or a 5-6 membered heteroaryl group, where R
is selected from hydrogen, C4-Cg alkyl, C1-Cg cycloalkyl and C4-Cg alkenyl; m is an integer selected
from O to 6; and Q is selected from C(O)NHR”, SO,R", SO,NHR", cyano, hydroxyl, alkoxy,
C(S)NHR" and C(O)OR".
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[00112]In certain embodiments, R, is 4-fluorophenyl, 2-fluoro-4-methylamido-phenyl, 4-tolyl, 3-
fluoro-4-methyl-phenyl, 4-cyanophenyl, 4-methylsulfonyl-phenyl, or 4-ethoxylcarbonyiphenyi.

[00113]In certain embodiments R, is an unsubstituted heteroaryl group. In certain embodiments R,
IS a pyridyl group. In certain embodiments, R, is a heteroaryl group substituted with one or more Cs-
Ce alkyl, C(OINHR", SO,NHR", cyano, C(S)NHR", C(O)OR", hydroxyl, alkoxy, CH,(CH,)Q, halogen
or a 5-6 membered heteroaryl group, where R" is selected from hydrogen, C4-Cg alkyl, C4-Cg
cycloalkyl and C4-Cg alkenyl; m is an integer selected from 0 to 6; and Q is selected from C(O)NHR’,
SO2R", SO,NHR, cyano, hydroxyl, alkoxy, C(S)NHR"™ and C(O)OR". In certain embodiments, R is a
substituted pyridyl group. In certain embodiments, R, is 6-methyl-pyridin-3-yl.

[00114]In certain embodiments, R, is a substituted alkyl group. In certain embodiments, R, is a
substituted saturated heterocyclic group. In certain embodiments, R, is a substituted saturated

heterocycle, such as but not limited to 3-piperidine, 4-piperidine, tetrahydropyrane, 3-pyrrolidine or
tetrahydrofuran.

100115]1In certain embodiments, R'; and R'4 and the carbon to which they are attached together form

a cyclopropyl, cyclobutyl, cyclopentyl, or cyclohexyl ring which may be optionally substituted with
one or more fluoro or hydroxyl groups.

[00116]In certain embodiments, R, is a substituted saturated heterocycle, such as but not limited to
3-piperidine, 4-piperidine, tetrahydropyrane, 3-pyrrolidine or tetrahydrofuran.
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[00117]Non-imiting examples of compounds of formula (11}

include
O
“F FaC MeO T
O F O e F O/ |
O O O

S SO,Me g CN NG S e |
NC U NG U JC IS N
Q Aoy VN NN

[ % [ Xy _J
Cl “* C /
F G F g “Fd
F SOzMe
S O/ S = | NC -/
NG NC I \ VK
N" "N NN <~/ N N
/ MeO
— MeO 2* f'“
O
CN
S NHMe S S
2N N~ N F N~ N
N N F =
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. COOEt
NC -/ O/
S
S NC— /T \ JKN

NC-—/ ~ N
B NJKN F — I\}J\F " RC | Ve /i
F3C - 4 T MeQO L O/ / o
ey JCF
N)LZN
d
and ¢I” O}/ /

[00118]!In certain embodiments, the present invention defines particular classes of compounds of
formula (l) that are of special interest, referred to above as formula (1V):

or a pharmaceutically-acceptable salt, solvate, hydrate, prodrug or derivative thereof,
wherein Z; is selected from CF3;0, methyl, CH,F, CHF,, CF3, methoxy, halogen and cyano;
X is selected from halogen, alkoxy, CF;0, hydroxyl and cyano;

W is selected from oxygen, sulfur and two hydrogens;

R"; and R"4 are methyl, or R"; and R"4 and the carbon to which they are attached together
form a 3-6 membered cycloalkyl ring optionally substituted with one or more fluoro or
hydroxyl groups;

B is independently selected from one or more hydrogen, cyano, methyl, CF3 or halogen; and

A is selected from C4-Cg alkyl, C(O)NHR", SO,R", SO,NHR", cyano, hydroxyl, alkoxy,
C(S)NHR”, C(O)OR", CH»(CH>),Q, halogen and a 5-6 membered heteroaryl group, where R”
is selected from hydrogen, C4-Cg alkyl, C4-C¢ cycloalkyl and C+-Ce alkenyl; m is an integer
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selected from 0 to 6; and Q is selected from C(O)NHR", SO,R", SO,NHR", cyano, hydroxyl,
alkoxy, C(S)INHR" and C(O)OR".

[00119]In certain embodiments, Z; is methyl, CHyF, CHF,, CF3, methoxy, halogen or cyano.

[00120]In certain embodiments, X is halogen.
[00121]1In certain embodiments, W is oxygen.

[00122]In certain embodiments, R"; and R”4 are methyl, or R"; and R"4 and the carbon to which they

are attached together form a cyclopropyl or cyclobutyl or cyclopentyl or cyclohexyl ring which may be
optionally substituted with one or more fluoro or hydroxyl groups.

[00123]In certain embodiments, B is independently one or more hydrogen, cyano, methyl, CF; or
halogen. In certain embodiments, B is hydrogen. In certain embodiment B is cyano. In certain
embodiments, B is methyl. In certain embodiments B is CF3. In certain embodiments, B is halogen.

[00124]In certain embodiments, A is methyl, ethyl, halogen, C(O)NHCH,;, C(O)NH,, cyano, methoxy,
ethoxy, SOgMe, SOZNHZCH3 or SOQNHZ.

[00125]In certain embodiments, A and B taken together with the phenyl group to which they are
attached is 4-fluorophenyl, 2-fluoro-4-methylamido-phenyl, 4-tolyl, 3-fluoro-4-methyl-phenyl, 4-
cyanophenyl, 4-methylsulfonyi-phenyl, or 4-ethoxylcarbonylphenyit.

[00126]In certain preferred embodiments, Z, is CFs. In certain preferred embodiments, X is fluoro.
In certain preferred embodiments, W is oxygen. In certain preferred embodiments, R3" and R4’ are
both methyls. In preferred embodiments, R;" and Rs" and the carbon to which they are attached

together is a cyclobutyl group. In certain preferred embodiments, A is CONHMe, methyl, CN, or
COOEt. In certain embodiments, B is a fluoro group adjacent to the A group.

[00127]Non-limiting examples of the compounds of formula (1V) include:
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[00128]Some of the foregoing compounds can comprise one or more asymmetric centers, and thus
can exist in various isomeric forms, e.qg., stereoisomers and/or diastereomers. Thus, inventive
compounds and pharmaceutical compositions thereof may be in the form of an individual
enantiomer, diastereomer or geometric isomer, or may be in the form of a mixture of stereocisomers.
In certain embodiments, the compounds of the invention are enantiopure compounds. In certain

other embodiments, mixtures of stereocisomers or diastereomers are provided.

[00129]Furthermore, certain compounds, as described herein may have one or more double bonds
that can exist as either the Z or E isomer, unless otherwise indicated. The invention additionally
encompasses the compounds as individual isomers substantially free of other isomers and
alternatively, as mixtures of various isomers, €.g., racemic mixtures of stereoisomers. In addition to
the above-mentioned compounds per se, this invention also encompasses pharmaceutically
acceptable derivatives of these compounds and compaositions comprising one or more compounds
of the invention and one or more pharmaceutically acceptable excipients or additives.

[00130]Compounds of the invention may be prepared by crystallization of compound of formula (1),
(1), (II1) and (IV) under different conditions and may exist as one or a combination of polymorphs of
compound of general formula (1), (Il), (Ill) and (IV) forming part of this invention. For example,
different polymorphs may be identified and/or prepared using different solvents, or different mixtures
of solvents for recrystallization; by performing crystallizations at different temperatures; or by using
various modes of cooling, ranging from very fast to very slow cooling during crystallizations.
Polymorphs may<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>