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INHIBITORS OF LYSINE SPECIFIC DEMETHYLASE-1

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application 62/020,886,

filed July 3, 2014, which is incorporated herein by reference in its entirety.

BACKGROUND

[0002] A need exists in the art for an effective treatment of cancer and neoplastic disease.

BRIEF SUMMARY OF THE INVENTION

[0003] Provided herein are substituted heterocyclic derivative compounds and
pharmaceutical compositions comprising said compounds. The subject compounds and
compositions are useful for inhibition lysine specific demethylase-1 (LSD-1). Furthermore,
the subject compounds and compositions are useful for the treatment of cancer, such as
prostate cancer, breast cancer, bladder cancer, lung cancer and/or melanoma and the like.
The substituted heterocyclic derivative compounds described herein are based upon a
central heterocyclic ring system, such as a thiazole or pyrimidinone, or the like. Said central
heterocyclic ring system is further substituted with additional substituents, such as for
example, a 4-cyanophenyl group and a heterocyclyl group.

[0003a] A first aspect of the invention provides for a compound having the structure of

Formula (I), or a pharmaceutically acceptable salt thereof,

(I
wherein,

W1 and W2 are independently chosen from N, C-H, or C-F;

X 1s chosen from hydrogen, optionally substituted alkyl, optionally substituted
cycloalkyl, optionally substituted heterocyclyl, optionally substituted cycloalkylalkyl,
optionally substituted heterocyclylalkyl, optionally substituted aralkyl, optionally
substituted heteroarylalkyl, optionally substituted aryl, or optionally substituted heteroaryl;

(22404671_1):KZA
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Y is chosen from hydrogen, halogen, optionally substituted alkyl, or optionally
substituted cycloalkylalkyl; and

Z is chosen from an optionally substituted group chosen from N-heterocyclyl,
-O-heterocyclylalkyl,  -N(H)-heterocyclylalkyl,  -N(H)-alkyl, = -N(Me)-alkyl, or
-N(Me)-heterocyclylalkyl.
[0003b] A second aspect of the invention provides for a pharmaceutical composition
comprising a compound of Formula (I), according to the first aspect of the invention, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable excipient.
[0003c] A third aspect of the invention provides for a method of regulating gene
transcription in a cell comprising inhibiting lysine-specific demethylase 1 activity by
exposing the lysine-specific demethylase 1 enzyme to a compound of Formula (I),
according to the first aspect of the invention, or a pharmaceutically acceptance salt thereof,
or a pharmaceutical composition of the second aspect of the invention.
[0003d] A fourth aspect of the invention provides for a method of treating cancer in a
patient in need thereof, comprising administering to the patient a compound of Formula (1),
according to the first aspect of the invention, or a pharmaceutically acceptable salt thereof,
or a pharmaceutical composition of the second aspect of the invention, wherein the cancer
is modulated by lysine specific demethylase-1 inhibition.
[0003e] A fifth aspect of the invention provides for a compound of treating cancer in a
patient in need thereof, comprising administering to the patient a compound of Formula (I),
according to the first aspect of the invention, or a pharmaceutically acceptable salt thereof,
or a pharmaceutical composition of the second aspect of the invention, wherein the cancer
is modulated by lysine specific demethylase-1 inhibition.
[0003f] A sixth aspect of the invention provides for a pharmaceutical composition
comprising a compound of Formula (II), according to the fifth aspect of the invention, or a
pharmaceutically acceptable salt thereof, and a pharmaceutically acceptable excipient.
[0003g] A seventh aspect of the invention provides for a method of regulating gene
transcription in a cell comprising inhibiting lysine-specific demethylase 1 activity by
exposing the lysine-specific demethylase 1 enzyme to a compound of Formula (II),
according to the fifth aspect of the invention, or a pharmaceutically acceptable salt thereof,

or a pharmaceutical composition of the sixth aspect of the invention.

(22404671 _1):KZA
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[0003h] An eighth aspect of the invention provides for a method of treating cancer in a
patient in need thereof, comprising administering to the patient a compound of Formula
(IT), according to the fifth aspect of the invention, or a pharmaceutically acceptable salt
thereof, or a pharmaceutical composition of the sixth aspect of the invention, wherein the
cancer is modulated by lysine specific demethylase-1 inhibition.

[0003i] A ninth aspect of the invention provides for use of a compound according to the
first or fifth aspects of the invention, for the manufacture of a medicament for regulating
gene transcription in a cell comprising inhibiting lysine-specific demethylase 1 activity by
exposing the lysine-specific demethylase 1 enzyme to the medicament.

[0004] One embodiment provides a compound having the structure of Formula (I), or a

pharmaceutically acceptable salt thereof,

(I
wherein,

W! and W? are independently chosen from N, C-H, or C-F;

X 1s chosen from hydrogen, optionally substituted alkyl, optionally substituted
cycloalkyl, optionally substituted heterocyclyl, optionally substituted cycloalkylalkyl,
optionally substituted heterocyclylalkyl, optionally substituted aralkyl, optionally
substituted heteroarylalkyl, optionally substituted aryl, or optionally substituted heteroaryl;

(22404671 _1):KZA
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Y is chosen from hydrogen, halogen, optionally substituted alkyl, or optionally
substituted cycloalkylalkyl; and

Z is chosen from an optionally substituted group chosen from N-heterocyclyl, -O-
heterocyclylalkyl, -N(H)-heterocyclylalkyl, -N(H)-alkyl, -N(Me)-alkyl, or -N(Me)-
heterocyclylalkyl.
[0005] One embodiment provides a compound having the structure of Formula (II),

or a pharmaceutically acceptable salt thereof,

NC /WJW2
I

M

Xy

wherein,

W' and W are independently chosen from N, C-H, or C-F;

X 1s chosen from hydrogen, optionally substituted alkyl, optionally substituted
alkoxy, optionally substituted alkylamino, optionally substituted alkynyl, optionally
substituted cycloalkylalkynyl, optionally substituted (cycloalkylalkyl)alkynyl, optionally
substituted heterocyclylalkynyl, optionally substituted (heterocyclylalkyl)alkynyl,
optionally substituted aryl, or optionally substituted heteroaryl; and

Z is chosen from an optionally substituted group chosen from N-heterocyclyl, -
C(O)-N-heterocyclyl, -O-heterocyclylalkyl, -N(H)-heterocyclylalkyl, -N(H)-alkyl, -
N(Me)-alkyl, or -N(Me)-heterocyclylalkyl.

[0006] One embodiment provides a pharmaceutical composition comprising a
compound of Formula (I), or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable excipient.

[0007] One embodiment provides a method of regulating gene transcription in a cell
comprising inhibiting lysine-specific demethylase 1 activity by exposing the lysine-
specific demethylase 1 enzyme to a compound of Formula (I).

[0008] One embodiment provides a method of treating cancer in a patient in need
thereof, comprising administering to the patient a compound of Formula (I), or a
pharmaceutically acceptable salt thereof.

[0009] One embodiment provides a pharmaceutical composition comprising a
compound of Formula (II), or a pharmaceutically acceptable salt thereof, and a

pharmaceutically acceptable excipient.
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[0010] One embodiment provides a method of regulating gene transcription in a cell
comprising inhibiting lysine-specific demethylase 1 activity by exposing the lysine-
specific demethylase 1 enzyme to a compound of Formula (II).

[0011] One embodiment provides a method of treating cancer in a patient in need
thereof, comprising administering to the patient a compound of Formula (II), or a

pharmaceutically acceptable salt thereof.

INCORPORATION BY REFERENCE
[0012] All publications, patents, and patent applications mentioned in this
specification are herein incorporated by reference to the same extent as if each individual
publication, patent, or patent application was specifically and individually indicated to be

incorporated by reference.

DETAILED DESCRIPTION OF THE INVENTION
[0013] As used herein and in the appended claims, the singular forms "a," "and," and
"the" include plural referents unless the context clearly dictates otherwise. Thus, for
example, reference to "an agent" includes a plurality of such agents, and reference to "the
cell" includes reference to one or more cells (or to a plurality of cells) and equivalents
thereof known to those skilled in the art, and so forth. When ranges are used herein for
physical properties, such as molecular weight, or chemical properties, such as chemical
formulae, all combinations and subcombinations of ranges and specific embodiments
therein are intended to be included. The term "about" when referring to a number or a
numerical range means that the number or numerical range referred to is an
approximation within experimental variability (or within statistical experimental error),
and thus the number or numerical range may vary between 1% and 15% of the stated
number or numerical range. The term "comprising" (and related terms such as
"comprise" or "comprises" or "having" or "including") is not intended to exclude that in
other certain embodiments, for example, an embodiment of any composition of matter,
composition, method, or process, or the like, described herein, may "consist of" or
"consist essentially of" the described features.
Definitions
[0014] As used in the specification and appended claims, unless specified to the
contrary, the following terms have the meaning indicated below.
[0015] "Amino" refers to the —NH; radical.
[0016] "Cyano" refers to the -CN radical.
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[0017] "Nitro" refers to the -NO, radical.

[0018] "Oxa" refers to the -O- radical.

[0019] "Oxo" refers to the =0 radical.

[0020] "Thioxo" refers to the =S radical.

[0021] "Imino" refers to the =N-H radical.

[0022] "Oximo" refers to the =N-OH radical.

[0023] "Hydrazino" refers to the =N-NH; radical.

[0024] "Alkyl" refers to a straight or branched hydrocarbon chain radical consisting
solely of carbon and hydrogen atoms, containing no unsaturation, having from one to
fifteen carbon atoms (e.g., Ci-C;s alkyl). In certain embodiments, an alkyl comprises
one to thirteen carbon atoms (e.g., C;-C3 alkyl). In certain embodiments, an alkyl
comprises one to eight carbon atoms (e.g., C;-Cg alkyl). In other embodiments, an alkyl
comprises one to five carbon atoms (e.g., C;-Cs alkyl). In other embodiments, an alkyl
comprises one to four carbon atoms (e.g., C;-C4 alkyl). In other embodiments, an alkyl
comprises one to three carbon atoms (e.g., C;-C; alkyl). In other embodiments, an alkyl
comprises one to two carbon atoms (e.g., C;-C; alkyl). In other embodiments, an alkyl
comprises one carbon atom (e.g., C; alkyl). In other embodiments, an alkyl comprises
five to fifteen carbon atoms (e.g., Cs-C;s alkyl). In other embodiments, an alkyl
comprises five to eight carbon atoms (e.g., Cs-Cg alkyl). In other embodiments, an alkyl
comprises two to five carbon atoms (e.g., C,-Cs alkyl). In other embodiments, an alkyl
comprises three to five carbon atoms (e.g., C3-Cs alkyl). In other embodiments, the alkyl
group 1s selected from methyl, ethyl, 1-propyl (n-propyl), 1-methylethyl (iso-propyl), 1-
butyl (n-butyl), 1-methylpropyl (sec-butyl), 2-methylpropyl (iso-butyl),
1,1-dimethylethyl (zert-butyl), 1-pentyl (n-pentyl). The alkyl is attached to the rest of the
molecule by a single bond. Unless stated otherwise specifically in the specification, an
alkyl group is optionally substituted by one or more of the following substituents: halo,
cyano, nitro, 0xo, thioxo, imino, oximo, trimethylsilanyl, -OR?, -

SR -OC(0)-R?, -N(R"),, -C(O)R?, -C(O)OR?, -C(O)N(R"),, -N(R*)C(O)OR?, -OC(0)- N
(RY),, -N(RH)C(O)R?, -N(RHS(O)R" (where t is 1 or 2), -S(0),OR" (where t is 1 or

2), -S(O)R® (where t is 1 or 2) and -S(O)N(R"), (where t is 1 or 2) where each R* is
independently hydrogen, alkyl (optionally substituted with halogen, hydroxy, methoxy,
or trifluoromethyl), fluoroalkyl, carbocyclyl (optionally substituted with halogen,
hydroxy, methoxy, or trifluoromethyl), carbocyclylalkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), aryl (optionally substituted with
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halogen, hydroxy, methoxy, or trifluoromethyl), aralkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclylalkyl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), heteroaryl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), or heteroarylalkyl (optionally
substituted with halogen, hydroxy, methoxy, or trifluoromethyl).

[0025] "Alkoxy" refers to a radical bonded through an oxygen atom of the formula —
O-alkyl, where alkyl is an alkyl chain as defined above.

[0026] "Alkenyl" refers to a straight or branched hydrocarbon chain radical group
consisting solely of carbon and hydrogen atoms, containing at least one carbon-carbon
double bond, and having from two to twelve carbon atoms. In certain embodiments, an
alkenyl comprises two to eight carbon atoms. In other embodiments, an alkenyl
comprises two to four carbon atoms. The alkenyl is attached to the rest of the molecule
by a single bond, for example, ethenyl (i.e., vinyl), prop-1-enyl (i.e., allyl), but-1-enyl,
pent-1-enyl, penta-1,4-dienyl, and the like. Unless stated otherwise specifically in the
specification, an alkenyl group is optionally substituted by one or more of the following
substituents: halo, cyano, nitro, oxo, thioxo, imino, oximo, trimethylsilanyl, -OR", -

SR, -OC(0)-R?, -N(R"),, -C(O)R?, -C(O)OR?, -C(O)N(R"),, -N(R*)C(O)OR?, -OC(0)- N
(RY2, -N(RH)C(O)R?, -N(RH)S(O)R" (where tis 1 or 2), -S(O),OR" (where t is 1 or

2), -S(O)R* (where t is 1 or 2) and -S(O)N(R"), (where t is 1 or 2) where each R" is
independently hydrogen, alkyl (optionally substituted with halogen, hydroxy, methoxy,
or trifluoromethyl), fluoroalkyl, carbocyclyl (optionally substituted with halogen,
hydroxy, methoxy, or trifluoromethyl), carbocyclylalkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), aryl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), aralkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclylalkyl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), heteroaryl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), or heteroarylalkyl (optionally
substituted with halogen, hydroxy, methoxy, or trifluoromethyl).

[0027] "Alkynyl" refers to a straight or branched hydrocarbon chain radical group
consisting solely of carbon and hydrogen atoms, containing at least one carbon-carbon
triple bond, having from two to twelve carbon atoms. In certain embodiments, an

alkynyl comprises two to eight carbon atoms. In other embodiments, an alkynyl
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comprises two to six carbon atoms. In other embodiments, an alkynyl comprises two to
four carbon atoms. The alkynyl is attached to the rest of the molecule by a single bond,
for example, ethynyl, propynyl, butynyl, pentynyl, hexynyl, and the like. Unless stated
otherwise specifically in the specification, an alkynyl group is optionally substituted by
one or more of the following substituents: halo, cyano, nitro, oxo, thioxo, imino, oximo,
trimethylsilanyl, -OR?, -

SR -OC(0)-R?, -N(R"),, -C(O)R?, -C(O)OR?, -C(O)N(R"),, -N(R*)C(O)OR?, -OC(0)- N
(RY,, -N(RH)C(O)R?, -N(RH)S(0)R" (where tis 1 or 2), -S(O),OR" (where t is 1 or

2), -S(O)R* (where t is 1 or 2) and -S(O)N(R"), (where t is 1 or 2) where each R" is
independently hydrogen, alkyl (optionally substituted with halogen, hydroxy, methoxy,
or trifluoromethyl), fluoroalkyl, carbocyclyl (optionally substituted with halogen,
hydroxy, methoxy, or trifluoromethyl), carbocyclylalkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), aryl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), aralkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclylalkyl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), heteroaryl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), or heteroarylalkyl (optionally
substituted with halogen, hydroxy, methoxy, or trifluoromethyl).

[0028] "Alkylene" or "alkylene chain" refers to a straight or branched divalent
hydrocarbon chain linking the rest of the molecule to a radical group, consisting solely of
carbon and hydrogen, containing no unsaturation and having from one to twelve carbon
atoms, for example, methylene, ethylene, propylene, n-butylene, and the like. The
alkylene chain is attached to the rest of the molecule through a single bond and to the
radical group through a single bond. The points of attachment of the alkylene chain to
the rest of the molecule and to the radical group can be through one carbon in the
alkylene chain or through any two carbons within the chain. In certain embodiments, an
alkylene comprises one to eight carbon atoms (e.g., C;-Cg alkylene). In other
embodiments, an alkylene comprises one to five carbon atoms (e.g., C;-Cs alkylene). In
other embodiments, an alkylene comprises one to four carbon atoms (e.g., C;-Cy4
alkylene). In other embodiments, an alkylene comprises one to three carbon atoms (e.g.,
C,-C; alkylene). In other embodiments, an alkylene comprises one to two carbon atoms
(e.g., Ci-C; alkylene). In other embodiments, an alkylene comprises one carbon atom

(e.g., C; alkylene). In other embodiments, an alkylene comprises five to eight carbon
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atoms (e.g., Cs-Cg alkylene). In other embodiments, an alkylene comprises two to five
carbon atoms (e.g., C,-Cs alkylene). In other embodiments, an alkylene comprises three
to five carbon atoms (e.g., C3-Cs alkylene). Unless stated otherwise specifically in the
specification, an alkylene chain is optionally substituted by one or more of the following
substituents: halo, cyano, nitro, 0xo, thioxo, imino, oximo, trimethylsilanyl, -OR", -

SR, -OC(0)-R?, -N(R"),, -C(O)R?, -C(O)OR?, -C(O)N(R"), -N(R*)C(O)OR?, -OC(0)- N
(RY2, -N(RH)C(O)R?, -N(RH)S(O)R" (where tis 1 or 2), -S(O),OR" (where t is 1 or

2), -S(O)R* (where tis 1 or 2) and -S(O)N(R"), (where t is 1 or 2) where each R* is
independently hydrogen, alkyl (optionally substituted with halogen, hydroxy, methoxy,
or trifluoromethyl), fluoroalkyl, carbocyclyl (optionally substituted with halogen,
hydroxy, methoxy, or trifluoromethyl), carbocyclylalkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), aryl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), aralkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclylalkyl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), heteroaryl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), or heteroarylalkyl (optionally
substituted with halogen, hydroxy, methoxy, or trifluoromethyl).

[0029] "Alkynylene" or "alkynylene chain" refers to a straight or branched divalent
hydrocarbon chain linking the rest of the molecule to a radical group, consisting solely of
carbon and hydrogen, containing at least one carbon-carbon triple bond, and having from
two to twelve carbon atoms. The alkynylene chain is attached to the rest of the molecule
through a single bond and to the radical group through a single bond. In certain
embodiments, an alkynylene comprises two to eight carbon atoms (e.g., C>-Cs
alkynylene). In other embodiments, an alkynylene comprises two to five carbon atoms
(e.g., C»-Cs alkynylene). In other embodiments, an alkynylene comprises two to four
carbon atoms (e.g., C,-C4 alkynylene). In other embodiments, an alkynylene comprises
two to three carbon atoms (e.g., C,-C; alkynylene). In other embodiments, an alkynylene
comprises two carbon atom (e.g., C, alkylene). In other embodiments, an alkynylene
comprises five to eight carbon atoms (e.g., Cs-Cg alkynylene). In other embodiments, an
alkynylene comprises three to five carbon atoms (e.g., C3-Cs alkynylene). Unless stated
otherwise specifically in the specification, an alkynylene chain is optionally substituted
by one or more of the following substituents: halo, cyano, nitro, oxo, thioxo, imino,

oximo, trimethylsilanyl, -OR", -
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SR, -OC(0)-R?, -N(R"),, -C(O)R?, -C(O)OR?, -C(O)N(R"),, -N(R*)C(O)OR?, -OC(0)- N
(R%2, -N(RH)C(O)R?, -N(RH)S(O)R" (where tis 1 or 2), -S(O),OR" (where t is 1 or

2), -S(O)R* (where t is 1 or 2) and -S(O)N(R"), (where t is 1 or 2) where each R" is
independently hydrogen, alkyl (optionally substituted with halogen, hydroxy, methoxy,
or trifluoromethyl), fluoroalkyl, carbocyclyl (optionally substituted with halogen,
hydroxy, methoxy, or trifluoromethyl), carbocyclylalkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), aryl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), aralkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclylalkyl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), heteroaryl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), or heteroarylalkyl (optionally
substituted with halogen, hydroxy, methoxy, or trifluoromethyl).

[0030] "Aryl" refers to a radical derived from an aromatic monocyclic or multicyclic
hydrocarbon ring system by removing a hydrogen atom from a ring carbon atom. The
aromatic monocyclic or multicyclic hydrocarbon ring system contains only hydrogen and
carbon from five to eighteen carbon atoms, where at least one of the rings in the ring
system is fully unsaturated, i.e., it contains a cyclic, delocalized (4n+2) n—electron
system in accordance with the Hiickel theory. The ring system from which aryl groups
are derived include, but are not limited to, groups such as benzene, fluorene, indane,
indene, tetralin and naphthalene. Unless stated otherwise specifically in the
specification, the term "aryl" or the prefix "ar-" (such as in "aralkyl") is meant to include
aryl radicals optionally substituted by one or more substituents independently selected
from alkyl, alkenyl, alkynyl, halo, fluoroalkyl, cyano, nitro, optionally substituted aryl,
optionally substituted aralkyl, optionally substituted aralkenyl, optionally substituted
aralkynyl, optionally substituted carbocyclyl, optionally substituted carbocyclylalkyl,
optionally substituted heterocyclyl, optionally substituted heterocyclylalkyl, optionally
substituted heteroaryl, optionally substituted

heteroarylalkyl, -R°-OR? -R°-OC(0)-R?, -R°-OC(0)-OR?, -R"-OC(0)-N(R%),, -R°-N(R?)
», -RP-C(O)R?, -R°-C(O)OR?, -R°-C(O)N(R™),, -RP-O-R°-C(O)N(R™),, -R°-N(R*)C(0O)OR
* -R°-N(R*C(O)R? -R°-N(R*)S(O)R* (where t is 1 or 2), -R°-S(O)R* (where t is 1 or
2), -R"-S(0),OR* (where t is 1 or 2) and -R°-S(O)N(R®), (where t is 1 or 2), where each
R® is independently hydrogen, alkyl (optionally substituted with halogen, hydroxy,
methoxy, or trifluoromethyl), fluoroalkyl, cycloalkyl (optionally substituted with
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halogen, hydroxy, methoxy, or trifluoromethyl), cycloalkylalkyl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), aryl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), aralkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclylalkyl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), heteroaryl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), or heteroarylalkyl (optionally
substituted with halogen, hydroxy, methoxy, or trifluoromethyl), each R" is
independently a direct bond or a straight or branched alkylene or alkenylene chain, and
R® is a straight or branched alkylene or alkenylene chain, and where each of the above
substituents is unsubstituted unless otherwise indicated.

[0031] "Aralkyl" refers to a radical of the formula -R°-aryl where R® is an alkylene
chain as defined above, for example, methylene, ethylene, and the like. The alkylene
chain part of the aralkyl radical is optionally substituted as described above for an
alkylene chain. The aryl part of the aralkyl radical is optionally substituted as described
above for an aryl group.

[0032] "Aralkenyl" refers to a radical of the formula —Rd-aryl where R% is an
alkenylene chain as defined above. The aryl part of the aralkenyl radical is optionally
substituted as described above for an aryl group. The alkenylene chain part of the
aralkenyl radical is optionally substituted as defined above for an alkenylene group.
[0033] "Aralkynyl" refers to a radical of the formula -R®-aryl, where R® is an
alkynylene chain as defined above. The aryl part of the aralkynyl radical is optionally
substituted as described above for an aryl group. The alkynylene chain part of the
aralkynyl radical is optionally substituted as defined above for an alkynylene chain.
[0034] "Aralkoxy" refers to a radical bonded through an oxygen atom of the formula
-O-R‘-aryl where R¢ is an alkylene chain as defined above, for example, methylene,
ethylene, and the like. The alkylene chain part of the aralkyl radical is optionally
substituted as described above for an alkylene chain. The aryl part of the aralkyl radical
1s optionally substituted as described above for an aryl group.

[0035] "Carbocyclyl" refers to a stable non-aromatic monocyclic or polycyclic
hydrocarbon radical consisting solely of carbon and hydrogen atoms, which includes
fused or bridged ring systems, having from three to fifteen carbon atoms. In certain
embodiments, a carbocyclyl comprises three to ten carbon atoms. In other embodiments,

a carbocyclyl comprises five to seven carbon atoms. The carbocyclyl is attached to the
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rest of the molecule by a single bond. Carbocyclyl may be saturated, (i.e., containing
single C-C bonds only) or unsaturated (i.e., containing one or more double bonds or
triple bonds.) A fully saturated carbocyclyl radical is also referred to as "cycloalkyl."
Examples of monocyclic cycloalkyls include, e.g., cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, cycloheptyl, and cyclooctyl. An unsaturated carbocyclyl is also referred to
as "cycloalkenyl." Examples of monocyclic cycloalkenyls include, e.g., cyclopentenyl,
cyclohexenyl, cycloheptenyl, and cyclooctenyl. Polycyclic carbocyclyl radicals include,
for example, adamantyl, norbornyl (i.e., bicyclo[2.2.1]heptanyl), norbornenyl, decalinyl,
7,7-dimethyl-bicyclo[2.2.1]heptanyl, and the like. Unless otherwise stated specifically in
the specification, the term "carbocyclyl" is meant to include carbocyclyl radicals that are
optionally substituted by one or more substituents independently selected from alkyl,
alkenyl, alkynyl, halo, fluoroalkyl, oxo, thioxo, cyano, nitro, optionally substituted aryl,
optionally substituted aralkyl, optionally substituted aralkenyl, optionally substituted
aralkynyl, optionally substituted carbocyclyl, optionally substituted carbocyclylalkyl,
optionally substituted heterocyclyl, optionally substituted heterocyclylalkyl, optionally
substituted heteroaryl, optionally substituted

heteroarylalkyl, -R°-OR? -R°-OC(0)-R?, -R°-OC(0)-OR?, -R"-OC(0)-N(R%),, -R°-N(R?)
2, -RP-C(O)R?, -R°-C(0)OR?, -R°-C(O)N(R™),, -RP-O-R°-C(O)N(R™),, -R°-N(R*)C(0)OR
* -R°-N(R*C(O)R? -R°-N(R*)S(O)R* (where tis 1 or 2), -R°-S(O)R* (where t is 1 or
2), -R"-S(0),0R* (where t is 1 or 2) and -R°-S(O)N(R?), (where t is 1 or 2), where each
R® is independently hydrogen, alkyl (optionally substituted with halogen, hydroxy,
methoxy, or trifluoromethyl), fluoroalkyl, cycloalkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), cycloalkylalkyl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), aryl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), aralkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclylalkyl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), heteroaryl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), or heteroarylalkyl (optionally
substituted with halogen, hydroxy, methoxy, or trifluoromethyl), each R is
independently a direct bond or a straight or branched alkylene or alkenylene chain, and
R® is a straight or branched alkylene or alkenylene chain, and where each of the above

substituents 1s unsubstituted unless otherwise indicated.
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[0036] "Carbocyclylalkyl" refers to a radical of the formula —R°-carbocyclyl where
R®is an alkylene chain as defined above. The alkylene chain and the carbocyclyl radical
1s optionally substituted as defined above.

[0037] "Carbocyclylalkynyl" refers to a radical of the formula —R°-carbocyclyl where
R®is an alkynylene chain as defined above. The alkynylene chain and the carbocyclyl
radical is optionally substituted as defined above.

[0038] "Carbocyclylalkoxy" refers to a radical bonded through an oxygen atom of
the formula —O-R°-carbocyclyl where R® is an alkylene chain as defined above. The
alkylene chain and the carbocyclyl radical is optionally substituted as defined above.
[0039] As used herein, “carboxylic acid bioisostere” refers to a functional group or
moiety that exhibits similar physical, biological and/or chemical properties as a

carboxylic acid moiety. Examples of carboxylic acid bioisosteres include, but are not

limited to,
o) o) BN N-O. N-S
M con o L N LN )i o LN
L T R e O
Y s. o | 0 |
| N | N
\E/( ‘ / ‘ E/;g\OH ‘
OH OH o and the like.
[0040] "Halo" or "halogen" refers to bromo, chloro, fluoro or iodo substituents.
[0041] "Fluoroalkyl" refers to an alkyl radical, as defined above, that is substituted

by one or more fluoro radicals, as defined above, for example, trifluoromethyl,
difluoromethyl, fluoromethyl, 2,2,2-trifluoroethyl, 1-fluoromethyl-2-fluoroethyl, and the
like. The alkyl part of the fluoroalkyl radical may be optionally substituted as defined
above for an alkyl group.

[0042] "Heterocyclyl" refers to a stable 3- to 18-membered non-aromatic ring radical
that comprises two to twelve carbon atoms and from one to six heteroatoms selected
from nitrogen, oxygen and sulfur. Unless stated otherwise specifically in the
specification, the heterocyclyl radical is a monocyclic, bicyclic, tricyclic or tetracyclic
ring system, which may include fused or bridged ring systems. The heteroatoms in the
heterocyclyl radical may be optionally oxidized. One or more nitrogen atoms, if present,
are optionally quaternized. The heterocyclyl radical is partially or fully saturated. The
heterocyclyl may be attached to the rest of the molecule through any atom of the ring(s).
Examples of such heterocyclyl radicals include, but are not limited to, dioxolanyl,

thienyl[ 1,3]dithianyl, decahydroisoquinolyl, imidazolinyl, imidazolidinyl,

11
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1sothiazolidinyl, isoxazolidinyl, morpholinyl, octahydroindolyl, octahydroisoindolyl,
2-oxopiperazinyl, 2-oxopiperidinyl, 2-oxopyrrolidinyl, oxazolidinyl, piperidinyl,
piperazinyl, 4-piperidonyl, pyrrolidinyl, pyrazolidinyl, quinuclidinyl, thiazolidinyl,
tetrahydrofuryl, trithianyl, tetrahydropyranyl, thiomorpholinyl, thiamorpholinyl,
1-oxo-thiomorpholinyl, and 1,1-dioxo-thiomorpholinyl. Unless stated otherwise
specifically in the specification, the term "heterocyclyl" is meant to include heterocyclyl
radicals as defined above that are optionally substituted by one or more substituents
selected from alkyl, alkenyl, alkynyl, halo, fluoroalkyl, oxo, thioxo, cyano, nitro,
optionally substituted aryl, optionally substituted aralkyl, optionally substituted
aralkenyl, optionally substituted aralkynyl, optionally substituted carbocyclyl, optionally
substituted carbocyclylalkyl, optionally substituted heterocyclyl, optionally substituted
heterocyclylalkyl, optionally substituted heteroaryl, optionally substituted
heteroarylalkyl, -R°-OR? -R°-OC(0)-R?, -R°-OC(0)-OR?, -R"-OC(0)-N(R%),, -R°-N(R?)
2, -RP-C(O)R?, -R°-C(0)OR?, -R°-C(O)N(R™),, -RP-O-R°-C(O)N(R™),, -R°-N(R*)C(0O)OR
* -R°-N(R*C(O)R? -R°-N(R*)S(O)R* (where tis 1 or 2), -R°-S(O)R* (where t is 1 or
2), -R"-S(0),0R* (where t is 1 or 2) and -R°-S(O)N(R®), (where t is 1 or 2), where each
R® is independently hydrogen, alkyl (optionally substituted with halogen, hydroxy,
methoxy, or trifluoromethyl), fluoroalkyl, cycloalkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), cycloalkylalkyl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), aryl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), aralkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclylalkyl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), heteroaryl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), or heteroarylalkyl (optionally
substituted with halogen, hydroxy, methoxy, or trifluoromethyl), each R" is
independently a direct bond or a straight or branched alkylene or alkenylene chain, and
R® is a straight or branched alkylene or alkenylene chain, and where each of the above
substituents is unsubstituted unless otherwise indicated.

[0043] "N-heterocyclyl" or “N-attached heterocyclyl” refers to a heterocyclyl radical
as defined above containing at least one nitrogen and where the point of attachment of
the heterocyclyl radical to the rest of the molecule is through a nitrogen atom in the
heterocyclyl radical. An N-heterocyclyl radical is optionally substituted as described

above for heterocyclyl radicals. Examples of such N-heterocyclyl radicals include, but
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are not limited to, 1-morpholinyl, 1-piperidinyl, 1-piperazinyl, 1-pyrrolidinyl,
pyrazolidinyl, imidazolinyl, and imidazolidinyl.

[0044] "C-heterocyclyl" or “C-attached heterocyclyl” refers to a heterocyclyl radical
as defined above containing at least one heteroatom and where the point of attachment of
the heterocyclyl radical to the rest of the molecule is through a carbon atom in the
heterocyclyl radical. A C-heterocyclyl radical is optionally substituted as described
above for heterocyclyl radicals. Examples of such C-heterocyclyl radicals include, but
are not limited to, 2-morpholinyl, 2- or 3- or 4-piperidinyl, 2-piperazinyl, 2- or 3-
pyrrolidinyl, and the like.

[0045] "Heterocyclylalkyl" refers to a radical of the formula —R®-heterocyclyl where
R®is an alkylene chain as defined above. If the heterocyclyl is a nitrogen-containing
heterocyclyl, the heterocyclyl is optionally attached to the alkyl radical at the nitrogen
atom. The alkylene chain of the heterocyclylalkyl radical is optionally substituted as
defined above for an alkylene chain. The heterocyclyl part of the heterocyclylalkyl
radical is optionally substituted as defined above for a heterocyclyl group.

[0046] "Heterocyclylalkoxy" refers to a radical bonded through an oxygen atom of
the formula —O-R°®-heterocyclyl where R® is an alkylene chain as defined above. If the
heterocyclyl is a nitrogen-containing heterocyclyl, the heterocyclyl is optionally attached
to the alkyl radical at the nitrogen atom. The alkylene chain of the heterocyclylalkoxy
radical is optionally substituted as defined above for an alkylene chain. The heterocyclyl
part of the heterocyclylalkoxy radical is optionally substituted as defined above for a
heterocyclyl group.

[0047] "Heteroaryl" refers to a radical derived from a 3- to 18-membered aromatic
ring radical that comprises two to seventeen carbon atoms and from one to six
heteroatoms selected from nitrogen, oxygen and sulfur. As used herein, the heteroaryl
radical may be a monocyclic, bicyclic, tricyclic or tetracyclic ring system, wherein at
least one of the rings in the ring system is fully unsaturated, i.e., it contains a cyclic,
delocalized (4n+2) n—electron system in accordance with the Hiickel theory. Heteroaryl
includes fused or bridged ring systems. The heteroatom(s) in the heteroaryl radical is
optionally oxidized. One or more nitrogen atoms, if present, are optionally quaternized.
The heteroaryl is attached to the rest of the molecule through any atom of the ring(s).
Examples of heteroaryls include, but are not limited to, azepinyl, acridinyl,
benzimidazolyl, benzindolyl, 1,3-benzodioxolyl, benzofuranyl, benzooxazolyl,

benzo[d]thiazolyl, benzothiadiazolyl, benzo[b][1,4]dioxepinyl, benzo[b][1,4]oxazinyl,
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1,4-benzodioxanyl, benzonaphthofuranyl, benzoxazolyl, benzodioxolyl, benzodioxinyl,
benzopyranyl, benzopyranonyl, benzofuranyl, benzofuranonyl, benzothienyl
(benzothiophenyl), benzothieno[3,2-d]pyrimidinyl, benzotriazolyl,
benzo[4,6]imidazo[1,2-a]pyridinyl, carbazolyl, cinnolinyl, cyclopenta[d]pyrimidinyl,
6,7-dihydro-5H-cyclopenta[4,5]thieno[2,3-d]pyrimidinyl,
5,6-dihydrobenzo[h]quinazolinyl, 5,6-dihydrobenzo[h]cinnolinyl, 6,7-dihydro-5H-
benzo[6,7]cyclohepta[1,2-c]pyridazinyl, dibenzofuranyl, dibenzothiophenyl, furanyl,
furanonyl, furo[3,2-c]pyridinyl, 5,6,7,8,9,10-hexahydrocycloocta[d]pyrimidinyl,
5,6,7,8,9,10-hexahydrocyclooctald]pyridazinyl,
5,6,7,8,9,10-hexahydrocycloocta[d]pyridinyl, isothiazolyl, imidazolyl, indazolyl, indolyl,
indazolyl, isoindolyl, indolinyl, isoindolinyl, isoquinolyl, indolizinyl, isoxazolyl,
5,8-methano-5,6,7,8-tetrahydroquinazolinyl, naphthyridinyl, 1,6-naphthyridinonyl,
oxadiazolyl, 2-oxoazepinyl, oxazolyl, oxiranyl,
5,6,6a,7,8,9,10,10a-octahydrobenzo[h]quinazolinyl, 1-phenyl-1H-pyrrolyl, phenazinyl,
phenothiazinyl, phenoxazinyl, phthalazinyl, pteridinyl, purinyl, pyrrolyl, pyrazolyl,
pyrazolo[3,4-d]pyrimidinyl, pyridinyl, pyrido[3,2-d]pyrimidinyl,
pyrido[3,4-d]pyrimidinyl, pyrazinyl, pyrimidinyl, pyridazinyl, pyrrolyl, quinazolinyl,
quinoxalinyl, quinolinyl, isoquinolinyl, tetrahydroquinolinyl,
5,6,7,8-tetrahydroquinazolinyl, 5,6,7,8-tetrahydrobenzo[4,5]thieno[2,3-d]pyrimidinyl,
6,7,8,9-tetrahydro-5H-cyclohepta[4,5]thieno[2,3-d ]pyrimidinyl,
5,6,7,8-tetrahydropyrido[4,5-c]pyridazinyl, thiazolyl, thiadiazolyl, triazolyl, tetrazolyl,
triazinyl, thieno[2,3-d]pyrimidinyl, thieno[3,2-d]pyrimidinyl, thieno[2,3-c]pridinyl, and
thiophenyl (i.e. thienyl). Unless stated otherwise specifically in the specification, the
term "heteroaryl" is meant to include heteroaryl radicals as defined above which are
optionally substituted by one or more substituents selected from alkyl, alkenyl, alkynyl,
halo, fluoroalkyl, haloalkenyl, haloalkynyl, oxo, thioxo, cyano, nitro, optionally
substituted aryl, optionally substituted aralkyl, optionally substituted aralkenyl,
optionally substituted aralkynyl, optionally substituted carbocyclyl, optionally
substituted carbocyclylalkyl, optionally substituted heterocyclyl, optionally substituted
heterocyclylalkyl, optionally substituted heteroaryl, optionally substituted
heteroarylalkyl, -R°-OR? -R°-OC(0)-R?, -R°-OC(0)-OR?, -R"-OC(0)-N(R%),, -R°-N(R?)
», -RP-C(O)R?, -R°-C(O)OR?, -R°-C(O)N(R™),, -RP-O-R°-C(O)N(R™),, -R°-N(R*)C(0)OR
* -R°-N(R*C(O)R? -R°-N(R*)S(O)R* (where t is 1 or 2), -R°-S(O)R* (where t is 1 or
2), -R"-S(0),OR* (where t is 1 or 2) and -R°-S(O)N(R®), (where t is 1 or 2), where each
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R® is independently hydrogen, alkyl (optionally substituted with halogen, hydroxy,
methoxy, or trifluoromethyl), fluoroalkyl, cycloalkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), cycloalkylalkyl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), aryl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), aralkyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclyl (optionally substituted with
halogen, hydroxy, methoxy, or trifluoromethyl), heterocyclylalkyl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), heteroaryl (optionally substituted
with halogen, hydroxy, methoxy, or trifluoromethyl), or heteroarylalkyl (optionally
substituted with halogen, hydroxy, methoxy, or trifluoromethyl), each R" is
independently a direct bond or a straight or branched alkylene or alkenylene chain, and
R® is a straight or branched alkylene or alkenylene chain, and where each of the above
substituents is unsubstituted unless otherwise indicated.

[0048] "N-heteroaryl" refers to a heteroaryl radical as defined above containing at
least one nitrogen and where the point of attachment of the heteroaryl radical to the rest
of the molecule is through a nitrogen atom in the heteroaryl radical. An N-heteroaryl
radical is optionally substituted as described above for heteroaryl radicals.

[0049] "C-heteroaryl" refers to a heteroaryl radical as defined above and where the
point of attachment of the heteroaryl radical to the rest of the molecule is through a
carbon atom in the heteroaryl radical. A C-heteroaryl radical is optionally substituted as
described above for heteroaryl radicals.

[0050] "Heteroarylalkyl" refers to a radical of the formula —R°-heteroaryl, where R*
1s an alkylene chain as defined above. If the heteroaryl is a nitrogen-containing
heteroaryl, the heteroaryl is optionally attached to the alkyl radical at the nitrogen atom.
The alkylene chain of the heteroarylalkyl radical is optionally substituted as defined
above for an alkylene chain. The heteroaryl part of the heteroarylalkyl radical is
optionally substituted as defined above for a heteroaryl group.

[0051] "Heteroarylalkoxy" refers to a radical bonded through an oxygen atom of the
formula —O-R°®-heteroaryl, where R is an alkylene chain as defined above. If the
heteroaryl is a nitrogen-containing heteroaryl, the heteroaryl is optionally attached to the
alkyl radical at the nitrogen atom. The alkylene chain of the heteroarylalkoxy radical is
optionally substituted as defined above for an alkylene chain. The heteroaryl part of the

heteroarylalkoxy radical is optionally substituted as defined above for a heteroaryl group.
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[0052] The compounds disclosed herein may contain one or more asymmetric centers
and may thus give rise to enantiomers, diastereomers, and other stereoisomeric forms
that may be defined, in terms of absolute stereochemistry, as (R)- or (§)-. Unless stated
otherwise, it is intended that all stereoisomeric forms of the compounds disclosed herein
are contemplated by this disclosure. When the compounds described herein contain
alkene double bonds, and unless specified otherwise, it is intended that this disclosure
includes both £ and Z geometric isomers (e.g., cis or trans.) Likewise, all possible
1somers, as well as their racemic and optically pure forms, and all tautomeric forms are
also intended to be included. The term “geometric isomer” refers to E or Z geometric
1somers (e.g., cis or trans) of an alkene double bond. The term “positional isomer” refers
to structural isomers around a central ring, such as ortho-, meta-, and para- isomers
around a benzene ring.

[0053] A "tautomer" refers to a molecule wherein a proton shift from one atom of a
molecule to another atom of the same molecule is possible. The compounds presented
herein may, in certain embodiments, exist as tautomers. In circumstances where
tautomerization is possible, a chemical equilibrium of the tautomers will exist. The exact
ratio of the tautomers depends on several factors, including physical state, temperature,

solvent, and pH. Some examples of tautomeric equilibrium include:

)(J)\ . /(J): NH, NH
N NH, NONH \)\\N/\ T \)J\H’\
HJHI/N‘N L r"'\rH L "’H\FN\ L o _N,
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[0054] "Optional" or "optionally" means that a subsequently described event or

H

circumstance may or may not occur and that the description includes instances when the
event or circumstance occurs and instances in which it does not. For example,

"optionally substituted aryl" means that the aryl radical may or may not be substituted

16



WO 2016/003917 PCT/US2015/038345

and that the description includes both substituted aryl radicals and aryl radicals having no
substitution.

[0055] "Pharmaceutically acceptable salt" includes both acid and base addition salts. A
pharmaceutically acceptable salt of any one of the substituted heterocyclic derivative
compounds described herein is intended to encompass any and all pharmaceutically
suitable salt forms. Preferred pharmaceutically acceptable salts of the compounds
described herein are pharmaceutically acceptable acid addition salts and pharmaceutically
acceptable base addition salts.

[0056] "Pharmaceutically acceptable acid addition salt" refers to those salts which
retain the biological effectiveness and properties of the free bases, which are not
biologically or otherwise undesirable, and which are formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, hydroiodic
acid, hydrofluoric acid, phosphorous acid, and the like. Also included are salts that are
formed with organic acids such as aliphatic mono- and dicarboxylic acids, phenyl-substituted
alkanoic acids, hydroxy alkanoic acids, alkanedioic acids, aromatic acids, aliphatic and.
aromatic sulfonic acids, etc. and include, for example, acetic acid, trifluoroacetic acid,
propionic acid, glycolic acid, pyruvic acid, oxalic acid, maleic acid, malonic acid, succinic
acid, fumaric acid, tartaric acid, citric acid, benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid, and the
like. Exemplary salts thus include sulfates, pyrosulfates, bisulfates, sulfites, bisulfites,
nitrates, phosphates, monohydrogenphosphates, dihydrogenphosphates, metaphosphates,
pyrophosphates, chlorides, bromides, iodides, acetates, trifluoroacetates, propionates,
caprylates, isobutyrates, oxalates, malonates, succinate suberates, sebacates, fumarates,
maleates, mandelates, benzoates, chlorobenzoates, methylbenzoates, dinitrobenzoates,
phthalates, benzenesulfonates, toluenesulfonates, phenylacetates, citrates, lactates, malates,
tartrates, methanesulfonates, and the like. Also contemplated are salts of amino acids, such as
arginates, gluconates, and galacturonates (see, for example, Berge S.M. et al., "Pharmaceutical
Salts," Journal of Pharmaceutical Science, 66:1-19 (1997), which is hereby incorporated
by reference in its entirety). Acid addition salts of basic compounds may be prepared by
contacting the free base forms with a sufficient amount of the desired acid to produce the salt
according to methods and techniques with which a skilled artisan is familiar.

[0057] "Pharmaceutically acceptable base addition salt" refers to those salts that retain
the biological effectiveness and properties of the free acids, which are not biologically or

otherwise undesirable. These salts are prepared from addition of an inorganic base or an
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organic base to the free acid. Pharmaceutically acceptable base addition salts may be formed
with metals or amines, such as alkali and alkaline earth metals or organic amines. Salts
derived from inorganic bases include, but are not limited to, sodium, potassium, lithium,
ammonium, calcium, magnesium, iron, zinc, copper, manganese, aluminum salts and the
like. Salts derived from organic bases include, but are not limited to, salts of primary,
secondary, and tertiary amines, substituted amines including naturally occurring substituted
amines, cyclic amines and basic ion exchange resins, for example, isopropylamine,
trimethylamine, diethylamine, triethylamine, tripropylamine, ethanolamine, diethanolamine,
2-dimethylaminoethanol, 2-diethylaminoethanol, dicyclohexylamine, lysine, arginine,
histidine, caffeine, procaine, N,N-dibenzylethylenediamine, chloroprocaine, hydrabamine,
choline, betaine, ethylenediamine, ethylenedianiline, N-methylglucamine, glucosamine,
methylglucamine, theobromine, purines, piperazine, piperidine, N-ethylpiperidine,
polyamine resins and the like. See Berge et al., supra.

[0058] As used herein, “treatment” or “treating,” or “palliating” or “ameliorating” are
used interchangeably herein. These terms refers to an approach for obtaining beneficial
or desired results including but not limited to therapeutic benefit and/or a prophylactic
benefit. By “therapeutic benefit” is meant eradication or amelioration of the underlying
disorder being treated. Also, a therapeutic benefit is achieved with the eradication or
amelioration of one or more of the physiological symptoms associated with the
underlying disorder such that an improvement is observed in the patient, notwithstanding
that the patient may still be afflicted with the underlying disorder. For prophylactic
benefit, the compositions may be administered to a patient at risk of developing a
particular disease, or to a patient reporting one or more of the physiological symptoms of
a disease, even though a diagnosis of this disease may not have been made.

[0059] "Prodrug" is meant to indicate a compound that may be converted under
physiological conditions or by solvolysis to a biologically active compound described
herein. Thus, the term "prodrug” refers to a precursor of a biologically active compound
that is pharmaceutically acceptable. A prodrug may be inactive when administered to a
subject, but is converted in vivo to an active compound, for example, by hydrolysis. The
prodrug compound often offers advantages of solubility, tissue compatibility or delayed
release in a mammalian organism (see, e.g., Bundgard, H., Design of Prodrugs (1985),
pp. 7-9, 21-24 (Elsevier, Amsterdam).

[0060] A discussion of prodrugs is provided in Higuchi, T., et al., "Pro-drugs as
Novel Delivery Systems," A.C.S. Symposium Series, Vol. 14, and in Bioreversible
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Carriers in Drug Design, ed. Edward B. Roche, American Pharmaceutical Association
and Pergamon Press, 1987, both of which are incorporated in full by reference herein.
[0061] The term "prodrug” is also meant to include any covalently bonded carriers,
which release the active compound ir vivo when such prodrug is administered to a
mammalian subject. Prodrugs of an active compound, as described herein, may be
prepared by modifying functional groups present in the active compound in such a way
that the modifications are cleaved, either in routine manipulation or in vivo, to the parent
active compound. Prodrugs include compounds wherein a hydroxy, amino or mercapto
group 1s bonded to any group that, when the prodrug of the active compound is
administered to a mammalian subject, cleaves to form a free hydroxy, free amino or free
mercapto group, respectively. Examples of prodrugs include, but are not limited to,
acetate, formate and benzoate derivatives of alcohol or amine functional groups in the
active compounds and the like.

Substituted Heterocyclic Derivative Compounds

[0062] Substituted heterocyclic derivative compounds are described herein that are
lysine specific demethylase-1 inhibitors. These compounds, and compositions
comprising these compounds, are useful for the treatment of cancer and neoplastic
disease. The compounds described herein are useful for treating prostate cancer, breast
cancer, bladder cancer, lung cancer and/or melanoma and the like.

[0063] One embodiment provides a compound having the structure of Formula (I), or

a pharmaceutically acceptable salt thereof,

NC W
\&/YVK(/N Z
I
=
0
)

wherein,

W' and W are independently chosen from N, C-H, or C-F;

X 1s chosen from hydrogen, optionally substituted alkyl, optionally substituted
cycloalkyl, optionally substituted heterocyclyl, optionally substituted cycloalkylalkyl,
optionally substituted heterocyclylalkyl, optionally substituted aralkyl, optionally
substituted heteroarylalkyl, optionally substituted aryl, or optionally substituted
heteroaryl;
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Y is chosen from hydrogen, halogen, optionally substituted alkyl, or optionally
substituted cycloalkylalkyl; and

Z is chosen from an optionally substituted group chosen from N-heterocyclyl, -O-
heterocyclylalkyl, -N(H)-heterocyclylalkyl, -N(H)-alkyl, -N(Me)-alkyl, or -N(Me)-
heterocyclylalkyl.
[0064] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (I), wherein W? is C-H. Another embodiment provides the compound or
pharmaceutically acceptable salt of Formula (I), wherein W' is C-F. Another
embodiment provides the compound or pharmaceutically acceptable salt of Formula (I),
wherein W' is C-H. Another embodiment provides the compound or pharmaceutically
acceptable salt of Formula (I), wherein W'is N.
[0065] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (I), wherein X is optionally substituted aryl, or optionally substituted
heteroaryl.
[0066] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (I), wherein X is optionally substituted aryl. Another embodiment
provides the compound or pharmaceutically acceptable salt of Formula (I), wherein X is
optionally substituted aryl, and the optionally substituted aryl is an optionally substituted
phenyl.
[0067] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (I), wherein X is optionally substituted heteroaryl. Another embodiment
provides the compound or pharmaceutically acceptable salt of Formula (I), wherein X is
optionally substituted heteroaryl, and the optionally substituted heteroaryl is chosen from
an optionally substituted pyridinyl, optionally substituted pyrimidinyl, optionally
substituted pyrazinyl, optionally substituted pyrazolyl, optionally substituted indazolyl,
optionally substituted azaindazolyl, optionally substituted isoindazolyl, optionally
substituted indolyl, or optionally substituted azaindolyl.
[0068] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (I), wherein Z is an optionally substituted -O-heterocyclylalkyl. Another
embodiment provides the compound or pharmaceutically acceptable salt of Formula (I),
wherein Z is an optionally substituted -O-heterocyclylalkyl, the heterocyclylalkyl group
has the formula —R®-heterocyclyl, and the R® is an optionally substituted C;-C; alkylene
chain. Another embodiment provides the compound or pharmaceutically acceptable salt

of Formula (I), wherein Z is an optionally substituted -O-heterocyclylalkyl, the
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heterocyclylalkyl group has the formula —R-heterocyclyl, and the R® is an optionally
substituted C; alkylene chain. Another embodiment provides the compound or
pharmaceutically acceptable salt of Formula (I), wherein Z is an optionally substituted -
O-heterocyclylalkyl, the heterocyclylalkyl group has the formula —R°®-heterocyclyl, and
the heterocyclyl is an optionally substituted nitrogen-containing 4-, 5-, 6-, or 7-
membered heterocyclyl.

[0069] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (I), wherein Z is an optionally substituted -N(H)-heterocyclylalkyl.
Another embodiment provides the compound or pharmaceutically acceptable salt of
Formula (I), wherein Z is an optionally substituted -N(H)-heterocyclylalkyl, the
heterocyclylalkyl group has the formula —R-heterocyclyl, and the R® is an optionally
substituted C;-C; alkylene chain. Another embodiment provides the compound or
pharmaceutically acceptable salt of Formula (I), wherein Z is an optionally substituted -
N(H)-heterocyclylalkyl, the heterocyclylalkyl group has the formula —R®-heterocyclyl,
and the R® is an optionally substituted C; alkylene chain. Another embodiment provides
the compound or pharmaceutically acceptable salt of Formula (I), wherein Z is an
optionally substituted -N(H)-heterocyclylalkyl, the heterocyclylalkyl group has the
formula —R®-heterocyclyl, and the heterocyclyl is an optionally substituted nitrogen-
containing 4-, 5-, 6-, or 7-membered heterocyclyl.

[0070] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (I), wherein Z is an optionally substituted -N(Me)-heterocyclylalkyl.
Another embodiment provides the compound or pharmaceutically acceptable salt of
Formula (I), wherein Z is an optionally substituted -N(Me)-heterocyclylalkyl, the
heterocyclylalkyl group has the formula —R®-heterocyclyl, and the R® is an optionally
substituted C;-C; alkylene chain. Another embodiment provides the compound or
pharmaceutically acceptable salt of Formula (I), wherein Z is an optionally substituted -
N(Me)-heterocyclylalkyl, the heterocyclylalkyl group has the formula —R®-heterocyclyl,
and the R® is an optionally substituted C; alkylene chain. Another embodiment provides
the compound or pharmaceutically acceptable salt of Formula (I), wherein Z is an
optionally substituted -N(Me)-heterocyclylalkyl, the heterocyclylalkyl group has the
formula —R°-heterocyclyl, and the heterocyclyl is an optionally substituted nitrogen-
containing 4-, 5-, 6-, or 7-membered heterocyclyl.

[0071] Another embodiment provides the compound or pharmaceutically acceptable

salt of Formula (I), wherein Z is an optionally substituted N-heterocyclyl. Another
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embodiment provides the compound or pharmaceutically acceptable salt of Formula (I),
wherein Z is an optionally substituted N-heterocyclyl, and the optionally substituted N-
heterocyclyl is a 4-, 5-, 6-, or 7-membered N-heterocyclyl. Another embodiment
provides the compound or pharmaceutically acceptable salt of Formula (I), wherein Z is
an optionally substituted N-heterocyclyl, and the optionally substituted N-heterocyclyl is
a 6-membered N-heterocyclyl. Another embodiment provides the compound or
pharmaceutically acceptable salt of Formula (I), wherein Z is an optionally substituted N-
heterocyclyl, and the optionally substituted N-heterocyclyl is an optionally substituted
piperidine.
[0072] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (I), wherein Z is an optionally substituted N-heterocyclyl, the optionally
substituted N-heterocyclyl is an optionally substituted piperidine, and the optionally
substituted piperidine is an optionally substituted 4-aminopiperidine.
[0073] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (I), wherein Y is hydrogen. Another embodiment provides the compound
or pharmaceutically acceptable salt of Formula (I), wherein Y is halogen. Another
embodiment provides the compound or pharmaceutically acceptable salt of Formula (I),
wherein Y is optionally substituted cycloalkylalkyl.
[0074] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (I), wherein Y is optionally substituted alkyl. Another embodiment
provides the compound or pharmaceutically acceptable salt of Formula (I), wherein Y is
optionally substituted alkyl, and the optionally substituted alkyl is an optionally
substituted C;-C; alkyl. Another embodiment provides the compound or
pharmaceutically acceptable salt of Formula (I), wherein Y is optionally substituted
alkyl, and the optionally substituted alkyl is an optionally substituted C, alkyl. Another
embodiment provides the compound or pharmaceutically acceptable salt of Formula (I),
wherein Y is optionally substituted alkyl, and the optionally substituted alkyl is a methyl
group.
[0075] One embodiment provides a compound having the structure of Formula (II),
or a pharmaceutically acceptable salt thereof,
NC WJW2
I
[ )2
S

X 1))

z
A
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wherein,

W' and W are independently chosen from N, C-H, or C-F;

X 1s chosen from hydrogen, optionally substituted alkyl, optionally substituted
alkoxy, optionally substituted alkylamino, optionally substituted alkynyl, optionally
substituted cycloalkylalkynyl, optionally substituted (cycloalkylalkyl)alkynyl, optionally
substituted heterocyclylalkynyl, optionally substituted (heterocyclylalkyl)alkynyl,
optionally substituted aryl, or optionally substituted heteroaryl; and

Z is chosen from an optionally substituted group chosen from N-heterocyclyl, -
C(O)-N-heterocyclyl, -O-heterocyclylalkyl, -N(H)-heterocyclylalkyl, -N(H)-alkyl, -
N(Me)-alkyl, or -N(Me)-heterocyclylalkyl.

[0076] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (1), wherein W? is C-H. Another embodiment provides the compound or
pharmaceutically acceptable salt of Formula (II), wherein W' is C-F. Another
embodiment provides the compound or pharmaceutically acceptable salt of Formula (II),
wherein W' is C-H. Another embodiment provides the compound or pharmaceutically
acceptable salt of Formula (II), wherein W!is N.

[0077] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (II), wherein X is optionally substituted aryl, or optionally substituted
heteroaryl.

[0078] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (II), wherein X is optionally substituted aryl. Another embodiment
provides the compound or pharmaceutically acceptable salt of Formula (II), wherein X is
optionally substituted aryl, and the optionally substituted aryl is an optionally substituted
phenyl.

[0079] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (II), wherein X is optionally substituted heteroaryl. Another embodiment
provides the compound or pharmaceutically acceptable salt of Formula (II), wherein X is
optionally substituted heteroaryl, and the optionally substituted heteroaryl is chosen from
an optionally substituted pyridinyl, optionally substituted pyrimidinyl, optionally
substituted pyrazinyl, optionally substituted pyrazolyl, optionally substituted indazolyl,
optionally substituted azaindazolyl, optionally substituted isoindazolyl, optionally
substituted indolyl, optionally substituted azaindolyl, optionally substituted

benzimidazolyl, or optionally substituted azabenzimidazolyl.
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[0080] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (II), wherein X is optionally substituted alkynyl, optionally substituted
cycloalkylalkynyl, optionally substituted (cycloalkylalkyl)alkynyl, optionally substituted
heterocyclylalkynyl, or optionally substituted (heterocyclylalkyl)alkynyl.

[0081] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (II), wherein Z is an optionally substituted -O-heterocyclylalkyl. Another
embodiment provides the compound or pharmaceutically acceptable salt of Formula (II),
wherein Z is an optionally substituted -O-heterocyclylalkyl, the heterocyclylalkyl group
has the formula —R®-heterocyclyl, and the R® is an optionally substituted C;-C; alkylene
chain. Another embodiment provides the compound or pharmaceutically acceptable salt
of Formula (II), wherein Z is an optionally substituted -O-heterocyclylalkyl, the
heterocyclylalkyl group has the formula —R-heterocyclyl, and the R® is an optionally
substituted C; alkylene chain. Another embodiment provides the compound or
pharmaceutically acceptable salt of Formula (II), wherein Z is an optionally substituted -
O-heterocyclylalkyl, the heterocyclylalkyl group has the formula —R®-heterocyclyl, and
the heterocyclyl is an optionally substituted nitrogen-containing 4-, 5-, 6-, or 7-
membered heterocyclyl.

[0082] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (II), wherein Z is an optionally substituted -N(H)-heterocyclylalkyl.
Another embodiment provides the compound or pharmaceutically acceptable salt of
Formula (II), wherein Z is an optionally substituted -N(H)-heterocyclylalkyl, the
heterocyclylalkyl group has the formula —R®-heterocyclyl, and the R® is an optionally
substituted C;-C; alkylene chain. Another embodiment provides the compound or
pharmaceutically acceptable salt of Formula (II), wherein Z is an optionally substituted -
N(H)-heterocyclylalkyl, the heterocyclylalkyl group has the formula —R®-heterocyclyl,
and the R® is an optionally substituted C; alkylene chain. Another embodiment provides
the compound or pharmaceutically acceptable salt of Formula (II), wherein Z is an
optionally substituted -N(H)-heterocyclylalkyl, the heterocyclylalkyl group has the
formula —R°-heterocyclyl, and the heterocyclyl is an optionally substituted nitrogen-
containing 4-, 5-, 6-, or 7-membered heterocyclyl.

[0083] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (II), wherein Z is an optionally substituted -N(Me)-heterocyclylalkyl.
Another embodiment provides the compound or pharmaceutically acceptable salt of

Formula (II), wherein Z is an optionally substituted -N(Me)-heterocyclylalkyl, the
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heterocyclylalkyl group has the formula —R-heterocyclyl, and the R® is an optionally
substituted C;-C; alkylene chain. Another embodiment provides the compound or
pharmaceutically acceptable salt of Formula (II), wherein Z is an optionally substituted -
N(Me)-heterocyclylalkyl, the heterocyclylalkyl group has the formula —R-heterocyclyl,
and the R® is an optionally substituted C; alkylene chain. Another embodiment provides
the compound or pharmaceutically acceptable salt of Formula (II), wherein Z is an
optionally substituted -N(Me)-heterocyclylalkyl, the heterocyclylalkyl group has the
formula —R°-heterocyclyl, and the heterocyclyl is an optionally substituted nitrogen-
containing 4-, 5-, 6-, or 7-membered heterocyclyl.

[0084] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (II), wherein Z is an optionally substituted N-heterocyclyl. Another
embodiment provides the compound or pharmaceutically acceptable salt of Formula (II),
wherein Z is an optionally substituted N-heterocyclyl, and the optionally substituted N-
heterocyclyl is a 4-, 5-, 6-, or 7-membered N-heterocyclyl. Another embodiment
provides the compound or pharmaceutically acceptable salt of Formula (II), wherein Z is
an optionally substituted N-heterocyclyl, and the optionally substituted N-heterocyclyl is
a 6-membered N-heterocyclyl.

[0085] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (II), wherein Z is an optionally substituted N-heterocyclyl, and the
optionally substituted N-heterocyclyl is an optionally substituted piperidine. Another
embodiment provides the compound or pharmaceutically acceptable salt of Formula (II),
wherein Z is an optionally substituted N-heterocyclyl, the optionally substituted N-
heterocyclyl is an optionally substituted piperidine, and the optionally substituted
piperidine is an optionally substituted 4-aminopiperidine.

[0086] Another embodiment provides the compound or pharmaceutically acceptable
salt of Formula (II), wherein Z is an optionally substituted -C(O)-N-heterocyclyl.
Another embodiment provides the compound or pharmaceutically acceptable salt of
Formula (II), wherein Z is an optionally substituted -C(O)-N-heterocyclyl, and the
optionally substituted N-heterocyclyl is an optionally substituted piperidine.

[0087] In some embodiments, the substituted heterocyclic derivative compound

described herein has the structure provided in Table 1.
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N

L4

=~z

4-[2-(4-aminopiperidin-1-yl)-5-
(1-methyl-1H-indazol-5-yl)-1,3-
thiazol-4-yl]benzonitrile

cis-4-(2-{decahydropyrrolo|[3,4-
d]azepin-6-yl}-5-(1-methyl-1H-
indazol-5-yl)-1,3-thiazol-4-
yl)benzonitrile

4-[2-(4-aminopiperidin-1-yl)-5-
{1-methyl-1H-pyrrolo[2,3-
b]pyridin-5-yl}-1,3-thiazol-4-
yl]benzonitrile

4-[2-(4-aminopiperidin-1-yl)-5-
{1-methyl-1H-pyrazolo[3,4-
b]pyridin-5-yl}-1,3-thiazol-4-
yl]benzonitrile

4-(2-{2,8-diazaspiro[4.5]decan-
8-yl}-5-(1-methyl-1H-indazol-5-
yl)-1,3-thiazol-4-yl)benzonitrile
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@ N 4-[5-(1-methyl-1H-indazol-5-yl)-
6 I \>—N NH 2-{octahydro-1H-pyrrolo[3,2-
S c]pyridin-5-yl}-1,3-thiazol-4-
N/ O yl]benzonitrile
N
/
N
N
@ N NH 4-[5-(1-methyl-1H-indazol-5-yl)-
7 | \>—N 2-{octahydro-1H-pyrrolo[3,4-
S c]pyridin-5-yl}-1,3-thiazol-4-
N O yl]benzonitrile
N
/
N
N
@ N 4-[2-(4-aminopiperidin-1-yl)-5-
8 | \>—NC>—NH2 (1-methyl-1H-1,3-benzodiazol-5-
(51 O S yl)-1,3-thiazol-4-yl]benzonitrile
N
/
N
X
N 4-[2-(4-aminopiperidin-1-yl)-5-
9 | \>_NC>_NH2 {3-methyl-3H-imidazo[4,5-
N N S b]pyridin-6-yl}-1,3-thiazol-4-
(/ | yl]benzonitrile
N N
/
N
N
@ N H cis-4-(2-{decahydropyrrolo|3,4-
10 | \>—N NH dlazepin-6-yl}-5-(1-methyl-1H-
N S 1,3-benzodiazol-5-yl)-1,3-
¢ O H thiazol-4-yl)benzonitrile
N
/
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N H cis-4-(2-{decahydropyrrolo[3,4-
11 | \>—N NH d]azepin—6-yl}-5-{1-'m'ethy1-1H-
8 S pyrazolo[3,4-b]pyridin-5-yl} -
N\/ | H 1,3-thiazol-4-yl)benzonitrile
N N
/
N
N
4-[2-(4-aminopiperidin-1-yl)-5-
12 N [1-(2,2,2-trifluoroethyl)-1H-
| S‘>—NC>—NH2 pyrazol-4-yl]-1,3-thiazol -4-
/N yl]benzonitrile
F3C \N’
N
N
H 4-(2-{decahydropyrrolo[3,4-
13 N dJazepin-6-yl}-5-[1-(2,2,2-
I S\>_ NCI:NH trifluoroethyl)-1H-pyrazol-4-yl]-
S 1,3-thiazol-4-yl)benzonitrile
N _ H yhbenz
FsC
N
N
4-{5-[1-(cyclopropylmethyl)-1H-
N pyrazol-4-yl]-2-
14 | \>—NC>—NH2 {decahydropyrrolo[3,4-d]azepin-
NG S 6-yl}-1,3-thiazol-4-
4_ ‘N= yl}benzonitrile
N
X
H 4-{5-[1-(cyclopropylmethyl)-1H-
N pyrazol-4-yl]-2-
15 | \>—N NH | {decahydropyrrolo[3,4-d]azepin-
NS S n 6-yl}-1,3-thiazol-4-
4— N yl}benzonitrile
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16

4-{2-[(3R)-3-aminopiperidine-1-
carbonyl]-5-(1-methyl-1H-1,3-
benzodiazol-5-yl)-1,3-thiazol-4-
yl}benzonitrile

17

4-{2-[(3S)-3-aminopiperidine-1-
carbonyl]-5-(1-methyl-1H-1,3-
benzodiazol-5-yl)-1,3-thiazol-4-
yl}benzonitrile

18

4-[2-(4-aminopiperidine-1-
carbonyl)-5-(1-methyl-1H-1,3-
benzodiazol-5-yl)-1,3-thiazol-4-
yl]benzonitrile

19

4-{2-[(3R)-3-aminopiperidine-1-
carbonyl]-5-(4-methylphenyl)-
1,3-thiazol-4-yl} benzonitrile

12

4-{2-[(3R)-3-aminopiperidine-1-
carbonyl]-5-{3-methyl-3H-
imidazo[4,5-b]pyridin-6-yl}-1,3-
thiazol-4-yl}benzonitrile

21

F3C

4-{2-[(3R)-3-aminopiperidine-1-
carbonyl]-5-[1-(2,2,2-
trifluoroethyl)-1H-pyrazol-4-yl]-
1,3-thiazol-4-yl} benzonitrile
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N 4-{2-[(3R)-3-aminopiperidine-1-
N 0 carbonyl]-5-[1-
o) | \> q (cyclopropylmethyl)-1H-pyrazol-
SN S N 4-yl]-1,3-thiazol-4-
{ N‘N’ < >-||NH2 yl}benzonitrile
N
N
N 4-[2-(4-aminopiperidin-1-yl)-5-
23 | \>—N<:>—NH2 (3-hydroxy-3-methylbut-1-yn-1-
// S yl)-1,3-thiazol-4-yl]benzonitrile
HO
N
Y
N 4-[2-(4-aminopiperidin-1-yl)-5-
24 I ‘)—NC>—NH2 (3-hydroxy-3-methylbut-1-yn-1-
HO S yl)-1,3-thiazol-4-yl]benzonitrile
N F
R
N 4-[2-(4-aminopiperidin-1-yl)-5-
25 N NQ_NH {3-methyl-3H-imidazo[4,5-
N A 'S>_ 2| b]pyridin-6-yl}-1,3-thiazol-4-yl]-
¢ | 2-fluorobenzonitrile
N N
/
F
NC NH,
N. _N 4-[4-(4-aminopiperidin-1-yl)-1-
26 - | (4-cyclopropylphenyl)-6-
N oxopyrimidin-2-yl]-2-
o fluorobenzonitrile
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NC H
4-[4-(1,2,3,3a,4,6,7,7a-
/N N octahydropyrrolo[3,2-c]pyridin-
27 N | 5-yl)-1-(4-cyclopropylphenyl)-6-
oxopyrimidin-2-yl]-2-
o) fluorobenzonitrile
F H
NC
4-[4-(1,2,3,3a,4,6,7,7a-
,N N octahydropyrrolo[3,4-c]pyridin-
28 N | 5-yl)-1-(4-cyclopropylphenyl)-6-
oxopyrimidin-2-yl]-2-
o) fluorobenzonitrile
i H
NC
N N 4-[1-(4-cyclopropylphenyl)-4-
29 z | (2,8-diazaspiro[4.5]decan-8-yl)-
N 6-oxopyrimidin-2-yl]-2-
fluorobenzonitrile
O
F
NC NH,
NN 4-[4-(4-aminopiperidin-1-yl)-1-
30 z (3-fluoro-4-methoxyphenyl)-6-
F N | oxopyrimidin-2-yl]-2-
ID/ fluorobenzonitrile
No o
F
NC NH,
4-[4-(4-aminopiperidin-1-yl)-1-
31 ,N N (2-methylindazol-5-yl)-6-
N | oxopyrimidin-2-yl]-2-
N fluorobenzonitrile
\N/ O
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NC
4-[4-(4-aminopiperidin-1-yl)-1-
32 ,N N (4-methoxyphenyl)-6-
N | oxopyrimidin-2-yl]-2-
@’ fluorobenzonitrile
O
~No
F
NC NH,
N. N 4-[4-(4-aminopiperidin-1-yl)-1-
33 - | (4-cyclopropyl-3-fluorophenyl)-
F. N 6-oxopyrimidin-2-yl]-2-
o fluorobenzonitrile
N
X
@ 4-[2-(4-aminopiperidin-1-yl)-5-
N {2-methyl-2H-indazol-5-
34 i \>_NC>_NH2 yDpyrazin-2-yl}-1,3-thiazol-4-
S yl]benzonitrile
—N, _
N
[0088] In some embodiments, the substituted heterocyclic derivative compound

described herein has the structure provided in Table 2.

TABLE 2
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Preparation of the Substituted Heterocyclic Derivative Compounds

[0089] The compounds used in the reactions described herein are made according to
organic synthesis techniques known to those skilled in this art, starting from
commercially available chemicals and/or from compounds described in the chemical
literature. "Commercially available chemicals" are obtained from standard commercial
sources including Acros Organics (Pittsburgh, PA), Aldrich Chemical (Milwaukee, WI,
including Sigma Chemical and Fluka), Apin Chemicals Ltd. (Milton Park, UK), Avocado
Research (Lancashire, U.K.), BDH Inc. (Toronto, Canada), Bionet (Cornwall, U.K.),
Chemservice Inc. (West Chester, PA), Crescent Chemical Co. (Hauppauge, NY), Eastman
Organic Chemicals, Eastman Kodak Company (Rochester, NY), Fisher Scientific Co.
(Pittsburgh, PA), Fisons Chemicals (Leicestershire, UK), Frontier Scientific (Logan, UT),
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ICN Biomedicals, Inc. (Costa Mesa, CA), Key Organics (Cornwall, U.K.), Lancaster
Synthesis (Windham, NH), Maybridge Chemical Co. Ltd. (Cornwall, U K.), Parish
Chemical Co. (Orem, UT), Pfaltz & Bauer, Inc. (Waterbury, CN), Polyorganix (Houston,
TX), Pierce Chemical Co. (Rockford, IL), Riedel de Haen AG (Hanover, Germany),
Spectrum Quality Product, Inc. (New Brunswick, NJ), TCI America (Portland, OR), Trans
World Chemicals, Inc. (Rockville, MD), and Wako Chemicals USA, Inc. (Richmond,
VA).

[0090] Methods known to one of ordinary skill in the art are identified through various
reference books and databases. Suitable reference books and treatise that detail the
synthesis of reactants useful in the preparation of compounds described herein, or provide
references to articles that describe the preparation, include for example, "Synthetic Organic
Chemistry", John Wiley & Sons, Inc., New York; S. R. Sandler et al., "Organic Functional
Group Preparations,” 2nd Ed., Academic Press, New York, 1983; H. O. House, "Modem
Synthetic Reactions", 2nd Ed., W. A. Benjamin, Inc. Menlo Park, Calif. 1972; T. L.
Gilchrist, "Heterocyclic Chemistry"”, 2nd Ed., John Wiley & Sons, New York, 1992; J.
March, "Advanced Organic Chemistry: Reactions, Mechanisms and Structure”, 4th Ed.,
Wiley-Interscience, New York, 1992. Additional suitable reference books and treatise that
detail the synthesis of reactants useful in the preparation of compounds described herein,
or provide references to articles that describe the preparation, include for example,
Fuhrhop, J. and Penzlin G. "Organic Synthesis: Concepts, Methods, Starting Materials",
Second, Revised and Enlarged Edition (1994) John Wiley & Sons ISBN: 3-527-29074-5;
Hoffman, R.V. "Organic Chemistry, An Intermediate Text" (1996) Oxford University
Press, ISBN 0-19-509618-5; Larock, R. C. "Comprehensive Organic Transformations:
A Guide to Functional Group Preparations" 2nd Edition (1999) Wiley-VCH, ISBN: 0-
471-19031-4; March, J. "Advanced Organic Chemistry: Reactions, Mechanisms, and
Structure" 4th Edition (1992) John Wiley & Sons, ISBN: 0-471-60180-2; Otera, J.
(editor) "Modern Carbonyl Chemistry" (2000) Wiley-VCH, ISBN: 3-527-29871-1; Patai,
S. "Patai's 1992 Guide to the Chemistry of Functional Groups" (1992) Interscience
ISBN: 0-471-93022-9; Solomons, T. W. G. "Organic Chemistry" 7th Edition (2000)
John Wiley & Sons, ISBN: 0-471-19095-0; Stowell, J.C., "Intermediate Organic
Chemistry" 2nd Edition (1993) Wiley-Interscience, ISBN: 0-471-57456-2; "Industrial
Organic Chemicals: Starting Materials and Intermediates: An Ullmann's Encyclopedia”

(1999) John Wiley & Sons, ISBN: 3-527-29645-X, in 8 volumes; "Organic Reactions"
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(1942-2000) John Wiley & Sons, in over 55 volumes; and "Chemistry of Functional
Groups" John Wiley & Sons, in 73 volumes.

[0091] Specific and analogous reactants may also be identified through the indices of
known chemicals prepared by the Chemical Abstract Service of the American Chemical
Society, which are available in most public and university libraries, as well as through
on-line databases (the American Chemical Society, Washington, D.C., may be contacted for
more details). Chemicals that are known but not commercially available in catalogs may be
prepared by custom chemical synthesis houses, where many of the standard chemical
supply houses (e.g., those listed above) provide custom synthesis services. A reference for
the preparation and selection of pharmaceutical salts of the substituted heterocyclic
derivative compounds described herein is P. H. Stahl & C. G. Wermuth "Handbook of
Pharmaceutical Salts", Verlag Helvetica Chimica Acta, Zurich, 2002.

[0092] The substituted heterocyclic derivative compounds are prepared by the general
synthetic routes described below in Schemes 1-3.

[0093] The substituted thiazole derivative compounds are prepared by the general

synthetic route described below in Scheme 1.

Scheme 1
. ' :
I NH, —3 | \>—NH2 — | \>—C|
S BrY S S
Br
B C
l? Gs?/OH
AN, p OH N2
—_— |\ N, _— | \>—N‘
Br” S D 5”7 S D
E H
[0094] Referring to Scheme 1, bromination of compound A yields compound B.

Compound C is obtained from treatment of compound B under Sandmayer substitution
condition. Displacement of compound C is carried out with a variety of amines DD’-NH,
under basic conditions to form compound E. Compound H is prepared from aryl halide
compound E using palladium-mediated cross coupling conditions with boronic acids G-

(OH),.
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[0095] The substituted thiazole derivative compounds are prepared by the general

synthetic route described below in Scheme 2.

Scheme 2
NC o NG NC
o LOJLr,NH X NGO
N 0 2 B
SH —>» \H —> H
X I S o X S O—/
BH BI BJ BK
NC HO( ,BC NC.
N O [ 1 N OH N0
— | H —> \ | <4
x~5  oH s N—BM B)” S N-B
MB
BL BN BJ
[0096] Referri