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CRM1 INHIBITORS FOR TREATING EPILEPSY

RELATED APPLICATION

[0001] This application claims the benefit of U.S. Provisional Application No. 62/426,957,
filed on November 28, 2016. The entire teachings of the above application are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] Epilepsy is a chronic brain disease in which unprovoked epileptic seizures are the
predominant feature. Epileptic seizures are episodes that can vary from brief and nearly
undetectable to long periods of vigorous shaking. In epilepsy, seizures tend to recur, and
have no immediate underlying cause. Epileptic seizures are the result of increased and
irregular nerve cell activity in the cortex of the brain. Diagnosis may involve imaging the
brain and performing blood tests. Epilepsy can often be confirmed with an
electroencephalogram (EEG), but a normal test does not rule out the condition.

[0003] Epilepsy and its related syndromes may be classified according to whether the
associated seizures are partial or generalized, and whether the etiology is idiopathic or
symptomatic or cryptogenic. Several important syndromes can be further grouped according
to age of onset and prognosis. The most common type (60%) of seizures is convulsive. Of
these, one-third begins as generalized seizures from the start, affecting both hemispheres of
the brain. Two-thirds begin as partial seizures (which affect one hemisphere of the brain)
which may then progress to generalized seizures. The remaining 40% of seizures are non-
convulsive.

[0004] In epileptic seizures, a group of excitory neurons begin firing in an abnormal,
excessive, and synchronized manner. This results in a wave of depolarization known as a
paroxysmal depolarizing shift. Normally, after an excitatory neuron fires, it becomes more
resistant to firing for a period of time. This is due in part to the effect of inhibitory neurons,
electrical changes within the excitatory neuron, and the negative effects of adenosine.
However, in epilepsy, the excitatory neurons are less resistant to further firing which can
result in seizure activity.

[0005] Generally, most epilepsies and diseases/disorders associated therewith are difficult to

treat, since epilepsies are not etiologically elucidated. Thus, administration of an
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antiepileptic agent is a common approach toward suppressing epileptic seizures or inhibiting
propagation of focal seizures to other areas.

[0006] Seizures are controllable with medication in about 70% of cases. The older
established antiepileptic drugs (AEDs) such as phenytoin carbamazepine, clonazepam,
ethosuximide, valproic acid and barbiturates are widely prescribed but suffer from a range of
side effects. Furthermore, there is a significant group of patients (20-30%) that are resistant
to the currently available therapeutic agents. Fifty million people in the world have epilepsy,
and there are between 16 and 51 cases of new-onset epilepsy per 100,000 people every year.
Patients with drug-resistant epilepsy have an increased risk of premature death, injuries,
psychosocial dysfunction, and a reduced quality of life.

[0007] People with epilepsy are at an increased risk of death. This increase is between 1.6
and 4.1 fold greater than that of the general population and is often related to the underlying
cause of the seizures, status epilepticus, suicide, trauma, and sudden unexpected death in
epilepsy (SUDEP). The risk of suicide is increased between two and six times in those with
epilepsy compared to the general population.

[0008] In view of the foregoing, a great need exists for the discovery of methods for treating

epilepsy in a subject that has, for example, either or both of partial and generalized seizures.

SUMMARY OF THE INVENTION

[0009] The invention generally relates to the use of nuclear transport modulators, e.g.,
CRM1 inhibitors, of Formula (I) for treating epilepsy in a subject. Subjects can have
unprovoked seizures without prior warning that affect one or both hemispheres of the brain.
The disclosed methods can reduce the severity and occurrence of these unprovoked epileptic
seizures and can result in resolution of epilepsy.

[0010] One embodiment provides a method for treating epilepsy in a subject in need thereof,
the method comprising administering to the subject an effective amount of a compound

represented by Formula (I):

F3C /> O /N_<
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or a pharmaceutically acceptable salt thereof, wherein:
Yis O;

R is selected from -N(R”)-(C3-Cs cycloalkyl), -C3-Cs alkyl, -(Co-C1
alkylene)-heterocyclyl, and -(Co-C:1 alkylene)-heteroaryl;

R’ is selected from hydrogen and Ci-Cs alkyl;

wherein: any alkyl or alkylene portion of any R® is optionally and independently
substituted, for example with one or more substituents selected from oxo and -N(R7)z,
wherein each R’ is independently selected from hydrogen and C1-C4 alkyl;

any heterocyclyl portion of R® comprises at least one nitrogen atom in a ring, and is

optionally substituted with one or more substituents for example subsituents selected from
C1-C4 alkyl and oxo; and

any heteroaryl portion of R® comprises at least one nitrogen atom in a ring and is
optionally substituted with one or more substituents, for example, a C1-Cs alkyl.
[0011] In a particular embodiment, the epilepsy can be characterized as having unprovoked
partial or generalized seizures. These seizures can be convulsive or non-convulsive. There
are six main categories of seizures that are categorized by their type and duration: tonic-
clonic, tonic, clonic, myoclonic, absence, and atonic seizures.
[0012] Also provided herein are compounds represented by structural Formula (I), and
compounds of Table 1 for use in treating epilepsy and for use in the manufacture of a
medicament for treating epilepsy.
[0013] The novel features of the present invention will become apparent to those of skill in
the art upon examination of the following detailed description of the invention. It should be
understood, however, that the detailed description of the invention and the specific examples
presented, while indicating certain embodiments of the present invention, are provided for
illustration purposes only because various changes and modifications within the spirit and
scope of the invention will become apparent to those of skill in the art from the detailed

description of the invention and claims that follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a description of a pilocarpine model of temporal lobe epilepsy (TLE) in
male NMRI mice. The treatment phase was compound E-1 in Table I administered at 7.5
mg/kg per os or vehicle, every other day for the two week treatment period. Vehicle was

0.6% plasdone PVP K29/32 and 0.6% poloxamer Pluronic F68 in water.
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[0015] FIG. 2 shows the effects of chronic administration of compound E-1 on seizure
recurrence in mice subjected to the pilocarpine model of TLE.

[0016] FIG. 3 shows the effects of chronic administration of compound E-1 on seizure
recurrence in mice subjected to the pilocarpine model of TLE.

[0017] FIG. 4 shows the effects of chronic administration of compound E-1 on seizure
recurrence. A significant number of mice showed a 50% reduction in seizure occurrence in
comparison to vehicle treated mice.

[0018] FIG. 5 shows the the effects of chronic administration of compoune E-1 on seizure

recurrence. Six mice showed a 100% reduction in seizure activity.

DETAILED DESCRIPTION OF THE INVENTION

[0019] A description of exemplary embodiments of the invention follows.

Definitions

[0020] Compounds of this invention include those described generally above, and are
further illustrated by the classes, subclasses, and species disclosed herein. As used herein,
the following definitions shall apply unless otherwise indicated. For purposes of this
invention, the chemical elements are identified in accordance with the Periodic Table of the
Elements, CAS version, Handbook of Chemistry and Physics, 75" Ed. Additionally, general
principles of organic chemistry are described in “Organic Chemistry”, Thomas Sorrell,
University Science Books, Sausalito: 1999, and “March’s Advanced Organic Chemistry”,
S Ed., Ed.: Smith, M.B. and March, J., John Wiley & Sons, New York: 2001, the entire
contents of which are hereby incorporated by reference.

[0021] Unless specified otherwise within this specification, the nomenclature used in this
specification generally follows the examples and rules stated in Nomenclature of Organic
Chemistry, Sections A, B, C, D, E, F, and H, Pergamon Press, Oxford, 1979, which is
incorporated by reference herein for its exemplary chemical structure names and rules on
naming chemical structures. Optionally, a name of a compound may be generated using a
chemical naming program such as ACD/ChemSketch, Version 5.09/September 2001,
Advanced Chemistry Development, Inc., Toronto, Canada, or Chem Draw, Versions 15.1
and lower, PerkinElmer, Waltham, Massachusetts.

[0022] If there is a discrepancy between a structural formula of a compound and the name of

a compound, the structural formula should be assumed correct.
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[0023] Compounds of the present invention may have asymmetric centers, chiral axes, and
chiral planes (e.g., as described in: E. L. Eliel and S. H. Wilen, Stereo-chemistry of Carbon
Compounds, John Wiley & Sons, New York, 1994, pages 1119-1190), and occur as
racemates, racemic mixtures, and as individual diastereomers or enantiomers, with all
possible isomers and mixtures thereof, including optical isomers, being included in the
present invention.

[0024] The term “aliphatic” or “aliphatic group,” as used herein, denotes a monovalent
hydrocarbon radical that is straight-chain (i.e., unbranched), branched, or cyclic (including
fused, bridged, and spiro-fused polycyclic). An aliphatic group can be saturated or can
contain one or more units of unsaturation, but is not aromatic. Unless otherwise specified,
aliphatic groups contain 1-6 carbon atoms. However, in some embodiments, an aliphatic
group contains 1-10 or 2-8 carbon atoms. In some embodiments, aliphatic groups contain 1—
4 carbon atoms and, in yet other embodiments, aliphatic groups contain 1-3 carbon atoms.
Suitable aliphatic groups include, but are not limited to, linear or branched, alkyl, alkenyl,
and alkynyl groups, and hybrids thereof such as (cycloalkyl)alkyl, (cycloalkenyl)alkyl or
(cycloalkyl)alkenyl. An aliphatic group can be optionally substituted as described herein.
[0025] The term “alkyl,” as used herein, means a saturated, straight-chain or branched
aliphatic group. In one aspect, an alkyl group contains 1-6 or 1-4 carbon atoms. Alkyl
includes, but is not limited to, methyl, ethyl, propyl, iso-propyl, n-butyl, sec-butyl, t-butyl,
and the like. An alkyl group can be optionally substituted as described herein.

[0026] The term “alkenyl,” as used herein, means a straight-chain or branched aliphatic
group having one or more carbon-carbon double bonds (i.e., -CH=CH-). In one aspect, an
alkenyl group has from two to four carbon atoms, and includes, for example, and without
being limited thereto, ethenyl, 1-propenyl, 1-butenyl and the like. The term “alkenyl”
encompasses radicals having carbon-carbon double bonds in the “cis” and “trans” or,
alternatively, the “E” and “Z” configurations. If an alkenyl group includes more than one
carbon-carbon double bond, each carbon-carbon double bond is independently a cis or trans
double bond, or a mixture thereof. An alkenyl group can be optionally substituted as
described herein.

[0027] The term “alkynyl,” as used herein, means a straight-chain or branched aliphatic
radical having one or more carbon-carbon triple bonds (i.e., -C=C-). In one aspect, an alkyl

group has from two to four carbon atoms, and includes, for example, and without being
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limited thereto, 1-propynyl (propargyl), 1-butynyl and the like. An alkynyl group can be
optionally substituted as described herein.

[0028] The terms “cycloaliphatic,” “carbocyclyl,” “carbocyclo,” and “carbocyclic,” used
alone or as part of a larger moiety, refer to a saturated or partially unsaturated cyclic
aliphatic monocyclic or bicyclic ring system, as described herein, having from 3 to 12
members, wherein the aliphatic ring system is optionally substituted as defined above and
described herein. In some embodiments, a cycloaliphatic group has 3-6 carbon atoms.
Cycloaliphatic groups include, without limitation, cyclopropyl, cyclobutyl, cyclopentyl,
cyclopentenyl, cyclohexyl, cyclohexenyl, cycloheptyl, cycloheptenyl, cyclooctyl,

2 <

cyclooctenyl, and cyclooctadienyl. The terms “cycloaliphatic,” “carbocyclyl,” “carbocyclo,”
and “carbocyclic” also include aliphatic rings that are fused to one or more aromatic or
nonaromatic rings, such as decahydronaphthyl, tetrahydronaphthyl, decalin, or
bicyclo[2.2.2]octane. These aliphatic rings can be optionally substituted as described herein.
[0029] The term “cycloalkyl,” as used herein, means a saturated cyclic aliphatic monocyclic
or bicyclic ring system having from 3-12 members. A cycloalkyl can be optionally
substituted as described herein. In some embodiments, a cycloalkyl has 3—6 carbons. A
cycloalkyl group can be optionally substituted as described herein.

[0030] The term “heterocyclyl,” as used herein, means a saturated or unsaturated aliphatic
ring system having from 3 to 12 members in which at least one carbon atom is replaced with
a heteroatom selected from N, S and O. A heterocyclyl can contain one or more rings,
which may be attached together in a pendent manner or may be fused. In one aspect, a
heterocyclyl is a three- to seven-membered ring system and includes, for example, and
without being limited thereto, piperidinyl, piperazinyl, pyrrolidinyl, tetrahydrofuranyl and
the like. A heterocyclyl group can be optionally substituted as described herein.

[0031] The term “heteroatom” means one or more of oxygen, sulfur, nitrogen, phosphorus,
or silicon, and includes any oxidized form of nitrogen, sulfur, phosphorus, or silicon; the
quaternized form of any basic nitrogen; and a substitutable nitrogen of a heterocyclic ring,
for example N (as in 3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or NR* (as in N-
substituted pyrrolidinyl).

[0032] The term “unsaturated,” as used herein, means that a moiety has one or more units of
unsaturation.

[0033] The term “alkoxy,” as used herein, means -O-alkyl. “Alkoxy” can include a straight-

chained or branched alkyl. In one aspect, “alkoxy” has from one to eight carbon atoms and
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includes, for example, and without being limited thereto, methoxy, ethoxy, propyloxy,
1sopropyloxy, t-butoxy and the like. An alkoxy group can be optionally substituted as
described herein.

[0034] The term “halo” or “halogen” as used herein means halogen and includes, for
example, and without being limited thereto, fluoro, chloro, bromo, iodo and the like, in both
radioactive and non-radioactive forms.

[0035] The term “haloalkyl,” as used herein, means an alkyl group that is substituted with
one or more halogen atoms. In some embodiments, haloalkyl refers to a perhalogenated
alkyl group. In some embodiments, haloalkyl refers to an alkyl group which is substituted
with one or more halogen atoms. Exemplary haloalkyl groups include -CF3, -CF2H, -CCl3,
-CF2CH3, -CH2CF3, -CH2(CF3)2, -CF2(CF3)2, and the like. Preferred haloalkyl groups
include -CF3 and -CF2H. A preferred haloalkyl group is -CFs.

[0036] The term “alkylene,” as used herein, means a bivalent branched or unbranched
saturated hydrocarbon radical. In one aspect, “alkylene” has one to six carbon atoms, and
includes, for example, and without being limited thereto, methylene, ethylene, n-propylene,
n-butylene and the like. An alkylene group can be optionally substituted as described herein.
[0037] The term “alkenylene,” as used herein, means a bivalent branched or unbranched
hydrocarbon radical having one or more carbon-carbon double bonds (i.e., -CH=CH-). In
one aspect, “alkenylene” has two to six carbon atoms, and includes, for example, and
without being limited thereto, ethenylene, n-propenylene, n-butenylene and the like. An
alkenylene group can be optionally substituted as described herein.

[0038] The term “alkynylene,” as used herein, means a bivalent branched or unbranched
hydrocarbon radical having one or more carbon-carbon triple bonds (i.e., -C=C-). In one
aspect, “alkynylene” has two to six carbon atoms, and includes, for example, and without
being limited thereto, ethynylene, n-propynylene, n-butynylene and the like. An alkynylene
group can be optionally substituted as described herein.

[0039] The term “aryl,” alone or in combination, as used herein, means a carbocyclic
aromatic system containing one or more rings, which may be attached together in a pendent
manner or may be fused. In some embodiments, an aryl has one, two or three rings. In one
aspect, the aryl has six to twelve ring atoms. The term “aryl” encompasses aromatic radicals
such as phenyl, naphthyl, tetrahydronaphthyl, indanyl, biphenyl, phenanthryl, anthryl and
acenaphthyl. An “aryl” group can have 1 to 4 substituents, such as lower alkyl, hydroxyl,

halo, haloalkyl, nitro, cyano, alkoxy, lower alkylamino and the like.
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[0040] The term “heteroaryl,” alone or in combination, as used herein, means an aromatic
system wherein at least one carbon atom is replaced by a heteroatom selected from N, S and
O. A heteroaryl can contain one or more rings, which may be attached together in a pendent
manner or may be fused. In some embodiments, a heteroaryl has one, two or three rings. In
one aspect, the heteroaryl has five to twelve ring atoms. The term “heteroaryl” encompasses
heteroaromatic groups such as triazolyl, imidazolyl, pyrrolyl, pyrazolyl, tetrazolyl, pyridyl,
pyrimidinyl, pyrazinyl, pyridazinyl, indolyl, furyl, benzofuryl, thienyl, benzothienyl,
quinolyl, oxazolyl, oxadiazolyl, isoxazolyl, and the like. A “heteroaryl” group can have 1 to
4 substituents, such as lower alkyl, hydroxyl, halo, haloalkyl, nitro, cyano, alkoxy, lower
alkylamino and the like.

[0041] It is understood that substituents and substitution patterns on the compounds of the
invention can be selected by one of ordinary skill in the art to provide compounds that are
chemically stable and that can be readily synthesized by techniques known in the art, as well
as those methods set forth below. In general, the term “substituted,” whether preceded by
the term “optionally” or not, means that one or more hydrogens of the designated moiety are
replaced with a suitable substituent. Unless otherwise indicated, an “optionally substituted
group” can have a suitable substituent at each substitutable position of the group and, when
more than one position in any given structure may be substituted with more than one
substituent selected from a specified group, the substituent can be either the same or
different at every position. Alternatively, an “optionally substituted group” can be
unsubstituted.

[0042] Combinations of substituents envisioned by this invention are preferably those that
result in the formation of stable or chemically feasible compounds. If a substituent is itself
substituted with more than one group, it is understood that these multiple groups can be on
the same carbon atom or on different carbon atoms, as long as a stable structure results. The
term “stable,” as used herein, refers to compounds that are not substantially altered when
subjected to conditions to allow for their production, detection, and, in certain embodiments,
their recovery, purification, and use for one or more of the purposes disclosed herein.

[0043] Suitable monovalent substituents on a substitutable carbon atom of an “optionally
substituted group” are independently halogen; haloalkyl; (CH2)0-4R°; (CH2)0o4OR?; -
O(CH2)0-4R®, -O—(CH2)0o4C(O)OR?; -(CH2)0o4CH(OR®)2; <(CH2)0-4SR°; -(CH2)o-4Ph,
which may be substituted with R®; -(CH2)0-4O(CHz2)o-1Ph which may be substituted with R®;
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—CH=CHPh, which may be substituted with R°; -(CH2)o-4O(CHz2)o-1-pyridyl which may be
substituted with R°; -=NOz; —CN; —N3; -(CHz)0-4N(R®)2; —(CHz2)o-4sN(R°)C(O)R®;
-N(R*)C(S)R?; -(CH2)o4NR)C(O)NR®2; -N(R°)C(S)NR®2; -(CHz2)o-

aN(R)C(O)OR?; -N(R°)N(R®)C(O)R®; -N(R*)N(R*)C(O)NR"2; -N(R°)N(R°)C(O)OR?;
—(CH2)0-4C(O)R®; —C(S)R®; -(CH2)04C(O)OR®; |(CH2)0o4C(O)SR®; -(CH2)0-4C(O)OSiR®3;
—(CH2)0-4OC(O)R?; -OC(O)(CHz2)04SR—, SC(S)SR°; -(CH2)0-4SC(O)R®; —(CH2)o-
4C(O)NR®2; —C(S)NR®2; -C(S)SR®;, —=SC(S)SR°®, -(CH2)04OC(O)NR°2; -C(O)N(OR°)R®;
—C(0)C(O)R®; -C(O)CH2L(O)R®; -C(NOR®)R?;~(CH2)0-4SSR®; -(CH2)0-4S(0O)2R®;
—(CH2)0-4S(0)20R®; -(CH2)0-40S(0)2R®; —S(0)2NR°2; -(CH2)0-4S(O)R®; -N(R°)S(O)2NR°;
-N(R°)S(0)2R?; -N(OR®)R®; -C(NH)NR°2; —-P(0)2R°; -P(O)R°2; -OP(O)R®2;
—OP(O)(OR®)2; SiR°3; —(Ci-4 straight or branched alkylene)O—N(R°)z; or —(Ci-4 straight or
branched alkylene)C(O)O-N(R®)2, wherein each R° may be substituted as defined below and
is independently hydrogen, Ci-s aliphatic, -CH2Ph, —O(CH2)o-1Ph, -CH2-(5-6 membered
heteroaryl ring), or a 5S—6—membered saturated, partially unsaturated, or aryl ring having 0—4
heteroatoms independently selected from nitrogen, oxygen, and sulfur, or, notwithstanding
the definition above, two independent occurrences of R°, taken together with their
intervening atom(s), form a 3—12-membered saturated, partially unsaturated, or aryl
monocyclic or bicyclic ring having 0—-4 heteroatoms independently selected from nitrogen,
oxygen, and sulfur, which may be substituted as defined below.

[0044] Suitable monovalent substituents on R° (or the ring formed by taking two
independent occurrences of R° together with their intervening atoms), are independently
halogen, -(CH2)0-2R®, —(haloR*), -(CH2)oOH, —(CH2)020R*, -(CH2)o-

2CH(OR*)2; -O(haloR*®), —CN, —N3, —(CH2)0-2C(O)R®, —(CH2)0-2C(O)OH, —(CHz)o-
2C(O)OR®, -(CH2)0-2SR®, «(CH2)o-2SH, <(CHz2)0-2NHz2, <(CH2)0-2NHR®, -(CH2)0-2NR*®2,
-NO2, —-SiR*®3, ~OSiR*3, -C(O)SR®, —(C1 straight or branched alkylene)C(O)OR®, or
—~SSR*® wherein each R® is unsubstituted or where preceded by “halo” is substituted only
with one or more halogens, and is independently selected from Ci- aliphatic, -CH2Ph,
—O(CHa2)o-1Ph, or a 5-6-membered saturated, partially unsaturated, or aryl ring having 0—4
heteroatoms independently selected from nitrogen, oxygen, and sulfur. Suitable divalent
substituents on a saturated carbon atom of R° include =0 and =S.

[0045] Suitable divalent substituents on a saturated carbon atom of an “optionally

substituted group” include the following: =0, =S, =NNR"2, =NNHC(O)R", =NNHC(O)OR ",
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=NNHS(0):R", =NR*, =NOR", ~O(C(R"2))2-30—-, and —S(C(R"2))2-35—, wherein each
independent occurrence of R” is selected from hydrogen, Ci-s aliphatic which may be
substituted as defined below, or an unsubstituted 5—6—membered saturated, partially
unsaturated, or aryl ring having 0—4 heteroatoms independently selected from nitrogen,
oxygen, and sulfur. Suitable divalent substituents that are bound to vicinal substitutable
carbons of an “optionally substituted” group include: ~O(CR"2)2-30—, wherein each
independent occurrence of R” is selected from hydrogen, Ci-s aliphatic which may be
substituted as defined below, or an unsubstituted 5S—6—membered saturated, partially
unsaturated, or aryl ring having 0—4 heteroatoms independently selected from nitrogen,
oxygen, and sulfur.

[0046] Suitable substituents on the aliphatic group of R include halogen,

-R®, -(haloR®), -OH, -OR®, -O(haloR*), —-CN, —-C(O)OH, —-C(O)OR®, -NHz, -NHR®,
—NR*2, and —NOz, wherein each R*® is unsubstituted or where preceded by “halo” is
substituted only with one or more halogens, and is independently C1-4 aliphatic, -CH2Ph,
—O(CHa2)o-1Ph, or a 5-6-membered saturated, partially unsaturated, or aryl ring having 0—4
heteroatoms independently selected from nitrogen, oxygen, and sulfur.

[0047] Suitable substituents on a substitutable nitrogen of an “optionally substituted group”
include -RT, -NR "2, -C(O)RT, -C(O)ORT, -C(O)C(O)RT, -C(O)CH2C(O)RT,

—S(0)RT, -S(0):NR T2, -C(S)NRT,, -C(NH)NR™,, and -N(R")S(0)2RT; wherein each R is
independently hydrogen, Ci-s aliphatic which may be substituted as defined below,
unsubstituted —OPh, or an unsubstituted 5S—-6—membered saturated, partially unsaturated, or
aryl ring having 0—4 heteroatoms independently selected from nitrogen, oxygen, and sulfur,
or, notwithstanding the definition above, two independent occurrences of Rf, taken together
with their intervening atom(s) form an unsubstituted 3—12—-membered saturated, partially
unsaturated, or aryl monocyclic or bicyclic ring having 0—4 heteroatoms independently
selected from nitrogen, oxygen, and sulfur.

[0048] Suitable substituents on the aliphatic group of R are independently halogen,

-R®, -(haloR®), —OH, —OR*®, —O(haloR*), —CN, —-C(O)OH, —-C(O)OR*, -NHz, -NHR®,
—-NR*®2, or -NO2, wherein each R® is unsubstituted or where preceded by “halo” is
substituted only with one or more halogens, and is independently Ci-4 aliphatic, -CH2Ph,
—O(CHa2)o-1Ph, or a 5-6-membered saturated, partially unsaturated, or aryl ring having 0—4

heteroatoms independently selected from nitrogen, oxygen, and sulfur.
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[0049] As used herein, the term “pharmaceutically acceptable salt” refers to those salts
which are, within the scope of sound medical judgment, suitable for use in contact with the
tissues of humans and lower animals without undue toxicity, irritation, allergic response and
the like, and are commensurate with a reasonable benefit/risk ratio. Pharmaceutically
acceptable salts are well known in the art. For example, S. M. Berge et al., describe
pharmaceutically acceptable salts in detail in J. Pharmaceutical Sciences, 1977, 66, 1-19, the
relevant teachings of which are incorporated herein by reference in their entirety.
Pharmaceutically acceptable salts of the compounds of this invention include salts derived
from suitable inorganic and organic acids and bases that are compatible with the treatment of
subjects.

[0050] Examples of pharmaceutically acceptable, nontoxic acid addition salts are salts of an
amino group formed with inorganic acids such as hydrochloric acid, hydrobromic acid,
phosphoric acid, sulfuric acid and perchloric acid or with organic acids such as acetic acid,
oxalic acid, maleic acid, tartaric acid, citric acid, succinic acid or malonic acid or by using
other methods used in the art such as ion exchange. Other pharmaceutically acceptable acid
addition salts include adipate, alginate, ascorbate, aspartate, benzenesulfonate, benzoate,
bisulfate, borate, butyrate, camphorate, camphorsulfonate, citrate, cyclopentanepropionate,
digluconate, dodecylsulfate, ethanesulfonate, formate, fumarate, glucoheptonate,
glycerophosphate, gluconate, hemisulfate, heptanoate, hexanoate, hydroiodate, 2—hydroxy—
ethanesulfonate, lactobionate, lactate, laurate, lauryl sulfate, malate, maleate, malonate,
methanesulfonate, 2—naphthalenesulfonate, nicotinate, nitrate, oleate, oxalate, palmitate,
pamoate, pectinate, persulfate, 3—phenylpropionate, phosphate, pivalate, propionate, stearate,
succinate, sulfate, tartrate, thiocyanate, p—toluenesulfonate, undecanoate, valerate salts, and
the like.

[0051] In some embodiments, exemplary inorganic acids which form suitable salts include,
but are not limited thereto, hydrochloric, hydrobromic, sulfuric and phosphoric acid and acid
metal salts such as sodium monohydrogen orthophosphate and potassium hydrogen sulfate.
Ilustrative organic acids which form suitable salts include the mono-, di- and tricarboxylic
acids. Tllustrative of such acids are, for example, acetic, glycolic, lactic, pyruvic, malonic,
succinic, glutaric, fumaric, malic, tartaric, citric, ascorbic, maleic, hydroxymaleic, benzoic,
hydroxybenzoic, phenylacetic, cinnamic, salicylic, 2-phenoxybenzoic, p-toluenesulfonic
acid and other sulfonic acids such as methanesulfonic acid and 2-hydroxyethanesulfonic

acid. Either the mono- or di-acid salts can be formed, and such salts can exist in either a
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hydrated, solvated or substantially anhydrous form. In general, the acid addition salts of
these compounds are more soluble in water and various hydrophilic organic solvents, and
generally demonstrate higher melting points in comparison to their free base forms.

[0052] In some embodiments, acid addition salts of the compounds of Formula (I) are most
suitably formed from pharmaceutically acceptable acids, and include, for example, those
formed with inorganic acids, e.g., hydrochloric, sulfuric or phosphoric acids and organic
acids e.g. succinic, maleic, acetic or fumaric acid.

[0053] Other non-pharmaceutically acceptable salts, e.g., oxalates can be used, for example,
in the isolation of compounds of Formula (I) for laboratory use, or for subsequent
conversion to a pharmaceutically acceptable acid addition salt. Also included within the
scope of the invention are base addition salts (such as sodium, potassium and ammonium
salts), solvates and hydrates of compounds of the invention. The conversion of a given
compound salt to a desired compound salt is achieved by applying standard techniques, well
known to one skilled in the art.

[0054] A “pharmaceutically acceptable basic addition salt” is any non-toxic organic or
inorganic base addition salt of the acid compounds represented by Formula (I), or any of its
intermediates. Illustrative inorganic bases which form suitable salts include, but are not
limited thereto, lithium, sodium, potassium, calcium, magnesium or barium hydroxides.
[lustrative organic bases which form suitable salts include aliphatic, alicyclic or aromatic
organic amines such as methylamine, trimethyl amine and picoline or ammonia. The
selection of the appropriate salt may be important so that an ester functionality, if any,
elsewhere in the molecule is not hydrolyzed. The selection criteria for the appropriate salt
will be known to one skilled in the art.

[0055] Salts derived from appropriate bases include alkali metal, alkaline earth metal,
ammonium and N(Ci—salkyl)s salts. Representative alkali or alkaline earth metal salts
include sodium, lithium, potassium, calcium, magnesium, and the like. Further
pharmaceutically acceptable salts include, when appropriate, nontoxic ammonium,
quaternary ammonium, and amine cations formed using counterions such as halide,
hydroxide, carboxylate, sulfate, phosphate, nitrate, lower alkyl sulfonate and aryl sulfonate.
[0056] Unless otherwise stated, structures depicted herein are also meant to include all
isomeric (e.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms of
the structure; for example, the R and S configurations for each asymmetric center, Z and E

double bond isomers, and Z and E conformational isomers. Therefore, single
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stereochemical isomers as well as enantiomeric, diastereomeric, and geometric (or
conformational) mixtures of the present compounds are within the scope of the invention.
Unless otherwise stated, all tautomeric forms of the compounds of the invention are within
the scope of the invention.

[0057] Additionally, unless otherwise stated, structures depicted herein are also meant to
include compounds that differ only in the presence of one or more isotopically enriched
atoms. For example, compounds produced by the replacement of a hydrogen with
deuterium or tritium, or of a carbon with a 1*C- or 1*C-enriched carbon are within the scope
of this invention. Such compounds are useful, for example, as analytical tools, as probes in
biological assays, or as therapeutic agents in accordance with the present invention.

[0058] The term “stereoisomers” is a general term for all isomers of an individual molecule
that differ only in the orientation of their atoms in space. It includes mirror image isomers
(enantiomers), geometric (cis/trans) isomers and isomers of compounds with more than one
chiral center that are not mirror images of one another (diastereomers).

[0059] The term “subject”, as used herein, means an animal. In some embodiments, the
animal is a mammal. In certain embodiments, the subject is a veterinary subject (i.e., a non-
human mammal subject), such as a pig or a horse. In some embodiments, the subject is a
dog. In other embodiments, the subject is a human.

[0060] The term “treat” or “treating” means to alleviate one or more symptoms, to eliminate
the causation of one or more symptoms, either on a temporary or permanent basis, or to
prevent or delay the onset of one or more symptoms associated with a disorder or condition.
[0061] The term “epilepsy” includes idiopathic epilepsy, cryptogenic epilepsy and
symptomatic epilepsy. Idiopathic epilepsy means there is no apparent cause. Idiopathic
epilepsy could be due to genetic tendency. Cryptogenic epilepsy occurs when the cause for
a person’s epilepsy has not yet been found, despite investigation. Symptomatic epilepsy is
epilepsy with a known cause. Causes of symptomatic epilepsy can include a head injury, an
infection like meningitis, a stroke, a scar or a tumor. In one embodiment, the subject being
treated suffers from cryptogenic or idiopathic epilepsy. In another embodiment, the subject
being treated suffers from symptomatic epilepsy. In one aspect, the symptomatic epilepsy is
not a result of a brain injury.

[0062] The term “therapeutically effective amount” or “effective amount” are used
interchangeably and mean an amount of a compound that is effective in treating or lessening

the severity of one or more symptoms of a disorder or condition. In the case of epilepsy, a
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therapeutically effective amount is an amount that promotes a decrease in frequency and/or
severity of epileptic seizures.

[0063] As used herein, “treating epilepsy” means treating a subject with a diagnosis of
epileptic seizures. Treating epilepsy can mean, e.g., one or more of the following: reducing
the occurrence of epileptic seizures, reducing the severity and/or duration of epileptic
seizures, including partial, generalized, convulsive and non-convulsive seizures, and
reducing the severity and/or duration of seizures selected from tonic-clonic, tonic, clonic,
myoclonic, absence, and atonic seizures. All types involve loss of consciousness and
typically happen without warning.

[0064] Tonic-clonic seizures occur with a contraction of the limbs followed by their
extension along with arching of the back which lasts 10-30 seconds (the tonic phase). Tonic
seizures produce constant contractions of the muscles. In clonic seizures, there is shaking of
the limbs in unison. After the shaking has stopped, it may take 10-30 minutes for the subject
to return to baseline. Myoclonic seizures involve spasms of muscles in either a few areas or
all over. Absence seizures can be subtle with only a slight turn of the head or eye blinking.
The subject does not lose balance and returns to normal right after it ends. Atonic seizures
involve the loss of muscle activity for greater than one second, which typically occurs on
both sides of the body.

[0065] Treating epilepsy can also involve reducing an abnormal and excessive firing of
excitory neurons during a seizure, thus reducing the severity and scope of a seizure.
Treating epilepsy can also result in resolution of the disease, meaning that the subject has
not experienced a seizure during a 10-year period.

[0066] The term “treating epilepsy” also includes the treatment of epilepsy syndromes. The
term “epilepsy syndrome” refers to a set of features that are present in the subject having
unprovoked seizures. For example, features can include the age that seizure begin, the
seizure types, and EEG findings. Diagnosis of a syndrome can inform selection of
medication treatment. Exemplary syndromes are benign rolandic epilepsy, childhood
absence epilepsy, juvenile myoclonic epilepsy, Lennox—Gastaut syndrome, and West
syndrome.

[0067] When introducing elements disclosed herein, the articles “a,” “an,” “the,” and “said”
are intended to mean that there are one or more of the elements. The terms “comprising,”
“having” and “including” are intended to be open-ended and mean that there may be

additional elements other than the listed elements.
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Exemplary Embodiments
[0068] A first embodiment is a method of treating epilepsy in a subject in need thereof, the
method comprising administering to the subject an effective amount of a compound

represented by structural Formula (I):

ey

P p ¢ N
N H RS
s .
or a pharmaceutically acceptable salt thereof, wherein:

YisOorS;

R¥is selected from -N(R)-(C3-Cs cycloalkyl), -C3-Cs alkyl, -(Co-C1
alkylene)-heterocyclyl, and -(Co-C:1 alkylene)-heteroaryl;

R’ is selected from hydrogen and C1-C4 alkyl;

wherein: any alkyl or alkylene portion of any R® is optionally and independently
substituted with one or more substituents selected from oxo and -N(R")2, wherein each R” is
independently selected from hydrogen and Ci-Cs alkyl,

any heterocyclyl portion of R® comprises at least one nitrogen atom in a ring, and is

optionally substituted with one or more substituents selected from Ci-C4 alkyl and oxo; and

any heteroaryl portion of R® comprises at least one nitrogen atom in a ring and is
optionally substituted with one or more C1-Cs alkyl.
[0069] In a second embodiment, for the compound of Formula (I), Y is O.
[0070] In a first aspect of the first or second embodiment, R® is selected from -N(R”)-(C3-Cs
cycloalkyl), -Cs-Cs alkyl, -(Co-C1 alkylene)-heterocyclyl, and -(Co-C1 alkylene)-heteroaryl,
wherein any alkyl or alkylene portion of R® is optionally substituted with -N(R”)2, wherein
each R” and R? is independently selected from hydrogen and C1-C4 alkyl; any heterocyclyl,
and heteroaryl portion of R® comprises at least one nitrogen atom in a ring; and any
heterocyclyl, and heteroaryl portion of R® is optionally substituted with C1-Cs alkyl.
[0071] In a second aspect of the first or second embodiment, R® is selected
from -C(CHs)s, -CH(NH2)-CH(CHj3)2, -NH-cyclopropyl, -(CHz2)o-1-pyrazinyl, piperidinyl, N-
methylpiperidinyl, -CH2-morpholin-4-y1, and methylpyrazolyl.
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[0072] In a third aspect of the first or second embodiment, R® is selected

from -C(CH3)s, -CH(NH2)-CH(CH3)2, -NH-cyclopropyl, -(CHz)o-1-pyrazin-2-yl, piperidin-3-
yl, -CH2-morpholin-4-yl, and 5-methyl-1-H-pyrazol-4-yl.

[0073] In a fourth aspect of the first or second embodiment, R¥is selected

from -C(CH3)s3, -NH-cyclopropyl, -CHz-pyrazin-2-yl, -pyrazin-2-yl, -CHz-morpholin-4-yl,
and 5-methyl-1-H-pyrazol-4-yl.

[0074] In a fifth aspect of the first or second embodiment, R® is -(Co-
Cialkylene)-heterocyclyl.

[0075] In an sixth aspect of the first or second embodiment, R® is -(Co-C1
alkylene)-heterocyclyl, wherein the heterocyclyl is selected from pyrazinyl, piperidinyl,
morpholinyl, and pyrazolyl.

[0076] In a seventh aspect of the first or second embodiment, R® is -(Co-C1
alkylene)-heterocyclyl, wherein the heterocyclyl is morpholinyl.

[0077] In a eighth aspect of the first or second embodiment, R?

is -(Cialkylene)-heterocyclyl.

[0078] In a ninth aspect of the first or second embodiment, R® is -(C1alkylene)-morpholinyl.
[0079] In a twelfth aspect of the first or second embodiment, R® is selected

from -C(CH3)3, -CH(NH2)-CH(CHs)z, -NH-cyclopropyl, -(CHz)o-1-pyrazin-2-yl, piperidin-3-
yl, -CHz-morpholin-4-yl, and 5-methyl-1-H-pyrazol-4-yl.

[0080] In a tenth aspect of the first or second embodiment, R? is selected

from -C(CH3)s, -NH-cyclopropyl, -CHz-pyrazin-2-yl, -pyrazin-2-yl, -CHz-morpholin-4-yl,
and 5-methyl-1-H-pyrazol-4-yl.

[0081] In a eleventh aspect of the first or second embodiment, the compounds of Formula
(D) for use in the claimed method is selected from any one of compounds E-1 to E-15 of
Table 1 or a pharmaceutically acceptable salt thereof.

[0082] In a twelfth aspect of the first or second embodiment, the compound use in the

H O

N
N’N/—’>, N )H<
@)
FiC I N/> H

claimed method is CFs or a pharmaceutically acceptable salt

z

thereof.
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[0083] In a thirteenth aspect of the first or second embodiment or any aspect thereof, the
epilepsy can be characterized as having unprovoked partial or generalized seizures. These
seizures can be convulsive or non-convulsive. There are six main types of seizures that are
categorized by their type and duration: tonic-clonic, tonic, clonic, myoclonic, absence, and
atonic seizures.

[0084] In a fourteenth aspect of the first or second embodiment or any aspect thereof, the
seizure is partial or generalized, convulsive or non-convulsive, and selected from tonic-
clonic, tonic, clonic, myoclonic, absence, and atonic seizures.

[0085] In a fifteenth aspect of the first or second embodiment or any aspect thereof, the
seizure is partial and convulsive.

[0086] In a sixteenth aspect of the first or second embodiment or any aspect thereof, the
epilepsy is idiopathic epilepsy.

[0087] In a seventeenth aspect of the first or second embodiment or any aspect thereof, the
epilepsy is cryptogenic epilepsy.

[0088] In a eighteenth aspect of the first or second embodiment of any aspect thereof, the
epilepsy is symptomatic epilepsy.

[0089] In a nineteenth aspect of the first or second embodiment or any thereof, the epilepsy
is symptomatic epilepsy caused by a stroke, a tumor or an infection.

[0090] Methods of making the compounds of Table 1 and compounds of Formula (I)
wherein Y is O or S, and R8 is selected from optionally substituted -N(R?)-(C3-Cs
cycloalkyl), -C3-Cs alkyl, -(Co-C1 alkylene)-heterocyclyl, and -(Co-C1 alkylene)-heteroaryl
and R’ is selected from hydrogen and C1-Cs alkyl are disclosed, for example, in US Patent
No. 9,096,543, the entire contents of which are incorporated herein by reference.

Table 1. Exemplary Compounds

Compound Structure Name

N—N

- NH O
FiC / />/_o>/_H\N (£)-3-(3-(3,5-bis(trifluoromethyl)
E.1 N phenyl)-1H-1,2 4-triazol-1-y1)-N'-
CF3

pivaloylacrylohydrazide

o “/‘"}/_c?/‘ﬂ\:_/{’_ — | @-3-(-G3,5-bis(uifluoromethyl)
E-2 N N © | phenyl)-1H-1,2 4-triazol-1-y1)-N'-(2-
morpholinoacetyl)acrylohydrazide
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N’N> NH O (2)-N'-(3-(3-(3,5-bis(trifluoromethyl)
7 O HN phenyl)-1H-1,2 4-triazol-1-
E-3 yl)acryloyl)-S-methyl- 1 H-pyrazole-4-
carbohydrazide
/_>,.—NH HN (2)-2-(3-(3-(3,5-bis(trifluoromethyl)
FsC N HN_<S phenyl)-1H-1,2 4-triazol-1-
E-4 yDacryloyl)-N-cyclopropylhydrazine
FiC carbothioamide
NN N
FsC 2 O N— -3-(3-(3,5-bis(tritluoromethy
7 3-(3-(3,5-bis(trifl hyl
0 phenyl)-1/-1,2,4-triazol-1-y1)-N'-
E-5 K methyl-N'-(2-morpholinoacetyl)
CF3 ( /7 acrylohydrazide
0
— H ©
N-N N~N (£)-N'-(3-(3-(3,5-bis(trifluoromethyl)
FsC Lp ¢ H phenyl)-1H-1,2,4-triazol-1-
E-6 N" | yDacryloyl)piperidine-3-
carbohydrazide
CF4
N/N/_>7 (8,2)-2-amino-N'-(3-(3-(3,5-
FsC /> 0 NH bis(trifluoromethyl)phenyl)-1H-1,2,4-
E-7 O%w ‘ 4 triazol-1-yl)acryloyl)-3-
) methylbutanehydrazide 2,2,2-
CF, HoN trifluoroacetate
I>I’N>/=>—N‘H (2)-N-(3-(3-(3,5-bis(trifluoromethy!)
FsC NS phenyl)-1H-1,2,4-triazol-1-
E-8 o N yDacryloyl)pyrazine-2-
/ N .
CFs N/ carbohydrazide
yzhl)F}N\H (2)-N-(3-(3-(3,5-bis(trifluoromethy!)
FsC N9 " phenyl)-1H-1,2,4-triazol-1-
E-9 © yDacryloyl)-1-methylpiperidine-4-
CF, N carbohydrazide
N (R,Z2)-2-amino-N-(3-(3-(3,5-
- N E';_C}FN\EH bis(trifluoromethyl)phenyl)-1H-1,2 4-
E-10 N OM triazol-1-yl)acryloyl)-3-
oo methylbutanehydrazide 2,2,2-
CF, 2 ;
trifluoroacetate
I\II’N>/_>—N\H
FaC N (2)-3-(3-(3,5-bis(trifluoromethyl)
E-11 © phenyl)-1/-1,2,4-triazol-1-yl)-N'-(2-
CF, =\, (pyrazin-2-yl)acetyl)acrylohydrazide
Ng 4
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NN yNH O (£)-3-(3-(3,5-bis(trifluoromethyl)
FsC (P O H /Y, | phenyl)-1H-1,2 4-triazol-1-yl)-N"-(2-
E-12 d | morpholino-2-
FoC oxoacetyl)acrylohydrazide
NN yNH 9 (2)-3-(3-(3,5-bis(trifluoromethyl)
HN >——\ :
FaC ! N/> © J{_N o | phenyl)-1H-1,2,4-triazol-1-y1)-N'-(2-
E-13 (3,5-dimethylmorpholino)
FaC acetyl)acrylohydrazide
NN »NH O (£)-3-(3-(3,5-bis(trifluoromethyl)
FsC L o ¢\, | phenyl)-1H-1,2 4-triazol-1-yl)-N"-(2-
E-14 )~/ | (3-oxomorpholino)acetyl)
FaC o acrylohydrazide
NN YNH O (Z)-3-(3~(3,5-bis(trifluoromethyl)
FsC d N/) o HN—‘/<_N/_\O phenyl)-1H-1,2 4-triazol-1-y1)-N'"-(2-
E-15 (3,3-dimethylmorpholino)
F\C acetyl)acrylohydrazide

[0091] In some embodiments, the compound is selected from

F;C

CF;

FsC

and

*ﬁ

FsC

N-—N/:>—N\H o)

[P O HA

N N 0
_/

or a pharmaceutically acceptable salt thereof.

Pharmaceutically Acceptable Compositions

[0092] Provided herein are compositions comprising a compound of this invention or a

pharmaceutically acceptable salt thereof and a pharmaceutically acceptable carrier, adjuvant,

or vehicle. The amount of compound in compositions of this invention is such that is

effective to measurably inhibit CRM1 in a biological sample or in a subject. In certain

embodiments, a composition of this invention is formulated for administration to a subject in

need of such composition.
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[0093] The term “pharmaceutically acceptable carrier, adjuvant, or vehicle” refers to a non-
toxic carrier, adjuvant, or vehicle that does not destroy the pharmacological activity of the
compound with which it is formulated. Pharmaceutically acceptable carriers, adjuvants or
vehicles that may be used in the compositions of this invention include, but are not limited
to, ion exchangers, alumina, aluminum stearate, lecithin, serum proteins such as human
serum albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium
sorbate, partial glyceride mixtures of saturated vegetable fatty acids, water, salts or
electrolytes, such as protamine sulfate, disodium hydrogen phosphate, potassium hydrogen
phosphate, sodium chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl
pyrrolidone, cellulose-based substances, polyethylene glycol, sodium
carboxymethylcellulose, polyacrylates, waxes, polyethylene-polyoxypropylene-block
polymers, polyethylene glycol and wool fat. Other pharmaceutically acceptable carriers,
adjuvants or vehicles include water, saline and dimethylsulfoxide, as well as other
hydrophobic or hydrophilic solvents.

[0094] Compositions of the present invention may be administered orally, parenterally
(including subcutaneous, intramuscular, intravenous and intradermal), by inhalation spray,
topically, rectally, nasally, buccally, vaginally or via an implanted reservoir. In some
embodiments, provided compounds or compositions are administrable intravenously and/or
intraperitonally. Preferably, the compounds and compositions described herein are
administered orally or parenterally.

[0095] The term “parenteral,” as used herein, includes subcutaneous, intravenous,
intramuscular, intraocular, intravitreal, intra-articular, intra-synovial, intrasternal, intrathecal,
intrahepatic, intraperitoneal, intralesional and intracranial injection or infusion techniques.
Preferably, the compositions are administered orally, subcutaneously, intraperitoneally or
intravenously. Sterile injectable forms of the compositions of this invention may be aqueous
or oleaginous suspension. These suspensions may be formulated according to techniques
known in the art using suitable dispersing or wetting agents and suspending agents. The
sterile injectable preparation may also be a sterile injectable solution or suspension in a non-
toxic parenterally acceptable diluent or solvent, for example as a solution in 1,3-butanediol.
Among the acceptable vehicles and solvents that may be employed are water, Ringer's
solution and isotonic sodium chloride solution. In addition, sterile, fixed oils are

conventionally employed as a solvent or suspending medium.
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[0096] Pharmaceutically acceptable compositions of this invention may be orally
administered in any orally acceptable dosage form including, but not limited to, capsules,
tablets, aqueous suspensions or solutions. In the case of tablets for oral use, carriers
commonly used include lactose and corn starch. Lubricating agents, such as magnesium
stearate, are also typically added. For oral administration in a capsule form, useful diluents
include lactose and dried cornstarch. When aqueous suspensions are required for oral use,
the active ingredient is combined with emulsifying and suspending agents. If desired,
certain sweetening, flavoring or coloring agents may also be added. In some embodiments,
a provided oral formulation is formulated for immediate release or sustained/delayed release.
In some embodiments, the composition is suitable for buccal or sublingual administration,
including tablets, lozenges and pastilles. A compound disclosed herein can also be in micro-
encapsulated form.

[0097] The amount of a compound of the present invention that may be combined with the
carrier materials to produce a composition in a single dosage form will vary depending upon
the subject being treated and the particular mode of administration. In one embodiment,
provided compositions should be formulated so that a dosage of between about 0.01 — about
100 mg/kg body weight/day of the compound can be administered to a subject receiving
these compositions. In another embodiment, the dosage is from about 0.5 to about 100
mg/kg of body weight, or between about 1 mg and about 1000 mg/dose, about every 4 to
120 hours, or according to the requirements of the particular drug. Typically, the
pharmaceutical compositions of this invention will be administered from about 1 to about 6
times per day.

[0098] In some embodiments, the compound is formulated for oral administration at a
dosage of approximately 5 mg/kg to approximately 10 mg/kg, preferably at a dosage of
approximately 7.5 mg/kg.

[0099] In some embodiments, the compound is formulated for topical administration at a
concentration of approximately 0.3 uM to approximately 10 uM.

[00100] It should also be understood that a specific dosage and treatment regimen for any
particular subject will depend upon a variety of factors, including the activity of the specific
compound employed, the age, body weight, general health, sex, diet, time of administration,
rate of excretion, drug combination, and the judgment of the treating physician and the

severity of the particular disease being treated. The amount of a compound of the present
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invention in the composition will also depend upon the particular compound in the
composition.

[00101] Upon improvement of a subject’s condition, a maintenance dose of a compound,
composition or combination of this invention may be administered, if necessary.
Subsequently, the dosage or frequency of administration, or both, may be reduced, as a
function of the symptoms, to a level at which the improved condition is retained when the
symptoms have been alleviated to the desired level. Subjects may, however, require

intermittent treatment on a long-term basis upon any recurrence of disease symptoms.

Methods

[00102] Specific proteins and RNAs are carried into and out of the nucleus by specialized
transport molecules, which are classified as importins if they transport molecules into the
nucleus, and exportins if they transport molecules out of the nucleus. Proteins that are
transported into or out of the nucleus contain nuclear import/localization (NLS) or export
(NES) sequences that allow them to interact with the relevant transporters. Chromosomal
Region Maintenance 1 (CRM1), which is also called exportin-1 or Xpol, is a major
exportin. Inhibition of CRM1 blocks the exodus of proteins and/or growth regulators such
as p53, c-Abl, p21, p27, pRB, BRCAI, IkB, ICp27, E2F4, KLF5, YAP1, ZAP, KLFS5,
HDAC4, HDACS or forkhead proteins (e.g. FOXO3a) from the nucleus that are associated
with gene expression, cell proliferation, angiogenesis, neurological disorders, and
epigenetics.

[00103] Compounds and compositions described herein are generally useful for the
inhibition of CRM1 and are therefore useful for treating one or more disorders associated
with activity of CRM 1, such as epilepsy. Thus, in certain embodiments, the present
invention provides a method for treating epilepsy comprising the step of administering to a
subject in need thereof a compound of the present invention, or pharmaceutically acceptable
composition thereof. In some embodiments, the epilepsy is present in an epilepsy syndrome.
The compounds and compositions described herein can also be administered to cells in
culture, e.g. in vifro or ex vivo, or to a subject, e.g., in vivo, to treat, prevent, and/or diagnose
a variety of epilepsy disorders, including those described herein below.

[00104] Another embodiment of the invention is a method for treating a epilepsy or an
epilepsy syndrome disorder associated with CRMI1 activity in a subject in need thereof, the

method comprising administering to the subject in need thereof a therapeutically effective
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amount of a compound of Formula (I), or a pharmaceutically acceptable salt or composition
thereof. In some embodiments, the epilepsy is present in an epilepsy syndrome.

[00105] The activity of a compound utilized in this invention as an inhibitor of CRM1 may
be assayed in vifro, in vivo or in a cell line. Detailed conditions for assaying a compounds
inhibitors of CRM1 are set forth in US Patent No. 9,096,543, and International Application
Nos. PCT/US2011/027328; PCT/US2012/048368; PCT/US2012/048319;
PCT/US2012/021406; and PCT/2014/04479, the entire contents of which are hereby
incorporated by reference. The activity of many of the compounds described herein in
assays designed to measure CRM 1 inhibitory activity can also be found in US Patent No.
9,096,543, and International Application Nos. PCT/US2011/027328; PCT/US2012/048368;
PCT/US2012/048319; PCT/US2012/021406; and PCT/2014/04479,

[00106] Compounds of the invention (the compounds represented by structural Formula (I),
and pharmaceutically acceptable salts thereof, are also useful in the manufacture of a
medicament for the treatment of epilepsy or an epilepsy syndrome disorder. Also provided

herein are disclosed compounds and compositions for use in the treatment of epilepsy.

Combination Therapies

[00107] In some embodiments, a compound described herein is administered together with
an additional “second” therapeutic agent or treatment. The choice of second therapeutic
agent may be made from any agent that is typically used in a monotherapy to treat epilepsy.
As used herein, the term “administered together” and related terms refers to the
simultaneous or sequential administration of therapeutic agents in accordance with this
invention. For example, a therapeutically effective amount of a compound of the present
invention may be administered with a therapeutically effective amount of another
therapeutic agent simultaneously or sequentially in separate unit dosage forms or together in
a single unit dosage form. Accordingly, the present invention provides a single unit dosage
form comprising a compound of the invention, an additional therapeutic agent, and a
pharmaceutically acceptable carrier, adjuvant, or vehicle.

[00108] In one embodiment of the invention, where a second therapeutic agent is
administered to a subject, the therapeutically effective amount of the compound of this
invention is less than its therapeutically effective amount would be where the second
therapeutic agent is not administered. In another embodiment, the therapeutically effective

amount of the second therapeutic agent is less than its therapeutically effective amount



WO 2018/098472 PCT/US2017/063439
-24 -

would be where the compound of this invention is not administered. In this way, undesired
side effects associated with high doses of either agent may be minimized. Other potential
advantages (including without limitation improved dosing regimens and/or reduced drug
cost) will be apparent to those of skill in the art. The additional agents may be administered
separately, as part of a multiple dose regimen, from the compounds of this invention.
Alternatively, those agents may be part of a single dosage form, mixed together with the
compounds of this invention in a single composition.

[00109] The amount of both a compound of the invention and additional therapeutic agent
(in those compositions which comprise an additional therapeutic agent as described above)
that can be combined with the carrier materials to produce a single dosage form will vary
depending upon the host treated and the particular mode of administration. Preferably,
compositions of this invention should be formulated so that a dosage of between about 0.01
—about 100 mg/kg body weight/day of a compound of the invention can be administered. In
certain embodiments, a therapeutically effective amount of a compound described herein
may be administered alone or in combination with therapeutically effective amounts of other
compounds useful for treating epilepsy or epilepsy syndrome disorders.

[00110] Examples of antiseizure medications that can be used in combination with the
compounds described herein include, but are not limited to, lamictal, Topamax, lamotrigine,

klonopin, clonazepam, topiramate, valium, diazepam, dpeacon and depakene.

EXEMPLIFICATION
Example 1: Pilocarpine model for the study of temporal lobe epilepsy (TLE)

[00111] A well-established pilocarpine model of temporal lobe epilepsy (TLE) that has been
recently optimized for mice can be used (Mazzuferi et al., Exp. Neurol. 238:156-67). Status
epilepticus (SE) can be initiated with a single 300 mg/kg intraperitoneal (i.p.) injection of
pilocarpine in male NMRI mice, 30 min after N-methylscopolamine bromide administration
(1 mg/kg; 1.p.). Within 10 to 45 min after pilocarpine treatment, animals display generalized
tonic-clonic seizures that progress to continuous convulsive activity, i.e. SE. To limit the
duration of SE, mice can be injected with a bolus dose of diazepam (10 mg/kg; i.p.) after 3
h. The mice typically show spontaneous recurrent seizures within few days after SE and

continue to display them throughout their lifetime.
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[00112] mRNA measurement of Nrf2 downstream genes (heme oxygenase-1 [HO-1],
quinone oxidoreductase 1 [NQO1], and microsomal glutathione S-transferase [mGST]) can
be performed in micro-dissected hippocampi (for example, n=8) during the chronic phase of
the pilocarpine mouse model, 7.e., 8-10 weeks after pilocarpine-induced SE. The pilocarpine
mice will be sacrificed after 4-day treatment with a disclosed compound (for example, 3 and
10 mg/kg (every other day) for a total of 2 doses). The same measurement will be performed
in aged-matched control animals treated the same way with either vehicle (n=8) or a
disclosed compound (n=8) to assess potential difference between epileptic and non-epileptic
mice. Quantification can be performed with a Tagman real time quantitative polymerase
chain reaction. In all experiments, mRNA levels are normalized to glyceraldehyde-3-
phosphate dehydrogenase (GAPDH), which serves as the housekeeping gene.

[00113] A separate cohort of animals (for example, n=40) can then undergo continuous
monitoring for spontaneous recurrent seizures during 28 consecutive days beginning 8-10
weeks following pilocarpine induced SE. The seizure monitoring can be performed by
simultaneous recording of locomotor activity with a 3D accelerometer and video. This
system allows for automated detection of behavioral seizures by analysis of the
accelerometry signal. All behavioral seizures can be scored according to the Racine’s
protocol after detailed review of corresponding video clips by experienced technical
personnel. Secondary generalized seizures, a Racine’s score of 3-5, will be quantified and
used for calculation of total seizure counts.

[00114] After establishing baseline seizure frequency (during 14 days of continuous
monitoring), one group of pilocarpine mice can be treated for additional 14 days with a
disclosed compound (for example, 10 mg/kg (every other day for 2-weeks)), (n=20) and
vehicle (n=20) to assess treatment-related changes in seizure frequency. At the end of the
treatment phase, the mice would be sacrificed for sampling of the hippocampus and

extraction of RNA (one hemisphere) and histology (one hemisphere).

Example 2: Pilocarpine model for the study of temporal lobe epilepsy (TLE)

[00115] Following the general procedure described in Example 1 and outlined in FIG. 1,
Compound E1 of Table I was administered to mice during the treatment phase at 7.5 mg/kg
per os every other day for the two weeks of treatment. Control mice were administred
vehicle using the same regimen (Vehicle: 0.6% Plasdone PVT K29/32 puls 0.6%

Poloxamer Pluronic F68 in water. A total of 24 mice were dosed with Compound El (also
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known as KPT-350). As can be seen in FIGS. 2-5, all treated mice had at least a 50%
reduction in seizure activity and six had a 100% reduction. In addition, there was no change
in body weight of the treated mice.

[00116] The teachings of all patents, published applications and references cited herein are
incorporated by reference in their entirety.

[00117] While this invention has been shown and described with references to example
embodiments thereof, it will be understood by those skilled in the art that various changes in
form and details may be made therein without departing from the scope of the invention

encompassed by the appended claims.
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CLAIMS
What is claimed is:
1. A method for treating epilepsy in a subject in need thereof, the method comprising

administering to the subject a therapeutically effective amount of a compound
represented by structural Formula I
N—N/_>—NH v
FaC [ p 9 \N_(
3 /

N H RB

CFs (D),

or a pharmaceutically acceptable salt thereof, wherein:

YisOQorS;

R® is selected from -N(R”)-(C3-Cs cycloalkyl), -C3-Cs alkyl, -(Co-C1
alkylene)-heterocyclyl, and -(Co-C1 alkylene)-heteroaryl;

R’ is selected from hydrogen and C1-Cs alkyl;
wherein:

any alkyl or alkylene portion of any R® is optionally and independently
substituted with one or more substituents selected from oxo and -N(R”)2, wherein
each R’ is independently selected from hydrogen and C1-C4 alkyl;

any heterocyclyl portion of R® comprises at least one nitrogen atom in

aring, and is optionally substituted with one or more substituents selected from Ci-
C4 alkyl and oxo; and

any heteroaryl portion of R® comprises at least one nitrogen atom in a ring

and is optionally substituted with one or more C1-Cs alkyl.
2. The method of claim 1, wherein Y is O.

3. The method of claim lor claim 2, wherein R® is optionally substituted -(Co-C1
alkylene)-heterocyclyl.

4. The method of claim 3, wherein the heterocyclyl is morpholinyl.
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S. The method of claim 1 or claim 2, wherein R® is optionally substituted -(Ci
alkylene)-heterocyclyl.
6. The method of claim 5, wherein the heterocyclyl is morpholinyl.
7. The method of claim 3 or claim 5, wherein the optionally substituted heterocyclyl is

selected from pyrazinyl, piperidinyl, morpholinyl, and pyrazolyl.

8. The method of claim 1 or claim 2, wherein R® is selected
from -C(CH3)s3, -CH(NH2)-CH(CH3)2, -NH-cyclopropyl, -(CHz2)o-1-pyrazinyl,
piperidinyl, hydroxypiperidinyl, N-methylpiperidinyl, -CH2-morpholin-4-yl, and
methylpyrazolyl.

9. The method of claim 8, wherein R® is selected
from -C(CH3)s, -CH(NH2)-CH(CH3)2, -NH-cyclopropyl, -(CHz)o-1-pyrazin-2-yl,
piperidin-3-yl, -CHa-morpholin-4-yl, and 5-methyl-1-H-pyrazol-4-yl.

10.  The method of claim 9, wherein R® is selected
from -C(CH3)s, -NH-cyclopropyl, -CHz2-pyrazin-2-yl, -pyrazin-2-
yl, -CHa-morpholin-4-yl, and 5-methyl-1-H-pyrazol-4-yl.

11. A method of claim 1, wherein the compound represented by Formula (1) is selected

from any one of the structural formulas set forth below:

Cmpd
No.

Cmpd
No.

N/N/_>—NH 0 N—N/=>_NH

FsC I 2 & HN FsC I > d NH
N E9 N
El

CF3; N
CF3 N

Compound Structure Compound Structure
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r\/lfN> o NH O I\II’N)/=>—N‘H
F.C 2 O HN FsC 2 O NH
B2 | \Q/LN T ’ \Q/LN OM
CF3 CF3 HN
N’N NH O
/) 0 HN
E3 Ell
N-N  H—NH HN—< /N
FsC /N,)/_O>_H‘N—§ I /) J HN—/§7 =Y
E4 E12
I)I’N> - NH
FsC 2 O N7 -
’ N 04% FsC i r\/1> 0 HN—‘/<_>—\
E5 N E13 ; P
CFs ( /7 FaC
0
= H @ _
NAN/’>/N~N N-N NH O
1) 0 q FoC I ) O HN —\
3 N
e | C\Q/LN N E14 v { p
H
FiC ©
CF,
N/N NN YNH O
FsC /> ) NH F3C IN,) O HN —\
E7 oa» ( ELS NP
CF, HaN FaC
N/N
s (;* T

or a pharmaceutically acceptable salt thereof.

12.

The method of claim 11, wherein the compound is selected from
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/::>’H i —
N-N ‘NJ\’< N-N NH O
oo ¢ o AP &l
N N O
_/
CF, FsC
N-N NH O
FsC [ ) O HN
N
()
=
and FsC

or a pharmaceutically acceptable salt thereof.

13. The method of claim 12, wherein the compound is selected from
AR
N_N \N)*
O H
FsC ’ N/>
CFsy or a pharmaceuticaly acceptable salt
thereof.
14. The method of any one of claims 1-13, wherein the epilepsy is characterized by

unprovoked partial or generalized seizures.

15. The method of any one of claims 1-13, wherein the epilepsy presents with convulsive
seizures.
16. The method of any one of claims 1-13, wherein the epilepsy presents with non-

convulsive seizures.

17. The method of any one of claims 1-13, wherein the epilepsy presents with a seizure
that is partial or generalized, convulsive or non-convulsive, and selected from tonic-

clonic, tonic, clonic, myoclonic, absence, and atonic seizures.
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18.

19.

20.

21.

22.

-31 -

The method of any one of claims 1-13, wherein the epilepsy presents with a seizure

that 1s partial and convulsive.

The method of any one of claims 1-13, wherein the epilepsy is idiopathic epilepsy.

The method of any one of claims 1-13, wherein the epilepsy is cryptogenic epilepsy.

The method of any one of claims 1-13, wherein the epilepsy is symptomatic

epilepsy.

The method of claim 21, wherein the epilepsy is symptomatic epilepsy caused by a

stroke, a tumor or an infection.
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Treatment 7.5 mg/kg

Baseline 7.5 mg/kg
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