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(54) Title: METHODS AND COMPOSITIONS FOR IMPROVING COGNITIVE FUNCTION

(57) Abstract: This invention relates to methods and compositions for treating central nervous system (CNS) disorders with cognit -
ive impairment. In particular, it relates to the use of inhibitors of synaptic vesicle glycoprotein 2A (SV2A), alone or in combination
with valproate, in treating central nervous system (CNS) disorders with cognitive impairment in a subject in need or at risk thereof,
including, without limitation, subjects having or at risk for age-related cognitive impairment, Mild Cognitive Impairment (MCI), am-
nestic MCI (aMCl ), Age- Associated Memory Impairment (AAMI), Age Related Cognitive Decline (ARCD), dementia, Alzheimer's
Disease(AD), prodromal AD, post traumatic stress disorder (PTSD), schizophrenia, amyotrphic lateral sclerosis and cancer-ther -
apy-related cognitive impairment.
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METHODS AND COMPOSITIONS FOR
IMPROVING COGNITIVE FUNCTION

5 Field of the Invention

[0001] This invention relates to methods and compositions for treating central
nervous system (CNS) disorders with cognitive impairment. In particular, it relates
to the use of inhibitors of synaptic vesicle glycoprotein 2A (SV2A), alone or in
combination with valproate, in treating central nervous system (CNS) disorders

10  with cognitive impairment in a subject in need or at risk thereof, including, without
limitation, subjects having or at risk for age-related cognitive impairment, Mild
Cognitive Impairment (MCI), amnestic MCI (aMCI), Age-Associated Memory
Impairment (AAMI), Age Related Cognitive Decline (ARCD), dementia,
Alzheimer’s Disease(AD), prodromal AD, post traumatic stress disorder (PTSD),

15 schizophrenia, amyotrphic lateral sclerosis and cancer-therapy-related cognitive

impairment,
Background of the Invention

[0002] Cognitive ability may decline as a normal consequence of aging or as a

consequence of a CNS disorder.

20 [0003] A significant population of elderly adults experiences a decline in
cognitive ability that exceeds what is typical in normal aging. Such age-related
loss of cognitive function is characterized clinically by progressive loss of
memory, cognition, reasoning, and judgment. Mild Cognitive Impairment (MCI),
Age-Associated Memory Impairment (AAMI), Age-Related Cognitive Decline

25 (ARCD) or similar clinical groupings are among those related to such age-related

CA 2826765 2019-08-21
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loss of cognitive function. According fo some cstimates, there are more than 16
mitlion people with AAMI in the U.S. alone (Barker et al., 1995), and MCl s
estirnated to affect 5.5 - 7 million in the U.S. over the age of 65 (Plassman et al,,

2008),

106057  Other central nervous system (CNS) disorders, such as dementia,
Alzheimer’s Disease{AD), prodromal AD, post traumatic stress disorder (PTSD),
achizophreunia, amyotrophic lateral sclerosis (ALS) and cancer-therapy-related

cognitive impairment, are also associated with cognitive impairment.

I0006]  There 1s, therefore, a need for effective treatment for central nervous
system (CNS) disorders with cognitive impairment and to improve cognitive
function in patients diagnosed with age-related cognitive impairment, MCH,
amnestic MCI, AAMI, ARCD, dementia, AD, prodromal AD, PTSD,
schizophrenta, amyotrophic lateral sclerosis (ALS), cancer-therapy-related
cognitive impairment, and similar central nervous systern (ONS) disorders with

cognitive impairment or at risk of developing them.
Summary of the Invention

168471 In accordance with a first aspect of the present mvention, there 1s provided
a method for treating or improving cognitive function, delaying or slowing the
progression of cognitive impairment, or reducing the rate of decline of cognitive
function, in a subject suffering from a central nervous system (CNS) disorder with
cognitive impairment, or at risk thereof, the method comprising the step of
administering to said subject a therapeutically effective amount of an SV2A
inhibilor or a pharmaceutically acceptable salt, hydrate, solvate, or polymorph
thereof. In some embodiments of this aspect of the mvention, the methods
improve or treat cognitive function in said subject. In some embodiments of this
aspect of the invention, the methods delay or slow the progression of cognitive
impairment in said subject. In some embodiments of this aspect of the invention,
the wcthods reduce the rate of decline of cognitive function in said subject. In
some embodiments of this aspect of the invention, the methods prevent or slow the

progression of said ONS disorder with cognitive impairment n said subject. In

b2
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other embodiments of this aspect of the invention, the methods alleviate,
ameliorate, or slow the progression, of one or more symptoms associated with said

CNS disorder with cognitive impairment i said subject.

[6808] In some embodiments of this aspect of the invention, the CNS disorder
with cogunitive impairroent is age-related cognitive impairmeut, such as Mild
Cognitive fmpairment (MC1), Age-Associated Memory Impairment (AAMI), Age
Related Coguitive Decline (ARCD). In oue ervbodiment of this aspect of the
invention, the MCT is amnestic MCL  In some embodiments of this aspect of the
invention, the CNS disorder with cognitive impairment 1s domentia, Alzheimer’s
Disease{ AD), prodromal AD, post traumatic stress disorder (PTSD),
schizophrenia, amyotrophic lateral sclerosis (ALS) or cancer-therapy-related
cognitive impairment. In one embodiment of this aspect of the invention, the
subjoct that suffers such a ONS disorder or cognitive impairment 1s a human

patient,

16069  The SVZA inhibitor or a pharmaceutically acceptable salt, hydrate,
solvate or polymorph thereof that 1s useful in the methods and compositions of this
aspect of the invention include those disclosed in, for example, United States
(U.S8.} Patent Application 12/580,464, International Patent Application
PCT/US20609/005647, U.S. Patent Application 61/105.847, U.S. Patent
Application 61/152,631, and U.S. Patent Application 61/175,536. However, any
SV2A mhibitor or a pharmaceutically acceptable salt, hydrate, solvate or
polvmorph thereof may be used in the methods and compositions of this aspect of
the inveniion. In other embodiments, the SV2A inhibitor is selected from the
group of SV2A inhibitors referred to in International Patent Applications
WOZ010/144712; WO2010/002869; WO2008/132139; WOZ0G7/065595,
WO2006/128693; WO2006/128692; WOZ005/054188; WO2004/087658;
WOR002/094787; WO2001/062726; UK. Patents 7,465,549; 7,244,747,
5,334,720; 4,656,943; 4,696,942; U 8, Patent Application Publication Numbers
20090312333; 20090018148, 20080081832: 2006258704; and UK Patent Numbers
1,039,113; and 1,309,692 or thew pharmaceutically acceptabie salts, hydrates,

solvates, or polymorphs. In other embodiments, the SVZA inhibitor is selected
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from the group consisting of levetiracetam, brivaracetar, and seletracetam or
derivatives or analogs or pharmaceutically acceptable salts, hydrates, solvates, or
polymorphs thereof. In other embodiments, the SV2A inhibitor is lovetiraceiam or
a derivative or an analog or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof. In other embodiments, the SVZA inhibitor is brivaracctam or a
dertvative or an analog or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof, In other embodiments, the SV2A inhibitor is seletracetam or a
derivative or an analog or a pharmaceutically acceptable salt, hydrate, solvate, or

polymorpl thereof,

{8918] In other embodiments of this aspect of the invention, the SV2A inhibitor
or a pharmaceutically acceptable salt, hydrate, solvate or polymorph thercot can be
adminisiered at doses as disclosed, for example, in U8, Patent Application
12/580,404, Intornational Patent Applhication PCT/US2009/005647, U S, Patent
Application 61/105,847, U8, Patent Application 61/152,631, U.S. Patent
Application 61/175,536, and U.5. Patent Application 61/441,251. In other
embodiments of this aspect of the invention, the SV2A inhibitor or a
pharmacecutically acceptable salt, hydrate, solvate or polymorph thereof is
admimstered every 12 or 24 hours at a daily dose of about 8.1 to 0.2 mg/kg, or
about .01 to 2.5 mg/kg, or about 0.1 to 2.5 mg/kg, or about 8.4 to 2.5 mg/kg, or
about 0.6 to 1.8 mg/kg, or about 8.04 to 2.5 my/kg, or about 0.06 to 1.8 mg/kg, or
about 2.0 to 4.0 mg/kg, or about 2.0 to 3.0 mg/'ke, or about 3.0 t0 4.0 mg/kg, or
about 0.2 to 0.4 mg/kg, or about 0.2 10 0.3 mg/kg, or about 0.3 to 0.4 mg/kg, or

about 0.001 - 5 mg/kg, or about 8.001 - 0.5 mg/kg, or about 6.01 - 8.5 mg/ke,

[6011] In accordance with a second aspect of the present invention, there is
provided a method for treating or improving cognitive function, delaying or
slowing the progression of coguitive impairroent, or reducing the rate of decling of
disorder with cognitive impairment, or af risk thereof, the method comprising the
step of administering to said subject a therapeutically effective amount of an SVZA
inhibitor or its pharmaceutically acceptable sali, hydrate, solvate, or polymorph

combination with valproate or an analog, derivative or pharmaceutically acceptable
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salt thereof. In some embodiments of this aspect of the invention, the methods
improve or treat cognitive function i said subject. fn some embodiments of this
aspect of the invention, the methods delay or slow the progression of cognitive
impairment in said subject. In some embodiments of this aspect of the invention,
the methods reduce the rate of decline of cognitive function i said subject. In
some embodiments of this aspect of the invention, the methods prevent or slow the
progression of said CNS disorder with cognitive impairment in said subject. In
other embodiments of this aspect of the invention, the methods alieviate,
ameliorate, or stow the progression, of one or more symptoms associated with said

NS disorder with cognitive impairment in said subject.

[6012] In some embodiments of thig aspect of the nvention, the SV2A mhibitor
and/or valproate are administered at doses that are subtherapeutic as compared to
the doses at which they are therapeutically effective when administered n the

absence of the other.

16013]  In some embodiments of this aspect of the invention, the NS disorder
with cognitive impairment is age-related cognitive impairment, such as Mild
Cognitive fropairment {MC1), Age-Associated Memory Impairment (AAMI), Age
Related Cognitive Decline (ARCD). In one embodiment of this aspect of the
invention, the MCT is amnestic MCL  In some embodiments of this aspect of the
invention, the CNS disorder with cognitive impairment is dementia, Alzheimer’s
Disease{AD), prodromal AD, post traumatic stress disorder (PTSD), schizophrenia
or cancer-therapy-related cognitive impairment. In one embodiment, the subject

that suffers such coguoitive impairmacnt i a human patient.

[0014] The SVZA inhibitor or a pharmaceutically acceptable salt, hydrate,
solvate or polymorph thereot that is useful in the methods and compositions of this
aspect of the invention include those disclosed in, for example, United States
(1J.8.) Patent Application 12/580,464, International Patent Application
PCT/US2009/005647, U.S. Patent Application 61/105,847, U.S. Patent
Application 61/152,631, U.S. Patent Application 61/175,536, and U.S. Patent
Application 61/441,251. However, any SVZA ishibitor or a pharmaceutically

aceeptable salt, hydrate, solvate or polymorph thercof may be used in the methods
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and compositions of this aspect of the invention. In other embodiments, the SV2A
inhibitor is selected from the group of SV2A inhibitors referred to in International
Patent Applications WO2010/144712; WO2010/002869; WO2008/132139;
WOZH7/065595; WO2006/128693; WO2006/128692; WOZH05/054188;
WOZ004/087658; WO2002/094787;, WO2001/062726; U.S. Patents 7,465,54%9;
7,244,747, 5,334,720, 4,696,943, 4,696,942; U8, Patent Application Publication
Numbers 20090312333; 20090018148; 20080081832; 2006258704; and UK Patent

(¥4

Nurvbers 1,039,113; and 1,309,692 or their pharmaceutically acceptable salts,
hydrates, solvates, or polymorphs. In other embodiments, the SVZA inhibitor is

10 selocted from the group consisting of levetiracetam, brivaracetam, and seletracetam
or derivatives or analogs or pharmaceutically acceptable salts, hydrates, solvates,
or polymorphs thereof, In other cmbodiments, the SVZA inhibitor 1s levetiracetam
or a derivative or an analog or a pharmaceutically acceptable salt, hydrate, solvate,

or polymorph thereof, In other embodiments, the 8V2A inhibitor is brivaracetam

i
W

or a derivative or an analog or a pharmaceutically acceptable salt, hydrate, solvate,
or polymorph thereof. In other embodiments, the SV2A inhibitor is seletracetam
or a derivative or an analog or a pharmaceutically acceptable salt, hydrate, solvate,

or polymorph thereof.

[66153] In other embodiments of this aspect of the invention, the SVY2A inhibitor
20 or a pharmaceutically acceptable salt, hydrate, solvate or polymorph thercol that is
administered in combination with valproate or its analog, derivative or
pharmaceutically acceptable salt can be administered at doses as disclosed, for
example, in U.S, Patent Application 12/580,464, International Patent Application
PCT/US2009/005647, U8, Patent Application 61/105,847, U.S, Patent
Application 61/152,631, U.S, Patent Application 61/175,536, and U8, Patent

[
L

Application 61/441,251. In other embodiments of this aspect of the invention, the

SV2A inhibitor or a pharmaceutically acceptable salt, hydrate, solvate or

polymorph thereot that 15 administered in combination with valproate or its analog,

dertvative or pharmaccutically acceptable salt 1 administered every 12 or 24 hours
30 at a daily dose of about 0.01 to 1 mg/kg, or about $.001 to 1 mg/kg, or about 0.1

meg/kg to 5 mg/kg, or about 8.05 mg/kg to 0.5 mg/kg.

&
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[0686] In certain embodiments of this aspect of the invention, valproate or an
analog, derivative or pharmaceutically acceptable salt thereof that is administered
in combination with the SV2A inhibitor or a pharmaccutically accepiable salt,
hydrate, solvate or polymorph thereof 1s administered at a daily dose such that the

5 subject maintains a blood total valproate tevel o 0.5 to 5§ pg/mi plasma.

{60317] In other embodiments of this aspect of the invention, the SVZA inhibitor
or its pharmaceutically acceptable salt, hydrate, solvate, or polymorph and the
valproate or its analog, devivative or pharmaceutically acceptable salt are
administered simultancously, or scquentially, or in a single formulation or in

10 separate formulations packaged together. In other embodiments of this aspect of
the invention, the SVZA inhibttor or its pharmaceutically acceptable salt, hydrate,
solvate, or polymorph and the valproate or its analog, derivative or
pharmaceutically acceptable salt are administered via different routes. As used
herein, "combmation” includes administration by any of these formulations or

i5 routes of admimistration.

{0818] I accordance with a third aspect of the present invention, there s
provided a pharmacentical composition comprising a SY2A inhibitor or a
pharmaceutically acceptable salt thereofl In certain embodiments of this aspect of
the invention, the SV2A inhibitor is present in an amount of 0.07 — 60 mg, 0.07 —

20 350 mg, 25 - 60 myg, 25 - 125 mg, 50~ 250 mg, 5 - 140 mg, 0.7 - 180 mg, 125~
240 mg, 3 - S0 mg, or 3 - 60 mg. . In other embodiments of this aspect of the

invention, the SV2A inhibitor is present in an amount of 0,05 - 35 mg.

[001%] In accordance with a fourth aspoct of this invention, there is provided a
pharmaceutical composition comprising an SVZ2A inhibitor or a pharmaceutically

25 acceptable salt thereof in combination with valproate or an analog, derivative or
pharmaceutically accepiable salt thereof. Tn some embodiments of this aspect of
the invention, the SVZA inhibitor or a pharmaccutically acceptable salt thereof s
present tn an amount of .05 - 35 mg, 0.07 - 60 mg, 0.07 - 350 mg, 25 - 60 mg, 25
- 125 mg, 50 - 250 mg, 5~ 15 mg, 5-30mg, 5 - 140 mg, 0.7 — 180 mg, 125~

36 240mg, 3 -S50mg, or 0.07 - 50 mg, or 3 - 60 myg. . In other embodiments, the

amount of the SV2A inhibitor or a pharmaceutically acceptable salt, hydrate,

-
/
/
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solvate or polymorph thereof is less than 350 mg, loss than 250 mg, less than 200
mg, fess than 150 mg, less than 100 mg, less than 50 mg, less than 35 mg, less than
10 mg, loss than 5 mg, less than 1 mg, less than 0.5 mg, less than 0.1 myg, less than

0.07 mg, or less than 0.05 mg.

[8826] o accordance with a fifth aspect of the present iovention, there is provided
a method for treating or improving cognitive function, delaying or slowing the
progression of cognitive impairment, or reducing the rate of decline of cognitive
function, in a subject suffering from a central nervous system (CNS) disorder with
cognitive impairment, ot at risk thereof, the method comprising the step of
administering to said subject a therapeutically effective amount of levetiracetam or
a pharmaceutically acceptable salt thereof, In some embodiments of this aspect of
the invention, the methods improve or treat cognitive function in said subject. In
some cmbodiments of this aspect of the invention, the methods delay or slow the
progression of cognitive impairment in said subject. In some embodiments of this
aspect of the invention, the methods reduce the rate of decline of cognitive
function m said subject.In some embodiments of this aspect of the invention, the
mecthods prevent or slow the progression of said UNS disorder with cognitive
impairment i said subject. In other embodiments of this aspect of nvention, the
methods alleviate, ameliorate, or slow the progression, of one or more symptoms

associated with said CNS disorder with cognitive impairment n said subject.

{0021} In some embodiments of this aspect of the invention, the CNS disorder
with cognitive impairment is age-related cognitive impairment, such as Mild
Cognitive Impairment (MCI), Age-Associated Memory Impairment (AAMI), Age
Related Cognitive Dechine (ARCD). In one embodiment of this aspect of the
invention, the MCI is ammestic MCL In some embodiments of this aspect of the
mvention, the CNS disorder with cognitive impairment is dewentia, Alzheimer’s
Discase {AD), prodromal AD, post traumatic stress disorder (PTSD;),
schizophrenia or cancer-therapy-related cognitive impairment, In one

erbodiment, the subject that saffers such cognitive rmpairment is a human patient,

{8022} In certain embodiments of this aspect of the invention, the levetiracetam

or a pharmaccutically acceptable salt, hydrate, solvate or polymorph thercot s
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administered every 12 or 24 hours at a daily dose of about 1 to 2 mg/kg, or about
0.1 t0 2.5 mg/kg, or about .4 to 2.5 mg/kg, or about .6 to 1.8 mg/kg, or about
2.0 0 3.0 mg/kg, or about 3.0 to 4.0 mg/kg, or about 2.0 1o 4.0 mg/kg, or about 0.1
~ 5 mg/kg, or about 70 to 140 myg, or about 7 to 180 mg, or aboul 25 ~ 180 mg, or
about 40 to 130 mg, or about 140 to 300 mg, or about 200 to 300 myg, or about 140

to 200 mg, or about 7 - 350 mg.

{6023] In certain embodiments of this aspect of the invention, the levetiracetam or
a pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof s
administored every 12 or 24 hours at a daily dose according to one of the daily

dose ranges indicated as “+7 listed in Table 1 or Table 2.

{0024} In accordance with a sixth aspect of the present invention, there is
provided a method for treating or improving cogritive function, delaying or
slowing the progression of cogunitive impairment, or reducing the rate of decline of
cognitive function, iu a subject suffering from a ceutral norvous system (CNS)
disorder with cognitive impairment, or at risk thereof, the method comprising the
step of administering to said subject a therapeutically effective amount of
brivaracetam or a pharmaceutically acceptable sali thereof. In some embodiments
of this aspect of the invention, the methods improve or treat cognitive function in
said subject. In some embodirnents of this aspect of the mvention, the methods
delay or slow the progression of cognitive impairment in said subject. In some
embodiments of this aspect of the invention, the methods reduce the rate of decline
of cognitive function in said subject.In some embodiments of this aspect of the
invention, the methods prevent or slow the progression of said CNS disorder with
cognitive impairment in said subject. In other embodiments of this aspect of
invention, the methods alleviate, ameliorate, or slow the progression, of one or
more symptoms associated with said CNS disorder with cognitive imapairment in

said subject.

[6028] In some embodiments of this aspect of the invention, the CNS disorder
with cognitive impairruent is age-related cognitive impairment, such as Mild
Cognitive Impairment (MC1), Age~-Associated Memory lmipairment {AAMI), Age

Related Cognitive Decline (ARCD). In one erabodiment of this aspect of the

g
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wnvention, the MCI is ammnestic MCL  In some embodiments of this aspect of the
invention, the UNS disorder with cognitive impairment is dementia, Alzheimer’s
Discase (AD), prodromal AD, post traumatic stress disorder (PTSD),
schizophrenia or cancer-therapy-related cognitive impatrment. In one

embodiment, the subject that suffers such cognitive impairment is a human patient,

[8026] In certain embodiments of this aspect of the invention, the brivaracetam
ot the pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof s
administered every 12 or 24 hours at a daily dose of about 0.1 t0 0.2 mg/ke, or
about 0.01 t0 2.5 mg/kg, or about .04 to 2.5 mg/kg, or about 0.06 to 1.8 mg/kg, or
about 0.2 to 0.4 mg/kg, or about 7 to 15 mg, or about 0.7 to 180 mg, or about 2.5 to

180 mg, or about 4.0 to 130 mg, or about 14 to 30 g,

{60271 In certain embodiments of this aspect of the invention, the brivaracetam or
the pharmacentically acceptable salt, hydrate, solvate or polymorph thereof is
administered overy 12 or 24 hours at a daily dose of at least 0.1 mg, 0.5 mg, 0.75
mg, 1.0 mg, 1.5 mg, or 2.0 mg; but no more than a daily dose of 2.5 mg, 5 wug, 10
mg, 15 mg, 20 mg, 25 mg, 30 mg, or 35 mg. In other embodiments, the
brivaracetam or a pharmaceutically acceptable salt, hydrate, solvate or polymorph
thereof is administered every 12 or 24 hours at a daily dose of at least 0.0015
mg/kg, 0.0075 mg/kg, 0.01 mg/kg, 0.015 mg/ke, 0.02 mg/kg, or .03 mg/kg; but
no more than a daily dose of 0.5 mg/kg, 0.4 mg/kg, 0.3 mg/kg, 0.2 mg/kg, 8.15

myg/kg, 0.1 mg'kg, 0.05 mg/kg, or 0.04 mg/k

4e

{0028} In certain embodiments of this aspect of the invention, the brivaracetam or
a pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof is
administered every 12 or 24 hours at a daily dose according to one of the daily

TR i

dose ranges indicated as isted iu Table 3 or Table 4. For example, the
brivaracetam or a pharmaceutically acceptable salt, hydrate, solvate or polymorph
thereof may be administered every 12 or 24 hours at a daily dose of 8.1 - 35 mg,
05-35mg, 0.75-35mg, 1.0-35mg, 1.5-35mg, 2.0-35mg, 0.1 - 30 mg, 0.1 -
25mg, 0.1 - 20 g, 0.1 - 15mg 0.1 - 10 mg 0.1 - Smg, 0.1 - 2.5 mg, 0.6015-0.5
mg/kg, 0.0075 - 0.5 mg/kg, 0.01 - 0.5 mg/kg, 0.015 - 0.5 mg/kg, .02 - 6.5 mg/kg,
0.03 - 0.5 mg/kg, 0.0015 - 0.4 mg/kg, 00015 - 0.3 mg/kg, 0.0015 - 0.2 mg/kg,

16
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0.0015 - 0.15 mg/kg, 0.0015 - 0.1 mg/kg, 0.0015 - 0.05 mg/kg, or 0.0015-0.04

[6029] [n accordance with a seventh aspect of the present invention, there is
provided a method for treating or improving cognitive function, delaying or
slowing the progression of cognifive Irapairment, or reducing the rate of decline of
cognitive function, in a subject suffering from a central nervous system (CNS)
disorder with cognitive impairment, or at risk thereof, the method comprising the
step of administering to said subject a therapentically effective amount of
selectracetam or a pharmaceutically acceptable salt thereof. In some embodiments
of this aspect of the invention, the methods improve or ireat cognitive function in
sard subject. In some embodiments of this aspect of the invention, the methods
delay or siow the progression of cognitive impairment in said subject. In some
erabodiments of this aspect of the mveuntion, the mothods reduce the rate of decline
of cognitive function in said subject. In some embodiments of this aspect of the
invention, the methods prevent or slow the progression of said CNS disorder with
cognitive impairmment in said subject. In other embodiments of this aspect of
invention, the methods alleviate, ameliorate, or slow the progression, of one or
more symptors associated with said ONS disorder with cogunitive impairment in

said subject.

[6636¢] In some embodiments of this aspect of the invention, the CNS disorder
with cognitive impatrment is age-related cognitive impairment, such as Mild
Cognitive fmpatrment (MC1), Age-Associated Memory Impairment (AAMI), Age
Related Cognitive Decline (ARCD). In one embodiment of this aspect of the
invention, the MCI is armmestic MCL  In some embodiments of this aspect of the
invention, the CNS disorder with cognitive impairment is dementia, Alzheimer’s
Dsease{ ADY), prodromal ALY, post traumatic stress disorder (PTSD, schizophrenia
or cancer-therapy-related cognitive impairment. In one embodiment, the subject

that suffers such coguitive impairracnt 18 a human patient.

[6031] In certain embodiments of this aspect of the invention, the seletracetarn or
a pharmaceutically acceptable salt, hydrate, solvate or polymorph thercof s

adminisicred every 12 or 24 hours at a daily dosc of at least 8.1 mg, 0.5 mg, 0.75

11
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mg, 1.0 mg, 1.5 myg, or 2.0 mg; but no more than a daily dose of 2.5 mg. 5 mg, 10
mg, 15 mg, 20 mg, 25 mg, 30 mg, or 35 mg. In other embodiments, the
seletracetam or 2 pharmaceutically acceptable salt, hydrate, solvate or polymorph
thereof is administered every 12 or 24 hours at a datly dose of at least 0.0015
mg/kg, 6.0075 mg/kg, 0.01 mg/ke, 0.015 mg/kg, 0.02 mg/kg, or 0.03 mg/kg; but
uo more than a daily dose of 0.5 wug/kg, 0.4 mg/kg, 0.3 mg/kg, 0.2 mglkg, 0.15

mg/ke, 0.1 mg/kg, 0.05 mg/kg, or .04 ma/kg.

16032] In certain embodiments of this aspect of the invention, the seletracetam or
a pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof 1s
administered every 12 or 24 hours at a daily dose according to one of the daily
dose ranges indicated as “+7 listed in Table 5 or Table 6. For example, the
seletracetam or a pharmaceutically acceptable salt, hydrate, solvate or polymorph
thercot may be administered overy 12 or 24 hours at a datly dose of 8.1 - 35 mg,
0.5-35mg, 0.75-35mg, 1.0-35mg, 1.5-35mg, 2.0-35mg. 0.1 -30mg, 0.1 -
25mg, 0.1 -20mg, 0.1 - 15 mg, 0.1 - 10mg, 8.1 -5 mg, 8.1 - 25 mpg, 0.6015-0.5
mg/kg, 0.0075 - 0.5 mg/kg, 0.01 - 0.5 mg/ke, 0.015 - 0.5 mg/kg, 0.02 - 0.5 mg/kg,
0.03 - 0.5 mg/kg, 0.0015 - 8.4 mp/kg, 0.0015 - 0.3 mg/kg, 0.0015 - 0.2 mg/ke,
00015 - 6.15 mg/kg, 0.0015 - 0.1 mg/kg, 8.0015 - 0.05 wmg/kg, or 0.0015-0.04

I
mg/kg.

Brief Description of the Drawings

[6633] FIG. 1 depicts increased mRNA expression of the gene encoding SV2A
in the dentate gyrus of the hippocampus of aged-impaired rats (Al) as compared to
yvoung rats (Y) and aged-unimpaired rats (AU}, Normalized Affymetrix GeneChip
probe set signal values {Y-axis}), as a measure of mRNA expression, are plotted

against learning indices of different rats, as a measure of cognitive impairment,

[0034] FIG. 2 depicts the effects of administering levetiracetam on the spatial
memory retention of six aged-impatred rats (Al} in a Morris Water Maze (MWM)

test. Three treatment conditions were employed: vehicle control, levetiracetam (5
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mg/kg/day) and levetiracetam (10 mg/kg/day). The AT rats were trained for two
consecutive days, with a one-time treatment prior to the training trials per day. 24
hours later, the Al rats were tested. The time the Al rats, 24 hours after treatment
with the different conditions and two days of training, spent swimming in the
target quadrant or the target annuius in a memory retention trial is used as a
measure of spatial memory retention. The target guadrant refers to the guadrant of
the maze (which is a circular pool) where the escape platform is placed during the
tramning trials, The target annulus refers to the exact location of the escape

platform during the training trials.

[0035] FIG. 3 depicts the effects of administering levetiracetam on the spatial
memory retention of ten agod-impaired rats (Al in an cight-arm Radial Arm Maze
(RAM) test. Six treatiment conditions were employed: vehicle control,
levetiracetarn (1,25 mg/kg), levetiracetam (2.5 mg/kg), lovetiracctam (5 mug'kg),
levetiracetam (10 mg/ke) and levetiracetam (20 mg/kg). In the RAM task used,
there was a onc-hour delay between presentation of a subset of arms (5 arms
available and 3 arms blocked) and completion of the eight-arm win-~shift task
{cight arms available). Rats were pre-treated 30 — 40 minutes before daily trials
with a one~time drug/control treatment. The number of errors made by the rats
after the delay was used as a measure of spatial memory retention. Errors were
defined as instances when rats entered an arm from which food had already been
retrieved in the pre~-delay component of the trial or when rats re-visited an arm in
the post-delay session that had already been visited. Paired t-tests were used to
compare the number of errors between different doses of levetiracetam and vehicle

control.

{08361 FIG. 4 depicts the effects of administering levetiracetam or valproate
agparately on the spatial memory retention of ten aged-impaired rats {Al) inan

gight-arm Radial Arm Maze {RAM) test.

100377 FIG. 5 depicts the offects of administering levetiracetam or valproate in
combination on the spatial memory retention of ten aged-impaired rats (A6} in an

cight-arm Radial Arm Maze (RAM) test.



CA 02826765 2013-08-07

WO 2012/109491 PCT/US2012/024556

i6

20

I
|91

LA

[0038] FIG. 6 shows an isobologram plotting levetiracetam dose against
valproate dose. The diagonal straight line is the line of additivity, anchored on
cach axis by the lowest effective doses of valproate and levetiracetam when

assessed individually.

{06391 FIG. 7 depicts the experimental design of the human trials for

levetiracetam treatment.

[684¢] FIG. 8A depicts the average activity in the left CA3 of aMCl subjects
with placebo treatment and age-matched control subjects with placebo treatment
during the presentation of lure stinuli that the subject correctly identified as

“similar.”

{00417 FIG. 8B depicts the average activity in the left CA3 of aMCT subjects
with placebo treatment or levetiracetam treatment (125 mg twice a day for two
weeks) during the presentation of lure stimuli that the subject correctly identified

as “‘similar.”
{3042] FIG. 8C is a table of the data represented o FIGS., 8A and 8B,

{0843] FIG. %A depicts the average activity 1n the left entorhinal cortex of age-
matched control subjects with placebo treatment and aMCI subjects with placcho
treatment during the presentation of lure stimuli that the subject correctly wdentified

as “simular.”

[6044] FIG. 9B depicts the average activity in the left entorhinal cortex of the
same aMUCT subjects with placebo treatment or levetiracetam treatment (125 mg
twice a day for two weeks) during the presentation of lure stimuli that the subject

correctly identified as “similar”
{00457 FIG. 9C 15 a table of the data represented in FIGS. 9A and 9B,

[6846] FIG. 10A depicts an example of the sequence of images shown to

subjects in the explicii 3-aliernative forced choice task described in Example 2.

LAY

{00471 FIG. 10B shows sample pairs of similar (“lure”) images.

14
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[6848] FIG. 11 shows the difference between the aMCI (placebo) subjects and
age-matched control {placebo}) subjects in their performance of the explicit 3-
alternative forced chotee task described in Example 2. Each bar represents the
proportion of the subject respouses (old, similar, or new) when presented with a

lure image.

{00649} FIG. 12 shows the difference between the same aMCl subjects with
placebo treattment or with levetiracetam treatment (125 mg twice a day for two
weeks) in their performance of the explicit 3-alternative forced choice task
described in Example 2. Each bar represents the proportion of the subjects

respounses {old, similar, or new) when presented with 2 lure image.
1605¢] FIG. 13 is a table of the data represented in FIGS, 11 and 12,

16051 FIG. 14A shows the difference between the age-matched control
{placebo) subjects and the aMCI subjects treated with placebo or with
fevetiracetam (125 mg twice a day for two weeks) in their performance of the

Bushke Sclective reminding Test — Delayed Recall.
[6052] FIG. 148 is a table of the data represented in FEG. 144,

[3053]  FIG. 15A shows the difference between the control {placebo) subjects
and the aMCT subjects treated with placebo or with levetiracetam (125 mg twice a

day for two weeks) in their performance of the Benton Visual Retention Test.
[6054] FIG. 1588 i3 a table of the data represented in FIG. 15A.

[6035] FIG. 16A shows the difference between the conirol {placeho) subjects
and the aMCT subjects treated with placebo or with levetiracetam (125 mg twice a
day for two weeks) in their performance of the Verbal Paired Associates Test ~

Recognition.
{00567 FIG. 16B is a table of the data represented in FIG. 16A.

[6657] FIG. 17A shows the difference between the control (placebo) subjects

and the aMCT subjects treated with placebo or with levetiracetam (125 mg twice a

15
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day for two weeks) in their performance of the Verbal Paired Associates Test —

Delayed Recall.
{60581  FI1G. 17B is a table of the data represented in ¥FIG. 17A.

[683%]  FI1G. 18A is a table showing the subjoct selection process for the human

Lh

levetiracetam trial described in Example 2.

[6068] FIG. 18B is a table showing the characteristics of the subjects selected for

the human fevetiracetam trial described in Example 2.
Detailed Description of the Invention

[6061] Unless otherwise defined herein, scientific and technical torms used in

10 this application shall have the meanings that are commonly understood by those of
ordinary skill in the art. Generally, nomenclature used in connection with, and
techniques of, ceil and tissue culture, molecular biology, cell and cancer biclegy,
neurobiology, nourochemistry, virology, immunology, microbiology,
pharmacology. genetics and protein and nucleic acid chenustry, described herein,

15 are those well known and commonly used in the art,

{06621 The methods and techniques of the present invention are generally

performed, unless otherwise indicated, according to conventional methods well

known in the art and as deseribed in various general and more specific reforences

that are cited and discussed throughout this specification. See, e.g. “Principles of
20 Neural Science”, McUraw-Hill Medical, New York, N.Y. 2004} Motulsky,
“Intuitive Biostatistics”, Oxford University Press, Ine. (1995); Lodish et al.,
“Molecular Cell Biology, 4thed.”, W, H. Freeman & Co., New York (2000);
Griffiths et al,, “Introduction to Genetic Analysis, 7th ed.”, W. H. Freeman & Co.,
N.Y. (1999); Gilbert et al,, “Developmental Biology, 6th ed.”, Sinauer Associates,
Inc., Sunderland, MA (2000).

[\
LA

[68663] Chemistry terms used herein are used according to conventional usage in
the art, as exeroplified by “The McGraw-Hill Dictionary of Chenucal Terms”,

Parker 8., Ed., McGraw-Hill, San Francisco, C.A. (1985}

16



10

15

20

25

[0004] Throughout this specification, the word “comprise” or variations such as
“comprises” or “comprising” will be understood to imply the inclusion of a stated
integer (or components) or group of integers (or components), but not the
exclusion of any other integer (or components) or group of integers (or

components).

[0005]  The singular forms “a,” “an,” and “the” include the plurals unless the

context clearly dictates otherwise.

[0006] The term “including” is used to mean “including but not limited to”.

“Including” and “including but not limited to” are used interchangeably.

[0007] The term “agent” is used herein to denote a chemical compound (such as
an organic or inorganic compound, a mixture of chemical compounds), a biological
macromolecule (such as a nucleic acid, an antibody, including parts thereof as well
as humanized, chimeric and human antibodies and monoclonal antibodies, a
protein or portion thereof, e.g., a peptide, a lipid, a carbohydrate), or an extract
made from biological materials such as bacteria, plants, fungi, or animal
(particularly mammalian) cells or tissues. Agents include, for example, agents
which are known with respect to structure, and those which are not known with
respect to structure. The SV2A inhibitory activity of such agents may render them

suitable as “therapeutic agents” in the methods and compositions of this invention.

LY INT)

[0008] A “patient”, “subject”, or “individual” are used interchangeably and refer
to either a human or a non-human animal. These terms include mammals, such as
humans, primates, livestock animals (including bovines, porcines, etc.), companion

animals (e.g., canines, felines, etc.) and rodents (e.g., mice and rats).

[0009] “Cognitive function” or “cognitive status” refers to any higher order

intellectual brain process or brain state, respectively, involved in learning and/or

17
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memory including, but not limited to, attention, information acquisition,
information processing, working memory, short-term memory, long-term memory,
anterograde memory, retrograde memory, metnory retrieval, discrimination
learning, decision-making, inhibitory response control, attentional set-shifting,
lelayed reinforcenient learning, reversal learning, the temporal integration of

voluntary behavior, and expressing au interest in one’s surroundings and self-care.

{06711 v humans, cognitive function may be rueasured, for example and without
limitation, by the clinical global impression of change scale (CIBIC-phas scale);
the Mim Mental State Exam (MMSE); the Neuropsychiatric Inventory (INPI); the
Chinical Dementia Rating Scale (CDR); the Cambridge Neuropsychological Test
Automated Battery (CANTAB); the Sandoz Clinical Assessment-Geriatric
{SCAG), the Buschle Selective Reminding Test (Buschke and Fald, 1974); the
Verbal Paired Associates subtest; the Logical Momory subtest; the Visual
Reproduction subtest of the Wechsler Memory Scale-Revised (WMBS-R}
{(Wechsler, 1997); the Benton Visual Retention Test; or the explicit 3-alternative
forced choice task. See Folstein et al., J Psychiatric Res 12: 189-98, (1975);
Robbins et al., Dementia 5: 266-81, {1994); Rey, L'examen clinigue en
psychologie, (1964); Kluger et al., J Geriatr Psychiatry Newrol 12:168-79, (1999);

Marquis et al., 2002 and Masur et al,, 1994

[6672] In animal model systems, cognitive {unction may be measured in various
conventional ways known in the art, mcluding using a Morris Water Maze
(MWM}, Barnes circular maze, elevated radial arm maze, T maze or any other
mazes in which the animals use spatial information. Other tesis known in the art
may also be used to assess coguitive function, such as novel object recognition and

odor recognition tasks.

{08731  Cognitive function may also be measured using imaging technigues such
as Positron Emission Tomography (PET), functional magnetic resouance imaging
(fMRI}, Single Photon Emission Computed Tomography (SPECT), or any other
imaging technigue that allows one to mcasure brain function. In animals, cognitive

function may also be measured with clectrophysiological techniques,
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[6874] “Promoting” cognitive function refers to affecting tmpaired cognitive
function so that it more closely resembles the function of 2 normal, unimpaired
subject. Cognitive {unction may be promoted to any detectable degree, but in
humans preferably is promoted sufficiently to allow an impaired subject to carry
out daily activitics of normal life at the same level of proficiency as a normal,

unimpaired subject.

{0875] In some cases, “promoting” cognitive function in a subject affected by
age-related cognitive refers to affecting impaired cognitive function se that it more
closely resembles the function of an aged-matched normal, unimpaired subject, or
the function of a young adult subject. Cognitive function of that subject may be
promoted to any detectable degree, but in humans preferably is promoted
sufficiently to allow an impaired subject to carry out daily activities of normal life
at the same level of proficicucy as an aged-matched normal, unimpaired subject or

as a young adult subject,

106761 “Preserving” cognitive function refers to affecting normal or fmapatre
cognitive function such that it does not decline or does not fall below that observed

in the subject upon first presentation or diagnosis, or delays such decline.

{8877)  “Improving” cognitive function includes promoting cognitive function

and/or preserving cognitive function in a subject.

{6878 “Cognitive impairment” refers to cognitive function in subjects that is not
as robust as that expected in a normal, unimpaired subject. In some cases,
cognitive function is reduced by about 5%, about 18%, about 30%, or more,
compared to cognitive function expected in a normal, unimpairmed subject. In
some cases, “cognitive impatrment” in subjects affected by aged-related cognitive
impairment refers to cognitive function in subjects that is not as robust as that
expected in an aged-matched notmal, unimpaired subject, or the function of'a
young aduit subject (i.e. subjects with moan scores for a given age in a cognitive

test).,
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[8079] “Agc-related cognitive impatrment” refers to cognitive impairment in
aged subjects, wherein their cognitive function is not as robust as that expected in
an age-matched normal subject or as that expected 1n young adult subjects, In
some cases, cognitive function is reduced by about 5%, about 10%, about 30%, or
more, compared to cognitive function expected in an age-matched normal subject.
In some cases, cognitive function is as expected iu an age-matched normal subject,
but reduced by about 5%, about 10%, about 30%, about 50% or more, compared to
cognitive function expected in a young adult subject. Age-related impaired
cognitive function may be associated with Mild Cognitive Impairment (MCT)
{(including amestic MCT and non-ammnestic MCT), Age-Associated Memory

impairment {AAM]I), and Age-related Cognitive Decline (ARCD).

{08807 "Cognitive impairment” associated with AD or related to AD orin AD
refers to cognitive function n subjects that 1s not as robust as that expected
subjects who have not been diagnosed AD using conventional methodologics and

standards.

[6081]  “Mild Cognitive Impairment” or “MCI” refers to a condition
characterized by isolated memory impairment unaccompanied other cognitive
abnormalitics and relatively normal functional abilities. One set of criteria for a
clinical characterization of MCT specifies the following characteristics: (1) memory
complaint (as reported by patient, informant, or physician), (2} normal activities of
daily iving (ADLs), (3) normal global cognitive function, (4) abnormal memory
for age (defined as scoring more than 1.5 standard deviations below the mean fora
given age), and (5) absence of indicators of dermentia (as defined by DSM-1IV
guidelines). Petersen of al., Sreh. Newrol 56: 303-308 (1999); Petersen, “Mild
cognitive impairment: Aging 1o Alzheimer's Disease.”” Oxford University Press,

N.Y. (2003).

[6082] Diagnosis of MCT usually entails an objective assessment of cognitive
impairment, which can be garnered through the use of well-established
neuropsychological tests, including the Mimt Mental State Exarsination (MMSE),
the Cambridge Neuropsychological Test Automated Battery (CANTAB) and

individual tests such as Rey Auditory Verbal Learning Test (AVLT), Logics

20
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Memory Subtest of the revised Wechsler Memory Scale (WMS-R) and the New
York University (NYU) Paragraph Recall Test. See Folstein et al., J Psychiatric

Res 12: 189-98 (1975); Robbins et al., Dementia 5. 266-81 (1994} Kluger et al,, J

Geriatric Psychiatry Neurol 12:168-79 {1999).

[B883] "Age-Associate Memory hupatrment (AAMIY" refers to a decline in
memory due to aging. A patient may be considered to have AAMI it he or she is at
teast 530 years old and meets all of the following criteria: ay The patient has noticed

a decline in memory performance, b) The patient performs worse on a standard test

~

W memory compared to young adults, ¢) Al other obvious causes of memory
decline, except normal aging, have been ruled out (in other words, the memory
decline cannot be atiributed to other causes such as a recent heart attack or head

injury, depression, adverse reactions to medication, Alzheimer's disease, etc.}.

{0884] "Age-Related Cognitive Decline (ARCD) refers to declines in memory
and cognitive abilities that arc a normal consequence of aging in humans {¢.g.,
Craik & Salthouse, 1992, Thus 1s also true in virtually all mammalian species.
Age-Associated Memory Impairment refers to older persons with ohiective
memory declines relative to their younger years, but cognitive functioning that is
normal relative to their age peers {Crook et al., 1986} Age-Consistent Memory
Decline, 1s a less pejorative label which emphasizes that these are normal
developmental changes (Crook, 1993; Larrabee, 19996}, are not pathophysiological
{Smith ¢t al., 1991), and rarely progress (o overt dementia (Youngjohn & Crook,

1993}, The DSM-IV {1994} has codified the diagnostic classification of ARCD.

{6085] Alzheimer’s disease (AD) is characterized by memory deficits in its carly
phase. Later symptoms include impaired judgment, disorientation, confusion,
hehavior changes, trouble speaking, and rotor deficits, Histologically, AD is

characterized by beta-amyloid plaques and tangles of protein tau.

[0086] Vascular dementia is caused by strokes. Symiptoms overlap with those of

AD, but without the focus on memory impairment.
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[6687] Dementia with Lewy bodies 1s characterized by abnormal depostis of
alpha-synuclein that form inside neurons in the brain. Cognitive impairment may
be similar to AD, including tmpatrments in memory and judgment and behavior

changes.

[0088] Frontotemporal dementia is characterized by gliosis, neuronal loss,
superficial spongiform degeneration in the frontal cortex and/or anterior temporal
tobes, and Picks” bodies. Symptoms include changes in personality and behavior,

inchuding a decline in social skills and language expression/comprehension.

{608%] “Post traumatic stress disorder (PTSD)Y” refers to an anxiety disorder
characterized by an tmmediate or delayed response 1o a catastrophic event,
characterized by re-experiencing the trauma, psychic numbing or avoidance of
stimuli associated with the trauma, and increased arousal. Re-experiencing
phenomena include intrusive memories, flashbacks, nightmares, and psychological
or physiological distress in responsc to trauma reminders, Such responses produce
anxicty and can have sigmficant tmpact, both chronic and acute, on a patient’s
quality of life and physical and emotional health. PTSD is also associated with
impaired cognitive performance, and older individuals with PTSD have greater

decline in cognitive performance relative to control patients.

{6898] “Schizophrenia” refers to a chronic debilitating disorder, characterized by
a spectrum of psychopathology, including positive symptoms such as aberrant or
distorted mental representations {e.g., hallucinations, delusions), negative
symptoms characterized by diminution of motivation and adaptive goal-directed
action (e.g., anhedonia, affective flattening, avolition}), and cognitive impairment.
While abnormalities in the brain are proposed to underiie the full spectrum of
psychopathology in schizophrenia, curtently available antipsychotics are largely

ineffective in treating cognitive impairments in patients,

j6091] “Amyotrophic lateral sclerosis,” also known as ALS, refers to a
progressive, fatal, neurodegenerative disease characterized by a degencration of
maotor neurons, the nerve cells in the central nervous system that control voluntary

muscle movement, ALS 1s also characterized by neuronal degeneration in the
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entorhinal cortex and hippocampus, memory deficits, and neuronal

hyperexcitability in different brain areas such as the cortex.

[6092] “Cancer therapy-related cognitive impairment” refers to cognitive
impatrment that develops in subjects that are treated with cancer therapies such as
chemotherapy and radiation. Cytotoxicity and other adverse side-effects on the
brain of cancer therapies result in cognitive impairment in such functions as

memory, learning and attention.

[6093]  “Treating” a condition or patient refers to taking steps {0 obtain beneficial
or desired results, including clinical results. Beneficial or desired clinical results
include, but are not limited to, itaproving cognitive tunction, delaying or slowing
the progression of cognitive impairment, reducing the rate of decline of cognitive
function, proventing or slowing the progression of the disease or disorder, or
alleviation, amelioration, or slowing the progression, of one or more symptoms
associated with CNS disorders with cognitive impairmaent, such as age-related
cognitive impairment, Mild Cognitive Irapatrment (MCI), amnestic MCL
dementia, Alzheimer’s Discase (AD}, prodromal AD, PTSD, schizophrenia,
amyolrophic lateral sclerosis (ALS) or cancer therapy-related cogunitive
impatrment. Treating age-related cognitive impairment further comprises slowing
the conversion of age-related cognitive impairment (including, but not limited to

MCI, ARCD and AAMI) into dementia (e.g., A},

[6694] ““Treating cognitive impairment” refers to taking steps {o improve
cognitive {unction in g subject with cognitive impatrment so that the subject’s
performance in one or more cognitive tests is fmproved to any detectable degree,
or is prevented from further decline. Preferably, that subject’s cognitive function,
after treatment of cognitive impairment, wore closely resembles the function of a
normal, unimpaired subject. Treatment of cognitive impairment in humans may
improve cognitive function to any detectable degree, but is preferably improved
sufficiently to allow the impaired subject to carry out daily activities of normal life
at the same level of proficicncy as a normal, ynimpaired subject. In some cases,
“treating cognitive impatrment” refers to taking steps to improve cognitive

function in a subject with coguitive impairracnt so that the subject’s performance
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in one or more cognitive tests is improved to any detectable degree, or is provented
from further decline. Preferably, that subject’s cognitive function, after treatment
of cognitive impairment, more closely resemibles the function of a normal,
unimpaired subject. In some cases, “treating cognitive impairment” in a subject
atfecting by age-related cognitive impairment refers to takings steps to improve
cogunitive function in the subject so that the subject’s cogumitive function, after
treatment of cognitive impairnent, more closely resembles the function of an age-
matched normal, unimpaired subject, or the function of a young adult subject. Iu
somie cases, “treating cognitive impairment” in a subject refers to taking steps to
delay or slow the progression of cogaitive impairment in a subject with cognitive
impairment. In some cases, “treating cognitive impairment” in & subject refers to
talang steps to reduce the rate of decline of cognitive function in a subjoct with

cognitive impairment.

{80957 "Administering” or "administration of” a substance, a compound or an
agent to a subject can be carried out using one of a variety of methods known to
those skilled i the art. For example, a compound or an agent can be administered,
intravenously, arterially, intradermally, intramuscularly, intraperitonealy,
intravenously, subcutancously, ocularly, sublingually, orally (by ingestion),
intranasally (by inhalation), intraspinally, intracerebrally, and transdermally {by
absorbtion, ¢.g., through a skin duct). A compound or agent can also appropriately
be introduced by rechargeable or biedegradable polymeric devices or other
devices, ¢.g., patches and pumps, or formulations, which provide for the extended,
slow or controlled release of the compound or agent. Administering can also be
performed, for example, once, a plurality of times, and/or over one or more
extended periods. In some aspects, the adminisiration includes both direct
administration, including self~administration, and indirect administration, including
the act of prescribing a drug. For example, as used herein, a physician who
instructs a patient to self-administer a drug, or to have the drag adninistered by
another and/or who provides a patient with a preseription for a drug 18

administering the drag to the patient.
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[0696]  Appropriate methods of admuustering a substance, a compound or an
agent to a subject will also depend, for example, on the age of the subject, whether
the subject 18 active or inactive at the time of administering, whether the subject 18
cognitively impaired at the time of administering, the extent of the impairment, and
the chemical and biological propertics of the compound or agent (e.g. solubility,
digestibility, bioavailability, stability and toxicity). In some embodiments, a
compound or an agent is administered orally, ¢.g., to a subject by ingestion, or
intravenously, e.g., to a subject by injection. In some embodiments, the orally
administered compound or agent is in an extended release or slow release

formulation, or administered using a device for such siow or extended release.

[0897]  As used heremn, administration of an SV2A mhibitor or a
pharmaceutically acceptable salt, hydrate, solvate, or polymorph thereof and
valproate or an analog, derivative or pharmacoutically acceptable salt thercot "in
combination” or "together” includes simultancous administration and/or
administration at different times, such as sequential administration. It also includes
administration in a single formulation or in separate formulation packaged

together.

[6098]  The term "simultancous administration,” as used herein, means that the SV2A
inhibitor or its pharmaceutically acceptable salt, hydrate, solvate, or polymorph and
valproate or iis analog, derivative or pharmaceutically acceptable salt, are administered
with a time scparation of no more than about 15 minutes, and i some embodiments no
more than about 10 minutes. When the drugs are administered simultaneously, the
SV2A inhibitor or its pharmaceutically acceptable salt, hvdrate, solvate, or polymorph
and valproate or its analog, derivative or pharmaceutically acceptable salt,, may be
contained in the same dosage (... a unit dosage form comprising both the SV2A
inhibitor and the valproate) or in discrete dosages (¢.g., the SV2ZA inhibitor or its
pharmaceutically acceptable salt, hydrate, solvate, or polymorph, is contained in one
dosage form and the valproate or its analog, derivative or pharmaceutically accepiable

salt, is contaimed in another dosage form),

16099 The term "sequential administration” as used herein means that the SVZA

inhibitor or its pharmaceutically acceptable sali, hydrate, solvate, or polymorph are
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valproate or its analog, derivative or pharmaceutically acceptable salt, are
administered with a time separation of more than about 15 minutes, and in some
embodiments more than about one hour, or up to 12 hours. Either the SVZA

inhibitor or the valproate may be adoinistered first. For sequential administration,

(¥4

he SVZA inhibitor or its pharmaceutically acceptable salt, hydrate, solvate, or
polymorph, and valproate or its analog, derivative or pharmaceutically acceptable
salt, may be contained in discrete dosage forms, optionally contained in the same

container or package.

[0106] A "therapeutically effective amount” of a drug or agent is an amount of a
10 drug or an agent that, when administered to a subject will have the intended
therapeutic offect, e.g. improving cognitive function, or delaying or slowing the
progression of cognitive impairment, or reducing the rate of decline of cognitive
function n a subject, ¢.2., a paticnt having a NS disorder with cognitive

impairment. The full therapeutic effect does not necessarily occur by

[,
¥ 4]

administration of one dose, and may occur only afier administration of a serics of
doses. Thus, a therapeutically effective amount may be administered in one or
more administrations. The precise effective amount needed for a subject will
depend upon, for exaraple, the subject’s size, health and age, the nature and extent
of the cognitive impairment, and the therapeutics or combination of therapeutics
20 selected for admimstration, and the mode of adminisiration. The skilled worker
can readily determine the effective amount for a given situation by routine

experimentation,

10101] "Subtherapeutic amount” refers to an amount administered of an agent or
compound of the favention that is less than the therapeutic amount, that is, less

25 than the amount normally used when said agent or compound is administered alone
(1.¢., individually and in the absence of other therapeutic agents or compouuds) to

treat disorders involving cognitive dysfunction.

101027 "Analog” is used herein to refer to a compound which functionally resembles
another chemical ontity, but does not share the 1dentical chemical structure. For
30 example, an analog is sufficiently similar to a base or parent comipound such that it can

substitute for the base compound m therapeutic applications, despite minor structural
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differences.

[6803]  "Derivative” is used herein to refer to the chemical modification of a
compound. Chemical modifications of a compound can include, for example,
replacement of hydrogen by an alkyl, acyl, or amino group. Many other

modifications are also possible.

[0164] The termo "prodrug” is art-recognized and is intended (o cucompass
compounds or agents which, under physiological conditions, are converted into an
SV2A inhibilor or valproate. A common method for making a prodrug is to select
moieties which are hydrolyzed or metabolized under physiological conditions to
provide the desired compound or agent. In other embodiments, the prodrug is
converted by an enzvimatic activity of the host animal to an inhibitor of SV2A or

valproate.

[8163] "Pharmaceutically acceptable salis™ 1s used herein to refer to an sgentora
compound according to the mvention that is a therapeutically active, non-toxic base and
acid salt torm of the compounds. The acid addition salt form of a compound that
occurs in its free form as a base can be oblained by treating said free base form with an
appropriate acid such as an inorganic acid, for example, a hydrohalic such as
hydrochloric or hydrobromie, sulfuric, miric, phosphoric and the like; or an organic
acid, such as, for example, acetic, hydroxyacetic, propanoic, lactic, pyruvic, malonic,
succinic, maleic, fumaric, malic, tartaric, citric, methanesulfonic, ethancsulfonic,

enzenesulfonic, p-toluenesulfonic, cyclic, salieylic, p- aminosalicylic, pamoic and the

like. See, e.g., WO 01/062726,
Bescription of Methods of the Invention

{01061 The methods of this invention comprise administration of an SV2A inhibitor
ot a pharmaceutically acceptable salt thereof. The methods of this imvention further
comprise administration of an SV2A inhibitor or a pharmaceutically acceptable salt
thereof in combination with adminisivation of valproate or a pharmaceutically
acceptable salt thereof, The agents or compounds of the SVZA inhibitor or the

valproate and their pharmaceutically acceptable salis also include hydrates, solvates,
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polymorphs, and prodrugs of those agents, compounds, and salts.
Metheds of Assessing Cognitive Impairment

{0107 Asumal models serve as an important resource for developing and
evaluating treatments for ONS disorders with cognitive impairment. Features that
characterize cognitive impairment in animal models typically extend to cognitive
iropatrment in humans. E{ficacy in such animal models 1s, thus, expected to be
predictive of efficacy in humans. The extent of cognitive impairment int an animal
model for a CNS disorder, and the efficacy of a waethod of treatruent for said CNS

disorder may be tested and confirmed with the use of a variety of cognitive tests.

[0108] A Radial Arm Maze (RAM) behavioral task is one example of a cognitive
test, specifically testing spacial memory (Chappell er af. Newropharmacology 37:
481-487, 1998). The RAM apparatus cousists of, e.g., eight equidistantly spaced
arms, A maze arm projects from cach facet of a center platform. A food well is
focated at the distal end of each arm. Food is used as a reward. Blocks can be
posttioned to prevent entry to any arm, Numcerous oxfra maze cues surrounding the
apparatus may also be provided. Afler habiluation and training phases, spatial
memory of the subjects may be tested in the RAM under control or test compound-
treated conditions, As a part of the test, subjects are pretreated before trials with a
vehicle control or one of a range of dosages of the test compound. At the
beginning of each trial, a subset of the arms of the cight-arm maze is blocked.
Subjects are allowed to obtain food on the unblocked arms to which access is
permitted during this mmtial “information phase” of the trial. Subjects are then
removed from the maze for a delay period, e.g., a 60 second delay, a 15 minute
delay, a one-hour delay, a two-hour delay, a six hour delay, a 24 hour delay, or
longer) between the information phase and the subsequent “retention test,” during
which the barriers on the maze are removed, thus allowing access to all eight arms,
Afier the delay period, subiects are placed back onto the center platform {with the
barriers to the previously blocked arms removed) and aliowed to obtain the
remaining food rewards during this retention test phase of the trial, The identity
and configuration of the blocked arms vary across trials. The number of “errors”

the subjects make during the retention test phase 1s tracked. An error oceurs i the
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trial if the subjects entered an arm from which food had already been retrieved in
the pre-delay component of the trial, or if it re~visits an arm in the post-delay
session that had already been visited. A fewer number of errors would indicate
better spatial memory. The number of errors made by the test subject, under
various test compound treatiment regimes, can then be compared for efficacy of the

test compound in treating CNS disorders with coguitive impairruent.

{0109]  Another cognitive test that aay be used to assess the effects of a test
compound on the cognitive impaiment of a ONS disorder model animal is the
Morris water maze. A water maze is a pool surrounded with a novel set of patterns
relative to the maze., The training protocol for the water maze may be based on a
modified water maze task that has been shown to be hippocampal-dependent {de
Hoz et al., Eur. J. Newrosci., 22:745-54, 2005, Steele and Motris, Hippocampus
9:118-36, 1999}, The subject s trained to locate a submerged escape platform
hidden underneath the surface of the pool. During the training trial, a subject is
released in the maze {(pool) from random starting positions around the perimeier of
the pool. The starting position varies from trial to trial. If the sabject does not
locate the escape platform within a set time, the experimenter guides and places the
subject on the platform to “teach” the location of the platform.  Afier a delay
period following the last training trial, a retention test in the absence of the escape
platform is given to assess spatial memory, The subject’s level of preference for
the location of the (now absent) escape platform, as measured by, e.g., the time
spent in that location or the number of crossings of that location made by the
mouse, indicates better spatial memory, ie., treatment of cognitive impairment.
The preference for the location of the escape platform under difforent treatment
conditions, ¢an then be compared for efficacy of the test compound in treating

NS disorders with cognitive impatrment,

[6116] There arc various tests known in the art for assessing cognitive function
in humans, for example and without Umitation, the chinical global impression of
change scale (CIBIC-plus scale); the Mim Mental State Exam (MMSE); the
Neuropsychiatric Inventory (NP the Clintcal Domentia Rating Scale (CDRY; the

Cambridge Neuropsychological Test Awtomated Battery (CANTAB); the Sandoz
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Clinical Assessment-Geriatric (SCAG), the Buschke Seloctive Reminding Test
{Buschke and Fuld, 1974); the Verbal Paired Associates subtest; the Logical
Memory subtest; the Visual Reproduction subiest of the Wechsler Memory Scale-

Revised (WMS-R} (Wechsler, 1997}; or the Benton Visual Retention Test. See

(¥4

Folstein et al., J Psychicric Res 12: 189-9%, (1975); Robbins ¢t al., Dementia 5;
266-81, (1994); Rey, L'examen clinigque en psychologie, (1964); Kluger etal,, ./
Geriqey Psyehiatry Neurol 12:168-79, (1999} Marguis ¢t al., 2002 and Masur ¢t
al,, 1994, Auocther example of a cognitive test in humans is the explicit 3-
alternative forced choice task. In this test, subjects are presented with color

10 photographs of cornmon objects consisting of a mix of three types of fimage pairs:
similar pairs, tdentical pairs and unrelated foils. The second of the pair of similar
objects 1s referred 1o as the "lure", These nmage pairs are fully randomized and
presented individually as a series of images. Subjects are tnstructed to make a

judgment as to whether the objects seen are new, old or similar, A “similar”

i
W

response to the presentation of a hure stimulus indicates successful wnemory
retrieval by the subject. By contrast, calling the fure stimulus “old” or “new”

indicates that correct memory retrieval did not oceur.

[8111] In addition to assessing cogmitive performance, the progression of age-
related coguitive impairment and dementia, as well as the conversion of age-

""G )1f ~ 3 o Hive 1 a1 o 5 Ao av he Have ; ARLERNT

2 related cognitive impatrment mto dementia, may be monitored by assessing
surrogate changes in the brain of the subject. Surrogate changes include, without
limitation, changes in regional brain volumes, perforant path degradation, and
changes scen in brain function through resting state IMRI (R-fMRI} and

fluorodeoxyglucose positron emission tomography (FDG-PET). Examples of

L

[
L

regional brain volumes useful n monitoring the progression of age-related
cognitive impairment and dementia include reduction of hippocampal volume and
reduction in volure or thickness of entorhinal cortex. These volumes may be
measured 1 a subject by, for example, MRI. Aisen et al., Alzheimer’s &
Deraentia 6:239-246 (2010}, Perforant path degradation has been shown to be

30 linked to age, as well as reduced cognitive function. For example, older adults
with more perforant path degradation tend to perform worse in hippocampus-

dependent memory tests. Perforant path degradation may be monitored in subjects

(58]
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through ultrahigh-resolution diffusion tensor imaging (DTI). Yassa et al., PNAS
107:12687-12691 (2010}, Resting-state fMRI (R-fMRI} involves imaging the
brain during rest, and recording large-amplitude spontancous low-frequency (<0.1
Hz) fluctuations in the {MRI signal that are temporally correlated across
functionally related areas. Seed-based functional connectivity, independent
compounent analyses, and/or frequency-domain analyses of the signals are used to
reveal functional connectivity between brain arcas, particularly those areas whose
connectivity increase or decrease with age, as well as the extent of cognitive
impairment and/or dementia. FDG-PET uses the uptake of FDG as a measure of
regional metabolic activity in the brain, Decline of FDG uptake in regions such as
the posterior cingulated cortex, temporoparietal cortex, and prefrontal association
cortex has been shown to relate to the extent of cognitive dechne and domentia.
Aisen ot al,, Alzheimer’s & Domentia 6:239-246 (2010), Herholz et al.,

Neurolmage 17:302-316 (2002},
Age-Related Cognitive Impairment

j6112] This invention provides methods and compositions for treating age-related
cogoilive impairment or the risk thereof using an SV2A inhibitor or a
pharmaccutically acceptable salt, hydrate, solvate or polymorth thereof, alone or in
combination with valproate or an alalog, derivative or pharmaceutically acceptable
salt thereof. In certain embodiments, treatment comprises improving cognitive
function in paticnts with age-related cognitive impatrment. In certain
embodiments, treatment comprises slowing or delaying the progression of age-
related cognitive impairment. In certain embodiments, treatment comprises
reducing the rate of dechine of coguitive function associated with age-related
cognitive impairment. In certain embodiments, treatment comprises preventing or
slowing the progression, of age-related cognitive impatrment. In certain
embodiments, treatment comprises alleviation, amelioration or slowing the
progression, of one or more symptoms associated with age-related cognitive
impairment. In certain embodiments, treatment of age-related cognitive
impairmment coruprises slowing the conversion of age-related cognitive impairment

{(incinding, but not imited to MCI, ARCD and AAMI) into dementia (e.g., A,
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The methods and compositions may be used for human paticnts in clinical
applications in the treating age-related cognitive impairment in conditions such as
MCI, ARCD and AAMI or for the risk thereof. The dose of the composition and
dosage interval for the method is, as described herein, one that is safe and

ctficacious in those applications.

{0113} In some embodiments, a subject to be wreated by the methods and
compositions of this invention exhibits age-related coguitive impaitraent or s at
risk of such impairment. In some embodiments, the age-related cognitive
impairment includes, without Hmitation, Age-Agsociated Memory Impairment
{AAMI, Mild Cognitive Impairment {MC1) and Age-related Cognitive Decline

(ARCD).

[8114] Aummal models serve as an important resource for developing and
evaluating treatments for such age-related cognitive impairments. Features that
characterize age-related cognitive impatrment in animal models typically extend to
age-related cognitive mpairment i humans. Efficacy in such animal models 1s,

thus, expected to be predictive of efficacy in humans,

{6135] Various animal models of age-related cognitive impairment are known in
the art. For example, exiensive bohavioral characterization has identified a
naturally occurring form of cognitive mmpairment inn an outbred strain of aged
Long-Evans rats (Charles River Laboratories; Gallagher ef af., Behav. Newrosci.
107:018-626, (199331, In a behavioral assessment with the Morris Water Maze
{(MWM), rats learn and remember the location of an escape platform guided by a
configuration of spatial cues surrounding the maze. The cognitive basis of
performance is tested in probe trials using measures of the animal’s spatial bias in
searching for the location of the escape platform. Aged rats in the study population
have no difficulty swimming 1o a visible platform, but an age-dependent
impairruent 18 detected when the platform is camouflaged, requiring the use of
spatial information. Performance for individual aged rats in the cutbred Long-
Evans sirain varies greatly. For example, a proportion of those rats perform on a
par with young adults. However, approximately 40-50% fall outside the range of

young performance. This vanability amoung aged rats reflects reliable individual

>
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differences. Thus, within the aged population some animals are cognitively
impaired and designated aged-impaired (Al} and other animals are not impaired
and are designated aged-unimpaired (AU}, See, e g., Colombo e of., Proc. Natl.
Acad. Sci. 94: 14195-14199, (1997); Gallagher and Burwell, Newrobiol. Aging 10:
691-708, (1989}; Gallagher er af. Behav. Neurosci. 107:618-626, (1993); Rapp and
Gallagher, Froc. Nad. Acad. Sci. 93: 9926-9930, (1996); Nicolle er al.,
Neuroscience 74: 741-756, (1996); Nicolle ef af., J. Neurosci. 19: 9604-9610,
(1999}; International Patent Publication WO2007/019312 and International Patent
Publication WO 2004/048551, Such an animal model of age-related cognitive
impairmment may be used to assay the effectiveness of the methods and

compositions this invention in treating age-related cognitive impairment.

{3116] The efficacy of the methods and compositions of this fnvention in treating
age-related cognitive impairment may be assessed using a variety of cognitive
tosts, including the Morris water maze and the radial arm maze, as discussed

above,
Dementia

{61371 This invention also provides methods and compositions for treating
dementia using an SVZA inhibilor or a pharmaceutically acceptable sall, hydrate,
solvate or polymorth thereof, alone or in combination with valproate or an alalog,
derivative or pharmaccutically acceptable salt thereof. In certain embodiments,
treatment comprises improving coguitive function in patients with dementia. In
certain cmbodiments, treatiment comprises slowing or delaying the progression of
dementia. In certain embodiments, treatiment comprises reducing the rate of
decline of cognitive function associated with dementia. In certain embodiments,
treatment comprises preventing or slowing the progression, of dementia. In certain
embodiments, treatment comprises alioviation, amelioration, or slowing the
progression of one or more sympioms associated with dersentia. Io certain
embodiments, the symptom to be treated is cognitive impairment, In certain
embodiments, the dementia is Alzheimer’s disease (AD), vascular dementia,
dementia with Lewy bodics, or frontotemporal dementia. The methods and

compositions may be used for human paticnts 1n chinical applications 1 treating

{42
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dementia. The dose of the composition and dosage interval for the method is, as

described herein, one that is safe and efficacious in those applications.

{0118] Animal models serve as an important resource for developing and
evaluating treatments {or dementia. Features that characterize dementia in animal
models typieally extend to dementia in hursans. Thaus, efficacy in such animal
models is expected to be predictive of efficacy in humans, Various animal models
of dementia are known in the art, such as the PDAPP, Tg2576, APP23, TgCRNDR,
F20, hPSZ Tg, and APP + PS1 transgenic mice. Sankaranarayanan, Curr. Top.
Medicinal Chem. 6: 609-627, 2006; Kobavyashi ¢t al, Genes Brain Behay, 4 173-
196. 2005; Ashe and Zahns, Neuron. 66: 631-45, 2010, Such animal models of
dementia may be used to assay the effoctivencss of the methods and compositions

of this invention of the invention in treating dementia.

{018%] The efficacy of the methods and compositions of this invention in treating
demcntia, or cognitive impairment associated with dementia, may be assessed mn
animals models of dementia, as well as human subjects with dementia, using a

variety of cognitive tests known 1n the art, as discussed above.
Post Traumatic Stress Disorder

{61261 This invention also provides methods and compositions for treating post
traumatic stress disorder (PTSD) using an SVZA inhibitor or a pharmaceutically
acceptable salt, hydrate, solvate or polymorth thereof, alone or in combination with
valproate or an alalog, derivative or pharmaceutically acceptable salt thereof In
certain embodiments, treatment comprises improving cognitive function in patients
with PTSD. In certain embodiments, treatment comprises slowing or delaying the
progression of PTSD. In certain embodiments, treatment comprises reducing the
rate of decline of cognitive function associated with PTSD,  n certain
erobodiments, treatraent coraprises preventing or slowing the progression, of
PTSD. In certain embodiments, treatment comprises alleviation, amelioration, or
slowing the progression of oue or more syriptoms associated with PTSD. In
certain embodiments, the symptom to be treated is cognitive impairment. The

methods and compositions may be used for human paticnts in clinical applications

[FS)
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i treating PTSD. The dose of the composition and dosage interval for the method

is, as described herein, one that is safe and efficacious in those applications.

{0121 Patients with PTSD {and, to a lesser degree trauma-exposed patients
without PTSD) have smaller lippocarpal volumes (Woon ef al., Prog. Neuro-
Psychopharm. & Biclogical Psveh. 34, 1181-1188; Wang er o/, Arch. Gen.
Psychiarry 67:296-303, 2010). PTSD is also associated with impaired cognitive
performance. Older individuals with PTSD have greater declines in cognitive
performance relative to control patients (Ychuda er al., Bio. Psych. 60: 714-721,
2006) and have a greater likelihood of developing dementia (Yaffe ez af., Arch.

Gen. Psych. 678: 608-613, 2018,

{0122} Animal models serve as an important resource for developing and
cvalusting treatments for PTSD. Features that characterize PTSD 1n animal
madels typically extend to PTSD in humans. Thus, efficacy in such animal models
is expected to be predictive of efficacy in humans, Various animal models of

PTSD are known 1 the art.

{01231 One rat model of PTSD is Time-dependent sensitization (TDS). TDS
involves exposure of the animal to a severely stressful event followed by a
situational reminder of the prior siress. The following is an example of TDS, Rats
are placed in a restrainer, then placed in a swim tank and made to swim fora
period of time, e.g., 20 min. Following this, cach rat is then immediately exposed
to a gaseous anesthetic until loss of consciousness, and finally dried. The animals
arc left undisturbed for a number of days, e.g., one week. The rats arc then exposed
to a “restress” session counsisting of an initial stressor, e.g., 8 swimming session in
the swim tank {Liberzon e al., Psvchoneuroendocrinology 22: 443-453, 1997,
Harvery et al., Psychopharmacology 175:494-502, 2004). TDS results in an
enhancement of the acoustic startle response {ASR] in the rat, which is comparable
to the exaggerated acoustic siartle that is a prominent symplom of PTED (Khan
and Liberzon, Psychopharmacology 172: 225-229, 2004). Such animal models of
PTSD may be used to assay the offectiveness of the methods and compositions of

this invention of the tnvention in treating PTSD,

(58]
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[6124] The efficacy of the methods and compositions of this invention i treating
PTSI, or cognitive umpairment asscciated with PTSD, may also be assessed in
animals models of PTSD, as well as human subjects with PTSD, using g variety of

cognitive tests known in the art, as discussed above.
Schizophrenia

[8125] This invention additiovally provides methods and compositions for
treating schizophrenia using an SV2A inhibitor or a2 pharmaccutically acceptable
aalt, hydrate, solvate or polymorth thereof, alone or in corubination with valproate
or an alalog, derivative or pharmaceutically acceptable salt thereof. In certain
erabodiments, treatiment comprises improving cognitive function n patients with
schizophrenia. In certain embodiments, treatment comprises slowing or delaying
the progression of schizophrenia. In certain embodiments, troatmuent comprises
reducing the rate of decline of cognitive function associated with schizophrenia.
In certain embodiments, treatment comprises preventing or slowing the
progression, of schizophrenia. o certain embodiments, treatment comprises
alleviation, amelioration or slowing the progression, of one or more symptoms
associated with schizophrenia. In cerlain embodiments, the symptom o be treated
is cognitive impairment. The methods and compositions may be used for human
patients in clinical applications in treating schizophrenia. The dose of the
composition and dosage interval for the method is, as described herein, one that is

safe and efficacious in those applications.

[0126] Cognitive mmpairments dre also associated with schizophrenia. They
precede the onset of psychosis and are present in non-affected relatives. The
cognitive impairments associated with schizophrenia constitute a good predictor
for functioual outcowe aund are a core feature of the disorder. Coguitive features in
schizophrenia reflect dysfunction in frontal cortical and hippocampal circuits.
Patients with schizophreunia also present hippocaripal pathologies such as
reductions in hippocampal volume, reductions in neuronal size and dysfunctional
hyperactivity. An imbalance in cxcitation and inhibition in these brain regions has
also boen documented im schizophrenic pationts suggesting that drugs targeting

inhibitory mechanisms could be therapeutic. See, e.g., Guidotii ef af.,

6
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Psvehopharmacology 1800 191-205, 2005; Zierhut, Psyeh. Res. Neuroimag.
183:187-194, 2010; Wood et af., Neurolmage 52:62-63, 2010; Vinkers ef af,
Expert Opin. Investig. Drugs 19:1217-1233, 2009; Young ef aof., Pharmacol. Ther.
122:130-202, 2009,

{81271 Anivoal wodels serve as an froportaut resource for developing and
cvaluating treatments for schizophrenia. Features that characterize schizophrenia
in animal models typically extend to schizophrenia in humans. Thus, efficacy in
such animal models is expected to be predictive of efficacy in humans. Various

animal models of schizophrenia are known in the art.

[0128] One animal model of schizophrenia is protracted treatment with
methionine. Methionine-treated mice exhibit deficient expression of GAINT in
frontal cortex and hippocampus, similar to those reported in the brain of
postmortem schizophrenia patients. They also exhibit prepulse inhibition of startle
and social mteraction deficis {(Tromonlizzo ef af., PNAS, 99 1709517100,
2002}, Another animal model of schizophrenia 1s methylaoxymethano! acetate

(M AM -treatment in rats. Pregnant fomale rats are administered MAM (20 mg/ke,

¥
!

witraperitoneal) on gestational day 17. MAM-treatment recapitulate a
pathodevelopmental process to schizophrenia-like phenotypes in the offspring,
including anatomical changes, behavioral deficits and altered neuronal information
processing. More specifically, MAM-treated rats display a decreased density of
parvalbumin-positive GABAergic interneurons in portions of the prefrontal cortex
and hippocampus. In behavioral tests, MAM-treated rats display reduced latent
inhibition. Latent inhibition is @ behavioral phenomenon where there is reduced
learning about a stivaulus to which there has been prior exposure with any
consequenice, This tendency to disregard proviously benign stimuli, and reduce the
formation of association with such stimuli is believed to prevent sensory overload.
Low latent inhibition is indicative of psychosis. Latent inhibition may be tested in
rats in the following manner. Rats are divided into two groups. One group 18 pre-
exposed 1o a tone over multiple trials. The other group has no tone presentation.
Both groups are then exposed to an auditory fear conditioning procedure, in which

the same tone is presented concurrently with a noxious stimulus, e.g. an electric

(%)
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shock to the foot. Subsequently, both groups are presented with the tone, and the
rats’ change in locomotor activity during tone presentation is monitored. After the
fear conditioning the rats respond to the tone presentation by strongly reducing
locomotor activity. However, the group that has been exposed to the tone before
the conditioning period displays robust latent inhibition: the suppression of
tocomotor activity in response to tone presentation s reduced. MAM-treated rats,
by contrast show impaired latent inhibition. That is, exposure to the tone previous
to the tear conditioning procedure has no sigoificant effect in suppressing the fear
conditioning. {see Lodge ef af., J. Neurosci,, 29:2344-2354, 20609} Such animal
models of schizophrenia may be used to assay the effectiveness of the methods and

compositions of the invention in treating schizophreuia.

{01287 The efficacy of the methods and compositions of this invention in treating
schizophrenia, or cognitive impatrmacnt associated with schizophrenia, may also be
asscssed in animal models of schizophrenia, as well as human subjects with
schizophrenia, using a variety of cognitive tests known in the art, as discussed

above.
Amystrophic Lateral Sclerosis (ALS)

[BE36]  This invention additionally provides methods and compositions for
treating ALS using an SV2A inhibitor or a pharmaceutically acceptable salt,
hydrate, solvate or polymorth thereof alone or in combination with valproate or a
an alalog, derivative or pharmaceutically acceptable sall thereof. In certain
embodiments, treatment comprises improving cognitive function in patients with
ALS. In certain embodiments, treatment comprises stowing or delaying the
progression of ALS. In certain embodiments, treatment comprises reducing the
rate of decline of cognitive function associated with ALS, In certain embodiments,
treatment comprises preventing or slowing the progression, of ALS. In certain
embodiments, treatment comprises alleviation, amelioration or slowing the
progression, of one or more symptoms assoctated with ALS. In certain
emabodiments, the symptom to be treated is cognitive impairment, The methods

and compositions may be used for human patients in clinical applications in

(58]
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treating ALS. The dose of the composition and dosage interval for the method s,

as described herein, one that is safe and efficacious in those applications.

{31317 In addition to the degeneration of motor neurons, ALS is characterized by
neuronal degeneration in the entorhinal cortex and hippocampus, memory deficits,

and peuronal hyperexcitability in different brain areas such as the cortex.

[8132] The efficacy ol the methods and compositions of this invention i ireating
ALS, or cognitive impairment associated with ALS, may also be assessed in
animal models of ALS, as well as haman sabjects with ALS, using a variety of

cognitive tests known in the art, as discussed above,
ancer therapy-related cognitive impaivrment

101337 This invention additionally provides methods and compositions for
treating cancer therapy-related cognitive impairment using an SV2A inhibitor or a
pharmaceutically acceptable salt, hydrate, solvate or polymorth thereof, alone or in
combination with valproate or an alalog, derivative or pharmaceutically acceptable
salt thereof, In certain embodiments, treatment comprises improving cognitive
function in paticnts with cancer therapy-related cognitive tmpairment. In cortain
erobodiments, treatment corprises slowing or delaying the progression of cance
therapy-related cognitive impairment. In certain embodiments, treatment
comprises reducing the rate of decline of cognitive function associated with cancer
therapy-related cognitive impairment. In certain embodiments, treatment comprises
preventing or slowing the progression, of cancer therapy-related cognitive
impairment. [n certain embodiments, treatment comprises alleviation, amelioration
or slowing the progression, of one or more symploms associated with cancer
therapy-related cognitive impairment, The methods and compositions may be used
for human patients in clinical applications in treating cancer therapy-related
cognitive impairment. The dose of the composition and dosage interval for the
method is, as described herein, one that is safe and efficacious in those

applications.

(%)
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[0134] Therapies that are used in cancer treatment, including chemotherapy,
radiation, or combinations thereof, can cause cognitive impairment in patients, in
such functions as memory, learning and attention. Cylotoxicity and other adverse
side-effects on the brain of cancer therapies are the basis for this form of cognitive
impairment, which can persist for decades. {Dietrich ef af., Oncologist 13:1285.93,

2008; Soussain ef af., Lancet 374:1639-51, 2009,

101357 Cognitive iropatrment following cancer therapies reflects dysfanction in
frontal cortical and hippocampal circnits that are essential for normal cognition, In
animal models, exposure to either chemotherapy or radiation adversely affects
erformance on tests of cognition specifically dependent on these brain systems,
especially the hippocampus (Kim ez @f., J. Radiat. Res. 49:517-526, 2008; Yang er
al., Neurcbiol. Learning and Mem. 93:487-494, 2010). Thus, drugs targeting these
cortical and hippocarapal systems could be neuroprotective in pationts receiving
cancer therapies and efficacious in treating symptoms of cognitive impairment that

may last beyond the interventions used as cancer therapies.

{8136 Animal models serve as an important resource for developing and
evaluating treatments for cancer therapy-related cognitive impairment. Features
that characterize cancer therapy-related cognitive impairment in animal models
typically extend to cancer therapy-related cognitive impairment in humans. Thus,
efficacy in such animal models is expected to be predictive of efficacy in humans.
Various animal models of cancer therapy-related cognitive impatrment are known

in the art.

16137] Examples of animal models of cancer therapy-related cognitive
impairment include treating animals with anti-neoplastic agents such as
eyclophosphamide (CYP) or with radiation, e.g., *Co gamma-rays, (Kim et al., J.
Radiar. Res. 49:517-526, 2008; Yang ef ol., Neurobiol, Learning and Mer.
93:487-494, 2010}, The cognitive function of animal models of cancer therapy-
related cognitive impairment may then be tosted with cognitive tests o assay the
effectiveness of the methods and compositions of the invention 1n treating cancer
therapy-related cognitive impairment, The efficacy of the methods and

compositions of this mvention in treating cancer therapy-related cognitive
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impairment, as well as human subjects with cancer therapy-related cognitive

impairment, using a variety of cognitive tests known in the art, as discussed above.
SV2A Inhibitor

[0010] "Synaptic vesicle protein-2 (SV2)" is a family of synaptic vesicle
proteins, which consists of three members, designated SV2A, SV2B, and SV2C.
SV2A is the most widely distributed family member, being expressed ubiquitously
in the brain. The proteins are integral membrane proteins and have a low-level
homology (20-30%) to the twelve transmembrane family of bacterial and fungal
transporter proteins that transport sugar, citrate, and xenobiotics (Bajjalich et al.,
Science. 257: 1271-1273. (1992)). SV2 family proteins are present in the brain
and endocrine cells, and further are present in all synaptic and endocrine vesicles.
SV2 proteins are reported to play a role in normal synaptic function, and functions
in a maturation step of primed vesicles that converts the vesicles into a Ca(*")- and
synaptotagmin-responsive state (Sudhof et al., 2009). Functionally, SV2 proteins
are reported to enhance synaptic currents and increase the probability of transmitter
release by maintaining the size of the readily releasable pool of vesicles (Custer et
al., 2006).

[0011] "SV2A inhibitor" refers to any agent, substance or compound that binds
to SV2A and reduces synaptic function by reducing pre-synaptic vesicle release
(See, e.g., Noyer et al. 1995; Fuks et al. 2003; Lynch et al. 2004; Gillard et al.
2006; Custer et al., 2006; Smedt et al., 2007; Yang et al., 2007; Meehan,
“Levetiracetam has an activity-dependent effect on inhibitory transmission,”
Epilepsia, 2012 Jan 31; and Example 8§ of WO 2001/62726.) A substance, or a
compound or an agent is an SV2A inhibitor even if it does not itself bind to SV2A,
as long as it causes, or affects the ability of, another compound or agent to bind
SV2A or reduce synaptic function by reducing pre-synaptic vesicle release. SV2A
inhibitors, as used herein, include pharmaceutically acceptable salts of the
inhibitors thereof. They also include hydrates, polymorphs, prodrugs, salts, and

solvates of these inhibitors.

41
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[6146] Among the SV2ZA mhibitors or pharmaceutically acceptable salts,
hydrates, solvates and polymorphs thereof that are useful in the methods and
compositions of this invention are those disclosed, for example, Uniled States
{U.S.) Patent Application 12/580,464, lnternational Patent Application
PCT/AUS2009/0605647, U8, Patent Application 61/105,847, U.S, Patent
Application 61/152,631, and U.S. Patent Application 61/175,336. However, any
SV2A inhibitor or a pharmaceutically acceptabie salt, hydrate, solvate or
polymorph thereof may be used in the methods and corapositions of the inveution.
In some embodiments, the SV2ZA inhibitor is selected from the group of SV2A
inhibitors referred 1o in International Patent Applications WO2010/144712;
W2010/002868;, WO2008/132139; WO2ZO07/465595; W2006/128693;
WO2006/128692; WO2005/054188; WO2Z004/087658; WO2002/094787;
WOZO01/062726; U.S, Patents 7,465,549; 7,244,747, 5,334,728; 4,696,943;
4,696.942; U5, Patent Application Publication Numbers 20090312333;
2009G018148; 20080081832; 2006258704, and UK Patent Numbers 1,039,113;
and 1,309,692 or their pharmaceutically acceptable salts, hydrates, solvates, or
polymorphs, Other SV2A inhibitors may also be used in this invention,
Applicants also refer to methods of preparing these compounds found in the
documents cited above. Other synthetic methods may also be used. These

methods are well known to those skilled in the art.

{6141] [n some embodiments of this invention, the SVZA inhibitor is selected
from the group consisting of levetiracetam, brivaracetam, and seletracetam or
derivatives or analogs or pharmaceutically acceptable salts, solvates, hydrates,

polymorphs, or prodrugs thercof.

i0142] In some embodiments of this invention, the SV2A ishibitor is
tevetiracetam or salts, solvates, hydrates, polymorphs or prodrugs thereof,
Levetiracetam refers to the International Union of Pure and Applied Chemistry
(IUPAC) name of the compound {28)-2-(2-oxopyrrolidin- 1 -yl) butanarmde).
Leovetiracetam is a widely used antiepileptic drug. Levetiracctam binds to a
spectfic site i the CNS; the synaptic vesicle protein 2A (SVZA) (Sce. ¢.g., Noyer

et al, 1993; Fuks et al. 2003; Lynch et al. 2004; Gillard ot al, 2006} and has further
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been shown to directly inhibit synaptic activity and neurotransmission by

inhibiting presynaptic neurotransmitier release (Yang et al., 2007).

[0143]  Among the SV2A inhibitors useful for the methods and compositions of

this tnvention arc the following:

PCT/US2012/024556

1} International Patent Application WO 2001/062726:

A compound having the formula [ or a pharmaceutically acceptable salt

thereof,

Roa Ra

R Sa
X

R

N

wherein X is-CA'NRR® or-CAIOR” or-CA-RS or ON;
7 N N R}
Al and A are independently oxygen, sulfur or-NR”;

i g pls . pia
R’ is hydrogen, alkyl, aryl or-CH,-R™ wherein R™ {s arvd, heterocyele,

halogen, hydroxy, amino, nitro or cyano;

R*, ®¥ and R* are the same or different and cach is independently hydrogen,
halogen, hydroxy, thiol, amino, nilro, nitrooxy, cyano, azido, carboxy, amido,
sulfonic acid, sulfonamide, alkyl, alkenyl, alkynyl, ester, ether, aryl,
heterocycele, or an axy derivative, thio derivative, amino denivative, acyl

derivative, sulfonyi derivative or sulfinyt derivative;

24 s 4 cop c
R R™ and R™ are the same or different and each is independently

hydrogen, halogen, alkyl, alkenyl, alkyuny! or aryl;

3

. . 7 -] .~ P
R’ R®, R and R’ arc the same or different and cach is independently

hydrogen, hydroxy, alkyl, aryl, beterocycle or an oxy derivative; and
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R® is hydrogen, hydroxy, thiol, halogen, alicyl, aryl, heteracyele or a thio

derivative;

with the provisos that at least one of as R*, R?, RY, R* R™ and R™ is other
than hydrogen; and that when the compound is a mixture of all possible
isomers, X is-CONR'RY, A7 is oxygen and R is hydrogen, methyl, ethyl or
propyl then substitution on the pyrolidine ring is other than mono-, di-, or tri-
methyl or mono-ethyl; and that when R, R°, RY, R”, R™and R are each
hydrogen, A" is oxygen and X is CONR'R® then R is different from carboxy,
ester, amido, substituted oxo-pyrrolidine, hydroxy, oxy derivative, armino,
amino derivatives, methyl, naphthyl, phenyl optionally substituted by oxy

derivatives or in the para position by an halogen atom.

In the definitions set forth below, unless otherwise stated, R and R' are
the same or different and each is independently amido, alkyl, alkenyt, atkynyl,
acyl, ester, other, aryl, aralkyl, heterocycele or an oxy derivative, thio derivative,
acyl dertvative, ammo denivative, sulfonyl devivative, or sulfinyl derivative,
cach eptionally substituted with any suitable group, inclading, but not limited
{0, one or more moteties selected from lower alkyl or other groups as deseribed

below as substituents for atkyl.

The term "oxy derivative”, as used herein is defined as including -Q-R"!
groups wherein R' is as defined above excopt for "oxy derivative". Non-
limiling examples are alkoxy, alkenyloxy, alkynyloxy, acyloxy, oxyester,
oxyamido, alkylsulfonyloxy, alkylsulfinyloxy, arylsulfonyloxy,
arylsulfinyloxy, aryloxy, aralkoxy or heterocyclooxy such as pentvioxy,
allyloxy, methoxy, ethoxy, phenoxy, benzyloxy, Z-naphthyloxy, 2-pyridyloxy,

methylenedioxy, carbonate.

The term "thie derivative” as used herein, is defined as including-8-R*
. 11 . 5 o . . . s wr
groups wherein R is as defined above except for "thio derivative”, Non-

¥

himiting exanples are alkylthio, alkenylthio, alkynylthio and arylthio.
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The term "amino derivative” as used herein, is defined as including-NHR
i 12 sl 12 o i
or -NRR™ groups wherein R'" and R™ are as defined above. Non-limiting
examples are mono- or di-atkyl-, alkenyl-, alkynyl- and arylamino or mixed

amino.

5 The tern "acyl dertvative™ as used herein, represents a radical derived from
carboxylic acid and thus is defined as including groups of the formula R’ -CO-,
wherein R'' is as defined above and may also be hydrogen. Non-limiting
examples are formyl, acetyl, propionyl, isobutyryl, valeryl, lauroyl,
heptanedioyl, cyclohexanecarbonyl, crotonoyl, fumaroyl, acryloyl, benzoyl,

10 naphthoyl, furoyl, nicotinoyl, 4-carboxybutanoyl, oxalyl, ethoxalyl, cysteinyl,

oxamoyl.

The term "sultonyl dertvative” gs used herein, is defined as including a
group of the formula -80-RM wherein R is as defined above except for
"sulfonyl derivative”, Non-limiting examples are alkylsulfonyl,

15 alkenylsulfonyl, alkynylsulfouyi and arylsultonyl.

The terma "sulfiny] derivative” as used hereiu, is defined as inchuding a
b £ ay il - plt . : -
group of the formula -SO-RY, wherein R 15 as defined above except for
"aulfinyl derivative”. Non-limiting examples are alkylsulfinyd, alkenylsulfinyi,

alkvnylsulfinyl and arylsulfinyl.

20 The term "alkyl", as used herein, is defined as including saturated,
monovalent hydrocarbon radicals having straight, branched or eyelic motcties
or combinations thereof and containing 1-20 carbon atoms, preferably -6
carbon atoms for non-cychic alkyl and 3-6 carbon atoms for cycloalkyl (in these

two preferred cases, unless otherwise specitied, "lower alkyl™). Alkyl moieties

)
(8]

may optionally be substitited by 1 to 5 substituents independently selected
fromy the group consisting of halogen, hydroxy, thiol, amino, nitro, cyano,
thiccyanato, acyl, acyloxy, sulfony! dertvative, sulfinyl derivative, alkylamino,
carboxy, ester, ether, amido, azido, cycloalkyl, sulfonic acid, sulfonamide, thio
derivative, oxyester, oxyvamido, heterocycle, vinyl, Cl-5-alkoxy, C6-10-

30 aryloxy and C6-10-aryl,
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Pretorred alleyl groups are methyl, ethyl, propyl, isopropyl, butyl, iso or ter-
butyl, and 2,2,2-trimethylethyl each optionally substituted by at least one
substituent selected from the group consisting of halogen, hydroxy, thiol,
amino, nitro and cyano, such as triftuoromethyl, trichioromethyi, 2,2,2-
trichloroethyl, 1, 1-dimethyl-2,2-dibromoethyl, 1, 1-dimethyl-2,2 2~

trichloroethyl.

The term "alkenyl™ as used herein, is defined as including both branched
and unbranched, unsaturated hydrocarbon radicals having at least one double
bond such as ethenyl (= vinyl), I- methyl-1-cthenyl, 2.2-dimethyl-1-cthenyl, 1-
propenyl, Z-propenyl (= allyl}, 1-butenyl, 2-butenyl, 3-butenvl, 4-pentenvi, 1-
mothyl-4-pentenyl, 3-methyl-t-pentenyl, 1-hexenyl, 2-hexenyl, and the like
and being optionally substituted by at least one substituent selected from the
group consisting of halogen, hydroxy, thiol, amine, nitro, cyane, aryi and
heterocyele sach as mono- and di-halo vinyl where halo is fluoro, chioro or

bromao.

The term "alkyny!” as used herein, is defined as including a monovalent
branched or unbranched hydrocarbon radical containing at least one carbon-
carbon triple bond, for example ethynyl, 2-propynyi (= propargyl), and the like
and being optionally substituted by at least one substituent sclected from the
group consisting of halogen, hydroxy, thiol, amino, nitro, cyano, aryl and

heterocycle, such as haloethynyl.

When present as bridging groups, alkyl, alkenyl and alkyny! represent
straight- or branched chains, C1-12, preferably Cl-d-alkylene or C2-12-,

preferably C2-4-alkenyicne or -alkynylene moieties respectively.

Groups where branched derivatives are conventionally qualitied by prefixes
such as "n", "sec”, "iso" and the like (e.g., "n-propyl”, "sec-butyl”} are in the n-

form unless otherwise stated.

The term "aryl” as used herein, is defined as including an organic radical

derived from an aromatic hydrocarbon consisting of 1-3 rings and containing 6-
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30 carbon atoms by removal of one hydrogen, such as phenyl and naphthyl
each optionally substituted by 1 to 5 substituents independently selected from
halogen, hydroxy, thiol, amino, nitro, cyano, acyl, acyloxy, sulfonyl, sulfinyl,
alkylannino, carboxy, ester, ether, amido, azido, sulfonic acid, sulfonamide,
alkvisulfonyvl, alkvisulfinyl, alkylthio, oxyester, oxyamido, aryl, Ct-6-alkoxy,
Ca-10-aryloxy, Cl-6-alkyl, C1-6-haloalkyl. Arylradicals are preferably
monecyclic containing 6-10 carbon atoms, Preferred aryl groups are phenyi
and naphthyl each optionally substituted by 1 to § substituents independently
selected from halogen, nitro, amino, azido, C1-6-alkoxy, C1-6-~ alicyhthio, Ci-6-

alkyl, Cl-6-haloalkyl and pheunyl.
The term "halogen”, as used herein, includes an atom of CL Br, F, L
The term "hydroxy”, as used herein, represents a group of the tormula -OH.
The term "thiol”, a5 used heretn, reprosents a group of the formula -SH.
The term "eyano”, as used horein, represents g group of the formula -CN,
The term "nitro”, as used herein, represeonts a group of the formula ~-NO..

The term "nitrooxy”, as used herein, represents a group of the formula -

ONG;,
The term "amuno", as used hereu, represents a group of the formula -NH,.
The term "azido”, as used herein, represents a group of the formuala -Ns.

The term "carboxy”, as used herein, reprosents a group of the formula -

COOH.

LA

The term "sulfonic acid”, as used herein, represents a group of the formula -

SOsH.

The term "sulfonamide”, as used herein, represents a group of the formula -

SO:NHs.
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The term "ester”, as used herein 1s defined as including a group of formula -
COO-R'" wherein R™ is as defined above except oxy derivative, thio derivative

or amine derivative.

The term "ether” 15 defined as including a group selocted from C1-50-
straight or branched alkyl, or C2-50- straight or branched alkenyl or alkyuoyl

groups or a combination of the same, interrupted by one or more oxygen atoms,

The term "amido” is defined as including a group of formula -CONH,; or-

CONHRY or —-CONR''R'? wherein R and R'? ave as defined above.

The term "heterocycle”, as used herein is defined as including an aromatic
or non aromatic cyclic altkyl, alkenyl, or alkynyl moiety as defined above,
having at least one O, S and/or N atom interrupting the carboevelic ring
structure and optionally, one of the carbon of the carbocyclic ring structure
may be replaced by a carbonyl. Non-limiting examples of aromatic
heterocycles are pyridyl, furyl, pyvreolyl, thienvl, isothiazolyl, imidazolyl,
benzimidazolyl, tetrazolyl, quinazolinyl, quinslizinyl, naphthyridinyl,
pynidazinyl, pyrimidinyt, pyrazinyl, quinolyl, isoquinolyl, isobenzoturanyl,
benzothienyl, pyrazolyl, indolyl, indolizinyl, purinyl, 1soindolyl, carbazolyl,
thiazolyl, 1, 2, 4-thiadiazolyl, thieno (2.3-b)} furanyl, furopyranyl,
benzofuranyl, benzoxepinyl, isooxazolyl, oxazolyl, thianthrenyl,
benzothiazolyl, or benzoxazolyl, cinnolinyl, phthalazinyl, quinoxalinyl,
phenanthridinyl, acridinyl, perimidinyl, phenanthrohinyl, phenothiazinyl,
furazanyl, isochromanyl, indolinyl, xanthenyl, hypoxanthinyl, pleridinyl, 5-
azacytidinyl, S-azauracilyl, triazolopyridinyl, imidazolopyridinyt,
pyrrolopyrimidinyl, and pyrazolopyrimidinyl optionally substituted by alkyl or
as described above {or the alky] groups. Non-lmtting examples of non
aromatic heterocycles are tetrahydrofuranyl, tetrahydropyranyt, piperidinyl,
piperidyl, piperazinyl, imidazohdinyl, morpholino, morphehinyl, 1-oxaspiro
(4.5% dec-2-vl, pyrrolidinyl, 2-oxo-pyrrolidinyl, sugar moieties (i.e. glucose,
peniose, hexose, ribose, fructose, which may also be substituted) or the same
which can optionally be substituted with any suitable group, mcluding but not

o

limited to onc or more moicties selected from lower alkyl, or other groups as
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described above for the alkyl groups. The term "heterocycle” also includes
bicyclic, tricyelic and tetracyclic, spiro groups in which any of the above
heterocyclic rings 1s {fused to one or two rings independently selected from an
aryl ring, a cyclohexane ring, a cyclohexene ring, a cyclopentane ring, a
cyclopentene ring or another monocyclic heterocyclic ring or where a
monocyciic heterocyclic group 1s bridged by an alkvlene group, such as
quinuclidinyl, 7-azabicyelo (2.2. 1heptanyl, 7- oxabicyele (2.2.1) heptanyl, 8-

azabicyclo (3.2, 1)octanyl.

In the above definitions 1t 1§ to be understood that when a substituent such
as R% R RY R™ R R™ R, R R, RY is attached to the rest of the molecule
via s heteroatom or a carbonyl, a straight- or branched chain, C1-12-,
preferably Cl-4-alkylene or C2-12, preferably U2-4-alkenylene or-alkynylene
bridge may optionally be mterposed between the heteroatom or the carbonyl

and the pomt of attachment to the rest of the molecule.

Preferred examples of Xare -CO0O R’ or -CONRRS, wherein RS, R® and R’

arc preferably hydrogen, Cl-d-alkyl, phenyl or alkylphenyl.

Preferably X is carboxy or -CONRR?, wherein R” and R® arc preferably

hydrogen, Cl-4-alkyl, phenyl or alkylphenyl, especially ~-CONH,.
Preferably Al and A are each oxygen.

Preforably R is hydrogen, alkyl, cspecially C1-12 alkyl, particularly lower

alkyl or aryl especially phenyl.

Examples of preferred B! groups are methyl, ethyl, propyl, isopropyl, butyl,
1s0- or ter-butyl, 2,2 2-trimethylethyl each optionally attached vie a methylene
bridge or the same substituted by at least one halogen atom such as
tritluoromethyl, trichloremethyl, 2,2,2-trichloroethyl, 1, 1-dimethyl-2,2-

dibromoethyl, 1,1-dimethyl]-2,2,2-trichloroethyl.

R' as ethyl is especially preferred.
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Preforably R” and R* are independently hydrogen, halogen or alkyl,

especially lower alkyl.

Examples of preferred R® and R™ groups are independently hydrogen,
halogen or methyl, cthyl, propyl, isopropyl, butyl, 1so or ter-buiyl, 2,2,2-
irirsethylethyl or the same substituted by at least one halogen atoro such as
triflaoromethyl, trichloromethyl, 2,2 2-trichloroethyl, 1,1-dimethyl-2,2-

dibromoethyl, 1,1-dimethyl]-2,2 2-irichloroethyl.

Especially at least one and most preferably both of R and R™ are
p 3 p ¥

hydrogen.

Preferably R™, R* and R™ are independently hydrogen, alkyl, especially

methyl or ethyl or aryl especially phenyl or aralicyl, especially benzyl,

Examples of preferred R, RY and R™ groups are independently hydrogen,
halogen or methyl, ethyl, propyl, isopropyl, butyl, iso or ter-butyl, 2,2,2-
trimethylethyl or the same substituted by at least one halogen atom such as
triftaoromethyl, trichloromcthyl, 2,2, 2-trichlorocthyl, 1, 1-dimethyl-2, 2-

dibromocthyl, 1,1-dimecthyl-2,2,2-trichiorocthyl.

Especially at least one and most preferably both of R* and R™ are

hydrogen.

2 . . . .
R™ is particularly hydrogen or alkyl, especially lower alkyl and is most

preferably hydrogen.

Preferably R” is hydrogen, C1-12-alkyl, especially C1-6-alkyl, each
optionally substituted by one or more substituents sclected from hydroxy,
halogen, cyvano, thiocyanato or atkoxy and attached to the ring either directly or
via a thio, sulfinyl, sullonyl, carbonyl or oxyearbonyl group and optionally, a
Cl-d-alkylene bridge, particolarly methylene ; C2-6-alkenyl or ~alkynyl,
especially C2-3-alkenyl or-alkynyl cach optionally substituted by one or more
halogeus ; azido ; evano ; amido ; carboxy ; triazolyl, tetrazolyl, pyrrolidinyd,

pyridyl, 1- oxidopyridyl, thiomorpholinyl, benzodioxolyl, furyl, oxazolyl,
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pyrimidinyl, pyrrolyl, thiadiazolyl, thiazolyl, thicnyl or piperazinyl cach
opticnally substituted by one or more substituents selected from halogen, C1-6-
alkyl and phenyl and attached to the ring etther direetly or vig g carbonyl group
or a U1-4-alkylene bridge, particularly methylene ; naphthyl ; or phenyl,
phenvialkyl or phenylatkenyl each optionally substituted by one or more
substituents selected from halogen, Cl-6-alkyl, C1-6 halealkyl, Cl1-6-alkoxy,
Cl-6-alkylthio, amino, azido, phenyl and nitro and each attached to the ring
either directly or via au oxy, sulfonyl, sulfonvloxy, carbonyl or carbonyloxy
group and optionally additionally a Cl-4-alkylene bridge, particularly

mothylene.

Also, preferably, R is C1-6-alkyl optionally substituted by one or more
substituents selected from halogen, thiocyanato, azido, alkoxy, alkylthio,
phenylsulfonyl ; nitrooxy ; C2-3~ alkenyl or-alkynyl cach optionally substituted
by one or more halogens or by acetyl ; tetrazolyl, pyridyl, furyl, pyrroiyi,
thiazolyl or thienyl ; or phenyl or phenylalky! each optionally substituted by
one or more substituents selected from halogen, C1-6-alkyl, C1-6 haloalkyl,
Ci-6-alkoxy, amine, azido, phenyl and nitro and cach attached to the ring
either directly or vig a sulfonyloxy and optionally additionally a Cl-4-alkylene

bridge, particularly methylene.

Other examples of preferred R groups are hydrogen, halogen or methyl,
cthyl, propyl, isopropyl, butyl, 1so or ter-butyl, 2,2,2-tnmethylethyl or the same
substituted by at least one halogen atom such as trifluoromethyl,
richloromethyl, 2,2, 2-trichlorocthyl, 1, I-dimethyl-2, 2-dibromoethyl, 1,1-

dimethyi-2,2,2-trichloroethyl.

R’ s especially C1-4-alkyl optionally substituted by one or more
substituents selected from halogen, thiccyanato or azido; C2-5-alkenyi or-
allovnyl, each optionally substituted by one or more halogens; thienyl; or
phenyl optionally substituted by one or more substituents selected from

halogen, Cl-6-alkyl, C1-6 haloalkyl or azido,
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Further examples of proferred R groups are C1-6 alkyl and €2-6

haloalkenyl.

Preferably R and R® are independently hydrogen, methyl, ethyl, propyl,
sopropyl, butyl, iso or ter-butyl, 2.2 2-trimethylethyl, especially hydrogen or

methyl.
. ~ ~ &
Especially at least one and most preferably both of R® and R® are hydrogen.

Preferably R is hydrogen, methyl, ethyl, propyl, isopropyl, butyl, iso or
tert-butyl, 2,2, 2-trimethylethyl, methoxy, ethoxy, phenyl, benzyl or the same

substituted by at least one halogen atom such as triffucromethyl, chlorophenyl.
Preferably R is hydrogen, methyl or ethyl especially hydrogen.

Preferably R%is hydrogen, methyl, ethyl, propyi, isopropyl, butyl, iso or
ter-butyl, 2,2, 2-trimethyvlethyl, phenyl, benzyl or the same substinited by at

least one halogen atom such as trifluoromethyl, chiorobenzyl,
Preferably R® is hydrogen or methyl,

Combinations of one or more of these preferred compound groups are

especially preferred.

A particular group of compounds of formula I {Compounds 1A} comprises

those wherein,
A’ is oxygen;
X is-CONRR® 0r-COOR” or-CO-R" or ON
R’ is hydrogen or alkyl, aryl, halogen, hydroxy, amino, nitro, cyano;

2 3 4 ] s [ o i -
R°, R’, R, are the same or different and each is independently hydrogen or
halogen, hydroxy, amino, nitro, cvano, acyl, acyloxy, a sulfonyl derivative, a
sulfinyl derivative, an amine derivative, carboxy, ester, ether, amidos, sulfonic

acid, sulfonamide,,, alkoxycarbonyl,,, a thio derivative,, aliyl, alkoxy,

L5
S0
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axyester, oxyamido, aryl,, an oxy derivative, heterocycle, vinyl and R’ may
additionally represent C2-5 alkenyl, C2-5 alkynyl or azido each optionally
substituted by one or more halogen, cyano, thiocyano, azido,, cyclopropyl, acyl
and/or phenyl ; or phenylsulfonyloxy whereby any pheunyl moiety may be
substituted by one or more halogen, alkyl, haloalkyl, alkoxy, nitro, amine,
and/or phenyt ; most preferably methyl, ethyl, propyl, isopropyl, butyl, or

isobutyl.
R™, R* and R™ are hydrogen;

R, RS, R are the same or different and each is independently hydrogen,

hydroxy, alkyl, aryl, heterocyele or oxy derivative; and

R is hydrogen, hydroxy, thiol, halogen, alkyl, aryl, heterocyele, alkylthio

or thio derivative.

Within these Compounds 1A, R is preferably methyl, ethyl, propyl,

isopropyl. butyl, or iscbutyl ; most preferably methyl, ethyl or n-propyl.

R* and R" are preferably independently hydrogen or halogen or methyl,
ethyl, propyl, isopropyl. butyl, isobutyl ; and, ruost preferably, are each

hydrogen.

R’ is proferably C1-5 alkyl, C2-5 alkenyl, C2-C5 alkynyl, cyclopropyl,
azido, each optionally substituted by oue or ruore halogen, cyano, thiccyvano,
azido, alkyithio, cyclopropyl, acyl and/or phenyl ; phenyl ; phenyisalfonyl ;
phenylsulfonyloxy, tetrazole, thiazole, thienyl, furvl, pyrrole, pyridine,
whereby any phenyl moiety may be substituted by one or more halogen, alkyl,
haloalkyl, alkoxy, nitro, amino, and/or phenyl ; most preferably methyl, ethyl,

propyl, isopropyl, butyl, or isobutyl,

X is preferably -COOH or -COOMe or -COOE!L or -CONHy ; oost
preferably ~-CONH,.

A further particuiar group of compounds of formula { (Compounds 1B)

coraprises those wherein,

(9
(o)
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X is-CANH,,-CANHCH; or-CA'N (CH)
R is alkyl or phenyl ;

R is alkyl, alkenyl, alkynyl, cyano, isothiocyanato, ether, carboxyl, amido,

aryl, heterocyele ; or

3 . 0 . 3 .
R’ is CH,R™ wherein R is hydrogen, cycloalkyl, oxyester,

oxyalkylsulfonyl, oxyarylsufonyl, aminoalkylsulionyl, aminoarylsulfonyl,

nilrooxy, eyano, isothiocyanato, azido, alkylthio, aryithio, alkylsulfinyl,

alkvlsulfonyl, heterocycle, aryloxy, alkoxy or trifluoroethyl;

3a

R™ is hydrogen, alkyl or aryl (especially with the proviso that when R™ is

hydrogen, R other than methyl);
or R°R™ form a eycloalkyl ;
and R, R™, R" and R™ are cach hydrogen.
Within the compounds of formula 1,

R' is preferably alkyl especially € 1-12- more particularly Cl-6-alkyl and is

most preferably ethylh
2a 33 4a
RY, R™ R™and R™ are preferably hydrogen;

R’ is preferably selected from hydrogen; C1-12-alkyl, especially C1-6-
alkyl, each optionally substituted by one or more substituents selected from
hydroxy, halogen, cyano, thiocyanato or alkoxy and attached to the ring either
directly or vig a thio, sulfinyl, sulfonyl, carbonyl or oxyearbony! group and
optionally additionally 8 Cl-4-alkylene bridge, particularly methylene; C2-6-
alkenyl or-alkynyl, especially C2-3-alkenyl or-alkynyl, cach optionally
substituted by one or more halogens ; azido ; eyano ; amido | carboxy ;
triazolyl, tetrazolyl, pyrrolidinyi, pyridvl, 1-oxidopyridyl, thiomorpholinyl,
benzodioxolyl, furyl, oxazolyl, pyrimidinyl, pyrrolyl, thiadiazolyl, thiazolyl,
thienyl or piperazinyl each optionally substituted by one or more substituents

selected from halogen, Cl-6-alkyl and phenyl and attached to the ring either

54
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directly or via a carbonyl group or a Cl-4-alkylene bridge, particularly
methylene ; naphthyl ; or phenyl, phenylalkyl or phenylalkenyl each optionally
substituted by one or more substituents selected {rom halogen, C1-6-alkyl, C1-

& haloalkyl, C1-6-alkoxy, C1-6-alkylthio, amine, azido, pheny! and nitro and

(¥4

each attached to the ring cither directly or via an oxy, sulfonyl, sulfonyioxy,
carbonyl or carbonyloxy group and optionally additionally a C1-4- alkylene

bridge, particularly methylene ;
R* is preferably hydrogen or C1-d-alkyl ;

R* and R™ are preferably, independently hydrogen, C1-4-alkyl, phenyl or

10 benzyl.

A further group of compounds of formula T (Compounds 1C) comprises
those in racemic form wherein, when X is-CONRR® and R is hydrogen,
mothyl, ethyl or propyl, then substitution on the pyrrolidine ring is other than

mono-, di-, or tri-methyl or mono-ethyl.

15 A further group of compound of formuda I {Compounds 103} comprises
those in racemic form wherein, when X is-CONR'R® and R is hydrogen or
Cl-6-alkoyl, C2-6-alkeuyl or- alkynyl or eycloalkyl, cach unsubstituted. then

substitution in the ring is other than by alkyl, alkenyl or alkkynyl, each

unsubsiituted.
20 A further particular group of compounds of formula T (Compounds IE)
comprises those wherein,
X is-CA'NH:
RUisH;
R’ is azidomethyl, iodomethyl, ethyl optionally substituted by 1to 5
25 halogen atoms, n- propyl optionally substituted by 1 to 5 halogen atoms, vinyl

optionally subsituled by one or two methyl, and/or 1 to 3 halogen atoms,

acetylene optionally substituted by Ci-4-alkyl, phenyl or halogen ;
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R is hydrogen or halogen, preferably fluorine ;
Y ,
and R%, R™ R" and R are cach hydrogen ;

as their racomates or in cnantiomerically enriched form, preferably the pure

enantiomers.

W

A {urther particular group of compounds of forroula I {Coropounds 1F)

comprises those wherein,
. Tw 1 4
Kis-CANH,
¥y 1 'Y .
R isH;

R’ is C1-6-alkyl, C2-6-alkenyl or C2-6-alkynyl optionally substituted by

io azido, oxynitro, | to 6 halogen atoms ;
R’ is hydrogen or halogen, preferably fluorine ;

2 2 44 . .
and R°, R™, R* and R™ are cach hydrogen ; as their racemates or in

enantiomerically enriched form, preferably the pure enantiomers.

In all the above mentioned scopes when the carbon atom 1o which R is

[
(94

attached is asymmetric it is preferably in the "S"-configuration.

In some embodiments, compounds useful in the methods and

cornpositions of this invention are selected from the group consisting off
(28)-2-14-(bromomethyb-2-oxo-1-pyrrolidinyljbutanamide;
(28)-2-H{(4R )-4-{iodomethyl}-2-oxopyrrolidinyt fbutanamide;
20 (28)-2~(2-oxo-4-phenyl- I -pyrrplidinylbutanamide;
(28)-2-14-(1odoructhyly-2-oxo- L -pyrrolidinyl fhutanarmde;

(28)-2-{4-{chloromethyl}-2-oxo- L -pyrrolidinyl fhutanamide;
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{1-[(15)- I-(aminocarbonyl)propyl]-5-oxo-3-pyrrolidinyl y methyl 4-

methylbenzenesulfonate;
{28})-2~-[{4R }-4~(azidomethyl}-2-oxopyrrolidinyl Jbutanamide;
2-{4-(2, 2~dibromovinyl}-2~-ox0-1-pyrrolidinyl jbutanamide;

5 {1 - [(15) -1~ (aminocarbony Dpropyl}-S-oxo-3-pyrrolidiny] b ethyl nitrate;
(28)-2~-{2~-ox0-4-{ 1 H-tetraazol-1 ~ylmethyl}-1-pyrrolidinyl jbutananide;
2~{2-oxo~-4-vinyl-1-pyrrolidinyDbutanamide;
2-{2-ox0-4-[{ pheoylsulfonyl) methyl]-1-pyrrolidinylibutanamide;
(28)-2-[(4R)-4-(2, 2-dibromovinyl-2-oxopyreolidinytibutanamide;

i0 (283-2-[(45)-4-(2, 2-dibromovinyl)-2-oxopyrrolidiny {butanamide;

(283-2-[4-(isothiocyanatomethyl}-2-oxo-L-pyrrolidinylibutanamide;
2-{2-oxo-4-(1,3-thiazol-2-y[}- 1 -pyrrolidinyl butanamide;
(2S83-2-[2-0ox0-4-(2-thienyl)-1-pyrrolidinyiibutanamide;

(28)-2-{4-(2-methoxyphenyl-2-oxo- L-pyrrolidinyHbutanamide;

et
(¥

(283-2-[4-(3-methoxyphenyl)-2-oxo- L-pyrrolidiny Hbutanamide;
(28)-2-[4~(4-azidophenyl}-2-oxo-1-pyrrolidinyljbutanamide;
(28)-2-[2-0ox0-4-(3-thienyl}-1-pyrrolidinyi}butanamide;
(28)-2-[4-(3-azidophenyl)-2-oxo-1-pyrrolidinyljbutanamide;
(28)-2-[2-0ox0-4-(3-thienyl}-1-pyrrolidinyi}butanamide;

20 (28)-2-[(4S)-2-0xo-4-vinylpyrrolidinyl Jbutanamide;

(25}-2-[(4R)-2-ox0-4-vinylpyrrolidinyl [butanamide;

L5
~J3
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2-{4-(2-bromophenyl}-2-oxo-1-pyrrolidinyl butananude;
2-{2-ox0-4-(3-pyridinyl)- 1 -pyrrolidinyt fbutanamide;
(2S)-2-{4-[1, I'-biphenyl}-4-y1-2-ox0-1-pyrrolidinylbutanarde;

(2S)-2-{4-[(methyisulfanyl) methyi}-2-oxo--pyrrolidinyl} butanamide;

[

2-{4-{iodomethyl}-2-oxo-1-pyrrolidinyljbutanamide;

(283-2-[(4R}-4-(iodomethyl)-2-oxo-1-pyirolidinyl jpentanamide;

(283-2-[(4R}-4-(iodomethyl)-2-oxopyrrolidinylipropanamide;

2-2-oxo-4-propyl-1-pyrrolidinyhpropanamide;

2-(2-oxo-4-propyl-1-pyrrolidinyhbutanamide;

i 2-(2-oxo-4-pentyl-1-pyrrolidiny]ybutanamide;
(25)-2-[(4R)-4-(iodomethyl}-2-oxopyrrolidinyl -N-methylbatanamide;
(285)-2-(4-neopentyl-2-oxo-1-pyrrolidiny hbutanamide;
(285)-2-(4-ethyl-2-oxo-~1-pyrrolidinyhbutanamide;

2-[4-(2 2-diflnoroviny)-2~-oxo- 1 -pyrrolidinyl fbutanamide;

i5 2-[4-(2,2-diflnoroethyl}-2-oxo-1-pyrrolidinyl [butanamide;
(25)-2-[(45)-2-oxo~4-propylpyrrolidinyl jbutanamide;
(25)-2-[(4R)-2-0x0-4-propylpyrrolidinyi Jbutananude;
2-{4-[(£)-2-fluorocthenyl}-2-oxo-I-pyrrolidinyl  butanamide;
2-4{4-(2-methyl-1-propenyl}-2-oxo-1~-pyrrohidinyl hutanamide;

20 2-{4-butyl-2~oxo-T-pyrrolidinylybutanamide;

2-f4-(eyclopropylmethyl)-2-oxo-1-pyrrolidinytbutananude;

58
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2-{4-1sobutyl-2-oxo-1-pyrrolidinylbutanamide;
2-{4-{4-chlorophenyl)-2-oxo-1-pyrrolidinyl Jhutanamide;
2-{4-(3-chlorophenyl)-2-oxo-1-pyrrolidinyl Jhutanamide;
2-{2-ox0-4-[ 2-(trifluoromethyljphenyl]-1-pyrrohidinyl} butanamide;
2-{4-(2-fluorophenyl}-2-oxo-1-pyrrolidinyljbutanamide;
2-{4-{3-methylphenyl}-2-oxo-1-pyrrolidinyl butanamide;
(283-2-[2-0x0-4-(2-phenylethyl)-1-pyrrolidinyl jbutanamide;
(28y-2-[4-(3-bromophenyl}-2-oxo-1-pyrrolidinyl [butanamide;
2-{4-[3,5-bis{triflucromethyljphenyl}-2-oxo-1-pyrrolidinyl } butanamide;
2-[4-(3 4-dichlorophenyl}-2-oxo-1-pyrrolidinyl jbutanamide;

2-[4-(2 4-dichlorophenyl}-2-oxo-1-pyrrolidinyl jbutanamide;
2-{4-(2-turyl}-2-oxo~1-pyrrolidinyl{butanamide;
(28)-2-[2-ox0-4-(3-phenylpropyh-1-pyrrolidinyl[butanamide;

(285)-2-[4-(3,5-dibromophenyl}-2-oxo- I -pyrrolidinyljbutanamide;

N

-{4-(3,4-dichlorophenyl}-2-oxo- 1 -pyrrolidinyi fbutanamide;
2-(2-oxo-d-propyl-1-pyrrolidinyDbutanamide;
2-{4-(3-chlorophenyl}-2-oxo-1-pyrrolidinyl Jbutanamide;
2-{4~ethynyl-2-oxo-1-pyrrolidingl) butanamide;
2-{4-(2-fluorophenyly-2-oxo- I-pyrrolidiny] butanamide;
(28)-2-[4~(cyclopropyimethyh-2-oxo-1-pyrrohidinyl tbulanamde;
(28)-2-{{48)-4-(2, 2-difluorovinyh)-2-oxopyrrohidinyl fhutanamide;
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(28)-2-12-0x0-4-(3, 3, 3-tnifluoropropyl-1-pyrrolidinyl hutanamide;
2-{4-(3-methylphenyl}-2-oxo-1-pyrrolidinyl hutanamide;
(2S)-2-[4-(cyclopropylmethyl}-2-oxo- 1 -pyrrolidinyl foutanamide;
(2S)-2-[(4R)-4-(2, 2-difluorovinyl}-2-oxopyrrolidinyl fbutanamide;
(283-2-[2-0ox0-4-{ | H-pyrrol-1-y1}- L-pyrrolidinyljbutanamide;
(28)-2{4-allyl-2-oxo-t-pyrrolidinyl}butanamide;
(28y-2-[4-(2-1odopropyly-2-oxo-1-pyrrolidinyl } butanamide;
(28)-2{4-allyl-2-oxo-t-pyrrolidinyl}butanamide;
(283-2-[2-0x0-4-{2-oxopropyl}- L-pyrrolidinyl {butanamide;
(285)-2-[4-(2-bromo-1 H-pyrrol-1-y}-2-oxo-1-pyrrolidinytibutanamide;
(25)-2-(4-methyl-2-ox0-4-propyl- L-pyrrolidinyljbutanamide;
(2R}-2-{4-(2, 2-dichlorovinyl}-2-oxo- L -pyrrolidinyl Jbutanamide;
2-{4-{bromoethynyl}-2-ox0-1~-pyrrolidinyt fhutanamide;

2-{{453-4-(2, 2-diftuoropropyl)-2-oxopyrrolidinyl thutanamide;
(28)-2-[4~(bromoethynyl}-2-oxo-1-pyrroiidinyl jbutanamide;
2-{2-oxo-d-propyl-1-pyrrolidinyDpentanamide;
3-cyclopropyl-2-(2-oxo-4-propyl-1-pyrrolidinyDpropanamide;
2-(2-oxo-d-propyl-1-pyrrolidiny)-3-(1, 3-thiazol-4-yhpropanamide;
2-{2-oxo-d-propyl-1-pyrrolidinyi)-4-pentenamide;

(28)-2-[(4R)-2-oxo-4-vinylpyrrolidinyibutanamide;

60
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including all someric forms and mixtures thereof or a pharmaceutically

acceptable salt thereof.

In some embodiments, compounds useful in the methods and compositions

of this invention are sclected {rom the group consisting of

Lh

{28}-2-[{48)-4-(2, 2-difluorovinyl}-2-oxopyrrolidinyibutanamide;
{28}-2-[{48)-2-oxo-4-propylpyrrolidinyljbutanamide;
{28}-2-[{4R)-2-oxo-4-propylpyrrolidinylbutananude.
it} International Patent Application WO 2002/094787:

Compounds of the formula |

W 1e'i'ein I TCPHICSENis U OF | Wistreoy i‘s no SXES ent when =0 and | : ES
i ts 0 or 1 whereby R' is not existent wh 0 and R

existent when n=1 ;
Al ropresents an oxygen or a sulfur atom;
¥ is-CONR'R® -COOR’,-CO-R' or CON;;

- . D el i 35 .~ .
R' when existent, R, R, R* and R arc the same or different and cach is

J—
L2

mdependently hydrogen, halogen, hydroxy, thiol, amno, nitro, nitrooxy,

cyano, azido, carboxy, anndo, suifonic acid, sulfonamide, alkyl, atkenyl,
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atkynyl, cster, ether, arvl, heterocycle, or an oxy derivative, thio derivative,

amino derivative, acyi derivative, sulfonyl derivative or sulfiny] derivative,

provided that at least one of the substituents R chosen from R' when

. . 2 3 4 5 .
existent, R”, R”, R or R’ is not hydrogen;

Lh

R’ is hydrogen, alkyl, aryl or-CH,-R® wherein R is aryl, heterocyele,

halogen, hydroxy, amino, nitro or cyano;

7 oS8 Y o Lo ; o
R, R” and R” are the same or different and each is independently hydrogen,

hvdroxy, altkyl, arvl, heterocvele or an oxv derivative; and
o £ 31 E ® o o >

R'C is hydrogen, hydroxy, thiol, halogen, atkyl, aryl, heterocycle or a thio

10 derivative;

their pharmaceutically acceptable salts, geometrical isomers {including cis
and trans, Z and F isomers), cnantiomers, diastercoisomers and mixtures

thereof (including all possible mixtures of sterecisomers).

In the above formula, at least one substituent R’ to R is different from
is hydrogen. Some non-substituted compounds are referred to in US Patent No.
5,468,733 and 5,516, 759, US Patent No. 5,468,733 refers to non-ring
substituted 2-oxo-1~-pyrrohdinyl and 2-oxo-1-piperidiny] derivatives as
inhibitors of the oncogene Ras protein. In particular, these compounds block
the ability of Ras to transtorr normal cells to cancer cells, and thercfore can be

20 included in several chemotherapeutic compositions for treating cancer.

US Patent No. 5,516,759 refers to non-ring substituted 2-oxo-1-
pyvrrolidinyl, 2-oxo-1- piperidiny! and azepanyl derivatives present at the N-
terminus of dodecapeptides possessing LHRH (luteinizing hormone-releasing

O

hormone} antagonistic activity. Such LHRH antagonists are useful in the

[

5 treatment of a variety of condiiions in which suppression of sex steroids plays a
key role including contraception, delay of puberty, treatment of benign

prostatic hyperplasia a. o.
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Tn the definitions set forth bolow, unless otherwise stated, R and R are
the same or different and each is independently amido, atkyl, alkenyl, alkynyl,
acyl, ester, ether, aryl, aralkyl. heterocyele or an oxy dertvative, thio denvative,
acyl dertvative, amino derivative, sulfonyl derivative, or sulfinyl derivative,
each optionally substituted with any suitable group, including, but not limited
o, one or more moteties selected from lower alkyl or other groups as describe

below as substituents for alkyl.

The term "oxy derivative”, as used herein, is defined as including-O-R"
groups wherein R'' is as defined above except for "oxy derivative”, Non-
limiting examples are alkoxy, alkenyloxy, alkynyloxy, acyloxy, oxvester,
oxyamido, alkylsulfonyioxy, alkyisulfinvloxy, arylsulfonyloxy,
arylsulfinyloxy, arvloxy, aralkoxy or heterocyclooxy such as pentyloxy,
allyloxy, methoxy, cthoxy, phenoxy, benzyloxy, 2-naphthyloxy, 2-pyridyloxy,

methylenedioxy, carbonate.

. . . .. - . . 11
The term "thio devivative”, as used heremn, 15 defined as 1nclnding-S-R
. i1 - o - . . . " v
groups wherein R is as defined above except for "thio derivative”. Non-

himiting examples are alkyithio, alkenylthio, alkynylthio and aryithio.

. . . . . - . . ! e 11
The term "amino derivative”, as used herein, is defined as including-NHR

. ivy 12 . 12 . s T el
or-NR"R'? groups wherein R and R'* are as defined above. Non-limiting
examples are mono- or di-atkyl-, alkenyl-, alkynyl-and arvlamino or mixed

amino.

The term "acyl dertvative”,

as used herein, represents a radical derived
from carboxylic acid and thus is defined as including groups of the formula
RYU-C0O-, wherein R' s as defined above and way also be hydrogen. Preferre
are acyl derivatives of formula -COR" wherein R is selected from hydrogen,
C1-12 alkvl, €2-12 alkenyl, C2-12 alkenyl, beterocyle and aryl, Non-limiting
examples are formyl, acetyl, propionyl, iscbutyryl, valeryl, laurovl,
heptanedioyl, cyclohexanscarbonyl, erotonoyl, fumaroyl, acryvloyl, benzoyi,
naphthoyl, furoyl, nicotinoyl, 4-carboxybutanovi, oxalyl, ethoxalyl, cysteinyl,

oxamoyl.
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The term "sulfonyl dertvative”, as used herein, is defined as including a
group of the formula -80,-R" | wherein R' is as defined above except for
"sulfonyl derivative™, Non-limiting examples are alkylsulfonyl,

alkenylsulfonyl, alkynylsulfonyl and arylsulfonyl.

5 The termn "sulfiny] derivative”, as used herein, s defined as including a
- ol . 11 - . 1
group of the formula -SO-R', wherein R is as defined above except for
"aulfinyt derivative”. Non-limiting examples are alkylsulfiny], alkenylsulfinyi,

alkynylsulfinyl and arylsulfinyl.

The term "alkyl”, as used herein, is defined as including saturated,

i0 monovalent hvdrocarbon radicals having straight, branched or cyelic motetics
or combinations thereof and generally containing 1-20 carbon atoms, most
often 1 to 12 carbon atoms, preferably 1-7 carbon atoms for non-cyvelic alkyl
and 3-7 carbon atoms for cycloalky! (in these two preferred cases, unless
otherwise specified,"lower alkyl"), cach optionally substituted by, preferably 1

15 to §, substituents independently selected from the group cousisting of halogen,
hydroxy, thiol, amino, niiro, cyano, thiocyanato, acyl, acyloxy, sulfonyl
derivative, sulfinyl derivative, alkylamino, carboxy, ester, ether, amido, azido,
cycloatkyl, sulfonic acid, sulfonamide, thio derivative, alliylthio, oxyester,
oxyamido, heteroeyele, vinyl, alkoxy {preferably C1-5), aryloxy (preferably

20 C6-10) and aryl (preferably C6-10).

Preferred are alky! groups containing 1 to 7 carbon atoms, each optionally

substituted by one or more substituents sclected from hydroxy, halogen, cyano,

thiocyanato, alkoxy, azido, alkylthio, cyclopropyl, acyl and phenyl. Most

o

)

preferred are C1-4 alkyi and C3-7 cycloalkyl, each optionally substituted by

[\
L

oue or maore hydroxy, halogen, lower alkyl or/and azido.

Most preferred alkyl groups are hydroxymethyl, propvl, buivl, 2, 2.2-
trithaorocthyl, 2- bromo-2,2-difluorocthyl, 2-chloro-2,2-difluoroethyl, 3,3,3-
trifluoropropyl, eyclopropyimethyl, iodomethyl, azidomethyl, 2,2-

difluoropropyl, Z-iedo-2,2-diflucroethyl.
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The term "lower alkyl”, as used herein, and vnless otherwise specified,
refers to C) to O saturated straight, branched or cyclic hydrocarbon. Non
limniting examples are methyl, ethyl, propyl, isopropyl, butyl, tertiobutyl,
pentyl, cyclopropyl, cyclopentyl, isopentyl, neopentyl, hexvl, isohexyl,
cyclohexyl, 3-methypentyl, 2,2-dimethylbutyl, optionally substituted with any
suitable group, wmcluding but not imited to one or oore meieties selected from
groups as described above for the alkyl groups. Preferably, lower alkyl is

methyl.

The term "alkenyl”, as used herein, is defined as including both branched
and unbranched, unsaturated hydrocarbon radicals having at ieast one double
bond, and being optionally substituted by at least one substituent selected from
the group consisting of halogen, hydroxy, thiol, amino, thiscyanato, azido,

alkylthio, cycloalkyl, acyl, niiro, cyano, aryl and heterocycle.

H

Prefered alkenyl groups are C2-C12 alkenyls, cspecially C2-6 alkenyls
such as etheuyl (= vinyl}, T-methyl-1-ethenyl, 2,2-dimethyl-l-ethenyl, I-
propenyl, Z-propenyl (= aliyl}, -butenyl, 2- butenyl, 3-butenyl, 4-pentenyl, 1-
methyl-4-pentenyvi, 3-methyl-T-pentenyl, 1-hexenyl, 2-hexeny! and the like
optionally being substituted by one or more substituents selected from halogen,
cyano, thiocyanato, azido, alkylthio, cycloalkyl, phenyl and acyl. Most prefered
is vinyl, optionally substituted by one or more halogen or/and lower alkyl, and

especiaily 2,2- difluorovinyl, 2,2-dibromovinyl and 2,2-dichlorovinyl,

The term "alloynyl” as used herein, is defined as including a monovalent
branched or unbranched hydrocarbon radical containing at least oue carbon-
carbon triple bond, for example ethynyl, 2-propynyi (= propargyl}, and the like,
and being optionally substituted by at least one substituent selected from the
group consisting of halogen, hydroxy, thisl, amine, nitro, cyane, aryl,

heterocyele, thiocyanato, azido, alkylthio, alkyl and acyl.

Preterred alloynyl groups ave U2-12 alkynyl, especially C2-6 alkyuoyl,

optionally being substituted by one or more substituents selected from halogen,

65



CA 02826765 2013-08-07
WO 2012/109491 PCT/US2012/024556

cyano, thiocyanato, azido, alkylthio, acyl, aryl such as phenyl and alkyl,

preferably cycloalkyl.

Most preferred are ethynyl, propynyl and butynyl, optionally substituted by
lower alky! or/and halogen, and especially L-propynyl, cyclopropylethynyl, 3-

5 methyl-1-butynyl and 3,3,3- trifluoro-1-propynyi.

When present as bridging groups, alkyvi, alkenyi and alkynyl represent
straight- or branched chains, C1-12, preferably Cl-4-alkylene or C2-12-,

preferably C2-4-alkenyiene or- alkynylene moieties respectively,

Groups where branched derivatives are conventionally qualified by prefixes
RTINS

i0 such as "n", "sec”, "iso" and the like (. g."n-propyl","sec-butyl") are in the n-

form unless otherwise stated.

The term "aryl”, as used herem, is defined as including an organic radical
derived from an aromatic hydrocarbon consisting of at least one ring, most
often 1 to 3 rings and generally containing 6-30 carbon atoms by removal of

i5 one hydrogen, such as phenyl and naphthyi, cach optionally substituted by one
or more substituents independently selected from halegen, hvdroxy, thiol,
amino, nitro, cyano, acyl, acvioxry, sulfonyl, sultinyl, alkvlamino, carboxy,
ester, cther, amido, azido, sulfonic acid, sulfonamide, alkyisulfonyi,
ablloylsulfinyl, Cl-6-alkylthio, oxyester, oxyamido, aryl, Cl-6-alkoxy, C6-10-

20 aryloxy, Cl-6-alkyl, Cl1-6-haloalkyl. Aryl radicals are preferably monocyclic
or bicyclic containing 6-10 carbon atoms. Preferred aryl groups are phenyl and
naphthyl sach optionally substituted by one or more substitaents independently
selected from halogen, nilro, aminoe, azido, Cl-6-alkoxy, Cl-6-alkyl, C1-6-

haloalkyl, sulfonyl and phenyl.

[
L

Preterred aryl is phenyl, optionally substituted by oue or more halogen,

lower alkyl, azido or nitro, such as 3-chlorophenyl and 3-azidophenyl.
The term "halogen”, as used herein, includes an atom of Cl, Br, F, L

The term "hydroxy", as used herein, represents a group of the formula -OH.
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The term "thiol", as used hercin, represents a group of the formula -SH.
The term "eyano”, as used herein, represents a group of the formula -CN.
The term "nitro”, as used herein, represents a group of the formula -NG,.

The term "nitrooxy”, as used herein, represents a group of the formula -

ONO;,
The term "amino”, as used herein, represents a group of the formula -NH,.
The term "azido”, as used herein, represents a group of the formula -Ns,

The term "carboxy”, as used herein, represents a group of the formula -

COOH.

The term "sulfonic acid", as used herein, represents a group of the formula -

SOsH.

The term "sulfonamide”, as used herein, represents a group of the fornula -

SONHs.

The term "ester”, as used herein, is defined as including a group of formula
-CO0-R" wherein R'' is as defined above except oxy derivative, thio
derivative or amino derivative. Preforred are esters of formula -COOR
wherein R is selected from C1-12 alkyl, €2-12 alkenyl, C2-12 alkynyl and

) ~ i1 . .
aryl. Most preferced are esters where R 18 a lower alkyl, especially vaethyl.

The term "ether™ is defined as including a group selected from C1-54-
straight or branched alkyl, or C2-50-straight or branched alkenyl or alkynyl

groups or a combination of the same, interrupted by one or more oxygen atoms,

The term "amido” s defined as including a group of formula -CONH; or -

CONHR! or -CONRM R wherein R and R are as defined above.

The term "heterocycle”, as used hercin, is defined as including an aromatic

or non aromatic cyclic alkyl, alkenyl, or alkynyl moiety as defined above,
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having at least one O, 5 and/or N atom mterrupting the carbocyclic ring
structure and optionally, one of the carbon of the carbocyclic ring structure
may be replaced by a carbonyl, and optionally being substituted with any
suitable group, mcluding but not limited to one or more moieties selected from
lower alkyl, or other groups as described above for the alkyl groups. Non-
himiting examples of heterocycles are pyridyl, furyl, pyrrolyl, thienyl,
isothiazolyl, triazolyl, imidazelyl, benzimidazolyl, tetrazolyl, quinazolinyl,
quinolizinyl, naphthyridinyl, pyridazinyl, pyamidivyl, pyrazinyi, quivolyl,
isoquinolyl, isobenzofuranyl, benzothienyl, pyrazolyl, indolyl, indolizinyi,
purinyl, isoindolyl, carbazolyl, thiazolyl, 1,2,4-thiadigzolyl, thiomorpholinyl,
thieno (2,3-b) furanyl, furopyranyl, benzofuranyl, benzoxepinyl, isooxazoivi,
oxazolyl, thianthrenyl, benzothiazolyl, or benzoxazolyl, cmnolinyl,
phthalazinyl, quinoxalinyi, 1-oxidopyridyl, phenanthridinyl, acridinyl,
perimmdinyl, phenanthrolinyl, phenothiazinyl, furazanyl, benzodioxolyl,
isochromanyl, indohinyl, xanthenyl, hypoxanthinyl, pteridinyl, S-azacytidinyl,
S-azauracilyl, triazolopyridinyl, imidazolopyridinyl, pyrrolopyrimidinyl,
pyrazolopyrinudinyl, tetrahydrofuranyl, tetrahydropyranyl, piperidiny,
piperidyl, piperazinyl, imidazolidinyl, morpholine, morpholinyl, [-oxaspiro
(4.5) dee-2-yl, pyrrolidinyl, 2-oxo-pyrrolidinyl, sugar moicties (i, ¢. glucose,
pentose, hexose, ribose, fructose, which may also be substituted} optionally
substituted by alkyl or as described above for the alkyl groups, The
term"heterocyclealso includes bicyclic, tricyelic and tetracyclic, spiro groups
in which any of the above heterocyclic rings is fused to one or two rings
mdependently selected from an aryl ring, a cyclohexane ring, a cyclohexene
ring, & cyclopentane ring, a cyclopentene ring or another monocyclic
heterocyelic rng or where a monocyclic heterocyclic group 1s bridged by an
alkylone group, such as quinuchdinyl, 7-azabicyclo (2.2.1) heptanyl, 7-

oxabicyclo (2.2.1) heptanyl, 8-azabicycio (3.2.1) octanyl.

The heterocycle is preferably selected from triazolyl, tetrazolyl,
pyrrolidinyl, pyridyl, 1~ oxidopyridyl, thiomorpholinyl, benzodioxolyl, furvl,

oxazolyl, pyrimidinyl, pyrrolyl, thiadiazolyl, thiazolyl, thienyl and piperazinyl,
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cach optionally substituted by one or more substituents selected from halogen,

alkyl, substituted alkyl, alkoxy, nitro, anino, acyl and phenyl.

More preferably the heterocycle is selected from tetrazolyl, pysrolidinyl,
pyridyl, furyl, pyrrolyl, thiazolyl and thienyl, cach optionally substituted by
oue or more substituents selected from halogen, alkyl, halogen substituted
alkvl, acyl, alkoxy, nitro, amine and phenyl, and especially from 2-and 3-
thienyl, optionally substituted by one or more halogen, acyl such as formyl,

cyano and/or lower alkyl, such as methyl.

i the above definitions it is to be understood that when a substituent such
as RLRE R R R R, RY R, R'Wis attached to the rest of the molecule via a
heteroatom or a carbonyl, a straight- or branched chain, C1-12-, preferably C1-
4-alkylene or C2-12, preferably C2-4-alkenylene or-alkynylene bridge may
optionally be interposed between the heteroaton or the carbonyl and the point

of attachment to the rest of the molecule.
The term”R substituent™refers to RY, R R, R or ©, independently.,

According to a preferred embodiment, a compound of formula { 1s as
defined above wherein nreprescuts 8. The corapound 1s a 6-ring structure (2~
thioxo- or 2-0x0-piperidinyl derivative) wherein R’ is not existent since n=0,

and 1s depicted by the formula (I-A).

(I-A)

According to a following embodiment, the compound of formula tis as

defined above wherein n represents |, The compound 1s a 7-ring structure (2~
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thioxo- or 2-oxo-azepanyl derivative) wherein R 1s existent since n=1 and

depicted by the formula (I-B).

R’ TN AT
PN

B8 .
A S (5

According to a more preforred cmbodiment, said compound 1s as defined

. 2 , .. - 52 3

5 above wherein n=0, R and/or R* arc different from hydrogen and R and R

represent hydrogen,

According to another more preferred embodiment, said compound 15 as
- R 2 3 4 PN ~
defined above wherein =1, R°, R’ and/or R” are different from hydrogen and

wherein R' and R° represent hydrogen.

10 According to a yet more preferred embodiment, said compound is as
defined above wherein only one R substituent chosen from R” or RY when n=0
or from R?, R or R when n=1, is different from hydrogen and the remaining R
substitucut(s) is/are hydrogen. We hereby refer to a mono-substituted 2-thioxo-~

or 2-oxo-piperidiny! or 2-thioxo- or 2-oxo-azepanyl derivatives.

[
(o

According to another preferred embodiment, compounds of formula | are as
. 1 - o
defined sbove wherein A’ ropresents an oxygen atom. We hereby refer to 2-

oxo-piperidinyl or 2-oxo-azepanyl derivatives,

According to another preferred embodiment, compounds of formula 1 are as
-~ o aeen s Ty B . ~ ) o ~
defined above wherein X is CONR'R®, especially CONH,. We hereby refer to
20 amido derivatives of 2-ox0 {or thioxo)-piperidinyl or 2-0x0 {or thioxo) -

azopanyl.

-
<
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According to another preferred embodiment, compounds of formula L are as
defined above wherein R represents hydrogen, C1-4 alkyl, or a CH2-R™ group
wherein R™ represents a heterocyele. Most preferably R” is a C1-4 alkyl,

especially ethyl. When R® is ethyl we refer to 2- (2-oxo {or thioxo)-1-

(¥4

piperidinyl} butanamide or 2- (2-ox0 {or thioxo)-F-azepanyl) butanamide

derivatives.

According to another preferred embodiment, compounds of formula 1 are as
defined above wherein the carbon atom to which R® is artached is of the S
configuration. In case where R® is othyl, A is oxygoen and X is CONR'R® we
10 refer then to (285)-2-{2-0xo-1-piperidinyl) butanamide or (283-2- (Z-oxo-1-

azepanyl) butanamide derivatives.

According to a prefered embodiment, the compound is as defined above
wherein R” when n=1, R and R” are the same or different and each is
mdependently hydrogen, halogen, nitro, nitrooxy, cyano, carboxry, anudo,

15 sulfonic acid, sulfonanmide, alkyl, alkenyl, alkyunyl, ester, ether, aryl,

heterocycle, acyl derivative, sulfonyl derivative or suifinyl derivative;
s ] . 3 P . -y 3
R when existent, R” when n=0 and R are hydrogen;

R® s hydrogen, alkyl, aryi or-CH,-R" wherein R is aryl, heterocycle,

halogen, hydroxy, amino, nitro or cyano;

P

20 According to this preferred embodiment, the compound 1s generally such
. i 2 e
that when R® is benzyl, X is-COOCH; and n=1, R is different from methyl
3 4 P 4. v . 2
when R and R? are both hydrogen and R” is different from methyl when R

and R® are both hydrogen.

According to another preferred embodiment, the compouund is as defined

[\
LA

o e ” 2 4 PN .
above wherein R? when n=1, R” and R” are the same or different and each is

independently hydrogen; cyano; carboxy; amido ;

-
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C1-12 alkyl, each optionally substituted by one or more substituents
selected from hydroxy, halogen, cyano, thincyanato, alkoxy, azido, alkyltio,

cycloatkyl, acyl, aryl and heterocyele;

(C2-12 alkenyl, cach optionally substituted by one or more substituents
selected from halogen, cyano, thiocyanato, azido, alkylihio, alkyl, aryl and

acyl;

C2-12 alkynyl, each optionally substituted by one or more substituents
selecled from halogen, cyano, thiocyanato, azido, alkylthio, alkyl, aryl and acyl
; acyl derivative of formuia CO-RY wherein Y is selected from C1-12 alkyi,

C2-12 alkenyl, C2-12 alkynyl, heterocyele and arvl;

ester of formula -CO-O-R' wherein R' is selected from C1-12 alkyl, C2-

12 alkenyl, C2-12 alkynyl and aryl;

heterocycle selected from triazolyl, tetrazolvl, pyrrolidinyd, pyridyl, 1-
oxidopyridyl, thiomorpholinyl, benzodioxolyl, furyl, oxazolyl, pyrimidinyl,
pyrrolyl, thiadiazolyl, thiazolyl, thienyl and piperazinyl, cach optionally
substituted by one or more substituents selocted from halogen, alkyl,

substituted alkyl, alkoxy, nitro, amine, acyl and phenyl

aryl, cach optionally substitued by one or more substituenis sclected from
1.6 alkyl, C1-6 haloalkyl, C1-6 alkoxy, C1-6 alkylthio, amino, azido,

sulfonyl, aryl and nitro.

According to another preferred embodiment, the compound 1s as defined
sl 3 4 :
above, wherein B when n= 1, R” and R are the same or different and each is

independently hydrogen;

'1-7 alkyl, each optionally substituted by one or more substituents selocted
{from hydroxy, halogen, cyano, thiocyanato, alkoxy, azido, alkyltio,

cyclopropyl, acyl and phenyk

~-3
i~
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C2-6 alkenyl, cach optionally substituted by one or more substituents
selected from halogen, cyano, thiocyanato, azido, alkylthio, cycloalkyl, phenyl

and acyl ;

(2-6 alkynyl, cach optionally substituted by one or more substituents
selected from halogen, cyano, thiocyanato, azido, alkylihio, cycloalkyl, phenyl

and acvl;

heterocyele selected from tetrazolyl, pyrrolidinyl, pyridyl, furyl, pyrrolyl,
thiazolyl and thienyl, each optionally substituted by one or more substituents
selected from halogen, alkyl, halogen substituted alkyl, acyl, alkoxy, nitro,

amino and phenyl;

phernyl, each optionally substitued by one or more substituents sclected
from C1-6 alkyl, halogen substituted alkcyl, halogen, altkoxy, amino, azido,

sulfonyl, phenyl and nitro,

According to another preferred embodiment, the comapound 1s as defined
above wherein at least one of the R substituents chosen from the group R, R
and R* when n=1 or from the group R’ and R* when n=0, represents
wndependently Cl-d-alkyl or C3-7-cycloalkyl, optionally substituted by one or

more halogen, hydroxy, lower alkyl and/or azido.

According to another preferred embodiment, the compound 1s as detined
above wherein at east one of the R substituents chosen from the group R, R
and R* when n=1 or from the group R’ and R when n=0, represents
independently vinyl, optionally substituted by one or more halogen or/and

tower alkyl.

According to another preferred embodiment, the compouund is as defined
above wherein at least one of the R substituents chosen from the group R, R’
and R* when n=1 or from the group R’ and RY when n=0, represents
independently ethynyl, propynyl or butynyl, optionally substituted by one or

more halogen and/or lower alkyl.

-

(o)
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According to another preferred embodiment, the compound is as defined
. - . . p? pd
above wheretn at least one of the R substituents chosen from the group R°, R
and R* when n= 1 or from the group R’ and R" when n=0, represents

independently phenyl, optionally substituted by one or more halogen, lower

(¥4

alkvl, azido and/or nitro.

According to another preferred embodiment, the compound is as defined
above wherein at least one of the R substituents chosen from the group R, R’
and R* when n=1 or from the group R’ and R” when n=0, represents
independently 2-or 3-thienyl, optionally substituted by one or more halogen,

10 acyl, cyano or/and lower alkvl.

According to a particular preferred embodiment, the compound is as
defined ghove wherein at least one of the R substituents chosen from the group
R?, R* and R when o= | or from the group R’ and R when 00, is
hydroxymethyl, propyl, butyl, 3,3, 3-trifluoropropyl, 2,2.2-trifluorocthyl,

15 cyclopropybmethyl, todoruethyl, azidoruethyl, 2- thienyl, 3-thienyl, phenyl, 3-
chlorophenyl, 3-azidophenyl, 2,2-difluorovinyl, 2,2-dibromovinyl, 2, 2-
dichiorovinyl, 2-cthynyl, S-methyl-2-thienyi, S~formyl-2-ethynyl, 5-cyano-2-
thienyl, 3-bromo- 2-thienyl, 4-methyl-2-thienyl, 3,3 3-trifluoro- {-propynyl, 1-
propynvl, eyclopropylethynyl, 3- methyl-1-butvnyl, I-butynyl, 2,2-

20 diftuoropropyl, 2-chlore-2,2-difluoroethyl, 2-brome-2,2~ diflucroethyi and 2-

iodo-2,2-diflucroethyl,

According to yet another preferred embodiment, the compound is as

o~ . 1 2 4
defined above wherein R', R°, R* and R’ are hydrogen.

According to even another preferred embodiment, the compound is as

)
(8]

defined above wherein R', R, R and R’ are hydrogen.

According to even another preferred embodiment, the compound is as

- : I p3 pd 3 s
defined above wherein =1 and R', R°, R” and R are hydrogen.

In all the above-mentioned scopes when the carbon atom to which R® ig

attached is asymmetric it is preferably in the"S"-configuration.

~-}
=N
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Representative compounds useful in the methods and compositions of this

invention as defined above are selected from the group consisting of
2-{5-(hydroxymethyl)-2-oxo-1-piperidinylfbutanamide,
2~{2-ox0-5~-propyl-1-piperidinyhbutanamide,

5 2-{2-0x0-5-(3,3,3~rilluoropropyl)-1 -piperidinyijbutanamide,
2-{5-{cyclopropylmethyl}-2-oxo-T-piperidiny! [butanamide,
2-{5-(iodomethyl)-2-oxo-1-piperidinyl] butanamide,

2-[5-{azidomethyl}-2-oxo-1-piperidiny] jbutanamide,
2-2-ox0-5~-phenyl-1-piperidinyDbutanamde,

i0 2-{2-ox0-5-(2-thienyly- 1 -piperidinylbutanamide,

2-{2-ox0-5-(3-thienyly- 1 -piperidinylbutanamide,
2-{5-(3-chlorophenyl)-2-oxo-1-piperidinylfbutananude,
2-[5-(3-azidophenyl)-2-oxo--pipendinyl fbutanarmde,

2-15-(2, 2-difluorovinyl}-2-oxo-1-piperidinyl jbutanamide,

[y
(¥

2-{5-(2, 2-dibromovinyl}-2-oxo-1-piperidinyl joutanamide,
2-{5-(2, 2~ dichlorovinyl)-2-oxo-1-piperidinyljbutanamide,
2-(5-ethynyl-2-oxo-1-piperidinyhbutanamide,
2{5-(5-methyl-2-thienyi}-2-0xo-1-piperidinylbutananude,
2-{5-{5-formyl-2-thienyl}-2-oxo-1-piperidinyljbutanamide,
20 2-{5-{5-cyano-2-thienyl)-2-oxo-I-piperidinyl |butanamide,

2-[5-(3-bromo-2-thienyl}-2-0xo-1-piperidinyljbutanamide,

-
LA
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2-{5-{4-methyl-2-thienyl}-2-oxo-I-piperidinyl [butanamide,
2-{2-0x0-5-(3,3,3-trifluoro-1-propynyl)-i-piperidinyijbutanamide,
2-{2-oxo-5-( L-propynyl}-I-piperidinyi [hutanamide,
2-[5-{cyclopropylethynyh)-2-oxo-1-piperidinyl fbutanamide,
2-15-{3-methyl-I-butynyl}-2-oxo- I -piperidinyl butanamide,

2-15-{ 1 -butynyl}-2-oxo--piperidinyl fbutananude,
2-15-(2,2-difluoropropyl-2-oxo-1-piperidinyl fbutanamide,
2-{5-{2-chloro-2 2-difluoroethyl}-2-oxo-1-piperidinyi}butanamide,
2-{5-(2-bromo-2, 2-difluoroethyl}-2-0x0- 1 -piperidinyl tbutanamide,
2-l4-{hydroxymethyi}2-oxo-1-piperidinyl fbutanamide,
2-(2-oxo-4-propyl-1-piperidinyljbutanamide,

2-{2-ox0-4-(3,3, 3tifluoropropy - L-pipenidinyl {htanamide,
2-f4-{cyclopropylrnethyl}-2-oxo-1-piperidinytbutanamide,
2-{4-{iodomethyl}-2-oxo-1-piperidinyl butanamide,
2-{4-{azidomethyl}-2-oxo-1-piperidinyl [butanamide,
2-(2~oxo-d-phenyi-1-piperidinybutanamide,
2-{2-ox0-4-(2-thicuyl}-1-pipenidinytbutanamuide,
2-{2-ox0-4-3-thicuyl}-1-piperidinytbutanamuide,
2-{4-(3-chiorophenyl}-2-oxo-1-piperidinyljbutanamde,
2-{4-(3-azidophenyl}-2-oxo-I-piperidinylJbutanamide,

2-14-2. 2-difluorovinyl}-2-oxo-1-piperidinyljbutanamide,

-
o
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2-{4-(2,2-dibromovinyl)-2-oxo- L-piperidinyl jbutanamide,
2-{4-(2,2-dichlorovinyl}-2-oxo-1-piperidinyl foutanamide,
2-{4-cthynyl-2-oxo-1-piperidinyhbutanarmde,
2-{4-(S-methyl-2-thienyl}-2-oxo-I-piperidinyl [butanamide,

5 2-{4-{5-formyl-2-thienyl)-2-oxo-1-piperidinyljbutanamide,
2-{4-{5-cyano-2-thienyl)-2-oxo- I -piperidinyl |butanamide,
2-{4-{3-bromo-2-thienyl}2-oxo-1-piperidinyl {butanamide,
2-{4-{4-methyl-2-thienyl}-2-oxo-1-piperidinyl[butanamide,
2-12-0x0-4-(3,3,3-trifluoro-1-propynyl)-1-piperidinyijbutanamide,

i 2-[2-oxo-4-( L-propynyl}-1-piperidinyijbutanamide,

2-[4-{cyclopropylethynyl}-2-oxo--piperidinyi fhtanamide,
2-{4-(3-methyl-1-butynyl)-2-oxo-1-piperidinyl jbutanamide,
2-{4-(1-butynyly-2-oxo-1-pipenidinyl fhutanamide,

2-{4-(2, 2-diftuoropropyl}-2-oxo-1-piperidinyl jbutanamide,

i5 2-{4-(2-chlore-2 2-diftuoroethyl}-2-oxo- 1 -piperidinyijbutanamide,

2-{4-(2-bromo-2,2-diflucroethyi)-2-oxo-1-piperidinyl fbutanamide,
2{4-(2,2,2tifluorocthyl)}-2~oxo- [ -piperidinyl Jbutanamide,
2-{5-thydroxymethyl}-2-oxo-~1-azepanyl jbutanamide,
2-2-oxo-S-propyl-1-azepanylibutanamide,

20 24 2-0x0-5-(3,3, 3-trifluoropropyl)- 1 -azepanylibutanamide,

2-{5-{cyclopropylmethyl}-2-oxo- [ -azepanyl butanamide,

-3
~3
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2-{5-(iodomethyl}-2-oxo-1-azepanyl]butanamide,
2-{5-{azidomethyl)-2-ox0- 1 -azepanyl butanamide,
2+ 2-oxo-5-phenyl-1-azepanylbutanamide,
2-{2-ox0-5-(2-thienyly- 1 -azepanyl jbutanamide,
2-{2-0x0-5-(3-thienyl}- 1 -azepanyljbutananude,
2-{5-{3-chlorophenyl)-2-ox0-1-azepanyljbutanamide,
2-{5-{3~azidophenyl}-2-oxo-1-azepanyl {butanamide,
2-{5-(2,2-diflucrovinyl)-2-oxo- | -azepanyl]butanamide,
2-{5-(2,2-dibromovinyl}-Z-oxo-i-arepanyl [hutanamide,
2-[5-(2,2-dichlorovinyl}-2-oxo-t-azepanyl fbutanamide,
2-(5-ethynyl-2-oxo-1-azepanylbutanamide,
2-[5-(5-methyl-2-thienyl}-2-0xo-~1-azepanylibutananude,
2-[5-(5-formyl-2-thienyl}-Z-ox0-1-azepanyt Jbutanamide,
2-[5-(5-cyano-2-thienyl)-2-oxo-t-azepanyljbutanamide,

/

2-{5-(3-bromo-2-thicnyl}-2-oxo-1~-azepanyl jbutanamide,
2 5-(4-methyl-2-thieny}-2-0x0-~1-azepanylibutanamide,
2-42-0%0-5-(3,3, 3-trifluoro--propynyl)-L-azepanyl Jbutanamide,
2-{2-ox0-5-(1-propynyli-1-azepanylfbutanamide,

2-{5-{cyclopropylethynyl)-2-oxo-T-azepanylfhutanannde,

2 5-G-methyl-1-butynyl-2-oxo-1-azepanylijbutanamide,

2-5-(-butynyly-2-ox0-1-azepanyl Jbutanamide,

-
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2-{5-(2,2-difluoropropyli-2-oxo-1-azepanyljbutananude,
2-{5-(2-chloro-2 2-difluoroethyl)-2-oxo-1-azepanylbutanamide,
2-{5-(2-bromo-2,2-difluorocthyl)-2-oxo-1-azepanyljbutanamide,
2-{5-(2,2 2-trifluoroethyl)-2-oxo-1-azepanyljbutanamde,

5 2-{6-(hydroxymethyl)-2-oxo-1-azepanyljbutananude,
2-2-oxo-6-propyl-1-azepanylibutanamide,
2-2-0x0-6-(3,3,3-trifluoropropyl)- 1 -azepanyl fbutanamide,
2-{6-{cyclopropylmethyl}-2-oxo-1-azepanyl butanamide,
2-{6-(iodomethyl}-2-oxo-1-azepanyl]butanamide,

10 2-[6-{azidomethyl}-2-oxo-1-azepany! [utanamide,
2-(2-oxo-6-phenyl-1-azepanyhbutanamide,
2-[2-ox0-6-(2-thienyl}-T-azepanyl jbutanamide,
2-{2-ox0-6-3-thienyl}-T-azepanyl jbutanamide,
2-{6-(3-chlorophenyi}-2-0x0-1-azepanyljbutanamide,

15 2-{6-(3-azidophenyl}-2-oxo- I -azepanyljbutanamide,
2-46-(2,2~difluorovinyl)-2-oxo-1-azepanyllbutanamide,
2-46-(2,2~dibromovinyl}-2-oxo-1-azepany! [butanamide,

2-46-(2, 2-dichlorovinyl}-2-0x0-1-azepanyl jbutanamide,
2-{G~ethynyl-2-oxo-1-azepanylbutananide,

20 2-46-(5-methyl-2-thieny}-2-ox0~1 -azepanyl fbotanamide,

2-{6-{5-formyl-2-thienyl}-2-oxo-1-azepanyHbutanamide,

-
&
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2-{6-(S-cyano-2-thienyl)-2-oxo-1-azepanylbutanamide,
2-{6-(3-bromo-2-thienyl}-2-oxo-1-azepanyl butanamide,
2-{6-(4-methyl-2-thienyl}-2-oxo-1-azcpanyl butanamide,
2-{2-ox0-6-(3, 3, 3-trifluoro-1-propynyl)-1-azepanyl Jbutanamide,
2-[2-ox0-6-( 1 -propynyl}-1-azepanyl jbutanamide,
2-{6-{cyclopropylethynyl}-2-oxo-1-azepanylibutanamide,
2-16-{3-methyl-1-butynyl}-2-oxo-1-azepanyl jbutanamide,

2-16-{ 1 -butynyl}-2-oxo-1-azepanylbutanamide,

2-16-(2, 2-difluoropropyl}-2-oxo-1-azepanyl Jbutanamide,
2-[6-(2-chlore-2 2-diftuoroethy}-2-oxo- 1 -azepanytbutanamide,
2-[6-(2-bromo-2, 2-diflucroethyl}-2-0x0-1-azepanyl Jbutanamide,
2-[6-(2,2 2-trifluoroethyl}-2-oxo-1-azepany! [butanamide,
2-{4-{hydroxymethyi}2-oxo-1-azepanyljbutanamide,
2-2-oxo-d-propyl-1-azepanylibutanamide,

2-{2-ox0-4-(3,3, 3-trifluoropropyl)- 1 ~azepanylibutanamide,
2-{4-(cyclopropylmethy}-2-oxo~1-azepanyl jbutanamide,
2-{4-(odomethyl}-2-oxo-1-azepanyijbutanande,
2-{4-(azidomethyl)-2-oxo-1~-azepanyl[butanamide,
2-{2-oxo-4-phenyl-1-azepanybutanamide,

24 2-on0-4-(2-thienyl}-T-azepanylihutanamide,
2-2~ox0-4-(3-thicnyl)-1-azopanyljbutanamde,

30
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2-{4-(3-chlorophenyl)-2-oxo-1-azepanylibutanamide,
2-{4-(3-azidopheny-2-oxo-~1-azepanylbutananude,
2-{4-(2, 2-diflnorovinyl}-2-oxo-1-azepanyljbutanamide,
2-{4-(2, 2-dibromovinyl}-2-oxo-1-azepanyljbutanamide,

5 2-{4-(2,2-dichlorovinyl)-2-ox0-1-azepanyl [butanamide,
2-{4-cthynyl-2-oxo-1-azepanylybutanamide,
2-{4-{5-methyl-2-thienyl}-2-ox0-1-azepanyl butanamide,
2-{4-{5-formyl-2-thienyl)-2-oxo-1-azepanyl {butanamide,
2-{4-{5-cyano-2-thienyl)-2-oxo-1-azepanylibutanamide,

10 2-[4-(3-bromo-2-thicnyl}-2-oxo-1~-azepanyl jbutanamide,
2-[4-{4-methyl-2-thienyl}-2-oxo-1-azepanylibutananude,
2-[2-ox0-4-(3,3, 3-triflnoro-1-propynyl}-1-azepanyl jbutananude,
2-{2-oxo-4-( L -propynyl)-t-azepanyljbutanamide,
2-f4-{cyclopropylethynyl}-2~-oxo- I -azepanyljbutanamide,

i5 2-{4-(3-methyl-1-butynyl)-2-oxo-1-azepanyl jbutanamide,

2-{4-{ 1-butynyl)-2-oxo-~1-azepanyl jbutavamide,
2-44-(2,2~difluoropropyl-2-oxo-1-azepanyl jbutanamide,
2-{4-(2-chloro-2 2~-difluoroethyl)-2~oxo-1-azepanyljbutanamide,
2-{4-(2-bromo-2, 2-difluoroecthy-2-0x0-1-azepanyl jbutanamide,

20 2-44-(2,2 2-tritluoroethyly-2~oxo- 1 -azepanyljbutanamde.
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In some embodiments, compounds useful in the methods and compositions

of this invention are selected {ron: the group consisting of:
{28}-2~[ 5-(iodomethyl}-2-oxo-1 -piperidinyi}butanamide,
{28}-2~[ 5-(azidomethyi}-2-oxo-1-piperidinyl jbutanamide,
5 2-(2-oxo-5~phenyl-1-piperidinyljbutananude,
(28)-2-[4-(1odomethyl}-2-oxo-1-piperidinyi}butanamide,
2-{3-(iodomethyD-2-ox0-1-azepany! | butanamide.
111} International Patent Application WO 2004/087658:

A compound having the formula I or a pharmaceutically acceptable salt

10 thereof or stereoisomeric forms thereof,
Rd—
RS
, O
R® N NRCR® (1)
R R’
0
wherein

R’ is hydrogen,

R® is hydrogen or C1-20-alkyl,

o
(¥4

R’ is hydrogen, C1-20-alkyl, C4-8-cycloalkyl, C5-8-cycloalkenyl, aryl,
aromatic or non aromatic heterocycle, Cl-20-alkoxy, or a group of formula -

W-R®, R™ is ydrogen, C1-20-alkyl or a group of formula :
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RQ

r

3 N o~
or NR'R™ is & group of formula

R‘IO

10a

R
—N Y

-

R is hydrogen,

R’ is hydrogen; nitro; halogen: azido; cyano; -$-C1-4-alkyl; -SO-C1-4-

W

alkyl; -SO»-Cl-4-allyl; -SONH,; CH-20-alkyl unsubstituted or substituted by

halogen; or C1-20-alkoxy unsubstituted or substituted by halogen,
RS is hydrogen, C1-20-alkyl or halogen,
R’ is hydrogen, C1-20-alkyl or halogen,
10 Wis Cl-12-alkylene, -NH- or -NHO(=0)-,
Xie {3, S or NH,
Yis O, S, -CRYRY- -NRY- or -C(=0)-,

R® is aryl or heterocycle,

R% R R and R arc independently sclocted from hydrogen, Cl-4-alkyl,

15 halogen, hydroxy or methoxycarbonyl,
& 04 -~ -
or R and g™ together form a C3-6-alkylene,

R'* is hydrogen, C'1-4-alkyl, halogen or hydroxy,
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R is hydrogen,
or CRR¥ is dioxolanyl,
R is aryl, heterocycle or a group of formula -V-R",
Vis O yq-alkylenc,
5 R' is aryl or heterocycle,
mis 1 to 4,
nisforl,

and at least one of R*, R or R is different from hydrogen when R? is

3. ; . ~IE 1
hydrogen, R7 is H or 2, 6-diisopropyviphenyt, and R™ is H.

i0 In another aspect, the compound has the formula I or a pharmaceutically

acceptable salt thereof or stereoisomeric forms thereof,

wherein
R is hydrogen,
15 R’ is hydrogen or C1-20-alkyl,

R’ is hydrogen, C1-20-alkyl, C4-&-cycloalkyl, C5-8-cycioatkenyl, aryl,
aromatic or non aromatic heterocycle, C1-20-alkoxy, or a group of formula -

W-R",
R™ is hydrogen, C1-20-alkyl or a group of formula:

84
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ar N

R* is hydrogen,

R is hydrogen; nitro; halogen; C1-20-alky! unsubstituted or substituted by

halogen; or C1-20-alkoxy unsubstituted or substituted by halogen,
R®is hydrogen, C1-20-alkyl or halogen,
R is hydrogen, C1-20-alkyl or halogen,
W is Cl-1Z-alkylene, -NH- or -NHC{=0)-,
X is (3, S or NH,
Y is O, S, -CRYRV- -NR'™ or -C(=0)-,
k¥ is aryl or heterocycle,

R7,RY, R and R are independently selected from hydrogen, C1-4-alkyl,

halogen, hyvdroxy or methoxycarbonyl,
or R' and R' together form a C3-6-alkylene,
R is hydrogen, C1-4-alkyl, halogen or hydroxy,
R™ s hydrogen,
or CRVR™ is dioxolanyl,

85
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R is aryl, heterocycle or a group of formula -V-R",
Vis C1-12-alkylene,
R" is aryl or heterocycle,
mis | to 4,
5 nistorl,

and at least one of R*, R or R is different from hydrogen when R? is

3. . . 2 .
hydrogen, R is H or 2,6-diisopropylphenyl, and R™ 15 H.

The term "allyl", as used herein, 1s defined as including saturated,
monovalent hydrocarbon radicals having straight, branched or cyclic moicties
io or combinations thereof and containing 1-20 carbon atoms, preferably 1-6
carbon atoms and more preferably 1-4 carbon atoms for non-cyclic alkyl and 3-
& carbon atoms for cycloalkyl, Alliyl moteties may optionally be substituted by
I to 5 substituents independently selected from halogen, hydroxy, alkoxy,
alkoxycarbonyl, ester or alkylamino, Preferred alkyl groups are methyl, ethyl,
15 n-propyl, isopropyl, trifluoromethyl, n-butvl, 2- fluoroethyl, 3-hydroxypropyl,
3-hydroxy-2, 2-dimethylpropyl, I-(hydroxymethyl) propyl, 3,3, 3-trifluoro-2-
hydroxypropyl, 3-ethoxypropyl, 2-ethoxy-2-oxoethyl and 3~ {dimethylamino)

propyl.

The term "cycloalkyl", as used herein, refers to a monovalent group of 3 to
20 I8 carbon atoms, preferably 4-8 carbon atoms, derived from a saturated cyclic
or polycyclic hydrocarbon which may be substituted by any suitable group
including but not limited to one or more moieties selected from groups as

described above for the alkyl groups. Preferred cycloalkyl group is cycloheptyl

The term "alkylene”, as used herein, represents a divalent alkyl group,

)
L

having straight or branched moieties, containing 1-12 carbon atoms, preferably
1-6 carbon atoms, aud being optionally substituied with any suitable group,

including but not limited (o one or more moieties selected from groups as

36
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26

[

described above for the alkyl groups. Preferred alkylene groups are methylene,

ethylene, hydroxyethylene, trimethylene or propylene.

The term "cycloalkenyl", as used herein, is defined as a cyclic unsaturated
hydrocarbon radical having at least one double bond, containung 4-20 carbon
atoms, preferably 5-8 carbon atorus, and being optionally substituted with any
suitable group, including but not limited to one or more moictics selected from
groups as described above for the alkyl groups. Preferred cycloatkenyl group is

6- (hydroxymethyl) cyclohex-3-en-1-yl

The term "aryl", as used herein, is defined as including an organic radical
derived from an aromatic hydrocarbon consisting ot 1-3 rings and containing 6-
34 carbon atoms by removal of one hydrogen, such as phenyl and naphthyi
cach optionally substituted by 1 to 3 substituents independently selected from
halogen, hydroxy, nitro, Cl-6-alkyl, Ci-6-alkoxy, C1-6-alkylsulfonyi,
trifluoromethylthio or pyridinylalkyl, Aryl radicals are preferably phenyl
radicals. Preferred arvl groups are phenyl, 3-hydroxyphenyl, 3-flucropheunyl, 3-
methylphenyl, 4-methylphenyl, 4~ hydroxyphenyl, 4-hydroxy-3-
methoxyphenyl, 3-(2-pyndin-2-yiethyi} phenyl, 3,4- dimethyiphenyl, 4-tert-
butylphenyl, 4-methylsulfonylphenyl, 2-nitrophenyi, 2-chioro- 6-flucrophenyl,

2-{{trifluoromethyl) thio] phenyl, 2-chlorophenyl or 4-bromophenyl.
The term "halogen”, as used herein, includes an atom of Cl, Br, F, L
The term "nitro™, as used herein, represents a group of the formula -NO,.
The term "hydroxy”, as used herein, represents a group of the formula ~OH.

. . b
The term "alkoxy™, as used herein, represents a group of formula -OR

wherein R” is an alkyl group, as defined above.

: : : . C
The term "ester”, as used herein, represents a group of formula ~-COOR

wherein R” is an alkyl group or an aryl group, as defined above.,

The term "alkoxycarbonyl”, as used herein, represents a group of formula -

€l e
COOR? wherein R is an alkyl group, as defined above.
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The term "amine”, as used herein, represents a group of the formula -NH,.

The term "alkylamino”, as used herein, represents a group of formula -

NHR or -NRR' wherein R® and R' are alkyl group as defined above.

The term altkylsulfonyl, as used herein is defined as representing a group of

formula -S0,-RE, wherein R® is Cl-4-alkyl

Lh

The term "heterocycie”, as used herein is defined as including an aromatic
or non aromatic cycloalkyl or cycloalkenyl moiety as defived above, having at
least one O, § and/or N atom interrupting the carbocycelic ring structure and
optionally, onc of the carbon of the carbocyelic ring structure may be replaced

10 by a carbonyl.

Non-limiting examples of aromatic heterocyeles are pyrazolyl, furyl,
imidazolyl, triazolyl, oxazolyl, pyridinyl, pyrrolyl, thicoyl, 1sothiazolyl,
benzimidazolyl, tetrazolyl, tsooxazolyl, oxazolyl, thiazolyl, 1,2, 4-thiadiazolvl,
oxadiazole, pyridazinyl, pyrimidinyl, pyrazinyl, isoindolyl, triazolopyridinyi,

15 midazolopyridinyt, pyreolopyrimidinyl, pyrazolopyrinmdinyl, quinazolinyl,
quinolizinyl, naphthyridinyl, quinolyl, isoquinolyl, isebenzoturanyl,
benzothienyl, indolyl, mdolizinyl, purinyl, carbazolyl, thicno (2.3~ b) furanyl,
thianthrenyl, benzothiazolyl, benzoxazolyl, cinnolinyl, quinoxalinyl,
phenothiazinyl, isochromanyl and xanthenyl, optionally substituled by 110 5

20 substituents independently selected from halogen, hydroxy, thiol, amino, nitro,
cyano, azido, Cl-6-alkoxy, Cl-6-alkylthio, Cl-G-alkyl, C1-6-haloalkyl, formyl
or ester. More preferred aromatic heterocycles are pyrazolyl, furyl, imidazolyl,

triazolyl, oxazolyl and pyridinyl.

Non-limiting examples of non aromatic heterocyeles are tetrahydrofuranyt

¥

[
L

piperidinyl, piperidyl, piperazinyt, imidazolidinyl, morpholimyl,
thiomorpholinyl, pyrrolidinyl, thiazolidinyl, indolinyl, tetrahydrobenzazocinyl,
dihydroisochromenyl, tetrahvdropyranyl, oxooctabydroquinolinyl, dioxolanyl,
I-oxaspire (4.5} dec-2-vl, pyrrolidinyl, 2-oxo-pyrrolidinyl, 8-thiabicyclo {3.2.

1] cyclooctanyl, 1,4-dithiepanyl, wirahydro-2H-thiopyranyl, azepanyl and
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[,
¥ 4]

[\
LA

azocanyl, optionally substituted by 1 to 5 substitucnts independently sclected
from halogen, hydroxy, thiol, amine, nitro, cyano, azido, {l-6-alkoxy, C1-6~
alkylthio, Cl-6-atkyl, C1-6-haloalkyl, formyl or ester. More preferred non
aromatic heterocycles are tetrahydrofuranyl, piperidinyl, piperidyl, piperazinyl,
imidazolidinyl, morpholinyl, thiomorpholinyl, pyrrolidinyl, thiazolidinyl,
mdolinyl, tetrabydro-1-benzazocin-1 (2H)-v1, 3, 4-dihydro-iH-isochromen-1-
vl, tetrahydropyranyl, oxooctahydroguinelinyl and dioxelanyl. The
term“heterocyelealso inchudes bicyelic, tricyelie and tetracyelic, spiro groups
in which any of the above heterocyclic rings is fused to one or two rings
independently selected from an aryl ring, a cycloalkyl ring, s cycloalkenyl ring
or ancther monocyclic beterocyclic ring or where a monocyclic heteroccyelic
group s bridged by an alkylene group, such as quinuclidinyl, 7-azabicyelo

(2.2. Dheptanyl, 7-oxabicyclo (2.2.1heptanyl and &~ azabicyclo (3.2. 1 octanyl.

The terny "pyridinylalkyl”, as used herein, represents a group of fornmula -

R pyridinyl in which R” is C1-4-alkylene.
The term "azido™ as used herein, represents a group of the formula -Nj.
The term "cyano" as used herein, represents a group of the formula -CN.
Generally, R” is hydrogen or C1-4-alkyl.

Preferably, R” is hydrogen, methyl or ethyl. More preferably, R° is

hydrogen or methyl.

Generally, R is hydrogen; C1-6-alky! unsubstituted or substituted by 1 to 3
substituents selected from halogen, hydroxy, alkoxy, alkoxycarbonyl or
alkvlamine; C5-7-cycloalkyl; (hydroxymethyl) cyclohexenyl; phenyl
unsubstituted or substituted by 1 to 5 substituents selected from halogen, Cl-4-
alkyl, hydroxy, methoxy, nitro, methylsulfonyl, trifluoromethylthio or
pyridinylatkyl ; pyridinyl unsubstituted or substituted by ethoxy; triazolyl;

C1-4-atkoxy ; or a group of formula -W-R® wherein:

39
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Generally, W is Cl-4-alkylene unsubstituted or substituted by halogen,

hydroxy, C1-4-alkyl or alkoxy ;-NH- ; or-NHC (=0)- ; and

R® is phenyl unsubstituted or substituted by 1 to 5 substituents selected

from halogen, Cl-4-alkyl, hydroxy, methoxy, nitro, methylsulfonyl or

LA

irifluoromethyithio; furyl unsubstituted or substituted by methyl; pyrazolyl
pyridinyl; morpholinyt ; tetrehydrobenzazocinyl; piperidiny! unsubstituted or

substituled by methyl; dihydroisochromenyl or dibydroimidazolyvl.

Preferably, R is hydrogen, n-butyl, cycloheptyl, 2-fluoroethyl, 3-

hydroxypropyl, 3-hydroxy-2, 2-dimethylipropyl, 1-(hydroxymethyl} propvl, 3,3,

10 3- triffuoro-2-hydroxypropyl, 3-cthoxypropyl, 2-cthoxy-2-oxoeethyl, 3-
{dimethylamino) propyl, 6-(hydroxymethyl) cyciohex-3-en-1-yi, 3-
hydroxyphenyl, 3- fluorephenyl, 3- (2-pyridin-2-ylethyl) phenyl, 3, 4-
dimethyiphenyl, 4-tert-butylphenyl, benzy!, 4-hydroxy-3-methoxybenzyi, 4-
methylsuifonylbenzyl, 2-nitrobenzyl, 2-chloro- 6-fluorobenzyl, 2-

15 {(trifluoromethyl) thio] beunzyl, 2-hydroxy-2-phenylethyl, 2- (3,4~
dimcthoxyphenyl) ethyl, 2- (2-chiorophenyl) cthyl, 2- (4-methyiphenyl) ethyl,
{(4- bromophenyl) amino, pyridin-3-yl, 6-methoxypyridin-3-vi, 4H-1, 2, 4-
triazol-3-vl, pyridin-4-ylmethyl, (5-methyl-2-furyl} methyl, 3-(1H-pyrazol-1-
yhipropyl, Z-morpholin- 4-ylethyl, 2- ( (3, 4,5, 6-tetrahydro-1-benzazocin-1

20 (2H)yl) propyl, 2- (2-methylpiperidin-1- v1j ethyl, 3, 4-dibydro-1H-
isochromen-1-ylmethyl, methoxy, (4d-pyridinylcarbonyl) amino or 4, 3-dihydro-

| H-imidazol-2-ylamino. More preferably, R’ is hydrogen.

- 3a - . »
Generally, R™ is hydrogen, Cl-4-alkyl or a group of formula

O

25 wherein m is 1 to 4.
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Preferably, R™ is hydrogen, methyl or tetrahydrofuran-2-ylmethyl, More

preferably, R™ is hydrogen.

{n another embodiment, NR'R™ is piperidinyl unsubstituted or substituted
by hydroxy; thiomorpholinyl; thiazolidinyl unsubstituted or substituted by C1-
4- alkoxycarbonyl ; 2, 5-dihydro-1H-pyrrol-I-yl; 1, 4-dioxa-8-azaspiro {4.5]

dec-8-yL; 4- oxooctahydro-1{2H-quinolinyl; or a group of formmla

wherein R is pyridinyl ; phenyl unsubstituted or substituted by halogen,
hydroxy, C1-4-afkyt ; or a group of fornmula -V-RY wherein V is unsubstituted

C1-4- alkcylene and R* is phenyl or morpholinyl,

In a preferred embodiment, NR'R™ is 4-pyridin-2-yIpiperazin-1-yl, 4-(3-
methylphenyl) piperazin-1-yl, 4- (4-hydroxyphenyl) piperazin-1-yi, 4- (2~
phenylethyl} piperazin-1-vl, 4- (Z-morpholin-4-ylethyl) piperazin-t-yl, 3~
hydroxypiperidin- -y, thiomorphohin-4-yl, 4-methoxycarbonyl-1,3-thiazolidin-
3-vl, 2, S-dihydro~tH-pyrrol-1-yl, 1, 4-dioxa-8-azaspiro {4.5] dec-8-yl or 4~

oxooctabydro-1(2H}-guinolinyl.

Generally, R’ is hydrogen, nitro, halogen, C1-4-alkyl, unsubstituted or

substituted by halogen, or Cl-4-alkoxy unsubstituted or substituted by halogen.

Preferably, R” is hydrogen, nmethyl, ethyl, trifluoromethyl,
triflucromethoxy, n- propyl, isopropyl, nitro, or halogen. More preferably, R’ is

halogen or trifluoromethyl.
G P -
Generally, R” is hydrogen, C1-6-alkyl or halogen.
Preferably, RC is hydrogen, methyl or C1. More preferably, R® is hydrogen.

Generally, R’ is hydrogen, wethyl or halogen.



CA 02826765 2013-08-07

WO 2012/109491 PCT/US2012/024556

Lh

10

[
L

20

Preferably, R7 is hydrogen, methyl, Br, F or Cl. More preforably, R is

hydrogen, Bror F.

Combinations of one or more of these preferred compound groups are

especially preferred.

in a preferred embodiment, the compound has the formulalor a

pharmaceutically acceptlable salt thereof or stereoisomeric {orms thereof]

wherein R' is hydrogen,
R” is hydrogen or C1-4-alicyl,

R is hydrogen; C1-6-alkyl unsubstituted or substituted by 1 to 3
substituents selected from halogen, hydroxy, alkoxy, alkoxyearbonyl or
alkylamino ; C5-7-cycloalkyl ; (hydroxymethyl) cyclohexenyl; phenyl
unsubstituted or substituted by 1 to 5 substituents selected from halogen, C1-4-
alkyl, hydroxy, methoxy, nitro, methylsulfonyl, trifluorowethylthio or
pyrdinvlatkyl ; pyridinyt unsubstituted or substituted by methoxy; triazolyl;

Ci-4-alkoxy ; or a group of formula-W-RY,

R is hydrogen, C1-d-alkyl or a group of formula

0

I 33 s . C e . e e
or NR'R™ is piperidiny! ansubstituted or substituted by hydroxy;

thiomorpholinyl ; thiazolidinyl unsubstituted or substituted by C1-4-
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alkoxycarbonyl ; 2,5-dihydro-1H-pyrrol-1-yl; 1,4-dioxa-B-azaspiro [4.5] dec-8-

vl; 4-oxooctahydro-1{2H l-quinolinyl ; or a group of formula

14

—N N

N~~R

4 .
R’ 1 hydrogen,

(@)}

R’ is hydrogen; nitro; halogen; Cl-4-alkyl, unsubstituted or substituted by

halogen; or Cl-4-alkoxy unsubstituted or substituted by halogen,
Ré s hydrogen, Cl-6-allyl or halogen,
R7 s hydrogen, methyl or halogen,

W13 Cl-4-alkviene unsubstituted or substituied by halogen, hydroxy, C1-4-
S ¥ g Y )

16 alkyl or alkoxy ;-NH-; or-NHC (=0},

RE is pheny! unsubstituted or substituted by 1 to 5 substitnents selected
from halogen, Cl-4-alkyl, hydroxy, methoxy, nitro, methylsulfonyt or
trifluoromethylthio ; furyl unsubstituted or substituted by methyl; pyrazolyl:
pyridinyl ; morpholinyl; tetrahydrobenzazocinyl ; piperidinyl unsubstituted or

15 substituted by methyl ; dihydroisochromeny! or dibydroimidazolyl,

R is pyridinyl; phenyl unsubstituted or substituted by halogen, hydroxy,

C1-4-alkyl ; or a group of formula-V-R",
V is unsubstituted C1-4-alkylene,
R is phenyl or morpholinyl,
20 mis 1o 4,

and at least one of R®, R® or R7 is different from hydrogen when R? is

hydrogen, R’ is H or 2,6-diisopropylphenyl, and R is H.
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In a more preferred embodiment, the compound has the formulal ora

pharmaceutically acceptable salt thereof or stereoisomeric forms thereof,

wherein

R is hydrogen,
R? is hydrogen, methyl or ethyl,

R’ is hydrogen, n-butyl, cycloheptyl, 2-fluorocthyl, 3-hydroxypropyl, 3-
hydroxy-2,2- dimethylpropyl, -(hydroxymethyl) propyl, 3.3, 3-trifluoro-2-
hydroxypropyl, 3- cthoxypropyl, 2-cthoxy-2-oxocthyl, 3- (dimethylamino)
propyl, 6- (hydroxymethyl) cyvelohex-3-en-1-yl, 3-hydroxypheunyl, 3-
fluorophenyl, 3~ (2-pyridin-2-viethyl} phenyl, 3,4-dimethyiphenyl, 4-tert-
butylphenyl, benzyl, 4-hydroxy-3- methoxybenzyl, 4-methylsalfonylbenayl, 2-
nitrobenzyl, Z-chloro-6-tluorobenzyl, 2- [(trifluoromethyl)thio] benzyl, 2-
hydroxy-2-pheuylethyl, 2- (3, 4-dimethoxyphenvly ethyl, 2- (2-chlorophenyl)
cthyl, 2~ (d-methyiphenyl) cthyl, (4-bromophenyl) amino, pyridin-3-vl, 6-
methoxypyridin-3-yl, 4H-1,2,4-triazol-3-yi, pyridin-4-yhmethyl, (5-methyl-2-
furyl) methvl, 3- (IH-pyrazol-1-yl} propyl, Z-morpholin-4-ylethyl, 2- ( (3, 4,5,
6-tetrahvdro- 1-henzazocin-1 (2H) -vl propyl, 2- (2-methyipipenidin-i-yh
ethyl, 3, 4-dihydro-1H- isochromen-1-ylmethyl, methoxy, (d-pyridinylcarbonyl)

amino or 4, S-dihydro-iH- imidazol-2-ylamino,

R™ is hydrogen, methyl or tetrahydrofuran-2-yimethyl, or NR'R™® 4-
pyridin-2-yipiperazin-1-vl, 4-3-methylphenyl) piperazin-1-yl, 4-(4-
hydroxyphenyl) piperazin-1-yl, 4-(2-phenylethyl) piperazin-1-yi, 4-(2-

morpholin-4- ylethyl} piperazin-1-yl, 3-hydroxypipendin-1-yl, thiomorpholin-

94



CA 02826765 2013-08-07
WO 2012/109491 PCT/US2012/024556

4-vl, 4- mothoxycarbonyl-l, 3-thiazolidin-3-yl, 2, S-dihydro-1H-pyrrol-1-yl,

I,4-dioxa-8- azaspiro [4.5}dec-8-y] or 4-oxooctahydro-1{2H}-quinolinyl,
R is hydrogen,

RS is hydrogen, methyl, ethyl, triffuoromethyl, trifluoromethoxy, n-propyl,

Lh

isepropyl, nitro or halogen,
R® is hydrogen, methyl or C1,
R'is hydrogen, methyl, Br, F or CL,

and at least one of R”, R® or R is different from hydrogen when R” is

3 . - . 35 -
hydrogen, R is H or 2,6-diisopropylphenyl, and R is H.

io More preferably, R” is hydrogen or methyl, R is hydrogen, R™ is
hydrogen, R’ is halogen or trifluoromethyl, R® is hydrogen and R is hydrogen,

BrorF.

In all the above-mentioned scopes, when R” is C1-20-alkyl, the carbon

atom to which R is attached is preferably in the"S"-configuration.

15 In some embodiments, compounds useful in the methods and compositions
of this invention are s¢lected from the group consisting of: 2-(5-10do-2-0x0-
2. 3-dihydro-1H-indol-1- v1} acetamide ; 2- (5-chloro-2-0x0-2, 3-dihydro-1H-
indol-1-vl} acetamide ; 2~ (5, 7-dibromo- 2-0x0-2, 3-dthydro-1H-indol-1-y1)
acetarnde ; 2~(5-uitro-2-ox0-2,3-dihydro- 1 H-indol-1~ 1) acetamide ; 2-(5-
20 methyl-2-0x0-2,3-dihydro-~1 H-indol- 1 -vl} acetamide; 2~ (5-chloro~2- oxo-2, 3~
dihydro-iH-indol-1-y1} propanamide ; (2R)-2-~ (S-chloro-2-ox0-2, 3-dihydro-
1H-~ tndol-1-y1} propanamide ; (25}-2-(5-chlgro-2-0x0-2,3~-dihydro-1H-indol-1-
v1) propanamide; 2-{2-oxo-5-(trifluoromethoxy}-2, 3-dihydro-IH-indol-1-y1}

acetamide ; 2~ (S-isopropyl-2-ox0-2, 3-dihydro-1 H-indol-1-yDacetamide ; 2-

)
L

(5-cthyl-2-0x0-2, 3-dihydro- 1H-indol-1-yl) acetamide ; 2-(5-fluore-2-0x0-2,3~
dihydro-1H-indol-1-y1) acetanude; 2- (5,7-dimethyl-2-0x0-2, 3-dihydro~1H-
indol-1-vly acetamide; 2- (5-bromo-2-0x0-2, 3- dihydro-IH-indol-1-yl}

acetarmde ; 2~(2~ox0-5-propyi-2, 3~dihydro~-{H-indol-1- yi) acetamide ; 2-[2-

95



CA 02826765 2013-08-07

WO 2012/109491 PCT/US2012/024556

(¥4

i0

i
W

30

oxo-3-(trifluoromethyly-2, 3-dihydro-1H-indol-1-y1} acctamude ; 2- (5, 6-
dimethyl-2-0x0-2, 3~dihydro-IH-~indol-1-y1) acetamide; 2~ (7-chloro-2-0x0-2,
3-dihydro- IH-indol-1-y1) acetarnide; 2- (6-chloro-2-0x0-2, 3-dilydro-1H-
indol-1-yl} acetamude; 2- (5- chlore-2~ox0-2, 3~dihydro-1H-indol-1-y1)
butanamide ; (+}-2- (5-chlore-2-0x0-2, 3~ dihydro-lH-indol-1-y1} butanamide;
{-}-2~ {5-chloro-2-ox0-2, 3-dithydro-TH-indol-1- v1} butananude; 2-(5-methyl-2-
oxo-2,3-dihydro-1H-indol-1-ylipropanamide ; (+}-2- (5- methyl-2-ox0-2, 3-
dihydro-1H-indol-1-y1) propavamide; (-)-2- (5-methyl-2-0x0-2, 3- dibydro-1H-
indol-1-vl) propanamide ; 2-(5-bromo-2-ox0-2,3-dihydro-1 H-indol-1- y1}
propanamide ; (-3-2- (5-bromo-2-ox0-2, 3-dihydro-IH-indol-1-vi} propanamide
; (-2~ {S5-brome-2-0x0-2, 3-dihvdro-1H-indol-1-y]) propananude; 2- (5~
chioro-7-fluore-2-oxo- 2, 3-dihydro-1H-indol-1-y1) acetamide; 2-(5-chloro-2-
ox0-2,3-dihydro-1 H-indol-1-y1}-N- (3-hydroxyphenyl} acetamide ; 2~ (5-
chloro-2-0x0-2, 3-dihvdro-tH-indol-1-y1}-N- (3- fluorophenyl) acctamide ; 2-
(S~chloro-2-ox0-2, 3-dihydro-1H-indol-1-y1}-N- [3- (Z-pyridin- 2-ylethyl)
phenylacetarnide ; 2-(5-chloro-2-0x0-2,3-dihydro-1H-indol-1-y[}-N-[ 6~
(hydroxymethyl) cyclohex-3-en-1-yljacetanuide ; S-chloro-1-[2-ox0-2~(4-
pyridin-2- ylpiperazin-1-yiy ethyl3-1, 3-dihydro-2H-indol-2-on¢ ; S-chloro-1-
{2- [4- (3- methylphenyl) piperazin-1-yl}-2-oxoethyl}-1, 3-dihydro-2H-indol-
2-one ; 2~ (S-chloro-2- oxeo-2, 3-dihydro~-1H-ndol-1-y1}-N-(4-hydroxy-3-
methoxybenzylhjacctamide ; 2- (S~-chloro- 2-0x0-2, 3-dihydro-1H-indol-1-y1)-N-
(pyridin-d-ylmethyl}-N- {tetrahydrofuran-2- vimethyl) acetamide ; 5-chloro-1-
{2-(3-hydroxypiperidin- I -yl}-2-oxoethyl}-1,3-dihydro- 2H-indol-2-one; 2-(5-
chioro-2-0x0-2,3~dihydro-1H-indol-1-y1)-N'- isonicotinoylacetohydrazide ; 5-
chioro-1-(2-ox0-2-thiomorpholin-4-yiethyi}-1,3-dihydro- 2H-indol-2-one; 2-(5-
chloro-2-ox0-2,3-diliydro- 1 H-indol-1-y1)-N-{(4H-1, 2, 4-triazol-3- v1)
acctamide; 2- {S-chioro-2-ox0-2, 3-dihydro-iH-indol- [ -y1}-N- [4-
{methylsulfonyl) benzyl] acetamide ; 1-{(5~chloro-2-0x0-2,3~dihydro-iH-indol-
I~ yi} acetyl] octahydroguinolin-4 (1 H}-one ; N'- (4-bromophenyl}-2- (5-
chloro-2-ox0-2, 3~ dihydro-lH-indol-1-y1) acetohydrazide; 2-(5-chloro-2-oxo-
2. 3-dihydro-1H-indol-1-yD-N- (6-methoxypyridin-3-yt} acetamide; N-butyl-2-

{§-chloro-2-oxo-2,3-dihydro-1H-indol-1- y1} acetanude ; 2-(S-chloro-2-ox0-
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2,3-dihydro-1H-indol-1-y1}-N-(3- hydroxypropyl) acctamide ; 2-(S-chloro-2-
oxo-2,3-dihydro- 1 H-indol-1-y{}-N- [3- (dimethylamino)} propyl] acetamide ; 5~
chioro-1-4{2-ox0-2[4-(2-phenyicthylpperazin-1- y1} ethyl} -1, 3-dihydro-2H-
indol-Z-one; ethyl {{(5-chloro-2-ox0-2, 3-dihydro-1H-indol-1- y1}
acetyl]amino tacetate | 2-(5-chloro-2-0x0-2,3-dihydro-1H-indol-1-yH-N-(3-
cthoxypropyl) acetamide ; 2- (S-chloro-2~-ox0-2, 3~dihvdro-iH-indol-1-y1}-N-
{2- thuorocthyl) acetamide ; 2- (5-chloro-2-0x0-2, 3-dihydro-1H-indol-T-yl)-N-
methoxy-N- methylacetawide ; 2-{5-chloro-2-ox0-2,3-dihydro-1 H-indol-1-y1)-
N-(3, 4- dimethylphenyl} acetarnide ; N- {4-tert-butylphenyli-2- (S-chioro-2-
0x0-2, 3-dihydro-1H- indol-1-y1} acetamide; 2- (3-chloro-2-ox0-2, 3-dihydro-
{H~indol-1-y}-N- (3-hydroxy-2, 2~ dimethylpropyl} acetamide ; 2-{5-chloro-2-
oxo-2,3-dihydro- 1 H-indol-1~y1}-N-[ I~ (hydroxymethyl) 'pmpyl} acetamide ;
{5-chloro-Z-oxo-~Z, 3-dihydro-iH-indol-1-y13-N- (3,3, 3-tritluoro-2-
hvdroxypmpvi} acetamide; 2~ (S-chloro-2-0x0-2, 3-dihydro-lH-indol-1- y1)-N-
(2-hydroxy-2-phenylethyl) acetamide ; S-chioro-1- {2- [4- (4~ hvdroxyphenyl)
plperammi—yi}—Q—OXO:aﬂlyi -1, 3-dihydro-2H-indol-2-one; 2- (S-chloro-2- oxo-
2, 3-dihydro~-1H-mdol-1-y[}-N-{pyridin~4-ylmethyDacetamide | 2- (5-chloro-2-
oxo- 2, 3-dihydro-1H-mdol-1-y)-N-{(5-methyl-2-furylymethyljacetamide ; 2~
(S-chloro-2-oxo- 2, 3-dihydro-1H-indol-1-y1}-N- {3~ (1H-pyrazol-1-y1} propyl]
acetamide ; methyl 3~ [ (5~ chloro-2-ox0-2, 3-dihydro-TH-indol-1-yi} acetyl}-1,
3-thiazolidine-4-carboxylate ; 5- chloro-1-[2-(2, S-dihvdro-IH-pyrrol-1-y1)-2-
oxoethyl}-1, 3-dihydro-2H-indel-2-one; 2- (5~ chloro-2-ox0-2, 3-dilydro-iH-
indol-1-y13-N'- (4, S-dihvdro-1H-midazol-2- v acetohydrazide ; 2- (5-chloro-
2-0x0-~2, 3-dihydro-tH-ndol-1-y1)-N- [2- (3, 4~ dimethoxy phen‘y ethvl]
acetamide ; 2-(5-chlore-2-0x0-2,3- Glh’ydi@ 1H-indol-t-yD-IN-[2~ (2-
chlorophenyl} etl-lvllacetamide | 2~(5~chloro-2-0x0-2,3-dihydro-1 H-indol- 1~
yh-KN-[2-(4- methyiphenyl} cthyl} acetamide ; 2-(5-chloro-2-0x0-2,3-dihydro-
I H-mdol-1-y[}-N-(2- morpholin-4-ylethyl} acetanude ; 2- (5-chloro-2-0x0-2, 3-
dihydro-1H-indol-1-y13-N- {2~ (3,4, 5, ¢-tetrahydro-1-benzazocin-1 (2H) -yl
propylil acetamide ; 2- (5-chloro-2-ox0-2, 3- dihydro-tH-indol-1-y13-N-{2-(2-
methylpiperidin-1-yi} ethyi] acetamide ; 2~ (3—0]‘1101‘0—2» oxo-2, 3-dihydro-{H-

indol-1-y)-N-(2-nitrobenzyl) acetanmde ; 2~ {(5~chloro-2-ox0-2, 3- dihydro-1H-
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indol-1-yh)-N- (3, 4-dihydro-IH-1sochromen-I-ylincthyl) acctamide ; N- (2~
chioro-6-fluorobenzyl)-2- (5-chloro-2-ox0-2, 3~dihydro-IH-indol-1-y1)
acetamide ; N- benzyl-2- (S-chloro-2-ox0-2, 3-dihydro-1H-indol-1-y1}-N-
methylacetamide ; 2~ (S~chioro- 2-0x0-2, 3-dthydro-1H-indol-1-y}-N-{2-
{(trifluoromethyl) thio] benzyl} acetamide ; 5- chioro-1- [2- {1, 4-dioxa-8-
azaspiro [4.51 dec-8-yl)-2-oxoethyli-1, 3-dihydro-2H-ndol-2- one; 2-(S-chloro-
2-ox0-2, 3-dihydro-IH-indol-1-yl}-N-cycloheptylacetamide ; 5-chloro-1- {2-
{4~ (2-morpholin-d-ylethyl) piperazin-1-ylj-2-oxoethyi}-1, 3-dihydro-2H-
indol-2-one ; and 2-(5-chloro-2-0x0-2,3-dihydro-1H-indol-1-yl}-N-pyridin-3-

ylacetamide.

In some embodiments, compounds usceful in the methods and compositions
of this invention are selected from the group consisting oft 2-(5-iodo-2-ox0-
2,3~dihydro- tH~ndol~1- yl} acetamide ; 2- (S-chloro-2-0x0-2, 3-dihydro-1H-
indol-1-vl) acetanude ; 2- (5, 7-dibromo- 2~0x0-2, 3~dithydro-1H-indol-1-
vhacetamide ; {28)-2-(5-chlioro-2-ox0-2,3-dihydro-1H- indol- 1-y}
propanamide ; 2-{2-oxo-3-(trifluoromethyi}-2, 3-dihydro-1H-imdol-1~ yi}
acetamide and 2-(5-chloro-7-flucro-2-0x0-2,3-dithydro-1H-indol-1-y1)

acetamide.

In another embodiment, compounds useful in the methods and
compositions of this invention are selecied from the group consisting of: 2~ (5-
chioro-2-0x0-2, 3-dihydro-1H-mdol-1-y1} acctamide and (25) -2- (S-chloro-2-

oxo-2, 3-dihydro-1H-indoi-1-y1} propanamide.
vy US Patent No. 7,244,747:

A compound having the formula T or a pharmaceutically acceptable salt

thereof,
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wherein R' is hydrogen, C .00 atkyl, Cag cycloalkyl, halogen, hydroxy,
alkoxy, aryloxy, cster, amido, cyano, nitro, amino, guanidine, amimno derivative,

alkylthio, aryithio, alkylsulionyl, aryisultonyl, alkylsulfinyl, arylsultinyl, aryl

5 or heterocyele;
A A . F .
R is hydrogen, Cyag atkyl, alkoxy, amino, halogen, hvdroxy, ester, amido,
nitro, cyano, carbamate, or aryl;
R is hydrogen, Cyag alkyl, alkoxy, amine, halogen, hydroxy, ester, amido,
nitro, cyano, carbamate, or aryl;
i0 or R” and R’ can form together with the imidazole ring the following 1H-
benzimidazole cycle
R
ol
3w ® /
Y e
kS 0 ] W (3
X 1%
R is hydrogen, Cyag alkyl, Coan alkenyl, Coops alkynyl, aryl, azido,
atkoxycarbonylamino, arylsultfonyloxy or heterocycle;
. da \
15 R™ is hydrogen or ) alikyl;

or R" and R™ can form together a Coz cycloalkyl;
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R’ is hydrogen;

or R*, R™ and R” can form together with the 2-oxo-I-pyrrolidine ring the

following 1,3-dihydro-2H-indol-2-one cyele
R%is hydrogen or Cy.0 alkyl
5 R’ is hydrogen;
or R® and R’ are linked together to form a Cis cycloalioyl;
rYis hydrogen, halogen, nitro, cyvano, Ciao alkyl or alkoxy;

R’ is hydrogen, Cy.ag alleyl, halogen, hydroxy, alkoxy, aryloxy, ester,
amiido, cyano, nifro, amine, amino derivative, altkylthio, arylthio, alkylsulfonyl,

io arylsulfonyl, alkylsultinyl or arylsulfinyl;

R'%is hydrogen, Crap alkyl, halogen, hydroxy, alkoxy, aryloxy, ester,
amido, cyane, nitro, aming, amino derivative, alkylthio, arylthio, alloylsulfonyl,

arylsulfonyl, alkylsuifinvl or arvisulfinyh

R" is hydrogen, halogen, nitro, cyano, €y alkyl or alkoxy;

[
(94

R’ is hydrogen or halogen;

N
3

R s hydrogen, nitro, halogen, hetercevele, amino, arvl, Ciyo alkyl
unsubstituted or substituted by halogen, or alkoxy unsubstituted or substituted

by halogen;
R is hydrogen, Cy.op alkyl or halogen:
20 RY is hydrogen, Cy.z alky! or halogen:

with the proviso that R is different from hydrogen when represents a group

of formula
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The asterisk * indicates the point of attachment of the substituents.

in a preferred embodiment, the compounds have the formula 1, their

tautomers, geometrical isomers {including cis and trans, Z and E isomers},

(4]

enantiomers, diastereoisomers and mixtures thereof (including all possible
mixtures of stereoisomers), or pharmaceutically acceptable salts thereof|
H¥
R4

R—'ln

R? N «

wherein R' is hydrogen, Cy alkyl, Cs oycloalkyl, halogen, hydroxy,
ester, amido, cyano, nitro, amine, guanidine, alkylthio, alkylsulfonyl,

10 alkylsulfinyl, aryl or heterocycle:
R” is hydrogen, €, alloyl, halogen, cyano, ester, carbamate or amido;

R is hydrogen, cyano, .29 alkyl, halogen or ester;
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2 3 o~ . . .. . .
or R” and R” can form together with the imidazole ring the following 1H-

benzimidazole cycle

RYis hydrogen, Cyip alkyl, Cays alkenyl or arvl;

5 R™ is hydrogen;
R’ is hydrogen;
or RY, R™ and R’ can form together with the 2-oxo-1-pyrrolidine ring the
following 1,3-~dihydro-2H-indol-2-one cycle
RJ
1
IS W ¢!
10 R® is hydrogen or Cyg alkyl;
R’ is hydrogen; or R” and R are linked together to form a Cy. cycloalkyl;
RYis yvdrogen;
R’ s hydrogen, Cy g alkyl, halogen or alkoxy;
R is hydrogen, €y atkyl, halogen or cyano;
13 R is hydrogen;

3

R'? is hydrogen or halogen;

R is hydrogen, halogen, heterocycle or €. alkyl;
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14
R™ is hydrogen:
15
R™ is hydrogen:
with the proviso that R” is different from hydrogen when

B?

represents a group of formula

RS R

RO,

The term "alkyl", as used herein, represents saturated, monovalent
hydrocarbon radicals having straight (unbranched) or branched or cyclic or
combinations thereof and containing 1-20 carbon atoms, preferably 1-10
carbon atoms, more pre preferred alkyl groups have -3 carbon atoms. Alkyl
moieties may optionally be substituted by 1 to 5 substituents independently
selected from the group consisting of halogen, hydroxy, cyano, azido, arvloxy,
alkoxy, alkvthio, alkanoylamino, arylcarbonylaminge, aminocarbonyl,
methylaminocarbonyl, dimethylaminocarbouyl or aryl, Usually alkyl groups, in
the present case, are methvl, ethyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl,
I-ethylpropyl, n-heptyl, 2,4, 4-trimethylipentyvl, n-decyl, chloromethyl,
rifluoromethyi, 2-bromo-2,2-difluoroethyl, 2,2.2-trifluoroethyl, 3,3.3-
frifluoropropyl, hydroxymethyl, cyanomethyl, azidomethyl,
{acetylanmnoimethyl, (propronylaminoimethyl, (benzoylaminojmethyl, (4-
chiorophenoxyymethyl, bonzyl, 2-phenylethyt or 2-(methylthio)ethyl. Preforred
alkyl groups are methyl, cthyl, n-propyl, i-propyi, n-butyl, i-butyl, t-butyl, 1-

ethylpropyl, 2,4, 4-trimethylpentyi, chloromethyl, triftuoromethyl, 2,2,2-
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trifluorocthyl, hydroxymethyl, cyanomethyl, azidomethyt,
(acetylaminoymethyl, (propionylamino)methyl, (benzoylamino)methyl or 2-
(methylthio)ethyl. More preferred alkyl groups are methyl, ethyl, n-propyl, i-
propyl, n-butyl, azidomethy! or triffuoromethyl. Most preferred alkyl groups

are methyl or n-propyl.

The term "cycloalkyl”, as used herein, represents a monovalent group of 3
10 § carbon atoms, usually 3-6 carbon atoms derived from a saturated ¢yelic
hydrocarbon, which may be substituted by any suitable group including but not
limited to one or more moicties selected from groups as described above for the

alkyl groups. Preferred cycloalioyl groups are cyclopropyl and cyclohexyl.

The terny "alkenvl" as used herein, represents straight, branched or cyclic
unsaturated hydrocarbon radicals or combinations thereof having at least one
carbon-carbon double bond, containing 2-12 carbon atoms, preferably usually
2-4 carbon atoms, Alkenyl groups are being optionally substituted with any
suitable group, meluding but not limitted to one or more moteties selected from
groups as described above for the alkyl groups. Usually an alkenyl group is
cthenyl {viny]) optionally substituted by 1 {o 3 halogens. Preferred alkenyl

group, in the present case, 1s 2, 2-difluorovinyl.

The term a"alkynyl" as used herein, represents straight, branched or cyclic
hydrocarbon radicals or combinations thereof containing at least one carbon-
carbon triple bond, containing 2-12 carbon atoms, preferably 2-6 carbon atoms,
aund being optionally substituted by any suitable group, including but not
limited to one or more moieties selected from groups as described above for the
alicyl groups. Preferably an alkyayl group is a halogencalkyny! group

(haloalkynyl group).

Groups gualified by prefixes such as “s", "i", "t" aud the like (e.g. "~

ropyl”, "s-butvl"y are branched derivatives.
3 g K

The term "aryl” as used herein, is defined as phenyl optionally substituted

by 1 1o 4 substituents independently selected from halogen, cyano, alkoxy,
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atkylthio, Cy; alkyl or azido, preferably halogen or azido. Usually aryl groups,
in the present case are phenyl, 3-chlorophenyl, 3-fluorophenyl, 4-chlorophenyl,
4-fluorophenyl, 3 4-difluorophenyl, 3,5-difluorophenyl, 3-chloro-4-

fluorophenyl, 2,3 4-irifluorophenyl, 2,4,5-uifluorophenyl, 2,3,5-

(¥4

trifluorephenyl, 3,4,5-trifluorophenyl, 3-azido-2.4-difluorophenyl or 3-azido-
2.4, 6-trifluorophenyt. Preferably, aryl groups are phenyl, 3-chiorophenyl, 3-
fluorophenyl, 4-chlorophenyl, 4-fluorophenyl, 3,4-diflucrophenyl, 3,5-
diftuoropbenyl, 3-chloro-4-fluorophenyl, 2,3 4-triflucrophenyl, 2,4,5-
trifluorophenyl, 2,3,5-trifluorophenyl, 3.4.5-trifluorophenyl or 3-azido-2.4-
10 diftucrophenyl. Most preferred aryl groups are phenyl, 3-chlorophenyl, 3-
fluorophenyl, 3,5-diflucrophenyt, 2.3, 4-tritlucrophenyl, 2,4,5-trifluorophenyi,

2.3, 5-trifluorophenyl, 3.4, 5-trifluorophenyl or 3-azido-2,4-difluorophenyl,

The term "heterocyele”, as used herein, 18 defined as mncluding an aromatic

or non aromatic cycloalkyl moiety as defined above, having at least one (3, S

[,
¥ 4]

and/or N atom interrupting the carbocyciic ring structure. Heterocyelic ring
moieties can be optionally substituted by alkyl groups or halogens and
optionally, one of the carbon of the carbocyclic ring structure may be replaced
by a carbonyl. Usually heterocycles are 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-furyl,
3-furyl, 2-thienyl, 3-thienyl, 2-tetrahydrofuranyl, 1H-pyrrol-2-yi, I-methyl-1H-
20 pyvirol-2-yl, 1H-pyrazol-2-yl, 1H-pyrazol-3-yl, 4-chloro-1-methyl-1H-pyrazol-
3-y1, 5-chloro-1,3-dimethyi-1 H-pyrazol-4-yl, 1,2 3-thiadiazol-4-yl, 3,5~
dimethyl-d-isothiazyl, [H-imdazol-2-v1, 1T-methyl- 1 H-imidazol-2-v1, 4-
methyl- 1 H-imidazol-5-yi, or Z-methyl-1,3-thiazol-4-vl. Preferred heterocycles

are 1H-imidazol-2-vl, 1,2,3-thiadiazol-4-yl, 1H-pyrazol-3-vl, 2-furyl, 3-furvl,

[
L

2-thienyt, 1-moethyl-1H-pyrrol-2-vl, 1H-pyrrol-2-yi

The term "halogen”, as used herein, includes an atom of chlorine, bromine,
fluorine, iodine. Usually halogens are chlorine, bromine and fluorine, Preferred

halogens are fluorne, bromine and chlorine.
The term "hydroxy”, as used herein, represents a group of formula ~-OH.

30 The term "alkoxy", as used herein, represents a group of formula -OR?
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wherein R” is an alkyl group, as defined above. Preferred alkoxy group is

methoxy.

The term "aryloxy", as used herein, represents a group of formula --OR”
wherein R” is an aryl group, as defined above. Preforred aryloxy group is

5 phenoxy.

The term "ester”, as used herein, represents a group of formula --COOR®
wherein R” is an alkyl group or aryl group, as defined above. Preferred ester

group is ructhoxycarbouyl,
The term "amido”, as used herein, represents a group of formula ~~-CONH,.
10 The term "amino”, as used herein, represents a group of formula ~-NH;.

The term "aminoderivative”, as used herein, represents an alkylamino or an

arylamino group, wherein the terms “"altkyl” and "aryl" are defined as above,
The term "cyano”, as used herein, represents a group of formula --CN.
The term "nitro”, as used herein, represents a group of formula ~NO,.
15 The term "azido", as used herein, represents a group of fornwla —-Nj,

The term "guanidine”, as used herein, represents a group of formula -

NHC(=NHINH,.

The term "alkylthio”, as used herein, represents a group of formula --SR®
wherein R is an alkyl group, as defined above. Preferred alkylthio group is

20 methylthio.

The terny "alkyisulfonyl”, as used herein, represents a group of formula ~-
S{=0},R" wherein R® is an alkyl group, as defined above, Preferred

alkylsulfonyl group ts methylsulfonyl,
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The term "allylsulfinyl”, as used herein, represents a group of formula —
Se=0WR wherein R'is an alkyl group, as defined above. Preferred alkylsulfinyt

group is methylsulfinyl

The term "arylihio", as used herein, represenis a group of {ormula --3R*

wherein R® is an aryl group, as defined above.

The term "arylsulfonyl”, as used herein, represents a group ol the {formula --

S(=0),R" wherein R" is an arvl group, as defined above.

The term "arylsulfinyt”, as used herein, represents a group of the formula --

S(=0)R’ wherein R’ is an aryl group, as defined above.

The term "carbamate” as used herein, represents a group of formula --
NHC(OOR?, wherein R is an alkyl or an aryl, as defined above. Usually
carbamate groups are (propoxycarbonyljamino or (benzyloaxycarbonyljamino,

Preferred carbamate group is (benzyloaxycarbonyljamine.

The terny "alkanoyiaming” as used herein, represents a group of the formula

~NHC(=0R" wherein R* is an alkyl group, as defined above.

The term "(arylcarbonyl)amino” as used herein, represents a group of the
formula ~~-NHCEOR™ wherein R™ is an aryl group, as defined

above.Preforred (aryicarbonyliamine is benzoylamino.

Usually, R' is hydrogen; €.y alky!l unsubstituted or substituted by halogen,
hydroxy, cyano, methylthio, phenyl or 4-chlorophenoxy; hydroxy; Cie
cycloalioyl; halogen; ester; amido; nitro; cyano; aming; phenvl; alkylthio;
atkylsulfonyl; allkylsulfinyl; heterocycle unsubstituted or substituted by alkyl
groups; or guanidine. Preferably, R’ is hydrogen; methyl; ethyl; i-propyl; n-
propyl; cyclopropyl; n-butyl; t-butyl; t-butyl; I-cthylpropyl; 2,4,4-
irimethylpentyl; hydvoxymethyl; chloromethyl; trifluoromethyl; 2,2.2-
trifluoroethyl; cyanomethyl; 2-(methylthio)ethyl: chioro; bromo; nitro; cyano;
awino; aminocarbonyl; methoxyearbonyl; methylthio; methylsulfinyl;

methylsuifonyl phenyl; 2-furyl; 3-furvl; 1H-pyrrol-2-yl; I-methyl-1H-pyrrol-
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2-vl; 2-thienyl; 1H-pyrazol-3-vl; 1,2 3-thiadiazol-4-yl or 1H-inudazol-2-yL.
More preferably, R’ is hydrogen; methyl; ethyl; i-propyl; n-propyl; n-butyl;
methylthio; nitro; cyano; amino; chloro or 1H-pyrrol-2-yvi, Most preferably, R'

is hydrogen; methyl; wethylthio; nitro; cyano; amino or chloro.

Usually, R” is hydrogen; Cyq alkyl unsubstituted or substituted by hydroxy,
alkanoylamino or benzoylamine; halogen; ester; cyano; atkyl carbamate: [{(N-
methoxy-N-methylhamino |carbonyl, Preferably, R” is hydrogen; methyl;
hydroxymethyl; (acetylaminojmethyl; (propionyiaminoymethyl;
(benzoylaminoymethyl; {(benzyloxy)carbonyljamino; chloro or cyano. More

~ 7o
preferably, R” is hydrogen; chloro or cyano.

Usually, R” is hydrogen: Ci. alkyl unsubstinited or substituted by hydroxy;
halogen; ester or eyano, Preferably, R is hydrogen: hydroxymethyl; chloro;
~ 3. - 3
cyano. More preferably, R is hydrogen or cyano. Most preferred R is

hydrogen.

Usually, R* is hydrogen; C).4 alkyl unsubstituted or substituted by
halogens; Co.g alkenyl substituted by halogens or phenyl group unsubstituted or
substituted by azido or/and halogens. Preferably, R is hydrogen; n-propyl; 2,2-
diftuorovinyl; phenyl; 3-chlorophenyl; 3-fluorophenyl: 4-chlorophenyl; 4~
fluorophenyl; 3,5-diflucrophenyl; 3,4-difluorophenyl; 3-chloro-4-fluorophenyl;
2.3 4-trifluorophenyl; 2,4,5-trifluorophenyl 2,3, 5-trifluorophenyl; 3,4,5-
trifluorophenyl; 3-azido-2,4-difluorophenyl or 3-azido-2 4,6-triflucrophenyl.
More preferably, R” is hydrogen; n-propyl; 2,2-difluorovinyl; phenyl; 3-
chiorophenyl; 3-fluorophenyl; 4-chlorophenyl; 4-flucrophenyl; 3,5-
diftuorophenyl; 3,4-diflucrophenyl; 3-chloro-4-fluorophenyl; 2,3,4-
trifluorophenyl; 2,4, S-triftucrophenyl; 2,3,5-tifluorophenyl; 3,4,5-
trifluorophenyl or 3-azido-2.4-difluorophenyl. Most preferably, R” is n-propyl;
2,2-diftucrovinyl; phenvl; 3-chloropheuyl; 3-fluorophenyl; 3,5-difluorophenyl;
2,3 A-trifluorophenyl; 2.4,5-trifluorophenyl; 2,3, 5-trifluorophenyt; 3,4.5-

rifluorophenyl or 3-azido-2,4-difluorophenyl,

Usually, R™ is hydrogen.
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Usually, R” is hydrogen.

Usually, R” is hydrogen or Cyjp alkyl unsubstituted or substituted by
hydroxy or azido. Preferably, R® is hydrogen or azidomethyl. More preferably

G
R is hydrogen.
Usually R' is hydrogen.

In other preferred embodiments, R® and R are linked to form a

cyclopropyl.

In other preferred embodiments, R? and R can form together with the

imidazole ring the following 1H-benzimidazole cycle

Usually, R® is hydrogen.

Usually, R” is hydrogen; halogen; €5 alky! or alkoxy. Proferably, R’ is

~ g .
hyvdrogen; methyl; chioro or methoxy. More preferred R 1s hydrogen.

Usually, R" is hydrogen: halogen; cyano; Cp.; alkyl unsubstituted or
substituted by halogens; or alkoxy. Preferably, 'Y is methyl; hydrogen;
trifluoromethyl; fluoro; eyano or methoxy. More preferred R' is hydrogen;

triftuoromethyl; fluoro or cyano.
Usually, R" is hydrogen.

inn other preferred embodinents, RY, R™ and R can form together with the

2-oxo-1-pyrrolidine ring the followng 1,3-dihydro-2H-indol-2-one cycle
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Usually, R* is hydrogen or halogen, Preferably R* is hydrogen; chloro or

fluoro. More preferred R™ is hydrogen.

. 2 13 - - . .
Usually, R™ is hydrogen; €5 alkyl; halogen or thiazolyl unsubstituted or
. . . 3 .
substituted by alkyl groups, such as mcthylthiazolyl, Preferably RY s
. - 4oy 13 s
hydrogen; chloro; bromo or methyl. Most preferred R is chloro; bromo or

methyl
Usually R' is hydrogen.
Usually, R is hydrogen.

Combinations of one or more of these preforred compound groups are

especially preferred.

(Generally, among the embodiments, the compounds of formula , or

pharmaceutically acceptable salts thereof, are those wherein

R is selected from hydrogen: Cy.14 alkyl unsubstituted or substituted by
halogen, hydroxy, cyano, methylthio, phenyl or d-chlorophenoxy; Cie
cycloalkyl; halogen; ester; amido; nitro; cyano; amino; phenyl; alkylthio;
atkylsulfonyl; alkylsulfinyl; heterocycle unsubstiiuted or substituted by alkyl

group; or guanidine;

R’ is selected from hydrogen; C1., alkyl unsubstituted or substituted by
hydroxy, alkanovlamino or benzoylamino; halogen; oster; cyano; alkyl

carbamate or [{N-methoxy-N-methylaminojcarbonyl.
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R is selected from hydrogen; Cr alkyl vnsubstituted or substituted by

hydroxy; halogen; ester or cyano;

R is selected from hydrogen; Cy.; alkyl unsubstituted or substituted by
halogens; Coy alkenyl substituled by halozens or phenyl group unsubstituted or
Bgens; § ) 24 phenyi grouy

5 substituted by azido or /and halogeus;
4a -
R™ is hydrogen,
R” is hydrogen;

RS is selected from hydrogen or Cyypalkyl unsubstituted or substituted by

hydroxy or azido,
10 R’ i hydrogen;
or R® and R can be linked to form a cyclopropyl;

or R” and R can form together with the imidazole ring the following 1H-

benzimidazole cycle

[
L

g .
R is hydrogen;
R’ is selected from hydrogen; halogen; Cs alkyl; alkoxy;

0. ~ .
R'" s selected from hydrogen; halogen; cyano or Cy.; alkyl unsubstituted or

substituted by halogens; or alkoxy;

R is hydrogen;
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or R*, R™ and R” can form together with the 2-oxo-I-pyrrolidine ring the

following 1,3-dihydro-2H-indol-2-one cycle

R is selected from hydrogen or halogen;

Lh

R" is selected from hydrogen; €3 alkyl; halogen; thiazolyl unsubstituted

ot substituted by alkvl groups, such as methylthiazolyl;
14 - ¥ R
R 1s hydrogen;
15 .
R'71s hydrogen;

with the proviso that R is different from hydrogen when

in a preferred embodiment, the compounds of formula |, or

pharmacceutically acceptable salt thereof, are those wheren

R'is selected from hydrogen; methyl; cthyl; i-propyl; n-propyl:

[
wh

cyclopropyl; n-butyl; i-butyl; t-butyl; 1-ethyvlpropyl; 2.4.4-trimethyipentyl:

tiz
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trifluoromethyl; 2.2, 2-trifluoroethyl; hydroxymethyl; chloromethyl:
cyanomethyl; 2-{methyithioethyl: chloro; bromo; nitro; cyano; amino;
aminocarbonyl; methoxycarbonyl; methylithio; methyisullinyl; methylsutfonyl;

phenyh 2-furyl 3-furyl; 1H-pyrrol-2-vl; 1-methyl-iH-pyrrol-2-yl; 2-thienyl;

(¥4

1 H-pyrazel-3-v1; 1,2,3-thiadiazol-4-yl; or 1H-imidazol-2-vk;

LY . . B p .
R” is selected from hydrogen; methyl; hydroxymethyl;
{acetylamingimethyl; {propiouylaminoymethyl; (benzoviaminoymethyl;

(benzyloxycarbonyilamino; chloro; or cyano;
R’ is selected from hydrogen: hydroxymethyl; chloro; cyano;

10 or R” and R’ can form together with the imidazole ring the following 1H-

benzimidazole cvele

QN“’ £ ™
)\ N & !
§ \N‘\‘ \:"'f}t{“{\:

8 -
R” 1s hydrogen;
G . 3 :
R 1s selected from hydrogen; methyl; chore; methoxy;

15 R'% is selected from methyl; hydrogen; trifluoromethyl; fluoro; cyano; or

methoxy;
11
R 1s hydrogen;

R* s selected from hydrogen: n-propyl; 2,2-difluorovinyl; phenyl; 3-
chiorophenyl; 3-fluorophenyl; 4-chlorophenyl; 4-fluorophenyl; 3,5~
20 diflucrophenyl; 3,4-difluorophenyl; 3-chloro-4-fluorophenvl; 2,3.4-
trifluorophenyl; 2.4, 5-wrifluorophenyt: 2,3,5-trithuorophenyl; 3,4,5-

rifluorophenyl; 3-azido-2,4-difluorophenyl; or 3-azide-2,4,6-triluorophenyl,
R™ is hydrogem;R" is hydrogen;
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or R*, R™ and R” can form together with the 2-oxo-I-pyrrolidine ring the

following 1,3-dihydro-2H-indol-2-one cycle

17 o
R is selected from hydrogen; chloro; fluoro;

3. ~
R" is selected from hydrogen; chloro; bromo; methyl;

A

R is hydrogen;
15
R hydrogen;
R® is selected from hydrogen; azidomethyl;
T .
R’ 18 hydrogen;
10 or R® and R’ are linked to form a cyclopropyl;

with the proviso that R” is different from hydrogen when

}e2

\ S \\\‘?

»

<.

{
!
o ‘_-‘\'ﬁ-
E{a"“‘.:.\‘

represents a group of formula
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In a more preferred embodiment, the compounds of formula 1, or

pharmaceutically acceptable salt thereof, are those wherein

R is selected from hydrogen; methyl; ethyl; i-propyl; n-propyl; n-

Lh

butylimethylthio; nitro; cyano; amino; chloro; or 1H-pyrrol-2-yl;
R” is selected from hydrogen: chloro; cyano;

R’ is selected from hydrogen: cyanoe;

2 3 , . . . R
or R™ and R’ can form together with the imidazole ring the following 1H-
benzimidazole cycle

S -
10 R" is hydrogen;

R’ is hydrogen:

a . N ™ ;
R" is selected from hydrogen; trifluoromethyl; fluore; cyano;

1.
R is hydrogen;

RYis selected from hydrogen; n-propyk 2,2-difluorovinyl; phenyl; 3-
chiorophenyl; 3-fluorophenyl; 4-chlorophenyl; 4-fluorophenyl; 3,5-
difluorophenyl; 3,4-difluorophenyl; 3-chloro-4-fluorophenyl; 2,3,4-
trifluorophenyl; 2.4, 5-triftuorophenyl; 2,3,5-trifluorophenyl

. 3,4,5-
trifluorophenyl; or 3-azndo-2 4-difluorophenyl;

R™is hydrogen;

20 R is hydrogen;
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or R*, R™ and R” can form together with the 2-oxo-I-pyrrolidine ring the

following 1,3-dihydro-2H-indol-2-one cyele

whorein
12 .
5 R 18 hydrogon;
RY s selected tfrom methyl; chloro; bromo;
14 . e
R™ 15 hydrogen;
RY hydrogen;
G- . § .
R is hydrogen;
T .
10 R’ 18 hydrogen;

with the proviso that R” is difforent from hydrogen when
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In a most preferred embodiment, the compounds of formula I, or

pharmaceutically acceptable salt thereof, are those wherein

R is selected from hydrogen; methyl; methyithio; nitro; cyano; amine;

chloro;

5 R” is selected from hydrogen: chloro; cyano;
R’ is hydrogen;
R is selected from n-propyl; 2,2-diflucrovinyl; phenyl; 3-chlorophenyl; 3-
fluorophenyl; 3,5-diflucrophenyl; 2,3,4-trifluorophenyl; 2,4,53-trifluorophenyl;
prenyi; 3, Py pheny poeny
2,3, 5-trifluorophenyl; 3,4, 5-trifluorophenyl; 3-azido-2 4-diflucrophenyl;
10 R* is hydrogen;
R i hydrogen;
or RY, R™ and R’ can form together with the 2-oxo-1-pyrrolidine ring the
following 1,3-dihydro-2H-indol-2-one cycle
15 RY is hydrogen:
RY s selected from chloro: bromo; methyl;
14 - -
R™ 1s hydrogen;
R hvdroeen:
tydrogen;
R is hydrogen;
20 R’ is hydrogen.
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In some embodiments, compounds useful in the methods and compositions
of this invention are selected {rom the group consisting oft [-(1H-inudazol-1-
yimethyDpyrrolidin-2-one; 1-{(1H-imidazol-1-ylmethyD-4-phenyipyrrolidin-2-
one; 4-(3-azido-2,4,0-triflucrophenyly-1-(1 H-imidazol-1-yvimethylipyrrolidin-
2-- one; 1-(IH-imidazol-1-ylmethyl)-4-propyipyrrolidin-2-one; {~)-4-(3-azido-
2 4-difluorophenyh)-1-(1 H-irmidazol--vimethyhpyrrolidin-2- ~oue; (+)-4-(3-
azido-2,4-difluorophenyl}-1-(1 H-imidazol- 1 -ylmethypyrrolidin-2-one; 1-{(2-
ethyl-1H-imidazol- -yl uethvli-4-propylpyrrolidin-2-one; 1-{(2-isopropyl-1H-
imidazol-1-yhmethyl-4-propyipyrrolidin-2-one; 1-{{2-methvl-1H-imidazol-1-
yhmethyl}-4-propyvipyrrolidin-2-one; -[(2-phenyl-1H-imidazol--vhmethyl}-
4-propyipvrrolidin-2-one; 4-propyl-1-{(2-propyl-1H~imidazol-1-
yUmethyllpyrrolidin-2-one; (+)-1-( | H-tmidazol-1-ylmethyl}-4-
propylpyrrofidin-2-one; {~3-1-(1 H-imidazoi-1-ylmethyi}-4-propylpyrrolidin-2-
one; 4-(2,2-difluorovinyl}-1-(1 H-imidazol- I-ylmethyhpyrrolidin-2-one; 4-(3-
chiorophenyl)-1-(1H-immdazol-I-vimethyDpyrrolidin-2-one; 1-{]2-
(methylthio}-1H-inudazol-1-ylimethyl}-4-propylpyrrolidin-2-one; 1-{{2-
(methylsulfinyl)-TH-imidazol-1-vljmethyl} 4-propylpyrrolidin-2-one; 1-{(2-
tert-butyl-1H-imidazol- -y ymethyl{-4-propylpyrrolidin-2-one; {-[1-(1H-
imidazol-l-yheyclopropylipyrrolidin-2-one; 1-{(2-methyl-1H-imidazol-1-
vhmethyl}-4~-phenylpyrrolidin-2-one; 1~ {{2-(methylsulfonyl -1 H-imidazol-1-
ylimethyl}-propyipyrrolidin-2-one; 1-{{2-oxo-4-propyipyrrolidin-1-ylmethyl}-
1 H-imidazole-2-carboxamide, 4-(4-fluorophenyt-1-(1H-imidazol-1-
vimethylypyrrolidin-2-one; |-{1H-imidazol-l-vhucthyi)}-4-(3.4,5-
trifluorophenyhpyrrolidin-2-one; 4-(3-fluorophenyly-1-{1H-imidazol-1-
yvimethyDpyrrolidin-2Z-one; 4-(3,5-difluorophenyl)- 1-(1 H-imidazol- -
yimethylpyrrolidin-2-one; 4-(3,4-difluorophenyD-1-{1 H-imidazol-1-
yvimethy!jpyrrolidin-2-one; 4-(3-chloro-4-fluorophenyl)-1-{1H-imidazol-1-
ylmethylypyrrolidin-2-one; 4-(4-chlorophenyl-1-(1H-imidazol-1-
vimethylpyrrolidin-2-one; [-(1H-imidazol-1-ylmethyi)-4-(2.3,4-
trifluorophenylpyrrolidin-2-one; 1-(1H-imidazol-1-yimethyl}-4-(2,3.5-
triftuorophenylpyrrolidin-2-one; I-(1H~imidazol-1-yimethyl}-4-(2,4,5-

trifluorophenylpyrrolidin-2-one; 1-{[2-(hydroxymethyly-1H-imidazol-1-
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yljmethyl}-4-propylpyrrolidin-2-one; methyl 1-{(2-oxo-4-propylpyrrolidin-1-
yhmethyll-1H-imidazole-2-carboxyla- te; 1-[{2-nitro~-1H-imidazol-1-
yhmethyl}-4-(3,4,5-trilluorophenyDpyrrolidin-2-one; 1-{{2-ox0-4-(3.4,5-

trifluorophenylpyrrohidin-1-ylmethyl} - I H-imidazole-2~carbonitrile; 1-[(2-

(¥4

amino-~{ H-imidazol-1-ylymethyl}-4-propylpyrrolidin-2-one; 1-{(2,4-dichloro-
[H-imidazol-1-yhwethyl}-4-(3 4, S-tritlucrophenyhpyrrolidin-2-one; 1-{(5-
chloro-1H-imidazol-1-ylmethyi]-4-(3.4,5-trifluorophenyhpyrrolidin- -2-ong;
-{{2-080-4-(3 4, 5-trifluorophenylipyrrotidin-1-ylimethyl} - tH-umidazole-4-
carbonitrile; I-{{2-ox0-4-(3,4.5-trifluocrophenyljpyrrolidin-1-ylimethyl} -1 H-
10 imidazole-5-carbonitrile; (+)}- 1-{1H-imidazol-1-yimethyl)-4-phenyipyrrolidin-
2-one; (-} (1 H-imidazol- 1 -ylmethyl)-4-phenyipyrrolidin-2-one; 1-{[2-0x0-4-
(2.3, S-triflucrophenyhpyrrolidin- 1 ~ylimethyl} - H-imidazole-S-carbonitrile; (-
Fi-{i2-ox0-4-{2,3 4-trifluorophenylpyrrolidin- 1oyl jmethyl} -1 H-imidazole-5-~

carbonitrile; (+)-1-{{2~0x0-4-(2,3 4-trifluorophenylpyrrolidin- I -ytmethyl -

i
W

FH-imidaezole-3-carbonitrile; (-3-1-4{[2~0x0-4-(2,3,4-trifluorophenyDpyrrolidin-
I-yHmethyl}-1H-imudazole-4-carbonitrile; (+)-1-{[2-ox0-4-(2,3 4~
trifluorophenyl)~-1- pyreolidinytmethyl} - 1 H-imidazole-4-carbonitrile; {(-)-1-
{{2-0x0-4-(3,4,5-triflucrophenylpyrrolidin- 1 -yljmethyl} -1 H-imidazole-4-
carbonitrile; (+)}-1-{{2-0x0-4-(3,4,5-trifluorophenylpyrrolidin- I-yljmethyl} -
20 [ H-imidazole-4-carbonitrile; (+)-1-{{2-0x0-4-(2 4,5-triflucrophenyi)pyrrofidin-
I-ylimethyl} -1 H-imidazole-4-carbounitrile; (-)-1-{[2-0x0-4-(2,4,5
trifluorophenypyvreolidin-1-ymethyl i -1 H-imidazole-4~-carbonitrile; (-3-1-{}2-
ox0-4-(2,3, 5-trifluorophenylypyrrolidin-1-yljmethyl} - 1 H-imidazole-4-
carbonitrile; (-3-1-{{2-0x0-4-(3 4, S-triflucrophenyhpyrrolidin-1-yUmethyl} -

25 [ H-imidazole-5-carbonitrile; 1-{[2-ox0-4-(2,3,5-trifluorophenyDpyrrolidin-1-
ylmethyl}-1H-imidazole-5- ~carbonitrile; 1-{{2-0%0-4-(2,3,5-
frifluorophenylpyrrolidin- E-viimethyl - [ H-imidazole-5- ~carbonttrile; 1-{{5-
moethyl-2-phenyl-1H-imidazol-1-yUmethyl i-4-propylpyrrolidin-2-one; 1-|{5-
methyl-1H-imidazol-1~vlmethyl|-4-propylpyrrolidin-2-one; 1-[{5-phenyl-1H-~

30 widazol-1-yhimethyl --propyipyirrolidin-2-one; 1-[(2-cthyl-5-methyl-1H-

imidazol-1-yhmethyl}-4-propylpyrrolidin-2-one; 1-[{2.5-dimethy{-1H-

imidazol-1-yhmethyli-4-propylpyrrolidin-2-one; 1-[(2-chloro-1H-imidazol-1-
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yhmethyl}-4-(3,4,5-trifluorophenylypyrrolidin- -2-one; 1-{2-azido-1-(1H-
imidazol-1-yhethyl]-4-propylpyrrolidin-2-one; 1-{{(4-chloro-1H-imidazol-1-
yhmethyl}-4-(3,4,5-trilluorophenylpyrrolidin- -2-one; 1-{(2-bromo-4,5-
dichlore-1H-imdazol-1~yDmethyl]-d-propyipyrrolidin-2-one; 1-{(2~chloro-1H-
imidazol-1-yhmethylj-4-propyipyrrolidin-2-one: (+)-1-{{2-0x0-4-(3,4,5-
trifluorophenylpyrrolidin- -ylimethyli -1 H-imudazole-S-carbonitrile; 1-{f5-
(hydroxymethyl)-1H-imidazol-1 -yl |methy!} -4-propyipyrrolidin-2-one; 1-{[4-
(hydroxymethyh-1H-imidazol-1-ylmethyl } -4-propylpyrrolidin-2-one; benzyl
1-{{2-ox0-4-propylpyrrolidin-T-yiymethyi}-1 H-imidazol-3-yicarbamat- ; N-
[{(1-{{2-ox0-4-(3.4,5-rifluorophenyDpyrrolidin- L-vljmethyl | - [ H-imidazol-5-
vhmethyljacetamide; N-{(1-{{2-ox0-4-(3,4,5-trifluorophenyDpyreolidin-1-
ylimethyl}-1H-imidazol-5-yhimethyl Jbenzamide; N-[{1-{[2-0x0-4-(3,4,5-
trifluorophenybpyreolidin-1-yijmethyl} - T H-inudazol-5-
yhmethylpropananude; 1-(1H-benzimidazol-1-yimethyl-4-propylpyrrolidin-
2-one; -{(2-methyl-1H-benzimidazol-I-ylymethylj~4-propyvipyrrolidin-2-one;
4-propyl-1-[(2-propyl-1H-benzimidazol- I -yDmethyljpyrrolidin-2-one; 1-{(2-
isopropyi-1H-beneinudazol-1-yiymethyi-4-propylpyrrolidin-2-one; 4-propyl-
1-{{2-(rifluoromethyl)-1H-benzimidazol-T-yHmethyl  pyrrolidin-2- -one; 1-
{{2-(methylthio)- 1 H-benzimdazol-1-ylmethyl -4 -propylpyrrolidin-2- -one; 1-
{(2~-amino-1H-benzimidazol-1-yhmethyl}-4-propylpyrrolidin-2-one; 1-{{2~
{chloromethyl)-1 H-benzimidazol-1-ylmethyl i 4-propylpyrrolidin-2-on- ¢ {1-
{(2-oxo-4-propylpyrrolidin- [ ~ylmethyl]-1 H-benzimidazol-2-yitacetoni- trile;
-{(5-methoxy- | H-benzimidazol- L-vhymethyl-4-propylpyrrolidin-2-one- ; 1-
{(S-methyl-1H-benzinudazol-1-yUmethyl]-4-propylpyrrolidin-2-one; 1-{{5,6-
dimethyi-1H-benzimidazol-1-ylimethyi}-4-propylpyrrolidin-2-one; i-{{2-
sopropyl-S-(irifluoromethyl}- 1 H-benzimidazol- I-ylmethyl  -4-propyl-
pyrrolidin-2-one; 1-[{{&-chloro-1H-benzimidazol- {-ylmethyi]-4-
propylpyrrolidin-2-one; 1-{{2~oxo-4-propylpyrrolidin- | -yDmethyl]-2-propyl-

[ H-benzimidazole-5-car- bonitrile; 1-{{2~ethvi-5-(trifluoromethyi)-1H-
benzimidazol-1-yvijmethyl t-4-- propylpyrrolidin-2-one; 4-propyvi-1-{{2-(1H-
pyrrol-2-yh-1H-benzimidazol-1-yljmethyl} pyrrolidin-2-~ one; 1-[{5-fluoro-2-

propyl-1H-benzimidazol-1-yhmethyl}-4-propyvlpyrrolidin- -2-one; 1-{[6-
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methyl-2-(1H-pyrrol-2-y1)-1H-benzimidazol-1-yHmethyl }-4-pro-
pylpyrrolidin-2-one; 1-[{6-methoxy-2-propyl-1H-benzimidazol-1-ylpmethyl]-4-
propylpyrrolidin-2-- one | 2-butyl-1-{{Z-oxo-4-propylpyrrohidin-1-yDmethyl}-

1 H-benzimidazole-3- ~carbonitrile; 1-{{2-]2-{methylthiojethyi}-5-
(triftuoromethyl}-1 H-benzimidazol- L-yljmethyl} -4-propylpyrrolidin-2-one; 1-
{({5-flnoro-2-isobutyl-1H-benaimidazol-1-yhuethyl-4-propylpyrrolidin-2- -
one; 1-{{5-fluore-2-{2,4 4-trimethylpentyl}-1H-benzimidazol-1-ylimethyi} - 4-
propylpyrrolidin-2-one; 2-cyclopropyl-1-[(2-oxo-4-propylpyrrolidin-1-
yhmethyl}-1 H-benzimidazole-- S-carbonitrile; 1-[{2-oxo-4-propyipyrrolidin-1-
yhmethyl}-2-(1H-pyrazol-3-yl}- HH-benzimidazole-S-carbonitrile; 1-[(2-
cyclopropyl-S-fluore-1 H-benzimidazol-I-yhmethyl}-4-propyipyrrolidin-2-one;
[-{{S-fluoro-2-1sopropyl-1 H-benzimidazol- L-yDmcthyl}-4-propylpyrrolidin-2-
one; 1-{12-(3-furyl-6-methoxy-TH-benzimidazol-1-yi}methyli}-4-
propylpyrrolidin- -2-one; 1-{(2-cyclopropyl-é-methoxy-1 H-benzimidazol-1-
yhmethyl}-4~propylp- yrrolidin-2-one; 1-[(2-sopropyl-6-methoxy-1H-
benzimidazol-1-ylmethyi]-4-propylpyrrolidin- -2-one; 1-[{2-0x0-4-
propylpyrrolidin- f-yDmethyl]-2-(1,2 3-thiadiazol-4-yl- }-1H-benzinmidazole-5-
carbounitrile; 1-{[2-(1H-inudazol-2-yl)-5-(trifluoromethyl)-1 H-benzimidazol-1-
ylimethyl}-~ -4-propylpyrrolidin-2-one; 1-{[5-fluore-2-(2,2,2-triflucrocthyi)-
[H-benzimidazol-1-yljmethyl} -4-propyipyrrolidin-2Z-one; 1-{[2-(1-
cthylpropyl)-6-methoxy- I H-benzimidazol- -yl methyl | -d-propyipyrr- olidin-
Z-one; 1-{jo-methoxy-2-(1-methyl-1H-pyrrol-2-yh-1H-benzimidazol- 1~
vlmethylt-4-- propylpyrrolidin-2-one; 1-{{2-(2-furvl)-S-(trifluoromethyl)-1H-
benmimidazol-1-yloethyli~4-propyl- pyrrohdin-2-one; 4-propyt-1-{{2-thien-2-
yi-5-(trifluoromethyl}-1 H-benzimidazol-1-ylimethyl- {pyrrolidin-2-one; 1-{{2-
(3-turyl-S-(trifluoromethy - 1 H-benzinmdazol-1~yUmethyl } -4-propyl-
pyrrolidin-2-one; 1-{[2-cyclopropyl-5S-{trifluoromethyl}- 1 H-benzimidazol-1-
ylmethylt-4-propylpyrrolidin-2-one; 4-propyi-1-{{2-(1H-pyrrol-2-y1}-5-
(triftuoromethyl}-1H-benzimidazol-1-yl}- methvl}pyrrolidin-2-one; I1-(1H-~
widazol-1-vimethy!)-1,3-dihydro-2H-indol-2-onc; 5-bromo-1-(1H-irmdazol-1-
yimethyl}-1,3-dihydro-2H-indol-2-one; S-chloro-1-(1H-imidazol-1-ylmethyl}-

1,3-dihydro-2H-indol-2-one; 4-fluoro-1-(1H-tmmdazol-1-vimethyl)-1,3-
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dihydro-2H-indol-2-one; 4-chloro-1-{(1H-imidazol-1-ylmethyl}-1,3-dihydro-
2H-indol-2-one; 1-{1H-imidazol-{-yimethyl}-5-methyi-1,3-dihydro-2 H-indol-
2-one; 1-[(2-ox0-2,3-dihydro- [ H-indol-1-ylimethyl}-1H- imidazole-5-
carbonitrile; and 1-[{5-chloro-2-0x0-2,3-dihydro-1H-indol-1-yhmethyl}- 1H-

imidazole-3-¢- arbonitrile.

In some embodiments, compounds usefud in the methods and compoesitions
of this invention are selected frow the group consisting of! [-(1H-imidazol-1-
vimethyhpyrrotidin-2-one, 1-{1H-imidazol-1-yvimethyl}-4-phenvipyrrolidin-2-
one; 1-{1H-imidazol-1-yimethyl}-4-propylpyrrolidin-2-one; (-)-4-(3-azido-2,4-
diffuoropbenyl}-1-(1H-imidazol- 1 -yimethvlpyrrolidin-2- -one; {+}-4-(3-azido-
2 4-difluorophenyl)-1-( 1 H-immdazol-1-vlmethyDpyrrolidin-2-one; 1-[(2-cthyl-
| H-imidazol-1-ylhmethyl-4-propylpyrrolidin-2-one; 1-{{2-isopropyl-1H-
wmudazol-1-yhmethyl-4-propylpyrrohidin-2-one; 1-{(2-methyl-1H~midazol-1-
yhmethyll-4-propyipyrrolidin-2-one; 4-propyl-1-{(Z-propyi-1H-imidazol-1-
yhmethvlpyrrolidin-2-one; {(+)-1-(1 H-imidazol-1-yimethyi}-4-
propylpyrrolidin-2-one; (-}-1~(1H-imidazol-1-ylmethyl-d-propylpyrrolidin-2-
one; 4-(2 2-difluorovinyl)-1-{1 H-imidazol-1-ylmethyhipyrrolidin-2-one; 4-(3-
chiorophenyh)-1-(1H-imidazol-1-yimethylpyrrolidin-2-one; 1-{[2-
{methylthio}-1H-imidazol-1~ylmethyl}-4-propylpyrrolidin-2-one; 1-[{2-
methyl-1H-imidazol-1-yhmethyl-4-phenylpyrrolidin-2-one; 4-(4-
fluorophenyl)-1-{1H-imidazo!l-1-vimethylipyrrolidin-2-one; 1-{(1H-imidazol-1~
yimethyl}-4-(3,4,5-trifluorophenylipyirolidin-2-one; 4-(3-tfluorophenyh)-1-(1H-
imidazol-1-vimethylpyrrolidin-2-one; 4-(3,5-difluorophenyl)-1-(1 H-imidazol-
L-vimethylipyrrolidin-2-one; 4-(3,4-difluorophenyli-1 -{1H-imidazol-1-
yhuethylpyrrotidin-2-oue; 4-(3-chloro-4-fluorophenyl)-1-{1H-imdazol- 1-
yvimethyDpyrrolidin-2Z-one; 4-(4-chlorophenyl)-1-(1H-imidazol-1-
yimethylDpyrrolidin-2-one; |-{1H~imidazol-1-ylmethy)-4-(2,3,4-
trifluorophenyDpyrrolidin-2-one; T-(11H-imudazol-1-yimethyi}-4~(2,3,5-
tritluorophenyhpyrrolidin-2-one; I-(1H-imuidazol-1-yimethyl}-4-(2,4,5-
trifluorophenylipyrrolidin-2-one; 1-{(Z-nitro-1 H-imidazol-1-ylmethyl]-4~
(3.4, 5-trifluorophenyhpyrrolidin-- 2-one; 1-{{2-ox0-4-(3 4,5-

triftuorophenylpyrrohidin-1-ylimethyl} - I H-imidazole-2~carbonitrile; 1-[(2-
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amino- i H-inidazol-1-yhmethyl}-4-propylpyrrolidin-2-one; 1-{(5-chloro-1H-
imidazol-1-yhmethyl}-4-(3,4,5-trifluorophenyDpyrrolidin~ -2-one; 1-{[2-ox0-
4-(3,4.5-irtfluorophenylpyrrolidin- L -y methyl b - TH-imidazole-4-carbonitrile;
1-{{2-0x0-4-(3 4,5-trifluorophenylpyrrolidin-1-ylimethyl} - | H-imidazole-5~ -
carbonitrile; (+)-1-(1 H-imidazol-1-ylmethyl)-4-phenylpyrrolidin-2-one; {~-1-
{({H-imidazol-1-vimethvl}-4-phenylpyrrohdin-2-one; (+); 1-{[2-0x0-4-(3,4,5-
trifluorophenylipyrrolidin- E-viimethyl} -1 H-imidazole-4- -carbonitrile; 1-{(2-
chloro-1H-imidazol-1-yUmethyi}-4-(3,4,5-trifluorophenyhpyrrolidin- -2-oue;
1-{2-azido-1-{1H-imidazol-1-yhethvl]-4-propylpyrrolidin-2-one; 1-{{2-chloro-
[ H-imidazol-1-yhmethyl]-4-propylpyrrolidin-2-one; (+)-1-{{2-ox0-4-(3,4,5-
trifluorophenylipyrrolidin- F-vlimethyl} - 1 H-imidazole-S-carbonitrile; 1-{(2-
oxo-4-propylpyrrolidin- | -yDmethyl}-2-propyl-1H-benzimidazole-S-car-
bonitrile; T-{[2-ethyl-S-(trifluoromethyi-1H-benzimidazol- I -vlimethyl} ~4--
propylpyrrolidin-2-one; 4-propyl-1-{[2-(1 H-pyrrol-2-y1}-1 H-benzimidazol- 1~
ylmethylipyrrolidin-2-- one; 1-{(S-fluore-2-propyi-TH-benzimidazol-1-
yhmethyl}-4-propylpyrrolidin- -2-one; 2-butyl-1-{{2-oxo-4-propylpyrrolidin-1-
yhmethyl}-1H-benzimidazole- -S-carbonitrile; 1-[(5-fluoro-2-isopropyl-1H-
benzimidazol-1-ylmethyl}-4-propylpyrrolidin-- 2-one; 1-{ 1 H-imidazol-1-
yimethyl)-1,3-dihydro-2H-indol-2-one; S-bromo-1-( | H-imidazol-1-yimethyl)-
1,3-dihydro~-2H-indol-2-one; S-chloro-1-(1H-imidazol-1-ylmethyl}-1,3-
dihydro-2H-indol-2-one; 1-(iH-imidazol-1-ylmethyl}-3-methyl-1,3-dihydro-
2H-indol-2-one; 1-[{(5-chloro-2-ox5-2,3-dihydro-1 H-indol- T-ylymethyl]-1 H-

imidazole-5-carboe- nifrile.

In some embodiments, compounds useful in the methods and compositions
of this invention are selected frow the group consisting oft -1 H-imidazol-1-
yvimethyl)-4-phenyipyrrolidin-2-one; 1-{1H-imidazol-1-yimethyl}-4-
propylpyrrolidin-2-one; (-3-4-(3-amdo-2,4-diflaorophenyl)-1-(1 H-imdazol- 1 -
yimethylpyrrolidin-2- ~one; (+)-4-(3-azido-2 4-diftuorophenyl)-1-{1 H-
midazol-1-vhucthyDpyrrohidin-2~one; 4-(2,2-difluorovinylj-1~{ 1 H-tmidazol-1~
vimethylpyrrolidin-2-on- e; 4-{3-chlorophenyl)-1-{1 H-imidazol-1-
vimethyDpyrrolidin-2-one; 1-{{2-(methylthio)-1 H-imidazol-1-ylimethyli-4-

propylpyrrolidin-2-one; 1-{(Z-methyl-1H-imidazol- 1 -ymethyl}-4-
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phenyvlpyvirolidin-2-one; 1-(1H-inudazol-1-ylmethyl)-4-(3,4.5-
trifluorophenylipyrrolidin-2-one; 4-(3-fluorophenyl)-1-(1H-imidazol-1~
yimethyDpyrrolidin-2-one; 4-(3,5-dilluorophenyl}-1-{1 H-imidarol-1-
yimethypyrrolidin-2Z-one; 1-(1H-imidazol-1-ylmethy-4-(2,3 4~
trifluorephenylpvrrolidin-Z-one; |-(1H-imidazol-1-yimethyl}-4-(2,3,5-
trifluorophenylpyrrolidin-2-one; 1-(1H-imidazol-1-yimethyl)-4-(2,4,5-
trifluorophenylypyrrolidin-2-one; 1-[(2-nitro-1H-imidazol-1-ylymethyi}-4-

(3.4, 5-riflucrophenylpyrrolidin-- 2-one; 1-{{2-0x0-4-(3 4,5~
triftuorophenybpyrrolidin-i-yljmethyll - 1 H-imidazole-2-carbonitrile; 1-[(2-
amino- 1 H-imidazol-1-yUmethyl}-4-propylpyrrolidin-2-one; 1-{(5-chloro-1H-
inmudazol-1-yhmethyl]-4-(3,4,5-tritluorophenyDpyrrohidin- -2-one; {(+)3-1-(1H-
mudazol-1-ylmethyD-4-phenyipyrrolidin-2-ounc; {-)-1-(1 H-immidazol-1-
yimethyi}-4-phenvipyrrolidin-2-one; 1-[(2~chloro-1H-imidazol-1-yimethyl}-4-
(3,4, 5-trifluorophenylpyrrolidin- -2-one; 1-{{2~-chloro-1H-immdazol-1-
yhmethylj-4~propylpyrrolidin-2-one; (+)-1-{{2-ox0-4-(3.4,5-
trifluorophenylipyrrolidin- f-yHmethyl | -1 H-imidazole-5-carbonitrile; 5-bromo-
I-(1H-umidazol-1~yimethyl)-1,3-dihydro-2H-mdol-2~one; S-chioro-{~-(1H-
imidazol-1-vimethyl}-1,3-dihydro-2H-indol-2-one; 1-(1H-imidazol-1-
vimethyly-5-methyl-1,3-dihydro-2H-indol-2-one; 1-[(S-chloro-2-0x0-2,3-

dihydro~1H-indol-1-ylmethy!]- I H-imidazole-5-carbo- nitrile.

In some embodiments, compounds useful in the methods and compositions
of this invention are sclected from the group counsisting of: (-)-4-(3-azido-2,4-
diffuoropbenyli-1-(1H-imidazol- 1 -yimethvljpyrrolidin-2- -one; {+}-4-(3-azido-
2 A-difluorophenyh)-1-( 1 H-imidazol-1-vlmethyhpyrrolidin-2-one; 4-(3-azido-

2 4-diftucrophenyh)-1-(1 H-irmdazol-1-vimethyDpyvrohdin-2-one.
v} International Patent Application WO 2007/065395:

Compounds having forrmula I, their enantiomers, diastereoisomwers and
mixtures thereof (including all possible mixtures of stereoisomers), or

pharmaceutically acceptable salts thereof,
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wherein
R is hydrogen or C¢ afkyl;

R’ is hydrogen or Cj.4 alkyl;

L)

R’ is a group of formula -CHR’R® or a benzyl group;

R"is Cy g alkyl optionally substituted by alkoxyearbonyl, C3-6 cycloalkyl,

aryl or heterocyele;
R’ is C2-4 alioyl;
RO s C24 atloyl, amido or COOR™:
10 R is C1-4 alioyl;

Usually when R is a benzyl group, then R is Cy5 alkyl optionally

substituted by alkoxycarbornyl.

Usually when R” is a group of formula ~CHRR® then R*is Cg alkyl

optionally substituted by Cs.s cycloalkyl, aryl or heterocycle.

15 The torm "alkyl", as used herein, 1s a group which represcnts saturated,
monovalent hydrocarbon radicals having straight (unbranched) or branched
moieties, or combinations thereof, and contamning 1-8 carbon atoms, preferably
[-6 carbon atoms; more preferably alkyl groups have 1-4 carbon atoms. Alkyl
moictics may optionally be substitnied by 1 to 5 substituents independently

20 selected from the group consisting of hydroxy, alkoxy, cyano, ethynyl,

alkoxycarbonyl, acyl, aryl or heterocycle. Alkyl moieties may be optionally

Ju—
B2
(94
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substituted by a cycloalkyl as defined hereafter. Preferred alkyl groups are
methyl, cyanomethyl, ethyl, 2-ethoxy-2-oxoethyl, 2- methoxyethyl, n-propyl,
2-oxopropyl, 3-hydroxypropyl, 2-propynyi, n-butyl, i-bulyl, n-pentyl, 3-pentyl,
n-hexyl, cyclohexylmethyl, benzyl, 2-bromobeneyl, 3-bromobenzyl, 4-
bromobenzyl, 3-methoxybenzyl, 3-nitrobenzyl, 3-aminobenzyl, 4-
(arvinosulfonyiybenzyl, 1- phenviethyl, 2-phenyiethyl, (3,5-dimethylisoxazol-
4-yhymethyl or (S-nitro-Z-furyhmethyl. More preferred alkyl groups are methyl,
ethyl, cyanomethyl, 2-methoxyethyl, n-propyl, 3- hydroxypropyl, 2-propvayl,
n-butyl, 3-pentyl, n-hexyl, benzyl, 3-bromobenzyl, 3- methoxybenzyl, 3-
nitrobenzyl, 3-aminobenzyl, (3,5-dimethylisoxazol-4-ylmethyl or (S-nitro- 2-
furyDmethyl. Most preferred alkyl groups are methyl, ethyl, 3-methoxybenzyl,

3~ nitrobenzyl or (S-nitro-2~-furylymothyl.

The term "cycloalkyl”, as used herein, represents a monovalent group of 3

to 8, preferably 3 to 6 carbon atoms derived from a saturated cycli

I3

hydrocarbon, which may be substituted by any suitable group including but not
himited to one or more moieties selected from groups as described above for the

alkyl groups. Preferred cycloalkyl group is cyclohexyl.

The term "aryl” as used herein, is defined as a phenyl group optionally
substituted by 1 to 4 substituents independently selected frorn halogen, amino,
nitro, alkoxy or aminosulfonyl. Preferred ary! groups are phenyl, 2-
bromophenyl, 3-bromophenyl, 4- bromophenyl, 3-methoxyphenyl, 3-

nitrophenyl, 3-aminophenyl or 4-(aminosulfonylphenyt.

The term "phenvyl”, as used herein, represents an aromatic hydrocarbon

group of formula ~CgH;

The term "benzyl group”, as used herein, represents a group of fornmla -
CHa-aryl. Preferred benzyl groups are benzyl, 2-bromobenzyl, 3-bromobenzyl,
4-bromobenzyl, 3- methoxybenzyl, 3-nitrebenzyl, 3-aminobenzy! or 4-
{arvinosulfonyiybenzyl, More preferred benzyl groups are benzvl, 3-
bromobenzyl, 3-methoxybenzyl, 3-nitrobenzyl or 3- aminobenzyl. Most

preferred alkyl groups are 3-micthoxybenzyl or 3-nitrobenzyl.
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The term "halogen”, as used herein, represents an atom of fluorine,

chiorine, bromine, or iodine. Preferred halogen is bromine.
The term "hydroxy”, as used herein, represents a group of formula -OH.

The term "cyano”, as used herein, represents a group of formula -CN.

A

The term "arino”, as used herein, represents a group of formula -NH;,

The term "ethynyl”, as used herein, represents a group of formula -C=CH.

The term "alkoxy", as used herein, represents a group of formula -OR”
wherein R” 1s an alkyl group, as defined above. Preferred alkoxy group is

methoxy.
The term "nitro”, as used herein, represents a group of formula -NO,.

The term "amido”, as used heremn, represents a group of formula -

C{=(NH2.

The term "acyl”, as used herein, represents a group of formula ~C(=0)R"
wherein R” is an alkyl group, as defined here above. Preferred acyl group is

acetyl (-C(=0)Me).

The term "alkoxycarbonyl {or ester)”, as used hevein, represents a group of
formula ~COOR" wherein R® is an alkyl group; with the proviso that R® does
not represent an alkvl alpha~-substituted by hydroxy. Preferred alkoxyearbonyl

group is ethoxycarbonyl,

The terny "heterocycle”, as used herein, represents a S-menmbered ring
containing one or two heteroatoms selected from O or N. The heterocycle may
be substituted by one or two 4 alkyl or nitro. Preferred heterocyeles are (3,
S-dimethylisoxazol-4-y1y or (S-nttro- 2-furyl). Most preferred heterocycle 1s (5-

nitro~2-furyl).

1. - . i
Generally R 18 hydrogen or Cig alkyl, Usually R 18 hydrogen or ¢ alkyl

optionally substituted by hydroxy, alkoxy, cyano, ethynyl, alkoxycarbonyl or

127
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acyl. Preferably R’ is hydrogen, methyl, cyanomethyl, 2-ethoxy-2-oxoethyl, 2-
methoxyethyl, n~ propyl, 2-oxopropyl, 3-hydroxypropyl, 2-propynyl, n-pentyl
or n-hexyl. More preferably R is hydrogen, methyl, cyanomethyl, 2-
methoxyethyl, n-propyl, 3-hydroxypropyl or 2- propyunyl. Most preferably R'is

hydrogen.,

Generally R” is hydrogen or €y alkyl. Usually R” is hydrogen or
unsubstituted €4 alkyl. Preferably R™ is hydvogen, methyl or n-butyl, More

> 2.
preferably, R is methyl.

Generally R is a group of formula ~CHRR® or a benzyl group. Preferably
R is 3-pentyl, I-(aminocarbonyDpropyl, 1-(cthoxycarbonyDpropyl or 3-

bromobenzyl. Most preferably R’ is 1-(ethoxycarbonyl)propyl.

Generally R is Oy alky! opticnally substituted by alkoxycarbonyl, Cag
cycloatkyl, aryl or heterocyele. Usually R' is C, 5 alkyl optionally substituted
by cyclohexyl, phenyl, bromophenyl, aminophenyl, methoxyphenyi,
nitrophenyl, aminosulfonylphenyl, 3,5-dimethylisoxazol-4-yl, 5-nitro-2-furyl
ot ethoxycarbonyl, Preferably R' is n-butyl, i-butyl, n-pentyl, n-hexyl,
cyclohexylmethyl, benzyl, 2- bromobenzyl, 3-bromobenzyl, 4-bromobenzyl, 3-
methoxybenzyl, 3-nitrobenzyl, 3- aminobenayl, 4-(aminosulfonyhibenayl, 1-
phenylethyl, 2-phenylethyl, (3,5-dimethylisoxazol-4-yimethyl, (5-nitro-2-
furyl)methyl or 1-(cthoxycarbonyl)propyl. More preferably R? is - butyl, n-
hexyl, benzyl, 3-bromobenzyl, 3-methoxybenzyl, 3-nitrobenzyl, 3-
aminobenzyl, (3,5-dimethylisoxazol-4-yhmethyl, (S-nitro-2-furyDmethylor 1 -
(ethoxycarbonylypropyl. Most preferably R* is 3-methoxybenzyl, 3-nitrobenzyl

or {S-nitro-2-furylmethyl.

Generally R is Cos alkyl. Usually R’ is unsubstituted Cyud alloyl,

Preforably R is ethyl.

Generaily R® s Cos alkyl, amido or -COOR, Usually R® is unsubstituted
Coy alkyl, amido or -COOR’. Preferably R is ethyl, amido or ethoxycarbonyl.

Most proferably R® is ethoxycarbonyl.
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Generally R is Cys alkyl. Usually R is unsubstituted Cy4 alkyl,

Preferably, R is ethyl.

In some embodiments, the compounds are those having formula I, and

their enantiomers, diastercoisomers and mixtures thereofl (including all possible

5 mixtures of stereoisorers), or pharmacentically acceptable salis thereof,
Q r*
R {
N .
PR | )—s 0!
‘ : \ g
0O ? N R
/2
whorein

R is hydrogen, Cis alkyl optionally substituted by hydroxy. alkoxy, cyano,

cthynyl, alkoxvycarbonyl or acyl;
10 R* is hydrogen or unsubstituted Cp.; alkyl;
R is a group of formula -CHR® R® or & benzyt group;

R is Crg alkyl optionally substituted by eyclobexyl, pheoyl, bromophenyl,
aminophenyl, methoxyphenyl, nifrophenyl, aminosulfonyliphenyl, 3,5~

dirnethylisoxazol-4-vl, 5-nitro-2-furyl or ethoxycarbonyl;
15 R’ is unsubstituted Co. alkyl:
R® is unsubstituted Co. alkyl, amido or -COOR’:
R’ is unsubstituted €y alkyl;

with the proviso that when R’ is hydrogen, R is methyl, R” is -CHR® RY,
R® is ethoxycarbonyl and R” is ethyl, then R* is different from n-propyl, i-
26 propyl, n-pentyl, n- heptyl, 3-bromobenzyl, 4-chlorobenzyl, 4-methytbenzyl or

2-phenylethyl.
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In the above embodiment, preferably, when R is a benzyl group, then R is

Ci.g alkyl optionally substituted by alkoxycarbonyl.

in the above embodiment, preferably, when R’ is a group of formula -
CHRR®, then RY is C)g alkyl optionally substituted by Cs. cycloalkyl, aryl or

heterocycle,
In a preferred embodiment,

R! is hydrogen, methyl, cyanomethyl, 2-ethoxy-2-oxoethyl, 2-
methoxyethyl, n- propyl, 2-oxopropyl, 3-hydroxypropyl, 2-propynyl, n-pentyl

or n-hexyl;
2. .
R’ is hydrogen, methyt or n-butyl;

R’ is 3-pentyl, 1-{aminocarbonylpropyl, 1 -(cthoxycarbonyl Ypropyl or 3-

bromobenzyl;

R is n-butyl, i-butyl, n-pentyl, n-hexyl, cyclohexyimethyl, benzyl, 2-
bromobenzyl, 3- bromobenzyl, 4-bromobenzyl, 3-racthoxybenzyl, 3-
nitrobenzyl, 3-aminobenayl, 4- (aminosulfonyDbenzyl, 1-phenyiethyl, 2-
phenylethyl, (3,5-dimethylisoxazol-4-yDmethyl, (5- nitro-2-furylmethylor 1 -

{ethoxycarbonyl Ypropyl;

with the proviso that when R is hydrogen, R” is methy! and R” {s 1-
{cthoxycarbonylipropyl, then R” is different from n-pentyl, 3-bromobenzyl or

2~ phenylethyl.

. o~ 2 x 3. p . a4 .
in the above embodiment, preferably, when R i1s 3-bromobenzyl, then R™ 18

g alkyl optionally substituted by alkoxycarbonyl.

In the above embodiment, preferably, when R’ is 3-pentyl, 1-
{aminocarbonylpropyl or 1-(ethoxycarbonylipropyl, then R is different fram

I~ (ethoxycarbonylpropyl.

In a more preferred embodiment,



CA 02826765 2013-08-07

WO 2012/109491 PCT/US2012/024556

Lh

i0

[N]
W

R is hydrogen, methyl, cyanomethyl | 2-methoxyethyl, n-propyl, 3

hydroxypropyt or 2-propynyl;
R is methyl;

R’ is 3-pentyl, 1-(aminocarbonylypropyl, 1-(ethoxycarbonyl)propyl or 3-

bromobenzyl;

R is n-butyl, n-hexyl, benzyl, 3-bromobenzyl, 3-methoxybenzyl, 3-
nitrobenzyl, 3- aminobenzyl, (3,5-dimethylisoxazol-4-yDmethyl, (S-nitro-2-

furylymethyl or 1- {ethoxycarbonyl)propyl;

with the proviso that when R’ is hydrogen, R” is methyl and R’ is 1-

{ethoxycarbonylypropyl, then R” is different from 3-bromobenzyl,

. . < 3 . A
In the above embodiment, preferably, when R is 3-bromobenzyl, then R is

I~ {ethoxycarbonylipropyl;

i the above embodiment, preferably, when R is 3-pentyl, 1~
{(aminocarbonylypropyl or 1-(ethoxyecarbonyhpropyl, then R is different from

I~ {ethoxycarbonylpropyh

fn a most preferred ernbodiment, R’ is hydrogen; R” is methyl; R’ is 1-
b \ o N
{ethoxycarbonyDpropyl and R is 3-methoxybenzyl, 3-nitrobenzy! or (5-nitro-

2~ furybmethyl.

. . L . 9. -3
A further embodiment consists in compounds wherein R” is methyl, R" is a
- ST AR SR 61 .
group of formula ~CHR™ R” with R” being Co alkyl, R” being amido or -

COOR’ and R’ being methyl or ethyl.

in some embodiments, compounds usetful in the methods and compositions
of this invention are selected from the group consisting of: ethyl 2-{{7-benzyi-1
JS-dimethyl-2,6-dioxo-2,3,6,7- tetrahydro- 1 H-purin-&-yhthioJbutanocate; ethyl
2-4{7-3-bromobenzyl}- 1-2~ethoxy-2- oxoethyl}-3~-methyl-2,6-diox0-2,3,6,7-
tetrahydro-1 H-purin-8-ylithio} butanoate; ethyl 2-{[7- (3-bromobenzyl)-1-(2-

methoxyethyl)-3-methyl-2,6-dioxo-2,3.6, 7-tetrahydro-1 H-purin-§-

131
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ylthio}butanoate; ethyl 2-{[7-(3-bromobenzyl)-2,6-dioxo-2,3,6,7-tetrahydro-1
H-purin-8- yijthiotbutanoate; ethyl 2-{{7-(3-bromobenzyl}-1 ,3-dimethyl-2,6-
dioxo-2,3.6,7-tetrahydro- 1 H-purin-8-yHjihio} butanoate; ethyl 2-{[7-(2-
bromobenzyl)-1 ,3-dimethyl-2,6-dioxo-2.3,6,7- tetrahydro-1 H-purin-8-
ylithio}butancate; ethyl 2-{[7-(3-bromobenzyi)-1-{cyanomethyl)-3- methyl-
2,6-dioxe-2,3,6,7-tetrahydro-1 H-purin-8-ylithio } butanoate; ethyi 2-{{7-(3-
bromobenzyly-3-methyl-2,6-dioxo-1-propyl-2,3,6,7-tetrahydro-1 H-purin-8-
yijthiothutancate; ethyl 2-{{7-(3-brovaobenzyl)-3-voethyl-2,6-dioxo-1-(2-
oxopropyi}-2,3.6,7-tetrahydro~-1H- purin-8-vljthic} butancate: ethyl 2- {{7-(3-
bromobenzyl)-1-(3-hydroxypropyl}-3-methyl-2.6- dioxo-2,3,6,7 -tetrahydro-1
H-purin-8-yijthio; butanocate; ethyl 2-{{7-(3-bromobenzyi}-3~ methyl-2,6-
dioxo-1-{2-propynyl}-2,3,6,7-tctrahydro-1 H-purin-8-yijthiotbutanoate; cthyl
2~ 417-(3-methoxvbenzylj-3-methyl-2,6-dioxo-2,3,6,7-tctrahydro-1 H-purin-8-
ylithio}butanocate; ethyl 2-{[3-methyl-7-3-nitrobenzyl}-2,6-diox0-2,3,6,7-
tetrahydro-1 H-purin-8- yljthio } butanoale; ethyl 2-{{7-(3-amincbenzyl)-3-
methyl-2,6-dioxo0-2,3,6,7-tetrahydro-1 H-purin-8-yljthio  butanoate; ethyi 2-
{({7-{4~(arminosulfonylbenzyl}-3-methyl-2,6-dioxo-2, 3,6,7- tetrahydro-1 H-
purin-8-yl}thio jbutancate; ethyl 2-{{7-(4-bromobenzyi}-1 3-dimethyl-2,6-
dioxo-2,3,6,7-tetrahydro-1 H-purin-8-yljthio | butancate; ethyl 2-{{7-
(cyclohexyimethyly-1 3~ dimethyl-2,6-dioxo-2.3,6,7-tetrahydro-1 H-purin-8-
yilthio}butanocate; ethyl 2-{[1 ,3~dimethyl- 2,6-dioxo-7-(1 -phenyicthyl)-

2,3,6,7-tetrahydro~-1 H-purin-8-vijthic}butanoate; ethyl 2- {{1 ,3~ dimethy]-2,6-

dioxo-7-(2-phenylethyl3-2,3.6,7-tetrahydro- | H-purin-8-yijthio ! butanoate; ethyl
2-(47-1¢3,5-dimethyhisoxazolb-4-yhmethyl}-3-methyl-2,6-dioxo-2,3,6,7-
tetrahydro-1 H-purin-8- yljthio}butanoate; cthyl 2-{ {3-methyl-7-[{5-nitro-2-
furyhoethyl}-2,6-diox0-2,3,6,7-tetrabydro-~ | H-purin-8-yi}thio)butanoate;
ethyl 2-[(7-butyl-3-methyi-2,6-dioxo-2,3,6,7-tetrahydro- 1 H- purin-S-
yhithiofbutancate; ethyl 2-{[7-(3-bromobenzyi}-2,6-dioxo-2,3,6,7-tetrabydro-
[H- purin-8~yijthio}butancate; ethyl 2-[{1 ,7-dihexyl-3-methyl-2,6-dioxo-
2.3.6,7-tetrahydro-1 H- purin-8-yhithiobutanocate; ethyl 2-[(7-hexyi-3-methyl-
2,6-dioxo-2,3,6,7-tetrahydro~1 H-purin~ 8-yljthio}butancate; ethyl 2-[{3-

mothyl-2,6-dioxo-1 | 7-dipentyl-2,3,6,7-tetrahydro-1 H-purin-8-
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vhithiofbutanoate; 2-{[7-(3-bromobenzyl}-3-methyl-2,6-diox0-2,3,6,7-
tetrahydro-1H-purin-8- ylithio}butanamide; 2-[(7-butyl-3-methyl-2, 6-dioxo-
2,3,6,7-tetrabydro-1 H-purin-8- yhithiobutanamide; 7-(3-bromobeneyh-8-[(1-

“

ethylpropyhithio}-3-methyl-3,7-dihydro-1 H- purine-2,6-dione; ethyl 2-{8-{(3-

(¥4

bromobenzyljthicl-1 ,3-dimethyl-2 6-dioxe-1 ,2,3,6- tetrahydro-7H-purin-7-
ylibutanocate; and ethyt 2-[(7-isobutyl-3-methyl-2,6-dioxo-2,3,6,7- tetrabydro-

[ H-purin-S-yiythiojbutanoate.

I some embodiments, compounds useful in the methods and compositions
of this invention are sclected from the group consisting of: ethyl 2-[(7-benzyl-1
10 ,3~dim&:thyi-2,6—di0x0—2~3qé,?w tetrahydro-1 H-purin-8-ylithiolbutancate; ethyl
-{{7-(3-bromebenzyl)- 1-(2-methoxyethyl}-3- methyl-2,6-dioxo-2,3,6,7-
tetrahydro-1 H-purin-8-ylithio} butanoate; ethyl 2-{[7-(3- bromobenzyi}-1 ,3-
dimethyi-2,6-dioxo-2,3,6,7-totrahydro-1 H-purin-8-yijthio tbutanoate; cthyl 2-

{{7-(3-bromobenzyl)-1-{cvanomethyl}-3-methyl-2,6-dioxo-2,3,6,7-tetrahydro-1

[,
¥ 4]

H-purin-8- viithio} butanoate; ethyl 2-{{7-(3-bromobenzyl}-3-methyl-2,6-
dioxo-1-propyl-2,3.6,7- tetrahydro-1 H-purin-8-vijthio | butanoate; ethyl 2-{{7-
(3-bromobenzyl)-1-(3-hydroxypropyl}-3- methyl-2,6-dioxo-2,3,6,7-tetrahydro-
I H-purin-R-vijthio} butanoate; ethyl 2-{[7-(3- bromobenzyl}-3-methyi-2,6-
dioxo-1-(2-propynyl-2,3.6,7-tetrahydro-1 H-purin-8- yijthio t butanoate; ethyl
20 2~ {7~(3~mc§hoxybcnzyl)~3~mf:£,hy1-2,6wdi0xo~2ﬂ3,6,7—i§?trahydmn1 H- purin-8-
viithio} butancate; ethyl 2- {{3-methy}-7-(3-nitrobenzyl)-2,6-dioxo-2.3,6,7-
tetrahydro- 1 H-purin-8-yljthio tbutanoate; cthyl 2-4[7-(3-aminobenzyl-3-
nethyil-2,6-dioxo-2,3,6,7- tetrahydro-1 H-purin-&-yljthio! butanoate; ethyvl 2-
{{7-[(3.5-dimethylisoxazol-4-ylmethvl]-3- methyl-2,6-dioxo-2,3.,6,7-

tetrahydro- T H-purin-8-v1} thioYbutanoate; ethyi 2-({3-wethyi-7-[{5- nitro-2-

[
L

furyhmethyl]-2,6-dioxo-2,3,6,7-tetrahydro-1 H-purin-8-yi}thio)butanoate;

ethyl 2-{(7- butyl-3-methvl-2,6-diox0-2,3,6,7-tetrabydro~-1 H-purin-8-
yhithiojbutanoate; othyl 2-[(7-hexyl-3-methyl-2,6-diox0-2,3,6,7-ictrahydro-1

H-purin-8-yhithiolbutanocate; 2-{]7-(3-bromobenzyl)- 3-methyl-2,6-dioxo-

30 2,3.6,7-tetrahydro-1 H-purin-8-yijthio tbutanamide; 7-(3-bromobenzyl)-8- [ {1~

cthylpropylithia}-3-methyl-3,7-dihydro-1 H-purine-2.6-dione; and ethyl 2-{8-
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{(3- bromobenzyhithio]-1 3-dimethyl-2 6-dioxo-1,2,3,6-tetrahydro-TH-purin-

7-yl}butanoate.

In some embodiments, compounds useful in the methods and compositions
of this invention are sclected from the group consisting of: ethyl 2-{[7-(3-
methoxybenzyl-3-methyi-2,6-dioxo-2,3,6,7-tetrahydro-1 H-purin-8-
ylithio}butanocate; ethyl 2-{[3-methyl-7-(3-nitrobenzyi)-2,6- dioxo-2,3,6,7-
tetrahydro-1 H-purin-8-ylithiot butanocate; and ethyl 2-{ {3-methyl-7-[{5-nitro-

2- furylmethyl}-2,6-diox0-2,3,6,7-tetrahydro-1 H-purin-8-vi } thiobutanoate,

in some embodiments, the compounds are those having formula i, their
cnantiomers, diastercorsomers and mixtures thercof (including all possible
mixtures of stereoisomers}, or pharmaceutically acceptable salts:

0 o
RI\N N/
)\ I /: S\
O N N R’
|

R2 {1y

wherein R.eup. 1 is hvdrogen or C.sub, 1-6 alloyl;
R.sup.2 is hydrogen or C.sub. 1-4 alkyl;
R.sup.3 is a group of formula --CHR sup. SR sup.6 or a benzyt group;

R.sup.4 is C.sub. -8 alkyl optionally substituted by alkoxycarbonyi, C.sub.3-6
cycloalkyi, arvl or heterocycle;

R.sup.5 s hydrogen or C.sub. 1-4 alkyl;
R.sup.6 18 Cosub. 14 alkyl, amido or --COORsup.7;
R.sup.7 18 Cosub. 14 alkyl;

In the above embodiment, in some cases, when R.sup.3 is a benzyl group, then
R.sup.4 1s C.sub. [-8 alkyl optionally substituted by alkoxycarbonyl.

ln the above cmbodiment, in some cases, when R.sup.3 1s a group of formula -

134
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CHR.sup.5R sup.6, then Rosup.4 is Cosub. 1-8 alkyl optionally substituted by
C.sub.3-6 cycloalkyl, aryl or heterocycle.

in some embodiments, the compounds are those compounds of formula 1, their
enantiomers, diastereotsomers and mixtures thereol (including all possible
mixtures of sterccisomers}), or pharmaceutically acceptable salis

O R4
Rl\ . N/
)\ | /: S\
O N N R’
L (I

wherein

R.sup.! 1s hydrogen or Cosub. 1-6 alkyl;

R.sup.2 1s hydrogen or C.sub. 1-4 alkyl;

R.sup.3 is a group of formula -~-CHR sup. 3R .sup.6 or a benzyl group;

R.sup.4 is C.sub.1-8 alkyl optionally substituted by alkoxycarbonyl, C.sub.3-6
cycloalkyl, arvl or heterocycle;

R.sup.5 18 hydrogen or C.sub. 1-4 alkyl;
R.sup.6 15 C.sub.1-4 alkyl, amido or --COOR.sup.7;
R.sup.7 s Cosub. 1-4 alkyl.

in some embodiments, the compounds are compounds of formula I selected from
ethyl 2-[(7-heptyl-3-methyi-2.6-dioxo-2,3,6,7-tetrahydro- 1 H-purin-8-yljthioJbut-
anoate; 7-(3-bromobenzyl)-3-methyl-8-(propylthio)-3,7-dihydro-1H-purine-2,- 6-
dione; ethyl 2-{(3-methyl-2,6~dioxo-7-pentyl-2,3,6,7-tetrabhydro-1 H-purin-&-
vithiolbut- anoate; ethyl 2-{[7-(3-bromobenzyl}-3-methyl-2,6-dioxo-2,3.6,7-
tetrahydro-1H-purin-8-yl- Ithio} butanoate; ethyt 2-[(3-methyl-2,6-dioxo-7-propyl-
2,3,6,7-tetrahydro-1H-purin-8-ylithioJbut- ancate; 7-(3-bromobenzyl}-8-{(3-
chloro-2-hydroxypropyhithiol-3-methyl-3,7-- dihydro- 1 H-punine-2,6-dione; and
ethyl 2-{[7-(3-bromobenzyl)-3-methvi-2,6-dioxc-2,3,6,7-tetrahydro- L H-purin-8-
yi- Jthio tpropanocate.

[,
(%)
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In some embodiments, the compounds are compounds of formula 1, their
enantiomers, diastercoisomers and rxiures thereof (inchuding all possible
mixtures of stereoisomers), or pharmaceutically acceptable salts

0 R4
Rl\N N/
;\JI%

L M)

wherein
io R.sup.l is hydrogen or C.sub. [-6 alkyl;
R.sup.2 1s hydrogen or C.sub.1-4 alkyl

R.sup.3 s a group of formula ~-CHR.sup. SR.sup.6 or a benzyl group:

15
R.sup.4 is C.aub. [-R8 alkyl optionally substituted by alkoxycarbonyi, C.sub.3-6
cycloalicyl, aryl or heterocyele;
R.sup.5 1s C.sub.2-4 alkyl;
20
R.sup.6 s C.sub.2-4 alkyl, amido or ~~COOR sup.7;
R.sup.7 is Cosub.1-4 alkyl;
In ancther embodiment, the compounds are compounds having formula H, their
25 enantiomers, diastereoisomers and rmxtures thereof (including all possible

mixtures of stereoisomers), or pharmaceutically acceptable salts thereof,

R4

/
N
N
)\ | />_ \
N N R’

30 wherein
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R.sup.! s hydrogen or C.sub. 1-6 alkyl;

Rosup.2 s hydrogen or Cosub, 1-4 alkyl

5
R.sup.3 18 a group of formula --CHR sup. 3R sup.6 or a benzy! group;
R.sup.4 is C.sub.1-8 alkyl optionally substituted by alkoxycarbonyl, C.sub.3-6
cycloalkyl, arvl or heterocycle;
10

R.sup.5 18 hydrogen or C.sub, -4 alkyl
R.sup.6 is C.sub.i-4 alkyl, amido or --COORsup.7;

15 Rosup.7 is C.sub. 14 alkyl;

vi}) International Patent Application Publication No. W0O2010/144712

In one embodiment, a chemical composition that includes a LEV derivative of

Fornula 1 or Forntula 2 1s disclosed.

O
O\L/’ Y 0

) N
: L E
H.C NH: Y - _ _NH
3 \,/Y 2 \x/ { SHW 2
O 0
20 Formula 1 Formula 2

nof Formula 2 and |, X, and Y of Formulas 1 and 2 are defined as follows: a) i is
an mteger with a value of 0 to 8; b) L 18 one of the group consisting of CH2, CG,
NHCO, NHCOO0, CONH, NH, 0, or S, and combinations thereof; ¢) X is an end

group, an aromatic group, an aryl group, or a saturated, unsaturated, substituted,

Ly

unsubstituted, straight chain, or branched chain aliphatic group having from 1 to 10

3
Ly

carbon and/or hetero chain atoms, the hetero chain atoms being selected from the
group cousisting of oxygen, nitrogen, sulfur, or phosphorus, and combinations
thereef; and d) Y is optional and if present is one of a functional group selected
from group cousisting of alcohol amine, amide, carboxyvlic acid, aldehvde, ester,

30 iminoester, isocyanate, isothiocyanate, anhydride, thiol, thiolacetone, diazonium,
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10

20

NHS, CO-NHS, O-NHS, maleimido; or ) Y is a Yi-Z where Y1 is sclected from
the group consisting of COO, CO, O, CONH, NHC(, or NH and Z is an operative
group,

In one embodiment of the method, the operative group of Z is selected from the
group consisting of detectable labels, antigenic carriers, coupling agents, end
groups, profeins, lipoproteins, glycoproteins, polypeptides, polysaccharides,
nucleic acids, polynucleotides, teichoic acids, radioactive isotopes, enzymes,
enzyme fragments, enzyme donor fragments, enzyme acceptor fragments, enzyme
substrates, enzyme inhibitors, cocnzymes, {luorescent moictics, phosphorescent
moieties, anti-stokes up-regulating moicties, chemiluminescent moictics,
tuminescent moicties, dyes, sensitizers, particles, microparticles, magnetic
particles, solid supports, liposomes, ligands, receptors, hapien radioactive isotopes,

and combinatious thercof,
vii} International Patent Application Publication No. WO201(/002869

The present invention provides a compound of Formula I

O
Zch 9
Y N

R 220 NH

2

e

.

ot a pharmaceatically accepiable salt thereof, wherein: cach Z is independently
selected from hydrogen and deuterium; R1 18 an n-propyl group having zero to
seven deuteriam atoms; R2 is an ethyl group having zero to five dewterium atoms,

and when each R has zero deuterium atoms, at least one 7 1s deuterium.

One embodiment of this invention provides corapounds of Formula § wherein R1 18
selected from CD3CHZCH2-, CD3CD2CH2-, CD3CHZCD2-, CH3CH2CD2-,
CH3CD2CD2-, CDACD2CD2- or CH3CHZCH2-. In a more specific embodiment,
R1is CD3CD20D2- or

ket

CR3CP2CH2-. In one aspect of these embodiments, 21 and 22 are both hydrogen.

In another aspect of these embodiments, Z1 and Z2 are both deuterium,
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In another embodiment, R2 is selected from CH3CH2-, CD3CH2-, CH3CD2-, or
CD3CD2-, In a more specific embodiment, R2 is selected from CH3CH2- or
CD3CD2- In one aspect of these embodiments, Z1 and Z2 are both hydrogen. In

another aspect of these embodiments, Z1 and Z2 are both deutenium,

The R and 7Z variables as described above may be selected and taken together to
provide more specitic embodiments of this invention. For exarnple, in one
embodiment, R1 is CD3CH2CH2-, CD3CD2CH2Z-, CDACH2CD2-, CH3CH2CD2-
L CHACD2Z2CD2-, CDACD2CT2- or CHACHZCH2-; and R2Z is selected from
CH3CH2-, CD3CH2-~, CH3CD2-, or CO3CD2-. In one aspect of this embodiment,
R2 is CH3CH2- or CD3CD2-. {0039] In another embodiment, R1 is
CD3CD2C02- or CD3CIH2CH2-; and B2 is selected from CH3CH2-, CD3CH2-,
CH3CD2-, or CD3CD2-. In one aspect of this embodiment, R2 is CH3CH2- or
CD3CD2-

Examples of specific compounds of this invention include the following:
o

PP S e I NH; oD HT: Ntz
DL, N RE -
HyC Compound 192; and HsC Compound 103,

viit} 20090312333
The compounds of the present invention are those covered by formula (1), their

diastereomers and mixtures, or a pharmaceutically acceptable salt thereofl

4y

139
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io

R1 1s hydrogen, substituted or unsubstituted C1-12 alkyl, substituted or

unsubstituted aryl or substituted or unsubstituted 3-8 membered heterocycle.

R2 is hydrogen. Alternatively, R1 and R2 may be linked together in such a way 1o

form a U3-6 cycloalkyl,
R3 is either

{a} a substituted or unsubstituicd heterocycle linked to the rest of the molecule via

onc of its U atoms, said heterocycle 1s selected from the group consisting oft
1 H-benzinmdazol-6-v1;

1H-benzimmdazol-7-v1;
imidazol1,2-ajpyridin-3-yi;
imidazofl,2-alpyrimidin-3-yl;

imidazof1,2-b{ 1.2, 4}razin-7-v1;
itdazof1,2-bipyndazin-3-vi;

5,6,7 8-tetrabydroimidazol1,2-blpyridazin-3-vi;
tmidazof2,1-blf1,3,4 thiadiazol-5-y1;
imidazo[2,1-bJi 1,3 Jthiazol-5-vi;
3H-1midazo[4,5-blpyridin-T-vi;

1 H-imidazol-4-y;

1H-imidazol-5-y1;

1H-mdol-2-yi;

1H-indol-3-vi;

1H-mdol-4-yi;

1H-indol-7-y;

isoxazol-4-v1;

1H-pyrazol-4-yl;

1H-pyrazol-5-yl;

144G
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1H-pyrazolo{1,5-a]pyrimidin-3-yl;
1H-pyrazole{3,4-blpyndin-3-yl;
pyridazin-4-vl;

pyridin-2-vl;

Lh

pyridin-3-yl;

pyridin-4-yl;

1H-pyrrolof2,3-bipynidin-3-yi;

{H-pyrrolof2,3-blpyridin-4-vk

H-pyrrolof2,3-bipyridin-5-vk

10 1H-pyrrolo|2,3-clpyridin-2-vl;
1H-pyrrolof2,3-¢clpyridin-3-vl;
TH-~pyrrolo]3,2-blpyridin-3-vl;
1H-pyrrolof3.2-¢clpyridin-2-vl;
1H-pyrrolo[3,2-clpyridin-3-yi;

i5 1,3,4-thiadiazol-2-vk
1,3-thiazol-5-yL;
{1,2,4triazolof4,3-bipyridazin-7-yi;
[1,2,41tnazolof4,3-bipyrnidazin-8-yl;
indolizin-3-vi;

20 or R3 is

(b} a substituted or unsubstituted heterocyele hnked to the rost of the molecule via

one of its N atoms, said heterocyele is selected from the group consisting of:
1H-1,2,3-benzotriazol-1-yl;

1H-mudazo[4,5-bipyridin-1-yL;

2
A

3H-imidazof4,5-blpyridin-3-y1;
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TH-imidazo[4.5-c]pyndazin-7-vl;
1H-indol-1-y1;
2 3~-dihydro-1H-ndol-1-yl;

9H-pwrin-9-vl;

Lh

1H-pyrazolo{3,4-blpyridin-1-yl;
ZH-pyrazolo[3,4-blpyridin-2-vi;
1H-pyrrolof2,3-bipynidin-1-yi;
{H-pyrrolof3,2-blpyridin-i-yk

3 A-dihydroquinolin-1(ZH)-vl;
10 8H-isothiazolo|5,4-biindol-8-yi;
1H-1,2 d-triazol-1-vl;
TH-~pyrrol-1-yl
2-chloro-1H-benzimidazol-1-yi.

R4 in formula (I} is selected from the group comprising or consisting of hydrogen;
i5 C1-12 alkeyl optionally substituted by halogen, C1-4 alkoxy, C1-4 alkylthio, arido,
nitrooxy or an aryl; C2-12 alkenyl! optionally substituted by halogen; €2-12

alkynyl optionally substituted by halogen; azido; alkoxycarbonylamino;
arylsulfonyloxy; a substituted or unsubstituted aryl; or a 3-8 membered substituled

or unsubstituted heteroeyele;

20 In a specific embodiment R4 18 hydrogen; or R4 15 C1-12 alkyl or a C1-6 alkyi,
optionaily substituted by halogen, C1-4 alkoxy, C1-4 alkyithio, azido or nitrooxy;
or R4 1s C2-12 alkeny! or a C1-6 alkenyl optionally substituted by halogen; or R4
is {2-12 alkynyl or 2 C1-6 alkyny] optionally substituted by halogen; or R4 is

alkoxycarbonylamino.

[y
W

RS is hydrogen;

Allernatively B4 may form logether with RS and the 2-oxo-1-pyrrolidine ring a
. 3 g ¥ g

1,3-dihydro-2H-indol-2-one ring of the following structure:
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The asterisk * indicates the point of attachment of the substituents;
Ré& is hydrogen or halogen.

R7 in formula (1} is selected from the group coraprising or consisting of hydrogen;
nitro; halogen; heterocycle; amino; aryh C1-12 alkyl optionally substituted by at

least one halogen; or C1-12 alkoxy optionally substituted by at least one halogen,

RE i formula (1) is selected from the group comprising or counsisting of hydrogen,

C1-12 alkyl optionally substituted by halogen, or halogen.

R in formula (T} 1s sclected from the group comprising or consisting of hydrogen,

(C1-12 alkyl optionally substituted by halogen, or halogen.

A further aspect of the present invention consists in compounds of formula (1)

wherein
R1 and R2 are both hydrogen.
R3is:

{a) a substituted or unsubstituted heterocycle linked to the rest of the molecule via

one of its C atoms selected from the group counsisting of!
1H-benzimidazol-6-v1;

1 H-benzimidazol-7-yi;

imidazo[!,2-alpyridin-3-yi;
imidazo[1,2-ajpyrimidin-3-yk;

imidazo{1,2-b 12,4 firtazin-7-y1;
imidazof1,2-bipyridazin-3-vl;

56,7 8-tetrahydroimidazo{1,2-blpyridazin-3-yi
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20

b
L

Lh

()1

inidaze]2,1-b}f1,3,4jthiadiazol-5-y1;
imidazol2,1-bH 1,3 Jthiazol-5-vl;
3H-imidazol[4,5-blpyridin-7-yl;
1H-imidazol-4-yi;
1H-imidazol-5-v;
1H-indol-2-y};

1H-ndol-3-y1;

{H-indoi-4-vl;

TH-indol-7-yi;

isoxazol-4-yk;

1H-pyrazol-4-y1;
1H-~pyrazol-5-vi;
1H-pyrazolo{1,5-alpyrimidin-3-yl;
1H-pyrazolo{3,4-blpyridin-3-yl;
pyridazin-4-vi;

pyridin-2-yl;

pyridin-3-yl;

pyridin-4-yl;
{H-pyrrolof2,3-blpyridin-3-vi;
1H-pyrrolof2,3-blpyridin-4-yi;
1H-pyrrolof2,3-blpyridin-S-vi;
1H-pyrrolof2,3-cipyridin-2-yl;
1H-pyrrolof2,3~clpyridin-3-yl;
1H-pyrrolof3,2-blpyridin-3-yi;

1H-pyrrolo{3,2-clpyridin-2-vl;

144
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1H-pyrrolof3,2-¢clpyridin-3-v];
1,3, 4-thiadiazol-2-vk;
1,3-thiazol-5-yi;

[1,2,4iriazolof4,3-blpyridazin-7-vl;

Lh

[1,2,41irtazolof4,3-bipyridazin-8-yl;
indolizin-3-yl.
Allernatively R3 s

{b) a substituted or unsubstituted heterocyele linked to the rest of the molecule via

one of its N atoms selected from the group consisting of:

10 1H-1,2,3-benzotriazol-1-vl;
TH-~tmidazo[4,5-bipyridin-1-y];
3H-imidazol4,5-blpyridin-3-yl;
TH-imidazol4,5-c]pyridazin-7-yl;
1H-indol-1-vi;

i5 2,3-dihydro-1H-indol-1-y1;
OH-purin-9-v1;
IH-pyrazolo{3,4-blpyridin-1-v];
2H-pyrazolo{3,4-blpyridin-2-vL
1H-pyrrolof2,3-blpyridin-i-yl;

20 1H-pyrrolof3,2-blpyridin-i-yk
3 A-dihydroguinolin-12H)}-y1
SH-isgthiazolo[5,4-blindol-8-y;
1H-1,2,4-triazol-1-y;

1H-pyrrol-1-yl;

2
A

2-chloro-1H-benzimidazol-1-yl,



CA 02826765 2013-08-07

WO 2012/109491 PCT/US2012/024556

i6

i
[

R4 mn formula (I} is selected from the group comprising or consisting of hydrogen;
C1-12 alky! optionally substituted by halogen or C'1-4 alkoxy; C2-12 alkenyl
optionaily substituted by halogen; C2-12 alkynyl optionally substituted by halogen.
In a further specific embodiment R4 is n-propyl, 2.2, 2-triflucroethyl, 2-chloro-2,2-
difluoroethyl, 2 bromo-2,2-diftucroethyl, 2,2-difluorovinyl.

In another specific embodiment R4 is phenyl, 2,3,5-trifluorophenyl or 3-chioro-4-
fluorophenyl.

RS is hydrogen;

A further embodiment of the present invention consists in compounds of fornuila

(I} wherein R4 forms together with R3a 1,3-dihydro-2H-indol-2-one ring

The asterisk * indicates the point of attachment of the heteroaryl alkylene

substituent, and wherein
R& is hydrogen;

R7 is chlorine;

R is hydrogen;

R9 15 hydrogen.

A turther emnbodiment of the present invention consisis in compounds of formula
{13y wherein R3 is a substituied or unsubstituted heterscyele linked to the rest of the

meolecule via one of its C atorus and is selected from the group consisting of:
irnidazof1,2-alpyrimidin-3-yl;
imidazo[1,2-b}{ 1,2,4{triazin-7-v1;

tmidare[!,2-bipyridazin-3-vi;
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2
A

Lh

()1

0

5,6,7 8-tetrahydroimidazo| 1,2-blpyridazin-3-yk
imidazol2,1-bH 1,34 thiadiazol-3-y1;
imidazo|2,1-blf 1,3 1thiazol-5-v1;
3H-imidazof4,5-b]pyridin-7-yl;
1H-imidazol-4-vi;

1H-imidazol-5-y;

isoxazol-4-yl;

| H-pyrazol-4-yl;

1H-pyrazol-5-yl
1H-pyrazolo{1,5-alpyrimidin-3-y1i;
1H-pyrazolo[3,4-bipyndin-3-yi
pyridin-3-vl;
1H-pyrrolof2.3-bipyridin-3-yk;
1H-pyrrolof2,3-bipyridin-4d-yi;
1H-pyrrolo[2.3-blpyridin-5-vi;
1H-pyrrolof2 3-clpyridin-2-y1;
TH-pyrrolo]2,3-cipyridin-3-y1;
1,3-thiazol-5-yL
{1,2,4]triazolof4,3-blpyridazin-8-vl;

indolizin-3-vl.

PCT/US2012/024556

In g further specific embodiment R3 1s a heterocyele linked to the rest of the

molecule via one of its C atoms and is selected from the group consisting oft

imidazo[1,2-bipyridazin-3-vl;
imidazoe{2,1-bji 1.3,4 thiadiazol-5-vl;

imidazof2,1-bl 1.3 jthiazol-5-vyi;
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3H-imidazo[4.5-blpyridin-T-v;
1H-imidazol-4-y;
1H-imidazol-5-y1;

1 H-pyrazol-4-vi;

Lh

1H-pyrazolo{1,5-alpyrimidin-3-yi;
pyridin-3-yl;
1H-pyrrolof2,3-bipynidin-3-yi;
{H-pyrrolof2,3-blpyridin-4-vk
1,3-thiazol-5-vl;

16 Said heterocycles are optionally substituted by ¢.g. a methyl, n-propyl,
trifluoromethyl, cyclopropyl, bromine, chlorine, finorine, 1odine, methoxy, cthoxy,
propoxy, isopropoxy, cyclopropyvloxy, cyclepropylmethoxy, cyclobutylmethoxy,
amino, methyvlamine, cyclopropylamine, cyclobutylamino, T-pyrrolidinyl, cyano,

phenyl, benzyl or 3-thienyl.

15 In a further specific embodiment R3 1s a heterocycle linked to the rest of the
molecule via one of s C atoms and 1s selected from the group consisting of: 6-
chiore-2Z-cyclopropylimidazof 1, 2-blpyridazin-3-yl, 6-(cyclopropyloxy}-2-
(triflucromcthyimidazol 1,2-blpyridazin-3-vi, 6-propoxy-2-
(trithworomethyl)imidazof 1,2-bpyridazin-3-yl, 6-chloroimidazo|2,1-b}{ 1,3 jthiarol-

20 5-yl, 2,6-dichlorommidazo[2,1-bl[ 1,3 {thwazol-S-vl, S-chloro-1H-imidazol-4-yl, 5-
bromo-{H-imidazol-4-yl, 4-bromo-1H-imidazol-5-v1, 4-chloro-1 H-imidazol-5-yl,
1H-imidazol-5-yl, I-methyl- 1H-imidazol-5-yl, 4-chloro-1-methyl-1H-imidazol-5-

“

yl, 1H-pyrazol-4-yl, IH-pyrrolof2,3-blpyridin-3-yl.

A further embodiment of the present invention consists i compounds of formula

b2
L

(I} whercin R3 is a heterocyele linked to the rest of the molecule via one of s C

atoms and 1s a substituted or unsubstituted inndaro]1,2-alpyridin-3-v1.

Said imidazo[1,2-alpyridin-3-vl is optionally substituted by ¢.g. a methyl,

cyclopropyl, bromine, chiorine, fluorine, iodine.
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In a further specific embodiment R3 1s a heterocycle linked to the rest of the
molecule via one of its € atoms and 1s selected from the group consisting oft
imidazof1,2-alpyridin-3-yl, 6-methylimidazo{ i, 2-alpyridin-3-vi, 2-

chioroimidazol1,2-alpyndin-3-yi.

5 A further embodiment of the present invention consists in compounds of formula
(1) wherein R3 is a substituied or unsubstituted heterocycle linked to the rest of the

molecule via one of its N atoms and is selected from the group consisting oft
3H-imidazo[4,5-b|pyridin-3-yl;
1H-indol-1-yL;
i0 1H-pyrrolo[2,3-blpyndin-1-yk
1H-pyrrolof3,2-bipynidin-1-yl;
1H-pyrrol-1-vi;
2-chloro-1H-benzimidazol-1-yl.

A spectfic further embodiment of the present tnvention consists in compounds of
15 formula (1) wherein R3 s a heterocyele linked to the rest of the molecule via one

of its N atoms and is sclected from the group consisting of!
3H-imidazo[4,5-blpyridin-3-v1;
1H-pyrrolof3,2-bipyndin-1-vk
1H-pyrrol-1-vl;

20 2-chioro-1H-benzimidazol-1-vi;

Said heterocycles may optionally be substituted by triflucromethyl, cyclopropyl,

bromine, chlorine, fluorine, methoxy or cyane,

in a further specific embodiment R3 is a heterocyele linked to the rest of the
molecule via one of its C atoms and is selected from the group consisting of 6-
25 bromo-2-chioro-3H-imidazof4,5-blpyridin-3-yl, 6-bromo-2-cyclopropyi-3H-
tmidazo{4,5-blpyridin-3-yi, 1H-pyrrolo[3,2-blpyridin-i-yi, 2,5-dichloro-1H-
pyrrol-1-yl, 2-chloro-5-methoxy-1H-benzivmdazol-1-yi, 5-bromo-2-chloro-1H-

benzimidazol-1-yl or 2,5-dichlore-1H-benzimidazol-1-vl.
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A further embodiment of the present invention consists it compounds of formula

(I} wherein R1, R2 and RS are hydrogen.

R4 is a C1-6 alkyl optionally substituted by halogen, a C2-6 alkenyl optionally

substituted by halogen or C2-12 alkynyl optionally substituted by halogen.
R3 is selected from the group consisting of
imidazol1,2-bipyridazin-3-vl;
imidazof2,1-bif1,3,4thiadiazol-5-v1;
imidarzo]2,1-b}{ 1,3 Jthiazol-5-vi;
3H-imidazo[4,5-blpyridin-7-v];
1H-~imidazol-4-y1;

1H-imidazol-3-yi;

1 H-pyrazol-4-vyi;
1H-pyrazolo[1,5-ajpyrimidin-3-yl;
pyridin-3-yi;
1H-pyrrolef2,3-blpyndin-3-yk
IH-pyrrolof2,3-bipyridin~-4-yi;
i,3-thiazol-5-v1;

and optionally substituted by methyl, n-propyl, trifluoromethyl, cyclopropyl,
bromine, chlorine, fluorine, iodine, methoxy, ethoxy, propoxy, isopropoxy,
cyclopropyloxy, cyclopropylmethoxy, cyelobutyimethoxy, amino, methylamino,
cyclopropylamino, cyclobutvlamine, T-pyrrolidinyl, cyano, phenyl, benzyl or 3-

thienyl

A further embodiment of the present invention consisis in compounds of formula

{1y wherein R1, R2 and RS are hydrogen.

R4 is a C1-6 alkvl optionally substituted by halogen, a C2-6 alkeny! optionally

substitated by halogen or C2-12 alkyunyl optionally substituted by halogen.

R3 is selected {rom the group consisting of
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3H-tmidazo[4.5-blpyridin-3-v;
1H pyrrolo3,2-bjpynidin-1-vk
1H-pyrrol-1-yi;

2-chloro-1H-benzimidazol-1-vl;

Lh

optionally substituted by triflucromethyl, cyclopropyl, bromine, chiorine, flyorine,

methoxy or cyane.

A further embodiment of the invention consists in compounds of formula (1), their

diastereomers and mixtures, or a pharmaccutically acceptable salt thereof.

(4
R4

10 R1, RZ and RS are hydrogen.

R3 1s a substituted or unsubstituted heterocyvele linked to the rest of the molecule

via one of its C atoms, said heterocycle is selected from the group consisting of)
1 H-benzimidazol-6-vi;
1H-benzimidazol-7-vl;
15 irtdazof1,2-alpyridin-3-y1;
imidazoll,2-alpyrimidin-3-yl;
imidazol1,2-bif1,2, 4 triazin-7-v1;
imidazo[1,2-bipyridazin-3-vi;
5,6,7 8-tetrahydroimidaco] 1, 2-blpyridazin-3-yl
20 imidazol2,1-bH 1,3, 4thiadiazol-3-y1;
imidazof2,1-bi[ 1,3 jthiazol-S-yL;

3H-mmidazo[4,5-b]pyridin-7-yl;
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I1H-imidazol-4-y1;
1H-imidazol-3-y;
1H-indol-2-y1;

1H-indol-3-yi;

Lh

1H-indol-4-y1;

1H-indol-7-y;

isoxazol-4-yl;

| H-pyrazol-4-yl;

1H-pyrazol-5-yl;

10 1H-pyrazolo{1,5-alpyrimidin-3-y1i;
1H-pyrazolo[3,4-bipyndin-3-yi
pyridazin-4-yl;
pyridin-2-vi;
pyridin-3-yl;

{5 pyridin-4-vl;
1H-pyrrolof2,3-bipyridin-3-yi;
1H-pyrrolef2,3-bipyndin-4-yk
IH-pyrrolof2,3-bipyridin-5-yi;
{H-pyrrolof2,3-cipyridin-2-yi

20 1H-pyrrolof2,3-clpyridin-3-yL;

1H-pyrrolo]3,2-blpyridin-3-vl;

1H-pyrrolof3,2-¢cipyridin-2-yl;
1H-pyrrolof3,2~¢clpyridin-3-yl;

1,3,4-thiadiazol-2-vL;

b2
Lh

1,3-thiazol-5-y1;



CA 02826765 2013-08-07
WO 2012/109491 PCT/US2012/024556

[1,2,dltnazolof4,3-blpyridazn-7-vl;
{12 4ftriazolof4,3-blpyridazin-R-y1;
indolizin-3-y1

b4

Particularly preferred are imidazo{l,2-alpyridin-3-yi; imidazo{1,2-ajpyrimidin-3-

N

vi; imidazof [,.2-blpyridazin-3-yl; 1H-imidazol-4-yt; 1H-imudazol-5-yl;
R4 is a substituted or unsubstituted phenyl moiety;

A further embodiment of the present invention consists i compounds of formula

(I} wherein R1 is hydrogen or C1-12 alkyl;
R2 18 hydrogeu;

10 B3 is an aromatic S~-mernbered heterocycle linked to the rest of the raolecule via

one of its C atoms;

R4 is hydrogen, C1-12 alkvl or aryl;

RS is hydrogen;

Alternatively, R4 can form together with RS and the 2-oxo-t-pyrrolidine ring the

is following |,3-dihydro-ZH-indol-2-one cyele

Rfi

2

wherein the asterisk * indicates the pomt of attachment of the substitucuts;
R& is bydrogen or halogen;

In this embodiment R4 may not be hydrogen when R3 is substituted 1H-pyrazol-5-

2
o

vi. Also this embodiment does not coraprise 5-(2"-oxo-U-pyreohdinylymethyl~

1.3, 4-tricarbomethoxy-pyrazole which is disclosed in A. Padwa et al J. Org. Chem.
2000, 65, 5223-5232 without any hiclogical activity though.

In this embodiment wherein R3 1s an aromatic 3-membered heterocycle linked to

the rest of the molecule via one of its € atoms, specific moieties R3 may be
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selected from 1,3-thiazol-5-yl, 1H-imidazol-4-yl, IH-imidazol-5-yl, IH-pyrazol-4-
vi, 1H-~pyrazol-5-yl, Z-ox0-2 3-dihydro-1,3-thiazol-5-yl, each of them being
optionaily substituied by 1 1o 3 substituents independently selected from methyl,

chlorine, bromine, amino, methylamino, dimethylamino, (2-ox0-4-propyl-

(¥4

pyrrolidin-1-yhmethyl, 1-pyrrolidinyl, amido, cyanc, methoxy, phenyt, 4-

methylphenyl-sutfonyl, benzyl or 2-(benzylamino}-2-oxoethyl.

in this embodiment, more specific moieties R3 are selected from 2-{methylamino}-
1.3-thiazol-5-y1; 2-pyrrolidin-1-y1-1,3-thiazol-5-v1; 5-bromo-1H-imidazol-4-vl; S-
chloro-1H-inudazol-4-yl; 1H-imidazol-5-yl; T-methyl-1H~imidazol-5-yl; 4-bromo-
10 -methyl-1H-imidazol-5-yl; 4-chioro-1H-imidazol-5-yl; 4-chloro-1-methyl-1H-
imidaczol-5-yl; 4-cyano-1-methyl-1H-imidazol-5~-yl; 1H-pyrazol-4-yl; 3,5-

dimethyl-1H-pyrazol-4-yl; 3-methyl-1H-pyrazol-4-yL.

In this embodiment, most specific moietics R3 are selected from 5-bromo-1H-

imidazol-4-vi; 5~chioro-1H-imidazol-4-yl; 1H-imidazol-5-yl; 4-bromo-1-methyl-

[,
¥ 4]

TH-imidazol-5-yl; 4-chloro-1-methyl-1 H-imidazoi-5-yl; 1H-pyrazol-4-yl.

Still in this cmbodiment, a specific moiety R1 is selected from hydrogen or ethyl.
Still 1n this embodiment, a specific moiety R4 is selected {rom hydrogen, n-propyl,
2,3, 5-triftuorophenyl or phenyl.

A further embodiment of the present invention consists in compounds having the

20 specific formula (1a).

U-‘i}
o
N .
/ R
.
R N
)—{i‘,l
R.\ ) N

In formula (Ia) the substitucnt R10 is hydrogen; halogen; €14 alkyl optionally
substituted by at least one halogen; Cl-4 alkoxy; methoxycarbonyl; nitro; amino;

alkylamino; anmudo; or alkanoyl-amino. Preferably R10 1s hydrogen.
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R11 1s hydrogen; halogen; Cl-4 alkyl optionally substituted by at least one
halogen; Cl-4 alkoxy: methoxycarbonyl; nitro; amino; alkkylamine; amido; or

alkanoylamino. Preforably R11 is hydrogen.

R4 is C1-4 alkyl optionally substituted by at least one halogen; or C2-4 alkenyl

optionally substituted by at least one halogen. Preferably R4 is n-propyl.

Still in this aspect of the invention a specific embodiment relates to an embodiment
wherein R1§ is selected from hydrogen; methyl; fluoring; chiorine; bromine;
methoxy; methoxyearbonyl; nitro; or triflucromethyl, while R11 is selected from
hydrogen; methyl; fluoring; chlorine; broruine; methoxy; methoxycarbonyl; nitro;

or trifluoromethyl; and R3 is n-propyl.

Specific compounds of the present invention are those selected from the group

consisting of:
1-{(1-methyl-1H-benzimidazol-6-ylymethyl}-4-propyipyrrolidin-2-one;
1-(1H-benzimidazol-7-yimethyl}-4-propylpyirolidin-2-one;
I-(inudazol1,2-alpyridin-3-vimethyl)-4-propylpyrrelidin-2-ong;

1-{[6-chloro-2-(4-methylphenylimidazo[ 1,2-alpyridin-3-yljmethyl }-4-

propyipyreolidin-2-oue;

1-{[2~{(4-chlorophenyl}-6-methylimidazo[1,2-a |pyridin-3-yljmethyl}-4-

propylpyrrolidin-2-one;
1-{(S-methylimidazo{1,2-ajpyridin-3-ylmethyl-4-phenylpyrrolidin-2-one;
I-(imidazo{1,2-alpyridin-3-yimethyl)-4-phenylpymrolidin-2-one;
1-[{6-methylimidazo{1,2-ajpyridin-3-yhmethyl]-4-propylpyrrolidin-2-one;
1-[{6-bromoimidazol1,2-alpyridin-3-vhmethyl}-d-propylpyrrolidin-2-one;
1-[{S-methylimidazo[1,2-alpyridin-3-yhmethy-4-propylpyrrolidin-2-one;
1-[{6-1odoimidazof 1, 2-alpyridin-3-yhmethyli-4-propylpyrrolidin-2-one;

i -{[8~chloro-6-(trifluoromethylimaidazof 1, 2-ajpyridin-3-yljmethyl} -4-

propylpyrrolidin-2Z-one;

1-{{7-methylimidazo{1,2-ajpynidin-3-yhmethyl}-4-propylpyrrolidin-2-one;

5

(9
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1-{{6,8-dibromoimidazo{ 1, 2-ajpyridin-3-yDmethyl}-4-propylpyrrolidin-2-one:
1-{{6,8-dichloroimidazof 1,2-alpyridin-3-yDrethyi-4-propylpyrrolidin-2-one;
1-[{6-chloroimidazol1,2-alpyridin-3-yymethyl}-4-propylpyrrolidin-2-one;

1-{(2-chloroimidazo[1,2-ajpyridin-3-yDmethyl]-4-propvipyrrolidin-2-one;

Lh

1-[{2-cyclopropyi-6-fluorcimidazo{1, 2-a]pyridin-3-ymethyl}-4-(2,2-

diflusrovinyDpyrrolidin-2-one;

i -[{6-chloro-2-cyclopropylimidazol 1, 2-alpyridin-3-vhmethyli-4-(2,2-

difluorovinyDpyrrolidin-2-one;
I-(imidazo[1,2-alpyrimidin-3-yimethyl)-4-propylpyrrolidin-2-one;

i0 1-{[2-{4~chlorophenylimidazol 1, 2-a jpyrimudin-3~yi fmethyl  -d-propvl pyrrolidin-

2-0ne;
I-(imidazol 1,2-alpyrimidin-3-ylmethyl}-4-phenylpyrrolidin-2-one;
1-[{6-chlorowmidazof §,2-a]pyrimidin-3-yDmethyi}-4-propyipyrrolidin-2-one;

1-{[6~chloro-2-(trifluoromethyi}imidazof 1, 2-alpyrimidin-3-ylimethyl} -4~

15 propylpyrrolidin-2Z-one;
I-{{6-phenyliridazof1,2-b} 1.2 4Jtnazin-7-yDmethyl-4-propylpyrrolidin-2-one;

1-{[6-chloro-2~(4-methylphenylinmdazol 1, 2-blpyridazin-3-vi}methyi } -4-

propylpyrrolidin-2-one;

1-{[6-chloro-2-(4-chlorophenylirnidazof 1.2-blpynidazin-3-ylmethyl } -4-

20 propylpyreolidin-2-oue;
1-[{6-chloroimidazo|1,2-bipyridazin-3-yimethyl |-4-propylpyrrelidin-2-one;
1-{{6-chloroimidazof1,2-bipyridazin-3-yhmethyl]-4-phenvipyrrolidin-2-one;

1-{[6-chloro-2-(trifluoromethyiimidazof 1,2-blpyridarin-3-yljmethyl}-4-

propylpyrrolidin-2-one;

25 1-{[6-chioro-2-(trifluoromethyl}imidazo[ 1, 2-blpyridazin-3-ylimethvl}-4-(2.3,5-

trittuorophenylpyrrolidin-2-one;
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I-{{6-chloro-2-(trifluoromethyihimidazo[ 1,2-blpyridazin-3-yljmethyl} pyrrolidin-
2-0ne;

1-{[6-chioro-2-{trifluoromethyl}imidazo[1,2-blpyridazin-3-ylimethyl}-4-(2,2-

difluorovinylpyrrolidin-2-one;
1-{[6~chloro-2-(triflaoromethyljivmidazof 1,2-bjpynidazin-3-ylmethyl } -4-

phenvipyrrolidin-2-one;

S-chioro-1-{{6-chioro-2-(trifluoromethybimidazol 1,2-bipyridazin-3-yl jmethyl -

1,3~dihydro-2H~indol-2-one;

1-{[6-methoxy-2-(trifluoromethyDimidazo{1,2-bpyridazin-3-yljmethyl } -4~

propylpyrrolidin-2-one;

1-[{6~chloro-2-cyclopropylimidarzol 1,2-blpyridazin-3-yhmethylj-4-

propylpyrrolidin-Z-one;

I-{[6-1sopropoxy-2-(trifluoromethyDimidazo{ 1, 2-bpyridazin-3-ylHmethyl}-4-

propylipyrrolidin-2-one;

1-{{6-(benzyloxy)-2-{trifluoromethyliimidazo{1,2-blpyridazin-3-ylmethyl}-4-

propylpyrrolidin-2-onge;

1-{[6~cyclopropyl-2-(trifluorcmwethylimndazol 1, 2-blpyridazin-3-vlimethyl | ~4-
propylpyrrolidin-Z-one;

-i[6-{dimethylamino}-2-(trifluoromethybimidazof 1, 2-bipyridazin-3-ylmethyl} -
d-propylpyrrolidin-2-one;

4-(2,2-dittuorovinyl - -{{6-methoxy-2-(triflnoromethylyimidazof 1, 2-blpyridazin-

3-yljmethylipyrrolidin-2-one;

4-(2-chloro-2.2-difluoroethyl}-1- {{ 6-chlove-2-(triftuoromethylimidazof 1.2~
blpyridazin-3-yiimethyi} pyreolidin-Z-one;
1-{[6-{methylamino}-2-{triflucromethylimidazof 1,2-bpyridazin-3-yljmethyl -4~
propylpyrrolidin-2-one;

1-{[6-hvdroxy-2-{trifluoromethytimidazo{ 1,2~-b pyridazin-3-yijmethyl} -4-

propylpyrrolidin-2-one;

[,
wh
3
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I-{[6-{methylthio}-2-(trifluoromethyDimidazo[ 1, 2-blpyridazin-3-vimethyl} -4~

propylpyrrolidin-2-one;

4-(2-bromo-2,2-difluoroethyl)-1- {{6-chlore-2-(trifluoromethyiimidazof 1,2-

bipyndazin-3-yHmethyl}pyrrohdin-2-one;

5 1-{[6-(methylsulfonyl}-2-(trifluorornethylyimndazof 1, 2-bipyridazin-3-yljmethyl} -

4-propyipyrrolidin-2-one;

-4 [o-(methylsulfiny-2-(tritfluoromethylimidazol | 2-bipynidazin-3-yl methyl } -4-

propylpyrrolidin-2-one;

1-{[6-chioro-2-(trifluoromethylyimidazo[ 1, 2-bipyridazin-3-yljmethvl}-4-(2.2,2-

10 trittuorocthyDpyrrolidin-2-one;

1-[{6-chloro-2-cyclobutylimidazof1,2-bpyridazin-3-yimethyl}-4-
propylpyrrolidin-Z-one;

A

I-{[6-chloro-2-(4-methylphenyimidazo[1,2-blpyridazin-3-yimethyl }-4-(2,2-
difluorovinyipyrrolidin-2-one;

15 1-{[6-amino-2-(triflucromethyimidazof 1 2-bpyridazin-3-ylimethyl } -4-
propylpyrrolidin-2-onge;
1-{l6~{(cthylarmino}-2-(IrifluoromethyDimidazol 1.2-blpyridazin-3~yljmethyl 1 -4-

propylpyrrolidin-Z-one;

d-propyl-1-{[6-(propylamino}-2-{triflucromethylyimidazol 1, 2-blpyridazin-3-

20 yvimethylipyrrolidin-2-one;
4-(2-bromo-2,2-difluoroethyl}-1-{[6-{propyiaming}-2-
{trifluoromethyliimidazol 1, 2-blpyridazin-3-ylimethyl} pyrrolidin-2-one;
4-(2,2-difluorovinyl)~-1-{{6-(propylamino)-2-{iriflucromethyiimidazo{ 1,2~
blpyridazin-3-yiimethyi} pyreolidin-Z-one;

25 4-(2,2-diftuorovinyl)-1-{{6-methoxy-2-(4-methylphenyljimidazof |, 2-bpyridazin-

3-ylhmethypyrrolidin-2-one;

d-propyi-1-{[6-pyrrolidin-1-y1-2-(trifluoromcthylimidazo] 1,2-b]pyridazin-3~

vijmethyl ! pyrrohidin-2-one;
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4-(2-bromo-2.2-difluorocthyh)-1- {{6-methoxy-2-(trifluoromethyl yimidazo{1,2-

blpyridazin-3-ylmethyl}pyrrolidin-2-one;

1-{[6-(cyclopropylamino}-2-(trifluoromethyDimidazof 1,2-blpyridazin-3-

yimethyli-4-(2,2-diftuorovinyDpyrrolidin-2-one;

1-[{6~chloro-2-cyclopropyhmidazof 1,2-blpyridazin-3-yhmethyl}-4-(2,2-

difluorovinylpyrrolidin-2-one;

4-(2,2-dittuorovinyl)-1-{{6-(1sopropylamino)-2-{trifluoromethylinudazo{ 1,2~

blpyridazin-3-viimethvlipyrrolidin-2-one;

42, 2-diftuorovinyl-1-{{2-(trifluoromethyl jimidazo[ 1, 2-bipyridazin-3-

vimethyl i pyrrohidin-2-ong;

1-{[2~cyclopropyl-6-(propyiamino imidazo[ 1,2-blpyridazin-3-yl jmethyl }-4-(2 2~

diflucrovinyl)pyrrolidin-2-one;

1-{{2-cyclopropyl-6-[(2-fluorccthyliaminojirmdaze[ 1,2-bipyridazin-3-ylimethyl)-
4-(2,2-difhuorovinylipyrrolidin-Z-one;
1-({2~cyclopropyl-6-[(2,2-diflnoroethyliamino Jimidazo[1,2-blpyridazin-3-
viimethyl)-4-(2,2-difluorovinyDpyrrolidin-2-one;

1-{{Z~cyclopropyi-6-[(2,2, 2-trifluorocthyDanvino inudazol 1,2-bipyridazin-3-
yviimethyl)y-4-(2,2-diftuorovinylypyrrolidin-2-onge;

4-(2,2-dithuoroethyl)-1-{] 2-(trifluoromethylyimidazol 1, 2-blpyridazin-3-
yvimethylipyrrolidin-2-one;

1-{[2-cyclopropyl-6-{cyclopropyiaminoyimidazo[ 1, 2-bipyridazin-3-yl imethyl } -4~
(2,2-difluorovinyhypyrrolidin-2-one;

i-[{6-chloro-2-cyclobutylimidazof 1.2-bipyridazin-3-yUmethyl}-4-(2,2-
difluorovinyipyrrolidin-2-one;
1-[{6-chloro-2-cyclopropylimidazof1,2-bipyridazin-3-ylmethyt}-4-(3-chloro-4-
flaorophenylpyrrolidin-2-one;

1-{[6-(butylamino}-2-(rifluoromethyimidazof 1,2-bpyridazin-3-ylmcthyl} -4-

(2. 2-difluorovinylpyrrolidin-2-ong;
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I-{[6~{cyclobutylamino }-2-(trifluoromethyDimidazof 1,2-blpyridazin-3-
vimethyl}-4-(2,2-diftuorovinylpyrrolidin-2-one;
1-[(2-cyclopropyli-6-methoxyimidazo[1,2-bipyridazin-3-yDmethyl]-4-(2,2-

difluorovinylpyrrolidin-2-one;

LA

4-(2,2~difluorovinyl}~-1-{{6-cthoxy-2-(trifluoromethyyimidazo{ 1,2-blpyridazin-3-

vimethyl}pyrrolidin-Z-one;

4-(2,2-dittuorovinyl)-1- {{6~1sopropoxy-2-(tritfluoromcthy immdazof 1,2~

blpyridazin-3-viimethvlipyrrolidin-2-one;
1-{[6-{cyciopropyimethoxy - 2-(triflucromethyimidazo[1,2-blpyridazin-3-
10 vHmethyl-4-(2,2-difluorovinyDpyrrolidin-2-one;

1-{[6-{cyclobutylmethoxy -2 -(irifluoromethyDimidazc[ 1,2-blpyridazin-3-

yvimethyl}-4-(2, 2-difluorovinylypyrrolidin-2-onge;

I-{[6-{¢cyclopropyvloxy)-2-(trifluoromethyhyimmdazo[1,2-bipyridazin-3-yljmethyl}-

4-(2,2-difhuorovinylipyrrolidin-Z-one;

i5 4-(2,2-dittuorovinyl-1-{{6-propoxy-2-(rifluoromethy] Yinudazof 1, 2-bipyridazin-3-
vimethyl i pyrrolidin-2-one;

N
¢

3-{[4~(2,2-difluoroviny-2-oxopyrrolidin- -y methyl -2-

5

(trifluoromethylymidazof1,2-b]pyridazine-6-carbonitrile;

4-(2 2-diftuorovinyl}-1-{{6-thien-3-v1-2-(trifluoromethy imidazo[ 1, 2-bpyridazin-

20 3-yllmethylpyrrolidin-2-one;
4-(2,2-dittuorovinyl}-1- {{6-phenyl-2-(trifluoromethyliimidazol1,2-bipyridazin-3-
vHmethyl pyrrolidin-2-one;
4-(2,2-difhuorovinyl~1- {{6-methyl-2-(trifluoromethyDimidazo[ 1,2-blpyridazin-3-
yvimethyl} pyreolidin-Z-one;

25 4-(2,2-diftuorovinyl)-1- {{6-pyridin-3-y1-2-(triflucromethylyimidazof 1,2~

blpyridazin-3-ylimethylipyrrolidin-2-one;

4-propyl-1-{[Z-(trifluoromethy)-5,6,7 8-tetrahydroinmdazol 1,2-blpyridazin-3-

vijmethyl ! pyrrohidin-2-one;

160
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I-{{6~-methylimidazo]2,1-b][ 1,3 4thiadiazol-5-yDmethyi-4-propylpyrrohidin-2-

one;

1-{[6-(4-methylphenyljimidazof2,1-bi[ 1,3 4}thiadiazol-5-yljmethyl | -4-

propylpyrrohdin-2-oue;

5 1-[{Z-cyclopropyi-6-phenvhimidazof 2, 1-b][1,3,4Jthiadiazol-5-yDmethyl]-4-

propylpyrrolidin-2-one;

I-{{6-methyhimidazo]2,1-b]] 1,3 Jthuazol-S-yDmethylj-4-propylpyrrolidin-2-onc;

1-{{6-chloroimmdazef2, -bH 1, 3thiazol-3-yhimethyli-4-propylpyrrolidin-2-one;

(2, 6-dichloroimidazo2,1-b]{ 1,3 Ithiazol-S~yDmethyl -4-propyipyrrolidin-2-one:;
10 1-(3H-imidazo[4,5-bipyridin-7-yimethy)-4-propylpyrrolidin-2-one;

1-(3H-imidazo[4,5-bipyridin-7-yimethyl)-4-phenylpyrrolidin-2-ong;

4-phenyl-1-{(5-phenyl-3H-imidazo[4,5-blpyridin-7-yUmethyljpyrolidin-2-one;

4-phenyl-1-{{5-(tnfluoromethyi}-3H-imidazol4, 5-blpynidin-7-

yHmethyl}pyrrolidin-Z-one;

15 {-[{6-bromo-3H-imidazo[4,5-blpyridin-7-yDmethyl -4-propylpvirolidin-2-one;
1-{{Z-phenyl-3H-imidazo{4, S-bipyridin-7-yhmethyl}-4-propyipyrrolidin-2-one;
1-{{S~methyl-3H-midazo[4.5-blpyridin-T-yDroethyl}-4-propylpyrrolidin-2-one;
1-{(2-methyl-3H-imidazo[4,5-b]pynidin-T-ylmethyl]-4-propylpyrrolidin-2-one;

4-propyl-1-{[ 5-(trifluoromethyl}-3H-imidazo{4,5-blpyridin-7-

20 vHmethyl ! pyrrolidin-2-one;
1-[{6-methyl-3H-imidazo[4,5-blpyridin-7-yDmethyi}-4-propylpyrrolidin-2-one;
1-[{6-phenyl-3H-imidazo{4,5-blpyridin-7-vlymethyl-4-propylpyrrolidin-2-one;
- 1-(1H-imidazol-4-yDpropylipyrrolidin-2-one;

1-[(5-methyl-1 H-imidazol-4-yDmethylpyrrolidin-2-one;

By
L)

1-f(2-methyl-1 H-imidazol-4-yUmethylpyrrolidin-2-one;

1-(1H-tmidazol-4-yimethyl)~4-propylpyrrolidin-2-one;
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1-({1-{(Z-oxo-4-propylpyrrohdin- I-yDmethyl}- 1 H-imidazol-4-yl methyl}-4-

propylpyrrolidin-2-one;
1-[(5-chloro- 1 H-imidazol-4-ylimethyi}-4-(2,3,5-triflucrophenylipyrrolidin-2-one;

1-[{5-bromo-1 H-tmidasol-d-yDimethyl]-4-(2,3, S-trifluorophenylypyrrolidin-2-one;
. ) yi PRETTY L

N

1-[(5-bromo-1 H-imdazol-4-yDmcthyi]-5-chloro- 1, 3-dihydro-2H-indol-2-one;
I-(1H-immdazol-5-yimethyDpyrrolidin-2-one;

I-[{1-methyl- 1 H-imidazol-5-yDmethyllpyrrolidin-2-one;
I-methyl-5-{{2-oxopyrrolidin- 1 -ylimethyl}-1H-imidazole-4-carbonitrile;
I-(1H-imidazol-5-ylmethyl)-4-phenylpyrrolidin-2-one;

10 -{(1-methyl-1H-imidazol-5-yUmethyl]-4-phenyipyrrolidin-2-one;
-{{4~methoxy-1-methyi- 1 H-imidazol-5-yDimethvlpyrrolidin-2-one;

1-{(1-methyl-1 H-imidazol-3-ymethyi}-4-propylpyreolidin-2Z-one;
1-methyl-5-{{2-0x0-4-propylpyrrotidin-1 -ylimethyl}- 1 H-imidazole-4-carbonitriic;
I-methyi-5-{(2-oxo-4-propylpyrrolidin-1 -yDmethyli- 1 H-imidazole-4-carboxamide;

i5  N-benzyl-2-{5-[(Z-oxo-d-propylpyrrohidin-1-yDmethyl}- 1 H-imidazol-1 -

ylacetamide;
{-methyl-53-{(2-oxg-4-propylpyrrolidin- L-yDmethyl}- 1 H-imidazole-2-carbonitrile;
1-{{4-chloro-1H-imidazol-S-yhmethyl}-4-propyvipyrrolidin-2-one;
T-methyi-5-{{2-ox0-4-(2,3,5-tiflaorophenyhpyrrolidin- L ~ylmethyl - 1H-

20 imidazole-4-carbonitrile;
1-f{{4-bromo-1-methyl-1 H-imidazol-3-ylmethyl}-4-propyipyrrolidin-2-one;
1-[(2.4-dichloro-1-methyl-1H-imidazol-5-ylymethyl -4-propyipyrrolidin-2-one;
benzyl 1-methyl-5-[(2-oxo-d-propylpyrrolidin-1-yDmethyl}- 1 H-imidazol-2-

yicarbamate;

By
L)

1-{(4-chloro-1-methyl-1H-imidazol-3-yhimethyl}-4-propyipyrrolidin-2-one;

1-{(2~chloro-1-methyl-1H-unidazol-53-yDmethyl}-4-propylpyrrolidin-2-one;

tez



CA 02826765 2013-08-07
WO 2012/109491 PCT/US2012/024556

S-chioro-1-{1H-imidazol-S-ylmethyl)-1,3-dihydro-2H-indol-2-one;

1-{(2 4-dichloro- 1 H-imidazol-5-yDimethyl-4-(2,3,5-trifleorophenyDpyrrolidin-2-

One;

1-f{2 4-dichloro--methyl-1H-imidazol-5-yDmethyl]-4-(2,3,5-

5 trittuorophenyhpyrrolidin-2-one;

1-[(2-chloro-1-methyl-1H-imidazol-S~ylymethyi}-4-(2,3,5-

trifluorophenyl)pyrrolidin-2-ong;

1-f{4-bromo-1-methvi-1H-imidazol-S-ylmethyli-4-(2,3,5-

triflnoropbenypyrrolidin-2-one;
10 S-chloro-1-{(1-methyl-1H-imidazol-5-yhimethyl}-1,3-dithydro-2H-indol-2-one;

1-f{(4-chloro-1-methyl-1H-immdazol-S-ylymethyl}-4-(2,3,5-

triftucrophenylipyrrolidin-2-one;
1-{1H-indol-2-ylmethyl}-4-propyipyrrolidin-2-one;

I-{(1H-indol-3-yimethyl}-4-propyipyrrolidin-2-one;

[
h

3-[(2-oxo-4-propylpyrrolidin-1-ylmethyl}- | H-indole-5-carbonitrile;
1-{(2~-methyl-1H-indol-3-yUmethyli}-4-propylpyrrohidin-2-oune;
1-{{7-methoxy-TH-indol-3-yDmethyl-4-propylpyrrolidin-2-one;
1-[{6-nitro- 1 H-indol-3-ylimethyl]-4-propylpyrrolidin-2-one;
4-propyl-1-{{6-(trifluoromethyl}- 1 H-indol-3-yljmethyl } pyrrolidin-2-one;
20 1-{{(5-nitro~-1 H-indol-3~-yDimethyl|-4-propylpyrrolidin-2-one;
1-[(7-ftuoro-1H-ndoi-3-yhmethvl}-4-propylpyrrolidin-2-one;
1-{{(5-chloro~2-methyl-1H-indol-3-yDmethyli-4-propyipyrrolidin-2-one;
I-{1H-indo}l-3-yi{(phenylmethyl}-4-propyipyrrolidin-2-one;

1-[1-(1H-indol-3-yDpropyl}-4-propyipyrrolidin-2-one;

By
L)

- 2-fry (1 H-indol-3-yhmethyl}-4-propyipyrrolidin-2-one;

3-[(2-oxo-d-propylpyrrolidin-1-yD{phenyDmethyl}- H-indole-5-carbonitrile;
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Lh

i0

By
L)

I-{1H-indol-4-ylmethyl}-4-propyipyrrolidin-2-one;
I-(1H-indol-7-yimethyl}-4-propylpyrrolidin-2-one;
1-(isoxazol-4-ylmethyl}-4-propylpyrrolidin-2-one;
1-{(1-phenyl-1H-pyrazol-4-ylmethyl}-4-(2,3, 5-tritluorophenylpyrrolidin-2-one;
1-f( 1 -methyl-1H-pyrazol-4-yhmethyl}-4-(2,3, S-triffluorophenyhpyrrolidin-2-one;
1-{(I-beneyl-1H-pyrazol-4-ylymethyl}-4-(2,3, 5-trifluorophenylipyrrolidin-2-~one;

4-(2,3,5-tilluorophenyl-1-[(1,3, 5-tnimethyl- L H-pyrazol-4-yhmethyl Ipyrrolidin-2-

one;
4-phenyl-1-{1H-pyrazol-4-vimethylpyrrolidin-2-onge;

I-({ I-[{4-methylphenyhsulfonyli-1 H-pyrazol-4-yl methyi}-4-(2,3,5-

triflnoropbenypyrrolidin-2-one;
1-(1H-pyrazol-4-yimethyl}-4-(2,3, 5-rifluorophenylypyrrolidin-2-one;

1-[{5-chloro-1,3-dimethyl-1H-pyrazol-4-yhmethyi]-4-(2,3,5-

triftucrophenylipyrrolidin-2-one;
I-[{1-chloro-1H-pyrazoi-4-yhmethyl }-4-(2,3 5-trifluorophenyhpyrrolidin-2-one;

1-[(3,5-dimethyi- 1 H-pyrazol-4-yDmethyi}-4-(2,3,5rifluorophenyhpyrrolidin-2-
one;

1-{(3-methyl-1H-pyrazol-4-ylmethyl}-4-(2,3, 3-triflluorophenybpyrrolidin-2-one;

1-[{5-amino-1,3-dimcthyl- 1 H-pyrazol-4-yhimethyi}]-4-(2,3,5-

trittuorophenylpyrrolidin-2-one;

1-[{5-amino-1-methyl- I H-pyrazol-4-yDimethyl]-4-propylpyrrolidin-2-one;
(—+1-{1H-pyrazol-d-yimethvl}-4-(2,3,5-trifluorophenylipyrrolidin-2-one;
(+)-1-(1H-pyrazol-4-ylmethyl}-4-(2,3,5-trifluorophenylipyrrolidin-2-one;
I-(1H-pyrazol-d-yimethyl}-1,3-dihydro-2H-indol-2-one;
S-chloro-1-{1H-pyrazol-4-ylmethvl}-1,3-dihydro-2H-indol-2-on¢;

S-chloro-1-({1-[{4-methylphenylsutfonyi}-1 H-pyrazol-4-yl imethyh-1,3-dibydro-

2H-indol-2-one;

to4
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h

20

[y
W

1-{[5-chloro-1-methyl-3-{riftuoromethyl)- 1 H-pyrazol-4-ylmethyl t -4~
propylpyrrolidin-2-one;

1-[{5-amino-1H-pyrazol-4-yhmethyl}-4-(2,3,5-trifluorophenyljpyrrolidin-2-one;
1-[{I-beneyl-5-chloro-1 H-pyrazol-4-yDimethyi|-4-propylpyrrolidin-2-one;

-1 3~dimethyl- i H-pyrazol-5-yUmethyi}-4-(2,3,5-trifluorophenybpyrrohidin-2-

one;
1-{1H-pyrazol-5-ylmethyl)}-4-(2,3,5-trifluorophenyhpyrrolidin-2-one;

1-f{4-bromo- | -methyl-1H-pyrazol-S-yDmethyl}-4-(2,3,5-

trifluorophenyhpyrrolidin-2-one;
1-{(1-methyl-1H-pyrazol-5-ylmethyl}-4-(2,3,3-triffuorophenyhpyrrolidin-2-one;

1-[{6-bromo-2-methylpyrazolo{ 1, S-ajpyrimidin-3-ylmethyl}-4-propylpyrrolidin-2-

one;
1-{{2-methylpyrazolof 1, 5-alpyrimidin-3-yhmethyli-4-propyipyrrolidin-2-one;

1-[{6-bromo-2-phenylpyrazolo] 1,5-alpyrimidin-3-ylimethyl|-4-propylpyrrolidin-2-

oue;

1-{{6-bromo-2-thien-2-ylpyrazolof 1, S-alpyrimidin-3-ymethyl}-4-

propylpyrrolidin-2-one;
4-propyl-1-{(2-thien-2-vipyrazolo| 1, 3-ajpyrimidin-3-ylmethylipyrrolidin-2-one;

1-[{(6-bromo-2~-cyclopropyipyrazolof 1,5-alpyrimdin-3-yDmethyl -4~

propyltpyrrolidin-Z-one;

1-f{6-bromo-2-tert-butylpyrazolo{1,5-ajpyrimidin-3-yDmethyl}-4-

propylpyrrolidiv-2-one;
1-{(2-phenylpyrazolof 1, S-alpyrimidin-3-yhmethyl}-4-propylpyrrolidin-2-one;

1-[(2-tert-butyi-6-cyclopropylpyrazolof 1, 5-alpyrimidin-3-yDmethyl}-4-

propylpyrrolidin-2-one;

1-{[2~-2-furyhpyrazolo[ 1, S-alpyriomdin-3-yljmethyl ; -d-propylpyrrolidin-2-one;
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1-{{2-methyl-6-thien-2-ylpyrazolo[1,5-alpyrimidin-3-yDmethyl}-4-
propylpyrrolidin-2-one;

1-[{2-methyl-6-phenylpyrazolo[1,5-ajpyrimidin-3-yDmethyl]-4-propylpyrrolidin-

2-one;

5 I-{[2~-methyl-6-(1H-pyrrob-2-yhpyrazolof 1. 5-alpyrimudin-3-yHmethyl -4~

propylpyrrolidin-2-one;

1-({6-[(1E}-hex-1-cnvil-2-mcthyipyrazolof 1. 5-alpyrimidin-3-yi tmethyl-4-
[§ . } o 1 ~ b ..p,. o ~

propylpyrrolidin-2-one;

1-{{(6-chloro-2-phenyipyrazolo] 1,5-alpyrimidin-3-ylimethyli-4-propylpyrrolidin-2-

10 one;

I-{[2~-methyl-6-{phenylethynyDpyrazolo{1,5-alpyrimdin-3-yijmethyl} -4-

propylpyrrolidin-Z-one;

1-f{(6-bromo-2-phenylpyrazolo[ 1,5-alpyrimidin-3-yUmethyl}-4-(2,2-

difluorovinyipyrrolidin-2-one;

i5 1-{{6-hydroxy-2-methylpyrazolo{1,5-ajpyrimidin-3-yDmethyi-4-propylpyrrolidin-

2-0ne;

1-[{6-methyl-2-phenylpyrazolof ], S-alpyrimidin-3-yhrocthyl}-4~propylpyrrolidin-

2-one;

4-(2,2-dithuorovinyl)-1-[(2-phenylpyrazolof 1, 5-alpyrimidin-3-

20 yhmethyljpyrrolidin-2-one;
1-{{6-methoxy-2-phenylpyrazelo] ], 5-alpyrimidin-3-ylmethyl}-4-propylpyrrolidin-
2-0ne;
i-[{5-chloropyrazolol1.5~-alpyumidin-3-yhmethyl]-4-propylpyrrolidin-2-oune:
4-(2,2-difluoroviny}-1-[(5,6-dimethyl-2-phenylpyrazolo[ 1, S-ajpyrirmdin-3-

25 yhmethyljpyrrolidin-2-one;

4-(2,2-dithuoroviny- 1 -[(6-fluore-S-methyl-2-phenylpyrazolo] I, 5-alpyrinudin-3-

vhmethyllpyrrolidin-2-one;

1-f{5-methoxypyrazolof 1,5-alpyrimidin-3-vlmethyl}-4-propyipyrrolidin-2-one:

166



CA 02826765 2013-08-07

WO 2012/109491 PCT/US2012/024556

i6
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@

[\
LA

1-{[2-(4-bromophenyDpyrazolo] 1, 5-alpyrimidin-3-yljmethyi}-4-(2,2-

difluorovinyhpyrrolidin-2-one;

1-{[2-(4-fluorophenylipyrazolo[1,5-aipyrimidin-3-yljmethyl} -4-propyvipyrrolidin-

2-one;

4-(2,2~-difluorovinyl}~1-{{(6-methyl-Z-phenylpyrazolo{1,5-ajpyrimidin-3-

vhmethyljpyrrolidin-2-one:

4-(2,2-dittuorovinyl)-1-[ (S-methyl-2-phenylpyrazolo{1,S-ajpyrimmdin-3-

vhmethyljpyrrolidin-2-one;

42, 2-diftuorovinyl-1-{(2-thien-2-ylpyrazolo{ 1, 5-ajpyrimidin-3-

vhmethyllpyrrohidin-2-one;

1-{[2~(4-chlorophenyly-G-methyipyrazolof1.5-alpyrimidin-3-vlmethyl } -4~

propylpyrrolidin-Z-one;

1-{[2-(4-chlorophenylypyrazolofl,5-ajpyrimidin-3-yHmethyl t-4-(2,2-

difluorovinyipyrrolidin-2-one;

1-{{6-chloro-2-phenyipyrazolol1,5-alpyrimidin-3-yhmethyl}-4-(2,2~

difluorovinyhpyrrolidin-2-one;

1-{{6~chioro-2-(4-chlorophenylipyrazolol 1, S-alpyrinudin-3-yijuoethyl }-4-(2,2-

difluorovinyl)pyrrolidin-2-one;

1-{(2-evelopropyl-S-methylpyrazolol 1, 3-ajpyrimidin-3-ylmethyl]-4-(2,2-

difluorovinyhpyrrolidin-2-one;

1-{{5-chloro-2~-cyclopropylpyrazolof1,5-alpyrimidin-3-ylymethyi}-4-(2 2~

difluorovinyhpyrrolidin-2-one;

i-[{5-chloro-2,6-dimethylpyrazolof 1,5-alpyrimidin-3-yDimethy! }-4-(2,2-

difluorovinyipyrrolidin-2-one;

1-[{5-bromo-1 H-pyrazoio{3 4-blpyridin-3-yhmethyi}-4-(2,2-

difluorovinyhpyrrolidin-2-one;
4-propyl-1-(pyndin-3-yimethylpyrrolidin-2-one;

{(—-1-{1-pyridin-3-yipropyhpyrrolidin-2-one;
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S-chloro-1-{(2-fluoropyridin-3-yhmethyl}-1,3-dihydro-2H-indol-2-one;
1-{{6~chloropyridin-3-yUmethyl}-4-propylpyrrohidin-2-one;
1-{[6-(benzylamino)pyridin-3-yljmethyl | -4-propylpyrrolidin-2-one;

1-[{(2-aminopyridin-3-yhmethyl-4-propyvipyrrolidin-2-one;

Lh

4-propyl-1-{1H-pyrrole{2,3-blpyridin-3-yimethyhpyrrolidin-2-one;
1-[(2-1sopropyl- L H-pyrrolo[2.3-blpyridin-3-yDruethyi-4-propylpyrrolidin-2-one;
1-[(Z-phenyl-1H-pyrrolo[ 2,3-bipyridin-3-yDmethyi}-4-propylpyrrohidin-2-one;
4-propyi-1-{(2-propyl-1 H-pyrrolof 2, 3-blpynidin-3-vmethytjpyrrolidin-2-one;
1-[{6-bromo-1H-pyrrolo{2,3-blpyridin-3-ymethyl}-4-propyipyrrolidin-2-one;

10 1-{{1-benzoyl-6-bromo-1H-pyrrolo| 2, 3-blpyridin-3-ylmethylj-4-propylpyrrolidin-

2-one;
1-{{(6-phenyi-1H-pyrrolof2,3-blpyridin-3-yimethvi]-4-propylpyrrolidin-2-one;

1-[(5-bromo-1 H-pyrrolo]2,3-blpyridin-3-ymethyl]-4-(2.2-

difluorovinyDpyirolidin-2-one:

15 H(T-oxado- T H-pyrrolo]2,3-blpyridin-3-yDimethyl}-4-propyipyreolidin-2-one;
4-propyl-1-(1H-pyrrolo[2,3-blpyridin-4-yimethylipyrrolidin-2-one;
4-propyl-1-(1H-pyrrolo{2,3-blpyridin-S-yimethylipyrrolidin-2-one;
d-propyl-1-(1H-pyrrolo]2,3-¢cipyndin-2-yimethyhpyrrolidin-2-one;

d-propyi-1-(1 H-pyrrolol2,3-¢ipyndin-3-yimethylipyrrolidin-2-one;

]
Lo

d-propyl-1-(1H-pyrrolo{3,2-blpyridin-3-yvimethylpyrrolidin-2-one;
4-propyi-1-(1 H-pyrrolo{3.2-¢cipyridin-2-yimethylpyrrolidin-2-one;
4-propyl-1-{1H-pyrrolo{3,2-cipyridin-3-yimethylpyrrolidin-2-one;
4-propyl-1-(1,3,4-thiadiazol-2~ylmethyhpyrrohidin-Z-one;
1-[{2-amino-1,3~thiazol-3~ymethylipyrrolidin-2-one;

25 1-(1,3~thiazol-5~yimethyDpyrrolidin-2-one;

1-f(Z-chloro-1,3-thiazol-5-ylmethyl}-4-(2,3,5-trifluorophenylpyrrolidin-2-one;
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1-{[2-{dimethylamino)-1,3-thiazol-5-yljmethyi}-4-(2,3 5-

triffuorophenylpyrrolidin-2-one;

1-{[2-(methylamino}-1,3-thiazol-5-ylimethyl} -4-(2,3,5-rifluorophenypyrrolidin-

2-one;

1-[{(Z-pyrrolidin- 1-yi-1,3-thiazol-S~ylmuethyl}-4-(2,3, 5 -influorophenylpyrrohidin-

2-one;
5-4[2-0x0-4-(2,3,5-trifluorophenylpyrrolidin- L -yvlimethyl i - 1,3-thiazol-2(3H)}-one;

d-phenyl-1-{{3-(trifluoromethyh{ 1,2, 4}iriazolof4,3-bipyridazin-7-

viimethyl}pyrrolidin-2-one;

4-phenyl-1-{(3-phenyi 1,2 4ltriazoio[4,3-blpyridazin-7-yhmethyl pyrrolidin-2-

one;

4-phenyl-1-{{3-(triflucromethyi}{ 1,2, 4Jiriazolo[4,3-bipyridazin-§-

yimethylpyrrolidin-2-one;

d-propyl-1-{[3-(trilluoromethyD 1,2 4ltriazolol[4,3-bipyrida«in-8-

viimethyl}pyrrolidin-2-one;

4-phenyl-1-[(3-phenyl{ 1,2 4]triazolo[4,3-blpyridazin-8-yhmethyl pyrrolidin-2-

one;

1-[{6-chloro-3-phenvif1,2,4\riazolo{4,3-bipyridazin-8-ylymethyl}-4-

propylpyrrolidin-2-one;
I-[(f~chloro[ 1,2, 4]triazolo[4,3-blpyridazin-8-yDymethyl -4-phenylpyrrolidin-2-one;

1-{[6-chloro-3-(triftluoromethyi{ 1,2, 4ltriazolof 4, 3-bpyridazin-8-ylimethyl} -4-

phenylpyrrolidin-2Z-one;

1-[{6-chloro-3-phenylf 1,2 41triazolo]4,3-blpyridazin-§-yDmethyl}-4-

phenylpyrrolidin-2-one;
1-[(2-Thaoroindolizin-3-yhmethyl}-4-propylpyreolidin-2-one;
1-{(1H-1,2,3-benzotriazol-1-ylmethyl}-4-propylpyrrolidin-2-one;

I-f{6~bromo-2-chloro- 1 H-imidazo[4,5-blpyridin- L -yhmethyl}-4-propyipyrrolidin-

2-0ne;
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I-{{&-bromo-2-phenyl-1H-imidazo[4,5-blpyridin-1-vlymethyli-4-propyvipyrrolidin-

2-one;
1-(3H-imidazo[4,5-blpyridin-3-yimethyl)-4-propylpyrrolidin-2-one;
1-[{6-bromo-3H-imidazof4,5-bpyridin-3-yDmethyl-4-propylpyrrolidin-2-one;

1-[{6-bromo-2~-chloro-3H-imidazo[4,S-bipyndn-3-yhmethyl}-4-propylpyirolidin-

2-one;

1-[{6-bromo-2-phenyl-3H-imidaro]4,5-blpyridin-3-vhmethyli-4-propyipyrrolidin-

2-one;

1-{{6-bromo-~2-cyclopropyl-3H~-imidazol4,5-blpyridin-3-vhmethyl-4-(2,2-

difluorovinyljpyrrolidin-2-one;
1-[(3-chloro-TH-imidazol4,5-cjpyridazin-7-yhmethyl]-4-propylpyrrolidin-2-one;
1-[{Z~chloro~-1H-~indol-1~yDmethyl]-4-propylpyrrohdin-2-one;
1-[{5-methyl-1 H-indol- 1 -yl ymethyl}-4-propylpyrrolidin-2-one;
1-[{6-methyl-1H-indol- 1 -yDimethyl}-4-propylpyrrolidin-2-one;
{-[{Z-phenyl-1H-indol- L -yhmethyl}-4-propvipyrrolidin-2-one;
1-{(5-fluoro-1H-mdol-1-yDmethyl]-4-propylpyrrolidin-2-one;
1-{{S-bromo-1 H-indol-1-yDimethyi}-4-propylpyrrolidin-2-oune;
1-{{5-chloro-1H-indol- -yDmethyl}-4-propylpyrrolidin-2-one;
1+(2,3-dihydro-1 H-indol- [ -yImethyl-4-propylpyrrolidin-2-one;
1-{{5-fluoro-2-phenyl-1H-indol-1-yhmethyl]-4-propylpyrrolidin-2-one;
1-[{2-oxo-4-propylpyrrohidin- I-yDruethyli-1 H-indole-2~carbonitrile;
1-[(2-bromo-1H-indol-1-yDmethyi}-4-propylpyrrolidin-2-one;
1-}(2,5-dichloro-1H-indol-1 -yl ymethyl -4-propylpyrrolidin-2-one;
1-{{6-amine-9H-purin-2-yhmethyl]-4-propvipyrrolidin-2-one;
4-propyl-1-(OH-purin-9-yimethyhpyrrolidin-2-one;

I-{[6~{¢yclopropvlamino}-9H-purin-9-yljmethyl} -4-propylpyrrolidin-2-one;
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I-{[6-(benzylamino}-9H-purin-9-yljmethyl } -4-propylpyrrolidin-2-one;
d-propyi-1-{[6-{propylarnino -9 H-purin-S-ylimethylipyrrohdin-2-oue:
1-{({6-[(cyclopropyimethyhamino-9H-parin-8-yl imethy -d-propylpyrrohidin-2-

one;

N

4-propyl-1-{{6-pyrrolidin-1 -yI-9H-purin-9-yDimethyiipyrrolidin-2-one;

1-[{(5-bromo-3-phenyl-1H-pyrazolof3,4-bIpyridin-1-yUmethyl}-4-propyipyrrohidin-

2-one;
1-{{(S~bromo-2H-~pyrazolo]3 4-blpynidin-2-yDmethyli-4-propyipyrrolidin-2-one;

1-{{(S-bromo-3-phenyl-2ZH-pyrazolof3,.4-bpyridin-2-yhmethyi}-4-propyvipyrrolidin-
16 2-0ne;

1-[{2-chloro-1H-pyrrolof2,3-bipyridin-1-ylymethyl}-4-propylpyrrotidin-2-one;
d-propyl-1-(1H-pyrrole{3,2-bipyridin-1-yimethyhpyrrolidin-2-one;
1-(3 4-dihydroquinolin- 12 H)-vimethyl)-4-propylpyrrohdin-2-one;
1-{8H-isothiazolol 5 4-blindol-8-ylmethyl}-4-propyipyrrolidin-2-one;

is5 1-{(1H-1,2 4-triazol-1-ylmethyDpyrrolidin-2-one;
1-[{2,5-dichloro- { H-pyrrol- -yDmethyl}-4-propylpyrrolidin-2Z-one;
1-§(Z-chloro-1H-pyrrol-1-yDmethyl}-4-propylpyrrolidin-2-one;
1-{(2~-chloro-1H-benzimidazol-1 -yDhethyl-4-propylpyrrobidin-2-one;
1-{(2-chloro-1H-benaimidazol-1-yiyuethyl}-4-phenyipyrrolidin-2-one;

20 2-chloro-1-{(2~oxo-4-propylpyreolidin- 1~y Dmethyl]- 1 H-benzimidazole-5-

carbonitrile;

2-chloro-1-{(2-oxo-4-propylpyrrolidin- -vDmethyl]- 1 H-benzivmdazole-6-

carbonitrile;

4-propyl-1-{(2,5,6-trichloro- 1 H-benzimidazol- 1 -yUmethylpyirolidin-2-one;

By
L)

1-{(2-chloro-6-methoxy-1H-benzimidazol- 1-yDmethyl}-4-propylpyrrolidin-2-one;

1-{(2~chloro-5~-methoxy-1H-bensinudazol- l-ybmethyl-4-propylpyrrolidin-2-one;

t

X

i
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1-{(Z2-chloro-6-nitro~-1 H-benzimidazol- I-yDmethyl}-4-propylpyrrolidin-2-one;
1-{(2~chloro-5-nitro-1H-benzimidazol- L -yhruethyl}-4-propylpyrrolidin-2-one;
1-{{2-chloro-6~-methyl- I H-benzimidazol-1-yUmethyl |-4-propyipyrrolidin-2-one;
1-[{2-chloro- 1 H-benzimidazol- I -ylimethyi}-4-(2,2-difluorovinylpyrrolidin-Z-one;
1-[{6-bromo-2-chloro-1H-benzinndazol- 1 -yDimethyl}-4-propylpyrrolidin-2-one;
-[(5-bromo-2-chloro-1H-benzimidazol- [ -yDraethyl}-4-propylpyrrolidin-2-one;
1-[{Z-chloro-6-luoro-1H-benzimidazol-1-yhmethyl]-4-propylpyrrolidin-2-one;

I -[{2-chloro-5-fhuoro-1 H-benzimidazol-1-ylmethyi-4-propylpyrrolidin-2-one;
1-J(2,6-dichloro-1 H-benzimidazol-1-ylmethvi]-4-propylpyrrolidin-2-one;
1-}{2,5-dichloro-1H-benzimidazol-1-ylimethyl|-4-propylpyrrolidin-2-one;

1-{2-chloro-6-(trifluoromethyl)-1H-benzimidazol-1-ylimethyi } -4-

propylpyrrolidin-2-one;

1-{[2~chloro-5-(trifluoromethyl}-1H-benzimidazol- -yl jmethyl -4~

propylpyrrolidin-2-one;
1-{(2-chloro-1H-benzimidazol-1-yUmethyljpyrrolidin-2-one;
1-[(2-chloro-6-hydroxy-1H-benzimidazol-1-yhmethyl}-4-propylpyrrolidin-2-one;
{-(pyridin-4-yvimethyljpyrrolidin-2-one, and
1-{{Z-chloro-5-hydroxy-1H-benzimidazol- I -yDmethyl}-4-propylpyrrolidin-2-one.
viii) U.S, Patent 4,606,943

The present invention relates to the novel compound (S)-alpha-cthyl-2-ox0-1-

pyrrolidineacetamide.
ix) U5, Patent 4,696,942

The present invention relates 1o the novel compound, (Ri-alpha-ethyl-2-oxc-1-

pyrrolidineacetamide
) U.S. Patent 5,334,720

According to this invention we provide novel compounds of the formula 1,
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wherein, R1, R2, R3 and R4, which may be the same or different independently
represent hydrogen, C1-6 alkyl, phenyl or phenyl substitited by one or more

halogen, hydroxyl, ntiro, amine, C1-6 alkyl or C1 -C6 alkoxy groups;

RS and R6 mdependently represent hiydrogen, C1 -C6 alkyl or C3 -C6 cycloalkyl,
or RS and Ré6 together with the nitrogen form a C4-6 N heterocycle;

m represents an integer from 1-2; and

n represenis an infeger from 1-3;

provided that,

two of the substituents R1, R2, R3 and R4 independently represent phenyi or
substituted phenyl and the other two independently represent hydrogen or C1-6
alkyl:

or a pharmaceutically acceptable acid addition salt thereof,

Pharmaceutically acceptable acid addition salts of the compounds of formula |
include salts of mineral acids, for example, hydrohalic acids, e.g. hydrochloric or
hydrobromic; or organic acids, e.g. formie, acetic or lactic acids, The acid may be
polybasic, for example sulphuric, fumaric, maleic or citric acid.

This mvention also relates o all stercoisomeric forms and optical enantiomeric
forms of the compounds of formula 1.

In the compounds of formula I: alkyl groups which R1, R2, R3, R4, RS and R6
may represent inchude methyl, ethyl, propyl, isopropyl, n-butyl, iso-butyl and s~
butyl;

cycloalkyl groups which RS and R6 may represent include cyclopropyl,

cyclobutyl, cyclopenty! and cyelohexyl;
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C1-6 alkoxy groups include methoxy, cthoxy and propoxy;
halogen groups include fluorine, chlorine, bromine or iodine;

We prefer compounds of formula | or a pharmaceutically acceptable acidaddition

salt thereof, in which;

N

R1 is hydrogen, phenyl or substituted phenyl, preferably phenyl;

R2 is hydrogen, phenyl or substituted phenyl, preferably phenyl;

R3 is hydrogen , phenyl or substituted phenyl, preferably hydrogen;

R4 is hydrogen, phenyl or substituted phenyl, preferably hydrogen;

R5 is hydrogen , C1-3 alkyl or cyclopropyl , preferably hydrogen or methyl

10 R6 1s hydrogen , C1-3 alkyl or cvelopropyl, preferably hydrogen or methyl

o represents an integer from 1-2 preferably 2;

0 represents an integer from 1-2, preferably 1.

We especially prefer compounds of formula { in which R1 and R2 are both phenyl.

We especially prefer compounds of formula T in which one of RS and R6 18

15 hydrogen and the other is hydrogen or methyl
xi} International Patent Application Publication No. WOZ005/054188

In one aspect the invention therefore provides a compound having the formula I or

a pharmaceuntically acceptable salt thereof,

. R“
R 0

/'L R 0
RSRT N \ Rs
R' =N

20 wherein

R1 is hydrogen, CI-20 alkyl, C3 23 cycloalkyl, halogen, hydroxy, alkoxy, aryloxy,
ester, amido, cyano, nitro, amine, guanidine, amino derivative, alkylthio, aryithio,

alkylsulfonyl, arylsulfonyt, atkylisulfinyl, aryisuifinyl, aryi or heterceyele; R2 is

174
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hydrogen, C1 20 alkyl, alkoxy, amino, halogen, hydroxy, ester, amido, nitro,

cyano, carbamate, or aryl;

R3 is hydrogen, C1 20 alkyl, alkoxy, amino, halogen, hydroxy, ester, amido, nitro,

cyano, carbamate, or aryl;

or R2 and R3 can form together with the inmdazole ring the following 1H-

benzimidazole cycle

R4 is hydrogen, C1-20 alkyl, €2-12 alkenyl,C2-12 alkynyvl, aryi, azide,
alkoxycarbonylamino, arvisuifonyloxy or heterocycle; R4a is hydrogen or C1-20
alkvl; or R4 and R4a can forw together a C3-8 cycloalkyl ; RS is hydrogen; or R4,
Rd4a and RS can form together with the Z-oxo-1-pyrrolidine ring the foliowing 1, 3-

dihydro-2 H-indol-2-one cycle

R“" Ru
R4
R4a
R™
5 <0
R N* © R15 N

R& is hydrogen or C1 20 alkyl ; R7 18 hydrogen; or R6 and R7 are linked together
to form a C3-6 cycloalkyl ; R8 is hydrogen, halogen, nitro, cyano, C1 20 alkyl or
alkoxy ; R9 is hydrogen, C1-20 alkyl, halogen, hydroxy, alkoxy, arvioxy, ester,
amido, cyano, nitro, amino, amino derivative, alkylthio, arylihio, alkylsulfonyl,
arylsulfonyl, alkylsulfinyl or aryisulfinyl ;

RIO 1s hydrogen, C1 20 alkyl, halogen, hydroxy, altkoxy, aryloxy, ester, armdo,
cyano, nitro, aming, amino derivative, alkylthio, arvithio, alkylsulfonyi,

arylsultonyl, alkylsulfinyl or arylsulfiny! ;

i
.
(4
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RI I1s hydrogen, halogen, nitro, cyano, C1 20 alkyl or alkoxy ; R12 is hydrogen or

halogen;

R13 is hydrogen, nitro, halogen, heterocycele, amino, aryl, C1-20 alkyl
unsubstituted or substituted by halogen, or alkoxy unsubstituted or substituled by

5 halogen; R14 is hydrogen, C1-20 alkyl or halogen;
R15 is hydrogen, C1 20 alkyl or halogen:

with the proviso that R4 1s different from hydrogen when

RE
*N \ Ra
=\

R

N represents a group of formula

RY R’
Rm
"N
11
1 )\‘ N R

io R
The asterisk * indicates the point of attachment of the substituents.

In g preferred embodiment, the tnvention concerns a compound having the formula
I, their tautomers, geometrical isomers (inchuding cis and trang, 7 and E sorvers),
enantiomers, diastercoisomers and rmixtures thercof (including all possible

15 mixtures of stereoisomers), or pharmaceutically accepiable salts thereof,

wherein
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Ri is hydrogen, C1-20 alkyl, C3-8 cycloalkyl, halogen, hydroxy, ester, amido,
cyano, nitro, amino, gunanidine, alkylthio, alkylsulfonyl, alkyisulfinyl, aryl or
heterocycle; R2 is hiydrogen, C1 20 alkyl, halogen, cyano, ester, carbamate or

amido; R3 is hydrogen, cyano, C 1 20 alkyl, halogen or ester; or R2 and R3 can

5 form together with the imidazole ring the following 1H- benzimidazole cyele
R R’
R’ 10
R
i )
N 11
» R4 is
hydrogen, C1 20 alkyl, C2 12 alkenyl or aryl; R4a 1s hydrogen;
RS 1s hydrogen; or R4, R4a and RS can forr together with the 2-oxo-1-pyrrolidine
ring the foliowing 1, 3-dihydro-2H-indol-2-one cycle
R"
R
7
4a
R R™
R =0 g NT O
N R’
10 ;

Ré& is hydrogen or C 1 20 alkyl ; R7 is hydrogen; or R6 and R7 are linked together
to form a C3-6 cyeloalkyl ; RE is hydrogen; R9 is hydrogen, € 1-20 alicyl, halogen
or alkoxy; RIO is hydrogen, C1 20 alkyl, halogen or cyano; R11 is hydrogen: R12
is hydrogen or halogen; R13 is hydrogen, halogen, heterocycle or C1 20 alkyl ;

15 R14 is hydrogen; R1S 1s hydrogen; with the proviso that R4 is different from

hydrogen when



CA 02826765 2013-08-07

WO 2012/109491 PCT/US2012/024556

A

10

i
[

20

represents a group of formula

N
RS
RO
*N
11
1)1*1\5 R

The term"alkyl”, as used herein, reprosents saturated, monovalent hydrocarbon
radicals having straight {unbranched} or branched or cyclic or combinations
thereot and containing 1-20 carbon atoms, preferably 1-10 carbon atoms, more
preferably 1-4 carbon atoms; most preferred alkyl groups have 1-3 carbon atoms.
Alkyl moieties may optionally be substituted by 1 to 5 substituents independently
selected from the group consisting of halogen, hydroxy, cyano, azido, aryioxy,
alkoxy, alkylthio, alkanoyiamino, arylcarbonylamine, aminocarbonyl,
methylaminocarbonyl, divaethylaninocarbouyl or aryl, Usually alkyl groups, in the
present case, are methyl, ethyl, n-propyl, i-propyi, n-butyl, i-butyl, t-butyl, I~
cthylpropyl, n-heptyl, 2.4, 4-trimethylpentyl, n-docyl, chloromethyl,
triffuoromethyl, 2-bromo-2,2-difluorocthyl, 2,2, 2~trifluorocthyi, 3.3, 3-
trittuoropropyl, hydroxymethyl, cyanomethyl, azdomethyl, (acetylamino) methyl,
{(propionylaminc} methyl, (henzoviamino} methyl, {4-chlorophenoxy} methyi,
benzyl, Z-phenylethyl or 2- {methylthio) ethyl, Preferred alkyl groups are methyl,
ethyl, n~-propyl, i-propyl, n-butyl, i-butyl, t-butyl, T-ethylpropyl, 2,4, 4-
trimethyipentyl, chloromethyl, trifluoromethyl, 2,2, 2-triffuoroethyl,
hydroxymethyl, cvanomethyl, azidomethyl, (acetylamino) methyi,
{propionylamino} methyl, (benzoylamino) methyl or 2- {methylthio) ethyl. More
preferred alloyl groups are ruethyl, ethyl, n-propyl, t-propyl, n-butyl, azidomethyl

ot trifluoromethyl. Most preferred alkyl groups are methyl or n-propyl.

The term"cycloalkyl®, as used herein, represents a monovalent group of 3 10 8
carbon atoms, usually 3-6 carbon atoms derived {rom a saturated cyclic
hydrocarbon, which may be substitited by any suitable group including but not
limited to one or more moiecties selected from groups as described above for the

alkyl groups. Preferred cyeloalky! groups are cyclopropyl! and cyclohexyl.

178
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The term"alkenyl"as used herein, represents straight, branched or cyelic
unsaturated hydrocarbon radicals or combinations thereof having at least one
carbon- carbon double bond, containing 2-12 carbon atoms, preferably usually 2-4
carbon atoms. Alkenyl groups are being optionally substituted with any suitable
group, including but not limited to one or more moities selected from groups as
described above for the alkyl groups. Usually av alkenyi group is ethenyl {(vinyl)
optionally substituted by | to 3 halogens. Preferred alkennyl group, in the present

case, is 2,2~ difluorovinyl,

The term"alkynyl"as used herein, represents siraight, branched or cyclic
hydrocarbon radicals or combinations thereof containing at least one carbon-
carbon triple bond, containing 2-12 carbon atoms, preferably 2-6 carbon atoms,
and being optionally substituted by any suitable group, including but not limited to
one or more rotties selected from groups as described above for the alkyl groups,
Preferably an alkynyl group is a halogenocalkynyl group (haloalicyny! group).

"i H

Groups qualified by prefixes such as”s", "i","t"and the Hke (. g."i-propyi

butyl™y are branched derivatives.

The term"aryi"as used herein, is defined as phenyl optionally substituted by 1 to 4
substituents independently sclected from halogen, cvane, alkoxy, alkvithio, C1 3
alkyl or azido, preferably halogen or azido. Usually aryl groups, in the present case
are phenyl, 3-chlorophenyl, 3-tfluorophenyl, 4-chiorophenyl, 4-fluorophenyl, 3,4-
difluorcphenyl, 3, S-diluorophenyl, 3-chloro-4-fluorophenyl, 2,3, 4-
trifluorophenyt, 2,4, S-wrifluorophenyt, 2,3, S-rifluorophenyt, 3.4, 5-
trittucrophenyl, 3-azmdo-2,4~ difluorophenyl or 3-azido~2 4, 6~trilluorophenyl.
Preferably, aryl groups are phenyl, 3- chlorophenyl, 3-fluorophenyl, 4-
chlorophenyl, 4-fluorophenyl, 3,4-difluorophenyl, 3,5~ difluorophenyl, 3-chloro-4-
fluorophenyl, 2,3, 4-triffucrophenyl, 2,4, S-triftucrophenyl, 2,3, S-triftuorophenyl,
3.4, S-trifluorophenyl or 3-azido-2, 4-difluorophenyl. Most preferred aryl groups
are phenyl, 3~chlorophenyl, 3-fluorophenyl, 3,5-difluorophenyl, 2.3, 4-
triffuorophenyl, 2.4, S-trifluorophenyl, 2,3, 5-trifluorophenyl, 3, 4, 5-

triflnorophenyl or 3-azido-2 4-difluorophenyl,



CA 02826765 2013-08-07

WO 2012/109491 PCT/US2012/024556

i0

2

[\
L

(¥4

L

{

The term"heterocycle”, as used herein, s defined as including an aromatic or non
aromatic cycloalkyl moiety as defined above, having at least one O, S and/or N
atorn interrupting the carbocyclic ring structure. Heterocyelic ring moitics can be
optionally substituled by alkyl groups or halogens and optionally, cne of the
carbon of the carbocyclic ring structure may be replaced by a carbonyl. Usually
heterocyeles are 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-furvl, 3-furyl, 2-thienvyl, 3-
thienyl, 2- tetrahydrofuranyl, IH-pyrrol-2-yl, 1-methyl-IH-pyrrol-2-yl, {H-pyrazol-
2-v1, 1H- pyrazob-3-yi, 4-chloro-i-methyl-IH-pyrazol-3-yl, 3-chloro-1, 3-dimethyl-
{H-pyrazol-4- v, 1, 2,3-thiadiazol-4-v1, 3, 5-dimethyl-4-isothiazyl, 1 H-imidazol-2-
yl, T-macthyl-1H- imidazol-2-yl, 4-mcthyl-IH-imidazol-5-y1, or 2-methyl-1, 3-
thiazol-4-y1. Preferred heterocycles are [H-imidazol-2-vi, 1, 2,3-thiadiazol-4-v1,
IH-pyrazol-3-yl, 2-turyl, 3- furyl, 2-thicnyl, i-methyl-1H-pyrrol-2-yl, IH-pyrrol-2-
vl

The term"halogen”, as used herein, includes an atom of chlorine, bromine, fluorine,
iodine. Usually halogens are chloring, bromine and fluorine, Proferred halogens are

fluorine, bromine and chlorine.
The term"hydroxy", as used herein, represents a group of formula-OH.

The term"alkoxy", as used herein, represents a group of formula-ORa wherein Ra

is an alkyl group, as defined above. Preferred allkoxy group is methoxy.

The term"aryloxy”, as used herein, represents a group of formula-ORb wherein Rb

is an aryl group, as defined above. Preferred aryloxy group is phenoxy,

The term"ester”, as used herein, ropresents a group of formula-COORC wherem
Re 1s an alkyl group or aryl group, as defined above, Preferred oster group is

methoxycarbonyl.
The term"amido”, as used herein, represents a group of formula-CONH2,
The term"amino”, as used herein, represents a group of formula-NH2.

The term"aminoderivative”, as used herein, represents an alkylamino or an

arylamino group, wherein the terms"alkyl"and"aryl"are defined as above.

The term"cvano”, as used herein, represents a group of formula-CN,
o 2 > &

180
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The term™nitro”, as used herein, represents a group of formula-NO2,
The term"azido”, as used heretn, represents a group of formula-N3.

The term"guaniding”, as used hersin, represents a group of formula- NHC (=NH)

NHZ.

N

The term"alkylthio”, as used herein, represents a group of formula-SRd whercin

Rd is an alkyl group, as defined above. One alkyithio group 1s methylthio.

The term"alkylsulfonyl”, as used herein, represents a group of formula- S (=0)

2Re wherein Re is an alkyl group, as defined above. One alkylsulfonyl group is

methylsulfonyl.

16 The term"alkylsulfiny!”, as used herein, represents a group of formula-S (=0} Rf
wherein Rf is an alkyl group, as defined above. One alkylsulfinyl group is
methylsulfinyt.

The term"aryithio", as used herein, represents a group of formula-SRg wherein Rg
is an aryl group, as defined above.

i5 The term"arylsulfonyl”, as used herein, represents a group of the fornnda- S (=0)

2Rh wherein Rh is an aryl group, as defined above.

The term"arylsullinyl”, as used herein, represents a group of the formuda- 8 (=0)

Rt wherein Ri is an aryl group, as defined above.

The term”carbamate”as used herein, represents a group of formula- N (H) C (O)

20 OR1, wheretn Riis an alkyl or an arvl, as defined above, Usually carbamate groups
are {propoxycarbonyl} amino or (benzyloaxycarbonyly amino. One carbamate
group is {(benzyloaxycarbonyl) amine,

The term"alkanoylamino™as used herein, represents a group of the formula- NHC
(=0} Rk wherein Rk is an alkyl group, as defined above
25 The term"(arylcarbonyl} amino"as used herein, represents a group of the formula-

NHC {(=0) Rm wherecin Rm is an aryl group, as defined above, Une {aryicarbonyl)

amino is benzoylamino,

Usually, R1 s hydrogen; Cl lo alkyl unsubstituted or substituted by halogen,

5%

hydroxy, cyano, methylthio, phenyl or 4-chlorophenoxy ; hydroxy ; C3-6

181
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cycloalloyl ; halogen: ester; amido; niiro ; cyano; amino ; phenyl; alkylthio;
alkylsulfonyl ; alkylsulfinyl ; heterocycle unsubstituted or substituted by alkyl

groups; or guanidine.

In some embodiments, RIis hydrogen: methyl; ethyl; i~propyl ; n-propyl ;
cyclopropyl ; n-butyl; i butyvl t-butyl; L-ethylpropyl ; 2.4, 4-trimethyipentyl;
hydroxymethyl ; chloromethyl; trifluoromethyl ; 2,2, 2-trifluoroethyl ;
cyanomethyl; 2~ (methylthio} ethyl; chioro; bromo; nitro ; cyano; amino;
ammocarbonyl; methoxycarbonyl ; methylthio; methylsultinyl ; methylsulfonyl;
phenyl; 2-furyl ; 3-Rurvl; HH-pyrrol-2-vl ;) Tmethyl-iH-pyrrol-2-v1; 2- thienyl; TH-
pyrazol-3-yl; 1, 2 3-thiadiazol-4-yl or IH-imidazol-2-yl. More preferably, Rl is
hydrogen; methyl; ethyl; i-propyl  n-propyl ; n~-butyl; methylthio; nitro ; cyano;
amino; chloro or [H-pyrrol-2-vl. Most preferably, RI is hydrogen; methyl;

methylthio ; nitro; cyauso; amino or chloro,

Usually, R2 is hydrogen; C1 4 alloyl unsubstituted or substituted by hydroxy,
alkanoyiamino or benzoylaming; halogen ; ester; cvano ; alkyl carbamate; [(N-
methoxy~ MN-methyl) amino] carbonyl. Preferably, R2 is hydrogen; methyl;
hydroxymethyl ; {(acetylamino) methyl; {(propionylanuno) methyl; {benzoylamino)
methyl; {(benayioxy) carbonyl] aruino ; chloro or cyano. In some embodiments, R2

is hydrogen; chloro or cyano.

Usually, R3 1s hydrogen; C1 4 alkyl unsubstituted or substituted by hydroxy:
halogen; ester or cyano. In some embodiments, R3 s bydrogen; hydroxymethyl;

chioro; cvane.

In some embodiments, R3 is hydrogen or cyano, In some embodiments R3 18

hydrogeu.

Usually, R4 is hydrogen; C1 4 alkyl tinsubstituted or substituted by halogens; £2 4
alkenyl substituted by halogens or phenyl group snsubstituted or substituted by
azido or/and halogens. Preferably, R4 is hydrogen; n-propyl ; 2.2-difluorovinyl ;
phenyi; 3-chlorophenyl ; 3-fluorophenyl ; 4-chlorophenyl; 4-fluorophenyl ; 3,5~
difluorophenyl; 3.4-difluorophenyl ; 3-chloro-4-flucrophenyl ; 2,3, 4-
trifluorophenyl ; 2,4, S-urifluorophenyl ; 2,3, S-irifluorophenyl ; 3.4, 3-

triflnorophenyl ; 3-azido-2,4- difluorophenyl] or 3-aznido-2,4, 6-trifluorophenyl.

182
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More preferably, R4 is hydrogen; n- propyl ; 2,2-diftucrovinyl ; phenyl; 3-
chlorophenyl; 3-fluorophenyl ; 4-chlorophenyl; 4- fluorophenyl; 3, 5-
difluorophenyl ; 3,4-difluorophenyl ; 3-chloro-4-fluorophenyl; 2,3, 4-
triftucrophenyl ; 2,4, S-trifluorophenyl; 2,3, S-triftucrophenyl; 3,4, 5-
trifluorophenyl or 3- azido-2 4-diflucrophenyl. Most preferably, R4 is n-propyl ;
2, 2-diflnorovinyl ; phenyl; 3- chlorophenyl; 3-fluorophenyl ; 3,5-diffucrophenyl ;
2,3, d-trifivorophenyl ; 2.4, 5- trifluorophenyt ; 2,3, S-rifluorophenyt ; 3.4, 5-

triftuorophenyt or 3-azido-2,4- difluorophenyl,
Usually, R4a s hydrogen.
Usaally, RS is hydrogen.

Usually, R6 is hydrogen or Ci-1~0 alkyl unsubstituted or substituted by hydroxy or

azido. Preferably, R6 is hydrogen or azidomethyl. More preferably R6 is hydrogen.
Usually R7 is hydrogen.
In other embodiments, R6 and R7 are linked to form a cyclopropyl.

In other emibodiments, R2 and R3 can form together with the imidazole ring the

following TH-benzimidaole cyvcle

Rg
R2 R8
Rm
* 3
)N\\ R o
; *-*N )_ﬂ\* R‘H
N
R R’

Usually, RS is hydrogen.

Usually, R9 is hydrogen; halogen ; 1-3 allkyl or alkoxy. In some embodiments, R9
is hydrogen; methyl; chloro or methoxy. In some embodiments R9 is hydrogen.
Usually, RIQ is hydrogen; halogen; cyano; C1 3 alkyl unsubstituted or substituted
by halogeus; or alkoxy. In some cmbodiments, RIO 1s mothyl; hydrogen;
tritiuoromethyl ; fluore; cyano or methoxy. In some embodiments R16 1s

hydrogen; trifluoromethy! ; flacro or cyano.

Usually, RT I is hydrogen.
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In other embodiments, R4, Rda and RS can {form together with the 2- oxo-1-

pyrrolidine ring the following 1, 3-dihydro-2H-indol-2-one cycle

12
13 R
RA R
43
R R
5 <0
R NS O IRE N

Usually, R12 is hydrogen or halogen. In some embodiments R12 is hydrogen;

5 chioro or fluorc. In some embodiments R12 is hydrogen.

Usually, R13 is hydrogen; C1 3 alkyl ; halogen or thiazolyl unsubstituted or
substituted by alkyl groups, such as methylthiazolyl. In some embodiments R13 is
hydrogen; chioro; bromo or methyl. In some embodiments R13 is chlore; bromo or

methyl.
10 Usually R14 15 hydrogen.
Usually, R15 1s hydrogen.

In a general embodiment of the invention, the compounds of formula §, or

pharmaceutically acceptable salts thereof, are those wherein

R1 is selected from hydrogen; C1 lo alkyl unsubstituted or substituted by halogen,

i5 hydroxy, cyano, methylthio, phenyl or 4-chlorophenoxy ; C3 6 cycloalkyl ;
halogen; ester; amido; nitro; cyano; aming; phenyl; alkylthio ; alkylsulfony! ;
alkyisulfinyl ; heterocycle unsubstituted or substituted by alkyl group; or
guanidine; R2 1s sclected from hydrogen; C 1-4 alkyl unsubstituted or substituted
by hydroxy, alkanoylamino or benzoylamino; halogen; ester; cyano; alkyl

20 carbamate or | {(N-methoxy-N-methyl} amino] carbonyl.

R3 is selected frow hvdrogen; C1 4 alkvl unsubstituted or substituted by hydroxy ;
halogen; ¢ster or cyano; R4 is selected from hyvdrogen; C1 4 alkvl unsubstituted or
substituted by halogens; C2 4 alkenyl substituted by halogens or phenyl group

unsubstitated or substituted by azido or/and halogens:

b
Lh

Rda s hydrogen; R5 is hydrogen; R6 is selected from hydrogen or C 1-10 alkyl

unsubstituted or substituted by hydroxy or azido;

184
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R7 1s hydrogen; or Ré and R7 can be linked to form a cyclopropyl ; or R2 and R3

can form together with the imidazole ring the following 1H- benzimidazole cycle

RZ
*N \ RZB
=y
R1

RE 1s hydrogen; R9 is selected from hydrogen: halogen; C1-3 allyl ; alkoxy ;

wh

R10 1s selected from hydrogen; halogen; cyano or Cil allyl unsubstituted or
substituted by halogeuns; or alkoxy ; R 1 is hydrogen; or R4, R4a and R35 can form
together with the 2-oxo-1-pyrrolidine ring the following 1, 3-dihydro-2H~-ndol-2-

one cycle

12

i0 R12 is selected from hydrogen or halogen; R13 is selected from hydrogen; C1-3
alkyl ; halogen ; thiazolyl unsubstituted or substituted by alkyl groups, such as
methylthiazolyl; R14 is hydrogen; R15 is hydrogen: with the proviso that R4 1s

different {rom hydrogen when

i5 represents a group of formula
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pharmaceutically acceptable salt thereof, are those wherein

RI is selected from hydrogen; methyl; ethyl; i-propyt ; n-propyl ; cyclopropyi ; n-
butyl; i-butyl t-butyl; 1-ethylpropvl ; 2.4, 4-trimethylpentyl: trifluoromethyi; 2.2,
2- triftuoroethyl; hydroxyruethyl; chloromethyl; cyvanomethyl ; 2- (methylthio)
ethyi; chloro; bromo; nitro; cyane ; aming; aminocarbonyl; methoxyearbonyl ;
methylthio; methylsulfinyl; methylsulfonyvl; phenyl; 2-turyl ; 3-furyl ; IH-pyrrol-2-
vl D-methyl-1H- pyrrol-2-v1 ; 2-thienyl; I1H-pyrazol-3-v1; 1, 2, 3-thiadiazol-4-yi ;
or IH-imidazol-2-y1 ; R2 18 selected from hydrogen; methyl ; hydroxymethyl;
{acetylamino} methyl; (propionylamino) methyl ; (henzoylamino} methyl;
{benzyloxycarbonyl} amino; chloro; or cyano; R3 is selected from hydrogen;
hydroxymethyl; chloro; cyano; or R2 and R3 can form together with the imidazole

ring the foliowing 1H- benzimidazole cycle

9
Rz RB R
R10
}l\\ R’ N
== 11
R N 1 )*‘\-N R

B8 is hvdrogen; RY is selected from hydrogen; methyl; choro ; methoxy;

R10 1s selected from methyl; hydrogen: trithuoromethyl; fluoro; cyano; or
methoxy; R s hydrogen; R4 is selected from hydrogen; n-propyl ; 2,2~
diftuorovinyl ; phenyt; 3- chiorophenyl: 3-fluorophenyl; 4-chlorophenyi; 4-
fluorophenyl ; 3,5-difluorophenyl ; 3,4~ difluorophenyl; 3-chloro-4-fluorophenyl ;
2,3, 4-wrifluorophenyl; 2.4, S-trifluorophenyl ; 2.3, S-urifluorophenyl; 3,4, 5-

triftuorophenyl ; 3-azido-2,4-dilluorophenyl ; or 3-azido- 2,4, 6-trifluorophenyl.

186
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R4a is hydrogen: RS 1s hydrogen; or R4, R4a and RS can form together with the 2-

oxo-1-pyrrolidine ring the following 1, 3-dibydro-2H-indol-2-one cycle

< e
R
R-’Ia
5 y O
R N* 0 R N

R12 is selected from hydrogen; chloro; tluoro; R13 is selected from hydrogen;
5 chioro; bromo; methyl; R14 is hydrogen; RIS hydrogen; R6 s selected from
hydrogen; azidomethyl; R7 is hydrogen; or R6 and R7 arc linked to form a

cyclopropyl ; with the proviso that R4 s different from hydrogen when

R2
=y

lu one embodiment of the invention, the compounds of formula [, or
pharmaceutically acceptable salt thereof, are those wherein

R1 1s selected from hydrogen; methyl; ethyl; t-propyl ; n-propyl ; n-butyl;
methylthio; nitro; cyano ; amino; chloro ; or IH-pyrrob-2-vl; R2 18 selecled from

hydrogen: chloro; cyano; R3 is sclected from hydrogen; cyane; or RZ and R3 can

[,
¥ 4]

form together with the inmdazole ring the following TH- benzimidazole cyvcle

187
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R2
Ny —R’
e

R¥ is hydrogen; R9 is hydrogen:
R10 is selected from hydrogen ; trifluoromethyl ; fluoro ; cyane;

Rilishydrogen; R4 is selecied from hydrogen: n-propyl ; 2, 2-difluorovinyl ;

h

phenyl; 3- chlorophenyl; 3-fluorophenyl; 4-chiorophenyl; 4-fluorophenyl ; 3, 5-
difluorophenyl ; 3,4- difluorophenyl ; 3-chloro-4-fluorophenyl; 2,3, 4-
triftuorophenyl ; 2,4, S-trifluorophenyl ; 2.3, S-inifluorophenyi; 3,4, 5-
triftyorophenyl; or 3-azido-2, 4-difluorophenyl ; R4a is hydrogen; RS is hydrogen;
ot R4, Rda and RS can form together with the 2-oxo-1-pyrrolidine ring the

iG following 1, 3-dihydro-2H-indol-2-onte cycle

wherein R12 is hydrogen; R13 is selected from methyl; chloro; bromo; R14 is
hydrogen; R15 hydrogen; R6 is hydrogen; R7 is hydrogen; with the proviso that

R4 s different from hydrogen when
o &

R2

*N \\ Ra

ja

R11 represents a group of formula

. R

188
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In one ermbodiment of the invention, the compounds of formmla L or

pharmaceutically acceptable salf thereof, are those wherein

R is selected from hydrogen; methyl; methylthio; nitro ; cyano; amine; chlore; R2
is selected from hydrogen; chloro; cyano; R3 1s hydrogen; R4 s selected from n-
propyl ; 2, 2-difluorovinyl ; phenyl; 3-chlorophenyl; 3- fluorophenyl; 3,5-
diflucrophenyl ; 2.3, 4-trifluorophenyi ; 2.4, S-trifluorophenyl ; 2,3, 5-
triftuorophenyl; 3.4, S-trithsorophenyl; 3-azido-2,4-difluorophenyl ; R4a ig

hydrogen;

RS 1s hydrogen; or R4, R4a and RS can {orm together with the 2-oxo-1-pyrrolidine

ring the following 1, 3-dihydro-2H-indol-2-one cycle

12
R

RY

ot

4a
R
14

5 R O
R N 15 N

R12 is hydrogen; R13 is selected from chioro; bromo; methyl ; R14 18 hydrogen:
R15 hydrogen; R6 is hydrogen; R7 1s hydrogen,

In some embodiments, compounds are; 1-(IH-imidazol-l-ylruethyly pyrrolidin-2-
one ; i- {1H~ imidazol-I-yimethyl)-4-phenylpyrrolidin-2-one ; 4~ (3-azido-2, 4, 6-
trifluorophenyi)- - (IH-imidazol-1-ylmethyl) pyrrolidin-2-one; 1~ (IH-mmidazol-1-
vimethyl)-4- propylpyrrolidin-2-one; (-3-4-(3-azido-2, 4-diftuorophenyly-1-{1 H~
imdazol-1- ylmethyly pyrolidin-2-one; (+3-4- (3~azido-2, 4-difluorophenyl}-1-
{(IH-imidazol-l- yimethyl) pyrrolidin-2-one ; 1-[(Z-ethyl-1H-imidazol-t-yDimethyl}-

4-propylpyreolidin-2- one; 1-{(2-isopropyl-IH-imidarol-l-y1} methyl}-4-

189
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propyvipyrrolidin-2-one ; 1-{(2-methyl- IH-inudazol-l-yly methyl]-4-
propyipyrrolidin-2-one ; 1-[{Z-phenyl-1H-imidazol-1- v1) methyl}-4-
propylpyrrolidin-2-one ; 4-propyl-1-{{2-propyl-IH-imidazol- I - y1} methyl]
pyrrolidin-2-one ; (+)-1-(iH-imidazol-l-vimethyl-4-propylpyrrohdin-2-one ; {- }-1-
(IH-imidazol-I-vimethyl)-4-propyipyirolidin-2-one ; 4- (2, Z-diflucrovinyl)-1- (1H-
imidazol-1-yimethyl) pyrrolidin-2-one ; 4-(3~chlorophenyl)-1-(1H-imidazol-1-
vimethyl} pyrrolidin-2-one; 1-{[2-(methylthio)-1H-imidazol- {-y1] methyl}-4-
propyipyreolidin-2Z-one; 1-{[2-(methylsulfinyl)-1H-imidazol-1-yi] methyl}-4-
propyipyreolidin-2-one ; 1-{{(2-tert-butyl-IH-imidazol-t-vi} methvl]-4-
propyipyrrolidin-2- one; 1- {1~ (IH-imidazol-1-v1} cyelopropyl] pyrrolidin-2-one ;
1~ | (2-methyi-1H-imidazol-1- ¥1) methyl}-4-phenylpyrrolidin-2-one ; 1-{{2-
{methylsulfonyl)-IH-inudazol-l-v1] methyl} -4- propylpyrrolidin-2-one; 1-{(2-0x0-
4-propyipyrrolidin-1-ylmethyl]-1H-imidazole-2- carboxamide; 4-{(4~
fluoropheny-1-(1H-midazol-1-yvimethyDpyrrohdin-2-one ; - (1H- imidazol-1-
yimethy}-4-(3, 4, S-trifluorophenyl) pyrrolidin-2-one; 4~ (3-fluorophenyl)-1- (1H-
imidazol-1-ylmethyl) pyrrolidin-2-one; 4-(3,5-difluorophenyl)-1-(1H-inudazol-1-
yimethyl) pyrrolidin-2-one; 4-(3 4-difluorophenyl-1-(1 H-imidazol- -yimethyl)
pyirolidin- 2-one; 4-(3-chloro-4-flucrophenyl)-1-(1H-imidazol-1-vimelthyl}
pyrrolidin-2-one; 4~ (4- chlorophenyl)-1-(1H-imidazol- -ylmelthyly pyrrolidin-2-
one; t-(IH-imidazol-l-ylmethyl)- 4- (2, 3, 4-uifluorophenyl) pyrrolidin-2-cue; 1-
{(1H-imidazol-1-ylmethyl}-4-(2, 3,5-trifluorophenyl) pyrrolidin-2-one ; 1-(IH-
imidazol-l-ylmethyl}-4-(2, 4,5~ triflucrophenyl) pyrrolidin-2Z-one; 1-{{2-
{(hydroxymethyl)-TH-imidazol- 1 -ylmethyl} -4- propylpyrrohidin-2-one ; methyl 1-
[ (Z~oxo-4-propylpyrrolidin- 1-y) methyl}MH-inndazole- 2Z-carboxylate ; - [ (2-
nitro-1H-imidazol-1-v1) methyll-4- (3, 4,5-riflucrophenyl} pyrrolidin- 2-one; 1-
{{2-0x0-4-(3, 4, S-taifluoropheny) pyrrohdin-1-y1] methyl}-1H-mndazole-2-
carbonitriic; 1-[{Z-amino-iH-imidazol- l-vD)methyl}-4-propylpyrrolidin-2-one ; 1-{
(2, 4- dichloro-1H-imidazol-I-yl) methyli-4- (3, 4, S-trifluorophenyl) pyrrolidin-2-
one ; 1~ | (5- chloro-iH-~imidazol-1-v1} methylj-4- (3, 4, S-trifluorophenyl)
pyrrolidin-2-one ; 1-{[2-ox0-4- (3,4, S-trifluorophenyl) pyrrolidin-1-v1] methyl}-
{H-imidazole-4-carbonitrile ; 1-{ [2-ox0-4~ (3,4, S-trifluorophenyl} pyrrolidin-l-yi]

methyl}-IH-1imidazole-5-carbonitrile ; (+)-1- (1H- imidazol-1-ylmethyl)-4-

150G
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phenyipyrrolidin-2-one ; (-)-1<(1H-imidazol- L -vimethyl}-4- phenylpyrrolidin-2-
ong ; 1- { [2-oxo-4- (2, 3, S-trifluorophenyl) pyrrolidin-1-yl} methyl}-1H-
imidazole-S-carbonitrile ; (-)-1-{[2-0x0-4-(2, 3, 4-trifluorophenyl) pyrrolidin- 1 -
yHmethyl} - IH-imidazole-S-carbonitrile ; (+)-1-{[2-ox0-4-(2, 3 4-triltuorophenyl)
pyrrolidin-1- yl} methyl}-iH-imidazole-5-carboniwile ; (-)-1-{[2-0x0-4-(2, 3,4~
triflnorophenyl) pyrrolidin- I-yl] methyli-IH-imidazole-4-carbonitriie ; (+3-1-{[2-
ox0-4-(2, 3, 4-rifluorophenyli-1- pyrrolidinyl} methyl} -IH-imidazole-4-
carbonitrile ; (-)-1- 4 [2-0x0-4- (3, 4,5- trifluorophenyl) pyrrolidin-1-ylimethyl}-
1H-imidazole-4-carbonttrile; (+)-1-{[2-0x0-4~ (3,4, 5-trifluorophenyl) pyrrolidin-i-
yi} methyl-1H-imidazolc-4-carbontirile ; (+)-1-{[2-ox0- 4- (2, 4, 5-
triflnorophenyl) pyrrolidin- | -yl} methyl | -iH-imidazole-4-carbonitrile ; (-)-1-{{2-
oxo~-4- (2, 4, 5-triflyorophenyt) pyrrolidin-1-y1} methyl} ~-IH-imidazole-4-
carbonitrile ; (-)-1- {[Z-ox0-4-(2, 3, 5-trifluorophenyl) pyrrolidin- T -vimethyi}-1H-
imidazole~-4-carbonitrile ; (-} 1-{{2-ox0-4-(3, 4, S=trifluorophenyl} pyrrolidin-1-
yi] methyli-TH-imidazole-5-carbonitrile ; 1~ {{2-0x0-4~(2, 3, S-trifluorophenyl)
pyrrolidin-1-yljmethyl} -1 H-mmidazole-S-carbonitrile ; 1-{{2-0x0-4-{2, 3,5~
triflucrophenyl) pyrrolidin- methyl ) -H-imidazole-S-carbonitrile ; I-{(S-methyl-2-
phenyi-1H-imidazol- 1 -ylmethyl}-4-propylpyrrolidin-2-one ; 1- [ (5~ methyl-1H-
imidazol-1-y1) methyl}-4-propylpyrrolidin-2-one ; 1-[(5-phenyl-1H-imidazol- 1-vl)
methyl}-4-propylpyrrolidin-2-one | 1-{(2-ethyl-S-methyt-1H-mudazol-1~
vhmethyl}- 4-propylpyrrolidin-2-one; 1-{(2,5-dimethyl-1H-imidazol-1 -yhmethvl]-
4- propvlpyrrolidin-2-one; 1- | (2-chloro~-fH-imidazol-1-yi} methvli-4- (3, 4,5~
trifluorophenyl) pyrrolidin-2-one; 1-[2-azido-1-(1H-imidazol-1-y1) ethyl] -4-
propylpyrrolidin-2-one ; 1~ | {4-chloro-TH-imidazol-1-y1) methyli-4- (3, 4,5~
triffuorophenyt) pyrrolidin-2-one; 1-{(2-bromo-4,5-dichloro-1H-imidazol-1-
yhethyl}-4- propylpyrrolidin-2-one; 1~ {{2~chloro- I H-immdazol-1-yhmethyi]-4-
propylpyrrolidin-2- one; (+}-1-1 [2-oxo-4- (3, 4,5-rifluorophenyl) pyrrolidin-1-
yviimethyl}-1H-imidazole-53- carbonitrile; 1-{{3-(hydroxymethyl)-1H-imidazol-1-
viimethyl}-d-propylpyrrolidin-2-one ; I-{{4-(hydroxymethyl-1H-imidazol-l-yl}
mothyl i -4-propyipyrrolidin-2-one ; henzyl 1-{ (2- oxo-4-propylpyrrolidin-1-y1)
methyli-tH-imidazol-S-ylcarbamate ; N-{{(1-{{2-ox0-4-(3, 4,5-trifluorophenyh

pyrrolidin-l-yl] methyl t -1H-1midazol-5-y1) methyl] acetamide ; N- [(1-{[2~ oxo-4~
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(3, 4, 5-urifluorophenyly pyrrolidin-1-vl] methyvl} -1H-tmidazol-5- v1) methyl]
benzamide; N-1 (1-1 [2-ox0-4- (3, 4, 5-trifluorophenyl) pyrroldin-1-ylmethyl;} -
1H- imidazol-5-y1) methyl] propanamide | I- (IH-bensinmidarol-1-ylmethyly-4-
propyipyrrolidin- 2-one; 1-[(2-methyl-1H-benzimmdazol-1-vmethyl]-4-
propvipyrrolidin-2-one ; 4-propyi- 1-[(2-propyi-1H-benzimidazol-i-
yhmethylpyrrolidin-2-one ; 1-[(2-1sopropyl-1H- benzimidazol-1-yi) methyl}-4-
propylpyrrolidin-2-one ; 4-propyi-1-{{2-(trifluoromethyl}- {H-benzimidazol-1-yi]
methyl} pyrrolidin-2-one; 1-{{2-(methylthio}-1H-benzimidazol-1- vi} wethyl}-4-
propyipyrrolidin-2-one ; 1-{(Z-aminc-1H-benzimidazol-1-yhmethyl}-4-
propyipyrrolidin-2-one ; 1-{[2-(chloromethyl}-1H-benzimidazol- 1-yljmelthyl }-4-
propylpyrrolidin-2-one ; {{-[{2-oxo-4-propyipyrrolidin-1-yi} methyi}-1 H-
benzimidazol-2- yl} acctonitrile ; i~ [ (S-methoxy-1H-benzinidazol-1-y1) methyl}-
4-propyipyrrolidin-Z-one ; I-[{(5-methyl-iH-benzimidazol-1-yl) methyl}-4-
propyipyrrolidin-Z-one ; 1- [ (5, 6-dimacthyl- IH-benzimidazol-1-vl) methyl -4~
propyipyrrolidin-2-one ; 1-{[2~isopropyl-5~ (influoromethyl}-tH-benzimidazol-i-
vi] methyl}-4-propylpyrrolidin-2-one ; 1-{{6-chloro- {H-benzinudazol-i-yi)
methylj-d-propyipyrrolidin-2-~one ; 1-{(2-oxo~4-propylpyrrolidin-1- vi) methyl]-2-
propyl-1H-benzimidazole-S-carbonitrile ; 1-{{2-cthyl-5-(trifluoromethyl}- 1H-
benzimidazol-1-yl} methyl i -4-propyvipyrrolidin-2-one ; 4-propyl-1-{{2-(1H-pyrrol-
2-yi}- 1H-benzimidazol-1-y1} methyl} pyrrolidin-2-one ; 1- [ (5-fluoro-2-propyi-
1H-benzimidazol- 1-y1) methyl]-4-propylpyrrolidin-2-one ; 1-{[6~-methyl-2-(1H-
pyirol-2-yi-1H- benzimidazol-1-yl} methyl} -4-propylpyrrolidin-2-one ; 1-{(6~
methoxy-2-propyl-1H- benzimidazol-1-y1) methvl}-4-propylpyrrolidin-2-one ; 2-
butyt-1- [ (2-oxo-4- propylpyrrolidin-1-y1) methyl]-1H-benzimidazole-5-
carbonitrile ; 1-{[2-[2- {methylthio) ethyl}-5-(trifluoromethyl}-1H-benzinudazol-1-
v methyli-4-propylpyrrohdin- 2-one; 1-{{5-Huoro-2-isobuiyl-1H-benzimidazol-1-
yhmethvi-4-propylpyrrolidin-2-one ; 1-{[5-fluoro-2-(2, 4, 4-trimethylpentyl)-1 H-
benzimidazol-1-yl] methyl}-4-propyipyrrolidin- 2-one; 2-cyclopropyl-1-{(2-ox0-4-
propylpyrrolidin-{-yhimethyl]-1 H-benzimidazole-5- carbonitrile ; I~ [ (Z-ox0-4-
propylpyrrohdin-l-vl} methyl}-2- ({H-pyrazol-3-y[}-1H- benzimidazole-5-
carbonitrile; 1-[{2-cyclopropyi-5-thuoro~1H-benzimidazoi-1-yhimethyi}- 4-

propylpyrrolidin-2-one ; 1-{(5-fluoro-2-isopropyi-1H-benzinudazol-1-yImethyl}-
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4- propylpyrrolidin-2-one ; 1-4{2-(3-furyl}-6-methoxy-1H-benzimidazol-1-
vimethyl}-4- propylpyrrolidin-2-one; 1- [{2-cyclopropyl-6-methoxy-IH-
benzimidazol- 1-yD) methyl}-4- propylpyrrolidin-2-one; 1- {(2-1sopropyl-6-
methoxy-lH-benzimidazol-1-y1) methyl}-4- propylpyrrohdin-2-oue ; 1- [{(Z-ox0-4-
propylpyrrolidin-1-yi) methyl]-2-(1, 2,3-thiadiazol-4- yi}-IH-benzimidazole-5-
carbonitrile ; 1-{{2-(1H-imidazol-2-v1}-3-(triffuoromethyl -1 H- benzimidazol-1-yi]
methyli-d-propyipyrrolidin-Z-one ; i-{{3-fluoro-2-(2, 2,2~ trifluorocthyi}-1H-
benzinnidazol-1-y1] methyli-d-propyipyrrohidin-2-one ; 1- { [2- (1- ethylpropyl)-6-
methoxy-IH-benzimidazol-1-vl] methyt} -4-propylpyrrolidin-2-one ; 1-{{6-
methoxy-2- (Fmethyl-H-pyrrol-2-yl)-TH-benzimidazol-1-y1} methyl}-4-
propyipyrrofidin- 2-one; 1-{[2-(2-furyl}-5-{irifluoromethyi)-1 H-benzimidazol-1-
yHmethyl}-4- propylpyrrohidin-2-ong; 4-propyl- I ~{{2-thicn-2-y1-S-
{trifluoromethyl)- 1 H-benzimidazol- T-vi}melthyl}pyrrolidin-Z-one ; 1-1 [2- (3-
fury}-S- (rifluoromethy-IH-benzimidazol-i- y1} methyl}-4-propylpyrrolidin-2-
one ;1 { [2-cyclopropyl-S- (trilluoromethylj-1H- benzimidarol-1-y1] methyl}-4-
propylpyrrolidin-2-one ; 4-propyl-1-{{2-(1H-pyrrol-2-y1}-5- (trifluoromethyl}-1H-
benzimidazol-1-y1} methyl} pyrrohidin-2-one ; 1- (IH-1mmdazol-1- ylimethyly-1, 3-
dihydro-2H-indol-2-one | S-bromo-i-(IH-imidazol-l-ylmethyl)-1, 3- dihydro-2H-
indol-2-one; S-chloro-1- (IH-imidazol-1-ylmethyl}-1, 3-dihydro-2H-indol-2- one;
4-fluoro-1-(IH~-imidazol-l-yvimethyl)-1, 3-dihydro-2H-indol-2-one; 4-chioro-1-(1H-
intdazol-1-ylimethyl)-1, 3-dihydro-2H-indol-2-one ; 1-(IH-imidazol-1-ylmethyl}-5-
methyl-1, 3-dihydro-2H-indol-2-one ; 1- | (2-0x0-2, 3-dihydro-1H-indol-1-y)
methyl}-1H- imidazole-S-carbonitrile; and - | (S-chloro-2-ox0-2, 3-dihydro-1H-

ndot-1-yi) methyl]- 1H- inmdazole-S-carbouitrile.

In some embodiments, compounds are: - (IH-imidazol-1-ylmethyl} pyrrolidin-2-
one, 1- (IH-imidazol-1-ylmethy-4-phenylpyrrolidin-2-one ; -{IH-imidazol-1-
yimethyl)-4- propyipyrrolidin-2-one; (-)-4- (3-azido-2, 4-difluorophenyl)-1- {(IH-
imidazol-1- yimethyl}) pyrrolidin-2-one; {(+)-4-(3-azido-2 4-diffuorophenyl}-1-(1 H-
imidazol-1- vimethyl) pyrrolidin-2-one ; 1-{(2-ethyl-1H-immdazol-1-vlymethyl}-4-
propyipyrrolidin-2- one; 1-{{2-isopropyl-1H-imidazol-I-yhimethyl]-4-
propyipyreolidin-Z-one ; 1- [ (2-methyl- 1H-imidazol-1-y1) methyl]-4-

propyipyrrolidin-2-one ; 4-propyl-1-{{2-propyl-1 H-imidazol- 1-vl) methyl]
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pyrrolidin-2-one ; (+)-1- (H-imidazol-I-ylmethyly-4-propylpyrrolidin-2-one ; (-)-
1-(iH-imidazol-1-ylmethyh-4-propylpyrrolidin-2-one ; 4-(2, 2-difluorovinyl}-1-{1
H- imidazol-1-ylmethyl) pyrrolidin-2-one; 4- (3-chlorophenyby-l- (IH-imidazol-I-
yimethyl) pyrrolidin-2-one ; 1-{[2-(methylthio}- I H-imidazol-1-yilmethyl} -4-
propyipyrrolidin-2-one ; 1-{{2-methyl-1H-imidazol-1-ylmethyl}-4-
phenyipyrrolidin-2- ove; 4-(4-fuorophenyl)-1-(1 H-imidazol- L-ylwethyl)
pyrrolidin-2-one; 1-{IH-imidazol-1- vimethyl}-4- (3, 4, 3-trifluorophenyl)
pyrrolidin-2-one; 4-(3-flaorophenyh)-1-(1H-imidazol- 1-ylmethyl) pyrrolidin-2-
one; 4-(3,5-diftuorophenyl)-1-(1 H-imidazol-1- yvimethyl) pyrrolidin-2-one ; 4-(3.4-
difluorophenyl}-1-{1 H-imidazol- 1 -yhuethyl) pyrrolidin- 2-one; 4-(3-chloro-4-
fluorophenyli-1-(1 H-imidazol-t-yimethyl) pyrrolidin-2-one; 4- (4~ chlorophenyl)-
I-(iH-1mudazol-{ -ylmethyly pyrrolidin-Z-one; 1~ ({H-imidazol-1-yimethyl)- 4- (2,
3, 4-trifluorophenyl) pyrrolidin-2-one; 1-(1H-imidazol-1-yimethyly-4-(2, 3.5-
trifluorophenyl) pyrrolidin-2-one; 1- {1 H-imidazol-1-yimethyl}-4- (2, 4,5-
triftuorophenyl) pyrrolidin-2-one; 1-[(2-nitro-1H-imidazol-l-y1) methyl}-4-(3, 4,5-
trifluorophenyt) pyrrolidin-2-one ; 1- { {2-0x0-4- (3, 4, S-rifluorophenyl}
pyrrolidin-1~ 1} methyl b -1H-imdazole-2-carbonitrile | 1-{(2-amino-TH-imidazol-
I-ylmethyl}-4- propylpyrrolidin-2-one; 1-1 (5-chloro-IH-imidazol-1-vl) methyl]-
4- (3, 4,5-rfluorophenyl) pyrrolidin-2-one; 1-4[2-0x0-4-(3, 4,5-trifluorophenyl)
pyrrolidin-1- v} methylt-IH-imidazole-4-carbonitrile ; 1-{{2-0x0-4-(3, 4, 5~
trittuorophenyt) pyirolidin-1- 1} methyl} -IH-imidazole-3-carbonitrile ; (+)-1-(1H-
imidazol-1-yimethyl)-4- phenylpyreolidin-2Z-one ; (~)-I-(IH-imidazol-l-ylmethyl}-4-
phenylpyrrolidin-2-one ; (+); 1-4{2-0x0-4-(3, 4,5-trifluorophenyl) pyrrolidin-1-
yimethyl} -1 H-imidazole-4-carboniirile ; 1-[{2-chloro-1H-imidazol-1-y1) methyl}-4-
(3, 4, 5-tritluorophenyl) pyrrolidin-2-one ; 1- [2- azido-1-(I1H-imidazol-1-v1} ethyl}-
4-propylpyrrohidin-Z-one ; I{{2-chloro-iH-imidazol-1- vl methylj-4-
propylpyrrolidin-2-one ; (+)-1-1 [2-ox0-4- (3, 4, 5-trifluorophenyl) pyrrolidin- -
yviimethyl}-1H-imidazole-3-carbontirile ; 1-{{2-oxo~-4-propylpyrrohdin-1-y1)
methvli-2- propyl-lH-benzimidazole-S-carbonitrile ; 1-{]{2-ethyl-5-
{(trifluoromethyly-1 H- benzimidazol-1-yljmethyl i -4-propyipyvrrohdin-2-one | 4-
propyl-1-{{2-(1H-pyrrol-2-yD)-1H- benzimidazol-1-ylimethyl} pyrrolidin-2-one ; I-

[(5-fluoro-2-propyl-1H-benzinudazol-1- vy methyl}-4-propylpyrrolidin-2-one ; 2-

194



CA 02826765 2013-08-07

WO 2012/109491 PCT/US2012/024556

(¥4

10

[
L

g
@

butyl-1- [(2-oxo-4-propyipyrrolidin-1-y1) methyl}- IH-benzimidarole-5-carboniirile
i I~ { (5-fluoro-2-isopropyl-1H-benzimidazol-1- yi) methyl}-4-propylpyrrolidin-2-
one ; I-{1H-imdazol-1-yvlmethyl}-1, 3-dibydro-2H-indol- 2-one; 5-bromo-1- (1H-
imidazol-1-ylmethyl)-1, 3-dihydro-2H-~indol-2-one ; 5-chloro~i- (IH-imidazol-1-
vimethyl)-1, 3-dihydro-2H-indol-2-one ; 1-{1H-imidazol-{-yimethyi}-5- methyl-
1,3-dthydro-2H-ndol-2-one ; 1-{{5-chlore-2-ox0-2,3-dihydro-1H-indol-1- y1)

methyli-IH-imidazole-5-carbonitrile,

In some embodiments, compounds are: 1-(1H-midazol-1-yimethyl)-4-
phenyvipyrrolidin- Z-one; 1-(IH-imidazol-1-yimethyl-4-propyipyrrolidin-2-one ; {-
}-4- (3-azido-2, 4- difluorophenyl)-1-{1 H-imidazol- | -ylmethyl} pyrrolidin-2-one;
(+)-4- (3~azido-2, 4~ difluorophenyl)-1~{1 H-imidazol-1-ylmethyl} pyreolidin-2-ous;
4-(2,2-diftuorovinyl}-1- ({H-imidazol-t-yimethyl) pyrrolidin-2-one; 4-(3-
chiorophenyi)-1-(1 H-imidazol-1~ yhuethyl) pyrrolidin-2-one; 1-{{2-(methylthio)-
{H-imidazol-1-vl} methyl}-4- propylpyrrolidin-2-one; 1-f{{2-methyl-1H-imidazol-
I-yDimethyi}-4-phenylpyrrolidin-2- one; 1- (IH-imidazol--vimethyl}-4- (3, 4,5-
trifluorophenyt) pyrrolidin-2-one; 4- (3~ fluorophenyl}-1-(1H-imidazol-1-ylmethyl)
pyrrolidin-2-one; 4-(3.5-difluoromethyl}- I- (IH-imidazol-1-yvimetliyl) pyrrohidin-2-
one; 1-(1H-imidazol-1-ylmethyl-4-(2, 3,4- trifluorophenyl) pyrrolidin-2-one; 1-
(1H-imidazol- [ -ylmethyl)-4-(2, 3,5 triftucrophenyl) pyrrolidin-2-one; 1~ H-
unidazol-1-yimethyl-4~(2, 4.5~ trittuorophenyl) pyrrohdin-2-one; 1-[{(Z2-uitro~-1H-
imidazol-1-yi}y methyi]-4-(3, 4,5 trifluorophenyl} pyrrolidin-2-one; 1-{{2-ox0-4-
(3, 4, S-taifluorophenyl) pyrrolidin-1- vl wethyl p-1H-imidazole-2-carbonitrile 5 1-
[(Z-amino-1H-imidazol-1-y}) methyli-4- propyipyrrohidin-Z-one ; 1-{(5-chloro-1H-
imidazol-1-yhmethyl]-4-(3, 4,5- trifluorophenyl) pyrrolidin-2-one; (+)-1-(1H-
imidazol-l-ylmethyh-4-phenylpyrrolidin-2- one; (-)-1-{IH-imidazol-I-ylmethyl}-4~
phenyipyrrolidin-2-one ; 1-{{2-chloro-1H- immdazol-1-y1y methyl}-4- (3, 4,5-
triftucrophenyl) pyrrolidin-2-one 1-[(2-chloro-1Hamidazol-l-yl} methyli-4-
propylpyrrolidin-2-one ; (+)-1-1 [Z-ox0-4- (3, 4,5~ writhucrophenyl) pyrrolidin-l-yl}
methyli-TH-imidazole-S-carbonitrile ; S-bromo-~1- (1H- imidazol-1-ylmethyl}-1, 3~
dihydro-2H-indol-2-one; S-chioro-1-(IH-imidazol-l-ylmethyi}- 1, 3-dihydro-2H-

indol-2-one; 1- (IH~-imidazol-1-ylmethyl}-5-methyl-1, 3-dthydro-2H- indol-2-one;
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1-{{5-chloro-2-oxo-2, 3-dihydro-1H-indol-I-y1} methyl}-1H-imidazole-5-

carbonitrile.

Sorme compounds are: {~}-4- (3-azido-2, 4-difluorophenyl}-1- (IH-imidazol-1-
vimethyl) pyrrolidia-2-one 5 (+)3-4-{3-azido-2, 4-diffnoropheny-1-(1H-imidazol-1-
5 yimethyly pyrrolidin-2-one; 4-(3-azido-2, 4-difluorophenyly-1-(iH-immdazol-1-

yvimethyl) pyrrolidin-2-one,

The acid addition salt form of a compound of formuia [ that occurs in tis free forru
as a base can be obtained by treating the free base with an appropriate acid such as
an morganic acid, for example, a hydrohalic such as hydrochloric or hydrobromae,
10 sulfuric, nitric, phosphoric and the tike; or an organic acid, such as, for example,
acetic, rifluoroacetic, hydroxyacetic, propanocic, lactic, pyruvic, malonie, succinic,
maleic, fumaric, malic, tartaric, citric, methanesulfonic, ethanssulfonic,
benzenesulfonic, p-tolucnesulfonic, cyclic, salicylic, p-aminosalicylic, pamoic and

the like.

15 The compounds of fornmla | containing acidic protons may be converted into their
therapeutically active, non-toxic base addition salt forms, ¢. g. metal or amine salts,
by treatment with appropriate organic and inorganic bases. Appropriate base salt
forms include, for example, ammonium salts, alkali and earth alkaline metal salts,
e. g lithium, sodium, potassium, magnesiom, calcium salls and the like, salts with

20 organic bases, ¢. g. N-methyl-D-glucamine, hydrabamine salts, and salts with

amimo acids such as, for example, arginine, lysine and the like.

Conversely said salt forms can be converted into the free forms by treatment with

an appropriate base or acid.

Compounds of the formula T and their salis can be in the form of a solvate, which
25 is included within the scope of the present invention. Such solvates include for

example hydrates, alcoholates and the hike.

Many of the compounds of formula T and some of their intermediates have at least

one stercogenic center in their structure. This stereogenic center may be present in

a R or a S configuration, said R and S notation 15 used in correspondence with the

30 rules described in Pure Appl. Chem, , 45 (19763 11-30.
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The invention also relates to all stereoisomeric forms such as enantiomeric and
diastereocisomeric forms of the compounds of fornmia I or mixtures thereof

(including all possible mixtures of stereoisomers),

Some of the compounds of formula ¥ may also exist in tastomeric forms. Such
forms although not explicity indicated in the above formula are intended to be

inchuded within the scope of the present wnvention.

In another preferred erabodiment, the present invention concerns also compounds
of formula 1A and their tautomeric form {B

RY R}

R 4a R4ﬂ

(A) (8)

With respect to the present invention reference to a compound or compouunds is
intended to encompass that compound in each of its possible isomeric forms and
mixtures thereof, unless the particular isomeric form is reforred to specifically.
Compounds according to the present invention may exist in different polymorphic
forms. Although not explictily indicated in the above formula, such forms are
mntended to be included within the scope of the present mvention.

The 1ovention also ncludes within s scope pro-drug forms of the compounds of
formuia I and its various sub-scopes and sub-groups.

xii) U.S. Patent Application Publication No. 20090018148

In one aspect the invention provides compounds having formla 1, their

enantiomers, diastereoisomers and mixtures thereof (including all possible

mixtures of stercotsomers}, or pharmaceutically acceptable salts thereof,
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R 18 hydrogen or C1-6 alkyl;
RZ is hydrogen or C1-4 alloyl:
R3 is a group of formula —CHRSRS or a benzyl group:;

R4 1s C1-8 alkyl optionally substituted by alkoxycarbonyl, C3-6 cycloalkyl, aryi or

heterocycle;

RS is 02-4 alkyl;

R6 1s C2-4 alkyl, amido or —COORT;

R7 15 C1-4 alkyl;

In onc aspect, the invention provides compounds:

When R1 is bydrogen, R2 is methyl, R3 is —CHRSRS, R6 is ethoxyearbonyl and
RS is ethyl, then R4 is different from methyl, n-propyl, i-propyl, n-pentyl, n-heptyl,
3-bromobenzyl, 4-chlorobenzyl, 4~-methylbeneyl or 2-phenylethyl;

When R1is hydrogen, R2 18 methyl, R3 s benzyl, then R4 is different from i-
propyl, n-butyl, 3-methylbutyl, benzyl, phenviethvl-, or 3-phenylpropyl

When R1 and R2 are methyl, R3 is benzyl, R4 s different from methyl, 3~
methyibatyl, benzyl, 3-phenylpropyl or 4-chlorophenylmethyl;

Finally 8-(2-chioro-benzyisulfanyl)-3-methyl-7-octyl-3,7-dihydro-purine-2,6-dione
is considered.

Usually when R3 is a benzy! group, then R4 1s C1-R aliyl optionally substitoted by
alkoxycarbonyl.

Usually when R3 is g group of formula —CHRSRS, then R4 15 C1-8 alkyl

optionally substituted by C3-0 cycloalkyl, aryl or heterocycle.
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The term “alkyl”, as used herein, 1s a group which represents saturated,
monovalent hydrocarbon radicals having straight (unbranched) or branched
moicties, or combinations thereof, and containing 1-8 carbon atoms, preferably 1-6
carbon atoms; more preferably alkyl groups have 1-4 carbon atoms. Alkyl moteties
may optionally be substituted by 1 to 5 substituents independently selected from
the group consisting of hydroxy, alkory, cyano, ethynyl, alkoxycarbonyl, acyl, aryl
or heterocycle. Alkyl moicties may be optionaily substituted by a cycloalkyt as
defined hereafter, Preferred alkyl groups according to the present invention are
methyl, cyanomethyl, ethyl, 2-ethoxy-2-oxoethyl, 2-methoxyethyl, n-propyl, 2-
oxopropyl, 3-hydroxypropyl, 2-propynyl n-butyl, i-butyl, n-pentyl, 3-pentyl, n-
hexyl, cyclohexyimethyl, benzyl, 2-bromobenzyl, 3-bromobenzyl, 4-bromobenzyl,
3-methoxybenzyl, 3-nitrobenzyl, 3-ammnobenzyl, 4-(anmunosulfonyhbenzyl, I-

]

phenvlethyl, 2-phenyiethyi, (3.5-dimethylisoxazol-4-ylymethyi or (5-nitro-2-
furyDrethyl. More preferred alkyl groups are methyl, ethyl, cyanomethyl, 2-
methoxyethyl, n-propyl, 3-hydroxypropyvl, 2-propynyl, n-butyvi, 3-pentyl, n-hexyl,
benzyl, 3-bromobenzyl, 3-methoxybenzyl, 3-nitrobenzyl, 3-aminobenzyl, (3,5~
dimethylisoxazol-4-yhmethyl or (S-nitro-2-furyDmethyl. Most preferred alkyl
groups are methyl, ethyl, 3-methoxybenzyl, 3-nitrobenzyl or (5-nitro-2-

furyDroethyl.

The term “cycloalkyl”, as used herein, represents a monovalent group of 310 §,
preferably 3 to 6 carbon atoms derived from a saturated cyclic hydrocarbon, which
may be substiluted by any suitable group imcluding but not Hmited to one or more
moietics selected from groups as described above for the alkyl groups. Preferred
cycloalkyl group according to the present invention is cyclohexyl.

$i

The term “aryl” as used herein, 18 defined as a phenyl group optionally substituted

by 1 to 4 substituents independently selected from halogen, amino, nitro, alkoxy or
aromosalfonyl, Preferred aryl groups are phenyl, 2-bromopheunyl, 3-bromophenyl,

4-bromophenyi, 3-methoxyphenyl, 3-nitrophenyl, 3-aminophenyl or 4-

{anunosulfonyhphenyl.

The term “phenyl”, as used herein, represents an aromatic hydrocarbon groap of

formula —C6HS,
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The term “benzyl group”, as used herein, represents a group of formula —CH2-
aryl. Preferred benzyl groups are benzyl, 2-bromobenzyl, 3-bromobenzyl, 4-
bromobenzyl, 3-methoxybenzyl, 3-nitrobenzyl, 3-aminobenzyl or 4-

{aminosulfonylbenzyl. More preferred benzyl groups are benzyl, 3-bromobeneyl,

5 3-methoxybenzyl, 3-nitrobenzy! or 3-aminobenzyl. In some embodiments alkyl
groups are 3-methoxybenzyl or 3-uitrobenzyl.
The term “halogen”, as used herein, represents an atom of fluorine, chiorine,
hromine, or wdine. In some embodimenis the halogen 18 bromne.
The term “hydroxy”, as used herein, represents a group of formula —OH.
10 The term “cyano”, as used herein, represents a group of formula —CNL

The term “amino”, as used herein, represents a group of formula —NH2.
The term “cthynyl”, as used herein, represents a group of formula —C=CH.

The term “alkoxy”, as used herein, represents a group of formula —ORa wherein
Ra is an alkyl group, as defined above. In some embodiments the alkoxy group 1s

i5 methoxy.
The term “nitro”, as used herein, represenis g group of formula —NO2,
The term “armdo”, as used herein, represents a group of formula —C==0NH2.

The term “acyl”, as used herein, represents a group of formula —C&=0)Rb

wherein Rb is an alkyl group, as defined here above. In some erbodiments the

20 acyl group is acetyl (—C(=0}Me).
The term “alkoxycarbonyl (or ester)”, as used herein, represents a group of formula
—CO0ORe wherein Re 13 an alkyl group; with the proviso that Re does not
represent an alkyl alpha-substituted by hydroxy. In some embodiments the
alkoxycarbonyl group is ethoxycarbonyl.

25 The term “heterocyele”, as used herein, represents a S-merabered ring containing

one or two heteroatoms selected from (3 or N, The heterocyele may be substituted
by one or two Cl-4 allyl or nitro. In some emboduments the heterocyceles are (3,5-
dimethylisoxazol-4-vl) or (S-nitro-2-turvl). Most preferred heterocycle is (5-nitro~

2-faryl).



CA 02826765 2013-08-07

WO 2012/109491 PCT/US2012/024556

(¥4

10

[
(v

20

)
L

Generally R1 18 hydrogen or CI-6 alkyl. Usually R1 18 hydrogen or C1-6 alkyl
optionally substituted by hydroxy, alkoxy, cyans, ethynyl, alkoxycarbonyl or acyl.
In some embodiments R1 is hydrogen, methyl, cyanomethyl, 2-cthoxy-2-oxocthyl,
2-methoxyethyl, n-propyl, 2-oxopropyl, 3-hydroxypropyl, 2-propyayl, n-pentyl or
n-hexyl. In some embodiments R1 is hydrogen, methyl, cyvanomethyl, 2-
methoxyethyl, n-propyl, 3-hydroxypropyl or 2-propynyl. In some embodiments R

is hydrogen.

Generally R2 18 hvdrogen or C1-4 alkyl Usually R2 15 hyvdrogen or unsubsiituted
C1-4 alkyl In some embodiments R2 is hydrogen, methyl or n-butyl In some

embodiments, R2 is methyl.

Generally R3 15 a group of formula —CHRSRS6 or a benzyl group. In some
embodiments R3 is 3-pentyl, I-(aminocarbonyipropyl, 1-{ethoxycarbonyljpropyl

or 3-bromobenzyl. In some ecmbodiments B3 18 i-{cthoxycarbonylpropyl.

Generally R4 1s C1-8 alkyl optionally substituted by alkoxyearbonyl, C3-6
cyctoalkyi, aryl or heterocyele. Usually R4 is C1-8 alloyt optionally substituted by
cyclohexyl, phenyl, bromophenyl, aminophenyl, methoxyphenyl, nitrophenyl,
aminosulfonylphenyl, 3,5-dimethylisoxazol-4-yl, S-nitro-2-furvi or
ethoxyearbonyl. In some embodiments R4 1s n-butyl, i-butyl, n-pentyl, n-hexyl,
cyclohexvimethyl, benzyl, 2-bromobenzyl, 3-bromobenzyl, 4-bromobeneyl, 3-
methoxybenzyl, 3-nitrgbenzyl, 3-aminobenzyl, 4-{aminosulfonylibenzyl, 1-
phenyiethyl, 2-phenyiethyl, (3,5-dimcthylisoxazol-4-yhmethyl, (S-nitro-2-
furylimethyl or I-{cthoxycarbonyijpropyl. In some embodiments R4 is n-butyl, n-
hexyl, benzyl, 3-bromobenzyl, 3~methoxyhenzyl, 3~-nitrobenzyl, 3-aminobenzyl,
(3,5-dimethylisoxazol-4-yhimethyl, (S-nitro-2-furylymethyl or 1-
(cthoxycarbonyDpropyi. In some embodiments R4 1s 3-methoxybenzyl, 3-
nitrobenzyl or (S-nitro~Z-furylimethyl.

Generally RS is C2-4 alkyl, Usually RS is unsubstituted C2-4 alkyl In some
emabodiments RS 1s othyl.

Generally R6 is C2-4 alkyl, amido or —COOR7. Usually R6 is unsubstituted C2-4
alkyl, amido or —COQOR7. In some embodiments RO is ethyl, amido or

ethoxycarbonyl, Tn sore ervbodiments Ré is ethoxycarbounyl.
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Generally R7 18 Cl-4 alkyl. Usually R7 is unsubstituted C1-4 alkyl. In some
embodiments, R7 is sthyl.

Usually the invention provides compounds having formula I, their enantiomers,
diasterecisomers and mixtures thereof (ncluding all possible mixtures of

stereoisomers}, or pharmaceutically acceptable salts thereof,

(4
o R*
R /
N
Sy
)\ l />- S\
o N N R
|
®
wherein

R1 is hydrogen, C1-6 alky! optionally substituted by hydroxy, alkoxy, cyano,

ethynvl, alkoxycarbonyl or acyl;
R2 is hydrogen or unsubstituted C1-4 alkyl;
R3 is a group of tormula —CHRSRE or a benzyi group;

R4 is C1-8 alkyl optionally substituted by cyciohexyl, phenyl, bromophenyi,

aminophenyl, methoxyphenyl, nitrophenyl, aminosalfonylphenyl, 3.5-

dimethylisoxazol-4-yl, S-nitro-2-furyl or ethoxycarbonyl;
RS is unsubstituted C2-4 alkyl;
R& is unsubstituted £2-4 alkvl, amido or —COORT,

7 1s unsubstituted C1-4 alkyl;

with the proviso that when R1 is hydrogen, R2 1s methyl, R3 15 —CHRS5R6, R6 15
cthoxycarbonyl and RS is ethyl, then R4 is different from n-propyl, i-propyl, n-

pentyl, n-heptyl, 3-bromobenzyl, 4-chlorobenzyl, 4-methylbenzyl or 2-phenylethyl.

in the above embodinent, sometimes, when R3 15 a benzyl group, then R4 15 C1-8

alkyi optionaily substituted by alkoxycarbonyl.
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In the above embodiment, sometimes, when R3 is a group of formula —CHRSRS,
then R4 1s C1-8 alkyl optionally substituted by C3-6 cycloalkyl, aryl or

heterocycle.
In one embodiment,

R1 is hydrogen, methyl, cvanomethyvl, 2-ethoxy-2-oxoethyl, 2-mnethoxvethyl, n-
} ) s .‘? v S o } ) }’ 9

propyl, Z-oxopropyl, 3-hydroxypropyl, 2-propynyl, n-pentyl or n-hexyl;
R2 1s hydrogen, mucthyl or n-butyl;

R3 is 3~pentyl, I-{aminocarbonylipropyl, 1-{ethoxycarbouylipropyl or 3-

bromobenzyl;

R4 is n-butyl, i-butyl, n-pentyl, n-hexyl, cyclohexylmethyl, benzyl, 2-
bromobenzyl, 3-bromobenzyl, 4-bromobenzyl, 3-methoxybeneyl, 3-nitrobenzyl, 3-
amincbenzyl, 4-{aminosulfonylibenzyl, 1-phenylethyl, 2-phenylethyl, (3,5-
dimethylisoxazol-d-yhmethyl, (5~uitro~-2-furybmethyl or 1-
{ethoxycarbonylypropyls

with the proviso that when R s hydrogen, R2 15 methyl and R3 is 1~
{ethoxycarbonyhpropyl, then R4 s dilferent frova n-pentyl, 3-bromobenzyl or 2-
phenylethyl.

In the above embodiment, sometimes, when R3 is 3-bromobenzyl, then R4 is C1-8
alkvl optionally substituted by alicoxycarbonyl.

in the above embodiment, sometimes, when R3 is 3-pentyl, -
{aminocarbonyipropyl or I-{cthoxycarbonyl)propyl, then R4 1s different from I-
(ethoxycarbonylpropyt.

In a more preferred embodiment, R1 18 hydrogen, methyl, cyanomethyl, 2~
methoxyethyl, n-propyl, 3-hydroxypropvl or 2-propynyl

R2 is methyl;

R3 is 3~pentyl, 1-{aminocarbonylipropyl, 1-{cthoxycarbonylipropyi or 3-

hromobenzyl;

b2
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R4 1s n-butyl, n-hexyl, benzyl, 3-bromobenzyl, 3-methoxybenzyl, 3-nitrobenzyl, 3-
aminobenzyl, (3,5-dimethylisoxazol-d-ylymethyl, (S-nitro-2-furylymethyl or 1-

{ethoxycarbonybypropyh

with the proviso that when R1 is hydrogen, R2 is methyt and R3 15 1-

5 {cthoxycarbonylipropyi, then R4 s difforent from 3-bromobenzyl,

In the above embodiment, sometimes, when R3 is 3-bromobenzyl, then R4 15 1-

{ethoxycarbonybpropyl

in the above embodiment, sometimes, when R3 is 3-pentyl, 1-
{aminocarbonyi)propyl or 1-{cthoxycarbonyljpropyl, then R4 is different from 1-

16 {ethoxycarbonybypropyl:

In one embodiment, R1 s hydrogen; R2 is methyl R3 5 1-
{cthoxycarbonylpropyl; and R4 18 3-methoxybenzyl, 3-nitrobenzyl or (5-nitro-2-

furyl ymethyl.

15 of formula —CHRSR6 with RS betng C2-4 alkyl, R6 being amido or —COORT7

and R7 being methyl or ethvl.

In some embodiments, compounds are ethyl 2-[{7-benzyl-1,3-dimethyl-2,6-dioxo-
2,3,6,7-wirahydro~- 1 H-punin-8-yiythioJbutanoate; ethyl 2-{[7-(3-bromobenzyl}-1-
{2-cthoxy-2-oxoethyl-3-methyl-2, 6-dioxo-2, 3,6, 7-tetrahydro-  H-purin-8-

26 vijthiotbutanoate; ethyl 2-{{7-(3-bromobenzyl)-1- (%umihoxwihyi 3-methyl-2,6-
dioxo-2,3,6,7-tetrabydro-1 H-purin-&-yijthio t butanoate; ethyl 2-{[7-(3~
bromobenzyl)-2,6-dioxo-2,3,6,7-tetrahydro- L H-purin-8-yljthio } butanocate; ethyl 2-
{H{7-(3-bromobenzyl}-1,3-dimethyl-2 6-dioxo-2,3,6,7-tetrahydro-1 H-purin-8-

vijthiotbutanoate; ethyl 2-{[7-(2-bromobenzyl}-1,3-dimethyl-2, 6-dioxo-2,3,6,7-

[\
L

tetrahydro- T H-purin-8-yljthio } butanocale; ethyl 2-{{7-(3-bromobenzyl}-1-
{cyanomethyl}-3-methyi-2,6-dioxo-2,3,6,7-tetrahydro- L H-purin-8-

yijthio thutaneate; ethyl 2-4{7-(3-bromobenzyi}-3-methyl-2 6-dioxo- L-propyl-
2,3,6,7-tetrahydro-1H-purin-8-ylithio } butancate; ethyl 2-{[7-(3-bromobenzyl}-3-
methyl-2.6-dioxo-1-(2-oxopropyl)-2,3,6,7-tetrahydro- L H-purin-8-

30 yiithio} butanocate; ethyl 2~ {{7-(3-bromobenzyl}-1-(3-hydroxypropyli-3-methyl-

2,6~-dioxo-2,3,6, 7-tctrahydro- L H-purin-8-vi Jthio t butanoate; othyl 2-{[7-(3-

204
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bromobenzyl)-3-methyl-2,6-dioxo-1-(2-propynyh)-2,3.6,7-tetrahydro- | H-purin-8-
vijthio}butanocate; ethyt 2-{[7-(3-methoxybenzyl)-3-methyl-2,6-dioxo-2,3,6,7~
tetrahydro- 1 H-purin-8-ylithio } butanoate; ethyl 2-{[3-methyl-7-(3-nitrobenzyl)-
2,6-dioxo-~2,3,6,7-tetrabydro-1 H-purin-8-ylithio butanoate; ethyl 2-{{7-(3-
aminobenzyl)-3-methyl-2,6-dioxe-2,3,6,7-tetrahydre-1 H-purin-8-

yiithio thutanoeate; ethyl 2-({7-[4-(aminosulfonylbenzyi}-3-methyl-2,6-dioxo-
2,3,6,7-tetrahydro-1H-purin-8-yl} thic)Ybutanocate; ethyt 2-{[7-(4-bromobenzyl}-1,3-
dinaethyl-2,6-dioxo-2,3,6,7-tetrahydro- 1 H-purin-8-yijthio L butanoate; ethyl 2-{{7-
{cyclohexyimethyly-1,3-dimethyl-2,6-dioxo-2,3,6,7-tetrahydro- 1 H-purin-8-
yithio}hutaneate; ethyl 2-{{1 ﬁ3--dimethylnfz‘.ﬁ-—di@m_7--( {-phenyiethyl}-2,3.6,7-
tetrabydro-~1 H-purin-8-yijthio tbutanoate; ethyl 2-{[1,3-dimethyi-2,6-dioxo-7-(2-
phenylethyl)-2,3.6,7-tctrahydro- 1 H-purin-8-ylithio  butanoate; ethyl 2-({7-[(3,5-
dimethylisoxazol-4-vimethyi}-3-methyl-2,6~-dioxo-2,3,6,7-tetrahydro~1 H-purin-§-
yithiobutanoate; ethyl 2-({3-methyl-7-{(S-nitro-2-furyDmethyl}-2,6-dioxo-
2.3,6,7-tetrahydro-1 H-purin~-8-y1} thio)butanoate; ethyl 2-{{7-butyl-3-methyl-2,6-
dioxo-2,3,6,7-tetrahydro- | H-purin-S-yljthiobutanoate; ethyl 2-{{7-(3-
bromobenzyly-2,6-dioxo-2,3,6,7-tetralydro~-1 H-parin-8-ylijthio t butanoate; ethyl 2-
[(1,7-dihexyl-3-methyl-2,6-dioxo-2,3.6, 7-tetrahydro- 1 H-purin-S-yljthio Jbutanoate;
cthyl 2-[{7-hexyi-3-methyl-2,6-dioxe-2,3,6,7-tetrahydro-  H-purin-8-
vixhiolbutanoate; ethyl 2-[(3-methyl-2,6-dioxo-1,7-dipentyl-2,3,6,7-tetrahydro-
1H-purin-8-yhithio]butanocate; 2-4[7-(3-bromobenzyly-3-methyl-2,6-dioxo-2,3,6,7-
tetrahydro-1 H-purin-8-ylithio} butanamide; 2-[(7-butyl-3-methyl-2,6-dioxo-
2,3,6,7-tetrahydro-1H-purin-8-yhthioJbutanamide; 7n(3~bromobenzyi}-8w[( t-
cthvipropyhithio}-3-methyl-3,7-dibydro-1H-purine-2,6-dione; ethyl 2-{8-[(3-
bromobenzyhithio]-1,3-dimethyl-2,6-dioxo-1,2,3,6-tetrahydro-7 H—purin—? -
yitbutanoate; and ethyl 2-[(7-i1sobutyl-3-methyi-2.6-dioxo-2,3,6,7-tetrahydro-1H-

purin-8-viyhiolbutanoate.

In some embodiments compounds are: ethyl 2-[(7-benzyl-1,3-dimethyl-2,6-dioxo-
2,3,6,7-tetrahydro~-1 H-punin-8-yhthioTbutanoate; ethyl 2-{[7-(3-bromobenzyl)-1-
{(2-methoxyethyl)-3-methyl-2,6-dioxo-2,3,6,7-tetrahydro- | H-purin-&-
yiithio}butancate; ethyl 2-{{7-(3-bromobenzyl}-1,3-dimethyl-2,6-dioxo0-2,3,6,7-

tetrahydro-1 H-purin-8-ylithio} butanocate; ethyl 2-{{7-(3-bromobenzyl}-1-

b2
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(cyanomethyly-3-methyi-2 6-dioxo-2,3,6,7-tetrahydro- 1 H-purin-8-
vijthio}butanoate; ethyt 2-{[7-(3-bromobenzyi}-3-methyl-2 6-dioxo-1-propyl-
2,3,6,7-tetrahydro-1H-purin-8-yljthio butanoate; cthyl 2-{]7-(3-bromobeneylt}-1-
(3-hydroxypropyi}-3-methyl-2,6-dioxo-2,3,6,7-tetrahydro~-1 H-purin-8-
viithio}butanoate; ethyl 2-{{7-(3-bromobenzyl)-3-methyl-2,6-dioxo-1-(2-
propynyi)-2,3,6,7-tetrabydro- 1 H-parin-&-ylithio } butanoate; ethyl 2-{{7-(3-
methoxybenzyi}-3-methyl-2,6-dioxo-2,3,6,7-tetrahydro- 1 H-purin-§-
yiithiotbutancate; ethyl 2-{{3-methyl-7-(3-nitrobenzyl}-2,6-dioxo-2,3,6,7-
tetrahydro-1H-purin-8-vijthio} butancate; ethyl 2-{{7-(3-amincbenzyl)-3-methyl-
2,6-dioxo-2,3,6, 7-tetrahydro- | H-purin-8-yithio t butanoate; ethyl 2-({7-[(3,5
dimethylisoxazol-4-yiymethyi}-3-methyl-2,6-dioxo-2,3,6,7-tetrahydro-  H-purin-8-
viithioybutanocate; ethyl 2-({3-mucthyl-7-[(5-nitro-2-furyDmethy}-2,6-dioxo-
2,3,6,7-tetrabydro-1H-purin-8-yl}thio)butanoate; ethyl 2-{(7-butyl-3-methyl-2,6~
dioxo-2,3,6,7-tetrahydro- 1 H-purin-8-yhithio Jbutanocate; ethyl 2-{{(7-hexyl-3-
methyl-2,6-dioxo-2,3,6,7-tetrahydro-1 H-purin-8-yUithio hutanoate; 2-{{7-(3~
bromobenzyl}-3-methyl-2,6-dioxo-2,3,6, 7-tetrahydro-1 H-purin-8-
yithio} butanamide; 7-(3-bromobenzy}-8-{(1-ethylpropylthuo]-3-methyi-3,7-
dihydro-1H-purine-2,6-dione; and ethyl 2-{8-[{(3-bromobenzylithio}-1,3-dimethyl-

2,6-dioxo-1,2,3,6-tetrahydro-7TH-purin-7-yl butanoate.

I some eraboditients compounds are: ethyl 2-{{7-(3~methoxybenzyly-3~-methyi-
2,6-dioxo-2,3,6,7-tetrahydro-1 H-purin-S-ylithio | butancate; cthyl 2-{[3-methyl-7-
(3~-nitrobenzyly-2,6-dioxo-2,3,6,7-tetrabydro~-1 H-purin-8-yl fthio t butanoate; and
ethyl 2-{{3-methyl-7-[{5-nitro-2-furylymethyi}-2,6-dioxo-2,3,6,7-tetrahydro- 1 H-

purin-8-yl}thioYbutanoate.

The acid addition salt form of a compound of formula I that occurs in its free form
as a base can be obtained by treating the froe base with an appropriate acid such as
an morgame acid, for example, a bydrohalic such as hydrochloric or hydrobromne,
sulfuric, nitric, phosphoric and the hike; or an organic acid, such as, for cxample,
acetic, irifluoroacetic, hydroxyacetic, propanoic, lactic, pyruvie, malonic, succinie,
maleic, fumaric, malic, tartaric, citric, methanesulfonic, ethanesulfonic,
henzenesulfonic, p-tolucnesulfonic, cyelamic, salicylic, p-aminosalicylic, pamoic

and the like.
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The compounds of fornula I containing acidic protons may be converted into their
therapentically active, non-toxic base addition salt forms, e.g. metal or amine salts,
by treatment with appropriate organic and mnorganic bases, Appropriate base salt
forms imclude, for example, ammontum salts, alkali and earth alkaline metal salts,
c.g. Hthium, sodium, potassium, magnesium, calcium salts and the like, salts with
organic bases, ¢.g. N-methyl-D-glucamine, hydrabamine salts, and salts with

amine acids such as, for example, arginine, lysine and the like.

Conversely said salt forms can be converted into the free forms by treatment with

an appropriate base or acid.

Compounds of the formula [ and their salis can be in the form of a sglvate, which
1s included within the scope of the present invention. Such solvates include for

example hydrates, alcoholates and the like.

Many of the compounds of formula I and some of their intermediates have at least
one stercogentc center in thetr siructure. This stereogenic center may be present in
a R or a S configuration, said R and S notation is used in correspondence with the

rules described in Pure Appl. Chem,, 45 (1976) 11-30.

The invention also relates to all stereotsomeric forms such as enantiomeric and
diastercoisomeric forms of the compounds of formula I or mixtures thercof

{(including all possible mixtures of stereoisomers),

With respect to the present invention reference to a compound or compounds is
intended to encompass that compound in each of its possible isomeric forms and

mixtures thoreof, unless the particular somernic form s referred to specifically.

Compounds according to the present invention may exist in different polymorphic
forms, Although not explicitly indicated in the above formmla, such forms are
intended to be fuctaded within the scope of the present invention,

xiity ULS. Patent 7,465,349

In some embodiments, the compound includes optionally substituted N-alkylated
2-oxo-pyrrolidine dertvatives. In some emboduments, those conmpounds are alkyl
amides derivatives substituted on the positions 4 and/or § of the pyrrolidone ring.

Exaruples of optionally substituied N-alkylated 2-oxo-pyrrolidine derivatives

b
o
<3
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inchude, but are not limited to, compounds such as (25)-2-[(48)-4-(2,2-
difluorovinyl-2-oxopyrrohidinytibutanamide, (25)-2-{{(4R}-2-ox0-4-
propylpyrrolidinylibutanamide, (253-2-{(45)-2-ox0-4-

propylpyrrolidinyljbutanamide, and (25)-2-[4-(3-azidophenyl)-2-oxopyrrolidin- 1 -

(¥4

vi{butanamide.

In some embodiments, the compounds further melude optionally substituted N-
alkvlated 2-oxo-piperidinyl derivatives, In some embodiments, those compounds
are alkyl amides derivatives substifuted on the position 4 and/or 5 and/or 6 of the
2-oxo-piperidinyl ring. Examples of optionally substituted N-alkylated 2-oxo-

16 pyrrolidine derivatives include, but are not himited to, compounds such as those
referred to in international patent application PCT/EPO2/05503 such as (25)-2-{5-
{iodomethyl)-2-oxo-1-piperidinyl}butanamide, (28)-2-{ 5-(azidomethyl}-2-oxo-1-
piperidinyljbutanamide, 2-(2-oxo-S-phenyi-1-piperidinyl ibutanamide, (28)-2-[4-

(iodomethyl)-2-oxo-1-piperidinyijbutanamide, and (28)-2-{4-(2-fluoro-2-

[
L

methylpropyl}-2-oxo-1-pyrrolidinyl jbutanamade.

In some embodiments, the compounds include any acetarn compound of formula

in racermic or isomeric form, or a pharmaceutically acceptable salt thereof,

SN

i
Q N R3
Y i
k2 ™ Ra
&
wherein

20 R represents hydrogen or hydroxy;

R1 and R2 represent independently hydrogen or an alkyl group of 1-4 carbon

atoms; and



CA 02826765 2013-08-07
WO 2012/109491 PCT/US2012/024556

R3 and R4 represent independently hydrogen, an alkyl group of 1-4 carbon atoms
ot —{CHZ2}n—NR5R6 wherein nis 1, 2 or 3 and RS and RO represent

independently hydrogen or an alkyl group of 1-4 carbon atoms.

Agn exarple of such an acetam compound inchudes, but 1s not himited to, a
5 compound of formula [ wherein R, R1, RZ, R3 and R4 are hvdrogen, 2-oxo-~
pyrrolidineacetamide, known by the generic name piracetam as described m UK

Patents Nos, 1,039,113 and 1,309,692,

In some embodiments, the compounds also include optionally substituted N-
allylated 2-oxo-azepanyl derivatives. Preferably, those compounds arc alkyl

10 amtdes derivatives substituted on the positions 4 and/or 5 and/or 6 and/or 7 of the
2-oxo-gzepanyl ring. Examples of optionally substituted N-alkylated 2-oxo0-
azepanyl derivatives include, but are not limited to, compeounds such as those
referred to in international patent apphication PCT/EP02/05503 such as 2-[5-

{iodomethyi}-2-oxo-1~azepanyl jbutanamide.
15 xiv) U.8. Patent Application Publication No. 2006258704

This invention provides novel compounds of the tormula |

Bownd

wherein

nrepresents § or 1 whereby R<td > is not existent when v=0 and R<1 > is existent

20 when n=1;
A< > represents an oxygen or a sulfur atom;
Xis “CONR<T> R<8> , -COOR<9> | -CO-R<10 > or ON;

R<1 > when existent, R<Z> |, R<3G> | R<4 > and R<5 > are the same or different
and cach is independently hvdrogen, halogen, hydroxy, thiol, amino, nitro,

25 ntrooxy, cyano, azido, carboxy, amido, sulfonic acid, sulfonamide, alkyl, alkenyl,

209
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alkynyl, ester, ether, aryl, heterocyele, or an oxy derivative, thio derivative, amino

derivative, acyl dertvative, sulfonyl derivative or sulfinyl derivative,

provided that at least one of the substituents R chosen from R<! > when existent,

R<2> , R<3> , R<4 > or R<S > 18 not hydrogen;

5 R<6 > 1s hydrogen, alkyl, aryl or -CH2-R<6a > wherein R<6a > 19 aryl,

heterocyele, halogen, hydroxy, aniine, nitre or cvang;
o k. Lo} ks o 7 b o

R<7> | R<§ > and R<9 > are the same or ditterent and cach 18 mdependently

hydrogen, hydroxy, alkyl, aryl, heterocycle or an oxy derivative; and

R<10 > is hydrogen, hydroxy, thiol, halogen, allkoyl, aryl, heterocycle or a thio

16 derivative;

their pharmaceutically acceptable salts, geometrical Isomers (including cis and
trans, 7 and E isomers), enantiomers, diastercoisomers and mixtures thereof

(including all possible mixiures of stereoisomers),

in the ahove formula, at least one substituent R<l > to R<5 > is different from

i5 hydrogen. Some non-substituted compounds are referred to in U.S. Pat. Nos.
5,468,733 and 5,516,759, U.S. Pat. No. 5,468,733 discloses non-ring substituted 2-
oxo-l-pyrrolidiny! and 2-oxo-1-piperidinyl dertvatives as inhibitors of the
oncogene Ras protein. In particular, these cormpounds block the ability of Ras to
transform normal cells to cancer cells, and therefore can be included in several

26 chemotherapeutic compositions for treating cancer.

US Patent No. 5,516,759 discloses non-ring substituted 2-oxo-t~pyreohidinyd, 2-
oxo-1-piperidiny! and azepanyl derivatives present at the N-terminus of
dodecapeptides possessing LHRH (luteiizing hormone-releasing hotmone)
antagonistic activity. Such LHRH antagonists are useful in the treatment of a

25 variety of conditions in which suppression of sex steroids plavs a key role
including contraception, delay of puberty, treatment of benign prostatic hyperplasia

a.a.

in the definitions set forth below, unless otherwise stated, R<11 > and R<12 > are
the same or different and each is independently amido, alkyl, alkenyl, alkynyl,

30 acvl, ester, ether, arvl, aralkyl, heterocyele or an oxy derivative, thio derivative,

210
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acyl dertvative, amino derivative, sulfonyl dertvative, or sulfinyl derivative, cach
optionally substituted with any suitable group, mcluding, but not limited to, one or

more moietios selected from lower alkyl or other groups as described below as

substituents for alkyl.

The term "oxy denivative”, as used hereiy, is defined as inclading -O-R<1i >
groups wherein R<l1 > 15 as defined above except for "oxy derivative”. Non-
fimiting examples are alkoxy, alkenyloxy, alkynyloxy, acvloxy, oxyester,
axyamido, alkylsulfonyloxy, alkylsulfinyloxy, arylsulfonyloxy, arvisulfinyloxy,
aryloxy, aralkoxy or heterocyclooxy such as peniyloxy, allyloxy, methoxy, ethoxy,

phenoxy, benzyloxy, 2-naphthyloxy, 2-pyridyloxy, methylencdioxy, carbonate.

The term "thio derivative”, as used hercin, 18 defined as including -5-R<1
groups wherein R<11 > is as defined above except for "thio derivative”. Non-

Hmiting examples are alkylthio, alkenylthio, alkynylithio and arylthio.

The term "amino derivative”, as used herein, is defived as including -NHR<11 > or
SNR<11> R<12 > groups wherein R<11 > and R<12 > are as defined above. Non-
limiting examples are mono- or di-alkyl-, alkenyl-, alkynyl- and arylamino or
mixed amino.

i~

The term "acyl derivative”, as used hereimn, represents a radical derived from
carboxylic acid and thus is defined as including groups of the formula R<11> -CO-
, wherein R<11 > is as defined above and may also be hydrogen. Preferred are acyl
derivatives of formula -COR<11 > wherein R<11 > is selected from hydrogen, C1-
12 alkyl, C2-12 alkenyl, C2-12 alkenyl, heterocyle and aryl. Non-limiting
exarnples are formyl, acetyl, propionyl, isobutyryl, valervl, lauroyl, heptanedioyl,
cyclohexanecarbonyl, crotonoyl, fumaroyl, acryloyl, benzoyl, naphthoyl, furoyl,
nicotinovl, 4-carboxybutanoyl, oxalyl, ethoxalyl, cysteinyl, oxamoyl
The term "sulfonyl dertvative”, as used herein, 1s defined as including a group of
the formula -SO-R<11> , wherein R<11 > is as defined above except for "sulfony]
derivative”, Non-limiting examples are alkylsulfonyl, alkenyisulfonyl,
alkynylsuifonyl and arylsulfonyl,
The term "sulfinyl derivative”, as used herein, is defined as including a group of

the formula -SO-R<11>, wherein R<11 > 15 as defined above except for "sulfinyl

211
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derivative™. Non-limiting examples are alkylsultinyl, alkenylsulfinyl,

alkynylsulfinyl and arylsulfinyl.

The term "alkyl", as used herein, is defined as including saturated, monovalent
hydrocarbon radicals having straight, branched or cyclic moieties or combinations
thereot and generally containing 1-20 carbon atoms, most often 1 to 12 carbon
atoms, preferably 1-7 carbou atoms for non-cyclic alkyl and 3-7 carbon atoms for
cycloalkyi {in these two preferred cases, unless otherwise specified, "lower alkyl"),
cach oplionally substituted by, preferably 1 to 5, substituents independently
selected from the group consisting of halogen, hydroxy, thiol, amino, nitro, cyano,
thiocyanato, acyl, acyloxy, sulfonyl derivative, sulfinyl derivative, alkylamino,
carboxy, ester, ether, amido, a«ido, cycioalkyl, sulfonic acid, sul{fonamide, thio
derivative, alkylthio, oxyester, oxyamido, heterocycle, vinyl, alkoxy (preferably

C1-3), aryloxy (preferably C6-10) and aryi{preferably C6-10).

In some embodiments are alkyl groups containing 1 to 7 carbon atoms, each
optionally substituted by one or more substituents selected from hydroxy, halogen,
cyano, thiocyanato, alkoxy, azido, alkylthio, cyclopropyl, acyl and phenyl. Most
preferred are C1-4 alkyl and C3-7 cycloalkyl, cach optionally substituted by one or

more hydroxy, halogen, lower alkyl or/and azido.

In some embodiments are alkyl groups are hydroxymethyl, propyl, butyl, 2.2,2-
trifluoroethyl, 2-bromo-2,2-difluorocthyl, 2-chloro-2 2-difluorocthyi, 3,3,3-
trifluoropropyl, cyvclopropylmcthyl, iodomethyl, azidomethyl, 2,2-difluoropropyl,

2-i0do-2,2-diflyorocthyl.

The term "lower alkyl”, as used herein, and unless otherwise specified, refers to Cl
to C7 saturated straight, branched or cychic hydrocarbon, Non hmiting examples
are meothyl, ethyl, propyl, isopropyl, butyl, terticbutyl, pentyl, cyclopropyl,
cyclopentyl, isopentyl, neopentyl, hexyl, ischexyl, cyclohexyl, 3-methypentyl, 2,2-
dimethylbutyl, optionally substituted with any suitable group, including but not
limited to one or more moieties selected from groups as described above for the

alkyl groups. Proferably, lower alkyl 1s methyl.

The term "alkeny!l”, as used herein, is defined as including both branched and

unbranched, unsaturated hydrocarbou radicals having at least one double bond, and

212
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being optionally substituted by at least one substituent selected from the group
consisting of halogen, hydroxy, thiol, amino, thiocyanato, azido, atkylthic,

cycloalkyl, acyl, nitro, cyano, aryl and heterocyele.

In some embodiments are alkenyl groups are C2-C12 alkenyls, especially C2-
balkenyls, such as cthenyl (=vinyt}), I-methyl-i-cthenyl, 2,2-dimethyl-t-cthenyl, 1-
propenyl, 2-propenyl (=allyl}, -butenyl, Z-butenyl, 3-butenyl, 4-pentenyl, 1~
methyl-d-pentenyl, 3-methyl-i-pentenyl, 1-hexenyl, 2-hexeny! and the like,
opiionally being substituted by one or more substituents selocted from halogen,
cyano, thiocyanato, azido, allkyithio, cycloalkyl, phenyl and acvl. Most prefered is

vinyl, optionally substituted by one or more halogen or/and lower alkyl, and

especially 2,2-diflucrovinyl, 2,2-dibromovinyl and 2,2-dichlorovinyl.

The term "alkynyl" as used herein, 1s defined as including a monovalent branched
or unbranched hydrocarbon radical containing at least one carbon-carbon triple
bond, for example ethynyl, 2-propynyl (=propargyl), and the like, and being
optionally substituted by at lcast one substituent selected from the group consisting
of halogen, hydroxy, thiol, amino, nitro, cyano, aryl, heterocycle, thiocyanato,

azido, alkylthio, alkyl and acyl.

In some embodiments are alkynyl groups are C2-12 alkynyl, especially C2-6
alkynyl, optiounally being substituted by one or more substituents selected from
halogen, cyano, thiocyanato, azido, alkcylthio, acyl, aryl such as phenyl and alicyl,

proferably cycloalkyl.

in some embodiments are ethynyl, propynyl and butynvl, optionally substituted by
lower alkyl or/and halogen, and especially I-propynyl, cyvclopropylethynyl, 3-

methyl-1-butyny! and 3,3, 3-trifluoro-1-propynyl.

When present as bridging groups, alkyl, alkenyl and allcyny! represent straight- or
branched chains, C1-12, preferably Cl-4-alkylene or C2-12-, preferably C2-4-
alkenylene or -alkynylene moieties respectively.

Groups where branched derivatives are conventionally gualified by prefixes such
as "n", "sec”, "iso" and the like (e.g, "n-propyl”, "sec-butyl"} are in the n-form

unless otherwise stated.

b2
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The term "arvl”, as used herein, is defined as including an organic radical derived
from an aromatic hydrocarbon consisting of at least one ring, most often [ to 3
rings and generally containing 6-30 carbon atoras by removal of one hydrogen,

such as phenyl and naphthyl, each optionally substituted by one or more

(¥4

substiments independently selected from halogen, hyvdroxy, thiol, amino, nitro,
cyano, acyl, acyloxy, sulfonyl, sulfinyl, alkylamino, carboxy, ester, ether, anido,
azido, sulfonic acid, sulfonamide, alkylsulfonyl, altkyisulfinyl, Cl-6-alkylthio,
oxyester, oxyamido, aryl, Cl-6-alkoxy, C6-10-aryloxy, Cl-6-alkyl, C1-6-
haloalloyl. Aryl radicals are preferably monocyclic or bicyclic containing 6-19

10 carbon atoms. Preferred aryl groups are phenyl and naphthy! cach optionally
substituted by one or more substituents independently selected from halogen, nitro,
amino, azido, Cl-6-alkoxy, Cl-6-alkyl, Cl-6-haloalkyl, sulfony! and phenyl.

In some embodiments the aryl is phenyl, optionally substituted by oune or wore

halogen, lower alkyl, azido or nitro, such as 3-chlorophenyl and 3-azidophenyl.

The term "halogen”, as used herein, includes an atom of CL Br, F, L

[,
¥ 4]

The term "hydroxy”, as used herein, represents a group of the formula -OH.
The term "thiol”, as used herein, represents a group of the formula -SH.
The term "cyano®, as used herein, represents a group of the formmula -CN.
The term "nitro”, as used herein, represents a group of the formula -NO2,

20 The term "nitrooxy”, as used herein, represents a group of the formula -ONO2Z.
The term "amino”, as used hercin, represents a group of the formula -NH2.
The term "azido", as used hevein, represents a group of the formula -N3,
The term "carboxy”, as used herein, represents a group of the formula -COOH.

an

The torm "sulfonic acid”, as used herein, represents a group of the formula -SO3H.

[\
LA

The term "sulfonamide”, as used herein, represents a group of the formula -
SOZNHZ,

The torm "ester™, as used herein, s defined as including a group of formula -COO-
R<11> wherem R<11 > s as defined above except oxy derivative, thio derivative

or amino derivative. Preferred are esters of Tormula -COOR<1I1 > wherem R<11 >

214
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1s selected from C1-12 alkyl, €2-12 alkenyl, C2-12 alkynyi and aryl. Most

preferred are esters where R<11 > is a lower alkyl, especially methyl.

The term "ether” is defined as including a group selected from C1-50-straight or
branched alkvl, or C2-50-straight or branched alkenyl or alkyuyi groups or a

combination of the same, interrupted by one or more oxygen atoms,

The term "amido” is defined as including a group of formula -CONH2 or -
CONHR<I1 > or -CONR<11>» R<12 > wherein R<11l > rvand R<12 > are ag

defined above.

The term "heterocycle”, as used herein, 1s defined as including an aromatic or non
aromatic cyclic alkyl, atkenyl, or alkynyl moiety as defined above, having al least
one O, S and/or N atom interrupting the carbocyclic ring structure and optionally,
one of the carbon of the carbocyelic ring structure may be replaced by a carboayi,
and optionally being substituted with any suitable group, including but not linuted
{0 oue or more moieties selected from lower alkoyl, or other groups as described
above for the alkvl groups. Non-limiting examples of heterocycles are pyridyl,
furyl, pyrrolyl, thienyl, 1sothiazolyl, riazolyl, imidazolyl, benzimidazolyl,
tetrazolyl, quinazolinyl, quinolizinyl, naphthyridinyl, pyridazinyl, pyrimidinyi,
pyrazinyl, quinolyl, isoquinelyl, isohenzofuranyl, benzothienyl, pyrazolyl, indolyl,
indolizinyl, purinyl, isoindolvi, carbazolyl, thiazolyl, 1,2,4-thiadiazolyl,
thiomorpholinyl, thieno{2,3-b}uranyl, furopyranyl, benzofuranyl, benzoxepinyl,
wooxazolyl, oxazolyl, thianthrenyl, benzothiazolyl, or benzoxazolyl, cinnolinyl,
phthalazinyl, quinoxalinyl, 1-oxidopyridyl, phenanthridinyl, acridinyl, perimidinyl,
phenanthrolinyl, phenothiazinyl, furazanyl, benzodioxolyl, 1sochromanyl,
indolinyl, xanthenyl, hypoxanthinyi, pteridinyl, 5-azacytidinyl, S-azauracilyl,
triazolopynidinyl, imidazolopyridinyl, pyrrolopyrinidinyl, pyrazolopyrimidinyl,
tetrahydrofuranyl, tetrahydropyranyl, piperidinyl, piperidyl, piperazinyl,
imidazolidinyl, morpholine, morpholinyl, 1-oxaspire(4.5)dec-2-vl, pyrrohidinyl, 2-
oxo-pyrrolidinyl, sugar moteties (Lo, glucose, pentose, hexose, ribose, fructose,
which may also be substituted) optionally substituted by alkyl or as described
above for the alkyl groups. The term "heterocycle” also includes bicyclic, tricyclic
and tetracyclic, spiro groups in which any of the above heterocyelic rings is fused

10 oue or two rings independently selected frove an aryl vivg, & cyclohexane ring, a

21
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cyclohexene ring, a cyclopentane ring, a cyclopentene ring or another monocyelic
heterocyclic ring or where a monocyclic heterocyelic group is bridged by an

7
!

alkylene group, such as quinuclidinyl, 7-azabicyclo(2.2. heptanyl, 7-

oxabicyclo(2.2. Tiheptanyl, 8-azabicyclo(3.2. Doctanyl.

5 The heterocycle may be selected from triazolyl, tetrazolyl, pyrrolidinyt, pyridyl, 1-
oxidopyridyl, thiomorpholinyl, benzodioxolyl, turyl, oxazolyl, pyrimidinyl,
pyrrolyl, thiadiazolyl, thiazolyl, thienyl and piperazinyl, each optionally substituted
hy one or more substituents selected from halogen, alkyl, substituted alkyl, alkoxy,
nitro, amino, acyl and phenyl. In some embodiments the heterocycle 1s selected

10 from tetrazolyl, pyrrolidinyl, pyridyl, furyl, pyrrolyl, thiazolyl and thienyl, each

optionally substituted by one or more substituents selected from halogen, alloyl,

halogen substituted atkyl, acyl, alkoxy, nitro, amino and phenyl, and especially
from 2-and 3-thienvl, optionally substituted by oue or more halogen, acyl such as

formvl, cvano and/or lower alkvl, such as methyl.
i, CY 5 Y

,
o

[,
¥ 4]

In the above definitions it is to be understood that when a substituent such as R<i>
,R<2>  R<3> R<d> | R<A>  R<7> | R<8> | R<9> |, R<1{ > is attached to the
rest of the molecule via a heteroatom or a carbonyl, a straight- or branched chain,
C1-12-, preferably Cl-4-alkylene or C2-12, preferably (2-4-alkenyiene or -
alkynylene bridge may optionally be interposed between the hetercatony or the

20 carbonyl and the point of attachment {o the rest of the molecule.

The acid addition salt form of a compound of formuia (1) that ocours n its free
form as a basc can be obtained by treating said free base form with an appropriate
acid such as av inorganic acid, for example, a hydrohalic such as hydrochloric or

hydrabromic, sulfuric, nitric, phosphoric and the like; or an organic acid, such as,

)
L

for example, acetic, hydroxyacetic, propanoic, lactic, pyruvic, malonic, succinic,
maleic, fumaric, malic, tartaric, citric, methanesulfonic, ethanesulfonic,
benzenesulfonic, p-toluencsulfonic, cyclamie, salicylic, p-aminosalicylie, pamoic

and the like.

The compounds of formmula (1} containing acidic protons may be converted mnto
30 thetr therapeutically aetive, non-toxic base addition salt form, ¢.g, motal or amine

salts, by treatment with appropriate organic and inorganic bases. Appropriate base

216
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salt forms include, for example, ammoniom salts, alkali and earth alkaline metal
salts, e.g. lithium, sodium, potassivmn, magnesium, calcium salts and the like, salts
with organic bases, ¢.g. N-methyl-D-glucamine, hydrabanune salts, and salts with

armine acids such as, for example, arginine, lysine and the like,

5 Conversely said salt forms can be converted into the free forms by treatment with

an appropriate base or acid.

Corapounds of the formula 1 and their salts can be in the form of a solvate, which
is mcluded within the scope of the present invention. Such sobvates include for

exarnple hydrates, alcoholates and the like.

16 Many of the compounds of formula T and some of their intermediates have at least
one stercogenic center in their structure. This stercogenic center may be present in
a R oot a S configuration, said R and S notation is used in correspondence with the

rules described in Pure Appl. Chem. (1976}, 45, 11-30.

The invention also relates 1o all stereoisomeric forms such as cnantiomeric and
15 diastereotsorueric forms of the compounds of formula [ or mixtures thereof

(including all possible mixtures of stercoisomers).

Furthermore, certain compounds of formula I which contain alkeny] groups may
exist as Z (zusammen) or E {entgegen) isomers. In each instance, the invention

inchudes both mixture and separate individual isomers.

26 Multiple substituents on the piperidinyl or the azepanyl ring can also stand in cither
cis or trans relationship {0 each other with respect to the plane of the piperidinyl or

the azepanyl ring,

Some of the compounds of formuda T may also exist in tautormeric forms. Such

forms although not explicitly indicated in the above fornmula are intended to be
25 included within the scope of the present mvention.

With respect to the present invention reference to a compound or conmpounds is

intended to encompass that compound in each of its possible isomeric forms and

mixtures thereof unless the particular isomeric form is referred to specifically.

The invention also includes within s scope prodrug forms of the compounds of

36 formula I and Its various sub-scopes and sub-groups.

)
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The term "prodrug™ as used herein includes compound forms which are rapidly
transformed in vivo to the parent compound according to the invention, for
exarple, by hydrolysis in blood. Prodrugs are compourndds bearing groups which
are modified by biotransformation prior to exhibiting their pharmacological action.
Such groups include moicties which are readily oxidised, cyclised or cleaved,
which compound after blotransformation remains or becomes pharmacologically
active. For example, metabolically cleavable groups form a class of groups well
known to practitioners of the art. They include, but are not limited to such groups
as allianoyt (i.e. acetyl, propionyl, butyryl, and the like}, unsubstituted and
substituted carboeyclic aroyl {such as benzoyl, substituted benzoyl and 1- and 2-
naphthoyl), alkoxycarbonyl! (such as ethoxycarbonyly, trialkyisilyl (such as
trimethyl- and tricthylsilyl), monoesters formed with dicarboxylic acids (such as
succinyly, phosphate, sulfate, sulfonate, sulfonyl, sulfinyi and the like. The
compounds bearing the biotranstormable groups have the advantage that they may
exhibit improved bicavailability as a result of enhanced solubtlity and/or rate of
absorption conferred upon the parent compound by virtue of the presence of the
biotrans{ormable group. T. Higuchi and V. Stella, "Pro~drugs as Novel Delivery
Systemy”, Vol. 14 of the A.C.S. Symposium Series; "Bioreversible Carriers in Drug
Design”, ed. Edward B. Roche, American Pharmaceutical Association and
Pergamon Press, 1987,

The term "R substituent” refors to R<1> , B<@> , R<3> , R<4d > or R<5 >,
independently.

According to one embodiment, the present invention relates to a compound of
formuia I as defined above wherein n represents 8. The compound 18 a 6-ring
structure (2-thioxo-~ or 2-oxo-piperidiny] derivative} wherein R<1 > is not existent
since n=4, and is depicted by the formula (I-A).

(1A
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According to a following cmbodiment, the present invention relates to a compound
of formula I according to the invention as defined above wherein n represents 1.
The compound 18 a 7-ring structure (2-thioxo- or 2-oxc-azepanyl derivative)
wherein R<} > is existent since n=! and depicted by the formula (I-B).

(-8
R3 R4

Ra R

According to one embodiment, the invention relates to said compound as detfined
above wherein n=0, R<3 > and/or R<4 > are different from hydrogen and R<2 >

and R<5 > represent hydrogen.

According to another embodiment, the invention relates to said compound as
16 defined above wherein n=1, R<2> , R<3 > and/or R<4 > are different from

hyvdrogen and wherein R<l > and R<8 > represent hydrogen,
o - -

According Lo another embodiment, the invention relates to said coropound as
defined above wherein only one R substituent chosen from R<3 > or R<4 > when

T~

n=0 or from R<2>, R<3 > or R<4 > when n=1, is different from hydrogen and the

.
.

remaining R substituent(s) is/are hvdrogen. We hereby refer to a mono-substituted

2-thioxo- or 2-oxo-piperidinyl or 2-thioxo- or 2-oxo-azepanyl derivatives.

According to another embodiment, the present invention relates to compounds of
fornmla § according to the invention as defined above wherein A<l > represents an
oxygen atom, We hereby refer to 2-oxo-pipertdinyl or 2-oxo-azepanyl derivatives.

20 According to another embodiment, the present tnvention relates to compounds of
formula I according to the invention as defined above wherein X 18 CONR<T>
R<8> | especially CONHZ. We hereby refer to anudo dertvatives of 2-oxo{or
thioxo}-piperidinyl or Z-oxo{or thioxo)-azepanyl.

According to another embodiment, the present invention relates to compounds of

[o

5 formula T according to the iovention as defined above wherein R<6 > represents

hydrogen, C1-4 alkyl, or a CH2-R<6a > group wherein R<6a > represents a

219
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heterocycle. Most preferably R<6 > 15 a C1-4 alkyl, especially cthyl. When R<6 >
is ethy}, we refer to 2-(2-oxo(or thioxo}- | -piperidinyiybutanamide or 2-(2-oxo{or

thioxo)-1-azepanyDbutanamide derivatives.

According to another embodiment, the present invention relates to compounds of
formula | according to the invention as defined above wherein the carbon atom to
which R<6 > 15 attached 1s of the S configuration. In case where R<6 > 15 cthyl, A
ts oxygen and X is CON R<7 > R<8> | we refer then to (25)-2-(Z-oxo-1~

piperidinyhbutanamide or (28)-2-(2-0xo-1-azepanylibutanamide derivatives

According to one embodiment, the present invention relates to a corapound as
defined above wherein R<2 > when n=1, R<3 > and R<4 > are the same or
difterent and each is independently hydrogen, halogen, nitro, nitrooxy, cyano.
carboxy, amido, sulfonic acid, sulfonamide, alloyl, alkenyl, alkynyl, ester, ether,

aryl, heterocycele, acyl derivative, sulfonyl dervative or sulfinyl derivative:
R<l > when existent, R<2 > when 1=0 and R<3 > are hydrogen;

R<6 > 15 hydrogen, alkyl, aryl or -<CHZ2-R<6a > wherein R<6a > 18 aryl,
heterocycic, halogen, hydroxy, amino, nitro or cyano;

provided that, when R<6 > 1s hydrogen, X is -CONR<7> R<§ > and that the
compound is

neither methyl (ZR3-2-[{6R y-6-methyl-2-oxoazepanyl]-3-phenylpropanoate
nor methyl (28)-2-[{4R}-4-methyi-2-oxoazepanyl]-3-phenylpropancate.

According to this embodiment, the compound is generally such that when R<6 > 15
enzyl, X is -COOCH3 and n=1, R<Z > is different from methyl when R<3 > and
R<4 > are both hydrogen and R<4 > is different from methyl when R<2 > and R<3

> are both hydrogen

According to another embodiment, the present invention relates to a compound as
defined above wherein R<2 > when n=1, R<3 > and R<4 > are the same or

different and ¢ach is independently hydrogen; cyano; carboxy; amido;

b2
[\
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C1-12 alkyl, cach optionally substituted by one or more substituents selected from
hydroxy, halogen, cyano, thiocyanato, alkoxy, azido, alkyltio, cycloalkyl, acyl, aryl

and heterocyele;

C2-12 alkeuyl, each optiovally substituted by one or more substifuents selecte

5 from halogen, cyano, thiocyanato, azido, alkvithio, alkyi, aryl and acyl;

(C2-12 alkynyl, cach optionally substituted by one or more substituents selected
from halogen, cyano, thiocyaunato, azido, alkylthio, alkvl, aryl and acyl; acyl
derivative of formula -CO-R<11> , wherein R<11 > is selected from C1-12 alkyl,

C2-12 alkenyl, C2-12 alkyunyl, heterocyele and arylh;

16 ester of formula ~-CO~0-R<1] > wherein R<11 > is selected from CI-12 alkyl, C2-

12 alkenyl, C2-12 alkynyl and aryl,

heterocyele selected from triazolyl, tetrazolyl, pyrrolidinyl, pyridyl, 1-

oxidopyridyl, thiomorpholinyl, benzodioxolyl, furyl, oxazolyl, pyrimidinyl,

pyrrolyl, thiadiazolyl, thiazolyl, thienyl and piperazinyl, cach optionally substituted
15 by one or more substituents selected trow halogen, alloyl, substituted alkyl, alkoxy,

nitro, amino, acyl and phenyl;

aryl, cach optionally substitucd by one or more substituents selected from C1-6
alkyl, C1-6 haloalicyl, C1-6 alkoxy, C1-6 alkylthio, amino, azido, sulfonvi, aryi

and nitro.

26 According to another embodiment, the present invention relates to a compound as
defined above, wherein R<2 > when n=1, R<3 > and R<4 > are the same or
different and each is independently hydrogen;

C1-7 alkyl, cach optionally substituted by one or maore substitucuts selected from
hydroxy, halogen, cyano, thiocyanato, alkoxy, azido, alkyitio, cyclopropyl, acyl

25 and phenyl;

(C2-6 alkeunyl, each optionally substituted by one or more substituents selected frow
halogen, cyano, thiscyanato, azido, alkylthio, cycloalkyl, phenyl and acylh:

C2-6 alkynyl, cach optionally substituted by one or more substituents selected

from halogen, cyano, thiocyanato, azido, alkylthio, cycloalkyl, pheoyl and acyl:

b
3
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heterocyele selected from tetrazolyl, pyrrolidinyl, pyridyl, furyl, pyrrolyl, thiazolyl
and thienyl, each optionally substituted by one or more substituents selected from

halogen, alkyl, halogen substituted alkyl, acyl, alkoxy, nitro, amino and phenyl;

phenyl, each optionally substitued by one or more substifuents selected from C1-6
alkyl, halogen substituted alkyl, halogen, alkoxy, amino, azido, sulfonvl, phenyl

and nitro.

According to another emabodiment, the present invention relates to a compound as
defined above wherein at least one of the R substituents chosen from the group
R<2>, R<3 > and R<4 > when v=1 or from the group R<3 > and R<4 > when =0,
represents independently Ci-4-alkyl or C3-7-cycloatkyl, optionaily substituied by

one or more halogen, hydroxy, lower alkyl and/or azido.

According Lo another embodiment, the present invention relates to a compound as
defined above wherein at least one of the R substituents chosen from the group
R<2> | R<3 > and R<4 > when v=1 or from the group R<3 > and R<4 > when n=0,
represents fndependently vinyl, optionally substituted by one or more halogen

or/and lower alkyl.

According lo another embodiment, the present invention relates o a compound as
defined above wherein at least one of the R substituents chosen from the group
R<2>, R<3 » and R<4 > when n=1 or from the group R3 and R<4 > when n=0,
represents independently ethynyl, propynyl or butynyl, optionally substituted by

one or more halogen and/or lower alkyl.

According to another embodiment, the present invention relates to a compound as
defined above whercin at least one of the R substitucnts chosen from the group

R<Z>, R<3 > and R<4 > when n=1 or from the group R<3 > and R<4 > when n=0,

represents independently phenyl, optionally substituted by one or more halogen,

fower alkyl, azido and/or nitro.
Y iy

According to another eabodiment, the present invention relates to a compound as
defined above wherein at least one of the R substituents chosen from the group
R<2>, R<3 >» and R<4 > when n={ or from the group R<3 > and R<4 > when n=0,
represents independently 2~ or 3-thionyi, optionally substituted by one or more

halogen, acyl, cvano or/and lower alkyl.
) o - 4
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According to a particular cmbodiment, the present invention relates to a compound
as defined above wherein at least one of the R substituents chosen from the group
R<3>, R<d > and R<2 > when n=1 or from the group R<3 > and R<4 > when n=0,

is hydroxymethyl, propyl, butyl, 3,3,3-triffucropropyl, 2,2, 2-triftucroethyd,

(¥4

cyclopropylmethyl, icdomethyl, azidomethyl, 2-thienvi, 3-thienyl, phenyl, 3-
chiorophenyl, 3-azidophenyl, 2,2-difluorovinyl, 2,2-dibromovinyt, 2,2-
dichlorovinyl, Z-ethynyl, S-methyl-2-thienyl, 5-formyl-2-cthynyl, 5-cyanc-2-
thienyl, 3-bromo-2-thienyl, 4-methyl-2-thienyl, 3,3,3-trifluoro-L-propynyl, 1-
propyayl, cyclopropylethynyl, 3-methyl-1-butynyl, 1-butynyl, 2,2-ditftucropropyl,
10 2-chiore-2,2-diflnoroethyl, 2-bromo-2,2-diflucrocthyl and 2-iodo-2,2-

difluorcethyl.

According to yet another emnbodiment, the present invention relates to a compound

as defined above wherein R<I>, R<2> | R<4 > and R<S5 > are hydrogen.

According to another embodiment, the present invention relates to a compound as

[,
¥ 4]

detined above wherein R<{> | R<2>  R<3 > and R<5 > are hydrogen.

According to another embodiment, the present invention relates to a compound as

defined above wherein n=1 and R<i>, R<3>, R<4 > and R<5 > are hydrogen,

in all the above-mentioned scopes when the carbon atom to which R<6 > is

attached 1s asymmetric i may be m the "S"-configuration.
ta=

20 Representative compounds of this invention as defined above are selected from the
group consisting of 2-[5-(hydroxymethyl}-2-oxo-1-piperidinyljbutanamide, 2-(2~
oxo-S-propyi-1-piperidinyUbutanande, 2-12-0x0-5-(3,3,3~trifluoropropyi)-1-
piperidinyl{butanamide, 2-{5-{cyclopropylmethyi)}-2-oxo-1-
pineridinyl Jbutanamide, 2-{5-(iodomethyl-2-oxo-1-pipenidinyl thutanamide, 2-{5-

25 {(azidomethyl}-2-oxo-1-piperidinyibutanamide, 2-(2-oxo-5-phenyl-1-
piperidinylybutanamide, 2-{2-0x0-5-(2-thienyl)-1-piperidinyl fhutanamide, 2-{2-
ox0-5-(3~thienyl- 1 -piperidinyl}butanamide, 2-{5-(3-chlorophenyl}-2-oxo-1-
piperidinyijbutanamide, 2-{5-(3-azidophenyl}-2-oxo-1-piperidinyljbutanamide, 2-
[5-(2.2~difluorovinyl)-2-oxo-1-piperidinylibutavamide, 2-{5-(2,2-dibromovinyi)-2-

30 oxo-1-piperidinylbutanamide, 2-[5-(2,2-dichlorovinyl}-2-0x0-1-

piperidinvl{butanamide, 2-(5-cthynyl-2-oxo-1-piperidinyl jhutanamwide, 2-{5-(5-

)
B2
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methyl-2-thieny}-2-oxo- I -piperidinyl jbutanamide, 2-{5-(5-formyl-2-thienyl}-2-
oxo-1-piperidinyljbutanamide, 2-{5-(5-cyano-2-thienyl)-2-ox0-1-
piperidinyijbutanamide, 2-{5-(3-bromo-2-thienyi}-2-oxo-1-piperidinylfbutanamide,
2-[5-(4-methyl-2-thienyl-2-oxo-1-piperidinyljbutanamide, 2-[2-0x0-5-(3,3,3-
trifluoro- I -propynyl)-f-piperidinyibutanamide, 2-{2-oxo-5-( L -propynyl)-1-
piperidinyl{butanamide, 2-[3-(cyclopropylethynyi)-2-0x0-1-
piperidinyijbutanamide, 2-{5-(3-methyl-1-butynyl)-2-ox0-1-
piperidinyilbutanamide, 2-[5-(1-butynyl)-2-oxo-1-pipenidinylibutanaruide, 2-{5-
2,2-difluoropropyl}-2-oxo -piperidinyijbutanamide, 2-[5-(2-chloro-2.2-
difluoroethyl}-2-oxo-1-piperidinyl foutananide, 2-[3-(2-brome-2,2-difluoroethyl)-
2-ox0-1-piperidinyljbutanamide, 2-[4-(hydroxymethylj-2-oxc-1-
piperidinyl fbutanamide, 2-(2-0xo-4-propyl-1-piperidinyhbutanamide, 2-{2-ox0-4-
(3,3, 3-trifluoroproyl - I -piperidinyi jbutanamide, 2-14-{cyclopropylmethyi}-2-oxo-~
I-piperidinyl jbutanarmde, 2-[4-(iodomethyl)-2-oxo-~1-piperldinyl jbutanaride, 2-
[4-(azidomethyl)-2~-oxo~1-piperidinyljbutanamide, 2-(2-oxo~-4-phenyl-1-
piperidinyt}butanamide, 2-12-0x0-4-{2-thienyli)- -piperidinyl}butanamide, 2-{2-
oxo-4-(3-thienyl)-1-pipenidinytjbutanarmide, 2-[4-G-~chlorophenyl}-2-ox0-1-
piperidinyl{butanamide, 2-{4-(3-azidophenyl)-2-oxo-1-piperidinylJbutanamide, 2-
[4-(2,2-diftuorovinyl}-2-oxo-1-piperidinyl fbutanammide, 2-{4-(2,2-dibromovinyl}-2-
oxo-1-piperidinyl]butanamide, 2-{4-(2,2-dichlorovinyl)-2~oxo-1-
piperidinyijbutanamide, 2-(4-ethynyvl-2-oxo-1-piperidinyhbutanamide, 2-{4-(5-
methyi-Z-thienyl}-2-oxo-1-piperidinyi fbutanamide, 2-{4-(5-formyl-2-thienyl)-2-
oxo-1-piperidinyl jbutanamide, 2-[4-(5-cyano-2-thienyl}-2-oxo-1-
piperidinyl {butanamide, 2-{14-(3-bromo-2-thienyl}-2-oxo--piperidinyi jbutanamide,
2-{4-(4-methyl-2-thienyl}-2-ox0- 1 -piperidinyl jbutananude, 2-{2-0x0-4-(3,3,3-
trifiucro- [~propyuyli-t-piperidinyifoutanamide, 2-[2-oxo-4-( I-propynyi)-i-
piperidinyt Jbutanamide, 2-[4-(cyclopropylethynyl)-2-ox0-1-
piperidinyjbutanamide, 2-{4-(3~-methyl-1 -butynyl)-2-oxo-1-
piperidinyljbutanamide, 2-{4-(1-butynyl}-2-oxo- I -piperidinyl jbutanamide, 2-[4-
(2,2-difluoropropy}-2-oxo- 1 -piperidinyl Jbutanamide, 2-[4-(2-chioro-2,2-
difluoroethyl}-2-oxo-1-piperidinyljbutanamide, 2-14-(2-bromo-2,2~difluorcethyl)-

2-oxo-1-piperidinytjbutanamide, 2-[4-(2,2 2-irifluoroethyl}-2-oxo-1-

b2
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piperidinyt {butanamide, 2-{ 5-(hydroxymethyl)-2-oxo-1-azepanyljbutanamide, 2-
{2-ox0-3~-propyl--azepanybutanamide, 2-{2-0x0~5-(3,3 3-triflucropropyl}-1-
azepanyl butanamide, 2-(S-{cyclopropylmethyl}-2-oxo-1-azepanyllbutanamide, 2-
[5-(iodomethyl)-2-oxo-1-azepanyljbutanamide, 2-{5-(azidomethyl}-2-oxo-1-
azepanyl jbutanamide, 2-(2-oxo-5-phenyl-1-azepanyljbutanamide, 2-[2-ox0-5-(2-
thienyl)-1-azepanyljbutanamide, 2-[2-ox0-53-(3-thicuyl}-1-azepanyljbutanamide, 2-
[5-(3-chlorophenyi)-2-oxo-1-azepanylibutanamide, 2-[5-(3-azidophenyl}-2-oxo-1-
azepanyl jbutanamide, 2-[5-(2,2-difluorovinyl}-2-oxo-1-azepanyijbutanamide, 2-
[5-(2,2-dibromovinyl}-2-ox0-1-azepanyiJbutanamide, 2-[5-(2,2-dichlorovinyl)-2
oxo-1-azepanylibutanamide, 2-{5-ethynyl-2-oxo-1-azepanyljbutanarmde, 2-{3-(5-
methyl-2-thienyl}-2-0x0-1~-azepanyl butanamide, 2-[3-(5-formyl-2-thienyi)-Z-0x0-
1-azepanyllbutanamide, 2-{5-(3~cyano-2-thienyl)-2-oxo- I -azepanylbutananide,
2-[5-(3-bromo-2-thienyl}-2-oxo~1-azepanyijbutanamide, 2~{5-(4~methyi-2-
thienyh-2-oxo-1-azepanylibutanamide, 2-[2-0x0-5-(3,3, 3-trifluoro-1-propynyl - 1-
azepanyljbutanamide, 2-[2~ox0-5-(1-propynyl}-1-azepanyljbutanamide, 2-[5-
{cyclopropylethynyl}-2-oxo-1-azepanyl [butanamide, 2-{5-(3-methyl-1-butynyl)-2-
oxo-1~azepanylbutanamide, 2-{5-(1-butynyl)-2-oxo-1-azepanylibutanamide, 2-[5-
2 2-difluoropropyl}-2-0x0- 1 -azepanyl jbutanamide, 2-[ 5+{(2-chloro-2,2-
difluoroethyl)-2-oxo-1-azepanylibutanamide, 2-{5-(2-bromo-2,2-difluoroethyl)-2-
oxo-1-azepanyl utanamide, 2-{5-(2,2,2-trifluorcethyl}-2-oxo-1-
azepanyl jbutanamide, 2-[6-(hydroxymethyl)-2-oxo-1-azepanylbutanamide, 2-(2-
oxo-6-propyl-1-azepanyiibutanamide, 2-{2-0x0-6-(3,3,3-trifluoropropyl)-1-
azepanyl jbutanamide, 2-[6-(cyclopropylmethyl}-2-oxo-1-azepanyljbutanarmide, 2-
[6-(iodomethyi}-2-oxo-1-azepanylifoutanamide, 2-16-(azidomethyl)-2-ox0-1-
azepanyl jbutananide, 2-(2-0x0-0-phenyl-1-azepanylbutanamide, 2-{2-0x0-6-(2-
thienyh-1-azepanyl {hatanande, 2-[2-0x0-6-(3-thienyl}- L -azepany! foutanamide, 2-
[6-(3-chlorophenyl}-2-oxo-1-azepanylibutananude, 2-[6-(3-azidophenyl)-2-0x0-1~
azepanyl butanamide, 2-16-(2,2-difluorovinyl}-2-oxo-1-azepanyi jbutanamide, 2-
[6-(2,2-dibromovinyl)-2-oxo-1-azepanyl jbutanamide, 2-[6-(2,2-dichlorovinyi)}-2-
oxo- i ~azepanyl{butanarmide, 2-(6-cthynyl-2-oxo-1-azepanylbutanamide, 2-[6-(5-
methyi-Z-thienyl}-2-oxo-1-azepanyl butanamide, 2-[6~(5-formyl-2-thienyi}-2-oxo-

1-azepanyl]butanamide, 2-[6-(S-cyano-2-thienyl)-2-0xo- 1 -azepanyljbutanamide,

b
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2-[6-(3-brome-2-thienyl}-2-oxo-1-azepanyijbutanamide, 2-{6-{4-methyl-2-
thienyl}-2-oxo-1-azepanyljbutanamide, 2-[2-0x0-6~(3,3,3~triflucro-1-propynyl)-1-
azepanyl butanamide, 2-{2-0x0-6-(1-propynyl}-1-azepanylibwlanammde, 2-[6-
{cyclopropylethynyl-2-oxo~1-azepanyl|butanannde, 2-{6-(3-methyi-I-butynyl}-2-
oxo-1-azepanylibutanamide, 2-{6-(1-butynyl)-2-oxo-1-azepanylibutanamide, 2-{6-
(2,2-diflnoropropyl)-2-oxo- 1 -azepanyl fbutanamide, 2-[6-(2-chlore-2,2-
difluoroethyl)-2-oxo-1-azepanviibutanamide, 2-{6-(2-bromo-2,2-diflucroethyl)-2-
oxo-~1-azepanylibatananide, 2-[6-(2,2,2-trifluoroethyl}-2-0x0-1-

azepanyl jbutanamide, 2-[4-(hydroxymethyl)-2-oxo-1-azepany!butanamide, 2-(2-
oxo-4-propyi-1-azepanylbutanamide, 2-[2-0x0-4-(3,3,3-rifluoropropyl}y- -
azepanyllbutanamide, 2-14-{cyclopropyimethyl}-2-oxo-1-azepanylfbutanamide, 2-
[4-(iodomethyh)-2-0x0- 1 -azepanylbutanarmde, 2-{4-{azmdomethyl}-2-0x0-1-
azepanyl jbutanamide, 2-(2-oxo~-4-phenyl-1-azepanylibutanamide, 2-[2-oxo~4-(2-
thienyl)-1-azepanyllbutanamide, 2-{2-0xo-4-(3-thicnyi}-1-azepanyljbutanamde, 2-
#4-(3-chlorophenyl)-2~-oxo-1-azepanyl jbutanamide, 2-{4-(3-azidophenyly-2-oxo-1-
azepanyl jbutanamide, 2-[4-(2,2-difluorovinyl)}-2-0xc-1-azepanyl jbutanamide, 2-
[4-(2.2-dibromovinyl)-2-oxo-1-azepanyl fbutanamide, 2-[4~(2.2-dichlorovinyl}-2-
oxo-1-azepanylibutanamide, 2-{4-ethynyi-2-oxo-1-azepanyljbutanamide, 2-[4-(5-
methyl-2-thieny}-2-oxo-1-azepanylibutanamide, 2-[4-(5-formyl-2- Lhienyl}mz-sxo—
1-azepanyllbutanamide, 2-{<4> -{5-cyano-<2> -thienyl}-2-oxo-1-

azepanyl jbutanamide, 2-[4-(3-bromo-2-thienyl)-2-oxo-1-azepanylJoutanamide, 2-
[4-{4-methyl-2-thienyl)-2-ox0-1-azepanyl jbutanamide, 2-[2-ox0-4-(3,3,3-trifluoro-
I-propynyli-1-azepanviibutanamide, 2-[2-oxo-4-(L-propynyl}-1-
azepanyljbutanamide, 2-[4-(cyclopropylethynyl}-2-oxo-1-azepany! butanamide, 2-
[4-(3-methyl-i-butynyl}-2-oxo-1-azepanylbutanamide, 2-{4-( I-butynyl}-2-oxc-1-
azepanyl jbutanamide, 2-{4-(2,2-difluoropropyl)-2-ox0- 1 -azepauylbutanamide, 2~
[4-{2-chlore-2,2-difluorocthyi}-2-oxo--azepanyljbutanamide, 2-{4-(Z-bromo-2,2-
difluoroethyl}-2-oxo-1-azepanyl{butanamide, 2-{4-(2,2,2-trittuoroethyl}-2-oxo-1-

azepanyl jbutanamide.
Resulis have been obtained with the following compounds:
(25)-2-[5-(1ndomethyly-2-oxo- 1 -piperidinyl jbutanamide,

(28)-2-{5-{azidomethyl}-2-oxo-1-piperidinyl jbutanamide,

et
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2-(2-oxo-5-phenyl-1-piperidinylJbutanamide,
(28})-2-{4-(iodomethyh)-2-ox0-1-piperidinyl fbutanamide,
2-[5-(iodomethyl}-2-oxo-1~azepanyl|butanamide.

xv} International Patent Application Publication No. WOZ008/132139

Lh

In some embodiments, the compounds are of formula (1) as follows:

R
(D!
=Y

N

1//1\
R/ TR’

R
wherein
Y is O or S. Insome embodiments Y 18 O. R1 is hydrogen or C-|.g alkyl;
R2 18 hydrogeu;
10 R3 s -CONRSRS, -CORT,

5

an imidazolyl, an imidazopyridinyd, an
imidazopyridazinyl; RS, R6 are the same or different and are independently

selected from hydrogen and C-| 6 alkyl
715 C<il 6 alkyls

A s a monocyelic or bicyelic heterocyclic moiety selected from the group

Ju—
W

consisting of imidazolidin-1-yl, 1 ,3-oxazolidin-3-vl, 2,5-dthydro-1 H-pyrrol-1-yl,
1,3-thiazol-3(2H)-v1, 1,3~ thiazolidin-3-vl, piperidin-1-yl, azepan-1-vi, 5,6-
dihydro-dH-thieno[3,2-bipyrrol-4-vi, hexahydro-4H-thieno{3,2-blpyrrol-4-vl, 2,3~
dihydro-1 H-thieno[3,4-blpyrrol-1-v1, 1 ,3- benzothiazol-3(2H}-v1, 1 ,3-
benzoxazol-3{2H}-vl, pyrazolofl ,S-alpyridin-1 (2H)-vl, 3.4- dihydroisoquinolin-
20 2(1 Hy-vl, 3,4-dihydroquinolin-1 (ZH)-yl, 1 .3.4,5-tetrahydro-2H-2- benzazepin-2-
vi, 1,2,4,5-tetrabiydro-3H-3-benzazepin-3-yl; R4 is either R%a or R™b depending

on whother A being is a monocyclic or a bicyclic heterocycle:

where A is a monocyelie heterocyelic ruotety, R” 18 R a which is selected from the

group consisting of hydrogen; C-.g alkyl optionally substituted by a substituent

B2
L

selected from halogen, C-1.4 alkoxy, C-1.4 alkylthio, azido, nitrooxy or ag arvl;

b
3
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C2-6 alkenyl optionally substituted by halogen; C2-6 alkynyl optionally substituted
by halogen; azido; alkoxycarbonylaming; arylsulfonyloxy; a substituted or

unsubstituted aryl; or a 3-8 membered substituted or unsubstituted heterocycle;

where A s a bicyclic heterocyclic moiety R” is R which is selected from the
5 group comprising or consisting of hydrogen; nitro; cyane; halogen; heterocyele;
aming; aryl; C-.g alkyl optionally substituted by at lcast one halogen; or C-l.g

alkoxy optionally substituted by at least one halogen;

In some embodiments the compounds are as follows:

For compounds where A=Y is selected from a 2-oxo-piperidin-1-yi, a 2-oxo0-

16 azepan-~i-yi, a 2-oxo-1 ,3-benzothiazol-3(2H}-y1 or a 2-ox0-1 ,3-beneoxazol-
3(ZH}- vi, R3 must beselected from an imidazolyl, an imidazopyridinyl or an

imidazopyridazinyl.

For compounds where A=Y is a S-oxoimidazolidin-1-vi, R” and R” are hydrogen,

R3 15 -CONRSRS, RS anc

Ré6 arc as above defined, then R”a may not be an alkyl,
15 arabloyl or substituted aralkyl.
Where A=Y is cither of a 2-oxo-piperidin-1-ylt and a 2-oxo-azepan-1-yl, R*, R
and R"g are all hydrogen, then R” could not be a 2-phenylimidazof! 2-ajpyridin-

3-yl

in a specific embodiment A=Y is selected from the list consisting of!

)
[\
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2k - R%. Hza H@;
[ 30 _ S > 3, “ N

wherein X is O or 8, in a more specific embodiment O; in another embodiment, X

1S,

The asterisks in the ahove illustration indicate the attachment sites of the

(@)

substitucnt R"a.

In a specific emnbodiment, when R 15 -CONRSRS6 and R 1s C-ug alkyl, the carbon

aton to which R-I and R” are attached is preferably in the "S"-configuration.

In a specitic embodiment R” s hydrogen, methy!, ethyl and R” 1s hydrogen. In a

spectfic embodument R3 15 ~CONHZ.

10 In a further specific embodiment R™ s 1 H-imidazol-1-yl, 1 H-ivmidazol-4-v1, 1 H-
imidazol-5- vi, imidazof1 ,2-ajpvridin-3-yl or imidazo[1 ,2-bjpyridazin-3-yL In a
specific erabodimuent R%a is a C-Lg alkyl which may optionally be substituted by a

halogen; or a phenyl,

In another specilic embodiment Rb is hydrogen, halogen, nitro, cvano or a C-ug

i5 alkyl optionally substituted by a halogen,

b2
[\
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In still a further embodiment compounds may be used in the treatment of the above
mentioned disorders, in particular of epilepsy, having the formula (I-E), as wells as
its geometrical tsomers, enantiomers, diasteroomers and mixiures, or a

pharmaceutically acceptable salt thereof,

' S:: "

NAO (4-8)
L,
wherein
XisQors;

R-1 s hydrogen or C-|.g alkyl, in a more specific embodiment hydrogen;

R3 is an imidazolyl, an imidazopyridinyd, an imidazopyridazinyl; R"b is hydrogen:

aitro; cyano; halogen; C-

.g alkyl optionally substituted by halogen; C-|.g alkoxy

optionally substituted by halogen.

A further aspect of the present invention consists in novel compounds having the
formula (I-A), their geometrical isomers, enantiomers, diastercomers and mixtuares,

ot a pharmaceutically acceptable salt thereof,

48
LAN

N
/\lo (1A

wherein

R1 is hydrogen or C-|.g alkyl, preferably hydrogen, racthyl or othyl; in a more
spectfic embodiment R” 1s ethyl.

R3 is -CONHZ, an imidazolyl, an imidazopyridinyl, an imidazopyridazinyl,
preferably RN 1s <CONHZ.

R"a is either hydrogen or an aryly with the proviso that 2-(5-oxoimidazolidin-1-
yhacetamide is excluded. Preferably R"a s an aryl, e.g. a phenyl which may be

substituled preferably by halogen, nitro, alkoxy, in particalar by nitro.

230
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In a particular embodiment, when R 1s -CONH2 and R™ 1s C-|.g alkyl, the carbon

Akl

atom to which R1 and R are attached is preferably in the "S"-configuration.

A further aspect of the present invention consists in novel compounds having the
formuda (I-B1 or [-B2), their geometrical isomers, enantiomers, diastereomers and

mixtures, or a pharmaceutically acceptable salt thereof,
HSa R&z
J N PN
N o N0
/J\'; \)\ 3

g TH R ‘R
(-B1) (B2

wherein X in forowada (1-B2) is cither S or O, 1n 2 more specific embodiment S;

R1 is hydrogen or (-

. alkvl, preferably hydrogen, methyl or ethyl; in a more

spectfic embodiment R” 1s ethyl.

B3 s -CONH2, an imidazolyl, an imidazopyridinyl, an imidazopyridazinyl;

preferably R is -CONH2

R"a is hydrogen; C-|.z alkyl optionally substituted by halogen or C-1.4 alkoxy; an
aryl; or C2.g alkenyl optionally substituted by halogen. Preferably, Rhais C-lg
alkyl optionally substituted by halogen or C2-6 alkeny! optionaily substituted by

halogen or an aryl. In a more specific embodiment R%a 1s -

.g alkyl optionally
substituted by halogen or aryl.

In a particular embodiment, when R is -CONH2 and R™ is C-|.¢ alkyl, the carbon
atom to which R-T and R” are attached is preferably in the "S"-configuration.

A further aspect of the present invention consists in novel compounds having the
formula (I-B3), their geometrical isomers, enantiomers, diastercomers and

mixtures, or a pharmaceutically acceptable salt thereof,

A"
Q
N)QO
1/]\ K

A R
(-83)

|
(#%]
s
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wherein

R1 is either hydrogen or C-ug alkyl, preferably hydrogen, methyl or ethyl; more

preferably R1 is ethyl.

R3 is -CONH2, an imidazolyl, an imidazopyridinyl, an tmidazopyridazinyl;
preferably R 18 -CONHZ R™a ts O~ S alkyl optionally substituted by halogen or
C-1.4 alkoxy; an aryl; or €2 g alkenyl! optionally substituted by halogen.
Preferably, R%a is C-lg alkyl optionally substituted by halogen or C2 g alkenyi

optionally substituted by halogen.

In a particular embodiment, when R” is -CONH?2 and R” 1s C-|.g alkyl, the carbon
atom to which R-I and R" are attached is preferably in the "S"-configuration.

A further aspect of the present invention consists in novel compounds having the
formula (I-C), their geometrical 1somers, enantiomers, diastercomers and mixiures,

or a pharmacentically acceptable salt thereof,

(C)

wherein
R1 s hydrogen or C-|.g alkyl, in particalar hydrogen, methyl or ethyl,

R3 is ~-CONH2, an imidazoiyl, an imidazopyridinyl, an imidazopyridazinyl; in

particular R 19 -CONH2

R7a 1s methyl, cthyl, butyl optionally substituted by halogen or C-1.4 alkoxy, an
unsubstituted phenyl or a phenyl substituted by halogen, a C-.g alkyl optionally
substituted by halogen or a C-1.4 alkoxy; or R%a 1s a C2-6 alkenyl optionally
substituted by halogen. Preferably, R a is methyl, optionally substituted by

halogen, an unsubstituted phenyl or a phenyl substituted by halogen.

In a particular embodiment, when R 18 -CONH?Z and R 18 C-.g alkyl, the carbon
f £ aixy

atom to which R1 and R} are attached is preferably in the "S"-configuration.

|
j#%)
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A further aspect of the present invention consists in compounds having the formula
(1-D1 or I-D2}, their geometrical isomers, enantiomers, diastercomers and

mixtures, or a pharmaceutically acceptable salt thercof]

Rz!a % R‘a * ®

N 0 Qﬂ
)\Ra Ru/[\ﬁs
{01} {H-D2}

R’)

wherein

R-11s hydrogen or C+|.g alkyl, in particular hydrogen: R3 is an imidazolyl, an
imidazopyridinyl or an inudazopyridazinyl. In one embodiment, R is 1 H-
imidazol-i-yl, 1 H-midazol-4-vl, 1 H-imidazol-3-yl, inudaco{l ,2-alpyridin-3-vl
or imidazo[! ,2-blpyridazin-3-yl. In a more specific embodiment, R is { H-
immdazol-1-yi, 1 H- itmdazol-4-yi, 1 H-imidazol-5-yi, imidazo[l ,2-a]pyridin-3-yl;

R*a is hydrogen, C-

.2 alkyl optionally substituted by halogen or -1 .4 alkoxy;
aryl; or C2- g alkenyl optionally substituted by halogen. In a specific embodiment,
R™a is C-Lg alkyl optionally substituted by halogen; aryl; or C2-6 alkenvi
optionally substituted by halogen. In a more specific embodiment R*a1s C-|.g
alky!t optionally substituled by halogen; or arvl; e.g, propyl or phenyl;

with the proviso that when R® and R”a are hydrogen, R” is not 2-phenylimidazoll
2~ ajpyridin-3-yL.

A turther aspect of the present invention consists in corupounds having the formula

(I-F1, I-F2 or I-F3}, their geometrical isomers, enantiomers, diastercomers and

mixtures, or a pharmaceutically acceptable salt thereof]

wherein

|
[#%)
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R-11s hydrogen or C-|.g alkyl, preferably hydrogen, methyl or ethyl; more

preferably, R is hydrogen.

R3 is -CONH2, an imidazolyl, an imidazopyridinyl or an imidazopyridazinyl; in a

meore specific embodiment R3 is -CONH2, | H-inmdazol-1-vi, 1 H-unidazol-4-y1, 1
5 H-imidazol-5-yl, imidazo[ 1 2-ajpyridin-3-vl or imidazo[l 2-blpyndazin-3-yl. R"b

18 hydrogen; halogen; nitro; cyano; C1.4 alkyl optionally substituted by halogen;

{C-1.4 alkoxy optionally substituted by halogen. In a more specific embodiment R®

is hydrogen, halogen or cyano, more specifically halogen.

In a particular embodiment, when R” is -CONH2 and R” is C-|.g alkyl, the carbon
10 atony to which R1 and R are attached is preferably in the "S"-configuration,

A further aspect of the present invention consists in compounds having the formula

(1-F4), their geometrical isomers, enantiomers, diastereomers and mixtures, or a

pharmaceutically acceptable salt thereof,

4

R

{I-F4}

15 wherein
R-1 is hydrogen or C-|.g alkyl, preferably hydrogen:
R3 is an imidazolyl, an imidazopyridinyl or an imidazopyridazinyl; more
specifically R 18 1 H-imudaeol-1-y1, 1 Hoimidazol-d-yi, 1 H-imidazol-5-y1,
imidazofl 2-alpyridin-3-y!l or imidazo{1 2-blpyridazin-3-yl. More specifically R*
20 is | H-imidazol-4-y1 or imidazo[! ,2- ajpynidin-3-yi,
R”b 1s hydrogen; halogen; nttro; eyano; C-1.4 alkyl optionally substituted by
halogen; C-1.4 alkoxy optionally substituted by halogen; specifically R is
hydrogen, halogen or cvano,.

{u a particular erbodimeunt, when R” is -CONH2 and R™ 19 C-

g alkyl, the carbon

2]
()

atom to which R- and R" are attached is preferably in the "S"-configuration.

234
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A further aspect of the present invention consists in compounds having etther of
the formula (I-G1 | 1-G2 or }-G3}, their geometrical isomers, enantiomers,

diastercomers and mixtures, or a pharmaceutically acceptable salt thereof]

B s . s a®
o, .,
NS0 0 )
Ri/J\R: R'A\RS Ri/kﬁs
t-G1) (-G2) (LG3)
wherein

R-1 is hydrogen or C-|.g alkyl; preferably hydrogen;

R3 15 -CONH2, an imidazolyl, an imidazopyridinyl, an imidazopyridazinyl; in a
more specific embodiment R is -CONH2, 1 H-imidazol-1-yl, 1 H-imidazol-4-y], |
H-imidazol-5-yi, imidazo[1 ,2-alpyridin-3-yl or imidazo[l ,2-blpyndazin-3-yl. In a
even more specific embodiment R3 is an § H-imidazol-4-v] or imdazo[1 ,2-

ajpyridin-3-vi;

R4D s hydrogen; halogen; C-1.4 alky! optionally substituted by halogen; C-1.4

alkoxy optionally substituted by halogen.

Specific compounds of the present invention are those selected from the group
consisting of (283-2-[3-(4-nitrophenvl)-5-oxoimidazolidin-1 -vljbutanamide; (28)-
2-[3-(2 4~ dinitrophenyl})-5-oxoimidazolidin-1-yljbutanamide; (25)-2-(5-0x0-3-
phenylimidazolidin- 1~ yhbutanamide; 2-[5-(lodomethyly-2-oxo-1 ,3-oxazolidin-3-
yijbutanamude; 2-(2-0x0-2,5- dihydro-1 H-pyrrol- [-ylbutanamude; 2-(2-ox0-4-
phenyl-2,5-dihydro-1 H-pyrrol-1- yhbutanamide; 2-(4-methyl-2-oxo-2,5-dihydro-1
H-pyrrol-1-ylibutanamide; (25)-2-(2-0x0-53~ propyi-1 3-thiazol-3(2H)-
yhbutanamide; 2-{2-oxo-5-propyl-1 ,3-thiazol-3(2H})- ylipropanamide; 2-(5-butyl-
2-oxo-1 ,3-thiazolidin-3-yDbutananude; 2-(5-butyl-2-oxo-1 3~ thiazolidin-3-
vhpropanamide; 2-(2-oxo-5-phenyl-1 3-thiazolidin-3-y)propanamide; 2-(2- oxo-
S5-propyi-1 ,3-thiazolidin-3-yhybutanamide; 2-(2-oxo-5-phenyl-1 3-thiazolidin-3-
yhbutananude; 2-(2-oxo-3-propyl-1 3-thiazolidin-3~yDpropanamide; (28)-2-[2~
oxo-5-(2,2,2- triifluoroethyly-1 3-thiazclidin-3-ylibutanamide; 1-{[6-chloro-2-

{trifluoromethylimidazol1 ,2- bipyndazin-3-yiimethyl ! piperidin-2-one; 1 (1 H-

)
LD
(941
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imidazol-4-yimethyl)-S-propyipiperidin-2- one; 1-(1 H-imidazol-1-vimethyl}-5-
propylpiperidin-2-one; I-{imidazofl ,2-alpyridin-3- ylmethyl)-5-propyipiperidin-
Z-one; 1-(1 H-imidazol-1-vimethy-5-phenylpipenidin-2-one; 1- (imudazofl 2-
alpyridin-3-vimethyi)-5S-phenylpiperidin-Z-one; [-(imidazofl ,2-alpyridin-3-
yvimethyh-4-phenylpiperidin-2-one; {-(1 H-imidazol-1-vimethyl}-4-
phenyipiperidin-2-oue; - (imidazo{l 2-alpyridin-3-ylmethyl)-4-propylpiperidin-
2-one; 1-{1 H-imidazol-5-yimethyli}-4- propylpiperidin-2-one; 1-(1 H-imidazol-1-
yimethyl-4-propyipiperidin-2-one; 1-{{6-chloro-2- (trifluoromethyl hmidazof 1 ,2-
blpyridazin-3-ylmethyl}azepan-Z-one; 1 -(1 H-imidazol-5- vimethyl)-5-
propylazepan-2-one; S-propyl-i-{[2-(riflucromethylimidazof | ,2-ajpyridin-3-
viimethyl}azepan-2-one; S-phenyl-i-{[2-{trifluoromethylimidazo{ ,2-ajpyridin-
3- yljmcthyl}azepan-2-one; 1-(1 Hamidazol-5-yvimethyl)-6-propylazepan-2-one; i-
{1 H- imidazol-4-yimethyvt}-4-propyvlazepan-2-one; 4-(1 H-imidazol-4-yimethyl)-
4,6-dihydro-SH- thienof 3,2-blpyrrol-5-one; 2-(5-0x0-5,6-dihydro-4H-thieno{3,2-
blpyrrol-d-yhacetamide; 4- {{2-(rifluoromethyDimidazofl | 2-alpyridin-3-
yHmethyl}-4,6-dihydro-5H-thieno[3 2-bipyrrol-5- one; 4-{{2-
(triflucromethyDimidazofl ,2-alpyridin-3-ylmethyihexahydro-SH-thienof3,2-
blpyirol-5-one; 1-(1 H-tmidazol-4-ylmethyl)-1 H-thieno[3,4-blpvirol-2(3H)-one;
2-{6-chloro- 2-0X0-1 3-benzothiazol-3(2H)-vljacetammide; 6-bromo-3-(1 H-
imidazol-1-ylmethyl)-1 .3~ benzothiazol-2(3H}-one; 2-{6-bromo-2-oxo-1 3~
benzothiazol-3(2H)-vljpropananude; 2-(6- bromo-2-oxo-1 ,3-benzothiazol-3(2H)-
yhpropanamide; 2-(6-fluoro-2-oxe-1 ,3-benzothiazol- 3(ZH)-vhacetamide; 2-(6-
methyl-2-0x0-1 ,3-benzothiazol-3(2H)-vhacetamide; 6-fluore-3- (1 H-imidazol-1-
yvimethyl)-1 3-benzoxazol-2(3H}-one; 1-(1 Haimidazol-4- yvimethyDpyrazolol1 ,5-
alpyridin-2{1 H}-one; 2-{6-chioro-3-ox0-3 4-dihydroisoquinolin- 2(1 H)-
yhpropanamide; S-chloro-2-(1 H-imidazol-4-vimethyl)-1 ,4-dibydroisoquinotin-
3(2H}- one; 2-{6-chlore-2-ox0-3 4-dihydroquinolin-1 (2H}-yhacetamide; 2-(6-
bromo-2-0x0-3,4- dihydroquinolin-1 (ZH)-yhacetamide; 1-(1 H-muidazol-4-
vimethyl)-3,4-dihydroguinolin-2(1 H)- one; 2-(6-iodo-2~-ox0-3,4-dihydroquinolin-|
(2H)-vhacetamide; 2-(6-cyano-2-0x0-3,4~ dihydroquinolin-1 (2H)-yhacetamide; 7-
chloro-2-{[2-(trifluoromethylyimidaro{ 1 2-alpyridin- 3~-ylimethyl} -1 ,2.4,5-

tetrahydro-3H-2-benzazepin-3-one; 7-chloro-2-(1 H-imidazol-4- ylmethyl)-1
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2,4, 5-tetrabydro-3H-2-benzazepin-3-one; 7-chloro-3-(1 H-imidazol-4-yimethyl)- 1
3.4,5-tetrahydro-2H-3-benzazepin-2-one; and 7-chioro-3-{{2-
(trifluoromethylyimidazoll 2-alpyridin-3-ylmethyl -1 3,4, 5-tetrahydro-2H-3-

enzazepin-2- one.

In some embodiments, compounds of the present invention are those selected from
the group consisting of: 1-{1 H-imidazol-4-ylmethyl}-S-propyvipipendin-2-one; 1-
(1 H-inudazol-1- yimethyl-S-propyipiperidin-2-one; 1-(imidazo{] ,2-ajpyridin-3-
vhmethyl}-5-propylmperidin-2- one; 1-(} H-imidazol-1-ylmethyi)-5-
phenyvipiperidin-2-one; 1-(imidazo{l ,2-ajpyridin-3- y}mei}'lyi)-4-ph@nyipiperidm—
2-one; 1-(1 H-imidazol-1-yimethyl)-4-phenylpiperidin-2-one; I- (imidazofl 2-
alpyridin-3-ylmethyl-4-propyipiperidin-2-one; 1-(1 H-imidazol-53-ylmethyl)-4-
propyipiperidin-Z-one; 1-{1 H-imidazol-1-ylmethyl)-4-propylpiperidin-2Z-one; 1-(1
H-imidazol- 4-ylmethyii-1 H-thieno{3 4-blpyrrol-2(3H}-one; 6-bromo-3~(1 H-
imidazol-1-ylmethyl)-1 ,3- benzothiazol-2(3H}}-one; 2-(6-bromo-2-ox0-1 ,3-
benzothiazol-3(2H)-yhpropanamde; and S-chloro-2-(1 H-imidazol-4-ylmethyl}-1

A-dihydrotsoguinolin-3(2H r-one.

The following paragraphs provide definitions of the various chemical moicties that
make up the compounds according to the invention and are intended to apply
uniformly through- out the specification and claims unless an otherwise expressly

set out definition provides a broader definition.

C~ B akkyl” refers to alkyl groups having 1 1o 6, or 1 io 4 carbon atoms, This torm
is exemplified by groups such as methyl, cthyl, n-propyl, isopropyl, n-butyl,
isobutyl, tert- butyl, n~peniyl, n-hexyl, trifluoromethyl and the Iike. "Aryl” refers to
an unsaturated aromatic carbocyclic group of from 6 to 14 carbon atoms having a
single ring {¢.g., phenyl) or multiple condensed rings (¢.g., naphthyl). Preferred
ary!l include phenyl, naphthyl, phenantrenyl! and the like.

"Heterocycle” refers to a saturated or unsaturated ring system containing, in
addition to carbon atorus, at least one hetero atom, such as nitrogen, oxygen and/or
sulfur. "Heterocycle™ includes both "heteroaryl” and "heterocycloalloyl®,
"Heteroaryl” refers to a monecyclic hetercaromatic, or a bicyclic or a tricyclic

fused-ring heteroaromatic group. Particular examples of heteroaromatic groups

)
(#%]
~J
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include optionally substituted pyridyl, pyrrolyl, turyl, thienyl, imidazolyl, oxazolyl,
isoxazolyl, thiazolyl, isothiazolyl, pyrazolyl, 1 2 3-nazolyt, 1,2 4-triazolyl, 1
,2,3-oxadiazolyl, 1.2 d-oxadia-zolyl, 1 ,2,5-oxadiazolyl, 1,3 4-oxadiazolyl,1 3,4~
triazinyl, 1 ,2,3~triazinyl, benzofuryl, [2,3- dibydrojbenzofuryl, isobenzofuryl,
benzothienyl, benzotriazolyl, isobenzothienyl, indolyl, iscindelyl, 3H-indolyl,
benzimidazolyl, imidazopyridinyl, benzothiazolvl, benzoxzazolyl, quinochizinyl,
quinazolinyl, pthalazinyl, quinoxalinyl, cinnolinyl, napthyridinyl, pyrido[3,4-
bipyridyl, pyado[3,2-bipyridyl, pyridof4,3-blpyridyl, quinolyl, isoguinolyl,
tetrazolyl, 5,6,7,8- tetrahydroquinolyl, 5,6,7.8-tetrahydroisoquinolyl, purinyl,
pteridinyl, carbazolyl, xanthenyl benzoguinolyl, imidazopyrimidinyl,

imidazopyridazinyl, imidazothiazolyl or imidazothiadiazolyl.

"C2-6 alkenyl” refers to alkenyl groups preferably having from 2 to 6 carbon atoms
and baving at least 1 or 2 sites of alkenyl unsaturation, Preferable alkenyl groups
inchude ethenyl (vinyl, -CH=CH2), n-2-propenyl {allyl, -<CH2CH=CH2) and the
like.

"C2-6 alkynyl” refers to alkynyl groups preferably having from 2 to 6 carbon
atoms and having at least -2 sites of alkynyl unsaturation, preferred atkynyl

groups nclude ethynyl (<C=CH), propargyl ((CH2C=CH), and the like.

"(C3.8 cycloalkyl” refers to a saturated carbocyelic group of from 3 to 8 carbou
atoms having a single ring {e.g., cyclohexyl} or multipie condensed rings (e.g.,
norbornyl). Preferred cycloalkyl include cyclopropyl, cvclobutyl, cyclopentyl,

cyclohexyl, norbomyl and the like.

"Heterocycloalkyl” refers to a C3.8 cycloalkyl group according to the definition
above, in which 1 to 3 carbon atoms are replaced by hetero atoras chosen frova the
group consisting of O, §, NR, R being defined as hydrogen or C-|.g alkyl.
"Alkoxy" refers to the group ~O-R where R inchudes “ C-pg alkyl”, "C2-6 allkenyl”,

3t i

"C2-6 alkynyl", "C3.8 eycloalkyl”, "heterocycloalkyl”, "aryl”, "heteroaryl”.

"Amino” refers to the group -NRR' where cach R, R’ 18 independently hydrogen,

"Co.g alkyl®, "C2-6 alkenyl”, "C2-6 alkyoyl”, "C3-8 cycloalkyl”,

"heterocycioalky!l", "aryl”, "heteroaryl”, and where R and R, together with the

|
(#%]
o0
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nitrogen atom to which they are attached, can optionally form a 3-8-membered

heterocycloalky! ring.

"Amido” refers to the group -C{=0O)}NRR' where cach R, R is independently
hydrogeun, * C-| 5 alkyl", " C2-6 alkenyl”, " C2-6 alkyuyl”, " C3.8 cycloalkyl”,
"heterocycloalkyl”, "aryl”,

"heteroaryl”, and where R and R/, together with the nitrogen atom to which they

are attached, can optionally form a 3-8-merabered heterocycloalkyl ring.

"Acylamino” refers to the group ~-NRU(()R wherein R and R’ are as defined

hereabove for the amino group.

"Ureido" refers to the group -WR"C{O)NRR' wherein R and R’ are as defined
hereabove for the amino group, and R" is as defined hereabove. "Sulfanyl” refers
to the group -SR where R is "C-|.g alkyl”, "C2-6 alkenyl”, "C2-6 alkynyl", "C3.8
cycloalioyl”, "heterocycloaliyl”, "aryl” or "heteroaryl”.

"Sulfinyl” refers to the group -S(=0)R where R is "C-Lg alkyl", "C2-6 alkenyl”,

"C2-6 alkynyl", "C3.8 eycloalkyl”, "heterocycloalkyl™, "arvl” or "heteroaryl”.

"Sulfonyl” refers to the group -S(=0)2R where R is "C-Lg alloyl”, "C2-6 alkenyl",

[

"C2-6 allynyl”, "C3.8 cycloalkytl”, "heterocycloalkyl”™, "aryl” or "heteroaryl".
"Halogen" refers to fluoro, chloro, bromo and iodo atoms.

Substitute unsubstitated” : Unless otherwise constrained by the defimition of
"Substituted or unsubstituted” : Unless otherwise constrained by the definition of
the individual substitaent, the above set out groups, like "alkyl", "alkeny!”,

"alkynyl", "aryl" and

"heteroaryl” etc. groups can optionally be substituted with from 1 to § substituents

selected from the group consisting of "C-|.g alky!", "C2-6 alkenyl", "C2-6

alkynyl®,

"eycloalkyl”, "heterocycloalkyl”, "amino”, "armdo”, "acylaming”, "ureido”, "aryl”,
"o

"heteroaryt”, "alkoxy"”, "halogen”, cyano, hvdroxy, mercapto, nitro, "amido”,

"sulfanyl”, "sulfinyl”, "sultonyl® and the like.

The acid addition salt form of a compound of formula (1} that occurs in its free

form as a base can be obtained by treating the froe base with an appropriate acid

238
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such as an norganic acid, for example, a hydrohalic such as hydrochloric or
hydrobromic, sulfuric, nitric, phosphoric and the tike; or an organic acid, such as,
for example, acetic, trifluoroacetic, hydroxyacetic, propanoie, lactic, pyruvic,
malonic, succinic, maleic, fumarte, malic, tartaric, citric, methanesutfonic,
cthanesulionic, benzenesulfonic, p-toluenesulfonic, cyclamic, salicylic, p-

aminosalicylic, pamoic and the kike.

The compounds of formula (1) containing acidic protons may be converted into
ther therapeutically active, non-toxic base addition salt forms, ¢.g. metal or amine
salts, by treatment with appropriate organic and inorganic bases, Appropriate base
salt forms include, for example, ammonium saits, alkali and earth alkaline metal
salts, e.g. lithium, sodium, polassium, magnesium, calcium salts and the hike, salts
with organic bases, ¢.g. N-methyl-D-glucamine, hydrabamine salts, and salts with

aroino acids such as, for example, arginine, lysine and the like.

Conversely said salt forms can be converted into the free forms by treatment with

an appropriate base or acid.

Compounds of the formula (1) and thetr salts can be in the form of a solvate, which
is included within the scope of the present invention. Such solvates include for

exarnple hydrates, alcoholates and the like.

Many of the compounds of formula (I) and some of their intermediates have at
least one stereogenic cenler in their structure. This stereogenic center may be
present in a R or a 8 configuration, satid R and S notation 1s used in correspondence

with the rules described in Pure Appl. Chem., 45 (1976} 11-30.

The invention also relates to all stereoisomeric forms such as enantiomeric and
diastereotsomneric forms of the compounds of fornmla (I} or mixtures thereof
{including all possible mixtures of stercoisomers}. With respect to the present
mvention reference o a compound or compounds is intended to encompass that
compound in each of tts possible isomeric forms and mixtures thereof, unless the

particular isomeric form 18 referred to specifically.

Compounds according o the present invention may exist in different polymorphic
forms. Although not expliciily indicated in the above fornmla, such forms are

mntended to be included within the scope of the present wmvention.

240
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Some of the compounds of formula (T) may also exist in tautomeric forms. Such
forms although not explicity indicated in the above formula are intended to be

included within the scope of the present invention.

The invention also mcludes within its scope pro-drug forms of the compounds of
formula {1} and its various sub-scopes and sub~groups.

In a specific embodiment, the present invention concerns a compound selected
from the group consisting oft (283-2-[3-(4-uitrophenyl)-S-oxoimidazolidin-1-
vijbutanamide; (28)-2-{3-(2,4-dinitrophenyl)-53-oxoimidazolidin-1-vibutanamide;
(285)-2-(5-ox0-3- phenylimidazolidin-1 -vhbutanamide; 2-[5-(Godomethyl}-2-oxo-1
JA-oxazolidin-3- yvijbutasamide; 2-(2-ox0-2,5-dihydro-1 H-pyrrol-1-vhbutanamide:
2-(2-oxo-4-phenyl-2,5- dihydre-1 H-pyrrol- [-ylibutanamide; 2-(4-methyl-2-0x0-
2, 5-dihyydro-1 H-pyrrol-1- yhbutanamide: (+)-(28)-2-(2-0x0-4-propyl-2,5-dihydro-
1 H-pyrrol-{-yhbutanamide; (28)-2- (2-0xo-5-propyl-1 ,3-thiazol-3{ZH)-
yhbutanamide; 2-{Z-oxo-5-propyi-1 3-thiazol-3(ZH)- yvhjpropanamide; 2-(5-butyl-
2-oxo-1 3-thiazolidin-3-yDbutanamide; 2-(5-butyl-2-ox0-1 ,3~ thiazolidin-3-
yhpropanamide; 2-(Z-oxo-3-phenyl-1 3-thiazolidin-3-vDjpropanamide; 2-(2- oxo-
S-propyi-1 3-thiazolidin-3-yl}butanamide; 2-(2-ox0-5-phenyl-1 3-thiazolidin-3-
yhbutanamide; 2-(2-ox0-5-propyi-1 3-thiazolidin-3-yDpropanamide; (25)-2-[2-
ox0-3-(2,2 2~ trifluoroethyl)-1 3-thiazolidin-3-ylibutanamide; 1-{[6-chloro-2-
{trifluoromethybimidazoll 2- blpynidazin-3-yHmethyl i piperidin-2-one; 1 (1 H-
imidazol-4-ylmethyly-S-propyipiperidin-2- one; 1-(1 H-imidazol-1-ylmethyl)-5-
propylpiperidin-2-one; I-(imidazofl 2-ajpyridin-3- vimethyl}-3-propyipiperidin-
2-one; 1-(1 H-imidazol-1-vimethyi}-S-phenylpiperidin-2-one; I- (inidazofl ,2-
ajpyridin-3-vimethyl)-5-phenylpiperidin-2-one; |-{imidazof! ,2-alpyridin-3-
yvimethyh-4-phenyipiperidin-2-one; 1-(1 H-imidazol-T-ylethyl)-4-
phenylpiperidin-2-one; - (imidazo[l ,2-alpyridin-3-ylmethyl)-4-propylpiperidin-
2-one; 1-(1 H-imndazol-5-vimethy-4- propylpiperidin-2-one; 1-(1 H-imidazol-1-
yimethyl}-4-propyipiperidin-2Z-one; 1-{{6-chlore-2- {triffuoromethyl imidazof 1 ,2-
blpyridazin-3-yijmethyl jazepan-2-one; 1 ~(1 H-irmdazol-5- yimethyl)-5-
propylazepan-2-cne; S-propyl-1-{{2-(trifluoromethylyimidazoll ,Z-alpyridin-3-
vimethylfazepan-2-one; 1-(1 H-imidazol-S-ylmethyl}-3-phenylazepan-2-one; 5-

phenyi-1- {{2-{trifheoromethyiymidazo{l 2-alpyridin-3-ylimethyl} azepan-2-one;

241
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1-(1 H-mmidazol-5- ylmethyl)-6-propylazepan-2-one; 1-{1 H-imidazol-4-ylmethyi)-
4-propylazepan-2-one; 4- (1 H-imidazol-4-ylmethyi}-4,6-dihydro-5H-thienof3.2-
bipyrrol-5-one; 2-(5-ox0-5,6-dihydro- 4H-thieno[3.2-blpyrrol-4-vhacetamide; 4-

{2-(trifluoromethyi imidazo[ 1, 2-alpyridin-3~ ylimethyl}-4,6-dihydro-SH-

thieno[3,2-bipyrrol-5-one; 4-{{2-(trifluoromethyiyimidazo{1 ,2- alpyridin-3-
ylmethylthexahydro-3H-thieno[3,2-blpyrrol-53-one; 1 -(1 H-imidazol-4-ylmethyl}-
1 H-thieno[3.4-bpyrrol-2(3H}-one¢; 2-(6-bromo-2-oxo-1 ,3-benzothiazol-3(2H)-
yhacetarnide; 2-(2-0X0- 1 ,3-benzothiazol-3(2H)-yhacetamide; 2-{6-chloro-2-
oxo-1 ,3-benzothiazol-3(2H)- vhacetamide; 6-bromo-3-(1 H-imidazol-1-yimethyl)-
1, 3-benzothiazol-2(3H}-one; 6-bromo- 3-(2-oxopropyl)-1 . 3-benzothiazol-2{3H}-
one; 2-(6-nitro-2-oxo-1 ,3-benzothiazol-3(2H})- yhiacetamide; 2-{6-bromo-2-gx0-1
J3-benzothazol-3(2H)-yDpropanamide; 2-(6-bromo-2- oxo-1 ,3-benzothiazol-
3(2H)-yhpropanamide; 2-(6-fluoro-2-oxo-~1 ,3-benzothiazol-3(2H)- yhacetamide;
2-{6-mothyl-2-ox0-1 3-benzothiazol-3(Z2H-vhacetanmide; 6-tluoro-3-(1 H-
imidazol-1-yimethyl)-1 3-benzoxazol-2(3H)-one; 1-(1 H-immdazol-4-
vimethyDpyrazolo[l ,5- alpyridin-2(! H)-one; 2-{(6-chloro-3-0x0-3,4-
dihydroisoguimolin-2{1 H}-yUpropanamide; 5- chloro-2-(1 H-urudazol-4-
yimethyl)-1 4-dihydroisoguinolin-3(2H}-one; 2-(6-chloro-2-oxo- 3 ,4-
dihydroguinolin-1 (2H)-yhacetamide; 2-(6-bromo-2-0x0-3,4-dihydroguinolin-1
(2H)~ yhacetamide; 1-(1 H-imidazol-4-vimethyh}-3 4-dihydroquinolin-2{1 H)-one;
2-{6-10do-2-0x0- 3,4-dihydroquinolin-1 (2H)-yhacetamide; 2-(6-cyano-2-0x0-3,4-
dihydroquinolin-1 (2H}- vhacetamide; 7-chlore-2-{{2-(trifluoromethvlyimidazo[1
2-galpyridin-3-ylmethyl}-1 2,45~ tetrahydro-3H-2-benzazepin-3-ong; 7-chloro-2-
{1 H-imidazol-4-vlmethyl}-1 ,2,4,5- tetrahydro-3H-2-benzarepin-3-one; 7-chloro-
3-(1 H-imidazol-4-yimethyi}-1 ,3,4,5- tetrahydro-2H-3-benzazepin-2-one; and 7-
chioro-3-{[2-{trifluoromethylimidazol[ 1 |2~ ajpyridin-3-ylimethyi}-1 ,3,4,5-

tetrahydro-2H-3-benzazepin-2-one.
xvi} UK Patent 1,039,113

The new compounds according to the present invention are N-substituted lactams

of the general formula:
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wherein N is a whole number of from 3 to 5 and R represents a
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radical in which m is @, 1 or 2 and R’ is a hydrogen atom or an alkyl, cycloalkyl,
alkenyl or alkyuyi radical, which may contain 3 1o 6 carbon atoms, or an aryl
radical, and R" is a hydrogen atom or an alkyl radical, or both R’ and R", together
with the nitrogen atom to which they are attached, form a heterocyehc ring, such as

5 a pyrrolidine ring.
xvil) UK Patent 1,309,692

According to the present invention, there are provided new N-substituted lactams

of the general formula:

! - R
CH-Co-N"

i A"

v g

wherein X is a hydrogen atom or au alkyl, alkenyl or alkynyl radical containing 1
to 6 carbon atoms, p is a whole number of from § to 6, Y is a hydrogen atom or an
alkvl, alkeuyl or alkyny! radical containing 1 to 6 carbon atorus or a cycloalkyl
radical and R’ and R", which may be the same or different, are hydrogen atoms or
alkyl, alkenyl, alloynyl, eycloalkyl or aryl radicals or R and R”, together with the
nitrogen atom to which they are attached, form a heterocyelic radical which may
contain further hetercatoms, with the proviso that at least one ot the symbols X and

Y is other than a hydrogen atom,

Yalpreate

b
A
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{0144} In some embodiments, an SVZA inhibitor or its pharmaceutically
acceptable salt, hydrate, solvate or polymorph is administered tn combination with

valproate or iis analog, derivative or pharmaccutically acceptable salt.

[0145]  Analogs and derivatives of valpreate useful {or the methods and

compositions of this invention mnclude cormpounds of the formula:

0O

PN

R X

wherein, independently for each occurrence:

X ~0OH, Cyp alkoxy, -O-alkali metal, -N (RJ’);&, -8H, or -5-Chp alkyl;
R is a straight chain or branched Cy.50 alkyl; and

R!ig H, Cip alky, Coyp alkenyl, o alkynyvl, arvd, or avalkyl;

provided that R may be unsubstituted or substituted by one or more ~0OH,

Cy.a0 alkoxy, ~N(R1}2, -8H, -5-Cag alkyl, or arvl,

{6146] In other embodiments, analogs and derivatives of valproate useful for the

methods and compositions of this invention include compounds of the formula:

)

X

R X
wherein, independently for each occurrence:
X i3 -OH, Cy.q9 alkoxy, ~O-alkali metal, -’N(Ri}g, -nH, or -N-Ci0
alkyl;
Ris CH(CH:»CH;slp; and
R'is H, Cyp atky, Gy alkenyl, oo alkynyl, aryl, or aralkyl;

provided that R may be unsubstituted or substituted by one or more -OH,

C}.m ?LEEQ()XY, ~N({j}3 -SH, -SJ::,}O fﬂk‘,’i, or ‘c'll‘yE.
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101471 In other erubodiments, analogs and derivatives of valproate useful for the

methods and compositions of this invention include compounds of the formula:

0O

X

R X
wherein, independently for cach occcurrence:
5 X s ~OH, -O-alkali metal, -SH, or - NH:; and
R is CH{CH3CH;z L.

10148] Methods for making the compounds of formula may be found in, for

example, U.S. Patent Nos.: 4,558,070; 4,595,695, 4,654,370; 4,885,873;

4,913,906, 5,017,613, 5,019,398; 5,048,586; 5,162,573; 5,440,023; 5,856,569,
16 6,131,106 and 6,610,326,

j6149]  Other names and descriptions of valproate are alse envisioned herein,
such as Depakote, Valrelease, 2-propyipentanocate, valproic acid, VPA and sodium

valproate.

Methods of Treating CKS Disorders with Cognitive Impairment with the

15 Administration of an SV24A Inhibifor

[6156G]  In one aspect, the invention provides methods and compositions for treating or

improving cognitive function, delaying or slowing the progression of cognitive

impairment, or reducing the rate of decline of cognitive function, in a subject suffering

from a central nervous system (CNS} disorder with cognitive impairment (e.g., age-

26 related cognitive impairment, MCL ammnestic MCI, dementia, AD, prodromal AD,
PTSD, schizophrenia, ALS and cancer therapy-related coguitive impairment), or the
risk thereof 1n a subject in need thereof by administering an SV2A inhibitor or a
pharmaceutically acceptable salt, hydrate, solvate or polyruorph thereof. In some

embodiments, the SV2A inhibitor 15 administered in combination with valproate or an

[oe

5 analog, derivative or pharmaceutically acceptable salt, hydrate, solvate or polymorph
thereof. In some embodiments, the SV2A inhibitor is selected from the group
consisting of levetiracetam, seletracetam, and brivaracetam or derivatives or analogs or

pharmaccutically acceptable salts, or solvates, or hydrates, or polymorphs, or prodrugs

b2
A
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thereof. In other embodiments, the SV2A inhibitor 18 levetiracetam or a derivative or
an analog or a pharmaceutically acceptable salt, or a solvate, or a hydrate, or a
polymorph, or a prodrug thereoll In other embodiments, the SVZA inhibitor is
brivaracetam or a derivative or an analog or a pharmaceutically acceptable salt, ora
solvate, or a hydrate, or a pelymorph, or a prodrug thereof. in other embodiments, the
SV2A inhibilor is seletracetam or a derivative or an analog or a pharmaceutically
acceptable salt, or a solvate, or a hiydrate, or a polymorph, or a prodrug thereof, In
some embodiments, the CNS disorder with cognitive irapairment is age-related
cognitive impairment, such as Mild Cognitive Impairment (MCI}, Age-Associated
Memory Impatrment {AAMI), Age Related Cognitive Dochine (ARCD), Inone
embodiment of the invention, the MCI is amnestic MCL  In some embodiments of the
invention, the ONS disorder with cognitive impairment 18 domentia, post traumatic
stress disorder (PTS12), schizophrenia, amyotrophic lateral selerosis {ALS) or cancer-
therapy-related cognitive impairment, In one embodiment, the subjoct that suffers such
cognitive impairmoent is a human patient. The subject may be a human or other
mammal such as a non-human primate, or rodent (e.g., rat). In some embodiments, the

subject is a human patient.

[8151] The use of the SV2A inhibitors and is pharmaceutically acceptable salt,
hydrate, solvate or polymorph in combination with valproate or its analog,
derivative or pharmaceutically acceptable salt reduces the amount of valproate
pecessary for the treatment of CNS disorders involving cognitive dysfunction and
other affective disorders, including MCH, amnestic MCI, AAMI, ARCE, dementia,
AD, PTSD, schizophrenia, ALS or cancer-therapy-related cognitive impairment.
In one embodiment, the subject that suffers such cognitive impairment is @ human
paticut, and thus reduce the side effects cansed by valproate without diminishing
gfficacy. Further, the cfficacy of a combination of the SV2ZA inhibitor or its
pharmaceutically acceptable salt, hydrate, solvate or polymorph and valproate or
its analog, derivative or pharmaceutically acceptable salt exceeds the etficacy of
cither drug admunistered alone at its optimal dose and thus 1s an improved

treatment for CNS disorders with cognitive impatrment.
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[6152] It will be appreciated that compounds and agents used in the compositions
and methods of this invention preferably should readily penetrate the blood-brain
barrier when peripherally admunistered. Compounds which cannot penetrate the
blood-brain barrier, however, can still be effectively administered divectly into the
central nervous system, ¢.g., by an intraventricular or other neuro-compatible

Toute.

{6833] Asused herein, administration of an SV2A inhibitor or il
pharmaceutically acceptable salt, hydrate, solvate or polymorph and valpreate or
its analog, derivative or pharmaceutically acceptable salt "in combination” includes
simultansous adminisiration and/or administration at different times, such as
sequential adminisiration, Simultancous administration of the SY2A inhibitor or
its pharmaceutically acceptable salt, hydrate, solvate or polymorph and valproate
or its analog, dertvative or pharmaccutically acceptable salt can optionally be
combined with supplemental doses of the SV2A inhibitor or its pharmaceutically
acceptable salt, hydrate, solvate or polymeorph and/or valproate or its analog,
derivative or pharmaceutically acceptable salt. Stmuiltancous administration of
drugs encompasses administration as co-fornuilation or, alternatively, as separate

compositions.

[6154] In accordance with this invention, the SV2A inhibitor or its
pharmaceutically acceptable salt, hydrate, solvate or polymorph, alone or in
combination with valproate or its analog, derivative or pharmaceutically acceptable
salt can be administered to a subject via any suitable route or routes. In some
embodiments, the drugs are administered orally; however, administration
intravenously, subcutaneously, 1utra-arterially, intramuscudarly, intraspinally,
rectally, intrathoracically, intraperitoneally, intracentricularly, or transdermally,
topically, or by inhalation is also contemplated. The agents can be adrnistere
orally, for example, in the form of tablets, troches, capsules, elixirs, suspensions,
syrups, wafers, or the like, prepared by art recogrized procedures. In certaim
erabodiments, the SV2A inhibitor or its pharmiaceutically acceptable salt, hydrate,
solvate and polymorps, alonc or in combination with valproate or s analog,

derivative or pharmaceutically acceptable salt, can be administered to a subject via

|
s
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Claims

1. Use of levetiracetam, brivaracetam, or seletracetam, or a pharmaceutically acceptable
salt, hydrate, or solvate of any of the foregoing, for treating cognitive impairment associated with
a central nervous system (CNS) disorder, for delaying or slowing the progression of said
cognitive impairment, or for reducing the rate of decline of cognitive function associated with
said CNS disorder, in a subject having or at risk of having said cognitive impairment or decline

of cognitive function,

wherein the CNS disorder is amnestic mild cognitive impairment, dementia, prodromal
Alzheimer’s Disease, post-traumatic stress disorder (PTSD), schizophrenia, amyotrophic lateral

sclerosis (ALS), or cancer-therapy related cognitive impairment, and

wherein the levetiracetam, brivaracetam, or seletracetam, or the pharmaceutically
acceptable salt, hydrate, or solvate of any of the foregoing, is formulated for administration at a
daily dose of about 0.07 mg, about 0.08 mg, about 0.09 mg, about 0.1 mg, about 0.12 mg, about
0.14 mg, about 0.16 mg, about 0.18 mg, about 0.2 mg, about 0.22 mg, about 0.24 mg, about 0.26
mg, about 0.28 mg, about 0.3 mg, about 0.35 mg, about 0.4 mg, about 0.45 mg, about 0.5 mg,
about 0.55 mg, about 0.6 mg, about 0.7 mg, about 0.8 mg, about 0.9 mg, about 1 mg, about 1.2
mg, about 1.4 mg, about 1.6 mg, about 1.8 mg, about 2 mg, about 2.2 mg, about 2.4 mg, about
2.6 mg, about 2.8 mg, about 3 mg, about 3.5 mg, about 4 mg, about 4.5 mg, about 5 mg, about
5.5 mg, about 6 mg, about 7 mg, about 8 mg, about 9 mg, about 10 mg, about 12 mg, about 14
mg, about 16 mg, about 18 mg, about 20 mg, about 22 mg, about 25 mg, about 28 mg, about 30
mg, about 35 mg, about 40 mg, about 50 mg, about 60 mg, about 70 mg, about 80 mg, about 90
mg, about 100 mg, about 120 mg, about 140 mg, about 150 mg, about 160 mg, about 180 mg,
about 200 mg, about 220 mg, about 240 mg, about 250 mg, about 280 mg, about 300 mg, about
325 mg, or about 350 mg.

2. The use according to claim 1, wherein the levetiracetam, brivaracetam, or seletracetam,
or the pharmaceutically acceptable salt, hydrate, or solvate of any of the foregoing, is formulated

for extended release.

3. The use according to claim 1 or 2, wherein the levetiracetam, brivaracetam, or
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seletracetam, or the pharmaceutically acceptable salt, hydrate, or solvate of any of the foregoing,

is formulated for administration every 12 hours.

4. The use according to claim 1 or 2, wherein the levetiracetam, brivaracetam, or
seletracetam, or the pharmaceutically acceptable salt, hydrate, or solvate of any of the foregoing,

is formulated for administration every 24 hours.

5. A pharmaceutical composition for treating cognitive impairment associated with a central
nervous system (CNS) disorder, for delaying or slowing the progression of said cognitive
impairment, or for reducing the rate of decline of cognitive function associated with said CNS
disorder, in a subject having or at risk of having said cognitive impairment or decline of
cognitive function, said pharmaceutical composition comprising levetiracetam, brivaracetam, or

seletracetam, and a pharmaceutically acceptable salt, hydrate, or solvate of any of the foregoing,

wherein the CNS disorder is amnestic mild cognitive impairment, dementia, prodromal
Alzheimer’s Disease, post-traumatic stress disorder (PTSD), schizophrenia, amyotrophic lateral

sclerosis (ALS), or cancer-therapy related cognitive impairment, and

wherein the levetiracetam, brivaracetam, or seletracetam, or the pharmaceutically
acceptable salt, hydrate, or solvate of any of the foregoing, is present in an amount of about 0.07
mg, about 0.08 mg, about 0.09 mg, about 0.1 mg, about 0.12 mg, about 0.14 mg, about 0.16 mg,
about 0.18 mg, about 0.2 mg, about 0.22 mg, about 0.24 mg, about 0.26 mg, about 0.28 mg,
about 0.3 mg, about 0.35 mg, about 0.4 mg, about 0.45 mg, about 0.5 mg, about 0.55 mg, about
0.6 mg, about 0.7 mg, about 0.8 mg, about 0.9 mg, about 1 mg, about 1.2 mg, about 1.4 mg,
about 1.6 mg, about 1.8 mg, about 2 mg, about 2.2 mg, about 2.4 mg, about 2.6 mg, about 2.8
mg, about 3 mg, about 3.5 mg, about 4 mg, about 4.5 mg, about 5 mg, about 5.5 mg, about 6 mg,
about 7 mg, about 8 mg, about 9 mg, about 10 mg, about 12 mg, about 14 mg, about 16 mg,
about 18 mg, about 20 mg, about 22 mg, about 25 mg, about 28 mg, about 30 mg, about 35 mg,
about 40 mg, about 50 mg, about 60 mg, about 70 mg, about 80 mg, about 90 mg, about 100 mg,
about 120 mg, about 140 mg, about 150 mg, about 160 mg, about 180 mg, about 200 mg, about
220 mg, about 240 mg, about 250 mg, about 280 mg, about 300 mg, about 325 mg, or about 350

mg.
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6. Use of levetiracetam, or a pharmaceutically acceptable salt, hydrate, or solvate thereof,
for treating cognitive impairment associated with a central nervous system (CNS) disorder, for
delaying or slowing the progression of said cognitive impairment, or for reducing the rate of
decline of cognitive function associated with said CNS disorder, in a subject having or at risk of

having said cognitive impairment or decline of cognitive function,

wherein the CNS disorder is amnestic mild cognitive impairment, dementia, prodromal
Alzheimer’s Disease, post-traumatic stress disorder (PTSD), schizophrenia, amyotrophic lateral

sclerosis (ALS), or cancer-therapy related cognitive impairment, and

wherein the levetiracetam, or the pharmaceutically acceptable salt, hydrate, or solvate
thereof, is formulated for administration every 12 hours at a daily dose of about 7 mg, about 8
mg, about 9 mg, about 10 mg, about 12 mg, about 14 mg, about 16 mg, about 18 mg, about 20
mg, about 22 mg, about 25 mg, about 28 mg, about 30 mg, about 35 mg, about 40 mg, about 50
mg, about 60 mg, about 70 mg, about 80 mg, about 90 mg, about 100 mg, about 120 mg, about
140 mg, about 150 mg, about 160 mg, about 180 mg, about 200 mg, about 220 mg, about 240
mg, about 250 mg, about 280 mg, about 300 mg, about 325 mg, or about 350 mg.

7. Use of levetiracetam, or a pharmaceutically acceptable salt, hydrate, or solvate thereof,
for treating cognitive impairment associated with a central nervous system (CNS) disorder, for
delaying or slowing the progression of said cognitive impairment, or for reducing the rate of
decline of cognitive function associated with said CNS disorder, in a subject having or at risk of

having said cognitive impairment or decline of cognitive function,

wherein the CNS disorder is amnestic mild cognitive impairment, dementia, prodromal
Alzheimer’s Disease, post-traumatic stress disorder (PTSD), schizophrenia, amyotrophic lateral

sclerosis (ALS), or cancer-therapy related cognitive impairment, and

wherein the levetiracetam, or the pharmaceutically acceptable salt, hydrate, or solvate
thereof, is formulated for administration every 24 hours at a daily dose of about 7 mg, about 8
mg, about 9 mg, about 10 mg, about 12 mg, about 14 mg, about 16 mg, about 18 mg, about 20
mg, about 22 mg, about 25 mg, about 28 mg, about 30 mg, about 35 mg, about 40 mg, about 50
mg, about 60 mg, about 70 mg, about 80 mg, about 90 mg, about 100 mg, about 120 mg, about
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140 mg, about 150 mg, about 160 mg, about 180 mg, about 200 mg, about 220 mg, about 240
mg, about 250 mg, about 280 mg, about 300 mg, about 325 mg, or about 350 mg.

8. Use of brivaracetam, or a pharmaceutically acceptable salt, hydrate, or solvate thereof,
for treating cognitive impairment associated with a central nervous system (CNS) disorder, for
delaying or slowing the progression of said cognitive impairment, or for reducing the rate of
decline of cognitive function associated with said CNS disorder, in a subject having or at risk of

having said cognitive impairment or decline of cognitive function,

wherein the CNS disorder is amnestic mild cognitive impairment, dementia, prodromal
Alzheimer’s Disease, post-traumatic stress disorder (PTSD), schizophrenia, amyotrophic lateral

sclerosis (ALS), or cancer-therapy related cognitive impairment, and

wherein the brivaracetam, or the pharmaceutically acceptable salt, hydrate, or solvate
thereof, is formulated for administration every 12 hours at a daily dose of about 0.07 mg, about
0.08 mg, about 0.09 mg, about 0.1 mg, about 0.12 mg, about 0.14 mg, about 0.16 mg, about 0.18
mg, about 0.2 mg, about 0.22 mg, about 0.24 mg, about 0.26 mg, about 0.28 mg, about 0.3 mg,
about 0.35 mg, about 0.4 mg, about 0.45 mg, about 0.5 mg, about 0.55 mg, about 0.6 mg, about
0.7 mg, about 0.8 mg, about 0.9 mg, about 1 mg, about 1.2 mg, about 1.4 mg, about 1.6 mg,
about 1.8 mg, about 2 mg, about 2.2 mg, about 2.4 mg, about 2.6 mg, about 2.8 mg, about 3 mg,
about 3.5 mg, about 4 mg, about 4.5 mg, about 5 mg, about 5.5 mg, about 6 mg, about 7 mg,
about 8 mg, about 9 mg, about 10 mg, about 12 mg, about 14 mg, about 16 mg, about 18 mg,
about 20 mg, about 22 mg, about 25 mg, about 28 mg, about 30 mg, or about 35 mg.

9. Use of brivaracetam, or a pharmaceutically acceptable salt, hydrate, or solvate thereof,
for treating cognitive impairment associated with a central nervous system (CNS) disorder, for
delaying or slowing the progression of said cognitive impairment, or for reducing the rate of
decline of cognitive function associated with said CNS disorder, in a subject having or at risk of

having said cognitive impairment or decline of cognitive function,

wherein the CNS disorder is amnestic mild cognitive impairment, dementia, prodromal
Alzheimer’s Disease, post-traumatic stress disorder (PTSD), schizophrenia, amyotrophic lateral

sclerosis (ALS), or cancer-therapy related cognitive impairment, and
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wherein the brivaracetam, or the pharmaceutically acceptable salt, hydrate, or solvate
thereof, is formulated for administration every 24 hours at a daily dose of about 0.07 mg, about
0.08 mg, about 0.09 mg, about 0.1 mg, about 0.12 mg, about 0.14 mg, about 0.16 mg, about 0.18
mg, about 0.2 mg, about 0.22 mg, about 0.24 mg, about 0.26 mg, about 0.28 mg, about 0.3 mg,
about 0.35 mg, about 0.4 mg, about 0.45 mg, about 0.5 mg, about 0.55 mg, about 0.6 mg, about
0.7 mg, about 0.8 mg, about 0.9 mg, about 1 mg, about 1.2 mg, about 1.4 mg, about 1.6 mg,
about 1.8 mg, about 2 mg, about 2.2 mg, about 2.4 mg, about 2.6 mg, about 2.8 mg, about 3 mg,
about 3.5 mg, about 4 mg, about 4.5 mg, about 5 mg, about 5.5 mg, about 6 mg, about 7 mg,
about 8 mg, about 9 mg, about 10 mg, about 12 mg, about 14 mg, about 16 mg, about 18 mg,

about 20 mg, about 22 mg, about 25 mg, about 28 mg, about 30 mg, or about 35 mg.

10.  Use of seletracetam, or a pharmaceutically acceptable salt, hydrate, or solvate thereof, for
treating cognitive impairment associated with a central nervous system (CNS) disorder, for
delaying or slowing the progression of said cognitive impairment, or for reducing the rate of
decline of cognitive function associated with said CNS disorder, in a subject having or at risk of

having said cognitive impairment or decline of cognitive function,

wherein the CNS disorder is amnestic mild cognitive impairment, dementia, prodromal
Alzheimer’s Disease, post-traumatic stress disorder (PTSD), schizophrenia, amyotrophic lateral

sclerosis (ALS), or cancer-therapy related cognitive impairment, and

wherein the seletracetam, or the pharmaceutically acceptable salt, hydrate, or solvate
thereof, is formulated for administration every 12 hours at a daily dose of about 0.07 mg, about
0.08 mg, about 0.09 mg, about 0.1 mg, about 0.12 mg, about 0.14 mg, about 0.16 mg, about 0.18
mg, about 0.2 mg, about 0.22 mg, about 0.24 mg, about 0.26 mg, about 0.28 mg, about 0.3 mg,
about 0.35 mg, about 0.4 mg, about 0.45 mg, about 0.5 mg, about 0.55 mg, about 0.6 mg, about
0.7 mg, about 0.8 mg, about 0.9 mg, about 1 mg, about 1.2 mg, about 1.4 mg, about 1.6 mg,
about 1.8 mg, about 2 mg, about 2.2 mg, about 2.4 mg, about 2.6 mg, about 2.8 mg, about 3 mg,
about 3.5 mg, about 4 mg, about 4.5 mg, about 5 mg, about 5.5 mg, about 6 mg, about 7 mg,
about 8 mg, about 9 mg, about 10 mg, about 12 mg, about 14 mg, about 16 mg, about 18 mg,
about 20 mg, about 22 mg, about 25 mg, about 28 mg, about 30 mg, or about 35 mg.
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11.  Use of seletracetam, or a pharmaceutically acceptable salt, hydrate, or solvate thereof, for
treating cognitive impairment associated with a central nervous system (CNS) disorder, for
delaying or slowing the progression of said cognitive impairment, or for reducing the rate of
decline of cognitive function associated with said CNS disorder, in a subject having or at risk of

having said cognitive impairment or decline of cognitive function,

wherein the CNS disorder is amnestic mild cognitive impairment, dementia, prodromal
Alzheimer’s Disease, post-traumatic stress disorder (PTSD), schizophrenia, amyotrophic lateral

sclerosis (ALS), or cancer-therapy related cognitive impairment, and

wherein the seletracetam, or the pharmaceutically acceptable salt, hydrate, or solvate
thereof, is formulated for administration every 24 hours at a daily dose of about 0.07 mg, about
0.08 mg, about 0.09 mg, about 0.1 mg, about 0.12 mg, about 0.14 mg, about 0.16 mg, about 0.18
mg, about 0.2 mg, about 0.22 mg, about 0.24 mg, about 0.26 mg, about 0.28 mg, about 0.3 mg,
about 0.35 mg, about 0.4 mg, about 0.45 mg, about 0.5 mg, about 0.55 mg, about 0.6 mg, about
0.7 mg, about 0.8 mg, about 0.9 mg, about 1 mg, about 1.2 mg, about 1.4 mg, about 1.6 mg,
about 1.8 mg, about 2 mg, about 2.2 mg, about 2.4 mg, about 2.6 mg, about 2.8 mg, about 3 mg,
about 3.5 mg, about 4 mg, about 4.5 mg, about 5 mg, about 5.5 mg, about 6 mg, about 7 mg,
about 8 mg, about 9 mg, about 10 mg, about 12 mg, about 14 mg, about 16 mg, about 18 mg,
about 20 mg, about 22 mg, about 25 mg, about 28 mg, about 30 mg, or about 35 mg.

12.  The use according to any one of claims 1 and 6-11, wherein the CNS disorder is
dementia.

13. The use according to claim 12, wherein the dementia is Alzheimer’s disease (AD).
14.  The pharmaceutical composition according to claim 5, wherein the CNS disorder is
dementia.

15.  The pharmaceutical composition according to claim 14, wherein the dementia is

Alzheimer’s disease (AD).

16.  The use according to claim 10 or 11, wherein the seletracetam, or the pharmaceutically
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acceptable salt, hydrate, or solvate thereof, is formulated for extended release.

17.  The use according to claim 6 or 7, wherein the levetiracetam, or the pharmaceutically

acceptable salt, hydrate, or solvate thereof, is formulated for extended release.

18.  The use according to claim 8 or 9, wherein the brivaracetam, or the pharmaceutically

acceptable salt, hydrate, or solvate thereof, is formulated for extended release.

19.  The pharmaceutical composition according to claim 5, wherein the levetiracetam,
brivaracetam, or seletracetam, or the pharmaceutically acceptable salt, hydrate, or solvate of any

of the foregoing, is formulated for extended release.

20.  The pharmaceutical composition according to claim 5, wherein the levetiracetam,
brivaracetam, or seletracetam, or the pharmaceutically acceptable salt, hydrate, or solvate of any

of the foregoing, is formulated for administration every 12 hours.

21.  The pharmaceutical composition according to claim 5, wherein the levetiracetam,
brivaracetam, or seletracetam, or the pharmaceutically acceptable salt, hydrate, or solvate of any

of the foregoing, is formulated for administration every 24 hours.

22.  The use according to any one of claims 1 and 8-11, wherein the daily dose is about 10
mg.
23.  The use according to any one of claims 1 and 8-11, wherein the daily dose is about 12
mg.
24.  The use according to any one of claims 1 and 8-11, wherein the daily dose is about 14
mg.
25.  The use according to any one of claims 1 and 8-11, wherein the daily dose is about 16
mg.
26.  The use according to any one of claims 1 and 8-11, wherein the daily dose is about 18
mg.
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27.

mg.

28.

mg.

29.

mg.

30.

mg.

31.

mg.

32.

mg.

33.

mg.

34.

mg.

35.

mg.

36.

mg.

37.

mg.

38.

mg.

The use according to any one of claims 1 and 8-11, wherein the daily dose is about 20

The use according to any one of claims 1 and 8-11, wherein the daily dose is about 22

The use according to any one of claims 1 and 8-11, wherein the daily dose is about 25

The use according to any one of claims 1 and 8-11, wherein the daily dose is about 28

The use according to any one of claims 1 and 8-11, wherein the daily dose is about 30

The use according to any one of claims 1 and 8-11, wherein the daily dose is about 35

The use according to any one of claims 1, 6, and 7, wherein the daily dose is about 100

The use according to any one of claims 1, 6, and 7, wherein the daily dose is about 120

The use according to any one of claims 1, 6, and 7, wherein the daily dose is about 140

The use according to any one of claims 1, 6, and 7, wherein the daily dose is about 150

The use according to any one of claims 1, 6, and 7, wherein the daily dose is about 160

The use according to any one of claims 1, 6, and 7, wherein the daily dose is about 180
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39.

mg.

40.

mg.

41.

mg.

42.

mg.

43,

mg.

44.

mg.

45.

mg.

46.

mg.

47.

mg.

48.

mg.

49.

mg.

50.

mg.

The use according to any one of claims 1, 6, and 7, wherein the daily dose is about 200

The use according to any one of claims 1, 6, and 7, wherein the daily dose is about 220

The use according to any one of claims 1, 6, and 7, wherein the daily dose is about 240

The use according to any one of claims 1, 6, and 7, wherein the daily dose is about 250

The use according to any one of claims 1, 6, and 7, wherein the daily dose is about 280

The use according to any one of claims 1, 6, and 7, wherein the daily dose is about 300

The use according to any one of claims 1, 6, and 7, wherein the daily dose is about 325

The use according to any one of claims 1, 6, and 7, wherein the daily dose is about 350

The pharmaceutical composition according to claim 5, wherein the amount is about 10

The pharmaceutical composition according to claim 5, wherein the amount is about 12

The pharmaceutical composition according to claim 5, wherein the amount is about 14

The pharmaceutical composition according to claim 5, wherein the amount is about 16
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51.

mg.

52.

mg.

53.

mg.

54.

mg.

55.

mg.

56.

mg.

57.

mg.

58.

mg.

59.

mg.

60.

mg.

61.

mg.

62.

mg.

The pharmaceutical composition according to claim 5, wherein the amount is about 18

The pharmaceutical composition according to claim 5, wherein the amount is about 20

The pharmaceutical composition according to claim 5, wherein the amount is about 22

The pharmaceutical composition according to claim 5, wherein the amount is about 25

The pharmaceutical composition according to claim 5, wherein the amount is about 28

The pharmaceutical composition according to claim 5, wherein the amount is about 30

The pharmaceutical composition according to claim 5, wherein the amount is about 35

The pharmaceutical composition according to claim 5, wherein the amount is about 100

The pharmaceutical composition according to claim 5, wherein the amount is about 120

The pharmaceutical composition according to claim 5, wherein the amount is about 140

The pharmaceutical composition according to claim 5, wherein the amount is about 150

The pharmaceutical composition according to claim 5, wherein the amount is about 160
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63.

mg.

64.

mg.

65.

mg.

66.

mg.

67.

mg.

68.

mg.

69.

mg.

70.

mg.

71.

mg.

The pharmaceutical composition according to claim 5, wherein the amount is about 180

The pharmaceutical composition according to claim 5, wherein the amount is about 200

The pharmaceutical composition according to claim 5, wherein the amount is about 220

The pharmaceutical composition according to claim 5, wherein the amount is about 240

The pharmaceutical composition according to claim 5, wherein the amount is about 250

The pharmaceutical composition according to claim 5, wherein the amount is about 280

The pharmaceutical composition according to claim 5, wherein the amount is about 300

The pharmaceutical composition according to claim 5, wherein the amount is about 325

The pharmaceutical composition according to claim 5, wherein the amount is about 350
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