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(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 valproatc, in treating central nervous system (CNS) disorders with cognitive impairment in a subject in need or at risk thercof,
including, without limitation, subjects having or at risk for age-related cognitive impairment, Mild Cognitive Impairment (MCI), am-
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Discasc(AD), prodromal AD, post traumatic stress disorder (PTSD), schizophrenia, amyotrphic lateral selcrosis and cancer-ther -
apy-related cognitive impairment.
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METHODS AND COMPOSITIONS FOR

IMPROVING COGNITIVE FUNCTION
{0001}  This application claims priority and benefit from U.S, Provisional Patent
Application 61/441,251, filed February %, 2011, the contents and disclosures of

which are incorporated herein by reference in their entirety.
Field of the Invention

[0802] This inveniion relates to methods and composiiions for treating central
nervous system (CNS) disorders with cognitive impairment. Iu particular, it relates
to the use of inhibitors of synaptic vesicle glycoprotein 24 (SV2A), alonc or in
combination with valproate, in treating central nervous sysiem {CNS) disorders
with cogunitive impairment in a subject in need or at risk thereof, including, without
hmitation, subjects having or al risk for age-related cogunitive impanrroent, Mild
Cognitive Impairment (MCI), amacstic MCI (aMC1), Age-Associated Momory
Irapairment (AAMI), Age Related Cognitive Decline (ARCD), dementia,
Alzheimer’s Disease{AD), prodromal AD, post traumatic stress disorder (PTSD;,
schizophrenia, amyotrphic lateral sclerosis and cancer-therapy-related cognitive

impatrment.
Background of the Invention

{98831  Cognitive ability may decline as a normal conscgueonce of aging or as a

consequence of a ONS disorder.

[0804] A significant population of elderly adults experiences a decline in
coguilive ability that exceeds what 1s typical in vormal aging. Such age-related
loss of cognitive function is characterized clinically by progressive loss of
metoty, cognition, reasoning, and judgruent. Muld Cognitive Impairment (MO,
Age-Associated Memory Impairment (AAMI), Age-Related Cognitive Decline

(ARCD} or similar clinical groupings are among those related to such age-related
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loss of cognitive function. According to some estimates, there are more than 16
million people with AAMI in the U.S. alone (Barker ef al., 1995}, and MCl s
estimated to affeet 5.5 - 7 million in the U.S. over the age of 65 (Plassman ct al.,

2008).

[8605]  Other central nervous system (CNS) disorders, such as dementia,
Alsheumer’s Disease{AD), prodromal AD, post traumatic stress disorder (PTSD),
schizophrenia, amyotrophic lateral sclerosis (ALS) and cancer-therapy-related

cognitive impairment, arc also associated with cognitive impairment.

[0086]  There is, therefore, a need for effective treatment for central nervous
system (CN3) disorders with cognitive mmpairiment and to improve cogoitive
function in patients diagnosed with age~related cognitive impairment, MCL,
amnestic MCE AAMI, ARCD, dementia, AD, prodromal AD, PTSD,
schizophrenia, amyotrophic lateral sclerosis {ALS), cancer-therapy-related
cognitive irapairment, and similar central nervous system (ONS) disorders with

cognittve impaurment or at risk of developing them,
Summary of the Invendion

10807 In accordance with a fivst aspect of the present invention, 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
cognilive impairment, or at risk thereof, the method comprising the step of
administering to said subject a therapeutically effective amount of an SV2A
mnhibitor or a pharmaceutically acceptable salt, hvdrate, solvate, or pelymorph
thereof. In some embodiments of this aspect of the invention, the methods
fimprove or treat cognitive function in said subject. In some embodiments of this
aspect of the mvention, the methods delay or slow the progression of cognitive
impairment in said subject. In some cmbodiments of this aspect of the invention,
the methods reduce the rate of decling of cognitive function in said subject. In
some embodiments of this aspect of the invention, the methods prevent or slow the

progression of said NS disorder with cognitive impairmont in said subject. In

-
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other embodiments of this aspect of the imvention, the methods alleviate,
ameliorate, or slow the progression, of one or more symptoms associaled with said

CNS disorder with cognitive impairment in said subject.

[0008]  In some embodiments of this aspect o the invention, the CN3 disorder
with cognitive impairmment is age-related cognitive impairment, such as Mild
Cognitive Impairment (MC1), Age-Associated Memory bmpairment (AAMI), Age
Related Cognitive Decline (ARCD). In one crabodiment of this aspect of the
invention, the MC1 is amnestic MCY  In some embodiments of this aspect of the
mvention, the ONS disorder with cognitive impatrment is dementia, Alzheimer’s
Disease(AD), prodromal AD, post traumatic stress disorder (PTSD),
schizophrenia, amyolrophic lateral sclerosis (ALS) or cancer-therapy-related
cognitive impairment. In one cmbodiment of this aspect of the invention, the
subject that suffers such a UNS disorder or cognitive impairment is a human

patient.

[0009] The SV2A inhibitor ot a pharmaceutically accepiable sait, hydrate,
solvate or polymorph thereof that is uscful in the methods and compositions of this
aspect of the wvention include those disclosed in, for example, United States
{L1.5.) 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, and U.S. Patent Application 61/175,536. However, any
SV2A mhibitor or a pharmaccutically acceptable salt, hydrate, solvate or
polymorph thereof may be used in the methods and compositions of this aspect of
the invention. In other embodiments, the SVZA mhibttor is selected from the
groap of SV2A inhibitors referred to in Intervational Patent Applications
WOZO10/144712; WO2010/002869; WO2008/132139; WOZO07/065593;
WOI006/128693; WO2006/128692; WO2005/0541R88; WO2004/087658;
WQ2002/094787; WO2Z001/062726; U.S. Patents 7,465,549; 7,244,747,
5,334,720; 4,696,943; 4,696,942; UK. Patent Application Publication Numbers
20090312333; 20090018148; 20080081832 2006258704; and UK Patent Mumbers
1,039,113; and 1,309,692 or their pharmaceutically acceptable salts, hydrates,

solvates, or polymorphs. In other embediments, the SV2A inhibitor is selected
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from the group consisting of levetiracetam, brivaracetam, and scletracetam or
dertvatives or analogs or pharmaceutically acceplable salts, hydrates, solvates, or
polymorphs thereof, In other cmbodiments, the SV2A inhibitor is levetivacctam or
a derivative or an analog or a pharmaceutically acceptable salt, hydrate, solvate, or
polymorph thereof. In other embodiments, the 8V2A inhibitor is brivaracetam or a
dertvative or au 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 pharmacentically acceptable salt, bydrate, solvate, or

polymorph thereof.

18818] In other embodiments of this aspect of the invention, the SV2A inhibitor
or a4 pharmaceutically accoptable salt, hydrale, solvate or polymorph thereol can be
administered at doses as disclosed, for cxample, in U8, Patont Application
12/580,464, International Patent Application PCT/US2009/005647, U.S, Patent
Application 61/1G5,847, 1.5, 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
pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof is
admimstered every 12 or 24 hours at a daily dose of about 8.1 10 0.2 ug/kg, or
about 8.01 10 2.5 mg/kg, or abowt 0.1 {0 2.5 me/ke, or about 6.4 o 2.5 me/keg, or
about 8.6 1o 1.8 mg/kg, or about 0.04 to 2.5 mg/kg, or about 0.06 to 1.8 mg/kg, or
about 2.0 to 4.0 mg/ke, or about 2.0 to 3.0 mg/kg, or about 3.0 to 4.0 mg/kg, or
about 0.2 to 0.4 mg/'kg, or about 8.2 to 0.3 mg/kg, or about 0.3 to 0.4 mg/kg, or

about 8.001 - 5 mg/kg, or about 8.001 - 0.5 mg/ke, or about .01 - 8.5 mg/kg.

16011] In accordance with a second aspect of the present invention, there is
provided a method for treating or improving cognitive [unction, delaying or
slowing the progression of cognitive impairment, or reducing the rate of dechive of
cognitive function, in a subject suffering from a central nervous system (CNS})
disorder with cognitive impairment, or gt risk thereof, the method comprising the
step of administering to said subject a therapeutically effective amount of an SV2A
inhibitor or ifs pharmaceutically acceptable saki, hvdraie, solvate, or polymorph in

combination with valproate or an analog, derivative or pharmaceutically acceptable
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salt thereot. In some embodiments of this aspect of the invention, the methods
improve or treal cognitive {unction i said subject. In some embodiments 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 rethods prevent or slow the
progression of said CMNS disorder with cognitive impairment in said subject. In
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 in said subject.

[0012]  In some embodiments ol this aspect of the mvention, the SV2A mhibiior
and/or valproate arc administered at doscs that arc subtherapeutic as compared to
the doses at which they are therapeutically etfective when adnunistered mn the

absence of the other.

[0013]  Insome embodunents of this aspect of the invention, the CNS disorder
with cognitive impairment is age-related cognitive impairment, such as Mild
Cognitive Ipairment (MCT), Age-Associated Memory Impairment (AAMID, Age
Related Cognitive Decline {ARCT). In one embodiment of this aspect of the
invention, the MCT 1s ammestic MCL  In some embodiments of this aspect of the
mveniion, the CNS disorder with cognifive impairment is dementia, Aldheimer’s
Discasc{AD), prodromal AD, post traumatic stress disorder (PTSD), schizophrenia
or cancer-therapy-related cognitive impairment, In one embodiment, the subject

that sutfers such cognitive impairment 18 a human patient.

[0814] The SVZA inhibitor or a pharmaceutically acceptable sait, hydrate,
solvate or polymorph thereof that is useful 1o the methods and compositions of this
aspect of the imvention include those disclosed 1n, for example, United States
{U.5.) Patent Application 12/580,464, Interational Patent Application
PCT/US2089/003647, U.S. Patent Application 61/165,847, U5, Patent
Application 61/152,631, U.S. Patent Application 61/175,336, and U.S. Patent
Application 61/441.251. Howcver, any SV2A inhibitor or a pharmacentically

acceptable salt, hydrate, solvaie or polymorph thereof may be used in the methods
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and compositions of this aspect of the invention. In other embodiments, the 3V2ZA
nnbitor is selected from the group of SVZA mhibitors referved to in International
Patent Applications WO2010/144712; WO2010/00286%; W(O2008/132139;
WOZH0T/065595; WQO2006/128693; WO2006/128692; WOZ005/05418%;
WOZO04/087658; WO2002/094787; W(O2001/062726; U.S. Patents 7,465,549;
7,244,747, 5,334,720; 4,696,843, 4,696,942; U5, Patent Application Publication

Numbers 20090312333, 20090018148; 20080081832; 2006258704; and UK Patent

Nurabers 1,039,113; and 1,309,692 or their pharmaceutically acceptable salts,
hydrates, solvates, or polymorphs. {n other embodiments, the SV2A inhibitor is
selected from the group consisting of levetiracetam, brivaracetam, and seletracetam
or derivatives or analogs or pharmaceutically acceptable salts, hydrates, solvates,
or polymorphs thereof. In other embodiments, the SVZA inhibitor is levetiracetam
or a derivative or an analog or a pharmaceutically acceptable sait, hydrate, solvate,
or polymorph thercof. In other embodiments, the SV2ZA inhibitor is brivaracetam
or a derivative or an analog or a pharmaceustically 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 thercof.

[B615]  in other embodiments of this aspect of the invention, the SY2A inhibitor
or a pharmaceutically accoptable salt, hydrate, solvate or polymorph thercof that is
adrministered in combination with valproate or #s analog, derivative or
pharmacentically acceptable salt can be administered at doses as disclosed, for
exampie, in U.S. Patent Application 12/580,464, International Patent Application
PCTAIS2009/005647, 118, Patent Application 61/105,847, U8, Patent
Application 61/152,631, U.S, Patent Application 61/175,536, and U 8. Patent
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 thereof that is administered fn combination with valproate or its analog,
derivative or pharmaccutically accoptable salt is administored every 12 or 24 hours
at a daily dose of about 0.01 to | mg/kg, or about 6.001 to | mg/kg, or about 6.1

mg/kg to 5 mg/kg, or about 0.05 mg/kg to 0.5 mg/ke.



WO 2012/109491 PCT/US2012/024556

(]

10

[0818] In certain embodiments of this aspect of the fnvention, valproate or an
analog, derivative or pharmaceutically accepiable sall thereof that 1s administered
i1 combination with the SV2A inhibitor or a pharmaccutically accoptable salt,
hydrate, solvate or polymorph thereof s adiunistered at a daily dose such that the

subjeet maintains a blood total valproate level of 0.5 to § pg/mi plasma.

{0017} In othor crubodiments of this aspect of the invention, the SVZA inhibitor
or its pharmaceutically acceptabie salt, hydrate, solvate, or polymorph and the
valproate or iis analog, derivative or pharmaceutically acceptable salt are
administered simultancously, or sequentially, or in a single formulation or in
separate formoulations packaged together. In other embodiments of this aspect of
the invention, the 8V2A inhibitor 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, "combination” includes administration by any of these formulations or

routes of admunistration.

{0818] o accordavce with a third aspect of the present jnvention, there 19
provided a pharmaceutical composition comprising a SV2A inhibitor or a
pharmacentically acceptable sall thereof, In certain embodiments of this aspect of
the invention, the SV2A mbibitor is present in an amount of .07 - 60 mg, 0.07 -
350 mg, 25 - 60 mg, 25 - 125 mg, 50 - 250 mg, 5 - 140 mg, 0.7 - 180 mg, 125 -
240 mg, 3 ~ 50 g, or 3 ~ 60 mg. . lo other embodiments of this aspect of the

invention, the SV2A inhibitor is present in an amount of 8.05 - 35 mg.

1081%]  In accordance with a fourth aspect of this mmvention, there is provided a
pharmaceutical composition comprising an SVZA inhibitor or a pharmacentically
acceptable salt thereof in combination with valproate or an analog, derivative or
pharmaceutically acceptable salt thereof. In some embodiments of this aspect of
the invention, the SV2A inhibitor or a pharmaceutically acceptable salt thereof is
present tn an amount of .03 - 35 mg, 0.07 - 60 mg, 0.07 - 350 mg, 25 - 60 mg, 23
- 125 mg, 50 - 250 mg, 5~ 15mg, 5 -30mg, 5 - 140 mg, 0.7 - 180 mg, 125 ~
240 mg, 3 - 50 mg, or 0.07 - 30 myg, or 3 - 60 mg. . 1n other embodiments, the

amount of the SY2A inhibitor or a pharmaceutically acceptable salf, hydrate,

-
/
i
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solvate or polymorph thereof is less than 350 mg, leoss than 250 mg, less than 200

mg, less than 150 mg, less than 108 mg, less than 50 mg, less than 35 mg, less than

L
Pt

10 mg, loss than 5 mg, less than 1 mg, less than 0.5 mg, less than 0.1 mg, less than

G.07 mg, or less than 0.05 mg.

106828 Iv accordance with a fitth aspect of the present fuvention, there is provided
a meihod for realing or improving cognitive funclion, 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 levetiracetam or
# pharmaceutically acceptable salt thereoll In some embodiments of this aspect of
the invention, the mcthods 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 in said subject.In some embodiments of this aspect of the mvention, the
methods prevent or slow the progression of said CNS disorder with cognitive
fopairment n said subject. In other erobodiments of this aspect of wmvention, the
methods alleviate, ameliorate, or slow the progression, of one or more symptoms

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

{6021}  In some ombodiments of this aspect of the wvention, the CNS disorder
with cognitive impairment is age-related cognitive impairment, such as Mild
Cognitive Impairment (MCT), Age-Associated Memory Impairment (AAMI), Age
Related Cognitive Decline (ARCD). In one embodiment of this aspect of the
mvention, the MCI s ammestic MCL  In some embodiments of this aspect of the
mvention, the CNS disorder with cognitive impairment is dementia, Alzheimer’s
Disease (AD), prodromal AD, post traumatic stress disorder (PTSD3,
schizophrenia or cancer-therapy-related cognitive impairment. In one

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

{8022] In cortain ombodiments of this aspect of the invontion, the levetiracetam

or a pharmaccutically acceptable salt, hydrate, solvate or polymorph thereof'is
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administered every 12 or 24 hours at a daily dose of about 1 to 2 mg/kg, or about
(.1 to 2.5 mgdkg, or abowt 3.4 10 2.5 mg/ke, or about (1.6 10 1.8 mg/kg, or abowt
2.0 to 3.0 mg/kg, or about 3.0 to 4.0 mg/kg, or about 2.0 te 4.0 mg/kg, or about 8.1
-5 mg/kg, or about 70 to {40 mg, or about 7 1o 180 mg, or about 25 ~ 180 mg, or
about 40 to 130 mg, or about 140 1o 300 mg, or about 200 to 300 mg, or about 140

t0 200 mg, or about 7 - 350 mg,

{6023] In cortain embodiments of this aspect of the fnvention, the levetiracetam or
a pharmacecutically acceptable salt, hydrate, solvate or polymorph thereof is
administered every 12 or 24 hours at a daily dose according to one of the daily

o

dose ranges indicated as “+” listed in Table | or Table 2.

[6024] in accordance with a sixth aspact of the present mvention, there is
provided a mcthod 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 sufforing from a central nervous system (CNS)
disorder with cognitive impairment, or af risk thereof, the method comprising the
step of administering to said subject a therapeutically effective amount of
brivaracetam or a pharmacentically acceptable salt thereof. In some embodiments
of this aspect of the invention, 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 satd subject. In some
cmbodiments 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
mvention, the methods alleviate, ameliorate, or slow the progression, of one or
more symptoms associated with said CNS disorder with cognitive impairment in

satd subject.

100625]  In some embodiments of this aspect of the invention, the CNS disorder
with cognitive impairment is age-related cognilive impairment, such as Mild
Cognitive Impairmont (MCI, Age-Associated Momory Impairment (AAMI}, Age

Related Cognitive Decline (ARCTD). In one embodiment of this aspect of the

9
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mvention, the MCI is ammestic MCL  In some embodiments of this aspect of the
mvention, the CNS disorder with cognitive impairment is dementia, Alzheimer’s
Discase (AD), prodromal AD, post traumatic stress disorder (PTSD),
schizophrenia or cancer-therapy-related cognitive impairment. It one

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

18026] In certain embodiments of this aspect of the invention, the brivaracetam
or the pharmaccutically acceptable salt, hydrate, solvate or polymorph thercof is
administered every 12 or 24 hours at a daily dose of about 0.1 t0 0.2 mg/ke, or
shout 8.01 1o 2.5 mg/kg, or about 0.04 1o 2.5 mg/kg, or about 0.06 to 1.8 mg/kg, or

about 8.2 to 0.4 mg/kg, or about 7 to 15 mg, or about 0.7 to 180 mg, or about 2.5 {o

180 mg, or aboul 4.0 to 130 myg, or aboul 14 10 30 mg,

[0027] In certain embodiments of this aspect of the invention, the brivaracetam or
the pharmaceuticaily acceptable salt, hydrate, solvate or pelymorph thersof is
administered cvery 12 or 24 hours at g 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 roore than a daily dose of 2.5 mg, 5 g, 10
mg, 1Smg, 20 mg, 25 mg, 30 mg, or 35 mg. In othor cmbodiments, the
brivaracetam or a pharmacentically acceptable salt, hydrate, solvate or polymorph
thereof is administered every 12 or 24 hours at a daily dose of at least 0.0013
mg/ke, 0.0075 mgikg, 0.01 mg/kg, 0.015 mg/kg, 0.02 mg/kg, or 8.03 mg/kg; but
no more than a daily dose of 0.5 mg/kg, 6.4 mg/ke, 0.3 mg/kg, 0.2 mg/kg, 0,15

mg/kg, 0.1 me/ke, 0.05 me/kg, or 0.04 mg/ke.

[0028] In certain embodimenis of this aspect of the mvention, the brivaracetam or
a pharmaccstically acceptable salt, hydrate, solvate or polymorph thorcof is
administered every 12 or 24 hours at a daily dose according to one of the daily
dose ranges indicated as “+” listed in Table 3 or Tahle 4. For oxample, 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 0.1 - 35 g,
05-35mg, 0.75-35mg, 10-35mg, 1.5-35mg, 2.0-35mg, 0.1 -30mg, 0.1 -

25mg, 0.1 -20mg, 0.1 -15mg, 0.1 -10mg. 0.1 -5mg, 0.1 -2.5mg, 0.0015-05

e

ng'kg, 0.0075 - 8.5 mp/ke, 0.01 - 0.5 mg/ke, 0.015 - 0.5 me/kg, .02 - 3.5 mp/kg,

o

0.03 - 0.5 mg/kg, 0.0015 - 0.4 mg/kg, 0.0015 - 0.3 mg/kg, 6.0015 - 0.2 mg'kyg,

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

mgkg.

[862%] In 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 cognitive impairment, or reducing the rate of decline of
cognifive lunction, in a subject suffering from a central nervous system (CNS})
disorder with cognitive impairment, or at visk thereof, the method comprising the
step of administering to said subject a therapeutically effective amount of
selectracetam ot a pharmaceutically acceptable salt thereof. In some embodiments
of this aspect of the invention, the methods improve or treat cognitive function in
satd subject. In some embodiments of this aspect of the invention, the methods
delay or slow the progression of cognitive impatrmont in said subject. In some
erbodiments of this aspect of the invention, the methods reduce the rate of decline
of cognitive function in said subject.In some smbodiments of this aspect of the
invention, the methods provent or slow the progression of said CNS disorder with
cognitive impairment i said subject. In other embodiments of this aspect of
invention, the methods alleviate, amcliorate, or slow the progression, of one or
mare symptoms associated with said ONS disorder with cognitive inpairment i

said subject.

[B638]  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 (MC1), Age-Associated Memory Impairment (AAMI), Age
Related Cognitive Dechine {ARCT). In one embodiment of this aspect of the
mvention, the MCI 13 armestic MCL  In some embodiments of this aspect of the
mveniion, 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 impairmment. In one embodiment, the subject

that suffers such cogniiive impairment s a human patient.

[0031] In certain embodiments of this aspect of the inveniion, the seleiracetam or
a pharmaccutically acceptable salt, hydrate, solvate or polymorph thereof is

admirusiered every 12 or 24 hours al a daily dose of at least 0.1 mg, 0.5 mg, 0.75

11
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mg, 1.0 mg, 1.5 mg, 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 myg. In other embodiments, the
sclotracetam or a pharmaccutically acceptable salt, hydrate, solvate or polvmorph
thereof is administered every 12 or 24 hours at a daily dose of at least (L0015
mg/kg, 0.0075 mg/kg, 0.01 me/ke, 0.015 mg/kg, 0.02 mg/kg, or 0.03 mg/kg; bat
uo more than a daily dose of 0.5 mg/kg, 0.4 mg/kg, 0.3 mg/kg, 0.2 mg/kg, 0.15

mg/ke, 0.1 mg/kg, 0.05 mg/ke, or 0.04 ma/ks.

106632} In certain embodiments of this aspect of the invention, the seletracetam or
a pharmaceutically acceptable salt, hydrate, solvate or polymorph thereafis
administered every 12 or 24 hours at a daily dose according to one of the daily
dose ranges mdicated as “+7 listed in Table 5 or Table 6. For cxample, the
scletracciam or a pharmaccutically acceptable salt, bydrate, solvate or polymorph
thereof may be administered every 12 or 24 hours at a daily dose of 0.1 - 35 mg,
05-35mg,0.75-35mg, 10-35mg, 1.5-35mg, 2.0-35mg, 0.1 -30mg, 0.1 -
25mg. 0.1 -20mg, 0.1 - 15mg. 0.1 - 10mg, 0.1 - S mg, 8.1 - 2.5 mg, 0.0015 - 0.5
mg/kg, 0.0075 - 0.5 mg/kg, 0.01 - 0.5 mg/kg, 0.015 - 0.5 myg/kyg, 0.02 - 0.5 mg/ke,
0.03 - 0.5 mg/kg, 0.0015 - 0.4 mg/kg, 0.0015 - 0.3 mg/kg, 0.0015 - 0.2 mg/kg,
0.0015 - 0,15 mg/kg, 0.0015 - 0.1 mg/kg, 0.0015 - 0.05 mg/kg, or .0015 -~ 0.04

mg/ks,

Brief Description of the Brawings

10833] FI{. 1 depicts increased mRNA expression of the gene encoding SV2A
n the dentate gyrus of the hippocampus of aged-impaired rats (AT} as compared to
young rats (Y and aged-unimpaired rats (AU). Normalized Affymetrix GeneChip
probe set signal values (Y-axis}, as a measure of mRNA expression, are plotied

agwinst learving indices of dulferent rais, as a weasure of cognitive impairment.

[0634] FIG. 2 depicts the effects of administering levetiracetam on the spatial
memory retention of six aged-impaired rats {Al) in a Morris Water Maze (MWM)

test. Three treatment conditions were emploved: vehicle control, levetiracetam (5
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mg/kg/dayy and levetiracetam (10 mg/kg/dayy. The Al rats wore trained for two
consecutive days, with a one-tioe treatment prior (o the training irials 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 annulus in a memory retention trial is used as 2
measure of spatial memory retention, The target quadrant refers to the quadrant of
the maze (which is a circular pool) where the escape platform is placed during the
training trials. The target annnlus refers 1o the exact location of the escape

platform during the fraining trials.

[0833] FIG. 3 depicts the effects of administering levetiracetam on the spatial
memory retention of ten aged-impaired rats (Al) in an eight-arm Radial Arm Maze
{RAM) tost. Six trcatment conditions were cmployed: vehicle control,
levetiracctam (1,25 mg/kg), levetiraceiam (2.5 mg/kg), levetivacctam {5 mg/kg),
levetiracetam (13 mg/ke) and levetiracetam (20 mg/kg). 1n the RAM task used,
there was a one-hour delay between presentation of a subset of arms (5 arms
available and 3 arvos blocked) and completion of the eight-arm win-shift {ask
{eight arms avatlable). Rats were pre-treated 30 — 40 minutes before daily trials
with a one-time drug/control treatment. The number of ervors made by the rats
after the delay was used as a measure of spatial memory retention. Frrors were
defined as instances when rats cotered 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.

{0836} FIG. 4 dopicts the effects of administering loveliracelam or valproaie
separately ou the spatial memory retention of ten aged-impaired rats (A} in an

gight-arm Radial Arm Maze {(RAM) test.

[0837] FIG. 5 depicts the effects of administering levetiracctam or valproate in
combination on the spatial memory retention of ten aged-rmpaired rats (Al) in an

cight-arm Radial Arm Maro (RAM) tost.
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[0838] FIG. 6 shows an isobologram plotting lovetiracetam dose against
valproate dose. The diagonal straight Hne is the line of addilivity, anchored on
cach axis by the lowest cffective doses of valproate and levetiracetam when

assessed individually,

(9]

[603%] FIG. 7 depicts the experimental design of the human trials for

levetiracetant treatiment.

[0846] FIG. 8A depicts the average activity in the left CA3 of aM(C subjects
with placebo treatment and age-malched control subjects with placebo treatment
during the presentation of lure stimuli that the subject correctly identified as

ig “sirufar.”

{0841} FIG. 8B depicts the average activity in the left CA3 of aMCI subjects
with placebo treatnient or levetiracetam treatment (123 mg twice a day [or two
wecks) during the presentation of lure stimuli that the subject correctly identified

as “similar.”
13 {08421 FIG. BC is a table of the data represented in FIGS, 8A and 8B,

[6843] FIG. 9A depicts the average activity in the left entorhinal cortex of age-
matched control subjects with placebo treatment and aMCT subjects with placebo
freatment duning the presentation of lure stimuli that the subject corvectly ideniified

as “sinular.”

28 [0644] FIG. 9B depicts the average activity in the left entorhinal cortex of the
sarme aMCT subjects with placebo trestment or levetiracetam treatment (125 mg
twice a day for two weeks) during the presentation of lure stinmuli that the subject

correctly identified as “similar.”

[0048)  FIG. 9C is a table of the data represented in FI1GS. 94 and 9B,

b
h

[0846] FI1G. 10A depicts an exampie of the sequence of images shown to

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

[0047] FIG. 168 shows sample pairs of suular (“lure”) 1mages.

14
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[0848] FIG. 1§ shows the differcnce between the aMCl (placebo) subjects and
age-malched control {placebo) subjecis in their perlormance of the explicit 3-
alternative forced chotee task deseribed in Exaraple 2. Each bar represents the
proportion of the subject responses (old, similar, or new} when presented with a

ture image.

[0048]  FIG, 12 shows the dilference between the same aMCl subjects with
placcho treatment or with lovetiracctam 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 represenis the proportion of the subjects

responses {old, similar, or new) when presented with 2 lure image.
[B056] FIG. 13 s a table of the data represented in FIGS, 11 and 12

10651} 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 Selective reminding Test — Delayed Recall
10052} KFiIG. 148 15 a table of the data represented in FI1G. H4A,

10053]  FIG. 15A shows the difference between the control (placebo}) subjects
and the aMCT subjects treated with placebo or with levetiracelam (125 mg lwice a

day for two weeks) in their performance of the Benton Visual Retention Test.
[0854] FIG. 158 is a table of the data represented in FIG. 154,

[0855] FIG. 16A shows the difference between the control (placebo) subjects
and the aMCT subjects treated with placebo or with levetivacetam (125 mg twice a
day for two weeks) in their performance of the Verbal Paired Associates Test ~

Recognition,
10056] KIG. 168 13 a table of the data represented mn ¥FIG. 16A,

I6087)  FIG. 17A shows the difference between the control (placebo) subjects

and the aMClT 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 Pared Associates Test -

Delayed Recall.
{0058]  FIG. 178 is a table of the data represented in FIG. 17A,

[088%]  FIG. 18A is a table showing the subject selection process for the human

Lh

levetiracetam trial described in Example 2.

[0868] FIG. 18B is a table showing the characteristics of the subjects selected for

the human levetiracetam trial described in HExample 2,
Pretailed Description of the Invention

{00611 Unloess othorwise defined herein, sciontific and technical torms used in

10 this application shall have the meanings that are corumnonly understood by those of
ordinary skill in the art. Generally, nomenclatre used tn connection with, and
techniques of, cell and tissue culture, molecular biology, cell and cancer biology,
neurobiology, neurochenustry, virology, mmunology, mwrobiology,

pharmacology, genetics and protein and nucloic acid chomistry, described hercin,

[
(¥4

are those well known and commonly used in the art,

[0862] The methods and technigues of the present invention are generally
performed, unless otherwise indicated, according to conventional methods well
known in the art and as described in various general and mare specific references
that are cited and discussed throughout this specification. See, e.g. *Principles of
24 Neural Science™, McGraw-Hill Medical, New York, N.Y. (2600} Motulsky,
“Intuitive Biostatistics”, Oxford University Press, Ine. €1995); Lodish et al.,
“Molecular Cell Biology, 4th ed.”, W. H. Freeman & Co., New York (2000)
Griffiths et al., “Introduction to Genetic Analysis, Tthed.”, W. H. Freeman & Co.,
NY. (1999); Gilbert et al., “Developmental Biology, 6th ed.”, Sinauer Associaies,

25 Inc., Sunderland, MA (2000}

10863} Chemistry terms used herein are used according to conventional usage in
the art, as exeruplified by “The McGraw-Hill Dictionary of Chemical Terms”,

Parker 5., BEd., McGraw-Hill, San Francisco, C.A, {1985},

16
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[0864] All of the above, and any other publications, patents and published patent
applications relerred to in this application are specifically incorporated by
reforence herein. In case of confliet, the prosent specification, including its

specific definitions, will control.

10865] Throughout this specification, the word “comprise” or variations such as
“comprises” or “comprising” will be undersiood to tmply the mclusion of a stated
integer (or componenis) or group of integers {or components), but not the
exciusion of any other integer (or components) or group of integers (or

components),

[0066]  The singular forms “a,” “an,” and “the” include the plurals unless the

context clearly dictates otherwise.

10867F  The term “including” is used to mean “including but vot limited o7,

“Including” and “including but not limtted 07 are used mterchangeably.
g £ y

[6068] 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
macromolectle (such as a nucleic acid, an antibody, including paits thereot as well
as humanized, chimeric and bhuman antibodies and monoclonal antibodiss, a
protein or portion thereof, ¢.g., a peptide, a lipid, a carbohydrate), or an extract
made frown biological materials such as bacteria, plants, fungl, or amnimal
{particularly mammalian) cells or tissues. Agents include, for example, agents
which are known with respect 1o structure, and those which are not known with
respect to structure. The SV2A inhibitory activity of such agenis may render them

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

[086%] A “patient”, “subject”, or “individual” arc used interchangeably and refer
to either a human or a non-human animal, These termos include mammals, such as
humans, primates, Hvestock animals (including bovines, porcines, etc.}, companion

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

[0878]  “Cognitive function” or “coguttive status” refors to any higher order

intellectual brain process or brain state, respectively, involved in learning and/or
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memory including, but not limited to, attention, information acquisition,
mformation processing, working memory, shorl-lerm memory, long-lerm memory,
antcrograde memory, retrograde memory, mermory rotricval, discrimination
learning, decision~-making, inhibitory response control, attentional set-shifling,
delayed reinforcement learning, reversal learning, the temporal integration of

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

{6071} o humans, cognitive function may be measurcd, for example and without
limitation, by the clinical global impression of change scale (CIBIC-phus scale);
the Mint Mental State Exam (MMSE); the Neuropsychiatric Inventory (NPT); the
Clinical Dementia Rating Scale {(CDR); the Cambridge Newropsychological Test
Automated Baitery (CANTAB); the Sandor Clinical Assessment-Geratnie
{SCAG), the Buschke Sclective Reminding Teost (Buschke and Fuld, 1974%; the
Verbal Paired Associates subtest; the Logical Memory subtest; the Visual

hsler Memory Scale-Revised (WMS-R)

Reproduction subtest of the Wec
{(Wechsler, 1997); the Benton Visual Retention Test; or the explicit 3-alternative
forced choice task. See Folstein et al., J Psychiarric Res 12: 189-98, (1975);
Robbins et al., Dementia 5: 266-81, (1994); Rey, U'examen clinique en
psychologie, (1964); Kluger et al., J Geriatr Psychiatry Newrol 12:168-79, (1999};

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

{06721 In animal model sysiems, cogritive function may be measured in various
conventional ways known in the art, including using a Morris Water Maze
{MWM)}, Barnes circular maze, elevated radial arny maze, T maze or any other
mazes in which the animals use spatial information. Other tests known 1o the art
may also be used o assess coguitive function, such as novel object recognition and

odor recognition tasks.

{0873} Cognitive function may also be measured using imaging technigues such
as Positron Emission Tomography (PET), functional magopetic resonance imaging
{(fMRI}, Single Photon Emission Computed Tomography (SPECT), or any other
imaging lechnique that allows one to measure brain function. In astmals, cognilive

function may also be measurcd with clectrophysiclogical techniques.

18
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[0874] “Promoting” cognitive function refers to affecting impaired cognitive
function so that it more closely reserables the funclion of a normal, uninpaired
subicet. Cognitive function 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 proficiency as a normal,

unimpaired subject.

[O875]  In some cases, “promoting” cognitive fumction in a subicct affected by
age-refated cognitive refers to affecting impaired cognitive function so 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 subiect may be
promoted {o any detectable degree, bul 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 an aged-matched normal, unimpaired subject or

as a young adult subject.

[0076] “Preserving” cognitive tunction refers to affecting normal or impaired
cognitive function such that it docs not decline or docs not fall below that obscrved

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

8771 “Improving” cognitive function includes promoting cognitive function

and/or preserving cognitive function in a subject.

[0078]  “Cognitive impairment” refers 1o cognitive function in subjects that is not
as robust as thal expecied i a normal, umimapaired subject. In some cases,
cognitive function is reduced by about 5%, about 10%, about 30%, or more,
compared to cognitive function expected in a normal, unimpairmed subject. In
some cases, “cognitive impairment” in subjects affected by aged-related cognitive
impairment refers to cognitive function in subjects that is not as robust as that
expected 1o an aged-matched novmal, unimpaired subject, or the function of'a
young adult subjcct (7.e. subjects with mcean scores for a given age in a cognitive

test),

19
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[80679] “Age-related cognitive impatrment” refers fo cognitive impatrment in
aged subjects, wherein their cognitive [unction is not as rebust as that expecled in
an age-matched normal subjoct or as that cxpocted in yvoung adult subjects, In
some cases, cognitive function 18 reduced by about 59, about 10%, about 30%, or
more, compared to cognitive function expected in an age-matched normal subject.
Iu sorue cases, cognitive function 1s as expected in an age~-matched normal subject,
but reduced by about 5%, about 10%, about 38%, 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 (MCI)
{(including amestic MCI and non-amnestic MCI}, Age-Associated Memory

impairment (AAMI), and Age-related Cognitive Decline (ARCD).

{0888]  "Cognitive impairmont” associated with AD or related to AD orin AD
refers to cognitive function in subjects that 1s not as robust as that expected in
subjects who have not been diagnosed AD using conventional methodaologies and

standards.

[00681] “Mild Cognitive Impairment™ or “MCI” refors to a condition
characterized by isolated merory impairment unaccompanied other cognitive
abnormalities and relatively normal functional abilities. (One set of criteria for a
clinical characterization of MCT specities the following characteristics: (1) memory
complaint {as reported by patient, informant, or physician}, (2} normal activitiss of
daily living {ADLs}, (3) normal global cognitive fimction, (4) abnormal memory
tor age (defined as scoring more than 1.5 standard deviations below the mean for a
given age), and (5} absence of indicators of dementia (as defined by DSM-IV
guidelines), Petersen ot al,, Srch. Newrol, 56: 303-308 (1999}; Petersen, “Mild
cognilive impairment: Aging 10 Alzheimer's Disease.” Oxlord Universily Press,

NY. (2003,

{G082]  Dhagoosis of MCI osually sutails an obiective assessment of cognitive
impairment, which can be garnered through the use of well-cstablished
neuropsychological tests, including the Mimt Menial State Examination (MMSE),
the Cambridge Neuropsychological Tost Automated Battery (CANTAEB) and

mdividual {ests such as Rey Auditory Verbal Learning Test (AVLT), Logical

28
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Memory Subtest of the rovised Wechsler Memory Scale (WMS-R) and the New
York Universily (NYU) Paragraph Recall Test. See Folstein et al., J Psyehiaric
Res 12: 189-98 (1975); Robbins ctal., Dementia 5: 266-81 {1994); Klugerct al,, J

Geriatric Psychiotry Newrol 12:108-79 {(1999).

5 06883 "Age-Associate Memory Impairment (AAMID" refers to a decline in
memory due (o aging. A patieni may be considered to have AAMI i he or she is at
feast 50 years old and meots all of the {ollowing criteria: a3 The patient has noticed
a decline in memory performance, b) The patient performs worse on a standard test
of memory compared to voung adults, ¢y All other obvious causes of memory

10 decline, except normal aging, have been ruled out (in other words, the memory
dechine cannod be atiribuled Lo other causes such as a recent heart attack or head

N

injury, dopression, adverse reactions to medication, Alzheimer's discasge, ¢te.).

[0884]  "Age-Related Cognmitive Decline (ARCD)" refers to declines in memory
and cognitive abilitics that are a normal conscguence of aging in humans (c.g.,

15 Craik & Salthouse, 1992), This is also true in virtually all mammalian species.
Agc-Associated Memory Impairment refers 1o older porsons with objective
memory declines relative to their younger years, but coguitive functioning that is
normal relative to their age peers {Crook et al., 1986}, Age-Consistent Memory
Diecline, is a less pejorative label which emphasizes that these are normal

24 developrmental changes (Urook, 1993; Larrabee, 1996}, are not pathophysiological
{Smith ct al., 1991}, and rarcly progress to overt dementia {Youngiohn & Crook,

1993} The DSM-1V {1994} has codified the diagnostic classification of ARCD.

{O085]  Alzheimcr’s discasc (AD) is characterized by moemory deficits in its carly
phase. Later symptoms include impaired judgment, disorientation, corrfusion,
25 behavior changes, trouble speaking, and motor deficits. Histologically, AD s
& tek] = >

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

[0086] Vascular dementia is causcd by strokes. Symptoms overlap with thosc of

AD, but without the focus on memwory impairment.
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[0687] Domentia with Lewy bodies is characterized by abnormal deposits of
alpha-synuclein thal form inside neurons in the brain. Cognilive impairment may
be similar to AD, including impatrments in memory and judgment and behavior

changes.

[B688] Frontotemporal dementia is characterized by gliosis, neuronal logs,
superiicial spongiform degeneration in the [rontal cortex and/or anlerior temporal
lobes, and Picks” bodics. Symptoms include changes in personality and bohavior,

including a decline in social skilis and language expression/comprehension.

{0088 “Post traumatic stress disorder (PTSD)” refers to an anxiety disorder
characterized by an remediate or delayed response to a catastrophic cvent,
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 response to frauma rominders. Such responscs produce
anxiety and can have significant rupact, both chronic and acute, on a patient’s
quality of lfc and physical and cmotional health. PTSD is also associaicd with
wmpaived cognitive performance, and older individuals with PTSD have greater

decline n cognitive performance relative to control patients.

[0898] “Schizophrenia” refers to a chronic debilitating disorder, characterized by
a spectrum of psychopathology, ncluding positive symptoms such as aberrant or
distoried mental representations {e.g., hallucinations, delusions), negative
symptoms characterized by dimmution of metivation and adaptive goal-directed
action {e.g., anhcdonia, affective flattoning, avolition), and cognitive impatrmont,
While abrormalities in the brain are proposed to underlic the full spectrum of
psvchopathology in schizophrenia, currently available antipsychotics arc largely

ineffective in treating cognitive impairments in patients.

[08691] “Amyotrophic lateral sclerosis,” aiso known as ALS, refers to a
progressive, fatal, neurodegenerative disease characierized by a degeneration of
mator neurons, the nerve cells in the central nervous system that control voluntary

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

hyperexcitability in difforent brain areas such as the corlex.

{0892 “Cancer therapy-related cognitive impairment” refers to cognitive
impatrment that develops in subjects that are treated with cancer therapios such as
chemotherapy and radiation. Cytotoxicity and other adverse side-effects on the
brain of cancer therapies result in coguitive impairment i such funclions as

memory, learniug and aftention.

{6093]  “Treating” a condition or patient refers to taking sieps to obtain beveficial
or desired results, including clinical resuits. Beneficial or desired clinical results
mclude, but are not limited to, iroproving cognitive tunciion, delaying or slowing
the progression of cognitive impairment, reducing the rate of decline of cognitive
function, preventing 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 impairmcent, such as age-related
cognitive impatrment, Mild Cognitive frapairment {MCT), amnestic MCH,
fomentia, Alzhoimer’s Discasc {AD), prodromal AD, PTSD, schizophrenia,
amyoirophic tateral sclevosis (ALS) or cancer therapy-related coguitive
impatrment. Treating age-related cognitive impairment further comprises slowing
the conversion of age-related cognitive trapatrment {including, but not limited to

MCL ARCD and AAMYI) into dementia {¢.g., A}

{0094 ““Treating cognitive impairment” refers to taking steps to improve
cognilive function in a subject with cognitive imparment so that the subject’s
performance in One or more cognitive tosts is mproved to any detectable deogree,
or is prevented from further decline. Preferably, that subject’s cognitive function,
after treatment of cognitive impairment, more closcly 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 lovel of prolicicucy as a normal, unimpaired subjoct. In some cases,
“treating cognitive fmpairmcent” refors to taking stops to improve cogaitive

function in a subject with cognitive impairruent so that the subject’s performance
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in one or more cognitive tests is improved 1o any detectable degree, or is provented
from further decline. Preferably, that subject’s cognitive {unclion, aller treatment
of cognitive impairment, more closcly resembles the function of a normal,
wsiimpaired subject. In some cases, “ireating cognitive impairment” in a subject
atfecting by age-related cognitive impairment refers to takings steps to improve
coguitive function i the subject so that the subject’s cognitive function, after
treatment of cognitive impairment, more closely resembles the function of an age-
matched normal, unimpaired subject, or the fimction of a young adult subject. In
some cases, “treating cognitive impairment” in a subject refers to taking stops to
delay or slow the progression of cognitive impatrment in a subject with cognitive
impairment. In some cases, “treating cognitive impairment” in a subject refers to
taking steps o reduce the rate of decline of cognitive function in a subjoct with

cognitive impairment.

18095] "Administering” or "adnunistration of” 3 substance, a compound or an
agent 10 a subjoct can be carried out using one of a variety of methods known to
those skilled in the art. For exampie, a compound or an agent can be administered,
fntravenousty, arterially, intradermally, intramuscularly, intraperitonealy,
mtravenously, subcutancously, ocularly, sublingually, orally (by ingestion),
intranasally (by inhalation}, intraspinally, intracerebrally, and transdermaliy (by
absorbtion, e.g., through a skin duct). A compound or agent can also appropriately
be introduced by rechargeable or biodegradable polymeric devices or other
devices, e.g., patches and pumps, or formulations, which provide for the extended,
stow 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
mstructs a patien! to self~administer a drug, or W have the drug administered by
another and/or whe provides a patient with a prescription for a drug is

administering the drug to the patient.

24



WO 2012/109491 PCT/US2012/024556

¥4

[,
(¥ 4]

24

340

[089¢]  Appropriate methods of administering a substance, a compound or an
agent to a subject will also depend, [or example, on the age of the subject, whether
the subject is active or inactive at the time of administering, whether the subject is
cognitively tmpaired at the time of administering, the extent of the impairment, and
the chemical and biological properties of the compound or agent (e.g. solubility,
digestibility, bioavailability, stability and toxicity). In some embodiments, a
compound or an agent 15 administered orally, e.g., to a subiect by ingestion, or
imtravenously, e.g., to a subject by injoction. In some embodiments, the orally
administered compound or agent is in an extended releass or slow release

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

[6097]  As uscd herern, adminisiration of an SV2A mhibuor or a
pharmacoutically acceptable salt, hydrate, solvate, or polymorph thereof and
valproate or an analog, derivative or pharmaceutically acceptable salt thereof "in
combination” or "topether” inchides simultaneous administration and/or
administration at different times, such as sequential administration. It also includes
adminisiration 1 a single forroulation or in separate formudation packaged

together.

[0098] The term "simultancous administration,” as used herein, means that the SVZA
inthibitor or its pharmaccuticaily acceptable salt, hydrate, selvate, or polymorph and
valproate or ils analog, derivalive or pharmaceutically acceptable sall, are adminisiersd
with a time scparation of no more than about 15 munutes, and in some cmbodiments no
more than about 10 myinutes. When the drugs are administered sunultaseously, the
SV2A inhibitor or its pharmaceutically acceptable salt, hydrate, solvate, or polymorph
and valproaie or its analog, derivative or pharmaceutically acceptable salt,, may be
contained in the same dosage {e.g., 2 unit dosage form comprising both the SV2ZA
inhibitor and the valproate) or in discrete dosages {¢.g., the SV2A inhibitor or its
pharmacentically acceptable salt, hydrate, solvate, or polymorph, is contained in one
dosage form and the valproate or its analog, derivative or pharmaceutically acceptable

salt, is contained in another dosage form}.

[6699] The torm "sequential adpnistration” as used hercin means that the SVZA

mhibitor or is pharmaceutically acceptable salt, hydrate, selvate, 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 mimistes, and in some
crbodiments more than about onc hour, or up to 12 hours. Either the SV2ZA

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

¥4

he 8V2A inhibitor or its pharmaceutically acceptable salt, hydrate, solvate, or
polymorph, and valproate or ifs analog, derivative or pharmaceutically acceptable
sait, may be contained in discrete dosage forms, optionally contained in the same

container or package.

[01066] A "herapeutically 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
therapeulic elfect, ¢.g. improving cogaitive {unction, or delaying or slowing the
progression of cognitive impalrment, or reducing the rate of decline of cognitive
function in a subject, ¢.g., a patient having a CNS disorder with cogniitve

fmpairment. The full therapeutic effect does not necesaarily occur by

[,
(¥ 4]

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

experimentation.

[0181] "Subtherapeutic amount” refers to an amount administered of an agent or
compound of the inveation that is less than the therapeutic amount, that is, less

25 than the amount normally used when said agent or compound is administered along
{(i.c., individoally and in the absence of other therapeutic agents or compounds) to

treat disorders involving cognitive dysfunction.

[0102] "Analog” is used herein to refer to a compound which functionally resembles
another chemical entity, bul does not share the identical chemical struciure. For
340 cxample, an analog is sufficicntly similar to a base or parcnt compound such that it cap

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

{6103} “Derivative” is used herein o 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 smino group. Many other

modifications are also possible.

[0164] The term "prodrug” is art-recognized and is intended to encompass
compounds or agents which, under physiological conditions, are convested into an
SY2A mhibilor or valproate. A comumon method for making a prodrag is to select
maoteties which are hydeolyzed or metabolized under physiclogical conditions to
provide the desired compound or agent, In other cmbodiments, the prodrug is
converted by an enzymatic activity of the host animal to an inhibitor of SV2ZA or

valproate.

[6163] "Pharmaceutically acceptable salts” 1s used herein to refer to an agentora
compound according to the invention that is a therapeutically active, non-toxic base and
acid salt form of the compounds. The acid addition salt form of a compound that
occurs in its free form as a base can be obtained by treating said free base form with an
appropriate acid such as an inorganic ackd, for example, a hydrohalic such as
hydrochloric or hydrobrowaie, sudfurie, nitric, phosphoric and the Hke; or an organic
acid, such as, for example, acetic, hydroxyacetic, propaneic, iactic, pyruvic, malonic,
suceinic, maleic, fimarie, malic, tartaric, citric, methanesulfonic, ethanesulfonic,
benzenesulfonic, p-toluenesulionic, cyclic, salicvlic, p- aminosalicylic, pamoic and the

like. See, e.g., WO 01/062726,

Description of Methods of the Invention

{0186}  The methods of this invention comprise administration of an SV2A inhibitor
or a pharmaceutically acceptable salt thereof. The methods of this invention further
comprise administration of an SY2A inhibitor or a pharmaceutically acceptable salt
thereof in combination with administration of valproate or a pharmaceutically
acceptable salt thereof. The agents or compounds of the SVZA inhibitor or the

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

{0167]  Aniroal models serve as an important resource for developing and
evaluating treatments for CNS disorders with cognitive impairment. Features that
characterize cognitive impatrment in animal models typically extend to cognitive
fmpairment in humans. Efficacy in such animal models is, thus, expected to be
predictive of efficacy in humans. The extent of cognitive impairment in an animal
model for a CNS disorder, and the efficacy of a method of treatrucot 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 ef al. Neuropharmacology 37:
481-487, 1998}, The RAM apparatus cousists of, e.g., eight equidistantly spaced
arms, A maze arm projects from each facet of a center platform. A food well is
focated at the distal end of cach armi. Food is used as a reward. Blocks can be
positioned to prevent eniry to any arm. Numerous extra maze cues surrcunding the
apparatus may also be provided. After habituation 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 proetreated before trials with a
vehicle control or one of a range of dosages of the test compound. At the
heginning of each trial, a subset of the srms of the cight-arm maze is blocked.
Subjects are allowed to obtain food on the unblocked arms to which access is
permitted during this mitial “information phase” of the tnal. Subjects are thon
removed from the maze for a delay period, e.g, a 60 sccond delay, a 15 mime
delay, a one-hour delay, a two-hour delay, a six hour delay, a 24 hour delay, or
longer) botween the information phase and the subsoguent “retontion twst,” during
which the barriers on the maze are removed, thus allowing access to all eight arms.
After the delay period, subjects are placed back onto the center platform (with the
barriers to the previously blocked arms removed) and allowed to obtain the
remmaining food rewards during this relention test phase of the trial, The identity
and configuration of the blocked arms vary across trials. The number of “crrors”

the subjects make during the relention test phase 1s fracked, An error occurs in 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 il it re-visils an arm in the post-delay
scssion that had alrcady been visited. A fower number of crrors would indicate
better spatial memory. The numiber of errors made by the test subject, under
various test compound treatment regimes, can then be compared for efficacy of the

test compound i treating CNS disorders with coguitive impairment.

[0108]  Ancthor cognitive tost that may be used to assess the offects of a test
compound on the cognitive impairnient of a UNS disorder niodel animal is the
Morris water maze. A waler maze is a pool sarrounded with a novel set of patterns
relative to the maze. The training protocol for the water maze may be based on a
moditied waler mare task that has been shown to be hippocampal-dependent (de
Hoz et af., Eur. J. Neurosci., 22:745-54, 2005; Stecle and Morris, Hippocampus
9:118-36. 1999). The subject 18 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 perimeter of
the pool. The starting position varies from trial to triad. I the subject does not
tocate the cscape platform within a set time, the experimenter guides and places the
subject on the platform to “teach” the location of the platform.  Affer a delay
period following the last training trial, a retention test in the absence of the escape
platform s 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., reatment of coguttive impairment.
The preference for the location of the escape platform under different treatment
conditions, can then be compared for efficacy of the lest compound in trealing

CNS disorders with cognitive impairment.

[0118] There arc varicus tests known in the art for assessing cognitive function
in humans, for example and without imitation, the clinical global impression of
change scale {CIBIC-plus scaley; the Mini Mental State Exam {(MMBSEY; the
Neuropsychiairic Inventory (NPT}, the Chinical Dementia Rating Scale (CDRY; the

Cambridge Neuropsychological Test Automated Battery {CANTAB); the Sandoz
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Clinical Assessment-Geriatric (SCAG), the Buschke Selective Reminding Test
{Buschke and Fuld, 1974); the Verbal Paired Associates subtest; the Logical
Memory subtest; the Visual Reproduction subtest of the Wechslor Memory Scale-
Revised (WMS-R} {Wechsler, 1997}; or the Benton Visual Retention Test, See
Folstein et al., J Psychiamic Res 12: 189-98, (1975); Robbins et al,, Dementia §;
266-81, (1994}; Rey, L'examen chinique en psychologie, (1964} Kluger etal,, J
Gariatr Psvchiatry Neurol 12:168-79, (1999} Marquis et al., 2002 and Masur et
al., 1994, Avother exaraple of a cognitive test in humans s the explictt 3-
alternative forced chotce task. In this test, subjects are presented with color
photographs of common objects consisting of & mix of three types of image pairs:
similar pairs, identical pairs and unrelated foils. The second of the pair of similar
objects is referred 1o as the "lure”. These image pairs are fully randomized and
presented individually as a series of images. Subjecis are instructed to make a
judgment as to whether the objects seen are new, old or sirmilar, A “simdar”
response to the presentation of a lure stimulus indicates successful memory
retricval by the subject. By contrast, calling the lure stimulus “old” or “new”

imdicates that correct memory retrieval did not oceur.

[0111] o addition io assessing coguitive performance, the progression of age-
related cognitive impairment and dementia, as well as the conversion of age-
related cognitive impairment into dementia, may be monttored by assessing
surrogate changes in the brain of the subject. Surrogats changes include, without
limitation, changes in regional brain volumes, perforant path degradation, and
changes seen it brain function through resting state IMRI (R-fMRI) and
fluorodeoxyglucose positron emission tomography {FDG-PET). Examples of
regional brain volumes useful in ronitoring the progression of age~related
cognitive impairment and dementia include reduction of hippocampal volume and
reduction in volurse or thickness of entorhinal cortex. These volumes may be
measured in a subject by, for sxample, MRI. Aisen el al., Alzheimer™s &
Dementia 6:239-246 (2010). Porforant path degradation has been shown to be
finked to age, as well as reduced cognitive function. For example, older aduits
with more perforant path degradation tond to perform worse in hippocarnpus-

ependent memory tests. Perforant path degradation may be monitored in subjects
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through ulirahigh-resolution ditfusion tensor imagmg (DTI). Yassa et al., PNAS
107:12687-12691 (2010}, Resting-state IMRI (R-IMRI} involves imaging the
brain during rest, and recording large-amplitude spontancous low-froquency (<0.1
Hz) fluctuations in the fMRI signal that are temporally correlated across
functionally related areas. Seed-based functional connectivity, independent
compouent analyses, and/or frequency-domatn analyses of the signals are used to
reveal functional connectivity between brain areas, particuiarly those areas whose
connectivity increase or decrease with age, as well as the extent of cognitive
fmpairment and/or dementia. FDG-PET uses the uptake of FDO 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 decline and dementia.
Alsen et al, Alzheimer’s & Dementia 6:239-246 (2910), Herholz et al,

Newrolmage 17:302-316 (2002).
Age-Related Cognitive Impairment

{6112} This invention provides mothods and compeositions for troating age-rolated
cognitive impairmoent or the risk thereof using an SV2ZA inhibilor or a
pharmaceutically acceptable salt, hydrate, solvate or polymorth thereof, alone or in
combination with valproate or an alalog, derivative or pharmaceutically acceptable
sall thereof. In certain embodiments, treatment comprises improving cognilive
function in paticnts with age-related cognitive impairment. In certain
embodiments, treatment comprises slowing or delaying the progression of ag
related cognitive impairment. I certain embodiments, treatment comprises
reducing the rate of decline of coguitive function associated with age-related
cognilive impairmaent. {n certain embodiments, ireatment comprises provenling or
slowing the progression, of age-related cognitive impairment. In certain
embodiments, treatment comyprises alleviation, amelioration or slowing the
progression, of one or more symptoms assoctated with age-related cognitive
impairment. In certain embodiments, treatment of age-related cognitive
impairment coraprises slowing the conversion of age-related cognitive impairment

{including, but not limited to MCI, ARCD and AAMI) into dementia {e.g., Al
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The methods and compositions may be used for human patients in clinical
applications in the ireating age-related cognitive impairment in conditions such as
MCI, ARCD and AAMI or for the risk thercof, The dose of the composition and
dosage interval for the method is, as described herein, one that is safe and

etficacious in those applications.

10113}  In somoe embodiments, a subjoct (o be reated by the methods and
compositions of this invention oxhibits age-related cognitive impairment or s at
risk of such impairment. In some embodumnents, the age-related cognitive
ipatrment includes, without Hmitation, Age-Associated Memaory Impairment
{AAMD), Mild Cognitive Impairment (M) and Age-related Cognitive Decline

(ARCD).

[0114] Animal models serve as an important resource for developing and
svaluating troatments for such age-related cognitive impairments. Features that
characterize age-related cognitive impairment in animal medels typically extend to
age-related cognitive imparrment i humans, Efficacy it such amimal models 13,

thus, expected to be predictive of cfficacy in humans.

{0115} Various animal models of age-related cogunitive impairment are known in
the art. For cxample, extensive behavioral charactorization has identified a
naturally occurring form of cognitive impatrment in an outbred strain of aged
Long-Evans rats (Charles River Laboratories; Gallagher er of., Behav. Newrosci.
107:618-626, {1993}y, 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 cucs surrounding the maze. The cognitive basis of
performance is tested in probe trials using measures of the animal’s spatial bias in
scarching for the location of the escape platform. Aged rats in the study population
have no difficulty swimming to a visible platforni, but an age-dependent
impairment is 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 exarople, a proportion of those rats perform on a
par with young adults. However, approximately 40-50% fall outside the range of

young performance. This variability among aged rats reflects reliable mdividual

2
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differences. Thus, within the aged population some animals are cognitively
impaired and designated aged-impaired (A and other animals are not impaired
and arc designated aged-unimpaired {AU). See, e.g., Colombo e al., Proc. Natl.
Acad. Sci. 94: 14195-14199, (1997): Gallagher and Burwell, Newrobiol, Aging 10
691-708, (1989); Gallagher er ¢f. Behav. Newrosci. 107:618-626, (1993); Rapp and
Gallagher, Proc. Natl. Acad. Sci. 93; 9926-9930, (1996); Nicolie er of,,
Neuroscience T4: 741-736, (1996); Nicolle er al., J. Neurosci. 19: 9604-9610,
(1999)}; International Patent Pablication W(32007/019312 and International Patent
Publication WO 2004/048551. Such an animal mode! of age-related cognitive
mmpairment may be used to assay the effectiveness of the methods and

compositions this invention in treating age-related cognitive impairment.

{0116] The cfficacy of the mothods and compositions of this invention in treating
age-related cognitive impairment may be assessed using a variety of cognitive
tests, inchuding the Morris water maze and the radial arm maze, as discussed

above.
Dementia

{0117} This imvention also provides methods and compositions for treating
domentia 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 coguitive function in patients with dementia. In
certain emnbodiments, treatment comprises slowing or delaying the progression of
demoentia. In cortain embodiments, treatment compriscs reducing the rate of
decline of cognitive function associated with dementia. In certain enibodiments,
treatment compriscs preventing or slowing the progression, of dementia. In cortain
cmbodiments, treatment comprises alleviation, amelioration, or slowing the
progression of one or more symptoms associated with dermsentia. o certain
cmbodiments, the symptom to be treated is cognitive impairment. In certain
crmboditments, the dementia 15 Alzheimer’s disease (AD), vascular dementia,
dementia with Lowy bodics, or frontotemporal dementia. The methods and

compositions may be used for human patients in clinical applications in treating
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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 treatroents for dementia. Features that characterize dementia in animal
models typically extend to dementia in bumans. Thus, efficacy i such animal
models ts expecied to be predictive of efficacy in humans, Various animal models
of dementia are known in the art, such as the PDAPP, Te2376, APP23, TgCRNDSR,
120, kPSZ Tg, and APP -+ P51 transgenic mice. Sankaranarayanan, Curr. Top.
Medicinal Chem. 6: 609-627, 2006; Kobayashi et al. Genes Brain Behav. 4: 173-
196. 2008; Ashe and Zahns, Neuron. 66: 631-45, 2010, Such animal models of
dementia may be used (o assay the elioctivensess of the methods and composilions

of this invention of the invention in treating domentia.

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

varicty of cognitive tosts known in the art, as discussed above.
Post Traumatic Stress Disorder

[012¢] This invention also provides methods and compositions for treating post
trapmatic stress disorder (PTSD) ustog an SVZA mhibitor or a pharmaceutically
acceptable salt, hiydrate, solvate or polymorth thereof, alone or in combination with
valproate or an alalog, derivalive or pharmaceutically acceptable sall thereol In
certain embodiments, freatment 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.  In certain
erobodirnents, treatment coroprises preventing or siowing the progression, of
PTSD. In cortain cnbodinionts, treatment comprises alleviation, amelioration, or
slowing the progression of one or more symptoms associated with PTSD. 1o
certain embodiments, the symptom to be treated is cognitive impairment. The

methods and compositions may be usced for human patients in clinical applications
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in treating PTSD. The dose of the composition and dosage interval for the method

is, as described herein, one that 1s sale and efficacious in those applications,

{0121] Patients with PTSD {and, to a lesser degree tranma-exposed patients
without PTSD) have smaller hippocarpal volumes (Woon ef al., Prog. Neuro-
Paychopharm. & Riological Psyeh. 34, 1181-1188; Wang er af., Arch. Gen.
Psychiarry 67:296-303, 2010}, PTSD 18 also associated with impaired cognitive
performance. Older individuals with PTSI have greater doclines tn cognitive
performance relative to controj patients (Ychuda erf al., Bio. Psych. 60: 714-721,
2006} and have a greater likelihood of developing dementia (Yafte ez ol , Arch.

Gen. Psych. 678: 608-613, 2010,

0122] Animal models serve as an important resource for developing and
cvaluating treatments for PTSD. Features that characterize PTSD in animal
models typically extend to PTSD in humans. Thus, efficacy in such animal models
is cxpected to be predictive of cfficacy in humans. Various animal modcls of

PTSD are known in the art,

16123} One rat model of PTSD is Time-~dependent sensitization {TDS). TDS
mvolves exposure of the animal to a severely stressful event foliowed by a
situational reminder of the prior stress. The following is an example of TDS. Rats
are placed in a restrainer, then placed in 2 swim tank and made to swim fora
period of time, e.g., 20 min. Following this, each rat is then immediately exposed
10 a gascous anesthetic unti! loss of counsciousness, and finally dried. The animals
are left undisturbed for a number of days, e.g., one week. The rats are then exposed
to a “restress” scssion counsisting of an initial stressor, e.g., a swimming scssion in
the swim tank (Liberzon ef al., Psvchoneuroendocrinology 22: 443-433, 1997;
Harvery ef al., Pyychopharmacology 175:494-502, 2004). TDS resulis in an
enhancement of the acoustic startle response (ASR} i the rat, which is comparable
to the exaggerated acoustic startle that is a prominent symptom of PTSD (Khan
and Liberzon, Psychopharmacology 172: 225-229, 2004). Such animal models of
PTSD may be used o assay the elfectiveness of the methods and corapositions of

this invention of the nvention in treating PTSD,
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[0124] The officacy of the methods and compositions of this invention in treating
TSI, or cognitive impairment associated with FTSD, may also be assessed in
animals models of PTSD, as well as human subjects with PTSD, using a varicty of

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

[0128] This invention additionally provides mwethods and compositions {or
treating schizophrenia using an SV2A inhibitor or a pharmaceutically acceptabic
sall, hydrate, solvate or polymorth thereof, alone or in corubination with valproate
or an alalog, derivative or pharmaceutically acceptable salt thereof. In certain
ernboditnents, treatiment comprises improving cognitive function 1 patients with
schizophrenia. {n certain embodiments, reatment comprises slowing or delaying
the progression of schizophrenia. In certain embodimoents, treatruent comprises
reducing the rate of decline of cognitive function associated with schizophrenia.
In certain cmbodiments, treatment comprises preventing or slowing the
progression, of schizophrema, fo certain embodiments, treatment comprises
alleviation, amclioration or slowing the progression, of enc or more symptoms
associated with schizophrenia, In certain embodiments, the symptom to be treated
is cogritive 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 {or the method is, as described herein, one thal is

safo and cfficactous in thosc applications.

[0126] Cognitive tmpairments are also associated with schizophrenia, They
procede the onsct of psychosis and are present in non-aficcted relatives. The
cognitive impairments associated with schizophrenia constitute a good predicter
for functional outcome and are a core featurs of the disorder. Cognitive features in
schizophrenia reflect dysfunction in frontal cortical and hippocampal circuits.
Patients with schizophrenia also present hippocampal pathologies such as
reductions in hippocampal velume, reductions in neuronal size and dysfunctional
hyperactivily. An imbalance in excilation and inhibition in these brain rogions has
also boen documenied in schizophbrenic pationts suggesting that drugs targeting

mhibitory mechanisms could be therapeutic. See, e.g., Guidotti er af,

6
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Psvchopharmacology 180; 191-205, 2005; Zierhut, Psvch. Res. Newroimag.
183:187-194, 2018; Wood ef ¢l., Newrolmage 52:62-63, 2010; Vinkers ¢f al.,
Expert Opin. Investig. Drugs 19:1217-1233, 2009; Young ef al., Pharmacol Ther.
122:150-202, 2009,

[9127] Animal models serve as an important resource for developing and
ovaluating treatments for schicophrenia. Features that characlerize schizophrenia
in animal models typically oxtend to schizophrenia in lumans. Thus, officacy 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 treatiment with
methionine. Methionine-treated mice exhibit deficient expression of GADNT in
trontal cortex and hippocampus, similar to those reported in the brain of
postmortem schizophrenia patients. They also exhibit propulse inhibition of startle
and social interaction deficits (Tremonlizzo er af | FNAS, 99: 17095-17100,
2002}, Another anumal model of schuzophrenia is wethylaoxymethano!l acetate
(MAM -trecatment in rats. Pregnant fomalc rats arc administered MAM (20 mg/kg,
mtraperitoneal) on gestational day 17, MAM-treatment recapitulate a
pathodevelopmental process to schizophrenia-like phenotypes in the offspring,
including snatomical changes, behavioral deficits and altered neuronal information
processing. More specifically, MAM-troated rats display a decreased density of
parvalbumin-positive GABAcrgic internourons in portions of the prefrontal cortex
and hippocampus. In behavioral tests, MAM-treated rats display reduced latent
inhibition. Latent inhibition is a behavioral phenoracnon where there is reduced
learning aboul a stimulus to which there has been prior exposure with any
consequence. This tendency to disregard previousty benign stimuli, and reduce the
formation of association with such stimuli is believed to prevent sensory overload.
Low latent inhibition is indicative of psychesis. Latent inhibition may be tested in
rats in the following manner. Rats are divided mto two gronps. One group 18 pre-

exposed to 2 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
rais’ change in locomotor activily during lone presentation is monitored. Aller the
fear conditioning the rats respond to the tone presentation by strongly reducing
locomotor activity. However, the group that has besn exposed to the tone before
the conditioning period displays robust latent inhibition: the suppression of
focomotor activity i response 1o tone presentation 1s reduced. MAM-treated rats,
by contrast show impaired latent inhibition. That is, exposure to the tone previous
1o the fear conditioning procedure has no significant effect in suppressing the fear
conditioning, {see Lodge ef gl J. Neurosci., 29:2344-2354, 2009} Such animal
models of schizophrenia may be used to assay the efiectivencss of the methods and

compositions of the invention in treating schizophrenia.

{0128} The officacy of the mothods and compositions of this invention in treating
schizophrenia, or cognitive impairment associated with schizophrenia, may also be
assessed in animal models of schizophrenia, as well as human subjects with
schizophrenia, using a varicty of cognitive tests known in the art, as discussed

above.
Amyetrophic Lateral Sclerosis (ALS)

{01361 This invention additionally provides methods and compositions for
treating ALS using an SY2A inhibitor or a pharmaceutically acceptable salt,
hydrate, solvate or polymarth thereof alone or in combination with valproate or g
an alalog, derivative or pharmaceutically acceptable salt thereof. In certain
cmbodiments, treatment comprises waproving cognitive function in patients with
ALS, In certain embodiments, troatment comprises slowing or delaying the
progression of ALS. In certain embodiments, treatment comprises reducing the
rate of decline of cognitive function associated with ALS. In cortain embodiments,
treatment comprises preventing or slowing the progression, of ALS. In certain
embodiments, treatment comprises alleviation, amwelioration or slowing the
progression, of one or more symptoms associated with ALS. In certain
embodiments, the symptom (o be treated 1s cognitive impairment, The methods

and compositions may be uscd for human pationts in clinical applications in
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treating ALS. The dosc of the composition and dosage interval for the method is,

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

{3131] In addition to the degeneration of motor neurons, ALS is characterized by
neuronal degeneration in the entorhinal cortex and hippocampus, memory deficits,

and veuronal hyperexcitability ju different brain areas such as the cortex.

[0132] The officacy of the methods and compositions of this invention in treating
ALS, or cognitive impatrment associated with ALS, may also be assessed in
animal models off ALS, as well as human subjects with ALS, using a vaniety of

cognitive tests known in the art, as discussed above,
Cancer therapy-related cognitive impalrment

{0133] This invention additionally provides methods and compositions for
treating cancer therapy-related cognitive impairment using an SV2ZA inhibitor or a
pharmacentically acceptable sait, hydrate, solvate or polymorth thereof, alone or in
combinalion with valproate or an alalog, derivalive or pharmaceutically acceptable
sall thereof, In certain embodiments, treatment comprises improving cognitive
function in patients with cancer therapy-related cognitive impairment. {n certain
erabodiments, treatment comprises slowing or delaying the progression of cancer
therapy-related cognitive impatinient. In certain cmbodiments, treatment
comprises reducing the rate of decline of cognitive function associated with cancer
therapy-related cognitive impairment. in certain emabodiments, treatment comprises
preventing or slowing the progression, of cancer therapy-related cognitive
impairment. In certain embodiments, reatment comprises alleviation, amelioration
or slowing the progression, of one or more symptoms associated with cancer
therapy-related cognitive impairment. The methods and corpositions may be used
for human patients in clinical applications in treating cancer therapy-related
cognitive jtapairment. The dose of the composition and dosage wmierval {or the
method is, as deseribed herein, one that 18 safe and cificacious in thosc

applications.
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[0134] Therapies that are used in cancer treastment, inciuding chemotherapy,
radiation, or combinations thereol, can cause cognifive impatrment in patients, in
such functions as memory, learning and attention, Cytotoxicity 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 al., Oncologist 13:1285-95,

2008; Soussain ef al., Lancet 374:1639-51, 20093,

[0135] Cognitive inpatrment following cancer therapies reflects dysfunction in
frontal cortical and hippocampal circuits that arc essential for normal cognition. In
animal models, exposure to either chemotherapy or radiation adversely affects
performance on tests of cognition specifically dependent on these brain systems,
cspecially the hippocampus (Kim er af., J. Radiat. Res. 49:517-526, 2008; Yang er
al., Nourobiol. Learning and Mom. 93:487-494, 2010). Thus, drugs targeting these
cortical and hippocampal systems could be neuroprotective 1n patients receiving
cancer therapies and efficacious in treating symptoms of cognitive impairment that

may iast beyond the tnterventions used as cancer therapies,

[0136] Animal modcls serve as an important resource for developing and
evaluating freatments for cancer therapy-related cognitive impaivment. Features
that characterize cancer therapy-related cognitive impairment in animal models
typically exiend to cancer therapy-related cognitive imparment in humans. Thus,
efficacy 1 such animal models i3 oxpected to be predictive of efficacy o humans.
Various animal modcels of cancer therapy-related cognitive impairment are known

n the art,

{01371 Exaniples of animal models of cancer therapy-related cognitive
umpairment include treating animals with anti-neoplastic agents such as
oyclophosphamide (CYP) or with radiation, e.g., ®Co gamma-rays. (Kim et al., J
Radiar. Res. 49:517-526, 2008; Yang ef of,, Neurobiol, Learning and Mem.,
93:487-494, 2010). The cognitive function of animal models of cancer therapy-
related cognitive impairment may then be tested with cognitive tests to assay the
effectiveness ol the methods and compositions of the invention in irealing cancer
therapy-related cognitive impairment. The officacy of the mothods and

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

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

N

}

proteins, which consists of three members, designated SV2A, SV2B, and SV2C,

{0138]  "Synaptic vesicle protein-2 (8V2)" i3 a family of synaptic vesicle

SV2A is the most widely distributed family member, being expressed ubiguitcusly
in the brain. The proteins are integral membrane protetns and have a low-level
horoology (28-30%) to the twelve transmembrane furily of bactenial and fungal
fransporter proteins that transport sugar, citrate, and xenobiotics (Bajjalich et al,,
Seience. 257: 1271-1273. (1992)). SVZ family proteins arc present in the bramn
and endocrine cells, and farther are present in all synaptic and endocrine vesicles.
S¥2 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
synaplotagmin-responsive state (Sudhof et al, 2009). Functionally, SV2 proteing
are reported to enhance syoaptic currents and werease the probability of transrotiter
rclease by maintaining the size of the readily releasable pool of vesicles {(Custer ¢t

al., 2006),

01381 "SV2A inhibitor” vrefors to any agent, subsiance or compound that binds
to SV2A and reduces synaptic function by reducing pre-synaptic vesicle release
(See, e.g., Nover 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, Mechan,
“Levetiracetam has an activity-dependent effect on inhibitory transmission,”
Epilepsia, 2012 Jan 31; and Example 8 of WO 2001/62728, all of which arc
spectfically incorporated herein by reference.} A substance, or a compound or an
agent i3 an SV2A inhibitor even if it docs not itsel{ bind 1o SV2A, as long as it
causes, or affects the ability of, another compound or agent to bind SVZA or
reduce synaptic function by reducing pre-synaptic vesicle release. SV2ZA
inhibitors, as used herein, include pharmaceutically acceptable salts of the
inhibitors thereoll They also include hydrates, polymorphs, prodrugs, salis, and

solvates of these inhibitors.
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[0148] Among the SVZA inhibitors or pharmaceutically accepiable salts,
hydrates, solvates and polymorphs thersol that are useful i the methods and
compositions of this imvention are those disclosced, for cxample, Untted States
(U.3.) Patent Application 12/580,404, International Patent Application
PCTAIS2009/005647, U8, Patent Application 61/105,847, U8, Patent
Application 61/152,631, and U.8. Patent Application 61/175,536, However, any
SVZA inhibitor or a pharmaceutically acceptable salt, hydrate, solvate or
polymorph thereof may be used in the wethods and compositious of the invention.
In some embodiments, the SVZA inhibitor is selected from the group of SV2A
inhibitors referred to in International Patent Applications WO20106/144712;
WOR010/002869; WOZB0R/132139: WO2007/065595; W2006/128693;
WO2006/128692; WO2005/054188; WO2004/087658; WO2002/094787;
WOZG01/062726; ULS. Patents 7,465,549, 7,244 747, 5334 720, 4,696,943;
4,696,942; U5, Patent Application Publication Numbers 20090312333;
20090018148; 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 skiiled in the art,

{6141}  In some cembodiments of this invention, the SVZA inhibitor s sslectad
from the group consisting of levetiracetam, brivaracetam, and seletracetam or
derivatives or analogs or pharmaceutically acceptable salts, solvates, hydrates,

polymeorphs, or prodrugs thereof.

{0142} In some embodiments of this inveniion, the SV2A inhibitor 18
levetiracetam or salts, solvates, hydrates, polymorphs or prodrugs thereof
Levetiracetam refers to the International Union of Pure and Applied Chemustry
{(IUPAC) name of the compound (25)-2-(2-oxopyrrolidin-1-yl) butanamide).
Levetiracetam is a widely used antiepileptic drug. Levetiracetam binds to a
specttic site in the CNS: the synaptic vesicle protein 2A (8VZA) (See. e.g., Naver

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

nnbiting presynaptic neurciransmitier release {Yang et al., 2007).

{01431  Among the SV2A inhibitors useful for the methods and compositions of

this mvention are the bllowing:

5 i} International Patent Application WO 2001/062726:
A compound having the formula [ or a pharmaceutically acceptable salt
thereof,
R% pla
4
R R
2 {1
R
1 /]\
R X
wherein X is-CA'NR'R® or-CAIOR or-CA'-R¥ ar ON
5 R N e O
i0 Al and A7 sre independently oxygen, sulfur or-NR;
RY s hydrogen, alkyl, aryl or-CH,-R ' wherein R™ is aryl, heterocycle,
halogen, hydroxy, amino, nitro or cyano;
R* R and RY are the same or different and each is independently hydrogen,
halogen, hydroxy, thicl, amino, nitro, nitrooxy, cyano, azido, carboxy, amido,
15 sulfonic acid, sulfonamide, alkyl, alkenyl, alkynyl, ester, ether, aryl,
heterocycle, or an oxy derivative, thio derivative, amino derivative, acyl
derivative, sulfonyl! derivative or sulfinyl derivative;
’)r I 43 [ B .
R R™ and B™ are the same or differcut and each is independently
hydrogen, halogen, alkyi, alkenyl, alkynyl or aryl;
~ 05 b B’ 9 o C
20 R’,R®, R’ and R’ are the same or different and cach is independently

hydrogen, hydroxy, alkyl, aryl, beterocyele or an oxy derivative; and
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R* is hydrogen, hydroxy, thiol, halogen, alkyl, arvl, heterocycle or a thio

grivalive;

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 18 a mixture of all possible
isomers, X is-CONR'RY, A% is oxygen and R is hydrogen, methyl, ethyl or
propyl then substitution on the pyrotlidine ring is other than mono-, di-, or -
mothyl or mono-cthyl; and that when RYL R RY R™ R™and R™ arc cach
hydrogen, A” is oxygen and X is CONR'R® then R’ is different from carboxy,
ester, amido, substituied oxo-pyrrolidine, hydroxy, oxy derivative, amino,
aming 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, allenyt, alkynyl,
acyl, cster, other, aryl, aralkyl, heterocyele or an oxy derivative, thio derivative,
acyl derivative, amuine detivative, sulfonyl derivative, or sulfinyl derivative,
cach optionally substitutcd with any suitable group, including, but not Hmited
1o, one or meore moieties selected from lower alkvl or other groups as describe

bolow as substituents for alkyl

The term "oxy derivative”, as used herein is defined as including -Q-R"
groups wherein R'" i as defined shove except for "oxy derivative”. Non-
limiting examples are alkoxy, alkenyloxy, albynyloxy, acyloxy, oxyester,
oxyamido, alkylsulfonyloxy, alkylsullinyloxy, arylsultfonyloxy,
arvisulfinyloxy, aryloxy, aralkoxy or betorocyclooxy sach as pentyioxy,
allyloxy, methoxy, ethoxy, phenoxy, benzyloxy, Z-naphthyloxy, Z-pyridyloxy,

methylcncdioxy, carbonate.

The term "thio derivative” as used herein, is defined as including-8-R !
B . i . -~ ~ . N . -
groups wherein R s as defined above except for "thio derivative”. Non-

{imiting examples are alkylthio, alkenylihio, alkynylthio and arylihio,
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The term "amino derivative” as used herein, is defined as including-NHR
olingl2 oo ol a2 Ao ST
or -NRVR™ groups wherein B and R™ are as defined above. Non-limiting
cxamples are mono- or di-alkyl-, alkenyl-, alkynyl- and arylamino or mixed

amino.

5 The term "acyl derivative™ as used herein, represents a radical devived from
carboxylic acid and thus is defined as including groups of the formula R'-CO-,
wherein B! is as defined above and may also be hydrogen. Non-limiting
cxamples are formyl, acetyl, propionyl, iscbutyryl, valeryl, lauroyl,
hoptanedioy], cyvelohexanecarbonyl, crotonovl, famarovl, acryloyl, benzoyi,

10 naphthovi, furoyl, nicotinoyl, 4~-carboxybutanoyl, oxalyl, ethoxalyl, cysteinyl,

oxamoyl,

The term "sulfony! derivative" as used herein, is detined as including a
group of the formula -SO:-RY | wherein R' is as defined above except for
"sulfonyl derivative”, Non-limiting examples arc alkylsulfonyl,

I3 atkenylsulfonyl, alkynylsultony! and arylsulfonyl,

The term "sulfiny! derivative” as used herein, is defined as including a
- - - 11 . 11 - - ; .
group of the formula -SO-RY, wherein R is as defined above except for
“sulfinyl derivative”. Non-limiting cxamples are alkylasuifingl, alkenyvisulfinyl,

alkynylsulfinyl and arylsulfinyl.

ol

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

two preferred cases, unless otherwise specified, "lower alkyl™). Alkyl moteties

129
L

may optionally be substitted by | to 5 substituents independently selected
from the group consisting of halogen, hydroxy, thiol, amine, nitre, cyano,
thiocyanato, acyl, acvloxy, sulfonyl derivative, sulfinyl derivative, alkylamine,
carboxy, esier, ether, amido, azido, cycloalkyl, sulfonic acid, sulfonamide, thio
derivative, oxyester, oxvamido, heterocycle, vinyl, Ci-S-alkoxy, C6-10-

30 arvloxy and C6-10-aryl.
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Preferred alkyl groups are methyl, ethyl, propyl, isopropyl, buivl, iso or ter-
butyl, and 2,2, 2-trimethylethyl cach optionally substituted by at least one
substitucnt sclected from the group consisting of halogen, hydroxy, thiol,

aming, nitro and cyano, such as trifluoromethyl, trichioromethyd, 2,2,2-

¥4

trichlorocthyl, 1, 1-dimethyl-2 2-dibromoethyl, 1,1-dimethy!-2,2 2~

trichlorogthyl,

The term "alkenyt™ as used horein, is defined as including both branched
and unbranched, unsaturated hydrocarbon radicals having at least one double
bond such as ethenyl (= vinvly, |- methyi-1-ethenyl, 2.2-dimethyl-1-cthenyl, 1-
10 propenyl, 2-propenyl (= allvl}, 1-butenyl, 2-butenyl, 3-butenyl, 4-pentenvi, 1-
moethyl-4-pentenyl, 3-methyl-1-pentenyl, 1-hexenyl, 2-hexenyl, and the ke
and being optionally substituted by at least one substituent selocted from the
group consisting of halogen, hydroxy, thiol, amino, nitro, cvano, aryi and

heterocycle such as mono- and di-halo vinyl where halo is fluoro, chioro or

[,
(¥ 4]

bromo.

The term "aikynyl” as uscd herein, is defined as including a monovalent
branched or unbranched hydrocarbon radical containing at least one carbon-
carbon triple boad, for example ethynyl, 2-propynyl (= propargyl), and the like
and being optionally substituted by at Icast one substituent selected from the

24 group consisting of halogen, hydroxy, thiol, amine, nitro, cvane, aryi and

heteroeyele, such as halocthynyl,

When present as bridging groups, alkyl, alkenvl and alkynyl represent
straight- or branched chains, C1-12, preferably Cl-4-alkylene or £2-12-,

preferably C2-4-alkenylene or -alkynylene moigtics respectively.

129
L

Groups where branched derivatives are conventionally qualified by prefixe
H “ n A1

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

form unicss 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
ach optionally substiiuted by 1 {0 5 substituents imdependently selecied from
halogen, hydroxy, thiol, amino, nitro, cyano, acyl, acyloxy, sulfonyl, sulfinyl,

alkylamino, carboxy, ester, ether, amido, azido, sulfonic acid, sulfonamide,

¥4

atkylsulfonyl, aikvisulfinyl, alkylthio, oxvester, oxyvamido, arvl, C1-6-alkoxy,
C6-10-arvioxy, Cl-6-alkyl, C1-6-haloalkyl, Aryiradicals arve preferably
monocyclic containing 610 carbon atoms. Preferred aryl groups are phenyl
and naphthyl each optionally substituted by 1 to § substituents independently
selected from halogen, nitro, amine, azido, Cl-6-alkoxy, Cl-6- alioylthio, U1-6-

10 atkyl, Cl-6-haloalkyl and phenyl
The term "halogen”, as used herein, includes an atom of C1, Br, F, 1,
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 "eyane”, as used herein, represenis 4 group of the formula -CN.

[
(941

The term "nitro”, as used herein, represents a group of the formula -NGs.

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 -Nj,

)
fe

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

COOH.

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

SO5H.

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

5 SO NHo,

[\
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The term "ester”, as used herein s defined as including a group of formula -

COO-R' wherein R' is as defined above except oxy derivative, thio derivative

or amino derivative.

The term "cther" 1s defined as including a group selected from C1-50-
straight or branched alkyl, or C2-50- straight or branched alkenyl or allynyi

groups or a combination of the same, interrupied by one or more exygen aloms,

The term "amide” is defined as including a group of formula ~CONH) or-

CONHRM or «CONRMR' wherein R and R ure as defined above.

The term "heterocycle”, as used herein 15 defined as including an aromatic
or non aromatic cyclic alkyl, alkenyl, or alkynyl moiety as defined above,
having at least one O, S and/or N atom interrupting the carbocyclic ring
structure and optionally, one of the carbon of the carbocyclic ring siruchure
may be replaced by a carbonyl Non-limiting examples of aromatic
heterocyeles are pyridyl, furyl, pyrrolyl, thienvl, isothiazolyl, imidazolyl,
benzimidazolyl, tetrazolyl, quinarolinyl, quinolirinyl, naphthyridinyl,
pyridazinyl, pyrimidinyl, pyrazinyl, quinolyl, isoquinolyl, iscbenzofuranyi,
benzothienyl, pyrazolyl, indolyl, indolizinyl, purinyl, isoindolyl, carbazolyl,
thiazolyl, 1, 2, 4-thiadiazolyl, thicoo (2,3-b} furanyl, furopyranyl,
benzoturanyl, benzoxepinyl, iscoxazolyl, oxazolyl, thianthrenyl,
benzothiazolyl, or benzoxarolyl, cinnolinyl, phthalazinyl, quinoxalinyl,
vhenanthridinyd, acridinyl, perimidinyl, phenanthrolinyl, phenothiazinyl,
furazanyl, isochromanyl, indolinyl, xanthenyl, hypoxanthinyl, pteridinyl, 5-
azacytidinyl, 3-azauracilyl, triazolopyridinyl, imidazolopyridinyl,
pyrrolopyrimidinyl, and pyrazolopyrimidinyl optionally substituted by alkyl or
as deseribed above for the alky] groups. Non-limiting examples of non
aromatic heterocycles are tetrahydrofuranyl, tetrahydropyranyl, piperidinyl,
piperidyl, piperazinyl, imidazolidinyl, morpholino, morpholinyl, 1-oxaspiro
{4.5) dec-2-vl, pyrrolidinyl, 2-oxo-pyrrolidinyl, sugar moietics (i.c. glucose,
pentose, hexose, ribose, fructose, which may also be substituted) or the same
which can optionally be substituicd with any saitable group, including but not

fimited to one or more moieties selected from lower alkyl, or other groups as
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described above for the alkyl groups. The term "hetorocycle” also includes
bicvelic, tricyclic and tetracyelic, spivo groups in which any of the above
heteroeycelie rings 1s fused to onc or two rings independently sclected from an
aryl ring, a cyclohexane ring, a cyclohexene ring, a cyclopentane ring, a
cyclopentene ring or another monacyclic heterocyclic ring or where a
monocycelic heterocyelic group is bridged by an alkylene group, such as
quinuclidinyl, 7-azabicyclo {2.2. Lheptanyl, 7~ oxabicyclo (2.2.1) heptanyl, 8-

azabicyelo (3.2, Doctanyl.

T the above definitions 16 10 be understood that when a substitoent such
as RY R RY R™ 7 r™ R, RS R, RYis attached 1o the rest of the molecule
vig a heteroatom or a carbonyl, a straight- or branched chain, C1-12-,
proferably Cl-4-alkylone or C2-12, proferably C2-4-alkenylone or-alkynyienc
bridge may optionally be mierposed between the heteroatom or the carbonyl

and the point of attachment to the rest of the moleculie.

Preferred examples of X are <CO0 R’ or -CONRR®, wherein RS, R® and R’

arc preferably hydrogen, Cl-4-alkyl, phenyl or alkylphenyl.

Preferably X is carboxy or -CONR'R®, wherein R’ and R® are preferably

hydrogen, Cl-4-alkyl, phenyl or alkylphonyl, capecially ~CONH,.
Preforably A' and A% are each oxvgen.

Preforably R' is hydrogen, alloyl, especially C1-12 alkyl, particularly lower

atkyl or aryl especially phenyl.

Examples of preferred R’ groups are methyl, ethyl, propyl, isopropyl, butyl,
150~ or ter-butyl, 2,2 2-trimethylethyl each optionally attached via a methylene
bridge or the same substituted by at least one halogen atom such as
trifluoromethyi, trichloromethyl, 2,2 2-trichloroethyl, 1, i-dimethyi-2.2-

dibromoethyl, 1,1~-dimethyl-2,2,2-trichloroethyl,

R as ethyl is especially preferred.
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Preferably 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, ethyl, propyl, isopropyl, butyl, 1s¢ or ter-butyl, 2,2,2-
trimethyvlethyl or the same substituted by at least one halogen atom such as
iriftuoromethyl, trichloromethyl, 2,2 2-trichloroethyl, 1,1-dirasthyi-2,2-

dibromocthyl, 1,1-dimethyl-2,2 2-trichlorocthyl.

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

hydrogen.

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

methyl or ethyl or aryl especially phenyl or aralkyl, cspecially benzyl

Examples of preforred R, R and R™ groups are independently hydrogen,
halogen or methyl, ethyl, propyl, isopropyl, butyl, iso or ter-butyl, 2,2.2-
trimethylethyl or the same subsiituted by at least one halogen atom such as
triftuoromethyl, trichloromethyl, 2,2, 2-trichloroethyl, 1,1-dimethyl-2, 2-

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

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

hydrogen,

3a - . . .
R™ is particularly hydrogen or alkyl, especially lower alkyl and s most

preferably hydrogen.

Preferably R’ is hydrogen, C1-12-alkyl, especially C1-6-alkyl, cach
aptionally substitnied by one or more substituents selected from hydroxy,
halogen, cyang, thiocyanato or alkoxy and attached to the ring either directly or
vig a thio, suifinyl, sulfonyl, carbonyl or exycarbonyi group and optionally, a
C1-d-alkylene bridge, particolarly methylene ; C2-6-alkenyl or -alkynyl,
especially C2-3-alkenyl or-allkynyl each optionally substituted by one or more
halogens ; avido ; eyano ; amido ; carboxy ; triazolyl, tetrazolyl, pyreohidinyd,

pyridyl, i- oxidopyridyl, thiomorpholinyl, benzodioxolyl, furvl, oxazolyl,

50
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pyrimidinyl, pyrrolyl, thiadiazolyl, thiazolyl, thienyl or piperazinyl sach
optionally substituled by one or more substituents selected [rom halogen, €1-6-
alkvl and phenyl and attached to the ring cither dircetly or via a carbonyl group
or a Cl-4-alkylene bridge, particularly methylene ; naphthyl ; or phenyl,
phenylalkyl or phenylalkenyl cach optionally substituted by one or more
substituents selected from halogen, C1-6-alkyl, C1-6 haloalkyl, Ci-6-alkoxy,
Cl-6-alkylthio, amino, azido, phenyl and nitro and each attached to the ring
cither directly or vig an oxy, suifonyl, sulfonyloxy, carbonyl or carbonyloxy
group and optionally additionally a Cl-4-alkylene bridge, particularly

mothylene.

Also, preferably, R is Cl-6-alkyl opiionally substituted by one or more
substituents sclocted from halogen, thiocyanato, azido, alkoxy, alkylthic,
phenylsulfonyl : nitrooxy ; C2-3- alkenyl or-alkynyl cach optionally substituted
by one or more halogens or by acetyl ; tetrazolyl, pyridyl, furyl, pyrrolyl,
thiazolyl or thienvl ; or phenyl or phenylalkyl cach optionally substituted by
one or more substituents selected from halogen, C1-6-alkyl, C1-6 haloalloyl,
C1-6-alkoxy, amino, azido, phenyl and nitro and cach attached to the ring
cither 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, 1o or ter-butyl, 2,2 2-trimcthylcthyl or the same
substituted by at least one halogen atom such as trifluoromethyl,
trichloromethyl, 2,2, 2-trichioroethyl, 1, l-dimethyl-2, 2-dibromoeethyl, 1,1-

dimethyl-2,2,2-trichloroethyl.

R* is especially C1-4-alkyl optionally substituted by one or more
substituents sclected from halogen, thiocyanato or azido; C2-5-alkenyi or-
alkynyl, sach optionally substitated 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,



WO 2012/109491 PCT/US2012/024556

(9]

i0

24

b
(&)}

Further examples of preferred R groups are C1-6 alkyl and C2-6

halgalkenyl,

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

methyl.
‘ . 5 1 pb
Eapecially 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-butyi, 2,2, 2-trimethylethyl, methoxy, ethoxy, phenyl, benzy! or the same

substituied by at least one halogen atom such as trifluoromethyl, chiorophenyl,
Preferably R’ is hydrogen, methyl or cthyl especially hydrogen.

Preforably R is hydrogen, methyl, ethyl, propyl, isopropyl, butyl, iso or
ter-butyl, 2,2,2-trimethylethyl, phenyl, benzyl or the same substituted by at

least one halogen atom such as trifluoromethyl, chlorobenzyl.
Preferably R” is hydrogen or methyl.

Combinations of one or more of these preferred compound groups arc

especially preferved.

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

7. . .
R is hydrogen or alkyl, aryl, halogen, hydroxy, amino, nitro, cyano;

)

R, R°, R, are the same or different and cach is independently hydrogen or
halogen, hydroxy, amino, nitro, cvano, acyl, acyioxy, a sulfonyl derivative, a
sulfinyl derivative, an amino derivative, carboxy, ester, ether, amido, sulfonic

acid, sulionanude,,, alkoxyearbonyl,,, a thio derivative,, alkyl, alkoxy,

L
[
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oxyester, oxyamido, arvl,, an oxy derivative, heterocyele, vinyt and R may
additionally represent C2-5 alkenyl, C2-5 alkynyl or azido each optionally
substituted by one or more halogen, eyano, thiocyane, azido,, cyclopropyl, acvl
and/or phenyl ; or phenylsulfonyloxy whereby any pheny! moiety may be
substituted by one or more halogen, alkyl, haloalkyl, alkoxy, nitro, amino,
aund/or phenyl ; most preferably methyl, ethyl, propyl, isopropyl, butyl, or

ischutyl,
R™ R and R™ are hydrogen;

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

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

R® is hydrogen, hydroxy, thiok, halogen, alkyl, arvl, heterocyele, alkylthio

or thio dervative.

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

isopropyl, bulyl, or isobutyl ; most preferably methyl, ethyl or n-propyl.

R” and R® are preferably independently hydrogen or halogen or methyl,
cthyl, propyl, isopropyl, butyi, iscbutyl ; and, most preferably, are each

hydrogesn.

R’ is proferably €1-5 alkyl, C2-5 alkenyl, ©2-C5 alkynyl, eyclopropyl,
azido, cach optionally substituted by one or roove halogen, cyano, thiocyano,
azido, alkylthio, cyclopropyl, acyl and/or phenyl : phenyl ; phenylsulfonyl ;
phenvlsulfonyioxy, tetrazole, thiszole, thienyl, furv, pyrrole, pynidine,
whereby any pheny! 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 s preferably -COOH or -COOMe or -COOEL or -CONH, ; most
preferably -CONH,.

A further particular group of compounds of formula I {Compounds 1B}

coruprises those wherein,

A
(S
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X is-C AN, -CAWNHCH; or-CA™N (CHa)s ;
R is alkyl or phenyl ;

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

aryl, heterocyele ; or

304 0 Rl ‘
R is CHoR' wherein R is hydrogen, cycloallkyl, oxyester,

oxvalkylsulfonyl, oxyarylsufonyl, aminoalicyisulfonyl, aminocarvisulfonyl,

nitrooxy, cyano, isothiocyanatoe, azido, alikylthio, arylthio, alkylsulfinyl,

atkylsulfonyl, heterocycle, arvloxy, alkoxy or trifluoroethyl;

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

hydrogen, R’ other than methyl);
or R'R™ form a eyeloalkyl
and R, R, R and R™ are cach hydrogen.
Within the compounds of formula 1,

R} is preferably alkeyl especially C1-12- more particularly C1-6-allcyl and is

most preferably ethyl
2 2a 23 4z
R R™ R™ and R™ are preferably hydrogen;

R’ is preferably selected from hydrogen; C1-12-alkyl, especially C1-6-
alkyl, each optionally substitirted by onc or more substituents selected from
hydroxy, halogen, cyano, thiocyanato or atkoxy and atiached to the ring either
directly or viu a thio, sulfinyl, sulfonyl, carbonyl or oxyecarbonyl group and
optionally additionally g Cl-4-alkylene bridge, particalarly methylene; C2-6-
alkenyl or-alkynyl, especially C2-3-alkenyl or-alkynyl, each optionally
substituted by one or more halogens ; azido ; cyano ; amido ; carboxy ¢
triazolyl, tetrazolyl, pyrrolidinyl, pyridyi, 1-oxidopyridyl, thiomorpholinyl,
benzodioxolyl, furyl, oxazolyl, pyrimidinyl, pyrrolyl, thiadiazolyl, thiazolyi,
thienyl or piperaziny] each optionally substituted by one or more substitucuts

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

54
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directly or vig a carbonyl group or & Cl-d-alkyienc bridge, particularly
methylene ; naphthyl ; or phenyl, phenylalkyl or phenylalkenyl each oplionally
substituted by once or more substituents sclocted from halogen, Cl-6-alkyl, Cl-

& haloalkyl, Cl-6-alkoxy, Cl-6-alkylthio, aming, azido, phenyl and nitro and

¥4

cach attached to the ring cither directly or vig an oxy, sulfonyl, sulfonyloxy,
carbonyl or carbonyloxy group and optionally additionally a Cl1-4- alkylene

bridge, particularly methyiene ;
R is preferably hydrogen or Cl-4-alkyl ;

R* and R™ are preferably, independently hvdrogen, C1-4-atkyl, phenyl or

10 enzyl.

A fyrther group of compounds of forraula T {Compounds 1C)Y 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-cthyl.

13 A further group of compound of formula I {Compounds 153} comprises
those in racemic form wherein, when X is-CONR'R® and R’ is hydrogen or
C1-6-alkyl, C2-6-alkenyl or- alkyuyl or eycloalkyl, each unsubstituted, then
substitution in the ring is other than by alkyl, alkenyl or alkynyl, each

unsubstituted.

20 A further particular group of compounds of tormula § (Compounds 18}

comprises those wherein,
X is-CA'NH; ;
Loy
RisH;,

R’ is azidomethyl, iodomethvl, ethyl optionally substituted by 1 to S

b2
[

halogen atoms, - propyl optionally substituted by 1 to 5 halogen atoms, vinyl
optionally subsituted by one or two methyl, and/or 1 1o 3 halogen atoms,

cetylene optionally substituted by Cl-4-alkyi, phenyl or halogen ;
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R™ is hydrogen or halogen, proferably fluorine ;
2 2a 4 s
and R, R*, R* and R™ are cach hydrogen ;

as their racomates or in enantiomerically enrichied torm, preferably the pure

enantiomers.

5 A further particalar group of compounds of formula T (Compounds 1F)

comprises those wherein,
Yy
Kig-CANH,
[
RiisH

R’ is C1-6-alkyl, (2-6-alkenyl or C2-6-alkynyl optionally substituted by

10 azido, oxyniiro, 1 to 6 halogen atoms ;
R™ is hydrogen or halogen, preferably fluorine ;

2 n2% i 42 . .
and R, B™ R" and R™ arc cach hydrogen ; as their racemates or in

enantiomerically enriched form, preferably the pure enantiomers.

In all the above mentioned scopes when the carbon aton: to which R is

[
(¥4

attached is asymmetric i 1s preferably in the "S8"-conliguration.

In some embodiments, compounds useful in the methods and

corapositions of this invention are selected from the group consisting oft
{233-2-[4-(bromomethyD-2-ox0-1-pyrrohidinyl fhutanamide;
{253-2-[{(4R »-4-(iodomethyl}-2-oxopyrrolidinyl fbutanamide;
20 (28)-2-(2-oxo-4-phenyl- L -pyrrphidinyDbutanamide;
(25)-2-14-(rodomethyl}-2-oxo--pyrrolidinyi [butanamide;

(28)-2-[4-(chloromethy1}-2-ox0- L -pyrrolidinyl Jbutanamide;
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{1-[(15)-1-{aminocarbonyljpropyi}-S-oxo-3-pyrrolidinyl jmethyl 4-

methylbenzenesulfonate;
{253-2-{(4R -4-(azidomethyl}-2-oxopyrrolidinyl foutanamide;

2-{4-02, 2-dibromoviny-2-oxo-1-pyrrolidiny! fbutanamide;

Ln

{1 - [{18) -1~ (aminocarbonyhpropyl}-5-oxo-3-pyrrolidinyl fmethyl nitrate;
(253-2-12~0xo-4~( 1 H-tetraazol-1 ~yvlmethyl- L-pyrrolidinylbutanamide;
2-(2-oxo-4-vinyl-L-pyrrolidinyDibutanamide;

2-{2-ox0-4-[{phenyisulfonyl} methyl]-1-pyrrolidinyl fbutanamide;
(25)-2-[(4R -4-(2, 2-dibromoviuyl}-2-oxopyreolidinylibutanamide;

10 (25)-2-[(45)-4-(2, 2-dibromovinyl}-2-oxopyrrolidinyljbutanamide;
(28)-2-[4-(sothiocyanatomethy}-2-oxo- L -pyrrolidinylbutanamide;
2-[2-0x0-4-(1,3-thiazol-2-y1}- L-pyrrolidinyl hutanamide;
(28)-2-[2-0x0-4-(2-thienyh)- i -pyrrolidinyl butanamide;

(28)-2-[4-(2-methoxyphenyh-2-oxo- L-pyrrolidiny fbutanamide;

[,
[ 4]

{283-2-[4-(3-methoxyphenyl}-2-oxo- I-pyrrolidinyl butanamide;
(25)-2-{4-{4-azidophenyl}-2-oxo-1-pyrrolidinyl Jbutanamide;
(28)-2-[2-0x0-4-(3-thienyh)-i-pyrrolidinyl Jbutanamide;
{283-2-[4-(3-azidophenyi-2-oxa-1pyrrolidinyl ihutanamide;
{25)-2-{2~ox0-4-3-thienyh-1-pyrrolidiny ! fbutanamide;

20 (25)-2-[(48)-2-oxo-4-vinylpyrrolidinyl jbutanamide;

(25)-2-{(4R)-2-ox0-4~-vinylpyrrolidinyl fbutanamidc;

h
-3
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2-{4-(2-bromophenyl}-2-oxo-1-pyrrolidinyl jbutanamide;
2-[2-0x0-4-3-pyridinyl}- -pyrrolidiny! [hutanamide;
(25)-2-(4-[1, P-biphenyl}-4-vl-2-oxo-1-pyrrolidinyljbutanarnide;
(28)-2-{4-[{methyisulfanyl} methyl]-2-oxo- t-pyrrohidinyt  butanamide;
2-[4-(iodomethyl}-2-oxo-1-pyrrolidinyl|butanamide;
(25)-2-[{(4R}-4-(icdomethyl}-2-oxo- 1 -pyrrolidinyl jpentanamide;
(25)-2-[ (4R -4-(1cdomethyl)-2-oxopyrrolidinyljpropanamide;
2+(2-ox0-4-propyl-1-pyrrolidinylypropanamide;
2-(2-oxo-4-propyl-1-pyrrolidinyljbutanamide;
2-(2-oxo-4-pentyl-1-pyrrolidinyDibutanamide;
(28)y-2-{(4R-4-(iodomethyl}-2-oxopyrrolidinyl-N-methylbutanamide,;
(25)-2-(4-ncopentyl-Z-oxo~E-pyrrolidinylbutanamide;
(28)-2-(4-cthyl-Z-oxo-1-pyrrolidinyDbutanamide;
2-4-(2,2-diffuorovinyl}-2-ox0- | ~pyrrolidinyl jbutanamide;
2-[4-(2,2-diflucrocthyl -2 -oxo~1 -pyrrolidiny! jbutanamide;
(28)-2-[(48)-2-oxo-4-propyipyrrolidiny] butanamide;
(28)-2-[(4R)-Z~oxo-4~propylpyrrobidinyt jbutananude;
2-44-1{7)-2tluorosthenvl}-2~oxo-1-pyrrolidiny]  buatanamide;
2-[4-(Z-methyl-1~propenyl}-2-oxo-~1-pyrrolidiny! hutanamide;
2-(4-bulyl-2-oxo-L-pyrrolidinybutanamide;
2-[4-{cyclopropylmethyl)-2-oxo-1-pyrrolidinyl fbutanamide;

58
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2-(4-isobutyl-2-oxo- L-pyrrolidinyDbutanamide;
2-[4-{4-chlorophenyl}-2-oxo--pyrrolidinyi fhatanamide;
2-4-(3-chlorophenyl)-2-oxo--pyrrolidinyl fbatanaraide;

2-{2-ox0-4-12-(trifluoromethyhphenyll-1-pyrrohidinylt butanamide;

(9]

2-[4-(2-fluoropheny}-2-o0xo-1-pyrrolidinyl}butanamide;

2-{4-(3-methylphenyl)-2-oxo-1-pyrrofidinyl jbutanamide;

(28)-2-[ 2~0x0-4-(2-phenylethyl}-1-pyrrolidinyl | butanande;

(28)-2-{4-(3-bromophenvi)-2-oxo-1-pyrrolidinyl [butanamide;

2-{4-[3,5-bis(triftuoromethyliphenyl}-2-oxo-1-pyrrolidinyl } butanamide;

10 2-14-(3,4-dichlorophenyi}-2-oxo-1-pyrrolidinyljbutanamide;
2-{4-{2,4-dichlorophenyi}-2-oxo- [ -pyrrolidinyiibutanamide;
2-{4-{2~furyly-2-0oxo~1-pyrrolidinyl jbutanamide;
(28)-2-{2-ox0-4-3-phenyipropyh-1-pyrrolidinyl butanamide;
(25)-2-{4-(3,5-dibromophenyl)-2-oxo- L -pyrrolidinyljbutanamide;

15 2-[4-(3 4-dichlorophenyl}-2-oxo-t-pyrrolidinyi {butanamidc;
2-(2-oxo-4-propyl-T-pyrrolidinyDbutanamide;
2-[4-(3~chloropheny-2-oxo-1-pyrrohidinyifoutanamide;
2-(4-ethynyl-2-oxo--pyrrolidinyly butanamide;
2-[4-2~-fluorophenyly-2~-oxo-L-pyrrolidinyi [butanamide;

240 (25)-2-}4-{cyclopropylmethyD-2-oxo-1-pyrrolidiny! t butanarmde;

25)-2-[{458)-4-(2, 2~difluorovinyl}-2-oxopyrrolidinyl jbutanamide;

59



WO 2012/109491 PCT/US2012/024556

(9]

10

240

(283-2-[2-0x0-4~(3, 3, 3-wriflucropropyl)-1-pyrrolidinyijbutanamide;
2-[4-(3-methylphenyl}-2-oxo-1-pyrrolidinyl Jbutanamide;
(25)-2-{4-(cyclopropylmethyl}-2-oxo- L-pyrrolidiny! fbutanamide;
(28)-2-[(4R-4-(2, 2-difluorovinyl}-2-oxopyrrolidinyl [butanamide;
(28)-2-[2-0x0-4~( IH-pyrrol-1-y1}- 1-pyrrolidinyljoutanamide;
(25)-2-(4-allyl-Z-oxo-1-pyrrolidinyl}butanamide;
(25)-2-[4-(2-iodopropyl)-2-oxo-1-pyrrolidinyl } butanamide;
(28)-2~(4-allyl-2-oxo-1-pyrrolidinyl}butanamide;
(28)-2-[2-ox0-4-(2-oxopropyl)- L -pyrrolidinyljbutanamide;
(28)-2-14-(2-bromo-1 H-pyrrol-1-y}-2-ox0-1-pyrrolidinyi [butanamide;
(28)y-2-(4-methyl-2-0x0-4-propyl-t-pyrrolidinylibutanamide;
{(2R}-2-{4-(2, 2-dichlorovinyD-2-oxo- 1 -pyrrolidinyl fratanamide;
2-|4-{bromoethynyl-2-0x0-1-pyrroliding! hutanamide;
2-[{48)-4-(2, 2-difluoropropyi}-2-oxopyrrolidinyl butanamide;
{(25)-2-{4-{bromocthynyl}~2-oxo- 1 -pyrrolidinyjbutanamide;
2-(2-oxo-d-propyl-T-pyrrolidinyhpentanamide;
3-cyclopropyl-2-(2~oxo-4-propyi-1-pyrrolidiny Dpropanande;
2-(Z~oxo-4-propyl-1-pyrrolidinyD-3-(1,3-thiazol-4-ylipropanamide;
2-(2~oxo-4-propyl-1-pyrrolidinyD-4-pentenamide;

(28)-2-[{4R)-2-0ox0-4~vinylpyrrolidinyi fbuianamide;
yipy

60
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including ali isomeric forms and mixtures thereof or a pharmaceutically

aceeplable salt thereol.

in some embodiments, compounds useful 1o the methods and compositions

of this invention are selected from the group consistimg of

Lh

{28)-2-[{48)-4-(2, 2-difluorovinyl}-2-oxopyrrolidinyl butanamide;
{25}-2-{(48})-2~oxo-4d-propylpvrrolidinyl jbutanamide;
{28)-2-[(4R-2-ox0-4-propylpyrrolidinyl jbutanamide,

it} International Patent Application W 2002/094787:

Compounds of the fornmia |

X M
10

. - . 1-
wherein n represents 0 or | whereby R is not existent when =0 and R’ is

existent when n=1 ;
i S . I ad 4+ N
A’ roprosents an oxygen or a sulfur atom;

X is-CONR'R® -COOR’ -CO-R'Y or ON;

[,
(¥4

R’ when existent, Y, ', R* and R” arc the samc or different and cach is
independently hydrogen, halogen, bydroxy, thiol, arino, nitre, nitrooxy,

cyano, azido, carboxy, amido, sulfonic acid, sulfonamide, alkyl, alkenyl,

61
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atkynyl, ester, cther, aryl, heterocycle, or an oxy derivative, thio derivative,

amyino derivative, acyl derivative, sullony! derivative or sulfiny! derivative,

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

existent, R%, R, R* or R® is not hydrogen;

R" is hydrogen, alkyl, arvl or-CHy-R™ wherein R* is aryl, heterocycle,

halogen, hydroxy, amino, nitro or cyano;

7 S Ly P . -
R/, R® and R” are the same or different and each is independently hydrogen,

hydroxy, atkyl, aryl, heterocycle or an oxy derivative; and

10 -~ ) : s i
R™ s hydrogen, hydroxy, thil, halogen, alkvl, arvl, heterocyele or a thio

derivative;

their pharmaceutically acceptable salts, geometrical isomers (including cis
and trans, Z and E isomers}, enantiomers, diasterecisomers and mixtures

thereof (including all possible mixtures of siereoisomers).

In the above formula, at least one substituent RY to R is different from
hydrogen. Some non-substituted compounds are veferred to in US Patent No.
5,468,733 and 5,316, 759, US Patent No. 5,468,733 refers (0 non-ring
substituted 2-oxo-1-pyrrolidinyl and 2-oxo-1-piperidiny] derivatives as
inhibitors of the oncogene Ras protein. In particular, these compounds block
the ability of Ras to transform normal cells to cancer cells, and therefore can be

included in several chemotherapeutic compositions for treating cancer,

US Patent No. 5,510,759 refers to non-ring substituted 2-oxo-1~
pyrrolidinyl, 2-0xo-1- piperidinyl and azepany! derivatives present at the N-
terminus of dodecapeptides possessing LHRH (luteinizing hormone-releasing
hormone) antagonistic activity. Such LHRH antagonists are useful in the
treatment of a variety of conditions ju which suppression of sex steroids plays a
key role including comniraception, delay of puberty, treatment of benign

prostatic hyperplasia a. o,
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In the definitions set forth below, unless otherwise stated, R and R are
the same or different and each is independently amide, alkyl, alkenyl, alkynyl,
acyl, cster, other, aryl, aralkyl. heterocycele or an oxy derivative, thio derivative,
acyl dertvative, amino dertvative, sulfony! derivative, or sulfinyl derivative,
cach optionally substituted with any suitable group, including, but not Hmited
1o, one or more moieties selected from lower alkyl or other groups as describe

bolow as substituents for alkyl

The term "oxy derivative”, as used herein, s defined ag inciuciinguO-R“
groups wherein R is as defined shove except for "oxy derivative”, Non-
limiting examples are alkoxy, alkenyloxy, alkynyloxy, acyloxy, oxyester,
oxyamido, alkylsullonyloxy, alkylsullinyloxy, arylsulfonyloxy,
arvisulfinyloxy, aryloxy, aralkoxy or botorocyclooxy sach as pentyioxy,
allyloxy, methoxy, ethoxy, phenoxy, benzyloxy, 2-naphthyloxy, 2-pyridyloxy,

methylenedioxy, carbonate.

The term "thio derivative™, as used herein, 18 defingd as including~S—R“
groups whercin R’ is as dofined above except for "thio derivative”, Non-

limiting examples are alkylthio, alkenylithio, allkynylthio and arylihio.

. . . . L . . e il

The term "amino derivative”, as used horein, is defined as including-NHR

o lin 12 : 512 ~ : (PR TIIN
or-NR"R' groups wherein R'' and R'* are as defined above. Non-limiting
cxamples are mono- or di-alkyl-, alkenyl-, alkynyl-and arylamino or mixed

amine.

The term "acyl derivative”, as used herein, represents a radical derived
from carboxyhic acid and thus 1s defined as including groups of the formula
R'-CO-, whersin R' is as defined above and may alse be hydrogen. Preferre
are acyl derivatives of formula -COR' wherein R' is selected from hydrogen,
{C1-12 atkyl, C2-12 alkenyl, C2-12 alkenyl, heterocyle and aryl, Non-linniting
cxamples arc formyl, acctyl, propionyl, isobutyryl, valeryl, lauroyl,
heptanedioyl, cyclohexanecarbounyl, crolonoyl, tumaroyl, acryloyl, benzovl,
naphthoyl, furoyl, nicotinoyl, 4-carboxyhutanoyl, oxalyl, ethoxalyl, cysteinyl,

oxamoyl
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The term "sulfony! derivative”, as used herein, is defined as including a
group of the formula -S0x-R", wherein R is as defined above except for
"sulfonyl derivative”. Non-limiting examples are alloylsuifonyl,

alkenylsulfonyl, alkynylsulfonyl and arylsulfonyl.

The term "solfiny] derivative”, as used herein, is defined as inchuding a
e £ eyl P o
group of the formula -SO-RY, wherein R is as defined above except for
“sulfinyl derivative”. Non-limiting cxamples are alkylaulfingl, alkenyisulfinyl,

alkynylsulfiny! and arylsulfinyl.

The term "alkyl", as used herein, is defined as inchuding saturated,
monovalent hydrocarbon radicals having straight, branched or cyclic moteties
or combinations thereof and generally containing 1-20 carbon atoms, most
often 1 to 12 carbon atoms, preferably 1-7 carbon atoms for non~cyclic alkyl
and 3-7 carbon atoms for cycloalky! (in these two preferred cases, unless
otherwise speetficd,"lower alkyl"), cach optionally substituted by, preferably 1
to 5, substituents independently selected from the group consisting of halogen,
hydroxy, thiol, aming, nitro, cyano, thiccyanato, acyl, acyloxy, sulfonyl

erivative, sullinyl derivative, alkylamino, carboxy, ester, ether, amido, azido,
cycloalkyl, sulfonic acid, sulfonamide, thio derivative, alkylthio, oxyester,
oxyamido, heterocycle, vinyl, alkoxy (preferably CI-5), aryloxy (preferably

C6-19) and aryl {proferably C6-10).

Preferred are alkyl groups containing | 1o 7 carbon atoms, each opticnally
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

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

Most preferred alkyl groups are hvdroxymethyl, propvl, butyi, 2, 2.2-
trifluorocthyl, 2- bromo-2 2-diflucrocthyl, 2-chlors-2 2-diftucrocthyl, 3,3,3-
trifluoropropyi, cyclopropyimethyl, wodomethyl, azidomethyl, 2,2-

difluoropropyl, 2-icdo-2,2-diftlucroethyl.
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The term "lower alkyl”, as used herein, and unless otherwise specified,
refors o Oy to U5 saturated straight, branched or eyelic hydrocarbon. Non
limiting examples arc methyl, cthyl, propyl, isopropyl, butyl, tertiobutyl,
pentyl, cyclopropyl, cyclopentyl, isopentyl, neopentyl, hexyl, ischexyl,
cyclohexyl, 3-methypentyl, 2,2-dimethyibutyl, optionally substituted with any
suitable group, including but not limited to ong or more moieties 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 hoth branched
and unbranched, unsaturated hydrocarbon radicals having at least one double
bond, and being oplionally substituled by at least one substituent selected from
the group consisting of halogon, hydroxy, thiol, amino, thiccyanato, azido,

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

Prefered alkenyl groups arc C2-C12 alkenyls, cspecially U2-6 alkenyis,
such as ethenyl (= vinyl), I-methyl-I-etheuyl, 2,2-dimethyl-1-ethenyl, 1-
propenyl, 2-propenyl (= allyl), 1-butenyl, 2- buteayl, 3-butenyl, 4-pentenyl, 1-
methyl-4-pentenvl, I-methyl-L-pentenyl, -hexenyl, 2-hexeny! and the like,
optionally being substituted by one or more substituents selected from halogen,
cyano, thiocyanato, azido, altkvlthio, cycloalkyl, phenyl and acyl, Most prefered
is vinyl, optionally substituled by one or more halogen or/and lower alkyl, and

cspecially 2,2- difluorovinyl, 2,2-dibromovinyl and 2,2-dichlorovinyl.

The term "atkynyvl” as used heremn, 1s defined as including a monovalent
branched or unbranched hydrocarbon radical containing at least onc carbon-
carbon triple bond, for exampic ethynyl, 2-propynyl (= propargyl}, and the like,
and being optionally substituted by at fcast one substituent sclected from the
group consisting of halogen, hydroxy, thiol, amino, nitro, cyano, aryl,

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

Preferred alkynyl groups are U2-12 alkynyl, especially C2-6 alkyuoyl,

optionally being substituted by one or more substituents selected {rom halogen,
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cyano, thiocyanato, azido, alkylthio, acyl, aryl such as phenyl and alkyl,

preferably cycloalkyl,

Most preferred are ethynyl, propynyl and butynyl, optionally substituted by

lower alkyl or/and halogen, and especially 1-propyoyl, cyclopropylethynyl, 3-

(9]

methyl-1-butynyl and 3,3,3- trifluoro~1-propynyl

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

preferably C2-4-alkenylene or- alkynyleus moisties respectively.

Groups where branched derivatives are conventionally qualified by prefixes
LI A

10 such as "n", "sec”, "iso" and the iike (e. g."n-propyl","sec-butyl"} are in the n-

form uniess otherwise stated.

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

i5 one hydrogen, such as phenyl and naphthyi, each optionally substituted by one
or more substifuents independently selected from halogen, hydroxy, thiol,
amino, nitro, cyano, acyl, acyloxy, sulfonyl, sulfinyl, altkylamino, carboxy,
ester, ether, amido, azide, sulfonic acid, sulfonamide, aikyisulfonyl,
allovisultinyl, Cl-6-alkylthio, oxyester, oxyamido, aryl, Cl-6-alkoxy, C6-10-

20 aryloxy, Cl-6-alkyl, C1-6-haloalkyl. Aryl radicals are preferably monocyclic
or bicyclic containing 6-10 carbon atoms. Proferred ary! groups are phenyl and
naphthyl each optionally substituted by one or more substituents independently
selected from halogen, nitro, amino, azido, Cl-6-alkoxy, Cl-6-alkyl, Ci-6-

haloalkyl, sulfonyl and phenyl.

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

]
i

lower alkyl, azido or nitro, such as 3-chiorophenyl and 3-azidophenyl.
The term "halogen”, as used heretn, 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 herein, represents a group of the formula -SH.
The term "eyano’”, as used hevein, represenis g group of the formula -CN.
The term "nitro”, as used herein, represents a group of the forouda -NO».

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

ONG;.
The term "amino”, as used herein, represents a group of the fornula -NH..
The term "a«ido”, as used herein, represents a group of the formula -Nj,

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

COQH.

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

SO5H.

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

SO, NH».

The term "ester”, as used herein, is defined as including a group of formula
L00-R" wherein R" is as defined above except oxy derivative, thio
derivative or amino derivative. Preforred are osters of formula -COOR!
wherein R is selected from C1-12 alkyl, €2-12 alkenyl, C2-12 alkynyl and

) ~ i1 . .
arvl. Most preferred are esters where R is a lower alkyl, especially methvl.

The term "ether” is defined as including a group selected from C1-50-
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 oxyvgen atoms,

The term "amido” 18 defined as including a group of formula -CONH; or -

CONHR' or -CONRMR wherein R and R'? are as defined above.

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

or non aromatic cyclic alkyl, alkenyl, or alkynyl motety as defined above,
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having at least one O, 5 and/or N atom interrupting the carbocyclic ring
siructure and optionally, one of the carbon of the carbocyclic ving structure
may be replaced by a carbonyl, and optionally being substituied with any
suitable group, including but not limited to one or more moteties selected from
lower alkyl, or other groups as described above for the alkyl groups. Non-
limiting examples of heterocycles are pyridyl, furyl, pyrrolyl, thienyl,
isothiazolyl, triazolyl, imidazolyl, benzimidazolyl, tetrazolyl, quinazolinyi,
quanolizinyl, naphthyridinyl, pyridacdnyl, pyrimidinyl, pyraziavl, quinolyl,
isaquinolyl, isobenzofuranyl, benzothienyl, pyrazolyl, indelyl, indolizinyl,
purinyl, isoindolyl, carbazolyvl, thiazolyl, 1,2 4-thiadiazolyl, thiomorpholinyl,
thieno (2,3-b) furanyl, furopyranyl, benzofuranyl, benzoxepinyl, iscoxazolyl,
oxazolyl, thianthrenyl, benzothiazolyl, or benzoxazolyl, cinnolinyl,
phthalazinyt, quinoxalinyl, 1-oxidopyridyl, phenanthridinyt, acridinyi,
perimidinyl, phenanthvolinyl, phenothiazinyl, furazanyl, benrodioxolyl,
isochromanyl, indolinyl, xanthenyl, hypoxanthinyl, pteridinyl, S~azacytidingl,
S-azauracilyl, triazolopyridinyl, imidazolopyridinyl, pyrrolopyrimidinyl,
pyrazolopyrimidinyl, tetrahydrofuranyl, tetrahydropyranyl, piperidinyi,
piperidyl, piperazinyl, imidazolidinyl, morphoiino, morpholinyi, 1-oxaspiro
{(4.5) dec-2-yl, pyrrolidinyl, 2-oxo-pyrrolidinyl, sugar moicties (1, ¢, glucose,
pentose, hoxose, ribose, fructose, which may also be substituted) optionally
substituted by alkyl or as described above for the atkyl groups, The
term"heterocycle™also inchides bicyclic, tricyclic and tetracyclic, spiro groups
in which any of the above heterocvelic rings is fused to one or two rings
mndependeutly selecied from an aryvl ring, a cyclohexane ring, a cyclohexene
ring, a cyclopentanc ring, a cyclopentenc ring or another monocyclic
heterocyclic ring or where a monocyclic heterocyelic group is bridged by an
alkylene group, such as quinuchidinyl, 7-azabicyclo (2.2.1) heptanyl, 7-

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

The heterocycele is proferably selected from triazolyl, tetrazolyl,
pyiroliding, pyridyl, i~ oxidopyridyl, thismorpholinyl, benzodioxolyl, furyi,

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

aikyvl, substituted alkyl, alkoxy, nitro, anyino, acyl and phenyl,

More preferably the heterocycle is selected from tetrazolyl, pyrrolidingt,

pyridyl, turyl, pyrrolyl, thiazolyl and thienyl, each optionally substituted by

(9]

one or wore substituents selected from halogen, alkyl, halogen substituted
alkyl, acyl, alkoxy, nitro, amimo and phenyl, and especially from Z-and 3-
thienyl, optionally substituted by one or more halogen, acyl such as formyl,

cyano and/or lower alkyl, such as methyl.

in the above definitions it is to be understood that when a substituent such
10 as RO, RS RO, RO RS RO, RS R, R is attached to the rest of the molecule vie a
heteroatom or a carbonyl, a straight~ or branched chain, C1-12-, preferably Cl-
4-alkylene or C2-12, preferably C2-4-alkenylene or-alkynylene bridge may
optionally be interposed between the heteroatom or the carbonyl and the point

of attachment to the rest of the molecule.
13 The term"R substituent"refers to R', B”, B, R® or R, independently.

According to a proferred embodiment, a compound of formmula {is as
defined above wherein nrepresents 0. The compound is a 6~ring stracturs (2-
thioxo- or 2-oxo-piperidinyl derivative) wherein R’ is not existent since n=0,

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

(I-4)
20

According 1o a following embodiment, the compound of formula [ is as

defined above wheremn nrepresents |, The compound is a 7-ring structure (2-
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. . . . 1. . . P
thioxo- or 2-oxo-azepanyl derivative) wherein R° is cxistent since n=1 and

depicied by the formuia (§-B).

B’ R A"
PN

8 .
R X {-B)

According to a more preferred embodiment, sald compound is as defined

: -5 3 ; > ~ 2 5

5 above wherein n=0, R and/or R? are different frons hydrogen and R and R’

represent hydrogen.

According to another more preferred embodiment, said compound 1s as
defined above wherein n=1, R°, R” and/or R” are different from hydrogen and

1

wherein R' and R’ represent hydrogen.

10 According to a vet mare preferred embodiment, said compound is as
efined above wherein only one R substitucut 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
substituent{s} is/are hydrogen. We hereby refer to 4 mono-substituisd 2-thioxo-

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

15 According to another preferred embodiment, compounds of formula | are as
e . 1 j i :
defined above wherein A™ represents an oxygen atom. We hereby refer o 2-

oxo-piperidinyl or 2-oxo-azepanyl dorivatives.

According 1o another preferred embodiment, compounds of formula T are as
defined above wherein X is CONRR?, especially CONH,. We hereby refer to
240 amudo derivatives ol 2-oxo (or thioxo)-piperidinyl or 2-oxo0 {or thioxo) -

azcpanyl.

-
<
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According to another preferred embodiment, compounds of formula 1 are as
defined above wherein R® represents hydrogen, C1-4 alkyl, or a CHz-R™ group
wherein R™ represents a hetorocyele. Most proferably R is a C1-4 alkyl,
especially ethyl. When R” is ethyl we refer to 2- (2-oxo {or thioxo)-1-
piperidinyl} butanamide or 2- (2-oxo (or thioxo}-1-azepanyl) butanamide

erivatives,

According to another preforred embodiment, compounds of formuola L are as
defined above wherein the carbon atom to which R is attached is of the S
configuration. Tn case where R® is othyl, A is oxvgen and X is CONR'R® we
refer then to (28)3-2-(2-0xo~1-piperidinyl} butanamide or (25)-2- (2-0x0-1-

aecpanyl) bulanamide derivatives.

According to a prefered embodiment, the compound is as defined above
wherein ®” when o=l R and R are the same or different and each is
independently hydrogen, halogen, nitro, nitrooxy, cyano, carboxy, amido,
sulfonic acid, sulfonamide, alkyl, alkenyl, alkvoyl, ester, ether, arvl,

hetorocyele, acyl derivative, sulfonyl derivative or sulfinyl derivative;
- . . p . )
R’ when existent, R? when n=0 and R® are hydrogen;

R is hydrogen, alkyl, aryl or-CH,-R™ wherein R™ is aryl, heterocycle,

halogen, hydroxy, amino, nilro or ¢yano;

According to ths preferred embodiment, the compound is generally such
that when R® is benzyvl, X is-COOCH; and n=1, B” is different from methyl
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 compound is as defined
. 2 3 -4 1o ; .
above wherein R” when n=1, R’ and R are the same or different and each is

independently hydrogen; cyano; carboxy; amido ;

-t
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C1-12 alkyl, each optionally substituted by one or more substituenis
selected from hydrosy, halogen, cyano, thiscyanato, atkoxy, azido, alkyltio,

cycloalkyl, acyl, aryl and heterocyele;

2-12 alkenyl, cach optionally substituted by one or more substituents
selected from halogen, cyano, thiocyanato, azido, alkylthio, alkyl, aryl and

oyl

C2-12 alkynyl, each optionally substituted by one or more substituents
selecied froma halogen, cyuane, thiocyanato, azide, alkylthio, alkyl, arvl and acyl
; acyl derivative of formula CO-R" wherein R' is selected from C1-12 aikyl,

{2-12 atkenyl, C2-12 alkynyl, heterocyele and arvl;

ester of formula -CO-0-R' wherein RY is selected from C1-12 alkyl, C2-

12 alkenyl, C2-12 allbyayl and aryh

heterocycle selected from triazolyl, tetrazolvl, pyrrolidinyd, pyridyl, 1-
oxidopyridyl, thiomorpholinyl, benzodioxelyl, furvl, oxazolyl, pyrimidinyl,
pyrrolyl, thiadiazolyl, thiazolyl, thienvl and piperazinyl, each optionally
substituted by one or more substituents selected from halogen, alkyl,

substituted ailoyl, alkoxy, nitro, amine, acyl and phenvl;

aryl, cach optionally substitued by one or more substliluenis selected from
C1-6 alkyl, C1-6 haloalkyl, C1-6 alkoxy, C1-6 alkylthio, amine, azido,

sulfonyl, aryl and nitro.

According to another preferred embodiment, the compound 1s as defined
. 2 2 . .
above, wherein R when n= 1, R® and R® are the same or different and each is

independently hydrogen;

C1-7 alkyl, cach optionally substituted by one or more substituents selocted
from hydroxy, halogen, cyano, thiccyanato, alkoxy, azido, alkyltio,

cyclopropyl, acyl and phenyl;

-3
)
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{2-6 alkenyl, cach optionally substituted by one or more substituents
selected from halogen, cyano, thiocyanato, azide, alkylthio, cycloalkyl, pheny!

and acyl ;

C2-6 alkyuyl, cach optionally substituted by one or more substifuents
selected from halogen, cyane, thiocyanato, azido, alkylthio, cycloalkyl, phenyl

and acyl;

heterocycle selected from tetrazolyvl, pyrrolidinyl, pyridyl, furyl, pyrrolyl,
thiazolyl and thienyl, each optionally substituted by one or more substituenis
selected from halogen, alkyl, halogen substituted alkyl, acyl, alkoxy, nitro,

amino and phenyl;

phenyl, each optionally substitued by one or more substituents selected
from C1-6 alkyl, halogen substituled alkyl, halogen, alkoxy, amino, azdo,

sulfonyl, phenyi and nitro.

Accordimg (o another preferred embodiment, the compound 1s as defined
above wherein at least one of the R substituents chosen from the group RY, R
and R* when n=1 or from the group R’ and R* when n=0, represents
independently Cl-d-alkyl or C3-T-cycloalkyl, optionally substituted by one or

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

According to another preforred cmbodiment, the compound 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
independently vinyl, optionally substituted by one or more halogen or/and

lower alkyl.

According to another preferred embodiment, the compound is as defined
above wherein at least nne 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 ethynyl, propynyl or bulynyl, optionally subsiituted by one or

more halogen and/or lower alkyl.

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

atkyl, azido and/or nitro.

According to another preferred embodiment, the compound is as defined
above whercin 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 substitiied by one or more halogen,

acyl, cyano or/and lower alkyl,

According 1o a pariicular preferred embodiment, the compound is as
defined above wherein at least one of the R substituents chosen from the group
RY, R* and R” when n= 1 or from the group R’ and R when u=0, is
hydroxymethyl, propyl, butyl, 3,3 3-trifluoropropyl, 2,2, 2-trifluorocthyl,
cyclopropylmethyl, wdorethyl, azidomethyl, 2- thienyl, 3-thienyl, phenyl, 3-
chiorophenyl, 3-azidophenyt, 2,2-diftuorovinyl, 2,2-dibromovinyl, 2, 2-
dichlorovinyl, 2-cthynyl, S-methyl-2-thienyl, S~formyl-2Z-ethyvayl, S-cyano-2-
thienyl, 3-bromo- 2-thienyl, 4-methyl-2-thienyl, 3.3,34rifluoro-1-propynyl, 1-
propynyl, cyvclopropylethynyl, 3- methyl-1-butynyl, I-butynyl, 2,2-
difluoropropyl, 2-chlore-2,2-difluoroethyl, 2-bromo-2,2- difluoroethyl and 2-

iodo-2,2-difluorocthyl,

According to yet another preferred embodiment, the compound is as

defined above wherein R, R° R™ and R arc hydrogen.

According to even another preferred embodiment, the compound s as

defined above wherein RY, R, R” and R are fiydrogen,

According to even another preferred embodiment, the compound is as

. ; . P53 pd 5
defined above wherein =1 and R, R7, R” and R are hydrogen.

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

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-{hydroxymethyi}-2-gxo-1-piperidiny] [butanamide,

2-(2-ox0~5-propyl-1-piperidinyiybutanamide,

Ln

2-{2-0x0-5-(3,3,3-triftucropropyl)- T -piperidinyifhuianarmde,
2-[5-{cyclopropylmethyi}-2~oxo-1-piperidinyifbutanamide,
2-[5-(iodomethyl)-2-ox0-1-piperidinyl] butanamide,
2-[5-{azidomethyl}-2-oxo-1-piperidiny! jbutanamide,
2-(Z-oxo-5-phenyl- L-piperidinybuanamide,

10 2-[2-0x0-5-(2-thienyl)- 1 -piperidinyl fbutanamide,
2-{2~0ox0-5-( 3-thienyl)- I -piperidinvi fbutanamide,
2-[5-(3-chlorophenyi}-2-oxo-1-piperidinyl jbutanamide,
2-[5-(3-azdophenyl}-2-oxo- L -piperidinyl fbuianamide,

2-[5-(2, 2-difluorovinyl}-2-oxo-1-piperidiny] butanamide,

[,
[ 4]

2-{5-(2, 2-dibromovinyl)-2-oxo-1-piperidinyl jbutanamde,

[\

-[5-(2, 2~ dichlorovinyl}-2-oxo-1-piperidinyijbutanamide,
2~(5-cthynyi-2-oxo-1-piperidinyljbutanamide,
215-(5-methyl-2-thienyl}-2-oxo- 1 -piperidiny jbutanamide,
2 5-(5-formyl-2-thieny}-2-oxo- 1 -piperidinyl jbulanamide,

20 2+[5-{5-cyano-2-thienyl}-2-ox0- [ -piperidinyi [butanamide,

2-[5-(3-bromo-2~thicayi}2-oxo-1~piperidinyl {butanamide,

~-}
A
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2-[5-{4-methyl-2-thienyi}-2-oxo-1-piperidinyl [butanamide,
2-{2~ox0-5+3 3, 3-trifluoro- L -propynyly- L -piperidinyl foutanamide,

2-|2-ox0-5-( 1-propynyl}- F-piperidinyi fbutanarnide,

2-[5-{cyclopropylethynyii-2-oxo-1-piperidinyl Jbutanamide,

(9]

2-[5-(3-methyl-1-butynyl)-2-ox0- 1 -piperidinyl butanamide,

2-{5-{1-butynyl}-2-oxo-1-piperidinyi jbutanamide,

2-[5-{2,2-diftuoropropyl -2-oxo- 1 -piperidinyijbutanamide,
2-[5-{2-chloro-2,2-diflucroethyl}-2-oxo- | -piperidinyi [butanamide,
2-[5-(2-bromo-2,2-difluoroethyi)-2-oxo- 1 -piperidinyl Jbutanamide,

10 2-4-(hydroxymethy-2-oxo-1-piperidinyljbutananude,
2-(2~oxg-4-propyl-1-piperidinyl}butanamide,
2-[2~ox0-4-(3,3, 3urifluoropropyl s Lpiperidinyl {hwianamide,
2-{4-{cyclopropylmethyi}-2-oxo-1-piperidiny! jbutanamide,
2-{4-{iodomethyl-2-oxo- 1 -piperidinyljbutanamide,

15 2-[4~{azidomcthyl-2~-ox0-1-piporidiny] jbutananide,
2-(2-oxo-4-phenyl-1-piperidinylbutanamide,
2-[2-ox0-4-(2-thisuyl)-L-pipenidinytjbutananude,
2-[2~ox0-4-(3~thicuyl}-1-piperidinyl butanamide,
2-[4-(3~chlorophenyl}-2-ox0-1-piperidinyl hutanamide,

240 2-14-(3-azidophenyl}-2-oxo-1-piperidinyl jbutanamide,

2-[4-(2,2-difluorovinyl)-2-oxo-1-piperidinyljbutanamide,

-
o
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2-[4-(2,2-dibromoviny]}-2-oxo- I -piperidinyljbutanamide,
2-[4-(2,2-dichlorovinyl}-2-oxo- I -piperidinyi hatanamide,
2-(4-cthynyi-2-oxo- 1 -piperidinyDbutanamde,
2-[4-(5-methyl-2-thienyl}-2-oxo-1-piperidinyl [butanamide,
2-[4-(5-formyl-2-thienyl}-2-0xo- 1 -piperidinyl jbutanamide,
2-{4-{5-cyano-2-thienyl)-2-oxo- 1 -piperidinyi [butanamide,
2-[4-{3-bromo-2-thieny!}-2-0xo-1-piperidinyljbutanamide,
2-[4-{4-methyl-2-thieny!}-2-oxo-1-piperidinyl [butanamide,
2-[2-0%0-4-(3,3,3-trifluoro-t-propynyl)-t-piperidiny! butanamide,
2-2-oxo-4-(1-propynyl)- F-piperidiny! jbutanamide,
2-{4-{cyclopropylethynyl}-2-oxo-1-piperidinyl butanamide,
2-{4-3-methyl-1-butynyl}-2-oxo-1-piporidinyl ibntanamide,
2-4-(1-butynyl-2-oxo-1-pipenidinyl jbutanamide,

2-{4-(2, Z-difluoropropyl}-2-oxo- 1 -piperidinyl jbutanamide,
2-[4-(Z~chlore-2 2~difluorccthyl}-2-oxo--piperidinyibutanamide,
2-[4-(2-bromo-2, 2-diflucroethyD-2-oxo-T-piperidinyl [butanamide,
2{4~(2,2,2-wiflworoethyl}-2-oxo-1~piperidinybutanamide,
2-[S-{hydroxymethyi}-2-0x0-1-azepanyl butanamide,
2-(2~oxo-5-propyl-1-azepanylibutanamide,
2-12-0x0-3-(3,3,3-trilluoropropyl)-1-acepanyl oulanamide,

2-[5-{cyclopropylmethyl}-2-oxo-~ 1 -azepanyl [butanamide,

-
-3
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2-[5-(iodomethyl}-2-oxo-1-azepanylfbutanamide,
2~ 5-{azridomethyl)-2-0x0~ 1 -azepanyl|butanamide,
2-(2-oxo-5-pheonyl- l-azepanyhbutanamide,

2-[2-0x0-5-(2-thienyl)-1-azepanyl foutanamide,

(9]

2-[2-0x0-5-(3-thienyl)-1-azepanyljbutanamide,
2-{5-(3-chlorophenyl}-2-oxo-1-azepanyljbutanamide,
2+[5-{3-azidophenyl}-2-0x0-1-azepanyl jbutanamide,
2-[5-(2,2-difluorovinyl}-2-oxo-1-azepanyl jbutanamide,
2-[5-(2,2-dibromovinyl)-2-oxo- -azepanyifbutanamide,
10 2-15-(2,2-dichlorovinyl)-2-oxo- 1 -azepanyl jbutanamide,
2-(S~ethynyi-2-oxo-1-azepanylbutanamide,
2-[5-{5~-methyl-2~thicnyi}-2-0x0-1~azcpanyl ibntanamide,
2-15-{5-formyl-2-thienyl}-2-ox0- 1 -azepanyi {butanamide,

2-[5-{5~cyano-2-thienyl}-2-oxo-t-azepanyijbutanamide,

\

[
(941

2-[5-(3~bromo-2~thicnyi}2-oxo-1~azepanyl ibutanamide,
2-[5-{4-methyl-2-thieny!)-2-oxo-1-azepanyl ibutanamide,

2-[2-0%0-5-(3,3,3~-tetluoro~ L-propynyl)~-1 -azepanyl jbutanamide,

2-[2~ox0-53-(1~propynyli-l-azepanyljbutanamide,

2-[5-{cyclopropylethynyl}-2-oxo-1-azepanyl hbutanamide,

240 2-15-(3-methyl-1-bulynyl)-2-ox0-1-azepanyljbutanamide,

2-[5-(-butynyl}-2-oxo-1-azepanyllbutanamide,

-3
loa)
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~

2-[5-(2,2-ditluoropropyli-2-oxo--azepanyljbutanamide,
2-{5-(2-chloro-2,2-difluoroethyl}-2-oxo- | -azepanyl jbutanamide,

2-]3-(2-bromo-2.2-diffuoroethyl}-2-oxo-1 -azopanyl tbutanarnide,

2-[5-(2,2 2~trifluoroethyl}-2-0x0-1 -azepanyl butanamide,

(9]

2-[6-{(hydroxymethyl)-2-0oxo-1-azepanyl ibutanamide,
2-(2-oxo-H-propyl-1-azepanylibutanamide,
2-[2-0%0-0-(3,3,3-triflucropropyl)- 1 -azepanylibutanamide,
2-[6-{cyclopropylmethy!}-2-oxo-1-azepanyl jbutanamide,
2-[6-(iodomethyl}-2-oxc-1-azepanylfbutanamide,

19 2-{6-{azidomethyl}-2-ox0-1-azepany! {butanamide,
2-(2~oxo-6-phenyi-1-azepanyibutanamide,
2-[2~0x0-6-(2-thicnyl}- 1 -azepanyl jbuanamide,
2-2-0x0-6-(3-thienyl}- I -azepanyl fbutanamide,

2-[6~{3~chlorophenyi}-2-ox0-1-azepanyljbutanamide,

[
(941

2-[6-(3~azidophonyl}-2-oxo-1-azcpanyl jbutanamide,
2-[6-2,2-difluorovinyly-2-oxo-1-azepanyl fbutanamide,
2-[6-(2,2-dibromovinyl}-2-oxo-1-azepanyijbutananude,
2-[6-{2, 2-dichlorovinyl}-2-oxo-1-azepanyl butanamide,
2-{6~ethynyl-2-oxo-1-azepanyDbutanamide,

240 2-16-(5-methyl-2-thicoyl)-2-0x0-1-azepany! hutanamide,

2-[6-(5-formyl-2-thienyl-2-ox0-1 -azepanylbutanamide,

~-1
O
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(9]

10

240

2-16-(5-cyano-2-thienyl}-2-ox0-1-azepanylibutanamide,
2-[6-(3-bromo-2-thienyl}-2-oxo-1-azepanylibutanamide,
2-[6-(4-methyl-2-thienyl}-2-oxo-1-azepanyl butanamude,
2-[2-0x0-6-(3, 3, 3-trifluoro-1-propynyli-1-azepanyl]butanamide,
2+[2-0x0-6-( 1 -propynyl}-1 -azepanyl Jbutanamide,
2-{6-{cyclopropylicthynyl}-2-oxo-1-azepany! jbutanamide,
2+[6-(3-methyl-1-butynyl)-2-0x0-1-azepanyl butanamide,
2-[6-{1-butynyl}-2-0x0-1-azepanylibutanamide,

2-[6-(2, 2-difluoropropyl}-2-oxo-1-azepanyl butanamide,
2-16-(2-chloro-2,2-difluorcethyl)-2-oxo- 1 -azepanyifbwtanamide,
2-[6~{2-bromo-2,2-diflucrosthyl)}-2-0x0-1-azepany! butanamide,
2-[6~{2,2 2-triflucrocthyl}-2-0xo-1-azcpany! [hutanamide,
2-{4-(hydroxymethy-2-oxo-1-azepany] jbutanamide,
2-(2~oxg-d-propyl-1-azepanyl ibutanamide,
2-{2~ox0-4-(3,3,3-wriflluoropropyl - L -azepanyi fbutanamide,
2-[4-{cyclopropyimethyi-2-oxo-1-azepanyl fbotanamide,
2-[4-(rodomethyl)-2~ox0-1-azepanylibutanarde,
2-[4~{azidomethy}-2-ox0-1-azepanyt fbutanamide,
2-(2~oxo-4-phenyi-1-azepanyhbutanamide,
2-12-ox0-4-(2-thiguyl}-l-acepanyl jbutananide,
2-[2-0x0-4-{3-thicny])--azepanyljbutanamide,

SO
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2-[4-(3-chlorophenyl)-2-oxo-t-azepanyljbutanamide,
2-{4-{3-amdophenyl}-2-0x0- 1 -azepanyl jhutanamide,
2-14-(2, 2-dlluorovinyl}-2-oxo-1-azepany! jbutanamide,

~

2-[4-(2, 2-dibromovinyl}-2-oxo-1-azepanyijbutanamide,

(9]

2-[4-(2,2-dichlorovinyl}-2-ox0-1 -azepanyl jbutanamide,

2-{4-cthynyi-2-oxo-1-azepanylibutanamide,

2-[4-{5-methyl-2-thienyl}-2-oxo-1-azepanyl jbutanamide,
2-[4-(5-formyl-2-thienyl}-2-0x0-1 -azepanyl Jbutanamide,
2-[4-(5-cyano-2-thienyl)-2-oxo- 1 -azepanylibutanamide,

10 2-14-(3-bromo-2-thisny!}-2-oxo-1-azepanyl jbutanamide,
2-[4-{4-methyl-2~thienyi}-2-oxo-1~azepanyl ibutanamide,
2-2~ox0-4-(3,3,3-trifluoro- 1-propynyt)-1-azcepanyl ibutanamide,
2-2-oxo-4-(E-propynyl- F-azepanyl butanamide,
2-{4-{cyclopropylethynyl}-2-0x0-l-azepany! jbutanamide,

15 2-[4-(3-mcthyl-1-butynyl)-2-ox0-1-azcpanyi fbutanamidc,

2-[4-(1-butynyly-2-oxo-~1-azepanyi jbutanamide,

2-{4-(2,2-dfluoropropyl -2-oxo~1-azepanylibutanamide,
2-[4-{2-chloro-2,2-difluorcethyl}-2-ox0-1-azepanyvljbutanamide,
2-[4-(2-bromo-2,2-diflucroethyl}-2-ox0-~1-azepany fbutanamide,

20 2-14-(2,2,2-tritluoroethyi)-2-oxo-1-azepanyl fbutanamide.,

81
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In some cmbodiments, compounds uscfizl 1n the methods and compositions

of this invention are selected from the group consisting of;
{253-2-[5-{todomethyl}-2-oxo- t-piperidinyibutanamide,

2532+ S-{azidomethyi-2-0x0~1 -piperidiny] fhutanamide,

o~

5 2-(2-ox0-5-phenyl-1-piperidiny! butanande,
(253-2-14-(todomethy}-2-oxo-T-piperidinyilbutanamide,
2-[3-(iodomethyl}-2-ox0-1-azepanyl Jbutanamide.
i1} Inlernational Patent Application WO 2004/087658:
A compound having the formula 1 or a pharmaceutically acceptable salt

10 thereof or stercoisomeric forms thercof,
. :
R
&
R
, O
&
R N NEfR®E ()
2
R™R™-
A
O
whercin
R’ is hydrogen,
R* is hydrogen or C1-20-alkyl,
15 R’ is hydrogen, C1-20-alkyl, C4-8-cycloalkyl, C5-8-cycloalkenyl, aryl,

aromatic or non aromatic heterocycle, CF-20-aikoxy, or a group of formula -

W-R®, R is hydrogen, C1-20-alkyl or a group of formula ;
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Lh

10

RQ

r
3 3a . o~
or NR'R™ is a group of formula

Rm 10a
/+XH R

—N Y

4 .
R” is hydrogen,

R’ is hydrogen; nitro; halogen; azido; cyano; -S-Cl-d-alkyl; -SO-C1-4-
atkyl; -SO;-Cl-d-alkyl; -SONH,; C1-20-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,
W is C1-12-alkylene, -NH- or -NHC(=()-,
Xis 93, S or NH,
Yis O, 8, -CRPRY-, -NRYM. or -C(=0)-,
R® is aryl or heterocycle,

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

halogen, hydroxy or methoxycarbonyl,
or R' and R together form a C3-6-alkylene,

R'? ig hydrogen, C1-4-alkyl, halogen or hydroxy,
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13
R™ is hydrogen,
123 s 4
or CRR™ 1s dioxolanyl,
R™ is aryl, heterocycele or a group of formuis -V-R',

Vis Oy p-alkylene,

5 R’ is aryl or heterocyele,
mis | to 4,
nisGorl,
and at least one of R®, R® or R’ is different from hydrogen when R” is
hydrogen, R is H or 2, 6-diisopropylphenyl, and R™ is H,
10 In another aspect, the compound has the formula T or a pharmaceutically
aceeplable salt thereo! or stereoisomeric forms thereot,
/m_'C!
‘ NR'R™® ()
Q
wherein
R is hydrogen,
i5 R* is hydrogen or C1-20-alkyl,

R’ is hydrogen, C1-20-alkyl, C4-8-cycloalkyl, C5-8-cycloalkenyi, arvi,
aromatic or non aromatic heterocycele, 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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i ¥ 1oa
R
. R
—N Y !
‘—E‘ |n - |
or ,

R* is hydrogen,

h

R is hydrogen; nitro; halogen; € 1-20-alky! unsubstituted or substituted by

halogen; or C1-20-alkoxy unsubstituted or substituted by halogen,
R® is hydrogen, C1-20-atky! or halogen,
R’ is hydrogen, C1-20-alkyl or halogen,
W is Cl-12-alkylene, -NH- or -NHC(=0)-,
10 Xis (), S or NH,
Y is O, 8, «CRZRY-, -NRM o1 -C(=0)-,
R¥ is aryl or heterocycle,

R, R R'™ and R"' are independently selected from hydrogen, C1-4-afkyl,

halogen, hydroxy or methoxycarbonyl,

[,
(4]

or R' and R'" together form a C3-6-alkylenc,
R’ is hydrogen, C1-4-alkyl, halogen or hydroxy,
R is hydrogen,

~ 2 3 :
or CRPRY is dioxolanyl,

85
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(9]

10

b
h

R" is aryl, heterocyele or a group of formuls -V-R",
Vis C1-12-alkylene,

R is aryl or heterocyele,

mis | 1o 4,

nisGorl,

and at least ane of R*, R” or R is different from hydrogen when R” is

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

The term "alky!l", as used herein, i defined as including saturated,
monovalent hydrocarbon radicals having straight, branched or cyclic moietics
or combinations thereof and contaming 1-20 carbon atoms, preferably 1-6
carbon atoms and more preferably 1-4 carbon atoms for non-cyclic alkyl and 3-
8 carbon atorus for cycloalkyl, Alhiyl meietics may optionally be substituted by
I to 5 substituents independently selected from halogen, hydroxy, alkoxy,
alkoxycarbonyl, cster or alkylamino. Preferred alkyl groups are methyl, ethyl,

~

n-propyl, isopropyl, trifluoromethyl, n-batyl, 2~ fluorcethyl, 3-hydroxypropyl,
3-hydroxy-2, 2-dimethylpropyl, 1-(hydroxymethyl) propyl, 3,3, 3-tritlucro-2-
hydroxypropyl, 3-ethoxypropyl, 2-ethoxy-2-oxoethyl and 3- (dimethylamiuo)

propyl.

The term "cycloalkyl”, as used herein, refers (o 2 monovalent group of 3 to
18 carbon atoms, preferably 4-8 carbon atoms, derived from a saturated cyclic
or polycyclic hydrocarbon which may be substituted by any suitable group
inctuding bui not Hmited to one or more moieties selected from groups as

described above for the alkyl groups. Preferved cycloalkyl group s cycloheptyl.

The term "alkylence”, as used herein, represents a divalent alkyl group,
having straight or branched mwoicties, containing 1-12 carbon atoms, preferably
1-6 carbon atoms, and being optionally substitaied with any suitable group,

including but not Hmited t0 one or more moicties selected from groups as

86
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described above for the alkyl groups. Preferred alkylene groups are methylene,

cthylene, hydroxyethylene, trimethylene or propylene.

The term "cycloalkenyl®, as used herein, is defined as a cyclic unsaturated
hydrocarbon radical having at least one double bond, containing 4-20 carbon
atoms, preferably 5-8 carbon atorus, and being optionally substituted with any
suitable group, mcluding but not limited Lo one or more moieties selected from
groaps as described above for the alkyl groups. Preforred eyeloalkenyl group is

6- {hydroxymethyl) cyclohex-3-en-1-yL

The term "aryl”, as used herein, is defined as including an organic radical
dertved from an arornatic hydrocarbon consisting of 1-3 rings and countaining 6-
30 carbon atoms by removal of one hydrogen, such as phenyl and naphthy!
cach optionally substituted by 1 to 5 substituenis independently selected from
halogen, hydroxy, nitro, C1-6-alkyl, C1-6-alkoxy, C1-6-alkylsalfonyl,
trifluoromethyithio or pyridinylalkyl. Aryl radicals arc prefersbly phenyl
radicals, Preterred aryi groups are phenyl, 3-hydroxyphenyl, 3-fluoropheayl, 3-
mcthylphenyl, 4-mcthylphenyl, 4- hydroxyphenyl, 4-hydroxy-3-
methoxyphenyl, 3-2~-pyndin-2-ylethyl) pheuyl, 3,4- dimethyiphenyl, 4-tert-
butylphenyl, 4-methylsulfonylphenyl, 2-nitrophenyl, 2-chlore- 6-fluorophenyl,

2-{(ifinoromethyl) thio] phenvl, 2-chlorophenyl or 4-bromophenyl.
The term "halogen”, as used herein, includes an atom of CL, Br, F, L
The term "nutro”, as used herein, represents a group of the formula -NO»,
The term "hydroxy™, as used herein, represents a group of the formula ~-OH.

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

. b . ~
wherein R 18 an alky! group, as defined above.

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 "alkoxvearbonyl”, as used herein, represents a group of formmia -

al s d = d M ot 3
COOR" wherein R” is an alkyl group, as defined above.
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The term "aminc”, as used herein, represents a group of the formula -NH,.

The term "atkylamino”, as used hercin, represents a group of formula -

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

The term alkylsulfonyl, 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 s defined as including an aromatic
ot nton aromatic cycloalkyl or cycloalkenyl moiety as defined above, having at
least one O, § and/or N atom interrupting the carbocyclic ring structure and
optionally, one of the carbon of the carbocyelic ring structure may be replaced

10 by a carbonyl.

Non-limiting examples of aromatic heterocycles are pyrazolyl, furyi,
imidazolyl, triazolyl, oxazolyl, pyridinyl, pyrrolvl, thienyl, isothiazolyl,
benzimidazolyl, tetrarolyl, isooxazolyl, oxazolyl, thiazolyl, 1,2, 4-thiadiazolyl,
oxadiazole, pyridazinyl, pyrimidinyl, pyrazinyl, isoindolyl, triazolopyridinyd,

13 imidazolopyridinyl, pyrrolopyrimidingl, pyrazolopyrimidinyl, quinazolinyl,
quinolizinyl, naphthyridinyl, quinolyl, iscquinolyl, isobenzofuranyl,
benzothienyl, indolyl, indolizinyl, purinyl, carbazolyl, thieuno {2.3- b) fuvanyl,
thianthrenyl, benzothiazolyl, benzoxazolyl, cinnoclinyl, quinoxalinyl,
phenothiazinyl, isochromany! and xanthenyl, oplionally substituted by 1 0 5

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

triazolyl, oxazolyl and pyridinyl.

Non-Hmiting examples of non aromatic heterocycles are tetrahydrofuranyi,

]
i

piperidinyl, piperidyl, piperazinyl, imidazolidinyl, morpholinyl,
thiomorpholinyl, pyrrolidinyl, thiazolidinyl, indolinyl, tetrahydrobenzazocinyl,
dibydroisochromenyl, tetrahydropyranyl, oxooctahydroguinolinyl, dioxelanyl,
1-oxaspiro (4.5} dec-2-vi, pyrrolidinyl, 2-oxo-pyrrolidinyl, S-thiabicyclo [3.2.

1] eyclooctanyl, 14-dithiepanyl, tetrahydro-2H-thiopyranyl, azepanyl and

S8
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i0

[,
(¥ 4]

azocanyl, optionally substituted by 1 to 5 substitucnts independently selected
from halogen, bydroxy, thiol, aming, nitro, cyano, azido, Cl-6-alkoxy, C1-6-
alkvithio, Cl-6-alkyl, C1-6-haloalkyl, formyl or ester. More preferred non
aromatic heterocycles are tetrahydrofuranyl, piperidinyl, piperidyl, piperazinyl,
imidazolidinyl, morpholinyl, thiomorpholinyl, pyrrolidinyl, thiazolidinyl,
indolinyl, tetrabydro-1-benzazocin-1 (2ZH)-yl, 3, 4-dibydro-1H-1sochromen- -
vl, tetrahydropyranyl, oxooctahydroquinolinyl and dioxolanyl The
term"heterocycle™also inchides bicyelic, tricyelie and tetracyelic, spivo groups
it which any of the above heterocyclic rings is fused to one or two rings
independently selected from an arvi ring, a cycloalkyl ring, a cycloalkenyl ring
or another monocycelic heterocyelic ring or where a monocyclic heterocyelic
group ts bridged by an alkylene group, such as quinuclidinyl, 7-azabicyelo

{2.2. yheptanyl, 7-oxabicyclo (2.2. Dheptanyl and &~ azabicyclo {3.2.1)octanyl.

The term "pyridinylalkvl”, as used herein, represents a group of fornmula -

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

Preforably, R” is hydrogon, methyl or cthyl. Morc preferably, RY is

hydrogen or methyl.

Generally, R’ is hydrogen; C1-6-allcyl unsubstituted or substituted by 110 5
substituents selected from halogen, hydroxy, alkoxy, alkoxvearbonyl or
alkvlamino; CS5-7-cycloalkyl; (hydroxymethyl) cyclohexenyl; phenyl
unsubstituted or substituted by 110 5 substituents selected from halogen, Cl-4-
atkyl, hydroxy, methaxy, nitro, methylsulfonyl, trifluoromethylthio or
pyridinylalkyl ; pyridinyl unsubstituled or substituted by methoxy; triazolyl;

C1-4-atkoxy ; or a group of formula -W-R® wherein:
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24

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

hydroxy, Cl-4-alkyl or alkoxy -NH- ; or-NHC (=0} ; and

R® is phenyl unsubstituted or substituted by 1 to 5 substituents selected
trom halogen, C1-4-alkvl, hydroxy, methoxy, nitro, methylsulfonyl or
trifluoromethylthio; furyl unsubstituted or substitated by methyl; pyrazolyl;
pyridinyl; morpholiny! ; tetrahydrobencazocinyl; piperidiny] unsubstituted or

subatituied by methyl; dihydroisochromenyl or dihydroimidazolyl.

Proferably, R is hydrogen, n-butyl, cyeloheptyl, 2-fluoroethyl, 3-
hydroxypropvl, 3-hydroxy-2, 2-dimethylpropyl, 1-(hydroxymethyl} propyl, 3.3,
3- trifluore-2-hydroxypropyl, 3-cthoxypropyl, 2-ethoxy-2-oxeethyl, 3-
{dimethylamino} propyl, 6-(hydroxymethyl) cyciohex-3-en-1-yl, 3-
hydroxyphenyl, 3- fluorophenyl, 3~ (2-pyridin-2-viethyl) phenyl, 3, 4-
dimethyiphenyl, 4-tert-butylphenyl, benzyl, 4-hydroxy-3-methoxybenzyl, 4-
methylsalfonythenzyl, Z-nitrobenzyl, 2-chloro- 6-flucrobenzyl, 2-
{(triffuorometbyl) thio] beneyl, 2-bydroxy-2-phenylethyl, 2- (3.4-
dimcthoxyphenyl) cthyl, 2- (2-chlorophenyl) cthyl, 2- (4-methyiphenyl) cthyl,
{4~ bromophenyl} aminoe, pyridin-3-y1, 6-methoxypyridin-3-vl, 4H-1, 2, 4-
triazol-3-v], pyridin-4-yimethyl, (5-methyl-2-furyl) methyl, 3-(1H-pyrazol-1-
ylpropyl, 2-morpholin- 4-ylethyl, 2- ( (3, 4.5, 6-tetrahydro-1-benzazocin-1
(ZH}-y1) propvl, 2- (Z-methyipiperidin-1- v1} ethyl, 3, 4-dibydro-1H-
isochromen-1-ylmethyl, methoxy, (4-pyridinylcarbonyl} amino or 4, 5-dihydro-

[ H-imidazol-2-ylamino. More preferably, R? is hydrogesn.

- 3a . - ~
Generally, R™ is hydrogen, Cl-4-alkyl or 2 group of formula

O

whereinmis 1 to 4.
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10

[
W

Preforably, R™ is hydrogen, methyl or tetrahydrofuran-2-ylmethyl, More

preferably, R™ is hydrogen.

in another embodiment, NR'R™ is piperidinyl unsubstituted or substituted
by hydroxy; thiomorpholinyl; thinzolidinyl unsubstituted or substituied by Cl-
4~ alkoxyearbonyl ; 2, 5-dihydro-1H-pyrrol-1-v1: 1, 4-dioxa-8-azaspiro [4.5]

dec-8-yl; 4- oxooctahydro-1(2H -quinolinyl; or a group of formula

14

=N N--R
AN

wherein RY is pyridinyl ; phenyl unsubstituted or substituted by halogen,
hydroxy, Cl-d-afkyl ; or a group of lormula -V-RY wherein V is unsubstituted

C1-4- alkylene and R is pheny! or morpholinyl,

In a preferred embodiment, NR'R™ is 4-pyridin-2-ylpiperazin-1-yl, 4-(3-
mothylphenyl) piperazin-1-yl, 4- (4-hydroxyphenyl) piperazin-1-yl, 4- (2~
phenylethyl) piperazin-1-yl, 4- (Z-morpholin-4-ylethyl) piperazin- 1-yi, 3-
hydroxypiperidin-1-vi, thiomorpholin-4-yvi, 4-mothoxycarbonyli-1,3-thiazolidin-
3-yh, 2, S-dihydro-lH-pyrrol-1-yi, 1, 4-dioxa-8-azaspiro {4.5] dec-8-y1 or 4~

axooctahydro-1{2H)-guinolinyl.

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

substituted by halogen, or C1-4-atkoxy unsubstituted or sabstituied by halogen.

Preferably, R” is hydrogen, methyl, ethyl, trilluoromethyl,
triflucromethoxy, n- propyl, isopropyl, nitro, or halogen. More preferably, R is

halogen or triflucromethyl.
< G .
Generally, R” is hydrogen, C1-6-alkyl or halogen,
Preferably, R® is hydrogen, methyl or C1. More preferably, R® is hydrogen.

Generally, R’ is hydrogen, roethyl or halogen.
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Preferably, R is hydrogen, methyl, Br, F or C1. More preferably, R is

hydrogen, Bror .

Combinations of one or more of these preferred compound groups are

especially preferred.

Lh

In a preferred embodiment, the compound has the formulalora

pharmaceutically acceptable salt thereot or stereoisomeric forms thereof,

wherein R is hydrogen,
R” is hydrogen or {'1-4-allyl,

10 R* {s hydrogen; C1-6-allcvl unsubstituted or substituted by 1 to 5
substituenis selected from halogen, hydroxy, alkoxy, alkoxycarbonyl or
atkylamino ; C5-T-cycloalkyl ; (hydroxymethyls cyclohexenyi; phenyl
unsubstituted or substituted by 1 to 5 substituents selected from halogen, C1-4-

alkyl, hydroxy, methoxy, nitro, methylsultonyl, trifluoromethylthio or

[
19 4]

pyridinylalkyl ; pyridinyl unsubstituted or substituted by methoxy; triazolyl;

C1-4-atkoxy ; or a group of formula-W-RY,

R is hydrogen, Cl-4-alkyl or a group of formula

O.

LT P . C oy . .
or NR'R™ s piperidiny! unsubstituted or substituted by hydroxy;

20 thiomorpholiny! ; thiazolidiny! unsubstituted or substituted by C1-4-
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atkoxycarbonyl ; 2,5-dihydro-IH-pyrrol-1-vl; 1 4-dioxa-8-azaspiro {4.5] dec-8-

vl 4-oxooctahydro-1{2H }quinolinyt ; or a group of formula

T4
—N  N~R
A—

4. -
R 15 hydrogen,

&)

R’ is hydrogen; nitra; halogen; C1-4-alkyl, unsubstituted or substituted by

halogen: or Cl-4-alkoxy wnsuhstituted or substituied by halogen,
R& 16 hydrogen, C1-6-allyl or halogen,
R7 is hydrogen, methyl or halogen,

W ig Cl-4-alkylene unsubstituted or substituied by halogen, hydroxy, C1-4-

10 aikyl or alkoxy ;~NH- ; or-NHC (=0}-,

RS s pheny! unsubstituted or substituted by 1 to 5 substituents selected
from halogen, Cl-4-alleyl, hydroxy, methoxy, nitro, methylsalfonyl er
trifluoromethyithio ; furyl unsubstituted or substituted by methyl; pyrazolyl;
pyridinyl ; morpholinyl; tetrahydrobenzazocinyi ; piperidinyl unsubstituted or

15 substituted by methyl ; dihydroisochromenyl or dibydrotmidazolyl,

RM {s pyridinyl; pheny! unsubstituted or substitated by halogen, hydroxy,

C1-4-alkyl ; or a group of fornmla-V-R'’,
V is unsubstituted Cl-4-alkylene,
R is phenyl or morpholinyl,
20 mis | 1o 4,

and at loast anc of R, R® or R is different from hydrogon whon R is

hydrogen, R* is H or 2.6-diisopropylphenyl, and R* is H.
g propyipheny



WO 2012/109491 PCT/US2012/024556

In a more preferred embodiment, the corapound has the formulal ora

pharmaceuticaily acceptable salt thereo! or sterecisomeric [vrms thereod,

whersin

5 R is hydrogen,
R’ is hydrogen, methyl or ethyl,

R’ is hydrogen, n-butyl, eyeloheptyl, 2-fluoroethyl, 3-hydroxypropyl, 3-
hydroxy-2,2- dimethylpropyl, 1-(hydroxymethyl} propyl, 3.3, 3-rifluoro-2-
hydroxypropyl, 3- ethoxypropyl, 2-ethoxy-2-oxoethyl, 3- (dimethyvlamine)

10 propyl, 6- (hydroxymethyl) evclohex-3-en-1-vi, 3-hydroxypheuyl, 3-
flucrophenyl, 3- (Z-pyridin-2-yiothyl} phenyl, 3,4-dimethylphenyi, 4-test-
butylphenyl, beneyl, 4-hydroxy-3- methoxyboneyl, 4-methylsulfonylbenzyl, 2-
nitrobenzyl, 2-chloro-6-fluorobenzyl, 2- [{(triflucromethyiythio] benzyl, 2-
hyvdroxy-2-phenyiethvi, 2- (3, 4-dimethoxyphenyl) ethyl, 2- (2-chlorophenyl)

15 ethyl, 2- (4-methylphenyl) ethyl, (d-bromophenyl) amino, pyridin-3-yl, 6-
moethoxypyridin-3-vl, 4H-1,2 4-triazol-3-y1, pyridin-4-ylmethyl, (5-methyl-2-
faryl) mothyl, 3- ((H-pyrazol-1-vl) propyl, Z-morpholin-d-yicthyl, 2~ ({3, 4,5,
6-tetrahydro- 1-benzazocin-1 (ZH) -yl} propyl, 2- 2-methylpiperidin-1-yh
ethyl, 3, 4-dihydro-1H- isochromen-i-ylmethyl, methoxy, (4-pyridinylcarbonyl)

20 amino or 4, S-dihydro-1H- imidazol-2-ylamino,

R™ is hydrogen, methyl or tetrahydrofuran-2-yimethyl, or NR'R™ 4-
pyridin-2-yipiperazin- I-vl, 4-(3-methylphenyt) piperazin-1-yi, 4-(4-
hydroxyphenyl) piperazin-1-vl, 4-{2-phenyiethyl) piperazin- I -yl, 4-(2-

morpholin-4- viethyl) piperazin- 1-vl, 3-hvdroxypiperidin-i-yi, thiomorpholin-
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4-v1, 4- methoxycarbonyl-L, 3-thiazolidin-3-y1, 2, S-dihvdro-1H-pyrrol-1-yl,

14-dioka-8- azaspiroe {4.5 Jdec-8-yi or 4-oxooclahydro-1{2H}-quinohiny|,
R is hydrogen,

R3S is hydrogen, methyl, ethyl, rifluoromethyl, triflucromethoxy, n-propyl,

5 isopropyl, nitro or halogen,
R® is hydrogen, methyl or C1,
R’ is hydrogen, methyl, Br, ¥ or (1,

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

3. .. 34 -
hydrogen, R is H or 2,6-diisopropylphenyl, and R™ is H.

10 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

oLt}

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

15 In some embodiments, compounds usefil in the methods and compositions
of this invention are selected from the group consisting of: 2-{5-iode-2-0x0-
2,3-dihydro-1H-ndol-1- v1} acetamide ; 2- (S-chioro-2-0x0-2, 3~dihydro~-{H-
indol-1-yi) acetamide ; 2- (5, 7-dibromo- 2-0x0-2, 3-dthydro-1H-indol-1-y1}
acetamide ; 2-{5-nitro-2~-0x0-2,3~dihydro~ i H~indol-1~ ¥1) acetamide ; 2-(5-

20 methyl-2-0x0-2,3-dihydro-1 H-indol- |-y} acetamide; 2- (5-chloro-2- oxg-2, 3-

dihydro-1H-ndol-1-v1} propanamide ; (2R)-2- (S-chloroe-2-ox0-2, 3-dihydro-

1H- indol-1-y1) propanamide ; (25)-2-(5-chloro-2-ox0-2,3~dihydro-1H-indol-1-

vl} propanamide; 2-{2-oxo-5-(trfluoromethoxy}-2, 3-dibydro-1H-ndol-1-yi]

acetarnide ; 2~ (S-isopropyl-2-ox0-2, 3-dikydro~-1H-indol-1-ylacetamide ; 2~

b
h

(5-cthyl-2-0x0-2, 3-dihydro- 1H-indol-1-yl) acetamide ; 2-{5-fluoro-2-0x0-2,3-
dihydro-tH-indol-1-v1) acetamide; 2- (5,7-dimethyl-2-0x0-2, 3-dihydro-1H-

indol-1-viy acetamide; 2- (5-bromo-2-0x0-2, 3~ diliydro-lH-indol-1-v1}

acetamide ; 2-(2-ox0-5-propyl-2, 3-dihydro-tH-ndol-1- yl} acetamide ; 2-{2-
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oxo-5-(triflucromethyl}-2, 3-dihvdro-1H-indol-1-y1} acctamide ; 2- (5, 6-
dimethyi-2-ox0-2, 3-dihydro-TH-indol-1-v1} acetannde; 2- (7-chloro-2-0x0-2,
3-dihydro- TH-indol-1-y1) acctamide; 2- (6-chloro-2-0x0-2, 3-dihydro-TH-
indol-1-y1) acetamide; 2- (5~ chlore-2Z-ox5-2, 3~dihydro-1H-indol-1-v1)
butanamide ; (+}-2- (5-chloro-2-ox0-2, 3~ dihydro-1H-indol-1-y1} butanamide;
{-3-2~ (5~chloro-2-ox0-2, 3-dihydro-TH-indol-1- y1) butanamide; 2-(5-methvi-2-
oxo-2,3-dihydro-1H-indol-1-yljpropanamide ; (+)-2- (5~ methyl-2-oxo-2, 3-
dihydro- tH-indol-1-v1) propanamide; (-2~ (5-methyl-2-oxo-2, 3- dihydro-1H-
indol-1-yi) propanamide ; 2-(5-bromo-2-0x0-2,3-dihydro-1 H-indol-1- ¥1}
propanamide ; (-}-2- (5-bromo-2-ox0-2, 3-dihydro-IH-indol-1-y1} propanamide
3 (32 (5-bromo-2~-ox0-2, 3-dibydro-1H-indol-1-y1} propanamide; 2~ (5-
chloro-7-fluore-2-ox0- 2, 3-dihydro-1H-indel-1-yl}y acetanmude; 2-(5-chloro-2-
oxo-2,3-dihydro~-1 H-indol-1-v1}-N- (3-hydroxypbenyl} acetamide ; 2~ (5-
chioro-2-0x0-2, 3-dihvdro-tH-indol-1-y1}-N- (3- Huoropheny!) acetamide ; 2-
{S~chloro~-2~-oxo-2, 3-dihydro-lH-indol-1-yD)-N- [3- (Z-pyridin- 2-ylethyl)
phenyllacetarnide | 2-(5-chloro-2-0x0-2,3-dihydro-1 H-indol- L -yl-N-[6-
(hydroxymethyl) cyclohex-3-en-1-yllacetanuide | S-chloro-1-[2-ox0-2-(4-
pyridin-2- ylpiperazin-i-yl) cthyl3-1, 3-dihydro-2H-indol-2-one ; 5-chloro-1-
12- [4- (3- methylphenyl) piperazin-1-yl}-2-oxoethyl}-1, 3-dihydro-2H-mdol-
Z-one ; 2- {S-chioro-2- 0x0-2, 3-dihydro-1H-indol-1-y{}-N-{4-hvdroxy-3-
methoxybenzvhacetarmide ; 2- (S-chloro- 2-0x0-2, 3-dihydro-1H-indol-1-v1}-N-
(pyridin-4-ylmethyl}-N- (tetrahydrofuran-2- vimethyl) acetamide ; 5-chloro-1-
[Z2-(3-hydroxypiperidin-1-v1}-2-oxocthyl}-1,3-dihydro- 2H-indol-Z-one; 2-(5-
chloro-2-ox0-2,3-dihydro-1H-ndol-1-yD)-N'- 1sonicolinoylacetohydrazide ; 5-
chioro-1-(2-oxo-2-thiomorpholin-4-yicthyl)-1,3-dihydro- 2ZH-indol-2-onc; 2-(5-
chioro-2-0x0-2,3~dihydro~- 1 H-indol-1-y1}-N-(4H-1, 2, 4-triarol-3~ vi}
acetamide; 2- (5-chloro-2-ox0-2, 3-dihydro-1H-indol--y1)-N- [4-
{methylsulfonyl} benzyl] acetamide ; 1-{(5-chloro-2-ox0-2,3-dihydro-1H-indol-
- yly acetyl] octahydroguinolin-4 (1H}-one ; N'- {4-bromophenyl)-2- (5-
chloro-2-oxo-2, 3- dihvdro-IH-indel-1-vl) acetohydrazide; 2-(5-chlore-2-oxo-
2,3-dihydro-1H-indob-1-yD-N- (6-methoxypyridin-3~-yl} acetamide; N-buiyl-2-

{S-chloro-2-0x0-2,3-dihydro-1H-indol-1- y1) acetamide ; 2-(5-chlore-2-0x0-
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2,3-dihydro-1 H-indol-1-y1-N-(3- hydroxypropvyl) acetamide ; 2-(5-chloro-2-
oxo-2,3-dihydro-1TH-indol-1-yD-N- [3- (dimethylaomno} propyl] acetamide ; 5-
chloro-1-{2-0x0-2{4-2-phenvicthyhpperazin-1- v cthyl} -1, 3-dihydro-2H-
indol-2-gne; ethyt {{{5-chlore-2-0x0-2, 3-dihydro-lH-indol-1- y1}
acetyljamino tacetate ; 2-(5-chloro-2-ox0-2,3-dihydro-1 H-indol- 1 -v1-N-(3-
ethoxypropyl) acetamide ; 2- (S~chloro-2-ox0-2, 3-dihydro-tH-indol-1-y1}-N-
{2~ thaoroethyl) acetamide ; 2- (5-chlore-2-0x0-2, 3-dihydro-1H-indol-1-y1)-N-
methoxy-N- methylacetamide ; 2-(3~-chloro-2-0x0-2,3-dihydro- 1 H-indol-1-v1)-
N-(3, 4- dimsthylphenyl) acetamide ; N- (4-tert-butylphenyl-2- {5-chloro-2-
oxo-2, 3-dihydro-1H- indol-1-y1) acetamide; 2- (3-chloro-2-ox0-2, 3-dihydro-
{H-indol-1-y1}-N- (3-hydroxy-2, 2- dimethylpropyl) acetamide ; 2-{5-chloro-2-
oxo-2,3-dihydro-1H-indol-1-v1}-N-{ - (hydrozxymethyl) propyl} acetamide ; 2-
{5~chlorg-2-ox0-2, 3-dihydro-IH-indol-1-yi)}-N- (3,3, 3-trifluoro-2-

hvdroxypmpvi“‘- acetamide; 2- (S-chloro-2-ox0-2, 3~dihydron1H~indoin 1- v1-N-

(2-hydroxy-2-phe nyhﬁwh acetamide ; S-chloro-1- {2- [4- (4- hydroxyphenyl)
plperazm~l-yi»;—;a—oxosthyi te1, 3-dihydro-2H-indol-2-ong; 2- {S-chloro-2- oxo-

2, 3-dihydro~1H-indol-1 ~yl)~a\l“qwr'idin—4~y methybhacetamide ; 2- (5-chloro-2-
oxo- 2, 3-dihydro-1 Heindol-1-yD-N-[(5-methyl-2-furyDimethyljacetamide ; 2-
(S-chlore-2-ox0- 2, 3-dihydro-1H-mdol-1-yD)-N- {3- (IH-pyrazol-1-yl) propyi]
acctamide ; methyl 3- [ {3~ chloro-2-ox0-2, 3-dibydro-1Hendol-1-yi] acotyli-1,
3-thiazohidine-4-carboxylate ; 5- chloro-1-[2-(2, 5-dihydro-tH-pyrrol-1-y1)-2-
oxoethyl}-1, 3-dihydro-2H-indol-2-one; 2- (5- chloro-2-oxo-2, 3-dihydro-iH-
indol-1-yH-N'- (4, S-dihydro-TH-imidazol-2- v1) acetohydrazide ; 2- {(5-chloro-
2-0x0-2, 3~dihydro-tH-1ndol-1-y1}-N- |2~ (3, 4- dimethoxyphenyl) ethyl]
acetamide ; 2-(5-chloro-2-0x0-2,3-dihydro-1H-indol-L-yh-N-[2- (2~
chiorophenyl) etl-lvlacetaniide ; 2-(5-chloro-2-ox0-2,3-dihydro-1H-indol-1-
yh-N-{2-(4- methyiphenyl) cthyl} acetamide ; 2-(5-chloro-2-ox0-2,3-dihyidro-
tH-indol- 1-yD-N-(2- morpholin-4-vlethyl) acetamide ; 2- (5-chlore-2-0x0-2, 3-
dikydro-iH-indol-1-y13-N- [2- (3,4, 5, 6-tetrahydro-1-benzazocin-1 (2H) -vh
propyl} acctamide ; 2- (8-chloro-2-ox0-2, 3- dihvdro-iH-indol-1-y1-N-[2-(2-
methylpiperidin-1-yl} ethyl] acetamide ; 2- (5-chioro-2- oxo-2, 3-dihydro-fH-

indol-1-yH-N-2-nitrobensyl) acetamide ; 2- (5-chloro-2-ox0-2, 3- dihydro-TH-
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indol-1-y1}-N- (3, 4-dihydro-IH-isochromen-1-yHnethyl} acetamide ; N- (2-
chioro-6-fluorobenzyi}-2- (5-chlore-2-x0-2, 3-dihydro-1H-indol-1-y b
acctamide ; N- beneyl-2- (5-chloro-2-ox0-2, 3-dihydro-1H-indol-1-yi)-N-
methylacetanide | 2- {S~chloro- 2-0x0-2, 3-dthydro-1H-indol- L-y1}-N- {2~
[(wrifluoromethyl) thio] benzyl} acetamide ; 5- chloro-1- [2- {1, 4-dioxa-§-
azaspiro [4,5] dec-8-yl)}-2-oxoethyll-1, 3~dihydro-2H-indoi-2- one; 2-(5-chloro-
2-o0x0-2, 3-dihydro-IH-indol-1-y1}-N-gcycloheptylacetamide ; 5-chlore-1- {2-
{4~ (Z-morpholin-4-vlethyl) piperazin-1-vi}-2-oxoethyi}-1, 3-dihydro-2H-
indol-2-o0e ; and 2-(3-chloro-2-0x0-2,3-dihydro-1 H-indol-1-y)-N-pyridin-3-

vlacetamide,

In some cmbodiments, compounds uselul 1 the methods and compositions
of this Invention are selected from the group consisting oft 2-(S-iodo~2~0x0-
2.3-dihydro- 1 H-indol-1- vl acetamide ; 2- (S-chioro-2-0x0-2, 3-dihydro-1H-
indol-1-yi} acetamide ; 2- (5, 7-dibromo- 2-ox0-2, 3-dihydro-1H-indol-1-
vhacetamide ; (25)-2-(5-chioro-2-ox0-2,3-dihydro-1H- indoi-1-y1}
propanamide ; 2-{2-oxo0-3-{trifluoromethy)-2, 3-dihydro-1H-ndol-1- vlj
acetamide and 2-(5-chloro-7-fluoro-2-0x0-2,3-dihydro-1H-indol-1-y1)

acetamide.

In another embodiment, compounds useful in the methods and
compositions of this invention are selected {rom the group cousisting oft 2- (5-
chioro-2-0x0-2, 3-dihydro-1H-indol-1-y1} acctamide and (28) -2- {S-chloro-2-

oxo-2, 3-dihydro-1H-indol-1-y1) propanamide.
ivy US Patent No. 7,244,747:

A compound having the formula [ or a pharmaceutically acceptable salt

thereof,
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wherein R is hydrogen, Crap alkyl, Ca.g cycloalkyl, halogen, hydroxy,
alkoxy, aryloxy, ester, amido, cyano, nitro, amino, gnanidine, amino derivative,
alkyvlthio, aryithio, alkylsulfonyl, arylsultouyl, alkylsulfinyl, arylsulfinyl, aryl

5 or heterocyele;

o \ . .
R 1s hvdrogen, Ui alkyl, alkoxy, amine, halogen, hydroxy, gster, amido,

nitro, cyano, carbamate, or aryl;

R is hydrogen, Cy 9 alkyl, alkoxy, amino, halogen, hydroxy, ester, amido,

nitro, cvano, carbamate, or aryl;
10 or R” and R” can form together with the imidazole ring the following TH-

benzimidazole cycle

R
1

wt N /

A **‘*"”\j

/wam TN /A\M/‘k@;
E,Lf’»

X

48

Rt
R¥

R is hydrogen, Ciog alkyl, Cop alkenyl, Co alkynyl, aryl, azido,

atkoxycarbonylamino, aryisulfonyloxy or heterocycle;
15 R™ s hydrogen or O aliyl:

or B* and R™ can form together a Cyg cycloalkyl;
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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

R%is hydrogen or Cpg alkyl;

5 R’ is hydrogen:
or R® and R’ are linked together to form a Cis cycloalkyl:
8. . ey
R is hydrogen, halogen, nitro, cyano, Ciop alkyl or alkoxy;
9. . ;

R7 is hydrogen, C 4 alleyl, halogen, hydroxy, alkoxy, aryloxy, ester,

amido, cyano, nitro, amine, amino derivative, alkyithio, arvithio, atkyisulfonyl,
10 arvisulfonyl, alkylsultinyl or arylsultinyl;

R'%is hydrogen, Cpop alkyi, halogen, hydroxy, alkoxy, aryloxy, ester,
amido, cyano, nitro, amine, amino derivative, alkylthio, arylthio, alkylsalfonyl,
arvisulfonyl, alkvlsulfinvl or arylsulfinyl;

R is hydrogen, halogen, nitro, cyane, C g alkyl or alkoxy;

15 R’ is hydrogen or halogen;

~ 13 . . R . ;

R’ is hydrogen, nitro, halogen, heterocycle, aniino, aryl, Cioe alkyl
unsubsiituted or substituted by halogen, or alkoxy unsubstituted or substituted
by halogen;

i i [

R 18 hydrogen, Cy_o alkyl or halogen;

20 RY is hydrogen, Cia alkyl 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 substitucnts.

In a preferred embodiment, the compounds have the fornwla | their

{automers, geometrical isomers (includiog c¢is and trans, £ and E isomers),

5 enantiomers, diastereoisomers and mixtures thereof (inchading all possible
mixtures of stereoisomers), or pharmaceutically acceptable salts thereof,
il
R“
Rx
R? N (VI
J\ R
LN
R’ \ w?
k
R! N
wherein R is hydrogen, Ciae alkyl, s cycloalkyl, halogen, hydroxy,
gster, amido, cyano, nilro, amine, gnanidine, abkylthio, alkylsulfonyl,
10 alkylsulfinyl, aryl or heterocycle;

R’ is hydrogen, C, g allyl, halogen, cyano, ester, carbamate or amido;

R’ is hydrogen, cyano, Crag alicvl, balogen or ester;
- & v &

161



WO 2012/109491 PCT/US2012/024556

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

benaimidasole cycle

N R
#8
~ R
?PN 4-]\
)\ \ v /J\
e oy a1
i N i N R

R is hydrogen, Ciag abicvl, Cpyy abkenyl or arvl;
5 R*" is hydrogen;
R’ is hydrogen;

or R, R"™ and R’ can form together with the 2-oxo-{-pyrrolidine ring the

toliowing 1,3-dithydro-2H-indol-2-one cycle

Rl;‘.
R4
)
R B s
10 RS is hydrogen or Cyg alkyl;

R’ is hydrogen; or R” and R’ are linked together to form s Cs¢ cycloalkyl;
RYis hydrogen;
R’ is hydrogen, Cy alkyl, halogen or alkoxy:

R s hydrogen, (. alkyl, halogen or cyano;

[
(¥4

R'' is hydrogen;
R’ is hydrogen or halogen;

R’ is hydrogen, halogen, heterocycle or €y alkyl;
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[ 4]

10

14
R™ is hydrogen;
15 .
R™ is hydrogen:
with the proviso that R' is differcnt from hydrogen when

R?

represents g group of formula

28 R’

RIC,

/'L\\N RSS

r!

The term "alkyl", as used herein, represents saturated, monovalent
hydrocarbon radicals having straight (unbranched) or hranched or cyelic or
combinations thereof and containing 1-20 carbon atoms, preferably 1-10
carbon atoms, more pre preferred alkyl groups bave 1-3 carbon atoms, Alkyl
moictics may optionally be substituticd by 1 to 5 substitucnts independently
selected from the group consisting of halogen, hydroxy, cyano, azido, arvioxy,
alkoxy, atkythio, alkanoylamino, arylcarbonylaming, aminocarbonyi,
mothylaminocarbonyl, dimethylaminocarbouyl or aryl, Usually alkyl groups, in
the present case, are methyl, ethyl, n-propyl, t-propyl, a-butyl, i-butyl, t-butyl,
I-cthylpropyl, n-heptyl, 2,4, 4-trimethylpentyl, n-decyl, chloromethyl,
trifluoromethyl, 2-bromo-2,2-difluoroethyl, 2,2, 2-trifluoroethyl, 3,3,3-
trifluoropropyi, hydroxymethyl, cyanomethyl, azidomethyl,
{acetylaminoymethyl, (propionylaminoymethyl, (benzoylaminoymethyi, (4-
chiorophenoxyymethyl, benzyl, 2-phenylethyt or 2-(methylthio)ethyl. Preforred
alkvl groups are methyl, cthyl, n-propyl, i-propyl, n-butyl, i-butyl, t-butyl, 1-

ethylpropyl, 2.4,4-trimethylpentyl, chloromethyl, trifluoromethyl, 2,2,2-
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trifluorocthyl, hydroxymethyl, cyvanomethyl, azidomethyl,
(acetylaminoymethyl, {proptonylamino}methyl, (benzoylaminoymethyl or 2-
{mcthylthio)ethyl, More preferred alkyl groups are methyl, cthyl, n-propyl, i-

propyl, n-butyl, azidomethy! or triffucromethyl. Most preferred alkyl groups

¥4

are methyl or n-propyl.

The term "cycloalkyl”, as used herein, represents a monovalent group of 3
1o & carbon atoms, usually 3-6 carbon atoms derived fror a saturated cyclic
hydrocarbon, which may be substituted by any suitable group including but not
limnited to one or more moigties selected from groups as deseribed above for the

10 aikyl groups. Preferred cycloalkyl groups are cyclopropy! and cyeclohexyl,

The term "atkenyl” as used herein, represents straight, branched or cyclic
unsaturated hydrocarbon radicals or combinations thercof having at least one
carbon-carbon double bond, coutaining 2-12 carbon atoms, preferably usually
2-4 carbon atoms. Alkeny! groups are boing optionally substituted with any

i3 suitable group, including but not limiled to one or more moicties selected from
groups as described above for the alkyl groups. Usnally an alkenyl group is
cthenyl (vinyl) optionally substituted by 1 to 3 halogens. Preferred alkenyt

group, in the present case, is 2, 2-difluorovinyl

The term a"alkynyl" as used berein, represents straight, branched or cy¢lic
20 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 suttable group, including but not
limited to onc or more moictics selected from groups as described above for the
alkyvl groups. Preferably an alkynyl group is a halogenoallkynyl group

25 (haloalkynyl group).

CGroups qualified by prefixes such as "s", "1™, "t" and the like (e.g. M-

propyl", "s-butyl™) arc branched derivatives.

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

by 1 10 4 substituents independently selected from halogen, cyano, alkoxy,
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atkylthio, Cys alkyl or azido, preferably halogen or azido. Usually aryl groups,
in the present case are phonyl, 3-chlorophenyl, 3-lluorophenyl, 4-chlorophenyl,
4-fluorophenyl, 3.4-diftuorophenyd, 3,5-difluorophenyl, 3-chloro-4-
fluorophenyl, 2,3 4-trifluorophenyl, 2,4, 5-trifluorophenyl, 2,3,5-
trifluorophenyl, 3,4,5-triflucrophenyl, 3-azido-2.4-difluorophenyl or 3-azido-
2.4, 6-triftuorophenyl. Preferably, aryl groups are pheovi, 3-chiorophenyl, 3-
fluorophenyl, 4-chlorophenyl, 4-fluorophenyi, 3,4-difluorophenyl, 3,5-
difluorophenyl, 3-chioro-4-fluorophenyi, 2,3, 4-triftucrophenyl, 2,4,5-
trifftuorophenyt, 2,3,5-triflucrophenyl, 3,4,3-trifluorophenyt or 3-azido-2.4-
diflucrophenyl. Most preferred aryl groups are phenyl, 3-chlorophenyl, 3-
fluorophenyl, 3,5-difluorophenyl, 2,3 d-rifluorophenyl, 2,4, 5-triflucrophenyl,

2,3, 5-tritlaorophenyl, 3.,4,5-trifluorophenyl or 3-azido-2.4-dufluorophenyl

The term "heterocyele™, as used herein, 1s defined as mncluding an aromatic
or non aromatic cycloalkyl moiety as defined above, having at least one O, §
and/or N atom interrupting the carbocyclic ring structure. Heterocyclic 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 beterocycles are 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-furyl,
3-furyl, 2-thienyl, 3-thienyl, 2-tetrahydrofuranyl, 1H-pyrrol-2-vl, 1-methyl-1H-
pyrrol-2-vl, IH-pyrazol-2-yi, 1H-pyrazol-3-yl, 4-chloro-1-methyl-1H-pyrazol-
3-vl, 5-chlore-1,3-dimethyi-1 H-pyrazol-d-yi, 1,2 3-thiadiazol-4-yl, 3,5~
dimethyi-d-isothiazyl, 1H-imidazol-2-vl, T-methyl-1H-imidazol-2-vi, 4-
niethyl-1H-imidazol-5-yl, or 2-methyl-1,3-thiazol-4-vi. Preferred heterocycles
are 1H-imidazoi-2-yl, 1,2, 3-thiadiazol-4-vl, 1H-pyrazol-3-yi, 2-furyl, 3-furvl,

2-thienyl, T-oethyl-1H-pyrrol-2-y1, TH-pyrrol-2-y1,

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

halogens are flnorine, bromine and chlorine.
The term "hydroxy”, as used herein, represents a group of [ormula --OH.

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.

e R . t
The term "aryloxy", as used herein, represents a group of fornmuda ~-OR”
wherein R” is an aryl group, a5 defined above. Proforred aryloxy group is

phenoxy.

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

group is roethoxycarbonyl,
The term "amido”, as used herein, represents a group of formula ~-CONH,,
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 "alkyl” 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,.
The term "azido”, as used herein, represents a group of formula ~~Ns.

The torm "guaniding”, as uscd herein, represents a group of formula -

NHC(=NH)NH,.

The term "aikylthio”, as used herein, represents a group of fornmula -~SRY
wherein R s an alky! group, as defined above. Preferred alkylthio group is

methylthio.

"%

The term "atkylsulfonyl”, as used herein, represents a group of formula --
S(=0)R" wherein R® is an alkyl group, as defined above. Preferred

alkylsulfonyl group is methylsulfonyl.
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The term "alkylsulfiny]”, as used herein, represents a group of formula —
S(=0)R" wherein R' is an alkyl group, as defined above. Preferred alkylsulfiny

group 1s methylisulfinyl.

The term "arylthio”, as used herein, represents a group of formula --SR*

wherein R¥ is an aryl group, as defined above,

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

8¢(=0),R” wherein R" is an aryl group, as defined above.

o~
H
i

The term "arylsulfinyl”, as used herein, represents a group of the formuila --

S{=0)R' wherein R' is an arvl group, as defined above.

The term "carbamate” as used herein, represents a group of formuia -
N{H)C{()HOR’, wherein R’ is an alkyl or an aryl, as defined above. Usually
carbamate groups are {propoxycarhonyllamino or (henzvloaxyearbonylamino,

Preferved carbamate group is (benzvioaxycarbonyljamino.

The torm "altkanoylaming” as used horcin, represents a group of the formula

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

The term "{arylcarbonyllamino"” as used herein, represents a group of the
formula ~-NHO(EO)R™ wherein R™ is an aryl group, as deline

ahove. Preferred {arylcarbonyhamino is benzoylamine,

o

{Usually, R'is fydrogen; O alkyl unsubstituied or substituled by halogen,
hydroxy, cvane, methylthio, phenyl or 4-chlorophenoxy; hydroxy; Cag
cycloalkyl; halogen; ester; anndo; nitro; cyano; amino; phenyi; alkylthio;
atkylsulfonyl; alkylsulfinyl; heterocyele unsubstituted or substituted by alkyl
groups; or guanidine, Preferably, R’ is hiydrogen; methyl; ethyl: i-propyl; n-
propyl; cvelopropyl; n-butyl; i-butyl; t-butyl; t-cthylpropyl; 2,4,4-
trimethyipentyl; hydeoxymethyl: chlorowethyl; rifluoromethyl; 2,2,2-
trifluorocthyl; cyanomethyl; 2-(methylthio)ethyl; chicro; bromo; nitrg; cvang;
amino; aminocarbonyl; methoxycarbonyl; methylthio; methylsulfinyi;

methylsulfonyl; phenyl 2-furyl; 3-furyl; 1H-pyrrol-2-vl; l-methyl-1H-pyirol-
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2-vl; 2-thienyl; 1H-pyrazol-3-v1; 1,2,3-thiadiazol-4-yl or 1H-imidazol-2-y1.
More preferably, R’ is hydrogen; methyl; ethyl: i-propyl; n-propyl; n-butyl;
methylthio; nitro; cyano; amine; chloro or 1H-pyrrol-2-yl. Most prefoerably, R

is hydrogen; methyl: methyithio; nitro; cyano; amino or chloro,

Usually, R” is hydrogen: C|.4 aikyl unsubstituted or substituted by hydroxy,
alkanoylaminoe or bencoylamine; halogen; ester; cyano; alkyl carbamate; [(N-
methoxy-N-methyDaminojearbonyl. Proferably, R is hydrogon; methyl:
hydroxymethyl; {acetylamino}methyl; (propionylamino jymethyl;
{benzoylaminoymethyl; [(benzvioxyicarbonyllamino; chloro or eyano. More

preferably, R is hydrogen; chloro or cyano.

Usually, R” is hydrogen: C . alkyl unsubstituted or substituted by hydroxy;
halogen; ester or cyano, Preferably, R is hydrogen; hydroxymethyl; chloro;
cyano. More preferably, R is hydrogen or cyane, Most preferred R’ is

hydrogen.

Usually, R* is hydrogen; €y alkyl unsubstituted or substituted by
halogens; Co.q alkeny! substituted by halogens or phenvl group unsubstituted or
substituted by azido or/and halogens. Preferably, R* is hydrogen; n-propyl; 2,2-
difluorovinyl; phenyl; 3-chlorophenyl; 3-huorophenyls 4-chlovophenyl; 4-
fluorophenyl; 3,5-diflucrophenyl; 3,4-difluorophenyl; 3-chloro-4-fluorophenyl;
2.3 A-triflnorophenyl; 2.4, 3-triftnorophenyh 2,3 S-rifluorophenyl; 3.4,5-
riftuorephenyl; 3-azido-2 4-difluorophenyl or 3-azido-2 4, 6-triftucrophenyl.
More preferably, R is hydrogen; n-propyl; 2,2-diflucrevinyl; phenyl; 3-
chiorophenyl; 3-fluorephenyl; 4-chlorophenyl; 4-flucrophonyl; 3,5+
difluorophenyl; 3,4-difluorophenyl; 3-chioro-4-fluorophenyl; 2,3,4-
iftuorophenyt, 2.4, S-wriflucrophenyl; 2,3, 3-trifluorophonyl; 3,4,5-
trifluorophenyl or 3-azido-2,4-difluoraphenyl. Most preferably, R* is n-propyl;
2,2-difluorovinyl; phenvl; 3-chloropheunyl; 3-fluorophenyl; 3,5-difluorophenyl;
2,3 4-triftuorophenyl; 2.4, 5-triffuorophenyl; 2,3, 5-trifluorophenyl; 3,4,5-

rifluorophenyl or 3-azido-2,4-dilluerophenyl.

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

Usually, R® is hydrogen or Cy_jp alkyl unsubstitated or substituted by
hydroxy or azido. Preferably, R® is hydrogen or azidomethyl, More preferably

& -
R” is hydrogen,

3 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
s
x}gs‘
I 4 ‘“““‘:‘3
)‘\\ 4
R! X
i0
Usually, R® is hydrogen.
v 59 - ~ o ; . : g .
Usually, R” is hydrogen; halogen; C s alkyl or alkoxy. Proferably, R’ is
4 ~ G .
hydrogen; methyl; chloro or methoxy. Move preforred B is hydrogoen.
Usually, RYis hydrogen; halogen; cvano; Cy.5 alkyl unsubstitated or
15 substituted by halogens; or alkoxy. Preferably, R™ is methyl; hydrogen;

. ; - 16 -
trittuoromethyl; Hluoro; eyano or methoxy. More preferred R ts hvdrogen;
trifluoromethyi; fluors or cyano.

Usually, R is hydrogen.
in other preferred embodiments, R, R™ and R can form together with the
20 2-oxo-1-pyrrolidine ring the tollowing 1,3-dihvdro-2H-indol-2-one cycle
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Usually, R™ is hydrogen or halogen. Preferably R is hydrogen; chloro or

. 1D
tluoro. More preferred R is hydrogen.

T 3 L3 3 —~ 5 : : H
Usually, R" is hydrogen; T3 alkvl; halogen or thiazolyl unsubstituted or
o o o o B o
3

o P . . . 13 .
substituted by alkyl groups, such as methylthiazolyl. Preferably R™ 19

. }" .
hydrogen; chloro; bromo or methyl, Most preferred R is chloro; bromo or

methyl,
Usually R" is hydrogen.
T is . s
Usually, R™ 1s hydrogen.

Combinations of one or more of these preferred compound groups are

especially preferred.

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

pharmaceuticaily acceptable salts thereof, are those wherein

R is sclected from hydrogen; Cj.p alkyl unsubstituted or substituted by
halogen, hydroxy, cyano, methylihio, phenyl or 4-chlorophenoxy; Ci
cycloalkyl; halogen; ester; amido; nitro; cyano; amino; phenyl; alkylthio;
atkylsulfonyl; alkylsulfinyl; heterocycle unsubstituted or substituted by alkyl

group; or guanidine;

R’ is selected from hydrogen; 14 alkyl unsubstituted or substituted by
hvdroxy, alkanovlamino or benzoyiamino; halogen; ester; cyano; alkyl

carbamate or [{N-methoxy-N-methylaminojcarbonyl.
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R’ is selected from hydrogen; Cru alkyl unsubstituted or substituted by

hydroxy; halogen; esier or cyano;

R is selected from hydrogen; C alkyl unsubstituted or substituted by
halogens; Cy.4 alkenyi substituted by halogens or phenyl group unsubstitited or
g 3 3 & phRenyL groug

5 substituted by azido or /and halogeuns;
da >
R™is hydrogen;
R is hydrogen;

R® is selected from hydrogen or i alkyl unsubstituted or substituted by

hydroxy or azido;
19 R’ is hydrogen;
or % and R’ can be linked to form a cyclopropyl;

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

benzimidazole cycle

] .
R" is hydrogen;

[
L

S I . "~ Il 1 - -
R’ is selected fror hydrogen; halogern; Chs alkyl alkoxy;

R' is selected from hydrogen; halogen; cyano or Cy3 alkyl unsubstituted or

substituted by halogens; or alkoxy:

RY is hydrogen:
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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

P
e
5{'\ /&\ ) )

R' is selected from hydrogen or halogen:

13 - . R . . .
RY is sclected from hydrogen; C . alkyl; halogen; thiazolyl unsubstituted

ot substituted by alkyl groups, such as methylthiazolyly
IERS .
R is hydrogen;
R'? i hydrogen:
is hydrogen;

with the proviso that R* is different from hydrogen when
R
R
:g \ . ‘g_j:
N

o

‘.Qi

represents & group of formula

in a preferred embodiment, the compounds of formula |, or
pharmaccutically acceptable salt thereof, arc those whercin
R is selected from hydrogen; methyl; ethyl; i-propyl; n-propyk:

cyclopropyl; n-butyl; i-butyl; t-butyl; I-ethylpropyl; 2.4 4-trimethyipentyl;
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trifluoromethyi; 2,2, 2-trifluoroethyl; hydroxymethyl; chloromethyl;
cyanomethyl; 2-(methylthioyethyl; chilors; brome; nitre; cyano; amino;
aminocarbonyl; methoxyearbonyl; methylthio; methylsalfinyl; methyisulfonyl;
phenyl 2-furvl; 3-furvl; [H-pyrroi-2-v1; T-methyl-1H-pyrrol-2-vl; 2-thienyl

tH-pyrazol-3-yi; 1,2 3-thiadiazol-4-yi; or 1 H-imidazel-2-vl;

y )+
R 1s selected from hydrogen; methyl; hydroxymethyi;
{(acctylaminoymothyl; (propionylaminoymethyl; (henzoylaminoymethyl;

{(benzyloxycarbonyhDaming; chloro; or cyano;
R’ is selected from hydrogen; hydroxymethyl; chloro; cyano;

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

benzimidazole cycle

)% | i

R® is hydrogen;
g .
R is selected from hydrogen: methyl; choro; methoxy;

RY is selected from methyl; hydrogen; riffuoromethyl; fluoro; cvano; or

methoxy;
5 hodenopne
R is hvdrogen;

R* {5 selected from hydrogen; u-propyl; 2.2-difluorovinyl; pheuyl: 3-
chiorophenyl: 3-fluorophenvl; 4-chlorophenyl; 4-fluorophenyls 3,5~
difluorophenyl; 3,4-difluorophenyl; 3-chloro-4-fluorophenyl; 2,3.4-
trifluorophenyl; 2,4, 5-triflnorophenyl; 2,3 5-irifluorophenyl; 3.4,5-

trifluorophenyl; 3-azido-2,4-difluorophenyl; or 3-azido-2.4,6-trilluorophenyl.
R* is hydrogenm;R” is hydrogen;
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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

5. ~
RY iy selected from hydrogen; chlore; fluote;

h

3 - ~
R"7 is selected from hydrogen; chlore; bromo; methyl;
14 .
R is hydrogen;
5
R hydrogen;
R’ is selected from hydrogen; azidomethyl;
i
R’ is hydrogen;
10 or R” and R’ arc linked to form a cyclopropyk;

with the proviso that R" is different from hydrogen when
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In a more preferred embodiment, the compounds of formula 1, or

pharmaceuticaily acceptable salt thereof, are those whersin

R is selected from hydrogen; methyl; ethyl; i-propyl: n-propyl; n-

butyl;methylthio; nitro; cyano; aming; chloro; or 1H-pyrrol-2-vl;

2. o
5 R” 15 selected from hydrogen; chloro; cyano;
R’ is selected from hydrogen: cyano;
or R™ and R’ can form together with the imidazole ring the following 1H-
benzimidazole cycle
10 R® is hydrogen;
R’ is hydrogen;
(4 o~ L. ;
R is selected from hydrogen; triffucromethyl; fluoro; cyano;
RY is hydrogen:
R is selected from hydrogen; n-propyl; 2,2-difluorovinyl; phenyi; 3-
15 chiorophenyl; 3-fluorophenyl; 4-chlorophenyl; 4-fluorophenyl; 3,5-
difluorophenyl; 3,4-difluorophenyl; 3-chioro-4-fluorophenyl; 2,3,4-
trifhaorophenyt; 2.4, S-rifluorophenyl; 2,3, 5-trifluorophenyl; 3,4,5-
trifluorophenyl; or 3-azido-2,4-difluorophenyl;
R™is hydrogen;
20 R’ is hydrogen;
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or RY, R™ and R” can form together with the 2-oxo-1-pyrrolidine ring the

following 1,3-dihydro-2H-indol-Z-one cycle

wherein
12 .
5 R™ is hydrogen;
13- o 5
R™ is selected from methyl; chloro; bromo;
4 et e cringn e
R" is hydrogen;
13
R hydrogen;
R is hydrogen:
s hydrogen;
T .
10 R’ is hydrogen;

with the proviso that R is different from hydrogen when
R?

g X
e
e
Rl N

represents a group of formula
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In a most preferred embodiment, the corpounds of formula §, or

pharmaceuticaily acceptable salt thereof, are those whersin

R is selected from hydrogen; methyl; methvlthio; nitro; eyano; amino;

chioro;

5 R? is selected from hydrogen; chloro; cyano;
R’ is hydrogen;
R is selected from n-propyl; 2,2-diffusrovinyl; phenyl; 3-chiorophenyt; 3-
flaorophenyl; 3,53-difluorophenyl; 2,3 4-wifluorophenyl; 2,4,5-trifluorophenyl;
2,3, 5-triftaorophenyl; 3,4,5-wifluorophenyl; 3-azido-2 4-difluorophenyl;
10 R™ is hydrogen;
R® {s hydrogen;
or BY, R® and R’ can form together with the 2-oxo-1-pyrrolidine ring the
following 1,3-dihydro-2H-indol-2-one cycle
i5 R" is hydrogen:
RY is selected from chioro; bromo; methyl;
R is hydrogen;
R hydrogen;
R is hydrogen;
20 R is hydrogen.
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In some cmbodiments, compounds uscfizl 1n the methods and compositions
of this invention are selected {rom the group consisting ofr 1-(1H-imidasol-1-
yimethyDpyrrolidin-2-one; 1-(1H-imidazol-1-ylmcthyD-4-phenylpyrrolidin-2-
one; 4-(3-azido-2,4,6-trifluorophenyty- 1 {1 H-imidazol-1-yimethyljpyrrolidin-
2-- one; 1-(1H-imidazol-1-ylmethyh)-4-propyipyrrolidin-2-one; (-)-4-(3-azido-
2 4-difluorophenyl)-1-(1 H-tmdazol-1-yvimethyDpyrrolidin-2- ~oue; (+)-4-(3-
azido-2 4-difluorophenyl}-1-(1H-imidazol-1-yimethylpyrrolidin-2-one; 1-[(2-
cthyl-TH-imidazol- 1-yDvoethyl]-4~propylpyrrolidin-2-one; 1-{{2-isopropyi-1H-
imidazol-1-yhmethyl}-4-propylpyrrolidin-2-one; 1-{{2-methyi-1H-inudazol-1-
vhmethvli-4-propvinvirolidin-2-one; 1-[(2-phenyl-1H-imidazol-1-yDmethyl]-
4-propylpyrrolidin-2-one; 4-propyl-1-{2-propyi-1 H-imidazol-1-
yhmethvlipyrrolidin-2-one; (+}-1-(1 H-imidazol-1-ylmethyD)-4-
propylpyrrolidin-2-one; (~}-1-(1 H-imidazoi-1-ylmethyl}-4~-propylpyrrolidin-2-
ong; 4-(2,2-difluorovinyl}-1 -( I H-imidazol- 1 -yImethvhpvrrolidin-2-one; 4-(3-
chiorophenyh)-1-(1 H-imidazol--vImethyDpyrrolidin-2-one; 1-{{2-
{methylthio)- 1 H-imidazol- I -yl jmethyl }-4-propyipyrrolidin-2-one; 1-{[2-
(methylsulfingl)-TH-imidazol-1-ylmethvi}-4-propylpyrrolidin-2-one; 1-{(2-
tert-butyl-1H-imidazol-1-yhmethylj-4-propylpyrrolidin-2-one; 1-[1-{(1H-
imidazol-1-yheyclopropylipyrrolidin-2-one; 1-[(2-methyl-1H-imidazol-1-
yhmethylj-4-pheaylpyrrolidin-2Z-once; 1-{{2-(methylsulfonyl-t H-imidazol-1-
ylimethyl-propyipyrrolidin-2-one; 1-{(2-oxo-4-propylpyrrolidin- | -ylDmethyl}-
I H-imidazole-2-carboxamide, 4-(4-fluorophenyl}-1-{1H-imidazol-1-
yimethylpyrrelidin-2Z-one; 1-(1H-imidazol-1-vimethyi}-4-(3,4,5-
rt{tuorophenyDpyrrolidiv-2-one; 4-(3-luorophenyl}-1-(1H-imidazol-1-
yimethyhpyrrelidin-2-one; 4-03,5-difluorophenviy-1-{(1 H-imidazol-1-
yimethyhpyrrolidin-2-one; 4-(3 4-difluorophenyD-1-{iH-imidazol-1-
vimethylypyrrelidin-2-one; 4-(3-chloro-4-fluorophenyl)-1-(1 H-imidazol-1-
vimethylpyrrolidin-2-one: 4-(4-chlorophenyly-1-(1H-imidazol-1-
vimethyhpyrrolidin-2Z-one; 1-(1H-imidazol-1-ylmethyi}-4-(2,3,4-
trifluorophenylpyrrolidin-2-one; 1-(1H-imidazol-1-yimethyl}-4-(2,3,5-
trifluorephenyDpyrrolidin-2-one; 1-{1H-imidazol-T-yimethy)}-4-(Z,4,5-

trifluorophenyhpyrrolidin-2-one; 1-{[2-Chydroxyrmethyl)-1H-imidazol-1-
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viimethyli-4-propylpyrrolidin-2-one; methyl 1-{(2-oxo-4-propylpyrrolidin-1-
yhmethyl]-1H-imndasole-Z-carboxyla- te; 1-{{Z-nilro-1H-imidazol-1-
yhmethvl}-4-(3,4,5-trifluorophenyDpyrrolidin-2-one; 1-{[2-0x0-4-(3.4,5-

trifluorophenyhpyrroiidin- L-yHmethyl) - H-imidazole-2-carbonitrile; 1-[(2-

¥4

amino- | H-imidazol-1-yUmethyl}-4-propyipyrrolidin-2-one; 1-[{2,4-dichloro-
IH-imidazol-1-yDmethyl]-4-(3 4, S-triflucrophenylypyrrolidin-2-one; 1-[(S-
chiorp-1H-imidazol-1-ylmethyi}-4-(3.4, 5 triflucrophenyljpyrrolidin- -2-one;
1-{{2-0x0-4-(3 4,5-triflucrophenylpyrrolidin-1 -yl jmethyl} - 1 H-imidazole-4-
carbonitrile; 1-{{2-oxo-4-(3,4.5-triflucrophenylypyrrolidin-1-ylmethyl} - 1 H-
10 imidazole-3-carbonitrile; (+)}-1-{1 H-imidazol-1-yimethyl)-4-phenyipyrrohdin-
2-one; (- 1-(1H-imidazol-1-vlmethy}-4-phenyipyreolidin-2-one; 1-{{2-0x0-4-
(2.3, 5-trifluorophenvhpyrrolidin-1-ylmethyl} -1 H-imidazole-5-carbonitrile; (-
F1-{[2-ox0-4-{2,3 d-trifluorophenyljpyrrolidin- 1 -yl imethyl - H-imidazole-3-

carbonitrile; (+)-1-{{2-0x0-4-(2,3 A-trifluorophenybpyrrohdin- -yl jmethyl; -

[
Ln

TH~imidazole-5-carbonitrile; (-)-1-{[2-ox0-4-(2,3 4-trilluorophenyDpyrrolidin-
F-vljmethyt} -1 H-imidazole-4-carbonitriie; (+3-1-{{2-0x0-4-(2,3,4-
trifluorophenyl)-1- pyrrolidinylfmethyl) - T H~imidazole-4-carbonitrile; (-)-1-
{{2-0x0-4-(3 4,5-trifluorophenylpyrrolidin-1-viimethyl } - 1 H-imidazole-4-
carbomitrile; (+)-1-{[2-0x0-4-(3,4,5-triflluorophenyDpyrrohidin- 1 -yl methyl; -

20 I H~imidazole-4~carbonitrile; (+)~1~{{2-0x0-4-(2 4, 5-trifluorophenyipyrrolidin-
F-ylmethyl -t H-imidazole-4-carboniirile; (-)-1-{[2-0x0-4-(2,4,5-
trifluorophenybpyrrolidin-T-yljmethyl} - 1 H-imidazole-4-carbonitrile; {-}-1-{[2-
ox0-4-(2,3 S-triffuorophenylpyrrolidin-1-yljmethyl} - LH-imidazole-4-

carboniteile; (-}1-{12-0x0-4-(3.4,5-trifluosrophenylpyrrolidin-1-yUmethyl ;-

b
()

I H-imidazole-3-carbonitrile; 1-{{2-ox0-4-(2,3 5-triftlucrophenyDpyrrolidin-1-
yhmethyl}-1H-imidazole-3~ ~carbonitrile; 1-{{2-ox0-4-(2,3,5-
trifluorophenypyrrolidin-1-yimethyl} - 1 H-imidazole-5- -carbonitrile; 1-{(5-
methyl-2-phenyl-1H-imidazol-1-ylimethyl]-4-propyipyrrolidin-2-one; 1-[(5-
methyl-1H-imidazol-1-yhmethyl-4-propylpyrrelidin-2-one; 1-[(5-phenyl-1H-
30 imidazol-1-yDimethyl}-4-propylpyrrolidin-2-one; 1-[(2-cthyl-5-methyl-1H-
imidazol-1-yhmethylj-4-propylpyrrolidin-2-one; 1-[{2,5-dimesthyl-1H-

imidazol-1-viymethyl}-4-propylpyrrolidin-2-one; 1-[(2-chlore-1H-imidazol-1-

119
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vhmethyli-4-(3.4,5-triflucrophenylipyrrolidin- -2-one; 1-[2-azido-1-{1H-
imidasol-1-yhethyl]-4-propylpyrrolidin-2-one; 1-i{(4-chloro-1H-imidazol-1-
ylmethyil-4-(3.4,5-trifluorophenyDpyrrolidin- -2-ong; 1-{(2-bromo-4,5-
dichlore-1H-~imidazol- [ -vimethy! M-propyipyirolidin-2-ong: 1-[(2-chloro-1H-
imidazol-1-yhmethyl}-4-propyipyrrolidin-2-one; (+)-1-{{2-0x0-4-(3,4,5-
frilluorophenylipyrrolidin-1-yljmethyli~1 H-imidazole-S-carbonitrile; 1-{{5-
{(hydroxymethyl)-1 H-imidazol-1-vlimethy!} -4-propvipyrrolidin-2-one; 1-{{4-
{hydroxymethyD-1H-imidazol-1-yllmethyl}~4-propyipyrrolidin-2-one; benayl
1-{{2-oxo-4-propylpyrrolidin-1-ymethyl}-1 H-imidazol-5-ylcarbamat- ; N-
[{(1-{[2-0x0-4-(3 4 S-rifluorophenyDpyrrolidin- -yl imethyl -1 H-imidazol-5-
vhmethyljacetamide; N-{{1-{[2-ox0~4-(3,4,5-trifluorophenylpyrrolidin- 1 -
ylmethyl}-1H-imidazol-5-yDmethvl Jbenzamide; N-[{1-{[2-ox0-4-(3.4,5-
trifluorophenyhpyreciidin-1-ylmethyl -t H-imidazol-5-
vhmethylipropananude; 1-(1H-benzimudazol-1-vimethyl}-4-propylpvrrolidin-
2-one; F-{(2-methyl-1 H-benzimidazol-1-yDmethyl-4-propylpyrrolidin-2-one;
4-propyl-1-[(2-propyi-1H-benzimidazol- I -ylimethyljpyrrolidin-2-one; 1-[{2-
isopropyl-1H-benzimidazol- 1 -yhmethyl}-4-propylpyrrolidin-2-one; 4-propyl-
1-{{2-(trifluoromethyl)-1H-benzimidazol-1-yl imethyl } pyrrolidin-2- -one; 1-
112-(methylthio}- 1H-benzimidazol-1-yljmethyt -4 -propylpyrrolidin-2- -one; 1-
[(2~-amino-t H-benzimidazol-1-yhmethyl ~-propyipyreolidin-2-one; 1-{{2~
{chloromethyl}- | H-benzinudazol- I -yl jmethyl L -4-propylpyrrohidin-2-on- ¢; {1-
{(Z-oxo-4-propylpyrrolidin- t-yDmethyl}-1 H-benzimidazol-2-yl} acetoni- trile;
F-{{(5-methoxy-1H-benzimidazol- l-yhmethyli-4-propylpyrrolidin-2-one- ; 1-
[(5-methyi-1H-benzimudazol-1-yUmethyl J-4-propylpyreolidin-2-oue; 1-[{3,6-
dimethyi-1H-benzimidazol-1-ylhmethyl}-4-propylpyrrolidin-2-onc; 1-{[2-
wopropyi-S-(irifluoromethy-1H-benzimidazol-1-y1jmethyl} -4-propyl-
pyrrolidin-2-one; i-[{6-chloro-1H-benzimidazol-i-yDmethyl]-4-
propylpyrrolidin-2-one; 1-{{2-oxo-4-propylpyrrolidin- | -yDmethyli-2-propyl-
IH-benzimidazole-5-car- bonitrile; 1-{[2-ethyl-5-(trifluoromethyi)}-1H-
benzimidazol-i-ylmethyl}-4-- propylpyrrolidin-2-one; 4-propyvl-1-{[2-(1H-
pyrrol-2-vii-1H-benzimidazol-1-yijmethyl i pyrrolidin-2-~ one; 1-[(3-fluoro-2-

propyl-1H-henzimidazol-1-vhimethy}-4-propylpyrrolidin- -2-one; 1-{f6-
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mothyl-2-( 1H-pyrrol-2-y1-1H-benzimidazol- 1 -yljmethyl }-4-pro-
pylpyrrolidin-2-one; 1-[(6-methoxy-2-propyl-1 H-benzimidazol-T-yimethyl}-4-
propylpyrrolidin-2-- onc ; 2-butyi-1-[(2-oxo-4-propylpyrrolidin-1-ylimethyl}-

1 H-benzimidazole-3- ~carbonitrile; 1-{{2-[2-{methylthio)ethyi}-5-
{trifluoromethyii-1 H-benzimidazol-1-yljmethyl} -4-propylpyrrolidin-2-one; -
[(5~-fluoro-2-isobutyl-1H-benzimidazol-1-yiymethyl~4-propylpyrrolidin-2- ~
one; 1-{{5-fluore-2-(2, 4 4-inmethylpentyt)-1 H-benzinidazol-1-ylmethyl} - 4-
propylpyrrolidin-2-one; 2-cvelopropyl-1-{(2-oxo~-4-propylpyrrolidin-1-
yhmethyi}-1H-benzimidazole-- S-carbonitrile; 1-{{2-oxo-4-propylipyrrolidin-1-
yhmethyl}-2-{1H-pyrazol-3-y1)-1 H-henzimidazole-5-carbonitrile; 1-[(2-
cyclopropyl-S-fluoro-i H-benzimidazol- t-shmethyl }-4-propyipyirotidin-2-one;
F-{(5-fluoro-2-tsopropyl-1H-benzinmdazol- | -yDmethyl}-4-propylpyrrolidin-2-
ong; 1-{{2-3-furyl)-6-methoxy-1 H-benzimidazol- 1 -ylimethyl } -4~
propylpyrrolidin- -2-ong; 1-[{Z-¢cyclopropyl-é-methoxy-1H-benzinudazol-1-
yhmethyli-4-propylp- yrrolidin-2-one; 1-{(2-isopropyl-6-methoxy~1H-
benzimidazol-1-ylymethyi}-4-propylpyrrelidin- -2-one; 1-{{2-0x0-4-
propylpyrrolidin- L-vhmethyl}-2-(1,2.3-thiadiazol-4-yi- - TH-benzimidazole-5-
carbonitrile; 1-{[2-(1H~-imidazol-2-y1}-5-(triflucromethyl)-1 H-benzimidazol-1-
ylimethyl}- -4-propylpyrrohidin-2-one; 1-{[5-luoro-2-(2,2,2-trdluoroethyi)-
H-benzimidazol-1-yimethyl b -4d-propylpyrrolidin-2-one; 1-{[2-(1-
cthvlpropyl)-6-methoxy- 1 H-benzimidazol- -yl jmethyi  -d-propylpyrr- olidin-
2Z-ome; 1-{[6-methoxy-2-{1-methyl-1H-pyrrol-2-yi}-1H-benzimidazol-1-
vimethyli-4-- propylpyrrolidin-2-one; 1-{[2-(2-furyl)-5-(trifluoromethyl}- 1H-
benwimidarol-1-yljwethyl}-4-propyl- pyrrolidin-2-one; 4-propyl-1-{{2-thien-2-
yi-S~(triffuoromcthyl}-1H-benzimidazol-1-ylimcthyl- pyrrolidin-2-one; 1-{{2-
(3-turyly-5-(irifluoromethyh-1 H-benzimidazol-1~yljmethyl} -d-propyl-
pyrrolidin-2-one; 1-{{2-cyclopropyi-5-(iriftuoromethyl}- 1 H-benzimidazol-1-
viimethyl}-4-propylpyrrolidin-2-one; 4-propyl-1-{[2-(1H-pyrrol-2-yi)-5-
{rifluoromethyl)-1 H-benzimidazol-1-yl}- methyl} pyrrolidin-2-one; 1-(1H-
imidazol-1-yimethyl-1,3-dihvdro-2H-indol-2-one; 3-bromo-1-{1H-imidazol-1-
yimethyi)-1,3-dihydro-2H-indol-2-one; S-chloro-1-(1H-imidazol-1-yimethyl)-

1,3-dihydro-2H-indol-2-one; 4-fluore-1-(1H-imidazol-1-vimethyl}-1,3-
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dihkydro-2H-indol-2-on¢; 4-chloro-1-{1H-imidazol- l-vlmethyD-1,3~-dihydro-
2H-ndol-2Z-one; 1-{1H-imidazol-1-ylmethy-3-methyi-1,3-dihydro-2H-indol-
2-ong; 1-[(2-0x0-2,3-dihydro- 1 H-indol-1-yDmethyl]-1H- imidazole-3-
carbonitrile; and |-[(5-chlorg-2-0x0-2,3-dihydro- | H-indol- 1 -vhmethyli- 1 H-

imidazale-5-c- arbonitrile.

in some embodiments, compounds uselul in the methods and compositions
of this invention are sclected from the group consisting oft -1 H-imidazol-1-
vimethylpyrrolidin-Z-one, {-{ | H-imidazol-{-yimethy)-4-phenylpyrrolidin-2-
one; -{1H-imidarol- L-ylmethyl-4-propyipyrrolidin-2-one; {-)3-4-(3-amdo-2,4-
difluorophenyl}-1-(1H-inudazol-1-ylmethvljpyvrrolidin-2- -one; (+}-4-(3-azido-
2,4-diftuorophenyh-1-( 1 H-imdazol-1-ylmethyDpyrrolidin-2-one; 1-{(2-cthyl-
FH~imidazol-1-ylmethyl|-4-propylpyrrolidin-2-onc; 1-{{2-isopropyi-1H-
imidazol- [ -yDimethyll-4-propylpyrrolidin-2-one; 1-[(2-methyl-1H-imidazol-1-
yhmethyl}-4-propylpyrrolidin-2-one; 4-propyl-1-[(2-propyl-1H-imidazol-1-
vhmethyijpyrrolidin-2-one; {(+)-1-{i H-imidazol-1-ylmethyl)-4-
propylpyrrohidin-2-one; (-3-1-(1H-amidazol- 1-vimethy D-4-propylpyreohidin-2-
one; 4-(2,2-diftuoroviny!}-1-(1 H-imidazol-1-vimethylpyrrolidin-2-one; 4-(3-
chlorophenyh-1-(1H-umidazol-1-yimethybpyrrolidin-2-one; 1-4[2-
{methylthio}-1H~imidazol-1-ylimethyl}-d-propyipyrrolidin-2-one; 1-[(2~
methyl-1H-imidazol-1-yDmethyl]-4-phenyipyrrolidin-2-one; 4-(4-
fluorophenyl}-1-(1H-imidazob 1-yimethyDipyrrolidin-2-one; 1-{1H-imidazol-1-
yimethyl)-4-(3.4,5-trifluorophenyhpyrrolidin-2-one; 4-(3-fluorophenyly-1-(1H-
umidazol-1-vimethylpyrrolidin-2-one; 4-(3,5-difluorophenyl}--{1H-imidazol-
I-vimethylpyrrolidin-2-one; 4-(3 4-difflucrophenyl}-1-{1 H-imidarol-1-
vhmethypyreolidin-2-one; 4-(3-chloro-4-fluorophenyly-1-(1 H-imidazol-1-
yimethylpyrrolidin-2-one; 4-(4-chlorophenyly-1-(1H-imidazol-1-
yimethyhpyrrolidin-2-one; 1-{1H-imidazol-1-ylmethy-4-(2,3.4~
iriftuorephenyDpyrrolidin-2-one; 1-(i1H-imidacol-1-ylmethyl}-4-(2,3,5-
trifluorophenyDpyrrolidin-2-one; -(1H-imidazol-1-ylimethy1}-4-(2.4,5-
trifluorophenylpyrrolidin-2-one; §-{{2Z-nitro-FH-imidazol-1-ylymethyl}-4-~
(3.4,5-trifluorophenybpyrrolidin-- Z-one; 1-{[2-ox0-4-(3,4,5-

trifluorophenyhpyrrolidin- 1-ylmethyl} -1 H-imidazole-2~carbonitrile; 1-[(2-
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amino- 1 H-imidazol-1-ylimethyl-4-propylpyrrolidin-2-one; 1-[{5-chloro-1H-
fmidasol-1-yhmsthyl-4-(3,4,5-trifluorophenyDpyrolidin- -2-one; 1-{{2-ox0-
4-(3,4,5-triftuorophenylpyrrolidin- I -ylimethyl - 1 H-imidazolc-4-carbonitriic;
I-{{2-ox0-4-(3 4, 5-trifluorophenylpyrrolidin- 1 -yl imethyl} - | H-imidazole-5- -
carbonitrile; (+)-1-(1H-imidazol-1-yimethyl}-4-phenvipyrrolidin-2-one; (-3-1-
{(1H-imidazol-1-ylmethvl)-4-phenyipyrrohdin-2-one; (+); 1-{[2~0x¢-4-(3,4,5-
trifluorophenylpyrrolidin- 1-yljmethyl} -1 H-imidazole-4- ~carbonitrile; 1-[(2-
chloro~1H-imidazol-1-yDmethyl}-4-(3,4,5-trifluorophenyDpyrrolidin- -2-one;
1-{2-azido-1-(1H-imidazol-1-yhethyi]-4-propyipyrrolidin-2-one; 1-{{2-chioro-
H-imidazol-1-yDmethyl]-4-propylpyrrolidin-2-one; {(+)-1-{[2-ox0-4-(3.4,5-
trifluorophenylpyreolidin- F-ylmethyl} - 1 H-imidazole-5-carbonitrile; 1-[(2-
oxo-4-propylpyrrolidin-1-yDmethyi]-2-propyl-1H-benzimidazole-S-car-
bonitrile; 1-{[2-ethyl-S-(triflucromethyl}-1H-benzimidazol-1-ymethyl} -4--
propylpyrroiidin-2-one; 4-propyl-1-{[2-( 1 H-pyrrol-2-vii-1 H-benzimidazol-1-
yHmethylpyreolidin-2-- one; 1-{(S-fluoro-2-propyl-TH-benzimidazol-1~
yhmethyli-4-propylpyirolidin- -2-one¢; 2-butyi-1-[(2-0x0-4-propylpyrrolidin-1-
yhmethyl}-t H-benzimidazole- -5-carbonitrile; 1-[(5-fluoro-2-isopropyl-1H-
benziniidazol-1-yDmethyl}-4-propylpyrrolidin-- 2-one; i-(1H-tmidazol-1-
vimethyi}-1,3-dithydro-2H-mndol-2-one; S-bromo-1-(1H-immidazol-1-ylmethyl)-
1,3-dihydro-2H-indol-2-on¢; S-chlore-1-(1H-imidazol-1-ylmethyl)-1,3-
dihydro-ZH-indol-2-one; 1-(1H-imidazol-1~ylmethyl)-S-methyl-1,3~dihydro-
ZH-indol-2-one; 1-[(5-chloro-2-ox0-2,3-dihydro-1H-indol-T-ylymethyl}-1H-

imidazole-S-carbo- nitrile.

in some embodiments, compounds useful in the methods and compositions
of this invention are selected frow the group consisting oft -1 H-imidazol-1-
yimethyl)-4-phenyipyrrolidin-2-one; 1-(1H-imidazol-1-ylmethyl}-4-
propylpyrrolidin-2-one; (-}4-(3-azido-2,4-diflucrophenyl -1 -{1H-imidazol-1-
yimethyhpyrrolidin-2- -oune; (H)-4-(3-adido-2 4-dilluoropheny3-1-(1 H-
imidazol-l-vimethyDpyrrolidin-2-onc; 4-(2,2-difluorovinyD-1-(1 H-imidazol-1-
vimethylpyrrolidin-2~on- ¢; 4-(3-chlorophenyl}-1-{ 1 H-imidazol--
yimethylpyrrolidin-2-one; 1-{[2-(methylthio}-1H-imidazol- L -ylimethyl} -4-

propylpyrrolidin-2-one; 1-{{2-methyl-1H~imidazol- 1 -vlymethyi]-4-

123
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phenvipyrrolidin-2-one; 1-{{H-imidazol-i-vimethyl}-4-(3.4.5-
iriltuorophenypyrrolidin-2-one; 4-(3-fhuorophenyl}-1-{1 H-imidazol-1-
yimethyDpyrrolidin-2-one; 4-(3,5-difluorophenyD- -1 H-imidazol-1-
yimethyhpyrrolidin-2-one; 1-(1H-imidazol-1-ylmethyH-4-(2,3,4~
trifluorophenypyrrolidin-2-one; T-(1H-imidazol-1-yvimethy!)-4-(2,3,5-
triftuorophenylypyrrolidin-2-one; 1-(1H~imidazol-1~yimethyl}-4~(2,4,5-
trifluorophenylpyrrolidin-2-one; 1-[{2-nitro-1H-imidazol-1-vlimethyi}-4-

(3,4, 5-trifluorophenylpyrrolidin-~ Z-one; 1-{{2-cx0-4-(3.4,5-
trifluorephenyDpyrrolidin-1-ylimethyl} -1 H-imidazole-2-carbonttrile; 1-[(2-
amimno- 1 H-imidazol-1-ylmethyl-4-propylpyrrolidin-2-one; 1-[{5-chloro-1H-
imidarol-T-yDimethvl]-4-(3,4,5-trifluorophenyDpyrrolidin- <2-one; (+3-1-(1H-
umidazol-1-ylmethyl)-4-phenylpyrrolidin-2-one; (-)-1-(1H-imidazol-1-
yimethyi}-4-phenylpyrrolidin-2-one; 1-[(2-chloro-1H-imidazol-{-yhimethyl}-4-
{(3.4,5-trifluorophenybpyrrolidin- ~2-one: 1-{{(2-chloro~-1 H-immdazol-1-
yhmethyli-4-propylpyrrolidin-2-one; (+)-1-{{2-0x0-4-(3.4,5-
trifluorophenylpyrrolidin- F-yljmethyl} -1 H-imidazole-5-carbonitrile; 5-bromo-
- 1H-imidazol-1-ylimethyl}-1,3-dihydro-2H-indol-2-one; 5-chloro-1-(1H-
imidazol-1-ylmethyt}-1,3-dihvdro-2H-indol-2-one; 1-(1H-imidazol-1-
yimethyly-5-methyl-1,3-dihydro-2H-indol-2-one; 1-[(5S-chlore-2-0x0-2,3-

dihydro-~ 1 H-indol-1 ~vmethyi}- tH-imidazole-5-carbo- nitrile.

In seme embodiments, compounds useful in the methods and compositions
of this invention are selected from the group consisting of: (-)-4-(3-azido-2,4-
difluorophenyl}-1-(1H-nidazol-1-vimethylpymrolidin-2- -one; (+}-4-(3-azido-
2 4-diflnorophenyh)-1-(1H-imidazol-1 -yimethyDpyrrolidin-2-one; 4-(3-azido-

2 A-diftuorophenyli-1-(1 H-imidazol-1-ylmethyDpyrrolidin-2-one.

v} International Patent Application WO 2007/065395:

Compounds having forroula 1 their enantiomers, diastereoisomers and
mixtures thereof (including all possible mixtures of stereoisomers), or

pharmaceutically acceplable salts thereof]
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RYis hydrogen or €y allyl;

R? is hydrogen or €. alkyl;

R’ is a group of formula -CHRR® or a benzyl group;

R'is € alkyl optionally substituted by alkoxyearbonyl, C3-6 cycloalkyl,

aryl or heterocycle;
R’ is C2-4 alkyl;
R is €2-4 alkyl, amido or -COOR”:
R is C1-4 alkyl;

Usually when R’ is a benzyl group, then R” is Cy.5 alkyl optionally

substituted by alkoxycarbonyl,

Usually when R” is a group of formula -CHRR then R" is C ¢ alkyl

optionally substituted by Cs 4 cycloalkyl, aryl or heterocycle.

The term "alkvl", as used herein, is a group which represents saturated,
monovalent hydrocarbon radicals having straight (unbranched) or branched
moicties, or combinations thercof, and containing 1-8 carbon atoms, preferably
1-6 carbon atoms; more preferably alkyl groups have 1-4 carbon atoms. Alkyl
moieties may optionally be substituted by 1 to 5 substituents independently
selected from the group consisting of hydroxy, alkoxy, cyano, ethyuyl,

alkoxycarbonyl, acyl, aryl or heterocycle. Alkyl moieties may be optionally

[
-]
wn
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substituted by a cycloalky! as defined hereafter, Preferred alkyl groups are
methyl, cyanomethyl, ethyl, 2-sthoxy-2-oxoethyl, 2- methoxyethyl, n-propyl.
2-oxopropyl, 3-hydrexypropyl, 2-propynyl, n-butyl, i-butyl, n-pentyl, 3-pontyl,

n-hexyl, cyclohexylmethyl, benzyl, 2-bromobenzyl, 3-bromobenzyl, 4-

¥4

bromobenzyl, 3-methoxybenzyl, 3-nitrobenzyl, 3-aminobenzyl, 4-
{arninosulfonyijbenzyl, - phenylethyl, 2-phenyiethyvl, (3,5-dimethyvlisoxazol-
d-ylymethyt or (S-nttro-2-furyhmethyl. More preforred aliyl groups are methyl,
cthyl, cyanomethyl, Z-methoxyethyl, n-propyl, 3- hydroxypropyl, 2-propynyl,
n-butyl, 3-pentyl, n-hexyl, benzyl, 3-bromobenzyl, 3- methoxybenzyl, 3-

id nitrobenzyl, 3-aminobenzyl, (3,5-dimethylisoxazol-4-yhimethy! or (5-nitro- 2-
farvlymethyt. Most preferred alkyl groups are methyl, ethyl, 3-methoxybenzyl,

3- nitrobenzyl or (S-nitre-2-furylmoethyl.

The term "cycloallyl”, as used herein, represents & monovalent group of 3

to 8, preferably 3 to 6 carbon atoms derived from a saturated cyclic

[,
(¥ 4]

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 cyclohexyl.

The term "aryl” as used herein, is defined as a phenyl group optionally
substituted by 1 to 4 substituents independently selected from halogen, amino,
24 nitre, alkoxy or aminosulfonyl. Preferred aryl groups are phenyl, 2-
bromophenyl, 3-bromophenyl, 4- bromophenyl, 3-methoxyphenyl, 3-

nitrophenyl, 3-arminophenyl or 4-{aminosulfonyliphenyl.

The term "phenyl”, as used hercin, represents an aromatic hydrocarbon

group of formula -CeHs.

129
L

The term "benzyl group”, as used herein, ropresents a group of formula -
{CHa-arvl, Preferred beneyl groups are benzyl, 2-bromaebenzyl, 3-bromobenzyl,
4-bromobenzyl, 3- methoxybenzyl, 3-nitrobenzyl, 3-aminobenzyl or 4-
{aminosulfonylbenzyl. More preferred benzyl groups are benayl, 3-
bromobenzyl, 3-methoxybenzyl, 3-nitrobenzyi or 3- aminobenzyl. Most

30 proferred alikoyl groups are 3-methoxybenzyl or 3-nitrobenzyl,
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The term "halogen”, as used herein, represents an atom of fluorine,

chigrine, 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.
The term "amino”, as used herein, represents a group of formala -NHs.
The term "ethynyl®, as used herein, represents a group of formula -C=CH.

The term "atkoxy", as used herein, represents a group of formula -OR®
wherein R® is an alkyl group, as defined above, Preferred alkoxy group is

methoxy,
The term "nitro”, as used herein, represents a group of tormula -NO,.

The term "amido®, as used herein, represents a group of formula -

O(=0NH2.

. : . vy
The term "acyl”, as used herein, represents a group of formula -C=O)R”

. b o~ R .
wherein R is an alkyl group, as defined here above. Preferred acyl group s

acetyl (-C(=01Me).

The torm "atkoxycarbonyl {or oster)”, as used horcin, ropresents a group of
formula ~COOR® wherein R° is an alky] group; with the proviso that R® does
not represent an alky! alpha-substituted by hydroxy. Preferred atkoxycarbonyl

group is ethoxycarbonyl.

4

The term "heterocycie”, as used herein, reprasents a S-membered ring
containing one or two helercatoms selected from O or N The heterocycle may
be substituted by one or two Cy; atkyl or nitro. Preferred heterocycles are (3,
S-dimethylisoxazol-4-v1) or (S-nitro- 2-fuaryl). Most preferred heterocyele is (5-

nitro-2-furyl),

Generally R' is hydrogen or Cre alkyl, Usually R is hydrogen or €. alkyl

optionally substituted by hydroxy, alkoxy, cyano, sthynyl, alkoxycarbonyl or

12

-~
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acyl. Preferably R’ is hydrogen, methyl, cyanomethyl, 2-¢thoxy-2-oxoethyl, 2-
methoxyethyl, n- propyl, 2-oxopropyl, 3-hydroxypropyl, 2-propynyl, n-pentyl
or n-hoxyl, More proforably R' is hydrogen, methyl, cyanomethyl, 2-
methoxyethyl, n-propyl, 3-hydroxypropyl or 2- propynyl. Most preferably R'is

hydrogen.

Generally R” is hydrogen or i alkyl. Usually R® is hydrogen or
unsubstituted Cyqalkyl. Proforably R7 s hydrogoen, mothyl or n-butyl, More

preferably, R” is methyl.

Generally R” is a group of formula ~-CHRR® or a benzy! group. Preferably
R’ is 3-pentyl, 1-{(aminocarbonylpropyl, 1-(cthoxycarbonylpropyl or 3-

bromobenzyl. Most preferably R’ is 1-(ethoxycarbonylipropyl.

Generally R* is C,  alkyl optionally substituted by alkoxycarbonyl, Cig
cycloalkyl, aryl or heterocycle. Usually R is €5 alkyl optionally substituted
by cyclohexyl, phenyl, bromophenyl, aminophenyl, methoxyphenyl,
nitrophenyl, aminosalionylphenyl, 3,5-dimethylisoxarol-4-yl, S-nitro-2-furyl
ot ethoxycarbonyl, Preferably R” s n-butyl, i-butyl, n-pentyl, n-hexyl,
cyclohexylmethyl, benzyl, 2- bromobenzyl, 3-bromobenzyl, 4-bromobenzyl, 3-
mothoxybeneyl, 3-nitrobonzyl, 3- aminoboneyl, 4-(aminosulfonylybonayi, 1-
phenylethyl, 2-phenylethyl, (3,5-dimethylisoxazol-4-yiymethyl, (5-nitro-2-
furyl)methyt or 1-(cthoxycarbonylypropyl. More preferably R” is n- butyl, n-
hexyl, benzyl, 3-bromobenzyl, 3-methoxybenzyl, 3-nitrobenzyl, 3-
aminobenzyl, (3,5-dimethylisoxazol-4-ylmethyl, (S-nitro-2-furylymethyl or 1 -
{cthoxycarbonybipropvl. Most preferably R” is 3-methoxybenzyl, 3-nitrobenzyl

or { S-nitro-2-furyymethyl.

Generally R is Cos atkyl Usually R® is unsubstituted Cr.44 alleyl,

Preferably R is ethyl.

Generally R®is Cou alkyl, amido or -COOR. Usually RS is unsubstituied
54 alkyl, amido or -COOR’. Preferably RYis cthyl, amido or ethoxycarbonyl.

Most proferably RY is ethoxyearbonyl.
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Generally R7 is Cy alkyl, Usually R is unsubstituted C4 alkyl,

Preferably, R is ethyl.

in some embodiments, the compounds are those having formula |, and

their enantiomers, diastercotsomers and mixtures thereol (including all possible

5 mixtures of stereoisomers), or pharmaceutically acceptable salts thereof,

Q };{4

¥

R N
N
AN O
e A

O N N R?
i
&2

wherein

R' i hydrogen, Cig alkyl optionally substituted by hydroxy, alkoxy, cvano,

ethynyl, alkoxycarbonyl or acyl;
10 R” is hydrogen or unsubstituted (., alkyl;
R™ is a group of formula -CHR” R® or a benzy! group;

R*is C15 alkyl optionally substituted by cyclohexyl, phenyl, bromophenyl,
aminophonyl, methoxyphenyl, nitrophenyl, aminosulfonylphenyl, 3,5-

dimethylisoxazol-4-vl, 5-nitro-2-firy! or ethoxycarbonyl;

[
n

R is unsubstituted C). alkyl;
R® is unsubstituted Cy. alkyl, amido or ~-COOR7;
R is unsubstituted C.q alkyl;

with the proviso that when RY is hydrogen, R is methyl, R is -CHR’ RS,
R® is ethoxycarbonyl and R is ethyl, then R” is diflerent from n-propyl, i-
20 propyl, n-pentyl, n- heptyl, 3-bromobeneyl, 4-chlorobenzyl, 4-methyibenzyl or

2-phenylethyl.
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In the above embodiment, preferably, when R is a benzyl group, then R is

Ci.s alkyl opiionally substituled by alkoxyearbonyl.

in the above embodiment, preferably, when R is a group of formula -
CHRR®, then R* is Cy.g alkyl optionally substitwied 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-hexyvl;
2.
R” is hydrogen, methyl or n-butyl;

R is 3-pentyl, 1-{sminocarbonylpropyl, 1 -(cthoxycarbony! Ipropyl o 3-

bromobenzyl;

R’ is n-butyl, i-butyl, n-pentyl, n-hexyl, cyclohexylmethyl, benzyl, 2-
bromobenzyl, 3- bromobenzyl, 4-bromobeneyl, 3-methoxybeneyl, 3-
mitrobenzyl, 3-aminobenzyl, 4- (aminosulfonyhbenzyl, 1-phenylethyd, 2-
phenylethyl, (3,5-dimethylisoxazol-4-yDmethyl, {5- nitro-2-furylmethyl or § -

{ethoxycarbony! Yoropyl;

with the proviso that when R' is hydrogen, R” is methyl and R is 1-
{ethoxycarbonyiypropyl, then R* is different from n-pentyl, 3-bromobenzy! or

2- phenylethyl,

. o 3.0 . . 4 .
In the above embodiment, preforably, when R is 3-bromobenzyl, then R is

(s alkyl optionally substituted by alkoxycarbonyl.

In the above embodiment, preferably, when R is 3-pentyl, 1-
{aminocarbonyl)propyl or {-{ethoxycarbonylipropyl, then R” is different from

- (ethoxycarbouyhpropyl

In a more preferred embodiment,
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R is hydrogen, methyl, cyanomethyl , 2-methoxyethyl, n-propyl, 3-

hydroxvpropyl or 2-propynyl;
R is methvl;

R’ is 3-pentyl, 1-{aminocarbony)propyl, 1-(ethoxycarbonyl)propyl or 3-

bromebenzyl;

R is n-butyl, n-hexyl, benzyl, 3-bromobenzyl, 3-methoxybenzyl, 3-
nitrobenzyl, 3- aminebenzyl, (3,5-divethylisoxazol-4-yhmethyl, (S-nitro-2-

furylymethyl or 1- (ethoxycarbonylpropyl;

. . 1 - 3. 3.
with the proviso that when R is hydrogen, R” is methyl and R” i5 1-

{cthoxyearbonybypropyl, then R is different from 3-bromobenzyl,

. ) ~ q . 4
In the above embodiment, preferably, when R 1§ 3-bromobenzyl, then R" 1s

i~ {ethoxycarbonylpropyl

In the above embodiment, preferably, when R is 3-pentyl, 1-
(aminocarbonylypropyl or 1-{cthoxycarbonylipropyl, then R is different from

- {ethoxycarhonyl}propyh

In 2 most preferred embodirent, R is hydrogen; R* is methyl; R is 1-
. 4. N ; N R
{ethoxycarbonylpropyl: and R is 3-methoxybenzyl, 3-nitrobenzy! or (5-nitro-

2- furylethyl,

A further emvbodirment consists in compounds wherein B” is methyl, R" is a
™ ey a6 ‘ 5 : N i [ ‘ .
group of formula -CHR™ R” with R” being Cou alkyl, R” being amido or -

COOR’ and R being methyl or ethyl.

In some embodiments, compounds useful in the methods and compositions
of this invention are selected from the group consisting of: ethyl 2-{{7-benzyl-1
JS-dimethyl-2,0-dioxo-2,3,6,7- tetrahydro- L H-purin-8-ylithiolbutanoate; ethyl
2-417-(3-bromobenzy})-1-2-ethoxy-2- oxoethyl}-3-methyl-2,6-dioxo-2,3,6,7-
tetrahydro-1 H-purin-8-vllthio | butanoate; ethyl 2-{[7- (3-bromobenzyl}-1-(2-

i
/

methoxyethyl-3-methyl-2, 6-dioxo-2,3.6,7-tetrahydro-1 H-purin-§-
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viithio}butanoate; ethyl 2- {{7-(3-bromobenzyl}-2,6-dioxo-2,3,6,7-tetrahydro-1
H-purin-8- vijthiotbulanoate; sthyl 2-{{7-(3-bromobeneyl-1 ,3-dimethy{-2,6-
dioxo-2,3.0,7-tctrahydro- 1 H-purin-8-ylithio tbutanoate: cthyl 2-{{7-(2-
bromobenzyh-1 ,3-dimethyl-2,6-dioxo-2,3,6,7- tetrahydro-| H-puwrin-8-
yiithiotbutanoate; ethyl 2-{{7-(3-hromobenzyi)-1-(cyanomethyl)-3- methyl-
2,6-dioxo-2,3,6,7-tetrahydro-1 H-purin-8-yijthio }butanoate; ethyl 2-{[7-(3-
bromobenzyl}-3-methyl-2,6-dioxo-1-propyl-2,3,6,7-tetrahydro-1 H-purin-8-
yilthiothatanoate; ethyl 2-4{7-(3~bromobenzy}-3-methyl-2,6-dioxo-1-(2-
oxopropyi)-2,3,6,7-tetrabydro-1H- purin-8-ylithio} butanoate; ethyl 2-{{7-(3-
bromobenzyl)-1-(3-hydroxypropyl-3-methyl-2.6- dioxo-2,3,6,7-tetrahydro-1
H-purin-8-ylithic} butancate; ethyl 2-{{7-(3-bromobenzyl}-3~ methyl-2,6-
dioxo-1-2-propynyl)-2,3,6,7-tetrahydro-1 H-purin-8-yljthio tbutanoate; ethyl
2~ {{7-3-methoxybenzyl}-3-methyl-2,6-dioxo-2,3,6,7-tetrahydro-1 H-purin-8-
viithio}butanoate; ethyl 2- {{3-methyl-7-(3-nitrobenzyi}-2,6-diox0-2,3,6,7-
tetrahydro-1 H-purin-&- yljthiotbutancate; ethyi 2-{]7-(3-amincbenzyl)-3-
methyl-2,6-dioxo-2,3,6,7-tetrahydro-1 H-purin-8-vijthio | butanoate; ethyl 2-
({7-[4-(armnosaifonylbenzyli-3-methyl-2 6-dione-2, 3,6,7- tetrahydro-1 H-
purin-8-ylithioybutanocate; cthyl 2-{{7-(4-bromobenzyh-1 ,3-dimethyl-2,6-
dioxo-2,3,6,7-letrahydro-1 H-purin-8-ylthio Fbutanoate; ethyl 2-{{7-
{cyelohoxylmethyly-1 3~ dimethyl-2,6-dioxe-2,3,6,7-tctrahydro~- T H-purin-8-
ylithio butanosate; cthyl 2-{{1 3-dimethyi- 2,6-dioxo-7-(1 -phenylethyvl)-
2.3,6,7-tetrahydro-1 H-purin-8-yijthioc | butanoate; ethy! 2-{{1 .3- dimethyl-2,6-
dioxo-7-(2-phenyvlethyl3-2,3,6,7-tetrahydro- 1 H-purin-8-yijthio tbutanoate; othyl
2-(47-1(3,5-dimethyhsoxacol-4-yhmethyl-3-methyl-2,6-dioxo-2,3,6.7-
tetrahydro-1 Hepurin-8- yi}thiobutanoate; cthyl 2-({3-methyl-7-{(5-nitro-2-
furyDmethyl]-2,6-dioxo-2,3,6,7-tetrabydro- | H-purin-8-y1} thiojbutanoate;
cthyl 2-[(7-butyl-3-methyl-2,6-dioxe-2,3,6,7-tetrahydre-1 H- purin-§-
vhithiolbutancate; ethyl 2-{{7-(3-bromobenzyi}-2,6-diox0-2,3,6,7-tetrahydro-
TH-~ purin-8-yljthio} butanoats; ethy! 2-[(1 ,7-dihexyi-3-methyl-2,6-dioxo-
2,3.6,7-tetrahydro-1 H- purin-8-yhithioJbutanoate; ethyl 2-{(7-hexyl-3-methyl-
2,6-dioxo-2,3,6,7-tetrahydro~1 H-purin- 8-yhithiobutanocate; ethyl 2-{(3-

[w:a]

mothyl-2,6-dioxo-1 7-dipentyl-2,3.6,7-tetrahydro-1 H-purin-8-
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yhithiolbutanoate; 2-{{7-(3-bromobenzyl)-3-methyl-2,6-dioxo-2,3,6,7-
{etrahydro-1H-purin-8- yljthio butanamide; 2-{{7-bulyl-3-methyl-2 6-dioxo-
2.3,6,7-tctrahydro-1 H-purin-8- vithiobutanamide; 7-(3-bromobonzyi)-8-{(1-
ethylpropyljthio}-3-methyl-3,7-dihydro~1 H- purine-2,6-dione; ethyl 2- {8-{(3-
bromaobenzytithio}-1 3-dimethvl-2 6-dioxo-1 ,2.3,6- tetrahydro-7H-purin-7-
ylibutanoate; and ethyl 2-[(7-sobutyl-3-methyl-2,6-diox0-2,3,6,7- tetrahydro-

{H-purin-8-yl)thio}butanoate.

In some embodiments, compounds useful in the methods and compositions
of this invention are selected from the group consisting of: ethyl 2-[(7-benzyi-1
JS-dimethyl-2.6-dioxc-2,3,6,7- tetrahydro-1 H-purin-8-vlithiclbutancate; ethyl
2-417-(3-bromobenzyl)-1-{2-methoxyethy])-3- mothyl-2,6-dioxo-2,3,6,7-
tetrahydro-1 Hepurin-8-yljthiotbutanoatc; cthyl 2-{{7-(3- bromoboenzyl)-1 3~
dimethyi-2,6~-dioxo-2,3,6,7-tetrahydro- 1 H-purin-8-yljthio }butanoate; ethyl 2-
{{7-(3-bromobenzyl)-1-{cyanomethyl}-3-methyl-2,6-dioxo-2.3,6,7-tetrahydro-1
H-purin-8- vijthio} butanoate; cthyl 2-{{7-(3-bromobenzyl)}-3-nicthyl-2,6-
dioxo-1-propyl-2,3,6,7- tetralydro-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-8-yijthio}butanoate; ethyl 2-4{7-(3~ bromobenzylj-3-methyi-2,6-
dioxo-1-(2~propynyl-2,3,6,7-tetraliydro-1 H-purin-8- vijthio}butanoate; ethyl
2-{{7-(3-methoxybenzyl)-3-methyvl-2,6-dioxe-2,3,6,7-tetrahydro-1 H- purin-8-
vlithio | butanoate; ethyl 2- {{3~-methvl-7-(3-nitrobenzyl}-2,6-dioxe-2,3,6,7~
tetrahydro- 1 H-purin-8-ylithio butanoate; ethyl 2-{{7-(3-aminobenzyl}-3-
niethyl-2,0-diox0-2,3,6,7~ tetrahydro~1 Hepurin-8~-yljthio} butanocate; ethvl 2-
{{7-{(3,5-dimethylisoxazol-d-ylimethyl]-3- mothyl-2, 6-dioxn-2 3,6,7-
tetrahydro-1H-purin~-8-y1} thioYhutanoate; ethyi 2+ {3-methyi-7-[{5~ nitro-2~
furylymethyl]-2,6-dioxo-2,3,6,7-tetrahydro-1 H-purin-8-yl } thio)butanoate;
ethyl 2-{{7- butyl-3-methyi-2,6-dioxo-2,3,6,7-tetrahydro-1 H-purin-8-
yhithio]buianoate; sihiyl 2-{(7-hexyl-3-methyl-2,6-dioxo-2,3,6,7-tetrabydro-1
H-purin-8-ylthiojbutanoate; 2-{]7-(3-bromobenzyl)- 3-mothyl-2,6-dioxo-

any
7
I

2,3,6,7-tetrabydro-{ H-purin-8-yijthiotbutanamide; 7-(3-bromobenzyi}-8- [{1-

~

cthylpropyiithie]-3-methyl-3,7-dihydro-1 H-purine-2.6-dione; and ethy! 2-{8-
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[(3- bromobenzyhthio]-1 3-dimethyl-2,6~-dioxo-1 ,2,3,6-tetrahydro-TH-purin-

7-vitbutlanoate,

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-diox0-2,3,6,7-tetrahydro- H-purin-§-
viithio butanoaie; ethyl 2- { 3-methyl-7-(3-nitrobeney)-2,6- dioxe-2.3,6,7-
tetrahydro-1 Hepurin-&-yljthiothutanoate; and cthyl 2-({3-mothyl-7-[(S-nitro-

2- furylmethyl}-2,6-diox0-2,3,6,7 -tetrahydro-1 Hepurin-8-ylithio}butanoate,

in some erabodiments, the compounds are those having formula 11, their
cnantiomers, diastercoisomers and mixtures thercof (ncluding all possible
mixturcs of stercoisomers ), or pharmaccutically acceptable salts:

0 o
)‘\ | /: S\
o N N R}

|

R2 113
wherein R.sup. 1 is hydrogen or Clsub. 1-6 alkyl;
R.sup.2 is hydrogen or C.sub. [-4 alkyl;
R.sup.3 is a group of formula --CHR sup. SR .sup.6 or a benzyl group;

R.sup.4 is C.sub. -8 alkyl optionally substituted by alkoxycarbonyl, C.sub.3-6
cycloallyl, aryl or heterocycle;

R.sup.5 is hydrogen or C.sub. 1-4 alkyl;
R.sup.6 18 C.sub.1-4 alkyl, amido or --COOR.sup.7;
R.sup.7 is C.sub. 1-4 alkyl;

In the above embodiment, in some cases, when R.sup.3 is a benzyl group, then
R.sup.4 is Csub. [-8 alkyl optionally substituted by alkoxycarbonyl,

fo the above erabodiment, in some cases, when R.sup.3 15 a group of formula -
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CHR sup.5R sup.6, then R.sup.4 is Cosub, 1-8 allkyl optionally substituted by
C.sub.3-6 cyeloalkyl, aryl or heterocycie.

In some erabodiments, the compounds are those compounds of formula 1, their
enantiomers, diastercoisomers and mixtures thereof {including all possible
mixtures of stercotsomers}, or pharmaceutically acceptable salts

0 iy
)\ | /: S\
o N N R’
l ()

wherein

R.sup.1 s hydrogen or C.sub. -6 alkyl;

R.sup.2 19 hydrogen or Cosub.1-4 alkyl;

R.sup.3 is a group of formula ~CHR.sup. 3R sup.6 or a benzyl group;

R.sup.4 1s C.sub.1-8 alkyl optionally substituted by alkoxycarbonyl, C.sub.3-6
cycioalkyl, arvl or heterocycle;

R.sup.5 is hydrogen or C.sub.1-4 alkyl;
R.sup.6 is C.sub. 14 atkyl, amido or --COOR.sup.7;
R.sup.7 18 Cosub. -4 alkyl.

In some embodiments, the compounds are compounds of formula I selected from
ethyl 2-[(7-heptyl-3-methyl-2,6-dioxo-2,3,6,7-tetrahydro- | H-purin-8-yhithio fbut-
anoate; 7-(3-bromobenzyl)-3-methyl-8-(propyithio}-3,7-dihydro-1 H-purine-2.- 6-
dione; ethyl 2-{(3-methyl-2,6-dioxo-7-pentyvl-2,3,6,74etrahydro-1 H-purin-§-
yhthiofbul- anoate; ethyl 2-{{7-(3-bromobenzyly-3-methyi-2,6-dioxo-2,3,6,7-
tetrahydre- | H-purin-8-vi- {thio}butanoate; ethyl Z-[{3-methyl-2,6-dioxo-7-propyl-
2,3,6,7-tetrahydro~- 1 H-purin-8-ylithio Jbut- ancate; 7-(3-bromobenzyl}-8-{(3-
chioro-2-hydroxypropylythio:-3-methyl-3,7-- dihydro- 1H-purine-2,6-dione; and
ethyl 2-{[7-(3-bromobenzyl}-3-methyi-2,0~-dioxo-2,3,6,7-tetrahydro- | H-purin-8-
yl- Jthio}propanocate.
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In some embodiments, the compounds are compounds of formula |, their
enantiomers, diasterecisomers and mixtores thereo! {(inchuding all possible
mixturcs of stereoisomers), or pharmaccutically acceptable salts

0 "
Rl\ . N/
)‘\ | /: S\
0 N N R
I

2 (I)

W

wherein
10 R.sup.1 18 hydrogen or C.aub.1-6 alkyi;
R.sup.? 18 hydrogen or {.sub. [-4 alkyl;

R.sup.3 18 a group of formula —~CHR.sup. 5R.sup.6 or a benezyl group;

i5
R.sup.4 is C.sub. 1-8 alkyl optionally substituted by alkoxycarbonyl, C.sub.3-6
cyclealkyl, aryl or heterocyele;
R.sup.5 is C.sub.2-4 alkyl;
20
R.sup.6 is C.aub.2-4 alkyl, amido or ~COOR.sup.7;
R.sup.7 18 C.sub.1-4 alkyl;
In ancther embodiment, the compounds are compounds having formula H, their
25 enantiomers, diastereoisomers and mixtures thereof (including all possible

mixturcs of stercoisomers), or pharmaccutically acceptabic salts thereof,

0 "
2\ | /: S\ 3
0 N N R’

18 (1)
30 wherein
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R.sup.1 is hydrogen or C.sub. [-6 alkyl;
R.sup.2 18 hydrogen or C.sub. 1-4 alkyl;
R.sup.3 is a group of formula -CHR sup. 5R.sup.6 or a benzyl group;

R.sup.4 is C.sub.1-8 alkyl optionally substituted by alkoxycarbonyl, C.sub.3-6
cycloaltkyl, arvl or heterocycle;

R.sup.5 is hydrogen or C.sub. 1-4 alkyl;
R.sup.6 is C.sub.1-4 alkyl, amido or --COOR sup.7;

R.osup.7 is C.sub. [-4 alkyl;

viy International Paient Application Publication No. WO2G10/144712

In one emboediment, a chemical composition that includes a LEV derivative of

Fornmula 1 or Formula 2 is disclosed.

N
2 L :
H.C NH Y “ , NH
a \/Y 2 \X/ ( CHW 2
O O
Formula | Formula 2

nof Formula 2 and L, X, and Y of Formulas 1 and 2 are defined as follows: ayn is
an integer with a value of U 1o 8; b} L 15 one of the group consisting of CHZ, €0,
NHCO, NHCOO, CONH, NH, O, or S, and combinations thereof; ¢) X is an end
group, an aromatic group, an aryl group, or a saturated, unsaturated, substituted,
pnsubstituted, straight chain, or branched chain aliphatic groep having from 1 1o 18
carbon and/or hetero chain atoms, the hetero chain atoms being selected from the
group cousisiing of oxygen, nitrogen, sullur, or phosphorus, and combinations
thereof; and d) Y is optional and if present is one of a functional group scleeted
from group consisting of alcohol amine, amide, carboxylic acid, aldehyde, ester,

iminoester, isocyanate, isothiocyanate, anhydride, thiol, thiclacetone, diazonium,
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NHS, CO-NHS, O-NHS, maleimido; or ¢) Y is a Yi-Z where Yi is selected from
the group consisling of COO, CG, O, CONH, NHCO, or NH and 2 is an operative

£roup.

In one embodiment of the method, the operative group of £ is selected from the
group consisting of detectable labels, antipenic carricers, coupling agoents, ond
groups, proteins, lipoproteins, glvcoprotens, polypeptides, polysaccharides,
nucleic acids, polynucleotides, teichoic acids, radinactive isotopes, enzymes,
enzyme fragments, enzyme donor fragments, enzyme acceptor fragments, enzyme
substrates, enzyroe whibitors, cosnzymes, fluorescent moieties, phosphorescent
moietics, anti-stokes up-regulating moieties, chemiluminescent moieties,
fuminescent moieties, dyes, sensitizers, particles, microparticies, magnetic
particles, solid supports, liposomes, ligands, receptors, hapten radicactive isotopes,

and combinations thereof,
vii} International Patent Application Publication Mo, WO201 (/002869

The present invention provides a compound of Formula I

O
W N
RE o7 N

2

2
(1.

Ty

or a pharmaceutically acceptable salt thereof, wherein: each Z is independently
selected {rom hydrogen and deuterium; R1 s an n-propy! group having «ero to
seven dewterium atoms; R2 is an ethyl group having zero to five deuterium atoms,
and when cach R has zero deuterium atoms, at least one £ 1s deuterium.

One cmbodiment of this invention provides cormpounds of Formuda T wherein R1 i
selected from CD3CHZCH2-, CD3CD2CH2-, CO3CH2ZCD2~, CH3CH2ED2-,
CH3CD2CD2-, CDICD2CH2- or CH3CHICHI-. In a more specitic embodiment,
R1is CD3CD2002- or

CE3CD2CH2-. In one aspect of these embodiments, Z1 and Z2 are both hydrogen.

In another aspect of these embodiments, 21 and 22 are both deuterium,
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In another embodiment, R2 is selected from CH3CHZ-, CD3CH2-, CH3CD2-, or
£2D3CD2- In a more specific smbodiment, R2 is selected frowy CH3CHZ- or
CD3CD2-, In one aspeet of these cmbodiments, Z1 and 22 arc both hydrogen. In

another aspect of these embodiments, 1 and 22 are both deuterium,

5 The R and 7 variables as described above may be sclectod and taken togother to
provide more specitic embodiments of this invention. For example, in one
embodiment, R1 is CD3CH2CH2-, CR3CD2CH2-, CDACH2CD2-, CH3CH2CD2-
, CH3ICD2CD2-, CDICD2ZCD2- or CHICH2CH2-; and R2 i selected from
CH3CH2-, CD3CHZ-, CH3CD2-, or CH3CHZ-. In one aspect of this embodiment,

10 R2 is CH3CH2- or CD3CD2- [0039] In another embodiment, R1 is

CR3CB2C2- or CH3CHZCHZ-, and B2 18 selected from CH3CHZ-, CD3CH2-,

CH3CD?2-, or CD3CH2-. In one agpect of this embodiment, R2 s CHACH2- or

CD3CD2-,

Exarnples of specific compounds of this invention include the following:

. 0 .
DR/~ 0 oD,

ST kD
& b Compound 100; BowC
o ° G H(/_-TQ
§:} et B, it N
R [
3 0 o gf" . ) ) 3}
15 3 Corpound 192; and

viii} 20090312333

The compounds of the present invention arc those covered by formula (1), their

diastercomers and mixtures, or 2 pharmaceuticaily acceptable salt thereof.
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R1 is hydrogen, substituted or unsubstituted C1-12 alkyl, substituted or

unsubstiluted aryl or substituted or unsubatituted 3-8 membered helerocycle.

R2 is hydrogen. Aiternatively, R1 and R2 may be linked together in such a way to

form a €3-6 cycloaikyl
R3 is ¢ither

{a} a substituted or unsubstituted heterocycle linked to the rest of the molecule via

one of its C atorns, said heterocyele is selected from the group consisting of
1H-benzimmdazol-6-vi;

1H-benzivnidazol-7-v1;
imidazof1,2-a]pyridin-3-yl
timidazo{1,2-a]pyrimidin-3-yl;

mmidazof{1,2-bH 1.2 4 iriazin-7-vi;
moidazol1,2-hlpyridazin-3-v;

5.6,7 8-tetrahydroinidazol1,2-bipyridazin-3-v];
fnuidarzo]2,1-bjf 1.3,4 thiadiazol-5-y1;
imidarol2,1-bli 1,3 lthiazol-5-vl;
3H-imidazoi4,5-bjpynidin-7-vi;

1 H-imidazol-4-vi;

1H-imidazol-3-vi;

1H-indol-2-v1;

1H-indol-3-v;

1H-indol-4-v;

1H-indol-7-v1;

isoxazol-4-vi;

1H-pyrazol-4-yi;

1H-pyrazol-5-vi;
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1H-pyrazolof 1, 5-alpyrimidin-3-v;
1 H-pyrazolo]3,4-bipyrdin-3-yl;
pyridazin-4-vi;

pyridin-2-yl;

Lh

pyridin-3-vi;

pyridin-4-yl;

1H-pyrrolo[2,3-blpyndin-3-yi;

1H-pyrrolo[2,3-bpyridin-4-vi;
1H-pyrrolo[2,3-bipyridin-3-vi;

10 1H-pyrrolo[2,3-cipyridin-2-vl;
IH-pyrrolo[2,3-clpyridin-3-y1;
1H-pyrrolo[3,2-blpyridin-3-vk;

1 H-pyrrolo[3,2-¢ipyridin-2-y1;
1H-pyrrolo[3,2-clpyrdin-3-yl;

13 1,3,4-thiadiazol-2-yl;
1.3-thiazol-5-vi;
{1,2,4}riazolof4.3-b]pyridazin-7-yi;
{1,2,4}trtaroiol4,3-bipyridacin-8-yi;
indolizin-3-yi;

20 orR3is

(b} a substituted or unsubstituted heterocyele linked to the rest of the molecule via

one of its N atoms, said heterocycle is selected from the group consisting of:
1H-1,2,3-benzotriazol-I-yl;

1H-imidaroi4,5-blpyridin-1-y1;

]
wn

3H-imdazo{4,5-bipyridin-3-v;
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TH-imidazof4,5-clpyridazin-7-vi;
1H-indol-1-v1;

2,3-dihydro- 1 H-ndol-1-yi;
9H-purin-S-vi:
iH-pyrazolo{3,4-bipyridin- 1=yl
ZH-pyrazolo]3,4-blpyridin-2-y1;
1H-pyrrolo[2,3-blpyndin-1-yi;
1H-pyrrolo[3,2-bpyridin-1-vi;

3 4-dihydrogquinolin-1(ZH)-vL;
§H-igothiazolof5.4-blindol-8-vl;
1H-1,2 4-triazol-1-vh
1H-pyrrol-1-yl;
2-chioro-1H-benzimidazol-1-vi

R4 in formula (I) is selected from the group comprising or consisting of hydrogen;
C1-12 alky! optionally substituted by halogen, C1-4 alkoxy, C1-4 alkylthio, arido,
nitrooxy or an aryl; C2-12 alkeny! optionally substituted by halogen; £2-12
alkynyl optionally substituted by halogen; azido; atkoxycarbonylamino;
arvisuifonyloxy; a substituted or unsubstituted aryl; or a 3-8 mewbered substituted
or unsubstituted heterocyele;

In a specific embodiment R4 is hydrogen; or R4 is C1-12 alkyl or a C1-6 alkyl,
optionally substituted by halogen, {’1-4 alkoxy, C1-4 alkyithio, azido or nitrooxy;
or R4 18 C2-12 alkenyt or a C1-6 alkenyl optionally subsiituted by halogen; or R4
ts £2-12 alkynyl or a Ci-6 alkynyl optionally substituted by halogen; or R4 is
alkoxycarbonyiamino.

R5 is hydrogen;

Alternatively R4 may form together with R3 and the 2Z-oxo-1-pyrrolidine ring a

1,3-dihydro-2H-indol-2-one ring of the foliowing structure:
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The asterisk * indicates the point of attachment of the substituents;
R6 is hydrogen or halogen.

7 in formula (I} is selected from the group coraprising or consisting of hydrogen;
nitro; halogen; heterocycle; amino; aryl; C1-12 alkyl optionally substituted by at

least one halogen; or C1-12 alkoxy optionally substituted by at least one halogen,

RE in formula (1) is selected from the group comprising or consisting of hydrogen,

{1-12 alky! optionally substituted by halogen, or halogen.

RY in formula (1) is selected from the group comprising or consisting of hydrogen,

C1-12 allcy! optionally substituted by balogen, or halogen.

A further aspeet of the present invention consists in compounds of fornula (1)

wherein
R1 and R2 arc both hydrogen.
R31s:

{(a} a substituted or unsubstituted heterocycle linked to the rest of the molecule via

one of s C atoms selected from the group counsisting of:
1H-benamidazol-6-yl;

1H-benamidasol-7-vl;

imidarol 1,2-alpyridin-3-vi;
midazol1,2-alpyrimidin-3-vl;

imidazof1,2-b}[ 1,2, 4 irtazin-7-yh

imidazol 1,2-blpyridazin-3-yi;

5,0,7,8-tetrahydroimidazo{1,2-bipyridazin-3-yk
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imidazo]2,1-b}{ 1,3 4 thiadiazol-5-y1;
iidazo]2,1-bi[ 1,3 thiazel-5-v1;
3H-imidazof4.5-b]pyridin-7-yl

{H-imidazol-4-yl;

Lh

iH-mmidazol-5-vi;
1H-indol-2-v1;
1H-ipdol-3-v];
1H-indol-4-yl;
1H-indol-7-yi;
10 isoxazol-4-vi;
i H-pyrazol-4-yi;
IH-pyrazol-5-vi;
1H-pyrazolof1,5-alpyrimidin-3-yl;
1H-pyrazolo{3,4-bjpyridin-3-yi;
15 pyridazin-4-vi;
pyridin-2-yl;
pyridin-3-yl;
pyridin-4-yl;
1H-pyrrolo[2,3-blpyridin-3-vl;
20 iH-pyrrolo[2,3-blpyridin-4-vi;
1H-pyrrolo[2,3-blpyridin-5-vk;
TH-pyrrolol2,3-clpyridin-2-y1;
1H-pyrrolo[2,3~cipyridin~-3-vl;

1H-pvrrolo[3,2-blpyridin-3-yi;

b
|92

1H-pyvrrolo[3.2-clpyridin-2-yL
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1H-pyrrolol3.2-clpyridin-3-vl;
1.3 4-thiadiazol-2-v1;
1.3-thiazol-5-yi;

[1,2,4]triazolof4,3-b]pyridazin-7-yl;

Lh

{1,2,4}riazolof4,3-b]pyridazin-8-yi;
indolizin-3-yl,
Allernatively R3 is:

{b} a substituted or unsubstituted heterocyele linked to the rest of the molecule via

one ot its N atoms selected from the group consisting of:
i0 1H-1,.2.3-benwotriazol-1-yl;

1H-immidazoi4,5-blpyridin-1-y};

3H-imidazo[4,5-bipyridin-3-yl;

7H-imidazo{4,5-cpyridazin-7-vi;

1H-indol-1-v];

15 2.3-dihydro-1H-indol-1-yL;
SH-purin-9-vi;
1H-pyrazolo{3,4-blpyridin-t-yL
2H-pyrazolo]3,4-blpyridin-2-yL
1H-pyrrolo]2,3-blpyridin-1-vl;

20 1H-pyrrolo]3,2-blpyrdin-1-yk;

3 4-dihydroguinolin-1(2H)-yh
8H-isathiazoio[5,4-blindol-8-y1;
1H-1,2,4-triazol-1-vi;

1H-pyrrol-1-v1;

]
wn

2-chloro~-1H-benzimidazol-1-vl
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R4 in formwla (1} is selected from the group comprising or consisting of hydrogen;
{1-12 alkyl optionally sebstituted by halogen or C1-4 alkoxy; C2-12 alkenyl
aptionally substituted by halogen; C2-12 alkynyl optionally substituted by halogen.
In a further specific embodiment R4 is n-propyl, 2.2,2-tritluoroethyl, Z-chloro-2,2-
diftuorocthyl, 2 bromo-2,2-diftuorocthyl, 2,2~-difluorovinyl.

In another specitic embodiment R4 1s phenyl, 2.3,5-trillucrophenyt or 3-chloro-4-
fluorophenyl.

RS is hydrogen;

A further embodiment of the present invention consists in compounds of formula

{I) wherein R4 forms together with R3a 1,3-dihvdro-2H-indol-2-one ring
ey 3 g

The asterisk * indicates the point of attachment of the hetercary! alkylene
substitucni, and wherein

Ré is bydrogen;

R7 is chlorine;

RE¥ is hydrogen;

R% is hydrogen.

A further embodiment of the present tnvention consisis in compounds of formula
{Iy wherein R3 i3 a substituted or unsubstituted heterocycle linked to the rest of the
molecule via one ol its C atoms and 1s selected {rom the group counsisting of:
imidazol1,2-a Jpyrimidin-3-yl;

inmidazol1,2-bi{1.2,4 ftriazin-7-v};

imidazo[1,2-blpyridazin-3-v};
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5,6,7,8-tetrahydroimidazo[1,2-bipyridazin-3-vi;

imidazo{2,1-b}{ 1,3,4 thiadiazol-3-y;
imidazof2,1-bl 1,3 thiazol-5v;
3H-imidazo[4,5-bipyridin-7-y1;
iH-imidazol-4-vi;

1H-imidazol-3-yl;

isoxazol-4-vi;

1H-pyrazol-4-yi;

1H-pyrazol-5-yi
1H-pyrazolo{1,5-ajpyrimidin-3-v;
IH-pyrazolo{3,4-hlpyridin-3-yik
pyridin-3-yl;

1 H-pyrrolo[2,3-blpyridin-3-vk
1H-pyvrrolo[2,3-bipyridin-4-vi;
1H-pvrrolo[2,3-blpyridin-5-yi;
1H-pyrrole|2,3-clpyrdin-2-yl;
1H-pyrrolo[2,3-clpyridin-3-vl;
1,3-thiazol-5-vi;
{1,2,4]triazolof4,3-blpyridazin-8-yi;

indolizin-3-yi.

PCT/US2012/024556

In a further specific embodiment R3 is a heterocycle linked to the rest of the

molecule via one of its € atoms and is selected {rom the group consisting of:

imidazol1,2-blpyridazin-3-yi;
imidazo]2,1-b{ 1.3, 4thiadiazol-5-y1;

imidazol2,1-bj 1,3 jthiazol-5-v;
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3H-imidazo[4,5-bjpyridin-7-vl;

1 H-imidazol-4-vi;
1H-imidazol-3-yL;
{H-pyrazol-4-yl;

iH-pyrazolol 1,5-alpyrimidin-3-yl;
pyridin-3-yl;
1H-pyrrolo[2,3-blpyndin-3-yi;
1H-pyrrolo[2,3-bpyridin-4-vi;
1,3-thiazol-5-vi;

Said heterocycles are optionally substituted by e.g. 2 methyl, n-propyl,
trifluoromethyl, cyclopropyl, bromine, chlorine, Juorine, iodine, methoxy, sthoxy,
Propoxy, isopropoxy, cyclopropyloxy, cyclopropyimethoxy, cyclobutylmethoxy,
armno, methylaming, cyclopropylamino, cyclobutylamino, I-pyrrolidinyl, cvanoe,

phenyl, benzyl or 3-thienyl.

In a further specific embodiment R3 is a heterocycle linked to the rest of the
molecule via one of #ts C atoms and ia selected from the group consisting of! 6-
chiorg-Z-cvclopropylimidazo(1,2-bipyridazin-3-yi, 6-(cyclopropyloxy}-2-
(trilluoromethyDimidazol 1,.2-blpyridazin-3-yl, 6-propoxy-2-
(trifluoromethyhimidazol1,2-blpyridazin-3-vl, 6-chloroimidazo]2 1-bi[1 3 1thiazol-
5-v1, 2,6-dichloroimidazo]2,1-bi 1,3 thiazol-S-vi, S-chloro-1H-imidazol-4-vl, 5-
bromo- | H-imidazol-4-yl, 4-bramo-1H-imidazol-5-v1, 4-chlore-1 H-imidazol-5-yi,
1H-imidazol-3-vl, -methyl-1H-imidazol-5-vyl, 4-chloro- -methyl-1H-imidazol-5-
vl, TH-pyracol-4-yl, 1H-pyrrolol2,3-blpyridin-3-yl.

A further embodiment of the present invention consists in compounds of formula
(D) wherein R3 is a heterocycle linked to the rest of the molecule via one of 15 C

atoms and is a substituted or unsubstituted imidazol1,2-alpyridin-3-yL

Said imidazol ,2-alpyridin-3-yi is optionally substituted by ¢.g. a methyl,

&

cyclopropyl, bromine, chiorine, fluoring, iodine.
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In a further specific embodiment R3 is a heterocycele linked to the rest of the
moleculs via one of'its C aloms and is selected from the group consisting of;
mmidazof1,2-apyridin-3-v1, 6-methylimidazolt,2-alpyridin-3-vl, 2-

chioroimidazof1,2-alpyridin-3-y1.

A further embodiment of the prescat invention consists in compounds of formula
{(I) wherein R3 1s a substituted or unsubstituted heterocycle linked to the rest of the

molecule via one of its N atoms and is selected from the group consisting of
3H-imidazo{4,5-blpyridin-3-yl;

1H-indol-1-vi;

1H-pyirolo[2,3-blpyndin-1-yi;

1H-pyrrolo[3,2-blpyndin-1-vl;

1H-pyrrol-1-yl;

2-chlore-1H-benzimidazol-1-y1.

A spectlic {urther embodiment of the present invention consisis in compounds of
formuda (I} wherein R3 is a heterocycle linked to the rest of the molecule via one

of its N atoms and 18 selected from the group consisting oft
3H-imidazol4,5-bipyridin-3-v1;
TH-pyrrole[3,2-blpyndin-1-yl;

1H-pyrrol-1-vl;

2-chloro-1H-benzimidazol- 1 -yl;

Said heterocycles may optionally be substituted by trifluoromethyl, cyclopropyl,

bromine, chlorine, fluorine, methoxy or cyano.

in a further specific embodiment R3 is 2 heterocycle linked fo the rest of the
malecule via one of its C atoms and is selected from the group consisting of 6-
bromo-2~chloro-3H-imidazol4,5-blpyridin-3-y1, 6-bromo-2-cyclopropyi-3H-
imidazo{4,5-bjpynidin-3-vi, 1H-pyrroio[3,2-bipyridin-1-vi, 2,5-dichloro-1H-
pyrrol-1-vl, 2-chlore~-3-methoxy~1 H-benzimidazol- I-vl, 5-bromo-2-chioro-1H-

benzimidazol-1-yl or 2,5-dichloro-1H-benzimidazol-1-yl.
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A further embodiment of the present invention consists in compounds of formula

{1y wherein R1, RZ and R5 are hydrogen.

R4 is a C1-6 alkyl optionally substituted by halogen, a C2-6 alkeny! optionally

substituted by halogen or C2-12 alkyoyl oplionaily substituied by halogen.
R3 is selected from the group consisting of)
imidazof1,2-blpyridazin-3-vi;
imidaro]2,1-bli 1.3 4 thiadiazol-5-yl;
midazo[2, -0 1,3 thiazel-5-v;
3B-imidazol4.5-bipyridin-7-v;

1 H-imidazol-4-vi;

1H-imidazol-5-y{;

1H-pyrazol-4-yi;

1H-pyrazolo] 1, 5-alpyrinudin-3-yl;
pyridin-3-yl;
TH-pyrrolo[2,3-hlpyndin-3-yk
{H-pyrrolo[2,3-bipyridin-4-yi;
1,3-thiazol-5-vi;

and optionally substituted by methyl, n-propyl, triffuoromethyl, cyclopropyl,
bromine, chlorine, fluorine, iodine, methoxy, sthoxy, propoxy, isopropoxy,
cyclopropyloxy, cyclopropylmethoxy, cyclobutylmethoxy, amino, methylaming,
cyclopropylaming, eyclebutylamino, L-pyrrolidinyl, cyavo, phenyl, benuyl or 3-

thicnyvl.

A lurther emmbodiment of the present invention consisis in compounds of formula

(1) whergin 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 optionaily substituted by halogen.

R3 is selected from the group consisting of
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3H-imidazo[4,5-bjpyridin-3-vl;
1H pyrrolo{3,2-bipyrdin-1-vi;
1H-pyrrol-1-y1;

2-chloro-1H-benzimidazol-1-yl;

Lh

optionally substituted by triflucromethyl, cyclopropyl, bromine, chloring, fluorine,

meth OXY Or Cyana.

A further embodiment of the invention consisis in compounds of formula (I}, their

diastereomers and mixtures, or a pharmaceutically acceptable salt thereof.

(3
R}

&3 N 0

RlJ\RJ

2
10 R1, R2 and RS are hydrogen.

R3 is a substituted or unsubstitited heterocyele linked 1o the rest of the molecule

via one of its L atoms, said heterocycle is selected from the group consisting of:
{H-benzimidazol-6-yl;
1H-benzimidazol-7-vl;
15 imidazol1,2-alpyridin-3-v1;
fmidazol 1, 2-a Jpyrimidin-3-yi;
imidarol1,2-bl[ 1.2 4 firiazin-7-y}
inudaro] 1,2-blpyvridasin-3-vL;
5,6,7,8-tetrahydroimidazo[1,2-bipyridazin-3-yi;
20 widazo]2,1-bji 1,3,4 thiadiazol-3-y1;
imidazof2,1-b}[ 1,3 thiazol-5-vi;

3H-imidazo{4,5-bipyridin-7-yi;
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1H-imidazol-4-y1;
1 H-imidazol-3-vi;
1H-indol-2-v1;

{H-indol-3-vl;

Lh

i H-indol-4-vi;

1H-indol-7-v1;

isoxazol-4-vi;

1H-pyrazol-4-yi;

1H-pyrazol-5-yi

10 1H-pyrazolo{1,5-ajpyrimidin-3-v;
IH-pyrazolo{3,4-hlpyridin-3-yik
pyridazin-4-yl;
pyridin-2-yi;
pyridin-3-yi;

15 pyridin-4-yi;
1H-pyrrolo|2,3-bipyndin-3-vi;
1H-pyrrolo[2,3-blpyridin-4-vi;
1H-pyrrolol2,3-blpyridin-5-yk
{H-pyrrolo[2,3-cipyridin-2-yl;

20 iH-pyrrolo[2,3-cipyridin-3-yl;

1H-pyrrolo[3,2-blpyridin-3-vk;

TH-pyrrolol3,2-clpyridin-2-y1;

1H-pyrrolo[3,2~cipyridin~-3-vl;

1,3,4-thiadiazol-2-yl;

b
|92

1.3-thiazol-5-yi;
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{1,2,4riazolof4,3-blpyridazin-7-vh
{1,2.4}iriazolof4,3-bipyridazin-8-yi;
indolizin-3-yl;

Particularly preferred are imidazo[1,2-alpyridin-3-y}; imidazo[1,2-ajpyrimidin-3-

vl; imdazol |.2-bipyridazim-3-yl; iH-imidazol-4-vl; IH-imidazol-5-yl;
R4 is a substituled or unaobstituted phenyl molety;

A further embodiment of the present invention consists i compounds of formula

() wherein R1 is hydrogen or C1-12 alkyl;
R2 is hydrogen;

R3 is an aromatic S~membered heterocyele linked to the rest of the molecule via

one of its C atoms;

R4 is hydrogen, C1-12 alkvl or arvi;

RS is hydrogen;

Alternatively, R4 can form fogether with RS and the 2-ox0- 1 -pyrrolidine ring the

following 1,3-dihydro-2H-indol-2-one cycle

Rﬁ

N Q
3

wherein the asterisk * indicates the point of attachiment of the substituents;
Ré6 is hydrogen or halogen;

In this embodiment R4 may not be hydrogen when R3 is substituted 1H-pyrazol-5-
yl. Also this embodiment does not coraprise 5-(2-oxo-1-pyrrohidinyDmethyl-
1.3,4-tricarbomethoxy-pyrazole which is disclosed in A. Padwa et al |. Org. Chem.

2000, 65, 5223-5232 without any biological activity though.

In this embodiment wherein R3 is an aromatic 5-membered heterocycle linked 1o

the rest of the molecule via one ol ils € atoms, spectlic moieties R3 may be
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sclected from 1,3-thiazol-5-y1, 1H-imidazol-4-yl, 1H-immidazol-5-y1, 1H-pyrazol-4-
vl, 1H-pyrazol-5-y1, Z-ox0-2,3-dihydro-1,3-thiazol-3-y1, each of them being
optionally substituied by 1 to 3 substituents independently selected from methyl,

chlorine, bromine, amino, methylamino, dimethylamino, {2-oxo-4-propyl-

¥4

pyrrelidin-1-yhmethyl, 1-pyrrolidinyl, amido, cyane, methoxy, phenyt, 4-

methylphenyi-sulfonyl, benzyl or 2-(benzylamino}-2-oxoethyl,

In this embodiment, more specific moicties R3 are sslected from 2-(methylamino)-
1.3-thiazol-5-v1; 2-pyrrolidin-1-y1-1,3-thiazol-5-vl; 5-bromo-1H-imidazol-4-yl; 5-
chloro-1H-imudazol-4-yl; 1H-imidazol-5-yl; 1-methyl-1H-imidazol-3-yl; 4-bromo-
10 1-methyl-1H-imidazol-5-yl; 4-chloro-iH-imidazol-5-yl; 4-chlorc-1-methyl-1H-
vnidazol-5-yi; d-cyano-1~-methyi-1H-imidazol-3~-yE 1H-pyrazol-4-yl; 3,5-

dimethyi-1H-pyrazol-4-yl; 3-methyl-1H-pyrazol-4-ylL

In this embodiment, most specific moieties R3 are sclected from S-bromo-1H-

imidazol-4-vl; 5-chloro-1 H-imidazol-4-yl; 1H-imidazol-3-vl; 4-bromo-1-methyl-

[,
(¥ 4]

1H-imidazol-5-yl; 4-chlore--methyl-I H-tmidazol-5-v1; 1H-pyrazol-4-yl.

Still i this embodiment, o specific moiety R1 s selected from hydrogen or ethyl,
Still 1 this embodiment, a specific moiety R4 18 selected from hvdrogen, n-propyl,
2.3,5trifluorophenyl or phenyl.

A further embodiment of the present invention consists in compounds having the

24 specific formala (Ia).

{Taj
O
N
;o
(]
R’ N
/>— ol
K N

In formula (1a) the substituent R10 1s hydrogen: halogen: Ci-4 alkyl optionally
substituted by at least one halogen; C1-4 alkoxy; methoxycarbonyl; nitro; amino;

alkylamino; amido; or alkanoyl-amino. Preferably R10 is hydrogen.
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R11 1s hydrogen; halogen; Cl-4 alkyvl optionally substituted by at least one
halogen; C1-4 alkoxy; methoxycarbonyl; nitro; aming; alkylamine; amido; or

alkanoylamino, Proforably R11 is hydrogen.

R4 is C1-4 alkyl optionally substituted by at least one halogen; or C2-4 alkenyl

o

optionally substituted by at least one halogen. Preferably R4 is n-propyl.

Still in this aspect of the mvention a specific embodument relates to an embodiment
whercin R10 is sclected from hydrogen; methyl; fluoring; chlorine; bromine;
methoxy; methoxycarbonyl; nitro; or trifluoromethyl, while R11 is selected from
hydrogen; methyl; fluorine; chlorine; bromine; methoxy; methoxyearbonyl; nitro;

10 or trifluoremethyl; and R3 is n-propyl.

Specific compounds of the present invention are those selected from the group

consisting oft
1-{{T-methyi-1 H-benzimidazol-6-yDimethyil-4-propyipyrrolidin-2-one;
1-(1H-benzimidazol-7-vhmethyl-4-propylpyirolidin-2-one;

15 1-(imidazof | 2-ajpyridin-3-ylmethyh-4-propylpyrrelidin-2-one;

1-{[6-chloro-2-(4-methyiphenylimidazol 1,2-alpyridin-3-yijmethyl} -4-

propylpyrrolidin-2-one;

{-{[2-{4-chlorophenyl)-6-methylimidazo[1,2-alpyridin-3-yljmethyi}-4-

propylpyrrolidin-2-one;

20 -{(S~methytimidazol1,2-a ]pyridin-3-yhimethyl -4 -phenylpyrrolidin-2-one;
I-(imidazo 1,2-alpyridin-3-ylmethyl)-4-phenylpyrmrolidin-2-one;
1-[{6~-methyhimidazo[1,2-a]pyridin-3-yljmethyl |-4-propylpyrrolidin-2-one;
1-[{(6-bromoimidazol1,2-alpyridin-3-yhmethyl -d-propyipyrrolidin-2-one;
-{{8-methyhmidazof1,2-a lpyridin-3-ylmethyl -4-propylpyrrolidin-2-one;

25 1-{{6-10doimidazo] 1, 2-alpyridin-3-yhmethylj-4-propylpyrrolidin-2-one;

1-{}&-chloro-6-(influoromethvlimidazo| 1,2-alpyridin-3-ytjmethyl} -4-

propvipyrrolidin-2-one;

1-{{7-methyhmidazol 1,2-a jpynidm-3-ylmethyl}-4-propylpyrrolidin-2-one;
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1-{{6,8-dibromoimidazo{ 1, 2-alpyridin-3-yhmethyl}-4-propylpyrrolidin-2-one;
1-{{6,8-dichlorotmidazol 1, 2-alpyridin-3-yuethyil-4-propylpyrrolidin-2-one;
1-{{6-chloroimidazof1,2-alpyridin-3~yUmethyl}-4-propylpyrrolidin-2-one;

i-[{2-chloroimidazol 1,2-apyridin-3-yhimethyl}-4-propylpyrrolidin-2-one;

Lh

i-[(2-cyclopropyl-G-flucroimidazol 1, 2-a]pyridin-3-vlimethyl}-4-(2,2-

diftluorovinylpyrrolidin-2-one;

1-J{6-chloro-2-cyclopropylinidazof [ ,2-alpyridin-3-ylmethyl]-4-(2,2~

difluorovinyDpyrrolidin-2-one;
I-(imidazof §,2-alpyrimidin-3-ylmethyl-4-propylpyirolidin-2-one;

10 1-{{2-(4-chlorophenylyimidazo{ 1, 2-ajpyrimidin-3-yl imethyl  ~-4-propy] pyrrolidin-

2-0ne;
I-(imidazof I 2-ajpyrimidin-3-vimethyD-4-phenylpyrrolidin-2-one;
{-[{6-chloroumidazof 1,2-alpyrimidin-3-yDmethyl}-4-propylpyrrolidin-Z-one;

1-{[6-chloro-2-(trifluoromethyimidazol 1, 2-alpyrimidin-3-yl imcthyl } -4~

[
(941

propylpyrrolidin-2Z-one;
I-{6-phenylimidazol1,2-b][ 1,2, 4]triazin-7-ylimethyl}-4-propylpyrrolidin-2-ono;

1-{{6-chioro-2-{(4-methyiphenvlinuidazo| 1, 2-bjpyridazin-3~vlmethyl -4~

propylpyrrolidin-2-one;

1-{[6-chloro-2-(4-chiorophenylimidazol 1, 2-blpyndazin-3-yljmethyl } -4-

20 propylpyrrolidin-2-one;
1-f{6~chloroimidazof1,2-bipyridazin-3-yhmethyl}-4-propyipyrrolidin-Z-one;
i-[{6-chloroimidazo[l,2-bipyridazin-3-ymcthyl}-4-phenylpyrrolidin-2-one;

1-{}6-chloro-2-(irifluoromethyDimidazo| 1,2-bipyridasin-3-yljmethyl}-4-

propylpyrrolidin-2-one;

25 1-{[6-chloro-2-(irifluoromethy midaso[ 1,2-blpyridasn-3-yljmethyl}-4-(2,3,5-

trifluorophenylpyrrolidin-2-once;
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1-{6-chloro-2-(riflucromethyimidazof 1, 2-blpyridazin-3-yi]methyl} pyrrolidin-
2-ome;

1-{[6-chloro-2-(triflucromethy! Mmidazo[ 1, 2-bipyridazin-3-ylimethyl}-4-(2,2-
difluorovinylpyrrolidin-2-one;

1-{[6-chloro-2-(trifluoromethylyimidazol 1, 2-bipyridazin-3-yljmethyl} -4-
phenylpyrrohidin-2-one;
S-chioro-1-{{6-chloro-2-(trifluoromethylimidazol1,2-blpyridazin-3-ylimethyl}-
1.3-dihydro-2H~mndol-2-0ne;
1-{[6~-methoxy-2-{trifluoromethyyimidazo{1,2-bpyridazin-3-yl jmethyl } -4-
propylpyrrohidin-2-onc;

1-f{6-chloro-2-cyclopropylimidazol 1, 2-blpyridazin-3-yDmothyl|-4-
propylpyrrolidin-2Z-one;

1-{[6-1sopropoxy-2-(trifluoromethyimidazo[ 1, 2-blpyridazin-3-ylmethyl i -4~
propylipyrrolidin-2-one;

1-{[6-(benzyloxy-2~(triftucromethyDimidazol 1, 2-blpyridarzin-3-yljmothyl } -4~
propylpyrrohidin-2-one;

1-{[é-cyclopropyl-2-{trifluoromethylimidazo| 1,2-bjpyridazin-3-yl jmethyi}-4-
propylpyrrolidin-2Z-one;

1-{[6-(dimethylamino)-2-(rifluoromethyDimidazo] 1,2-bpyridazin-3-yipmethyi} -
A-propyipyrrolidin-2-one;

4-(2 2-diftuorovinyl-1-{{6-methoxy-2-{trifluoromethyl imidazoi 1, 2-bpyridarin-
3-ylimethylfpyrrolidin-2-one;

4-(2-chloro-2,2-difluorcethyi}-1- {{6-chlore-2 -(riflucromethylyimidazo{ 1.2~
blpyridazin-3-ylimethyl} pyrrolidin-2-one;

1-{[6-(methylaming 2 -(rifluoromethyDinidazof 1,2-bipyridazin-3-vlimethyl}-4-
propylpyrrolidin-2-one;
1-{[6-hydroxy-2-(triflucromethylyimidazo{1,2-blpyridazin-3-yljmethyl  -4-

propylpyrrolidin-2-one;
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1-{f6-{methylihio}-2-(trifluoromethyl imidazol 1, 2-blpyridazin-3-vlimethyii-4-
propylpyrrolidin-2-one;

4-(2-bromo-2,2-diflnorocthyl}- i - {[6-chloro-2-(trifluoromethyljimidazo[ 1,2~
hlpyndazio-3-ylimethyl i pyrrohidin-2-one;
1-{[6-(methylsulfonyD-2-(influoromethylimidazo] 1,2-b]pyridazin-3-yljmethyi}~
A-propyipyrrolidin-2-one;

1-{[6-{methylsulfinyD-2-(rifluoromethylimidazol | 2-blpyridazin-3-ylimethyl} -4-
propyipyrrolidin-2-one;

1-{[6-chloro-2-(irifluoromethylyimidazof §,2-bipyridazin-3-yljmethyl}-4-{2.2 2~
trifluoroethyDpyrrohidin-2-one;

1-J{6-chloro-2-cyclobutvlimidazof 1,2-blpyridazin-3-yhimethyl}-4-
propylpyrrolidin-2Z-one;
1-{f6-chloro-2-(4-methylphenylmidazo[1,2-blpynidazin-3-ylimethyl } -4-(2,2-
diftuorovinypyrrolidin-2-one;

1-{[6-amino-2-(triftucromethylimidazof 1, 2-bpyridazin-3-yljmethyl } -4~
propylpyrrohidin-2-one;

I-{J6~-{ethylamino)-2-(riflucromethyimidazo{ 1 2-blpyridazin-3-ylmethyl } -4~
propylpyrrolidin-2Z-one;
d-propyi-1-{{6-(propylarmmo)-2-{riflucromethylyimidazol |, 2-blpyridazin-3-
ylimethylipyrrolidin-2-one;
4-(2-bromo-2,2-difluoroethyl}-1-{{6-{propylaming}-2-

(trifluoromethyliimidazof 1,2-blpyridazin-3-yljmethy! }pyrrolidin-2-one:
4-(2,2-diffuorovinyh)- - {{ 6-(propylamino 3-2-(rifluoromethytimidazof 1,2~
blpyridazin-3-ylimethyl} pyrrolidin-2-one;

4-(2,2-difluorovinyl}-1- {{6-methoxy-2-(4-methylphenyi imidazof | 2-blpyridazin-
3-yilwethyl} pyrrolidin-2-one;
4-propyl-1-{[6-pyrrolidin-1-y1-2-(triflucromethylyimidazo] 1,2-b]pyridazin-3-

yHmethylipyrrolidin-2-one;
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4-(2-bromo-2,2-difluorocthyl)-1-{{6-methoxy-2-{(irilluoromethyl yimidazo{ 1,2-

blpyridazin-3-yljmethyl}pyrrolidin-2-one;

-{{6-{cyclopropylaming -2-(trifiuoromethylimidazol 1,2-bpyridazin-3-

yimethyl;-4-(2,2-diflooroviny Dpyrrolidin-2-one;

i —[(6~chlom~2-cyci0prop‘,i] imidazo[ 1,2-blpyridazin-3-yhmethyl}-4-(2,2~

4-(2 2-diflucrovinyl}-1-{{6-(isopropylamino)-2-{triftucromethyl imidazo[ | 2~

blpyridazin-3-yljmethyl}pyrrolidin-2-one;

42, 2-diftuorovinyl - 1-{ [ 2-(trifluoromethyl imidazo[ 1,2-bipyridazin-3-

vimethylpyrrolidin-2-one;

1-{]2~cyclopropyl-6-{propylarainoimidazof |, 2-blpyridazio-3-vlmethyl} ~4-(2 2~

difluorovinylpyirolidin-2-one;
1-{{2-cyclopropyl-6-[(2-fluorcethyllamino]imidazo[ 1, 2-bjpyndazin-3-y1} methyl}-
42, 2-diftuorovinylpyrrolidin-2-one;

1-{ {2~cyclopropyl-6-[(2,2-difluorocthyDamino imidazo[ 1, 2-b|pyridazin-3-
yimethyl}-4-(2,2-ditlaorovinyDpyrrolidin-2-one;

1-({2-cyclopropyi-6-[(2,2 2-trifluoreethyhamino Jimidazol 1, 2-blpyridazin-3~

viimethyl}-4-(2,2-difluorovinyljpyrrolidin-2-one;

4-(2,2-diftluoroethyly- 1-{] 2-(rifluoromethylyimidazof | 2 -b]pyridazin-3-

ylimethylipyrrolidin-2-one;

1-{[2-cyclopropyl-6-(cyclopropylaminoyimidazo[ 1, 2-bjpyridazin-3-yljmethyl}-4-

(2,2-difluorovinybypyrrolidin-2-one;

i-[{6-chloro-Z-cyclobutylimidazof 1 2-blpyridazin-3-ymethyl }4-(2,2-

difluorovinylpyrrolidin-2-one;

1-[{#-chlore-2-cycloprapylimidazo[1,2-blpyridazin-3-ylUmethyl]-4-(3-chloro-4-

fluorophenylipyrrolidin-2-one;

1-{[6-(butylaming)-2-(trifluoromethyl}imidazof 1,2-bipyridazin-3-ylimethyl} -4-

(2,2-diflucrovinyhpyrrolidin-2-one;

159



WO 2012/109491 PCT/US2012/024556

1-{[6-(cyciobutylamino )-2-(rifluoromethyDimidazo| 1,2-blpyridazin-3-

ylimethyl}-4-2,2-difluoroviny Dpyrrohdin-2-one;

1-[(2-cyclopropyl-6-methoxyimidazo| 1,2-blpyridazin-3-ylmethyl]-4-(2 2~

difluorovinylpyrrolidin-2-one;

5 4-(2,2-difluorovinyl}-1~{{6-cthoxy-2-(riflucromethylimidazo 1,2-blpyridazin-3-

ylimethylpyrrolidin-2-one;

4-(2,2-difluorovinyl)-1-{{6-isopropoxy-2-(trifluoromethylimidazof1,2-

blpyridazin-3-yljmethyl}pyrrolidin-2-one;

1-{{6-(cyciopropyimethoxy -2 -(triffucromethylimidazo]{ 1,2-bipyridazin-3-

10 vlmethyl-4-(2,2-dittuoroviny Dpyrrolidin-2-one;

I-{J6~-{cyclobutyimothoxy)-2-{trifluoromothyhimidazof 1,2-bipyridazin-3-

ylimethyl}-4-(2, 2-difleorovinyljpyrrolidin-2-ong;

1-{{6-{cyclopropyloxy)-2-(rifluoromethyljinndazo[ 1,2-blpynidazin-3-vlmethyl | -

42, 2-diftuorovinylpyrrolidin-2-one;

15 4+(2,2-diflucrovinyl - 1-{{6-propoxy-2~{rifluoromethylYimidazo{ 1, 2-b ipyridazin-3-

yvHmethyl}pyrrolidin-2-one;

3-{14-(2,2-dilluoroviny-2-oxopyrrelidin-1-ylmethyl}-2-

trifluoromethyvhimidazol1.2-blpyridazine-6-carbonitrile;
3 iy

4-(2,2-diftuorovinyl}-1-{{6-thien-3-y1-2-(rifluoromethy imidazo[ 1,2-blpyridazin-

20 3-ywethyl} pyrrolidin-2-one;

4-(2,2-diftuorovinyl}-1-{{6-phenyl-2-(trifluoromethyl imidazo[ 1,2-bjpyridazin-3-

yvlmethylipyrrolidin-2-one;

4-(2,2-diffuorovinyh)-1- {{ 6-methyl-2(triffuoromethylyimidarzol 1, 2-bpyridazin-3-

yimethylpyrrolidin-Z-one;

25 4-(2,2-difluoroviny)-1- {{6-pyridin-3-y1-2-(irifluoromethyi imidazof 1,2~

blpyridazin-3-viimethyl pyrrolidin-2-one;
Y 3 Yis Py

4-propyl-1-{[2-(wriflnoromethyl}-5,6,7 8-tetrahydroimidazo[1,2-blpyridazin-3-

yHmethylipyrrolidin-2-one;

160



WO 2012/109491 PCT/US2012/024556

10

A

(¥4

(o]

1-[{6-methyhimidazo{2,1-b][ 1,3 4 jthiadiazol-5-yDmethyl}-4-propylpyrrolidin-2-

Ong;

1-{{6-{4-mcthylphenylyimidazof2,1-bi{ 1,3 4 jthiadiazol-5-vl]methyl { -4-

propylpyrrolidin-2Z-one;

1-[{Z-cyclopropyl-6-phenvlimidazof2,1-b1[ 1, 3,4 Jthiadiazol-5-yDymethyli-4-

propylpyrrolidin-Z-one;

I-{{6-methvhimidazo[2,1-b]| |, 3 Jthiazol-S-yhmethyli-d-propylpyrrolidin-2-one;
1-{{6-chloroirnidazo2,1-bji 1,3 jthiazol-5-yhymethyl}-4-propylpyrrolidin-Z-one;
i-f(2,6-dichlorotmidazo[2,1-b{ 1,3 thiazol-S-vlymethyl]-4-propylpyrrolidin-2-one;
1-(3H-imidazof4,5-blpyridin-7-vimethyD-4-propyipyrrolidin-2-one;
1-(3H~imidazo[4,5-b]pyridin-7-vimethyl)-4-phenylpyrrolidin-2-cne;
4-phenyl-1-{(5-phenyl-3H-1midazo[4,5-blpyridin-7-yimethylpyrrolidin-2-one;

4-phenyl-1-{{5-(trifluoromethy-3H-midazo[4, 5-blpyndin-7-

yvimethyl}pyrrolidin-Z-one;

1-{{6-bromo-3H-imidazol4,5-blpyridin-7-ymethyi}-4-propylpyrrolidin-Z-one;
1-{{2-phenyl-3H-imidazo[4,S-bipyridin-7-yhmethy! -4-propylpyrrolidin-2-one;
1-{(5~methyl-3H-imidazol4,5-blpyridin-7-yDrocthvlj-4-propylpyrrolidin-2-one;
1-{(2-methyi-3H~imidazol4,5-bipyridin-7-ylimethyl}-4-propylpyrrolidin-2-one;

4-propyi-1-4{5-{trilluoromethy)-3H-imidazof4,5-bpyridm-7-

yHmethylipyrrolidin-2-one;
I-[{6-methyl-3H-tmidacol4,5-bipyridim-7-yUmethyl |-4-propylpyrrohidin-2-oue;
{-[{6-phenyl-3H-imidazo{4,5-bipyridin-7-yhimethvl]-4-propvipyrrolidin-2-one;
- 1-(1H-imidazol-4-yDpropylpyrrelidin-2-one;

{-[{5-methyl- i H-imidazol-4-yUmethyljpyrrolidin-2-one;

1-[(2-methyl- 1 H-imidazol-4-yDmethyljpyrrolidin-2-one;

1-(t H-tmidazol-4-ylmethyD~4-propylpyrrolidin-2-one;
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1-(4 1-{(2-oxo-d-propyipyrrohidin-1-yDimethyl -1 H-imidazol-4-y1 i methyi}-4-

propylpyrrolidin-2-one;
1-[{5-chloro-1H-imidazol-4-yUimethyl}-4-(2,3,5-trifluorophenylypyrrolidin-2-one;

1-{{5-bromo-1 H-inmdazol-4-yDmethyl}-4-(2,3, 5-rflucrophenylipyrrolidin-2-one;

N

1-{{5-bromo-1H-imidazol-d-yDmethyl]-3-chloro- 1, 3-dithydro-2H-indol-2-one;
I-(1H-imidazol-S~yimethylpyrrolidin-2-one;

{-[{1-methyl- IH-imidazol-5-yUmethyljpyreohidin-2-one;
1-methyl-3-{(2-oxopyrrolidin-1-yl)methyl}- | H-imidazole-4-carbonitrile;
1-{1H-imidazeol-5-yimethyl}-4-phenylpyrrolidin-2-one;

10 I-{{1-methyi-1H-imidazol-53-yDimethyi]-4-phenvipyrrolidin-2-one;
1-H{4-methoxy-1-methyi-1H-imidazol-5-yDmethylipyrrolidin-2-one;

1-{{ 1 -methyi-1 H-imidazol-5-ymethyi]-4d-propylpyrrolidin-2Z-one;
I-methyl-5-{{2-oxo-4-propylpyrrolidin- 1 -ylymethyl}- 1 H-imidazole-4-carbonitrile;
1-methyl-5-{(2-ox0-4-propylpyrrolidin- I -yhimethyl }- 1 H-imidazole-4-carboxamide;

15 MN-benzyl-2-{5-[{2-oxo-4-propylpyrrolidin-1-yDimethyl |- 1 H-imidazol-1-

yitacetamide;

I-methyl-3-{(2-oxo-4-propylpyrrolidin- 1 -yhmethyl}- tH-imidazole-2-carbonitrile;

1-{{4-chloro-1H-imidazol-5-yDmethyl}-4-propylpyrrolidin-2-one;

P-methyl~-5~{{2-ox0-4~(2,3,5-triflaorophenyl jpyrrolidin- -y methyi 1 - 1H-

20 imidazcle-4-carbonitrile;

1-[{4-bromo-1-methyl-1 H-imidazol-5-ylimethyl]-4-propyipyrrolidin-2-one;

1-{{2.4-dichloro-1-methyl-1 H-inudazol-5-yDmethyl]-4-propylpyrrolidin-2-ong;
enzyl T-methyl-S-{(Z~oxo-4-propylpyrrolidin-1-yhmethyl]- 1 H-inidaral-2-

ylcarbamate;

A
(o]

i-[{4-chloro-1-methyl-1H-imidazol-5-ylimethyl}-4-propyipyrrolidin-2-one;

1-{(2~chloro-1-methyl-1H-imidazol-5-yDimethyl-4-propyipyrrolidin-2-one;
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S-chloro- 1 -{1H-imidazol-S-vimethyl}-1,3-dihydro-2 H-indol-2-one;

1-{{2.4-dichloro-1H-imidazol-3-yhmethyl -4-(2,3,5-trifluorophenylpyrrolidin-2-

oneg;

1-[(2.4-dichlore-1-methyi-1 H-inudazol-5-yDmethyl}-4-(2,3,5-

S wriflusrophenylipyrrolidin-2-one;

1-[{2-chloro-1-methyl-1H-imidazol-5-vlmethyt]-4-(2,3.5-

trifluorophenyhpyrrohidin-2-one;

1-{{4-bromo-1-methyl-1H-imidazol-S-yDethyl-4-(2,3.5-

trifluorophenylpyrrolidin-2-one;
10 S-chioro-1-{(i-methyl-1H-imidazol-3-ymethyl}-1,3-dibydro-2H-indol-2-ong;

1-{{4-chloro- 1-methyl-1H-imidazol-5-yimethyl}-4-(2,3,5-

riflusrophenyDpyrrolidin-2-one;
1-(1H~indol-2-yimethyl}-4-propylpyrrolidin-2-one;

I-(1H-mdol-3-yimethyl-4-propylpyrrolidin-2-one;

[
wh

3-[{2-oxo-4-propylpyrrolidin-1-vlimethyl}- L H-indole-5-carbonitrile;
1-{(2-methyt-1H-indol-3-ylimethyl}-4-propylpyreclidin-2-one;
1-{{7-methoxy- 1 H-indol-3-ylimethyl }-4-propyipyrrolidin-2-one;
1-[{6-nitro-1H-indol-3-ylimethyl}-4-propylpyrrolidin-2-one;
4-propyi-1-4{6-(irifluoromethyl}- 1H-ndol-3-vlimethyl  pyrolidin-Z-one;
20 1-{(S-nitro-1H-indol-3-yDimethyil-4-propylpyrrolidin-2-one;
1-[{7-fuoro-1H-ndol-3-yDmethyl-4-propylpyrrolidin-Z-one;
{-[{5-chloro-2-methyl-1H-indol-3-yhimethvl}-4-propvipyrrolidin-2-one;
1-{ 1 H-indol-3-vi(phenylymethyi}-4-propylpyrrolidin-2-one;

-} t-{1H-indol-3-yDypropyl}-4-propylpyrrolidin-2-one;

A
(o]

1-[2-furyi{ 1 H-indol-3-yhmethyl-d-propylpyrrolidin-2-one;

3-{(2~-oxo~-4-propylpyrrolidin- 1~y phenyhimethyl - | H-indole-3~carbomiirile;
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I-(1H-indol-4-yimethyl-4-propylpyrrolidin-2-one;
1-(1H~-indol-7-ylmethyl)-4-propyipyrrolidin-2-one;
1-(isoxazol-4-yimethyl}-4-propyipyrrolidin-2-one;

i-[{1-phenyl-1H-pyrazol-4-ylymethyl}-4-(2,3,5-trifluorophenyl)pyrrolidin-2-one;

Lh

i-[{I-methyl-1H-pyrazel-4-yhmethyl}-4-(2,3, 5-trifluorophenylypvrrolidin-2-one;
1-[(I-benzyl-1H-pyrazol-4-vlymothyl}-4-(2,3, S-trifluorophenyl)pyrrolidin-2-one;

4-(2,3,5-trftuorophenyl-1-1(1,3, 5-trimethy - T H-pyrazol-4-yDomethyl Ipyrrolidin-2-

one;
A4-phenyl-1-(3 H-pyrazol-4-ylmethylpyrrolidin-2-one;

10 1-(4 -{{4-methyiphenyDsuifonyl}- 1 H-pyrazol-4-yl  methyl-4-(2,3 5-

wrifluorephenylpyrrolidin-2-one;
1-(1H-pyrazol-4-ylmcthyi}-4-(2,3, 5-trifluorophenylypyrrolidin-2-onc;

1-{{5-chloro-1,3-dimethyl-1 H-pyrazol-4-yhymethyl}-4-{2,3,5-
trifluorophenyl)pyrrolidin-2-onge;

15 1-{{1-chloro-1H-pyrazol-4-yymethyl }-4-(2,3,5-tri fuoropheny Dpyrrolidin-2-one;
1-{(3,5-dimethyl-1H-pyrazol-4-ylmethyi}-4-(2,3, 5-trifluorophenylpyrrolidin-2-
one;

- (3-methyi-1 H-pyrazol-4-ylimethyl }-4-(2,3,5~trifluorophenyDpyrrolidin-2-one;
1-{5-amino-1,3-dimethyl-1 H-pyrazol-4-yUmethyl}-4-(2,3,5-

20 wifluorophenyl)pyrrolidin-2-one;
1-[{(5-amine-1-methyl- L H-pyracol-4-yDmethyl -4-propylpyrrolidin-2-one;

(3 1-(1H-pyrazol-4-ylmethyl}-4-(2 3, 5-triftuorophenylipyrrolidin-2-one;

(+-1-(1H-pyrazoi-4-ylmethyi}-4-(2.3,5-triflucrophenyljpyrrolidin-2-one;

{-{{ H-pyrazol-4-yimethyl}-1,3-dihydro-2H-indol-2-one;

A
(o]

S-chloro--{1H-pyrazol-4-yimethyl)-1,3-dihydro-2 H-indol-2-one;

S-chioro-§-{{1-[{4-methylphenylsulfonyl}- 1 H-pyrazol-4-yl imethyl}-1,3-dihydro-

2H-indol-2-one;
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1-{{S-chioro-1-methyl-3-{trifluoromethyi}-1 H-pyrazol-4-vljmethyl -4~

propylpyrrolidin-2-one;
1-[{5-amino-1H-pyrazol-4-ylymethyl}-4-(2,3,5-trifluorophenylpyrrolidin-2-one;

1-{{I-benzyl-53-chloro-1 H-pyrazol-4-ylmethyl}-4-propylpyrrolidin-2-one;

N

1-[{1.3~-dimethyl- 1 H-pyrazol-5-yUmethyi}-4-(2,3, 5-trifluorophenyhpyrrolidin-2-

one;
{-( {H-pyrazol-5~-yvimethyl}-4-(2,3, 5-triflucrophenylypyrrolidin-2-one;

1-f(4-bromo-T-methyl-1H-pyrazol-5-yhmethyl]-4-(2,3,5-

trifluorophenyDpyrrolidin-2-one;
10 1-[(T-methyi-1H-pyrazol-5-yhmethyl}-4-(2,3,5-triflnorophenylpyrrolidin-2-one;

1-{{6-bromo-2-methylpyrazolol |, 5-alpyrimidin-3-ylmethyl-4-propylpyrrolidin-2-

one;
1-f{Z-methyipyrazolof1,5-alpyrimidin-3-yhmethyl-4d-propylpyrrolidin-Z-one;

1-[{a-bromo-2-phenylpyrazolo] 1,5-apyrimidin-3-ylimethyi]-4-propylpyrrolidin-2-

[
wh

ONg;

1-{{6-bromo-2-thien-2-vipyrazolo[1,5-ajpyrimidin-3-yDmethyl}-4-

propylpyrrolidin-2-one;
4-propyi-1{{2-thien-2-vipyrazolo] 1, 5-alpyrimidin-3-yDmethyljpyrrolidin-2-one;

1-[{6-bromo-2-cyclopropylpyrazolol 1,5-alpyrivaidin-3~-ymethyi]-4-

20 propylpyrrolidin-2-one;

{-f{6-bromo-2-tert-butylpyrazolof 1,5-a]pyrimidin-3-yhmethyl}-4-

propylpyrrolidin-2-one;
1-{(2-phenvipyrazoiol 1, S-alpyrimidin-3-yhmethyl-4-propylpyrrolidin-2-one;

-{(2-tert-hayi-6-cyclopropyipyrazolo| 1, 5-a pyrimidin-3-ymethyti-4-

]
N

propylpyrrohidin-2-one;

-{12-(2-furyDpyrazolo[ 1, S-alpyrimidin-3-ylmethyi} -4-propyipyreohidin-2-one;
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1-{{(2-methyi-6-thien-2-vipyrazolo[ 1, 5-alpyrimidin-3-ylhmethylj-4-

propylpyrrolidin-2-one;

1-[(2-methyl-6-phenylpyrazolo[ 1, 5-a pyrimidin-3-yDmethyl}-4-propylpyrrolidin-
2-one;

1-{[2-methyi-6-(1H-pyrrol-2-yDpyrazolof 1,5-ajpyrimidin-3-ylimethyi} -4-
propylpyrrolidin-Z-one;

1-(16-[{1Ey-hex- L -enyl}-2-mcthylpyrazolol §,5-alpyrimidin-3-yl} methyl}-4-
propyipyrrolidin-2-one;
1-{{6-chloro-2-phenylpyrazolof1,5-ajpyrimidin-3-yDmethyl}-4-propyipyrrolidin-2-
one;

1-{[2~-methyl-6-(phenylethynyUpyrazolof 1, S-alpyrimidin-3-yljmethyl} -4-
propylpyrrolidin-2Z-one;

1-{{&-bromo-2-phenylpyrazolol 1,5-alpyrimidin-3-ylimethyi}-4-(2,2-
diftuorovinypyrrolidin-2-one;

1-{{6-hydroxy-2~-mcthylpyrazolof 1,5-ajpyrimidin-3-yimethyl }-4-propvipyrrolidin-
2-DRC;

1-[{6-methyl-2~phenvipyrazolol 1, 5-a pyrimidin-3-yymethylj-4-propylpyrrolidin-
2-ong;

4-(2,2-diftuorovinyl}-1-{(2-phenvlpyrazolof1,5-alpyrimidin-3-
yhmethylipyrrolidin-2-one;

1-[{6-methoxy-2-phenylpyrazolo| 1, 5-alpyrimidin-3-ylymethyl]-4-propylpyrrolidin-
2-one;

i-[{5-chloropyrazolol i, 5-ajpyrimidin-3-yhmethyt]-4-propylpyrrolidin-2-one;
4-(2,2~difluoroviny}-1-{{5,6-dimethyl-2~-phenylpyrazolo]1,5-ajpyrimudin-3-
yhmethyllpyrrolidin-2-one;

4-(2,2-diflucrovinyl}- I -{{(6-fluoro-5-methyl-2-phenyipyrazolo[1,5-alpyrimidin-3-
yhmethylipyrrolidin-2-one;

1-{{5~-methoxypyrazolof 1,5-a]pyrimidin-3-yhmethylj-4d-propylpyrrolidin-2-one;
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1-{]2-{4-bremophenylDpyrazolo{ 1,5-ajpyrimidin-3-ylimethyl}-4-(2,2-

difluorovinyDpyrrolidin-2-one;

1-{{2-{4-fluorophenylpyrazolo[1,5-ajpyrimidin-3-yi]methy!} -4-propyipyrrolidin-

2-one;

4-(2,2-difluorovinyy- 1 -{{6-methyl-2-phenylpyrazolof 1, 5-alpyrimidin-3-

yhmethylipyrrohidin-2-one;

4-(2 2-difluoroviny)- 1 -{{(S-methyl-2-phenvipyrazoloi 1, S-a jpyrinndin-3-

vhmethyljpyrrolidin-2-one;

42, 2-diftucrovinyl - 1-{(2-thien-2-yipyrazolo[1,5-alpyrimidin-3-

vhmethylipyrrohdin-2-one;

1-{I2-{4-chlorophenyl -6-methyipyrazolof 1, 5-a pyrimidin-3-yl jmethyl -4~

propylpyrrolidin-2Z-one;

1-{P2-{4-chlorophenylipyrazolof 1, 5-alpyrimidin-3-yijmethyl 1 -4-{2,2-

diftuorovinypyrrolidin-2-one;

1-{{6-chloro-2-phonylpyrazolof 1, 5-alpyrimidin-3-yDmothyl]-4-(2,2~

difluorovinylypyrrolidin-2-one;

1-{{é-chloro-2-(4-chlorophenylpyrazolo] 1, S-alpyrimidin-3-yljmethyl}-4-(2,2-

difluorovinylpyirolidin-2-one;

1-{(2-eyclopropyl-5-methylpyrazolo] 1, 3-alpyrimidin-3-yhimethyi}-4-(2,2-

diftuorovinyDpyrrolidin-2-one;

1-[{5-chloro-2-cyclopropylpyrazolof1,5-a jpyrimidin-3-ylymethyi]-4-(2,2-

difluorovinylypyrrolidin-2-one;

i-[{5-chloro-2,6-dimethylpyrazciof 1, 3-a Jpyrimidin-3~yDmethyl }-4-(2,2-

difluorovinylpyrrolidin-2-one;

1-[{(5-bromo-1H-pyrazolo[3 4-blpyridin-3-ylymethvi}-4-(2,2-

diftuorovinyDpyrrolidin-2-one;
4-propyl-1-{pyridin-3-yimethylpyrrolidin-2-one;

{—)-1-{ 1-pyridin-3-vlpropyDpyrrolidin-Z2-one;
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S-chloro-1-{{2-fluoropyridin-3-vDmethyl}-1,3-dihydro-2H-indol-2-one;
1-{{6-chloropyridin-3-yhmethyl-4d-propylpyreolidin-2-one;
1-{{6-{benzylamino)pyridin-3-yijmethvl}-4-propylpyrrolidin-2-one;
1-[(2-aminopyridin-3-yhmethyl]-4-propylpyrrolidin-2-one;

4-propyl-1-{ I H-pyrrolof2,3-blpyridin-3-yimethyhpyrrolidin-2-one;
1-[(2-isopropyl-1H-pyrrolo] 2, 3-blpyridin-3-yDmcthyl]-4-propylpyrrolidin-2-one;
1-[{2-pheuyl-1H-pyrroloi2,3-bpyridin-3-yUmethyi}-4-propylpyrrohidin-2-one;
4-propyi-1-{{Z-propyi-1H-pyrrolo| 2, 3-bipyridin-3-ymethyl]pyrrolidin-2-one;
1-{{6-bromo-1H-pyrrolo| 2,3-bipyridin-3-yDmethyl}-4-propylpyrrolidin-2-one;
{3 -benzovi-t-bromo- 1 H-pyrrolo[2,3-blpvridin-3-yhmethyl-d-propyipyrrolidin-
2-one;
1-{{6-phenyl-1H-pyrroloi2,3-blpyridin-3-yimethyl}-4-propylpyrrolidin-2-one;

1-{{5-brome-1 H-pyrrolo{2,3-bipynidin-3-yDmethyl -4-(2,2-
diftuorovinylpyrrelidin-2-one;
1-[{(7-oxido-1H-pyrrolo]2,3-blpyridin-3-ylymethyl |- 4-propylpyrrolidin-2-one;

P
5]

4-propyi-1-(1H-pyrrolo{2,3-blpyridin-4-yvimethylipyrrolidin-2-one;
4-propyi-1-(HH-pyrrolof2,3-bpyridin-3-vimethylpyrrolidin-2-one;
4-propyl-1-( IH-pyrrolof2,3-clpyridin-2-yimethylypyrrolidm-2-one;
d-propyi-1-(1H-pyrrolof2,3-clpyridin-3-yimethylpyrrolidin-2-one;
A-propyi-1-(1H-pyrrolof3,2-blpyridiun-3-vhnethyDpyrrohdin-2-one;
4-propvi-1-{1H-pyrrolo{3,2~clpyridin-2-yimethylpyrrolidin-2-one;
4-propyi-1-(1H-pyrrolof3,2-¢jpyridin-3-yimethylpyrrolidin-2-ong;
4-propyi-1-(1,3 4-thiadiazol-2-yimethyDpyrrolidin-2-one;
1-]{2-amino-1,3-thiazol-3-yhmethyljpyrrolidin-2-one;
{-{1.3-thiazol-5-ylmethyDpyrrolidin-2-one;

1-]{2-chlorg-1,3-thiazol-3-ylimethyl}-4-(2 3, S-triftucrophenyDpyrrolidin-2-one;
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1-{[2-(dimethylamino)-1,3-thiazol-5-y{methyi}-4-(2,3,5-

trifluorophenyDpyrrohidin-2-one;

1-{[2-{methylamino}-1,3-thiazol-5-ylimethyl}-4-(2 3, 5-triffuorophenylpyrrolidin-

2-one;

1-[(Z-pyrrolidin-1-yI-1, 3-thtazol-S-yDimethyvli-4-(2,3, S-trifluorophenyl)pyrrolidin-

2-one;
S3-412-ox0~-4-(2 3 S-triflucrophenylipyrrolidin-1 -yl methyl 1-1,3-thiazol-2(3H)-one;

A-phenyl-1-{[3-(rifluoromethy 3 1,2,4 jiriazolof 4, 3-bipyridazin-7-

yiimethylipyrrolidin-2-one;

4-phenyl-1-{{3-phenyl{1.2 4 trizzolo}4,3-bipyridazin-7-yhmethyl jpyrrolidin-2-

one;

4-phenyl-1-{{3-(trilluoromethyl}] 1,2, 4 ltriasnlof4,3-bipyridasin-§-

ylimethyl pyrrolidin-2-one:

d-propyi-1-{[3-{trilluoromethyl 3 1,2 4 jtriazolo[4,3-blpyridazin-8-

viimethylipyrrolidin-2-one;

4-pheonyl-1-{(3-phenyl[1,2,4 trizzolof4,3-bipyridazin-8-yhmethytjpyreolidin-2-

one;

1-J{6-chloro-3-phenyii 1,2 4 riazolo{4,3-blpyridazin-8-y methyl}-4-

propylpyrrolidin-2-one;
i-f{t-chloro{1,2,4 triazolof4,3-bpyridazin-8-yhmethyl]-4-phenylpyrrolidin-2-one;

1-4{6-chloro-3-(rifluoromethyl 1,2 4{triazolo[4,3-blpyridazin-&-ylimethyl -4~

phenylpyrrolidin-Z-one;

i-f(6-chloro-3-phenyil 1,2 4 jtriazolo[4,3-blpyridazin-8-yDmethyl -4~

phenylpyrrolidin-2-one;
1-f(2-fluoroindolizin-3-ymethyl 4-propylpyrrolidin-2-ong;
1-(1H~1,2,3-benzotriazol-1-ylmethyl)-4-propylpyrrolidin-2-one;

I-{{&-bromo-2-chloro-1 H-imidazo[4,5-blpyridin- 1 -yhmethyl]-4-propyipyrrolidin-

2-one;
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N

[
(¥4

I-{{6-bromo-2-phenyl-1H-imidazo[4,5-blpyridin-1-vDimethyll-4-propyipyrrolidin-

2-00L;
1-(3H~imidazo[4.5-b]pyridin-3-vimethyl)-4-propyipyrrolidin-2-one;
1-{{6-bromo-3H-1nudazof4,5-bpyridin-3-yUmethyi |-4-propylpyrrolidin-2-one;

1-{{6-bromo-2-chloro-3H-imidazo{4,5-blpyridin-3-yhimethyl]-4-propyipyirolidin-

2-one;

1 {6-bromo-2-phenyl-3H-imidazo[4,5-bjpvridin-3-vhmethyl}-d-propyipyrrolidin-

2-one;

1-{{6-bromo-2-cyclopropyl-3H-imidazof4.5-blpyridin-3-vDimethyl]-4-(2,2-

difluerovinylipyrrolidin-2-one;
1-{{3-chloro-TH-imidazol4,5-¢lpyridazin-7-yhimethyl-4-propylpyrrolidin-2-one;
1-]{2-chloro-1H-~indol- 1 -yhimethyl}-4-propyvipyrrohidin-Z-one;
1-f{5-methyi-1H-indol- 1 -ylimethyl-4-propylpyrrolidin-2-one;
1-[{a-methyi- 1 H-indol- 1 -ylimethyl}-4-propylpyrrolidin-2-one;
1-{{Z-phenyl-1H-indol-1-yhmethyl}-4-propylipyrrolidin-Z-one;
1-{{5-fluoro-1H-indol-1-yDimethyl-4-propylpyrrolidin-2-one;
1-{{5-bromo-~1 H~indol-1-yUmethyl|-d-propylpyrrohdin-2-oue;
1-{{S-chloro-1H-indol- t-ylimethyl}-4-propyipyrrolidin-2-one;

142, 3~dihydro-1H-indol- I-yimethy[}-4-propylpyrrolidin-2-one;
1-[{5-fluoro-2-phenyl-1H-indol-1-vhmethylj-4-propylpyrrolidin-2-one;
1-[(2-oxo-4-propylpyrrolidin- L-yDmethyl}-1H-indole-2-carbonitrile;
1-[{2-bromo- 1 H~indoi-1-yhmethyl-4-propylpyrrolidin-2-one;
1-[{2,5-dichloro~-1H-indol- 1 -yDmethyt}-4-propylpyrrolidin-2-one;
{-f{5-aminc-9H-purin-9-yhmethyl}-4-propyipyrrolidin-2-one;
4-propyi-1<(9H-purin-9-yimecthyhpyrrolidin-2-onc;

1-{}6-{cyclopropylamino)-¥ H-purtn-9-ylmethyl | -4-propylpyrrolidin-2-one;
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A
(o]

1-{]6-{benzylamino}-9H-purin-9-yijmethyl} -4-propyipyrrolidin-Z-one;
A-propyi-1-{{6-{propylanino}-9H-purin-9-ylimethyl} pyreohidin-2-one;

1-{ {6-]{cyclopropyimethyDamino -9 H-purin-9-ylmethy-d-propylpyrrolidin-2-

one;
4-propyi- 1-{{6-pyrrolidin-1-y-9H-purin-9-yhmethylipyrrolidin-2-one;

1-[{(5-bromo-3-phenyl-1H-pyrazolof3 4-bpyridin-1-yUmethyl]-4-propylpyreolidin-

2-ong;
1-{(5-bromo-2H-pyrazolo[3,4-hipyridin-2-yhmethyl]-4-propyipyrrolidin-2-one;

1-{{5-bromo-3-phenyl-2H-pyrazolof3 4-bipyridin-2-yDmethyl]-4-propylpyirolidin-

2-one;
1-[(2-chloro-1H-pyrrolof2,3-blpyridin-1-ylimethyi}-4-propylpyrrelidin-2-ong;
4-propyi-1-(1H-pyrrolo3.2-blpyridin-1-yimethyhpyrrolidin-2-one;
1-(3.4-dihydroquinolin~- 1 2H}»-yimethyD-4-propylpyrrolidin-2-one;
1-(8H-isothiazolo] 5, 4-blindol-8-yImethyl }-4-propylpyrrolidin-2-onc;
1-(1H-1,2,4-triacol-1-ylmethyDpyrohidin-2-one;

1-{{2,5-dichloro-1 H-pyrrol- 1-yDmethyl]-4-propylpyrrolidin-2-one;
1-{(2-chlore-1H-pyrrol-1-ylmethyl|-4-propylpyrrolidin-2-one;
1-{(2-chloro-1H-benzimidazol-1 -y nethyl]-4-propylpyrrolidin-2-one;
1-[{2-chloro-1H-benzimidazol-1-ymethvl]-4-phenylpyrrolidin-2-one;

Z2-chlore-1-{(2-oxo-4-propytpyrrolidin- I -yhmethyl}- iH-benzimidazole-5-

carbonitrile;

2-chloro-1-{{2-oxo-4-propylpyrrolidin- F-yiymethyl}- 1 H-benzimidazole-6-

carbonttrile;
4-propyi-1-[{2,5,6-trichloro- | H-benzimidazol-1-ylmethylipyirolidin-2-one;
1-[{2-chloro-6-methoxy-1H-benzimidazol- L -yhmethyl]-4-propylpyrrolidin-2-one;

1-{(2-chlore-5-methoxy- 1 H-benzinudarol- -yl mnethyl-4-propylpyrrolidin-2-one;
. 3 yi ¥ Propyipy

1

~3

1
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1-{(2-chloro-6-nitro-1 H-benzimidazol- L-yDmethyl-4-propylpyrrolidin-2-one;
1-{{2-chloro-5-nitro-TH-benzimidazol-1-yhoethyl-4-propylpyrrolidin- 2 -one;
1-{(2-chloro-g-methyl- tH-benzimidazol- 1~yhmethyl}-4-propylpyrrolidin-2-one;

i-[{2-chloro-1H-benzimidazol-1-ymethyl}-4-(2,2-difluorovinyhpyrrolidin-2-one;

Lh

i-[{6-bromo-2-chloro-1 H-benzimidazol- 1 -yDmethyli-4-propylpyrrolidin-Z-one;
1-[(5-bromo-2-chloro-1H-benzimidazol- 1-yDmcthyli-4-propylpyrrolidin-2-onc;
1-[{2-chloro-6-fluoro-1H-benzinndazol- 1-yloethyij-4-propylpyrrolidiu-2-one;
1-f{2~chloro~5-fluorc-1H-benzimidazol-1-ylymethyij-4-propylpyrrolidin-2-one;
1-{{2,6-dichloro-1H-benzimidazol- 1 -ylymethyl]-4-propylpyrrolidin-2-one;
10 1-J{2,5-dichlore- 1 H-benzimidazol- 1 -ylimethyl |-4-propylpyrrolidin-2-ong;

1-{[2-chloro-6-(trifluoromethyl}- 1H-benzimidazol-1-yljmethyl }-4-

propylpyrrolidin-2-one;

1-{[2-chloro-3-(iritluoromethyl -1 H-benzimidazol- 1yl imethyl} -4-

propylpyrrohdin-2-one;

15 1-[{2-chloro-1H-benzimidazol-1~yDmethyljpyrrolidin-2-one;
t-[{Z-chloro-6-hydroxy-1 H-benzimidazol-1-vhmethyl }-d-propylpyrrolidin-2-one;
I-(pyridin-4-vimethylpyrrolidin-2-one, and
1-{{2-chloro-5-hydroxy-1 H-benzimidazol- 1-yDmethyl}-4-propvipyrrolidin-Z-one.
viii) U.S. Patent 4,696,943

20 The present inveniion relates o the novel compound (S)-alpha-esthyl-2-oxo0-1-

pyrrolidineacetamide.
ix) U.S, Patent 4,696,942

The prosent fovention relates to the novel compound, (Ry-alpha-cthyl-2-oxo-1-

pyirolidineacetamide
25 x)y U.S. Patent 5,334,720

According to this invention we provide novel compounds of the formula 1,
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Ry 1.
R (CH2Im
Ds
R3R4 N \O Rs
((!Z‘H ) N/
2l
AN
Re

wherein, R1, R2, R3 and R4, which may be the same or diflerent mdependenily
represent hydrogen, C1-6 alkyl, phonyl or phenyl substituted by onc or more

halogen, hydroxyl, nitro, aminc, C1-0 alkyl or C1 -C6 alkoxy groups;

R5 and R6 independently represent hydrogen, C1 -C6 alkyl or C3 -C6 cycloalkyl
or RS and R6 together with the nitrogen form a £4-6 N heterocycle;

m represents an integer from 1-2; and

n represents an mieger from 1-3;

provided that,

two of the substituents R1, R2, R3 and R4 independently represent phenyl or
substituted phenyl and the other two independently represent hydrogen or C1-6
alkyh

or a pharmaceutically acceptable acid addition salt thereof,

Pharmaceutically acceplabie acid addition salts of the compounds of formula |
inchude salts of mineral acids, for example, hydrohalic acids, ¢.g. hydrochloric or
hydrobromic; or organic acids, e.g. formic, acetic or {actic acids. The acid may be
polybasic, for example sulphuric, fumaric, maleic or citric acid.

This mvention also relates o all stereoisomeric forms and optical enantiomeric
forms of the compounds of fornla 1.

In the compounds of formula [: alkyl groups which R1, R2, R3, R4, RS and R6
may represent include methyl, ethyl, propyl, isopropyl, n-butyl, iso-buiyl and s-
butyl;

cycloalkyl groups which RS and R6 may represent include cyclopropyl,

eyciobutyl, cyclopenty! and cyclohexyl;
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C1-6 alkoxy groups include methoxy, cthoxy and propoxy;
halogen groups inchude 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 R& is hydrogen , C1-3 alkyl or evelopropyl , preferably hydrogen or methyl;

m represents an integer from 1-2 preferably 2;

n represents an integer from 1-2, preferably 1.

We especially prefer compounds of tormula { in which R1 and R2 are both phenyl.

We especially prefer compounds of forroula T in which one of RS and R6 is
15 hydrogen and the other is hydrogen or methyl

~

xi} International Patent Application Publication No. WO2005/054188

In one aspect the invention therefore provides a compound having the formula f or

a pharmacentically acceptable salt thereof]

R
R’ 0,

R

&
| 0]
RGR/T#N/g,R

N
R’

(%]

20 wherein

R1is hydrogen, CE-20 alkyl, C3 23 cycloalkyl, halogen, hydroxy, alkoxy, aryioxy,
ester, amido, cyano, nitro, aming, guanudine, amino derivative, atkylthio, arylthio,

alkylsulfonyl, arylsulfonyl, alkylsulfinyl, arylsulfinyl, aryl or heterccycle; 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;

(9]

or R2 and R3 can form together with the imidazole ring the foliowing 1H-

ensinidarole cycle

R4 is hydrogen, {120 alkyl, €2-12 alkenyl,{02-12 alkynyl, arvl, azido,

alkoxycarbonylamino, arylsulfonyloxy or heterocycle; R4a s hydrogen or C1-20
10 alkvl; or R4 and Rda can form togethor 8 C3-8 cycloalkyl ; RS is hydrogen; or R4,

Rda and RS can form together with the Z-oxo-1-pyrrolidine ring the following 1, 3-

dihydro-2H-indol-2-one cycle

R6 is hydrogen or C1 20 alkyl ; R7 is hydrogen; or R6 and R7 are linked together

o
(9,1

to form a C3-6 cycloalky! ; R8 is hydrogen, halogen, miiro, cyano, C1 28 alkyl or
alkoxy ; R9 is hvdrogen, C1-20 alkyl, halogen, hydroxy, alkoxy, aryloxy, ester,
amido, cvana, nilre, amine, arino derivative, alkylthio, arylihio, alkylsulfonyl,
aryisutfonyl, alkylsulfiny! or arylsulfinyl ;

RIO 18 hydrogen, €1 20 alkyl, halogen, hydroxy, alkoxy, aryloxy, ester, amido,
26 cyano, nitro, aming, amine derivative, alkylthio, arvithio, allovisulfonyl,

arylsulfonyl, alkylsulfinyl or arylsulfinyl ;

[
~J
e
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o

RJ 118 hydrogen, halogen, nitro, cyano, C1 20 alkyl or alkoxy ; R12 is hydrogen or

halogen;

R13 is hydrogen, nitro, halogen, heterocycle, amino, aryl, €1-20 alkyl
unsubstituted or substitnted by halogen, or alkoxy uosubstituted or substituled by

halogen; R14 is hydrogen, ©1-26 alky! or halogen;
R15 s hydrogen, C} 20 aiky! or halogen;

with the proviso that R4 is different from hydrogen when

RY R
R
"N
)Q‘N R
1

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

In a preferred crmbodiment, the imvention concerns a compound having the formula
I, thetr taviomers, geometrical isomers (including cis and traps, £ and E soroers),
enantiomers, diasterenisomers and mixtures thereof (inchuding ali possible

mixtuyres of stereoisomers), or pharmaceutically acceplable salts thereof,

wherein
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RJ is hydrogen, C1-20 alkyl, C3-8 cycloalkyl, halogen, hydroxy, ester, amido,
cyano, nitro, amine, guanidine, alkylthio, alkylsulfonyl, alkylsulliny], aryl or
heterocyele; R2 is hydrogen, C1 20 alkyl, halogen, cyano, ester, carbamate or

amido; R3 is hydrogen, cyano, U | 28 alkyl, halogen or ester; or R2 and R3 can

5 form together with the imidazele ring the following 1H- benzimidazole cycle
9
8 R
R R .
. R
*
N .
)\\ R N
=2, 11
R’ o )“\*-N R
: R4 s
hydrogen, C1 20 alkyl, C2Z 12 alkenyi or aryl; R4a is hydrogen;
RS is hydrogen; or R4, R4a and RS can forro together with the 2-oxo-1-pyrrolidine
ring the following 1, 3-dihydro-2H-indol-2-one cycle
2
N R'
=
4a
RN\, 0 N ©
i0 ;

Ré is hydrogen or © 1 26 alkyl; R7 is hydrogen; or R6 and R7 are linked together
to form a £23-6 cycloalky! ; R8 is hydrogen; R9 1s hydrogen, O 1-20 alkyl, halogen
or atkoxy; RIO is hydrogen, C1 20 alkyl, halogen or cyano; R11 is hydrogen; R12
is hydrogen or halogen; R13 is hydrogen, halogen, heterocycie or C1 20 alkyl ;

15 R14 1s hydrogen; R1S ts hydroger; with the proviso that R4 1s different from

hydrogen when
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represents a group of formula

R
RS
R’TO
*N
11
1);-N R

R

The term"alkyl”, as used herein, represents saturated, monovalent hydrocarbon

radicals having straight {unbranched) or branched or cyclic or combinations

(9]

thereof and containing 1-20 carbon atoms, preferably 1-16 carbon atoms, more
preferably 1-4 carbon atoms; most preferred aikyl groups have 1-3 carbon atoms.
Alkyl moicties may optionally be substituted by 1 to 5 substituents independently
selected from the group consisting of halogen, hydroxy, cyano, azido, aryloxy,
alkoxy, alkylthio, alkanoviamino, aryicarbonylamine, aminocarbonyl,

10 methylaminocarbonyl, dimethylaminocarbony] or aryl. Usually alkyl groups, in the
present case, are methyl, ethyl, n-propyl, i-propyl, n-butyi, i-butyi, t-butyl, 1-
cthylpropyl, n-heptyl, 2.4, 4-trimethylpentyl, n-decyl, chloromethyl,
trifluoromethyl, 2-bromo-2,2-diflucroethyl, 2,2, 2-trifluoroethyi, 3.3, 3-

wrifluoropropyl, hydroxymethyl, cyanomethyl, azidomethyl, {acctylamino) methyl,

e
(941

{propionylamino) methyl, {benzovlamino} methyl, (4-chiorophenoxy) methyi,
benzyl, 2-phenylethyl or 2- (methylthio) ethyl. Preferred alkyl groups are methyl,
cthvl, n-propyl, i~propyl, n-buivl, i-butvl, t-butyl, T-ethylpropyl, 2.4, 4-
trimethylpentyl, chloromethyl, tniflucromethyl, 2,2, 2-triflucroethyl,
hydroxymothyl, eyanomethyl, azidomethyl, (acotylamine) methyl,

20 (propionylaminc) methyl, (benzoylamino) methyl or 2- (methylthio) ethyl. More
preferred alkyl groups are methyl, ethyl, n-propyl, i-propyl, n-butyl, azidomethyl
or trifluoromethyl. Most preferred alkyl groups are methy! 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 from a saturated cyclic

25 hydrocarbon, which may be substituted by any suitable group inchuding but not
timited to one or more moictics selocted from groups as deseribed above for the

aikyl groups. Preferred cycloalkyl groups are cyclopropy! and cyclohexyl,
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The term"alkenyl"as used herein, represents straight, branched or cyelic
unsaturated hydrocarbon radicals or combinations thereof having al 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 imited to one or more moities selected from groups as
described above for the alkyl groups, Usually an alkenyl group is etheny! (vinyl)
optionally substituted by | to 3 halogens. Preferred alkenyl group, in the present

case, is 2,2~ difluorovinyl,

The term"alkynyi™as used herein, represents straight, branched or cychic
hydrocarbon radicals or combinations thereof containing at least one carbon-
carbon tripie bond, containing 2-12 carbon atows, preferably 2-6 carbon atoms,
and being optionally substituted by any suitable group, including but not limited 10
one or more moitics selected frow groups as described above for the alkyl groups.
Preferably an alkynyl group is a halogencalkynyl group (haloalkynyl group).

of 0

Groups qualified by prefixes such as”s", "1","t"and the like {c. g."i-propyi™,"s-

butyl") are branched derivatives.

The term"aryl"as used herein, is defined as phenyl optionally substituted by 1 10 4
substituents independently sclected from halogen, cyane, alkoxy, alkylthio, C1 3
alkyl or azido, preferably halogen or azido. Usually aryl groups, in the present case
are phenyl, 3-chlorophenyl, 3-fluorophenyi, 4-chlorophenyt, 4-fluorophenyl, 3,4~
difluorophenyl, 3, S-difluorophenyt, 3-chloro-4-fluorophenyl, 2,3, 4-
trifluorophenyl, 2.4, S5-wriflucrophenyl, 2,3, S-trifluorophenyl, 3.4, 5-
rifluorophenyl, 3-aqdo-2,4- dilluerophenyt or 3-axdo-2.4, 6-trilucrophenyl.
Preferably, aryl groups are phenyl, 3~ chlorophenyl, 3-fluorophenyl, 4-
chiorophenyl, 4-fluorephenyl, 3,4-difluorophenyl, 3,5~ diftuorophenyl, 3-chloro-4-
fluorophenyl, 2,3, driftuarophenyl, 2,4, S-triftuorophenyl, 2,3, S-triffuorophenyi,
3.4, S-trifluorophenyi or 3-azido-2, 4-difluorophenyl. Most preferred aryl groups
are phenyl, 3-chlorophenyl, 3-fluorophenyl, 3,5-difhuorophenyl, 2.3, 4-

a

trifluorophenyi, 2.4, S-triffuorophenyl, 2,3, S-trittucrophenyl, 3, 4, 5-

trifluorophenyl or 3-azido-2 4-diflncropbenyl.
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The term"heterocyele”, as used herein, is defined as including an aromatic or non
aromatic cycloalkyl moiety as defined above, having at lsast one O, S and/or N
atom mterrupting the carboeyelic ring structure. Heterocyelic ring moitics can be
optionally substituted by alkyl groups or halogens and optionally, one of the
carbon of the earbocyclic ring structure may be replaced by a carbonyl. Usually
heterocycles are 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-furvl, 3-furyl, 2-thienyl, 3~
thienvl, 2- tetrahydrofuranyl, IH-pyrrol-2-yl, I-methyi-IH-pyrrol-2-yl, 1H-pyrazol-
2-91, 1H- pyrazol-2-vl, 4-chloro-l-methyl-1H-pyrazol-3-vl, 5-chloro-1, 3~dimethyl-
{H-pyrazol-4- 1, 1, 2,3-thiadiazol-4-vi, 3, 5-dimethyl-4-isothiazyi, 1H-imidazo}-2-
yl, I-methyl-1H- imidazol-2-vl, 4-methyl-IH-imidazol-5-yi, or 2-methyl-1, 3-
thiazol-4-yl. Preferred heterocyeles are tH-imidazol-2-v1, 1, 2,3-thiadiazol-d-y1,
IH-pyrazol-3-vl, 2-furyl, 3- furyl, 2-thienyl, i-methyl-1H-pyrrol-2-v1, IH-pyrrol-2-
vl

The term"halogen”, as used herein, includes an atom of chionne, broming, fuorine,
1dine, Usually halogens are chlorine, bromine and fluorine. Preferred halogens are

fluorine, bronune and chiorine.
The termhydroxy”, as used herein, represents a group of formula-OH.

The term"alkoxy”, as used herein, ropresents a group of formula-ORa wherein Ra

is an alkyl group, as defined above. Preferred alkoxy group is methoxy,

The term"arvioxy”, 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, represeuts a group of formula-COORC wherein
Re 18 an alkyl group or arvl group, as defined above. Preferred ester group is

methoxycarbonyl.
The term"amido”, as uscd horein, represents a group of formula-CONH2.
The term"amino”, as used herein, represents a group of foromula-NH2.

The term"aminoderivative”, as uscd hercin, ropresents an alkylamine or an

arylamino group, wherein the terms“alkyl"and"aryl"are defined as above,

The torm"oyanc”, as used herein, represents a group of formula-CN,

180
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The term"nitro”, as used herein, represents a group of formula-NO2,
The term"azido”, as used herein, represents a group of formula-N3.
o

The term" guanidine”, as used herein, represents a group of formmula- NHC (=NH)

NHZ.

5 The term"alkylthio”, as used hercin, represents a group of formula-SRd wherein
Rd is an alkyl group, as defined above. One alloylthio group is methylthio.
The term"alkylsulfonyl”, as used herein, represents a group of formula- S (=0)
2Re wherein Re is an alkyl group, as defimed above, Une alkylsulfonyl group is
methylsulfonyl.

10 The term"alkylsulfinyl”, as used horein, represents a group of formula-8 (=0) Rf
wherein Rf is an alkyl group, as defined above. One alkyisulfinyd group is
methylsulfinyl.

The term"aryithio”, as used herein, represents a group of formula-SRg wherein Rg
ts an aryl group, as defined above.

15 The torm"arylsulfonyl™, as used hercin, represents a group of the formuia~ 8 (=0}

2Rh wherein Rh is an arvl group, as defined above,

The term"arvisuliinyl”, as used herein, represents a group of the formuia- S (=0)

Ri 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 ORI, wherein Ri is an alkyl or an aryl, as defined above. Usually carbamate groups
are (propoxycarbonyl} amino or (benzyloaxycarbonyl) amino. One carbamate

group is (benzylomxycarbonyl) amiuo.

The term"alkanoylamino”as used hevein, represents a group of the {ormula- NHC

(=0) Rk wherein Rk 18 an alkyl group. as defined above.

]
[ 4]

The term"{arylcarbonyl}) amino”ys used herein, represents a group of the formmla-
WHC (=0} Rm wherein Rm is an aryl group, as defined above. Cne {arylcarbonyl)
armino 1s benzoylamino.

Usually, R is hydrogen; Cl lo alkyl unsubstituted or substituted by halogen,

hydroxy, cyano, methylthio, phenyl or 4-chlorophenoxy ; hydroxy ; C3-6

181



WO 2012/109491 PCT/US2012/024556

o

10

[,
(¥ 4]

20

cycloalkyl ; halogen; ester; amido; nitro ; cvano; amino ; phenyl; alkylthio;
alkylsulfonyl ; alkyisulfinyl ; heterocycele unsubstituted or substiluted by alkyl

groups; or guanidine.

In some embodiments, RY is hydrogen; roethyl; ethyl; i-propyl ; n-propyl ;
cyciopropyl ; n-butyl; i~ butyl; tbutyl; I-cthylpropyl ; 2,4, 4-trimcthylponiyl;
hydroxymethyl ; chloromethyl; trifluoromethyl ; 2,2, 2-trifluoroethyl] ;
cyanomethyl; 2- (methylthio) ethyl; chloro; bromo; nitro ; cyano; aming;
aminocarbonyl; methoxycarbonyl ; methylithio; methylsulfing ; methylsulfonyi
phenyi; 2-turyl ; 3-furvl; IH-pyrrol-2-91 1 Tmethylb-iH-pyrrol-2-v1 5 2- thienyl; 1H-
pyrazol-3-y1: 1, 2 3-thiadiazoi-4-yl or IH-imidazol-2-yl. More preferably, Rl s
bydrogen; methyl; ethyl; i-propyl s nepropyl ; n-butyl: methylthio; nitro ; cyano;
amino; chlore or IH-pyrrol-2-yh Most preferably, RY is hydrogen; methyl;

methvlthio ; nitro; cyano; aming or chloro,

Usaally, R2 is hydrogen; C1 4 alkyl unsubstituted or substituted by hydroxy,
alkanoylamino or benzoylamino; halogen ; ester; cvano ; alkyl carbamate; [(N-
methoxy- N-methyl) anune] carbouyl. Preferably, R2 is hydrogen; methyl;
hydroxymethyl ; (acetylamino) methyl; (propionylamino} methyl; (benzoylamino)
methvl; [(beneyioxy) carbonyl] amino ; chloro or cyano. In some embodiments, R2

is hydrogen; chloro or cyano.

Usually, R3 is hydrogen; C1 4 alkyl unsubstituted or substituted by hydroxy;
halogen; ester or cyano. In some embodiments, R3 is hydrogen; hydroxymethyl;

chioro: cyano,

In some embodiments, R3 is hydrogen or cyano. In some embodiments R3 is

hydrogen.

Usually, R4 is hydrogen; C1 4 alkyl tinsubstituted or substituted by halogens; C2 4
alkenyl substituted by halogens or phonyl group unsubstituted or substituted by
azido or/and halogens. Proferably, R4 is hydrogen; n-propyl; 2.2-dilluorovinyl ;
phenyl; 3-chlorophenyl ; 3-fluorophenyl ; 4-chlorophenyl; 4-fluorophenyl ; 3,5-
difluorophenyl; 3 4-difluorophenyl ; 3~chloro-4-fluorophenyi ; 2,3, 4-
trifluorophenyt ; 2,4, S-irifluorophenyt ; 2,3, S-rifluorophenyl ;) 3.4, 5-

trifluorophenyl ; 3~-azido-2,4- difluoropheny! or 3-azido-2.4, 6-trifluorophenyl.

182
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More preferably, R4 is hydrogen; n- propyl ; 2,2-difluorovinyl ; phenyl; 3-
chiorophenyl; 3-fluorophenyl ; 4-chlorophenyl; 4- uorophenyl ; 3, 5-
diflucrophenyl ; 3.4-diflucrophenyt ; 3-chloro-4-fluorophenyl; 2,3, 4-
triflugrophenyt ; 2,4, S-ifluorophenyl; 2,3, Srifluorophenyl; 3,4, 5-
triflusrophenyt or 3- azido-2,4-difluorophenyt. Most preferably, R4 is n-propyl :
2,2-diflgoroviny! ; phenyl; 3- chlorophenyl: 3-fluorophenyl ; 3,5-difluorophenyl ;
2.3, 4-urifluoropheny! ; 2,4, 5- tifhuorophenyt ; 2.3, S-nfluorophenyl ; 3.4, 5-

wrifluorophenyl or 3-azido-2 4~ diffnorophenyl.
Usually, R4a is hydrogen.
Usually, RS is hyvdrogen.

Usually, R6 is hydrogen or Cl-1~0 alkyl unsubstituted or substituted by hydroxy or

azido. Preferably, R6 i3 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 embodiments, B2 and R3 can form together with the imidazole ring the

following 1H-benzimidaole cycle

]
Rz RS R
R

* 3

)N\\ R "

o N /\“\-- R"
N
R R’

Usually, RS is hydrogen.

Usually, R9 is hydrogen: halogen ; 1-3 alkyl or alkoxy. In some embodiments, R9
is hydrogen: methyl; chloro or methoxy. In some embodiments R9 s hydrogen.
Usually, RIO is hydrogen: halogen; cyano; C1 3 alkyl unsubstituted or substituted
by halogeus; or alkoxy. In some embodiments, RIO s methyl; hydrogen;
trifluoromethyl ; fluore; cyano or methoxy. In some embodiments R10 is
hydrogen; trifluoromethyi ; fluore or cyano.

Usually, R s hydrogen.
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In other embodiments, R4, R4a and R5 can form together with the 2- oxo-1-

pyrrolidine ring the following 1, 3-dihydro-ZH-indol-2-one cycle

12
R
» I
R4a -
R )/ .
5 e
RN\ 0 A

Usually, R12 is hydrogen or halogen. In some embodiments R12 is hydrogen:

5 chioro or fluoro. In some embodiments R12 is hydrogen.

Usually, R13 is hydrogen; C1 3 alkyl ; halogen or thiazolyl unsubstituted or
substituted by alkyi groups, such as methylthiazolyl In some embodimenis R13 s
hydrogen; chlore; bromo ar methyl. In some embodiments B 13 is chloro; bromo or

methyl.
10 Usually R14 is hydrogen.
Usually, R15 1s hydrogen.

In a gencral cmbodiment of the invention, the compounds of formula §, or

pharmaccutically accepiable salts thereof, are those wherein

R1is selected from hydrogen; C1 lo alkyl unsobatituted or substituted by halogen,

15 hydroxy, cyanc, methylthio, phenyl or 4-chlorophenoxy ; €3 ¢ cycloalkyl ;
halogen; esier; amido; nitro; cyano; amino; phenyl; alkylthio ; alkylsulfonyl ;
alkylsulfinyl ; heterocycle unsubstituted or substituted by alkyl group; or
guanidine; R2 is selected from hydrogen; C 1-4 alkyl unsubsiituted or substituted
by hydroxy, alkanoylamino or benzoylamine; halogen; ester; evano; allkyl

20 carbamate or [ (N-methoxy-N-methyl} amino} carbonyl,
R3 is sclocted from hydrogen: C1 4 alkyl unsubstituted or substituted by hydroxy ;
halogen; cster or cyano; R4 is selected from hydrogen; C1 4 alkyl unsubstituted or
suhstituted by halogens; C2 4 alkeny! substitated by halogens or phenyl group
unsubstituted or substituted by azido or/and halogens;

25 Rda 1s hydrogen; RS is hydrogen; R6 is selected from hydrogen or C 1-10 alkyl

unsubstituted or substituted by hvdroxy or azido;

184
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R7 is hydrogen; or Ré and R7 can be linked to form a cyclopropyl ; or R2 and R3

can {brm logether with the imidazole ring the following TH- benzimidazole cycle

R& is hydrogen; RY is selected from hydrogen; halogen; C1-3 alkyl ; alkoxy ;

5 R10 18 selected from hydrogen; halogen; cyano or Cil alicyi unsubstituted or
substituted by halogens; or alkoxy ; R | is hydrogen; or R4, R4a and RS can form
together with the Z-oxo-1-pyrrolidine ring the following 1, 3-dihydre-2H-indol-2-

one evcle

2
R™ R'
e
R™ 14
R
5 = O
R N* 0 R15 N
10 R12 is selected frorn hydrogen or halogen; R13 is selected from hydrogen; C1-3

aikyl; halogen ; thiazolyl unsubstituted or substituted by alkyl groups, such ag
methylihiazolyl, R14 s hydrogen; R15 is hydrogen; with the proviso that R4 s

different from hydrogen when

i5  represents a group of formula
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In an embodiment of the invention, the compounds of formula I, or

pharmacentically acceptable salt thereof, are those wherein

R11s selected from hydrogen; methyl; ethyl; i~propyt ; n-propyl ; cyclopropyl ; n-
butyl; i-butyl; t-butyl; i-ethylpropyl ; 2.4, 4-trimethylpentyl; rifluoromethyl; 2,2,
2- trifhuoroethyl; hvdroxyrethyl: chloromethyl; cyanomethyl ; 2~ (methylthio)
gthyl; chiore; bromo; nitro; cyano ; amuing; aminocarbonyh methoxvearbonyl ;
mothylthio; methylsulfinyl; methyisulfonyl; phenyl; 2-furvl ; 3-furyl ; IH-pyrrol-2-
vl l-methyl-1H- pyrrol-2-v1 ; 2-thienyl; IH-pyrazol-3-v1: 1, 2, 3-thiadiazol-4-vi
or iH-imidarol-2-v1 ; R2 is selected from hydrogen; methyl ; hydroxymethyl;
{acetylamino) methvl; (propionylamine} methyl ; (benzoylamino) methyl;
{benzyloxycarbony!} amino; chloro; or cyano; R3 is selected from hydrogen;
hydroxymethyl; ehloro; cyvano; or R2 and R3 can form together with the imidazole

ring the following 1H- benzinudazole cycle

)
8 R
R R /
R0
= 3
)N\\ R N
N ):_ R

R‘i q N

R38 is hydrogen; R? is selected from hydrogen; methyl; chore ; methoxy;

R10 is selected from methyl; hydrogen; trifluoromethyl; fluoro: cyano; or
methoxy; R is hydrogen; R4 is selected from hydrogew; n~propyl; 2,2~
difluorovinyl ; phenyl; 3- chlorophenyl; 3-fluorophenyl; 4-chlorophenyi; 4-
fluorophenyl ; 3,5~-difluorophenyl ; 3,4~ difluorophenyl; 3-chloro-4-fluorophenyl ;
2,3, 4-triifluorophenyl 2,4, S-trifluorophenyl ; 2.3, S-irtfluorophenyl; 3,4, 5-

wrifluorophenyl ; 3-azido-2 4-difluorophenyl ; or 3-azido- 2,4, 6-trifluorophenyl.
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Rda is hydrogen; RS is hydrogen; or R4, Rda and RS can form together with the 2-

oxo-t-pyrrolidine rning the following 1, 3-dibydro-2H-ndol-2Z-one cycle

R'IE
13
RY R
R#a
5 " 0
RN 0 o N

R12 is selected from hydrogen; chloro; tluoro; R13 is selected from hydrogen;
5 chloro; bromo; methyl; R14 1s hydrogen; R1S5 hydrogen; R6 is selected from
hydrogen; azidomethyl; R7 is hydrogen; or R6 and R7 are linked to form a

cyclopropyl ; with the proviso that R4 is different from hydrogen when

RY R
R10
N
11
=
i0 .

In one embodiment of the invention, the compounds of formula |, or

pharmacentically acceptable salt thereot, are those wherein

R1 is selected from hydrogen; methyl; ethyl; i-propyl ; n-propyvi : n-butyl;
methyithio; nitro; cyano ; aming; chloro ; or IH-pyrrol-2-y1; R2 18 selected from

]
q

hydrogen; chloro; cyano; R3 is selected from hydrogen; cyano; or R2 and R3 can

[
(9 4]

form together with the imidazele ring the following TH- benzimidazole eyele
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RE¥ is hydrogen; R9 1s hydrogen;
R19 15 selected from hydrogen ; wriflucromethyl ; fluoro ; evano;

R 118 hydrogen; R4 is selecied from hydrogen; n-propyl ; 2, 2-diflucrovinyl ;
phenyl; 3- ehlorophenyl; 3-flucrophenyl; 4-chlorophenyl; 4-fluorophenyi ; 3, 5-
difluorophenyl ; 3,4- difluorophenyl ; 3-chloro-4-flucrophenyl; 2,3, 4-
triflugrophenyt ; 2,4, S-iriflaorophenyt ; 2,3, S-trifluorophenyl; 3.4, 5-
trifluorophenyl; or 3-azido-2, 4-diftuorophenyl ; R4a is hydrogen; RS is hydrogen;
or R4, Rda and R5 can form together with the 2-oxo-1-pyrrolidine ring the

following 1, 3-dihydro-2H-indol-2-one cycle

R4
R4a
RM ,
5 O
R O N*
N*

whercin R12 is hydrogen; R13 is sclected from methyl; chloro; bromo; R14 is
hydrogen; Ri5 hydrogen; R6 is hydrogen; R7 is hydrogen; with the provise that

R4 is different from hydrogen when

RZ

*N ‘\ R3

=

R11 represents a group of formula

R'!

188



WO 2012/109491 PCT/US2012/024556

h

10

R R
RTG
N
1%
1)1“'\! R

In one embodiment of the invention, the compounds of formula [, or

pharmacentically acceptable sall thereof, are those wherein

R1 is solected from hydrogen: moethyl; methylthio; nitro ; cyano; amino; chlorg; R2
is selected from hydrogen; chloro; cyano; R3 is hydrogen; R4 1s selected from n-
propyl ; 2, 2-difluoroviny! ; phenyl; 3-chlorophenyl; 3- fluorophenyl; 3,5-
diftluorophenyl ; 2,3, 4-triflucrophenyl ; 2,4, S-triftuorophenyl ; 2,3, 5-
irifluorophenyl; 3,4, S-trifluorophenyl; 3-azido-2 4-difluorophenyl ; R4a1s

hydrogen;

RS is hydrogen; or R4, R4a and R5 can form together with the 2-oxo-1-pyrrolidine
ring the following 1, 3-dihydro-2H-indol-2-onc cycle

12
. Rm R

5 . O
R N* 0 R'I 5 N

R12 is hydrogen; R13 is selected from chlore; bromo; methyl ; R14 is hydrogen;
R15 hydrogen; R6 is hydrogen; R7 is hydrogen,

In some embodiments, compounds are: 1-(IH-imidazol-l-ylmethyl) pyrrolidin-2-
one ; I- {1H- imidazol-1-yimethyl)-4-phenylpyrrolidin-2-one ; 4- (3-azido-2, 4, 6-
trifluorophenyl}-1- (IH-imudazol- L-ylmethyl} pyrrohidin-2-one; 1- (IH-1imidazol-1-
yimethyl}-4- propylpyrrolidin-2-one; (~34-(3~azido-2 4-difluorophenyl}-1-{1H-
mmidazol-1- yimethyl) pymrolidin-2-one; (+3-4- (3-azdo-2, 4-difluorophenyl}-1-
(IH-imidazol-i- vimethyl) pyrrolidin-2-one ; 1-[{2-ethyl-1H-imidazol-1-yhmethyl}-

d-propyipyrrolidin-2- one; 1-[(Z-isopropyl-1H-imidazol-I-vl} methyli-4-
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propylpyrrolidin-2-one ; 1-[{2-methyl- [H-imidazol-I-v1) methyl]-4-
propylpyrrolidin-2-one ; 1-[{2-phenyl-1H-imidazol-1- v1) methyl}-4-
propylpyrrolidin-2-onc ; 4-propyl-1-[(2-propyl-lH-imidazol-1- v1) methyl]
pyrrolidin-2-one ; {+)-I-{iH-imidazol-l-ylmethy}4-propylpyrrolidin-2-one ; (- }-1-
(IH-imidazol-i-yimethyl-4-propylpyrrolidin-2-one ; 4- (2, 2-difleorovinyly-1- (1H-
imidazol-1-ylmethyly pyrrolidin-2-one | 4-(3-chlorophenyl}-1-(31 H-imidazol-1-
yimethyl} pyrrolidin-2-one; 1-{[2-(methylthic}-1H-mmidazol-1-vl] methyl}-4-
propylpyrrolidin-2-one; 1-{[2-(methylsulfinyl)-IH~imidazol-1-yl] methyl}-4-
propylpyreolidin-2-one 5 1-{(2-tert-butyl-1H-imidazol--y1) methyl]-4-
propylpyrrolidin-2- one; 1- [ 1- (IH-imidazol-1-v1} cyclopropyi] pyrrolidin-2-one ;
1~ [ (2~methyi-1H-imidazol-1~ vi} methyl]~-4-phenylpyrrolidin-2Z-one ; 1-{{2-
(methylsulfonyl}-IH-imidazol-1-y1} methyi}-4- propylpyrrolidin-2-one; 1-[{2-0oxo0-
4-propyipyrrolidin-1-yhmethyl}-1H-imidazole-2- carboxamide; 4-(4~
fluorophenyli-1-{ 1 H-imidazol-1-vimethylpyrrolidin-2-one ; 1- (1H- imidazol-1-
ylmethyl}-4-(3, 4, S-irifloorophenyl) pyrrolidin-2-one; 4- (3-fluorophenyly~-1- (H-
timidazol-1-yvimethyl) pyrrolidin-2-one; 4-(3,5-difluorophenyt)-1-(1 H-imidazol-1-
yvimethyl) pyrrolidin-2-one; 4-(3,4-diftaorophenyli-1-(1H-imidazol- -yimethyl)
pvirelidin- 2-one; 4-(3-chloro-d4-fluorophenyly-1-(1 H-imidazol-1-yimelthyl}
pyrrelidin-2-one; 4- (4- chlorophenyl-1-(1 H-imidazol-1-yhmelithyl) pyrrolidin-2-
onc; -(H-imidazol-l-ylmethyl)y 4~ (2, 3, 4-trifluorophenyl} pyrrolidin-2-ong; 1-
({H-imidazol-1-ylmethyl}-4-€2, 3,5-triffuorophenyl) pyrrolidin-2-one ; 1-(1H-
imidazol-l-ylmethyl}-4-(Z, 4,5- triflucrophenyl) pyrrolidin-2-one; 1-{{2-
{(hydroxymethyli-1 H-imidazol- 1-ylimethyl}-4- propylpyrrolidin-2-one ; methyl 1-
{ (Z-oxo-4-propylpyrrolidin-1-y1} methyl}-IH-imidazole- 2-carboxylate ; I-[ (2-
nitro-H-imidazol-1-vl} mcthyll-4- (3, 4,5-trifluorophenyl) pyrrolidin- 2-one; 1-
{{2~ox0-4-(3, 4, S-trifluorophenyi) pyrrolidin-1-y] methyl i~ H-mdazole-2-
carbonitrile; 1-{{2-amino-1H-imidazol-i-yhimethylj-4-propylpyrrelidin-2-one ; 1- |
(2, 4- dichloro-1H-imidazol-I-y1} methyl}-4- (3, 4, S-trifluorophenyl) pyrrolidin-2-
one ; 1- [ (5- chloro-tH-imidazol-1-y1) methyil-4- (3, 4, S-trifluorophenyl)
pyrrolidin-2-one ; 1-{[2-ox0-4~ (3,4, S-triflucrophenyl) pyrrolidin- 1-yi} methyi}-
{H-imidazole-4-carbonitrile ; 1-{ [Z-ox0-4- (3,4, 5-trifluorophenyl) pyrrolidin-i-y!]

methyl}-1H-imidazole-5-carbonitrile ; (+)-1- {1H- imidazoi-1-yhmethyly-4-
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phenylpyrrolidin-2-one ; {(-)-1-{1H-imdazol- -vimethyl-4- phenylpyrrolidin-2-
one ; 1- § {2-oxo-4- (2, 3, S-iriflucrophenyl) pyrrolidin-1-yl} methyl}-1H-
imidazole-S-carbonitrile ; (-)-1-{[2~ox0-4~(2, 3, 4-inifluorophenyl) pyrrolidin- | -
yimethyl}- [H-imidazole-5-carbonitrile | (+)-1-{[2~-ox0~4-(2, 3 d-triflucrophenyl)
pyrrelidin-1- vl methyl}-iH-imidazole-S-carbonitrile 5 (-3-1-{[2-ox0-4-(2, 3.4~
trifluorophenyt) pyrrolidin- [~vi] methyl}-lH-midazole-4~carbontirile ; (+)-1-{[2-
oxo-4-(2, 3, 4-trifiuorophenyl}-1- pyrrolidinyl} methyl] -iH-imidazole-4-
carbonitrile ; {-)-1~ { [2-0x0-4- (3, 4,5~ trifluoropheny!) pyrrolidin-1-yljmethyl}-
IH-imidazole-4-carbonitrile; (+)-1-{[Z2-ox0-4- (3,4, 5-trifluorophenyl) pyrrolidin-i-
yi] methyli-1H-imidazole-4-carbonitrile ; (+)-1-{[2-ox0- 4- (2, 4, 5~
wrifluorephenyl) pyrrotidin-1-vl] methyl} -1H~imidazole-4-carbonitrile ; {-}-1-{{2-
oxo-4- (2, 4,5-trifluorophenyl) pyrrolidin-1-v1} methyl} -1H-tmidazole-4-
carbonitrile ; {-}~1~ {[2-ox0-4-(2, 3, S-&rifluorophenyl} pyrrolidin- 1 ~ylmethyl}-1H-
muidazole-4-carbonitrile ; (-)- 1-{{2~-ox0-4-(3, 4, S=trifluorophenyl} pyrrolidin-1-
yi] methyli-IH-imidavole-3-carbonitrile ; 1-{{2-0x0-4~(2, 3, S-trifluorophenyl}
pyrrolidin-1-yljmethyl ;- 1 H-imidazole-5-carbonitrile ; 1-{[2-oxc-4-(2, 3,5~
trifluorophenyl) pyrrolidin- methyt} -{H-imidarole-5-carbonitrile ; 1-{(S-methyl-2-
phenyl-1H-imidazol-1-ylimethyl-4-propylpyrrolidin-2-one ;. 1- [ {5- methyl-IH-
mmidazol-1-y1} methyl]-4-propylpyrrolidin-2-one ; 1-[{5-phenyl-1H~-imidazol- 1-yl}
mothyl-4-propylpyrrolidin-2-onc ; 1-{(Z-cthyl-S-mcthyl-1H-imidazol-1~
yhmethyl}- 4-propylpyrrolidin-2-one; 1-[(2,5-dimethyl-1H-imidazol- I -yhimethyli-
4- propylpyrrolidin-2-one; 1- | (2-chloro-fH-imidazol-1-v1) methyll-4- (3, 4,5-
trifluorophenyl) pyrrolidin-2-one; 1-{2-azido-1-{1H-imidazol-1-y1} cthyi] -4-
propylpyrrolidin-2-one ; 1- | {(4-chloro-1H-imidazol-1-y1} methyli-4- (3, 4,5-
trifluorophenyty pyrrolidin-2-onc; 1-[(2-bronio-4,5-dichloro-1H-imidazol-1-
yhmethyli-4- propylpyrrolidin-2-one; - [(2-chloro-1H-imidazol-t-ylmethyl]-4-
propylpyrrolidin-2- one; (+}-1-1 [2-ox0-4- (3, 4, 5-trifluorophenyl) pyrrolidin-1-
ylimethyli-1H-imidazole-5- carbonitrile; 1-{I5-(hydroxymethyl}-1H-imidazol-1-
yimethyl}-4-propyipyrrohidin-2-one ; 1-{[4-(hydroxymethyl}-IH-imidazol-l-yl]
methyli-4-propylpyrrolidin-2-one ; benzyl 1- | (2- oxo-4-propylpyirolidin-1-v1)
methyt]-H-imidazol-S-ylcarbamate ; N-[(1-{[2-0x0-4-(3, 4,5-triffucrophenyt)

pyrrolidin-b-y1} methyli-IH-imidarol-5-y1) methyl} scetamide ; N- [{1-{[2- oxo-4-
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(3, 4, S-triflucrophenyl) pyrrolidin-1-vi] methyl } -IH-imidazol-5- vy methyl]
benzamide; N-1 (1-1 [2-ox0-4- (3, 4, S-irifluorophenyl) pyrroldin-1-ylmethyl} -
1H- imidazol-3-y1y mothyli propanamide ; i- (IH-benzimidazol-1-vlmethyl)-4-
propylpyrrolidin- 2-one; 1-[(2-methyl-1H-benzimidazol-{ -ylmethyt}-4-
propyipyrrolidin-2-one 5 4-propyl- 1-{(2-propyl-1H-benzimidazol-1-
yhmethyllpyrrolidin-2-one ; 1-[{Z-1sopropyl-1H- benzimidazol-1-yl} methyi]-4-
propylpyrrolidin-2-one | 4-propyi-1-{{2-(riflusromethyl}- {H-benzimidazol-1-vl]
methylt pyrrolidin-2-one; 1-4{2-(methylthio}lH-benzimidazol-1- 1] methyl}-4-
propylpyrrolidin-2-one ; 1-[{2-amino-1 H-benzimidazoi-1-yDimethyl }-4-
propylpyrrolidin-2-one ; 1-{[2-{chloromethyl}-1H-benzimidazol--ylmelthyl} -4-
propylipyrrolidin-2-one ; {i-[{Z-oxo-4-propyipyrrolidin-1-vi} methyi}-1 H-
benzimidazol-2- y1} acetomitrile ; 1- [ (S-methoxy-1H-benzimidazol-1-y1) methyl}-
4-propyipyrrolidin-2-one ; {-[(5-methyi-iH-benzimidazol-1-y1) methyli-4-
propvipyrrolidin-Z-one ; 1- | (5, 6-dimethyl- [H-benzimidazol-1-vl) methyl]-4-
propylpyrrolidin-2-one ; 1-{[2~-isopropyl-5- (riftucromethyl)-IH-benzimidazol-1-
vi] methyl}-4-propyipyrrolidin-2-one ; 1-{{6-chloro- [H-benzimidazol-l-yl)
methyli-d-propylpyrrolidin-2-one ; 1-{{2-oxo-4-propylpyrrolidin-1- yiy methyl]-2-
propyl-1H-benzimidazole-5-carbonitrile | 1-{[2-cthyi-S-(trifluoromethyi)- 1H-
benzimidazol-1-y1} methyl }-4-propylpyrrolidin-2-one ; 4-propyl-1-4{[2-(1H-pyrrol-
2=yl 1 H-bonzimidazol-1-y1] methyl} pyreolidin-2-onc ; 1- | (5-fluore-2-propyi-
1H-benzimidazol- 1-y1) methyi}-4-propylpyrrolidin-2-one ; I-{{6-methyl-2-(1H-
pyrrel-2-yh-1H- benzimidazol-1-y1] methyl} -4-propylpyrrolidin-2-one ; 1-{{6-
methoxy-2-propyl-1H- benzimidazol-1-y1) methyl}-4-propyvipyrrolidin-2-one ; 2-
butyl-1- [ 2-oxo-4- propylpyrrolidin-1-y1y methylj-IH-benzivaidazole-5-
carbonitrile ; 1-{{2-[2- (mcthylthio) cthyl]-5-{(trifluoromcthyl}-IH-benzimidazol-1-
y1] methyti-4-propyipyrrohidin- 2-one; 1H{(5~-luoro-2-isobutyl-1H-benzimidazol-1-
yhmethyll-4-propylpyrrolidin-2-one ; 1-{{5-fhuoro-2-(2, 4, 4-trimethylpentyly-1 H-
benzimidazol-1-yl1} methyl}-4-propylpyrrolidin- 2-one; 2-cvelopropyl-1-{(2-ox0-4-
propylpyrrolidin-i-yDmethyl]-1H-benzimidazole-5- carbonitrile ; I- [ {(2-oxo-4-
propylpyrrolidin-l-vi) methyl]-2- (IH-pyrazol-3-yh-1H- benzimidazole-S-
carbonitrile; 1-{{2-cyclopropyl-5-fluore-1H-benzimidazol-1-ylymethyl]- 4-

propyvipyrrolidin-2-one ; 1-[{3-fluore-2-isopropyl- [H-benzimidazol-1-yhimethyl}-
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4- propylpyrrolidin-2-one ; 1-4{2-(G-furyl}-6-methoxy-1 H-benzimidazol-1-
vimethyl}-4- propyipyrrolidin-2-one; 1- [{2-cyclopropyl-6-methony-tH-
benzimidazol-1-y1) methyl]-4- propylpyrrolidin-2-one; 1- [(2-isopropyi-6-
methoxy-1H-benzimidazol- [ -v1} methvl}-4~ propylpyrrohidin-2-one ; 1~ [{Z-ox0-4-
propylpyrrolidin-1-vl) methyl}-2-(1, 2,3-thiadiazol-4- yl1)-1H-benzimidazole-5-
carbountirile ; 1-{[2-(1H-midazol-2-y1}-3-(trifluoromethy! -1 H- benzimidazol-l-yi]
methyl}-4-propyipyrrolidin-2-one ; 1-{{5-fluore-2-(2, 2,2~ trifluoroethyl})-1H-
benzimidazol-1-y1} methyl}-d-propylpyrrolidin-2-one ; 1- { [2- (1- ethylpropyl)-6-
methoxy-1H-benzimidazol-1-yl] methyl} -4-propylpyirolidin-2-one ; 1-{{6-
methoxy-2- (Fmethyb-IH-pyrrol-2-y-1H-benzimidazol-1-yi] methyl-4-

~

propylpyrrolidin- 2-one; 1-{[2-(2-furyl}-5-{irifluoromethy!}-1 H-benzimidazol-1-
vimethyl}-4- propylpyrrolidin-2-one; 4-propyl-1-4[2-thien-2-yl-5-
{(trifluoromethyl)-1 H-benzimidazol- 1-ylimelthyl}pyrrolidin-2-one ; 1-1 [2- (3~
furyl}-5- (trifluoromethy-IH-benzimidazol-i- yi] methyl} -4-propylpyrrohdin-2-
ong ; 1- { [2-cyclopropyl-5- (trifluoromethyl)-1H- benzimidarzol-1-yl] methyl}-4-
propylpyrrolidin-2-one ; 4-propyi-1-{[2-(1 H-pyrrol-2-y1}-5- (trittuocromethyl}-1H-
henzimidazol-1-yl] methyl} pyrrolidin-2-one ; 1- (tH~irmdazol-1- yimethyly-1, 3~
dihydro-2H-indol-2-one ; S-bromo-l-(iH-imidazol-l-vlmethyl)-1, 3- dihydro-2H-
mdol-2-one; S-chloro-1- (IH-imidazol-1-yvlmethyl)-1, 3-dihydro-2H-indol-2- one;
4-fluoro-l-(IH~-imidazol-l-yimethyl)-1, 3-dikydro-ZH-indol-2-one; 4-chloro-1-(1H-
imidazol-1-vimethyly-1, 3-dihydro-2H-indol-2-one ; 1-(IH-imidazol-1-yimethyl)-5-
methyl-1, 3-dihydro-2H-indol-2-one ; 1- [ (2-0x0-2, 3-dihydro-IH-indol-1-y1)
methyl]-1H- imidazole-S-carbonitrile; and 1- [ (5-chloro-2-0x0-2, 3-dihydro-1H-

mdol-1-yh methyl-1H- inndazole-5-carbounitrde.

in some erabodiments, compounds are: 1~ (IH-imidazol-1-yvimethyl} pyrrolidin-2-
one, 1- (IH-imidazol-1-ylmethyl}-4-phenylpyrrolidin-2-one ; I{{H-inudazol-1-
yimcthyl}-4- propylpyrrolidin-2-onc; (<34~ (3~azido-2, 4-difluorophenyij-1- (iH-
imidazol-1- yimethyl} pyrrolidin-2-one; (+}-4-(3-azido-2,4-ditluorophenyl)-1-(1H-
imidazol-1- vimethyl) pyrrolidin-2-one ; 1-{(Z-cthyl-1H-imidazol-1-ylmethyl]-4-
propylpyrrolidin2- one; 1-[{2-isopropyi-1H-imidazol-t-ylymethyl]-4-
propylpyrrolidin-Z-one ; 1- | (2-methyl- TH-imidazol-1-v1) methyl]-4-

propylpyrrolidin-2-onc ; 4-propyl-1-[{2-propyl-1 H-imidazol- [-yl) methyl}

193



WO 2012/109491 PCT/US2012/024556

¥4

i0

[
Ln

20

b
()

pyrrolidin-2-one ; (+)-1- (IH-imidazol- 1 -ylmethyl)-4-propylpyrrolidin-2-one ; {-}-
1-(iH-imidazol-1-vimethyh-4-propylpyrrolidin-2-one ; 4<(2, 2-difluorovinyl}-1-(1
H- imidazol-1-ylmethyl} pyrrolidin-2-ounc; 4- (3-chiorophenyl)-I- (IH-imidazol-i-
yimethyl) pyirolidin-2-one ; 1-{[2~(methylthio}- 1 H-imidazol- 1-yllmethyl} -4-
propylpyrrolidin-2-one ; 1-[{2-methyl-1H-imidazol- 1-yDmethyl}-4-
phenyipyrrolidin-2- ong: 4-(4-fluoropheny}-1-(1H-imidazol-1-yhmethyl}
pyrrolidin-Z-one; 1-(1H-imidazol-1- ylmethyl}-4- (3, 4, 5-trifluorophenyl)
pyrrolidin-2-one; 4-G-fuorophenyl-1-(1H-imidazol- 1~-ylmethyh) pyrrolidin-2-
one; 4-(3,3-difluorophenyly-1-(1 H-imidazol-1- yimethyl) pyrrolidin-2-one ; 4-(3,4-
difluoropheny!)-1-(1H-imidazol-1-yimethyl} pyrrolidin- 2-one; 4-(3-chloro-4-
fluorophenyli-1-{1 H-imidazol- I -vimethyl) pyrrolidin-2-one; 4- {4- chlorophenyl}-
I-(iH-tmidazol-1-yimethyl) pyrrolidin-2-one; 1- (IH-imidazol-1-ylmethyl)- 4- (2,
3, 4-rifluorophenyl) pyrrolidin-2-one; 1-(1H-imidazol-1-yimethyl)-4-{2, 3,5~
trifluorophenyl) pyrrolidin-2-one; 1- (I H-imidazol-{-yimethyl-4- (2, 4,5-
trifluorophenyl) pyrrolidin-2-one; 1-{(2-nitrg-lH-imidazol-l-vl) methyl}-4-(3, 4,5-
trifluorophenyl) pyrrolidin-2-one ; 1- { [2-0x0-4- (3, 4, S-trifluorcphenyl}
pyrrotidin-1- y1] methyl}-1H-imdazole-2-carbonitrile ; 1-{(2-amino-TH-imidarol-
1-yDmethyi}-4- propylpyrrolidin-2-one; 1-1 (5-chloro-IH-imidazol-1-v1} methyl}-
4- (3, 4,5-tmfluorophenyl) pyrrolidin-2-one; 1-{[2-0x0-4-(3, 4,5-trifluorephenyl)
pyrrolidin-1- vt} mothyli-IH-imidazole-4~carbonitrile ; 1-{{2-ox0-4-(3, 4, 5-
trifluorophenyl) pyrrolidin- 1- y1} methyl} -IH-imidazole-5-carbonitrile ; (+)-1-(1H-
imidazol-1-yimethyl)-4- phenylpyrrolidin-2-one ; {-}-I-(IH-imidazol-1-ylmethyl}-4-
phenylpyrrohidin-2-one ; (+}% 1-{{2-0x0-4-(3, 4,5-irifluorophenyl) pyrrolidin-1-
ylimethyli-TH-imidasole~-4-carboniirile ; 1-{{2-chloro-IH-imndazol-1-v1) methyl}-4-
(3, 4, S-trittuorophenyl) pyrrolidin-2-onc ; - [2- azido-1-(1H-imidazol-1-y1) cthyll-
4-propyipyrrolidin-2-one ; 1-{(2-chloro-iH-imidazoi-i- i) methyl}-4-
propylpyrrolidin-2-one ; (+)-1-1 [2-ox0-4- (3, 4, S-trifluoropheny!) pyrrolidin- -
ylimethyl -t H-imidazole-5-carbonitrile ; 1-[(2-oxo-4-propylpyrrolidin- -y
methyl}-2- propyl-IH-benzimidazole-5-carbonitrile ; 1-{{2-ethyl-5-
{(trifluoromethyl}-1H- benzimidazol-1-yljmethyl} -4-propylpyrrohdin-2-one ; 4-
propyl-1-{{2-(1H-pyrrol-2-y{}-1H- benzimidazol-1-ylimethyl i pyrrolidin-2-one ; 1-

[(5-fluoro-2-propyl-1H-benzimidazol-1- v1) methyl}-4-propylpyrralidin-2-one ; 2-
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butyl-1- [(Z-oxo-4-propyipyrrolidin-1-y1) methyl]- H-benzimidazole-5-carbonitrile
;- | (3-Huoro-2-isopropyl-iH-bensimidazoi-1- v methyt-4-propylpyrrolidin-2-
one ; I-(1H-imidazol-1-ylmethyl}-1, 3-dihydro-2H-indol- 2-one; 5-bromo-1- (1H-
imidazol- [ ~vimethyD-1, 3-dihydro-2H-indol-2~one ; 5~chloro~i~ (H-imidazol-1-
yimethyl}-1, 3-dihydro-2H-indol-2-one ; 1-(1H-imidazol-1-yimethyl}-5- methyl-
i,3~dihydro-2H-1ndol-2-one ; 1-{{S~chloro-2~0x0-2,3-dihydro-1H-indol-1-~ yi)

methyl]-tH-imidazole-5-carbonitrile,

In some embodiments, compounds are: 1-{1H-imidazol-1-ylmethyl)-4-
phenyvipyrrolidin- 2-one; 1-(IH-imidazol-1-yimethy-4-propylpsyirolidin-2-one ; (-
}-4- (3-azido-2, 4~ difluorophenyl)-1-(1 H-imidazol- | -yimethyl} pyrrolidin-2-one;
{(+)-4~ (3-azido-2, 4~ ditluorophenyl~1-(1 H-imidazol-1-ylmethy) pyreohdin-2-one;
4-(2,2-difluorovinyl)-1- (IH-imidazol-1-ylmethyl) pyrrolidin-2-one; 4-(3-
chlorophenyl}-1-(1 H-imidazol-1~ vlmethyl) pyrrolidin-2-one; 1-{[2-(methylthio}-
tH-imidazol-1-yi] methyl}-4- propylpyrrolidin-Z-one; 1-{{2-methyl-1H-inudazol-
I-yDmethyi-4-phenylpyrrolidin-2- one; |- (IH-imidazol-1-ylmethyl}-4- (3, 4.5-
trifluorophenyl) pyirolidin-2-one; 4- (3- fluorophenyl)-1-(1H-imidazol-1-ylmethyl)
pyrrolidin-2-one; 4-(3,5-difluoromethyly-1- (tH-imidazol-1-ylmetlivl) pyrrolidin-2-
one; 1-{1H~imidazol-1-yimethyi4-(2, 3,4~ rifluorophenyl) pyreolidin-Z-one; 1-
(1H-imidazol-1-ylmethyl}-4-(2, 3,5- trifluorophenyt) pyrrolidin-2-one; 1- H-
imidazol-1-yimethyl-4-(2, 4,5~ wriflaorophenyl} pyreolidin-2-one; 1-[{2-nitro-1H-
imidazol-1-v1} methyl}-4-(3, 4,5- triffuorophenyl) pyrolidin-2-one; 1-{{2-oxo-4-
(3, 4, 5-trifluorophenyl) pyrrolidin-1- vi] methyl}-1H-imidazole-2-carbonitrile ; 1-
{(2-amino-tH-imidazol-1-yl) methyl]-4- propylpyrrolidin-2-one ; 1-{(5-chlore-iH-
imidazol-1-yhmethyi-4-(3, 4,5~ trittuorophenyt) pyrrohidin-2-one; (+)-1-(1H-
imidazol-l-yimethyi-4-phenylpyrrolidin-2- one; {~)-1-(IH-imidazol-1-ylmethyl}-4-
phenylpyrrolidin-2-one ; 1-{(2-chloro-1H- imdazol-1-y1) methyij-4- (3, 4,5-
trifluorophenyl) pyrrolidin-2-onc 1-[{Z-chloro-1H-imidazoi-l-yl} mothyl}-4-
propyipyrrolidin-2-one 5 (+)-1-1 [2-ox0-4- (3, 4,5 trifluoropheny!) pyrrolidin-d-yl}
methyl;-1H-imidazole-5-carbonitrile ; S-bromo-1- (1H- imidazol-1-ylmethyl}-1, 3-
dihydro-2H-indol-2-one; 5-chloro-1-{IH-imidazol-l-ylmethyi)- 1, 3-dihydro-2H-

mdol-2-one; 1- (H-ioudaxol-1-ylmethyl}-5-methyl-1, 3-dihydro-2H- indol-2-one;
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1-{{5-chloro-2~0x0-2, 3-dihydro-1H-indol-1-y]) methyl]-IH-imidazole-5-

carbonitrile.

Some compounds are: {~}-4~ (3-azide-2, 4-difluoropheny)-I- (iH-imidazol-1-

vimethyl) pyrrolidin-2-one ; (+3-4-(3-azido-2, 4-difluorophenyl}-1-(1H~-imidazol-1-
5 yimecthyl) pyrrolidin-2-one; 4-(3-azide~-2, 4-difluorophenyly-1-(IH-imidazol-1-

yimethvl) pyrrolidin-2-one,

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 free base with an appropriate acid such as
an inorganic acid, for example, a hydrohalic such as hydrochloric or hydrobromic,
10 sulfuric, nitric, phosphoric and the like; or an organic acid, such as, for example,
acetic, tifluorcacetic, hydroxyacelic, propanoic, lactie, pyruvie, malonic, succinig,
maleic, fumaric, malic, tartaric, citric, methancsulfonic, cthancsulfonic,
benzenesulfonic, p-toluenesulfonic, cyclic, salicylic, p-aminosalicylic, pamoic and

the like.

15 The compounds of fornuula | containing acidic protons may be converted into their
therapeutically active, non-toxic base addition salt forms, e, g. metal or amine salts,
by treatment with appropriate organic and inorganic bases. Appropriate base salt
forms include, {or example, ammontum salts, alkali and earth alkaline metal salis,
e. g lithium, sodium, potassium, magnesiom, calcium salis and the like, salis with

20 organic basgs, ¢. g. N-methyl-D-ghicamine, hydrabamine salts, and salts with

amino acids such as, for example, arginine, lysine and the Hke.

Conversely said salt forms can be converted into the free forms by treatiment with

an appropriate base or acid.

Compounds of the formmula T and their salis can be in the form of a solvate, which
25 is included within the scope of the present invention. Sach solvates include for

cxample hydrates, alcoholates and the like.

Many of the compounds of formmla 1 and some of their intermediates have at least

one stereogenic center in their structure. This stereogenic center may be present in

a R ora § conliguration, said R and 8 notation is used in correspondence with the

30 rules deseribed in Pure Appl. Chem. , 45 (1976) 11-30
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The invention also relates to all sterecisomeric forms such as enantiomeric and
diastereoisomeric {orms of the compounds of formula T or mixtures thereof

(including all possible mixturcs of stereoisomers).

Some of the compounds of formula { may also exist in tavtomeric forms, Such
forms although not oxplicity indicated in the above formula arc intended to be

ncluded within the scope of the present invention.

Iu another preforred embodimoent, the prosent invention concorns also compounds

of fornmla 1A and their tautomeric form IB

RY RY
5
R5 N ORZ R N O 2
6 A 8T
R Ny —R? RR )N\\ R®
== N
HO)\ O H
(iA) (iB)

With respect to the present invention reference to a compound or compounds 18
intended to encompass that compound in each of its possible isomeric forms and
mixtures thereof, unless the particular isomeric {omm 1s reterred {o speciiically.
Compounds according to the present invention may exist in different polymorphic
forms. Although not explicitly indicated in the above formula, such forms are
mntended to be included within the scope of the present invention.

The wvention also includes within its scope pro~-drug forms of the compounds of
formula 1 and its various sub-scopes and sub-groups.

xiiy U.S. Patent Application Publication No. 20090018148

In one aspect the mvention provides compounds having formula 1, their

cnantiomers, diastereoisomers and nuxtures thereof {including all possible

mixtures of sierecisomers), or pharmaceutically accepiable salts thereof,
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RI
wherein
R1 s hydrogeu or C1-6 alloyl;
RZ is hydrogen or C1-4 alkyi;
R3 is a group of formula —CHRSR6 or a benzyi group:;

R4 is C1-8 alky! optionally substituted by alkoxycarbonyl, £3-6 cycloalkyl, aryl or

heterocycle;

RS is C2-4 alkyl;

R& is C2-4 alkyl, amido or —COOR7;

R7is Ci-4 alkyl;

In one aspect, the invention provides compounds:

When R1 is bydrogen, R2 is ruethyl, R3 is —CHRSRE, R6 15 ethoxycarbonyi and
R35 is cthyl, then R4 is diffcrent from methyl, n-propyl, i-propyl, n-pentvl, n-heptyl,

3-bromobenzyl, 4-chlorobenzyl, 4-methylbenzyl or 2-phenyvlethyl:

When R1is hydrogon, R2 s methyl, R3 s boneyl, then R4 s different from i-

propyl, n-butyl, 3-methylbutyl, benzyl, phenyicthyl-, or 3-phenylpropyl:

When R1 and R2 are methyl, R3 is benzyl, R4 is different from methyl, 3-

methytbutyl, benzyl, 3-phenyipropyl or 4chiorophenylmethyl;

Finally 8-(2-chloro-benzyisulfanyl}-3-methyl-7-octyi-3,7-dithydro-purine-2,6-dione

18 considered,

Usually when R3 is a benzyl group, then R4 is C1-8 alkyl optionally subatituied by

alkoxycarbonyl.

Usually when R3 is a group of formula —CHRSRS, then R4 1s C1-8 alkyl

optionally substituted by C3-6 cycloalkyl, aryl or heterocycle.
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The term “alky1”, as used herein, is 4 group which ropresents saturated,
monovalent hydrocarbon radicals having straight (unbranched) or branched
moictics, or combinations thereof, and containing 1-8 carbon atoms, preferably 1-6
carbon atoms; more preferably alkyl groups have 1-4 carbon atoms. Alkyl moieties
may optionally be substituted by 1 to 5 substituents independently selected from
the group consisting of bydroxy, alkoxy, cyano, ethynyl, alkoxycarbonyl, acyl, aryl
or heterocycle. Alkyl moieties may be optionally substituted by a cycloalkyl as
defined hereafier. Preferred alkyl groups according to the present invention are
maethyl, cyanomethyl, ethyl, 2-ethoxy-2-oxoethyl, 2-methoxyethyl, s-propyl, 2-
oxopropyl, 3-hydroxyprepyl, 2-propynyl, n-butyl, i-butyl, n-pentyl, 3-pentyl, n-
hexyi, cyclohexyimethyl, benzvl, 2-bromobenzyl, 3-bromobenzyl, 4-bromobenzyl,
3-methoxybhenzyl, 3-nitrobenzyl, 3-aminobenzyl, 4-(aminosulfonyDbenzyl, 1-
phenylethyl, 2-phenyiethyl, (3,5-dimethylisoxazol-4-ylymethyl or (5-nitro-2-
furyDmethyl. More preferred alkyl groups are mothyl, ethyl, cyanomethyl, 2-
methoxyethyl, n-propyl, 3-hydroxypropyl, 2-propynyl, n-butvl, 3~-pentyl, n-hexyl,
benzyl, 3-bromobenzyl, 3-methoxybenzyl, 3-nitrobenzyl, 3-aminobenzyl, (3,5-
dimethylisoxazol-4-yDmethyl or (S-nitro-2-furyhmethyl. Most preferred alkyl
groups are methyl, ethyl, 3-methoxybenzyl, 3-nitrobenzyl or (5-nitro-2-

furyDmethyl.

The term “cycloalkyl”, as used herein, represents a monovalent group of 3 1o 8§,
preferably 3 to 6 carbon atoms derived from a saturated cyclic hydrocarbon, which
may be substiteied by any saitable group inclading but not Himited to one or more
moictics selected from groups as described above for the alkyl groups. Preferred

cyclaalkyl group according to the present invention is cyclohexyl.

The term "“aryl” as used herein, is defined as a phenyl group optionally substituted
by 1 to 4 substituents independently selected from halogen, amino, nitro, alkoxy or
aroinosulfonyl. Preferred aryl groups are phenyl, 2-bromophenyl, 3-bromophenyl,
4-bromophenyl, 3-methoxyphenyl, 3-nitrophenyl, 3-aminopheny! or 4-
{aminosulfonylphenyl.

The term “pheoyl”, as used herein, represents an aromatic hiydrocarbon group of

formula —C6HS,

199
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The torm “benzyl group”, as used herein, represents a group of formula —CH2-
aryl. Preforred beneyl groups are benzyl, 2-bromobeneyl, 3-bromobeney!, 4-
bromobenzyl, 3-methoxybenzyl, 3-nitrobenzyl, 3-aminobenzyl or 4-

{(aminosuifonybenzyl. More preferred benzyl groups are benzyi, 3-bromobenzyi,

¥4

3-methoxybenzyl, 3-nitrobenzy! or 3-aminebenzyl. In some embodiments alkyl

groups are 3-methoxybenzyl or 3-nitrobenzyl,

The term “halogen”, as used herein, represents an atom of fluorine, chlorine,

bromine, or 1wodine. In some embodiments the halogen is bromine.

The term “hydroxy”, as used hevein, represents a group of formula —OH.
10 The term “cyanc”, as used herein, represents a group of formula —CN.

The term “amino”, as used herein, represents a group of formula —NH2.

The term “cthynyl”, as used hercin, 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 is

15 methoxy.
The term “nitro”, as used herein, represents a group of formula —NO2Z,
The term “amido”, as used herein, represents a group of formula —CE=()NH2.
The term “acyl”, as used herein, represents a group of formula —CE==1Rb
wherein Rb is an altkyl group, as defined here above. In some embodiments the

20 acyl group is acetyl (——C(E=0)Me).
The term “alkoxyearbonyl (or estery”, as used herein, represents a group of formula
—CO0ORe wherein Re 1s an alkyl group; with the proviso that Re does not
represent any aliy! alpha-substituted by hydroxy. In some emboduments the

alkoxycarbonyl group is cthoxycarbonyl.

]
[ 4]

The torm “heterocyele”, s used herein, represents a S-membered ring containing

one of two heteroatoms selected from © or N. The heterocyele may be substituted
by one ot two C1-4 alkyl or nitre. In some embodiments the heterocyeles are (3,5-
dimethylisoxazol-4-yl) or { S-nitro-2-furyl). Most preferred heterocyele is (5-nitro-

2-furyh).
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Generally R1 is hydrogen or C1-6 alkyl. Usually R1 is hydrogen or C1-6 alkyl
optionally substituted by hydroxy, alkoxy, cyano, ethynyl, alkoxycarbonyl or acyl.
In some cmbodiments R 1 is hydrogen, methyl, cyanomethyl, 2-cthoxy-2-oxocthyl,
2-methoxyethyl, n-propyvl, 2-oxopropyl, 3-hydroxypropyl, 2-propynyl, n-pentyl or
n-hexyl. In some embodiments R1 18 hydrogen, methyl, cyanomethyl, 2-
methoxyethyl, n-propyl, 3-hydroxypropyl or Z-propynyvl. In some embodiments R1

is hydrogen.

Generally R2 is hydrogen or C1-4 alkyl Usually R2 is hydrogen or unsubstituted
C1-4 alkyl. In some embodiments R2 is hydrogen, methyl or n-butyl. lu some

cmbodiments, R2 is methyl.

Generally R3 1s a group of formuula —CHRSRS or a benzy! group. In some
cmbodiments R3 s 3-pontyl, 1-{aminocarbonylpropyl, 1-(cthoxycarbonyl)propyl

or 3-bromobenzyl, In some embodiments R3 1s 1-{cthoxycarbonyipropyl.

Generally R4 is C1-R alkyl optionally substituted by alkoxycarbonyl, C3-6
cycioalkyl, arvl or heterocycle, Usually R4 is C1-8 alkyt optionally substituted by
cyclohexyl, phenyl, bromophenyl, aminophenyl, methoxyphenyl, nitrophenyl,
aminosulfonylphenyl, 3,5-dimethylisoxazol-4-vl, S-nitro-2-furyl or
ethoxyearbonyl. In some embodiments R4 s n-butyl, 1-butyl, n-pentyl, n-hexyl,
cyclohexvimethyl, benzyl, 2-bromobenzyl, 3-bromobenzyl, 4-bromobeneyl, 3-
methoxybenzyl, 3-nitrobenzyl, 3-amincbenzyl, 4-(aminosulfonyltbenzyl, 1-
phenyiethyl, 2-phenylethyl, (3,5-dimethylisoxazol-4-yUmethyl, (S-nitre-2-
furylimethyi or I-{cthoxyvcarbonylipropyl. In some embodiments R4 is n-butyl, n-
hexyl, beneyl, 3-bromobenzyl, 3-methoxybenuyl, 3-nitrobengyl, 3-aminobeneyl,
(3,5-dimethylisoxazol-4-vmethyl, (S-nitro-2-furylymethyl or 1-
(cthoxycarbouypropyl. In some embodiments R4 18 3-methoxybeonzyvl, 3-
nitrobenzyl or (S-nitro-2-furylymethyl.

Uenerally RS 1s €2-4 atkyl. Usnally R5 is unsubstituted C2-4 alkvl. In some
ernbodiments RS is ethyl.

Generally R6 15 C2-4 alloyl, amido or —COQR7. Usually R6 is unsubstituted C2-4
alkyl, amido or —COOR7. In some embodiments R6 is ethyl, amido or

cthoxycarbonyl, lu some ernbodiments R6 is cthoxycarbounyl.

201
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Generally R7 1s C1-4 alkyl. Usually R7 is unsubstituted C1-4 alkvl. In some
embodiments, R7 is ethyl.

Usually the invention provides compounds having formuia |, their cnantiomers,
diastereoisorsers and mixtures thereof (including all possible mixtures of

sicreoisomers), or pharmacoutically acceptablo salts thereof,

h

0
/R“
R E
\N N
)\ | />— S\
o N N R’
]
R.‘-.
wherein

R1 is hydrogen, C1-6 alkyl optionally substituted by hydroxy, alkoxy, cyano,

ethynyl, alkoxycarbonyl or acyl;
RZ is hydrogen or unsubstituted C1-4 alkyl;
R3 is a group of formula —CHRSRG or a benzyi group;

R4 is C1-8 alkyl optionally substituted by cyclohexyl, phenyl, bromophenyi,
aminophenyl, methoxyphenyl, nitrophenyl, amivosalfonviphenyl, 3,5-

dimcthylisoxazoi-4-yl, S-nitro-2-furyl or cthoxycarbonyl;
R3 is unsubstiluted C2-4 alkyi;

R& is unsubstituted C2-4 alkyl, amido or —COORT,

R7 is unsubstituted C1-4 alkvl;

with the proviso that when R1 is hydrogen, R2 is methyl, R3 is —CHR3RS, R6 is
cthoxycarbonyl and R3S is ethyl, then R4 is different from n-propvl, i-propyl, n-

pentyl, n-heptyl, 3-bromobenzyl, 4-chlorobenzyl, 4-methyibenzyl or 2-phenylethyl.

In the above embodiment, sometimes, when R3 is a benzyl group, then R4 15 C1-§

alkyl optionally substituted by alkoxyearbonyl.
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In the above embodiment, sometimes, when R3 is a group of formula —CHRSRS,
then R4 18 £1-8 alkyl optionally substituted by C3-6 cycloalkyl, aryl or

heterocycle.
In one embodumnent,

5 R1 is hydrogen, methyl, cyancwmethyl, 2-ethoxy-2-oxoethyl, Zwmethoxyethyl, n-

propyl, Z-oxopropyl, 3-hydroxypropyl, 2-propynyl, n-pentyl or n-hexyi;
R2 is hydrogen, methy! or n-butyl;

R3 s 3-pentyl, 1-{(aminocarbonylpropyl, 1-(ethoxycarbonyhpropyl or 3-

bromobenzyi;

10 R4 is n-butyl, i-butyl, n-pentyl, n-hexyl, cyclohexylmethyl, benzyl, 2-
bromoebenzyl, 3-bromoboenzyl, 4-bromobeneyl, 3-mothoxybeneyl, 3-uitrobonezyl, 3-
aminobenzyl, 4-{aminosulfonyljbenzyl, i-phenylethyl, Z-phenylethyl, (3,5-
dimethylisoxazol-4-yhmethyl, (5-nitro-2-furyhmethyl or 1-

{ethoxycarbonylipropyk

15 with the proviso that when R1 is hydrogen, R2 is methyl and R3 is 1-
{ethoxycarbonylipropyl, then R4 is different from n-peniyl, 3-bromobenzyl or 2-
phenylethyl.

In the above embodiment, sometimes, when R3 is 3-bromobenzyl, then R4 is C1-8
alkyl optionally substituled by alioxycarbonyl.

20 In the above embodiment, sometimes, when R3 is 3-pentyl, I-
{(aminocarbonyDpropyl or 1-(ethoxycarbonylpropyl, then R4 is different from 1-
{ethoxycarbonylipropyl.

In a more preferred embodiment, R1 is hydrogen, methyl, cyanomethyl, 2-

methoxyethyvl, n-propyl, 3-hydroxypropvl or 2-propynyl;

]
i

R2Z is methyl;

R3 is 3-pentyl, I-(aminocarbonylipropyl, 1-(sthoxycarbonyDpropyl or 3-

bromobenzyi;

)
P
o
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R4 is n-butyl, n-hexyl, benzyl, 3-bromobenzyl, 3-methoxybenzyl, 3-nitrobenzyl, 3-
amimobensyl, (3,5-dimethylisoxazol-4-ylmethyl, (S-mitro-2Z-furyiymethyi or 1-
{cthoxycarbonylipropyk

with the proviso that wheu R1 18 hydrogen, B2 s methyl and B3 5 1-
{cthoxycarbonylipropyl, thon R4 is difforent from 3-bromabeonzyl

In the above embodiment, sometimes, when K3 1s 3-bromobeneyl, then R4 15 1~
{cthoxycarbouvhpropyl

in the above embodiment, sometimes, when R3 is 3-pentyl, 1-
{aminocarbonyDpropyl or 1-(cthoxycarbonyljpropyl, then R4 is different from 1-
{ethoxycarbonylpropyh

In one embodiment, R1 is hydrogen; RZ is methyl, B3 5 -
(cthoxycarbouylipropyvl; and R4 is 3-methoxvbenzyl, 3-nitrobenzy! or (5-nitro-2-

furylmethyl

A further embodiment consists in compounds wherein R2 is methyl, R3 is a group

~

of formula —CHRSR6 with RS bemmg C2-4 allyl, R4 being amido or —COOR’

and R7 being methyl or ethyl,

In some embodiments, compounds are ethyl 2-

(7-benzyl-1,3-dimethyl-2,6-dioxo-
2,3,6,7-tetrahydro~ 1 H-purin-8-ylythio Thutanocate; ethyl 2-{{7-(3-bromoebenzyly-1-
(2-cthoxy-2~oxoethyl)-3-methyl-2,0~-dioxo-2,3,0,7-tetralyydro- 1 H-purin-8-
yithiotbutanoate; ethyl 2-{]{7-(3-bromobenzyl-1-(2-methoxyethyl}-3-methyl-2 6-
dioxo-2,3,6,7-tetrabydro-1 H-purin-8~vijthio} butanocate; ethyt 2-{{7-(3-
bromobenzyl)-2,6-dioxo-2,3,6,7-tetrahydro- 1 H-purin-8-vl thio  butanoate; ethyl 2-
H{7-(3-bromobenzyi)-1,3-dimcthyl-2,6-dioxo-2,3,6, 7-tetrahydro~-1 H-purin-8-
yijthio}butanoate; ethyl 2-{{7-{(Z-bromobenzyl}-1,3-dimethyl-2,6-dioxe-2,3,6,7-
tetrahydro- L H-purin-8-ylithio Y butancate; ethyl 2-{{7-(3-bromobenzyl)-1-
{cyanomethyi)-3-methyi-2,6-dioxo-2,3,6,7-tetrahydro- 1 H-purin-8-
yijthio}butanoate; sthyl 2-{{7-(3-bromobenzy}-3-methyl-2,6-dioxo-1-propyl-
2,3,6,7-tetrahydro-1H-purin-8-yljthio } butanoate; ethyl 2-{[7-(3-bromobenzyl}-3-
methyl-2,6-dioxo-1-(2-oxopropy1}-2,3,6,7-tetrahydro-1H-purin-8-

yiithio} butanoate; cthyl 2~ {7-(3-bromobenzyl}-1-(3-hydroxypropyli-3-methyi-

2,6-d10%0-2,3.6,7-tetrahydro- | H-purin-8-yljthio } butanoaie; ethyl 2-{[7-(3-
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bromobenzyi}-3-methyl-2,6-dioxo~-1 -{(Z-propynyl}-2,3,6,7-tetrahyvdro- L H-purin-8-
yijthio tbulanoate; ethyt 2-{{7-(3-methoxybenzyl)-3-methyl-2,6-dioxo-2,3,6,7-
tetrahydro- LH-purin-8-ylithio tbutanoate; cthyl 2-{[3-methyl-7-(3-nitrobenzy -
2,6-dioxo-2,3,6,7-tetrahydro- | H-purin-8~yljthio} butanoate; ethyl 2-{{7-(3~
amincbenzyl}-3-methyl-2,6-dioxo-2,3,6, 7-tetrahydro- 1 H-purin-&-
yijthiotbutanoate; ethylt 2-({7-[4-(aminosulfonylbenzyl]-3-methyl-2 6-dioxo-~

2.3,6,7-tetrahydro-1 H-purin-8-yi} thioYbutanocate; ethyl 2-{{7-(4-bromebenzyl}-1,

dimethyl-2,6-dioxo-2.3,6,7-tetrahydro~ 1 H-purin~-8-yljthio M butanoate; ethyl 2-{17-
(cyclohexylmethyli-1,3-dimethyi-2,6-dioxe-2,3,6,7-tetrahydro-1 H-purin-8-
ylithiothutanoste: ethyl 2-{[1,3-dimethyl-2 é-dioxo-7-( I-phenyviethyl)-2,3.6,7-
tetralydro- 1 H-purin-8-viithio} butanoate; ethyl 2-{{1,3-dimethyl-2, 6-dioxo-7-(2-
phenviethyl}-2,3.6, 7-tetrahydro- 1 H-purin-8-yl ithio } butanoate; ethyl 2-({7-{(3,5-
dimethylisoxazoli-d-yOmethyi}-3-methyl-2,0-dioxo-2,3,6,7-tetrahydro-1 H-purin-8-
ylithiobutanoate: ethyl 2-({3-methyl-7-[{5-nitro-2-furyDmethyt]-2,6-dioxo-
2,3,6,7-tetrahydro~- | H-purin-8-y1} thioYhuanoate; ethyl 2-f{7-butyi-3-methyl-2,6-
dioxo-2,3,6,7-tetrahydro- | H-purin-8-yijthiojbutanoate; ethyt 2-{{7-(3-
hromobenzyi)-2,6-dioxo-2,3,6,7-tetrahydro~-1 H-purin-&-yiithio thutanoate; sthyl 2-
{(1,7-dihexyl-3-methyl-2 6-dioxo-2,3,6,7-tctrahydro- | H-purin-8-yithio jbutanoate;
cihyl 2-[(7-hexyl-3-methyl-2,6-dioxc-2,3,6,7-tetrahydro- 1 H-purin-8-
yixhiojbutancate; othyl 2-[(3-mcthyl-2,6-dioxo-1,7-dipentyl-2 3,6, 7-tctrahydro-
1H-purin-8-yljthioJbutanoate; 2-{{7-(3-bromobenzyl}-3-macthyl-2,6-dioxo-2,3,6,7-
tetrahydro- | H-purin-8-yljthio} butanamide; 2-[(7-butyl-3-methyl-2,6-dioxo-
2,3,6,7-tetrahydro- T H-purin-8-yhthio fbutanamide; 7-(3-bromobeneyl)-8-{(1-
cthylpropylithiei-3-methyl-3,7-dibydro-1H-purine-2,6-dione; ethyl 2-{&-[(3-
bromobenzyijthiol-1,3-dimcthyl-2,6-dioxo-1,2,3 6-totrabhydro-7H-purin-7-
yltbutanoate; and ethyi 2-[(7-isobutyl-3-methyt-2.6~-dioxo-2,3.6, 7 teirahydro-1H-

purin-8-yhthioJbutanoate.

In some embodiments compounds are: ethyl 2-{{7-benzyl-1,3-dimethyl-2,6-dioxo-
2,3,6,7-tetrahydro- 1 H-purin-8-ylythio Jbutanoate; ethyl 2-{{7-(3-bromobenzyl}-1-
{2-methoxyethyl)-3-methyl-2,6-dioxo-2,3,6,7-tetrahydro- | H-purin--

vijthio} butanocate; ethyl 2-{]7-(3-bromobeneyl}-1,3-dimethyvl-2,6-dioxo-2,3,6,7-

tetrahydro- 1 H-purin-8-ylithio } butanoatc; cthyl 2-{{7-(3-bromobenzyl)-1-
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{cyanomethyi)-3-methyi-2,6-dioxo-2,3,6,7-tetrahydro- 1 H-purin-8-

yljthio tbulanoate; ethyl 2-{]7-(3-bromobeney! 3-3-methyl-2,6-dioxo- 1-propyl-
2.3,6,7-ctrahydro-1H-purin-8-yijthio } butancate; cthyl 2-{[7-(3-bromobenzyl)-1-
(3-hydroxypropyh-3-methyl-2,6-dioxo-2.3,6, 7-tetrahydro~1 H-purin-8-

yiithio} butanoate; ethyl 2- {{7-(3-bromohenzy!)-3-methyl-2,6-dioxo-1-(2-
propynyl}-2,3,6,7-tetrahydro-1 H-purin-8-vljihio | butanoate; ethyl 2-{[7-(3-
methoxybenzyl}-3-methvl-2,6-dioxo-2,3,6,7-tetrahydro-1H-purin-§-
yHthio}butanoate; ethyl 2~ {3-methyl-7-(3-nitrobenzyl}-2 6-dioxo-2,2,6,7-
tetrahydro-1 H-purin-8-ylithio } butanoate; ethyl 2-{{7-(3-aminobenzyl)-3-methyl-
2,6-dioxo-2,3,6,7-tetrahydro- | H-purin-8-ylithio } butanoate; ethyl 2-({7-{(3,5-
dimethylisoxazoi-d-yhimethyll-3-methyl-2,6-dioxo-2,3,6,7-tetrabydro- 1 H-purin-8-
vi}thiopbutanoate; ethyl 2-({3-methyl-7-{(5-nitro-2-furyymethyl]-2,6-dioxo-
2,3.6,7-tetrahydro-  H-purin-8-ylthicibutanoate; ethyl 2-[(7-butvl-3-methyl-2 6~
dioxo-2,3,6,7-tetrahydro-1H-purin-8-vijthicfbutanocate; ethyl 2-[(7-hexyl-3-
methyl-2,6-dioxo-2,3,6,7-tetrahydro-1H-purin-&-yhthiohutanoate; 2-{{7-(3-
bromobenzyt)-3-methyl-2,6-dioxo-2,3,6,7tetrahydro-1 H-purin-8-

viithio} butanamide; 7-(3-bromobenzyD-8-[(1-ethylpropylithio]-3-methyi-3,7-
dihydro-1H-purine-2,6-dione; and ethyl 2-{8-{{3-bromobenzyljthic]-1,3-dimethyl-

2,6-dioxo-1,2,3,6-tetrahydro-7TH-purin-7-y1 } butanoate,

o some erobodiments compounds are: ethyl 2-{]7-(3~-methoxybenzyl-3-methyl-
2,0-dioxo-2,3,0,7-tetrahydro-1 H-purin-8-yljthio  butancate; ethyl 2-{{3-methyi-7-
(3-nitrobenzyl)-2,6-dioxo-2,3,6,7-tetrahydro- 1 H-purin-&-ylithio | butanoate; and
cthyl 2-{ {3-methyl-7-[(S-nitro-2-furylimethyl}-2,6-dioxo-2,3,6,7-tetrahydro- 1 H-

purin-&-vl}thio}butanoate.

The acid addition salt form of a compound of formuda I that occurs in its free form
as a base can be obtained by treating the free base with an appropriate acid such as
an inorganic acid, for exarmple, a hydrohalic such as hydrochloric or hydrobromice,
sulfuric, nitric, phosphoric and the like; or an ovganic acid, such as, for sxample,
acctie, triflucroacctic, hyvdroxyacetic, propanoic, lactic, pyruvic, malonic, succinie,
maleic, fumaric, malic, tartaric, citric, methanesulfonic, ethancsulfonic,
henzenesulfonic, p-toluencsulfonic, cyclamie, salicyhic, p-aminosalicylie, pamoic

and the like.
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The compounds of formula 1 containing acidic protons may be converted into their
therapeutically active, non-toxic base addition salt forms, e.g. metal or amine salts,
by treatment with appropriate organic and inorganic bascs. Appropriate basc salt
forms include, for example, ammonium salts, alkali and carth alkaline metal salts,
c.g. lithium, sodium, potassium, magnesium, caletum salts and the tike, salts with
organic bases, ¢.g, N-methyl-D-glucamine, hydrabamine salts, and salts with

amino 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 appropriale bass or acid.

Compounds of the formula [ and their salts can be in the form of a solvate, which
is meluded within the scope of the present invention. Such solvaies include for

cxample hydrates, aleoholates and the like.

Many of the compounds of formmula | and some of their intermediates have at feast
one stereogenic cenier in their sirocture. This stereogenic cenler may be present in
a R ora S configuration, said R and S notation is used in correspondence with the

rules deseribed in Pure Appl. Chem,, 45 (1976) 11-30.

The mvention also relates to all sterecicomentic forms such as enantiomernic and
diastercoisomeric forms of the compounds of formula { or mixtures thereof

(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

wmixtures thereot, unless the particular tsomenic form s referred to specifically.

Compounds according to the present invention may oxist in differcnt polymorphic
forms. Although not explicitly indicated in the above formula, such forms are
mtended to be included within the scope of the present invention.

X1} ULS, Patent 7,465,549

In some cmbodiments, the compound includes optionally substituted N-alkylated
2-oxo-pyrrolidine derivatives. In some embodiments, those compounds are alkyl
amides derivatives substituted on the positions 4 and/or § of the pyrrolidone ring,

Examples of optionally substitiied N-alkylated 2-oxo-pyrrolidine derivatives

D
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mclude, but are not limited to, compounds such as (25)-2-[(48)-4-(2,2-
difluoroviny}-2-oxopyrrolidiny! bulanamide, (28}-2-{{4R)-2-0x0-4-
propylpyrrolidinylibutanamide, (28)-2-{(45)-2-0x0-4~
propylpyrrolidinytjbutanamide, and (2532-[4-(3-azidopheny)-Z-oxopyrrolidin- | -

ylibutanamide.

In some ernbodiments, the compounds further include optionally substituted N-
alkylated 2-oxo-piperidiny! derivatives. In some embodiments, those compounds
are alkyl amides derivatives substituted on the position 4 and/or 5 and/or 6 of the
2-oxo-pipenidinyi ring. Examples of optionally substituted N-alkylated 2-ox0-
pyrrelidine derivatives inclade, but are not limited to, compounds such as those
referred to in tnternational patent application PUT/EPO2/05503 such as (25)-2-{5-
{iodomethyl}-2-oxo-t-piperidinylJbutanamide, (28)-2-[5-(azidomethyl)-2-oxo-1-
piperidinyljbutanamide, 2-(2~oxo-S-phenyl-1-piperidinyl}butanamide, (253-2-[4~
(iodemethyly2-oxo--piperidinyl butanamide, and (283-2-{4-(2-Huoro-2-

methylpropyli-2-oxo-1-pyrrolidinyl fhutanamide.

o some exobodiroents, the compounds mclude any acetarn compoand of formula 1,

i1 racemic or isomeric form, or a pharmaceutically acceptable salt thereof,

N

R4
Q W R3
3 |
N\
Fa
K2 R4
4
wherein

R represents hydrogen or hydroxy;

R1 and R2 represent independently hydrogen or an alkyl group of 1-4 carbon

aloms; and
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R3 and R4 represent independently hydrogen, an alkyl group of 1-4 carbon atoms
or —{CH2yo—NR3R6 wherein n is 1, 2 or 3 and RS and R represent

mdependently hydrogen or an alkyl group of 1-4 carbon atoms.

Ax example of such aun acetam compound includes, but 18 not hmited to, a
compound of formula [ whercin R, R1, R2, B3 and R4 arc hydrogen, 2-0x0-
pyrrolidineacetamide, known by the generic name piracetam as deseribed in UK

Patents Nos. 1,039,113 and 1,309,692,

In some embodiments, the compounds also include optionally substituted N-
alkylated 2-oxo-azepanyl derivatives, Preferably, those compounds are alkyl
amides derivatives substituted on the positions 4 and/or 5 and/or 6 and/or 7 of the
2-oxo-azepanyl ring. Exaroples of optionally substituted N-alkylated 2-oxo-
azepanyl derivatives include, but are uot limited o, compounds such as those
referred to in infernational patent application PCT/EP02/05503 such as 2-[5-

{(iodomethyl}-2-oxo-1-azepanyljbutanamide.
xiv} U8, Patent Application Publication No. 2006258704

This invention provides novel compounds of the formula §

wherein

n represents § or 1 whereby R<l > is not existent when v=0 and R<1 > is existent

when n=1:
A< > represents an oxygen or a sulfur atom;
Kis CONR<T> R<8> | «COOR<Y> | -CO-R<10 > or CN;

R<1 > when existent, R<2> , R<3> | R<4 > and R<3 > are the same or different
and cach is independently hydrogen, halogen, hydroxy, thicl, amine, nitro,

nilrooxy, cyano, azido, carboxy, amido, sullome acid, sulfonamide, alkyl, alkenyl,
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alkynyl, ester, ether, aryl, heterocycle, or an oxy derivative, thic derivative, amino

dertvative, acyl denivative, sulfonyl derivative or sullinyl dertvative,

provided that at lcast one of the substituents R chosen from R<1 > when existent,

R<Z> , R<3> | R<d > or R<5 > 18 not hydrogen;

R<6 > is hydrogen, alkyl, aryl or -CH2-R<6a > wherein R<6a > is aryl,

heterocycle, halogen, hydroxy, amine, mro or cyans;

R<7>, R<§ > and R<9 > are the same or different and each is independently

bydrogen, hydroxy, alkyl, aryl, heterocycle or an oxy derivative; and

R<10 > is hydrogen, hydroxy, thiol, halogen, alkyl, arvl, heterocyele or a thio

derivative,

their pharmaccutically acceptable salts, goometrical Isomers (including cis and

trans, £ and E isomers), enantiomers, diastercoisomers and mixtures thereof

{inchading all possible mixtares of sterecisomers).

in the above formula, at least one substituent R<1 > to R<3 > is different from
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-1-pyrrofidinyl and 2-oxo-1-piperidiny} derivatives as imhibitors of the
oncogone Ras protein, In particular, these compounds block the ability of Ras to
transtorm normal celis to cancer cells, and therefore can be included in several

chemotherapeutic compositions for treating cancer,

US Patent No. 5,516,759 discloses non-ring substituted 2-oxo-l-pyreolidinyl, 2~
oxo-1-piperidiny! and azepanyl derivatives present at the N-terminus of
dodecapeptides possessing LHRH (luteinizing hormone-releasing hormone)
antagoenistic activity, Such LHRH antagonists are useful iy the treatment of a
varicty of conditions in which suppression of sex steroids plays a key role
including contraception, delay of puberty, treatment of benign prostatic hyperplasia

a.0,

In the definttions set forth below, unless otherwise stated, R<ii > and R<12 > are
the same or different and each is independently amide, alioyl, alkenyl, alkynyl,

acvl, ester, cther, aryl, aralkyl, heterocycle or an oxy derivative, thio derivative,
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acyl dertvative, amino derivative, sulfonyl derivative, or sulfinyl derivative, cach
optionally substituted with any suilable group, mcluding, but not limited (o, one or
more moictics sclected from lower alkyl or other groups as deseribed below as

substituents for alkyl.

The torm "oxy derivative”, as uscd herein, is defined as ineluding -C-R<i1 >
groups wherein R<i1 > 15 as defined above except for "oxy derivative”. Non-
fimiting examples are alkoxy, alkenyloxy, alkynyloxy, acyloxy, oxyester,
oxyamido, alkylsulfonyloxy, alkvlsulfinyloxy, arvisulfonvloxy, arvisulfinyloxy,
aryloxy, aralkoxy or heterocyclooxy such as pentvloxy, allyioxy, methoxy, ethoxy,

phenoxy, benzyloxy, 2-naphthyloxy, 2-pyridyioxy, methylenedioxy, carbonate.

The torm "thio derivative™, as used herein, is defined as meluding -3-R<11 >
groups wherein R<11 > i3 as defined above oxeept for "thio derivative”. Non-

limiting examples are alkylthio, alkenylthio, alkynylthio and arylthio.

The term "amino derivative”, as used herein, is defined as inclading -NHR<11 > or
NR<HE> R<12 > groups wherein R<1] > and R<]2 > are as defined above. Non-
timiting examples are mono- or di-atkyl-, alkenvl-, alkynyl- and arylamino or

mixed amino.

The term "acyl derivative”, as used herein, represents a radical dertved from
carboxvlic 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 sclected from hydrogen, Cl-
12 alkyl, C2-12 alkenyl, C2-12 alkenyl, heterocyle and aryl, Non-limiting
examples gre formyl, acetyl, propionyl, isobutyryl, valeryl, lauroyl, heptanediovl,
cyclohexanecarbonyl, crotonoyl, fumaroyl, acryloyl, benzoyl, naphthoyl, furoyi,
nicoiinoyl, 4-carboxybutanoyl, oxalyl, ethoxaiyl, cysteinyl, oxamoyl.

The torm "sulfonyl derivative”, as used herein, is defined as including a group of
the formuda -SO-R<11> |, wherein R<11 > is as defined above except for "sulfonyl
derivative”, Non-limiting cxamples arc alkylsulfonyl, alkcnylsulfonyl,
alkynylselfonyl and arylsulfonyl,

The torm "sulfinyl derivative™, as used herein, is defined as including 2 group of

the formula -SO-R<11>, wherein R<11 > s a5 defined above except for "sulfinyl
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derivative”. Non-hmiting examples are alkylsulfinyl, alkenylsulfinyi,

alkynylsulfinyl and aryisulfinyl.

The term "alkyl", as used herein, is defined as including saturated, monovalent
hydrocarbou radicals having straight, branched or cyclic moieties or combinations
theroof and gonerally containing 1-20 carbon atorms, most oftcn 1 to 12 carbon
atoms, preferably 1-7 carbon atoms for non-cychic alkyl and 3-7 carbon atoms for
cycloalkyl (in these two preferred cases, uniess otherwise specified, "lower alkyl"),
cach optionally substituted by, preferably 1 to 5, substituents independently
selected from the group cousisting of halogen, hydroxy, thiol, amnino, nitro, cyano,
thiocyanato, acyl, acyloxy, sulfouy! derivative, sulfinyl derivative, alkylaminoe,
carboxy, ester, ether, amido, azido, ¢ycloalkyl, sullonic acid, sulfonamide, thio
derivative, alloylthin, oxyester, oxyamido, heterocycle, vinyl, alkoxy (preferably

C1-5), arvloxy {preferably C6-10) and aryl{preferably C6-10).

In some embodiments are allcyl groups containing 1 to 7 carbon atoms, each
optionally substituted by one or more substitucnis 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-diflyorocthyl, 2-chlors-2,2-difluoroethyl, 3,3,3-
trifluoropropyl, cyclopropylmethyl, indomethyl, azidomethyl, 2,2-diflucropropyl,

2-todo-2,2-difluoroethyl.

The term "lower alkyl", as used herein, and unless otherwise specified, refers to C1
10 C7 saturated straight, branched or cyclic hydrocarbon, Non limiling examples
are maecthyl, ethyl, propyl, isopropyl, butyl, lerticbutyl, pentyl, evclopropyl,
cyclopentyl, isopentyl, neopentyl, hexyl, ischexyl, cyclohexyl, 3-methypentyl, 2,2-
dimethylbutyl, optionally substituted with any suitable group, including but not
limited 1o one or more moietics selected from groups as described above for the

alkyl groups. Preferably, lower alky! is methyl,

The term "allkenyl”, as used herein, is defined as including both branched and

unbranched, unsaturated hydrocarbon radicals having at least one double bond, and
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being optionally substituted by at least one substituent sclected from the group
consisting of halogen, hydroxy, thiol, amine, thiocyanato, azido, alkylihio,

eycloalkyl, acyl, nitro, cyano, aryl and heterocyele.

In some embodiuments are alkenyl groups are C2-C12 alkkenyls, especially C2-
6alkenyis, such as cthonyl (=vinyl), I-mcthyi-1-cthenyl, 2,2-dimethyl-1-cthenyi, 1-
propenyl, 2-propenyl (=allyh), -butenyl, 2-butenyl, 3-butenyl, 4-pentenyl, -
methyl-4-pentenyl, 3-methyl-1-pentenyl, 1-hexenyl, 2-hexenyi and the like,
optionally being substituted by one or more substituents selected from halogen,
cyano, thiccyanato, azido, alkylthio, cycloalkyl, phenyl and acyl. Most prefered is
vinyl, optionally substituted by one or more halogen or/and lower alkyl, and

especially 2, 2-difluorovinyl, 2,2-dibromovinyl and 2,2-dichlorovinyl,

The term "alkynyl” as used hercin, is defined as including 2 monovalent branched
or unbranched hydrocarbon radical containing at least onc carbon-carbon triple
bond, for example ethynyl, 2-propynyl (=propargyl}, and the like, and being
optionally substituted by at least one substituent selected from the group consisting
ot halogen, hydroxy, thiol, amino, niiro, cyane, aryl, heterocycle, thiocyanato,

azido, alkylthio, alkyl and acyl.

In some embodiments are alkyny! groups are C2-12 alkynyl, especially C2-6
alkynyl, optionally being substituted by one or more substituents selected from
halogen, cyano, thiocyanato, azido, alkyithic, acyl, arvl such as phenyl and alkyl,

preforably cycloatkyl.

in some emibodiments are ethynyl, propynyl and butynyi, optionally substituted by
lower alkyl or/and halogen, and especially -propynyl, cyclopropylethynyl, 3-

methyl-i-butynyl and 3,3,3-trifluoro-t-propynyl.

When present as bridging groups, alkyl, atkenyl and alkoynyl 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 """, "sec”, "iso" and the hike {e.g. "n-propy!”, "sec-buiyl™) are in the n-form

unlcss otherwise siated.

[N
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The torm "aryl”, as used herein, is defined as including an organic radical derived
{rom an aromatic hydrocarbon consisting of at least one ring, most often 1 1o 3
rings and gencrally containing 6-30 carbon atorns by remeoval of onc hydrogen,
such as phenyl and naphthyi, cach optionally substituted by one or more
substituents independently selected from halogen, hydroxy, thiol, amino, nitro,
cyano, acyl, acyloxy, sulfouyl, sulfinyl, alkylamino, carboxy, ester, ether, amido,
azido, sulfonic acid, sulfonamide, alkyisulfonyl, alkylsulfinyl, Cl-6-alkylthio,
oxyester, oxyamido, aryl, Cl-6-alkoxy, C6-18-arvioxy, Ci-6-alkyl, C1-6-
haloalkyl. Arvl radicals are preferably monocyclic or bicyclic containing 6-10
carbon atoms. Preterred aryl groups are phenyl and naphthyl cach optionally
substituted by one or more substituents independently selected from halogen, nitro,

arnino, azido, Cl-6-alkoxy, C1-6-alkyl, C1-6-haloalkyl, sultonyl and phenyl.

In some embodiments the aryl is phenyl, optionally substituted by ove or more
halogen, lower alkyl, azido or nitro, such as 3-chlorophenyl and 3-asidophenyl.
The torm "halogen”, as used herein, includes an atom of C1, Br, F, L

The term "hydroxy”, as used herein, represents a group of the formula -OH.
The term "thiol”, as used herein, represents a group of the formuda -SH.

The term "cyano", as used herein, represents a group of the formula -CN.

The term "nitro”, as used berein, represents a group of the formula -NO2,

The term "nitrooxy”, as uscd horein, represents a group of the formula -ONQO2.
The term "amine”, as ysed herein, ropresents a group of the formula -NHZ,

The term "azido”, as used hersin, represents a group of the formula -N3.

The term "carboxy”, as used herein, represents a group of the formuls -COUH.
The term "sulfonic acid”, as used herein, represents a group of the formula -SO3H.

The term "sulfonamide”, as used herein, represents a group of the formula -
SO2ZNHZ.

The term "ester”, as used herein, is defined as including a group of formula -COO-
R<11 > wherein R<11 > 18 as defined above except oxy derivative, thio derivative

or amino derivalive. Preferred are esters of {ormula -COOR<11 > wherein R<<11 >

214



WO 2012/109491 PCT/US2012/024556

10

20

]
(o]

30

is selected from C1-12 alkyl, C2-12 alkenyl, C2-12 alkynyl and arvl, Most

preferred are estors where R<11 > is a lower alkyl, especially methyl.

The term "cther” is defined as including a group selected from C1-50-straight or
branched alkyl, or C2-50-straight or branched alkenyl or alkyoyl groups or a

combination of the same, interrupted by onc or more oxygen atoms,

The torm "amido” 1s defined as including a group of formula -CONHZ or -
CONHR<I! > or ~CONR<11> R<12 > whercin R<1 > rand R<12 > arc as

defined above,

The term "heterocycele”, as used hercin, is defined as including an aromatic or non
aromatic cyehic alkyl, alkenyl, or alkyoyl moiety as defined above, having at least
one O, S and/or N atom interrupting 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, inchuding but not Himited
10 ong or more moicties selected from lower atkyl, or other groaps as described
above for the alkyl groups. Non-limiting examples of heterocycies are pyridyl,
furyl, pyrrolyl, thienyl, isothiazolyl, triazolyl, imidazolyl, benzimidazolvl,
tetrazolyl, quinazolinyl, quinolizinyl, naphthyridinyl, pyridazinyl, pyrimidinvl,
pyrazinyl, quinolyl, ioquimoelyl, sobenzofuranyl, benzothicunyl, pyrazolyl, mdolyl,
indolizinyl, purinyl, iscindolyl, carbarolyl, thiarolyi, 1,2 4-thiadiazolyvl,
thiomorpholinyl, thienof2,3-b}uranyl, furopyranyl, benzefuranyl, benzoxepinyl,
tsooxazolyl, oxazolyl, thianthrenyl, benzothiazolyl, or benzoxarciyl, cinnolinyl,
phthalazinvl, quinoxalinyl, {-oxidopyridyl, phenanthridinyl, acridinyl, perimidinyi,
phenanthrolinyl, phenothiazinyl, furazanyl, beozodioxolyl, isochromanyl,
indolinyl, xanthenyi, hypoxanthinyl, pteridinyl, 5-azacytidinyl, S-azauracilyi,
triazolopyridinyl, midazclopyridiny, pyrrolopyrinudinyl, pyrazolopyrimidinyd,
tetrahydrofuranyl, wetrahydropyranyl, piperidinyl, piperidyl, piperazinyi,
imidazolidinyl, morpholino, morpholinyl, 1-oxaspiro{d.5)dec-2-v1, pyrrolidinyt, 2-
oxo-pyrrolidinyl, sugar moteties {i.e. glucose, pentose, hexose, ribose, fructose,
which may also be substituted) optionally substituted by alkyl or as described
above for the ally! groups. The term "heterocycle” also wchudes bicyclic, trieyclic
and tetracycelic, spiro groups in which any of the above heterocyelic rings is fused

10 one or two rings independently selected frovn an aryl ring, a cvclohexane ring, a

21
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cyclohexene ring, a cyclopentane ring, a cyclopentene ring or another monocyclic
heterocychic ring or where a monocyclic heterocyclic group is bridged by an
alkylenc group, such as guinuchidinyi, 7-azabicyclo(2.2. Dheptanyl, 7-

‘

oxabicyclo(2.2. Dheptanyl, 8-azabicyelo{3.2. ioctanyl.

The heterocyele may be selected from triazolyl, tetrazolyl, pyrrolidinyt, pyridyl,

oxidopyridyl, thiomorpholinyl, benzodioxolyl, furyl, oxazolyl, pyrimidinyl,
pyrrolyl, thiadiazolyl, thiazolyl, thieny! and piperazinyl, each optionally substituted
by one or more substituents sciected from halogen, alkyl, substituted alkyl, alkoxy,
nitro, aroino, acyl and phenyl. In some ewbodiments the heterocycle s selected
from tetrazolyl, pyrrolidinyl, pyridyl, furyl, pyrrolyl, thiazolyl and thienvi, ecach
optionally substituted by one or more substiuents selected from halogen, alkyl,
halogen substituted alkyl, acyl, alkoxy, nitro, amino and phenyl, and especially
from Z-and 3-thienvl, optionally substituted by one or more halogen, acyl such as

formyi, cyano and/or lower abkyi, such as methyl.

In the above definitions it is to be understood that when a substituent such as R<1>
CR<Z> RG> Rad> RS> RaT> | R8> | R<9> | R<i > 15 attached to the
rest of the molecule via a hetercatom or a carbonyl, a straight- or branched chain,
C1-12-, preferably Cl-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 acid addition salt form of a compound of formuda (I} that occurs in its free
form as a base can be obtained by treating said free base form with an appropriate
acid such as au inorganic acid, for example, a hydrohalic such as hydrochloric or
hydrobromic, suifuric, nitric, phosphoric and the like; or an organic acid, such as,
for example, acetic, hydroxyacetic, propanoic, lactic, pyruvie, malonic, succhuc,
maleic, fumaric, malic, tartaric, citric, methanssulfonic, ethanesulfonic,
benzenesulfonic, p-toluenesulfonic, cyelamie, salicylic, p-aminosalicylic, pamoic

and the like.

The compounds of formula (1) containing acidic protons may be converted into
fol e
their therapeutically active, non-toxic base addition salt form, e.g. metal or amine

salts, by treatment with appropriate organic and inorganic bases. Appropriate base
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salt forms include, for example, ammonium salts, alkali and carth alkaline metal
salis, e.g. lithium, sodium, potassium, magnestum, calcium salts and the ke, salls
with organic bascs, ¢.g. N-mothyl-D-ghicamine, hydrabamine salts, and salts with

aming acids such as, for example, arginine, lysine and the like.

Conversely said salt forms can be converted into the froe forms by treatment with

an appropriate base or acid.

Compounds of the formula T and their salts can be in the form of a solbvate, which
is included within the scope of the present invention. Such solvates include for

example hydrates, alcoholates and the like.

Many of the compounds of formula 1 and some of their intermediates have at least
one stereogenic center in their structure. This sterecgenic center may be present in
a R ora 8 configuration, said R and S notation is used in correspondence with the

rules described in Pure Appl. Chem. (1970}, 45, 11-30.

The invention also relates to all stereoisomerie forms such as enantiomeric and
diastereotsorneric forms of the compounds of formula T or muxtures thereot

(including all possiblc mixturcs of stercoisomers).

Furthermore, certain compounds of formula § which contain alkenyl groups may
exist as Z (rusammen} or F (entgegen) isomers. In each instance, the invention

iichudes both mixture and separate individual isomers.

Multinle substituents on the piperidiny] or the azepanyl ring can also stand in either
cis or irans relationship to each other with respect to the plane of the piperidinyl or
the azepanyl ring,

Some of the compounds of formula | may also exist in tautomeric forms, Such
forms although not explicitly indicated in the above formula are intended to be
included within the scope of the present invention.

With respect to the present invention reference to a compound or compounds is
intended to encompass that compound in cach of its possible isomeric forms and

mixtures thereof unless the particular isomeric form is reforred to specifically.

The invention also includes within i3 scope prodrug forms of the compounds of

formula ¥ and Its various sub-scopes and sub-groups.

|\
—
-3



WO 2012/109491 PCT/US2012/024556

20

[N

¥4

Ln

n

The term "prodrug™ as used hercin includes compound forms which are rapidly
transformed in vivoe to the parent compound according lo the invention, for
example, by hydrolysis in blood. Prodrugs arc compounds bearing groups which
are modified by biotransformation prior to exhibiting their pharmacological action,
Such groups include moieties which are readily oxidised, eyclised or cleaved,
which compound afier biotransforruation 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 alkanoy! (i.e. acetyl, propionyl, butyryl, and the like), unsubstitited and
substituted carbocyclic aroyl (such as benzoyl, substituted benzoyl and 1- and 2-
naphthoyl), alkoxycarbony! (such as ethoxycarbonyly, trialkyisilyl {such as
trimethyi- and triethylsilyl}, monoesters formed with dicarboxylic acids (such as
succinyl}, phosphate, sulfate, sulfonate, sulfonyl, sulfinyl and the like. The
compounds bearing the biotranstormable groups have the advantage that they may
exhibit improved bioavailability as a result of enhanced solubility and/or rate of
absorption conferred upon the parent compound by virtue of the presence of the
hiotransformable group. T. Higuchi and V. Siella, "Pro-drugs as Novel Delivery
Swystem”, Vol. 14 of the A.C.S. Symposium Series; "Bioreversible Casriers in Drug
Design”, ed. Edward B, Roche, Amertcan Pharmaceutical Association and

Porgamon Press, 1987,
The term "R substituent” refers to R<1> , R<2> , R<3> , R<4 > or R<53 > |
independently.

According to one embodiment, the present invention relates to a compound of
formula [ as defined above wherein i represents 0. The compound is a 6-ring
structure (2-thioxo- or 2-oxo-piperidiny] derivative) wherein R<1 > is not existent
since n=0, and is depicted by the formula (I-A).

{I-Al
R4

B2 N Al

RS X
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According 1o a following embodiment, the present invention relates to a compound
ol foroula | according o the invention as defined above wherein o represents 1,
The compound is a 7-ring structure (2-thioxo- or 2-oxo-azepanyl derivative)
wherein R<] > is existent since n=| and depicted by the formula (I-B}.

a-8)

N N Al
RA X

According 1o one embodiment, the invention relates to said compound as defined

v

above wherein 00, R<3 > and/or R<4 > are different from hydrogen and R<2:

and R<3 > represent hydrogen.

According to another cmbodiment, the invention relates 1o said compound as
defined above wherein n=1, R<2> | R<3 > and/or R<4 > are different from

hydrogen and wherein R<1 > and R<8 > represent hydrogen,

According to another embodiment, the invention relates to said compound as
defined above wherein only one R substituent chosen from R<3 > or R<4 > when
=0 or from R<2>, R<3 > or R<4 > when n=1, 1s different trom hvdrogen and the
remaining R substituent(s} is/are hydrogen. We hereby refer to a mono-substituted

2-thioxe- or 2-oxo-piperidinyl or 2-thioxo- or 2-oxo0-azepanyt derivatives.

According to anothor erabadiment, the present invention relates o compounds of
formula | according to the invention as defined above wherein A<l > represeats an
oxygen atom. We hereby refer to 2-oxo-pipertdinyl or 2-oxa-arepanyl derivatives.
According to another embodiment, the present invention relates to compounds of
formula I according to the invention as defined above wherein X 18 CONR<T>
R<8> | cspecially CONHZ. We hereby refer to amido derivatives of 2-oxo{or

thioxo}-piperidinyl or 2-oxo(or thioxo}-azepanyl.

According to another embodiment, the present invention relates to compounds of
formula I according to the 1nvention as defined above wherein R<6 > represents

hydrogen, Cl-4 alkyl, or a CH2-R<6a > group wherein R<6a > reproscnis a
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heterocyele. Most preferably R<6 > 15 3 C1-4 alkyl, especially othyl. When R<6 >
is ethyl we refer to 2-(2-oxo{or thioxo)-L-pipenidiny Dbutanamide or 2-(2-oxofor

thioxo)-1-azepanylYbutanamide derivatives.

According to another embodiment, the present invention relates to compounds of
formula | according to the invention as defined above wherein the carbon atom 1o
which R<6 > 13 attached 1s of the S configuration. In case where R<6 > g cthyl, A
is oxygen and X is CON R<7 > R<8> | we refer then to (2853-2-(2-oxo-1-

piperidinyhbutanamide or (25)-2-(2-0ox0-1-azepanylibutanamide derivatives.

According 1o one ernbodiment, 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
dilterent and cach is independently hydrogen, halogen, nitro, nilrooxy, cyano,
carboxy, amido, sulfonic acid, sulfonamide, alioyl, alkenyl, ablynyl, cstor, cther,
arvl, heterocycle, acyl derivative, sulfonyl derivative or suifinyl derivative:
R<1 > when existent, R<2 > when n=0 and R<8 > are hvdrogen;

R<6 > 1s hydrogen, alkyl, aryl or -CH2-R<6a > wherein R<6a > is aryl,
heterocycle, halogen, hydroxy, amino, nitro or cyano;

provided that, when R<6 > 1s hydrogen, X is -CONR<T> R<§ > and that the
compound is

neither methyl (ZR)-2-{{6R »-6-methyl-2-oxoazepanyl}-3-phenyipropanoate

nor methyt (28}-2-[{(4R}-4-methyl-2-oxocazepanyl]-3-pheaylpropanocate.

According o this embodiment, the compound 1s generally such that when R<6 > 15
benzyl, 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 methyvl 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 each is independently hydrogen; cyano; carboxy; amido;

-
o
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C1-12 alkyl, cach optionally substituted by one or more substitucnts selected from
hydroxy, halogen, cyano, thiocyanato, alkoxy, azido, alkyitio, cycloalkyl, acyl, aryl

and heterocyele;

(2-12 alkenyl, each optiovally substituted by one or more substituents selecie

from halogen, cyane, thiccyanato, azido, alkyithio, alkyl, aryl and acyl;

(2-12 alkynyl, cach optionally substiluied by one or more substituents selected
from halogen, cyane, thiocyavato, azido, alkylthio, alkyl, aryl and acyl; acyl
dertvative of formula -CO-R<1 1> | wherein R<11 > is selected from C1-12 alkyl,

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

ester of formula -CO-0-R<11 > wherein R<l > is selected {rom C1-12 alkyl, C2-

12 alkenyl, €2-12 alkynyl and aryl;

heterocyele selected from triazolyl, tetrazolyl, pyrrolidinyl, pyridyl, 1-
oxidopyridyl, thiomorpholinyl, benzodioxolyl, furyl, oxazolyl, pyrimidingd,
pyrrolyl, thiadiazolyl, thiazolyl, thicnyl and piperazinyl, cach optionally substituted
by one or more substituents selected trom halogen, alloyl, substituted alkyl, atkoxy,

nitro, amine, acyl and phenyl;

aryl, cach optionally substitucd by one or more substituents selected from C1-6
alkyl, €1-6 haloalkyl, C1-6 alkoxy, Ci-6 alloylthio, aming, azido, sulfonyl, aryl
and nitro.

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
ditterent and cach is independently hydrogen;

{C1-7 alkyl, each optionally substituted by oune or more substituents selected from
hydroxy, halogen, cyano, thiocyanato, alkoxy, azido, alkyitio, cyclopropyl, acvl
and phenyl;

(2-6 alkenyl, each optionally substituted by one or more substituends selected from
halogen, cyano, thiocyanato, azido, alkylthio, cycloalkyl, phenyt and acyl:

C2-6 alkynyl, cach optionally substituied by one or more substituents selocted

from halogen, cyano, thiocyanato, azido, alkylthio, eycloalkyl, phenyl and acyl:

-
s
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heterocycele selected from tetrazolyl, pyrrolidinyl, pyridyl, furyl, pyrrolyvl, thiazolyl
and thienyl, each optionally substituted by one or more substituents selected {rom

halogen, alkyl, halogen substituted alkyl, acyl, alkoxy, nitro, amino and phonyi;

phenyl, each optionally substitued by one or more substituents selected from C1-6
alkyl, halogen substituted alkyl, halogen, alkoxy, aming, azido, sulfonyl, phenyl

and nitro,

According to anothor ecrabadiment, the prosent 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 v=1 or from the group R<3 > and R<4 > when n=0,
represents independently Cl-4-alkyl or C3-7-cycloalkyl, optionally substituted by

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

According to another emabodiment, the present invention relates 1o 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 independently vinyl, optionally sebstituted by one or more halogen

ov/and lower alkyl.

According to 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 ethyuyl, propyny! or bulynyl, optionally substituted by

one or more halogen and/or lower alkyl.

According to another erobodiment, the preseat 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 =1 or from the group R<3 > and R<4 > when n=0,
represents independently phenyl, optionally substituted by one or more halogen,

lower alkyl, azido and/or nitro.

According to another embodiment, the present invention relates 1o 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 independently 2~ or 3-thionyl, optionaily substituted by onc or more

halogen, acyl, cyano or/and lower alkyl.
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According 1o a particular embodiment, the present invention relates to a compound
as defined above wherein at least one of the R substituents chosen {rom the group
R<3>, R<4 > and R<2 > when n=1 or from the group R<3 > and R<4 > when n=0,

is hydroxymethyl, propyi, butyl, 3.3, 3-triflucropropyl, 2,2, 2-triflucrcethyl,

¥4

cyclopropyimethyl, iodomethyl, azidomethyl, 2-thienyl, 3-thienyl, phenyl, 3-
chlorophenyl, 3-azidophenyl, 2,2~diflucrovinyl, 2.2~dibromovinyl, 2,2~
dichlorovinyl, 2-ethynyl, S5-methyl-2-thienyl, S-formyl-2-cthynyl, 5-cyanc-2-
thienyl, 3-bromo-2-thienyl, 4-methyl-2-thienyl, 3,3 3-iriflnoro-1-propynvl, 1-
propynyl, cyclopropylethynyl, 3-methyi--butynyl, 1-butynyl, 2,2-diflucropropyl,
10 2-chlore-2 2-difluoroethyi, 2-bromo-2,2-difluoroethyl and 2-10do-2,2-

diftuoroethyl,

According 1o yet another embodiment, the present invention relates to a compound

as defined above wherein R<i»> |, R<2> , R<4 > and R<S§ > are hydrogen.

According to another embodiment, the present invention relates to a compound as

[,
(¥ 4]

lefined above wherein R<i> | R<2> | R<3 > and R<$ > are hydrogen.

According to another embodiment, the present invention relates 1o a compound as

defined above wherein n=1 and R<I1>, R<3> | R<4 > and R<S > are hydrogen.

In ali the above-mentioned scopes when the carbon atom to which R<6 > is

attached is asymmetric it may be in the "S"-configuration,

20 epresentative compounds of this inveniion as defined above are selected from the
group consisting of 2-{ S-(hydroxymethyl)-2-cxo-1-piperidinyljbutanamide, 2-(2-
oxo-S-propyl-1-piperidinylbutanamide, 2-12-0x0~3-(3,3 3-trifluoropropyi)-1-
piperidinyl [butanamide, 2-{5-(cyclopropylmethyl)-2-0x0-1-
piperidinylibutananide, 2-{5-(iodomethyl)-2-oxo-1-piperidinyljbutananide, 2-{5-

25 (azidomethyl}-2-oxg-1-piperidinyl{butanamide, 2-(2-oxo-5-phenyl-1-
piperidinyhybutanamide, 2-[2-0x0-5-(2-thienyl}-1-piperidinyi Jbutanamide, 2-[2-
0x0-5-3-lhienyl3- I -piperidinyl fbutanamide, 2-{53-(3-chlorophenyi}-2-ox0-1-
piperidinyljbutanamide, 2-[5~(3-azidophenyl)-2-oxo--pipcridinyijbutanamide, 2-
[5-(2.2-difluorovinyl)-2-oxo-1-piperidinyi}butanamide, 2-[3-(2 2-dibromovinyi)-2-

30 oxo-1-piperidinylJbutanamide, 2-[5-(2,2-dichlorovinyi)-2-oxo-1-

piperidinylibatanamide, 2-(5-cthynyl-2-oxo~1-piperidinylbotanawide, 2-[5-(5-

-
£
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methyl-2-thienyl)-2-oxo-1-piperidiny! Jbutanamide, 2-[5-(S-formyl-2-thienyl}-2-
oxo-1-piperidiny] jbutanamide, 2-[5-(5-cyano-2-thienyl}-2-0x0-1-
piperidinyljbutanamide, 2-{5-(3-bromo-2-thicnyi}-2-oxo-1-piperidinyl |butanamide,
2-[5-{4-methyl-2-thienyl}-2~oxo-1-piperidinyl butanamide, 2-[2-0x0-5-+(3,3,3~
trifluoro-T-propynyl}-T-piperidinyljbutanamide, 2-[2-oxo-5-(1-propynyl})-i-
piperidinylibutanamide, 2-[5-(cyclopropylethynyi)-2-oxo-1-
piperidinylibutanamide, 2-[5-(3-methyl-1-butynyl}-2-oxo-1-
piperidinyljbutanamide, 2-[5-(1-butynyl-2-oxo-1-piperidinylbutanarside, 2-{5-
2,2-diftuoropropy}-2-oxo 1-piperidinytfbutanamide, 2-{5-(2-chloro-2,2-
difluorocthyl}-2-oxo-1-piperidinyljbutanamide, 2-[5-(2-bromo-2,2-difluoroethyl)-
2-px0-1~piperidinyl {butanamide, 2-[4-thydroxymethyl}-2-oxo-1-
piperidinyljbutanamide, 2-(2-oz0-4-propyl-1-piperidinylybutanamide, 2-[2-ox0-4-
(3,3, 3-uifluoroproyl)-1-piperidinyijbwanamide, 2-14-{cyclopropylmethyl}-2-oxo0-
I-pipenidinylfbutanamde, 2-[4-(iodomethy}-2-oxo-1-piperldinyi fbutanamide, 2-
{4-(azidomethyl)-2-oxo-1-piperidinyl fhbutanamide, 2-(2-oxo-4-phenyl-1-
piperidinyl)butanamide, 2-12-0xo-4-( 2-thienyl}- {-piperidinyl{butanamide, 2-{2-
oxo-4-(3-thienyl)-1-piperidinyljbutanarmde, 2-{4--chlorophenyl)-2-oxo-1-
piperidinylibutanamide, 2-[4-(3-azidophenyi)-2-oxo- I -piperidinyi fbutanamide, 2-
[4-(2,2-difluorovinyl}-2-ox0- 1-piperidinyl fbutanamide, 2-[4~(2,2-dibromoviny)-2-
oxo-1-piperidinyljbutanamide, 2-f4~(2 2-dichlorovinyi)-2-ox0-1-
piperidinylibutananude, 2-(4-cthynyl-2-oxo--piperidinyhbutanamide, 2-[4-(5-
methyl-2-thienyl)-2-oxo- I -piperidinyi [butanamide, 2-[4-(5-formyl-2-thienyl)-2-
oxo-1-piperidinyljbutanamide, 2-[4-(5-cyano-2-thienyl}-2-oxo-1-
piperidinyl{butanamide, 2-{4-(3-bromo-2-thienyl}-2-oxo-L-piperidinyl [butanamide,
2-{4-{4-mcthyl-2-thicnyl}-2-0x0- 1 -piperidinyl jbutanamide, 2-[2-0x0-4-(3,3,3-
trifluoro-I-propyuyl}-I-piperidinytibutanamide, 2-[2-oxo-4-{ 1-propyoyii-1-
piperidinylhutanamide, 2-[4-(cyclopropylethynyl}-2-oxa-1-
piperidinyljbutanamide, 2-[4-(3-methyl-i-butynyl)-2-ox0-1-
piperidinyl |butanamide, 2-[4-(1-butynyl)-2-oxo-1-piperidinyl|butanamide, 2-[4-
(2,2-diflucropropyl}-2-oxo- 1 -piperidinvl [butanamide, 2-[4-(2-chloro-2,2-
difluoroethyls-2-oxo~1-piperidinyljbutanamide, 2-14-(2-bromo-~2,2~-difluoroethyl)-

2-oxo-1-piperidinyl {butanamide, 2-[4-(2,2.2-irifluoroethyl)-2-oxo-1-

)
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piperidinyijbutanamide, 2-[ 5-(Chydroxymethyly-2-oxeo-1-azepanyljbutanamide, 2-
{2-0x0-3-propyl-l-acepanylbutanamide, 2-{2-0x0-5-(3,3,3-trifluoropropyi}-1-
azcpanylibutanamide, 2-(5-{cyclopropylmothyl}-2-oxo-1-azcpanylfbutanamide, 2-

[5-(iodomethyl)-2-oxo-1-azepanylibutanamide, 2-{5-(azidomethyl}-2-ox0-1-

¥4

azepanyljbutanamide, 2-(2-oxo-5-phenyl-1-azepanylbutanamide, 2-{2-ox0-5-(2-
thienyl)-1-azepanyijbutanamide, 2-{2-0x0-8-(3-thiguyi)-t-azepanylibutanannde, 2-
{5-(3-chlorophenyl)-2-oxo--azepanyl butanamide, 2-{5-(3-azidophenyl}-2-oxo-1-
arepanylibutanamide, 2-[5-(2,2-difluorovinyl}-2-oxo-1-arepanyl jbutanamide, 2-
[5-(2,2-dibromovinyl)-2-ox0-1-azepanyl fbutanamide, 2-{5-(2,2-dichlorovinyl}-2-
10 oxo-1-azepanyiibutanamide, 2-(5-ethynyl-2-oxo-1-azepanylybutanamide, 2-[5-{5-
methyl-2-thicnyl}-2-oxo-~1-azepanyl butanamide, 2-[5-(5-formyl-2-thienyi}-2-0x0-~
l-azepanylibutanamide, 2-15-(5-cyano-2-thienyl}-2-oxo-1-azepanyljoutanamide,
2-[5-{3-bromo-2~thienyl}-2-oxg-1-azepanyl|butanamide, 2-{5-(4-methyl-2-

thienyl)-2-ox0-1-arepanyijbutanarmde, 2-[2-0x0-5-(3,3,3-irifluoro-1-propynyii-1-

[
Ln

azepanyljbutanamide, 2-[2-ox0-5-(1-propynyi)-1-azepanyl jbutanamide, 2-[5-
{cvclopropylethynyl}-2-oxo~1-azepanyl |butanamide, 2-[5-(3-methyl-1-butyny)-2-
oxo-1-azepanyl butanamide, 2-{5-(1-hoiynyl-2-oxo-F-azepanyt butanamide, 2-[S-
(2,2-difluoropropyvl}-2-0x0-1-azepanyl fbutanamide, 2-[5-{2-chloro-2,2-
dilluorocthyl}-2-oxo-1-azepanylbutanamide, 2-{5-(2-bromo-2,2-difluoroethyl)-2-
20 oxo-1-azcpanyt butanamide, 2-3-(2,2 2-triflaorocthyl}-2-ox0-1-
azcpanylibutanamide, 2-{6-(hydroxymethyl)-2-oxo-1-azepanyljbutananmide, 2-(2-
oxo-6-propyl-1-azepanylihutanamide, 2-{2-0x0-6-(3,3,3-trifluoropropyl-1-
azepanyllbutanamide, 2-[6-(cyclopropylmethyl}-2-oxo-1-azepanyl fbutanamide, 2-

6-(ivdomethyl}-2-oxo-1-azepanyl butanamide, 2-16-(azidomethyD-2-ox0-1-

b
()

azcpanylibutanamide, 2-(2-0x0-6-phenyl-1-azcpanyl}butanamide, 2-{2-0x0-6-(2~
thienyl)-1-azepanylibulanamide, 2-{2-0x0-6-3-thienyi)~1-azepanyl [butavamide, 2-
[6-(3-chlorophenyi)-2-oxo-1-azepanylibutanamide, 2-{6-(3-azidophenyl}-2-oxo-1-
azepanyllbutanamide, 2-16-(2,2-diflucrovinyh-2-0x0- 1 -azepanyilbutanamide, 2-
16-(2,2-dibromovinyl 1-2-oxo-1-azepanyl jbutanamide, 2-{6-(2,2-dichlorovinyf)-2-
30 oxo-1-azepanyljhuianamide, 2-(6-cthynyl-2-oxo-1-azepanyDbutanamide, 2-[6-(5-
methyl-2-thienyi)-2~oxo--azepanylbutanamide, 2-[6-(5-formyl-2-thienyl)-2-0x0-

1-azepanylihatanamide, 2-{6-(S-cyano-2-thienyl}-2-oxo- | -azepanyl Jhatanamide,

)
-]
wn
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2-{6-{3-bromo-2-thienyl}-2-oxo-1-azepanylbutanamide, 2-{6~(4-methyl-2-
thieny}-2-oxno-1-azepanyljbutananide, 2-{2-0x0-6+(3,3,3-trilluoro-1-propynyl)-1-
azcpanylibutanamide, 2-12-0x0-6-( L-propynyl)- -azepanylibutanamde, 2-[6-
{cyclopropylethynyl)-2-oxo~1-azepanyl{butanamide, 2-{6-(3~-methyl-1-butynyl}-2-
oxo-1-azepanyl hutanamide, 2-[6-(1-butynyl-2-oxo-t-azepanyl |butanamide, 2-[6-
{2, 2~difluoropropyl)-2~oxo--azepanyl fhutanamide, 2-[6~(2~chloro-2,2-
diffecroethyl}-2-oxo-1-azepany! jbutanamide, 2-{6-(2-bromo-2,2-difluoroethyi)-2-
oxo-1-azepanyl fbutanamide, 2-{6-(2,2 2-trifluorcethyl}-2-oxo-~1-
azepanylibutanamide, 2-14-(hydroxymethyt)-2-ox0-1-azepanyl jbutanamide, 2-(2-
oxo-d-propyl-1-azepanyDbutanamide, 2-{2-0x0-4-(3,3 3-trifluoropropyly-1-
azepanyljbutanamide, 2-14-(cyclopropylmethyl}-2-oxg-1-azepanylibutanamide, 2~
{4-(iodomethyl)-2-ox0- 1 -azepanvi [butanamide, 2-[4-(azidomethyl)-2-oxo-1-
azepanyljbutanamide, 2-(2-oxo-4-phenyl-1-azepanyljbutanamide, 2-[2-ox0-4-(2-
thienvl)-1-azepanyijbutanamide, 2-{2-0x0-4-(3-thicnyl}- L -azepanyljbutanamde, 2-
f4-(3-chlorophenyi}-2-oxo-1-azepanylibutanamide, 2-[4-(3-azidophenyl)-2-ox0-1-
azepanyljbutanamide, 2-{4-(2,2-diflucrovinyl}-2-0xo- 1 -azepanyljbutanamide, 2-
[4-(2.2-dibromovinyl}-2-oxo-1-azepanyifbutanamide, 2-[4-(2,2-dichlorovinyl}-2-
oxo-1-azepanyljbutanamide, 2-(4-cthynyl-2-0x0-1-azepanylibutanamide, 2-[4-{5-
methyl-2-thicoyl)-2-oxo-1-azepanyl bulanamide, 2-[4-(5-formyl-2-thienyl)-2-ox0-
1-azcpanylibutanamide, 2-{<4> «(5-cvano-<2> ~thicnyl)-2-oxo~1-
azcpanylibutanamide, 2-{4-(3-bromo-2-thicnyl}-2-ox0-1-azepanyljbutananude, 2-
[4-{4-methyl-2-thienyl}-2-oxo0-1-azepanyl]butanamide, 2-{2-0x0-4-(3,3 3-trifluoro-
-propynyly-L-azepanylbutanamide, 2-[2-oxo-4-(L-propynyly-1-
azepanylbutanamide, 2-14-(cyclopropylethynyl}-2-oxo-1-azepanyl jbutananude, 2-
{4-(3-mcthyl-1-butynyl}-2-oxo-1-azcpanyljbutanamide, 2-[4-( 1-butynyl}-2-ox0-1-
arepanyl butanamide, 2-[4-(2,2-difluoropropyi)-2-ox0- 1 -azepanyl jbutanamide, 2-
{4-(2-chloro-2,2-difluoroethyl}-2-oxo-1-azepanyl {hutanamide, 2-[4-(2-bromo-2,2-
difluorocthyl}-2-oxo-1-azepanyijbutanamide, 2-{4-(2.2,2-trifluorocthyl}-2-ox0-1-

azepanyl jbutanamide.

Results have been obtained with the following compounds:
(28)-2-[5-(indomethyl}-2-oxo- | -piperidinyl {butanamide,
(28)-2-[5-{azidomethyl-2-ox0- T -piperidinyl butanamide,

226
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2-(2-ox0-5-phenyl- L-piperidinyi [butanamide,
{25)-2-[4-(odomethyl}-2-oxo-1-piperidinyl {butanamide,
2+ 5-{iodomethyl}-2-0x0-1-azepanylibutanamide.

xv) International Patent Application Publication No. WOZ008/13213%

Lh

In some embodiments, the compounds are of formula (1} as follows:

R
[O!
=Y

N

1/)\ 3
R R

R
wherein
Y isQorS. Insome embodiments Y 18 O. R1 is hydrogen or C-|.g alkyl;
R2 18 hydrogen;

10 R3 s -CONRSRS, -COR7, an imidazolyl, an fidazopyridinyl, an
imidazopyridazinyl; R5, R6 are the same or different and are independently

selected from hydrogen and C-| 6 alkyl;
7 18 < 6 alkyl;

A is a monocyelic or bicyclic heterocyclic moiety selected from the group

[
(¥}

consisting of imidazolidin-1-yL, 1 ,3-oxazolidin-3-vl, 2,5-dihydro-1 H-pyrrol-1-vl,
1, 3-thiazol-3(ZH)-s1, 1,3~ thiazolidin-3-vl, piperidin-1-y1, azepan-1-vl, 5,6~
dihydro-4H-thieno[3,2-b]pyrrol-4-vl, hexahydro-4H-thieno{3,2-bpyrrol-4-vi, 2,3-
dihydro-1 H-thieno[3 4-b]pyrrol-1-y1, 1 ,3- benzothiazol-3(2H)-vi, 1 ,3-
enzoxazol-3{2H-vl, pyrazolo{i S-ajpyridin-1 (2H)-yl, 3.4- dihydroisoquinolin-
20 201 Hy-vh, 3 4-dihydroquinolin-1 (2H)-y1, 1 3,4, 5-tetrahydro-2H-2- benzazepin-2-
vi, 1,2.4,5-tetrahydro-3H-3-benzazepin-3-yl; R4 is either R"a or R”™b depending

on whether A being is a monocyelic or a bicyclic heterocycle:

where A is a monocyclie heterocyelic motety, R™ is R%a which is selected from the

group consisting of hydrogen; C-Lg alkyi optionally substituted by a substituent

A
(]

selected from halogen, C-1.4 alkoxy, C-1.4 glkyithio, azido, nitrooxy or an arvl;

-
)
-3
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(C2-6 alkenyl optionally substituted by halogen; €2-6 alkynyl optionally substituted
by halogen; azido; alkoxycarbonylaming; arylsulfonyloxy; a substituted or

unsubstituted aryl; or a 3-8 mombered substituted or unsubstituted heterocyele;

where A is a bicyclic heterocychic motety R” 18 R which is selected frow the

5 group comprising or consisting of hydrogen; nitro; cyano; halogen: hoterocyele;
aming; aryl; C-|.g alkyl oplionally substituted by at least one halogen; or C-Lg
alkoxy optionally substituted by at least one halogen;
In some embodiments the compounds are as follows:
For compounds where A=Y is sclected from a 2-oxeo-piperidin-1-yl, a 2-0xo-

10 azepan-1-yl, a 2-oxo0-1 ,3-benzothiazol-3(2H)-vl or a 2-0x0-1 ,3-benzoxazol-
3{2H)}- v, B3 must beselected from an imidazolyl, an imidazopyridiny! or an
imidazopyridazinyl.

For compounds where A=Y is a S-oxoimidazohdin-1-yi, B” and R” are hydrogen,

R3 15 -CONRSRS, RS ane

R6 arc a8 above defined, then R a2 may not be an alkyl,
15 araliyl or substituted aralkyl,
Where A=Y is either of a 2-oxo-piperidin-1-yt and a 2-oxo-azepan-1-yl, R*, R*
and R™a are all hydrogen, then R” could not be a 2-phenylimidazof |, 2-ajpyridic-

3yl

In a specific embodiment A=Y is selected from the list consisting of:

-
)
e2a]



WO 2012/109491 PCT/US2012/024556

L

10

[
Ln

wherein X is O or 8, in a more specific embodiment O; in another embodiment, X
1S,

The asterisks in the above illustration indicate the attachment siies of the
substituent R a.

In a specific embodimment, when R” 15 -CONRSER6 and R s C-ug alkyl, the carbon

T

atom to which R-I and R”* are attached is preferably in the "S"-configuration.

In a specific embodiment R” is hydrogen, methyl, ethyl and R” is hydrogen. fn a

specific embodiment R3 s -CONHZ,

o a further specific embodiment R” 15 1 Hamidazol-1-yl, 1 H-inmdazol-4-vi, 1 H-
imidazol-5- yi, imidazo[} ,2-ajpyridin-3-yi or imidazo[1 ,2-blpyridazin-3-yL. In a
specific erubodimment Ra is a C-l.g alkeyl which may optionally be substituted by a

halogen; or a phenyl.

In another specific embodiment R 18 hydrogen, halogen, nitro, cvano or a C-ug

alkyl optionally substituted by a halogen.

-
o
O
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In stil a further embodiment compounds may be used in the treatiment of the above
mentioned disorders, in particular of epilepsy, having the formula (I-E), as wells as
its geometrical isomers, cnantiomers, diastereomers and mixtures, or a

pharmacentically acceptable salt thereof,

-1,
R X
N,&D E)
1 /I\ 2
3 R R
wherein

XisQors;
R-I is hydrogen or C-|.g alkyl, in a more specitic embodiment hydrogen;

R3 s an imidazolyl, an imidazopyridinyl, an imidazopyridazinyl; Rb is hydrogen;

10 nitro; cvano; halogen; C-

.g alkyl optionally substituted by halogen; C-l.g alkoxy
optionally substituied by halegen.

A further aspect of the present invention consists 1u novel compounds having the
formula {I-A}, their geometrical isomers, cnantiomers, diastercomers and mixturcs,

or a pharmaceutically acceptable salt thereof]

da
AN

z‘_xo {-A)

[y
o

wherein

R1 is hydrogen or C-|.g alkyl, preferably hydrogen, methyl or ethyl; in a more
specific embodiment R” is ethyl.

R3 is -CONHZ, an imidazolyl, an imidazopyridinyl, an imidaczopyridasinyl,

proferably R” is -CONH.

o
o
(A

R7a is etther bydrogen or an aryl; with the proviso that 2-(3-oxoimidazohdin-1-
vhacetamide is exchuded. Preferably R™a is an aryl, 2.g. a phenyl which may be

substituted preferably by balogen, nitro, alkoxry, in particular by pitro.

230
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o

In a particular embodiment, when R” is -CONH2 and R™ 18 C-|.g alkyl, the carbon

aki}

atom o which R1 and R” are atlached is preferably in the "S"-conliguration.
J8 ) £

A further aspect of the present invention consists in novel compounds having the
formula (I-B1 or I-B2), their geometrical isomers, enaniiomers, diastercomers and

mixturcs, or a phanmaccutically acceptable sait thereof,
RSa H%
¢ [\
N oo N0
R1,/I\ Ra \/l\ 3

(-B1) {+B2)
wherein X in formula (I-B2} is either S or O, in a more specific embodiment S;

R1 is hydrogen or -

.g alkyl, preferably hvdrogen, methyl or ethyl; in a more

specttic embodiment R” is ethyl,

R3 1 -CONH2, an imidazolyl, an imidazopyridingl, an imidazopyridazinyl;

preferably R™ s ~CONH2

R”a 18 hydrogen; C-

.g alkyl optionally substituted by halogen or C-1.4 alkoxy; an
aryl; or C2.g alkenyl optionally substitited by halogen. Preferably, Rha s C-Lg
alky! optionally substituted by halogen or C2-6 alkenyl optionaily substituted by
balogen or an aryl. In a more specific embodiment R™a ts O-.g alkyl oplionally

substituted by halogen or aryl.

In a particular embodiment, when R 18 ~CONH2 and R™ 13 C-|.g alkyl, the carbon
ator to which R-I and R” are attached ia preferably in the "S"-configuration.

A further aspect of the present invention consists in novel compounds having the
forrula (1-B3), their geometrical isomers, enantiomers, diastersomers and

mixtures, or a pharmaceutically acceptable salt thereof,

R*%
Q
m’\QD
1 /1\ F

R R
(+-83;
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wherein

R1 is either hydrogen or C-pg alky], preferably hydrogen, rethyl or ethyl; more
preferably R is ethyl.

R3 is -CONH2, an immidazolyl, an tmidazopyridinyl, an imidazopyridazinyl;

C-1.4 alkoxy; an aryl; or 2 g alkenyl optionally substituled by halogen.
Preferably, RMa is C-Lg alkyl optionally substituted by halogen or C2 g alkenyl
optionally substituted by halogen.

In a particular cmbodiment, when R 18 <CONH2 and R™ 18 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 goometrical isomers, enantiomers, diastercomers and mixtures,

or a pharmaceutically acceptable salt thereof,

(-C}

wherein
R1 s hydrogen or C-|.g alkyl, in particular hydrogen, methyl or sthyl.

R3 is -CONH2, an imidazolyl, an imidazopyridinyl, an imidazopyridazinyl; in

particular R™ i1s ~CONH2?

R a 1s methyl, cthyl, buty! optionally substituted by halogen or C-1.4 alkoxy, an
unsubsiitiuted phenyl or a pheny! substituled by halogen, a C-[.g alkyl optiounally
substituted by halogen or a C-1.4 allkoxy; 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 ~CONHZ and R™ 18 C-|.g alkyl, the carbon

AL

aton to which R1 and R are attached is preferably in the "S"-configuration.
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A further aspoct of the present invention consists in compounds having the formula
{I-D1 or I-D2)}, their geometrical isomers, enantiomers, diastereomers and

mixtures, or a pharmaccuiically acceptable salt thercof,

Rﬂa N R‘a »* &

N 0O Q{J
*RB R:/Lxﬁs
(=B1) 41-D3)

R?

[, ]

wherein

R-1 18 ydrogen or C-

g alkyl, i particular hydrogen: R3 s an imidazolyl, an
imidazopyridiny! or an imidazopyridazinyl. In one embodiment, R is 1 H-
imidazol-1-yi, 1 H-imidazol-4-yi, 1 H-imidazol-3-vl, imidazo{l ,2-alpyridin-3~y1
or imidazo{} ,2-blpyridazin-3-yL ln a more specific embodiment, R” is 1 H-

10 mmidazol-1-vl, 1 H- imidazol-4-vl, 1 H-imidazol-5-vi, imidazo[1 ,2-alpyridin-3-y1;

R*"a is hydrogen, C-

.8 alkyl optionally substituted by halogen or €-1.4 alkoxy;
arvl; or C2- g alkenyl aptionally substitied by halogen. Tn a wpecific embodiment,
R™ais C-Lg alkyl optionally substituted by halogen; aryl or C2-6 alkenyl
optionally substituted by halogen. In a2 more specific emboediment R*a is C+.g

15 aikyl optionally substituted by halogen; or arvl; e.g, propyl or phenyl;
with the proviso that when R” and R are hydrogen, R is not 2-phenylinndazo]]
2~ alpyridin-3-vl.
A further aspect of the present invention consists in coropounds having the formula

{(I-F1 | I-FZ or I-F3), their geometrical isomers, cpantiomers, diasicreomoers and

20 mixtures, or a pharmaccutically acceptable salt thercof,

whercin

I
Lo
(V]
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R-1I is hydrogen or C-|.g alkyl, preferably hydrogen, methyl or ethyl more
preferably, R™ s hydrogen.
R3 is -CONH2, an imidazolyl, an imidazopyridinyl or an imidazopyridazinyl; in a

more specific embodiment R3 is ~CONHZ, 1 Hanndazol-1-yL, 1 H-wnudazol-4-yi, 1

o

H-imidazol-5-v1, tmidazof 1 [ 2-aipyridin-3-vl or imidazofl 2-bipyridazin-3-yL R"b
1s hydrogen; halogen; nitro; cvano; CL4 alkyl optionally substituted by halogen;
{-1.4 alkoxy optienally substituted by halogen. In a more specific embodiment R*
is hydrogen, halogen or cyano, more specifically halogen.

In a particular embodiment, when R 1 -CONH2 and R” is -] g alkyl, the carbon

abAl

10 atom 1o which R1 and R are attached is preferably in the "S"-configuration.

A further aspect of the present invention consists in compeounds having the formula
(I-F4}, their geometrical tsomers, enantiomers, diastercomers and mixtures, or a

pharmacentically acceptable salt thereot,

4

ﬁ

{I-F)

i5 wherein

R-1 is hydrogen or £-

.g alkyl, preferably hydrogen;

R3 is an imidazolyl, an imidazopyridinyl or an imidazopyridazinyl; more
specifically R™ is 1 H-imidazol-i-yi, | Hemidazol-d-yl, 1 H-imidazol-5-y1,
imidazo[l ,2-a]pyridin-3-y1 or imidazo[1 ,2-bipyridazin-3-y1. More specifically R

20 is | H-imidazol-4-yl or imidazol! ,2- ajpyridin-3-yl.

R*b 18 hydrogen; halogen; niiro; cyano; C-1.4 alkyl optionally substituted by
halogen; C-1.4 alkoxy optionally substituted by halogen; specifically R™ is

hiydrogen, halogen or cyang,,

In a particular embodiment, when R” s -CONH2 and RM is O

.g alkyl, the carbon

b
(93]

atom to which R-I and R” are attached is preferably in the "8"-configuration.

234
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A further aspoct of the present invention consists in compounds having either of
the formulda (I-G1, 1-G2 or 1-G3), their geometrical isomers, enantiomers,

diastcrecomers and mixtorcs, or 2 pharmaccutically acceptable salt thereof]

R4 I s Rm s " st
N QO N Q M 0
R:/J\Rs 31/I\R3 Ri/j\ﬁs
(-G1) (-G2) (1LG3)
wherein

R-I is hydrogen or C-|.g alkyl; preferably hydrogen;

R3 15 -CONH2, an imidazolyl, an imidazopyridinyl, an imidazopyridazinyl; in a
more specifie cbodiment R s -CONH2, 1 H-imidazol-1-yl, 1 H-imidazol-4-vl, 1
Hetmidazol-5-vi, imidazefl 2-aipyridin-3-yl or imidazofl 2-blpyridazin-3-vl In a
even more specific embodiment R3 is an 1 H-imidazol-4-yl or imidazof1 ,2-

a|pyridin-3-vL

R4D js hydrogen; halogen; C-1.4 alkyl 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? (25)-2-[3-(4-nitrophenyi)-S-oxeoimidarolidin-1 -yljbutanamide; (2S)-
2-3+(2 4~ dinirophenyli-S-oxoimidazohdin- -yl butanamide; (28)-2-(5-0x0-3-
phenylimidazolidin-1- vhibutanamide; 2-[{5-(iodomethyl)-2-ox0-1 ,3-oxazolidin-3-
ylibutanamide; 2-(2~0x0-2,5- dihydro-1 H-pyrrol-1-yDbutanamide; 2-(2-0x0-4-
phenyl-2,5-dihydro-1 H-pyrrol-1- yDibutanamide; 2-{(4-methyl-2-0x0-2,5-dihydro-1
H-pyrrol-1-vljbutanaride; (258)-2-(2-0x0-5~ propyt-1 3-thiazol-3(2H}-
yhbutanamide; 2-{2-oxo-5-propyl-1 ,3-thiazol-3(2H)- yipropanamide; 2-(5-butyl-
2-ox0-1 3-thiazohdin-3-yDbutanamide; 2-(5-butyl-2-oxo-1 ,3- thiazolidin-3-
yhpropanamide; 2-(Z-oxo-3-phenyl-1 3-thiazolidin-3-yDpropanamide; 2-(2- oxo-
S-propyl-1,3-thiazolidin-3-ylybutanamide; 2-(2-oxo-5-phenyl-1 3-thiazolidin-3-
yibutanamide; 2-(2-o0x0-5-propyl-1 3-thiazolidin-3-yhpropanamide; (253-2-{2~
ox0-5-(2,2,2- trifluoroethyl)-1 ,3-thiazolidin-3-ylbutanamide; 1-{f6-chloro-2-

{trifluoromethylimidazol 1 2~ blpyridazin-3-vljmethyl} piperidin-2-one; 1 ~(1 H-

b
L
e
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imidazol-4-yimethyly-S-propylpiperidin-2- one; 1-{1 H-imidazol- -vimethyl-5-
propylpipendin-2-one; T-{imidazo{1 ,2-alpyridin-3- ylmethyl}-5-propyipipendin-
2-onc; 1-(1 H-imidazol-1-ylmcthyh)-S-phenvlpiperidin-2-one; 1- (imidazoil [2-
alpyridin-3-vimethyl)-5-phenylpiperidin-2-one; I-(imidazof} ,2-alpyridin-3-
yimethyl)-4-phenvipiperidin-2-one; 1-(1 H-imidazol-1-yimethyl}-4-
phenyipiperidin-2-one; 1- (imidazof[ 1 2-a]pyridin-3-yimethyl-4-propylpiperidin-
2-one; 1-(1 H-imidazol-S-yimethyl)-4- propyipiperidin-2-one; 1-(1 H-imidazol-1-
yimethyly-4-propylpiperidin-2-one; 1~{{6~-chloro-2- {trifluoromethyDimidazof t 2~
blpyridazin-3-vljmethyl}azepan-2-one; 1 (1 H-imidazol-5- vimethy)-5-
propvlazepan-2-one; S-propyl-i-{{2-(triflucromethyimidazol ! 2-alpyridin-3-
yviimethyl}azepan-2-one; S-phenyi-1-{[Z2-(rifluoromethylyimidazol! 2-ajpyridin-
3~ yljmethyi}azepan-2-one; 1-{1 H-tmidazol-5-ylmethylj-6-propylazepan-2-one; 1-
{1 H- imidazol-4-yimethyh-4-propylazepan-2-one; 4-(1 H-imidazol-4~yimethyl}-
4,6-dihydro-SH- thienof 3,2-blpyrrol-3-one; 2-(5-0x0-3,6-dihydro-4H-thieno{3,2-
blpyrrol-4-yDacetamide; 4- {{2-(trifluoromethylimidazofl 2-alpyridin-3-
vijmethyl}-4,6-dikydro-5H-thieno[3,2-bpyrrol-5- one; 4-{{2-
(trifluoromethyimidazof1 ,2-ajpyridin-3-viimethyl} hexahydro-SH-thienof3.2-
blpyirol-5-one; 1-{1 H-imidazol-4-ylmethyl}-1 H-thieno[3,4-blpyrrol-2(3H}-one;
2-(6-chloro- 2-0X0-1 ,3-benzothiazol-3(2H »-vlacetamide; 6-bromo-3-(1 H-
imidazol-1-yimethyl-1 3~ bonzothiazol-2(3H-one; 2-{6-bromo-2-gxo-1 3~
benzothiazol-3(2H)-vlypropanamide; 2-(6- bromo-2-oxo-1 ,3-benzothiazol-3(2H}-
yhpropanamide; 2-(6-fluoro-2-oxo-1 ,3-benzothiazol- 3(2H)-yljacetamide; 2-(6-
methyl-2-0x0-1 3-benzothiazol-3(2H-yhacetamide; 6-fluore-3- {1 H-imidazol-1-
yimethyl)-1 3-benzoxazol-2(3H)-one; 1-(1 H-imidacol-4- yimethylypyrazolof1 ,5-
a|pyridin-2(1 H}-onc; 2-{6-chloro-3-ox0-3 4-dihydroisoquinolin- 2(1 H)-
yhpropanamide; S~chloro-2-(1 H-imidazol-4-ylmethyl}-1 4-dibydroisoquinolin-
3(2H)- one; 2-(6-chloro-2-0x0-3 4-dihydroguinolin-1 (Z2H»yhacetamide; 2-(6-
bromo-2-0x0-3,4~ dihvdroquinclin-1 (ZH)-vhacctamide; 1-(1 H-imidazol-4-
yimethyl-3 4-dibydroquinolin-2{1 H}- one; 2-(6-indo-2-0x0-3,4-dihydroguinolin-1
(2H)-vDacetamide; 2-(6-cyano-2-0x0-3,4~ dihvdroquinchin-1 (2H)-yhacetamide; 7-
chioro-2-{[2-{trifluoromethyl inidazo{ 1 ,2-ajpyridin- 3-yljmethyl}-1,2,4,5-

tetrahydro-3H-2-benzazepin-3-one; 7-chloro-2-(1 H-midazoi-4- yvimethyl)-1
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2.4, 5-tetrahydro-3H-2-benzazepin-3-one; 7-chloro-3-(1 H-imidazol-4-vimethyii- |
3,4, 5-tetrahydro-2H-3-benzarepin-2-one; and 7-chioro-3-{12-
{(trifluoromethylimidazol 1 2-ajpyridin-3-ymethyit-1,3,4.5-tctrahydro-2H-3-

benzazepin-2- one.

o

In some cmbodiments, compounds of the prosent invention arc those sclected from
the group consisting of! 1-(1 H-imidazol-4-vhuethyl}-5-propylpipendin-2-one; 1-
{1 H-imidazol-1- yimethyl-S-propylpiperidin-2-one; 1-(imidazo|1 ,2-alpyridin-3-
vimethyl}-S-propylpiperidin-2- one; 1-{1 H-imidazol-1-vimethyi)}-S-
phenyipiperidin-2-one; 1-(midazo[1 ,2-ajpyridin-3- ylmethvl}-4-phenyipiperidin-
10 2-one; 1-(1 H-imidazol-1-ylmethyh-4-phenylpiperidin-2-one; 1- (imidazof{l ,2-
a]pynidin-3-yvimethyl-4-propylpiperidin-2Z-one; 1-(1 H-imidazol-3-yimethyly-4-
propyipiperidin-2-one; 1-(1 H-imidazol-1-yimethyh-4-propylpiperidin-2-one; 1-(1
H-imidazol- 4-yvimethyl-1 H-thieno[3,4-blpyrrol-2(3H}-one; 6-bromo-3~(1 H-

midasol-1-vimethyl)-1 ,3- benzothiazol-2(3H }one; 2-(6-bromo-2-oxo-1 ,3-

[
(9]

benzothiazol-3(2H)-yhipropanamide; and S-chlore-2-(1 H-imidazol-4-yimethyl)-1

A-dihydrotsoquinolin-3(2H j-one.

The following paragraphs provide definitions of the various chemical moicties that
make up the compounds according to the inveniion and are indended to apply
uniformly through- out the specification and claims unless an otherwise expressly

20 set ouwt definition provides a broader definition.

"C-| B alkyl” vefers to alkyl groups having 1 106, or 1 to 4 carbon atoms. This term
is cxemplified by groups such as methyi, cthyl, n-propvl, isopropyi, n-butyl,
1sobutyl, tert- bulvl, n-penivl, n-hexyl, rifluoromethyl and the Iike. "Arvl” relers lo

an unsaturated aromatic carboceyclic group of from ¢ to 14 carbon atoms having a

]
(o]

single ring {¢.g., phenyl} or nultiple condensed rings (¢.g., naphthyl). Preferred
aryl include phenyl, naphthyl, phenantreny! and the like.
"Heterocycle” refers to a saturated or unsaturated ring system containing, in

addition to carbon atoms, at least one hetero atom, such as nitrogen, oxygen and/or

sulfur. "Heterocyele" includes both "hetercaryl” and "heterocycloalkoyt™.

30 "Hetercaryl” refers to a monocycelic heteroaromatic, or a bicyclic or a tricyclic

fused-~ring heteroaromatic group. Particular examples of heteroaromatic groups

I
o
~3
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inclhude optionally substituted pyridyl, pyrrolyl, furyl, thienvl, imidazolyl, oxazolyl,
tsoxazolyl, thiazolyl, isothiawolyl, pyrazolyl, 1,2, 34riazolyl, 1,2 4-triavolyl, 1

2, 3-oxadiazolyl, 1,2 4-oxadia-zolyl, 1 ,2,5-oxadiazolyl, 1,3,4-oxadiazolvl,1,3,4-
triazinyl, 1,2, 3-triazinyl, benzofuryl, [2,3- dihydrofbenzofuryl, isobenzofuryl,
benzothienyl, benzotriazolyl, isohenzothienyl, indolyl, iscindeolyl, 3H-indolyl,
benzimidazolyl, imidazopyridinyl, benzothiazolyl, benzoxazolyl, guinohzinyl,
quinazolinyl, pthalazinyl, quinoxaliny!, cinneolinyl, napthyridinyl, pyrido{3,4-
bipyridyl, pyrido[3,2-bipyridyl, pyridef4,3-blpyridyl, quinolyl, isoguinolyl,
tetrazolyl, 5,6,7,8- tetrahydroquinolyl, 5,6,7 8-tetrahydroisoquinciyl, purinyl,
pteridinyl, carbazolyl, xanthenyl benzogquinolyl, imidazopyrimidinyl,

imidazopyridazinyl, imidazothiazoly!l or imidazothiadiazolyl,

"C2-6 alkenyl” refers to alkenyl groups preferably having from 2 to 6 carbon atoms
and having at least 1 or 2 sites of alkenvl unsaturation. Preferable alkenyl groups
mclude ethenyl (vinyl, -CH=CH2), n-2-propenyl {allyl, -CH2CH=CHZ) and the
like.

"C2-6 alkynyl” refers to alkynyl groups preferably having from 2 10 6 carbon
atoms and having at least 1-2 sites of alkynyl unsaturation, preferred alkynyl

groups wmchude ethynyl (-<C=CH), propargyl (CH2OC=CH), and the like.

3.8 eyeloalkyl” refers to a saturated carbocyelic group of from 3 to R carbon
atoms having a single ring {e.g., cyclohexyl) or multiple condensed rings {e.g.,
sorbormyl}. Preferred cycloalkyl include cyclopropyl, eyelobutyl, cyclopentyl,

cyciohexyl, norbornyl and the like.

"Heterocycloalkyl” refors to a C3.8 cycloalkyl group according to the definition
above, in which 1 1o 3 carbon atoms are replaced by hetero atorus chosen from the
group consisting of O, 5, NR, R being defined as hydrogen or C-.g alkyl.
"Alkoxy" refers to the group ~0-R where R inchudes " Copg alloyl”, "C2-6 alkenyl®,

inon

"C2-6 alkynyl™, "C3.8 cyclealkyl”, "heterocycloalkyl”, "aryl”, "heteroaryl”.

"Amino” refors to the group -NRR' whore cach R, R’ is independently hydrogen,

O alkyl®, "C2-6 alkenyl”, "C2-6 alkynyl", "C3-8 cycloalkyl”,

"heterocycloalloyl”, "aryl”, "heteroaryl”, and where R and R', together with the
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nitrogen atom to which they are attached, can optionally form a 3-8-membered
heterocycloalkyl ring.

"Amido” refers to the group -C{=0)NRR' where each R, R' is independently
S alkeyl”, " C2-6 alkenyl”, " C2-6 alkyuoy!l”, " 3.8 cycloalkyi®,

hydrogen, " C-

"hetorocyeloatkyl”, "aryl”,

"hetoroaryl”, and where R and R, together with the nitrogen atom (0 which they

are atiached, can optionally form a 3-R-mewmbercd heterocveloalkyl ring,

"Acylamino” refers to the group ~-NRU(OIR' wherein R and R’ are as defined

hercabove for the amino group.

"Ureido” refers to the group -NR'C{OINRR wheretn R and R are as defined
hereabove for the amino group, and R” is as defined heresbove. "Sulfanyl” refers

to the group -SR where R is "C-|.g alkyl”, "C2-6 alkenyl”, "C2-6 alkynyl", "C3.8

i" A1) won

cycloalkyl”, "heterocycloalkyl”, "aryl” or "heteroaryl”.

ulfinyl" refers to the group -S(=0R where R is "C-|.g alkyl”, "C2-6 alkenyl™,

"C2-6 alkynyl®, "C3.8 cyeloalkyl”, "heterocycloalkyl™, "arvl” or "heteroaryl™

"Sulfonyl" refers 1o the group -8{=0)2R where R is "C-Lg alkyl”, "C2-6 alkenyl",
"O2-6 allynyl”, "C3.8 cycloalky!l”, "heterocycleaikyl”, "aryl” or "heteroaryl”.

"Halogen" refers to fluoro, chloro, bromo and iodo stoms.

"Substituted or unsabstituted” ; Unless otherwise constrained by the definition of

RN}

the individual substituent, the above set out groups, like "alkyl”, "alkenyl”,

“alkynyl", "aryl” and

"heteroaryl™ etc. groups can optionally be substituted with from 1 to S substituonts

sclected from the group consisting of "C-|.g alkyl", "C2-6 alkenyl”, "C2-6

alkynyl",
"eycloalkyl”, "heterocycloalkyl”, "amino”, "amido"”, "acylamino”, "ureido™, "arvl”,
“heteroaryl”, "alkoxy”, "halogen”, cyano, hyvdroxy, mercapto, nitro, "amido”,

noa

"subfanyl”, "sullinyl”, "sulfonyl” and the like.

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 free base with an appropriate acid

239
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such as an inorganic acid, for example, a hydrohalic such as hydrochloric or
hydrobromic, sulfuric, nitric, phosphoric and the like; or an organic acid, such as,
for example, acctic, trifluoroacetic, hydroxyacctic, propanoic, lactic, pyruvic,
malontc, succinic, maleic, fumaric, malic, tartaric, citric, methanesulfonic,
cthanesulfonic, benzenesulfonic, p-toluenesulfonic, cyclamic, salicylic, p-

aminosalicylic, pamoic and the like,

The compounds of formula (I} 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 carth alkaline metal
salts, e.g. lithium, sodium, potassium, magnesium, calcium salts and the like, salts
with organic bases, ¢.g. N-methyl-D-glucamine, hydrabamine salts, and salts with

aruino acids such as, for example, arginine, lysine and the ke,

Conversely said sait forms can be converted into the free forms by treatment with

an appropriate base or acid.

Compounds of the formula (1) and their salts can be in the form of a solvate, which
is included within the scope of the present invention. Such solvates include for

exarmple hydrates, alcoholates and the like.

Many of the compounds of formula (T) and some of their intermediates have at
lzast one stersogentc centor in their siructure. This stercogenic center may be
prosent in a R or a S configuration, said R and S notation 1s used in corrcspondence

with the rules described in Pure Appl. Chem, 45 (1976 11-30.

The invention also relates to all sterenisomeric forms such as enantiomeric and
diastercoisomeric forms of the compounds of formula (1) or mixtures thereof
(including all possible mixtures of sterecisomers). With respect {6 the present
inventiion reforence to a compound or compounds is intended to encompass that
compound in sach of ils possible isomeric forms and mixtures thereof, unless the

particular isomeric form is reforred to specifically,

Compounds according Lo the present invenlion may exist in dullerent polymorphic
forms. Although not explicitly indicated in the above formula, such forms arc

mtended to be included within the scope of the present invention.

240
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Some of the compounds of formula (T) may also exist in lautomeric forms. Such
forms although not explicity indicated in the above formula are intended (o be

icluded within the scope of the present invention.

The invention also includes 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 prosent invention concerns a compound selected
from the group consisting oft (28)-2-3-{4-nitrophonyl}-S-oxoimidazolidin-1-
vijbutanamide; (283-2-[3-(2,4-dinitrophenyl}-5-oxoimidazolidin- 1 -yl Jbutanamide;
(28)-2-(5-ox0-3- phenylimidazolidin-1 -yhihntanamide; 2-[5-Godomethyh)-2-oxo0-1
S-oxazolidin-3- vijbutanamide; 2-(2-0x0-2,5-dihydro-1 H-pyrrol-1-yibutanamide;
2-(2-ox0-4-phenyl-2,5- dihydro-1 H-pyrrol-1-ylbutanamide; 2-(4-methyl-2-0x0-
2,5-dihydro-1 Hepyrrol-1- ylbutanamide; (+)-(28)-2-(2-0x0-4-propyl-2 S-dihydro-
1 H-pyrrol-1-yhbutanamide; (28)-2- (2-oxo-5-propyl-1 ,3-thiazol-3{ZH)-
yhbutanamide; 2-{2-oxo-5-propyl-1 3-thiazcl-3{2H)- yhpropanamide; 2-(3-butyl-
2-ox0-1 ,3-thiazolidin-3-ylibutanamide; 2-{5-butyl-2-ox0-1 ,3- thiazolidin-3-
yhpropanamide; 2-(2-oxo-3-pheuyl-1 J3-thiazolidin-3-yhpropanamuide; 2-(2- oxo-
S-propyi-1 ,3-thiazolidin-3-ylbutanamide; 2-(2-oxo-5-phenyl-1 3-thiazolidin-3-
yhbutanamide; 2-{2-ox0-5-propyl-1 3-thiazohidin-3-yDoropanamide; (283-2-12~
oxo~5-(2 2 2~ trifluorocthyl)-1 3-thiarolidin-3-vi}butanamide; 1-{{6-chlore-2-
(trifluoromethyDimidazol 1 ,2- blpyridazin-3-yljmethyl }piperidin-2-ong; | -(1 H-
imidazol-4-yimethyly-5-propylipiperidin-2- one; 1-(1 H-imidazol-T-ylmethyl)-5-
propylpiperidin-2-one; 1-{imidazol1 2-ajpyndin-3- vimethyl-5-propylpiperidin-
2-one; 1-(1 H-imudazol-1-vimethyl)-5-phenylpiperidin-2-one; 1- (imidazoii ,2-
a|pyridin-3-vimethyvi)-5-phenyipiperidin-Z-one; I-(imidazof 1 ,2-ajpyridin-3-
yimethyly-4-phenylpiperidin-2-one; 1-(1 H-imidazol-1-ylmethyl)}-4-
phenyipiperidin-2-cne; 1- (imidazof1 ,2-a]pyridin-3-ylmethyl}-4-propyipiperidin-
2-one; 1-(1 Heimidazol-S-vimethyl-4- propylpiperidin-2~one; 1-(1 H-imidazol-1-
vimethyl-4-propylpiperidin-2-one; 1-{{6-chloro-2- {(irifluoromethylimidacof 1 |
blpyridazin-3-yljmethyli tazepan-2-onc; | -(1 H-imidazol-S- ylmethyl)-5-
propylazepan-2~-oue; S-propyl-i-{{2-(rifluoromethyliimidazol | ,2-alpyridin-3-
vimethylfazepan-2-one; 1-(1 H-imidazol-S-vimethyl)-3-phenylazepan-2-one; 3-

phenyl-1- {{2-{triflucromethyimidazof1 ,2-alpyridin-3-vlimethyl}azepan-2-one;
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1-(1 H-tmmidazol-3-~ yimethyl)-6-propylazepan-2-one; 1-{1 H-imidazol-4-yimethyh-
A-propylagepan-2-one; 4- (1 H-imidazol-4-yimethyh-4,6-dihydro-5H-thienof 3.2~
bipyrrol-5-once; 2-(5-ox0-5,6-dihydro- 4H-thieno[3 2-blpyrrol-4-yhacctamide; 4-
{{2-{triftuoromethymidazof ! ,2-alpyridin-3- vlimethyl}-4,6-dihydro-S5H-
thieno[3,2-bipyrrol-5-one; 4-{{2-(trifluoromethyl ymidazo{1 ,2- alpyridin-3-
vijmethylhexahydro-3H-thieno[3,2-blpyrrol-5-one; 1 -(1 H-imidazol-4-ylraethyl)-
1 H-thieno{3,4-blpyrrol-2(3H}-one; 2-(6-bromo-2-ox0-1 ,3-benzothiazol-3(2H)-
yhacetamide; 2-(2-0X0- 1 3-benzothiarol-3(2H}-vhacetamide; 2-{6-chloro-2-
oxo-1,3-benzothiazol-3{2H)- yhacetanude; &-bromo-3-(1 H-imidazol-1-ylmethyh)-
1,3-benzothiazol-2{3H)-one; 6-bromo- 3-(2-axopropyl)-1 ,3-benzathiazol-2(3H)-
one; 2-(6-nitro-2-oxo-1 ,3-benzothiazol-3(2H}~ yhacetannde; 2-(6-bromo-2-gx5-1
,3-benzothiazol-3(2H)-yDpropanamide; 2-(6-bromo-2- oxo-1 ,3-benzathiazol-

32 H-yhpropanamide; 2-{(6-fluoro-2-0x0-1 3-benzothiazol-3(2H)- yliacetamide;
2-{6-methyl-2-oxo-1 3-benzothiarol-3(2H)}-yDacetanude; 6-Huoro-3-(1 H-
imidazol-1-yimethyly-1 3-benzoxazol-2(3H}-one; 1-{1 H-imidazol-4-
vimethylypyrazolo[l ,5- ajpyridin-2(1 H)-one; 2-(6-chloro-3-0x0-3,4-
dihydroisogquinolin-2{1 Hi-yhpropanamide; 5- chloro-2-{1 H-imidazol-4-
yimethyl)-1 4-dihydroisoquinclin-3{2H)-one; 2-(6-chloro-2-0xo- 3,4~
dihydrogquinelin-1 (ZH)-yDacetamide; 2-+(6-bromo-2-0x0-3,4-dihydroquinelin-1
{2H)~ yhacctamide; 1-(1 H-imidazol-d-yimethyi-3 4-dihydroquinolin-2(1 Hj-one;
2-{6-10do-2-0x0- 3, 4-dihydroquinolin-1 (2H}-yhacetamide; 2-(6-cyano-2-0x0-3,4-
dihydroquinolin-1 (2H)- yhacetamide; 7-chloro-2- {{2-(trifluoromethyl}imidazof 1
2-alpyridin-3-ylimethyl}-1 2.4,5- tetrahydro-3H-2-benzazepin-3-one; 7-chloro-2-
{1 H-mmidasol-4-viroethyl}-1 ,2.4,5- etrahydro-3H-2-benzaepin-3-one; 7-chlore-
3-(1 H-imidazol-d-vimcthyi}1 ,3 4,5 totrahydro-2H-3-benzazopin-2-ong; and 7-
chioro-3-{[2-(triffuoromethyllimidazol | ,2- alpyridin-3-yljmethyl}-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 § and R represents a

fﬁf

€ #) gy cow \
it

radical in whichm s 0, 1 or 2 and R’ is a hydrogen atom or an alkyl, cycloalkyl,

alkenyl or alkynyl radical, which may contain 3 1o 6 carbon atoms, or an ary!

radical, and R is a hvdrogon atom or an alkyl radical, or both R' and R", together

with the nitrogen atom to which they are attached, form a helerocyclic ving, such as

5 a pyrrolidine ring.
xvii) UK Patent 1,309,692

According to the present invention, there are provided new N-suhstituted lactams

of the geneval formula:

vl

! . Rl
CH-co-N

i \Ru
Y

wherein X is a hydrogen atom or an alkyl, alkenyl or alkynyl radical containing 1
10 6 carbon atoms, p is a whole numbcer of from 1 t0 6, Y is a hydrogen atom or an
alkvl, alkeny! or alkynyl radical containing 1o 6 carbon atoms or a cyeloalkyt
radical and R'and R", which may be the same or different, are hydrogen atoms or
alkyl, alkenyl, alkynyvl, cycloalkyl or aryl radicals or R' and R”, together with the
nitrogen atom to which they are attached, form a heterocyclic radical which may
contain further heteroatoms, with the proviso that at ieast one of the symbols X and

Y is other than a hydrogen atom.

Yalpreate

[\
B
v
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{0144} In somc embodiments, an SV2A inhibitor or its pharmaceutically
accoptable sall, hydrate, solvate or polymorpl is administered 1 combination with

valproatc or its analog, derivative or pharmaccutically acceptable salt.

[0145]  Amnalogs and derivatives of valproate useful {or the methods and

compositions of thus tovention include corpounds of the formula:

0

PN

R X

wherein, independently for each sccurrence:

X is ~OH, Cy_yp alkoxy, -O-alkali metal, -N(R",. -SH, or -8-C .y alkyl;
R is a straight chain or branched C) 3¢ alkyl; and

rRbis H, Cyi o alky, Coyp alkenyl, Cpyp alkymyl, arvl, or aralkyl;

provided that R may be unsubstituted or substituted by oue or wore ~-OH,

Cyio alkoxy, —?E\I(Rl)ga -5H, -5-Ci.yg alkyl, or aryl,

{0146} In other embodiments, analogs and derivatives of valproate useful for the

methods and compositions of this mvention mclude compounds of the formula:

0O

X

R X
wherein, independently for each occurrence:
X is -OH, Cy.q9 alkoxy, -O-alkali metal, -’N(Ri}g, -SH, or -5-Cin
atkyl
R i3 CH{(CH: RCH; g and
R'is H, Cip alky, Coyg alkenyl, Crpp alkynyl, aryl, or aralkyl;

provided that R may be unsubstituted or substituted by one or more -OH,

Cypp alkoxy, -N(R' Y, -SH, ~8-C .4 alkyl, or aryl.
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10147} In other erabodiments, analogs and derivatives of valproate useful for the

methods and compositions of this invention mclude compounds of the formula:

0O

X

R X
wherein, independently for cach occurrence:
Xis -OH, -O-alkali metal, -SH, or - NHo; and
R is CH{{CH;);CH3l,.

[0148] Methods tor making the compounds of formula may be found in, for
example, U.S. Patent Nos.: 4,558,070; 4,595,695; 4,654,370; 4,895,873;
4,913,906, 5,017,613; 5,019,398; 5,049,586; 5,162,573; 5,440,023, 5,856,569;
6,131,106 and 6,610,326,

{0148}  Other names and descriptions of valproate are also envisioned herein,
such as Depabkote, Valreloase, 2-propyvipenianoate, valproic acid, VPA and sodium

valproate.

Methods of Treating CX5 Disorders with Cegnitive Impairment with the

Administration of an SV2A Inhibiter

[018¢]  In one aspect, the invention provides methods and compositions for lreating or
improving cognitive function, delaying or slowing the progression of cognitive
mpaitoent, ot reducing the rate of dechine of cognitive {unction, tn a subject sullering
from a central nervous system {CNS} disorder with cognitive impairment {e.g., age-
related cogmitive impairment, MCL ammnestic MCI, dementia, AD, prodrotnal AD,
PTSD, schizophrenia, ALS and cancer therapy-reiated cognitive impairment), or the
risk thereof in a subject in need thereof by administering an SV2A inhibitor or a
pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof. In some
grmbodiments, the SV2A inhibitor is administered in combination with valproate or an
analog, derivalive or pharmaceutically acceptable sall, hydrate, solvale or polymorph
thereof. In some embodiments, the SY2A mhibitor i3 selected from the group
consisting of levetiracetam, seletracetam, and brivaracetam or devivatives or analogs or

pharmaceutically acceptable salts, or solvates, or hydrates, or polymorphs, or prodrugs

)
=N
e
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thereof, In other embodiments, the SV2A inhibitor is levetiracetam or a derivative or
an analog or a pharmaceutically acceptable salt, or a solvate, or a hydrate, ora
polymorph, or a prodrag thoreof, In other cmbodiments, the SV2A inhibitor is

brivaracetam or a derivative or an analog or a pharmaceutically acceptable salt, ora

¥4

solvate, or a hydrate, or a polymorph, or a prodrug thereof. In other embodiments, the
SV2A wnhibitor is seletracetam or a derivative or an analog or a pharmaceutically
acceptable salt, or a solvate, or a hydrate, 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 (MCl), Age-Associated

10 Memory Impairment (AAMI), Age Related Cognitive Decline (ARCD). Inone
embodiment of the invention, the MCI is amnestic MCL In some embodiments of the
invention, the CNS disorder with cognitive impatrment 1s dementia, post traumatic
siress disorder (PTSD), schizophrenia, amyotrophic lateral sclerosis (ALS) or cancer-

therapy-related cogritive impairment, In one embodiment, the subject that suffers such

[
Ln

cognitive impairment i a human patient. The subject may be a human or other
maramal such as a non-human primate, or rodent (e.g., rat}. In some embodiments, the

subject is a4 human patient.

{0151} The use of the SV2A inlubitors and its pharmaceutically acceptable sali,
hydrate, solvate or polymorph in combination with valproate or its analog,

20 derivative or pharmaceutically acceptable salt reduces the amount of valproate
necessary for the treatment of CNS disorders involving cognitive dysfunction and
other affective disorders, including MCI, amnestic MCE, AAMI, ARCE, dementia,
AD, PTSD, schizophrenia, ALS or cancer-therapy-related cognitive impainment.

In one embodiment, the subject that suffers such cognitive impairment i5 & human

[N
n

paticut, and thus reduace the side effects caused by valproate without diminishing
efficacy. Further, the efficacy of a combination of the SVZA inhibitor or its
pharmacentically acceptable salt, hydrate, solvate or polymorph and valproate or
its analog, derivative or pharmaceutically acceptable salt exceeds the sificacy of
cither drug administered along at its optimal dosc and thus is an improved

30 treatment for UNS disorders with cognitive impairment.

246
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{0152} It will be appreciated that compounds and agents used in the compositions
and methods of this fnvention preferably should readily penetrate the blood-brain
barricr when peripherally administered. Compounds which cannot penetrate the
blood-bramn barrier, however, can still be effectively administered directly into the
central nervous system, ¢.g., by an intraventricular or other neuro-compatible

route.

{183]  As uscd herein, administration of an SV2A inhibitor or iis
pharmacentically acceptable sait, hydrate, solvate or polymorph and valpreate or
it analog, derivative or pharmaceutically acceptable salt "in combination™ inchudes
simultaneous administration and/or administration at different times, such as
seguential adminisiration, Simullancous admunistration of the SV2A whibilor or
tts pharmacecutically acceptable sali, hydrate, solvaic or polymorph and valproaic
or its analog, derivative or pharmaceutically acceptable salt can optionally be
combined with supplemental doses of the SV2A inhibitor or its pharmaceutically
acceptable salt, hydrate, solvate or polymorph and/or valproate or its analog,
dertvative or pharmaceutically acceptable sall. Simultaneous administration of
drugs encompasses administration as co-formulation or, altcrnatively, as separate

compositions,

[0184] In accordance with this invention, the SV2A inhibitor or its
pharmaceutically acceptable sall, hydrate, solvale or polymorph, alone or in
combination with valproate or its analog, derivative or pharmaccutically acceptable
salt can be administered fo a subject via any suitable route or routes. In some
ernbodiments, the drugs are administered orally; however, administration
imtravenously, subcutancously, intra-arterially, intramuscularly, intraspinally,
rectally, intrathoracically, intraperitoneally, mtracentricularly, or transdermally,
topicaily, or by inhalation is also contemplated. The agents can be advainistered
orally, for example, in the form of tablets, troches, capsules, elixirs, suspensions,
syrups, wafers, or the Hke, prepared by art recognized procedures. In certain
embodiments, the SY2A inhibitor or its pharmaceutically acceptable salt, hydrate,
solvate and polymorps, alone or in combination with valproate or its analog,

derivative or pharmaceutically acceptable salt, can be administered to a subject via

b
=
-~
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different routes. For example, the SV2A inhibitor or its salt, solvate, hydrate, or
polymorph is administered intravenously and the valproats or an alalog, derivative
or pharmaccutically acceptable salt, hvdrate, solvate or polymorph thereot'is

administered orally.

5 {81851  In some erobodiments, the administration is a slow or extended release.
The torm “exiended release” is widely recognized n the art of pharmaceutical
scicnees and s uscd herein to refor to a controlled release of an active compound
or agent from a dosage form to an environment over (throughout or during) an
extended period of time, e.g. greater than or egual to one hour. An extended

10 release dosage form will release drug at substantially constant rate over an
extended period of time or a substantially constan! amount of drug will be released
inerementally over an extonded period of time. The torm “cxteondod release™ uscd
herein includes the torms “controlled release,” “prolonged release,” “sustained

N

release,” “delayed release,” or “slow release” as thess terms are used in the

[,
(¥ 4]

pharmacentical sciences. In some embodiments, the extended release dosage is

adminusiered in the form of a patch or a pump.

{0156] Diosage schedules of the agenis and compositions according to the methods of
the invention will vary according to the particular compound or compositions selected,
the route of administration, the nature of the condition being treated, the age, and

20 condition of the patieni, the course, or stage of treatment, and will ultimately be at the
discretion of the aticnding physician, It will be understood that the amount of the
SV2ZA inhibitor or its pharmaceutically acceptable salt, hydrate, solvate or polymorph,
alone or in combination with valproate or its analog, derivative or pharmaceutically
acceplable salt that is administered will be amouanis effective to produce a desired

25 biclogical effect, such as beneficial results, including clinical resulls, ¢.g., an amount
that normalizes neural activity in areas of the brain that exhibit abbereut activity
{including, but not linuted to DG, CA3 and/or entorhinal cortex) and/or results in an
mmprovement in cognitive fanction). It will be understood that an effective amount can

be administered in more than one dose and over a course of treatment,

30 10187] I administered by an implant, a device or a slow or extended releasce

formulation, the SV2A inhibitor or its pharmaceutically acceptable salt, hydrate,
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solvate or polymorph, alone or in combination with valproate or its analog,
dertvative or pharmaceutically acceptable sali can be administered one time, or one
or more times periodically throughout the fifetime of the patient as neccssary.
Other administration intervals intermediate to or shorter than these dosage intervals
for chinical applications may also be used and may be determined by one skilled in

the art following the methods of this invention,

[0158]  Dicsired duration of administration of the SY2A inhibitor or its
pharmacentically acceptable salt, hydrate, solvate or polymorph, alone or in
combination with valproate or its analeg, derivative or pharmaceutically acceplable
salt can be determined by routine experimentation by one skilled in the art. For
cxample, the SVZA inhibitor or its pharmaceutically acceplable salt, hydrale,
solvate or polymorph, alonc or in combination with valproate or ifs analog,
derivative or pharmaccutically acceptable salt may be administered for a peried of
1-4 weeks, 1-3 months, 3-6 months, 6-12 months, 1-2 years, or more, up to the

lifetime of the patient.

{0189} 1t is known in the art that normalization to body surface arca is an
appropriate method for extrapolating doses between species. The human
equivalent dose (HED) for this dosage can be estimated using the following
formula that accounts for differences in body surface arca {(see Hstimating the Safc
Starting Dose in Clinical Trials for Therapeustics in Adult Healthy Volunteers,

Deceomber 2002, Center for Biclogies Evaluation and Rescarch):
HED = animal dose X (Km animal / Km human)

where the Km factor is body weight divided by body surface arca (Km rat has been
determined as 6, and Kim human is 37; see Reagan-Saw, Nihal, Ahmad, 2007},
Thus, a dosage of 10 mp/kg in rats is cquivalent to 1.6 mg/kg in humans (10 mg/kg
2{6/37y= 1.6 mg/kg). For human subjects, to calculale a dose 1o mg from the

dosc in mg/ke, the dosc in mg/kg is multiplicd bya typical adult weight of 70 kg,
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[0866] In certain embodiments of the invention, the dose of the SV2A inhibitor
or its pharmaceutically acceplabie sall, hydrate, solvate or polymorphis 8.1 10 3

meg/ke/day (which, given a typical human subject of 70 kg, 18 7 to 350 mg/day).

{0161} In certam embodiments of the mvention, the SY2A mnhibitorora
pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof can be
administered at doses according to, for example, U.S, Patent Application
12/580,464, Intcrnational Patent Application PCT/US2009/005647, UK. Patent
Application 61/1035,847, U.S. Patent Application 61/152,631, U.5. Patent
Application 61/173,536 and U.S. Patent Application 61/441,251. Tn certain
embodiments of the invention, the SV2A inhibitor or a pharmaceutically
accoptable sali, hydrate, solvaie or polymorph thereof is admintstered every 12 or

24 hours at a daily dosc of about 0.061 10 5 meg/kg

fard]

about £.031 to 0.5 mg/kg, about
0.01 t0 0.5 mg/kg, about 0.1 to S mg/kg, or about 1 to 2 mg/kg, or about 210 4
meg/ke, or about 2 to 3 mg/ke, or about 3 to 4 mg/ke, or about 3.2 to 0.4 mg/kg, or
about 8.2 to 0.3 mg/keg, or about 8.3 t¢ 0.4 mg/kg, or about 8.1 t0 0.2 mg/ke, or
about .01 o 2.5 mg/kg, or about 0.1 to 2.5 wy/kg, or about 0.4 10 2.5 mag/kg, or
about 0.6 to 1.8 mg/ke, or about 0.5 to 2 mg/kg, or about 0.8 to 1.6, or about 6.8 to
3.6, or about 0.5 to 4 mg/kg, or about 8.04 {0 2.5 mg/kg, or about .06 1o 1.8

/

o/kg, or about 0.85 10 3 mg/kg or about 0.08 to abowt 1.6 mg/ke, or about .08 to

o

m
3.6 or about 0.05 to 2 mg/kg, or about 0.01 to T mgkg. or about 0.001 to 1 mgkg.
or about 0.5 to 5 mg/kg, or about 8.05 to 6.5 mg/kp, or abowt 0.8 mg/ke, or about
1.6 mg/kg, or about 3.6 mg/kg, or about 0.08 mg/ke, or about 0.16 mg/kg, or about
(.36 mg/kg. Other doses higher than, intermediate to, or less than these doses may
also be used and may be determined by one skilled in the art following the metheds
of this invention. For repeated administrations over several days or weeks or
fonger, depending on the condition, the treatment is sustained until a sufficient

level of coguitive function is achieved.

[0162] In certain embodiments of the invention, the dose of the SV2A inhibitor is
G.001 - 5 mg/kg/day {which, given a typical human subiect of 70 kg, is about .07 -
350 mg/day}. Doses that may be used mclude, but are not liratted to

(.00 mg/kg/day, 0.0015 mg/kg/day, 0.002 mg/kg/day, 0.005 mg/kg/day, 0.0075
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mg/kg/day, 0.01 mg/ke/day, 0.015 mg/kg/day, 0.02 mg/kg/day, 0.03 mg/kg/day,
(.04 mg/kg/day, 8.05 mg/kg/day, 0.1 mg/kg/day, 0.2 mglg/day, 0.3 mg/kg/day,
0.4 mg/kg/day, 0.5 mp/kg/day, 0.75 mg/kg/day, 1.0 mg/kg/day, 1.5 mg/kg/day, 2.0
mg/kg/day, 2.5 mg/kg/day, 3.0 mg/kg/day, 4.0 mg/kg/day,or 5.0 mg/kg/day. In
some embodiments, the dose of the SVZA inhibitor 15 0.001 - 0.5 meg/kg/day
{which, given a typical human subject of 70 kg, is about 0.07 — 35 mg/day}, or 8.01
— 0.5 mg/kg/day (which is about 0.7 — 35 mg/day}. Other doses higher than,
imtermediate to, or less than these doses may also be used and may be determined

by one skilled in the art following the methods of this invention.

{0163} In certain embodiments of the invention, the dose of the SVZA inhibitor is
0.1 to 3 mg/kg/day (which, given a typical human subject of 70 kg, is 7 t0 350
mg/day}). Doscs that may be used include, but are not limited to 0.1 mg/kg/day, 0.5
meg/kg/day, | mg/kg/day, 1.5 mg/kg/day, 2 mg/kg/day, 2.5 mg/kg/day, 3
meg/ke/day, 4 mg'kg/day, or 5 mg/kg/day. In certain embodiments, the dose is 1-2
mg/kg/day (which, given a typical human subject of 70 kg, 15 70-140 mg/day) In
other emnbodiments of the invention, the dose of the SV2A inhubitor s 8.1 0 4.2
mg/kg/day. Other doses higher than, intermediate to, or less than these doses may
also be used and may be determined by one skilled in the art following the methods

of this imvention.

[6164] In certain embodiments of the invention, the dose of the SV2A nhibitor s
0.01 to 2.5 mg/kg/day (which, given s typical human subject of 70 kg, 1 about 0.7
- 180 mg/day). Poses that may be used inchude, but are not limited to 8.01
mg/ke/day, 0.02 mg/kg/day, 0.03 mg/kg/day, 0.04 mg/kg/day, 0.06 mg/kg/day,
0.08 mg/kg/day, 0.12 mg/kg/day, 8.14 mg'kg/day, 0.16 mg/kg/day, (.18
mg/kg/day, 0.2 mg/kg/day, 0.4 mg/kg/day, 0.6 mg/kg/day, 0.8 mp/kg/day, 1.0
mg/kg/day, 1.2 wog/kg/day, 1.4 mg/kg/day, 1.6 mgikg/day, 1.8 mg'ke/day, 2.0
mg/kg/day, 2.2 mg/kg/day, 2.4 mp/kg/day, or 2.5 mg/kg/day. In some
ernbodiments, the dose of the SV2A inhibitor is 0.1 — 2.5 mg/kg/day (which, given
a typical human subject of 70 kg, is about 7 - 180 mg/day}, 6.1 - 0.2 mg/kg/day
{which is shout 7 - 15 mg/day), 0.2 — 0.4 mg/kg/day (about 14 - 30 mg/day), 0.4 —
2.5 mg/kg/day (about 25 - 180 mg/day}, 0.6 ~ 1.8 mg/kg/day (about 40 — 13¢

]
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mg/dayy, 0.04 — 2.5 mg/kg/day (about 2.5 - 180 mg/day) or 0.06 — 1.8 mg/kg/day
{about 4 — 130 mg/day). In some embodiments of the nvenlion, the dose of the
SV2A inhibitor is 40 to 130 mg, 140 to 300 mg, 200 t0 300 mg or 140 to 200 me.
Other doses higher than, intermediate fo, or less than these doses may also be used
and may be determined by one skilled in the art following the methods of this

invention,

{81658]  In certzin embodiments of the invention, the nterval of administration 18
12 or 24 hours. Administration at less frequent intervals, such as once every &
hours, may also be used. In some embodimends, the SY2A mhibtior is adnunisiered
every 12 or 24 hours at a total daily dose of 0.1 to 5 mg/kg {(e.g., in the case of
administration every 12 hours of a daily dose of 2 mg/kg. cach adminisiration is 1
mg/ke). In some embodiments, the SY2A inhibitor is administered every 24 hours
at a daily dose of 1 to 2 mg/kg. In another embodiment, the SV2A inhibitor i
admimstered every 24 hours at a daily dose of 0.1 - 0.2 mg/kg. Insome
cmbodiments, the SV2A inhibitor is admunistered cvery 12 or 24 hours at a daily
dose of 0.01 t0 2.5 mg/kg (¢.g., in the case of administraiion every 12 howrs of a
daily dose of 0.8 mg/kg, each administration is 0.4 mg/ke}. In some embodiments,
the SV2ZA inhibitor 1s administered every 12 or 24 hours at a daily dosc of 0.1 to
2.5 mg/kg. In some embodiments, the SV2A inhibitor is administersd every 12 or
24 hours at a daily dosc of 0.4 t0 2.5 mg/kg. In some embodiments, the SV2A
thibitor is administered every 12 or 24 hours at a daily dose of 8.0 10 1.8 mg/kg.
In some embodiments, the selective inhibitor of SVZA is adminisiered every 12 or
24 hours at a daily dose of (.04 — 2.5 mg/kg. In some embodiments, the selective
mhibitor of SV2A s adninisiered every 12 or 24 hours al a daily dose 0/ 0.06 -1.8
mg/kg. In some embodiments, the selective inhibitor of SV2A is administered
every 12 or 24 hours at a daily dose of 0.001 -5 mg/ke. In some embodiments, the
selective inhibitor of SV2A 18 administered every 12 or 24 hours at a daily dose of
G001 - 0.5 mgkg. In some embodiments, the selective inhibitor of SV2A i

administered every 12 or 24 hours at a daily dose of 0.01 - 0.5 mg/kg.
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[8166] In certain embodiments of the invention, the SVZA inhibitor is
fevetiracetam or a pharmacestically acceplable salt, hydraie, solvate or polymorph
theroof.  The levetiracctam or its pharmaceutically acceptable salt, hydrate, solvate
or polymorph is administered every 12 or 24 howrs at a daily dose of about 1 to 2
mg/kg, or about 0.1 to 2.5 mg/ke, or about 0.4 to 2.5 mg/kg, or about 8.6 10 1.8
mg/kg, orabout 2.0 to 3.0 mg/kg, or about 3.0 to 4.0 mg/kg, or about 2.0 10 4,0
mg/kg, or about 8.1 to 5 mg/kg, or about 70 1o 140 mg, or about 7 1o 180 mg, or
about 25 to 180 mg, or about 40 to 120 mg, or about 140 to 300 myg, or about 200

10 3040 mg, or about 149 to 200 mg, or about 7 to 350 mg.

{0167} In other embodiments, the levetiracetam or its pharmaceutically
accoptable sali, hydrate, solvaie or polymorph is administered every 12 or 24 hours
according to onc of the daily dosc ranges indicated as “+7 listed in Tabic 1 or

Table 2.

I
w
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Table 1 - Daily Doses of Levetiracetam

™~ Lowerrange |0.1ogkgi04 mg'kg 0.6 mg/kg |1 mg/keg  [2mgkeg |13 mgkg
Upper range

1.8 mg/kg + + n

2 mg/kg + + + +

2.5 mglkg + + + -+ +

3 mg/ke + + +

4 mg/kg + + + n + I

5 mykg + + + + + T

Table 2 - Daily Doses of Levetiracetam in a Human Subject of 786 KG

Lower range |7 mg 25 mg 40 mg 70 mg 140 mg {200 mg
Upper ran gé\\\
30 mg - + + +
140 mg + + +
120 mg + + + + +
200 mg + + + + T
3060 mg + + + + T T
350 mg + + + +
5 [0168] In certain embodiments of the invention, the SV2A inhibitor is

brivaracetam or a pharmacentically acceptable salt, hydrate, solvate or polymorph
thereof. The brivaracetam or its pharmaceutically acceptable salt, hydrate, soivate
or polymorph thereol is adwinistered every 12 or 24 hours at a daily dose of about
0.1 to 8.2 mg/kg, or about 8.01 t0 2.5 mp/kg, or about 0.04 to 2.5 mp/kg, or about
10 0.06 to 1.8 mg/kg, or about 0.2 10 0.4 mg/kg, or about 7 to 1S mg, or about 0.7 to

180 mg, or about 2.5 to 180 mg, or about 4.0 10 130 mg, or about 14 to 30 mg.

254
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[016%9] In other embodiraents, the brivaracetam or i1 pharmaceutically
accoptable sall, hydrate, solvate or polymorph is administered every 12 or 24 hours
at a daily dosc of at least 0.1 mg, 0.5 mg, 6.75 mg, L.Omg, 1.5 mg, 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 brivaraceiam or its pharmaceutically acceptable
salt, hydrate, solvate or polvmorph is administered every 12 or 24 hours at a daily
dose of at least 0.0015 mg/ke, 0.0075 mg/kg, 0.01 mgke, 0.015 mg/ke, 0.02
me/ke, or .03 mg/kg, but 1o more than a daily dose of 6.5 mg/kg, 0.4 me/kg, 0.3

mp/kg, 0.2 mg/kg, .15 mp/kg, 0.1 mg/ke, 5.05 mg/kg, or 0.04 mg/kg.

{8176} o other embodiments, the brivaracetam or its pharmaceutically acceptable
sali, hydrate, solvaie or polymorph 1s administered cvery 12 or 24 hours according
to onc of the daily dosc ranges indicated as “+7 listed in Table 3 or Tabic 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

01-335mg, 05-35mg, 0.75-35mg, 10-35mg, 1.5-35mg, 2.0-35mg, 0.1 -

30mg, 0.1 -25mg, 8.1 -20mg, 6.1 -15mg, 6.1 -10mg, 8.1 - 5wmg, 0.1 - 25 mg,
0.0015 - 0.5 mg/ke, 0.0075 - 0.5 mg/kg, 0.01 - 0.5 mg/kg, 0.015 - 0.5 mg/kg, 0.02 -

0.5 mg/kg, 0.03 - 0.5 mg/kg, 9.0015 - 8.4 mglkg, 0.0015 - 0.3 mg/kg, 0.0015-0.2
mg/ke, 0.0015 - 015 make, 0.0015 - 0.1 mp/kg, 0.0015 - 0.05 mp/kg, or 0.0815 -
0.04 mg/kg.

|\
W
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Table 3 - Daily Doses of Brivaracetam

Lower range [0.0615 mg/kg  10.0075 mg/kg  |0.01 mg/kg {0.013 mg/kg 10.02 mg/kg 10.03 mg'kg
_— .
Upper rangf\\

.

0.04 mgikg + T i
0.05 mg/ky + + T
0.1 mg'kg + 4 T
0.18 mg/kg + + T
0.2 mg/kg + + +
0.3 mg/kg + + +
0.4 mg/kg + + +
0.5 mg/kg + + +

Table 4 - Daily Doses of Brivaracetam in s Human Subject of 70 KG

Lowerrange {D.1 mg 0.5 mg 0.78 mg 1.Omg 1.5 mg 20mg
Upper rang®~,
2.5 mg + + & T T T
5mg + + + + + T
18 mg + + + + + T
15mg + + + - + +
20 mg + - + + T T
25 mg + + + + + T
30 mg + + + + 7 T
35mg + + + + + +

{61711 In certain embodiments of the invention, the SV2ZA inhibitor ig
scletracetam or a pharmaceutically acceptable salt, hydrate, solvate or polymorph

thereof. In some embodiments, the seletracetam or its pharmaceutically acceptable

b
AV 4]
o
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salt, hydrate, solvate or polymorph thereof is administered every 12 or 24 hours at
a daily dose of at least 0.1 mg, 8.5 mg, 8.75 mg, 1.0 mg, 1.5 mg, or 2.0 mg, but no

g, 10 meg, 15 mg, 20 mg, 25 mg, 30 mg, or 35

more than a daily dosc of 2.5 mg, 5 mg,
mg. In other embodiments, the seletracetam 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/kg, 0.02
mg/kg, or 6.03 my/kg, but no more than a daily dose of 8.5 mg/ke, 0.4 mg/ke, 0.3
me/ke, 0.2 mg/kg, 8.15 mg/ke, 6.1 mg/kg, 0.05 mgke

ferdd

or 0.04 mg/ks.

[0172] o certain embodiments of the invention, the seletracetam or s
pharmacentically acceptable salt, hydrate, solvate or polymorph is administered
according o one of the datly dose ranges indicated as *“+7 listed m Tabie 5 or
Table 6. For cxample, the sclotracctam or its pharmaccutically acceptable salt,
hydrate, solvate or polymorph may be administered every 12 or 24 hours at a daily
doseof 8.1 -35mg, 0.5-35mg, 0.75-35mg, 1.6-35mg, 1.5-35mg, 2.6-35
mg, 0.1 -30mg, 0.1 -25mg, 0.1 -20mg, 0.1 - 15mg, 0.1 - 10mg, 0.1 -5mg, 0.1
- 2.5 mg, 3.6015 - 8.5 mg/kg, 0.0075 - 0.5 mg/ke, .01 - 0.5 mg/lky, 0.015-0.5
mg/kg, 0.02 - 0.5 mg/ke, 0.03 - 0.5 mg/kg, 0.0015 - 0.4 mg/kg, 0.0015 - 0.3 mg/keg,
0.0015 - 0.2 mg/kg, 0.0015 - 0,15 mg/kg, 0.0015 - 0.1 mag/kg, 0.0015 - 8.05 mg/ke,
or .0015 - 0.04 mg/kg.

I
W
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Table 8 - Daily Doses of Seletracetam

PCT/US2012/024556

.

@ range

Upper rang®™~__

’\

0.0015 mg/kg

0.0075 mg/kg

6.01 mg/kg

0015 mg/kg

6.02 mg'kg

0.03 ma/kg

4.04 mg/kg

5.08 mg/kg

6.1 mg/ky

8.15 mg/kg

4.2 ma/kg

8.3 mg/kg

4.4 mg/kg

3.5 mg/kg

Table 6 - Daily Doses of Seletracetam in 3 Human Subject of 70 KG

\ Lowerrange |U.1 mg (.5 mg 8,75 mg 1.0 mg 1.5 mg 2.8 mg
™

Upper rang\c\

2.5 mg -+ + + - + T
3mg + + + + + +
10my + + + = T T
15 mg + + + + T 5
20 mg + + + < T T
25mg + + . i I T
30 mg + + + + 7 T
35mg + + + + + T

5 {81731 The SV2A inhibitor or #ts pharmaceutically acceptable salf, hydrate, solvate or

polymorph may be administered at a subtherapeutic dosage lovels when provided 1n

combination with valproate or ifs analog, derivative or pharmaceutically acceptable
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salt, due to valproate-dependent increase in the therapeutic index of the SV2A inhibitor,
In some embodiments, the increase in the therapeutic index of the SV2A inhibilor, due
to the combination with valproate, is greater than the therapeutic index of the SVZA
inhibitor administered in the absence of the valproate by at least about 1.5x or 2.0x or
25k or30xor3Sxorddxordixor S.0xorSxor6.0x or 6.5x or 7.0x or 7.5x or
8.0x or 8.5x or 9.0x or 9.5x or 10x, or greater than about 10x, In some erabodiments,
combinations of an SV2A mhibitor with valproate reduces the dosage of the SVZA
inhibitor required for its therapeutic effect.  In some embodiments of the invention,
the SY2A inhibitor or a pharmaceutically acceptable salt, hvdrats, solvate or
polymorph thereof that i« administered in combination with valproate or its analog,
derivative or pharmaceutically acceptable salt is administered every 12 or 24 hours ata
daily dose of about 0.001 mg/kg to 5 mg/kg, or about 0.1 1o 5 mg/kg, or about 1 1o 2
mg/kg, or about 0.1 to 0.2 mg/kg, or about .01 to 2.5 mg/kg, or about 8.1 10 2.5 mg/ke,
or about 0.4 to 2.5 mg/kg, or about 4.6 to 1.8 mg/kg, or about 8,84 to 2.5 mg/kg, or
about 8.06 {0 1.8 mg/kg, orabout 0.01 to 1 mg/ke, or about 0.001 to 1 mg/kg, or about
0.5 mg/kg to § mg/kg, or about 0.05 mg/kg to 0.5 mg/ke. In some embodiments, the
amount of the SY2A inhibitor or a pharmaceutically acceptable salt, hydrate, solvate or
polymorph thereof that is administered in combination with valproate or its analog,
dertvative or pharmaceutically acceptable sall 1v a subtherapeutic amount. Such
subthcrapoutic amount, may be, for example, a daily dosc, administered cvery 12 or 24
hours at a daily dose of less than 5 mg/kg, less than 2.5 mg/kg, less than 2 myg/kg, less
than 1.75 mg/kg, less than 1.6 mg/kg, less than 1.5 mg/ke, less than 1 mg/kg, less than
0.8 mg/kg, less than 0.6 mg/kg, loss than 0.5 mg/kg, less than 0.4 me/ke, less than 0.3
mg/kg, less than 0.2 mg'kg, less than 0.1 mg/ke, less than 0.05 og/kg, less than 0.04
mg/kg, lcss than 0.03 mg/ke, less than 0.02 mg/ke, less than 0.01 ma/kg, Icss than

0.005 wmg/ke, or less than 8.001 mg'kg.

{6174} Valproate or its analog, derivative or pharmaceutically acceptable salt
may be adomnistered at a dosage level up lo convenlional dosage levels, Valproale
has been prescribed for treatment of epilepsy, bipolar disorder, migraine, and post-
traumatic stress disorder. Valproate is also reported to be effective in treating
cognitive impairment {Koh et al,, 36th annual meeting of the Society for

Neuroscience, October 15, 2006, No. 273.14, D.3). Chronic subcutancous
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administration to memory-impaired aged rats of 100 mg'kg/day sodium valproate
treated their cognitive pairment and their performance in a memory test was
significantly improved. This dosage results in a blood total valproate lovel of 10
tg/maf plasma (10 pe/mi total valproate). Treatment with chronic subcutaneous

administration of 50 mg/kg/day valproate, however, was not effective.

{01781 The valproate or its analog, derivative or pharmaceutically acceptable salt may
be admuinistered at desage levels distinct from conventional levels when provided in
combination with an SV2A inhibitor, due to an SV2A inhibitor-dependent increase in
the valproate’s therapeutic index. In some embodiments, the increase in the valproate’s
therapeulic index due to the combination with au SV2A inhibuor thereol'is greater than
the therapeutic index of the valproate administered in the absence of an SV2A inhibitor
by at leastabout 1.5x or 2.0x or 2.5x or 3.0x or 3.5k or 4.0x or 4.5x or 5.0x or 5.5x or
6.0x or 6.5x or 7.0x or 7.5x or 8.0x or 8.5x or 9.0x or 9.5x or 10x, or greater than about
10x. In some embodiments, combinations of valproate with the SV2A inhibitor
reduces the dosage of the valproate required for ifs therapeutic effect. Insome
cmbodiments, the amousnt of the valproate or its analog, derivative or pharmaccutically
acceplable salt administered in combination with the SV2A inhibitor is a subtherapeutic
amount. In cortain embodiments, the dosc of valproate or its analog, derivative or
pharmaceutically acceptable salt when administered in combination with an SVZA
inhtbitor is a dose that results in a total blood valproate of 0.5 to 5 ug/m!i plasma. The
doses uselul {or valproate or its analog, derivalive or pharmaceutically accoptable salt

arc readily dotermined by those skilled in the art, using the methods of this nvention,

[8176] In certain embodiments, wherein a SVZA inhibitor or its
pharmaceutically acceptable salt, hydrate, solvate and polymorph is administered
in combination with valproate or its analog, dertvative or pharmaceutically

go of both the SV2A inhibitor or its pharmaccutically

o

accepiable salt, the dosa
acceptable salt, hydrate, solvate and polymorph and the valproate or its analog,
derivative or pharmaceutically acceptable salt, are cach sub-therapeutic with
respect to treating a CINS disorder with cognitive impairment when administered

aloue,

{81771 Insome embodiments, a suitable amount of the SV 2A ivhibitor is
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administered so as to reduce the dose of the valproate (¢.g., a dose required to effect a
degree of cognilive [unclion improvement or {reat age-associated cognilive
impairment} by at lcast about 20%, at least about 30%, at least about 40%, or at least
about 50%, at least about 60%, at least about 70%, at least about 89%, at least about
90% or more from to the dose of valproate normally used when administered alone
(i.e,, ndividoally and not in combination with other therapeutic ageuts or compounds),
The reduction may be refiected i terms of amount adninistered at a given
administration and/or amount adminisiered over a given period of time (reduced

frequency).

{6178} In certain embodiments of the invention, the combined administration of an
SV2A mhibuor or iis pharmaceoutically acceptable sali, hydrate, solvale and polymorph,
and valproate or its analog, derivative or pharmaceutically acceptable salt, can attain a
longer or improved therapeutic effect in the subject than that attained by administering
only the valproate or only the SVZA inhibitor, by at least about 1.5x, or 2.0x, or 2.5%,
3.0x, or 3.5x, or 4.0x, or 4.5x, or 5.0x, or 5.5x, or 6.0x, or 6.5x%, or 7.0x, or 7.5x, or

8.0x, or 8.5x, or 9.0%, or 9.5%, or 10x, or greater than about 10x.
Compositions of the Invention

[0178]  In onc aspect, the invention provides corupositions coruprising an SV2A
inhibitor or the pharmaceutically accepiable salt, hydrate, solvate or polymorph alone
or in combination with valproate or its analog, derivative or pharmaceutically
acceptable salt, fn some embodiments, the SY2A inhibitor and the valproate may be
present in a single dosage untt (¢.g., combined together in one capsule, tablet, powder,
or liguid, ctc.). The composition described horcin can contain more than one SVZA
inhibitor or its pharmaceutically acceptable salt, hydrate, sclvate or polymorph and/or
maore than one valproate or its analog, derivative or pharmaccutically acceptable salt,
In some embodiments, the SVZA inhibitor and the valproate are in separate

forrmudations packaged together.

[6188] The compositions described herein can further contain pharmaceutically
acceptable excipient(s) and may contain other agents that serve to enhance and/or

complement the effectiveness of the SV2A inhibitor and/or the valpreate. The
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compositions may also contain additional agents known to be useful for treating

cognilive {unclion disorder,

{0181} The composition in the present invention may be in solid dosage forms such
as capsules, tablets, dragrees, pills, lozenges, powders and granule. Where appropriate,
they may be prepared with coatings such as enteric coatings or they may be formulated
s¢ a8 1o provide controlled releases of one or more active ingredient such as sustaine

or profonged reloase according to mothods well known in the art, In cortain
embodiments, the composition 15 mn form of 2 slow, controlled, or extended release.
The term "extended release™ is widely recognized 1 the art of pharmaceutical sciences
and is used herein to refer to a controlied release of an active compound or agent fron: a
dosage lorm (o an envirenment over (throughout or during) an exteonded period of time,
¢.g. greater than or equal to one hour. An extonded release dosage form will release
drug at substantially constant rate over an extended peried of time or a substantially
constant amount of drug will be released incrementally over an extended period of
time. The term "extended release” used herein includes the terms "controlled release”,

", "sustained release”, or "slow release™, as these lerrus are used 1o

"prolonged release
the pharmaccutical sciences. In some embodiments, the extended release dosage is
admimstered in the forro of a patch or a pump. The composition may also be in hqud

dosage forms including solutions, ennulsions, suspensions, syrups, and elixirs,

[0182] The composilions may be specifically {ormulated for administration by any
suitable route as deseribed herein and known in the art. Compositions for parcntal
administration inciude sterile aqueous and nonaquecus injectable solutions, dispersions,
suspensions or emulsions as well as sterile powders to be reconstituted in sterile
injectable solutions or dispersions prior to use. Compositions for intraoral and oral
telivery (including sublingual and buccal administration, e.g. Danckwerts et al, and
oral) include but are not Hmited to bicadhesive polywers, tablets, patches, liquids and
semisolids {see ¢.g., Smart ¢t al). Composttions for respiratory delivery {pulmonary
and nasal delivery) include but are not limited to a variety of pressurized metered dose
inhalers, dry powder inhalers, nebulizers, aqueous mist inhalers, drops, solutions,
suspensions, sprays, powders, gels, cintments, and specialized systems such as

liposomes and microspheres (sec e.g. Owens et al, “Alternative Routes of Insulin
2
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Delivery” and Martind ¢t al). Compositions for transdermal delivery include but are not
fimited to colloids, palches, and microemulsions. (ther suitable administration {orms
for the above and other include dopot injectable formulations, suppositorics, sprays,

ointments, cremes, gels, inhalants, dermal patches, implants etc,

10183} The compositions may also contain adjuvants, such as preservatives, wetting
agents, emulsilying agents and dispersing agents. Prevention of the action of
microorganisms may be ensured by the inclusion of varions antibacterial and antifungal
agents, for example, paraben, chlorobutanol, phenol sorbic acid, and the like. {tmay
also be desirable to include 1sotonic agents, such as sugars, sodium chlonde, and the
like into the compositions. In addition, prolonged absorption of the injectable
pharmaceutical [orm may be brought about by the inclusion of agents which delay

absorption, such as aluminum monostearate and gelatin,

{0184} Therapeutic formulations can be prepared by methods well known in the art of
pharmacy, sco, ¢.g., Goodman ct al,, 2001; Anscl, ¢t al, 2004; Stoklosa ¢t al,, 2001;

and Bustamante, et al., 1993,

G185] In certain embodiments of the invention, a composition containing an SV2A

[ : r 8

mhibitor or its pharmaceutically acceptable salt, hydrate, solvate or poiymorph
comprises the SVZA ighibitor in an amount of 0.07 — 60 mg, 0.07 - 3508 mg, 25 - 60
mg, 25~ 125 mg, 50 - 250 mg, 5 — 140 mg, 0.7 - 180 mg, 125 - 240 mpg, 3 - 34 mg, or
3 - 60mg.  In some emabodiments, a compaosition containing an SV2A ihibitor or itg
pharmacentically acceptable salt, hydrate, solvate or polymorph comprises the SV2A

inhibitor m an amount of 0.05 - 35 mg.

[0186] In certain embodiments of the invention, 8 composition containing an SV2A
mnhibitor or its pharmaceutically acceptable saly, hydrate, solvate or polymorph, in
combination with valproate or its analog, derivative or pharmaceutically acceptable salt
corprises an amount of the SVZA wobibitor or tis pharmaceutically acceptable salt,
hydrate, solvate or polymorph of 0.05 - 35 mg, 0.07 - 60 mg, 0.07 — 350 mg, 25 - 60
g, 25— 125mg, 50 -250 mg, S—15mg, 5 -30mg, 5 - 140 mg, 0.7 - 80 mg, 125
240 mg, 3 ~50 mg, or 0.07 - 50 mg, or 3 - 66 mg. In some embodiments, the amount of

the SV2A inhibitor or a pharmaceutically acceptable sali, hvdrate, solvate or

D
o
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polymorph thereofl 1s less than 350 mg, less than 250 mg, less than 200 mg, less than
150 mg, less than 190 mg, less than 50 mg, less than 35 myg, less than 10 mg, loss than
5 mg, icss than 1 mg, less than 0.5 mg, less than 0.1 mg, less than 8.07 mg, or loss than

0.05 mg.

5 {0187} In addition to an SY2A inhibitor or its pharmaceutically acceptable salt,
hydrate, selvate and polymorph, alone or in combination with valproate or its
analog, dorivative or pharmacoutically acceptable salt, the compositions and
methods of this invention can also include other therapeutically useful agents.
These other therapeutically useful agenis may be administered in a single

10 formulation, simuliancously or sequentially according to the methods of the

mveniion.

18188] Itwill be understood by one of ordinary skill in the art that the
compositions and methods described herein may be adapted and modified as 15
appropriate for the application being addressed and that the compositions and

15 methods described herein may be employed i other suttable applications, and that

such other additions and modifications will not depart from the scope hercof.

{0189} This invention will be better understood from the Experimental Details
which follow. However, one skilled in the art will readily appreciate that the
spectfic methods and results discussed are merely illustrative of the invention as

20 described more fully in the emabodiments which follow thereafier.

Examples

101981 Introduction and Models of Cognitive Impairment

0191} A varicty of conditions characterized by cognitive impairment, ¢.g., Age-
Associated Memory Impaivment (AAMD, Mild Cognitive Tmpairment (MCT) and
25 Age-related Cognitive Decline (ARCTI} are helieved to be related to aging. Others
are velated 1o disease, for example, AD. Animal models serve as an important
resource {or developing and evalualing treatmients [or such age-related cognitive

fmpairments. Featurcs that characterize age-related cognitive impairmont in



WO 2012/109491 PCT/US2012/024556

10

[,
(¥ 4]

[N
n

340

animal models typically extend to age-relsted cognitive impairment in humans.

Efficacy in such animal models is, thus, predictive of efficacy in humans,

[8192] Ot available models, a Long-Evans rat model of cognitive impairment is
particularly well suited for distinguishing the difference between cogntlive
impairment related to illness and that related to aging. Indeed, extensive

chavioral characierization has identified a naturally occurring form of cognitive
impairment in an outbred strain of aged Long-Evans rats (Charles River
Laboratories; Gallagher et al,, Behav. Neurosci, 107:618-626, (1993)), Ina
hehavioral assessment with the Morris Water Maze (MWM), rats fearn and
remember the location of an escape platform guided by a configuration of spatial
cucs surrounding the maze. The cognilive basis of performance is tested 1n probe
trials using measurcs of the animal's spatial bias in scarching for the location of the
escape platform, Aged rats in the study population have ne difficulty swimming to
a visible platform, but an age-dependent impatrment is detected when the platform
is camouflaged, requiring the use of spatial information. Performance for
mdividual aged rats in the outbred Loug-Evaus strain varies greatly. For example,
a proporticn of those rats perform on a par with young adults. However,
approxumately 40-50% fall outside the range of young performance. This
variability among aged rats reflects reliable individual 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, c.g., Colombo ot al., Proc. Narl. Acad. Sci. 94: 14195~

14199, (1997); Gallagher and Burwell, Newrobiol. Adging 10: 691-708, (1989}
Rapp and Gallagher, Proc. Natl dcad Sci. 93: 9926-9930, (1996); Nicolle etal,,
Neuroscience T4: 741-736, (1996); and Nicolle et al., J. Newrosci. 19: 9604-8610,

(1999).

10193}  We used the above-described rat model to identify individual Al and AU
rats. We then conducted behavioral assessment on Al rats while administering

various pharmacological treatiments.

{8184] Example {: Increased Gene Expression of SY2ZA In Aged-Tmpaired

Rats

b
o
e



WO 2012/109491 PCT/US2012/024556

Lh

ig

24

25

340

Behavioral Characterization of Young, Aged-Fmpaired ond Aged-Unimpaired Rars

in Murris Water Maze (MWM)

{0195] Behavioral tests were performed on young {4 months old) and aged (24

months old) pathogen-free male Long-Evans rats.

{3196} The MWM apparatus consists of a large, cireular pool {diameter 1.83 my;
height, 0.58 m) filled with water (27°C) that is made opaque through the addition
of non-toxic pigment or some other substance. In the typical "hidden platform”
version of the test, rais are tratned to find a carvouflaged white escape platform
{height, 34.5 cm) that is positioned in the center of one quadrant of the maze about
1.0 ¢ below the water surface. This platform can be retracted to the bottom of
the tank ot raised to its normal position from outside the maze during behavioral
testing. The location of the platform remains constant from trial to trial. Because
there are no local caes that mark the position of the platform, the rat's ability to
locate 1t cfficiently from any starting position at the perimeter of the pool depends
on using information surrounding the maze, The maze is surrounded by black
curtains to which whitc patterns arc affixcd to provide a configuration of spatial
cues. A second platform (height 37.5 cm), with ifs surface painted black is
gievated 2 em above the water surface during cue training to control for factors
unrelated to cognition. The behavior of a rat n the pool 18 recorded by a camers
that is suspended 2.5 vy above the center of the pool. The camera is connecled (o a
video tracking systom (HVS Image Advanced Tracker VP200) and a PC computer

running HVS software developed by Richard Baker of HVS Image, Hampton, UK.

{01971 The MWM protocol is optimized for sensitivity to the effects of aging on
cognition and for measures of reliable individual differences within the aged
population of out-bred Long-Evans rats (Gallagher ot al. Behav, Newrosci,
107:618-626, {1993)). Rats receive three trials per day for 8 consecutive days,
using a 60 sec inter-irial inerval. On each iraming trial, the rat is released into the
maze from one of four cqually spaced starting positions arcund the perimeter of the
pool. The starting position varics from trial {0 trial, thus preventing the use of a
response strategy {c.g., always turning loft from the start focation to focate the

cscape platform}. If a rat docs not locate the cscape platform within 90 sec on any
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trial, the experimenter guides the rat to the platform, where it rernains for 30 sec.
Every sixth trial consisis of a probe trial {0 assess the development of spatial bias
i the maze. During these trials, the rat swims with the platform retracted to the
bottom of the pool for 30 sec, at which time the platform is raised to its normal
position for completion of the escape trial. At the completion of the protocal using
the hidden platform, rats are assessed for cue leaming using the visible platform,
The location of this platform varies from trial to trial in a single session of 6

{raining trials,

[0198] The proximity of the animal’s position with respect to the goal is used to
analyze the training trial and probe trial performance. The proximity measure is
oblained by sampling the position of the animal 1n the maze (10imes/sec) Lo
provide a record of distance from the cscape platform in 1 sec averages. For both
probe trials and training trials, a correction procedure is implernented so that trial
performance is relatively unbiased by differences in distance to the goal frony the
various start jocations at the perimeter of the pool. In making this correction, the
average swimming speed 18 calcolated for each trial {path length/latency}. Then,
the amount of time required to swim to the goal at that speed from the start
location used for the trial s removed from the record prior to computing trial
performance, t.e., cumulative distance on training trials and average distance from
the goal on probe trials. Thus, scores obtained using the proximity measure are
designed to reflect search error, representing deviations from an optimal search, t.e.
direct path 1o the goal and search in the immediate vicinity of that location during

probe trials.

16199} Computer records of video-tracking are compiled to provide data on each
ral's perlormance in the mase. Measures on training trials and probe trials are

analyzed by Analysis of Variance (ANOVA),

{0288] o one set of trials, the performance during training with the hidden,
camouflaged platform differs between the groups of young and aged rats [F (1, 23)
=12.69, p<0.002], In this set of trials, no difference between the groups s

obscrved for the cuc training trials with a visible platform. In this sct of trials,

b
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latencies to escape during cue training averaged 9.36 scconds for young and 10.60

seconds for the aged rals.

{02811  An average proximity measure on interpolated probe trials is used to
calculate a spatial learning mdex tor cach individual subject as described in detatl
in Gallagher et al,, Behav. Newrosci. 107:618-26, (1993). When a rat rapidly leams
{0 search for the plat{orm close o ils posilion, its spatial learning index is low.
Overall, in one sot of trials aged rats diffored from young rats [F (1, 23} =15.18,
p<0.001]. Aged rats are classified as either unimpaired or impaired relative to the
learning index profile of the voung study population. Aged rais that fall within the
normative range of voung rats (index scores <241} are designated aged-unimpaired
(AU). The remaining aged subjects that have index scores outside the range of

yvoung poerformance arc designatod aged-impaired (Al
Preparation of RNA from Behaviorally Characterized Rats

102821  Twenty-four outbred Long-Evans 1ats, behaviorally characterized as is
described above, are kilied by live decapitation to obtain fresh brain tissue. The
brain is removed, and the dentate gyrus hippocampal region is microdissected from
500 micron sections taken through the transverse axis of the entire hippocampal
formation (both loft and right hippocampi) of 24 chavacterized rate. There are 8

animals in each group (A6, AU, and Y).

{02831 Total RNA is isolated using Trizol reagent {Invitrogen, Carisbad, CA}
according to the standard protocol ¢homogenization in Trizol reagent followed by
chiproform extraction and isopropanal precipitation). Total RNA is further
puritied using the RNeasy mini kit (Qiagen, Valencia, CA). ¢cRNA probes are then
generated from the RNA samples at the Johus Hopkans Microarray Core Facility,

generally according to Affymetrix specifications.

[0204] Briefly, 5 ug of total RNA 13 used to synthesize first strand ¢DNA using
oligonucleotide probes with 24 oligo-dT plus T7 promoter as primer (Proligo LLC,
Boulder, CA), and the SuperScript Choice System (Invitrogen). Following the

double stranded ¢DNA synthesis, the product is purified by phenol-chloroform

-
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exiraction, and biotinilated anti-sense ¢cRNA is generated through in vitro
franscriplion using the BioArray RNA High Yield Transenpt Labeling kit (ENZO
Life Scicnces Inc., Farmingdale, NY). 15 pug of the biotinilated ¢RNA 13
fragmented at 94°C for 35 min (100mM Trix-acetate, pH 8.2, 580mM KOAC,
150mM MgOAC). 10 pg of total fragmented cRNA is hybridized 1o the RAT
genome 230-2 Affyruetrix GeneChip array for 16 hours at 45°C with constant

rotation (60 rpm).

10205)  Affymetrix Fluidics Station 450 1s then used to wash and stain the chips,
removing the non-hybridized target and incubating with a streptavidin-
phycoervihrin conjugate 1o stain the biotinilated cRNA. The staining is then
amplified using goal immunoglobulin-G (1g(G) as blocking reagent and biotinilated
anti-stroptavidin antibody (goat), followed by a second staining step with a

streptavidin-phycoerythrin conjugate,

02061 For quality conirel of the total RNA from the samples, the Agilent
Bioanalyzer, Lab on a Chip techneology, s used to contirm that all the samples had

optimal rRNA ratios (1:2, for 185 and 288, respectively) and clean run patterns.

{02867] For quality control of the hybridization, chip image, and comparison
betwoen chips, the following parameters are considered: Sealing {actor: related to
the overali intensity of the chip, to confirm the similar signal intensity and staining
through out the samples; Background: estimation of unspecific or cross-
hybridization; Percentage of present calls: percentage of transcripts that are
considered significantly hybridized to the chip (prosent) by the algorithn;
Glyseraldehyde-3-phosphate dehydrogonase (GAPDH) (37/37): representation of
the RNA integrity by measuring the ratic of 3° to 57 regions for the housckeeping
gene GAPDH, its proscuce in the chip and a ratio close to 1 advocates for a good
mntegrity of the target (sample); Spikes (BioB/BioC) to confirm the detection level

and sensitivity after hybridization.

Data Analysis of Microarray
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[0208] Fluorcscence is detected using the Affymetrix G3000 GeneArray Scanner
and image analysis of each GeneChip is done through the GepeChip Operating
Systom 111 (GCOS) software from Affymotrix, using the standard default
settings. All of the GeneChip arrays use shott oligonucieotides for genes in an

RNA sample.

1020%] For comparison between different chips, global scaling ts used, scaling all
probe sots to target intensity (TGT of 1530, Total number of proscut calls and
scaling factors are similar across all chips. Further analysis for presence/absence
and statistical difference 1 performed on a region by region basis in the following
manner. Probe sets are determined to be present in a region if it had a present call

m four of cight animals 1 4 single group,

[0218] Probe sets arc annotated using the Affymetrix annotation of June 20,

20035, and all probe sets representing a specific gene are wdentified.

{2111 An ANOVA is conducted on the probe set signal values for all present
probe sets by combining two groups of animals and comparing them to the third
group. An “Al ANOVA” is performed, where AU group are corubined with

Young group and compared to Al group.

[0212] Pearsons’s corrclations comparing probe set signal values to learning
mdices were calculated for the aged animals {excluding young) across all present
probe sets. As shown in FEG. 1, expression of genes encoding SV2A was
significantly increased in aged-impaired (Al individuals relative to young
individuals {Y) and aged-animpaired individuals (AU} in a set of experiments
performed as above. These results show that increased SV2A expression was

correlated to the development of age-related cognitive impaiment.

{0213} Example 2: Effect of Levetiracetam in Aged-Impaired Rats
Morris Water Maze Results

{0214} Six Age-tmpaired (A} Long-Evans rats {as characterized above) were

tested for their memory of new spatial information in the MWM, under ditferent

270
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drug/control treatment conditions (vehicle control and two different dosage levels
ol levetiracetam}. The MWM protocol was substantially the same as the one
descrived in Example 1. Specifically for this study, a retention trial was performed

after the training trials, as described below.

[0218] Al rats were given six training trials per training day with a 60-sec inter-
{rial nlerval between each raming trial for two consecutive days. On each
training trial, the rat was releascd in the maze from one of four cqually spaced
starting positions around the perimeter of the pool. If the rat did not locate the
escape platform within 90 sec on any trial, the experimentier guded the rat to the
platform, where it remained for 30 sec. 30 minutes to 1 hour prior to all the
training (rials on cach training day, Al ratls were pretroated with one of three drug
conditions: 1) vehicle control {0.9% saline sohution); 2} lovetiracctam (Smy/kg/davy;
and 3) levetiracetam (10mg/kg/day); through mtraperitoneal (1.p.) injection, The
same six Al rats were used for the entire trials so that each treatment condition was
tested on all six rats. Therefore, to counterbalance any potential bias, both the
location of the escape platform and the spatial cues surrounding the water maze
were different in the three treatment conditions. Thercefore, using one set of
locations and spatial cues, two rate were treated with saline control solution, two
with fevetiracetam (Sm/kg/day) and two with levetiracetam (10mg/kp/day). Using
the second set of locations and spatial cues, the two rats treated with saline control
sohution in the first test were treated with either levetiracetam (Smy/kcg/day) or
levetiracctam {10mg/kg/day), and the two rats previously treated with
levetiracetam {(Snvkg/day} were treated with either saline control solution or
levetiracetam {(10mg/kg/day), and the two rats previously treated with
levetivacetam (10mg/kg/day} were treated with either saline control solution or
levetiracetam {Sm/kg/day}. Using the last set of locations and spatial cues, the rat
groupings were agaim switched so that each group was treated with a different

condition than they had been treated previously,

[0216] After the second training day and completion of the twelve training trials
{over the two days), the rat was returned to tis home cage and placed in the animal

housing room. Afier a deiay of 24 hours from the last training trial, the rat was
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given one testing trial (the "retention trial"), which was the same MWM fask as the

fraining trials, bul with the escape platform removed.

{0217} For the retention trial, the MWM circular pool was divided into 4
quadrants. The particular quadrant where the escape platform was placed m the
training trials is referred as "target quadrant”. The particular region where the
platform was located in the training tials is veforred as "large! annulus”. In the
rotention trial, the time the Al rats spent swimming in the target quadrant is
measured and further plotied as a percentage of total swimming time. FIG, 2
displays the results of one such set of retention trials. The time the Al rats spend in
the target annulus is also measured. FIG. 2 displays the results of one such set of

relention trials. Time data are collected lor all three drug reatment conditions.

[0218] In the rciention trial, whose results are depicted 1 FIG. 2, the time the Al
rats spent in the target quadrant was approximately 25%, which is & performance
cquivalent to them having no memory of the platfrom location. This performance
did not signilicantly mprove in the group treated with levetiractam at Smg/kg/day,
Howcver, the group treated with levetiractam at 10 mp/kg/day demonstrated
significantly improved memory as compared 1o vehicle-treated controls, as
indicated by a significant increase in the time spent in the target quadrant to
approximately 35% of total swimming time (see FIG. 2). That level of
performance is sguivalent Lo young and age-unimpaired rals, indicating that
treatmoent with 10 mg/kg/day levetiractam resulted in a significant recovery of the
Al rats’ ability t0 navigate this MWM. The effectivaess of the 10 mg/kg/day
lovetiracetam treatment was also seon fu the time spent in the target annulus {see

FIG. 7).

Radial Arm Maze Resulis

[0218] The effects of levetiracetam ou the spatial mersory relention of aged-
impaired (Al) rats were assossed in a Radial Arm Marzo (RAM) behavioral task
using vehicle control and five different dosage levels of levetiracetam (1.25

mg/keg/day, 2.5 mg'kg/day, 5 me/ke/day, 10 mg/kg/day and 20 mg/ke/day). RAM
g/Rg/aas £ g a8y &/Kg/aay BRE/uay £/ g/ 0as
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behavioral tasks were preformed on ten Al rats. All six treatment conditions werc

tested on all ten rals, as described above {or the MWM test,

{62287  The RAM apparatus used consisted of eight equidistantly-spaced amms.
An elovaled maze arm (7 ¢m width x 75 cm length) projected from cach facet of an
octagonal center platform (30 cm diameter, 51.5 om height), Clear side walls on
the arms were 10 om high and were angled al 65° to form a trough. A food weli (4
em diameter, 2 om deep) was located at the distal end of cach arm. Froot Loops™™
{Kellogg Company) were used as rewards. Blocks constructed of Plexiglas’™ (30
er height x 12 cm width) could be posttioned to prevent entry o any arm.

Numerous exira maze cues surrounding the apparatus were also provided.

[0221] The Al rats were initially subjected to a pre-training test (Chappell e i,
Newuropharmacology 37: 481-487, 1998}, The pre-iraining test consisted of a
habituation phase {4 days), a training phase ou the standard win-shift task (1¥
days) and another training phasc (14 days) in which a brief delay was imposed
between presentation of a subset of arms designated by the experumenter {e.g,, 3
arms available and 3 arms blocked) and complction of the cight-arm win-shift task

{1.¢., with all eight arvos available).

{3222] I the habituation phase, rats were familiarized to the maee for an 8-
minute session on four consecutive days. In cach of these sessions food rewards
were scattered on the RAM, initially on the conter platform and arms and then
progressively confined to the arms. After this habituation phase, a standard training
protocol was used, in which 4 food peliet was located at the end of each arm. Rats
recoived onc trial cach day for 18 days. Each daily trial tcrminated whoen all cight
food pellets had boen obtained or when either 16 choices were made or 15 nunutes
had clapsed. Aftor completion of this training phase, a sccond training phasc was
carried out in which the memory demand was increased by imiposing a brief delay
during the trial. Al the beginuing of each trial, three arms of the eight-arm maze
were blocked. Rats were allowed to obtain food on the five arms to which access
was perntitted during this initial "'mlormation phase’ of the irial, Rats were then
reraoved from the maze for 60 scconds, during which time the barricrs on the maze

were removed, thus allowing access to all cight arms, Rats were then placed back
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onto the center platform and allowed to obtain the remaining food rewards during
this 'retention test’ phase of the trial. The identity and counfiguration of the blocked

arms varicd across trials,

[0223] The number of "errors” the Al rats made during the retention tost phase
was tracked. An error occurred in the trial if the rais entered an arm from which
food had aiready been retrioved in the pre-delay component of the rial, or if it re-

visited an arm in the post-delay sesston that had already boon visited,

16224]  After completion of the pre-training test, rats were subjected o trials with
more extended delay mtervals, i.e., 2 one-hour delay, between the information
phase (presentation with some blocked arms) and the reteution fest (presentation of
all arms). During the delay interval, rats remained off to the side of the maze in the
testing room, on carts in their individual home cages. Al rats were pretreated 30 —
40 mimutes before daily trials with a one-time shot of the following six conditions:
1) vehicle control {0.9% saline solution); 2) lovetiracetam (1.25 mg/kg/day); 3)
levetiracetam (2.5 mg/kg/day); 4} levetiracetam (5 mg/kg/day); 3} levetiracetam
(10 mg/kg/dayy; 6} lovetiracctam (20 mg/kg/day); through intraperitoncal (L.p.)
wmjection. Injections were given every other day with inlervening washout days,
Each Al rat was treated with ali six conditions within 23 days of testing. To
counterbalance any potential bias, drug effect was assessed using ascending-
desconding dose series, Lo, the dose serics was given [irst in an ascending order
and then repeated in a descending order. Therefore, cach dose had two

determinations.

{02258  Paramctric siatistics {paircd ~tosts) was used to comparce the retention tost
performance of the Al rats in the one-hour delay version of the RAM task in the
contoxt of difforont doses of lovetiracctam and vehicle control (see ¥F1G. 3). The
average nunbers of errors that occurred in the trials were also significantly fewer
with levetiracetam {reatment of 3 mg/kg/day {average no. of errors + standard error
of the mean (SEM) =0.75 + 0.32) and 10 mg/kg/day {average no. of crrors + SEM
= 0.80 = 0.27) than using vehicle conirol (average no. of errors £ SEM =200 +

(.42}, Relative to vehicle control treatment, lovetiracotam significantly improved
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memory performance at 5 mg/kg/day (19)y = 2.18, p= 0.057) and 10 mg/kg/day

(1{9} = 2.37, p = 0.042).

102267 The radial arm maze task was also used to evaluate the effectof a
combination therapy with Levetiracetam (1.p. administration) and valproate
(subcutancous administration}. Levetiracetam, on its own, was cffective in
reducing the number of orrors by Al rats tn the radial arm maee at 5-10 mg/kg
doses, but not at 1.25 mg/kg or 2.5 mug/kg. Valproate, on its own, was cffoctive at
100 mg/kg but not at 25 mg/'kg or 50 mgkg. See FIG. 4. Combining the two
drugs, however, had a synergistic effect. A combined administration of 50 mg/kg
valproate with 2.5 mg/kg levetiracetam, neither being an effective dose when
administered individually, resulted in a reduced number of errors tn the radial arm
mazc task. This rcanlt was also obtained at an cven lower dosc of 1.25 mg/kg
levetiracctam combined with 50 mg/kg valproate. Sece FIG. 5. An isobologram of
levetivacetam and valproate dosages confirmed that the effect of the combined 50
mg/kg valproate and .25 mg/kg levetivacetam (VPA 50 + LEV 1.25; cmpty
circle) had a syuwergistic (super-additive} effect. The combined 30 mg/kg valproate
and 2.5 mg/ke levetivacetam (VPA 50 + LEV 2.5; dark circle), on the other hand,

had a sunple additive effect, as jndicated by Us placement on the hine, See FIG, 6.

16227} To calculate the human equivalent dose (HED) for lovetiracetam dosage
for treatment of age-dependent cognitive impairment in bumans, we employed the
formula HED (mg/kg) = rat dosc (mg/kg) x 0.16 {see Estimating the Safc Starting
Dose in Clinical Trials for Therapeutics in Adult Healthy Volunteers, December
2002, Center for Biologics Evaluation and Research). Therefore, the dosage of 3
mg/kg/day inrats is equivalent to 0.8 mg/kg/day in humans and the dosage of 10

mg/kg/day in rals s equivalent to 1.6 mg/kg/day in humans.
[0228] Exampie 3: Effect of Levetiracetam in human subjects with aM {1

[0228] A within-subjccts trial of € wecks duration, involving 17 amnestic MClH
{aMCT) subjects and 17 age-maiched controls with a low dose treatment of
fevetiracetam is conducted. During the course of the study, each aMCl subject

receives both drug and placebo ireatments separately in two periods of two weeks

b
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cach, with the order of treatments among different aMCT subjects counterbalanced
{sce FIG. 7). Age-matched control subjects treated with placebo serve as a further
control. Cognitive tosting and TMRI imaging data arc obtained from the subjects

after each two week period of drug/placebo treatment,
Participants and clinical characterization

[023¢] 17 right-handed aMC] patients are recruiied frorm the Alzheimer’s
Discase Research Center {ADRC) at the Johns Hopkins Hospital and other
referrals, An additional 17 right-handed healthy volunteers are recruited from the
pool of control participants in the ADRC and other referrals. All participants are
adininistered the Telephone Interview of Coguitive Status to determine if they are
likely to pass the entry criteria of the study (including criteria for MRI scanning).
All participants further undergo neurological, psychiatric, and neuropsychological
examination using standardized instruments and methods. The psychiatric
cvatuation includes admimstration of the Structurcd Clinical Interview for DSM-
IV Axias | Disorders and the Chinteal Dementia Rating (CDR)) scale. All aMCI
paticnts have CDR scorcs of 0.5, Diagnosis of aMCT is based on the criteria
proposed by Petersen et al. {e.g., “Mild cognitive impairment: Aging 1o
Alzheimer's Disease,” Oxford University Press, N.Y. (2003), which inclade a
mermory complaint {corroborated by an informant), impaired memory function on
{ssting (1.5 standard deviations below norm), otherwise preserved cognilive
functioning {within 1 standard deviation of norm), no decline in functional ability,
and no dementia. Final aMCI diagnoses are reached by clinical consensus.
Exclusion criteria include major neurclogical or psychiatric disorders, head traura
with foss of conscicusness, history of drug abuse or dependency, and general
contraindications o an MR examination (¢.g. cardiac pacemaker, ancurysm coils,
claustrophobia). Each aMCT subject is required 1o have a study partner (Le., an
informant) who can provide information about the subject’s daily function and

assure that medications are taken appropriately. Sce FIGS, 18A and 18B.

[0231] Study Visits: The study consists of 4 visils over the course of 8 weeks
(sce FIG. 7). The Bascline Visit i3 for the purposc of performing modical,

neurclogical, psychiairic, and neurocognilive assessments, Visils 1 and 2 are
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wdentical to the Baseline Visit but include a IMRIT session, The Washout Visii, at
the end of a 4 week washout period, is for the purpose of a briel clinical

assessment and initiation of the sccond drug/placcho phasce.

[0232] Baseline Visit: At the screening visit, informed consent is obtained from
the subject {and an informant o the case of MCI subjects}. The subject and the
miormant parlicipate in 2 standardized climcal mterview that is used to determine
the dogree of the subject’s functional impairment in daily Hife, based on the
Chinical Dementia Rating (CDR} scale. The subject’s medical, neurological, and
psvehiatric history is obtained Gocluding a review of current medications), as well
as the family history of dementia. Brief medical, neurological and psychiatric
oxams are conducied (including vital signs). Blood 15 drawn in order to perform
standard laboratory tests needed to determine if the subjoct mects the entry criteria.
The subject 18 re~screened for contraindications to MRI scanning, using the
standard form employed at the Kirby Imaging Center. Brief cognitive testing is
performed {described in section on neuropsychological assessment below). These
assessruents are used to determine i the subject meets the entry criteria. All of the
foregoing arc completed using standardized forms. If the subject meets entry
criteria for the study, the subject s given the study wedication {drug or placebo,
randomly selected), and instructions about how it should be taken, The subject is
advised about the potential for having suicidal thoughts and advised to stop taking

the medication and immediately contact the study physician if this occurs.

{32331 Visit 11 Atthe end of the first drug/placebo period 2 weeks after the
Baseline Visit, the medical, neurological and psychistric evaluations and cognitive
testing are repeated. The subject is also clinically evaluated for suicidal ideation.
Blood is drawn again 1o repeal the standard tests and to determine whether there
are any changes related to drug treatment; the subject’s blood levetiracetam level is
aiso obtained. All medication dispensed at the Baseline Visit (drug or placebe) 1s
collected and subject compliance with the medication rogimen 18 gssessed. The
first IMRI session (with cognitive tests) is conducted on the same day, either
immediately before or immediately afier the clinical assessment. Subjecis

discontinue first period treatment at this visit.

-
~J
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[6234] ‘ashout Visit: At the ond of 3 washout period (4 weeks) following Visit
1, the subject receives a brief medical screenimg, including a medical and
psychiatric evaluation. Blood is drawn to obtain the blood levetiracctam fevel (to
confirm washout}, The subject is provided with new medication {drug or placebg,
alternated from what was assigned in the previous treatment period) for the final

phase of the study with instructicus about how it should be taken,

[O235]  Visit 20 At approxamately 2 weeks after the Washout Visit (L., 2 woeks
after starting the second treatment period), the medical, neurological and
psvehiatric evaluations and the cognitive testing are repeated. The subject is
clinically evaluated for suicidal ideation. Blood is drawn again to repeat the
standard tests and to deteromne whether there were any changes related to drug
treatment; the subioct’s blood levetiracetam lovel is also obtained. All medication
dispensed at the Washout Visit is collected and subject compliance with the
medication regimen is assessed. The second fMRI session {with cognitive tests) is
repeated on the same day, either immediately before or immediately afier the

clinical assessment.
Neuropsychological assessment

[0236]  All participants undergo nouropsychological evaluation at the time of
assessment for treatment efficacy (Visits 1 and 2}, as well as at the Baseline Visit.
The evaluation occurs cutside of the scanner and includes the Buschke Selective
Reminding Test (Buschke and Fuld, 1974) and the Verbal Paired Associates
subtest, the Logical Memory subtest, the Visual Roproduction subtest of the
Wechsler Meomory Scale-Rovised (WMBS-R) (Waochsler, 1997}, and the Benton
Visual Retention Test, as these tasks are particularly sensitive to medial temporal
lobe function and carly memory problerms (Marguais ot al, 2002 and Masur ot al,,
1994}, Additionally, subjects arc asked to complete tests of more general cognitive
function such as tests to assess general menial status, executive function, attention
and general naming ability. All neuropsychological tests are administered by a
{fratned research assistant during a 60-minuie session, As the three

neuropsycholopical asscssments in this study occur within a time period of 8
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wecks, different versions of the neuropsychological tests are used to minimize tost

spectiic practice offects. Breaks are provided to the subject as needed.
Brug administration

{02371 As described above, the drug treatment period is the two weeks preceding
Visit | or 2 {with the two week period preceding the other Visit being the placebo
phase}. For the subjects receiving the drug treatment, haif a scored 250 mg tablet

of levetiracetam is used to achieve a dose of 125 myg/kg twice a day, which is

approximately 3.6 mg/kg/day (ussurmming an average aduli hurnan weight of 70 kg).

[0238] All drug and placebo preparations arc performed on a 11 allocation. The

pharmacy randomize patients as they enroll, and keep a list of drug assignment.

[023%] Levetiracetam is rapidiy and almost completely absorbed after oral
administration, and its bioavailability is not affected by food. Plasma half-life of
levetiracetam is approximately 7 & 1 hour {expected to be 9-10 hours in elderly due
10 decreased renal function). Absorption is rapud, with peak plasma concentrations
occurring about 1 hour following oral administration. Steady state can be achieved

after 2 days of muitiple twice-daily dosing.

[0248] A typical starting dose of levetiracetam in treating cpilepsy in humans is
500 mg twice a day, which is approximaiely 14.3 mg/kg/day. The dosage is then is
increased until optimal cfficacy, up to 50 mg/kg/day. Thus, the dosc uscd in this

cxperiment is a quarter of the lowest human dose used for treating epilepsy.

{0241} Even lower dosages, ¢.g., of 25-60 mg twice a day, are contemplated,
based on the results of previous animal studies that indicated low-dose efficacy.
The highest effective doses of levetiracetam used in the animal model are 5-10
me/ke (given acutely). The human equivalent dose (HED), calculated as described
above, of this dosage for treatment of age-dependent cognitive impairment in

hurnans is equivalent to 0.8-1.6 mg/kg/day (or 28-56 g twice a day).

MRI data acquisition
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{0242} Imaging data arc obtained through high-resolution methods developed in
the Stark laboratory, Data are collected on a Phillips 3 Tesla scanner (Emdhoven,
The Netherlands) equipped with an 8-channcl SENSE (Scnsitivity Encoding) head
coil, located at the F.M. Kby Research Ceunter for Functional Brain Imaging at the
Kennedy Krieger Instititte (Baltimore, MD). High-resolution echo-planar images
are collected using an acquisition matrix of 64 x 64, a repetition time of 1300
milliseconds, an echo time of 30 milliseconds, a flip angle of 70 degrees, a SENSE
factor of 2, and an isotropic resolution of 1.5 mm x 1.5 mam x 1.5 mum with no gap.
Nineteen oblique slices are acquired paralle] to the principal longitudinal axis of
the hippocampus and covered the entire medial temporal lobe region bilaterally. In
addition to the functional runs, a whole-brain MPRAGE structural scan

(parameters: 150 oblique slices, Imm isotropic resolution) is acquired.
Image analysis

0243} Data analysis is carricd out using the Analysis for Functional
Neurotmages (AFNL, release 2008 07 18 1710) sottware, lruages are furst co-
registered to correet for within- and across-scan head motion. Acquisitions in
which a significant wotion event occur {more than 3 degrees of rotation or 2 vom of
transiation in any direction relative to prior acquisition), plus and minus one time
repetition for 1.5 seconds, are excluded from the analyses. Structural anatomical
data are registered io standard stereoiaxic space (Talawrach & Tournoux, 1988}, and
the samc paramoeters arc subsequently applicd to the functional data. Behavioral

vectors are produced to model different trial types.

{02447 The ROI-LDDMM (large deformation diffcomorphic mictric mapping of
the region of interest) method, a technigue for cross-subject alignment, increases
the power of multisubject rogional IMRI stadics by focusing the alignment power
specifically on the RO{s {regions of interest} and not elsewhere in the brain. First,
all subjects’ anatomical and functional scans are normalized to the Talairach atlas
using AFNI. Sub-regions of the medial temporal lobe and the hippocampus
(bilateral entorhinal corlex, perichinal cortex, parahippocarnpal cortox,
CAJ/dentate rogion, CAT rogion, and subiculumy) are scgmoented in three

dimensions on the MPRAGE scans, The labels for the CA3 region and dentaie
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gyrus {DG) are combined, The anatomically defined ROIs are then used to
calculate the ROI-LDDMM 3D vector field transformation {or each subjoct using a
customized template based on the mean of the entire sample tested as the target.
The ROE-LDDMM transformations for each individual subject’s ROIs are then

o

applied to the fit coefficient maps.

10245]  Group daia are analyzed using a iwe-way Analysis ol Variance
{ANOVA) with trial types and group as fixed factors, and subject as a random
factor nested within group. A liberal peak threshold of p<0.05, along with a spatial
extent threshold of [0 voxels are used 1o define functional ROIs on the overall F
statistic, This approach, rather than using a direct pair-wise contrast, reduces voxel
selection biases because any differences amongst the various conditions allowed
for a voxel to be sclected. This threshold is then combined with the anatomical
scgmentations to only include voxels mside the regions of interest. This serves to
exclude voxels that does not change with any of the modei’s factors, effectively
limiting the analysis to voxels showing any changes with task condition or group.

Voxels within each funcitional RO are collapsed for further analysis.
Cognitive tests during fMRI scans at Visits § and 2

{0246]  The activity of the subject’s medial teruporal lobe is measured by
functional MRI during the subject’s participation in an explicit 3-alternative forced
choice task, where participants view novel, repeated and simmlar ("lure™) stimuli,
The Psychophysics Toolbox extensions in Matlab 7.0 (The MathWorks, Natick,
MA) 15 used for stimulus presentation and behavioral data collection. Stimuli are
color photographs of common abjccts. Hach participant undorgoes a serics of
testing runs duing the functional imaging sessions, each run consisting of a mix of
three types of image pairs: similar pairs, identical pairs and vorelated foils, These
image pairs are fully randomized throughout the run and presented individually as
a series of images {see FIG. 10A). Participants are instructed to make a judgment
as to whether cach object seen is new, old or similar. Of critical interest are the
participants’ responses when presented with the seeond of the pair ol similar
objects {the "hare™; sce FIG. 188). The correct identification by the subject of lure

stimult as “similar,” provides behavioral evidence of patiern separation, i.¢,, the
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separation of simnilar cxperiences into distinet non-overiapping represcntations,
However, an incorrect indentification of ture stimnudt as “old” or “new,” indicates a
failare of paticrn separation. Identification of lure stinwli as “old” indicates that
the subject focused on the sinnilarities between the ture stimulus and the earlier-
shown partner image. Identification of the lure stimulus as “new” indicates that the
subject failed to recall the carlicr-shown partner image altogether, Each run also
contains a rumber of baseline trials that use a challenging perceptual
discrimaination task known to provide a lower and more-stable estimate of baseline
activity in the medial temporal lobe (Stark & Squire, 2041 PNAS; Law ot al,
2005).

{02471 A survery of the activity level of various subregions in the medial
temporal lobe during the cogitive tost, as measurcd by fMRI, shows that aMCl
subjects have hyperactive DG/CA3 regions and a hypoactive entorhinal cortex
during the performance of memory tasks, compared to age-matched control

subjects,

[0248] Wo asscss the level of activity in DG/CA3 during successful memory
judgments in control and aMCI subjects, The mean activity 1s calculated from the
average activity, as measured by MR, during the presentation of fure stipmili
correctly idenficd by subject as “similar” that is calibrated for baseline activity,
FIG. 8A shows that aMCI patients exhibit DG/CAS byperactivity when making
these judgments (p = 0.013), FEG. 8B, howover, shows that treatment with
fevetiracetam reduces DG/CAS hyper-activity in aMCT subjects (p = 0.037). The
activity level in the aMCI subject treated with the drug, in fact, is normalized in the
extent that that it is statistically indistinguishable from the activity of control
subiects treated with placebo. See FIG. 8C for the mean activity values shown in

FIGS. 8A and 8B,

{3248]  The activity level during successtul memory judgments in EC s
significantly lower in placebo-treated aMCT subjects compared to controls (p =
0.003). See FIG, 9A. However, lovetiracetamn realment normalizes activity in
aMCH subjects in EC as well. Sce FEG, 98, Lovetivacetam treatment incrcascs EC

activily during memory judgments in aMCI subjects, such that i 1s statistically
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indistinguishable from placebo-treated control subjects. Sce FIG. 8B. Sce FIG. 8C

for the mean activily values shown in FIGS, A and 9B,

{0258} The normalization of DG/CAS and EC activity during memory judgments
by levetiracetam treatment 1s mirrored in the change seen in the aMCl subjects”
performace in the cognitive task, With placebo treatruent, aMCI patients perform
worse that control subjects, correctly dentify fure ttems as “simitlar” less ofien and
meorreetly identifying them as “old” more often (p = 0.009). Sce FIG. 11
However, the performance of aMC1 subjects improves significantly under
levetiracetam treatment. See FRG. 12, The interaction of more correct “similar”

32

indenficiations with less incorrect “old” identifications under drug treatment results
m a signilicant improvement in the performance of this memory task {(p = 0.039).

Sce ¥FI4G. 13 for a table of the data represented in FEGS, 11 and 12,

182511 The performance of control-placebo subjects and aMOl subjects with
drug or placebo treatment is also compared in other common coguitive tests, such
as the Buschie Selective Reminding Test — Delayed Recall (FIGK, 14A and 14B),
the Benton Visual Rentention Tost (FEGS. 185A and 18B), Vorbal Paired
Associates Test - Recogunition (FIGS, 16A and 16B) and Verbal Paired Associates
Test — Delayed Recall (FIGS, 17A and 178} In all of these tests, aMC1 subjects
treated with placebo perform worse than placebo-treated control subjects, and

levetiracelam treatment {ail to rescus perlormance in aMCl subjects,

[0252] There are a number of possible reasons why levetiracetam treatment does
not help aMCT subjects with performance in these other cognitive tests. The
cxplicit 3-alternative forced choice task donc in the fMRI study is a task that is
gspecially sensitive to DG/CA3S function.  As such, the performace of the subjects
in this task may be particularly attuned to the changes in DG/CA3Z activity resulting
from levetiracetam treatment. Further, the aMCT subjects were treated with
levetiracetam for only two weeks prior to the administration of the cogunitive tesis.
It is contemplated that a treatment duration of longer than two weeks, e.g., 16
weeks or 8 months, {or the drug treatment will result in tmproved efficacy.

Finally, coraparative animal studics (sce Example 1) indicate that an cven lower

dose would be more effective, The human dosage of 125 mg twice a day 18
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cquivalent 1o a rat dosage of 22.3 mg/kg/day. As is shown in Example 2 and FIG.
3, 20 mg/kg levetiracelam is (oo high a dose in rats, and 1t fails to improve the
performace of Al rats in the radial maze task. The cffcctive doscs of levetiracotam
used in the animal model are 5-10 mg/kg. The human equivalent dose (HED} of
the optimal rat dose 1s 0.8-1.6 mp/kg/day. Such a dosage would result in the
administration of 28-36 mg twice a day {which 1s substantially lower than the 125
mg twice a day used in this study}. Thus, it is contemplated that aMCI subjects
will exhibit a further normalization of DG/CA3Z and EC activity, as well as further
improved performance i cognitive tests, if they are treated with lower doses

equivalent o the effective doses in rat, e.g., 25 — 60 mg twice a day of

fe

fevetiracetam.
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WHAT IS CLAIMED IS:

1. A method for treating a central nervous system (CNS)
disorder with cognitive impairment in a subject in need or at risk thereof, delaving
or slowing the progression of cognitive impairment, or reducing the rate of decline
of cognitive function in the subject, the method comprising the step of
administering to said subject a therapeutically offoctive amount of a synaptic
vesicle protein 2A (SV2A) inhibitor or a pharmaccutically accoptablo salt, hydrate,

solvate or polymorph thercof.

2. The method of claim 1, wherein the 8VZA inhibitoror a
pharmacentically acceptable salt, hydrate, solvate or polymorph thereof 1s selected
from the group of SV2A inhibitors referred to in International Patent Application
PCT/US2006/005647; International Patent Application Publications
WO2010/144712; WOZB10/002869; WOZ008/132139; WO2007/065595;
WOZ006/128693; WO2006/128692; WQO2005/054188; WO2004/087658;
WOZ002/6947R7, WO2001/062726; U.S. Patents 7,465,549, 7,244,747,
5,334,720, 4,696,943; 4,696,942; U.S. Patent Applications 12/580,464;
61/105,847; 61/152,631; and 61/175,536; U.S, Pateni Application Publication
Numbers 20090312333; 20090018148; 20080081832, 2006258704; and UK Patent
Numbers 1,039,113; and 1,309,692; or pharmaceutically acceptable salts, hydrates,

solvates or polvoorphs thereof.

3, The method of claim 1, wherein the SV2A inhibitoror a
pharmaceutically accepiable salt, hydrate, solvate or polymorph thereol'is selected
from the group consisting of levetivacctam, scletracctam, and brivaracctam or

pharmacentically acceptable salts, hydrates, solvates or polvmorphs thereof.

4, The method of claim 2, wherein the 8VZA inhibitoror a
pharmacentically acceptable sall, hydrate, solvate or polymorph thereo! is
levetivacetam or a pharmacceutically acceptabic salt, hydrate, solvate or polvmorph

] Y > 3

thereof,

b
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e
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5, The method of ciaim 2, wherein the SY2A mhibitoror a
pharmaceutically accepiable sall, hydrate, solvate or polymorph thereol'1s
brivaracctam or & pharmaccutically acceptable salt, hydrate, solvate or polymorph

thereof.

6. The method of claim 2, wherein the SV2A inhibitor or a
pharmaceutically acceptable sall, hydrale, solvate or polymorph thereo[ is
scictracotam or a pharmaccutically accoptable salt, hydrate, solvate or polymorph
thereof.

7. The method of any one of clatms 1 to 6, wherein the SV2A
inhibitor or a pharmaceutically acceptable salt, hydrate, solvate or polymorph
thereol 1s adminmisiered every 12 or 24 hours al a daily dose ol 0.1 mg/kgto 5

mg/ke.

8. The method of claim 7, wherein the daily dose 1s 0.1 - 0.2

/7
mg/ke,

9. The method of any one of claims 1 to 6, wherein the SV2A
inhibitor or a pharmaceutically acceptable salt, hydrate, solvate or polymorph

thereot 1s admmnistered every 12 or 24 hours at a daily dose of .01 mg/kg to 2.5

mg/kg,

16, The method of claim 9 , wherein the daily dose is 0.1 - 2.5
mg/kg,

11, The method of claim 9, wherein the daily dose i3 0.4 - 2.5
mg/kg.

12, The method of claim 9, wherein the daily dose s 0.6 - 1.8
mg/kg.

13, The method of claim 9, wherein the daily dose 1s 30.04 - 2.5
meaka.

14, The method of claim 9 , wherein the daily dose 1s .06~ 1.8
mg/kg,

286



WO 2012/109491 PCT/US2012/024556

15,  The method of any one of claims 1 to 6, wherein the SV2A
nnbitor or a pharmaceutically acceplable salt, hydrate, solvals or polymorph

thereof is administered overy 12 or 24 hours at a daily dose of 2 mg/ke t0 4 ag/kg.

16.  The method of claim 15, wherein the daily dose is 2 -3

mg/kg.
17.  The method of claim 15 , wherein the daily doseia 3 - 4
mg'kg.

18.  The method of any one of claims 1 to 6, wherein the SV2A
inhibitor or a pharmaceutically acceptable salt, hydrate, solvate or polymorph

thereof is administered every 12 or 24 hours at a daily dose of 3.2 mg/kg to 0.4

meg/ke.

19, The method of clamm 18 | wherein the daily dose is 8.2 — 0.3
mg’ka,

28.  The method of claim 18, wherein the daily dosc is 8.3 - (.4
megkg.

21.  The method of any one of claims 1 10 6, wherein the SV2A
wnhibitor or a pharmeaceutically acceptable salt, hydrate, solvate or polymorph

thereof is administered every 12 or 24 hours at a daily dose of 6.001 - 5 mg/kg.

22, The method of ¢laim 21, wherein the daily dose 1s 8.001 - 0.5

/7
mg/ke,

23.  The method of claim 21, wherein the daily dose 15 0.01 - 0.5

24, A method for treating a central nervous system ({UNS)
disorder with cognitive impatrment in a subject in need or at risk thercof, delaying
or stowing the progression of cognitive tropairment in the subject, or reducing the
rate of decline of cognitive function in the subject, the method comprising the step

of aduninistering to said subject an SV24 inbhibitor or a pharmaceuntically

D
X
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accoptable salt, hydrate, solvaie or polymorph thereof in combination with

valproate or a pharmaceutically acceptable salt thereof.

25, The method of claim 24, wherein the valproate ora

pharmaceutically acceptable sall thoreol is administered at a daily dose such that
the subject mainiains a blood total valproate level of 0.5 to 5 pg/mi plasma, and
wherein the SVZA inhibitor or a pharmaccutically acceptable salt, hvdrate, solvate

or polymorph thereof is administered at a daily dose of 0.01 to I mp/kg.

26.  The method of claim 24, wherein the valproate or a
pharmaceutically acceptable salt thereof is admuinistered at a daily dose such that
the subjoct maintains a blood total valproate level of 0.5 to 5 pg/ml plasma, and
wherein the 8V2A inhibitor or a pharmaceutically acceptable salt, hydrate, solvate

or polymorph thereof is administered at a daily dose of 0.001 to I mg/kg.

27.  The method of claim 24, wherein the valproatc or a
pharmacentically acceptable salt thereof is administered at a daily dose such that
the subject maintains a blood total valproate level of 0.5 o 5 ug/mi plasma, and
wherein the SVZA inhibitor or & pharmaceutically acceptable salt, hydrate, solvate

or polymorph thereof is administered at a daily dose of 8.1 to 5 mg/kg.

28.  The method of claim 24, wherein the valproate ora
pharmaceutically acceptable salt thereof is administered at a daily dose such that
the sithject maintains a blood total valproate level of 0.5 to 5 pg/ml plasma, and
wherein the SV2A inhibitor or a pharmaceutically acceptable salt, hydrate, solvate

or polymorph thercof is administered at a daily dose of .05 to 0.5 mg/kg.

29.  The method ol any one of claims 24 (0 28, wherein the SVZA
inhibitor or a pharruaceutically acceplable salt, hydrate, solvate or polymorph
thereof 1s sclected from the group of SV2A mhibitors referred to in International
Patent Application PCT/US2009/005647; International Patent Application
Publications W{12010/144712; WO2Z010/002869; W(2008/132139;
WO2007/063595; WO2006/128693; WO2006/128692; WO2005/054188;
WOR004/087658; WO2002/094787: WO2001/062726; U.S. Patents 7,465,549;
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7,244,747, 5,334,720; 4,696,943; 4,696,942; U.S. Patent Applications 12/580.464;
61/105,847; 61/152,631; and 61/175,536; UK. Patent Application Publicalion
MNurabers 20090312333; 20090018148; 20080081832; 2006258704; and UK Patent
Numbers 1,039,113; and 1,309,692; or pharmaceutically acceptable salts, hydrates,

solvates or polymorphs thereof.

30, The method ol any one of claims 24 (0 28, wherein the 8VZA
inhibitor or a pharrmaceutically acceplable salt, hydrate, solvate or polymorph
thereof is selected from the group consisting of levetiracetam, seletracetam, and
hrivaracetam or pharmaceutically acceptable salts, hydrates, solvates or

polymorphs thereof,

21, The method of claim 30, wherein the SV2A mhibitorora
pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof is
fevetiracetam or a pharmuaceutically acceptable salt, hydrate, solvate or polymorph

thereof,

32, The method of claim 30, wherein the SV2A inhibitor or a
pharmacentically acceptable sall, hydrate, solvate or polymorph thereof is
brivaracetam or a pharmaceutically acceptable sali, hydrate, solvate or polymorph

thereof

33.  The method of claim 30, wherein the SV2ZA inhibilor or a
pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof is
seletracelam or & pharmaceutically acceplable salt, hydrate, solvate or polymerph

thereof

34, The method of any one of claims 24 {0 33, wherein the SV2A
inhibitor or a pharmaceutically acceptable salt, hydrate, solvate or polymorph
thereof and the valproate or a pharmaceutically accepiable salt thereof are

administered simultaneously,

35, The method of any one of claims 24 o 33, wherein the SV2ZA

inhibitor or a pharmaceutically acceptable salt, hydrate, solvate or polymorph
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thereof and the valproate or 4 pharmacecutically acceptable salt thereof are

administered in a single formulation.

36, The method of any one of claims 24 to 33, wherein the SV2ZA
inhibitor or a pharmaceutically acceptable salt, hydrate, solvate or polymorph
thereof and the valproate or a pharmacentically acceptable salt thereof are

administered sequentially,

37. A pharmaceutical composition comprising a 3V2A inhibitor
or a pharmaceutically accepiable salt, hvdrate, solvate or polymorph thereof, the
SV2A inhibitor or a pharmaceutically acceptable salt, hydrate, solvate or

polymarph thercot being presesnt in an amount of 5 — 140 mg,

38. A pharmaccutical composition comprising a SV2A inhibitor
or a pharmaceutically accoptable sall, hydrate, solvate or polymorph thereof, the
SV2A mhibitor or a pharmaceutically acceptable salt, hydrate, solvate or

polymorph thereof being present in an amount of 8.7 — 180 mg.

39, A pharmaceutical composition comprising a SV2A inhibitor
or a pharmacoutically acceptable salt, hydrate, solvate or polymorph thereof, the
SY2A inhibitor or a pharmaceutically acceptable salt, hydrate, solvate or

polymorph thereof being present in an amount of 0.07 - 350 mg.

40. A pharmaccutical composition comprising a SV2A inhibitor
or a pharmaceutically acceptable salt, hydraie, solvate or polymorph thereot, the
SV2ZA inhibitor or a pharmaceutically acceptable salt, hydrate, soivate or

polymorph thereof being present in an amount of 50 — 250 mg.

41. A pharmaceutical composition comprising & SVZ2A inhibitor
or a pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof, the
SV2A mhibitor or a pharmaceutically acceptable sali, hydrate, solvate or

polymorph thereof being present in an amount of 3 — 50 mg.

42. A pharmaceutical composition compriging 2 SV2A inhibitor

or a pharmaccutically acceptable salt, hydrate, solvate or polymorph thercof, the
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SV2A mhibitor or a pharmaccutically acceptable salt, hydrate, solvate or

olvoorph thereof being present in an amount of 0.05 — 35 mg.
poly p Ef 4

43. A pharmaceutical composition comprising a SV2A inhibitor
or a pharmaceutically acceptable salt, hydrate, solvate or polymorph thercof and
valproate or a pharmaceutically acceptable sall thereof, the SV2A inhibilor or 2
pharmaceutically acceptable sall, hydrale, solvate or polymorph thereo{ being

prosent in an amount of 3 - 530 mg,

44, A pharmaceuntical composition cornprising a SV2A inhibitor
or a pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof and
valproate or a pharmaccutically acceptable salt thereof, the SVZA inhibitor or 2
pharmaceutically acceptable salt, hydrate, solvate or polymorph thereo! being

present in an amount of 0.07 — 50 mg,

45, A pharmaceutical composition comprising an SVZA inhibitor
: : : =}
or a pharmaceutically acceptable sahw h’ydrate, solvate or polymorph thereof and
o » o

valproate or a pharmaceutically acceptable salt thereof.

46.  The composition of claim 45, wherein the SVZA inhibitor or
a pharmaceutically acceptable salt, hydrate, solvate or polyvmorph thereof in the

composition is present in an amount of 0.05 - 35 mg.

47, The composition of claim 45, whorein the SV2A inhibitor or
a pharmaceutically acceptable sali, hydraie, solvate or polymorph thereot in the

compaosition is present in an amount of 8.07 - 350 mg.

4%, The composition of claim 45, wherein the SVZA inhibitor or
a pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof in the

composition 1§ present 1o an amount of 59 - 250 mg.

49, The composition of claim 45, wherein the SVZA inhibitor or
a pharmaceuticaily acceptable salt, hydrate, solvate or polymorph thereof is present
i an amount less than 350 mg, less than 250 mg, less than 200 mg, less than 159

mg, less than 100 mg, less than 50 myg, less than 35 mg, ess than 10 mg, less than
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5 mg, less than | mg, less than 0.5 mg, less than 0.1 mg, less than 0.07 mg, or less

than .05 mg.

50, A method for treating a central pervous system (UNS)
disorder with cognitive impairment in a subject in noed or at risk thereof, delaying
or slowing the progression of cognitive impaivment in the subject, or reducing the
rale of declime of cognitive [unction in the subject, the method comprising the slep
of adminisioring to said subject a therapeutically offoctive amount of lovetiracetam

or a pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof.

51, The method of claim 30, wherein the levetiracctam or a
pharmacentically acceptable salt, hydrate, solvate or polymorph thereof 18

administered every 12 or 24 hours at a daily dose of 1 - 2 mg/kg.

52.  'The method of claim 58, wherein the leveliracelam or a
pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof is

administered every 12 or 24 hours at a daily dose of 70 - 140 mg.

53, The method of claim 50, wherein the levetiracetam or a
pharmacentically acceptable salt, hydrate, selvate or polymorph thereof is

administered every 12 or 24 hours at a daily dose of 0.1 - 2.5 mg/kg.

54.  The method of claim 59, wherewn the levetiracelam or a

pharmaccutically accoptable salt, hiydrate, solvate or polymorph thercof is

administered every 12 or 24 hours at a daily dose of 7 - 180 mg.

55, The method of ¢claim 50, wherein the levetiracetam or a
pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof 1s

administered every 12 or 24 hours at a daily dose of 0.4 - 2.5 mg/kg.

56. The method of claim 50, wherein the levetiracctam or a
pharmacentically acceptable sall, hydrate, solvate or polymorph thereof is

administered every 12 or 24 hours at a daily dose of 25 - 180 mg.
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57.  The method of ¢claim 50, wherein the levetiracetam or a
pharmaceutically accepiable sall, hydrate, solvate or polymorph thereol'1s

administered cvery 12 or 24 hours at g daily dose of 0.6 — 1.8 mg/kg.

38. The method of clamm 58, wherem the levetiracetam or a
pharmacentically acceptable sall, hydrate, solvate or polymorph thereof is

administered every 12 or 24 hours at a daily dose 0f 40 - 130 mgz.

59,  The method of claim 58, wherein the levetiracetam or a
pharmaceutically acceptable salt, hydrate, solvate or polyroorph thereo{1s

v

administered every 12 or 24 hours at a daily dose of 2.0 - 4.0 mg/kg.

60.  The methad of claim 30, wherein the levetiracetam or a
pharmacentically acceptable salt, hydrate, solvate or polymorph thereof is

adminstered every 12 or 24 hours at a daily dose of 140 - 300 mg.

61,  The method of claim 50, wherein the levetiracetam or a
pharmaceutically accepiable sall, hydrate, solvate or polymorph thereo{ iy

administered every 12 or 24 hours at a daily dose of 3.0 - 4.0 mg/kg.

62, The method of claim 50, wherein the levetiracetam or a
pharmaceutically acceptable salt, hydrate, sclvate or polymorph thereof is

administered every 12 or 24 hours at a daily dose of 200 — 300 mg.

63.  The method of claim 50, wherein the levetiracetam or a
pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof is

administered every 12 or 24 hours at 2 daily dose of 2.0 - 3.0 mgkg.

64, The method of claim 30, wherein the fevetiracetam or a
pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof is

administered every 12 or 24 hours at a daily dose of 140 - 200 mg.

65. The method of claim 58, wherein the levetiracctam or a
pharmacentically acceptable salt, hydrate, solvate or polymorph thereof is

administered every 12 or 24 hours at a daily dose of 0.1 - 5 mg/kg.

)
O
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66, The method of ¢laim 50, wherein the levetiracetam or a
pharmaceutically accepiable sall, hydrate, solvate or polymorph thereol'1s

~
Ji
i

administered cvery 12 or 24 hours at s daily dose of 7 - 350 mg/kg,

67. The method of clamm 58, wheremn the levetiracetam or a
pharmacentically acceptable sall, hydrate, solvate or polymorph thereof is

administered every 12 or 24 hours at a daily dose according to Table 1 or Table 2.

8. A mcthod for treating a central nervous system {TNS)
disorder with cognilive irapatrment in a subject in need or at risk thereof, delaving
or slowing the progression of cognitive impairment in the subject, or reducing the
rate of decline of cognitive function in the subject, the method comprising the step
of administering to said subject a therapeutically effective amount of brivaracetam

or a pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof,

68, The method of ¢claim 68, wherein the brivaracetam or a
pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof is

;

administered every 12 or 24 hours at & daily dose of 0.1 - 6.2 mg/kg.

76, The method of claim 68, wherein the brivaracctam or a
pharmacentically acceptable sall, hydrate, solvate or polymorph thereof is

administered every 12 or 24 hours at a daily dose of 7 - 15 meg.

71, The method of claim 68, wherein the brivaracctam or a
pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof 1s

administered every 12 or 24 hours at a daily dose of 0.01 - 2.5 mg/kg.

72, The method of claim 68, wherein the brivaracetam or a
pharmaceutically acceptable salt, hydrate, solvaie or polymorph thereot is

administered every 12 or 24 hours at a daily dose of 0.7 - 180 mg.

73.  The method of claim 68, wherein the brivaracetam or a
pharmacentically acceptable salt, hyydrate, solvate or polymorph thereof is

adminisiered every 12 or 24 hours al a daily dose of 0.04 — 2.5 mo/ko,
ki Y &XE
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74, The method of ¢laim 68, wherein the brivaracetam or a
pharmaceutically accepiable sall, hydrate, solvate or polymorph thereol'1s

administered overy 12 or 24 hours at a daily dosc of 2.5 - 180 mg,

75.  The method of clamm 68, wheremn the brivaracctam or 4
pharmacentically acceptable sall, hydrate, solvate or polymorph thereof is

administered every 12 or 24 hours al a daily dose of 0.06 - 1.8 mg/kg.

76, The method of claim 68, wherein the brivaracetam or a
pharmaceutically acceptable salt, hydrate, solvate or polyroorph thereo{1s

v

administered every 12 or 24 hours at a daily dose of 4.0 - 130 mg.

77.  The methad of claim 68, wherein the brivaracetam or a
pharmacentically acceptable salt, hydrate, solvate or polymorph thereof is

admimstered every 12 or 24 hours at a daly dose of 0.2 - 0.4 mg/kg.

78.  The method of claim 68, wherein the brivaracetam or a
pharmaceutically accepiable sall, hydrate, solvate or polymorph thereo{ iy

administered every 12 or 24 hours at a daily dose of 14 - 30 mg.

79, The method of claim 68, wherein the brivaracetam or a
pharmaceutically acceptable salt, hydrate, sclvate or polymorph thereof is
administered svery 12 or 24 hours at a daily dose of 0.1 - 35 mg or G.0015 -

0.5 mg/kg

80. The method of claim 68, wherein 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 0.1 mg, 0.5 mg,

(.75 mg, 1.0 mg, 1.5 mg, or 2.0 myg; and at a daily dose of no more than 2.5 mg, §

mg, 10 mg, 15 mg, 20 wmg, 25 wyg, 30 myg, or 35 mg.

81. The method of claim 68, wherein the brivaracetam or a
pharmacentically acceptable salt, hyydrate, 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/kg, 0.02 mg/kg, or 0.03 mg/kg; and at a daily

b
o
wn
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dose of no more than 0.5 mg/kg, 0.4 mag/kg, 0.3 mg/ke, 6.2 mg/kg, 0.15 mgke, 0.1

mg/kg. 0.05 mg/ke, or 0.04 mg/ke.

82.  The method of claim 68, wherein the brivaracetam or a
pharmaceutically acceptable salt, hydrate, solvaie or polymorph thereof s

administered every 12 or 24 hours at a daily dose according to Table 3 or Table 4.

83. A method for treating a central nervous sysiem {CNS)
disorder with cognitive impairment in a subject in need or at risk thereof, delayving
or stowing the progression of cognitive upairment i the subject, or reducing the
rate of decline of cognitive function in the subject, the method comprising the step
of adainistering to said subject a therapeutically effective amount of seletracetamn

or a pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof,

84,  The method of claim 83, wherein the seletracetam or a
pharmaceutically acceptable salt, hydrate, solvate or polymorph thereof is
administered every 12 or 24 howrs at a daily dose of 8.1 - 35 mg or 8.0615 - 0.5

me/ke.

oD

85.  The method of claim 83, wherein the scletracetamora
pharmacentically acceptable sall, hydrate, solvate or polymorph thereof is
administered every 12 or 24 hours at a daily dose of at least .1 mg, 0.5 mg, 0.75
mg, 1.0 mg, 1.5 mg, or 2.0 mg; and at a daily dose of no mwore than 2.5 mg, 5 mg,

10 mg, 15 mg, 20 mg, 25 mg, 30 mg, or 35 mg.

86.  The method of claim 83, wherein the seletracetam or a
pharmacentically acceptable salt, hydrate, solvate or polymorph thereof is
adminmstered every 12 or 24 hours at a daily dose of at least ¢.0015 mg/kg, 0.0073
mg/kg, 0.01 mg/ke, 0.015 mg/kg, 0.02 mg/kg. or .03 mg/kg; and at a daily dose of
o more than 8.5 mg/kg, 0.4 mg/kg, 0.3 mg/kg, 0.2 gk, 0.15 mg/kg, 0.1 wglke,

0.05 mg/kg, or 0.04 mg/ke.

87.  The method of claim 83, wherein the seletracelam or a
pharmacentically aceeptable sall, hydrate, solvate or polymorph thoreof is

administered every 12 or 24 hours at a daily dose according to Table 5 or Table 6.
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88. The method of any one of claims 1, 24, 50, 68 and 83,
wherein the CNS disorder with cognitive impairment is age-related cognitive

impairment.

89, The method of claim 88, wherein the age-related cognitive

impairment is Mild Cognitive Impairment.

9.  The method of ¢laim 89, wherein the Mild Cognitive

Impairment ts amnestic Mild Cognitive Impairment.

1. The method of any one of claims 1, 24, 50, 68 and 83,

wherein the CNS disorder with cognitive impairment i1s dementia,

92. The method of claim 91, wherein the dementia 1s Alzheimer’s

discase,

@3, The method of any one of claims 1, 24, 50, 68 and §3,

wherein the CNS disorder with cognitive impairment s schizophrenia.

94, The method of any one of claims 1, 24, 50, 68 and 83,
wherein the CNS disorder with cognitive irapatrment is amyotrophic lateral

sclerosis.

95. The method of any one of claims 1, 24, 50, 68 and 83,
wherein the CNS disorder with cognitive impairment 18 post fraumatic siress
disorder.

@6, The method of any one of claims 1, 24, 50, 68 and 83,
wherein the NS disorder with cognttive impatrment is associated with cancer

therapy.

|\
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