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Methods Of Treating Dyskinesia And Related Disorders

Field

The present disclosure describes compounds, compositions, and formulations
comprising therapeutically or prophylactically active compounds or pharmaceutically acceptable
salts thereof, for treating and/or preventing dyskinesias or other disorders, and methods for

treating dyskinesia or other disorders.

Background

Sydnocarb (i.c., 3-(B-phenylisopropyh)-N-phenylcarbamoylsydnonimine), also known
as mesocarl, is a psychomotor stimulant. In Russia, sydnocarb has been used for over 30 years to
treat a variety of nearopsychiatric comorbidities such as asthenia, apathy, and adynamia
{Anokhina et al., Zh Nevropatol Peikhiatr Im 5 S Korsakova, 1974, 74, 594-602; Vinar ¢t al,,
Newropsychopharmaccelogy, 1991, §, 201-217; and Cody, J. Occup. Environ, Med., 2002, 44,
435-450). Although mostly anecdotal, evidence may suggest that sydnocarb increases endurance
during heavy physical activity and resistance to environmental stressors such as hypotherroia,
fow gravity, and oxygen deprivation. Sydnocarb may also have beneficial effects in treating
alcohol abuse, attention deficit hyperactivity disorder (ADHD), and cognitive impairment
(Rudenko et al., Agressologie, 1979, 20, 265-270; Vinar et al,, supra; Cody, supra).

Although sydnocarb-induced facilitation of dopamine (DA )-mediated transpmuission has
been well established in microdiaiysis studies, the exact nature of this action (i.e., DA release
versus DA transporter (DAT) inhibition) is not clear (Gainetdinov et al,, Eur. J. Pharmacol.,
1997, 340, 53-58; Afanag’ev ct al., Pharmacol. Biochem. Behav,, 2001, 69,

653-658; Anderzhanova et al., Fur. J, Pharmacol,, 2001, 42¥, 87-95). More recently, it has been
demonstrated that sydnocarb has DAT activity and lacks the rebound hypersomnolence,
characteristic of compounds that cause dopamine release (Gruner et al,, I. Pharmacol. Exp.
Therap., 2011, 337, 38(3-390). It has been reported that sydnocarb attenuates noradrenaline
reuptake based on experiments in rat synaptosomes (Erdd et al,, Pol. I, Pharmacol. Pharm., 1981,
33, 141-147). Sydnocarb is also metabolized to D-amphetamine (D-AMPH) in bumans and
antmals, but the role of D-AMPH in the net in vive effects of sydnocarb 15 unclear. fz vivo
pharmacological profiles of sydnocarb and B-AMPH largely overlap, suggesting that either
sydnocarb and D-AMPH are functionally indistinguishabie or the metabolite D-AMPH
contributes significantly to the effects produced by sydnocarb (Gainetdinov et al,, supra; Witlan

¢t al., J. Pharmacol. Exp. Ther,, 1999, 288, 1298-1310; Anderzhanova et al, Ann. NY Acad.
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Sci., 2000, 914, 137-145; Flood et al., Psychopharmacology, 201G, 211, 325-336). However,
there are some important differences between the two drugs. Unlike D-AMPH, neither
significant toxic episodes nor abuse potential have been reported with sydnocarb in humans
{Mashkovskis et al., Zh Nevropatol Psikhiatr Im S8 5 Korsakova, 1971, 71, 1704-1709; Rudenko
et al,, supra). Compared with D-AMPH, the stimulating effects of sydnocarb develop more
gradually, last longer, and are not accompanied by pronounced cuphoria, motor excitation, or
peripheral sympathomimetic effects such as tachycardia and hypertension (Rudenko et al,,
sapra). [n animals, sydnocarb produces a slower and more gradual increase in extraceliular DA
in the rat striaturn and mucleus accambens compared with D-AMPH (Gainetdinov et al,, supra;
Witkin et al., supra; Anderzhanova ot al., supra). Relative to D-AMPH, equimolar doscs of
sydnocarb produace less hyperlocomotion and stereotypy as well as smaller changes in the
markers of neurotoxicity such as DA depletion, generation of reactive oxygen species, or
increases in specific indices of lipid peroxidation (Gainctdinov ¢t al., supra; Witkin ot al., supra;
Anderzhanova ¢t al,, supra; Afanas’ev et al,, supra; Bashkatova et al., Ann. NY Acad. 5¢i., 2002,
965, 130-192). Furthermore, sydnocarb does not exhibit the rebound hypersomnolence seen with
D-AMPH as a result of the dopamine release characteristics associated with D-AMPH (Gruner et
al., supra). Several studics aimed at investigating the utility of DA inhibitors in Parkinson’s
Dnsease have indicated very little or no utility towards this discase, especially as regards the
potential utility of DAT inhibitors towards L-dopa-induced dyskinesias associated with
Parkinson’s Disease (Likk, J., Neuropsych. Dis. Treat,, 2010, 6, 93-97; Hauser et al,, Mov.

Disord., 20607, 22, 359-365; and Rascol et al., Arch Neurol., 2008, 65, 577-583).

Summary

The present disclosure encompasses compounds, compositions, and forrmulations that
may be useful in treating dyskinesia or other disorders in a mammal. In some embodiments, the
marnmal has or is suspected of having a dyskinesia or another disorder. Tn particular, the
compounds, compositions, and formulations uscful in treating a dyskinesia or other disorders
inchide, but are not limited to, compounds, compositions, and formulations comprising a
compound of Formulas 1 set forth herein.

The present disclosure provides compounds of Forroula la-1, Formoula fa-2, Formula Ib-

1, Formula 1b-2, Formula Ic-1, Formula Ie-2, Formula Id-1, or Formula 1d-2:
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(Id-23,
or a pharmaceutically acceptable salt thereof, wherein: Uis C or N; each R' is, independently, H,
Cy-Cealkyl, Cp-Cealkenyl, Cr-Cealkynyi, Cy-Coalkoxy, Ci-Cealkylthio, -CN, -OH, -SH, halo,
haloalkyl, -NO,, -N(=0),, -C(=030H, -NH,, -CF, -NH(Ci-Caalkyl), -N(Cy-Cealkylly, -C(=0)H,
carbalkoxy, carboxamido, alkylsulfonyl, allkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyl,
monoaltkylaminosulfinyl, aminosulfonyl, monoalkylaminosalfonyl, dialkylaminosulfonyi,
alkyisulfonylamino, hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyvioxy,
hydroxysuifonyl, atkoxysulfonyl, alkyisulfonylalicyl, aminosulfonylalkyl,
monoalkylaminosulfonylabicyl, dialkylaminosulfonylalicyl, aminosuifinylalkyl,
monoalkylaminosulfinvialkyl, or dialkylarsinosulfinylalkyl, where ris 0, 1, 2, 3, 4, or 5; cach R
and R® is, independently, H, C,-Cealkyl, Cr-Csalkenyl, C-Csalloynyl, C-Cealkoxy,
Cy-Cealkylthio, -CN, -OH, -SH, hale, haloalkyl, -NG,, -C(=0)H, -NH,, -CF3, -NH(C,-Cealkyh),
~N(Ci-Cealkyl), -C(=0)H, carbalkoxy, carboxamido, alkylsuifonyl, allylselfonyloxry,
aminosulfinyl, dialkylaminosalfinyl, movnoalkylarsinosulfinyl, aminosultonyi,

monoalkylaminosulfonyl, diatkyiaminosulfonyl, alkylsulfonylamino, hydroxysulfonyloxy,
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atkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl, alkylsulfonylatkyl,
aminosulfonylalkyl, moncalkylaminosultonylalkyl, dialkviaminosulfonyialtkyl,
aminosulfinyialkyl, monoalkylaminosuliinylalkyl, dialkylaminosulfinylalkyl, arvi, or
arylCy-Cealkyl, wheren is 8, 1, 2, 3, or 4; each R and R® is, independently, H, Ci-Cgalkyi,
Cy-Cealkenyl, Cr-Cealkynyl, C;-Cealkoxy, Ci-Cgalkylthio, -CN, -OH, -8H, halo, haloalkyl,
SNOn, -C(=030H, -NH,, -CF;, -NH(C-Caalkyl), -N(Cy-Coalloyll,, -C(=0)H, carbalkoxy,
carboxamido, altkyisulfonyl, altkylsulfonyloxy, aminosulfinyl, diatkylaminosulfinyl,
monoalkylaminosulfinyl, aminosutfonyl, monoalkylaminosutfonyl, dialkylaminosulfonyl,
atkvlsulfonylamino, bydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy,
hydroxysulfonyl, alkoxysulfonyl, alkylsulfonylalkyl, aminosulfonyialioyl,
monoalkylaminosulfonylatkyl, dialkylaminosulfonylatkyi, aminosulfinylalkyl,
monocalkylaminosulfinylalkyl, dialkylaminosalfinylalkyl, arvl, or arylC-Cealkyl, where pis @, 1,
2,3, ord; Wis Hor C-Cealkyly Y is H, Cy-Cealkoxy, C;-Cealkylthio, -CN, -OH, -SH, halo,
haloalkyl, -NG,, -C(=0Y0H, -NH,, -CF», -NH(Ci-Cealkyh), -N(CT-Cealicyly, -C(=0}H,
carbalkoxy, carboxamido, alkylsutfonyl, alkylsutfonyloxy, aminosulfinyl, dialkylaminosulfinyl,
monoalkylaminosulfinyl, anminosutfonyl, moncatkyviaminosultonyl, dislkylaminosulfonyl,
atkvisulfonylamino, hydroxysulfonyloxy, stkoxysulfonyloxy, alkylsulfonyloxy,
hydroxysulfonyi, alkoxysulfonyl, alkylsulfonylalkyl, aminosulfonyialioyd,
monoalkylaminosutfonylalkyl, diatkylaminosutfonylalkyl, aminossifinylatkyl,
monoalkylaminosulfinylalkyl, or dialkylaminosulfinylalkyl; X is Qor$; Zis Qor §; R is H or
halo; Qis H, O-Cealkyl, arvl, C-Cgalkylaryl, C-Ceeycloalkyl, or hetercaryl, each of which is
optionally substituted with {(R%), where tis 0, 1, 2, 3,4, or 5; R® is H or C,-Cgalkyl; each R is,
independently, H, C-Cealkyl, Cy-Caalkenyl, C-Coalkynyvl, C;-Cealkoxy, Ci-Cealkylthio, -CN,
-OH, -SH, halo, haloalkyl, -NO», -N(=0),, -C(=0)0OH, -NH,, -CF;, -0-5(=0),0H,
NH(C-Caalkyl), -N(Ci-Calkylly, -C(=0H, -C=00C-Caalkyl, -C=0YC-Caalkoxy,
carbalkoxy, carboxamido, alkylsulfonyl, alkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyl,
monoalkylaminosulfinyl, aminosubfonyl, monoalkylaminosulfonyl, dialkylamincsulfonyl,
alkylsulfonylamino, hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy,
hydroxysulfonyl, alkoxysolfonyl, alkylsalfonylalkyl, aminosulfonylalkyl,
monoalkylaminosulfonylatkyl, dialkylaminosulfonylatkyl, anmunosulfinylalloyl,
monoalkylaminosulfinylalkyl, or dialkylaminosulfinylalicyl.

The present disclosure also provides composttions comprising a compound of Formla
fa-1, Formula {a-2, Formula Ib-1, Formula 1b-2, Formula Ic-1, Formula I¢-2, Formula Id-1, or

Formula Id-2, or pharmaceutically acceptable salt thereof, In some embodiments, the
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composition further comprises another therapeutic agent which is an anti-Parkinsonian agent, an
agent used to treat dyvskinesias, or an agent that induces dyskinesias.
The present disclosure also provides formmulations for oral administration in the form of a
tablet, gel-cap, or capsule comprising from about | mg to about 1000 mg of a compound of
S Formulala-1, Formula 13-2, Formula Ib-1, Formula Ih-2, Formula l¢-1, Formuda Ie-2, Formula
Id-1, or Formula Id-2, or pharmaceutically acceptable salt thereof In some embodiments, the
formulation further comprises another therapeutic agent chosen from an anti-Parkinsonian agent,
an agent used to treat dyskinesias, or an agent that induces dyskinesias.
The present disclosure also provides methods of treating a dyskinesia or other disorders
10 in a manuoal comprising administering to the mammal in need thereof an effective amount of a
compound of Formula fa-1, Foromida fa-2, Formula Tb-1, Fornmida {b-2, Formmila Ic-1, Formula
fe-2, Formulda Id-1, or Formula 1d-2:
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or a pharmaceutically acceptable salt thereof, wherein: Uis C or N; each R' is, independently, H,
Cy-Cealkyl, Cp-Cealkenyl, Cr-Cealkynyi, Cy-Coalkoxy, Ci-Cealkylthio, -CN, -OH, -SH, halo,
haloalkyl, -NO,, -N(E=0),, -C(=030H, -NH,, -CF, -NH(Ci-Caalkyl), -N(Cy-Cealkyl)y, -C(=0)H,
carbalkoxy, carboxamido, alkylsulfonyl, allylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyl,
monoalkylaminosulfinyl, aminosulfonyl, monoalkylaminosalfonyl, dialkylaminosulfonyl,
alkylsulfonylamine, hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy,
hydroxysuifonyl, alkoxysulfonyl, alkyisulfonylalkyl, aminosutfonylalkyi,
monoalkylaminosulfonylatkyl, diallylaminosulfonylalioyl, aminosulfinylaliovl,
monoalkylaminosulfinylalkyl, or dialkylaminosulfinylatkyl, where ris @, 1,2, 3, 4, or 5; cach R’
and R® is, independently, H, C,-Cealkyl, Cr-Csalkenyl, Cr-Csalloynyl, C-Cealkoxy,
Ci-Cealkylthio, -CN, -OH, -SH, halo, haloalkyl, -NG,, -C(=0)YOH, -NH;, -CF3,
NH{C-Cgalkyl), N(Ci-Cealkyl), -C(=03H, carbalkoxy, carboxarsido, alkvisulfonyl,
alkylsulfonvioxy, aminosulfinyl, dialkylaminosulfinyl, moncalkylaminosulfinyl, aminosulfonyl,
monealkylaminosulfonyl, dialtkyiaminosulfonyl, alkylsulfonylamino, hydroxysulfonyvioxy,
atkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl, alkylsulfonylatkyl,
aminosulfonylalkyl, moncalkylaminosulfonylalkyl, dialkyiaminosulfonylalkyl,
aminosulfinylalkyl, monoalkylaminosuliinylalkyl, dialkylaminosulfinylalkyl, arvi, or
arylCi-Coalkyl, wheren is 0, 1, 2, 3, or 4; each R and R’ is, mdependently, H, Ci-Csalkyl,
Cy-Cealkenyl, Cp-Cealkynvl, Cy-Cealkoxy, C-Cealkyilthio, -CN, -OH, -SH, halo, haloalkvi, -NG;,
-C(E=0)Y0H, -NH,, -CFs, -NH(C-Cealkyh, -N{C;-Cgalkyly,, -C{=03H, carbalkoxy, carboxamido,
alkylsulfonyl, alkylsulfonyloxy, aminosulfinyi, dialkylaminosulfinyi, moncalkylaminosulfinyl,
aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosualfonyl, alkylsulfonylamine,
hydroxysulfonyioxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl,
atkvisulfonylalkyl, aminosulfonylaikyl, monocalkylaminosulionylalkyl,
diatkylaminosulfonylalkyl, aminosulfinvlalkyl, monoalkylaminosulfinylalkyi,
diatkylanunosultinylalkyl, aryl, or arvlCi-Cealkyl, where p s 0, 1, 2, 3, or 4, WisHor
Cy-Cealkyl; Y is H, Ci-Caatkoxy, C-Cgalkylthio, -CN, -OH, -8H, halo, halcaliyi, -NO,,
-C(=0Y0H, -NH;,, -CFs, -NH{C-Cealkyl), -N{(C-Coalkyl),, -C(=O)H, carballioxy, carboxamido,
atkylsulfonyl, alkvlsulfonyloxy, aminosulfinyl, diatkviaminosulfinyl, moncalkylaminosulfinyt,
aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfonylarine,
hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, altkoxysulfonyl,
alkvisulfonylatkyl, aminosulfonylailyl, moncalkylaminosulfonylalkyl,
diatkylaminosuifonylalkyl, aminosulfinylalioyl, monoalkylaminosulfinylalkyl, or

dialkylaminosulfinylallovl X is Q or $; Z s O or $; R is H or halo;  is H, Ci-Cealkyl, aryl,
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C-Csalkylaryl, C-Ceoycloalkyl, or heteroaryl, cach of which is optionally substituted with
—fR ‘9t, wheretis 0, 1,2, 3,4, 0r5; R s Hor Cy- Coalkyl; and each RS g, independently, H
Cy-Cealkyl, Cr-Caalkenyl, Cr-Caalkynyl, Cy-Cealkoxy, Ci-Csalkylthio, -CN, -OH, -8H, haio,
haloalkyl, -NOy, -N(=0),, -C(=0H0H, -NH,, -CFa, -0-8(=0),0H, -NH{C-Csalkyl},
N{Cy-Coalkyly, -C(=0H, -C(=0)Cy-Coalkyl, -C(=0)Ci-Cealkoxy, carbalkoxy, carboxamido,
alkylsulfonyl, aikyisuifml}doxy; aminosufinyl, diatkylaminosulfinyl, monoatkylaminosulfinyl,
aminosulfonyl, monoalkylaminosulfonyl, dialkyviaminosulfonyl, allkylsulfonylamino,
hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl,
atkylsutfonylalkyi, aminosulfonylaikyl, monocalkylaminosulfonylalkyl,
dialkylaminosuifonylalkyl, aminosulfinylalioy!l, monocalkylaminosulfinylatkyl, or
dialicylaminosuifinylatkyl; or pharmaceutically acceptable salt thereof, wherein the other
disorder is restless leg syndrome (such as drug-induced or idiopathic), a drug-induced dystoma,
chorea {such as Huntington’s disease, toxin-induced chorea, Sydenham’s chorea, Chorea
gravidarum, Wilson’s disease, drug-induced chorea, and metabolic and endocrine-related
choreas}, a tic {such as motor, phonic, simple, complex, and Tourette syndrome}, a dystonia
{(such as acute, generalized, focal, segmental, sexual, intermediate, psychogenic, and Acute
Drystonic Reaction), Sodenmytopic Parkinson’s, a stereotypic movement disorder (such as
movement disorder related to autism, genetic, and chiidhood}, obsessive compulsive disorder,
narcolepsy (such as cataplexy), transmissible spongitorm encephalopathies (such as Creutzteldt-
Jakob discase and Kuru), neuroacanthocytosis, seizure and convulsions, athetosis {such as
related to Humtington’s Discase, asphyxia, neonatal jaundice, and stroke), or cercbral palsy.

In some embodiments, the dyskinesia 1s levodopa-induced dyskinesia, chronic or
tardive dyskinesia, or orofacial dyskinesia.

The present disclosure also provides compounds of Formula fa-1, Formula [a-2,
Formula Ib-1, Formuia Ib-2, Formula [c-1, Formula Ic-2, Formula 1d-1, or Formula Id-2, or
pharmaceutically acceptable salt thereof, for treating a dyskinesia {such as levodopa-induced
dyskinesia, chronic or tardive dyskinesia, and orofacial dyskinesia), restless leg syndrome (such
as drug-induced or idiopathic), a drug-induced dystonia, chorea (such as Huntington’s discase,
toxin-induced chorea, Sydenham’s chorea, Chorea gravidarum, Wilson’s disease, drug-induced
chorea, and metabolic and endocrine-related choreas), a tic (such as motor, phonic, simple,
complex, and Tourette syndrome), a dystonia (such as acute, generalized, focal, segmental,
sexual, intermediate, psychogenic, and Acute Diystonic Reaction), Sodemytopic Parkinson’s, a
stereotypic movement disorder (such as movement disorder related to autism, genetic, and

childhood), obsessive comprulsive disorder, narcolepsy (such as cataplexy), transmissible
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spongiform encephalopathies (such as Creutzfeldt-Jakob disease and Kury),
neuroacanthocyiosis, seizare and convulsions, athetosis (such as related to Huntington’s Disease,
asphyxia, noonatal jaundice, and stroke), or cercbral palsy.

The present disclosure also provides compounds of Formula Ia-1, Formula fa-2,
Formula Ib-1, Formala Ib-2, Formula [¢-}, Formula Ig-2, Formula 1d-1, or Formula 1d-2, or
pharmacecutically acceptable salt thereod, for use in the manufacture of a medicament for treating
a dyskinesia (such as levodopa-induced dyskinesia, chronic or tardive dyskinesia, and orofacial
dyskinesia), restless leg syndrome (such as drug-induced or idiopathic), a drug-induced dystonia,
chorea (such as Huntington’s disease, toxin-induced chorea, Sydenham’s chorea, Chorea
gravidarum, Wilson’s discase, drug-induced chorea, and metabolic and endocrine-related
choreas), a tic (such as motor, phonic, simple, complex, and Tourette syndrome), a dystonia
{such as acuate, generalized, focal, segmental, sexual, intermediate, psychogenic, and Acute
Dystonic Reaction), Sodemytopic Parkinson’s, 2 stercotypic movement disorder (such as
movement disorder related to autism, genetic, and childhood), obsessive compulsive disorder,
narcolepsy (such as cataplexy), transmissible spongiform encephalopathies (such as Creutzfeldt-
Jakob disease and Kuru), neurcacanthocytosts, seizure and convulsions, athetosis {such as
related to Huntington’s Disease, asphyxia, neonatal jaundice, and stroke), or corebral palsy.

The present disclosure also provides compounds of Formula Ia-1, Formula fa-2,
Formula Ib-1, Formala Ib-2, Formula [¢-}, Formula Ig-2, Formula 1d-1, or Formula 1d-2, or
pharmaccutically acceptable salt thereof, for treating a dyskinesia (such as levodopa-induced
dyskinesia, chronic or tardive dyskinesia, and orofacial dyskinesia), restless leg syndrome (such
as drug-induced or wdiopathic), a drug-induced dystonia, chorea (sach as Huntington’s disease,
toxin-induced chorea, Sydenham’s chorea, Chorea gravidarum, Wilson’s disease, drug-induced
chorea, and metabolic and endocrine-related choreas), a tic (such as motor, phonic, simple,
complex, and Touretie syndrome), a dystonia {such as acute, generalized, focal, segmental,
sexual, intermediate, psychogenic, and Acute Dystonic Reaction), Sodemytopic Parkinson’s, a
stercotypic movement disorder {such as movement disorder related fo autism, genetic, and
childhood), obsessive compulsive disorder, parcolepsy (such as cataplexy), transmissible
spongiform encephalopathies (such as Creutzfeldt-Jakob disease and Kuru),
neuroacanthocyiosis, seizare and convulsions, athetosis (such as related to Huntington’s Disease,
asphyxia, noonatal jaundice, and stroke), or cercbral palsy.

The present disclosure also provides compounds of Formula Ia-1, Formula fa-2,
Formula Ib-1, Formala Ib-2, Formula [¢-}, Formula Ig-2, Formula 1d-1, or Formula 1d-2, or

pharmoaccutically acceptable salt thereod, in the mamufacture of a roedicament for treating a
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dyskinesia {such as levodopa-induced dyskinesia, chronic or tardive dyskinesia, and orofacial
dyskinesia), restiess leg syndrome (such as drug-induced or idiopathic), a drug-induced dystonia,
chorea (such as Huntington’s disease, toxin-induced chorea, Sydenham’s chorea, Chorea
gravidaram, Wilson’s disease, drug-induced chorea, and metabolic and endocrine-related
choreas), a tic (such as motor, phonie, stmple, complex, and Tourette syndrome), a dystonia
{(such as acute, gencralized, focal, segmental, sexual, intermediate, psychogenic, and Acute
Dystonic Reaction), Sodemytopic Parkinson’s, 8 stereotypic movement disorder (such as
movement disorder related to autism, genetic, and childhood), obsessive compuldsive disorder,
narcolepsy (such as cataplexy), transmussible spoongiform encephalopathies (such as Creutzfeldt-
Jakob disease and Kuru), neurcacanthocytosis, seizure and convulsions, athetosis {such as
related to Huntington’s Disease, asphyxia, neonatal jaundice, and stroke), or cerebral palsy.

The present disclosure also provides compounds of Formula Ta-1, Fornula fa-2,
Formula Ib-1, Formula Ib-2, Formuia l¢-1, Formula Ic-2, Formula 1d-1, or Formula 1d-2, or
pharmaceutically acceptable salt thereof, or compositions comprising the same, for treating a
sleep disorder characterized by disrupted sleep schedule, as well as for treating Parkinson’s
Discase.

The present disclosure also provides compounds of Formula fa-1, Formula la-2,
Formula Ib-1, Formuia Ib-2, Formuia [c-1, Formula Ic-2, Formula 1d-1, or Formula Id-2, or
pharmaceutically acceptable salt thereof, or compositions comprising the same, in the
manufacture of 2 medicament for treating a sleep disorder characterized by disrupted sleep

schedule, as well as for treating Parkinson’s Discase.

Brief Deseription Of The Drawings

Figures 1A and 1B show results of L-dops administration and Sydnocarb
administration, respectively, to 6-OHDA unilaterally lesioned Sprague-Dawley rats.

Figure 2 shows that Sydnocarb, but not Tesotensine, ameliorates L-dopa-induced
dyskinesia in 6-OHDA treated rats,

Figure 3 shows the effect of Sydnocarb on L-dopa efficacy on motor function.

Figure 4 shows results of an Open Field Activity assay in which locomotor and
sensorimotor parameters were evaluated.

Figure 5 shows Sydnocarb dose-dependently increased time awake compared to vehicle
controls upon electroencephalographic analysis to monitor brain and muscular activity.

Figure 6 shows the effects of chronic L-dopa, alone or in combination with Sydnocarb,

evaluated by rating jndividual andmals for abnorral imb, oral and facial movements.
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Figure 7 shows PK profiles of drug formulations demonstrating the ethanol-based
forraulation produces shightly higher plasroa levels at several time points.

Figure ¥ shows assessment of efficacy via oral dosing of Sydnocarb in L-dopa induced
dyskinesia in 6-OHDA treated rats.

Figore 9 shows the effects of Sydnocarb on motor fanction in the forelimb adjusting
step test in unilaterally lesioned 6-OHDA rats that were treated with L-dopa with and without
Sydnocarb for 2 weeks.

Figure 10 shows the effects of oral dosing of Syduocarb on motor function in the
forelimb adjusting step test in unilaterally lesioned 6-OHDA rats that were treated with L-dopa.

Figure 11 shows the effects of Sydnocarb on abnormal involuntary movements in

unilaterally lesioned 6-OHDA rats that were not treated with L-dopa.

Description of Embodiments

As used herein, the terms “a” or “an” means that “at least one” or “one or more” unless
the context clearly indicates otherwise.

As used herein, the term “about” means that the nurnerical value is approximate and
snall variations would not significantly atfect the practice of the disclosed embodiments. Where
a numerical fimitation is used, unless indicated otherwise by the context, “about” means the
numerical value can vary by £10% and remain within the scope of the disclosed embodiments.

As used herein, the term “alkenyl group” means a monovalent unbranched or branched
hydrocarbon chain having one or more double bonds therein. The double bond of an alkenyl
group can be unconpugated or conjugated to another unsatarated group. Suitable alkenyl groups
rachude, but are not limited to (Co-Colalkenyl groups, such as vinyl, allyl, buteoyl, pentenyi,
hexenyl, butadienyl, pentadienyl, hexadienyl, 2-cthylhexenyl, 2-propyl-2-butenyl, 4-(2-mothyi-
3-butene)-pentenyvl. An alkenyl group can be unsubstituted or substituted with one or two
suitable substituents.

As used herein, the term “alkoxy group” means an -O-alkyl group, wherein atkyl is as
defined herein. An alkoxy group can be unsubstituted or substituted with one or two suntable
substitaents. Tn some embodiments, the alkyl chain of an alkyloxy group is from 1 to 6 carbon
atoms in tength, referred to herein, for example, as “(Ci-Celalkoxy.”

As used herein, the term “alkoxysulfonyl” means the moiety -S(=0%,0-alkyl, wherein
alloyl is as defived herein.

As used herein, the torm “alkoxysulfonyloxy” means the moicety -OS{(=0»0-alkyl, in

which alkyl is as defined herein.
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As used herein, the term “alkyl” or “alkyl group” means a saturated, monovalent
unbranched or branched hydrocarbon chain. Examples of alkyl groups include, but are not
timited to, (Cy-Cglalkyl groups, such as methyl, ethyl, propyl, isopropyl, 2-methyi-1-propyi,
Z-methyl-2-propyl, 2-methyi-1-butyl, 3-methyi-1-butyl, 2-methyi-3-butyl,
2,2-dimethyl-1-propvi, 2-methyl-1-pentyl, 3-methyi- L-peniyl, 4-methyl-f-pentyl,
2-methyl-2-pentyl, 3-methyi-2-pentyl, 4-methyl-2-pentyl, 2,2-dimethyl-1-butyl,
3.3-dimethyi-1-butyl, 2-ethyl-1-butyl, butyl, isobutyl, t-butyl, pentyl, isopentyl, neopentyl, and
hexyl, and longer alkyl groups, such as heptyl, and octyl. An alky! group can be unsubstituted or
substituted with one or two suttable substituenis.

As used herein, the term “alkylsulfony!” means the moicty -S{(=0)-alkyl, in which
alkoyl is as defived herein.

As used herein, the term “alkylsulfonylalkyl” means the motety -alkyl-S(=0)-alkvi,
wherein alky! (each instance) is as defined herein,

As used herein, the term “alkvisulfonylamino”™ means the moiety -NHS(=0}-alkyl, in
which alkyl is as defined herein.

As used herein, the term “alkylsulfonyloxy” means the moiety -OS(=0)-alkyl, wherein
alkvl is as defined hercin.

As used herein, the term “alkynyl group” means monovalent unbranched or branched
hydrocarbon chain having one or more triple bonds therein. The triple bond of an alkyny! group
can be unconjugated or conjugated o another unsaturated group. Suitable alkynyl groups
inchide, but are not limited to, (C;-Celalliynyl groups, such as ethynyl, propyayl, butynyi,
pentynyl, hexynyl, methylpropyoyl, 4-methyl-1-butyvoyl, 4-propyl-2-pentynyi, and
4-butyl-2-hexynyl An alkynyl group can be unsubstituted or substituted with one or two suitable
substituents.

As used herein, the term “aminosulfinyl” means the moiety -5(=0)NH,.

As used herein, the torm “aminosulfinylalky?” means the moiety -alkyl-S(=0)NH;,
wherein alkyl is as defined herein.

As used herein, the term “aminosulfonyl” means the moiety -S(=0)NH,.

As used herein, the term “aminosulfonylallyl” means the moiety ~alkyl-S(=0)-NH,,
wherein alkyl is as defined herein.

As used herein, the term “aralkyl” means a moicty having 6 to 20 carbon atoms that
combine both an aryl group and an alkyl group, as defined above. Any aralkyl motety of a
compound deseribed herein may optionally be substituted with one or more of the substituent

groups mentioned herein,
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As used herein, the term “aryl group” means a monocyclic or polyeyclic-aromatic
radical coraprising carbon and hydrogen atoms. Examples of suttable aryl groups include, but are
not limited to, phenyl, tolyl, anthacenyl, fluorenyl, indenyl, azulenyl, and naphthyl, as well ag
benzo-fused carbocyclic moieties such as 5,6,7,8-tetrahydronaphthyl. An aryl group can be
unsubstituted or substituted with one or two suitable substituents. Tn some embodiments, the aryl
group is a monocyclic ring, wherein the ring comprises 6 carbon atorns, retferred to herein as
“{Celaryl”

As used herein, the term “aralkyl” means a moiety having 6 to 20 carbon atoms that
combine both an aryl group and an alkyl group, as defined above. Any aralkyl motety of a
compound described herein may optionally be substituted with one or more of the substituent
groups mentioned hergin,

As used herein, the term “aryloxy group” means an -O-aryl group, wherein aryl is as
defined herein, An aryloxy group can be unsubstituted or substituted with one or two suitable
substituents. In some embodiments, the aryl ring of an aryloxy group is a monocyclic ring,
wherein the ring comprises 6 carbon atoms, referred to herein as “(Celaryloxy.”

As used herein, the term “benzyl” means -CHy-phenyl.

As used herein, the term “carbalkoxy™ means the moiety -C{(=0)0U-alkyl, in which alkyl
is as defined herein.

As used herein, the torm “carbony!™ group is a divalent group of the formula -C(O)-.

As used herein, the torm “carboxamido” means the moiety -C(=0)}0-NR'R", in which
R'and R", each independently represents H, alioyl, aryl or aratkyl, all as defined herein.

As used herein, the term “compounds described herein” means, collectively, the
compounds of Formula 1, and pharmaccutically acceptable salis thereof. The compounds are
identified herein by their chemical structure and/or chemical name. Where a compound is
referred to by both a chemical structure and a chemical name, and that chemical structare and
chemical name conflict, the chemical structure 1s determinative of the compound’s identity. The
compounds may contain one or more chiral conters and/or double bonds and, therefore, exist as
stereoisomers, such as double-bond isomers (i.e., geometric isomers), enantiomers, oF
diastereomers. The chemical structures depicted herein, and therefore the compounds described
herem, encompass all of the corresponding compound’s enantiomers and stercoisomers, that is,
both the stereomerically pure form (e.g., geometrically pure, enantiomerically pure, or
diastereomerically pure) and enantiomeric and stereoisomeric mixtures. Enantiomeric and
stereotsomenic mixtures can be resolved into their component enantiomers or stercoisomers by

well known methods, such as chiral-phase gas chromatography, chiral-phase high performance
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hiqaid chromatography, crystallizing the compound as a chiral salt complex, or erystallizing the
compound in a chiral solvent. Enantiomers and stereoisomers can also be obtained from
stereomerically- or enantiomerically-pure intermediates, reagents, and catalysts by well known
asymmetric synthetic methods.

As used herein, the terms “comprising” (and any form of comprising, such as
“comprise”, “comprises”, and “comprised”), “having” (and any form of having, such as “have”
and “has”), “including” (and any form of inchuding, such as “includes” and “include™), or
“containing” (and any form of containing, such as “contains” and “contain™), are inclasive or
open-ended and do not exclude additional, anrectied clements or method steps.

As used herein, the term “dialkylaminosulfiny!” means the moiety -S{=0NR'R" in
which R’ and R" each, independently, represents H, alkyl, aryl, or aralkyl, all as defined herein.

As used herein, the term “dialkylaminosalfinylatkyl” means the moiety -alkyl-
S(=0NR'R", wherein alkyl is as defined herein, and R’ and R" each, independently, represents
H, alicyl, aryl or aratkyl, all as defined herein.

As used herein, the term “dialkylaminosulfonyl” means the moiety -3(=0)NRR" in
which R’ and R" cach, independently, represents H, alkyl, aryl, or aralkyl, all as defined herein.

As used herein, the term “dialtkylaminosulfonylally!l” means means the moiety
-alkyl-S(=0)-NR'R", wherein alky? is as defined herein, and R' and R" each, independently,
represents H, alkyl, arvl or aralkyl, ali as defined herein.

As used herein, the terms “halogen” and “halo™ mean fluorine, chioring, bromine,
and/or todine.

As used herein, the term “heteroarvl group” means a monocyclic- or polycyclic
aromatic ring comprising carbon atoms, hvdrogen atoms, and one or more hetercatoms, suitably
1 to 3 heteroatoms, independently selected from nifrogen, oxygen, and sulfur. Hiustrative
examples of heteroaryl groups include, but are not limited to, pyridinyl, pyridazinyl, pyrimidyl,
pyrazyl, triazinyl, pyrrolyl, pyrazolyl, inudazolyl, (1,2,3)- and (1,2,4)-triazolyl, pyrazinyl (1,2-
and 1,4-), pyrimidiny], tetrazolyl, furyl, thienyl, isoxazolyl, thiazolyl, furyl, phienyl, isoxazolyl,
and oxazolyl. A heteroaryi group can be unsubstituted or substituted with one or two suitable
substitaents. Tn some embodiments, a heteroary] group is a monocyelic ring, wherein the ring

3

comprises 2 to § carbon atoras and 1 to 3 heteroatorns, referred to herein as “(Cy-Cs)beteroaryl.”
As used herein, the term “heterocycioalkyl group™ means a monocyclic or polycyclic

ring comprising carbon and hydrogen atoms and at least one heteroatom, suitably, 1103

heteroatoms selected from nitrogen, oxygen, and sulfur, and having no unsaturation. Exaroples

of heterocycloalkyl groups tnchude, but are not limited to, pyrrolidinyl, pyrroliding, piperidinyl,
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piperidino, piperazinyl, piperazino, morpholinyl, morpholino, thiomorpholinyl, thiomorpholing,
and pyranyl. A heterocycloalkyl group can be unsubstituted or substituted with one or two
suitable substitucnts. In some embodiments, the heterocycloalkyl group is a monocyclic or
bicyclic ring, or a monocyclic ring, wherein the ring comprises from 3 to 6 carbon atoms and
form | to 3 heteroatoms, referred to herein as (C-Cghheterocycloalkyl,

As used herein, the term “heterocyclic radical” or “heterocyclic ring” means a
heterocycloalkyl group or a heteroaryl group.

As used herein, the term “hydrocarbyl group”™ means a monovalent group selected from
(C-Csyalkyl, (C:-Cratkenyl, and (Cr-Cylalkynyl, optionally substituted with one or two suttable
substituents. In some embodiments, the hydrocarbon chain of 2 hydrocarbyl group is from 1 0 6
carbon atoms in fength, referred to herein as “(C-Cethydrocarbyl”

As used herein, the term “hydroxysultonyl” means the motety -S(=0),0H.

As used herein, the torm “hydroxysulfonvioxy™ means the moiety -OS(=0),CH.

As used herein, the phrase “in need thereof” means that the animal or mammal has been
identitied as having a need for the particular method or treatment. In some embodiments, the
identification can be by any roeans of diagnosis. Tn any of the methods and treatroents described
herein, the animal or manumal can be in need thereof

As used herein, the term “isolated” means that the compounds described herein are
separated from other components of either (8) a natural source, such as a plant or cell, such as a
bacterial culture, or (b) a synthetic organic chemical reaction mixture, such as by conventional
techniques,

When administered to a marnmal (e.g., to an animal for veterinary ose or to a human
for clinical use) the compounds described berein may be adroinistered i an isolated form. As
used herein, “isolated” means that the compounds are separated from other components of either
{a} a natural source, such as a piant or celi, such as bacterial culture, or (b) a synthetic organic
chemical reaction mixture, such as, via conventional techniques, the compounds are purified. As
used herein, “purified” means that when isolated, the isolate containg at least 90%, or at least
95%, or at least 98%, or at least 99% of a compound by weight of the isolate.

As used herein, the term “monocalkylaminosulfinyl” means the moiety ~-S(=0)NHR' in
which R'1s H, alkyl, aryl, or aralkyl, all as defined herein

As used herein, the term “monocalkylaminosulfinylalkyl” means the moiety
-alkyi-S(=0INHR', wherein alkyl is as defined herein, and R’ is H, alkyl, aryl or aralkyl, all as

defined herein.
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As used herein, the term “monoatkylaminesulfony!l” means the moiety -S(=0RNHR’ in
which R'1s H, alkyl, aryl, or aralkyl, all as defined herein

As used herein, the term “monoalkylaminosulfonyialkyl” means means the moiety
-alkyi-S(=0})-NHR', wherein alkyi is as defined herein, and R'is H, alkyl, arvi or aralkyi, all ag
defined herem.

As used herein, the term “pharmaceutically acceptable™ means approved by a
regulatory agency of the Federal or a state government or listed in the U.S. Pharmacopeia or
other generally recognized pharmacopeia for use in animals, and more particularly 1n humans,

As used herein, the phrase “pharmaceutically acceptable salt(s)” mcludes, but is not
fimited to, salts of acidic or basic groups that may be present in compounds used in the present
compositions. Compounds included in the present compositions that are basic in nature are
capable of forming a8 wide variety of salis with various inorganic and organic acids. The acids
that may be used to prepare pharmaceutically acceptable acid addition salts of such basic
compounds are those that form non-toxic acid addition salts, i.¢., salis containing
pharmacologically acceptable anions including, but not timited to, sulfuric, citrie, maleic, acetic,
oxalic, hvdrochloride, hydrobromide, hvdroiodide, nitrate, sulfate, bisulfate, phosphate, acid
phosphate, isonicotinate, acetate, lactate, malonate, mandelate, salicyiate, citrate, acid citrate,
tartrate, oleate, phthalate, tannaie, pantothenate, bitarirate, ascorbate, succinate, maleate,
gentisinate, fumarate, gluconate, glucaronate, saccharate, formate, benzoate, ghitamate,
methancsulfonate, cthanesulfonate, benzenesulfonate, naphthalenesulfonate, p-toluenesulfonate
and pamoate (i.e., 1,1"-methylene-bis-(2-hydroxy-3-naphthoate)) salts. Compounds inchuded in
the present cormpositions that inclode an amino moiety may form pharmaceutically aceeptable
salts with various amino acids, in addition to the acids reentioned above. Examples of organic
amines that may serve as salis include, but are not limited to, anunoniur, trimethylammonium,
diethylammmonium, and tris-(hydroxymethyhmethylammonium. Compounds, included in the
present compositions, that are acidic 1n nature are capable of forming base salts with various
pharmacologically acceptable cations, Examples of such salts include alkali metal or alkaline
carth metal salis and, particularly, calcium, magnesium, sodium, hithium, zinc, ammonium,
potassium, and iron salts. Another useful salt is L-dopa salt.

As used herein, the term “pheny!” means -CgHs. A phenyl group can be unsubstituted
or substituted with one or two suitable substituents.

As used herein, the term “prevention” or “prevent”, means a reduction of the risk of
acquiring a particular disease or disorder. It need not rocan the complete elimination of the

disease or disorder.
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As used herein, the term “prodrug” means a derivative of a known direct acting drog,
which derivative has enbanced delivery characteristics and therapeutic value as compared to the
drug, and is transformed into the active drug by an enzymatic or chemical process,

As used herein, the term “purified” means that when isolated, the isolate contains at
teast 90%, at least 95%, at least 98%, or at least 89% of a compound described herein by weight
of the isolate.

As used herein, a “suitable substituent” means a group that does not nullify the
synthetic or pharmaceutical utility of the compounds deseribed herein or the intermediates usehid
for preparing them. Examples of suitable substituents include, but are not limited 1o
(Cy-Cyralkyl, (C-Cyialkenyl, (Ci-Colaltkynyl, (Colaryl, (Cs-Csiheteroaryl, (Cy-Cricycloalkyl,
(Ci-Coialkoxry, (Cojaryloxy, -CN, -OH, oxo, halo, -NQO,, -CO:H, -NH,, -NH{(C-Calkyh,

NG -Colalkylp, -NH(Cgraryl), -N({(Cgraryty,, -CHO, -CO{C-Cylalkyl), -CO{(Colarvl),
~CO({C-Cyhatkyl), -CO{Coyaryl), carbalkoxy, carboxamido, alkylsulfonyl, aminosuifinyl,
alkylsulfonyloxy, dialkylaminosulfinyl, monoaliylaminosuifinyl, aminosulfonyi,
monoalkylaminosulfonyl, dialtkylaminosulfonyl, alkylsulfonylamino, hydroxysulfonyloxy,
atkoxysuifonyloxy, alkvisulfonyloxy, hydroxysulfonyl, alkoxysulfonyl, alkylsulfonvialkyl,
aminosulfonylalkyl, monoalkylaminosulfonylalkyl, dialkylaminosulfonylalikyl,
aminosulfinylalicyl, monoalkylaminosalfinylalkyl, and dialkylaminosulfinylatkyl One of skill in
art can readily choose a suitable substituent based on the stability and pharmacological and
synthetic activity of the compound described herein.

As used herein, the phrase “therapeutically effective amount” of a composition
described herein is measured by the therapeutic effectivencss of a compound described herein,
wherein at least one adverse effect of a disorder is amehiorated or alleviated. In one embodiment,
the phrase “therapeutically effective amount” of a composition described herein is measured by
the therapeutic effectiveness of a compound described herein to treat or prevent dyskinesia. In
some embodiments, an effective amount reduces any parameter by which a dyskinesia is
measured by at least 10%, by at least 20%, by at least 30%, by at least 40%, by at least 50%, by
at icast 60%, by at feast 70%, by at least 80%, by at least 90%, or by at least 95%.

As used herein, the term “treatruent” or “treating” means an amelioration of a disease or
disorder, or at least one discernible syraptom thereof. Tn another erabodiment, “treatment” or
“treating” refers to an amelioration of at least one measurable physical parameter, not necessarily
discernible by the patient. In yet another embodiment, “treatment” or “treating” means inhibiting

the progression of 8 disease or disorder, either physically, e.g., stabilization of a discernible
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symptom, physiologically, ¢.g., stabilization of a physical parameter, or both. In yet another
embodiment, “treatment” or “treating” refers o delaying the onset of a disease or disorder.

At various places in the present specification, substituents of compounds may be
disclosed in groups or in ranges. [t is specifically intended that the range or group inchude each
and every individual subcombination of the members of such groups and ranges. For example,
the term “Cy satkyl” is specifically intended to individually disclose methyl, ethyl, propyi,
Caalkyl, Csalkyl, and Cealkyl

For compounds in which a variable appears more than once, cach variablecan be a
different moicty selected fror the Markush group defining the variable. For example, where a
structure is described having two R groups that are simultancously present on the same
compound, the two R groups can represent different moieties selected from the Markush groups

defined for R. In another example, when an optionally multiple substituent 15 designated n the

X
| /_(R)s

form, for example, T , then it is understood that substituent “R” can occur “s”
nurnber of times on the ring, and “R” can be a different moiety at each occurrence. Further, in
the above example, where the variable T is defined to include hydrogens, such as when T is CH,
N, ete., any H can be replaced with a substituent,

It is further appreciated that certain features of the disclosure, which are, for clarity,
described in the context of separate embodiments, can also be provided in combination in a
single embodiment. Conversely, various features of the disclosure which are, for brevity,
described in the context of a single embodiment, can also be provided separately or in any
suitable subcombination,

It 1s understood that the present disclosure encornpasses, where applicable,
sterenisomers, diastercomers, and optical stercoisomers of the compounds described herein, as
well as mixtures thereof, qnd uses thereof. Additionally, it is understood that stereoisomers,
diastereomers, and optical sterecisomers of the compounds described herein, and mixtares
thercof, are within the scope of the present disclosure. By way of non-limiting exarople, the
mixture may be a racemate or the mixture may comprise unequal proportions of one particular
stereoisomer over the other. Additionally, the compounds can be provided as a substantially pure
stercoisomers, diastercomers and optical stereoisorers (such as epimers).

To the extent that any of the compounds described hercin may be asyrmmetric {e.g.,

=

having one or more stereocenters), all sach stereoisomers, such as enantiomers and
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diastercomers, are intended to be inchided within the scope of the disclosure unless otherwise
mndicated. Compounds that contain asymuuetrically substituted carbon atoms can be isolated in
optically active or racemic formas, Methods of preparation of optically active forms from
optically active starting materials are known in the art, such as by resolution of racemic mixtures
or by stereoselective synthesis. Many geometric isomers of olefing, C=N double bonds, and the
like can also be present in the compounds described herein, and all such stable isomers are
contemplated in the present disclosure. Cis and frans geometric isomers of the compounds are
also inchuded within the scope of the disclosure and can be isolated as a mixture of isomers or as
separated isomeric forms. Where a corapound capable of stercotsomerism or geometric
isoraerism is designated in its structure or name without reference to specific R/S or cis/trans
configurations, it is intended that ali such isomers are contemplated.

Resohition of racemic mixtures of compouands can be carried out by any of numercus
methods known in the art, including, for example, fractional recrystallizaion using a chiral
resolving acid which is an optically active, salt-forming organic acid. Suitable resolving agents
for fractional recrystallization methods inchide, but are not limited to, optically active acids, such
as the [ and L forms oftartaric acid, diacetyitartaric acid, dibenzovltartaric acid, mandelic acid,
malic acid, lactic acid, and the various optically active camphorsulfonic acids such as §-
camphorsulfonic acid. Other resolving agents suitable for fractional crystallization methods
inclade, but are not limited to, sterecisomerically pure forms of a~-methylbenzyviamine {e.g., §
and & forms, or diastereomerically pure forms), 2-phenyiglycinol, norephedrine, ephedrine, N-
methylephedrine, cyclohexylethylamine, 1,2-diaminocycichexane, and the like. Resolation of
racemic mixtures can also be carried out by elution on a columm packed with an optically active
resolving ageut (¢.g., dinitrobenzoyiphenylglycine). Suttable elation solvent compositions can be
determined by one skilled in the art.

To the extent that the compounds described herein may may include tautomeric forms,
all such tautomeric forms are intended to be included. Tautomeric forms result from the
swapping of a single bond with an adjacent double bond together with the concomitant migration
of a proton. Tautomeric forms include prototropic tavtomers which are isomeric protonation
states having the same ewmpirical formula and total charge. Examples of prototropic tavtorers
include, but are not limited to, ketonc-enol pairs, amide-imidic acid pairs, lactam-lactim pairs,
amide-imidic acid pairs, cnamine-iming pairs, and annular forms where a proton can occupy two
or more positions of a heterocyclic system including, but not imited to, 1H- and 3H-imidazole,
IH-, 2H- and 4H-1,2 4-triazole, 1H- and 2H- isoindole, and 1H- and 2H-pyrazole. Tautomeric

forms can be in equilibrivm or sterically locked into one form by appropriate substitution.
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A person skilled in the art will recognize that compounds of Formula Ta-1, Formula fa-
2, Formula Ih-1, and Formula 1h-2 are “Joner salis” and can exist as depicted. Compounds of
Formula 13 are tautomers of the corresponding compounds of Formula 1b. A person skilled in
the art will recognize that tautomers may exist as discrete entities in the solid state but that in
solution the pairs of tautomers may equilibrate to one or the other taytomeric form orto a
mixture of the two tautomers depending on the relative thermodynamic stability of the tautoraers
in the relevant mediim. Compounds depicted in this application encompass the possible
tantomeric forms as well as the form (or forms) present upon in vive administration in the
systernic circulation of a manunal.

A person skilled in the art will also recognize that each of these previously mentioned
formula’s depicts compounds that can be protonated by an external acid resulting in acid
addition compounds of Formuia Te-1, Formusla Ie-2, Formuda Id-1, and Formula Id-2. In each of
these compounds, the positive charge in the five membered heterocyclic {e.g., oxadiazole) ring is
associated with an anionic negatively charged counter-ion which arises from the external acid.
The external acid may be chosen from a list of pharmaceutically acceptable acids such as those
described herein,

A person skilled in the art will also recognize that compounds of Foromla fa-1, Formula
ia-2, Formula Ib-1, Formmuila Ib-2, Formuia Ic-1, Formula Ic-2, Formula Id-1, and Formula id-2
contain a chiral center (when U = C) at the atom position “U” and when the three substituents
apart from the heterocyclic ring attached to U are different. The compounds recited in this
disclosure encompass both the racemic forms of these chiral compounds as well as the individual
cnantiomers as depicted in Formula Ta-1, Formula [a-2, Formula Ib-1, Formula 1b-2, Formula lc-
1, Formula -2, Formula Id-1, or Fornula 1d-2.

The compounds described herein also inchude hydrates and solvates, as well ag
anhydrous and non-solvated forms.

The compounds described herein mway also include all isotopes of atoms occarring in the
intermediates or final compounds. Isotopes inchude those atoms having the same atomic number
but different mass numbers, For example, isotopes of hydrogen inchude trittum and deuteriam.

In some embodiments, the compounds, or salts thereot, are substantially isolated. Partial
separation can include, for exaruple, a composition enriched 1u the compound of the disclosure.
Substantial separation can include compositions containing at least about 50%, at least about
60%, at least about 7(%, at least about 0%, at least about 80%, at teast about 95%, at least
about 97%, or at least about 99% by weight of the compound of the disclosure, or salt thercof.

Methods for isolating compounds and their salts are routing in the art.
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Although the disclosed compounds are suitable in their stated form, other fumctional
groups can be incorporated into the compound with an expectation of similar resulis. In
particular, thioamides and thioesters are thought to have very similar properties. The distance
between aromatic rings can impact the geometrical pattern of the compound and this distance can
be altered by incorporating aliphatic chains of varying length, which can be optionally
substituted or can comprise an amine acid, a dicarboxylic acid or a dianune. The distance
between and the relative orientation of monomers within the compounds can also be aitered by
replacing the amide bond with a surrogate having additional atoms. Thus, replacing a carbony!
group with a dicarbonyl alters the distance between the mounomers and the propensity of
dicarbonyl unit to adopt an anti arrangement of the two carbony! moiety and alter the periodicity
of the compound. Pyromellitic anhydride represents still another alternative to simple amide
tinkages which can alter the conformation and physical properties of the compound. Modem
methods of solid phase organic chemistry (E. Atherton and R, C. Sheppard, Solid Phase Peptide
Synthesis A Practical Approach IRL Press Oxford 1989) now allow the synthesis of
homodisperse compounds with molecular weights approaching 5,000 Daltons. Other substitution
patterns are oqually effective.

The compounds described herein may also include derivatives referred to as prodrugs,
which can be prepared by modifying functional groups present in the compounds in such a way
that the modifications are cleaved, etther in routine manipulation or in vive, to the parent
compounds, Examples of prodrugs inchude compounds of the disclosure as described herein that
contain one or more molecular moieties appended to a hydroxyl, amino, sulthydryvl, or carboxyl
group of the compound, and that when administered to a patient, cleaves in vivo to form the free
hydroxyl, amino, sulfhydryl, or carboxyl group, respectively, Examples of prodrugs include, but
are not limited to, acetate, formate, and benzoate derivatives of alcohol and amine functional
groups in the compounds of the disclosure. Preparation and use of prodrugs is discussed in T.
Higachi et al,, “Pro-drugs as Novel Delivery Systems,” Vol 14 of the A.C.S. Symposium Series,
and in Bioreversibie Carrviers in Drug Design, ed. Edward B. Roche, American Pharmaceutical
Association and Pergamon Press, 1987, both of which are incorporated herein by reference in
their entireties.

The compounds described herein can also be aliered to contain an amine function,
which can form an N-oxide. A reference herein to a compound that contains an anune function
also includes the N-oxide. Where a compound contains several amine functions, one or more
than one nitrogen atom can be oxidized to form an N-oxide. Examples of N-oxides uchide N-

oxides of a terhiary arnine or a nifrogen atom of a nitrogen-containing heterocycle. N-Oxides can
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be formed by treatment of the corresponding ammine with an oxidizing agent such as hydrogen
peroxide or a per-acid {e.g., a peroxycarboxylic acid) (see, Advanced Organic Chemistry, by
Jerry March, 4th Edition, Wiley Interscience).

The structures depicted herein may omit necessary hydrogen atoms to complete the
appropriate valency. Thus, in some instances a carbon atom or nitrogen atom may appear to have
an open valency (i.¢., a carbon atom with only two bonds showing would implicitly also be
bonded to two hydrogen atoms; in addition, a nitrogen atom with a single bond depicted would
mmplicitly also be bonded to two hydrogen atoms), For example, “-N” would be considered by
one skilled in the art to be “-NH,.” Thus, in any structure depicted hercin wherein a valency is
open, a hydrogen atom is implicit, and is only omitted for brevity.

The compounds described herein can also include various charged states. For example,
one or more moieties of any of the cormpounds described herein can be charged. In some
instances, any moiety having an amino group can be -NH; . Thus, each amino group existing in
any compound described herein can, independently, be either -NH, or -NH; '

The present disclosure provides one or more compounds of Formula Ia-1, Formala fa-2,
Formula 1b-1, Formula 1b-2, Formulda Ie-1, Formula Ie-2, Formula Id-1, or Formula 1d-2:
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(Id-23,
or a pharmaceutically acceptable salt thereof, wherein: Uis C or N; each R' is, independently, H,
Cy-Cealkyl, Cp-Cealkenyl, Cr-Cealkynyi, Cy-Coalkoxy, Ci-Cealkylthio, -CN, -OH, -SH, halo,

S haloaltkyl, -NGy, -N(=0), -C(=030H, -NH,, -CFs, -NH(Ci-Caalkyl), -N(C-Coallyi)y, -C(=0)H,
carbalkoxy, carboxamido, alkylsulfonyl, allkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyl,
monoalkylaminosulfinyl, aminosulfonyl, monoalkylaminosalfonyl, dialkylaminosulfonyl,
alkylsulfonylamino, hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy,
hydroxysuifonyl, alkoxysulfonyl, alkyisulfonylaliyl, aminosutfonylalkyi,

10 monoalkylaminosulfonylatkyl, dialkylaminosulfonylalkyl, aminosulfinylalioyl,
monoalkylaminosulfinvialkyl, or dialkylarsinosulfinylalkyl, where ris 0, 1, 2, 3, 4, or 5; cach R
and R’ is, independently, H, C,-Cealkyl, Cr-Cealkenyl, Co-Coaloynyl, Ci-Cealkoxy,
Cy-Cealkylthio, -CN, -OH, -SH, hale, haloalkyl, -NG,, -C(=0)H, -NH,, -CF3, -NH(C,-Cealkyh),
-N(Ci-Cealkyl), -C(=0)H, carbalkoxy, carboxamde, alkylsulfonyl, allylselfonyloxy,

15 aminosulfinyl, dialkylaminosulfinyl, monoalkylaminosulfinyl, aminosulfonyi,
monoalkylaminosulfonyl, diatkyiaminosulfonyl, alkylsulfonylamino, hydroxysulfonyloxy,
atkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl, alkylsulfonylalkyl,
aminosulfonylalkyl, moncalkylaminosultonylalkyl, dalkyvlaminosulfonyialkyl,
aminosulfinyialkyl, monoalkylaminosulfinylalkyl, dialkylaminosulfinylalkyl, arvi, or

20 aryl(Cy-Cealkyl wheren is 8, 1, 2, 3, or 4; cach R and 1 s, independently, H, Ci-Cgalkyi,
Co-Cealkenyl, Ci-Cealkynvl, Ci-Csalkoxy, Ci-Caalkylthio, -CN, -OH, -SH, halo, haloalkyl, -NOs,
-C(E=0)Y0H, -NH,, -CFs, -NH(C-Cealkyh), -N{Ci-Cealkyly,, -C{=0H, carbalkoxy, carboxamido,
alkylsulfonyl, alkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyi, monoalkylaminosulfinyl,

aminosulfonyl, monocalkylaminosulfonyl, dialkylaminosualfonyl, alkylsulfonylamino,

[\
&

hydroxysulfonyioxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl,
atkylsulfonylalkyl, aminosulfonylailyl, monoalkylaminosulfonylalioyl,
dialiylaminosuifonylalkyl, aminosulfinviaikyl, monoalkylaminosulfinylalkyi,
diatkylaminosulfinylalkyl, aryl, or arvlCi-Cealkyl, where p s 0, 1, 2, 3, or 4, Wis Hor

Cy-Cealkyl; Y is H, Ci-Caatkoxy, C-Cgalkylthio, -CN, -OH, -8H, halo, halcaliyl, -NO,,
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-C(=0)OH, -NH;, -CF;, -NH{C-Cgalkyl), -N(C-Cgalkyl), -C(=0)H, carbalkoxy, carboxamido,
atkvlsulfonyl, alkvisulfonyloxy, aminosulfinyl, dialkviaminosulfinyl, monocalkylaminosulfinyl,
aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfonylamine,
hydroxysulfonyloxy, alkoxysulfonyloxy, allcylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl,
alkyvisulfonylalkyl, aminosulfonylalkyl, monecalkylaminosulfonylalkyl,
diatkylaminosulfonylalkyl, aminosulfinylaltkyi, monoalkylaminosulfinylaiyl, or
dialkyiaminosulfinylalkyl, X s Q or 5, Z 8 G or §; R’ is H or halo; (3 is H, Ci-Cgalkyl, arvl,
Ci-Csalkylaryl, Ca-Ceeycloalkyl, or heterocaryl, each of which is optionally substituted with
R, where tis 0, 1,2, 3, 4, or $; R* is H or Ci-Cealkyl; and cach R is, independently, H,
Cy-Cealkyl, Cp-Caalkenyl, Cr-Caalkynyi, Cy-Cealkoxy, Ci-Cealkylthio, -CN, -OH, -SH, halo,
haloalkyl, -NOy, -N{=0),, -C{(=0)0H, -NH,, -CFz, -0-8(=0)0H, -NH(C;-Csalkyl),
N{Cy-Coalkyly, -C(=0H, -C(=0)Cy-Coalkyl, -C(=0)Ci-Cealkoxy, carbalkoxy, carboxamido,
alkylsulfonyl, alkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyl, monoslkylaminosulfinyl,
aminosulfonyl, monoalkylaminosulfonyl, dialkviaminosulfonyl, alkylsulfonylamino,
hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl,
atkvlsulfonylalkyl, aminosulfonylalky!, moncalkylaminosulfonylalkyl,
dialkylaminosuifonylalkyl, aminosulfinyialkyl, monocalkylaminosulfinylaltkyl, or
dialiylaminosuifinylatkylh

In some embodiments, each R' is, independently, H, C;-Cealkyl, Co-Cealkenyl,
Cy-Cealkoxy, -CN, ~OH, halo, haloalicyl, -NO», -C=030H, -NH,, -CF;, -NH{C-CealkyD),
N{C-Cgalkylh, or -C(=0H, whereris 1, 2, 3, 4, or 5. In some embodiments, each R'is,
fndependently, H, C-Caalkyl, Ci-Csalkoxy, -CN, -OH, halo, haloalkyl, -C(=00OH, -NH,,
-CFs, or -C(=0)H, where v is 1, 2, 3, 4, or 5. In some embodiments, cach R’ is, independently, H,
Cy-Chalkyl, Ci-Cialkoxy, -CN, -OH, halo, -NH,, or -CF3, whereris 1, 2, 3, 4, or 5. In some
embodiments, each R' is, mdependently, H, C-Cialkoxy, -OH, halo, -NH;, or -CF;5, wherevis |,
2ﬂ37490r5°Insonu:mmbodﬁnenm9each}ﬁjiaindepcndenﬂy,ﬁgnuﬁhoxy,mhoxy,?,{ﬂﬂBn
-NHs, or -CFy,wherevis 1,2, 3, 4, or 5. In some embodiments, each rR' s, independently, F, Cl,
or Br, where ris 1, 2, 3, 4, or 5. In some embodiments, each R' is F, whereris 1,2, 3, 4, or 5.

In some embodiments, each R? and R’ is, mdependently, H, Ci-Csalkyl, C;-Cealkenyl,
Cy-Cealkoxy, -ON, -OH, halo, halealkyl, -NO,, -C(=0Y0OH, -NH,, -C¥F;, -NH{(C;-Cgalkyl},
IN(Cs-Coalkyl)y,, or -C(=03H, wherenis 1, 2, 3, or 4. In some embodimenis, cach R? and R’ is,
mdependently, H, Ci-Csalkyl, C1-Cialkoxy, -CN, -OH, hale, haloalkyl, -N{C;-Caalkyl), -NO;,
-NH», or -CF3, where nis 1, 2, 3, or 4. Tn some embodiments, cach R% and R is, independently,

H, C;-Caalkyl, -CN, -OH, halo, -N{C;-Cjalkyly,, -NH;, or -CF3, where nis 1, 2, 3, or 4. In some
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embodiments, each R and R is, independently, H, C-Caalkyl, -OH, -N(C,-Caalkyl), or halo,
where n is 1, 2, or 3. Tn some embodiments, cach B* and R’ is, independently, H, F, {1, or Br,
where 1 is 1 or 2. In some embodiments, cach R and R is, independently, H, ¥, C1, or Br, where
nis 1. In some embodiments, R and R are both Hand n is 1.

In some embodiments, each RYand R® is, ndependently, H, Ci-Cealkyl, C)-Coalkenyl,
Cy-Cealkoxy, -CN, ~OH, halo, haloalicyl, -NG,, -C(=00H, -NH,, -CF;, -NH{C-CialkyD),
“N{C;-Cgalkylh, or -C(=0H, where nis 1, 2, 3, or 4. In some embodiments, cach RYand R’ is,
mndependently, H, C;-Caalkyl], Ci-CGralkoxy, -CN, -OH, halo, haloallyl, -NG;, -NH,, or -CF;,
where nis 1, 2, 3, or 4. In some embodiments, each R* and R is, independently, H, C,-Cialkyl,
-CN, ~OH, halo, -NH,, or -CE5, where nis 1, 2, 3, or 4. In some embodiments, cach RY and R’ is,
mdependently, H, Ci-Csalkyl, -ON, or halo, where nis |, 2, or 3. Tn some embodiments, cach R
and R is, independently, H, F, Cl, or Br, where nis 1 or 2. In some embodiments, cach R* and
R is, independently, H, F, CL, or Br, where nis 1, In some embodiments, R*and R® are both H
andn is 1.

In some embodiments, Y s H, C-Cralkoxy, -ON, -OH, halo, haloalkyl, -NH;, or -CF;.
In some embodiments, Y 1s H, C;-Csalkoxy, -CN, -OH, or halo. In some embodiments, YV is H,
-CN, -OH, F, Cl, or Br. In some embodiments, Y is H, -OH, F, Cl, or Br. In some embodiments,
Y s H.

In sorae embodiments, (CR4R5)},-Y’ s a Cy-Coalkyl. In some emboduments, (CR4R5)},-Y’
is a Cy-Chalkyl In some cmbodiments, ((7£{4R5)p--‘1' is methyl or ethyl

In some embodiments, X is O.

In some embodiments, 2 1« O

In some embodiments, (@ 18 aryl chosen from anthracenyl, indanyl, indenyl, naphthyl,
phenanthrenyl, phenyl, and tetrahydronaphthyl; or heteroaryl chosen from acridinyl,
benzimidazolyl, benzofuryl, benzothienyl, benzoxazolyl, benzthiazolyl, carbazolyl, furazanyl,
tidazolyl, indazolyl, indolinyl, indolizinyl, indolyl, 3H-indolyl, isobenzoturanyl, iseindolyl,
isoquinolyl, isothiazolyl, isoxazolyl, naphthyridinyl, oxadiazolyl, oxazolyl, perimidinyl,
phenanthridinyl, phenanthrolinyl, phenazinyi, phenothiazinyl, phenoxazinyl, phthalazinyl,
purinyl, pyranyl, pyrazinyl, pyrazolvl, pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl, 2H-pyrrolyl,
pyrrvl, quinazolinyl, 4H-quinolizinyl, tetrazolyl, 1,2, 4-thiadiazolyl, thianthrenyl, thiazolyl,
thienyl, triazinyl, triazolyl, and xanthenyl; wherein the aryl or heteroaryl is optionally substituted
with ~(R6)-k, wheretis 0,1, 2, 3, 4, or 5. In some embodiments, Q is aryl chosen from
anthracenyl, naphthyl, and phenyl; ot heteroaryl chosen from benzimidazolyl, benzofuryl,

benzoxazolyi, carbazolyl, furazanyl, imidazolyl, indazolyl, indolinyl, indolizinyl, indolyl,
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JH-indolyl, 1sondolyl, isoquinolyl, 1sothiazolyl, isoxazolyl, naphthyridinyl, oxadiazolyl,
oxazolvl, purinyl, pyraonyl, pyrazinyl, pyrazolyl, pyridazioyl, pyridyl, pyrimidinyl, pyrrolyl,
pyrryl, quinazoliny, thienyl, triazinyl, and triazolyl; wherein the aryl or heteroaryl is optionally
substituted with -(R%), where tis @, 1, 2, 3, 4, or 5. In some embodiments, Q is arvl chosen from
naphthy! and phenyl; or heteroaryl chosen from benzimidazolyl, benzoxazolyl, imidazolyl,
indazolyl, indolinyl, indolyl, isoquinolyl, isoxazolyl, oxazolyl, purinyl, pyranyi, pyraziny,
pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl, pyrryl, thienyl, and triazolyl; wherein the
aryl or hetercaryl is optionally substituted with -(R%), where tis 0, 1, 2, 3, 4, or 5. In some
embodiments, Q is arvl chosen from naphthy! and pheoyl; or heteroary! chosen from
benzimidazolyl, imidazolyl, indolyl, oxazolyl, purinyl, pyranyl, pyrazinyl, pyrazolyl,
pyridazinyi, pyridvi, pyrimidinyl, pyrrolyl, pyrryl, thienyl, and triazolyl; wherein the arvi or
hetercaryt is optionally substituted with —(Ré)f_g wheretis 8, 1,2, 3, 4, or 5. In some
crbodiments, { is phenyl, pyridazinyl, pyridyl, pyrimidinyl, or triazolyl, cach of which is
optionally substituted with ~(R6),,, whereti8 0, 1,2, 3,4, or 5.

Tn some embodiments, each R® is, independently, H, -CN, haloalkyl, Ci-Cealkyl,
C-Cgalkoxy, -OH, halo, -N(=0),, -C(=0)0H, -NH,, -CF3, -O-8(=0),0H, -N(C;~-Cgalkyl),,
SC(=OC-Cealkyl, or -C(=0)C,-Cgalkoxy. In some embodiments, each R is, independently, H,
Ci-Caalkyl, Ci-Cralkoxy, -ON, -OH, halo, haloalkyl, -NH;, -CF3, -N(=0},, -C(=0)OH,
-0-8(=0),0H, -N{C,-Cgalkyl),, ~-C(=0)C,-Cealkyl, or -C(=0)Cy-Cealkoxy. Tn some
embodiments, each RO s, independently, H, Cy-Caallyl, -CN, -OH, halo, -NH,, -CF;,
Ci-Caalkoxy, -N(=0),, ~-C{=0)0H, -OG-S(=0},0H, -N(C-Caalkyl),, -C(=0)C-Caalkyl, or
-C(=0YC1-Chalkoxy. In some embodiments, each RS is, independently, H, Ci-Csalkyl,
C-Caalkoxy, -OH, halo, -N(=0),, -C(=0)0H, -NH,, -CF3, -O-5(=0),0H, -N(C;-Cialkyl),,
SC(=OC-Caalkyl, or -C(=0)C,-Csalkoxy. In some embodiments, each R is, independently, H,
F, CL or Br. In some embodiments, each R is, independently, Hor F.

In some embodiments, U s C.

In some embodiments, W is H.

In some embodiments, R’ is H.

Tn some embodiments, R is 1.

Tn some embodiments, cach R is, independently, H, C,-Cealkyl, Co-Cyalkenyl,
Cy-Cealkoxy, -ON, -OH, halo, haloalkyl, -NO,, -C(=0YOH, -NH,, -CFy, -NH{C-Cgalkyl),
N{Ci-Coalkylly, or -C(=03H, where ris |, 2, 3, 4, or 5; each R and R is, independently, H,

Ci-Cealkyl, Co-Coalkenyl, Ci-Coalkoxy, -CN, -OH, hale, haloalkyl, -NO;, -C{(=0)Y0H, -NH;,
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-CF3, -NH(C,-Cealkyl), -N(C-Csalkyl)y, or -C(=C)H, where nis 1, 2, 3, or 4; cach R* and R is,
independently, H, C-Cealkyl, Cy-Cealkenyl, Cy-Csalkoxy, -CN, -OH, hale, haleoalkyi, -NO;,
-C{=0YOH, -NH,, -CF3, -NH{Cy-Cgalkyl}, -N(C-Cealkyl),, or -C{(=0H, wherenis 1, 2, 3, or 4;
Y is H, C-Cealkoxy, -CN, -OH, halo, haloalkvi, -NH,, or -CUFz; X is O; 7 is O; Q 1s aryl chosen
from anthracenyl, indanyl, indenyl, naphthyl, phenanthrenyl, phenyl, and tetrahydronaphthyl; or
heteroaryl chosen from acridinyl, benzimidazolyl, benzofuryl, benzothienyl, benzoxazolyl,
benzthiazolyl, carbazolyl, furazanyl, imidazolyl, indazolyl, mdolinyi, indolizinyl, indolyi,
3H-indolvl, isobenzoturanyl, isoindolyl, isoquinolyl, wsothiazolyl, isoxazolyl, naphthyridinyl,
oxadiazolyl, oxazolyl, perimidinyl, phenanthridioyl, phenanthroliny!, phenazinyl,
phenothiazinyl, phenoxazinyl, phthalazinyl, purinyl, pyranyl, pyrazinyl, pyrazolyl, pyridazinyl,
pyridyl, pyrimidinyl, pyrrolyl, 2H-pyrrolyl, pyrryi, quinazolinyl, 4H-quinolizinyl, tetrazolyi,
[,2 4-thiadiazolyl, thianthrenyl, thiazolyl, thienyl, triazinyl, triazolyl, and xanthenyl; wherein the
aryl or heteroaryl is optionally substituted with --(Réy)t,, where 1188, 1,2, 3, 4, or 5; each R® s,
independentiy, H, -ON, haloalkyl, Cy-Cealkyl, Ci-Cealkoxy, -OH, halo, -N{&=O,, -C(=()0H,
-NHj, ~CF3, ~0-5(=0);0H, -N(C-Cgalkyl), -C{(=0)C,-Cealkyl, or -C(=0)Ci-Cealkoxy; U is C;
Wis H: R s H; and R® §s HL

In some embodiments, cach R is, independently, H, C;-Cealkyl, Cy-Csalkoxy, -CN,
-OH, halo, haloalkyl, -C(=0)OH, -NH,, -CF;, or -C(=0H, where v is 1, 2, 3, 4, or 5; each R’ and
R’ is, mdependently, H, C;-Csalkyl, Cy-Cialkoxy, -CN, -OH, halo, haloatkyl, -N{C,-Caalkyly,,
NO», -NH,, or -CFs, where n is 1, 2, 3, or 4; cach R* and R’ is, independently, H, C-Cialkyl,
C1-Cialkoxy, -CN, -OH, halo, haloalkyl, -NG,, -NH,, or -CF;, wherenis 1,2, 3, or4; Y is H,
Ci-Caalkoxy, -CN, -OH, or halo; X is G; Z 18 O; @ 1s aryl chosen from anthracenyl, naphthyl,
and pheayl; or heteroaryl chosen from benzimidazolyl, benzofuryl, benzoxazolyl, carbazolyl,
furazanyl, imidazolyl, indazolyl, indolinyl, indoliziny, indolyl, 3H-indolyl, isoindolyl,
isoquinolyl, isothiazolyi, isoxazolyl, naphthyridinyl, oxadiazolyl, oxazolyl, purinyl, pyranyl,
pyrazinyl, pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl, pyrryl, quinazolinyl, thienyl,
triazinyl, and trizzolyl; wherein the aryl or heteroary! is optionally substituted with -(R®),, where
tis @, 1,2, 3,4, or 5; each R® is, independently, H, C;-Cjalkyl, C-Csalkoxy, -ON, -OH, halo,
haloalkyl, -NHa, -CF3, -N(=0),, -C(=0)OH, -O-5(=0)0H, -N{C-Cgalkyl},, ~C{=0)C;-Cealkyl,
or -C(=0YCh-Cealkoxy; Uts C; Wis H; R s H:and RYis H.

In some embodiments, each R is, independently, H, C;-Csalkyl, Cy-Chalkoxy, -ON,
-OH, halo, -NH., or -CFs, where ris 1, 2, 3, 4, or 5; cach R? and R’ Is, mdependently, H,
C1-Caalkyl, -CN, -OH, halo, -N{C;-Caalkyly, -NHz, or -CFs, wherenis 1, 2, 3, or 4; each R* and
R is, independently, H, C;-Cialkyl, -CN, -OH, halo, -WNH;, or -CF;, wherenis 1,2, 3, or4; Y is
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H, -CN, -OH, F, Ci, or Br; X 13 O; Z 18 O; Q15 aryl chosen from naphthyl and phenyl; or
heteroaryl chosen from benzimidazolyl, benzoxazolyl, imidazolyl, indazolyl, indolinyl, indolyl,
isoquinolyl, isoxazolyl, oxazolyl, purinvl, pyranyl, pyrazinyl, pyrazolyi, pyridaziny, pyridyl,
pyrimidinyi, pyrrolyl, pyrryl, thienyl, and triazolyl; wherein the aryl or heteroaryl is optionally
substituted with -(Ré)f_y where 1180, 1, 2,3, 4, or §; cach R® is, independently, H, C;-Cialkyi,
-CN, -OH, halo, -NH,, -CF;, C-Caalkoxy, -N(=0),, -C{(=0)0OH, -O-S{=0},0H, -N{C,-Cialkyll,,
-CE=0)C,-Caalkyl, or -C=0)C-Caalkoxy; U ds C; W is Hy R is H; and R is HL

T some embodiments, each R' is, mdependently, H, C;-Caalkoxy, -OH, halo, -NH;, or
-CFy, wherers 1, 2, 3, 4, or 3; cach R? andg R’ is, independently, H, C;-Caalkyl, -OH,
~IN(Cs-Cralkyl),, or halo, where nis |, 2, or 3; cach R and R’ is, independentiy, H, Cy-Cialkyl,
-CN, orhalo, wherenis 1,2, or 3, Y s H, -OH, F, CL or Br; X is O; Z 48 O Q18 aryl chosen
trom naphthyl and phenyl; ot heteroaryl chosen fror beonzimidazolyl, imidazolyl, indolvl,
oxazolyl, purinyl, pyranyl, pyrazinyl, pyrazolyl, pyridazinyi, pyridyl, pyrimidinyl, pyrrolyl,
pyrryl, thienyl, and triazolyl; wherein the aryl or heteroaryl is optionally substituted with -(R®),
wheretis G, 1, 2, 3, 4, or 5; each RS s, mdependently, H, C-Csalkyl, Ci-Ciatkoxy, -OH, halg,
-MN{=0Y,, -C(=0)OH, -NH,, -CF;, -O-5(=0)0H, -N(C;-Cialkyl),, -C(=0)C,-Caalkyl, or
C{=0NC-Caalkoxy; U is C; W is H; R is H; and R” is H.

In some embodiments, each R s, independently, H, methoxy, ethoxy, F, Cl, Br, -NHa,
or -CFy,where ris 1,2, 3, 4. or 5; cach R? and R is, independently, H, F, Cl, or Br, wheren s 1
or 2; cach R* and R’ is, independently, H, F, CLor Br, wherenis Lor2; Yis H; Xis O; 7 is O
Q is phenyl, pyridazinyi, pyridyl, pyrimidinyl, or triazolyl, each of which is optionally
substituied with —(Rfj)f, where tis 0, 1, 2,3, 4, or §; cach R® is, independently, HLF, CL o Br, U
RO WH R sH and RO s H

In some embodiments, each R' is, independently, F, Cl, or Br, wherevis 1, 2, 3, 4, or 5;
each R and R is, independently, H, F, Cl, or Br, where nis 1; each R*and R is, ndependently,
H,F,CLorBr,wherenis 1; Yis H; X158 O; Z 18 O; Q 1s pheayl, pyridazinyl, pyridyi,
pyrimidinyl, or triazolyl, each of which is opticnally substituted with (R®), where tis 0, 1, 2, 3,
4, or 5; each R is, independently, Hor F; U is U, Wis H; R’is H; and R is H.

Tn some embodiments, cach R' is F, where ris |, 2, 3, 4, or 5; R? and R are both H and
nis 1; R*and R are both Hand nis 1; Y 18 H; Xis 01 Z s O; Q is phenyl, pyridazinyl, pyridyl,
pyrimidinyl, or triazolyl, cach of which is optionally substituted with -(R®), where tis 0, 1, 2, 3,
4, or §; each R® is, independently, Hor F; Uis C, W is H; R’ is H; and R¥ is H.

Hlustrative examples of corapounds that are ecncoropassed by Formwula T and that may be

uscful in the methods described herein include, but are not limited to, sydnocarb (U s C; ris O
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Rfand R areboth Hinis ;R and R areboth Hy pis L Wis Hi Vis H: Xis O: Zis O; R s
H; Q is phenyl; tis 0; and R® is H), hydroxysydnocarb (U is C; ris 0; R* and R” are both H; u is
1; R* and R® are both H; pis b WisH YisH; Xis0; Zis G R7is H; Qis phenyl; tig 1; RO

-OH in para position; and R® is H), or dihydroxysydnocarb (U is C; ris 0; one of R and R is H

5  andthe othorof RZand R is -OH: nis ;R and RO arcboth Hyp s L Wi H: Y s H; Xis O, 2
is O; R s H; Q is phenyl tis 1 Ris-OH in para position; and RYis H}.
In some embodiments, the compound(s}, or pharmaceutically acceptable salt thereof, is
chosen from any one or more of the following (inchuding any enantiomer thereof):
® r\lj \ @ [\lj \\
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In some embodiments, the compound(s}, or pharmaceutically acceptable salt thereof, is

chosen from any one or more of the following (inchiding any enantiomer thereof):

/z=z
v
4/<z
O/Z:Z
V4
:<ZI

In some embodiments, the compound is not sydnocarb; hydroxysydnocarb;
dibydroxysydnocarb; N-phenylearbamoyi-3-(benzyl}-sydnonimine; N-(37,4'-
dichlorophenylcarbamoyl-3-phenethyl-sydnonimine; N-{p-chlorophenylycarbamoyl-3-
phenethylsydnonimine; N-(m-triflucromethylcarbamoyl-3-phenethylsydnonimine; 3-
(benzylsydnonimine-N-phenylearbamoyl; 3-(p-methyl-benzyhsydnonimine-N-
phenylcarbamoyi; 3-(phenyipropyhsydnontmine-N-phenylcarbamoyl; 3-(p
carboxylbenzyhsydnonimine-N-phenylearbaroyl; 3 {(p-fluorobenzy- sydnonimine-N-
phenylcarbamoyl; 3-phencthylsydnonimine-N~(3'-4"-dichloro-phenylicarbamoyl; and 3-(p-
nitrophenethyl}-sydnonimine-N-(3" 4-dinttro-phenyhcarbamoy!; or a pharmaceutically
acceptable salt thereof,

It will be understood that the compounds described herein are illustrative only and not
intended to limit the scope of the claims to only those compounds,

The compounds described herein can be prepared by organic chemustry techniques
known to those of ordinary skill in the art. For exarople the compounds described herein can be

prepared as described in, for example, GB Patent No. 1,262,830, U.S. Patent Application



10

WO 2014/145126 PCT/US2014/029827

“33.

Pablication No. 2008/0319030, and U.S. Patent Application Publication No. 2011/0288137,
which are incorporated berein by reference in is entirety.

Preparation of the compounds described herein can involve the protection and
deprotection of various chemical groups. The need for protection and deprotection, and the
selection of appropriate protecting groups, can be readily determined by one skilled in the art,
The chemistry of protecting groups can be found, for example, in T. W. Greenc and P. G. M.
Wuls, Frotective Groups in Organic Synthesis, 3¢ Ed., Wiley & Sons, Inc., New York (19993,
which 1s incorporated herein by refercuce in its entirety. Suitable hydroxyl protecting groups
ruchude, but are not limited to, tert-butyidirocthylsibyl (TBS), methoxymethy! ether (MOM),
tetrahydropyranyl ether (THP), t-Buty! ether, allyl cther, benzyl cther, t+-Butyidimethyisilyl ether
(TBDMS), t-Butyidiphenyisiiyl ether (TBDPS), acetic acid ester, and the like.

The compounds described herein also inchude derivatives reterred to as prodrugs, which
can be prepared by modifying functional groups present in the compounds in such a manner that
the modifications are cleaved, either in routine manipulation or in vivo, to the parent compounds.
Prodrags are intended to include any covalently bonded carriers that release an active parent drug
of described herein in vive wheun such prodrug 5 adnunistered to a marnmalian subject,
Examples of prodrugs include compounds as described herein that contain one or more
molecular moieties appended to a hydroxyl, amino, sulthydryl, or carboxyi group of the
compound, and that when administered to a patient, cleaves in vivo to form the free hydroxyl,
aming, sulfhydryl, or carboxyl group, respectively. Exaraples of prodrugs include, but are not
limited to, acetate, formate and benzoate derivatives of alcohol and amine functional groups in
the compounds described herein. Preparation and use of prodrugs is discussed in T, Higochi et
al., “Pro-drugs as Novel Delivery Systerns,” Vol. 14 ot the A.C.S. Symposium Series, and in
Bioreversible Carriers in Drug Design, od. Edward B. Roche, American Pharmaceutical
Association and Pergamon Press, 1987, both of which are incorporated herein by reference in
thetr entireties.

The present disclosure also provides compositions comprising one or more of the
compounds of Foromula 1. In some embodiments, the composition is a pharmaceutical
composition that comprisies a pharmaceutically acceptable carrier.

In some erobodirnents, the compositions may comprise a therapeutically effective
amount of a compound described herein, optionally more than one compound described herein,
optionally in purified form, together with a suitable amount of a pharmaceutically acceptable

carrier.
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Carriers include diluents, adjuvants, excipients, or other vehicles with which a
compound described herein is adnunistered. Such pharraceutical carriers can be liquids, such as
water and oils, including those of petroloum, animal, vegetable or synthetic origin, such as
peanut oil, soybean oil, mineral oil, sesame oil, and the like. The pharmaceutical carriers can be
saline, gum acacia, gelatin, starch paste, tale, keratin, colloidal silica, urea, and the like. In
addition, auxiliary, stabilizing, thickening, lubricating and coloring agents may be used. When
administered to a patient, the compounds described herein and pharmaceutically acceptable
carriers are suitably sterile. Water is a suitable carrier when the compound is administered
fatravenously. Saline solutions and agueous dextrose and glycerol solutions cau also be
employed as liquid carriers, particularly for injectable solutions. Suitable pharmaceutical carriers
also include excipionts such as starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk,
silica gel, sodinm stearate, glycerol monostearate, tale, sodium chloride, dried skim mulk,
glycerol, propylene, ghycol, water, cthanol, and the like. The present compositions, if desired,
can also contain minor amounts of wetting or emulsifving agents, or pH buffering agents.

The present compositions can take the form of sohutions, suspensions, emulsion,
tablets, pills, pellets, capsules, capsules containing liquids, powders, sustained-release
formulations, suppositorics, cmulsions, acroscls, sprays, suspensions, or any other form suitable
for use. In one embodiment, the pharmaceutically acceptable carriers s a capsule {(see e.g., U.S.
Pat. No. 5,698,155). Other examples of suitable pharmacentical carviers are described in
Remington’s Pharmaceutical Sciences, A.R. Gennaro {(Editor) Mack Publishing Co.

In some embodiments, the compounds described herein are formulated in accordance
with routine procedures as a pharmaceutical cornposition adapted for intravenous administration
1o hurnan beings. Typically, corapounds described herein for intravenous adroirustration are
solutions in sterile isotonic agqueous buffer. Where necessary, the compositions may also include
a solubilizing agent. Compositions for intravenous administration may optionally include a local
ancsthetic such as lidocaine to ease pain at the site of the injection. Generally, the ingredients are
supplied either separately or nuxed together in unit dosage form, for example, as a dry
tvophilized powder or water-free concentrate in a hermetically sealed container such as an
ampoule or sachette indicating the quantity of active agent. Where the compound described
hereiu is to be admunistered by jnfusion, it can be dispensed, for exaruple, with an infusion bottle
containing sterile pharmaceutical grade water or saline, Where the compound described herein is
administered by injection, an ampoule of sterile water for injection or saline can be provided so

that the ingredients may be mixed prior to administration.
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The compositions described herein can also be prepared for oral administration,
Corapositions for oral delivery may be in the form of tablets, lozenges, agueous or oily
suspensions, granules, powders, enmulsions, capsules, syrups, or elixirs, for example. Orally
administered compositions may contain one or more optional agents, for example, sweetening
ageuts such as fructose, aspartame or saccharin; flavoring agents such as peppermint, oil of
wintergreen, or cherry; coloring agents; and preserving agents, to provide a pharmaceutically
palatable preparation. Moreover, where in tablet or pill form, the compositions may be coated to
delay disintegration and absorption in the gastrointestinal tract thereby providing a sustained
action over an extended period of time. Sclectively perraeable membranes surrounding an
osmotically active driving compound are also suitable for orally administered compounds
described herein. In these later platforms, flaid from the environment surrounding the capsule i3
wmbibed by the driving compound, which swells to displace the agent or agent composition
through an aperture. These delivery platforms can provide an essentially zero order delivery
profile as opposed to the spiked profiles of immediate release formulations. A time-delay
material such as glycerol monostearate or glycerol stearate may also be used. Oral compositions
can mclude standard carriers such as mannitol, lactose, starch, magnesium stearate, sodium
saccharine, cellulose, magnesium carbonate, ete. Such carriers are suitably of pharmaceutical
grade.

The amount of a compound described herein that will be effective in the treatment of a
particular disorder or condition disclosed herein will depend on the nature of the disorder or
condition, and can be determined by standard clinical techniques. In addition, in vitre or in vive
assays may optionally be employed to help identify optimal dosage ranges. The precise dose to
be employed n the compositions will also depend on the route of administration, and the
seriousness of the discase or disorder, and should be decided according to the judgment of the
practitioner and cach patient's circumstances. However, suitable dosage ranges for oral
administration are generally about 8.001 milligram to 200 mulligrams of a compound described
herein per kilogram body weight. In some embodiments, the oral dose is 0.01 milligram to 70
milligrams per kilogram body weight, or 0.1 milligram to 54 milligrams per kilogram body
weight, or 0.5 milligram to 20 milligrams per kilogram body weight, or | milligram to 10
milligrams per kilogram body weight. In some embodiments, the oral dose is 5 moilligrams of a
compound described herein per kilogram body weight. The dosage amounts described herein
refer to total amounts administered; that is, if more than one compound described herein i
administered, the dosages correspond to the total amount of the compounds described herein

administered. Oral compositions can contain 10% to 95% active ingredient by weight.
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Suitable dosage ranges for intravenous (L.v.) adroinistration are 0.01 mulligrar to 100
milligrams per kilogram body weight, 0.1 milligram to 35 milligrams per kilogram body weight,
and 1 milligram to 10 milligrams per kilogram body weight. Suitable dosage ranges for
intranasal administration are generally about .01 pg/kg body weight to 1 mg/kg body weight.
Suppositories generally contain .01 milligram to 50 milligrams of a cornpound described herein
per kilogram body weight and comprise active ingredient in the range of 8.5% to 10% by weight.
Recommended dosages for intradermal, intramuscular, intraperitoneal, subcutancous, epidural,
sublingual, intracerebral, intravaginal, transdermal administration or admimstration by inhalation
are i the range of 0.001 ruilligram to 200 milligrams per kilogram of body weight. Suitable
doses of the compounds described herein for topical administration are in the range of (.001
milligram to 1 milligram, depending on the area to which the compound 1s administered.
Effective doses may be extrapolated from dose-response curves derived from in vitro or animal
maodel test systems. Such animal models and systems are well known in the art.

The present disclosure also provides pharmaceutical packs or kits comprising one or
more containers filled with one or more compounds described herein. Optionally associated with
such container(s) can be a notice in the form prescribed by a governmental agency regulating the
mamufacture, use or sale of pharmaceuticals or biological products, which notice reflects
approval by the agency of manufacture, use or sale for human administration. In some
embodiments, the kit containg more than one compound described herein. Tn some embodiments,
the kit comprises a compound described herein and another therapeutic agent, such as any of
those described herein.

The compounds described herein can be assayed in visro and in vivo, for the desired
therapeutic or prophylactic activity, prior to use in humans. For example, in vitro assays can be
used to determine whether administration of a specific compound described hereinora
combination of compounds described herein is suitable for treating dyskinesia. The compounds
described hercin may also be demonstrated (o be effective and safe using animnal model systerms.

Gther methoeds will be known to the skilled artisan and are within the scope of the
disclosure.

In some embodirents, the compounds described herein can be used and/or formulated
i combination therapy with at least one other therapeutic agent (i.¢., one or more other
therapeutic agents). The compound described herein and the additional therapeutic agent can act
additively or synergistically. In some embodiments, a composition comprising a compound
described herein is administered concurrently with the administration of another therapeutic

agent, which can be part of the same composition as the corapound described herein ora
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different composition. In another embodiment, a composition comprising a compound described
herein is administered prior or subsequent to administration of another therapeutic agent. To
some embodiments, combination therapy involves alternating between administering a
composition comprising a compound described herein and a composition comprising another
therapeutic agent, e.£., to minimize the toxicity associated with a particalar drug. The duration of
administration of each drug or therapeutic agent can be, ¢.g., one month, three months, six
months, or 3 year. In certain embodiments, when a composition described herein is administered
concurrently with another therapeutic agent that potentially produces adverse side effects
rchuding, but not hmited to, toxicity, the therapeutic agent can advantageously be adounistered
at a dose that falls below the threshold at which the adverse side is clicited.

In some embodiments, the additional therapeutic agent is: 1) an anti-Parkinsonian
ageut; 2) an agent used to treat dyskinesias; and/or 3) an agent that induces other types of
dyskinestas, One or more of these agents can be combined with a compound described herein
either in the same composition, formulation, or dosage form, or combined into a single
administration (e.g. concurrent administration) to a8 mammal. These agents can be used o the
amount already jndicated for a mammal or in a dose that is less than the acceptable dose.

In some embodiments, the anti-Parkinsonian agent is: 1) an agent used for dopamine
replacement including, but not limited to, L-dopa and L-dopa/carbidopa (SINEMET®); 2) a
doparsine uptake blocker including, but vot timited to, modafinil (PROVIGIL"™), benocycliding,
and amfonelic acid; 3) a dopanune agonist including, but not limited to, apomorphine {Apokyn,
Ixense, Spontane, and Uprima), bromocriptine (Parlodel and Cycloset), cabergoline (Dostinex
and Cabaser), lisuride (Dopergin, Proclacam, and Revanil), pergolide (Permax), ropinirole
{(Requip, Ropark, and Adartrel), pramipexole (Mirapex, Mirapexin, and Sifrol), and rotigotine
{Neupro); 4} an anti-cholinergic including, but not limited to, trihyexyphenidy! (Artane, Apo-
Trihex, Parkin, and Pacitane) and benzatropine (Cogentin}; 5 an MAQ inhibitor including, but
not limited to, selegiline (Anipryl, L-deprenyl, Eldepryl, Emsam, and Zelapar) and ginko biloba;
and 6) a COMT inlubitor inchuding, but not limited to, tolcapone (Tasmar) and entacapone
{Comtan}.

In some embodiments, the agent used to treat dyskinesias is: 1) a ghutamate receptor
antagounist including, but not Humited to, amantadine (Symuroetrel), dextrorphan, dextromorphan,
MK-801 (Dizacilpine), and Co-101.244/PD-174,494; 2) an AMPA receptor, including, but not
limited to, retigabine (Trobalt, Potiga), flupirtine (Katadolon, Trancolong, Awegal, Efiret,
Trancopal Dolo, and Metanor), topirimate (Topamax), GYK-47,261, and TEM-1460; 3) a
mGhluRS including, but not limited to, MRZ-8676, AFQ056 (Mavoglurant), ADX-48,621,
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2-Methyl-6-(phenylethynyDpyridine (MPEP), and 3-((2-Methyl-4-thiazolyhethynyhpyridine
(MTEP); 4) a Glutamate release inhibitor including, but not limited to, riluzole (RILUTEK®) and
naftazone; 5) an opioid including, but not limited to, US0-488, morphine (Avinza, Kadian,
Oramorph, Roxanol, and Kapanol), meperidine (DEMERQOL®), and methadone (Symoron,
Dolophine, Amidone, Methadose, Physeptone, Heptadon); 6) a Serotonergic including, but not
limited to, buspirone {Buspar), clozapine (Clozaril), quetiapine (Seroquel, Xeroquel, and
Ketipinor}, MDMA (3,4-methylenedioxy-N-methamphetamine) (Ecstasy), pimavenserin,
ritanserin, citalopram (Celexs, Cipramil), and fluoxetine {(Prozac, Sarafem, Fontex); 71 a GABA
compound including, but not limited to, diazeparn (Diastat, Valium) and zolpidern (Ambien,
Ambien CR, Intermezzo, Stilnox, and Sublinox); &) an Adenosine compound including, but not
limited to, istradefylline and preladenant; 9) a Cannabinioid including, but not limited to,
rimonabant (Acomphia, Bethin, Mounaslin, Remonabent, Riobant, Shimona, Rimoshim, Zimulti,
and Riomont) and nabilone {Cesamet); 10) an Adrenergic inchuding, but not limited to,
Idazoxan, Yohimbine {Yocon), Rauwolscine (isovohimbine, a-yohimbine, and corynanthidine),
Fipamezole, and propanciol (Tnderal, Inderal LA, Aviocardyl, Deralin, Dociton, Inderslici,
InnoPran X1, Suroial, Avaprilinurs, Bedranol SR); 1) a histamine including, but not imited to,
famotidine (Pepeid), immepip, and Imetit; 12) a Cholinergic including, but not limited to,
nicoting, rivastigmine {Exelon), and donepezil (Aricept); and 13} another agent including, but
not fimited to, tamoxifen (Nolvadex, Istubal, Valodex), sildenafil (Viagra), and Uk-343,664.

In some embodiments, the agent that induces other types of dyskinesias is an
Antipsychotic including, but not limited to, chiorpromazine (Thorazing, Largactil, Megaphen),
metoclopramide (Reglan), promethazine (Phenergan, Promethegan, Romergan, Fargan,
Farganesse, Prothiazine, Avormine, Atosil, Receptozine, Lergigan, and Sominex), olanzapine
{Zyprexa), risperidone (Risperdal), clozapine {Clozaril), aripiprazole ( Abilify, Aripiprex).

In some embodiments, the additional agent is not an anti-epileptic agent. Anti-epileptic
ageut{s) are chosen from carbamazepine, lamotrigine, phenobarbital, phenyloin, topiramate,
valproate and zonisamide. In some embodiments, the anti-convulsant or anti-epileptic agent(s) is
chosen from carbamazepine, gabapentin, lamotrigine, levetiracetam, oxcarbazepine, phenyvioin,
pregabalin, rufinarside, valproate and topiramate. In some embodiments, the anti-convulsant or
anti-epileptic ageut(s) is chosen frora gabapeutin, lamotrigine, levetiracetarg, pregabalin,
rufinamide, valproate and topiramate. Examples of anti-convuisant or anti-epileptic agents
include, but are not limited fo, the following, described non-exclusively by either mode of action
or chemical class: a) AMPA antagonists such as AMP-397 E-2007, NS-1209, talampanel,

perampancl, and the like; b) benzodiazepines such as diazepam, lorazepam, clonazepam,
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clobazam, clorazepate, midazolam, nimetazepam, nitrazepam, temasepam, and the like; ¢)
barbiturates such as phenobarbital, amobarbital, methylphenobarbital, primidone, barbexaclone
sodium, metharbital, pentobarbital, and the like; d) valproates (inchuding fatty acid derivatives)
such as valproic acid, valproate semisodium, valpromide, divalproex, valnoctamide, and the like;
e} GABA related agents such as gabapentin (2-[ | -(aminomethylhcyclohexyl]acetic acid),
pregabalin {{5)-3-(aminomethyl)-5-methythexanoic acid), vigabatrin, and the like; f) AEDs such
as losigamone, retigabine, rufinamide (1-{(2,6-difluorophenyhmethy-litriazole-4-carboxamide),
SPD-421 (DP-VPA), T-2000, XP-13512, and the like; g} iminostilbenes such as carbamazepine,
oxcarbazepine, and the like; h) hydantoins such as phenyloin sodivm, phenyloin, mephenyloin,
fosphenyloin sodium, ethotoin, and the fike; h) NMDA antagonists such as harkoseride, and the
like; 1) sodium channel blockers such as BIA-2093, CO-102862, lamotrigine, and the like; 3)
succimimides such as methsuximide, ethosuximide, phensuximide, mesuximude, and the like; k)
carboxylic acids such as tiagabine, and the like; Iy AEDS such ag acetazolamide, clomthiazole,
cdisilate, zonisamide, felbamate, topiramate, tiagabine, levetiracetam, briveracetam, GSK-
362118, GRK-406725, ICA-69673, CBD cannabis derivative, 1sovaleramide (NPS-177 63, RWI-
333369 (carishamate), safinamide, scletracetam, soretolide, stivipentol, valrocemide, and the like;
m) oxazolidinediones such as trimethadione, paramethadione, ethadione and the like; n)
pyrrofidines such as levetiracetam, and the likce; o) sulphonamides, such as acetazolamide,
methazolamide, zonisamide, sultiame, and the like; p) amincbutyric acids and the hke; ¢
sulfamate-substituted monosaccharides such as topiramate (2,3:4,5-Bis-0-(1 -methylethylidene)-
beta-D-fructopyranose salfamate)), and the like; r) carboxamides such as carbamazepine,
oxcarbazepine, rufinarnide, and the hike; 5) aromatic allylic alcohols such as stiripentol, and the
like; t) ureas such as phenacemide, phencturide, and the like; u) phenyliniazines such as
lamotrigine, and the like; v} carbamates such as emylcamate, felbamate, meprobamate, and the
like; w) pyrrolidines such as brivaracetam, levetriacetame, nefiracetam, selectracetam, and the
tike; and %) Eugenols such as (4-allyl-2-methoxyphenol), phenyleugenol, benzyleugenol, and
phenylethyleugenol.

The present discolsure also provides methods of treating a dyskinesia or another
disorder in a roammal comprising administering to the mammal in need thereof an effective
amount of a compound of Formula a-1, Formula a-2, Formula Ib-1, Formula 1b-2, Formula lc-

1, Formula lc-2, Formula id-1, or Formula Id-2:
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(Id-23,
or a pharmaceutically acceptable salt thereof, wherein: Uis C or N; each R' is, independently, H,
Cy-Cealkyl, Cp-Cealkenyl, Cr-Cealkynyi, Cy-Coalkoxy, Ci-Cealkylthio, -CN, -OH, -SH, halo,
haloalkyl, -NO,, -N(=0),, -C(=030H, -NH,, -CF, -NH(Ci-Caalkyl), -N(Cy-Cealkylly, -C(=0)H,
carbalkoxy, carboxamido, alkylsulfonyl, allkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyl,
monoalkylaminosulfinyl, aminosulfonyl, monoalkylaminosalfonyl, dialkylaminosutfonyi,
alkyisulfonylamino, hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyvioxy,
hydroxysuifonyl, atkoxysulfonyl, alkyisulfonylalicyl, aminosulfonylalkyl,
monoalkylaminosulfonylabicyl, dialkylaminosulfonylalicyl, aminosuifinylalkyl,
monoalkylaminosulfinvialkyl, or dialkylarsinosulfinylalkyl, where ris 0, 1, 2, 3, 4, or 5; cach R
and R® is, independently, H, C,-Cealkyl, Cr-Csalkenyl, C-Csalloynyl, C-Cealkoxy,
Cy-Cealkylthio, -CN, -OH, -SH, hale, haloalkyl, -NG,, -C(=0)H, -NH,, -CF3, -NH(C,-Cealkyh),
-N(Ci-Cealkyl), -C(=0)H, carbalkoxy, carboxamde, alkylsulfonyl, allylselfonyloxy,
aminosulfinyl, dialkylaminosalfinyl, movnoalkylarsinosulfinyl, aminosultonyi,

monoalkylaminosulfonyl, diatkyiaminosulfonyl, alkylsulfonylamino, hydroxysulfonyloxy,
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atkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl, alkylsulfonylatkyl,
aminosulfonylalkyl, moncalkylaminosultonylalkyl, dialkviaminosulfonyialtkyl,
aminosulfinyialkyl, monoalkylaminosuliinylalkyl, dialkylaminosulfinylalkyl, arvi, or
arylCy-Cealkyl, wheren is 8, 1, 2, 3, or 4; each R and R® is, independently, H, Ci-Cgalkyi,
Cy-Cealkenyl, Cp-Cealkynvl, Cy-Cealkoxy, C-Cealkyilthio, -CN, -OH, -SH, halo, haloalkvi, -NG;,
-C(E=0)Y0H, -NH,, -CFs, -NH(C-Cealkyh, -N{C;-Cgalkyly,, -C{=0H, carbalkoxy, carboxamido,
alkylsulfonyl, alkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyi, moncalkylaminosulfinyl,
aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosualfonyl, alkylsulfonylamine,
hydroxysulfonyioxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl,
atkvisulfonylalkyl, aminosulfonylaikyl, monocalkylaminosulionylalkyl,
dialiylaminosuifonylalkyl, aminosulfinylailoyl, monecalkylaminosulfinylalkyi,
diatkylaminosulfinylalkyl, aryl, or arvlCi-Coalkyl, where p s 0, 1, 2, 3, or 4, Wis Hor
Cy-Cealkyl; Y is H, Ci-Caatkoxy, C-Cgalkylthio, -CN, -OH, -8H, halo, halcaliyi, -NO,,
~C(=0)Y0OH, -NH,, -CF,, -NH({C;-Cealleyh), -N{C-Caalkyly,, -C{=0H, carbalkoxy, carboxamido,
atkylsulfonyl, alkvlsulfonyloxy, aminosulfinyl, diatkviaminosulfinyl, moncalkylaminosulfinyt,
aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfonylarine,
hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, altkoxysulfonyl,
alkvisulfonylalkyl, aminosulfonylalkyl, monocalkylaminosulfonylabicyl,
diatkylaminosuifonylalkyl, aminosulfinylalioyl, monoalkylaminosulfinylalkyl, or
dialkylaminosulfinylafloyl; X is O or §; Z s O or §; R is H or halo; § is H, Ci-Cealkyl, aryl,
Ci-Caalkylaryl, Ci-Ceeycloalkyl, or heteroarvl, each of which is optionally substituied with
-(Ré)t, where tis 0, 1,2, 3, 4, 0r5: R¥is Hor Cy-Coalkyl; and each RS s, independently, H,
Cy-Cealkyl, Cp-Cealkenyl, Cr-Cealkynyi, Cy-Coalkoxy, Ci-Cealkylthio, -CN, -OH, -SH, halo,
haloalkyl, -NO,, -N(=0),, -C{(=030H, -NH,, -CF3, -0-5(=0),0H, -NH(C,;-Cealkyl},
-N{Ci-Coalkylly, -C(=0H, -C(=0)C-Caalkyl, -C(=(NCi-Caalkoxy, carbalkoxy, carboxamido,
alkylsulfonyl, allkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyl, monocalkylaminosulfinyl,
aminosulfonyl, monoalkylaminosulfony!, diatkviaminosulfonyl, alkylsulfonylaminoe,
hydroxysuifonyioxy, alkoxysulfonyloxy, alkylsuifonvioxy, hydroxysulfonyi, alkoxysulfonyl,
atkylsulfonylatkyl, aminosutfonylalkyl, moncalkylaminosulfonylalkyl,
dialkylaminosuifonylalkyl, aminosulfinvialkyl, monocalkylaminosulfinylalkyl, or
dialkylaminosuifinylaltkyl; or pharmaceutically acceptable salt thereof, wherein the another
disorder is restless leg syndrome (such as drug-induced or idiopathic), a drug-induced dystoma,
chorea (such as Huntington’s disease, toxin-indaced chorea, Sydenham’s chorea, Chorea

gravidaram, Wilson’s disease, drug-induced chorea, and metabolic and endocrine-related
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choreas}, a tic {such as motor, phounic, simple, complex, and Tourette syndrome), a dystonia
{(such as acute, generalized, focal, segmental, sexual, intermediate, psychogenie, and Acute
Drystonic Reaction), Sodemytopic Parkinson’s, a stereotypic movement disorder (such as
movement disorder related to autism, genetic, and chiidhood), obsessive compulsive disorder,
narcolepsy (such as cataplexy), transroissible spongitorm encephalopathies (such as Creutzfeldt-
Jakob disease and Kuru}, neuroacanthocytosis, seizure and convulsions, athetosis (such as
related to Huntington’s Discase, asphyxia, neonatal jaundice, and stroke), or cercbral palsy.

The present disclosure also provides methods of treating and/or preventing dyskinesia.

In some ernbodirents, a composition described herein comprising a compound
described herein and a pharmaceutically acceptable carreier is administered to 2 mammal, such
as a human, with dyskinesia and/or disorders associated with dyskinesia.

The disclosure provides methods of treatment and prophylaxis by admimistration to a
patient of a therapeutically effective amount of a composition comprising a compound described
herein. The patient is a mammal, including, but not limited, {0 a cow, horse, sheep, pig, chicken,
turkey, quail, cat, dog, mouse, rat, rabbit, guinea pig, etc., and is more suitably a human,

The present corapositions, which coraprise one or more compounds described herein,
can be administered orally. The compounds described hercin may also be administered by any
other convenient route, for example, by infusion or bolus injection, by absorption through
epithelial or muicocutancous Hnings (e.g., oral mucosa, rectal and intestinal mucosa, etc.) and
may be administered together with another biclogically active agent. Administration can be
systemic or local. Various delivery systems are known, e.g., encapsulation in liposomes,
microparticles, microcapsules, capsules, ete., and can be used to administer a compound
described herein. Tn some embodiments, more than one compound described herein s
administered to a patient. Methods of administration include but are not limited to intradermal,
intramuscular, infraperitoneal, intravenous, subcutancous, intranasal, epidural, oral, sublingual,
intranasal, intracerebral, intravaginal, transdermal, rectally, by inhalation, or topically,
particularly to the cars, nose, eyes, or skin. The mode of administration is left to the discretion of
the practitioner, and will depend in-part upon the site of the medical condition. In most instances,
administration will result in the release of the compounds described herein into the bloodstream,
In some emmbodiments, the frequency of dosing is once per day {gd).

In some embodiments, it may be desirable to administer one or more compounds
described herein locally to the area in need of treatment. This may be achieved, for example, and
not by way of limitation, by local infasion during surgery, topical application, e.g., in

conjunction with a wound dressing after surgery, by injection, by means of a catheter, by means
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of a suppository, or by means of an implant, said implant being of a porous, non-porous, or
gelatinous material, including membranes, such as sialastic merabranes, or fibers.

Pulmonary administration can also be employed, e.g., by use of an inhaler or nebulizer,
and formulation with an acrosolizing agent, or via perfusion in a fluorocarbon or synthetic
pulmonary surfactant. In certain embodiments, the compounds described herein can be
formulated as a suppository, with traditional binders and vehicles such as triglyeerides.

In another embodiment, the compounds described herein can be delivered in a vesicle,
in particular a Hposome (see Langer, Science, 1990, 249, 1527-1533; Treat et al,, in Liposomes
in the Therapy of Infectious Discase and Cancer, Lopez-Berestein and Fidler (eds.), Liss, New
York, pp. 353-365 (1989); Lopez-Berestein, ihid,, pp. 317-327; sce generally ibid.).

In some embodiments, the compounds described herein can be delivered in a controlled
release system. o some embodiments, a pump may be used {see Langer, supra; Sefton, 1937,
CRC Crit. Ref. Biomed. Eng. 14:201; Buchwald et al., 19280, Surgery 88:507 Saudek et al., 1989,
N. Engl J. Med. 321:574). In some embodiments, polymeric materials can be used (see Medical
Applications of Controlled Release, Langer and Wise (eds.), CRC Pres., Boca Raton, Fla.
{1974); Controlled Drug Bioavatlability, Drug Product Design and Perforreance, Smolen and
Ball (eds.}, Wiley, New York (1984); Ranger and Peppas, 1983, J. Macromol. Sci. Rev.
Macromol. Chem. 23:61; see also Lovy et al., 1985, Science 228:190; During et al., 1989, Ann.
Neurol. 25:351; Howard et al., 1989, J Newrosurg. 71:105). Tn some embodiments, a controlled-
release system can be placed in proximity of the target of the compounds described herein, thus
requiring only a fraction of the systemic dose (see, e.g., Goodson, in Medical Applications of
Controlled Release, supra, vol. 2, pp. 115-138 (1984)). Other controlled-release systems
discussed in the veview by Langer, 1990, Science 249:1527-1533 ) may be used.

In some embodiments, the compounds, compositions, formulations, and/or dosage
forms can be used to treat and/or prevent a dyskinesia. In some embodiments, the dyskinesia is
tevodopa-induced dyskinesia (LID). LID can be present in patients with Parkinson’s disease who
have been on levodopa for prolonged periods of time. Three forms of dyskinesia have been
classified on the basis of their course and presentation following an oral dose of
L-dopa: 1) off-peniod dystonia (correlated fo the akinesia that occurs before the full effect of L-
dopa sets in, when the plasma levels of L-dopa are low); 11} diphasic dyskinesia (occurs when
plasma fevodopa levels are rising or falling; this form is usually dystonic or ballistic; does not
respond to L-dopa reduction); and i1} peak-dose dyskinesia (the most common form of LID; it
correlates with stable L-dopa plasma level). In some embodiments, the dyskinesia is chronic or

tardive dyskinesia. Tardive dyskinesia occurs after treatment with an antipsychotic drug such as
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haloperidol or amoxapine. Tardive dyskinesia often involves involuntary hip smacking, repetitive
pouting of the lips, and tongue protrusions. {n some embodiments, the dyskinesia is orofacial
dyskinesia (e.g., Rabbit syndrome), which may be related to persistent rephication of Herpes
Simplex Virus type-1.

In some embodiments, the compounds, compositions, formmilations, and/or dosage
forms can be used to treat and/or prevent other disorders. In some embodiments, the disorder is
restless leg syndrome (e.g., drug-induced or idiopathic). In some embodiments, the disorder is a
drug-indaced dystonia. Tn some embodiments, the disorder is a chorea (e.g., Huntington’s
discase; toxin-induced chores; Sydenham’s chorea; Chorea gravidarum; Wilson’s disease;
drug-induced chorea; and metabolic and endocrine-related choreas). In some embodiments, the
disorder is a tic {e.g., motor; phonic; simple; complex; and Tourette syndrome). In some
embodiments, the disorder 18 a dystonia (e.g., acute; generalized; focal; segmental; sexaal;
intermediate; psychogenic; and Acute Dystonic Reaction). In some embodiments, the disorder is
Sodemytopic Parkinson’s. In some embodiments, the disorder is a stereotypic movement
disorder (e.g., related to autism; genetic; and childhood). In some embodiments, the disorder is
obsessive compulsive disorder. In some embodiments, the disorder is narcolepsy {e.g.,
cataplexy). In some embodiments, the disorder is transmissible spongiform encephalopathics
{e.g., Creutzfeldt-Jakob discase; and Kuru). In some embodiments, the disorder is
neuroacanthocytosis. In some embodiments, the disorder is seizure and convulsions. In some

crbodiments, the disorder is athetosis {e.g., related to Huntington’s Discase; asphyxia; neonatal

jaundice; and stroke). In some embodiments, the disorder is cerebral palsy.

In some embodiments, the compounds and/or compositions described berein are not
used for treatroent of: epilepsy; Parkinson’s disease; pulmonary conditions such as fung ederna;
ischemia-reperfusion injury; cardiac conditions, such as acute decompensated heart failure and
the cardiorenal syndrome; hyperprolactinaemia {BrE}), hyperprolactinemia (ArnE) and
microprolactinoma; pain inchuding chronic or neuropathic pain; catatonic, dyskinesia, restless
legs syndrome and related movement disorders; stress, chronic posttraumatic stress disorder,
anxiety disorders, obsessive-compulsive disorders, postpartum depression; schizophrenia, manic,
bipolar, and affective disorder; executive function disorders, such as ADHD, Tourette syndrome
and autism; cocaine, amphetaming, alcohol dependency, and addictive bebavior, such as
pathological gambling; neurcendocrinal regulatory disorders; inflammatory conditions,
autctmmune diseases and rheumatism; neoplastic disorders, such as pituitary carcinomas,
macroprolactinomas; visual sensory disorders, color deficiency; and gjaculatory and related

sexual dysfunction.
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In some embodiments, the compounds disclosed herein are not used in combination
with L-dopa for the treatment of Parkinson’s discase; or iu combination with a selective
serotonin reuptake inhibitor (SSR1) for the treatment of depression and/or cocaineg abuse and
addiction; or in combination with dopamine D2 antagonist for the treatment of schizophrenia; or

S incombination with cholinergic modulators for the treatmnent of Alzheimer disease or other
diseases or conditions in which patients have a cognitive deficit; or in combination with an
anti-gpileptic agent for the treatment of Tardive dyskinesia.

There are notable side effects of L-dopa treatruent that are not associated with
dyskinesia including, but not iimited to, hypotension; arthythiuias; nausea; gastrointestinal

10 bleeding; disturbed respiration; hair loss; disorientation and/or confusion; extreme emotional
states, particularly anxiety, but also excessive libido; vivid dreams and/or insomnia; auditory

and/or visual hallacinations; effects on leaming; sornolence and narcolepsy; and stimulant

decreases or eliminates one or more of these side effects.

15 In addition, serious side-effects in the treatment of Parkinson’s disease are the effects of
chronic levodopa admirdstration, including but not limirted to: end-of-dose deterioration of
function; on/off oscillations; freczing during movement; dose failure (drug resistance);
dyskinesia at peak dose {levodopa-induced dyskinesia); possible serotonin depletion; and
possible dopaming dysregulation. In some embodiments, treatment with 8 compound or

20 composition described herein decreases or eliminates one or more of these side effects.

The present disclosure provides methods for treating Parkinson’s Disease comprising
administering to a hurnan in need thereof an effective amount of a compound of Formaula fa-1,
Formula 1a-2, Formula Ib-1, Formula 1b-2, Formula Ic-1, Formula Ie-2, Formula Id-1, or
Fornmla 1d-2, as described herein. In some embodiments, the compound of Formula fa-1,

25 Formula Ia-2, Formula Ib-1, Formula Ib-2, Formula Ic-1, Formula Ic-2, Formuia 1d-1, or
Formula Id-2 being administered is present within any of the compositions disclosed herein. In
some embodiments, the human administered any one or more of the compounds of Formula {is
also administered L-dopa. In some embodiments, the L-dopa and the compound of Formula 1 is
present within the same composition or dosage form,

30 The present disclosure provides methods for treating a sleep disorder characterized by
disrupted sleep schedule comprising administering to a human in need thereof an effective
amount of a compound of Formula [a-1, Formula [a-2, Formule 1b-1, Formule 1b-2, Formula Ic-
I, Formula I¢-2, Formuda [d-1, or Formula Id-2, as described herein. In some embodiments, the

compound of Formula fa-1, Formuda Ia-2, Formula Ib-1, Formuda 1b-2, Formuda Ie-1, Formula
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Ic-2, Formula 1d-1, or Formula Id-2 being administered is present within any of the compositions
disclosed herein. Not desiring to be bound by any particular theory, the compounds of Formula 1
may act by restoring normal sleep architecture and/or normal circadian rhythm. Examples of
sleep disorders associated with altered sleep rhythm and/or architecture include, but are not
tirnited to, insomnia, restless legs syndrome, narcolepsy, and REM sleep behavior disorder;
disorders associated with neurodegenerative diseases such as Alzheimer’s discase, Parkinson’s
disease, and multiple sclerosis; disrupted REM sleep disorder associated with drug withdrawal,
especially alcohol or sedative-hypnotic withdrawal; and disrupted circadian rhythi associated
with sleep apnia, shift work and jet lag,

In order that the subject matter disclosed herein may be more efficiently understood,
examples are provided below. It should be understood that these examples are for ilhustrative
purposes only and are not to be construed as limiting the claimed subject matter in any manner,
Throughout these examples, molocular cloning reactions, and other standard rocombinant DNA
techniques, were carried out according to methods described in Maniatis et al., Molecular
Cloning - A Laboratory Mamual, 2nd ed., Cold Spring Harbor Press (1989), using commercially
available reagents, except where otherwise noted.

U.S. Provisional Serial No. 61/786,714 filed March 15, 2013 is incorporated herein by

reference in its entirety.

Examples
Example 1: Rat Model for Parkinsons’ Diisease

The neurotoxin 6-hydroxydopamine (6-OHDA) s widely used to induce depletion of
dopaminergic neurons 1o antmal models of Parkinson’s disease (PD). Unilateral adrotnustration
of 6-OHDA into the median forcbrain bundle can produce g 90-95% ipsilateral depletion of
dopamine neurons in 83-90% of animals injected, leading to a PD-like motor dysfunction.
Treatment of lesioned animals with L-dopa can have varying effects on motor performance in
this model. The current study evaluated sydnocarb in a 6-OHDA lesioned, L-dopa treated rat
model of PD.

Female, Sprague-Dawley rats (Charles River Laboratories) at 7 to & weeks of age were
used. Animals were assigned randomly to treatiment groups. The diet consisted of standard
rodent chow and water ad fibitum.

6-0OHDA was formulated at 5 mg/mi solution in 8.03% ascorbic acid in sterile 0.9%

MNaCl. Three uL of 6-OHDA was injected into the median forebrain bundle at the following
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stereotaxic coordinates from bregma: Anteroposterior (A/P) -4.0 mm; mediolateral (M/1) -1.3
mm; ventrodorsal {V/13) -8.0 nun with reference to the top of the skull.

After lesion, rats were allowed to recover for two weeks and then tested for
amphetamine-induced rotational activity. Animals were treated with 25 mg/kg amphetamine in
saline and recorded in an open-field chamber for 90 minutes. Ouly rats rotating greater than 4
times per minute were used in efficacy studies. After an additional one week, rats were treated
with L-dopa (Isotec 1Y(630) at various times and measured for the appearance of abnormal
fvolantary movements {AIMs).

The ATMs test was carried out as follows: 1) weigh rat and inject with
L~dopa/benserazide {10 mi/ke, ip); may be a single injection per day over multiple days;
administration of a test compound or reference compound may also be inchuded; 2} place rat in
empty cage, start video recording; 3) AlMs were asscssed in four arcas: a) onset of symptoms-
latency (seconds) to first visual AIM as defined below; b) 30 minute AIM score; ¢) 60 minute AIM
score; and d) mymber of Ioft rotations from 30-60 minutes; 4) AlMs were scored and recorded on a
scale from O to 4: 1) absent; 1) slight left forelimb dystonia with grooming; 111} excessive left
foretimb dystonia with groooung; v} left forelimb dystonia with left cireling; and v) continuous left
circling with or without grooming; 5) record any unusual clinical signs; and 6) afier 60 nunutes,
stop recording, place rat back into home cage.

As shown in Figure 1A, L-dopa (6 mg/ke) was administered once daily for 5 days to 6~
OHDA unilaterally lesioned Sprague-Dawley rats that had previously been selected based on
rotational response to amphetamine treatment (N=10-11/group). Sixty minutes after injection,
abnormal involuntary movements (AIMs) were scored. Treatment with L-dopa produced
significantly higher AIMs scores compared to vehicle-treated rats. As shown in Figure 1B,
treatroent of once datly Sydoocarb (10 and 30 mg/kg) did not cause significant AIMs compared
to vehicle-treated rats. As shown in Figures 1A and 1B, L-dopa causes significant AIMs
compared to the vehicle group, where as Sydnocarb alone does not cause significant AlMs.
These data demonstrate the establishment of a validated prechnical model of Parlanson’s

discase.

Example 2: Reductisn of L-dopa-lnduced Dyskinesia

Rats receiving a unilateral 6-OHDA lesion as described above were treated with
L-dopa (day 1, S0 mg/kg) and then L-dopa and test drug (day 2, Sydnocarb or Tesofensine). A
two-day treatment with L-dopa caused an increase in abnormal involuntary movements (ATMs)

that was arnchorated with Syduoocarb but not Tesofensine treatment. Results are shown in Figure
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2. As shown in Figure 2, Sydnocarb, but not Tesofensine, ameliorates L-dopa-induced
dyskinesia in 6-OHD A~reated rats.

Treatment with L-dopa caused an increase in AlMs that was reduced approximately
40% by Sydnocarb administered 30 min after L-dopa administration, This effect was seen 30 and
60 minutes after L-dopa administration. Tesofensine, a non-specific catecholamine reuptake
inhibitor administered under the same conditions, had no affect on AlMs in this study. These
data show that Sydnocarb can reduce L-dopa-induced dyskinesias in a preclinical model of PD,

and that it is functionally differentiated from non-specific DAT inhibitors such as Tesofensing.

Example 3: Enhancement of L-dopa-mediated anti-akinesia

In 6-OHDA-lesioned rats, L-dopa administration also elicits a therapeutically beneficial
anti-akinetic activity that ¢an be measured by the forehmb adjusting step (FAS) test. To
determine the effect of Sydnocarb on L-dopa etficacy on this motor function, 6-OHDA-lesioned
rats were treated with L-dopa in combination with Sydnocarb at 10 mg/kg and assessed by the
FAS test (see, Figure 3). Treatment with L-dopa for two days resulted in an increase in motor
function compared to vehicle controls. Administration of 10 rag/kg Syduocarb with L-dopa
resulted in significantly higher adjusting step scores compared to vehicle controls, as well as

increased scores compared to L-dopa alone.

The Forelimb Adjusting Step Test was carried out as follows:
Handling & Training:

For three consecutive days, the experimenter that performed the study handled the rats
so they were familiar with the experimenter’s grip: the rat was held with one hand fixing the
hindlimbs and shightly raising the hind part above the surface; the other hand fixed the forelimb
not to be monitored; the forelimb to be monitored was touching the table; the animal was moved
slowly sideways (approx. § sec for 90 cm), first in the forchand and then in the backband; and
these steps were repeated for the other forelimb. Forchand is defined as compensating movement
toward the body and backhand 1s defined as compensating movement away from the body.
Testing:

Fach stepping test consisted of six trials for each forepaw, alicroating between
directions both forchand and backhand as follows: the rat was held in the same position as
described above with one paw touching the table; the rat was moved slowly sideways (approx §
sec for 90 om), first in the forchand and then in the backband; the number of adjusting steps for

both paws i the forchand and back hand directions of movement were counted and recorded;
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and the sequence of testing was left paw forchand and backband adjusting stepping, followed by
right paw backhand and forchand divections. The rat was returned to its home cage and the
sequence repeated with the second rat in the cage. Five more trials were performed for cach rat,
placing the rats back in their home cage between trials.

Dosing:

This portion of the experiment was run 3-4 weeks post 6-OHDA lesion, and at least |
week post rotations testing as follows: prior to the start of dosing, rats were trained and baselines
pertormed as above; preparation of L-dopa with benserazide {(concentrations are for i.p.
mjection, 10 ral/kg): a) L-dopa dissolved in saline at 1.2 mg/ml; and b) benserazide dissolved in
saline at 0.4 mg/ml; preparation of sydnocarb 10 myg/kg (concentrations are for L.p. injection, 10
ml/kg): a) sydnocarl dissolved in (.5% methylcellulose, 4.2% tween 80 in dHL 0O at | mg/ml.
Davi

Rats were weighed and injected with L-dopa/benserazide (12mg/kg/4 me/kg). FAS were
run approximately 60 minutes post L-dopa/benserazide dose. Rats were returned to home cage.
Day 2

Rats were weighed and injected with sydnocarb 10mg/kg or vehicle (0.5%
methylceliulose, 4.2% tween 80 in dH-O), 30 minutes prior to L-dopa/benserazide dosing. The
rest of the study was continued as described in Day 1.

Data were represented as percent by summing steps (forward and backhand) ot the
lesioned forelimb and dividing by the sum of the steps of the intact forelimb and multiplying by
100, giving a measure of the degree of forepaw disability. A similar calculation was obtained for
percent of lesioned forelimb, giving a measure of gain of function.

As shown n Figure 3, assessment of L-dopa induced motor effects in 6-OHDA treatec
rats was examined. Sprague-Dawley rats (6/group) were injected unilaterally with 6-OHDA as
described above. Two weeks later, rats were tested for amphetamine-induced rotation activity (o
verity the dopaminergic lesion. After an additional one week, rats were treated with L-dopaat 12
mg/kg {(day 1) and then L-dopa and sydnocarb at 10 mg/kg (day 2). Forepaw adjusting steps
were scored and graphed as a percent of the intact (unaffected) forelimb. Treatment with L-dopa
produced a slight mmerease in steps compared to vehicle {antreated). Sydnocarb at 10 mg/kg
produced a significant increase (virtually back to 100%) in adjusting steps compared to vehicle.
(**p<0.01, p=0.058, One-way ANOVA with post-hoc t-test compared to veh+veh). These
resuits establish a rat model of L-dopa-induced step testing and show that Sydnocarb can
enhance the motor performance effects of L-dopa. Moreover, Sydnocarb may allow the use of

lower therapeutic doses of L-dopa, thereby reducing potential L-dopa-induced side effects.
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Example 4: Mouse Open Field Activity

An Open Field Activity assay was performed in which locomotor and sensorimotor
parameters were evaluated in an automated open-field apparatus. 1-methyl-4-phenyl-1,2,3,6-
tetrahydropyridine (MPTP) injections (3 x 20 mg/keg) were performed in C57BV6 mice at two-
hour intervals (final dose of MPTP = 60 mg/kg). Mice were treated with the compound 30
minutes prior to MPTP and daily for 4 days. Locomotor activity was monitored on day §, thirty
minutes after administration of test compound. Locomotor activity was measured in an
automated open-ticld (MedAssociates) for 30 minutes. The following parameters were
measured: 1) horizontal distance traveled, 2) number of rearing events and 3) stereotypic
behavior, Resuits for vertical activity (rearing evenis) are shown in Figure 4,

Both Sydnocarb and Tesofensine prevent decrease in vertical activity in CSTBV6 mice
treated with MPTP. These data indicate that Sydnocarb can prevent uptake of toxic MPTP,
consistent with the mechanism of DAT inhibition, and can prevent symptomatic movement

disorders in a preclinical model of PD.

Exarmple 5: Mouse Electroencephalogram

Electrocncephalographic data were obtained in C57BY6 mice chronically implanted
with electrodes to monitor brain and muscular activity. The percent time spent awake was
evaluated following intraperitoneal injections of Sydnocarb 4 hours atter lights-on, when mice
are predominantly sieeping. Resubts are shown in Figure 5.

As shown in Figure 5, Sydnocarb dose-dependently increased time awake compared to
vehicle controls. These data indicate that Syduocarb may alleviate sleep disruption and disorders

that are associated with P13

Example 6: Reduction of L-dopa-induced Dyskinesia: Chreonic Dosing

The ettects of Sydunocarb on abnormal involuntary movements (ATMs) in unilaterally
lesioned 6-OHDA rats that were treated with L-dopa with and without Sydnocarb for 2 weeks
was examined.
Drug treatment

L-dopa was administered at a dose level of 12 mg/kg (ip) along with benserazide (ip; 4
mg/kg). Sydnocarb (10 or 30 mg/kg, ip), amantadine (40 myg/kg ip), or vehicle was administered
30 minutes prior to L-dopa/benserazide. As a “priming” step, L-dopa was administered daily by
sl for T week after the amphetamine rotation wash-out period. Subsequently, Sydnocarb,

along with L-dopa, was dosed daily for an additional 12 days.
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Abnormal Tnvoluntary Movements (AIMs)

The effects of chronic L-dopa, alone or in combination with Sydnocarb, were evaluated
by rating individual animals for abnormal limb, oral and facial movements based on methods
described in Cenci ef al,, Nat. Rev. Newrosct,, 2002, 3,574-9. After treatment, rats were placed in
a confined chamber and monitored for axial, limb, and orolingual AIMs every 20-30 minutes for
2 hours as follows:

1. For the first minute, AIMs were assessed in three arcas:

a. Axial: dystonic posturing of the neck and torso in 8 twisted manner
directed toward the side of the body contralateral 1o the lesion;

b. Forelimb: rapid, purposeless movements of the forelimb located on the
side of the body contralateral to the lesion; and

¢. Orolingual: repetitive openings and closings of the jaw and tongue
protrusions occurring at times when the rats are not chewing or knowing on tood
or other objects.

2. AIMs were scored and recorded on a scale from 0 to 4

0 = not present;
= present for less than 50% of the observation periond;
2 = present for 50% or more of the observation period;
3 = present for the entire observation period bat interrupted by a loud
stimulus (a tap on the cage); and
4 = present for the entire observation period and not interrupted by a loud
stimulos,

3. For the second minute, contralateral rotations, defined as complete 360° turns away
frorm the lesioned side of the brain, were tallied.

4. Ipsilateral rotations were counted as negative numbers and thus, deducted from the
total contralateral rotations.

5. For cach AIMs subcategory, the scores were summed for the entire testing period.
Assessmeni of L-dopa induced dyskinesia in 6-0OHDA treated rats

Sprague-Dawley rats (18/group) were injected unilaterally with 6-OHDA as described
previcusly. Two weeks later, rats were tested for amphetamine-induced rotation activity to verify
the dopaminergic lesion. After an additional one week, baseline AIMs were measured and rats
were treated with L-dopa at 12 mg/kg and Sydnocarb at 10 and 30 mg/kg (ip) for 12 days. On
days 1, 8, 10, and 12, ATMs were scored every 20 minutes for 2 hours and graphed as a sum of

axial, limb, and orolingual (ALO) abnormal movements (Figure 6). Treatroent with this dose of
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L-dopa produced an increase in AIMS compared to baseline. Treatment with Sydoocarb

produced a decrease in ADMs comapared to vehicle.

Example 7: Reduction of L-dopa-induced Dyskinesia: Oral Dosing
Assessment of Svdrnocarb plasma drug levels in Sprague-Dawley rars (3/group)

Rats were administered Sydnocarb via oral gavage (po) at 10 mg/kg and plasma isolated
at various times post-dose. Sydnocarb was formulated in two different vehicles (0.5%
methyleethilose/0.2% Tween-80, and Ethanol:Propylene glycol:iwater (1:3:1)). Comparison of
these two drug vebicles was performed in a pharmacokinetic {PK) study to determine if an
cthanol-based formulation, which produced better solubility, had similar properties as the
standard methyicelhtose formulation used in previous studies. Plasma samples were analyzed
tor drug levels by standard LC/MS technigues and reported as ng/ml. Both drug formulations
produced similar PK profiles, with the ethanol-based formulation producing slightly higher
plasma levels at several time points (Figure 7).
Assessment of efficacy via oral dosing of Svdnocarb in L-dopa induced dyskinesia in 6-OHDA
treated rals

Sprague-Dawley rats (10/group) were injected unilaterally with 6-OHDA as described
herein, Two weeks later, rais were tested for amphetamine-induced rotation activity to verify the
dopaminergic lesion. After an additional one week, baseline ATMs were measured and rats were
treated with L-dopa at 12 mg/kg and Sydnocarb at 10 and 30 mg/kg (po) for 12 days. Drug was
formuiated in 0.5% methyicelhilose/0.2% Tween-8¢. On days 5 and 12, AIMs were scored every
20 minutes for 2 hours and graphed as a sum of axial, limb, and orolingual (ALO) abnormal
movements (Figure 8). Treatment with this dose of L-dopa produced an increase in AIMS
compared to baseline. Treatment with Sydnocarb via oral dose produced a decrease in AlMs

compared to vehicle.

Example 8: Enhancement of L-dopa-mediated Anti-akinesia: Chronic Dosing

The effects of Sydnocarb on motor function in the forelimb adjusting step (FAS) test in
unilaterally lesioned 6-OHDA rats that were treated with L-dopa with and without Sydnocarb for
2 weeks were studied.
Drug treatment

L-dopa was administered at a dose level of 6 mg/kg (ip) along with benserazide (ip; 2

mg/kg). Sydnocarb (10 or 30 mg/kg, ip) or vehicle was administered 30 minutes prior to



10

2

WO 2014/145126 PCT/US2014/029827

-84 .

L-dopa/benserazide. As a “priming” step, L-dopa was administered daily by itself for 1 week

after the amphetarnine rotation wash-out period. Subsequently, Syduoocarb, along with L-dopa,
was dosed daily for an additional 12 days. For these 6 mg/kg L-dopa studies, rats were combined
from two previcus L-dopa/Sydnocarb studies and allowed a 3-week wash out period.
Assessment of L-dopa induced motor effects in 6-OHDA treated rats

Sprague-Dawley rats (10/group) were injected unilaterally with 6-OHDA as described
herein. Two weeks later, rats were fested for amphetamine-induced rotation activity (o verify the
dopaminergic lesion. After an additional oue week, baseline FAS was measured and rats were
treated with L-dopa at 6 rog/kg and Syduocarb at 3 and 10 mg/kg (ip) for 12 days. On days 5§ and
12, FAS was scored once per hour for 3 hours and graphed as 3 % affected paw compared to
baseline (Figure 9). Treatment with this dose of L-dopa produced a slight increase in adjusting
steps compared to baseline. Treatment with 3 mg/kg Sydnocarb produced an increase o

adjusting steps compared to vehicle,

Example 9: Eshancement of L-dopa-mediated Anti-akinesia: Oral Dosing

The ability of Sydunocarb to be orally active was determined by exarnining the offects of
Sydnocarb on motor function in the forelimb adjusting step (FAS) test in unilaterally lesioned 6-
(OHDA rats that were treated with L-dopa.
Dvug treatment

L-dopa was administered at a dose level of 6 mg/kg (ip) along with benserazide (ip; 2
mg/ke). Sydnocarb (10 mg/kyg, po) or vehicle was administered 30 mimites prior to

L-dopa/benserazide. As a “priming” step, L-dopa was administered daily by itself for 1 week

after the amphetarnine rotation wash-out period. Subsequently, Syduoocarb, along with L-dopa,
was dosed daily for an additional 12 days.
Assessment of L-dopa induced motor effects in 6-OHDA treated rats

Sprague-Dawley rats {3/group) were injected umilaterally with 6-OHDA as described
herein. Two weoeks later, rats were tested for amphetamine-induced rotation activity to verify the
dopaminergic lesion. After an additional one week, baseline FAS was measured and rats were
treated with L-dopa at 6 mg/kg and Syduocarb at 10 mg/kg (po) for 12 days. On day 12, FAS
was scored at 60 minutes post-dose and graphed as a % aftected paw corapared to baseline
{(Figure 10). Oral treatroent with 10 mg/kg Svdnocarb produced a slight increase, and importantly

no decrease, in adjusting sieps compared to vehicie (L-dopa alone).
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Example 1{: Treatment with Sydnoecarb by Itself Does Not Cause Motor or Functional
Deficits in 6-OHDA-lesioned Rats

The effects of Sydnocarb on abnormal involuntary movements {(AlMs) in unilaterally
lesioned 6-0HDA rats that were not treated with L-dopa were studied.
Dvug treatment

Sydnocarb was administered at 3 mg/kg (ip) to 6-OHDA-lesioned rats once per day for
12 days.
Evaluation of dvskinesia after treatment with Sydnocard in 6-OHDA lesioned rats

Sprague-Dawley rats (3/group) were injocted unilaterally with 6-OHDA as described
herein, Two weeks later, rats were tested for amphetamine-induced rotation activity to verify the
dopaminergic lesion. After an additional six weeks, baseline AIMs were measured and rats were
treated with Svdnocarb at 3 mg/kg (ip) for 12 days. No L-dopa was administered in this
experiment. Un days 5 and 12, AlMs were scored at 30, 90, and 150 minutes post-dose and
graphed as a sum of axial, limb, and orolingual {ALQG) abnormal movements (Figure 11).
Treatment with Sydnocarb alone produced nominal ATMs, with scores approximately 20 times

lower than with L-dopa treatment.

The present disclosure is not to be himited in scope by the specific embodiments
disclosed in the examples which are intended as ithistrations of some aspects of the disclosare
and any embodiments which are functionally equivalent are within the scope of this disclosure.
Indeed, various modifications of the disclosure in addition to those shown and described herein
will become apparent to those skilled in the art and are intended to fall within the appended
claims,

A number of references have been cited, the entire disclosures of which are incorporated

herein by reference.
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What is Claimed Is:
I. A compound of Formula la-1, Formula a-2, Formula Ih-1, Formula 1b-2, Formula le-1,
Formula lc-2, Formula Id-1, or Formula 1d-2:
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/ \ (CR2R3)nl'J—W R7

(id-2),
or a pharmaceutically acceptable salt thereof, whergin: U is C; cach R'is, independently, H,
Cy-Cealkyl, Cp-Cealkenyl, Cr-Cealkynyi, Cy-Coalkoxy, Ci-Cealkylthio, -CN, -OH, -SH, halo,
haloalkyl, -NO,, -N(E=0), -C(=0)0H, -NH,, -CFs, -NH(C-Cealkyl), -N(C-Coalkylly, -C(=0)H,
carbalkoxy, carboxamido, alkylsulfonyl, allkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyl,
monoaltkylaminosulfinyl, aminosulfonyl, monoalkylaminosalfonyl, dialkylaminosulfonyi,
alkyisulfonylamino, hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyvioxy,

hydroxysuifonyl, atkoxysulfonyl, alkyisulfonylalicyl, aminosulfonylalkyl,
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monoalkylaminosulfonylatkyl, diallylaminosulfonylaliyl, aminosulfinylaliovl,
monoalkylaminosulfinylalkyl, or dialkylaminosulfinylatkyl, where ris , 1,2, 3, 4, or §; each R’
and R® is, independently, H, C,-Cealkyl, Cr-Csalkenyl, Cr-Csalloynyl, C-Cealkoxy,
Cy-Cealkylthio, -CN, -OH, -SH, halo, haloalkyl, -NG,, -C(=0)H, -NH,, -CF3, -NH(C,-Cealkyh),
-N(Cy-Cealleyly, ~-C(=0)H, carbalkoxy, carboxanudo, alkylulfonyl, alkylsulfonyloxy,
aminosulfinyl, dialkylaminosulfinyl, monoalkylaminosulfinyl, aminosulfonyi,
monealkylaminosulfonyl, dialtkyiaminosulfonyl, alkylsulfonylamino, hydroxysulfonyvioxy,
atkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysultonyl, alkylsulfonylatkyl,
aminosulfonylalkyl, moncalkylaminosultonylalkyl, dialkvlaminosulfonyialtkyl,
aminosulfinyialkyl, monoalkylaminosuliinylalkyl, dialkylaminosulfinylalkyl, arvi, or
arylCi-Coalkyl, wheren is 0, 1, 2, 3, or 4; each R and R’ is, mdependently, H, Ci-Csalkyl,
Cy-Cealkenyl, Cp-Cealkynvl, Cy-Cealkoxy, C-Cealkyilthio, -CN, -OH, -SH, halo, haloalkvi, -NG;,
-C(E=0)Y0H, -NH,, -CFs, -NH(C-Cealkyh, -N{C;-Cgalkyly,, -C{=0H, carbalkoxy, carboxamido,
alkylsulfonyl, alkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyi, moncalkylaminosulfinyl,
aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosualfonyl, alkylsulfonylamine,
hydroxysulfonyioxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl,
atkvisulfonylalkyl, aminosulfonylaikyl, monocalkylaminosulionylalkyl,
dialiylaminosuifonylalkyl, aminosulfinviaikyl, moncalkylaminosulfinylalkyi,
diatkylaminosulfinylalkyl, aryl, or arvlCi-Coalkyl, where p s 0, 1, 2, 3, or 4, Wis Hor
Cy-Cealkyl; Y is H, Ci-Caatkoxy, C-Cgalkylthio, -CN, -OH, -8H, halo, halcaliyi, -NO,,
~C(=0)Y0OH, -NH,, -CF,, -NH({C;-Cealleyh), -N{C-Caalkyly,, -C{=0H, carbalkoxy, carboxamido,
atkylsulfonyl, alkvlsulfonyloxy, aminosulfinyl, diatkviaminosulfinyl, moncalkylaminosulfinyt,
aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosulfouyl, alkylsulfonylarine,
hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, altkoxysulfonyl,
alkvisulfonylatkyl, aminosulfonylailyl, moncalkylaminosulfonylalkyl,
diatkylaminosulfonylalkyl, aminosulfinylalkyl, monocalkylamimosalfinylalkyl, or
dialkylaminosulfinylafloyl; X is O or §; Z s O or §; R is H or halo; § is H, Ci-Cealkyl, aryl,
Ci-Caalkylaryl, Ci-Ceeycloalkyl, or heteroarvl, each of which is optionally substituied with
-(Ré)t, where tis 0, 1,2, 3,4, 0r5; R s Hor Cy-Coalkyl; and each R% s, independently, H,
Cy-Cealkyl, Cp-Cealkenyl, Cr-Cealkynyi, Cy-Coalkoxy, Ci-Cealkylthio, -CN, -OH, -SH, halo,
haloalkyl, -NO,, -N(=0),, -C(=0)0H, -NH,, -CF, -0-8(=0)0H, -NH(C,-Csalkyl},
-N{Ci-Coalkylly, -C(=0H, -C(=0)C-Caalkyl, -C(=(NCi-Caalkoxy, carbalkoxy, carboxamido,
alkylsulfonyl, allkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyl, monocalkylaminosulfinyl,

aminosulfonyl, monoalkylaminosulfony!, diatkviaminosulfonyl, alkylsulfonylaminoe,
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hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy, bydroxysulfony, alkoxysulfonyl,
atkvlsulfonylalkyl, aminosulfonylalky!, moncalkylaminosulfonylalkyl,
dialkylaminosuifonylalkyl, aminosulfinyialkyl, monocalkylaminosulfinylaltkyl, or
dialicylaminosuifinylaltkyl; provided that the compound is not: 1) sydnocarb; it}
hydroxysydnocarb; i) dihydroxysydnocarb; iv) N-phenyicarbamoyl-3-(benzyl-sydnonimine; v)
N-(3"4'-dichiorophenybhcarbamoyl-3-phencthyl-sydnonimine; vi} N-(p-chlorophenylcarbamoyl-
3-phencthylsydnonimine; vit) N-{m-triftluoromethylicarbamoyl-3-phencthylsydnonimine; viii) 3-
(benzyhsydnommine-N-pheuylcarbamoyl; ix) 3-(p-methylb-benzylsydnonimine-N-
phenylcarbamovl; x) 3-(phenylpropysyduonimine-N-phenylcarbarooyl; xi) 3-(p-
carboxylbenzybisydnonimine-N-phenylcarbamovl; xii) 3-(p-flucrobenzy- 1 Jsydnonimine-N-
phenylcarbamoyl; xiit) 3-phencthylsydnonimine-N-(3"-4"-dichloro-phenylicarbamoyl; or xiv) 3-
{p-nitrophencthyh-sydnonimine-N-(3",4"-dinitro-phenyticarbamoyl; or a pharmaceutically
acceptable salt thercof,

2. The compound, or pharmaceutically acceptable salt thereof, of claim 1 wherein cach R
is, independently, H, C;-Cealkyl, C-Cealkenvi, Cy-Cealkoxy, -CN, -OH, halo, haloalkyl, -NO;,
-C{=0YOH, -NH,, -CF3, -NH{Cy-Cealkyl}, -N(Cy-Cealkyl),, or -C(=0H, whereris 1,2, 3, 4, or

5

2

3 The compound, or pharmaceutically acceptable salt thereof, of claim | wherein cach R’
is, independently, H, C;-Cealkyl, Ci-Ugalkoxy, -ON, -0OH, halo, haloalkyl, -C{(=0)OH, -NH,,
-CFy, or ~C{(=0H, whereris 1,2, 3,4, or 5.

4. The compound, or pharmaceutically acceptable salt thercof, of claim 1 wherein cach R
18, independently, H, Ci-Caalkyl, Ci-Csalkoxy, -CN, -OH, halo, -NHy, or -CFs, where ris 1, 2, 3,

4, 0r 8,

5. The compound, or pharmaceuticalily acceptable salt thereof, of claim | wherein cach R’

is, independently, H, C;-Csalkoxy, -OH, halo, -NH,, or -CF;, whereris 1, 2, 3, 4, or §.

6. The compound, or pharmaceutically acceptable salt thereof, of claim 1 wherein cach R'

is, independently, H, methoxy, ethoxy, F, Cl, Br, -NHy, or -CFa,whereris 1,2, 3, 4, or &,
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7. The compound, or pharmaceutically acceptable salt thereof, of claim 1 wherein each R

is, ndependently, F, CL, or Br, whereris 1,2, 3, 4, or 5.

8. The compound, or pharmaceutically acceptable salt thereof, of claim 1 wherein each R'

s F, whereris 1,2, 3,4, or 3.

9. The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 to 8
wherein each R” and R is, independently, H, C;-Cealkyl, Co-Coalkenyl, C-Csalkoxy, -CN, -OH,
halo, haloalkyl, -NO,, -C(=0Y0OH, -NH,, -CFy, -NH{C,-Cgalkyl}, -N(C-Cealkyi),, or -C(=O)H,

wherenis 1, 2,3, or 4.

10. The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 to §
wherein each R? and R’ is, independently, H, C;-Caalkyl, Ci-Cialkoxy, -CN, -OH, halo,
haloalkyl, -N{C-Cialkyl),, -NOy, -NH,, or -CF, where nis 1, 2, 3, or 4.

it The compound, or pharmaceutically acceptable salt thereof, of any one of claims | 10 8
wherein cach R” and R is, independently, H, C;-Csalkyl, -CN, -OH, halo, -N{C;-Cialkylh,,

-NH,, or -CFs3, wherenis 1, 2, 3, or 4.

12 The compound, or pharmaceutically acceptable salt thereof, of any one of clatms 1 to §
wherein each R? and R s, independently, H, C;-Caalkyl, -OH, -N({U-Chalkyl),, or halo, where n

81,2, 0r3.

13. The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 t0 8

; . ! 2 3.0 . P .
wherein each R” and R is, independently, H, F, CL, or Br, where nis 1 or 2.

4. The compound, or pharmaceutically acceptable salt thereof, of any one of clatms 1 to §

N 2 3. . ) . F N
wherein each R and R is, independently, H, F, Ci, or Br, where n is 1.

15. The compound, or pharmaceutically acceptable salt thereof, of any one of claims | 10 8

wherein R” and R are both H and n is 1.

i6. The compound, or pharmaceutically acceptable salt thereof, of any one of clairas 1 to 15

wherein each R? and R° is, independently, H, C;-Caalkyl, Cy-Coalkenyl, Ci-Csatkoxy, -CN, -OH,
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halo, haloalkyl, -NO;, -C{=0Y0OH, -NH;, -CF1, -NH{C-Cgalkyl), -N(C;-Cealkyl), or -C=0M,

wheren s 1, 2, 3, or 4,

17. The compound, or pharmaceutically acceptable salt thereof, of any one of claims | to 15
wherein cach R* and R’ is, independently, H, C;-Csalkyl, Ci-Caalkoxy, ~-CN, -OH, halo,
haloalkyl, -NO;, -NH,, or -CF;, wherenis 1, 2, 3, or 4.

18, The compound, or pharmaceutically acceptable salt thereof, of any one of claims [ to 15
wherein each R* and R® is, independently, H, C,-Csalkyl, -CN, -OH, halo, -NH;, or -CF3, where

2

nis 1,2, 3, ord.

9. The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 to |3

wherein each R and R is, independently, H, C;-Cialkyl, -CN, or hale, wherenis 1,2, or 3,

20. The compound, or pharmaceutically acceptable salt thereof, of any one of claims [ to 15

wherein cach R* and R’ is, independently, H, F, Cl, or Br, where nis 1 or 2.

21, The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 to |3

wherein cach R* and R° is, independently, H, F, Cl, or Br, where n is 1.

22 The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 to 15
. 4 5 .

wherein R and R are both Hand nis 1.

23. The compound, or pharmaceutically acceptable salt thereof, of any one of claims | to 21

wherein Y 18 H, C;-Cealkoxy, -CN, -GH, halo, haloalkyl, -NH;, or -CFs.

24, The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 to 21

wherein Y is H, C-Cralkoxy, -ON, -OH, or halo.

25. The compound, or pharmaceutically acceptable salt thereof, of any one of claims | 10 21

wherein Y is H, -CN, -OH, F, C|, or Br.

26. The compound, or pharmaceutically acceptable salt thereof, of any one of claimns 1 to 21

wherein Y s H, -OH, F, Cl, or Br.
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27. The compound, or pharmaceutically acceptable salt thereof, of any one of claims | to 21
wherein Y is H.
28. The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 to 27
wherein X 1s O.
29 The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 t6 28
wherein 7 1s G.
30. The compound, or pharmaccutically acceptable salt thereof, of any one of claims | t0 29

wherein G 1s aryl chosen from anthracenyl, indanyl, indenyl, naphthyl, phenanthrenyl, phenyl,
and tetrahydronaphthyl; or heteroaryl chosen from acridinyl, benzimidazolyl, benzofuryl,
benzothienyl, benzoxazolyl, benzthiazolyl, carbazolyl, furazanyl, imidazolyl, indazolyi,
indolinyl, indolizinyl, indolyl, 3H-indolyl, iscbenzofirranyl, isoindolyl, isoquinolyl, isothiazolyl,

isoxazolyl, naphthyridinyl, oxadiazolyl, oxazolyl, perimidinyl, phenanthridinyl, phenanthrolinyl,
phenazinyl, phenothiazinyl, phenoxazinyl, phthalazinyl, purinyl, pyranyl, pyrazinyl, pyrazolyl,
pyridazinyl, pyridyl, pyrimidinyl, pyrrelyl, 2H-pyrrolyl, pyrrvl, quinazolinyl, 4H-quinolizinyl,
tetrazolyl, 1,2 4-thiadiazolyl, thianthrenyl, thiazolyl, thienyi, triazinyl, triazolyi, and xanthenyl;

5

wherein the aryl or heteroaryl is optionally substituted with «(R”), where 118 0, 1,2, 3, 4, or 5.

31 The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 t6 29
wherein ( is aryl chosen from anthracenyl, naphthyl, and phenyl; or hetercaryl chosen from
benzimidazolyl, benzofuryl, benzoxazolyl, carbazolyl, furazanyl, imidazolyl, indazolyl,
indolinyl, indolizinyl, indolyl, 3H-indolyl, isoindolyl, isoquinolyl, isothiazolyl, isoxazolyl,
naphthyridinyl, oxadiazolyl, oxazolyl, purinyl, pyranyl, pyrazinyl, pyrazelyl, pyridazinyl,
pyridyl, pyrimndinyi, pyrrolyl, pyrryl, quinazohnyl, thienyl, inazinyl, and triazolyl; wherein the

aryl or heteroaryl is optionally substituted with - 'Ré);ﬁ wheret18 9,1, 2,3, 4, or 5.
' o p - p E 5 5 2

32, The compound, or pharmaceutically acceptable salt thereof, of any one of claims | 10 29
wherein Q is aryl chosen from naphthy! and phenyvl; or heteroaryl chosen from benzumidazolyl,
henzoxazolyl, imidazolyl, indazolyl, indolinyl, indolyl, isoquinolyl, isoxazolyl, oxazolyl, purinyi,
pyranyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl, pyrryl, thienyl, and
triazolyl; wherein the aryl or heteroaryl is optionally substituted with (R, where tis 0, 1, 2, 3,

4, or 3.
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33, The compound, or pharmaceutically acceptable salt thereof, of any one of claims | 10 29
wherein Q is aryl chosen from naphthy! and phenyvl; or heteroaryl chosen from benzumidazolyl,
imidazolyl, indolyl, oxazolyl, purinyl, pyranyi, pyrazinyl, pyrazolyl, pyridazinvi, pyridyi,
pyrimidinyvi, pyrrolyl, pyrryl, thienyl, and triazolyvl; wherein the aryl or heteroaryl is optionally

substituted with -(Ré)f_g whereti8 9, 1,2, 3,4, or 5.

34, The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 t6 29
wherein (@ is phenyl, pyridazinyl, pyridyl, pyrimidinyl, or triazolyl, each of which is optionally
[N

y, wheret1s 0, 1, 2,3, 4, or 8,

substituted with -(R

35. The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 to 34
wherein cach R” s, independently, H, -CN, haloatkyl, Ci-Cealkyl, Ci-Caalkoxy, -OH, halo,
-N(=0, -C(=0)0H, -NH,, -CF3, -0-5(=01n0H, -N(C;-Cealkyly,, -C(=0)Cy-Coalkyl, or
~C(=0)C;-Ceallcoxy.

36. The compound, or pharmaceutically acceptable salt thereof, of any one of claims | 10 34
wherein each R® is, independently, H, Ci-Caalkyl, C;-Cialtkoxy, -CN, -OH, halo, haloalkyl,
-NHy, -CF3, -N{=0},, -C{(=0)0H, -0-8(=0},0H, -N(Ci-Cgalkyl), -C(=0);-Cealkyl, or
-C(=0)Cy-Coalkoxy.

37. The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 to 34
wherein each R® s, independently, H, C;-Caalkyl, -CN, -OH, halo, -NH,, -CF;, C1-Caalkoxy,
-MN{=0Y,, -C(=0)OH, -0-8(=030H, -N(C,-Caalkyl),, -C(=O0)YC,-Caalkyl, or -C(=0)C,-Cyalkoxy.
38, The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 to 34
wherein cach R® is, independently, H, C-Caalkyl, C-Csalkoxy, -OH, halo, -N(=0},, -C(=0)OH,
-NH,, -CF3, ~-0-5(=0),0H, -N(C-Caalkyl),, -C{=0)C-Cialkyl, or -C(=0)C-Cialkoxy.

39 The compound, or pharmaceutically acceptable salt thereof, of any one of claims | to 34

wherein each R® ig, ndependently, H, F, Cl, or Br.

40, The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 to 34

wherein each R” is, independently, H or F.
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41. The compound, or pharmaceutically acceptable salt thereof, of any one of claims | to 40
wherein U s €.

42. The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 to 41
wherein W is H.

43. The compound, or pharmaceutically acceptable salt thereof, of any one of claims 1 t¢ 42
whergin R is H.

44, The compound, or pharmaccutically acceptable salt thereof, of any one of claims | to 42
wherein R" is H,

45. The compound, or pharmaceutically acceptable salt thercof, of claim 1 wherein: cach R'

is, independently, H, C;-Cealkyl, Co-Ugalkenyl, Ci-Ugalkoxy, -ON, -0OH, halo, haloalkyl, -NO,,
-C(=0)OH, -NH;, -CF;, -NH{C,-Cgalkyl), -N(C-Cgalkyl)y, or -C(=0O)H, whereris 1, 2,3, 4, or
5; each R and RY is, independently, H, C;-Cealkvl, Co-Cealkenvl, Cy-Cealkoxy, -CN, -OH, halo,
haloalkyl, -NO,, ~-C(=0)OH, -NH,, -CF;, -NH{C,-Ceallcyly, -N(Ci-Coalkyhy,, or -C{=0}H, where
nis1,2,3 0rd; each R and R® is, imdependently, H, C;-Cealkyl, Co-Csalkenyl, Ci-Csalkoxy,
-CN, -OH, halo, haloalkyl, -NGO,, -C(=0Y0H, -NH,, -CF3, -NH{C,-Cealkyl), -N(C-Cealkyly,, or
-CEOYH, wherenis 1, 2,3, or 4, Y is H, C-Cealkoxy, -CN, -OH, halo, haloalkyl, -INH,, or
-CFy; X s O Z s O; (§ is aryl chosen from anthracenyl, indanyl, indenyl, naphthyl,
phenanthrenyl, phenyl, and tetrahydronaphthyl; or heteroaryl chosen from acridinyl,
benzimidazolyl, benzofuryl, benzothienyl, benzoxazolyl, benzthiazolyl, carbazolyl, furazanyl,
imidazolyl, indazolyl, indolinyl, indolizinvl, indolyl, 3H-indolyl, isobenzofuranyl, isoindolyi,
isoquinolyl, isothiazolyl, isoxazolyl, naphthyridinyl, oxadiazolyl, oxazolyl, perimidinyl,
phenanthridinyl, phenanthrolinyl, phenazinyl, phenothiazinyl, phenoxazinyl, phthalazinyl,
purinyl, pyranyl, pyrazinyl, pyrazolyl, pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl, 2ZH-pyrrolyl,
pyrryvi, quinazolinyl, 4H-quinolizinyi, tetrazolyl, 1,2 4-thiadiazolyl, thianthrenyl, thiazolyl,
thienyl, triazinyl, triazolyl, and xanthenyl; wherein the arvl or heteroary! is optionally substitated
with -(R‘f})t, wheretis 0, 1,2, 3, 4, or 5; cach R% s, independently, H, -CN, haloalkyl, Cy-Cealkyl,
Cy-Cealkoxy, -OH, halo, -N(=0),, -C(=0}0H, -NH,, -CF3, -0-5(=0),0H, -N(Cy-Cgalkyl),,
C{=0C-Cealkyl, of -C(=0)C1-Csalkoxy; Uis C; Wis H; R s H; and R” is H.
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46. The compound, or pharmaceutically acceptable salt thereof, of claim 1 wherein: each R'
is, independently, H, C;-Cealkyl, Cy-Cealkoxy, -CN, -OH, halo, haloalkyl, -C{=0)0OH, -NH,,
~CFy, or -C(=00H, whereris 1, 2, 3, 4, or §5; cach R% and R is, independently, H, €, -Csalkyl,
Cy-Chalkoxy, -CN, -OH, halo, haloalkyl, -N(Ci-Caalkyl),, -NO,, -NH,, or -CF;, where nis 1, 2,
3, or 4; cach R* and R’ is, mndependently, H, C;-Cialkyl, C-Cialkoxy, -CN, -OH, halo,
haloalkyl, -NO;, -NH,, or -CFy, wherenis 1, 2, 3, or 4; Y is H, C-Ciatkoxy, -CN, -OH, or halg;
X is O; 718 O; Q is aryl chosen from anthracenyl, naphthyl, and phenyl; or hetercaryi chosen
froms benzimidazolyl, benzofuryl, benzoxazolyl, carbazolyl, furazanyl, imidazolyl, indazolyl,
mdolinyl, indolizinyl, indolyl, 3H-indolyl, isoindolyl, soquinolyl, isothiazolyl, isoxazolyl,
naphthyridinyl, oxadiazolyl, oxazolyl, purinyl, pyranyl, pyrazinyl, pyrazolyl, pyridazinyl,
pyridyl, pyrimidinyi, pyrrolyl, pyrryl, quinazolinyl, thienyl, triazinyl, and triazolyl; wherein the
aryl or heteroaryl is optionally substituted with —(Ré)f_g where 138 0, 1, 2, 3, 4, or §; cach R® is,
independentiy, H, C;-Caalkyl, C-Cialkoxy, -CN, -OH, halo, haloalkyl, -NH,, -CF;, -N(=0}),,
-C(=0Y0OH, -O-S=0»0H, -N{C;-Cealkyly, -C{=0)C-Csalkyl, or -C{=0)C-Cyalkoxy; Uis C;
W is Hy R is H; and R js H

47. The compound, or pharmaceutically acceptable salt thereof, of claim 1 wherein: each R/
18, independently, H, Ci-Caalkyl, Ci-Csalkoxy, -CN, -OH, halo, -NHy, or -CFs, where ris 1, 2, 3,
4, or 8; each R and R’ is, ndependently, H, C;-Cialkyl, -ON, -OH, halo, -N(C;-Cialkyl),, -NH,,
or -CFs, where nis 1,2, 3, or 4; cach R* and R’ is, independently, H, C;-Cialkyl, -CN, -OH,
halo, -NH,, or -CF3, wherenis 1,2, 3, or 4, Y is H, -CN,-OH, F,CLor By X 8 0, Zis O QO is
aryl chosen from naphthyl and phenyl; or heteroaryl chosen from benzimidazolyl, benzoxazolyl,
mmidazolyl, indazolyl, indolinyl, indolyl, soquinalyl, soxazolyl, oxazolyl, purinyl, pyranyl,
pyrazinyl, pyrazolyl, pyridaziayl, pyridyl, pyrimidinyl, pyrrolyl, pyrryl, thienyl, and triazolyl;
wherein the aryl or heteroaryl is optionally substituted with ~(R6)-k, wheret150,1,2,3,4, or 3;
cach R® is, independently, H, Ci-Cialkyl, -CN, -OH, halo, -NH,, -CF;, C,-Caalkoxy, -N{(=0),,
-C(=0)OH, -O-S{(=0%0H, -N{C;-Csalkyl),, -C(=0)C-Csalkyl, or -C(=0)C,-Czalkoxy; U is C;
Wis H: R is H: and R™ is HL

43. The compound, or pharmaceutically acceptable salt thereof, of claim 1 wherein: cach R/
is, independently, H, C-Csalkoxy, -OH, halo, -NH,, or -CF;, wherevis 1, 2, 3, 4, or 5; cach R?
and R’ is, independently, H, C-Csalkyl, -OH, -N{C-Csalkyl),, or halo, wherenis |, 2, or 3;
cach RY and R 1, independently, H, C;-Caalkyl, -CN, or halo, wherenis 1,2, or3; Yis H, -OH,

F, Ch or Br; X 15 O; Z1s O; (@ 15 aryl chosen from naphthyl and phenyl; or heteroary! chosen
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frors benzimidazolyl, imidazolyl, indolyl, oxazolyl, punnyl, pyranyl, pyrazinyl, pyrazolyl,
pyridazinyl, pyridyl, pyrimidinyl, pyrrolyl, pyrryl, thienyl, and triazolyl; wherein the aryl or
heteroaryl is optionally substituted with -( R6}{, where tis 0, 1, 2, 3, 4, or 5; cach R” is,
independently, H, C-Csalkyl, C-Cialkoxy, -OH, halo, -N(=0),, -C(=0)0H, -NH,, -CF;,
-0-8(=0),0H, -N(C-CaalkyD,, -C(=0)C,-Caalkyl, or -C(=0)C,-Caalkoxy: U is C; Wis H: R is

H; and R is H.

49, The compound, or pharmaceutically acceptable salt thereof, of claim 1 wherein: each R
is, independently, H, methoxy, cthoxy, F, Cl, Br, -NH,, or -CFi,where vis 1, 2, 3, 4, or §; cach
R” and R’ is, independentiy, H, F, Cl, or Br, wheren is 1 or 2; cach R and R s, independently,
H,F, CLorBr,wherenis 1or 2; Yis H; Xis O; Z 18 O Q 18 phenyl, pynidazinyl, pyridyl,
pyrimidinyl, or triazolyl, cach of which s optionally substituted with R%), where tis 0, 1, 2, 3,

4, or 5; cach R is, independently, H, F, C1, or Br; U s C; W is H; R’ s H; and RY is H.

50. The compound, or pharmaceutically acceptable salt thereof, of claim 1 wherein: each R
is, independently, F, CL, or Br, whereris |, 2, 3, 4, or 5; cach R and R i, independently, H, F,
C1, or Br, where n is 1; cach R* and R’ s, mdependently, H, F, Cl, or Br, wherenis 1; Yis H; X
s G; 7 18 O; Q 1s phenyl, pyridazinyl, pynidyl, pyrimidinyl, or triazolyl, each of which s
optionally substituted with -(R®), where t 18 0, 1, 2, 3, 4, or 5; cach R® s, jndependently, H or F;
UisC:Wis H; R is Hr and R¥ is HL

51. The compound, or pharmaceutically acceptable salt thereof, of claim 1 wherein: each R
s F,whereris 1,2,3,4, or 5; RPand R are both Hand nis 1; R* and R® arc both Hand nis §;
Yis H; X 15 O; Z 1s O; Q 1s phenyl, pyridazinyl, pyridyl, pyrimidinyl, or triazolyl, each of which
is optionally substituted with —(Ré’)r, where tis 0, 1,2, 3, 4, or §; cach R% is, mdependently, H or

FUC,Wis H; R s H; and R s HL

52. A composition comprising a compound of Formula fa-1, Formula 1a-2, Formula Ib-1,

Formula 1b-2, Formuia Ic-1, Formuda {e-2, Formula id-1, or Formula 1d-2:



WO 2014/145126 PCT/US2014/029827
w7 -

(CR*RB),-Y

|
/ \ (CRZR?’)nlYJ-W R’
_ ol "
||;\>E’ L
N\x \ﬂ/
z
(Ia-1),

R
(CRR),-Y

|
/ \ (CR2R3)nLEJ-W R7

| 6
C+)N R
I A N

N
\X

{(1a-23,

R (CRAR®),-Y

| !
/ \ (CR?R3),U-W R7
e @L%& FI{B
R G

{(Ib-1),

j@ 2]

(R"),
(CR*R®),-Y

| :
/ \ (CRZR3) U-W R7
—_— ell\‘%g; |T8
—N_ _N
e’L\x \n/ "
z
(Ib-2),

(CRAR),-Y

|
/" \ (CRZR?,)”{J_W -

— e
||\N N

10 {(Ic-13,



j@ 2]

1

o
&

WO 2014/145126 PCT/US2014/029827
-G8~

(CRAR),-Y

|
/7 \ (CRZR?’)nt?-W R7

_ ol -
N

~
Q
N\x \ﬂ/
{Ic-23,

(CRR®),-Y

|
/ \ (CR2R3)nlYJ-W R’

IN—= R®

| (gR4R5)p-Y
/7 \ e g

—_— 8
| —N N
HN~_

N=<
/
9]

(Id-23,
or a pharmaceutically acceptable salt thereof, wherein: U is C; each R' is, independently, H,
Cy-Cealkyl, Cp-Cealkenyl, Cr-Cealkynyi, Cy-Coalkoxy, Ci-Cealkylthio, -CN, -OH, -SH, halo,
haloalkyl, -NO,, -N(=0),, -C(=030H, -NH,, -CF, -NH(Ci-Caalkyl), -N(Cy-Cealkylly, -C(=0)H,
carbalkoxy, carboxamido, alkylsulfonyl, allkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyl,
monoaltkyiaminosulfinyl, aminosuifonyl, monoalkylaminosalfonyl, dialkylaminosulfonyi,
alkyisulfonylamino, hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyvioxy,
hydroxysuifonyl, atkoxysulfonyl, alkyisulfonylalicyl, aminosulfonylalkyl,
monoalkylaminosulfonylabicyl, dialkylaminosulfonylalicyl, aminosuifinylalkyl,
monoalkylaminosulfinvialkyl, or dialkylarsinosulfinylalkyl, where ris 0, 1, 2, 3, 4, or 5; cach R
and R® is, independently, H, C,-Cealkyl, Cr-Csalkenyl, C-Csalloynyl, C-Cealkoxy,
Cy-Cealkylthio, -CN, -OH, -SH, hale, haloalkyl, -NG,, -C(=0)H, -NH,, -CF3, -NH(C,-Cealkyh),
-N(Ci-Cealkyl), -C(=0)H, carbalkoxy, carboxamde, alkylsulfonyl, allylselfonyloxy,
aminosulfinyl, dialkylaminosalfinyl, movnoalkylarsinosulfinyl, aminosultonyi,

monoalkylaminosulfonyl, diatkyiaminosulfonyl, alkylsulfonylamino, hydroxysulfonyloxy,
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atkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl, alkylsulfonylatkyl,
aminosulfonylalkyl, moncalkylaminosultonylalkyl, dialkvlaminosulfonyialtkyl,
aminosulfinyialkyl, monoalkylaminosuliinylalkyl, dialkylaminosulfinylalkyl, arvi, or
arylCy-Cealkyl, wheren is 8, 1, 2, 3, or 4; each R and R® is, independently, H, Ci-Cgalkyi,
Cy-Cealkenyl, Cp-Cealkynvl, Cy-Cealkoxy, C-Cealkyilthio, -CN, -OH, -SH, halo, haloalkvi, -NG;,
-C(E=0)Y0H, -NH,, -CFs, -NH(C-Cealkyh, -N{C;-Cgalkyly,, -C{=0H, carbalkoxy, carboxamido,
alkylsulfonyl, alkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyi, moncalkylaminosulfinyl,
aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosualfonyl, alkylsulfonylamine,
hydroxysulfonyioxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl,
atkvisulfonylalkyl, aminosulfonylaikyl, monocalkylaminosulionylalkyl,
dialiylaminosuifonylalkyl, aminosulfinylailoyl, monecalkylaminosulfinylalkyi,
diatkylaminosulfinylalkyl, aryl, or arvlCi-Coalkyl, where p s 0, 1, 2, 3, or 4, Wis Hor
Cy-Cealkyl; Y is H, Ci-Caatkoxy, C-Cgalkylthio, -CN, -OH, -8H, halo, halcaliyi, -NO,,
~C(=0)Y0OH, -NH,, -CF,, -NH({C;-Cealleyh), -N{C-Caalkyly,, -C{=0H, carbalkoxy, carboxamido,
atkylsulfonyl, alkvlsulfonyloxy, aminosulfinyl, diatkviaminosulfinyl, moncalkylaminosulfinyt,
aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfonylarine,
hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, altkoxysulfonyl,
alkvisulfonylatkyl, aminosulfonylailyl, moncalkylaminosulfonylalkyl,
diatkylaminosuifonylalkyl, aminosulfinylalioyl, monoalkylaminosulfinylalkyl, or
dialkylaminosulfinylafloyl; X is O or §; Z s O or §; R is H or halo; § is H, Ci-Cealkyl, aryl,
Ci-Caalkylaryl, Ci-Ceeycloalkyl, or heteroarvl, each of which is optionally substituted with
-(Ré)t, where tis 0, 1,2, 3, 4, 0r5: R¥is Hor Cy-Coalkyl; and each RS s, independently, H,
Cy-Cealkyl, Cp-Cealkenyl, Cr-Cealkynyi, Cy-Coalkoxy, Ci-Cealkylthio, -CN, -OH, -SH, halo,
haloalkyl, -NO,, -N(=0),, -C{(=030H, -NH,, -CF3, -0-5(=0),0H, -NH(C,;-Cealkyl},
-N{Ci-Coalkylly, -C(=0H, -C(=0)C-Caalkyl, -C(=(NCi-Caalkoxy, carbalkoxy, carboxamido,
alkylsulfonyl, allkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyl, monocalkylaminosulfinyl,
aminosulfonyl, monoalkylaminosulfony!, diatkviaminosulfonyl, alkylsulfonylamine,
hydroxysuifonyioxy, alkoxysulfonyloxy, alkylsuifonvioxy, hydroxysulfonyi, alkoxysulfonyl,
atkylsulfonylatkyl, aminosutfonylalkyl, moncalkylaminosulfonylalkyl,
dialkylaminosuifonylalkyl, aminosulfinvialkyl, monocalkylaminosulfinylalkyl, or
dialkylaminosuifinylatkyl; provided that the composition does not comprise sydnocarb,
hydroxysydnocarb, or dihydroxysydnocarb in combination with an anti-epileptic agent or L-

dopa.
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53 The composition of claim 52 further comprising a pharmaceutically acceptable carrier.
54. The composition of claim 52 further comprising another therapeutic agent is an anti-

Parkinsonian agent, an agent used to treat dyskinesias, or an agent that induces dyskinesias.

55. The composition of claim 54 wherein the anti-Parkinsonian agent is chosen from:
an agent used for dopamine replacement, a dopamine uptake blocker, a dopamine agonist, an

anti-cholinergic agent, an MAQG inhibitor, and a COMT inhibitor.

56. The composition of claim 55 wherein the agent used for dopamine replacement is

L-dopa or L-dopa/carbidopa.

57. The composition of claim 55 wherein the dopamine uptake blocker is modafinil,

benocyclidine, or amfonelic acid.

58. The composition of claira 55 wherein the dopamine agonist s apomorphine,

bromocriptine, cabergoling, lisuride, pergolide, ropinirole, pramipexole, or rotigotine.

59, The composition of claim 55 wherein the anti-cholinergic agent is trihyexyphenidyt or
benzatroping.

60, The composition of clairg 5§ wherein the MAQG inhibttor is selegiline or ginko biloba.
61, The composition of ¢laim 55 wherein the COMT inhibitor is tolcapone or entacapone.
62. The composition of claim 34 wherein the agent used to treat dyskinesias is chosen from:

a ghitamate receptor antagonist, an AMPA receptor, a mGhiRS, a glutarate release inhibitor, an
opioid, a serotonergic agent, a GABA compound, an adenosine compound, a cannabinioid, an

adrenergic, a histamine, a cholinergic agent, tamoxifen, sildenafil, and Uk-343,664.

63. The composition of claim 62 wherein the glutamate receptor antagonist s amantadine,

dextrorphan, dexiromorphan, MK-801, or Co-101,244/PD-174,494,
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04, The composition of claim 62 wherein the AMPA receptor is retigabine, flupirtine,
topirimate, GYK-47.261, or IEM-14560.
635, The composition of claim 62 wherein the mGluRS is MRZ-8676, AFQ056,

ADX-4R,621, 2-Methyl-6-(phenylethynyhpyridine, or 3-((2-Methyl-4-

thiazolyljethynyhpyridine.

66, The composition of claim 62 wherein the ghitamate release inhibitor 18 rituzole or
naftazone.

67. The composition of claim 62 wherein the opioid is US0-488, morphine, meperidine, or
methadone,

68. The compeosition of claim 62 wherein the serotonergic agent is buspirone, clozapine,

quetiapine, 3,4-methylenedioxy-N-metharphetamine, pimavenserin, ritanserin, citalopram, or

fluoxetine.
69. The composition of claim 62 wherein the GABA compound is diazepam or zolpidem.
70. The composition of claim 62 wherein the adenosine compound is istradefviline or
preladenant.
71 The composition of claira 62 whercin the cannabiunioid is rtimonabant or nabilone.
72. The composition of claim 62 wherein the adrenergic is Idazoxan, Yohimbine

R E 2

Ranwolscine, Fipamezole, or and propranoclol.

73. The composition of claim 62 wherein the histamine is famotidine, immepip, or Imetit.
74. The composition of claira 62 wherein the cholinergic is nicotine, rivastigmine, or
donepezil.

75, The composition of claim 34 wherein the agent that induces dyskinesias is chosen from

an anti-psychotic agent.
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76. The composition of claim 75 wherein the anti-psychotic agent is chlorpromazine,

metoclopramide, promethazine, olanzapine, risperidone, clozapine, or aripiprazole.

77. A formmulation for oral administration in the form of a tablet, gel-cap, or capsule
comprising from about 1 myg to about 1000 myg of 8 compound of Fornnuila Is-1, Formula 1a-2,
Formula Ib-1, Formula Ib-2, Formula I¢-1, Formula I¢-2, Formula Id-1, or Formula 1d-2:
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(id-2),
or a pharmaceutically acceptable salt thereof, whergin: U is C; cach R'is, independently, H,
Cy-Cealkyl, Cp-Cealkenyl, Cr-Cealkynyi, Cy-Coalkoxy, Ci-Cealkylthio, -CN, -OH, -SH, halo,
haloalkyl, -NO,, -N(E=0), -C(=0)0H, -NH,, -CFs, -NH(C-Cealkyl), -N(C-Coalkylly, -C(=0)H,
carbalkoxy, carboxamido, alkylsulfonyl, allkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyl,
monoaltkylaminosulfinyl, aminosulfonyl, monoalkylaminosalfonyl, dialkylaminosulfonyi,
alkyisulfonylamino, hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyvioxy,

hydroxysuifonyl, atkoxysulfonyl, alkyisulfonylalicyl, aminosulfonylalkyl,
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monoalkylaminosulfonylatkyl, diallylaminosulfonylaliyl, aminosulfinylaliovl,
monoalkylaminosulfinylalkyl, or dialkylaminosulfinylatkyl, where ris , 1,2, 3, 4, or §; each R’
and R® is, independently, H, C,-Cealkyl, Cr-Csalkenyl, Cr-Csalloynyl, C-Cealkoxy,
Cy-Cealkylthio, -CN, -OH, -SH, halo, haloalkyl, -NG,, -C(=0)H, -NH,, -CF3, -NH(C,-Cealkyh),
-N(Cy-Cealleyly, ~-C(=0)H, carbalkoxy, carboxanudo, alkylulfonyl, alkylsulfonyloxy,
aminosulfinyl, dialkylaminosulfinyl, monoalkylaminosulfinyl, aminosulfonyi,
monealkylaminosulfonyl, dialtkyiaminosulfonyl, alkylsulfonylamino, hydroxysulfonyvioxy,
atkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysultonyl, alkylsulfonylatkyl,
aminosulfonylalkyl, moncalkylaminosultonylalkyl, dialkvlaminosulfonyialtkyl,
aminosulfinyialkyl, monoalkylaminosuliinylalkyl, dialkylaminosulfinylalkyl, arvi, or
arylCi-Coalkyl, wheren is 0, 1, 2, 3, or 4; each R and R’ is, mdependently, H, Ci-Csalkyl,
Cy-Cealkenyl, Cp-Cealkynvl, Cy-Cealkoxy, C-Cealkyilthio, -CN, -OH, -SH, halo, haloalkvi, -NG;,
-C(E=0)Y0H, -NH,, -CFs, -NH(C-Cealkyh, -N{C;-Cgalkyly,, -C{=0H, carbalkoxy, carboxamido,
alkylsulfonyl, alkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyi, moncalkylaminosulfinyl,
aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosualfonyl, alkylsulfonylamine,
hydroxysulfonyioxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl,
atkvisulfonylalkyl, aminosulfonylaikyl, monocalkylaminosulionylalkyl,
dialiylaminosuifonylalkyl, aminosulfinviaikyl, moncalkylaminosulfinylalkyi,
diatkylaminosulfinylalkyl, aryl, or arvlCi-Coalkyl, where p s 0, 1, 2, 3, or 4, Wis Hor
Cy-Cealkyl; Y is H, Ci-Caatkoxy, C-Cgalkylthio, -CN, -OH, -8H, halo, halcaliyi, -NO,,
~C(=0)Y0OH, -NH,, -CF,, -NH({C;-Cealleyh), -N{C-Caalkyly,, -C{=0H, carbalkoxy, carboxamido,
atkylsulfonyl, alkvlsulfonyloxy, aminosulfinyl, diatkviaminosulfinyl, moncalkylaminosulfinyt,
aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosulfouyl, alkylsulfonylarine,
hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, altkoxysulfonyl,
alkvisulfonylatkyl, aminosulfonylailyl, moncalkylaminosulfonylalkyl,
diatkylaminosulfonylalkyl, aminosulfinylalkyl, monocalkylamimosalfinylalkyl, or
dialkylaminosulfinylafloyl; X is O or §; Z s O or §; R is H or halo; § is H, Ci-Cealkyl, aryl,
Ci-Caalkylaryl, Ci-Ceeycloalkyl, or heteroarvl, each of which is optionally substituied with
-(Ré)t, where tis 0, 1,2, 3,4, 0r5; R s Hor Cy-Coalkyl; and each R% s, independently, H,
Cy-Cealkyl, Cp-Cealkenyl, Cr-Cealkynyi, Cy-Coalkoxy, Ci-Cealkylthio, -CN, -OH, -SH, halo,
haloalkyl, -NO,, -N(=0),, -C(=0)0H, -NH,, -CF, -0-8(=0)0H, -NH(C,-Csalkyl},
-N{Ci-Coalkylly, -C(=0H, -C(=0)C-Caalkyl, -C(=(NCi-Caalkoxy, carbalkoxy, carboxamido,
alkylsulfonyl, allkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyl, monocalkylaminosulfinyl,

aminosulfonyl, monoalkylaminosulfony!, diatkviaminosulfonyl, alkylsulfonylaminoe,
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hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy, bydroxysulfony, alkoxysulfonyl,
atkvlsulfonylalkyl, aminosulfonylalky!, moncalkylaminosulfonylalkyl,
dialkylaminosuifonylalkyl, aminosulfinyialkyl, monocalkylaminosulfinylaltkyl, or
dialicylaminosuifinylalkyl; provided that the formulation does not comprise sydnocarb,
hydroxysydnocarb, or dihydroxysydnocarb in combination with an anti-epileptic agent or L-

dopa.

78, The formulation of claim 51 further comprising another therapeutic agent chosen from:
an anti-Parkinsonian agent, an agent used to treat dyskinesias, or an agent that induces

dyskinesias.

79, A method of treating a dyskinesia or another disorder in a mammal comprising
administering to the manumal in need thereof an effective amount of 3 compound of Formula
fa-1, Formula {8-2, Formula ib-1, Formula Ib-2, Formala Ie-1, Formula fe-2, Formmula Id-1, or
Formutla 1d-2:
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(Id-23,
or a pharreaceutically acceptable salt thereof, wherein: U is C; cach R is, independently, H,
Cy-Cealkyl, Cp-Caalkenyl, Cr-Caalkynyi, Cy-Cealkoxy, Ci-Cealkylthio, -CN, -OH, -SH, halo,
haloalkyl, -NOy, -N(=0),, -C(=0H0H, -NH,, -CFa, -NH(C-Csalkyl), -N(Cy-Cealloyiyy, -C(=0)H,
carbalkoxy, carboxamido, alkylsulfonyl, alkylsulfonyloxy, aminosulfinyl, dalkylaminosulfinyl,
monecalkylaminosulfinyl, aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosulfonyl,
alkylsulfonylamino, hydroxysulfonyloxy, allkoxysulfonyloxy, alkylsulfonyloxy,
hydroxysulfonyl, alkoxysolfonyl, alkylsalfonylalkyl, aminosulfonylalkyl,
monoalkylaminosulfonylatkyl, dialkylaminosulfonylatkyl, anunosulfinylalioyl,
monoalkylaminosulfinylalkyl, or diatkylaminosuifinylaliyl, where ris 6, 1, 2, 3, 4, or 5; each R’
and R’ is, independently, H, C-Cealkyl, Co-Cealkenyl, Co-Cealkynyl, Ci-Cealkoxy,
Cy-Cealkylthio, -CN, -OH, -SH, halo, haloalkyl, -NG,, -C(=0)Y0OH, -NH;, -CF;, -NH(C,-Csalkyl),
SN{Cy-Cgalkyly,, -C(=01H, carbalkoxy, carboxamido, alkylsulfonyl, atkylsuifonyloxy,
aminosulfinyl, dialkylaminosulfinyl, monoatkylaminosulfinyl, aminosulfonyl,
monoalkylaminosulfonyl, diatkylaminosulfonyl, alkylsulfonylamino, hydroxysulfonyloxy,
atkoxysuifonyloxy, alkvisulfonyloxy, hydroxysulfonyl, alkoxysulfonyl, alkylsulfonvialkyl,
aminosulfonylalkyl, monoalkylaminosulfonylalkyl, dialkylaminosulfonylalikyl,
aminosulfinylalioyl, monocalkylamimosalfinylaikyl, dialkylaminosulfinylalkyl, arvi, or
arylCy-Coalkyl, wherenis 0, 1, 2, 3, or 4; each RYand R° is, independently, H, C;-Cgalkyl,
Cy-Cealkenyl, Cy-Cealkynyl, Cy-Cealkoxy, C-Cealkyithio, -CN, -OH, -SH, halg, halealkyi, -NO,,
~C(=0)Y0OH, -NH,, -CF,, -NH({C;-Cealkyh), -N{C-Caalkyly,, -C{=01H, carbalkoxy, carboxamido,
atkylsulfonyl, alkvlsulfonyloxy, aminosulfinyl, diatkviaminosulfinyl, moncalkylaminosulfinyt,
aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfonylamino,
hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, altkoxysulfonyl,
alkvisulfonylalkyl, aminosulfonylailkyl, moncalkylaminosulfonylalkyl,
diatkylaminosulfonylalkyl, aminosulfinylalkyl, monoalkylaminosulfinylalkyi,
diatkylaminosuifinylalloyl, aryl, or arylC-Cealkyl, where p s 0, 1, 2, 3, or 4, Wis Hor
Ci-Csalkyl Y is H, Ci-Caalkoxy, U-Cealkylthio, -CN, -OH, -8H, halo, haleatiyi, -NO;,
-C(=0)OH, -NH;, -CF;, -NH{C-Cgalkyl), -N(C-Cgalkyl)y, -C(=0)H, carbalkoxy, carboxamido,
atkvlsulfonyl, alkvisulfonyloxy, aminosulfinyl, dialkviaminosulfinyl, monocalkylaminosulfinyl,
aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfonylamine,
hydroxysulfonyloxy, alkoxysulfonyloxy, allcylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl,

alkyvisulfonylalkyl, aminosulfonylalkyl, monecalkylaminosulfonylalkyl,
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diatkylaminosalfonylalkyl, aminosulfinvlalkyl, monoalkylaminosulfinylaikyl, or
dialkylaminosulfinylatkyl; Xis G or§; 718 O or §; R7is Horhalo; Qis H, C, -Cealkyl, aryl,
Cy-Cealloylaryl, Cs-Coeycloalkyl, or heteroaryl, cach of which is optionally substituted with
—(R6)t, where tis 0, 1,2, 3,4, or 5: R¥is Hoor C3-Coalkyl; and each RO is, independently, H,
Cy-Cealkyl, Cy-Cyalkenyl, C,-Cgalkynyl, C;-Cealkoxy, Ci-Cgalkylthio, -CN, -OH, -8H, halo,
haloalkyl, -NO,, -N{=Q0},, -C(=0)OH, -NH,, -CF4, -0-8(=03,0H, -NH(C;-Cealkyl),
~N{C-Caalkylh, -C{=0H, -C=0Y0-Ceallvl, -C(=0)T-Cealkoxy, carbalkoxy, carboxamido,
atkylsulfonyl, alkvlsulfonyloxy, aminosulfinyl, diatkviaminosulfinyl, moncalkylaminosulfinyt,
aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfonylamino,
hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, altkoxysulfonyl,
alkvisulfonylalkyl, aminosulfonylalkyl, monocalkylaminosulfonylabicyl,
diatkylaminosuifonylalkyl, aminosulfinylalioyl, monoalkylaminosulfinylalkyl, or
diatkylaminosulfinylallkyl; or pharmaceutically acceptable salt thereof, wherein the another
disorder is restless leg syndrome (such as drug-induced or idiopathic), a drug-induced dystonia,
chorea (such as Huntington’s disease, toxin-induced chorea, Sydenham’s chorea, Chorea
gravidarum, Wilson’s disease, drug-induced chorea, and metabolic and endocrine-relatec
choreas), a tic (such as motor, phonic, simple, complex, and Tourette syndrome), a dystonia
{such as acute, generalized, focal, segmental, sexual, intermediate, psychogenic, and Acute
Drystonic Reaction}, Sodemytopic Parkinson’s, a stereotypic movement disorder (such as
movement disorder related to autism, gonetic, and childhood), obsessive compulsive disorder,
narcolepsy (such as cataplexy), transmissible spongiform encephalopathies (such as Creutzfeldt-
Jakob disecase and Kuvu}, neuroacanthocytosis, setzure and convulsions, athetosis (such as

\

related to Huntington’s Disease, asphyxia, nconatal jaundice, and stroke), or cercbral palsy.

80. The method of claim 79 wherein the mammal is a human.
81. The method of claim 79 or claim 80 wherein the administration is oral.
82. The method of any one of claims 79 to &1 wherein the dyskinesia is levodopa-induced

dyskinesia, chronic or tardive dyskinesia, or orofacial dyskinesia.

83. The method of cleim 82 wherein the levodopa-induced dyskinesia is off-period

dystonia, diphasic dyskinesia, or peak-dose dyskinesia.
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84. A compound, or pharmaceutically acceptable salt thereof, of any one of ¢claims 1 to 51
for treating a dyskinesia (such as levodopa-induced dyskinesia, chronic or tardive dyskinesia,
and orofacial dyskinesia), restless leg syndrome (such as drug-induced or idiopathic), g drug-
induced dystonia, chorea (such as Huntington’s disease, toxin-induced chorea, Sydenham’s
chorea, Chores gravidaram, Wilson’s discase, drag-induced chores, and metabolic and
endocrine-related choreas), a tic (such as motor, phonic, simaple, complex, and Touretic
syndrome), a dysionia (such as acuie, generalized, focal, segmental, sexual, intermediate,
psychogenic, and Acate Dystonic Reaction), Sodemytopic Parkinson’s, a stercotypic movement
disorder (such as movement disorder related to autisto, genetic, and childhood), obsessive
compulsive disorder, narcolepsy (such as cataplexy), transmissible spongiform encephalopathies
{such as Creutzfeldt-Jakob disease and Kuru), neurcacanthocyiosis, seizare and convulsions,
athetosis (such as related to Huntington’s Disease, asphyxia, neonatal jaundice, and stroke), or

cerchbral palsy.

8S. A compound, or pharmaceutically acceptable salt thereof, of any one of ¢claims 1 to 51
for use in the manutacture of a medicament for treating a dyskinesia (such as levodopa-induced
dyskinesia, chronic or tardive dyskinesia, and orofacial dyskinesia), restless leg syndrome {(such
as drug-induced or idiopathic), a drug-induced dystonia, chorea (such as Huntington’s disease,
toxin-induced chorea, Sydenham’s chorea, Chorea gravidarum, Wilson's disease, drug-induced
chorea, and metabolic and endocrine-related choreas), a tic (such as motor, phonic, simple,
complex, and Tourette syndrome), a dystonia (such as acute, generalized, focal, segmental,
sexual, intermediate, psychogenic, and Acute Dystonic Reaction), Sodemytopic Parkinson’s, a
stereotypic movement disorder (such as moverment disorder related to autism, gevetic, and
childhood), obsessive compulsive disorder, narcolepsy (such as cataplexy), transmigsible
spongiform encephalopathies (such as Creutzfeldt-Jakob discase and Kuru),
neuroacanthocytosis, seizure and convalsions, athetosis (such as related to Huntington’s Disease,

asphyxia, nconatal jaundice, and stroke), or cerebral palsy.

86. Use of a compound, or pharmaceutically acceptable salt thereof, of any one of claims |
10 51 for treating a dyskinesia (such as levodopa-induced dyskinesia, chronic or tardive
dyskinesia, and orofacial dyskinesia), restless leg syndrome (such as drug-induced or idiopathic),
a drug-induced dystonia, chorea (such as Huntington’s disease, toxin-induced chorea,
Sydenham’s chorea, Chorea gravidarum, Wilson’s disease, drug-indaced chorea, and metabolic

and endocrine-related choreas), a tic (such as motor, phouic, sitaple, complex, and Tourctic
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syndrome), a dystonia (such as acute, generalized, focal, segmental, sexual, intermediate,
psychogenic, and Acute Dystonic Reaction), Sodemytopic Parkinson’s, a stereotypic moverent
disorder {such as movement disorder related to autism, genetic, and childhood), obsessive
compulsive disorder, narcolepsy (such as cataplexy), transmissible spongiform encephalopathies
{such as Creutzfelds-Jakob disease and Kurg), neuroacanthocytosis, seizare and convulsions,
athetosis (such as related to Huntington’s DHgease, asphyxia, noonatal jaundice, and stroke), or

cercbral palsy.

87. Use of a compound, or pharmaceutically acceptable salt thereof, of any one of claims 1
10 51 in the mamufacture of a medicament for treating a dyskinesia (such as levodopa-induced
dyskinesia, chronic or tardive dyskinesia, and orofacial dyskinesia), restless leg syndrome (such
as drug-induced or idiopathic), a drug-induced dystonia, chorea (such as Hantington’s disease,
toxin-induced chorea, Sydenham’s chorea, Chorea gravidarum, Wilson's disease, drug-induced
chorea, and metabolic and endocrine-related choreas), a tic (such as motor, phonic, simple,
complex, and Tourette syndrome), a dystonia (such as acute, geveralized, focal, segmental,
sexual, intermediate, psychogenic, and Acute Dystonic Reaction), Sodemytopic Parkinson’s, a
stereotypic movement disorder (such as movement disorder related to autism, genetic, and
childhood), obsessive compulsive disorder, narcolepsy (such as cataplexy), transmissible
spougiform encephalopathies (such as Creutzfeldt-Jakob discase and Kuru),
neurcacanthocytosis, seizure and convulsions, athetosis (such as related to Huntington's Disease,

asphyxia, nconatal jaundice, and stroke), or cerebral palsy.

33, A method of treating a sleep disorder characterized by disrupted sleep schedule ina
mammal comprising administering to the mammal in need thereof an effective amount of a
compound of Formula fa-1, Foromida fa-2, Formula Ib-1, Fornmida {b-2, Formmila Ic-1, Formula
fe-2, Formulda Id-1, or Formula 1d-2:
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or a pharmaceutically acceptable salt thereof, wherein: U is C; each R' is, independently, H,
Cy-Cealkyl, Cp-Cealkenyl, Cr-Cealkynyi, Cy-Coalkoxy, Ci-Cealkylthio, -CN, -OH, -SH, halo,
haloalkyl, -NO,, -N(E=0), -C(=0)0H, -NH,, -CFs, -NH(C-Cealkyl), -N(C-Coalkylly, -C(=0)H,
carbalkoxy, carboxamido, alkylsulfonyl, allkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyl,
monoalkylaminosulfinyl, aminosulfonyl, monoalkylaminosalfonyl, dialkylaminosutfonyi,
alkyisulfonylamino, hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyvioxy,
hydroxysuifonyl, alkoxysulfonyl, alkyisulfonylaliyl, aminosutfonylalkyi,
monoalkylaminosulfonylalkyl, dialkylaminosulfonylalkyi, aminosulfinylalkyl,
monoalkylaminosulfinvialkyl, or dialkylarsinosulfinylalkyl, where ris 0, 1, 2, 3, 4, or 5; cach R
and R’ is, independently, H, C,-Cealkyl, Cr-Cealkenyl, Co-Coaloynyl, Ci-Cealkoxy,
Cy-Cealkylthio, -CN, -OH, -SH, hale, haloalkyl, -NG,, -C(=0)H, -NH,, -CF3, -NH(C,-Cealkyh),
-N{Ci-Cesalleyly, ~-C(=0)H, carbalkoxy, carboxanudo, alkylulfonyl, alkylsulfonyloxy,
aminosulfinyl, dialkylaminosalfinyl, movnoalkylarsinosulfinyl, aminosultonyi,
monoalkylaminosulfonyl, diatkyiaminosulfonyl, alkylsulfonylamino, hydroxysulfonyloxy,
atkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl, alkylsulfonylalkyl,
aminosulfonylalkyl, moncalkylaminosultonylalkyl, dalkyvlaminosulfonyialkyl,
aminosulfinyialkyl, monoalkylaminosulfinylalkyl, dialkylaminosulfinylalkyl, arvi, or
arylCy-Cealkyl, wheren is 8, 1, 2, 3, or 4; each R and R® is, independently, H, Ci-Cgalkyi,
Co-Cealkenyl, Co-Caalkynyl, Ci-Coalkoxy, Cy-Cealkylthio, -CN, -OH, -SH, halo, halealkyi, -NQG;,
-C(=0)0OH, -NH,, -CF;, -NH{C;-Cealkyl), -N{C;-Cealkyly, -C(=0H, carbalkoxy, carboxamido,
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atkylsulfonyl, alkylsulfonyloxy, aminosultiny], diatkvlaminosulfinyl, monocalkylaminesulfinyt,
aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfonylamino,
hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, altkoxysulfonyl,
alkvisulfonylalkyl, aminosulfonylailkyl, moncalkylaminosulfonylalkyl,
diatkylaminosulfonylalkyl, aminosulfinvlalkyl, monoalkylaminosulfinylalkyi,
diatkylaminosuitinylallyl, aryl, or arylC-Cealkyl, where p s 0, 1, 2, 3, or 4, Wis Hor
Ci-Csalkyl Y is H, Ci-Caalkoxy, U-Cealkylthio, -CN, -OH, -8H, halo, haleatiyi, -NO;,
-C(=0)OH, -NH;, -CF;, -NH{C-Cgalkyl), -N(C-Cgalkyl)y, -C(=0)H, carbalkoxy, carboxamido,
atkvlsulfonyl, alkvisulfonyloxy, aminosulfinyl, dialkyiaminosulfinyl, monocalkylaminosulfinyl,
aminosulfonyl, monoalkylaminosulfonyl, dialkylaminosulfonyl, alkylsulfonylamine,
hydroxysulfonyloxy, alkoxysulfonyloxy, allcylsulfonyloxy, hydroxysulfonyl, atkoxysulfonyl,
alkvisulfonylalkyl, aminosulfonylalkyl, monoalkylaminosulfonylatkyl,
diatkylaminosuifonylalkyl, aminosulfinylaltkyl, monoalkylaminosulfinylaikyl, or
dialkyiaminosulfinylalkyl, X s Q or 5, Z 8 G or §; R’ is H or halo; (3 is H, Ci-Cealkyl, arvl,
Ci-Csalkylaryl, Ca-Ceeycloalkyl, or heteroaryl, each of which is optionally substituted with
(R, where tis 0, 1,2, 3, 4, or $; R* is H or Ci-Cealkyl; and cach R is, independently, H,
Cy-Cealkyl, Cr-Caalkenyl, Cr-Csalkynyl, Cy-Cealkoxy, Ci-Cealkylthio, -CN, -OH, -SH, halo,
haloalkyl, -NOy, -N{(=0),, -C{(=0)0H, -NH,, -CFz, -0-8(=0)0H, -NH(C;-Csalkyl),
N{Cy-Coalkyly, -C(=0H, -C(=0)Cy-Coalkyl, -C(=0)Ci-Cealkoxy, carbalkoxy, carboxamido,
alkylsulfonyl, alkylsulfonyloxy, aminosulfinyl, dialkylaminosulfinyl, monoalkylaminosulfinyl,
aminosulfonyl, monoalkylaminosulfonyl, diatkyviaminosulfonyl, alkylsulfonylaminoe,
hydroxysulfonyloxy, alkoxysulfonyloxy, alkylsulfonyloxy, hydroxysulfonyl, alkoxysulfonyl,
atkylsutfonylalkyi, aminosulfonylaikyl, monocalkylaminosulfonylalkyl,
dialkylaminosuifonylalkyl, aminosulfinylalioy!l, monocalkylaminosulfinylatkyl, or

dialicylaminosuifinylatkyl; or pharmaceutically acceptable salt thereof.

89, The method of claim 828 wherein the mammal s a human.
94, The method of claim &R or claim 89 wherein the admindstration is oral.
91. The method of any one of claims 8% to 90 wherein the sleep disorder associated with

altered sleep rhythm and/or architecture is chosen from insomnia, restiess legs syndrome,

narcolepsy, and REM sleep behavior disorder.
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92 The method of any one of claims 88 to 90 wherein the sleep disorder associated with

altered sleep rhythm and/or architecture is disorder associated with a neurodegenerative discase.

93, The method of claim 92 wherein the neurodegenerative disease is Alzheimer’s disease,

Parkinson’s disease, or multiple sclerosis.

94, The method of any one of claims 88 to 90 wherein the sleep disorder associated with
altered sleep rhythm and/or architecture is a disrupted REM sleep disorder associated with drog

withdrawal or sedative-hypnotic withdrawal,

95. The method of any one of claims 88 to 90 wherein the sleep disorder associated with
altered sleep rhythm and/or architecture 1s disrapted civcadian rhythm associated with sleep

apnia, shift work, or jet lag.

96. A compound, or pharmaceutically acceptable salt thereof, of any one of ¢claims 1 to 51

for treating a sleep disorder characterized by disrupted sleep schedule.

97. A compound, or pharmaceutically acceptable salt thereot, of any one of claims 1 to 51
tor use in the mwamafacture of a medicament for treating a sleep disorder characterized by

disrupted sleep schedule.

93. Use of a compound, or pharmaceutically acceptable salt thereof, of any one of claims 1

1o 51 for treating a sleep disorder characterized by distupted sleep schedule.

99. Use of a compound, or pharmaceutically acceptable salt thereof, of any one of ¢laims 1
to 51 1o the mamufacture of a medicament for treating a sleep disorder characterized by disrapted

sleep schedule,



