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COMPOSITIONS AND METHODS FOR TREATMENT OF
NEUROMUSCULAR DISORDERS AND NEURODEGENERATIVE
DISORDERS

PRIORITY

[0061] The present application claims the benefit of Indian Provisional Patent
Apphication No. 1779/CHE2012 filed on 7-May-2012 and the International Application
Na. PCTAB2012/053353 filed on 12-July-2012, the entive disclosure of which is relied

on for all purposes and 1s incorporated into this application by reference.

FIELD OF THE INVENTION

10002] This disclosure generally relates to compounds and compositions for the treatment
of neuromuscular disorders, metabelic condition and newodegenerative diseases. More
particularty, this invention relates to treating subjects with a pharmaceutically acceptable
dose of compounds, crystals, solvates, enantiomer or stereoisomer, esters, salts, hyvdrates,

prodrugs, or mixtares thereof,

BACKGROUEND OF THE INVENTION

{0063] Intercellular communication in the central nervous system requires the precise
controd of the duration and the intensity of neurotransmitter action at specific molecular
targets. Plasma membrane neurotransnufter transporters are responsible for the high-
affinity uptake of neurotransnuitters by neurons and ghal cells at the level of their plasma

menthrane.

[0004] Parkinson’s disease (PD} 1s a neurodegenerative disorder that 1s characterized, in

part, by a progressive loss of dopaminergic neurons in the substantia nigra pars compacta.
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It affects 1.5% of the global population over 68 years of age The lack of dopamine
causes the classical motor symptoms of bradykinesia, rigidity and resting tremors. These
symptoms are wuproved by current dopamine replacement strategies, which include
levodopa (I-DOPA, the precursor of dopamine) and dopamine receptor agonists, as well
as monoanune oxidase B (MAOB) inhibitors and catechol O-methyltransferase

inthibitors.

{6005] Current therapeutic development in PD includes approaches such as re-
formulations (for example, extended release formulation) of existing drugs that are
approved for PD, re-positioning of compounds that are approved for other mdications
(such as the antihypertensive drug isradipine, the antiepileptic topiramate or methylpheni-
date) and development of novel small-molecule and gene therapy-based approaches. The
therapeuatic development pipelines appear to be vigorous on the surface. However, once
dopaminergic compounds are removed from the development pipehine, the current
landscape is far less encouraging. Such dopaminergic therapies include new formulations
of existing drugs, which are more likely to provide mcrementsl rather than profound

improvements over existing therapies.

[0006] Many of the therapies that are currently under development — including both
dopanusergic and non-dopaminergic compounds — are focused on improvement of
motor control, fluctuations and dyskinesias. Far fewer approaches address the other two
key unmet chnical needs, specifically: alleviating non~motor symptoms; and disease

muodification and/or neuroprotection.

{6007] Neurodegenerative disorders are 8 heterogeneocus group of diseases of the nervous
system, mncluding the brain, spinal cord, and peripheral nerves that have much different
aetiology. Many are hereditary; some are secondary o toxic or metabolic processes. Free
radicals are highlv reactive molecules or chemical species capable of independent
existence, Generation of highly Reactive Oxygen Species (ROS) is an integral feature of

normal cellular function like mitochondrial respiratory chain, phagocyiosis and



WO 2013/168021 PCT/IB2013/052239

arachidonic acid metabolism. The release of oxygen free radicals has also been reported
during the recovery phases from many pathological noxious stumult to the cerebral
tissues. Some of the neurodegenerative disorders include Alzheimer’s disease,

Huntingion's disease, Parkinson’s disease and Lateral sclerosis.

{0008] Managing acute pathology of often relies on the addressing underlying pathology
and symptoms of the disease. There is currently a need in the art for new compositions 1o

treatment of neuromuscular disorders and neurodegenerative diseases.

ARY OF THE INVENTION

[0009] The present invention provides compounds, compositions containing these

compounds and methods for using the same to treat, prevent and/or ameliorate the effects

of the conditions such as neuromuscular disorders and neurodegenerative diseases.

[00168] The nvention herein provides compositions comprising of fornuida 1 or
pharmacentical acceptable salts thereof. The invention also provides pharmaceutical
compositions comprising one or more compounds of formula 1 or intermediates thereof
and one or more of pharmacestically acceptable carriers, vehicles or diluents. These
composiions may be used in the treatment of newomuscadar disorders and

neurodegenerative diseases and its associated complications.

Ry | / }\R«s

Formula |

j0011] In certain embodiments, the present invention relates to the compounds and

compositions of formala 1, or pharmaceutically acceptable salts thereof,



WO 2013/168021 PCT/IB2013/052239

Fornula |

Wherein,

R', R* each independently represents hydrogen, D, hvdroxvl, methyl, amine, cvcohexyl
methyl ether, butosy, propoxy, thiol, alkyl, alkyl thiol, acetyl thiol, disulfide, acyl,
acylatkyl, alkenyl, alkvlthitoatkyl, alkvnyl, alkoxyaryl, alkoxyalkyl, arvl, aralkyl,
aryloxyatkyl, arvithtoalkyl, cycloaltkyl, ether, ester, heteroaryl, heterocyelyl, lower alkyl,

sulfone, sulfoxide, or hydroxvalkyl;
R independently represents hydrogen, D, alkyl, methyl, ethyl, carboxyl, amine or thiol;

R’ independently represents null, D, hydrogen, alkvi, carboxyl, amine, thiol, amine,
cyeohexyl methyl ether, butoxy, propoxy, thiol, alkvi, alkyl thiol, acetyl thiol, disulfide,
acyl, acvialkyl, alkenvl, alkylthioalkyl, alkynyl, alkoxvaryl, alkoxvalkyl, aryl, avalkyl,
arvloxyatkyl, arvithioalkyl, cycloatkyl, ether, ester, heteroaryl, heterocvelyl, lTower alkyl,
sulfone, sulfoxide, hvdroxvalkyl, “NH-CO-CHy-NH~, -NH-C(-, R-COO-R', thiol, or 2~

amino-3-hydroxy-N-methylpropanamide;

R independently represents null, hydrogen, alkyl, methyl, ethyl, carboxyl, amine, thiol,
amine, cycohexyl methyl ether, butoxy, propoxy, thiol, alkyl, atkyl thiol, acetyl thiol,
disutfide, acvl, acylalkyl, alkenyl, alkylthioalkyi, alkyoyl, alkoxvaryl, alkoxyalkyl, aryl,
aralkyl, aryloxyalkyl, arvithioalkyl, cveloalkyl, ether, ester, heteroarvl, heterocyelyl,
lower alkyl, sulfone, sulfoxide, hydroxyatkyl, -NH-CO-CHa-NH-, -NH-CO-, R-COO-R,

thiol, -NH;-NH;-, hvdrazine, 2-amino-3-hydroxy-N-methylpropananude,

\NH %,
A

or ¥

k)
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R independently represents null, hydrogen, alkyl, methyl, ethyl, carboxyl, -NH-CO-NH-,
amine, cycohexyl methyl ether, butoxy, propoxy, thiol, alkyl, alkyl thiol, acetyl thiol,
disulfide, acvl, acvlalkyl, alkenyl, alkvlthicalkvi, alkyvavi, alkoxvaryl, alkexyalkyl, arvl,
aratkyl, arvioxvalkvl, aryithioalkyl, cycloalkyl, ether, ester, hetercaryl, heterocyelyl,
lower alkyl, sulfone, sulfoxide, hydroxyatkyl, -NH-CO-CH;-NH-, -NH-CO-, R-COO-R',

*%‘*—HN OH

thiol, Q or Z-amino-3-hydroxy-N-methylpropananide;

R, R” each independently represents H, D,

» Q

s B
NH; 2‘:{“\5‘ 1 g\o/Lo"’}t ,

o © A,

N A e

O

2f\i—\—“/k’ﬁ | E)Lf’ %*g

Q0 Q Q O
~ Ly
J{\C’Jl\/}/u\oh z ‘5{
NH, X )

NH,
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ats independently 23 or 7;
each b is independently 3, 5 or §;
¢isindependently 1, 2 or 6,

¢ and d are each independently H, D, ~OH, 0D, C,-Cealkyl, ~-NH; or ~COCH:.

[0012] In the illustrative embodiments, examples of compounds of formula I are as set

forth below:

0O
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{8013] Herein the application also provides a kit comprising any of the pharmaceutical
compositions disclosed herein. The kit may comprise instructions for use in the treatment

of neuromuscular disorders and neurodegenerative diseases or its related complications.

{0014] The application also discloses a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and any of the compositions herein. In some aspects,
the pharmaceutical compoesition is formulated for systemic administration, oral
administration, sustained release, parenteral administration, injection, subdermal

administration, or transdermal administration.

j6015] Hercin, the application additionally provides kits comprising the pharmaceutical
compositions described herein. The kits may further comprise instructions for use in the
treatment of neuromuscular disorders and neurodegenerative diseases or its related

complications.

[0016] The compositions described herein have several uses. The present application
provides, tor example, methods of treating a patient suffering from newromuscular
disorders and pearodegenerative diseases ov its related complications mwanifested from
metabolic conditions, chronic diseases or disorders; Hepatology, Hematological,

Orthopedic, Cardiovascular, Renal, Skin, Neurological or Ocular complications.

DETAILED DESCRIPTION OF THE INVENTION

Definmtions

[0017] As used beremn, the following terms and phrases shall have the meanings set forth
helow, Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as commonly understood to one of ordinary skill in the art.
[0018] The terro "alkyl" refers to the radical of saturated aliphatic groups, including

straight-chain alkyl groups, branched-chain alkyl groups, eycloalkyl (alicyclicy groups,

alkyl-substituted cycloatkyl groups, and cycloalkyl-substituted alkyl groups. In preferred

10
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embodiments, a straight chain or branched chain alkyl has 30 or fewer carbon atoms in its
ackbone {e.g., C1-C30 for straight chains, C3-C30 for branched chains), and more
backt g, C1-C30 for straight chains, C3-C30 for branched chains), and

preferably 20 or fewer. Likewise, preferred eycloalkyls have from 3-10 carbon atoms in

their ring structure, and more preferably have 3, 6 or 7 carbons in the ring structure.

{0019] The term "alkyl" as used herein refers to a saturated linear or branched-chain
monovalent hvdrocarbon radical of one to twelve carbon atoms. Examples of alkyl
groups inchude, but are not limited to, methyl (Me, -CH3), ethyl (Ei, -CH2ZCH3), 1 -
propyl (n-Pr, n- propyl, <CH2ZCHZCH?), 2-propyl (1-Pr, i-propyvl, -CHICH3)), 1 -butyl
{n-Bu, n-butyl, - CH2CH2CH2CH3), 2-methyi- ~propyt (1-Bu, i-butyl, -CH2ZCH(CH3)2),
2-butyl (s-Bu, s-butyl, - CH{CH3CH2CH3), 2-methyl-2-propyl (t-Bu, t-butyl, -
C(CH3)}),  l-pentyl  (m-peatyl, -  CHZCHZCH2CH2CH3),  Z-pentyl (-
CH{CH3)CH2CH2CHS),  3-pentyt  ((CH(CH2CH3)2),  2- methyl-2-butyl (-
C{CH3)X2CH2CH3), 3-methyl-2-butyl {(-CH{CHI)CH(CHB)2), 3 -methyl- 1 -butyl (-
CHICH2CH(CH3)2),  Z-methyl-l  -butyl  (CH2ZCH(CH3)YCH2CH3), lt-hexl (-
CH2CH2CH2CH2CH2CH?), 2-hexyl  ((CH{CH3)CH2CH2CH2  CH3), 3-hexyl (-
CH{CH2CH3 Y CH2CH2CH3Y), Z-methvi-Z-pentyl ((CICH3R2CH2CH2CHS), 3-methyl-
2-pentyl {- CHCH3)YCHCH)CH2CH3), 4-methyl-2-peniyl {~
CHCH3)Y H2CH(CH3)2), I-methyl-3-penty]l (C{CHINCHZCHI)2), 2-methyl-3-peatyl
GCHICHCH)CHCH?3)), 2. 3~dimethyl-2-butyl (- CCH3RCH{CH3 ), 3. 3-dimethyl-
2-bute]l (GCHCH3MCECHS)3, T-heptyl, T-octyl, and the like.

{0026] The term “aslkenvl" refers to linear or branched-chain monovalent hydrocarbon
radical of two to twelve carbon atoms with at least one site of unsaturation, L.e., a carbon-
carbon, sp double bond, wherein the alkenyl radical includes radicals baving "cis” and
“trans” orientations, or alternatively, "E" and "Z" orientations. Examples include, but are
not Hmited to, ethyvlenvl or vinyl (<CH=CH2), allyl ((CHZCH=(CH2), and the like. The
term "alkynyl” refers to a linear or branched monovalent hydrocarbon radical of two to

twelve carbon atoms with at feast one site of unsaturation, 1.¢., a carhon- carbon, sp triple

11
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bond. Examples include, but are not limited to, ethynyl (-C=CH}, propynyl (propargyl, -

CH2C=CH), and the like.

{0021] Moreover, the term “alkyl" {or “lower alkyl") as used throughout the
specification, examples, and claims is intended to include both "unsubstituted alkyis" and
“substituted alkyls", the latter of which refers to alkyl moieties having substituents
replacing a hydrogen on one or more carbons of the hydrocarbon backbone. Such
substituents, if not otherwise specified, can include, for example, a halogen, a hydroxyi, a
carbony! (such as a carboxyl, an alkoxycarbonvl, a formyl, or an acyl), a thiocarbonyl
(such as a thicester, a thicacetate, ov a thioformate), an alkoxyl, a phosphorvl, a
phosphate, a phosphonate, a phosphinate, an amino, an amido, an amidine, an imine, a
cvano, a nitro, an azido, a solthydrvl, an slkylthio, a sutfate, a sulfonate, a sulfamoyi, a
sulfonanudo, a sulfonyl, a heterocyelyl, an aralkyl, or an aromatic or hetercaromatic
motety. It will be understood by those skilled wn the art that the moleties substituted on
the hydrocarbon chain can themselves be substitted, if appropriate.  For instance, the
substituents of a substituted alkyl way include substituted and unsubstituted forms of
amino, azido, imino, amido, phosphoryt (including phosphonate and phosphinate),
sulfonyl (inclading sulfate, sulfonamido, sulfamoy] and sulfonate), and silyl groups, as
well as ethers, alkylthios, carbonvls Gocluding ketones, aldebvdes, carboxyvlates, and
esters), ~CF3, ~CN and the like. Exemplary substifuted alkyvis are described below.
Cycloalkyls can be further substituted with alkyls, alkenyls, alkoxys, alkyithios,

aminoalkyls, carbonyl-substituted atkyis, ~C¥F3, -CN, and the fike.

[6022] The term “acyl” is art-recognized and refers to a group represented by the general

formula hydrocarbylC(O)-, preferably alkylC(O}-.

[6023] "Aryl" means a monocyclie or polveyelic ring assembly wherein each ring is
aromatic or when fused with one or more rings forms an aromatic ring assembly. If one
or more rng atoms is not carboa {e.g., N, S), the arvl is a hetercarvl. Cx arvl and Cx-Y

aryl are typically used where X and Y indicate the number of carbon atoms in the ring.

12
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{6024] The term “acylamino™ is art-recognized and refers to an amino group substituted
with an acyl group and may be represented, for example, by the formula hydrocarbyl

C{OINH-.

{0025] The term “scylalkyl" is art-recogmized and refers to an alkyl group substituted
with an acyl group and may be represented, for example, by the formula hydrocarbyl
C{Ojalkyl,

[6026] The term “acvloxy™ 13 art-recognized and refers 1o a group represented by the

general formula hvdrocarbylC{O)O-, preferably alkvlCOY0-

[8027] The term “alkoxy” refers to an alkyl group, preferably a lower alkyl group, having
an oxygen attached thereto. Represemtative alkoxy groups inclade methoxy, ethoxy,

propoxy, tert-butoxy and the like

[0028] The term “alkoxvalky!” refers {0 an alkyl group substifuted with an alkoxy group

and may be represented by the general formuda alkyl-O-allkyl

j6029] The term “atkenyl”, as used heremn, refers to an aliphatic group containing at feast
one double bond and is intended to include both "unsubstituted atkenyls™ and "substituted
alkenyls®, the latter of which refers to alkenyl moieties having substituents replacing a
hydrogen on one or more carbons of the alkenyl group. Such substituents may occur on

one or more carhons that are included or not included in one or more double bonds.

[00368] Moreover, such substituents include all those contemplated for alkyl groaps, as
discussed below, except where stability is prohibitive. For example, substitution of
alkenyl groups by one or more alkyl, catboevelyl, aryl, heterocyelyl, or heteroarv groups

1s contemplated.

[0031] The term "alkylamino™, as used herein, refers to an amino group substituted with

at least one atkvi group.

13
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{0032] The term “alkylthio™, as used herein, reters to a thiol group substituted with an

alkyl group and may be represented by the general formula alkyiS-.

{0033} The term “alkynyl™, as used hevein, reters to an aliphatic group contaming at least
one tripie bond and is intended to include both "unsubstituted alkvovis" and "substituted
alkynyls", the latter of which refers to alkynyl moietiss having substituents replacing a
hydrogen on one or more carbons of the alkvayl group. Such substituents may occur on
one or more carbons that are included or not included in one or more triple bonds.
Moreover, such substituents include all those contemplated for alkyl groups, as discussed
above, except where stability is prohibitive. For example, sobstitution of alkynyl groups
by one or more alkyl, carbocyclyl, aryl, heterocvelyl, or heteroaryl groups is

contenplated.

[0034] The term “ether”, as used herein, refers to a hydrocarbvi group linked through an
oxygen to another hydrocarbyl group. Accordingly, an ether substituent of a hydrocarbyl
group may be hydrocarbyl-O-  Ethers may be either symmetrical or unsymmetrical.
Examples of ethers include, but are not limited to, heterocycele-O-heterocycle and aryt-0-
heterocyele.  Ethers melude "atkoxvalkyl” groups, wiach may be represented by the

general formula alkyl-O-alkyvl

{0035] The terms “hetaralkyl™ and “heteroaratkyl™, as used herem, refers to an alkyl

group substituted with a hetaryl group.

j0036] The term "heteroatkyl”, as used herein, refers to a saturated or unsaturated chain

of carbon atoms and at east one heteroatom, wherein no two hetercatoms are adjacent.

j0037] The terms “heteroaryl” and “hetaryl” 1nclude sobstituted or wmsebstituted
aromatic single ring structures, preferably 5+ to 7-membered rings, more preferably 5- to
G-membered rings, whose nag structeres mclude at least one heteroatom, preferably one

an

to four heteroatoms, more preferably one or two heteroatoms. The terms “heteroaryl”

14
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and “hetaryl” also include polyveyclic ring systems having two or more cvclic rings in
which two or more carbons are common to two adjoining rings wherein at least one of the
rings is hetercaromatic, e.g., the other cvclic rings can be cvcloalkvls, cyvcloalkenyis,
cvcloalkyvnyls, arvis, heteroarvis, and/or heterocyelyls. Heteroaryt groups include, for
example, pyrrole, furan, thiophene, 1midazole, oxazole, thiazole, pyrazole, pyridine,

pyrazine, pynidazine, and pyrimiding, and the like.

{6038] The term “heteroatom™ as used herein means an atom of any element other than

carbon or hvdrogen. Preferved hetercatoms are nitrogen, oxvgen, and sulfur.

{0039] The terms “heterocyclyl”, “heterocyele”, and “heterocyelic” refer to substituted or
unsubstituted non-aromatic ring structures, preferably 3- to 10-membered rings, more
preferably 3- to 7-membered rings, whose ring structures include at least one heteroatom,
preferably one to four heteroatoms, more preferably one or two heteroatoms. The terms
“heterocyelyl” and “heterocyelic”™ also include polyeyclic ring systems having two or
more cvelic rings in which two or more carbons are common fo two adjoining rings
wherein at least one of the nings is heterocyclic, ey, the other cyclic rings can be
cycloalkyls, cycloalkenyls, cycloalkynyls, aryls, heteroaryls, aondfor heterocvelyls.
Heterocvelyl  groups  include, for example, pipendine, piperazine, pyrrolidine,

morpholing, lactones, lactams, and the ke,

[0040] The term “hydroxyalkyl™, as used berein, refers to an alkyl group substituted with

a hydroxy group.

[0041] The term “lower™ when used in conjunciion with a chenucal morety, such as, acyl,
acyloxy, atkyl, atkenyl, alkynyl, or alkoxy ts meant to include groups where there are ten
or fewer non-hydrogen atoms in the substituent, preferably six or fewer. A “lower alkyl”,
for example, refers to an alkyl group that contains ten or fewer carbon atoms, preferably
six or fewer. Lower alkvis include methy! and ethyl. In certain embodiments, acyl,
acvloxy, atkyl, alkenyl, alkyayl, or alkoxy substituents defined herein are respectively

lower acyl, lower acyloxy, lower alkyl, lower alkenyl, lower alkyuyl, or lower alkoxy,

15
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whether they appear alone or in combination with other substituents, such as in the
recitations hydroxyalkyl and arallyl {in which case, for example, the atoms within the

aryl group are not counted when counting the carbon atoms in the alkyl substituent).

j0042] The term “substituted” refers to moteties having substituents replacing hvdrogen
on one or more carbons of the backbone. It will be understood that “substitution™ or
“substituted with” includes the implicit provise that such substitution is in accordance
with permitted valence of the substituted atom and the substituent, and that the
substitution results in a stable compound, e.g., which does not spontaneously undergo
transformation such as by rearrangement, cvelization, elimination, ete. As used herein,
the term “substituted”™ 18 contemplated to include all permissible sabstituents of organic
compounds. In a broad aspect, the permissible substituents include acychic and cydlic,
branched and unbranched, carboeyclic and heterocyclic, aromatic and von-aromatic
substituents of organic compounds. The permissible substituents can be one or more and
the same or different for appropriate organic compounds. For purposes of thas
application, the heteroatoms such as nitrogen may have hydrogen substituents and/or any
permissible substituents of organic compounds described herein which satisfy the
valences of the hetercatoms. Sobstituents can tnclude any substituents described herein,
for example, a halogen, a hydroxyvl, a carbony! {such as a carboxyl, an altkoxyvearbonyl, a
formyl, or an acyl), a thiocarbonyi {such as a thicester, a thioacetate, or a thioformate), an
alkoxyl, a phosphoryl, a phosphate, a phosphonate, a phosphinate, an amino, an amido,
an amiding, an imine, a cyano, 8 nitro, an azido, a sulthvdryl, an alkylthio, a sulfate, a
sulfonate, a sulfamovl, a sulfonamido, a sulfonyl, a heterocvelyl, an aralkvl, or an
aromatic or heteroaromatic moiety. 1t will be understood by those skilled in the art that
the moieties substituted on the hydrocarbon chain can themselves be substituted, if

appropriate.

[6043] Unless specifically stated as “unsubstituted,” references to chemical moieties

herein are understood to include substituted variants. For example, reference to an “aryl”

group or moiety implicitly mclades both substituted and unsubstituted varants,
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{0044 "Substituted or ansubstituted” means that a given moiety may consist of only
hydrogen substituents through available valencies (unsubstituted) or may further
comprise one orf more non-hydrogen substituents through available valencies
(substituted) that are not otherwise specified by the name of the given moety. For
example, isopropyl is an example of an ethylene motety that is substituted by -CH3. In
general, & non- hvdrogen substituent may be any substituent that may be bound to an
atom of the given motety that is specified to be substituted. Examples of substituents
include, but are not limited to, aldehvde, alicyclic, aliphatic, {Ci-io} alkyl, alkvlene,
alkylidene, amide, amino, aminoalkyl, aromatic, aryl, bicycloalkyl, bicveloaryl,
carbamoyl, carbocycelyl, carboxyl, carbonyt group, cvcloalkyl, cycloalkylene, ester, halo,
heterobicycloalkyl, heterocycloatkviene, heteroaryl, heterobicycloarvl, heterocycloalkyl,
oxo, hydroxy, iminoketone, ketone, nitro, oxaaltkyl and oxocalkyl moteties, each of which
may optionally also be substituted or unsubstituted. In one particular embodiment,
examples of substituents include, but are not limited to, hydrogen, halo, mitro, cyano, thio,
oxy, hydroxy, carbonvloxy, (Ci o} alkoxy, (C4-12) arviowy, hetevo (G- {0)arvioxy,
carbonyl, oxycarbonyl, aminocarbonyl, amino, (Ci- 10} alkylamino, sulfonamido, imino,
sulfonyl, sulfinvl, (Ci- 10y alkyd, halo {Ci-10) alkyl, hydroxy (Ci-10) alkyl, carbonyl {Ci-
10y alkyl, thiocarbonyl (Ci_10) alkyl, selfonyl (Ci-10) alkyl, sulfinyl (Ci 10} alkyl,
(Ci_10) azaalkyl, imino {(Ci~10} alkvl, {C3~ 12) cvcloalkyl (C1-8) alkyl, hetero {C3-12)
cycloalkyl {Ci-10} alkyl, arvt {C5-10) alkyl, hetero (Ci-10) arvl (C1-3) alkyl, (C9- 12)
bicveloarvi {Ci s) alkvl, hetero (Ce-12) bicyeloaryl {(i S} alkyl, (C3-12) cycloalkyl,
hetero (C3-12} cycloalkyl, {(€9-12) bicycloalkyl, hetero {C3-12) bicycleoalkyl, (C4-12)
aryl, hetero (Ci-10) aryl, {C9- 12) bicycloaryl and hetero (C4-12) bicycloaryl. [n addition,
the substituent is itself optionally substituted by a further substituent. In ong particular
embodiment, examples of the further substituent include, but are not limited to, hydrogen,
kalo, nitro, cyano, thio, oxy, hvdroxy, carbonyioxy, (Ci- 10} alkoxy, {C4-12) arvioxy,
hetero  {Ci-10) arvloxy, carbonyl, oxycarbonyl, aminocarbonyl, amino, (Gi-10)
alkylamino, sulfonamide, imino, sulfonyl, sulfinyl, (Ci-10} alkyl, halo (Ci~ 10) alkyl,

hydroxy (Ci-10) alkyl, carbonyl (Ci-10) alkyl. thiocarbonyl (Ci-10) alkyl, sulfonyl (Ci-
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10) alkyt, sulfinyl {Ci 10} alkvi, (C1-10) azaalkyl, imino (Ci_to) alkyl, (C3-12) eyeloalkyl
(Ci- §) alkyl, hetero (C3-12) cycloalkyl (Ci-10) alkyl, aryl (G110} alkyl, hetero (Ci-io)
aryl {Ci_5) alkvl, (C9-12) bicevcloaryl (C1-5) alkyl, hetero (C8-12) bicycloaryl (Ci_s)
alkyvl, (C3-12) cyeloatkyl, hetero (€3 12} cyeloalkyl, (C9-12) bicycloalkyl, hetero (C3-
12} bicycloatkyl, (C4-12) aryl, hetero (Ci-10) arvl, (C9-12) bicvcloaryl and hetero (C4-

12} bicycloaryl.

[0045] The compounds of the present invention can be present in the form of
pharmaceutically acceptable salts. The compounds of the present invention can also be
present in the form of pharmaceutically acceptable esters (i.e., the methy! and etlyl esters
of the acids of formula I to be used as prodrugs). The compounds of the present invention
can also be solvated, 1.e. hydrated. The solvation can be affected i the course of the
manufacturing process or can take place t.e. as a consequence of hygroscopic properties

of an nutially anhydrous compound of formula I {hydration).

{e046] Compounds that have the same molecular formula but differ in the natwre or
sequence of bonding of their atoms or the arrangement of their atoms 1n space are termed
“isomers.” Isomers that differ wn the arrangement of their atoms in space are termed
“stereoisomers.” Diastereomers are sterevisomers with opposite configuration at one or
more chiral centers which are not enantiomers. Steremisomers bearing one of morse
asymmetric centers that are non- superimposable mirror images of each other are termed
“enantiomers.” When a compound has an asymmetric center, for example, if a carbon
atom is bonded to four different groups, a pair of enantiomers is possible. An enantiomer
can be characterized hy the absolute configuration of its asymmaetric center or centers and
is described by the R- and S-sequencing rules of Cahn, Ingold and Prelog, or by the
manner in which the molecule rotates the plane of polarized light and designated as
dextrovotatory or levorotatory (1.e., as (+) or {-)-1somers respectively). A chiral compound
can exist as either individual enantiomer or as a mixture thercof. A mixture contaming

equal proportions of the enantiomers is called a "racemic mixture".
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{0047] As used herein, the term “metabolic condition™ refers to an Inborm errors of
metabolism (or genetic metabolic condiions) are genetic disorders that result from a
defect in one or more metabolic pathways: specifically, the function of an enzyme is

affected and is either deficient or completely absent.

J0048] In some embodiments, a molecular conjugate comprises of compounds selected
from. the group consisting of R-lipoic acid {(CAS No. 1200-22-2), salsalate (CAS No.
332-94-3), acetvicysteine (CAS No. 616-91-1), Eicosapentaenoic acid (CAS No. 10417-

94-4), Docosahexaenoie acid (CAS No. 6217-54-5}

[0049] The term "polymorph™ as used herein is art-recognized and refers to one crvstal

structure of a given compound.

[0058] The phrases “parenteral administration” and “administered parenterally” as used
herein refer to modes of administration other than enteral and topical administration, sach
as mjections, and include without limitation intravenous, intramuscular, mtrapleural,
intravascular, intrapericardial, intraarterial, intrathecal, intracapsular, intraorbital,
intracardiac, intradennal, intraperitoneal, transtracheal, subcstaneous, subcaticular, intra-

articolar, subcapsular, subarachnoid, intraspinal and intrastemal tnjection and infusion.

{0051 A “patient,” “subject,” or “host™ 1o be treated by the subject method may mean

gither a human or non-human animal, such as primates, mammals, and vertebrates.

{6052] The phrase “phammaceutically  acceptable™ s art-recognized. fn certain
embodiments, the term includes compositions, polymers and other materials and/or
dosage forms which are, within the scope of sound medical judgment, suitable for use In
contact with the tissues of mammals, human beings and animals without excessive
toxicity, irritation, allergic response, or other problem or complication, commensurate

with a reasonable benefit/risk ratio.
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{0053] The phrase “pharmaceutically acceptable carrier” i3 artwrecognized, and includes,
for example, pharmaceutically acceptable materials, compositions or vehicles, such as a
liquid or solid filler, diluent, solvent or encapsulating material involved in carrving or
transporting any subject composition, from one organ, or portion of the body, to another
organ, or portion of the body. Each carsier must be “acceptable™ o the sense of being
compatible with the other ingredients of a subject composition and not injurious to the
patient. In certain embodiments, a pharmaceutically acceptable carrier is non-pyrogenic.
Some examples of matenals which may serve as pharmaceutically acceptable carriers
include: {1} sugars, such as lactose, glucose and sucrose; (2) starches, such as corn starch
andd potato starch; (3) cellulose, and its derivatives, such as sodium carboxymethyl
cellulose, ethyvl cellulose and cellulose acetate; (4) powdered tragacanth; (53 malt; (6)
gelatin; (7) tale; (8) cocoa butter and suppository waxes; (9) oils, such as peanut oil,
cottonseed oil, sunflower oil, sesame oil, olive oil, com ¢il and soybean aif; {10) glycols,
such as propylene g¢lyeol; (11) polvols, such as glveerin, sorbitol, manmtol and
polyethvlene glycol; (12) esters, such as ethyl oleate and ethyi lanrate; (13) agar; {(14)
buffering agents, sach as magnesium hydroxide and aluminam hydroxide; (15} alginic
acid; (16} pyrogen-free water; (17) isolonic saline; (I8) Ringer’s solution; {19} ethyl
alcohol; (20} phosphate buffer solutions; and (21} other non-toxic compatible substances

employed in pharmaceutical formulations.

[0034] The term “prodrug”™ 18 intended 1o encompass compounds that, under
physiological conditions, are converted into the therapeutically active agents of the
present invention. A common method for making a prodrug 15 to include selected
moieties that are hydrolyzed under physiological conditions to reveal the desired
molecule. {n other embodiments, the prodrug is converted by an enzyvmatic activity of the

host animal.
[0035] The term “prophylactic or therapeutic” treatment 1s art-recognized and includes

administration {0 the host of one or more of the subject compositions. I it is

administered prior to clinical manifestation of the wawanted condition {e.g, disease or
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other umwanted state of the host amimal) then the treatment is prophylactic, t e, it protects
the host against developing the unwanted condition, whereas if it is adminstered after
manifestation of the unwanted condition, the treatment is therapeutic, (i.e., it is intended
to diminish, ameliorate, or stabilize the existing unwanted condition or side effects

thereot).

[0036] The term "predicting" as used herein refers to assessing the probability related
diseases patient will suffer from abnormalities or complication and/or terminal platelet
aggregation or failure and/or death (e mortality) within a defined time window
{predictive window) in the future. The mortality may be caused by the central nervous
system or complication. The predictive window is an interval in which the subject will
develop one or more of the said complications according to the predicted probability. The
predictive window may be the entire remaining lifespan of the subject upon analysis by

the method of the present invention.

[0057] The term "treating” is art -recognized and includes preventing a disease, disorder
or condition from occurring in an animal which may be predisposed to the disease,
disorder and/or condition but has not yet been diagnosed as having it, inhibiting the
disease, disorder or condition, e.g, impeding its progress, and relieving the disease,
disorder, or condition, e.g., causing regression of the disease, disorder and/or condition.
Treating the disease or condition includes ameliorating at least one symptom of the
particular disease or condition, even 1f the underlying pathophysiology is not affected,
such as treating or management of Parkinson’s disease, scleroderma, restless leg
syndrome, hypertension and gestational hypertenston of a subject by administration of an
agent even though such agent does not treat the cause of the condition. The term
“treating”, "treat” or “treatment” as used herein includes curative, preventative (e.g.,

prophylactic), adjunct and palliative treatment,

{6058] The phrase "therapeutically effective amount” is an art-recognized term. In

certain embodiments, the term refers to an amount of a salt or composition disclosed
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herein that produces some desired effect at a reasonable benefit/nisk ratio applicable to
any medical treatment. In certmin embodiments, the term refers to that amount necessary
or sufficient to eliminate or reduce medical symptoms for a period of time. The effective
amount may vary depending on such factors as the disease or condition being treated, the
particular targeted constructs being admimstered, the size of the subject, or the severity of
the disease or condition. One of ordinary skill in the art may empirically determine the
effective  amount of a particular  composition  without necessitating  undue

experimentation.

{0059] In certain embodiments, the pharmaceutical compositions described herein ave
formulated in a manner such that said compositions will be delivered to a patient in a
therapeutically effective amount, as part of a prophvlactic or therapeuntic treatment. The
desired awount of the composition 1o be adnunmistered to a patient will depend on
absorption, wactivation, and excretion rates of the drug as well as the delivery rate of the
salts and compositions from the subject compositions. It is to be noted that dosage values
may also vary with the severity of the condition to be alleviated. 1t is to be further
understood that for any particular subject, specific dosage regimens should be adjusted
over time according to the individual need and the professional judgment of the person
adnuinistering or sopervising the administration of the compositions. Typically, dosing

will be determined using technigues known to one skilied in the art.

jo0eh] Addittionally, the optimal concentration and/or quantittes or amounts of any
particular salt or composiion may be adjusted {o accommeodate vanations o the
treatment parameters. Such treatment parameters include the clinical use to which the
preparation is put, e.2., the site treated, the type of patient, e.g., human or non-human,

adult or child, and the nature of the disease or condition.

[0061] In certain embodiments, the dosage of the subject compositions provided herein
may be determined by reference to the plasma concentrations of the therapeuntic

composition or other encapsulated materials. For example, the maximum plasma
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concentration {Cmax} and the area under the plasma concentration-time curve from time

0 to infinity may be used.

[6062] When used with respect to a pharmaceutical composition or other material, the
termt “sustained release” is art-recognized. For example, a subject composition which
releases a substance over time may exhibit sustained release characteristics, in contrast to
a bolus type administration in which the entive amount of the substance is made
biologically available at one time. For example, in particular embodiments, upon contact
with body fluids including blood, spinal fluid, mucus secretions, Ivmph or the like, one or
more of the phamnaceutically acceptable excipients may underge gradual or delayed
degradation {eg.. through hydrolysis) with concomitant release of any material
incorporated  therein, e.g., an therapeutic and/or biologically active salt andfor
composition, for a sostaimned or extended period (as compared to the release from a
bolus). This release way result 1 prolonged delivery of therapeutically effective

amounts of any of the therapeutic agents disclosed herein.

{0063] The phrases “systemic administration,” “administered systemically,” “peripheral
administration” and “administered peripherally” are art-recognized, and include the
administration of a subject composition, therapeutic or other matenial at a site remote
from the disease being treated.  Administration of an agent for the disease being treated,
even if the agent is subsequently distributed systemically, may be termed “local™ or
“topical” or “regional” administration, other than directly into the central nervous system,
e.g., by subcutaneous adminisiration, such that it enters the patient’s system and, thus, is

subject to netabolism and other like processes.

{6064] The phrase “therapeutically effective amount” is an art-recognized term. In
certain embodunents, the term refers to an amount of a salt or composition disclosed
herein that produces some desired effect at a reasonable benefit/nisk ratio applicable to
any medical treatment. In certain embodiments, the term refers to that amount necessary

or sufficient to eliminate or reduce medical symptoms for a period of ime. The effective
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amount may vary depending on such factors as the disease or condition being treated, the
particular targeted constructs being administered, the size of the subject, or the severity of
the disease or condition. One of ordinary skill in the art may empirically determine the
effective amount of & partcular composition  without necessitating  undue

experimentation.

[0065] The present disclosure also contemplates prodrugs of the compositions disclosed

herein, as well as pharmaceutically acceptable salts of said prodrugs.

[0066] This application also discloses a pharmaceutical composition comprising a
pharmaceutically acceptable carner and the composition of & compound of Formula I
may be formulated for systemic or topical or oral administration. The pharmaceutical
composition may be also formulated for oral admimstration, oral solution, injection,
subdermal  administration,  or  transdermal  adnumistration. The  pharmaceutical
composition may further comprise at least one of a pharmaceutically acceptable

stabilizer, diluent, surfactant, filler, binder, and lubricant.

[0067] In many emsbodiments, the pharmaceotical compositions described herein will
incorporate the disclosed compounds and compositions (Formula 1) to be delivered in an
amount sufficient to deliver to a patient a therapeutically effective amount of a compound
of fornwla 1 or composition as part of a prophylactic or therapeutic treatment. The
desired concentration of formula 1 or its pharmaceuatical acceptable salis will depend on
absorption, inactivation, and excretion rates of the drug as well as the delivery rate of the
salts and compositions from the sebject compositions. 1t is to be noted that dosage values
may also vary with the severity of the condition to be alleviated. It is to be further
understood that for any particular subject, specific dosage regimens should be adjusted
over time according to the individual need and the professional judgment of the person
administering or supervising the administration of the compositions. Typically, dosing

will be determined using technigues known to one skilled in the art.
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{6068] Additonally, the optimal concentration andfor quantities or amounts of any
particular compound of formula 1 may be adjusted to accommodate variations in the
treatment parameters. Such treatment parameters include the clinical use to which the
preparation is put, e.g., the site treated, the type of patient, e.g., human or non-human,

adult or child, and the nature of the disease or condition.

[0069] The concentration and/or amount of any compound of formula T may be readily
identified by routine screening in animals, eg., rafts, by screening a range of
concentration and/or amounts of the material in question using appropriate assays.
Known methods are also available to assay local tissue concentrations, diffusion rates of
the salts or compositions, and local blood tlow befare and after administration of
therapeutic formulations disclosed herein.  One such method is microdialysis, as
reviewed by T. E. Robinson et al., 1991, microdialysis in the neurosciences, Techniques,
vohume 7, Chapter 1. The methods reviewed by Robinson may be applied, in brief] as
follows. A microdialysis loop 1s placed in situ in a test animal. Dialysis fluid is pumped
through the loop. When compounds with formula 1 such as those disclosed herein ave
injected adjacent to the loop, released drugs are collected 11 the dialysate in proportion to
their local tissue concentrations. The progress of diffusion of the salts or compositions
may be determined thereby with soitable calibration procedures using koown

concentrations of salfs or compositions.

[0076] In certain embodiments, the dosage of the subject compounds of formula |
provided herein may be determined by reference to the plasma concentrations of the
therapeutic composition or other encapsulated materials. For example, the maximum
plasma concentration (Cmax) and the area under the plasma concentration-time curve

from time 0 to infinity may be used.

{0071} Generally, in carrying out the methods detailed 1o this application, an effective
dosage for the compounds of Formulas 1 is i the range of about 0.01 mg/kgiday to about

~

100 mgfkg/day 1n single or divided doses. for instance 0.01 mg/kg/day 1o about 50

25



WO 2013/168021 PCT/IB2013/052239

mg/ka/day in single or divided doses. The compounds of Formulas T may be administered
at & dose of, for example, less than (0.2 mgikg/day, 0.5 my/kg/day, 1.0 mg/kg/day, 5
mgkalday, 10 mekg/day, 20 mgkeg/day, 30 mg'ke/day, or 40 my'kg/day. Compounds of
Formula 1 may also be administered to a human patient at a dose of, for example,
between 0.1 mg and 1000 mg, between 5 my and 80 mg, or less than 1.0, 9.0, 12.0, 20.0,
30.0, 75.0, 100, 300, 400, 500, 800, 1000, 2000, 5000 mg per day. In certain
embodiments, the compositions herein are administered at an amount that is less than
95%, 90%, 80%, T0%, 60%, 50%, 40%, 30%, 20%, or 10% of the compound of formula

I required for the same therapeutic benefit.

[6072] An effective amount of the compounds of formula 1 described herein refers to the
amoutt of one of said salts or compositions which is capable of mhibiting or preventing a

disease,

{0073] An effective amount may be sufficient to prohibit, treat, alleviate, ameliorate, halt,
restrain, slow or reverse the progression, or reduce the severity of a complication
resulting from nerve damage or demyehization and/or elevated reactive oxidative-
nitrosative species andfor abnormalities in physiclogical homeostasis’s, 1 patients who
are at risk for such complications. As such, these methods include both medical
therapeutic {acute} and/or prophylactic {prevention} administration as appropriate. The
amount and tming of compositions administered will, of course, be dependent on the
subject being treated, ovn the severity of the affliction, on the manner of administration
and on the judgment of the prescribing physician. Thus, because of patient-to-patient
variability, the dosages given above are a guideline and the physician may titrate doses of
the drug to achieve the treatment that the physician considers appropriate for the patient.
In considering the degree of treatment desired, the physician must balance a vasiety of
factors such as age of the patient, presence of preexisting disease, as well as presence of
other diseases,

{0074] The compositions provided by this application may be administered to a subject

in need of treatinent by a variety of conventional routes of admimstration, mclading
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orally, topically, parenterally, eg. intravenously, subcutaneously or intramedullary.
Further, the compositions may be administered intranasally, as a rectal suppository, or
using a "flash" formulation, i.e., allowing the medication o dissolve in the mouth without
the need to use water. Furthermore, the compositions may be administered to a subject in
need of treatment by controlled release dosage forms, stte specific drug delivery,
transdermal drug delivery, patwch {active/passive) mediated drug delivery, by stereotactic

injection, or in nanoparticles.

[0075] The compositions may be adninistered alone or in combination with
pharmaceutically acceptable carriers, vehicles or diluents, 1 either single or nmultiple
doses. Suitable pharmaceutical carriers, vehicles and diluents include inert solid diluents
or fillers, sterile aqueous solutions and various organic solvents. The pharmaceutical
composttions  formed by combining the  compositions and the phanmaceutically
acceptable carners, vehicles or diluents are then readily admuristered 1o a variety of
dosage forms such as tablets, powders, lozenges, syrups, injectable solutions and the like.
These pharmaceutical compositions can, if desired, contain additional ingredients such as
flavorings, binders, excipients and the like. Thus, for purposes of oral administration,
tablets containing varlous excipients such as L-arginine, sodium citrate, calcium
carbonate and calenam phosphate may be emploved along with various disintegrates such
as starch, alginic acid and certain complex silicates, together with binding agents such as
polyvinvipyvrrolidone, sucrose, gelatin and acacita. Additionally, lubsicating agents sach
as magnesium stearate, sodium laury] sulfate and tale are often useful for tabletting
purposes. Solid compositions of a similar type may also be emploved as fillers in soft and
hard filled gelatin capsules. Appropriate materials for this include lactose or milk sugar
and high molecular weight polvethylene glycols. When aqueous suspensions or elixirs are
desired for oral administration, the essential active ingredient therein may be combined
with vartous sweetening or flavoring agents, coloring matter or dves and, if desired,
emulsifying or suspending agents, together with diluents such as water, ethanol,

prapylene glveol, glyeerin and combinations thereof. The compounds of formula 1 may
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also comprise enterically coated comprising of vartous excipients, as 1s well known in the

pharmaceutical art.

[8076] For parenteral administration, solutions of the compositions may be prepared in
{for example) sesanie or peanut oil, aqueous propylene glycol, or in sterile aqueous
solutions mayv be employed. Such agueocus solutions should be suitably buffered if
necessary and the liguid diluent first rendered isotonic with sufficient saline or glucose.
These particular aqueons solutions are especially suitable for intravenous, intramuscular,
subcutaneous and intraperitoneal administration. In this connection, the sterile agqueous
media employed are all readily available by standard techoigues known to those skilled in

the art.

10077] The formulations, for fnstance tablets, may contain e.g. 10 10 100, 50 to 250, 150
to 500 myg, or 350 to 800 mg e g 10, 50, 100, 300, 300, 700, 800 myg of the compounds of
formula 1 disclosed herein, for instance, compounds of formula I or pharmaceutical

acceptable salts of a compounds of Formula ©

j0078] Generally, a composition as deseribed berein may be adminmstered orally, or
parenterally {e g, mtravenous, intramuscular, subcutaneous or intrameduliary). Topical
admanistration may also be wdicated, for example, where the patient is soffering from
gastrointestinal disorder that prevent oral administration, or whenever the medication is
best applied to the surface of a tissue or organ as determined by the attending physician.
Localized admimstration may also be indicated, for example, when a high dose is desired
at the target tissue or organ. For buccal administration the active composition may take

the form of tablets or lozenges formulated in a conventional manner.

{0079] The dosage administered will be dependent upon the identity of the metabolic
disease; the type of host wnvolved, including its age. health and weight; the kind of

concurrent freatment, if any; the frequency of treatment and therapeutic ratio.
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{6080] Hlustratively, dosage levels of the admunistered active ingredients are:
intravenous, 0.1 to about 200 mg/kg; atramuscular, 1 to about 500 mgfky; orally, 5 to
about 1000 mg/ky; intranasal instiliation, 5 to about 1000 my/ke; and aerosol, 3 to about

1000 mg/ky of host body weight.

{B081] Expressed in terms of concentration, an active ingredient can be present in the
compositions of the present invention for localized nse about the cutis, intranasatly,
pharyngolaryngeallv, bronchially, intravaginally, rectally, or oculatly in a concentration
of from about 0.01 to about 30% wiw of the composition; preferably about 1 to about
20% wiw of the composition; and for parenteral use 1 a concentration of from about 0.05

to about 50% w/v of the composition and preferably from about 5 to about 20% wiv.

[0082] The compositions of the present tovention are preferably presented for
admanistration to humans and animals in unit dosage forms, soch ag tablets, capsules,
pills, powders, granules, suppositories, sterile parenteral solutions or suspensions, sterile
non-parenteral solotions of suspensions, and oral solutions or suspensions and the like,
contaimng suttable quantities of an active ingredient. For oral administration evther solid

ot fluid unit dosage forms can be prepared.

[0083] As discussed above, the tablet core contains one or more hydrophilic polymers.
Suitable bydrophilic polymers include, but are not limited to, water swellable celiulose
derivatives, polyatkyiene glycols, thermoplastic polyalkylene oxides, acrvlic polymers,
hydrocolloids, clays, gelling starches, swelling cross-linked polymers, and mixtures
thereof Examples of suitable water swellable cellulose derivatives include, but are not
Iimited  to, sodiumh  carboxymethylcellulose, cross-linked hydroxypropyleelhdose,
hydroxypropyl cellulose {(HPC), hydroxypropylmethvlcellulose {HPMC(),
hydroxyisopropyleeltulose, hydroxybutyleetiulose, hydroxyphenyleellulose,
hyvdroxyethvlcellulose (HEC), hydroxypentylceliulose, hydroxypropyiethvicellulose,
hydroxypropyibutylcellulose, and hydroxypropylethvlcellulose, and mixtures thergof.

Examples of snitable polyvalkvlene glycols include, but are not Himited to, polyethylene
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glycol. Examples of suitable thermoplastic polvalkylene oxides include, but are not
Hmited to, poly{ethylene oxide). Examples of suitable acrylic polyvmers include, bat are
not limited to, potassium methacrviatedivinyibenzene copolymer,
polymethylmethacrylate, high-molecular weight crosslinked acrylic acid homopolymers
and copolymers such as those commercially available from Neoveon Chemicals under the
tradename CARBOPOL™. Examples of suitable hvdrocolloids include, but are not
limited to, alginates, agar, guar gum, locust bean gum, kappa carrageenan, iota
carrageenan, tara, gum arabic, tragacanth, pectin, xanthan gum, gellan gum, maltodexinin,
gatactomannan, pusstulan, lanunarin, scleroglucan, gum arabic, inulin, pectin, gelatin,
whelan, rhamsan, zooglan, methylan, chitin, cyvclodextrin, chitosan, and mixtures thereot.
Examples of suitable clays include, but are not linnted to, smectites such as bentonite,
kaolin, and Taponite; magnesium trisilicate, magnesium aluminum silicate; and mixtures
thereof. Examples of suitable gelling starches include, but are not limited to, acid
hydrolyzed starches, swelling starches such as sodium starch glycolate and derivatives
thereof, and muxtures thereof Examples of suitable swelhng cross-linked polymers
include, but are not Houted to, cross-linked polyvinv! pyrrolidone, cross-linked agar, and

cross-linked carboxymethylcellolose sodium, and mixtures thereot.

[6084] The carrier may contain one or more suitable excipients for the formulation of
tablets. Examples of suitable excipients inchsde, but are not limited to, fillers, adsorbents,
binders,  disintegrants,  lhibricants,  ghdants,  release-modifving  excipients,

superdisintegrants, antioxidants, and mixtures thereof.

[8085] Suitable binders include, but are not limited to, dry binders such as polyvinyl
pyvrrolidone and  hydroxypropyimethyleellolose, wet binders such as water-soluble
polymers, including hvdrocolloids such as acacia, alginates, agar, guar gum, locust bean,
carrggeenan, carboxvmethyiceliulose, tars, gum arabic, tragacanth, pectin, xanthan,
gellan, gelann, maltodextrin, palactomannan, pusstulan, laminarin, scleroglucan, mulin,
whelan, rthamsan, zooglan, methylan, chitin, cyclodextrin, chitosan, polyvinyl

pyrrolidone, cellulosics, sucrose, and starches; and mixtures thereof.  Suitable
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disintegrants include, but are not hmited to, sodium starch glveolate, cross-hnked

polyvinylpyrrolidone, cross-linked carboxymethyleellulose, starches, microcrystaltine

cellulose, and mixtures thereof.

[0086] Suitable lubricants include, but are not hmited to, long chain fatty acids and their
salts, such as magnesium stearate and steanc acid, tale, glveenides waxes, and nuxtures
thereof  Suitable glidants include, but are not Hmited to, colloidal silicon dioxide.
Suitable release-modifying excipients include, but are not limited to, insoluble edible

matenials, pH-dependent polvmers, and mixtures thereof,

{0087] Suitable msoluble edible materials for use as release-modifving excipients
include, but are not limited to, water-insoluble polvmers and low-melting hydrophobic
materials, copolymers thereof, and nuxtures thereof. Examples of suttable water-
insotuble polymers nclude, but are not himited to, ethylcellnlose, polyvinyt alcohols,
polyvinyl acetate, polveaprolactones, cellulose acetate and its derivatives, acrvlates,
methacrvlates, acrvlic acid copolymers, copolymers thereof, and mixtures thereof.
Suitable low-melting hydrophobic materials include, but are not mited to, fats, fatty acid
esters, phospholipids, waxes, and mixtures thereof. Examples of suttable fats include, but
are not limited to, hydrogenated vegetable oils such as for example cocoa butter,
hydrogenated palm kemel ail, hydrogenated cottonseed oil, hydrogenated sunflower oil,
and bhydrogenated sovbean oll, free fatty acids and their salts, and mixtures thereof.
Examples of soitable fatty acid esters include, but are not imited to, sucrose fatty acid
esters, mono-, di-, and triglyeerides, glyceryl bebenate, glycervl palmitostearate, gyceryl
monostearate, glyveeryl tristearate, glveeryl tilaurvlate, glveeryl myristate, GlycoWax-
032, lauroyl macrogol-32 glycerides, stearoyl macrogol-32 glycerides, and mixtures
thereof. Examples of suitable phospholipids include phosphotidyl choline, phosphotidyl
sereng, phosphotidyl enositol, phosphotidic acid, and mixtures thereof. Examples of
suitable waxes include, but are not Hmited to, carnauba wax, spermaceti wax, beeswax,
candelilla wax, shellac wax, microcrystalling wax, and paraffin wax; fat-containing

mixtures such as chocolate, and mixtures thereof. Examples of super disintegrants
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include, but are not imited to, croscarmellose sodium, sodium starch glycolate and cross-
linked povidone (crospovidone). In one embodiment the tablet core contains up to about

5 percent by weight of such super disintegrant.

[0088] Examples of antioxidants include, but are not hmited to, tocopherols, ascorbic
acid, sodium pyrosulfite, butylhydroxvtoluene, butvlated hydroxyanisole, edetic acid, and
edetate salts, and mixtures thereof. Examples of preservatives include, but are not limited
to, citric acid, tartaric acid, lactic acid, malic acid, acetic acid, benzoic acid, and sorbic

acid, and mixtures thereof

{6089} In one embodiment, the immediate release coating has an average thickness of at
least 30 microns, such as from about 30 nuerons to about 2500 microns; e.g., from about
250 microns to about 1000 microns. In embodiment, the immediate release coating is
typically compressed at a density of more than about 0.9 g/ee, as measured by the weight

and volume of that specific laver.

{6090} In one embodiment, the immediate release coating contains a first portion and a
second portion, wherein at least one of the portions contains the second pharmaceatically
active agent. In one embodiment, the portions contact sach other at a center axis of the
tablet. In one embodument, the first portion inclodes the frst pharmaceutically active

agent and the second portion includes the second pharmaceutically active agent.

[6091] In one embodiment, the first portion contains the first pharmaceutically active
agent and the second porfion contains the second pharmaceutically active agent. In one
embodiment, one of the portions contains a third pharmaceutically active agent. In one
embodiment one of the portions contains a second immediate release portion of the same

pharmaceutically active agent as that contained in the tablet core.

[0092] In one embodiment, the outer coating portion is prepared as a dry blend of

matertals prior to addition to the coated tablet core. In another embodiment the outer
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coating portion i included of a dried granulation including the pharmaceutically active

agent.

{0093] Formulations with different drug release mechanisms described above could be
combined in a final dosage form containing single or multiple units. Examples of
multiple units include mudtilayer tablets, capsules containing tablets, beads, or granules in
a solid or liquid form. Typical, immediate release formulations include compressed
tablets, gels, films, coatings, liquids and particles that can be encapsulated, for example,
in a gelatin capsule. Many methods for prepaning coatings, covering or incorporating

drugs, are known in the art.

[8094] The immediate release dosage, unit of the dosage form, i.e, a tablet, a plurality of

drug-contaiming beads, granules or particles, or an outer taver of a coated core dosage
form, contams a therapewtically effective quantity of the active agent with conventional
pharmaceutical excipients. The immediate release dosage vnit may or may not be coated,
and may or may not be admixed with the delayed release dosage unit or units {as in an
encapsulated mixture of immediate release drog-containimg gramules, particles or beads

and delaved release drug-containing granudes or beads),

j0095] Extended release formulations are geverally prepared as diffusion or osmotic
systems, for example, as deseribed in "Remington—The Science and Practice of
Pharmacy”, 20th. Ed., Lippincott Willlams & Wikins, Baltimore, Md., 2000). A
diffusion systems typically cousists of one of two types of devices, reservour and matrix,
which are wellknown and described in die art. The matrix devigces are generally prepared

by compressing the drug with a slovwdy dissolving polymer carrier into a tablet form.

[6096] An immediate release portion can be added to the extended release system by
means of cither applying an immediate release layer on top of the extended release core;
HSing coating or compression processes or in a multiple unit svstem such as a capsule

containing extended and immediate refease beads.
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[6097] Delayed release dosage formulations are created by coating a solid dosage torm
with a film of a polymer which is insoluble in the acid environment of the stomach, but
soluble in the neutral environment of small intestines. The delayved release dosage units
can be prepared, for example, by coating a drug or & drug-contaiiing composition with a
selected coating material. The drug-containing composition may be a tablet for
incorporation into & capsule, a tablet for use as an inner core in a “coated core" dosage
form, or a plurality of drug-containing beads, particies or granules, for incorporation into

either a tablet or capsule.

[6098] A pulsed release dosage form 1s one that mimics a multiple dosing profile
without repeated dosing and typically allows at least a twofold reduction m dosing
frequency as compared to the drug presented as a conventional dosage form (eg., as a
solution or prompt drug-refeasing, conventional solid dosage form). A pulsed release
profile 18 characterized by a time penod of no release {(lag time) or reduced release

followed by rapid drug release.

{6099] Each dosage form contains 2 therapeutically effective amount of active agent. In
one embodiment of dosage forms that mimic a twice daily dosing profile, approximately
30wt Y to 70 wi. %, preferably 40 wi. % to 60 wt. %%, of the total amount of active agent
in the dosage form s released in the tnitial pulse, and, correspondingly approximately 70

0 -~

wi. % to 3.0 wi. %, preferably 60 wt. %6 to 40 wt. %, of the total amount of active agent in
the dosage form is released in the second pulse. For dosage forms mimicking the twice
daily dosing profile, the second pulse is preferably released approximately 3 hours to less
than 14 hours, and more preferably approximately 5 hours to 12 hours, following

administration.

[00100} Another dosage form contains a compressed tablet or a capsule having a drug-
containing immediate release dosage unit, a delayed release dosage unit and an optional

second delayed release dosage unit. In this dosage form, the immediate release dosage
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unit contains a plurality of beads, granules particles that release drug substantially
immediately following oral adminstration to provide an wnitial dose. The delayed release
dosage umit containg a plurality of coated beads or granules, which release dmg

approximately 3 hours to 14 hours following oral administration to provide a second

dose.

[60101} For purposes of transdenmal (e.g., topical) administration, dilute sterile, agqueous
or partially aguecus solutions {usually in about G.1% to 3% concentration), otherwise

similar to the above parenteral solutions, may be prepared.

{00162} Methods of preparing various pharmaceutical compositions with a certain
amount of one or more compounds of formula 1 or other active agents are known, or will
be apparent in hight of this disclosure, to those skilled v this ant. For examples of
methods of preparing pharmaceutical compositions, see Remington's Pharmaceutical

Sciences, Mack Publishing Company, Easton, Pa., 19th Edition (1995).

j00103] In additon, in certain embodiments, subject compositions of the present
application maybe lyophilized or subjected to another appropriate dryving techmique such
as spray dryving. The subject compositions may be adnumstered once, or may be divided
mto a number of smaller doses to be administered at varying mtervals of time, depending

in part on the release rate of the compositions and the desired dosage.

{00164} Formulations useful in the methods provided herein include those suitable for
oral, nasal, topical {including buccal and sublingual), rectal, vaginal, aerosol andior
parenteral adnunmistration.  The formulations may conveniently be presented m upit
dosage form and may be prepared by any methods well known in the art of pharmacy.
The amount of a subject composition which may be combined with a carrier material to
produce a single dose may vary depending upon the subject betng treated, and the

particular mode of administration.
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{00165} Methods of preparing these formulations or compositions include the step of
bringing Into association subject corapositions with the carrier and, optionally, one or
more accessory ingredients. In general, the formulations are prepared by uniformly and
intimately bringing into association a subject composition with Hquid carriers, or finely

divided solid cariers, or both, and then, if necessary, shaping the product.

[00106] The compounds of formula I described herein may be administered in inhalant
or aerosol formulations. The inhalant or aerosol formulations may comprise one or more
agents, such as adjuvants, diagnostic agents, imaging agents, or therapeutic agents useful
i inhalation therapy. The final acrosol formulation may for example contain 0.005-90%
wiw, for instance 0.005-50%, 0.005-5% why, or 0.01-1.0% whw, of medicament relative

to the total weight of the formulation.

{00187} In solid dosage forms for oral administration {capsules, tablets, pills, dragees,
powders, granules and the like), the subject composition is mixed with one or more
pharmaceutically acceptable carniers and/or any of the following: (1) fillers or extenders,
such as starches, lactose, sucrose, glucose, mannitol, and/or sificie acid; (2) binders, such
as, for example, carboxymethyleellulose, alginates, gelatin, polyvinyl pysrolidone,
sucrose and/or acacia; {3) humectants, such as glycerol; (4) disintegrating agents, such as
agar-agar, calcium carbonate, potato or tapioeca starch, algime acid, certain silicates, and
sodium carbonate; {3} solotion retarding agents, such as paraffin; (6} absorption
accelerators, sach as quaternary ammonium compounds; (7) wetting agents, such as, for
example, acetyl alcobol and glycerol monostearate; (8) absorbents, such as kaolin and
bentonite clay: (9) tubwicants, such a tale, calclum stearate, magnesiam stearate, solid
polyethylens glycols, sodium lauryl suifate, and mixtures thereof, and {10) coloring
agents. In the case of capsules, tablets and pills, the pharmaceutical compositions may
also comprise buffering agents. Solid compositions of a simular type may also be
emploved as fillers in soft and hard-filled gelatin capsules using lactose or nulk sugars, as

well as high molecnlar weight polyvethylene glveols and the like.
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{00108} Liquad dosage forms for oral administration include pharmaceutically acceptable
emolsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the
subject compaositions, the liquid dosage forms may contain inert diluents commonly used
in the art, such as, for example, water or other solvents, solubilizing agents and
enusifiers, such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,
benzy! alcohol, benzyl benzoate, propylene glveel, 13-butylene glveol, oils {in particular,
cottonseed, corn, peanut, sunflower, soybean, olive, castor, and sesame oils), glycerol,
tetrabydrofuryl alcohol, polvethylene glyvcols and fatty acid esters of sorbitan, and

mixtures thereof,

{60109} Suspensions, in addition to the subject compositions, may contain suspending
agents such as, for example, ethoxylated isostearyl alcohols, polvoxyethylene sorbitol,
and sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-

agar and tragacanth, and nuxtures thereof.

{0110} Formulations for rectal or vaginal adoumisttation mayv be presented as a
supposttory, which may be prepared by mixing a subject composition with one or move
suitable non-irmitating catters comprising, for example, cocoa butter, polyethvlene
glveol, a sappository wax, or a salicvlate, and which 1s solid at room temperature, but
liuad at body temperature and, therefore, will melt in the appropriate body cavity and
release the encapsulated compound{s} and composibon{s). Formulations which are
suttable for vaginal admimstration alse include pessaries, tampons, creams, gels, pastes,
foams, or spray formulations containing such camrigrs as are known in the art to be

appropriate.

{00111} Dosage forms for transdermal administration include powders, sprays,
ointments, pastes, creams, lotions, gels, solutions, patches, and whalants, A subject
composttion may be mixed vnder sterile conditions with a pharmaceutically acceptable

carner, and with any preservatives, buffers, or propellants that may be required. For
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transdermal administration, the complexes may include lipophilic and hvdrophilic groups

to achieve the desired water solability and transport properties.

[60112] The ointments, pastes, creams and gels may contain, in addition to subject
compositions, other carriers, such as animal and vegetable fats, oils, waxes, paraffins,
starch, tragacanth, cellulose derivatives, polyvethylene glveols, silicones, bentonites,
silicic acid, tale and zine oxide, or mixtures thereof. Powders and sprays may contain, in
addition to a subject composition, excipients such as lactose, talc, silicic acid, aluminum
hvdroxide, calcium silicates and polvamide powder, or mixtures of such substances.
Sprays  may  additionally  contain  customary  propellants,  such  as
chiorofluorohydrocarbons and volatile unsubstituted hvdrocarbons, such as butane and

propane.

00113} Methods of delivering a composition or compositions via a transdermal patch are
known in the art. Exemplary patches and methods of patch delivery are desarrbed in US
Patent Nos. 0,974,588, 6,564,003, 6312716, 6440454, 6,267,983, 6,239,180, and

6,103,275,

[00114] In another embodiment, a transdermal paich may comprise: a substrate sheet
comprising a composite film formed of a resin composition comprising 100 parts by
weight of a polyvinyl chlonde-polvurethane composite and 2-10 parts by weight of a
styrene-ethylene-butylene-styrene copolymer, a first adhesive layer on the one side of the
composite film, and a polvalkylene terephthalate film adhered to the one side of the
composite film by means of the first adhesive layer, a primer laver which comprises a
saturated polvester resin and is formed on the surface of the polvalkylene terephthalate
film; and a second adhesive laver comprising a stvrene-dieng-styrene biock copolvmer
containing a pharmaceutical agent lavered on the primer layer. A method for the
manufacture of the above-mentioned substrate sheet comprises preparing the above resin
composition molding the restn composition into a composite film by a calendar process,

and then adhering a polyalkylene terephthalate film on one side of the composite filin by
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means of an adhesive layer thereby fornung the substrate sheet, and forming a primer
layer comprising a saturated polyester resin on the outer surface of the polyalkylene

terephthalate film.

{00115} Another type of patch comprises incorporating the drug directly in a
pharmaceutically acceptable adhesive and laminating the drug-containing adhesive onto a
suitable backing member, e.g. a polyester backing membrane. The drug should be present
at a concentration which will not affect the adhesive properties, and at the same time

detiver the requirved clinical dose,

f60116} Transdermal patches may be passive or active. Passive transdermal drug
delivery systems currently available, such as the nicotine, estrogen and mitroglycerine
patches, deliver small-molecule drugs. Many of the newly developed proteins and peptide
drugs are too large to be delivered through passive transdermal patches and may be
delivered asing technology such as electrical assist (Jontophoresis) for large-molecule

drugs.

{00117} Iontophoresis is a technique emploved for enhancing the flux of ionized
substances through membranes by application of electric current. One example of an
iontophoretic membrane (s given 1o ULS. Pat. No. 5,080,646 to Theeawes. The pancipal
mechanisms by which ontophoresis enhances molecular transport across the skin are (3)
repelling a charged ton from an electrode of the same charge, (b} electroosmosis, the
convective movement of solvent that occurs through a charged pore in response the
preferential passage of counter-ions when an electric field is applied or {¢) increase skin

permeability due to application of electrical current.

{00118} In some cases, it may be desirable to administer in the form of a kit, it may
comprise & container for containing the separate compositions such as a divided bottle or
a divided foil packet. Typically the kit comprises directions for the administration of the

separate components. The kit formo s particularly advantageocus when the sepavate
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components are preferably administered in different dosage forms (eg. oral and
parenteral), are administered at different dosage intervals, or when titration of the

individual components of the combination is desired by the prescribing physician.

[001 19} An example of such a kit is a so-called blister pack. Blister packs are well known
in the packaging industry and are widely used for the packaging of pharmaceutical unit
dosage forms (tablets, capsules, and the like). Blister packs generally consist of a sheet of

refatively stift material covered with a foil of a plastic material that may be transparent.

j60120} Methods and compositions for the treatment of newromuscular disorders and
neurcdegenerative diseases. Among other things, herein is provided a method of treating
neuronuscular disorders and newrodegenerative diseases, comprising administering to a

patient in need thereol a therapeutically effective amount of compound of Formuda b
Ry
Ry ~
7 R,
R3—Rs

Ry  Rg—Rg—Ry

Formula l

Wherein,

R' R® each independently represents hydrogen, D, hydroxyl, methyl, amine, cycohexyl
methyl ether, butoxy, propoxy, thiol, alkvl, alkyl thiol, acetyl thiol, disulfide, acyl,
acvialkvl, alkenyl, alkylthicalkyl, alkynyl, alkoxvaryl, alkoxyalkyl, aryl, aralkyl,
aryloxyalkyl, arvithioalkyl, eycloalkyi, ether, ester, heteroaryl, heteroeyelyl, lower alkyl,

sulfone, sulfoxide, or hydroxvalkyl;
R’ independently represents hydrogen, D, alkyl, methyl, ethyl, carboxyl, amine or thiol;

RY independently represents null, D, hydrogen, alkyl, carboxyl, amine, thiol, amine,
cvechexyl methyl ether, butoxy, propoxy. thiol, atkvi, alkyl thiol, acetyl thiol, disulfide,

acvl, acvlalkyl, alkenyl, alkylthioalkyl, alkynvl, alkoxyaryl, alkoxyalkyl, arvl, aralkyl,
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arvloxyalkyl, aryithioalkyl, cyvcloatkyl, ether, ester, hetercaryl, heterocyelyl, lower alkyl,
sulfone, sulfoxide, hydroxyalkyl, -NH-CO-CHx-NH-, -NH-CQO-, R-COO-R, thidl, or 2~

amino-3-hydroxy-N-methylpropanamide;

R independently represents null, hydrogen, alkyl, methyl, ethyl, catboxyl, amine, thiol,
amine, cycohexyl methvl ether, butoxy, propoxy, thiol, alkyl, alkyl thiol, acetvl thiol,
disulfide, acvl, acvlalkyl, alkenyl, alkylthioalkvi, alkveyl, alkoxvaryl, alkoxyalkyl, aryl,
aralkyl, arvioxvalkyl, aryithicalkyl, cycloalkyl, ether. ester, heteroaryl, heterocyclyl,
lower alkyl, sulfone, sulfoxide, hydroxyatkyl, -NH-CO-CH,-NH-, -NH-CO-, R-COO-R',

thiol, -NHz-NHj-, hydrazine, 2-amino-3-hydroxy-N-methylpropanamide,

\

NH %
[ T
HaN :

or F

R* independently represents null, hydrogen, alkyl, methyl, ethyl, carboxyl, “NFH-CO-NH-,
amine, cycohexyl methyl ether, butoxy, propoxy, thiol, alkyl, alkyl thiol, acetyl thiol,
disutfide, acvl, acvlalkvl, alkenvl, alkylthicatkyi, alkvovi, alkoxvaryl, alkoxyalkyl, aryl,
aralkyl, arvioxvalkvl, arylthioaltkyl, eveloalkyl, ether, ester, hetercaryl, heterocyclyl,
lower alkyl, selfone, selfoxide, bydroxyalkyl, -NH-CO-CH;-NH-, -NH-CO-, R-CG()—R‘I?

*%MHN Qi

thaol, o or 2-amino-3-hydroxy-N-methyipropanamide;
7 @ . , -
R’, R" each independently represents H, D,

Q O

;}5{‘0 o~ 4 i
?:zj\g b

NH2 &
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NH; %

aisindependently 23 or 7;

each b is independently 3, 5 or é;
eisindependently 1, 2 or g

¢ and d are each independently H, D, -OH, 0D, C;-Cs-alkyl, -NH; or -COCH;.
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Merthods for uxing componyeds of formela I

{00121} The invention also mcludes methods for treating or management of Parkinson’s

disease, scleroderma, restless leg syndrome, hypertension and gestational hypertension.

METHODS OF MAKING
Methods for making the compounds of formuda | are set forth as examples belon:

{00122} Example 1

0 Q [®]
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{00123} Synthesis of Compound-2:

O/\ekeH Boc2O

NaHCQO
H; TFH, Hz% HO™ ™ P&HBOG

{00124 To a solution of compound 1 {50 mmol) in 111 mixtare of THF/H20 (300 mL),
NaHCO: (130 mamol) and Boe20 {110 mmol} were added consecutively at 0 °C. After 30
min, the solution was stirred overnight at room temperature. The turbid solution was
extracted with E{20 (2<200 mL}. The aqueous laver was acidified to pH = 4-3 by careful
addition of halt sat. citrie acid at 9 °C and then extracted with CH2ZCI2 3200 mi.). The
combined organic phase was dried {(Na2504) and evaporated under reduced pressure o
give the Boc-amino acids with high purity as solids or hard colorless oils, which
crystaliize on standing. These Boc-amino acids were used for next step without

purification. MLF: CzoHzoN:Os . Mol Wt 426 46,

j00125} Synthests of Compound-3;

0O
J\ 2 2-dimethoxypropane ¢ /\el\
\(| OH - R OH
R - T NBoc
* INBoc Actone, pTSA 0 j
NHEoc NHBoG

2 3

{00126} To a two-necked 500 ml. flask were added compound 2 (30 mmol), 2.2-
dimethoxypropane {200 mmol}, and anhydrous toluene (20 vol). One neck of the flask
was fitted with a Soxhlet extractor, the thimble of which was filled with granular
anhydrous CaCls (75g) 1o trap MeOH and HxO. The other neck of the flask was sealed
with a septum for sampling. After the system was flushed with argon for § min and then

heated o reflux for S min, p-toluenesulfonic acid monohydrate (430 mg, 4.5 mol%) was
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added & left refluxing for 12 h. Reaction mixture concentrated under reduced pressure.
The reaction residue diluted with ethyt acetate (10 Vol), washed with saturated sodium bi
carbonate solution foliowed by brine. The organic laver dried over sodium sulfate,
filtered and concentrated under vacoum yielded compound 3. MF: CusHyuN2Og . Mol
Wi 466,52,

{60127} Synthesis of Compound-6:

o Gt Q ot
— o S i e s e :
HO" DHPEADCM
4
3 Q
O -
1 X e
< NBoc
L i w = — {_,§ © &HEQC
= s St AN TN -
5 KRCOHNDMF
ji\ o) O
o . NI
\{ 1\ o"u\e o]
- by < NBoe

NHBoc

[60128] To a solution of compoond 4 ( 1.0 mmol) in dry DCM (1.8 L) was added N, N-
diisopropylethylamine (2.0 mmol}y at -10°C, followed by drop wise addition of 1-
chioroethylehloroformate (1.2 mmol} for 30 min at the same temperature and the reaction
mixture was allowed to stir for 1 h at 0°C. On completion of the reaction (monitored by
T1L.L), the reaction mixture intermediate 5 was directly used for the next step without
further isolation and purification. In another RB flask the cois-5, &, 11, 14, 17-
Eicosapentaenoic acid (1.2 mmol) & anhydrous KoCOs (3.0 mmol) was taken in dry
DMF (10 vaol) stir at room temperature for 2 h and then cooled to -10 °C, intermediate 5
was added slowly drop wise over 30 min. & then was allowed to stiv at room temperatare
for 12 h. Reaction was monitored by TLC. On completion of the reaction, the reaction

mixiure was poured into water (100 mL) and extracted with diethyl ether (2 x 1 L} The
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combined organic layers were washed with water {2 x 500 mL) followed by brine
solution {100 ml.), dried over anhydrous Nay SO, and evaporated under reduced pressare.
The crude was purified by column chromatography over 100-200 mesh silica gel by
using 0 to 20% ethyl acetate in pet ether as an eluent vielded 40% of compound 6 as a
yvellow liquid. MUF CueHesNaOyz Mol Wi 839.02,

{60129 Synthesis of Compound-7:

o o
o’u*oj\o)k/\/m\/ TN TRADCM

-

i
NHBoc 6

it

{00130} 25% TFA in DCM was added to compound 6 (1.0 mmal) at 0 °C and the
regetion nuxtore was allowed to stiv for 30 min at the same temperature. Reaction was
momtored by TLC. On completion of the reaction, the reaction mixture was basified with
saturated NaxCO; solution (20 vol) and extracted with DOM (20 vol), dded over
anhydrous Na,S0; and evaporated under reduced pressure. The crude wag punitied by
column chromatography over neutral alumina (Merck) by using 30 % ethyl acetate-pet
ether as eluent yielded 46 % of compound 7 as a pale yellow gommy solid.  MF .

CagtlaeN2Og . Mol Wi 39873

{00131} Example 2
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{60132} Synthesis of Compound-2:

0
~. 2. 2-dimethoxypropane
o . XO“@’Y%
Actone, pTSA o7~ ) :EJJH §
2
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{60133} To a two-necked 500 mi flask were added compound T (30 mmol), 2.2~
dimethoxypropane (200 mmol), and anhydrous toluene (20 vol}. One neck of the flask
was fitted with a Soxhiet extractor, the thimble of which was filled with granular
anhvdrous CaClz (75g) to trap MeOH and H:0O. The other neck of the flask was sealed
with a septum for samipling. After the system was flushed with argon for 5 min and then
heated to reflux for § min, p-toluenesulfonic acid monochydrate {430 mg. 4.5 mol%) was
added and left refluxing for 12 h. Reaction mixture concentrated under reduced pressure.
The reaction residue diluted with ethyl acetate (10 Vol), washed with saturated sodium bi
carbonate solution followed by brine. The organic laver dried over sodium sulfate,
filtered and concentrated under vacuum vielded compound 2 M F. CiaHaaN;Os . Mol
Wt.: 30636,

{00134}  Svynthesis of Compound-4:

a
Ma(
= MeO
NaMB(OAC)
DEC 4

Obie

{60135) Compound 2 (1.0 mmol) and 2 4-dimethoxy benzyl aldehyde 3 (1.0 mmol)
taken in 1 2 Dichloromethane (20 vol; LR grade) & stirred for 2h at room temperatare
for imine formation, then sodium triacetoxy borohydride (1.5 mmol) was added at 0 "C
and the reaction mixtore was allowed to stir for 4-6 h at rt. On completion of the reaction
{mowmtored by TLC), the reaction mixture was diloted with DCM (50 vol), washed with
water {30 vol} followed by brine solation (50 vol), dried over anhydrous NapSQy and
evaporated under reduced pressure to get crude product as viscous oil which was purified
by column chromatography over neutral alumina by using 30 % ethyl acetate-pet ether as
eluent yielded 80 % of compound 4 as a pale vellow liguid. MF: CosHaaN205 . Mol
Wt 456.53

[00136] Synthesis of Compound-6:
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{00137} To a solution of compound 4 { 1.0 mmol) in dry DOM (1.8 L) was added N, N~
dusopropylethylamine (2.0 mmol) at -10°C, tollowed by drop wise addition of 1-
chioroethylchlorotormate (1.2 mmol) for 30 min af the same temperature and the reaction
mixture was allowed to stir for 1 h at 0°C. On completion of the reaction (monitored by
TLC), the reaction mixture with intermediate § was directly used for the next step
without further isolation and purification. In ancther RB flask the cis-3, 8, 11, 14, 17-
Eicosapentaenoic acid 6 (1.2 mmol} & anhydrous KoCO; (3.0 mmol) was taken in dry
DMF (10 vol) stir at room temperature for 2 b and then cooled to <10 °C, intermediate 8
was added stowly drop wise over 30 min. & ther was allowed to stir at room temperature
for 12 h. Reaction was momtored by TLC. On completion of the reaction, the reaction
mixture was poured into water (100 ml.) and extracted with diethyt ether (2 x 1 L). The
combined organic lavers were washed with water (2 x 500 mL) followed by brine
solution {100 mL), dried over anhydrous Na,SQy and evaporated under reduced pressure.
The crode was purified by colomn chromatography over 100-200 mesh silica gel by
using O to 20% ethyl acetate m pet ether as an eluent vielded 40% of compound 7 as a
velow liquid. MUF: CaghlaaN:Oqe . Mol Wt 829.03

[00138] Synthesis of Compound-7:

25% TFA in DCM was added to compound 6 (1.0 yamol) at 0 °C and the reaction mixtare
was allowed to stir for 30 mun at the same temperature. Reaction was monttored by TLC.

On completion of the reaction, the reaction mixture was basified with saturated Na,CO,
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solution {20 vol) and extracted with DCM (20 vol),

PCT/IB2013/052239

dried over anhydrous Na:SQ, and

evaporated under reduced pressure. The crude was purtfied by column chromatography

over neutral alumina {Merck) by using 30 % ethyl acetate-pet ether as eluent yvielded 46

Y% of compound 7 as a pale vell

{80139} Example 3.
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{60140}  Synthesis of Compound-2:

QH OMEM
MO N \\ GHO | fs 4EMCI VVVVVVV . MERMO, /\\/(,HU
Ho’ A DIFEADCM vy o

1 2

[00141} To a solution of compound I (50 mmol) i Dichloromethane (10 ml),
Disopropyl ethyvlamine {150 mmol) and methoxy ethoxy methyl chlonde (MEM-C1)
(110 mmol} were added consecutively at 0 “C. The reaction mixture stirred for 3.0 h, the
completion of reaction mixture monitored TLC & it s washed with water (10 Vol &
brine. The organic phase was dried (Na2504) and evaporated under reduced pressure

formed benzaldehyde derivative 2. MUF: CioHapOr - Mol Wi 418,44,

{00142} Synthesis of Compound-3:

OMEM OMEM
vewo. /4\ CHA  NHANH:  MEMO. ,J\\ o N
\ R
MEMO” A MEMO™
2 3

{00143} Soxhlet extractor was filled with 20 g of molecular sieve with benzaldehyde
derivative {3 mmol) and hvdrazine hydrate (75 mmol) were retluxed overnight in (10 vol}
of ethanol (16-24 h). The hot alcoholic solution was filtered, and evaporation of solvent
yielded (73%) of crode product-3. After one recrystallization from ethanol vielded

compound 3. M.E: CieHupNaOy Mol Wi 43247,

[00144] Synthesis of Compound-5:

e
{’f“ N
Jabffennd Ciide
i Y CMER
OMEM HOL O ,
I S ] MEMIO._ At
TEMEI g o, - M & 4 T
JL 1 - MERMEY ’*“ =
- 5 "
MEMO EDCH HOSE
3 DMF 5

53



WO 2013/168021 PCT/IB2013/052239

{00145} To a stured solution of compound 3 {1 mmol) and Compound 4 (1.0 mmol) in
DOM (20 vol), ERCLHCE (1 mmol) and DMAP (1.2 mmpl} were added at room
temperature and the reaction mixture was allowed to stir for 12 b at 1. Reaction was
monitored by TLC. On completion of the reaction, the reaction mixture was diluted with
DCM (50 vol), washed with water (30 vol) followed by brine solution (20 vol) and dried
over anhvdrous Na,50, and evaporated under reduced pressure. The crude was puritied
by column chromatography over 100-200 mesh silica gel by using 40 % cthyl acetate-

hexane as eluent vielded (70 %) of compound 5. MLF: CaHysNaOws . Mol Wi 6677,

{60146} Synthesis of Compound-8:

(AR
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[60147} To a solution of compound 5 ( 1.0 mmel} v dey DOM (10 vol} was added N, N-
diisopropylethvlamine (2.0 mmol} at -10°C, followed by drop wise addition of |-
chloroethylchloroformate (1.2 mmol} for 30 min at the same temperature and the reaction
mixture was allowed to stir for 1 h at 0°C. On completion of the reaction (monitored by
TLC), the reaction mixture mtermediate 6 was directly used for the next step without
further isolation and purification. In another RB flask the cis-§, 8, 11, 14, 17-
Eicosapentacnoic acid 7 (1.2 mmoly & anhydrous K;COsz (3.0 mmol) was taken in dry
DMF (10 val) stir at room temperatore for 2 b and then cooled to 10 °C, intermediate 6

was added slowly drop wise over 30 min. & then was allowed to stir at room temperatare
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for 12 h. Reaction was monitored by TLC. On completion of the reaction, the reaction
mixture was poored into water (100 ml.) and extracted with diethy! ether (T x 1 L). The
combined organic layers weare washed with water (2 x 500 mbL) followed by biine
solution (100 mL), dried over anhydrous Na,SO, and evaporated under reduced pressure,
The crude was purified by colamn chromatography over 100-200 mesh silica gel by
using O to 20% ethyl acetate in pet ether as an eluent yvielded 40% of compound 8 as a

vellow liquid. MLF: CigHgeN:O4r Mol Wi 839,02

{00148} Synthesis of Compound-9:

Civte
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[00149] 25% TFA in DUCM was added to compound 8 (1.0 mmol) at 0 "C and the
reaction mixture was allowed to stir for 30 min at the same temperature. Reaction was
monttored by TLC. On completion of the reaction, the reaction mixture was basified with
saturated NapCO; solution (20 vol) and extracted with DCM (20 vol), dried over
anhydrous NaxSOs and evaporated under reduced pressure. The crude was purified by
column chromatography over neutral alumina (Merek) by using 30 %% ethyl acetate-pet
ether as eluent vielded 46 % of compouad 9 as a pale vellow gummy solid.  MF

CaablnNaOg . Mol Wi 62974
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1001504 The term "sample" refers to a sample of a body fluid, to a sample of
separated cells or to a sample from a tissue or an organ. Samples of body Huids can be
obtained by well known technigues and include, praferably, samples of blood, plasma,
serumi, or urine, more preferably, samples of blood, plasma or serum. Tissue or organ
samples may be obtained from any tissue or organ by, e.g., biopsy. Separated cells may
be obtained from the body tluids or the tissues or organs by separating techniques such as
centrifugation or cell sorting Preferably, cell-, tissue- or organ samples are obtained from

those cells, tissues or organs which express or produce the peptides referred 1o herein,

j00151] EQUIVALENTS

The present disclosure provides among other things compositions and methods for
treating metabelic conditions or newrodegenerative disorders and their complications,
While specific embodiments of the subject disclosure have been discussed, the above
specification is illustrative and not restrictive.  Many variations of the systems and
methods herein will become apparent to those skilled in the art upon review of this
specification. The foll scope of the claimed systems and methods should be determined
by reference to the claims, along with their full scope of equivalents, and the

specification, along with sach variations.

jo0152} INCORPORATION BY REFERENCE

All publications and patents mentioned herein, including those items listed above, ave
hereby incorporated by reference in their entirety as if each individual publication or
patent was spectfically and dividually indicated to be incorporated by reference. In

case of contlict, the present application, inchuding any definitions herein, will control.
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CLAIMS
i, A compound of formula I:
R'l"
Ry ™~
rorl RS

Ry Ry—Rg—Ry

Formuta 1

or a pharmaceutically acceptable salt, hydrate, polymorph, solvate, prodrug, enantiomer,

or stereoisomer thereof’

R', R* each independently represents hydrogen, D, hvdroxyl, methyl, amine, cycohexyl
methyl cther, butoxy, propoxy, thiol, alkyl, alkyl thiol, acetyl thiol, disulfide, acyl,
acylalkyl, alkenyl, alkylthioalkyl, alkvnyl, alkoxyaryl, alkoxvalkyl, arvl, aralkyl,
arvioxyatkyl, arvithioalkyl, cycloaltkyl, ether, ester, heteroaryl, heterocvelyl, lower alkyl,

sulfone, sulfoxide, or hydroxyalkyl:
R" independently represents hydrogen, D, atkyl, methyl, ethyl, carboxyl, amine or thiof;

RY independently represents mull, D, hvdrogen, alkvi, carboxyl, amine, thiol, amine,
cyeohexyl methyl ether, butoxy, propoxy, thiol, alkvi, alkyl thiol, acetyl thiol, disalfide,
acyl, acvialkvl, alkenvl, alkylthivalkyl, alkynyl, alkoxvaryl, alkoxvalkyl, arel, aralkyl,
arvloxyatkyl, arvithioalkyl, cycloatkyl, ether, ester, heteroaryl, heterocvelyl, lower alkyl,
sulfone, sulfoxide, hydroxyalkyl, -NH-CO-CHy-NH-, NH-CO-, R-COO-R', thiol, or 2-

amino-3-hydroxy-N-methylpropanamide;

R’ independently represents null, hydrogen, alkyl, methyl, ethyl, carboxyl, amine, thiol,
amine, cycohexyl methyl ether, butoxy, propoxy, thiol, alkyl, alkyl thiol, acetyl thiol,
disutfide, acvl, acylalkvl, alkenvl, alkylthicalkyi, alkyovl, alkoxvaryl, alkoxyalkyl, aryl,
aratkyl, arvioxyalkvl, aryithioalkyl, eycloalkyl, ether, ester, hetercaryl, heterocyelyl,
lower alkyl, sulfone, sulfoxide, hydroxyatkyl, -NH-CO-CH-NH-, -NH-CO-, R-COO-R',

thiol, ~NHy-NHy-, hydrazine, 2-amino-3-hydroxy~-N-methylpropanamide,
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\

/NH %,

¥F
HaNop F[\ .
RY independently represents null, hydrogen, alkyl, methyl, ethyl. carboxyl, -NH-CO-NH-,
amine, cycohexyl methyl ether, butoxy, propoxy, thiol, alkyl, alkyl thiol, acetyl thiol,
disulfide, acyl, acylalkyl, alkenyl, alkylthioalkyl, alkenvl, alkoxvaryl, alkoxyalkyl, aryl,
aratkyl, arvioxyalkyl, arvithioalkyl, cycloalkyl, ether, ester, heteroaryl, bheterocyclyl,

lower alkyl, sulfone, sulfoxide, hvdroxyalkyl, -NH-CO-CH-NH-, -NH-CO-, RaC{}{)nRI,

&

*%*—-—HN OH

thiol, 0 or 2-gmino-3-hydroxy-N-methylpropanamide;

R', R each independently represents H, D,

Q 0

Ly |
[ e Lo

o 0 2

j%j\ )kfr‘ | E - %mc}méi f‘?g‘g/\mméé\

O

EKZKH/H\EH i&kﬁ?{‘o*

3

s
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14 17 26
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a is independently 2.3 or 7;

each b 15 independently 3, 5 or 6;
eis independently 1, 2 or 6;

¢ gand d are each independentlty H, D, -OH, -OD, C-Ce-alkyl, -NH; or ~-COCHy;

2. A Pharmaceutical composition comprising a compound of claim 1 and a

pharmaceutically acceptable carrier.
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Lad

10,

11

The pharmaceutical composition of claim 2, which is formulated to treat the
underlying etiology with an effective amount administering the patient in need by
oral administration, delaved release or sustained release, transmucosal, syrup,
topical, parenteral administration, injection, subdermal, oral solution, rectal

adnunistration, buccal administration or transdermal administration,

Compourds and compositions of ¢laim 3 are formulated for the treatment or
management  of newomusadar  and  neurodegenerative  disorders  such  as
Parkinson's disease, scleroderma, restless leg syndrome, hypertension  and
gestational hyperiension.

A pharmaceutical composition compristng a molecniar conjugate of carbidopa and
R-Lipoic acid.

A pharmaceuntical composition comprising a molecular conjugate of carbidopa and

gicosapentagnoic acid.

A phasmaceutical composition comprising a molecular conjugate of carbidopa and

docosahexaenoic acid.

A phasmaceutical composition comprising a molecular conjugate of carbidopa and

acetyvl cysteine.

A phasmaceutical composition comprising a molecular conjugate of carbidopa and

S-Hydroxytryptophan.

A pharmaceutical composition comprising a molecular conjugate of fevodopa and

R-Lipoig acid,

A pharmaceutical composition comprising a moelecular conjugate of levodopa and

gicosapentaenoic acid.

A pharmacestical composition comprising a molecular conjugate of levodopa and

docosahexaenoic acid.
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A pharmaceustical composition comprising a molecular conjugate of levodopa and

acetyl cysteine.

A pharmacestical composition comprising a molecular conjugate of levodopa and

S-Hydroxytryptophan.

A pharmaceutical composition comprising a molecular conjugate of benserazide

and R-Lipoic acid.

A pharmaceutical composition comprising a molecular conjugate of benserazide

and eicosapentaenoic acid.

A pharmaceutical composition comprising a molecular conjugate of benserazide

and docosghexaenoic acid.

A pharmaceutical composition comprising a molecular conjugate of benserazide

and acetyl cysteine.

A pharmaceutical composition compnsing a molecular conjugate of benserazide

and S-Hydroxyiryptophan.

A pharmaceutical composition  comprising
difluromethvidopa and R-Lipoic acid.

A pharmaceutical  composition  comprising
difluromethyvidopa and eicosapentaenoic actd.

A pharmaceutical  composition  comprising
difluromethvidopa and docosahexaenoic acid.

A pharmaceutical  composition  comprising
difluromethyidopa and acetyl cysteine.

A pharmaceutical  composition  comprising

difluromethyvidopa and S-Hydroxytryptophan.

A pharmaceutical composition comprising & molecular

and R-Lipoic acid.
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26,

1
b2

29.

A pharmaceutical composition comprising a molecular conjugate of a~methylidopa

and eicosapentaenoic acid.

A pharmaceostical composition comprising a molecular conjugate of a-methyidopa

and docosahexaenoic acid.

A pharmaceutical composttion comprising a molecular conjugate of g~-methyidopa

and acetyl cysteine.

A pharmaceutical composition comprising a molecular conjugate of g-methvidopa

and S-Hydroxyiryptophan.
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