wo 2013/175359 A2 || 000000 O A 0 O A

(43) International Publication Date
28 November 2013 (28.11.2013)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

WIPOIPCT

(10) International Publication Number

WO 2013/175359 A2

(51
eay)

(22)

(25)
(26)
(30)

(72)
1

31

International Patent Classification: Not classified

International Application Number:
PCT/IB2013/054012

International Filing Date:
16 May 2013 (16.05.2013)

Filing Language: English
Publication Language: English
Priority Data:

2063/CHE/2012 23 May 2012 (23.05.2012) IN

Inventor; and

Applicant : KANDULA, Mahesh [IN/IN]; Door No. 11-
61, Samalkot Mandal, East Godavari Dist, Andhra Pradesh,
G. Medapadu 533434 (IN).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,

(84)

HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™M, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
M, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))

(54) Title: COMPOSITIONS AND METHODS FOR THE TREATMENT OF MULTIPLE SCLEROSIS

(57) Abstract: The invention relates to the compounds of formula I and formula II or its pharmaceutical acceptable salts, as well as
polymorphs, solvates, enantiomers, stereoisomers and hydrates thereof. The pharmaceutical compositions comprising an eftective
amount of compounds of formula I or formula II; and methods for treating or preventing multiple sclerosis may be formulated for
oral, buccal, rectal, topical, transdermal, transmucosal, intravenous, parenteral administration, syrup, ot injection. Such compositions
may be used to treatment of neurodegenerative diseases and other neuro-inflammatory diseases.



WO 2013/175359 PCT/IB2013/054012

COMPOSITIONS AND METHODS FOR THE
TREATMENT OF MULTIPLE SCLEROSIS

e

PRIORITY

[0001] The present application claims the benefit of Indian Provisional Patent
Application No. 2063/CHEZ012 filed on 23-May-2012, the entire disclosure of which 18

relied on for all purposes and is incorporated into this application by reference.

FIELD OF THE INVENTION

j0082] This disclosure generally relates to compounds and compositions for the treatment
of multiple sclerosis. More particularly, this invention relates to treating subjects with a
pharmaceutically acceptable dose of compounds, stereoisomers, enantiomers, crystals,

esters, salts, hvdrates, prodrugs, or mixtures thergof.

BACKGROUND OF THE INVENTION

16003] Multiple sclerosis (MS) is an inflammatory, autoimmane, demyelinating disease
of the central nervous system. It generally strikes at an early age, most often the early
adult vears. Its most frequent symptoms include numbness, impaired vision, loss of
batance, weakness, bladder dysfunction, and psychological changes. Fatigue is an early
symptom in M8, often the earliest. The disease can wax and wane for up to 30 years, but

in perhaps half of all cases it steadily progresses to severe disability and premature death.

{0004] MS is the most common cause of neurologic disability in young adulis. The
lestons of demvelination are histopathologically characteristic of the disesse. Brain
examination by MRI {magnetic resonance imaging) can accurately detect these “white
matter plaques.” MRI correlates well with the classic histopathology of the lesions, and is
progressively a more sensilive tool for detecting the charactenstic lesions of MS in situ,
as compared to conventional functional evalvation. Mudtiple sclerosis i3 8 complex

disease, perhaps encompassing more than a single etopathological entity and very Iikely

&
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subject to nudtifactorial eticlogy. MS prevalence worldwide i3 estimated at one mitlion
cases; in the Umted States this number is 250,000-350,000. Although not generally
consiclered life threatening, this disease kills about 3,000 people sach vear in the United

States.

{0005} The etivlogy of neurodegenerative diseases remains enigmatic; however, evidence
for defects in energy metabolism, excitotoxicity, and for oxidative damage is increasingly
compelling. It is likely that there is a complex interplay between these mechanisms.
Mitochondria are the major intracellular source of free radicals, and increased
mitochondrial calcium concentrations enbance free radical generation. Mitochondrial
DNA 15 parbenlardy sasceptible to oxidative stress, and there is evidence of age-
dependent damage and deterioration of respiratory enzyme activities with normal aging.
This may coninbute 1o the delayed onset and age dependence of neurodegenerative
diseases. There 15 evidence for ncreased oxidative damage to macromolecules in
ampyotrophic lateral sclevosis, Multiple Sclerosts, Hontington's  disease, Parkinson's

disease, and Alzheimer's disease.

10066} Inflammation is a self-defensive reaction aimed at elinunating or neutralizing
ijurious  stimudt, and restoring  tissue integrity. In  neurodegenerative diseases
inflammation occwrs as a local response driven by microglia, in the absence of leukocyte
infiltration. Like peripheral inflammation, neurcmflammation may become a harmful
process, and 1t is now widely accepted that it may contribute to the pathogenesis of many
central nervous system disorders, including chronic neurodegenerative diseases such as

Multiple Sclerosis.

[6007] Managing acute pathology of often relies on the addressing underlyving pathology
and symptoms of the disease. There 1s currently a need 1 the art for new compositions o
treatment or delay of the onset of multiple sclerosis and its associated complications

progression.
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SUMMARY OF THE INVENTION

[6008] 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 multiple scleross,

j6069] The invention herein provides compositions comprising of ftormula 1 or

g

pharmaceutical acceptable salts thereof. The invention also provides pharmaceutical
compositions comprising one or more compounds of formula 1 or intermediates thereof
and one or move of pharmaceutically acceptable carriers, vehicles or diluents. These
compositions may be used in the treatment of multiple sclerosis and its associated

complications.

RZ\R—”’O \ /Rg\
1

Formula |

{0014} In certain embodiments, the present invention relates to the compounds and

compositions of formula 1, or pharmaceutically acceptable salts thereof,
R 0
N AN N
1

Formula |

[0011] Wheremn,
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aisindependently 23 or 7,
cach b is independently 3, 5 or é;
e is independently 1, 2 or §;

¢ and d are each independently H, D, -OH, -OD, C-Cg-alkyl, -NH; or -COCH;.

{0012] The mvention herein also provides compositions comprising of formuda I or
pharmaceutical acceptable salts thereof. The mvention also provides pharmaceutical
compositions comprising one or more compounds of formuda It or intermediates thereof
and one or more of pharmaceutically acceptable carriers, vehicles or dilnents. These
compositions may be ysed in the treatment of multiple sclerosis and its associated

complications.

%
o / ~

R
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Formula I

[0013] Accordingly, in certain embodiments, the present invention relates to the

compounds and compositions of formula 1L or pharmaceutically acceptable salts thereof,
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a1s independently 23 or 7,
each b is independently 3, 5 or 6,
¢ is independently 1, 2 or &

¢ and d are cach independently H, D, -OH, -OD, C,-Cg-alkyl, -NH, or -COCH;.

j0014] Iv the illustrative embodiments, examples of compounds of formula T are as set

forth below:;
O
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{(1-2)
[0015] In the ilustative embodiments, examples of compounds of formula 11 are as set

forth below:
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{0016] 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 muitiple sclerosis or tts relatad complications.

{0017} The application also discloses a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and any of the compositions herein. In some aspects,
the pharmaceutical composition 1s formulated for systemic adnunistration, oral
administration, sustained release, parenteral administration, injection, subdermal

administration, or transdermat administration.

[0018] Heremn, the application additionally provides kits compnsing the pharmaceutical
composttions described heremn. The kits may further comprise instructions for use in the

treatment of muttiple sclerosis or s related complications.

[0019] The compositions desenbed herein have several uses. The present application
provides, for example, methods of treating a patient suffering from mudtiple sclerosis or
its related complications manifested from nearodegeneration, neurological dystumction,
metabolic conditions or disorders, metabolic syndrome, chronic diseases or disorders;
Hyperinsulinemia, losulin  resistance, Glucose  intolerance,  Hepatology,  Cancer,
Respiratory, Hematological, Orthopedic, Cardiovascular, Renal, Skin, Nephrological, or

Ocular complications.
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DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0020] As used herein, the following terms and phrases shall have the meanings set torth
helow. Unless defined otherwise, all {echnical and scientific terms used herein have the

sarue meaning as commonly understood to one of ordmary skill 1 the art.

j0021] 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 methyl and ethyl esters
of the acids of formula | and formula 11 to be used as prodrugs). The compounds of the
present invention can also be solvated, 1.e. hydrated. The solvation can be affected in the
course of the manufacturing process or can take place i.e. as a consequence of
hygroscopic properties of an initially anhydrous compound of formula 1 and formula 11

{(hydration}.

10022} Compounds that have the same molecular formula but differ in the nature or
sequence of bonding of their atoms or the arrangement of their atoms In space are termed
“isomers." Isomers that differ in the arrangement of their atoms in space are termed
“sterecisomers.” Diastereomers are stereoisomers with opposite configuration at one or
more chiral centers which are not enantiomers. Stereoisomers bearing one or move
asymunetric centers that are non- superimposable mirror images of each other are termed
“enantiomers.” When a compound has an asymmetric center, for example, 1f a carbon
atom s bonded to four ditferent groups, a pair of enantiomers is possible. An epantiomer
can be characterized by the absolute configuration of its asymmetric center or centers and
1s described by the R- and S-sequencing mules of Cahn, Ingold and Prelog, or by the
manner in which the molecule rotates the planeg of polarized light and designated as

dextrorotatory or levorotatory (i.e., as (+} or {-)-isomers respectively). A chiral compound



WO 2013/175359 PCT/IB2013/054012

can exist as either ndividual enantiomer or as a mixture thereof. A mixture containing

equal proportions of the enantiomers is called a "racemic mixture".

{0023] As used herein, the term “metabolic condition™ refers to an Inborn errors of
metabolism {(or genetic metabolic conditions) are genetic disorders that result from a
defect in one or more metabolic pathways; specifically, the function of an enzyme is

affected and 15 either deficient or completely absent.

6024} The term "polymorph” as used herein 1s grt-recognized and refers to one crystal

structure of a given compound.

[0025] The phrases “parenteral admimstration” and “administered parenterally” as used
herein refer to modes of administration other than enteral and topical administration, such
as injections, and melude withouwt umitation intravenous, intramuscular, intraplevral,
mtravascular,  intrapericardial, ntraarterial,  intrathecal, intracapsular, intraorbital,
intracardiac, intradennal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intra-

articutar, subcapsular, subarachnod, intraspinal and intrastemal iyjection and infusion.

[0026] A “patient,” “subject,” or “host” to be treated by the subject method may mean

either a human or non-human anmmal, such as primates, mammals, and vertebrates.

[0027] The phrase “pharmaceutically acceptable”™ is arterecognized.  In certain
embodiments, the term includes compositions, polvmers and other materials and/or
dosage forms which are, within the scope of sound medical judgment, switable for use in
coptact with the tissues of mammals, human beings and anumals without excessive
toxicity, irriation, allergic response, or other problem or complication, commensurate

with g reasonable benefit/risk ratio.

[0028] The phrase “pharmaceutically acceptable carrier” is art-recognized, and includes,

for example, pharmaceutically acceptable materials, compaositions or vehicles, such as a
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hguid or solid filter, diluent, solvent or encapsulating material mvolved n carrying or
transporting any subject composition, from one organ, or portion of the body, to another
organ, or portion of the body. Each carrier must be “acceptable™ in the sense of being
compatible with the other ingredients of a subject composition and not igjurious to the
patient. In certain embodiments, a pharmaceutically acceptable carrier is non-pyrogenic.
Sorme examples of materials which may serve as pharmaceutically acceptable carriers
include: {1) sugars, such as lactose, glucose and sucrose; (2) starches, such as corn starch
and potato starch; (3) cellulose, and its denvatives, such as sodium carboxymethyl
cellalose, ethyl cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6)
gelatin; (7) tale; {8) cocoa butter and suppository waxes; (9} oils, such as peanut oil,
cottonseed oil, sunflower oil, sesame ot olive vil, com oil and sovbean oif; {10) glycols,
such as propviene glveol, (11) polvols, such as glycenn, sorbitol, mannitol and
polyethylene glveol; (12} esters, such as ethyl oleate and ethyl laurate; (13) agar; (14)
butfering ageats, such as magnesium hydroxide and aluminum hydroxide; {15) alginic
acid; {(16) pvrogen-free water, (17) sotowe saline; (18) Ringer’s solution; (19) ethyl
alcohol; (20} phosphate buffer solutions: and (21) other non-toxic compatible substances

employed in pharmaceutical formulations.

{0029] The term “prodrug” 18 intended to encompass compounds that, under
physiclogical conditions, are converted into the therapeutically active agents of the
present invention. A common method for making a prodrug is to include selected
moieties that are hydrolvzed under physiological conditions to reveal the desired
molecule. In other embodiments, the prodrug is converted by an enzymatic activity of the

host animal.

[8030] The term “prophylactic or therapeutic” treatment is art-recognized and includes
administration to the host of one or more of the subject compositions. H #t is
administered prior to clinical manifestation of the unwanted condition {e.g., disease or

other unwanted state of the bost aramal) then the treatment is prophylactic, Le., it protects
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the host against developing the unwanted condition, whereas i it is administered after
mantfestation 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

thereof).

[0031] 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 mortalitv) 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 nterval in wlach 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.

j0032] 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 discase,
disorder and/or condition but has not vet 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 amehorating at least one symptom of the
particalar disease or condition, even 1t the underlying pathophysiology is not atfected,
such as treating the neurological condition such as mudtiple sclerosis and other diseases
related to oxidative stress such as renal diseases of a subject by administration of an agent
even though such agent does not wreat the cause of the condition. The term “treating”,
“treat” or “treatment” as used herein includes curative, preveniative (.2, prophylactic),

adjunct and patliative treatment.

{0033] The phrase "therapeutically effective amount” is an art-recogmzed term. In
certain embodiments, the term refers to an amount of a salt or composition disclosed

herein that preduces some desired effect at a reasonable benefit/nisk ratio applicable to
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any medical treatment. In certain embodiments, the term refers to that amount necessary
or sufficient to ehiminate 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 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 a particular composition  without necessitating  undue

gxpenmentation.

{0034 In certain embodiments, the pharmaceutical compositions described herein are
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 therapentic treatment. The
desired mmount of the composition to be adnunistered to a patient will depend on
absorption, inactivation, and excretion rates of the drug as well as the delivery rate of the
salts and corpositions froot the subject compositions. 1t is to be noted that dosage values
may also vary with the seventy of the condiion to be alleviated. It 1s 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 sapervising the administration of the compositions. Typically, dosing

will be determined using techniques known to one skilled in the art.

~

{0035] Additionally, the optimal concentration and/or guantities or amounis of any
particiiar salt or composiion may be adjusted to accommodate varations i the
treatment parameters. Such treatment parameters include the clinical use to which the
preparation 15 put, e.g., the site treated, the type of patient, e.g., human or non-human,

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

[6036] In certain embodiments, the dosage of the subject compositions provided herein
may be determined by reference to the plasma concentrations of the therapeutic

composition or other encapsulated materials. For example, the maximum plasma
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concentration (Cruax) and the area under the plasma concentration-time curve from time

0 to infinity may be used.

{0037] When used with respect to a pharmaceutical composition or other material, the
term “sustained release™ is art-recognized. For example, a subject composition which
refeases a substance over time may exhibit sustained release characteristics, in contrast (o
a bolus type administration in which the entire amount of the substance is made
biologically available at one time. For example, in particular embodiments, upon contact
with body fluids wcluding blood, spinal fluid, mucus secretions, lymph or the like, one or
more of the pharmaceutically acceptable excipients may wndergo gradual or delayed
degradation (e.g., through hydrolysis) with conconutant release of any material
incorporated therein, eg. an therapeutic and/or biologically active salt andfor
composition, for a sustained or extended period (as compared to the release from a
bolus}. This release may result in prolonged delivery of therapeutically effective

amounts of any of the therapeutic agents disclosed herein.

[0038] The phrases “systemuc administration,” “administered svstemically,” “peripheral
administration™ and “admunistered peripherally” are art-recognized, and include the
administration of a subject composition, therapeutie or other matenal at a site remote
from the disease being treated. Administration of an agent for the disease being treated,
even it the agent is subsequently distributed systemically, may be termed “local”™ or
“topical " or “regional” adminmistration, other than directly into the central nervous system,
e.2., by subcutaneous administration, such that it enters the patient’s system and, thus, is

subject to metabolism and other like processes.

[6039] The phrase “therapeutically effective amount™ is an art-recognized term.  In
certain embodiments, the term refers to an gmount of a salt or composition disclosed
herein that produces some destred effect at a reasonable benefit/risk ratio applicable to
any medical treatment, In certain embodiments, the term refers to that amount necessary

or sufficient to eliminate or reduce medical svmptoms for a period of ime. The effective
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amount may vary depending on such factors as the disease or condifion 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 a particular composition  without necessitating undue

expearmentation.

{0046] The present disclosure also contemplates prodrugs of the compositions disclosed

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

[0041] This application also discloses a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and the composition of a compound of Formula T and
formula I may be formulated for systemiic or topical or oral administration. The
pharmaceutical composition may be also formulated for oral administration, oral solution,
mjection, subdermal administration, or transdermal administraion. The pharmaceutical
composition may further compnise at least one of a phamaceutically acceptable

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

j0042] Iv many embodiments, the pharmaceutical corvpositions described herein will
incorporate the disclosed compounds and compositions {Formula T and Formula 11 to be
dehivered in an amount sufficient to deliver to a patient a therapentically effective amount
of a compound of formula T and formula H or composition as part of a prophylactic or
therapeutic treatment. The desired concentration of formela I and formula H or s
pharmaceutical acceptable salts will depend on absorption, inactivation, and excretion
rates of the drug as well as the delivery rate of the salts and compositions from the
subject compositions. 1 is to be noted that dosage values may also vary with the severity
of the condition 1o be alleviated. [t is 1o 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 adnunistering or supervising
the admimstration of the compositions. Tvpically, dosing will be detenmined using

techniques known to one skilled in the art.
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[0043] Additonally, the optimal concentration and/or quantities or amounts of any
particular compound of formula I and formula I may be adjusted to accommodate
variations in the treatment parameters. Such treatment parameters include the clinical use
to which the preparation 1s put, e.g., the site treated, the tvpe of patient, e.g., human or

non-human, adult or child, and the nature of the disease or condition.

{6044] The concentration and/or amount of any compound of formula 1 and formula I
may be readily identified by routine screening in ammals, £.2., rats, by screening a range
of concentration and/or amounts of the material 1n question using appropriate assays.
Known methods are also available to assay local tissue concentrations, diffusion rates of
the salts or compositions, and local blood flow before 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, Technigues,
volome 7, Chapter 1. The methods reviewed by Robinson may be apphied, i brief, as
foltows. A microdialysis loop is placed m sita in a test animal. Dialysis fluid 15 pumped
throngh the loop.  When compounds with formula | and formula I such as those
disclosed herein are injected adjacent to the loop, released drugs are collected in the
dialysate in proportion to their local tissae concentrations. The progress of diffusion of
the salts or compositions may be determined thereby with suitable calibration procedures

using known concentrations of salis or compositions,

[0045] In certain embodiments, the dosage of the subject compounds of formula I and
formula 1T 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 front time 0 to infinity may be used

[0046] Generally, in carrving out the methods detailed in this application, an effective

dosage for the compounds of Formulas L is in the range of about 0.01 mg/kg/day to about



WO 2013/175359 PCT/IB2013/054012

g'ke/day to about 50

e =

100 mykg/day in single or divided doses, for instance 0.01 m
mg/kg/day in single or divided doses. The compounds of Formulas 1 may be administered
at a dose of, for example, less than 0.2 mghkg/dav, 0.5 me/kg/day, 1.0 mg/kg/day, 5
mg/kgiday, 10 mg/kg/day, 20 mg/ke/day, 30 mg/kgdday, or 40 mg'kg/day. Compounds of
Formula 1 and formula I may also be administered 10 a human patient at a dose of, for
examiple, between G.1 mg and 1000 mg, between 5 mig and 80 mg, or less than 1.0, 9.0,
12.0, 200, 300, 75.0, 100, 300, 400, 300, 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

Fand formula 1 requured for the same therapeuotic benefit.

10047] An effective amount of the compounds of formula 1 and formula 11 described
herein refers to the amount of one of swid salts or compositions which 1s capable of

inhibiting or preventing a disease.

{0048] 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
resufting from nerve damage or demyelization and/or elevated reactive oxidative-
nitrosative species and/or abnormalities in neurotransmitter homeostasis’s, in patients
who are at sk for such complications. As such, these methods include both medical
therapeutic {acute) and/or prophylactic {prevention) administration as appropriate. The
amount and timing of compositions administered will, of course, be dependent on the
subject being treated, on 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 desived, the physician nust balance a vartety of
factors such as age of the patient, presence of preexisting disease, as well as presence of

other diseases.
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[0049] The compositions provided by this application may be administered to a subject
in need of treatment by a varietv of conventional routes of administration, inclading
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 to dissolve in the mouth without
the need to use water. Furthermore, the conpositions may be administered to a subject in
need of treatment by controlled release dosage forms, site specific drug delivery,
transdermal drug delivery, patch (active/passive) mediated drug delivery, by stereotactic

injection, or in nanoparticles.

[00508] The compositions may be administered alone or in combination with
pharmaceutically acceptable carners, vebicles or diluents, 1o either single or multiple
doses. Suitable pharmaceuntical carriers, vehicles and diluents include inert solid dituents
or fillers, sterile agqueous solutions and vartons organic solvents. The pharmaceutical
composiions formed by combinmg the compositions and the pharmaceatically
acceptable carriers, vehicles or dituents are then readily administered in a vanety 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, exciptents and the like. Thus, for parposes of oral adminustration,
tablets contamning various excpients such as L-arginine, sodiwm citrate, calcium
carbonate and caleiom phosphate may be emploved along with various disintegrates such
as starch, alginic acid and certain complex silicates, together with binding agents such as
polvvinylpyrrolidone, sucrose, gelatin and acacia. Addinonally, lubricating agents such
as magnesium stearate, sodium lauryl sulfate and talc 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 matenals for this include {factose or milk sugar
and high molecular weight polyethvlene glycols. When aquecus suspensions or elixirs are
desired for oral administration, the essential active ingredient theretn may be combined
with various sweetening or tlavoring agents, coloring matter or dyes and, if desired,

emulsifying or suspending agents, together with diluents such as water, ethanol,
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propylene glyeol, glycerin and combinations thereof. The compounds of formula 1 and
formula 11 may also comprise enterically coated comprising of vasious excipients, as is

well known in the pharmaceutical art.

[6051] For parenteral administration, solutions of the compositions may be prepared in
{for example) sesanie or peanut oil, aqueous propylene glycol, or in sterile aqueous
soluttons mav be employed. Such aguecus solutions should be suitably buffered if
necessary and the liguid diluent first rendered isotonic with sufficient saline or glucose.
These particular aqueous solutions are especially suitable for intravenous, intramuscular,
subeutageous and intrapenitoneal administration. In this comnection, the sterile aqueous
media employed are all readily available by standard techoigues known to those skilled in

the art.

j0052] The formulations, for fnstance tablets, may contain e.g. 10 10 100, 50 to 250, 150
to 500 mg, or 350 1o 800 mg e.g. 10, 50, 100, 300, 500, 700, 800 mg of the compounds of
formula T and formula H disclosed herein, for instance, compounds of formula | and

formula I or pharmaceutical acceptable salts of a compounds of Formula L

j0053] Genevally, a composition as deseribed berein may be adminstered orally, or
parenterally {e g., mtravenous, intramuscalar, subcutaneous or intrameduliary). Topical
adnunistration may also be indicated, tor example, where the patient is suffering 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 altending physician.
Localized administration may also be indicated, for example, when a high dose is desired
al the farget tissue or organ. For buccal administration the active composition may take

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

{0054] The dosage administered will be dependent upon the identity of the newrological
disease; the type of host involved, including its age, health and weight; the kind of

concurrent treatment, if any,; the frequency of treatment and therapeutic ratio.
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[0055] Hlustratively, dosage levels of the administered active ingredients are:
intravenous, 0.1 to about 200 me'kg intramuscular, 1 to about 300 mg'kg orally, § o
about 1000 mefkg: intranasal instillation, 5 to about 1000 mg/kg: and aerosol, 5 to about

1000 myfkg of host body weight.

j0056] Expressed in terms of concentration, an active ingredient can be present in the
compositions of the present invention for lecalized use about the cutis, intranasally,
pharyngolarvongeally, bronchially, infravaginally, rectally, or ocularly in a concentration
of from about 0.01 to about 50% wiw of the compaosition; preferably about | to about
20% wiw of the composition; and for parenteral use in & concentration of from about 0.05

to about 30%% wiv of the composition and preferably from about 5 to about 20% wiv,

[8037] The compositions of the present invention are preferably presented for
administration to humans and animals in unit dosage forms, such as tablets, capsules,
pills, powders, granules, suppositories, sterile parenteral solutions or suspensions, sterile
non-parenteral solutions of suspensions, and oral solutions or suspensions and the like,
containing suitable quantities of an active ingredient. For oral administration either solid

or fluid unit dosage forms can be prepared.

0058] As discussed above, the tablet core contains one or more hydrophilic polymers.
Suitable hydrophilic polymers include, but are not hmited to, water swellable cellulose
derivatives, polvatkyiene glvcols, thermoplastic polyalkylene oxides, acryhic polyvmers,
hydrocolloids, clays, gelling starches, swelling cross-linked polymers, and puxtures
thereof. Examples of suitable water swellable cellulose derivatives include, but are not
linuted 1o, sodium  carboxymethyleelhdose, cross-hinked hydroxypropyleellaiose,
hydroxypropyl cellulose {(HPC), hydroxypropylmethyloellulose {HPMC),
hydroxyisopropyleeliulose, hvdroxvbutvicellulose, hvdroxyphenyvlcelluiose,
hvdroxyethyleelhtose  (HEC), hvdroxvpentyleetiulose,  hvdroxypropylethyleelhdose,

hydroxypropyibutvlcellulose, and hyvdroxvpropylethyleellulose, and mixtures thereof
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Examples of suitable polvalkylene glycols miclude, but are not hmited to, polvethylene
glycol. Examples of suitable thermoplastic polvalkyiene oxides include, but are not
limited to, poly{ethylene oxide). Examples of suitable acrylic polymers include, but are
not linited 10, potassium methacryviatedivinvibenzene 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 hydrocolloids include, but are not
limited to, alginates, agar, guar gum, locust bean gum, kappa carrageenan, iota
carrageenan, targ, gum arabic, tragacanth, pectin, xanthan gum, geltan gum, maltodexinin,
galactomannan, pusstulan, lamnarin, scleroglucan, gum arabic, mulin, pectin, gelatin,
whelan, rhamsan, zooglan, methylan, chitin, cyclodextrin, chitosan, and mixtures thereof.
Examples of suitable clays include, but are not linnted to, smectites such as bentonite,

gnesium ajuminum silicate; and mixtures

Lot

kaolin, and laponite;, magnestum trisilicate; ma
thereof Examples of suitable gelling starches include, but are not limited to, acid
hydrolyzed starches, swelling starches such as sodium starch glycolate and derjvatives
thereof, and mixtares thereof Examples of suitable swelling cross-linked polymers
include, but are not linuted to, cross-linked polvvinvl pyrrolidone, cross-linked agar, and

cross-timked carboxymethyleellulose sodium, and mixtures thereof.

[0059] The carrier mav contain one or more suitable excipients for the formulation of
tablets. Examples of suitable excipients inchule, but are not limited to, fillers, adsorbents,
binders,  disintegrants,  lubricants,  g¢lidants,  release-modifving  excipients,

superdisintegrants, antioxidants, and mixtures thereof.

[8060] Suitable binders include, but are not limited to, dry binders such as polyvinyl
pyvrrolidone and hydroxypropyvimethyleellulose; wet binders such as water-soluble
polymers, including hvdrocollotds such as acacia, alginates, agar, guar gum, locust bean,
carrageenan, carbosymethyleeliulose, tara, gum arabic, tragacanth, pectin, xanthan,
gellan, pelatn, maltodextrin, palactomannan, pusstulan, laminarin, scleroglucan, mulin,

whelan, rthamsan, =zooglan, methylan, chitin, cyclodextrin, chitosan, polyvinyl
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pyrrolidone, celfulosics, sucrose, and starches; and nuxtures thereof.  Sutable
disintegrants include, but are not limited to, sodium starch glveolate, cross-linked
polyvinvipyrrolidone, cross-linked carboxymethyleellulose, starches, microcrystatiine

celludose, and mixtures thereof.

[0061] Suitable lubricants include, but are not hmited to, long chain fatty acids and their
salts, such as magnesium stearate and steanic acid, tale, glveenides waxes, and mixtures
thereof  Suitable glidants include, but are not Hmited to, colloidal silicon dioxide.
Suitable release-modifyving excipients include, but are not limited to, insoluble edible

materials, pH-dependent polymers, and maxtures thereof,

{0062] Suitable insoluble edible materials for use as release-modifving excipients
include, but are not limited to, water-insoluble polvmers and low-melting hydrophobic
materials, copolymers thercof, and muxtures thereof. Examples of suitable water-
insoluble polymers include, but are not limited to, ethylcellnlose, polyvinyt alcohols,
polvvinyl acetate, polycaprolactones, celtulose acetate and its derivatives, acrylates,
methacrvlates, acrylic 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 hmited to, hydrogenated vegetable oils such as for example cocoa butter,
hydrogenated palm kemel oil, hvdrogenated cottonseed oil, hydrogenated sanflower oil,
and hvdrogenated sovbean oil, free fatty acids and their salts, and mixtures thereof
Examptles of suitable fatty acid esters include, but are not limited to, sucrose fatty acid
esters, mono-, di-, and triglycerides, glyceryl behenate, glycervl palmitostearate, gyceryl
monostearate, glyceryl tristearate, glveeryl trilaurylate, glycervt myvristate, GlyvcoWax-
032, lauroyl macrogol-32 glycerides, stearoyl macrogol-32 glyceerides, and mixtures
thercof. Examples of suitable phospholipids include phosphotidyl choline, phosphotidyl
serene, phosphotidyl enositol, phosphotidic acid, and mixtures thereof. Examples of
suitable waxes include, but are not limited to, carnauba wax, spermaceti wax, beeswax,

candelilla wax, shellac wax, microcrystatling wax, and paraffin wax; fat-containing
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mixtures such as chocolate, and mixtures thereof. Examples of soper disintegrants
mclude, but are not Himited 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.

{0063] 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, malie acid, acetic acid, benzoic acid, and sorbic

acid, and mixtures thereof

{0064] In one embodiment, the immediate release coating has an average thickness of at
least 30 microns, such as from about 30 nmicrons 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 (1.9 g/ce, as measured by the weight

and volurne of that specific layer.

{0065] In one embodiment, the immediate refease coating contains a fivst portion and a
second portion, wherein at least one of the portions contains the second pharmaceatically
active agent. In one embodiment, the portions contact each other at a center axis of the
tablet. In one embodiment, the first portion includes the first pharmaceutically active

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

[6066] In one embodiment, the first portion contains the first pharmaceutically active
agent and the second portion 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,
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[6067] In one embodiment, the outer coating portion is prepared as a dry blend of
matesials prior to addifion to the coated tablet core. In another embodiment the outer
coating portion is included of a dried granulation including the pharmacewtically active

agent.

[0068] Formulations with different drug release mechanisms described above could be
combined tn a final dosage form containing single or multiple units. Examples of
multiple units include multilaver tablets, capsules containing tablets, beads, or grannles in
a solid or liguid form. Typical, immediate release formulations include compressed
tablets, gels, films, coatings, Hquids and particles that can be encapsulated, for example,
m a gelatin capsule. Many methods for prepating coatings, coverning or incorporating

drugs, are known i the art

[0069] The immediate release dosage, unit of the dosage form, 1.¢, a tablet, a plurality of
drug-containing beads, granules or particles, or an outer layer of a coated core dosage
form, contains a therapeotically effective quantity of the active agent with conventional
pharmaceutical excipients. The immediate release dosage unit 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 muxtare of immediate release drug-containing granules, particles or beads

and delayed release drug-containing granales or beads).

[0076] Extended release formulations are generally prepared as diffusion or osmotic
svstems, for example, as described in "Remington-The Science and Practice of
Pharmacy™, 20th. Ed., Lippincott Williams & Wilkins, Baltimore, Md., 2000) A
dillusion system typically consists of one of two types of devices, reservoir and matrix,
which are wellknown and described in die art. The matrix devices are generally prepared

by compressing the drug with a slowly dissolving polvmer carrier into a tablet form.

[0071] An immediate release portion can be added to the extended release system by

means of etther applving an immediate release fayer on top of the extended release core;
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using coating or compression processes or in a multple unit system such as a capsule

containing extended and immediate release beads.

[0072] Delaved release dosage formulations are created by coating a solid dosage form
with a film of a polvmer which is insoluble in the acid environment of the stomach, but
soluble in the neutral environment of small intestines. The delayed release dosage units
can be prepared, for example, by coating a drug or a drug-containing composition with a
selected coating material. The drug-containing composition may be a3 tablet for
incorporation into a capsule, a tablet for use as an inner core in a “coated core” dosage
form, or a plurality of drog-containing beads, particles or granules, for incorporation into

either a tablet or capsule.

[0073] A pulsed release dosage form is one that mumics a multiple dosing profile
without repeated dosing and typically allows at least a twolold reduction in dosing
frequency as compared to the drug presented as a conventional dosage form {(2.g., as a
solution or prompt drag-releasing, conventional solid dosage form). A pulsed release
profile is characterized by a time peniod of no release {lag time) or reduced release

foltowed by rapid drug release.

[0074] Each dosage form contains a therapeutically effective amount of active agent. in
one embodiment of dosage forms that mimic a twice daily dosing profile, approximately
30wt % to 70 wt. %, preferably 40 wt. % to 60 wi. %, of the total amount of active agent
in the dosage form is released in the initial pulse, and, correspondingly approximately 70
wt. %o 10 3.0 wt. Yo, preferably 60 wi. % 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 S hours to 12 bours, following

administration.
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[6075] Another dosage form contains a compressed tablet or a capsule having a drug-
containing immediate release dosage unit, a delaved release dosage unit and an optional
second delayed release dosage unit. In this dosage form, the immediate release dosage
unit contains a plurality of beads, granules particles that release drug substantially
immediately following oral administration to provide an initial dose. The delaved release
dosgue unit contains a plurality of coated beads or granules, which release drug
approximately 3 hours to 14 hours following oral admunistration to provide a second

dose.

[0076] For purposes of transdermal {e.g., topical ) admunistration, dilute stertle, agqueous
or partially agueous solutions {usually in about 0.1% to 5% concentration), otherwise

similar to the above paresteral solutions, may be prepared.

{00771 Methods of preparing various pharmaceutical compositions with a certain
amournt of one or more compounds of formula I and formula I or other active agents are
known, or will be apparent in light of this disclosure, to those skilled in this art. For
examples of methods of preparing pharmaceutical compositions, see Remington's

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

{6078] In addition, m certain embodintents, subject compositions of the present
application maybe Iyophilized or subjected to another appropriate drying technigue such
as spray drying. The subject compositions may be adnunistered once, or may be divided
into a number of smaller doses to be administered at varving intervals of time, depending

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

b

[0079] Formudations usefud in the methods provided herein include those suitable for
oral, nasal, topical (including buccal and sublingual), rectal, vaginal, aerosol andior
parenteral admimstration.  The formulations mav convemently be presented in unit
dosage form and may be prepared by any methods well known in the art of pharmacy.

The amount of a subject composition which nmay be combined with a carrier material 1o
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produce a single dose may vary depending upon the subject being treated, and the

particular mode of administration.

[6080] Methods of preparing these formulations or compositions include the step of
bringing indo association subject compositions with the carrier and, optionally, one or
more accessory ingredients. In general, the formulations are prepared by uniformly and
intimately bringing 1nte association a subject composition with liquid carriers, or finely

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

{6081] The compounds of formula | and formula I described herein may be
administered in inhalant or aerosol formulations. The mbalant or aerosol formulations
may comprise one or more agents, such as adjuvants, diagnostic agents, intaging agems,
or therapeutic agents useful in inhalation therapy. The final aerosol formulation may for
example contain 0.005-90% w/w, for instance 0.005-50%, 0.005-5% wiw, or 0.01-1.0%

wiw, of medicament relative to the total weight of the formulation.

{00821 1In solid dosage forms for oral administration {capsules, tablets, pills, dragees,
powders, gramules and the like), the subject composition s mixed with one or more
pharmaceutically acceptable carriers andfor any of the following: (1) fillers or extenders,
such as starches, lactose, suerose, glucose, mannitol, and/or sihicie aad; (2) binders, such
as, for example, carboxymethylcelinlose, alginates, gelatin, polyvinvl pvrrolidone,
sucrose and/or acacia; (3) humectants, soch as glveerol; (4) disintegrating agents, such as
agar-agar, caleium carbonate, potato or tapioca starch, alginic acid, certain silicates, and
sodium carbonate; (5) solution retacding agents, such as parathin, {6) absorption
accelerators, such as quaternary ammoniam compounds; {7) wetting agents, sach as, for
example, acetvl alcohol and glyeerol monostearate; (8) absorbents, such as kaolin and
bentonite clay, {(9) lubnicants, such a tale, calcium stearate, magnesium stearate, sohid
polvethviene zlveols, sodium lauryl sulfate, 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 similar type may also be
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employed as fillers to soft and hard-filled gelatin capsules using lactose or milk sugars, as

well as high molecular weight polvethylene glveols and the like,

[0083] Liguid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups and elixirs., In addition to the
subject compositions, the liguid dosage forms may contamn inert diluents commonly used
in the art, such as, for example, water or other solvents, solubilizing agents and
emulsifiers, such as ethyl alcohol, isopropy! alcohol, ethyl carbonate, ethyl acetate,
benzyl gleohol, benzyl benzoate, propylene giveol, 1,3-butylene glveol, oils (in particular,
cottonseed, corn, peanut, sunflower, soybean, olive, castor, and sesame oils), glycerol,
tetrahvidroturyl alcohol, polvethylene glveols and fatty acid esters of sorbitan, and

mixiures thereof.

[0084] Suspensions, in addition to the subject compositions, may cootain suspending
agents such as, for example, ethoxyiated isostearyl alcohols, polvoxyethyvlene sorbitol,
and sorbitan esters, microcrystalline cellulose, aluminam metabydroxide, hentonite, agar-

agar and tragacanth, and nixtures thereofl

{0085]  Formulations for rectal or vaginal administration may be presented as a
suppository, which may be prepared by mixing a subject composition with one or more
suitable non-irritating carriers comprising, for example, cocos butter, polyethylene
glveol, a suppository wax, or a salicylate, and which is solid at room temperature, but
liguid at bodyv temperature and, therefore, will melt in the appropriate body cavity and
release the encapsulsted compound(s} and composition(s). Formulations which are
suitable for vaginal administration also include pessaries, tampons, creams, gels, pastes,
foams, or spray formulations containing such carriers as are known in the arnt to be

appropriate.
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[0086] Dosage formy for transdermal  adnuinistration  include  powders, sprays,
ointments, pastes, creams, lotions, gels, solutions, patches, and mhalants. A subject
composition may be mixed under sterile conditions with a pharmaceutically acceptable
carrier, and with any preservatives, buffers, or propellants that may be required. For
transdermal administration, the complexes may include lpophilic and hydrophilic groups

to achieve the desired water solubility and transport properties.

[0087] The ointments, pastes, creams and gels may contain, in addition to subject
compositions, other carriers, such as amumal and vegetable fats, ails, waxes, paraffing,
starch, tragacanth, cellulose dertvatives, polyethylene glycols, silicones, bentonites,
silicie aqid, tale and zine oxide, or mixtures thereof. Powders and sprays may contain, in
addition to a subject composition, excipients such as lactose, tale, silicic aad, alununum
hydroxide, calcium silicates and polyamide powder, or muxtures of such substances.
Sprays  may  additionally  contain  customary  propellants,  such  as
chiorofluorohvdrocarbons and volatile wnsubstituted hydrocarbons, such as butane and

propane.

[0088] Methods of delivering a composition or compositions via a transdermal patch are
known in the art. Exemplary patches and methods of patch delivery are described tn US
Patent Nos. 6,974,388, 6,564,093, 6,312,716, 6,440,454, 6267983, 6,239,180, and
6,103,275,

{6089] In another embodiment, a transdermal patch may comprise: a substrate sheet
comprising a composite film formed of a resin composition compnsing 100 parts by
weight of a polyvinyl chloride-polyurethane composite and 2-10 parts by weight of a
styrene-cthylene-butylene-styrene copolyvmer, a first adhesive layer on the one side of the
composite film, and a polyatkviene terephthalate film adhered to the one side of the
composite film by means of the first adhesive layer, a primer layer which comprises a

saturated polyester resin and is formed on the surface of the polyalkviene terephthalate
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film; and a second adhesive laver comprising a styrene-diene-styrene block copolymer
containing a pharmaceutical agent lavered on the primer laver. A method for the
manufacture of the above-mentioned substrate sheet comprises preparing the above resin
compositton molding the resin composition into a composite film by a calendar process,
and then adhering a polvalkylene terephthalate film on one side of the composite film by
means of an adhesive laver thereby fornung the substrate sheet, and forming a primer
laver comprising a saturated polyester resin on the outer surface of the polyalkylene

terephthalate film.

[0090] Another type of patch comprises incorporating the drug divectly 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

deliver the required clinical dose.

[0091] Transdermal patches may be passive or active, Passive transdermal drug
delivery svstems currently available, such as the nicotine, estrogen and mitroglycetine
patches, deltver small-molecude drugs. Many of the newly developed proteins and peptide
drugs are too large to be delivered through passive transdermal patches and may be
deliverad using technology such as electrical assist (jontophoresis) for large-molecule

drugs.

{6092] Iontophoresis is a technique employed for enhancing the flux of ionized
substances through membranes by application of electric current. One example of an
iontophoretic membrane is given in U8, Pat. No. 5,080,646 to Theeuwes. The principal
mechanisms by which iontophoresis enhances molecnlar transport across the skin are (a)
repelling a charged fon from an electrode of the same charge, (b} electroosmosts, the

convective movement of solvent that occurs through a charged pore in response the
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preferential passage of counter-ious when an electric field is apphied or {¢) inerease skin

permeability due to application of electrical current.

[0093]  In some cases, it may be desirable to administer in the form of a kit, it may
comprise a container for containing the separate compositions such as a divided botile or
a divided foil packet. Typically the kit comprises directions for the administration of the
separate conmiponents. The kit form is particularly advantagecus when the separate
components are preferably administered in differemt dosage forms (eg, oral and
parenteral), are admunistered at different dosage intervals, or when titration of the

mndividual components of the combination is desired by the presenibing physician.

[6094]  An example of such a kit 18 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 (1ablets, capsules, and the like). Blister packs generally
consist of a sheet of relatively stiff material covered with a foil of a plastic matenal that

may be transparent.

{0095] Methods and compositions for the treatment of multple sclerosis. Among other
thangs, herein is provided a method of treating multiple sclerosis, comprising
administering to a patient in need thereot a therapeutically effective amount of compound

of Formula [

Formula |

[0096] Wherein,
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ais independently 23 or 7;
cach b is independently 3, S or §;
eisindependently 1, 2 or 6,

¢ and d are each independently H, D, -OH, -OD, C-Ce-alkyl, -NH; or ~COCH,.

{00971 Accordingly, in another aspect the methods and compositions for the treatment of
multiple sclerosis. Among other things, herain is provided a method of treating multiple
sclerosts, comprising adminsstering to & patient 1n need thergof a therapeutically effective

amount of compound of Formuta Il

0
o}
o Z N
R, ™
o
] R3
o R

4
Formula I

Wherein

R', R? each independently represents H. D,

O 0

r}i‘o 0" 4 i |
¢ | ;J;,g A

NH, o
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R* . R each wdependently represents D, CHzCO, CDLCO,
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ais independently 2.3 or 7;

each b 13 independently 3, S or 6;
e 1s independently 1, 2 or 6

¢ and d are each independently H, D, -OH, ~OD, C-Ce-alkyl, -NH; or -COCH,.
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METHODS OF MAKING

[0098] Examples of svathetic pathways useful tor making compounds of formula I and

formula I are set forth in example below and generalized in scheme 1 through scheme 2:

Scheme-1:
HATU 5
N OO0H 4 - OMe  DIPEA A o
oo HoN VS'e o ul VY, ~
\/Er DME HW
! 2 50°C, 3 h 3
0 KGOy
+ NH. . MCH
T T T T e
5
4 0° Crt, 12k
a Triphosgene
SN AN SN, AN o~ N NaHCO,
DOM
6 5901t
0 ~
Sy O
S — N HOOC N ~
7 0 3
DIPEA 0 H
e
N T S5 =S S ~_N._ 0 0
DCM O 7]" W
4050 8 Q5 N o
H N
o)
LIOH.F,0 v, o
------------------------- - = e = == e AN O
THF:MeOH:H,O © Y TNA

311 . 0 0 g'woﬁ
%, Bh
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[0099] Step-1: Synthesis of compound 2:

HATU .
N COOH OMe _DIPEA ~ A 0
Hooe Y RN T ooe Ny S
0 DVF H/\/\g
1 2 50°C, 3h 3

{00100} A 50 mbL vial was charged with a magnetic spin bar, compound 2 {0.38 mmol),
acid 1 {0.57 mamol), DMF (1.912 ml), and disopropylethylamine (0.334 ml, 1.91 mmol).
With sturing, HATU {0.291 g, 0.76 mmol) was added and the reaction was warmed to
SO°C for 3 h. The reaction was then diluted with water and extracted with ethyl acetate
(3x50 mL.). The combined organic extract was dried with MgS04, filtered through a bed
of Celite, and cone, in vacuo {o vield the product which was purified via silica gel to

obtain the compound 3

{o0181] Step-2. Synthesis of compound 6:

0 KGO0
I AN AN PN AT o b O ——s
DMF
4 5 G, 12h
0
oo o o oo o QWNHZ

[60102} In a RB acid 4 (1.0 mmol) & anhydrous K2CO3 {3.0 mmol) were suspended in
dry DMF (10 vol} stir at room temperature for 2 h and then cooled 1o -10 oC, amine
hydrochloride 5 (1.0 mmaol) was added slowly drop wise. & then was allowed to stic at

room. temperature for 12 h. Reaction was monitored by TLC. On completion of the
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reaction, the reaction mixture was poured into water (10 mb.) and extracted with diethyl
ether {2 x § mi). The combined organic layvers were washed with water {2 x § ml)
followed by brine solution (10 mL}, dried over anhydrous Na2ZS04 and evaporated under
reduced pressure. The crude was purified by column chromatography over 100-200 mesh

silica gel to obtain the compound 6.

60103} Step-3: Synthesis of compound 72

0 Triphosgene
- - . - - 5 A NH NaHCO4
DCM
§ 5901t
Lot
SN TN SN SN o 7{@1
7 0

{00104} Sodium bicarbonate (15.6 mmol) was dried under vacuum by heat gun. The
apparatus was vented with dry Argon, CH2CI2Z (6 mL) and triphosgene (4.5 mmol} were
added and the reaction mixiure was coold to 5-10 “C via an ice bath. Compound & (6.8
mmol} was added via syringe and canmula to the stirred suspension over a period of 2 h.
The reaction mixture was allowed to reach room temperature. After stirring for 3 h, the
formed sodium chloride as well as remaining sodium bicarbonate was removed via
filtration and the remaining filtrate was concentrated under reduced pressure and diied

under high vacuum to give compound 7.

{60105} Step-4: Synthesis of compound §:
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7 3
DIPEA Q H
DCM m
A40°%C 3 o ¢ NWD
H \

0

{00166} To a solution of compound 3 (1.0 mmol) in dry DCM (1.8 ml) was added N, N-
diisopropylethylamine (2.0 mmol} at -10°C, followed by drop wise addition of 7 (1.2
mmol} for 3¢ min at the same temperature and the reaction mixture was allowed to stiv
for 1 h at 00C. On completion of the reaction (moenitored by TLC), the reaction mixture
the solvent was evaporated and the crude was purified through column to obtain

compound 8.

{00107} Step-5: Synthesis of compound 9

0

H
\Wfi\w’:\/\)kgmﬂ){,o
G

7/,-
0 N
8 HWO\

£

0
LIOHH,0 0 |
JEVTT \WMON,N O O
THF MeOH:H0 T\ A
311 0 0 N O
g H -
i, 6h

[00108] Compound 8 was dissolved in a mixture of THF : MeOH : H20 (3:1:1, 0.07 M)
and treated with LIOH H20 {4 equiv). The reaction was stisred at ambient temperature
and monitored by TLC. Upon completion, the mixture was acidified to pH 2 with 1T N
HCI and exiracted with EtOAc (4 »). The combined organic lavers were dried over
Mg80O4, filtered and concentrated. The residoe was purified by prepamtive thin layer

poel

chromatography (4.9% MeOH, 95% CH2CI2, 0.1% HOAR) to vield the final product 9.
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Scheme-2;
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[00109] Step-1: Synthesis of compound 3:

9 NH. . HCl "%
— — — — — + el N P ——
oW~ G DMF
1 ) 0° Curt, 12 b
0

[00110) fn a RB acid 1 (1.0 mmol} & anhydrons K2CO3 (3.0 mmol) were suspended 1o
dry DME (10 vol} stir at room temperature tor 2 h and then cooled to -10 o, amine
hydrochioride 2 (1.0 mmol) was added slowly drop wise. & then was allowed to stir at
room temperature for 12 h. Reaction was monitored by TLC. On completion of the
reaction, the reaction mixture was poured inte water (10 mL) and extracted with diethyl
ether {2 x § mi). The combined organic layvers were washed with water {2 x § ml)
followed by brine solution (10 mL}, dried over anhydrous Na2S04 and evaporated under
reduced pressure. The crude was purified by column chromatography over 100-200 mesh

stlica gel to obtain the compound 3.

{60111} Step-2: Synthesis of compound 4

o Tdphosgene
e e o~NHy  NaHEO;
DeM
3 8 -t
g
© 4
Q

4
{00112} Sodium bicarbonate (15.6 mmol) was dried under vacuum by heat gun. The

apparatus was vented with dry Argon, CH2CI2 (6 ml} and riphosgene (4.5 mmol) were

added and the reaction mixture was coold to 5-10 °C via an ice bath. Compound 3 (6.8
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mmol} was added via syringe and cannuda to the stirred suspension over a period of 2 h
The reaction mixture was allowed to reach room temperature. After stirring for 3 h, the
formed sodium chloride as well as remaining sodium bicarbonate was removed via
filtration and the remaining filtrate was concentrated under reduced pressure and dried

under high vacuam to obtain compound 4.

j60113} Step-3: Synthesis of compound 6:

o DIPEA
—_— -
N o Ve W Ny Cls HO™Y ™ 0H o
o OH 100
4 5

9 ¥ OH
\/:\/’;\/:"V:"\/‘"W\/JL' ~N_O
Y OH
6 0

[00114] To a solution of compound 5 (1.0 mmol) in dry DCM (1.8 ml) was added N, N-
ditsopropylethviamine (2.0 mmol) at -10°C, followed by drop wise addition of 4 (1.2
mmaol) for 30 min at the sane 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
the solvent was evaporated and the crude was purified through colunm to obtain

compound 6.

[001 15 Step-4: Synthesis of compound 7:
TBSC

0 H
— p— — e e /\,N )
0 Y o T —
$ 0 DCM
QYC-1t, 30 min
0 M
! OH
s i s N
0™ ores

[001 16} Compound 6 (8.92 miuol) was added into a round bottom tlask followed by

i
CH2CI2 (36 mL) and cooled to 0 °C. Imidazole (18.04 mmol) was added and alfowed {0
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stiv for 5 minotes. TBSCH (8.92 numol) was added tn portion wise and continued the
stirring for 30 min. The reaction was quenched with 20 mi. water. Organic laver was
separated and dried over anhydrous Na2S04. Concentration in vacuo and purification by

flash column chromatography vielded compound 7.

{00117} Step-5: Synthesis of compound 9:

O Q
HO NOJ 5001, CtY\\\/U\O,«
o DCM )
8 40°CHB5°C th 9

{00118} 3 55 g of monomethyl fiumarate 8 was suspended in 40 mi of DCM in 250 ml
two necked RB flask equipped with additton funnel and condenser, The solution was
heated to 40 o, 7.8 mi of thionyl chionde was slowly added through an additional
funnel. The mixture was refluxed at 65°C for 1h. excess thionyl chloride was distifled off

the product @ was collected by fractional distiflation

[60119] Step-6: Synthests of compound 10:
0 9 H

CEN N N e e e KOX\\,N I'e! OH D;p»ﬁ,ﬁ
Q yo-Aomes oo
o 7 o Blrk
9
O
O H O
D ™~
\W\W’wﬁ@% N.H,O\’k/ oTESO

16
00120} To a solution of compounnd 7 { 1.0 mmol) in dry DCM (1.8 ml) was added N, N-

diisopropylethviamine (2.0 musol) at -107°C, followed by drop wise addition of 9 (1.2
mmaol} 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
the solvent was evaporated and the crude was punfied through column to wield
compound 10.

{00121} Step-7: Synthesis of compound 11
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¢ CSA
O H oo —
o N o
O™y NA_otesO  CHOHBDCM (1)
b © o 0%ton 15h
Q H O
[ 8] ~
o H .
Oy NALoH ©
11

{00122} Camphor sulfonic acid 2.1 mmol) was added to a stured ¢ °C solution of the
compound 10 {6.42 mmeol} in 25 mb of dichloromethane and 25 mb of methanol. After
1.5 hours the reaction was quenched with saturated NaHCO3, extracted three times with
dichloromethane, and dried over Na2804. Concentration in vacuwm and purification by

flash column chromatography vielded compound 11.

[00123] Step-8: Synthesis of compound 13

HO NH, SOChL HO NH,
O e X
HOOC refiux, 2 h ClOC

12 13

{60124} To the Compound 12 { 1.0 g} was added SOC; {10 mi) and refluxed the reaction
mixture. After completion of the reaction excess SOC; was distilled off and the crade

acid chloride 13 was used for the next step without fusther purification,

[00128] Step-9: Synthesis of compound 14
o]

HOL_ g NH; ol H D,ﬂ\gn\ﬂ,o\
IJ b S e s AN O g
CIOC O O
13 114
hi
N o O
DIREA I8 N A
------------- - -, /““‘w’““*‘\/““*\\f’*‘*\/ﬂ“v\\fﬂ‘g’\v N o o v.\"
pe b V O
RLLS © 0.0
14 ™ ~OH

i
NH,
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{00126 To a solution of compound 11 (1.0 sumol) to dry DCM (1.8 mi) was added N, N-
diisopropvlethyiamine (2.0 mmol) at ~-10°C, followed by drop wise additton of 13(1.2
mmaol) for 3¢ min at the same temperature and the reaction mixture was allowed to stir
for 1 h at 0oC. On completion of the reaction (monitored by TLC), the reaction mixture
the solvent was evaporated and the crude was purified through column to yield the final

product compound 14,

{00127} 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 fuids can be obtained by
well-known techmiques and include, preferably, samples of blood, plasma, serom, or
urine, more preferably, samples of blood, plasma or serum. Tissue or organ samples may
be obtatned from any tissue or organ by, eg., biopsy. Separated cells may be obtained
from the body {luids or the tissues or organs by separating technigues such as

centrifugation or cell sorting.

EQUIVALENTS

{00128} The present disclosure provides amouag other things compositions and methods
for wreating maltiple sclerosis and thewr compheations. While specific embodiments of
the subject disclosure have been discussed, the above specification is llustrative and not
restrictive. Many vartations of the systems and methods herein will become apparent to
those skilled 1n the art upon review of this specification. The full scope of the claimed
systems and methods showdd be determined by reference to the claims, along with their

full scope of equivalents, and the specification, along with such variations.

INCORPORATION BY REFERENCE

[001291 All publicatons and patents mentioned herein, mclading those 1tems listed
above, are hereby incorporated by reference in their entirety as if each individual
publication or patent was specifically and wdividually indicated to be incorporated by
reference. In case of conflict, the present application, inclading any definitions herein,

will contral.
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CLAIMS
1. A compound of Formula L
O
Ro O Ry
\R:f” AN Df"" \&

Fornwla |

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

or stereoisomer thereof’

Wherein,

R', R each independently represents ~CH;CO-, acetyl, D, H, CD:CO-,
o

3, c;?? %J\éi %\O ;}1

NH, O

o o =

%%k )&é e

@

E{“\"H\"J | E)Lﬁ ;?:O*Q;rf
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0 O Q Q
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MH O

) LYW

HaN

ais independently 2.3 or 7

each b is independently 3, S or 6;

¢ is independently 1, 2 or &,

¢ and d are each independently H, D, -OH, -OD, C;-Cs-alkyt, -NH, or «COCH,.

2. A compound of Formula Il

T /“vwr

Formula I

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

or steregisomey thereof’
Wherein

R', R} each independently represents H, D,
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Lad

3

a is independently 2.3 or 7;

each b ts independently 3, 5 or §;

eisindependently 1, 2 or 6;

¢ and d are each independently H, D, -OH, -0OD, C;-Cs-alkyl, -NH; or -COCH;,

A Pharmaceutical compesition comprising a compound of claim 1 and a
phanmaceutically acceptable carrier.

A Pharmaceutical composition comprising a compound of claim 2 and a
pharmaceutically acceptable carrier

The pharmaceutical composition of claim 3, which is formulated to treat the
underlying etiology with an effective amount administering the patient in need by
oral admiuistration, delayed release or sustained release, transmwucosal, syrup,

topical, parenteral advumstration, injection, subdermal, oral solution, rectal

adnunistration, buccal adminisiration or transdermal administration.

The pharmaceutical composition of claim 4, which 1s formulated to treat the
underlying etiology with an effective amount adnumstering the patient in need by
oral administration, delayed release or sustained release, transmucosal, syrup,
topical, parenteral administration, injection, subdermal, oral solution, rectal

administration, buccal administration or transdermal administration.

Compounds and compaositions of claim 5 are formulated for the treatment of

neurodegenerative diseases and multiple sclerosis.

Compounds and compositions of claim 6 are formulated for the treatment of

neurodegenerative diseases and multiple sclerosis.
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