wO 20137168000 A1 | VF V0000000 O O R O

(43) International Publication Date

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

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

=

\

(10) International Publication Number

WO 2013/168000 A1

(51

eay)

(22)

(25)
(26)
(30)

(72)
1

31

International Filing Date:
4 February 2013 (04.02.2013)

Filing Language: English
Publication Language: English
Priority Data:

1838/CHE/2012 10 May 2012 (10.05.2012) IN

Inventor; and

Applicant : KANDULA, Mahesh [IN/IN]; Door No. 11-
61, Samalkot Mandal, East Godavari Dist, G.Medapadu
533 434, Andhra Pradesh (IN).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

14 November 2013 (14.11.2013) WIPO I PCT
International Patent Classification:
A61K 31/135 (2006.01) AG61P 25/06 (2006.01)
CO07C 49/213 (2006.01) A61P 25/12 (2006.01)
A61K 9/02 (2006.01) A61P 25/14 (2006.01)
AG61K 9/08 (2006.01) A61P 25/24 (2006.01)
A61K 9/52 (2006.01) AG61P 25/28 (2006.01)
AG61K 9/70 (2006.01) AG61P 25/30 (2006.01)
A61P 25/04 (2006.01)
International Application Number:
PCT/IB2013/050917
(84)

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,
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:

with international search report (Art. 21(3))

(54) Title: COMPOSITIONS AND METHODS FOR THE TREATMENT OF SEVERE PAIN

(57) Abstract: The invention relates to the compounds of formula (I) or its pharmaceutical acceptable salts, as well as polymorphs,
solvates, enantiomers, stereoisomers and hydrates thereof. The pharmaceutical compositions comprising an effective amount of com -
pounds of formula (I), and methods for the treatment of severe pain may be formulated for oral, buccal, rectal, topical, transdermal,
transmucosal, intravenous, parenteral administration, syrup, or injection. Such compositions may be used to treatment of chronic
pain, generalized pain disorders, leukemia, cancer, chronic pain, chemotherapy induced pain, epilepsy, migraine, neuropathic pain,
post herpetic neuralgia, neuralgia, pain, drug addiction, detoxification of drugs, Alzheimet's disease, multiple sclerosis, multiple
sclerosis restless legs syndrome (RLS), cluster headache, depression, fibromyalgia, amyotrophic lateral sclerosis (ALS), convulsions,
partial seizures, mood-stabilizing agent and bipolar disorder.



WO 2013/168000 PCT/IB2013/050917

COMPOSITIONS AND METHODS FOR THE
TREATMENT OF SEVERE PAIN

PRIORITY

j0001] The present application claims the benefit of Indian Provisional Patent
Application No. 1838/CHE/2012 filed on 10-May-2012, the entive disclosure of which is

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

FIELD OF THE INVENTION

[0002] This disclosure generally relates to compounds and compaositions for the treatment
of severe pain. More particulardy, thes mveation relates to treating subjects with a
pharmaceutically acceptable dose of compounds, crystals, stereoisomers, enantiomers,

esters, salts, hydrates, prodrugs, or mixtures thereof.

BACKGROUND OF THE INVENTION

[0003] Pain iv 2 subjeciive expentence, influenced by physical, psyehological, social, and
spivttual factors. The concept of total pan acknowdedges the ymportance of all these
dimensions and that good pain reliel is unhkely withont aftention o eacl aspect. Pain and
diseasey such as cancer are not svnonenious: at least two thicrds of patients sxperiense

pain af some time during the course of their Hiness, and most will need potent analgesics,

[0004] Synthetic opiords are a corperstone of the management of cancer pain and
postoperative pain and are used increasingly for the management of severe non-cancer
pain. Understanding the metabolism of synthetic opiocids is of great practical importance
to primary care clinicians, Synthetic opioids metabolism is a vital safety consideration in
older and medically complicated patients, who may be taking multiple medications and
may have inflammation, impaired renal and hepatic function, and impaired immunity.

Severe pain, such as fower back pain, also occurs i younger persons and is the eading
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cause of disability 1n younger than 45 years. In younger patients, physicians may be more
concerned with synthetic opioids metabolism in reference o development of tolerance,
impairment of skills and mental function, adverse events during pregnancy and lactation,

and prevention of abuse by monitoring drug and metabolite levels.

[0085] Experienced clinicians are aware that the efficacy and tolerability of specific
synthetic opioids may vary dramatically among patients and that trials of several
synthetic opioids may be needed before finding one that provides an acceptable balance
of analgesia and tolerability for an individual patient. Pharmacodynamic and
pharmacokinetic differences underhie this vanability of response. Pharmacodynamics
refers to how a drug affects the body, whereas pharmacokinetics describes how the body

alters the drug.

[0006] Pharmacokinetics contributes to the vartability in response to synthetic opioids by
affecting the bioavatlability of a drug. the production of active or mactive metabolites,
and their elimination from the body, Pharmacodynamic factors contributing to variability
of response to synthetic opioids include between-patient differences in specific synthetic
opiotds receptors and between-synthetic opioids differences in binding to receptor
subtypes. The receptor binding of synthetic opioids 1s imperfectly vunderstood; hence,
matching individual patients with speecific synthetic opioids to optimize efficacy and

tolerability remains a tnal-and-error procedure.

{0007] Neurological disorders such as pain are a heterogeneous group of diseases of the
nervous system, mcluding the brain, spinal cord, and peripheral nerves that have much
dillerent aetiology. Many are heredifary;, some are secondary to toxic or metabolic
processes. Free radicals are highly reactive molecules or chemical species capable of
independent existence. Generation of highly Reactive Oxygen Species (ROS) ix an
integral feature of normal cellular function like mitochondnal respiratory  chain,
phagocytosis and arachidonic acid metabolism. The release of oxygen free radicals has

also been reported during the recovery phases from many pathological noxious stimuli to
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the cerebral tissues. Some of the pain associated newrological disorders include injury,
post-operative pain, osteoarthritis, rheumatoid arthritis, multiple sclerosis, spinal cord
injury, migraine, HIV related neuropathic pain, post herpetic neuralgia, diabetic

neurcpathy, cancer pain, fibromyalgta and lower back pain.

[00088] Managing acute pathology of often relies on the addressing underlving pathology
and symptoms of the disease. There 1s currently a need 1n the art for new compositions o

treatment of severe pain.

SUMMARY OF THE INVENTION

[6009] The present invention provides compounds, compositions costaining these
compounds and methods for using the same to treat, prevent and/or ameliorate the

effects of the conditions such as severe pain,

{0018} The invention herein provides compositions comprising of formula 1 or
pharmaceutical acceptable salts thereof. The vention also provides pharmaceutical
compositions comprising one or more compounds of formula 1 or intermediates thereof
and one or more of pharmaceutically acceptable carniers, vehicles or diluents. These
compositions may be used m the treatment of severe pain and s associated

complications.

Formula §
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[0011] In certain embodiments, the present jgvention relates to the compounds and

compositions of formula i, or pharmaceutically acceptable salts thereof,

By
o~

o N

Ry

Formula |

Wherein,

R', R? each independently represents -H, ~OH, -CHy, -F, -D, 0D, -OCH;,

HN
"'312, "

H«,;; (3H

HO

=X
Y
!
.,
O




WO 2013/168000 PCT/IB2013/050917

© s
| v
0
0
AN N}?': \;SSS N
H HS
I _z \/\N’ on
N H o
G
~:S;5 S OfCHg



WO 2013/168000 PCT/IB2013/050917

ats independently 23 or 7;

each b 1s independently 3, S or §;
eisindependently 1, 2 or 6,

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

R* independently represents H, D,

Q O

34, Do
%‘,?QJ;? b

NH, G



WO 2013/168000 PCT/IB2013/050917



WO 2013/168000 PCT/IB2013/050917

R* independently represents

0

.:(71 ‘ O

HoN .,L';j
-
O } O

G
&
o
CH, OH O
L\/UL H
H‘SC_T ‘f?\r ‘ """m;/\/\[tf?‘{
GHg , o) By




WO 2013/168000 PCT/IB2013/050917

<
]
]

20

i 7 i0 3 16
o
N o
| = NHCOGH,
HG
0 OH /
l on
JU\/N/
3 O ‘}5\ 03
% N g o9
0 o
ﬁh CGQH ‘Sg\ CONHE
: iOH) : ic} - OGOCH; 0% ’
OH
0
0

o F o N,



WO 2013/168000 PCT/IB2013/050917
10

}l S—

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,.

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

forth below:

7,

(1-1)
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(1-2}
[0613] Herein the applicatton also provides a kit comprising any of the pharmaceutical
compositions disclosed herein. The kit may comprise instructions for use in the treatment

of severe pain or its related complications.

jo014] The application also discloses a pharmaceuntical composition comprising a
pharmaceuntically acceptable carvier and any of the compaositions herein. In sone aspects,
the pharmaceutical composition is tormulated for systemic administration, oral
administration, sustained release, parenteral administration, injection, subdermal

adnunistration, or transdermal administration,

j0015] Herein, the application additionally provides kits comprising the pharmaceutical
composttions deseribed herein. The kits may further comprise instructions for use in the

treatment of severe pain or its related complications.

{0016] The compositions described herein have several uses. The present application
provides, for example, methods of treating a patient suffering from severe pain or ifs
related complications manifested from metabolic conditions, severe diseases or disorders;
Hepatology, Cancer, Hematological, Orthopedic, Cardiovascular, Renal, Skin,

Newrological or Ocular complications.
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DETAILED DESCRIPTION OF THE INVENTION

Definitions

{00171 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.

j0018] 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 formuda [ to be used as prodrugs}. The compounds of the present invention
can also be solvated, i.e. hydrated. The solvation can be affected in the course of the
manufacturing process or can take place te. as a consequence of hygroscopic properties

of an initially anhydrous compound of Tornnila I (hydration).

[6019] Compounds that have the same molecular formula but differ in the natore or
sequence of bonding of their ators or the arrangement of thetr atoms in space are termed
“isomers.” Isomers that differ in the arrangement of their atoms i space are termed
“sterecisomers.” Diastercomers are sterecisomers with opposite configuration at one or
more chiral centers which are not enantiomers. Stereoisomers bearing one or more
asymmetric centers that are non- superimposable murror images of each other are termed
“enantiomers.” When a compound has an asvmmetric center, for example, if a carbon
atom 1s boaded to fowr different groups, a pair of esantiomers ix possible. An enantiomer
can be characterized by the absolute configuration of its asymmetric center or centers and
is described by the R- and S-sequencing rules of Cahn, Ingold and Prelog, or by the
manner it which the molecule rotates the plane of polarized light and designated as
dextrorotatory or levorotatory (1.e., as {+} or (-}+isomers respectively). A chiral compound
can exist as either individual enantiomer or as a mixture thereof. A mixture containing

equal proportions of the enantiomers is called a "racemic mixture™.
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[0020] 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 enzyvme is

affected and is either deficient or completely absent,

{0021} In some emboduments, a molecular conjugate comprises of compounds selected
from the group consisting of R-lipeic acid {CAS No. 1200-22-2), salsalate {CAS No.
552-94-3), acetyleysteine (CAS No. 616-91-1), Eicosapentaenoic acid {CAS No. 10417-
94-4), Docosahexaenoic acid (CAS No. 6217-54-5).

[0022] The term “polvmorph® as used hereimn is art-recognized and refers to one crystal

structure of a given compound.

j0023] 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 inclode without fimitation intravenous, intramascular, intrapleural,
intravascular, ntrapericardial, mtraarterial, intrathecal, intracapsular, intraorbital,
intracardiac, intradennal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intra-

articadar, subcapsular, sabarachnotd, intraspinal and intrastemal injection and infusion.

[0024] A “patient.” “subject,” or “host” to be treated by the subject method may mean

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

[0025] The phrase “pharmaceutically acceptable™ I3 artrecognized. In certain
embodiments, the term includes compositions, polymers and other matenials andior
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, irntation, allergte response, or other problem or comphication, commensurate

with a reasonable benefit/risk ratio.
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[0026] The phrase “pharnmaceutically acceptable carrier™ s art-recognized, and includes,
for example, pharmaceutically acceptable materials, compositions or vehicles, such as a
ligquid 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 carrier must be “acceptable™ in the sense of being
compatible with the other ingredients of a subject composttion awd not iggurious to the
patient. {n certain embodiments, a pharmaceutically acceptable carrier is non-pyrogenic.
Some examples of materials which may serve as pharmaceutically acceptable carners

glucose and sucrose; (2) starches, such as corn starch

£

include: (1) sugars, such as lactose,
and potato starcly (3) cellulose, and its denvatives, such as sodivm carboxymethyl
cellutose, ethyl cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6)
gelating (7) tale; {8) cocoa butter and suppository waxes, (9) ails, such as peanut oil,
cottonseed oil, sunflower oil, sesame o, olive ail, com oil and sovbean oil; {10) glveols,
such as propylene glveol; {11) polvels, such as glycenin, sorbitol, mannitol and
polyethylene glvcol, {12) esters, such as ethyl oleate and ethyl lawrate; (13) agar; (14)
buffering agents, such as magnesium hydroxade and alumimum hydroxide; (15) alginic
acid; (168} pyrogen-free water; (17) isotouic saline; (18) Ringer’s solution; (19) ethyl
alcohol, (20} phosphate bufter solutions: and (21} other non-tode compatible substances

emploved in pharmaceutical formulations.

[6027] The term “prodrug” is intended o encompass compounds that, under
physiological conditions, are converted e 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 condiions to reveal the desired
molecule. In other embodiments, the prodrug is converted by an enzymatic activity of the

host animal.

{0028] The term “prophylactic or therapeutic” treatment is artrecognized and includes
administration to the host of one or more of the subject compositions. It s

administered prior to clinical manifestation of the unwanted condition (e.g., disease or
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other unwanted state of the host animal} then the treatment is prophylactic, e, it protects
the host against developing the unwanted condition, whereas if it is admunistered 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

thereof).

{0029] 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 fatlure and/or death (i.e monality) within a defined time window
(predictive window) m the future. The mortality may be caused by the central nervous
system or complication. The predictive window is an interval m 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 analvsis by

the method of the present invention.

[0036] The term "treating” is art ~-recognized and mcludes preventing a disease, disorder
or condition from oceurring i an ammal which may be predisposed 1o the disease,
disorder andfor condition but has not yet been diagnosed as having it; inhibiting the
disease, disorder or condition, e.g., umpeding s progress, and relleving the disease,
disorder, or condition, e.g., causing regression of the disease, disorder andfor condition.
Treating the disease or condition includes ameliorating at least one symptom of the
particuiar disease or condition, even if the underlving pathophysiology 1s not affected,
such as treating the pain, severe pain, leukemia, cancer, chromc pain, chemotherapy
induced pain, epilepsy, migraine, neuropathic pain, post herpetic neuralgia, neuralgia,
pain, diug addiction, detoxification of drugs, Alzheimer's disease, multiple sclerosis,
multiple sclerosis,  restless legs svadrome (RLS), cluster headache, depression,
fibromyalgia, amyotrophic lateral sclerosis (ALS), convulsions, partial setzures, mood-
stabilizing agent and bipolar disorder of a subject by adnunistration of an agent even

oo

though such agent does not treat the cause of the condition. The term "treating”, "treat” or
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"treatment” as used heremn includes curative, preventative {e.g., prophylactic), adjunct and

pailiative treatment.

[6031] 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
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 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 detenmine the
effective  amount of a particular  composition  without  necessitating  undoe

experimentation.

6032] In certain embodiments, the pharmaceatical compositions descnibed herein are
formulated 1o a manner such that said compositions will be delivered to a patient 0 a
therapeutically effective amount, as part of a prophylactic or therapeutic treatment. The
desired amount of the composttion to be administered to a patient 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. It is to be noted that dosage values
may also vary with the seventy of the condition to be alleviated. It is to be further
understood that for any particudar 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 deternuned using techniques known to one skilied 10 the art.

[6033] Additionallv, the optimal concentration and/or quantities or amounts of any
particular salt or composition may be adjusted to accommodate vatiations in the

treatment parameters. Such treatment parameters include the clinical use to which the
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preparvation 15 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.

[6034] 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
concentration {Cmax) and the area under the plasma concentration-time curve from time

0 to infinity mav be used.

[0035] When used with respect to a pharmaceutical compoesition or other material, the
term “sustained release”™ is art-recognized. For examiple, a subject composition which
releases 8 substance over time may exhibit sustained release characteristics, i contrast to
a bolus type adnunistration m which the entire amoont of the substance is made
biologically available at one time. For example, in particudar embodtients, upon contact
with body fluids including blood, spinal fhud, mucus secretions, Ivraph or the like, one or
more of the pharmaceutically acceptable excipients may wsndergo gradual or delayed
degradation {e.g., through hydrolysis) with concomitant release of any material
incorporated  therein, e.g, an therapeutic andfor biologically active salt and/or
composition, for a sostained or extended period (as compared to the release from a
bolas).  This release way result 1 prolonged delivery of therapeutically effective

amounts of any of the therapeutic agents disclosed herein.

TORG

{6036] The phrases “systemic administration,” “administered systemically,” “pesipheral
administration” and “administered peripherally” are art-recognized, and include the
administration of a subject composition, therapautic or other matenial at a silg yemote
from the disease being treated. Administration of an agent for the disease being treated,
even if the agent is subsequently distributed systemically, mav be termed “local” or
“toprical” or “regional” administration, other than directly into the central mervous system,

e.g., by subcutancous administration, such that it enters the patient’s system and, thus, is

subject to metabolism and other like processes.
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[6037] The phrase “therapeutically effective amount™ is an artrecognized term.  In
certain embodiments, the term refers to an amount of a salt or composition disclosed
herein that produces some desired effect at a reasonable benefitrisk 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 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  undoe

experimentation.

[0038] The present disclosure also contemplates prodrugs of the compositions disclosed

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

[0039] This apphcation also discloses a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and the composition of a compound of Formula |
may be formulated for systemic or topieal or oral administration.  The pharmaceutical
composition may be also formulated for oral admnistration, oral solution, njection,
subdermal  admunistration,  or  transdermal  admimistration.  The pharmaceutical
composition may further comprise at least one of a phamaceutically acceptable

stabilizer, diluent, sarfactant, filler, binder, and tubsicant.

[0040] In many embodiments, the pharmaceutical composiiions described herein will
incorporate the disclosed compounds and compositions (Formula 1) to be delivered i an
amount sefficient to deliver 1o a patient a therapeutically effective amount of a compound
of formula 1 or composition as part of a prophylactic or therapeutic treatment. The
desired concentration of formula 1 or its pharmaceutical acceptable salts will depend on
absorpiion, thactivation, 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. It is to be further
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understood that for any particular subject, specific dosage regimens should be adjusted
over time according to the mdividual need and the professional judgment of the person
administering or supervising the administration of the compositions. Typically, dosing

will be determined using techniques known 1o one skilled in the art.

[0041] Addivonally, the optimal concentration andior quantities or amounts of any
particular compound of formula 1 mav be adjusted to accommodate variations in the
treatment parameters.  Such treatment parameters include the clinical use to which the
preparation is put, ¢.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.

{0042] The concentration and/or amout of any compound of formula I may be readily
identified by routine screening in animals, eg. rats, 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, diftusion rates of
the salts or compositions, and local blood flow before and after administration of
therapeutic formulations disclosed herein.  One soch method 1s microdialysis, as
reviewed by T. E. Robinson et al., 1991, micvodialysis in the newosciences, Technigues,
volome 7, Chapter 1. The methods reviewed by Robinson mway be apphed, 1 brief, as
follows. A microdialysis loop i1s placed m sito in a test animal. Dialysis thud 1s pumped
throogh the loop. When compoonds with formula 1 such as those disclosed hevein are
injected adiacent to the loop, released drugs are collected in the dialysate in proportion to
their {ocal tissue concentrations. The progress of diffusion of the salts or compositions
may be determuned thereby with swtable calibration procedures using known

concentrations of salts or compositions.

{6043] In certain embodiments, the dosage of the subject compounds of formula 1
provided herein mav be deternuned by reference to the plasma concentrations of the

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

from time O to infinity may be used.

[0044] Generally, in carrving out the methods detailed in this application, an effective
dosage for the compounds of Formulas s in the range of about 0.01 mg/kg/day to about
100 mg'kg/day in single or divided doses, for instance 0.01 mg/kg/day to about 50
mg'kp/day in single or divided doses. The compounds of Formulas I may be administered

gidav, 0.5 mg/kg/day, 1.0 mg/kg/day, 5

at a dose of, for example, less than 0.2 mg/k
mg'kg/day, 10 meskglday, 20 mgfkg/day, 30 mgikg/day, or 40 mg'kg/day. Compounds of
Formula 1 may also be administered to a buman patient at a dose of, for example,
between 0.1 mg and 1000 mg, between S mg and 80 mg, or less than 1.0, 9.0, 12.0, 20.0,
50.0, 75.0, 100, 300, 400, 500, 800, 1000, 2000, 5000 mg per dav. In certain
embodiments, the compositions herein are administered at an amount that is less than
95%, 90%, 80%, 7%, 60%, 50%, 40%, 305, 20%, or 10% of the compound of formula

I required for the same therapeutic henefit.

[0045] An effective amount of the compounds of formula | described herein refers to the
amount of one of said salts or compositions which is capable of inhibiting or preventing a

disease.

{0046] An effective amount may be sufficient to prohibit, treat, alleviate, ameliorate, halt,
restrain, slow or reverse the progression, or reduce the severly of a complication
resylting from nerve damage or demyelization and/or elevated reactive oxidative-
nitrosative species andfor abnormalities in physiclogical homeostasis’s, i 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 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
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the drug to achieve the treatment that the physician considers appropriate for the patient.
In considering the degree of treatment desired, the phvsician must balance a variety of
factors such as age of the patient, presence of preexisting disease, as well as presence of

other diseases.

{0047] The compositions provided by this application may be administered to a subject
in need of treatinent by a variety of conventional routes of administration, mcluding
orally, topically, parenterally. eg.. intravenously, subcutanecusly or intramedullary.
Further, the compositions may be administered intranasally, as a rectal suppository, or
using a "flash® formulation, 1.2, allowing the medication to dissolve in the mouth without
the need to use water. Furthermore, the compositions may be adnunistered to a subject in
need of treatment by controlled release dosage forms, site specific drug delivery,
transdermal drog delivery, patch {active/passive) mediated drug delivery, by stereotactic

injection, or in nanoparticles

{0048} The compositions may be admimistered alone or in combination with
pharmaceutically acceptable carriers, vehicles or diluents, in either single or multiple
doses. Suitable pharmaceutical carriers, vehicles and diluents include imert solid dituents
or fillers, sterile aqueous solutions and various orgamic solvents. The pharmaceutical
composittons  formed by combining the  compositions and the phanaceutically
acceptable carriers, vehicles or diduents are then readiy administered it a variety of
dosage forms such as tablets, powders, lozenges, svrups, 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 various excipients such as L-arginine, sodium citrate, calcium
carbonate and calcium phosphate may be emploved along with various disintegrates such
as starch, alginic acid and certatn complex silicates, together with binding agents such as
polyvinylpyrrolidone, sucrose, gelatin and acacia. Additionally, lubricating agents such
as magnesivin stearate, sodium laoryl sulfate and tale are often useful for tabletting

purposes, Solid compositions of a similar type may also be emploved as fillers in soft and
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hard filled gelatin capsules. Appropriate materials for this include lactose or milk sugar
and high molecular weight polvethylene glycols. When agueous suspenstons or elixirs are
desired for oral administration, the essential active ingredient therein may be combined
with various sweetening or flavoring agents, coloring matter or dves and, if desired,
emulsifying or suspending agents, together with diluents such as water, ethanol,
propvlene glveol, glveerin and combinations thereof. The compounds of formula 1 may
also comprise enterically coated comprising of various excipients, as is well known in the

pharmaceutical art.

[0049] For parenteral administration, solutions of the compositions may be prepared in
(for example) sesame or peanut oil, aqueous propylene glyveol, or in sterile aqueous
solutions may be emploved. Such agueous solutions should be suitably buffered 1t
necessary and the hquad diluent first rendered isotonic with sufficient saline or glucose.
These particular agueous solutions are especially suitable for intravenous, intramuscular,
subcutaneous and intraperitoneal admimstration. In this conpection, the sterile agueous
media eraployed are all readily available by standard techniques known to those skilled 1o

the art.

[6050] The formulations, for instance tablets, may contain eg. 10 to 100, 50 to 250, 150
to 560 mg, or 350 to 800 mg ¢.g. 10, 30, 100, 300, 306, 700, 800 myg of the compounds of
formula 1 disclosed herein, for instance, compounds of formuda | or pharmaceutical

acceptable salts of a compounds of Formula

[0051] Generally, a composition as described herein may be adnunistered orally, or
parenterally {(e.g., intravenous, intramuscular, suboilangous or intrameduliary). Topical
administration may also be indicated, for 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 argan as determined by the attending physician.

Localized administration may also be indicated, for example, when a high dose is desired
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at the target Ussue or organ. For buccal administration the active composition may take

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

[0052] The dosage administered will be dependent upon the identity of the metabolic
disease; the type of host involved, including its age, health and weight; the knd of

concurrent treatment, if any; the frequency of treatment and therapeutic ratio.

{6053 Hlustratively, dosage levels of the administered active ingredients are:
intravenous, 0.1 to about 200 my/kg, intramuscular, 1 to about 300 mg'kg: orally, 5w
about 1000 mg/kg; intranasal instiliation, § to about 1000 mg/kg; and aerosol, 5 to about

1000 mgfkg of host body weight,

=

{6054] Expressed in terms of concentration, an active ingredient can be present in the
compositions of the present invention for localized use about the cutis, intranasally.
pharyngolaryngeally, bronehially, mtravaginally, rectally, or ocularly in a concentration
of from about 0.01 to about 50% wiw of the composition; preferably about 1 to about
20% wiw of the composition; and for parenteral use in a concentration of from about 0.05

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

[0055] The compositions of the present iovention 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 solotions of suspensions, and oral solutions or suspensions and the like,
containing suttable quantities of an active ingredient. For oral administration either solid

or fluid unit dosage forms can be prepared.

[0056] As discussed above, the tablet core contaims one or more hydrophilic polymers.
Suitable hydrophilic polymers include, but are not fimited to, water swellable cellulose
derivatives, polvatkyviene glycols, thermoplastic polvalkylene oxides, acrviic polymers,
hydrocolloids, clays, gelling starches, swelling cross-linked polymers, and mixtures

thereof. Examples of suitable water swellable cellulose derivatives include, but are not
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hmited to, sodium  carboxymethylcelhdose, cross-limked  hydroxypropyleellalose,
hvdroxypropyl cellulose {HPCY, hydroxypropvimethylcellulose {HPMO),
hydroxyisopropylceliulose, hydroxvbutvicetiulose, hvdroxyphenylcellulose,
hvdroxvethylcellulose  (HECQ), hvdroxvpentyleeltulose,  hvdroxypropylethylcelluiose,
hydroxypropyvibutylcellulose, and hvdroxvpropylethyleellulose, and mixtures thereof,
Examples of suitable polvalkylene glvcols include, but are not limited to, polyethylene
glveol. Examples of suitable thermoplastic polyalkyviene oxides include, but are not
limited to, poly(ethylene oxide). Examples of suitable acrylic polymers include, but are
not limited 10, potassiten methacrylatedivinytbenzene copolymer,
polymethylimethacrylate, high-molecular weight crosslinked acrylic acid homopolymers
and copolymers such as those commercially available from Noveon Chemicals under the
tradename CARBOPOL™ . Examples of suitable hydrocolloids include, but are not
limited to, alginates, agar, guar gum, locust bean gom, kappa carrageenan, iota
carrageenan, tara, gum arabic, tragacanth, pectin, xanthan gum, gellan gom, maltodextrin,
galactomannan, pusstulan, lannarin, scleroglucan, gum arabic, wnolin, pectin, gelatin,
whelan, thamsan, zooglan, methylan, chitin, cyclodextrin, clutosan, and mixtures thereof.
fxamples of suitable clays include, but are not hmited to, smectites such as bentonite,
kaolin, and laponite; magnestum trisilicate; magnesium alummum silicate; and muxtures
thereof. Examples of suitable gelling starches include, but are not limited to, acid
hydrolvzed starches, swelling starches such as sodium starch glveolate and derivatives
thereof, and mixtures thereof. Examples of suitable swelling cross-linked polymers
include, but are not limited to, cross-linked polvvinyl pyrrolidone, cross-linked agar, and

cross-linked carboxymethylcellulose sodium, and mixtures thereof.

{0057] The carrier may contain one or more suitable excipients for the formunlation of
tablets. Examples of suitable excipients include, but are not limited to, fillers, adsorbents,
binders,  disimegrants,  lubricants,  ghidants,  release-moditying  excipients,

superdisintegrants, antioxidants, and mixtures thereof.
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[0058] Suitable binders include, bat are ot lruted 1o, dry binders sach as polyvinyl
pvrrolidone and  hydroxypropyimethylcellulose, wet binders such as water-soluble
polymers, including hvdrocolloids such as acacia, alginates, agar, gusr gum, locust bean,
carrageenan, carboxvmethyiceliulose, tara, pum arabic, tragacanth, pectin, xanthan,
gellan, gelann, maltodextrin, galactomannan, pusstulan, laminarin, scleroglucan, inulin,
whelan, chamsan, zooglan, wethvlan, chitin, cyclodexirin, chitosan, polyvinyl
pyrrolidone, cellulosics, sucrose, and starches; and mixtures thereof.  Suitable
disintegrants include, but are not limited 1o, sodium starch glyeolate, cross-linked
polyvinvipyrrolidone, cross-linked carboxymethylcellulose, starches, microcrystaliine

cellidose, and mixtures thereof.

[0089] Suitable lubricants include, but are not limited to, tong chain fatty acids and their
salts, such as magnesium stearate and stearic acid, tale, glycerides waxes, and mixtures
thereof.  Suitable glidants wclude, but are not lmited to, colloidal silicon dioxide.
Suitable release-modifving exapients include, but are aot lmuted to, insoluble edible

matesials, pH-dependent polymers, and mixtures thereol.

[0060] Suitable msoluble edible matenals for use as release-modifying excipients
include, bot are not hmited to, water-insofuble polymers and low-melting hydrophobic
matertals, copolymers thereof, and mixtures thereof. Examples of suilable water-
insotuble polymers include, but are not imited to, ethyleellnlose, polyvinyt aleohols,
polyvinyl acetate, polvcaprolactones, cellulose acetate and its derivatives, acrvlates,
methacrylates, acrylic acid copolymers, copolymers thereof, and mixtures thereof.
Suitable low-melting hydrophobic materials wclude, but are not Himited to, fats, fatty acid
esters, phospholipids, waxes, and mixtures thereof. Examples of suitable fats include, but
are not limited to, hydrogenated vegetable oils such as for example cocoa butter,
hvdrogenated palm kemel oif, hvdrogenated cottonseed oil, hvdrogenated sunflower oil,
and hydrogenated soybean ol free fatty acids and their salts, and mixtures thereof.
Examples of suitable fatty acid esters include, but are not linmited to, sucrose fatty acid

esters, mono-, di-, and tnglycendes, glyceryl behenate, glveeryl palmitostearate, glveeryl
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monostearate, ylyeceryl tristearate, glyceryt mlaurylate, glyceryl myristate, GlycoWax-
932, lauroyl macrogol-32 glvcendes, stearovl macrogol-32 glvcerides, and mixtures
thereof. Examples of suitable phospholipids include phosphotidyl choline, phosphotidyl
serene, phosphotidy! 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, microcrystathine wax, and paraffin wax; fat-containing
mixtures such as chocolate, and mixtures thercot. Examples of super disintegrants
include, but are not limited to, croscarmellose sodium, sodium starch glycolate and cross-
linked povidone {crospovidong). In one emtbodiment the tablet core contains up to about

S pereent by weight of such super disintegrant.

{0061] Examples of antioxidants include, but are not hmited to, tocopherols, ascorbic
acid, sodium pyrosulfite, butylhydroxytohuene, butylated bydroxyanisole, edetic acid, and
edetate salts, and mixtures thereol. Examples of preservatives include, but are not limited
to, cirie acid, tartanie acid, lactic acid, matic acid, acetic acid, benzoic acid, and sorbic

acid, and mixtures thereof

[6062] In one embodiment, the immediate release coating has an average thickness of at
least 50 microns, such as from about 50 microns to about 2500 microns; e.g., from about
250 microns t© about 1000 microns. In embodiment, the immediate release coating is
typically compressed at a density of more than about 0.9 g/ce, as measured by the weight

and volunie of that specific layer,

{8063] 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 pharmaceutically
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 pharmmaceutically active

agent and the second portion includes the second pharmaceutically active agent.
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[6064] 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.

[6065] In one embodiment, the outer coating portion 1s prepared as a dry blend of
materials prior to addition to the coated tablet core. In another embodiment the outer
coating portion is included of a dried granulation including the pharmacentically active

agent.

[0066] Formulations with different drug release mechanisms deseribed above could be

~

combined in a final dosage fonn containing single or multiple units. Examples of
multiple units include routtilayer tablets, capsules containing tablets, beads, or granules in
a sohid or liquid form. Typical, immediate release formualations include compressed
tablets, gels, films, coatings, Liquids and particles that can be encapsulated, for example,
in a gelatin capsule. Many methods for preparing coatings, covering of incorporating

drugs, are known in the ant

[0067] The immediate release dosage, unit of the dosage form, 1.e., a tablet, a plurality of
drug-containing beads, gramules or particles, or an outer laver of a coated core dosage
form, contains a therapeutically 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 wnit or units (as 1 an
encapsuiated mixure of immediate release drug-contaimng granules, particles or beads

and delaved release drug-containing granules or beads).

[0068] Extended release formulations are generally prepared as diffusion or osmotic
systems, for example, as described in "Remington—The Science and Practice of

Pharmacy”, 20th. Ed., Lippincott Williams & Wilkins, Baltimore, Md., 2000} A
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diffusion systern typically cousists of one of two types of devices, reservour and matrix,
which are wellknown and described in die art. The matrix devices are generally prepared

by compressing the drug with a slowly dissolving polymer cartier into a tablet form,

[6069] An immediate release portion can be added fo the extended release system by
means of either applying an immediate release layer on top of the extended release core;
using coatinig Or compression processes or in a multiple unit system such as a capsule

containing extended and immediate release beads.

[0076] Delaved release dosage formulations are created by coating a solid dosage form
with a film of a polymer which is tnsoluble in the acid environment of the stomach, but
soluble in the neutral environment of small intestines. The delayed release dosage umits
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 a tablet for
incorporation nto a capsule, a fablet for use as an inner core in a “coated core” dosage
form, or a plurality of drug-containing beads, particles or granules, for tncorporation into

either a fablet or capsule.

{6071 A pulsed release dosage form is one that mimics a multiple dosing profile
without repeated dosing and typically allows at least a twofold reduction in dosing
frequency as compared to the drug presented as a conventional dosage form (2.2, as a
solutton or prompt drug-releasing, conventional solid dosage form). A pulsed release
profile is characterized bv a time period of no release (lag time) or reduced release

followed by rapid drug release.

[8072] 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 % 1o 70 wt. %, preferably 40 wi. % 10 60 wi. %%, of the total amount of active agent

in the dosage form is released 10 the initial pulse, and, correspondingly approximately 70

wt. %6 10 3.0 wt. %, preferably 60 wi. % to 40 wt. %, of the total amount of active agent in
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the dosage form is released in the second pulse. For dosage forms mimicking the twice
dailv dosing protile, 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.

[0073] 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 delaved release dosage unit. In this dosage form, the immediate release dosage
unit contatns a plurality of beads, granules particles that release drug substantially
immediately following oral administration to provide an imtial dose. The delayed release
dosage unit containg a plurality of coated beads or granules, which release drug
approximately 3 hours to 14 hours following oral adnunistration to provide a second

-

dose.

{6074] For purposes of transdermal {e.g., topical) administration, dilute stertle, agqueous
or partially agueous solutions {usually in about 0.1%% to 5% concentration), otherwise

sinilar to the above parenteral solutions, may be prepared.

[0075] Methods of preparing various pharmacentical cormgpositions with a certain
amourtt of one or more compounds of fornuda 1 or other active agents ave known, or will
be apparent in hght of tdus 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).

{06076] In addition, in certain embodiments, subject compositions of the present
application mavbe lyvophilized or subjected to another appropriate drying technique 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 on the release rate of the compositions and the desired dosage.
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[0077] Formudations useful in the methods provided herein include those suitable for
oral, nasal, topical {including buccal and sublingual), rectal, vaginal, aerosol andior
parenteral administration.  The formulations may conveniently be presented in unit
dosage form and may be prepared by any methods well known in the ant of pharmacy.
The amount of a subject composition which may be combined with & carrier material 1o
produce a single dose may vary depending upon the subject being treated, and the

particular mode of administration.

[0078] Methods of preparing these formulations or compositions include the step of
bringing into association subject compositions with the carrter and, optionally, one or
more accessory mgredients.  In general, the formulations are prepared by uniformly and
intimately bringing into association a subject composition with bquid carriers, or finely

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

j6079]  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
in inhalation therapy. The final aerosol tormudation may for example contam 0.005.90%
wiw, for instance 0.005-50%, 0.0058-5% whw, or 0.01-1.0% whw, of medicament relative

to the total wetght of the formulation.

{6080]  In solid dosage torms for oral administration (capsules, tablets, pills, dragees,
powders, granules and the like), the subject composition is mixed with one or more
pharmaceutically acceptable carmers andfor any of the following: (1) filters or extenders,
such as starches, lactose, sucrose, glucose, mannitol, and/or siticic acid; (2) binders, such
as, for example, carboxymethylcellulose, algivates, gelatin, polyvinyl pyrrolidone,
sucrose and/or acacia; (3} humectants, such as glvcerol; {4) disintegrating agents, such as
agar-agar, calctum carbonate, potato or tapioca starch, alginic acid, certain silicates, and
sodium carbonate; {5) solution retarding agents, such as paraffin; (6} absorption

accelerators, such as quaternary amunonium compounds; {7) wetting agents, such as, for
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example, acetyl alcobol and glycerel monostearate; (8) absorbents, such as kaolin and
bentonite clay, {9) fubwicants, such a tale, calcium stearate, magnesium 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 similar type may also be
emploved as fillers in soft and hard-filled gelatin capsules using lactose or nilk sugars, as
well as lngh molecular weight polvethyvlene glycols and the like.

joos1] Ligquid dosage forms for oral adnunistration include pharmaceutically acceptable
emulstons, microemulsions, solutions, suspensions, syrups and elixars. In addition to the
subject composttions, the hquid dosage forms may contan inert dituents commonly used
i the art, such as, for example, water or other solvents, solubilizing agents and
emulsifiers, such as ethyl alcobol, tsopropyl alcohol, ethyl carbonate, ethyl acetate,
benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glycol, oils {in particudar,
coftonsesd, corn, peanut, sunflower, sovbean, olive, castor, and sesame ails), glycerol,
tetrabydrofuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and

muxtures thereof,

{0082] Suspensions, in addition to the subject compositions, may contain suspending
agents such as, for example, ethoxylated isostearyl alcobols, polyoxvethyviene sorbitol,
and sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-

agar and tragacanth, and nuxtures thereof.

[6083] Formulations for rectal or vaginal adminmistration may be presented as a
suppository, which may be prepared by mixing a subject composition with one or more
suitable non-irmitating carriers comprising, for example, cocoa butter, polyethylene
glycol, a suppository wax, or a salicylate, and which is solid gt room temperature, but
ligped at body temperature and, therefore, will melt in the appropriate body cavity and
release the encapsuated compound(s) and composition{s). Formulations which are

suttable for vaginal administration also include pessaries, tampons, creams, gels, pastes,
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foams, or spray formmwdations contaiming such carmiers as are known in the art to be

appropriate.

[0084] Dosage forms for transdermal administration include powders, sprays,
ointments, pastes, creams, lotions, gels, solutions, patches, and inhalants. A subject
composition may be mixed under sterile conditions with a pharmaceutically acceptable
carner, and with any preservatives, bufters, or propellants that may be required. For
transdermal administration, the complexes may include lipophilic and hydrophilic groups

to achieve the desired water solubility and transport properties.

[0085] The ointments, pastes, creams and gels may contain, in addition to subject
compositions, other carriers, such as antmal and vegetable fais, oils, waxes, paraffing,
starch, tragacanth, cellulose derivatives, polvethylene glveols, silicones, bentonites,
silicic acid, tale and zine oxide, or mixtures thereot. Powders and sprays may cootain, i
addition {0 a subject composttion, excipients such as laclose, tale, silicie actd, aluminum
hydroxide, caloium siheates and polyamide powder, or mixtwes of such substances.
Spravs  may  additonally  contain  customary  propellants, such  as
chiorofloorohydrocarbons and volattle unsubstituted hydrocarbons, such as butane and

propane.

[6086] 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 in US
Patent Nos. 6,974,588, 6,564,003, 6312.716, 6,440454, 6,267,983, 6239,180, and
6,103,273,

[0087] In another embodiment, a transdermal patch may comprise: a substrate shect
comprising a composite film formed of a resin composition comprising 100 parts by
weight of a polyviny!l chloride-polyurethane composite and 2-10 parts by weight of a
styrene-ethviene-butylene-styrene copolymer, a first adhesive fayer on the one side ot the

composite film, and a polvalkylene terephthalate film adhered to the one side of the
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compostte 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 polvalkylene terephthalate
film; and a second adhesive laver comprising a styrene-diene-styvene block copolymer
containing & pharmaceutical agent lavered on the primer laver. A method for the
manufacture of the above-mentioned substrate sheet comprises preparing the above resin
composition molding the resin composttion into a composite film by a calendar process,
and then adbering a polyalkylene terephthalate film on one side of the compostte film by
means of an adhesive layer thereby forming the substrate sheet, and forming a primer
laver comprising & saturated polyester resin on the outer surface of the polyalkvlene

terephthalate fitm.

{0088] Another type of patch comprises incorporating the drug directly in a
pharmaceuticatly acceptable adhesive and laminating the drug-contaming 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 requived clinical dose.

[0089]  Transdermal patches may be passive or active.  Passive transdermal drug
delivery systems currently available, such as the nicotine, estrogen and nitroglycerine
patches, deliver smali-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 using technology such as electrical assist (iontophoresis} for large-molecule
drugs.

[0090] 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 rontophoresis enhances molecolar transport across the skin are {a)
repelling a charged jon from an electrode of the same charge, (b) electroosmosts, the

convective movement of solvent that oceurs 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.

[6091] 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 bottle or
a divided foil packet. Typically the kit comprises directions for the administration of the
separate components. The kit form s particularly advantageous when the separate
components are preferably administered in different dosage forms {e.g., oral and
parenteral), are administered at different dosage intervals, or when titration of the

individual components of the combination 1s desired by the prescribing physician.

{0092]  An exampile 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 Iike). Blister packs generally consist of a sheet of

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

[0093] Methods and compositions for the treatment of severe pain. Among other things,
herein is provided a method of treating severe pain, comprising adminstering to a pabient

in need thereof a therapeutically effective amount of compound of Formula It

Formula i

Wherein,
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aisindependently 23 or 7,

each b is independently 3, 5 or 6;

e isindependently 1, 2 or 6

¢ and d are each imndependently H, D, -OH, -OD, C-Cg-alkyl, -NH; or -COCHs.
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Methods for using componnds of formadal:

{6094] The mvention also mcludes methods for treating pain, severe pain, leukemia,
cancer, chronic pain, chemotherapy nduced pain, epilepsy, migraine, neuropathic pain,
post herpetic neuralgia, peuralgia, pain, drug addiction, detoxification of drugs.
Alzheimer's disease, multiple sclerosis, multiple sclerosis, restless legs syndrome (RLS),
cluster headache, depression, fObromvalgia, amyotrophic lateral sclerosis (ALS),
convulsions, partial seizures, mood-stabilizing agent and bipolar disorder,
METHODS OF MAKING

[8095] Examples of synthetic pathways useful for making compounds of formuda I are
set forth in example below and generalized in scheme 1

Scheme-1:
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[0096] Step-1: Synthesis of compound 2:
oH 50CH, Gty
)\/ NOG ——= /J\/ N
CHCl,
1 g °Creflux, 1 h z

{0097] A solution contayning 3.77g of l-dimethylamino-2-propanol and 10ml of
chioroform was cooled with sturing to about 0°C. A sohution of 3.72g freshly distilied
thiony! chioride (SOCH) in 2ml chioroform was added thereto. The reaction mixture was
allowed to come to ambient temperatore over 30 minutes, and was then boiled under
reflux for another 30 minutes {(HCI and SO» gas 13 being evolved, use good ventilation).
The precipitated material redissolved on heating. 1-dimethylamino-2-chioropropane
hvdrochlotide began to precipitate from the beiling solution. The reaction mixture was
cooled, diluted with ether and filtered The precipitate weighed 5 35g (95% vield)
Recrystatlization gave pure 1-dimethylamino-2-chloropropane hydrochlonide, mp 192-
193°C.

[0098] 2.2¢ -dimethviamino-2-chloropropane hyvdrochloride was dissolved in an equal
amount of water and 1.5ml 209 NaOH was added and thoroughly shaken. The freebase
{-dimethylamino-2-chioropropane, being insoluble in the agueous alkaline solution,
separated and was extracted with 2x5mi diethyl ether, and the combined etheral layers
were dried over MgSOy, and the ether evaporated to give an oily residue consisting of

0.8g -dimethyianuno-2-chloropropane.

[6099] If  purer  I-dimethylamino-2-chloropropane  freehase is  desired, the
hydrochloride salt can be turned into the freebase and was disulled.30g of 1-
dimethylamino-2-chloropropane hydrochloride was dissolved in 40-50ml water and made
strongly basic with 20% sodium hydroxide solution. The chlorcamine laver was
separated, dred over solid potassium hvdroxide and vacuum distilled under a weak

vacuum, bp 62-63°C/100-1 10mmHg. Yield [9g (82%).
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[00100] Step-2: Synthesis of compound 5:
AlCk
ON benzene
1 10 °g 20 QC refiux,
3 90 min 5

[00101] In a five-liter, thres-necked flask equipped with a dropping funnel whose
stem extends below the surtace of the liquid, a mercury-sealed stirrer and a reflux
condenser was protected by a calciom cldoride tube is placed 441g (3.76 moles, 290
ml) of benzyl cvanide. Cyanide was heated by stirning to 105-110°C by means of an
otl-bath. 608g (3.80 moles, 195 ml) of bromive was added 1 the course of 60-90
minutes. Throughout this period the temperature was maintained within the range
indicated above. After addition 1s complete, two liters of dry benzene was added and
the mixture 1s heated under rethax for about one hour, until virtually all the hydrogen
bromide was escaped. The dropping funnel was instantly replaced by a solid rubber

stopper.

001062} The reaction puxture was cooled to 20°C. Stirring s continuwed and 507 ¢
{3.81 moles) of powdered anhvdrous aluminum chlonde was added i portions in the
course of about ane hour with the usual precautions.
The temperature in this period was maintamned at 20-25°C. When the addition of
catalyst was complete, the temperature of the mixture was slowly raised. In about
fifteen minutes, when the temperature has reached 35-40°C, vigorous evolution of
hydrogen bromide commences. It was poured slowly and with stirning into a mixture
of 1800 g. of ice and 760 ml. of 1.1 hvdrochioric acid. The lavers were separated. The
agueous portion is extracted twice with 800-ml. portions of benzene. The combined
benzene extracts were washed successively with one liter of water, one liter of 5%
sodium carbonate and one hter of water. The washings were discarded; the benzene
solution was dried over 250g of anhydrous sodium sulfate. The benzene was distilled

at atmospheric pressure and the residue was distitled under reduced pressure using a
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steam-heated condenser; bp  160-170°C/S mmbg The crude product  was
recrystallized from methanol (0.5 mi/g); vield (in two crops) 383g (80% based on

benzyl cvanide) ; mp 73-74°C.

{00103} Step-3: Synthesis of compound 6:

ON NaQH
ety DMF
)\/N * ~
~ ! o
- - 70 °C
2 43 &

j60104] A solution of 193 g (0.1 mol) of diphenviacetonitrile i 60 ml

dimethyiformamide was added with stirting to slurry of 8g (0.2 mol) finely ground
sodium hydroxide in 40 ml dimethylformamide under nitrogen. The dark red color of the
nitrile anton was observed immediately. The mixture was heated to 75°C £3°C and
14.85¢ (0.12 mol} I-dimethylamino-2-chloropropane were added at a rate such that the
reaction temperature was maintained in the range 75-80°C with external cooling when
necessary. The reaction nuxture was stirred at 75°C. under mtrogen for | hour, cooled
and diluted with 250mi water. The agueous mixture was extracted with 400 ml of
benzene in three portions. The extracts were combined and the combined extracts were
washed with water and with saturated sodivm chloride solution, and were then dried over
anhydrous sodium suifate. Removal of the benzene at reduced pressure afforded 26 7g of
the crude mixtore of isomeric nitriles, shown by VPC analysis to contain 64.8% 2.2~
diphenyl-d-dimethylanunovaleronitrile, 34% 2 2-diphenyl-3-methyl- 4-
dimethyvlaminobutyronitrile, and 0.35% unreacted diphenvlacetonitiile, the remainder of
the material consisting of unidentifed volatile impurities. The reaction was thus 99.6%.
The ratio of isameric misiles was therefure, 65.6:34 4 in {avor of the desired valerontinle.
The crude product thus obtained was allowed to crystallize from hexane, affording 12.6g
(45%  of  theory based on  diphenvlacetonitrile) of  2.2-diphenyi-4-

dimethylaminovaleronitrile, mp 90-217C. having a purity of $9%.
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[00105] Step-4: Synthesis of compound 7:

. Ny pom
N faMgBr o N

E/\j E % O8C-70 %0, Bh O O
L;f £ aq.HOl

{00106} A S00ml distilation appavatus, equuapped with a dropping funnel, condenser,
stisrer, and drying fubes, was charged with a solution of ethyl magnesium bromide
{prepared trom 8.21g of magnesium and 35.57g of methyl bromide) in {30ml of diy
ether. A solution of 42g of compound 6 in B0ml of hot anhydrous xylene was added over
a period of 15 min. Solvent was distilled from the reaction vessel until the temperature of
the reaction mixture rose o 70-80°C, and the mixture heated under reflux for an
additional 425 h. The condenser was then arranged for distillation, and a solution
consisting of 65ml of concentrated {37.5%) hvdrochloric acid and 65ml of water was
added to the hot reaction mixture over a period of 10 min, all of the remaining solvent
distilling during this addition. The hot suspension was drawn oft and the vessel rinsed
with 20ml of 18% HCL The product hydrochloride, which crystallized upon cooling the
combined acid solutions, was collected, dissolved in 240ml of boiling water containing
2g of activated charcoal, the solution heated to boiling, filtered while hot, and the
charcoal residue washed with 10ml boiling water, A solutton of 6.5g of sodiwm
hydroxide in 10ml water was added to the combined filtrates. The freebase 7, which
solidified on coolimg, was collected, dissolved in 100m} boiling methanol, the solution
filtered to remove a small amount of suspended solid, heated to boitling, and diluted with

water until it became slightly turbid. After recrystathization vields compound 7.

{00167 Step-5: Synthests of compound 8:

\ o
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[00108] A 100-mL, oune-neck, round-bottomed flask under argon way charged with
compound 7 {52.7 mmol) and methvlene chloride (8¢ mL}. The mixture was cooled to
20° ., then liquid bromine (8.4 g, 52.7 mmol) was added slowly over 20 min. The
mixture was stirred at ambient temperature for 30 min., and then was poured over ice
watar {55 g). The liquors were separated and the aqueous laver was re-extracted with
methylene chloride (20 mL). The conbined methylene chloride extracts were contbined
and were dried over anhydrous magnesium sulfate, then filtered. The filirate was
evaporated under reduced pressure to dryness to give compound 8, which can be used for

next step without punification,

00109} Step-6: Synthesis of compound 10

g, © N~
' s K,COs -
’ * MW »»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»»» » MO %
SACER I ulr e

10

[00110] A dry suspension of potassium carbonate (7.2 mmol), 9 (48 mmol) and
compound 8 (3.3 mmol in DMF was heated to 90 °C for 5 h. The reaction muxture was
filtered over a glass microfiber filter and the filtrate was concentrated. The residue was

purified by silica gel column chromatography to provide 160,

{00111} The term "sample” refers to a sample of a body fluid, 1o a sample of separated
cells or to a sample from a tissue or an organ. Samples of body Suids can be obtained by
well known techniques and imclude, preferably, samples of blood, plasma, serum, or
arine, more preferably, samples of blood, plasma or serum. Tissue or organ samiples may
be obtained from any tissue or organ by, e.g, biopsy. Separated cells may be obtained

from the body {luids or the tissues or oreans by separating technigues such as
far ford
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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 to herein.

EQUIVALENTS

{00112} The present disclosure provides among other things composittons and methods
for treating severe pain and their complicatons. While specific embodiments of the
subject disclosure have been discussed, the above specification is illustrative and not
restrictive. Many variations of the svstems and methods herein will become apparent to
those skilled in the art upon review of this specification. The full 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, slong with such vartations.

INCORPORATION BY REFERENCE

{00113} All publications and patents mentioned herein, including those ttems listed
above, are hereby incorporated by reference in their entirety as if each iandividual
publication or patent was specifically and individually indicated to be incorporated by
reference. Tn case of cooflict, the present application, ncluding any definitions herein,

will control.
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CLAIMS

1. A compound of fornuda [

Formula {

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

or sterecisomey thereof?

Wherein,

R ®R?each independently represents -H, ~OH, -CH;, -F, -D, -0OD, -OCH;,
0
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a is independently 2,3 or 7;

each b is independently 3, 5 or 6;
eisindependently 1, 2 or 6,

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

R* independently represents H, D,
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PN, ;f\Q/\/\g)Lg;

R independently represents
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OH

HO.

=T
N

Iz

a is independently 2.3 or 7;

each b is independently 3, S or §;
eistndependently 1, 2 or 6;

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

A Pharmaceutical composition comprising a compound of claim 1 and a

pharmacewtically acceptable carrier

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

administration, buccal administration oy transdermal administration.
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9.

16,

11
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A method of treating severe pain as the undedlying etiology, the method comprising

%

administering 1o a patient in need thereof an effective amount of claim 3.

The method of claim 4, wherein the neurologic disease as the underlving etiology is
selected from pain, generalized pain disorders, levkemia, cancer, chronic pain,
chemotherapy induced pain, epilepsy, migraine, neuropathic pain, post herpetic
neuralgia, neuralgia, pain, drug addiction, detoxification of drogs, Alzheimer's
disease, multiple sclerosts, multiple sclerosis restless legs syndrome (RLS), cluster
headache, depression, fibromyalgia, amyotrophic lateral sclerosis (ALS),

convulsions, partial seizures, mood-stabihizing agent and bipolar disorder.

A pharmaceutical composition conprising & molecular conjugate of methadone and

R-Lipoic acid.

A pharmaceutical composition comprising a molecular conjugate of methadone and
eicosapentaencic acid.

A pharmaceutical composition comprising a molecular conjugate of methadone and
docosahexaenocic acid.

A pharmaceutical composition comprising a molecular conjugate of methadone and
acetyl cysteine.

A pharmaceutical composition comprising a molecudar conjugate of methadone and
salsalate.

A pharmaceutical composition comprising a molecular conjugate of methadone and

fumaric acid.
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