wo 2013/175377 A2 [N 000000 0O 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 2013/175377 A2

(51
eay)

(22)

(25)
(26)
(30)

(72)
1

31

International Patent Classification: Not classified

International Application Number:
PCT/IB2013/054098

International Filing Date:
19 May 2013 (19.05.2013)

Filing Language: English
Publication Language: English
Priority Data:

2057/CHE/2102 23 May 2012 (23.05.2012) 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,
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 MUCOSITIS

(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 1, and methods for the treatment of mucositis may be formulated for oral, buccal, rectal, topical, transdermal,
transmucosal, intravenous, parenteral administration, syrup, or injection. Such compositions may be used to treatment of mucus dis-
eases related to painful inflammation and ulceration of the digestive tract lining and in the mouth.



WO 2013/175377 PCT/IB2013/054098

COMPOSITIONS AND METHODS FOR THE
TREATMENT OF MUCOSITIS

PRIORITY

[0001] The present application claims the benefit of Indian Provisional Patent
Application No. 2087/CHE/2012 filed on 23-May-2012, the entire disclosure of which is

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

FIELD OF THE INVENTION

j0002] This disclosure generally relates to compounds and compositions for the treatment
of mucositis. More particalarly, this tnvention relates to treating subjects with a
pharmaceutically acceptable dose of compounds, crystals, polymorphs, esters, salts,

stereoisomers, enantiomers, hydrates, prodrugs, or mixtures thereof.

BACKGROUND OF THE INVENTION

{0003] Oral cavity hygiene should be considered of great importance in preventing oral
mucositis. Meticulous pretreatment assessment with periodontal, dental and radiographic
evaluation and, when necessary, restorative dental procedures performed at least three
weeks before the beginning of mucosa-toxie therapy, bave all been shown to reduce the

incidence and duration of mucositis,

j0004] The prophylaxis and treatment of oral mucositis during cancer therapies remains
an unsolved problenmt. Accurate pre-treatment assessment of oral cavity hygiene, and
mechanical cleaning using traditional mouthwashes seem to be effective in preventing the
onset of oral mucositis. Some therapeutic agents, such as benzydamine, imidazole
antibiotics, tryazolic antimycotic and povidone iodine, have shown some chnical

evidence of their efficacy in reducing oral mucositis.
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[0005] Oral mucositis 1s one of the man complications in non-surgical cancer treatients.
It vepresents the major dose-himiting toxicity for some chemotherapeatic agents, for
radiotherapy of the head and neck region and for some radio~chemotherapy combined
treatments. Many reviews and clinical studies have been published in order o define the
best clinical protocol for prophylaxis or treatment of mucositis, but a consensus has not

vet been obtained.

{0006] The prophylactic or therapeutic use of the analvzed agents, the number of enrolled
patients and the study design (randomized or not} were also specified for most studies.
Accorate pre-treatment assessment of oral cavity hygiene, frequent review of symptoms
during treatment, use of fraditional mouthwashes to obtain mechanical cleaning of the
oral cavity and administration of some agents like benzydamine, imidazole antibiotics,
tryazolic antimycotics, povidone iodine, keratinocyte growth factor and vitamin E seem
to reduce the intensity of mucositis. Physical approaches like cryotherapy, low energy
Helium-Neon laser or the use of modern radiotherapy techniques with the exclusion of
the oral cavity from radiation fields have been shown fo be efficacious in preventing
mucositis onset. Nevertheless, a consensus protocol of prophylaxis and treatment of oral

mucositis has not yet been obtained.

[8007] Managing acute pathology of often relies on the addressing underlying pathology
and symptoms of the disease. There is currently a need in the art for new compositions to

treatment of muocosiis,

SUMMARY OF THE INVENTION

{0008] 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 mucosiis,
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j0009] The invention herein provides compositions comprising of formula 1 or
pharmaceutical acceptable salts, hydrate, solvate, prodrug, enantiomer, or stereoisomer
thereof. The invention also provides pharmaceutical composiions comprising one or
more compounds of formula 1 or intermediates thereof and one or more of
pharmaceutically acceptable carriers, velucles or diluents. These compositions may be

used in the treatment of mucosits and its associated complications.
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[0010] In certain embodiments, the present invention relates to the compounds and
compositions of formula 1, or pharmaceutically acceptable salts, hydrate, solvate,

prodrug, enaptiomer or stereoisomer thereof,
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{0013] Herein the application also provides a kit comprising any of the pharmaceutical
compositions disclosed herein, The kit may comprise instractions for use in the treatment

of mucositis or its related complications.

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

administration, or transdermal admimistration.

{0615] Heremn, the application additionally provides kits compnsing the pharmaceutical
compositions described herem. The kits may further comprise instructions for use in the

treatment of mucosits 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 mucositis or its
refated complications manifested from metabolic conditions, severe diseases or disorders;
Hepatology, Cancer, Hematological, Orthopedic, Cardiovascular, Renal, Skin,

Newurological or Ocular complications.
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DETAILED DESCRIPTION OF THE INVENTION

Definitions

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

sante meaning as commouly understood to one of ordinary skill in the art.

{0018} The compounds of the present invention can be presest i the form of
pharmaceutically acceptable salts. The compounds of the present invention can also be
present in the form of pharmaceutically acceptable esters (e, the methyl and ethyl esters
of the acids of formuia I to be used as prodrugs). The compounds of the present invention
can also be solvated, 1.e. hvdrated. The solvation can be affected in the course of the
manufacturing process or can take place t.e. as a consequence of hvgroscopic properties

of an initially anhydrous compound of formula I (hvdration).

10019] 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 termead
“isomers.” Isomers that differ in the arrangement of their atoms in space are termed
“stercoisomers.” Diastereomers are stereoisomers with opposite configuration at one or
more chiral centers which are not cnantiomers. Stercoisomers beating one or more
asymmetric centers that are non- superimposable mirror images of each other are termed
"enantiomers.” When a compound has an asymmetric center, for example, if a carbon
atom is bonded to four different groups, a pair of enantiomers is possible. An enantiomer
can be characterized by the absolute contiguration of its asymmetnc center or centers and
is described by the R- and S-sequencing niles of Cahn, Ingold and Prelog, or by the
manner in which the molecule rotates the plane of polarized light and designated as
dextrorotatory or levorotatory {i.e, as (+) or {~)}-1somers 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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[0028] As used heremn, the term “metabolic condition” refers to an Inborn ervors of
metabolism (or genetic metabolic conditions) are genetc disorders that result from a

defect tn one or more metabolic pathways; specifically, the function of an enzyme i1s

affected and is either deficient or completely absent.

[0021] The term "polymorph™ as used herein is art-recognized and refers to one orystal

structure of a given compound.

[6022] The phrases “parenteral administration” and “administered parenterally”™ as used
herein refer to modes of administration other than enteral and topical administration, such
as mjections, and mnclude without limitation intravenous, intramuscular, intrapleural,
infravascular, intrapericardial, intraarierial. intrathecal, intracapsular, intraorbital,
intracardiac, intradennal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intra-

articular, subcapsular, subarachnoid, intraspinal and intrastemal injection and infusion.

[6023] A “panent,” “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.

{6024] The phrase “pharmaceutically acceptable” is art-recognized.  In certain
embodiments, the term includes compositions, polymers and other materials andfor
dosage forms which are, within the scope of sound medical judgment, suitable for use n
contact with the tissues of mammals, buman beings and animals without excessive
toxieity, irmitaton, allergic response, or other problem or complication, commensurate

with a reasonable benefit/risk ratio.

[0025] The phrase “pharmaceutically acceptable carvier™ s art-recognized, and includes,
for example, pharmacentically acceplable materials, compositions or vehicles, such as a
liquid or solid filler, dilnent, solvent or encapsulating material involved 1 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

10
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compatible with the other mgredients of a subject composition and not injarious to the
patient. In certain embodiments, a pharmaceutically acceptable carrier s non-pyrogenic.
Some examples of materials which may serve as pharmaceutically acceptable carriers
inclade: {1) sugars, such as lactose, glucose and sucrose; (2) starches, such as corn starch
and potato starch; (3) cellulose, and ity dedvatives, such as sodium carboxvmethyl
celhilose, ethyl cellulose and cellufose 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 oil, olive ail, com oil and sovbean aif; {10} glycols,
such as propylene glyeol; (11) polvals, such as glveerin, sorbitol, mannitol and
polvethylene glycol; (12} esters, such as ethyl oleate and ethy! laorate; {13) agar; (14)
buffering agents, sach as magnesiuvm hydroxide and aluminum hydroxide; (15} alginic
acid; (16) pyrogen-free water; {17) isotonic saline; (18) Ringer's solution; (19) ethyl
alcohot; (20} phosphate buffer selutions; and (21) other non-toxic compatible substances

employed in pharmaceutical formulations.

[0026] The term “prodrug” is intended to encompass compounds that under
physiological conditions, are converted into the therapeutically active agents of the
present invention. A commmon method for making a prodrug 1s 1o inclade selected
moieties that are bydrolyzed under physiological conditions to reveal the desired
molecule. In other embodiments, the prodrug is converted by an enzymatic activity of the

host animal.

[0027] The term “prophylactic or therapeutic” treatment is art-recognized and includes
administration to the host of one or more of the subject compositions. I it is
administered prior to clinical manifestation of the wnwanted condition {e.g., disease or
other unwanted state of the host animal) then the treatment is prophylactic, Le., it protects
the host against developing the unwanted condition, whereas if it is adminstered after
manifestation of the unwanted condition, the treatment is therapeutic, (i.e., it is intended
to diminish, ameliorate, or stabilize the existing unwanted condition or side effects

thereot).

11



WO 2013/175377 PCT/IB2013/054098

j0028] The term "predicting” as used herein refers {0 assessing the probability related
diseases patient will saffer from abpormalities or complication and/or terminal platelet
aggregation or failure and/or death (e mortality) within a defined time window
{predictive window) in the future. The mortality may be cansed by the central nervous
system or complication. The predictive window 1s an mterval in which the subject will
develop one or more of the said complications according to the predicted probability, The
predictive window may be the entire remaining bifespan of the subject upon analysis by

the method of the present invention.

j0029] The term "trealing” 15 art -recognized and includes preventing a disease, disorder
or condition from occurning in an animal which may be predisposed to the disease,
disorder and/or condition but has not yet been diagnosed as having it; inhibiting the
disease, disorder or condition, e.g., impeding its progress; and relieving the disease,
disorder, or condition, e.g., causing regression of the disease, disorder and/or condition.
Treating the disease or condition includes ameliorating at least one symptom of the
particular disease or condition, even if the underlying pathophysiology is not affected,
such as treating the mucositis or mucus diseases, such as painful inflammation and
ulceration of the digestive tract lining and in the mouth of a subject by administration of
an agent even though such agent does not treat the cause of the condition. The term
“treating”, “treat” or "treatment” as used herein includes curative, preventative (e.g,

prophylactic), adjonct and palliative treatment.

{0036] 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 benefitmsk ratio applicable to
any medical treatment. In certaim embodiments, the term refers to that amount necessary
or sufficient to eliminate or reduce medical symptoms for a perod of time. The effective
amourt may vary depending on such factors as the disease or condition being treated, the

particular targeted coustructs being administered, the size of the sabject, or the severity of

12
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the disease or condition. One of ordinary skill 1 the art may empirically determine the
effective  amount of a paticular composition  without necessitating  undue

experimentation.

[0031] In certain embodiments, the pharmaceutical compositions described herem ave
formulated in a manner such that said compositions will be delivered to a patient in a
therapeutically effective amount, as part of a prophylactic or therapeutic treatment. The
desired amount of the composition to be admunistered to a patient will depend on
absorption, nactivation, and excretion rates of the drug as well as the delivery rate of the
salts and cornpositions from the subject compositions. 1t is to be noted that dosage values
may also vary with the seventy of the condition to be alleviated. It 15 to be further
understood that for any particular subject, specific dosage regimens should be adjusted
over time according to the individual need and the professional judgment of the person
administering or supervising the administration of the compositions. Typically, dosing

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

{6032] Additionally, the optimal concentration andfor quantities or amounts of any
particular salt or composition may be adjusted to accommeodate varations i the
treatment parameters. Such treatment parameters include the clinical use to which the
preparation is put, e.g., the site treated, the type of patient, e.g., human or non-human,

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

[8033] 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 (Ciax) and the area under the plasma concentration-time curve from time

0 to Infinity may be used.

0034} When used with respect to a pharmaceutical composition or other material, the

term “sustained release” i3 art-recognized. For example, a subject composition which

13
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releases a substance over time may exhibit sustained release characteristics, in contrast to
a bolus type adowmistration in which the entive amount of the substance is made
biologically available at one time. For example, in particudar embodiments, upon contact
with body fluids including blood, spinal fluid, mucus secvetions, lymph or the like, one or
more of the pharmaceutically acceptable exciplents may andergo gradual or delayed
degradation (eg., through hydrolysis) with concomitant velease of any material
incorporated  therein, e.g, an therapeutic and/or biologically active salt andior
compaosition, for a sustained or extended period (as compared to the release from a
bolas),  This release may result 1 prolonged delivery of therapeutically effective

amounts of any of the therapeutic agents disclosed heren.

{0033] The phrases “systemic administration,” “administared systemically,” “peripheral
administration”™ and “adnunistered peripherally” are art-recognized, and include the
administration of a subject composition, therapeutic or other matenal at a site remote
from the disease being treated. Adnunistration of an agent for the disease being treated,
even if the agent is subsequently distributed systemically, may be termed “local”™ or
“topical” or “regional” administration, other than directly into the central nervous svstem,

e.¢., by subcutaneous adnunistration, such that it enters the patient’s system and, thus, i

subject to metabolism and other like processes.

[0036] The phrase “therapeutically effective amount” is an art-recognized term.  In
certam embodiments, the term refers to an amount of a salt or composition disclosed
herein that produces some desired effect at g reasonable benefitmsk ratio applicable to
any medical treatment. In certain embodiments, the term refers to that amount necessary
or sufficient to eliminate or reduce medical symptorms 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 paticular composibon  without aecessitating  undue

experimentation.

14
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[0037] The present disclosure also contemplates prodrogs of the compositions disclosed

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

f0038] This apphcation also discloses a pharmaceutical composition comprising a
pharmaceutically acceptable carmer and the composition of & compound of Formula |
may be formulated for systemic or topical or oral admimsstration.  The pharmaceutical
composition may be also formulated for oral administration, oral solution, injection,
subdermal  admimstration, or transdermal administration. The pharmmaceutical
composttion may further comprise at least one of a phamaceutically acceptable

stabihizer, diluent, surfactant, filler, hinder, and lubsicant.

[6039] In many embodiments, the pharmaceatical composttions described herein will
incorporate the disclosed compounds and compositions (Formula 1) to be delivered 1o an
amount sufficient to delivar to 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 { or 1ts 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. It is to be noted that dosage values
may also vary with the severity of the condition to be alleviated. It is 0 be further
understood that for any particular subject, specific dosage regimens should be adiusted
over time according to the mdividual need and the professional judgment of the person
adnunistering or supervising the administration of the composttions. Typically, dosing

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

[6040] Additionally, the optimal concentration andior guantities or amounts of any
particular compound of formula 1 may be adjusted to accommodate variations in the
treatment parameters.  Such treatment parameters mclude the clinical use to which the
preparation 18 putl, e.g., the site treated, the type of patient, e.g.. human or non-human,

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

15
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{0041] The concentration and/or amount 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, diffusion rates of
the salts or compositions, and local blood flow before and after administration of
therapeutic formulations disclosed herein. One such method is ovcrodialysis, as
reviewed by T. E. Robinson et al., 1991, microdialysis in the nevrosciences, Technigues,
volume 7, Chapter 1. The methods reviewed by Robinson may be applied, in brief, as
follows. A microdialysis loop 15 placed in sitw in a test animal. Dralysis fluid ts pumped
through the {oop. When compounds with formula 1 such as those disclosed herein are
injected adjacent to the foop, released drugs are collected in the dialysate in proportion to
their focal tissue concentrations. The progress of diffusion of the salts or compositions
may be determined thereby with suitable calibration procedures using known

concentrations of salts or compositions.

[0042] In certain embodiments, the dosage of the subject compounds of formula |
provided hereln may be determined by reference to the plasma concentrations of the
therapeutic composition or other encapsulated materials. For example, the maximom
plasma concentration (Cmax) and the area under the plasma concemtration-time curve

from time 0 to wfinity may be used.

[0043] Generally, in carrying out the methods detailed in this apphicgtion, an effective
dosage for the compounnds of Formulas I1s in the range of about 0.01 mgfkg/day to about
100 mg/kgrday in single or divided doses, for mstance 0.01 mg/kg/day to about 50
mgfkg/day 1o single or divided doses. The corpounds of Formulas I may be administered
at & dose of, for example, less than (0.2 mg/kg/day, 0.5 my/kg/day, 1.0 mg/kg/day, 5
mgfkg/day, 10 mglkg/day, 20 mgikg/day, 30 mg'kg/day, or 40 mg/kg/day. Compounds of
Formula 1 may also be adnunistered to a human patient at a dose of, for example,
between 0.1 mg and 1000 mg, between 5 myg 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 myg per day. In certamn

16
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embodiments, the compositions herein are administered at an amount that 15 less than
5%, 90%, 80%, 70%, 60%%, 50%, 40%%  30%, 20%, or 10% of the compound of formula

1 required for the same therapeutic bevefit.

j0044] An effective amount of the compounds of formula 1 described herein refers to the
amount of one of said salts or compositions which 1s capable of inhibiting or preventing a

disease.

[0045] An effective amount may be suffictent to prohibit, treat, alleviate, ameliorate, halt,
restrain, slow or reverse the progression, or reduce the severity of a complication
resulting from nerve damage or demvelization and/or elevated reactive oxidabive-
pitrosative species and/or abpormalities in physiological homeostasis’s, in patients who
are at risk for such complications. As such, these methods include both medical
therapeutic (acute} and/or prophvlactic {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 phvsician may titrate doses of
the drug to achieve the treatment that the physician considers appropriate for the patient.
In considering the degree of treatment desired, the physician must balance a vanety of
factors such as age of the patient, presence of preexisting disease, as well as presence of

other diseases.

[0046] The compositions provided by this apphication may be admimistered to a subject
in need of treatment by a variety of conventional routes of administration, melading
orally, topically, parenterally, eg. intravenously, subcutaneously or intramedullary.
Further, the compositions may be administered intranasally, as a rectal suppository, or
using a "Hash" formulation, 1.e., allowing the medication to dissolve in the mouth without
the need to use water. Furthermore, the compositions may be administered to a subject in

need of treatment by coontrolled release dosage forms, site specific dirug delivery,

17
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transdermal drug delivery, patch (active/passive) mediated drug delivery, by stereotactic

injection, or in nanoparticles

j0047] The compositions may be administered alone or in combination with
pharmaceutically acceptable carriers, vehicles or diluents, i either single or multiple
doses. Suitable pharmaceutical carriers, vehicles and diluents include inert solid dituents
or fillers, sterile aqueous solutions and various organic solvents, The pharmaceutical
compositions formed by combining the compositions and the pharmaceutically
acceptable carriers, vehlicles or diuents are then readily admimstered in a vartety of
dosage forms such as tablets, powders, {ozenges, syrups, injectable solutions and the like.
These pharmaceutical compositions can, if desired, contain additional ingredients such as
flavorings, binders, excipients and the like. Thus, for purposes of oral administration,
tablets containing 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 certain complex silicates, together with binding agents such as
polyvinylpyvrrolidone, sucrose, gelatin and acacia. Additionally, lubricating agents such
as magnesium stearate, sodium lauryl sulfate and tale are often useful for tabletting
purposes, Solid compositions of a similar type may also be emploved as fillers 1o sott and
hard filled gelatin capsules. Appropriate materials for this include lactose or milk sugar
and high molecular weight polvethylene glycols. When aqueous suspensions or elixirs are
desired for oral administration, the essential active mgredient 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,
propylene glveol, glveerin and combinations thereof. The compounds of formula 1 may
alse comprise enterically coated comprising of various excipients, as is well known in the

pharmaceutical art.
[0048] For parenteral admunistration, sotutions of the compositions may be prepared 1n

{for example) sesame or peanut oil, aqueous propylene glyeol, or i sterile agueous

solutions may be emploved. Such agueocus solutions should be suitably buifered if

18



WO 2013/175377 PCT/IB2013/054098

necessary and the hguad diluent first rendered isotonic with sufficient saline or glucose.
These particular aqueous solotions are especially suttable for mtravenous, intramuscular,
subcutaneous and intraperitoneal administration. In this connection, the sterile aqueous
media employed are all readity available by standard techniques known to those skilled in

the art.

[0049] The formulations, for instance tablets, may contain e.g 10 to 100, 80 to 250, 150
to 300 me, or 350 to 300 mg e.g. 10, 50, 100, 300, 300G, 700, 800 myg of the compounds of
formula 1 disclosed herein, for mstance, compounds of formula | or pharmaceutical

acceplable salts of a compounds of Formula L

[0056] Generally, a composition as described herein may be administered orally, or
parenterally {e.g., tntravenous, intramuscular, subcutaneous or mrameduliary). 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
hest applied 1o the surface of a tissue o organ as determined by the attending physictan.
Localized administration may also be indicated, for example, when a high dose is desired
at the target tissue or organ. For buccal admimstration the active composition may take

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

[0051] The dosage administered will be dependent upon the wdentity of the metabolic
disease; the type of host involved, including ity age, health and weight; the kind of

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

[0052] Hlustratively, dosage levels of the administered active ingredients are:
intravenous, 0.1 to about 200 mg/kg, intramuscular, 1 to about 500 myg'kg; orally, 5 w0

about 1000 me/kg, mtranasal instiliation, S to about 1000 mg/ke;, and aerosol, 5 to about

1000 mgfkg of host body weight.

[00S3] Expressed in terms of concentration, an active ingredient can be presemt in the

composttions of the present invention for localized use about the cutis, intranasally,

19



WO 2013/175377 PCT/IB2013/054098

pharyngolaryngeally, bronchially, intravaginally, rectally, or ocularly in a concentration
of from about 0.0} to about S0% wiw of the composttion; preferably about ! to about
20% w/w of the composition; and for parenteral use in a concentration of from about (.05

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

{0054] The compositions of the present invention ave preferably preseated for
administration o humans and amumals in unit dosage Torms, 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 hke,
containing suaitable quantities of an active ingredient. For oral administration either solid

or floid unit dosage forms can be prepared.

{8055 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, polyatkyiene glveols, thermoplastic pelvalkylene oxides, acrylic polvmers,
hydrocolloids, clays, gelling starches, swelling cross-linked polymers, and mixtures
thereot. Examples of suitable water swellable cellulose derivatives include, but are not
limited to, sodium carboxymethylcellulose, cross-linked hydroxyvpropyleelluiose,
hydroxypropyl cellulose  (HPC), hydroxypropylmethylcellutose {(HPMC),
hydroxyisopropyleetiulose, hydroxybutviceliulose, hydroxyphenyleellulose,
hydroxyethyleellulose (HEC), hvdroxypentyleeltulose,  hvdroxypropylethyleelluiose,
hydroxypropyibutyleelhdose, and hydroxypropylethyleellulose, and nuxtures thereof.
Examples of suitable polvalkylene glycols include, but are not imited to, polvethylene
glveol. Examples of suitable thermoplastic polyalkyvlene oxides include, but are not
limited to, poly(cthylene oxide). Examples of suitable acrviic polymers include, but ave
not limited 10, potassitan methacrylatedivinylbenzeoe copolymer,
polvmethyimethacrylate, 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 gum, kappa carrageenan, iota
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carrageenan, tara, gum arabic, tragacanth, pectin, xanthan gum, gellan g, maltodexinn,

gelatin,

o

galactomannan, pusstulan, lammarin, scleroglucan, gum avabic, mulin, pectin,
whelan, rhamsan, zooglan, methylan, chitin, cvclodextrin, chitosan, and mixtures thereof.
Examples of suitable clays include, but are not Hoited to, smectites such as bentonite,
kaolin, and laponite, magoesium trisilicate, magnesium aluminam silicate; and mixiures
thereof Examples of switable gelling starches include, bt are not bmited to, acid
bydrolyzed starches, swelling starches such as sodium starch glycolate and deryvatives
thereof, and mixtures thereof Exampiles of suitable swelling cross-linked polvmers
include, but are not limited to, cross-linked polyviny! pywrolidone, cross-linked agar, and

cross-linked carboxymethylcellulose sodium, and mixtures thereof.

[0056] The carrier may contain one or more suitable excipients for the formulation of
tablets. Examples of suitable excipients include, but are not limited to, fillers, adsorbents,
binders,  disintegrants,  lubricants,  glidamts,  release-modifving  excipients,

superdisintegrants, antioxidants, and mixtures thereof.

[6057] Suitable binders include, but are not limited to, dry binders such as polyvinyl
pyrrolidone and  hydroxypropyimethyleellnlose; wet binders such as water-soluble
polymers, including hydrocolloids such as acacia, alginates, agar, goar gum, locust bean,
carrageenan, carboxymethyleeliulose, tara, gum arabic, tragacanth, pectin, xanthan,
gellan, gelatin, maltodextrin, galactomannan, pusstulan, laminarin, scleroglucan, fnulin,
whelan, rthamsan, zooglan, methylan, chitin, cyclodextrin,  chitosan, polvvinyl
pyrrolidone,  cellulosies, sucrose, and  starches, and mixtures thereof.  Suitable
disintegrants include, but are not himited to, sodium starch glycolate, cross-inked
polyvinvipyrrolidone, cross-linked carboxymethyleellulose, starches, microcrystaliine

celldose, and mixtures thereof.

{0058] Suitable lobricants include, but are not limtted to, fong chain fatty acids and their
salts, such as magnesium stearate and steanic acid, tale, glycerides waxes, and mixtures

thereot.  Suitable glidants clude, but are not limited to, collotdal silicon dioxide.
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Suitable release-modifying excipients inclode, but are not hmited to, insoluble edible

materials, pH-dependent polymers, and mixtures thereof,

j0039] Suitable insoluble edible materials for use as release-modifying excipients
nclude, but are vot lited to, water-insoluble polymers and low-melting hydrophobic
matesials, copolymers thereof, and mixtures thereof. Examples of suitable water-
msoluble polvmers include, bt are not limited to, ethylecethdose, polyvinyl alcohols,
polyvinyl acetate, polycaprolactones, cellulose acetate and its desivatives, acrylates,
methacrylates, acrylic acid copolyvmers, copolymers thereof, and mixtures thereof
Suitable low-melting hydrophobic materials inclode, but are not imited to, fats, fatty acid
esters, phospholipids, waxes, and mixtures thereof, Examples of suitable fats include, but
are not hmted to, hydrogenated vegetable cils such as for example cocoa butlter,
hydrogenated palm kemel oil, hydrogenated cottonseed oil, hydrogenated sunflower ol,
and hydrogenated sovbean oil, free fatty acids and their salts, and mixtures thersof.
Examples of suitable fatty acid esters include, but are not limited to, sucrose fatty acid
esters, mono-, di-, and triglycerides, glyvceryl behenate, glyceryl palmitostearate, glyceryl
monostearate, glycervl tristearate, glyceryl trilaurvlate, glyveeryl myristate, GlycoWax-
932, lauroyl macrogol-32 glycerides, stearov] macrogol-32 glycerides, and nuxtures
thereof. Examples of suitable phospholipids include phosphotidyl choline, phosphotidyl
serene, phosphotidy! enositol, phosphotidic acid. and mixtures thereof. Examples of
suttable waxes include, but are not hmtted to, carnauba wax, spermaceti wax, beeswax,
candelilla wax, shellag wax, microcrystalline wax, and paraffin wax; fat-containing
muxtures such as chocolate, and mixtures thereof. Examples of super disitegrants
include, but are not fimited to, croscarmeliose sodium, sodium starch glycolate and cross-
linked povidone {crospovidone). In one embodiment the tablet core contains up to about

S percent by weight of such super disintegrant.
[0060] Examples of antioxidants include, ugt are not himited to, tocopherols, ascorbic

acid, sodnam pyrosuliite, butvlhydroxyiloluene, butylated hydroxyanisole, edetic acid, and

edetate salts, and mixtures thereof. Examples of preservatives include, but are not limited
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to, citric acid, tartaric acid, lactic acid, malic acid, acetic acid, benzoic acid, and sorbic

acid, and mixtures thereof,

[0061] In one embodiment, the immediate release coating has an average thickness of at
least 50 microns, such as from about 30 nuecrons to about 2500 microns; e.g., from about
250 mucrons to about 1000 pucrons.  In embodiment, the immediate release coating is
typically compressed at a density of more than about 0.9 g/cc, as measured by the weight

and volume of that specific laver.

{0062] In one embodiment, the immediate release coating contains a first portion and a
second portion, wherein at least one of the portions contains the second pharmaceatically
active agent. In one embodiment, the portions contact gach other at a center axis of the
tablet. In one embodiment, the first portion includes the first pharmaceutically active

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

[0063] In one embodiment, the first portion contains the frst 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,

[0064] In one embodiment, the outer coating portion 1s prepared as a dry blend of
materials prior to addittion to the coated tblet core. In another embodiment the outer
coating portion is included of a dried granulation mclading the pharmaceotically active

agent.

{06065] Formulatons with different drug release mechanisms described above counld be
combined in a final dosage forn contaiming single or multiple wits. Examples of
multiple units include multilayer tablets, capsules containing tablets, beads, or granules in

a solid or liguid form. Typical, immediate release formulations include compressed
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tablets, gels, films, coatings, Bquids and particles that can be encapsulated, for example,
in a gelatin capsule. Many methods for prepating coatings, covering or incorporating

drugs, are known in the ant

[0066] The nmmediate release dosage, unit of the dosage form, i.e, a tablet, a plurality of
drug-containing beads, granules or particles, or an outer laver of a coated core dosage
form, contains a therapeotically effective quantity of the active agent with conventional
pharmaceuntical 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 mixture of immediate release drug~contaimng granules, particles or beads

and delaved release drug-containing granales or beads}.

[0067] Extended release formulations are generally prepared as diffusion or osmaotic
systems, for example, as described in "Remington—The Science and Practice of
Pharmacy”, 20th. Ed., Lippincott Williams & Wilkins, Baltimore, Md., 2000} A
diffusion svstem typically consists of one of two types of devices, reservoir and matrix,
which are welltknown and described in die art. The matrix devices are generally prepared

by comipressing the drug with a slowly dissolving polviner carrier inte a tablet form.

[0068] An immediate release portion can be added to the extended release system by
means of cither applying an immediate release fayer on top of the extended release core;
using coating or compression processes or i a multiple unit system such as & capsule

containing extended and iramediate release beads.

{0069] Delayed release dosage tormulations are created by coating a solid dosage form
with a film of a polymer which 15 insoluble 1 the acid environment of the stomach, but
soluble 10 the neutral environment of small intestines. The delaved 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 a tablet for

incorporation usto a capsule, a tablet for use as an nner core in a "coated core” dosage
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form, or a plurality of drug-containing beads, paricles or granules, for incorporation into

either a tablet or capsule.

[0076] A pulsed release dosage form is one that mimics a mudtiple dosing profile
without repeated dosing and typically allows at least a twofold reduction m dosing
frequency as comparad to the drug presented as a conventional dosage form {eg . as a
solutton or prompt drug-releasig, conveuational solid dosage form). A pulsed release
profile is characterized by a time pericd of no release {lag time} or reduced release

followed by rapid drag release.

{6071} 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 %o to 70 wil %, preferably 40 wt. %4 10 60 wi. %%, of the total amount of active agent
in the dosage form is released in the nitial pulse, and, correspondingly approximately 70
wi. %6 t0 3.0 wi. %%, preferably 60 witl %6 to 40 wt. Yo, of the total amwount of active agent in
the dosage fonm 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 hours, following

administration.

j0072] Another dosage form contains a compressed tablet or a capsule having a drug-
containing inmediate release dosage unit, a delayed release dosage unit and an optional
second delayed release dosage unit. In this dosage form, the immediate release dosage
unit contains a plorality of beads, granules particles that release drug substantially
immediately following oral administration to provide an mitial dose. The delaved release
dosage umit contains a plurality of coated beads or granules, which release drug
approximately 3 hours to 14 hours following oral administration to provide a second

dose.
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[0073]  For purposes of transdermal (e g topical} admimisteation, dilute stenile, aqueous
or partially aqueous solutions {usually in about 0.1%% to 5% concentration), otherwise

stmifar to the above parenteral solutions, may be prepared.

[0074] Methods of preparing various pharmacentical coropositions with a certain
amourtt of one or more compounds of fornuda 1 or other active agents are known, or will
be apparent in hight of this disclosure, {0 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).

{00751 In addition, in cerfmn embodiments, subject compositions of the present
application mavbe lyophilized or subjected to another appropriate drying technique such
as spray drying. The subject compositions may be administered 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.

[0076] Formulations useful in the methods provided herein include those suitable for
oral, nasal, topical {including buccal and sublingual), rectal, vaginal, aerosol andior
parenteral adminmistration.  The formulations may convemently 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 a carrier matenial 1o
produce a single dose may vary depending upon the subject being treated, and the

particular mode of admimstration.

{0077 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 ngredients.  In general, the formulations arve prepared by uniformly and
intimately bringing into association a subject composition with liquid carriers, or finely

divided solid carriers, or both, and then, if necessary, shaping the product.
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{0078]  The compounds of formula I described herein may be administered in inhalant
or acrosol 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%
wivw, for instance 0.005-530%, 0.005-5% wiw, or 0.01-1.0% whw, of medicament relative

to the total weight of the formulation.

160791 In solid dosage forms for oral administration (capsules, fablets, pills, dragees,
powders, granules and the like), the subject composition is mixed with one or more
pharmaceuntically acceptable carriers andfor any of the following: (1} fillers or extenders,
such as starches, lactose, sucrose, glucose, mannitol, and/or silicic 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, calcium carbonate, potato or tapicca starch, slginic acid, certain silicates, and
sodium carbonate; (5) solution retarding agents, such as paraffin; (6} absorption
accelerators, such as quaternary ammonium compounds; {7) wetting agents, such as, for
example, acety! alcohol and glveerel monostearate; (8) absorbents, such as kaolin and
bentonite clay; (9) lubricants, such a tale, calcium stearate, magnesiwn stearate, solid
polyethylene glycols, 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.  Sohd compositions of a sinular type may also be
emploved as fillers in soft and hard-filled gelatin capsules using lactose or milk sugars, as

well as lugh molecolar weight polvethylene glveols and the like,

{0088} Ligquid dosage forms for oral admunistration include pharmaceutically acceptable
emaolsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the
subject compositions, the lquid dosage forms may contain inert diluents commonly used
i the art, such ag, for example, water or other solvents, solubilizing agents and
eoudsifiers, such as ethyl alcohol, tsopropyl alcohol, ethyl carbonate, ethyl acetats,

benzyl alcohol, benzyl benzoate, propylene glyveol, 1.3-butylene glveol, oils (in particular,
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cottonseed, corn, peanut, sunflower, soybean, olive, castor, and sesame ails), glycerol,
tetrahydrofuryl aleohol, polyethylene glycols and fatty acid esters of sorbitan, and

mixtures thereof

j0081] Suspensions, in addition to the subject compositions, may contain suspending
agents such as, for example, ethoxviated isosteary] alcohols, polyoxyethviene sorbitol,
and sorbitan esters, microcrystalime cellidose, alommum metahydroxide, bentonite, agar-

agar and fragacanth, and mixtures thereof.

[6082] 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, cocoa buiter, polyethylene
glycol, a suppository wax, or a salicylate, and which is solid at room temperature, but
liquid at body temperature and, therefore, will melt in the appropriate body cavity and
release the encapsulated compound(s) and composition{s}. Formulations which are
suitable for vaginal administration also include pessaries, tampons, creams, gels, pastes,
foams, or spray formulatious containing such carriers as are known in the art to be

appropriate.

{0083] Dosage forms for transdermal administration include powders, sprays,
omtiments, pastes, creams, lotions, gels, solutions, paltches, and mhalants. A subject
compaosttion may be nuxed wnder sterile conditions with a pharmaceutically acceptable
carrier, and with any preservatives, buffers, or propellants that may be requived. For
transdermal administration, the complexes may nchade lipophilic and hydrophilic groups

to achieve the desired water solability and transport properties.

[0084] The ointments, pastes, creams and gels may contain, in addition to subject
compositions, other casriers, such as animal and vegetable fats, oils, waxes, paraffins,
starch, tragacanth, cellulose denvatives, polvethvlene glveols, silicones, bentonites,

silicic acid, talc and zinc oxide, or mixtures thereof. Powders and sprays may contain, in
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addition to a subject composition, excipients such as lactose, tale, silicic acid, aluminam
hydroxide, calcium sibicates and polyamide powder, or mixtures of such substances.
Sprays  may  additionally  contain  customary  propellants,  such  as
chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons, such as butane and

propane.

{0085] 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, 6,564,093, 6312716, 6440454, 6,267 983, 6,239,180, and

6,103,275.

[0086] In another embodiment, a transdermal patch may comprise: a substrate sheet
comprising a composite film formed of a resin composition comprising 100 parts by
weight of a polvvinyl chloride-polyurethane composite and 2-10 parts by weight of a
styrene-ethylene-butylene-styrene copolymer, g first adhesive fayer on the one side of the
composite film, and a polvalkylene terephthalate film adhered to the one side of the
composite film by means of the first adhesive layer, a primer laver which comprises a
saturated polvester resin and 1s formed on the surface of the polvalkylene terephthalate
film; and a second adhesive layer comprising a styrene-diene-styrene block copolymer
containing a pharmacentical agent layered on the primer layer. A method for the
manufacture of the above-mentioned substrate sheet comprises preparing the above resin
composition molding the resto composition into a composite film by a calendar process,
and then adhering a polvalkylene terephthalate film on one side of the compostte tilm by
means of an adhesive laver thereby forming the substrate sheet, and torming a primer
layer comprising a saturated polyester resin on the outer surface of the polyalkylene

terephthalate film.
[6087] Another type of patch comprises incorporating the drug directly in a

pharmaceutically acceptable adhesive and laminating the drug-containing adhesive onto a

suitable backing member, e.g. a polyester backing membrane. The drug should be present
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at a concentration which will not affect the adhesive properties, and at the same time

deliver the requived clinical dose.

[0088] Transdermal patches may be passive or active.  Passive transdermal drug
dehivery systems currently available, such as the nicotine, estrogen and mitroglyeerine
patches, deliver small-molecile drugs. Many of the newly developed proteins and peptide
drugs are too large o be delivered through passive transdermal patches and may be
delivered using technology such as electrical assist (fontophoresisy for large-molecule

drugs.

{6089 lontophoresis 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 molecolar transport across the skin are {a)
repelling a charged ion from an electrode of the same charge, (b} electroosmosis, the
convective movement of solvent that occurs through a charged pore in response the
preferential passage of counter-ions when an electric field is applied or (¢} inerease skin

permeability due to application of electrical current.

[0096] In some cases, it may be desirable to administer in the form of a kit, it may
comprise & container for containmog the separate compositions such as a divided bottle or
a divided foil packet. Typically the kit comprises divections for the administration of the
separate components. The kit form is particularly advantageous when the separate
components are preferably administered in different dosage forms {eg, oral and
parenteral}, ave adnunistered at different dosage intervals, or when ftitration of the

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

{6091 An example of such a kit is a so-called blister pack. Blister packs are well known

m the packaging industry and are widely used for the packaging of pharmaceutical wut
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dosage forms (tablets, capsules, and the tike). Blister packs generally consist of a sheet of

relatively stiff material covered with a foil of a plastic material that may be transparent.

[0092] Methods and composttions for the treatment of mucositis. Among other things,
herein s provided a method of treating mucositis, comprising administering to a patent

i need thereof a therapeutically effective amount of compound of Formula 1
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Methods for using compounds of formula I

The invention also includes methods for the treatment of mucositis, mucus diseases, such
as pamnful inflammation and ulceration of the digestive tract hining and in the mouth.

Treatment of hypertension, neuropathic pain, opioid detoxification, sleep hyperhidrosis,
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veterinary  anaesthetic drug, treating amaety, panic disorder, restless leg svndrome,
ADHD in an extended release torm. Treatment of insomnia, as well as for relief of
menopausal symptoms. Treatment of attention-deficit hyperactivity disorder (ADHD),
Treatment of Tourette syndrome {specifically for tics). Treatment of withdrawal
symptoms associated with the long-term use of parcotics, alcohol and vicotine (srooking).
Treatment of opioid withdrawal symptoms by reducing the sympathetic nervoas system
response such as tachyveardia and hypertension, as well as reducing sweating, hot and
cold flushes, and general restlessness. Treatment of migraine headaches and hot {flashes
assoctated with menopause. Treatment of psychiatric disorders including stress, sleep
disorders, and hyperarousal caused by post-traumatic stress disorder, borderdine
personality disorder, and other anxiety disorders. Treatment as mild sedative, and can be
used as premedication before surgery or procedures. For the treatment of pain during

heart attack, postoperative and intractable pain.
METHODS OF MAKING

{6094] Examples of synthetic pathways useftd for making compounds of formula I are

set forth in example below and generalized in scheme 1

Scheme-1:
i
| HN)
i & Et,0
180 3C-rt
* BN T - U | NP Y NHCOORt 80 Gt
i, &h P 6h
4
1 2 3
NH
HATU
LIOM HYO }LN,CQOH NH,
------------------------------------- td HN + DIPEA
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[0095] Step-1: Synthests of compound 3

NH;

G Cl Et,0
+ BrCN T o Ci Cl
if, &h

[0096] A solution of cyanogen bromide 2 (3.31 g 31.26 mmol) in EO (25 ml) was
added slowly to a stirred solution of compound 1 (50 nmumol) in ERO (50 ml) and
continued stirring at room temperature for & hours. To the reaction mixture water was
added and the two lavers were separated. The organic laver was dried over Na2804,

filtered and evaporated to obtain compound 3.

{6097] Step-2: Synthesis of compound 5

1'\*| NH
' K -co0Et
HN N
180 °C-rt R
¢ CL % NHyCOOEt i G ct
6h
3 4 5

{6098] A mixture of compound 3 (2. 86 mmol) and compound 4 {520 mg, 2.86 mmaol)
was heated in a pre-heated oil bath at 160 to room temperature. The resulting solid was
taken in dichloromethane and washed with 109 NaOH solution. The organic laver was
concentrated and the resulting residue was flash chromatographed on silica gel 1o

yield compound 5.

{0099] Step-3: Synthesis of compound &

NH PMH
K cooRt  LiOHHO COOH
N A N
HN H B HMN o
o o THEH,O Ol A O
. 4h »
5
&
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j00180} Compound 5 (1 mmol} was taken in RB and added THF, water (111, 444 mi) and
Lithium hydroxide monohydrate 2 mmot at room temperature and stirved the reaction
mixture at 1t for 4h. After completion of the reaction as indicated by TLC the mixture
was acidifted with 10%% aqueous citric acid and added ethyl acetate. The layers were
separated and the orgamic layer was dried over NapSQy and removed the solvent to vield

the compound 6.

{00101} Step-4: Synthests of compound 8:

HN o + WDIFEA L
cl ol DME /NLH{« o
t-50°C, 3 h N7 "NH,
Sl ALC 8
8 7 P

[00102] A 50 mi. vial was charged with a magoetic spin bar, compound 7 {0.125 g, 0.38
mmol), acid 6 (0.109 g, 0.57 mmol}, DMFE {1.912 wml}, and ditsopropylethylamine {0.334
ml, 1.91 mmol). With stirring, HATU (0291 g, 0.76 mmol) was added and the reaction
was warmed to S0°C for 3 h. The reaction was then diluted with water and extracied with
ethyl acetate (3X30 mbL). The combined organic extract was dried with MgSO4, filtered
through a bed of Celite, and cone, in vacuo to vield the product which was purified via
silica gel to yield the final compound 8. MF: Cl6HISCI2ZN4O | Mol Wi 350.07 |
Elemental Analvsis: C, 5471, H, 4.539; (1, 20190 N, 1593, O, 4.56.

[00103}] The term “sample" refers to a sample of a body fluid, to a sample of separated
cells or t0 a sample from a tissue or an organ. Samples of body fluids can be obtained by
well-known technigues and include, preferably, samples of blood, plasma, serum, or
unne, more preferably, samples of blood, plasma or serum. Tissue or organ samples may

be obtained from any tissue or organ by, e.g.. biopsy. Separated cells mav be obtained
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from the body flaids or the tissues or organs by separating technigques sach as
centrifugation or cell sorting. Preferably, cell~, tissue- or organ samples are obtained from

those cells, tissues or organs which express or produce the peptides veferred to herein,

EQUIVALENTS

[00164] The present disclosure provides amoung other thangs compositions and reethods
for treating muocositis and their complications. While specific embodiments of the
subject disclosure have been discussed, the above specification 1s Hlustrative and not
restrictive.  Many vanations 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
svstems and methods should be determined by reference to the claims, along with their

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

INCORPORATION BY REFERENCE

{00105} All publications and patents mentioned herein, including those items listed
above, are hereby incorporated by reference in their enfirety as if each individual
publication or patent was specifically and individually indicated to be incorporated by
reference. In case of conthict, the present application, weluding any definitions herein,

will control.
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CLAIMS

L. A compound of formula [

G
Rng?mS
-
Ry——R;——NH
v

Formula 1

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

or stereoisomer thereol’
Wherein,

RY. RYeach independently represents D, ~CH;, ~OCH3, H, ~OCD;,

O O

- NH, O:L{‘ g /“\553 ~ g\o/]\o’}e‘ ,

o 0 2

S,

O

__%__O__g__) 8 ,‘0’/\0\;\’

Q

2&:_\**&/%‘ | Ekffé?%o)\o;ﬁ
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oA ..i%;_’m\/\ﬁ?fz,é«o—-«;
:Vé\o ol tL[z:

OH

st~
A 8
ﬁ\/\AJLj

ST . ,
R* | R each independently represents

5 ~ 5

S“\S N Ot

- éf
~o

HO OH

Sm—s i OH
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0 o
° PN
o7 OH

N CH,
| = NHCOCH;
HO
0 OH k 7
N’/

% Ny 03

0 0
| $ COH s, CONH,
oH i :@‘?5 3 OCOCH; o4 ‘

NM,

OH

OH

HN
OH L?-,- OA. NH, i QH &
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0

A

0
NH;
0

MO%

0
(}rf\ HN NH
H H
HG

OH G

%

o7 H

[44]
—~
=<:
¥ 5:{{

aisindependently 23 or 7,

each b is independently 3, S or 6;
e is independently 1, 2 or &;
¢ and d are cach mdependently H, D, -OH, -OD, C-Ce-alkyl, -NH; or -COCH;;

nisindependently 1,2, 3, 4 or 5.

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

pharmaceutically acceptable carrier
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i

V.3

O.

g

16

The pharmaceutical composition of claim 2, which 15 formulated to treat the
underlying etiology with an effective amount administering the patient in need by
oral administration, delayed release or sustained release, transmucosal, syrup,
topical, parenteral administration, injection, subdermal, oral solution, rectal

admimstration, buccal adminmstration os transdermal administration.

A method of treating mucositis as the underiving etiology, the method comprising

adnunistering to a patient in need thereot an effective amount of claim 3.

The method of claim 4, wherein the mucositis as the underdying etiology is selected
from mucus diseases related to painful inflammation and ulceration of the digestive

tract lining and in the mouth

A pharmaceutical composition comprising a molecular conjugate of 2-{2,6-

dichlorophenyguanidine and R-Lipoic acid.

A pharmaceutical composition comprising a molecular conjugate of 2+{2,6~

dichlorophenyiguanidine and cysteamine.

A pharmaceutical composition comprising a molecular conjugate of 2-(2,6-

dichloropheny!jguanidine and N-(2,6-dimethylphenvhacetamide.

A pharmaceutical composition comprising a molecular conjugate of 2+{2,6-

dichlorophenylguamdine and acetyl cysteine.

A pharmaceutical composition comprising a molecular conjugate of 2-(2,6-

dichlorophenylguanidine and caprylic acid.

A pharmaceutical composition comprising a molecular conjugate of 2+(2,6-

dichlorophenyi jguanidine and salsalate.

A pharmaceutical composition comprising a molecular conjugate of 2-(2,6-

dichlorophenylguanidine and mesalazine.

A pharmaceutical composition comprising a molecular conjugate of 22,6~

bl

dichlorophenyjguanidine and pentoxifyiiine.
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