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TREATMENT OF INFLAMMATORY BOWEL DISEASE

PRIORITY

[0001] The present application claims the benefit of Indian Provisional Patent
Application No. 2002/CHE2012 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

[6002] This disclosure generally relates to compounds and compositions for the treatment
of Inflammatory Bowel Disease More particulatly, this invention relates to treating
subjects with a pharmacenucally acceptable dose of compounds, sterecisomers,

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

BACKGROUND OF THE INVENTION

[0003] Inflammatory bowel disease (IBD) encompasses several chromce inflanunatory
conditions, most significantly wlcerative colttis (UC) and Crobn’s disease (CD). While
these two conditions share many common features ~ diarrhea, bloody stools, weight loss,
abdominal pain, fever, and fatigue — each has unique featores. A complete discussion of
Crohn’s disease will be addressed in a future article. Ulcerative cohitts and associated risk
factors, pathogenesis, nutrient defictencies, conventional treatment approaches, natural

treatment approaches, and extra-infestinal mamtestations of the disease.

{0004} Ulcerative colitis atfects the colon and rectum and typically involves only the
imermost hining or mucosa, manifesting as continuous areas of inflamumation and
wiceration, with no segments of normal tissue. The Crohn's and Colitis Foundation of
America defines several varieties of UC. Disease involving only the most distal part of

the colon and the rectum is termed ulcerative proctitis; disease from the descending colon
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down is referred to as limited or distal colitis; and disease involving the entire colon is
called pancolitis. UC may be insidious, with gradual onset of symptoms, or the first

attack may be acute and fulminate.

{0005} More mild symptoms include a progressive loosening of the stool, sbdominal
cramping, and diarrhea. As the disease progresses from nild fo more severe, the patient
may also experience weight loss, fatigue, foss of appetite that may result 1n nutrient
deficiencies, mucus 11 the stool, severe rectal bleeding, fever, and anemia. It is estimated
that 1-2 million Amernicans suffer from IBD; approximately half of these have ulcerative
colttis. UC can occur anviime m life, but 1s usually diagnosed prior 1o age 30, The disease
appears to affect men and women equally. Approximately 20 percent of people with UC
have a close relative with IBD. Caucasians have a higher incidence of UC, with Jewish
people of European descent 3-6 times more likely to develop the disease. Regions with a

low incidence of UC include Asia, Japan, Africa, and South America,

[0006] Differing cytokine and other inflammatory-mediator profiles have been
identified for UC and CD. The classic lesions of UC, involving the mucosal laver with
extensive epithelial damage, abundant neutrophils, and crypt abscesses have led to a
search for an immune mechanism to explain the epithelial damage. Signs of increased
oxidative stress are in evidence in the intestinal mucosa of patients with ulcerative colitis
and may be secondary to inflammation. One study exanuned signs of oxidative stress and
plasma antioxidant levels in controls compared to patients with UC and CD. Oxidative
DNA damage was noted i both IBD groups compared to controls, measured by
production of 8-hydroxy-deoxyguanosine (8-OHdG). UC patients were found to have
significantly lower plasma levels of vitanuns A and E and several carotenoids compared

to countrols; there were no differences between UC and €D groups.

[0007] Mucosal biopsies of UC patients were analyzed and shown to bave increased

reactive oxygen intermediates, DNA oxidation prodects (8-OHdG), and sron my inflamed
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tissue compared to controls. Decreased levels of copper and zine, cofactors for the

endogenous antioxidant superoxide dismutase, were also observed.

{0008] Managing acute pathology of often rehies on the addressing underlying pathology
and symptoms of the disease. There is currently a need in the art for new compositions to
treatment or delay of the onset of Intlammatory Bowel Disease and its associated

complications progression.

SUMMARY OF THE INVENTION

[0009] The present nventton provides compounds, compositions containing these
compounds and methods for using the same to {reat, prevent and/or ameliorate the

effects of the conditions such as lnflammatory Bowel Disease.

[0016] The smveation herem provides compositions comprising of formmda 1 oor
pharmaceutical acceptable salts thereof. The invention also provides pharmaceutical
compositions comprising one or more compounds of fornmda | or intermediates thereof
and one or move of pharmaceutically acceptable carriers, vehicles or diluents. These
conmpositions may be used in the treatment of Inflammatory Bowel Disease and its
associated complications,
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composttions of formula I, or pharmaceutically acceptable salts thereof,
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ais independently 2.3 or 7;

gach b 1s independently 3, 5 or 6;
e is independently 1, 2 or 6;

¢ and d are each independently H, D, -OH, ~OD, C;-Ceralkyi, -NH; or -COCH;,
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{0013 The invention herein also provides compositions comprising of formuda I or
pharmaceutical acceptable salts thereof The invention also provides pharmaceutical
compostions comprising one or morg compounds of tormala I or intermediates thereot
and one or more of pharmacestically acceptable carriers, vehicles or diluents. These
compositions may be used in the treatment of Inflammatory Bowel Disease and its

associated complications.

Ry—R;

Formula 11

[0014] Accordingly, in certain embodiments, the present mvention relates to the

compounds and compositions of formula 11, or pharmaceutically acceptable salts thereof,
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R*, R each independently represents D, CHLCO, CDCO,

SH O
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ats independently 2.3 or 7;
each b 1s independently 3, S ar €;
g is independently 1, 2 or 6,

¢ and d are each independentlty H, D, -OH, -OD, C-Cs-alkyl, -NH: or -COCH3.

{6016] In the ilustrative embodiments, examples of compounds of formula I are as set
forth below:
0 OH
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[0017] In the iHlustrative embodiments, examples of compounds of formula II are as set

forth below:

(2-1)

{0018] Heren the application also provides a kit comprising any of the pharmaceutical
composttions disclosed herain. The kit may comprise instructions for nse i the treatment

of Inflammatory Bowel Disease or its related complications.

[0019] The application also discloses a pharmaceutical composition comprising a
pharmacenticatly acceptable carrier and any of the compositions herein. In some aspects,
the pharmaceutical composition s formulated for svstemic adminmistration, oral
administration,  sustained release, paventeral adounistration, injection, subdermal

administration, or transdermal administration.

[0020] Herein, the application additionally provides kits comprising the pharmaceutical
compositions described herein. The kits may further comprise instructions for use in the

treatment of Inflammatory Bowel Disease or 118 related complications.

[0021] The compositions described hergin have sevaral uses. The present application
provides, for example, methods of treating a patient suffering from Inflammatory Bowel
Disease or its related complications manifested from Inflammation, metabolic conditions
or disorders, metabolic syndrome, chronic diseases or disorders; Hyvperinsulinemia,
Insulin reststance, Glucose intolerance, Hepatology, Cancer, Respiratory, Hematological,

Orthopedic, Cardiovascular, Renal, Skin, Nephrological, or Ocular complications.
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DETAILED DESCRIPTION OF THE INVENTION

Definitions

[0022] As used herein, the following terms and phrases shall have the meanings set forth
below. Unless defined otherwise, all technical and scientific terms used herein have the

same meaning as commonly understood to one of ordinary skill in the art.

[0023] The compounds of the present invention can be present in the form of
pharmacentically acceptable salts. The compounds of the present invention can also be
present 1 the form of pharmaceutically acceptable esters (e, the methyl and ethyl esters
of the acids of formula | and formula H to be used as prodrags). The compounds of the
present invention can also be solvated, i.e. hydrated. The solvation can be affected in the
course of the manufacting process or can take place e as a consequence of
hyvgroscopic properties of an initially anhydroos compound of formula 1 and formuda 11

{hydration).

{0024] Compounds that have the same molecular formula but differ in the nature or
sequence of bonding of their atoms or the arrangement of their atoms in space are termed
“Isomers.” lsomers that differ in the arrangement of their atoms in space are termed
"stereoisomers.” Diastereomers are stereoisomers with opposite configuration at one or
more chiral centers which are not enantiomers. Sterevisomers beanng one or more
asymntetric centers that are non- superimposable mirror inages of each other are termed
“enantiomers.” When a compouynd has an asymmetric center, for example, it a carbon
atom is bonded to four different groups, a pair of enantiomess is 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 Cabn, Ingold and Prelog, or by the
manner 1 which the molecule rotates the plane of polarized light and designated as

dextrorotatory or levorotatory (i.e., as (4} or {-)-isomers respectively}. A chiral compound
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can exist as either individual enantiomer or as a mixture thereof. A mixture containing

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

{00251 As used herein, the term “metabohic condition”™ refers to an Inbom ervors of
melabolism (or genetic metabolic conditions) are genetic disorders that result from a

defect in one or more metabolic pathways, specifically, the function of an enzyme is

affected and is either deficient or completely absent.

[0026] The term "polymorph™ as used herein is art-recognized and refers to one orystal

strycture of a given compound.

[0027] The phrases “parenteral administration™ and “administered parenterally” as used
herein refer to modes of administration other than enteral and topical administration, such
as injections, and include without limitagion infravenous, inframuscular, intrapleural,
intravascular,  intrapericardial, iotraarterial, intrathecal, imtracapsular, intraorbital,
intracardiac, intradennal, intraperitoneal, transtracheal, subcatancous, subcuticular, intra-

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

[6028] 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.

[0029] The phrase “pharmaceutically acceptable” is art-recognized.  In certain
embodiments, the term includes compositions, polymers and other materials and/or
dosage forms which are, within the scope of soand medical judgment, suitable for use 1
contact with the tissues of mammals, buman beings and animals without excessive
toxicity, irmtation, allergic response, or other problem or complication, commensurate

with a reasonable benefit/nisk ratio.

[0036] The phrase “pharmaceutically acceptable carrier”™ 1s artrecognized, and includes,

for example, pharmacentically acceplable materials, compositions or vehicles, such as a
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liquid or solid filler, dituent, solvent or encapsulating material involved in carrying or
transporting any subject compaosition, 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 mgredients of a subject composition and not injurious to the
patient. In certain embodiments, a pharmaceutically acceptable carrier s non-pyrogenic.
Some examples of matertals which may serve as pharmaceutically acceptable carriers
include: {1} sugars, such as lactose, glucose and suerose; (2) starches, such as corn starch
and potato starch; (3) cellulose, and its derivatives, such as sodism carboxvmethyl
celhdose, ethyl cellulose and cellulose acetate; {4} powdered tragacanth; (5) malt; (6)
gelatin; (7) tale; (8) cocoa butter and suppository waxes; (9) oils, such as peanut oil,
cottonseed ail, sunflower oil, sesame oil, olive oil, com o1l and sovbean oif, {10} glycols,
such as propylene glycol; (11} polvols, such as glveenn, sorbitol, mannitol and
polvethylene glycol; (12} esters, such as ethyl oleate and ethy! laurate; {13) agar; {14)
butfering agents, such as magnesium hydroxide and aluminum hydroxide; (15) alginic
acid; (16) pvrogen-free water; {17) isotonic saline; (18) Ringer’s solution; {19) ethyl
alcohol; (20} phosphate buffer solutions; and (21) other non-toxic compatible substances

employed in pharmaceutical formulations.

[0031] The term “prodrug” is intended to encompass compounds that, under
physiological conditions, are converted nto the therapeutically active agents of the
present ivention. A common method for making a prodrug 1s to include selected
moieties that are bydrolyzed under physiological conditions to reveal the desired
molecale. In other embodiments, the prodrug is converted by an enzvmatic activity of the

host animal.

[0032] The term “prophylactic or therapeutic” freatment s art-recognized and imcludes
adnunistration to the host of one or more of the subject compositions. I it s
administered prior to clinical manifestation of the unwanted condition (e.g., disease or

other unwanted state of the host animal) then the treatment is prophylactic, Le., it protects
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the host against developing the unwanted condition, whereas if it is administered after
manifestation of the unwanted condition, the treatment is therapeutic, (i.e.. it is intended
to dimimash, ameliorate, or stabilize the existing unwanted condition or side effects

thereot).

[0033] The term "predicting” as used herein refers to assessing the probability related
diseases patient will suffer from abrormalities or comphication andfor terminal platelat
aggregation or fature and/or death {te mortality) within a defined time window
(predictive window) in the future. The mortality may be caused by the central nervous
system or complication. The predictive window is an interval 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 analysis by

the method of the present invention.

[0034] The term "treating” 15 art -recognized and includes preventing a disease, disorder
or condition from occurring in an animal which may be predisposed o the disease,
disorder and/or condition but has not vet been diagnosed as having it; inhibiting the
disease, disorder or condition, e.g., impeding its progress:. and relieving the disease,
disorder, or condition, e.g., causing regression of the disease, disorder and/or condition.
Treating the discase or condition includes ameliorating at least one symptont of the
particular disease or condition, even if the underlying pathophyvsiology 1s not affected,
such as treating the gastrointestinal disorders such as inflammatory bowel disease,
ulcerative colitis and mild-to-moderate Crohn's disease of g 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.,

prophviactic), adjunct and palliative treatment.

j0035] 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 benefitfrisk ratio applicable to
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any medical treatment. In certain embodiments, the term refers to that amount necessary
or sufficient to eliminate or reduce medical symptoms for a periad of time. The effective
amount may vary depending on such factors as the disease or condition being treated, the
particular targeted constructs being admunistered, 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 perticular  composition  without  necessitating  ondue

expertmentation,

{0036] In certain embodiments, the pharmacentical composstions described herein are
formudated 10 a manner such that said compositions will be delivered to a patient i a
therapeuatically 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, tnactivation, 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
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 techniques known to one skilled in the arnt.

j6037] Additonally, the optimal concentration and/or quantities or amounts of any
particular salt or composition may be adjusted to accommodate variations in the
treatment paranteters. Such treatment parameters include the clinical use to which the
preparation 18 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.

{0038] In certain embodinments, the dosage of the subject compositions provided herein
may be determined by reference to the plasma concentrations of the therapeutic

composiont or other encapsulated matenials. For example, the maximum plasisa
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concentration (Cmax) and the area under the plasma concentration-time curve from time

{0 to infinity may be used.

{0039] When used with respect to a pharmaceutical composition or other material, the
term “sustained release” is art~recognized. For example, a subject composition which
releases a substance over time may exhibit sustained release characteristics, in contrast to
a bolus type adounmistration 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 secretions, Iymph or the like, one or
more of the pharmaceutically acceptable excipients may undergo gradual or delayed
degradation (eg., through hydrolysis) with concomitant release of any material
incorporated  therein, eg., an therapeutic and/or biologically active salt andfor
composition, for a sustained or extended period (as compared to the release from a
bolus). This release may result in prolonged delivery of therapeutically effective

amounts of any of the therapeutic agents disclosed herein,

A

{60406] The phrases “systemic administration.” “administered svstemically,” “peripheral
administration” and “administered peripherally” are art-recognized, and include the
administration of a subject composition, therapeutic or other material 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 systenucally. may be termed “local” or
“topical” or “regional” administration, other than directly into the central nervous system,
e.g., by subcutaneous administration, such that it enters the patient’s system and, thus, is

subject to metabolism and other like processes.

j0041] The phrase “therapeutically effective amount” 18 an ari-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 cerfain embodiments, the term refers to that amount necessary

or sufficient to eliminate or reduce medical symptoms for a pertod of time. The effective
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amount may vary depending on such factors as the disease or condition being treated, the
particniar targeted constructs being administered, the size of the subject, or the severity of
the disease or condition. Oue of ordinary skill in the art may empirically detenmine the
effective amount of a particular  composition  without necessitating  undue

experimentation.

{6042] The present disclosure also contemplates prodrugs of the compositions disclosed

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

{0043] This application also discloses a pharmaceutical composition comprising a
pharmaceutically acceptable carrer and the composition of a compound of Formula I and
formula 11 may be formulated for systemic or topieal or oral administration.  The
pharmaceutical composition may be also formulated for oral administration, oral solution,
injection, subdermal adpunistration, or transdermal adminsstration. The pharmaceutical
compositon may further comprise at least one of a phamaceutically acceptable

stabilizer, diluent, surfactant, filler, tinder, and lubsicant.

[8044] In many embodiments, the pharmaceutical compositions described herein will
incorporate the disclosed compounds and compeositions (Formala 1 and Formula 1T} to be
deliverad in an amount sufficient to deliver to a patient a therapeutically etfective amount
of a compound of formula I and formula H or composition as part of a prophviactic or
therapeutic treatment.  The desired concentration of formuda T and formula I or its
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. 1t 1s to be noted that dosage values may also vary with the severity
of the condition to be alleviated. I is to be turther understood that for any particular
subject, specific dosage regimens shoold be adjusted over time according to the
individual need and the professional judgment of the person administering or supervising
the adrunistration of the compositions.  Typically, dosing will be deternuned using

technigues known to one skilled in the art.
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{0045] Additionally, the optimal concentration and/or quantities or amounts of any
particlar compound of formula 1 and formula I may be adjusted to accommodate
variations in the treatment parameters. Such treatment parameters include the clinical use
to which the preparation is put, e.g., the site treated, the type of patient, e.g., human or

non-human, adalt or ¢hild, and the nature of the disease or condition.

j0046] The concentration and/or amount of any compound of formula T and formuls 11
may be readily tdentified by routine screening n animals, e.g.. 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 admimstration of
therapeutic formulations disclosed herein.  One such method is microdialysis, as
reviewed by T. E. Robinson et al., 199, microdialysis in the newrosciences, Techniques,
volume 7. Chapter 1. The methods reviewed by Robinson may be applied, in brief| as
follows. A microdialysis loop is placed wn situ 10 a test amumal. Dialysis Puid 1s pumped
through the leop. When compounds with formuda 1 and formula I such as those
disclosed herein are injected adjacent to the loop, released drugs are collected in the
diglysate in proportion to their local 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.

j0047] In certain embodiments, the dosage of the subject compounds of formula 1 and
formula 1 provided herein may be deternuned by reference to the plasma concentrations
of the therapeutic composition or other encapsulated materials. For example, the
maxtrum plasma concertration (Cmax) and the area under the plasma concentration-

time curve from time 0 to infinity may be used.

[0048] Generally, m carrying owt the methods detailed in this appheation, an effective

dosage for the compounds of Formulas 1is 1 the range of about 0.01 mg/ke/day {0 about

P
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100 mg/kgiday in single or divided doses, for instance 0.01 mg'kg/day to about 50
mg/kg/day in single or divided doses. The compounds of Formulas 1 may be administered
at a dose of, for example, less than 0.2 mg/kg/day, 0.5 mg/kg/day, 1.0 mefkglday, 5

mg'kgefday, 10 mgfg/day, 20 mg/kg/day, 30 mg'kg/day, or 40 mg/kg/day. Compounds of
Formula 1 and formula 11 may also be administered to a buman patient at a dose of| for
exampte, 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 day. In certain
embodiments, the compositions herein are administered at an amount that 15 less than
OS5%4q, 80%, 80%, 70%, 60%, SO0%., 40%, 30%, 20%, or 10% of the compound of formula

1 and formula H required for the same therapeutic benefit.

{0049] An effective amount of the compounds of formula T and formula 1T described
herein refers to the amount of one of said salts or compositions which is capable of

inhibiting or preventing a disease.

[8050] An effective amount may be sufficient to prohubat, 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 oxidative-
nitrosative species and/or abnormalities in neurofransmitter homeostasis’s, in patients
wha are at risk for such complications. As such, these methods include both medical
therapeutic (acute} and/or prophyvlactic {prevention) administration as appropriate. The
amout and timing of compositions administered will, of course, be dependent on the
subject bemng treated, on the severnity of the affliction, on the manner of administration
and on the judgment of the presenbing physician. Thus, because of patient-to-patient
variahility, the dosages given above are a guideline and the physician may titrate doses of
the drug to achieve the treatment that the physician considers appropriate for the patient.
In considering the degree of treatment desired, the physician must balance a vanety of
factors such as age of the patient, presence of preexisting disease, as well as presence of

other diseases.
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6051} The compositions provided by this application may be administered to a subject
in need of treatment by a vanety of conventional routes of administration, including
orally, topically, parenterally, eg, mtravenously, subcutaneously or intramedullary.
Further, the compositions may be administered intranasally, as a rectal suppository, or
using a “flash" formulation, 1e., 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 controlled release dosage forms, site specific drug debivery,
transdermal drug delivery, pateh {active/passive) mediated drug delivery, by stereotactic

injection, or in nanoparticies.

[0052] The compositions may be administered alope or in combination with
pharmaceutically acceptable carniers, vehicles or diluents, in either single or multiple
doses. Suitable pharmaceutical carriers, vehicles and dilnents include inert solid diluents
or fillers, sterile aqueous solutions and vartous organic solvents. The pharmaceutical
compositions formed by combining the compositions and the pharmaceatically
acceptable carners, vehicles or diluents are then readily administered in a variety of
dosage forms such as tablets, powders, lozenges, syrups, injectable solutions and the like,
These pharmaceutical compositions can, if desired, contain additional ingredients such as
flavorings, binders, excipients and the like. Thus, for purposes of oral administration,
tablets contanung vatious excipients such as L-arginine, sodium citrate, calcium
carbonate and calcium phosphate may be emploved along with various disintegrates sach
as starch, alginic acid and certmin complex silicates, together with binding agents such as
polyvinvipyrrolidone, sucrose, gelatin and acacia. Additionally, lubsicating ageots sach
as magnesinm stearate, sodivn lauryl sulfate and tale are often useful for tableting
purposes. Solid compositions of a similar type may also be emploved as fillers m soft and
hard filled gelatin capsules. Appropriate materials for this inclode lactose or milk sugar
and lugh molecular weight polyethylene glycols. When aqueous suspensions or elixirs are

desired for oral administration, the essential active ingredient therein may be combined
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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 and
formula H may also comprise enterically coated comprnising of various excipients, as 1s

well known in the pharmaceutical art.

0053} For parenteral administration, sofutions of the compositions may be prepared in
(for example} sesame or peanut oil, agueous propvlene glveol, or y sterile aqueous
solufions may be emploved. Such agueous solutions should be wutably buffered f
necessary and the liquid diluent first rendered isotonic with sufficient saline or glucose.
These particular aqueous solutions are especially suitable for intravenous, intramuscular,
subcutaneous and intraperitoneal admimstration. In this connection, the sterile aqueous
media employed are all readily available by standard technigues known to those skilled in

the art.

[8054] The formulations, for instance tablets, may contain ¢ g 10 to 100, 3G to 250, 150
to 500 mg, or 350 t0 800 mg e.g. 10, 50, 100, 300, 300, 700, 800 myg of the compounds of
formula I and formula H disclosed herein, for instance, compounds of formula T and

formula 11 or pharmacentical acceptable salts of a compounds of Formula 1.

[0035] Generally, a composition as described herein may be admimstered orally, or
parenterally (e.g., intravenous, intramuscular, subcutaneous 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 organ as determined by the attending physician.
Localized administration may also be mdicated, for example, when a high dose 1s desired
at the farget tissue or organ. For buccal administration the active composition may take

the form of tablets or lozenges formalated in a conventional manner.
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[0056] The dosage administered will be dependent upon the identity of the inflammatory
bowel disease; the type of host involved, including its age, health and weight; the kind of

concurrent treatment, if any, the trequency of treatment and therapeutic ratio.

[0057] Hlustratively, dosage levels of the administered active ingredients are:
intravenous, 0.1 to about 200 mg/kg; intramuscular, 1 to about 500 mg/kg; orally, 5 to
about 1000 mg/kg; intranasat instiiation, 3 to about 1000 mg/ke; and aerosol, 3 to about

1000 mgfkg of host body weight.

j0058] Expressed m terms of concentration, an active ingredient can be present in the
compositions of the present mvention for locahized use about the cuis, intranasaily,
pharyngolaryngeally, bronchially, wtravaginally, 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 .05

to about 50% wiv of the composition and preferably from about 3 to about 20% wiv,

{6059] The compositions of the present invention are preferably presented for
administration to humans and animals in unit dosage forms, such as tablets, capsules,
mils, powders, granules, suppositories, stertle parenteral solutions or suspensions, sterile
non-parenteral solutions of suspensions, and oral solutions or suspensions and the like,
containing suitable quantities of an active ingredient. For oral administration either solid

or fluid unit dosage forms can be prepared.

{0060} As discussed above, the tablet core contains one or more hydrophilic polymers.
Suitable hydrophilic polymers include, but are not limited to, water swellable cellulose
derivatives, polyalkviene glycols, thermoplastic polyalkylene oxides, acryvlic polymers,

gelling starches, swelling cross-linked polymers, and mixtures

> &

hydrocolloids, clays
thercof. Examples of suitable water swellable cellulose derivatives include, bat are not
limited to, sodwm carboxymethyleellnlose, cross-linked  hvdroxypropyleellidose,

hydroxypropyl cellulose {(HPC), hydroxypropylmethyleellulose {(HPMCO),



WO 2013/175357 PCT/IB2013/053982
30

hydroxyisopropyleeliulose, hydroxybutylcetlulose, hydroxyphenylcellulose,
hydroxyethyleellulose  (HEC), hydroxypentylcellulose, hydroxypropyviethyleellulose,
hydroxypropyibutyleellnlose, and bydroxypropylethvleellulose, and mixtures thereof.
Examples of suitable polyalkylene glycols include, but are not limited to, polyethylene
glyeol. Examples of suitable thermoplastic polyalkylene oxides include, but are not
limited to, poly(ethylene oxide). Examples of suitable acryvlic polymers inclade, but are
not Jiouted 10, potassiom methacrylatedivinvibenzene copolymer,
polymethylmethacrylate, high-molecular weight erosslinked 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
lunited to, alginates, agar, guar gum, locust bean gum, kappa carrageenan, iota
carrageenan, tara, gum arabic, tragacanth, pectin, xanthan gum, gelfan gum, maltodexirin,
galactomannan, pusstulan, laminarin, sclerogiucan, gum arabie, inulin, pectin, gelatin,
whelan, rhamsan, zooglan, methylan, chitin, cyclodextrin, chitosan, and mixiures thergof.
Examples of suitable clays include, but are not limited to, smectites such as bentonite,
kaolin, and lapomte; magnestum trisilicate; magnesium aluminum silicate; and mixtures
thereof. Examples of svitable gelling starches inclode, but are not limited to, acid
hvdrolvzed starches, swelling starches such as sodium starch glycolate and derivatives
thereof, and mixtures thereof. Examples of suitable swelling cross-linked polymers
include, but are not Hmited to, cross-linked polyvinyl pyrrolidone, cross-linked agar, and

cross-linked carboxvmethyleellulose sodium, and nuxtures thereof.

{0061] The carmer may contatn one or more suitable excipients for the formudation of
tablets. Examples of suttable excipients mclade, but are not lumited to, fillers, adsorbents,

binders,  disintegrants,  lubricants,  ghdants,  release-modifving  exciprents,

&

superdisintegrants, anttoxidants, and mixtures thereof,

{0062] Suitable binders include, but are not limited to, dry binders such as polyvinyl

pyrrolidone and  hydroxypropyvimethyleellolose; wet binders such as water-soluble
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polymers, including hydrocolloids such as acacia, alginates, agar, guar gum, locust bean,
carrageenan, carboxymethyicellulose, tara, gum arabic, tragacanth, pectin, xanthan,
gellan, gelatin, maltodextrin, galactomamnan, pusstulan, laminann, sclevoglucan, mulin,
whelan, rthamsan, zooglan, methylan, chitin, cyclodextrin,  clutosan,  polyvinyl
pyrrolidone, cellulosics, sucrose, and starches; and mixtures thereof  Suitable
disintegrants inclade, but are not lunited to, sodium starch glveolate, cross-inked

polyvinylpyrrolidone, cross-linked carboxymethyleellulose, starches, microcrystattine

cellalose, and mixtures theveof

[0063] Suitable lubricants include, but are not houted to, long cham faity acids and their
salts, such as magnestum stearate and stearic acid, tale, glycerides waxes, and mixtures
thereof.  Suitable glidants include, but are not limited to, colloidal silicon dioxide.
Suitable release-modifying excipients include, but are not limited to, insoluble edible

materials, pH-dependent polymers, and mixtures thereof,

[0064] Suitable msoluble edible matenals tor use as release-modifving excipients
include, but are not limited to, water-insoluble polvmers and low-melting hydrophobic
materials, copolvmers thereof, and mixtures thereof. Examples of suitable water-
insoluble polymers include, but are not himited to, ethyleellulose, polyvinyt alcohols,
polyvinyl acetate, polveaprolactones, cellulose acetate and its derivatives, acryvlates,
methacrylates, acrvlic acid copolyniers, copolvmers thereof, and mixtures thercof.
Suitable low-melting hydrophobic materials include, but are not limited to, fats, fatty acid
esters, phospholipids, waxes, and mixtures thereof. Examples of suitable fats inclade, bot
are not lindted to, hydrogenated vegetable otls such as for example cocoa butter,
hydrogenated palm kemel o, hydrogenated cottonseed oil, hydrogenated sunflower oil,
and hydrogenated sovbean od, free fatty acids and their salts, and mixtures thereof.
Examples of suitable fatty acid esters include, but are not hmited to, sucrose fatty acid
esters, mono-, di-, and triglycerides, glyceryl behenate, glycervl palmitostearate, glyceryl
monostearate, glvceryl tristearate, glycervl triitaurylate, glyceryt mynstate, GlycoWax-

bee

932, lawroyl macrogol-32 glycendes, stearoyl macrogol-32 glveerides, and muxtures



WO 2013/175357 PCT/IB2013/053982
32

thereof. Examples of suitable phospholipids include phosphotidyl choline, phosphotidyl
serene, phosphotidyt enositol, phosphotidic acid, and mixtures thereof. Examples of
suitable waxes mclude, but are not linnted fo, carnauba wax, spermacett wax, beeswax,
candelilla wax, shellac wax, microcrystalline wax, and paraffio way; fat-containing
mixtures such as chocolate, and mixtures thereof. Examples of soper disintegrants
include, but are not limited to, croscarmetlose sodium, sodium starch glveolate and cross-
linked povidone (crospovidone). In one embodiment the tablet core contains up to about

5 percent by weight of such super disintegrant.

{60635] Examples of antioxidants include, but are not limited to, tocopherotls, ascorbic
acid, sodium pyrosuifite, butvlhvdroxytoluene, butvlated hydroxyanisole, edetic acid, and
edetate salts, and mixtures thereof. Examples of preservatives include, but are not fimited
to, citric acid, tartanc acid, lactic acid, malic acid, acetic acid, benzoic acid, and sorbic

acid, and mixtores therenf.

[6066] In one embodiment, the immediate release coating has an average thickness of at
least 30 microns, such as from about 50 nucrons to about 2500 microns; ¢.g., from about
250 microns to about 1000 microns. In embadiment, the immediate release coating is
typically compressed at a density of more than about 0.9 g/ec, as measured by the weight

and volume of that speaific layver.

[0067] In one embodiment, the immediate release coating contains a first portion and a
second portion, wheremn at least one of the portions contains the second pharmacentically
active agent. In one embodiment, the portions contact each other at a center axis of the
tablet Tn one embodiment, the first portion nclodes the first pharmacentically active

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

[0068] 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
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embodiment one of the portions contains a second immediate release portion of the same

pharmaceutically active agent as that contained in the tablet core,

{0069] In one embodiment, the outer coating portion 18 prepared as a dry blend of
malerials prior to addition to the coated tablet core. In another embodiment the outer
coating portion is included of a dried granulation mclading the pharmacestically active

agent.

{0070] Formulations with different drug release mechanisms described above could be
combined in a final dosage torm contaming single or multiple wnits. Examples of
multiple units include multilayer tablets, capsales containing tablets, beads, or granales in
a solid or liquid form. Typical, immediate release formulations nclude compressed
tablets, gels, films, coatings, liquids and particles that can be encapsulated, for example,
i a gelatin capsule. Many methods for preparing coatings, covering or incorporating

drugs, are known in the an.

[0071] The immediate release dosage, unit of the dosage form, 1.e., a tablet, a plurality of
drug-containing beads, granules 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 delaved relegse dosage unit or units (as in an
encapsulated mixture of immediate release dmg-containing granules, particles or beads

and delaved release drug-containing gramstes or beads).

j0072] Extended release formulations are generally prepared as diffusion or osmotic
systemis, for cxample, as described tm "Remington—The Science and Practice of
Pharmacy®, 20th. Ed, Lippincott Williams & Wilkins, Baltimore, Md., 2000} A
diffusion systers typically consists of one of two types of devices, reservoir and matrix,
which are weltknown and deseribed in die art. The matrix devices are generally prepared

by compressing the drug with a slowly dissolving polymer carrser into a tablet form.
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J0073] An immediate release portion can be added to the extended release system by
means of either applying an tmmediate release layer on top of the extended release core,
using coating or compression processes or in a multiple unit system such as a capsule

contaiming extended and immediate release beads.

[0074] Delaved release dosage formalations are created by coating a solid dosage form
with a film of a polymer which is insoluble 1n the acid environment of the stomach, bat
soluble in the neutral environment of small intestines. The delayed release dosage units
can be prepared, for example, by coating a drug or a drug-containing composition with a
selected coating material. The drug-containing composition may be a tablet for
incorporation into a capsule, a tablet for use as an inner core in a "coated core” dosage
form, or a plurality of drug-containing beads, particles or granules, for incorporation into

either a tablet or capsule.

{6075] 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
solution or prompt drug-refeasing, conventional solid dosage form). A pulsed release
profile 1s characterized by a time period of no release (lag nme) or reduced release

followed by rapid drug release.

{0076] Fach dosage form contains a therapeutically effective amount of active agent. In
one embodiment of dosage forms that smumic a twice daly dosing profile, approximately
30 wit. % to 70 wi. %%, preferably 40 wit. % to 60 wt. %, of the total amount of active agent
m the dosage form 1s released m the mitial pulse, and, correspondingly approximately 70
wi. %% t0 3.0 wi. %, preferably 60 wt. %6 to 40 wi. %, of the 1otal amount of active agent in

the dosage form is released in the second pulse. For dosage forms mimicking the twice

daily dosing profile, the second pulse is preferably released approximately 3 hours to less
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than 14 hours, and more preferably approximately 5 hours to 12 hours, following

administration.

{0077] Another dosage form containg a compressed tablet or a capsule having a drug-
containing immediate release dosage unit, a defayed release dosage unit and an optional
second delayed release dosage unit. In thas dosage form, the immediate release dosage
umt contains a plurality of beads, granules particles that release drug substantially
immediately following oral adnunistration to provide an initial dose. The delayed release
dosage umt contamns a plurality of coated beads or granules, which release drug
approxamately 3 hours to {4 howrs following oral administration to provide a second

dose.

[0078] For purposes of tansdermal {e.g , topical) administration, dilute sterile, aqueous
or partially agueous solutions {usually 1 about 0.1% to 8% concentration), otherwise

sinyilar o the above parenteral solutions, may be prepared.

[6079] Methods of preparing various pharmaceutical compositions with a cerfain
amount of one or more compounds of fornuda I and formuda I or other active agents are
known, or will be apparent in light of this disclosure, to those skilled in this art. For
exampies of methods of prepaning pharmaceutical compositions, see Remungton's

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

[6080] In addition, in certain embodiments, subject compositions of the present
application maybe lyophilized or subjected to another approprigte drving techuique 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 varying mtervals of time, depending

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

[0081] Formulations usetul in the methods provided herein include those suitable for

oral, nasal, topical (including buccal and sublingual), rectal, vaginal, aerosol andfor
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parenteral administration.  The formulations may conveniently be presented in unit
dosage form and may be prepared by any methods well known in the art of pharmacy.
The amount of a subject composition which may be combined with a carrier material to
produce a single dose may vary depending upon the subject being treated, and the

particular mode of administration.

[0082] Methods of preparing these tormulations or compositions include the step of
bringing into association subject compositions with the carner and, optionally, one or
more accessory ingredients. In general, the formulations are prepared by uniformly and
mtimately bringing into association a subject composition with hquid carners, or finely

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

[0083] The compounds of formuala I and formuda 11 described herein may be
adnunistered 1 inhalant or aerosol formuiations. The mhalant or aerosol formudations
may comprise one or more agents, such as adjuvants, diagnostic agents, imaging agents,
or therapeutic agents useful in inhalation therapy. The final aerosol formulation may for
example contain 0.003-90% wiw, for instance 0.003-50%, 0.005-5% w/w, or 0.01-1.0%

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

j0084]  In solid dosage forms for oral administration {capsules, tablets, pills, dragees,
powders, granules and the like), the subject composition is mixed with one or more
pharmaceutically acceptable carriers and/or any of the following: (1) fillers or exienders,
such as starches, lactose, sucrose, glucose, mannitol, andfor silicic acid; (2} binders, such
as, for example, carboxymethvlcellulose, alginates, gelatin, polyvinyl pyrrolidene,
sucrose and/or gcacia; (3) humectants, such as glycerol; (4) disintegrating agents, such as
agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain siheates, and
sodium carbonate; {5) solotion retarding agents, such as paraffin; {6) absorption
accelerators, sach as quaternary ammonivm compounds; (7) wetting agents, such as, for
example, acetyl alcobol and glycerol monostearate; (8) absorhents, such as kaolin and

bentonite clay, (9) ubricants, such a tale, calcium stearate, magnesiom stearate, solid
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polvethylene glveols, sodium lauryl sulfate, and mixtures thereof, and (10} coloring
agents. In the case of capsules, tablets and pills, the pharmaceutical compositions may
also comprise buffering agents.  Solid compositions of a similar type may also be
employed as fillers in soft and bard-filled gelatin capsules using lactose or milk sugars, as

well as bigh molecular weight polyethylene glycols and the like.

[0085] Liquid dosage forms for oral admunistration include pharmaceutically acceptable
emdsions, microemulsions, soluttons, suspensions, syrups and elixirs. 1o addition to the
subject compositions, the ligud dosage forms may contain inert diluents commonly used
in the art, such as, for example, water or other solvents, solubilizing ageunts and
emulsifiers, such as ethyl alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate,
benzyvl aleohol, benzyl benzoate, propylene glycol, 13-butylene glycol, vils (in particular,
cottonseed, corn, peanut, sunflower, soybean, olive, castor, and sesame oils), glycerol,
tetrahydrofuryl aleohol, polvethvlene glvcols and fatty acid esters of sorbitan, and

mixtures thereof.

[8086] Suspensions, in addition to the subject compositions, may contain suspending
agents such as, for example, ethoxviated isostearyl glcohols, polvoxyethylene sorbitol,
and sorbitan esters, microcrystalline cellulose, aluminum metahvdroxide, bentonite, agar-

agar and tragacanth, and mixtures thereof.

[0687] 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 nou-irritating carriers compsising, for example, cocoa butter, polvethylene
glyeol, a suppository wax, or a salicylate, and which is solid at room temperature, but
liguid at body temperature and, therefore, will melt in the appropriate body cavity and
release the encapsulated compound(s) and composition{s). Formoelations which are

suitable for vaginal administration also include pessaries, tampons, creams, gels, pastes,
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foams, or spray formulations containing such carriers as are known in the art o be

appropriate.

{0088] Dosage forms for transdermal adowwstration include powders, sprays,
omtments, pastes, creams, lotions, gels, solutions, paiches, and inhalants, A subject
composition may be mixed under sterile conditions with a pharmaceutically acceptable
cartier, and with any preservatives, buffers, or propellants that way be requived. For
transdermal administration, the complexes may include lipophilic and hydrophilic groups

to achteve the desired water solubility and transport properties.

[0089] The ointments, pastes, creams and gels may contain, in addition to subject
compositions, other casriers, such as animal and vegetable fats, oils, waxes, parvaffing,
starch, tragacanth, cellulose denvatives, polvethvlene glveols, silicones, bentonites,
stlicic acid, talc and zinc oxide, or mixtures thereof. Powders and sprays may contain, in
addition to a subject composttion, excipients such as lactose, tale, silicic acid, aluminum
hvdroxide, calcium silicates and polvamide powder, or mixtures of such substances.
Sprays  may  additionally  contain  customary  propellants,  such  as
chlorofluprohydrocarbons and volatile unsobstituted hydrocarbons, such as butane and

propane.

j0090] Methods of delivering a composition or compositions via a transdermal patch are
known in the art. Exemplary patches and methods of patch delivery are deseribed in US
Patent Nos. 6,974,588, 6,564,093, 6312716, 6440454, 6.267.983, 6,239,180, and

6,103,275,

[0091] o another embodiment, a transdermal paich mayv comprise: a substrate sheet
comprising a composite film formed of a resin composifion comprsing 100 parts by
weight of a polvvinyl chloside-polyurethane composite and 2-10 parts by weight of a

styrene-ethviene-butylene-styrene copolymer, a first adhesive laver on the one side of the
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composite film, and a polyalkviene terephthalate film adhered to the one side of the
composite film by means of the first adhesive tayer, a primer layer which comprises a
saturated polyester resin and is formed on the surface of the polyalkyviene terephthalate
film; and a second adhesive layer comprising a styrene-diene-styrene block copolymer
contaiming a pharmaceutical agent layered on the primer layer. A method for the
manufacture of the above-mentioned substrate sheet comprises preparing the above resin
composttion molding the resin composition mto a composite film by a calendar process,
and then adhering a polvatkyiene terephthalate film on one side of the compostie film by
means of an adhesive laver thereby formmng the substrate sheet, and forming a primer
laver comprising a saturated polyester resin on the outer surface of the polvalkylene

terephthalate fitm.

j0092] Another tvpe of patch comprises incorporating the drug divectly in a
pharmaceutically acceptable adhesive and laminating the drug-containing adhesive onto a
suitable backing member, ¢ g. a polvester backing membrane. The drug should be present
at a concentration which will not affect the adhesive properties, and at the same time

deliver the required clinical dose.

[8093] Transdenmal patches may be passive or active. Passive transdermal drug
deltvery systems currently available, such as the nicotine, estrogen snd nitroglycerine
patches, deliver smali-molecale drugs. Many of the newly developed proteins and peptide
drugs are too large to be delivered through passive transdermal patches and may be
delivered wsing technology such as electrical assist (iontophoresis) for {arge-molecule

drugs.

[0094] fontophoresis is a techmque employed for enhancimg the flux of ionized
substances through membranes by application of electnic current. One example of an
iontophoretic membrane s given in U8 Pat. No. 5,080,646 to Theeuwes. The principal

mechanisms by which iontophoresis enhances molecolar transport across the skin are {a)
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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 apphied or {¢) increase skin

permeability due to application of electrical current.

{6095]  In some cases, it may be desirable to administer in the form of a kit 1t may
comprise a container for containing the separate compositions such as & divided bottle or
a divided foil packet. Typically the kit comprises directions for the admimistration of the
separate components. The kit form is particolarly 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 is desired by the presenibing physician.

{6096]  An example of such a kit 15 a so-called blister pack. Blister packs are well
known in the pasckaging industry and are widely used for the packaging of
pharmaceutical unit dosage forms (tablets, capsules, and the like). Blister packs generally
consist of a sheet of relatively stiff material covered with a foil of a plastic material that

may be tran sparent.

[0697] Methods and compositions for the treatment of Inflammatory Bowel Discase.
Among other things, berein i1s provided a method of treating Inflammatory Bowel
Disecase, comprising administering to a patient in need thereof a therapeutically effectve
amount of compoand of Fornnda It
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HO rr‘i

ais independently 2.3 or 7;

gach b 1s independently 3, 5 or 6;
e is independently 1, 2 or 6;

¢ and d are each independently H, D, -OH, ~OD, C-Ceralkyl, -NH; or ~-COCHj;
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{0099] Accordingly, in another aspect the methods and compositions for the treatment of
Inflammatory Bowel Disease. Among other things, herein is provided a method of
treating Inflammatory Bowel Disease. comprising administering to a patient in need

thercof a therapeutically effective amount of compound of Formula i

Formula 11
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a is independently 2.3 or 7;

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

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

Methods for using compounds of formada I and foropnda Il

[00160] The invention also includes methods for treating gastrointestinal diseases and
inflammation such as wfammatory bowel disease, uvleerative colitis, mildto~-moderate
Crohn's disease, rheumatoid arthntis, inflammatory arthritis, psonatic asthrytis, bver

cirrhosis and idiopathic urticana.

METHODS OF MAKING

{00161} Examples of syathetic pathways useful for making compounds of formula I and

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

Scheme-1:
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g . Raney- Nify T G
;)\ﬁ/t{tJOH ag. KOH A LGO0H NECO Ny COUH 8OOk L\\ o )
R,y —— Bibinsiuiod- SRR SR N

e
1 126130 °C FhQ 7 reflie. 2h
2 NGo 809G, 6 h NH; MH
1 2 3 4
o DIPEA
w """""""" =
5 ~A0°0
8 % OH
W%W\*NVVJ\O% NH? 3 \,—'Wz\\ﬂ/
)
8 O™ 7
HATU o o y
DIFEA P TN T T TR T /’\/U\O - N N\[r/\\v‘fw\" e
oM E 0 B
8 HO”
B0 3h
{00102} Step-1: Synthesis of compound 2:
i OH
H
©C00 aq. KOH COOH
[UUTTVTTUTTUTUUUTIT )
125130 °C
NG NO,
1 2

{00103 To a stirred solution of potassium hydroxide (70kg, 1250 mol) and water (250 L)
was added 2 (50 kg, 248 mol) over g peried of 20 minutes between 25 and 30°C in an
autoclave. The reaction mixture was heated to [25-130°C, stirred at the same
temperature for § hours under 2.5 kg/om?2 . The reaction mass was cooled to 25°C and
acidified to pH 1.0-2.0 using hydrochlonic acid (85 L), stimed for | howr. The
precipitated solid was filtered and washed with water (150 L), and the cake was slurried
in water (300 L) at 30°C for 1 hour, filtered, washed with water (150 L) and dried at

65°C for 10 hours to atford 3 43 5 kg Yield: 433 kg (96 %) (Purity: 99.87 %),
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{00104} Step-2: Synthesis of compound 3:
oH COOH Raney- NifH, OH
s
H,0
NG, 80 °C, 6 NH;
2 3

{00165} Compound 2 (40 kg, 218 mol) was added slowly to a stirred mixture of water
(320 L) and sodium carbonate (16.3 kg, 153 mol), stirred for 30 minutes and the mass pH
maintained between 8.0 and 9.5, 10% Raney Nickel (8 L) along with water {80 L} was
added to the above sohution. The resultant mixture was hydrogenated at atmospheric
pressure at 60°C for ¢ bours. 5% sodium hydroxide (130 L) was added to the mass at
25°C, stirred for 30 minutes. The catalyst was filtered through celite, and washed with
water (80 L} The solution was acidified to pH 2.5-3.0 with hydrochlonie acid (33 L} and
stirred for 1 hour. The obtained compound was filtered, washed with water (401} To the
solution of wet cake and water (360 L) and hydrochloriv acid (41 1), active charcoal (2.8
kg) was added, and the contents were heated to 70°C, maintained at the same temperatare
for 2 hours. Filtered the total solution through celite, washed with water (28 L), Active
charcoal (2.8 kg) was added to the filtrate, stirred at a temperature of 70°C for 2 hours,
filtered through celite and washed with water (28 L). To the obtained filtrate, pH was
adjusted to  3.0-3.5 with ag. sodium bicarbonate solution (15 L), stirred for 1 hour,
filtered the solid and washed with water (42 L), dried the solid at 80°C for 9 hours to
give the title compound 3 as a off white colored powder. Yield: 27.5 kg (82 %) (Purity:

99 9 ¢5),

60106} Step-3: Synthesis of compound 4

Ot OH
COOH  s0C, X COCH
B w
reflux, 2 h ~
NH? NHQ
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{60107} Compound 3 (10 mmol) was kept in a RB, added thionyl chloride 10 mi and
refluxed the reaction nmixture. After completion of the reaction, excess thionyl chloride
was distitied oft and the crude acid chloride (4} was used for next step without further

purification.

{00108} Step-4: Synthesis of compound 6

Ok

"L"ﬁw’
E' 4—':’E t NN S ——
NH, 5

SOk

o O
~. ﬁwvwm%f&‘@%}NHR
5 HO N

{60109} To a solution of compound 5 { 1.0 mmol) in dry DCM (1.8 mi) was added N, N-
diisopropylethylamine (2.0 mmol) at -10°C, followed by drop wise addition of 4 (1.2
mnol ) for 30 min at the same temperature and the reaction mixture was allowed to stir
for 1 h at 0°C. On completion of the reaction {monitored by TLC), the reaction mixtare
the solvent was evaporated and the crude was purified through column to obtain

compound 6.

00116} Step-5: Synthesis of compound §:
500

p OH
R T e N f/u\‘:) E,«:\,\ NS + N\,f\\q/“\\vx/\rr
O
8 HO™ ¥
HATU o g
{ H
_____ DIPEA \memxw\,w\/ﬁﬂoz N ,N\]/\/\/xvf
!
DM f
. 8 Ho N Y
n-50°C, 3h

fO0111] A 50 ml. vial was charged with a magoetic spin bar, compound 6 (0.38 mmol),
acid 7 ( 0.57 mmol), DMI (1.912 ml), and ditsopropylethylamine (0.334 ml, 1.91 mmol).

With stmng, HATU (0291 g 0.76 mmol) was added and the reaction was warmed to
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SO°C for 3 h. The reaction was then diluted with water and extracted with ethvl acetate
(3X50 ml.). The combined organic extract was dried with MgS04, filtered through a bed
of Celite, and cone, 1w vacuo to vield the product which was purihied via silica gel to get
compound 8. MLF: C3SHAONOS | Mol W 563.36 | Elemental Analvsis: €, 7457, H,
876, N, 2.48; O, 14.19.

Scheme-2:
S Bate N FOE I CAPEA
hf ~. - Ej: + HCY e N TN s -
ort reffux. 2 h Fam . DOM
1 2 S0
F o
[{‘\C'KQ)L\,,,"\/\V/\
/)'
SETROM
MO e N 5001 HOL_ g, ~NH2 Q
Lj RNy ‘1{/\"r + “\,\‘/’ "&«"‘v"&«"\vﬂwﬁ%’m\v’\\ }jj\ {3!_{
HOGC i ceflux. 20 DIOGT N ;
8 5]
Nakt
DIPEA o o od GH
el P e -
- e s N &) E e DMF
16%C " AN, 09CH, Ah
o Q  OMe NahO;
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S e N ) £
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{00112} Step-1: Synthesis of compound 2:

COOH SOCI, coc)
B
OH

reflux, 2 h OH

1 2

00113} Compound 1 {10 mmol} was kept in & RB, added thionyl chioride 10 ml and
reflused the reaction mixture. After completion of the reaction, excess thionyl chloride 2
was distiled off and the crode acid chloride was used for next step without further

purification.

{00114} Step-2: Synthesis of compound 4

g g
cocl 9 DIPEA b PPN
o~ 0
@[ HOT T T N NN =
3 OH 4
2

+
QH DCM
~10°C

{00115} To a solution of compound 3 ( 1.0 mmol) in dry DCM (1.8 ml} was added N, N-
ditsopropylethylamine (2.0 mmol) at -10°C, followed by drop wise addition of 2 (1.2
mmol) for 30 nun at the same temperatore and the reaction mixture was allowed to stir
for 1 h at 0o, On completion of the reaction {monitored by TLC), the reaction mixtve
the solvent was evaporated and the crude was purified through column to get compound

4,

60116} Step-3: Synthesis of compound &

................... - |
ROOC =

raflux, 2 v CIOGC
5 g
[00117] Compound § {10 mmol} was kept in a RB, added thionyl chlonde 10 ml and

refluxed the reaction mixture. After completson of the reaction, excess thionyl chloride 6
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was distitled off and the crade acid chloride was used for next step without further

purification.

{00118} Step-4: Synthesis of compound 8

HOUNHi NGRS W DIPEA
cloc” ™~ DCM
6 7 10°C
0 9 OH
TN o
8 NH,

{60119 To a solution of compound 7 { 1.0 mmol} in dry DCM (1.8 mi) was added N, N-
diisopropylethylamine (2.0 mmol) at -10°C, followed by drop wise addition of 6 (1.2
mmol} for 30 nun at the same temperature and the reaction mixture was allowed to stir
for 1 h at 0oC. On completion of the reaction {monitored by TLC), the reaction mixtare
the solvent was evaporated and the crude was purified through column to get compound

8.

{00120 Step-5: Synthesis of compound 2

NatH

\/?J\ O  OR CHl
N = —_— = ————

C‘ik@ DMF
8 NH, 0°G-rt, 4h

o 0 OlMe
m - - - - Q
"NH;
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00121 NaH (15 mmol} was taken in a RB, added DMF, cooled to 0°C and added
Compound 8 in DMF (10 mmol) dropwise with stirning. The stirring was continued for
20 mun and then added CH3L stirred the reaction nuxtare at room temperature for 4h.
After completion of the reaction the mixture was cooled to OoC and added ice cold water
dropwise. The reaction mixture was extracted with diethy! ether and the organic layer
was dried over Na2SO4 and evaporated to get the crude produet which was purified

through column to get cornpound 9.

[00122] Step-6: Svathesis of compound 10

O O OMe NaNO,

- - - - - Gone. HC
O ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
4, KOM
NH,,

9 NSECQg

H,0

0 O OMe
N @ o

{00123 Compound 9 (1.36 mmol) was dissolved 10 a mixtare of 3 ml. of concentrated
HCHand 2.5 mL. of water and diazotized with a solufion of sodium nitrite {0.36 mmol). In
the meantime compound 4 (0.56 mmol), potassium hydroxide (1.12 mmol) and sodium
carbonate are dissolved in water. The diazo suspension is added in portions 1o the
alkaline solution of salicylic acid and the alkalinity maintained at a sufficiently high level
during the whole reaction by means of addition of further quantities of potassium
hydroxide solution. After 2 days the reaction mixture is heated for 30 min at S0°C. The
azo compound 10 was precipitated by means of HCI and filtered off {vield 85%), to vield

the compound 10.

[60124] Step-7: Synthests of compound 11
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0 O OMe
\M@\VWM)LO 88r,
10 H \/\%ka\/\/\ ADCM
Ay 0°%C-n. 5h
g O OH
o = = “;“\/x\./\)Lo Xy

ﬁxm\@ J\/\/\f\

11

j00125] Compound 10 {1 mmol) was dissolved in dry DCM (S mi) and added boron
tribroniide (BBr3) (1.0 M, 2mmaol) at 0 oC and stirred the reaction mixture at rt for Sh
After completion of reaction the mixture was cooled to 0 oC and added saturated agueos
NaHCO3 dropwise to neutralize the reaction nuxtore. The two layers were separated and
the organic laver was dried over and evaporated to get the crade material which on
purification through column to vielded compound 1. MF C42ZHS2ZNZIOS8 ; Mol Wt
71237, Elemental Analysis: C, 70.76; H, 735, N, 3.93, O, 17.95.

{60126} The term "sample® refers to a sample of a body fluid, to a sample of separated
cells or to a sample from a tissue or an organ. Samiples of body fluids can be obtained by
well known techaiques and include, preferably, samiples of blood, plasmy, serom, or
urine, more preferably, samples of blood, plasma or serum. Tissue or organ samples may
be obtained from any tissue or organ by, e.g, biopsy. Separated cells may be obtained
from the body fluids or the ussues or organs by separating techniques such as
centrifugation or cell sorting, Preterably, cell-, tissue- or organ samples are obtained from

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

EQUIVALENTS

{60127} The present disclosure provides among other things compositions and methods

for treating eptlepsy and their complications. While specific embodiments of the subject
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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 skitled
i the art upon review of this specification. The full scope of the claimed systems and
methods should be determined by reference to the clanms, along with their full scope of

equivalents, and the specification, along with such variations.

INCORPORATION BY REFERENCE

j00128] All pobhcations and patents mentioned herein, inchding those items listed
above, are hereby rucorporated by reference in thewr entirety as if each dividual
publication or patent was specifically and indyvidually indicated to be incorporated by
reference.  In case of conflict, the present application, including any definitions herein,

will control.
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CEAIMS
1. A compound of Formula ©
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G OH
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or stereoisomey thereoft
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NH; N

ais independently 23 or 7;
each b is independently 3, S or §;
¢is independently 1, 2 or 6;

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

A compound of Formula I

HO
Rz"""‘Rg

Formwla 1l

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

or steregisomer thereof’

Wherein

R', R? cach independently represents H, D,
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HO

O
~
]
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NH

O 0O
-
/”\ AN s
HaN N ési [j)kﬁ
H
NHE » N/“-v -~

aisindependently 23 or 7

cach b s independently 3, 5 or 6;
eis independently 1, 2 or &;
¢ and d are each independently H, D, -OH, -OD, C;-Cy-alkyl, -NH; or «COCH;.

A Pharmaceutical composttion comprising a compound of caim 1 and a
ol

[#5

pharmaceutically acceptable carrier,
4. A Pharmaceutical composition comprising a compound of claim 2 and a
pharmaceotically acceptable carrier.

-

5. The pharmaceutical compaosition of claim 3, which s formulated to treat the
underlying eticlogy with an effective amount administering the patient in need by
oral adnministration, delaved release or sustained release, transmucosal, syrup,
topical, parenteral adnunistration, injection, subdermal, oral solution, rectal

administration, buccal administration or transdermal administration.

6. The pharmaceutical composition of claim 4, which s formulated to treat the

underlving etiology with an effective amount administering the patient in need by



WO 2013/175357 PCT/IB2013/053982

10

76

oral administration, defayved release or sustained release, transmucosal, svrup,
topical, parenteral administration, injection, subdermal, oral solution, rectal

admimstragion, buccal administration or transdermal admunistration.

Compourds and compositions of claim S are formulated for the treatment of
gastrointestinal diseases and miflammation such as infammatory bowel disease,
plcerative  colitis, mild-to~-moderate  Crohn's  disease, vtheumatoid  artheitis,

inflammatory arthrits, psoriatic arthritis, liver cirrhosis and 1diopathic urticaria,

Compounds and composittons of clam 6 are formulated for the treatment of
gastrointestinal diseases and inflammation such as inflammatory bowel disease,

plcerative  colitis, mild-to-moderate Crohn's  disease, rtheuwmatoid  arthrius,

inflammatory arthetis, psortatic arthntis, liver curhosis and 1diopathie urticana.

A pharmaceutical composition compsising a molecular conjugate of mesalazine,

eicosapentaenoic acid and caprylic acd,

A pharmacestical composttion comprising a molecudar conjugate of sulfasalazine,
eicosapentaenome acid and capryhic acid,

A pharmaceutical composition compising a molacular conjugate of mesalazine,
docosahexaenoic acid and caprylic acid.

A pharmaceatical composiiion comprising 8 molecular conjugate of sulfasalazine,

docosahexaenoic acid and caprylic acid.



