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PRODRUGS OF ANTI-PLATELET AGENTS

PRIORITY

[0061] The present application claims the benefit of Indian Provisional Patent
Application No.  1T8UCHER012 filed on 07-May-2012 and the International
Application No PCT/IBZ012/053673 filed on 19-July-2012, the entire disclosure of

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

FIELD OF THE INVENTION

[6002] This disclosure generally relates to compounds and compositions for the treatment
of atherothrombosts. More particularly, this invention relates to treating subjects with a
pharmaceutically acceptable dose of compounds, sterecisomers, enanticiners, crystals,

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

BACKGROUND OF THE INVENTION

[0003] Atherothrombosis refers to the formation of thrombus supenmposed on preexisting
atherosclerosis. This common pathophysiologic process results in morbid or fatal chinical
ischemic events affecting the cerebral, coronary, or peripheral arterial circulation. Because
the platelet is a pivotal mediator in the initiation and propagation of thrombus formation,
antiplatelet drugs have emerged as key agents for prevention of recurrent ischemic events.
However, there is controversy regarding choice of oral antiplatelet therapy in patients with
vascular diseases (ie, ischemic stroke, coronary artery disease [CAD], and peripheral
arterial disease [PAD]). While it has been established that aspirin prevents recurrent
atherothrombotic events across a wide range of high-risk patients (refative risk reduction
of approximately 25%), 1t is less clear if other antiplatelet agents, such as clopidogrel or

dipynidamole, alone or added to aspirin, are more effective.
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{0004] This wncertainty This uncertainty is reflected 1wy climcal practice: neurologists
prefer to use aspuin combined with dipyridamole for patients with transient ischemic
attacks (TIAs) or ischennc strokes, cardiologists use aspinn, clopidogiel, or thewr
combination for patients with CAD; and there are few data regarding optimal antiplatelet
treatment choices in patients with PAD. This heterogeneity in chinical practice suggests
that clinicians believe that each vascular condition is different.

[0005] Intraarterial thrombus formation could be prevented, the major sequelae of
atherosclerotic heart discase {myocardial infarction, unstable angina, and sudden cardiac
death) as well ag the majority of complications of percutaneous interventions could be
prevented. Arterial thrombi, in contrast to venous thrombi, are platelet rich, making
antiplatelet therapy central to their prevention. Unal recently, our antiplatelet
armamentarium was lmited to aspirin, Today, we have a much wider selection of
antiplatelet agents from which to choose, allowing us to optinuze antiplatelet protection in
specific clinical scenarios. Of course, the clinical benefits of platelet mhibition must be

weighed agast the associated risk of both surgical and nonsurgical hemorrhage.

[0006] The potential for increased hemorrhagic risk, especially in the surgical setting. In
the months and years {0 come, it may not be unusual for a patient to require an urgent
surgical procedure while being treated with two, or possibly three, different antiplatelet
agents. Therefore, 1t is as important for the surgeon to understand the clinical benefits of
antiplatelet therapy as it 1s for the cardiologist to appreciate the substantial risks associated

with surgical bleeding.

[0007] Managing acute pathology of often relies on the addressing underlving pathology
and symptoms of the disease. There 1s currently a need in the art for new compositions to

treatment of Atherothrombosis.

SUMMARY OF THE INVENTION
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[0008] The preseni invention provides compounds, composifions contaming these
compounds and methods for using the same to treat, prevent and/or ameliorate the effects

of the conditions such as Atherothrombosis,

{6009] The mvention heretn provides compositions comprising of formula 1 or
pharmaceutical acceptable salts thereof. The invention also provides phammaceutical
compositions comprising one or more compounds of formula 1 or intermediates thereof
and one or more of pharmaceunically accepiable carriers, vehicles or diluents. These
compositions may be used in the treatment of Atherothrombosis and its associated

complications.

Formuda t

[0010] In certain embodiments, the present invention relates to the compounds and

compositions of formala I or pharmaceutically acceptable salts thereof,
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aisindependently 2.3 or 7;
cach b is independently 3, 5 or 6;
eisindependently 1, 2 or §;

¢ and d are cach independently H, 1, -OH, -OD, C4-Ci-alkyl, -NH; or -COCH;.

{6011] The invention herein provides compositions comprising of formula I or
pharmaceutical acceptable salts thereof. The invention also provides pharmaceutical
compostions comprising one or more compounds of formuda IF or intermediates thereof
and one or more of pharmaceutically acceptable carrters, vehicles or diluents. These
compositions may be used in the treatment of Atherothrombosis and its associated

complications,
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Formula 11
{0012] In cerfain embodiments, the present invention relates to the compounds and

composttions of formula I or pharmaceutically acceptable salts thereof,

Formula 11

Wherein,

R’ independently represents D, H, methyl,

0O 0
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each b 13 independently 3, S or 6;

gisindependently 1, 2 or 6,

¢ and d are each mdependently H, D, -OH, -OD, C-Cg-alkyl, -NH: or -COCHs.

[0013] In the illustrative embodiments, examples of compounds of formula I are as set

forth below:
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{6014] In certatn embodiments, the present invention relates to the compounds and
composttions of formula T active metabolite, formula Ia or pharmaceutically acceptable

salts thereof,

formula fa

Wherein,

R' independently represents D, H. methyl,
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aisindependently 23 or 7;
cach b is independently 3, S or 6;
eisindependently 1, 2 or &

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

j0015] o the illustrative embodiments, examples of compounds of formula la are as set
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{0016} In cerfain embodiments, the present invention relates to the compounds and
compositions of fornuda H active metabolite, formula {la or pharmaceutically acceptable

salts thereof,

Formula {Ia

Wherein,

R' independently represents D, H, methyl,
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«3z S—

ais independently 23 or 7;

cach b 1s independently 3, S or §;
¢isindependently 1, 2 or 6,

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

[0017] Heresn the apphcation alse provides a kit comprising any of the pharmaceutical
compositions disclosed berein. The kit may comprise instructions for use in the treatment

of Atherothrombaosis or its related complications.

[0018] The application also discloses a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and any of the compuositions hergin. In some aspects,
the pharmaceutical composition is formulated for systemic administration, oral
administration, sustained release, paremteral administration, fwjection, subdermal

admuinistration, or transdermal administration.

{6019} Herein, the application additionallv provides kits comprising the pharmaceutical
compositions described herein. The kits may further comprise instructions for use in the

treatment of Atherothrombosis or its related complications.

[6020] The composittions described herein have several uses. The present application
provides, for example, methods of treating a patient suffering from Atherothrombosis or
its related complications manifested from metabolic conditions, chronic diseases or
disorders;  Hepatology,  Cancer,  Neurological, Hematological,  Orthopedie,

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

Definitions

[0021] 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.

{0022] The compounds of the present invention can be present in the form of
pharmaceutically acceptable salts. The compounds of the present inveniion can also be
present in the form of pharmaceutically acceptable esters (i.e., the methyl and ethyl esters
of the acids of formuda 1, formula I, formula fa or formula Ua to be used as prodrugs).
The compounds of the present invention can also be solvated, e hvdrated. The solvation
can be affected in the course of the manufacturing process or can take place ie as a
consequence of hygroscopic properties of an initially anhvdrons compound of formula {,

formula IL, fornwla la or formula Tla thydration).

[0023] Compounds that have the same molecular formola but differ in the nature or
sequence of bonding of their atoras or the arrangement of their atoms i space are termed
"isomers.” Isomers that differ in the amrangement of their atoms in space are termed
"sterecisomers.” Diastereomers are stereotsomers with apposite configuration at one or
more chiral centers which are not enantiomers. Stereosomers beating one or more
asymmetric centers that are non- superimposable mirror images of each other are termed
“enantiomers.” When a compound has an asymmetrie center, for example, it a carbon
atom s bonded to fowr different groups, a pair of enantiomers is possible. An enantiomer
can be characterized by the absolute configaration of its asymmetric center or centers and
15 deseribed by the R- and S-sequencing rules of Cahn, Ingold and Prelog, or by the
manner in which the molecule rotates the plane of polarized light and designated as

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

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

[0024] As used herein, the term “metabolic condition™ refers to an Inborn errors of
metabolism {or genetic metabolic conditions) are genetic disorders that result from a
defect in one or more metabolic pathways, specifically, the function of an enzyme is

atfected and is either deficient or completely absent.

j0023] The term "polymorph” as used herein is art-recognized and refers to one crvstal

=

structure of a given compound.

{6026] The phrases “parenteral administration” and “administered parenterally”™ as used
herein refer to modes of administration other than enteral and topical administration, sach
as mjections, and include without Iimitation intravenous, intramusaular, intrapleural,
intravascolar, intrapencardial, intraarterial, intrathecal, intracapsular, intraorbital,
infracardiac, intradennal, intraperitoneal, transtracheal, subcataneous, subcuticutar, intra~

articular, subcapsular, subarachnoid, ntraspinal and intrasternal injection and infusion.

{6027] A “pattent,” “subject,” or “host” 1o be treated by the subject method may mean

etther a human or non-haman animal, sach as primates, mammals, and vertebrates.

{0028] The phrase “pharmacestically acceptable™ is art-recognized.  In certain
embodiments, the lerm ncludes compositions, polymers and other matetals and/or
dosage torms which are, within the scope of sound medical judgment, suitable for use in
contact with the tissues of mammals, human beings and animals without excessive
toxicity, irritation, allergic response, or other problem or complication, commensurate

with a reasonabie benefit/risk ratio.
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{06029} The phrase “pharmacectically acceptable carmer™ is art-recognized, and includes,
for example, pharmaceutically acceptable matenals, compositions or vehicles, such as a
liquid or solid filler, dihient, solvent or encapsulating matenal involved in carrving or
transporting any subject composition, from one organ, or portion of the body, to another
organ, or portion of the body. Each carrier must be “acceptable”™ in the sense of being
compatible with the other ingredients of a subject composition and pot Injurious to the
patient. In certain embodiments, a pharmaceutically acceptable carrier is non-pyrogenic.
Some examples of materials which may serve as pharmaceutically acceptable carriers
include: (1) sngars, such as lactose, glucoese and sucrose; (2) starches, such as corn starch
andl potato starch; (3} cellulose, and its dertvatives, such as sodium carboxvmethyl
celhdose, ethyvl cellulose and cellulose acetate; (4) powdered tragacanth; (5) malt; (6)
gelatin; {7} tale: {8) cocoa butter and suppository waxes: () otls, such as peanut oil,
cottonseed oil, sunflower oil, sesame o1, olive oil, com ol and soybean ail; (10) glycols,
such as propylene glycol; (11) polyols, such as glveerin, sorbitol, mannitol and
polvethylene glycol; (12} esters, such as ethyl oleate and ethyl lagrate; (13} agar; (14)
butfering agents, such as magnesiurm hydroxide and aluminom hydroxide; (135) algmnic
acid; (10) pyrogen-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 pharmaceutcal formulations.

[0030] The term “prodrug™ 15 1ntended to encompass compounds that, under
physiological conditions, are converted into the therapeutically active agents of the
present invention. A common method for making a prodrug is to include selected
moieties that are hydrolvzed under phvsiological conditions to reveal the desired
molecule. In other embodiments, the prodrug ts converted by an enzymatic activity of the

host antmal.

{0031 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



WO 2013/168024 PCT/IB2013/052328
26

administered prior to climcal mamfestation of the pawanted condition {e.g., disease or
other unwanted state of the bost animal} then the treatmaent 1s prophyvlactic, 1.6 1t protects
the host agamst developing the unwanted condition, whereas it it 15 administered after
manifestation of the unwanted condition, the treatment is therapeutic, (i.g., it is intended
to dimimsh, ameliorate, or stabilize the existing unwanted condition or side effects

thereof).

{0032] The term "predicting” as used herein refers to assessing the probability related
diseases patient will suffer from abnormalities or complication and/or terminal platelet
aggregation or fatlure and/or death (.. mortality) within g defined fime window
(predictive window) in the future. The mortality may be caused by the central nervous
systerm or complication. The predictive window is an interval in which the subject will
develop one or more of the said complications according to the predicted probability. The
predictive window may be the entire rematning lifespan of the subject upon analysis by

the method of the present invention.

{0033] The term "treating” is art ~-recognized and includes preventing a disease, disorder
or eondition from oceurring m an amimal which may be predisposed to the disease,
disorder and/or condition but has not yet been diagnosed as having 1t; inbibsting the
disease, disorder or condition, eg. impeding its progress; and relieving the disease,
disorder, or condition, e.g., causing regression of the disease, disorder andior condition.
Treating the disease or condition includes ameliorating at least one symptom of the
particuiar disease or condition, even if the undetdying pathophysiclogy is not affected,
such as treating the epilepsy, migraine, newropathic pamn, post herpetic newralgia, pain,
Creutzfeld-Jakob disease, Alzheimer's disease, multiple sclerosis, Batten disease,
mulfiple sclerosis Pakinson's disease (PD) | restless legs syndrome (RLS), cluster
headache, depression, fibromyalgia, sexual dysfunction, amyotrophic lateral sclerosis
{ALS), also known as Lou Gehrig’s disease, convulsions, partial seizures, or as an

adjunctive therapy for partial, myoclonic, tonic-clonic seizures, mood-stabilizing agent,
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bipolar disorder, Towrette syndrome, Alzheimer's disease, autismm, bipolar disorder and
aoxiety  disorder, trigeminal  newralgia, attention-deficit hvperactivity  disorder,
schizophrenia, newopathic pain, selzwes, bipolar disorder, mania, phantom limb
syndrome, complex regional pain syndrome, paroxysmal extreme pain  disorder,
neuromyotonia, intermittent explosive disorder, borderline personality disorder, myotonia
congenita and post-traumatic stress disorder 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),

adiunct and palliative treatment.

[0034] The phrase "therapeutically effective amount” is an art-recognized term. In
certain embodiments, the term refers to an amount of a salt or composition disclosed
herein that produces some desired effect at a reasonable benefit/risk ratio applicable to
any medical treatment. In certain embodiments, the term refers to that amount necessary
or sufficient to eliminate or redoce medical symptoms for a period of time. The effective
amount may vary depending on such factors as the disease or condition being treated, the
particular targeted constructs being administered, the stze of the subject, or the severity of
the disease or condition. One of ordinary skill in the art may empirically determine the
effecive amount of a particular  composition  without  necessitating  ondue

experimentation.

{0035] In certain embodiments, the pharmaceatical compositions described herein are
formudated 1n a manner such that said compositions will be delivered to a patient 1 a
therapeutically effective amount, as part of a prophyviactic or therapeutic treatment. The
desired amount of the composition fo be administered to a patient will depend on
absrption, 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 to be further

understood that for any particular subject, specific dosage regimens should be adjusted
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over ime according to the ndividual 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 1o the art.,

[0036] Additionally, the optimal concentration and/or quantities or amounts of any
particular salt or composition may be adjusted to accommuodate variations in the
treatment parameters. Such treatment parameters include the clinical use to which the
preparation is put, e.g., the site treated, the type of patient, e.g., human or non-human,

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

{6037] 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 waterials. For example, the maximum plasma
concentration (Cmax} and the area under the plasma concentration-ime curve from time

0 to infinity may be nsed.

{0038] When used with respect to a pharmaceutical composition or other material, the
termy “sustained release”™ s an-recognized.  For example, a subject composition which
refeases a substance over time may exhibit sustained release charactenistics, in contrast to
a bolus type administration i which the entire amount of the substance is made
biologically available at one time. For example, 10 particolar embodiments, apon contact
with body fluids mcluding blood, spinal fluid, mucus secretions, lymph or the like, one or
more of the pharmaceutically accepisble excipients may wndergo gradual or delaved
degradation (e.yg., through bydrolysis) with concomutant release of any material
incorporated theretn, eg., an therapeutic andfor biologically active salt and/or
composition, for a sustained or extended penod (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.
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{0039] The phrases “systemic admimastration,” “administered systevucally,” “peripheral
administragion” and “administered peripherally”™ are artwrecognized, and wclude the
administration of a subject composition, therapeutic or other matenial at a site remote
from the disease being treated. Administration of an agent for the disease being treated,
even if the agent s subsequently distributed systemucally, may be termed “local” or
“topical” or “regional” administration, other than directly into the central nervous svstem,
e.g.. by subcutaneous adnunistration, such that it enters the patient’s system and, thus, is

subject to metabolism and other like processes,

{0046] The phrase “therapeutically effective amount” 1s 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 g reasonable benefit/nisk ratio applicable to
any medical treatment. In certain embodiments, the term refers to that amount necessary
or sufficient to eliminate or reduce medical symptoms for a period of time. The effective
amount may vary depending on such factors as the disease or condition being treated, the
particular targeted constructs being administered, the size of the subject, or the severity of
the disease or condition. One of ordinary skill 1o the art may empivically determine the
effective  amount of a particular composition without necessitating undue

expenimentation.

[6041] The present disclosure also contemplates prodrugs of the compositions disclosed

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

[0042] Thus application also discloses a pharmaceutical composition comprising a
pharmaceutically acceptable cartier and the composition of a compound of Fornuda L
formula I, formula 1a or formula Ila may be formulated for systemic or topical or oral
administration.  The phanmaceutical composition may be also formalated for oral

admimistration, oral solution, imjection, subdermal adounistration, or transdermal
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adnumstration. The pharmaceutical composition may forther comprise at least one of a

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

{6043] In many embodiments, the pharmaceutical compositions described herein will
incorporate the disclosed compounds and compuositions (Formala §, formula I, formula fa
or formula {la) to be delivered in an amount sufficient to deliver 1o a patient a
therapeutically effective amount of a compound of formula L, formula U, formula la or
formula {la or composition as part of a prophylactic or therapeutic treatment. The desired
concentration of formula I, formula L, formula Ia or formula Ha or #s pharmaceutical
acceptable salts will depend on absorption, inactivation, and excretion rates of the drug as
well as the delivery rate of the salts and compositions from the subject compositions. It
15 to be noted that dosage values may also vary with the severity of the condition to be
alleviated. 1t is to be further understood that for any particular subject, specific dosage
regimens should be adjusted over time according to the mdividual 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.

[0044] Additonally, the optimal concentration and/or quantities or amounts of any
particalar compound of formuda [ formula tl, tormuda Ia or formula Ha may be adjusted
to accommodate variations in the treatment parameters.  Such treatment parameters
include the clinical use to which the preparation is put, e.g., the site treated, the type of
patient, e.g., human or non-human, adult or child, and the nature of the disease or

condition.

[0043] The concentration andfor amount of any compound of formula 1, formula 11,
formula {a or formula Ha may be readily 1dentified by routine screening in animals, e.g.,
rats, by screeming a range of concentration anddor amwounts of the material m question

using appropriate assays. Known methods are also available to assay local tissue
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concentrations, diffusion rates of the salts or compositions, and focal blood flow before
and after administration of therapeutic formudations disclosed herein. One such method
1s microdialysis, as reviewed by T. E. Robinson et al, 1991, microdialvsis in the
neurosciences, Technigues, volume 7, Chapter 1. The methods reviewed by Robinson
may be applied, in brief, as follows, A microdialysis loop is placed in situ in a test
antinal. Dialysis fluid ts pumped through the loop. When compounds with formula 1
formula {1, formula la or formula Ha such as those disclosed herein are tnjected adjacent
to the loop, 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 cabibraion procedures using known concentrations of salts or

COMPOSIHONS,

[0046] In certain embodiments, the dosage of the sobject compounds of formala 1
formula I, formuda fa or formwla la provided herein may be determned by reference to
the plasma concentrations of the therapeutic composition or other encapsulated materials.
For example, the maximurs plasma concentration (Cmax) and the area under the plasma

concentration-iime curve {rom time 9 to infinity may be used.

{06047] Generally, in carrying oot the methods detasled in this application, an effective
dosage for the compounds of Formdas 11s in the range of about 0.01 mg/kg/day to about
10 mg/ka/day in single or divided doses, for instance 0.01 mg/kgfday to shout SO
mgdkg/day in single or divided doses. The compounds of Formulas 1 may be adninistered
at a dose of, for example, less than 0.2 mg/kg/day, 0.5 mg'ke/day, 1.0 mgikg/day, 3
mukg/day, 10 mg'kglday, 20 mg'kg/day, 30 mefkg/day, or 40 mg/ke/day. Compounds of
Fornwla 1, formula 1L, formula ks or formula {la may also be adnmunistered 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, ©.0, 12,0, 20.0, 50.0, 75.0, 100, 300, 400, 500, 800, 1000, 2000,
3000 myg per day. In certain embodiments, the compositions herein are administered at

an amount that is less than 93%, 90%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, or 10% of



WO 2013/168024 PCT/IB2013/052328
32

the compound of formula [, formula H| formala la or formula {Ta required for the same

therapeutic benetit

[0048] An effective amount of the compounds of formula I, formula I, formula fa or
formula {Ia described herein refers to the amount of one of said salts or compositions

which Is capable of inhibiting or preventing a disease.

[0049] An effective amount mayv be sufficient to prohibit, treat, alleviate, ameliorate, halt,
restrain, slow or reverse the progression, or reduce the severity of a complication
resuting from nerve damage or demyelization andfor elevated reactive oxidative-
nitrosative species and/or abnormalities in physiological homeostasis’s, in patients who
are at risk for such complications. As such, these methods include both medical
therapeatic (acute) and/or prophylactic (prevention) admimstration gs appropriate. The
amount and timing of compositions administered will, of course, be dependent on the
subject being treated, on the severity of the affliction, on the manner of administration
and on the judgment of the prescribing physician. Thus, because of patient-to-patient
variability, the dosages given above are a guideline and the physician may titrate doses of
the drug to achieve the treatment that the physician considers appropriate for the patient.
In considering the degree of treatment 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.

{0030] The compositions provided by this application may be administered to a subject
in need of treatment by a variety of conventional routes of administration, including
orally, topically, parenterally, eg. intravenously, subcutancously or intramedullary.
Further, the compositions may be administered intranasally, as a rectal suppository, or
using a "flash" formulation, 1.¢., allowing the medication to dissolve in the mouth without
the need to use water. Furthermore, the compositions may be administered to g subject in

need of treatment by controlled release dosage forms, site specific drug delivery,
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transdermal drug delivery, patch {active/passive) mediated dmg delivery, by stereotactic

igection, of iy nanoparticies

{6051} The compositions may be administered alone or in combination with
pharmaceutically acceptable carriers, vehicles or diluents, in 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, vehicles or duiuents are then readily administered in a vanety of
dosage forms such as tablets, powders, {ozenges, svrups, injectable solutions and the like.
These pharmaceutical compositions can, if desired, contain additional ingredients such as
flavorings, binders, excipients and the like. Thus, for purposes of oral administration,
tablets containing various excipients such as L-grgimne, sodium citrate, calcium
carbonate and calcium pbosphate may be employed along with various disintegrates such
as starch, alginic acid and certain complex silicates, together with binding agents such as
polyvinylpyrrolidone, sucrose, gelatin and acacia. Additionally, lubricating agents such
as oragnesiun stearate, sodium lauryl sulfate and tale are often useful for tabletting
purposes. Solid compositions of a similar type may also be emploved as fillers in soft and
hard filled gelatin capsudes. Appropriate matertals for this include factose or milk sugar
and high molecular weight polyethylene glveols. When aqueous suspensions or elixirs are
desired for oral administration, the essential active ingredient therein may be combined
with various sweetening or flavonng agents, coloring matter or dyes and, 1 desired,
emuidsifving or suspending agents, together with diluents such as water, ethanol,
propylene glveol, glycerin and combinations thereof. The compounds of formula 1
formula H, fornwla {a or formula la may also comprise enterically coated comprising of

various excipients, as is well known in the pharmaceutical art.

[0052] For parenteral administration, solutions of the compositions may be prepared in

(for example) sesame or peanat oil, aqueous propylene glycol, or in sterile agueous
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solutions may be employved. Such agueous solutions should be suitably buffered 1f
necessary and the ligoid diluent first rendered 1sotonie with sufficient sahine or glucose.
These particular aqueous solutions are especially suitable for intravenous, mtranmuscular,
subcutaneous and intraperitoneal administration. In this connection, the sterile aqueous
media employed are all readily available by standard techniques known to those skilled in

the art.

{0053 The formulations, for instance tablets, may contain ez 10 to 100, 30 to 250, 150

g 10, 50, 100, 300, 500, 700, 800 my of the compounds of

e

to 300 my, or 350 t0 800 mg e
formula 1, formula 1, formula Ta or formula Ha disclosed heretn, for instance, compounds
of formula I, formula 11, formula 1a or formula lla or pharmaceutical acceptable salts of a

compounds of Formula I, formula 11, formuda la or formula Ha.

6034 Generally, a composition as described herein may be admimstered orally, or
parenterally {e.g., intravenous, intramuscular, subcutaneous or intramedulisre). 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 to the surface of a tissue or organ as determined by the attending physician.
Localized administration may also be indicated, for example, when a high dose is desired
at the target tissue or organ. For buccal administration the active composition may take

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

{0035] The dosage administered will be dependent upon the identity of the metabolic
disease; the type of bost involved, including ity age, health and weight; the kind of

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

[0056] Hlustratively, dosage levels of the admmstered active ingredients are:
intravenous, 0.1 to about 200 mp/kg; intramuscular, 1 to about 300 mgfke; orally, § to
about 1000 mg/kg; intranasal instillation, 3 to about 1000 mg/kg, and aerosol, 3 to about

H00 mgfkg of host body weight.
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{0057 Lxpressed m terms of concentration, an active ingredient can be present in the
compositions of the present invention for Jocalized use about the cuiis, intranasally,
pharyngolarvngeally, bronchially, intravaginally, rectally, or ocularly in a concentration
of from about 0.01 to about S0% w/w of the composition; preferably about 1 to about
20% wiw of the composition; and for parenteral use in a concentration of from about 0.05

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

{0058] The compositions of the present invention are preferably presented for
administration to humans and animalg in unit dosage forms, such as tablets, capsules,
pills, poweders, granules, suppositories, sterile parenteral solutions or suspensions, sterile
non-parenteral solutions of suspensions, and oral solutions or suspensions and the like,
contaiming suitable quantities of an active ingredient. For oral administration erther solid

or fluid unit dosage forms can be prepared.

{0059 As discussed above, the tablet core contains one or more hvdrophilic polymers.
Suitable hydrophilic polymers include, but are not ltmited to, water swetlable cellulose
derivatives, polyatkyviene glveols, thermoplastic polyalkylene oxides, acrylic polymers,
hydrocolloids, clays, gelling starches, swelling cross-linked polymers, and wixtures
theveof Examples of suitable water swellable cellulose derivatives include, buot are not
limited to, sodium carboxymethyleellalose, cross-linked hvdroxypropyleellulose,
hydroxypropyl cellulose  (HPC)L hydroxypropyhmethyleellatose (HPMC(},
hydroxyisopropyicelialose, hydroxybutylceltulose, hydroxyphenyleellidose,
hydroxyethyleellnlose  (HEC), hydroxypentylceliulose, hydroxypropylethylcellalose,
hydroxypropyibutyleellulose, and hydroxypropylethyleellulose, and mixtures thercof.
Examples of suitable polyalkylene glycols include, but are not limited to, polvethylene
glycol. Examples of suitable thermoplastic polyalkylene oxides include, but are not
lumited to, poly{ethylene oxide). Examples of suitable acrvlic polymers wnchuide, but arg

not limited to, potassium methacrylatedivinyibenzene copolymer,
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polymethylmethacrviate, high-molecudar weight crosslinked acrylic acid homopolymers
and copolymers such as those commercially available from Noveon Cherseals under the
tradename CARBOPOL™, Examples of suitable hvdrocolloids include, bt are not
limited to, alginates, agar, guar gum, locust bean gum, kappa carrageenan, iota
carrageenan, tara, gum arabic, tragacanth, pectin, xanthan gum, gellan gum, maltodexirin,
galactomannan, pusstulan, laminarin, scleroglucan, gum arabic, inulin, pectin, gelatin,
whelan, rhamsan, zooglan, methylan, chitin, cyclodextrin, chitosan, and mixwres thereof,
Examples of snitable clays include, but are not limited to, smectites such as bentonite,
kacolin, and laponite; magnestum trisilicate; magnesium alumimun silicate; and mixtures
thereot. Examples of suitable gelling starches inclode, but are not limated to, acid
hvdrolvzed starches, swelling starches such as sodium starch glycolate and derivatives
thercot. and mixtures thereot. Examples of suitable swelling cross-linked polymers
include, but are not Hmited to, cross-linked polyvinyl pyrrolidone, crogss-linked agar, and

cross-linked carboxymethyleellulose sodium, and mixtures thereof.

{0060] The carner may contain one or mose suitable excipients for the formudation of
tahlets. Examples of suitable excipients mclade, but are not lumited to, fillers, adsorbents,
binders,  disintegrants,  lobricants,  ghdants,  release-modifying  excipients,

superdisintegrants, antioxidants, and mixtures thereof.

{0061 Suitable binders include, but are not limited to, dry bindess such as polyvinyl
pyrrolidone and  hydroxypropyimethyleellalose; wet binders such as water-soluble
polviners, including hydrocolloids such as acacia, alginates, agar, guar gum, locust bean,
carrageenan, carboxymethyicellulose, tara, gum arabic, tragacanth, pectin, xanthan,
gellan, gelatin, maltodextrin, galactomannan, pusstulan, laminarin, scleroglucan, inulin,
whelan, rhamsan, zooglan, methylan, chion, cyclodextrin, chitosan, polyvinyl
pvrrolidone, cellulosics, sucrose, and starches; and mixtures thereof  Switable

disintegrants inclade, but are not limited to, sodium starch glycolate, cross-linked
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polyvinyipyrrolidone, eross-linked carboxymethylecellulose, starches, mucrocrystalline

cellulose, and mixtures thereof

{6062] Surtable lubricants include, but are not fimited to, long chain fatty acids and their
salts, such as magnesium stearate and stearic acid, fale, glycendes waxes, and mixtures
thereof.  Suitable glidants include, but are not hmited to, colloidal silicon dioxide.
Suitable release-modifying excipients include, but are not himited 1o, insoluble edible

materials, pH-dependent polymers, and mixtures thergof.

[0063] Suttable insoluble edible materials for use as release-modifying excipients
include, but are not limited to, water-insoluble polymers and low-melting hydrophobic
materials, copolymers thercof, and mixtures thereof. Examples of suitable water-
msoluble polvimers include, but are not limited to, ethvlcellulose, polyvinyt aleohols,
polyvinyl acetate, polycaprolactones, cellulose acetate and its derivatives, acrylates,
methacrylates, acrylic acid copolymers, copolymers thereot, and mixtures thereof.
Suitable low-melting hydrophobic materials inclode, but are not limited to, fats, fatty acid
esters, phospholipids, waxes, and mixtures thereof. Examples of suitable fats include, but
are not Hmited to, hvdrogenated vegetable ails such as for example cocoa butter,
hydrogenated palm kemel oil, hydrogenated cottonseed oil, hydrogenated sunflower oil,
and hydrogenated soybean oif, free fatty acids and thewr salts, and mixtares thereof.
Examples of swntable fatty acid esters include, but are not himited to, sucrose fatty acid
esters, mono~, di~, and triglycerides, glyceryl behenate, glveeryl palmitostearate, glyceryl
monostearate, glveervl instearate, glyceryt trilaurylate, glyceryl myristate, GlycoWax-

932, lauroyl macrogol-32 glvcendes, stearoyl macrogol-32 glveenides, and mixtures
thereof Examples of suitable phospholipids include phosphotidyl choline, phosphotidyl
serene, phosphotidyvi enositol, phosphotidic acid, and mixtures thereof. Examples of
suitable waxes Include, but are not fimited to, camauba wax, spermaceti wax, beeswax,
candelilla wax, shellac wax, microcrystalline wax, and paraffin wax, fat-containing

mixtures such as chocolate, and mixtures thereof, Examples of super disintegrants
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include, but are not hmited 1o, croscarmellose sodium, sodi starch glycolate and eross-
linked povidone (crospovidone) In one embodiment the tablet core contains up to about

5 percent by weight of such super disimtegrant.

{6064] Examples of antioxidants include, but are not hmited to, tocopherols, ascorbic
actd, sodiwm pyrosulfite, butylhvdroxytoluene, butvlated hydroxyanisole, edetic acid, and
edetate salts, and mixtures thereof. Examples of preservatives include, but are not Hmited
to, citric acid, tartanie acid, lactic agid, malic acid, acetic acid, benzoic acid, and sorbic

acid, and mixtures thereof

{0065] In one embodiment, the immediate release coating has an average thickness of at
least 50 microns, such as from about 50 nucrons to about 2500 mierons; e.g., from about
230 mucrons to about 1000 mucrons. In embodiment, the immediate release coating is
typically compressed at a density of more than about 0.9 g/ee, as measured by the weight

and volume of that specific layer.

j0066] ln one embodiment, the immediate release coating contains a first portion and a
second portion, wherein at least one of the portions contains the second pharmacestically
active agent. In one embodiment, the portions contact each other at a center axis of the
tablet. In one embodiment, the first portion inclodes the first pharmaceutically active

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

[0067] In one embodiment, the first portion contains the first pharmaceutcally 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 ong of the portions contains a second immediate release portion of the same

pharmaceutically active agent as that contained in the tablet core.



WO 2013/168024 PCT/IB2013/052328
39

{0068] In one smbodiment, the outer voating portion s prepared as a dry blend of
malenals prior to addition to the coated tablet core. In another embodiment the outer
coating portion 1s included of a dried gramulation mcledimg the phammacestically active

agent.

{6069 Formulations with different drug release mechanisms described above could be
combined in a final dosage form containing single or muliiple units. Examples of
multiple units include multilayer tablets, capsules containing tablets, beads, or granules i
a solid or hquid form, Typical, immediate release formulations include compressed
tablets, gels, films, coatings, liquids and particles that can be encapsulated, for example,
in a gelatin capsule. Many methods for preparing coatings, covering or incorporating

drugs, are knowt in the art.

[8070] The immediate release dosage, unit of the dosage form, i.e, a tablet, a plurality of
drug-contaimng 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 pnit may or may not be coated,
and may or may not be admixed with the delayed release dosage vt or units {as in an
encapsulated mixtwre of immediale release drog-containing granules, particles or beads

gramses or beads).

Lot

and delaved release drug-containing

{0071] Extended release formulations are generally prepared as diffusion or osmotic
systems, for example, as desentbed in "Remungton--The Science and Practice of
Pharmacy”, 20th. Ed., Lippincott Willlams & Wilkins, Baltimore, Md., 2000). A
diffusion system typically consists of one of two types of devices, reservour and matrix,
which arg wellknown and described in die art. The matrix devices are generally prepared

by compressing the drug with a slowly dissolving polyvmer carrier into a tablet form.
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100721 An unmediate release portion can be added to the extended release system by
means of either applying an tmmediate release laver on top of the extended release core;
using coating or compression processes or in a multiple unit system such as a capsule

containing extended and immediate release beads.

[6073] Delayed release dosage formulations are created by coating a solid dosage form
with a film of & polymer which 1s msoluble in the acid environment of the stomach, but
soluble in the neutral environment of small intestines. The delaved release dosage units
can be prepared, tor 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 & “coated core" dosage
form, or a plurality of drug-contaimag beads, particles or granules, for incorporation into

either a tablet or capsule.

[0074] A pulsed release dosage form 18 one that mimics a multiple dosing profile
without repeated dosing and typically allows at least a twofold reduction m dosing
frequency as compared to the drug presented as a conventional dosage form (e.g., as a
solution or prompt drug-releasing, conventional solid dosage form). A pulsed release
profile 1s characterized by a time period of no release {lag time) or reduced releass

followed by rapid drug release.

{0075]  Each dosage form contains 2 therapeutically effective amount of active agent. In
one embodiment of dosage forms that mimic a twice daily dosing profile, approximately
30 wt. %o to 70 wt. %, preferably 40 wt. % 1o 60 wi. %o, of the total amount of active agent
in the dosage form is released in the imtial pulse, and, correspondingly approximately 70
wi. %% 10 3.0 wi. %, preferably 60 wt %6 to 40 wt. %, of the total amount of active agent in
the dosage form is released in the second pulse. For dosage forms mimicking the twice

daily dosing profile, the second pulse is preferably released approximately 3 hours to less
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than 14 hows, and more preferably approximately $ hours to {2 hours, following

admimistration.

{0076] Another dosage form contains a compressed tablet or a capsule having a drug-
containtng inmediate release dosage unit, a delayed release dosage unit and an optional
second delaved release dosage unit. In this dosage forni, the immediate release dosage
unit contains a plurality of beads, granules particles that release drug substantially
immediately following oral administration 1o provide an initigl dose. The delaved release
dosage umit contains a plurality of coated beads or granules, which release diug
approximately 3 hours to 14 hours following oral administration to provide a second

dosea.

{6077  For purposes of transdermal {e.g., topical} administration, dilute stertle. aqueous
or partiaglly aqueous sotutions {usually 1n about 0.1% to 5% concentration), otherwise

stmifar 1o the above parenteral solntions, may he prepared.

[0078] Methods of preparing various pharmaceutical compositions with a certain
amount of ene or more compounds of formula 1, formula II, formula la or formula Ha or
other active agents are known, or will be apparent in light of this disclosure, to those
skilled in this art. For examples of methods of preparing pharmaceutical compositions,
see Remington's Pharmaceutical Sciences, Mack Publishing Company, Easton, Pa., 19th

Edition {1993).

{0079] In addition, in certain embodiments, subject compositions of the present
application maybe lvophilized or subjected to another appropriate drying technique such
as spray drying. The subject compositions may be administered once, or may be divided
o a pwnber of smaller doses to be admsrustered at varving mtervals of time, depending

in part on the release rate of the compositions and the desired dosage.
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{0080] Formulations useful in the methods provided herein include those sustable tor
oral, nasal, topical Gocluding buccal and sublingual), rvectal, vaginal, aerosol andfor
parenteral adminsstration.  The formudations may conveniently be presented in umit
dosage form and may be prepared by any methods well known in the art of pharmacy.
The amount of a subject composttion which may be combined with a carsier material to
produce a single dose may vary depending upon the subject being treated, and the

particular mode of administration.

[0081] Methods of preparing these formulations or compositions include the step of
bringing into association subject compositions with the carrier and, optionally, one or
more accessory ingredients. In general, the formulations are prepared by uniformly and
intimately bringing inte association a subject composition with liquid cartiers, or finely

divided solid carriers, or both, and then, 1f necessary, shaping the produoct.

{6082] The compounds of formula 1, formula I, formula 1a or formula Ha described
herein may be administered in inhalant or aerosol formulations. The inhalant or acrosol
formulations may comprise one or more agents, such as adjuvants, diagnostic agents,
imaging agents, or therapeutic agents useful in mhalation therapy. The final aerosol
formulation may for example contain 0.003-90% w/w, for instance 0.005-50%, 0.005-5%

wiw, or 0.01+1.0% wiw, of medicament relative Lo the total weight of the formulation.

[0083] In solid dosage forms for oral admingstration {capsules, tablets, pills, dragees,
powders, granules and the like), the subject composition s mixed with one or more
pharmaceutically acceptable carriers andfor any of the following: (1) fillers or extenders,
such as starches, lactose, sucrose, glacose, manmtol, and/or sihicic acid; (2) binders, such
as, for example, carboxymethylceliulose, alginates, gelatin, polyvinyl pyrrolidone,
sucrose and/or acacia; (3) humectants, such as glveerol; (4) disintegrating agents, such as
agar-agar, calcium carbonate, potato or tapioca starch, alginic acid, certain silicates, and

sodium carbonate; (3) solution refarding agents, such as paratfin, (&) absorption
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accelerators, such as quaternary ammonum compoonds; (7) wetting agents, such as, for
example, acetyl alcobol and glycerol monostearate; (8) absorbents, such as kaolin and
bentorute clay; (9) lubricants, such a tale, calclum stearate, magnesiom stearate, solid
polvethylene 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.  Solid compositions of a similar type may also be
emploved as fillers in soft and hard-filled gelatin capsules using lactose or mitk sugars, as

well as high molecudar weight polvethylene glycols and the like.

jo084] Liquid dosage forms for oral adnunistration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups and elixirs. 1n addition to the
subject compositions, the liquid dosage forms may contain inert diluents commonly used
m the art, such as, for example, water or other solvents, solubilizing agents and
emudsifiers, such as ethyl alcohol, isapropyl aleohol, ethyl carbonate, ethyl acetate,
benzyl alcohol, benzy! benzoate, propylene glycol, 13-butylene glyeol, oils {in particular,
cottonseed, corn, peanut, sunflower, sovbean, olive, castor, and sesame oils), glycerol,
tetrabydrofuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and

mixtures thereof.

{B085] Suspensions, in addition to the subject compositions, may contain suspending
agents such as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol,
and sorbitan esters, microcrystalline cellulose, aluminum metahydroxide, bentonite, agar-

agar and tragacanth, and mixtures thereof.

j0086] Formulations for rectal or vaginal admimistranion may be presented ag a
suppository, which may be prepared by mixing a subject compaosition with one or more
suitable non-Imitating carriers comprising, for example, cocoa butter, 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
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release the encapsulated compound(s) and composition{s). Formelations which are
suitable for vaginal administration also mwelude pessaries, tampons, creams, gels, pastes,
foams, or spray formulations containing such camiers as are known in the art to be

appropriate.

[0087] Dosage forms for transdermal administration include powders, sprayvs,
omtments, pastes, creams, lotions, gels, solutions, patches, and mhalants. A subject
composition may be mixed under sterile conditions with a pharmaceutically acceptable
carrier, and with any preservatives, buffers, or propellants that may be required. For
transdermal admimstration, the complexes may include bpophilic and hydrophilic groups

to achieve the desired water solubility and transport properties.

[0088] The ointments, pastes, creamns and gels may contan, n additon to subject
compositions, other carriers, such as ammal and vegetable fats, oils, waxes, paraffing,
starch, tragacanth, cellulose derivatives, polyethylene glveols, silicones, bentonites,
silicic aaid, tale and zine oxide, or mixtures thereof. Powders and sprays may contain, in
addition to a subject composttion, excipients such as lactose, tale, silicic actd, aluminum
hydroxide, calciom silicates and polvamide powder, or mixtures of such substances.
Sprays  may  additionally  contain customary  propellants, such  as
chlorofluorohydrocarbons and volatile unsubstituted hydrocarbons, such as butane and

propang.

[6089] Methods of delivering a composition or compositions via a transdermal patch are
known in the art. Exemplary patches and methods of paich delivery are described in US
Patert Nos. 6,074,588, 6,564,003, 6312716, 6.440454, 6.267.983, 6239180, and

6,103,275,

{0096] In another embodiment, a transdermal patch may comprise: a substrate sheet

comprising a composite film formed of 4 resin composition comprising 100 parts by
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weight of a polyvinyl chlovide-polvurethane composite and 2-10 parts by weight of a
styrene~ethyiene-butvlene-styrene copolvmer, a first adhesive faver on the one side of the
composite film, and a polyalkviene terephthalate film adhered to the one side of the
composite film by means of the first adhesive laver, a primer layer which comprises a
saturated polyvester resin and is formed on the surface of the polvalkylene terephthalate
film; and a second adhesive laver comprising a styrene-diene-styrene block copolymer
contaiming a pharmaceutical agent lavered on the primer laver. A method for the
manufacture of the above-mentioned substrate sheet comprises preparing the above resin
composition molding the resin composition into g composite film by a calendar process,
and then adhering a polyatkylene terephthalate film on one side of the compostie film by
means of an adhesive layer thereby forming the substrate sheet, and forming a primer
layer comprising a saturated polyester resin on the outer surface of the polyalkylene

terephthalate film,

[0091] Another type of patch comprises incorporating the drog divectly in a
pharmaceutically acceptable adhesive and laminating the drug-contaming adhesive onto a
suitable backing member, e.g. a polyester backing membrane. The drog should be present
at a concentration which will not affect the adhesive properties, and at the same time

detiver the required clinical dose.

[0092] Transdermal patches may be passive or active. Passive transdermal drug
delivery systems currently available, such as the nicoting, estrogen and nitroglycernine
patches, deliver smali-molecule drugs. Many of the newly developed proteins and peptide
drugs are too large to be delivered through passive transdermal patches and may be
dehivered using technology such as electrical assist (tontophoresis) for large-molecule

drugs.

[0093] Iontophoresis is a techmique employed for enhancing the flux of ionized

substances through membraoes by application of electric current. One example of an
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1ontophoretic membrane is given in UL.S. Pat. No. 5,080,646 {0 Theeawes. The principal
mechanisms by which lordophoresis enhances molecdar fransport across the skin are (a)
repelling a charged ton from an electrode of the same charge, (b} electroosmosis, the
convective movement of solvent that occurs through a charged pore in response the
preferential passage of counter-ions when an electric tield 1s applied or (¢) increase skan

permeability due to application of electrical current.

{0094]  In some cases, it may be desirable to administer in the form of a kit, it may
comprise a container for containing the separate compositions such as a divided bottle or
a divided foil packet. Typically the kit compnises directions for the administration of the
separate components. The kit form is particularly advantageous when the separate
components gre preferably administered in different dosage forms (e.g., oral aad
parenteral), are adnunistered at different dosage intervals, or when titration of the

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

[6095] An example of such a kit is a so-called blister pack. Blister packs are well known
in the packaging industry and are wadely used for the packaging of pharmaceutical unit
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.

10096] Methods and compositions for the treatment of Atherothrombosis. Among other
things, herein is provided a method of treating Atherothrombosis, comprising
administering to a patient in need thereot a therapeutically effective amount of compound

of Formula b
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Formula |

Wherein,

R" independently represents D, H, methyl,

Q O

- i{ J\g PN

NH,

NH. A NH,
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a is independently 23 or 7;

each b is independently 3, 5 or ¢;
e is independently 1, 2 or 6,
¢ and d are each independently H, D, -OH, -OD, C-Ce-alkyl, -NH; or -COCH..

[0097] Methods and compositions for the treatment of Atherothrombosis. Among other
things, herein is provided a wmethod of tweating Atherothrombosis, comprising
administering to a patient in need thereof a therapeutically effective amount of compound

of Formula 1

Formula 11

Wherein,

R' independently represents D, H, methyl,

O O

R 0"7?::‘ 5 j\(;s\ E\O ;jg‘

NH,

3
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OH

=X

-

ats independently 2.3 or 7;

¥

each b 13 independently 3, S or 6;
gisindependently 1, 2 or 6,
¢ and d are each mdependently H, D, -OH, -OD, C-Cg-alkyl, -NH: or -COCHs.

[0098] Methods and compositions for the treatment of Atherothrombaosis. Among other
things, herein is provided a method of treating Atherothrombosis, comprising
administering to a patient in need thereof a therapeutically effective amount of compound

of Formuda {a:

formula la

Wherein,
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HO

N
H

~

aisindependently 2.3 or 7:
cach b is independently 3, § or §;
e iswndependently 1, 2 or

¢ and d are each independently H, 1, -OH, 0D, C-Ci-alkyl, -NH; or -COCH;.

{0099] Methods and composttions for the treatment of Atherothrombosis. Among other
things, heremn is provided a method of wreating Atherothrombosis, comprising
administering to & patient in need thereof a therapeutically effective amount of compound

of Formuda fla:
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Formula lla

Wherein,

R’ independently represents D, H, methyl,
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5 HN
& NH; i
K

HO

N
H

a1s independently 23 or 7,

cach b is independently 3, 3 or 6;

eisindependently [, 2 or §;

cand d are each independently H, D, -OH, -OD, C,-Cg-alkel, -NH; or <COCH;.

Methods for using compounds of formula I

{00100} The invention also inclodes methods for treating or management of
atherothrombosis, ischemia, stroke, cerebral thrombosis, arterial thrombosis, thrombotic

cerebrovascular, cardiovascular diseases and blood clots.

Methods For Making The Compounds Of Formuda ~ 1a and Formula [la;

{60101} Examples of synthetic pathways usefud for making the compounds of Formula fa

are set forth m the examples below and generalized in the scheme 1.
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Scheme-1:
8r
E A CN By E:\L/l\CN (/\J:'\BJH NaHCGs,
Trrrr——————— + R
= 4 o0 = S - mietharol,
“ 1001108 " ¢ refux, 3 i, 86%;
q &, 865 2 3
TEEA
TEBA COOM NaOM COTCH,
40-50% NaCH (aq). é@)@ dirnethyt sulfate {/‘ i “™S N T]
...................... - et
57 o methanol, :31/. cl &
riethancl, reflux, 405G, 12 h; 87%
12 h, 85% M= H or Na §
&
COOCH, ,
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[00102] Siep -1: Synihesis of Compound 2:
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Br
(;\/\CN Br, @LCN
e s
Ci 100-110 °C Gt
4 6 h, 86% 2

[00103] Bromine(176 g 1.1 mol) was added over a period of 3 h to 2+2-

chlorophenybacetonitrile 1 (151.5 g, 1 mol} with stirring at 105-110 °C and was reacted
for another 3 h. Then buatyl acetate {250 mlL) and sodnsm bisulfate (11.4 g, 0.11 mol)
were added at 30 °C. After 15 mun stirring, the mixture was filtered, washed with water,
and dried over anhydrous sodium sulfate. Removal of the solvent was done in vacuum to
afford 2 (200 g, 86%): mp: 110 °C /15 mmHg;, THNMR (300 MHz, CDCI3): 8783 (1 H,
m), 7.38-7 45(4 ¥, m), 5.87 {1 K, s}

{00164} Siep -2: Synthesis of Compound 4:

Br ON

NH NaHCO,, } N
o, QY e o)
5 methanol, 3 i

\ cl s refhix, 3 b, B5%: .

J00105] 3 (987 g, 0.43 mol), 2 (70.2 g, 0.4 mol), sodium hydrogen carhonate (84 g, 1.0
maol), and methanol (300 ml) were combined and reflaxed for 3 h. Then the mixture was
stirved at 5 °C for more than 30 min, filtered, washed with water and cold methanol, and
dried to give 4 (98 g, 85%). [HNMR (300 MHz, CDCI3Y: § 735-7.72 (4 H, m), 7.08 {1
Hod )51, 6690 H, & /)51, 3320 H, s, 378 H, 4,137, 365(LH. 4,.J)
13.7), 28-3.0 (4 H, m).

{60106} Step -3: Synthesis of Compound 3¢

CN TEBA COOH
O M Y0
3 SN ethanol, reflux, S cr”
s 12 h, 95%
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100107} The nuxture of 4 (60 g, 0.22 mol), tethylbenzylammonium chlonde TEBA
(1.0 gy, NaO¥ {aq 360 g, 40-50%), and butanol {100 mi.} was refluxed for 12 h. After
cooling to room temperature, the solution was neutralized with HCH {aq 35-37%) to pH 8
and then acidified with acetic acid to pH 4-5. The suspension was filtered, washed, and
dried to give 8 {61 g 95%) THNMR (300 MHz, DMSO}S 10.3-143 {1 H, br ), 735-
FO44H, m), 726 H, &, J)S D, 681 H, &, /yS ), 470H, s}, 3613652 H, dd, J
3108}, 2782 85 (4 H, m}.

{00108} Step -4: Synthesis of Compoand 6:

TEBA
COOH NaGH COOCH;,

GO e (O
N o methanot, S oF

" 40°C, 12 h: 87%

[00109] The mixture of acid 5 (60 g, 0.198 mol), TEBA (1.2 g), methanol {250 mL), and
NaQH {ag 20%, 60 g) was refluxed for 30 min. After cooling 1o about 10 °C, Me2804
(40 g, 0.317 mol) was added dropwise. The solution was reacted at 40 °C for 12 h. After
removal of methanol, butyl acetate (150 mL) was added. The organic laver was washed
with water and brine and dried over anhydrous sodium sulfate. After removal of solvent
by vacuum, compound 6 was obtained as brown o1l (54.7 g, 87%). ITHNMR (300 MHz,
D20 0765 (IH, 4, J)¥80), 75-7T6 3 H, m)L 730 H. 4, /)32y, 67(1H, d, /Y47,
SO(1H, 8, 4244 (2H, mL38 (G HS37382H m),322H,s).

{60110} Step -5: Synthesis of Compound 72

{a
COOCH, ™ L.CSA H20 COOCH;
toiuensg, 48 h 7 H
(‘EC*}J 93%, ee > 99.5% (‘U B
s Ci (b) NaHCO3 s cl
J acetone 7

reflux, 6 b
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{60111} L-CSATH2O (133 g 0053 mol) was added batchwise into the solwtion of
racenic 6 (32 g 0.10 mol) and toluene (140 mi.) at room temperatare. After stirging at 50
°C for 1 h, the nuxtore was cooled to room temperatare, stured, and seeded for another
48 h. It was then filtered, washed, and dried to give a white solid {257 g, ee ) 99.6%).
Then a mixture of the white solid (25.7 g, 0.046 mol), NaHCO3 (3.9 g, 0.046 mol), and
acetone {100 mL) was refluxed for 6 h. After the mixture was cooled to -5 °C, filtered,
and washed with cold acetone, and evaporation of solvent gave the product 7.

[00112] Step -6: Synthesis of Compound 9:

COOCHA CQOCH:
o Y o U0
HS ~ CHZOCH,0CH,  MOMS
25°C, 2 h
8 9

{60113} To a pre-stitred (30 min, O "C) mixtwre of TICK/Zn (powder, 100 mesh) ina 4 ¢
8 molar equivalent ratio tn 25 ml ofdimethoxymethane s added the compound 8 (028
mmaol). The resulting solution is stivred for 1-2 b at 25 “C, poured into water {30 mL.), and
extracted with E{OAc (S0mL = 3). The EtOAc extracts are washed with water and brine,
dried (MgS04), and concentrated in-vacuo. Silica gel column chromatography of the
residue then provides the pure MOM-protected compound 9.The products obtained
these processes are characterized by using spectroscopic methods.

{00114} Step ~7: Synthesis of Compound {0:

COQCH; CHaly COOTH,
= N : KGOy 2 N :
roos VY ~ wioooe ™YY
MOMS cl DMF MOMS c

0°C-t, 12 h
9 10

{00115} Compound 9 { | mmel} , achydrous K;CQs (3.0 mmol} was taken in dry DMF
(10 mi) stir at room temperature for 2 h and then cooled to 0 °C, methylene iodide
(CHlpwas added slowly drop wise over 30 min. & then was allowed to stir at room

temperature for 12 h. Reaction was monitored by TLC. On completion of the reaction,
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the reaction mixture was poured into water (10 ml} and extracted with diethy! ether (2 x
S i) The combined organic layers were washed with water (3 ml.) followed by brine
solution (5 mL), dried over anhydrous Na:S0; and evaporated under reduced pressure to
get the intermediate iodo compound 10 was directly used for the next step without
further purification.

00116} Step -8: Synthesis of Compound {2:

OH

=Xy N'"ﬁ

IHZCDOC/jO . DME

MOMS ¢l G112 h
10
H,COO0C,,
N Ci
e
o j:’ o SMOM
- o - - o (0]

12

J00117) In a RB flask the ¢is-5,8.11,14,17-Eicosapentaenoic aci d 11 (1.0 mmol} &
anhydrous K;CO; (3.0 mmol) was taken in dry DMF {10 vol) stiv at room teniperature for
2 h and then cooled to ~-10 °C, intermediate 10 (1.6 mnrol) was added slowly drop wise
over 30 min. & then was allowed to stiv at room temperature for 12 h. Reaction was
monitored by TLC. On completion of the reaction, the reaction mixture was poured into
water {10 mL) and extracted with diethyl ether (2 x 3 mi). The combined organic layers

were washed with water (2 x § mL) followed by brine solution (10 ml), dried over
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anhydrous Na;SOy and evaporated under reduced pressure. The crude was purnified by
column chromatography over 100-200 mesh sthica gel to get the compound 12,

{00118} Step -9: Synthesis of Compound 13:

H.COQOC,,, 1M HC
3 SR % T —— >
E20
= i, 12h
o j) 5 SKMOM
- - - - - O
12 HACO0C,,
N. Ci
o
ShH
Q j) O 43
e T N TN T = ==
Q

[60119] To the compound 12 {1 munol } in Et20 (10 mb.) was added 1.0 M solution of
HCH in methanot (freshly made from MeOH and CH3COCE, 0.5 ml). The reacton
mixture was stirved for 12 h (monitored by TLC) at room temperature before it was
cocled to 0 °C and quenched with satarated aqueous NaHCO3 (10 ml). The aqueous
laver was extracted with Ex20 (10 mbL x 4). The combined organc lavers were dried with
magnesium sulfate, filtered, and concentrated under reduced pressure. The crude product
was purified by fash columin chromatography over silica gel to afford the final

compound 13.

{00120 Examples of synthetic pathways useful for making the compounds of Formula

Ha are set forth in the examples below and generalized m the schemes 2.
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{00121} Step -1: Synthesis of Compounnd 3:

b + D>—cN 'l'/;

DC'

{00122} Active magnesium {10 mmol) was added in a RB containing dry THF (10mi)
and added a tittle iodine and stirred the reaction mixture and to this was added compound
1 {in 2 m} THFilowly and stirred to generate the Grignard reagent. The reaction mixture
was cooled 1o 0 °C and added compound 2 (in THF) drop wise and stirred the reaction
muxture at rt for 2h. After Zh the reaction mixture was quenched with saturated NH(1
solution and extracted with EtOAc. The organic layver washed with water, brine, dried
over sodinm sulphate and evaporated under reduced pressure to obtain compound 3.

60123} Step -2: Svanthesis of Compound 4:

s

Chiorgbenzane
3 80 °C. 4h

{00124 A mixture of compound 31 mmol) aztisobutyronitrile (0.2 mmol) and N-
bromosuccinimide( 1.1 mmol) in chliorobenzene was stirred and heated at 80 °C for 4h.
After cooling to room temperature the reaction mixture was filtered to remove the solid
succinimide, and then the filtrate was washed with water and brine, dried over
anhydronos MeSO4 and filtered. The solvent of the filtrate was removed by rotary
evaporation, and the crude product was purified by column chromatography on silica get
to atford compound 4.

{60125} Step -3: Synthesis of Contpound 6:
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{00126} To a solution of compound § (1.0 mmaol} v dry DCM {4 ml) was added N, N-
diisopropylethylamine {2.0 mmol) at - 10°C, followed by drop wise addition of compound
4 {1.2 mmol in 2 ml DCM) tor 30 min at the same temperature and the reaction mixture
was allowed to stir for 1 b at rt. On completion of the reaction (monitored hy TLCY), the
solvent was evaporated and the crude product was punfied through colomn to yield
compound 6,

[001271 Siep -4: Svuthesis of Compound §:

oSN TGl Zn HQOC/\/Q
s . LHSOCHz(DCH MOMS
25°C, 2 h
7

{60128} To a pre-stirred (30 min, 0 "C) mixtare of TICK/Zn (powder, 100 mesh)ina 4
§ molar equivalent ratio in 25 ml ofdimethoxymethane was added the compound 7 (028
mmol). The resulting solution is stitred for 1-2 k at 25 °C, poared into water (30 mL), and
extracted with EtOAc (30ml. » 3). The EIOAc extracts are washed with waler and brine,
dried (MgS04), and concentrated in-vacno. Stlica gel column chromatography of the
residue then provides the pure MOM-protected compound 8. The products obtained in

these processes arve charactenzed by asing spectroscopic methods.

[00129] Step -5: Svathesis of Compound 9:
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0 CHyl,
A KGO
hooc” T N B =N
o0 A H,CO0C
DMF MOMS
; GG, 12

9

{00138 Compound 8 (1 mmol) , anhyvdrous K;COs (3.0 mmol} was taken in dry DMF
(10 mi) stir at room temperature for 2 h and then cooled to 0 "C, methylene iodide
(Cllzbzywas added slowly drop wise over 30 min, and then was allowed to stir at room
temperature for 12 h. Reaction was montored by TLC. On completon of the reaction,
the reaction mixture was poured tnto water {10 mL} and extracted with diethyl ether (2 x
5 mi). The combined organic layers were washed with water (5 mL) followed by brine
solution {5 mL}, dried over anhydrons Na;SOy and evaporated under reduced pressure to
get the intenmediate iodo compound 9 was directly used for the next step without further
purification.

{60131} Step -6: Synthesis of Compound 11:

KoC Oy

DhF
0°Crt, 12 h

mgcooc/“ﬁ*
RO S

o /LQ SMOM

Q
R N N N O/J
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{00132} In a RB flask the vis-5.5,11,14,17-Eicosapentaenoic acid 10 (1.0 mmol) &
avhydrous KxCOz (3.0 mmaol) was taken i dry DMF (10 vol} stir al room temperatare for
2 h and then cooled to -10 °C, intermediate 9 (1.0 mmol) was added slowly drop wise
over 30 min. & then was allowed to stir at room temperature for 12 h Reaction was
monitored by TLC. On completion of the reaction, the reaction mixture was poured into
water {10 mL} and extracted with diethyd ether (2 x § mi). The combined organic layers
were washed with water (2 x 5 mL) followed by brine solution (10 mL), dried over
anhvdrous NaSO, and evaporated under reduced pressure. The crude was purified by
column chromatography over 100-200 mesh silica gel to abtain the compouynd 1L
jo0133] Step -7: Synthesis of Compound 12:

O
M HC
N B A
EtO
ol 1, 12h
o oS SMOM
‘\/M"m\wwmﬂ\‘@/) ji
11 OF i
-
N_ F
i
o oy S

[00134] To the compound 11 (1 mmol j in E£20 (10 ml) was added 1.0 M solution of
HCH in methanot (freshly made from MeQOH and CH3COC!, 05 ml) The reaction
mixture was stirred tor 12 h (momtored by TLCY at room temperatare before 1t was
cooled to 0 °C and quenched with satorated agqueocus NatHCO3 {10 ml.) The aqueous
layer was extracted with E£20 (10wl % 4). The combined organic lavers were dried with

magnesium sulfate, filtered, and concentrated under reduced pressure. The crude product
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was purified by flash column chromotography over silica gel to vield the final compound

12.

[00135] The term "sample" refers to a sample of a body fluid, 1o a sample of separated
cells or to a sample from a tissue or an organ, Samples of body fuids can be obtained by
well known techniques and include, preferably, samples of blood, plasma, serum, 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 tissues or organs by separating technigues such as
centrifugation or cell sorting. Preferably, cell-, tissue- or organ samples are obtained from

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

EOUIVALENTS

[00136] The present disclosure provides among other things compositions and methods
for treating Atherothrombosis and their complications. While specific embodiments of
the subject disclosure have been discussed, the above specification is illustrative and not
restrictive. Many variations of the systems and methods herein will become apparent to
those skilled in the art upon review of this specification. The full scope of the claimed
systems and methods shonld be determined by reference to the claims, along with their

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

INCORPORATION BY REFERENCE

{60137} All publications and patents mentioned herein, including those items listed
above, are hereby incorporated by reference 1 their entirety as 1f each individual
publication or patent was specifically and individually indicated 1o be incorporated by
reference. In case of contlict, the present application, mcloding any definitions herein,

will control.
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CLAIMS
1.

A compound of formula I

-
-
b
-
-

Formmda §

or a pharmaceutically acceptable salt, hydrate, polymorph, solvate, prodrug, enantiomer,
or stereolsomer thereof;
Wharein,

R'independently represents D, H, methyl,

Q Q

3! <
o D:LLL

I U
o O 2,
N §

. Jf y SH%MOM% ;;_';‘o//\g“;\i

3-<~\‘§/Lﬁ‘ | E)kfs 0
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NHCOCH

0 o
![3. o s CONH;
O 3 OH ::: ;§§ : OCOCH;. 0% 3

e 0O
56 o,
B)

oy

ais independently 23 or 7;

2

each b is independently 3, 3 or §;
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£1s independently 1, 2 or 6

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

2. A compound of formula I

Formola 11

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

or stereoisomer thereof

Wherein,

R’ independently represents D, H, methyl,

Eﬂzxﬁkﬁ | E)ke’s “3{0)\0,‘3{
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a is independently 2.3 or 7;
each b 1s independently 3, 5 or §;
¢isindependently 1, 2 or 6.

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

]

3. A compound of formula fa:

Formuia la

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

or stereoisomer thereof

Wherein,

R! independently represents D, H, methyl,
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NHE C}
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T .
R’ independenty represents
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aisindependently 23 or 7;
cach b is independently 3, S or 6;
eisindependently 1, 2 or &

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

4. A compound of formula Ua:

R;
2

HS

Formula Ua
or a pharmaceutically acceptable salt, hvdrate, polymorph, solvate, prodrug, enantiomer,

ot steregisomey thereof)

Wherein,

R’ independently represents [, H, methyl,
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o

&,

HO

T

or ;

ais independently 23 or 7;

ind

each b is independently 3, 3 or 6;
eis independently 1, 2 or 6,

¢ and d areg each independently H, D, -OH, -QD, C,-Cg-alkyl, -NH: or -COCH-,

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

pharmaceutically acceptable carrier.

[

A Pharmaceutical composition comprising a compound of claim and a

pharmaceutically acceptable carrier.

[~

A Pharmaceutical composition comprising a compound of claim 3 and a

pharmaceutically acceptable carrier.

. A Pharmaceutical composition comprising a compound of claim 4 and a

et

pharmaceutically acceptable carrier.

. The pharmaceatical composition of claim 5, which is formulated to treat the

underlying etiology with an effective amount administering the patient in need by oral
administration, delayed release or sustaimed release, transmucosal, svrup, topical,
pavenieral adminsstration, injection, subdermal, oral solution, rectal admimustration,

buccal administration or transdermal administration.
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10. The pharmaceutical composition of claim 6, which is formulated to treat the
anderlying etiology with an effective amount administesing the patient in need by oral
admunistration, delaved release or sustained release, transmucosal, syrup, topical,
parenteral admumstration, injection, subdermal, oral solution, rectal admimstration,

hugccal administration or transdermal administration.

11. The pharmaceutical composition of claim 7, which s formulated to treat the
anderlying etiology with an effective amount admiistering the patient 1 need by oral
administration, delaved release or sustmned release, trassmucosal, syrup, topical,
parenteral administration, injection, subdermal, oral solution, rectal administration,

buccal administration or transdermal administration.

{2. The phamaceutical composition of claim & which is formulated to treat the
anderlving ettiology with an effective amount administering the patient in need by oral
adininistration, delaved release or sustained release, transmucosal, syrup, topical,
parenteral administration, injection, subdermal, oral solution, rectal admimstration,

buccal administration or transdermal administration.

13, Compounds and compositions of claim 9 are formulated for the treatment or
management of the underlving etiology such as athercthrombosis, ischemis, stroke,
cerebral thrombosis, arterial thrombosis, thrombotic cerebrovascular, cardiovascular

discases and blood clots.

14, Compounds and composttions of claim 10 are formulated for the treatment or
management of the underlying etivlogy such as atherothrombosis, ischenua, stroke,
cerebral thrombosis, anterial thrombosis, thrombotic cerebrovascular, cardiovascular

diseases and blood clots.
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15, Compounds and compositions of claim 1 are formulated for the treatment or
management of the undesrlving etiology such as atherothrombosis, tschemia, stroke,
cerebral thrombosis, arterial thrombosis, thrombotic cerebrovascular, cardiovascular

diseases and blood clots.

16, Compounds and compositions of claim 12 are formulated for the treatment or
managenient of the underlyving etiology such as atherothrombosis, ischemia, stroke,
cerebral thrombosis, arterial thrombosis, thrombotic cerebrovascular, cardiovascular

diseases and bliood clots.



