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COMPOSITIONS AND METHODS FOR THE
TREATMENT OF HYPERGLYCEMIA

PRIORITY

{6001} The present application claims the benefit of Indian Provisiomal Patent
Application No. 181 1/CHE2012 filed on 08-May-2012, the entive disclosure of which i

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 tregtment
of hyperglycemia, diabetes and insulin resistance. Move particularly, this mvention
refates to treating subjects with a pharmaceutically acceptable dose of compounds,

crystals, esters, sterecisomers, enantiomers, salts, hvdrates, prodrugs, or mixtures thereof.

{0003} The multifaceted metabolic syndrome is defined as a number of major metabolic
disorders that enhances the nsk of cardiovascular disease (CVD) — stll the most
important cause of death in the Western world — and type 2 diabetes melhitus. It 1s also
known as the mseha resistance syndrome, syvadrome X, dysmetabolic syndrome, or the
deadly quartet, and s characterized by aberrations 1n a wide vanety of metabohie risk
markers such as hyperinsulinemia, impaired glucose metabolism, elevated plasma levels
of tnglycerides, decreased levels of high-density lipoprotein cholesterol (HDL-C}, raised
blood pressure, centrally distributed obesity, impaired endothehial and haemostatic

function, and a low-grade intlammatory state.

{0004} Type 2 Diabetes Mellitus (TZDM) 15 characterized by fasting and postprandial
hyperglycemia and relative mmsulin insufficiency. If left untreated, then hyperglvcemia
may cause long tenm microvascular amd macrovascular complications, such as

nephropathy, neuropathy, retinopathy, and atherosclerosis. This disease causes significant
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morbidity and mortality at considerable expense to patients, theiy families and society.
The incidence of T2DM worldwide is now increasing at more rapid rates in Africa, Asia
and South America than in Eorope or the ULS. Thas, T2DM 1s now considered worldwide

epidenyc.

{0005] Oxidative stress has long been associated with the late complications of diabetes,
and bas been smplicated in their etictogy. The reactive oxygen intermediates, produced in
mitochondria, peroxisomes, and the cytosol, are scavenged by cellular defending systems,
including enzymatic {ex. superoxide dismutase, glutathione peroxidase GPx, glutathione

glutathione  {G-SHL

=<

reductase and catalase) and nonenzymatic antioxidants  (ex.
thioredoxin, lipoic acid, ubiquinol, albumin, uric acid, favonoids, vitamins A, C and E,
ete.). Some are located 1n cell membranes, othears in the cvtosol, and others in the blood
plasma. In hyperglvecemia, an altered oxidative metabolism is a consequence either of the
chrenic exposure to hyperglveaemia or of the absolute or relative 1nsulin deficit; insulin
regulates several reactions involved in oxido-reductive metabolism. Despite strong
experimental evidence indicating that oxidative stress may determing the onset and
progression of late-diabetic complications controversy exists about whether the increased

oxidative stress is merely associative rather than causal in byperglycemia.

[0006] Managing acute pathology of often relies on the addressing underlying pathology
and symptoms of the disease. There is currently a need in the art for sew compositions to
treatment or delay of the onset of diabetes related hyperglveemua and its associated

complications progression.

SUMMARY OF THE INVENTION

{0007] The present invention provides compounds, compositions containing these
compounds and methods for using the same to treat, prevent and/or ameliorate the

effects of the conditions sach as hyperglycensia.
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{0008] The invention herein provides compositions comprising of formula 1 or
pharmaceutical acceptable salts thereof. The mvention also provides pharmaceutical
compostiions comprising one or more compounds of formula | or intermediates thereof
and one or move of pharmaceutically acceptable carviers, vebicles or diluents. These
compositions may be used in the treatmernt of hyperglyeemia and s associated

complications.

Ry

Re R,

Formulal

{6009] In certatn embodiments, the present invention relates to the compounds and

compositons of formala L, or pharmaceutically acceptable salts thereof,

R

Formulal
Wherein,

R independently represents D, H, methyl, ethyl, CH;CO- or

Ariaat
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aisindependently 23 or 7,
cach b is independently 3, 5 or 6;
eisindependently 1, 2 or 6;
¢ and d are each independently H, D, -OH, -0OD, C-Cg-alkyl, -NH; or -COCH;,
RY R, R®, R” each independently are selected from the groups consisting of H, D, -OH,

-0D, methyl, ethyvl, -OCH;, -OCD;3 or acetyl.

{0016] In the illustrative embodiments, examples of compounds of formula 1 are as set

forth below:

OH

N/\\/\\O

HO
S
HG OH
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j0011] Herein the application also provides a kit comprising any of the pharmaceutical
composttions disclosed herein. The kit may comprise mstructions for use in the treatment
of hyperglycemia or its related complications.

[0012] The application also discloses a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and any of the compositions herein. In some aspects,
the pharmaceutical composition is formulated for systemic administration, oral
admamistration,  sustained  release, parenteral  admimstrabion, wnjection, subdermal
adminstration, or transdermal administrabon.

{0013] Herein, the application additionally provides kits comprising the pharmaceutical
compositions described herein. The kits mav further comprise instructions for use in the
treatment of hyperglycemia or its related complications.

[0014] The conpositions described herein have several uses. The present application
provides, for example, methods of treating a patient suffering from hyperglycemia or is
related complications mantfested from metabohic conditions or disorders, metabolic
syndrome, chronic diseases or disorders; Hyperinsulinemia, Insulin resistance, Glucose
intolerance,  Hepatology,  Cancer,  Respivatory,  Hematological,  Orthopedic,

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

Definitions

[0015] As used herein, the following terms and phrases shall have the meanings set forth
betow. Unless defined otherwise, all technmical and scientific terms used herein have the

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

joo16] The compounds of the present invention can be present m the form of
pharmaceutically acceptable salts. The compounds of the present invention can also be
present in the form of pharmaceutically acceptable esters (1.e., the methyl and ethyl esters
of the acids of formula I to be used as prodrugs). The compounds of the present invention
can also be solvated, 1.e. hvdrated. The solvation can be affected in the course of the
manufacturing process or can take place {.e. as a consequence of hygroscopic properties

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

10017] Compounds that have the same molecular formula but differ in the nature or
sequence of bonding of their atoms or the arrangement of their atoms in space are termed
“isomers." Isomers that differ in the arrangement of their atoms in space are termed
“stercoisomers.” Diastereomers are stereoisomers with opposite configuration at one or
more chiral centers which are not cnantioners. Stercoisomers bearing one or meore
asymmetric ceters that are non- superimposable mirror inmages of each other are termed
"enantiomers.” When a compound has an asymmetric center, for example, if a carbon
atom is bonded to four different groups, a pair of enantiomers is possible. An enantiomer
can be characterized by the absolute confignration of its asymmetnic center or centers and
is described by the R- and S-sequencing nides 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
can exist as either individual enantiomer or as a mixture thereof. A mixture containing

equal proportions of the enantiomers is called a "racemic mixture™.
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[0018] As used herein, the term “metabohe condition”™ refers to an Inbormn errors of
metabolism (or genetic metabolic conditions) are genetc disorders that result from a

defect in one or more metabolie pathways, specifically, the function of an enzyvme 15

affected and is either deficient or completely absent.

[0019] In some embodiments, a molecular conjugate comprises of compounds selected
from the group consisting of R-lipoic acid (CAS No. 1200-22-2), salsalate {CAS No.
552-94-3), acetyloysteine {CAS No. 616-91-1}, Eicosapentaencic acid {CAS No. 10417~

94-4), Pocosahexaenoic acid (CAS No. 6217-34-53,

16028] The term "polymorph” as used herein is art-recognized and refers to one crystal

structure of a given compound,

{0021} The phrases “parenteral administration” and “administered parenterally”™ as used
herein refer 1o modes of administration other than enteral and topical administration, such
as injections, and include without himitation intravenous, intramuscular, intrapleural,
intravascolar, intrapericardial, intraanterial, intrathecal, intracapsular, intraorbital,
intracardige, intradennal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intra-

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

j0022] A “patient,” “subject” or “host™ to be treated by the subject method may mean

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

{0023] The phrase “pharmacentically acceptable™ is art-recognized.  In certain
embodiments, the term includes compositions, polymers and other materials andfor
dosage forms which are, within the scope of sound medical judgment, suitable for use in
contact with the tissues of mammals, human beings and animals without excessive
toxicity, imntatton, allergic response, or other problem or complication, commensurate

with a reasonable benehit/risk ratio.
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j0024] The phrase “pharmacevncally acceptable carrer™ 1s art-recognized, and mclades,
for example, pharmaceutically acceptable materials, compositions or vehicles, such as a
liguid or solid filler, diluent, solvent or encapsulating material involved in carrying or
transporting any subject composition, from one organ, or portion of the body, to another

5

organ, or porbon of the body. Each cartier must be “acceptable” in the sense of being
compatible with the other ingredients of a subject composition and not injunious to the
patient. In certain embodiments, a pharmaceatically acceptable carner i3 non-pyrogenic.
Some examples of materials which may serve as pharmaceutically acceptable carriers
include: (1) sugars, such as lactose, glucose and sucrose; (2} starches, such as com starch
and potato starch; (3} cellulose, and its denvatives, such as sodiwm carboxymethyl
cellulose, ethyi cellulose and cellulose acetate; (4) powdered tragacanth; {5) malt; (6)
getating (7} tale; {8) cocoa butter and sappository waxes, (9) oils, such as peanut oil,
cottonseed ail, sunflower oil, sesame oil, olive oil, com oil and soybean oil; (10) glveols,
such as propylene glycol; (11) polyols, such as glycerin, sorbitol, mannitol and
polyethvlene glycol; {12) esters, such as ethyl oleate and ethyl lawrate; (13) agar; (14)
buffering agents, such as magnesium hydroxide and asluminom hydroxide; (15) algnic
acid; (16) pyrogen-free water; (17) isotonic saline; {(18) Ringer's solution; (19) ethyl
alcohol; {20) phosphate bufter solutions; and (21) other non-toxic compatible substances

emploved in pharmaceutical formulations.

[0025] The term “prodrug” 18 intended to encompass compounds that, under
physiological conditions, are couverted into the therapeutically active agents of the
present invention. A common method for making a prodrug is to include selected
maoieties that are hydrolyvzed under physiological conditions to reveal the desired
molecule. In other embodiments, the prodrug 1s converted by an enzymatic activity of the

host animal.

{6026] The term “prophviactic or therapeutic” treatment 1s art-recognized and inciudes
administration 1o the host of ong or more of the subject compositions. I it is

administered prior to clinical manifestation of the unwanted condition {e.g., disease or
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other unwanted state of the host antmal) then the treatment is prophyviactic, te | 1t protects
the host against developing the unwanted condition, whereas i it is administered after
manifestation of the unwanted condition, the treatment is therapeutic, (1.e.. 1t is intended
to dimimsh, ameliorate, or stabilize the existing unwanted condition or side effects

thereot).

[0027] The term "predicting” as used herein refers to assessing the probabibity related
diseases patient will suffer from abonormalities or comphieation and/or terminal platelet
aggregation or failure and/or death {ie mortality) within a defined time window
{predictive window) iy the future. The mortality may be caused by the central nervous
system or complication. The prediciive window is an interval in which the subject will
develop one or more of the said complications acconding {o the predicted probability. The
predictive window may be the entire remaining hifespan of the subject upon analysis by

the method of the present invention.

[0028] The term "treating” is art -recognized and imcludes preventing a disease, disorder
or condition from occurring in an animal which may be predisposed to the disease,
disorder and/or condition but has not yet been diagnosed as having it; inlubiting the
disease, disorder or condition, e, impeding its progress. and relieving the disease,
disorder, or condition, ¢.g., causing regression of the disease, disorder and/or condition.
Treating the disease or condition includes amehorating at least one svmptom of the
particular disease or condition, even it the underlying pathophysiology is not atfected,
such as treating the hyperglycemia, insulin resistance, digbetes mellitus, diabetes
insipidus, type | diabetes, type 2 diabetes, microvascular complications, macrovascular
complications, lipid disorders, hypertriglycenidemia, cardiovascular compheations, and
post prandial hyperglycemia of a subject by administration of an agent even though soach
agent does not treat the cause of the condition. The term “treating”, “treat” or "freatment”
as used berein includes curative, preventative {e.g., prophylactic), adpenct and palliative

treatment.
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[0029] The phrase "therapeatically 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 reasovnable benefit/visk 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 targsted 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
effecive  amount  of a particular  composition  without  necessitating  undue

experimentation.

{6038] In certain embodiments, the pharmaceuntical compositions describad herein are
formulated in a manner such that said compositions will be delivered to a patient in a
therapeutically effective amount, gs part of a prophviactic or therapentic treatment. The
desired amount of the composition to be administered to a patient will depend on
absorption, inactivation, and excretion rates of the drug as well as the delivery rate of the
salts and compaositions from the subject compositions. It is to be noted that dosage values
may also vary with the severty of the condition to be alleviated It 1s to be further
understood that for any particular subject, specific dosage regimens should be adjusted
over time according to the individual need and the professional judgment of the person
administering or supervising the administration of the compositions. Typically, dosing

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

[0031] Additionally, the optimal concentration andfor quantities or amounts of any
particular salt or compositon may be adjusted to accommodate variations in the
treatment parameters. Such treatment parameters include the clinical use to which the
preparation 18 pul, 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.
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{0032] In certain embodiments, the dosage of the subject compositions provided herein
may be determined by reference to the plasma concentrations of the therapeutic
compostiion or other encapsufated materials. For example, the maximum plasma
concentration (Cmax) and the area under the plasma concentration-time curve from time

0 to imfintty may be used.

{0033] When used with respect to a pharmaceutical composition or other material, the
term “sustained release” is art-recognized. For example, a subject compaosition which
releases a substance over time may exhibit sustained release characteristics, i contrast to
a bolus type administration in which the entirve amoont of the substance is made
biologically available at one time. For example, in particular embodimants, upon contact
with body fluids including blood, spinal fluid, mucus secretions, lymph or the like, one or
more of the pharmaceutically gcceptable excipients may undergo gradual or delayed
degradation (e.g. through bydrolysis) with conconutant release of any material
incorporated therein, eg., an therapentic and/or biologically active salt andior
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 ageuts disclosed herein.

[0034] The phrases “systemic administration,” “administered systemically,” “peripheral
administration”™ and “advumstered peripherally” are artrecognized, and include the
administration of a subject composition, therapeutic or other material at a site remote
from the disease being treated. Adounistration of an agent for the disease being treated,
even if the agent 1s 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, sach that it enters the patient’s system and, thus, is

subject to metabolism and other like processes.

[0035] The phrase “therapeutically effective amount™ 1s an art-recognized term. I

certain embodiments, the term refers to an amount of a salt or composition disclosed
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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 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
pariealar targeted constructs being administered, the size of the subject, or the severity of
the disease or condition. One of ordinary skill in the art may empirically determine the
effecive  amount  of a partienlar  composition  without  necessiating  onduoe

experimentation.

{0036] The present disclosure also contemplates prodrugs of the compositions disclosed

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

{0037] This application also discloses a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and the composition of a compound of Formula |
may be formulated for systemic or topical or oral administration. The pharmaceutical
compositon may be also formulated for oral administration, oral selution, injection,
subdermal  administration, or transdermal administration. The pharmaceutical
composition may further comprise at least one of a phammaceutically scceptable

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

j0038] In many embodiments, the pharmaceutical compositions described herein will
incorporate the disclosed compounds and compositions (Formula 1) to be delivered i an
amount sufficient to deliver to a patient a therapeutically effective anount of a compound
of formula | or composition as part of a prophylactic or therapeutic treatment. The
desired concentration of formula T or its pharmaceutical acceptable salts will depend on
absorption, wactivation, and excretion rates of the drug as well as the delivery rate of the
salts and comapositions from the subject compositions. It is to be poted that dosage values
may also vary with the severity of the condition to be alleviated. 1t s to be funther
understood that for any particular subject, specific dosage reginrens should be adiusted

over time according to the individual need and the professional judgment of the person
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administering or supervising the administration of the compositions.  Typically, dosing

will be determined using techmiques known to one skilled in the art,

j0039] Additionally, the optimal concentration andfor quantities or amounts of any
particular compound of formula 1 may be adjusted to accommodate vanations in the
treatment parameters,  Such treatment parameters mclude the clinical use to which the
preparation 18 pul, eg., the site treated, the type of patient, e.g., human or non-buman,

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

[00468] The concentration and/or amount of any compound of formula I may be readily
identified by routine screening i ammals, eg., rats, by screeming a range of
concentration and/or amounts of the matenal in guestion using appropriate assays.
Known methods are also available to assay local tissue concentrations, diffusion rates of
the salts or compositions, and local blood flow before and after administration of
therapeutic formulations disclosed herein.  One such method is microdialysis, as
reviewed by T. E. Robinson et al., 1991, microdialysis 1 the neurosciences, Techniques,
volume 7, Chapter 1. The methods reviewed by Robinson may be applied, in brief, as
foltows. A microdialysis loop 1s placed in situ in a test animal. Dialysis fluid is pumped
through the foop. When compounds with formula 1 such as those disclosed herein are
injected adjacent to the toop, released drugs are collected in the dialysate in proportion 1o
their focal tissue concentrations. The progress of diffusion of the salts or compositions
may be determined thereby with suitable calibration procedures osing  known
concentrations of salts or compesitions.

[0041] In cortain embodiments, the dosage of the subject compounds of formula 1
provided herein may be determined by reference to the plasma concentrations of the
therapeutic composition or other encapsulated materials.  For example, the maximum
plasma concentratton (Cmax) and the area vnder the plasma conceniration-time curve

from time (¢ to infinmity may be used.



WO 2013/167995 PCT/IB2013/050903
18

j0042] Generally, in carrving out the methods detailed in this application, an effective
dosage for the compounds of Formulas 1 is in the range of about 0.01 mg/kg/day to about
100 mg/ke/day 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 I may be administered
at & dose of, for example, less than 0.2 mg/kg/day, 0.5 mg'kg/day, 1.0 mgikg/day, 35
mgkg/day, 10 mg'kgday, 20 mg'kg/day, 30 mgfkg/day, or 40 mg/kg/day. Compounds of
Formuda 1 may also be admuustered 10 a buman patient at a dose of, for example,
between 0.1 mg and 1000 my, between § mg and 80 mg, or less than 1.0, 9.0, 12.0, 20.9,
5000, 75.0, 100, 300, 400, 500, 800, 1000, 2000, 5000 mg per day. In certam
embodiments, the compositions herein are administered at an amount that is less than
95%%, B0%, 80%, 70%, 60%, 50%, 40%, 30%, 20%, or 10% of the compound of formula

I required for the same therapeutic benefit,

[B043] An effective amount of the compounds of formula I described herein refers to the
amount of one of said salts or compositions which s capable of inhibiting or preventing a

disease.

[00644] An effective amount may be sufficient to prohibit, treat, alleviate, ameliorate, halt,
restratn, slow or reverse the progression, or reduce the severity of a complication
resulting from perve damage or demyelization and/or elevated reactive oxidative-
nitrosative species and/or abnormalities 1 physiological homeostasis’s, in patients who
are at risk for such complications. As such, these methods include both medical
therapeatic {acate) and/or prophylactic (prevention) adoumstration as appropriate. The
amount and timing of compositions administered will, of course, be dependent on the
subject being treated, on the severity of the affliction, on the manner of administration
and on the judgment of the prescribing physician. Thus, because of patient-to-patient
variability, the dosages given above are a guideline and the physician may titrate doses of
the drug to achieve the treatment that the physician considers appropriate for the patient.

In considering the degree of treatment desired, the physician must balance a vanety of
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factors sach as age of the patient, presence of preexisting disease, as well as presence of

other diseases.

[0045] The compositions provided by this application may be admmistered to a subject
in need of treatment by a variety of conventional routes of adminustration, including

g . intravenously, subcutaneously or intramedullary.

et

orally, topically, parenterally, e
Further, the compositions may be admunistered intranasally, as a rectal suppository, or
using a "flash” fonnulation, 1.e, allowing the medication to dissolve in the mouth without
the need to use water. Furthermore, the compositions may be administered to a subject in
need of treatment by controlled release dosage forms, site specific drug delivery,
transdermal drug delivery, patch {active/passive} mediated drug delivery, by stereotactic

injection, or in nanoparticles.

{60d46] The compositions may be administered alone or m 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 agueous solutions and various organic solvents. The pharmaceutical
compositions formed by combining the compositions and the phasmaceutically
acceptable cardders, vehicles or difuents 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, it desired, contain addittonal ingredients such as
flavorings, binders, exciptents and the like. Thus, for purposes of oral administration,
tablets containing various exciptents such as L-argimne, sodivm citrate, calciam
carbonate and calcium phosphate may be emiployed along with various disintegrates such
as starch, algtnie acid and certain complex silicates, together with binding agents such as
polyvinylpyrrolidone, sucrose, gelatin and acacia. Additionally, lubnicating agents such
as magnesian stearate, sodium lauryl sulfate and talc are often useful for tabletting
purposes. Solid compositions of a similar type may also be emploved as fillers in soft and
hard filled gelatin capsules. Appropriate materials for this include {actose or milk sugar

and high molecular weight polyethvlene glycols. When aqueous suspensions or elixirs are
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desired for oral adminustration, the escential active mgredient therein may be combined
with vatious sweetening or flavoring agents, coloring matter or dyes and, i desired,
enndsifying or suspending agents, together with diluents such as water, ethanol
propylene glveol, glvcerin and combinations thereof. The compounds of formula 1 may
also comprise enterically coated comprising of vartous excipients, as is well known in the

pharmaceutical art.

[0047] For parenteral administration, solutions of the compositions may be prepared in
{for example) sesame or peamst oil, agueous propylene glveol, or in sterile aqueous
solutions may be emploved. Such agueous soluttons should be suitably buffered if
necessary and the liquid diluent first rendered isotonic with sufficient saline or ghucose.
These particalar aqueous solutions are especially suitable for intravenous, intramuscutar,
subcutancous and intrapentoneal adnyinstration. In this connection, the sterile aqueous
media employed are all readily available by standard techniques known to those skilled in

the att.

[0048] The formulations, for instance tablets, may contain eg. [0 to 100, 56 10 250, 150
to S00 mg, or 3530 10 800 mg e.g. 10, 50, 100, 300, 500, 700, 800 mg of the compounds of
formula 1 disclosed herein, for instance, compounds of formula I or phanmaceutical

acceptable salts of a compounds of Formula |

{0049] Generally, a composition as described heremn may be admimistered orally, or
parenterally (e.g., intravenous, intramuscular, subcutancous or mtramedullary). Topical
administzation 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 admimistration may also be mdicated, for example, when a high dose is desired
at the target tissue ov organ. For buccal administration the active composition may take

the form of tablets or lozenges formalated i a conventional manner.
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j0030] The dosage administered wilt be dependent upon the tdentity of the metabolic
disease; the type of host involved, mcluding its age, health and weight; the kind of

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

[0051] Blustratively, dosage levels of the adounistered active ingredients are
infravenous, 0.1 to about 200 mg/kg: intramuscular, 1 to about 500 mg/kg; orally, S o
about 1000 me/kg, imtranasal instilfation, § to about 1000 mg/ke, and aerosol, 3 to about

&=

1000 mgfkg of host body weight.

[0052] Expressed in terms of concentration, an active ingredient can be present 1n the
compostitons of the present invention for localized use about the cutis, intranasally,
pharyngolaryngeally, bronchially, mtravagmally, rectally, or ocularly in a concentration
of from about 0.0} to about 50% wiw of the composition; preferably about 1 to about
20% wiw of the composition; and for parenteral use in a concentration of from about 0.05

to about 30% w/v of the composition and preferably from about 3 to about 20% wiv.

[0033] The compositions of the present invention are preferably presented for
administration o humans and animals in unit dosage forms, such as tablets, capsules,
pills, powders, granules, suppositories, sterile parenteral solutions or suspensions, sterile
non-parenteral solutions of suspensions, and oral solutions or suspensions and the like,
containing suitable quantities of an active ingredient. For oral administration etther solid

or fluid unit dosage forms can be prepared.

[6034] As discussed above, the tablet core contains one or more hydrophilic polymers,
Suitable hydrophilic polvmers include, but are not fimited to, water swellable cellulose
derivatives, polyvatkylene glycols, thermoplastic polvalkylene oxides, acryhc polymers,
hydrocolloids, clays, gelling starches. swelling cross-linked polymers, and nuxtures
thereof. Examples of suitable water swellable cellulose devivatives include, but are not
lumited to, sodium carboxymethyleellddose, cross-linked hydroxypropyleellolose,
hydroxypropyi cellulose {HPC), hydroxypropylmethylcellulose {HPMCO),

hydroxyisopropyleetiulose, hydroxybutyleellulose, hydroxyphenyleellulose,
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hydroxyethyleellidose  (HEC), bydroxypentyleellulose,  hydroxypropylethyleelludose,
hydroxypropyibutyleellolose, and hydroxypropylethyleellulose, and mixtures thereof.
Examples of saitable polvalkylene glycols include, but are not limited to, polyethylene
glyeol. Examples of suitable thermoplastic polvalkylene oxides nclude, but are not
linited to, poly(ethylene oxide). Examples of suitable acrylic polymers inclade, but are
not hnited 10, potassigm methacrviatedivinvibenzene copolymer,
polymethylmethacrviate, bigh-molecular weight crosslinked acrylic acid homopolymers
and copolymers such as those commercially available from Noveon Chemicals under the
tradename CARBOPOL™. Examples of suitable hydrocolloids include, but are not
limited to, alginates, agar, guar gum, locust bean gum, kappa carrageepan, iota
carrageenan, tara, gum arabic, tragacanth, pectin, xanthan gum, geltan gum, maltodextrin,
gatactomannan, pusstulan, laminarin, scleroglucan, gum arabic, inulin, pectin, gelatin,
whelan, rhamsan, zooglan, methylan, chitin, cyclodextrin, chitosan, and mixtures thereof.
Examples of suitable clavs include, but are not limited to, smectites such as bentonite,
kaclin, and laponite; magnestum trisilicate; magnesium aluminum silicate;, and mixtures
thereof Examples of suitable gelling starches include, but are not limited to, acid
hvdrolvzed starches, swelling starches such as sodium starch glvcolate and derivatives
thereof, and mixtures thereot. Examples of suitable swelling cross-linked polymers
include, but are not Hmited to, cross-linked polyvinyd pyrrolidone, cross-linked agar, and

cross-linked carboxymethylcellulose sodium, and nuxtures thereof

j0035] The carner may contain one or more suitable exaipients for the formudation of
tablets. Examples of suitable excipients include, but are not limited to, fillers, adsorbents,
binders,  disintegrants,  lubricants,  ghdants,  release-modifying  excipients,

superdisintegrants, antioxidants, and mixtures thereof.

{0036] Suitable binders include, bwt are not limited to, dry binders such as polyvinyl
pyrrolidone and hydroxypropvimethvlcellalose; wet binders such as water-soluble
polymers, including hydrocolloids such as acacia, alginates, agar, goar gum, locust bean,

carrageenan, carboxymethviceliulose, tara, gum arabic, tragacanth, pectin, xanthan,
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gellan, gelatin, maltodextrin, galactorsanvan, pusstulan, laminarin, scleroghucan, inuhin,
whelan, rhamsan, zooglan, methylan, chitin, cyclodextrin, chitosan, polyvinyl
pyrrolidone, cellulosics, sucrose, and  starches; and mixiures thereof Suitable
disintegrants include, but are not lhimited to, sodium starch glycolate, cross-linked
polyvinvipyrrolidone, cross-linked carboxymethyleellulose, starches, microcrystaliine

celhulose, and mixtures thereof

{0057] Suitable lubricants include, but are not limited to, long chain fatty acids and their
salts, such as magnesium stearate and stearic acid, fale, glycendes waxes, and mixtures
thereot.  Suitable glidants include, but are not limited to, colloidal silicon dioxide.
Suitable release-moditfying excipients include, but are not houted to, soluble edible

matetiats, pH-dependent polymers, and mixturas theraof.

[0058] Suitable insoluble edible materials for use as release-modifying excipients
include, but are not limited to, water-insoluble polymers and low-melting hydrophobic
materials, copolymers thereof, and mixtures thereof. Examples of suitable water-
insotuble polvmers include, but are not limited to, ethylcellulose, polyvinyt alcohols,
polyvvinyvl acetate, polycaprolactones, cellulose acetate and its derivatives, acrylates,
methacrylates, acrylic acid copolymers, copolymers thereof, 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 limited to, hydrogenated vegetable ails such as for example cocoa butter,
hydrogenated palm kemel oif, hydrogenated cottonseed oil, hydrogenated sunflower oil,
and hydrogenated soybean oif, free fatty acids and their salts, and mixtares thereof
Examples of suitable fatty acid esters include, but are not linuted to, sucrose fatty acid
esters, mono~, di~, and triglycerides, glyceryl behenate, glveeryl palmitostearate, glyceryl
monostearate, glycervl tnistearate, glyceryl milaurvlate, glyceryl myristate, GlycoWax-
932, laurovl macrogol-32 glycendes, stearovl macrogol-32 glveenides, and mixtures
thereof. Examples of suitable phospholipids include phosphotidyl choline, phosphotidyl

serene, phosphotidyl enositol, phosphotidic acid, and muxtures thereof. Examples of
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suttable waxes inelude, but ave not hmited fo, camauba wax, spermaceti wax, beeswax,
candelilla wax, shellac wax, microcrystathine wax, and paraffin wax; fat-containing
mixtures such as chocolate, and mixtures thereof. Examples of super dismtegrants
include, but are not imited to, croscarmeliose sodium, sodiom starch glycolate and cross-
linked povidone (crospovidone). In one embodiment the tablet core contains up to about

S percent by weight of such super disintegrant.

[0039] Examples of antioxidants include, but are not limited to, tocopherols, ascorbic
acid, sodium pyrosuliite, butylhydroxytoluene, butylated bydroxyanisole, edetic acid, and
edetate salts, and mixtures thereof. Examples of preservatives include, but are not limited
to, citric acid, tartaric acid, lactic acid, malic acid, acetic acid, benzoic acid, and sorbic

acid, and mixtures thereof.

[8060] In one embodiment, the immediate release coating has an average thickness of at
least 50 microns, such as from about 50 microns to about 2500 microns; e.g., from about
250 microns to about [000 microns. In embodiment, the immediate release coating is
typically compressed at a density of more than about 0.9 g/cc, as measured by the weight

and volume of that specific layer,

[0661] In one embodiment, the immediate release coating contains a first portion and a
second portion, wherein at feast one of the porfions contains the second pharmaceutically
active agent. In one embodiment, the portions contact each other at a ceuter axis of the
tablet. In one emsbodiment, the first portion includes the first phamvaceutically active

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

{0062] In one embodiment, the first portion contains the first pharmaceutically active
agent and the second portion contains the second pharmaceutically active agent. In one
embodiment, one of the portions contains a third pharmaceutically active agent. In one
embodiment one of the portions contains a second immediate release portion of the same

pharmaceuntically active agent as that contained in the tablet core.
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[0063] In one embodiment, the outer coating portion is prepared as a dry blend of
matesiats prior to addition to the coated tablet core In another embodiment the outer
coating portion is included of & dried granglation including the pharmaceutically active

agent.

[0064] Formulations with different drug release mechanisms described above could be
combined in a final dosage form containing single or multiple units. Examples of
multiple units inclode multilayer tablets, capsules containing tableis, beads, or gramides in
a solid or liquid form. Typical, tumediate release formulations inclade compressed
tablets, gels, films, coatings, hquids and particles that can be encapsolated, for example,
in a gelatin capsule. Many methods for preparing coatings, covering ot incorporating

drugs, are known in the art.

{0065] The immediate release dosage, umt of the dosage form, i.e., a tablet, a plurality of
drug-containing beads, granules or particles, or an outer laver of a coated core dosage
form, containg a therapeutically effective quantity of the active agent with conventional
pharmaceutical excipients. The immediate release dosage unit may or may not be coated,
and mayv or may not be admixed with the delayed release dosage unit or units {as in an
encapsulated mixture of immediate release drug-containing granules, particles or beads

and delayed release drug-containing granules or beads).

{0066] Extended release formulations are generally prepared as diffusion or osmotic
systems, for example, as described in "Remington—The Science and Practice of
Pharmacy”, 20th. Ed., Lippincott Williams & Wilkins, Baltimore, Md.,, 2000). A
diffusion system typically consists of one of two types of devices, reservoir and matrix,
which are wellknown and described 1o die art. The matiix devices are generally prepared

by compressing the drog with a slowly dissolving polymer carrier into a tablet form.
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[0067] An immediate velease portion can be added to the extended release svstem by
means of either applying an tumediate release laver on top of the extended release core;
using coating or compression processes or in a mualtiple unit system such as a capsule

contaimog extended and immediate release beads.

[0068] Delaved release dosage formulations are created by coating a solid dosage form
with a film of a polymer which is insolable in the acid environment of the stomach, but
soluble in the neutral environment of small intestines. The delayed release dosage units
can be prepared, for example, by coating a drug or a drug-containing composttion with a
selected coating matenal. The drug-containing composition may be a tablet for
incorporation into & capsule, a tablet for use as an inner core in a "coated core” dosage
form, or g plurality of drug-containing beads, particles or granules, for incorporation inso

either a tablet or capsule.

{8069] A pulsed release dosage form 1s oue that mimics a multiple dosing profile
without repeated dosing and typically allows at least a twofbld reduction i 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
profite is characterized by a time period of no release (lag time) or reduced release

followed by rapid drog release.

{6070] Each dosage form contains a therapeutically effective aroount of active agent. In
one embodiment of dosage forms that mimic a twice daily dosing profile, approximately
30wt % to 70 wi. %, preferably 40 wit. % 10 60 wi. %, of the total amount of active agent
1n the dosage form 1s released 1 the initial pulse, and, correspondingly approximately 70
wt. % 10 3.0 wt. %0, preferably 60 wi. % to 40 wt. %, of the total amount of active agent in
the dosage form is released in the second pulse. For dosage forms mimicking the twice
daily dosing profile, the second pulse is preferably released approximately 3 howrs to less
than 14 hours, and more preferably approximately 5 hours to 12 hours, following

administration.
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[0071] Another dosage form contains a compressed tablet or a capsule having a drug-
containing immediate release dosage unit, a delayed release dosage unit and an optional
second delayed release dosage unit. In this dosage form, the immediate release dosage
unit contans a plurality of beads, granules particles that release drug substantially
immediately following oral administration to provide an ritial dose. The delayed release
dosage unit confains a plurality of coated beads or granules, which release drug
approximately 3 hours to 14 hoars following oral admimistration to provide a second

dose.

10072]  For purposes of transdermal {e g, {opical} admyaistration, dilute stenle, aqueous
or partially agueous sohutions {usually in about 0.1% 1o 5% concentration}, otherwise

stnifar to the above parenteral solutions, may be prepared.

[0073] Methods of preparing varous pharmaceutical compositions with a certain
amount of one or more compounds of formula { or other active agents are known, or will
he apparent in lght of this disclosure, to those skilled in this ar. For examples of
methods of preparing pharmaceutical compositions, see Remington's Pharmaceutical

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

{6074] In addition, in certain embodiments, subject compositions of the present
apphcation maybe lvophilized or subjected to another appropriate dryving technigue such
as spray drying. The subject compositions may be administered once, or may be divided
into a manber of smaller doses to be administered at varving intervals of time, depending

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

[0075] Formulations useful in the methods provided heren wclude those suitable for
oral, nasal, topical Gncluding buccal and sublingual), rectal, vaginal, aerosol andfor
parenteral admimsstration.  The formulations may convensently 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 matenal o
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produce a single dose may vary depending opon the subject betng treated, and the

particular mode of administration.

j0076] Methods of preparing these formulations or compositions include the step of
bringtog 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 carmers, or finely

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

[0077]  The compounds of formula I described herein may be administered in balant
or aerosol formaelations. The inhalant or aerosol formulations may comprise one or more
agents, such as adjuvants, diagnostic agents, imaging agents, or therapeutic agents useful
in inhalation therapy. The final aerosol formulation may for example contain 0.005-90%
wiw, for instance (1 005-50%, 00.005-5% wiw, or 0.01-1 0% w/w, of medicament relative

to the total weight of the formulation.

[0078] In solid dosage forms for oral administration {capsules, tablats, pills, dragees,
powders, granules and the like), the subject composition is mixed with one or move
pharmaceutically acceptable carniers and/or any of the following: (1) fillers or extenders,
such as starches, lactose, sucrose, glucose, mannitol, and/or silicic acid; (2) binders, such
as, for example, carboxvmethvlcellulose, alginates, gelatin, polyvinyl pyrrolidone,
sucrose and/or acacia; {3} humectants, such as glycerol; (4} distntegrating agents, such as
agar-agar, calcium carbonate, potato or tapioca starch, alginic ackd, certain silicates, and
sodium carbonate; {5) solution retarding agents, such as paraffin; {6} absorption
accelerators, such as gquaternary ammonium compounds; (7} wetting agents, such as, for
example, acetyl alcohol and glyceral monostearate; (8) absorhents, such as kaolin and
bentonite clay, (9) lubricants, such a tale, calclum stearate, magoesiom stearate, solid
polvethylene glveols, sodium lauryl sulfate, and mixtores thereot, and (10) coloning
agents. In the case of capsules, tablets and pills, the pharmaceutical compositions may

also comprise baffering agents.  Solid compositions of a similar type may also be
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employed as fillers in soft and hard-filled gelatin capsudes using lactose or miltk sugars, as

well as bigh molecular weight polyethylene glycols and the like,

[0079] Ligquid dosage forms for oral administration include pharmaceutically acceptable
emulsions, microemulsions, solutions, suspensions, syrups and elixirs. In addition to the
subject compositions, the liguid dosage forms may contain inert dituents commonly used
in the art, such as, for example, water or other solvents, solubilizing agents and
emulsifiers, such as ethyl alcohol, isopropvi alcohol, ethyl carbonate, ethyl acetate,
benzyl aleohol, benzyl benzoate, propylene glyeol, 1,3-butylene glycol, vils (in particular,
cottonseed, corn, peanut, sunflower, soybean, olive, castor, and sesame oils), glycerol,
tetrahydrofuryl alcohol, polyethvlene glycols and fatty acid esters of sorbitan, and

mixtures thereof.

[8080] Suspensions, in addition to the subject compositions, may contain suspending
agents such as, for example, ethoxylated isostearvl alcohols, polyoxyethylene sorbitol,
and sorbitan esters, microcrystalline cellulose, aluminum metahvdroxide, bentonite, agar-

agar and tragacanth, and mixtures thereof.

[0681] Formulations for rectal or vaginal administration may be presented as a
suppository, which may be prepared by mixing a subject composition with one or more
suitable non-isrifating carriers comprising, for example. cocoa butter, polvethvlene
glycol, a suppository wax, or a salicylate, and which 13 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}. Pormuelations which are
suitable for vaginal administration also nclude pessaries, tampons, creams, gels, pastes,
foams, or spray formulations containing such carriers as are known in the art to be

appropriate.

[8082] Dosage forms for transdermal administration include powders, sprays,

ointments, pastes, creams, lotions, gels, solutions, patches, and mnhalants. A subject
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compostiton may be nuxed under sterile conditions with a pharmaceutically acceptable
cartier, and with any preservatives, buffers, or propellants that may be requived. For
transdermal administration, the complexes may include pophilic and hydrophilic groups

to achieve the desired water solobility and transport properties.

[0083] The ointments, pastes, creams and gels may contain, in addition to subject
compositions, other carriers, such as amimal and vegetable fats, ails, waxes, paraffins,
starch, tragacanth, cellulose derivatives, polyethvlene glvcols, silicones, bentonites,
silicte acid, 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
bydroxide, calcium silicates and polvamide powder, or mixtures of such substances.
Sprays  may  additionally  contain  customary  propellants,  such  as
chiorofluorohydrocarbons and volatile unsubstituted hydrocarbons, such as butane and

propane.

[0084] Methods of delivering a composition or compositions via a transdermal pateh are
known in the art. Exemplary patches and methods of patch delivery are desenbed i US
Patent Nos. 6,974,588, 6,564,093, 6,312,716, 6,440,454, 6.267.983, 6,239,180, and

6,103.275.

[0085] Io another embodiment, a transdermal paich may comprise: a substrate sheet
comprising a composite film formed of a resin composition comprising 10 parts by
weight of a polyvinyl chloside-polyurethane composite and 2-10 parts by weight of a
styrene-ethylene-butylene-styrene copolymer, a first adhesive laver on the one side of the
composite film, and a polyalkyiene terephthalate film adhered to the one side of the
compostie film by means of the first adhesive {ayer. a pruner layer which comprises a
saturated polyester resin and is formed on the surface of the polyalkylene terephthalate
film; and a second adhbesive laver comprising a styrene-diene-styrene block copolymer
containing a pharmaceutical agent laversd on the primer layver. A method for the

manufacture of the above-mentioned substrate sheet comprises preparing the above resin
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compostiion molding the restn composition into a composite film by a calendar process,
and then adhering a polyalkylene terephthalate film on one side of the composite film by
means of an adhesive layer thereby forming the substrate sheet, and forming a primer
layer comprising a satorated polvester resin on the outer sarface of the polyalkylene

terephthalate film.

{0086] Another type of paich comprises mcorporating the drug directly 10 a
pharmaceutically acceptable adhesive and laminating the drug-containing adhesive onto a
suitable backing member, ¢.g. a polyester backing membrane. The drug should be present
at a concentration which will not affect the adhesive properties, and at the same tumne

deliver the required clinical dose.

{0087]  Transdermal patches may be passive or active. Passive transdermal drug
delivery systems currently available, such as the nicotine, estrogen and nitroglycerine
patches, deliver smalli-molecule drugs. Many of the newly developed proteins and peptide
drugs are too large 1o be delivered through passive transdermal patches and may be
delivered using technology such as electrical assist (iontophoresis) for large-molecule

drugs.

j0088] Jortophoresits 18 a technique emploved for enhancing the flax of iomzed
substances through membranes by application of electric carrent. One example of an
iontophoretic membrase is given in LLS. Pat. No. 5,080,646 to Theeuwes. The principal
mechanisms by which iontophoresis enhances molecular transport across the skin are (3)
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 15 applied or {¢) Increase skin

permeability due to application of electrical current.

{0089  In some cases, il may be desirable to administer n the form of a ki, it may

comprise a container for containing the separate compositions such as a divided bottle or



WO 2013/167995 PCT/IB2013/050903
32

a divided foil packet. Typically the kit comprises directions tor the admimstration of the
separate components. The kit form is particularly advantageous when the separate
components are preferably administered in different dosage forms (eg. oral and
parventeral), are administered at different dosage intervals, or when titration of the

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

[0096] An example of such a kit 1s a so-called blister pack. Blister packs are well known
in the packaging industry and are widely used for the packaging of pharmaceutical unmt
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 transparent.

[0091] Methods and composstions for the treatment of hyperglycemia. Among other
things, herein is provided a method of treating hyperglycemia, comprising administering

to a patient in need thereof a therapeutically effective amount of compound of Formala 1
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ais independently 2.3 or 7;
each b is independently 3, 5 or €;
¢ is independently 1, 2 or 6,

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

RY R, R®, R” each independently are selected from the groups consisting of H, D, -OH,
-0D, methyl, ethvl, ~OCH;, -OCD; or acetyl,

Meithods for using compounds of formula &

[6092] The invention also includes methods for treating hyperglycemia, insulin
resistance, diabetes mellitus, diabetes sipidus, type 1 diabetes, type 2 diabetes,
microvascular complications, macrovascular complications, lipid disorders, prediabetes,
obesity, arrhythmia, myocardial infarction, stroke, neuropathy, renal complications,

hypertriglycendemia, cardiovascular complications, and post prandial hyperglycemia.

METHODS OF MAKING

[0093] Examples of synthetic pathways useful for making compounds of formula T are

set forth in example below and generaltized in scheme 1
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{0094] Step-1: Synthesis of compound 2:
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[0095] LiAlH; (3.5 eq) was added in portions to a cooled {0 °C) and dry solution of
compound ¥ in THF (0.15 M), The reaction mixture was stirred for 20 hours, allowing 1t
to warm to rt. The excess LiAlH: was quenched with water at 0 °C. The mixture was
dituted with EtQAc and washed with sat ag NHCl (3. The ovganic phase was dried
(MgSQOy) and concentrated. The resulting product (2) was used crode in the next reaction.
A small sample was purified by silica gel columy chromatography {20%--350% EtOAC w

PE) for charactenization purposes to provide 2 as a colorfess ail.

{0096] Step-2: Synthests of compound 4
1} (Coch,

NaBH;CN
BHOJ\ OMEN BnO § BnO
DCM l NHHCO,
BOn ~Son 785,20 (B0 g fexcess)  BnOw Ay
BnO ;AOH 2} BN BnO™ YT 0 Na;S04 BnO™ ™y
OBn 789C- 0°C . 2h L OBn CHOH B0
2 3 0°C-rt, 20 h 4

{0097 A solation of oxalylchlonde (4 eq) i DOM (1 M) was cooled to -78 C. After
dropwise addition of a solution of DMSO (5 eq) i DCM (2 M) over 10 minutes, the
reaction mixture was stisred for 40 minutes while being kept below 70 “C. Next, a dry
solution of the glucitol 2 mtermediate from above reaction in DOM (0.5 M) was added
dropwise to the reaction mixture over a 13 minutes period, while keeping the reaction
mixture below ~70 *C. After stirmng the reaction muxtare for 2 hours below ~-63 °C, Et:N
{12 eq) was added dropwise over a 10 munute period, while keeping the reaction mixtore
below -65 ", After addition, the reaction mixture was allowed to warm 1o -5 °C over 2
hours,

[6098] The Swern reaction mixture was concentrated at a moderate temperature (~30 °C)
with simuitaneous coevaporation with toluene (3} The residue was dissolved in MeOH
(0.05 M relative to starting compound)} and NHHCO; {20 eq) was added. The mixture
was cooled to 0 °C and stirved until all NHiHCO; had dissolved Activated 3A molsieves
(10 g/mmol) were added and reaction mixture was stirred for 20 minutes, after which

NaBH:ON {4 eg) was added. The reaction mixture was kept at 0 °C for one hour afier
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which the cooling source was removed and the reaction was stured for an additional 20
hours. After removal of the molsieves over a glass microfibre filter, the filtrate was
concentrated, dissolved in EtOAc and washed with sat ag NaHCO;. The agueous phase
was back-extracted with EtOAc (3¢) and the combined orgamic layers were dried
(MgSQO4) and concentrated. The resulting residue was purified by silica gel colomn
chromatography {20%--75% F1OAc v PE) to provide 4 (9.932 g, 18 98 mmol} as a light

yellow crystalline solid.

{0099] Step-3: Synthests of compound 5

Bno 10% Pd/C-H, HO
BnOiO\!H i ag. HCI HO,, N
B Y EtOH HO :

CBn i1, 20 b O
4 §

100100} A solution of 4 (1.06 g, 191 mmol) in EtOH (50 ml.) was acidified to pH ~2
with 1M ag HCI and purged of oxygen by bobbling argon through the solution for 15
nunutes. PA/C {10 wit%, 100 mg) was added and the muxture was exposed to 4 bar of
hydrogen for 20 hours. The reaction mixture was filtered over a glass microfiber filter
and the filter cake was rinsed successively with MeOH (4»20 mL) and HzO (2x20 mL).
The combined filtrate was concentrated and coevaporated with MeOH (3-50 mL). The
restdue was purifled by column chromatography with aluminum oxide {isocratic
16:3.7:0.3, p-propanol: HONHOH) to provide § (290 mg, 1.78 mmol} in 93% yield as a

white foam.

{60101} Step-4: Synthesis of compound 7.

HO HO
HO,, KoCO; HG.., NN
N
\)NH TN N e } i
HO” O Hoy
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[00102] A dry suspension of potassiimn carhonate (7.2 mmol}, 5 (4.8 mmol) and 13-
dichloropropane (5.3 mmolin DMF was heated to 90 °C for S h. The reaction wmixture
was filtered over a glas microfibre filler and the fillrate was concentrated. The residue
was punified by silicagel column chromatograpby {(MeOH in CHCL + 1% NHOH) wo

obtain the intermediate 7.

{00103} Step-S: Synthesss of compound 9.

H
© K,CO5
HOw, A HO \/\Mf‘\mﬁmf’f\ R
N S DMF
HO™ ™ o 8 10 °C
OH

7

HG
HQ% N
e o DUNSUSUPUPNIN

QH g

[60104] In a RB flask the acid 8 (1.2 mmol} & anhydrous KyCO; (1.1 mmaol) was taken
in dry DMF (10 vol} stir at room temperature for 30 min and then cooled to -10 °C,
compound 7 was added slowly drop wise & then allowed to stir at room temperature for
12 h. Reaction was momtored by TLC, On completion of the reaction, the reaction
mixture was poured into water (10 ml) and extracted with ethyl acetate (2x5 mi). The
combined organic layers were washed with water (2 x SmL) followed by brine sohuion
(10 mL), dried over anhvdrous NapSOy and evaporated under reduced pressure. The crode
was purified by column chromatography over 100-200 mesh sthica gel to obtan the final

product 9,

EXAMPLES
{00105} The Solubility of the Compound of Formula I (1-3) in Water was Compared

with that of eicosapentaenoic acid (EPA)
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[00106] Measurement of the water solubility of the test compounds is accomplished by
using methods well known to those skilled m the art. Specifically, to a weighed amount
of the test compound of the example compound Formula 1 (1.3} distitied water was added
in small proportions untit a clear solution was obtained. The total volume of the solution
is measwred. The water solubility is calenlated by dividing the weight of the salt, in
milligrams {mg}, by the volume of the solution, 1n mi. The water solubility of the
compound of formula I {1-3) when measured vsing the above technique, was determined
to be 68.6 mg/ml Likewise, the water solubility of EPA was found to be <0.2 mg/ml.
The compound of Formula 1 {1-3) is therefore, at least 260 times more soluble in water
than EPA itself. This is a clear indication of an unexpectedly high degree of
bicavailability of the compositions of the invention. Highly water soluble medicinal
preparations, when administered orally, result in efficient absorption from the
gastrointestinal fract in o systemic circulation. Furthermore, water soluble preparations

are especially suitable for parenteral administration.

[00107] The term "sample" refers to a sample of a body fluid, to a sample of separated
cells or to a sample from a tissue or an organ. Samples of body fluids can be obtained by
well known techniques and include, preferably, samples of blood, plasma, serum, or
urine, more preferably, samples of blood, plasma or seram.

EQUIVALENTS

[00108] The present disclosure provides among other things compositions and methods
for treating hyperglycenua and their complications. While specific embodtruents of the
subject disclosure have been discussed, the above specification 1s tHustrative and not
restrictive.

INCORPORATION BY REFERENCE

{60109§ All publications and patents mentioned herein, including those items listed
above, are hereby mncorporated by reference in their entirety as if each individual
publication or patent was specifically and individually 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 [
Rq
e R1\ P e
N RS
R

Formula |

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

or steregisomery thergof?
Wherein,

R'independently represents D, H, methyl, ethyl, CH;CO- or

Ny~

each n s independently 0,1, 2, or 3;
R mdependently represents H, D,

O Q

R A Y

o 0 .
I ey

O

b b
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N CHs
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NHCOCH,

Q o
![§~ COH §& CONH,
Q‘} ) OH : :Otz; ) OCOCH; 'Oh?:‘ .
\gg O o, CRy OH 0O )
3 Ho—N
o ¢ o

CH 1 oH & o

ais independently 2.3 or 7,

N

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

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

E 5 5 vy T . . . et
R* R, R®, R" cach independently are selected from the groups consisting of H, D, -OH,

~00, methyl, ethyl, ~OCH;, ~OCD; or acetyl

b

L

A Pharmaceutical composition comprising a compound of claim 1 and a

pharmaceutically acceptable carrier

The pharmacewtical composition of claim 2, which is formulated 1o treat the
underlying etiology with an effective amount administering the patient in need by
oral administration, delayed release or sustained release, transmucosal, syrup,
topical, parenteral administration, injection, subdermal, oral solution, rectal

administration, buccal adnumistration or transdermal adminsstration.

Compounds and compositions of claim 3 are formulated for the treatment of
hyperglvcemia, insulin resistance, diabetes mellitus, digbetes insipidas, type
diabetes, type 2 diabetes, nucrovascular  complications, macrovascular
compheations, lipid disorders, prediabetes, obesity, arrhythmia, myocardial
ifarction,  stroke, newropathy, renal  complications,  hyperinsalinena,
hypertriglycendenua,  cardiovascdar  comphoeations,  and  post  prandial
hyperglycemia,

A molecular conjugate of mightol and R-Lipoic acid.

A molecular conjugate of miglitol and eicosapentaenoic acid.

A molecular conjugate of miglitol and docosahexaenoic acid.

A molecular conjugate of miglitol and acetyl cysteine

A molecular conjugate of miglitol and salsalate.



