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COMPOSITIONS AND METHODS FOR SUPPRESSION OF CARBONIC ANHYDRASE ACTIVITY

PRIORITY

{6001} The present application claims the benefit of Indian Prowvisional Patent
Application No. 18§810/CHE/2012 filed on 08-May-2012, the entive disclosure of which s

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

FIELD OF THE INVENTION

[0002] Thas disclosure generally relates to compounds and compositions for the
suppression of carbonic anhydrase activity. More particolarly, this invention relates to
treating subjects with a pharmacewtically acceptable dose of compounds, stercoisomers,

enantiomers, crystals, esters, salts, bydrates, prodrugs, or mixtures thereof.

BACKGROUND OF THE INVENTION

{0003} Carbonic anhydrases (CAs; also known as carbonate dehvdratases EC 42.1.1)
are ubiguitous metalioenzymes present in prokarvotes and eukaryotes that are encoded by
four evolutionarily unrelated gene families. CAs catalyse a simple physiclogical reaction
the conversion of CO: to the bicarbonate ton and protons. The active site of most CAs
contains & zine 1on (Zn2+), which is essential for catalysis. The CA reaction is involved
in many physiological and pathological processes, including respiration and transport of
T, and bicarbonate between metabolizing tissues and tungs; pH and CO; homeostasis;
clectrolvte secretion in various fissues and organs; bosvnthelic reactions (such as
gluconeogenesis, Hpogenesis and ureagenesis), bone resorption; calcification, and

fae

twmorigenicity.

[0004] Many of the CA isozvmes involved in these processes are important therapeutic
targets with the potential to be inhibited to treat a range of disorders including cedema,

glancoma, obesity, cancer, epilepsy and osteoporosis. Two main classes of CA inhibitors
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(CAls) are known: the metal-complexing anions and the unsubstituted sufphonanudes and
their biotsosteres., CAls include the classical inhibifors acetazolamide, methazolamide,

ethoxzolamide | sulthiame and dichiorophenamide .

[0005] The redoced compounds {thiols) are less bulky and show excellent CA inhibitory
activity {in the low nanomolar range) compared with the corresponding sterically
hindered disulphides, which have difficulty entering the limited space of the enzyme
active site and also with low bioavailability as well as poor pharmacokinetics with very
common side effects such as numbness o toes, taste, ataxia, paraesthesia of face and

limbs and blurred vision.

[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 new compositions o
treatment or delay of the onset of carbonic anhydrase enzyme actvity and iis assoctated

complications progression.

SUMMARY OF THE INVENTION

{6007] The present invention provides compounds, compositions containing these
compounds and methods for using the same to treat, prevent and/or amecliorate the
effects of the conditions such as complications or diseases manifested front carbonic

anhydrase enzyme activity.

{0008} The invention herein provides compositions comprising of formula 1 or
pharmaceutical acceptable salts thereof. The invention also provides pharmaceutical
compositions comprising one or more compounds of formula T or intermediates thereof
and oue or more of phammacentically acceptable carriers, vehicles or dilaents. These
compositions may be used in the suppression of carbonic anbydrase activity and s

associated complications.
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[0009] In certain embodiments, the present invention relates 1o the compounds and

compositions of tornuda L or pharmaceutically acceptable salts thereof,
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ais independently 2.3 or 7;

each b 1s independently 3, 3 or §;

¢ is independently 1, 2 or 6,

¢ and d are each independently H, D, -OH, -OD, C,-Cg-alkyi, -NH; or -COCH;;
R’ independently represents H, D, methyl, F, Cl, ethyl or acety!.

j6010] In the illustrative embodiments, examples of compounds of formula T are as set

forth below:
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(i-3)

{0011} Herein the application also provides a kit comprising any of the pharmaceutical

compositions disclosed herein.  The kit may comprise mstructions for use in the

suppression of carbonic anhydrase activity or its related complications.

{6012] The application also discloses a pharmaceutical composttion comprising a
pharmaceutically acceptable carrier and any of the compositions herein. In some aspects,
the pharmaceutical composition is formulated for systemic admpustration, oral
admanistration,  sustained  release, paventeral adouvwistration, injection, subdenmal

administration, or transdermal administration.

[0013] Herein, the application additionally provides kits comprising the pharmaceutical
compositions described herem. The kits may further comprise instructions for use i the

suppression of cashonic anhydrase activity or its related complications.

[6014] The compositions described hergin have several uses. The present application
provides, for example, methods of treating a patient suffering from carbome anhvdrase
modulation activity or (s related complications manifested from neurodegeneration,
neurclogical dysfunction, metaboklic conditions or disorders, metabolic syndrome, chronic
diseases or disorders; Hyperinsulinemia, Insulin resistance, Glucose intolerance,
Hepatology, Cancer, Respiratory, Hematological, Orthopedic, Cardiovascular, Renal,

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

Definitions

j0015] As used herein, the following terms and phrases shall have the meanmings set forth
betow. Unless defined otherwise, all technical and scientific terms used herein have the

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

joo16] The compounds of the present invention can be presest m the form of
pharmaceutically acceptable salts. The compounds of the present invention can also be
present in the form of pharmaceutically acceptable esters (i.e., the methyl and ethyl esters
of the acids of formuia I to be used as prodrugs). The compounds of the present invention
can also be solvated, 1.e. hydrated. 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 agt differ in the nature or
sequence of bonding of their atoms or the arrangement of their atoms in space are termead
“isomers.” Isomers that differ in the arrangement of their atoms in space are termed
“stercoisomers.” Diastereomers are stereoisomers with opposite configuration at one or
more chiral centers which are not enantionsers. Stercoisomers bearing one or meore
asymmetric centers that are non- superimposable mirror images of each other are termed
"enantiomers.” When a compound has an asymmetric center, for example, if a carbon
atom is bonded to four different groups, a pair of enantiomers is possible. An enantiomer
can be characterized by the absolute contiguration of its asymmetnic center or centers and
is described by the R- and S-sequencing niles of Cahn, Ingold and Prelog, or by the
manner i 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] A used herewn, the term “metabohe condition”™ refers to an Inborn ervors of
metabolism (or genetic metabolic conditions) are genetc disorders that result from a

defect tn one or more metabolie pathways; specifically, the function of an enzyme 1s

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-hipotc acd (CAS No, 1200-22-2), salsalate {CAS No.
552-94-3), acetyloysteine {CAS No. 616-91-1}, Eicosapentaenoic acid {CAS No. 10417~

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

16020 The term "polymorph” as used herein is art-recognized and refers to one crystal

structure of & given compound,

{0021] The phrases “parenteral administration” and “administered parenterally” as used
herein refer 10 modes of administration other than enteral and topical administration, sach
as injections, and include without himitation intravenous, intramuscular, intrapleural,
intravascular, intrapericardial, intraanterial, intrathecal, intracapsular, intraorbital,
itracardiac, intradennal, intraperitoneal, transtracheal, subcutaneous, subcuticular, intra-

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

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

either a human or non-hunan 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 matenials andfor
dosage forms which are, within the scope of sound medical judgment, suitable for use in
contact with the tissues of mammals, homan beings and amimals without excessive
toxicity, imianon, allergic response, or other problem or complication, commensurate

with a reasonable benelit/risk ratio.
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{0024} The phrase “pharmacevtically acceptable camrer™ is art-recognized, and ncludes,
for example, pharmaceutically acceptable materials, compositions or vehicles, such as a
liquid or solid filler. diduent, solvent or encapsulating material involved in carrying or
transporting any subject composition, from one organ, or portion of the body, to another
organ, or portion of the body. Each carrier must be “acceptable” in the sense of being
compatible with the other ingredients of a subject composition and not injunous to the
patient. In certain embodiments, a pharmaceatically acceptable carner is 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 comn starch
and potato starch; (3} cellulose, and its denvatives, such as sodiwm carboxymethyl
cellulose, ethyl cellulose and cellulose acetate; (4) powdered tragacanth; {3) malt; (6)
gelatin; (7} tale; (&) cocoa butter and sappository waxes, (9) oils, such as peanut vil,
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 lauvate; (13) agar; (14)
buffering agents, such as magnesium hydroxide and aluminom hydroxide; (15) algnic
acid; (16) pyrogen-free water; (17) isotonic saline; {18) Ringer’s solution; (19) ethyl
alcobiol; (20) phosphate bufter solutions; and (21} other non-toxic compatible substances

emploved in pharmaceuotical formulations.

[0025] The term “prodrug” is intended fo 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 hydrolvzed under physiological conditions to reveal the desired
molecule. In other embodiments, the prodrug 1s converted by an enzymatic activity of the

host animal.

j6026] The term “prophyviactic or therapswtic” treatmens 18 art-recognized and includes
administration 1o the host of oneg or more of the subject compositions. H 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 prophylactic, te | 1t protects
the host against developing the unwanted condition, whereas if it is adminstered after
manifestation of the unwanted condition, the treatment is therapeutic, (1.e., 1t is mntended
to diminish, ameliorate, or stabilize the existing unwanted condition or side effects

thereot).

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

the method of the present invention.

[0028] The term "treating” 15 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; inlabiting 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
partienlar disease or condition, even 1t the underlying pathophysiology is not affected,
such as weating the glaucoma, epileptic seizures, Idiopathic intracranial hypertension
{pseudotumor cerehri), altitude sickness, cystinuria, periodic paralysis and dural ectasia,
congestive heart fatlure, drug induced edema, intermuttent clavdication resulting from
obstructed arieries 1 the Iimbs, and vascolar dementia, improves blood flow through
peripheral blood vessels and therefore helps with blood circulation 1n the arms and legs
{e.g. intermittent claudication), and the brain (hence #ts use in vascular demeniia),
Peyronie's disease and neoropathic injuries, prevent strokes and can be used in managing
sickle cell disease, to treat nauses and headaches in the mountains (altitude sickness), and

has been shown to reduce mortality in acute alcoholic and non~-alcoholic steatohepatitis
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and alcoholic hver disease, reducing the extent of fibrotie lestons induced by radiation
therapy for breast cancer, IV treatment of cytokine release syndrome, type 1 diabetes and
tvpe 2 diabetes, asthma, bronchodilation, neuroprotective properties, vasodilation,
Alzheimer’s disease, dementia, stroke, and treatment of endometriosis. 1t 18 also used in
the treatment of venous disease of a subject by administration of an agent even though
such agent does not treat the canse of the condition. The term "treating”, "treat" or
“treatment” as used herein includes corative, preventative (e.g., prophyiactic), adjanct and

patliative treatment.

{0029] The phrase "therapestically effective amount” 18 an artrecognized term. In
certain embodiments, the term refers to an amount of 3 salt or composition disclosed
herein that produces some desired effect at a reasonable benefit/nisk ratio applicable to
any medical treatment. In certain embodiments, the term refers to that amount necessary
or sufficient to eliminate or reduce medical symptoms for a period of time. The effective
amount may vary depending on such factors as the disease or condition being treated, the
particular targeted constructs being administered, the size of the subject, or the severity of
the disease or condition. One of ordinary skill in the art may empirically determine the
effective  amount of a particular composition without necessitating  undue

experimentation.

{0036] In certain embodiments, the pharmaceutical compositions described herein are
formulated in a manner such that sad compositions will be delivered to a patient in a
therapeutically effective amount, as part of a prophylactic or therapeutic treatment, The
desired amount of the composition to be admunistered to a patient will depend on
absorption. inactivation, and excretion rates of the drug as well as the delivery rate of the
salts and compositions from the subject compositions. 1t is to be noted that dosage values
may also vary with the seventy of the condition to be alleviated. It 18 to be further
understood that for any particalar sabject, specific dosage regimens should be adjusted
over time according to the mdividual need and the professional judgment of the person
admimstering or supervising the administration of the compositions. Typically, dosing

will be determined using technigues known to one skilled in the art.
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[0031] Additionally, the optimal concentration andfor quantities or amounts of any
particular salt or compositon may be adjusted to accommodate vanations in the
treatment parameters. Such treatment parameters tnclude the clinical use to which the
preparation 1s 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.

[0032] In certain embodiments, the dosage of the subject corapositions provided herein
may be determined by reference to the plasma concentrations of the therapeutic
composionn or other encapsulated matenials. For example, the maximum plasisa
concentration {Cmax) and the area under the plasma concentration-time curve from time

0 o infinity 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 compesition which
refeases a substance over time may exhibit sustained release charactenistics, in contrast to
a bolus type administration in which the entire amount of the substance is made
biologically available at ene time. For example, in particular embodiments, upon contact
with body fluids including bleod, spinal fluid, mucus secretions, lvmph or the like, one or
more of the pharmaceutically acceptable excipients may vndergo gradual or delayed
degradation (e.g, through hydrolysis) with concomitant release of any material
incorporated  therein, eg, an therapeutic andfor biologically active salt andfor
composition, for a sastained or extended period (as compared to the release from a
bolas). This release may result in prolonged delivery of therapentically effective

amounts of any of the therapeuotic agents disclosed herein.

{0034] The phrases “systemic admimstration,” “administered systemucally ™ “pesipheral
administraion” and “administered penipherally™ are art-recognized, and include the
administration of a subject composition, therapeutic or other material at a site remote
from the disease being treated. Administration of an agent for the disease being treated,

ve

even if the agent is subsequently distributed svstemically, may be termed “local” or
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“topreal” or “regional” admimistration, other than directly into the central nervous systern,
e.g., by subcutancous administration, such that it enters the patient’s system and, thus, is

subject to metabolism and other like processes.

[0035] The plrase “therapeatically effective amount” is an art-recognized term. o
certamn embodiments, the term refers to an amount of a salt or composition disclased
herein that produces some desired effect at a reasonable benefit/nsk ratio applicable to
any medical treatment. In cerfain embodiments, the term refers to that amount necessary
or sufticient to eliminate or reduce medical symptoms for a period of time. The effective
amount may vary depending on such factors as the disease ov condition heing treated, the
particular targeted coustructs being administered, the size of the subject, or the severity of
the disease or condition. One of ordinary skill in the art may empirnically detenmine the
effective amount of a particular composiion without necessitating  undue

experimentation.

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

herein, 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 Fonmula I
may be formulated for systemic or topical or oral admimistration.  The pharmaceutical
composition may be also formulated for oral admimstration, oral solution, injection,
subdermal  administration,  or  transdermal  adnunistration.  The  pharmacentical
composition may further comprise at least one of a pharmaceutically acceptable

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

[0038] In many embodiments, the pharmaceatical compositions described herein will
incorporate the disclosed compounds and compositions (Formula 1) to be delivered in an
amount sufficient to deliver to a patient a therapeutically effective amount of a compound
of fornwla 1 or composition as part of a prophvlactic or therapeutic treatment. The

desived concentration of formula 1 or its pharmaceuatical acceptable salts will depend ov
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abgorption, fnactivation, and excretion rates of the drug as well as the delivery rate of the
salts and compositions from the subject compositions. 1t1s 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 individual need and the professional judgment of the person
administering or sopervising the admimistration of the compositions.  Typically, dosing

will be determined using techniques known to one skilled 10 the art.

[6039] Additonally, the optimal concentration and/or quantities or amounts of any
particuiar compound of formula 1 may be adjusted to accommodate variations in the
treatment parameters.  Such freatment parameters include the chinical use to which the
preparation is put, e.g., the site freated, the type of patient, e.g., human or non-human,

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

{6040] The concentration and/or amount of any compound of formula I may be readily
identified by routine screenming in animals, e.g. rats, by screening & range of
concentration and/or amounts of the material in question using appropriate assays.
Known methods are also available to assay local tissue concentrations, diffusion rates of
the salts or compositions, and local blood flow before and after administration of
therapeutic formulations disclosed bherein.  One such method is microdialysis, as
reviewed by T. E. Robinson et al , 1991, microdialysis in the neurosciences, Techniques,
volume 7, Chapter 1. The methods reviewed by Robinson may be apphied, 1 brief, as
follows. A aucrodialysis loop is placed 1 sitn in 2 test animal. Dialysis fluid is pumped
through the loop. When compounds with formula 1 such as those disclosed herein are
injected adjacent to the loop, released drugs are collected in the dialysate in proportion to
their focal tissue concentrations. The progress of ditfusion of the salts or compositions
may be deternmuned thereby yeith swiable calibration procedures using known

concentrations of salts or compositions.

{0041} In cevtain embodiments, the dosage of the subject compounds of tormula I

provided heretn mav be determined by reference to the plasma concentrations of the
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therapeatic composition or other encapsulated materials.  For example, the maximuom
plasma concentration {Cmax) and the arca under the plasma concentration-time curve

from tume O to infinity may be used.

[0042] Generally, m carrying out the methods detailed 1n this appheation, an effective
dosage for the compounds of Formalas Lis in the range of sbout 0.01 mg'kg/day to about
100 mg/kg/day 1w single or divided doses, for mstance 0.01 mgikgiday 1o about 50
mg/kg/day 1n single or divided doses. The compounds of Formulas 1 may be administered
at a dose of, for example, less than 0.2 mg/kg/day, 0.5 mykg/day, 1.0 mg'kg/day, 5
mefka/day, 10 mgfglday, 20 my/kedday, 30 me'ke/day, or 40 mg/ky/day. Compounds of
Formula 1 may also be admunistered to a human patient at a dose of, for example,
between 0.1 mg and 1000 mg, between 5 myg and 8O mg, or less than 1.0, 9.0, 12.0, 20.0,
S0.0, 75.0, 100, 300, 400, 500, 800, 100G, 2000, 5000 mg per day. In certann
embodiments, the compositions herein are administered at an amount that is less than
O05%, 90%, 80%, T0%, 60%, 0%, 40%, 30%, 20%, or 10% of the compound of formula

1 required for the same therapeutic benefit.

[0043] An effective amount of the compounds of formula 1 described herein refers to the
amount of one of said salts or compositions which is capable of inhibiting or preventing a

disease.

j0044] An effective amount may be sufficient to prohibit, treat, alleviate, ameliorate, halt,
restrain, slow or reverse the progression, or reduce the severity of a complication
resulting from nerve damage or demyelization and/or elevated reactive oxidative-
mitrosative species andfor abnormalities in physiological homeostasis’s, in patients who
are at risk for such complications. As such, these methods mclude both medical
therapeutic (acute} and/or prophylactic {prevention) administration as appropriate. The
amount and timing of compositions administered will, of course, be dependent on the
subject bemg treated, on the severity of the affliction, on the manner of adnunistration
and on the judgment of the prescribing physictan. Thus, because of patient-to-patient

variability, the dosages given above are a guideline and the physician may titrate doses of
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the drug to achieve the treatment that the physician considers appropriate for the patient.
In considering the degree of treatment desired, the physician must balance a vanety of
factors such as age of the patient, presence of preexisting disease, as well as presence of

other diseases.

[0043] The compasitions provided by this application may be administered to a subject
in need of treatment by a variety of conventional routes of admimstration, mclading
orally, topically, parenterally, e.g., intravenously, subcutaneously or intramedullary.
Further, the compositions may be adnunistered intranasally, as a rectal suppository, or
using a "flash” formulation, 1.e, allowing the medication to dissolve in the mouth without
the need to use water. Furthermore, the compositions may be administered to a subject in
need of treatment by controlled release dossge forms, site specific drug delivery,
transdermal drug delivery, patch {active/passive} mediated drug delivery, by stereotactic

injection, or in nanoparticles.

[6046] The compositions may be administered alone or i combination with
pharmaceutically acceptable carriers, vehicles or diluents, in either single or multiple
doses, Suoitable phamuaceutical carriers, velucles and diluents include inert solid diluents
or fillers, sterile agueous solotions and various organic solvents, The pharmaceutical
compositions formed by combinmg the compositions and the pharmaceutically
acceptable carriers, vehicles or difaents ave then readily administered in a vanety of
dosage forms such as tablets, powders, lozenges, syrups, injectable solutions and the like.
These pharmaceutical compositions ean, 1t desired, contain addittonal ingredients such as
flavorings, binders, excipients and the like. Thus, for purposes of oral administration,
tablets containing varous excipients such as lL-arginine, sodium citrate, caleiom
carbonate and calciam phosphate may be emiployed 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, Jubnieating agents such
as magnesium stearate, sodium lauryl sulfate and tale are often useful for tabletting
purposes. Solid compositions of a similar type may also be employed as fillers in soft and

hard filled gelatin capsules. Appropriate materials for this include lactose or milk sugar
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and high molecular weight polyvethylene glycols. When agqueous suspensions or elixivs are
desired for oral administration, the essential active ingredient therein may be combined
with vanous sweetening or flavoring agents, coloring matter or dyes and, if desired,
emuolsifying or suspending agents, together with diluents such as water, ethanol,
propylene glyeol, glycenn and combinations thereof. The compounds of formula 1 may
also comprise enterically coated comprising of various excipients, as is well known i the

pharmacentical art.

{0047 For parenteral adminustration, solutions of the compositions may be prepared in
(for exampie) sesame or peanut oil, agueous propylene glyeol, or in sterile aqueous
solutions may be emploved. Such agueous solutions should be suitably buttered if
necessary and the hquid diluent first rendered isotonic with sutficient saline or glucose.
These particular aqueous solutions are especially suitable for intravenous, intramuscular,
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 an.

j00648] The formulations, for instance tablets, nmay contain e.g. 10 to 100, 50 to 250, 150
to 500 my, or 350 to B0 my e.g 10, 30, 100, 300, 500, 700, 300 mg of the compounds of
formula 1 disclosed herein, for instance. compounds of formula 1 or pharmaceutical

acceptable salts of a compounds of Formula |

[0049] Generally, a composition as described herein may be administered orally, or
parenterally {e.g , intravenous, intramuscular, subcutaneous or intramedalliary). Topical
administration may also be indicated, for example, where the patient 1s suffering from
gastrointestinal disorder that prevent oral administration, or whenever the medication is
hest apphied 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 1s desired
at the target tissue or organ. For buccal administration the active composition may take

the [orm of tablets or lozenges formudated in a conventional manner.
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j0030] The dosage administered will be dependent upon the wdentity of the metabolic
disease; the type of bost involved, mcluding its age, health and weight; the kind of

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

[00S1] Hlustratively, dosage levels of the adoumistered active ingredients are:
intravenous, 0.1 to about 200 mg/kg, intramuscular, 1 to about 500 mg/kg; orally, 5 to
about 1000 mg/kg, miranasal instillation, § 10 about 1000 mg/ke; and aerosol, S to about

&=

1000 mgfkg of host body weight.

[0052] Expressed in terms of concentration, an active ingredient can be present 1o the
compositions of the present invention for localized use about the cutis, mtranasally,
pharyngolaryngeally, bronchially, mtravagmally, rectally, or ocularly in a concentration
of from about 0.01 to about 50% wiw of the composition; preferably about 1 to about
20% wiw of the composition; and for parenteral use 1nt a concentration of from about 0.05

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

[0053] The compositions of the present ifnvention 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, stenle
non-parenteral solutions of suspensions, and oral solutions or suspensions and the like,
containing suitable quantities of an active ingredient. For oral administration either solid

or fluaid unit dosage forms can be prepared.

[6054] As discussed above, the tablet core contains one or more hydrophilic polymers,
Suitable hydrophilic polymers include, but are not fimited to, water swellable cellulose
derivatives, polyalkylene glycols, thermoplastic polvalkylene oxides, acryhe polymers,
hydrocolloids, clays, gelling starches, swelling cross-linked polymers, and nuxtures
thereof. Examples of suitable water swellable cellulose derivatives include, but are not
lumited to, sodium carboxyvmethylcellulose, cross-linked hydroxypropyleellaiose,
hydroxypropy! cellulose {HPC), hydroxypropylmethyleellulose {HPMUO),

hydroxyisopropyleetiulose, hydroxybutyleellulose, hydroxyphenyleellaiose,
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hydroxyethvleellidose (HEC), bydroxypentylcellulose,  hydroxypropylethyleellidose,
hydroxypropyibutyleellalose, and hydroxypropylethyleellulose, and mixtures thereof.
Examples of saitable polvalkylene glycols include, bat are not limited to, polyethylene
glveol. Examples of suitable thermoplastic polyalkylene oxides include, but are not
limited to, poly(ethylene oxide). Examples of suitable acrylic polymers inclade, but are
not hnited 10, potassiom methacrviatedivinylbenzene copolymer,
polymethylmethacrviate, high-moleaudar weight crosslinked acrylic acid homopolymers
and copolymers such as those commercially available from Noveon Chemicals under the
tradename CARBOPOL™. Examples of suitable hydrocolloids include, but are not
limited to, alginates, agar, guar gum, locust bean gum, kappa carrageenan, iota
carrageenan, tara, gum arabic, tragacanth, pactin, xanthan gum, gellan gum, maliodextrin,
gatactomannan, pusstulan, laminarin, scleroglucan, gum arabic, inulin, pectin, gelatin,
whelan, rhamsan, zooglan, methyvlan, chitin, cyclodextrin, chitosan, and mixtures thereof.
Examples of suitable clays include, but are not limited to, smectites such as bentonite,
kaclin, and lapomte;, magnesium 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 glycolate and derivatives
thereof, and mixtures thereot. Examples of suitable swelling cross-linked polvmers
include, but are not limited to, cross-linked polyvinyd pyrrolidone, cross-linked agar, and

cross-linked carboxvmethyleellutose sodium, and mixtures thereof

J00S5] 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,  lobricants,  ghidants,  release-modifying  excipients,

superdisintegrants, antioxidants, and mixtures thereof.

{0036] Suitable binders include, bwt are not limited to, dry binders such as polyvinyl
pyrrolidone and hydroxypropyimethvlcellalose; wet binders such as water-soluble
polymers, including hydrocolloids such as acacta, alginates, agar, goar gum, locust bean,
carrageenan, carboxvmethyviceliulose, tara, gum arabic, tragacanth, pectin, xanthan,

gellan, gelatin, maltodextrin, galactomannan, pusstulan, laminarin, scleroglucan, inulin,
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whelan, rhamsan, zooglan, wethylan, chitin, eyclodextrin,  clutosan,  polyvinyl
pyrrolidone, cellulosics, sucrose, and starches; and muixtures thereof  Suitable
disintegrants mclode, but are not lunited to, sodium starch glycolate, cross-linked
polvvinylpyrrolidone, cross-linked carboxymethyleellulose, starches, microcrystalline

cellalose, and muxtures thereol

[0057] Suitable lubricants include, but are not hinuted to, long cham faity acids and their
salts, such as magnesium stearate and stearic acid, tale, glyvcerides waxes, and mixtures
thereof  Suitable glidants include, but are not limited to, colloidal silicon dioxide.
Suitable release-modifying excipients include, but are not limited to, insoluble edible

matenials, pH-dependent polymers, and mixtores thereof.

{6058] Suitable msoluble edible materials for use as release-modifving excipients
include, but are not limited to, water~insoluble polyvmers and low-melting hydrophobic
materials, copolymers thereof, and mixtures thereof. Examples of suitable water-
msotuble polymers include, but are not limited to, ethyleeliulose, polyvinyl alcohols,
polyvinyl acetate, polveaprolactones, cellulose acefate and Uz derivatives, acrvlates,
methacrylates, acrvlic acid copolymers, copolvmers thereof, and mixtures thercof.
Suitable low-melting hydrophobic materials include, but are not imited to, fats, fatty acid
esters, phospholipids, waxes, and mixtures thereof. Examples of suitable fats include, but
are not linited to, hydrogenated vegetable oils such as for example cocoa butter,
hydrogenated palm kemel o, hydrogenated cottonseed oil, hydrogenated sunflower oil,
and hydrogenated sovbean oil, free fatty acids and their salts, and mixtures thereofl
Examples of soitable fatty acid esters include, but are not limited to, sucrose fatty acid
esters, mono-, di-, and triglycerides, glyceryl behenate, glycervl palmitostearate, glyceryl
monostearate, glveeryl tristearate, glycervl tnlaurvlate, glyceryl myristate, GlycoWax-
932, lawroyl macrogol-32 glycendes, stearoyl macrogol-32 glveerides, and muxtures
thereot. Examples of suitable phospholipids mclade phosphotidyl choline, phosphotidyl
sereng, phosphotidyl enositol, phosphotidic acid, and muxtares thereot. Examples of
suttable waxes include, bot are not hmited to, carnauba wax, spermaceti wax, beeswax,

candelilla wax, shellac wax, microcrystalling wax, and paraffin wax; fat-containing
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mixtures such as chocolate, and mixtures thereof. Examples of super dismtegrants
include, but are not limited to, croscarmeliose sodiom, sodium starch glycolate and cross-
linked povidone {(crospovidone). In one embodiment the tablet core contains up to about

S percent by weight of such super disintegrant.

[0059] Examples of antioxidants include, but are not himited to, tocopherols, ascorbic
acid, sodnm pyrosuliite, butylhydroxytoluene, butylated bydroxyanisole, edetic acid, and
edetate salts, and mixtures thereof. Examples of preservatives include, but are not mited
to, ciinte acid, tartanie 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 5O microns, such as from about 50 microns to about 2500 microns; e.g., from about
250 microns to about 1000 microns. In embodiment, the immediate release coating is
typically compressed at a density of more than about 0.9 gfec, as measured by the weight

and volume of that specific layer.

{00661} In one embodiment, the immediate release coating containg a first portion and a
second portion, wherein at least one of the portions contains the second pharmaceutically
active agent. In one embodiment, the portions contact each other at a center axis of the
tablet. In one embodiment, the first portion includes the first phanoaceutically 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 phasmaceutically active agent. In one
embodiment one of the portions contains a second immediate release portion of the same

pharmacentically active agent as that contained i the tablet core.

{0063] In one embodiment, the outer coating portion 15 prepared as a dry blend of

materials prior to addition to the coated tablet core. In another embodiment the outer
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coating portion 1s included of a dried granulation mcloding the pharmacentically active

agent.

{0064] Formulatons with dilTerent drug release mechanisms described above copld be
combined in a final dosage form contaiing single or multiple wits. Examples of
multiple untts include multlayer tablets, capsules containing tablets, beads, or granunles in
a solid or liquid 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 prepaving coalings, covering of wcorporating

drugs, are known 1n the art

[0065] The immediate release dosage, umit of the dosage form, L.e, a tablet, a plurality of
drug-containing beads, granules or particles, or an outer laver of a coated core dosage
form, contains a therapeutically effective quantity of the active agent with conventional
pharmaceutical excipients. The immediate refease dosage unit may or may not be coated,
ad may or may not be admixed with the delayed release dosage umt or units {(as 1n an
encapsulated mixture of immediate release drug-containing granules, particles or beads

b=

and delayed relegse drug-containing granules or beads).

j0066] Extended release formulations are generally prepared as diffusion or osmotic
systemis, for example, as described in "Remington—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, reservoir and matrix,
which are weltknown and described in die art. The matrnix devices are generally prepared

by compressing the drug with a slowly dissolving polymer carier into a tablet form.

[0067] An mmediate release portion can be added to the extended release system by
means of either applving an immediate relgase layer on top of the extended release core;
using coating or compression processes or i a multuple unit system such as a capsule

containing extended and immediate release beads.
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j0068] Delayved release dosage formulations are created by coating a solid dosage form
with a film of a polymer which is insoluble in the acid environment of the stomach, but
soluble 1n the neutral environment of small intestines. The delaved release dosage units
can be prepared, for example, by coating a drug or a drug-containing composition with a
selected coating material. The drug-containing composition may be a tablet for
mcorporation inte a capsule, a tablet for use as an inner core n a "coated core” dosage
form, or a plurality of drug-contaiming beads, particles or granules, for meorporation inio

either a tablet or capsule.

[6069] A pulsed release dosage form is one that mimics a mudtiple dosing profile
without repeated dosing and typically allows at least a twofold reduction in dosing
frequency as compared 1o the drug presented as a conventional dosage form {e.g., as a
solution or prompt drog-releasing, conventional splid dosage form). A pulsed release
profile is characterized by a time period of no release (lag time) or reduced release

followed by rapid drug release.

[0070] Each dosage form contains a therapeutically effective amount of active agent. In
one embodiment of dosage forms that mimic a twice daily dosing profile, approximately
30 wt. %6 1o 0 wi %, preferably 40 wt. %6 to 60 wi. %o, of the total amount of active agent
in the dosage form s released in the mitial pulse, and, correspondingly approximately 70
wi. % to 3.0 wi. %, preferably 60 wt. % to 40 wt. %, of the total amoont of active agent 1o
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 1o less
than 14 hours, and more preferably approximately 5 hours to 12 hours, following

administration.

{0071] Another dosage form contains a compressed tablet or a capsule having a drug-
contaiming immediate release dosage umt, a delaved release dosage umit and an optional
second delaved release dosage vt In this dosage form, the immediate release dosage
unit contains a plurality of beads, granules particles that release drug substantially

immediately following oral administration to provide an initial dose. The delaved release
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dosage umit contains a plorality of coated beads or granules, which release dmug
approximately 3 hours to 14 hours following oral administration to provide a second

dose.

[0072]  For purposes of transdermal (e.g., topical) administration, dilute stertle, aqueons
or partially agueons solotions {usually 1 about 0.1% to 5% concentration), otherwise

similar {0 the above parenteral solutions, may be prepared.

{00731 Methods of preparing various pharmaceutical compositions with a certain
amount of oue or more compounds of formula T or other active agents are konown, or will
be apparent 1 light of this disclosure, to those skilled in this art. For examples of
methods of preparing pharmaceutical compositions, see Remungton's Pharmacentical

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

[0074] In addition, o certamn embodiments, subject compositions of the present
application mavbe lyophilized or subjected to another appropriate drving technique such
as spray drving. The subject compositions may ba administered once, or may be divided
into a number of smaller doses to be adnuinistered at varying intervals of time, depending

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

{6075] Formulations usefnl in the methods provided berein include those suitable for
oral, nasal, topical (including buccal and sublingual), rectal, vaginal, aerosol and/or
parenteral administration.  The formulations may conveniently be presented in unit
dosage form and maay 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 matenial to
produce a single dose mav vary depending opon the subject being treated, and the

particular mode of administration.

j0076] Methods of preparing these formulations or compositions include the step of
bringing into association subject compositions with the carner and, optionally, one or

more accessory ingredients. In general, the formulations are prepared by uniformly and
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intimately bringing info association a subject composition with fiquid carrters, or finely

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

{6077]  The compounds of formula I described herein may be admunistered in inhalant
or aerosol formulations. The mbalant or aerosol formulations may comprise one or more
agents, such as adjovants, diagnostic agents, imaging agents, or therapeutic agents useful
i inhalation therapy. The final aerosol formudation may for example contaim 0.005-90%
wiw, for instance 0.005-50%, 0.003-5% wiw, or (1.01-1.0% whw, of medicameni relative

to the total weight of the formulation.

{0078]  In solid dosage forms for oral administration (capsules, {ablets, pills, dragees,

powders, granules and the like), the subject composition is mixed with one or move
pharmaceutically acceptable carriers and/or any of the following: (1) fillers or extenders,
such as starches, lactose, sucrose, glucose, mannitol, and/or stlicic acid; (2) binders, such
as, for example, carboxymethylceliulose, alginates, gelatin, polyvinyl pyrrolidone,
sucrose and/or acacia; {33} humectants, such as glveerol, {4) disintegrating ageuts, such as
agar-agar, calcium carbonate, potate or tapioca starch, alginic acid, certain silicates, and
sodium carbonate; {5) solution retarding ggents, such as paraffin, (6} absorption
accelerators, such as quaternary ammoniam compounds; (7) wetting agents, sach as, for
example, acetyl alcoheol and glycerol monostearate; (8) absorbents, such as kaolin and
bentonite clay; (9) lubnicants, such a tale, calcium stearate, magnesiwn stearate, solid
polyethylene glycols, sodivm lauryl sulfate, and mixtures thereof, and (10} colonng
agents. In the case of capsules, tablets and pills, the pharmaceutical compositions may
also comprise buffering agents.  Sohid compositions of a sinular type may also be
emploved as fillers in soft and hard-filled gelatin capsoles using lactose or mitk sugars, as

well as high molecalar weight polvethylene glveols and the hike.

{6079] Liquid dosage forms for oral administration include pharmaceutically acceptable
emalsions, microemulsions, solutions, suspenstons, syrups and elpars. In addition to the
subject compositions, the lgquid dosage forms may contain inert diluents commounly used

in the art, such as, for example, water or other solvents, solubilizing agents and
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emtlsifiers, such as ethyl alcohol, isopropyvl alcohol, ethvl carbonate, ethyl acetate,
benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene glyeol, oils {in particular,
cottonseed, corn, peanut, sunflower, soybean, olive, castor, and sesame oils), glycerol,
tetrahydrofuryl alcohol, polyethylene glyeols and fatty acid esters of sorbitan, and

muxtures thereof

{0080] Suspensions, m addition to the subject compositions, may contain suspending
agents such as, for example, ethoxylated isostearyl alcohols, polyoxyethylene sorbitol,
and sorbitan esters, microcrystallime cellulose, alumimum metahydroxide, bentonite, agar-

agar and tragacanth, and mixtures thereot.

[6081] Formulations for rectal or vaginal administration may be presented as a
suppository, which may be prepared by mixing a subject compaosition with one or more
suitable non-irritating carriers comprising, for example, cocoa butter, polyethylene
glycol, a suppository wax, or a salicylate, and wluch is solid at room temperature, but
liquid at body temperature and, therefore, will melt in the appropriate body cavity and
refease the encapsulated compound(s) and composition{s). Formulations which are
suitable for vaginal administration also inclode pessaries, tarapons, creams, gels, pastes,
foams, or spray formulations containing such camiers as are known in the art to be

appropriate.

{6082] Dosage forms for transdermal adovywstration include powders, sprays,
ointments, pastes, creams, Jotions, gels, solutions, patches, and inhalants. A subject
composition may be nuxed under stertle conditions with a pharmaceutically acceptable
cartter, and with any preservatives, buffers, or propellants that may be requived. For
transdermal administration, the complexes may inctude lipophilic and hydrophilic groups

to achieve the desired water solubility and transport properties.

[6083] The ointments, pastes, creams and gels may contain, in addition to subject

compositions, other carriers, such as animal and vegetable fats, oils, waxes, paraffins,
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starch, tragacanth, cellulose derivatives, polyethylene glveols, silicones, bentonites,
stltcic acid, tale and zine oxide, or mixtures theveof. Powders and sprays may contain, in
addition to a subject composttion, excipients such as lactose, talc, silicic actd, aluminum
hydroxide, calcium silicates and polyamide powder, or mixtures of such substances.
Sprays  wmay  additionally  contain  customary  propeflants,  such  as
chiorofluorohydrocarbons and volattle unsubstitited hydrocarbons, such as butane and

propane.

{0084] Moethods of delivering a composition or compositions via a transdermat patch are
known in the art. Exemplary patches and methods of patch delivery are described in US
Patent Nos. 6,974,588, 6,564,003, 6312,716, 6,440454, 6,267 983, 6,239,180, and

6,103,275,

j0085] In another embodiment, a transdermal patch may comprise: a substrate sheet
comprising a compoesite film formed of a resin composition comprising 100 parts by
weight of a polyvinyl chlonde-polyurethane composite and 2-10 parts by weight of a
styrene-ethyiene-botylene-styrene copolymer, a first adhesive layer on the one side of the
compostie film, and a polvalkylene terephithalate film adhered to the one side of the
composite film by means of the first adhesive layer, a primer laver which comprises a
saturated polyester resin and is formed on the surface of the polyvalkylene terephthalate
film; and a second adhesive layer comprising a stvrene-diene-styrene biock copolymer
containing a pharmaceutical agent layered on the prnmer layer. A method for the
manufacture of the above-mentioned substrate sheet comprises preparing the above resin
composition molding the resin composition into a composite film by a calendar process,
and then adhering a polyatkylene 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 saturated polvester resin on the outer surface of the polyalkylene

terephthalate film.
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[0086] Another type of patch comprises mcorporating the drug directly v a
pharmaceutically acceptable adhesive and laminating the drug-containing adhesive onto a

suttable backing member, e.g. a polyester backing membrane. The drug should be present

&

at a concentration which will not affect the adhesive properties, and at the same time

dehiver the required chinical dose.

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

drugs.

[6088] lontophoresis is & technique emploved for enhancing the flux of ionized
substances through membranes by application of electric current. One example of an
iontophoretic membrane is given in U.S Pat. No. 5,080,646 to Theeuwes. The principal
mechamisms by which iontophoresis enhances molecular transport 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 s charged pore in response the
preferential passage of counter-ions when an electric field is applied or (¢} increase skin

permeability due to application of electrical current.

j0089]  In some cases, it may be desirable to adminsster 1o the form of a kit, 1 may
comprise a container for containing the separate compositions such as a divided bottle or
a divided foil packet. Typically the kit comprises directions for the admirastration of the
separate components. The kit form is parteularly advantageous when the separate
components are preferably administered in different dosage forms {e.g. oral and
parenteral), are administered at different dosage intervals, or when tiration of the

individual components of the combination 1s desired by the prescribing physician.
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[0090]  An example of such a kit is a so-called blister pack. Blister packs are well known
in the packaging industry and are widely used for the packaging of pharmaceutical unit
dosage forms (tablets, capsules, and the tike). Blister packs generally consist of a sheet of

refatively stiff material covered with a foll of a plastic material that may be transparent.

[6091] Methods and compositions for the suppression of carbonic anhydrase activity.
Among other things, herein 15 provided a method of treating complications or diseases
manifested from carbonic anhydrase enzyvme activity, comprising administering to a

patient in need thereof a therapeutically effective amount of compound of Formala L
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ais independently 2.3 or 7;

each b 1s independently 3, 3 or §;

¢ is independently 1, 2 or 6,

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

R’ independently represents H, D, methyl, F, Cl, ethyl or acety!.
Meihods for using compounds of formula 1:

[8092] The invention also includes methods for treating glaucoma, epileptic seizures,
Idiopathic intracranial hypertension (pseudotumor cerebri}, altitude sickness, cystinuria,
periodic paralysis and dural ectasia, congestive heart failure, drug induced edema,
diuretic, intermittent claudication resulting from obstructed arteries in the limbs, and
vascular dementia, improves blood flow through peripheral blood vessels and therefore
hetps with blood cirenlation 1o the arms and legs (e g intermittent claudication), and the
brain {(hence its wuse 1 vascular dementia), venous disease, Peyromie's disease,
neuropathic injuries, strokes, sickle cell disease, nausea and headaches in the mountains
(altitude sickness), non-alcoholic steatohepatitis and alcoholic hver disease, fibrotic
lesions induced by radiation therapy for breast cancer, cylokine release syndrome, type 1
diabetes and {ype 2 diabetes, asthma, bronchodilation, kidney diseases, renal protection,
vascular ischemia, nearoprotection, vasoditation, Alzheimer’s disease, demeniia, stroke,

and treatment of endometriosis.

METHODS OF MAKING

[6093] Examples of synthetic pathways usetsl for making compourds of formuia | are

set forth in example below and generalized in scheme 1:
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Scheme-1:
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j0094] Step-1: Synthesis of compound 2
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j0095] Addition of 301 ¢ of {536 moles) of 85%potassium hydroxide to a slurry of 608
2(4.56 moles) of 2-amino-1,3 4-thiadiazole-S-thiol 1 m 456 cc of water produced a brown
solution. This solution was clarified with Darco (g-60) (for filtration) and diluted with
1300 ce of ethanol. Benzyl chloride (375 g, 4 56 moles) was added rapidly with stirving.
The thick reaction mixture was formed almost immediately was stirred and eooled to 0 °C
for 30 nunutes and then dituted with 2 L of cold water The solid compound 2 was

removed by filtration and washed with water and ether.

{0096] Step-2: Synthests of compound 31

N.-M\>_ (CH4C 0)50 o N,N\>~

= - A A

NS | S

Hz Ph> CHaCOOH N Ph>
o 60 °C. 10 min 3

{0097] A slurry of 4.0 moles of compound 2 in 4.4 moles of acetic anhydride and 1500 cc
of acetic acid was heated at 60 °C for 10 minutes to get clear solation. The solution was
gradually cooled and at the first appearance of crystals, 2 L. of water was added. The

suspension was cooled to 0°C and the solid  compound 3 was collected by filtration.

[0098] Step-3: Synthesis of compound 4:

1y ¢
~N 0% aq. CHLCOOH
O N N
N NJH\S}—% _5°C, 30 min_ )-L f}‘s\\ NH;
P
H Fh 2) Liguid NH, N

4

[0099] A suspension of 0.50 g of compound 3 in 40 c¢ of 50% aqueous acetic acid was
chiorinated for 0.5 h at 5 0 C. The solid was filtered off after this tme and added 1o 20 cc
of liguid aromonia. After evaporation of ammonia and dilution of the dry residue with
water, the aqueous solution was tiltered. Acidification with hydrochloric acid gave sohid

compound 4 with melting point 260 °C.

{00180} Step-4: Synthests of compound 52
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1) Conc.HCH
EtOH
NP flux, 4.5 b N O
N P reflux, 4. - (
Q P e jﬁ\ D goNH,
)&\N S 0 NS 8 0
H 2) 5M ag. NaOQH 2
4 5
{00101} A solution of compound 4 {15 g, 67.5 mumol,} 1n a mixture of ethano! (100

mkb.) and concentrated hydrochloride acid (30 mL) was heated at reflux for 4.5 h, during
which time a solid slowly deposited. Upon cooling the solution, the solvents were
removed in vacuo and the solid residue was redissolved in HyO (75 mL). The solution
was basified to pH 7 with § M sodium hvdroxide, the precipitated product was collected
by filtration, and then recrystallized from water to give the product § (10.6 g, 589 mmol,

87%), mp 228-229 “C (1it1 S mp 230-232 °C),

[06102§ Step-5: Synthests of compound 7:

o
T - - - e axatyl ehlaride
N N i Wt U A e
o CHEL,
it 2h
o
{:!_,Jk/\//m s cees R e
7
{00103} To a solution of 603 mg of 3811, 14, 1 7-cicosapentaenic acid 6in 6 ml of

dry chloroform was added 0.25 mi of oxaly!l chloride under argon at room temperature.
The mixture was reacted for 2 hours. From the reaction mixture were removed
the chloroform and the remaining oxalyl chlonde by disullation under reduced pressuwe
to give 5,811,141 7-eicosapentaenoy!l chloride 7, which was then directly used for the

next step.

{00104} Step-6: Synthesis of compound 8:

O

-'N O K.’?../C’"‘

M X R
/“\ ‘\}.__.Q{%NH,, o T T TN TN e

HNTO® 0 DMF
) 5 7 1009, & h
.
“N\é’/”l 7] R’\‘ o
C,}, g N,J\//\//":\/W\m%f
H
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{00105} A solution of compound 5 (2 mmol) in dry DMF (10 ml) was suspended 1 of
anhydrous potassium carbonate (2.2 mmol} at room temperature. To the reaction mixture
was added the DMF solution 2 mmol of of 33,11.14,17-eicosapentaenoyl chioride 7in 2
ml DMF prepared above dropwise over 13 min., and the mixture was heated at 100 °C for
8 bours. From the teaction mixture was removed 1nsolubles by filtration, and water was
added to the filirate. The mixture was extracted two times with ethyl acetate (2x 10 mi).
Orgamic laver of the extract was washed with water and dried over anhydroos sodium
sulfate. Then, the solvent was removed by distitiation under reduced pressure to get the
restdue was subjected to stlica gel column chromatography to obtain the pure compound
8

{60106} The term "sample” refers to a sample of a body fluid, to a sample of
separated cells or to a sample from g tissue or an organ, Samples of body fluids can be
obtained by well known technigues and include, preferably, samples of blood, plasma,

serum, or urine, more preferably, samples of blood, plasma or serum.
EQUIVALENTS

{00167} The present disclosure provides among other things compositions and
methods for treating diseases manifested from carbonic anvdrase enzyvme activity and
their complications. While specific embodiments of the subject disclosure have been
discussed, the above specification is illustrative and not restrictive. Many vartations of
the systemis and methods herein will become apparent to those skilled in the art upon
review of this specification. The full scope of the claimed systems and methods should
be determuned by reference to the claims, along with their full scope of equivalents, and

the specification, along with such variations.
INCORPORATION BY REFERENCE

{00168}  All publications and patents mentioned herein, including those items listed
above, are hereby incorporated 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 cooflict, the present application, mcluding any definitions herein,

will control.



WO 2013/167994 PCT/IB2013/050899

40
CEAIMS
1. A compound of formula [
Rz
O
\‘ n
| N
HN \\‘*‘320
NH.
T—-“N
Rs
Formuta |

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

or stereoisomer thereof?

Wherein,

R’ each independently represents D, H,
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?&% %\QJ\OA

O O L?'L,
*%&Ag A
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each b is independently 3, 5 or é;
e isindependently [, 2 or &;

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

R’ independently represents H, D, methyl, F. Cl, ethyl or acetyl.

b3

pd

L

A Pharmaceutical composition comprising a compound of claim 1 and a

pharmacentically acceptable carrier.

The pharmaceutical composition of claum 2, which s formudated to treat the
underlving etiology with an effective amount administering the patient 1n need by
oral administration, delayed release or sustained release, transmucosal, syrup,
topical, parenteral administration, injection, subdermal, oral solution, rectal

administration, buccal administration or transdermal administration.

A method for treating a disease with carbonic anhydrase activity as the nnderlying
etiology, the method comprising administering to a patient in need thercof an

effective amount of pharmacentical composition of claim 3.

Compounds and compositions of claim 4 are formulated, wherein the disease with
carbonic anhydrase activity as the undettying etiology is selected from  glaucoma,
epileptic seizures, ldiopathic intracranial hypertension {pseudotumor cerebri),
altitude sickness, cystinuria, periodic paralysis and dural ectasia, congestive heart
fatfure, drug induced edema, diuretic, intermittent claudication resulting from
obstructed arteries in the bimbs, and vascular dementis, osteoporosis, improves
blood flow through peripheral blood vessels and therefore helps with blood
circulation in the arms and leps (2 g intermittent claudication), and the brain (hence
its use in vascular dementia), venous disease, neuropathic injuries, strokes, sickle
cell disease, nausea and headaches in the mountains {(altitude sickness), non-
aleoholic steatohepatitis and alcobolic liver disease, fibrotic lesions induced by
radiation therapy for breast cancer, ovtokine release syndrome, type | diabetes and

type 2 diabetes, asthma, bronchodilation, kidney diseases, renal protection, vascular
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ischenya, newroprotection, vasodilation, Alzbeimer’s disease, dementia, stroke, and

treatnient of endometriosis.

A molecular conjugate of acetazolamide and R-Lipoic acid.

A molecolar conjugate of acetazolamide and eicosapentaenoic acid.

A molecudar conjugate of acetazolamide and docosghexacnoic acid.

A molecular conjugate of acetazolamide and acetyl cystene.

A molecular conjugate of acetazolamide and salsalate.

A molecolar conjugate of acetazolamide and fumaric acid

A molecular conjugate of methazolamide and eicosapentaenoic acid
A molecular conjugate of methazolwmide and docosahexaenoic acid.
A molecular conjugate of methazolamide and acety! cvsteine.

A molecular conjugate of methazolamide and salsalate.

A molecular conjugate of methazolamide and fumaric acid.

A molecular conjugate of methazolamide and R-Lipoic acid.
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