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INSULIN SENSITISERS AND METHODS OF TREATMENT

FIELD OF THE INVENTION

The present invention relates generally to the field of therapy. The invention particularly
relates to insulin sensitisers and methods of regulating glucose homeostasis and to the
therapeutic or prophylactic treatment of diseases and associated conditions, n which
impaired glucose uptake due to insulin resistance is involved or implicated, such as
diabetes, syndrome X, hyperglycaemia, vascular disease and kidney disease. The present

invention further relates to compounds and agents and compositions thereof for use in the

treatment methods.

DESCRIPTION OF THE PRIOR ART

The reference in this specification to any prior publication (or information derived from it),
or to any matter which is known, is not, and should not be taken as an acknowledgment or
admission or any form of suggestion that that prior publication (or information derived
from it) or known matter forms part of the common general knowledge in the field of

endeavour to which this specification relates.

Glucose is the body's preferred energy source. Once entered into the blood stream, it
requires the assistance of the insulin to enter hepatic, muscle and adipose cells in order to
be stored or utilised. In a healthy individual, glucose homeostasis is controlled primarily
by insulin. As blood glucose levels rise, such as after eating, specialised $-cells within the
pancreas release insulin which promotes glucose uptake, intracellular metabolism and
glycogen synthesis by the body's target tissues. Thus, in healthy individuals, blood glucose
concentrations are strictly controlled, typically in the range of 80-110 mg/dl. However,
where the pancreas produces an inadequate insulin response, or the target cells do not
respond appropriately to the insulin produced, the glucose cannot enter the body's cells.

This results in a rapid accumulation of glucose in the blood stream (hyperglycemia).
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High blood glucose levels over time may cause cardiovascular disease, retinal damage,
renal failure, nerve damage, erectile dysfunction and gangrene (with the risk of
amputation). Furthermore, in the absence of available glucose, cells turn to fats as an
alternative energy source. Resulting ketones, a product of fat hydrolysis, can accumulate

in the blood stream instigating hypotension and shock, coma and even death.

Chronically elevated blood glucose levels (greater than about 126 mg/dl) from either
inadequate insulin secretion and/or an inadequate response or sensitivity to msulin i1s
referred to as diabetes, a disease which is now suffered by more than 10 percent of adults
in the USA. One of the primary diagnostic features of the diabetic syndrome 1s the
individual's loss of control over glucose homeostasis, so that post-prandial blood glucose
levels remain higher for longer after meals, and indeed may remain high for extended
periods of time. The disease may be characterised by persistent hyperglycemia, polyuria,
polydipsia and/or hyperphagia, chronic microvascular complications such as retinopathy,
nephropathy and neuropathy, and macrovascular complications, such as hyperlipidemia
and hypertension which can lead to blindness, end-stage renal disease, limb amputation
and myocardial infarction. The three most common types of diabetes are type I, type 1

and gestational.

Type I, known as insulin dependent diabetes mellitus (IDDM), or juvenile-onset diabetes,
occurs in 10-15% of all cases. It is most commonly diagnosed in children and adolescents
but can occur in young adults as well. It is characterised by $-cell destruction resulting in
a loss of insulin secretory function. Most cases relate to autoimmune destruction of the -

cells. Treatment is via insulin injection and must be continued indefinitely.

In contrast, in type II diabetes, known as non-insulin dependent diabetes mellitus
(NIDDM) or late-onset diabetes, insulin levels are initially normal but the body's target
cells lose their responsiveness to insulin. This is known as insulin resistance or
insensitivity. By way of compensation, the pancreas begins to secrete excess insulin,
however, in time the pancreas becomes less able to produce enough nsulin resulting in

chronic hyperglycaemia. Initial symptoms are typically milder than for type I and the



10

15

20

25

30

CA 02676051 2009-07-21
WO 2008/089521 PCT/AU2008/000089

condition may go undiagnosed for many years before more severe symptoms present.
Lifestyle (poor diet and inactivity) is considered to be a major mediating factor of the
condition, although a genetic predisposition increases the risk. Treatment focuses on
lifestyle modification, insulin therapy and/or anti-diabetic agents which increase the
pé.tient‘s sensitivity to insulin (insulin sensitisers) or by increasing the patient's production
of insulin (insulin secretagogues). Clinical experience has demonstrated that the optimal
therapeutic intervention is monotherapy by either an insulin sensitiser or insulin
secretagogue, followed by therapies which use a sensitiser and secretagogue in

combination.

Gestational diabetes occurs in about 2-5% of all pregnancies. It is temporary, but if
untreated may cause foetal complications. Most sufferers make a complete recovery after
the birth. However, a proportion of women who develop gestational diabetes go on to

develop type II diabetes.

Other, less common, causes of diabetes include genetic defects in S-cells, genetically
related insulin resistance, diseases of the pancreas, hormonal defects, malnutrition and

chemical or drug influences.

Impaired glucose tolerance and impaired fasting glucose, are pre-type II diabetic states,
closely related to type II, and occur when the blood glucose level is higher than normal,
but not high enough to be classified as diabetes (about 110-126 mg/dl). As with type lI,
the body produces insulin but in an insufficient amount or the target tissues are

unresponsive to the insulin produced.

Syndrome X, also known as Insulin Resistance Syndrome (IRS) is a cluster of risk factors
for heart disease and is associated with insulin resistance. It presents symptoms or risk
factors for the development of type II diabetes and heart disease including obesity,
atheriosclerosis, hypertriglyceridemia, low ~HDL cholesterol, hyperinsulinemia,

hyperglycaemia, hypertension, impaired glucose tolerance and impaired fasting glucose.
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High blood glucose levels and insulin resistance are also associated with fatty liver disease,

which can progress to chronic inflammation, fibrosis and cirrhosis.

It is therefore apparent that insulin resistance, or insensitivity, can play a significant role in

diabetic and other hyperglycemic-related conditions.

The latest WHO estimate (for the number of people with diabetes, worldwide, in 2003) 1s
194 million. This is expected to increase to at least 330 million by 2025 and 1t 1s estimated

that there are around 4 million deaths per year are related to the disorder.

Metformin, a member of the biguanide class of compounds, is an antihyperglycaemic
agent which improves glucose tolerance in patients with type II diabetes, lowering both
basal and postprandial plasma glucose. Its pharmacologic mechanisms of action are
different from other classes of oral antihyperglycaemic agents. Metiormin decreases
hepatic glucose production, decreases intestinal absorption of glucose, and improves
insulin sensitivity by increasing peripheral glucose uptake and utilization. It is regarded as
the oral antihyperglycaemic agent of choice in the treatment of type II diabetes, either as a
monotherapy or in conjunction with other anti-diabetic agents such as sulfonylureas.
Whilst there is no fixed dosage rate — dosages are individualised on the basis of
effectiveness and tolerance, generally commencing with once or twice daily doses of 500
or 850 mg per day - in general, once treatment regimes are established, dosages of the
hydrochloride acid addition salt form for adults are at least about 1500 mg per day (about
1000 mg for paediatric patients 10-16 years). The maximum daily dose 1s 2550 mg per
day (2000mg for paediatric patients 10-16 years). Daily dosages, particularly towards the
higher end of the range, are generally taken 2-3 times per day at dosages of 500, 850 or
1000 mg per tablet. In slow release form, the total dose is taken once daily.

However, the efficacy of metformin diminishes with time and the drug i1s not without
further adverse side effects. The most common of these is gastric upsets, which include
diarrhoea, intestinal cramping, nausea and vomiting. Long term and higher doses are also

associated with vitamin Bi, deficiencies. The most serious side effect associated with
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metformin is lactic acidosis, a rare but serious metabolic complication that can occur due
to metformin accumulation. When it occurs, it is fatal in approximately 50% of cases.
Reported cases have occurred primarily in patients with significant renal insutficiency.
The risk may be decreased by regular monitoring of renal function and use of minimum
effective dose. The high doses also increase the risk of patient non-compliance.

Metformin is contraindicated in patients with renal disease or dysfunction, or acute or

chronic acidosis.

Carbonic anhydrases (CAs) are metalloproteinases which catalyse the vital interconversion
between carbon dioxide and bicarbonate. This reaction is critical for numerous
physiological mechanisms including respiration and transport of CO; between
metabolising tissues and excretion sites, secretion of electrolytes in a variety of tissues and
organs, pH regulation and homeostasis, and several metabolic pathways. CAs are
ubiquitous across all kingdoms and o-CAs are present in mammals 1n at least 15 different
isoforms. The various isoforms have broad tissue distribution occurring as cytosolic forms
(CAL CAII, CAIll, CAVII, CAXIII), in mitochondrial form (CAV), as membrane bound
isozymes (CAIV, CAIX, CAXII, CAXIV), as a secreted form (CAVI) as well as acatalytic

forms. The Zn(II) ion of CAs has been shown to be essential for catalysis.

Carbonic anhydrase inhibitors (CAls) are well established therapeutic agents, initially as
diuretics but primarily in the treatment of glaucoma. In the kidney, inhibition of carbonic
anhydrase decreases the resorbtion of sodium bicarbonate by the renal tubules, and
increasing excretion of sodium, potassium, bicarbonate, and water (Jackson, E.K. m
Goodman and Gilman, The Pharmacological Basis of Therapeutics, 10™ Ed. McGraw-Hill,
New York 2001). In the eye, inhibition of carbonic anhydrase decreases the formation of
bicarbonate in the ciliary body. The co-transport of sodium with bicarbonate is responsible
for 70% of sodium that enters the posterior chamber of the eye, and water follows the
sodium to form the aqueous humor, reduction of which is necessary in the treatment of
glancoma (Alward, W.L.M., New England Journal of Medicine, 1998 339 1298).
Inhibitors may be non-specific, or alternatively, they may be specific for one or more

enzyme subtypes. They act by binding to the Zn(Il) ion of the enzyme. CAls can
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generally be divided into two main classes: the metal complexing anions and the
sulfonamides, binding either by substituting the non-protein zinc ligand or adding to the
metal coordination sphere. Sulfonamides, bearing an unsubstituted sulfonamide group
(-SO,NH,), have been shown to act by binding, in the deprotonated state, in a tetrahedral
geometry of the Zn (II) ion, whereby the nitrogen atom of the sulphonamide is coordinated
to Zn(Il) and the hydrogen of the NH moiety and one of the oxygen atoms participate in
hydrogen bonding with the protein.

There is considerable evidence in the literature that the carbonic anhydrase 1sozymes play a
critical role in energy metabolism. In the early 1900's, Krebs identified CA as the enzyme
which facilitated the incorporation of carbon dioxide into the gluconeogenesis pathway.
The CA isozyme V was identified as being localised in the mitochondria. In subsequent

research CA was identified as having a role in lipogenesis, (Lynch, C.J. et al, Biochem. J.,
1995, 310, 197 and Faseb, J., 1996, 10, 481) and claims have been made as to the utility of
carbonic anhydrase inhibitors in the treatment of obesity (US 20020022245).

US 20020022245 teaches the use of CAls, as a general class of compounds, m the
treatment or prevention of obesity. The compounds are described as inhibitors of de novo
lipogenesis, with topiramate described as a specific example. Whilst there may be a causal
link between obesity and diabetes, and treatment of obesity may have ameliorating flow-on
effects on the symptoms of diabetic conditions through loss of body weight, these flow-on
effects are only observed after treatment for several weeks and only occur subsequent to

loss of significant body weight.

However, it is noted that there has been limited translation of anti-obesity pharmaceuticals
from animal models to pharmaceuticals that have received regulatory approval for
marketing, and that for the few anti-obesity therapies that are available for prescription

there are side effects and limited clinical benefit associated with their use.

Given the prevalence of diabetes and other diseases and conditions with which msulin

resistance is associated, and their potential consequences, there remains, the need for new
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therapeutic protocols for the treatment and/or prevention of conditions in which insulin

resistance or elevated blood glucose levels are a causative or contributing factor.
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SUMMARY OF THE INVENTION

It has now been surprisingly found that certain compounds which have CA inhibitory
activity act to regulate or modulate blood glucose levels. Without limiting by theory,
carbonic anhydrase inhibitors (CAls), may improve or ameliorate insulin resistance in
cells, such as adipocytes and skeletal muscle cells, effectively resensitising the cells to the
action of insulin and thereby enabling a reduction in elevated blood glucose levels. Such
compounds may have therapeutic utility in the treatment or prevention of diseases, and
associated conditions and symptoms, in which insulin resistance 1s implicated by providing
direct control over the blood glucose levels for patients that are diabetic or pre-diabetic.
The cellular response to the CAIs occurs rapidly and is not dependent on changes in

cellular lipid content.

It has further been found that some CAls which are also loop diuretics or thiazide diuretics,

do not provide a similar benefit in vivo.

Accordingly, the present invention is directed to the use of sulfonamide compounds, or
their isosteres, which are carbonic anhydrase inhibitors, as insulin sensitisers in the
regulation of blood glucose levels (i.e. glucose homeostasis) and the treatment or
prevention of diabetes and related conditions, provided that they are not also loop or

thiazide diuretics. Furthermore, the CAl is not topiramate or zonisamide.

Accordingly, one aspect of the present invention thus provides a method of increasing
glucose uptake by a cell comprising contacting said cell with a carbonic anhydrase
inhibitor compound which is a sulfonamide (-SO,NH;) compound, or an 1sostere thereof,
or a pharmaceutically acceptable salt, solvate or prodrug thereof;

provided that the compound is not also a loop diuretic or thiazide diuretic, and further

provided that the compound is not topiramate or zonisamide.

Methods for increasing glucose uptake by a cell, for example adipocytes or muscle and

hepatic cells, can be performed in vivo or in vitro.
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Advantageously, the compounds contemplated by the invention may result in the lowering
of elevated blood glucose levels, and thereby may have utility in the treatment of insulin
resistance and diseases or conditions in which insulin resistance is implicated. The
compounds contemplated by the present invention may also have utility in maintaining
normal fasting state blood glucose levels in patients who yet do not display diabetic or pre-
diabetic blood glucose levels and thus may prevent or delay the development of a diabetic
or pre-diabetic condition in a patient who, for example, may be pre-disposed to such a

condition by familial history or lifestyle tactors.

Thus, in another aspect, the present invention is directed to a method of lowering elevated
or maintaining normal blood glucose levels in a subject in need thereof, comprising
administering to said subject a carbonic anhydrase inhibitor compound which is a
sulfonamide (-SO,NH,) compound, or an isostere thereof, or a pharmaceutically
acceptable salt, solvate or prodrug thereof;

provided that the compound is not also a loop diuretic or thiazide diuretic, and further

provided that the compound is not topiramate or zonisamide.

Yet a further aspect of the invention provides a method for treating a disease or condition,
or symptom thereof, in which insulin resistance is involved, in a subject in need thereof,
comprising administering to said subject a carbonic anhydrase inhibitor compound which
is a sulfonamide (-SO,NH,) compound, or an isostere thereof, or a pharmaceutically
acceptable salt, solvate or prodrug thereof;

provided that the compound is not also a loop diuretic or thiazide diuretic, and further

provided that the compound is not topiramate or zonisamide.

In certain embodiments of the invention, the disease or condition is type II diabetes,

gestational diabetes, impaired glucose tolerance, impaired fasting glucose or syndrome X.

Further aspects of the invention provide a carbonic anhydrase inhibitor compound which 1s

a sulfonamide (-SO,NH,) compound, or an isostere thereof, or a pharmaceutically



10

15

20

25

30

CA 02676051 2009-07-21
WO 2008/089521 PCT/AU2008/000089

- 10 -

acceptable salt, solvate or prodrug thereof; for use in therapy, particularly for regulating
glucose homeostasis, treating insulin resistance, and/or treating a disease or condition, or
one or more symptoms thereof, in which insulin resistance is involved, provided that the
compound is not also a loop diuretic or thiazide diuretic, and further provided that the

compound is not topiramate or zonisamide.

The present invention also provides for agents and compositions for treating insulin
resistance, lowering elevatéd or maintaining normal blood levels and/or treating a disease
or condition, or one or more symptoms thereof, in which insulin resistance is involved,
comprising carbonic anhydrase inhibitor compound which is a sulfonamide (-SO,NH))
compound, or an isostere thereof, or a pharmaceutically acceptable salt, solvate or prodrug
thereof;

provided that the compound is not also a loop diuretic or thiazide diuretic, and further
provided that the compound is not topiramate or zonisamide and for the use of such a

compound in the manufacture of medicaments theretor.

The subjects to be treated in accordance with the invention may be selected on the basis of
requiring said treatment by the CAI compounds contemplated by the invention, i.e. the
CAI compounds are administered for the purpose of increasing glucose” uptake, treating
insulin resistance, lowering elevated or maintaining normal blood levels and/or treating a
disease or condition, or one or more symptoms thereof, in which insulin resistance is

mmvolved.

In certain embodiments of the invention, the CAI is used as an insulin sensitiser 1n
monotherapy, i.e. the CAI is essentially the only active agent administered in order to
achieve the desired therapeutic effect. In other embodiments of the invention, the CAI 1s
used as an insulin sensitiser in combination with one or more other anti-diabetic agents
such as insulin secretagogues. In still other embodiments of the invention, the CAI 1s used

in combination with metformin, or its pharmaceutically acceptable salts.

In some particular embodiments of the invention, the CAI is methazolamide or an
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analogue thereof, or pharmaceutically acceptable salts thereof. In further examples of this
embodiment, the methazolamide is administered in a regime in combination with

metformin or its pharmaceutically acceptable salts.

Thus, in still further embodiments of the invention there is provided a combination
comprising metformin, or a pharmaceutically acceptable salt thereof, and methazolamide

or methazolamide analogue, or a pharmaceutically acceptable salt thereof.

The combination of the invention may be administered as a single composition of the two
agents or may comprise each agent as an individual component. Where the active agents
are administered as individual components, they may be administered sequentially or

simultaneously.

DETAILED DESCRIPTION OF THE INVENTION

Throughout this specification and the claims which follow, unless the context requires
otherwise, the word "comprise" and variations such as "comprises" and "comprising" will
be understood to imply the inclusion of a stated integer or step or group of integers but not

the exclusion of any other integer or step or group of integers.

The singular forms "a", "an" and "the" include plural aspects unless the context clearly

dictates otherwise.

The compounds contemplated by the present invention are sulfonamide compounds, or

their isosteres, which have carbonic anhydrase inhibitory activity, i.e. are capable of

" inhibiting at least one carbonic anhydrase in mammals, for example at least one human

carbonic anhydrase, such as those isoforms hereinbefore discussed. The compounds may
have inhibitory activity against a number of CA subtypes (isoforms) or may inhibit only
one CA subtype or a defined group of subtypes, i.e. demonstrate a selectivity or affinity for
one or more subtypes in preference to others. In certain embodiments of the invention, the

compounds exhibit a selectivity or affinity for isoform V over other isoforms. However, it
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should be noted that although the compounds contemplated herein may be conveniently
classified on the basis of having carbonic anhydrase mhibitory activity, this may or may

not be the mechanism by which the compounds achieve the described therapeutic etfiects.

The term "isostere" such as when used in reference to the sulfonamide group, retfers to a
functional group with the same physiochemical properties required for the desired activity,
which may include electronegatitivity, steric, size, lipophilicity and in particular, for the
sulfonamide (-SO,NH,) group zinc binding ability. Like the unsubstituted -SO,NH;
group, the isosteres contemplated herein are capable of binding to the Zn of the CA
enzyme. Examples of isosteres of sulfonamides include the groups: -SO,NHOH,
-SO,NHSH,-SO,NHCN, -SO,NHNHo,, -SO,NH-1-1mi1dazolyl,
-SO,NHPO:H,, -SO,NHSO,NH,, -SO,NHSO,OH, -OSO;NH; -OSO;NHOH,
-OSO,NHPOz;H,, -OSO,NHSO;NH,, -OSO,NHSO,0OH, -NSO;NH;, -NSO,NHOH,
-NSO,NHPO3;H,, -NSO,NHSO,NH,;, -NSO,NHSO,0H, =NSO;NH,;, -NHCONH,,
-ONHCONH, and -ONHCOR, where R 1s H or C;_galkyl.

Compounds which are CAls are well known in the art, see for example, Pastorekova et a/,
Journal of Enzyme Inhibition and Medicinal Chemistry, 19(3), 199-229, 2004. Methods
for determining the carbonic anhydrase inhibitory activity of a compound, i.e. whether a
compound can be classified as a CAI, are known in the art and may usefully 1dentity
further compounds which may be suitable for use in the present invention. Exemplary

methods and levels of activity required for consideration as CAls are described m US

20020022245 and the references cited therein, the contents of which are incorporated

herein by reference, in particular Supuran et al, European Journal of Medicinal Chemistry,

1998, 33, 577-594 and Scozzafava et al, Journal of Medicinal Chemistry, 1999, 42 23,
3690-3700).

A number of known CAlIs are depicted below in Table A.
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Table A: Known Inhibitors of Carbonic Anhydrase

Compound IC50 (nM) | Reference

Dichlorphenamide 38 Nishimori et al Journal of Medicinal Chemistry (2005),
48(24), 7860-7866.

Zonisamide 35 Teperini et al Bioorganic & Medicinal Chemistry (2007)

Sulpiride 40 Nishimori et al Journal of Medicinal Chemistry (2005),
48(24), 7860-7866.

Methazolamide 14 Nishimori et al Journal of Medicinal Chemistry (2005),
48(24), 7860-7866.

2- 295 Nishimori et al Journal of Medicinal Chemistry (2005),

aminobenzenesulfonamide 48(24), 7860-7866.

Furosemide 80 Supuran et al European Journal of Medicinal Chemustry
(1997) 32 311

Chlorothiazide 460 Supuran et al European Journal of Medicinal Chemistry
(1997) 32 311

Chlorthalidone 260 Iyer et al Journal of Biomolecular Screening (2006) 11
782

Ethoxyzolamide 8 Nishimori et al Journal of Medicinal Chemistry (2005),
48(24), 7860-7866.

Dorzolamide 9 Nishimori et al Journal of Medicinal Chemistry (2005),
48(24), 7860-7866.

Acetazolamide 12 Nishimori et al Journal of Medicinal Chemistry (2005),

48(24), 7860-7866.

Compounds from which the sulfonamides or isosteres having CA inhibitory activity may

be selected may be defined by Formula (I):

wherein

A-W-X (D
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X 1s SONH; or an i1sostere thereof;

W is a direct bond between A and X, or an alkylene chain of 1 to 5 carbon atoms, wherein

a CH, group may be replaced by O, S or NH;

A is a group selected from alkyl, alkenyl, alkynyl, aryl, arylalkyl, heteroaryl,
heteroarylalkyl, carbocyclyl, carbocyclylalkyl, heterocyclyl, and heterocyclylalkyl, each of
which may be optionally substituted.

As used herein, the term "alkyl", used either alone or in compound Wbrds, denotes straight
chain, or branched saturated hydrocarbon residues, preferably C;.zo alkyl, e.g. Ci.10 o1 Ci6.
Some examples of straight chain and branched alkyl include methyl, ethyl, n-propyl,
isopropyl, n-butyl, sec-butyl, #-butyl, n-pentyl, 1,2-dimethylpropyl, 1,1-dimethyl-propyl,
hexyl, 4-methylpentyl, 1-methylpentyl, 2-methylpentyl, 3-methylpentyl, 1,1-dimethylbutyl,
2.2-dimethylbutyl, 3,3-dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 1,2,2,-
trimethylpropyl, 1,1,2-trimethylpropyl, heptyl, 5-methylhexyl, 1-methylhexyl, 2,2-
dimethylpentyl, 3,3-dimethylpentyl, 4,4-dimethylpentyl, 1,2-dimethylpentyl, 1,3-
dimethylpentyl, 1,4-dimethyl-pentyl, 1,2,3-trimethylbutyl, 1,1,2-trimethylbutyl, 1,1,3-
trimethylbutyl, octyl, 6-methylheptyl, 1-methylheptyl, 1,1,3,3-tetramethylbutyl, nonyl, and
decyl. Where an alkyl group is referred to generally as "propyl", butyl" etc, it will be
understood that this can refer to any of straight or branched isomers where appropriate. An

alkyl group may be optionally substituted by one or more optional substituents as herein
defined.

The term "alkenyl" as used herein denotes groups formed from straight chain or branched
hydrocarbon residues containing at least one carbon to carbon double bond including
ethylenically mono-, di- or poly-unsaturated alkyl groups as previously defined, preferably
Cy0 alkenyl (e.g. Cy.10 or Cp6). Examples of alkenyl include vinyl, allyl, 1-methylvinyl,
butenyl, iso-butenyl, 3-methyl-2-butenyl, 1-pentenyl, 1-hexenyl, 3-hexenyl, 1-heptenyl, 3-
heptenyl, 1-octenyl, 1-nonenyl, 2-nonenyl, 3-nonenyl, 1-decenyl, 3-decenyl, 1,3-



10

15

20

25

30

CA 02676051 2009-07-21
WO 2008/089521 PCT/AU2008/000089

_ 15 -

butadienyl, 1-4,pentadienyl, 1,3-hexadienyl and 1,4-hexadienyl. An alkenyl group may be
optionally substituted by one or more optional substituents as herein defined or by

replacing up to one, two or three C atoms independently by O, N or S.

The term "alkynyl" denotes groups formed from straight chain or branched hydrocarbon
residues containing at least one carbon-carbon triple bond including ethynically mono-, di-
or poly- unsaturated alkyl groups as previously defined. Unless the number of carbon
atoms is specified the term preferably refers to Cy.p0 alkynyl (e.g. Ca.10 or Ca6). Examples
include ethynyl, 1-propynyl, 2-propynyl, and butynyl isomers, and pentynyl isomers. An
alkynyl group may be optionally substituted by one or more optional substituents as herein

defined or by replacing up to one, two or three C atoms independently by O, N or S.

The term "aryl" (or "carboaryl)", or the abbreviated form "ar" used in compound words
such as "aralkyl", denotes any of mono-, bi- or polcyclic, (including conjugated and fused)
hydrocarbon ring systems containing an aromatic residue. Examples of aryl include
phenyl, biphenyl, terphenyl, quaterphenyl, naphthyl, tetrahydronaphthyl (tetralinyl),
anthracenyl, dihydroanthracenyl, benzanthracenyl, dibenzanthracenyl, phenanthrenyl,
fluorenyl, pyrenyl, idenyl, isoindenyl, indanyl, azulenyl and chrysenyl. Particular
examples of aryl include phenyl and naphthyl. An aryl group may be optionally

substituted by one or more optional substituents as herein defined.

The term "carbocyelyl" includes any of non-aromatic monocyclic, bicyclic and polycyclic,
(including fused, bridged or conjugated) hydrocarbon residues, €.g. Cs.p0 (such as Cs.1 o1
Cig). The rings may be saturated, for example cycloalkyl, or may possess one Or more
double bonds (cycloalkenyl) and/or one or more triple bonds (cycloalkynyl). Examples of
carbocyclyl include monocyclic 5-6-membered or bicyclic 9-10 membered ring systems.
Suitable examples include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, cyclononyl, cyclodecyl, cyclopentenyl, cyclohexenyl, cyclooctenyl,
cyclopentadienyl, cyclohexadienyl, cyclooctatetraenyl and decalinyl.. A carbocyclyl

group may be optionally substituted by one or more optional substituents as herein
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defined. A monocarbocyclyl group may be substituted by a bridging group to form a
bicyclic bridged group.

The term "heterocyclyl" when used alone or in compound words includes any of
monocyclic, bicyclic or polycyclic, (including fuse, bridged or conjugated) hydrocarbon
residues, such as Csgpp (e.g. Cs.9 or Csg) wherein one or more carbon atoms are
independently replaced by a heteroatom so as to provide a group containing a non-aromatic
heteroatom-containing ring. Suitable heteroatoms include, O, N, S, P and Se, particularly
O, N and S. Where two or more carbon atoms are replaced, this may be by two or more ot
the same heteroatom or by different heteroatoms. The heterocyclyl group may be saturated
or partially unsaturated, e.g. possess one or more double bonds. Particularly preferred
heterocyclyl are monocyclic 5-6- and bicyclic 9-10- membered heterocyclyl. Suitable
examples of heterocyclyl groups may include azridinyl, oxiranyl, thiiranyl, azetidinyl,
oxetanyl, thietanyl, 2H-pyrrolyl, pyrrolidinyl, 1-, 2- and 3-pyrrolinyl, piperidyi,
piperazinyl, morpholinyl, indolinyl, imidazolidinyl, imidazolinyl, pyrazolidinyl,
thiomorpholinyl, dioxanyl, tetrahydrofuranyl, tetrahydropyranyl, tetrahydropyrrolyl,
tetrahydrothiophenyl (tetramethylene sulfide), pyrazolinyl, dioxalanyl, thiazolidinyl,
isoxazolidinyl, dihydropyranyl, oxazinyl, thiazinyl, thiomorpholinyl, oxathianyl, dithianyl,
trioxanyl, thiadiazinyl, dithiazinyl, trithianyl, thiadiazolinyl, azepinyl, oxepinyl, thiepinyl,
indenyl, indanyl, 3H-indolyl, isoindolinyl, 4H-quinolazinyl, chromenyl, chromanyl,
isochromanyl, benzoxazinyl (2H-1,3, 2H-1,4-, 1H-2,3-, 4H-3,1- 4H-1,4) pyranyl and
dihydropyranyl. A heterocyclyl group may be optionally substituted by one or more

optional substituents as defined herein.

The term "heteroaryl" includes any of monocyclic, bicyclic, polycyclic, (fused or
conjugated) hydrocarbon residues, wherein one or more carbon atoms are replaced by a
heteroatom so as to provide a residue having at least one aromatic heteroatom-containing
ring. Exemplary heteroaryl have 3-20 ring atoms, e.g. 3-10. Particularly preferred
heteroaryl are 5-6 monocyclic and 9-10 membered bicyclic ring systems. Suitable
heteroatoms include, O, N, S, P and Se, particularly O, N and S. Where two or more

carbon atoms are replaced, this may be by two or more of the same heteroatom or by
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different heteroatoms. Suitable examples of heteroaryl groups may include pyridyl,
pyrrolyl, thienyl, imidazolyl, furanyl, benzothienyl, isobenzothienyl, benzofuranyl,
isobenzofuranyl, indolyl, isoindolyl, pyrazolyl, pyrazinyl, pyrimidinyl, pyridazinyl,
indolizinyl, quinolyl, isoquinolyl, phthalazinyl, 1,5-naphthyridinyl, quinozalinyl,
quinazolinyl, quinolinyl, oxazolyl, thiazolyl, benzothiazolyl, isothiazolyl, 1soxazolyl,
triazolyl, oxadialzolyl, oxatriazolyl, triazinyl, tetrazolyl and furazanyl. A heteroaryl group

may be optionally substituted by one or more optional substituents as defined herein.

In this specification "optionally substituted" is taken to mean that a group may be
unsubstituted or further substituted or fused (so as to form a condensed bi- or polycyclic
group) with one, two, three or more of organic and inorganic groups, including those
selected from: alkyl, alkenyl, alkynyl, carbocyclyl, aryl, heterocyclyl, heteroaryl, acyl,
aralkyl, alkylaryl, alkylheterocyclyl, alkylheteroaryl, alkylcarbocyclyl, halo, haloalkyl,
haloalkenyl, haloalkynyl, haloaryl, halocarbocyclyl, haloheterocyclyl, haloheteroaryl,
haloacyl, haloaryalkyl, hydroxy, hydroxyalkyl, hydroxyalkenyl, hydroxyalkynyl,
hydroxycarbocyclyl, hydroxyaryl, hydroxyheterocyclyl, hydroxyheteroaryl, hydroxyacyl,
hydroxyaralkyl, alkoxyalkyl, alkoxyalkenyl, alkoxyalkynyl, alkoxycarbocyclyl,
alkoxyaryl, alkoxyheterocyclyl, alkoxyheteroaryl, alkoxyacyl, alkoxyaralkyl, alkoxy,
alkenyloxy, alkynyloxy, aryloxy, carbocyclyloxy, aralkyloxy, heteroaryloxy,
heterocyclyloxy, acyloxy, haloalkoxy, haloalkenyloxy, haloalkynyloxy, haloaryloxy,
halocarbocyclyloxy, haloaralkyloxy, haloheteroaryloxy, haloheterocyclyloxy, haloacyloxy,
nitro, nitroalkyl, nitroalkenyl, nitroalkynyl, nitroaryl, nitroheterocyclyl, nitroheteroaryl,
nitrocarbocyclyl, nitroacyl, nitroaralkyl, amino (NH,), alkylamino, dialkylamino,
alkenylamino, alkynylamino, arylamino, diarylamino, aralkylamino, diaralkylamino,
acylamino, diacylamino, heterocyclamino, heteroarylamino, carboxy, carboxyester, amido,
alkylsulphonyloxy, arylsulphenyloxy, alkylsulphenyl, arylsulphenyl, thio, alkylthio,
alkenylthio, alkynylthio, arylthio, aralkylthio, carbocyclylthio, heterocyclylthio,
heteroarylthio, acylthio, sulfoxide, sulfonyl, sulfonamido, aminoalkyl, aminoalkenyl,
aminoalkynyl, aminocarbocyclyl, aminoaryl, aminoheterocyclyl, aminoheteroaryl,
aminoacyl, aminoaralkyl, thioalkyl, thioalkenyl, thioalkynyl, thiocarbocyclyl, thioaryl,
thioheterocyclyl, thioheteroaryl, thioacyl, thioaralkyl, carboxyalkyl, carboxyalkenyl,
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carboxyalkynyl, carboxycarbocyclyl, carboxyaryl, carboxyheterocyclyl, carboxyheteroaryl,
carboxyacyl, carboxyaralkyl, carboxyesteralkyl, carboxyesteralkenyl, carboxyesteralkynyl,
carboxyestercarbocyclyl, carboxyesteraryl, carboxyesterheterocyclyl,
carboxyesterheteroaryl, carboxyesteracyl, carboxyesteraralkyl, amidoalkyl, amidoalkenyl,
amidoalkynyl, amidocarbocyclyl, amidoaryl, amidoheterocyclyl, amidoheteroaryl,
amidoacyl, amidoaralkyl, formylalkyl, formylalkenyl, formylalkynyl, formylcarbocyclyl,
formylaryl, formylheterocyclyl, formylheteroaryl, formylacyl, formylaralkyl, acylalkyl,
acylalkenyl, acylalkynyl, acylcarbocyclyl, acylaryl, acylheterocyclyl, acylheteroaryl,
acylacyl, acylaralkyl, sulfoxidealkyl, sulfoxidealkenyl, sulfoxidealkynyl,
sulfoxidecarbocyclyl, sulfoxidearyl,  sulfoxideheterocyclyl, sulfoxideheteroaryl,
sulfoxideacyl, sulfoxidearalkyl, sulfonylalkyl, sulfonylalkenyl, sulfonylalkynyl,
sulfonylcarbocyclyl, sulfonylaryl, sulfonylheterocyclyl, sulfonylheteroaryl, sulfonylacyl,
sulfonylaralkyl, sulfonamidoalkyl, sulfonamidoalkenyl, sulfonamidoalkynyl,
sulfonamidocarbocyclyl, sulfonamidoaryl, sulfonamidoheterocyclyl,
sulfonamidoheteroaryl, sulfonamidoacyl, sulfonamidoaralkyl, nitroalkyl, nitroalkenyi,
nitroalkynyl, nitrocarbocyclyl, nitroaryl, nitroheterocyclyl, nitroheteroaryl, mnitroacyl,
nitroaralkyl, cyano, sulfate, sulfonate, phosphonate and phosphate groups. Optional
substituents also include =0, =S, =CHR and =NR, i.e. where a CH; group in a chain or

ring is replaced by a carbonyl group (C=0) (oxo), or a thiocarbonyl group (C=S) (thioxo)

~or a C=CHR or C=NR eroup, (where R is hydrogen, C;.galkyl, Cysalkenyl, Cyealkynyl, Cs.

scycloalkyl, C(O)H, C(0O)Cigalkyl, C(O)phenyl, C(O)NH,;, C(O)NHC;alkyl,
C(O)NHphenyl, C(O)(CH;).phenyl and C(O)NH(CH;),phenyl (wherein n is 1-6 and
phenyl may be optionally substituted by one or more substituents independently selected
from Cigalkyl, halo, hydroxy, hydroxyCj.salkyl, Ci.salkoxy, CigalkoxyCigalkyl, Ci.
salkoxyCi.salkoxy, haloCiealkyl, haloCi.¢alkoxy, cyano, nitro, OC(O)Cigalkyl, NHo,
NHC,.salkyl, NHC(O)C;¢alkyl and NC;.¢alkylC;galkyl)), or where 2 adjacent or non-
adjacent carbon atoms (e.g. 1,2- or 1,3) are substituted by one end each of a -O-(CHz)s-O-
or -NR*-(CH,),-NR*- group, wherein s is 1 or 2 and each R" is independently H or C;-
salkyl, and where 2 adjacent or non-adjacent atoms, independently selected from C and N,
are substituted by one end each of a Cy_salkylene or C,.salkenylene group (so as to form a

bridged group).
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Exemplary optional substituents include those selected from: alkyl, (e.g. Ci-salkyl such as
methyl, ethyl, propyl, :butyl), cycloalkyl (e.g. Csgcycloalkyl, such as cyclopropyl,
cyclobutyl, cyclopentyl or cyclohexyl), hydroxyalkyl (e.g. hydroxyCi.ealkyl, such as
hydroxymethyl, hydroxyethyl, hydroxypropyl), alkoxyalkyl (e.g. Ci.salkoxyCi.salkyl, such
as methoxymethyl, methoxyethyl, methoxypropyl, ethoxymethyl, ethoxyethyl,
ethoxypropyl), alkoxy (e.g. Ci.salkoxy, such as methoxy, ethoxy, propoxy, butoxy),
alkoxyalkoxy (e.g. CisalkocyCis alkoxy, such as methoxymethoxy, methoxyethoxy,
methoxypropoxy, ethoxymethoxy, ethoxyethoxy, ethoxypropoxy, propoxymethoxy,
propoxyethoxy, propoxypropoxy) cycloalkoxy (e.g. cyclopropoxy, cyclobutoxy,
cyclopentoxyl, cyclohexyloxy), halo, haloalkyl( e.g. haloCj_alkyl, such as chloromethyl,
difluoromethyl, trifluoromethyl, trichloromethyl, tribromomethyl), haloalkoxy (e.g.
haloC;.¢alkoxy), hydroxy, thio (-SH), sulfonyl, sulfonamido, phenyl (which itself may be
further substituted e.g., by one or more Cigalkyl, halo, hydroxy, hydroxyC,.alkyl, C;.
salkoxy, Ci.salkoxyCi.galkyl, CialkoxyCi.salkoxy, haloCiealkyl, haloC;.salkoxy, cyano,
nitro, OC(0)Ci.alkyl, NH,, NHC;alkyl, NHC(O)Ci.salkyl and NCi.alkylCi.salkyl),
benzyl (wherein benzyl itself may be further substituted e.g., by one or more ot Ci-galkyl,
halo, hydroxy, hydroxyCi.salkyl, Ci.salkoxy, CisalkoxyCi.salkyl, Ci.salkoxyCi.¢alkoxy,
haloCjsalkyl, haloCi¢alkoxy, cyano, mnitro, OC(O)Ci.¢alkyl, NHo,, NHC, galkyl,
NHC(0)C;.¢alkyl and NC.salkylCi.galkyl), phenoxy (wherein phenyl itself may be further
substituted e.g., by one or more of Ci.alkyl, halo, hydroxy, hydroxyC.calkyl, C;-¢ alkoxy,
Ci.¢alkoxyCialkyl, CiealkoxyCiealkoxy, haloCiealkyl, haloCyealkoxy, cyano, nitro,
OC(0)Ci.salkyl, NH,, NHC,.galkyl, NHC(O)C;.salkyl and NC;.salkylCigalkyl), benzyloxy
(wherein benzyl itself may be further substituted e.g., by one or more of Cj.galkyl, halo,
hydroxy, hydroxyC;.salkyl, C;.¢alkoxy, Ci.salkoxyCi.salkyl, Ci.alkoxyC,_galkoxy, haloC;.
salkyl, haloCi.galkoxy, cyano, nitro, OC(O)Ci.¢alkyl, NHo, NHC;.¢alkyl, NHC(O)C;.salkyl
and NCialkylC;galkyl), NH,, alkylamino (e.g. -NHCjgalkyl, such as methylamino,
ethylamino, propylamino etc), dialkylamino (e.g. -NH(C,.salkyl),, such as dimethylamino,
diethylamino, dipropylamino), acylamino (e.g. -NHC(O)Ci.salkyl, such as -NHC(O) CHs),
diacylamino, phenylamino (i.e. -NHphenyl, wherein phenyl itself may be further
substituted e.g., by one or more of Cy.galkyl, halo, hydroxy, hydroxyCi.salkyl, hydroxyCi.
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salkoxy Cigalkoxy, Ci.galkoxyCiealkyl, Ci.salkoxyCisalkoxy, haloC;.galkyl, haloC;.
salkoxy, cyano, nitro, OC(0)Ci.alkyl, NH;, NHCi.salkyl, NHC(O)C,alkyl and NC,.
salkylCi_galkyl), nitro, cyano, formyl, -C(O)-alkyl (e.g. -C(O)Cisalkyl, such as acetyl), O-
C(0)-alkyl (e.g. -OC(O)Ci.6alkyl, such as acetyloxy), benzoyl (wherein benzyl itself may
be further substituted e.g., by one or more of C;.salkyl, halo, hydroxy, hydroxyC,_salkyl,
Cigalkoxy, CigalkoxyCigalkyl, CisalkoxyCialkoxy, haloCi.salkyl, haloC,_galkoxy,
cyano, nitro, OC(O)Ci.salkyl, NH,, NHC;alkyl, NHC(O)C;.salkyl and NC;calkylC;.
salkyl), benzoyloxy (wherein benzyl itself may be further substituted e.g., by one or more
of Cisalkyl, halo, hydroxy, hydroxyC;.alkyl, Ci.calkoxy, Ci.salkoxyCigalkyl, Ci.
salkoxyCigalkoxy, haloC,.galkyl, haloCjsalkoxy, cyano, nitro, OC(0)Cgalkyl, NHo,
NHC;.salkyl, NHC(O)C;i.salkyl and NCi.alkylCi.salkyl), COH, COsalkyl (e.g. CO2C:.
salkyl such as methyl ester, ethyl ester, propyl ester, butyl ester), COphenyl (wherein
phenyl itself may be further substituted e.g., by one or more of Cj.alkyl, halo, hydroxy,
hydroxyCi.salkyl, Cisalkoxy, Ci-salkoxyCi.ealkyl, Ci.salkoxyCisalkoxy, haloC;alkyl,
haloCy.calkoxy, cyano, nitro, OC(O)C;.salkyl, NH,, NHC;.salkyl, NHC(O)C.salkyl and
NC;.salkylCigalkyl), COsbenzyl (wherein benzyl itself may be further substituted e.g., by
one or more of Cysalkyl, halo, hydroxy, hydroxyCi.salkyl, C;¢alkoxy, Ci.salkoxyCi.calkyl,
Ci.salkoxyCigalkoxy, haloCjgalkyl, haloCi.ealkoxy, cyano, nitro, OC(0)C,.galkyl, NHa,
NHC,.calkyl, NHC(O)Ci¢alkyl and NC.salkylCiealkyl), CONH,, C(O)NHphenyl
(wherein phenyl itself may be further substituted e.g., by one or more of Ci.alkyl, halo,
hydroxy, hydroxyC;.salkyl, Ci.salkoxy, Ci.salkoxyCi.salkyl, Ci.salkoxyCi salkoxy, haloC.
salkyl, haloCi_galkoxy, cyano, nitro, OC(O)Ci.salkyl, NHo, NHC,;.salkyl, NHC(O)Ci.salkyl
and NC1-6a11<y1C1-;a1ky1), C(O)NHbenzyl (wherein benzyl itself may be further substituted
e.g., by one or more of Cigalkyl, halo, hydroxy, hydroxyC;.salkyl, Cisalkoxy, C;.
salkoxyCi.salkyl, CisalkoxyCi.ealkoxy, haloCiealkyl, haloCi.salkoxy, cyano, nitro,
OC(0)Cisalkyl, NH,, NHC;salkyl, NHC(O)Ciealkyl and NCi.6alkylC;galkyl),
C(O)NHalkyl (e.g. C(O)NHC.¢ alkyl such as methyl amide, ethyl amide, propyl amide,
butyl amide) C(O)Ndialkyl (e.g. C(O)N(Ci-¢alkyl);) aminoalkyl (e.g., HNCjealkyl-, C;.
salkylHN-C,¢alkyl- and (Ciealkyl);N-C;alkyl-), thioalkyl (e.g., HSCi.salkyl-),
carboxyalkyl (e.g., HO,CCisalkyl-), carboxyesteralkyl (e.g., Ci.salkylO,CCi.galkyl-),
amidoalkyl (e.g., HoN(O)CCigalkyl-, H(C;.6alkyl)N(O)CCi.salkyl-), formylalkyl (e.g.,
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OHCC.salkyl-), acylalkyl (e.g., Ci6alkyl(O)CCigalkyl-), nitroalkyl (e.g., O2NCi.salkyl-),
oxo (=0), thioxo (=S), =CHR, imino (=NR), substitution of 2 adjacent or non-adjacent
carbon atoms (e.g. 1,2 or 1,3) by one end each of a -O-(CH;)s-O- or —NR'-(CH;)s-NR'-
group, wherein s is 1 or 2 and each R' is independently H or C;-alkyl, and substitution of
2 adjacent or non-adjacent atoms, independently selected from C and N, by a C,.salkylene

or C,_salkenylene group.

Terms written as "[grouploxy" refer to a particular group when linked by oxygen, for
example, the terms "alkoxy", "alkenoxy", "alkynoxy" and "aryloxy" and "acyloxy"
respectively denote alkyl, alkenyl, alkynyl, aryl and acyl groups as hereinbefore defined
when linked by an oxygen atom. Terms written as "[group]thio" refer to a particular group
when linked by sulfur, for example, the terms "alkylthio", "alkenylthio", alkynylthio" and
"arylthio" respectively denote alkyl, alkenyl, alkynyl, aryl groups as hereinbefore defined
when linked by a sulfur atom. Similarly, a term written as "[groupA]groupB" 1s intended
to refer to a groupA when linked by a divalent form of groupB, for example,
"hydroxyalkyl" is a hydroxy group when linked by an alkylene group and "arylalkyl" 1S an
aryl group when linked by an alkylene group.

The term "halogen" ("halo") denotes fluorine, chlorine, bromine or iodine (fluoro, chloro,

bromo or 10do).

The term "acyl" either alone or in compound words denotes a group containing the moiety
C=0 (and not being a carboxylic acid, ester or amide) Preferred acyl includes C(O)-R,
wherein R is hydrogen or an alkyl, alkenyl, alkynyl, aryl, heteroaryl, carbocyclyl, or
heterocyclyl residue. Examples of acyl include formyl, straight chain or branched
alkanoyl (e.g. Ci-0) such as, acetyl, propanoyl, butanoyl, 2-methylpropanoyl, pentanoyl,
2,2-dimethylpropanoyl, hexanoyl, heptanoyl, octanoyl, nonanoyl, decanoyl, undecanoyi,
dodecanoyl, tridecanoyl, tetradecanoyl, pentadecanoyl, hexadecanoyl, heptadecanoyl,
octadecanoyl, nonadecanoyl and icosanoyl;  cycloalkylcarbonyl  such  as

cyclopropylcarbonyl cyclobutylcarbonyl, cyclopentylcarbonyl and cyclohexyle arbonyl;
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aroyl such as benzoyl, toluoyl and naphthoyl; aralkanoyl such as phenylalkanoyl (e.g.
phenylacetyl). The R residue may be optionally substituted as described herein.

The term "sulfoxide", either alone or in a compound word, refers to a group —S(O)R
wherein R is selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl,
carbocyclyl, and aralkyl. Examples of R include hydrogen, Ci.z0alkyl, phenyl and benzyl.

The term "sulfonyl", either alone or in a compound word, refers to a group S(O)2-R,
wherein R is selected from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl,

carbocycelyl, acyl, and aralkyl. Examples of R include hydrogen, Cipalkyl, phenyl and
benzyl.

The term "sulfonamide", or "sulfonamyl" of "sulfonamido", either alone or in a compound
word, refers to a group S(O);NRR wherein each R is independently selected from
hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, carbocyclyl, acyl, and
aralkyl. Examples of R include hydrogen, Cipalkyl, phenyl and benzyl. In an

embodiment at least one R is hydrogen. In another form, both R are hydrogen.

A "sulfate" group refers to a group -OS(0),OR wherein each R is independently selected
from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, carbocyclyl, acyl,
and aralkyl. Examples of R include hydrogen, C;.ypalkyl, phenyl and benzyl.

The term "sulfonate" refers to a group SOs;R wherein each R is independently selected
from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, carbocyclyl, acyl,
and aralkyl. Examples of R include hydrogen, C;oalkyl, phenyl and benzyl.

The term "thio" is intended to include groups of the formula "-SR" wherein R can be
hydrogen (thiol), alkyl, alkenyl, alkynyl, aryl, carbocyclyl, heteroaryl, heterocyclyl,
aralkyl, and acyl. Examples of R include hydrogen, C;oalkyl, phenyl and benzyl.
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The term, "amino" is used here in its broadest sense as understood in the art and includes
groups of the formula -NR*R”® wherein R and R”® may be any independently selected
from hydrogen, hydroxy alkyl, alkoxyalkyl, alkenyl, alkynyl, aryl, carbocyclyl, heteroaryl,
heterocyclyl, aralkyl, acyl and amido, each of which may be optionally substituted. R* and
R", together with the nitrogen to which they are attached, may also form a monocyclic, or
polycyclic ring system e.g. a 3-10 membered ring, particularly, 5-6 and 9-10 membered
systems.  Examples of "amino" include -NH,, -NHalkyl (e.g. -NHCialkyl), -
NHalkoxyalkyl, -NHaryl (e.g. -NHphenyl), -NHaralkyl (e.g. -NHbenzyl), -NHacyl (e.g. -
NHC(0)C.p0alkyl, -NHC(O)phenyl),- NHamido, (e.g. NHC(O)NHC_¢alkyl, NHC(O)NH
phenyl), -Ndialkyl (wherein each alkyl, for example Ci.0, may be the same or different)
and 5 or 6 membered rings, optionally containing one or more same or different
heteroatoms (e.g. O, N and S). Reference to groups written as "[group]amino” 1s intended
to reflect the nature of the R* and R® groups. For example, "alkylamino" refers to NR"R"”

where one of R or R® is alkyl. "Dialkylamino" refers to NR*R® where R* and R” are

each (independently) an alkyl group.

The term "amido" is used here in its broadest sense as understood in the art and includes
groups having the formula C(O)NR”R”, wherein R? and R® are as defined as above.
Examples of amido include C(O)NH,, C(O)NHalkyl (e.g. Cizoalkyl), C(O)NHaryl (e.g.
C(O)NHphenyl), C(O)NHaralkyl (e.g. C(O)NHbenzyl), C(O)NHacyl (e.g.
C(O)NHC(O)C1-alkyl, C(O)NHC(O)phenyl), C(O)Nalkylalkyl (wherein each alkyl, for
example Cj0, may be the same or different) and 5 or 6 membered rings, optionally

containing one or more same or different heteroatoms (e.g. O, N and S).

The term "carboxy ester" is used here in its broadest sense as understood in the art and
includes groups having the formula -CO,R, wherein R may be selected from groups
including alkyl, alkenyl, alkynyl, aryl, carbocyclyl, heteroaryl, heterocyclyl, arylalkyl,
heteroarylalkyl, carbocyclylalkyl, heterocyclylalkyl, aralkenyl, heteroarylalkenyl,
carbocyclylalkenyl, heterocyclylalkenyl, aralkynyl, heteroarylalkynyl, carbocyclylalkynyl,
heterocyclylalkynyl, and acyl, each of which may be optionally substituted. Some
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examples of carboxy ester include -CO,Ci.p0alkyl, -COsaryl (e.g. -CO,phenyl), -COsarC;.
goalky]. (Cg -CO, benzyl)

The term "phosphonate" refers to a group -P(O)(OR;) wherein R is independently selected
from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, carbocyclyl, acyl,
and aralkyl. Examples of R include hydrogen, C;alkyl, phenyl and benzyl.

The term "phosphate" refers to a group -OP(O)(OR), wherein R is independently selected
from hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, heterocyclyl, carbocyclyl, acyl,
and aralkyl. Examples of R include hydrogen, Ci.zpalkyl, phenyl and benzyl.

In some examples of Formula (I), A is a monocyclic or bicyclic heterocyclyl or heteroaryl

eroup which may be optionally substituted as defined herein.

It has further surprisingly been found that certain sulfonamide compounds which are
inhibitors of CA, but also act as "loop" or "thiazide" diuretics, do not demonstrate the
desired activity in an in vivo model. Such compounds are excluded from consideration in

the present imnvention.

The loop diuretics so named because they act on the Na K'(Cl), symporter in the
asc;ending loop of Henle in the kidney, act to inhibit sodium and chloride reabsorption.
Loop diuretics also cause vasodilation of the veins and of the kidney's blood vessels,
mechanically causing a decrease in blood pressure. They are therefore primarily used to
treat hypertension and edema, often due to congestive heart failure or renal insufficiency.
The skilled person will recognise and understand which compounds are also loop diuretics.
Examples of loop diuretics which are excluded from the scope of the present invention

include furosemide, torsemide, bumetanide, azosemide and piretanide.

Some compounds which are known to be loop diuretics, can be generalised by the formula:
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R SO,NH,

wherein

R, is an ionic moiety or isostere, such as carboxylate, tetrazolyl, sulfonate or phosphate;

R, is a hydrophobic moiety such as halo, alkyl, phenyl, alkoxy or phenoxy,

one of R; and Ry is hydrogen and the other is NRsRs, wherein Rs and Rg are each
independently selected from hydrogen, C,salkyl, phenyl, benzyl, or together with the

nitrogen to which they are attached, form a saturated or unsaturated 5-7-membered ring.

The thiazide diuretics are a class of compounds which act at a "thiazide receptor”, which 1s
believed to be a sodium-chloride symporter. These compounds inhibit Na'Cl reabsorption
by blocking the thiazide-sensitive Na'Cl transporter. The term refers to the chemical
structure of the original thiazide diuretics, which contained a thiazide ring system, but the
term now encompasses compounds which do not have the thiazide moiety but have a
similar action. Because of their vasodilator properties, they are often used to treat
hypertension. The skilled person will understand and recognise which compounds are also
thiazide diuretics. Examples of thiazide diuretics excluded from the scope of the present
invention include: althiazide, bemetizide, benzhydrochlorothiazide, benzthiazide,
buthiazide, cyclothiazide, methclothiazide, paraflutizide, polythiazide, teclothiazide,
trichloromethazide, chloroaminotenamide, indapamide, chlorthalidone, clofenamide,
clorexolone, fenquizone, mefruside, tripamide, clorsulon, clopamide, sulpiride, xipamide,
chlorthalidone, cyclopenthiazide, bendroflumethazide, meticrane, quinethazone,
chlorthiazide, hydrochlorthiazide, metolazone, cyclopenthiazide, flumethiazide and

hydroflumethiazide.

A number of known thiazide diuretics contain an SO,NH, moiety that further contain one

of the residues as depicted'below:
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where * is the point of attachment to the sulfonamide group and for (c), where X are both

C or both N.

Since both thiazide and loop diuretics inhibit the resorbtion of sodium chloride, through
inhibition of the sodium-chloride transporter or the sodium-potassium-dichloride
transporter respectively, whereas pure carbonic anhydrase inhibitors inhibit the resorbtion
of sodium bicarbonate, not sodium chloride, it is possible to determine the “thiazide™ or
“loop diuretic” behaviour of a selected carbonic anhydrase inhibitor by the effect of the
said carbonic anhydrase inhibitor on chloride excretion. This might be done by way of an
analysis of the urine of animals treated with the said carbonic anhydrase inhibitor
comparison with untreated animals using well known methods for the determination of
chloride in biological fluids (HPLC: Tsikas, D. et al Chromatographia 1992 33 317; lon
sensitive electrode: Warwick, W.J. et al Clinical Chemistry 1978 24 2050) to determine 1f

there is a significant increase in chloride excretion.
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Examples of CAI compounds which may be suitable for use in the present invention are
known and extensively described in the literature, such as Pastorekova et al, Journal of
Enzyme Inhibition and Medicinal Chemistry, 2004, 19 (3), 199-229, US 2554816, US
5010204, US 2783241, US 3157572, GB 795174, US 2835702, US 5378703, US 5153192,
US 5240923, US 5679670 and US 5585377.

In a further aspect, the present invention provides a method for determining whether a
compound may be suitable for use in the therapeutic applications contemplated herein.
Accordingly, the invention also provides a method for selecting a compound for use 1n
accordance with the invention, comprising the steps of:

(1) selecting a sulfonamide compound or isostere thereof, optionally from the

group defined by Formula (I);

(i)  determining its CA inhibitory activity;

(iii)  determining whether it is a loop diuretic or thiazide diuretic,
wherein a sulfonamide compound or isostere thereof which is a CAI but not also a loop or

thiazide diuretic may be suitable for use in accordance with the invention.

Determination of CA inhibitory activity and whether a compound is a loop or thiazide
diuretic can be based on knowledge already within the art, or alternatively by an

appropriate method, for example a method as described herein.

One class of CAI compounds contemplated by an embodiment of the present invention are
compounds wherein the sulfonamide group (or its isostere) is substituted onto an aromatic
ring-containing core, e.g. compounds of Formula (I) wherein A is aryl or heteroaryl. In
further examples, A is a bicyclic group, such as a 9-10-membered bicyclic aryl,
heterocyclyl or heteroaryl group. In other examples, A is a monocyclic 5-6 membered

heteroaryl or heterocyclyl group.

Some examples of suitable A include: phenyl, thienyl, pyridinyl, pyrimidnyl, pyrazinyl,
pyridazinyl 1,3,5-triazinyl, imidazolidinyl, imidazolinyl pyrrolyl, furyl, imidazolyl,
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pyrazolyl, thiazolyl, isothiazolyl, 1,2,3-oxidiazolyl, 1,2,4-oxidiazolyl, 1,2,3-triazolyl,
1,2,4-triazolyl, 1,2,4-thiadiazolyl, 1,3,4-thiadiazolyl, 1,3,4-thiadiazolinyl, oxazolyl,
isoxazolyl, tetrazolyl, napthyl indanyl, indolyl, isoindolyl, indulinyl, indazolyl,
benzimidazolyl, benzothiazolyl, benzisoxazolyl, benzisothiazolyl, quinolinyl, coumarin,
isoquinolinyl, cinnolinyl, phthalazinyl, quinazolinyl, quinoxalinyl, pteridinyl, s-
triazolo[4,3-a]pyridinyl, theophyllinyl, imidazo[2,1-b]thiazolyl, imidazo[2,1-b]thiophenyl,
1,3,4-thiadiazolo[3,2-a]pyrimidinyl, 1,3,4-thiadiazolo[3,2-a]{riazineyl, thieno[2,3-
b]thiopyranyl, thieno[3,2-b]thiopyranyl, :thieno[2,3-b]pyranyl, thienopiperidinyl, doxanyl,
thieno[2,3-b]pyrrolyl, thieno[2,3-b]thiophenyl, thieno[3,2-b]thiophenyl, thieno[2,3-b]furyl,
thieno[2,3-b]thiazinyl, 1,3,4-thiadiazolo[2,3-c][1,2,4]thiadiazolyl, imidazo[2,1-b]-1,3,4-
thiadiazolyl, = benzimidazo[1,2-c][1,2,3]thiadiazolyl, morpholinyl, thiomorpholinyl,
piperazinyl pyrazolidinyl, pyrazolinyl, pyrrolidinyl, cyclohexyl, cyclopentyl, and
cyclohexyl,

each of which may be further optionally substituted as described herein.

In further embodiments, A is a 5-membered heterocyclic or heteroaryl group selected from

optionally substituted:
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wherein the wavy line on the right handed side of the ring depicts connection to W-X (in
further embodiments thereof W is a direct bond between A and X) and the wavy line on
the left hand side of the molecule depicts one exemplary site of further substitution

(although other sites are possible instead of or as well as that depicted).

In further embodiments, A is linear or branched C,.9 alkyl, or Cy50 cycloalkyl or a 3-20
membered heterocyclyl group, wherein the cycloalkyl or heterocyclyl group may be
monocyclic, bicyclic, or polycyclic (e.g. tricyclic). Advantageously, the A group may be
substituted one or more times by an optional substituent as described herein, particularly,

halo (e.g. F), hydroxy and methoxy.

In some embodiments of the invention, W is a direct bond. In other embodiments, W 1s an
alkylene chain of 1, 2 or 3 carbon atoms. In yet other embodiments, W is an alkylene
chain of 1,2,3,4 or 5 chain atoms, wherein one of the chain atoms is O, S or N(H),
provided that the O, S or N atom is not directly attached to X so as to form a -O-O-, -S-O-,
-(H)N-O-, O-S-, S-O-, (H)N-O-, -O-N-, or S-N- group (wherein the right hand atom

depicted is the atom of the sulfonamide or isostere group).

In some embodiments of the invention, X is selected from the group of: -SONHo,,
-SO,NHOH, -SO,NHSH, -SO,NHCN, -SO,NHNH,, -SO,NH-1-imidazolyl,
-SO,NHPO;H,, -SO,NHSO,NH,, -SO,NHSO,0H, -OSO;NH, -OSO,NHOH,
-OSO;NHPOsH,, -OSO,NHSO,NH,;, -OSO,NHSO,OH, -NSO;NH;, -NSO,NHOH,
“NSO,NHPO;zH,, -NSO,NHSO,NH,, -NSO,NHSO,0H, and =NSO,NH,;

In further examples, compounds contemplated herein may contain 1, 2 or 3 of the

embodiments described above.

Some non-limiting examples of sulfonamide CAls which are not loop or thiazide diuretics
contemplated by the present invention include: acetazolamide, methazolamide,

dichlorphenamide, butazolamide, benzolamide, and ethoxzolamide.
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Some further examples of CAIs which may be suitable for use in the present invention

include those of Formula (II), wherein ====== depicts a single or double bond as defined:

R4
PN A W
Rs Y / X
ho— A
5 I:21// \Rz )

X is SONH, or an i1sostere thereof;
W is a direct bond between A and X, or an alkylene chain of 1 to 5 carbon atoms,
wherein a CH, group may be optinally replaced by O, S or NH;
10 Ay 1s selected from S or O;
“““““ A, i1s -CH, =C, =N or -N;
As 1s C or N;
R, is selected from hydrogen, alkyl, arylalkyl, and aryl when ====== Ay 1s -N; or

is selected from hydrogen, alkyl, carbocyclyl, arylalkyl, aryl, amino, alkoxyalkyl,
15 hydroxy, alkoxy, halo, carbocyclylalkyl, hydroxyalkyl, alkoxy alkoxy, haloalkyl,

]

haloalkoxy and aminoalkyl when ====== A, 1s —CH or =C, or 1s absent when =—=—===
Aj 1S =N;
R> is selected from hydrogen, alkyl, carbocyclyl, arylalkyl, aryl, amino, alkoxyalkyl,

hydroxy, alkoxy, halo, carbocyclylalkyl, hydroxyalkyl, alkoxy alkoxy, halo alkyl,

20 haloalkoxy and aminoalkyl when Aj is C; or
1s absent when A3 1s N;
Y === is selected from a direct bond, C=, N=, CH- and N-, provided that when
“““““ A, is =C or =N, then Y ======1s not C= or N=;

Y, 1s selected from NH or CHy;
25 Rj is selected from hydrogen, alkyl, carbocyclyl, arylalkyl, aryl, amino, alkoxyalkyl,
hydroxy, alkoxy, halo, carbocyclylalkyl, hydroxyalkyl, alkoxy alkoxy, haloalkyl,
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haloalkoxy and aminoalkyl;

or 1s absent when Y| =—=———== is a direct bond; and

R4 is selected from hydrogen, alkyl, arylalkyl and aryl.

The heterocyclic ring of (II) may be aromatic or non-aromatic.

In some embodiments, A; is O. In other embodiments A; 1s S.

In some embodiments, ====== A, is -CH. In other embodiments, ====== A 18 =C. In yet

other embodiments, =—===== A, is -N. In still further embodiments, =—===== A, 18 =N.

In some embodiments, Az is C. In other embodiments, Aj 1s N.

In further embodiments thereof, "alkyl" or "alk" is Ci.¢, "carbocyclyl" is Cs¢ and "aryl" 1s

phenyl or optionally substituted phenyl.

In still further embodiments, Az 1s N, ====== A,1s—Nand Y| =—===== 1s N=.

Other examples of CAls suitable for use in the present invention include methazolamide
and its analogues. Methazolamide and methazolamide analogue CAIls i1nclude

thiadiazolinyl compounds of Formula (III), and isosteres thereof:

O SO,NH,
)1\ 8 \\
Rs N——kﬂ—_ N
T (II1)
R1

wherein

R; is selected from hydrogen, C;.salkyl, C(O)Ci.galkyl, and (CH3), phenyl, where n 1s 1, 2,
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3, 4, 5 or 6 and phenyl may be optionally substituted by one or more substituents
independently selected from Cj.galkyl, halo, hydroxy, hydroxyCi.salkyl, Ci.salkoxy, C;.
salkoxyCigalkyl, CisalkoxyCisalkoxy, haloC;ealkyl, haloCj.¢alkoxy, cyano, mnitro,
OC(0)Ci.salkyl, NH,, NHC;_galkyl, NHC(O)C;.¢alkyl and NC;.¢alkylCi.salkyl; and

R;s is selected from hydrogen, Cisalkyl, C(O)Ci.alkyl and (CH,), phenyl, where n 1s 1, 2,
3, 4, 5 or 6 and phenyl may be optionally substituted by one or more substituents
independently selected from Cisalkyl, halo, hydroxy, hydroxyCi.¢alkyl, Ci.salkoxy, Ci.
salkoxyCiealkyl, Ci.salkoxyCigalkoxy, haloCigalkyl, haloCiealkoxy, cyano, mnitro,
OC(0)Ci.salkyl, NH,, NHC.¢alkyl, NHC(O)C,.salkyl and NC;.¢alkylCy.salkyl.

In further embodiments, R; is C;alkyl or (CH,),phenyl and Rs is hydrogen, Ci.salkyl or
(CH,).phenyl.

Some particular, non-limiting examples of Formula (I1I) include:

5 -formylimino-4-methy1-A2- 1,3,4-thiadiazoline-2-sulfonamide,
5-acetylimino-4-methyl-A*-1,3,4-thiadiazoline-2-sulfonamide (methazolamide),
S-acetylimino -4-ethy1—A2-1 ,3.4-thiadiazoline-2-sulfonamide,
5-acetylimino-4-butyl-A2-1 ,3,4-thiadiazoline-2-sulfonamide,
5-acetylimino-4-benzyl- A*-1,3,4-thiadiazoline-2-sulfonamide,
5-acetylimino-4-p-nitrob enzyl-A2 -1,3,4-thiadiazoline-2-sulfonamide,
5 -propi0nylimino-4—methy1—A2- 1,3.4-thiadiazoline-2-sulfonamide,
5-propionylimino-4- ethyl-A*-1,3,4-thiadiazoline-2-sulfonamide,

5 -propionylimino-4-butyl-A2 -1,3,4-thiadiazoline-2-sulfonamide,
5-butyrylimino-4-methyl-A°-1,3,4-thiadiazoline-2-sulfonamide and
5-butyrylimino-4-benzyl- A*-1,3,4-thiadiazoline-2-sulfonamide.

CAI compounds may be obtained from commercial sources or prepared by methods 1n the
patent literature and those well known in the art. For example, the preparation of various
heterocyclic sulfonamides, including acetazolamide and related compounds, is described

in US2554816 and US 5010204. The preparation of various thiazoles, 1,3,4-thiadiazoles,
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and 1,3,4-thiadiazolines including methazolamide and other 5 -aoylimino-4-substituted—Az-
1,3,4-thiadiazoline-2-sulfonamides, is described in EP 96003, Recueil des lravaux
Chimiques des Pays-Bas et de la Belgique (1943), 62, 207-09, US 2,978,457,
US 2,994,701, Angewandte Chemie, (1966), 78(18-19), 850-5, WO 2002012211,
WO 9529904, US 2783241 and US 3157572. The preparation of various heterocyclic

sulfonamides, such as ethoxolamide and analogues, is described 1n GB 795174.

Certain compounds of Formula (I)-(III) may also exist in tautomeric form, (e.g. keto-enol

tautomers). All such forms are also contemplated herem.

‘The compounds and compositions contemplated by the invention may be administered as

the sole insulin sensitising agent, e.g. anti-diabetic therapeutic agent or as a combination in
conjunction with insulin (human, bovine, porcine or synthetic) and/or one or more other
anti-diabetic or anti-hyperglycaemic therapeutic agents and may be administered,
simultaneously (separately or as a combination/composition) or sequentially in accordance
with a suitable dosing and treatment regime as can be determined by the attending
physician. Suitable other agents may include insulin sensitisers, insulin secretagogues
glucose resorption/uptake inhibitors and the classes and compounds identified 1n
US2005/0037981, particularly Table 2, the contents of which are incorporated herein in
their entirety. Some examples of agents for use in conjunction with the invention include
biguanides, sulfonylureas, meglitinides, insulin and insulin analogues, and
thiazolidinediones. Exemplary such agents contemplated, but are not limited to, include
thiazolidinediones (including rosiglitazone and pioglitazone), metformin, insulin,
sulphonylureas (including glimepiride, glyburide, glipizide, chlorpropamide, tolazamide
and tolbutamide), meglitimides (including repaglinide and nateglinide), a-glucosidase
inhibitors (including a carbose and miglitol), DPPIV inhibitors such as sitagliptin.
Particular combinations include such agents together with a compound of Formula (I)-(ILI)

as described herein.

In embodiments of the invention, the compounds contemplated by the invention may be

administered to a subject who is selected for the therapy on the basis of requiring blood
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glucose regulating treatment by the compounds. Thus, in further embodiments, the
methods of the invention are preceded by the step of selecting the subject or patient on the

basis of requiring blood glucose regulation, or treatment for diabetes or other condition in

which 1nsulin resistance 1s a factor.

In some embodiments, by administering a sulfonamide (or isostere) CAI according to the
invention in combination with another anti-diabetic or anti-hyperglycaemic therapeutic
agent, it may be possible to administer reduced dosages of one or both of the agents
compared to current monotherapies, i.e. in some embodiments, the combinations may
advantageously provide an additive or synergistic effect. Thus, for example, 1t may be
possible to achieve effective therapy by administration of currently used anti-diabetic or
anti-hyperglycaemic agent, such as metformin or insulin secretagogues, at a reduced
dosage rate than currently clinically used. This may advantageously avoid, ameliorate, or
otherwise reduce the severity, risk or occurrence of undesirable side effects and

disadvantages associated with currently employed dosage amounts and regimes.

In an alternative embodiment, by administering a sulfonamide or isostere CAI according to
the invention in combination with another anti-diabetic or anti-hyperglycaemic therapeutic
agent, it may be possible to increase the time period for which each of the agents provides
a benefit when compared to the period that each agent provides a benefit when used as a
monotherapy. Thus, for example, it may be possible to achieve effective therapy for a
ereater number of months or even years by administration of currently used anti-diabetic or
anti-hyperglycaemic agents such as metformin or insulin secretagogues, than 1s currently
achieved. This may advantageously avoid, ameliorate or otherwise reduce the severity,
risk or occurance of side effects and other disadvantages associated with the term of

therapeutic benefit provided by current treatment regimes.

It has further thus been surprisingly discovered that the combination of metformin with
methazolamide, a drug currently used in the treatment of glaucoma, generally at a dosage
of 5-150mg/dose 2-3 times daily, provides an improvement in fasting plasma glucose

levels compared to that achieved by metformin alone.
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Thus, in some embodiments of the invention, this may advantageously allow for the
administration of reduced dosages of metformin compared to current dosage regimes and
may thereby overcome, diminish or ameliorate one or more of the disadvantages associated

with current metformin therapies.

Thus, a further embodiment of the invention provides a method of lowering blood glucose
levels in a subject in need thereof comprising the administration of a combination of
metformin, or a pharmaceutically acceptable salt thereof, and a compound of Formula (II)

or a pharmaceutically acceptable salt thereod.

Another embodiment provides a method of treating insulin resistance in a subject 1 need
thereof comprising the administration of a combination of metformin, or a

pharmaceutically acceptable salt thereof, and a compound of Formula (II) or a

pharmaceutically acceptable salt thereof.

Yet another embodiment of the invention relates to a method for treating a disease or
condition, or symptom thereof, in which insulin resistance is involved, comprising the
administration of a combination of metformin, or a pharmaceutically acceptable salt

thereof, and a compound of Formula (II) or a pharmaceutically acceptable salt thereof.

In certain embodiments, the compound of Formula (II) is methazolamide. In further

embodiments, the combination comprises metformin hydrochloride and methazolamide.

In one or more embodimentis of the invention, the compounds or combinations
contemplated by the invention may provide short term alleviation or relief of one of more
symptoms of diabetes and related or precursor conditions, such as elevated blood glucose
levels. In further embodiments, treatment 1n acoc;)rdance with the invention may provide a

measurable or noticeable alleviation, improvement or relief within about 30 minutes to

about 12 hours and up to about 7 days from initiation of treatment. In still further

embodiments, treatment in accordance with the invention may provide a measurable or
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noticeable alleviation or relief within 1 hour to up to 4 days, typically within about 24

hours to 4 days.

As used herein, the terms '"regulate" or "modulate" and variations such as
regulating/modulating and regulation/modulation, when used in reference to glucose
homeostasis, refer to the adjustment or control of said glucose levels, 1 particular
embodiments, the adjustment to or maintenance of normal blood glucose levels. Thus,
"regulating/modulating glucose homeostasis" includes the adjustment or control of blood
slucose levels to lower hyperglycaemic, or advantageously achieve or maintain normal
fasting state, blood glucose levels. Normal fasting state blood glucose levels are typically
less than 6.1 mmolL™" (110 mgdL™"). Hyperglycaemic levels (also referred to herein as

elevated blood glucose levels) refer to fasting blood glucose levels greater than or equal to

6.1 mmolL™" (110 mgdL™).

Impaired fasting glycemia (IFG) is characterised by a fasting plasma glucose concentration
greater than or equal to 0.1 mmolL" (110 mgdL’l) but less than 7.0 (126 mgdL"’l) and a 2-h
plasma glucose concentration during the oral glucose tolerance test (OGTT) (if measured)
less than 7.8 mmolL" (140 mgdL™"). Impaired glucose tolerance (IGT) is characterised by
a fasting plasma glucose concentration of less than 7.0 mmolL" (126 medl") and a 2-h
plasma glucose concentration during the OGTT of greater than or equal to 7.8 mmolL "
(140 mgdL™) but less than 11.1 mmolL"! (200 mgdL™"). Diabetes is characterised by a
fasting plasma glucose concentration of greater than or equal to 7.0 mmolL™" (126 mgdL™)
or a 2-h plasma glucose concentration during the OGTT of greater than 11.1 mmolL™" (200
mgdL™).

The compounds and combinations contemplated by the invention may have utility as
insulin sensitisers in the therapeutic or prophylactic treatment of diseases and associated
conditions, and/or one or more of their symptoms, in a subject, in which insulin resistance
in involved or implicated. Any disease or condition, or symptom thereof in which nsulin
resistance or impaired glucose uptake by a cell or tissue can be attributed, or play a role or

is manifested is contemplated herein. Non-limiting examples include NIDDM, gestational
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diabetes, impaired glucose tolerance, impaired fasting glucose, Syndrome X,
hyperglycemia, atheriosclerosis, hypertriglyceridemia, dyslipidemia, hyp erinsulinemia,
nephropathy, neuropathy, ischemia, stroke and fatty liver disease. Typically, the disease or
condition is NIDDM, gestational diabetes, impaired glucose tolerance, impaired fasting
glucose, Syndrome X or hyperglycemia. Agents for the treatment of associated conditions,
such as cardiovascular disease (e.g. antihypertensive agents), may also be administered in
conjunction (together with or separately) with the invention. It will be understood that a
subject may not necessarily suffer from or develop all symptoms or associated conditions
in which insulin resistance is involved or implicated, or, they may not be severe enough to
warrant addi;tional therapeutic treatment particularly if the disease or condition is detected
and treated at an early stage. For example, in certain embodiments of the invention, the
subject having elevated blood glucose levels may not be suffering from other symptoms or
associated conditions, such as cardiac or cardiovascular conditions associated with, for
example, diabetes due to insulin resistance. Alternatively, such associated symptoms or
conditions, if manifested, may not be in need of conjunctive therapeutic treatment theretor.
Alternatively, any such associated symptoms or conditions may be treated with an
appropriate agent, e.g. anti-hypertensives such as diuretics, ACE mhibitors or beta-

blockers as determined by the "attending physician.

Subjects to be treated include mammalian subjects: humans, primates, livestock animals
(including cows, horses, sheep, pigs and goats), companion animals (including dogs, cats,
rabbits, guinea pigs), and captive wild animals. Laboratory animals such as rabbits, mice,
rats, guinea pigs and hamsters are also contemplated as they may provide a convenient test
system. Non-mammalian species such as birds, amphibians and fish may also be
contemplated in certain embodiments of the invention. A particularly contemplated

subject is a human subject.

The compounds of the invention are administered in an amount which, when administered
according to the desired dosing regimen, attains, or at least partially attains, the desired
therapeutic effect, e.g. modulating glucose homeostasis, modulating cellular glucose

uptake, treating insulin resistance, lowering blood glucose levels or treating a disease or
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condition, or symptom thereof, in which insulin resistance is involved. As used herein,
treatment refers to therapeutic ameliorating treatment or prophylactic treatment, and may
include one or more of: alleviating or ameliorating the symptoms of, preventing or
delaying the onset of, inhibiting the progression of, or halting or reversing altogether the
onset or progression of the particular disorder or condition, or one or more sympioms

thereof, being treated.

Suitable dosage amounts and dosing regimens can be determined by the attending
physician and may depend on the particular condition being treated, the severity ot the
condition as well as the general age, health and weight of the subject, and may be in the
range of from about 0.01 mg to about 1000 mg of active per day, such as from about 0.05
mg to about 500‘ mg, or from about 0.1 to 250 mg of active per day. The active ingredient
may be administered in a single dose or a series of doses. Suitable dosages may contain
about 0.25, 0.5, 1.0, 2.5, 5.0, 10, 20, 25, 50, 75, 100, 150, 200, 250 or 500 mg of active. In
certain embodiments, relatively low doses of the compounds contemplated herein may be
used to achieve the desired effect. Advantageously, the compounds may be administered
in a dosage of between .001 to 10mg/kg/day, such as .01 to 5 mg/kg/day or 0.25 to 2.5
mg/kg/day. In certain embodiments of the invention, the compounds are administered

once a day, as a single dose, or a divided dose twice a day.

As described above, combinations according to the invention using metformin, or a
pharmaceutically acceptable salt thereof, may advantageously allow for reduced dosage
amounts of metformin (or pharmaceutically acceptable salt) compared to known
metformin therapies, particularly metformin monotherapy. In some embodiments, the
dosage amounts of the combinations are such that they may provide an additive or
synergistic effect. Suitable dosage amounts and dosing regimens can be determined by the
attending physician and may depend on the particular condition being treated, the severity

of the condition as well as the general age, health and weight of the subject.

In some embodiments of the invention, the daily dosage amount of metformin (or

pharmaceutically acceptable salt) administered in the combination is equal to or less than
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about 90% of that which would be required for metformin monotherapy. In further
embodiments, the dosage is equal to or less than about 80%, 70%, 60% or 50 % of that
which would be required for metformin monotherapy. Exemplary daily dosage amounts of
metformin for an adult may be in the range of from about 100 mg to about 1500 or
2000mg of active per day, such as about 250 mg, 500mg, 750 mg, 850 mg, 1000 mg, 1100
or 1250 mg, . Exemplary daily dosage amounts for paediatric patients (10-16 years) may
be in the range from about 50, to about 1000 mg or 1500 mg per day, such as about 100
mg, 250 mg, 500 mg, 750 mg, 850 mg, 1100mg or 1250 mg per day. The active ingredient
may be administered in a single dose or a series of doses. Suitable dosages forms may

contain about 50, 75, 100, 150, 200, 250, 500 750, 850 or 1000 mg of metformin active.

Suitable daily dosage amount of methazolamide (or analogue) administered in the
combinations of the invention may fall in the range of about 10 mg to about 300 per day,

such as 25 mg, 50 mg, 75 mg, 100 mg, 125 mg, 150 mg or 250 mg.

In certain embodiments of the invention, the administration of a combination according to
the invention may advantageously achieve effective therapy for a period of months (for
example 3-36 months) or years (for example 1-10 years) compared to the corresponding

anti-diabetic or anti-hyperglycaemic monotherapy.

While it is possible for the CAI compound to be administered alone, it is preferable to
present it as a composition, preferably as a pharmaceutical composition, with one or more
pharmaceutically acceptable adjuvants. Thus, the present invention also relates to the use
of a carbonic anhydrase inhibitor compounds contemplated herein, or a pharmaceutically
acceptable salt, solvate or prodrug thereof, in the manufacture of a medicament for
modulating glucose homeostasis, modulating cellular glucose uptake, treating insulin

resistance, or lowering blood glucose levels.

The formulation of such compositions is well known to those skilled in the art, see for
example, Remington's Pharmaceutical Sciences, 18™ Edition, Mack Publishing, 1990. The

composition may contain any suitable carriers, diluents or excipients. These include all
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conventional solvents, dispersion media, fillers, solid carriers, coatings, antifungal and
antibacterial agents, dermal penetration agents, surfactants, isotonic and absorption agents
and the like. It will be understood that the compositions of the invention may also include

other supplementary physiologically active agents.

The carrier must be pharmaceutically acceptable in the sense of being compatible with the
other ingredients of the composition and not injurious to the subject. Compositions
include those suitable for oral, rectal, inhalable, nasal, topical (including dermal, buccal
and sublingual), vaginal or parental (including subcutaneous, intramuscular, intravenous
and intradermal) administration. The compositions may conveniently be presented m unit
dosage form and may be prepared by any methods well known in the art of pharmacy:.
Such methods include the step of bringing into association the active ingredient with the
carrier which constitutes one or more accessory ingredients. In general, the compositions
are prepared by uniformly and intimately bringing into association the active ingredient
with liquid carriers or finely divided solid carriers or both, and then if necessary shaping

the product.

Compositions of the present invention suitable for oral administration may be presented as
discrete units such as capsules, sachets or tablets each containing a predetermined amount
of the active ingredient; as a powder or granules; as a solution or a suspension In an
aqueous or non-aqueous liquid; or as an oil-in-water liquid emulsion or a water-in-oil

liquid emulsion.

A tablet may be made by compression or moulding, optionally with one or more accessory
ingredients. Compressed tablets may be prepared by compressing in a suitable machine
the active ingredient in a free-flowing form such as a powder or granules, optionally mixed
with a binder (e.g. inert diluent), preservative disintegrant (e.g. sodium starch glycolate,
cross-linked polyvinyl pyrrolidone, cross-linked sodium carboxymethyl cellulose) surtace-
active or dispersing agent. Moulded tablets may be made by moulding in a suitable
machine a mixture of the powdered compound moistened with an inert liquid diluent. The

tablets may optionally be coated or scored and may be formulated so as to provide slow or
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controlled release of the active ingredient therein using, appropriate coatings, for example,
hydroxypropylmethyl cellulose in varying proportions to provide the desired release
profile. Tablets may optionally be provided with an enteric coating, to provide release in

parts of the gut other than the stomach.

Compositions suitable for topical administration in the mouth include lozenges comprising
the active ingredient in a flavoured base, usually sucrose and acacia or tragacanth gum;
pastilles comprising the active ingredient in an inert basis such as gelatin and glycerin, or
sucrose and acacia gum; and mouthwashes comprising the active ingredient in a suitable

liquid carrier.

Compositions suitable for topical administration to the skin may comprise the compounds
dissolved or suspended in any suitable carrier or base and may be in the form of lotions,
gel, creams, pastes, ointments and the like. Suitable carriers include mineral oil, propylene
glycol, polyoxyethylene, polyoxypropylene, emulsifying wax, sorbitan monostearate,
polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and
water. Transdermal patches may also be used to administer the compounds of the

invention.

Compositions for rectal administration may be presented as a suppository with a suitable

base comprising, for example, cocoa butter, glycerin, gelatin or polyethylene glycol.

Compositions suitable for vaginal administration may be presented as pessaries, tampons,
creams, gels, pastes, foams or spray formulations containing in addition to the active

ingredient such carriers as are known in the art to be appropriate.

Compositions suitable for parenteral administration include aqueous and non-aqueous
isotonic sterile injection solutions which may contain anti-oxidants, buffers, bactericides
and solutes which render the composition isotonic with the blood of the intended recipient;
and aqueous and non-aqueous sterile suspensions which may include suspending agents

and thickening agents. The compositions may be presented in unit-dose or multi-dose
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sealed containers, for example, ampoules and vials, and may be stored in a freeze-dried
(lyophilised) condition requiring only the addition of the sterile liquid carrier, for example
water for injections, immediately prior to use. Extemporaneous injection solutions and

suspensions may be prepared from sterile powders, granules and tablets of the kind

previously described.

Preferred unit dosage compositions are those containing a daily dose or unit, daily sub-

dose, as herein above described, or an appropriate fraction thereof, of the active ingredient.

It should be understood that in addition to the active ingredients particularly mentioned
above, the compositions of this invention may include other agents conventional in the art
having regard to the type of composition in question, for example, those suitable for oral
administration may include such further agents as binders, sweeteners, thickeners,
flavouring agents disintegrating agents, coating agents, preservatives, lubricants and/or
time delay agents. Suitable sweeteners include sucrose, lactose, glucose, aspartame or
saccharine. Suitable disintegrating agents 1nclude corn sté:rch, methylcellulose,
polyvinylpyrrolidone, xanthan gum, bentonite, alginic acid or agar. Suitable flavouring
agents include peppermint oil, oil of wintergreen, cherry, orange or raspberry flavouring.
Suitable coating agents include polymers or copolymers of acrylic acid and/or methacrylic
acid and/or their esters, waxes, fatty alcohols, zein, shellac or gluten. Suitable
preservatives include sodium benzoate, vitamin E, alpha-tocopherol, ascorbic acid, methyl
paraben, propyl paraben or sodium bisulphite. Suitable lubricants include magnesium
stearate, stearic acid, sodium oleate, sodium chloride or talc. Suitable time delay agents

include glyceryl monostearate or glyceryl distearate.

The present invention also relates to prodrugs CAI compounds. Any compound that 1s a
prodrug of a CAI compound is within the scope and spirit of the invention. The term
"srodrug" is used in its broadest sense and encompasses those derivatives that are
converted in vivo, either enzymatically or hydrolytically, to the compounds of the
invention. Such derivatives would readily occur to those skilled in the art, and include, for

example, compounds where a free thiol or hydroxy group is converted into an ester, such
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as an acetate, or thioester or where a free amino group is converted into an amide.
Procedures for acylating the compounds of the invention, for example to prepare ester and
amide prodrugs, are well known in the art and may include treatment of the compound
with an appropriate carboxylic acid, anhydride or chloride in the presence of a suitable
catalyst or base. Esters of carboxylic acid (carboxy) groups are also contemplated.
Suitable esters include Cj.galkyl esters; Cigalkoxymethyl esters, for example
methoxymethyl or ethoxymethyl, Cisalkanoyloxymethyl esters, for example,
pivaloyloxymethyl; phthalidyl esters; CsscycloalkoxycarbonylCi.salkyl esters, for
example, 1-cyclohexylcarbonyloxyethyl; 1,3-dioxolen-2-onylmethyl esters, for example,
5-methyl-1,3-dioxolen-2-onylmethyl; and Ci.salkoxycarbonyloxyethyl esters, for example,
]-methoxycarbonyloxyethyl. Prodrugs of amino functional groups include amides (see,
for example, Adv. BioSci., 1979, 20, 369, Kyncl, J. et al), enamines (see, for example, J
Pharm. Sci., 1971, 60, 1810, Caldwell, H. et al), Schiff bases (see, for example, US Patent
No 2,923,661 and Antimicrob. Agents Chemother., 1981, 19, 1004, Smyth, R. et al),
oxazolidines (see, for example, J. Pharm. Sci, 1983, 72, 1294, Johansen, M. et al),
Mannich bases (see, for example, J. Pharm. Sci. 1980, 69, 44, Bundgaard, H. et a/ and J.
Am. Chem. Soc., 1959, 81, 1198, Gottstein, W. et al), hydroxymethyl derivatives (see, for
example, J. Pharm. Sci, 1981, 70, 855, Bansal, P. et al) and N-(acyloxy)alkyl derivatives
and carbamates (see, for example, J. Med. Chem., 1980, 23, 469, Bodor, N. et al, J. Med
Chem., 1984, 27, 1037, Firestone, R. et al, J. Med. Chem., 1967, 10, 960, Kreiger, M. et al,
US Patent No 5,684,018 and J. Med. Chem., 1988, 31, 318-322, Alexander, J. et al). Other
conventional procedures for the selection and preparation of suitable prodrugs are known
in the art and are described, for example, in WO 00/23419; Design of Prodrugs, H.
Bundgaard, Ed., Elsevier Science Publishers, 1985; Methods in Enzymology, 42: 309-396,
K. Widder, Ed, Academic Press, 1985; 4 Textbook of Drug Design and Development,
Krogsgaard-Larsen and H. Bundgaard, Eds, Chapter 5, p113-191 (1991); Advanced Drug
Delivery Reviews, 8; 1-38 (1992); Journal of Pharmaceutical Sciences, 77,285 (198 g), H.
Bundgaard, et al; Chem Pharm Bull, 32692 (1984), N. Kakeya et al and The Organic
Chemistry of Drug Desig and Drug Action, Chapter 8, pp352-401, Academic press, Inc.,
1992,
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Suitable pharmaceutically acceptable salts of compounds of formula (I) include, but are not
limited to salts of pharmaceutically acceptable inorganic acids such as hydrochloric,
sulphuric, phosphoric nitric, carbonic, boric, sulfamic, and hydrobromic acids, or salts of
pharmaceutically acceptable organic acids such as acetic, propionic, butyric, tartaric,
maleic, hydroxymaleic, fumaric, maleic, citric, lactic, mucic, gluconic, benzoic, succinic,
oxalic, phenylacetic, methanesulphonic, toluenesulphonic, benezenesulphonic, salicyclic
sulphanilic, aspartic, glutamic, edetic, stearic, palmitic, oleic, lauric, pantothenic, tannic,
ascorbic, fendizoic, 4-4'-methylenebis-3-hydroxy-2-naphthoic acid, 0-(p-
hydroxybenzoyl)benzoic, 4'-4"-dihydroxytriphenylmethane-2-carboxylic acid and valeric
acids. Base salts include, but are not limited to, those formed with pharmaceutically
acceptable cations, such as sodium, potassium, lithium, calcium, magnesium, ammonium
and alkylammonium. Basic nitrogen-containing groups may be quaternised with such
agents as lower alkyl halide, such as methyl, ethyl, propyl, and butyl chlorides, bromides
and iodides; dialkyl sulfates like dimethyl and diethyl sulfate; and others.

The compounds of the invention may be in crystalline form either as the free compounds
or as solvates and it is intended that both forms are within the scope of the present
invention. The term "solvate" refers to a complex or aggregate formed by one or more
molecules of a solute, i.e. compounds contemplated by the invention, and one or more
molecules of a solvent. Suitable solvents are well understood in the art and include for
example, of water, i.e. to form hydrates, and common organic solvents such as alcohols

(methanol, ethanol, isopropanol) and acetic acid. Methods of solvation are generally

known within the art.

The compounds of the invention may also be presented for use in veterinary compositions.

These may be prepared by any suitable means known in the art. Examples of such

compositions include those adapted for:

(a) oral administration, external application (e.g. drenches including aqueous and non-
aqueous solutions or suspensions), tablets, boluses, powders, granules, peliets for

admixture with feedstuffs, pastes for application to the tongue;
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(b)  parenteral administration, e.g. subcutaneous, intramuscular or intravenous injection

as a sterile solution or suspension;

(c) topical application e.g. creams, ointments, gels, lotions etc.

The invention will now be described with reference to the following examples which are
provided for the purpose of illustrating certain embodiments of the invention and are not to

be construed as limiting the generality hereinbefore described.
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EXAMPLES

Example 1. Effect of Dichlorphenamide on Glucose uptake in 3T3-L1 adipocytes

3T3-L1 adipoctyes (non-infected) in 96-well plate format were serum-starved overnight
(16 to 18 hr) in DMEM containing 0.2% BSA and were untreated or treated with
dichlorphenamide at a concentration of 10uM. Dichlorphenamide was added during
serum-starvation. Cells were then washed twice in Dulbecco’s PBS, pH 7.4 (Gibco)
containing 0.2% (w/v) RIA-grade BSA, 0.5 mM MgCl, and 0.5 mM CaCl,. Insulin at 0,
0.5 and 10 nM was added for 20 min at 37°C. Uptake of 50 uM 2-deoxy glucose and 0.5
uCi 2-deoxy-[U-"H] glucose (NEN, PerkinElmer Life Sciences) per well was measured
over the final 10min of insulin stimulation. The reaction was stopped upon addition of ice-
cold 80 ng/ml phloretin in PBS, pH 7.4 and cells were solublised in 0.03% (w/v) SDS.
Counts per minute (cpm) were measured by scintillator counter. These results aré

presented below 1 Table 1-1.

The data in Table 1-1 shows that dichlorphenamide enhanced basal 2-deoxyglucose uptake
as well as sub-maximal (0.5nM) and maximal (10nM) insulin stimulated 2-deoxyglucose

uptake (results represent the mean of three independent experiments) and each experiment

was assayed in quadruplicate. The data is expressed as a mean =SEM. The statistical

analysis was performed using an umpaired t-test (2-tailed).
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Table 1-1: Effect of Dichlorphenamide (DCP) on 2-Deoxyglucose Uptake by 3T3-L1

adipocytes
2-Deoxyglucose uptake Treated
(Normalised: Vehicle with no insulin | Untreated
DCP 10pM

=100%)
Vehicle 10012 508+:57"
0.5 nM Insulin 749+66 1468+400°
10 nM Insulin 2063£205 1826197

! p =0.02;

: p=0.05

Example 2. Effect of dichlorphenamide on glucose tolerance in obese Psammomys

obesus (Israeli sand rats)

The outbred Israeli sand rat, Psammomys obesus is a unique animal model for the study of
obesity and diabetes. When housed under standard laboratory conditions, a proportion of
Israeli sand rats become obese and develop type 2 diabetes spontaneously, without
requiring high caloric feeding like the diet-induced obese mouse model, or as 2
consequence of a mutation in a particular gene as in the db/db mouse model. In this regard
their evolution into a diabetic state closely resembles the environmental and polygenic
human condition. Type 2 diabetic P. obesus are also profoundly insulin resistant, as
measured by the area under the blood glucose curve during an oral glucose tolerance test
(OGTT). In addition, a proportion of the animals remain lean and healthy under these same
conditions, while others develop a range of intermediate phenotypes. This response is

similar to that seen in human populations.

Diabetic P. obesus are characterised by having elevated blood glucose levels. Animals
which have blood glucose of >8.0 mM are considered diabetic (Barnett ef al., Diabetologia
1994;37:671-676), and the magnitude of the reduction in blood glucose, as well as

reduction in the area of the OGTT plasma glucose curve following treatment with a
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compound are taken as a measure of the efficacy of that compound in improving the

animal’s glucose metabolism.

16 Week old obese normoglycaemic and hyperinsulinemic male P. obesus (.Walder et al,.
Int J Exp Diabetes Res. 2000;1(3):177-84; and Trevaskis et al, Comp Biochem Physiol B
Biochem Mol Biol. 2004 137(1):65-73) were starved for 4 hours before the administration
of 20 mg/Kg Dichlorphenamide in saline by oral gavage (5 ml per gram of body weight)
using feeding tubes (41x 0.17 cm, Kendall Co., Mansfield, MA. USA). After another 4
hours glucose (2 g/Kg of body weight) was administered to the animals by oral gavage. 50
ml blood samples were taken from the tail at each time point; 0, 15, 30, 45, 60 and 90
minutes after the glucose delivery to determine blood glucose and insulin levels. Glucose
was measured in whole blood using a YSI glucose analyser (Model #2300 STAT PLUS,
Yellow Springs Instruments Co., Ohio, USA). The instrument takes a sample aliquot of 25
ul and is calibrated every 10 samples using 5.55 and 8.33 mmol/L glucose standards. The
analyser utilises a probe fitted with a 3-layer membrane containing an immobilised
enzyme. J3-D-glucose is oxidised by glucose oxidase, which is immobilised on a
polycarbonate cellulose membrane, to form glucono-()-lactone and hydrogen peroxide.ﬁ
The hydrogen peroxide in turn, is oxidised at the platinum anode, producing electrons.
The electron flow is linearly proportional to the steady state hydrogen peroxide
concentration and therefore to the concentration of glucose in the sample. Insulin levels
were mea<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>