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DESFERRITHIOCIN POLYETHER ANALOGUES AND USES THEREOF FOR
TREATING METAL OVERLOAD, OXIDATIVE STRESS, AND NEOPLASTIC
AND PRENEOPLASTIC CONDITIONS

BACKGROUND OF THE INVENTION

Iron metabolism in primates is characterized by a highly efficient recycling
process. Consequently, there 1s no specific mechanism for eliminating ﬂ:us transition
metal. Because of the lack of an iron clearance mechanism, the introduction of
"e:;cess ron” into this closed metabolic loop often leads to chronic overload and can
ultimately lead to biological damage (e.g., peroxidative tissue damage). There are a
number of ways in which excess iron is introduced, including a high-iron diet, acute
iron ingestion or malabsorption of the metal. In each of these sitvations, a subject
can typically be treated by phlebotomy to reduce iron levels. However, for iron-
overload syndromes resulting from chronic transfusion therapy, e.g., aplastic anemia
and thalassemia, phlebotomy is not an option. In these secondary iron overload
syndromes, the origin of the excess iron is the transfused red blood cells. Since
removing the red blood cells to remedy the iron overload would be
counterproductive, an alternative method of removing iron 1s chelation therapy.

Although considerable effort has been invested in the development of new

therapeutics for managing iron overload resulting from thalassemia, particularly
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therapeutics that can be administered orally, desferrioxamine B, a hexacoordinate
hydroxamate iron chelator produced by Streptomyces pilosus, 1s still the protocol of
choice. However, desferrioxamine B is not ideal for chelation therapy, because iron
is removed with a low efficiency. In addition, oral activity of desferrioxamine B 1S
marginal, thereby requiring parenteral administration, which can result in poor
patient compliance, particularly for patients in need of long-term chelation therapy.

A substantial number of synthetic iron chelators have been studied 1n recent
years as potential orally active therapeutics, e.g., pyridoxal isonicotinoyl hydrazone
(PIH), hydroxypyridones and N, N’-bis-(2-hydroxybenzylethylenediamine)-N, N'-
diacetic acid (HBED); however, the synthetic chelators have not yet demonstrated
the desired properties (e.g., effective chelation, suitable oral activity, and acceptable
toxicity). Siderophores including enterobactin and rhodotorulic acid have also been
studied. However, both enterobactin and rhodotorulic acid have exhibited
unacceptable toxicity and neither demonstrated measurable oral activity. In general,
although a large number of siderophores and synthetic iron chelators have been
developed, most have been abandoned because their properties are not suitable for
use in treating chronic iron overload.

Therefore, a need still exists for novel iron chelators that can be used in
chelation therapy, especially chronic chelation therapy. Suitable chelators can be
efficient in chelating and removing iron from an organism, possess suitable oral

bioavailability and/or pose minimal toxicity to a subject.

SUMMARY OF THE INVENTION
This application relates to compounds characterized by a structural formula

selected from Structural Formulas (I), (II), and (111):
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R3, R4 and Rs are each independently —H, an alkyl group, or —OR;:
Re, R7, and Rg are each independently —H or an alkyl group;
Ry 1s —OR 5 or -N(OH)R 3;
Rjg 1s —H or an alkyl group;
R11 1s —H, an alkyl group or an acyl group;
Ri2 1s —H or an alkyl group;
R13 1s an alkyl group,
O

—(CH2)py—N——C—Ry,

|

OH or
—(CHy);——0——(CH);——0——(CHy),——N——2Z

OH
R4 1s an alkyl group;
R’ 1s an alkyl group;
m 1s an integer from 1 to §:
each n is independently an integer from 1 to 8;
X 18 an integer from 1 to §;

y 18 an integer from O to 8;
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or a salt, solvate or hydrate thereof.

The invention includes pharmaceutical compositions comprising a compound
of the invention in conjunction with a carrier or diluent. The pharmaceutical
compositions can be for use in therapy.

In another embodiment, the present invention is a method of treating a
pathological condition responsive to chelation or sequestration of a trivalent metal in
a subject, comprising administering to the subject a therapeutically or
prophylactically effective amount of a compound represented by a structural formula
selected from Structural Formulas (1), (II), and (III) or a pharmaceutical composition
including one of these compounds.

The compounds of the invention can also be used in a method of reducing
oxidative stress in a subject in need of treatment therefor and a method of treating a
subject who is suffering from neoplastic disease or a preneoplastic condition, in
which a therapeutically effective amount of one of the compounds or pharmaceutical
compositions of the invention is administered to the subject.

The invention also relates to the use of compounds disclosed herein 1n
medical therapy. The invention further relates to the use of the compounds of the
invention for the manufacture of a medicament for therapy, for example, for treating
pathological conditions responsive to chelation or sequestration of metals, for
reducing oxidative stress and for treating neoplastic disease or a preneoplastic
condition.

The metal chelators of the invention have the advantage of having a desirable
iron clearing efficiency. The metal chelators of the invention can possess a different
volume of distribution from present known chelators, resulting in a different

distribution among organs. This different distribution can permit penetration into
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organs such as the heart, brain and pancreas, as well as result in the majority of
clearance of the chelators in the liver, thereby decreasing the risk of toxicity to the
kidneys. Advantageously compounds of the invention exhibit a low concentration 1n

the kidneys following administration.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, features and advantages of the invention
will be apparent from the following more particular description of preferred
embodiments of the invention, as illustrated in the accompanying drawings in which
like reference characters refer to the same parts throughout the different views. The
drawings are not necessarily to scale, emphasis instead being placed upon
illustrating the principles of the invention.

FIG. 1 shows the iron clearing efficiency of compounds of the invention in a
non-iron overloaded, bile duct cannulated rat model.

FIG. 2 shows the distribution of compounds of the invention in the kidneys
of rodents over time following subcutaneous administration.

FIG. 3 shows the distribution of compounds of the invention in the liver ot
rodents over time following subcutaneous administration.

FIG. 4 shows the distribution of compounds of the invention in the heart of
rodents over time following subcutaneous administration.

FIG. 5 shows the distribution of compounds of the invention in the pancreas
of rodents over time following subcutaneous administration.

FIG. 6 shows the distribution of (S)-4’-(HO)-DADFT and (S)-4’-(CH;0)-
DADFT in the liver of rodents over time following subcutaneous administration.

FIG. 7 shows the distribution of (S)-4’-(HO)-DADFT and (S)-4’-(CH;0)-
DADFT in the heart of rodents over time following subcutaneous administration.

FIG. 8 shows the distribution of (S)-4’-(HO)-DADEFT and (S)-4’-(CH30)-
DADFT in the pancreas of rodents over time following subcutaneous administration.

FIG. 9 shows the uranium excretion in rats induced by compounds of the

invention following administration.
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DETAILED DESCRIPTION OF THE INVENTION
Compounds of the invention are represented by a structural formula selected
from Structural Formulas (I), (II), and (III) as described above.
As discussed below, stereoisomers and mixtures of stereoisomers of the
5  compounds disclosed herein are included in the invention.
Typically, compounds of the invention are represented by Structural Formulas (1),
where the variables are as defined above.
In one embodiment, Ry in Structural Formulas (I)-(1lI) 1s —OR 2.
When Ro is —OR 2, compounds of the invention can have one or more of the
10 following features: (1) Rg is —H or —CH3; (2) Rg and Ry are each —H or —CHs,
preferably -H; (3) Rs, R4 and Rs are each —Hj; (4) Rz is -[(CH2),-O)x-R’; n 1s
independently 1 to 4; and x is 1 to 4; (5) Ry 1s —H; and (6) R’ is —CH3. Preferred
compounds of the invention have feature (1), more preferably features (1) and (2),
and even more preferably features (1), (2) and (3). Particularly preferred
15 compounds of the invention have features (1), (2), (3) and (4); (1), (2), (3), (4) and
(5); or have all six of the above features.

Specific examples of compounds of the invention are represented by

Structural Formulas (IV)-(IX):

H
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The invention also includes enantiomers and mixtures of enantiomers (e.g.,

racemic mixtures) of the compounds represented by Structural Formulas (I)-(1X),
along with their salts (e.g., pharmaceutically acceptable salts), solvates and hydrates.
In addition to compounds represented by Structural Formulas (I)-(IX),
compounds of the invention can exist in optically active forms that have the ability
to rotate the plane of plane-polarized light. In describing an optically active
compound, the prefixes D and L. or R and S are used to denote the absolute
configuration of the molecule about its chiral center(s). The prefixes d and 1 or (+)
and (-) are employed to designate the sign of rotation of plane-polarized light by the
compound, with (-) or 1 meaning that the compound is levorotatory. A compound
prefixed with (+) or d is dextrorotatory. For a given chemical structure, these
compounds, called stereoisomers, are identical except that one or more chiral
carbons are non-superimposable mirror images of one another. A specific
stereoisomer, which is an exact mirror image of another stereoisomer, can also be
referred to as an enantiomer, and a mixture of such isomers is often called an

enantiomeric mixture. A 50:50 mixture of enantiomers is referred to as a racemic

mixture.
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Many of the compounds described herein can have one or more chiral
centers and therefore can exist in different enantiomeric forms. If desired, a chiral
carbon can be designated with an asterisk (*). In the present application, the chiral
carbon at the 4-position of the thiazoline or thiazolidine ring has been designated
with an asterisk, because the configuration of this carbon is of particular interest.

When bonds to chiral carbons are depicted as straight lines in the formulas of the

nvention, it 1s understood that both the (R) and (S) configurations of each chiral

carbon, and hence both enantiomers and mixtures thereof, are embraced within the
formula. As is used in the art, when it is desired to specify the absolute
contiguration about a chiral carbon, a bond to the chiral carbon can be depicted as a
wedge (bonds to atoms above the plane) and another can be depicted as a series or
wedge of short parallel lines (bonds to atoms below the plane). The Cahn-Ingold-
Prelog system can be used to assign the (R) or (S) configuration to a chiral carbon.

A chiral carbon at the 4-position of a thiazoline or thiazolidine ring preferably has an
(S) configuration.

When compounds of the present invention contain one chiral center,
compounds not prepared by an asymmetric synthesis exist in two enantiomeric
torms and the present invention includes either or both enantiomers and mixtures of
enantiomers, such as the specific 50:50 mixture referred to as a racemic mixture.
The enantiomers can be resolved by methods known to those skilled in the art, for
example, by formation of diastereoisomeric salts that may be separated, for example,
by crystallization (See, CRC Handbook of Optical Resolutions via Diastereomeric
Salt Formation by David Kozma (CRC Press, 2001)); formation of
diastereoisomeric derivatives or complexes that may be separated, for example, by
crystallization, gas-liquid or liquid chromatography; selective reaction of one
enantiomer with an enantiomer-specific reagent, for example, enzymatic
esterification; or gas-liquid or liquid chromatography in a chiral environment, for
example, on a chiral support (e.g., silica with a bound chiral ligand) or in the
presence of a chiral solvent. It will be appreciated that where the desired enantiomer
1s converted into another chemical entity by one of the separation procedures
described above, a further step is required to liberate the desired enantiomeric form.

Alternatively, specific enantiomers may be synthesized by asymmetric synthesis
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using optically active reagents, substrates, catalysts or solvents, or by converting one
enantiomer into the other by asymmetric transformation.

Designation of a specific absolute configuration at a chiral carbon of the
compounds of the invention is understood to mean that the designated enantiomeric
form of the compounds is in enantiomeric excess (ee€) or, in other words, is
substantially free from the other enantiomer. For example, the "R" forms of the
compounds are substantially free from the "S" forms of the compounds and are,
thus, in enantiomeric excess of the "S" forms. Conversely, "S" forms of the
compounds are substantially free of "R" forms of the compounds and are, thus, in
enantiomeric excess of the "R" forms. Enantiomeric excess, as used herein, is the
presence of a particular enantiomer at greater than 50% in an enantiomeric mixture.
For example, when a mixture contains 80% of a first enantiomer and 20% of a
second enantiomer, the enantiomeric excess of the first enantiomer is 60%. In the
present invention, the enantiomeric excess can be about 20% or more, particularly
about 40% or more, more particularly about 60% or more, such as about 70% or
more, for example about 80% or more, such as about 90% or more. In a particular
embodiment when a specific absolute configuration is designated, the enantiomeric
excess of depicted compounds is at least about 90%. In a more particular
embodiment, the enantiomeric excess of the compounds is at least about 95%, such
as at least about 97.5%, for example, at least about 99% enantiomeric excess.
When a compound of the present invention has two or more chiral carbons (e.g.,
compounds of Structural Formula (II) where Rg and R are not the same), it can have
more than two optical isomers and can exist in diastereomeric forms. For example,
when there are two chiral carbons, the compound can have up to 4 optical isomers
and 2 pairs of enantiomers ((S,S)/(R,R) and (R,S)/(S,R)). The pairs of enantiomers
(e.g., (S,5)/(R,R)) are mirror image stereoisomers of one another. The stereoisomers
which are not mirror-images (e.g., (S,S) and (R,S)) are diastereomers. The
diastereomeric pairs may be separated by methods known to those skilled in the art,
for example, chromatography or crystallization and the individual enantiomers
within each pair may be separated as described above. The present invention

includes each diastereomer of such compounds and mixtures thereof.
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An alkyl group is a saturated hydrocarbon in a molecule that is bonded to
one other group 1n the molecule through a single covalent bond from one of its
carbon atoms. Alkyl groups can be cyclic or acyclic, branched or unbranched
(straight chained) and substituted or unsubstituted when straight chained or
branched. An alkyl group typically has from 1 to about 12 carbon atoms, for
example, one to about six carbon atoms or one to about four carbon atoms. Lower
alkyl groups have one to four carbon atoms and include methyl, ethyl, n-propyl, iso-
propyl, n-butyl, sec-butyl and tert-butyl. When cyclic, an alkyl group typically
contains from about 3 to about 10 carbons, for example, from about 3 to about 8
carbon atoms, e.g., a cyclopropyl group, a cyclobutyl group, a cyclopentyl group, a
cyclohexyl group, a cycloheptyl group or a cyclooctyl group.

Acyl groups are represented by the formula —C(O)R, where R is an alkyl
group. Acyl groups can be hydrolyzed or cleaved from a compound by enzymes,

acids, or bases. One or more of the hydrogen atoms of an acyl group can be
substituted, as described below. Typically, an acyl group is removed before a
compound of the present invention binds to a metal ion such as iron(III).

Suitable substituents for alkyl and acyl groups include -OH, -O(R"), -COOH
=0, -NHy, -NH(R"), -N(R");, -COO(R"), -CONH,, -CONH(R"), -CON(R"),, and
guanidine. Each R" is independently an alkyl group or an aryl group. These groups

2

can additionally be substituted by an aryl group (e.g., an alkyl group can be
substituted with an aromatic group to form an arylalkyl group). A substituted alkyl or
acyl group can have more than one substituent.

Aryl groups include carbocyclic aromatic groups such as phenyl, p-tolyl, 1-
naphthyl, 2-naphthyl, 1-anthracyl and 2-anthracyl. Aryl groups also include
heteroaromatic groups such as N-imidazolyl, 2-imidazolyl, 2-thienyl, 3-thienyl, 2-
turanyl, 3-furanyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 2-
pyranyl, 3-pyranyl, 3-pyrazolyl, 4-pyrazolyl, 5-pyrazolyl, 2-pyrazinyl, 2-thiazolyl,
4-thiazolyl, 5-thiazolyl, 2-oxazolyl, 4-oxazolyl and S-oxazolyl.

Aryl groups also include fused polycyclic aromatic ring systems in which a
carbocyclic, alicyclic, or aromatic ring or heteroaryl ring is fused to one or more other
heteroaryl or aryl rings. Examples include 2-benzothienyl, 3-benzothienyl, 2-

benzofuranyl, 3-benzofuranyl, 2-indolyl, 3-indolyl, 2-quinolinyl, 3-quinolinyl, 2-
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benzothiazolyl, 2-benzoxazolyl, 2-benzimidazolyl, 1-isoquinolinyl, 3-isoquinolinyl, 1-
isoindolyl and 3-isoindolyl.

Also included in the present invention are salts and pharmaceutically
acceptable salts of the compounds described herein. Compounds disclosed herein
that possess a sufficiently acidic functional group, a sufficiently basic functional
group or both, can react with a number of organic or inorganic bases, and inorganic
and organic acids, to form salts.

Acidic groups can form salts with one or more of the metals listed above,
along with alkali and alkaline earth metals (e.g, sodium, potassium, magnesium,
calcium). In addition, acidic groups can form salts with amines. Compounds of the
invention can be supplied as a transition, lanthanide, actinide or main group metal
salt. For example, the salt can be an iron (iron(Il) or iron(IlI)) salt of a compound.
As a transition, lanthanide, actinide or main group metal salt, compounds of the
invention tend to form a complex with the metal. For example, if a compound of the
invention is tridentate and the metal it forms a salt with has six coordinate sites, then a
2 to 1 compound to metal complex is formed. The ratio of compound to metal will
vary according to the denticity of the metal and the number of coordination sites on
the metal (preferably each coordination site is filled by a compound of the invention,
although a coordination site can be filled with other anions such as hydroxide, halide
or a carboxylate). Alternatively, the compound can be a substantially metal-free (e.g.
iron-free) salt. Metal-free salts are not typically intended to encompass alkali and
alkali earth metal salts. Metal-free salts are advantageously administered to a subject
suffering from, for example, a metal overload condition or to an individual suffering
from toxic metal exposure or from focal concentrations of metals causing untoward
effects

Acids commonly employed to form acid addition salts from compounds with
basic groups are inorganic acids such as hydrochloric acid, hydrobromic acid,
hydroiodic acid, sulfuric acid, phosphoric acid, and th% like, and organic acids such
as p-toluenesulfonic acid, methanesulfonic acid, oxalié acid, p-bromophenyl-sulfonic
acid, carbonic acid, succinic acid, citric acid, benzoic acid, acetic acid, and the like.
Examples of such salts include the hydroxide, sulfate, pyrosulfate, bisulfate, sultite,
bisulfite, phosphate, monohydrogenphosphate, dihydrogenphosphate,
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metaphosphate, pyrophosphate, chloride, bromide, iodide, acetate, propionate,
decanoate, caprylate, acrylate, formate, isobutyrate, caproate, heptanoate, propiolate,
oxalate, malonate, succinate, suberate, sebacate, fumarate, maleate, butyne-1,4-
dioate, hexyne-1,6-dioate, benzoate, chlorobenzoate, methylbenzoate,
dinitrobenzoate, hydroxybenzoate, methoxybenzoate, phthalate, sulfonate,
xylenesulfonate, phenylacetate, phenylpropionate, phenylbutyrate, citrate, lactate,
camma-hydroxybutyrate, glycolate, tartrate, methanesulfonate, propanesulfonate,
naphthalene-1-sulfonate, naphthalene-2-sulfonate, mandelate, and the like.

The compounds disclosed herein can be prepared in the form of their hydrates,
such as hemihydrate, monohydrate, dihydrate, trihydrate, tetrahydrate and the like and
as solvates.

Subjects suffering from a pathological condition responsive to chelation or
sequestration of a trivalent metal can be treated with a therapeutically or
prophylactically effective amount of a compound or pharmaceutical compound of
the invention. One particular type of pathological condition that is responsive to
chelation of a trivalent metal is a trivalent metal overload condition (e.g., an 1ron
overload condition, an aluminum overload condition, a chromium overload
condition). Another type of pathological condition that is responsive to metal
chelation or sequestration is when the amount of free trivalent metal is elevated
(e.g., in the serum or in a cell), such as when there is insufficient storage capacity for
trivalent metals or an abnormality in the metal storage system that leads to metal
release.

Iron overload conditions or diseases can be characterized by global iron
overload or focal iron overload. Global iron overload conditions generally involve
an excess of iron in multiple tissues or excess iron located throughout an organism.
Global iron overload conditions can result from excess uptake of iron by a subject,
excess storage and/or retention of iron, from, for example, dietary iron or blood
transfusions. One global iron overload condition is primary hemochromatosis,
which is typically a genetic disorder. A second global iron overload condition 1s
secondary hemochromatosis, which is typically the result of receiving multiple
(chronic) blood transfusions. Blood transfusions are often required for subjects

suffering from thalassemia or sickle cell anemia. A type of dietary iron overload 1s
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referred to as Bantu siderosis, which is associated with the ingestion of home-
brewed beer with high 1ron content.

In focal iron overload conditions, the excess iron is limited to one or a few
cell types or tissues or a particular organ. Alternatively, symptoms associated with
the excess iron are limited to a discrete organ, such as the heart, lungs, liver,
pancreas, kidneys or brain. It is believed that focal 1ron overload can lead to
neurological or neurodegenerative disorders such as Parkinson’s disease,
Alzheimer’s disease, Huntington’s disease, neuroferritinopathy, amyotrophic lateral
sclerosis and multiple sclerosis.

Pathological conditions that benefit from metal chelation or sequestration are
often associated with deposition of the metal in the tissues of a subject. Deposition
can occur globally or focally, as described above.

A subject in need of oxidative stress reduction can have one or more of the
following conditions: decreased levels of reducing agents, increased levels of reactive
oxygen species, mutations in or decreased levels of antioxidant enzymes (e.g., Cu/Zn
superoxide dismutase, Mn superoxide dismutase, glutathione reductase, glutathione
peroxidase, thioredoxin, thioredoxin peroxidase, DT-diaphorase), mutations in or
decreased levels of metal-binding proteins (e.g., transferrin, ferritin, ceruloplasmin,
albumin, metallothionein), mutated or overactive enzymes capable of producing
superoxide (e.g., nitric oxide synthase, NADPH oxidases, xanthine oxidase, NADH
oxidase, aldehyde oxidase, dihydroorotate dehydrogenase, cytochrome c oxidase), and
radiation injury. Increased or decreased levels of reducing agents, reactive oxygen
species, and proteins are determined relative to the amount of such substances
typically found in healthy persons.

A subject in need of oxidation stress reduction can be suffering from an
ischemic episode. Ischemic episodes can occur when there is mechanical obstruction
of the blood supply, such as from arterial narrowing or disruption. Myocardial
ischemia, which can give rise to angina pectoris and myocardial infarctions, results
from inadequate circulation of blood to the myocardium, usually due to coronary
artery disease. Ischemic episodes in the brain that resolve within 24 hours are
referred to as transient ischemic attacks. A longer-lasting ischemic episode, a stroke,

involves irreversible brain damage, where the type and severity of symptoms depend
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on the location and extent of brain tissue whose access 10 blood circulation has been
compromised. A subject at risk of suffering from an ischemic episode typically
suffers from atherosclerosis, other disorders of the blood vessels, increased tendency
of blood to clot, or heart disease. The compounds of this invention can be used to
treat these disorders.

A subiject 1n need of oxidation stress reduction can be suffering from
inflammation. Inflammation is a fundamental pathologic process consisting of a
complex of cytologic and chemical reactions that occur 1n blood vessels and
adjacent tissues 1 response to an injury or abnormal stimulation caused by a
physical, chemical, or biologic agent. Inflammatory disorders are characterized
inflammation that lasts for an extended period (i.e., chronic inflammation) or that
damages tissue. Such inﬂa.mmatory'disorders can affect a wide variety of tissues,
such as respiratory tract, joints, bowels, and soft tissue. The compounds of this
invention can be used to treat these disorders.

Although not bound by theory, it is believed that the compounds of the

invention derive their ability to reduce oxidative stress through various mechanisms.
In one mechanism, the compound binds to a metal, particularly a redox-active metal
(e.g., iron), and fills all of the coordination sites of the metal, When all of the metal
coordination sites are filled, it is believed that oxidation and/or reducing agents have
a diminished ability to interact with the metal and cause redox cycling. In another
mechanism, the compound stabilizes the metal in a particular oxidation state, such
that it 1s less likely to undergo redox cycling. In yet another mechanism, the
compound itself has antioxidant activity (e.g., free radical scavenging, scavenging of
reactive oxygen or nitrogen species). Desferrithiocin and its derivatives and
analogues are known to have intrinsic antioxidant activity, as described in U.S.
Application Publication No. 2004/0044220, published March 4, 2004, and U.S.
Application Publication No. 2004/0132789, published July 8, 2004 and PCT
Application No. WO2004/017959, published March 4, 2004, US Appiication
Publication No. 2003/0236417, published December 25, 2003, and US Patent Nos:
6,083,966, 6,559,315, 6,525,080, 6,521,652.
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Imaging or examining one or more organs, tissues, tumors or a combination
thereof can be conducted after a metal salt of a compound of the invention 1s
administered to a subject. The methods of imaging and examining are intended to
encompass various instrumental techniques used for diagnosis, such as x-ray methods
(including CT scans and conventional x-ray images), magnetic imaging (magnetic
resonance imaging, electron paramagnetic resonance imaging) and radiochemical
methods. Typically, the metal salis used in imaging or examining serve as a contrast
agent. Therefore in one embodiment the metal complexes or metal salts of
compounds of the present invention can be used as contrast agents for example in
imaging or examining one or more organs, for example, the gastrointestinal tract.

Metals that can serve as contrast agents include gadolinium, iron,
manganese, chromium, dysprosium, technetium, scandium, barium, aluminum and
holmium, preferably as trications. Radioactive metal salts can be made from
isotopes including 21 Am, >'Cr, 0o, *"Co, *Co, **Cu, 153Gd, °'Ga, 98 Ay, 119
Hlt, 7Fe, Fe, l97Hg, 203 Hg, oo 29171 and 1°yb, again preferably when the
metal is present as a trication.

Neoplastic disease is characterized by an abnormal tissue that grows by
cellular proliferation more rapidly than normal tissue. The abnormal tissue continues
to grow after the stimuli that initiated the new growth cease. Neoplasms show a
partial or complete lack of structural organization and functional coordination with
the normal tissue, and usually form a distinct mass of tissue that may be either benign.
or malignant. Neoplasms can occur, for example, in a wide variety of tissues
including brain, skin, mouth, nose, esophagus, lungs, stomach, pancreas, liver,
bladder, ovary, uterus, testicles, colon, and bone, as well as the immune system
(lymph nodes) and endocrine system (thyroid gland, parathyroid glands, adrenal
oland, thymus, pituitary gland, pineal gland). The compounds of this invention can be
used to treat these disorders.

Examples of tumors or cancers that can be treated by the invention include,
but are not limited to, leukemia, Hodgkin’s disease, non-Hodgkin’s lymphomas,
multiple myeloma, macroglobulinemia, polycythemia vera, lung tumors, head and
neck tumors, brain tumors (neuroblastoma), endometrial tumors, ovartan tumors,

cervical tumors, breast tumors, choriocarcinoma, testical tumors, prostate tumor,
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Wilms’ tumor, thyroid tumors, adrenal tumors, stomach tumor, pancreal tumors,
colonic tumors, carcinoids, insulinoma, bone tumors (osteogenic sarcoma),
miscellaneous sarcomas and skin cancer (melanoma).

A preneoplastic condition precedes the formation of a benign or malignant
neoplasm. A precancerous lesion typically forms before a malignant neoplasm.
Preneoplasms include photodermatitis, x-ray dermatitis, tar dermatitis, arsenic
dermatitis, lupusodermatitis, senile keratosis, Paget disease, condylomata, burn scar,
syphilitic scar, fistula scar, ulcus cruris scar, chronic ulcer, varicose ulcer, bone
fistula, rectal fistula, Barrett esophagus, gastric ulcer, gastritis, cholelithiasis,
kraurosis vulvae, nevus pigmentosus, Bowen dermatosis, xeroderma pigmentosum,
erythroplasia, leukoplakia, Paget disease of bone, exostoses, ecchondroma, osteitis
fibrosa, leontiasis ossea, neurofibromatosis, polyposis, hydatidiform mole,
adenomatous hyperplasia, and struma nodosa. The compounds of this invention can
be used to treat these disorders.

A “‘subject” 1s typically a human, but can also be an animal in need of
treatment, €.g., companion animals (e.g., dogs, cats, and the like), farm animals (e.g.,
COWS, pigs, horses, sheep, goats and the like) and laboratory animals (e.g., rats, mice, |
guinea pigs, non-human primates and the like).

The compounds and pharmaceutical compositions of the present invention can
be administered by an appropriate route. Suitable routes of administration include,
but are not limited to, orally, intraperitoneally, subcutaneously, intramuscularly,
transdermally, rectally, sublingually, intravenously, buccally or via inhalation.
Preferably, compounds and pharmaceutical compositions of the invention are
administered orally.

The pharmaceutical compositions of the invention preterably contain a
pharmaceutically acceptable carrier or diluent suitable for rendering the compound or
mixture administrable orally, parenterally, intravenously, intradermally,
Intramuscularly or subcutaneously, rectally, via inhalation or via buccal
administration, or transdermally. The active ingredients may be admixed or
compounded with a conventional, pharmaceutically acceptable carrier or diluent. It
will be understood by those skilled in the art that a mode of administration, vehicle or

carrier conventionally employed and which is inert with respect to the active agent
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may be utilized for preparing and administering the pharmaceutical compositions of
the present invention. Ilustrative of such methods, vehicles and carriers are those
described, for example, in Remington's Pharmaceutical Sciences, 18th ed. (1990).
The formulations of the present invention for use in a subject comprise the
agent, together with one or more acceptable carriers or diluents therefor and
optionally other therapeutic ingredients. The carriers or diluents must be "acceptable"
in the sense of being compatible with the other ingredients of the formulation and not
deleterious to the recipient thereof. The formulations can conveniently be presented

in unit dosage Torm and can be prepared by any of the methods well known in the art

of pharmacy. All methods include the step of bringing into association the agent with
the carner or diluent which constitutes one or more accessory ingredients. In general,
the formulations are prepared by umiformly and intimately bringing into association
the agent with the carriers and then, 1f necessary, dividing the product into unit
dosages thereof.

Forms suitable for oral administration include tablets, troches, capsules,

elixirs, suspensions, syrups, wafers, chewing gum or the hke prepared by art

- recogmized procedures. The amount of active compound 1n such therapeutically ussfiuil

composiftions or preparations 1s such that a suitable dosage will be obtained.

A syrup formulation will generally consist of a suspension or solution of the
compound or saltin a liquid carrier, ior example, ethanol, glycerine or water, with &
flavoring or coloring agent. Where the composttion is in the form of a tablet, one or
more pharmaceutical carriers routinely used for preparing solid formulations can be

employed. Examples of such carriers include magnesium stearate, starch, lactose and

sucrose. Where the composition is in the form of 2 capsule, the use of routine
encapsulation is generally suitable, for example, using the aforementioned carriers in

a hard gelatin capsule shell. Where the compesition is in the form of a soft gelatin

shell capsule, pharmaceutical carriers routinely used for preparing dispersions or
suspensions can be considered, for example, agueous gums, celluloses, silicates or
oils, and are incorporated in a soft gelatin capsule shell.

Formulations suitable for parenteral administration conveniently inclnde

sterile aqueous preparations of the agents that are preferably isotonic with the blood
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of the recipient. Suitable carrier solutions include phosphate buffered saline, saline,
water, lactated ringers or dextrose (5% in water). Such formulations can be
conveniently prepared by admixing the agent with water to produce a solution or
suspension, which is filled into a sterile container and sealed against bacterial

> contamination. Preferably, sterile materials are used under aseptic manufacturing
conditions to avoid the need for terminal sterilization.

Such formulations can optionally contain one or more additional ingredients,
which can include preservatives such as methyl hydroxybenzoate, chlorocresol,
metacresol, phenol and benzalkonium chloride. Such materials are of special value

10 when the formulations are presented in multidose containers.

Butfers can also be included to provide a suitable pH value for the
formulation. Suitable buffer materials include sodium phosphate and acetate. Sodium
chloride or glycerin can be used to render a formulation isotonic with the blood.

It desired, a formulation can be filled into containers under an inert

I5  atmosphere such as nitrogen and can be conveniently presented in unit dose or multi-
dose form, for example, in a sealed ampoule.

Those skilled in the art will be aware that the amounts of the various
components ot the compositions of the invention to be administered in accordance
with the method of the invention to a subject will depend upon those factors noted

20  above.

A typical suppository formulation includes the compound or a
pharmaceutically acceptable salt thereof which is active when administered in this
way, with a binding and/or lubricating agent, for example, polymeric glycols, gelatins,
cocoa-butter or other low melting vegetable waxes or fats.

25 T'ypical transdermal formulations include a conventional aqueous or non-
aqueous vehicle, for example, a cream, ointment, lotion or paste or are in the form of
a medicated plastic, patch or membrane.

Typical compositions for inhalation are in the form of a solution, suspension

or emulsion that can be administered in the form of an aerosol using a conventional
30 propellant such as dichlorodifluoromethane or trichlorofluoromethane.
The therapeutically effective amount of a compound or pharmaceutical

composition of the invention depends, in each case, upon several factors, e.g., the
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health, age, gender, size and condition of the subject to be treated, the intended mode
of administration, and the capacity of the subject to incorporate the intended dosage
form, among others. A therapeutically effective amount of an active agent 1s an
amount sutficient to have the desired effect for the condition being treated. For
example, in a method of treating of a neoplastic or a preneoplastic condition, the
desired effect is partial or total inhibition, delay or prevention of the progression of
cancer or the tumor including cancer metastasis; inhibition, delay or prevention of the
recurrence of cancer or the tumor including cancer metastasis; or the prevention of the
onset or development of cancer or a tumor (chemoprevention) in a mammal, for
example a human. In a method of treating a subject with a condition treatable by
chelating or sequestering a metal ion, a therapeutically effective amount of an active
agent 1s, for example, an amount sufficient to reduce the burden of the metal in the
subject, reduce the symptoms associated with the metal ion or prevent, inhibit or
delay the onset and/or severity of symptoms associated with the presence of the metal.
In a method of reducing oxidative stress in a subject in need of treatment thereof, a
therapeutically effective amount of an active agent is, for example, an amount
sufficient to reduce symptoms associated with oxidative stress or prevent, inhibit or

delay the onset and/or severity of symptoms associated with oxidative stress.

A typical total daily dose of a compound of the invention to be administered
to a subject (assuming an average 70 kg subject) is from approximately 5 mg to
approximately 10,000 mg, (for example 0.07 mg/kg to 143 mg/ke) and preferably
from approximately 50 mg to approximately 5,000 mg approximately 100 mg to
approximately 2,000 mg approximately 300 mg to approximately 1,000 mg. For
iron overload therapy, a daily dose of a compound of the invention should remove a
minimum of from approximately 0.25 to approximately 0.40 mg of iron per
kilogram of body mass per day. The dosage can be administered orally in several,
for example, one, two, three, four, six, eight, twelve, or more, individual doses.

The present invention will now be illustrated by the following Examples,

which are not intended to be limiting in any way.
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EXEMPLIFICATION

Scheme 1. (S)-4, 5-dihydro-2-[2-hydroxy-4-[2-[2-(2-
methoxyethoxy)ethoxy] ethoxy]phenyl]-4-methyl-4-thiazolecarboxylic acid (1) and
Ethyl Ester (2). Reagents: (a) 50% molar excess NaOEtH, EtOH, 33%,; (b) 50%

d NaOH, CH3OH, 91%.

A e N e
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10
Example 1
Synthesis of (S)-4,5-Dihydro-2-[2-hydroxy-4-[2-[ 2-(2-
methoxyethoxy)ethoxy] ethoxy] phenyl] -4-methyl-4-thiazolecarboxylic Acid (1) and
Ethyl Ester (2)
15
O OH
\0/\/ \/\O/\/O
N St
R
X CO,R
20 (1) R=H (2) R=Et

The ethyl ester of (S)-2-(2,4-dihydroxyphenyl)-4,5-dihydro-4-methyl-4-
25  thiazolecarboxylic acid ((:S)-4’-(HO)-DADFT) was treated with a 50% excess of



CA 02603385 2007-10-01

WO 2006/107626 PCT/US2006/0109435

10

- 23 -

NaOEt and heated with 3,6,9-trioxa-1-iododecane (1.3 equiv) in EtOH which
effected regiospecific alkylation at the 4’hydroxyl, resulting in adduct (2) (Scheme
1). Saponification of ester (2) with NaOH in aqueous methanol at room temperature
gave (S)-DADFT analogue (1) (referred to herein as (S)-4’-(OH)-DADFT-PE). 'H
NMR: (D20) 6 1.76 (s, 3 H), 3.35 (s, 3 H), 3.54-3.61 (m, 3H), 3.64-3.72 (m, 4 H),
3.74-3.78 (m, 2 H), 3.90-3.94 (m, 2 H), 3.96 (d, 1 H, J=12.0), 4.25-4.29 (m, 2 H),
6.53 (d, 1 HJ=24), 6.4 (dd, 1 H, J=9.0,2.2), 7.61 (d, 1 H, J=9.2).

Example 2
Iron Clearing Efficiency of Iron Chelators in a Non-Iron Overloaded, Bile Duct
Cannulated Rat Model

Studies were performed in the non-iron overloaded, bile duct cannulated

rodent model with the compounds shown below.
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\0 /\/o\/\o /\/O OH‘

(S)-4'-(HO)-DADFT-PE EE

\O /\/O\/\O /\/O OH

CO,IP

(8)-4'-(HO)-DADFT-PE iPtE

Briefly, male Sprague-Dawley rats averaging 450 g were housed in Nalgene plastic
metabolic cages during the experimental period and given free access to water. The
animals were anesthetized using sodium pentobarbital (55 mg/kg) administered
intraperitoneally. The bile duct was cannulated using 22-gauge polyethylene tubing.
The cannula was inserted into the duct about 1 cm from the duodenum and tied
snugly in place. After threading through the shoulder, the cannula was passed from
the rat to the swivel inside a metal torque-transmitting tether, which was attached to
a rodent jacket around the animal’s chest. The cannula was directed from the rat to a
Gilson microfraction collector (Middleton, WI) by a fluid swivel mounted above the
metabolic cage. Three hour bile samples were continuously collected for a
minimum of 24 hours up to 48 hours. However, the efficiency calculations are
based on the 24 hour iron excretion. The efficiency of each chelator was calculated

on the basis of a 2:1 ligand-iron complex. The efficiencies in the rodent model were
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calculated by subtracting the iron excretion of conftrol animals from the iron

excretion of treated animals. This number was then divided by the theoretical

output; the result is expressed as a percentage (Bergeron, R.J.,<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>