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RELATED APPLICATION
This application claims the benefit of U.S. Provisional Application No.
60/668,045, filed on April 4, 2005. The entire teachings of the above application are

5  incorporated herein by reference.

GOVERNMENT SUPPORT

The invention was supported, in whole or in part, by grant No. R01-
DK49108 from the National Diabetes and Digestive and Kidney Diseases Advisory
Council (NIDDK) of the National Institute of Health (NIH). The Government has

10 certain rights in the invention.

BACKGROUND OF THE INVENTION

Iron metabolism in primates is characterized by a highly efficient recycling
process. Consequently, there is no specific mechanism for eliminating this transition
metal. Because of the lack of an iron clearance mechanism, the introduction of

15  "excess iron" 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 situations, a subject
can typically be treated by phlebotomy to reduce iron levels. However, for iron-

20  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 is chelation therapy.

25 Although considerable effort has been invested in the development of new

therapeutics for managing iron overload resulting from thalassemia, particularly
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in recent (PIH), hydroxypyridones and N, N’-bis-(2-hydroxybenzylethylenediamine)-N, N'-

10 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 thodotorulic acid have also been
studied. However, both enterobactin and rhodotorulic acid have exhibited
unacceptable toxicity and neither demonstrated measurable oral activity. In general,

15  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

20 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

25  selected from Structural Formulas (I), (II), and (III):
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each n is independently an integer from1l to 8 x is an integer from1l to
8, yis aninteger fromO to 8 ZiS-C(OR 14, oror a salt, solvate or
hydrate tweremfirétee invention includes pharmaceutical eCYUS6siI000335
conprising a conpound of the invention4n conjunction with a carrier or

di l uent. The pharmaceutical conpositions can be for use in therapy. In
anot her enbodi nent, the present invention is a nethod of treating a

pat hol ogi cal condition responsive to chelation or sequestration of a
trivalent netal in a subject, conprising adm nistering to the subject a

t herapeutically or prophylacti cgJ,Cb ect i anount of a conpound
represented by a structural fd&nmula fed friom Structural Formulas (1),
(r1), and (111) or a pharmaceutical |gonposition including one of these
conpounds. The conpounds of the i oA van abso Be used in a nethod of

reduci ng oxi dative stress in a sﬁbj ect {in ne&d ofytreatnment therefor and a
nmet hod of treating a /

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

5  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

10  selected from Structural Formulas (I), (IT), 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

15  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 in
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

20  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

25  volume of distribution from present known chelators, resulting in a different

distribution among organs. This different distribution can permit penetration into



subj ect who is suffering fromneoplastic disease or a preneoplastic
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conpoundswonog@naréraceut i cal conpositions of the inventi eoTits2@8mimisst er ed
to the subject. The invention also relgtes to the use of conmpounds

di scl osed herein in nmedical therapy. The invention further relates to the
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a different _ ution-anong organs. This different distribution can
permt penetration intoorgans such as the heart, brain and pancreas, as
wel | as 5r esBRIER DESERIFR]QN (QR/TBE RRAWINESe of the chelators in the liver,

compounds. of t hel T PRI U P S KahRet il 0 ARAKT or BRYRDARE0 DY
fol I owi ng agm wu §fpaddnt &Bm 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
10  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
15 ofrodents over time following subcutaneous administration.
FIG. 3 shows the distribution of compounds of the invention in the liver of
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.
20 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 (8)-4’-(CH;0)-
25 DADFT in the heart of rodents over time following subcutaneous administration.
FIG. 8 shows the distribution of (S)-4’-(HO)-DADFT and (S)-4’-(CH;0)-
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.

30
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where the variables are as defined above.

In one embodiment, Ry in Structural Formulas (I)-(II) is ~OR 2.

When Ry is —OR 2, compounds of the invention can have one or more of the
following features: (1) Rg is —H or —CHj; (2) Re and Ry are each —H or —CHs,
preferably -H; (3) Rs, R4 and Rs are each —H; (4) Ry is -[(CH)n-OL-R’; n is
independently 1 to 4; and x is 1 to 4; (§) R; is —H; and (6) R’ is —CHs. Preferred

compounds of the invention have feature (1), more preferably features (1) and 2),

10

and even more preferably features (1), (2) and (3). Particularly preferred
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.

15

Specific examples of compounds of the invention are represented by

Structural Formulas (IV)-(IX):
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Wien RO is - OR 2, conpounds of the invention can have one or nore of the
followng features: (1) RBis - Hor -CH 3; (2) R6 and R7 are each -
-CH 3, prwbenabioys26H, (3) R3, R4 and R5 are each -H, (4pCRAISR®6/010945
-[(CH2)Nn-O x-R; nis independently 1 tg 4; and x is 1to 4; (5 RLis -H,
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(IX).

The invention also includes enantiomers and mixtures of enantiomers (e.g.,
racemic mixtures) of the compounds represented by Structural Formulas (I)-(IX),
along with their salts (e.g., pharmaceutically acceptable salts), solvates and hydrates.

In addition to compounds represented by Structural Formulas (I)-(IX),
cbmpounds 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 | 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.

orrpou ds of the invention are
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carbon, and hence both enantiomers and mlxtures thereof are embraced within the
formula. As is used in the art, when it is desired to specify the absolute

10 configuration 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

15 (S) configuration.

When compounds of the present invention contain one chiral center,
compounds not prepared by an asymmetric synthesis exist in two enantiomeric
forms 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.

20 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

25  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

30  is 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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For 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
10 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
15 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
20 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
25 and 2 pairs of enantiomers ((S,S)/(R,R) and (R,S)/(S,R)). The pairs of enantiomers
(e.g., (S,S)/(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
30  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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Al ternatively, specific enantioners may be synthesiz y asymetric
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(ee) or, inPEHDY ﬂ-%yldge,c-l?tgyl and fert-butyl. When cyclic, an alkyl group typically
contains from about 3 to about 10 carbons, for example, from about 3 to about 8

10 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

15 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(II).

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

20  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

25 heteroaromatic groups such as N-imidazolyl, 2-imidazolyl, 2-thienyl, 3-thienyl, 2-
furanyl, 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 5-oxazolyl.

Aryl groups also include fused polycyclic aromatic ring systems in which a

30 carbocyelic, 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-



substantially free fromthe other enantioner. For exanple, the "R' fornms of
t he conpounds are substantially free fromthe "S" forns of the conpounds
and are, wbusoe/ioms2énanti omeri c excess of the "S" forns. pCosesBOloes " S"
forms of the conpounds are substantially_ free of "R' fornms of the conpounds
and are, thus, in enantioneric excess of the "R' forns. Enantioneric
excess, as used herein, is the presence of a particular enantioner at
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99% enant i ORRA bEsaREGRAT, toMBeR saltsconpound of the present invention has two
or nore chiral carbons (e.g.,
Acidic groups can form salts with one or more of the metals listed above,
along with alkali and alkaline earth metals (e.g, sodium, potassivm, magnesium,
10  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(III)) 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
15 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
20  ora 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
25  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 the like, and organic acids such
as p-toluenesulfonic acid, methanesulfonic acid, oxalié acid, p-bromophenyl-sulfonic
30 acid, carbonic acid, succinic acid, citric acid, benzoic acid, acetic acid, and the like.
Examples of such salts include the hydroxide, sulfate, pyrosulfate, bisulfate, sulfite,
bisulfite, phosphate, monohydrogenphosphate, dihydrogenphosphate,
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Qrate, naphthalene-2-sulfonate, mandelate, and

The compounds disclosed herein can be prepared in the form of their hydrates,
such as hemihydrate, monohydrate, dihydrate, triliydrate, 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 iron
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 is
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 is



n-butyl, sec-butyl and tert-hvXg\ . Wen cyclic, an alkyl group typically
contains fromabout 3 to about 10 carbons, for exanple, fromabout 3 to
about 8 owohoss/@ve2es, e.9., a cyclopropyl group, a cycl ebwtuskoognosps a
cycl opentyl group, a cycl ohexyl group, 4 % cycl oheptyl group or a cycl ooctyl
group. Acyl groups are represented by the fornula -C(OR, where Ris an
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such as pheﬁ@ﬁh‘olo@fcﬁp&ﬂeuro%legeneratlve d1sorders such as Parkmson s disease,

Alzheimer’s disease, Huntington’s disease, neuroferritinopathy, amyotrophic lateral

sclerosis and multiple sclerosis.

10 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

15  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

20  superoxide (e.g., nitric oxide synthase, NADPH oxidases, xanthine oxidase, NADH
oxidase, aldehyde oxidase, dihydroorotate dehydrogenase, cytochrome ¢ 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.

25 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

30 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



napht hyl, 2-naphthyl, 1-anthracyl and 2-anthracyl. Aryl groups also include
het eroaronmatic groups such as 7V-imdazolyl, 2-imdazolyl, 2-thienyl,

3-t hi enylwo2eodmwra@eyl , 3-furanyl, 2-pyridyl, 3-pyridyl, pérmseedphooss
2-pyrimdyl, 4-pyrimdyl, 2- pyranyl, gzgyr anyl, 3-pyrazolyl, 4-pyrazolyl,
S-pyrazolyl, 2-pyrazinyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl,

2-oxazol yl, 4-oxazolyl and 5-oxazolyl. Aryl groups also include fused
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I ncluded in the present invention are salts and armaceutically acceptable
sal ts of ot héregighpwulispsdetescri bed herein. Conpounds di scl osed herein that
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adjacent tissues in response to an injury or abnormal stimulation caused by a
10 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 inflammatory 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.
15 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
20  adiminished 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 is 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
25 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. W02004/017959, published March 4, 2004, US Application
Publication No. 2003/0236417, published December 25, 2003, and US Patent Nos:
30 6,083,966, 6,559,315, 6,525,080, 6,521,652 the contents of each of which are

incorporated herein by reference.
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compounds of the present invention can be used as contrast agents for example in
10  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 241Am, 51Cr, 6(’Co, 57Co, 58Co, 64Cu, 153Gd, 6"C‘ra, 198Au, 113mIn,
15 I, *Fe, Fe, 197Hg, 203 Hg, 99mre 20171 and 169yb, 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
20  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
25  (lymph nodes) and endocrine system (thyroid gland, parathyroid glands, adrenal
gland, 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,
30  multiple myeloma, macroglobulinemia, polycythemia vera, lung tumors, head and
neck tumors, brain tumors (neuroblastoma), endometrial tumors, ovarian tumors,

cervical tumors, breast tumors, choriocarcinoma, testical tumors, prostate tumor,



effects Acids comonly enployed to formacid addition salts from conpounds
with basic groups are inorganic acids such as hydrochloric acid,

hydr obr onivo 28@d/7628ydr oi odi ¢ acid, sulfuric acid, phosplrerius2@siothe4sind t he
like, and organic acids such as p-toluepesul fonic acid, methanesulfonic
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the form of SYplitic Wﬂr@f‘)é% scar, ulcus cruris scar, chronic ulcer, varicose ulcer, bone

fistula, rectal fistula, Barrett esophagus, gastric ulcer, gastritis, cholelithiasis,

10 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.

15 A “subject” is 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

20  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.

25 The pharmaceutical compositions of the invention preferably 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

30 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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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

10 in unit dosage form 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 carrier or diluent which constitutes one or more accessory ingredients. In general,
the formulations are prepared by uniformly and intimately bringing into association
the agent with the carriers and then, if necessary, dividing the product into unit

15  dosages thereof.

Forms suitable for oral administration include tablets, troches, capsules,
elixirs, suspensions, syrups, wafers, chewing gum or the like prepared by art
recognized procedures. The amount of active compound in such therapeutically useful
compositions or preparations is such that a suitable dosage will be obtained.

20 A syrup formulation will generally consist of a suspension or solution of the
compound or salt in a liquid carrier, for example, ethanol, glycerine or water, with a
flavoring or coloring agent. Where the composition 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

25  sucrose. Where the composition is in the form of a capsule, the use of routine
encapsulation is generally suitable, for example, using the aforementioned carriers in
a hard gelatin capsule shell. Where the composition is in the form of a soft gelatin
shell capsule, pharmaceutical carriers routinely used for preparing dispersions or
suspensions can be considered, for example, aqueous gums, celluloses, silicates or

30 oils, and are incorporated in a soft gelatin capsule shell.

Formulations suitable for parenteral administration conveniently include

sterile aqueous preparations of the agents that are preferably isotonic with the blood



G obal iron overload conditions can result from excess uptake of iron by a
subj ect, excess storage and/or retention of iron, from for exanple, .
dietary iworno@riobd26od transfusions. One global iron overcvas@endiosson is
primary hemochronatosis, which is typicghly a genetic disorder. A second
gl obal iron overload condition is secondary henmochromatosis, which is
typically the result of receiving multiple (chronic) blood transfusions.
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t hal assem a or si c aneni a ( _
i sreferred mteat,slaaatwﬂmirgbﬂe}raﬂsmose\w%qh Waserﬁfssti&l:fahﬁ@lat&@ﬁsfbalhmédl ngezlt j[ IO(r)\ngf
hone brewed beer |ro content. In focal iron overload con

t he excess ?%Vr‘?qe\é\hy Pfﬁﬂag‘gl l{yoa jxingthe;ageatyvith waterjo pepdgee @ peduiiesonnr a

particul ar @lﬁ@@ﬁbwlﬁ'v&lﬁél{‘ﬁtﬂlléﬁllﬂto ass‘(émé 961§a1ﬁ§r%ﬁﬁ's@£l@&j F%\Aﬁﬁg b&%]:grla xcess iron

are limted to a discrete organ, such as t 'ver, pancreas,
ki dneys &r gprpmination.i Brefertblyy serile mesterfaboat usedlmdevesebﬂadlaﬁafacﬁuﬁﬁg to

neur ol ogi cak0 ltl&ﬁ%gﬁPﬁ%ﬁ%%@'ﬁ”gﬁteg@&g 11%E}ﬁuch as Parkinson's disease,

Al zhei ner' s "di Sease PMof erri ti nopat hy, anyotrophic
| ateral sclerosi Suenbrimulatiopt Eansspionas &ntd?ﬁbﬂ@b%b&adddﬁﬂ)‘ﬁgi fhbRARnhAL

benefit from ﬁtc%ll 11(1:cr1]1(13(|1ea;Erleé)erllva(?urveéS gu%lﬁig trr[e?ﬁ;l (ljl?ldr%xyefbenzoate chlorocresol,
metacresol, phenol and benzalkonium chloride. Such materials are of special value
10 when the formulations are presented in multidose containers.

Buffers 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.

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

15 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 of 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 Typical 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



often associated with deposition of the netal in the tissues of a subject.
Deposi tion can occur globally or focally, as described above. A subject in
need of owDdadd/Mes26t ress reducti on can have one or nor epofi/usb@sfooiohow ng
condi tions: decreased |evels of reducing agents, increased |evels of
reactive oxygen species, nmutations in or decreased |evels of antioxidant
enzynes (e.g., Cu/Zn superoxide disnutase, M superoxide dismnmutase,

| ut at hi one | & i - Ner 0% i xjp N, .t hi ar edpxi n
O oo gl AN QRO H e O A I SSR
met al - bi ndi egagmisistiatien, (aad ghe capacinsdfthe subjedt & inlcbnpﬂratﬁﬂfel-iht@ﬁ(ﬂ@ﬁdﬂs&%e

o)

| bum n, net.al | ot hi ongi n), tate eractive enzynes capabl e .
Sr oduci ng sop8r %88’ r%A[ch}".ﬁrmechag{%% C%‘gﬁﬁrﬂ%lg)ép?maﬁwe@gp@agé@, xant hi ne

oxi dase, NABIHo@x st&@ent 3 HARVEE dSsHcd a8Bet 3} MY AbRALSE ﬁ%iﬁg?x%g%g.r pgenase,

cytochrope c oxidase), and radiation injury. Increased 'preased | evel s
of reduc? ngexgeMe.dn ameetbed oftrenting ofi a apenlastic or apdeneppliasti neondit@nghcer m ned

T T MRS RN N
from an i schamecorahe amie. indlading Ehicee RieHRMASS; BRIbIIRAS UElaMIE Prd/BRId dfShe
mechani cal (r)e%a}rgrlljc%tc;f %aner or the tumor including cancer metastasis; or the prevention of the
onset or development of cancer or a tumor (chemoprevention) in a mammal, for
10 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 is, 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.
15 In amethod 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
20  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/kg) 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
25  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.

30



of the blood supply, such as fromarterial narrow ng or disruption.
Myocardi al ischema, which can give rise to angi na pectoris and nyocardi al
i nfarcti one,206®m26s from i nadequate circul ati on of bl oedTius2608810945
myocardi um usually due to coronary artery disease. |schen c episodes in
the brain that resolve within 24 hours™are referred to as transient
ischem c attacks. A longer-lasting ischem c episode, a stroke, involves

irreversi bg@(%% where the type and severity of synptons dependon
the | ocati extent Oof brain tissue whose access to blood circulation

has been caqupronsed. jest-at ;risk of suffering froman ischemc

epi sode tyﬁgg‘gﬁnw‘gsgﬁéfhz&?’lroo‘?#%?%%rr%g?l[(e‘%r[()zsés, ot her disorders of the
Compounds. of Lo et Lon Can o Usot To 1 Lot hese d ool & A subj ect
i nnﬁeed of hyidesteard)- Reagerisy Zadégf/? @ﬁlaéEﬁc%%Négh%r}ﬁﬁ%’g?%‘th%nﬁ%érrmati ojn.

I nfl ammgt i qg,dg§ @H‘;(‘jﬁdgf%nt al pathol ogic process consisting of a conpl ex of
cytol ogic and chenical "reactions that occur in blood vessels and adjacent
tissues in response to an injury or abnormal stinulation caused by a

physi cal, chem cal, or biologic agent. Inflammtory disorders are
char act eri zeg-1 W’i\gp/t\ha,t/'l asts for an extended period (i.e., chronic

i nfl anmati on) or that
ab \0/\/0\/\0/\/0\@(:
&b
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N
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10
Example 1
Synthesis of (5)-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
N 0 N G
N SCHs
oK
\ CO,R
20 (M 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



damages tissue. Such inflammatory disorders can affect a w de variety of

ti ssues, such as respiratory tract, joints, bowels, and soft tissue. The
conpoundswofodénioss26nvent i on can be used to treat these ecTwsdes®1094% t hough
not bound by theory, it is believed th t he conpounds of the invention
derive their ability to reduce oxidative stress through various nechani sns.
I n one nmechani sm the conpound binds to a netal, particularly a

o mct! VR bty SO0 00 LB 0 Sl DB B 07 5Lt

bel i eved t haffegrd c@uospaclﬁmd]/kgratwledwhe nguy@g@m Sedtdti: iR adiideR)s (@dll,eﬁp,l lity to
i nteract mnig $ taI ?ﬁﬁe redox cycling. In another 'nechanism the
conmpound st qug ‘?Séqr With NaPH i aqeousynethanch at woe tempsiaghet hat i t

is less lik 5ge [»Q@FTQQMB%gﬂ?)Ggﬁkk&g)h%gumgksfgogﬁgggggg?ﬁ Zvé%the

conpound |tself as_ anti oxi activit gi ng,
scavengihg WRe@b@D 0d.76x(5,gek), 8r35nst  ByenS4-peédi(as BH),Desd-8rpidinhidan n and its

d t t dant_ activity,
s descr bed i O &R A AR Eh  IE 18 o/ 300t B0t b s shed
March 4, 20643 (éﬁidHlJ—S 4)Pppldd;ati,oroRubb) casi @) 1¥9.=8094/ 0132789, publ i shed
July 8, 2004 and PCT

Example 2

10 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.



Application No. W02004/017959, published March 4, 2004, US Application
Publ i cati on No. 2003/0236417, published Decenber 25, 2003, and US Pat ent
Nos: 6, 08809266/10662659, 315, 6,525,080, 6,521, 652 t he conremtus@boe@ah of

whi ch are incorporated herein by refergg&g.lnaging or exam ni ng one or nore
organs, tissues, tunors or a conbination thereof can be conducted after a
nmetal salt of a conpound of the invention is adm nistered to a subject. The
met hods of inmagbng and _exan g ng are intended to enconpass various

i nstrunmental technieglesysed for diagnosis, such as x-ray nethods

(i ncluding CT scang| and clonventional x-ray inages), nagnetic inmaging
(magnetic resonance i magilng, el ectrogeHparamagnetic resonance inegi ng) and
radi ochem cal et hod ryphcakFytfe netal salts used in imging or
exam ni ng serve as a contrast age Therefore in one enbodi ment the net al
conpl exes or netal salts of ndXxogf the present invention can be used
as contrast ag uﬁgégr géanple in imging or exam ning one or nore organs,
for exanple, tHe 'gastr stinal tract. Metals that can serve as contrast
agents include gadolinium iron, manganese, chrom um dysprosium
technetium scandium barium alum numand hol mum preferably as
trications. Radioactive netal salts can be nmade from

HyCO OH

N \\\CHS

= >
(S)-4-(CH;0)-DADFT SJ\COZH

N P W N OH

N \\CH3
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CO.
S 2H

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

HO OH

/ N \\\\\\CI-13
N o

(S)-4'-(HO)-DADFT-iPrE



i sotopes including 241Am 51Cr, 60Co, 57Co, 58Co, 64Cu, 153Cd, 67Ga, 198Au,
113mhi, 1111 n, 59Fe, 55Fe, 197Hg, 203Hg, 99nifc, 201TlI and 169Yb, again

pr ef er ablwowbemotdze netal is present as a trication. Neeplrastésodivsease is
characterized by an abnormal tissue th grows by cellular proliferation
nmore rapidly than normal tissue. The abhormal tissue continues to grow
after the stimuli that initiated the new growh cease. Neopl asns show a
partial or conplete |ack of structural orgapization and functional
coordinatidh\mhkﬁﬂrhg/ﬂbﬁﬁaL/f?§sg 7 and_dsual y d?stinct mass of

ti ssue that né? be either benign or malignant. ms can occur, for
exanple, in a wide variety of tissues including skin. noutbks nose,

esophagus, |ungs, stonmach, pancreas, liver, /N erus,
testicles, colon, and bone, as well as the imune system\(| ynppN\godes) and
endocrine system (thyroid gland, parathyroid glands, adrehal ¢l arfdo.et hymnus,

pituitary gland, pineal gland). The conpounds of this invention can be used
to treat these disorders. Exanples of tunors or cancers that can be treated

by the invention inhgl !ﬂfr not limted to, |eukem a, Hodgkin's
di sease, non- Hod %%@8}%{?@ o'rr@m@rsld,‘eE

\ /\/ O\/\ /\/O OH
0) (&)
N @O
/‘ﬁ
CO.IP
5 2

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

Briefly, male Sprague-Dawley rats averaging 450 g were housed in Nalgene plastic
5  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

10 therat 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

15  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



mul ti pl e nyel oma, macrogl obulinem a, polycythem a vera,
and neck tunors, brain tunors (neuroblastoma), endonetrial tunors, ovarian
tunors, owovo@alo7d2¢nors, breast tunors, choriocarci nonmapcrastiosalossinors,
prostate tunmor, WIns' tunor, thyroid tggnrs adrenal tunors, stomach tunor
pancreal tunors, colonic tunDrs carci fioi ds, insulinoma, bone tunors

(ost eogeni ¢ sarcomm), nlscellaneous sarcomas and skin cancer (nelanoma). A
br eneon: astLfafo0rl LB RE0RNGS, LOGGE TFLLAR AlinAIiAgh o Bln 81 1 onant
neopl asm CENOeTOuS yplca orms ore a m |gnant

neopl asm Rﬁ@ﬂﬁ@ﬁbﬁ&&ﬁaimﬁhmﬁﬁTDh@ﬁmﬂBﬂﬁaﬁnhmﬁvabdhyﬂﬁﬂhmmbuuﬂs tar

dermatitis, arsenic dermatitis, |lupus dernmatitis, niI ?‘é%é&% Paget
di sease, coRMtoWREFEsUItAYFPresed as aDerAiags (Bergerqn, Ry “-cus

cruris scary zh§§1 1§ (1908 B8 %mﬁé%h&ﬁ&%fw}ﬁa{ are M?erét%& u&@m Befelb@bnded. st ul a,
Barrett esophagus, gastric ulcer, gastritis, cholelithiasis, kraurosis
vul vae, Sneviis ywingrsempleswas, talBowe r24d7@urmdéllasdled( es p@exomlypiem@d osum

L N

%entlrg Icont88| S

hydatldIfOF@hﬁBhﬁﬂn&ﬁﬁ&gﬁQQQﬂﬁnB%@@%ﬁhaﬁia, and struma nodosa The
conpounds of this invention can be used to treat these disorders.
The results of the evaluations are presented in Table 1 and FIG. 1.

| ung tunors, head

10  Table 1. Iron Clearing Efficiencies of Compounds Tested in the Bile Duct

Cannulated Rat
Compound Dose Route Vehicle N Efficiency
(mg/kg) (umolkg) (%)
(S)-4’-(HO)-DADFT 76 300 p.o.” dH,0* 3 1.0£04
(S)-4’-(HO)-DADFT 76 300 sc” dH,O* 4 1.120.6
($)-4’-(HO)-DADFT-PE 120 300 p.o. dH,0 5 6.6+1.9
(S)-4’-(HO)-DADFT-PE 120 300 se. dH,0 4 8.7+2.8
(8)-4’-(HO)-DADFT-PE EE 128 300 s.c. 50%EtOH 11.4+0.8
(S)-4’-(HO)-DADFT-PE iP1E 133 300 s 50%EtOH 25.9+9.2
(5)-4’-(HO)-DADFT-PE iPrE 133 300 p.o. 40%cremophor 9.24+4.4
()-4’-(HO)-DADFT-iPtE 88 300 s.c. 50%EtOH/ 1.98+0.91
dH,0
(S)-4’-(CH;0)-DADFT 80 300 po. 40% 6.6+2.8
Cremophor

" p.o. is by mouth, s.c is subcutaneously

*brought to neutral pH with NaOH solution

A comparison of the iron clearing efficiency of the polyethers(S)-4-(OH)-
15 DADFT-PE, (S)-4-(HO)-DADFT-PE EE and (S)-4-(HO)-DADFT-PE iPrE, with
that of the parent drug (S)-4-(HO)-DADEFT clearly shows the polyethers and their

corresponding esters to work better than the parent drug. The most notable feature

regarding the esters is the performance of the isopropylester iPrE vs the ethyl ester

EE when both are administered subcutaneously. The iPrE is significantly more



A "subject"” is typically a human, but can also be an aninmal in need of
treatnent, e.g., conpanion animals (e.g., dogs, cats, and the like), farm
ani mal s (woQoo6/0m¥%, pigs, horses, sheep, goats and theptirhsroodndss

| aboratory animals (e.g., rats, mce, _ghinea pigs, non-hunan prinmates and
the like). The conpounds and pharmaceuti cal conpositions of the present

i nvention can be adm nistered by an appropriate route. Suitable routes of

adm ni stratjon _i.ngJ. [Plag] . thd peritoneally,
subcut aneod%’ﬁ “,mti E{lgglﬁa%c%ltt gﬁ?rﬁoﬁe B{yrt gllrllgglé%%rrgﬁ %&51?111{%{6%‘%&61 Iﬂﬁ %%I ingualis

i nt r avenoushi¢ronisle pal kilogerm dése. i nhal ati on. Preferably, conpounds and

phar maceuti cal conpositions of the invention are adm nistered orally. The

pharmaceutical conpositions of the invention preferably contain a

phar maceut iES?aH)FYe acceptable carrier or diluent suitable for rendering the

compound or m Xture adm nistrable orally, parenterally, intravenously,

i nt r adefmallton Chelstomninsdidbar ipellorMeuksyYladdousl y, rectal ly, via inhalation

iab | i ni i . d |1y, Th i i di
be adni xed or conpumER Rpme ke BRE R e R LB S eCCoapt abl o
carrier or hlpéands shbivn below:

CH,
H;CO OH
HO. OH
N S
N / B
/J——COZH X CO.H

S
(S)-4'-(CH;0)-DADFT
(S)-3'-(CH,)-4'-(HO)-DADMDFT

DN P U e NN oH
\ SOFs

/‘_7§
COH
5 2

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

R e N N oH

N \\\CH3

= &
SJ\CO:zEt

10 (5)-4'-(HO)-DADFT-PE -EE

The protocol used can be found in Bergeron, R.J. ef al., "Methoxylation of
Desazadesferrithiocin Analogues: Enhanced Iron Clearing Efficiency," J. Med.
Chem. 46:1470-1477 (2003), the contents of which are incorporated herein by

15  reference. Briefly, the monkeys were iron overloaded with iron dextran

administered intravenously to result in an iron loading of about 500 mg per kg of



wi |l be understood by those skilled in the art that a node of

adm ni stration, vehicle or carrier conventionally enployed and which is

i nert w tWonesp®ed26t 0 t he active agentnmay be utilized fecTtpse@anings and
adm ni stering the pharmaceutical conposjdions of the present invention.
II'lustrative of such nethods, vehicles ‘and carriers are those descri bed,
for exanple, in Rem ngton's Pharnaceutical Sciences, 18th ed. (1990), the
di scl osure ' i 8+1 ' ce.. The formu] ations
of the pr esgzr)lctiwlrel e%t?%fr?%gp @lgfsfgﬁfl(égi @%ﬁ%ﬁé@%e@@%{eﬁggwl% 2G8HtY Y oget her
with one or imesperimeospvabhingizern itelaorer THe irsarhslatohewefeanspndedpt i onal |y
ot her theraeeluti c _ingredi en%s, The carriers or diluents nust be

"accept abl e"HiHecnd adufugersd effharpd- O ifa3S iBflisaigd im Tete 2oF e andgHeli ent s of
the formul asimpleaneredlled SL2T K tbiQals 'Eggiﬁlﬁﬁf&ﬁél 8% ghk}ﬁ{oetpé- The

formul ati ons can conveniently be presented in sage formand can be

pr epar ed® by adipipisationh ef arirpw declatet andaovotinuddnfor helaps aftethepthatamoyas Al |
met hods i nc . S of bringing .nto.association the nt with the
carrier or %#ﬁﬁlésﬁl%}g%lhgﬁ C%%cﬁg{r?tfog’f é‘gs% eangru%r%erﬁé@%@&@%?ﬁ@‘inédi ents. In
general , thetohti¢ sbodstiodnpearRch@BAriesh Eheldith rERhYy RRfcAINiBRbE! Y bringing
into associatign the agent with the carriers and then, if necessary,
di vi di ng t héiVishagthemet Rep clgarapcedirtaljean exeegtions(stool plus urine) minus

background] by the theoretical iron clearance and multiplying by 100. The

10  theoretical clearance of the iron chelator was generated on the basis of a 2:1
ligand/iron complex.

The results of the evaluations are presented in Table 2.

Table 2. Iron Clearing Efficiencies of Compounds Tested in Cebus apella primates

15

Dose Efficiency
Compound (mg/kg) Route Vehicle N (%)
(8)-3’-(HO)-DADMDFT 39.1 p.o. buffer 1 0.8
(8)-5’-(HO,C)-DADMDFT  40.1 p.o. buffer 1 0.7
(8)-3’-(CH3)-4’-(HO)- 38.0 p.o. buffer 1 4.0
DADMDFT
(S)-4’-(HO)-DADFT 38 p.o. buffer 4 14+ 3.3
(8)-4’-(HO)-DADFT 38 s.c. water 4 16.6+ 2.7
(S)-4’-(CH;0)-DADFT 40.1 s.C. buffer 4 33,7+ 12.1
(S)-4’-(HO)-DADFT-PE 59.9 p-o. dH,O 4 25.4+7.4
(8)-4’-(HO)-DADFT-PE 59.9 s.C. dH,O 4 30.4+7.2
(S)-4’-(HO)-DADFT-PE-EE 64.1 " s.C. 50%EtOH/ 2 17.94+1.0

dH,O

The data shows that the (S)-4’-(HO)-DADFT-PE given either p.o. or s.c. is at
least as efficient as (S)-4’-(HO)-DADFT at clearing iron when given to primates.



Forms suitable for oral adm nistration include tablets, troches, capsules,
elixirs, suspensions, syrups, wafers, chewing gumor the |ike prepared by
art recogmozee/preeedures. The anpunt of active conpoun@ciTusseansiniooss

t herapeutical ly useful conpositions or géepar ations is such that a suitable
dosage will be obtained. A syrup fornulation will generally consist of a
suspensi on or solution of the conpound or salt in aliquid carrier, for
exanpl e, et hanol | ycerine or water, with a flavoring or coloring agent.
V\herethec h‘?onisintheformof a tablet, one or nore

phar maceut i ggls,€ E‘isrthﬁitﬁ)nrcﬁ‘étl‘d?ﬁétﬂer%gtlﬁl% (8. BBy 3R M elferMhbaki ons can
be enpl oyed. Exanples of such tarriers include magneSium stearate, starch,

| act ose and Zsnatogos &(S)-Wh€HE){eDE S sipph Snbéwanieaus Admiimgstration t@R(a’@psuI e, the
use of routine encapsulation is generally suitable, for exanple, using the
af orenentioned carriers in a hard gelatin capsule shell. Were the
conposition is in the formof a soft gelatin shell capsule, pharnaceutical

carriers rou{\I\ne)/y\Qf/ch arW@w\ onSQr psipensi ons can be
consi dered, foP° exanpl e, aqueous Yuns, Cell ul .@ licates or oils, and

are incorporated in a soft gelatin capsule shg dr mul at,j ons g4 table for

parenteral adm nistration conveniently include = S
\ CO.H

A measurement was made assessing (S)-4’-(HO)-DADFT-PE and (5)-4’-

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

(HO)-DADFT tissue and plasma concentrations upon subcutaneous administration
at times from 2-8 h post dosing. The rats were given this compound subcutaneously

10 at 300 pmol/kg. The tissue and plasma level were obtained as described in Bergeron
et al. J. Med Chem. 48:821-831 (2005), the entire contents of which are incorporated
herein by reference. The results are shown in Table 3 and FIG. 2- FIG. 8.



steril e aqueous preparations of the agents that are preferably isotonic
with the bl oodof the recipient. Suitable carrier solutions include

phosphat ewbubdemestssal i ne, saline, water, |actated ringecs/usroodexinose (5%
in water). Such formnul ations can be consveni ently prepared by adm xing the
agent with water to produce a sol ution 0r suspension, which is filled into
a sterile container and seal ed agai nst bacterial contam nation. Preferably,

sterile materi al r ed un aseptic nuf rJ Lt to avoid
the need for ter ﬁfﬂﬂss ;[fsé}l? P?CQE%FIBH%%_EEIW%EB‘?WEF?6&29@%%%1"?@?@ ly
contain oneyfdn m&nﬁl@lﬁﬂaﬁb@ﬂgICdﬂaeﬁt%dﬂoﬁ@bﬁ(,sRW’u(HtD)MDquipuﬂ@c preservatives
such as nethyl hydroxybenzoate, chlorocresol, netacresol, phenol and

benzal koni udetniratipa of 5)ch -GHOEPAREL are of special val ue when the

f or Myl GRS ar e T b(g)v;gaj(g@i)_]b ToFubgd stg_‘;(ﬁ@;g)id TTET 5(S)—B§f5ﬁﬁ)_wm be
included to provide a suitable pH valué for "the fornulation. Suitable
buf f &mPfat eri al s i ncl ude sodi um phospRAPET and| acet at e. Sodi um chl ori de or
gl ycerin canthe uspd-D)' ehdew -@d)or mE)at-(Ho)- | sptauHO)W { ) dh@mbpod. | f
desired, a f&érrul PADBNPEan| PADFT{PEed | DADBT conf BAREY s undeiDARATI ner t

at nosphere such aéuetebelitdgen and can lbe conveni @wtabapligf esented in unit dose

or mifiter dose2f or n-8¥0r exanpileét3ih a 4&Hi28d anpodte. 111.0+14.0
4 0.0%0.0 66.9+:12.4 25.0+£3.9 24.6x1.1 73.8+10.8
6 0.0x0.0 34.3%1.5 19.34£2.0 26.9x5.1 30.9x10.7
8 0.0£0.0 25.4+4.6 12.3+0.8 25.04£3.6 81.4+15.9
Kidney 2 0.020.0 41.1+3.0 97.1£.50 49.94+21.3 97.5+24.5
4 0.0£0.0 33.7+13.5 26.6x7.1 23.2%1.7 57.0+15.5
6 0.020.0 13.7+£2.1 13.0+8.0 21.7+6.2 67.249.9
8 0.020.0 7.4+2.1 8.8+£2.9 25.3%2.5 67.4+19.9
Heart 2 0.0+0.0 9.242.6 4.6+3 6.4+0.6 66.242.2
4 0.0+0.0 5.3x14 0+0 <4.8 32.6+3.6
6 0.0+£0.0 0.0+0.0 00 <4.8 28.2+0.7
8 0.0£0.0 2.0%1.7 0+0 <4.8 26.3+£9.7
Pancreas 2 0.0+0.0 290.64+24.8 5.8+1.3 1.3£2.2 37.1£3.8
4 0.0£0.0 12.6+5.2 00 0.0£0.0 19.4+1.4
6 0.0£0.0 4,6x1.6 0+0 0.04+:0.0 16.544.5
8 0.020.0 2.7x£2.6 00 0.0+0.0 9.7x0.7
Brain 2 0.0+0.0 0.5+0.9 0+0 <2.4 13.2+4.8
4 0.0+0.0 0.0+0.0 040 <24 7.4+0.7
6 0.0+0.0 0.0+0.0 00 <2.4 4.8+3.1
8 0.0+0.0 0.020.0 0+0 <2.4 <1.6x0.0
Plasma 2 2,7£0.3 16.2+4.2 13.1£2.7 8.4£1.8 478.8+36.8
4 2.2x0.6 5.3+2.6 2+0.4 42+1.0 236.3£42.0
6 2.3+0.3 1.0+1.0 0x0 1.8+0.6 142.5+29.5
3 1.2+0.1 0.0+0.0 00 0.020.0 79.6+13.3
Reported as nmol/g wet wt (tissue) or pM (plasma), mean = SD for 3 animals per time point.
5 Table 3 and FIG. 2- FIG. 8 show that there is very little metabolism of (S)-4-

(HO)-DADFT-PE back to (S)-4-(HO)DADFT (indicated as (metabolite in Table 3
and FIG. 2- FIG. 5) occurring in any tissue. Most of the PE is found in the liver,



Those skilled in the art will be aware that the anounts of the various
conponents of the conpositions of the invention to be admnistered in

accor danogowddnovéze net hod of the invention to a subjectcwmiuskood@dp®asl upon

t hose factors noted above. A typical g%ggository formul ati on includes the
conpound or a pharmaceutically acceptabl'e salt thereof which is active when
admnistered in this way, with a binding and/or |ubricating agent, for

exanpl e, poj.yneri I . i - 3 ting
Vegerabi ¢ veRED B IRAER 1 SRk e SSRABR UL 18 Shhe ERG TR
convent i onakidasdetiberis 60(3)AUHOLUBDADHT st sy ther pedxia@iGe2).a cream

ointnment, lotion or paste or are in the formof a nedicated plastic, patch
or nenbrane. Typical conpositions for inhalation are in the formof a

sol ution, SE§£&&§BOH or enul sion that can be adm nistered in the formof an
aerosol using a conventional propellant such as dichlorodifluoromethane or
tri chl or%f | Ucaniure ekersigon ifilvetsthlyercaypdbetataal | y ef fecti ve anount of a conpound

IR AT T S Tl
subj ect to pehtdtaesit@ s hb&kg) MiBhEkestedRiRperitoneally. The bile duct was
cannulated using 22-gauge polyethylene tubing. The rats were given uranyl acetate
subcutaneously at 5 mg/kg. Immediately thereafter, the rats were given the chelator
10  intraperitoneally at a dose of 300 umol/kg. 24-h urine and 24-h bile samples were
collected, acidified with 2% concentrated nitric acid and assessed by Inductively
Coupled Plasma Mass Spectrometry (ICP-MS) for their uranium content. The
results are shown in FIG. 9.
While this invention has been particularly shown and described with
15  references to preferred embodiments thereof, it will be understood by those skilled
in the art that various changes in form and details may be made therein without

departing from the scope of the invention encompassed by the appended claims.



of adm nistration, and the capacity of the subject to incorporate the

i ntended dosage form anong others. A therapeutically effective anmount of
an acti vewegessior®eéan anount sufficient to have the desipcediseddbocioss or t he
condition being treated. For exanple, ip,a nethod of treating of a

neopl astic or a preneoplastic condition;“the desired effect is partial or
total inhibition, delay or prevention of the progression of cancer or the
tunmor including cancer netastasis; inhi ? t del ay or prevention of the
recurrence of cancer or the tunor includi ncer netastasis; or the
preventi on oVhitheclafis&tisor devel opnent of cancer or a tunor
(chenoprevention) in a manmal, for exanple a human. In a nmethod of treating
a subject with a condition treatable by chelating or sequestering a netal
ion, a thergpeutiggll, mﬁfdf gﬁrteée\ﬁ? %cﬂ]fralafapﬁﬁlta'sglgct?g%h} %tf‘uct&rf exanpl e,
an anount sufficient o re fe bu in e su ect,
reduce t he synpt diuemaks D) @)exhdwilliyh t he nmetal ion or prevent, |nh| bit or
del ay the onset and/or severity of synptons associated with t he presence of
the metal. In a nethod of reducing oxi@ative stress in a subject in need of
treatnment thereof, a therapeutically e fectl ve anount of an active agent
is, for exanple, an anount suf/f/lO syrrptom; associated with
oxi dative stress or prevent i nhi bi
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del ay the onset and/or severity of synptons associated with oxidative
stress. Atypical total daily dose of a conmpound of the invention to be
adm ni st ewecodenmoas2s ubj ect (assum ng an average 70 kg sulpreaispooc®1donom
approximately 5ng to approximtely 10,0 ng, (for exanple 0.07 ngy/kg to
143 ng/ kg) and preferably from approximately 50 ng to approxi mately 5, 000
ng approximately 100 ng to approximately 2,000 ng approximately 300 ng to
approxi mately 1, 000 nQY Far iron overload therapy, a daily dose of a
compound of the i nventT5#®houl d remove a mini mum of from appr oxi mat el y
0.25 to approxi nmat el ylg.iglﬂHrwagfdc}ilr er kil ogram of body mass per day.

)

The dosage can be admi nistered orally in several, for exanple, one, two,
three, four, six, eigl,isti€Her;Ohi(C)eOli-Ryi vi dual doses. The present

invention will now begjljustrated by the follow anpl es, kgh. are not
intended to be Iiniti r%#ha% s%;?@gﬁwp%r&ﬂ%%@w?@@u& o R
(S)-4,5-di hydro- 2- [ 2~IR¢dRo)and Ry[are ¢adh (@dependently —H or an alkyl group;

met hoxyet hoxy) et hoxy] et hoxy] phenyl] -4-methyl -4-thiazol ecarboxylic acid (1)
and Ethyl Ester (2). RedgelRs2 oy Byxol ar excess NaOEtH, EtOH, 33% (b)

50% NaCH, CH3OH, 91% Ry is —H or an alkyl group;

Ry is —H, an alkyl group or an acyl group;
Rz is —H or an alkyl group;
10 Rj3 is an alkyl group;

——(CH)y—N——C—Ryq

OH or
—(CHy);——0——(CHy);——0——(CHy),—N——LZ

OH
R4 is an alkyl group;
R’ is an alkyl group;
15 m is an integer from 1 to 8;
each n is independently an integer from 1 to §;
X is an integer from 1 to 8§;
y is an integer from 0 to 8§;
Z is ~C(O)R 4,



(2) RFEt Example 1 Synthesis of (S)-4,5-D hydro-2-[2-hydroxy-4-[2-[2-(2-

nmet hoxyet hoxy) et hoxy] et hoxy] phenyl ] - 4- met hyl - 4-t hi azol ecarboxylic Acid (1)
and Et hylwaverio(@p (1) R = H (2) R=Et The ethyl ester @UT/US2006/010945
(S)-2-(2, 4-di hydroxyphenyl ) -4, 5-di hydr o;4- net hyl - 4- thi azol ecarboxylic acid
((S)A -(HO -DADFT) was treated with a”8h% excess of NaOEt and heated with
3,6,9-trioxa-|-iododecane (1.3 equiv) in EtOH which effected regiospecif c
al kylation at the 4'hydroxyl, gesulting in adduct (2) (Schenme 1).

Saponi fication of ester (2) with NaCH i n aqueous net hanol at room

tenperature gave OS)- DADFS anguo(\l) (referred to herein as

(S)-4'-(OH)-D ADFT- PE)R™ 1H NWR 20 ™ 1.76 (s, 3 H, 3.35 (s, 3 H5

3.54-3.61 (m 3H)5 3.64-3.74 H5 3.74-3.78 (m 2 H), 3.90-3.94 (m 2
RSN 29 ReH) 5 6.53 (d, 1H J=2.4)56.4 (dd,

HS5 3.96 (d, 1 H J=12.0)
1H, J=9.0, 2.2), 7.61 (d, 2 lron Clearing Efficiency of
Bi 'e Duct

4.

Rz/ \R1
S Rg
R4
Ry
Rs N
R1o/ K 0
3
V\ANAN
/ , Or
Rq
(0] (0]
Ry \R1
s Rs
R3

I

or a salt, solvate or hydrate thereof.

2. The compound of Claim 1, wherein the compound is represented by
Structural Formula (I):



Cannul ated Rat Model Studies were perforned in the non-iron overl oaded,

bil e duct cannul ated rodent nodel with the conpounds shown

bel ow. ( 5)w@"2046H0y62DADFT ( 5) - 4' - (HO) - DADFT- PE( S) - 4' - ( HO) pOADIST000MRENE45
(5)-4'-(HO - DADFT-PE i PrE Briefly, male,Sprague-Dawl ey rats averaging 450 g
wer e housed in Nal gene pl astic netabol |é cages during the experinental
period and given free access to water. The aninmals were anestheti zed using
sodi um pentobarbital (55 ng/kg) adni ni ! ered intraperitoneally. The bile
duct was cannul ated using 22- gauge pol ‘et hyl ene tubi ng. The cannul a was
inserted into the duct about 1 cg fromthe dgodenum and tied snugly in

pl ace. After threading througp/the > der” t\hg cannul a was passed from
the rat to the swivel inside a netal| torqtle- transmttlng tether, which was
attached to a rodent jacket around j The cannul a was
directed fromthe rat to a G| segx"m cr¢A e tor (Mddleton, W)
by a fluid swivel nounted above the netaboli d Ir ee hour bile sanples
were continuously collected for a m ni gum of 24 = our s ‘up to 48 hours.
However, the efficiency calculations are

3. The compound of Claim 2, wherein Rg is —OR 5.
5 4 The compound of Claim 3, wherein Rg is —-H or ~CH;.

5. The compound of Claim 4, wherein Rg and R, are independently —H or
—CHs.

10 6. The compound of Claim 5, wherein Rs, R4 and Rs are each —H.

7. The compound of Claim 6, wherein R, is —[(CH,),-O],-R’; nis 1 to 4; and x
is 1 to 4.

15 8. The compound of Claim 1, wherein the compound is represented bya

structural formula selected from one of Structural Formulas (IV)-(IX):

\o /\/O OH

g OH
KT

S Iv)



based on the 24 hour iron excretion. The efficiency of each chel ator was
cal cul ated on the basis of a 2:1 ligand-iron conplex. The efficiencies in

t he rodenwvormabelo7erer ecal cul at ed by subtracting the ironperwsediconas
control animals fromthe iron excretion of treated animals. This nunber was
then di vided by the theoretical out put';3 he result is expressed as a
percentage (Bergeron, RJ., et ah, J. Med Chem 42:95-108 (1999) the entire
contents of thC% are |ncorporated hSreln b refergnce). The urine sanple

was taken at MW@W D deScribed in Bergeron, RJ.,
et al, J. Med. Chem 34:2072-2078 (1991)

entire conteys of which are
i ncorporated herein by reference. The re
presented in Table 1 and FIG 1. 10 Tabl

fficiencies of

Compounds Tested in the Bile Duct Cannul ated Rat e Rout e
Vehicle TV Efficiency (mg/kg) ( mol/kg) (% (S)-4'}\(HO DA,I;)FT 9 300 p.o.
dH20" 3 1.00.4 (S)-A ' -(HO)-DADFT 76 300 s.c.+ dHz~4/1.1G™b (v
(A4 - (HO) - DADFT PE 120 300 p.o. dH20 5 6.61 9 o
O
N
/
g OH
s “IcH

(VD

\O/\/O OH

5 (VID)

/O\/\ /\/O OH
O

(VIII)

D P2 e oAt

OH

7 »
///
H

(IX)
10



(S)-4'-(HO - DADFT-PE 120 300 s.c. dH20 4 8.72.8 (5)-4'-(HO - DADFT-PE EE 128
300 s.c. 50%tOH 3 11.40.8 (S)-4 '-(HO -DADFT-PE i PrE 133 300 s.c. 50%t OH
3 25. 99. 2wGSpect0742610) - DADFT- PE i PrE 133 300 p. o. 40%r erophuseood/oodst. 4
("~-4'-(HO - DADFT-1PrE 88 300 s.c. 50%t 3 1.980.91 0S)-4'-(CH 30 - DADFT
80 300 p.o. 40% 4 6.62.8 Crenophor + p.v."is by nouth, s.c is

subcut aneousl y “brought to neutral pH w th NaCH solution A conparison of
the iron clearing efficiency of the polyethers(S)-4-(CH)- 15 DADFT- PE,
(S)-4-(HO - DADFT-PE EE and (S)-4-(HO -DADFT-PE i PrE, with that of the

parent drugg(S)- tﬂ\gﬁﬂﬂi&%@@i c%gﬁﬁglhbfn Shapasihye pﬁ&lni/a%&ltﬁf‘d'aﬁy %E&pfaﬁ?e' r

correspondi ng es s to work ter than the parent drug.” The nobst notable
feature regardi ngam*lheoeélﬂw:msancba tmqwdfrcprmnwé byfa sthlehlr@(fpnmﬂyl ester i PrE
vs the ethyl ester en. bo m ere bcut aneously. The i PrE
is significantly ﬂﬁ&%‘égﬁ ?ai r@oa) ijlgf)[ynot e that all drugs are
adm ni stered at the sane m cr om)l e perR4k| | ogr am dose.
o] o]
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Exanple 3 Iron Chelators in a Cebus apella Monkey Mdel Studies were
performed in the iron-overl oaded nonkey nodel with the conpounds shown

bel ow. ( Syo2006(10F280) - DADFT ( 6) - 3<- ( CH3) - 4' - ( HO) - DADNDFPCT/US2006/010945

0S) - 4' - (HO) - DADFT- PE (5)-4'-(F{)-EADFT-§§-EE The protocol used can be found
in Bergeron, RJ. et al., "Methoxylation’of Desazadesferrithiocin Anal ogues:
Enhanced Iron Cearing Efficiency,” J. Med. Chem 46:1470-1477 (2003), the

contents of which are i,ncarporated herein by reference. Briefly, the

monkeys were iron overt554Bd with iron dextran administered intravenously

to result in an iron IQagdin®rah aeWéup200 My per kg of body weight. At |east
20 half-lives, 60 days, el apsed beforé the aninals were used in experinents

eval uating iron chel atforis —{(Phk)ir@hrl(CHoi-8loRE were suspended in vehicle and
Sampl es vere col | ect edoak i Rote et BHbARLGH UG afCSToRR o the
5 Rs, R7, and Ry are each independently —H or an alkyl group;
Ry is “ORj; or -N(OH)R ;3;
R0 is —H or an alkyl group;
Ry is —H, an alkyl group or an acyl group;
Ry is —H or an alkyl group;
10 Ry3 is an alkyl group;
O]

(CHo)y—N C—Ry4

OH 5 Or
—(CH2)y——0——(CHy);——O0——(CHp),—N—Z

OH
R4 is an alkyl group;
R’ is an alkyl group;
15 m is an integer from 1 to §;
each n is independently an integer from 1 to 8;
X is an integer from 1 to 8;
y is an integer from 0 to §;
Z is —C(O)Ry4,



adm nistration of an iron chelator and continued for 5 days after the

chel ator was adm nistered. Iron concentrations in stool and urine were

det er m nealohyodiloasre at om ¢ absorption spectrosconetry. pconsehsloaions
efficiency was cal culated by dividing t net iron clearance [total iron
excretion (stool plus urine) mnus backygfound] by the theoretical iron
clearance and nultiplying by 100. The 10 theoretical clearance of the iron
chel ator was generated on the pasis of a 2:1 ligand/iron conplex. The
results of the evaluations are|presented in Table 2. Table 2. Iron Clearing
Ef ficiencies of Cbnpound S oCehus apella primates 15 Dose

Ef fici ency Conpound ( VehiRl e N (@a (S)-3 '-(HO - DADVMDFT 39. 1
p.o. buffer 1 0.8 (5)-5 '-( DADMDFT 40.1 p.o. buffer 1 0.7
0S5)-3'-(CH3)-4'-(HO - 38 RGP 2 R0 DADVDFT

Rg/ \R1
S Re
Rs
Ry
Rs N
R1o/ . 0
8
[VaVaVaval
/ , or
R4
O (0]
R2/ \R1
s Re
Rs

Loy

v
/

2

or a pharmaceutically acceptable salt, solvate or hydrate thereof.

10.  The pharmaceutical composition of Claim 9, wherein the compound is

represented by Structural Formula (I):



(6)-4"-(HO - DADFT 38 p.o. buffer 4 14 3.3 (,S)-4'-(HO -DADFT 38 s.c. water
4 16.6 2.7 (S)-4'-(CH 30 -DADFT 40.1 s.c. buffer 4 33.7 12.1

(S)-4" - (Hp2bwieTe2PE 59.9 p.o. dH20 4 25.47.4 (,S)-4" - ( IHOrASAMWH109E5 59. 9
s.c. dH20 4 30.47.2 (6)-4'-(HO - DADFT-PE-EE 64.1 s.c. 50%&tOH 2 17.91.0
dH20 The data shows that the (S)-4'-(HO-D ADFT-PE given either p.o. or
s.c. is at least as efficient as (S)-4'-(HO -DADFT at clearing iron when
given to primates. Exanple 4 Tissue Distgibution of a Polyether-Substituted
() - 4' - Hydr oxydesazadesferrithi ocm Anal ogue [(S)A - (HO) - DADFT- PE] upon
Subcut aneous Admi nistration to Rats A npasurenent was made assessi ng
(S)-4'-(HO - DADFT- PE and ( _S)- 4" dOr< DAR ssue and plasma

concentrati ons upon subcut anedus ad | ftion at' times from2-8 h post
dosing. The rats were given this co subcut aneously at 300 mol / kg.
The tissue and plasma | evel were g
J. Med Chem 48:821-831 (2005), fhe ent \ent whi ch are

i ncor por at ed Ry
Rs N—_*
Rs 0
Rg
.
11. The pharmaceutical composition of Claim 10, wherein Ry is —OR 5.
5
12. The pharmaceutical composition of Claim 11, wherein Rg is —=H or —~CHs.
13. The pharmaceutical composition of Claim 12, wherein Rg and R; are
independently —H or —~CHj.
10
14. The pharmaceutical composition of Claim 13, wherein R, R4 and R are
each -H.
15. The pharmaceutical composition of Claim 14, wherein R; is —[(CHa)y-O],-
15 R’;nis1to4;and xis 1to 4.

16.  The pharmaceutical composition of Claim 9, wherein the compound is
represented by a structural formula selected from one of Structural Formulas
IV)-(IX):

\O/\/O OH

20 S oV



herein by reference. The results are shown in Table 3 and FIG 2- FIG

8. Table 3. Tissue and Pl asma Concentrations of (S)A -(HO -DADFT-PE upon sc
Adm ni st reDI2006/M03626 Concentrati ons of (S)-4'-(HO) - DADFT epwonssee/010945

Adm nistration of (S)A -(HO -DADFT a Adm nistered (S)-4'-(HO - DADFT- PE
(S)-4"-(HO- (S)-4'-(CH 30 -DADFT cnpd™DADFT Time (S)-4'-(HO- (S)-4'-(HO -
(S)-4"-(HO- (S)-4'"-(CH 30- (S)-4'-(CH 30 - DADFT- PE DADFT- PE DADFT DADFT
DADFT (h) (netabolite) (netaboolite) Liver 2 2.80.1 131.632.2 48.320.3
43.54.5 111.014.0 4 O.00. 0 66.912.4 25.03.9 24.61.1 73.810.8 6 O 0O O

34.31.5 19. SZ.W 910.7 8 Q0. O 28, 44.6.cH2.30.8 25.03.6 81.415.9
Kidney 2 O 000 41. 8370 97¢gt” 50 38792173

0
0 BR¢5 4 000 O 33.713.5 26.67. 1
23.21.7 57.015.5 6 O 00 0O 13.72.1 13. 08. .2 67.29.9 8000 07.42.1

8.82.9 25.32.5 67.419.9

N 0 VN
0
N
=
g OH
s e
(VD)
5
0 OH
\o /\/
(VII)
o o) OH
- \/\o/\/

10 (VIII)



Heart 2 O 00 09.22.6 4.63 6.40.6 66.22.2 4 000 05.31.4 OO <4.8 32.63.6 6
000 0000000 <4.8 28.20.7 8 OO0 0 2.01.7 OO <4.8 26.39.7 Pancreas 2
O OO O 29%62406310%6281. 3 1.32.2 37.13.8 4 O. 00 O 12. 65.2 @Or@se¥ds@1bds 41.4 6
000 04.61.6 OO 0O 00 016.54.58 OO0 N2.72.6 OO 0O 09.70.7 Brain 2
000 00.50.9 00<2.4 13.24.8 4 OO0 0CTG0VO0O0OO<2.47.40.7 6 OO O
000 000<2.44.83.18 00000000 00<2.4<1.60.0 Plasma 2 2.70. 3
16.24.2 13.12.7 8.41.8 4%8 836.8 4 2.20.6 5.32.6 20.4 4. %&0 236.342.0 6
2.30.3 | .0 .0 W - Y- O 79. 613. 3
(IX)
17. A method of treating a pathological condition responsive to chelation or
5 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 (I), (II), and (I1I):
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aReported as nnol/g wet w (tissue) or mM (plasm), nean SD for 3 aninals
per time point. Table 3 and FIG 2- FIG 8 showthat there is very little
met abol i swoahoeg(18y624- ( HO) - DADFT- PE back to (S)-4-(HO DAPET/Usecndioc@dued as
(nmetabolite in Table 3 and FIG 2- FI 5) occurring in any tissue. Mst of
the PE is found in the liver,kidney and pancreas. It is inportant to note
that there is nmuch less of the PE in the kidney that there is of

(S)-4-(HO -DADFT at any time point, @EIG 2). Exanple 5 Uranium excretion
inrats by iron chelators Mal e Spragye-Dawl ey rats averagi ng 450 g were
anest heti zed usi ng sodi um pent obar bi tlal (55.mg/ kg) adm ni stered
intraperitoneally. The bile S e usi ng 22-gauge pol yet hyl ene
tubing. The rats were gi vef urany taneously at 5 ny/kg.

| medi ately thereafter, the rats en the chelator intraperitoneally
at a dose of 300 nol/kg. 24-h urJ M-h bhise sarpl es were coll ected,
acidified wwth 2% concentrate8snitric¢facid ghd a sed by Inductively
Coupl ed Pl asma Mass Spectronetry (I CH t he¥r uranium content. The
results are shown in FIG 9. Wile tIRsS inv ' has been particularly
shown and described with

(e 68

0O
Ro (I1D),
wherein:
R;is —H or an acyl group;
R; is —[(CH)y-Olx-[(CH2)a-O}y-R’;
5 Rs, R4 and Rs are each independently —H, an alkyl group, or —ORy;;

Re, Ry, and Ry are each independently —H or an alkyl group;
Ry is ~OR;; or -N(OH)R3;
Ryo is —H or an alkyl group;
Ry; is —H, an alkyl group or an acyl group;
10 Ry, is —H or an alkyl group;
R;3 is an alkyl group;

—(CH)y——N——C—Ry4

OH , OF
—(CHg);——0——(CHp);——0——(CHp),—N—2

OH
Ry4 is an alkyl group;
15 R’ is an alkyl group;
m is an integer from 1 to 8;
each n is independently an integer from 1 to §;
X is an integer from 1 to §;
y is an integer from 0 to 8;
20 Zis —C(O)Ryq4,



references to preferred enbodi nents thereof, it will be understood by those
skilled in the art that various changes in formand details may be nade

t her ei n wvbhoeas10dparti ng fromthe scope of the inventi eoTascaspa®sed by
the appended claims. CLAIMS What is claiged is: 1. A conmpound represented by
a structural formula selected from Structural Formulas (1), (I1), and
(rrr): (H),wherein: Rlis - Hor an acyl group; R2is -[(CH
2)n-gx-[(CHR)n-Jy-R; R3,R4 gnd R5 are each i ndependently -H, an al kyl
group, or -ORn ; R6, R7, and RB are each independently - H or an al kyl
group; RO is -OR 12 O- Dk 3 RO is - Hor an alkyl group; RL 1 is-H,
an al kyl group or an dtyl R12 i™-H or an al kyl group; RI3 is an

al kyl group;

S Rs
Rs
Ry
Rs N
Rs 0
[VaVat¥ava)
/ b
Rq
(0] (0]
Rg/ \R1
S Rg
R
Ry
Rs N *
R1o o
8
[VAVAN Vol
/ , Or
Ra
(0] (0]
Rz/ \R1

or a pharmaceutically acceptable salt, solvate or hydrate thereof.

18.  The method of Claim 17, wherein the compound is represented by Structural
Formula (I):



O(CH2)m NCR14 OH, or (CH2)2 O(CH2)2 O(CH 2)2 N OH R14 is an al kyl
group; R is an alkyl group; mis an integer froml to 8 each n is

i ndependembdl2yocan7ézet eger from1l to 8; x is an integer fromuk2408/08i94y i S an
integer fromO to 8 Zis -CCOR 14 ,or_a salt, solvate or hydrate thereof.
2. The conpound of Claim 1, wherein théséonpound is represented by
Structural Forrmula (1):3. The conpound of Caim2, wherein RO is -OR 12 .

4. The conpound of Claim 3, wherein R8 is - Hor -CH 3. 5. The conpound of
Claim4, wherein R6 and R7 are indepefidently - H or

19. The method of Claim 18, wherein Ry is —OR 5.
5 20. The method of Claim 19, wherein Rg is —H or —CH3.
21. The method of Claim 20, wherein R¢ and R; are independently —H or —CHs.

22. The method of Claim 21, wherein R3, R4 and Rs are each -H.

10
23.  The method of Claim 22, wherein Ry is —[(CH2)x-OJx-R’; nis 1 to 4; and x is
1to 4.
24.  The method of Claim 17, wherein the compound is represented by a
15 structural formula selected from one of Structural Formulas (IV)-(IX):

\o /\/O OH

0
/N
e >
S o



-CH 3. 6. The conmpound of Caim5, wherein R3, R4 and R5 are each -H 7.
The conpound of daim6, wherein R2 is -[(CH 2)n-Qx-R; nis 1 to 4; and x
is 1 to 4wo&ooshhes26onpound of Claim 1, wherein the conpegmdiscasnepaesent ed
by a structural fornula selected fromogg.of Structural Fornulas

(IV)-(1X)y: (V) (Vi) (I'X)y 10A pharmaceutical conposition conprising a

phar maceutically acceptable carrier or diluent and a conpound represented

by a structural r mul el ected fraon eor nulas (1), (11), and
(1. (HI),mLfE&g?n¥/§I$§o- H or~dn acy

R2is -[(CH 2)n-Q

I
[(CH2)n-Jy-R; R3,R4 and R5 are each ijpndependently -H, amoal kyl group, or
group;

)
-OR 11, R, R7, and R8 are each indepen

A P VN e OH

(VD)

\O/\/O OH

(VII)

/O\/\ /\/O OH
O

10 (VIID)



ROis -OR12 O-N(OH)R 13 ; R1I0 is - Hor an alkyl group; RL 1is -H an

al kyl group or an acyl group; R12 is-H or an al kyl group; R13 is an al kyl

group; OwOGHB)emo26 R14 OH or R14 is an al kyl group; R pcs/umnooalokoplss gr oup;
mis an integer from1l1l to 8 each n is i7ndependently an integer froml to
8, x is an integer from1l to 8; y is af i'nteger fromO0O to 8, Zis -C(OR

14, or a pharnaceutically acceptable salt, solvate or hydrate thereof. 10.
The pharnaceutical conpgsition of Claim9, d\/nerei n the %Q_m)ound S

N %\/\ /\/

) o)

(IX)

25.  The method of Claim 17, wherein the pathological condition is associated

5 with deposition of the trivalent metal in the tissues of the subject.

26. The method of Claim 25, wherein the trivalent metal is iron.

27. The method of Claim 25, wherein the trivalent metal is aluminum.

10
28.  The method of Claim 25, wherein the deposition of the trivalent metal occurs
globally in the subject.
29.  The method of Claim 25, wherein the deposition of the trivalent metal occurs
15 locally in the subject.
30.  The method of Claim 17, wherein the pathological condition is an iron
overload condition.
20 31, The method of Claim 30, wherein the iron overload condition results from
blood transfusion.
32. A method of reducing oxidative stress in a subject in need of treatment
therefor, comprising administering to the subject a therapeutically effective
25 amount of a compound represented by a structural formula selected from

Structural Formulas (I), (II), and (II):



represented by Structural Fornmula (1):(1). 11. The pharnaceuti cal
conposition of Claim10, wherein RO is -OR 12 . 12. The pharnaceuti cal
conposi t iwo 2066/G7@sm 11, wherein R8 is - Hor -CH 3. 13pcThs2@satovaceuti cal
conposition of Claim 12, wherein R6 andy®7 are independently -H or -CH 3.
14. The pharmaceutical conposition of Claim 13, wherein R3, R4 and RS are
each -H 15. The pharmaceutical conposition of Caim114, wherein R2 is
-[(CH 2)n-Ox- R; nis 1to 4, and x Rs 1to 4. 16. The pharnmaceuti cal
conposition of Claim9, wherein the coppound is represented by a structural
formul a selected fromone of Strgictural Formgas (IV)-(I1X): (V) (V1) 10
(M) (I Xy 17. A nethod of t‘:gzeﬁi oot ogi 1I condition responsive to
chel ation or sequestration of a tri metal in a subject, conprising
adm nistering to

s Rs
R3

Ry
Rs N—_%
RG 0
Ro ey
R4
o) 0
Ry - \R1
S Re
R3
R7
Rs N—*
Rm/ . 0
8
Ro (ID)
Ry
0] O
Rz/ \R1
S Rg
R3 \
Lo/
0]
Re  (m),
wherein:
5 Ryis —H or an acyl group;

Ry is "[(CHZ)n‘O]x'[(CHZ)n‘O]y‘R,;
Rs3,R4 and Rs are each independently —H, an alkyl group, or —OR;
Re, Ry, and Ry are each independently —H or an alkyl group;



the subject a therapeutically or prophylactically effective anbunt of a
conpound represented by a structural fornula selected from Structural

For mul as wo)2o06(tofg2s and (111):wherein: Rlis - H or an aegr/ugscasplor® is
-[(CH 2)n-gx-[(CH2)n-Jy-R; R3, R4 ang R5 are each independently -H, an

al kyl group, or -OR 11; R6 R7, and R8~ ?é each independently - H or an

al kyl group; RO is -OR 12 or -NNOHR 13 ; RIO is - Hor an alkyl group; Rl1

o o o RN 2 el T B SR
Ry is —H or an alkyl group;
Ry is —H, an alkyl group or an acyl group;
Rz is —H or an alkyl group;
5 R13 is an alkyl group;
0

——(CHp)y=N——C—Ry

OH , Or
——(CHp);——0——(CHz)y——0—(CHa)y—N—~2

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

y is an integer from 0 to 8;

Zis —C(O)R14,

Ry
0 0
\
R2/ Ry
s Re
Ry
\ Ry
Rs N
Rs 0
[VaVaV¥ava)
15 ! >
R4
Q (0]
Rz/ \R1
S R
Ry
Ry
Rs N
Rw/ o
8
[VaAVAVa VAl



OH R14 is an al kyl group; R is an alkyl group; mis an integer from1l to
8; each n is independently an integer froml to 8, x is an integer from1l
to 8; y iwoanogmveger fromO to 8, Zis -C(OR 14 , or arphmascweeuiducal |y
acceptabl e salt, solvate or hydrate thggeof. 18. The method of Caim 17,
wherein the conpound is represented by”Structural Fornula (1):19. The

met hod of Claim18, wherein RO is -OR 12 . 20. The nethod of C aim 19,
wherein R8 is - Hor -CH 3. 21. The nethog of Caim20, wherein R6 and R7
are independently - Hor -CH 3. 22. The nethod of daim2 1, wherein R3, R4
and R5 are each -H. 23. The net hod 2 o\wherein R2is -[(CH
2)n-gx-R; nis 1to 4; and x is&” toYy4 ‘

wherein the conpound is represented by

or a pharmaceutically acceptable salt, solvate or hydrate thereof.

33, The method of Claim 32, wherein the compound is represented by Structural

5 Formula (I):
Ry
O (0]
Rz/ \R1
S Rs
R3

\ Ry

Rs Ne—_*
Ra 0

Ro @D.

34. The method of Claim 33, wherein Rg is —OR 5.
10
35. The method of Claim 34, wherein Rg is —H or —CHj.
36.  The method of Claim 35, wherein R¢ and R are independently —H or —CHs.

15 37. The method of Claim 36, wherein R3, R4 and Rs are each -H.

38.  The method of Claim 37, wherein Ry is —[(CHz)a-O1x-R’; nis 1 to 4; and x is
1to 4.



structural formnula selected fromone of Structural Forrmulas (I1V)-(IX):(Vl)
(Vi) 10 (M11)(I'X) 25. The nethod of Caim17, wherein the pathol ogical
condi ti onwoesma2bat ed wi th deposition of the trival entcraisadosionsuhe

ti ssues of the subject. 26. The nethod.of C aim25, wherein the trivalent
metal is iron. 27. The nethod of C ai n?']ZB wherein the trivalent netal is
al um num 28. The nethod of C aim 25, wherein the deposition of the
trivalent netal occurs globally in the subject. 29. The nethod of C aim 25,
wherein the deposition of the trivalent nmetal occurs locally in the subj

ect. 30. Thg g%&ﬁo&@mﬁh WHREiR e éoﬁ%pd@ﬁﬁmiep@isaaédbpadi tionis an

iron overl oad condition . The net hod of aim 30 \/\herﬁ)enlﬁéhe iron
overl oad condi t istmctnes frirmslaf setaeted) fora one afsredwmghForgplasAIVstay of reduci ng
oxi dative stress in a sybject Hn need of trggtnment

0

0
= N
g OH
/;
s /CH, av)
5
0 0 OH
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0 0 OH

o NS N 0

= N
o OH
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S ‘CH
(VD)
10
o) OH
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o)
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therefor, conprising adm nistering to the subject a therapeutically

ef fecti ve anount of a conpound represented by a structural fornula selected

from Struwwbuoa0fesmul as (1), (11), and (111):wherein: REtras2006l000948n acyl

group; R2is -[(CH 2)n-Ox-[(CH2)n-Jy<R ; R3,R4 and R are each

i ndependently -H, an alkyl group, or -ORn; R6, R7, and R8 are each

i ndependently - H or an alkyl group;RO is -OR 12 or -N(OH)R 13; R10 is - H

or an al kyl group; Rllis-H an al kyl , an yl group; R12 is - H

or an al kyl fg*foé ; ap/al\m/g’ri%' Oﬂc -R14 OH, or -(CH2
-(CH2 2 O -(CH2 2--NC9|R14|5 an al K :

(VIID)

DN PP N S on

5 (IX)

40. A method of treating a subject who is suffering from neoplastic disease or a
preneoplastic condition, comprising administering to the subject a
10 therapeutically effective amount of a compound represented by a structural

formula selected from Structural Formulas (I), (II), and (III):
R4

/O o}

Ry



R is an al kyl group;
an integer froml to
to 8, Z iwo20aQnR2484,

mis an integer from1l to 8, each n is independently
8, xis an integer from1l to 8, y is an integer fromO
oror a pharmaceutically accept abl ecsalsoosmolomt e or

hydrate thereof. 33. The nethod of C ai
represented by Structural
RO is -OR 12 .

Formula (I):

35. The nmethod of C aim 34, wherein R8 is -

i 32, wherein the conpound is

4. The nethod of C aim 33, wherein
Hor -CH 3. 36.

The nethod of C aim 35, wherein R6 anlg4 R7 are independently - Hor -CH 3.

37. The nethod of C aim 36, wherein R}
net hod of C aim37, wherein R2 j
| to 4.39. The nmethod of C ainf 32

R4 and R5 are each -H 38. The
-Ox-R ; nis 1to 4; and X is
esconpound is represented by a

structural fornula sel ectedrom o bt ruct ural Fornmulas (1V)-(1X):
S Rs
Rq
Ry
Rs /N *
R10 RB 0
Re (1)
R4
0) 6)
Rg/ \R1
Lo/
0]
Re (1),
wherein:
R;:1is —H or an acyl group;
5 R2 is -—[(CHz)n-O]x-[(CHz)n-O]y-R’;
R3, R4 and R; are each independently —H, an alkyl group, or —ORyy;
Rs, Ry, and Rg are each independently —H or an alkyl group;
R9 is —OR12 or —N(OH)R13;
Rjo is —H or an alkyl group;
10 R;; is —H, an alkyl group or an acyl group;
Riz is —H or an alkyl group;
R;3 is an alkyl group;
ﬁ
——(CHa)y=™N——C——Ry4



(V) (VI)y(virtl) (1rxXy 40. A nethod of treating a subject who is suffering
from neopl asti c di sease or a preneopl astic condition, conpri
adm ni st ewongod/w7428e subj ect a therapeutically effectivecarusuevs/oof4sn
conpound represented by a structural fsozklrrul a selected from Structural

Formulas (1), (1l1), and (lI11):wherein:
4(CH 2)n-gx-[(CH2))n-Jy-R ;

is - Hor an acyl g

si ng

roup; R2 is

R3, R4 and R5 are each independently -H, an

al kyl group, or -OR 1 1; R7, and re_sgach spndepepdent]y - H or an

al kyl group; R9 is -OR 12%@?‘3)&( R1 ;Z%Rlosi S -(blquq%)r ﬁn al kyl group; RL 1
is -H an alkyl group or an acyl group; R12 is - H or an al kyl group; R13
is an al kyl group; OH .

R4 is an alkyl group;
R’ is an alkyl group;
m is an integer from 1 to 8;
5 each n is independently an integer from 1 to §;
X is an integer from 1 to §;
y is an integer from 0 to 8;

Z is —~C(O)Rys,

Q.
R2/ R1
S Rs
Rq
Ry

Ry
SO
Lo
R4
o
Rs N
/

Rs 0
[VaVaVaVa)
/ 3
(@]
~
Rg/ Ry
s Rs
Rg
Ry
*
Rig o
8
AN
10 / , Or
R4
(0] (0]
~
Rg/ R
s Rg

N O

or a pharmaceutically acceptable salt, solvate or hydrate thereof.



O-(CH2)m N -R14 OH, or-(CH2)2 O (CH2)2 O (CH2)2 N Z OH R14 is an al kyl
group; R is an alkyl group; mis an integer froml to 8 each n is

i ndependewDl2gocannzé2at eger from1l to 8, x is an integer fromub2006/08094y IS an
integer from0O to 8, Zis -C(OR 14, argaceutically acceptabl e salt,
solvate or hydrate thereof.4 1. The rrét5 od of Caim40, wherein the
conpound is represented by Structural Fornula (I): 42. The nethod of Claim
4 1, wherein RO is -OR 12 . 43. The nethod of Caim42, wherein R8 is - H
or -CH 3. 44. The nethod of Caim43, wherein R6 and R7 are independently -

Hor -CH 3.41.  The method of Claim 40, wherein the compound is represented by Structural

Formula (I):
R4
O O
RZ/ \R1
R3

\ Ry

Rs N—*
Rs 0

Re .

42. The method of Claim 41, wherein Ry is “OR 5.
43, The method of Claim 42, wherein Rg is —H or —CH3.

10 44, The method of Claim 43, wherein Rg and R; are independently —H or —CHs.
45.  The method of Claim 44, wherein R3, R4 and R are each -H.

46. The method of Claim 45, wherein R; is —[(CHy)y-Olx-[(CH2)s-O],-R’; each n
15 is independently 1 to 4; x is 1 to 4; and y is 1 to 4.

47.  The method of Claim 40, wherein the compound is represented by a
structural formula selected from one of Structural Formulas (IV)-(IX):

OH
~ O/\/o

20



45. The nethod of Claim44, wherein R3, R4 and R5 are each -H 46. The

met hod of Caim45, wherein R2 is -[(CH 2)n-gx-[(CH2)n-JQy-R; each nis

i ndependemdl2gostiotez64; x is 1 to 4; andy is 1 to 4. 47. pChasowshod4of C aim
40, wherein the conpound is represented. by a structural fornula selected
fromone of Structural Formulas (IV)-(I'X):(Vl) (M1) 10 (MI1)(IX).

P\ oHt
(@)

0
= N
oy OH
1y, .
S CH, V)
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o) 0
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(V)

10 (VIID)



WO 2006/107626 PCT/US2006/010945
-57-

™~ O/\/ O\/\ O/\/ © oft
/N

(IX).




