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PRODRUGS OF DESAZADESFERROTHIOCIN POLYETHER
ANALOGUES AS METAL CHELATION AGENTS

[001] This application claims the benefit of priority of United States
provisional application no. 61/228,690, filed July 27, 2010, the disclosure of which
is incorporated by reference as if written herein in its entirety.

[002] Disclosed herein are prodrugs of desazadesferrothiocin polyether
(DADFT-PE) analogues, as well as pharmaceutical compositions comprising them
and their application as metal chelation agents for the treatment of disease.
Methods of chelation of iron and other metals in a human or animal subject are also
provided for the treatment of metal overload and associated toxicity,
maldistribution within the body and managing metabolism by therapeutic
manipulation of metal levels.

[003] Metal ions are critical to the proper functioning of living systems. Ions
such as Fe**, Zn >*, Cu**, Ca®*, and Co™, to name but a few, can be found in the
active sites of over a third of known enzymes and other functional proteins such as
RNA polymerase, DNA transcription factors, cytochromes P450s, hemoglobin,
myoglobin, and coenzymes such as vitamin Bj,. There, these metals serve to
facilitate oxidation and reduction reactions, stabilize or shield charge distributions,
and orient substrates for reactions. Metals are also used as metabolic sensors in
conjuction with other molecular entities as part of the biochemical regulation of
oxygen, reactive nitrogen species (RNS) such as NO™ and reactive oxygen species
(ROS), e.g. 05".

[004] The body, however, has a limited ability to absorb and excrete metals,
and an excess can lead to toxicity. As one example, an excess of iron, whether
derived from red blood cells chronically transfused, necessary in such conditions
such as beta thalassemia major, or from increased absorption of dietary iron such as
hereditary hemochromatosis can be toxic through the generation by iron of reactive
oxygen species such as H,O,. In the presence of Fe2+, H,0, is reduced to the
hydroxyl radical (HO ), a very reactive species, a process known as the Fenton
reaction. The hydroxyl radical reacts very quickly with a variety of cellular
constituents and can initiate free radicals and radical-mediated chain processes that
damage DNA and membranes, as well as produce carcinogens. The clinical result

is that without effective treatment, body iron progressively increases with
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deposition in the liver, heart, pancreas, and elsewhere. Iron accumulation may also
produce (i) liver disease that may progress to cirrhosis, (ii) diabetes related both to
iron-induced decreases in pancreatic B-cell secretion and increases in hepatic insulin
resistance and (iii) heart disease, still the leading cause of death in beta thalassemia
major and other anemias associated with transfusional iron overload.

[005] As another example, ions with little or no endogenous function may find
their way into the body and effect damage. Heavy metal ions such as Hg2+ can
replace ions such as Zn”* in metalloproteins and render them inactive, resulting in
serious acute or chronic toxicity that can end in a patient’s death or in birth defects
in that patient’s children. Even more significantly, radioactive isotopes of the
lanthanide and actinide series can visit grave illness on an individual exposed to
them by mouth, air, or skin contact. Such exposure could result not only from the
detonation of a nuclear bomb or a “dirty bomb” composed of nuclear waste, but
also from the destruction of a nuclear power facility.

[006] Agents for the chelation and decorporation of metal ions in living
organisms have been previously disclosed and are in clinical use. A variety of
ligands have been shown to bind Fe’* , Pu**, Th*, Am**, Eu** and U**, for
example. Traditional standard therapies include the use of agents such as
deferoxamine (DFO, N'-[5-(acetyl-hydroxy-amino)pentyl]-N-[5-[3-(5-aminopentyl-
hydroxy-carbamoyl)propanoylamino]pentyl]-N-hydroxy-butane diamide), a very
effective metal chelator. DFO is, unfortunately, not orally bioavailable and must
therefore be parenterally dosed IV, IP, or SC, and once in the bloodstream has a
very short half life. Diethylene triamine pentaacetic acid (DTPA) is approved for
use in the treatment of lanthanide and actinide poisoning, but also cannot be dosed
orally, ideally should be given very quickly following contamination, and presents
with a number of side effects. For these reasons, continuous infusion of these
agents is often required, and particularly in the case of chronic disorders, patient
compliance is a challenge to achieve the desired therapeutic outcome. A thorough
review of publicly available art will show that although effective chelation agents
have been available for decades, oral bioavailability has historically been a
desirable trait in successive next-generation agents.

[007] More recently, orally active agents have become available for use in the
treatment of metal overload. Deferiprone (3-hydroxy-1,2-dimethylpyridin-4(1H)-

one) has been used in Europe and some other countries as an oral agent for the
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treatment of transfusional iron overload in the setting of beta thalassemia and other
disorders, but for safety reasons the drug is not approved for use in the United
States and Canada except for on a compassionate use basis; reported side effects
include life-threatening agranulocytosis which has relegated deferiprone to a
second-line therapy. Deferasirox (Exjade, [4-[(3Z,5E)-3,5-bis(6-0xo0-1-cyclohexa-
2,4-dienylidene)- 1,2,4-triazolidin-1-yl]benzoic acid, Novartis) is currently the only
oral agent approved in the United States for chelation therapy. Notwithstanding,
nephrotoxicity leading to renal failure, liver failure and pancytopenia have been
reported by the Food and Drug Administration as side effects to deferasirox oral
suspension tablets. Moreover, neither of these two agents is as efficacious in
chelating iron as DFO. Clearly a clinical need remains in the art for long-lasting,
orally active metal chelators with reduced toxicity for the treatment of iron overload
secondary to transfusion or excessive intestinal absorption and other metal disorders
in which metal levels might be managaged for clinical benefit.

[008] Analogues of desferrithiocin, or [(S)-4,5-dihydro-2-(3- hydroxy-2-
pyridiny1)4methyl-4thiazo]carboxylic acid (DFT) have been shown to form 2:1
hexacoordinate complexes with Fe’* and Th*". These ligands, when administered
either subcutaneously (SC) or orally (PO) to rodents, dogs, and primates, have been
shown to clear iron very efficiently, and to decorporate uranium from rodents when
given SC, PO, or intraperitoneally, with particularly profound effects in the kidney.
Although development of DFT itself had been discontinued due to nephrotoxicity,
one of these ligands (S)-2-(2,4-dihydroxypheny1)4,5dihydro-4-methyl-4-
thiazolecarboxylic acid, or (S)-4’-(HO)-DADFT, has proven to be an effective
chelation agent with the additional benefit of being orally available. A very recent
paper discloses the design and testing of DADFT analogues substituted by a
polyether group at the 3’, 4’, and 5’ positions (Bergeron RJ et al., J Med Chem.
2007 Jul 12;50(14):3302-13). Polyether analogues had uniformly higher iron-
clearing efficiencies (ICEs) than their corresponding parent ligands in rodents and
in serum albumin binding studies, with the 3’-DADFT-PE analogue (S)-4,5-
dihydro-2-[2-hydroxy-3-(3,6,9-trioxadecyloxy)phenyl]-4-methyl-4-
thiazolecarboxylic acid showing the most promising ICE in rodents and non-human
primates.

[009] Though DADFT polyethers as a class of compounds appear promising

in the search for improved metal chelation agents, much work remains to be done in
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the characterization, development, and selection of a compound suitable for use in
humans. Room for improvement is still apparent in the design of analogues which
have the optimal balance of bioavailability and other pharmacokinetic parameters,
solubility, ICE, target tissue penetration, favorable metabolism and toxicology, and
other attributes for the purpose of providing safe and effective compounds which
will be easy to use by patients and clinicians alike. Additionally, many factors still
influence the suitability of a compound as a pharmaceutical agent in general. For
example, to be ideally suited for delivery to patients, compounds should be readily
uptaken by the patient’s body via the chosen route of administration, should be
soluble and bioavailable to the target compartment or organ, and should be cleared
from the body in an appropriate period of time. The design of prodrugs presents
opportunities for improvements in each of these areas.

[010] Disclosed herein are novel prodrugs of these polyether analogues and
derivatives thereof. Pharmaceutical formulations comprising these compounds are
also disclosed, as well as methods for the treatment of diseases and conditions
related to toxicity which is a result of an acute or chronic excess of metal in a

human or animal body.

[011] In certain embodiments, compounds have the structural formula I:
R2
Rs R4
N o
R4 -~ 0
Rs S
Rg I
wherein:

Rj, Ry, R3, Ry, and Rs are independently chosen from hydrogen, hydroxy,
OXR7, and CH30((CH2),—O)m—, any of which may be optionally substituted;

m is an integer from O to §;

n is an integer from O to §;

Rg is chosen from ORg and SRo.

R7 is chosen from hydrogen, NRoR;, lower alkyl, aralkyl, and aryl, any of
which may be optionally substituted;

Rs is chosen from hydrogen, C4-Csg alkyl, and lower aralkyl;

Ry is chosen from hydrogen, lower alkyl, and lower aralkyl;
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R0 and Ry are each independently chosen from hydrogen, lower alkyl, and
aryl, any of which may be optionally substituted, or Rjg and Ry; taken together may
form a heterocycloalkyl or heteroaryl; and

X is chosen from a bond and C(O);

wherein at least one of R;-Rs is CH30((CH2)y-O)m-;

at least one of R;-Rs is optionally substituted OXR7; and

R7, Rs, and Ry can not all be hydrogen.

[012] Certain compounds and prodrugs disclosed herein may possess useful
metal chelating activity, and may be used in the treatment or prophylaxis of a
disease or condition in which metal excess, toxicity, or maldistribution plays a
contributing or active role. Thus, in broad aspect, certain embodiments also
provide pharmaceutical compositions comprising one or more compound or
prodrug disclosed herein together with a pharmaceutically acceptable carrier, as
well as methods of making and using the compounds and prodrugs and their
compositions. Certain embodiments provide methods for chelating metals in living
systems. Other embodiments provide methods for treating disorders and symptoms
relating to metal toxicity in a patient in need of such treatment, comprising
administering to said patient a therapeutically effective amount of a compound or
composition according to the present invention, or a prodrug thereof. Also
provided is the use of certain compounds and prodrugs disclosed herein for use in
the manufacture of a medicament for the treatment of a disease or condition

ameliorated by the chelation or decorporation of metals.

[013] In certain embodiments, compounds have structural formula II:
CH3O((CH2)mO)n
O. X R;
O
S
Re 11
wherein:

m is an integer from O to §;

n is an integer from O to §;

Rg is chosen from ORg and SRo.

R7 is chosen from hydrogen, NRoR;, lower alkyl, lower aralkyl, and lower

aryl, any of which may be optionally substituted;
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Rg is chosen from hydrogen, C4-Cg alkyl, and lower aralkyl;

Ry is chosen from hydrogen, lower alkyl, and lower aralkyl;

R0 and Ry; are each independently chosen from hydrogen, lower alkyl, and
aryl, any of which may be optionally substituted, or R;o and R;; taken together may
form a lower heterocycloalkyl or heteroaryl; and

X is chosen from a bond and C(O);

wherein at least one of Ry-Rs is CH30((CH3),-O) -5 and

R7, Rs, and Rg can not all be hydrogen.

[014] In further embodiments compounds have the structural formula II
wherein:

m is 2; and

nis 3.

[015] In further embodiments compounds have the structural formula II
wherein:

X is C(O); and

R7 is chosen from NR;oR;;, lower alkyl, lower aralkyl, and lower aryl, any

of which may be optionally susbstituted.

[016] In yet further embodiments compounds have the structural formula II
wherein:

R7is NR;oR;;; and

R0 and Ry, taken together form a lower heterocycloalkyl.

[017] In another embodiment compounds have the structural formula II,
wherein R} and R, taken together form pyrrolidine, piperidine, morpholine,
azepine, diazepine, piperazine, or azetidine.

[018] In another embodiment compounds have the structural formula II,
wherein:

Rs is chosen from hydrogen, C4-Cs alkyl, and aralkyl;

and Ry is chosen from hydrogen, lower alkyl and lower aralkyl.

[019] In a further embodiment compounds have the structural formula II,
wherein:

Rs is isobutyl; and

Ry is chosen from ethyl and isobutyl.
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[020] In yet another embodiment compoundshave the structural formula II,
wherein

X is a bond;

R7 is hydrogen; and

Rs is chosen from Cy4-Cg alkyl, and lower aralkyl;

and Ry is chosen from lower alkyl and lower aralkyl.
[021] In yet another embodiment compounds have the structural formula II,
wherein

X is a bond;

R7 is hydrogen;

Ry is isobutyl; and

Ry is chosen from ethyl and isobutyl.

[022] In further embodiments, compounds have structural formula III:
CH30((CH2)mO)y O\X,R7
S\N
Re 1
wherein:

m is an integer from O to §;

n is an integer from O to §;

Rg is chosen from ORg and SRy,

R7 is chosen from hydrogen, NRoR;;, lower alkyl, lower aralkyl, and lower
aryl, any of which may be optionally substituted;

Rg is chosen from hydrogen, C4-Cg alkyl, and lower aralkyl;

Ry is chosen from hydrogen, lower alkyl, and lower aralky];

R0 and Ry, are each independently chosen from hydrogen, lower alkyl, and
aryl, any of which may be optionally substituted, or Rj¢ and R,; taken together may
form a lower heterocycloalkyl or heteroaryl; and

X is chosen from a bond and C(O);

wherein at least one of Ry-Rs is CH30((CH3),-O) -5 and

R7, Rs, and Ry can not all be hydrogen.
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[023] In further embodiments compounds have the structural formula III
wherein:

mis 2; and

nis 3.
[024] In further embodiments compounds have the structural formula III
wherein:

X is C(O); and

R7 is chosen from NR;oR;;, lower alkyl, lower aralkyl, and lower aryl, any

of which may be optionally susbstituted.
[025] In yet further embodiments compounds have the structural formula III
wherein:

R7is NRjoR;;; and

R0 and Ry, taken together form a lower heterocycloalkyl.
[026] In another embodiment compounds have the structural formula III,
wherein Rjo and R;; taken together form pyrrolidine, piperidine, morpholine,
azepine, diazepine, piperazine, or azetidine.
[027] In another embodiment compounds have the structural formula III,
wherein:

Rgs is chosen from hydrogen, C4-Cs alkyl, and lower aralkyl; and

Ry is chosen from hydrogen, lower alkyl and lower aralkyl.
[028] In a further embodiment compounds have the structural formula III,
wherein:

Rg is isobutyl; and

Ry is chosen from ethyl and isobutyl.
[029] In yet another embodiment compounds have the structural formula III,
wherein:

X is a bond;

R7 is hydrogen; and

Rs is chosen from C4-Cg alkyl and lower aralkyl; and

Ry is chosen from lower alkyl and lower aralkyl.
[030] In yet another embodiment compounds have the structural formula III,
wherein:

X is a bond;

R; is hydrogen;
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Rg is isobutyl; and

Ry is chosen from ethyl and isobutyl.

[031] In further embodiments, compounds have structural formula I'V:
O. X,R7
N«
CH30((CH2)mO)7 “ NS 0
S
Re 1v.
wherein:

m is an integer from O to §;

n is an integer from O to §;

Rg is chosen from ORg and SRo.

R7 is chosen from hydrogen, NRoR;;, lower alkyl, lower aralkyl, and lower
aryl, any of which may be optionally substituted;

Rg is chosen from hydrogen, C4-Cg alkyl, and lower aralkyl;

Ry is chosen from hydrogen, alkyl, and aralkyl;

Rjo and Ry, are each independently chosen from hydrogen, lower alkyl, and
aryl, any of which may be optionally substituted, or Rj¢ and R,; taken together may
form a lower heterocycloalkyl or heteroaryl; and

X is chosen from a bond and C(O);

wherein at least one of R;-Rs is CH30((CH»)y-O)n-; and

R7, Rs, and Rg can not all be hydrogen.

[032] In further embodiments compounds have the structural formula IV
wherein:

m is 2; and

nis 3.

[033] In further embodiments compounds have the structural formula IV
wherein:

X is C(O); and

R7 is chosen from NR;oR;;, lower alkyl, lower aralkyl, and lower aryl, any

of which may be optionally susbstituted.

[034] In yet further embodiments compounds have the structural formula IV
wherein:

R7is NR;joR;1; and

R0 and Ry, taken together form a lower heterocycloalkyl.

9
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[035] In another embodiment compounds have the structural formula IV,
wherein Rjj and Ry, taken together form pyrrolidine, piperidine, morpholine,
azepine, diazepine, piperazine, or azetidine.
[036] In another embodiment compounds have the structural formula IV,
wherein:

Rs is chosen from hydrogen, C4-Cs alkyl, and lower aralkyl; and

Ry are each independently chosen from hydrogen, lower alkyl and lower

aralkyl.
[037] In a further embodiment compounds have the structural formula IV,
wherein Rg is isobutyl, and

Ry is chosen from ethyl and isobutyl.

[038] In yet another embodiment compounds have the structural formula IV,
wherein

X is a bond;

R7 is hydrogen;

Rs is chosen from Cy4-Cg alkyl and lower aralkyl; and

Ry is chosen from lower alkyl and lower aralkyl.
[039] In yet another embodiment compounds have the structural formula IV,
wherein

X is a bond;

R7 is hydrogen; and

Rgs is isobutyl; and

Ry is chosen from ethyl and isobutyl.

[040] In further embodiments, compounds have structural formula V:
(ON X- R,
/N o 0
CH30((CH2),,0)n 3\7\(
Re v.
wherein:

m is an integer from O to §;

n is an integer from O to §;

Rg is chosen from ORg and SRo.

R7 is chosen from hydrogen, NRoR,;, lower alkyl, lower aralkyl, and lower

aryl, any of which may be optionally substituted;

10
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Rg is chosen from hydrogen, C4-Cg alkyl, and lower aralkyl;

Ry is chosen from hydrogen, lower alkyl, and lower aralkyl;

R0 and Ry; are each independently chosen from hydrogen, lower alkyl, and
aryl, any of which may be optionally substituted, or R;o and R;; taken together may
form a lower heterocycloalkyl or heteroaryl; and

X is chosen from a bond and C(O);

wherein at least one of Ry-Rs is CH30((CH3),-O) -5 and

R7, Rs, and Rg can not all be hydrogen.

[041] In further embodiments compounds have the structural formula V
wherein:

m is 2; and

nis 3.

[042] In further embodiments compounds have the structural formula V
wherein:

X is C(O); and

R7 is chosen from NR;oR;;, lower alkyl, lower aralkyl, and lower aryl, any

of which may be optionally susbstituted.

[043] In yet further embodiments compounds have the structural formula V
wherein:

R7is NR;oR;;; and

R0 and Ry, taken together form a lower heterocycloalkyl.

[044] In another embodiment compounds have the structural formula IV,
wherein R} and R, taken together form pyrrolidine, piperidine, morpholine,
azepine, diazepine, piperazine, or azetidine.

[045] In another embodiment compounds have the structural formula V,
wherein:

Rs is chosen from hydrogen, C4-Cs alkyl, and lower aralkyl; and

Ry is chosen from hydrogen, lower alkyl and lower aralkyl.

[046] In a further embodiment compounds have the structural formula V,
wherein:

Rs is isobutyl, and

Ry is chosen from ethyl and isobutyl.

11
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[047] In yet another embodiment compounds have the structural formula V,
wherein:

X is a bond;

R7 is hydrogen; and

Rs is chosen from Cy4-Cg alkyl and lower aralkyl; and

Ry is chosen from lower alkyl and lower aralkyl.
[048] In yet another embodiment compounds have the structural formula V,
wherein

X is a bond;

R7 is hydrogen;

Ry is isobutyl; and

Ry is chosen from ethyl and isobutyl.

[049] In further embodiments, compounds have structural formula VI:
R2
Rj R
R4 /N .-‘\\ @)
Rs s\)\(
Re VI
wherein:

Rj, Ry, R3, Ry, and Rs are independently chosen from hydrogen, hydroxy,
OXR7, and CH30((CH3),—O)m—, any of which may be optionally substituted;

m is an integer from O to 8§;

n is an integer from O to §;

Rg is chosen from ORg and SRy,

R7 is chosen from hydrogen, NRoR;;, lower alkyl, aralkyl, and aryl, any of
which may be optionally substituted;

Rg is chosen from Cy4-Cg alkyl and lower aralky];

Ry is chosen from hydrogen, lower alkyl, and lower aralkyl;

R0 and Ry, are each independently chosen from hydrogen, lower alkyl, and
aryl, any of which may be optionally substituted, or Rjo and R;; taken together may
form a heterocycloalkyl or heteroaryl; and

X is chosen from a bond and C(O);

wherein at least one of Rj-Rs is CH30((CH2)p-O)m-;

at least one of R;-Rs is optionally substituted OXR7.

12
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[050] In further embodiments, compounds have structural formula VII:
R2
Rs R
Re AN
Rs S\N
Re vII
wherein:

R1, Ry, R3, Ry, and R; are independently chosen from hydrogen, hydroxy,
OXR7, and CH;0((CH3),—O),,—, any of which may be optionally substituted;

m is an integer from O to 8§;

n is an integer from O to §;

Rg is chosen from ORg and SR,

R7 is chosen from NR;oR;;, lower alkyl, aralkyl, and aryl, any of which may
be optionally substituted,;

Rs is chosen from hydrogen, C4-Cs alkyl, and lower aralkyl;

Ry is chosen from hydrogen, lower alkyl, and lower aralky];

R0 and Ry, are each independently chosen from hydrogen, lower alkyl, and
aryl, any of which may be optionally substituted, or Rip and R taken together may
form a heterocycloalkyl or heteroaryl; and

X is chosen from a bond and C(O);

wherein at least one of Ri-Rs is CH30((CH3)y-O) -3

at least one of R;-Rs is optionally substituted OXR7.

[051] In further embodiments compounds have the structural formula VII,
wherein:

Rs is chosen from Cy4-Cg alkyl and lower aralkyl.

[052] In certain embodiments of the present invention are provided
pharmaceutical compositions comprising the prodrug as disclosed herein together
with at least one pharmaceutically acceptable excipient.

[053] In certain embodiments of the present invention are provided a method
of treating a metal-mediated condition in a subject comprising administering to the
subject a therapeutically effective amount of a compound therapeutically effective

amount of a compound of formula I.

13
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[054] In another embodiment, said metal is trivalent
[055] In further embodiments, said condition is responsive to the chelation,

sequestration, or elimination of metal.

[056] In further embodiments, said metal is iron.
[057] In further embodiments, said condition is iron overload.
[058] In further embodiments, said condition is the result of mal-distribution

or redistribution of iron in the body.

[059] In further embodiments, said condition is chosen from atransferrinemia,
aceruloplasminemia, and Fredreich’s ataxia.

[060] In further embodiments, said condition is is the result of transfusional
iron overload.

[061] In further embodiments, said condition is chosen from beta- thalassemia
major and intermedia, sickle cell anemia, Diamond-Blackfan anemia, sideroblastic
anemia, chronic hemolytic anemias, off-therapy leukemias, bone marrow transplant
and myelodysplastic syndrome.

[062] In further embodiments, said condition is a hereditary condition
resulting in the excess absorption of dietary iron.

[063] In further embodiments, said condition is chosen from hereditary
hemochromatosis and porphyria cutanea tarda.

[064] In further embodiments, said condition is diabetes.

[065] In further embodiments, said condition is an acquired disease that results

in excess dietary iron absorption.

[066] In further embodiments, said condition is a liver disease.

[067] In further embodiments, said disease is hepatitis.

[068] In further embodiments, said metal is a lanthanide or actinide.

[069] In further embodiments, said pathological condition is lanthanide or

actinide overload.

[070] In further embodiments, the therapeutically effective amount of a
compound as disclosed herein that induces the bodily excretion of iron or other
trivalent metal is greater than 0.2 mg/kg/d in the subject.

[071] In further embodiments, the therapeutically effective amount of a
compound as disclosed herein can be given at a dose of at least 10mg/kg/d without
clinically apparent toxic effects on the kidney, bone marrow, thymus, liver, spleen,

heart or adrenal glands.
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[072] As used herein, the terms below have the meanings indicated.

[073] When ranges of values are disclosed, and the notation “from n; ... to n,”
is used, where n; and n, are the numbers, then unless otherwise specified, this
notation is intended to include the numbers themselves and the range between them.
This range may be integral or continuous between and including the end values. By
way of example, the range “from 2 to 6 carbons” is intended to include two, three,
four, five, and six carbons, since carbons come in integer units. Compare, by way
of example, the range “from 1 to 3 uM (micromolar),” which is intended to include
1 uM, 3 uM, and everything in between to any number of significant figures (e.g.,
1.255 uM, 2.1 uM, 2.9999 uM, etc.).

[074] The term “about,” as used herein, is intended to qualify the numerical
values which it modifies, denoting such a value as variable within a margin of error.
When no particular margin of error, such as a standard deviation to a mean value
given in a chart or table of data, is recited, the term “about” should be understood to
mean that range which would encompass the recited value and the range which
would be included by rounding up or down to that figure as well, taking into
account significant figures.

[075] The term “acyl,” as used herein, alone or in combination, refers to a
carbonyl attached to an alkenyl, alkyl, aryl, cycloalkyl, heteroaryl, heterocycle, or
any other moiety were the atom attached to the carbonyl is carbon. An “acetyl”
group refers to a —C(O)CHj3 group. An “alkylcarbonyl” or “alkanoyl” group refers
to an alkyl group attached to the parent molecular moiety through a carbonyl group.
Examples of such groups include methylcarbonyl and ethylcarbonyl. Examples of
acyl groups include formyl, alkanoyl and aroyl.

[076] The term “alkenyl,” as used herein, alone or in combination, refers to a
straight-chain or branched-chain hydrocarbon group having one or more double
bonds and containing from 2 to 20 carbon atoms. In certain embodiments, said
alkenyl will comprise from 2 to 6 carbon atoms. The term “alkenylene” refers to a
carbon-carbon double bond system attached at two or more positions such as
ethenylene [(-CH=CH-),(-C::C-)]. Examples of suitable alkenyl groups include
ethenyl, propenyl, 2-methylpropenyl, 1,4-butadienyl and the like. Unless otherwise
specified, the term “alkenyl” may include “alkenylene” groups.

[077] The term “alkoxy,” as used herein, alone or in combination, refers to an

alkyl ether group, wherein the term alkyl is as defined below. Examples of suitable
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alkyl ether groups include methoxy, ethoxy, n-propoxy, iSOpropoxy, n-butoxy, iso-
butoxy, sec-butoxy, tert-butoxy, and the like.

[078] The term “alkyl,” as used herein, alone or in combination, refers to a
straight-chain or branched-chain alkyl group containing from 1 to 20 carbon atoms.
In certain embodiments, said alkyl will comprise from 1 to 10 carbon atoms. In
further embodiments, said alkyl will comprise from 1 to 6 carbon atoms. Alkyl
groups may be optionally substituted as defined herein. Examples of alkyl groups
include methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl,
pentyl, iso-amyl, hexyl, octyl, noyl and the like. The term “alkylene,” as used
herein, alone or in combination, refers to a saturated aliphatic group derived from a
straight or branched chain saturated hydrocarbon attached at two or more positions,
such as methylene (-CH,—). Unless otherwise specified, the term “alkyl” may
include “alkylene” groups.

[079] The term “alkylamino,” as used herein, alone or in combination, refers
to an alkyl group attached to the parent molecular moiety through an amino group.
Suitable alkylamino groups may be mono- or dialkylated, forming groups such as,
for example, N-methylamino, N-ethylamino, N,N-dimethylamino, N,N-
ethylmethylamino and the like.

[080] The term “alkynyl,” as used herein, alone or in combination, refers to a
straight-chain or branched chain hydrocarbon group having one or more triple
bonds and containing from 2 to 20 carbon atoms. In certain embodiments, said
alkynyl comprises from 2 to 6 carbon atoms. In further embodiments, said alkynyl
comprises from 2 to 4 carbon atoms. The term “alkynylene” refers to a carbon-
carbon triple bond attached at two positions such as ethynylene (-C:::C—, -C=C-).
Examples of alkynyl groups include ethynyl, propynyl, hydroxypropynyl, butyn-1-
yl, butyn-2-yl, pentyn-1-yl, 3-methylbutyn-1-yl, hexyn-2-yl, and the like. Unless
otherwise specified, the term “alkynyl” may include “alkynylene” groups.

[081] The terms “amido” and “carbamoyl,” as used herein, alone or in
combination, refer to an amino group as described below attached to the parent
molecular moiety through a carbonyl group, or vice versa. The term “C-amido” as
used herein, alone or in combination, refers to a -C(=0)-NR; group with R as
defined herein. The term “N-amido” as used herein, alone or in combination, refers
to a RC(=0)NH- group, with R as defined herein. The term "acylamino" as used

herein, alone or in combination, embraces an acyl group attached to the parent
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moiety through an amino group. An example of an "acylamino" group is
acetylamino (CH;C(O)NH-).

[082] The term “amino,” as used herein, alone or in combination, refers to —
NRR, wherein R and R’ are independently chosen from hydrogen, alkyl, acyl,
heteroalkyl, aryl, cycloalkyl, heteroaryl, and heterocycloalkyl, any of which may
themselves be optionally substituted. Additionally, R and R’ may combine to form
heterocycloalkyl, either of which may be optionally substituted.

[083] The term "aryl," as used herein, alone or in combination, means a
carbocyclic aromatic system containing one, two or three rings wherein such
polycyclic ring systems are fused together. The term "aryl" embraces aromatic
groups such as phenyl, naphthyl, anthracenyl, and phenanthryl.

[084] The terms “benzo” and “benz,” as used herein, alone or in combination,
refer to the divalent group C¢Has= derived from benzene. Examples include
benzothiophene and benzimidazole.

[085] The term “carbonyl,” as used herein, when alone includes formyl [
C(0O)H] and in combination is a -C(O)- group.

[086] The term “carboxyl” or “carboxy,” as used herein, refers to —C(O)OH or
the corresponding “carboxylate” anion, such as is in a carboxylic acid salt. An
“O-carboxy” group refers to a RC(O)O- group, where R is as defined herein. A

“C-carboxy” group refers to a -C(O)OR groups where R is as defined herein.

[087] The term “cyano,” as used herein, alone or in combination, refers to —
CN.
[088] The term “cycloalkyl,” or, alternatively, “carbocycle,” as used herein,

alone or in combination, refers to a saturated or partially saturated monocyclic,
bicyclic or tricyclic alkyl group wherein each cyclic moiety contains from 3 to 12
carbon atom ring members and which may optionally be a benzo fused ring system
which is optionally substituted as defined herein. In certain embodiments, said
cycloalkyl will comprise from 5 to 7 carbon atoms. Examples of such cycloalkyl
groups include cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
tetrahydronapthyl, indanyl, octahydronaphthyl, 2,3-dihydro-1H-indenyl, adamanty]
and the like. “Bicyclic” and “tricyclic” as used herein are intended to include both
fused ring systems, such as decahydronaphthalene, octahydronaphthalene as well as

the multicyclic (multicentered) saturated or partially unsaturated type. The latter
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type of isomer is exemplified in general by, bicyclo[1,1,1]pentane, camphor,
adamantane, and bicyclo[3,2,1]octane.

[089] The term “ester,” as used herein, alone or in combination, refers to a
carboxy group bridging two moieties linked at carbon atoms.

[090] The term “ether,” as used herein, alone or in combination, refers to an
oxy group bridging two moieties linked at carbon atoms.

[091] The term “halo,” or “halogen,” as used herein, alone or in combination,
refers to fluorine, chlorine, bromine, or iodine.

[092] The term “haloalkoxy,” as used herein, alone or in combination, refers to
a haloalkyl group attached to the parent molecular moiety through an oxygen atom.
[093] The term “haloalkyl,” as used herein, alone or in combination, refers to
an alkyl group having the meaning as defined above wherein one or more
hydrogens are replaced with a halogen. Specifically embraced are monohaloalky]l,
dihaloalkyl and polyhaloalkyl groups. A monohaloalkyl group, for one example,
may have an iodo, bromo, chloro or fluoro atom within the group. Dihalo and
polyhaloalkyl groups may have two or more of the same halo atoms or a
combination of different halo groups. Examples of haloalkyl groups include
fluoromethyl, difluoromethyl, trifluoromethyl, chloromethyl, dichloromethy],
trichloromethyl, pentafluoroethyl, heptafluoropropyl, difluorochloromethyl,
dichlorofluoromethyl, difluoroethyl, difluoropropyl, dichloroethyl and
dichloropropyl. “Haloalkylene” refers to a haloalkyl group attached at two or more
positions. Examples include fluoromethylene

(-CFH-), difluoromethylene (—-CF, —), chloromethylene (-CHCI-) and the like.
[094] The term "heteroalkyl," as used herein, alone or in combination, refers to
a stable straight or branched chain, or cyclic hydrocarbon group, or combinations
thereof, fully saturated or containing from 1 to 3 degrees of unsaturation, consisting
of the stated number of carbon atoms and from one to three heteroatoms chosen
from O, N, and S, and wherein the nitrogen and sulfur atoms may optionally be
oxidized and the nitrogen heteroatom may optionally be quaternized. The
heteroatom(s) O, N and S may be placed at any interior position of the heteroalkyl
group. Up to two heteroatoms may be consecutive, such as, for example, -CH,-NH-
OCHs.

[095] The term "heteroaryl," as used herein, alone or in combination, refers to

a 3 to 7 membered unsaturated heteromonocyclic ring, or a fused monocyclic,
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bicyclic, or tricyclic ring system in which at least one of the fused rings is aromatic,
which contains at least one atom chosen from O, S, and N. In certain embodiments,
said heteroaryl will comprise from 5 to 7 carbon atoms. The term also embraces
fused polycyclic groups wherein heterocyclic rings are fused with aryl rings,
wherein heteroaryl rings are fused with other heteroaryl rings, wherein heteroaryl
rings are fused with heterocycloalkyl rings, or wherein heteroaryl rings are fused
with cycloalkyl rings. Examples of heteroaryl groups include pyrrolyl, pyrrolinyl,
imidazolyl, pyrazolyl, pyridyl, pyrimidinyl, pyrazinyl, pyridazinyl, triazolyl,
pyranyl, furyl, thienyl, oxazolyl, isoxazolyl, oxadiazolyl, thiazolyl, thiadiazolyl,
isothiazolyl, indolyl, isoindolyl, indolizinyl, benzimidazolyl, quinolyl, isoquinolyl,
quinoxalinyl, quinazolinyl, indazolyl, benzotriazolyl, benzodioxolyl, benzopyranyl,
benzoxazolyl, benzoxadiazolyl, benzothiazolyl, benzothiadiazolyl, benzofuryl,
benzothienyl, chromonyl, coumarinyl, benzopyranyl, tetrahydroquinolinyl,
tetrazolopyridazinyl, tetrahydroisoquinolinyl, thienopyridinyl, furopyridinyl,
pyrrolopyridinyl and the like. Exemplary tricyclic heterocyclic groups include
carbazolyl, benzidolyl, phenanthrolinyl, dibenzofuranyl, acridinyl, phenanthridinyl,
xanthenyl and the like.

[096] The terms “heterocycloalky]l” and, interchangeably, “heterocycle,” as
used herein, alone or in combination, each refer to a saturated, partially unsaturated,
or fully unsaturated monocyclic, bicyclic, or tricyclic heterocyclic group containing
at least one heteroatom as a ring member, wherein each said heteroatom may be
independently chosen from nitrogen, oxygen, and sulfur. In certain embodiments,
said hetercycloalkyl will comprise from 1 to 4 heteroatoms as ring members. In
further embodiments, said hetercycloalkyl will comprise from 1 to 2 heteroatoms as
ring members. In certain embodiments, said hetercycloalkyl will comprise from 3
to 8 ring members in each ring. In further embodiments, said hetercycloalkyl will
comprise from 3 to 7 ring members in each ring. In yet further embodiments, said
hetercycloalkyl will comprise from 5 to 6 ring members in each ring.
“Heterocycloalkyl” and “heterocycle” are intended to include sulfones, sulfoxides,
N-oxides of tertiary nitrogen ring members, and carbocyclic fused and benzo fused
ring systems; additionally, both terms also include systems where a heterocycle ring
is fused to an aryl group, as defined herein, or an additional heterocycle group.
Examples of heterocycle groups include aziridinyl, azetidinyl, 1,3-benzodioxolyl,

dihydroisoindolyl, dihydroisoquinolinyl, dihydrocinnolinyl, dihydrobenzodioxinyl,
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dihydro[1,3]oxazolo[4,5-b]pyridinyl, benzothiazolyl, dihydroindolyl, dihy-
dropyridinyl, 1,3-dioxanyl, 1,4-dioxanyl, 1,3-dioxolanyl, isoindolinyl, morpholinyl,
piperazinyl, pyrrolidinyl, tetrahydropyridinyl, piperidinyl, thiomorpholinyl, and the

like. The heterocycle groups may be optionally substituted unless specifically

prohibited.

[097] The term “hydroxy,” as used herein, alone or in combination, refers to —
OH.

[098] The term “hydroxyalkyl,” as used herein, alone or in combination, refers

to a hydroxy group attached to the parent molecular moiety through an alkyl group.
[099] The phrase “in the main chain” refers to the longest contiguous or
adjacent chain of carbon atoms starting at the point of attachment of a group to the
compounds of any one of the formulas disclosed herein.

[0100] The term “lower,” as used herein, alone or in a combination, where not
otherwise specifically defined, means containing from 1 to and including 6 carbon
atoms.

[0101] The terms “oxy” or “oxa,” as used herein, alone or in combination, refer
to —O-.

[0102] The term “o0x0,” as used herein, alone or in combination, refers to =0.
[0103] The term “perhaloalkoxy” refers to an alkoxy group where all of the
hydrogen atoms are replaced by halogen atoms.

[0104] The term “perhaloalkyl” as used herein, alone or in combination, refers
to an alkyl group where all of the hydrogen atoms are replaced by halogen atoms.
[0105] The terms “thia” and “thio,” as used herein, alone or in combination,
refer to a —S— group or an ether wherein the oxygen is replaced with sulfur. The
oxidized derivatives of the thio group, namely sulfinyl and sulfonyl, are included in
the definition of thia and thio.

[0106] Any definition herein may be used in combination with any other
definition to describe a composite structural group. By convention, the trailing
element of any such definition is that which attaches to the parent moiety. For
example, the composite group alkylamido would represent an alkyl group attached
to the parent molecule through an amido group, and the term alkoxyalkyl would
represent an alkoxy group attached to the parent molecule through an alkyl group.
[0107] When a group is defined to be “null,” what is meant is that said group is

absent.
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[0108] The term “optionally substituted” means the anteceding group may be
substituted or unsubstituted. When substituted, the substituents of an “optionally
substituted” group may include, without limitation, one or more substituents
independently selected from the following groups or a particular designated set of
groups, alone or in combination: lower alkyl, lower alkenyl, lower alkynyl, lower
alkanoyl, lower heteroalkyl, lower heterocycloalkyl, lower haloalkyl, lower
haloalkenyl, lower haloalkynyl, lower perhaloalkyl, lower perhaloalkoxy, lower
cycloalkyl, phenyl, aryl, aryloxy, lower alkoxy, lower haloalkoxy, oxo, lower
acyloxy, carbonyl, carboxyl, lower alkylcarbonyl, lower carboxyester, lower
carboxamido, cyano, hydrogen, halogen, hydroxy, ester, acyl, amino, lower
alkylamino, arylamino, amido, nitro, thiol, lower alkylthio, lower haloalkylthio,
lower perhaloalkylthio, arylthio, sulfonate, sulfonic acid, trisubstituted silyl, N3,
SH, SCH3, C(O)CH3, CO,CHs, CO,H, pyridinyl, thiophene, furanyl, lower
carbamate, and lower urea. Two substituents may be joined together to form a
fused five-, six-, or seven-membered carbocyclic or heterocyclic ring consisting of
zero to three heteroatoms, for example forming methylenedioxy or ethylenedioxy.
An optionally substituted group may be unsubstituted (e.g., -CH,CH3), fully
substituted (e.g., -CF,CFs), monosubstituted (e.g., -CH>CH,F) or substituted at a
level anywhere in-between fully substituted and monosubstituted (e.g., -CH,CFj3).
Where substituents are recited without qualification as to substitution, both
substituted and unsubstituted forms are encompassed. Where a substituent is
qualified as “substituted,” the substituted form is specifically intended.
Additionally, different sets of optional substituents to a particular moiety may be
defined as needed; in these cases, the optional substitution will be as defined, often
immediately following the phrase, “optionally substituted with.”

[0109] The term R or the term R’, appearing by itself and without a number
designation, unless otherwise defined, refers to a moiety chosen from hydrogen,
alkyl, cycloalkyl, heteroalkyl, aryl, heteroaryl and heterocycloalkyl, any of which
may be optionally substituted. Such R and R’ groups should be understood to be
optionally substituted as defined herein. Whether an R group has a number
designation or not, every R group, including R, R’ and R" where n=(1, 2, 3, ...n),
every substituent, and every term should be understood to be independent of every
other in terms of selection from a group. Should any variable, substituent, or term

(e.g. aryl, heterocycle, R, etc.) occur more than one time in a formula or generic
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structure, its definition at each occurrence is independent of the definition at every
other occurrence. Those of skill in the art will further recognize that certain groups
may be attached to a parent molecule or may occupy a position in a chain of
elements from either end as written. Thus, by way of example only, an
unsymmetrical group such as -C(O)N(R)- may be attached to the parent moiety at
either the carbon or the nitrogen.

[0110] Asymmetric centers exist in the compounds disclosed herein. These
centers are designated by the symbols “R” or “S,” depending on the configuration
of substituents around the chiral carbon atom. It should be understood that the
invention encompasses all stereochemical isomeric forms, including diastereomeric,
enantiomeric, and epimeric forms, as well as d-isomers and 1-isomers, and mixtures
thereof. Individual stereoisomers of compounds can be prepared synthetically from
commercially available starting materials which contain chiral centers or by
preparation of mixtures of enantiomeric products followed by separation such as
conversion to a mixture of diastereomers followed by separation or
recrystallization, chromatographic techniques, direct separation of enantiomers on
chiral chromatographic columns, or any other appropriate method known in the art.
Starting compounds of particular stereochemistry are either commercially available
or can be made and resolved by techniques known in the art. Additionally, the
compounds disclosed herein may exist as geometric isomers. The present invention
includes all cis, trans, syn, anti, entgegen (E), and zusammen (Z) isomers as well as
the appropriate mixtures thereof. Additionally, compounds may exist as tautomers;
all tautomeric isomers are provided by this invention. Additionally, the compounds
disclosed herein can exist in unsolvated as well as solvated forms with
pharmaceutically acceptable solvents such as water, ethanol, and the like. In
general, the solvated forms are considered equivalent to the unsolvated forms.
[0111] The term “bond” refers to a covalent linkage between two atoms, or two
moieties when the atoms joined by the bond are considered to be part of larger
substructure. A bond may be single, double, or triple unless otherwise specified. A
dashed line between two atoms in a drawing of a molecule indicates that an
additional bond may be present or absent at that position.

[0112] The term “disease” as used herein is intended to be generally
synonymous, and is used interchangeably with, the terms “disorder” and

“condition” (as in medical condition), in that all reflect an abnormal condition of
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the human or animal body or of one of its parts that impairs normal functioning, is
typically manifested by distinguishing signs and symptoms, and causes the human
or animal to have a reduced duration or quality of life.

[0113] The term "combination therapy" means the administration of two or
more therapeutic agents to treat a therapeutic condition or disorder described in the
present disclosure. Such administration encompasses co-administration of these
therapeutic agents in a substantially simultaneous manner, such as in a single
capsule having a fixed ratio of active ingredients or in multiple, separate capsules
for each active ingredient. In addition, such administration also encompasses use of
each type of therapeutic agent in a sequential manner. In either case, the treatment
regimen will provide beneficial effects of the drug combination in treating the
conditions or disorders described herein.

[0114] The phrase "therapeutically effective” is intended to qualify the amount
of active ingredients used in the treatment of a disease or disorder. This amount
will achieve the goal of reducing or eliminating the said disease or disorder.

[0115] The term ““chelation” as used herein means to coordinate (as in a metal
ion) with and inactivate. Chelation also includes decorporation, a term which itself
encompasses chelation and excretion.

[0116] The term “iron-clearing efficiency (ICE)” as used herein refers to the
efficaciousness of a given concentration of chelator in clearing iron from the body
or one of its organs or parts. Efficaciousness in turn concerns quantity of iron
removed from a target system (which may be a whole body, an organ, or other) in a
unit of time. Chelators are needed for three clinical situations: for acute iron
toxicity from ingestion or infusion of iron; to reduce total body iron secondary to
transfusion or excess iron absorption; for maintenance of iron balance after total
body iron has been satisfactorally reduces and only daily dietary iron needs to be
excreted. In practical terms, therefore, for chronic iron overload secondary to
transfusion, the recommendation is that between 0.3 and 0.5 mg Fe/kg body weight
of the patient per day need be excreted. For the maintenance treatment, 0.25-1
mg/kg/d is sufficient.

[0117] The term “therapeutically acceptable” refers to those compounds (or
salts, polymorphs, prodrugs, tautomers, zwitterionic forms, etc.) which are suitable

for use in contact with the tissues of patients without undue toxicity, irritation, and
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allergic response, are commensurate with a reasonable benefit/risk ratio, and are
effective for their intended use.

[0118] As used herein, reference to "treatment” of a patient is intended to
include prophylaxis. The term “patient” means all mammals including humans.
Examples of patients include humans, cows, dogs, cats, goats, sheep, pigs, and
rabbits. Preferably, the patient is a human.

[0119] The term "prodrug" refers to a compound that is made more active in
vivo. Certain compounds disclosed herein may also exist as prodrugs, as described
in Hydrolysis in Drug and Prodrug Metabolism : Chemistry,<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>