
TUBULIN BINDING ANTI CANCER AGENTS AND PRODRUGS THEREOF CROSS-REFERENCES TO
RELATED APPLICATIONS This application claims the benefit of U.S. Patent
Application No. 60/630,422 filed 22 November 2004; and U.S. Patent
Application No. 60/726928, filed 14 October 2005, the contents of each of
which is incorporated herein by reference. BACKGROUND OF THE INVENTION
Field of the Invention The present invention provides compositions and
methods for treating cancer and other hyperproliferative disease conditions
and generally relates to the fields of chemistry, biology, molecular
biology, pharmacology, and medicine. In particular, the present invention
provides tubulin binding compounds and their prodrugs for treating cancer
and other hyperproliferative disease conditions. Description of Related Art
Tubulin-containing structures such as microtubules are important for
diverse cellular functions, including chromosome segregation during cell
division, intracellular transport, development and maintenance of cell
shape, cell motility, and possibly distribution of molecules on cell
membranes (Bacher et al., Pure Appl. Chem., 73(9): 1459-1464, 2001).
Precipitation and sequestration of tubulin structure interrupts many
important biological functions that depend on tubulin via the microtubular
class of subcellular organelles. For example, inhibition of tubulin
polymerization or prevention of the disassembly of tubulin polymer causes
cell cycle arrest which ultimately leads to cell death. As.a result,
tubulin is a promising target in cancer therapy. Drug compounds that
interfere with tubulin can be useful anti-cancer agents. Three important
binding domains have been identified on tubulin where such drug compounds
can bind. These drugs have diverse chemicalstructure (Angerer et a/., Curr.
OpIn. Drug Discov. Dev., 2000, 3(5): 575-584 incorporated herein by
reference) suggesting that they can bind on different regions of tubulin.
However, a common outcome of tubulin binding of these drugs is that they
cause precipitation and sequestration of tubulin. Clinically used
anti-cancer drugs targeting tubulin are of natural origin, namely, the
taxanes (paclitaxel, docetaxel), vinca alkaloids (vincristine, vinblastine,
vinorelbine), and podophyllotoxins/colchicine. These agents either inhibit
polymerization of tubulin (vinca alkaloids/colchicine) or prevent
disassembly of microtubules (taxanes). More recently, the natural products
epothilone A and B and their analogs were found to be stabilizers of
microtubules and highly cytotoxic. While tubulin-targeting drugs are used
clinically to treat cancer, they have several disadvantages (see Bacher et
a/., supra). The complex chemical structures of these representative drugs
make their synthesis difficult and isolating them from natural resources is
often difficult. Another major drawback in clinical application of taxanes
and vinca alkaloids is the development of neurotoxicity. These drugs
interfere with the function of microtubules in axons, which mediate the
neuronal vesicle transport. The insolubility of some of these drugs makes
administration difficult. Further, over-expression of transmembrane pumps
results in development of drug resistance to these agents. These factors
limit the potential of these natural products.Other natural products or
derived analogs are known which have increased solubility or potency.
However, their complex chemical structure makes their synthesis problematic
and limits availability. i DnlBft gtin 1'0 *- Combretastatin A is a
small-molecular weight natural product which binds to the colchicine
binding part of tubulin and inhibits tubulin polymerization. Administration
of Combretastatin A is problematic because of its low aqueous solubility. A
water soluble phosphate prodrug of Combretastatin A is used in therapy.
However the phosphate group is hydrolyzed by phosphatases that are not
tumor specific, to yield Combretastatin A. Release of insoluble
Combretastatin A away from the tumor following such hydrolysis can cause
administration problems. There remains a need for anti-cancer compounds,
preferably tubulin binding anti-cancer compounds, especially those that are
not substrates of transmembrane pumps and/or do not interfere with the
function of axonal microtubules and/or provide an increased therapeutic
index in the treatment of cancer. The present invention meets these
needs.BRIEF SUMMARY OF THE INVENTION In one aspect, the present invention
provides a compound having a formula selected from: (VII) (VIII) wherein
each Qi , Q , and Q6 independently is hydrogen; halo; amino; C1- C6
alkylamino; di CrC 6 alkylamino; hydroxyl; CrC 6 alkoxy; nitro; cyano; CrC
6 alkyl; CrC 6 heteroalkyl; C2-C6 alkenyl; C2-C6 alkynyl; C3-C8 cycloalkyl;
C3-C8 heterocyclyl; aryl; heteroaryl; CORi 5; SO2Ri 5; or PO3Ri 5; each
Q3-Q5 is hydrogen; halo; amino; Ci-C 6 alkylamino; di CrC 6 alkylamino;
hydroxyl; CrC 6 alkoxy; nitro; cyano; aryl; heteroaryl; CORi ; SO2Ri 5 or
PO3Ri 5 with the proviso that in any one compound, only one of Q3- Q5 is
hydrogen; Q3 and Q together form C3-C heterocycle, an aryl, or a
heteroaryl; or Q4 and Q5 together form a C3-C8 heterocycle, an aryl, or a
heteroaryl;Q7 is hydrogen; amino; Ci-C 6 alkylamino; di Ci-C 6 alkylamino;
hydroxyl; C1-C6 alkoxy; nitro; cyano; Ci-C 6 alkyl; CrC 6 heteroalkyl;
C2-C6 alkenyl; C2-C6 alkynyl; C3-C8 cycloalkyl; C3-C8 heterocyclyl; aryl;
heteroaryl; CORi 8; SO2R15 ; PO3Ri 5 or a monosaccharide; with the proviso
that in formula (II) Q7 excludes hydrogen; Q8 is hydrogen; halo; amino;
C1-C alkylamino; di CrC 6 alkylamino; hydroxyl; CrC 6 alkoxy; nitro; cyano;
aryl; heteroaryl; COR15; SO2Ri 5 or PO3R15 ; each Qg independently is
hydrogen; halo; amino; CrC 6 alkylamino; di CrC 6 alkylamino; hydroxyl; CrC
6 alkoxy; nitro; cyano; aryl; heteroaryl; COR15 ; SO2R15 or PO3Ri 5; X is
O, -NNHRi 6, NR16 , or NORi 6; Y is hydrogen, hydroxyl, or halogen; Z is
-CH- or -N-; R15 is hydrogen, C1-C6 alkoxy, amino, C1-C6 alkylamino, di
C1-C6 alkylamino, NHOH, NHNH2, C1-C6 alkyl, C1-C6 heteroalkyl, C2-C6
alkenyl, C2- C6 alkynyl, C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl, or
heteroaryl; R16 is hydrogen, C1-C6 alkyl, aryl, C1-C6 alkylsulphonyl,
arylsulfonyl, C1- C6 alkoxycarbonyl, aminocarbonyl, C1-C6
alkylaminocarbonyl, di C1-C6 alkylaminocarbonyl, C1-C6 acyl, aroyl,
aminothiocarbonyl, CrC 6 alkylaminothiocarbonyi, di CrC 6
alkylaminothiocarbonyl, CrC 6 thioacyl, or thioaroyl; with the proviso that
when X is NRi 6, Ri 6 excludes hydrogen; R18 is hydrogen, hydroxyl, C1-C6
alkoxy, amino, C1-C6 alkylamino, di C1-C6 alkylamino, NHOH, NHNH2, C1-C6
alkyl, C1-C6 heteroalkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C8 cycloalkyl,
C3-C8 heterocyclyl, aryl, or heteroaryl; or a tautomer or an individual
isomer or a racemic or non-racemic mixture of isomers, a polymorph, a
hydrate, a prodrug or a pharmaceutically acceptable salt or solvate
thereof. In one embodiment, the compounds are tubulin binding compounds. In
another aspect, the present invention provides a compound of formula
(XXI)-(XXVII):(XXVII) wherein each Qi , Q2, and Q6 independently is
hydrogen; halo; amino; CrC 6 alkylamino; di Ci-C 6 alkylamino; hydroxyl;
Ci-C 6 alkoxy; nitro; cyano; 



CrC 6 alkyl; CrC 6 heteroalkyl; CrC 6 alkenyl; CrC 6 alkynyl; C3-C8
cycloalkyl; C3-C8 heterocyclyl; aryl; heteroaryl; CORi 8; SO2R18; or PO3Ri
5; each Q3-Q5 is hydrogen; halo; amino; CrC 6 alkylamino; di CrC 6
alkylamino; hydroxyl; CrC 6 alkoxy; nitro; cyano; aryl; heteroaryl; CORi 8;
SO2Ri8; or PO3Ri8 with the proviso that in any one compound, only one of
Q3- Q5 is hydrogen; Q is hydrogen; halo; amino; CrC 6 alkylamino; di CrC 6
alkylamino; hydroxyl; CrC 6 alkoxy; nitro; cyano; CrC 6 alkyl; CrC 6
heteroalkyl; CrC 6 alkenyl; CrC 6 alkynyl; C3-C8 cycloalkyl; C3-C8
heterocyclyl; aryl; heteroaryl; CORi 5; SO2R18; or PO3Ri 8 or a
monosaccharide; with the proviso that in formula (II) Q7 excludes hydrogen;
Q8 is hydrogen; halo; amino; CrC 6 alkylamino; di CrC 6 alkylamino;
hydroxyl; CrC 6 alkoxy; nitro; cyano; aryl; heteroaryl; CORi 8; SO2Ri 8 or
PO3Ri 8;each Qg independently is hydrogen; halo; amino; Ci-C 6 alkylamino;
di CrCe alkylamino; hydroxyl; C1-C6 alkoxy; nitro; cyano; aryl; heteroaryl;
CORi8; V iS -NHR 16 ; -NHNHRi 6; -NHN(Ri 6)2; -NR16NHR16; or -OR 17; Y is
hydrogen, hydroxyl or halogen; Z is -CH- or -N-; R15 is hydrogen, C1-C6
alkoxy, amino, C1-C6 alkylamino, di C1-C6 alkylamino, NHOH, NHNH2, C1-C6
alkyl, d-C 6 heteroalkyl, Cr C6 alkenyl, C1- C6 alkynyl, C1-C6 cycloalkyl,
C1-C6 heterocyclyl, aryl, or heteroaryl; R16 is hydrogen, CrC 6 alkyl,
aryl, CrC 6 alkylsulphonyl, arylsulfonyl, C1- C6 alkoxycarbonyl,
aminocarbonyl, C1-C6 alkylaminocarbonyl, di C1-C6 alkylaminocarbonyl, Ci-C
6 acyl, aroyl, aminothiocarbonyl, CrC 6 alkylaminothiocarbonyl, di C1-C6
alkylaminothiocarbonyl, C1-C6 thioacyl, or thioaroyl; and R' is Ci-C 6
alkyl or aryl; with the proviso that when V is NR16, R16 excludes hydrogen;
R17 is C1-C6 alkyl; aryl; or di C1-C6 alkylamino; R-I8 is hydrogen,
hydroxyl, Ci-C 6 alkoxy, amino, Ci-C 6 alkylamino, di CrC 6 alkylamino,
NHOH, NHNH2, CrC 6 alkyl, Cr C6 heteroalkyl, C2-C6 alkenyl, C2-C6 alkynyl,
C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl, or heteroaryl; or a tautomer or
an individual isomer or a racemic or non-racemic mixture of isomers, a
polymorph, a hydrate, a prodrug or a pharmaceutically acceptable salt or
solvate thereof. In one embodiment, these compounds are tubulin binding
compounds. In another aspect, the present invention provides prodrug
compounds wherein the novel compound of the invention is bonded to a
hypoxic activator (Hyp) through a hydroxyl oxygen (-OHyp) or an amine
nitrogen (-NHyp) in the tubulin binding compound. In another aspect, the
present invention provides prodrug compounds of known tubulin binding
anti-cancer compounds wherein the tubulin binding compound is bonded to the
hypoxic activator (Hyp) through an hydroxyl oxygen (-OHyp) or an amine
nitrogen (-NHyp) in the tubulin binding compound.The hypoxic activator can
be nitrobenzene moieties, nitrobenzoic acid amide moieties, nitroazole
moieties, nitroimidazole moieties, nitrothiophene moieties, nitrothiazole
moieties, nitrooxazole moieties, nitrofuran moieties, and nitropyrrole
moieties. In one embodiment, Hyp is selected from: wherein each X2 is N or
CR32; each R30 is independently hydrogen or alkyl; R31 is hydrogen,
hydroxyl, CrC 6 alkyl or heteroalkyl, C3-C8 cycloalkyl, heterocyclyl, CrC
alkoxy, Ci-Ce alkylamino, C1-Ce dialkylamino, aryl or heteroaryl, CrC acyl
or heteroacyl, aroyl, or heteroaroyl; R32 is hydrogen, halogen, nitro,
cyano, CO H, CVC alkyl or heteroalkyl, C1-C6 cycloalkyl, CrC alkoxy, CrC
alkylamino, C1-C6 dialkylamino, aryl, CON(Rr)2 , C1-C6 acyl or heteroacyl,
or aroyl or heteroaroyl; and n = 0, 1. In an additional embodiment, Hyp is
selected fromwherein X2, R30, R3 1, R32 and n are as defined above. In one
embodiment, the hypoxic activator is a substituted or unsubstituted
nitroimidazole moiety. In another embodiment, Hyp is n = 0 or 1, provided
that in -OHyp n = 0. In another aspect, the present invention provides a
pharmaceutical composition comprising a pharmaceutically acceptable carrier
and a novel compound or a novel prodrug compound of the invention. In
another aspect, the present invention provides a method of treating cancer
comprising administering a therapeutically effective amount of a novel
compound or a novel prodrug compound of the invention alone or in
combination with one or more other anti-cancer agents to a subject in need
of such treatment. These and other aspects and embodiments of the present
invention are described in greater detail in the following section. BRIEF
DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS Figure 1 illustrates
graphically the time course of mice bodyweight recorded during the
experiment in the three groups. Figure 2 illustrates graphically the time
course tumor volume recorded during the experiment in the three groups.
DETAILED DESCRIPTION OF THE INVENTION Definitions The following definitions
are provided to assist the reader. Unless otherwise defined, all terms of
art, notations, and other scientific or medicalterms or terminology used
herein are intended to have the meanings commonly understood by those of
skill in the chemical and medical arts. In some cases, terms with commonly
understood meanings are defined herein for clarity and/or for ready
reference, and the inclusion of such definitions herein should not be
construed to represent a substantial difference over the definition of the
term as generally understood in the art. Before describing the present
invention in detail, it is to be understood that this invention is not
limited to particular compositions, formulations or process parameters as
such may, of course, vary. It is also to be understood that the terminology
and examples used herein are for the purpose of describing particular
embodiments of the invention only, and are not intended to be limiting. All
patents, patent applications, and publications mentioned herein, whether
supra or infra, are hereby incorporated by reference in their entirety. As
used herein, the terms "a" or "an" means "at least one" or "one or more."
As used herein, "Ci-Ce alkyl" or (CrC 6) alkyl refers to substituted or
unsusbstituted straight or branched chain alkyl groups having 1-6 carbon
atoms such as, for example, methyl, ethyl, propyl, isopropyl, n-butyl,
secbutyl, tert-butyl, pentyl, 2-pentyl, isopentyl, neopentyl, hexyl,
2-hexyl, 3-hexyl and 3-methyl pentyl. A CrC 6 alkyl substituent may be
covalently bonded to an atom within a molecule of interest via any
chemically suitable portion of the CrC 6 alkyl group. "CrC 6 alkyl" or (CrC
6) alkyl may be further substituted with substituents, including for
example, hydroxy, amino, mono or di(d- C6)alkyl amino, halogen, C2-C6 alkyl
ether, cyano, nitro, ethenyl, ethynyl, Cr C6 alkoxy, CrC 6 alkylthio,
-COOH, -CONH2, mono- or di-(CrC 6)alkyl-carboxamido, -SO2NH2, -OSO2- (CrC
6)alkyl, mono or di(Ci-C 6)alkylsulfon- amido, aryl, and heteroary.
Substituted CrC 6 alkyl groups include, for example, -CH2-CH2-OH, -CH2-CH2-
halogen, -CH2-CH2-NH2, -CH2-CH2-O-CH2-CH2-OH, -CH2-CH2-CH2-NH-CH 2-CH2-OH
and -CH 2-CH 2-NH-CH 2-CH 2-OH and the like. As used herein, the term
"Cycloalkyl" refers to a monovalent cyclic 



hydrocarbon radical of three to seven ring carbons. The cycloalkyl group
mayhave double bonds which may but not necessarily be referred to as
"cycloalkene" or "cycloalkenyl". The cycloalkyl ring may be optionally
substituted independently with one, two, or three substituents selected
from alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkylalkyl,
halo, nitro, cyano, hydroxy, alkoxy, amino, mono-alkyiamino, di-alkylamino,
haloalkyl, haloalkoxy, -COR (where R is hydrogen, alkyl, cycloalkyl,
cycloalkylalkyl, phenyl or phenylalkyl), -(CR'R") n-COOR (n is an integer
from 0 to 5, R' and R" are independently hydrogen or alkyl, and R is
hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, phenyl or phenylalkyl), or
-(CR'R") n-CONRxRy (where n is an integer from 0 to 5, R' and R" are
independently hydrogen or alkyl, Rx and Ry are, independently of each
other, hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, phenyl or
phenylalkyl). More specifically, the term cycloalkyl includes, for example,
cyclopropyl, cyclohexyl, cyclohexenyl, phenylcyclohexyl,
4-carboxycyclohexyl, 2- carboxamido-cyclohexenyl,
2-dimethylaminocarbonyl-cyclohexyl, and the like. As used herein, the term
"Heteroalkyl" means an alkyl radical as defined herein with one, two or
three substituents independently selected from cyano, -ORW, -NRxRy, and
~S(O)PRZ (where p is an integer from 0 to 2 ), with the understanding that
the point of attachment of the heteroalkyl radical is through a carbon atom
of the heteroalkyl radical. Rw is hydrogen, alkyl, cycloalkyl,
cycloalkyl-alkyl, aryl, araalkyl, alkoxycarbonyl, aryloxycarbonyl,
carboxamido, or mono- or di-alkylcarbamoyl. Rx is hydrogen, alkyl,
cycloalkyl, cycloalkyl alkyl, aryl or araalkyl. Ry is hydrogen, alkyl,
cycloalkyl, cycloalkyl-alkyl, aryl, araalkyl, alkoxycarbonyl,
aryloxycarbonyl, carboxamido, mono- or dialkylcarbamoyl or alkylsulfonyl.
Rz is hydrogen (provided that p is 0), alkyl, cycloalkyl, cycloalkyl-alkyl,
aryl, araalkyl, amino, mono-alkylamino, dialkylamino, or hydroxyalkyl.
Representative examples include, for example, 2-hydroxyethyl,
2,3-dihydroxy-propyl, 2-methoxyethyl, benzyloxymethyl, 2- cyanoethyl, and
2-methylsulfonyl-ethyl. For each of the above, Rw, Rx, Ry, and Rz can be
further substituted by amino, fluorine, alkylamino, dialkylamino, OH or
alkoxy. Additionally, the prefix indicating the number ofcarbon atoms
(e.g., d-C-io) refers to the total number of carbon atoms in the portion of
the heteroalkyl group exclusive of the cyano, -ORW, -NRxRy, or -S(O) PRZ
portions. The term "heteroalkyl," by itself or in combination with another
term, also refers to a stable straight or branched chain, or cyclic
hydrocarbon radical, or combinations thereof, consisting of the stated
number of carbon atoms and at least one heteroatom selected from the group
consisting of O, N, Si 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 and Si may be placed at any
interior position of the heteroalkyl group or at the position at which the
alkyl group is attached to the remainder of the molecule. Examples include,
but are not limited to, -CH2-CH2-O-CH3, -CH2-CH2-NH-CH3, -CH2-CH2-N(CH3)-
CH3, -CH2-S-CH2-CH3, -CH2-CH2-S(O)-CH3, -CH2-CH2-S(O)2-CH3, -CH=CH-O-CH 3,
-Si(CHs)3, -CH2-CH=N-OCH 3, and -CH=CH-N(CH3)-CH3. Up to two heteroatoms
may be consecutive, such as, for example, -CH2-NH-OCH 3 and
-CH2-O-Si(CH3)3. Similarly, the term "heteroalkylene" by itself or as part
of another substituent means a divalent radical derived from heteroalkyl,
as exemplified, but not limited by, -CH2-CH2-S-CH2-CH2- and -CH2-S-CH2-CH2-
NH-CH2- . For heteroalkylene groups, heteroatoms can also occupy either or
both of the chain termini (e.g., alkyleneoxy, alkylenedioxy, alkyleneamino,
alkylenediamino, and the like). Still further, for alkylene and
heteroalkylene linking groups, no orientation of the linking group is
implied by the direction in which the formula of the linking group is
written. For example, the formula -C(O)2R'- represents both -C(O)2R'- and
-R1C(O)2- . As used herein, the terms "heterocycle", "heterocyclyl",
"heterocycloalkyl" or "cycloheteroalkyl" means a saturated or unsaturated
non-aromatic cyclic radical of 3 to 8 ring atoms in which one to four ring
atoms are heteroatoms selected from O, NR (where R is independently
hydrogen or alkyl) or S(O)P (where p is an integer from Oto 2), the
remaining ring atoms being C, where one or two C atoms may optionally be
replaced by a carbonyl group. The heterocyclyl ring may be optionally
substituted independently with one, two, or three substituents selected
from alkyl, aryl, arylalkyl, heteroaryl, heteroarylalkyl, cycloalkyl,
cycloalkylalkyl, halo, nitro, cyano, hydroxy, alkoxy,amino,
mono-alkylamino, di-alkylamino, haloalkyl, haloalkoxy, -COR (where R is
hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, phenyl or phenylalkyl),
-(CR'R") n- COOR (n is an integer from Oto 5, R' and R" are independently
hydrogen or alkyl, and R is hydrogen, alkyl, cycloalkyl, cycloalkylalkyl,
phenyl or phenylalkyl), or -(CR'R") n-CONRxRy (where n is an integer from
Oto 5, R' and R" are independently hydrogen or alkyl, Rx and Ry are,
independently of each other, hydrogen, alkyl, cycloalkyl, cycloalkylalkyl,
phenyl or phenylalkyl). More specifically the term heterocyclyl includes,
but is not limited to, pyridyl, tetrahydropyranyl, N-methylpiperidin-3-yl,
N-methylpyrrolidin-3-yl, 2- pyrrolidon-1-yl, furyl, quinolyl, thienyl,
benzothienyl, pyrrolidinyl, piperidinyl, morpholinyl, pyrrolidinyl,
tetrahydrofuranyl, tetrahydrothiofuranyl, 1,1-dioxohexahydro-
1D6-thiopyran-4-yl, tetrahydroimidazo [4,5-c] pyridinyl, imidazolinyl,
piperazinyl, and piperidin-2-onyl.and the derivatives thereof. The prefix
indicating the number of carbon atoms (e.g., C3-C10) refers to the total
number of carbon atoms in the portion of the cycloheteroalkyl or
heterocyclyl group exclusive of the number of heteroatoms. In one
embodiment, Rx and Ry together is heterocyclyl. More specifically the term
aryl includes, but is not limited to, phenyl, biphenyl, 1-naphthyl, and
2-naphthyl, and the substituted forms thereof. As used herein, "C1-C6
alkoxy," means a substituted or unsubstituted alkyl group of 1 to 6 carbon
atoms covalently bonded to an oxygen atom. A Ci-C 6 alkoxy group has the
general structure -O-(C-i-C6 alkyl) wherein alkyl is as described above.
CrC 6 alkoxy groups include, for example, methoxy, ethoxy, propoxy,
isopropoxy, n-butoxy, sec-butoxy, tert-butoxy, n-pentoxy, 2- pentoxy,
3-pentoxy, isopentoxy, neopentoxy, hexoxy, 2-hexoxy, 3-hexoxy, and
3-methylpentoxy. As used herein, "CrC 6 alkoxycarbonyl" refers to an alkoxy
group covalently bonded to a carbonyl. A CrC 6 alkoxycarbonyl group has the
general structure -C(=O)-O-(CrC 6)alkyl wherein alkyl is as described
above. As used herein, "CrC 6 alkylamino," means a substituted or
unsubstituted alkyl group of 1 to 6 carbon atoms covalently bonded to -NH-.
A CrC 6 alkylamino group has the general structure -NH-(CrCe)alkyl wherein
alkyl is as described above. CrC 6 alkylamino groups include, for example,
methylamino, ethylamino, propylamino and butylamino.As used herein, "C2-C6
alkyl ether" refers to an ether substituent with 2 to 6 carbon atoms,
positioned such that at least one carbon atom is located on either side of
the oxygen atom. As used herein, "aryl" refers to substituted or
unsusbstituted moieties that include one or more monocyclic or fused ring
aromatic systems. Such moieties include any moiety that has one or more
monocyclic or bicyclic fused ring aromatic systems, including but not
limited to phenyl and naphthyl. As used herein, the term "halogen" or
"halo" refers to fluorine, chlorine, bromine, and/or iodine. As used
herein, "heteroaryl" refers to substituted or unsusbstituted monocyclic
aromatic groups having 5 or 6 ring atoms, or fused ring bicyclic aromatic
groups having 8 to 20 atoms, in which the ring atoms are C, O, S, SO, SO2,
or N and at least one of the ring atoms is a heteroatom, i.e., O, S, SO,
SO2, or N. Heteroaryl groups include for example acridinyl, azocinyl,
benzimidazolyl, benzofuranyl, benzothio-furanyl, benzothiophenyl,
benzoxazolyl, benzothiazolyl, benzotriazolyl, benzotetrazolyl,
benzisoxazolyl, benzisothiazolyl, benzimidazolinyl, carbazolyl,
NH-carbazolyl, carbolinyl, 



chromanyl, chromenyl, cinnolinyl, dithiazinyl, furanyl, furazanyl,
imidazolidinyl, imidazolinyl, imidazolyl, indazolyl, indolenyl, indolinyl,
indolizinyl, indolyl, isobenzofuranyl, isochromanyl, isoindazolyl,
isoindolinyl, isoindolyl, isoquinolinyl, isothiazolyl, isoxazolyl,
naphthyridinyl, octahydroisoquinolinyl, oxadiazolyl, oxazolidinyl,
oxazolyl, oxazolidinyl, pyrimidinyl, phenanthridinyl, phenanthrolinyl,
phenazinyl, phenothiazinyl, phenoxathiinyl, phenoxazinyl, phthalazinyl,
piperazinyl, pteridinyl, purinyl, pyranyl, pyrazinyl, pyrazolidinyl,
pyrazolinyl, pyrazolyl, pyridazinyl, pyridooxazolyl, pyridoimidazolyl,
pyridothiazole, pyridinyl, pyridyl, pyrimidinyl, pyrrolyl, quinazolinyl,
quinolinyl, quinoxalinyl, quinuclidinyl, tetrahydroisoquinolinyl,
tetrahydroquinolinyl, tetrazolyl, thiadiazinyl, thiadiazolyl, thianthrenyl,
thiazolyl, thienyl, thienothiazolyl, thienooxazolyl, thienoimidazolyl,
thiophenyl, triazinyl and xanthenyl. Unless indicated otherwise, the
arrangement of the hetero atoms within the ring may be any arrangement
allowed by the bonding characteristics of the constituent ring atoms. Aryl
or heteroaryl groups may be further substituted with substituents,
including for example, hydroxy, amino, mono or di(CrC 6)alkyl amino,
halogen, C2-C6 alkyl ether, cyano, nitro,ethenyl, ethynyl, Cr C6 alkoxy,
Ci-C 6 alkylthio, -COOH, -CONH 2, mono- or di- (Ci-C 6)alkyl-carboxamido,
-SO2NH2, -OSO2-(C1-C6)alkyl, mono or di(d- C6)alkylsulfon-amido, aryl, and
heteroaryl. As used herein, the term "hydroxy(CrC 6)alkyl" refers to a
substituted or unsubstituted aliphatic group having from 1 to 6 carbon
atoms, and further comprising at least one hydroxyl group on the main
carbon chain and/or on a side chain. Hydroxy(Ci-C 6)alkyl groups include,
for example, -CH2-CH2-OH and -CH2-CH2-CH2-OH. As used herein a "protected
form of formyl" refers to acetals, oximes, and hydrazones. As used herein,
a "hypoxic activator" or "hypoxia activated trigger" refers to a group or
moiety that is capable of releasing another compound, such as an
antineoplastic agent or analogs thereof upon hypoxic reduction. In one
embodiment, the hypoxic activator is a group that is capable of releasing
the antineoplastic agent or analogs thereof upon reduction of the hypoxic
activator under hypoxic conditions but does not release any antineoplastic
agent or analog under normoxic conditions. For example, and as described in
more detail below, one hypoxic activator is a nitroimidazole that may be
substituted with a variety of groups. Other examples of hypoxic activators
include, but are not limited to, groups based on nitrobenzenes,
nitrobenzoic acid amides, nitroazoles, nitroimidazoles, nitrothiophenes,
nitrothiazoles, nitrooxazoles, nitrofurans, and nitropyrroles, where each
of these classes of moieties may be substituted or unsubstituted, such that
the redox potential for the group lies within a range where the group can
undergo reduction in the hypoxic regions of a tumor. One of skill in the
art will understand, in view of the description herein, how to substitute
these and other hypoxia labile protecting groups to provide a redox
potential that lies within said range. Additional examples of hypoxic
activators are described in Matteucci et al., PCT Publication No. WO
04/087075 and US Pat. Appl. No. 60/695,755 each of which is incorporated
herein by reference. Generally, one of skill in the art can "tune" the
redox potential of a hypoxic activator by substituting that activator with
electron withdrawing groups, electron donating groups, or some combination
of such groups. Forexample, nitrothiophene, nitrofuranfuran, and
nitrothiazole groups may be substituted with one or more electron donating
groups, including but not limited to methyl, methoxy, or amine groups, to
provide a hypoxic activator with the desired redox potential. In another
example, the nitropyrrole moiety can be substituted with an electron
withdrawing group, including but not limited to cyano, carboxamide, -CF3,
and sulfonamide groups, to achieve a group with the desired redox
potential. For this purpose, strong electron withdrawing groups such as
cyano, sulfone, sulfonamide, carboxamide, or -CF3, and milder electron
withdrawing groups such as -Chb-halogen, where halogen is -F, -Cl, or -Br,
can be used. As used herein, a "prodrug" is a compound that, after
administration, is metabolized or otherwise converted to an active or a
more active compound compared to the corresponding prodrug. To produce a
prodrug, a cytotoxic, pharmaceutically active compound or precursor thereof
can be modified chemically to render it less active or inactive, but the
chemical modification is such that an active form of the compound is
generated from the resulting prodrug by metabolic or other biological
processes. Those of skill in the art recognize, however, that prodrug
synthesis does not necessarily require use of the active drug as synthetic
intermediate. A prodrug can have, relative to the drug, altered metabolic
stability or transport characteristics, fewer side effects, or lower
toxicity (for example, see Nogrady, 1985, Medicinal Chemistry A Biochemical
Approach, Oxford University Press, New York, pages 388-392). As used
herein, "substituent" refers to a molecular moiety that is covalently
bonded to an atom within a molecule of interest. As used herein, the term
"substitution" refers to replacing a hydrogen atom in a molecular structure
with a substituent such that the valence on the designated atom (for
example 4 for carbon) is not exceeded, and a chemically stable compound (a
compound that can be isolated, characterized, and/or tested for biological
activity) results. A combination of substituents or variables is
permissible only if such a combination results in a stable or chemically
feasible compound. A stable compound or chemically feasible compound is one
in which the chemicalstructure is not substantially altered when kept at a
temperature of 4 0C or less, in the absence of moisture or other chemically
reactive conditions, for at least a week. Compounds that have the same
molecular formula but differ in the nature or sequence of bonding of their
atoms or the arrangement of their atoms in space are termed "isomers".
Isomers that differ in the arrangement of their atoms in space are termed
"stereoisomers". Stereoisomers that are not mirror images of one another
are termed "diastereomers" and those that are non-superimposable mirror
images of each other are termed "enantiomers". When a compound has an
asymmetric center, for example, it is bonded to four different groups, a
pair of enantiomers is possible. An enantiomer can be characterized by the
absolute configuration of its asymmetric center and is described by the R-
and S-sequencing rules of Cahn and Prelog, or by the manner in which the
molecule rotates the plane of polarized light and designated as
dextrorotatory or levorotatory (i.e., as (+) or (-)-isomers respectively).
A chiral compound can exist as either individual enantiomer or as a mixture
thereof. A mixture containing equal proportions of the enantiomers is
called a "racemic mixture". The compounds of this invention may exist in
stereoisomeric form if they possess one or more asymmetric centers or a
double bond with asymmetric substitution and, therefore, can be produced as
individual stereoisomers or as mixtures. Unless otherwise indicated, the
description is intended to include individual stereoisomers as well as
mixtures. The methods for the determination of stereochemistry and the
separation of stereoisomers are well-known in the art (see discussion in
Chapter 4 of ADVANCEDORGANIC CHEMISTRY, 4th edition J. March, John Wiley
and Sons, New York, 1992). "Pharmaceutically acceptable salt" of a compound
means a salt that is pharmaceutically acceptable and that possesses the
desired pharmacological activity of the parent compound. Such salts
include: ( 1) acid addition salts, formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric
acid, 



and the like; or formed with organic acids such as acetic acid, propionic
acid, hexanoic acid, cyclopentanepropionic acid, glycolic acid, pyruvic
acid, lacticacid, malonic acid, succinic acid, malic acid, maleic acid,
fumaric acid, tartaric acid, citric acid, benzoic acid,
3-(4-hydroxybenzoyl)benzoic acid, cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid, 1,2-ethanedisulfonic acid,
2-hydroxyethanesulfonic acid, benzenesulfonic acid, Achlorobenzenesulfonic
acid, 2-naphthalenesulfonic acid, 4-toluenesu fonic acid, camphorsulfonic
acid, 4-methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic acid, glucoheptonic
acid, 3-phenylpropionic acid, trimethylacetic acid, tertiary butylacetic
acid, lauryl sulfuric acid, gluconic acid, glutamic acid, hydroxynaphthoic
acid, salicylic acid, stearic acid, muconic acid, and the like; or (2)
salts formed when an acidic proton present in the parent compound either is
replaced by a metal ion, e.g., an alkali metal ion, an alkaline earth ion,
or an aluminum ion; or coordinates with an organic base such as
ethanolamine, diethanolamine, triethanolamine, trimethylamine,
Nmethylglucamine, and the like. "Protecting group" refers to a grouping of
atoms that when attached to a reactive group in a molecule masks, reduces
or prevents that reactivity. Examples of protecting groups can be found in
T.W. Greene and P.G. Wuts, PROTECTIVE GROUPS IN ORGANIC CHEMISTRY, (Wiley,
2nd ed. 1991 ) and Harrison and Harrison et al., COMPENDIUM OF SYNTHETIC
ORGANIC METHODS, VoIs. 1-8 (John Wiley and Sons. 1971-1996). Representative
amino protecting groups include formyl, acetyl, trifluoroacetyl, benzyl,
benzyloxycarbonyl (CBZ), tert-butoxycarbonyl (Boc), trimethyl silyl (TMS),
2- trimethylsilyl-ethanesulfonyl (SES), trityl and substituted trityl
groups, allyloxycarbonyl, 9-fluorenylmethyloxycarbonyl (FMOC),
nitroveratryloxycarbonyl (NVOC) and the like. Representative hydroxy
protecting groups include those where the hydroxy group is either acylated
or alkylated such as benzyl and trityl ethers as well as alkyl ethers,
tetrahydropyranyl ethers, trialkylsilyl ethers and allyl ethers. As used
herein, "patient" or "subject" typically refers to a human but more
generally refers to a mammal. Those of skill in the art will appreciate
that the methods and compositions of the invention can be used to treat
cancer or other hyperproliferative diseases in any mammal, including
nonhuman primates, and experimental models of human cancers. In one
embodiment, the patient is a human patient. As used herein, "treating" a
condition or patient refers to taking steps to obtain beneficial or desired
therapeutic results, including clinical results. Beneficial or desired
therapeutic results include, but are not limited to, alleviation or
amelioration of one or more symptoms of cancer, diminishment of extent of
disease, delay or slowing of disease progression, palliation or
stabilization of the disease state, and other beneficial results, as
described below. As used herein, "reduction" of a symptom or symptoms (and
grammatical equivalents of this phrase) means decreasing of the severity or
frequency of the symptom(s) or eliminating the symptom(s). As used herein,
"administering" or "administration of a drug to a subject (and grammatical
equivalents of this phrase) can include direct administration, including
self-administration and/or indirect administration, including the act of
prescribing a drug. For example, as used herein, a physician who instructs
a patient to self-administer a drug and/or provides a patient with a
prescription for a drug is administering the drug to the patient. As used
herein, an "effective amount" or a "therapeutically effective amount" of a
drug is an amount of a drug that, when administered to a subject with
cancer or any other hyperproliferative disease condition, will have (i) the
intended therapeutic effect, e.g., alleviation, amelioration, palliation or
elimination of one or more manifestations of cancer or other disease in the
subject; or (ii) a prophylactic effect, e.g., preventing or delaying the
onset (or reoccurrence) of disease or symptoms or reducing the likelihood
of the onset (or reoccurrence) of disease or symptoms. The full therapeutic
or prophylactic effect does not necessarily occur by administration of one
dose and can occur only after administration of a series of doses. Thus, a
therapeutically or prophylactically effective amount can be administered in
one or more administrations. As used herein, a "prophylactically effective
amount" of a drug is an amount of a drug that, when administered to a
subject, will have the intended prophylactic effect, e.g., preventing or
delaying the onset (or reoccurrence) of disease or symptoms, or reducing
the likelihood of the onset (or reoccurrence)of disease or symptoms. The
full prophylactic effect does not necessarily occur by administration of
one dose, and may occur only after administration of a series of doses.
Thus, a prophylactically effective amount may be administered in one or
more administrations. As used herein, a "pharmaceutically acceptable
carrier or excipient" means a carrier or excipient that is useful in
preparing a pharmaceutical composition that is generally safe, non-toxic
and neither biologically nor otherwise undesirable, and includes a carrier
or excipient that is acceptable for veterinary use as well as human
pharmaceutical use. Examples include any and all solvents, dispersion
media, coatings, antibacterial and antifungal agents, isotonic agents,
absorption delaying agents, and the like, used in the preparation of a
pharmaceutical composition. The use of such media and agents for
pharmaceutical active substances is well known in the art. Except insofar
as any conventional media or agent is incompatible with the active
ingredient, its use in the pharmaceutical compositions or pharmaceutical
formulations of the invention is contemplated. Supplementary active
ingredients can be incorporated into the compositions of the invention. A
"pharmaceutically acceptable carrier or excipient" as used in the
specification and claims includes both one and more than one such carrier
or excipient. Compounds The compounds of the invention can be described in
part as compounds which can bind to tubulin, and prodrugs thereof
comprising a hypoxic activator. In one embodiment, the compounds are
anti-cancer compounds which can bind to tubulin, and prodrugs thereof
comprising a hypoxic activator. In one embodiment, the compounds are
synthetic, anti cancer compounds which can bind to tubulin, and prodrugs
thereof comprising a hypoxic activator. While a number of synthetic
small-molecule tubulin binding anti-cancer compounds are known, none of
them have been approved for cancer therapy. A number of synthetic tubulin
binding compounds bind to the colchicine binding region of tubulin, and
show structural and functional similarities with colchicine. Colchicine
binds to tubulin and interferes with the function of the mitotic spindles
causing depolymerization and disappearance of tubulin polymersknown as
microtubules. Disappearance of microtubules disrupts spindle formation as a
result of which Colchicine arrests mitosis in metaphase. Cancer cells with
a high rate of cell division are affected by mitotic arrest and high
concentrations of Colchicines can completely prevent cells from entering
mitosis, resulting in cell death. In addition, a Colchicine-like tubulin
binder such as Combretastatin A can selectively target the vascular system
of tumors. The morphological changes induced in the endothelial cells of
the tumor's blood vessels irreversibly shut down the blood flow to cancer
cells while leaving the blood supply to healthy cells intact. Comparing the
structures of tubulin binding compounds Colchicine and Combretastatin A
indicates that the pharmacophore responsible for their tubulin binding
contains two aryl rings functionalized with methoxy and/or hydroxyl groups.
A number of di- and tri-aryl compounds having tubulin binding ability have
been synthesized (see, for example, Nam et al., Curr. Med. Chem., 2003,
70.1697-1722 and Hsieh et al., US Patent Publication No. 



2003/0195244, each of which is incorporated herein by reference).
Heterocyclic indole, benzofuran, and benzothiophene containing tubulin
binding di- and tri-aryl compounds constitute a sub-class of these
compounds (see Nam et al. supra). These compounds, for example, have an
aromatic moiety such as an aryl or an aroyl (-CO-Aryl) moiety or a CH group
in the 2 position (as illustrated in structures below). Colchicine
Combretastatin-ARi is CO or CH ; R3 is H, methyl, aryl or aroyl; and R2 and
R4 are methyl or OMe. The present invention arises in part out of the
unexpected discovery that replacing the aromatic moiety or the CH group
with a N atom at the 2- position on the heterocyclic portion of these
compounds yields an indazole compound with anticancer activity wherein Qi =
H or ~ OH In the above compound when Q1 was substituted with a == -' moiety
the corresponding propargylic compound demonstrated about 10 fold higher
cancer cell killing ability in an antiproleferation assay, compared to a
corresponding compound having Qi as H. Compounds of the present invention
also arise in part out of the discovery that the proper spatial disposition
(i.e. a conformation) between the aryl moieties in the tubulin binding
compounds can be stabilized by incorporating a hydrogen bond donor in place
of the keto group of the aroyl moiety. As illustrated below, steric
repulsion between proximal atoms can move rings A and B from co-planarity.
Hydrogen bonding stabilizes the desired conformation of a compound of the
present invention in a colchicineslike conformation.Different conformations
of a compound of the invention. B is the Colchicine like conformation In
one embodiments compound of the present invention in one conformation can
have a colchicine-like structure; while in other conformations have a
non-colchicine like structure. These latter conformations can reduce the
effective tubulin binding of the compound. By providing a group which is a
hydrogen bond donor, the spatial disposition of the aryl groups can be
modulated toward a tubulin binding conformation via hydrogen bonding.
Hydrogen bonding stabilizing Colchicine like conformation In addition to
the nitrogen atom (-N=) at the 2 position, in one embodiment, this
invention further provides, an enol =C(OH)- and a =C(halogen)- moiety at
that position as hydrogen bond acceptors. Also, an - NH- or a =CH- group at
the same position can act as a hydrogen bond donor and stabilize a tubulin
binding conformation by hydrogen bonding to a hydrogen bond acceptor
suitably disposed in the molecule.Y = halogen or OH The present invention
also provides prodrugs of known and novel tubulin binding compounds of this
invention. To understand the prodrug aspect of the invention, an
understanding of tumor biology is helpful. Cancer cells generally divide
more frequently than normal cells. Tubulin binding-drug mediated cancer
therapies include cytotoxic agents selective for dividing cells. For
example, tubulin binding compounds target cancer cells, as opposed to
normal cells, generally because cancer cells undergo cell division more
frequently than normal cells. However, drugs targeting dividing cells do
not kill all of the cancer cells in the solid tumor. One reason for the
lack of this complete killing is that cancer cells can acquire mutations
that confer drug resistance. Another is that not all cancer cells divide
more frequently than normal cells. These slowly-dividing cancer cells are
generally located in the hypoxic region of the tumor and can be as, or even
more, insensitive to such inhibitors as normal cells. The formation and
consequences of the tumor hypoxic region is described below. As a tumor
grows, it requires a blood supply and, consequently, growth of new
vasculature. The new vasculature that supports tumor growth is often
disordered, leaving significant regions of the tumor under-vascularized and
even the vascularized regions subject to intermittent blockage. Cells in
these regions are unable to generate the energy required for cell division.
These under-vascularized and blocked regions of the tumor become hypoxic -
they have a lower oxygen concentration than the corresponding normal
tissue. Thus, the median oxygen concentration of only ten percent of solid
tumors falls in the normal range of 40-60 mm Hg, and fifty percent of solid
tumors exhibit median oxygen concentrations of less than 10 mm Hg.The
hypoxic regions of the tumor can constitute a significant reservoir of
cancer cells resistant to therapy. Generally, low tumor oxygen levels are
associated with a poor response to therapy, increased metastases, and poor
survival. In the hypoxic region of a tumor, cancer cells do not divide
significantly faster than normal cells, and can be resistant to therapeutic
agents such as tubulin binding compounds that target dividing cells.
However, the hypoxic region is conducive to biochemical reduction that can
be used to generate reduced derivatives of a variety of chemical groups
(see Workman et al., 1993, Cancer and Metast. Rev. 12: 73-82), and prodrugs
of cytotoxins can be developed to exploit such hypoxic regions (see,
Matteucci et al., PCT Publication No. WO 04/087075). Compounds of the
present invention arise in part out of the discovery that, cancer cells in
the hypoxic region can be targeted by prodrug compounds comprising a
tubulin binding cytotoxin and a hypoxia labile protecting group. The
hypoxic cells of the tumor generate the active toxin from the inactive,
relatively non-toxic prodrug. The active drug diffuses from the hypoxic
cells and kills the cancer cells in adjacent regions, including the more
frequently dividing cells. The hypoxic region acts as a drug-factory to
produce a cytotoxin within a tumor for killing adjacent normoxic cancer
cells leading to a higher concentration of the cytotoxin within the tumor,
relative to normal tissues. As a result, by employing a prodrug to generate
the cytotoxin within the tumor, toxic side-effects arising due to normal
cell toxicity can be reduced. After the cancer cells die in the normoxic
region of the tumor, a hypoxic region can become normoxic and start
dividing. At this point, such cells can be killed by the tubulin binding
cytotoxins generated from the prodrug compounds of this invention, or by
administering compounds of this invention in combination with other
cytoxins, including for example, tubulin binding compounds and other
anti-cancer cytotoxins. A suitable site for incorporating a hypoxic
activator on the tubulin binding compounds of the invention to yield a
prodrug was discovered asprovided below. For example methylation yields two
isomeric N-methyl derivatives each of which were less potent in killing
cancer cells than the starting toxin. The compound when alkylated with
N-1-methyl-2-nitro-5-imidazolemethyl group can yield a hypoxia activated
prodrug. Under hypoxic conditions the hypoxic activator is reduced and
removed yielding the potent toxin. Active cytotoxm Less active compound
labile Prodrug The hypoxic activator can be attached to the nitrogen atoms
via a CO2- linker as well as shown schematically below.Active cytotoxin The
present invention also provides novel prodrugs of previously known tubulin
binding anti-cancer compounds. In this aspect, the tubulin binding compound
is bonded to the hypoxic activator (Hyp) through a hydroxyl oxygen (-OHyp)
or an amine nitrogen (-NHyp) in the tubulin binding compound to yield a
hypoxia actived prodrug. The hypoxic activator can be 



electron deficient nitrobenzene moieties, electron deficient nitrobenzoic
acid amide moieties, nitroazole moieties, nitroimidazole moieties,
nitrothiophene moieties, nitrothiazole moieties, nitrooxazole moieties,
nitrofuran moieties, and nitropyrrole moieties. In one embodiment, the
hypoxic activator is a substituted or unsubstituted nitroimidazole moiety.
In one embodiment, the hypoxic activator (Hyp) is selected from: 9.7wherein
each X2 is N or CR32; X3 s NR3I S1Or O; each R3o is independently hydrogen
or alkyl; R3 1 is hydrogen, hydroxyl, CrC 6 alkyl or heteroalkyl, C3-C8
cycloalkyl, heterocyclyl, CrC 6 alkoxy, Ci-C 6 alkylamino, Ci-C
dialkylamino, aryl or heteroaryl, CrC 6 acyl or heteroacyl, aroyl, or
heteroaroyl; R32 is hydrogen, halogen, nitro, cyano, CO H, CrC 6 alkyl or
heteroalkyl, CrC cycloalkyl, Ci-C alkoxy, CrC 6 alkylamino, CrC
dialkylamino, aryl, CON(R7)2 , CrC 6 acyl or heteroacyl, or aroyl or
heteroaroyl; and n = 0, 1. In an additional embodiment, Hyp is selected
from wherein X , R3o, R3i , R32 and n are as defined above. In another
embodiment, Hyp is wherein n = 0 or 1, provided that in -OHyp n = 0. For
example, the tubulin binding compounds can be derivatized to yield prodrugs
having the following structuresThese derivatized compounds in general are
less active or inactive compared to the parent compound yielding a hypoxia
activated prodrug compound. In certain embodiments, the prodrug compounds
demonstrate a 5-1000 fold loss of anticancer activity upon derivatization
with respect to the starting compound. In general, such activity data can
be obtained from described structure activity relationship data, and via
search tools such as SciFinder from the American Chemical Society,
Beilstein from MDL Software, US Patent and Trademark Office's Patent and
Patent Application search, and European Patent Office's Patent search. In
one aspect, the present invention provides compounds of formulas
(I)-(VIII): (in) (I) (H) (VII) (VIII) wherein each Qi, Q2, and Q
independently is hydrogen; halo; amino;Ci-C 6 alkylamino; di C -i-C-6
alkylamino; hydroxyl; CrC 6 alkoxy; nitro; cyano; C-i-C alkyl; CrC 6
heteroalkyl; C2-C6 alkenyl; C2-Ce alkynyl; C3-C8 cycloalkyl; C3-C8
heterocyclyl; aryl; heteroaryl; COR15; SO2R15; or PO3R15; each Q3-Q5 is
hydrogen; halo; amino; Ci-C 6 alkylamino; di Ci-C 6 alkylamino; hydroxyl;
CrC 6 alkoxy; nitro; cyano; aryl; heteroaryl; CORi 5; SO2R15 or PO3Ri 5
with the proviso that in any one compound, only one of Q3- Q5 is hydrogen;
Q3 and Q4 together form C3-Cs heterocycle, an aryl, or a heteroaryl; or Q4
and Q5 together form a C3-Cs heterocycle, an aryl, or a heteroaryl; Q is
hydrogen; amino; Ci-C 6 alkylamino; di CrC 6 alkylamino; hydroxyl; CrC 6
alkoxy; nitro; cyano; CrC 6 alkyl; CrC 6 heteroalkyl; C2-C6 alkenyl; C2-C6
alkynyl; C3-C8 cycloalkyl; C3-C8 heterocyclyl; aryl; heteroaryl; CORi 5;
SO2Ri 8; PO3Ri 8 or a monosaccharide; with the proviso that in formula (II)
Q excludes hydrogen; Q8 is hydrogen; halo; amino; CrC 6 alkylamino; di CrC
6 alkylamino; hydroxyl; CrC 6 alkoxy; nitro; cyano; aryl; heteroaryl; CORi
8; SO2Ri 8 or PO3Ri 8; each Qg independently is hydrogen; halo; amino; CrC
6 alkylamino; di CrC 6 alkylamino; hydroxyl; CrC 6 alkoxy; nitro; cyano;
aryl; heteroaryl; CORi 8; SO2Ri 8 or PO3Ri 8; X is O, -NNHR 16, or NR16, or
NORi 6; Y is hydrogen, hydroxyl, or halogen; Z is -CH- or -N-; Ri 5 is
hydrogen, CrC 6 alkoxy, amino, CrC 6 alkylamino, di CrC 6 alkylamino, NHOH,
NHNH 2, Cr C6 alkyl, CrC 6 heteroalkyl, C2-C6 alkenyl, C2- C6 alkynyl,
C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl, or heteroaryl; Ri 6 is
hydrogen, CrC 6 alkyl, aryl, CrC 6 alkylsulphonyl, arylsulfonyl, C1- C6
alkoxycarbonyl, aminocarbonyl, CrC 6 alkylaminocarbonyl, di CrC 6
alkylaminocarbonyl, CrC 6 acyl, aroyl, aminothiocarbonyl, C1-C6
alkylaminothiocarbonyl, di CrC 6 alkylaminothiocarbonyl, C1-C6 thioacyl, or
thioaroyl; with the proviso that when X is NR16, Ri excludes hydrogen;
R-ibis hydrogen, hydroxyl, CrC 6 alkoxy, amino, CrC 6 alkylamino, di CrC 6
alkylamino, NHOH, NHNH 2, CrC 6 alkyl, Cr C6 heteroalkyl, C2-C6alkenyl,
C2-C6 alkynyi, C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl, o r heteroaryl;
or a tautomer or an individual isomer or a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically
acceptable salt o r solvate thereof. In one embodiment, the present
invention provides compounds of formulas (I)-(VIII), wherein Qi is
hydrogen; halo; cyano; nitro; CORi 8; SO2Ri 8; R 13 R 13 -|3 Z PO3R i 8; =
- Ri 3 o r Ri 3; Q2 is = = - R 13; R ; CrC 6 alkoxy; halo; amino; or
hydroxy; each Q3, Q4 and Q5 independently is hydrogen,Ci-C 6 alkoxy, halo,
amino, hydroxyl, Q3 and Q4 together is methylenedioxy, or Q4 and Q5
together is methylenedioxy, provided that in any compound only one of the
Q3, Q4 and Q5 is hydrogen; Q7 is CrC 6 alkyl optionally substituted
independently with one o r more aryl, heteroaryl, hydroxyl, amino, Ci-C 6
alkylamino, di CrC 6 alkylamino, CO2H, or CONH 2; CORi 8; SO2R18; or PO3Ri
8; or a monosaccharide; each Q8 and Qg is hydrogen; Ri 3 is hydrogen; CrC 6
alkyl, Ci-C 6 heteroalkyl, C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl, or
heteroalkyl each optionally substituted with hydroxyl, Ci- C6 alkoxy,
amino, Ci-C 6 alkylamino, di CrC 6 alkylamino, NHCORi 5,or CORi 8; and Ris
is hydrogen, hydroxyl, Ci-C 6 alkoxy, amino, CrC 6 alkylamino, di Ci-C 6
alkylamino, NHOH, NHNH 2, CrC 6 alkyl, Ci-C 6 heteroalkyl, C2-C6 alkenyl,
C2-C6 alkynyi, C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl, o r heteroaryl;
or a tautomer or an individual isomer o r a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically
acceptable salt or solvate thereof In an additional embodiment, the present
invention provides compunds of formulas (I)-(VIII), wherein Qi is hydrogen;
halo; cyano; CO2H; CONH 2; = - R13; or = - R13; and each Q2 - Q6
independently is hydrogen, Ci-C 6, alkoxy; halo; amino; or hydroxy; with
the proviso that in any compound only one of the Q3, Q4, and Q5 is
hydrogen; or a tautomer or an individual isomeror a racemic or non-racemic
mixture of isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically
acceptable salt or solvate thereof. In one embodiment, the present
invention provides compounds of formulas (l-i), (MN) (IV-i), (V-i), (Vl-i),
(VIN) and (VIIN): (vp-i) (vm-i) wherein Q1 is -CH 2OH , -CH2NH2 , -CO 2H
-CONH -PO 3H2 -CH2PO3H2 ; CH -CH -CH 2OH -(CH 2 2OH N- -CH2-CH2-OH,
-CH2-CH2-CH2-OH, -CONH2, -CO2H, -CN, or halo; and X, Y, and Z are defined
as above, or a tautomer or an individual isomer or a racemic or non-racemic
mixture of isomers, a polymorph, a hydrate, a prodrug 



or a pharmaceutically acceptable salt or solvate thereof. In
anotherembodiment, the present invention provides compounds of formulas
(VIII)- (XIII) wherein X is O. In another embodiment, the present invention
provides the compound of formula: wherein Qi is defined as above, or a
tautomer or an individual isomer or a racemic or non-racemic mixture of
isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically acceptable
salt or solvate thereof. In one embodiment, Q1 is -CH2OH , = CO2H , CH3 ,
Cz=ZCH -CH(Me)OH , = CH2-CH2OH : CH2OH (CH2)2OH In another embodiment, the
present invention provides the compound of formula: In one embodiment, the
present invention provides compounds of formulas (IX)-(XIlI):(XII) (XIII)
wherein R14 is H, Me, or B(OH) ; and Q1-Q9 are as defined above; or a
tautomer or an individual isomer or a racemic or non-racemic mixture of
isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically acceptable
salt or solvate thereof. In another aspect, the present invention provides
compounds of formula (IX-i)-(XIII-i) (XIl-O (Xlll-i)wherein R13 is H, Me,
CH2OH, CH(Me)OH, CH2CH2OH, CH2NH2, CH2PO3H2, PO3H2, CO2H, or CONH2 and R14
is H, Me, or B(OH)2; or a tautomer or an individual isomer or a racemic or
non-racemic mixture of isomers, a polymorph, a hydrate, a prodrug or a
pharmaceutically acceptable salt or solvate thereof. In another embodiment,
the present invention provides a compound of formula (XIV): (XIV) wherein
alkoxy; halo; amino; or hydroxy; each Q3-Q5 is hydrogen; halo; amino; C1-C6
alkylamino; di C1-C6 alkylamino; hydroxy!; CrC 6 alkoxy; nitro; cyano;
aryl; heteroaryl; COR1 ; SO2Ri 8, or PO3Ri 8; Q and Q4 together form C3-C8
heterocycle, an aryl, or a heteroaryl; or Q4 and Q5 together form a C3-C8
heterocycle, an aryl, or a heteroaryl; with the proviso that in any one
compound, only one of Q3-Q5 is hydrogen; R13 is hydrogen; C1-C6 alkyl,
C1-C6 heteroalkyl, C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl, or
heteroalkyl each optionally substituted with hydroxyl, C1- C6 alkoxy,
amino, C1-C6 alkylamino, di C1-C6 alkylamino; COR18 Or NHCOR15; R15 is
hydrogen, hydroxyl, C1-C6 alkoxy, amino, C1-C6 alkylamino, di C1-C6
alkylamino, NHOH, NHNH2, C1-C6 alkyl, C1-C6 heteroalkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl, or heteroaryl;
or a tautomer or an individual isomer or a racemic or non-racemic mixture
of isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically
acceptable salt or solvate thereof. In one embodiment, the present
invention provides a compound of formula (XIV), wherein Q1 is = - R13; orR
13 -R13 R13; and each Q2 - Q5 independently is hydrogen, Ci-C 6 alkoxy;
halo; amino; o r hydroxy; with the proviso that in any compound only one of
the Q3, Q and Q5 is hydrogen; o r a tautomer o r a n individual isomer o r
a racemic o r non-racemic mixture of isomers, a polymorph, a hydrate, a
prodrug o r a pharmaceutically acceptable salt o r solvate thereof. In one
embodiment, the present invention provides compounds selected from: In one
embodiment, the present invention provides the compound of formula: wherein
Q is -CH 2OH -CO 2H "CH 3 ;CH CH2OH o r -(CH 2 )2OHand a tautomer or an
individual isomer or a racemic or non-racemic mixture of isomers, a
polymorph, a hydrate, a prodrug or a pharmaceutically acceptable salt or
solvate thereof. In another aspect, the present invention provides a
compound of formula (XV): wherein alkoxy; halo; amino; or hydroxy; each Q3,
Q4, and Q5 independently is hydrogen; halo; amino; C -i-C-6 alkylamino; di
C1-C6 alkylamino; hydroxyl; C-i-C-6 alkoxy; nitro; cyano; aryl; heteroaryl;
COR18; SO2R18; or PO3Ri 8 with the proviso that in any one compound, only
one of Q3-Qs is hydrogen; Q7 is hydrogen; amino; C1-C6 alkylamino; di C1-C6
alkylamino; hydroxyl; C -1-C6 alkoxy; nitro; cyano; C-i-C-6 alkyl; C-i-C-6
heteroalkyl; C1-C6 alkenyl; C1-C6 alkynyl; C3-C8 cycloalkyl; C3-C
heterocyclyl; aryl; heteroaryl; CORi 5; SO2Ri 8; or PO3R18 or a
monosaccharide; R1 is CH2 or CO; R3 is hydrogen, halo, C1-C6 alkyl, aryl or
heteroaryl; R13 is hydrogen; CrC alkyl, C1-C6 heteroalkyl, C3-C8
cycloalkyl, C3-C8 heterocyclyl, aryl, or heteroalkyl each optionally
substituted with hydroxyl, Cr Ce alkoxy, amino, CrC 6 alkylamino, di CrC 6
alkylamino; NHCORi 5 or COR 18; R15 is hydrogen, hydroxyl, C1-C6 alkoxy,
amino, CrC 6 alkylamino, di C1-C6 alkylamino, NHOH, NHNH 2, C1-C6 alkyl,
CrC 6 heteroalkyl, Cr C6 alkenyl, CrC 6 alkynyl, C3-C6 cycloalkyl, C3-C6
heterocyclyl, aryi, or heteroaryl; R18 is hydrogen, hydroxyl, C1-C6 alkoxy,
amino, C1-C6 alkylamino, di C1-C6 alkylamino, NHOH, NHNH 2, C1-C6 alkyl,
CrC 6 heteroalkyl, C2-C6alkenyl, C2-C6 alkynyl, C3-C8 cycloalkyl, C3-C8
heterocyclyl, aryl, or heteroaryl; or a tautomer or an individual isomer or
a racemic or non-racemic mixture of isomers, a polymorph, a hydrate, a
prodrug or a pharmaceutically acceptable salt or solvate thereof. In one
embodiment, the present invention provides a compound of formula (XV),
wherein each Q2 - Q5 independently is hydrogen, CrC 6, alkoxy; halo; amino;
or hydroxy; with the proviso that in any compound only one of the Q3, Q4
and Q5 is hydrogen; or a tautomer or an individual isomer or a racemic or
non-racemic mixture of isomers, a polymorph, a hydrate, a prodrug or a
pharmaceutically acceptable salt or solvate thereof. In one embodiment, the
present invention provides a compound of formula (XV), wherein Ri 8 is
hydrogen, Ci-C 6 alkyl, CrC 6 heteroalkyl, CrC alkenyl, CrC 6 alkynyl, Ci
-C6 cycloalkyl, CrC 6 heterocyclyl, aryl, or heteroaryl; or a tautomer or
an individual isomer or a racemic or non-racemic mixture of isomers, a
polymorph, a hydrate, a prodrug or a pharmaceutically acceptable salt or
solvate thereof. In one embodiment, the present invention provides a
compound of formula (XV), wherein Qi is -CH 2OH , CH2NH2 , CO2H , CONH 2
-PO 3H2 CH2PO3H2 CH3 C=CH , = = \-J , CHaH = (CH2 ) 2OH -CH2-CH2-OH, -CH
2-CH 2-CH 2-OH, -CONH 2, -CO 2H, -CN, or halo. In one embodiment, the
present invention provides a compound of formula (XV), wherein Qi is -CH2OH
, -CO 2H -CH 3 C CH -CH(Me)OH , = CH2-CH2OH : CH2OH (CH2)2OH In another
aspect, the present invention provides a compound of the formulas (XV-i),
(XV-ii) and (XV-iii)(XV-i) (XV-ii) (XV-iii) 



wherein Q2 is CrC 6 alkoxy; and Q4 is hydrogen or methoxy; or a tautomer or
an individual isomer or a racemic or non-racemic mixture of isomers, a
polymorph, a hydrate, a prodrug or a pharmaceutically acceptable salt or
solvate thereof. In another aspect, the present invention provides a
compound selected from formulas (XVI)-(XX): (XIX) (XX) wherein 3 -R13 Qi is
-Ri3 o r Ri 3 ; R13 -R13 Q2 is = - R-13; Ri3; Ci-C 6 alkoxy; halo; amino;
or hydroxy; each each Q3-Q5 is hydrogen; halo; amino; Ci-C 6 alkylamino; di
CrC 6 alkylamino; hydroxyl; C1-C6 alkoxy; nitro; cyano; aryl; heteroaryl;
COR-is; SO2Ri8; or PO3R18 with the proviso that in any one compound, only
one of Q3- Q5 is hydrogen;Q6 is hydrogen; halo; amino; Ci-C 6 alkylamino;
di C1-C6 alkylamino; hydroxyl; Ci-C 6 alkoxy; nitro; cyano; C1-C6 alkyl;
C1-C6 heteroalkyl; C1-C6 alkenyl; CrC 6 alkynyl; C3-C8 cycloalkyl; C3-C8
heterocyclyl; aryl; hqteroaryl; CORi 8; SO2Ri 8 or PO3Ri 8; Q.7 is
hydrogen; amino; CrC 6 alkylamino; di CrC 6 alkylamino; hydroxyl; C1-C
alkoxy; nitro; cyano; CrC 6 alkyl; CrC 6 heteroalkyl; C1-C6 alkenyl; CrC 6
alkynyl; C3-C8 cycloalkyl; C3-C8 heterocyclyl; aryl; heteroaryl; CORi 5;
SO2R18; or PO3Ri 8; or a monosaccharide; R5 is hydrogen, halo, or CrC 6
alkoxy; R6 is formyl or a protected form thereof; Ri 3 is hydrogen; C1-C6
alkyl, C1-C6 heteroalkyl, C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl, or
heteroalkyl each optionally substituted with hydroxyl, C1- C6 alkoxy,
amino, C1-C6 alkylamino, di C1-C alkylamino, NHCOR 15 Or COR1 ; Ri 5 is
hydrogen, hydroxyl, CrC 6 alkoxy, amino, C1-C6 alkylamino, di CrC 6
alkylamino, NHOH, NHNH2, CrC 6 alkyl, CrC 6 heteroalkyl, C2-C6 alkenyl, C
-C6 alkynyl, C3-C8 cycloalkyl, C3-C heterocyclyl, aryl, or heteroaryl; R18
is hydrogen, CrC 6 alkoxy, amino, C1-C alkylamino, di C1-C6 alkylamino,
NHOH, NHNH2, CrC 6 alkyl, Cr C6 heteroalkyl, C2-C6 alkenyl, C2- C6 alkynyl,
C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl, or heteroaryl; or a tautomer or
an individual isomer or a racemic or non-racemic mixture of isomers, a
polymorph, a hydrate, a prodrug or a pharmaceutically acceptable salt or
solvate thereof. In one embodiment, the present invention provides a
compound selected from formulas (XVI)-(XX), wherein each Q2 and Q6
independently is hydrogen, hydroxy, CrC 6 alkoxy, halo, or amino; and each
Q3, Q4, and Q is OMe. In one embodiment, Q2 is hydrogen, hydroxyl, fluoro
or methoxy; Q6 is hydrogen, hydroxyl, fluoro, methoxy or amino. In one
embodiment, the present invention provides a compound selected from
formulas (XVI)-(XX), wherein R18 is hydrogen, CrC 6 alkyl, CrC 6
heteroalkyl, CrC 6 alkenyl, CrC 6 alkynyl, C1 -C6 cycloalkyl, CrC 6
heterocyclyl, aryl, or heteroaryl. In another aspect, the present invention
provides a compound of formulas (XXIHXXVI I):(XXVII) wherein each Qi, Q2,
and Q6 independently is hydrogen; halo; amino; CrC 6 alkylamino; di C1-C6
alkylamino; hydroxyl; CrC 6 alkoxy; nitro; cyano; CrC 6 alkyl; CrC 6
heteroalkyl; CrC 6 alkenyl; CrC alkynyl; C3-C8 cycloalkyl; C3-Cs
heterocyclyl; aryl; heteroaryl; CORi 8; SO2R18 or PO Ri 8; each Q3-Q5 is
hydrogen; halo; amino; CrC 6 alkylamino; di Ci-C 6 alkylamino; hydroxyl;
CrC 6 alkoxy; nitro; cyano; aryl; heteroaryl; CORi 8; SO2Ri 8; or PO3Ri 8;
Q3 and Q4 together form C3-C8 heterocycle, an aryl, or a heteroaryl; or Q4
and Q5 together form a C3-C8 heterocycle, an aryl, or a heteroaryl; with
the proviso that in any one compound, only one of Q3-Q5 is hydrogen; Q7 is
hydrogen; halo; amino; CrC 6 alkylamino; di Cr C6 alkylamino; hydroxyl; CrC
6 alkoxy; nitro; cyano; CrC 6 alkyl; C1-C6 heteroalkyl; CrC 6 alkenyl; CrC
6 alkynyl; C3-C8 cycloalkyl; C3-C8 heterocyclyl; aryl; heteroaryl; CORi 5;
SO2R1S; or PO3Ri or a monosaccharide; with the proviso that in formula (II)
Q7 excludes hydrogen;Q8 is hydrogen; halo; amino; CrC 6 alkylamino; di Ci-C
6 alkylamino; hydroxyl; Ci-C 6 alkoxy; nitro; cyano; aryl; heteroaryl; CORi
5; SO2R15 or PO3Ri 5; each Q9 independently is hydrogen; halo; amino; Ci-C
6 alkylamino; di C1-C6 alkylamino; hydroxyl; C1-C6 alkoxy; nitro; cyano;
aryl; heteroaryl; CORi 5; SO2Ri 5 or PO3Ri 5; V is -NHR i 6; -NHNHRi 6;
-NHN(Ri 6)2; -NRi 6NHRi 6; or -OR 17; Y is hydrogen, hydroxyl or halogen; Z
is -CH- or -N-; Ri 5 is hydrogen, CrC 6 alkoxy, amino, Ci-C 6 alkylamino,
di Ci-C 6 alkylamino, NHOH, NHNH2, C1-C6 alkyl, C1-C6 heteroalkyl, C1-C6
alkenyl, C1- C6 alkynyl, Ci-C 6 cycloalkyl, CrC 6 heterocyclyl, aryl, or
heteroaryl; Ri 6 is hydrogen, CrC 6 alkyl, aryl, Ci-C 6 alkylsulphonyl,
arylsulfonyl, Cr C6 alkoxycarbonyl, aminocarbonyl, CrC 6
alkylaminocarbonyl, di CrC alkylaminocarbonyl, CrC 6 acyl, aroyl,
aminothiocarbonyl, CrC 6 alkylaminothiocarbonyl, di CrC 6
alkylaminothiocarbonyl, C1-C6 thioacyl, or thioaroyl; and R' is CrC 6 alkyl
or aryl; with the proviso that when V is NRi 6, Rie excludes hydrogen; R17
is C1-C6 alkyl; aryl; or di CrC 6 alkylamino; R18 is hydrogen, CrC 6
alkoxy, amino, CrC 6 alkylamino, di CrC 6 alkylamino, NHOH, NHNH2, Ci-C 6
alkyl, C1-C6 heteroalkyl, C2-C6 alkenyl, C2- C6 alkynyl, C3-C8 cycloalkyl,
C3-C8 heterocyclyl, aryl, or heteroaryl; or a tautomer or an individual
isomer or a racemic or non-racemic mixture of isomers, a polymorph, a
hydrate, a prodrug or a pharmaceutically acceptable salt or solvate
thereof. In one embodiment, the present invention provides a compound of
formula (XXI)-(XXVII), wherein Qi is hydrogen; halo; cyano; nitro; CORi 8;
alkoxy; halo; amino; or hydroxy; each Q3, Q4 and Q5 independently is
hydrogen, C1-C6 alkoxy, halo, amino, or hydroxyl provided that in any
compound only one of the Q3, Q4 and Q5 is hydrogen; Q7 is C1-C6 alkyl
optionally substituted independently with one or more aryl,
heteroaryl,hydroxyl, amino, C1-Ce alkylamino, di CrC 6 alkylamino, CO2H, Or
CONH ; CORi 8; SO2R18; or PO3Ri 8; or a monosaccharide; R13 is hydrogen;
C1-C6 alkyl, C1-C6 heteroalkyl, C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl,
or heteroalkyl each optionally substituted with hydroxyl, C1- C6 alkoxy,
amino, CrC 6 alkylamino, di CrC 6 alkylamino; NHCOR15 Or CORi 8; R15 is
hydrogen, hydroxyl, C1-C6 alkoxy, amino, C1-C6 alkylamino, di C1-C6
alkylamino, NHOH, NHNH2, C1-C6 alkyl, Cr C6 heteroalkyl, Cr C6 alkenyl,
C1-C6 alkynyl, C3-C6 cycloalkyl, C3-C6 heterocyclyl, aryl, or heteroaryl;
Ri 6 is hydrogen, CrC 6 alkoxy, amino, CrC 6 alkylamino, di CrC 6
alkylamino, NHOH, or NHNH2, Cr C6 alkyl, Cr C6 heteroalkyl, C3-C8
cycloalkyl, C3-C8 heterocyclyl, aryl, or heteroalkyl, NHOH, NHNH2, and Ris
is hydrogen, CrC 6 alkoxy, amino, C1-C6 alkylamino, di C1-C6 alkylamino,
NHOH, NHNH2, C1-C6 alkyl, C1-C6 heteroalkyl, C2-C6 alkenyl, C2- C6 alkynyl,
C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl, or heteroaryl; or a tautomer or
an individual isomer or a racemic or non-racemic mixture of isomers, a
polymorph, a hydrate, a prodrug or a pharmaceutically acceptable salt or
solvate thereof. In one embodiment, the present invention provides a
compound of formulas (XXI-i), (XXII-i), (XXIII-i), (XXIV-i), (XXV-i) and
(XXVII-i): (XXI-i) (XXII-i) (XXIII-i)(XXIV-i) (XXV-i) (XXVI l-i) wherein
Q1, V, Y, and Z is defined as above; or a tautomer or an individual 



isomer or a racemic or non-racemic mixture of isomers, a polymorph, a
hydrate, a prodrug or a pharmaceutically acceptable salt or solvate
thereof. In another aspect, the present invention provides prodrug
compounds as defined above wherein the tubulin binding compound is bonded
to the hypoxic activator (Hyp) through an hydroxyl oxygen (-OHyp) or an
amine nitrogen (-NHyp) in the tubulin binding compound. The hypoxic
activator can be electron deficient nitrobenzene moieties, electron
deficient nitrobenzoic acid amide moieties, nitroazole moieties,
nitroimidazole moieties, nitrothiophene moieties, nitrothiazole moieties,
nitrooxazole moieties, nitrofuran moieties, and nitropyrrole moieties. In
one embodiment, the hypoxic activator is a substituted or unsubstituted
nitroimidazole moiety. In one embodiment, Hyp is selected from:wherein each
X2 is N or CR32; X3 is NR3 1 , S, or O; each R30 is independently hydrogen
or alkyl; R3 1 is hydrogen, hydroxyl, CrC 6 alkyl or heteroalkyl, C3-Cs
cycloalkyl, heterocyclyl, Ci-C 6 alkoxy, C1-C6 alkylamino, Ci-C-6
dialkylamino, aryl or heteroaryl, C1-C6 acyl or heteroacyl, aroyl, or
heteroaroyl; R32 is hydrogen, halogen, nitro, cyano, CO2H, CrC 6 alkyl or
heteroalkyl, CrC 6 cycloalkyl, C1-C6 alkoxy, C1-C6 alkylamino, C1-C6
dialkylamino, aryl, CON(R7)2 , C1-C6 acyl or heteroacyl, or aroyl or
heteroaroyl; and n = 0, 1. In an additional embodiment, Hyp is selected
from wherein X2, R30, R3 1 , R32 and n are as defined above. In another
embodiment, Hyp is provided that in -OHyp n = 0. In one embodiment, the
present invention provides compounds of the invention wherein X is
-NN(Hyp)R wherein Hyp and R are defined as above. In another embodiment,
the present invention provides a prodrug of the compound of formula
(l-i):(l-i) wherein one or more -NH-, enol form of a C=O, and/or -OH moiety
or moieties therein is converted to or In one embodiment, the present
invention provides a compound of formulas (XXVIII)-(XXXI I): (XXVIII)
(XXXI) (XXXII) wherein each Q-i, Q2, and Q6 independently is hydrogen;
halo; amino; C1-C6 alkylamino; di CrC alkylamino; hydroxyl; CrC 6 alkoxy;
nitro; cyano; C1-C6 alkyl; C1-C6 heteroalkyl; C2-C6 alkenyl; C2-C6 alkynyl;
C3-C8 cycloalkyl; C3-C8 heterocyclyl; aryl; heteroaryl; COR18; SO2Ri 8; or
PO3R18; each Q3-Q5 is hydrogen; halo; amino; C1-C6 alkylamino; di C1-C6
alkylamino; hydroxyl; C1-C6 alkoxy; nitro; cyano; aryl; heteroaryl; COR18;
SO2Ri 8; or PO3R18; Q3 and Q4 together form C3-C8 heterocycle, an aryl, or
a heteroaryl; or Q4 and Q5 together form a C3-C8 heterocycle, an aryl, or
aheteroaryl; with the proviso that in any one compound, only one of Q3-Q5
is hydrogen; Q8 is hydrogen; halo; amino; Ci-C 6 alkylamino; di C1-C6
alkylamino; hydroxyl; C1-C6 alkoxy; nitro; cyano; aryl; heteroaryl; COR 15
; SO2R-15 or PO3R15; each Q9 independently is hydrogen; halo; amino; C1-C6
alkylamino; di C1-C6 alkylamino; hydroxyl; C1-C6 alkoxy; nitro; cyano;
aryl; heteroaryl; COR15 ; SO2R15 or PO3Ri 5; V is -NHNHR 16; -HNR 16;
-N(Hyp)NHR 16; -NHN(Hyp)R 16 ; or -N(Hyp)N(Hyp)R; wherein Hyp is a hypoxic
activator as defined above; X is O, -NNHR 16, NR16 , -NN(Hyp)R 16, or
NOR16wherein R16 is C1-C6 alkyl, aryl, C1-C6 alkylsulphonyl, arylsulfonyl,
C1-C6 alkoxycarbony, aminocarbonyl, C1-C6 alkylaminocarbonyl, di C1-C6
alkylaminocarbonyl, C1-C6 acyl, aroyl, aminothiocarbonyl, C1-C6
alkylaminothiocarbonyl, di C1-C6 alkylaminothiocarbonyl, C1-C6 thioacyl, or
thioaroyl; with the proviso that when X is NR16, R16 excludes hydrogen; Y
is hydrogen, hydroxyl, or halogen; Z is -CH- or -N-; R1 is hydrogen, C1-C6
alkoxy, amino, Ci-C 6 alkylamino, di C1-C alkylamino, NHOH, NHNH 2, C1-C6
alkyl, C1-C6 heteroalkyl, C2-C6 alkenyl, C2- C6 alkynyl, C3-Cs cycloalkyl,
C3-C8 heterocyclyl, aryl, or heteroaryl; Ri 6 is hydrogen, Ci-C 6 alkyl,
aryl, C1-C6 alkylsulphonyl, arylsulfonyl, Ci- C6 alkoxycarbonyl,
aminocarbonyl, C1-C6 alkylaminocarbonyl, di CrC 6 alkylaminocarbonyl, CrC 6
acyl, aroyl, aminothiocarbonyl, Ci-C 6 alkylaminothiocarbonyl, di C1-C6
alkylaminothiocarbonyl, C1-C6 thioacyl, or thioaroyl; with the proviso that
when X is NRi 6, R16 excludes hydrogen; R18 is hydrogen, hydroxyl, C1-C6
alkoxy, amino, C1-C6 alkylamino, di C1-C6 alkylamino, NHOH, NHNH2, C1-C6
alkyl, CrC 6 heteroalkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C8 cycloalkyl,
C3-C8 heterocyclyl, aryl, or heteroaryl; or a tautomer or an individual
isomer or a racemic or non-racemic mixture of isomers, a polymorph, a
hydrate, a prodrug or a pharmaceutically acceptable salt or solvate
thereof.In one embodiment, the present invention provides a compound of
formulas (XXVIII)-(XXXII), wherein Qi is hydrogen; halo; cyano; nitro;
CORi5; alkoxy; halo; amino; or hydroxy; each Q3, Q4 and Q5 independently is
hydrogen,Ci-C alkoxy, halo, amino, or hydroxyl provided that in any
compound only one of the Q3, Q4, and Q5 is hydrogen; Ri 3 is hydrogen; CrC
6 alkyl, Ci-C 6 heteroalkyl, C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl, or
heteroalkyl each optionally substituted with hydroxyl, Ci- C6 alkoxy,
amino, Cr C6 alkylamino, di CrC 6 alkylamino; NHCORi 5or CORi b; or a
tautomer or an individual isomer or a racemic or non-racemic mixture of
isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically acceptable
salt or solvate thereof.. In one embodiment, the present invention provides
a compound of formula: wherein Qi is hydrogen, -CH 2OH , -CH2NH2 -CO 2H ,
-CONHp -PO 3H2 -CH2PO3H2 CH3 C = :CH , L\ // -CH 2OH H- " (CH2 2OH
-CH2-CH2-OH, -CH2-CH2-CH2-OH, -CONH 2, -CO2H, -CN, or halo; or a tautomer
or an individual isomer or a racemic or non-racemic mixture of isomers, a
polymorph, a hydrate, a prodrug or a pharmaceutically acceptable salt or
solvate thereof. In one embodiment, Qi is-CH 2OH , -CO 2H -CH 3 , -CH
-CH(Me)OH , -CH 2 -CH 2 O H -CH 2OH -(CHg)2OH In one embodiment, the
present invention provides a compound of selected from the group consisting
of: wherein Hyp is as defined above. In one embodiment, the present
invention provides a compound of formula: wherein Hyp is as defined above.
In another embodiment, the present invention provides a compound of formula
(XIV): (XIV) wherein;each Q3-Q5 is hydrogen; halo; amino; Ci-C 6
alkylamino; di C-i- C6 alkylamino; hydroxyl; Ci-Ce alkoxy; nitro; cyano;
aryl; heteroaryl; COR-is; SO2R18, or PO3R18; Q3 and Q together form C3-C8
heterocycle, an aryl, or a heteroaryl; or Q4 and Q5 together form a C3-C8
heterocycle, an aryl, or a heteroaryl; (-OHyp) or (-NHyp) with the proviso
that in any one compound, at 



least one of Q3-Q5 is (-OHyp) or (-NHyp); Q-i, Q2, R-13 , R-I5and Hyp are
as defined above; or a tautomer or an individual isomer or a racemic or
non-racemic mixture of isomers, a polymorph, a hydrate, a prodrug or a
pharmaceuticallyacceptable salt or solvate thereof. In one embodiment, the
present invention provides a compound of formula (XIV), wherein Q i is = -
R13; o r R13 R13; and each Q2 - Q5 independently is hydrogen, CrC 6 alkoxy;
halo; amino; o r hydroxy; with the proviso that in any compound at least
one of Q3-Q5 is (-OHyp) o r (-NHyp); o r a tautomer o r a n individual
isomer o r a racemic o r non-racemic mixture of isomers, a polymorph, a
hydrate, a prodrug o r a pharmaceutically acceptable salt o r solvate
thereof. In one embodiment, the present invention provides a compound of
formula (XXXIV): (XXXIV) wherein Qi is -Ri3 o r Q2 is CrC 6 alkoxy; halo;
amino; o r hydroxy; each Q3, Q4 , and Q5 independently is hydrogen; halo;
amino; Ci-C 6 alkylamino; d i CrC 6 alkylamino; hydroxyl; CrC 6 alkoxy;
nitro; cyano; aryl; heteroaryl; CORi 8; SO2Ri 8; o r PO3R18; Q3 and Q
together form C3-C8 heterocycle, an aryl, o r a heteroaryl; o r Q and Q5
together form a C3-C 8 heterocycle, an aryl, o r a heteroaryl; with the
proviso that in any one compound, only one of Q3-Q5 is hydrogen; Ri is CH2
o r CO; R is hydrogen, halo, CrC alkyl, aryl o r heteroaryl; R-1 3 is
hydrogen; CrC 6 alkyl, CrC heteroalkyl, C3-C8 cycloalkyl, C3-C8
heterocyclyl, aryl, o r heteroalkyl each optionally substituted with
hydroxyl, C C6 alkoxy, amino, CrC 6 alkylamino, d i CrC 6 alkylamino;
NHCOR-is o r CORi 8 R15 is hydrogen, hydroxyl, CrC 6 alkoxy, amino, CrC 6
alkylamino, d i CrC 6 alkylamino, NHOH, NHNH 2 , CrC 6 alkyl, Ci-C 6
heteroalkyl, Cr C6 alkenyi, C1-C6 alkynyl, C3-C6 cycloalkyl, C3-C6
heterocyclyl, aryl, o r heteroaryl;R18 is hydrogen, hydroxyl, Cr C6 alkoxy,
amino, CrC 6 alkylamino, di Ci-C 6 alkylamino, NHOH, NHNH2, C1-C6 alkyl,
C1-C6 heteroalkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C8 cycloalkyl, C3-C8
heterocyclyl, aryl, or heteroaryl; Hyp is hypoxic activator; or a tautomer
or an individual isomer or a racemic or non-racemic mixture of isomers, a
polymorph, a hydrate, a prodrug or a pharmaceutically acceptable salt or
solvate thereof. In one embodiment, the present invention provides a
compound of formula (XXXIV-i), (XXXIV-ii) and (XXXIV-iii) (XXXIV-i),
(XXXIV-ii) (XXXIV-iii) wherein Q2 is C1-C6 alkoxy and Q4 is hydrogen or
methoxy; or a tautomer or an individual isomer or a racemic or non-racemic
mixture of isomers, a polymorph, a hydrate, a prodrug or a pharmaceutically
acceptable salt or solvate thereof. In one embodiment, the present
invention provides a compound of formulas (XXXV)-(XXXIX): (XXXVIII)
(XXXIX)wherein 1-C6 alkoxy; halo; amino; or hydroxy; each Q3-Q5 is
hydrogen; halo; amino; CrC 6 alkylamino; di CrC 6 alkylamino; hydroxyl; CrC
6 alkoxy; nitro; cyano; heteroaryl; COR15 ; SO2R15; or PO3R15 ; Q3 and Q4
together form C3-C8 heterocycle, an aryl, or a heteroaryl; or Q and Q5
together form a C3-Ce heterocycle, an aryl, or a heteroaryl; with the
proviso that in any one compound, only one of Q3-Q5 is hydrogen; Q6 is
hydrogen; halo; amino; Ci-C 6 alkylamino; di CrC 6 alkylamino; hydroxyl;
CrC 6 alkoxy; nitro; cyano; CrC alkyl; CrC 6 heteroalkyl; CrC 6 alkenyl;
CrC 6 alkynyl; C3-C8 cycloalkyl; C3-C8 heterocyclyl; aryl; heteroaryl;
COR18; SO2Ri 8 or PO3Ri 8; Q7 is hydrogen; amino; CrC 6 alkylamino; di CrC
6 alkylamino; hydroxyl; CrC 6 alkoxy; nitro; cyano; CrC 6 alkyl; C1-C6
heteroalkyl; CrC 6 alkenyl; CrC 6 alkynyl; C3-C8 cycloalkyl; C3-C8
heterocyclyl; aryl; heteroaryl; CORi 5; SO2Ri 8; or PO3Ri 8; or a
monosaccharide; R5 is hydrogen, halo, or C1-C6 alkoxy; R6 is formyl or a
protected form thereof; R13 is hydrogen; C1-C6 alkyl, C1-C6 heteroalkyl,
C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl, or heteroalkyl each optionally
substituted with hydroxyl, C1- C6 alkoxy, amino, C1-C6 alkylamino, di C1-C6
alkylamino, NHCOR15 Or COR15; R15 is hydrogen, C1-C6 alkoxy, amino, C1-C6
alkylamino, di C1-C6 alkylamino, NHOH, NHNH2, C1-C6 alkyl, Cr C6
heteroalkyl, C2-C6 alkenyl, C2- C6 alkynyl, C3-C8 cycloalkyl, C3-C8
heterocyclyl, aryl, or heteroaryl; R18 is hydrogen, hydroxyl, C1-C6 alkoxy,
amino, C1-C6 alkylamino, di CrCe alkylamino, NHOH, NHNH2, C1-C6 alkyl,
C1-C6 heteroalkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C8 cycloalkyl, C3-C8
heterocyclyl, aryl, or heteroaryl; Hyp is hypoxic activator; ora tautomer
or an individual isomer or a racemic or non-racemic mixture of isomers, a
polymorph, a hydrate, a prodrug or a pharmaceutically acceptable salt or
solvate thereof. In another embodiment, the present invention provides
prodrug compounds selected from the group consisting of: and a tautomer or
an individual isomer or a racemic or non-racemic mixture of isomers, a
polymorph, a hydrate, a prodrug or a pharmaceutically acceptable salt or
solvate thereof. In one embodiment, the present invention provides a
compound of formulas (XXXV)-(XXXIX), wherein each Q2 and Q6 independently
is hydrogen, hydroxy, C1-C6 alkoxy, halo, or amino; and each Q3, Q4, and Q5
is OMe. In one embodiment, Q2 is hydrogen, hydroxyl, fluoro or methoxy; Q
is hydrogen, hydroxyl, fluoro, methoxy or amino; or a tautomer or an
individual isomer or a racemic or non-racemic mixture of isomers, a
polymorph, a hydrate, a prodrug or a pharmaceutically acceptable salt or
solvate thereof. In one embodiment, Ri 8 is hydrogen, C-i-C-6 alkyl, C1-C6
heteroalkyl, CrC alkenyl, CrC 6 alkynyl, Ci -C6 cycloalkyl, CrC 6
heterocyclyl, aryl, or heteroaryl; or a tautomer or an individual isomer or
a racemic or non-racemic mixture of isomers, a polymorph, a hydrate, a
prodrug or a pharmaceutically acceptable salt or solvate thereof. In one
embodiment, the present invention provides a compound of formulas
(XLHXLIII)(XLIII) wherein each Q3-Q5 is hydrogen; halo; amino; C1-C6
alkylamino; di CrC 6 alkylamino; hydroxyl; C1-C6 alkoxy; nitro; cyano;
aryl; heteroaryl; CORi 5; SO2R15 ; or PO3R15 with the proviso that in any
one compound, only one of Q3- Q5 is hydrogen; Ris is hydrogen, hydroxyl,
C1-C6 alkoxy, amino, C1-C6 alkylamino, di C1-C6 alkylamino, NHOH, NHNH2,
C1-C6 alkyl, C1-C6 heteroalkyl, C2-C6 alkenyl, C2-C6 alkynyl, C3-C8
cycloalkyl, C3-C8 heterocyclyl, aryl, or heteroaryl; Hyp is hypoxic
activator; or a tautomer or an individual isomer or a racemic or
non-racemic mixture of isomers, a polymorph, a hydrate, a prodrug or a
pharmaceutically acceptable salt or solvate thereof. In one embodiment, the
present invention provides a compound of formula (XLIV): (XLIV)each Q3-Q5
is hydrogen; halo; amino; Cr C6 alkylamino; di CrC 6 alkylamino; hydroxyl;
CrC 6 alkoxy; nitro; cyano; aryl; heteroaryl; CORi 5; SO2R-15 ; or PO3R15
with the proviso that in any one compound, only one of Q3- Q5 is hydrogen;
Rg is C -i-C-6 alkyl; aryl; or heteroaryl; Ri 5 is hydrogen, hydroxyl, CrC
6 alkoxy, amino, CrC 6 alkylamino, di 



C1-C6 alkylamino, NHOH, NHNH2, CrC 6 alkyl, 1-C6 heteroalkyl, C2-C6
alkenyl, C2-C6 alkynyl, C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl, or
heteroaryl; or a tautomer or an individual isomer or a racemic or
non-racemic mixture of isomers, a polymorph, a hydrate, a prodrug or a
pharmaceutically acceptable salt or solvate thereof. In one embodiment, in
the compound of formula (XLIV), R9 is: In one embodiment, the present
invention provides a compound of formula (XLV): (XLV) wherein each Q3-Q5 is
hydrogen; halo; amino; Ci-C 6 alkylamino; di Cr C6 alkylamino; hydroxyl;
Ci-C 6 alkoxy; nitro; cyano; aryl; heteroaryl; CORi5; SO2Ri 5; or PO Ri 5;
Q3 and Q4 together form C3-Cs heterocycle, an aryl, or a heteroaryl; or Q4
and Q5 together form a C3-C8 heterocycle, an aryl, or a heteroaryl; with
the proviso that in any one compound, only one of Q3-Q5 is hydrogen; Ri 5
is hydrogen, hydroxyl, CrC 6 alkoxy, amino, Ci-C 6 alkylamino, di CrC 6
alkylamino, NHOH, NHNH2, Cr C6 alkyl, CrC 6 heteroalkyl, C2-C6 alkenyl,
C2-C6 alkynyl, C3-C8 cycloalkyl, C3-C8 heterocyclyl, aryl, or heteroaryl;
Hyp is hypoxic activator; ora tautomer or an individual isomer or a racemic
or non-racemic mixture of isomers, a polymorph, a hydrate, a prodrug or a
pharmaceutically acceptable salt or solvate thereof. In one embodiment,
each Q3-Q5 is OMe. In one embodiment, the present invention provides a
compound of formula (XLVI): (XLVI) wherein R10 is CI-C Q alkyl and Hyp is
hypoxic activator; and a tautomer or an individual isomer or a racemic or
non-racemic mixture of isomers, a polymorph, a hydrate, a prodrug or a
pharmaceutically acceptable salt or solvate thereof. In one embodiment, Ri
0 is methyl. In another embodiment, the present invention provides the
prodrug compound of formula (XLVII): (XLVII) wherein R is methoxy or methyl
and each Ri 2 is halogen, methoxy, methyl, nitro, or amino; Hyp is defined
as above; and a tautomer or an individual isomer or a racemic or
non-racemic mixture of isomers, a polymorph, a hydrate, a prodrug or a
pharmaceutically acceptable salt or solvate thereof. In one embodiment, the
present invention provides a compound of formula (I)-(XLVII), wherein Qi is
-CH 2OH , CH2NH2 , CO2H , CONH, 2, -PO3H2 -CH 2PO3H2 -CH3 , C CH , -CH 2OH
H- ' -(CH 2)2OH-CH2-CH2-OH -CH2-CH2-CH2-OH, -CONH2, -CO2H, -CN, or halo. In
one embodiment, the present invention provides a compound of formula
(I)-(XLVII), wherein Q1 is -CH 2OH , -CO 2H -CH 3, -CH = CH(Me)OH ,
CH2-CH2OH = CH2OH = (CH2)2OH In addition to compounds having formulas
(I)-(XLVII) above, the present invention further includes all salts
thereof, and particularly, pharmaceutically acceptable salts thereof. Still
further, the invention includes compounds that are single isomers of the
above formula (e.g., single enantiomers of compounds having a single chiral
center), as well as solvate, hydrate, a prodrug and tautomeric forms
thereof. In other embodiments isomers include single geometric isomers such
as cis, trans, E and Z forms of compounds with geometric isomers, or single
tautomers of compounds having two or more tautomers. In another embodiment,
the present invention provides prodrug compounds selected from the group
consisting of:Hyp is defined as above; and a tautomer or an individual
isomer or a racemic or non-racemic mixture of isomers, a polymorph, a
hydrate, a prodrug or a pharmaceutically acceptable salt or solvate
thereof. In one embodiment the present invention provides the following
compounds:wherein R is a group which undergoes a tumor specific release
such as triggering under hypoxic conditions and R' = NH2, OH, Cl, F, and Br
In one embodiment, the present invention provides novel prodrug compounds
of the following tubulin binders:wherein each -NH- or OH moiety in a
structure above is replaced with - N(Hyp)- wherein Hyp is defined as above.
In another embodiment, one -NHmoiety in each structure is replaced with
-N(Hyp)-. In one embodiment, where a structure has more than one -NH-
moiety, two of those are replaced with - N(Hyp)-. In another aspect, the
present invention provides a pharmaceutical composition comprising a
pharmaceutically acceptable carrier and a novel compound or a novel prodrug
compound of the invention. In another aspect, the present invention
provides a method of treating cancer comprising administering a
therapeutically effective amount of a novel compound or a novel prodrug
compound of the invention alone or in combination with one or more other
anti-cancer agents to a subject in need of such treatment. In another
aspect, the present invention provides a method of treating a
hyperproliferative disease comprising administering a therapeutically
effective amount of a novel compound or a novel prodrug compound of the
invention to a subject in need of such treatment. In one embodiment,
examples of compounds of the present invention include but are not limited
to the following compounds:9 10 11 12 13 14 16 1719 20 2 1 22 25 26 2728a
28b 29 34 3542 43 44 4547 48 51a 5 1b 5259 6067 68TITLE OF THE INVENTION
"Fuel Tank with Trash and Water Separation/Containment Device" INVENTOR:
SCHAEFER, JR., Louis, E., aUS citizen, of 105Nellies Lane, Broussard, LA
70518, US CROSS-REFERENCE TO RELATED APPLICATIONS Priority of US
Provisional Patent Application Serial No. 60/629,181, filed 18 November
2004, incorporated herein by reference, is hereby claimed. STATEMENT
REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT Not applicable
REFERENCE TO A "MICROFICHE APPENDIX" Not applicable BACKGROUND OF THE
INVENTION 1. Field of the Invention The present invention relates to fuel
tanks. More particularly, the present invention relates to fuel tanks used
on military vehicles, land vehicles, marine vessels and other moving
vehicles or devices which have attitude changes, wherein an improved tank
arrangement enhances the separation of solid matter and air from contained
fuel. 2. General Background of the Invention The following fuel tank
related US Patents are incorporated herein by reference: US PatentNos.:
1,518,686; 2,339,303; 2,896,657; 3,804,291; 3,924,773; 4,107,052;
4,799,504; 5,287,717. US Patent No. 4,107,052 discloses a fuel tank with a
separator system having a slanted bottom and a sump at the bottom for
separation of oil and water. US Patent No. 3,924,773 discloses a fuel tank
with multiple vents. 



US Patent Nos. 2,339,303 and 1,518,686 disclose fuel tanks with a sump at
the bottom of the tank with a drain plug. US Patent Nos. 3,804,291 and
4,799,504 disclose fuel tanks with drain plugs for separation of water and
other pollutants.BRIEF SUMMARY OF THE INVENTION The present invention
relates to a fuel tank apparatus for use on military vehicles, land
vehicles, marine vessels and vehicles and other devices which have attitude
changes. The tank of the present invention has a tank body with a plurality
of tank outer walls that surround an interior for containing fuel. The tank
body has upper and lower end portions and can be comprised of a plurality
of side walls and end walls. A tank filler flow line can be provided for
filling the fuel tank. A discharge flow line enables fuel to be transmitted
from the tank interior to a selected location such as an engine, compressor
or other device that consumes fuel. The lower end portion of the tank body
provides a sump that is specially configured to trap water and debris. The
interior can contain baffle structure, e.g. a plurality of interior walls
that define with the exterior walls one or more vent flow passages that
extend from a position next to the sump to a position next to the upper end
portion of the tank body. During use, this passage area allows air bubbles
to vent to the upper end portion of the fuel tank at a position spaced away
from the fuel discharge flow line. A sump area is placed at the bottom of
the tank body. Air is vented from the contained fuel via vents or vent
pipes. The sump includes a sloped trash collector at the sump lower end
portion. Any trash or water in the fuel sinks to the bottom, entering the
sump area. These portions then slide into the sloped trash collector, and
can be removed via a drain plug or plugs. Wash out plugs allow pressure
washing of the inside of the trash collector. As a marine vessel lists to
port and then to starboard, the tank also lists back and forth. Fuel is
thus mixed in the tank. Any contained trash and water likewise mix with the
fuel. Vents allow the air to move upwardly so that the air does not get
compressed and mixed back into the fuel. Similar motion is generated by a
truck that travels a not so smooth road. The sloped interior walls of the
tank allow the bottom of the fuel supply pipe always to be in fuel (as long
as too much water does not accumulate in the sump area), as when the tank
is tilted. Water and trash are trapped and contained below the sloped
interior wall. BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS For a
further understanding of the nature, objects, and advantages of the
presentinvention, reference should be had to the following detailed
description, read in conjunction with the following drawings, wherein like
reference numerals denote like elements and wherein: Figure 1is a
perspective view of the preferred embodiment of the apparatus of the
present invention; Figure 2 is a sectional view of the preferred embodiment
of the apparatus of the present invention taken along lines 2-2 of figure
1; Figure 3 is an end view of the preferred embodiment of the apparatus of
the present invention taken along lines 3-3 of figure 1; Figure 4 is a side
elevational view of the preferred embodiment of the apparatus of the
present invention; Figure 5 is an end, sectional view of the preferred
embodiment of the apparatus of the present invention; Figure 6 is a
fragmentary view of the preferred embodiment of the apparatus of the
present invention; Figure 7 is a perspective view of an alternate
embodiment of the apparatus of the present invention; Figure 8 is a
sectional view taken along lines 8-8 of figure 7; Figure 9 is a sectional
view taken along lines 9-9 of figure 7; Figure 10 is a sectional elevation
view of another alternate embodiment of the apparatus of the present
invention; Figure 1OA is a fragmentary view of the alternate embodiment of
the apparatus of the present invention showing figure 10; Figure 11 is a
sectional view taken along lines 11-11 of figure 10; and Figure 12 is an
end view taken along lines 12-12 of figure 10. DETAILED DESCRIPTION OF THE
INVENTION The present invention provides a fuel tank 10 that can be used
with a vehicle (e.g. truck, automobile, marine vessel) or part of a vehicle
or marine vessel . For example, fuel tank 10 can be used on the deck of a
work boat to power a compressor for use by divers or on the bed of a work
truck. As used herein, the term vehicle means any mobile device that
imparts motion during use to fuel tank 10 such as but not limited to marine
vessel, truck, trailer, automobile, tank, armored car, personnel carrier,
or other device thatimparts the same or similar motion to a vessel on open
seas or a truck riding on a road. Fuel tank 10 can also be used to provide
fuel to a vessel's engine. Fuel tank 10 includes a tank body 11that canbe
comprised of a pair of opposed side walls 12, 13 each of which can be
vertically oriented. Tank body 11 can also include end walls 14, 15 that
can be vertically oriented. A cover or top wall panel 16 is provided. The
tank body thus provides an upper end portion 17 and a lower end portion 18.
The lower end portion 18 provides a sump 2 1 that is fitted to the bottom
of inclined side walls 19, 20 as shown in figure 3. The tank body 11 can be
of welded steel construction for example, with each of the walls 12, 13,
14, 15, 19, 20 being steel or other weldable metallic walls that are
connected together in a configuration shown in the drawings using welding.
Fuel lines 5 1, 53 can be provided. The flow line 5 1 can be used to add
fuel to tank 11 interior 49 or to vent tank 11, as indicated by arrow 52.
Flow line 53 can be used to supply fuel to a machine or to vent tank 11when
being filled via flow line 51, as indicated by arrow 54 in figure 1. Sump 2
1 can be comprised of a pair or opposed wall sections 22, 23 that are
preferably vertically oriented and a pair of wall sections 24, 25 that are
preferably inclined hi the side view of figure 2, the sump 2 1 is inclined,
providing an inclined trough 43 tracking a reference line 44. This
reference line 44 can form an angle of between about 0 and 45, preferably
between about 10-20 degrees with horizontal. As shown in figure 2, 3 and 6,
the sump has a drain opening 26 that can be closed with plug 27. A gap 28
is defined by the lower end portions of the inclined side walls 19, 20 as
shown in figure 3. Because the sump 2 1 is inclined, water, particulate
matter, debris or other material that is an undesirable content of fuel is
collected in sump 2 1 and can be discharged via drain opening 26 as
indicated by arrow 29 in figure 6. Tank body 11 provides an interior 49. A
baffle structure 30 is supported within interior 49 in a position that
spaces the baffle structure inwardly of side walls 12, 13 and end walls 14,
15 as shown in figures 1, 2, 3, 4 and 5. The baffle structure 30 can be
comprised of side walls 31, 32, end walls 33, 34, and a lower funnel 35.
The funnel 35 can be constructed of welded inclined plates 36, 37, 38, 39
as shown in figures 1-5. A funnel opening 40 is provided at the lowest
portion of funnel 35 as shown in figures 2 and 3.An debris, particulate
matter, undesirable liquids such as water falls via gravity to funnel 35
and passes through funnel opening 40 into sump 20. This undesirable
debrisis then trapped in a large peripheral channel 50 that is in between
baffle structure 30 and tank body 11. The baffle structure 30 is supported
in this spaced apart relation with tank body 11 using for example, a
plurality of vertical beams 45, 46, 47, 48. Any debris, particulate matter,
water or the like that trapped in sump 2 1 can be drained via opening 26 or
flushed out using a selected cleaning fluid that is added to opening 4 1
when plug 42 is removed. A desired cleaning fluid could thus be directed
from opening 41to opening 26 so that any debris, particulate matter, water
or undesirable liquid that is contained in sump 2 1 is discharged as
indicated by arrow 29 from sump 2 1 via opening 26. The debris, particulate
matter, undesirable liquid is designated generally by the numeral 56 in
figures 4, 5 and 6. hi figures 4 and 5, as the tank 10 is tilted an angle
of a(alpha) (figure 4) or b (beta) (figure 5). The air that collects in
passageway 50 is channeled upwardly as indicated by arrows 84 in figures 4
and 5. An alternate embodiment of the apparatus of the present invention is
shown in figures 7-9, designated generally by the numeral 57. Fuel tank 57
provides a tank body 58 having side walls 59, 60, end walls 61, 62 and
cover 63. The tank body 58 has an upper end portion 64 and a lower end
portion 65. Lower end portion 65 provides two sloped or inclined walls 66,
67 that define a sump 79 as shown best in figures 8 and 9. The interior of
tank body 58 is provided with baffle structure 68 that can be attached to 



a lowermost funnel 69 as shown in figures 8 and 9. Funnel 69 has a funnel
opening 70 that communicates with sump 79 as shown in figures 8 and 9.
Baffle structure 68 can be comprised of a plurality of vertical walls as
shown, and being welded or otherwise connected to inclined plates or walls
that comprise funnel 69. For example, the entire tank body 58 can be made
of welded steel or welded aluminum construction. Baffle structure 68 is
supported within tank body 58 using vertical beams 71, 72, 73, 74 as an
example. The tank body 58 provides two lower most openings 75, 77. The
opening 75 can function as a drain outlet. The opening 77 can function as a
clean out or opening for injecting cleaning fluids. For cleaning the tank
sump 79, both openings 75, 77 are opened by removing closure plugs 76, 78.
The sump 79 is defined by slope wall 66, 67 that define an inclined trough
80 a tracking reference line 8 1 as shown in figure 8. In this fashion,
solid matter that is contained within the fuel inside tank body 58 travels
downwardly until it reaches funnel69. Any solid matter such as debris,
dirt, metal parts, etc. travels downwardly along to engage funnel 69 and
then flows downwardly through opening 70 to reach sump 79. Because trough
80 is inclined, debris from a dirt, solid matter, or the like that falls
through funnel opening 70 reaches trough 79 and sloped walls 66, 67.
Because the inclined trough 80 is sloped is indicated by reference line 8 1
in figure 8, solid material, debris, during and the like travels in
inclined trough 80 until it reaches a position next to outlet 75. Any air
that is in trained in the fuel that is contained within tank body 58 either
travels upwardly if it is contained within the confines of baffles
structure 80 and then exits air vent 83, or if it passes through opening
70, it travels upwardly in peripheral channel 82 until it reaches vent 83.
In either case, in trained air is separated from the desirable fuel so that
it can not be compressed by the pitching and heating of the marine vessel
that is holding the tank body 58. As with the preferred embodiment, flow
lines 5 1, 53 are provided for the intake and discharge of fuel for hollow
tank body 58. Arrows 52 and 54 in figure 7 demonstrate the direction of
flow for fuel that is transmitted to or from the tank body 58. Figures 10,
1OA and 11-12 show another alternate embodiment of the apparatus of the
present invention designated generally by the numeral 85. Fuel tank 85
provides a tank body 86 having side walls 87, 88 and end walls 89, 90. The
tank body 86 has a cover 91, upper end portion 92, lower end portion 93.
The lower end portion 93 provides a sump 96 defined by inclined side walls
94 and inclined end walls 95. The sump 96 also provides vertical wall
sections 97, 98 and inclined wall sections 99, 100 as shown in figures 10-1
1. A pair of drain openings 10 1, 102 are provided at opposite ends of sump
96 as shown in figures 10, 11 and 12. Each drain opening 101, 102 can be
provided with a closure plug. The opening 101 has plug 103. The opening 102
has plug 104. Fuel tank 85 of the present invention is designed to collect
and entrap debris that might be contained in a fuel product that is inside
of the tank body 86. A baffle structure 106 is positioned above a gap 105
that is in between the inclined side walls 94 and in between the inclined
end walls 95 as shown in figures 10-12. The baffle structure 106 that is
positioned above the gap 105 helps channel any debris or other solid matter
within the fuel contained in tank 85 and transmitted via opening 103 to the
sump 96, the debris passing through the gap 105 as shown in figures 10 and
11.The baffle structure can include vertical side wall sections 107, 108
and vertical end wall sections 118, 119. The walls 107, 108, 118, 119
support inclined plates 109, 110 that surround discharge opening 113. The
baffle structure 106 is supported with a plurality of supports 1 11 112
that can be rectangular plates that are welded to the baffle structure 106
and to the tank body 86 at walls 87, 88 as shown in figures 10-12. Openings
114 can be provided at the seam that connects inclined walls 94, 95 to
walls 87, 88, 89, 90. The plurality of openings 105, 113, 114 enable air to
flow upwardly in tank body 86, eventually escaping via vent 116. Solid
matter, debris, foreign matter, water or the like falls downwardly in tank
body 86, passing through either opening 113 or 105 until it reaches sump
96. A fuel flow line 117 can be provided for adding fuel to or removing
fuel from tank 85 during operation. All measurements disclosed herein are
at standard temperature and pressure, at sea level on Earth, unless
indicated otherwise. The following is a list of parts and materials
suitable for use in the present invention: PARTS LIST Parts Number
Description 10 fuel tank 11 tank body 12 side wall 13 side wall 14 end wall
15 end wall 16 cover 17 upper end portion 18 lower end portion 19 inclined
side wall 20 inclined side wall 2 1 sump 22 vertical wall section 23
vertical wall section24 inclined wall section 25 inclined wall section 26
drain opening 27 plug 28 gap 29 arrow 30 baffle structure 3 1 side wall 32
side wall 33 end wall 34 end wall 35 funnel 36 inclined plate 37 inclined
plate 38 inclined plate 39 inclined plate 40 funnel opening 4 1 opening 42
plug 43 inclined trough 44 reference line 45 vertical beam 46 vertical beam
47 vertical beam 48 vertical beam 49 interior 50 peripheral channel 5 1
flow line 52 arrow 53 flow line 54 arrow 55 lower end56 undesirable
material 57 fuel tank 58 hollow tank body 59 side wall 60 side wall 6 1 end
wall 62 end wall 63 cover 



64 upper end portion 65 lower end portion 66 sloped wall 67 sloped wall 68
baffle structure 69 funnel 70 funnel opening 7 1 vertical beam 72 vertical
beam 73 vertical beam 74 vertical beam 75 drain outlet 76 plug 77 opening
78 plug 79 sump 80 inclined trough 8 1 reference line 82 peripheral channel
83 air vent 84 arrow 85 fuel tank 86 tank body 87 side wall88 side wall 89
end wall 90 end wall 9 1 cover 92 upper end portion 93 lower end portion 94
inclined side wall 95 inclined end wall 96 sump 97 vertical wall section 98
vertical wall section 99 inclined wall section 100 inclined wall section
101 drain opening 102 drain opening 103 plug 104 plug 105 gap 106 baffle
structure 107 vertical wall section 108 vertical wall section 109 inclined
wall section 110 inclined wall section 111 baffle support 112 baffle
support 113 opening 114 opening 115 opening 116 vent 117 flow line 118 end
wall section 119 end wall sectionangle a 5-60, preferably around 30-45
degrees angle b 5-60, preferably around 30-45 degrees angle g 5-60,
preferably around 30-45 degrees angle D 5-60, preferably around 30-45
degrees The foregoing embodiments are presented byway of example only; the
scope nt invention is to be limited only by the following claims.CLAIMS 1.
A marine vessel and fuel tank apparatus, comprising: a) a marine vessel
hull that contains a fuel consuming engine and a tank body having a
plurality of walls surrounding an interior that enables fuel to be
contained, the tank body having upper and lower end portions; b) a fitting
for enabling fuel to be added to the tank interior; c) a fuel outlet for
enabling fuel to be discharged from the tank interior; d) a sump at the
lower end portion of the fuel tank body; e) the interior containing a vent
flow line that extends from a position above the sump to a position next to
the upper end portion of the tank body. 2. The marine vessel and fuel tank
apparatus of claim 1wherein there are a pair of vent flow lines, each
positioned to vent gases from the lower end portion of the tank body in one
of either a port or a starboard list position of the hull. 3. The marine
vessel and fuel tank apparatus of claim 1wherein there are a pair of said
vent flow lines including a port vent flow line and a starboard vent flow
line. 4. The marine vessel and fuel tank apparatus of claim 1wherein there
are at least a pair of said vent flow lines in the tank interior. 5. The
marine vessel and fuel tank apparatus of claim 1 wherein the tank body has
a vertical axis and at least a part of the vent flow line forms an acute
angle with the vertical axis. 6. The marine vessel and fuel tank apparatus
of claim 2 wherein the tank body has a vertical axis and at least a part of
each of the vent flow lines form an acute angle with the vertical axis. 7.
The marine vessel and fuel tank apparatus of claim 3 wherein the tank body
has a vertical axis and at least a part of each of the vent flow lines form
an acute angle with the vertical axis. 8. The marine vessel and fuel tank
apparatus of claim 4 wherein the tank body has a vertical axis and at least
a part of each of the vent flow lines form an acute angle with the vertical
axis. 9. The marine vessel and fuel tank apparatus of claim 1 wherein the
vent flow line is positioned next to a wall portion of the tank body. 10. A
fuel tank apparatus for use on marine vessels, comprising:a) a tank body
having a plurality of tank outer walls surrounding an interior that enables
fuel to be contained, the tank body having upper and lower end portions; b)
a fitting for enabling fuel to be added to the tank interior; c) a fuel
outlet for enabling fuel to be discharged from the tank interior; d) a sump
at the lower end portion of the fuel tank body; e) the interior containing
a plurality of interior walls that define with the exterior walls a vent
flow passage that extends from a position above the sump to a position next
to the upper end portion of the tank body. 11. The marine vessel and fuel
tank apparatus of claim 10 wherein there are vent flow passages positioned
next to multiple of the exterior walls. 12. The marine vessel and fuel tank
apparatus of claim 10 wherein there are at least a pair of vent flow
passages. 13. The marine vessel and fuel tank apparatus of claim 10 wherein
there is a flow passage next to every exterior wall. 14. The marine vessel
and fuel tank apparatus of claim 10 wherein the tank body has a vertical
axis and at least one of the vent flow passages forms an acute angle with
the vertical axis. 15. The marinevessel and fuel tank apparatus of claim
11wherein the tank body has a vertical axis and at least a part of a vent
flow passage forms an acute angle with the vertical axis. 16. The marine
vessel and fuel tank apparatus of claim 12 wherein the tank body has a
vertical axis and at least a part of each of the vent flow passages forms
an acute angle with the vertical axis. 17. The marine vessel and fuel tank
apparatus of claim 13wherein the tank body 



has a vertical axis and at least a part of each of the vent flow passages
forms an acute angle with the vertical axis. 18. The marine vessel and fuel
tank apparatus of claim 10 wherein a vent flow passage is positioned next
each exterior and extends from the lower portion of the tank body to the
upper wall portion of the tank body. 19. A vehicle and fuel tank apparatus,
comprising: a) a vehicle that contains or supports a fuel consuming engine
and a tank body having a plurality of walls surrounding an interior that
enables fuel to be contained, thetank body having upper and lower end
portions; b) a fitting for enabling fuel to be added to the tank interior;
c) a fuel outlet for enabling fuel to be discharged from the tank interior;
d) a sump at the lower end portion of the fuel tank body; e) the interior
containing a vent flow line that extends from a position above the sump to
a position next to the upper end portion of the tank body. 20. The fuel
tank apparatus of claim 19 wherein there are a pair of vent flow lines,
each positioned to vent gases from the lower end portion of the tank body
in one of either a port or a starboard list position of the hull. 2 1. The
marine vessel and fuel tank apparatus of claim 19 wherein there are a pair
of said vent flow lines including a port vent flow line and a starboard
vent flow line. 22. The marine vessel and fuel tank apparatus of claim 19
wherein there are at least a pair of said vent flow lines in the tank
interior. 23. The marine vessel and fuel tank apparatus of claim 19 wherein
the tank body has a vertical axis and at least a part of the vent flow line
forms an acute angle with the vertical axis. 24. The marine vessel and fuel
tank apparatus of claim 20 wherein the tank body has a vertical axis and at
least a part of each of the vent flow lines form an acute angle with the
vertical axis. 25. The marine vessel and fuel tank apparatus of claim 2 1
wherein the tankbody has a vertical axis and at least a part of each of the
vent flow lines form an acute angle with the vertical axis. 26. The marine
vessel and fuel tank apparatus of claim 22 wherein the tankbody has a
vertical axis and at least a part of each of the vent flow lines form an
acute angle with the vertical axis. 27. The marine vessel and fuel tank
apparatus of claim 19 wherein the vent flow line is positioned next to a
wall portion of the tank body. 28. A vehicle and fuel tank apparatus for
use on vehicles, comprising: a) a tank body having a plurality of tank
outer walls surrounding an interior that enables fuel to be contained, the
tank body having upper and lower end portions; b) a fitting for enabling
fuel to be added to the tank interior; c) a fuel outlet for enabling fuel
to be discharged from the tank interior;d) a sump at the lower end portion
of the fuel tank body; e) the interior containing a plurality of interior
walls that define with the exterior walls a vent flow passage that extends
from a position above the sump to a position next to the upper end portion
of the tank body. 29. The vehicle and fuel tank apparatus of claim 28
wherein there are vent flow passages positioned next to multiple of the
exterior walls. 30. The vehicle and fuel tank apparatus of claim 28 wherein
there are at least a pair of vent flow passages. 31. The vehicle and fuel
tank apparatus of claim 28 wherein there is a flow passage next to every
exterior wall. 32. The vehicle and fuel tank apparatus of claim 28 wherein
the tank body has a vertical axis and at least one of the vent flow
passages forms an acute angle with the vertical axis. 33. The vehicle and
fuel tank apparatus of claim 30 wherein the tank body has a vertical axis
and at least a part of a vent flow passage forms an acute angle with the
vertical axis. 34. The vehicle and fuel tank apparatus of claim 30 wherein
the tank body has a vertical axis and at least a part of each of the vent
flow passages forms an acute angle with the vertical axis. 35. The vehicle
and fuel tank apparatus of claim 31 wherein the tank body has a vertical
axis and at least a part of each of the vent flow passages forms an acute
angle with the vertical axis. 36. The vehicle and fuel tank apparatus of
claim 28 wherein a vent flow passage is positioned next each exterior and
extends from the lower portion of the tank body to the upper wall portion
of the tank body. 37. A fuel tank comprising: a) a tankbody having an outer
wall surrounding a tank interior for containing fuel and a lower end
portion with a sump and an outlet; b) the tank sump having a trough for
channeling foreign matter to the outlet; c) the tank wall including
aplurality of wall sections including some inclined wall sections; d) the
tank interior having abaffle structure that includes multiple baffle
wallsections, at least some of the baffle wall sections being inclined; e)
the baffle structure including a baffle outlet defined by a gap between a
pair of the inclined wall sections; f) a tank vent; and g) a discharge flow
line that dispenses fuel from the tank interior. 38. A fuel tank,
comprising: a) a tank body having upper and lower end portions and
comprised of a plurality of wall sections and including one or more top,
bottom and side wall sections surrounding a tank interior; b) the tank body
having a sump with a discharge outlet; and c) a baffle structure that
extends between the upper and lower end portions of the tank body, the
baffle structure segmentingthe tank interior into abaffle interior and a
baffle exterior, the baffle structure defining a funnel with a funnel
outlet that enables flow between the baffle interior and the sump. 39. A
fuel tank, comprising: a) a tank body having upper and lower end portions,
a plurality of wall sections including at least one top wall section, at
least one bottom wall section and at least one bottom wall section; b) the
tank body lower end portion providing a sump with a flow outlet; c) a
baffle structure that extends from a position next to the tank top wall
section to a position next to the sump, the baffle structure having at
least one baffle flow outlet that enables flow from a position inside the
baffle structure to the sump; and d) wherein the baffle is a continuous
wall structure that disallows flow through the baffle but for the baffle
flow outlet and flow between the top of the baffle structure and the tank
top wall section; e) a tank vent outlet for enabling gases to vent from the
tank interior; and f) a flow line for dischargingfuel from the tank
interior, the flow line having an inlet spaced away from the sump. 40. The
vehicle and fuel tank apparatus of claim 1wherein there are multiple baffle
outlets. 4 1. The inventions substantially as shown and described. 


