
23 JANUARY 2007  THIOMOLYBDATE ANALOGUES AND USES THEREOF Field of the
Invention The present invention relates generally to new thiomolybdate
derivatives, methods  5 of making novel thiomolybdate derivatives,
pharmaceutical compositions of novel  thiomolybdate derivatives and methods
of using novel thiomolybdate derivatives and  phannaceutical compositions of
novel thiomolybdate derivatives to treat or prevent diseases  



associated with aberrant vascularization, copper metabolism disorders,
neurodegenerative  disorders, obesity or NF-xB dysregulation. i0 Background
of the Invention Most forms of cancer are derived from solid tumors
(Shockley et al., Ann. N.Y.  Acad. Sci. 1991, 617: 367-382), which
clinically resistant to therapies such as the use of  monoclonal antibodies
and immunotoxins. Anti-angiogenic therapy for the treatment of 



15 cancer was developed from the recognition that solid tumors require
angiogenesis (i.e., new  blood vessel formation) for sustained growth
(Follanan, Ann. Surg. 1972, 175: 409-416;  Folktnan, Mol. Med.
1995,1(2):120-122; Folkman, Breast Cancer Res. Treat. 1995, 36(2):  109-118;
Hanahan et at., Cell 1996, 86(3): 353-364). Efficacy of anti-angiogenic
therapy in  animal models has been demonstrated (Millauer at al.,. Cancer
Res. 1996, 56:1615-1620; 20 Borgstrom et at, Prostrate 1998, 35:1-10;
Benjamin et at, J. Clin. Invest. 1999, 103: 159- 165; Merajver et at,
Proceedings of Special AACR Conference on Angiogenesis and  



Cancer 1998, Abstract #B-11, January 22-24). In the absence of angiogenesis,
internal cell  layers of solid tumors are inadequately nourished. Further,
angiogenesis (i.e., aberrant  vascularization) has been implicated in
numerous other diseases (e.g., ocular neovascular 25 disease, macular
degeneration, rheumatoid arthritis, etc.). More recently, angiogenesis
inhibition has been directly correlated with adipose tissue loss and weight
loss in animal  models, which suggests anti-angiogenic therapy may be useful
in prevention of obesity  (Rupnick et at, Proc. Natl. Acad. Sci. 2002,
99:10730-10735). 



Contrastingly, normal tissue does not require angiogenesis except under
specialized  30 circumstances (e.g., wound repair, proliferation of the
internal lining of the uterus during the  menstrual cycle, etc.).
Accordingly, a requirement for angio genesis is a significant difference
between tumor cells and normal tissue. Importantly, the dependency of tumor
1 23 JANUARY 2007  cells on angiogenesis, when compared to normal cells, is
quantitatively greater than 



differences in cell replication and cell death between normal tissue and
tumor tissue, which  are often exploited in cancer therapy. Angiogenesis
requires copper, as has been shown by numerous studies (Parke et at,  s Ain.
J. Pathol. 1988, 137:173-178; Raju et at, Natl. Cancer bast. 1982, 69:
1183-1188;  Ziche et al., Natl. Cancer Inst. 1982, 69: 475-482; Gullino,
Anticancer Res. 1986, 6(2): 153- 158). Attempts at preventing angiogenesis
and hence tumor growth in animal models by  reducing in vivo amounts of
copper have been reported in the art (Brem et at, Neurosurgery  



1990, 26:391-396; Brem et al., Ant. J. Pathol. 1990, 137(5): 1121-1142;
Yoshida et at., 10 Neurosurgery 1995 37(2): 287-295). These approaches
incorporated both copper chelators  and low copper diets. More recently,
Brewer et at, International Application No.  PCTIUS99/20374 have shown that
the copper chelators, (e.g., tetrathiomolybdate) may be  effective in
treating diseases (e.g., solid tumor growth), which require angiogenesis. In
addition to the induction of angiogenesis, copper may also have a direct
role in  15 tumor cell growth and survival. High copper levels exist in both
the plasma and in tumor  



tissue from patients with many different solid cancers (Chakravarty et at, J
Cancer Res.  Clin. Oncol. 1984, 108: 312-315). Recently, tetrathiomolybdate
has been shown to down- regulate the expression of NF-KB as well as inhibit
its translocation to the nucleus in the  inflammatory breast cancer cell
line SUM 149 (Pan et al., Cancer Res. 2002, 62: 4854 20 4859). The NF-KB
system may be involved in mediating tumor cell survival and thus
down-regulation of its expression in tumor cells by tetrathiomolybdate
suggests a direct  effect of copper chelation on tumor survival. 



Accordingly, novel thiomolybdate compounds, which are copper chelators, are
required to fully explore the potential of copper chelators in treating
and/or preventing 25 angiogenesis and in reducing tumor cell viability. Such
novel thiomolybdate compounds  may be effective in treating various diseases
associated with angiogenesis such as cancer,  copper metabolism disorders,
neurodegenerative disorders or obesity as well as treating  diseases such as
inflammatory disorders where the NF-xB pathway is dysregulated. 2 



23 JANUARY 2007  Summary of the Invention The present invention satisfies
these and other needs by providing novel  thiomolybdate derivatives, methods
of making novel thiomolybdate derivatives,  pharmaceutical compositions of
novel thiomolybdate derivatives, methods of using novel 5 thiomolybdate
derivatives and pharmaceutical compositions thereof to treat diseases
associated with aberrant vascularization, copper metabolism disorders,
neurodegenerative  



disorders, obesity or NF-icB dysregulation. In a first aspect, the present
invention provides a compound of structural formula (I):  R1 R5 R2-N t +-R4
YZ R6-N i +-Rs  R3 R~  10 (I) or a solvate or hydrate or N-oxide thereof
wherein: 



R', R2, R3, R5, R6 and R' are independently hydrogen, alkyl, substituted
alkyl, aryl, substituted aryl, arylalkyl, substituted arylalkyl, cycloalkyl,
substituted  cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl,
heteroaryl, substituted heteroaryl, 15 heteroarylalkyl, substituted
heteroarylalkyl, heteroalkyl or substituted heteroalkyl;  R4 and Rs are
independently hydrogen, alkyl, substituted alkyl, aryl,  substituted aryl,
arylalkyl, substituted arylalkyl, cycloalkyl, substituted cycloalkyl,
cycloheteroallyl, substituted cycloheteroalkyl, heteroaryl, substituted
heteroaryl,  



heteroarylalkyl, substituted heteroarylalkyl, heteroalkyl or substituted
heteroalkyl or are 20 absent when N is part of an aromatic ring; optionally,
R' and R2 taken together are alkyldiyl, substituted alkyldiyl,
heteroalkyldiyl or substituted heteroalkyldiyl; optionally, R5 and R6 taken
together are alkyldiyl, substituted alkyldiyl,  heteroalkyldiyl or
substituted heteroalkyldiyl; 25 optionally, R' and RZ taken together, R2 and
R3 taken together and R2 and R4  



taken together are alkyldiyl, substituted alkyldiyl, heteroalkyldiyl or
substituted  heteroalkyldiyl; 3 23 JANUARY 2007  optionally, R5 and R6 taken
together, R6 and R7 taken together and R6 and Rs taken together are
alkyldiyl, substituted alkyldiyl, heteroalkyldiyl or substituted
heteroalkyldiyl; 



optionally, R3 and R7 taken together are alkyldiyl, substituted alkyldiyl,
s heteroalkyldiyl or substituted heteroalkyldiyl; and Y2 is (MoS4)-2,
(Mo2Sl2)2, (Mo2S9)-2, (Mo2S7)-2, (Mo2Sg)-2, (n'lo2Sli)-2,  (MO2S6) 2 Or
(M02SI3) 2; with the proviso that if Y is (MoS4)-2 and Rl, R2, R3, R4, Rs,
R6, R7 and R$  are identical then each of Rl, R2, R3, R4, R5, R6, R7 and Rs
is not hydrogen, methyl, ethyl or  10 n-propyl. 



In a second aspect, the present invention provides pharmaceutical
compositions of  novel thiomolybdate derivatives. The pharmaceutical
compositions generally comprise one  or more thiomolybdate derivatives,
hydrates, solvates or N-oxides thereof and a pharmaceutically acceptable
diluent, carrier, excipient and adjuvant. The choice of diluent,  is
carrier, excipient and adjuvant will depend upon, among other factors, the
desired mode of  administration. In a third aspect, the present invention
provides methods for treating or preventing  



diseases characterized by aberrant vascularization, copper metabolism
disorders,  neurodegenerative disorders, obesity or NF-KB dysregulation. The
methods generally 20 involve administering to a patient in need of such
treatment or prevention a therapeutically  effective amount of a novel
thiomolybdate derivatives and/or pharmaceutical composition  thereof . Brief
Description of the Drawings 25 Figure 1 illustrates the effect of
bis(choline) tetrathiomolybdate on endothelial cell  



production; Figure 2 illustrates that bis(choline) tetrathiomolybdate does
not induce apoptosis in  endothelial cells; Figure 3 illustrates that
bis(choline) tetrathiomolybdate is anti-angiogenic in a  30 matrigel plug
assay; Figure 4 illustrates that bis(choline) tetrathiomolybdate
downregulates IL-8  secretion from confluent endothelial cells; 



4 23 JANUARY 2007  Figure 5 illustrates that bis(choline) tetrathiomolybdate
downregulates IL-8 expression from activated monocytes; and Figure 6
illustrates that bis(choline) tetrathiomolybdate causes decrease in plasma
levels of murine KC. 5 



Detailed Description of the Invention  Definitions "Compounds of the
invention" refers to compounds encompassed by structural  10 formula (I)
disclosed herein and includes any specific compounds within that generic
formula whose structure is disclosed herein. The compounds of the invention
may be  identified either by their chemical structure and/or chemical name.
When the chemical  structure and chemical name conflict, the chemical
structure is determinative of the identity  



of the compound. The compounds of the invention may contain one or more
chiral centers 15 and/or double bonds and therefore, may exist as
stereoisomers, such as double-bond isomers  (i.e., geometric isomers),
enantiomers or diastereomers. Accordingly, the chemical  structures depicted
herein encompass all possible enantiomers and stereoisorers of the
illustrated compounds including the stereoisomepcally pure form (e.g.,
geometrically pure,  enantiomerically pure or diastereomerically pure) and
enantiomeric and stereoisomeric 20 mixtures. The compounds of the invention
may also exist in several tautomeric forms.  



Accordingly, the chemical structures depicted herein encompass all possible
tautomeric  forms of the illustrated compounds. The compounds of the
invention also include  isotopically labeled compounds where one or more
atoms have an atomic mass different  from the atomic mass conventionally
found in nature. Examples of isotopes that maybe 25 incorporated into the
compounds of the invention include, but are not limited to, 2H, 3H,  13C
14C, 15N, 170, 180, etc. Compounds of the invention may exist in unsolvated
forms as  well as solvated forms, including hydrated forms and as N-oxides.
In general, the hydrated,  



solvated and N-oxide forms are within the scope of the present invention.
Certain compounds of the present invention may exist in multiple crystalline
or amorphous forms.  30 In general, all physical forms are equivalent for
the uses contemplated by the present  invention and are intended to be
within the scope of the present invention. Further, it  should be
understood, when partial structures of the compounds of the invention are 5
23 JANUARY 2007  



illustrated, that brackets indicate the point of attachment of the partial
structure to the rest of the molecule. "Alkyl" by itself or as part of
another substituent, refers to a saturated or  unsaturated, branched,
straight-chain or cyclic monovalent hydrocarbon radical derived by  s the
removal of one hydrogen atom from a single carbon atom of a parent alkane,
alkene or alkyne. Typical alkyl groups include, but are not limited to,
methyl; ethyls such as ethanyl,  ethenyl, ethynyl; propyls such as
propan-l-yl, propan-2-yl, cyclopropan-l-yl,  



prop-l-en-1-yl, prop-l-en-2-yl, prop-2-en-1-yl (allyl), cycloprop-l-en-l-yl;
cycloprop-2-en-1-yl, prop-l-yn-l-yl, prop-2-yn-1-yl, etc.; butyls such as
butan-l-yl, io butan-2-yl, 2-methyl-propan-1-yl, 2-methyl-propan-2-yl,
cyclobutan-l-yl, but-l-en-l-yl,  but-l-en-2-yl, 2-methyl-prop-l-en-1-yl,
but-2-en-1-yl, but-2-en-2-yl, buta-1,3-dien-l-yl,  buta-1,3-dien-2-yl,
cyclobut-l-en-i-yl, cyclobut-l-en-3-yl, cyclobuta-1,3-dien-1-yl,
but-l-yn-l-yl, but-l-yn-3-yl, but-3-yn-1-yl, etc.; and the like. The term
"alkyl" is specifically intended to include groups having any degree or  



1s level of saturation, i.e., groups having exclusively single carbon-carbon
bonds, groups  having one or more double carbon-carbon bonds, groups having
one or more triple  carbon-carbon bonds and groups having mixtures of
single, double and triple carbon-carbon  bonds. Where a specific level of
saturation is intended, the expressions "alkanyl,"  "alkeyl," and "alkynyl"
are used. Preferably, an alkyl group comprises from I to 20 20 carbon atoms,
more preferably, from 1 to 10 carbon atoms, most preferably, from 1 to 6
carbon atoms. 



"Alkanyl" by itself or as part of another substituent, refers to a saturated
branched,  straight-chain or cyclic alkyl radical derived by the removal of
one hydrogen atom from a  single carbon atom of a parent alkane. Typical
alkanyl groups include, but are not limited  25 to, methanyl; ethanyl;
propanyls such as propan-1-yl, propan-2-yl (isopropyl), cyclopropan-l-yl,
etc.; butanyls such as butan-l-yl, butan-2-yl (sec-butyl),
2-methyl-propan-1-yl (isobutyl), 2-methyl-propan-2-yl (t-butyl),
cyclobutan-l-yl, etc.; and  the like. 



"Alkenyl 'by itself or as part of another substituent, refers to an
unsaturated 30 branched, straight-chain or cyclic alkyl radical having at
least one carbon-carbon double  bond derived by the removal of one hydrogen
atom from a single carbon atom of a parent  alkene. The group may be in
either the cis or trans conformation about the double bond(s).  6 23 JANUARY
2007  Typical alkenyl groups include, but are not limited to, ethenyl;
propenyls such as 



prop-l-en-l-yl, prop-l-en-2-yl, prop-2-en-l-yl (allyl), prop-2-en-2-yl,
cycloprop-l-en-1-yl,  cycloprop-2-en-1-yl; butenyls such as but-l-en-l-yl,
but-l-en-2-yl,  2-methyl-prop-l-en-l-yl, but-2-en-l-yl, but-2-en-l-yl,
but-2-en-2-yl, buta-l,3-dien-1-yl, 5 buta-1,3-dien-2-yl, cyclobut-l-en-l-yl,
cyclobut-l-en-3-yl, cyclobuta-1,3-dien-l-yl, etc.;  and the like. "Alkynyl
'by itself or as part of another substituent, refers to an unsaturated
branched, straight-chain or cyclic alkyl radical having at least one
carbon-carbon triple bond  



derived by the removal of one hydrogen atom from a single carbon atom of a
parent alkyne. 10 Typical alkynyl groups include, but are not limited to,
ethynyl; propynyls such as  prop-1-yn-1-yl, prop-2-yn-1-yl, etc.; butynyls
such as but-l-yn-l-yl, but-1-yn-3-yl,  but-3-yn-l-yl, etc.; and the like. "
ldi l" by itself or as part of another substituent, refers to a saturated or
unsaturated, branched, straight-chain or cyclic divalent hydrocarbon group
derived by the  15 removal of one hydrogen atom from each of two different
carbon atoms of a parent alkane, 



alkene or alkyne, or by the removal of two hydrogen atoms from a single
carbon atom of a  parent alkane, alkene or alkyne. The two monovalent
radical centers or each valency of the  divalent radical center can form
bonds with the same or differentatant Typical alkyldiyl  groups include, but
are not limited to methandiyl; ethyldiyls such as ethan-1,1-diyl, ethan 20
1,2-diyl, ethen-1,1-diyl, ethen-l,2-diyl; propyldiyls such as
propan-1,l-diyl, propan-1,2- diyl, propan-2,2-diyl, propan-1,3-diyl,
cyclopropan-l,1-diyl, cyclopropan-1,2-diyl, prop-l- en-l,l-diyl,prop-
l-en-l,2-diyl,prop-2-en-1,2-diyl,prop- I-en-1,3-diyl, cycloprop-l-en-1,2- 



diyl, cycloprop-2-en-1,2-diyl, cycloprop-2-en-1,1-diyl, prop- 1-yn-1,3-diyl,
etc.; butyldiyls  such as, butan-l,l-diyl, butan-1,2-diyl, butan-1,3-diyl,
butan 1,4-diyl, butan-2,2-diyl, 2 25 methyl-propan-1,1-diyl,
2-methyl-propan-1,2-diyl, cyclobutan-1,1-diyl; cyclobutan-1,2- diyl,
cyclobutan-l,3-diyl, but-l-en-l,l-diyl, but-l-en-1,2-diyl,
but-l-en-1,3-diyl, but-l-en- 1,4-diyl, 2-methyl-prop-l-en-l,l-diyl,
2-methanylidene-propan-1,1-diyl, buta-1,3-dien-1,1- diyl,
buta-1,3-dien-l,2-diyl, buta-1,3-dien-1,3-diyl, buta-l,3-dien-1,4-diyl,
cyclobut-l-en- 1,2-diyl, cyclobut-l-en-1,3-diyl, cyclobut-2-en-1,2-diyl,
cyclobuta-1,3-dien-l,2-diyl, 



30 cyclobuta-l,3-dien-1,3-diyl, but-1-yn-1,3-diyl, but-1-yn-l,4-diyl,
buta-l,3-diyn-1,4-diyl,  etc.; and the like. Where specific levels of
saturation are intended, the nomenclature  alkanyldiyl, alkenyldiyl and/or
allcynyldiyl is used. Preferably, the alkyldiyl group is (Ci 7 23 JANUARY
2007,  C2) allcyldiyl, more preferably, (C1-C10) alkyldiyl, most preferably,
(C1-C6) allyldiyl. Preferred are saturated acyclic alkanyldiyl groups in
which the radical centers are at the  



terminal carbons, e.g., methandiyl (methane); ethan-l,2-diyl (ethano);
propan-l,3-diyl  (propano); butan-1,4-diyl (butano); and the like (also
referred to as alkyleno, defined infra). s "A leno" by itself or as part of
another substituent, refers to a straight-chain  alkyldiyl group having two
terminal monovalent radical centers derived by the removal of  one hydrogen
atom from each of the two terminal carbon atoms of straight-chain parent
alkane, alkene or alkyne. Typical alkyleno groups include, but are not
limited to, methano;  ethylenos such as ethano, etheno, ethyno; propylenos
such as propano, prop[l]eno, 



10 propa[1,2]dieno, prop[l]yno, etc.; butylenos such as butano, but[1]eno,
but[2]eno,  buta[1,3]dieno, but[l]yno, but[2]yno, but[1,3]diyno, etc.; and
the like. Where specific  levels of saturation are intended, the
nomenclature alkano, alkeno and/or alkyno is used.  Preferably, the alkyleno
group is (C1-C20) alkyleno, more preferably, (C1-C1) alkyleno,  most
preferably, (C1-C6) alkyleno. Preferred are straight-chain saturated alkano
groups,  is e.g., methane, ethano, propano, butano, and the like. "Acv/" by
itself or as part of another substituent, refers to a radical -C(O)R30,
where  



R30 is hydrogen, alkyl, cycloalkyl, cycloheteroalkyl, aryl, arylalkyl,
heteroalkyl, heteroaryl,  heteroarylalkyl as defined herein. Representative
examples include, but are not limited to,  formyl, acetyl,
cyclohexylcarbonyl, cyclohexylmethylcarbonyl, benzoyl, benzylcarbonyl 20 and
the like. "Acylamino 'by itself or as part of another substituent, refers to
a radical - NR31C(O)R32, where R31 and R32 are each independently hydrogen,
alkyl, cycloalkyl,  cycloheteroalkyl, aryl, arylalkyl, heteroalkyl,
heteroaryl, heteroarylallcyl, as defined herein.  



Representative examples include, but are not limited to, fonnylamino,
acetylaniino, 25 cylcohexylcarbonylamino, cyclohexylmethyl-carbonylamino,
benzoylamino,  benzylcarbonylanmino and the like. "Alkox 'by itself or as
part of another substituent, refers to a radical -OR33 where  R33 represents
an alkyl or cycloalkyl group as defined herein. Representative examples
include, but are not limited to, methoxy, ethoxy, propoxy, butoxy,
cyclohexyloxy and the  30 like. 



8 23 JANUARY 2007  "Alkoxycarbonyl 'by itself or as part of another
substituent, refers to a radical  C(O)OR34 where K34 represents an alkyl or
cycloalkyl group as defined herein. "Aril" by itself or as part of another
substituent, refers to a monovalent aromatic  hydrocarbon radical derived by
the removal of one hydrogen atom from a single carbon 5 atom of a parent
aromatic ring system. Typical aryl groups include, but are not limited to,  



groups derived from aceanthrylene, acenaphthylene, acephenanthrylene,
anthracene,  azulene, benzene, chrysene, coronene, fluoranthene, fluorene,
hexacene, hexaphene,  hexalene, as-indacene, s-indacene, indane, indene,
naphthalene, octacene, octaphene,  octalene, ovalene, penta-2,4-diene,
pentacene, pentalene, pentaphene, perylene, phenalene, to phenanthrene,
picene, pleiadene, pyrene, pyranthrene, rubicene, triphenylene,
trinaphthalene  and the like. Preferably, an aryl group comprises from 6 to
20 carbon atoms, more  preferably from 6 to 12 carbon atoms. 



"Arylalkyl 'by itself or as part of another substituent, refers to an
acyclic alkyl  radical in which one of the hydrogen atoms bonded to a carbon
atom, typically a terminal or  15 sp 3 carbon atom, is replaced with an aryl
group. Typical arylalkyl groups include, but are not limited to, benzyl,
2-phenylethan-l-yl, 2-phenylethen- 1 -yl, naphthylmethyl,
2-naphthylethan-1-yl, 2-naphthylethen-1-yl, naphthobenzyl,
2-naphthophenylethan-1-yl and  the like Where specific alkyl moieties are
intended, the nomenclature alylallcanyl,  arylalkenyl and/or arylalkynyl is
used. Preferably, an arylalkyl group is (C6-C30) arylalkyl, 



20 e.g., the alkanyl, alkenyl or alkynyl moiety of the arylalkyl group is
(C1-Clo) and the aryl  moiety is;(C6-C2o), more preferably, an arylalkyl
group is (C6-C20) arylalkyl, e.g., the  alkanyl, aikenyl or alkynyl moiety
of the arylalkyl group is (C1-C8) and the aryl moiety is  (C5-C12)
"Cycloalkyl 'by itself or as part of another substituent, refers to a
saturated or  25 unsaturated cyclic alkyl radical. Where a specific level of
saturation is intended, the  nomenclature "cycloalkanyl" or "cycloalkenyl"
is used. Typical cycloalkyl groups include,  



but are not limited to, groups derived from cyclopropane, cyclobutane,
cyclopentane,  cyclohexane and the like. Preferably, the cycloalkyl group is
(C3--Clo) cycloalkyl, more  preferably (C3-C7) cycloalkyl. 30
"Cycloheteroalkyl 'by itself or as part of another substituent, refers to a
saturated or  unsaturated cyclic alkyl radical in which one or more carbon
atoms (and any associated  hydrogen atoms) are independently replaced with
the same or different heteroatom. Typical 9 



23 JANUARY 2007  heteroatoms to replace the carbon atom(s) include, but are
not limited to, N, P, 0, S, Si, etc. Where a specific level of saturation is
intended, the nomenclature "cycloheteroalkanyl" or  "cycloheteroalkenyl" is
used. Typical cycloheteroalkyl groups include, but are not limited  to,
groups derived from epoxides, azirines, thiiranes, imidazolidine,
morpholine, piperazine,  5 piperidine, pyrazolidine, pyrrolidine,
quinuclidine and the like. and  



"Heteroalkyl, Heteroalkanyl, Heteroalkenvl, Heteroalkanyl, Heteroalkyldiyl
Heteroalkyleno 'by themselves or as part of another substituent, refer to
alkyl, alkanyl,  alkenyl, alkanyl, alkyldiyl and alkyleno groups,
respectively, in which one or more of the  carbon atoms (and any associated
hydrogen atoms) are each independently replaced with 10 the same or
different heteroatomic groups. Typical heteroatomic groups which can be
included in these groups include, but are not limited to, -0-, -S-, -0-0-,
-S-S-, -O-S-,  -NR3 R36_, =N-N=, -N=N-, -N=N-NR37R3s, -PR39-, -P(O)r,
-POR40-, -O-P(O)r, -SO-,  



_SO2_, -SnR41R42_ and the like, where R31, W6, R31, R31, W9, RQ, WI and WI
are  independently hydrogen, alkyl, substituted alkyl, aryl, substituted
aryl, arylalkyl, substituted 15 arylalkyl, cycloalkyl, substituted
cycloalkyl, cycloheteroalkyl, substituted cycloheteroalkyl,  heteroalkyl,
substituted heteroalkyl, heteroaryl, substituted heteroaryl, heteroarylalkyl
or  substituted heteroarylalkyl. "Heteroaryl 'by itself or as part of
another substituent, refers to a monovalent  heteroaromatic radical derived
by the removal of one hydrogen atom from a single atom of  



20 a. parent heteroaromatic ring system. Typical heteroaryl groups include,
but are not limited to, groups derived from acridine, arsindole, carbazole,
(3-carboline, chromane, chromene,  cinnoline, furan, imidazole, indazole,
indole, indoline, indolizine, isobenzofuran,  isochromene, isoindole,
isoindoline, isoquinoline, isothiazole, isoxazole, naphthyridine,
oxadiazole, oxazole, perimidine, phenanthridine, phenanthroline, phenazine,
phthalazine, 25 pteridine, purine, pyran, pyrazine, pyrazole, pyridazine,
pyridine, pyrimidine, pyrrole,  pyrrolizine, quinazoline, quinoline,
quinolizine, quinoxaline, tetrazole, thiadiazole, thiazole,  



thiophene, triazole, xanthene, and the like. Preferably, the heteroaryl
group is from 5-20  membered heteroaryl, more preferably from 5-10 membered
heteroaryl. Preferred  heteroaryl groups are those derived from thiophene,
pyrrole, benzothiophene, benzofuran, 30 indole, pyridine, quinoline,
imidazole, oxazole and pyrazine.  10 23 JANUARY 2007  "Heteroarvlalkk" by
itself or as part of another substituent, refers to an acyclic alkyl 



radical in which one of the hydrogen atoms bonded to a carbon atom,
typically a terminal or  sp 3 carbon atom, is replaced with a heteroaryl
group. Where specific alkyl moieties are  intended, the nomenclature
heteroarylalkanyl, heteroarylalkenyl and/or heterorylalkynyl is s used. In
preferred embodiments, the heteroarylalkyl group is a 6-30 membered
heteroarylalkyl, e.g., the alkanyl, alkenyl or alkyyl moiety of the
heteroarylalkyl is 1-10  membered and the heteroaryl moiety is a
5-20-membered heteroaryl, more preferably, 6-20  membered heteroaryl alkyl,
e.g., the alkanyl, alkenyl or alkyyl moiety of the 



heteroarylalkyl is 1-8 membered and the heteroaryl moiety is a 5-12-membered
heteroaryl.  10 "Parent Aromatic Ring System" by itself or as part of
another substituent, refers to  an unsaturated cyclic or polycyclic ring
system having a conjugated it electron system.  Specifically included within
the definition of "parent aromatic ring system" are fused ring  systems in
which one or more of the rings are aromatic and one or more of the rings are
saturated or unsaturated, such as, for example, fluorene, indane, indene,
phenalene, etc. 15 Typical parent aromatic ring systems include, but are not
limited to, aceanthrylene,  



acenaphthylene, acephenanthrylene, anthracene, azulene, benzene, chrysene,
coronene,  fluoranthene, fluorene, hexacene, hexaphene, hexalene,
as-indacene, s-indacene, indane,  indene, naphthalene, octacene, octaphene,
octalene, ovalene, penta-2,4-dime; pentacene,  pentalene, pentaphene,
perylene, phenalene, phenanthrene, picene, pleiadene, pyrene, 20
pyranthrene, rubicene, triphenylene, trinaphthalene and the like. "Parent
Heteroaromatic Ring System" by itself or as part of another substituent,
refers to a parent aromatic ring system in which one or more carbon atoms
(and any  



associated hydrogen atoms) are independently replaced with the same or
different  heteroatom. Typical heteroatoms to replace the carbon atoms
include, but are not limited to, 25 N, P, 0, S, Si, etc. Specifically
included within the definition of "parent heteroaromatic  ring systems" are
fused ring systems in which one or more of the rings are aromatic and one
or more of the rings are saturated or unsaturated, such as, for example,
arsindole,  benzodioxan, benzofuran, chromane, chromene, indole, indoline,
xanthene, etc. Typical  parent heteroaromatic ring systems include, but are
not limited to, arsindole, carbazole, 



30 (3-carboline, chromane, chromene, cinnoline, furan, imidazole, indazole,
indole, indoline,  indolizine, isobenzofiuan, isochromene, isoindole,
isoindoline, isoquinoline, isothiazole,  isoxazole, naphthyridine,
oxadiazole, oxazole, perimidine, phenanthridine, phenanthroline,  11 23
JANUARY 2007  phenazine, phthalazine, pteridine, purine, pyran, pyrazine;
pyrazole, pyridazine, pyridine, pyrimidine, pyrrole, pyrrolizine,
quinazoline, quinoline, quinolizine, quinoxaline, tetrazole,  



thiadiazole, thiazole, thiophene, triazole, xanthene, and the like.
"Pharmaceutically acceptable salt" refers to a salt of a compound of the
invention,  5 which 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, lactic acid, malonic acid, succinic
acid, malic acid, maleic acid, 



to fumaric acid, tartaric acid, citric acid, benzoic acid,
3-(4-hydroxybenzoyl) benzoic acid,  cinnamic acid, mandelic acid,
methanesulfonic acid, ethanesulfonic acid,  1,2-ethane-disulfonic acid,
2-hydroxyethanesulfonic acid, benzenesulfonic acid,  4-chlorobenzenesulfonic
acid, 2-naphthalenesulfonic acid, 4-toluenesulfonic acid,  camphorsulfonic
acid, 4-methylbicyclo[2.2.2]-oct-2-ene-l-carboxylic acid, glucoheptonic 15
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 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, 20 triethanolamine,
N-methylglucamine and the like. "Pharmaceutically acceptable vehicle" refers
to a diluent, adjuvant, excipient or  carrier with which a compound of the
invention is administered. "Patient" includes humans. The terms "human" and
"patient" are used  



interchangeably herein. 25 "Preventing" or "prevention" refers to a
reduction in risk of acquiring a disease or  disorder (i.e., causing at
least one of the clinical symptoms of the disease not to develop in a
patient that may be exposed to or predisposed to the disease but does not
yet experience or  display symptoms of the disease). "Prodru " refers to a
derivative of a drug molecule that requires a transformation  30 within the
body to release the active drug. Prodrugs are frequently, although not  



necessarily, pharmacologically inactive until converted to the parent drug.
A hydroxyl  containing drug may be converted, for example, to a sulfonate,
ester or carbonate prodrug, 12 23 JANUARY 2007  which may be hydrolyzed in
vivo to provide the hydroxyl compound. An amino containing drug may be
converted, for example, to a carbamate, amide, enamine, imine, N-phosphonyl,
N-phosphoryl or N-sulfenyl prodrug, which may be hydrolyzed in vivo to
provide the amino  



compound. A carboxylic acid drug may be converted to an ester (including
silyl esters and  s thioesters), amide or hydrazide prodrug, which be
hydrolyzed in vivo to provide the carboxylic acid compound. Prodrugs for
drugs which functional groups different than those  listed above are well
known to the skilled artisan. "Promoie 'refers to a form of protecting group
that when used to mask a  functional group within a drug molecule converts
the drug into a prodrug. Typically, the  to promoiety will be attached to
the drug via bond(s) that are cleaved by enzymatic or  



non-enzymatic means in vivo. "Protecting group" refers to a grouping of
atoms that when attached to a reactive  functional group in a molecule
masks, reduces or prevents reactivity of the functional group.  Examples of
protecting groups can be found in Green et al., "Protective Groups in
Organic is Chemistry", (Wiley, 2"d ed. 1991) and Harrison et al.,
"Compendium of Synthetic Organic  Methods", Vols. 1-8 (John Wiley and Sons,
1971-1996). Representative amino protecting  groups include, but are not
limited to, formyl, acetyl, trifluoroacetyl, benzyl,  



benzyloxycarbonyl ("CBZ"), tent butoxycarbonyl ("Boc"), trimethylsilyl
("TMS"),  2-trimethylsilyl-ethanesulfonyl ("SES"), trityl and substituted
trityl groups, 20 allyloxycarbonyl, 9-fluorenylmethyloxycarbonyl ("FMOC"),
nitro-veratryloxycarbonyl  ("NVOC") and the like. Representative hydroxy
protecting groups include, but are not  limited to, 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. 



25 "Substituted" refers to a group in which one or more hydrogen atoms are
independently replaced with the same or different substituent(s). Typical
substituents  include, but are not limited to, -M, -R60, -07, =0, -OR60
-SR6o -S- =S -NR 60R61 =NR60  -CF3, -CN, -OCN, -SCN, -NO, -NO2, =N2, -N3,
-S(0)20-, -S(O)20H, -S(O)2R60, -OS(02)O-,  -OS(O)2R60, -P(O)(O )2,
-P(O)(OR60)(O ), -OP(O)(OR60)(OR61), -C(O)R60, -C(S)R60, 30 -C(O)OR60,
-C(O)NR60R61,-C(O)O , -C(S)OR60, -NR62C(O)NR60R61 _NR62C(S)NR60R61  _NR62C(
63)NR60R61 and -C(NR62)NR60R61 where M is independently a halogen; R60R61  



R62 and R63 are independently hydrogen, alkyl, substituted alkyl, alkoxy,
substituted alkoxy,  13 23 JANUARY 2007  cycloalkyl, substituted cycloalkyl,
cycloheteroalkyl, substituted cycloheteroalkyl, aryl, substituted aryl,
heteroaryl or substituted heteroaryl, or optionally R60 and R61 together
with  the nitrogen atom to which they are bonded form a cycloheteroallcyl or
substituted  cycloheteroalkyl ring; and R64 and R65 are independently
hydrogen, alkyl, substituted alkyl, 



5 aryl, cycloalkyl, substituted cycloalkyl, cycloheteroalkyl, substituted
cycloheteroalkyl, aryl,  substituted aryl, heteroaryl or substituted
heteroaryl, or optionally R64 and R65 together with  the nitrogen atom to
which they are bonded form a cycloheteroalkyl or substituted
cycloheteroalkyl ring. Preferably, substituents include -M, -R60, =0, -OR60,
-SR60, -S-, =S,  -WOO, =NReo -CF3, -CN, -OCN, -SCN, -NO, -NO2, =N2, -N3,
-S(O)2R60, -OS(02)O-, 10 -OS(O)2R60, -P(O)(O-)2, -P(O)(OR60)(O ),
-OP(O)(OR60)(OR61), -C(O)R60, -C(S)R60,  -C(O)OR60, -C(O)NR60R61,-C(O)0-,
-NR62C(O)NR60R61, more preferably, -M, -R60, =0,  



-OR60, -SR6D, -NR60R61, -CF3, -CN, -NO2, -S(O)2R60, -P(O)(OR6)(0),
-OP(O)(OR60)(OR61), -C(O)R60, -C(O)OR60, -C(O)NR60R61,-C(O)0-, most
preferably, -M,  -R60, =0, -OR60, -SR 6o -NR60R61 -CF3, -CN, -NO2,
-S(O)2R60, -OP(O)(OR6)OR61), 15 -C(O)R60, -C(O)OR60 ,-C(O)O-, where R60, R6'
and R62 are as defined above. "Treating" or "treatment" of any disease or
disorder refers, in one embodiment, to  ameliorating the disease or disorder
(i.e., arresting or reducing the development of the  disease or at least one
of the clinical symptoms thereof). In another embodiment "treating"  



or "treatment' 'refers to ameliorating at least one physical parameter,
which may not be 20 discernible by the patient. In yet another embodiment,
"treating" or "treatment" refers to  inhibiting the disease or disorder,
either physically, (e. g., stabilization of a discernible  symptom),
physiologically, (e.g., stabilization of a physical parameter), or both. In
yet  another embodiment, "treating" or "treatment" refers to delaying the
onset of the disease or  disorder. 25 "Therapeutically effective amount"
means the amount of a compound that, when  



administered to a patient for treating a disease, is sufficient to effect
such treatment for the  disease. The "therapeutically effective amount" will
vary depending on the compound, the  disease and its severity and the age,
weight, etc., of the patient to be treated. Reference will now be made in
detail to preferred embodiments of the invention. 30 While the invention
will be described in conjunction with the preferred embodiments, it will  be
understood that it is not intended to limit the invention to those preferred
embodiments.  14 



23 JANUARY 2007  To the contrary, it is intended to cover alternatives,
modifications, and equivalents as may be included within the spirit and
scope of the invention as defined by the appended claims.  Compounds of
Structural Formula (1) 5 In a first embodiment, the compounds of the
invention include compound of  structural formula (I): 71 5  



R2-N+-R4 Y2 R6-N+-R$  R3 R~ m or a solvate or hydrate or N-oxide thereof
wherein: R1, R2, R3, R5, R6 and R7 are independently hydrogen, alkyl,
substituted  alkyl, aryl, substituted aryl, arylalkyl, substituted
arylalkyl, cycloalkyl, substituted  cycloalkyl, cycloheteroalkyl,
substituted cycloheteroalkyl, heteroaryl, substituted heteroaryl,  



heteroarylalkyl, substituted heteroarylalkyl, heteroalkyl or substituted
heteroalkyl; R4 and R8 are independently hydrogen, alkyl, substituted alkyl,
aryl,  substituted aryl, arylalkyl, substituted arylallcyl, cycloalkyl,
substituted cycloalkyl,  15 Lycloheteroalkyl, substituted_cycloheteroalkyl,
heteroaryl, substituted heteroaryl, heteroarylalkyl, substituted
heteroarylalkyl, heteroalkyl or substituted heteroalkyl or are  absent when
N is part of an aromatic ring; optionally, R' and RZ taken together are
alkyldiyl, substituted alkyldiyl,  



heteroalkyldiyl or substituted heteroalkyldiyl; 20 optionally, R5 and R6
taken together are alkyldiyl, substituted alkyldiyl,  heteroalkyldiyl or
substituted heteroalkyldiyl; optionally, R1 and R2 taken together, Rz and R3
taken together and R2 and R4  taken together are alkyldiyl, substituted
alkyldiyl, heteroalkyldiyl or substituted  heteroalkyldiyl; 25 optionally,
R5 and R6 taken together, R6 and R7 taken together and R6 and R8  



taken together are alkyldiyl, substituted alkyldiyl, heteroalkyldiyl or
substituted  heteroalkyldiyl; optionally, R3 and R7 taken together are
alkyldiyl, substituted alkyldiyl,  heteroalkyldiyl or substituted
heteroalkyldiyl; and 15 












