
INHIBITORS OF MEK RELATED APPLICATION [0001) This
application claims priority to U.S. Provisional
Application No. 60/885,849 filed on January 19, 2007.
BACKGROUND OF THE INVENTION [0002] Cell signaling
pathways play an important role in cell growth,
proliferation and differentiation. In normal cell
growth, growth factors, through receptor activation
(e.g. PDGF or EGF), activate MAP kinase pathways. The
Ras/Raf kinase pathway is one of the most important
and most well understood MAP kinase pathways involved
in normal and uncontrolled cell growth. Active
GTP-bound Ras leads to the activation of a cascade of
serine/threonine kinases. One of the several groups of
kinases known to require GTP-bound Ras for their
activation is the Raf family. Upon activation Raf
phosphorylates "mitogen-activated ERK activating
kinases" (MEK) - 1 and MEK2. [0003] Some cancers
contain mutations which result in the continuous
activation of this pathway due to continuous
production of growth factors. Other mutations can lead
to defects in the deactivation of the activated
GTP-bound Ras complex, again resulting in activation
of the MAP kinase pathway. Mutated, oncogenic forms of
Ras are found in 50% of colon and >90% pancreatic
cancers as well as many others types of cancers.
Recently, bRaf mutations have been identified in more
than 60% of malignant melanoma. [0004] These mutations
in bRaf result in a constitutively active MAP kinase
cascade. Studies of primary tumor samples and cell
lines have also shown constitutive or over activation
of the MAP kinase pathway in cancers of pancreas,
colon, lung, ovary and kidney. Hence, there is a
strong correlation between cancers and an overactive
MAP kinase pathway resulting from genetic mutations.
[0005] As constitutive or over activation of MAP
kinase cascade plays a pivotal role in cell
proliferation and differentiation, inhibition of this
pathway is believed to be beneficial in
hyperproliferative diseases. MEK is a key player in
this pathway as it is downstream of Ras and Raf.
Additionally, it is an attractive therapeutic target
because the only known substrates for MEK
phosphorylation are the MAP kinases, ERK1 and 2.
[0006] Inhibition of MEK has been shown to have
potential therapeutic benefit in several studies. For
example, small molecule MEK inhibitors have been shown
to inhibit human tumor growth in nude mouse
xenografts, block static allodynia in animals and
inhibit growth of acute myeloid leukemia cells. [0007]
Thus, MEK1 and MEK2 are validated and accepted targets
for anti-proliferative therapies, even when the
oncogenic mutation does not affect MEK structure or
expression. [0008] The MEK cascade has also been
implicated in inflammatory diseases and disorders.
This includes both acute and chronic inflammation
disorders. Examples of such disorders are allergic
contact dermatitis, rheumatoid arthritis,
osteoarthritis, inflammatory bowel diseases, chronic
obstructive pulmonary disorder, psoriasis, multiple
sclerosis, asthma, diseases and disorders related to
diabetic complications, and inflammatory complications
of the cardiovascular system such as acute coronary
syndrome. Among inflammatory bowel diseases are
Crohn's disease and ulcerative colitis.SUMMARY OF THE
INVENTION [0009] The invention provides compounds of
and methods of utilizing such compounds. The compounds
and the pharmaceutically acceptable salts, prodrugs,
derivatives, esters, hydrates and solvates thereof of
this invention are useful, e.g. in the treatment of
diseases, e.g. hyperproliferative diseases. In one
aspect, the invention provides compounds, including
pharmaceutically acceptable salts, prodrugs,
derivatives, esters, hydrates and solvates thereof
having the general formula I: where G is R1a , R1b,
R1c , R1d, R1e , Ar 1,Ar2 or Ar3; R0,R1 and R2 are
independently selected from H, halogen, cyano,
cyanomethyl, nitro, difluoromethoxy, difluoromethoxy,
trifluoromethyl, azido, CO2R5, OR5, -O-(CO)- R5,
-O-C(O)-N(R5)2, -NR5C(O)NR6R7,-SR5, NHC(O)R5,
-NHSO2R5, SO2N(R5)2, C1-C6 alkyl, C1-C4 alkoxy, C3-C6
cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, aryl,
alkylaryl, arylalkyl, heterocyclic, said alkyl,
cycloalkyl, alkenyl, aryl, alkylaryl, arylalkyl,
heterocyclic and alkynyl groups optionally substituted
with 1-3 substituents selected independently from
halogen, OH, CN, cyanomethyl, nitro, phenyl,
difluoromethoxy, difluoromethoxy, and trifluoromethyl,
and said C1-C6 alkyl and C1-C4 alkoxy groups also
optionally substituted with OCH3 or OCH2CH3, wherein
each R5 is selected from H, lower alkyl, substituted
lower alkyl, aryl, or substituted aryl, and NR5R6,
wherein each R6 and R7 are independently selected from
hydrogen or lower alkyl; X is F, Br, I, Cl or methyl;
Y is I, Br, Cl, CF3, C1-C3 alkyl, C2-C3 alkenyl, C2-C3
alkynyl, cyclopropyl, phenyl, pyridyl, pyrazolyl, OMe,
OEt, or SMe, where all said methyl, ethyl, C1-C3
alkyl, and cyclopropyl groups of X and Y are
optionally substituted with OH, all said phenyl,
pyridyl, pyrazolyl groups of Y are optionally
substituted with halogen, acetyl, methyl, and
trifluoromethyl, and all said methyl groups of X and Y
are optionally substituted with one, two, or three F
atoms; Z is H, F, Br, I, or Cl; and A, D, J, L, Q, U
are independently selected from C, - NH, N, O, and
-N(CH3)-. [0010] R1a is methyl, optionally substituted
with 1-3 fluorine atoms or 1-3 chlorine atoms, or with
OH, cyclopropoxy, or C1- C4 alkoxy, where the C1- C4
alkyl moieties of said C1- C4 alkoxy groups are
optionally substituted with one hydroxy or methoxy
group, and where all C2- C4 alkyl groups within said
C1- C4 alkoxy are optionally further substituted with
a second OH group. [0011] R1b is CH(CH3)-C1-3 alkyl or
C3-C6 cycloalkyl, said methyl, alkyl, and cycloalkyl
groups optionally substituted with 1-3 substituents
selected independently from F, Cl, Br, I, OH, C1-C4
alkoxy, and CN. [0012] R1c is (CH2)nOmR', where m is 0
or 1; where, when m is 1, n is 2 or 3, and when m is
0, n is 1 or 2; and where R' is C1-C6 alkyl,
optionally substituted with 1-3 substituents selected
independently from F, Cl, OH, OCH3, OCH2CH3, and C3-C6
cycloalkyl;[0013] R1d is C(A')(A")(B)- where B, A',
and A" arc, independently, H or C1-4 alkyl, optionally
substituted with one or two OH groups or halogen
atoms, or A' and A", together with the carbon atom to
which they are attached, form a 3- to 6- member
saturated ring, said ring optionally containing one or
two heteroatoms selected, 



independently, from O, N, and S and optionally
substituted with one or two groups selected
independently from methyl, ethyl, and halo. [0014] R1e
is benzyl or 2-phenyl ethyl, in which the phenyl group
is optionally substituted where q is 1 or 2, R8, R9
and R10 are, independently, H, F, Cl, Br, I, CH3,
CH2F, CHF2, CF3, OCH3, OCH2F, OCHF2, OCF3, ethyl,
n-propyl, isopropyl, cyclopropyl, isobutyl, sec
-butyl, tert-butyl, and methylsulfonyl, and R10 may
also be nitro, acetamido, amidinyl, cyano, carbamoyl,
methylcarbamoyl, dimethylcarbamoyl, 1,3,4-
oxadiazol-2-yl, 5-methyl-1,3,4-5 oxadiazolyl,
1,3,4-thiadiazolyl, 5-methyl-1,3,4-thiadiazol-
1H-tetrazolyl, Nmorpholinyl carbonylamino,
N-morpholinylsulfonyl, and
N-pyrrolidinylcarbonylamino; R1 1 and R12 are,
independently, H, F, Cl, or methyl. [0015] Ar 1 is
where W and V are, independently, N, CR2 or CR3; R3,
R8, R8 and R10 are, independently, H, F, Cl, Br, I,
CH3, CH2F, CHF2, CF3 , OCH3, OCH2F, OCHF2, OCF3,
ethyl, n-propyl, isopropyl, cyclopropyl, isobutyl, sec
-butyl, tert-butyl, and methylsulfonyl, and R10 may
also be nitro, acetamido, amidinyl, cyano, carbamoyl,
methylcarbamoyl, dimethylcarbamoyl,
1,3,4-oxadiazol-2-yl, 5-methyl-1,3,4-oxadiazol,
1,3,4-thiadiazol, 5- methyl-1,3,4-thiadiazol
1H-tetrazolyl, N-morpholinylcarbonylamino,
N-morpholinylsulfonyl and Npyrrolidinylcarbonylamino;
R1 1 and R12 are, independently, H, F, CI or methyl.
[0016] Ar2 is where the dashed line represents a
double bond which may be located formally either
between V and the carbon between W and V, or between W
and the carbon between W and V; where W is -S-, -O- or
- N = and where, when W is -O- or -S-, V is -CH=,
-CCl= or -N =; and when W is -N =, V is CH=, or
-NCH3-; R13 and R14 are, independently, H,
methoxycarbonyl, methylcarbamoyl, acetamido, acetyl,
methyl, ethyl, trifluoromethyl, or halogen.[0017] Ar3
is where W is -NH-, -NCH3- or -O-; and R13 and R8 are,
independently, H, F, Cl, or methyl. [0018] In another
aspect the invention provides compounds, including
pharmaceutically acceptable salts, esters, prodrugs,
solvates, hydrates or derivatives thereof of the
general formula II: where G, R0, X, Y, Z Q and U are
as defined above. [0019] Such compounds are inhibitors
of MEK and are useful in treatment of cancer and other
hyperproliferative diseases. [0020] This invention is
also directed to pharmaceutical compositions
comprising pharmaceutically effective amounts of a
compound of formula I and/or formula II or a
pharmaceutically acceptable salt, ester, prodrug,
solvate, hydrate or derivative thereof, and a
pharmaceutically acceptable carrier. Such compositions
may contain adjuvants, excipients, preservatives,
agents for delaying absorption, fillers, binders,
adsorbents, buffers, disintegrating agents,
solubilizing agents, other carriers, and other inert
ingredients. Methods of formulation of such
compositions are well-known in the art. [0021] The
invention is also directed to a method of treating a
hyperproliferative disorder in a mammal, including a
human, comprising administering to said mammal a
therapeutically effective amount of the compound of
formula I and/or formula II, or a pharmaceutically
acceptable salt, ester, prodrug, solvate, hydrate or
derivative thereof. [0022] This invention is also
directed to a method of treating an inflammatory
disease, condition, or disorder in a mammal, including
a human, comprising administering to said mammal a
therapeutically effective amount of the compound of
formula I and/or II, or a pharmaceutically acceptable
salt, ester, prodrug, solvate, hydrate or derivative
thereof. [0023] The invention is also directed to a
method of treating a disorder or condition which is
modulated by the MEK cascade in a mammal, including a
human, comprising administering to said mammal an
amount of the compound of formula I and/or II, or a
pharmaceutically acceptable salt, ester, prodrug,
solvate, hydrate or derivative thereof, effective to
modulate said cascade. The appropriate dosage for a
particular patient can be determined, according to
known methods, by those skilled in the art.DETAILED
DESCRIPTION OF THE INVENTION [0024] Reference will now
be made in detail to particularly preferred
embodiments of the invention. Examples of the
preferred embodiments are illustrated in the following
Examples section. [0025] Unless defined otherwise, all
technical and scientific terms used herein have the
same meaning as is commonly understood by one of skill
in the art to which this invention belongs. All
patents and publications referred to herein are
incorporated by reference in their entirety for all
purposes. [0026] Novel compounds encompassed by the
instant invention include those described by the
general formulas I and II set forth above, and the
pharmaceutically acceptable salts, esters, prodrugs,
solvates, hydrates or derivatives thereof. [0027] As
used herein a "pharmaceutically acceptable salt"
includes salts that retain the biological
effectiveness of the free acids and bases of the
specified compound and that are not biologically or
otherwise undesirable. A compound of this invention
may possess acidic or basic groups and therefore may
react with any of a number of inorganic or organic
bases, and inorganic and organic acids, to form a
pharmaceutically acceptable salt. Examples of
pharmaceutically acceptable salts include those salts
prepared by reaction of the compounds of this
invention with a mineral or organic acid or an
inorganic base, such salts including sulfates,
pyrosulfates, bisulfates, sulfites, bisulfites,
phosphates, monohydrogenphosphates,
dihydrogenphosphates, metaphosphates, pyrophosphates,
chlorides, bromides, iodides, acetates, propionates,
decanoates, caprylates, acrylates, formates,
isobutyrates, caproates, heptanoates, propiolates,
oxalates, malonates, succinates, suberates, sebacates,
fumarates, maleates, butyn-1,4-dioates,
hexyne-1,6-dioates, benzoates, chlorobenzoates,
methylbenzoates, dinitrobenzoates, hydroxybenzoates,
methoxybenzoates, phthalates, sulfonates,
xylenesulfonates, phenylacetates, phenylpropionates,
phenylbutyrates, citrates, lactates,
g-hydroxybutyrates, 



glycollates, tartrates, methanesulfonates,
propanesulfonates, naphthalene-1-sulfonates,
naphthalene-2- sulfonates, and mandelates. [0028] As
used herein, a "prodrug" is a compound that may be
converted under physiological conditions or by
solvolysis to the specified compound or to a
pharmaceutically acceptable salt of such compound. By
way of example only, prodrugs include, without
limitation, compounds wherein an amino acid residue,
or a polypeptide chain of two or more amino acid
residues, is covalently joined through an amide or
ester bond to a free amino, hydroxy, or carboxylic
acid group of compounds of Formulas I and II. The
amino acid residues contemplated include but are not
limited to the naturally occurring amino acids. Other
suitable amino acids include 4- hydroxyproline,
hydroxylysine, demosine, isodemosine, 3-methyl
histidine, norvaline, b-alanine, g- aminobutyric acid,
cirtulline, homocysteine, homoserine, ornithine and
methionine sulfone. Additional types of prodrugs are
well known in the art.[0029] In some embodiments, the
invention provides compounds, including
pharmaceutically acceptable salts, prodrugs and
solvates thereof having the formula I-A where G, X, Y,
Z, R0, R1 and R2 are defined as above. [0030] In some
embodiments, the invention provides compounds,
including pharmaceutically acceptable salts, prodrugs
and solvates thereof having the formula I-B where G,
R0, R2, X, Y and Z are as defined above. [0031] In
some embodiments, the invention provides compounds,
including pharmaceutically acceptable salts, prodrugs
and solvates thereof having the formula I-C where G,
R0, R1 R2, X, Y and Z are as defined above.[0032] In
some embodiments, the invention provides compounds,
including pharmaceutically acceptable salts, prodrugs
and solvates thereof having the formula I-D where G,
R0, R2, X, Y and Z are as defined above. [0033] In
some embodiments, the invention provides compounds,
including pharmaceutically acceptable salts, prodrugs
and solvates thereof having the formula I-E. where G,
R0, R2, X, Y and Z are as defined above. [0034] In
some embodiments, the invention provides compounds,
including pharmaceutically acceptable salts, prodrugs
and solvates thereof having the formula I-F. where G,
R0, R1,R2, X, Y and Z are as defined above.[0035] In
some embodiments, the invention provides compounds,
including pharmaceutically acceptable salts, prodrugs
and solvates thereof having the formula I-G. where G,
R1,R2, X, Y and Z are as defined above. [0036] In some
embodiments, the invention provides compounds,
including pharmaceutically acceptable salts, prodrugs
and solvates thereof having the formula I-H. where G,
R1, R2, X, Y and Z are as defined above. [0037] In
some embodiments, the invention provides compounds,
including pharmaceutically acceptable salts, prodrugs
and solvates thereof having the formula I-J where G,
R1,R , X, Y and Z are as defined above. [0038] In some
embodiments, the invention provides compounds,
including pharmaceutically acceptable salts, prodrugs
and solvates thereof having the formula I-Kwhere G,
R1.R2, X, Y and Z are as defined above. [0039] In some
embodiments, the invention provides compounds,
including pharmaceutically acceptable salts, prodrugs
and solvates thereof having the formula I-L where G,
R2, X, Y and Z are as defined above. [0040] In some
embodiments, the invention provides a compound of
formula I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J,
I-K or I-L where G is R1a, where R1a is defined as
above. In some embodiments, this invention provides
compounds of formulas I-A, I-B, I-C, I-D, I-E, I-F,
I-G, I-H, I-J, I-K or I-L, where G is R1a ; X is F,
Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; and Z
is H or F. In some embodiments, this invention
provides compounds of formulas I-A, I-B, I-C, I-D,
I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G is R1a ;
X is F, Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3
alkyl; Z is H or F; and R0 is H, halogen, C1-C6 alkyl,
monohalo C1-C6 alkyl, C3-C6 cycloalkyl, C2-C6 alkenyl,
C2-C6 alkynyl, phenyl, monosubstiruted phenyl, OR3,
O-C(=O)R4, or C(=O)OR5. In some embodiments, this
invention provides compounds of formulas I-A, I-B,
I-C, I-D, I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G
is R1a ; X is F, Cl, or CH3; Y is I, Br, Cl, CF3, or
C1-C3 alkyl; Z is H or F; and R0 is furyl, thienyl,
thiazolyl, isothiazolyl, oxazolyl, isoxazolyl,
pyrrolyl, or pyrazolyl. In some embodiments, this
invention provides compounds of formulas I-A, I-B,
I-C, I-D, I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G
is R1a; X is F, Cl, or CH3; Y is I, Br, Cl, CF3, or
C1-C3 alkyl; Z is H or F; and R0 is F, Cl, C1-C4
alkyl, C1-C3 alkoxy, trifluoromethoxy, or
2-methoxy-ethoxy. In some embodiments, this invention
provides a compound of formula I-A, I-B, I-C, I-D,
I-E, I-F, I-G, I-H, I-J, I-K or I-L, where R1a is
methyl, monohalomethyl, C1-C3 alkoxymethyl, or
cyclopropoxymethyl. [0041] In some embodiments, the
invention provides a compound of formula I-A, I-B,
I-C, I-D, I-E, I-F, I-G, I-H, I-J, I-K or I-L where G
is R1b , where R1b is defined as above. In some
embodiments, this invention provides compounds of
formulas I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J,
I-K or I-L, where G is R1b ; X is F, Cl, or CH3; Y is
I, Br, Cl, CF3, or C1-C3 alkyl; and Z is H or F. In
some embodiments, this invention provides compounds of
formulas I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J,
I-K or I-L, where G is R1b ; X is F, Cl, or CH3; Y is
I, Br, Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0 is
H, halogen, C1-C6 alkyl, monohalo C1-C6 alkyl, C3- C6
cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, phenyl,
monosubstiruted phenyl, OR3, O-C(=O)R4, or C(=O)OR5.
In some embodiments, this invention provides compounds
of formulas I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H,
I-J, I-K or I-L, where G is R1b ; X is F, Cl, or CH3;
Y is I, Br, Cl, CF3, or C1-C3 alkyl; Z is H or F; and
R0 is furyl, thienyl, thiazolyl, isothiazolyl,
oxazolyl, isoxazolyl, pyrrolyl, or pyrazolyl. In some
embodiments, this invention provides compounds of
formulas I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J,
I-K or I-L, where G is R1b ; X is F, Cl, or CH3; Y is
I, Br, Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0 is
F, Cl, C1-C4 alkyl, C1-C3 



alkoxy, trifluoromethoxy, or 2-methoxy-ethoxy. In some
embodiments of formula I-A, I-B, I-C, I-D, I-E, I-F,
IG, I-H, I-J, I-K or I-L, the invention provides
compounds of formula I-A, I-B, I-C, I-D, I-E, I-F,
I-G, I-H, I-J, IK or I-L where R1b is isopropyl,
2-butyl, 2-pentyl, cyclopropyl, cyclobutyl,
cyclopentyl, or cyclohexyl, all optionally substituted
with 1 or 2 substituents selected independently from
F, Cl, OH, and OCH3; Y is Br, I, methyl, or
trifluoromethyl. In some embodiments of formula I-A,
I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J, I-K or IL, the
invention provides compounds of formula I-A, I-B, I-C,
I-D, I-E, I-F, I-G, I-H, I-J, I-K or I-L where RIb is
isopropyl, 2-butyl, 2-pentyl, cyclopropyl, cyclobutyl,
cyclopentyl, or cyclohexyl, all optionally substituted
with one Cl, with one or with 1 or 2 OH groups; and Y
is Br, I, methyl, or trifluoromethyl. [0042] In some
embodiments, the invention provides a compound of
formula I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J,
I-K or I-L where G is R1c, where R1c is (CH2)nOmR',
where m is 0 or 1, n is 2 or 3 when m is 1, and n is 1
or 2 when m is 0, and R' is C1-C6 alkyl, optionally
substituted with 1-3 substituents selected
independently from F, Cl, OH, OCH3, OCH2CH3, and C3-C6
cycloalkyl. In some embodiments, this invention
provides compounds of formulas I-A, I-B, I-C, I-D,
I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G is R1c; X
is F, Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl;
and Z is H or F. In some embodiments, this invention
provides compounds of formulas I-A, I-B, I-C, I-D,
I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G is R1c ;
X is F, Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3
alkyl; Z is H or F; and R0 is H, halogen, C1-C6 alkyl,
monohalo C1-C6 alkyl, C3-C6 cycloalkyl, C2-C6 alkenyl,
C2-C6 alkynyl, phenyl, monosubstituted phenyl, OR3,
O-C(=O)R4, or C(=O)OR5. In some embodiments, this
invention provides compounds of formulas I-A, I-B,
I-C, I-D, I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G
is R1c ; X is F, Cl, or CH3; Y is I, Br, Cl, CF3, or
C1-C3 alkyl; Z is H or F; and R0 is furyl, thienyl,
thiazolyl, isothiazolyl, oxazolyl, isoxazolyl,
pyrrolyl, or pyrazolyl. In some embodiments, this
invention provides compounds of formulas I-A, I-B,
I-C, I-D, I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G
is R1c ; X is F, Cl, or CH3; Y is I, Br, Cl, CF3, or
C1-C3 alkyl; Z is H or F; and R0 is F, Cl, C1-C4
alkyl, C1-C3 alkoxy, trifluoromethoxy, or
2-methoxy-ethoxy. In some embodiments, this invention
provides a compound of formula I-A, I-B, I-C, I-D,
I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G is R1c ,
m is zero, n is 1 or 2, and R' is C1-C4 alkyl,
optionally substituted as described above. In some
embodiments, this invention provides a compound of
formula I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J,
I-K or I-L, where G is R1c, m is 1, n is 2 or 3, and
R' is C1-C4 alkyl, optionally substituted as described
above. In some embodiments, this invention provides a
compound of formula I-A, I-B, I-C, I-D, I-E, I-F, I-G,
I-H, I-J, I-K or I-L, where m is zero, n is 1 or 2,
and R' is C1-C4 alkyl, optionally substituted with 1
-3 groups selected from OH, OCH3, Cl, and cyclopropyl.
[0043] In some embodiments, the invention provides a
compound of formula I-A, I-B, I-C, I-D, I-E, I-F, I-G,
I-H, I-J, I-K or I-L where G is R1d , where R1d is
C(A')(A")(B)- where B, A', and A" are, independently,
H or C1-4 alkyl, optionally substituted with one or
two OH groups or halogen atoms, or A' and A", together
with the carbon atom to which they are attached, form
a 3- to 6- member saturated ring, said ring optionally
containing one or two heteroatoms selected,
independently, from O, N, and S and optionally
substituted with one or two groups selected
independently from methyl, ethyl, and halo. In some
embodiments, this invention provides compounds of
formulas I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J,
I-K or I-L, where G is R1d ; X is F, Cl, or CH3; Y is
I, Br, Cl, CF3, or C1-C3 alkyl; and Z is H or F. In
some embodiments, this invention provides compounds of
formulas I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J,
I-K or I-L, where G is R1d ; X is F, Cl, or CH3; Y is
I, Br, Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0 is
H, halogen, C1-C6 alkyl, monohalo C1-C6 alkyl, C3-C6
cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, phenyl,
monosubstituted phenyl, OR3, O-C(=O)R4, or C(=O)OR5.
In some embodiments, this invention provides compounds
of formulas I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H,
I-J,I-K or I-L, where G is R1d ; X is F, Cl, or CH3; Y
is I, Br, Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0
is furyl, thienyl, thiazolyl, isothiazolyl, oxazolyl,
isoxazolyl, pyrrolyl, or pyrazolyl. In some
embodiments, this invention provides compounds of
formulas I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J,
I-K or I-L, where G is R1d ; X is F, Cl, or CH3; Y is
I, Br, Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0 is
F, Cl, C1-C4 alkyl, C1-C3 alkoxy, trifluoromethoxy, or
2-methoxy-ethoxy. [0044] In some embodiments, this
invention provides a compound of formula I-A, I-B,
I-C, I-D, I-E, I-F, I-G, I-H, I-J, I-K or I-L, where
R1d is cycloalkyl or 1-alkyl-cycloalkyl, in which the
1-alkyl group is optionally substituted with one or
two OH groups or with one or two halogen atoms. In
some embodiments, this invention provides a compound
of formula I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H,
I-J, I-K or I-L, where R1d is tetrahydrofuryl,
tetrahydrothienyl, pyrrolidyl, piperidyl, piperazinyl,
or morpholyl, each optionally substituted as described
above. In some embodiments, the invention provides a
compound of formula I-A, I-B, I-C, I-D, IE, I-F, I-G,
I-H, I-J, I-K or I-L, in which Rld is
1-(monohydroxyalkyl) cycloalkyl. In some embodiments,
the invention provides a compound of formula I-A, I-B,
I-C, I-D, I-E, I-F, I-G, I-H, I-J, I-K or I-L, in
which R1d is 1-(dihydroxyalkyl) cycloalkyl. [0045] In
some embodiments, the invention provides a compound of
formula I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J,
I-K or I-L, where G is R1e , where R1e is defined
above. In some embodiments, this invention provides
compounds of formulas I-A, I-B, I-C, I-D, I-E, I-F,
I-G, I-H, I-J, I-K or I-L, where G is R1e ; X is F,
Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; and Z
is H or F. In some embodiments, this invention
provides compounds of formulas I-A, I-B, I-C, I-D,
I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G is R1,.;
X is F, Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3
alkyl; Z is H or F; and R0 is H, halogen, C1-C6 alkyl,
monohalo Cl -C6 alkyl, C3-C6 cycloalkyl, C2-C6
alkenyl, C2-C6 alkynyl, phenyl, monosubstituted
phenyl, OR3, O-C(=O)R4, or C(=O)OR5. In some
embodiments, this invention provides compounds of
formulas I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J,
I-K or I-L, where G is R1e ; X is F, Cl, or CH3; Y is
I, Br, Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0 is
furyl, thienyl, thiazolyl, isothiazolyl, oxazolyl,
isoxazolyl, pyrrolyl, or pyrazolyl. In some
embodiments, this invention provides compounds of
formulas I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J,
I-K or I-L, where G is R1c ; X is F, Cl, or CH3; Y is
I, Br, Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0 is
F, Cl, C1-C4 alkyl, C1-C3 alkoxy, trifluoromethoxy, or
2-methoxy-ethoxy. [0046] In some embodiments, the
invention provides a compound of formula I-A, I-B,
I-C, I-D, I-E, I-F, I-G, 



I-H, I-J, I-K or I-L, where G is Ar 1, where Ar 1is
defined as above. In some embodiments, this invention
provides compounds of formulas I-A, where G is Ar 1; X
is F, Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl;
and Z is H or F. In some embodiments, this invention
provides compounds of formulas I-A, I-B, I-C, I-D,
I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G is Ar 1;
X is F, Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3
alkyl; Z is H or F; and R0 is H, halogen, C1-C6 alkyl,
monohalo C1-C6 alkyl, C3-C6 cycloalkyl, C2-C6 alkenyl,
C2-C6 alkynyl, phenyl, monosubstituted phenyl, OR3,
O-C(=O)R4, or C(=O)OR5. In some embodiments, this
invention provides compounds of formulas I-A, I-B,
I-C, I-D, I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G
is Ar,; X is F, Cl, or CH3; Y is I, Br, Cl, CF3, or
C1-C3 alkyl; Z is H or F; and R0 is furyl, thienyl,
thiazolyl, isothiazolyl, oxazolyl, isoxazolyl,
pyrrolyl, or pyrazolyl. In some embodiments, this
invention provides compounds of formulas I-A, IB, I-C,
I-D, I-E, I-F, I-G, I-H, 1-J, I-K or I-L, where G is
Ar1; X is F, Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3
alkyl; Z is H or F; and R0 is F, Cl, C1-C4 alkyl,
C1-C3 alkoxy, trifluoromethoxy, or 2-methoxy-ethoxy.
In some embodiments of formula I-A, I-B, I-C, I-D,
I-E, I-F, I-G, I-H, I-J, I-K or I-L, this invention
provides acompound of formula I-A, I-B, I-C, I-D, I-E,
I-F, I-G, I-H, I-J, I-K or I-L, where G is Ar1, where
W is CR2 and V is N. In some embodiments, this
invention provides a compound of formula I-A, I-B,
I-C, I-D, I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G
is Ar1, in which W and V are both N. In some
embodiments, this invention provides a compound of
formula I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J,
I-K or I-L where G is Ar, , in which W is CR2 and V is
CR3. [0047] In some embodiments, this invention
provides a compound of formula I-A, I-B, I-C, I-D,
I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G is Ar
1and Ar 1is phenyl or monosubstituted phenyl, R0 is F,
methyl, ethyl, C1-C3 alkoxy, trifluoromethoxy, or
2-methoxy-ethoxy; X is F, Cl, or CH3; Y is I; and Z is
F. In some embodiments, this invention provides a
compound of formula I-A, I-B, I-C, I-D, I-E, I-F, I-G,
I-H, I-J, I-K or I-L, where G is Afi, where Ar 1is
phenyl or monosubstituted phenyl, R0 is halogen, C1-C6
alkyl, C3-C6 cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl,
all such alkyl, cycloalkyl, alkenyl, and alkynyl
groups optionally substituted with 1-3 substituents
selected independently from halogen, OH, CN,
cyanomethyl, nitro, phenyl, and trifluoromethyl; or R0
is phenyl, OR3, furyl, thienyl, thiazolyl,
isothiazolyl, oxazolyl, isoxazolyl, pyrrolyl, or
pyrazolyl. [0048] In some embodiments, this invention
provides a compound of formula I-A, I-B, I-C, I-D,
I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G is Ar 1 ,
where Ar 1is phenyl or monosubstituted phenyl, Ro is
F, Cl, C1-C3 alkyl, C1-C3 alkoxy, 2-methoxyethoxy,
C2-C3 alkenyl, C2-C3 alkynyl, trifluoromethyl, phenyl,
furyl, or thienyl. thiazolyl, isothiazolyl, oxazolyl,
isoxazolyl, pyrrolyl, or pyrazolyl; X is F, Cl, or
methyl; Y is I, Br, Cl, CF3, or C1-C3 alkyl; and Z is
F. In some embodiments, this invention provides
compound of formula I-A, I-B, I-C, ID, I-E, I-F, I-G,
I-H, I-J, 1-K or I-L, where G is Ar 1 , where Ar 1is
phenyl or monosubstituted phenyl, Ro is H; X is F, Cl,
or CH3; Y is Br or I; and Z is F. [0049] In some
embodiments, the invention provides a compound of
formula I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J,
I-K or I-L where G is Ar2, where Ar2 is defined as
above. In some embodiments, this invention provides
compounds of formulas I-A, I-B, I-C, I-D, I-E, I-F,
I-G, I-H, I-J, I-K or I-L, where G is Ar2; X is F, Cl,
or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; and Z is
H or F. In some embodiments, this invention provides
compounds of formulas I-A, I-B, I-C, I-D, I-E, I-F,
I-G, I-H, I-J, I-K or I-L, where G is Ar2; X is F, Cl,
or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; Z is H or
F; and R0 is H, halogen, C1-C6 alkyl, monohalo C1-C6
alkyl, C3- C6 cycloalkyl, C2-C6 alkenyl, C2-C6
alkynyl, phenyl, monosubstituted phenyl, OR3,
O-C(=O)R4, or C(=O)OR5. In some embodiments, this
invention provides compounds of formulas I-A, I-B,
I-C, I-D, I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G
is Ar2; X is F, Cl, or CH3; Y is I, Br, Cl, CF3, or
C1-C3 alkyl; Z is H or F; and R0 is furyl, thienyl,
thiazolyl, isothiazolyl, oxazolyl, isoxazolyl,
pyrrolyl, or pyrazolyl. In some embodiments, this
invention provides compounds of formulas I-A, I-B,
I-C, I-D, I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G
is Ar2; X is F, Cl, or CH3; Y is I, Br, Cl, CF3, or
C1-C3 alkyl; Z is H or F; and R0 is F, Cl, C1-C4
alkyl, C1-C3 alkoxy, trifluoromethoxy, or
2-methoxy-ethoxy. (0050] In some embodiments, this
invention provides compounds of formula I-A, I-B, I-C,
1-D, I-E, I-F, I-G, I-H, I-J, I-K or I-L, where G is
Ar2, where Ar2 is 2-thienyl, 2-furyl, 3-thienyl,
3-furyl, 2-pyrrolyl, or 3-pyrrolyl, all optionally
substituted with methoxycarbonyl, methylcarbamoyl,
acetamido, acetyl, methyl, ethyl, trifluoromethyl, or
halogen. In some embodiments, this invention provides
compounds of formula I-A, I-B, I-C, I-D, I-E, I-F,
I-G, I-H, I-J, I-K or I-L, where G is Ar2, where Ar2
is 2-thienyl, 2-furyl, 3-thienyl, 3-furyl, 2-
pyrrolyl, or 3-pyrrolyl, all optionally substituted
with methoxycarbonyl, methylcarbamoyl, acetamido,
acetyl, methyl, ethyl, trifluoromethyl, or halogen; R0
is H, F, Cl, C1-C3 alkyl, monochord C1-C3 alkyl, C1-C3
alkoxy,trifluoromethoxy, methyl-methoxy, or
2-methoxy-ethoxy; X is F, Cl, or CH3: Y is I, Br, Cl,
CF3, or C1-C3 alkyl, and Z is H or F. In some
embodiments, this invention provides compounds of
formula I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J,
I-K or I-L, where G is Ar2, where Ar2 is 2-thienyl,
2-furyl, 3-thienyl, 3-furyl, 2-pyrrolyl, or
3-pyrrolyl, all optionally substituted with
methoxycarbonyl, methylcarbamoyl, acetamido, acetyl,
methyl, ethyl, trifluoromethyl, or halogen; Ro is H; X
is F, Cl, or CH3: Y is I, Br, Cl, CF3, or C1-C3 alkyl,
and Z is H or F. In some embodiments, this invention
provides compounds of formula I-A, I-B, I-C, I-D, I-E,
I-F, I-G, I-H, I-J, I-K or I-L, where G is Ar2, where
Ar2 is thiazolyl, isothiazolyl, oxazolyl, isoxazolyl,
pyrrolyl, or pyrazolyl, all optionally substituted
with methoxycarbonyl, methylcarbamoyl, acetamido,
acetyl, methyl, ethyl, trifluoromethyl, or halogen; Ro
is H or methoxy; X is F, Cl, or CH3: Y is I, Br, Cl,
CF3, or C1-C3 alkyl, and Z is H or F. [0051] In some
embodiments, the invention provides a compound of
formula I-A, I-B, I-C, I-D, I-E, T-F, I-G, I-H, I-J,
I-K or I-L, where G is Ar3, where Ar 5 is defined
above. In some embodiments, this invention provides
compounds of formulas I-A, I-B, I-C, I-D, I-E, I-F,
I-G, I-H, I-J, I-K or I-L, where G is Ar3; X is F, Cl,
or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; and Z is
H or F. In some embodiments, this invention provides
compounds of formulas I-A, I-B, I-C, I-D, I-E, I-F,
I-G, I-H, I-J, I-K or I-L, where G is Ar3; X is F, Cl,
or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; Z is H or
F; and R0 is H, halogen, C1-C6 alkyl, monohalo C1-C6
alkyl, C3-C6 cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl,
phenyl, monosubstituted phenyl, OR3, O-C(=O)R4, or
C(=O)OR5. 



In some embodiments, this invention provides compounds
of formulas I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H,
I-J, I-K or I-L, where G is Ar3; X is F, Cl, or CH3; Y
is I, Br, Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0
is furyl, thienyl, thiazolyl, isothiazolyl, oxazolyl,
isoxazolyl, pyrrolyl, or pyrazolyl. In some
embodiments, this invention provides compounds of
formulas I-A, I-B, I-C, I-D, I-E, I-F, I-G, I-H, I-J,
I-K or I-L, where G is Ar3; X is F, Cl, or CH3; Y is
I, Br, Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0 is
F, Cl, C1-C4 alkyl, C1-C3 alkoxy, trifluoromethoxy, or
2-methoxy-ethoxy. [0052] Compounds of formula I-M,
I-N, I-O, I-P, I-Q, I-R, I-S, and I-T are exemplary
compounds of formula Iwhere R4 is H, F, Cl, Br, I,
CH3, CH2F, CHF2, CF3, OCH3, OCH2F, OCHF2, OCF3, ethyl,
n-propyl, isopropyl, cyclopropyl, isobutyl, sec
-butyl, tert-butyl, and methylsulfonyl, and R10 may
also be nitro, acetamido, amidinyl, cyano, carbamoyl,
methylcarbamoyl, dimethylcarbamoyl,
1,3,4-oxadiazol-2-yl, 5-methyl-1,3,4-5 oxadiazolyl,
1,3,4-thiadiazolyl, 5-methyl-1,3,4-thiadiazol-
1H-tetrazolyl, N-morpholinyl carbonylamino,
Nmorpholinylsulfonyl, or N-pyrrolidinylcarbonylamino
[0053] In another aspect, the invention provides
compounds of the general formula II as set forth
above. [0054] In some embodiments, the invention
provides compounds, including pharmaceutically
acceptable salts, prodrugs and solvates thereof having
the formula II-A. where G, R0, R2, X, Y and Z are as
defined above.[0055] In some embodiments, the
invention provides compounds, including
pharmaceutically acceptable salts, prodrugs and
solvates thereof having the formula II-B. where G, R0,
R2, X, Y and Z are as defined above. [0056] In some
embodiments, the invention provides compounds,
including pharmaceutically acceptable salts, prodrugs
and solvates thereof having the formula II-C. where G,
R0, R2, X, Y and Z are as defined above. [0057] In
some embodiments, the invention provides a compound of
formula II-A, II-B or II-C, where G is R1a, where R1a
is defined as above. In some embodiments, this
invention provides compounds of formulas II-A, II-B or
II-C, where G is R1a; X is F, Cl, or CH3; Y is I, Br,
Cl, CF3, or C1-C3 alkyl; and Z is H or F. In some
embodiments, this invention provides compounds of
formulas II-A, II-B or II-C, where G is R1a ; X is F,
Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; Z is
H or F; and R0 is H, halogen, C1-C6 alkyl, monohalo
C1-C6 alkyl, C3-C6 cycloalkyl, C2-C6 alkenyl, C2-C6
alkynyl, phenyl, monosubstituted phenyl, OR3,
O-C(=O)R4, or C(=O)OR5. In some embodiments, this
invention provides compounds of formulas II-A, II-B or
II-C , where G is R1a ; X is F, Cl, or CH3; Y is I,
Br, Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0 is
furyl, thienyl, thiazolyl, isothiazolyl, oxazolyl,
isoxazolyl, pyrrolyl, or pyrazolyl. In some
embodiments, this invention provides compounds of
formulas II-A, II-B or U-C, where G is R1a; X is F,
Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; Z is
H or F; and R0 is F, Cl, C1-C4 alkyl, C1-C3 alkoxy,
trifluoromethoxy, or 2-methoxy-ethoxy. In some
embodiments, this invention provides a compound of
formula II-A, II-B or II-C, where R1a is methyl,
monohalomethyl, C1-C3 alkoxymethyl, or
cyclopropoxymethyl. [0058] In some embodiments, the
invention provides a compound of formula II-A, II-B or
II-C, where G is R1b , where R1b is defined as above.
In some embodiments, this invention provides compounds
of formulas II-A, II-B or II-C, where G is R1b ; X is
F, Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl;
and Z is H or F. In some embodiments, this invention
provides compounds of formulas II-A, II-B or II-C,
where G is R1b ; X is F, Cl, or CH3; Y is I, Br, Cl,
CF3, or C1-C3 alkyl; Z is H or F; and R0 is H,
halogen, C1-C6 alkyl, monohalo C1-C6 alkyl, C3-C6
cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, phenyl,
monosubstituted phenyl, OR3, O-C(=O)R4, or C(=O)OR5.
In some embodiments, this invention provides compounds
of formulas II-A, II-B or II-C, where Gis R1b; X is F,
Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; Z is
H or F; and R0 is furyl, thienyl, thiazolyl,
isothiazolyl, oxazolyl, isoxazolyl, pyrrolyl, or
pyrazolyl. In some embodiments, this invention
provides compounds of formulas II-A, II-B or II-C,
where G is R1b; X is F, Cl, or CH3; Y is I, Br, Cl,
CF3, or C1-C3 alkyl; Z is H or F; and R0 is F, Cl,
C1-C4 alkyl, C1-C3 alkoxy, trifluoromethoxy, or
2-methoxy-ethoxy. In some embodiments of formula II-A,
II-B or II-C, the invention provides compounds of
formula II-A, II-B or IIC, where R1b is isopropyl,
2-butyl, 2-pentyl, cyclopropyl, cyclobutyl,
cyclopentyl, or cyclohexyl, all optionally substituted
with 1 or 2 substituents selected independently from
F, Cl, OH, and OCH3; Y is Br, I, methyl, or
trifluoromethyl. In some embodiments of formula II-A,
II-B or II-C, the invention provides compounds of
formula II-A, II-B or II-C, where R1b is isopropyl,
2-butyl, 2-pentyl, cyclopropyl, cyclobutyl,
cyclopentyl, or cyclohexyl, all optionally substituted
with one Cl, with one or with 1 or 2 OH groups; and Y
is Br, I, methyl, or trifluoromethyl. [0059] In some
embodiments, the invention provides a compound of
formula II-A, II-B or II-C, where G is R1c , where R1c
is (CH2)nOmR', where m is 0 or 1, n is 2 or 3 when m
is 1, and n is 1 or 2 when m is 0, and R' is C1-C6
alkyl, optionally substituted with 1-3 substituents
selected independently from F, Cl, OH, OCH3, OCH2CH3,
and C3-C6 cycloalkyl. In some embodiments, this
invention provides compounds of formulas II-A, II-B or
II-C, where G is R1c ; X is F, Cl, or CH3; Y is I, Br,
Cl, CF3, or C1-C3 alkyl; and Z is H or F. In some
embodiments, this invention provides compounds of
formulas II-A, II-B or II-C, where G is R1c ; X is F,
Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; Z is
H or F; and R0 is H, halogen, C1-C6 alkyl, monohalo
C1-C6 alkyl, C3-C6 cycloalkyl, C2-C6 alkenyl, C2-C6
alkynyl, phenyl, monosubstiruted phenyl, OR3,
O-C(=O)R4, or C(=O)OR5. In some embodiments, this
invention provides compounds of formulas II-A, II-B or
II-C, where G is R1c; X is F, Cl, or CH3; Y is I, Br,
Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0 is furyl,
thienyl, thiazolyl, isothiazolyl, oxazolyl,
isoxazolyl, pyrrolyl, or pyrazolyl. In some
embodiments, this invention provides compounds of
formulas II-A, II-B or II-C, where G is R1c ; X is F,
Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; Z is
H or F; and R0 is F, Cl, C1-C4 alkyl, C1-C3 alkoxy,
trifluoromethoxy, or 2-methoxy-ethoxy. In some
embodiments, this invention provides a compound of
formula II-A, II-B or II-C, where G is R1c, m is zero,
n is 1 or 2, and R' is C1-C4 alkyl, optionally
substituted as described above. In some embodiments,
this invention provides a compound of formula II-A,
II-B or II-C, where G is R1c , m is 1, n is 2 or 3,
and R' is C1-C4 alkyl, optionally substituted as
described above. In some embodiments, this invention
provides a compound of 



formula II-A, II-B or II-C, where m is zero, n is 1 or
2, and R' is C1-C4 alkyl, optionally substituted with
1 -3 groups selected from OH, OCH3, Cl, and
cyclopropyl. [0060| In some embodiments, the invention
provides a compound of formula II-A, II-B or II-C,
where G is R1d , where R1d is C(A')(A")(B)- where B,
A', and A" are, independently, H or C1-4 alkyl,
optionally substituted with one or two OH groups or
halogen atoms, or A' and A", together with the carbon
atom to which they are attached, form a 3- to 6-
member saturated ring, said ring optionally containing
one or two heteroatoms selected, independently, from
O, N, and S and optionally substituted with one or two
groups selected independently from methyl, ethyl, and
halo. In some embodiments, this invention provides
compounds of formulas II-A, II-B or II-C, where G is
R1d ; X is F, Cl, or CH3; Y is I, Br, Cl, CF3, or
C1-C3 alkyl; and Z is H or F. In some embodiments,
this invention provides compounds of formulas II-A,
II-B or II-C, where G is R1d ; X is F, Cl, or CH3; Y
is I, Br, Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0
is H, halogen, C1-C6 alkyl, monohalo C1-C6 alkyl,
C3-C6 cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl,
phenyl, monosubstituted phenyl,OR3, O-C(=O)R4, or
C(=O)OR5. In some embodiments, this invention provides
compounds of formulas II-A, U-B or II-C, where G is
R1d ; X is F, Cl, or CH3; Y is I, Br, Cl, CF3, or
C1-C3 alkyl; Z is H or F; and R0 is furyl, thienyl,
thiazolyl, isothiazolyl, oxazolyl, isoxazolyl,
pyrrolyl, or pyrazolyl. In some embodiments, this
invention provides compounds of formulas II-A, II-B or
II-C, where G is R1d ; X is F, Cl, or CH3; Y is I, Br,
Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0 is F, Cl,
C1-C4 alkyl, C1-C3 alkoxy, trifluoromethoxy, or
2-methoxyethoxy. [0061] In some embodiments, this
invention provides a compound of formula II-A, II-B or
II-C, where R1d is cycloalkyl or 1-alkyl-cycloalkyl,
in which the 1-alkyl group is optionally substituted
with one or two OH groups or with one or two halogen
atoms. In some embodiments, this invention provides a
compound of formula II-A, II-B or II-C, where R1d is
tetrahydrofuryl, tetrahydrothienyl, pyrrolidyl,
piperidyl, piperazinyl, or morpholyl, each optionally
substituted as described above. In some embodiments,
the invention provides a compound of formula II-A,
II-B or II-C, in which RId is 1-(monohydroxyalkyl)
cycloalkyl. In some embodiments, the invention
provides a compound of formula II-A, II-B or II-C, in
which R1d is 1-(dihydroxyalkyl) cycloalkyl. [0062] In
some embodiments, the invention provides a compound of
formula II-A, II-B or II-C, where G is R1e , where R1e
is defined above. In some embodiments, this invention
provides compounds of formulas II-A, IIB or II-C,
where G is R1e; X is F, Cl, or CH3; Y is I, Br, Cl,
CF3, or C1-C3 alkyt; and Z is H or F. In some
embodiments, this invention provides compounds of
formulas II-A, II-B or II-C, where G is R1e ; X is F,
Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; Z is
H or F; and R0 is H, halogen, C1-C6 alkyl, monohalo
C1-C6 alkyl, C3-C6 cycloalkyl, C2-C6 alkenyl, C2-C6
alkynyl, phenyl, monosubstituted phenyl, OR3,
O-C(=O)R4, or C(=O)OR5. In some embodiments, this
invention provides compounds of formulas II-A, II-B or
II-C, where G is R1c ; X is F, Cl, or CH3; Y is I, Br,
Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0 is furyl,
thienyl, thiazolyl, isothiazolyl, oxazolyl,
isoxazolyl, pyrrolyl, or pyrazolyl. In some
embodiments, this invention provides compounds of
formulas II-A, II-B or II-C, where G is R1e ; X is F,
Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; Z is
H or F; and R0 is F, Cl, C1-C4 alkyl, C1-C3 alkoxy,
trifluoromethoxy, or 2-methoxy-ethoxy. [0063] In some
embodiments, the invention provides a compound of
formula II-A, II-B or II-C, where G is Ar1, where
Ar1is defined as above. In some embodiments, this
invention provides compounds of formulas II-A, II-B or
II-C, where G is Ar 1; X is F, Cl, or CH3; Y is I, Br,
Cl, CF3, or C1-C3 alkyl; and Z is H or F. In some
embodiments, this invention provides compounds of
formulas II-A, II-B or II-C, where G is Ar 1; X is F,
Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; Z is
H or F; and R0 is H, halogen, C1-C6 alkyl, monohalo
C1-C6 alkyl, C3-C6 cycloalkyl, C2-C6 alkenyl, C2-C6
alkynyl, phenyl, monosubstituted phenyl, OR3,
O-C(=O)R4, or C(=O)OR5. In some embodiments, this
invention provides compounds of formulas II-A, II-B or
II-C, where G is Ar 1; X is F, Cl, or CH3; Y is I, Br,
Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0 is furyl,
thienyl, thiazolyl, isothiazolyl, oxazolyl,
isoxazolyl, pyrrolyl, or pyrazolyl. In some
embodiments, this invention provides compounds of
formulas II-A, II-B or II-C, where G is Ar,; X is F,
Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; Z is
H or F; and R0 is F, Cl, C1-C4 alkyl, C1-C3 alkoxy,
trifluoromethoxy, or 2-methoxy-ethoxy. In some
embodiments of formula II-A, II-B or II-C, this
invention provides a compound of formula II-A, II-B or
II-C, where G is AT|, where W is CR2 and V is N. In
some embodiments, this invention provides a compound
of formula II-A, II-B or II-C, where G is Ar1 , in
which W and V are both N. In some embodiments, this
invention provides a compound of formula II-A, II-B or
II-C, where G is Ar1 , in which U is CR2 and V is
CR3.[0064] In some embodiments, this invention
provides a compound of formula II-A, II-B or II-C,
where G is Ar 1and Ar 1is phenyl or monosubstiruted
phenyl, R0 is F, methyl, ethyl, C1-C3 alkoxy,
trifluoromethoxy, or 2- methoxy-ethoxy; X is F, Cl, or
CH3; Y is I; and Z is F. In some embodiments, this
invention provides a compound of formula II-A, II-B or
II-C, where G is Ar 1 , where Ar 1is phenyl or
monosubstiruted phenyl, R0 is halogen, C1-C6 alkyl,
C3-C6 cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl, all
such alkyl, cycloalkyl, alkenyl, and alkynyl groups
optionally substituted with 1-3 substituents selected
independently from halogen, OH, CN, cyanomethyl,
nitro, phenyl, and trifluoromethyl; or R0 is phenyl,
OR3, furyl, thienyl, thiazolyl, isothiazolyl,
oxazolyl, isoxazolyl, pyrrolyl, or pyrazolyl. [0065]
In some embodiments, this invention provides a
compound of formula II-A, II-B or II-C, where G is Ar
1 , where Ar 1is phenyl or monosubstiruted phenyl, Ro
is F, Cl, C1-C3 alkyl, C1-C3 alkoxy, 2-methoxyethoxy,
C2-C3 alkenyl, C2-C3 alkynyl, trifluoromethyl, phenyl,
furyl, or thienyl. thiazolyl, isothiazolyl, oxazolyl,
isoxazolyl, pyrrolyl, or pyrazolyl; X is F, Cl, or
methyl; Y is I, Br, Cl, CF3, or C1-C3 alkyl; and Z is
F. In some embodiments, this invention provides
compound of formula II-A, II-B or II-C, where G is Ar
1 , where Ar 1is phenyl or monosubstiruted phenyl, Ro
is H; X is F, Cl, or CH3; Y is Br or I; and Z is F.
[0066] In some embodiments, the invention provides a
compound of formula II-A, II-B or II-C, where G is
Ar2, where Ar2 is defined as above. In some
embodiments, this invention provides compounds of
formulas II-A, II-B or II-C, where G is Ar2; X is F,
Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; and Z
is H or F. In some embodiments, this invention
provides compounds of formulas II-A, II-B or II-C,
where G is Ar2; X is F, Cl, or CH3; Y is I, Br, Cl,
CF3, or C1-C3 alkyl; Z is H or F; and R0 is H,
halogen, C1-C6 alkyl, monohalo C1-C6 



alkyl, C3-C6 cycloalkyl, C2-C6 alkenyl, C2-C6 alkynyl,
phenyl, monosubstiruted phenyl, OR3, O-C(=O)R4, or
C(=O)OR5. In some embodiments, this invention provides
compounds of formulas II-A, II-B or II-C, where G is
Ar2; X is F, Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3
alkyl; Z is H or F; and R0 is furyl, thienyl,
thiazolyl, isothiazolyl, oxazolyl, isoxazolyl,
pyrrolyl, or pyrazolyl. In some embodiments, this
invention provides compounds of formulas II-A, II-B or
II-C, where G is Ar2; X is F, Cl, or CH3; Y is I, Br,
Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0 is F, Cl,
C1-C4 alkyl, C1-C3 alkoxy, trifluoromethoxy, or
2-methoxy-ethoxy. [0067] In some embodiments, this
invention provides compounds of formula II-A, II-B or
II-C, where G is Ar2, where Ar2 is 2-thienyl, 2-furyl,
3-thienyl, 3-furyl, 2-pyrrolyl, or 3-pyrrolyl, all
optionally substituted with methoxycarbonyl,
methylcarbamoyl, acetamido, acetyl, methyl, ethyl,
trifluoromethyl, or halogen. In some embodiments, this
invention provides compounds of formula II-A, II-B or
II-C, where G is Ar2, where Ar2 is 2- thienyl,
2-furyl, 3-thienyl, 3-furyl, 2-pyrrolyl, or
3-pyrrolyl, all optionally substituted with
methoxycarbonyl, methylcarbamoyl, acetamido, acetyl,
methyl, ethyl, trifluoromethyl, or halogen; R0 is H,
F, Cl, C1-C3 alkyl, monochloro C1-C3 alkyl, C1-C3
alkoxy, trifluoromethoxy, methyloxy-methoxy, or
2-methoxy-ethoxy; X is F, Cl, or CH3: Y is I, Br, Cl,
CF3, or C1-C3 alkyl, and Z is H or F. In some
embodiments, this invention provides compounds of
formula II-A, II-B or II-C, where G is Ar2, where Ar2
is 2-thienyl, 2-furyl, 3-thienyl, 3-furyl, 2-
pyrrolyl, or 3-pyrrolyl, all optionally substituted
with methoxycarbonyl, methylcarbamoyl, acetamido,
acetyl, methyl, ethyl, trifluoromethyl, or halogen; Ro
is H; X is F, Cl, or CH3: Y is I, Br, Cl, CF3, or
C1-C3 alkyl, and Z is H or F. In some embodiments,
this invention provides compounds of formula II-A,
II-B or II-C, where G is Ar2, where Ar2 is thiazolyl,
isothiazolyl, oxazolyl, isoxazolyl, pyrrolyl, or
pyrazolyl, all optionally substituted with
methoxycarbonyl, methylcarbamoyl, acetamido, acetyl,
methyl, ethyl, trifluoromethyl, or halogen; Ro is H or
methoxy; X is F, Cl, or CH3: Y is I, Br, Cl, CF3, or
Cl -C3 alkyl, and Z is H or F.[0068] In some
embodiments, the invention provides a compound of
formula II-A, II-B or II-C, where G is Ar3, where Ar3
is defined above. In some embodiments, this invention
provides compounds of formulas II-A, II-B or II-C,
where G is Ar3; X is F, Cl, or CH3; Y is I, Br, Cl,
CF3, or C1-C3 alkyl; and Z is H or F. In some
embodiments, this invention provides compounds of
formulas II-A, II-B or II-C, where G is Ar3; X is F,
Cl, or CH3; Y is 1, Br, Cl, CF3, or C1-C3 alkyl; Z is
H or F; and R0 is H, halogen, C1-C6 alkyl, monohalo
C1-C6 alkyl, C3-C6 cycloalkyl, C2-C6 alkenyl, C2-C6
alkynyl, phenyl, monosubstituted phenyl, OR3,
O-C(=O)R4, or C(=O)OR5. In some embodiments, this
invention provides compounds of formulas II-A, II-B or
II-C, where G is Ar3; X is F, Cl, or CH3; Y is I, Br,
Cl, CF3, or C1-C3 alkyl; Z is H or F; and R0 is furyl,
thienyl, thiazolyl, isothiazolyl, oxazolyl,
isoxazolyl, pyrrolyl, or pyrazolyl. In some
embodiments, this invention provides compounds of
formulas II-A, II-B or II-C, where G is Ar3; X is F,
Cl, or CH3; Y is I, Br, Cl, CF3, or C1-C3 alkyl; Z is
H or F; and R0 is F, Cl, C1-C4 alkyl, C1-C3 alkoxy,
trifluoromethoxy, or 2-methoxy-ethoxy. [0069]
Compounds of formula II-E and II-F are exemplary
compounds of formula II [0070] Certain compounds of
the present invention may have asymmetric centers and
therefore exist in different enantiomeric forms. All
optical isomers and stereoisomers of the compounds of
the present invention, and mixtures thereof, are
considered to be within the scope of the invention.
With respect to the compounds of the present
invention, the invention includes the use of a
racemate, one or more enantiomeric forms, one or more
diastereomeric forms, or mixtures thereof. The
compounds of the present invention may also exist as
tautomers. This invention relates to the use of all
such tautomers and mixtures thereof. The compounds of
the present invention may also exist in different
polymorphic states. This invention relates to the use
of all such polymorphic states and mixtures thereof.
[0071] The subject invention also includes
isotopically-labeled compounds, which are identical to
those recited in the present invention, but for the
fact that one or more atoms are replaced by an atom
having an atomic mass or mass number different from
the atomic mass or mass number usually found in
nature. Examples of isotopes that can be incorporated
into compounds of the invention include isotopes of
hydrogen, carbon, nitrogen, oxygen, phosphorous,
sulfur, fluorine and chloride, such as 2H, 3H, 13C,
14C, 15N, '80, 17O, 3 1P, 32P, 35S, '8F, and 36Cl,
respectively. Compounds of the present invention,
pharmaceutically acceptable salt, ester, prodrug,
solvate, hydrate or derivative thereof which contain
the aforementioned isotopes and/or other isotopes of
other atoms are within the scope of this invention.
Certain isotopically-labeled compounds of the present
invention, for example those into which radioactive
isotopes such as 3H and 14C are incorporated, are
useful in drug and/or substrate tissue distribution
assays.[0072] Tritiated, i. e., 3H and carbon- 14, i.
e., 14C, isotopes are particularly preferred for their
ease of preparation and detectability. Further,
substitution with heavier isotopes such as deuterium,
i. e., 2H, can afford certain therapeutic advantages
resulting from greater metabolic stability, for
example increased in vivo half-life or reduced dosage
requirements and, hence, may be preferred in some
circumstances. Isotopically labeled compound of the
present invention, pharmaceutically acceptable salt,
ester, prodrug, solvate, hydrate or derivative thereof
can generally be prepared by carrying out procedures
disclosed in the Schemes and/or in the Examples and
Preparations below, by substituting a readily
available isotopically labeled reagent for a
nonisotopically labeled reagent. [0073] This invention
also encompasses prodrugs of compounds described
herein and methods of treating disorders. For example,
the invention provides for methods of treating
proliferative disorders, or abnormal cell growth, by
administering prodrugs of compounds of the present
invention. The prodrugs of compounds of the invention
can be administered as pharmaceutical compositions.
Compounds of the present invention having free amino,
amido, hydroxy or carboxylic groups can be converted
into prodrugs. [0074] In some embodiments, prodrugs
include compounds wherein an amino acid residue, or a
polypeptide chain of two or more (e. g., two, three or
four) amino acid residues is covalently joined through
an amide or ester bond to a free amino, hydroxy or
carboxylic acid group of compounds of the present
invention. The amino acid residues include but are not
limited to the 20 naturally occurring amino acids
commonly designated by three letter symbols and also
includes 4-hydroxyproline, hydroxylysine, demosine,
isodemosine, 3- 



methylhistidine, norvaline, beta-alanine,
gamma-aminobutyric acid, cirtulline, homocysteine,
homoserine, ornithine and methionine sulfone.
Additional types of prodrugs are also encompassed.
[0075] For instance, free carboxyl groups can be
derivatized as amides or alkyl esters. Free hydroxy
groups may be derivatized using groups including but
not limited to hemisuccinates, phosphate esters,
dimethylaminoacetates, and
phosphoryloxymethyloxycarbonyls, as outlined in
Advanced Drug Delivery Reviews 1996, 19, 115.
Carbamate prodrugs of hydroxy and amino groups are
also included, as are carbonate prodrugs, sulfonate
esters and sulfate esters of hydroxy groups. [0076]
Derivatization of hydroxy groups as (acyloxy) methyl
and (acyloxy) ethyl ethers wherein the acyl group may
be an alkyl ester, optionally substituted with groups
including but not limited to ether, amine and
carboxylic acid functionalities, or where the acyl
group is an amino acid ester as described above, are
also encompassed. Prodrugs of this type are described
in J. Med. Chem. 1996, 39, 10. Free amines can also be
derivatized as amides, sulfonamides or phosphonamides.
All of these prodrug moieties may incorporate groups
including but not limited to ether, amine and
carboxylic acid functionalities. [0077] It is to be
understood that in instances where two or more
radicals are used in succession to define a
substituent attached to a structure, the first named
radical is considered to be terminal and the last
named radical is considered to be attached to the
structure in question. Thus, for example, the radical
arylalkyl is attached to the structure in question by
the alkyl group. [0078] The invention also relates to
pharmaceutical compositions. In some embodiments the
invention provides pharmaceutical compositions for the
treatment of disorders such as hyperproliferative
disorder in a mammal. In some embodiment, the
treatment of said disorders comprises a
therapeutically effective amount of a compound of the
present invention, or a pharmaceutically acceptable
salt, ester, prodrug, solvate, hydrate or derivative
thereof, and a pharmaceutically acceptable carrier. In
some embodiments, said pharmaceuticalcomposition is
for the treatment of cancer such as acute myeloid
leukemia, thymus, brain, lung, squamous cell, skin,
eye, retinoblastoma, intraocular melanoma, oral cavity
and oropharyngeal, bladder, gastric, stomach,
pancreatic, bladder, breast, cervical, head, neck,
renal, kidney, liver, ovarian, prostate, colorectal,
esophageal, testicular, gynecological, thyroid, CNS,
PNS, AIDS related AIDS-Related (e.g. Lymphoma and
Kaposi's Sarcoma) or Viral-Induced cancer. In some
embodiments, said pharmaceutical composition is for
the treatment of a non-cancerous hyperproliferative
disorder such as benign hyperplasia of the skin (e.
g., psoriasis), restenosis, or prostate (e. g., benign
prostatic hypertrophy (BPH)). [0079] The invention
also relates to a pharmaceutical composition for the
treatment of pancreatitis or kidney disease (including
proliferative glomerulonephritis and diabetes- induced
renal disease) or pain in a mammal which comprises a
therapeutically effective amount of a compound of the
present invention, or a pharmaceutically acceptable
salt, ester, prodrug, solvate, hydrate or derivative
thereof, and a pharmaceutically acceptable carrier.
[0080] The invention also relates to a pharmaceutical
composition for the prevention of blastocyte
implantation in a mammal which comprises a
therapeutically effective amount of a compound of the
present invention, or a pharmaceutically acceptable
salt, ester, prodrug, solvate, hydrate or derivative
thereof, and a pharmaceutically acceptable carrier.
[0081] The invention also relates to a pharmaceutical
composition for treating a disease related to
vasculogenesis or angiogenesis in a mammal which
comprises a therapeutically effective amount of a
compound of the present invention, or a
pharmaceutically acceptable salt, ester, prodrug,
solvate, hydrate or derivative thereof, and a
pharmaceutically acceptable carrier. In some
embodiments, said pharmaceutical composition is for
treating a disease selected from the group consisting
of tumor angiogenesis, chronic inflammatory disease
such as rheumatoid arthritis, inflammatory bowel
disease, atherosclerosis, skin diseases such as
psoriasis, eczema, and scleroderma, diabetes, diabetic
retinopathy, retinopathy of prematurity, agerelated
macular degeneration, hemangioma, glioma, melanoma,
Kaposi's sarcoma and ovarian, breast, lung,
pancreatic, prostate, colon and epidermoid cancer.
[0082] The invention also relates to a method of
treating a hyperproliferative disorder in a mammal
that comprises administering to said mammal a
therapeutically effective amount of a compound of the
present invention, or a pharmaceutically acceptable
salt, ester, prodrug, solvate, hydrate or derivative
thereof. In some embodiments, said method relates to
the treatment of cancer such as acute myeloid
leukemia, thymus, brain, lung, squamous cell, skin,
eye, retinoblastoma, intraocular melanoma, oral cavity
and oropharyngeal, bladder, gastric, stomach,
pancreatic, bladder, breast, cervical, head, neck,
renal, kidney, liver, ovarian, prostate, colorectal,
esophageal, testicular, gynecological, thyroid, CNS,
PNS, AIDS related AIDS-Related (e.g. Lymphoma and
Kaposi's Sarcoma) or Viral-Induced cancer. In some
embodiments, said method relates to the treatment of a
non-cancerous hyperproliferative disorder such as
benign hyperplasia of the skin (e. g., psoriasis),
restenosis, or prostate (e. g., benign prostatic
hypertrophy (BPH)). [0083] The invention also relates
to a method for the treatment of a hyperproliferative
disorder in a mammal that comprises administering to
said mammal a therapeutically effective amount of a
compound of the present invention, or a
pharmaceutically acceptable salt, ester, prodrug,
solvate, hydrate or derivative thereof, in combination
with an anti-tumor agent. In some embodiments, the
anti-tumor agent is selected from the group consisting
of mitotic inhibitors, alkylating agents, anti-
metabolites, intercalating antibiotics, growth
factorinhibitors, cell cycle inhibitors, enzyme
inhibitors, topoisomerase inhibitors, biological
response modifiers, antihormones, angiogenesis
inhibitors, and anti-androgens. [0084] The invention
also relates to a method of treating pancreatitis or
kidney disease or pain in a mammal that comprises
administering to said mammal a therapeutically
effective amount of a compound of the present
invention, or a pharmaceutically acceptable salt,
ester, prodrug, solvate, hydrate or derivative
thereof. [0085] The invention also relates to a method
of preventing blastocyte implantation in a mammal that
comprises administering to said mammal a
therapeutically effective amount of a compound of the
present 



invention, or a pharmaceutically acceptable salt,
ester, prodrug, solvate, hydrate or derivative
thereof. [0086] The invention also relates to a method
of treating diseases related to vasculogenesis or
angiogenesis in a mammal that comprises administering
to said mammal a therapeutically effective amount of a
compound of the present invention, or a
pharmaceutically acceptable salt, ester, prodrug,
solvate, hydrate or derivative thereof. In some
embodiments, said method is for treating a disease
selected from the group consisting of tumor
angiogenesis, chronic inflammatory disease such as
rheumatoid arthritis, atherosclerosis, inflammatory
bowel disease, skin diseases such as psoriasis,
eczema, and scleroderma, diabetes, diabetic
retinopathy, retinopathy of prematurity, age-related
macular degeneration, hemangioma, glioma, melanoma,
Kaposi's sarcoma and ovarian, breast, lung,
pancreatic, prostate, colon and epidermoid cancer.
[0087] Patients that can be treated with compounds of
the present invention, or pharmaceutically acceptable
salt, ester, prodrug, solvate, hydrate or derivative
of said compounds, according to the methods of this
invention include, for example, patients that have
been diagnosed as having psoriasis; restenosis;
atherosclerosis; BPH; breast cancer such as a ductal
carcinoma in duct tissue in a mammary gland, medullary
carcinomas, colloid carcinomas, tubular carcinomas,
and inflammatory breast cancer; ovarian cancer,
including epithelial ovarian tumors such as
adenocarcinoma in the ovary and an adenocarcinoma that
has migrated from the ovary into the abdominal cavity;
uterine cancer; cervical cancer such as adenocarcinoma
in the cervix epithelial including squamous cell
carcinoma and adenocarcinomas; prostate cancer, such
as a prostate cancer selected from the following: an
adenocarcinoma or an adenocarinoma that has migrated
to the bone; pancreatic cancer such as epitheliod
carcinoma in the pancreatic duct tissue and an
adenocarcinoma in a pancreatic duct; bladder cancer
such as a transitional cell carcinoma in urinary
bladder, urothelial carcinomas (transitional cell
carcinomas), tumors in the urothelial cells that line
the bladder, squamous cell carcinomas,
adenocarcinomas, and small cell cancers; leukemia such
as acute myeloid leukemia (AML), acute lymphocytic
leukemia, chronic lymphocytic leukemia, chronic
myeloid leukemia, hairy cell leukemia, myelodysplasia,
and myeloproliferative disorders; bone cancer; lung
cancer such as non-small cell lung cancer (NSCLC),
which is divided into squamous cell carcinomas,
adenocarcinomas, and large cell undifferentiated
carcinomas, and small cell lung cancer; skin cancer
such as basal cell carcinoma, melanoma, squamous cell
carcinoma and actinic keratosis, which is a skin
condition that sometimes develops into squamous cell
carcinoma; eye retinoblastoma; cutaneous or
intraocular (eye) melanoma; primary liver cancer
(cancer that begins in the liver); kidney cancer;
thyroid cancer such as papillary, follicular,
medullary and anaplastic; AIDS-related lymphoma such
as diffuse large B-cell lymphoma, B-cell immunoblastic
lymphoma and small non-cleaved cell lymphoma; Kaposi's
Sarcoma; viral-induced cancers including hepatitis B
virus (HBV), hepatitis C virus (HCV), and
hepatocellular carcinoma; human lymphotropic
virus-type 1 (HTLV-1) and adult T-cell
leukemia/lymphoma; and human papilloma virus (HPV) and
cervical cancer; central nervous system cancers (CNS)
such as primary brain tumor, which includes
gliomas(astrocytoma, anaplastic astrocytoma, or
glioblastoma multiforme), Oligodendroglioma,
Ependymoma, Meningioma, Lymphoma, Schwannoma, and
Medulloblastoma; peripheral nervous system (PNS)
cancers such as acoustic neuromas and malignant
peripheral nerve sheath tumor (MPNST) including
neurofibromas and schwannomas, malignant fibrous
cytoma, malignant fibrous histiocytoma, malignant
meningioma, malignant mesothelioma, and malignant
mixed Mllerian tumor; oral cavity and oropharyngeal
cancer such as, hypopharyngeal cancer, laryngeal
cancer, nasopharyngeal cancer, and oropharyngeal
cancer; stomach cancer such as lymphomas, gastric
stromal tumors, and carcinoid tumors; testicular
cancer such as germ cell tumors (GCTs), which include
seminomas and nonseminomas, and gonadal stromal
tumors, which include Leydig cell rumors and Sertoli
cell tumors; thymus cancer such as to thymomas, thymic
carcinomas, Hodgkin disease, non- Hodgkin lymphomas
carcinoids or carcinoid tumors; rectal cancer; and
colon cancer [0088] The invention further provides
methods of modulating MEK activity by contacting MEK
with an amount of a compound of the invention
sufficient to modulate the activity of MEK. Modulate
can be inhibiting or activating MEK activity. In some
embodiments, the invention provides methods of
inhibiting MEK activity by contacting MEK with an
amount of a compound of the invention sufficient to
inhibit the activity of MEK. In some embodiments, the
invention provides methods of inhibiting MEK activity
in a solution by contacting said solution with an
amount of a compound of the invention sufficient to
inhibit the activity of MEK in said solution. In some
embodiments, the invention provides methods of
inhibiting MEK activity in a cell by contacting said
cell with an amount of a compound of the invention
sufficient to inhibit the activity of MEK in said
cell. In some embodiments, the invention provides
methods of inhibiting MEK activity in a tissue by
contacting said tissue with an amount of a compound of
the invention sufficient to inhibit the activity ofMEK
in said tissue. In some embodiments, the invention
provides methods of inhibiting MEK activity in an
organism by contacting said organism with an amount of
a compound of the invention sufficient to inhibit the
activity of MEK in said organism. In some embodiments,
the invention provides methods of inhibiting MEK
activity in an animal by contacting said animal with
an amount of a compound of the invention sufficient to
inhibit the activity of MEK in said animal. In some
embodiments, the invention provides methods of
inhibiting MEK activity in a mammal by contacting said
mammal with an amount of a compound of the invention
sufficient to inhibit the activity of MEK in said
mammal. In some embodiments, the invention provides
methods of inhibiting MEK activity in a human by
contacting said human with an amount of a compound of
the invention sufficient to inhibit the activity of
MEK in said human. [0089] This invention also relates
to a pharmaceutical composition for inhibiting
abnormal cell growth in a mammal which comprises an
amount of a compound of the present invention, or a
pharmaceutically acceptable salt, ester, prodrug,
solvate, hydrate or derivative thereof, in combination
with an amount of a chemotherapeutic, wherein the
amounts of the compound, salt, ester, prodrug,
solvate, hydrate or derivative, and of the
chemotherapeutic are together effective in inhibiting
abnormal cell growth. Many chemotherapeutics are
presently known in the art and can be used in
combination with the compounds of the invention. 



[0090] In some embodiments, the chemotherapeutic is
selected from the group consisting of mitotic
inhibitors, alkylating agents, anti-metabolites,
intercalating antibiotics, growth factor inhibitors,
cell cycle inhibitors, enzymes, topoisomerase
inhibitors, biological response modifiers,
anti-hormones, angiogenesis inhibitors, and
anti-androgens.[0091] This invention further relates
to a method for inhibiting abnormal cell growth in a
mammal or treating a hyperproliferative disorder which
method comprises administering to the mammal an amount
of a compound of the present invention, or a
pharmaceutically acceptable salt, ester, prodrug,
solvate, hydrate or derivative thereof, in combination
with radiation therapy, wherein the amounts of the
compound, salt, ester, prodrug, solvate, hydrate or
derivative, is in combination with the radiation
therapy effective in inhibiting abnormal cell growth
or treating the hyperproliferative disorder in the
mammal. Techniques for administering radiation therapy
are known in the art, and these techniques can be used
in the combination therapy described herein. The
administration of the compound of the invention in
this combination therapy can be determined as
described herein. [0092] Without be limiting to any
theory, the compounds of the present invention can
render abnormal cells more sensitive to treatment with
radiation for purposes of killing and/or inhibiting
the growth of such cells. Accordingly, this invention
further relates to a method for sensitizing abnormal
cells in a mammal to treatment with radiation which
comprises administering to the mammal an amount of a
compound of the present invention or pharmaceutically
acceptable salt, ester, prodrug, solvate, hydrate or
derivative thereof, which amount is effective is
sensitizing abnormal cells to treatment with
radiation. The amount of the compound, salt, or
solvate in this method can be determined according to
the means for ascertaining effective amounts of such
compounds described herein. [0093] The invention also
relates to a method of and to a pharmaceutical
composition of inhibiting abnormal cell growth in a
mammal which comprises an amount of a compound of the
present invention, or a pharmaceutically acceptable
salt, ester, prodrug, solvate, hydrate or derivative
thereof, or an isotopically-labeled derivative
thereof, and an amount of one or more substances
selected from anti-angiogenesis agents, signal
transduction inhibitors, and antiproliferative agents.
[0094] Anti-angiogenesis agents, such as MMP-2
{matrix-metalloprotienase 2) inhibitors, MMP-9
(matrixmetalloprotienase 9) inhibitors, and COX-1 1
(cyclooxygenase 11) inhibitors, can be used in
conjunction with a compound of the present invention
and pharmaceutical compositions described herein.
Examples of useful COX-II inhibitors include
CELEBREX(tm) (alecoxib), valdecoxib, and rofecoxib.
Examples of useful matrix metalloproteinase inhibitors
are described in WO 96/33 172 (published October
24,1996), WO 96/27583 (published March 7,1996),
European Patent Application No. 97304971.1 (filed July
8,1997), European Patent Application No. 99308617.2
(filed October 29, 1999), WO 98/07697 (published
February 26,1998), WO 98/03516 (published January
29,1998), WO 98/34918 (published August 13,1998), WO
98/34915 (published August 13,1998), WO 98/33768
(published August 6,1998), WO 98/30566 (published July
16, 1998), European Patent Publication 606,046
(published July 13,1994), European Patent Publication
931, 788 (published July 28,1999), WO 90/05719
(published May 31,1990), WO 99/52910 (published
October 21,1999), WO 99/52889 (published October 21,
1999), WO 99/29667 (published June 17,1999), PCT
International Application No. PCT/IB98/01113 (filed
July 21,1998), European Patent Application No.
99302232. 1 (filed March 25,1999), Great Britain
Patent Application No. 9912961 . 1 (filed June 3,
1999), United States Provisional Application No.
60/148,464 (filed August 12,1999), United States
Patent 5,863, 949 (issued January 26,1999), United
States Patent 5,861, 510 (issued January 19,1999), and
European Patent Publication 780,386 (published June
25, 1997), all of which are incorporated herein in
their entireties by reference. Preferred MMP-2 and
MMP-9 inhibitors are those that have little or no
activity inhibiting MMP-1 . More preferred, are those
that selectivelyinhibit MMP-2 and/or AMP-9 relative to
the other matrix-metalloproteinases (i. e., MAP-1,
MMP-3, MMP-4, MMP-5, MMP-6, MMP- 7, MMP-8, MMP-10,
MMP-11, MMP-12, andMMP-13). Some specific examples of
MMP inhibitors useful in the present invention are
AG-3340, RO 32-3555, and RS 13-0830. [0095] The term
"treating" and its grammatical equivalents as used
herein include achieving a therapeutic benefit and/or
a prophylactic benefit. By therapeutic benefit is
meant eradication or amelioration of the underlying
disorder being treated. Also, a therapeutic benefit is
achieved with the eradication or amelioration of one
or more of the physiological symptoms associated with
the underlying disorder such that an improvement is
observed in the patient, notwithstanding that the
patient may still be afflicted with the underlying
disorder. For prophylactic benefit, the compositions
may be administered to a patient at risk of developing
a particular disease, or to a patient reporting one or
more of the physiological symptoms of a disease, even
though a diagnosis of this disease may not have been
made. [0096] In some embodiments the compounds of the
invention will be co-administer with other agents as
described above. The term "Co-administration,"
"administered in combination with," and their
grammatical equivalents, as used herein, encompasses
administration of two or more agents to an animal so
that both agents and/or their metabolites are present
in the animal at the same time. Co-administration
includes simultaneous administration in separate
compositions, administration at different times in
separate compositions, or administration in a
composition in which both agents are present. Thus, in
some embodiments, the compounds of the invention and
the other agent(s) are administered in a single
composition. In some embodiments, compounds of the
invention and the other agent(s) are admixed in the
composition. Synthetic Procedures [0097] In another
aspect, the invention provides methods for
synthesizing the compounds described herein. In some
embodiments, the compounds of this invention can be
prepared by the methods described below. The
procedures below are intended to illustrate those
methods, and the examples given are intended to
illustrate the scope of this invention. Neither the
methods not the examples should be construed as
limiting the invention in any way. The procedures
below are explained in more detail in the examples
section.[0098] Included in the methods of synthesis of
the invention is the preparation of compound of
formula 1-17 



(as labeled in scheme 1). Scheme 1 is outlined
below:[0099] Included in the methods of synthesis of
the invention is the preparation of compounds of
general formula 2-10 (as labeled in scheme 2). Scheme
2 is outlined below:[00100] Included in the methods of
synthesis of the invention is the preparation of
compounds of general formula 3- 13 (as labeled in
scheme 3). Scheme 3 is outlined below:[00101] Included
in the methods of synthesis of the invention is the
preparation of compounds of general formula 4-7 (as
labeled in scheme 4). Scheme 4 is outlined below:
[00102] Included in the methods of synthesis of the
invention is the preparation of compounds of general
formula 5-14 (as labeled in scheme 5). Scheme 5 is
outlined below:[00103] Included in the methods of
synthesis of the invention is the preparation of
compounds of general formula 6-9 (as labeled in scheme
6) Scheme 6 is outlined below: [00104] Included in the
methods of synthesis of the invention is the
preparation of compounds of general formula 7-13 (as
labeled in scheme 7) Scheme 7 is outlined
below:[00105] Included in the methods of synthesis of
the invention is the preparation of compounds of
general formula 8-7 (as labeled in scheme 8) Scheme 8
is outlined below: [00106] Included in the methods of
synthesis of the invention is the preparation of
compounds of general formula 9-7 (as labeled in scheme
9) Scheme 9 is outlined below:[00107] Included in the
methods of synthesis of the invention is the
preparation of compounds of general formula 10-7 (as
labeled in scheme 10). Scheme 10 is outlined
below:[00108] Included in the methods of synthesis of
the invention is the preparation of compounds of
general formula 11-14 (as labeled in scheme 11).
Scheme 11 is outlined below:[00109] Included in the
methods of synthesis of the invention is the
preparation of compounds of general formula 12-12 (as
labeled in scheme 12). Scheme 12 is outlined
below:[00110] Included in the methods of synthesis of
the invention is the preparation of compounds of
general formula 13-10 (as labeled in scheme 13).
Scheme 13 is outlined below:[00111] Included in the
methods of synthesis of the invention is the
preparation of compounds of general formula 14-14 (as
labeled in scheme 14). Scheme 14 is outlined
below:[00112] Included in the methods of synthesis of
the invention is the preparation of compounds of
general formula 15-9 and 15-121 (as labeled in scheme
15). Scheme 15 is outlined below:[00113] Included in
the methods of synthesis of the invention is the
preparation of compounds of general formula 16-7 (as
labeled in scheme 16). Scheme 16 is outlined below:
[00114] Included in the methods of synthesis of the
invention is the preparation of compounds of general
formula 17-7 (as labeled in scheme 17). Scheme 17 is
outlined below:[00115] Included in the methods of
synthesis of the invention is the preparation of
compounds of general formula 18-10 (as labeled in
scheme 18). Scheme 18 is outlined below: [00116]
Included in the methods of synthesis of the invention
is the preparation of compounds of general formula
19-7 (as labeled in scheme 19). Scheme 19 is outlined
below:[00117] The compounds of the present invention
may have asymmetric carbon atoms. Diastereomeric
mixtures can be separated into their individual
diastereomers on the basis of their physical chemical
differences by methods known to those skilled in the
art, for example, by chromatography or fractional
crystallization. Enantiomers can be separated by
converting the enantiomer mixture into a
diastereomeric mixture by reaction with an appropriate
optically active compound (e. g. alcohol), separating
the diastereomers and converting (e. g., hydrolyzing)
the individual diastereomers to the corresponding pure
enantiomers. All such isomers, including
diastereomeric mixtures and pure enantiomers are
considered as part of the invention. [00118] The
activity of the compounds of the present invention may
be determined by the following procedure, as well as
the procedure described in the examples below.
N-terminal 6 His-tagged, constitutively active MEK1
(2-393) is expressed in E. coli and protein is
purified by conventional methods (Ahn et al. Science
1994, 265, 966-970). The activity of MEK1 is assessed
by measuring the incorporation of g-33P-phosphate from
g -33PATP onto N-terminal His tagged ERK2, which is
expressed in E. coli and is purified by conventional
methods, in the presence of MEK1 . The assay is
carried out in 96-well polypropylene plate. The
incubation mixture (100, mL) comprises of 25 mM Hepes,
pH 7.4, 10 mM MgCl2, 5 mM b-glycerolphosphate, 100 mM
Naorthovanadate, 5 mM DTT, 5 nM MEK1, and 1 mM ERK2.
Inhibitors are suspended in DMSO, and all reactions,
including controls are performed at a final
concentration of 1% DMSO. Reactions are initiated by
the addition of 10 mM ATP (with 0.5 mCi g-33P-
ATP/well) and incubated at ambient temperature for 45
minutes. Equal volume of 25% TCA is added to stop the
reaction and precipitate the proteins. Precipitated
proteins are trapped onto glass fiber B filter plates,
and excess labeled ATP washed off using a Tomtec MACH
III harvestor. Plates are allowed to air-dry prior to
adding 30 mL/well of Packard Microscint 20, and plates
are counted using a Packard TopCount. [00119]
Administration of the compounds of the present
invention (hereinafter the "active compound (s)") can
be effected by any method that enables delivery of the
compounds to the site of action. These methods include
oral routes, intraduodenal routes, parenteral
injection (including intravenous, subcutaneous,
intramuscular, intravascular or infusion), topical,
and rectal administration. [00120] The amount of the
active compound administered will be dependent on the
mammal being treated, the severity of the disorder or
condition, the rate of administration, the disposition
of the compound and the discretion of the prescribing
physician. However, an effective dosage is in the
range of about 0.001 to about 100 mg per kg body
weight per day, preferably about 1 to about 35
mg/kg/day, in single or divided doses. For a 70 kg
human, this would amount to about 0.05 to 7 g/day,
preferably about 0.05 to about 2.5 g/day. In some
instances, dosage levels below the lower limit of the
aforesaid range may be more than adequate, while in
other cases still larger doses may be employed without
causing any harmful side effect, e.g. by dividing such
larger doses into several small doses for
administration throughout the day. [00121 ] The active
compound may be applied as a sole therapy or may
involve one or more other anti-tumor substances, for
example those selected from, mitotic inhibitors, for
example vinblastine; alkylating agents, for example
cis-platin, carboplatin and cyclophosphamide;
anti-metabolites, for example 5-fluorouracil, cytosine
arabinside and hydroxyurea, or, for example, one of
the preferred anti-metabolites disclosed in European
Patent Application No. 239362 such as N- (5- [N- (3,
4-dihydro-2-methyl-4-
oxoquinazolin-6-yhnethyl)-Nmethylamino]-
2-thenoyl)-L-glutamic acid; growth factor inhibitors;
cell cycle inhibitors; intercalating antibiotics, for
example adriamycin and bleomycin; enzymes, for
example, interferon; and anti-hormones, forexample
anti- estrogens such as Nolvadex(tm) (tamoxifen) or,
for example anti-androgens such as Casodex(tm) (4'-
cyano-3-
(4-fluorophenylsulphonyl)-2-hydroxy-2-methyl-3'-
(trifluoromethyl) propionanilide). Such conjoint
treatment may be achieved by way of the simultaneous,
sequential or separate dosing of the individual
components of treatment. [00122] The pharmaceutical
composition may, for example, be in a form suitable
for oral administration as a 



tablet, capsule, pill, powder, sustained release
formulations, solution, suspension, for parenteral
injection as a sterile solution, suspension or
emulsion, for topical administration as an ointment or
cream or for rectal administration as a suppository.
The pharmaceutical composition may be in unit dosage
forms suitable for single administration of precise
dosages. The pharmaceutical composition will include a
conventional pharmaceutical carrier or excipient and a
compound according to the invention as an active
ingredient. In addition, it may include other
medicinal or pharmaceutical agents, carriers,
adjuvants, etc. [00123] Exemplary parenteral
administration forms include solutions or suspensions
of active compounds in sterile aqueous solutions, for
example, aqueous propylene glycol or dextrose
solutions. Such dosage forms can be suitably buffered,
if desired. [00124] Suitable pharmaceutical carriers
include inert diluents or fillers, water and various
organic solvents. The pharmaceutical compositions may,
if desired, contain additional ingredients such as
flavorings, binders, excipients and the like. Thus for
oral administration, tablets containing various
excipients, such as citric acid may be employed
together with various disintegrants such as starch,
alginic acid and certain complex silicates and with
binding agents such as sucrose, gelatin and acacia.
Additionally, lubricating agents such as magnesium
stearate, sodium lauryl sulfate and talc are often
useful for tableting purposes. Solid compositions of a
similar type may also be employed in soft and hard
filled gelatin capsules. Preferred materials,
therefore, include lactose or milk sugar and high
molecular weight polyethylene glycols. When aqueous
suspensions or elixirs are desired for oral
administration the active compound therein may be
combined with various sweetening or flavoring agents,
coloring matters or dyes and, if desired, emulsifying
agents or suspending agents, together with diluents
such as water, ethanol, propylene glycol, glycerin, or
combinations thereof. [00125] Methods of preparing
various pharmaceutical compositions with a specific
amount of active compound are known, or will be
apparent, to those skilled in this art. For examples,
see Remington's Pharmaceutical Sciences, Mack
Publishing Company, Ester, Pa., 18th Edition (1990).
[00126] In still another aspect, the present invention
provides kits for the treatment of disorders, such as
the ones described herein. These kits comprise a
compound or compounds described herein in a container
and, optionally, instructions teaching the use of the
kit according to the various methods and approaches
described herein. Such kits may also include
information, such as scientific literature references,
package insert materials, clinical trial results,
and/or summaries of these and the like, which indicate
or establish the activities and/or advantages of the
composition, and/or which describe dosing,
administration, side effects, drug interactions, or
other information useful to the health care provider..
Such information may be based on the results of
various studies, for example, studies using
experimental animals involving in vivo models and
studies based on human clinical trials. Kits described
herein can be provided, marketed and/or promoted to
health providers, including physicians, nurses,
pharmacists, formulary officials, and the like. Kits
may also, in some embodiments, be marketed directly to
the consumer.[00127] The examples and preparations
provided below further illustrate and exemplify the
compounds of the present invention and methods of
preparing such compounds. It is to be understood that
the scope of the present invention is not limited in
any way by the scope of the following examples and
preparations. In the following examples molecules with
a single chiral center, unless otherwise noted, exist
as a racemic mixture. Those molecules with two or more
chiral centers, unless otherwise noted, exist as a
racemic mixture of diastereomers. Single
enantiomers/diastereomers may be obtained by methods
known to those skilled in the art. EXAMPLES Example 1:
N-(4-nuoro-5-(2-fluoro-4-iodophenylamino)-1-methyl-1H-
benzo[d]imidazol-6-yl)-1-(2-
hydroxyethyl)cyclopropane-1-sulfonamide: [00128] Step
A: 2,3,4-Trifluoro-5-nitrobenzoic acid: [00129] Fuming
nitric acid ( 1.7 ml) is added dropwise to
concentrated sulfuric acid (25 ml) while maintaining
the temperature at 5 - 10 C. 2,3,4-Trifluorobenzoic
acid (5 g, 28 mmoles) is added in small portion to
this solution while keeping the reaction temperature
at 5 C. After completion the reaction mixture is
stirred at room temperature for an additional 2 hours
and poured into ice. The mixture is extracted with
ether (3 x 75 ml). The organic layers are combined,
washed with brine, dried (MgSO4). The solvent is
removed, and the crude product is recrystallized from
hot chloroform to obtain the title compound. [00130]
Step B:
3,4-Difluoro-2-(2-fluoro-4-iodophenylamino)-5-nitroben
zoic acid: [00131] To a solution of
2-fluoro-4-iodoaniline (2.9 g, 11.8 mmoles) in 50 ml
anhydrous THF at -60 C, 40 ml of a 1M solution of
LHMDS in THF (40 mmoles) is added dropwise. In a
separate flask, 2,3,4-trifluoro-5- nitrobenzoic acid
(5 g, 22.6 mmoles), previously dissolved in THF (50
ml), is treated, at -60 C, with 25 ml of a 1M solution
of LHMDS in THF (25 mmoles). Both solutions are
stirred at -78 C for 45 min and the second solution is
transferred via cannula to the first reaction mixture.
After completion of the addition the resulting mixture
is stirred under argon at room temperature for 15
hours. The reaction mixture is quenched with water,
then 1N HCl is added (pH = 0-1) followed by brine (100
ml). The crude material is extracted with THF (3 x 100
ml), the organic layers are combined and dried
(Na2SO4) and the solvent is removed to give the title
compound.[00132] Step C: Methyl
3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-5-nitroben
zoate : [00133] To a solution of
3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-6-nitroben
zoic acid (8.5 g, 194 mmoles) in acetone (50 ml) is
added sodium bicarbonate (5 g, 58.2 mmoles). The
reaction mixture is stirred at room temperature for 10
min, dimethylsulfate (4,5 ml, 44.6 mmoles) is added
and the mixture is heated under reflux for 3 hours.
The solvent is removed under reduced pressure. The
yellow residue is triturated in hot methanol. The
solid is isolated by filtration, washed with MeOH and
dried under vacuum to obtain the title compound.
[00134] Step D: Methyl
4-(allylamino)-3-fluoro-2-(2-fluoro-4-iodophenylamino)
-5-nitrobenzoate : [00135] A suspension of methyl
3,4-difluoro-2-(2-fluoro-4-iodophenylamino)-5-nitroben
zoate (3.9 g, 8.62 



mmoles) and allylamine (3.5 ml, 43 mmoles) in a
mixture of THF (10 ml), MeOH (10 ml) and H2O (2.5 ml)
is stirred at room temperature for 30 min. The yellow
suspension is filtered and washed with hexane to
remove the excess of allylamine. The resulting solid
is dried under vacuum to obtain the title compound.
[00136] Step E: Methyl
4-(allylamino)-5-amino-3-fluoro-2-(2-fluoro-4-iodophen
ylamino)benzoate : [00137] A suspension of methyl
4-(allylamino)-3-fluoro-2-(2-fluoro-4-iodophenylamino)
-5-nitrobenzoate and ammonium chloride (4.42 g, 79
mmoles) in a mixture of MeOH (20 ml) and dioxane (20
ml) is heated until it became a clear solution. Iron
powder (4.42 g, 79 mmoles) is added and the resulting
mixture is heated under reflux overnight. Water is
added and the reaction mixture is filtered through
celite. The solvent isremoved under reduced pressure
and the crude material is purified by flash
chromatography to give the title compound. [00138]
Step F: Methyl
1-allyl-7-fluoro-6-(2-fluoro-4-iodophenylamino)-1H-ben
zo[d]imidazole-5- carboxylate: 100139] A stirred
suspension of methyl
4-(allylamino)-5-amino-3-fluoro-2-(2-fluoro-4-
iodophenylamino)benzoate (3.4 g, 7.4 mmoles)) and
formamide acetate (3.8 g, 36.4 mmoles) in methanol (30
ml) is heated under reflux for 3 hours. The reaction
mixture is cooled to room temperature and a saturated
aqueous solution of sodium bicarbonate (30 ml) and
water (30 ml) are added. The resulting precipitate is
filtered and dried under vacuum to obtain the title
compound. [00140] Step G: Methyl
3-allyl-4-fluoro-5-(2-fluoro-4-iodophenylamino)-6-meth
oxycarbony-1-methyl-3Hbenzoimidazol- 1-ium iodide:
[00141] A mixture of methyl
1-allyl-7-fluoro-6-(2-fluoro-4-iodophenylamino)-1H-ben
zo[d]imidazole-5- carboxylate (2.67 g, 5.7 mmoles)
acetonitrile (10 ml) and iodomethane (5.5 ml, 83
mmoles) are stirred at 50 C in a sealed tube for 12
hours. The reaction mixture is cooled and placed under
reduced pressure to remove the excess of iodomethane.
The crude material is poured into ether and the solid
is isolated by filtration. The brown solid is dried
under vacuum to obtain the title compound.[00142] Step
H: Methyl
4-fluoro-5-(2-fluoro-4-iodophenylamino)-1-methyl-1H-be
nzo[d]imidazole-6- carboxylate : [00143] A mixture of
methyl
3-allyl-4-fluoro-5-(2-fluoro-4-iodophenylamino)-6-meth
oxycarbony-1-methyl- 3H-benzoimidazol-1-ium iodide,
triphenyl phosphine (0.62 g, 2.5 mmoles), palladium
tetrakis (0.47 g, 0.48 mmoles) in dichloromethane (15
ml) is cooled at -10 C. Pyrrolidine (0.65 ml) is added
dropwise and the reaction mixture is stirred for 2
hours. Water is added and the mixture is extracted
with dichloromethane. The organic phases are combined,
washed with brine, dried Na2SO4 and concentrated under
reduced pressure. The resulting solid is triturated
with a mixture of Hexane/Ether (9/1) and isolated by
filtration. [00144] Step I:
4-Fluoro-5-(2-fluoro-4-iodophenylamino)-1-methyl-1H-be
nzo[d]imidazole-6-carboxylic acid: [00145] Methyl
4-fluoro-5-(2-fluoro-4-iodophenylamino)-1-methyl-1H-be
nzo[d]imidazole-6-carboxylate (2.15 g, 4.8 mmoles) is
dissolved in a mixture of THF (30 ml), MeOH (10 ml)
and H2O (5 ml) and LiOH (1.16 g, 4.8 mmoles) is added.
The mixture is stirred at room temperature for 2
hours. Solvents are removed under reduced pressure and
1N HCl is added. The aqueous layer is extracted with
chloroform. The organic layers are combined, washed
with brine, dried (Na2SO4) and concentrated under
reduced pressure to obtain the title compound. [00146]
Step J: 1-(2-fluoro-4-iodophenylamino)-8-fluoro-5
-methyl-benzimidazo[6,5-d] imidazole:[00147] A mixture
of
4-fluoro-5-(2-fluoro-4-iodophenylamino)-1-methyl-1H-be
nzo[d]imidazole-6- carboxylic acid (0.52 g, 1.2
mmoles), DPPA (0.52 ml, 2.4 mmoles) and triethyamine (
1 ml, 06.0 mmoles) is refluxed for 3 hours. The
solvent is removed under reduced pressure and the
crude product is purified by flash chromatography
using a gradient of EtOAc and hexane yielding the
title compound. [00148] Step K:
3-cyclopropanesulfonamide
1-(2-fluoro-4-iodophenylamino)-8-fluoro-5-methylbenzim
idazo[ 6,5-d]imidazole: [00149] The previous compound
(Step J) (50 mg, 0.117 mmoles) is dissolved in THF (2
ml) and the mixture is cooled at -78 C. LiHMDS ( 0.1
17 ml, 0.1 17 mmoles) is added dropwise followed by
the addition of HMPA (0.5 ml). The mixture is warmed
at room temperature and cyclopropyl sulfonyl chloride
(0.013 ml, 0.14 mmoles) is added. After stirring at
room temperature overnight, a saturated solution of
ammonium chloride (5 ml) is added. The mixture is
extracted with EtOAc (3 x 5 ml). The organic layers
are combined, washed with brine, dried (Na2SO4) and
concentrated under reduced pressure. The crude product
is purified by flash chromatography using a gradient
of EtOAc and hexane yielding to the title compound.
1001501 Step L:
N-(4-fluoro-5-(2-fluoro-4-iodophenylamino)-1-methyl-1H
-benzo[d]imidazol-6- yl)cyclopropanesulfonamide:
[00151] The previous compound (Step K) (26 mg, 0.049
mmoles), potassium trimethylsilanolate (21 mg, 0.149
mmoles) dissolved in THF (2 ml) are stirred at room
temperature overnight. Brine (3ml) is added and the
mixture is extracted with EtOAc (3 x 5 ml). The
organic layers are combined, dried (Na2SO4) and
concentrated under reduced pressure. The crude product
is purified by flash chromatography using a gradient
of EtOAc and hexane yielding to the title
compound.Example 2:
N-(4-fluoro-5-(2-fluoro-4-iodophenylamino)-1-methyl-1H
-benzo[d]imidazol-6-yl)-1-(2-
hydroxyethyl)cyclopropane-1-sulfonamide: [00152] Step
A: 2-(1-bromocyclopropyl)ethanol : 100153] To a
solution of neat diethyl zinc (3.3 ml, 3.977 g, 30
mmoles) in 100 ml anhydrous DCM was added very slowly
trifluoroacetic acid (2.3 1 ml, 3.41 88 g, 30 mmoles)
dropwise at 0 C. (Caution: Violent gas evolution,
exothermic!). After completed addition of the TFA, the
suspension was stirred for 20 min at the same
temperature, followed by the addition of diiodomethane
(2.45 ml, 8.134 g, 30.4 mmoles). It was further
stirred at 0 C for 20 min, and then a solution of
3-bromobut-3-en-1-ol ( 1 ml, 1.523 g, 10.1 mmoles) in
10 ml DCM was added at the same temperature. After
complete addition, the mixture was warmed to room
temperature and stirred for 4 hours. The mixture was
quenched with 100 ml MeOH and 40 ml brine, and it 



was further stirred for 30 min. The solvents were
reduced, and the residue extracted using CHCl3 / aq.
NH4Cl. The organic layers were collected, washed with
brine and water, and the solvent was removed to give
2-(1- bromocyclopropyl)-ethanol in sufficient purity
(1.6564 g, 100%). 1H-NMR (500 MHz, CDCl3): d =
3.90-3.83 (t, 2H), 1.91-1.87 (t, 2H), 1.71 (s, 1H,
br), 1.14-1.09 (m, 2H), 0.83-0.79 (m, 2H). [00154]
Step B:
(2-(1-bromocyclopropyl)ethoxy)(tert-butyl)dimethylsila
ne : [00155] To a solution of the cyclopropyl alcohol
(Step A) (1.303 g, 7.95 mmoles) in 30 ml anhydrous DCM
was added anhydrous pyridine (1.2 ml, 1,1736 g, 14.8
mmoles),TBSOTf (2.7 ml, 3.1077 g, 11.76 mol) and the
solution was stirred at room temperature for 16 h. It
was extracted with CHCl3 / brine and the organic
fraction was dried with MgSO4. The solvent was reduced
and the crude product purified using flash-column
chromatography (CHCl3 / hexanes 1:10, Rf = 0.4).
Yield: 0.796 g, 36%. 1H-NMR (500 MHz, CDCl3): d =
3.95-3.75 (t, 2H), 1.95-1.85 (t, 2H), 1.15-1.05 (m,
2H), 0.95-0.80 (m, 11H), 0.15-0.05 (s, 6H). [00156]
Step C:
1-(2-(tert-butyldimethylsilyloxy)ethyl)cyclopropane-1-
sulfonyl chloride : [00157] To a solution of the
cyclopropyl bromide prepared in step B (1. 1227 g,
4.04 mmoles) in 15 ml anhydrous diethyl ether was
added a 1.7 M solution of t-BuLi in pentane (4.8 ml,
8.16 mmoles) at- 78 C. The solution was stirred for 30
min at this temperature, and was then transferred via
a transfer cannula into a solution of freshly
distilled sulfuryl chloride (0.65 ml, 1.029 g, 8.1
mmoles) in 8 ml diethyl ether at - 78 C.The yellow
suspension was warmed to room temperature. The solvent
was removed, and the residue was dried in vacuo to
remove excessive sulfuryl chloride. Then, the residue
was extracted two times with hexane, and after
filtration the solvent was evaporated in vacuo to give
the sulfonyl chloride in sufficient purity as a
colorless oil. Yield: 870 mg (72%). 1H-NMR {300 MHz,
CDCl3) : d = 3.95-3.85 (t, 2H), 2.35-2.25 (t, 2H),
1.80-1.70 (m, 2H), 1.45-1.38 (m, 2H), 0.90 (s, 9H),
0.10 (s, 6H). [001581 Step D:
1-(2-(tert-butyldimethylsilyloxy)ethyl)-1-(2-fluoro-4-
iodophenylamino)-8-fluoro-5-methylbenzimidazo[
6.5-d]imidazolecyclopropane-3-sulfonamide : [00159]
According to example 1 (step K),
1-(2-fluoro-4-iodophenylamino)-8-fluoro-5-methylbenzim
idazo[ 6,5-d]imidazole (81 mg, 0.19 mmoles) was
reacted with the cyclopropylsulfonyl chloride (162 mg,
0.38 mmoles) prepared in step C to obtain the title
product (46.6 mg, 36%). m/z =687 [M-1]-. [00160] Step
E:
1-(2-(Tert-butyldimethylsilyloxy)ethyl)-N-(4-fluoro-5-
(2-fluoro-4-iodophenylamino)-1-
methyl-1H-benzo[d]imidazol-6-yl)cyclopropane-1-sulfona
mide : [00161] According to example 1 (step L) the
previous compound (46.6 mg, 0.067 mmoles) was reacted
with potassium trimethylsilanolate (26 mg, 0.230
mmoles) in THF (1.5 ml) to obtain the title compound
(39 mg, 87%).[00162] Step F:
N-(4-fluoro-5-(2-fluoro-4-iodophenylamino)-1-methyl-1H
-benzo[d]imidazol-6-yl)-1-(2-
hydroxyethyl)cyclopropane-1-sulfonamide : [00163]
1-(2-(Tert-butyldimethylsilyloxy)ethyl)-N-(4-fluoro-5-
(2-fluoro-4-iodophenylamino)-1-methyl-1Hbenzo[
d]imidazol-6-yl)cyclopropane-1-sulfonamide (39 mg,
0.06 mmoles) was dissolved in THF (0.5 ml) and aqueous
hydrochloric acid ( 1.2 N, 0.5 ml) was added at 0 C.
After stirring the reaction mixture for two hours, a
saturated aqueous solution of sodium bicarbonate (5
ml) was added. The mixture was extracted with EtOAc (3
x 5 ml). The organic layers were combined, dried
(Na2SO4) and concentrated under reduced pressure. The
crude product was purified by flash chromatography
using MeOH/CHCl3 (1/9) yielding to the title compound
(27 mg, 83 %). m/z =549 [M+1]-. Example 3:
N-(7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylben
zo[d]isoxazol-5- yl)cyclopropanesulfonamide: [00164]
Step A:
5-Bromo-3,4-difluoro-2-(2-fluorophenylamino)benzoic
acid: [00165] To a solution of 2-fluoroaniline (4.27
ml, 44.3 mmol) in THF (30 ml) at -78 C was added
LiHMDS (66.6 ml, 1M in THF, 66.6 mmol) dropwise. The
reaction mixture was stirred for 10 min and a solution
of 5- bromo-2,3,4-trifluorobenzoic acid (5.63g, 22.2
mmol) in THF (40 ml) was added to the mixture. The
reaction was slowly warmed to room temperature and
stirred at this temperature for 4 h. The mixture was
concentrated, quenched with 10% HCl solution (70 ml),
and extracted with EtOAc (2 x 200 ml). The combined
organic solution was dried over MgSO4 and concentrated
to dryness. Purification by trituration with boiling
CH2Cl2 gave 4.40 g (57%) of
5-bromo-3,4-difluoro-2-(2-fluorophenylamino)benzoic
acid as a yellow solid.[00166] Step B: Methyl
5-bromo-3,4-difluoro-2-(2-fluorophenylamino)benzoate :
[00167] To a solution of
5-bromo-3,4-difluoro-2-(2-fluorophenylamino)benzoic
acid (3.0 g, 8.67 mmol) in a mixture of THF (15 ml)
and MeOH (5 ml) was added (trimethylsilyl)diazomethane
(5.63 ml, 2 M in Hexanes, 11.3 ml). After stirring for
4 h, the reaction was quenched with AcOH and diluted
with EtOAc (100 ml). The organic solution was washed
with H2O (50 ml) and brine (50 ml), dried over Na2SO4
and concentrated to dryness to give 2.83 g (91%) of
methyl
5-bromo-3,4-difluoro-2-(2-fluorophenylamino)benzoate
as a light yellow solid. [00168] Step C: Methyl
3,4-difluoro-2-(2-fluorophenylamino)-5-((trimethylsily
l)ethynyl)benzoate : [00169] A mixture of methyl
5-bromo-3,4-difluoro-2-(2-fluorophenylamino)benzoate
(2.70 g, 7.50 mmol), trimethylsilylacetylene (1.23 ml,
8.63 mmol), CuI (143 mg, 0.75 mmol),
dichlorobis(triphenylphosphine)palladium (526 mg, 0.75
mmol) and i-Pr2NH (2. 12 ml, 15.0 mmol) in THF (40 ml)
was stirred at room temperature for 16 h. The reaction
was concentrated and diluted with EtOAc (100 ml). The
organic solution was washed with saturated aqueous
NH4Cl (50 ml), dried over Na2SO4 and concentrated.
Silica gel chromatography (EtOAc:Hexanes = 5:95)
yielded 2.40 g (85%) of methyl 3,4-
difluoro-2-(2-fluorophenylamino)-5-((trimethylsilyl)et
hynyl)benzoate as a tan solid. [00170] Step D: Methyl
5-acetyl-3,4-difluoro-2-(2-fluorophenylamino)benzoate
:[00171] To a suspension of methyl
3,4-difluoro-2-(2-fluorophenylamino)-5-((trimethylsily
l)ethynyl)benzoate (1.20 g, 3.18 mmol) in 85% aqueous
acetone (40 ml) were added HgSO4 (943 mg, 3.18 mmol)
and H2SO4 (0.33 ml, 6.36 mmol). The reaction was
heated at reflux for 24 h. The mixture was cooled to
room temperature, concentrated, and diluted with EtOAc
(100 ml). The organic solution was washed with H2O (50



ml), dried over Na2SO4 and concentrated. Silica gel
chromatography (EtOAc:Hexanes = 10:90) yielded 832 mg
(81%) of methyl
5-acetyl-3,4-difluoro-2-(2-fluorophenylamino)benzoate
as a white solid. [00172] Step E: Methyl
7-fluoro-6-(2-fluorophenylamino)-3-methylben2o[d]isoxa
zole-5-carboxylate: [00173] To a solution of acetone
oxime (3.17 g, 43.3 mmol) in THF (40 ml) was added
t-BuOK (43.3 ml, 1 M in THF, 43.3 mmol). After
stirring at room temperature for 30 min, the mixture
was cooled to -78 C. To the mixture was added a
solution of methyl
5-acetyl-3,4-difluoro-2-(2-fluorophenylamino)benzoate
(4.0 g, 12.4 mmol) in THF (70 ml) dropwise. After
stirring at -78 C for 15 min, the reaction was warmed
to 0 C and stirred at the temperature for 4 h. The
reaction was quenched with saturated aqueous NH4Cl
solution (200 ml) and extracted with EtOAc (2 x 200
ml). The organic solution was washed with brine (100
ml), dried over MgSO4 and concentrated. To the
resulting oil was added a mixture of 5% HCl solution
(100 ml) and MeOH (100 ml). The resulting suspension
was heated at reflux for 1.5 h. The reaction was
cooled to room temperature, concentrated to half
volume, and diluted with EtOAc (200 ml). The organic
solution was washed with brine (100 ml), dried over
Na2SO4 and concentrated. Silica gel chromatography
(EtOAc:Hexanes = 25:75) yielded 2.84 g (72%) of methyl
7-fluoro-6-(2-fluorophenylamino)-3-methylbenzo[d]isoxa
zole-5- carboxylate as a white solid. [00174] Step F:
Methyl
7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylbenzo[
d]isoxazole-5-carboxylate : [00175] To a suspension of
methyl
7-fluoro-6-(2-fluorophenylamino)-3-methylbenzo[d]isoxa
zole-5- carboxylate (2.84 g, 8.93 mmol) in DMF (50 ml)
were added N-iodosuccinimide (3.01 g, 13.4 mmol) and
TFA (3 ml). After stirring at room temperature for 4
h, the reaction was quenched with saturated aqueous
NH4Cl solution (100 ml) and extracted with EtOAc (2 x
100 ml). The combined organic solution was washed with
brine (100 ml), dried over MgSO4 and concentrated.
Silica gel chromatography (EtOAc:Hexanes = 25:75)
yielded 3.77 g (95%) of methyl
7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylbenzo[
d]isoxazole- 5-carboxylate as a tan solid.[00176] Step
G:
7-Fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylbenzo[
d]isoxazole-5-carboxylic acid: [00177] To a solution
of methyl
7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylbenzo[
d]isoxazole-5- carboxylate (3.77 g, 8.49 mmol) in a
mixture of THF (200 ml) and H2O (100 ml) was added a
solution of LiOH (1.20 g, 50 mmol) in H2O (50 ml).
After stirring at room temperature for 3 h, the
reaction was concentrated, acidified with 1M HCl
solution, and extracted with EtOAc (2 x 100 ml). The
organic solution was dried over Na2SO4 and
concentrated to give 3.09 g (95%) of
7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-
methylbenzo[d]isoxazole-5-carboxylic acid as a light
yellow solid. [00178] Step H:
8-fluoro-1-(2-fluoro-4-iodophenyl)-5-methylbenzimidazo
lo[6,5-d][d]isoxazole: [00179] To a suspension of
7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylbenzo[
d]isoxazole-5- carboxylic acid (3.09 g, 8.08 mmol) in
toluene (100 ml) was added triethylamine (3.37 ml,
24.2 mmol) and diphenylphosphoryl azide (2.18 ml, 10.1
mmol). The reaction was heated at reflux for 4 h. The
mixture was cooled to room temperature and
concentrated to dryness. Silica gel chromatography
(EtOAc:Hexanes = 75:25) yielded 2.06 g (60%) of
8-fluoro-1-(2-fluoro-4-iodophenyl)-5-methylbenzimidazo
lo[6,5- d][d]isoxazole as a tan solid. [00180] Step I:
3-(Cyclopropanesulfonyl)-8-fluoro-1-(2-fluoro-4-iodoph
enyl)-5-methylbenzimidazolo[6,5- d][d]isoxazole :
[00181] To a solution of
8-fluoro-1-(2-fluoro-4-iodophenyl)-5-methylbenzimidazo
lo[6,5-d][d]isoxazole (200 mg, 0.47 mmol) in THF (15
ml) at -78 C was added LiHMDS (0.52 ml, 1M in THF,
0.52 mmol). The reaction mixture was warmed to 0 C and
stirred at the temperature for 10 min. To the reaction
was added cyclopropylsulfonyl chloride (99 mg, 0.71
mmol) and the mixture was warmed to room temperature.
After stirring at room temperature for 16 h, the
reaction was quenched with saturated aqueous NH4Cl
solution (20ml) and extracted with EtOAc (2 x 30 ml).
The combined organic solution was washed with brine
(30 ml), dried over MgSO4 and concentrated. Silica gel
chromatography (EtOAc:Hexanes = 25:75) yielded 222 mg
(89%)
of3-(cyclopropanesulfonyl)-8-fluoro-1-(2-fluoro-4-iodo
phenyl)-5-methylbenzimidazolo[6,5- d][d]isoxazole as a
white solid. [00182] Step J:
N-(7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylben
zo[d]isoxazol-5- yl)cyclopropanesulfonamide : [00183]
To a solution of
3-(cyclopropanesulfonyl)-8-fluoro-1-(2-fluoro-4-iodoph
enyl)-5- methylbenzimidazolo[6,5-d][d]isoxazole (139
mg, 0.26 mmol) in THF (15 ml) was added potassium
trimethylsilanolate (101 mg, 0.78 mmol). The resulting
cloudy solution was stirred at room temperature for 16
h. The reaction was quenched with saturated aqueous
NH4Cl solution (20 ml) and extracted with EtOAc (2 x
30 ml). The combined organic solution was washed with
brine (30 ml), dried over MgSO4 and concentrated.
Silica gel chromatography (EtOAcHexanes = 50:50)
yielded 121 mg (92%) of N-(7-fluoro-6-(2-fluoro-4-
iodophenylamino)-3-methylbenzo[d]isoxazol-5-yl)cyclopr
opanesulfonamide as a white solid. 1H NMR (DMSO-d6,400
MHz): d 0.74 (m, 2H), 0.81 (m, 2H), 2.58 (m, 4H), 6,60
(m, 1H), 7.32 (d, J =8 Hz, 1H), 7.59 (d, J = 12 Hz,
1H), 7.68 (s, 1H), 7.80 (s, 1H), 9.48 (s, 1H). Example
4:
1-(2-hydroxyethyl)-N-(7-fluoro-6-(2-fluoro-4-iodopheny
lamino)-3-methylbenzo[d]isoxazol-5-
yl)cyclopropane-1-sulfonamide: [00184] Step A:
3-(2-(tert-butyldimethylsilyloxy)ethyl)cyclopropanesul
fonyl)-8-fluoro-1-(2-fluoro-4-
iodophenyl)-5-methylbenzimidazolo[6,5-d][d]isoxazole :
[00185] To a solution of
8-fluoro-1-(2-fluoro-4-iodophenyl)-5-methylbenzimidazo
lo[6,5-d][d]isoxazole (example 3, step H) (150 mg,
0.35 mmol) in THF (15 ml) at -78 C was added LiHMDS
(0.39 ml, 1M in TIIF, 0.39 mmol). The reaction mixture
was stirred at -78 C for 30 min and
1-(2-(tertbutyldimethylsilyloxy)
ethyl)cyclopropane-1-sulfonyl chloride (144 mg, 0.48
mmol) was added to the mixture. The reaction was
slowly warmed to room temperature and stirred at the
temperature for 16 h. The reaction was quenched with
saturated aqueous NH4Cl solution (20 ml) and extracted
with EtOAc (2 x 30 ml).The combined organic solution
was washed with brine (30 ml), dried over MgSO4 and
concentrated. Silica 



gel chromatography (EtOAc:Hexanes = 10:90) yielded 43
mg (18%) of 3-(2-(tertbutyldimethylsilyloxy)
ethyl)cyclopropanesulfonyl)-8-fluoro-1-(2-fluoro-4-iod
ophenyl)-5- methylbenzimidazolo[6,5-d][d]isoxazole as
a light yellow oil. [00186] Step B:
1-(2-(tert-butyldimethylsilyloxy)ethyl)-N-(7-fluoro-6-
(2-fluoro-4-iodophenylamino)-3-
methylbenzo[d]isoxazol-5-yl)cyclopropane-1-sulfonamide
: [00187] To a solution of 3-(2-(
tert-butyldimethylsilyloxy)ethyl)cyclopropanesulfonyl)
-8-fluoro-1-(2-fluoro-
4-iodophenyl)-5-methylbenzimidazolo[6,5-d][d]isoxazole
(43 mg, 0.062 mmol) in THF (5 ml) was added potassium
trimethylsilanolate (40 mg, 0.31 mmol). The resulting
solution was stirred at room temperature for 24 h. The
reaction was quenched with saturated aqueous NH4Cl
solution (10 ml) and extracted with EtOAc (2 x 10 ml).
The combined organic solution was washed with brine
(10 ml), dried over MgSO4 and concentrated. Silica gel
chromatography (EtOAc:Hexanes = 25:75) yielded 22 mg
(53%) of1-(2 -(tertbutyldimethylsilyloxy)
ethyl)-N-(7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-me
thylbenzo[d]isoxazol-5- yl)cyclopropane-1-sulfonamide
as a light yellow paste. [00188] Step C:
1-(2-hydroxyethyl)-N-(7-fluoro-6-(2-fluoro-4-iodopheny
lamino)-3-methylbenzo[d]isoxazol-
5-yl)cyclopropane-1-sulfonamide : [00189] To a
solution of
1-(2-(tert-butyldimethylsilyloxy)ethyl)-N-(7-fluoro-6-
(2-fluoro-4-
iodophenylamino)-3-methylbenzo[d]isoxazol-5-yl)cyclopr
opane-1-sulfonamide (20 mg, 0.030 mmol) in THF (2 ml)
was added HCl (0.10 ml, 1.2 N in H2O, 0.12 mmol).
After stirring for 1 h, the reaction was quenched with
saturated aqueous NaHCO3 solution (3 ml) and extracted
with EtOAc (2 x 10 ml). The combined organic solution
was dried over Na2SO4 and concentrated. Silica gel
chromatography (EtOAcHexanes = 75:25) yielded 10 mg
(61%) of
1-(2-hydroxyethyl)-N-(7-fluoro-6-(2-fluoro-4-iodopheny
lamino)-3-
methylbenzo[d]isoxazol-5-yl)cyclopropane-1-sulfonamide
as a white solid. 1H NMR (DMSO-d6, 400 MHz): d 0.75
(m, 2H), 0.87 (m, 2H), 1.84 (t, J =8 Hz, 2H), 2.57 (s,
3H), 3.38 (m, 2H), 4.52 (s, 1H), 6.59 (m, 1H), 7.34
(d, J = 8 Hz, 1H), 7.60 (dd, J = 4, 8 Hz, 1H), 7.68
(s, 1H), 7.84(s, 1H), 9.58 (s, 1H).[00190| Example 5:
1-(2,3-dihydroxypropyI)-N-(7-fluoro-6-(2-fluoro-4-iodo
phenylamino)-3-
methylbenzo[d]isoxazol-5-yl)cyclopropane-1-sulfonamide
Step A:
3-(allylcyclopropanesulfonyl)-8-fluoro-1-(2-fluoro-4-i
odophenyl)-5-methylbenzimidazolo[6,5- d][diisoxazole :
[00191] To a solution of
8-fluoro-1-(2-fluoro-4-iodophenyl)-5-methylbenzimidazo
lo[6,5-d][d]isoxazole (example 3, step H) (300 mg,
0.70 mmol) in THF (30 ml) at -78 C was added LiHMDS
(0.77 ml, 1M in THF, 0.77 mmol). The reaction mixture
was stirred at -78 C for 30 min and
1-allylcyclopropane-1-sulfonyl chloride (253 mg, 1.40
mmol) was added to the mixture. The reaction was
slowly warmed to room temperature and stirred at the
temperature for 3 days. The reaction was quenched with
saturated aqueous NH4Cl solution (40 ml) and extracted
with EtOAc (2 x 50 ml). The combined organic solution
was washed with brine (50 ml), dried over MgSO4 and
concentrated. Silica gel chromatography (EtOAc:Hexanes
= 25:75) yielded 109 mg (27%) of
3-(allylcyclopropanesulfonyl)-8-fluoro-1-(2-fluoro-4-i
odophenyl)-5- methylbenzimidazolo[6,5-d][d]isoxazole
as a white solid. [00192] Step B:
1-allyl-N-(7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-m
ethylbenzo[d]isoxazol-5-
yl)cyclopropane-1-sulfonamide: [00193] To a solution
of
3-(allylcyclopropanesuIfonyl)-8-fluoro-1-(2-fluoro-4-i
odophenyl)-5- methylbenzimidazolo[6,5-d][d]isoxazole
(133 mg, 0.23 mmol) in THF (10 ml) was added potassium
trimethylsilanolate (36 mg, 0.28 mmol) at 0 C. The
resulting solution was stirred at 0 C for 5 h. The
reaction was quenched with saturated aqueous NH4Cl
solution (10 ml) and extracted with EtOAc (2 x 10 ml).
The combined organic solution was washed with brine
(10 ml), dried over MgSO4 and concentrated. Silica gel
chromatography (EtOAc:Hexanes = 50:50) yielded 53 mg
(63%) of 1-allyl-N-(7-fluoro-6-(2-fluoro-4-
iodophenylamino)-3-methylbenzo[d]isoxazol-5-yl)cyclopr
opane-1-sulfonamide as a light yellow paste.[00194]
Step C:
1-(2.3-dihydroxypropyl)-N-(7-fluoro-6-(2-fluoro-4-iodo
phenylamino)-3-
methylbenzo[d]isoxazol-5-yl)cyclopropane-1-sulfonamide
: [00195] To a solution of
1-allyl-N-(7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-m
ethylbenzo[d]isoxazol-5- yl)cyclopropane-1-sulfonamide
(92 mg, 0,17 mmol) in THF (5 ml) were added
N-methylmorporine N-oxide (20 mg, 0.17 mmol) and
osmium tetraoxide (0.11 mL, 4 % in water, 0.017 mmol).
After stirring for 16 h, the reaction was quenched
with sodium sulfite solution (4 ml, 1M) and EtOAc (4
ml). The resulting mixture was stirred for 30 min and
separated. The organic solution was dried over Na2SO4
and concentrated. Silica gel chromatography (MeOH:CH
2Cl2 = 10:90) yielded 56 mg (57%) of
1-(2,3-dihydroxypropyl)-N-(7-fluoro-6-(2-
fluoro-4-iodophenylamino)-3-methylbenzo[d]isoxazol-5-y
l)cyclopropane-1-sulfonamide as a light purple paste.
1H NMR (DMSO-d6,400 MHz): d 0.90 (m, 4H), 1.60 (m,
1H), 2.07 (m, 1H), 3.14 (m, 2H), 3.40 (m, 1H), 4.53
(t, 1H), 4.57 (d, 1H), 6.57 (m, 1H), 7.33 (d, J =8 Hz,
1H), 7.59 (d, J = 11 Hz, 1H), 7.72 (s, 1H), 7.79(s,
1H), 9.53 (s, 1H). Example 6:
N-(7-fluoro-6-(4-bromo-2-chlorophenylamino)-3-methylbe
nzo[d]isoxazol-5- yl)cyclopropanesulfonamide : [00196]
Step A:
8-fluoro-1-(4-bromo-2-chlorophenyl)-5-methylbenzimidaz
olo[6,5-d][d]isoxazole : [00197] To a suspension of
7-fluoro-6-(4-bromo-2-chlorophenylamino)-3-methylbenzo
[d]isoxazole-5- carboxylic acid (synthesized according
to WO 2005/023759) (321 mg, 0.80 mmol) in toluene (20
ml) was added triethylamine (0.34 ml, 2.40 mmol) and
diphenylphosphoryl azide (0.35 ml, 1.61 mmol). The
reaction was heated at reflux for 4 h. The mixture was
cooled to room temperature and concentrated to
dryness. Silica gel chromatography (EtOAc:Hexanes =
75:25) yielded 259 mg (82%) of 8-fluoro- 1-(4-bromo-2-
chlorophenyl)-5-methylbenzimidazolo[6,5-d][d]isoxazole
as a tan solid.[00198] Step B:
3-(Cyclopropanesulfonyl)-8-fluoro-1-(4-bromo-2-chlorop
henyl)-5- methylbenzimidazolo[6,5-d][d] isoxazole:
[00199] To a solution of
8-fluoro-1-(4-bromo-2-chlorophenyl)-5-methylbenzimidaz
olo[6,5-d][d]isoxazole 



(39 mg, 0.098 mmol) in THF (4 ml) at -78 C was added
LiHMDS (0. 15 ml, 1M in THF, 0.15 mmol). The reaction
mixture was stirred at -78 C for 10 min and
cyclopropylsulfonyl chloride (28 mg, 0.20 mmol) was
added to the mixture. The reaction was slowly warmed
to room temperature and stirred at the temperature for
3 h. The reaction was quenched with saturated aqueous
NH4Cl solution (10 ml) and extracted with EtOAc (2 x
10 ml). The combined organic solution was washed with
brine (10 ml), dried over MgSO4 and concentrated.
Silica gel chromatography (EtOAc:Hexanes = 50:50)
yielded 2 1 mg (43%) of 3-(cyclopropanesulfonyl)-8-
fluoro-1-(4-bromo-2-chlorophenyl)-5-methylbenzimidazol
o[6,5-d][d]isoxazole as a white solid. [00200] StepC:
N-(7-fluoro-6-(4-bromo-2-chlorophenylamino)-3-methylbe
nzo[d]isoxazol-5- yl)cyclopropanesulfonamide : [00201]
To a solution of
3-(cyclopropanesulfonyl)-8-fluoro-1-(4-bromo-2-chlorop
henyl)-5- methylbenzimidazolo[6,5-d][d]isoxazole (21
mg, 0.042 mmol) in THF (3 ml) was added potassium
trimethylsilanolate (16 mg, 0. 13 mmol). The reaction
was stirred at room temperature for 16 h, quenched
with saturated aqueous NH4Cl solution (10 ml) and
extracted with EtOAc (2 x 10 ml). The combined organic
solution was washed with brine (10 ml), dried over
MgSO4 and concentrated. Silica gel chromatography
(EtOAc:Hexanes = 75:25) yielded 20 mg (100%) of
N-(7-fluoro-6-(4-bromo-2-chlorophenylamino)-3-
methylbenzo[d]isoxazol-5-yl)cyclopropanesulfonamide as
a white solid. 1H NMR (DMSO-d6, 400 MHz): d 0.83 (m,
4H), 2.60 (m, 4H), 6.68 (dd,J= 4, 8 Hz, 1H), 7.29 (dd,
J =4, 8 Hz, 1H), 7.59 (s, 1H), 7.68 (d,J = 4 Hz, 1H),
7.72 (s, 1H), 9.68 (s, 1H). Example 7:
N-(7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylben
zo[c]isoxazol-5- yl)cyclopropanesulfonamide:[00202]
Step A: Methyl
7-fluoro-6-(2-fluorophenylamino)-3-methylbenzo[c]isoxa
zole-5-carboxylate: [00203] To a solution of methyl
5-acetyl-3,4-difluoro-2-(2-fluorophenylamino)benzoate
(example 3, step D) (1.50 g, 4.64 mmol) in a mixture
of acetone (36 ml) and H2O (12 ml) was added NaN3 (452
mg, 6.96 mmol). The reaction was heated at 65 C for 16
h and cooled to room temperature. Acetone was
concentrated and the resulting mixture was extracted
with EtOAc (2 x 50 ml). The combined organic solution
was washed with brine (50 ml), dried over MgSO4 and
concentrated to give a yellow solid. To the solid was
added H2O (24 ml) and the reaction was heated at
reflux for 3 h. The reaction was cooled to room
temperature, filtered, and washed with H2O. The
resulting solid was dried under high vacuum with P2O5
at 65C for 24 h to give 1.31 g (89%) of methyl
7-fluoro-6-(2-fluorophenylamino)-3-methylbenzo[c]isoxa
zole-5-carboxylate as a yellow solid. [00204] Step B:
methyl
7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylbenzo[
c]isoxazole-5-carboxylate: [00205] To a suspension of
methyl
7-fluoro-6-(2-fluorophenylamino)-3-methylbenzo[c]isoxa
zole-5- carboxylate (1.31 g, 4.12 mmol) in DMF (40 ml)
was added N-iodosuccinimide (1.39 g, 6.17 mmol) and
TFA (2.4 ml). After stirring at room temperature for 4
h, the reaction was quenched with saturated aqueous
NH4Cl solution (100 ml) and extracted with EtOAc (2 x
100 ml). The combined organic solution was washed with
brine (100 ml), dried over MgSO4 and concentrated.
Silica gel chromatography (EtOAc: Hexanes = 25:75)
yielded 1.71 g (93%) of methyl
7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylbenzo[
c]isoxazole-5- carboxylate as a brown solid. [00206]
Step C:
7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylbenzo[
c]isoxazole-5-carboxylic acid :[00207] To a solution
of methyl
7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylbenzo[
c]isoxazole-5- carboxylate (214 mg, 0.48 mmol) in a
mixture of THF (10 ml) and H2O (5 ml) was added a
solution of LiOH (57.5 mg, 2.40 mmol) in H2O (2.4 ml).
After stirring at room temperature for 4 h, the
reaction was concentrated, acidified with 1M HCl
solution, and extracted with EtOAc (2 x 20 ml). The
organic solution was dried over MgSO4 and concentrated
to give 184 mg (100%) of
7-fluoro-6-(2-fluoro-4-iodophenylamino)-
3-methylbenzo[c]isoxazole-5-carboxylic acid as an
orange solid. [00208] Step D:
8-fluoro-1-(2-fluoro-4-iodophenyl)-5-methylbenzimidazo
lo[6,5-d][c]isoxazole : [00209] To a suspension of
7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylbenzo[
c]isoxazole-5- carboxylic acid (184 mg, 0.48 mmol) in
toluene (10 ml) was added triethylamine (0.20 ml, 1.44
mmol) and diphenylphosphoryl azide (0.21 ml, 0.96
mmol). The reaction was heated at reflux for 4 h. The
mixture was cooled to room temperature and
concentrated to dryness. Silica gel chromatography
(EtOAc :Hexanes = 75:25) yielded 132 mg (64%) of
8-fluoro-1-(2-fluoro-4-iodophenyl)-5-methylbenzimidazo
lo[6,5- d][c]isoxazole as a tan solid. [00210] Step E:
3-(cyclopropanesulfonyl)-8-fluoro-l
-(2-fluoro-4-iodophenyl)-5-methylbenzimidazolo[6,5-
d][c]isoxazole: [00211] To a solution of
8-fluoro-1-(2-fluoro-4-iodophenyl)-5-methylbenzimidazo
lo[6,5-d][c]isoxazole (124 mg, 0.29 mmol) in THF (10
ml) at -78 C was added LiHMDS (0.35 ml, 1M in THF,
0.35 mmol). The reaction mixture was stirred at -78 C
for 10 min and cyclopropylsulfonyl chloride (61 mg,
0.44 mmol) was added to the mixture. The reaction is
slowly warmed to room temperature and stirred at the
temperature for 16 h. The reaction was quenched with
saturated aqueous NH4Cl solution (20 ml) and extracted
with EtOAc (2 x 20 ml). The combined organic solution
was washed with brine (20 ml), dried over MgSO4 and
concentrated. Silica gel chromatography (EtOAc:Hexanes
= 25:75) yielded 122 mg (79%) of
3-(cyclopropanesulfonyl)-8-
fluoro-1-(2-fluoro-4-iodophenyl)-5-methylbenzimidazolo
[6,5-d][c]isoxazole as a yellow solid.[00212] Step F:
N-(7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylben
zo[c]isoxazol-5- yl)cyclopropanesulfonamide : [00213]
To a solution of
3-(cyclopropanesulfonyl)-8-fluoro-1-(2-fluoro-4-iodoph
enyl)-5- methylbenzimidazolo[6,5-d][c]isoxazole (120
mg, 0.23 mmol) in THF (15 ml) was added potassium
trimethylsilanolate (87 mg, 0.68 mmol). The reaction
was stirred at room temperature for 16 h, quenched
with saturated aqueous NH4Cl solution (20 ml), and
extracted with EtOAc (2 x 30 ml). The combined organic
solution was washed with brine (30 ml), dried over
MgSO4, and concentrated. Silica gel chromatography
(EtOAc:Hexanes = 50:50) yielded 106 mg (92%) of
N-(7-fluoro-6-(2-fluoro-4-iodophenylamino)-3- 



methylbenzo[c]isoxazol-5-yl)cyclopropanesulfonamide as
a light yellow solid. 1H NMR (DMSO-d6,400 MHz): d 0.73
(m, 2H), 0.85 (m, 2H), 2.63 (m, 1H), 2.85 (s, 3H),
6.65 (m, 1H), 7.36 (d, J =8 Hz, 1H), 7.58 (s, 1H),
7.62 (m, 2H), 9.39 (s, 1H). Example 8:
N-(7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylben
zo[c]isoxazol-5-yl)-1-(2-
hydroxyethyl)cyclopropane-1-sulfonamide: [00214] This
compound is synthesized from
8-fluoro-1-(2-fluoro-4-iodophenyl)-5-methylbenzimidazo
lo[6,5- d][c]isoxazole according to example 4 (step A,
B and C). Example 9:
N-(7-(4-bromo-2-chlorophenyIamino)-8-chloroimidazo[1,2
-a]pyridin-6- yl)cyclopropanesulfonamide: [00215] Step
A: Methyl 4.6-dichloronicotinate :[00216] To a
suspension of methyl 4,6-dihydroxynicotinate (19.99 g,
118.3 mmol) in 100 ml POCl3 was added NEt3 (15.2 ml)
dropwise at 0C over a period of 20 min. The thick
suspension was warmed to room temperature and then to
80 C for 3 h with stirring. Then, it was cooled down
to room temperature and stirred for an additional 18
h. The mixture was poured into 1.5 l crushed ice,
extracted with EtOAc (3 x 150 ml), dried (Na2SO4) and
concentrated under reduced pressure. The crude product
was filtrated over silica using DCM to obtain the
title compound as a yellow oil (19.2g, 79%). Rf
(EtOAc/Hexanes 1:1) = 0.55. 1H-NMR (500 MHz, CDCl3): d
= 8.82 (s, 1H), 7.45 (s, 1H), 3.90 (s, 3H). [00217]
Step B; 4.6-Dichloronicotinic acid: [00218] To a
solution of methyl 4,6-dichloronicotinate in a mixture
of THF (400 ml), MeOH (100 ml) and H2O ( 100 ml) was
added a solution of NaOH (10 g) in 40 ml H2O. The
mixture was stirred for 40 min. at room temp. Then,
the solvents were reduced and it was acidified with
cone. HCl to a pH of about 2. It was extracted using a
mixture of Et2O/EtOAc and the organic layer was dried
with Na2SO4. The solvents were removed and the residue
dried in vacuo to obtain the title compound as a white
solid (12.3 g, 69%). Rf (CHCl3/MeOH 10:1) = 0.85.
1H-NMR (300 MHz, DMSO-D6): d = 8.80 (s, 1H), 7.90 (s,
1H). [00219] Step C:
4-(4-Bromo-2-chlorophenylamino)-6-chloronicotinic
acid: [00220] To a solution of 2-chloro-4-bromoaniline
(6.776 g, 33.1 mmol) in 50 ml anhydrous THF was added
LHMDS (50 ml, 50 mmol, 1M/THF) over a period of 15 min
at -78 C. It was stirred for an additional 30 min.,
then a solution of 4,6-dichloronicotinic acid (3 g,
15.7 mmol) in 50 ml THF was added dropwise. After
complete addition the mixture was gradually allowed to
warm to room temperature and the reaction mixture was
stirred for an additional 12 hours. The mixture was
quenched with H2O and 1N HCl was added (pH 0-1)
followed by brine. It was extracted using THF and
dried with Na2SO4. The solvent was removed and the
solid crude product was suspended in 200 ml EtOAc. The
suspension was heated with stirring at the reflux
temperature for 5 min. It was cooled to room
temperature and the precipitate was filtered and
washed with EtOAc and dried at 50 C for 5 h in oil
pump vacuo to obtain the title compound as an
off-white solid (4.05 g, 72%). Rf (CHCl3/MeOH 10:1) =
0.3. 1H-NMR (500 MHz, DMSO-D6): d = 10.12 (s, 1H),
8.65 (s, 1H), 7.88 (s, 1H), 7.62-7.57 (dd, 1H),
7.55-7.48 (dd, 1H), 6.67 (s, 1H).[00221] Step D:
4-(4-Bromo-2-chlorophenylamino)-5,6-dichloronicotinic
acid: [00222] To a thick suspension of
4-(4-bromo-2-chlorophenylamino)-6-chloronicotinic acid
(13.25 g, 36.8 mmol) in 350 ml DMF was added NCS (4.94
g, 37 mmol) and the suspension was stirred at room
temperature for 3 days. Since the reaction did not go
to completion (NMR control), an additional 1.987 g NCS
was added and the mixture was stirred for 18 h, upon
which the reaction went to completion. The mixture was
poured into a solution of 20 g sodium metabisulfite in
H2O ( 1 1) and the thick suspension was rest for 30
min. It was filtered, and the precipitate was washed
with water, then with hexanes and it was dried in oil
pump vacuo at 50 C for 24 hours to obtain the desired
compound as a white solid (13.1 1 g, 90%). 1H-NMR (500
MHz, DMSO-D6): d = 9.90 (s, br, 1H), 8.63 (s, 1H),
7.74 (s, 1H), 7.43-7.42 (dd, 1H), 6.99-6.97 (dd, 1H).
[00223] Step E: Methyl
4-(4-bromo-2-chlorophenylamino)-5,6-dichloronicotinate
: [00224] To a suspension of
4-(4-bromo-2-chlorophenylamino)-5,6-dichloronicotinic
acid (4.3975 g, 11.2 mmol) in a mixture 70 ml MeOH and
70 ml toluene was added TMS-diazomethane (10 ml, 20
mmol, 2M/hexanes) in small portions at room
temperature. At the end of the addition the suspension
turned into a solution, and then a precipitate was
formed again. The suspension was diluted with hexanes
and filtered. And the precipitate was washed with
hexanes and dried in vacuo to obtain the title
compound 3.03 g (66%). [00225] Rf (EtOAc/Hexanes 1:3)
= 0.5. 1H-NMR (500 MHz, DMSO-D6): d =9.29 (s, 1H),
8.55 (s, 1H), 7.80-7.79 (d, 1H), 7.45-7.40 (dd, 1H),
7.05-7.03 (d, 1H), 3.65 (s, 3H). [00226] Step F:
Methyl
6-azido-4-(4-bromo-2-chlorophenylamino)-5-chloronicoti
nate:[00227] Methyl
4-(4-bromo-2-chlorophenylairiino)-5,6-dichloronicotina
te (1.690 g, 4.14 mmol) was suspended in 30 ml DMF and
the suspension was heated until everything went into
solution. It was cooled down to room temperature and
to that solution was added solid sodium azide (0.533
g, 8.2 mmol). The yellow solution was stirred for 17 h
at room temperature and was diluted with water. The
precipitate was filtered, washed with water and
hexanes and dried in oil-pump vacuo at 50 C for 2 h to
obtain the title compound as a light-brown solid
(1.5422 g, 90%). 1H-NMR (300 MHz, DMSO-D6): d = 9.85
(s, 1H), 8.90 (s, 1H), 7.80-7.79 (d, 1H), 7.46-7.40
(dd, 1H), 6.95-6.90 (d, 1H), 3.80 (s, 3H). [00228]
Step G: Methyl
6-amino-4-(4-bromo-2-chlorophenylamino)-5-chloronicoti
nate : [00229] To a suspension of methyl
6-azido-4-(4-bromo-2-chlorophenylamino)-5-chloronicoti
nate (316 mg, 0.76 mmol) in a mixture of DCM (6 ml)
and AcOH (2 ml) was added Zn dust (255 mg, 3.9 mmol)
in small portions. After complete addition it was
furthers stirred at room temperature for 30 min. Then,
the mixture was poured into EtOAc (30 ml), washed with
H2O, saturated sodium bicarbonate solution and brine.
The organic fractions were dried with Na2SO4 and the
solvents were removed and the product was dried in
oilpump vacuo (246 mg, 83%). Rf (CHC13/MeOH 30:1) =
0.3. 1H-NMR (500 MHz, DMSO-D6): d = 9.17 (s, 1H), 8.45
(s, 1H), 7.70-7.70 (d, 1H), 7.38-7.36 (dd, 1H), 7.1
(s, 1H, br), 6.68-6.67 (d, 1H), 3.76 (s, 3H). [00230]
Step H; Methyl
7-(4-bromo-2-chlorophenylamino)-8-chloroimidazo[1,2-a]
pyridine-6-carboxylate : 



[00231] To a suspension of methyl
6-amino-4-(4-bromo-2-chlorophenylamino)-5-chloronicoti
nate (966 mg, 2.48 mmol) in 13 ml DMF was added
chloroacetaldehyde (50% aq. solution, 0.32 ml, 396 mg,
2.52 mmol) and the mixture was heated in a closed
vessel to 80 C for 3 h. The dark solution was cooled
to room temperature and the DMF was removed by vacuum
distillation. The residue was dissolved in THF and
directly purified by column chromatography
(EtOAc/hexanes 10: 1 + 2% TEA) which delivered the
desired product (638 mg, 62 %). Rf (EtOAc/Hexanes
10:1) = 0.4. 1H-NMR (500 MHz, MeOH-D3): d = 9.16 (s,
1H), 7.86-7.85 (d, 1H), 7.54-7.53 (d, 1H), 7.50-7.48
(d, 1H), 7.19-7.17 (dd, 1H), 6.51-6.50 (d, 1H), 3.82
(s, 3H).[00232] Step I :
7-(4-Bromo-2-chlorophenylamino)-8-chloroimidazo[1,2-a]
pyridine-6-carboxylic acid: [00233] To a solution of
methyl
7-(4-bromo-2-chlorophenylamino)-8-chloroimidazo[1,2-a]
pyridine-6- carboxylate (366 mg, 0.81 mmol) in a
mixture of MeOH (30 ml) and THF (10 ml) was added 10
ml of 1M aq. NaOH solution and the solution was
stirred for 18 hours at room temperature. The solvents
were reduced in vacuo, and it was extracted using 1M
HCl / EtOAc / THF. The organic layers were washed with
brine and dried with Na2SO4, and the solvents were
removed in vacuo to give the crude product which was
used without further purification (200 mg, 62%).
1H-NMR (500 MHz, DMSO-D6): d = 9.33 (s, 1H), 8.1 1 (s,
1H), 7.69- 7.68 (d, 1H), 7.35-7.33 (dd, 1H), 6.67-6.65
(d, br, 1H). [00234] Step J:
3-(4-Bromo-2-chlorophenyl)-4-chloro-1H-diimidazo[1,2-a
:4'.5'-d]pyridin-2(3H)-one: [00235] To a suspension of
7-(4-bromo-2-chlorophenylamino)-8-chloroimidazo[1,2-a]
pyridine-6-carboxylic acid (152mg, 0.35 mmol) (HCl
salt) in 5 ml EtOAc was added NEt3 (0.14 ml, 102 mg, 1
mmol) and the mixture was stirred for 5 min upon the
suspension turned into a solution. The solvents were
removed in vacuo and the residue was dried in oil-pump
vacuo. This residue was suspended in 4.5 ml anhydrous
toluene and it was ultrasonicated for 1 min. DPPA (0.1
ml, 124 mg, 0.44 mmol) was added and the suspension
was heated with stirring under argon at 125 C oil bath
temperature to reflux for 5 h. The initial suspension
turns into a dark solution after about 30 min.
heating, and then a precipitate is formed after about
another 30 min. reaction time. After 5 h the reaction
mixture was cooled to room temperature and the
volatiles were removed in vacuo. To the dark residue
was washed with Et2O (ultrasonicaiion) and again dried
in oil pump vacuo. The crude product was used without
purification for the next step in the same reaction
vessel. Rf (CHCl3/MeOH 4:1) = 0.5[00236] Step K:
3-(4-bromo-2-chlorophenyl)-4-chloro-1-(cyclopropylsulf
onyl)-1H-diimidazo[1,2-a:4'.5'- d]pyridin-2(3H)-one :
To a solution of the crude product (Step J) in 3 ml
anhydrous THF was added LHMDS (0.4 ml, 0.4 mmol,
1M/THF) at 0 C and the mixture was stirred for 5 min..
The cyclopropyl sulfonamide (83 mg, 0.59 mol) was
added neat and the mixture was warmed to room
temperature and stirred for 15 h. The mixture was
quenched with brine, diluted with H2O and extracted
using a mixture of EtOAc/THF (3:1). The organic phase
was washed with brine and dried with Na2SO4.
Subsequent column chromatography (100% EtOAc) gave the
title product as a brown oil (36 mg, 20% over the 2
last steps). Rf (100% EtOAc) = 0.35. 1H-NMR (500 MHz,
MeOH-D3): d = 8.80 (s, 1H), 7.89 (s, 1H), 7.86-7.85
(d, 1H), 7.68-7.66 (dd, 1H), 7.60-7.58 (d, 1H), 7.46
(s, 1H), 1.51-1.37 (m, 2H), 1.23-1.15 (m, 2H). [00237]
Step L:
N-(7-(4-bromo-2-chlorophenylamino)-8-chloroimidazo[1,2
-a]pyridin-6- yl)cyclopropanesulfonamide : [00238] To
a solution of
N-(7-(4-bromo-2-chlorophenylamino)-8-chloroimidazo[1,2
-a]pyridin-6- yl)cyclopropanesulfonamide (25 mg, 0.05
mmol) was added solid KOTMS (21 mg, 0.16 mmol) and the
cloudy solution was stirred at 40 C for 2.5 h. It was
quenched with aqueous NH4Cl, extracted with EtOAc and
dried with Na2SO4. The crude product was purified by
column chromatography (CHCl3/MeOH 20:1) to give the
title compound as a brown paste ( 11 mg, 47%). Rf
(CHCl3/MeOH 15:1) = 0.25. 1H-NMR (500 MHz, CDCl ): =
8.46 (s, 1H), 7.70 (s, 1H), 7.66 (s, 1H), 7.56-7.55
(d, 1H), 7.18-7.16 (dd, 1H), 6.30-6.29 (d, 1H), 6.45
(s, br, 1H), 6.10 (s, br, 1H), 2.43-2.39 (m, 1H),
1.13-1.10 (m, 2H), 1.00-0.93 (m, 2H).Example 10:
N-(7-(4-bromo-2-chlorophenylamino)-8-chloroimidazo[1,2
-a]pyridin-6-yl)-1-(2-
hydroxyethyl)cyclopropane-1-sulfonamide: This compound
was synthesized from
3-(4-bromo-2-chlorophenyl)-4-chloro-1-(cyclopropylsulf
onyl)-1Hdiimidazo[ 1,2-a:4',5'-d]pyridin-2(3H)-one
(see example 9) according to example 4 (step A, B and
C). 1H NMR (400 MHz, MeOD) d ppm 0.87 - 0.98 (m, 2 H)
1.1 1 - 1.24 (m, 2 H) 1.99 - 2.13 (m, 2 H) 3.35 (s, 2
H) 3.71 (s, 3 H) 6.46 (d, J=8.71 Hz, 1H) 7.24 (d,
J=2.28 Hz, 1 H) 7.54 - 7.67 (m, 1H) 7.95 (d, J=1.45
Hz, 1H) 8.70 (s, 1 H).m/z = 519 [M-1] - . Example 11:
N-(8-chloro-7-(2-fluoro-4-iodophenylamino)i
inidazo[1,2-a]pyridin-6- yl)cyclopropanesulfonamide:
[00239] This compound is synthesized from methyl
6-amino-5-chloro-4-(2-fluoro-4-
iodophenylamino)nicotinate: (see below) according to
example 9 (step H through L). Methyl
6-amino-5-chloro-4-(2-fluoro-4-iodophenylamino)nicotin
ate: [00240] Step A:
6-Dichloro-4-(2-fluoro-4-iodophenylamino)nicotinic
acid: [00241] To a solution of 2-fluoro-4-iodoaniline
( 11.3 g, 50.3 mmol) in 85 ml anhydrous THF is added
LiHMDS (83 ml, 83 mmol, 1M/THF) over a period of 30
min at -78C. It is stirred for another 30 min, then a
solution of methyl 4,6-dichloronicotinate (step B,
example 9) (5.00 g, 26.2 mmol) in 85 ml THF is added
dropwise. After complete addition the mixture is
gradually allowed to warm to room temperature and
stirred for another 18 hrs. It is quenched with H2O,
then 1N HCl is added to (pH = 1) followed by brine. It
isextracted using THF and dried with Na2SO4. The
solvents are removed and the crude solid is suspended
in 300 ml of EtOAc. The suspension is heated with
stirring at the reflux temperature for 5 min. It is
cooled to room temperature and the precipitate is
filtered and washed with EtOAc and dried at 50C for 5
h in oil pump vacuo. [00242] Step B:
5,6-Dichloro-4-(2-fluoro-4-iodophenylaminotnicotinic
acid: [00243] This compound is synthesized from
6-dichloro-4-(2-fluoro-4-iodophenylamino)nicotinic
acid (8.1 g, 23.5 mmol) according to example 9, step
D. The title compound is obtained. 



[00244] Step C: Methyl
5,6-dichloro-4-(2-fluoro-4-iodophenylamino)nicotinate:
[00245] This compound is synthesized from
5,6-dichloro-4-(2-fluoro-4-iodophenylamino)nicotinic
acid (3.00 g, 7.64 mmol) according to example 9, step
E. [00246] Step D: Methyl
6-azido-5-chloro-4-(2-fluoro-4-iodophenylamino)nicotin
ate : [00247] This compound is synthesized from methyl
5,6-dichloro-4-(2-fluoro-4-iodophenylamino)nicotinate
(2.9 g, 6.5 mmol) according to example 9, step F.
[00248] Step E: Methyl
6-amino-5-chloro-4-(2-fluoro-4-iodophenylamino)nicotin
ate :[00249] This compound is synthesized from methyl
6-azido-5-chloro-4-(2-fluoro-4-
iodophenylamino)nicotinate (2.65 g, 5.9 mmol)
according to example 9, step G. [00250] Example 12:
N-(8-chloro-7-(2-fluoro-4-iodophenylamino)imidazo[1,2-
a]pyridin-6-yl)-1-(2-
hydroxyethyl)cyclopropane-1-sulfonamide: [00251] This
compound was synthesized according to example 4 (step
A, B and C) starting from 4-chloro-3-
(2-fluoro-4-iodophenyl)-1H-diimidazo[1,2-a:4',5'-d]pyr
idin-2(3H)-one (Example 10). m/z = 549 [M-1]-. 1H NMR
(400 MHz, MeOD) d ppm 0.85 - 0.96 (m, 2 H) 1.12 - 1.24
(m, 2 H) 2.02 (t, J=6.63 Hz, 2 H) 3.69 (t, J=6.63 Hz,
2 H) 6.43 (t, J=8.71 Hz, 1H) 7.32 (d, J=8.50 Hz, 1H)
7.47 (dd, J=10.68, 1.76 Hz, I H) 7.60 (s, 1 H) 7.93
(s, 1H) 8.65 (s, 1 H). Example 13:
N-(8-fluoro-7-(2-fluoro-4-iodophenylamino)imidazo[1,2-
a]pyridin-6- yl)cyclopropanesulfonamide: [00252] This
compound is synthesized according to example 9 (step H
through L) starting from methyl 6-
amino-5-fluoro-4-(2-fluoro-4-iodophenylamino)nicotinat
e (see below). [00253] Methyl
6-amino-5-fluoro-4-(2-fluoro-4-iodophenylamino)nicotin
ate :[00254] To a solution of methyl
6-amino-5-chloro-4-(2-fluoro-4-iodophenylamino)nicotin
ate (2.0 g, 4.74 mmol) (Example 11, step E) in a
mixture of MeOH/water (1/1) (20 ml) is added
selectfluor (1.6 g, 4.74 mmol). The mixture is stirred
at room temperature overnight, diluted with EtOAc and
washed with 0.5 N HCl and brine. The organic extracts
are dried (Na2SO4) and concentrated under reduced
pressure. The crude material was purified by HPLC
(reverse phase) to obtain the title compound. Example
14:N-(7-(2-fluoro-4-iodophenylamino)-8-methylimidazo[1
,2-a]pyridin-6- yl)cyclopropanesulfonamide: [00255]
This compound was synthesized according to example 9
(step C through L) starting from methyl 4,6-
dichloro-5-methylnicotinate (Journal of Heterocyclic
Chemistry (1999), 36(4), 953-957). m/z = 485 [M-1]-.
1H NMR (DMSO-d6,400 MHz): d 0.69 (m, 2H), 0.85 (m,
2H), 2.23 (s, 3H), 2.48 (m, 1H), 6.22 (m, 1H), 6.53
(m, 1H), 7.22 (d,1H), 7.45 (m, 1H), 7.55 (m, 2H), 8.00
(s, 1H), 8.56 (s, 1H). Example 15:
N-(7-(2-fluoro-4-iodophenylamino)-8-methylimidazo[1,2-
a]pyridin-6-yl)-1-(2-
hydroxyethyl)cyclopropane-1-sulfonamide [00256] This
compound is synthesized according to example 4 (step
A, B and C) starting from 3-(2-fluoro-4-
iodophenyl)-4-methyl-1H-diimidazo[1,2-a:4',5'-d]pyridi
n-2(3H)-one.Example 16:
1-(2,3-dihydroxypropyl)-N-(7-(2-fluoro-4-iodophenylami
no)-8-methylimidazo[1,2-a]pyridin-
6-yl)cyclopropane-1-sulfonamide [002571 This compound
was synthesized according to example 5 (step A, B and
C) starting from 3-(2-fluoro-
4-iodophenyl)-4-methyl-1H-diimidazo[1,2-a:4',5'-d]pyri
din-2(3H)-one. m/z = 559 [M-1]-. 1H NMR (DMSOd6,400
MHz): d 0.97 (m, 4H), 1.60 (m, 1H), 2.08 (m, 1H), 2.24
(s, 3H), 3.28 (m, 2H), 3.54 (m, 1H), 4.53 (m, 2H),
6.16 (m, 1H), 7.24 (m, 1H), 7.38 (s,1H), 7.54 (s, 2H),
7.97 (s, 1H), 8.57 (s, 1H), 9.34 (s, 1H). Example 17:
N-(7-(4-bromo-2-chlorophenylamino)-8-methylimidazo|1,2
-alpyridin-6- yl)cyclopropanesulfonamide [00258] This
compound was synthesized according to example 9 (step
C through L) starting from methyl 4,6-
dichloro-5-methylnicotinate (Journal of Heterocyclic
Chemistry (1999), 36(4), 953-957) m/z = 454 [M-1]-. 1H
NMR (DMSO-d6,400 MHz): d 0.78 (m, 2H), 0.86 (m, 2H),
2.22 (s, 3H), 6.29 (d, J =8 Hz, 1H), 7.22 (d, J = 8
Hz, 1H), 7.31 (s, 1H), 7.56 (s, 1H), 7.64 (s, 1H),
8.01 (s, 1H), 8.60 (s, 1H), 9.34 (s, 1H). Example 18:
N-(7-(4-bromo-2-chlorophenylamino)-8-methylimidazo[1,2
-a]pyridin-6-yl)-1-(2-
hydroxyethyl)cyclopropane-1-sulfonamide[00259] This
compound was synthesized according to example 4 (step
A, B and C) starting from 3-(4-bromo-
2-chlorophenyl)-4-methyl-1H-diimidazo[1,2-a:4',5'-d]py
ridin-2(3H)-one. m/z =499 [M-1]-. 1H NMR (DMSO-d6 ,400
MHz): d 0.88 (m, 4H), 1.94 (m, 2H), 2.24 (s, 3H), 3.48
(m, 2H), 4.54 (m, 1H), 6.30 (d, J =8 Hz, 1H), 7.29 (d,
J = 8 Hz, 1H), 7.37 (s, 1H), 7.59 (s, 1H), 8.03 (s,
1H), 8.61 (s, 1H), 9.35 (s, 1H). Example 19:
N-(8-chloro-7-(2-fluoro-4-iodophenylainino)-3-methyl-[
1,2,4]diazole[4,3-a]pyridin-6-
yl)cyclopropanesulfonamide: [00260] Step A:
5-chloro-4-(2-fluoro-4-iodophenylamino)hydrazinylnicot
inic acid : [002611 Hydrazine monohydrate (0.2 ml,
4.12 mmol) is added to a solution of methyl
6-amino-5-chloro-4-(2-
fluoro-4-iodophenylamino)nicotinate (example 10, step
A, B and C) (2 g, 4.5 mmol) in N,Ndimethylacetamide
(2.00 ml). After stirring at 90C for Ih, the reaction
mixture is cooled to room temperature and diluted with
EtOAc. The organic layer is washed with H2O, brine,
dried with Na2SO4 and concentrated under reduced
pressure. The crude material is washed with DCM to
obtain the title material. [00262] Step B:
8-Chloro-7-(2-fluoro-4-iodophenylamino)-3-methyl-[1,2,
4]triazolo[4,3-a]p gridine-6- carboxylic acid: [00263]
Acetic anhydride (0.95 mmol) is added to a solution of
5-chloro-4-(2-fluoro-4-iodophenylamino)-6-
hydrazinylnicotinic acid (0.4 g, 0.95 mmol) and
triethylamine (1.9 mmol) in DCM (10 ml) at 0 C. The
reaction mixture is warmed to room temperature,
stirred for an additional 10 min and POCl3 (0.95 mmol)
is added. After stirring overnight at room temperature
the mixture is refluxed for 3 days. It was diluted
with EtOAc and NaHCO3 and stirred for 20 min. The
organic layer is washed with H2O, brine, dried with
Na2SO4 and concentrated under reduced pressure. The
crude product is purified by column
chromatography.[00264] Step C:
9-chloro-8-(2-fluoro-4-iodophenyl)-3-methyl-6H-imidazo
[4,5-d][1,2,4]triazolo[4,3- a]pyridin-7(8H)-one: 



[00265] Synthesize according to example 3, step H from
9-chloro-8-(2-fluoro-4-iodophenyl)-3-methyl-6Himidazo[
4,5-d][1,2,4]triazolo[4,3-a]pyridin-7(8H)-one (0.34,
0.76 mmol) to afford the title compound. [00266]
StepD:
9-chloro-6-(cyclopropylsulfonyl)-8-(2-fluoro-4-iodophe
nyl)-3-methyl-6H-imidazo[4,5-
d][1,2,4]triazolo[4,3-a]pyridin-7(8H)-one : [00267]
Synthesize according to example 3, step I from
9-chloro-8-(2-fluoro-4-iodophenyl)-3-methyl-6Himidazo[
4,5-d][1,2,4]triazolo[4,3-a]pyridin-7(8H)-one (100 mg,
0.22 mmol) to afford the title compound. [00268] Step
E:
N-(8-chloro-7-(2-fluoro-4-iodophenylamino)-3-methyl-[1
,2,4]triazolo[4,3-a]pyridin-6-
yl)cyclopropanesulfonamide: [00269] Synthesize
according to example 3, step J from
9-chloro-6-(cyclopropylsulfonyl)-8-(2-fluoro-4-
iodophenyl)-3-methyl-6H-imidazo[4,5-d][1,2,4]triazolo[
4,3-a]pyridin-7(8H)-one (98 mg, 018 mmol) to afford
the title compound.Example 20:
N-(8-chloro-7-(2-fluoro-4-iodophenylamino)-3-methyl-[1
,2,4]triazolo[4,3-a]pyridin-6-yl)-1-
(2-hydroxyethyI)cyclopropane-1-sulfonamide: [00270]
Synthesize according to example 4, step A, B and C
from 9-chloro-8-(2-fluoro-4-iodophenyl)-3-
methyl-6H-imidazo[4,5-d][1,2,4]triazolo[4,3-a]pyridin-
7(8H)-one to afford the title compound. [00271]
Example 21:
N-(7-chloro-6-(2-fluoro-4-iodophenylamino)-3-methyl-3a
,7a-dihydro-3Himidazo[
4,5-b]pyridin-5-yl)cyclopropanesulfonamide: [00272]
Step A:
7-Chloro-6-(2-fluoro-4-iodophenylamino)-3-methyl-3H-im
idazo[4,5-b]pyridine-5- carboxylic acid : [00273] To a
solution of 2-fluoro-4-iodo-aniline (2.9 g, 22.1 mmol)
in THF (20 ml) at -78 C is added LiHMDS (33.3 ml, 1M
in THF, 33.3 mmol) dropwise. The reaction mixture is
stirred for 10 min and a solution of
6-bromo-7-chloro-3-methyl-3H-imidazo[4,5-b]pyridine-5-
carboxylic acid (WO 2005/05 1906) (5.63g, 10.1 mmol)
in THF (30 ml) is added to the mixture. The reaction
is slowly warmed to room temperature and stirred at
this temperature for 16 h. The mixture is
concentrated, quenched with 10% HCl solution (70 ml),
and extracted with EtOAc (2 x 200 ml). The combined
organic solution is dried over MgSO4 and concentrated
to dryness. Purification by trituration with boiling
CH2Cl2 gives the title compound. [00274] Step B:
8-Chloro-1-(2-fluoro-4-iodophenyl)-5-methyl-3,5-dihydr
odiimidazo[4,5-b:4',5'-e]pyridin- 2(1H)-one:[00275] To
a suspension of
7-chloro-6-(2-fluoro-4-iodophenylamino)-3-methyl-3H-im
idazo[4,5-b]pyridine- 5-carboxylic acid (2.75 g, 6.16
mmol) in toluene (80 ml) is added triethylamine (2.57
ml, 18.5 mmol) and diphenylphosphoryl azide (1.56 ml,
7.7 mmol). The reaction is heated at reflux for 4 h.
The mixture is cooled to room temperature and
concentrated to dryness. Silica gel chromatography
yields the title compound. 100276] Step C:
8-Chloro-3-(cyclopropylsulfonyl)-1-(2-fluoro-4-iodophe
nyl)-5-methyl-3,4a,5,7atetrahydrodiimidazo[
4,5-b:4',5'-e]pyridin-2(1H)-one : [00277] To a
solution of
8-chloro-1-(2-fluoro-4-iodophenyl)-5-methyl-3,5-dihydr
odiimidazo[4,5-b:4',5'- e]pyridin-2(1H)-one (200 mg,
0.36 mmol) in THF (6 ml) at -78 C is added LiHMDS
(0.54 ml, 1M in THF, 0.54 mmol). The reaction mixture
is stirred at -78 C for 10 min and cyclopropylsulfonyl
chloride (100 mg, 0.72 mmol) is added to the mixture.
The reaction is slowly warmed to room temperature and
stirred at the temperature for 3 h. The reaction is
quenched with saturated aqueous NH4Cl solution (10 ml)
and extracted with EtOAc (2 x 10 ml). The combined
organic solution is washed with brine (10 ml), dried
over MgSO4 and concentrated. Silica gel chromatography
yields the title compound. [00278] SteD D:
N-(7-Chloro-6-(2-fluoro-4-iodophenylamino)-3-methyl-3a
,7a-dihydro-3H-imidazo[4,5-
b]pyridin-5-yl)cyclopropanesulfonamide : [00279] To a
solution of 8-chloro-3-(cyclopropylsulfonyl)-l
-(2-fluoro-4-iodophenyl)-5-methyl-3,4a,5,7atetrahydrod
iimidazo[ 4,5-b:4',5'-e]pyridin-2(1H)-one (79 mg,
0.144 mmol) in THF (5 ml) is added potassium
trimethylsilanolate (55 mg, 0.43 mmol). The reaction
is stirred at room temperature for 16 h, quenched with
saturated aqueous NH4Cl solution (10 ml) and extracted
with EtOAc (2 x 10 ml). The combined organic solution
is washed with brine (10 ml), dried over MgSO4 and
concentrated. Silica gel chromatography yields the
title compound.Example 22:
N-(7-chloro-6-(2-fluoro-4-ioclophenylamino)-3-methyl-3
a,7a-dihydro-3H-imidazo[4,5-
b]pyridin-5-yl)-1-(2-hydroxyethyl)cyclopropane-1-sulfo
namide: [00280] Step A:
3-(1-(2-(Tert-butyldimethylsilyloxy)ethyl)cyclopropyls
ulfonyl)-8-chloro-1-(2-fluoro-4-
iodophenyl)-5-methyl-3,4a,5,7a-tetrahydrodiimidazo[4,5
-b:4',5'-e]pyridin-2(1H)-one : [00281 ] To a solution
of
8-chloro-1-(2-fluoro-4-iodophenyl)-5-methyl-3,5-dihydr
odiimidazo[4,5-b:4',5'- e]pyridin-2(1H)-one (example
16, step B) (150 mg, 0.35 mmol) in THF (5 ml) at -78 C
is added LiHMDS (0.39 ml, 1M in THF, 0.39 mmol). The
reaction mixture is stirred at -78 C for 30 min and
1-(2-(tertbutyldimethylsilyloxy)
ethyl)cyclopropane-1-sulfonyl chloride (144 mg, 0.48
mmol) is added to the mixture. The reaction is slowly
warmed to room temperature and stirred at the
temperature for 16 h. The reaction is quenched with
saturated aqueous NH4Cl solution (20 ml) and extracted
with EtOAc (2 x 30 ml). The combined organic solution
is washed with brine (30 ml), dried over MgSO4 and
concentrated. Silica gel chromatography yields the
desired product. [00282 ] Step B:
1-(2-(Tert-butyldimethylsilyloxy)ethyl)-N-(7-chloro-6-
(2-fluoro-4-iodophenylamino)-3-
methyl-3a,7a-dihydro-3H-imidazo[4,5-b]pyridin-5-yl)cyc
lopropane-1-sulfonamide : [00283] To a solution of
3-(1-(2-(tert-butyldimethylsilyloxy)ethyl)cyclopropyls
ulfonyl)-8-chloro-1-(2-fluoro-
4-iodophenyl)-5-methyl-3,4a,5,7a-tetrahydrodiimidazo[4
,5-b:4',5'-e]pyridin-2(1H)-one (86 mg, 0.124 mmol) in
THF (5 ml) is added potassium trimethylsilanolate (80
mg, 0.62 mmol). The resulting solution is stirred at
room temperature for 24 h. The reaction is quenched
with saturated aqueous NH4Cl solution (10 ml) and
extracted with EtOAc (2 x 10 ml). The combined organic
solution is washed with brine (10 ml), dried over
MgSO4 and concentrated. Silica gel chromatography
yields the desired product.[00284] Step C:
N-(7-chloro-6-(2-fluoro-4-iodophenylamino)-3-methyl-3a
,7a-dihydro-3H-imidazo[4,5-
b]pyridin-5-yl)-1-(2-hydroxyethyllcycIopropane-1-sulfo
namide : 



[00285] To a solution of
1-(2-(tert-butyldimethylsilyloxy)ethyl)-N-(7-chloro-6-
(2-fluoro-4-
iodophenylamino)-3-methyl-3a,7a-dihydro-3H-imidazo[4,5
-b]pyridin-5-yl)cyclopropane-1-sulfonamide(40 mg,
0.060 mmol) in THF (2 ml) is added HCl (0.20 ml, 1.2 N
in H2O, 0.24 mmol). After stirring for 1 h, the
reaction is quenched with saturated aqueous NaHCO3
solution (3 ml) and extracted with EtOAc (2 x 10 ml).
The combined organic solution is dried over Na2SO4 and
concentrated. Silica gel chromatography yields the
title compound. Example 23:
N-(7-(4-bromo-2-nuorophenylamino)imidazo[1,2-b]pyridaz
in-6- yl)cyclopropanesulfonamide: [00286] Step A:
Preparation of 4,6-dichloro-pyridazine-3-carboxylic
acid: [00287] To a solution of methyl
4,6-dichloro-pyridazine-3-carboxylate (6.01 g, 29.03
mmol, WO 2004/031 174) in THF (29 ml) at 0 C is added
29 ml of aqueous 1.0 M LiOH with stirring. The
resulted mixture is stirred continuously at 0 C for 40
min and monitored by TLC. The reaction mixture is
diluted with water, and acidified to pH 1-2 with
aqueous 1.0 M HCl. The crude product is suspended
between the organic and aqueous layers. After
filtration and washed with water and hexane, and dried
under vacuum, the product is obtained.[00288] Step B:
4-(4-Bromo-2-fluoro-phenylamino)-6-chloro-pyridazine-3
-carboxylic acid: [00289] To the stirred solution of
4-bromo-2-fluorophenylamine (3.15 g, 16.58 mmol) in
THF (50 ml) under argon at -78 C is added dropwise
LiHMDS (24.9 ml, 24.9 mmol, 1.0 M in hexane). After
stirring for one hour at -78 C, a solution of
4,6-dichloropyridazine-3-carboxylic acid ( 1.6 g, 8.29
mmol) in THF (10 ml) is added dropwise. The resulting
mixture is allowed to warm to room temperature slowly
and was stirred continuously for 18 hours. The
reaction is quenched by addition of 5 ml of water,
diluted with ethyl acetate, acidified with aqueous 1.0
M HCl to pH 1-2. The layers are separated and aqueous
layer is extracted with ethyl acetate (30 ml x 3). The
combined organic layers are washed with brine (30 ml x
3), dried over Na SO4, and concentrated under reduced
pressure. The residue is purified by flash column
chromatography to give the product. [00290] Step C:
4-(4-Bromo-2-fluoro-phenylamino)-6-chloro-pyridazine-3
-carboxylic acid tert-butyl ester: [00291] To the
stirred solution of
4-(4-bromo-2-fluoro-phenylamino)-6-chIoro-pyridazine-3
-carboxylic acid (516 gm, 1.49 mmol) in THF (10 ml)
under argon at room temperature is added a solution of
2-tert-butyl-1,3- diisopropylisourea (1.49 g, 7.45
mmol) in THF (1.0 ml). The resulted mixture is
refluxed for 6 hours. The reaction mixture is then
cooled to room temperature and diluted with ethyl
acetate. The organic layer is washed with 10% K2CO3
(20 ml x 2) and saturated NaCl (30 ml x 3), dried over
Na2SO4 and concentrated in vacuum. The residue is
dissolved in 30 ml of dichloromethane and the
resulting white solid (urea byproduct) is filtered
out. The filtrate is concentrated under reduced
pressure. The residue is purified by flash column
chromatography to provide the desired product. [00292]
Step D:
6-Azido-4-(4-Bromo-2-fluoro-phenylamino)-pyridazine-3-
carboxylic acid tert-butyl ester:(00293] To a solution
of
4-(4-bromo-2-fluoro-phenylamino)-6-chloro-pyridazine-3
-carboxylic acid tert-butyl ester (300 mg, 0.74 mmol)
in DMF (5 ml) under argon at room temperature is added
sodium azide (96 mg, 1.48 mmol) with stirring. The
reaction mixture is stirred at 50 C for 6 hours. After
cooling to room temperature, the reaction mixture is
diluted with ethyl acetate and washed with water,
saturated NaHCO3 (20 ml x 3) and saturated NaCl (30 ml
x 3). The organic layer is dried over Na2SO4 and
concentrated. The residue is purified by flash column
chromatography to provide the desired product. [00294]
Step E:
6-Amino-4-(4-Bromo-2-fluoro-phenylamino)-6-chloro-pyri
dazine-3-carboxylic acid tertbutyl ester : [00295] To
the stirred solution of
6-azido-4-(4-bromo-2-fluoro-phenylamino)-6-chloro-pyri
dazine-3- carboxylic acid tert-butyl ester (122 mg,
0.30 mmol) in 5 ml of mixed solvents (3 : 1 v/v,
dichloromethane / acetic acid) is added zinc powder
(98 mg, 1.5 mmol) at room temperature. After three
hours, the reaction mixture is poured into ethyl
acetate (50 ml). The organic layer is washed with
water, saturated NaHCO3 (30 ml x 3) and saturated NaCl
(30 ml x 3). The organic layer is dried over Na2SO4,
and concentrated. The residue is purified by flash
column chromatography to provide the desired product.
[00296] Step F:
7-(4-Bromo-2-fluoro-phenylamino)-imidazo[1,2-b]pyridaz
ine-6-carboxylic acid: [00297] To a suspended solution
of
6-amino-4-(4-bromo-2-fluoro-phenylamino)-6-chloro-pyri
dazine-3- carboxylic acid tert-butyl ester (61 mg,
0.16 mmol) in ethanol (5 ml) in a bomb reactor is
added at room temperature chloroacetaldehyde (0.12 ml
of 50% aqueous solution, 5.0 equivalents). The
reaction mixture is sealed and stirred at 80 C for two
days, and then cooled to room temperature. The solvent
is removed, and the residue is diluted with ethyl
acetate (20 ml). The organic layer is washed with
saturated NaCl (20 ml x 3), dried over Na2SO4, and
concentrated. The residue is purified by flash column
chromatography to provide the desired product.[00298]
Step G:
1-(4-Bromo-2-fluoro-phenyl)-1H,3H-1,3,4,4a,7-pentaaza-
s-indacen-2-one: [00299] Synthesize according to
example 21, step B from
7-(4-bromo-2-fluoro-phenylamino)-imidazo[1,2-
b]pyridazine-6-carboxylic acid to afford the title
compound. [00300] Step H:
1-(4-Bromo-2-fluoro-phenyl)-3-(butane-2-sulfonyl)-1H,3
H-1,3,4,4a,7-pentaaza-s-indacen- 2-one: [00301]
Synthesize according to example 21, step C from
1-(4-bromo-2-fluoro-phenyl)-1H,3H-1,3,4,4a,7-
pentaaza-s-indacen-2-one to afford the title compound.
[00302] Step I : Cyclopropanesulfonic acid
[7-(4-bromo-2-fluoro-phenylamino)-imidazo[1,2-b]pyrida
zin-6- yl]-amide: [00303] Synthesize according to
example 4, step D from
1-(4-bromo-2-fluoro-phenyl)-3-(butane-2-sulfonyl)-
1H,3H-1,3,4,4a,7-pentaaza-s-indacen-2-one to afford
the title compound.Example 24:
N-(7-(4-bromo-2-fluorophenylamino)imidazo[1,2-b]pyrida
zin-6-yl)-1-(2-
hydroxyethyl)cyclopropane-1-sulfonamide: [00304]
Synthesize according to example 22, step A, B and C
from 1-(4-bromo-2-fluoro-phenyl)-1H,3H- 



1,3,4,4a,7-pentaaza-s-indacen-2-one to afford the
title compound. Example 25:
N-(7-fluoro-6-(2-fluoro-4-iodophenylamino)pyrazolo[1,5
-a]pyrimidin-5- yl)cyclopropanesulfonamide: [00305]
This compound is synthesized according to example 21
(step A through D) starting from 6-chloro-7-
fluoropyrazo]o[1,5-a]pyrimidine-5-carboxylic acid (WO
2005/051906). Example 26:
N-(7-fluoro-6-(2-fluoro-4-iodophenylamino)pyrazolo[1,5
-a]pyrimidin-5-yl)-1-(2-
hydroxyethyl)cyclopropane-1-sulfonamide: [00306] This
compound is synthesized according to example 22 (step
A through C) starting from 3-
(cyclopropylsulfonyl)-9-fluoro-1-(2-fluoro-4-iodopheny
l)-1H-pyrazolo[1,5-a]purin-2(3H)-one (example
25).Example 27:
N-(6-(4-bromo-2-fluorophenylamino)-7-fluoro-3-methylis
oxazolo[4,5-b]pyridin-5- yl)cyclopropanesulfonamide:
[00307] This compound is synthesized according to
example 4 (step B through D) starting from 6-(4-bromo-
2-fluorophenylamino)-7-fluoro-3-methylisoxazolo[4,5-b]
pyridine-5-carboxylic acid (WO 2005/051906). [00308]
Example 28:
N-(6-(4-bromo-2-fluorophenylamino)-7-fluoro-3-methylis
oxazolo|4,5-b|pyridin-5-
yl)-1-(2-hydroxyethyl)cyclopropane-1-sulfonamide: This
compound is synthesized according to example 4 (step A
through C) starting from 7-(4-bromo-2-
fluorophenyl)-8-fluoro-3-methyl-5H-imidazo[4,5-e]isoxa
zolo[4,5-b]pyridin-6(7H)-one (example 27). Example 29:
N-(6-(2-fluoro-4-iodophenylamino)-7-fluoro-2,3-dimethy
l-2H-indazol-5- yl)cyclopropanesulfonamide: [00309]
Step A:
7-fluoro-6-(2-fluoro-phenylamino)-3-methyl-2H-indazole
-5-carboxylic acid methyl ester: [00310] To a solution
of methyl
5-acetyl-2-(2-fluorophenylamino)-3,4-difluorobenzoate
(500 mg, 1.55 mmol, from step D in example 3) in DMF
(10 ml) was added hydrazine (0.06 mL, 1.85 mmol).
After stirring at room temperature for 16 h, the
reaction was quenched with NH4Cl solution and
extracted with EtOAc. The organiclayer was dried
(MgSO4) and concentrated under reduced pressure to
afford 740 mg (75%) of the title compound. [00311]
Step B:
7-fluoro-6-(2-fluoro-phenylamino)-2,3-dimethyl-2H-inda
zole-5-carboxylic acid methyl [00312] To a solution of
7-fluoro-6-(2-tluoro-phenylamino)-3-methyl-2H-indazole
-5-carboxylic acid methyl ester (146 mg, 0.46 mmol) in
DMF (5 ml) were added potassium carbonate (95 mg, 069
mmol) and iodomethane (0.034 mL, 0.55 mmol). The
reaction was stirred at room temp overnight, diluted
with EtOAc and washed with H2O. The organic fraction
was dried over MgSO4 and concentrated under reduced
pressure. Silica gel chromatography (EtOAcrHexanes =
75:25) yielded 40 mg (26%) of the title compound and 8
1 mg (53%) of
7-fluoro-6-(2-fluoro-phenylamino)-1,3-dimethyl-1H-inda
zole-5-carboxylic acid methyl ester. [00313] Step C:
7-fluoro-6-(2-fluoro-4-iodophenylamino)-2,3-dimethyl-2
H-indazole-5-carboxylic acid methyl ester; [00314] To
a solution of
7-fluoro-6-(2-fluoro-phenylamino)-2,3-dimethyl-2H-inda
zole-5-carboxylic acid methyl ester (141 mg, 0.43
mmol) in DMF (5 ml) were added NIS (144 mg, 0.64 mmol)
and TFA (0.20 mL), and the reaction was stirred at
room temp for 4 h. The crude was diluted with EtOAc
and washed with H2O. The organic fraction is dried
over MgSO4 and concentrated under reduced pressure.
Silica gel chromatography (EtOAc:Hexanes = 75:25)
yielded 137 mg (70%) of the title compound as a yellow
solid. [00315] Step D:
7-fluoro-6-(2-fluoro-4-iodophenylamino)-2,3-dimethyl-2
H-indazole-5-carboxylic acid:[00316] To a solution of
7-fluoro-6-(2-fluoro-4-iodophenylamino)-2,3-dimethyl-2
H-indazole-5-carboxylic acid methyl ester (137 mg,
0.30 mmol) in a mixture of THF (10 ml) and H2O (5 ml)
was added a solution of LiOH ( 1.50 mL, 1M in H O,
1.50 mmol). After stirring at room temperature for 4
h, the reaction was concentrated, acidified with 1M
HCl solution, and extracted with EtOAc (2 x 20 ml).
The organic solution was dried over MgSO4 and
concentrated to give 126 mg (96%) the title compound
as an orange solid. [00317] Step E;
8-fluoro-7-(2-fluoro-4-iodophenyl)-2,3-dimethyl-2,7-di
hydro-5H-imidazo[4,5-f]indazol-6- one: [00318] To a
suspension of
7-fluoro-6-(2-fluoro-4-iodophenylamino)-2,3-dimethyl-2
H-indazole-5-carboxylic acid (126 mg, 0.29 mmol) in
toluene (10 ml) was added triethylamine (0.13 ml, 0.90
mmol) and diphenylphosphoryl azide (0.081 ml, 0.38
mmol). The reaction was heated at reflux for 4 h. The
mixture was cooled to room temperature and
concentrated to dryness. Silica gel chromatography
(EtOAc:Hexane = 75:25) yields 5 1mg (39%) of the title
compound as a light yellow solid. [00319] Step F:
5-cyclopropanesulfonyl-8-fluoro-7-(2-fluoro-4-iodophen
yl)-2,3-dimethyl-2,7-dihydro-5Himidazo[
4,5-f]indazol-6-one: [00320] To a solution of
8-fluoro-7-(2-fluoro-4-iodophenyl)-2,3-dimethyl-2,7-di
hydro-5H-imidazo[4,5- f]indazol-6-one (34 mg, 0.077
mmol) in THF (5 ml) at -78 C was added LiHMDS (0. 12
ml, 1M in THF, 0.12mmol). The reaction mixture was
stirred at -78 C for 10 min and cyclopropylsulfonyl
chloride (22 mg, 0.15mmol) was added to the mixture.
The reaction was slowly warmed to room temperature and
stirred at the temperature for 16 h. The reaction was
quenched with saturated aqueous NH4Cl solution (10 ml)
and extracted with EtOAc (2 x 10 ml). The combined
organic solution was washed with brine (20 ml), dried
over MgSO4 and concentrated. Silica gel chromatography
(EtOAc:Hexanes = 25:75) yields 24 mg (57%) of the
title compound as a yellow solid.[00321] Step G:
N-(6-(2-fluoro-4-iodophenylaimno)-7-fluoro-2,3-dimethy
l-2H-indazol-5- yl)cyclopropanesulfonamide : [00322]
To a solution of
5-cyclopropanesulfonyl-8-fluoro-7-(2-fluoro-4-iodophen
yl)-2,3-dimethyl-2,7-
dihydro-5H-imidazo[4,5-f]indazol-6-one (24 mg, 0.044
mmol) in THF (3 ml) was added potassium
trimethylsilanolate ( 11 mg, 0.088 mmol). The reaction
was stirred at room temperature for 5 h, quenched with
saturated aqueous NH4Cl solution (5 ml), and extracted
with EtOAc (2x 10 ml). The combined organic solution
was washed with brine (15 ml), dried over MgSO4, and
concentrated. Silica gel chromatography (EtOAc:Hexanes
= 50:50) yielded 19 mg (83%) of the title compound m/z
= 517 [M-1]-. 1H NMR (DMSOd6 400 MHz): d 0.78 (m, 4H),
2.48 (m, 1H), 2.68 (s, 3H), 4.13 (s, 3H), 6.38 (m,
1H), 7.32 (d, J = 8 Hz, 1H), 



7.41 (s, 1H), 7.59 (m, 2H), 9.23 (s, 1H). Example 30:
N-(6-(2-fluoro-4-iodophenylamino)-7-fluoro-1,3-dimethy
l-1H-indazol-5- yl)cyclopropanesutfonamide: [00323]
This compound was synthesized according to example 29
(step C through G) starting from 7-fluoro-
6-(2-fluoro-phenylamino)-1,3-dimethyl-1H-indazole-5-ca
rboxylic acid methyl ester (step B, example 29). m/z =
517 [M-1]-. 1H NMR (DMSO-d6,400 MHz): d 0.71 (m, 2H),
0.79 (m, 2H), 2.49 (m, 1H), 2.47 (s, 3H), 4.05 (s,
3H), 6.49 (m, 1H), 7.26 (d, J = 8 Hz, 1H), 7.48 (s,
1H), 7.55 (s, 1H), 7.57 (s, 1H), 9.26 (s, 1H)Example
31:
N-(6-(2-fluoro-4-iodophenylamino)-7-fluoro-2,3-dimethy
l-2H-indazol-5-yl)-1-{2-
hydroxyethyl)cyclopropane-1-sulfonamide: [00324] This
compound is synthesized according to example 4 (step A
through C) starting from 8-fluoro-7-
(2-fluoro-4-iodophenyl)-2,3-dimethyl-2,7-dihydro-5H-im
idazo[4,5-f]indazol-6-one (example 29). [00325]
Example 32:
N-(7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methyliso
xazolo[4,3-b]pyridin-5- yl)cyclopropanesulfonamide:
[00326] Step A: Methyl
7-fluoro-6-(2-fluorophenylamino)-3-methylisoxazolo[4,3
-b1pyridine-5-carboxylate: [00327] To a solution of
methyl
6-acetyl-5-chloro-4-fluoro-3-(2-fluorophenylamino)pico
linate (WO 2005/051906) (2 g, 5 mmole) in a mixture of
acetone (36 ml) and H2O (12 ml) is added NaN3 (487 mg,
7.5 mmol). The reaction is heated at 65 C for 16 h and
cooled to room temperature. Acetone is concentrated
and the resulting mixture is extracted with EtOAc (2 x
50 ml). The combined organic solution is washed with
brine (50 ml), dried over MgSO4 and concentrated to
give a yellow solid. To the solid is added H2O (24 ml)
and the reaction is heated at reflux for 3 h. The
reaction is cooled to room temperature, filtered, and
washed with H2O. The resulting solid is dried under
high vacuum with P2O5 at 65C for 24 h to give the
title compound. [00328] Step B: Methyl
7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylisoxaz
olo[4,3-b]pyridine-5- carboxylate: [00329] To a
suspension of methyl
7-fluoro-6-(2-fluorophenylamino)-3-methylisoxazolo[4,3
-b]pyridine-5- carboxylate (1.35 g, 4.25 mmol) in DMF
(40 ml) is added N-iodosuccinimide (1.43 g, 6.37 mmol)
and TFA(2.5 ml). After stirring at room temperature
for 4 h, the reaction is quenched with saturated
aqueous NH4Cl solution (100 ml) and extracted with
EtOAc (2 x 100 ml). The combined organic solution is
washed with brine (100 ml), dried over MgSO 4 and
concentrated. Silica gel chromatography yields the
title compound. [00330] Step C:
7-Fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylisoxaz
olo[4,3-b]pyridine-5-carboxylic acid: [00331 ] To a
solution of methyl
7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylisoxaz
olo[4,3-b]pyridine- 5-carboxylate (250 mg, 0.56 mmol)
in a mixture of THF (10 ml) and H2O (5 ml) is added a
solution of LiOH (67 mg, 2.8 mmol) in H2O (2.4 ml).
After stirring at room temperature for 4 h, the
reaction is concentrated, acidified with 1M HCl
solution, and extracted with EtOAc (2 x 20 ml). The
organic solution is dried over MgSO 4 and concentrated
to give the title compound. [00332] StepD:
8-Fluoro-7-(2-fluoro-4-iodophenyl)-3-methyl-5H-imidazo
[4,5-blisoxazolor3,4-e]pyridin- 6(7H)-one: [00333] To
a suspension of
7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methylisoxaz
olo[4,3-b]pyridine-5- carboxylic acid (241 mg, 0.56
mmol) in toluene (10 ml) is added triethylamine (0.23
ml, 1.68 mmol) and diphenylphosphoryl azide (0.26 ml,
1.21 mmol). The reaction is heated at reflux for 4 h.
The mixture is cooled to room temperature and
concentrated to dryness. Silica gel chromatography
yields the title compound. [00334] StepE;
5-(Cyclopropylsulfonyl)-8-fluoro-7-(2-fluoro-4-iodophe
nyl)-3-methyl-5H-imidazo[4,5-
blisoxazolo[3,4-e]pyridin-6(7H)-one :[00335] To a
solution of
8-fluoro-7-(2-fluoro-4-iodophenyl)-3-methyl-5H-imidazo
[4,5-b]isoxazolo[3,4- e]pyridin-6(7H)-one (143 mg,
0.33 mmol) in THF (10 ml) at -78 C is added LiHMDS
(0.38 ml, 1M in THF, 0.38 mmol). The reaction mixture
is stirred at -78 C for 10 min and cyclopropylsulfonyl
chloride (69 mg, 0.50 mmol) is added to the mixture.
The reaction is slowly warmed to room temperature and
stirred at the temperature for 16 h. The reaction is
quenched with saturated aqueous NH4Cl solution (20 ml)
and extracted with EtOAc (2 x 20 ml). The combined
organic solution is washed with brine (20 ml), dried
over MgSO4 and concentrated. Silica gel chromatography
yields the title compound. [00336] StepF;
N-(7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methyliso
xazolo[4,3-b]pyridin-5- yl)cyclopropanesulfonamide :
[00337] To a solution of
3-(cyclopropanesulfonyl)-8-fluoro-1-(2-fluoro-4-iodoph
enyl)-5- methylbenzimidazolo[6,5-d][c]isoxazole (131
mg, 0.25 mmol) in THF (15 ml) is added potassium
trimethylsilanolate (95 mg, 0.75 mmol). The reaction
is stirred at room temperature for 16 h, quenched with
saturated aqueous NH4Cl solution (20 ml), and
extracted with EtOAc (2 x 30 ml). The combined organic
solution is washed with brine (30 ml), dried over
MgSO4, and concentrated. Silica gel chromatography
yields the title compound. [00338] Example 33:
N-(7-fluoro-6-(2-fluoro-4-iodophenylamino)-3-methyliso
xazoIo[4,3-b]pyridin-5-
yl)-1-(2-hydroxyethyI)cyclopropane-1-sulfonamide:
[00339] This compound is synthesized according to
example 4 (step A through C) starting from 8-fluoro-7-
(2-fluoro-4-iodophenyl)-3-methyl-5H-imidazo[4,5-b]isox
azolo[3,4-e]pyridin-6(7H)-one (example 32).[00340]
Example 34:
N-(7-(2-fluoro-4-iodophenylamino)-8-fluoro-4-methylqui
nazolin-6- yl)cyclopropanesulfonamide : [00341] Step
A: 5-Bromo-2,3,4-trifluorobenzoic acid: [00342] To a
solution of iPr2NH (56.8 mmol, 8ml) in THF (50 ml) at
-78 Cwas added dropwise a solution of nBuLi (1.6M in
hexane, 56.8 ml, 35.5 mmol ). The dry ice bath was
removed and the mixture was stirred at 0 C for ~ 15
min. The mixture is transferred via cannula to a
solution of 1-bromo-2,3,4-trifluorobenzene (47.4 mmol,
10 g) in THF (50 ml) cooled at -78 C. The orange
solution was stirred at -78 C for 1 h, then
transferred, via cannula, to freshly grinded dry CO2.
The reaction was warmed up to room temperature and 



stirred overnight. The reaction mixture was cooled at
0 C, quenched with 10% HCl (300 ml), extracted with
ether (100 ml x 3), dry over MgSO4 and concentrated
under reduced pressure to obtain (10.6 g, 88%) of the
title compound. [00343] Step B:
5-Bromo-2-(2-fluorophenylamino)-3,4-difluorobenzoic
acid: [00344] To a solution of 2-fluoro-aniline (177
mmol, 17.0 ml) in THF (80 mL) at -78 C was added
LiHMDS (265 mmol, 265 ml) and stirred for 30 min. To
the reaction was added a solution of 5-bromo-2,3,4-
trifluorobenzoic acid (78.4 mmol, 20.1 g) in THF (60
ml) at -78 C. The reaction was warmed to room
temperature and stirred at the temperature over night.
The reaction is concentrated and slowly 10% HCl (180
ml) is added. The mixture was extracted with ethyl
acetate (100 ml x 3), dried over MgSO4 and
concentrated under reduced pressure. The crude
material was taken in CH2Cl2 (-250 ml) and heated up
to 45 C for 10 min. Purification by trituration with
CH2Cl2 gave 11g (72%) of the desired product as a
light yellow solid. [00345] Step C: Methyl
5-bromo-2-(2-fluorophenylamino)-3,4-difluorobenzoate
:[00346] To a solution of
5-bromo-2-(2-fluorophenylamino)-3,4-difluorobenzoic
acid (30.3 mmol, 11 g) in THF:MeOH (60:20), cooled to
0 C, was added dropwise a solution of 2M TMSCHN2 in
hexane (39.39 mmol, 19.7 ml). After the addition is
completed, the reaction mixture was warmed to room
temperature and stirred for an additional 4 hours. The
crude reaction was quenched with acetic acid and
extracted with EtOAc. The organic layers are combined,
washed with H2O, dry over MgSO4 and concentrated under
reduced pressure. The crude material was dried under
vacuum and yields to 1Ig (96%) of the title product.
[00347] Step D: Methyl
2-(2-fluorophenylamino)-3,4-difluoro-5-((trimethylsily
l)ethynyl)benzoate : [00348] To an oven dried flask
charged with a solution of methyl
5-bromo-2-(2-fluorophenylamino)-3,4- difluorobenzoate
(21.68mmol, 8.1g) in THF (116ml), was added CuI (2.16
mmol, 0.4 g) and iPr2NH (43.36 mmol, 6.1 ml). After
addition is completed, reaction was purged with Argon
and Pd(PPh3)2Cl2 (3.73 mmol, 2.62 g) and TMS-acetylene
(26.88 mmol, 3.7 ml) are added. The reaction mixture
was stirred at room temperature for 16 h, concentrated
and taken up in EtOAc. The organic fraction was washed
with sat NH4Cl, brine, dried over MgSO4 and cone. The
crude was purified by flash chromatography using 5% to
20% EtOAc in Hexane to afford the desired product 6.96
g (85%). [00349] Step E: Methyl
5-acetyl-2-(2-fluorophenylamino)-3,4-difluorobenzoate
: [00350] A mixture of methyl
2-(2-fluorophenylamino)-3,4-difluoro-5-((trimethylsily
l)ethynyl)benzoate (9 mmol, 3.5 g), HgSO4 (9 mmol,
2.67 g), and cone. H2SO4 (18 mmol, 0.96 ml) in
acetone:H2O (70:12 ml) was refluxed at 65 C overnight.
The mixture was concentrated, diluted with EtOAc, and
washed with water and brine. The organic fractions are
combined, dried over MgSO4 and concentrated under
reduced pressure. The crude material (brown solid) was
triturated with MeOH and the precipitate was filtered,
washed with additional MeOH and dried to yield the
desired product in 60% ( 1.78 g).[00351] Step F:
Methyl
5-acetyl-2-(2-fluoro-4-iodophenylamino)-3,4-difluorobe
nzoate : [00352] To a solution of methyl
5-acetyl-2-(2-fluorophenylamino)-3,4-difluorobenzoate
(0.47 mmol, 0.16 g) in DMF (10 ml) was added NIS (0.56
mmol, 0.13 g) and TFA (0.10 ml), and the reaction was
stirred at room temp overnight. The crude was diluted
with EtOAc and washed with H2O. The organic fraction
was dried over MgSO4 and concentrated under reduced
pressure to yield the desired product in 90% (0.23 g).
[00353] Step G: Methyl
7-(2-fluoro-4-iodophenylamino)-8-fluoro-4-methylquinaz
oline-6-carboxylate : [00354] A mixture of methyl
5-acetyl-2-(2-fluoro-4-iodophenylamino)-3,4-difluorobe
nzoate (230 mg, 0.55 mmol) and formamide acetate (68
mg, 0.66 mmol) in DMA (5 ml) was heated at 95 C for 6
hours. The reaction mixture was diluted with EtOAc and
washed with water and brine. The organic layer was
dried (MgSO4) and concentrated under reduced pressure
to afford 205 mg (88%) of the title compound. [00355]
Step H:
7-(2-Fluoro-4-iodophenylamino)-8-fluoro-4-methylquinaz
oline-6-carboxylicacid : [00356] To a solution of
methyl
7-(2-fluoro-4-iodophenylamino)-8-fluoro-4-methylquinaz
oline-6- carboxylate (205 mg, 0.48 mmol) in a mixture
of THF (10 ml) and H2O (5 ml) was added a solution of
LiOH (57 mg, 2.4 mmol) in H2O (2.4 ml). After stirring
at room temperature for 4 h, the reaction was
concentrated, acidified with 1M HCl solution, and
extracted with EtOAc (2 x 20 ml). The organic solution
was dried over MgSO4 and concentrated to give 190 mg
(96%) the title compound as an orange solid.[00357]
Step I :
3-(2-Fluoro-4-iodophenyl)-4-fluoro-8-methyl-1H-imidazo
[4,5-g]quinazolin-2(3H)-one: [00358] To a suspension
of
7-(2-fluoro-4-iodophenylamino)-8-fluoro-4-methylquinaz
oline-6-carboxylic acid (190 mg, 0.47 mmol) in toluene
(10 ml) was added triethylamine (0.19 ml, 1.41 mmol)
and diphenylphosphoryl azide (0.20 ml, 0.94 mmol). The
reaction was heated at reflux for 4 h. The mixture was
cooled to room temperature and concentrated to
dryness. Silica gel chromatography (EtOAc:Hexane =
75:25) yields 143 mg (75%) of the title compound as a
tan solid. [00359] StepJ:
3-(2-Fluoro-4-iodophenyl)-1-(cyclopropylsulfonyl)-4-fl
uoro-8-methyl-1H-imidazo[4,5- g]quinazolin-2(3H)-one :
[00360] To a solution of
3-(2-fluoro-4-iodophenyl)-4-fluoro-8-methyl-1H-imidazo
[4,5-g]quinazolin-2(3H)- one (50 mg, 0.12 mmol) in THF
(10 ml) at -78 C was added LiHMDS (0.16 ml, 1M in THF,
0.16 mmol). The reaction mixture was stirred at -78 C
for 10 min and cyclopropylsulfonyl chloride (25 mg,
0.18 mmol) was added to the mixture. The reaction was
slowly warmed to room temperature and stirred at the
temperature for 16 h. The reaction was quenched with
saturated aqueous NH4Cl solution (10 ml) and extracted
with EtOAc (2 x 10 ml). The combined organic solution
was washed with brine (20 ml), dried over MgSO4 and
concentrated. Silica gel chromatography (EtOAc:Hexanes
= 25:75) yields 46 mg (75%) of the title compound as a
yellow solid.[00361] Step K:
N-(7-(2-Fluoro-4-iodophenylamino)-8-fluoro-4-methylqui
nazolin-6- yl)cyclopropanesulfonamide : [00362] To a
solution of
3-(2-fluoro-4-iodophenyl)-1-(cyclopropylsulfonyl)-4-fl
uoro-8-methyl-1Himidazo[ 4,5-g]quinazolin-2(3H)-one
(46 mg, 0.09 mmol) in THF (5 ml) was added potassium
trimethylsilanolate (35 mg, 0.27 mmol). The reaction
was stirred at room temperature for 16 h, quenched
with saturated aqueous NH4Cl solution (5 ml), and
extracted with EtOAc (2 x 10 ml). The combined organic



solution was washed with brine (15 ml), dried over
MgSO4, and concentrated. Silica gel chromatography
(EtOAc:Hexanes = 50:50) yielded 39 mg (90%) of the
title compound as a light yellow solid, m/z =515 [M-
1]-. 1H NMR (DMSO-d6,400 MHz): d 0.85 (m, 4H), 2.75
(m, 1H), 2.87 (s, 3H), 6.61 (m, 1H), 7.36 (d, J = 8
Hz, 1H), 7.67 (d, J = 11 Hz, 1H), 8.02 (s, 2H), 9.07
(s, 1H), 9.78 (s, 1H). Example 35:
N-(7-(2-fluoro-4-iodophenylamino)-8-fluoro-4-methylqui
nazolin-6-yl)-1-(2-
hydroxyethyl)cyclopropane-1-sulfonamide: [00363] Step
A:
3-(2-Fluoro-4-iodophenyl)-1-(1-(2-(tert-butyldimethyls
ilyloxy)ethyl)cyclopropylsulfonyl)-
4-fluoro-8-methyl-1H-imidazo[4,5-g]quinazolin-2(3H)-on
e: [00364] To a solution of
3-(2-fluoro-4-iodophenyl)-4-fluoro-8-methyl-1H-imidazo
[4,5-g]quinazolin-2(3H)- one (example 34, step H) (90
mg, 0.22 mmol) in THF (5 ml) at -78 C is added LiHMDS
(0.29 ml, 1M in THF, 0.29 mmol). The reaction mixture
is stirred at -78 C for 30 min and
1-(2-(tertbutyldimethylsilyloxy)
ethyl)cyclopropane-1-sulfonyl chloride (99 mg, 0.33
mmol) is added to the mixture. The reaction is slowly
warmed to room temperature and stirred at the
temperature for 16 h. The reaction is quenched with
saturated aqueous NH4Cl solution (20 ml) and extracted
with EtOAc (2 x 30 ml). The combined organic solution
is washed with brine (30 ml), dried over MgSO4 and
concentrated. Silica gel chromatography yields the
desired product.[00365] Step B:
N-(7-(2-Fluoro-4-iodophenylamino)-8-fluoro-4-methylqui
nazolin-6-yl)-1-(2-(tertbutyldimethylsilyloxy)
ethyl)cyclopropane-1-sulfonamide : [00366] To a
solution of
3-(2-fluoro-4-iodophenyl)-1-(1-(2-(tertbutyldimethylsi
lyloxy)
ethyl)cyclopropylsulfonyl)-4-fluoro-8-methyl-1H-imidaz
o[4,5-g]quinazolin-2(3H)-one (66 mg, 0.1 mmol) in THF
(5 ml) is added potassium trimethylsilanolate (65 mg,
0.5 mmol). The resulting solution is stirred at room
temperature for 24 h. The reaction is quenched with
saturated aqueous NH4Cl solution (10 ml) and extracted
with EtOAc (2 x 10 ml). The combined organic solution
is washed with brine (10 ml), dried over MgSO4 and
concentrated. Silica gel chromatography yields the
desired product. [00367] Step C: N-(
7-(2-Fluoro-4-iodophenylamino)-8-fluoro-4-methylquinaz
olin-6-yl)-1-(2-
hydroxyethyl)cyclopropane-1-sulfonamide: [00368] To a
solution of
N-(7-(2-fluoro-4-iodophenylamino)-8-fluoro-4-methylqui
nazolin-6-yl)-1-(2-(tertbutyldimethylsilyloxy)
ethyl)cyclopropane-1-sulfonamide (36 mg, 0.056 mmol)
in THF (2 ml) is added HCl (0.18 ml, 1.2 N in H2O,
0.22 mmol). After stirring for 1 h, the reaction is
quenched with saturated aqueous NaHCO3 solution (3 ml)
and extracted with EtOAc (2 x 10 ml). The combined
organic solution is dried over Na2SO4 and
concentrated. Silica gel chromatography yields the
title compound.[00369] Example 36:
N-{7-(2,4-dichlorophenylamino)-8-fluoro-4-methylcinnoI
in-6- yl)cyclopropanesulfonamide : [00370] This
compound is synthesized according to example 34
starting from 7-(4-bromo-2-
chlorophenylamino)-8-fluoro-4-methylcinnoline-6-carbox
ylic acid (WO 2005/051302). [00371] Example 37:
N-(7-(2,4-dichlorophenylainino)-8-fluoro-4-methylcinno
lin-6-yl)-1-(2-
hydroxyethyl)cyclopropane-1-sulfonamide: [00372] This
compound is synthesized according to example 35 (step
A through C) starting from 8-(2,4-
dichlorophenyl)-9-fluoro-4-methyl-6H-imidazo[4,5-g]cin
nolin-7(8H)-one (example 36). [00373] Example 38:
N-(7-(4-bromo-2-fluorophenyIamino)-8-fluoro-4-methylqu
inolin-6- yl)cyclopropanesulfonamide: [00374] This
compound is synthesized according to example 34
starting from 7-(4-bromo-2-
fluorophenylamino)-8-fluoro-4-methylquinoline-6-carbox
ylic acid (WO 2005/051302).Example 39:
N-{7-(4-bromo-2-fluorophenylamino)-8-fluoro-4-methylqu
inolin-6-yl)-1-(2-
hydroxyethyl)cyclopropane-1-sulfonamide: [00375] This
compound is synthesized according to example 35 (step
A through C) starting from 3-(4-
bromo-2-fluorophenyl)-4-fluoro-8-methyl-1H-imidazo[4,5
-g]quinolin-2(3H)-one (example 38). Example 40:
Biological activity Generation of IC50 Data [00376]
Materials and preparation of reagents:Human GST-MEK1
and the constitutively 5 active allele GSTMEK1CA
(harboring the mutations Ser218Asp and Ser222Asp) can
be subcloned into the yeast expression vector pGEM4Z
(Promega, Madison, WI) from the wild type human MEK1
cDNA. GST-MEK1CA was expressed in Escherichia coli and
can be partially purified using Glutathione Sepharose
4B affinity resin (Amersham Pharmacia Biotech,
Piscataway, NJ). The ERK2 allele can be subcloned from
MAPK2/Erk2 cDNA (wild type) in 10 pUSEamp (Upstate
Biotechnology, Inc., Waltham, MA) into the vector
pET21a (Novagen, Madison, WI) resulting in an
N-terminal histidine-tagged mouse ERK2 allele. ERK2
can be expressed and purified to homogeneity [Zhang,
1993 #33], Myelin basic protein (MBP) can be purchased
from Gibco BRL (Rockville, MD). EasyTides adenosine
5'-triphosphate (ATP) ([7-33P]) (NEN Perkin Elmer,
Wellesley, MA) is the source of radiolabel for all
kinase reactions. Activated Raf-1 (truncated) and
activated MAPKinase 2/ERK2 can be purchased from
Upstate, Inc. (Lake Placid, NY). 4-20% Criterion
Precast gels can be purchased from Bio-Rad (Hercules,
CA). [00377] Determination ofenzvmatic activity:
Compounds are diluted from dimethylsulfoxide (DMSO)
stocks into IxHMNDE (20 mM HEPES pH 7.2, 1mM MgC12,
100 mM NaCl, 1.25 mM DTT, 0.2 mM EDTA). A typical
25-microliter assay contained 0.002 nanomoles MEK1CA,
0.02 nanomoles ERK2, 0.25 nanomoles MBP, 0.25
nanomoles unlabeled ATP, and 0.1 mCi [g33P] ATP. The
screening assay essentially comprises four additions.
Five ml of diluted compound are dispensed to 96-wcll
assay plates. Ten ml of 2.5x enzyme cocktail (MEK1CA
and ERK2 only) are then added to each well followed by
a preincubation for 30 minutes at ambient temperature.
Ten ml of 2.5x substrate cocktail (labeled and
unlabeled ATP plus MBP) are then added, followed by
incubation for 60 minutes at ambient temperature.
Finally, 100 ml of 10% trichloroacetic acid (TCA) are
added and incubated for 30 minutes at room temperature
to halt the reaction and precipitate radiolabeled
protein 



products. Reaction products are harvested on glass
fiber 96 well filter plates prewetted with water and
1% pyrophosphate. The filter plate is then washed 5
times with water. Water is displaced by absolute
ethanol and the plate is allowed to air dry for 30
minutes at room temperature. A back seal is applied
manually and 40 ml ofscintillation cocktail are
dispensed to each well. A top seal is applied and the
plate is counted in the TopCount for two seconds per
well. 1003781 A truncated version of MEK that requires
activation by Raf kinase can be used. Generation of
EC50 Data [00379] Effects of compounds in the cell can
be determined by Western blotting for phosphorylated
ERK. MDA-MB-231 breast cancer cells are plated in a 48
well plate at 20,000 cells per well and are grown in a
37 humidified CO2 incubator. The following day, the
growth media (DMEM + 10% fetal bovine serum) is
removed and replaced with starve media (DMEM + 0.1%
fetal bovine serum). Cells are incubated in the starve
media for sixteen hours and then treated with a range
of compound concentrations for thirty minutes. [00380]
After incubation with compound, cells are stimulated
with 100ng/ml EGF for five minutes. The cells are then
lysed and analyzed by Western blot using a monoclonal
antibody raised to phosphorylated ERK. The signal is
amplified using a secondary antibody conjugated to a
near -IR dye and detected on a Licor Odyssey scanner.
The intensity of signal is quantitated and this data
was used to generate dose response curves and EC5
calculations.A. Title: THERMOTHERAPY SUSCEPTORS AND
METHODS OF USING SAME B. Cross-Rcfcrence to Related
Applications: [0001 1 This application claims priority
to and benefit of U.S. Provisional Application No.
60/885.726 entitled 'Thcrmolherapy Susceptors,
Pharmaceutical Compositions Containing Thcrmotherapy
Susceptors and Methods of Using Same,' " filed on
January 19. 2007 the entire contents of which is
hereby incorporated by reference in its entirety. C.
Government Interests: Not applicable D. Parties to a
Joint Research Agreement: Not applicable E.
Incorporation by Reference of Material submitted on a
Compact Disc: Not applicable F. Background 1. Field of
Invention: Not applicable 2. Description of Related
Art: [0002] Conventional treatments for diseases, such
as, for example cancer and some pathogen based
diseases, include treatments that are invasive and may
be attended by harmful side effects e g . toxicity to
healthy cells disruption of normal bodily function)
often making for a traumatic course of therapy with
only modest success. For example, conventional
treatments for cancer may include surgery followed by
radiation and/or chemotherapy. These techniques are
not always effective, and even if effective, they
suffer from deficiencies such as disfigurement and
incomplete removal of effected tissue leading to
recurrence. Moreover, radiation therapy and
chemotherapy are arduous and arc not completely
effective against recurrence Therefore techniques that
are less invasive and traumatic to the patient and are
effective only at targeted sites such as diseased
tissue pathogens or other undesirable matter in the
body are desirable. G. Brief summary of the invention:
[0003J Embodiments of the invention described herein
arc directed to a therapeutic composition including a
plurality of untargctcd magnetic nanoparticlcs having
an interaction radius of from about 100 nm to about 50
mm and a pharmaceutically acceptable carrier, and in
some embodiments the plurality of untargeted magnetic
nanoparticles may have an interaction radius of from
about 200 nm to about 25 mm.[0004] In various
embodiments, the plurality of untargeted magnetic
nanoparticlcs may be stable single-magnetic domain
nanoparticles, superparamagnetic particles and
combinations thereof, and in such embodiments the
untargeted magnetic nanoparticles may be apparently
thermally blocked when exposed to a magnetic field and
become heated. In some embodiments the plurality of
untargeted magnetic nanoparticles may have an average
particle size of less than about 1 mm, and in others
the plurality of untargeted magnetic nanoparticles may
have an average particle size of from about 0. 1 nm to
about 800 nm. In certain embodiments, the plurality of
untargeted magnetic nanoparticles may have a
polydispersity of from about 0.1 to about 1.5. The
plurality of untargeted magnetic nanoparticles may be
prepared from materials such as, but not limited to,
Fe O , Y-Fe O , FeCo/SiO 2, Co C . Bi Fe Oi , BaFe I O
, NiFe, CoNiFe, Co-Fe O , FePt-Ag and combinations
thereof. [0005] In particular embodiments, the
plurality of untargeted magnetic nanoparticles include
a core and a coating. In such embodiments the core may
include materials such as Fe3O,,, Y-Fe O3, FeCo/SiO 2,
Co36C6.,, Bi3Fe5Oi2 BaFe12Om, NiFe, CoNiFe, Co-Fc3O4,
FePt-Ag and combinations thereof, and the coating may
include a material such as, but not limited to
polymers, biological materials, inorganic coaling
materials and combinations thereof. In some embodiment
the polymers may be, for example, acrylates,
siloxanes, styrenes, acetates, akylene glycols,
alkylenes. alkylene oxides, parylenes, lactic acid,
glycolic acid, hydrogel polymer, histidine-containing
polymer, and combinations thereof. In other
embodiments, the biological materials may be any of,
but not limited to, heparin, heparin sulfate,
chondroitin sulfate, chitin, chitosan, cellulose,
dextran, alginate, starch, carbohydrate,
glycosaminoglycan, extracellular matrix proteins,
proteoglycans, glycoproteins, albumin, gelatin and
combinations thereof, and in still other embodiments
the inorganic coating materials may be metals, metal
alloys and ceramics. 



In certain embodiments the core may be magnetite and
the coating may be dextran, and the coating comprises
at least two layers of dextran in particular
embodiments. [0006] The plurality of unlargctcd
magnetic nanoparticles may have a saturation magnetism
of from about 10 kA-nr/g to about 100 kA-m2/g in some
embodiments, and in other embodiments the plurality of
untargeted magnetic nanoparticles have a specific
absorption rate (SAR) of from about 100 W/g to about
1500 W/g when exposed to an alternating magnetic
field. [0007] In various embodiments the
pharmaceutically acceptable carrier may include, but
not be limited to, water, buffered water, saline.
Ringer's solution, glycine, hyaluronic acid,
-9.dextrose, albumin solution, oils or combinations
thereof, and in some embodiments the composition may
further include one or more additives, such as, but
not limited to, stabilizers, antioxidants, osmolality
adjusting agents, buffers. pH adjusting agents,
chelants, calcium chelate complexes salts or
combinations thereof. The therapeutic composition of
various embodiments may be formulated as a liquid, a
gel, an ointment, a lotion, a solid, or a semi-solid.
In some embodiments the composition may include
targeted magnetic nanoparticles, and in other
embodiments the composition may include one or more
secondary agents such as, but not limited to,
chemotherapcutic agents, radiation therapy agents,
vasopermeation enhancement agents, anti inflammatory
agents, anesthetics, analgesics, sedatives,
antibiotics and combinations thereof. [0008] Other
embodiments of the invention are directed to a method
for treating tumorigenic tissue by administering to a
patient in need of treatment an effective amount of a
therapeutic composition that includes a plurality of
untargeted magnetic nanoparticles having an
interaction radius of from about 100 nm to about 50 mm
and a pharmaceutically acceptable carrier or
excipient, and exposing the patient to an energy
capable of inducing heating of the plurality of
untargeted magnetic nanoparticles. In particular
embodiments the plurality of untargeted magnetic
nanoparticles may have an interaction radius of from
about 200 nm to about 25 mm. J0009J In various
embodiments, the tumorigenic tissue may be a solid
tumor. Administering in some embodiments may include
contacting the tumorigenic tissue with the therapeutic
composition directly. In other embodiments,
administering may include applying the therapeutic
composition directly to the tumorigenic tissue, and in
still others administering may include injecting a
tumor with the therapeutic composition. |00l0| In
certain embodiments, such methods may be carried out
in combination with radiation therapy, chemotherapy,
external beam therapy surgery photodymanic therapy
(PDT), therapy using biological agents or a
combination thereof. [001 I J The energy of
embodiments may be, for example, as alternating
magnetic field (AiVlF), microwave energy acoustic
energy and combinations thereof, and in particular
embodiments the energy may be an alternating magnetic
field (AMF). In such embodiments, the alternating
magnetic field may have a frequency range of from
about 80 kHz to about 800 kHz, and in other
embodiments, the alternating magnetic field may have
an amplitude of from about 1 kA/m to about 120
kL/m.|OO12| Still other embodiments of the invention
include a method for treating joint inflammation by
administering to a patient in need of treatment an
effective amount of a therapeutic composition
including a plurality of untargeted magnetic
nanoparticles having an interaction radius of from
about 100 nm to about 50 mm and a pharmaceutically
acceptable carrier or excipicnt, and exposing the
patient to an energy capable of inducing heating of
the plurality of untargeted magnetic nanoparticles. In
particular embodiments the plurality of untargeted
magnetic nanoparticles may have an interaction radius
of from about 200 nm to about 25 mm. (0013)
Administering in some embodiments may include
contacting inflamed synovial tissue scar tissue,
immune cells and combinations thereof with the
therapeutic composition directly. In other
embodiments, administering may include applying the
therapeutic composition directly to the joint, and in
still other embodiments, administering may include
injecting the joint with the therapeutic composition.
In certain embodiments administering may further
include administering one or more of an
anti-inflammatory agent anesthetic, analgesic,
sedative, antibiotic or combination thereof. [0014) In
various embodiments, the energy may be an alternating
magnetic field (AMF). microwave energy, acoustic
energy and combinations thereof. In some embodiments,
exposing may include applying an alternating magnetic
field (AMF) to at least a portion of the patient. In
certain embodiments the alternating magnetic field may
have a frequency range of from about 80 kHz to about
800 kHz. and in other embodiments the alternating
magnetic field may have an amplitude of from about 1
kA/m to about 120 kA/m. [0015] Joint inflammation may
vary throughout embodiments and may be caused as a
result of, for example, injury, disease, arthritis and
combinations thereof. In some embodiments, arthritis
may be general arthritis, rheumatoid arthritis
osteoarthritis, tendonitis, bursitis, fibromyalgia and
combinations thereof, and in other embodiments disease
may include for example. gout, lupus, rickets
ankylosing spondylitis, Sjogrens syndrome and
combinations thereof.H. Description of Drawings:
[0016] For a fuller understanding of the nature and
advantages of the present invention, reference should
be made to the following detailed description taken in
connection with the 



accompanying drawings, in which: [0017] FIG. 1 shows a
schematic of an alternating magnetic field solenoid
used in in vivo mouse studies. [0018] FIG. 2 shows
transmission electron micrographs for Sample A (A.)
and Sample B (B.). [0019] FIG. 3 shows SANS/USANS data
for Sample A in H2O (black) and D2O (dark gray) and
Sample B in H O (medium gray) and D O (light gray).
Error bars indicate plus or minus one standard
deviation. [0020J FIG. 4 shows the hysteresis loop at
295 K normalized to the mass of iron oxide for Sample
A (gray triangles) and Sample B (black circles). |0021
1 FIG. 5 shows SANS/USANS data for Sample B in 100%
H2O (gray) and 100% D2O (black). A fit of Sample B in
100% H O (light gray line) is also depicted. [0022]
FIG. 6 shows SANS data and fits (lines over raw data)
for Sample B in 100% H2O (black). 50% H2O (light
gray), 25% H2O (dark gray) and 10% H2O (medium gray).
[0023J FIG. 7 shows hysteresis loops at 295 K
normalized to the mass of iron oxide for Sample B
(black circles) and Sample C (gray triangles). The
insert shows a close up of data in a magnetic field at
0 and 86 kA/m (1080 Oe). I. Detailed Description:
[0024] Before the present compositions and methods arc
described, it is to be understood that this invention
is not limited to the particular processes,
compositions, or methodologies described as these may
vary. It is also to be understood that the terminology
used in the description is for the purpose of
describing the particular versions or embodiments
only, and is not intended to limit the scope of the
present invention which will be limited only by the
appended claims. [0025] t must be noted that as used
herein and in the appended claims the singular forms
"a", "an" and "the" include plural reference unless
the context clearly dictates otherwise. Unless defined
otherwise, all technical and scientific terms used
herein have the same meanings as commonly understood
by one of ordinary skill in the art. Although any
methods similar or o -equivalent to those described
herein can be used in the practice or testing of
embodiments of the present invention, the preferred
methods are now described. All publications and
references mentioned herein arc incorporated by
reference. Nothing herein is to be construed as an
admission that the invention is not entitled to
antedate such disclosure by virtue of prior invention.
[0026J Ls used herein the term "about" means plus or
minus 10% of the numerical value of the number with
which it is being used. Therefore, about 50% means in
the range of 45%- 55%. [0027] "Optional" or
optionally" may be taken to mean that the subsequently
described structure event or circumstance may or may
not occur, and that the description includes instances
where the event occurs and instances where it does
not. [0028] ".Administering" when used in conjunction
with a therapeutic means to administer a therapeutic
directly into or onto a target tissue or to administer
a therapeutic to a patient whereby the therapeutic
positively impacts the tissue to which it is targeted.
"Administering" a composition may be accomplished by
inj ection infusion, or by either method in
combination with other known techniques. Such
combination techniques include healing, radiation and
ultrasound. J0029J The term "target", as used herein,
refers to the material for which deactivation rupture,
disruption or destruction is desired. For example
diseased cells, pathogens, or infectious material may
be considered undesirable material in a diseased
subject and may be a target for therapy. [0030]
Generally speaking, the term "tissue" refers to any
aggregation of similarly specialized cells which are
united in the performance of a particular function.
[0031 1 The term "diseased tissue" as used herein,
refers to tissue or cells associated with a diseased
state or exhibiting symptoms of a disease including
but not limited to. solid tumor cancers of any type
such as bone, lung, vascular, neuronal, colon,
ovarian, breast and prostate cancer. Other types of
"diseased tissue" may include tissue of arthritic
joints, such as inflamed synovial tissue. [0032] The
term "improves" is used to convey that the present
invention changes either the appearance. form,
characteristics and/or physical attributes of the
tissue to which it is being provided, applied or
administered.[0033] As used herein, the term '
therapeutic"' means an agent utilized to treat, combat
ameliorate or prevent an unwanted condition or disease
of a patient. [0034] A "therapeutically effective
amount " 1 or "effective amount' " of a composition as
used herein is a predetermined amount calculated to
achieve the desired effect. [0035] The term
"hyperthermia' ", as used herein, refers to heating of
tissue to temperatures between about 4O0C and about
600C. [0036| The term "'alternating magnetic field' "
or "AMF". as used herein, refers to a magnetic field
that changes the direction of its field vector
periodically, typically in a sinusoidal triangular,
rectangular or similar shape pattern, with a frequency
of in the range of from about 80 



kHz to about 800 kHz. The AMF may also be added to a
static magnetic field, such that only the AMF
component of the resulting magnetic field vector
changes direction. It will be appreciated that an
alternating magnetic field may be accompanied by an
alternating electric field and may be electromagnetic
in nature. [0037] Ihe term 'energy source", as used
herein, refers to a device that is capable of
delivering energy of a form other than AMF, to a
therapeutic for the purpose of activating a
potentially radioactive source in the therapeutic.
[0038] The term "'duty cycle "' , as used herein,
refers to the ratio of the time that an energy source
is on to the total time that the energy source is on
and off in one on-off cycle. [0039] Thermotherapy may
hold promise as a treatment for cancer and other
diseases because it induces instantaneous necrosis
(typically referred to as thermo-ablation"') and/or a
heat-shock response in cells (classical hyperthermia),
leading to cell death via a series of biochemical
changes within the cell. Because temperatures from
about 40 C to about 46 0C can cause irreversible
damage to diseased cells, and healthy cells are
capable of surviving exposure to temperatures up to
around 46.5 0C. elevating the temperature of cells to
between about 40 0C to about 46 0C in diseased tissue
may provide a treatment option which selectively
destroys diseased cells while not causing damage to
normal tissues. Temperatures greater than 46 0C may be
effective for the treatment of cancer and other
diseases by causing an instantaneous ihcrmoablative
response [0040| State-of-the-art systems that employ
microwave or radio frequency (RF) hyperthermia, such
as annular phased array systems (APAS). attempt to
tune energy for regional heating of deep-seated
tumors. Such techniques are limited by the
heterogeneities of tissueelectrical conductivities and
that of highly perfused tissue. This leads to the
as-yet-unsolved problems of "hot spots" in untargeted
tissue with concomitant under-dosage in desired areas.
The result is often a lower than expected therapeutic
ratio and an inherent difficulty in determining the
heat dose delivered to a desired area with adequate
precision. The latter precludes the development of
prescriptive clinical protocols which are necessary to
ensure reproducible and predictable patient benefits
following treatment. All of these factors make
selective heating of specific regions with such
systems very difficult. [0041] Various embodiments of
the invention presented herein are directed to
thcrmolherapeutic compounds, methods for using such
thermotherapeutic compounds for treating diseased
tissue. The thermotherapeutic compositions described
herein may be formulated in any way. For example, in
some embodiments, the thermotherapeutic compositions
may be formulated as a therapeutic agent that may be
delivered to a subject and utilized in a treatment In
other embodiments, the thermotherapeutic compositions
of the invention may be formulated as pharmaceutical
compositions that may be delivered to a subject as a
drug. In still other embodiments the thermotherapeutic
compositions may be administered to a subject in
conjunction with the methods for using the
thermothcrapeulic compounds. |0042| In general the
thermotherapeutic compounds of embodiments include a
plurality of magnetic nanoparticlcs, or susceptors,"
of an energy susceptive material that are capable of
generating heat via magnetic hysteresis losses in the
presence of an energy source, such as, an alternating
magnetic field (LMF). The methods described herein,
generally, include the steps of administering an
effective amount of a thermotherapeutic compound to a
subject in need of therapy and applying energy to the
subject. The application of energy may cause inductive
heating of the magnetic nanoparticles which in turn
heats the tissue to which the thermotherapeutic
compounds were administered sufficiently to ablate
tissue. [0043] The heat evolved may represent energy
loss as the magnetic properties of the material are
forced to oscillate in response to the applied
alternating magnetic field. The amount of heal
generated per cycle of magnetic field and the
mechanism responsible for the energy loss depend on
the specific characteristics of both the susceptor and
the magnetic field. Susceptor heats to a unique
temperature, known as the Curie temperature when
subjected to an AMF. The Curie temperature is the
temperature of the reversible ferromagnetic to
paramagnetic transition of the magnetic material.
Below this temperature the magnetic material heats in
an appliedAMF. However, above the Curie temperature
the magnetic material becomes paramagnetic and its
magnetic domains become unresponsive to the AMF. Thus,
the material does not generate heat when exposed to
the AMF above the Curie temperature. As the material
cools to a temperature below the Curie temperature, it
recovers its magnetic properties and resumes heating,
as long as the AMF remains present. This cycle may be
repeated continuously during exposure to the AMF.
Therefore, magnetic materials are able to
self-regulate the temperature of heating. The
temperature to which susceptor heats may be dependent
upon inter alia, the magnetic properties of the
material, characteristics of the magnetic field, and
the cooling capacity of the target site. |0044] Many
aspects of susceptor. such as material composition,
size, and shape, directly affect heating properties,
and these characteristics may be designed
simultaneously to tailor the heating properties for a
particular set o f conditions found within a tissue
type. For example, the size range and materials of
which the susccptors arc made may depend upon the
particular application. Additionally, selection of the
magnetic material and AMF characteristics may be
tailored to optimize treatment efficacy of a
particular tissue or target type. In various
embodiments, susceptors may be prepared that attain a
Curie temperature from about 40 C to 



about 500" C. [0045J The susccptors of various
embodiments, generally include magnetic nanoparticles
or aggregates of magnetic nanoparticlcs, and in
particular embodiments the susceptors may be
single-magnetic domain particles. Any material capable
of sustaining a magnetic field may be used to prepare
the magnetic nanoparticles of embodiments and any
single-magnetic domain particle known in the art may
be useful as a susceptor. For example, susceptors may
include material such as. but not limited to,
magnetite (Fe O. ), maghemitc (g- and FeCo/SiO , and
in some embodiments, susceptors may include aggregates
o f superparamagnetic grains of, for example, C036C64
, B Fe5Oi , BaFei 2Oi9, NiFe, CoNiFe Co- FejCXi, and
FePt-Ag, where the state of the aggregate may induce
magnetic blocking. In other embodiments,
nitrogen-doped Mn clusters such as, for example, MnN
or MnxNy, where x and y are nonzero numbers may be
used as magnetic susceptors. Calculations based on
densityfunctional theory sholv that the stability and
magnetic properties of small Mn clusters can be
fundamentally altered by the presence of nitrogen.
Such compositions may be ferromagnetic and have large
magnetic moments. Moreover, their binding energies may
be substantially enhanced.and the coupling between the
magnetic moments at Mn sites may remain ferromagnetic
regardless of their size or shape. In still other
embodiments, the susceptor may be Ndi - CaNFeC>3.
Without wishing to be bound by theory, spontaneous
magnetization of the weak ferromagnctism may decrease
with increasing Ca content or increasing particle
size. [0046] Exemplary susccptors useful in
embodiments of the invention include for example,
series EMG700 and EMGl 111 iron oxide particles of
about 110 nm diameter available from Ferrotcc Corp.
(Nashua, NM) which may have a specific absorption rate
(SAR) of about 310 Watts per gram of particle at 1.300
Ocrstedt flux-density and 150 kHz frequency, and
FeCo/SiO? particles available from lnframat Corp.
(Willington, Connecticut) which may have a SAR of
about 400 Walts per gram of particle under the same
magnetic field conditions. [0047J In some embodiments,
the material composition of susceptors may be varied
based on the particular target. More specifically,
because the self-limiting Curie temperature of a
magnetic material is directly related to the material
composition, as is the total heat delivered, magnetic
particle compositions may be tuned to different tissue
or target types. This may be required because each
target type, given its composition and location within
the body, possesses unique heating and cooling
capacities. For example, a tumor located within a
region that is poorly supplied by blood and located
within a relatively insulating region may require a
lower Curie temperature material than a tumor that is
located near a major blood vessel. Targets that are in
the bloodstream may require different Curie
temperature materials as well. There fore susceptors
composed of. for example magnetite may contain other
elements such as cobalt, iron, rare earth metals and
so on or combinations of additional elements. [0048]
In some embodiments susceptors may be coated to
protect the susceptor from the environment of the
tissue or to enhance or tune the properties o f
susceptor. Suitable materials for the coating may
include synthetic biological polymers copolymers and
polymer blends and inorganic materials. [0049]
Examples of polymer materials may include but not be
limited to. various combinations of acrylates.
siloxanes, styrenes, acetates, akylene glycols,
alkylenes. alkylene oxides, parylenes. lactic acid,
glycolic acid, hydrogel polymer, histidinc-containing
polymer and combinations thereof. In certain
embodiments, the polymer material may be a combination
of a hydrogel polymer and a histidine-containing
polymer.[0050J Biological materials that may be used
to coat susceptors may include polysaccharides
polyaminoacids, proteins, lipids, glycerols, fatty
acids and the like and combinations thereof. For
example, biological materials such as heparin, heparin
sulfate, chondroitin sulfate, chilin, chilosan,
cellulose, dextran, alginate, starch carbohydrate,
glycosaminoglycan and combinations thereof or proteins
such as extracellular matrix proteins, proteoglycans,
glycoproteins, albumin, gelatin and combinations
thereof may be used as coatings for susceptors. [0051]
Inorganic coating materials may include, for example,
any combination of metals, metal alloys and ceramics
such as hydroxyapatite, silicon carbide, carboxylate,
sulfonate, phosphate ferrite, phosphonate. and oxides
of Group IV elements of the Periodic Table of
Elements. In certain embodiments, these materials may
form a composite coating that may contain one or more
biological or synthetic polymer. In some embodiments,
the coating may also include radioactive or
potentially radioactive elements. [0052] In one
embodiment, the coating material may be gold. Without
wishing to be bound by theory, gold, while being
biocompatible, may form a protective coating
preventing a chemical change, such as oxidation in the
susceptor. Furthermore, gold may serve as a good
conductor enhancing eddy current heating associated
with AMF heating. In another embodiment, the gold of a
coating may be chemically modified with for example a
thiol, which may be attached to one or more silane,
carboxyl, amine, or hydroxyl group, or a combination
thereof. Other chemical methods for modifying the
surface of the coating material may also be utilized.
[0053] In other embodiments, a coating material, such
as those described above, may include one or more
transfection agents which may facilitate transport of
the susceptor into a cell. For example, in certain
embodiments, a coating material may contain vectors
such as 



plasmids. viruses, phages, or virions, prions,
polyaminoacids, cationic liposomes, amphiphiles. and
non-liposomal lipids or combination thereof. In other
embodiments, the coating material may be a composite
or combination of transfection agent with organic and
inorganic material and such composites may be tailored
for a particular type of a diseased tissue and a
specific location within a subject. (0054] In certain
embodiments, susceptors may require a protective
coating, and the use of a coating material may be
important to protect the core material from chemical
attack and to -Uprotect the subject from toxic effects
of the core material. For example, iron, cobalt, other
magnetic metals, and their less stable oxides may be
coated to prevent oxidation. Moreover, magnetic
properties of these minerals may be significantly
changed due to oxidation. In a particular example.
uncoated magnetite. Fe O , may undergo oxidation when
administered to form maghemite (7-Fe O ) and
eventually hematite (0-Fc O ), and as oxidation
occurs, the magnetism of a magnetite susceptor may
decrease. In other embodiments a protective coating
may be used where the susceptor material may pose a
toxic risk to humans and animals in vivo. [0055]
Susceptors, of some embodiments, may additionally
include one or more radio active isotope, and the
synergistic effects of radiation and heat may be
exploited for treating a diseased state. Any
radioactive isotope useful for the treatment of
disease may be suitable for use in such embodiments
and may enhance the therapeutic ratio of the targeted
thermotherapy. For example, suitable radioactive
isotopes include, but are not limited to, iodinc-1 31,
cobalt-60, indium- 192. yitrium-90, strontium-89,
samarium- 153, rhenium- 186, and technetium-99m. The
radioactive isotope of some embodiments may be chosen
to deliver typical doses of from about 20 Gy to about
60 Gy to the patient. In other embodiments, the
radioactive isotope may deliver a sub-lethal dose
(less than 20 Gy) prior to thermotherapy and a lethal
dose of radiation when thermotherapy is initiated or
has been completed. The dose level of radiation may be
controlled through choice of radioactive isotope, by
controlling the incorporation of a radioactive isotope
in the susceptor composition, or a combination
thereof. Further controls of the radiation dose may be
achieved via the use of a susceptor suspension that
includes a mixture of radioactive susceptors and
non-radioactive susceptors. [0056] The susccplors of
additional embodiments may include one or more
isotopes having non-radioactive but unstable nuclei
that may possess a high absorption cross-section for
subatomic particles, such as, neutrons or protons, and
ionizing radiation, for example, x-rays. The nuclei of
these isotopes absorb radiation or a subatomic
particle causing the nucleus to become unstable and
emit radiation as it decays. For example, boron- 10 is
known to emit radiation upon capturing a neutron.
Other isotopes possessing high neutron absorption
cross sections include lanthanides, such as, for
example, samarium- 149, gadolinium- 157, and
gadolinium-155. In particular embodiments samarium may
be used because it is magnetic, and its incorporation
into the magnetic nanoparticle may enhance the
magnetic properties of the nanoparticle.|0057| In
slill other embodiments, susceptors may include one or
more imaging isotopes. The magnetic nature of the
susceptors described herein may make them suitable
contrast agents for magnetic imaging techniques such
as Magnetic Resonance Imaging (MRI) or Superconducting
Quantum Interference Device (SQUID) based methods.
Imaging isotopes may include small paramagnetic or
superparamagnetic particles of ferrite. such as, iron
oxide FC3O or Fe2O . In some embodiments,
thcrmotherapy and an imaging technique, such as, for
example. MRI, PET, SPCCT. o Bioimpcdance may be
combined, and visualization may occur prior to, during
or after administration of the susceptors. For
example, susceptors may be injected into an organ or
tissue of a sample. MRI contrast isotopes may then be
used to visualize the target organ or tissue and AMF
may be used to destroy the target tissue. In still
other embodiments radiological imaging molecules, such
as, but not limited to Molybdenum-99, Technetium-99m,
Chromium-51. Copper-64, Dysprosium- 165, Ytterbium-
169, Indium-I l l , Iodine-125. lodine- 131 .
Iridium-192, lron-59. Phosphorus-32, Potassium-42,
Rhodium 186. Rhenium-188. Samarium- 153, Selenium-75.
Sodium-24, Strontium-89, Xenon-133. Xcnon-127. and
Yttrium- 90, may be incorporated into susccptor. These
radiological imaging molecules may then be used to
visualize the target organ or tissue and an LMF may be
applied to destroy the target tissue or organ. [0058]
The susceptor's size may vary among embodiments of the
invention. In general, the lower limit for susceptor
size may be a diameter below which a single-magnetic
domain structure exists. Large magnetic bodies may be
divided by domain, or Bloch walls, into uniformly
magnetized regions which minimizes the total energy of
the particle, including magnclosiatic exchange, and
anisotropic energies, as well as energies contributed
by domain walls. The final balance of energies
determines both the number and shape of magnetic
domains within a magnetic material, and as the size of
a magnetic particle is reduced the size of domains is
also reduced. Therefore domain wall formation also has
an associated energy cost that may limit the
subdivision of domains to a certain number and size.
The lower limit is referred to as a single-magnetic
domain particle' " for which the dimensional limit may
be in the range of from about 0.1 nm to about 800 nm,
depending on the spontaneous magnetization and the
anisotropy and exchange energies. However, in some
embodiments the particle size of the susceptor may be
up to about 1 mm. In other embodiments the susceptor
particle size may be from about 1 nm 



to about 750 nm, and in still other embodiments, the
susceptor particle size may be from about 5 - -nm to
about 500 nm. In certain embodiments the susceptors
may have a particle size of from about 10 nm to about
250 nm. J0059J Without wishing to be bound by theory,
decreasing grain size may increase the fraction of
atoms in a particle that are exposed to the surface of
the particle and/or interface regions which may
increase the significance of surface and interface
electronic structure effects on the magnetic
properties of the particle. The intrinsic magnetic
properties of a material, such as spontaneous
magnetization and magnetocrystalline anisotropy, may,
therefore, be strongly influenced by particle size.
For example the total anisotropy energy may increase
with decreasing grain size because of a growing
surface anisotropy contribution. Additionally,
magnetostatic, shape and stress may become
increasingly important as the size of the particle is
reduced and may combine with magnetocrystalline
anisolropy to determine the total anisotropy energy of
a single-magnetic domain particle. In various
embodiments, enhanced anisotropy may contribute to
increased hysteresis losses of these materials when
they are subjected to alternating magnetic fields
(AMF), and this, in turn, results in higher specific
absorption rates (SAR) and improved heating ability.
[0060] For example, a magnetic body possessing a
single-magnetic domain i.e., a single-magnetic domain
particle, the behavior of the magnetic moment, m, may
be governed by the total anisotropy energy of the
magnetic grain. The variable m may refer to a vector
defining magnitude and direction of magnetization of
the magnetic domain with respect to time, environment
(temperature, external magnetic field, etc.), and the
orientation of the magnetic moment with respect to a
crystalline axis of the magnetic nanoparticle. In
addition, m may be a product of the anisotropy energy
and physical environment, both past and present.
[0061J More specifi cally the potential of a
single-magnetic domain particle to generate heal via
hysteresis losses when exposed to an alternating
magnetic field (AMF) may be determined by the balance
of energies within the particle. Of these the sum of
anisotropy energies presents an energy barrier, EB, to
changes in orientation of the magnetic moment, m.
Thus, the stability of m with respect to time may
increase with increasing values of ER. The grain
volume. V. and EB combine to define a characteristic
relaxation time to, an intrinsic property of the
particle, which is the time required for spontaneous
fluctuations or relaxations, in the direction of m to
some beginning value after it has been forcibly
reoriented by a sufficiently strong magnetic field.
Therefore, TO may depend on various parameters, such
as composition,volume, and shape, of the particle, as
well as symmetries within the grain and relaxation
pathways available to m. |0062) Lnisotropy energy, or
potential hysteretic loss, in a single-magnetic domain
grain is proportional in first approximation to the
volume of the grain. Thus, for large singlemagnetic
domain grains the anisotropy energy may be so high
that the energy barrier for magnetization reversal
cannot be overcome by thermal energies for any
temperature below the material "s Curie temperature. A
single-magnetic domain particle may be said to be
stable when the m of the particle does not fluctuate,
and the particle may exhibit an intrinsically stable
singlemagnetic domain behavior when m does not
fluctuate with respect to time. Magnetization reversal
in an intrinsically stable single-magnetic domain may
occur if the grain is exposed to an external magnetic
field that is sufficiently strong to overcome the
anisotropy energy forcing a change or reversal of m.
Because the anisotropy energy represents a barrier to
rotation of the magnetic moment such a spatial change
in this vector is accompanied by a release of energy
in the form of heal. The amount of heat released is,
therefore proportional in a first approximation to the
anisotropy energy. |0063] Additionally, the amount of
heal realized through hysteresis losses of a
singlemagnetic domain particle when exposed to an AMF
may depend on experimental conditions. Experimental
temperature will determine the relative difference
between EBand energy available to the system, thus
setting an experimental relaxation time. orr. This
relationship may be defined by Equation 1: r ) (1)
Where thermal energy is defined by the product kT
where k is the Bohzmann constant and T is temperature
in Kelvin. |0064j Furthermore, the relationship of the
period of oscillation of the AMF, 1/v , where v x's
the frequency of oscillation of the AMF, to may lead
directly to the amount of heat generated through
hysteresis losses. For example, when l/v is much
greater than t, the magnetic moment appears unblocked
and spontaneously overcomes E and reorients randomly
without exhibiting hysteresis losses, and no heat is
generated. Conversely when l/v is much less than t.
the magnetic moment appears blocked and resists
changes in orientation. Therefore. increasing - I -the
magnitude of the frequency of AMF may force m to
overcome EB and heat may be released during the
change. {0065] When the magnetic field is removed the
magnetic moment will retain the orientation imprinted
by the magnetic field for a period of time before
reverting to its original orientation. The time
required for such an orientation change to occur after
the magnetic field is removed may be referred to as
the "relaxation time" and is characteristic of the
particle as consequence of both the anisotropy energy
of the grain and kT. In intrinsically stable
singlemagnetic 



domain particles the relaxation time may be greater
than 10 seconds. Hence the magnetic moment may appear
blocked because the anisotropy energy presents an
insurmountable barrier to spontaneous rotations of the
magnetic spin system for all temperatures up to the
material Curie (or Necl) temperature which is defined
as the temperature at which a transition from
ferromagnetic to paramagnetic slate occurs. [0066] Ls
the volume of a particle decreases within the
single-magnetic domain so does the anisotropy energy.
Below a certain characteristic grain size, the
anisotropy energy may become comparable to, or lower
than, T for any value of above zero. Because the
anisotropy energy is lower than kT at any temperature
above zero it does not present a barrier to
magnetization reversal implying that the energy
barrier for magnetization reversal may be overcome.
The total magnetic moment of the particle can. there
fore thermally fluctuate about the crystalline axis,
similar to a spin in a paramagnetic material allowing
a spin system within the single-magnetic domain
particles to spontaneously rotate, or spin, while
remaining magnetically coupled to the particle. This
is commonly referred to as supcrparamagnctism because
of the similarity to paramagnetism observed in bulk
materials, and such a single-magnetic domain particle
may be said to possess an intrinsically unstable
domain, or be intrinsically superparamagnetic. |0067|
Exposing a superparamagnetic grain to an external
magnetic field will cause the magnetic moment to align
in the direction of the magnetic field vector with no
concomitant release of energy. When the magnetic field
is removed from the grain the spontaneous fluctuations
of the orientation of the magnetic moment will rapidly
destroy any imprint imposed by the external magnetic
field. The characteristic relaxation time of an
intrinsically superparamagnetic grain is. therefore,
very short typically on the order of about 10 9
seconds.and the magnetic moment of an intrinsically
superparamagnetic material is unblocked al all
experimental temperatures and for all times longer
than the characteristic relaxation time. (0068) Thus,
the relaxation time may be defined by temperature, and
the magnetic reversal may appear blocked if the
measurement time is shorter than the characteristic
relaxation time. In this case, the material will
exhibit behavior similar to a stable single domain and
will generate heat if placed in an AMF with a period
that is shorter than the characteristic relaxation
time. Such a material may be defined as blocked and
apparently stable single domain under these
conditions. [0069] Conversely, if the measurement of
the AMF period exceeds the characteristic relaxation
time of the grain, unblocked or apparently
superparamagnetic behavior will be observed. Because
the characteristic relaxation time in this instance is
much shorter than the time of measurement, or AMF
period, magnetization rcorientation and reversal
occurs randomly with no apparent impedance due to
anisotropy energy barriers. Hence, there may be no
release of heat. [0070] Temperature is also critically
important to distinguishing apparently stable
single-magnetic domain or blocked behavior from
apparently superparamagnetic, or unblocked, behavior.
Thus, by analogy, the characteristic relaxation time
of the magnetic moment of a particle possessing a
single-magnetic domain will appear blocked when
exposed to an AMF of fixed period if the experimental
temperature. Texp, is below a characteristic value. If
Texp is increased to a value above this characteristic
temperature the magnetic moment appears unblocked when
exposed to an AMF of the same fixed period. This
characteristic temperature may be defined as the
blocking temperature. 1),. Thus when a grain
possessing a single magnetic domain is placed within
an AMF of fixed frequency, the forced oscillations of
the magnetic moment may release heat while the grain
temperature is below the blocking temperature. Once
the grain temperature exceeds the blocking
temperature, the magnetic moment becomes unblocked,
and any release of heat with further exposure to the
AMF may cease. This is because the thermal energy,
defined by kT. exceeds the anisotropy energy thereby
providing an excess of energy to the spin system to
surmount the magnetocrystallinc energy barrier. [0071
1 The behavior of an individual single-magnetic domain
particle is described above. However, embodiments of
the invention include magnetic nanoparlicles that arc
acollection of a plurality of susccptors, such as
single-magnetic domain particles or a suspension of
magnetic nanoparticlcs suspended in a suitable medium
that may have properties that differ from those
described above. In such a plurality of susceptors,
individual magnetic susceptors may vary in size and
may possess one or more than one single-magnetic
domain particle that may vary in volume. [0072] A full
description of relaxation lime and consequent
hysteresis losses and heat generated from a suspension
of magnetic nanoparticles in suspension in an applied
AMF. necessitates inclusion of many more factors than
those necessary to describe the behavior of individual
single-magnetic domain particles with a fixed volume.
Because volume is an intrinsic property of a
single-magnetic domain particle that directly affects
En, a determination of z and r for a group of
particles of varying volumes requires knowledge of the
size distribution. While the mean volume may be
associated with a value of EB sufficient to block m at
a specified temperature and AMF frequency, there may
be a sizable fraction of grains in the collection with
volume and E significantly lower. The net effect may
result in a measured heat output that is significantly
lower than that predicted by the mean volume.
Conversely, a collection of particles 



may possess a mean volume for which the value of EB is
lower than that required to block ni. This collection
may appear superparamagnetic and would not be expected
to exhibit hysteresis in an AMF. |0073] Interparticle
interaction is another factor that is necessary to
fully describe the hysteresis behavior in a collection
of single-magnetic domain particles. Magnetic forces
are, by definition long-range forces. That is, the
range of influence may extend far beyond the boundary
of a magnetic particle. Thus a collection of more than
one single-magnetic domain particle may exhibit
properties greater than the sum of the magnetic
properties of each individual particle because an
additional contribution to the anisotropy energy may
result from the collective contribution of the m of
each particle with others, and these modified
anisotropy energies may produce a collective state
that exhibits behavior uncharacteristic of the state
of the individual non-interacting particles resulting
in an apparently increased Eg and a nonhomogeneous
blocking process. Thus a collection of magnetic
nanoparticles or superparamagnetic particles may
appear blocked, and even exhibit hysteresis under
appropriate conditions. However, because the blocking
process is non-homogeneous, the observed hysteresis
behavior may be considerably weaker than that of a
single-magnetic domain particlehaving a volume
comparable to the collection and the collection cannot
be defined as either superparamagnetic or as stable
single-magnetic domain because it is neither under all
conditions. 10074] Full characterization of a
collection of magnetic nanoparticles including stable
and superparamagnetic or purely superparamagnetic
single-magnetic domain particles may be difficult and
impractical because of the number of measurements
required, and the results of some of these
measurements may be inconclusive or even
contradictory. However it is possible to define the
magnetic properties of a collection of individual
magnetic nanoparticles and aggregate magnetic
nanoparticles by defining the aggregate mean
anisotropy energy. The aggregate mean anisotropy
energy may then be used to define the mean
characteristic relaxation time and mean behavior of
the collection in a specific AMF at a specific
temperature. At experimental temperatures between 270
K and 380 K. exposure to an AMF with a frequency in
the range of from about 100 kHz to about 600 kHz
having amplitude in the range of from about 1 kA/m to
about 120 kA/m, and in particular embodiments, from
about 7 LA/m to about 105 kA/m, measurement of the SAR
may be used to distinguish apparently blocked from
apparently unblocked behavior of a collection of
individual single-magnetic domain particles and
aggregate single-magnetic domain particles. For
example an aggregate of unblocked, or apparently
superparamagnetic particles may, generally, generate
less than 10 W/g per particle under the specified
conditions. By comparison, an ensemble of
non-interacting intrinsically superparamagnetic
nanoparticles may generate exactly 0 W/g particles by
definition. Conversely individual apparently blocked
susceplors may generate between 10 W/g to 150 W/g per
particle. Further an aggregate of intrinsically
blocked, or stable single-magnetic domain particles
may generate greater than 150 W/g particle under the
specified conditions via hysteresis heating, even
though some superparamagnetic contamination may exist.
[0075] The susccptors exhibiting collective behavior
may be useful as a platform for heating tissue. For
example, untargeted (naked) magnetic nanoparticles
such as those described above may be administered
directly to a patient in an effective amount at a site
of diseased or inflamed tissue. Once administered, the
area including the target tissue may be subjected to
an AMF and hysteresis heating of the untargeted
magnetic nanoparticles may take place. In certain
embodiments the heat generated as a result of the
applied AMF may be greater than would be expected from
the number and type of particles administered because
the collection of particles administered may exhibit
collective behavior. Thus when a collection of
susceptors areadministered to a target tissue, the
heat resulting from the application of an AMF to the
target tissue may be enhanced. [0076] As used herein,
the terms untargeted or "naked susccptors refers to
susceptors that have not been modified to interact
with a specific cell type or molecule. In contrast a
'"targeted" susceptor may be modified to interact with
a specific molecule using, for example, an antibody
that is covalently attached to the susceptor.
Unlargeted or naked susceptors contain no such
targeting mechanism. [0077] In various embodiments,
the magnetic susceptors administered may exhibit
collective behavior or be present in the tissue in a
collective magnetic state. Individual magnetic
susceptors move through solutions as loose aggregates
in which the particles are in close proximity to one
another but not physically contacting one another.
Without wishing to be bound by theory untargeted
magnetic susceplors having particular properties may
achieve a collective magnetic slate in biological
tissues. Therefore when administered, these susceptors
may form collections in the cells of the tissue or in
the space between cells. Moreover, without wishing to
be bound by theory the concentration of magnetic
nanoparticles may have a direct effect on the total
heat produced. [0078] Magnetic susceptors capable of
achieving a collective magnetic state may vary in
size, shape or polydispersity and may possess a
variety of magnetic properties. For example, in one
embodiment, magnetic susceptors capable of achieving a
collective magnetic state may have an interaction
radius of less than 75 mm. In another embodiment the
magnetic susceptors may have an interaction radius of
from about 100 nm to about 50 mm, and in still another
embodiment, the magnetic susceptors may have an
interaction radius of from about 200 nm to 



about 25 mm. Such particles may act as loose
aggregates or clusters of individual particles that do
not physically interact. |0079] The magnitude of the
interaction radius of various magnetic susceptors
embodied by the invention may be altered by various
methods known in the art. In some embodiments, the
interaction radius may be decreased by proving at
least two or more layers of a coating material to the
core of a magnetic susceptor. For example, in one
embodiment, two layers of dextran may be applied to a
magnetite susceptor to reduce the interaction radius
such that it is within an acceptable range to allow
for a collection of such particles to achieve
acollective magnetic state. In other embodiments, any
of the polymeric or biological coating materials
described above may induce a similar effect on the
interaction radius. [0080] In still other embodiments,
coated particles may form a network of coating
material that allows the magnetic nanoparticles to
exhibit collective behavior. For example, in one
embodiment, dextran coated magnetic nanoparticles may
form a dextran network even though the dextran coating
would normally cause the coated particles to repel one
another. Without wishing to be bound by theory, the
magnetism exhibit by the coated particles may allow
the dextran coating network to form which stimulates
collective behavior in the magnetic nanoparticle
cores. [0081 1 Magnetic susceptors achieving a
collective magnetic state may also exhibit a specific
absorption rale (SAR) when a magnetic field is applied
to the susceptors thai is greater than the SLR of the
combined individual susccplors or an aggregate in
which the particles physically interact. For example,
in some embodiments, a plurality of magnetic
susceptors acting in a collective magnetic state may
achieve an SLR of from greater than 150 W/g to about
1750 W/g or. in others, from about 175 W/g to about
1500 W/g based on the iron content. In still other
embodiments, the SAR may be greater than 1500 W/g and
may depend on the material used to prepare the
magnetic susceptors. Moreover the increase in SAR
noted above may be adjusted based on the number of
particles in the collection. For example, in
embodiments in which a large collection of untargeted
magnetic susceptors arc administered the SAR may be
amplified when compared to embodiments in which a
smaller collection of untargeted magnetic susceptors
arc administered. Thus, the increased heating ability
of magnetic susceptors may be concentration dependent.
[0082] Without wishing to be bound by theory, the
saturation magnetism of the particles may not
contribute to the enhanced heating ability o f
magnetic susceplors exhibiting collective magnetic
behavior and in various embodiments the saturation
magnetism may be from about 10 kA-m 2/g to about 100
kA-m 2/g. The size of the magnetic susceptors may also
not ha%'e a direct effect on the collective magnetic
behavior, and therefore, particles utilized in
embodiments o f the invention may have a particle size
of less than about 0.1 mm as described above. It is
additionally noted that particle size may directly
affect heating as described above. Additionally
susceptors that act in a collective magnetic state may
have a broad polydispersitywithout affecting the
collective behavior. For example, in one embodiment
the polydispcrsity of a collection of susceplors may
be from about 0.1 to about 1.5. |0083] In particular
embodiments a plurality of untargeted magnetic
susceptors exhibiting a collective magnetic state may
include one or more targeted magnetic susceptors which
maintain a collective magnetic state with the
untargeted susceptors when in solution. Without
wishing to be bound by theory, such combined
untargeted and targeted susceptor collections may
allow for the collection of be targeted to specific
tissue, cell or protein without compromising the
collective magnetic state. Thus, the advantages
exhibited by untargeted susceptors may be passed to
targeted systems. [0084] Untargeted susceptors may be
used to treat any number of disease indications for
which heating may provide a form of treatment, and
embodiments of the invention include methods for
treating a number of maladies. In various embodiments,
untargeted susceplors may be administered directly to
diseased tissue to treat diseased states in which heat
may be applied to a tissue to ablate tissue. For
example, in one embodiment untargeted susceptors may
be administered directly to a solid tumor by, for
example direct inj ection and an AMF may be applied to
the portion of the patient containing the tumor. The
susceptors may exhibit a collective magnetic state in
the tumor resulting in heating and ablation of the
tumor tissue thereby reducing or eliminating the tumor
tissue. Treatment using susceptors exhibiting a
collective magnetic state may be used to treat any
type of cancer, and in certain embodiments such
treatment is used to treat localized solid tumors such
as, for example, cancers of the skin, head and neck,
tongue throat larynx brain breast, liver, pancreas,
lymph nodes, joint or synovial uterine or cervix,
peritoneum or other specific organ cancers and the
like. In other embodiments, susceptors exhibiting a
collective magnetic state may be used to treat
leukemia and lymphoma (cancers of the blood-forming
cells and lymphatic system, respectively). [0085] In
another exemplar}' embodiment, untargeted susceptors
may be administered to treat joint inflammation and/or
joint swelling by, for example, direct injection into
the synovial tissue of the joint. The susceptors may
exhibit a collective magnetic slate and become heated
when an LMF is applied. The heated susceptors may
ablate 'scar tissue or inflamed synovial tissue in the
joint thereby reducing or eliminating the symptoms.
Susceptors exhibiting a collective magnetic state may
be useful for treating any type of joint inflammation
including, for example, arthritis, and any form of
arthritis known may be treated in such a way
including, 



-??-but not limited to, general arthritis, rheumatoid
arthritis, osteoarthritis, tendonitis, bursitis and
fibromyalgia. In other embodiments, such susceptors
may be used to treat other inflammatory diseases such
as, for example, swelling, gout lupus, rickets,
ankylosing spondylitis, Sjogrens syndrome and the
like. In still other embodiments, such susceptors may
be used to treat injury. [0086] In still other
embodiments. the untargeled susceptors may be applied
directly to diseased tissue or an area surrounding the
diseased tissue using a gel, lotion, ointment salve or
wash. For example, in one embodiment, following a
surgical procedure to remove diseased tissue such as.
for example, a tumor, the area surrounding the tumor
may be washed in an ointment gel, lavage or solution
including the untargeted susceptors. An LMF may then
be applied to the area and tumorigenic tissue
remaining at the site following the tumorectomy may be
ablated or destroyed. Similarly, a gel, ointment or
solution including untargeted susceptors may be used
to reduce or eliminate infection or inflammation at an
incision site or any surgical procedure. In yet other
embodiments, a gel. ointment, lotion or salve, may be
applied directly to the skin of a patient, and an LMF
may be used to apply heat to the tissue of the patient
without ablating tissue, for example, to treat joint
or muscle pain or stiffness. 10087] The untargeted
susceptors of various embodiments described above may
be mixed into a solution appropriated for
administration into a patient such as, for example
water or saline or prepared as a therapeutic
formulation including other components or active
agents. Untargeled susceptors of the invention may be
formulated as a therapeutic composition according to
techniques known and practiced in the art.
"Therapeutic compositions" are generally characterized
as being at least sterile and pyrogen-free, and as
used herein the terms therapeutic formulations " or
therapeutic composition" include formulations for
human and veterinary use. Therapeutic compositions of
various embodiments of the invention may be prepared
as described in Remington's Pharmaceutical Science,
17th ed.. Mack Publishing Company, Easton. Pa. (1985),
the entire disclosure of which is herein incorporated
by reference. [0088] The therapeutic compositions
encompassed by embodiments of the invention may vary.
For example in some embodiments, therapeutic
formulations of the invention may include from about
0.01% to about 95% by weight of untargeted susceptors
mixed with a physiologically acceptable carrier medium
such as, for example, water, buffered water, normal
saline, 0.4% saline, 0.3% glycine, hyaluronic acid and
the like. In other embodiments, the untargeted
magnetic susceptors may make up from about 1% to about
90% by weight of a therapeuticcomposition. Other
embodiments of therapeutic compositions may include
stabilizers such as appropriate pharmaceutical grade
surfactants, e.g. TWEEN, and saccharides, e.g.
dextrose, may also be incorporated into such
therapeutic compositions. Therapeutic compositions
encompassed by the invention may also include
conventional pharmaceutical excipients and/or
additives. For example suitable pharmaceutical
excipients may include stabilizers, antioxidants,
osmolality adjusting agents, buffers, and pH adjusting
agents, and suitable additives may include
physiologically biocompatible buffers (e.g.,
tromcthamine hydrochloride), additions of chelants
(such as, for example. DTPA or DTPL-bisamidc) or
calcium chelate complexes (as for example calcium
DTPL. CaNaDTPA-bisamide), or optionally, additions of
calcium or sodium salts (for example, calcium
chloride, calcium ascorbate, calcium gluconate or
calcium lactate). Such therapeutic compositions of the
invention may be packaged for use in liquid or gel
form and in certain embodiments such therapeutic
compositions may be lyophilized. In particular
embodiments, untargeted susceptors may be prepared in
an injectable form (suspension, emulsion) in a medium
such as, for example water, saline. Ringer ' s
solution, dextrose albumin solution or oils [0089| In
other embodiments therapeutic compositions of the
invention may be packaged for use as a solid,
semisolid suspension, dispersion, or emulsion.
Conventional nontoxic solid carriers may be
incorporated into such compositions and may include,
for example pharmaceutical grades of mannitol,
lactose, starch, magnesium stearate. sodium saccharin,
talcum, cellulose, glucose, sucrose, magnesium
carbonate and the like. For example, about 1 to about
95% by volume or, in a further example. 25% to about
75% by volume of any of the carriers and excipients
listed above may be mixed with the untargeted
susceptors of the invention. J0090J In some
embodiments the therapeutic compositions of
embodiments may additionally include one or more
secondary active agents. For example in one embodiment
one or more chemothcrapeutic agents may be combined
with the untargeted susceptor to enhance a therapeutic
efficiency of the susceptors. Examples of
chemotherapeutic agents suitable for such uses may
include, but are not limited to. alkylating agents,
plant alkaloids anti-tumor antibiotics
antimetabolites, topoisomerase inhibitors hormonal
agents, growth factors, cytokines, mitotic inhibitors
and combinations of these. In particular embodiments,
the chemoihcrapeutic agent may be one or more of
carmustine (BCNU), 5-flourouracil (5-FU). cytarabinc
(Ara-C).gemcitabine, methotrexate, daunorubicin,
doxorubicin dexamethasone, topotecan. etoposide,
paclitaxel, vincrislinc, tamoxifen thalidomide,
melphalan, cyclophosphamide, alkyl sulfonates,
nitrosoureas, ethylenimines, triazenes. folate
antagonists, purine analogs, pyrimidinc analogs,
anthracyclines, bleomycins, mitomycins dactinomycins,
plicamycin, vinca alkaloids cpipodophyllotoxins,
taxanes, glucocorticoids, L-asparaginase, estrogens,
androgens, progestins, luteinizing hormones,
octreotide actetate, hydroxyurea, procarbazine,
mitotane, hexamethylmelamine, carboplatin,
mitoxantrone, monoclonal antibodies, lcvamisole.
interferons, 



interleukins, filgrastim, sargramostim, and platinum
complexes such as cisplatin carboplatin and
oxaliplatin and the like. Further examples of
chemotherapeutic agents arc described in Modern
Pharmacology with Clinical Applications " , Sixth
Edition, Craig & Stitzel, Chpt. 56, pg 639-656 (2004),
herein incorporated by reference in its entirety. In
another embodiment the therapeutic compositions of
embodiments may additionally include one or more
anti-inflammatory agent, one or more anesthetic, one
or more analgesic one or more sedative, one or more
antibiotic and the like or a combination thereof.
|0091 | The untargeted susceptors or therapeutic
compositions containing untargctcd susceptors of
embodiments described herein may be administered by
any method known in the art, and dosage may depend
upon, for example, the type and location of the
diseased tissue. For example untargeted susceptors may
be administered parcntcrally by methods including, but
not limited to, intravascular administration, peri-
and intra-tissue injection, subcutaneous injection or
deposition, or subcutaneous infusion, intraperitoneal
injection, inlraorgan inj ection intramuscular
injection and direct administration at or near a site
of diseased tissue to facilitate efficient treatment
of the diseased tissue. In particular embodiments
intravascular administration may include intravenous
bolus inj ection intravenous infusion, intra-arterial
bolus injection, intra-arterial infusion and catheter
instillation into a vasculature and in other
embodiments, peri- and intra-tissue injection may
include intra-tumor injection and inlrasynovial or
intra-joint injection. For example subcutaneous
injection may be used to deliver susceptors to a tumor
in breast tissue or intraorgan injection may be used
to deliver susceptors to a tumor in liver tissue. In
other embodiments, susceptors may be delivered by a
wash, lavage as a rinse with sponge or other surgical
cloth as a perisurgical administration technique. For
example a sponge having absorbed susceptors in a
suspension salve or lotion may be used to swab tissue
following removal of a cancerous growth.[0()92|
Untargeted susceptors of the invention can be
administered in a single dose or in multiple doses in
various embodiments of the invention. One skilled in
the art can readily determine an appropriate dosage
regimen for administering susceptors to a given
subject and the dosage regimen may vary depending upon
the diseased state and the health of the individual.
For example the untargeted susceptors can be
administered to the subject once as. for instance a
single injection or deposition at or near the site of
diseased tissue. Alternatively untargeted susceptors
can be administered once or twice daily to a subject
for a period of from about one to about twenty-eight
days, or from about one to about ten days. For
example, in some embodiments, untargeted susceptors
may be injected at or near the site of diseased tissue
once a day for up to seven days. Once administered to
the patient, delivery of susceptor to a target site
may be assisted by applying a static magnetic field to
the target area due to the magnetic nature of the
susceptors. Assisted delivery may depend on the
location of the target. [0093 1 The energy may be
applied to a targeted cell targeted tissue, either
intracof oreally (inside the body) or extracorporeal
Iy (outside the body) or energy may be applied to a
portion of the subject ' s body or the entire body.
Application of the energy may commence immediately
upon completion of a single administration of the
susceptors, and may be repeated daily after each
administration or after the completion of several
administrations. Alternatively, induced heating may
begin after a period of time for example, several
minutes to several days after completion of
administration of the susceptors. Duration of each
induced heating session may be from five minutes to
live hours. Without wishing to be bound by theory, the
period of time from administration of the susceptors
to energy application allow the susceptors to be taken
up by cells within the target tissue. For example, in
some embodiments target tissue may include cells
involved in inflammation such as. for example
monocytes or leukocy es which may engulf the particles
after administration. Applying energy to cells that
have engulfed susceptors may increase the likelihood
of these cells being destroyed as a result of healing
and. thus reduce inflammation. [0094] A variety of
forms of energy may be applied to the patient by any
means known in the art to provide induced heating of
the untargeted suscepiors including, but not limited
to: AMF, microwave energy, acoustic energy or a
combination thereof. For example in one embodiment.
AMF at the appropriate frequency and amplitude may be
applied to a patient, and in another embodiment
microwave energy at the appropriate frequency may be
applied. In stillanother embodiment, an additional
energy may be used in combination with AMF. microwarc
or acoustic energy which may allow a susceptor to
discharge ionising radiation (e.g., neutron, alpha,
beta, gamma, etc.). In particular embodiments. AMF
energy may be applied to a subject to induce heating
of untargeted susceptors to produce therapeutic
heating of the untargctcd susceptors. and in such
embodiments, the frequency of the AMF may be in the
range of about 80 kHz to about 800 kHz. [0095] Various
sources for AMF, microwave and acoustic energy are
available in the art, and any such source may be
utilized in embodiments of the invention. For example,
in some embodiments the devices described in U.S.
Applications No. 10/1 76,950 and 10/200,082, hereby
incorporated by reference in their entireties may be
used as a source of AMF energy which may be broadly
applied to a subject to induce heating of the
susceptors of the invention. In other embodiments,
sources used to generate the AMF may provide a focused
and/or a homogeneous field. For example, in one
embodiment, a magnetic solenoid coil as depicted in
FIG. 1 may be used for heating susceptors which have
been administered to tissue in a portion of 



a subject, such as human limbs or small animals. For
example In FIG. 1. a mouse 10 to which susceptors have
been administered locally to a particular tissue 22 is
retained in a tube 12 that is wrapped in a magnetic
solenoid coil 14. A felt liner 16 surrounds the tube
12 and acts to pad the tube 12. A flux concentrator
ring 18 surrounds a portion of the tube 12 and is
connected to a flux concentrator base 20. The magnetic
coil 14 in such embodiments may be a coil as depicted
in FIG. 1, or circular, doughnut shaped ring of low
reluctance magnetic material, which may be
specifically formulated for magnetic cores operating
at a desired frequency. For example, an operative
frequency in some embodiments may be from about 80 kHz
to about 800 kHz or. in certain embodiments at about
150 kHz. This approach allows for higher magnetic
Field strength for application to the subject and
reduced eddy current heating. In addition, a circular
doughnut shaped ring and a focusing bar may cause the
field strength of the magnetic field to drop off
significantly outside of solenoid coil. Therefore, a
magnetic solenoid coil may focus the AMF while
protecting the non-targeted parts of the subject, such
as the head and vital organs. [0096] In other
embodiments, microwave resonance heating may be used
to heat susceptors administered to a subject through
resonance heating. In such embodiments, a susceptor
material may be selected such that the internal
chemical bonds of the material may resonate at a
particular frequency or by exploiting interactions of
the microwave energy withmaterials that possess
particular magnetic, electrical or electric dipole
structures. In general, resonance heating may be
advantageous because the targeted material absorbs
large quantities of energy from a relatively low power
energy source. Thus, non-targeted materials such as
tissue may have a resonance frequency that differs
from that of the susceptors and may not heat to the
same extent. In addition to direct modes of heating,
resonance heating may be used indirectly. For example,
in one embodiment, susceptors may be selected that
possess magnetic or electric properties that may
induce a shift in the resonance frequency of the
tissue to which they become attached. Thus the
molecules of the tissue in close proximity to the
susceptors will preferentially heat when an energy
field tuned to the appropriate frequency is applied to
the tissue. [0097| In certain embodiments disease
tissue removed from the subject and energy may be
applied to the tissue extracorporeally. In such
embodiments, the untargeted susceptors may be
administered to the subject prior to removal of the
diseased tissue or untargeted susceptors may be
applied to the diseased tissue following removal. As
in previously described embodiment, exposing the
diseased tissue including untargeted susceptors to an
energy source may cause portions of the diseased
tissue to lysc, denature, or otherwise become damaged
thereby treating the diseased tissue. The treated
tissue may then be returned to the body of the
subject. For example, in one embodiment, the extracted
tissue may be blood and susceptor containing target
cells carried in blood scrum or blood plasma may be
separated extracorporeally from the other blood
components and exposed to an energy source to destroy
or inactivate the target. Following exposure, the
treated components may be recombincd with the other
blood components and returned to the subject ' s body.
In another embodiment, the susceptors may be
introduced into extracted tissue while the extracted
tissue is outside of the subject's body or body part.
For example, extracted blood from the subject may be
introduced to susceptors in blood circulating outside
of the body prior to exposure to an energy source. In
yet another embodiment, susceptors may be contained in
a vessel or column through which the blood, blood
serum or blood plasma flows. The vessel or column may
be exposed to an energy source so as to destroy or
inactivate the targeted cells prior to returning the
blood to the subject's body. [0098] The advantages of
providing energy to the susceptors extracorporeally
may include the ability to heat to higher temperatures
and/or heat more rapidly to enhance efficacy while
minimi/ing heating and damage to surrounding body
tissue and the ability to reduceexposure of the body
to the energy from the energy source. Jn embodiments
where the susceptors are introduced into the blood
circulating outside of a subject's body, the blood
serum or blood plasma that is extracted from the body,
susceptors need not be directly introduced into the
body and higher concentrations of susceptors can be
introduced to target. Further, the portion of the
subject that is being treated extracorporeal Iy can be
cooled externally, using a number of applicable
methods, while energy may be provided to the
susceptors without mitigating the therapeutic effect.
In addition the cooling may take place before, and/or
after the administration of energy. |0099| In still
other embodiments, treated susceptors and the
associated targets need not be returned to the
subject's body. For example, if the susceptors and the
associated targets are contained in blood extracted
from a subject, the treated susceptors and the
associated targets may be separated from the blood
prior to returning the blood to the subject's body. In
embodiments where the susceptors contain a magnetic
component, the tissue containing susceptors may be
passed through a magnetic field gradient to separate
susceptors and the associated tissue from the
extracted tissue. In doing so, the amount of
susceptors and treated disease material returned to
the subject's body is reduced. [OOIOOJ In yet another
embodiment of extracorporeal treatment, the tissue
selected for heating is completely or partially
removed from a subject's body during a surgical
procedure. The tissue can remain connected to the body
or can be dissected and reattached after the therapy.
In still another embodiment the tissue is removed from
the body or body pan of one donor subject and
transplanted to that of a recipient subject after the
therapy. 



[00101] The various embodiments of susceptors and
methods of treating diseased tissue described herein
above may be used alone, or in combination with
another form of therapy. For example susceptors may be
introduced into diseased tissue prior to, during or
after treatments including, but not limited to,
radiotherapy, chemotherapy, external beam therapy,
surgery photodymanic therapy (PDT). therapy using
biologies or any combination of therapies. |00102) In
one embodiment of the present invention, radiotherapy
or radiation therapy may be used in combination with
thermotherapy methods disclosed herein. Radiotherapy
may be applied at least once prior to, during, or
after siisceplor administration, or any combination
thereof. Radiotherapy, also referred to as radiation
therapy, is the treatment of cancer and other diseases
utilizing ionizing radiation. Ionizing radiation
deposits energy that injures or destroyscells in the
area being treated (the "target tissue") by damaging
their genetic material, making it impossible for these
cells to continue to grow. Although radiation damages
both cancer cells and normal cells uninfected cells
may be able to repair themselves and function
properly. [00103J In one embodiment, x-ray or gamma
ray therapy may be utilized. Depending on the amount
of energy they possess, x- or gamma rays can be used
to destroy cancer cells on the surface of or deeper in
the body with higher energy x- or gamma ray beams
being used for deeper penetration into the target
tissue. [00104J In one embodiment of the invention,
external beam radiotherapy is used in combination with
the thermotherapy methods disclosed herein. In such
embodiments, machines to focus radiation such as
x-rays may be used on a cancer for a type of therapy
commonlyreferred to as external beam radiotherapy. The
beams may be shielded from the outside world and
special shielding is used for "focusing" these beams
onto defined body areas. In some embodiments,
thermotherapy and radiotherapy methods may be used
simultaneously, and an AMF system may include a
separate opening for an x-ray beam to enter.
Alternatively, the beam may be directed through an
opening in the patient (patient gantry). In another
embodiment, a large dose of external radiation may be
directed at the susceptor treated tumor and
surrounding tissue during surgery, for an
intraoperative irradiation technique. [00105] Gamma
rays may be utilized in any embodiment described above
in place of xrays. Gamma rays are produced
spontaneously as certain elements (such as radium
uranium and cobalt 60) release radiation as they
decompose or decay. Each element decays at a specific
rate and emits energy in the form of gamma rays and
other particles. X-rays and gamma rays generally have
the same effect on cancer cells. [001 06] Another
embodiment includes the use of particle beam radiation
therapy in combination with thermotherapy. and in one
embodiment high LRT therapy is used in combination
with the targeted thermotherapy methods disclosed
herein. During particle beam therapy, fast-moving
subatomic particles generated by particle accelerators
may be used to treat localized cancers. Some particles
(neutrons pions. and heavy ions) deposit more energy
than xrays or gamma rays along the path they take
through tissue, thus causing more damage to the cells
they contact. This type of radiation is often referred
to as high linear energy transfer (high LET)
radiation.|()0107] In still other embodiments,
radiation may be delivered to cancer cells through
radioactive implants placed directly in or on a tumor
or in a body cavity, and in another embodiment of the
invention, internal radiotherapy is used in
combination with the targeted thermotherapy methods
disclosed herein. This is referred to as internal
radiotherapy and is commonly used for, for example,
brachytherapy, interstitial irradiation, and
intracavitary irradiation types of internal
radiotherapy. During this treatment, the radiation
dose is concentrated in a small area. In such
embodiments, the implant may include a material that
heats during the AMF treatment by eddy current or
hysteretic heating, or that does not heat under AMF
exposure, such as plastic, ceramic, glass or
transplanted human tissue. [OOIOS] !n still another
embodiment, radiolabled antibodies, which when
injected into a subject actively seek out the
cancerous cells and destroy the cells using radiation,
may be used to deliver doses of radiation directly to
the cancer site in combination with targeted
thermotherapy. In some such embodiments ., the
radiolabeled antibody may be administered separately
from susceptors, and in others, the radio-labelled
antibody may be administered simultaneously with
susceptors. In still others, at least one radioisotope
may be attached to a susccptor, and the susceptor can
be a dual therapy susceptor. [00109] Examples of
radioisotopes suitable for use herein include, but arc
not limited to, molybdenum-99, technetium-99m,
chromium-51, cobalt-60, copper-64d, dysprosium- 165,
ytterbium- 169, iodine- 125, iodine-1 3 1,
iridium-192. iron-59. phosphorus-32. potassium-42,
rhenium-188 (derived from Tungsten- 188, samarium-153,
selenium-75, sodium-24. stronlium- 89. xenon-133,
xenon-127, yttrium-90 [001 10] In some embodiments,
thermotherapy as described above may be used in
combination with chemotherapy. Chemotherapy is the
treatment of diseases, such as cancer, with drugs. For
most types of cancer, chemotherapy often requires the
use of a number of different drags or agents; this is
referred to as combination chemotherapy. In various
embodiments chemotherapy may be administered in any
way known in the art, such as, for example
intravenously (IV; into a vein is the most common),
intramuscularly (IM: injection into a muscle), orally
(by mouth), subcutaneously (SC; injection under the
skin), intralesionally (IL; directly into a cancerous
area), intrathecally (IT; into the fluid around the
spine), topically 



(application onto the skin) and the like. Tumor cell
resistance to various chcmotherapeutic agents
represents a major problem in clinical
oncology.[00111] Chemotherapeutic agents that may be
used in embodiments of the invention may stop the cell
cycle at any stage, for example during S, M, Gi or G .
For example, S phasedependent agents may include
antimetabolics. such as. Apercitabine. Cytarabinc.
Doxorubicin, Fludarabinc, Floxuridine, Fluorouracil,
Gemcitabine, Hydroxyurea, Mercaptopu pne,
Methotrexate, Prednisone, Procarbazine, and
Thioguanine. M phase-dependent agents include vinca
alkaloids, such as. Vinblastine, Vincristine, and
Vinorelbine; podophyllotoxins, such as, Etoposide, and
Teniposide; taxanes including Doxetaxel; and
Paxlitaxel. G2 phase-dependent agents include
Bleomycin, Irinotecan, Mitoxantrone, and Topotccan,
and Gi phase-dependent agents may include Asparaginase
and Corticosteroids. [001 12] Further chcmoiherapeutic
drugs thai may be used in embodiments of the invention
arc classified by mechanism of action. For example,
alkylating agents that impair cell function; nitrogen
mustards are local vesicants and include
mcchlorethamine, Mustargen, cyclophosphamide,
ifosfamide. Ilex, chlorambucil, and Leukeran;
nitrosoureas, which arc distinguished by their high
lipid solubility and chemical instability, rapidly and
spontaneously decompose into two highly reactive
intermediates: chloroethyl diazohydroxidc and
isocyanate; platinum agents include Cisplatin,
Platinol, Carboplatin and Paraplatin: and
antimetabolites arc structural analogs of the
naturally occurring metabolites involved in DNL and
RNA synthesis that alter the critical pathways of
nucleotide synthesis. Natural products possessing
antitumor activity that have been isolated from
natural substances, such as plants, fungi, and
bacteria may also be used in embodiments. For example,
antitumor antibiotics, such as Bleomycin or Blenoxane;
anthracyclincs; epipodophyllotoxins, such as
Etoposide, VP- 16, VePcsid and others inhibit
topoisomerase I I activity by stabilizing the
DNA-topoisomerase II complex resulting in the
inability to synthesize DNA, and the cell cycle is
stopped in Gi phase: vinca alkaloids derived from the
periwinkle plant, Vinca rosea: and camptolhecin and
campothccin analogs which arc derived from the Chinese
ornamental tree, Camptotheca acuminate and inhibit
topoisomerase I interrupting the elongation phase of
DNA replication. (001 13] The chemotherapeutic drug or
agent may also be attached to the susceptor, and such
a suscepior would constitute a dual therapy susceptor.
[001 14) In one embodiment of the invention
thermothcrapy may be combined with chemotherapeutic
drugs or agents attached to MLB"s . Monoclonal
antibodies (MAB's) can be bound to a chemotherapy
agent. This combination allows for two mechanisms o f
attacking thecell: 1) the chemical from the
chemotherapy, and 2) the immune response from the MAB.
Chemotherapy can be more effective when the cells are
weakened by the MAB. These agents can be administered
prior to, during, or after thermotherapy
administration. [001 15] In another embodiment
thermolherapeutic agents may be used in combinalion
with therapies that involve biologic agent such as,
for example, antibodies that are not attached to
chemotherapcutic agents. For example, an MAB that is
not attached to a chcmothcrapeutic agent may be
administered. Such an MAB may induce an immune
response against the cancerous tissue which may
facilitate treatment. [001 16] In still another
embodiment, the chemotherapeulic drug or agent is
activated during the AMF exposure as it is released
from the susceptor due to the inductive heating. The
drug or agent can also be destroyed when the AMF is
turned on. In an alternative embodiment, the drug or
agent is incorporated into a susceptor coating and
released when the AMF is applied. Such coating may
include one or more layers, where the layers may be of
the same or different material, and the drug or agent
may be incorporated into one or more of the coating
layers. [001 17| In yet other embodiments,
thermotherapy and chemotherapy may be administered
along with an agent that increases the permeability of
the blood vessels within the tumor to permit more
therapeutic drug to reach and kill substantially more
cancer cells. For example, vasopermeation enhancement
agents (VEA :s) are drugs designed to increase the
uptake of cancer therapeutics and imaging agents at
the tumor site, potentially resulting in greater
efficacy. VEA's work by using monoclonal antibodies,
or other biologically active targeting agents, to
deliver known vasoactive compounds (i.e., molecules
that cause tissues Io become more permeable)
selectively to solid tumors. Once localized at the
tumor site, VEA's alter the physiology and the
permeability of the vessels and capillaries that
supply the tumor. In pre clinical studies, drug uptake
has been increased up to 400% in solid tumors when
VEA's were administered several hours prior to the
therapeutic treatment. VEA's are intended for use as a
pre-trcatment for most existing cancer therapies and
imaging agents. VEA's may be effective across multiple
tumor types. Examples of VEA's include the
commercially available Cotara(tm) and Oncolym (r)
(Peregrine Pharmaceuticals, Inc., Tustin, California).
VEA's can be used with the targeted thermolherapeutic
therapy to enhance the blood flow and hence the uptake
of susceptors at the tumor cells.[001 18J !n some
embodiment of the invention, thermotherapy may be
combined with open or minimally invasive surgery or
with other interventional techniques. In such
embodiments, the susceptor can be heated with the AMF
during the operation or the intervention. The LMF
energy source may be a part of the operational space
and thus covered in sterile material. In such
instances, all surgical tools are made from
non-magnetic materials such as plastic, ceramic, glass
or non-magnetic metals or metal-alloys (titan). The
AMF energy source may be located next to the sterile
surgical site, and the patient can be moved in and out
of the 



AMF energy e ld in a manual or automatic manner. ,
|001 19] For example, in one embodiment, an organ may
be surgically prepared to be lifted to outside the
patient's body while it continues to be anatomically
and physiologically attached to the body susceptors
may be injected into the organ, and the organ may be
irradiated with the AMF extracorporeally. The treated
organ is then replaced into the patient ' s body. Such
a technique may allow for enhanced selectivity of the
AMF to only the targeted organ, while other parts of
the body arc uncxposed to the AMF. In another
embodiment, thermotherapy can be administered at least
once prior to, at least partly during at least once
after surgery or other interventional technique, or
any combination thereof. [00120] In still other
embodiments, thermotherapy may be combined with bone
marrow and/or stem cell transplantation. In one
embodiment of the invention, thermotherapy is
administered prior to, during, or after bone marrow or
stem cell transplantation or any combination thereof.
In another embodiment, thermotherapy can be
administered to transplanted bone marrow or stem cells
cxcorporeally, prior to transplantation. Bone marrow
contains immature cells referred to as stem cells that
produce blood cells. Most stem cells are found in the
bone marrow, but some stem cells referred to as
peripheral blood stem cells (PBSCs) can be found in
the bloodstream. Stem cells can divide to form more
stem cells, or they can mature into white blood cells,
red blood cells, or platelets. Bone marrow
transplantation (BMT) and peripheral blood stem cell
transplantation (PBSCT) are procedures that restore
stem cells that have been destroyed by high doses of
chemotherapy and/or radiation therapy since without
healthy bone marrow the patient is no longer able to
make the blood cells needed to carry oxygen, defend
against infection and prevent bleeding. Stem cells
that have been destroyed by treatment are replaced
using BMT and PBSCT.[00121] In yet other embodiments,
thermotherapy may be combined with photodynamic
therapy (PDT). PDT is based on light-sensitive
molecules, photosensitizcrs (PS's) that concentrate in
tumor tissues. When irradiated with light of an
appropriate wavelength, PS's absorb light and become
excited, transferring their energy to nearby molecular
oxygen to form reactive oxygen species (ROS ' s),
which in turn oxidize and damage vital components of
nearby tumor cells. In embodiments, siisceptors may be
administered to a subject prior to. during or
following PDT and activated either simultaneously or
separately from one another, and in other embodiments,
susceptors may be coated with photosensitive drugs.
For example in one embodiment, silica-based or other
optically activated nanoparticles with a magnetic core
may be produced and a PDT drug may be used to coat
these nanoparticles These susceptors may then be
irradiated with light to activate the drug and they
arc irradiated later with the AMF of the targeted
thermotherapy system to further destroy the target via
heat The susceptors may also be irradiated with light
and with LMF simultaneously. In certain embodiments,
photodynamic therapy in combination with thermotherapy
may be used alone or in combination with chemotherapy,
surgery or both. [001 221 The therapies and combined
therapies described hereinabove can be further
combined in any combination as deemed suitable for the
patient, in embodiments of the invention. There may be
a disease which can be treated with two (dual therapy)
or more therapies. The targeted ihcrmotherapy using
nano-sized particles in combination with another
therapy may treat two or more diseases. |00123] As
noted above, the present invention is applicable to
thermotherapeutic compositions for treating disease
material and methods of targeted therapy utili ing
such compositions. The present invention should not be
considered limited to the particular embodiments
described above, but rather should be understood to
cover all aspects of the invention as fairly set out
in the attached claims. Various
modifications/equivalent processes, as well as
numerous structures to which the present invention may
be applicable will be readily apparent to those
skilled in the art to which the present invention is
directed upon review of the present specification. The
claims are intended to cover such modifications and
devices. EXAMPLES [00124] A variety of analytical
techniques have been applied to physically
characterize the susceptors described herein:[00125]
Analytical ultracentrifugation (AUC) was used to
determine a density for the nanoparticlcs and an
accurate size and size distribution for the iron oxide
core. (00126J Photon Correlation Spectroscopy (PCS)
was used to determine an average size and size
distribution of the entire core/shell structure.
[00127] The hysteresis loops were measured with a MPMS
SQUID Magnetometer from Quantum Design. All of the
measurements were made at room temperature (298K)
using a KcIF liquid capsule holder from LakeShore
Cryotronics to hold the colloid, and the field range
was from 3.98 MA/m (50,000 Oe). [00128] Transmission
Electron Microscopy (TEM) was performed on a JEOL
JEM3010 TEM at 300 keV. 'lhe colloids were diluted to
1/100 by volume and then dropped onto a carbon coated
TEM grid to dry. [00129] The Small Angle Neutron
Scattering (SANS) experiments were conducted at the
NG-3 beam line at the NIST Center for Neutron Research
(NCNR) using neutrons with a wavelength of 8.4 A. Data
were collected in transmission mode with a
two-dimensional detector at three different
sample-to-detector distances in order to span the
range of scattering vectors Q 



from 3x10 to 5x10 ' A ' . These data were corrected
for the background from an empty cell and for
distortions in the detector. [00130] To probe smaller
Q values, Ultra-SANS (USANS) experiments were
performed using the BT5 thermal neutron double-crystal
instrument at NCNR. The samples were run for 8 hours
each at a neutron wavelength of 2.4 A. A background
from an empty beam run was subtracted from all the
data and the subtracted data processed to an absolute
scale by use of the straight through beam intensities.
The Q (wave vector component in the horizontal plane)
range corresponds to probing length scales from 500 to
20,000 nm. All of the SANS and USANS measurements were
made at room temperature and in zero field. The
samples in H O were held in 1 mm thick quartz cells
while the samples in D O were held in 4 mm thick
quartz cells. A series of concentrations (not shown
due to space considerations) were also used in order
to help constrain the parameters for the fitting. A
core-shell model was used to fit the data All SANS and
USANS reduction and fits were performed using
interactive IGOR procedures 117]. [00131] Specific
Absorption Rate (SAR) measurements to determine the
heat dose of the nanoparticles. were made in a
modified alternating magnetic field (AMF) calorimeter
under varying field amplitudes at a frequency of 150
kHz. SAR values were calculated from the rate
oftemperature rise measured in the water when the
particle suspension was heated by the AMF generated in
a solenoid coil, after correction for the thermal
properties of the calorimeter, coil, and water. The
values were normalized for iron content. |00 132) The
in vivo mouse trials were performed in an AMF inductor
that confines highamplitude magnetic fields to a 1 cm
wide band of the interior of a 3.5 cm internal
diameter induction coil (FIG. 1). Mice were subjected
to varying combinations of AMF by adjusting amplitude
and duration of exposure. The duty cycle was 100%
(always on) and the frequency was fixed at 150 kHz.
The duration of exposure was limited to 15 minutes, or
when the rectal temperature of the mouse reached
41.50C. The nanoparticles were directly injected into
the central portion of the tumors over a 5 minute
period. Temperatures were continuously recorded using
0.4 mm diameter fiberoptic temperature assessment
probes which arc not RF-scnsitivc and were placed in
the center of the tumor, immediately adjacent to the
tumor and in the rectum. EXAMPLE 1 [00133] Two
different samples of magnetic susceplors having iron
oxide (magnetite) cores coated with dextran to form a
shell and having a diameter less than 50 nm were
synthesized using high-pressure homogenization
according to the core/shell method described in U.S.
Patent Application No. 2005/0271745. The two samples
are nominally identical in their cores. However, the
dextran shell layer varies: Sample A includes a single
dextran layer while Sample B includes a double dextran
layer. [00134] AUC yielded a density of 3.20 g/cmJ :
which is slightly less than that of bulk iron oxide at
5.18 g/cm3, and a size distribution of 4413 nm for the
nanoparticle cores. PCS yielded a larger size and size
distribution of 96.5  32.4 nm. This number is the same
whether it is determined by intensity or by volume.
However, the PCS instrument estimates a hydrodynamic
radius based upon a Stokes-Einstein sphere moving
through the solvent and, thus, includes an estimate of
the thickness of the dextran layer infiltrated with
solvent. |00135] A dextran length of 26 nm is
reasonable for the 40,000 Dalton dextran used. The AUC
data also agree with the TEM images (FIG. 2) that show
a core diameter of -50 nm. The dextran layer thickness
cannot be determined from the TEM as (i) it is a dried
sample and (ii) it is difficult to separate the
amorphous dextran from the amorphous carbon film
coating the TEM grid at this excitation energy. Close
examination of the TEM images reveal the presence of a
dark ring at the edge of the iron oxide core in the
Sample B (FIG. 1 B.) which is not presentin the Sample
A (FIG. 1 A.). Rather, the core of Sample A (FIG. 1
A.) appears denser than the edge, as expected for a
sphere. This dark ring in Sample B (FIG. 1 B.) may be
due to one of two things: the nanoparticles are
thicker at the edge than in the center or the edge has
a different density than the core. Given the density
of the iron oxide is only about 62% that of the bulk,
the ring is probably due to the edge having a
different density than the core. [00136] The
SANSAJSANS data are also in reasonable agreement with
the TEM. The data for both Sample A and Sample B under
different contrast conditions are shown in FlG. 3. IhO
and D O each highlight different features of the
system by varying the sample contrast. In the case of
H?O, the scattering appears to be dominated by the
large contrast between iron oxide and H O, whereas
there is less contrast with dextran. In D O, the
intensity of scattering from the core is much reduced
while the contrast with dextran is enhanced. Both of
these samples in D2O show a strong scattering
intensity at low Q that may be due to the presence ol
a dextran network acting to bind particles in large
scale aggregates. This interpretation agrees with
other observations of dextran solutions. However, the
D O SANS data also highlights the significant
differences between the two cores. A polydispersed
core-shell model was used to fit the H O data by
keeping the ratio of core to shell sizes constant.
This yields a total particle diameter of 28.300.02 am.
This is smaller than the size seen by either PCS or
ALJC and this difference is attributed to the fact
that neutron scattering is sensitive to the first
moment of the distribution of radii in a polydispersed
system, whereas PCS and AUC are sensitive to the third
moment. Furthermore, it is possible that the radial
density profile of the particles is not simply a
uniform core and shell, as seen from the TEM. In
addition, it is expected that there exists a
decreasing 



density gradient of dexlran with increasing radius.
[00137] The magnetic properties of the system were
characterized by measuring the hysteresis loops at
room temperature. These loops (FIG. 4) have been
normalized to the mass of particles present in the
colloid using the mass of solution added to the liquid
capsule holder, its density as determined with an
Anton Paar DMA 5000 Dcnsitomctc, and mass
concentration o f material in the colloid as
determined by freeze-drying 1 ml of colloid. The most
prominent point is that the saturation magnetization
of Sample B is 41.080.03 kA-m2/g, 33% less than that
of the Sample A of 61.640.03 kA-m /g. This significant
difference in magnitude may be related to the darker
ring seen in the TEM.100138] The SAR values were
measured for H = 85.9 kA/m (1080 Oe) and f = 150 kHz
and are normalized to iron concentration. Sample B had
a colloidal concentration of 5 mg/ml while Sample A
had a slightly higher concentration of 5.5 mg/ml.
Sample B had a measured SAR of 209 W/g of Fe while
Sample A had a measured SAR of 537 W/g of Fc, a
difference of a factor of 2.5. Most of this difference
can be attributed to the difference in the saturation
magnetization, although not all. Additional
contributions may originate from the collective
behavior of the nanoparticles due to differences in
their interactions. [00139] In vivo characterization
to quantify the efficacy of this treatment in five
groups are described in Table 1. The first four groups
study the effect of field amplitude, while group 5 is
a control group with no iron oxide nanoparticles
injected with a field applied. The last three columns
also contain the maximum temperature achieved, the
normalized rate of heat dosage deposited and the total
normalized heat dosage applied. Conventionally it is
expected that the higher heat dosage should generate
the larger temperature change and, therefore, greater
efficacy. However, as the mechanism for how
nanoparticlc generated heat damages tumor cells is
unknown and since the dissipation of nanoparticle
delivered heat is also not well characterized, this is
too simplistic of a viewpoint. Instead, it appears
from this data that the maximum temperature occurs
with the largest dosage rate, which occurs with the
largest field amplitude and the shortest on time. This
may be a result of the physiological response of the
mouse. In any endothermic animal, body temperature is
regulated by expanding blood vessels, thermal washout,
or by shivering and contraction of blood vessels close
to the skin to generate/conserve heat internally. The
former process will definitely be a factor in removing
convcctivc heat that is generated locally from the
iron oxide nanoparticles Because this is a dynamic
process, the faster that heat can be deposited into
the local area the greater the temperature change
before the physiological response can remove it.
However, other physiological responses such as damage
to the blood vessel from heat at higher temperatures
of 46 C-48 C, may restrict or even stop such blood
flow creating a higher than expected heating
situation, thereby limiting the applicability of this
simple view. For this reason, the physical
characterization is insufficient to determine
efficacy. Physiological responses must be considered
and in vivo studies performed in order to truly
determine the efficacy of a treatment.Table 1: [00140|
The saturation magnetization, particle structure, and
intcrparriclc interactions all affect the SAR.
However, each contributes in different ways and with
different magnitudes, and may even be in competition
with each other. The biological response in our
preliminary studies correlates with the measured
intratumoral temperature and thermal dose (time and
temperature), leading these nanoparticles to appear to
have a "'global" thermothcrapcutic effect, similar to
that of conventional hyperthermia. Finally, the
physiological effects (e.g., dynamic heat transport
mechanisms) which normally have a major influence on
the efficacy of conventional hyperthermia treatment
may not have the same role in nanoparticle
hyperthermia. This is likely due to the fact that the
heat source for nanoparticle hyperthermia is internal
rather than external for conventional hyperthermia and
that the cellular targets for nanoparticle
hyperthermia may well be different. Further work is
necessary to understand the mechanisms of heat damage
and heat dissipation in mammals. EXAMPLE 2 |00141 j
Two different samples of magnetic susceptors having
iron oxide (magnetite) cores coated with dextran to
form a shell and having a diameter less than 50 nm
were synthesized using high-pressure homogenization
according to the core/shell method described in U.S.
Patent Application No. 2005/0271 745. The two samples
arc nominally identical in their cores with dextran
layers that vary. Sample B includes a double dcxtran
layer and Sample C was coated and includes a single
dextran layer. |00142] AUC yielded a density of 3.20
g/cmJ , which is slightly less than that of bulk iron
oxide at 5.18 g/cm3, and a size distribution of 4413
nm for the nanoparticle core. PCS yielded a larger
size and size distribution of 9214 nm. This number is
the same whether it is determined by intensity or by
volume. However, the PCS instrument estimates a
hydrodynamic radius based upon a Stokes-Einstcin
sphere moving through the solvent and, thus, includes
an estimate of thethickness of lhe dextran layer
infiltrated with solvent. A dextran length of 24 nm is
reasonable for the 40.000 Dalton dextran used. The LUC
data also agree with the TEM images showing a core
diameter of -50 nm. Ls described above, the dextran
layer thickness cannot be determined from the TEM.
[00143] The SANS/USANS data arc also in reasonable
agreement with these numbers. Sample B data both H O
and D O, are shown in FIG. 5. H O and D?O each
highlight different features of the system by varying
the sample contrast. In the case of H O, the
scattering is 



dominated by the large contrast between iron oxide and
H2O, whereas there is less contrast with dextran. In D
O, the intensity of scattering from the core is much
reduced while the contrast with dextran is enhanced.
Sample B in D O data show a strong scattering
intensity at low Q that may be due to the presence of
a dextran network acting to bind particles in large
scale aggregates. This interpretation agrees with
other observations of dextran solutions. A
polydispersed core-shell model was used to fit the H O
data by keeping the ratio of core to shell sizes
constant. This yields a total particle diameter of
28.300.02 nm. This is smaller than the size seen by
either PCS or AUC and this difference is attributed to
the fact that neutron scattering is sensitive to the
first moment of the distribution of radii in a
polydispersed system whereas PCS and AUC are sensitive
to the third moment. Furthermore, it is possible that
the radial density profile of the particles may not be
a uniform core and shell. For instance, there may be a
decreasing density gradient of dextran with increasing
radius. Finally, the hard sphere interaction radius is
determined to be 69.50.2 nm indicating that there is
an interaction on a length scale longer than the
particle size visible to neutrons. [00144] The SANS
data from Sample C are shown in FIG. 6 . The
concentration series in H2O is shown, while the D O
data that are similar to those in FIG. 5 are excluded.
Mere the diameter is 27.20.5 nm, similar to that found
for Sample B. while the interaction radius is >200 nm.
a factor of 3 larger than for Sample B. This increase
in the interaction radius does not appear to be due to
a change in average diameter as determined earlier by
both AUC and PCS, nor by a change in volume fraction.
From SANS/USANS, the volume fractions of both samples
are nearly equal (0.10750.0005 for Sample B and
0.1050+0.0003 for Sample C), as is the polydispersity
(0.6), which is an indicator of the size distribution.
This difference in interaction radius with no
difference in particle dimensions indicates that a
simple hard sphere interactionmodel is not physically
correct and a better model would take into account
stcric, electrostatic and magnetic interactions.
|00J45| The magnetic properties of the system were
characterized by measuring the hysteresis loop at room
temperature. These loops (FTG. 7) have been normalized
to the mass of particles present in the colloid using
the mass of solution added to the liquid capsule
holder, its density as determined with an Anton Paar
DMA 5000 Densitometer, and mass concentration of
material in the colloid as determined by freczc-drying
1ml of colloid. The most prominent point is that the
saturation magnetization of Sample B is 4 1.080.03
kA-nr/g, slightly less than that of Sample C
(45.340.02 kA-nr/g). Other than this slight difference
in magnitude, the shapes of the two hysteresis loops
are nearly identical. It is noteworthy that the SANS
data exhibit significantly different interaction radii
in zero field for the two samples although the SQUID
data show nearly identical magnetic moments at the
fields used in the SAR measurements. [00146] The SAR
values were measured for H = 86 kA/m (1080 Oe) and f =
150 kHz using colloids of nominally equal
concentrations which are then normalized to iron
concentration. Here we see the most striking
difference. Sample B has a measured SAR of 1075 W/g of
Fe while Sample C has a measured SAR of 150 W/g of Fc,
a difference of a factor of 7 . This cannot be
attributed to a difference in the saturation
magnetizations as these arc shown to have the opposite
trend and to differ only by 10%, nor can this be
attributed to differences in the physical size or size
distribution as these have been shown through three
physical techniques (TBM. AUC, and PCS) to be nearly
the same. Therefore the primary difference appears to
be in the SANS/USANS data in the interaction behavior.
In particular, the double dextran layer of Sample B
appears to have a much smaller interaction radius, by
nearly a factor of 3. This smaller interaction radius
may have a two-fold effect: (1) the dipolar
interactions would be significantly stronger enabling
the nanoparticles to couple their behavior under an
oscillating field, thereby amplifying the heating, and
(2) the smaller interaction radius would mean that
more particles are grouped closer together, enhancing
the local heal output in a smaller area. [00147]
Although the magnetic properties of a sample
(saturation magnetization anisotropy. and volume) are
expected to have significant effects on the heat dose
supplied bymagnetic nanoparticles under the influence
of an alternating magnetic field, the individual
nanoparticle properties arc not the only
consideration. The behavior of the collection of
magnetic nanoparticles is equally critical in
determining the heat dose, as demonstrated by
twonominally identical samples of ~50 nm iron oxide
core/shell nanoparticles. The tightly associated
system has a measured SAR of 1075 W/g of Fe while the
more loosely associated system has an SAR of 150 W/g
of Fe. [00148] Although the present invention has been
described in considerable detail with reference to
certain preferred embodiments thereof, other versions
are possible. Therefore the spiril and scope of the
appended claims should not be limited to the
description and the preferred versions contained
within this specification.J. CLAIMS What is claimed
is: 1. A therapeutic composition comprising: a
plurality of untargeted magnetic nanoparticles having
an interaction radius of from about 100 nm to about 50
mm; and a pharmaceutically acceptable carrier. 2 . The
therapeutic composition o f claim 1, wherein the
plurality of untargeted magnetic nanoparticles
comprises stable single-magnetic domain nanoparticles,
superparamagnetic particles and combinations thereof. 



3. The therapeutic composition of claim 1. wherein the
plurality of untargeted magnetic nanoparticles are
apparently thermally blocked when exposed to a
magnetic field and become heated. 4. The therapeutic
composition of claim 1, wherein the plurality of
untargeted magnetic nanoparticles have an average
particle size of less than about 1 mm. 5. The
therapeutic composition of claim 1, wherein the
plurality of untargeted magnetic nanoparlicles have an
average particle size of from about 0. 1 nm to about
800 nm. 6. The therapeutic composition of claim 1.
wherein the plurality of untargeted magnetic
nanoparticles have a polydispersity o f from about 0
.1 to about 1.5. 7 . The therapeutic composition o f
claim 1. wherein the plurality of untargeted magnetic
nanoparticles are prepared from a material comprising
Fe O . Y-Fe O3, FeCo/SiOa, C036C6.1, Bi FCjOi , NiFe.
CoNiFe. Co-Fe O4. FePt-Ag and combinations thereof. 8.
The therapeutic composition of claim 1, wherein the
plurality of untargeted magnetic nanoparticles
comprise a core and a coating. 9. The therapeutic
composition o f claim 8, wherein the core comprises a
material selected from Fe O , g-Fe2O3, FeCo/SiO?,
Co36Cr>4, Bi3Fe5q i2. BaFei2 q i9, NiFc. CoNiFe. Co-Fe
O , FePl-Ag and combinations thereof. 10. The
therapeutic composition of claim 8, wherein the
coating comprises a material selected from polymers,
biological materials, inorganic coating materials and
combinations thereof.11. The therapeutic composition
of claim 10, wherein the polymers are selected from
acrylaies, siloxanes. styrenes, acetates, akylene
glycols, alkylenes, alkylene oxides, parylcnes. lactic
acid, glycolic acid, hydrogel polymer,
histidine-containing polymer and combinations thereof.
12. The therapeutic composition of claim 10, wherein
the biological materials are selected from heparin,
heparin sulfate, chondroitin sulfate, chitin,
chitosan, cellulose dextran. alginate, starch,
carbohydrate, glycosaminogiyean, extracellular matrix
proteins, proteoglycans, glycoproteins, albumin,
gelatin and combinations thereof. 13. The therapeutic
composition of claim 10, wherein the inorganic coating
materials are selected from metals metal alloys and
ceramics. 14. The therapeutic composition of claim 8,
wherein the core is magnetite and the coating is
dextran. 15 . The therapeutic composition of claim 14,
wherein the coating comprises at least two layers of
dextran. 16. The therapeutic composition of claim 1,
wherein the plurality of untargeted magnetic
nanoparticlcs have an interaction radius of from about
200 nm to about 25 mm. 17 . The therapeutic
composition of claim 1, wherein the plurality of
untargeted magnetic nanoparticles have a saturation
magnetism of from about 10 kA-m 2/g to about lOO
kA-nVVg. 18. The therapeutic composition of claim 1,
wherein the plurality of untargeted magnetic
nanoparticlcs have a specific absorption rate (SAR) of
from about 100 W/g to about 1500 W/g when exposed to
an alternating magnetic field. 19. The therapeutic
composition of claim 1, wherein the pharmaceutically
acceptable carrier is selected from water, buffered
water, saline, Ringer's solution, glycine hyaluronic
acid, dextrose, albumin solution, oils or combinations
thereof. 20. The therapeutic composition of claim 19,
further comprising one or more additives selected from
stabilizers, antioxidants, osmolality adjusting
agents, buffers, pH adjusting agents, chclants,
calcium chelate complexes, salts or combinations
thereof. 2 1. The therapeutic composition of claim 1.
wherein the therapeutic composition is formulated as a
liquid, a gel. an ointment, a lotion a solid, or a
semi-solid.22. The therapeutic composition of claim 1,
further comprising targeted magnetic nanoparticles.
23. The therapeutic composition of claim 1, further
comprising one or more secondary agents selected from
chemotherapeutic agents, radiation therapy agents,
vasopetmeation enhancement agents, anti-inflammatory
agents, anesthetics, analgesics, sedatives,
antibiotics and combinations thereof. 24. L method for
treating tumorigenic tissue comprising administering
to a patient in need of treatment an effective amount
of a therapeutic composition comprising: a plurality
of untargeted magnetic nanoparticles having an
interaction radius of from about 100 nm to about 50
mm; and a pharmaceutically acceptable carrier or
excipient; and exposing the patient to an energy
capable of inducing heating of the plurality of
untargeted magnetic nanoparticles. 25. The method of
claim 24, wherein the tumorigenic tissue is a solid
tumor. 26. The method of claim 24, wherein
administering comprises contacting the tumorigenic
tissue with the therapeutic composition directly. 



27. The method of claim 24. wherein administering
comprises applying the therapeutic composition
directly to the tumorigenic tissue. 28. The method of
claim 24, wherein administering comprises injecting a
tumor with the therapeutic composition. 29. The method
of claim 24, wherein the method is carried out in
combination with radiation therapy, chemotherapy .
external beam therapy, surgery, photodymanic therapy
(PDT), therapy using biological agents or a
combination thereof. 30. The method of claim 24,
wherein the plurality of untargeted magnetic
nanoparticles have an interaction radius of from about
200 nm to about 25 mm. 3 1. The method of claim 24.
wherein the energy is selected from alternating
magnetic field (LMF), microwave energy, acoustic
energy and combinations thereof. 32. The method of
claim 24. wherein the energy is an alternating
magnetic field (AMF).33. The method of claim 32.
wherein the alternating magnetic field has a frequency
range of from about 80 kHz to about 800 kHz. 34. The
method of claim 32, wherein the alternating m'agnetic
field has an amplitude of from about 1 kA/m to about
120 kA/m. 35. A method for treating joint inllammation
comprising: administering to a patient in need of
treatment an effective amount of a therapeutic
composition comprising: a plurality of untargeted
magnetic nanoparticles having an interaction radius of
from about 100 nm to about 50 mm; and a
pharmaceutically acceptable carrier or excipient; and
exposing the patient to an energy capable of inducing
heating of the plurality of untargeted magnetic
nanoparticles. 36. The method of claim 35. wherein
administering comprises contacting inflamed synovial t
issue scar tissue, immune cells and combinations
thereof with the therapeutic composition directly. 37.
The method of claim 35, wherein administering
comprises applying the therapeutic composition
directly to the joint. 38. The method of claim 35.
wherein administering comprises injecting the joint
with the therapeutic composition. 39. The method of
claim 35; wherein administering further comprises
administering one or more of an anti-inflammatory
agent, anesthetic, analgesic, sedative, antibiotic or
combination thereof. 40. The method of claim 35.
wherein the plurality of untargeted magnetic
nanoparticles have an interaction radius of from about
200 nm to about 25 mm. 4 1. The method of claim 35,
wherein the energy is selected from alternating
magnetic field (LMF), microwave energy, acoustic
energy and combinations thereof. 42. The method of
claim 35, wherein exposing comprises applying an
alternating magnetic field (AMF) to at least a portion
of the patient. 43. The method of claim 42, wherein
the alternating magnetic field has a frequency range
of from about 80 kHz to about 800 kHz.44. The method
of claim 42. wherein the alternating magnetic field
has an amplitude of from about 1kA/m to about 120 LVm.
45. The method of claim 35 wherein the joint
inflammation is caused as a result of injury, disease,
arthritis and combinations thereof. 46. The method of
claim 45, wherein the arthritis is selected from
general arthritis, rheumatoid arthritis,
osteoarthritis, tendonitis bursitis fibromyalgia and
combinations thereof. 47. The method of claim 45,
wherein the disease is selected from gout, lupus,
rickets, ankylosing spondylitis, Sjogrens syndrome and
combinations thereof. 


