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BACKGROUND OF THE INVENTION Although tremendous
advances have been made in elucidating the genomic
abnormalities that cause malignant cancer cells,
currently available chemotherapy remains
unsatisfactory, and the prognosis for the majority of
patients diagnosed with cancer remains dismal. Most
chemotherapeutic agents act on a specific molecular
target thought to be involved in the development of
the malignant phenotype. However, a complex network of
signaling pathways regulate cell proliferation, and
the majority of malignant cancers are facilitated by
multiple genetic abnormalities in these pathway.
Therefore, it is unlikely that a therapeutic agent
that acts on one molecular target will be fully
effective in curing a patient who has cancer. Heat
shock proteins (HSPs) are a class of chaperone
proteins that are upregulated in response to elevated
temperature and other environmental stresses, such as
ultraviolet light, nutrient deprivation, and oxygen
deprivation. HSPs act as chaperones to other cellular
proteins (called client proteins) and facilitate their
proper folding and repair, and aid in the refolding of
misfolded client proteins. There are several known
families of HSPs, each having its own set of client
proteins. The Hsp90 family is one of the most abundant
HSP families, accounting for about 1- 2% of proteins
in a cell that is not under stress and increasing to
about 4-6% in a cell under stress. Inhibition of Hsp90
results in degradation of its client proteins via the
ubiquitin proteasome pathway. Unlike other chaperone
proteins, the client proteins of Hsp90 are mostly
protein kinases or transcription factors involved in
signaltransduction, and a number of its client
proteins have been shown to be involved in the
progression of cancer. Examples of Hsp90 client
proteins that have been implicated in the progression
of cancer are described below. Her-2 is a
transmembrane tyrosine kinase cell surface growth
factor receptor that is expressed in normal epithelial
cells. Her2 has an extracellular domain that interacts
with extracellular growth factors and an internal
tyrosine kinase portion that transmits the external
growth signal to the nucleus of the cell. Her2 is
overexpressed in a significant proportion of
malignancies, such as breast cancer, ovarian cancer,
prostate cancer, and gastric cancers, and is typically
associated with a poor prognosis. c-Kit is a membrane
receptor protein tyrosine kinase which binds Stem Cell
Factor (SCF) to its extraellular domain. c-Kit is
involved in the development of melanocytes, mast, germ
and hematopoietic cells, and there is evidence that it
plays a role in several types of cancer including
leukemias, mast cell tumors, small cell lung cancer,
testicular cancer, cancers of the gastointesinal tract
and cancers of the central nervous system. c-Met is a
receptor tyrosine kinase that is encoded by the Met
protooncogene and transduces the biological effects of
hepatocyte growth factor (HGF), which is also referred
to as scatter factor (SF). Jiang et al., Crit. Rev.
Oncol. Hemtol. 29: 209- 248 (1999), the entire
teachings of which are incorporated herein by
reference c- Met and HGF are expressed in numerous
tissues, although their expression is normally
confined predominantly to cells of epithelial and
mesenchymal origin, respectively. c-Met and HGF are
required for normal mammalian development and have
been shown to be important in cell migration, cell
proliferation and survival, morphogenic
differentiation, and organization of 3-dimensional
tubular structures (e.g., renal tubular cells, gland
formation, etc.). The c-Met receptor has been shown to
be expressed in a number of human cancers. c-Met and
its ligand, HGF, have also been shown to be
co-expressed at elevated levels in a variety of human
cancers (particularly sarcomas). However, because the
receptor and ligand are usually expressed by different
cell types, c-Met signaling is most commonly regulated
by tumor-stroma (tumor-host) interactions.
Furthermore, c-Met gene amplification, mutation, and
rearrangement have been observed in a subset of human
cancers.Families with germine mutations that activate
c-Met kinase are prone to multiple kidney tumors as
well as tumors in other tissues. Numerous studies have
correlated the expression of c-Met and/or HGF/SF with
the state of disease progression of different types of
cancer (including lung, colon, breast, prostate,
liver, pancreas, brain, kidney, ovaries, stomach,
skin, and bone cancers). Furthermore, the
overexpression of c-Met or HGF have been shown to
correlate with poor prognosis and disease outcome in a
number of major human cancers including lung, liver,
gastric, and breast. Akt kinase is a serine/threonine
kinase which is a downstream effector molecule of
phosphoinositide 3-kinase and is involved in
protecting the cell from apoptosis. Akt kinase is
thought to be involved in the progression of cancer
because it stimulates cell proliferation and
suppresses apoptosis. Cdk4/cyclin D complexes are
involved in phosphorylation of retinoblastoma protein
which is an essential step in progression of a cell
through the Gl phase of the cell cycle. Disruption of
Hsp90 activity has been shown to decrease the half
life of newly synthesized Cdk4. Raf-1 is a MAP
3-kinase (MAP3K) which when activated can
phosphorylate and acitivate the serine/threonine
specific protein kinases ERKl and ERK2. Activated ERKs
play an important role in the control of gene
expression involved in the cell division cycle,
apoptosis, cell differentiation and cell migration.
The transforming protein of Rous sarcoma virus,v-src,
is a prototype of an oncogene family that induces
cellular transformation (i.e., tumorogenesis) by
nonregulated 



kinase activity. Hsp90 has been shown to complex with
v-scr and inhibit its degradation. The BCR-ABL fusion
protein associated with chronic myelogenous leukemia
and in a subset of patients with acute lymphoblastic
leukemia. The fusion protein is a consequence of
exchange of genetic material from the long arms of
chromosomes 9 and 22 and results in unregulated
tyrosine kinase activity. BCRABL exists as a complex
with Hsp90 and is rapidly degraded when the action of
Hsp90 is inhibited. Hsp90 is required to maintain
steroid hormone receptors in a conformation capable of
binding hormone with high affinity. Inhibition of the
action of Hsp90therefore is expected to be useful in
treating hormone-associated malignancies such as
breast cancer. p53 is a tumor suppressor protein that
causes cell cycle arrest and apoptosis. Mutation of
the p53 gene is found in about half of all human
cancers making it one of the most common genetic
alterations found in cancerous cells. In addition, p53
mutation is associated with a poor prognosis.
Wild-type p53 has been shown to interact with Hsp90,
but mutated p53 forms a more stable association than
wild-type p53 as a result of its misfolded
conformations. A stronger interaction with Hsp90
protects the mutated protein form normal proteolytic
degradation and prolongs its half-life. In a cell that
is heterozygous for mutated and wild-type p53,
inhibition of the stabilizing effect of Hsp90 causes
mutant p53 to be degraded and restores the normal
transcriptional activity of wild-type p53. Hif-lcc is
a hypoxia-inducible transcription factor that is
up-regulated under low oxygen conditions. Under normal
oxygen conditions Hif-l a associates with Von
Hippel-Lindau (VHL) tumor suppressor protein and is
degraded. Low oxygen conditions inhibits this
association and allows Hif-l a to accumulate and
complex with Hif-l b to form an active transcription
complex that associates with hypoxiaresponse elements
to activate the transcription of vascular endothelial
growth factor (VEGF). Increased Hif-l a is associated
with increased metastasis and a poor prognosis. Hsp90
has been shown by mutational analysis to be necessary
for the survival of normal eukaryotic cells. However,
Hsp90 is over expressed in many tumor types indicating
that it may play a significant role in the survival of
cancer cells and that cancer cells may be more
sensitive to inhibition of Hsp90 than normal cells.
For example, cancer cells typically have a large
number of mutated and overexpressed oncoproteins that
are dependent on Hsp90 for folding. In addition,
because the environment of a tumor is typically
hostile due to hypoxia, nutrient deprivation,
acidosis, etc., tumor cells may be especially
dependent on Hsp90 for survival. Moreover, inhibition
of Hsp90 causes simultaneous inhibition of a number of
oncoproteins, as well as hormone receptors and
transcription factors making it an attractive target
for an anti-cancer agent. In fact, benzoquinone
ansamycins, afamily of natural products that inhibit
Hsp90, has shown evidence of therapeutic activity in
clinical trials. Although promising, benzoquinone
ansamycins, and their derivatives, suffer from a
number of limitations. For example, they have low oral
bioavailability, and their limited solubility makes
them difficult to formula. In addition, they are
metabolized by polymorphic cytochrome P450 CYP3A4 and
are a substrate for Pglycoprotein export pump involved
in the development of multidrug resistance. Therefore,
a need exist for new therapeutics that improve the
prognosis of cancer patients and that reduces or
overcomes the limitations of currently used
anti-cancer agents. SUMMARY OF THE INVENTION The
present invention provides novel compounds which
inhibit the activity of Hsp90 and are useful in the
treatment of proliferative disorders, such as cancer.
The present invention also provides new uses for
previously disclosed compounds. The present invention
provides compounds having the formula (I): (I) and
tautomers, pharmaceutically acceptable salts,
solvates, clathrates, and prodrugs thereof. In formula
(I), ring A is an aryl or a heteroaryl, wherein the
aryl or the heteroaryl are optionally further
substituted with one or more substituents in addition
to R3; Ri is -OH, -SH, -NR7H, -OR26, -SR26, -NHR26,
-O(CH2)mOH, -O(CH2)mSH, -O(CH2)mNR7H, -S(CH2)mOH,
-S(CH2)mSH, -S(CH2)mNR7H, -OC(O)NR10R1I, -SC(O)NRi0Rn
, -NR7C(O)NR10Ri1, -OC(O)R7, -SC(O)R7, -NR7C(O)R7,
-OC(O)OR7, -SC(O)OR7, -NR7C(O)OR7, -OCH2C(O)R7,
-SCH2C(O)R7, -NR7CH2C(O)R7, -OCH2C(O)OR7,
-SCH2C(O)OR7,-NR7CH2C(O)OR7, -OCH2C(0)NRioR u ,
-SCH2C(O)NRi0Ri1, -NR7CH2C(0)NRioRi i, -OS(O)PR7,
-SS(O)PR7, -S(O)POR7, -NR7S(O)PR7, -OS(O)PNRI 0RII5
-SS(O) PNR 1ORI I, -NR 7S(O) PNR, 0R II , -OS(O) POR7,
-SS(O) POR7, -NR7S(O)POR7, -OC(S)R7, -SC(S)R7,
-NR7C(S)R7, -OC(S)OR7, -SC(S)OR7, -NR7C(S)OR7,
-OC(S)NRi0RiI, -SC(S)NRi0Rii, -NR7C(S)NRi0Rn,
-OC(NR8)R7, -SC(NR8)R7, -NR7C(NR8)R7, -OC(NR8)OR7,
-SC(NR8)OR7, -NR7C(NR8)OR7, -OC(NR8)NRi0Ri,,
-SC(NRg)NRi0RiI, -NR7C(NR8)NRi0RiI, -OP(O)(OR7 , or
-SP(O)(OR7)2; R3 is -OH, -SH, -NR7H, -OR26, -SR26,
-NHR26, -0(CH 2)m0H, -O(CH2)mSH, -O(CH2)mNR7H,
-S(CH2)mOH, -S(CH2)mSH, -S(CH2)mNR7H, -OC(O)NR10Ri,,
-SC(O)NRi0Rii, -NR7C(O)NRi0Ri1, -OC(O)R7, -SC(O)R7,
-NR7C(O)R7, -OC(O)OR7, -SC(O)OR7, -NR7C(O)OR7,
-OCH2C(O)R7, -SCH2C(O)R7, -NR7CH2C(O)R7, -OCH2C(O)OR7,
-SCH2C(O)OR7, -NR7CH2C(O)OR7, -OCH2C(O)NR10R1I,
-SCH2C(O)NR10Rn, -NR7CH2C(O)NRiORi1, -OS(O)PR7,
-SS(O)PR7, -S(O)POR7, -NR7S(O)PR7, -OS(O)pNRi0Rn,
-SS(O)pNR10Rii, -NR7S(O)PNRi0Rn , -OS(O)POR7,
-SS(O)POR7, -NR7S(O)POR7, -OC(S)R7, -SC(S)R7,
-NR7C(S)R7, -OC(S)OR7, -SC(S)OR7, 



-NR7C(S)OR7, -OC(S)NRi0Ri,, -SC(S)NRi0Rii,
-NR7C(S)NRi0Ri1, -OC(NR8)R7, -SC(NR8)R7, -NR7C(NR8)R7,
-OC(NR8)OR7, -SC(NR8)OR7, -NR7C(NR8)OR7,
-OC(NR8)NRi0R,,, -SC(NR8)NR10R,,, -NR7C(NR8)NRi0R,,,
-OP(O)(OR7 2, or -SP(O)(OR7)2; R is an optionally
substituted heteroaryl or an optionally substituted 8
to 14 membered aryl; R7 and R8, for each occurrence,
are, independently, -H, an optionally substituted
alkyl, an optionally substituted alkenyl, an
optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted
cycloalkenyl, an optionally substituted heterocyclyl,
an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted
aralkyl, or an optionally substituted heteraralkyl;
R,o and Rn, for each occurrence, are independently -H,
an optionally substituted alkyl, an optionally
substituted alkenyl, an optionally substituted
alkynyl, an optionally substituted cycloalkyl, an
optionally substituted cycloalkenyl, anoptionally
substituted heterocyclyl, an optionally substituted
aryl, an optionally substituted heteroaryl, an
optionally substituted aralkyl, or an optionally
substituted heteraralkyl; or Rio and Rn, taken
together with the nitrogen to which they are attached,
form an optionally substituted heterocyclyl or an
optionally substituted heteroaryl; R2 is a lower
alkyl; p, for each occurrence, is, independently, 1 or
2; and m, for each occurrence, is independently, 1, 2,
3, or 4. In one embodiment, ring A of the the
compounds of formula (I) is not a substituted
[l,2,3]triazole, and/or compounds represented by
formula (I) do not include
3-(2,4-dihydroxy-phenyl)-4-(7-naphthalen-l-yl)-5-merca
pto-triazole. The present invention also provides
compounds having the formula (II): (II) and tautomers,
pharmaceutically acceptable salts, solvates,
clathrates, and prodrugs thereof. In formula (II),
ring A, Ri, and R are defined as for formula (I); and
R2 is a substituted phenyl, wherein the phenyl group
is substituted with: i) one substituent selected from
nitro, cyano, a haloalkoxy, an optionally substituted
alkenyl, an optionally substituted alkynyl, an
optionally substituted cycloalkyl, an optionally
substituted cycloalkenyl, an optionally substituted
heterocyclyl, an optionally substituted aryl, an
optionally substituted heteroaryl, an optionally
substituted aralkyl, an optionally substituted
heteraralkyl, hydroxylalkyl, alkoxyalkyl, guanadino,
-NRi0Rn, -OR 20, -C(O)R7, -C(O)OR20, -OC(O)R7,
-C(O)NR10R11, -NR8C(O)R7, -SR7, -S(O)pR7, -OS(O)PR7,
-S(O)POR7, -NR8S(O)PR7, or -S(0) pNR loRn, orii) two
to five substituents selected from the group
consisting of an optionally substituted alkyl, an
optionally substituted alkenyl, an optionally
substituted alkynyl, an optionally substituted
cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted heterocyclyl, an optionally
substituted aryl, an optionally substituted
heteroaryl, an optionally substituted aralkyl, an
optionally substituted heteraralkyl, hydroxyalkyl,
alkoxyalkyl, -F, -Br, -I, cyano, nitro, guanadino, a
haloalkyl, a heteroalkyl, -NRi0Rn, -OR7, -C(O)R7,
-C(O)OR7, -OC(O)R7, -C(O)NR10Rn, -NR8C(O)R7, -SR7,
-S(O)pR7, -OS(O)PR7, -S(O)pOR7, -NR8S(O)pR7, or
-S(0)pNR loRn; and R20, for each occurrence, is
independently an optionally substituted alkyl, an
optionally substituted alkenyl, an optionally
substituted alkynyl, an optionally substituted
cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted heterocyclyl, an optionally
substituted aryl, an optionally substituted
heteroaryl, an optionally substituted aralkyl, or an
optionally substituted heteraralkyl. In one
embodiment, compounds represented by formula (II) do
not include
3-(2,4-dihydroxy-phenyl)-4-(7-naphthalen-l-yl)-5-merca
pto-triazole, 3-(2,4-
dihydroxyphenyl)-4-(2,5-dimethoxyphenyl)-5-mercapto-tr
iazole, 3-(l-phenyl-5-
amino-pyrazol-4-yl)-4-(2,4-dichloropheny)-5-mercapto-t
riazole, or 3-(2-hydroxyphenyl)
4-(2,4-dimethylphenyl)-5-mercapto-triazole. The
present invention also provides compounds having the
formula (III): (III) and tautomers, pharmaceutically
acceptable salts, solvates, clathrates, and prodrugs
thereof. In formula (III), ring A, Ri, and R3 are
defined as for formula (I); andRi8 is an optionally
substituted cycloalkyl, and optionally substituted
cycloalkenyl, or a substituted alkyl, wherein the
alkyl group is substituted with one or more
substituents independently selected from the group
consisting of an optionally substituted alkynyl, an
optionally substituted cycloalkyl, an optionally
substituted cycloalkenyl, an optionally substituted
heteroaryl, an optionally substituted aralkyl, an
optionally substituted heteraralkyl, halo, cyano,
nitro, guanadino, a haloalkyl, -NR10Rn, -OR7, -C(O)R7,
-C(O)OR7, -OC(O)R7, -C(O)NR10Rn, -NR8C(O)R7, -SR7,
-S(O)PR7, -OS(O)pR7, -S(O)POR7, -NR8S(O)PR7, or
-S(O)pNR10Rp, -S(O)POR7, -OP(O)(OR7)2, or
-SP(O)(OR7)2; In one embodiment, compounds represented
by formula (III) do not include compounds in which Ri
is not cyclohexyl. The invention also provides
compounds represented by formula (IV) or formula (V):
(IV) (V) and tautomers, pharmaceutically acceptable
salts, solvates, clathrates, and prodrugs thereof. In
formulas (IV) and (V), Ri and R3 are defined as for
formula (I); and 



Xi4 is O, S, orNR 7; R2 1 is an optionally substituted
alkyl, an optionally substituted alkenyl, an
optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted
cycloalkenyl, an optionally substituted heterocyclyl,
an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted
aralkyl, or an optionally substituted heteraralkyl;
R22, for each occurrence, is independently -H or is
selected from the group consisting of an optionally
substituted alkyl, an optionally substituted alkenyl,
an optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted
cycloalkenyl, an optionally substituted heterocyclyl,
an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted
aralkyl, or an optionally substituted heteraralkyl, a
haloalkyl, -C(O)R7, -C(O)OR7, -OC(O)R7, -C(O)NRi0Rn,
-NR8C(O)R7, -S(O)PR7, -S(O)POR7, or -S(0)pNRioRp; and
R23and R24, for each occurrence, are independently -H
or are selected from the group consisting of an
optionally substituted alkyl, an optionally
substituted alkenyl, an optionally substituted
alkynyl, an optionally substituted cycloalkyl, an
optionally substituted cycloalkenyl, an optionally
substituted heterocyclyl, an optionally substituted
aryl, an optionally substituted heteroaryl, an
optionally substituted aralkyl, or an optionally
substituted heteraralkyl, halo, cyano, nitro,
guanadino, a haloalkyl, a heteroalkyl, -NR10Rn, -OR7,
-C(O)R7, -C(O)OR7, -OC(O)R7, -C(O)NR10R1 1,
-NR8C(O)R7, -SR7, -S(O)PR7, -OS(O)PR7, -S(O)POR7,
-NR8S(O)PR7, or -S(O)pNR10Rp. The present invention
also provides compounds 1^presented by formula (VI):
(VI) and tautomers, pharmaceutically acceptable salts,
solvates, clathrates, and prodrugs thereof, wherein:
X4 1 is O, S, or NR42; X42 is CR44 or N;Y4 1 is N or
CR45; Y 2 for each occurrence, is independently N, C
or CR4 ; Z is OH, SH, or NHR7; R4I is -H, -OH, -SH, an
optionally substituted alkyl, an optionally
substituted alkenyl, an optionally substituted
alkynyl, an optionally substituted cycloalkyl, an
optionally substituted cycloalkenyl, an optionally
substituted heterocyclyl, an optionally substituted
aryl, an optionally substituted heteroaryl, an
optionally substituted aralkyl, an optionally
substituted heteraralkyl, halo, cyano, nitro,
guanadino, a haloalkyl, a heteroalkyl, an alkoxy or
cycloalkoxy, a haloalkoxy, -NRioRn, -OR7, -C(O)R7,
-C(O)OR7 -C(S)R7 -C(O)SR7, -C(S)SR7, -C(S)OR7,
-C(S)NR10Rn, -C(NR8)OR7, -C(NR8)R7, -C(NR8)NR10Rn ,
-C(NR8)SR7, -OC(O)R7, -OC(O)OR7, -OC(S)OR7,
-OC(NR8)OR7, -SC(O)R7, -SC(O)OR7, -SC(NR8)OR7,
-OC(S)R7, -SC(S)R7, -SC(S)OR7, -OC(O)NR10R1 1,
-OC(S)NR10R1,, -OC(NR8)NR10R1 1, -SC(O)NR10R1 1,
-SC(NR8)NR10R1 1, -SC(S)NR10R1 1, -OC(NR8)R7,
-SC(NR8)R7, -C(O)NR10R1 1 , -NR8C(O)R7, -NR7C(S)R7,
-NR7C(S)OR7, -NR7C(NR8)R7, -NR7C(O)OR7, -NR7C(NR8)OR7,
-NR7C(O)NR10R11 , -NR7C(S)NR10R1 1, -NR 7C(NR 8)NR 10R
H , -SR7, -S(O) PR7, -OS(O)PR7, -OS(O)POR7,
-OS(O)PNRi0R1U -S(O)POR7, -NR8S(O)PR7,
-NR7S(O)PNR10R1!, -NR7S(O)POR7, -S(0) pNRloRn ,
-SS(O)pR7, -SS(O)POR7, -SS(O)pNR10R,i, -OP(O)(OR7)2,
or -SP(O)(OR7)2; R4 is -H, an optionally substituted
alkyl, an optionally substituted alkenyl, an
optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted
cycloalkenyl, an optionally substituted heterocyclyl,
an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted
aralkyl, an optionally substituted heteraralkyl,
hydroxyalkyl, alkoxyalkyl, a haloalkyl, a heteroalkyl,
-C(O)R7, -(CH2)mC(O)OR7, -C(O)OR7, -OC(O)R7,
-C(O)NR10R11, -S(O)PR7, -S(O)POR7, or -S(0) pNRloRu ;
R43 and R4 are, independently, -H, -OH, an optionally
substituted alkyl, an optionally substituted alkenyl,
an optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted
cycloalkenyl, an optionally substituted heterocyclyl,
an optionally substituted aryl, an optionally
substitutedheteroaryl, an optionally substituted
aralkyl, an optionally substituted heteraralkyl,
hydroxyalkyl, alkoxyalkyl, halo, cyano, nitro,
guanadino, a haloalkyl, a heteroalkyl, -C(O)R7,
-C(O)OR7, -OC(O)R7, -C(O)NR10Rn, -NR8C(O)R7, -SR7,
-S(O)PR7, -OS(O)PR7, -S(O)pOR7, -NR8S(O)pR7,
-S(O)PNR10R1u or R43 and R44 taken together with the
carbon atoms to which they are attached form an
optionally substituted cycloalkenyl, an optionally
substituted aryl, an optionally substituted
heterocyclyl, or an optionally substituted heteroaryl;
R45 is -H, -OH, -SH, -NR7H, -OR26, -SR26, -NHR26,
-0(CH 2)m0H, -O(CH2)mSH, -O(CH2)mNR7H, -S(CH2)mOH,
-S(CH2)mSH, -S(CH2)mNR7H, -OC(0)NRioRii, -SC(O)NRi
0R1I , -NR7C(O)NR10R1 1, -OC(O)R7, -SC(O)R7,
-NR7C(O)R7, -OC(O)OR7, -SC(O)OR7, -NR7C(O)OR7,
-OCH2C(O)R7, -SCH2C(O)R7, -NR7CH2C(O)R7, -OCH2C(O)OR7,
-SCH2C(O)OR7, -NR7CH2C(O)OR7, -OCH2C(0)NRioRi i, -SCH
2C(O)NR I0R H , -NR 7CH2C(O)NR 1OR H , -OS(O)PR7,
-SS(O)PR7, -NR7S(O)PR7, -OS(O)PNR10R1u -SS(0)
pNRioRi,, -NR7S(O)PNR10R1 1, -OS(O)POR7, -SS(O)POR7,
-NR7S(O)POR7, -OC(S)R7, -SC(S)R7, -NR7C(S)R7,
-OC(S)OR7, -SC(S)OR7, -NR7C(S)OR7, -OC(S)NR 10Rii,
-SC(S)NR 10Ri1, -NR7C(S)NR10R1 1, -OC(NR8)R7,
-SC(NR8)R7, -NR7C(NR8)R7, -OC(NR8)OR7, -SC(NR8)OR7,
-NR7C(NR8)OR7, -OC(NR8)NR1ORi I , -SC(NR8)NRi0Rn, or
-NR7C(NR8)NRi0R1I; R4 , for each occurrence, is
independently selected from the group consisting of H,
an optionally substituted alkyl, an optionally
substituted alkenyl, an optionally substituted
alkynyl, an optionally substituted cycloalkyl, an
optionally substituted cycloalkenyl, an optionally
substituted heterocyclyl, an optionally substituted
aryl, 



an optionally substituted heteroaryl, an optionally
substituted aralkyl, an optionally substituted
heteraralkyl, halo, cyano, nitro, guanadino, a
haloalkyl, a heteroalkyl, -NR10R1 1, -OR7, -C(O)R7,
-C(O)OR7, -OC(O)R7, -C(O)NR 10Rn , -NR8C(O)R7, -SR7,
-S(O)PR7, -OS(O)PR7, -S(O)POR7, -NR8S(O)PR7, or
-S(O)PNRi 0R1,; R7, R8, R10, Rn, R26, p, and m are
defined as above. The present invention also provides
compounds represented by formula (VII):(VII) and
tautomers, pharmaceutically acceptable salts,
solvates, clathrates, and prodrugs, wherein: Zi is -OH
or -SH; and X 2, R4 1, R4 , R43, and R4 are defined as
above. The present invention also provides compounds
having the formula (VIII): (VIII) and tautomers,
pharmaceutically acceptable salts, solvates,
clathrates, and prodrugs thereof, wherein: X4 is CR54
or N; Z1 is -OH or -SH; R 2 is selected from the group
consisting of -H, methyl, ethyl, n-propyl, isopropyl,
n-butyl, n-pentyl, n-hexyl, -(CH2)2OCH3, -CH2C(O)OH,
and - C(O)N(CHa) 2;R5 and R54 are each, independently,
-H, methyl, ethyl, or isopropyl; or R53 and R54 taken
together with the carbon atoms to which they are
attached form a phenyl, cyclohexenyl, or cyclooctenyl
ring; R55 is selected from the group consisting of -H,
-OH, -OCH 3, and - OCH2CH3; and R56 is selected from
the group consisting of -H, methyl, ethyl, isopropyl,
and cyclopropyl. The present invention also provides
compounds having the formula (IX): (IX) and tautomers,
pharmaceutically acceptable salts, solvates,
clathrates, and prodrugs thereof, wherein, X44, for
each occurrence, is independently, O, S, NR 2 or C(R4
) 2; Y43 is NR42, C(R4 ) 2, C(R46)2-C(R46)2 C(O),
C(S), C(R46 2C(O), or C(R )2C(S); Y4 1, Y42, Z, R4 1,
R42, and R4 are defined as above. In one embodiment,
in formula (IX), R4I is selected from the group
consisting of -H, lower alkyl, lower alkoxy, lower
cycloalkyl, and lower cycloalkoxy. In another
embodiment, in formula (IX), R4 1 is selected from the
group consisting of -H, methyl, ethyl, propyl,
isopropyl, cyclopropyl, methoxy, ethoxy, propoxy, and
cyclopropoxy. In another embodiment, in formula (IX),
R42 is selected from the group consisting of -H,
methyl, ethyl, n-propyl, isopropyl, cyclopropyl,
n-butyl, sec-butyl,tert-butyl, n-pentyl, n-hexyl,
-C(O)OH, -(CH2)mC(O)OH, -CH2OCH3, -CH2CH2OCH3, and
-C(O)N(CHs)2. In another embodiment, in formula (IX),
Y 1 is CR45. Preferably, R45 is H, a lower alkoxy, or
-OH. In another embodiment, in formula (IX), Y42 is
CH. In another embodiment, in formula (IX), Y4 is CH2.
In another embodiment, in formula (IX), Y43 is NR42,
wherein R42 is H or a lower alkyl. In another
embodiment, in formula (IX), one OfX44 is NR42 and the
other is CH2 or C(Re)2. Preferably, one OfX44 is NR42
and the other is CH2. In another embodiment, in
formula (VI), Z is -OH. In another embodiment, Z is
-SH. In another embodiment, the compound is selected
from the group consisting of:
3-(2,4-dihydroxy-5-isopropyl-phenyl)-4-(l,3-benzodiaxo
l-5-yl)-5-mercapto-[l,2,4] triazole;
3-(2,4-dihydroxy-5-isopropyl-phenyl)-4-(indan-5-yl)-5-
mercapto-[l,2,4] triazole;
4-Ethyl-6-[5-mercapto-4-(l-methyl-2,3-dihydro-lH-indol
-5-yl)-4H-[l,2,4]triazol-3- yl]-benzene-l,3-diol;
5-(3-(5-ethyl-2,4-dihydroxyphenyl)-5-mercapto-4H-l,2,4
-triazol-4-yl)indolin-2- one;
5-(3-(5-ethyl-2,4-dihydroxyphenyl)-5-mercapto-4H-l,2,4
-triazol-4-yl)-lHbenzo[ d]imidazol-2(3H)-one;
5-(3-(5-ethyl-2,4-dihydroxyphenyl)-5-mercapto-4H-l,2,4
-triazol-4-yl)-lmethylindolin- 2-one;
4-isopropyl-6-(5-mercapto-4-(4-propyl-3,4-dihydro-2H-b
enzo[b][l,4]oxazin-6-yl)-
4H-l,2,4-triazol-3-yl)benzene-l,3-diol;
6-(3-(5-ethyl-2,4-dihydroxyphenyl)-5-mercapto-4H-l,2,4
-triazol-4-yl)-2Hbenzo[ b] [ 1,4]oxazin-3(4H)-one;
6-(3-(5-ethyl-2,4-dihydroxyphenyl)-5-mercapto-4H-l,2,4
-triazol-4-yl)-3- methylbenzo[d]thiazol-2(3H)-one;
6-(3-(5-ethyl-2,4-dihydroxyphenyl)-5-mercapto-4H-l,2,4
-triazol-4-yl)benzo[d]thiazol-2(3H)-one; and
tautomers, pharmaceutically acceptable salts,
solvates, clathrates, and prodrugs thereof. Compounds
of formula (EX) inhibit the activity of Hsp90 and are
particularly useful for treating or preventing
proliferative disorders, such as cancer. In addition,
compounds of formula (IX) are particularly useful in
treating cancer when given in combination with other
anti-cancer agent. The present invention also provides
compounds having the formula (X): (X) 



and tautomers, pharmaceutically acceptable salts,
solvates, clathrates, and prodrugs thereof, wherein:
X4 1, Y4 1, Y42, Z, R7, R8, Rio, Rn, R4 1 , R46and p
are defined as above. The compounds shown in Table 1
or compounds of any formula herein, or tautomers,
pharmaceutically acceptable salts, solvates,
clathrates, hydrates, polymorphs or prodrugs thereof,
inhibit the activity of Hsp90 and, thereby facilitates
the degradation of Hsp90 client proteins. Hsp90 is
necessary for the survival of normal eukaryotic cells.
However, Hsp90 is over expressed in many tumor types
indicating that it may play a significant role in the
survival of cancer cells and that cancer cells may be
more sensitive to inhibition of Hsp90 than normal
cells. Thus, the compounds shown in Table 1 or
compounds of any formula herein, or tautomers,
pharmaceutically acceptable salts, solvates,
clathrates, hydrates, polymorphs or prodrugs thereof,
are useful treating proliferative disorders such as
cancer. Although chemotherapeutic agents initially
cause tumor regression, most agents that are currently
used to treat cancer target only one pathway to
tumorprogression. Therefore, in many instances, after
treatment with one or more chemotherapeutic agents, a
tumor develops multidrug resistance and no longer
responses positively to treatment. One of the
advantages of inhibiting Hsp90 activity is that
several of its client proteins, which are mostly
protein kinases or transcription factors involved in
signal transduction, have been shown to be involved in
the progression of cancer. Thus, inhibition of Hsp90
provides a method of short circuiting several pathways
for tumor progression simultaneously. Therefore,
treatment of tumors with an Hsp90 inhibitor of the
invention either alone, or in combination with other
chemotherapeutic agents, is more likely to result in
regression or elimination of the tumor, and less
likely to result in the development of more aggressive
multidrug resistant tumors than other currently
available therapeis. BRIEF DESCRIPTION OF THE DRAWINGS
The foregoing and other objects, features and
advantages of the invention will be apparent from the
following more particular description of preferred
embodiments of the invention, as illustrated in the
accompanying drawings in which like reference
characters refer to the same parts throughout the
different views. The drawings are not necessarily to
scale, emphasis instead being placed upon illustrating
the principles of the invention. Figure 1 is a graph
showing the ATPase activity of Hsp90 when untreated,
when treated with 40 mM of Geldanamycin, a known Hsp90
inhibitor as a positive control, and when treated with
40mM or 4mM of Compound 108 of the invention; Figure 2
is gel showing the amount of Her2, an Hsp90 client
protein, in cells that are untreated, in cells that
have been treated with 0.5mM, 2mM, or 5mM of 17AAG, a
known Hsp90 inhibitor, and in cells that have been
treated with 0.5mM, 2mM, or 5mM of Compound 108 or
Compound 49; Figure 3 is a graph showing an
FACSCalibur flow cytometer analysis of the c-kit
positive population of HEL92.1.7 cells treated with
Hsp90 inhibitors of the invention or 17AAG (as a
positive control). The results indicate that the Hsp90
inhibitors of the invention induce c-kit degradation
at a lower concentration than 17AAG, an Hsp90
inhibitor that is currently in phase II clinical
trials.Figure 4 is a graph showing an FACSCalibur flow
cytometer analysis of the c-kit positive population of
Kasumi-1 cells treated with Hsp90 inhibitors of the
invention or 17AAG (as a positive control). The
results indicate that the Hsp90 inhibitors of the
invention induce c-kit degradation at a lower
concentration than 17AAG, an Hsp90 inhibitor that is
currently in phase II clinical trials. Figure 5 is a
Western blot analysis of the c-kit from Kasumi-1 cells
treated with Hsp90 inhibitors of the invention or
17AAG (as a positive control). Figure 6 is a Western
blot analysis of the c-met from NCI-Hl 193 cells
treated with Hsp90 inhibitors of the invention or
17AAG (as a positive control). Figure 7 displays the
results of a nude mouse xenograft study to determine
the effect of Compound 49 on the in vivo growth rate
of the human tumor cell line MDA-MB-435S. Tumor
bearing animals (8 mice/group) were intraperitoneal
(IP) injected 5 times per week for 3 weeks (hatched
bar) and the average tumor volumes for each group (+/-
SEM) were determined every 3-5 days. Treatment with a
dose of 300 mg/kg body weight of Compound 49 decreased
the growth rate of MDAMB- 435S cells in nude mice to a
greater extent than did a dose of 100 mg/kg body
weight of the Hsp90 inhibitor
17-allylamino-17-demethoxygeldanarnycin (17- AAG);
Figure 8 demonstrates that treatment with Compound 49
did not cause toxicity in a nude mouse xenograft model
using the human tumor cell line MDAMB- 435S (tumor
growth data from the same study is presented in Figure
3). Tumor bearing animals (8 mice/group) were
intraperitoneal (IP) injected 5 times per week for 3
weeks (hatched bar) and the average percent changes in
body weights for each group relative to the start of
dosing were determined every 1-3 days (error bars not
shown for clarity; mean coefficient of variation =
18%). Treatment with a dose of 300 mg/kg body weight
of Compound 49 was not toxic, as indicated by its lack
of an effect on the body weights in animals treated
with Compound 49 versus vehicle treated animals;
Figure 9 displays the results of a nude mouse
xenograft study to determine the effect of Compound
188 on the in vivo growth rate of RERF-LC-AIIVP human
lung tumor cells. Tumor bearing animals (8 mice/group)
were i.p. injected 5 times per week for a total of 15
doses (hatched bar) and the average tumor volumes
foreach group (error bars represent SEM) were
determined every 3-4 days. Treatment with a dose of
200 mg/kg body weight of Compound 188 inhibited tumor
growth, as did a dose of 75 mg/kg body weight of
17-AAG (both compounds were dosed at approximately
their maximum tolerated doses in nude mice); and
Figure 10 demonstrates that treatment with Compound
188 does not cause overt toxicity in a nude mouse
xenograft model using RERF-LC-AIIVP human lung 



tumor cells (data derived from the same study
presented in Figure 5). Tumor bearing animals (8
mice/group) were i.p. injected 5 times per week for a
total of 15 doses (hatched bar) and the cumulative
average percent changes in body weights for each group
relative to the start of dosing were determined every
2-3 days. Treatment with a dose of 200 mg/kg body
weight of Compound 188 was not overtly toxic, as
indicated by the minimal effects on the animal body
weights in the test article-treated versus
vehicle-treated groups. DETAILED DESCRIPTION OF THE
INVENTION A description of preferred embodiments of
the invention follows. The present invention provides
compounds and uses of said compounds. The present
invention encompasses the use of the compounds of the
invention to inhibit Hsp90 activity and for the
treatment of a proliferative disorder, such as cancer.
In particular, the present invention encompasses the
use of compounds of the invention to slow or stop the
growth of cancerous cells or to reduce or eliminate
cancerous cells in a mammal. In certain embodiments,
the compounds of the invention can be used in
combination with other chemotherapeutic agents and may
help to prevent or reduce the development of multidrug
resistant cancerous cells in a mammal. In this
embodiment, the compounds of the invention may allow a
reduced efficacious amount of a second
chemotherapeutic agent given to a mammal, because
compounds of the invention should inhibit the
development of multidrug resistant cancerous cells. A.
Terminology Unless otherwise specified, the below
terms used herein are defined as follows:As used
herein, the term "alkyl" means a saturated straight
chain or branched non-cyclic hydrocarbon having from 1
to 10 carbon atoms. Representative saturated straight
chain alkyls include methyl, ethyl, n-propyl, n-butyl,
n-pentyl, n-hexyl, nheptyl, n-octyl, n-nonyl and
n-decyl; while saturated branched alkyls include
isopropyl, sec-butyl, isobutyl, tert-butyl, isopentyl,
2-methylbutyl, 3-methylbutyl, 2- methylpentyl,
3-methylpentyl, 4-methylpentyl, 2-methylhexyl,
3-methylhexyl, 4- methylhexyl, 5-methylhexyl,
2,3-dimethylbutyl, 2,3-dimethylpentyl, 2,4-
dimethylpentyl, 2,3-dimethylhexyl, 2,4-dimethylhexyl,
2,5-dimethylhexyl, 2,2- dimethylpentyl,
2,2-dimethylhexyl, 3,3-dimtheylpentyl,
3,3-dimethylhexyl, 4,4- dimethylhexyl, 2-ethylpentyl,
3-ethylpentyl, 2-ethylhexyl, 3-ethylhexyl, 4-
ethylhexyl, 2-methyl-2-ethylpentyl,
2-methyl-3-ethylpentyl, 2-methyl-4-ethylpentyl,
2-methyl-2-ethylhexyl, 2-methyl-3-ethylhexyl,
2-methyl-4-ethylhexyl, 2,2- diethylpentyl,
3,3-diethylhexyl, 2,2-diethylhexyl, 3,3-diethylhexyl
and the like. The term "(Ci-C 6)alkyl" means a
saturated straight chain or branched non-cyclic
hydrocarbon having from 1 to 6 carbon atoms.
Representative (Ci-Ce)alkyl groups are those shown
above having from 1 to 6 carbon atoms. Alkyl groups
included in compounds of this invention may be
optionally substituted with one or more substituents.
As used herein, the term "alkenyl" means a saturated
straight chain or branched non-cyclic hydrocarbon
having from 2 to 10 carbon atoms and having at least
one carbon-carbon double bond. Representative straight
chain and branched (C2-C]o)alkenyls include vinyl,
allyl, 1-butenyl, 2-butenyl, isobutylenyl, 1-pentenyl,
2-pentenyl, 3-methyl- 1-butenyl, 2-methyl-2-butenyl,
2,3-dimethyl-2-butenyl, 1- hexenyl, 2-hexenyl,
3-hexenyl, 1-heptenyl, 2-heptenyl, 3-heptenyl,
1-octenyl, 2- octenyl, 3-octenyl, 1-nonenyl,
2-nonenyl, 3-nonenyl, 1-decenyl, 2-decenyl, 3- decenyl
and the like. Alkenyl groups may be optionally
substituted with one or more substituents. As used
herein, the term "alkynyl" means a saturated straight
chain or branched non-cyclic hydrocarbon having from 2
to 10 carbon atoms and having at lease one
carbon-carbon triple bond. Representative straight
chain and branched alkynyls include acetylenyl,
propynyl, 1-butynyl, 2-butynyl, 1-pentynyl,
2-pentynyl, 3-methyl-l-butynyl, 4-pentynyl, 1-hexynyl,
2-hexynyl, 5-hexynyl, 1-heptynyl, 2-heptynyl,
6-heptynyl, 1-octynyl, 2-octynyl, 7-octynyl,
1-nonynyl, 2-nonynyl, 8- nonynyl, 1-decynyl,
2-decynyl, 9-decynyl, and the like. Alkynyl groups may
be optionally substituted with one or more
substituents. As used herein, the term "cycloalkyl"
means a saturated, mono- or polycyclic alkyl radical
having from 3 to 20 carbon atoms. Representative
cycloalkyls include cyclopropyl, 1-methylcyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, cyclononyl, -cyclodecyl,
octahydro-pentalenyl, and the like. Cycloalkyl groups
may be optionally substituted with one or more
substituents. As used herein, the term "cycloalkenyl"
means a mono- or poly- cyclic nonaromatic alkyl
radical having at least one carbon-carbon double bond
in the cyclic system and from 3 to 20 carbon atoms.
Representative cycloalkenyls include cyclopentenyl,
cyclopentadienyl, cyclohexenyl,
cyclohexadienyl,cycloheptenyl, cycloheptadienyl,
cycloheptatrienyl, cyclooctenyl, cyclooctadienyl,
cyclooctatrienyl, cyclooctatetraenyl, cyclononenyl,
cyclononadienyl, cyclodecenyl, cyclodecadienyl,
1,2,3,4,5,8-hexahydronaphthalenyl and the like.
Cycloalkenyl groups may be optionally substituted with
one or more substituents. As used herein, the term
"haloalkyl" means and alkyl group in which one or more
(including all) the hydrogen radicals are replaced by
a halo group, wherein each halo group is independently
selected from -F, -Cl, -Br, and -I. The term
"halomethyl" means a methyl in which one to three
hydrogen radical(s) have been replaced by a halo
group. Representative haloalkyl groups include
trifluoromethyl, bromomethyl, 1,2-dichloroethyl,
4-iodobutyl, 2-fluoropentyl, and the like. As used
herein, an "alkoxy" is an alkyl group which is
attached to another moiety via an oxygen linker. As
used herein, an "haloalkoxy" is an haloalkyl group
which is attached to 



another moiety via an oxygen linker. As used herein,
the term an "aromatic ring" or "aryl" means a
hydrocarbon monocyclic or polycyclic radical in which
at least one ring is aromatic. Examples of suitable
aryl groups include, but are not limited to, phenyl,
tolyl, anthracenyl, fluorenyl, indenyl, azulenyl, and
naphthyl, as well as benzo-fused carbocyclic moieties
such as 5,6,7,8-tetrahydronaphthyl. Aryl groups may be
optionally substituted with one or more substituents.
In one embodiment, the aryl group is amonocyclic ring,
wherein the ring comprises 6 carbon atoms, referred to
herein as "(C6)aryl." As used herein, the term
"aralkyl" means an aryl group that is attached to
another group by a (Ci-C6)alkylene group.
Representative aralkyl groups include benzyl,
2-phenyl-ethyl, narhth-3-yl-methyl and the like.
Aralkyl groups may be optionally substituted with one
or more substituents. As used herein, the term
"alkylene" refers to an alkyl group that has two
points of attachment. The term "(Ci-C 6)alkylene"
refers to an alkylene group that has from one to six
carbon atoms. Straight chain (C1-C6)alkylene groups
are preferred. Non-limiting examples of alkylene
groups include methylene (-CH2-), ethylene (-CH2CH2-),
n-propylene (-CH2CH2CH2-), isopropylene
(-CH2CH(CH3)-), and the like. Alkylene groups may be
optionally substituted with one or more substituents.
As used herein, the term "heterocyclyl" means a
monocyclic (typically having 3- to 10-members) or a
polycyclic (typically having 7- to 20-members)
heterocyclic ring system which is either a saturated
ring or a unsaturated nonaromatic ring. A 3- to
10-membered heterocycle can contain up to 5
heteroatoms; and a 7- to 20-membered heterocycle can
contain up to 7 heteroatoms. Typically, a heterocycle
has at least on carbon atom ring member. Each
heteroatom is independently selected from nitrogen,
which can be oxidized (e.g., N(O)) or quaternized;
oxygen; and sulfur, including sulfoxide and sulfone.
The heterocycle may be attached via any heteroatom or
carbon atom. Representative heterocycles include
morpholinyl, thiomorpholinyl, pyrrolidinonyl,
pyrrolidinyl, piperidinyl, piperazinyl, hydantoinyl,
valerolactamyl, oxiranyl, oxetanyl, tetrahydrofuranyl,
tetrahydropyranyl, tetrahydropyrindinyl,
tetrahydropyrimidinyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, and the like. A heteroatom may
be substituted with a protecting group known to those
of ordinary skill in the art, for example, the
hydrogen on a nitrogen may be substituted with a
tert-butoxycarbonyl group. Furthermore, the
heterocyclyl may be optionally substituted with one or
more substituents. Only stable isomers of such
substituted heterocyclic groups are contemplated in
this definition.As used herein, the term
"heteroaromatic", "heteroaryl" or like terms means a
monocyclic or polycyclic heteroaromatic ring
comprising carbon atom ring members and one or more
heteroatom ring members. Each heteroatom is
independently selected from nitrogen, which can be
oxidized (e.g., N(O)) or quaternized; oxygen; and
sulfur, including sulfoxide and sulfone.
Representative heteroaryl groups include pyridyl,
1-oxo-pyridyl, furanyl, benzo[l,3]dioxolyl,
benzo[l,4]dioxinyl, thienyl, pyrrolyl, oxazolyl,
imidazolyl, thiazolyl, a isoxazolyl, quinolinyl,
pyrazolyl, isothiazolyl, pyridazinyl, pyrimidinyl,
pyrazinyl, a triazinyl, triazolyl, thiadiazolyl,
isoquinolinyl, indazolyl, benzoxazolyl, benzofuryl,
indolizinyl, imidazopyridyl, tetrazolyl,
benzimidazolyl, benzothiazolyl, benzothiadiazolyl,
benzoxadiazolyl, indolyl, tetrahydroindolyl,
azaindolyl, imidazopyridyl, quinazolinyl, purinyl,
pyrrolo[2,3]pyrimidinyl, pyrazolo[3,4]pyrimidinyl,
imidazo[l,2-a]pyridyl, and benzothienyl. In one
embodiment, the heteroaromatic ring is selected from
5-8 membered monocyclic heteroaryl rings. The point of
attachment of a heteroaromatic or heteroaryl ring to
another group may be at either a carbon atom or a
heteroatom of the heteroaromatic or heteroaryl rings.
Heteroaryl groups may be optionally substituted with
one or more substituents. As used herein, the term
"(C5)heteroaryl" means an aromatic heterocyclic ring
of 5 members, wherein at least one carbon atom of the
ring is replaced with a heteroatom such as, for
example, oxygen, sulfur or nitrogen. Representative
(Cs)heteroaryls include furanyl, thienyl, pyrrolyl,
oxazolyl, imidazolyl, thiazolyl, isoxazolyl,
pyrazolyl, isothiazolyl, pyrazinyl, triazolyl,
thiadiazolyl, and the like. As used herein, the term
"(C6)heteroaryl" means an aromatic heterocyclic ring
of 6 members, wherein at least one carbon atom of the
ring is replaced with a heteroatom such as, for
example, oxygen, nitrogen or sulfur. Representative
(Ce)heteroaryls include pyridyl, pyridazinyl,
pyrazinyl, triazinyl, tetrazinyl and the like. As used
herein, the term "heteroaralkyl" means a heteroaryl
group that is attached to another group by a
(Cj-C6)alkylene. Representative heteroaralkyls include
2-(pyridin-4-yl)-propyl, 2-(thien-3-yl)-ethyl,
imidazol-4-yl-methyl and thelike. Heteroaralkyl groups
may be optionally substituted with one or more
substituents. As used herein, the term "halogen" or
"halo" means -F, -CI, -Br or -I. Suitable substituents
for an alkyl, alkylene, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, heterocyclyl, aryl, aralkyl, heteroaryl,
and heteroaralkyl groups include any substituent which
will form a stable compound of the invention. Examples
of substituents for an alkyl, alkylene, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, heterocyclyl, aryl,
aralkyl, heteroaryl, and heteroarylalkyl include an
optionally substituted alkyl, an optionally
substituted alkenyl, an optionally substituted
alkynyl, an optionally substituted cycloalkyl, an
optionally substituted cycloalkenyl, an optionally
substituted heterocyclyl, an optionally substituted
aryl, an optionally substituted heteroaryl, an
optionally substituted aralkyl, an optionally
substituted heteraralkyl, a haloalkyl, -C(O)NR28R29,
-C(S)NR28R29, -C(NR32)NR28R29, -NR30C(O)R3I,
-NR30C(S)R3 , -NR30C(NR32)R3 1, halo, -OR30, 



cyano, nitro, haloalkoxy, -C(O)R30, -C(S)R30,
-C(NR32)R30, -NR28R29, -C(O)OR30, -C(S)OR30,
-C(NR32)OR30, -OC(O)R30, -OC(S)R30, -OC(NR32)R30,
-NR30C(O)NR28R29, -NR30C(S)NR28R29,
-NR30C(NR32)NR28R29, -OC(O)NR28R29, -OC(S)NR28R29,
-OC(NR32)NR28R29, -NR30C(O)OR3I, -NR30C(S)OR3I,
-NR30C(NR32)OR31, -S(O)hR30, -OS(O)pR30, ,
-NR30S(O)pR30, -S(O)PNR28R29, -OS(O)PNR28R29, or
-NR30S(O)pNR28R29, wherein R28 and R 9, for each
occurrence are, independently, H, an optionally
substituted alkyl, an optionally substituted alkenyl,
an optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted
cycloalkenyl, an optionally substituted heterocyclyl,
an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted
aralkyl, or an optionally substituted heteraralkyl; or
R28 and R29 taken together with the nitrogen to which
they are attached is optionally substituted
heterocyclyl or optionally substituted heteroaryl; R30
and R31 for each occurrence are, independently, H, an
optionally substituted alkyl, an optionally
substituted alkenyl, an optionally substituted
alkynyl, an optionally substituted cycloalkyl, an
optionally substituted cycloalkenyl, an optionally
substituted heterocyclyl, an optionally substituted
aryl, an optionallysubstituted heteroaryl, an
optionally substituted aralkyl, or an optionally
substituted heteraralkyl; and R 2, for each occurrence
is, independently, H, an optionally substituted alkyl,
an optionally substituted alkenyl, an optionally
substituted alkynyl, an optionally substituted
cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted heterocyclyl, an optionally
substituted aryl, an optionally substituted
heteroaryl, an optionally substituted aralkyl, an
optionally substituted heteraralkyl, -C(O)R30,
-C(O)NR28R29, -S(O)pR30, or -S(O) PNR28R29; p, for
each occurrence, is independently, 1 or 2; and h is 0,
1 or 2. In addition, alkyl, cycloalkyl, alkylene, a
heterocyclyl, and any saturated portion of a alkenyl,
cycloalkenyl, alkynyl, aralkyl, and heteroaralkyl
groups, may also be substituted with =0, =S, =N-R 2 .
When a heterocyclyl, heteroaryl, or heteroaralkyl
group contains a nitrogen atom, it may be substituted
or unsubstituted. When a nitrogen atom in the aromatic
ring of a heteroaryl group has a substituent the
nitrogen may be a quaternary nitrogen. As used herein,
the terms "subject", "patient" and "mammal" are used
interchangeably. The terms "subject" and "patient"
refer to an animal (e.g., a bird such as a chicken,
quail or turkey, or a mammal), preferably a mammal
including a non-primate (e.g., a cow, pig, horse,
sheep, rabbit, guinea pig, rat, cat, dog, and mouse)
and a primate (e.g., a monkey, chimpanzee and a
human), and more preferably a human. In one
embodiment, the subject is a non-human animal such as
a farm animal (e.g., a horse, cow, pig or sheep), or a
pet (e.g., a dog, cat, guinea pig or rabbit). In a
preferred embodiment, the subject is a human. As used
herein, the term "lower" refers to a group having up
to four atoms. For example, a "lower alkyl" refers to
an alkyl radical having from 1 to 4 carbon atoms,
"lower alkoxy" refers to "-O-(Ci-C 4)alkyl and a
"lower alkenyl" or "lower alkynyl" refers to an
alkenyl or alkynyl radical having from 2 to 4 carbon
atoms, respectively. Unless indicated otherwise, the
compounds of the invention containing reactive
functional groups (such as (without limitation)
carboxy, hydroxy, thiol, andamino moieties) also
include protected derivatives thereof. "Protected
derivatives" are those compounds in which a reactive
site or sites are blocked with one ore more protecting
groups. Examples of suitable protecting groups for
hydroxyl groups include benzyl, methoxymethyl, allyl,
trimethylsilyl, tert-butyldimethylsilyl, acetate, and
the like. Examples of suitable amine protecting groups
include benzyloxycarbonyl, tert-butoxycarbonyl,
tert-butyl, benzyl and fluorenylmethyloxycarbonyl
(Fmoc). Examples of suitable thiol protecting groups
include benzyl, tertbutyl, acetyl, methoxymethyl and
the like. Other suitable protecting groups are well
known to those of ordinary skill in the art and
include those found in T.W. Greene, Protecting Groups
in Organic Synthesis, John Wiley & Sons, Inc. 1981. As
used herein, the term "compound(s) of this invention"
and similar terms refers to a compound of formula (I),
(II), (EI), (IV), (V), (VI), (VII), (VIII), (IX), (X),
or Table 1, or a pharmaceutically acceptable salt,
solvate, clathrate, hydrate, polymorph or prodrug
thereof, and also include protected derivatives
thereof. The compounds of the invention may contain
one or more chiral centers and/or double bonds and,
therefore, exist as stereoisomers, such as double-bond
isomers (i.e., geometric isomers), enantiomers, or
diastereomers. According to this invention, the
chemical structures depicted herein, including the
compounds of this invention, encompass all of the
corresponding compounds' enantiomers, diastereomers
and geometric isomers, that is, both the
stereochemically pure form (e.g., geometrically pure,
enantiomerically pure, or diastereomerically pure) and
isomeric mixtures (e.g., enantiomeric, diastereomeric
and geometric isomeric mixtures). In some cases, one
enantiomer, diastereomer or geometric isomer will
possess superior activity or an improved toxicity or
kinetic profile compared to other isomers. In those
cases, such enantiomers, diastereomers and geometric
isomers of compounds of this invention are preferred.
As used herein, the term "polymorph" means solid
crystalline forms of a compound of the present
invention or complex thereof. Different polymorphs of
the same compound can exhibit different physical,
chemical and/or spectroscopic properties. Different
physical properties include, but are not limited to
stability (e.g., to heat or light), compressibility
and density (important in formulation and product
manufacturing), and dissolution rates (which can
affect bioavailability).Differences in stability can
result from changes in chemical reactivity {e.g.,
differential oxidation, such that a dosage form
discolors more rapidly when 



comprised of one polymorph than when comprised of
another polymorph) or mechanical characteristics
{e.g., tablets crumble on storage as a kinetically
favored polymorph converts to thermodynamically more
stable polymorph) or both {e.g., tablets of one
polymorph are more susceptible to breakdown at high
humidity). Different physical properties of polymorphs
can affect their processing. For example, one
polymorph might be more likely to form solvates or
might be more difficult to filter or wash free of
impurities than another due to, for example, the shape
or size distribution of particles of it. As used
herein, the term "hydrate" means a compound of the
present invention or a salt thereof, that further
includes a stoichiometric or nonstoichiometric amount
of water bound by non-covalent intermolecular forces.
As used herein, he term "clathrate" means a compound
of the present invention or a salt thereof in the form
of a crystal lattice that contains spaces {e.g.,
channels) that have a guest molecule (e.g., a solvent
or water) trapped within. As used herein and unless
otherwise indicated, the term "prodrug" means a
derivative of a compound that can hydrolyze, oxidize,
or otherwise react under biological conditions {in
vitro or in vivo) to provide a compound of this
invention. Prodrugs may become active upon such
reaction under biological conditions, or they may have
activity in their unreacted forms. Examples of
prodrugs contemplated in this invention include, but
are not limited to, analogs or derivatives of
compounds of formula (I), (II), (III), (IV), (V),
(VI), (VII), (VIII), (IX), (X), or Table 1 that
comprise biohydrolyzable moieties such as
biohydrolyzable amides, biohydrolyzable esters,
biohydrolyzable carbamates, biohydrolyzable
carbonates, biohydrolyzable ureides, and
biohydrolyzable phosphate analogues. Other examples of
prodrugs include derivatives of compounds of formula
(I), (II), (III), (IV), (V), (VI), (VII), (VIII),
(IX), (X), or Table 1 that comprise -NO, -NO2, -ONO,
or -ONO2 moieties. Prodrugs can typically be prepared
using well-known methods, such as those described by 1
BURGER'S MEDICINAL CHEMISTRY AND DRUG DISCOVERY (1995)
172-178, 949-982 (Manfred E. Wolff ed., 5th ed).As
used herein and unless otherwise indicated, the terms
"biohydrolyzable amide", "biohydrolyzable ester",
"biohydrolyzable carbamate", "biohydrolyzable
carbonate", "biohydrolyzable ureide" and
"biohydrolyzable phosphate analogue" mean an amide,
ester, carbamate, carbonate, ureide, or phosphate
analogue, respectively, that either: 1) does not
destroy the biological activity of the compound and
confers upon that compound advantageous properties in
vivo, such as improved water solubility, improved
circulating half-life in the blood (e.g., because of
reduced metabolism of the prodrug), improved uptake,
improved duration of action, or improved onset of
action; or 2) is itself biologically inactive but is
converted in vivo to a biologically active compound.
Examples of biohydrolyzable amides include, but are
not limited to, lower alkyl amides, a-amino acid
amides, alkoxyacyl amides, and alkylaminoalkylcarbonyl
amides. Examples of biohydrolyzable esters include,
but are not limited to, lower alkyl esters,
alkoxyacyloxy esters, alkyl acylamino alkyl esters,
and choline esters. Examples of biohydrolyzable
carbamates include, but are not limited to, lower
alkylamines, substituted ethylenediamines, aminoacids,
hydroxyalkylamines, heterocyclic and heteroaromatic
amines, and polyether amines. As used herein, "Hsp90"
includes each member of the family of heat shock
proteins having a mass of about 90-kiloDaltons. For
example, in humans the highly conserved Hsp90 family
includes cytosolic Hsp90a and Hsp90 b isoforms, as
well as GRP94, which is found in the endoplasmic
reticulum, and HSP75/TRAP1, which is found in the
mitochondrial matrix. The term "c-kit" or "c-kit
kinase" refers to a membrane receptor protein tyrosine
kinase which is preferably activated upon binding Stem
Cell Factor (SCF) to its extracellular domain (Yarden
et al., 1987; Qiu et al., 1988). The full length amino
acid sequence of a c-kit kinase preferably is as set
forth in Yarden, et al., 1987, EMBOJ., 77:3341-3351;
and Qiu, et al., \9U, EMB0J., 7:1003-1011, which are
incorporated by reference herein in their entirety,
including any drawings. Mutant versions of c-kit
kinase are encompassed by the term "c-kit kinase" and
include those that fall into two classes: (1) having a
single amino acid substitution at codon 816 of the
human c-kit kinase, or its equivalent position in
other species (Ma et al, 1999, J. Invest Dermatol,
772:165-170), and (2) those which have mutations
involving the putative juxtamembrane z-helix of the
protein (Ma, et al, 1999, J.Biol. Chem.,
274:13399-13402). Both of these publications are
incorporated by reference herein in their entirety,
including any drawings. As used herein, a
"proliferative disorder" or a "hyperproliferative
disorder," and other equivalent terms, means a disease
or medical condition involving pathological growth of
cells. Proliferative disorders include cancer, smooth
muscle cell proliferation, systemic sclerosis,
cirrhosis of the liver, adult respiratory distress
syndrome, idiopathic cardiomyopathy, lupus
erythematosus, retinopathy, e.g., diabetic retinopathy
or other retinopathies, cardiac hyperplasia,
reproductive system associated disorders such as
benign prostatic hyperplasia and ovarian cysts,
pulmonary fibrosis, endometriosis, fibromatosis,
harmatomas, lymphangiomatosis, sarcoidosis, desmoid
tumors, Smooth muscle cell proliferation includes
hyperproliferation of cells in the vasculature, for
example, intimal smooth muscle cell hyperplasia,
restenosis and vascular occlusion, particularly
stenosis following biologically- or
mechanicallymediated vascular injury, e.g., vascular
injury associated with angioplasty. Moreover, intimal
smooth muscle cell hyperplasia can include hyperplasia
in smooth muscle other than the vasculature, e.g.,
bile duct blockage, bronchial airways of the lung in
patients with asthma, in the kidneys of patients with
renal interstitial fibrosis, and the like.
Non-cancerous proliferative disorders also include
hyperproliferation of cells in the skin such as
psoriasis and its varied clinical forms, Reiter's
syndrome, 



pityriasis rubra pilaris, and hyperproliferative
variants of disorders of keratinization (e.g., actinic
keratosis, senile keratosis), scleroderma, and the
like. In a preferred embodiment, the proliferative
disorder is cancer. Cancers that can be treated or
prevented by the methods of the present invention
include, but are not limited to human sarcomas and
carcinomas, e.g., fibrosarcoma, myxosarcoma,
liposarcoma, chondrosarcoma, osteogenic sarcoma,
chordoma, angiosarcoma, endotheliosarcoma,
lymphangiosarcoma, lymphangioendotheliosarcoma,
synovioma, mesothelioma, Ewing's tumor,
leiomyosarcoma, rhabdomyosarcoma, colon carcinoma,
pancreatic cancer, breast cancer, ovarian cancer,
prostate cancer, squamous cell carcinoma, basal cell
carcinoma, adenocarcinoma, sweat gland carcinoma,
sebaceous gland carcinoma, papillary carcinoma,
papillaryadenocarcinomas, cystadenocarcinoma,
medullary carcinoma, bronchogenic carcinoma, renal
cell carcinoma, hepatoma, bile duct carcinoma,
choriocarcinoma, seminoma, embryonal carcinoma, Wilms'
tumor, cervical cancer, testicular tumor, lung
carcinoma, small cell lung carcinoma, bladder
carcinoma, epithelial carcinoma, glioma, astrocytoma,
medulloblastoma, craniopharyngioma, ependymoma,
pinealoma, hemangioblastoma, acoustic neuroma,
oligodendroglioma, meningioma, melanoma,
neuroblastoma, retinoblastoma; leukemias, e.g., acute
lymphocytic leukemia and acute myelocytic leukemia
(myeloblastic, promyelocyte, myelomonocytic, monocytic
and erythroleukemia); chronic leukemia (chronic
myelocytic (granulocytic) leukemia and chronic
lymphocytic leukemia); and polycythemia vera, lymphoma
(Hodgkin's disease and non-Hodgkin's disease),
multiple myeloma, Waldenstrobm's macroglobulinemia,
and heavy chain disease. Other examples of leukemias
include acute and/or chronic leukemias, e.g.,
lymphocytic leukemia (e.g., as exemplified by the p388
(murine) cell line), large granular lymphocytic
leukemia, and lymphoblastic leukemia; T-cell
leukemias, e.g., T-cell leukemia (e.g., as exemplified
by the CEM, Jurkat, and HSB-2 (acute), YAC- 1(murine)
cell lines), T-lymphocytic leukemia, and
T-lymphoblastic leukemia; B cell leukemia (e.g., as
exemplified by the SB (acute) cell line) , and
B-lymphocytic leukemia; mixed cell leukemias, e.g., B
and T cell leukemia and B and T lymphocytic leukemia;
myeloid leukemias, e.g., granulocytic leukemia,
myelocytic leukemia (e.g., as exemplified by the HL-60
(promyelocyte) cell line), and myelogenous leukemia
(e.g., as exemplified by the K562(chronic)cell line);
neutrophilic leukemia; eosinophilic leukemia;
monocytic leukemia (e.g., as exemplified by the THP-I
(acute) cell line); myelomonocytic leukemia;
Naegeli-type myeloid leukemia; and nonlymphocytic
leukemia. Other examples of leukemias are described in
Chapter 60 of The Chemotherapy Sourcebook, Michael C.
Perry Ed., Williams & Williams (1992) and Section 36
of Holland Frie Cancer Medicine 5th Ed., Bast et al.
Eds., B.C. Decker Inc. (2000). The entire teachings of
the preceding references are incorporated herein by
reference. In one embodiment, the disclosed method is
believed to be particularly effective in treating
subject with non-solid tumors such as multiple
myeloma. In another embodiment, the disclosed method
is believed to be particularly effectiveagainst
T-leukemia (e.g., as exemplified by Jurkat and CEM
cell lines); B-leukemia (e.g., as exemplified by the
SB cell line); promyelocytes (e.g., as exemplified by
the HL-60 cell line); uterine sarcoma (e.g., as
exemplified by the MES-SA cell line); monocytic
leukemia (e.g., as exemplified by the THP-l(acute)
cell line); and lymphoma (e.g., as exemplified by the
U937 cell line). Some of the disclosed methods can be
particularly effective at treating subjects whose
cancer has become "multi-drug resistant". A cancer
which initially responded to an anti-cancer drug
becomes resistant to the anti-cancer drug when the
anti-cancer drug is no longer effective in treating
the subject with the cancer. For example, many tumors
will initially respond to treatment with an
anti-cancer drug by decreasing in size or even going
into remission, only to develop resistance to the
drug. Drug resistant tumors are characterized by a
resumption of their growth and/or reappearance after
having seemingly gone into remission, despite the
administration of increased dosages of the anti-cancer
drug. Cancers that have developed resistance to two or
more anti-cancer drugs are said to be "multi-drug
resistant". For example, it is common for cancers to
become resistant to three or more anti-cancer agents,
often five or more anti-cancer agents and at times ten
or more anti-cancer agents. As used herein, the term
"c-kit associated cancer" refers to a cancer which has
aberrant expression and/or activation of c-kit. c-Kit
associated cancers include leukemias, mast cell
tumors, small cell lung cancer, testicular cancer,
some cancers of the gastrointestinal tract and some
central nervous system. In addition, c-kit has been
implicated in playing a role in carcinogenesis of the
female genital tract (Inoue, et al., 1994, Cancer
Res., 54(ll):3049-3053), sarcomas of neuroectodermal
origin (Ricotti, et al, 1998, Blood, 97:2397-2405),
and Schwann cell neoplasia associated with
neurofibromatosis (Ryan, et al., 1994, J. Neuro. Res.,
37:415-432). As used herein, the term
"pharmaceutically acceptable salt," is a salt formed
from, for example, an acid and a basic group of one of
the compounds of formula (I), (II), (III), (IV), (V),
(VI), (VII), (VIII), (IX), (X), or Table 1.
Illustrative salts include, but are not limited, to
sulfate, citrate, acetate, oxalate, chloride, bromide,
iodide, nitrate, bisulfate, phosphate, acid phosphate,
isonicotinate, lactate, salicylate, acid citrate,
tartrate, oleate, tannate, pantothenate, bitartrate,
ascorbate, succinate,maleate, besylate, gentisinate,
fumarate, gluconate, glucaronate, saccharate, formate,
benzoate, glutamate, methanesulfonate,
ethanesulfonate, benzenesulfonate,/?-
toluenesulfonate, and pamoate (i.e.,
l,r-methylene-bis-(2-hydroxy-3-naphthoate)) salts. The
term "pharmaceutically acceptable salt" also refers to
a salt prepared from a compound of formula (I), (II),
(III), (IV), (V), (VI), (VII), (VIII), (IX), (X), or
Table 1 having an acidic functional group, such as a
carboxylic acid functional group, and a
pharmaceutically acceptable inorganic or organic base.
Suitable bases include, but are not limited to,
hydroxides of alkali metals such as sodium, 



potassium, and lithium; hydroxides of alkaline earth
metal such as calcium and magnesium; hydroxides of
other metals, such as aluminum and zinc; ammonia, and
organic amines, such as unsubstituted or
hydroxy-substituted mono-, di-, or trialkylamines;
dicyclohexylamine; tributyl amine; pyridine;
N-methyl,Nethylamine; diethylamine; triethylamine;
mono-, bis-, or tris-(2-hydroxy-lower alkyl amines),
such as mono-, bis-, or tris-(2-hydroxyethyl)amine,
2-hydroxy-tertbutylamine, or
tris-(hydroxymethyl)methylamine, N, N,-di-lower
alkyl-N-(hydroxy lower alkyl)-amines, such as
N,N-dimethyl-N-(2-hydroxyethyl)amine, or tri-(2-
hydroxyethyl)amine; N-methyl-D-glucamine; and amino
acids such as arginine, lysine, and the like. The term
"pharmaceutically acceptable salt" also refers to a
salt prepared from a compound of formula (I), (II),
(III), (IV), (V), (VI), (VII), (VIII), (IX), (X), or
Table 1 having a basic functional group, such as an
amine functional group, and a pharmaceutically
acceptable inorganic or organic acid.. Suitable acids
include, but are not limited to, hydrogen sulfate,
citric acid, acetic acid, oxalic acid, hydrochloric
acid (HCl), hydrogen bromide (HBr), hydrogen iodide
(HI), nitric acid, hydrogen bisulfide, phosphoric
acid, lactic acid, salicylic acid, tartaric acid,
bitartratic acid, ascorbic acid, succinic acid, maleic
acid, besylic acid, fumaric acid, gluconic acid,
glucaronic acid, formic acid, benzoic acid, glutamic
acid, methanesulfonic acid, ethanesulfonic acid,
benzenesulfonic acid, andptoluenesulfonic acid. As
used herein, the term "pharmaceutically acceptable
solvate," is a solvate formed from the association of
one or more pharmaceutically acceptable solvent
molecules to one of the compounds of formula (I),
(II), (III), (IV), (V), (VI), (VII),(VIII), (IX), (X),
or Table 1. The term solvate includes hydrates (e.g.,
hemihydrate, monohydrate, dihydrate, trihydrate,
tetrahydrate, and the like). A pharmaceutically
acceptable carrier may contain inert ingredients which
do not unduly inhibit the biological activity of the
compounds. The pharmaceutically acceptable carriers
should be biocompatible, i.e., non-toxic, non
inflammatory, non-immunogenic and devoid of other
undesired reactions upon the administration to a
subject. Standard pharmaceutical formulation
techniques can be employed, such as those described in
Remington's Pharmaceutical Sciences, ibid. Suitable
pharmaceutical carriers for parenteral administration
include, for example, sterile water, physiological
saline, bacteriostatic saline (saline containing about
0.9% mg/ml benzyl alcohol), phosphate-buffered saline,
Hank's solution, Ringer's-lactate and the like.
Methods for encapsulating compositions (such as in a
coating of hard gelatin or cyclodextran) are known in
the art (Baker, et ah, "Controlled Release of
Biological Active Agents", John Wiley and Sons, 1986).
As used herein, the term "effective amount" refers to
an amount of a compound of this invention which is
sufficient to reduce or ameliorate the severity,
duration, progression, or onset of a proliferative
disorder, prevent the advancement of a proliferative
disorder, cause the regression of a proliferative,
prevent the recurrence, development, onset or
progression of a symptom associated with a
proliferative disorder, or enhance or improve the
prophylactic or therapeutic effect(s) of another
therapy. The precise amount of compound administered
to a subject will depend on the mode of
administration, the type and severity of the disease
or condition and on the characteristics of the
subject, such as general health, age, sex, body weight
and tolerance to drugs. It will also depend on the
degree, severity and type of cell proliferation, and
the mode of administration. The skilled artisan will
be able to determine appropriate dosages depending on
these and other factors. When co-administered with
other agents, e.g., when co-administered with an
anti-cancer agent, an "effective amount" of the second
agent will depend on the type of drug used. Suitable
dosages are known for approved agents and can be
adjusted by the skilled artisan according to the
condition of the subject, the type of condition(s)
being treated and the amount of a compound of the
invention beingused. In cases where no amount is
expressly noted, an effective amount should be
assumed. Non-limiting examples of an effective amount
of a compound of the invention are provided herein
below. In a specific embodiment, the invention
provides a method of preventing, treating, managing,
or ameliorating a proliferative disorder or one or
more symptoms thereof, said methods comprising
administering to a subject in need thereof a dose of
at least 150 mg/kg, preferably at least 250 mg/kg, at
least 500 mg/kg, at least 1 mg/kg, at least 5 mg/kg,
at least 10 mg/kg, at least 25 mg/kg, at least 50
mg/kg, at least 75 mg/kg, at least 100 mg/kg, at least
125 mg/kg, at least 150 mg/kg, or at least 200 mg/kg
or more of one or more compounds of the invention once
every day, preferably, once every 2 days, once every 3
days, once every 4 days, once every 5 days, once every
6 days, once every 7 days, once every 8 days, once
every 10 days, once every two weeks, once every three
weeks, or once a month. The dosages of a
chemotherapeutic agents other than compounds of the
invention, which have been or are currently being used
to prevent, treat, manage, or ameliorate a
proliferative disorder, or one or more symptoms
thereof, can be used in the combination therapies of
the invention. Preferably, dosages lower than those
which have been or are currently being used to
prevent, treat, manage, or ameliorate a proliferative
disorder, or one or more symptoms thereof, are used in
the combination therapies of the invention. The
recommended dosages of agents currently used for the
prevention, treatment, management, or amelioration of
a proliferative disorder, or one or more symptoms
thereof, can obtained from any reference in the art
including, but not limited to, Hardman et al, eds.,
1996, Goodman & Gilman's The Pharmacological Basis Of
Basis Of Therapeutics 9th Ed, Mc-Graw-Hill, New York;
Physician's Desk Reference (PDR) 57th Ed., 2003,
Medical Economics Co., Inc., Montvale, NJ, which are
incorporated herein by reference in its entirety. 



As used herein, the terms "treat", "treatment" and
"treating" refer to the reduction or amelioration of
the progression, severity and/or duration of a
proliferative disorder, or the amelioration of one or
more symptoms (preferably, one or more discernible
symptoms) of a proliferative disorder resulting from
theadministration of one or more therapies (e.g., one
or more therapeutic agents such as a compound of the
invention). In specific embodiments, the terms
"treat", "treatment" and "treating" refer to the
amelioration of at least one measurable physical
parameter of a proliferative disorder, such as growth
of a tumor, not necessarily discernible by the
patient. In other embodiments the terms "treat",
"treatment" and "treating" refer to the inhibition of
the progression of a proliferative disorder, either
physically by, e.g., stabilization of a discernible
symptom, physiologically by, e.g., stabilization of a
physical parameter, or both. In other embodiments the
terms "treat", "treatment" and "treating" refer to the
reduction or stabilization of tumor size or cancerous
cell count. As used herein, the terms "prevent",
"prevention" and "preventing" refer to the reduction
in the risk of acquiring or developing a given
proliferative disorder, or the reduction or inhibition
of the recurrence or a proliferative disorder. In one
embodiment, a compound of the invention is
administered as a preventative measure to a patient,
preferably a human, having a genetic predisposition to
any of the disorders described herein. As used herein,
the terms "therapeutic agent" and "therapeutic agents"
refer to any agent(s) which can be used in the
treatment, management, or amelioration of a
proliferative disorder or one or more symptoms
thereof. In certain embodiments, the term "therapeutic
agent" refers to a compound of the invention. In
certain other embodiments, the term "therapeutic
agent" refers does not refer to a compound of the
invention. Preferably, a therapeutic agent is an agent
which is known to be useful for, or has been or is
currently being used for the treatment, management,
prevention, or amelioration a proliferative disorder
or one or more symptoms thereof. As used herein, the
term "synergistic" refers to a combination of a
compound of the invention and another therapy (e.g., a
prophylactic or therapeutic agent), which is more
effective than the additive effects of the therapies.
A synergistic effect of a combination of therapies
(e.g., a combination of prophylactic or therapeutic
agents) permits the use of lower dosages of one or
more of the therapies and/or less frequent
administration of said therapies to a subject with a
proliferative disorder. The ability to utilize lower
dosages of a therapy (e.g., a prophylactic
ortherapeutic agent) and/or to administer said therapy
less frequently reduces the toxicity associated with
the administration of said therapy to a subject
without reducing the efficacy of said therapy in the
prevention, management or treatment of a proliferative
disorder. In addition, a synergistic effect can result
in improved efficacy of agents in the prevention,
management or treatment of a proliferative disorder.
Finally, a synergistic effect of a combination of
therapies (e.g., a combination of prophylactic or
therapeutic agents) may avoid or reduce adverse or
unwanted side effects associated with the use of
either therapy alone. As used herein, the phrase "side
effects" encompasses unwanted and adverse effects of a
therapy (e.g., a prophylactic or therapeutic agent).
Side effects are always unwanted, but unwanted effects
are not necessarily adverse. An adverse effect from a
therapy (e.g., prophylactic or therapeutic agent)
might be harmful or uncomfortable or risky. Side
effects include, but are not limited to fever, chills,
lethargy, gastrointestinal toxicities (including
gastric and intestinal ulcerations and erosions),
nausea, vomiting, neurotoxicities, nephrotoxicities,
renal toxicities (including such conditions as
papillary necrosis and chronic interstitial
nephritis), hepatic toxicities (including elevated
serum liver enzyme levels), myelotoxicities (including
leukopenia, myelosuppression, thrombocytopenia and
anemia), dry mouth, metallic taste, prolongation of
gestation, weakness, somnolence, pain (including
muscle pain, bone pain and headache), hair loss,
asthenia, dizziness, extra-pyramidal symptoms,
akathisia, cardiovascular disturbances and sexual
dysfunction. As used herein, the term "in combination"
refers to the use of more than one therapies (e.g.,
one or more prophylactic and/or therapeutic agents).
The use of the term "in combination" does not restrict
the order in which therapies (e.g., prophylactic
and/or therapeutic agents) are administered to a
subject with a proliferative disorder. A first therapy
(e.g., a prophylactic or therapeutic agent such as a
compound of the invention) can be administered prior
to (e.g., 5 minutes, 15 minutes, 30 minutes, 45
minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours,
24 hours, 48 hours, 72 hours, 96 hours, 1week, 2
weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or
12 weeks before), concomitantly with, or subsequent to
(e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes,
1 hour, 2 hours, 4 hours, 6 hours, 12hours, 24 hours,
48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3
weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks
after) the administration of a second therapy (e.g., a
prophylactic or therapeutic agent such as an
anti-cancer agent) to a subject with a proliferative
disorder, such as cancer. As used herein, the terms
"therapies" and "therapy" can refer to any
protocol(s), method(s), and/or agent(s) that can be
used in the prevention, treatment, management, or
amelioration of a proliferative disorder or one or
more symptoms thereof. A used herein, a "protocol"
includes dosing schedules and dosing regimens. The
protocols herein are methods of use and include
prophylactic and therapeutic protocols. As used
herein, the terms "manage," "managing," and
"management" refer to the beneficial effects that a
subject derives from a therapy (e.g., a prophylactic
or therapeutic agent), which does not result in a cure
of the disease. In certain embodiments, a subject is
administered one or more therapies (e.g., one or more 



prophylactic or therapeutic agents) to "manage" a
disease so as to prevent the progression or worsening
of the disease. As used herein, a composition that
"substantially" comprises a compound means that the
composition contains more than about 80% by weight,
more preferably more than about 90% by weight, even
more preferably more than about 95% by weight, and
most preferably more than about 97% by weight of the
compound. As used herein, a reaction that is
"substantially complete" means that the reaction
contains more than about 80% by weight of the desired
product, more preferably more than about 90% by weight
of the desired product, even more preferably more than
about 95% by weight of the desired product, and most
preferably more than about 97% by weight of the
desired product. As used herein, a racemic mixture
means about 50% of one enantiomer and about 50% of is
corresponding enantiomer relative to a chiral center
in the molecule. The invention encompasses all
enantiomerically-pure, enantiomerically-enriched,
diastereomerically pure, diastereomerically enriched,
and racemic mixtures of the compounds of the
invention.Enantiomeric and diastereomeric mixtures can
be resolved into their component enantiomers or
diastereomers by well known methods, such as
chiralphase gas chromatography, chiral-phase high
performance liquid chromatography, crystallizing the
compound as a chiral salt complex, or crystallizing
the compound in a chiral solvent. Enantiomers and
diastereomers can also be obtained from
diastereomerically- or enantiomerically-pure
intermediates, reagents, and catalysts by well known
asymmetric synthetic methods. The compounds of the
invention are defined herein by their chemical
structures and/or chemical names. Where a compound is
referred to by both a chemical structure and a
chemical name, and the chemical structure and chemical
name conflict, the chemical structure is determinative
of the compound's identity. When administered to a
patient, e.g., to a non-human animal for veterinary
use or for improvement of livestock, or to a human for
clinical use, the compounds of the invention are
administered in isolated form or as the isolated form
in a pharmaceutical composition. As used herein,
"isolated" means that the compounds of the invention
are separated from other components of either (a) a
natural source, such as a plant or cell, preferably
bacterial culture, or (b) a synthetic organic chemical
reaction mixture. Preferably, the compounds of the
invention are purified via conventional techniques. As
used herein, "purified" means that when isolated, the
isolate contains at least 95%, preferably at least
98%, of a compound of the invention by weight of the
isolate either as a mixture of stereoisomers or as a
diastereomeric or enantiomeric pure isolate. As used
herein, a composition that is "substantially free" of
a compound means that the composition contains less
than about 20% by weight, more preferably less than
about 10% by weight, even more preferably less than
about 5% by weight, and most preferably less than
about 3% by weight of the compound. Only those choices
and combinations of substituents that result in a
stable structure are contemplated. Such choices and
combinations will be apparent to those of ordinary
skill in the art and may be determined without undue
experimentation. The invention can be understood more
fully by reference to the following detailed
description and illustrative examples, which are
intended to exemplify nonlimiting embodiments of the
invention.B. The Compounds of the Invention The
present invention emcompasses compounds having
Formulas (I), (II), (III), (IV), (V), (VI), (VII),
(VIII), (IX), (X), and those set forth in Table 1 and
tautomers, pharmaceutically acceptable salts,
solvates, clathrates, hydrates, polymorphs and
prodrugs thereof. In one aspect, the invention
provides compounds of formula (I) as set forth below:
(I) and tautomers, pharmaceutically acceptable salts,
solvates, clathrates, and prodrugs thereof, wherein
ring A, Ri, R3 and R5 are defined as above. Compounds
of formula (I) inhibit the activity of Hsp90 and are
particularly useful for treating or preventing
proliferative disorders, such as cancer. In addition,
compounds of formula (I) are particularly useful in
treating cancer when given in combination with other
anti-cancer agent. In one embodiment, in the compounds
of formula (I), R5 is an optionally substituted
naphthyl. In another embodiment, in the compounds of
formula (I), R5 is represented by the following
formula: wherein: R9, for each occurrence, is
independently a substituent selected from the group
consisting of an optionally substituted alkyl, an
optionally substituted alkenyl,an optionally
substituted alkynyl, an optionally substituted
cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted heterocyclyl, an optionally
substituted aryl, an optionally substituted
heteroaryl, an optionally substituted aralkyl, an
optionally substituted heteraralkyl, hydroxyalkyl,
alkoxyalkyl, halo, cyano, nitro, guanadino, a
haloalkyl, a heteroalkyl, -NRioRn, -OR , -C(O)R7,
-C(O)OR7, -OC(O)R7, -C(O)NRi0R1 1, -NR8C(O)R7, -SR7,
-S(O)PR7, -OS(O)PR7, -S(O)POR7, -NR8S(O)PR7, or -S(0)
pNR, oRn, -S(O)POR7, -OP(O)(OR7)2, or -SP(O)(OR7)2; or
two R9 groups taken together with the carbon atoms to
which they are attached form a fused ring; and m is
zero or an integer from 1to 7, wherein R7, R8, Ri0,
Rn, and p are defined as above. In another embodiment,
in the compounds represented by formula (I), R5 is
represented by one of the following formulas: 



wherein R9 is defined as above; q is zero or an
integer from 1to 7; and u is zero or an integer from
1to 8. In another embodiment, in the compounds
represented by formula (I), R5 is selected from the
group consisting of:TRIAZOLE COMPOUNDS THAT MODULATE
HSP90 ACTIVITY RELATED APPLICATIONS This application
claims the benefit of U.S. Provisional Application No.
60/628,979, filed November 18, 2004; U.S. Provisional
Application No. 60/709,358, filed August 18, 2005, and
U.S. Provisional Application No. 60/725,044, filed
October 6, 2005. The entire teachings of the above
applications are incorporated herein by reference.
BACKGROUND OF THE INVENTION Although tremendous
advances have been made in elucidating the genomic
abnormalities that cause malignant cancer cells,
currently available chemotherapy remains
unsatisfactory, and the prognosis for the majority of
patients diagnosed with cancer remains dismal. Most
chemotherapeutic agents act on a specific molecular
target thought to be involved in the development of
the malignant phenotype. However, a complex network of
signaling pathways regulate cell proliferation, and
the majority of malignant cancers are facilitated by
multiple genetic abnormalities in these pathway.
Therefore, it is unlikely that a therapeutic agent
that acts on one molecular target will be fully
effective in curing a patient who has cancer. Heat
shock proteins (HSPs) are a class of chaperone
proteins that are upregulated in response to elevated
temperature and other environmental stresses, such as
ultraviolet light, nutrient deprivation, and oxygen
deprivation. HSPs act as chaperones to other cellular
proteins (called client proteins) and facilitate their
proper folding and repair, and aid in the refolding of
misfolded client proteins. There are several known
families of HSPs, each having its own set of client
proteins. The Hsp90 family is one of the most abundant
HSP families, accounting for about 1- 2% of proteins
in a cell that is not under stress and increasing to
about 4-6% in a cell under stress. Inhibition of Hsp90
results in degradation of its client proteins via the
ubiquitin proteasome pathway. Unlike other chaperone
proteins, the client proteins of Hsp90 are mostly
protein kinases or transcription factors involved in
signaltransduction, and a number of its client
proteins have been shown to be involved in the
progression of cancer. Examples of Hsp90 client
proteins that have been implicated in the progression
of cancer are described below. Her-2 is a
transmembrane tyrosine kinase cell surface growth
factor receptor that is expressed in normal epithelial
cells. Her2 has an extracellular domain that interacts
with extracellular growth factors and an internal
tyrosine kinase portion that transmits the external
growth signal to the nucleus of the cell. Her2 is
overexpressed in a significant proportion of
malignancies, such as breast cancer, ovarian cancer,
prostate cancer, and gastric cancers, and is typically
associated with a poor prognosis. c-Kit is a membrane
receptor protein tyrosine kinase which binds Stem Cell
Factor (SCF) to its extraellular domain. c-Kit is
involved in the development of melanocytes, mast, germ
and hematopoietic cells, and there is evidence that it
plays a role in several types of cancer including
leukemias, mast cell tumors, small cell lung cancer,
testicular cancer, cancers of the gastointesinal tract
and cancers of the central nervous system. c-Met is a
receptor tyrosine kinase that is encoded by the Met
protooncogene and transduces the biological effects of
hepatocyte growth factor (HGF), which is also referred
to as scatter factor (SF). Jiang et al., Crit. Rev.
Oncol. Hemtol. 29: 209- 248 (1999), the entire
teachings of which are incorporated herein by
reference c- Met and HGF are expressed in numerous
tissues, although their expression is normally
confined predominantly to cells of epithelial and
mesenchymal origin, respectively. c-Met and HGF are
required for normal mammalian development and have
been shown to be important in cell migration, cell
proliferation and survival, morphogenic
differentiation, and organization of 3-dimensional
tubular structures (e.g., renal tubular cells, gland
formation, etc.). The c-Met receptor has been shown to
be expressed in a number of human cancers. c-Met and
its ligand, HGF, have also been shown to be
co-expressed at elevated levels in a variety of human
cancers (particularly sarcomas). However, because the
receptor and ligand are usually expressed by different
cell types, c-Met signaling is most commonly regulated
by tumor-stroma (tumor-host) interactions.
Furthermore, c-Met gene amplification, mutation, and
rearrangement have been observed in a subset of human
cancers.Families with germine mutations that activate
c-Met kinase are prone to multiple kidney tumors as
well as tumors in other tissues. Numerous studies have
correlated the expression of c-Met and/or HGF/SF with
the state of disease progression of different types of
cancer (including lung, colon, breast, prostate,
liver, pancreas, brain, kidney, ovaries, stomach,
skin, and bone cancers). Furthermore, the
overexpression of c-Met or HGF have been shown to
correlate with poor prognosis and disease outcome in a
number of major human cancers including lung, liver,
gastric, and breast. Akt kinase is a serine/threonine
kinase which is a downstream effector molecule of
phosphoinositide 3-kinase and is involved in
protecting the cell from apoptosis. Akt kinase is
thought to be involved in the progression of cancer
because it stimulates cell proliferation and
suppresses apoptosis. Cdk4/cyclin D complexes are
involved in phosphorylation of retinoblastoma protein
which is an essential step in progression of a cell
through the Gl phase of the cell cycle. Disruption of
Hsp90 activity has been shown to decrease the half
life of newly synthesized Cdk4. Raf-1 is a MAP
3-kinase (MAP3K) which when activated can
phosphorylate and acitivate the serine/threonine
specific protein kinases ERKl and ERK2. 



Activated ERKs play an important role in the control
of gene expression involved in the cell division
cycle, apoptosis, cell differentiation and cell
migration. The transforming protein of Rous sarcoma
virus,v-src, is a prototype of an oncogene family that
induces cellular transformation (i.e., tumorogenesis)
by nonregulated kinase activity. Hsp90 has been shown
to complex with v-scr and inhibit its degradation. The
BCR-ABL fusion protein associated with chronic
myelogenous leukemia and in a subset of patients with
acute lymphoblastic leukemia. The fusion protein is a
consequence of exchange of genetic material from the
long arms of chromosomes 9 and 22 and results in
unregulated tyrosine kinase activity. BCRABL exists as
a complex with Hsp90 and is rapidly degraded when the
action of Hsp90 is inhibited. Hsp90 is required to
maintain steroid hormone receptors in a conformation
capable of binding hormone with high affinity.
Inhibition of the action of Hsp90therefore is expected
to be useful in treating hormone-associated
malignancies such as breast cancer. p53 is a tumor
suppressor protein that causes cell cycle arrest and
apoptosis. Mutation of the p53 gene is found in about
half of all human cancers making it one of the most
common genetic alterations found in cancerous cells.
In addition, p53 mutation is associated with a poor
prognosis. Wild-type p53 has been shown to interact
with Hsp90, but mutated p53 forms a more stable
association than wild-type p53 as a result of its
misfolded conformations. A stronger interaction with
Hsp90 protects the mutated protein form normal
proteolytic degradation and prolongs its half-life. In
a cell that is heterozygous for mutated and wild-type
p53, inhibition of the stabilizing effect of Hsp90
causes mutant p53 to be degraded and restores the
normal transcriptional activity of wild-type p53.
Hif-lcc is a hypoxia-inducible transcription factor
that is up-regulated under low oxygen conditions.
Under normal oxygen conditions Hif-l a associates with
Von Hippel-Lindau (VHL) tumor suppressor protein and
is degraded. Low oxygen conditions inhibits this
association and allows Hif-l a to accumulate and
complex with Hif-l b to form an active transcription
complex that associates with hypoxiaresponse elements
to activate the transcription of vascular endothelial
growth factor (VEGF). Increased Hif-l a is associated
with increased metastasis and a poor prognosis. Hsp90
has been shown by mutational analysis to be necessary
for the survival of normal eukaryotic cells. However,
Hsp90 is over expressed in many tumor types indicating
that it may play a significant role in the survival of
cancer cells and that cancer cells may be more
sensitive to inhibition of Hsp90 than normal cells.
For example, cancer cells typically have a large
number of mutated and overexpressed oncoproteins that
are dependent on Hsp90 for folding. In addition,
because the environment of a tumor is typically
hostile due to hypoxia, nutrient deprivation,
acidosis, etc., tumor cells may be especially
dependent on Hsp90 for survival. Moreover, inhibition
of Hsp90 causes simultaneous inhibition of a number of
oncoproteins, as well as hormone receptors and
transcription factors making it an attractive target
for an anti-cancer agent. In fact, benzoquinone
ansamycins, afamily of natural products that inhibit
Hsp90, has shown evidence of therapeutic activity in
clinical trials. Although promising, benzoquinone
ansamycins, and their derivatives, suffer from a
number of limitations. For example, they have low oral
bioavailability, and their limited solubility makes
them difficult to formula. In addition, they are
metabolized by polymorphic cytochrome P450 CYP3A4 and
are a substrate for Pglycoprotein export pump involved
in the development of multidrug resistance. Therefore,
a need exist for new therapeutics that improve the
prognosis of cancer patients and that reduces or
overcomes the limitations of currently used
anti-cancer agents. SUMMARY OF THE INVENTION The
present invention provides novel compounds which
inhibit the activity of Hsp90 and are useful in the
treatment of proliferative disorders, such as cancer.
The present invention also provides new uses for
previously disclosed compounds. The present invention
provides compounds having the formula (I): (I) and
tautomers, pharmaceutically acceptable salts,
solvates, clathrates, and prodrugs thereof. In formula
(I), ring A is an aryl or a heteroaryl, wherein the
aryl or the heteroaryl are optionally further
substituted with one or more substituents in addition
to R3; Ri is -OH, -SH, -NR7H, -OR26, -SR26, -NHR26,
-O(CH2)mOH, -O(CH2)mSH, -O(CH2)mNR7H, -S(CH2)mOH,
-S(CH2)mSH, -S(CH2)mNR7H, -OC(O)NR10R1I, -SC(O)NRi0Rn
, -NR7C(O)NR10Ri1, -OC(O)R7, -SC(O)R7, -NR7C(O)R7,
-OC(O)OR7, -SC(O)OR7, -NR7C(O)OR7, -OCH2C(O)R7,
-SCH2C(O)R7, -NR7CH2C(O)R7, -OCH2C(O)OR7,
-SCH2C(O)OR7,-NR7CH2C(O)OR7, -OCH2C(0)NRioR u ,
-SCH2C(O)NRi0Ri1, -NR7CH2C(0)NRioRi i, -OS(O)PR7,
-SS(O)PR7, -S(O)POR7, -NR7S(O)PR7, -OS(O)PNRI 0RII5
-SS(O) PNR 1ORI I, -NR 7S(O) PNR, 0R II , -OS(O) POR7,
-SS(O) POR7, -NR7S(O)POR7, -OC(S)R7, -SC(S)R7,
-NR7C(S)R7, -OC(S)OR7, -SC(S)OR7, -NR7C(S)OR7,
-OC(S)NRi0RiI, -SC(S)NRi0Rii, -NR7C(S)NRi0Rn,
-OC(NR8)R7, -SC(NR8)R7, -NR7C(NR8)R7, -OC(NR8)OR7,
-SC(NR8)OR7, -NR7C(NR8)OR7, -OC(NR8)NRi0Ri,,
-SC(NRg)NRi0RiI, -NR7C(NR8)NRi0RiI, -OP(O)(OR7 , or
-SP(O)(OR7)2; R3 is -OH, -SH, -NR7H, -OR26, -SR26,
-NHR26, -0(CH 2)m0H, -O(CH2)mSH, -O(CH2)mNR7H,
-S(CH2)mOH, -S(CH2)mSH, -S(CH2)mNR7H, -OC(O)NR10Ri,,
-SC(O)NRi0Rii, -NR7C(O)NRi0Ri1, -OC(O)R7, -SC(O)R7,
-NR7C(O)R7, -OC(O)OR7, -SC(O)OR7, -NR7C(O)OR7,
-OCH2C(O)R7, -SCH2C(O)R7, -NR7CH2C(O)R7, -OCH2C(O)OR7,
-SCH2C(O)OR7, 



-NR7CH2C(O)OR7, -OCH2C(O)NR10R1I, -SCH2C(O)NR10Rn,
-NR7CH2C(O)NRiORi1, -OS(O)PR7, -SS(O)PR7, -S(O)POR7,
-NR7S(O)PR7, -OS(O)pNRi0Rn, -SS(O)pNR10Rii,
-NR7S(O)PNRi0Rn , -OS(O)POR7, -SS(O)POR7,
-NR7S(O)POR7, -OC(S)R7, -SC(S)R7, -NR7C(S)R7,
-OC(S)OR7, -SC(S)OR7, -NR7C(S)OR7, -OC(S)NRi0Ri,,
-SC(S)NRi0Rii, -NR7C(S)NRi0Ri1, -OC(NR8)R7,
-SC(NR8)R7, -NR7C(NR8)R7, -OC(NR8)OR7, -SC(NR8)OR7,
-NR7C(NR8)OR7, -OC(NR8)NRi0R,,, -SC(NR8)NR10R,,,
-NR7C(NR8)NRi0R,,, -OP(O)(OR7 2, or -SP(O)(OR7)2; R is
an optionally substituted heteroaryl or an optionally
substituted 8 to 14 membered aryl; R7 and R8, for each
occurrence, are, independently, -H, an optionally
substituted alkyl, an optionally substituted alkenyl,
an optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted
cycloalkenyl, an optionally substituted heterocyclyl,
an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted
aralkyl, or an optionally substituted heteraralkyl;
R,o and Rn, for each occurrence, are independently -H,
an optionally substituted alkyl, an optionally
substituted alkenyl, an optionally substituted
alkynyl, an optionally substituted cycloalkyl, an
optionally substituted cycloalkenyl, anoptionally
substituted heterocyclyl, an optionally substituted
aryl, an optionally substituted heteroaryl, an
optionally substituted aralkyl, or an optionally
substituted heteraralkyl; or Rio and Rn, taken
together with the nitrogen to which they are attached,
form an optionally substituted heterocyclyl or an
optionally substituted heteroaryl; R2 is a lower
alkyl; p, for each occurrence, is, independently, 1 or
2; and m, for each occurrence, is independently, 1, 2,
3, or 4. In one embodiment, ring A of the the
compounds of formula (I) is not a substituted
[l,2,3]triazole, and/or compounds represented by
formula (I) do not include
3-(2,4-dihydroxy-phenyl)-4-(7-naphthalen-l-yl)-5-merca
pto-triazole. The present invention also provides
compounds having the formula (II): (II) and tautomers,
pharmaceutically acceptable salts, solvates,
clathrates, and prodrugs thereof. In formula (II),
ring A, Ri, and R are defined as for formula (I); and
R2 is a substituted phenyl, wherein the phenyl group
is substituted with: i) one substituent selected from
nitro, cyano, a haloalkoxy, an optionally substituted
alkenyl, an optionally substituted alkynyl, an
optionally substituted cycloalkyl, an optionally
substituted cycloalkenyl, an optionally substituted
heterocyclyl, an optionally substituted aryl, an
optionally substituted heteroaryl, an optionally
substituted aralkyl, an optionally substituted
heteraralkyl, hydroxylalkyl, alkoxyalkyl, guanadino,
-NRi0Rn, -OR 20, -C(O)R7, -C(O)OR20, -OC(O)R7,
-C(O)NR10R11, -NR8C(O)R7, -SR7, -S(O)pR7, -OS(O)PR7,
-S(O)POR7, -NR8S(O)PR7, or -S(0) pNR loRn, orii) two
to five substituents selected from the group
consisting of an optionally substituted alkyl, an
optionally substituted alkenyl, an optionally
substituted alkynyl, an optionally substituted
cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted heterocyclyl, an optionally
substituted aryl, an optionally substituted
heteroaryl, an optionally substituted aralkyl, an
optionally substituted heteraralkyl, hydroxyalkyl,
alkoxyalkyl, -F, -Br, -I, cyano, nitro, guanadino, a
haloalkyl, a heteroalkyl, -NRi0Rn, -OR7, -C(O)R7,
-C(O)OR7, -OC(O)R7, -C(O)NR10Rn, -NR8C(O)R7, -SR7,
-S(O)pR7, -OS(O)PR7, -S(O)pOR7, -NR8S(O)pR7, or
-S(0)pNR loRn; and R20, for each occurrence, is
independently an optionally substituted alkyl, an
optionally substituted alkenyl, an optionally
substituted alkynyl, an optionally substituted
cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted heterocyclyl, an optionally
substituted aryl, an optionally substituted
heteroaryl, an optionally substituted aralkyl, or an
optionally substituted heteraralkyl. In one
embodiment, compounds represented by formula (II) do
not include
3-(2,4-dihydroxy-phenyl)-4-(7-naphthalen-l-yl)-5-merca
pto-triazole, 3-(2,4-
dihydroxyphenyl)-4-(2,5-dimethoxyphenyl)-5-mercapto-tr
iazole, 3-(l-phenyl-5-
amino-pyrazol-4-yl)-4-(2,4-dichloropheny)-5-mercapto-t
riazole, or 3-(2-hydroxyphenyl)
4-(2,4-dimethylphenyl)-5-mercapto-triazole. The
present invention also provides compounds having the
formula (III): (III) and tautomers, pharmaceutically
acceptable salts, solvates, clathrates, and prodrugs
thereof. In formula (III), ring A, Ri, and R3 are
defined as for formula (I); andRi8 is an optionally
substituted cycloalkyl, and optionally substituted
cycloalkenyl, or a substituted alkyl, wherein the
alkyl group is substituted with one or more
substituents independently selected from the group
consisting of an optionally substituted alkynyl, an
optionally substituted cycloalkyl, an optionally
substituted cycloalkenyl, an optionally substituted
heteroaryl, an optionally substituted aralkyl, an
optionally substituted heteraralkyl, halo, cyano,
nitro, guanadino, a haloalkyl, -NR10Rn, -OR7, -C(O)R7,
-C(O)OR7, -OC(O)R7, -C(O)NR10Rn, -NR8C(O)R7, -SR7,
-S(O)PR7, -OS(O)pR7, -S(O)POR7, -NR8S(O)PR7, or
-S(O)pNR10Rp, -S(O)POR7, -OP(O)(OR7)2, or
-SP(O)(OR7)2; In one embodiment, compounds represented
by formula (III) do not include compounds in which Ri
is not cyclohexyl. The invention also provides
compounds represented by formula (IV) or 



formula (V): (IV) (V) and tautomers, pharmaceutically
acceptable salts, solvates, clathrates, and prodrugs
thereof. In formulas (IV) and (V), Ri and R3 are
defined as for formula (I); and Xi4 is O, S, orNR 7;
R2 1 is an optionally substituted alkyl, an optionally
substituted alkenyl, an optionally substituted
alkynyl, an optionally substituted cycloalkyl, an
optionally substituted cycloalkenyl, an optionally
substituted heterocyclyl, an optionally substituted
aryl, an optionally substituted heteroaryl, an
optionally substituted aralkyl, or an optionally
substituted heteraralkyl;R22, for each occurrence, is
independently -H or is selected from the group
consisting of an optionally substituted alkyl, an
optionally substituted alkenyl, an optionally
substituted alkynyl, an optionally substituted
cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted heterocyclyl, an optionally
substituted aryl, an optionally substituted
heteroaryl, an optionally substituted aralkyl, or an
optionally substituted heteraralkyl, a haloalkyl,
-C(O)R7, -C(O)OR7, -OC(O)R7, -C(O)NRi0Rn, -NR8C(O)R7,
-S(O)PR7, -S(O)POR7, or -S(0)pNRioRp; and R23and R24,
for each occurrence, are independently -H or are
selected from the group consisting of an optionally
substituted alkyl, an optionally substituted alkenyl,
an optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted
cycloalkenyl, an optionally substituted heterocyclyl,
an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted
aralkyl, or an optionally substituted heteraralkyl,
halo, cyano, nitro, guanadino, a haloalkyl, a
heteroalkyl, -NR10Rn, -OR7, -C(O)R7, -C(O)OR7,
-OC(O)R7, -C(O)NR10R1 1, -NR8C(O)R7, -SR7, -S(O)PR7,
-OS(O)PR7, -S(O)POR7, -NR8S(O)PR7, or -S(O)pNR10Rp.
The present invention also provides compounds
1^presented by formula (VI): (VI) and tautomers,
pharmaceutically acceptable salts, solvates,
clathrates, and prodrugs thereof, wherein: X4 1 is O,
S, or NR42; X42 is CR44 or N;Y4 1 is N or CR45; Y 2
for each occurrence, is independently N, C or CR4 ; Z
is OH, SH, or NHR7; R4I is -H, -OH, -SH, an optionally
substituted alkyl, an optionally substituted alkenyl,
an optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted
cycloalkenyl, an optionally substituted heterocyclyl,
an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted
aralkyl, an optionally substituted heteraralkyl, halo,
cyano, nitro, guanadino, a haloalkyl, a heteroalkyl,
an alkoxy or cycloalkoxy, a haloalkoxy, -NRioRn, -OR7,
-C(O)R7, -C(O)OR7 -C(S)R7 -C(O)SR7, -C(S)SR7,
-C(S)OR7, -C(S)NR10Rn, -C(NR8)OR7, -C(NR8)R7,
-C(NR8)NR10Rn , -C(NR8)SR7, -OC(O)R7, -OC(O)OR7,
-OC(S)OR7, -OC(NR8)OR7, -SC(O)R7, -SC(O)OR7,
-SC(NR8)OR7, -OC(S)R7, -SC(S)R7, -SC(S)OR7,
-OC(O)NR10R1 1, -OC(S)NR10R1,, -OC(NR8)NR10R1 1,
-SC(O)NR10R1 1, -SC(NR8)NR10R1 1, -SC(S)NR10R1 1,
-OC(NR8)R7, -SC(NR8)R7, -C(O)NR10R1 1 , -NR8C(O)R7,
-NR7C(S)R7, -NR7C(S)OR7, -NR7C(NR8)R7, -NR7C(O)OR7,
-NR7C(NR8)OR7, -NR7C(O)NR10R11 , -NR7C(S)NR10R1 1, -NR
7C(NR 8)NR 10R H , -SR7, -S(O) PR7, -OS(O)PR7,
-OS(O)POR7, -OS(O)PNRi0R1U -S(O)POR7, -NR8S(O)PR7,
-NR7S(O)PNR10R1!, -NR7S(O)POR7, -S(0) pNRloRn ,
-SS(O)pR7, -SS(O)POR7, -SS(O)pNR10R,i, -OP(O)(OR7)2,
or -SP(O)(OR7)2; R4 is -H, an optionally substituted
alkyl, an optionally substituted alkenyl, an
optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted
cycloalkenyl, an optionally substituted heterocyclyl,
an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted
aralkyl, an optionally substituted heteraralkyl,
hydroxyalkyl, alkoxyalkyl, a haloalkyl, a heteroalkyl,
-C(O)R7, -(CH2)mC(O)OR7, -C(O)OR7, -OC(O)R7,
-C(O)NR10R11, -S(O)PR7, -S(O)POR7, or -S(0) pNRloRu ;
R43 and R4 are, independently, -H, -OH, an optionally
substituted alkyl, an optionally substituted alkenyl,
an optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted
cycloalkenyl, an optionally substituted heterocyclyl,
an optionally substituted aryl, an optionally
substitutedheteroaryl, an optionally substituted
aralkyl, an optionally substituted heteraralkyl,
hydroxyalkyl, alkoxyalkyl, halo, cyano, nitro,
guanadino, a haloalkyl, a heteroalkyl, -C(O)R7,
-C(O)OR7, -OC(O)R7, -C(O)NR10Rn, -NR8C(O)R7, -SR7,
-S(O)PR7, -OS(O)PR7, -S(O)pOR7, -NR8S(O)pR7,
-S(O)PNR10R1u or R43 and R44 taken together with the
carbon atoms to which they are attached form an
optionally substituted cycloalkenyl, an optionally
substituted aryl, an optionally substituted
heterocyclyl, or an optionally substituted heteroaryl;
R45 is -H, -OH, -SH, -NR7H, -OR26, -SR26, -NHR26,
-0(CH 2)m0H, -O(CH2)mSH, -O(CH2)mNR7H, -S(CH2)mOH,
-S(CH2)mSH, -S(CH2)mNR7H, -OC(0)NRioRii, -SC(O)NRi
0R1I , -NR7C(O)NR10R1 1, -OC(O)R7, -SC(O)R7,
-NR7C(O)R7, -OC(O)OR7, -SC(O)OR7, -NR7C(O)OR7,
-OCH2C(O)R7, -SCH2C(O)R7, -NR7CH2C(O)R7, -OCH2C(O)OR7,
-SCH2C(O)OR7, -NR7CH2C(O)OR7, -OCH2C(0)NRioRi i, -SCH
2C(O)NR I0R H , -NR 7CH2C(O)NR 1OR H , -OS(O)PR7,
-SS(O)PR7, -NR7S(O)PR7, -OS(O)PNR10R1u -SS(0)
pNRioRi,, -NR7S(O)PNR10R1 1, -OS(O)POR7, -SS(O)POR7,
-NR7S(O)POR7, -OC(S)R7, -SC(S)R7, -NR7C(S)R7,
-OC(S)OR7, -SC(S)OR7, -NR7C(S)OR7, -OC(S)NR 10Rii,
-SC(S)NR 10Ri1, -NR7C(S)NR10R1 1, -OC(NR8)R7,
-SC(NR8)R7, -NR7C(NR8)R7, -OC(NR8)OR7, -SC(NR8)OR7,
-NR7C(NR8)OR7, -OC(NR8)NR1ORi I , -SC(NR8)NRi0Rn, or
-NR7C(NR8)NRi0R1I; 



R4 , for each occurrence, is independently selected
from the group consisting of H, an optionally
substituted alkyl, an optionally substituted alkenyl,
an optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted
cycloalkenyl, an optionally substituted heterocyclyl,
an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted
aralkyl, an optionally substituted heteraralkyl, halo,
cyano, nitro, guanadino, a haloalkyl, a heteroalkyl,
-NR10R1 1, -OR7, -C(O)R7, -C(O)OR7, -OC(O)R7, -C(O)NR
10Rn , -NR8C(O)R7, -SR7, -S(O)PR7, -OS(O)PR7,
-S(O)POR7, -NR8S(O)PR7, or -S(O)PNRi 0R1,; R7, R8,
R10, Rn, R26, p, and m are defined as above. The
present invention also provides compounds represented
by formula (VII):(VII) and tautomers, pharmaceutically
acceptable salts, solvates, clathrates, and prodrugs,
wherein: Zi is -OH or -SH; and X 2, R4 1, R4 , R43,
and R4 are defined as above. The present invention
also provides compounds having the formula (VIII):
(VIII) and tautomers, pharmaceutically acceptable
salts, solvates, clathrates, and prodrugs thereof,
wherein: X4 is CR54 or N; Z1 is -OH or -SH; R 2 is
selected from the group consisting of -H, methyl,
ethyl, n-propyl, isopropyl, n-butyl, n-pentyl,
n-hexyl, -(CH2)2OCH3, -CH2C(O)OH, and - C(O)N(CHa) 2;
R5 and R54 are each, independently, -H, methyl, ethyl,
or isopropyl; or R53 and R54 taken together with the
carbon atoms to which they are attached form a phenyl,
cyclohexenyl, or cyclooctenyl ring; R55 is selected
from the group consisting of -H, -OH, -OCH 3, and -
OCH2CH3; and R56 is selected from the group consisting
of -H, methyl, ethyl, isopropyl, and cyclopropyl. The
present invention also provides compounds having the
formula (IX): (IX) and tautomers, pharmaceutically
acceptable salts, solvates, clathrates, and prodrugs
thereof, wherein, X44, for each occurrence, is
independently, O, S, NR 2 or C(R4 ) 2; Y43 is NR42,
C(R4 ) 2, C(R46)2-C(R46)2 C(O), C(S), C(R46 2C(O), or
C(R )2C(S); Y4 1, Y42, Z, R4 1, R42, and R4 are
defined as above. In one embodiment, in formula (IX),
R4I is selected from the group consisting of -H, lower
alkyl, lower alkoxy, lower cycloalkyl, and lower
cycloalkoxy. In another embodiment, in formula (IX),
R4 1 is selected from the group consisting of -H,
methyl, ethyl, propyl, isopropyl, cyclopropyl,
methoxy, ethoxy, propoxy, and cyclopropoxy. In another
embodiment, in formula (IX), R42 is selected from the
group consisting of -H, methyl, ethyl, n-propyl,
isopropyl, cyclopropyl, n-butyl, sec-butyl,tert-butyl,
n-pentyl, n-hexyl, -C(O)OH, -(CH2)mC(O)OH, -CH2OCH3,
-CH2CH2OCH3, and -C(O)N(CHs)2. In another embodiment,
in formula (IX), Y 1 is CR45. Preferably, R45 is H, a
lower alkoxy, or -OH. In another embodiment, in
formula (IX), Y42 is CH. In another embodiment, in
formula (IX), Y4 is CH2. In another embodiment, in
formula (IX), Y43 is NR42, wherein R42 is H or a lower
alkyl. In another embodiment, in formula (IX), one
OfX44 is NR42 and the other is CH2 or C(Re)2.
Preferably, one OfX44 is NR42 and the other is CH2. In
another embodiment, in formula (VI), Z is -OH. In
another embodiment, Z is -SH. In another embodiment,
the compound is selected from the group consisting of:
3-(2,4-dihydroxy-5-isopropyl-phenyl)-4-(l,3-benzodiaxo
l-5-yl)-5-mercapto-[l,2,4] triazole;
3-(2,4-dihydroxy-5-isopropyl-phenyl)-4-(indan-5-yl)-5-
mercapto-[l,2,4] triazole;
4-Ethyl-6-[5-mercapto-4-(l-methyl-2,3-dihydro-lH-indol
-5-yl)-4H-[l,2,4]triazol-3- yl]-benzene-l,3-diol;
5-(3-(5-ethyl-2,4-dihydroxyphenyl)-5-mercapto-4H-l,2,4
-triazol-4-yl)indolin-2- one;
5-(3-(5-ethyl-2,4-dihydroxyphenyl)-5-mercapto-4H-l,2,4
-triazol-4-yl)-lHbenzo[ d]imidazol-2(3H)-one;
5-(3-(5-ethyl-2,4-dihydroxyphenyl)-5-mercapto-4H-l,2,4
-triazol-4-yl)-lmethylindolin- 2-one;
4-isopropyl-6-(5-mercapto-4-(4-propyl-3,4-dihydro-2H-b
enzo[b][l,4]oxazin-6-yl)-
4H-l,2,4-triazol-3-yl)benzene-l,3-diol;
6-(3-(5-ethyl-2,4-dihydroxyphenyl)-5-mercapto-4H-l,2,4
-triazol-4-yl)-2Hbenzo[ b] [ 1,4]oxazin-3(4H)-one;
6-(3-(5-ethyl-2,4-dihydroxyphenyl)-5-mercapto-4H-l,2,4
-triazol-4-yl)-3- methylbenzo[d]thiazol-2(3H)-one;
6-(3-(5-ethyl-2,4-dihydroxyphenyl)-5-mercapto-4H-l,2,4
-triazol-4-yl)benzo[d]thiazol-2(3H)-one; and
tautomers, pharmaceutically acceptable salts,
solvates, clathrates, and prodrugs thereof. Compounds
of formula (EX) inhibit the activity of Hsp90 and are
particularly useful for treating or preventing
proliferative disorders, such as cancer. In addition, 



compounds of formula (IX) are particularly useful in
treating cancer when given in combination with other
anti-cancer agent. The present invention also provides
compounds having the formula (X): (X) and tautomers,
pharmaceutically acceptable salts, solvates,
clathrates, and prodrugs thereof, wherein: X4 1, Y4 1,
Y42, Z, R7, R8, Rio, Rn, R4 1 , R46and p are defined
as above. The compounds shown in Table 1 or compounds
of any formula herein, or tautomers, pharmaceutically
acceptable salts, solvates, clathrates, hydrates,
polymorphs or prodrugs thereof, inhibit the activity
of Hsp90 and, thereby facilitates the degradation of
Hsp90 client proteins. Hsp90 is necessary for the
survival of normal eukaryotic cells. However, Hsp90 is
over expressed in many tumor types indicating that it
may play a significant role in the survival of cancer
cells and that cancer cells may be more sensitive to
inhibition of Hsp90 than normal cells. Thus, the
compounds shown in Table 1 or compounds of any formula
herein, or tautomers, pharmaceutically acceptable
salts, solvates, clathrates, hydrates, polymorphs or
prodrugs thereof, are useful treating proliferative
disorders such as cancer. Although chemotherapeutic
agents initially cause tumor regression, most agents
that are currently used to treat cancer target only
one pathway to tumorprogression. Therefore, in many
instances, after treatment with one or more
chemotherapeutic agents, a tumor develops multidrug
resistance and no longer responses positively to
treatment. One of the advantages of inhibiting Hsp90
activity is that several of its client proteins, which
are mostly protein kinases or transcription factors
involved in signal transduction, have been shown to be
involved in the progression of cancer. Thus,
inhibition of Hsp90 provides a method of short
circuiting several pathways for tumor progression
simultaneously. Therefore, treatment of tumors with an
Hsp90 inhibitor of the invention either alone, or in
combination with other chemotherapeutic agents, is
more likely to result in regression or elimination of
the tumor, and less likely to result in the
development of more aggressive multidrug resistant
tumors than other currently available therapeis. BRIEF
DESCRIPTION OF THE DRAWINGS The foregoing and other
objects, features and advantages of the invention will
be apparent from the following more particular
description of preferred embodiments of the invention,
as illustrated in the accompanying drawings in which
like reference characters refer to the same parts
throughout the different views. The drawings are not
necessarily to scale, emphasis instead being placed
upon illustrating the principles of the invention.
Figure 1 is a graph showing the ATPase activity of
Hsp90 when untreated, when treated with 40 mM of
Geldanamycin, a known Hsp90 inhibitor as a positive
control, and when treated with 40mM or 4mM of Compound
108 of the invention; Figure 2 is gel showing the
amount of Her2, an Hsp90 client protein, in cells that
are untreated, in cells that have been treated with
0.5mM, 2mM, or 5mM of 17AAG, a known Hsp90 inhibitor,
and in cells that have been treated with 0.5mM, 2mM,
or 5mM of Compound 108 or Compound 49; Figure 3 is a
graph showing an FACSCalibur flow cytometer analysis
of the c-kit positive population of HEL92.1.7 cells
treated with Hsp90 inhibitors of the invention or
17AAG (as a positive control). The results indicate
that the Hsp90 inhibitors of the invention induce
c-kit degradation at a lower concentration than 17AAG,
an Hsp90 inhibitor that is currently in phase II
clinical trials.Figure 4 is a graph showing an
FACSCalibur flow cytometer analysis of the c-kit
positive population of Kasumi-1 cells treated with
Hsp90 inhibitors of the invention or 17AAG (as a
positive control). The results indicate that the Hsp90
inhibitors of the invention induce c-kit degradation
at a lower concentration than 17AAG, an Hsp90
inhibitor that is currently in phase II clinical
trials. Figure 5 is a Western blot analysis of the
c-kit from Kasumi-1 cells treated with Hsp90
inhibitors of the invention or 17AAG (as a positive
control). Figure 6 is a Western blot analysis of the
c-met from NCI-Hl 193 cells treated with Hsp90
inhibitors of the invention or 17AAG (as a positive
control). Figure 7 displays the results of a nude
mouse xenograft study to determine the effect of
Compound 49 on the in vivo growth rate of the human
tumor cell line MDA-MB-435S. Tumor bearing animals (8
mice/group) were intraperitoneal (IP) injected 5 times
per week for 3 weeks (hatched bar) and the average
tumor volumes for each group (+/- SEM) were determined
every 3-5 days. Treatment with a dose of 300 mg/kg
body weight of Compound 49 decreased the growth rate
of MDAMB- 435S cells in nude mice to a greater extent
than did a dose of 100 mg/kg body weight of the Hsp90
inhibitor 17-allylamino-17-demethoxygeldanarnycin (17-
AAG); Figure 8 demonstrates that treatment with
Compound 49 did not cause toxicity in a nude mouse
xenograft model using the human tumor cell line MDAMB-
435S (tumor growth data from the same study is
presented in Figure 3). Tumor bearing animals (8
mice/group) were intraperitoneal (IP) injected 5 times
per week for 3 weeks (hatched bar) and the average
percent changes in body weights for each group
relative to the start of dosing were determined every
1-3 days (error bars not shown for clarity; mean
coefficient of variation = 18%). Treatment with a dose
of 300 mg/kg body weight of Compound 49 was not toxic,
as indicated by its lack of an effect on the body
weights in animals treated with Compound 49 versus
vehicle treated animals; Figure 9 displays the results
of a nude mouse xenograft study to determine the
effect of Compound 188 on the in vivo growth rate of
RERF-LC-AIIVP human lung tumor cells. Tumor bearing
animals (8 mice/group) were i.p. injected 5 times per
week for a total of 15 doses (hatched bar) and the
average tumor volumes foreach group (error bars
represent SEM) were determined every 3-4 days.
Treatment with a dose of 200 mg/kg body weight of
Compound 188 inhibited tumor growth, as 



did a dose of 75 mg/kg body weight of 17-AAG (both
compounds were dosed at approximately their maximum
tolerated doses in nude mice); and Figure 10
demonstrates that treatment with Compound 188 does not
cause overt toxicity in a nude mouse xenograft model
using RERF-LC-AIIVP human lung tumor cells (data
derived from the same study presented in Figure 5).
Tumor bearing animals (8 mice/group) were i.p.
injected 5 times per week for a total of 15 doses
(hatched bar) and the cumulative average percent
changes in body weights for each group relative to the
start of dosing were determined every 2-3 days.
Treatment with a dose of 200 mg/kg body weight of
Compound 188 was not overtly toxic, as indicated by
the minimal effects on the animal body weights in the
test article-treated versus vehicle-treated groups.
DETAILED DESCRIPTION OF THE INVENTION A description of
preferred embodiments of the invention follows. The
present invention provides compounds and uses of said
compounds. The present invention encompasses the use
of the compounds of the invention to inhibit Hsp90
activity and for the treatment of a proliferative
disorder, such as cancer. In particular, the present
invention encompasses the use of compounds of the
invention to slow or stop the growth of cancerous
cells or to reduce or eliminate cancerous cells in a
mammal. In certain embodiments, the compounds of the
invention can be used in combination with other
chemotherapeutic agents and may help to prevent or
reduce the development of multidrug resistant
cancerous cells in a mammal. In this embodiment, the
compounds of the invention may allow a reduced
efficacious amount of a second chemotherapeutic agent
given to a mammal, because compounds of the invention
should inhibit the development of multidrug resistant
cancerous cells. A. Terminology Unless otherwise
specified, the below terms used herein are defined as
follows:As used herein, the term "alkyl" means a
saturated straight chain or branched non-cyclic
hydrocarbon having from 1 to 10 carbon atoms.
Representative saturated straight chain alkyls include
methyl, ethyl, n-propyl, n-butyl, n-pentyl, n-hexyl,
nheptyl, n-octyl, n-nonyl and n-decyl; while saturated
branched alkyls include isopropyl, sec-butyl,
isobutyl, tert-butyl, isopentyl, 2-methylbutyl,
3-methylbutyl, 2- methylpentyl, 3-methylpentyl,
4-methylpentyl, 2-methylhexyl, 3-methylhexyl, 4-
methylhexyl, 5-methylhexyl, 2,3-dimethylbutyl,
2,3-dimethylpentyl, 2,4- dimethylpentyl,
2,3-dimethylhexyl, 2,4-dimethylhexyl,
2,5-dimethylhexyl, 2,2- dimethylpentyl,
2,2-dimethylhexyl, 3,3-dimtheylpentyl,
3,3-dimethylhexyl, 4,4- dimethylhexyl, 2-ethylpentyl,
3-ethylpentyl, 2-ethylhexyl, 3-ethylhexyl, 4-
ethylhexyl, 2-methyl-2-ethylpentyl,
2-methyl-3-ethylpentyl, 2-methyl-4-ethylpentyl,
2-methyl-2-ethylhexyl, 2-methyl-3-ethylhexyl,
2-methyl-4-ethylhexyl, 2,2- diethylpentyl,
3,3-diethylhexyl, 2,2-diethylhexyl, 3,3-diethylhexyl
and the like. The term "(Ci-C 6)alkyl" means a
saturated straight chain or branched non-cyclic
hydrocarbon having from 1 to 6 carbon atoms.
Representative (Ci-Ce)alkyl groups are those shown
above having from 1 to 6 carbon atoms. Alkyl groups
included in compounds of this invention may be
optionally substituted with one or more substituents.
As used herein, the term "alkenyl" means a saturated
straight chain or branched non-cyclic hydrocarbon
having from 2 to 10 carbon atoms and having at least
one carbon-carbon double bond. Representative straight
chain and branched (C2-C]o)alkenyls include vinyl,
allyl, 1-butenyl, 2-butenyl, isobutylenyl, 1-pentenyl,
2-pentenyl, 3-methyl- 1-butenyl, 2-methyl-2-butenyl,
2,3-dimethyl-2-butenyl, 1- hexenyl, 2-hexenyl,
3-hexenyl, 1-heptenyl, 2-heptenyl, 3-heptenyl,
1-octenyl, 2- octenyl, 3-octenyl, 1-nonenyl,
2-nonenyl, 3-nonenyl, 1-decenyl, 2-decenyl, 3- decenyl
and the like. Alkenyl groups may be optionally
substituted with one or more substituents. As used
herein, the term "alkynyl" means a saturated straight
chain or branched non-cyclic hydrocarbon having from 2
to 10 carbon atoms and having at lease one
carbon-carbon triple bond. Representative straight
chain and branched alkynyls include acetylenyl,
propynyl, 1-butynyl, 2-butynyl, 1-pentynyl,
2-pentynyl, 3-methyl-l-butynyl, 4-pentynyl, 1-hexynyl,
2-hexynyl, 5-hexynyl, 1-heptynyl, 2-heptynyl,
6-heptynyl, 1-octynyl, 2-octynyl, 7-octynyl,
1-nonynyl, 2-nonynyl, 8- nonynyl, 1-decynyl,
2-decynyl, 9-decynyl, and the like. Alkynyl groups may
be optionally substituted with one or more
substituents. As used herein, the term "cycloalkyl"
means a saturated, mono- or polycyclic alkyl radical
having from 3 to 20 carbon atoms. Representative
cycloalkyls include cyclopropyl, 1-methylcyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, cyclononyl, -cyclodecyl,
octahydro-pentalenyl, and the like. Cycloalkyl groups
may be optionally substituted with one or more
substituents. As used herein, the term "cycloalkenyl"
means a mono- or poly- cyclic nonaromatic alkyl
radical having at least one carbon-carbon double bond
in the cyclic system and from 3 to 20 carbon atoms.
Representative cycloalkenyls include cyclopentenyl,
cyclopentadienyl, cyclohexenyl,
cyclohexadienyl,cycloheptenyl, cycloheptadienyl,
cycloheptatrienyl, cyclooctenyl, cyclooctadienyl,
cyclooctatrienyl, cyclooctatetraenyl, cyclononenyl,
cyclononadienyl, cyclodecenyl, cyclodecadienyl,
1,2,3,4,5,8-hexahydronaphthalenyl and the like.
Cycloalkenyl groups may be optionally substituted with
one or more substituents. As used herein, the term
"haloalkyl" means and alkyl group in which one or more
(including all) the hydrogen radicals are replaced by
a halo group, wherein each halo group is independently
selected from -F, -Cl, -Br, and -I. The term
"halomethyl" means a methyl in which one to three
hydrogen radical(s) have been replaced by a halo
group. Representative haloalkyl groups include
trifluoromethyl, 



bromomethyl, 1,2-dichloroethyl, 4-iodobutyl,
2-fluoropentyl, and the like. As used herein, an
"alkoxy" is an alkyl group which is attached to
another moiety via an oxygen linker. As used herein,
an "haloalkoxy" is an haloalkyl group which is
attached to another moiety via an oxygen linker. As
used herein, the term an "aromatic ring" or "aryl"
means a hydrocarbon monocyclic or polycyclic radical
in which at least one ring is aromatic. Examples of
suitable aryl groups include, but are not limited to,
phenyl, tolyl, anthracenyl, fluorenyl, indenyl,
azulenyl, and naphthyl, as well as benzo-fused
carbocyclic moieties such as
5,6,7,8-tetrahydronaphthyl. Aryl groups may be
optionally substituted with one or more substituents.
In one embodiment, the aryl group is amonocyclic ring,
wherein the ring comprises 6 carbon atoms, referred to
herein as "(C6)aryl." As used herein, the term
"aralkyl" means an aryl group that is attached to
another group by a (Ci-C6)alkylene group.
Representative aralkyl groups include benzyl,
2-phenyl-ethyl, narhth-3-yl-methyl and the like.
Aralkyl groups may be optionally substituted with one
or more substituents. As used herein, the term
"alkylene" refers to an alkyl group that has two
points of attachment. The term "(Ci-C 6)alkylene"
refers to an alkylene group that has from one to six
carbon atoms. Straight chain (C1-C6)alkylene groups
are preferred. Non-limiting examples of alkylene
groups include methylene (-CH2-), ethylene (-CH2CH2-),
n-propylene (-CH2CH2CH2-), isopropylene
(-CH2CH(CH3)-), and the like. Alkylene groups may be
optionally substituted with one or more substituents.
As used herein, the term "heterocyclyl" means a
monocyclic (typically having 3- to 10-members) or a
polycyclic (typically having 7- to 20-members)
heterocyclic ring system which is either a saturated
ring or a unsaturated nonaromatic ring. A 3- to
10-membered heterocycle can contain up to 5
heteroatoms; and a 7- to 20-membered heterocycle can
contain up to 7 heteroatoms. Typically, a heterocycle
has at least on carbon atom ring member. Each
heteroatom is independently selected from nitrogen,
which can be oxidized (e.g., N(O)) or quaternized;
oxygen; and sulfur, including sulfoxide and sulfone.
The heterocycle may be attached via any heteroatom or
carbon atom. Representative heterocycles include
morpholinyl, thiomorpholinyl, pyrrolidinonyl,
pyrrolidinyl, piperidinyl, piperazinyl, hydantoinyl,
valerolactamyl, oxiranyl, oxetanyl, tetrahydrofuranyl,
tetrahydropyranyl, tetrahydropyrindinyl,
tetrahydropyrimidinyl, tetrahydrothiophenyl,
tetrahydrothiopyranyl, and the like. A heteroatom may
be substituted with a protecting group known to those
of ordinary skill in the art, for example, the
hydrogen on a nitrogen may be substituted with a
tert-butoxycarbonyl group. Furthermore, the
heterocyclyl may be optionally substituted with one or
more substituents. Only stable isomers of such
substituted heterocyclic groups are contemplated in
this definition.As used herein, the term
"heteroaromatic", "heteroaryl" or like terms means a
monocyclic or polycyclic heteroaromatic ring
comprising carbon atom ring members and one or more
heteroatom ring members. Each heteroatom is
independently selected from nitrogen, which can be
oxidized (e.g., N(O)) or quaternized; oxygen; and
sulfur, including sulfoxide and sulfone.
Representative heteroaryl groups include pyridyl,
1-oxo-pyridyl, furanyl, benzo[l,3]dioxolyl,
benzo[l,4]dioxinyl, thienyl, pyrrolyl, oxazolyl,
imidazolyl, thiazolyl, a isoxazolyl, quinolinyl,
pyrazolyl, isothiazolyl, pyridazinyl, pyrimidinyl,
pyrazinyl, a triazinyl, triazolyl, thiadiazolyl,
isoquinolinyl, indazolyl, benzoxazolyl, benzofuryl,
indolizinyl, imidazopyridyl, tetrazolyl,
benzimidazolyl, benzothiazolyl, benzothiadiazolyl,
benzoxadiazolyl, indolyl, tetrahydroindolyl,
azaindolyl, imidazopyridyl, quinazolinyl, purinyl,
pyrrolo[2,3]pyrimidinyl, pyrazolo[3,4]pyrimidinyl,
imidazo[l,2-a]pyridyl, and benzothienyl. In one
embodiment, the heteroaromatic ring is selected from
5-8 membered monocyclic heteroaryl rings. The point of
attachment of a heteroaromatic or heteroaryl ring to
another group may be at either a carbon atom or a
heteroatom of the heteroaromatic or heteroaryl rings.
Heteroaryl groups may be optionally substituted with
one or more substituents. As used herein, the term
"(C5)heteroaryl" means an aromatic heterocyclic ring
of 5 members, wherein at least one carbon atom of the
ring is replaced with a heteroatom such as, for
example, oxygen, sulfur or nitrogen. Representative
(Cs)heteroaryls include furanyl, thienyl, pyrrolyl,
oxazolyl, imidazolyl, thiazolyl, isoxazolyl,
pyrazolyl, isothiazolyl, pyrazinyl, triazolyl,
thiadiazolyl, and the like. As used herein, the term
"(C6)heteroaryl" means an aromatic heterocyclic ring
of 6 members, wherein at least one carbon atom of the
ring is replaced with a heteroatom such as, for
example, oxygen, nitrogen or sulfur. Representative
(Ce)heteroaryls include pyridyl, pyridazinyl,
pyrazinyl, triazinyl, tetrazinyl and the like. As used
herein, the term "heteroaralkyl" means a heteroaryl
group that is attached to another group by a
(Cj-C6)alkylene. Representative heteroaralkyls include
2-(pyridin-4-yl)-propyl, 2-(thien-3-yl)-ethyl,
imidazol-4-yl-methyl and thelike. Heteroaralkyl groups
may be optionally substituted with one or more
substituents. As used herein, the term "halogen" or
"halo" means -F, -CI, -Br or -I. Suitable substituents
for an alkyl, alkylene, alkenyl, alkynyl, cycloalkyl,
cycloalkenyl, heterocyclyl, aryl, aralkyl, heteroaryl,
and heteroaralkyl groups include any substituent which
will form a stable compound of the invention. Examples
of substituents for an alkyl, alkylene, alkenyl,
alkynyl, cycloalkyl, cycloalkenyl, heterocyclyl, aryl,
aralkyl, heteroaryl, and heteroarylalkyl include an
optionally substituted alkyl, an optionally
substituted alkenyl, an optionally substituted
alkynyl, an optionally substituted cycloalkyl, an
optionally substituted 



cycloalkenyl, an optionally substituted heterocyclyl,
an optionally substituted aryl, an optionally
substituted heteroaryl, an optionally substituted
aralkyl, an optionally substituted heteraralkyl, a
haloalkyl, -C(O)NR28R29, -C(S)NR28R29,
-C(NR32)NR28R29, -NR30C(O)R3I, -NR30C(S)R3 ,
-NR30C(NR32)R3 1, halo, -OR30, cyano, nitro,
haloalkoxy, -C(O)R30, -C(S)R30, -C(NR32)R30, -NR28R29,
-C(O)OR30, -C(S)OR30, -C(NR32)OR30, -OC(O)R30,
-OC(S)R30, -OC(NR32)R30, -NR30C(O)NR28R29,
-NR30C(S)NR28R29, -NR30C(NR32)NR28R29, -OC(O)NR28R29,
-OC(S)NR28R29, -OC(NR32)NR28R29, -NR30C(O)OR3I,
-NR30C(S)OR3I, -NR30C(NR32)OR31, -S(O)hR30,
-OS(O)pR30, , -NR30S(O)pR30, -S(O)PNR28R29,
-OS(O)PNR28R29, or -NR30S(O)pNR28R29, wherein R28 and
R 9, for each occurrence are, independently, H, an
optionally substituted alkyl, an optionally
substituted alkenyl, an optionally substituted
alkynyl, an optionally substituted cycloalkyl, an
optionally substituted cycloalkenyl, an optionally
substituted heterocyclyl, an optionally substituted
aryl, an optionally substituted heteroaryl, an
optionally substituted aralkyl, or an optionally
substituted heteraralkyl; or R28 and R29 taken
together with the nitrogen to which they are attached
is optionally substituted heterocyclyl or optionally
substituted heteroaryl; R30 and R31 for each
occurrence are, independently, H, an optionally
substituted alkyl, an optionally substituted alkenyl,
an optionally substituted alkynyl, an optionally
substituted cycloalkyl, an optionally substituted
cycloalkenyl, an optionally substituted heterocyclyl,
an optionally substituted aryl, an
optionallysubstituted heteroaryl, an optionally
substituted aralkyl, or an optionally substituted
heteraralkyl; and R 2, for each occurrence is,
independently, H, an optionally substituted alkyl, an
optionally substituted alkenyl, an optionally
substituted alkynyl, an optionally substituted
cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted heterocyclyl, an optionally
substituted aryl, an optionally substituted
heteroaryl, an optionally substituted aralkyl, an
optionally substituted heteraralkyl, -C(O)R30,
-C(O)NR28R29, -S(O)pR30, or -S(O) PNR28R29; p, for
each occurrence, is independently, 1 or 2; and h is 0,
1 or 2. In addition, alkyl, cycloalkyl, alkylene, a
heterocyclyl, and any saturated portion of a alkenyl,
cycloalkenyl, alkynyl, aralkyl, and heteroaralkyl
groups, may also be substituted with =0, =S, =N-R 2 .
When a heterocyclyl, heteroaryl, or heteroaralkyl
group contains a nitrogen atom, it may be substituted
or unsubstituted. When a nitrogen atom in the aromatic
ring of a heteroaryl group has a substituent the
nitrogen may be a quaternary nitrogen. As used herein,
the terms "subject", "patient" and "mammal" are used
interchangeably. The terms "subject" and "patient"
refer to an animal (e.g., a bird such as a chicken,
quail or turkey, or a mammal), preferably a mammal
including a non-primate (e.g., a cow, pig, horse,
sheep, rabbit, guinea pig, rat, cat, dog, and mouse)
and a primate (e.g., a monkey, chimpanzee and a
human), and more preferably a human. In one
embodiment, the subject is a non-human animal such as
a farm animal (e.g., a horse, cow, pig or sheep), or a
pet (e.g., a dog, cat, guinea pig or rabbit). In a
preferred embodiment, the subject is a human. As used
herein, the term "lower" refers to a group having up
to four atoms. For example, a "lower alkyl" refers to
an alkyl radical having from 1 to 4 carbon atoms,
"lower alkoxy" refers to "-O-(Ci-C 4)alkyl and a
"lower alkenyl" or "lower alkynyl" refers to an
alkenyl or alkynyl radical having from 2 to 4 carbon
atoms, respectively. Unless indicated otherwise, the
compounds of the invention containing reactive
functional groups (such as (without limitation)
carboxy, hydroxy, thiol, andamino moieties) also
include protected derivatives thereof. "Protected
derivatives" are those compounds in which a reactive
site or sites are blocked with one ore more protecting
groups. Examples of suitable protecting groups for
hydroxyl groups include benzyl, methoxymethyl, allyl,
trimethylsilyl, tert-butyldimethylsilyl, acetate, and
the like. Examples of suitable amine protecting groups
include benzyloxycarbonyl, tert-butoxycarbonyl,
tert-butyl, benzyl and fluorenylmethyloxycarbonyl
(Fmoc). Examples of suitable thiol protecting groups
include benzyl, tertbutyl, acetyl, methoxymethyl and
the like. Other suitable protecting groups are well
known to those of ordinary skill in the art and
include those found in T.W. Greene, Protecting Groups
in Organic Synthesis, John Wiley & Sons, Inc. 1981. As
used herein, the term "compound(s) of this invention"
and similar terms refers to a compound of formula (I),
(II), (EI), (IV), (V), (VI), (VII), (VIII), (IX), (X),
or Table 1, or a pharmaceutically acceptable salt,
solvate, clathrate, hydrate, polymorph or prodrug
thereof, and also include protected derivatives
thereof. The compounds of the invention may contain
one or more chiral centers and/or double bonds and,
therefore, exist as stereoisomers, such as double-bond
isomers (i.e., geometric isomers), enantiomers, or
diastereomers. According to this invention, the
chemical structures depicted herein, including the
compounds of this invention, encompass all of the
corresponding compounds' enantiomers, diastereomers
and geometric isomers, that is, both the
stereochemically pure form (e.g., geometrically pure,
enantiomerically pure, or diastereomerically pure) and
isomeric mixtures (e.g., enantiomeric, diastereomeric
and geometric isomeric mixtures). In some cases, one
enantiomer, diastereomer or geometric isomer will
possess superior activity or an improved toxicity or
kinetic profile compared to other isomers. In those
cases, such enantiomers, diastereomers and geometric
isomers of compounds of this invention are preferred.
As used herein, the term "polymorph" means solid
crystalline forms of a compound of the present
invention or complex thereof. Different polymorphs of
the same compound can exhibit different physical,
chemical and/or spectroscopic 



properties. Different physical properties include, but
are not limited to stability (e.g., to heat or light),
compressibility and density (important in formulation
and product manufacturing), and dissolution rates
(which can affect bioavailability).Differences in
stability can result from changes in chemical
reactivity {e.g., differential oxidation, such that a
dosage form discolors more rapidly when comprised of
one polymorph than when comprised of another
polymorph) or mechanical characteristics {e.g.,
tablets crumble on storage as a kinetically favored
polymorph converts to thermodynamically more stable
polymorph) or both {e.g., tablets of one polymorph are
more susceptible to breakdown at high humidity).
Different physical properties of polymorphs can affect
their processing. For example, one polymorph might be
more likely to form solvates or might be more
difficult to filter or wash free of impurities than
another due to, for example, the shape or size
distribution of particles of it. As used herein, the
term "hydrate" means a compound of the present
invention or a salt thereof, that further includes a
stoichiometric or nonstoichiometric amount of water
bound by non-covalent intermolecular forces. As used
herein, he term "clathrate" means a compound of the
present invention or a salt thereof in the form of a
crystal lattice that contains spaces {e.g., channels)
that have a guest molecule (e.g., a solvent or water)
trapped within. As used herein and unless otherwise
indicated, the term "prodrug" means a derivative of a
compound that can hydrolyze, oxidize, or otherwise
react under biological conditions {in vitro or in
vivo) to provide a compound of this invention.
Prodrugs may become active upon such reaction under
biological conditions, or they may have activity in
their unreacted forms. Examples of prodrugs
contemplated in this invention include, but are not
limited to, analogs or derivatives of compounds of
formula (I), (II), (III), (IV), (V), (VI), (VII),
(VIII), (IX), (X), or Table 1 that comprise
biohydrolyzable moieties such as biohydrolyzable
amides, biohydrolyzable esters, biohydrolyzable
carbamates, biohydrolyzable carbonates,
biohydrolyzable ureides, and biohydrolyzable phosphate
analogues. Other examples of prodrugs include
derivatives of compounds of formula (I), (II), (III),
(IV), (V), (VI), (VII), (VIII), (IX), (X), or Table 1
that comprise -NO, -NO2, -ONO, or -ONO2 moieties.
Prodrugs can typically be prepared using well-known
methods, such as those described by 1 BURGER'S
MEDICINAL CHEMISTRY AND DRUG DISCOVERY (1995) 172-178,
949-982 (Manfred E. Wolff ed., 5th ed).As used herein
and unless otherwise indicated, the terms
"biohydrolyzable amide", "biohydrolyzable ester",
"biohydrolyzable carbamate", "biohydrolyzable
carbonate", "biohydrolyzable ureide" and
"biohydrolyzable phosphate analogue" mean an amide,
ester, carbamate, carbonate, ureide, or phosphate
analogue, respectively, that either: 1) does not
destroy the biological activity of the compound and
confers upon that compound advantageous properties in
vivo, such as improved water solubility, improved
circulating half-life in the blood (e.g., because of
reduced metabolism of the prodrug), improved uptake,
improved duration of action, or improved onset of
action; or 2) is itself biologically inactive but is
converted in vivo to a biologically active compound.
Examples of biohydrolyzable amides include, but are
not limited to, lower alkyl amides, a-amino acid
amides, alkoxyacyl amides, and alkylaminoalkylcarbonyl
amides. Examples of biohydrolyzable esters include,
but are not limited to, lower alkyl esters,
alkoxyacyloxy esters, alkyl acylamino alkyl esters,
and choline esters. Examples of biohydrolyzable
carbamates include, but are not limited to, lower
alkylamines, substituted ethylenediamines, aminoacids,
hydroxyalkylamines, heterocyclic and heteroaromatic
amines, and polyether amines. As used herein, "Hsp90"
includes each member of the family of heat shock
proteins having a mass of about 90-kiloDaltons. For
example, in humans the highly conserved Hsp90 family
includes cytosolic Hsp90a and Hsp90 b isoforms, as
well as GRP94, which is found in the endoplasmic
reticulum, and HSP75/TRAP1, which is found in the
mitochondrial matrix. The term "c-kit" or "c-kit
kinase" refers to a membrane receptor protein tyrosine
kinase which is preferably activated upon binding Stem
Cell Factor (SCF) to its extracellular domain (Yarden
et al., 1987; Qiu et al., 1988). The full length amino
acid sequence of a c-kit kinase preferably is as set
forth in Yarden, et al., 1987, EMBOJ., 77:3341-3351;
and Qiu, et al., \9U, EMB0J., 7:1003-1011, which are
incorporated by reference herein in their entirety,
including any drawings. Mutant versions of c-kit
kinase are encompassed by the term "c-kit kinase" and
include those that fall into two classes: (1) having a
single amino acid substitution at codon 816 of the
human c-kit kinase, or its equivalent position in
other species (Ma et al, 1999, J. Invest Dermatol,
772:165-170), and (2) those which have mutations
involving the putative juxtamembrane z-helix of the
protein (Ma, et al, 1999, J.Biol. Chem.,
274:13399-13402). Both of these publications are
incorporated by reference herein in their entirety,
including any drawings. As used herein, a
"proliferative disorder" or a "hyperproliferative
disorder," and other equivalent terms, means a disease
or medical condition involving pathological growth of
cells. Proliferative disorders include cancer, smooth
muscle cell proliferation, systemic sclerosis,
cirrhosis of the liver, adult respiratory distress
syndrome, idiopathic cardiomyopathy, lupus
erythematosus, retinopathy, e.g., diabetic retinopathy
or other retinopathies, cardiac hyperplasia,
reproductive system associated disorders such as
benign prostatic hyperplasia and ovarian cysts,
pulmonary fibrosis, endometriosis, fibromatosis,
harmatomas, lymphangiomatosis, sarcoidosis, desmoid
tumors, Smooth muscle cell proliferation includes
hyperproliferation of cells in the vasculature, for
example, intimal smooth muscle cell hyperplasia,
restenosis and vascular occlusion, particularly
stenosis following biologically- or
mechanicallymediated vascular injury, e.g., vascular
injury associated with angioplasty. Moreover, intimal
smooth muscle cell hyperplasia can include hyperplasia
in smooth muscle other than the vasculature, e.g.,
bile duct blockage, bronchial airways of the 



lung in patients with asthma, in the kidneys of
patients with renal interstitial fibrosis, and the
like. Non-cancerous proliferative disorders also
include hyperproliferation of cells in the skin such
as psoriasis and its varied clinical forms, Reiter's
syndrome, pityriasis rubra pilaris, and
hyperproliferative variants of disorders of
keratinization (e.g., actinic keratosis, senile
keratosis), scleroderma, and the like. In a preferred
embodiment, the proliferative disorder is cancer.
Cancers that can be treated or prevented by the
methods of the present invention include, but are not
limited to human sarcomas and carcinomas, e.g.,
fibrosarcoma, myxosarcoma, liposarcoma,
chondrosarcoma, osteogenic sarcoma, chordoma,
angiosarcoma, endotheliosarcoma, lymphangiosarcoma,
lymphangioendotheliosarcoma, synovioma, mesothelioma,
Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, colon
carcinoma, pancreatic cancer, breast cancer, ovarian
cancer, prostate cancer, squamous cell carcinoma,
basal cell carcinoma, adenocarcinoma, sweat gland
carcinoma, sebaceous gland carcinoma, papillary
carcinoma, papillaryadenocarcinomas,
cystadenocarcinoma, medullary carcinoma, bronchogenic
carcinoma, renal cell carcinoma, hepatoma, bile duct
carcinoma, choriocarcinoma, seminoma, embryonal
carcinoma, Wilms' tumor, cervical cancer, testicular
tumor, lung carcinoma, small cell lung carcinoma,
bladder carcinoma, epithelial carcinoma, glioma,
astrocytoma, medulloblastoma, craniopharyngioma,
ependymoma, pinealoma, hemangioblastoma, acoustic
neuroma, oligodendroglioma, meningioma, melanoma,
neuroblastoma, retinoblastoma; leukemias, e.g., acute
lymphocytic leukemia and acute myelocytic leukemia
(myeloblastic, promyelocyte, myelomonocytic, monocytic
and erythroleukemia); chronic leukemia (chronic
myelocytic (granulocytic) leukemia and chronic
lymphocytic leukemia); and polycythemia vera, lymphoma
(Hodgkin's disease and non-Hodgkin's disease),
multiple myeloma, Waldenstrobm's macroglobulinemia,
and heavy chain disease. Other examples of leukemias
include acute and/or chronic leukemias, e.g.,
lymphocytic leukemia (e.g., as exemplified by the p388
(murine) cell line), large granular lymphocytic
leukemia, and lymphoblastic leukemia; T-cell
leukemias, e.g., T-cell leukemia (e.g., as exemplified
by the CEM, Jurkat, and HSB-2 (acute), YAC- 1(murine)
cell lines), T-lymphocytic leukemia, and
T-lymphoblastic leukemia; B cell leukemia (e.g., as
exemplified by the SB (acute) cell line) , and
B-lymphocytic leukemia; mixed cell leukemias, e.g., B
and T cell leukemia and B and T lymphocytic leukemia;
myeloid leukemias, e.g., granulocytic leukemia,
myelocytic leukemia (e.g., as exemplified by the HL-60
(promyelocyte) cell line), and myelogenous leukemia
(e.g., as exemplified by the K562(chronic)cell line);
neutrophilic leukemia; eosinophilic leukemia;
monocytic leukemia (e.g., as exemplified by the THP-I
(acute) cell line); myelomonocytic leukemia;
Naegeli-type myeloid leukemia; and nonlymphocytic
leukemia. Other examples of leukemias are described in
Chapter 60 of The Chemotherapy Sourcebook, Michael C.
Perry Ed., Williams & Williams (1992) and Section 36
of Holland Frie Cancer Medicine 5th Ed., Bast et al.
Eds., B.C. Decker Inc. (2000). The entire teachings of
the preceding references are incorporated herein by
reference. In one embodiment, the disclosed method is
believed to be particularly effective in treating
subject with non-solid tumors such as multiple
myeloma. In another embodiment, the disclosed method
is believed to be particularly effectiveagainst
T-leukemia (e.g., as exemplified by Jurkat and CEM
cell lines); B-leukemia (e.g., as exemplified by the
SB cell line); promyelocytes (e.g., as exemplified by
the HL-60 cell line); uterine sarcoma (e.g., as
exemplified by the MES-SA cell line); monocytic
leukemia (e.g., as exemplified by the THP-l(acute)
cell line); and lymphoma (e.g., as exemplified by the
U937 cell line). Some of the disclosed methods can be
particularly effective at treating subjects whose
cancer has become "multi-drug resistant". A cancer
which initially responded to an anti-cancer drug
becomes resistant to the anti-cancer drug when the
anti-cancer drug is no longer effective in treating
the subject with the cancer. For example, many tumors
will initially respond to treatment with an
anti-cancer drug by decreasing in size or even going
into remission, only to develop resistance to the
drug. Drug resistant tumors are characterized by a
resumption of their growth and/or reappearance after
having seemingly gone into remission, despite the
administration of increased dosages of the anti-cancer
drug. Cancers that have developed resistance to two or
more anti-cancer drugs are said to be "multi-drug
resistant". For example, it is common for cancers to
become resistant to three or more anti-cancer agents,
often five or more anti-cancer agents and at times ten
or more anti-cancer agents. As used herein, the term
"c-kit associated cancer" refers to a cancer which has
aberrant expression and/or activation of c-kit. c-Kit
associated cancers include leukemias, mast cell
tumors, small cell lung cancer, testicular cancer,
some cancers of the gastrointestinal tract and some
central nervous system. In addition, c-kit has been
implicated in playing a role in carcinogenesis of the
female genital tract (Inoue, et al., 1994, Cancer
Res., 54(ll):3049-3053), sarcomas of neuroectodermal
origin (Ricotti, et al, 1998, Blood, 97:2397-2405),
and Schwann cell neoplasia associated with
neurofibromatosis (Ryan, et al., 1994, J. Neuro. Res.,
37:415-432). As used herein, the term
"pharmaceutically acceptable salt," is a salt formed
from, for example, an acid and a basic group of one of
the compounds of formula (I), (II), (III), (IV), (V),
(VI), (VII), (VIII), (IX), (X), or Table 1.
Illustrative salts include, but are not limited, to
sulfate, citrate, acetate, oxalate, chloride, bromide,
iodide, nitrate, bisulfate, phosphate, acid phosphate,
isonicotinate, lactate, salicylate, acid citrate,
tartrate, oleate, tannate, pantothenate, bitartrate,
ascorbate, succinate,maleate, besylate, gentisinate,
fumarate, gluconate, glucaronate, saccharate, formate,
benzoate, glutamate, methanesulfonate,
ethanesulfonate, benzenesulfonate,/?-
toluenesulfonate, and pamoate (i.e.,
l,r-methylene-bis-(2-hydroxy-3-naphthoate)) salts. The
term "pharmaceutically acceptable salt" also refers to
a salt prepared from 



a compound of formula (I), (II), (III), (IV), (V),
(VI), (VII), (VIII), (IX), (X), or Table 1 having an
acidic functional group, such as a carboxylic acid
functional group, and a pharmaceutically acceptable
inorganic or organic base. Suitable bases include, but
are not limited to, hydroxides of alkali metals such
as sodium, potassium, and lithium; hydroxides of
alkaline earth metal such as calcium and magnesium;
hydroxides of other metals, such as aluminum and zinc;
ammonia, and organic amines, such as unsubstituted or
hydroxy-substituted mono-, di-, or trialkylamines;
dicyclohexylamine; tributyl amine; pyridine;
N-methyl,Nethylamine; diethylamine; triethylamine;
mono-, bis-, or tris-(2-hydroxy-lower alkyl amines),
such as mono-, bis-, or tris-(2-hydroxyethyl)amine,
2-hydroxy-tertbutylamine, or
tris-(hydroxymethyl)methylamine, N, N,-di-lower
alkyl-N-(hydroxy lower alkyl)-amines, such as
N,N-dimethyl-N-(2-hydroxyethyl)amine, or tri-(2-
hydroxyethyl)amine; N-methyl-D-glucamine; and amino
acids such as arginine, lysine, and the like. The term
"pharmaceutically acceptable salt" also refers to a
salt prepared from a compound of formula (I), (II),
(III), (IV), (V), (VI), (VII), (VIII), (IX), (X), or
Table 1 having a basic functional group, such as an
amine functional group, and a pharmaceutically
acceptable inorganic or organic acid.. Suitable acids
include, but are not limited to, hydrogen sulfate,
citric acid, acetic acid, oxalic acid, hydrochloric
acid (HCl), hydrogen bromide (HBr), hydrogen iodide
(HI), nitric acid, hydrogen bisulfide, phosphoric
acid, lactic acid, salicylic acid, tartaric acid,
bitartratic acid, ascorbic acid, succinic acid, maleic
acid, besylic acid, fumaric acid, gluconic acid,
glucaronic acid, formic acid, benzoic acid, glutamic
acid, methanesulfonic acid, ethanesulfonic acid,
benzenesulfonic acid, andptoluenesulfonic acid. As
used herein, the term "pharmaceutically acceptable
solvate," is a solvate formed from the association of
one or more pharmaceutically acceptable solvent
molecules to one of the compounds of formula (I),
(II), (III), (IV), (V), (VI), (VII),(VIII), (IX), (X),
or Table 1. The term solvate includes hydrates (e.g.,
hemihydrate, monohydrate, dihydrate, trihydrate,
tetrahydrate, and the like). A pharmaceutically
acceptable carrier may contain inert ingredients which
do not unduly inhibit the biological activity of the
compounds. The pharmaceutically acceptable carriers
should be biocompatible, i.e., non-toxic, non
inflammatory, non-immunogenic and devoid of other
undesired reactions upon the administration to a
subject. Standard pharmaceutical formulation
techniques can be employed, such as those described in
Remington's Pharmaceutical Sciences, ibid. Suitable
pharmaceutical carriers for parenteral administration
include, for example, sterile water, physiological
saline, bacteriostatic saline (saline containing about
0.9% mg/ml benzyl alcohol), phosphate-buffered saline,
Hank's solution, Ringer's-lactate and the like.
Methods for encapsulating compositions (such as in a
coating of hard gelatin or cyclodextran) are known in
the art (Baker, et ah, "Controlled Release of
Biological Active Agents", John Wiley and Sons, 1986).
As used herein, the term "effective amount" refers to
an amount of a compound of this invention which is
sufficient to reduce or ameliorate the severity,
duration, progression, or onset of a proliferative
disorder, prevent the advancement of a proliferative
disorder, cause the regression of a proliferative,
prevent the recurrence, development, onset or
progression of a symptom associated with a
proliferative disorder, or enhance or improve the
prophylactic or therapeutic effect(s) of another
therapy. The precise amount of compound administered
to a subject will depend on the mode of
administration, the type and severity of the disease
or condition and on the characteristics of the
subject, such as general health, age, sex, body weight
and tolerance to drugs. It will also depend on the
degree, severity and type of cell proliferation, and
the mode of administration. The skilled artisan will
be able to determine appropriate dosages depending on
these and other factors. When co-administered with
other agents, e.g., when co-administered with an
anti-cancer agent, an "effective amount" of the second
agent will depend on the type of drug used. Suitable
dosages are known for approved agents and can be
adjusted by the skilled artisan according to the
condition of the subject, the type of condition(s)
being treated and the amount of a compound of the
invention beingused. In cases where no amount is
expressly noted, an effective amount should be
assumed. Non-limiting examples of an effective amount
of a compound of the invention are provided herein
below. In a specific embodiment, the invention
provides a method of preventing, treating, managing,
or ameliorating a proliferative disorder or one or
more symptoms thereof, said methods comprising
administering to a subject in need thereof a dose of
at least 150 mg/kg, preferably at least 250 mg/kg, at
least 500 mg/kg, at least 1 mg/kg, at least 5 mg/kg,
at least 10 mg/kg, at least 25 mg/kg, at least 50
mg/kg, at least 75 mg/kg, at least 100 mg/kg, at least
125 mg/kg, at least 150 mg/kg, or at least 200 mg/kg
or more of one or more compounds of the invention once
every day, preferably, once every 2 days, once every 3
days, once every 4 days, once every 5 days, once every
6 days, once every 7 days, once every 8 days, once
every 10 days, once every two weeks, once every three
weeks, or once a month. The dosages of a
chemotherapeutic agents other than compounds of the
invention, which have been or are currently being used
to prevent, treat, manage, or ameliorate a
proliferative disorder, or one or more symptoms
thereof, can be used in the combination therapies of
the invention. Preferably, dosages lower than those
which have been or are currently being used to
prevent, treat, manage, or ameliorate a proliferative
disorder, or one or more symptoms thereof, are used in
the combination therapies of the invention. The
recommended dosages of agents currently used for the
prevention, treatment, management, or amelioration of
a proliferative disorder, or one or more symptoms
thereof, can obtained from any reference in the art
including, but not limited to, Hardman et al, eds.,
1996, 



Goodman & Gilman's The Pharmacological Basis Of Basis
Of Therapeutics 9th Ed, Mc-Graw-Hill, New York;
Physician's Desk Reference (PDR) 57th Ed., 2003,
Medical Economics Co., Inc., Montvale, NJ, which are
incorporated herein by reference in its entirety. As
used herein, the terms "treat", "treatment" and
"treating" refer to the reduction or amelioration of
the progression, severity and/or duration of a
proliferative disorder, or the amelioration of one or
more symptoms (preferably, one or more discernible
symptoms) of a proliferative disorder resulting from
theadministration of one or more therapies (e.g., one
or more therapeutic agents such as a compound of the
invention). In specific embodiments, the terms
"treat", "treatment" and "treating" refer to the
amelioration of at least one measurable physical
parameter of a proliferative disorder, such as growth
of a tumor, not necessarily discernible by the
patient. In other embodiments the terms "treat",
"treatment" and "treating" refer to the inhibition of
the progression of a proliferative disorder, either
physically by, e.g., stabilization of a discernible
symptom, physiologically by, e.g., stabilization of a
physical parameter, or both. In other embodiments the
terms "treat", "treatment" and "treating" refer to the
reduction or stabilization of tumor size or cancerous
cell count. As used herein, the terms "prevent",
"prevention" and "preventing" refer to the reduction
in the risk of acquiring or developing a given
proliferative disorder, or the reduction or inhibition
of the recurrence or a proliferative disorder. In one
embodiment, a compound of the invention is
administered as a preventative measure to a patient,
preferably a human, having a genetic predisposition to
any of the disorders described herein. As used herein,
the terms "therapeutic agent" and "therapeutic agents"
refer to any agent(s) which can be used in the
treatment, management, or amelioration of a
proliferative disorder or one or more symptoms
thereof. In certain embodiments, the term "therapeutic
agent" refers to a compound of the invention. In
certain other embodiments, the term "therapeutic
agent" refers does not refer to a compound of the
invention. Preferably, a therapeutic agent is an agent
which is known to be useful for, or has been or is
currently being used for the treatment, management,
prevention, or amelioration a proliferative disorder
or one or more symptoms thereof. As used herein, the
term "synergistic" refers to a combination of a
compound of the invention and another therapy (e.g., a
prophylactic or therapeutic agent), which is more
effective than the additive effects of the therapies.
A synergistic effect of a combination of therapies
(e.g., a combination of prophylactic or therapeutic
agents) permits the use of lower dosages of one or
more of the therapies and/or less frequent
administration of said therapies to a subject with a
proliferative disorder. The ability to utilize lower
dosages of a therapy (e.g., a prophylactic
ortherapeutic agent) and/or to administer said therapy
less frequently reduces the toxicity associated with
the administration of said therapy to a subject
without reducing the efficacy of said therapy in the
prevention, management or treatment of a proliferative
disorder. In addition, a synergistic effect can result
in improved efficacy of agents in the prevention,
management or treatment of a proliferative disorder.
Finally, a synergistic effect of a combination of
therapies (e.g., a combination of prophylactic or
therapeutic agents) may avoid or reduce adverse or
unwanted side effects associated with the use of
either therapy alone. As used herein, the phrase "side
effects" encompasses unwanted and adverse effects of a
therapy (e.g., a prophylactic or therapeutic agent).
Side effects are always unwanted, but unwanted effects
are not necessarily adverse. An adverse effect from a
therapy (e.g., prophylactic or therapeutic agent)
might be harmful or uncomfortable or risky. Side
effects include, but are not limited to fever, chills,
lethargy, gastrointestinal toxicities (including
gastric and intestinal ulcerations and erosions),
nausea, vomiting, neurotoxicities, nephrotoxicities,
renal toxicities (including such conditions as
papillary necrosis and chronic interstitial
nephritis), hepatic toxicities (including elevated
serum liver enzyme levels), myelotoxicities (including
leukopenia, myelosuppression, thrombocytopenia and
anemia), dry mouth, metallic taste, prolongation of
gestation, weakness, somnolence, pain (including
muscle pain, bone pain and headache), hair loss,
asthenia, dizziness, extra-pyramidal symptoms,
akathisia, cardiovascular disturbances and sexual
dysfunction. As used herein, the term "in combination"
refers to the use of more than one therapies (e.g.,
one or more prophylactic and/or therapeutic agents).
The use of the term "in combination" does not restrict
the order in which therapies (e.g., prophylactic
and/or therapeutic agents) are administered to a
subject with a proliferative disorder. A first therapy
(e.g., a prophylactic or therapeutic agent such as a
compound of the invention) can be administered prior
to (e.g., 5 minutes, 15 minutes, 30 minutes, 45
minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours,
24 hours, 48 hours, 72 hours, 96 hours, 1week, 2
weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or
12 weeks before), concomitantly with, or subsequent to
(e.g., 5 minutes, 15 minutes, 30 minutes, 45 minutes,
1 hour, 2 hours, 4 hours, 6 hours, 12hours, 24 hours,
48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3
weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks
after) the administration of a second therapy (e.g., a
prophylactic or therapeutic agent such as an
anti-cancer agent) to a subject with a proliferative
disorder, such as cancer. As used herein, the terms
"therapies" and "therapy" can refer to any
protocol(s), method(s), and/or agent(s) that can be
used in the prevention, treatment, management, or
amelioration of a proliferative disorder or one or
more symptoms thereof. A used herein, a "protocol"
includes dosing schedules and dosing regimens. The
protocols herein are methods of use and include
prophylactic and therapeutic protocols. 



As used herein, the terms "manage," "managing," and
"management" refer to the beneficial effects that a
subject derives from a therapy (e.g., a prophylactic
or therapeutic agent), which does not result in a cure
of the disease. In certain embodiments, a subject is
administered one or more therapies (e.g., one or more
prophylactic or therapeutic agents) to "manage" a
disease so as to prevent the progression or worsening
of the disease. As used herein, a composition that
"substantially" comprises a compound means that the
composition contains more than about 80% by weight,
more preferably more than about 90% by weight, even
more preferably more than about 95% by weight, and
most preferably more than about 97% by weight of the
compound. As used herein, a reaction that is
"substantially complete" means that the reaction
contains more than about 80% by weight of the desired
product, more preferably more than about 90% by weight
of the desired product, even more preferably more than
about 95% by weight of the desired product, and most
preferably more than about 97% by weight of the
desired product. As used herein, a racemic mixture
means about 50% of one enantiomer and about 50% of is
corresponding enantiomer relative to a chiral center
in the molecule. The invention encompasses all
enantiomerically-pure, enantiomerically-enriched,
diastereomerically pure, diastereomerically enriched,
and racemic mixtures of the compounds of the
invention.Enantiomeric and diastereomeric mixtures can
be resolved into their component enantiomers or
diastereomers by well known methods, such as
chiralphase gas chromatography, chiral-phase high
performance liquid chromatography, crystallizing the
compound as a chiral salt complex, or crystallizing
the compound in a chiral solvent. Enantiomers and
diastereomers can also be obtained from
diastereomerically- or enantiomerically-pure
intermediates, reagents, and catalysts by well known
asymmetric synthetic methods. The compounds of the
invention are defined herein by their chemical
structures and/or chemical names. Where a compound is
referred to by both a chemical structure and a
chemical name, and the chemical structure and chemical
name conflict, the chemical structure is determinative
of the compound's identity. When administered to a
patient, e.g., to a non-human animal for veterinary
use or for improvement of livestock, or to a human for
clinical use, the compounds of the invention are
administered in isolated form or as the isolated form
in a pharmaceutical composition. As used herein,
"isolated" means that the compounds of the invention
are separated from other components of either (a) a
natural source, such as a plant or cell, preferably
bacterial culture, or (b) a synthetic organic chemical
reaction mixture. Preferably, the compounds of the
invention are purified via conventional techniques. As
used herein, "purified" means that when isolated, the
isolate contains at least 95%, preferably at least
98%, of a compound of the invention by weight of the
isolate either as a mixture of stereoisomers or as a
diastereomeric or enantiomeric pure isolate. As used
herein, a composition that is "substantially free" of
a compound means that the composition contains less
than about 20% by weight, more preferably less than
about 10% by weight, even more preferably less than
about 5% by weight, and most preferably less than
about 3% by weight of the compound. Only those choices
and combinations of substituents that result in a
stable structure are contemplated. Such choices and
combinations will be apparent to those of ordinary
skill in the art and may be determined without undue
experimentation. The invention can be understood more
fully by reference to the following detailed
description and illustrative examples, which are
intended to exemplify nonlimiting embodiments of the
invention.B. The Compounds of the Invention The
present invention emcompasses compounds having
Formulas (I), (II), (III), (IV), (V), (VI), (VII),
(VIII), (IX), (X), and those set forth in Table 1 and
tautomers, pharmaceutically acceptable salts,
solvates, clathrates, hydrates, polymorphs and
prodrugs thereof. In one aspect, the invention
provides compounds of formula (I) as set forth below:
(I) and tautomers, pharmaceutically acceptable salts,
solvates, clathrates, and prodrugs thereof, wherein
ring A, Ri, R3 and R5 are defined as above. Compounds
of formula (I) inhibit the activity of Hsp90 and are
particularly useful for treating or preventing
proliferative disorders, such as cancer. In addition,
compounds of formula (I) are particularly useful in
treating cancer when given in combination with other
anti-cancer agent. In one embodiment, in the compounds
of formula (I), R5 is an optionally substituted
naphthyl. In another embodiment, in the compounds of
formula (I), R5 is represented by the following
formula: wherein: R9, for each occurrence, is
independently a substituent selected from the group
consisting of an optionally substituted alkyl, an
optionally substituted alkenyl,an optionally
substituted alkynyl, an optionally substituted
cycloalkyl, an optionally substituted cycloalkenyl, an
optionally substituted heterocyclyl, an optionally
substituted aryl, an optionally substituted
heteroaryl, an optionally substituted aralkyl, an
optionally substituted heteraralkyl, hydroxyalkyl,
alkoxyalkyl, halo, cyano, nitro, guanadino, a
haloalkyl, a heteroalkyl, -NRioRn, -OR , -C(O)R7,
-C(O)OR7, -OC(O)R7, -C(O)NRi0R1 1, -NR8C(O)R7, -SR7,
-S(O)PR7, -OS(O)PR7, -S(O)POR7, -NR8S(O)PR7, or -S(0)
pNR, oRn, -S(O)POR7, -OP(O)(OR7)2, or -SP(O)(OR7)2; or
two R9 groups taken together with the carbon atoms to
which they are attached form a fused ring; and 



m is zero or an integer from 1to 7, wherein R7, R8,
Ri0, Rn, and p are defined as above. In another
embodiment, in the compounds represented by formula
(I), R5 is represented by one of the following
formulas: wherein R9 is defined as above; q is zero or
an integer from 1to 7; and u is zero or an integer
from 1to 8. In another embodiment, in the compounds
represented by formula (I), R5 is selected from the
group consisting of:FLEXIBLE ELECTRONIC CIRCUIT
ARTICLES AND METHODS OF MAKING THEREOF BACKGROUND The
present invention generally relates to flexible
electronic circuit (FEC) articles and methods of
making FEC articles. More particularly, the present
invention relates to FEC articles that include
plasma-deposited, silicon-containing layers. FEC
articles are used in a variety of commercial
applications, such as circuits for inkjet cartridges,
interconnects for integrated-circuit packaging,
hard-disk drive circuits, and driver interconnections
for liquid crystal displays. To function adequately in
these applications, FEC articles generally require
fine pitches (i.e., narrow widths) and good interlayer
adhesion. Good interlayer adhesion is required to
prevent interlayer delamination, especially when the
FEC articles are exposed to high temperatures over
time. Conventional techniques for forming FEC articles
typically involve depositing layers of conductive
material on flexible substrates and patterning the
deposited layers to create circuit traces. Examples of
such deposition techniques include adhesivebased
lamination, casting, and sputtering. Nonetheless,
there exists a need for FEC articles that exhibit fine
pitch, good interlayer adhesion, and good stability
upon, and following, heating. BRIEF SUMMARY At least
one aspect of the present invention is directed to an
electroniccircuit article that includes a substrate, a
plasma deposited layer disposed on the substrate, and
a patterned conductive layer disposed above the plasma
deposited layer. The plasma deposited layer may
comprises at least about 10.0 atomic percent At least
one aspect of the present invention is further
directed to an electronic-circuit article that
includes a polyimide substrate, a plasma deposited
layer disposed on the polyimide substrate, and a
patterned conductive layer disposed above the plasma
deposited layer. The plasma deposited layer may be
derived from a gas comprising at least about 50.0
atomic percent of an organosilicon compound.At least
one aspect of the present invention is further
directed to a method of forming an electronic-circuit
article. The method may include plasma-depositing a
silicon-containing layer on a substrate, depositing a
layer of conductive material above the
silicon-containing layer, and patterning the layer of
conductive material. Unless otherwise explicitly
stated, the following definitions apply herein:
"Above", as used herein with reference to the
patterned conductive layer being disposed above the
plasma deposited layer, means any location relative a
major surface of the plasma deposited layer that is
opposite the substrate. This definition includes the
patterned conductive layer being disposed on the
plasma deposited layer, and also includes the
patterned conductive layer being disposed such that
one or more layers are located between the patterned
conductive layer and the plasma deposited layer.
"Plasma" means a partially ionized gaseous or fluid
state of matter containing reactive species which
include electrons, ions, neutral molecules, free
radicals, and other excited state atoms and molecules.
Visible light and other radiation are typically
emitted from the plasma as the species forming the
plasma relax from various excited states to lower, or
ground, states. The plasma usually appears as a
colored cloud in a reaction chamber. "Negative bias"
means that an object (e.g., an electrode) has a
negative electric potential with respect to some other
matter (e.g., a plasma) in the vicinity of the object.
"Negative self bias" with respect to an electrode and
a plasma, means a negative bias developed by
application of power to the electrode that creates a
plasma. BRIEF DESCRIPTION OF THE DRAWINGS FIG. 1 is a
sectional view of a first embodiment of a flexible
electronic circuit article of the present invention.
FIG. 2 is a sectional view of a second embodiment of
the flexible electronic circuit article of the present
invention. FIG. 3 is a sectional view of a third
embodiment of the flexible electronic circuit article
of the present invention.FIG. 4 is a sectional view of
a fourth embodiment of the flexible electronic circuit
article of the present invention. FIG. 5 is a
sectional view of a fifth embodiment of the flexible
electronic circuit article of the present invention.
FIG. 6 is a sectional view of a sixth embodiment of
the flexible electronic circuit article of the present
invention. FIG. 7 is a sectional view of a seventh
embodiment of the flexible electronic circuit article
of the present invention. FIG. 8 is a sectional side
view of an eighth embodiment of the flexible
electronic circuit article of the present invention.
FIG. 9 is a schematic side view of a system for
manufacturing the flexible electronic circuit article
of the present invention. FIG. 10 is a schematic view
of an alternative system for manufacturing the
flexible electronic circuit article of the present
invention. While the above-identified drawing figures
set forth several embodiments of the invention, other
embodiments are also contemplated, as noted herein. In
all cases, 



this disclosure presents the invention by way of
representation and not limitation. It should be
understood that numerous other modifications and
embodiments can be devised by those skilled in the
art, which fall within the scope and spirit of the
principles of the invention. The figures may not be
drawn to scale. Like reference numbers have been used
throughout the figures to denote like parts. DETAILED
DESCRIPTION Description of the Flexible Electronic
Circuit Articles An aspect of the present invention is
depicted sectionally in FIG. 1 as a FEC article 10,
which is a multi-layered article formed by plasma
deposition of gaseous organosilicon compounds and
circuitization. As shown, the FEC article 10 includes
a substrate 12 having a top surface 14 and a bottom
surface 16. The gaseous organosilicon silicon
compounds are plasma deposited on the top surface 14
of the substrate 12 to form a silicon-containing layer
18 having a top surface 20. A conductive trace layer
22 is then formed and patterned (i.e., circuitization)
on the top surface 20 of the silicon-containing layer
18 to define an electrical circuit. In one embodiment,
the silicon-containing layer 18includes at least about
10.0 atomic percent silicon. This provides good
interlayer adhesion between the substrate 12 and the
conductive trace layer 22. The FEC article 10 also
exhibits good environmental stability and is suitable
for fine pitch applications. The substrate 12 is a
flexible polymeric film that is desirably formed from
a material that is heat resistant and electrically
insulating. Examples of suitable materials for the
substrate 12 include polyimides, modified polyimides
(e.g., polyester imides, polyimide- esters,
polysiloxane imides, and polyamide),
polymethylmethacrylates, polyesters, polycarbonates,
polytetrafluoroethylenes, polyphenylene sulfides,
polyparabanates, polyesters, polyether sulfones,
polyethylene naphthalates, polyether ether ketones,
and combinations thereof. Examples of particularly
suitable materials for the substrate 12 include
polyimides, which exhibit good physical strengths, and
are heat and chemical resistant. The substrate 12 may
be extruded by conventional techniques to obtain a
layer thickness A between the top surface 14 and the
bottom surface 16. Examples of suitable layer
thicknesses A for the substrate 12 range from about 12
micrometers to about 130 micrometers (about 0.5 mils
to about 5 mils). However, the layer thickness A may
vary as individual needs may require. The
silicon-containing layer 18 may be plasma deposited on
the substrate 12 in a batch-wise process or a
continuous process. A continuous process is desirably
used to increase manufacturing efficiency. In general,
plasma deposition involves moving a film of the
substrate 12 through a chamber filled with one or more
gaseous organosilicon compounds at a reduced pressure
(relative to atmospheric pressure). Power is provided
to an electrode (not shown) located adjacent to, or in
contact with, the bottom surface 16 of the substrate
12. This creates an electric field, which forms a
silicon-rich plasma from the gaseous organosilicon
compound(s). Ionized molecules from the plasma then
accelerate toward the electrode and impact on the top
surface 14 of the substrate 12. By virtue of this
impacting, the ionized molecules react with, and
covalently bond to, the substrate 12. This creates the
silicon-containing layer 18 on the substrate 12. One
benefit of plasma deposition is the temperatures
required for depositing the silicon-containing layer
18 are relatively low (e.g., about 1O0C). This is
beneficial because high temperatures required for
alternative deposition techniques (e.g., chemical
vapor deposition) are known to degrade many materials
suitable for the substrate 12, such as polyimides.The
extent of the plasma deposition may depend on a
variety of processing factors, such as the composition
of the gaseous organosilicon compound(s), the presence
of other gases, the exposure time of the substrate 12
to the plasma, the level of power provided to the
electrode, the gas flow rates, and the chamber
pressure. These factors correspondingly help determine
a layer thickness B of the silicon-containing layer
18. As depicted in FIG. 1, the layer thickness B
extends from the top surface 14 of the substrate 12 to
the top surface 20 of the silicon-containing layer 18.
Examples of suitable layer thicknesses B for the
silicon-containing layer 18 range from about 0.5
nanometers to about 10.0 nanometers. Examples of
particularly suitable layer thicknesses B for the
siliconcontaining layer 18 range from about 1.0
nanometers to about 5.0 nanometers. These ranges of
the layer thickness B help provide good interlayer
adhesion between the substrate 12 and the conductive
trace layer 22. In addition to containing about 10.0%
silicon, as discussed above, the silicon-containing
layer 18 may also include at least about 15.0% by
atomic percent oxygen,. Particularly suitable
compositions for the silicon-containing layer 18
include one or more of the following: at least about
20.0 atomic percent silicon, at least about 25.0
atomic percent oxygen, and less than about 50.0atomic
percent carbon. The conductive trace layer 22 is
formed on the surface 20 of the siliconcontaining
layer 18 by depositing conductive material and
patterning the deposited conductive material.
Deposition of the conductive material may be performed
by conventional deposition techniques, such as
sputtering, vapor deposition, vacuum deposition,
electroless plating, and electrolytic plating.
Examples of suitable conductive materials include
conductive metals such as tin, gold, silver, copper,
chromium, and combinations thereof. Patterning may be
performed by conventional photolithographic techniques
to form the conductive trace layer 22 with a layer
thickness C between the top surface 20 of the
silicon-containing layer 18 and a top surface 24 of
the conductive trace layer 22. Examples of suitable
layer thicknesses C range from about 12 micrometers to
about 130 micrometers (about 0.5 mils to about 5
mils). However, the layer thickness C may vary as
individual needs may require. Accordingly, after
manufacture, the FEC article 10 of the present
invention is a flexible circuit that includes an
electrical circuit (i.e., the conductive trace layer
22) disposed on an electrically-insulating backing
(i.e., the combination of the substrate 12 andthe
silicon-containing layer 18). The FEC article 10
exhibits good interlayer adhesion between the
substrate 12 and the conductive trace layer 22,
exhibits good stability, and is suitable for use with
fine-pitch applications. . Some materials suitable for
the conductive trace layer 22 (e.g., copper) are known
to degrade polyolefins suitable for the substrate 12,
such as polyimides. As such, the silicon-containing
layer 18 prevents the materials of the 



conductive trace layer 22 from interacting with the
substrate 12. FIG. 2 is a sectional view depicting an
alternative FEC article of the present invention,
referred to as a FEC article 26, which is similar to
the FEC article 10, discussed above. However, the FEC
article 26 additionally includes a plated layer 28
disposed on the conductive trace layer 22 to protect
the conductive trace layer 22 from environmental
conditions (e.g., corrosion). The FEC article 26 may
be formed in the same manner as the FEC article 10.
However, after the conductive trace layer 22 is
deposited and patterned, additional conductive
material (not shown) may be deposited on the top
surface 20 of the silicon-containing layer 18 and the
top surface 24 and sides of the conductive trace layer
22 by conventional deposition techniques (e.g.,
electroless plating and electrolytic plating). The
additional conductive material may then be patterned
with conventional photolithographic techniques to form
the plated layer 28 with a layer thickness D between
the top surface 24 of the conductive trace layer 22
and a top surface 30 of the plated layer 28. Examples
of suitable layer thicknesses D range from about 2
micrometers to about 25 micrometers (about 0.1 mils to
about 1 mil). However, the layer thickness D may also
vary as individual needs may require. Suitable
materials for the plated layer 28 include the same
materials as disclosed for the conductive trace layer
22. Accordingly, multiple deposition and patterning
steps may be used to manufacture a plurality of
conductive trace layers (e.g., the conductive trace
layers 22 and 28) for the FEC articles of the present
invention. The extent of the deposition and patterning
steps may vary as individual needs may require. FIG. 3
is a sectional view depicting another alternative FEC
article of the present invention, referred to as a FEC
article 32, which is similar to the FEC article 10,
discussed above in FIG. 1. However, the FEC article 32
additionally includes a tie layer 34 disposed between
the silicon-containing layer 18 and the conductive
trace layer 22. The tie layer 34 provides additional
adhesion for reducing potential interlayer
delamination between the substrate 12 and the
conductive trace layer 22. The tie layer 34 is
particularlysuitable when the conductive trace layer
22 is derived from materials (e.g., copper) that
generally exhibit lower interlayer adhesion to
polymeric substrates. The substrate 12 and the
silicon-containing layer 18 of the FEC article 32 are
formed in the same manner as discussed above for the
FEC article 10. However, after the silicon-containing
layer 18 is plasma deposited, material for the tie
layer 34 may be deposited on the surface 20 of the
silicon-containing layer 18 by conventional deposition
techniques, such as sputtering, vapor deposition, and
vacuum deposition. Examples of suitable materials for
the tie layer 34 include metals and metal alloys, such
as chromium, nickel, nickel-chromium, oxides thereof,
alloys thereof, and combinations thereof. After
material for the tie layer 34 is deposited, material
for the conductive trace layer 22 may be deposited on
the tie layer 34 using the techniques discussed above
for the FEC article 10. The combined layers of
material (of the conductive trace layer 22 and the tie
layer 34) may then be patterned by conventional
photolithographic techniques to form the conductive
trace layer 22 and the tie layer 34, as depicted in
FIG. 3. As shown, the tie layer 34 has a layer
thickness E between the top surface 20 of the
siliconcontaining layer 18 and a top surface 36 of the
tie layer 34. Examples of suitable layer thicknesses E
range from about 2 micrometers to about 25 micrometers
(about 0.1 mils to about 1 mil). However, the layer
thickness E may also vary as individual needs may
require. FIG. 4 is a sectional view depicting another
alternative FEC article of the present invention,
referred to as a FEC article 38. The FEC article 38
combines some of the features of the FEC article 26
with some of the features of the FEC article 32, which
are discussed above in relation to FIGS. 2 and 3. As
shown in FIG. 4, the FEC article 38 includes the
plated layer 28 disposed on the conductive trace layer
22, and the tie layer 34 disposed between the
silicon-containing layer 18 and the conductive trace
layer 22. The FEC article 38 may be generally formed
in the same manner as discussed above for the FEC
article 32 of FIG. 3. However, after the material for
the conductive trace layer 22 and the tie layer 34 are
deposited and patterned, material for the plated layer
28 may be deposited and patterned, as discussed above
for the FEC article 26 of FIG. 2. The FEC article 38
provides the combined benefits of the tie layer 34
with the use of multiple conductive trace layers
(i.e., the conductive trace layers 22 and 28).FIGS.
5-8 are sectional views depicting additional
alternative FEC articles of the present invention
(depicted as FEC articles 10', 26', 32', and 38'),
which are similar to those disclosed in FIGS. 1-4 (FEC
articles 10, 26, 32, and 38, respectively). However,
in FEC articles 10', 26', 32', and 38', the
silicon-containing layer 18 (depicted as a
silicon-containing layer 18') is patterned along with
the conductive trace layer 22 and/or the tie layer 34.
This exposes the top surface 14 of the substrate 12 to
the atmosphere, and provides increased flexibility in
the FEC articles of the present invention. This
increased flexibility correspondingly increases the
versatility of the FEC articles of the present
invention for use in a variety of different industrial
applications. As discussed above, the FEC articles of
the present invention exhibit good interlayer adhesion
and good stability upon, and following, heating.
Examples of suitable characteristics for the FEC
articles of the present invention include initial peel
strengths of at least about 1.6 kilograms/centimeter
(kg/cm) (about 3.0 pounds/inch), peel strengths after
exposure to a temperature of 25O0C for one hour of at
least about 1.1 kg/cm (about 2.0 pounds/inch), peels
strengths after exposure to a temperature of 15O0C for
200 hours of 12 at least about 1.1 kg/cm (about 2.0
pounds/inch), and insulation resistances of at least
10 ohms/100 millimeter . Examples of particularly
suitable characteristics for the FEC articles of the
present invention include initial peel strengths of at
least about 2.1 kilograms/centimeter (kg/cm) (about
4.0 pounds/inch), peel strengths after exposure to a
temperature of 25O0C for one hour of at least about
1.6 kg/cm (about 3.0 pounds/inch), peels strengths
after exposure to a temperature of 15O0C for 200 hours
of at least about 1.6 kg/cm (about 3.0 pounds/inch),
and insulation resistances of at least 10 ohms/100
millimeter . The peel strengths of the FEC articles of
the present invention refer to the peel strengths
between the substrate 12 and the conductive trace
layer 22. Accordingly, 



the FEC articles of the present invention are capable
of withstanding significant degrees of environmental
exposure, which increase the versatility of the FEC
articles of the present invention. Description of the
Plasma Deposition Process FIG. 9 is schematic side
view depicting a system 40, which is a suitable system
for plasma depositing the silicon-containing layer 18
on the substrate 12 in acontinuous process. As
previously discussed, the FEC articles of the present
invention (e.g., FEC articles 10, 26, 32, 38, 10',
26', 32', and 38') are manufactured via plasma
deposition. In this regard, the system 40 includes
walls 42 that define a chamber 44, although the system
40 may be any apparatus capable of providing a
controlled environment. For example, the chamber 44 is
desirably capable of evacuation, containment of gases
introduced after evacuation, plasma creation from the
gaseous organosilicon compounds, ion acceleration, and
supporting film deposition. Aluminum is a preferred
material for the walls 42 because aluminum exhibits a
low sputter yield, which correspondingly reduces
contamination from the walls 42. However, other
examples of suitable materials for the walls 42
include graphite, copper, glass, stainless steel, and
combinations thereof. Within the chamber 44, the
system 40 may include a drum electrode 46, a plurality
of reel mechanisms 48, a source spool 50, and a
receiving spool 52. Suitable systems with these
components are disclosed in David et al., U.S. Patent
Nos. 5,888,594 ("the '594 patent") and 5,948,166 ("the
'166 patent"), and Yang et al., U.S. Patent No.
6,071,597 ("the '597 patent"). As disclosed in the
'594 patent, the '166 patent, and the '597 patent, the
substrate 12 may be fed from the source spool 50 as a
film to the drum electrode 46, where the plasma
deposition occurs. The resulting film (containing the
substrate 12 and the silicon-containing layer 18) is
then wound up on the receiving spool 52. The reel
mechanisms 48 direct a line path of the film and
provide tension to the film. In addition to the
components disclosed in the '594 patent, the '166
patent, and the '597 patent, the system 40 may also
include a drying unit 54 to remove moisture from the
substrate 12. The drying unit 54 may be any system
suitable for drying the substrate 12. Prior to the
plasma deposition, the substrate 12 may pass the
drying unit 54 to reduce the moisture concentration in
the substrate 12. Excessive moisture in the substrate
12 may reduce the effectiveness of the plasma
deposition. An example of the drying unit 54 includes
infrared lamps that direct infrared radiation toward
the film (denoted by rays 54a). As discussed above,
suitable systems for the drum electrode 46 are
disclosed in the '594 patent, the '166 patent, and the
'597 patent. During operation, and prior to plasma
deposition, the system 40 may be evacuated to remove
air from the chamber 44, such as by means of vacuum
pumps (not shown) connected to the chamber44. After
the air is purged from the chamber 44, the gaseous
organosilicon compound(s) may then be introduced into
the chamber 44 at a desired flow rate. The desired
flow rate may depend on several factors, such as the
size of the chamber 44 and the size of the substrate
12 surface area that will receive the deposited ions.
Such flow rates are desirably sufficient to establish
a suitable pressure, which typically ranges from about
1.0x1 0 Torr to about 1.0 Torr, for accomplishing the
plasma deposition. The gaseous organosilicon
compound(s) used for the plasma deposition include any
organosilicon compound(s) in a gaseous state at the
reduced pressures of the chamber 44. Examples of
suitable organosilicon compounds include
trimethylsilane, triethylsilane, trimethoxysilane,
triethoxysilane, tetramethylsilane, tetraethylsilane,
tetramethoxysilane, tetraethoxysilane,
hexamethylcyclotrisiloxane,
tetramethylcyclotetrasiloxane,
tetraethylcyclotetrasiloxane,
octamethylcyclotetrasiloxane, hexamethyldisiloxane,
bistrimethylsilylmethane, and combinations thereof. An
example of a particularly suitable organosilicon
compound includes tetramethylsilane. Furthermore, the
gas may comprise silane. In addition to the gaseous
organosilicon compound(s), one or more gaseous
non-organic compounds may also be introduced into the
chamber 44 to assist the plasma deposition. Examples
of suitable gaseous non-organic compounds include
oxygen, argon, hydrogen, nitrogen, helium, ammonia,
and combinations thereof. The flow rate of the gaseous
non-organic compound(s) may vary depending on the
desired ratio of gaseous non-organic compound(s) to
gaseous organosilicon compound(s). However, the total
flow rates of the gaseous non-organic compound(s) and
the gaseous organosilicon compound(s) are desirably
sufficient to establish a suitable pressure (e.g.,
from about 1.0x10 Torr to about 1.0 Torr) for
accomplishing the plasma deposition. Examples of
suitable volumetric flow ratios of the gaseous
non-organic compounds to the gaseous organosilicon
compound(s) range from about 0:1 (i.e., no gaseous
non-organic compound(s)) to about 10:1. The gaseous
organosilicon compound(s) and the gaseous non-organic
compound(s) may be introduced to the chamber 44 as a
single premixed gas, or alternatively, as separate
gases that substantially mix with each other within
the chamber 44. For example, the gaseous organosilicon
compound(s) may be introduced to the chamber 44 at a
gas flow rate of about 80 standard cubic centimeters
per minute (seem) and the gaseous non-organic
compound(s) may beintroduced to the chamber 44 at a
gas flow rate of about 320 seem (i.e., a volumetric
flow ratio of about 4:1). As discussed in the '594
patent, the '166 patent, and the '597 patent, the drum
electrode 46 may be a cylindrical electrode having an
annular surface 56 made of any electrically conductive
material. Examples of suitable materials for the
annular surface 56 include aluminum, copper, steel,
stainless steel, silver, chromium, alloys thereof, and
combinations thereof. An example of a particularly
suitable material for the annular surface 56 includes
aluminum, due to the ease of fabrication, low sputter
yield, and low costs associated with aluminum. The
annular surface 56 allows an electric field to
permeate radially outward from the drum electrode 46.
The drum electrode 46 may also include non-conductive,
insulative regions that prevent electric field
permeation. Thus, plasma deposition is limited to the
annular surface 56 of the drum electrode 46. The
electrically non-conductive regions may be formed
using any suitable electricallyinsulating 



material, such as a polymer (e.g.,
polytetrafluoroethylene). Suitable widths of the
annular surface 56 (in a direction perpendicular to a
plane that is parallel to the view of FIG. 9) should
generally be at least equal to the widths of the films
to be coated (e.g., about 16.5 centimeters). The drum
electrode 46 also preferably includes a temperature
control system 58 for supplying temperature
controlling fluid to the drum electrode 46. The
temperature control system 58 may heat or cool the
drum electrode 46 as needed so the drum electrode 46
has an appropriate temperature that supports plasma
deposition. In a preferred embodiment, the temperature
control system 58 is a coolant system using a coolant
fluid. Examples of suitable coolant fluids include
water, ethylene glycol, chlorofluorocarbons,
hydrofluoroethers, liquefied gases (e.g., liquid
nitrogen), and combinations thereof. Preferably, the
temperature control system 58 pumps the coolant fluid
(not shown) through the drum electrode 46 throughout
the duration of the plasma deposition process to
selectively control the drum electrode 46 temperature.
Suitable temperatures for the drum electrode 46 range
from about 50C to about 2O0C. Since the substrate 12
is in direct contact with the drum electrode 46, heat
transfer from the plasma to the substrate 12 is
managed by this cooling approach and thereby allows
plasma deposition on temperature sensitive films.The
drum electrode 46 also includes a power source 60
electrically connected to the drum electrode 46. The
power source 60 may be provided on the system 40 or
alternatively may be provided on a separate system and
electrically connected to the drum electrode 46. In
any case, the power source 60 may be any power
generation or transmission system capable of supplying
sufficient power to the drum electrode 46. An example
of a suitable power source 60 includes a radio
frequency (RF) power source for supplying RF power. RF
power exhibits a frequency that is high enough to form
a negative bias on an appropriately configured version
of the drum electrode 46, but not high enough to
create standing waves in the resulting plasma.
Standing waves generally decrease plasma deposition
efficiency. RF power is scalable for high coating
output (e.g., wide films and rapid line speeds). When
RF power is used, the negative bias on the drum
electrode 46 is a negative self bias (i.e., no
separate power source need be used to induce the
negative bias on the drum electrode 46). The power
source 60, as an RF power source, may power the drum
electrode 46 with frequencies ranging from about 0.01
to about 50 MHz, preferably 13.56 MHz or any whole
number (e.g., 1, 2, or 3) multiple thereof. This RF
power, as supplied to the drum electrode 46, creates a
silicon-rich plasma from the gaseous organosilicon
compound(s) within the chamber 44. A suitable RF
example of the power source 60 includes an RF
generator, such as a 13.56 MHz oscillator connected to
the drum electrode 46 via a network that functions to
match the impedance of the power supply with that of
the transmission line (which is usually 50 ohms
resistive) and thereby effectively transmits RF power
through a coaxial transmission line. Upon application
of RF power to the drum electrode 46, an ion sheath is
formed, which causes the drum electrode 46 to become
negatively self biased relative to the plasma. The ion
sheath is necessary to obtain and support ion
bombardment, which, in turn, is necessary to produce a
densely packed silicon-containing layer 18 on the
substrate 12. This negative self bias is generally in
the range of 500 to 1400 volts, and causes the gaseous
organosilicon compound(s) ionize and form a
silicon-rich plasma with ions therein. Once the plasma
has been created, a negative DC bias voltage is
created on the drum electrode 46 by continuously
powering the drum electrode 46 with RF power from the
power source 60. This negative bias causes ions within
the silicon-rich plasma to accelerate toward the
non-insulated portion of the drum electrode 46 (i.e.,
the annularsurface 56). The generation of the
silicon-rich plasma also generally increases the
pressure in the chamber 44. For example, a pre-plasma
pressure of about 5.0x10-6 Torr within the chamber 44
may increase to about 5-10 milliTorr during plasma
generation. During formation of FEC articles of the
present invention, the substrate 12, after drying, is
fed around the annular surface 56 of the drum
electrode 46 such that the bottom surface 16 of the
substrate 12 contacts the annular surface 56.
Accordingly, the ions of the plasma bombard the top
surface 14 of the substrate 12 in contact with the
drum electrode 46. This causes covalent bonding of the
ionized silicon-containing compounds with the top
surface 14, and consequent deposition of the
silicon-containing layer 18 on the substrate 12 to
form a film 63. The resulting film 62 may then be
wound up onto the receiving spool 52 for subsequent
deposition and patterning of the conductive trace
layer 22, the plated layer 28, and/or the tie layer
34. Alternatively, material for the conductive trace
layer 22, the plated layer 28, and/or the tie layer 34
may be deposited as the resulting film 62 leaves the
dram electrode 46 in a continuous process. The
continuous process of the system 40 is advantageous
because it allows material to be deposited on the top
surface 20 of the silicon-containing layer 18 before
the ions of the plasma stabilize. This increases the
adhesion of the deposited material to the
silicon-containing layer 18, which correspondingly
increases interlayer adhesion of the resulting FEC
article. FIG. 10 is schematic side view of a planar
electrode 64, which is an alternative electrode
apparatus to the drum electrode 46, and may replace
the drum electrode 46 in the system 40. Examples of
suitable systems for the planar electrode 64 are
disclosed in David et al., U.S. Patent No. 6,696,157.
As shown in FIG. 10, the planar electrode 64 includes
a backing plate 66 and an insulating layer 68, which
electrically insulate a conductive plate 70. Also
included in the planar electrode 64 is a conduit 72
for supplying a coolant fluid from the temperature
control system 58 and power from the power source 60
to the planar electrode 64. The temperature control
system 58 and the power source 60 are each discussed
above in FIG. 9, where the temperature control system
58 manages the temperature of the planar electrode 64
and the power source 60 supplies power to conductive
plate 70. During formation of FEC articles of the
present invention, after drying at 



the drying unit 54, the substrate 12 may be fed across
the conductive plate 70 of the planarelectrode 64 with
the bottom surface 16 of the substrate 12 disposed
above the conductive plate 70 by a separation distance
F. Examples of suitable separation distances F between
the substrate 12 and the conductive plate 70 range
from about 2.5 millimeters to about 13 millimeters.
The separation distance F provides a non-contact
arrangement between the substrate 12 and the
conductive plate 70, in contrast to the annular
surface 56 of the drum electrode 46, which contacts
the bottom surface 16 of the substrate 12. Because of
the planar nature and non-contact arrangement, the
planar electrode 64 is efficient for forming FEC
articles of the present invention with a continuous
process. Alternatively, the bottom surface 16 of the
substrate 12 may contact the conductive plate 70 as
the substrate 12 is fed past the planar electrode 64.
Upon application of RF power to the conductive plate
70, an ion sheath is formed, which causes the
conductive plate 70 to become negatively self biased
relative to the plasma in the chamber 44, as discussed
above. As discussed above, the ion sheath is necessary
to obtain and support ion bombardment, which, in turn,
is necessary to produce a densely packed
silicon-containing layer 18 on the substrate 12. This
bias is also generally in the range of 500 to 1400
volts, and causes the gaseous organosilicon
compound(s) to become ionized, resulting in the
formation of a silicon-rich plasma with ions therein.
Once the plasma has been created, a negative DC bias
voltage is created on the conductive plate 70 by
continuously powering the conductive plate 70 with RF
power from the power source 60. This bias causes ions
within the silicon-rich plasma to accelerate toward
the conductive plate 70. Accordingly, the ions bombard
the top surface 14 of the substrate 12 disposed above
the conductive plate 70. This causes covalent bonding
of silicon-containing compounds with the top surface
14, and consequent deposition of the
silicon-containing layer 18 on the substrate 12. As
with the drum electrode 46, the resulting film 62 from
the planar electrode 64 may then be wound onto the
receiving spool 52 (not shown in FIG. 10) for
subsequent deposition and patterning of the conductive
trace layer 22, the plated layer 28, and/or the tie
layer 34. Alternatively, the conductive trace layer
22, the plated layer 28, and/or the tie layer 34 may
be deposited as the resulting film 62 leaves the
planar electrode 64 in a continuous process. This is
particularly useful because of the planar, non-contact
nature of the planar electrode 64.Another suitable
configuration for the system 40 may include both the
drum electrode 46 and the planar electrode 64 within
the same chamber 44. This allows the drum electrode 46
and the planar electrode 64 to each use the same reel
mechanisms 48, source spool 50, and receiving spool
52, and thereby reduces apparatus costs. In use,
either the drum electrode 46 or the planar electrode
64 may be used for plasma deposition, while the other
electrode of the two remains unused. Additionally,
devices for depositing the conductive trace layer 22,
the plated layer 28, and/or the tie layer 34 may also
be located within the chamber 44 to allow the layers
of the FEC articles of the present invention to be
deposited in a continuous process. Overall, plasma
generation and ion acceleration with the drum
electrode 46 and the planar electrode 64 are greatly
simplified. Only one electrode is used rather than a
source electrode and a target electrode. The powered
electrode both creates the plasma and becomes
negatively self biased, thereby accelerating ions
within the plasma toward the powered electrode for
bombardment of the substrate 12. This DC biasing
voltage also serves to densify the deposited coating,
which enhances the properties of the siliconcontaining
layer 18. Description of the Conductive Layer
Deposition Process and the Circuitization Process
After the silicon-containing layer 18 is plasma
deposited on the substrate 12, additional material may
be deposited on the resulting film 62 and patterned to
form the conductive trace layer 22, the plated layer
28, and/or the tie layer 34. This provides the
conductive portions of the FEC articles of the present
invention, which function as electric circuits. As
discussed above, the conductive trace layer 22, the
plated layer 28, and/or the tie layer 34 may each be
deposited and patterned using a series of deposition
and photolithography techniques, such as sputtering,
electrolytic plating, resist exposing, resist
developing, and etching. The sequence of such
techniques may be varied as desired for particular
applications. Examples of suitable techniques are
disclosed in the '597 patent. For FEC articles of the
present invention that include the tie layer 34 (e.g.,
the FEC articles 32, 38, 32', and 38'), material for
the tie layer 34 is deposited on the top surface 20 of
the silicon-containing layer 18. As discussed above,
this may occur in a continuous process before the ions
in the silicon-containing layer 18 stabilize, which
increases adhesion of the tie layer 34 to the
silicon-containing layer 18. As furtherdiscussed
above, the tie layer 34 may be deposited by
conventional deposition techniques, such as
sputtering, vapor deposition, and vacuum deposition.
For example, in one embodiment, material of the tie
layer 34 may be magnetron sputtered onto the top
surface 20 of the silicon-containing layer 18 with a
direct current (DC) magnetron power setting of about
700 Watts. The sputtering may take place in a chamber
that contains argon gas at a pre-sputtering pressure
less than about 5.0x10 Torr (the sputtering process
generally increases the pressure in the chamber). The
chamber may be the chamber 40, as discussed above,
which allows a continuous process to manufacture the
FEC articles, or portions thereof, of the present
invention. Alternatively, the chamber for sputtering
the tie layer 34 may be separate from the chamber 40.
After the tie layer 34 is deposited, material for the
conductive trace layer 22 is deposited on the surface
36 of the tie layer 34. As discussed above, the tie
layer 34 may be deposited by conventional deposition
techniques, such as sputtering, vapor deposition,
vacuum deposition, and electrolytic plating. For
example, in one embodiment, material for the
conductive trace layer 22 may be deposited in a
two-step process that involves depositing a seed layer
followed by electrolytic plating. The seed layer is
typically the same material used for the bulk of the
conductive trace layer 22. The seed layer of the
material for the conductive trace layer 22 may be
magnetron sputtered onto the top surface 36 of the tie
layer 34 with a DC magnetron power setting of about
2000 Watts. The sputtering may take place in a chamber
that contains argon gas at a pre-sputtering pressure 



less than about 5.0x10 Torr (the sputtering process
generally increases the pressure in the chamber). The
chamber for sputtering the seed layer may be the
chamber 40, as discussed above, which allows a
continuous process to manufacture the FEC articles, or
portions thereof, of the present invention. The
chamber for sputtering the seed layer may also be the
same chamber as the chamber for sputtering the tie
layer 34. This allows material for the tie layer 34
and the seed layer of the conductive trace layer 22 to
be deposited sequentially in a continuous process (but
separate from the plasma deposition). Alternatively,
the chamber for sputtering the seed layer may be
separate from the chamber 40 and from the chamber for
sputtering the tie layer 34. After the seed layer of
the conductive trace layer 22 is deposited, the
resulting film may be exposed to a series of baths to
prepare the seed layer for electrolyticplating. For
example, the resulting film may initially be placed in
a solution comprising 75% (by volume) deionized (DI)
water and 25% (by volume) of an aqueous composition
comprising 15% by weight sulfonic acid and 15% sodium
salt, which is commercially available from Learonal
Inc., Freeport, NY, under the trade designation
RONACLEAN PC-960M. This solution removes oxides and
organic residue from the exposed surface of the seed
layer. The resulting film may then be placed in a 1%
by weight sodium persulfate solution, commercially
available from Learonal Inc. under the trade
designation RONAETCH. Finally, the resulting film may
be placed in a 10% sulfuric acid (H2SO ) solution. The
resulting film is then ready for electrolytic plating
of the remaining portion of the conductive trace layer
22 on top of the seed layer. Material for the
remaining portion of the conductive trace layer 22 may
be electrolytic plated using conventional electrolytic
plating techniques. For example, in one embodiment,
copper material for the conductive trace layer 22 may
be plated on the seed layer by placing the resulting
film in a solution comprising about 18% H2SO4 and
about 23% CuSO4*5H2O. A current (e.g., about 200
amps/meter ) is applied to the solution to plate the
seed layer. The current may be applied by any
conventional power source, such as a power source
available under the trade designated DYNATRONIX Model
PMC 104/PR-20-60 Programmable Power Supply,
commercially available from Dynatronix, Inc., Amery,
WI. Once the electrolytic plating is complete, the tie
layer 34 and the conductive trace layer 22 are ready
for patterning. Patterning of the tie layer 34 and the
conductive trace layer 22 may be performed by any
variety of different photolithographic techniques. In
one embodiment, photoresists, which may be aqueous or
solvent based, and may be negative or positive
photoresists, are laminated on the bottom surface 16
of the substrate 12 and the top surface 24 of the
conductive trace layer 22. The photoresists may be
applied using standard laminating techniques with hot
rollers. Suitable thickness for the photoresists range
from about 35 to about 50 micrometers. The
photoresists may then be exposed on both sides to
ultraviolet light or the like, through a mask or
phototool. This crosslinks the portions of the
photoresists that are not covered by the mask. Because
the bottom surface 16 of the substrate 12 is not
patterned, the photoresist applied to the bottom
surface 16 is flood exposed. The unexposed portions of
the photoresists are then developed with an
appropriate solvent. In the case of aqueous resists, a
dilute aqueous solution (e.g., asolution comprising
about 0.5% to about 1.5% by weight sodium carbonate or
potassium carbonate) may be applied until desired
patterns are obtained on the top surface 24 of the
conductive trace layer 22. After the photoresist is
formed, the film may then be sprayed with an etchant
solution, which etches the portions of the conductive
trace layer 22 not covered by the crosslinked
photoresist. An example of a suitable enchant solution
for etching the conductive trace layer 22 includes a
solution comprising about 10.0% by weight H2SO and
about 2.0% to about 3.0% by weight H O2. The etching
exposes certain areas of the top surface 34 of the tie
layer 32 (i.e., the conductive trace layer 22 is
patterned). The photoresists may be removed at this
point or retained for subsequent etching, depending on
the photolithographic techniques used. After the
conductive trace layer 22 is patterned, the tie layer
34 may then be etched by placing the resulting film in
a second etchant solution, which etches the portions
of the tie layer 34 not covered by the crosslinked
photoresist. An example of a suitable enchant solution
for etching the trace layer 34 includes a solution
comprising about 4.0% by weight KOH and about 2.5% by
weight KMnO . The resulting film may then be placed in
a third solution comprising about 10.0% by weight H2SO
for post-etching neutralization. When etching is
completed, the photoresist may then be stripped from
the top surface 24 of the conductive trace circuit 22
and the bottom surface 16 of the substrate 12. Other
steps may also be included in the process, such as
rinsing the film with deionized water before and/or
after the etching steps, drying the film, and other
conventional film cleaning steps. The resulting film
may then be separated into separate FEC articles
(e.g., the FEC articles 32, 38, 32', and 38') for use
in a variety of industrial applications. For FEC
articles of the present invention that also include
the conductive trace circuit 28 located on the
conductive trace circuit 22 (e.g., the FEC articles
26, 38, 26', and 38'), material for the conductive
trace circuit 28 may be deposited and patterned in the
same manner as discussed above for the conductive
trace circuit 22. Material for the conductive trace
circuit 28 may be deposited before or after the
conductive trace circuit 22 is patterned. In one
embodiment, material for the conductive trace circuit
28 is deposited before the conductive trace circuit 22
is patterned. In this case, the photoresist may
beformed and crosslinked on the top surface 30 of the
conductive trace circuit 28, rather than on the top
surface 24 of the conductive trace circuit 22. The
conductive trace circuit 28 may then be patterned
along with the conductive trace circuit 22, as
discussed above. In another embodiment, the conductive
trace circuit 22 and the tie layer 34 are patterned
prior to forming the conductive trace circuit 28. This
produces the FEC articles 26, 38, 26', and 38', as
shown in FIGS. 2, 4, 6, and 8. In this case, after the
conductive trace circuit 22 and the tie layer 34 are
patterned, a seed layer of material for the conductive
trace circuit 28 may be deposited, followed by
electrolytic plating. 



Alternatively, if the materials of the conductive
trace circuit 22 and the conductive trace circuit 28
provide adequate interlayer adhesion between the
conductive trace circuit 22 and the conductive trace
circuit 28, the seed layer may be not be required.
After deposition, the conductive trace circuit 28 may
then be patterned in the same manner discussed above
for the conductive trace circuit 22. Accordingly, a
second photoresist may be formed and crosslinked on
the top surface 30 of the conductive trace circuit 28.
The resulting film may then be etched to define the
circuit traces, and the photoresist may then be
stripped, as discussed above. The FEC articles of the
present invention may also include additional
conductive trace circuits beyond the conductive trace
circuit 22 and the conductive trace circuit 28. The
additional conductive trace circuits may be deposited
and patterned in the same manners as discussed above
for the conductive trace circuit 22 and the conductive
trace circuit 28. For FEC articles of the present
invention that do not include the tie layer 34 (e.g.,
the FEC articles 10, 26, 10', and 26'), the conductive
trace layer 22 may be deposited on the top surface 20
of the silicon-containing layer 18 and patterned in
the same manner as discussed above. For FEC articles
of the present invention that include the patterned
silicon-containing layer 18' (e.g., the FEC articles
10', 26', 32', and 38'), the silicon-containing layer
18' may be etched along with the tie layer 34 and/or
the conductive trace layer 22, following the same
patterning steps discussed above. After plasma
deposition and circuitization, the FEC articles of the
present invention have conductive circuitry on one
side, and a polymeric substrate surface on the
opposing side. The FEC articles may be connected to
printed circuit boards or other devices by a variety
of conventional means, such as solder balls, reflow
solder, thermalcompression bonding, wire bonding,
inner lead bonding, and the like. Accordingly, the FEC
articles of the present invention are useful in
electronic packages such as ball grid arrays, chip
scale packages, single and multiple metal layer
packages and the like. Such circuits and packages can
be designed for use in any electronic device,
including but not limited to recording devices,
printing devices, single or multimedia devices,
projectors, cameras, computers, data storage devices,
and the like. PROPERTY ANALYSIS AND CHARACTERIZATION
PROCEDURES Various analytical techniques are available
for manufacturing and characterizing the FEC articles
of the present invention. Several of the techniques
are employed herein. An explanation of these
techniques follows. Drum Electrode Manufacturing
Method FEC articles of the present invention were
manufactured by plasma deposition with a drum
electrode, and subsequent circuitization, by the
following procedure. A polyimide substrate film was
provided on a source spool, where the substrate film
exhibited a film layer thickness of 50.8 micrometers
and a cross-sectional film width of 15.2 centimeters.
The substrate film was initially fed to an IR lamp
with a Variac autotransformer, Model 033-3504, which
is commercially available from Staco Energy Products,
Dayton, OH (60% power setting). The IR lamp was
contained in a chamber having a pressure maintained at
l.OxlO"6 Torr to remove moisture from the substrate
film. The substrate film was fed at a line speed of
0.61 meters/minute. Next, the substrate film was fed
around an annular surface of a drum electrode, for
plasma deposition. The drum electrode had a diameter
of 50.8 centimeters (20.0 inches) and the annular
surface had a 16.5-centimeter (6. 5-inch) width. The
drum electrode also included an O2 glow discharge
device containing a rod cathode and a tubular anode
with cutout. Prior to the plasma deposition, the
chamber was purged of air and a gas (the composition
of the gas varied between the Examples) was then
pumped into the chamber at a flow rate to provide a
pre-plasma pressure maintained at 5.0x10" Torr.
Circulating water maintained at 1O0C was also pumped
through the drum electrode from a temperature control
system. The drum electrode was then supplied with RF
power of 2000 Watts to create a plasma in the gas.
This increased the chamber pressure to about 4 -7
milliTorr. The substrate film was then fed around the
annular surface of the drum electrode at a line speed
of 4.6 meters/minute, which created an exposure time
to the plasma of three seconds. The exposure time was
measured as the total amount of time that a given
portion of the substrate film was in contact with the
annular surface of the drum electrode and exposed to
the plasma. Ions from the plasma were deposited on the
top surface of the substrate film to form the
silicon-containing layer. The resulting film was then
wound onto a receiving spool. A NiCr tie layer was
deposited on the silicon-containing layer by feeding
the film (containing the substrate and the
silicon-containing layer) at a line speed of 4.6
meters/minute through a chamber. Prior to sputtering,
the chamber was purged of air and then filled with
argon at flow rate of 400 seem to provide a
pre-sputtering pressure of 5.0x10 Torr. The tie layer
was deposited on the silicon-containing layer by
magnetron sputtering a NiCr material with a DC
magnetron power setting of 700 Watts. The sputtering
process increased the pressure in the chamber to 7.0
milliTorr. Next, a copper (Cu) seed layer was
deposited on the tie layer by feeding the film
(containing the substrate, the silicon-containing
layer, and the NiCr tie layer) at a line speed of 4.6
meters/minute through a chamber. Prior to sputtering,
the chamber was purged of air and then filled with
argon at flow rate of 400 seem to provide a
presputtering pressure of 5.0x10 Torr. The Cu seed
layer was deposited on the NiCr tie layer by magnetron
sputtering a copper material with a DC magnetron power
setting of 2000 Watts. The sputtering process
increased the pressure in the chamber to 7.0
milliTorr. After the seed layer was deposited, the
film was placed in a solution for 2 minutes at 250C,
where the solution comprised 75% (by volume) deionized
(DI) water and 25% (by volume) of an aqueous
composition comprising 15% by weight sulfonic acid and
15% sodium salt, which is commercially available from
Learonal Inc. under the trade designation RONACLEAN
PC-960M. The film was then sprayed for 2 minutes with
DI water. Then film was then dipped into a RONAETCH
copper bath, commercially available from Learonal
Inc., which consisted of a 1.0% by weight sodium
persulfate 



solution. The film was then sprayed again for 2
minutes with DI water. Finally, the sheet was dipped
for 15 seconds into a 10% by weight H2SO4 bath. After
the series of baths, the film was ready for
electrolytic plating.Electrolytic plating was
performed by placing the film (containing the
substrate, the silicon-containing layer, the NiCr tie
layer, and the Cu seed layer) in a 22 gallon bath. The
bath contained a solution that was air agitated, and
also contained baskets with copper-phosphorous
nuggets. The solution comprised 18% by weight H2SO4,
23% by weight CuSO4*5H2O, 2% by weight of a
carrier/brightener solution commercially available as
Copper Gleam CLX Additive from Rohm and Haas
Electronic Materials Co., Marlborough, MA, and 2% by
weight PPR Carrier, commercially available from Rohm
and Haas Electronic Materials Co. The bath was charged
with a current density of 200 amps/meter 2 (20
amps/foot 2) from a DYNATRONIX Model PMC 104/PR- 20-60
Programmable Power Supply, commercially available from
Dynatronix, Inc. The film resided in the bath for 43
minutes with a plating distance of 24.1 -25.4
centimeters (9.5 - 10 inches). Upon removal from the
bath, the film was ready for circuitization (i.e.,
patterning). Planar Electrode Manufacturing Method FEC
articles of the present invention were manufactured by
plasma deposition with a planar electrode, and
subsequent circuitization, by the following procedure.
A polyimide substrate film was provided on a source
spool, where the substrate film exhibited a film layer
thickness of 50.8 micrometers and a cross-sectional
film width of 15.2 centimeters. The substrate film was
initially fed to an IR lamp with a Variac
autotransformer, Model 033-3504, which is commercially
available from Staco Energy Products, Dayton, OH (60%
power setting). The IR lamp was contained in a chamber
having a pressure maintained at 1.0x10 Torr to remove
moisture from the substrate film. The substrate film
was fed at a line speed of 0.61 meters/minute. Next,
the substrate film was fed past a planar electrode at
a separation distance of 0.64 centimeters (0.25
inches), for plasma deposition. The planar electrode
was installed in a Leybold production metallizer,
commercially available from , Leybold Vacuum Products
Inc., Export, PA. The planar electrode included a
conductive surface with a length (in the direction of
movement of the substrate film) of 26.7 centimeters
(10.5 inches) and a width of 38.1 centimeters (15.0
inches). Prior to the plasma deposition, the chamber
was purged of air and a gas (the composition of the
gas varies between the Examples) was then pumped into
the chamber at a flow rate to provide a
pre-plasmapressure maintained at 5.0x10 Torr.
Circulating water maintained at 1O0C was also pumped
through the planar electrode from a temperature
control system. The planar electrode was then supplied
with RF power of 2000 Watts to create a plasma in the
gas. This increased the chamber pressure to 7.0
milliTorr. The substrate film was then fed past the
planar electrode at a line speed of 4.6 meters/minute,
which created an exposure time to the plasma of three
seconds. The exposure time was measured as the total
amount of time that a given portion of the substrate
film passed over the conductive surface of the planar
electrode and exposed to the plasma. Ions from the
plasma were deposited on the top surface of the
substrate film to form the silicon-containing layer.
After the plasma deposition, the film (containing the
substrate and the silicon-containing layer) was fed
past a sputtering device for depositing a NiCr tie
layer in a continuous process, in the same chamber.
The tie layer was deposited on the siliconcontaining
layer by magnetron sputtering a NiCr material with a
DC magnetron power setting of 700 Watts. The film
(containing the substrate, the silicon-containing
layer, and the NiCr tie layer) was then fed past a
second sputtering device for depositing a Cu seed
layer on the tie layer in a continuous process, in the
same chamber. The Cu seed layer was deposited on the
NiCr tie layer by magnetron sputtering a copper
material with a DC magnetron power setting of 2000
Watts. After the Cu seed layer was deposited, the film
was wound onto a receiving spool for electrolytic
plating. Prior to the electrolytic plating, the film
was placed in a solution for 2 minutes at 25C, where
the solution comprised 75% (by volume) deionized (DI)
water and 25% (by volume) of an aqueous composition
comprising 15% by weight sulfonic acid and 15% sodium
salt, which is commercially available from Learonal
Inc. under the trade designation RONACLEAN PC-960M.
The film was then sprayed for 2 minutes with DI water.
Then film was then dipped into a RONAETCH copper bath,
commercially available from Learonal Inc., which
consisted of a 1.0% by weight sodium persulfate
solution. The film was then sprayed again for two
minutes with DI water. Finally, the sheet was dipped
for 15 seconds into a 10% by weight H2SO4 bath. After
the series of baths, the film was ready for
electrolytic plating. Electrolytic plating was
performed by placing the film (containing the
substrate, the silicon-containing layer, the NiCr tie
layer, and the Cu seed layer) in a 22 gallon bath. The
bath contained a solution that was air agitated, and
also containedbaskets with copper-phosphorous nuggets.
The solution comprised 18% by weight H2SO4, 23% by
weight CuSO4*5H2O, 2% by weight of a
carrier/brightener solution commercially available as
Copper Gleam CLX Additive from Rohm and Haas
Electronic Materials Co., Marlborough, MA, and 2% by
weight PPR Carrier, commercially available from Rohm
and Haas Electronic Materials Co. The bath was charged
with a current density of 200 amps/meter 2 (20
amps/foot 2) from a DYNATRONIX Model PMC 104/PR- 20-60
Programmable Power Supply, commercially available from
Dynatronix, Inc. The film resided in the bath for 43
minutes with a plating distance of 24.1 - 25.4
centimeters (9.5 - 10 inches). Upon removal from the
bath, the film was ready for circuitization (i.e.,
patterning). Circuitization Method The films
manufactured pursuant to the Drum Electrode
Manufacturing Method and the Planar Electrode
Manufacturing Method were patterned pursuant to the
following procedure to form circuits. Photoresists
were formed on the surface of the conductive layer and
the bottom surface of the substrate with a trade
designated XRL- 120A Hot Roller Laminator,
commercially available from Western Magnum, El
Segundo, CA. The film was fed past the laminator at a
line speed of 45.7 centimeters/minute (1.5 



feet/minute). The lamination temperature was 1270C
(26O0F) and the lamination pressure was 414
kilopascals (60 pounds/inch ) . The photoresists
contained a polyethylene liner, a poly(methyl
methacrylate) photoresist layer, and a polyester
coversheet, and are commercially available from
MacDermid, Inc., Waterbury, CT, under the trade
designation Aqua-Mer SF320 Dry Film Photoresist. Prior
to lamination, the polyethylene liner and the
polyester coversheet were removed from the photoresist
layer. Next, the photoresist formed on the conductive
layer was crosslinked by a 15 milliwatt/centimeter 2
UV radiation exposure through a mask for 15 seconds.
The photoresist formed on the substrate was
crosslinked by a flood exposure of the 15
milliwatt/centimeter 2 UV radiation for the 15
seconds. The UV radiation was provided by a trade
designated JBA ultra-violet exposure system equipped
with a 500-watt short arc mercury lamp, commercially
available from JBA Associates, San Jose, CA. The
photoresists were the developed with a trade
designated ASI model TT-24 spray developer,
commercially available from Eidschun Engineering,
Inc., Clearwater, FL. Thedeveloping speed was 27.4
centimeters/minute (0.9 feet/minute), the developing
temperature was 29.40C (85F), the developer bath
comprised 0.85% by weight K2CO3, and the spray
pressure was 172 kilopascals (25 pounds/inch ) . Next,
the Cu layers were etched with the model TT-24 spray
developer using an etch bath maintained at 430C
(HO0F), with a spray pressure of 172 kilopascals (25
pounds/inch ), and a bath speed of 9.1
centimeters/minute (0.3 feet/minute). The bath
comprised 10.0% by weight H2SO4 and 2.0% - 3.0% by
weight H2O2. After etching, the photoresist was
removed with a solution maintained at 250C. The
solution comprises 50% DI water and 50% of a trade
designated Resist Stripper S-8044, commercially
available from Toryon Technologies, Itasca, IL. Next,
the FEC articles were cut individually from the film
and checked for shorts with a multimeter. The FEC
articles were then individually placed in a NiCr etch
solution for two minutes to etch the NiCr tie layer.
The NiCr etch solution was prepared by dissolving 4.0
grams of KOH and 2.5 grams of KMnq 4 in 100
milliliters of water, and heating to 570C (1370F).
After removal from the NiCr etch solution, the FEC
articles were rinsed with DI water and placed in a
10.0% by weight H2SO4 solution for one minute to
neutralize the NiCr etch solution. The FEC articles
were rinsed again with DI water for one minute and
blown dry with nitrogen gas. Initial Peel Strength
Testing The peel strengths (i.e., interlayer adhesion
strengths) of the FEC articles were quantitatively
measured pursuant to the following procedure after the
FEC articles were manufactured. A sample of the FEC
article was placed on a glass slide using SCOTCH
Permanent Double Stick Tape, commercially available
from 3M Company, St. Paul, MN. Three traces of the
sample were partially peeled up to 2 - 4 millimeters
to initiate the peeling. The glass slide with the
sample was mounted on an INSTRON Test Equipment, Model
5567, which is commercially available from Instron
Corporation, Canton, MA. A clip is connected to a 10
gram load cell and to one of the traces of the sample.
The sample was positioned so that the peel angle was
90 +/- 10 degrees. The peel strength of the conductive
trace layer to the substrate was then measured with a
crosshead speed of 1.27 centimeters/minute (0.5
inches/minute). The peel strength was recordedwhen the
load weight became substantially constant. The test
was repeated with the two remaining traces that were
initially peeled. The tabulated results herein are the
average of the three test runs. 25O0C. 1hr Peel
Strength Testing The peel strengths of the FEC
articles were quantitatively measured pursuant to the
Initial Peel Strength Testing, discussed above, after
the FEC articles were manufactured and placed in a
25O0C oven for one hour. This tested the stability of
the FEC articles after exposure to a high temperature.
15O0C, 200 hr Peel Strength Testing The peel strengths
of the FEC articles were quantitatively measured
pursuant to the Initial Peel Strength Testing,
discussed above, after the FEC articles were
manufactured and placed in a 15O0C oven for 200 hours.
This tested the stability of the FEC articles after
exposure to heat over an extended period of time.
Solder Reflow Peel Strength Testing The peel strengths
of the FEC articles were quantitatively measured
pursuant to the Initial Peel Strength Testing,
discussed above, after the FEC articles were
manufactured and placed in a solder reflow oven with a
nitrogen gas ambient. Solder reflowing is a widely
accepted method of attaching electronic components to
a printed circuit board. As such, FEC articles of the
present invention desirably exhibit good stability
upon exposure to solder reflow conditions. Insulation
Resistance Testing The insulation resistance of the
FEC articles were quantitatively measured with the
following procedure. 50 x 50 millimeter square samples
of each FEC article was created with thicknesses of
two millimeters. A 100-volt DC voltage was induced
across the traces at 250C and atmospheric pressure.
The resulting current was measured with a picoammeter.
The surface resistance was calculated from the voltage
and the resulting currents. Sheet resistance
(ohms/square) was calculated by dividing surface
resistance by the product of the number of traces in
the square of the FEC article and the aspect ratio.The
FEC articles of the present invention desirably retain
good insulation resistance after plasma deposition.
Low insulation resistance can be detrimental to the
performance of the FEC articles due to leakage
currents between the traces, especially in fine pitch
applications. EXAMPLES The present invention is more
particularly described in the following examples that
are intended as illustrations only, since numerous
modifications and variations within the scope of the
present invention will be apparent to those skilled in
the art. Unless otherwise noted, all parts,
percentages, and ratios reported in the following
examples are on a atomic percent basis, and all
reagents used in the examples were obtained, or are
available, from the chemical suppliers described
below, or may be 



synthesized by conventional techniques. The following
compositional abbreviations are used in the following
Examples: "Polyimide": Polyimide film commercially
available under the trade designation KAPTON E
polyimide film from E. I . DuPont de Nemours Co.,
Wilmington, DE. "TMS": NMR-grade Tetramethylsilane
(Si(CH 3)4) commercially available from Sigma-Aldrich
Chemical Company, Saint Louis, MO. "Argon": Ultra-pure
argon gas commercially available from Sigma- Aldrich
Chemical Company. "Oxygen": Ultra-pure oxygen gas
commercially available from Sigma- Aldrich Chemical
Company. "Nitrogen": Ultra-pure nitrogen gas
commercially available from Sigma- Aldrich Chemical
Company. Examples 1-15 and Comparative Examples A-C
Examples 1-15 are FEC articles of the present
invention that were prepared pursuant to the Drum
Electrode Manufacturing Method and the Circuitization
Method, as discussed above, with the exceptions that
the RF power and the exposure times of theplasma
deposition were varied as shown in Table 1. Table 1
provides the gas flow rates, RP power, and the
exposure times used during plasma deposition for
manufacturing the FEC articles of Examples 1-15. TABLE
1 Comparative Example A was prepared pursuant to the
Drum Electrode Manufacturing Method and the
Circuitization Method, as discussed above, with the
following exceptions. An oxygen glow discharge device
was mounted adjacent the annular surface of the drum
electrode, which provided oxygen to the chamber at a
flow rate of 500 seem (no TMS was present). The drum
electrode was powered with 3000 volts and a current of
26 milliamps. This produced an operating pressure of
five milliTorr. The polyimide substrate film was fed
around the drum electrode at a speed of 6 1
centimeters/minute (two feet/minute). The FEC articles
of Examples 1-15 and Comparative Example A were tested
pursuant to the Initial Peel Strength Testing, the
25O0C, 1 hr Peel Strength Testing, and the 15O0C, 200
hr Peel Strength Testing. Table 2 provides the peel
strength results for the FEC articles of Examples 1-4
and Comparative Example A, Table 3 provides the peel
strength results for the FEC articles of Examples 5-10
and Comparative Example A, and Table 4 provides the
peel strength results for the FEC articles of Examples
11-15 and Comparative Example A. TABLE 2The data in
Tables 2-4 illustrate the benefits of the plasma
deposited, silicon-containing layer in the FEC
articles of the present invention. In general, the FEC
articles of Examples 1-15 exhibited a combination of
good initial interlayer adhesion and good stability
after exposure to heated conditions. In comparison,
the FEC articles of Comparative Example A exhibited
significant reductions in stability after exposure to
heated conditions. As such, the FEC articles of the
present invention are suitable for use in a variety of
applications where the FEC articles may be subjected
to heat over extended periods of time.The data in
Tables 3 and 4 also illustrate that the interlayer
adhesion of the FEC articles of the present invention
is reduced when the silicon-containing layer is too
thick. This is shown with the FEC articles of Examples
10 and 15. The FEC article of Example 10 was
manufactured with a TMS flow rate of 180 seem (no
other gases present) and a exposure time of 8 seconds.
Similarly, the FEC article of Example 15 was
manufactured with a TMS flow rate of 180 seem, a
nitrogen flow rate of 170 seem, and an exposure time
of 20 seconds. As discussed above, the extent of the
plasma deposition may depend on a variety of
processing factors, such as the composition of the gas
and the exposure time. If the gas contains an large
concentration of TMS and the exposure time is
significant, a greater amount of ions will deposit on
the substrate, increasing the thickness of the
silicon-containing layer. The FEC articles of Examples
10 and 15 show that relatively thick
silicon-containing layers may reduce the interlayer
adhesions of the FEC articles.Examples 16-23 and
Comparative Examples B-M Examples 16-23 are FEC
articles of the present invention that were prepared
pursuant to the Planar Electrode Manufacturing Method
and the Circuitization Method, as discussed above,
with the exceptions that the pressures, the line
speeds, the RF power, the DC bias, and the amps of the
plasma deposition were varied as shown in Table 5. The
chamber was filled with TMS at a gas flow rate of 178
seem and oxygen at a gas flow rate of 181 seem. Table
5 provides the pressures, the IR heating temperatures,
the line speeds, the RF power, the DC bias, and the
amps used during plasma deposition for manufacturing
the FEC articles of Examples 16-23. TABLE 5
Comparative Examples D-O are FEC articles that were
prepared pursuant to the Planar Electrode
Manufacturing Method and the Circuitization Method, as
discussed above, with the exceptions that the gas
contained only argon (no TMS), and the pressures, the
line speeds, the RF power, the DC bias, and the amps
of the plasma deposition were varied as shown in Table
6. Table 6 provides argon flow rates, the pressures,
the IR heating temperatures, the line speeds, the RF
power, the DC bias, and the amps used during plasma
deposition for manufacturing the FEC articles of
Comparative Examples BM.TABLE 6 The FEC articles of
Examples 16-23 and Comparative Examples B-M were
tested pursuant to the Initial Peel Strength Testing,
the 2500C, 1 hr Peel Strength Testing, and the Solder
Reflow Peel Strength Testing. Table 7 provides the
peel strength results for the FEC articles of Examples
16-23 and Comparative Examples B-M. TABLE 7The data
provided in Table 7 further illustrates that the FEC
articles of Examples 16-23 exhibited a combination of
good initial interlayer adhesion and good stability
after exposure to heated conditions and solder refiow.
In comparison, the FEC 



articles of Comparative Examples B-M exhibited
significant reductions in stability after exposure to
the heated conditions and the solder refiow oven. As
such, the FEC articles of the present invention are
suitable for use in a variety of applications where
the FEC articles may be subjected to heat. Moreover,
the FEC articles of the present invention also exhibit
good stability during solder refiow, allowing the FEC
articles of the present invention to be secured to
circuit boards and the like without significant
detrimental effects. Examples 24-44 Examples 24-44 are
FEC articles of the present invention that were
prepared pursuant to the Planar Electrode
Manufacturing Method and the Circuitization Method, as
discussed above, with the exceptions that the
pressures, the exposure times, and the RF power were
varied as shown in Table 8. The chamber was also
filled with varying volumetric gas flow rate ratios of
TMS/oxygen. The FEC articles of Examples 22-44 were
manufactured and tested to determine what effect the
altering of the process variables would have on the
interlayer adhesions and stability. Table provides
volumetric gas flow rate ratios of TMS/oxygen, the
pressures, the exposure times, and the RF power used
during plasma deposition for manufacturing the FEC
articles of Examples 24-44.TABLE 8 The FEC articles of
Examples 24-44 were tested pursuant to the Initial
Peel Strength Testing, the 25O0C, 1 hr Peel Strength
Testing, and the 15O0C, 200 hr Peel Strength Testing.
Table 9 provides the peel strength results for the FEC
articles of Examples 24-44.The data provided in Table
9 illustrates that several combinations of process
variables provide a combination of good initial
interlayer adhesion and good stability after exposure
to heated conditions (e.g., the FEC articles of
Examples 24, 25, 31, 34, 35, 37, 39, and 41). This
demonstrates that the process window for obtaining a
siliconcontaining layer that provides good initial
interlayer adhesion and good stability after exposure
to heated conditions, is relatively wide. Examples
45-56 Examples 45-56 are FEC articles that were
prepared pursuant to the Planar Electrode
Manufacturing Method (but not the Circuitization
Method), as discussed above, with the exceptions that
the pressures and the RF power were varied as shown in
Table 10, and the exposure time for each FEC article
was 30 seconds. The FEC articles of Examples 45-56
were manufactured and tested to help examine the
actual concentrations of oxygen, carbon, and silicon
present in the silicon-containing layers. The 30
second exposure time was used to obtain sufficiently
thick layers that could be analyzed. Table 10 provides
gasflow rates of TMS and oxygen, the pressures, and
the RF power used during plasma deposition for
manufacturing the FEC articles of Examples 45-56.
Table 11 provides the concentrations of oxygen,
carbon, and silicon present in the silicon-containing
layers of the FEC articles of Examples 45-56, as
analyzed with an Electron Spectroscopy for Chemical
Analysis (ESCA). TABLE 10 TABLE I l The data in Table
1 1 illustrates the effects of the processing
variables on the concentrations of the oxygen, carbon,
and silicon present in the silicon-containing layers
of the FEC articles of Examples 45-56. In particular,
the data illustrates that the oxygen/TMS ratio in a
silicon-containing layer of an FEC article of the
present inventionmay be increased by increasing the RF
power, by increasing the chamber pressure, and/or
decreasing the TMS/oxygen volumetric flow rate ratio.
Examples 57-59 and Comparative Examples N and O
Examples 57-59 are FEC articles of the present
invention that were prepared pursuant to the Planar
Electrode Manufacturing Method and the Circuitization
Method, as discussed above. The FEC article of Example
57 was manufactured with a TMS flow rate of 180 seem
and an argon flow rate of 170 seem. The FEC article of
Example 58 was manufactured with a TMS flow rate of
180 seem and an oxygen flow rate of 170 seem. The FEC
article of Example 59 was manufactured with a TMS flow
rate of 80 seem and an oxygen flow rate of 320 seem.
The FEC article of Comparative Example N was a
polyimide substrate that was not subject to plasma
deposition or circuitization, and provides a baseline
for comparing how the insulation resistances are
affected by plasma deposition. The FEC article of
Comparative Example O was prepared pursuant to the
Planar Electrode Manufacturing Method and the
Circuitization Method, as discussed above, with an
argon flow rate of 170 seem (no TMS). The FEC articles
of Examples 57 and 58 and Comparative Examples N and O
were tested pursuant to the Insulation Resistance
Testing. Table 12 provides the insulation resistance
results for the FEC articles of Examples 57 and 58 and
Comparative Examples N and O. TABLE 12 (*) Sheet
Resistance measured at 85C and 85% humidity. The data
in Table 12 illustrates the benefits of the
plasma-deposited, silicon-containing layer with
respect to insulation resistance. As discussed above,
the polyimide substrate of Comparative Example N
provides an insulation resistance baseline. As shown
in Table 12, the FEC articles of Examples 57 and 58
retain greater levels of insulation resistance
compared to Comparative Example O. It is believed that
the argonplasma treatment, without TMS may have
graphitized the surface of the polyimide substrate of
Comparative Example O. Additionally, the data in Table
12 shows that the FEC article of Example 58, which
used TMS and oxygen, did not substantially lose any
insulation resistance relative to the polyimide
substrate of Comparative Example N. Accordingly, in
addition to exhibiting good interlayer adhesion and
stability, the FEC articles of the present invention
also exhibit good insulation resistance. This reduces
the chances of having leakage currents existing
between the traces. The FEC article of Example 59 was
divided into five separate squares (Examples 59a-59e),
which were retained in an oven set at a temperature of
850C and a relative humidity of 85%. The FEC articles
were tested pursuant to the Insulation 



Resistance Testing several times over 10 days while
retained in the oven. Table 13 provides the sheet
resistance results (ohms/square) for the FEC articles
of Examples 59a- 59e. TABLE 13 The data in Table 13
illustrates that the sheet resistances of the FEC
articles of present invention plasma deposited with
TMS and oxygen are good even under high humidity and
temperature conditions over a period of ten days. This
example further illustrates the utility of the FEC
articles of the invention, which exhibit good peel
strength, stability and also insulation resistance,
even over extended periods of time. Although the
present invention has been described with reference to
preferred embodiments, workers skilled in the art will
recognize that changes may be made in form and detail
without departing from the spirit and scope of the
invention.CLAIMS: 1. An electronic-circuit article
comprising: a substrate; a plasma deposited layer
disposed on the substrate, wherein the plasma
deposited layer comprises at least about 10.0 atomic
percent silicon; and a patterned conductive layer
disposed above the plasma deposited layer. 2. The
electronic-circuit article of claim 1, wherein the
plasma deposited layer comprises at least about 20.0
atomic percent silicon 3. The electronic-circuit
article of claim 1, wherein the plasma deposited layer
further comprises at least about 15.0 atomic percent
oxygen, based on the total weight of the plasma
deposited layer. 4. The electronic-circuit article of
claim 3, wherein the plasma deposited layer further
comprises at least about 25.0 atomic percent oxygen 5.
The electronic-circuit article of claim 1, wherein the
plasma deposited layer has a thickness ranging from
about 0.5 nanometers to about 10.0 nanometers. 6. The
electronic-circuit article of claim 5, wherein the
thickness is as low as about 1.0 nanometer and is as
high as about 5.0 nanometers. 7. The
electronic-circuit article of claim 1, wherein the
plasma deposited layer is derived from a gas
comprising at least about 50.0 atomic percent of an
organosilicon compound. 8. The electronic-circuit
article of claim 7, wherein the organosilicon compound
comprises tetramethylsilane. 9. The electronic-circuit
article of claim 1, wherein the gas further comprises
one or more of oxygen, argon, nitrogen, ammonia, and
hydrogen.10. The electronic-circuit article of claim I
5 further comprising a metallic tie layer disposed
between the plasma deposited layer and the patterned
conductive layer. 11. An electronic-circuit article
comprising: a polyimide substrate; a plasma deposited
layer disposed on the polyimide substrate, wherein the
plasma deposited layer is derived from a gas
comprising at least about 50.0 atomic percent of an
organosilicon compound; and a patterned conductive
layer disposed above the plasma deposited layer. 12.
The electronic-circuit article of claim 11, wherein
the organosilicon compound comprises
tetramethylsilane. 13. The electronic-circuit article
of claim 11, wherein the gas further comprises one or
more of oxygen, argon, nitrogen, ammonia, and
hydrogen. 14. The electronic-circuit article of claim
11, wherein the plasma deposited layer has a thickness
ranging from about 0.5 nanometers to about 10.0
nanometers. 15. The electronic-circuit article of
claim 11, wherein the thickness is as low as about 1.0
nanometer and is as high as about 5.0 nanometers. 16.
A method of forming an electronic-circuit article, the
method comprising: forming a silicon-containing layer
on a substrate by plasma deposition; depositing a
layer of conductive material above the
silicon-containing layer; and patterning the layer of
conductive material. 17. The method of claim 16,
wherein forming the silicon-containing comprises
ionizing a gas comprising an organosilicon
compound.18. The method of claim 17, wherein the
organosilicon compound comprises tetramethylsilane.
19. The method of claim 17, wherein the organosilicon
compound constitutes at least about 50.0 atomic
percent of the gas, based on the total atomic of the
gas. 20. The method of claim 17, wherein the gas
further comprises one or more of oxygen, argon,
nitrogen, ammonia, and hydrogen. 21. The method of
claim 16, wherein patterning the layer of conductive
material comprises etching the layer of conductive
material by photolithography. 22. The method of claim
16 further comprising depositing a metallic tie layer
on the silicon-containing layer. 23. The method of
claim 16 further comprising exposing the substrate is
to plasma for an exposure time effective to provide
the silicon-containing layer with a thickness ranging
from about 0.5 nanometers to about 10.0 nanometers.
24. The method of claim 23 further comprising exposing
the substrate is to plasma for an exposure time
effective to provide the silicon-containing layer with
a thickness ranging from about 1.0 nanometers to about
5.0 nanometers. 


