
DIMERIC IAP INHIBITORS CROSS REFERENCES AND RELATED
APPLICATIONS [0001] This application claims priority
from U.S. Provisional Application No. 60/656,201
entitled "PEPTIDOMIMETICS" filed on February 25, 2005,
U.S. Provisional Application No. 60/668,344 entitled
"IMMUNOTHERAPEUTIC USES OF SMAC MMETICS" filed on
April 5, 2005, U.S. Provisional Application No.
60/692,111 entitled "PEPTE)OMIMETICS OF SMAC ALONE OR
IN COMBINATION WITH TOPOISOMERASE INHIBITORS" filed on
June 20, 2005, U.S. Provisional Application No.
60/706,649 entitled "PEPTIDOMIMETICS OF SMAC AS CIAP
INHIBITORS" filed on August 9, 2005 and U.S.
Provisional Application No. 60/729,853 entitled
"PEPTIDOMIMETICS OF SMAC ALONE OR IN COMBINATION WITH
PLATINUM CONTAINING COMPOUNDS AND TAXANES" filed on
October 25, 2005 herein incorporated by reference in
their entireties. BACKGROUND [0002] Apoptosis
(programmed cell death) plays a central role in the
development and homeostasis of all multi-cellular
organisms, Apoptotis can be initiated within a cell
from an external factor such as a chemokine (an
extrinsic pathway) or via an intracellular event such
as DNA damage (an intrinsic pathway). Alterations in
apoptotic pathways have been implicated in many types
of human pathologies, including developmental
disorders, cancer, autoimmune diseases, as well as
neuro-degenerative disorders. One mode of action of
chemotherapeutic drugs is cell death via apoptosis.
[0003] Apoptosis is conserved across species and
executed primarily by activated caspases, a family of
cysteine proteases with aspartate specificity in their
substrates. These cysteine containing aspartate
specific proteases) ("caspases") are produced in cells
as catalytically inactive zymogens and are
proteolytically processed to become active proteases
during apoptosis. Once activated, effector caspases
are responsible for proteolytic cleavage of a broad
spectrum of cellular targets that ultimately lead to
cell death. In normal surviving cells that have not
received an apoptotic stimulus, most caspases remain
inactive. If caspases are aberrantly activated, their
proteolytic activity can be inhibited by a family of
evolutionarily conserved proteins called IAPs
(inhibitors of apoptosis proteins). [0004] The IAP
family of proteins suppresses apoptosis by preventing
the activation of procaspases and inhibiting the
enzymatic activity of mature caspases. Several
distinctmammalian IAPs including XIAP, c-IAPl, C-IAP2,
ML-IAP, NAIP (neuronal apoptosis inhibiting protein),
Bruce, and survivin, have been identified, and they
all exhibit antiapoptotic activity in cell culture.
IAPs were originally discovered in baculovirus by
their functional ability to substitute for P35
protein, an anti-apoptotic gene. IAPs have been
described in organisms ranging from Drosophila to
human, and are known to be overexpressed in many human
cancers. Generally speaking, IAPs comprise one to
three Baculovirus LAP IAP repeat (BIR) domains, and
most of them also possess a carboxyl-terminal RING
finger motif. The BIR domain itself is a zinc binding
domain of about 70 residues comprising 4 alpha-helices
and 3 beta strands, with cysteine and histidine
residues that coordinate the zinc ion. It is the BIR
domain that is believed to cause the anti-apoptotic
effect by inhibiting the caspases and thus inhibiting
apoptosis. XIAP is expressed ubiquitously in most
adult and fetal tissues. Overexpression of XIAP in
tumor cells has been demonstrated to confer protection
against a variety of pro-apoptotic stimuli and
promotes resistance to chemotherapy. Consistent with
this, a strong correlation between XIAP protein levels
and survival has been demonstrated for patients with
acute myelogenous leukemia. Down-regulation of XIAP
expression by antisense oligonucleotides has been
shown to sensitize tumor cells to death induced by a
wide range of pro-apoptotic agents, both in vitro and
in vivo. Smac/DIABLO-derived peptides have also been
demonstrated to sensitize a number of different tumor
cell lines to apoptosis induced by a variety of
pro-apoptotic drugs. [0005] In normal cells signaled
to undergo apoptosis, however, the IAP-mediated
inhibitory effect must be removed, a process at least
in part performed by a mitochondrial protein named
Smac (second mitochondrial activator of caspases).
Smac (or, DIABLO), is synthesized as a precursor
molecule of 239 amino acids; the N-terminal 55
residues serve as the mitochondria targeting sequence
that is removed after import. The mature form of Smac
contains 184 amino acids and behaves as an oligomer in
solution. Smac and various fragments thereof have been
proposed for use as targets for identification of
therapeutic agents. [0006] Smac is synthesized in the
cytoplasm with an N-terminal mitochondrial targeting
sequence that is proteolytically removed during
maturation to the mature polypeptide and is then
targeted to the inter-membrane space of mitochondria.
At the time of apoptosis 



induction, Smac is released from mitochondria into the
cytosol, together with cytochrome c, where it binds to
IAPs, and enables caspase activation, therein
eliminating the inhibitory effect of IAPs on
apoptosis. Whereas cytochrome c induces
multimerization of Apaf-1 to activate procaspase-9 and
-3, Smac eliminates the inhibitory effect of multiple
IAPs. Smac interactswith essentially all IAPs that
have been examined to date including XIAP, c-IAPl,
C-IAP2, and ML-IAP. Thus, Smac appears to be a master
regulator of apoptosis in mammals. [0007] It has been
shown that Smac acts as an LAP antagonist promoting
not only the proteolytic activation of procaspases,
but also the enzymatic activity of mature caspase,
both of which depend upon its ability to interact
physically with IAPs. X-ray crystallography has shown
that the first four amino acids (AVPI) of mature Smac
bind to a portion of IAPs. This N-terminal sequence is
essential for binding IAPs and blocking their
anti-apoptotic effects. [0008] The basic biology IAP
antagonists suggest that they may complement or
synergize other chemotherapeutic/anti-neoplastic
agents and/or radiation.
Chernotherapeutic/anti-neoplastic agents and radiation
would be expected to induce apoptosis as a result of
DNA damage and/or the disruption of cellular
metabolism. [0009] Current trends in cancer drug
design focus on selective activation of apoptotic
signaling pathways within tumors while sparing normal
cells. The tumor specific properties of specific
antitumor agents, such as TRAIL have been reported.
The tumor necrosis factorrelated apoptosis-inducing
Hgand (TRAIL) is one of several members of the tumor
necrosis factor (TNF) superfamily that induce
apoptosis through the engagement of death receptors.
TRAIL interacts with an unusually complex receptor
system, which in humans comprises two death receptors
and three decoy receptors. TRAIL has been used as an
anti-cancer agent alone and in combination with other
agents including chemotherapeutic drugs and ionizing
radiation. TRAIL can initiate apoptosis in cells that
overexpress the survival factors Bcl-2 and BcI-XL, and
may represent a treatment strategy for tumors that
have acquired resistance to chemotherapeutic drugs.
TRAIL binds its cognate receptors and activates the
caspase cascade utilizing adapter molecules such as
FADD. Currently, five TRAIL receptors have been
identified. Two receptors TRAIL-Rl (DR4) and TRAIL-R2
(DR5) mediate apoptotic signaling, and three
non-functional receptors, DcRl, DcR2, and
osteoprotegerin (OPG) may act as decoy receptors.
Agents that increase expression of DR4 and DR5 may
exhibit synergistic anti-tumor activity when combined
with TRAIL. [0010] The beneficial effects of TRAIL
production have been shown in several types of cancer.
For example, intravesical instillation of the BCG
vaccine induces a ThI immune response, resulting in
the production of anti-tumor cytokines, including
TRAIL, and the infiltration of the lesion with immune
cell and is the first line of therapy for the
treatment of superficial bladder cancer. In vitro
studies indicate that interferon alpha (INF-a), which
incurrently being tested in clinical studies for
efficacy in bladder cancer, causes apoptosis mediated
by the autocrine production of TRAIL in human bladder
cancer cell lines. The circulating level of
osteoprotogerin, a decoy receptor for TRAIL, is also
increased in patients with bladder cancer and
negatively correlate with tumor stage, grade and
prognosis. [0011] Moreover, it has been shown that
TRAIL expression by NK (Natural Killer) cells is
enhanced by IL-2 (Interleukin 2) treatment, and the
expression of TRAIL is required for full tumor cell
cytotoxic effects. IL-2, a cytokine, is currently
approved for the treatment of both melanoma and renal
cell carcinoma. [0012] Inhibition of cancer cell
replication and/or DNA damage repair will enhance
nuclear DNA fragmentation, thus inducing the cell to
enter the apoptotic pathway. Topoisomerases, a class
of enzymes that reduce supercoiling in DNA by breaking
and rejoining one or both strands of the DNA molecule,
are vital to cellular processes, such as DNA
replication and repair. Inhibition of this class of
enzymes impairs the cells ability to replicate as well
as to repair damaged DNA and activates the intrinsic
apoptotic pathway. [0013] The main pathways leading
from topoisomerase-mediated DNA damage to cell death
involve activation of caspases in the cytoplasm by
proapoptotic molecules released from mitochondria,
such as Smac. The engagement of these apoptotic
effector pathways is tightly controlled by upstream
regulatory pathways that respond to DNA
lesions-induced by topoisomerase inhibitors in cells
undergoing apoptosis. Initiation of cellular responses
to DNA lesions-induced by topoisomerase inhibitors is
ensured by protein kinases that bind to DNA breaks.
These kinases (non-limiting examples of which include
Akt, JNK and P38) commonly called "DNA sensors"
mediate DNA repair, cell cycle arrest and / or
apoptosis by phosphorylating a large number of
substrates, including several downstream kinases.
[0014] Platinum chemotherapy drugs belong to a general
group of DNA modifying agents. DNA modifying agents
may be any highly reactive chemical compound that
bonds with various nucleophilic groups in nucleic
acids and proteins and cause mutagenic, 



carcinogenic, or cytotoxic effects. DNA modifying
agents work by different mechanisms, disruption of DNA
function and cell death; DNA damage/the formation of
cross-bridges or bonds between atoms in the DNA; and
induction of mispairing of the nucleotides leading to
mutations, to achieve the same end result:. Three
non-limiting examples of platinum containing DNA
modifying agents are cisplatin, carboplatin and
oxaliplatin.[0015] Cisplatin is believed to kill
cancer cells by binding to DNA and interfering with
its repair mechanism, eventually leading to cell
death. Carboplatin and oxaliplatin are cisplatin
derivatives that share the same mechanism of action.
Highly reactive platinum complexes are formed
intracellularly and inhibit DNA synthesis by
covalently binding DNA molecules to form intrastrand
and interstrand DNA crosslinks. [0016] Non-steroidal
anti-inflammatory drugs (NSAIDs) have been shown to
induce apoptosis in colorectal cells. NSAIDS appear to
induce apoptosis via the release of Smac from the
mitochondria (PNAS, November 30, 2004, vol.
101:16897-16902). Therefore, the use of NSAIDs in
combination with Smac mimetics would be expected to
increase the activity each drug over the activity of
either drug independently. [0017] U.S. Patent No.
6,992,063 to Shi et al. entitled "Compositions and
method for Regulating Apoptosis" filed on September
28, 2001 and issued on January 31, 2006, herein
incorporated by reference in its entirety, teaches
that mimetics of the N terminal portion of Smac
provide viable drug candidates. [0018] Additionally,
it has been shown in U.S. Application No. 10/777,946
to McLendon et al. entitled "IAP-Binding Cargo
Molecules and Peptidomimetics For Use In Diagnostic
and Therapeutic Methods" filed on February 12, 2004,
herein incorporated by reference in its entirety, that
a cargo molecule can be attached to a N-terminal Smac
tetrapeptide peptidomimetic. SUMMARY OF THE INVENTION
[0019] The present invention provides compounds which
mimic the tertiary binding structure of Smac to IAPs
or activity of the N-terminal portion of Smac.
Stereoisomers of the mimetic compounds described
herein are also encompassed in the present invention.
The invention also provides methods of using these
mimetics to modulate apoptosis and further for
therapeutic purposes. The invention also provides
intermediates and methods for using these
intermediates for the preparation of compounds which
modulate apoptosis by mimicking the tertiary binding
structure of Smac to IAPs or activity of the
N-terminal portion of Smac. [0020] A compound of the
present invention having the general formula
(I):wherein Rl and R2 are independently H, r
-butoxycarbonyl, benzyloxycarbonyl, acetyl,
trifluoroacetyl, alkyl, optionally-substituted alkyl,
or where R5a and R5b are independently H, alkyl,
cycloalkyl, cycloalkylalkyl, heterocycloalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl; or each
optionally-substituted with hydroxyl, mercapto,
halogen, amino, carboxyl, alkyl, haloalkyl, alkoxy, or
alkylthio or R5a and R5b are independently
optionally-substituted with hydroxyl, mercapto,
halogen, amino, carboxyl, alkyl, haloalkyl, alkoxy, or
alkylthio; or, optionally, R5a and R5b are connected
by an alkylene, alkenylene, alkynylene bridge of 2 to
12 carbon atoms or an optionally-substituted alkylene,
alkenylene, alkynylene bridge of 2 to 12 carbon atoms
where one or more carbon atoms are replaced with N, O,
or S; R6a and R6b are independently H,
tert-butoxycarbonyl, benzyloxycarbonyl, acetyl,
trifluoroacetyl, alkyl, lower alkyl,
optionally-substituted alkyl, or where R7a and R7b are
independently H, alkyl, cycloalkyl, haloalkyl; or R8a
and R7a and R8b and R7b can independently or together
form a ring such as an aziridine or azetidine ring;R8a
and R8b are independently H, hydroxyl, alkyl, aryl,
arylalkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, or
heteroarylalkyl wherein each alkyl, aryl, arylalkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl, and
heteroarylalkyl is optionally-substituted with
halogen, hydroxyl, mercapto, carboxyl, alkyl, alkoxy,
amino, and nitro; or R8a and R7a and R8b and R7b can
independently or together form a ring such as an
aziridine or azetidine ring; R3a and R3b are
independently H, halogen, alkyl, aryl, arylalkyl,
amino, arylamino, arylalkylamino, hydroxy, alkyloxy,
aryloxy, arylalkylhydroxy, dialkylamino, amido,
sulfonamido, or amidino; m and n are independently 0,
1, 2, or 3; X and Y are independently O, N, S, or C=C;
and R9a, R9b, RlOa, RlOb are independently H, alkyl,
optionally-substituted alkyl, aryl, heteroaryl,
optionally-substituted aryl, heteroaryl, or R9a and
RlOa, independently or in parallel with R9b and RlOb,
can be linked by 4 to 8 optionally-substituted atoms
such as C, N, O, or S, to form an aromatic or
non-aromatic ring; and when Wa and Wb are covalently
bound, Wa and Wb are a bond, alkylene, alkenylene,
alkynylene, aryl, arylalkylene, arylalkylalkylene,
heteroaryl, heteroarylalkylene, or an 



optionally-substituted alkylene, alkenylene,
alkynylene chain of 2 to 12 carbon atoms where one or
more carbon atoms are replaced with N, O, or S; and
RlIa and RlIb are independently absent, H, alkyl,
optionally-substituted alkyl, hydroxyalkyl,
alkoxyalkyl; or Rl Ia and Rl Ib together form an
alkylene, alkenylene, alkynlyene, or alkyloxyalkylene
chain of 2 to 12 carbon atoms where one or more carbon
atoms are optionally replaced with N, O, or S; When Wa
and Wb are not covalently bound, Wa and Wb are
independently be H, Cl, Br, F, alkyl, CN, CO2H; and Rl
Ia and Rl Ib together form an alkylene, alkenylene,
alkynylene, or alkyloxyalkylene chain of 2 to 12
carbon atoms or an optionally substituted alkylene,
alkenylene, alkynylene, or alkyloxyalkylene chain of 2
to 12 carbon atoms where one or more carbon atoms are
optionally replaced with N, O, or S; or Wa is H, Cl,
Br, F, alkyl, CN, CO H and Wb and Rl Ia together are a
bond, alkylene, alkenylene, alkynylene, aryl,
arylalkylene, arylalkylalkylene, heteroaryl,
heteroarylalkylene, or an optionally-substituted
alkylene, alkenylene, alkynylene chain of 2 to 12
carbon atoms where one or more carbon atoms can
bereplaced with N, O, or S, and RlIb is absent or H,
alkyl, optionally-substituted alkyl, hydroxyalkyl,
alkoxyalkyl. [0021] Another embodiment of the present
invention is the therapeutic combination of compounds
of the present invention with TRAIL or other chemical
or biological agents which bind to and activate the
TRAIL receptor(s). TRAIL has received considerable
attention recently because of the finding that many
cancer cell types are sensitive to TRAIL-induced
apoptosis, while most normal cells appear to be
resistant to this action of TRAIL. TRAILresistant
cells may arise by a variety of different mechanisms
including loss of the receptor, presence of decoy
receptors, or overexpression of FLIP which competes
for zymogen caspase- 8 binding during DISC formation.
In TRAIL resistance, Smac mimetics increase tumor cell
sensitivity to TRAIL leading to enhanced cell death,
the clinical correlations of which are expected to be
increased apoptotic activity in TRAIL resistant
tumors, improved clinical response, increased response
duration, and ultimately, enhanced patient survival
rate. In support of this, reduction in XIAP levels by
in vitro antisense treatment has been shown to cause
sensitization of resistant melanoma cells and renal
carcinoma cells to TRAIL (Chawla- Sarkar, et ah,
2004). The Smac mimetics disclosed herein bind to IAPs
and inhibit their interaction with caspases, therein
potentiating TRAIL-induced apoptosis. [0022] In
another embodiment of the invention, Smac mimetics are
used in combination with BCG vaccine treatment of
bladder cancer. XIAP, the nominal target of Smac
mimetics, is overexpressed in a high proportion of
bladder cancers. In studies using antisense XIAP,
bladder cancer cells were sensitized to
chemotherapeutic agents inducing apoptosis of effected
cells through the TRAIL pathway. The present invention
provides Smac mimetics for use with BCG therapy in
superficial bladder cancer/ carcinoma in situ. The
Smac mimetics disclosed herein will enhance the
effects of BCG vaccine by enhancing the effects if
TRAIL generated in response to the vaccine. [0023]
Similarly, Smac mimetics will augment the TRAIL
induced apoptosis observed in melanoma and renal cell
carcinoma patients being treated with IL-2. Since IL-2
induces NK cell activity enhancing TRAIL expression,
the addition of treatment with a caspase-9 activator,
such as Smac mimetic, will lead to a more efficious
clinical response. [0024] Another embodiment of the
present invention provides Smac mimetics which act
synergistically with topoismerase inhibitors to
potentiate their apoptotic inducing effect.
Topoisomerase inhibitors inhibit DNA replication and
repair, thereby promoting apoptosis andhave been used
as chemothemotherapeutic agents. Topoisomerase
inhibitors promote DNA damage by inhibiting the
enzymes that are required in the DNA repair process.
Therefore, export of cytochrome c and Smac from the
mitochondria into the cell cytosol is induced by the
DNA damage caused by topoisomerase inhibitors. [0025J
Topoisomerase inhibitors of both the Type I class
(camptothecin, topotecan, SN-38, irinotecan,
topotecan, BNP 1350, 9-amino-camptothecan, lurtotecan,
grimatecan, exatecan, amsacrine, and diflomotecan) and
the Type II class (etoposide, anthracycyline,
anthraquinone, and podophyllotoxin) show potent
synergy with the Smac mimetics of the invention in a
multi-resistant glioblastoma cell line (T98G), breast
cancer line (MDA-MB- 231), and ovarian cancer line
(OVCAR-3) among others. Other topoisomerase inhibitors
include, for example, Aclacinomycin A, camptothecin,
daunorubicin, doxorubicin, ellipticine, epirubicin,
and mitaxantrone. [0026] In another embodiment of the
invention, the chemotherapeutic/anti-neoplastic agent
may be a platinum containing compound. In one
embodiment of the invention the platinum containing
compound is cisplatin. Cisplatin can synergize with a
Smac peptidomimetic and potentiate the inhibition of
an LAP, such as but not limited to XIAP, cIAP- 



1, c-IAP-2, ML-IAP, etc. In another embodiment a
platinum containing compound is carboplatin.
Carboplatin can synergize with a Smac peptidomimetic
and potentiate the inhibition of an LAP, including,
but not limited to, XIAP, cLAP-1, c-IAP-2, ML-IAP,
etc. In another embodiment a platinum containing
compound is oxaliplatin. The oxaliplatin can synergize
with a Smac peptidomimetic and potentiate the
inhibition of an LAP, including, but not limited to,
XIAP, cIAP-1, c-IAP-2, ML-IAP, etc. [0027] In another
embodiment of the invention, the chemotherapeutic
/anti-neoplastic agent that synergizes with a compound
according to the present invention is a taxane.
Taxanes are anti-mitotic, mitotic inhibitors or
microtubule polymerization agents. Taxanes include but
are not limited to, docetaxel and paclitaxel. [0028]
Taxanes are characterized as compounds that promote
assembly of microtubules by inhibiting tubulin
depolymerization, thereby blocking cell cycle
progression through centrosomal impairment, induction
of abnormal spindles and suppression of spindle
microtubule dynamics. The unique mechanism of action
of taxane is in contrast to other microtubule poisons,
such as Vinca alkaloids, colchicine, and
cryptophycines, which inhibit tubulin polymerization.
Microtubules are highly dynamic cellular polymers made
of ab-tubulin and associated proteins that play key
roles during mitosis by participating in the
organization and function of the spindle, assuring the
integrity of the segregated DNA. Therefore, they
represent an effective target for cancer therapy.
[0029] In another embodiement, any agent that
activates the intrinsic apoptotic pathway and/or
causes the release of Smac or cytochrome c from the
mitochondria has the potential to act synergistically
with a Smac mimetic. [0030] A combination of a Smac
peptidomimetic and a chemotherapeutic/anti neoplastic
agent and/or radiation therapy of any type that
activates the intrinsic or extrinsic pathways or the
release of Smac may provide a more effective approach
to destroying tumor cells. Smac peptidomimetics
interact with IAP's, such as XIAP, cIAP-1, cIAP-2,
ML-IAP, etc., and block the IAP mediated inhibition of
apoptosis while chemotherapeutics/anti neoplastic
agents and/or radiation therapy kills actively
dividing cells by activating the intrinsic apoptotic
pathway leading to apoptosis and cell death. As is
described in more detail below, embodiments of the
invention provide combinations of a Smac pepidomimetc
and a chemotherapeutic/anti-neoplastic agent and/or
radiation which provide a synergistic action against
unwanted cell proliferation. This synergistic action
between a Smac peptidomimetic and a
chemotherapeutic/anti-neoplastic agent and/or
radiation therapy can improve the efficiency of the
chemotherapeutic/anti-neoplastic agent and/or
radiation therapy. This will allow for an increase in
the effectiveness of current
chemotherapeutic/anti-neoplastic agents or radiation
treatment allowing the dose of the
chemotherapeutic/anti-neoplastic agent to be lowered,
therein providing both a more effective dosing
schedule as well as a more tolerable dose of
chemotherapeutic/anti-neoplastic agent and/or
radiation therapy. [0031] For simplicity and
illustrative purposes, the principles of the invention
are described by referring mainly to an embodiment
thereof. In addition, in the following description,
numerous specific details are set forth in order to
provide a thorough understanding of the invention. It
will be apparent however, to one of ordinary skill in
the art, that the invention may be practiced without
limitation to these specific details. In other
instances, well known methods and structures have not
been described in detail so as not to unnecessarily
obscure the invention. DESCRIPTION OF THE FIGURES
[0032] Fig. 1 is a graph depicting the relative
binding affinity of a Smac tetrapeptide (AVPI) and a
potent Smac mimetic of the present invention to XIAP
BIR-3 using aflourescence polarization assay. Results
showed a 30,000 fold increase in binding affinity of
the Smac mimetic relative to the Smac tetrapeptide.
[0033] Fig. 2 is a graph showing the half life of
three Smac miirtetics of the present invention
following a single dose intravenous administration of
1 mg/kg in a rat. Results show up to a six hour
half-life for the mimetics tested. [0034] Fig. 3 is a
graph showing the ability of a Smac mimetic of the
present invention to selectively antagonize
proliferation of an ovarian cancer cell line SK-OV-3.
In this MTT assay, the Smac mimetic displays
anticancer properties at concentrations that have no
effect on normal diploid cell line MRC-5. [0035] Fig.
4 shows the chemopotentiating effect Smac mimetic
using melanoma cells that have been shown to be
resistant to the apoptotic effects of TRAIL. Assays
for cell proliferation revealed that when MDA-MB-231
cells, a breast cancer cell line, were treated with a
Smac peptidomimetic of the invention Entry 1 alone the
cells were resistant to the antiproliferative effects
of the Smac mimetic of the invention. In contrast,
when Entry 1 was 



used in combination with TRAIL there was a 1000 fold
increase in the antiproliferative effect resulting in
a 100-fold increase in the cell killing as detected by
the corresponding loss in colony formation. DETAILED
DESCRIPTION [0036] It must also be noted that as used
herein and in the appended claims, the singular forms
"a", "an", and "the" include plural reference unless
the context clearly dictates otherwise. Unless defined
otherwise, all technical and scientific terms used
herein have the same meanings as commonly understood
by one of ordinary skill in the art. Although any
methods similar or equivalent to those described
herein can be used in the practice or testing of
embodiments of the present invention, the preferred
methods are now described. All publications and
references mentioned herein are incorporated by
reference. Nothing herein is to be construed as an
admission that the invention is not entitled to
antedate such disclosure by virtue of prior invention.
[0037] As used herein, the term "about" means plus or
minus 10% of the numerical value of the number with
which it is being used. Therefore, about 50% means in
the range of 45%-55%. [0038] "Alkyl" means a branched
or unbranched, saturated or unsaturated (i. e.
alkenyl, alkynyl) aliphatic hydrocarbon group, having
up to 12 carbon atoms unless otherwisespecified. When
used as part of another term, for example
"alkylamino", the alkyl portion may be a saturated
hydrocarbon chain, however also includes unsaturated
hydrocarbon carbon chains such as"alkenylamino" and
"alkynylamino". Examples of particular alkyl groups
include methyl, ethyl, n-propyl, isopropyl, n- butyl,
iso-butyl, sec-butyl, tert-butyl, n-pentyl, 2-
methylbutyl, 2,2-dimethylpropyl, n-hexyl, 2-
methylpentyl, 2,2-dimethylbutyl, n-heptyl, 3- heptyl,
2-methylhexyl, and the like. The terms "lower alkyl"
"C1-C4 alkyl" and "alkyl of 1 to 4 carbon atoms" are
synonymous and used interchangeably to mean methyl,
ethyl, 1-propyl, isopropyl, cyclopropyl, 1-butyl,
sec-butyl or t-butyl. Unless specified, substituted,
alkyl groups may contain one, two, three or four
substituents which may be the same or different.
Examples of the above substituted alkyl groups
include, but are not limited to: cyanomethyl,
nitromethyl, hydroxymethyl, trityloxymethyl,
propionyloxymethyl, aminomethyl, carboxymethyl,
carboxyethyl, carboxypropyl, alkyloxycarbonylmethyl,
allyloxycarbonylaminomethyl, carbamoyloxymethyl,
methoxymethyl, ethoxymethyl, t- butoxymethyl,
acetoxymethyl, chloromethyl, bromomethyl, iodomethyl,
trifluoromethyl, 6- hydroxyhexyl, 2,4-dichloro
(nbutyl), 2-amino (iso-propyl), 2-carbamoyloxyethyl
and the like. The alkyl group may also be substituted
with a carbocycle group. Examples include
cyclopropylmethyl, cyclobutylmethyl,
cyclopentylmethyl, and cyclohexylmethyl groups, as
well as the corresponding-ethyl,-propyl,-
butyl,-pentyl,-hexyl groups, etc. Particular
substituted alkyls are substituted methyls e . g. a
methyl group substituted by the same substituents as
the "substituted Cn-Cm alkyl" group. Examples of the
substituted methyl group include groups such as
hydroxymethyl, protected hydroxymethyl (e. g.
tetrahydropyranyloxymethyl), acetoxymethyl,
carbamoyloxymethyl, trifluoromethyl, chloromethyl,
carboxymethyl, bromomethyl and iodomethyl. [0039]
"Amino" denotes primary (i. e.-NH2), secondary (i.
e.-NRH) and tertiary (i. e. - NRR) amines. Particular
secondary and tertiary amines are alkylamine,
dialkylamine, arylamine, diarylamine, arylakylamine
and diarylalkylamine. Particular secondary and
tertiary amines are methylamine, ethylamine,
propylamine, isopropylamine, phenylamine, benzylamine
dimethylamine, diethylamine, dipropylamine and
disopropylamine. [0040] "Aryl" when used alone or as
part of another term means a carbocyclic aromatic
group whether or not fused having the number of carbon
atoms designated or if no number is designated, up to
14 carbon atoms. Particular aryl groups include
phenyl, naphthyl, biphenyl, phenanthrenyl,
naphthacenyl, and the like (see e. g. Lang's Handbook
of Chemistry (Dean, J. A., ed) 13th ed. Table 7-2
[1985]). In a particular embodiment an aryl group is
phenyl. Substituted phenyl or substituted aryl denotes
a phenyl group or aryl group substituted withone, two,
three, four or five substituents chosen, unless
otherwise specified, from halogen (F, Cl, Br, I),
hydroxy, protected hydroxy, cyano, nitro, alkyl (such
as C1-C6 alkyl), alkoxy (such as C1-C6 alkoxy),
benzyloxy, carboxy, protected carboxy, carboxymethyl,
protected carboxymethyl, hydroxymethyl, protected
hydroxymethyl, aminomethyl, protected aminomethyl,
trifluoromethyl, alkylsulfonylamino,
arylsulfonylamino, heterocyclylsulfonylamino,
heterocyclyl, aryl, or other groups specified. One or
more methyne (CH) and/or methylene (CH2) groups in
these substituents may in turn be substituted with a
similar group as those denoted above. Examples of the
term"substituted phenyl "includes but is not limited
to a mono-or di (halo) phenyl group such as
2-chlorophenyl, 2- bromophenyl, 4- chlorophenyl,
2,6-dichlorophenyl, 2,5-dichlorophenyl,
3,4-dichlorophenyl, 3- chlorophenyl, 3- bromophenyl,
4-bromophenyl, 3,4-dibromophenyl,
3-chloro-4-fluorophenyl, 2- fluorophenyl 



and the like; a mono-or di (hydroxy) phenyl group such
as 4-hydroxyphenyl, 3- hydroxyphenyl,
2,4-dihydroxyphenyl, the protected-hydroxy derivatives
thereof and the like; a nitrophenyl group such as 3-or
4-nitrophenyl; a cyanophenyl group, for example, 4-
cyanophenyl; a mono-or di (lower alkyl) phenyl group
such as 4-methylphenyl, 2,4- dimethylphenyl, 2-
methylphenyl, 4- (iso-propyl) phenyl, 4-ethylphenyl,
3- (n-propyl) phenyl and the like; a mono or di
(alkoxy) phenyl group, for example,
3,4-dimethoxyphenyl, 3- methoxy-4-benzyloxyphenyl, 3-
methoxy-4- (1-chloromethyl) benzyloxy-phenyl, 3-
ethoxyphenyl, 4- (isopropoxy) phenyl, 4- (t- butoxy)
phenyl, 3-ethoxy-4-methoxyphenyl and the like; 3-or
4-trifluoromethyIphenyl; a mono- or dicarboxyphenyl or
(protected carboxy) phenyl group such
4-carboxyphenyl,; a mono-or di (hydroxymethyl) phenyl
or (protected hydroxymethyl) phenyl such as 3-
(protected hydroxymethyl) phenyl or 3,4-di
(hydroxymethyl) phenyl; a mono-or di (aminomethyl)
phenyl or (protected aminomethyl) phenyl such as 2-
(aminomethyl) phenyl or 2, 4- (protected aminomethyl)
phenyl; or a monoor di (N- (methylsulfonylamino))
phenyl such as 3- (N- methylsulfonylamino)) phenyl.
Also, the term "substituted phenyl" represents
disubstituted phenyl groups where the substituents are
different, for example, 3-methyI-4-hydroxyphenyl, 3-
chloro-4-hydroxyphenyl, 2-methoxy-4- bromophenyl,
4-ethyl-2-hydroxyphenyl, 3-hydroxy-4- nitrophenyl,
2-hydroxy-4-chlorophenyl, and the like, as well as
trisubstituted phenyl groups where the substituents
are different, for example
3-methoxy-4-benzyloxy-6-methyl sulfonylamino, 3-
methoxy-4-benzyloxy-6- rhenyl sulfonylamino, and
tetrasubstituted phenyl groups where the substituents
are different such as
3-methoxy-4-benzyloxy-5-methyl-6-phenyl sulfonylamino.
Particular substituted phenyl groups are
2-chlorophenyl, 2-aminophenyl, 2-bromophenyl, 3-
methoxyphenyl, 3-ethoxyphenyl, 4-benzyIoxyphenyl,
4-methoxyphenyl, 3-ethoxy-4- benzyloxyphenyl,
3,4-diethoxyphenyl, 3-methoxy-4-benzyloxyphenyl,
3-methoxy-4- (1- chloromethyl) benzyloxyphenyl,
3-methoxy-4- (1-chloromethyl) benzyloxy-6-methyl
sulfonyl aminophenyl groups. Fused aryl rings may also
be substituted with the substituents specified herein,
for example with 1, 2 or 3 substituents, in the same
manner as substituted alkyl groups. [0041] The term
alkylene radical as used herein includes reference to
a di-functional saturated branched or unbranched
hydrocarbon radical containing from 1 to 30 carbon
atoms, and includes, for example, methylene (CH2),
ethylene (CH2CH2), propylene (CH2CH CH2), 2-
methylpropylene (CH2CH(CH ) CH2), hexylene ((CH2) ),
and the like. Lower alkylene includes an alkylene
group of 1 to 10, more preferably 1 to 5, carbon
atoms. [0042] Substituted alkylene radicals includes
reference to a di-functional saturated branched or
unbranched alkylene radical or group having 1-30
carbon atoms and having from 1 to 5 substituents.
Lower substituted alkylene radicals refer to to a
substituted alkylene radical group, having 1-10 carbon
atoms, preferably having 1-5 carbon atoms, and having
from 1 to 5 substituents. Substituents can include but
are not limited to those for the alkyl groups. [0043]
The term alkenyl radical as used herein includes
reference to a branched, cyclic hydrocarbon, or
unbranched hydrocarbon radical of 2 to 30 carbon atoms
containing at least one carbon-carbon double bond,
such as ethenyl, n-propenyl, isopropenyl, n-butenyl,
isobutenyl, t-butenyl, octenyl, decenyl, tetradecenyl,
hexadecenyl, eicosenyl, tetracosenyl and the like. The
term lower alkenyl includes an alkenyl group of 2 to
10 carbon atoms, preferably 2 to 5 carbon atoms,
containing at least one carbon-carbon double bond. The
one or more carbon-carbon double bonds may
independently have a cis or trans configuration.
Substituted alkenyl radical refers to an alkenyl
radical or lower alkenyl group having from 1 to 5
substituents that can include but are not limited to
those for the alkyl groups. [0044] The term alkenylene
radical includes reference to a difunctional branched
or unbranched hydrocarbon radical or group containing
from 2 to 30 carbon atoms and at least one
carbon-carbon double bond. "Lower alkenylene" includes
an alkenylene group of 2 to 10, more preferably 2 to
5, carbon atoms, containing one carbon-carbon double
bond. Substituted alkenylene radical refers to an
alkenylene radical or lower alkenyl group having from
1 to 5 substituents that can include but are not
limited to those for the alkyl groups. [0045] The term
alkynyl radical or group refers to straight or
branched chain hydrocarbon radical having 2 to 12
carbon atoms and at least one triple bond, some
embodiments include alkynyl groups of 2 to 6 carbon
atoms that have one triple bond. Asubstituted alkynyl
will contain one, two, or three substituents as
defined for substituted alkyl groups. Alkynylene
includes reference to a difunctional branched or
unbranched hydrocarbon chain containing from 2 to 12
carbon atoms and at least one carbon-carbon triple
bond; some embodiments include an alkynylene groups of
2 to 6 carbon atoms with one triple bond. A
substituted alkynylene will contain one, two, or three
substituents as defined for substituted alkyl groups.
[0046] "Heterocyclic group", "heterocyclic",
"heterocycle", "heterocyclyl", or 



"heterocyclo" alone and when used as a moiety in a
complex group such as a heterocycloalkyl group, are
used interchangeably and refer to any mono-, bi-, or
tricyclic, saturated or unsaturated, aromatic
(heteroaryl) or non-aromatic ring having the number of
atoms designated, generally from 5 to about 14 ring
atoms, where the ring atoms are carbon and at least
one heteroatom (nitrogen, sulfur or oxygen). In a
particular embodiment the group incorporates 1 to 4
heteroatoms. Typically, a 5- membered ring has 0 to 2
double bonds and 6- or 7-membered ring has 0 to 3
double bonds and the nitrogen or sulfur heteroatoms
may optionally be oxidized (e. g. SO, SO2), and any
nitrogen heteroatom may optionally be quaternized.
Particular non-aromatic heterocycles include
morpholinyl (morpholino), pyrrolidinyl, oxiranyl,
oxetanyl, tetrahydrofuranyl, 2,3- dihydrofuranyl,
2H-pyranyl, tetrahydropyranyl, thiiranyl, thietanyl,
tetrahydrothietanyl, aziridinyl, azetidinyl,
l-methyl-2- pyrrolyl, piperazinyl and piperidinyl.
A"heterocycloalkyl" group is a heterocycle group as
defined above covalently bonded to an alkyl group as
defined above. [0047] Particular 5-membered
heterocycles containing a sulfur or oxygen atom and
one to three nitrogen atoms include thiazolyl, such as
thiazol-2-yl and thiazol-2-yl N-oxide, thiadiazolyl
such as 1,3, 4- thiadiazol-5-yl and 1,
2,4-thiadiazol-5-yl, oxazolyl such as oxazol- 2-yl,
and oxadiazolyl such as 1, 3,4-oxadiazol-5-yl, and 1,
2,4-oxadiazol-5-yl. Particular 5- membered ring
heterocycles containing 2 to 4 nitrogen atoms include
imidazolyl such as imidazol-2-yl; triazolyl such as
1,3, 4- triazol-5-yl, 1, 2,3-triazol-5-yl, and 1,
2,4-triazol-5-yl, and tetrazolyl such as
lH-tetrazol-5-yl. Particular benzo-fused 5-membered
heterocycles are benzoxazol-2-yl, benzthiazol-2-yl and
benzimidazol-2-yl. Particular 6-membered heterocycles
contain one to three nitrogen atoms and optionally a
sulfur or oxygen atom, for example pyridyl, such as
pyrid-2-yl, pyrid-3-yl, and pyrid- 4-yl; pyrimidyl
such as pyrimid-2-yl and pyrimid-4-yl; triazinyl such
as 1, 3,4-triazin-2-yl and 1, 3,5-triazin-4-yl;
pyridazinyl such as pyridazin-3-yl, and pyrazinyl.
Substituents for optionally substituted heterocycles,
and furtherexamples of the 5-and 6-membered ring
systems discussed above can be found in U. S. Patent
No. 4,278, 793 to W. Druckheimer et al. [0048]
Arylalkyl radical refers to alkyl radicals bearing an
aryl substituent and have from about 6 to about 20
carbon atoms (and all combinations and subcombinations
of ranges and specific numbers of carbon atoms
therein), with from about 6 to about 12 carbon atoms
being preferred. Arylalkyl groups can be optionally
substituted. Non-limiting examples include, for
example, benzyl, naphthylmethyl, diphenylmethyl,
triphenylmethyl, phenylethyl, and diphenylethyl. A
substituted arylalkyl group will contain one or more
substituents on the aryl or alkyl group as defined for
substituted alkyl groups. [0049] Cycloalkylaryl
radical or group refers to a cycloalkyl radical fused
to an aryl group, including all combinations of
independently substituted alkyl cycloalkylaryls, the
cycloalkyl and aryl group having two atoms in common.
[0050] Cycloalkyl radical or group more specifically
includes reference to a monovalent saturated
carbocyclic alkyl radical consisting of one or more
rings in their structures and having from about 3 to
about 14 carbon atoms (and all combinations and
subcombinations of ranges and specific numbers of
carbon atoms therein), with from about 3 to about 7
carbon atoms being preferred. Multi-ring structures
may be bridged or fused ring structures. The rings can
optionally be substituted with one or more of the
substituents for the alkyl groups. Examples of
cycloalkyl groups include, but are not limited to,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl,
cyclooctyl, and adamantyl. A substituted cycloalkyl
group will contain one or more substituents as defined
for substituted alkyl groups. [0051] Cycloalkylalkyl
radical more specifically refers to alkyl radicals
bearing an cycloalkyl substituent and having from
about 4 to about 20 carbon atoms (and all combinations
and subcombinations of ranges and specific numbers of
carbon atoms therein), with from about 6 to about 12
carbon atoms being preferred and can include but are
not limited to methyl-cyclopropyl, methylcyclohexyl,
isopropylcyclohexyl, and butyl-cyclohexyl groups.
Cycloalkylalkyl radical or group can be optionally
substituted with one or more substituents for the
alkyl groups including but not limited to hydroxy,
cyano, alkyl, alkoxy, thioalkyl, halo, haloalkyl,
hydroxyalkyl, nitro, amino, alkylamino and
dialkylamino. [0052] "Heteroaryl" alone and when used
as a moiety in a complex group such as a
heteroarylalkyl group, refers to any mono-, bi-, or
tricyclic aromatic ring system having the number of
atoms designated where at least one ring is a 5-, 6-or
7-membered ring containingfrom one to four heteroatoms
selected from the group nitrogen, oxygen, and sulfur
(Lang's Haltdbook of Chemistry, supra). Included in
the definition are any bicyclic groups where any of
the above heteroaryl rings are fused to a benzene
ring. The following ring systems are examples of the
heteroaryl (whether substituted or unsubstituted)
groups denoted by the term "heteroaryl": thienyl,
furyl, imidazolyl, pyrazolyl, thiazolyl, isothiazolyl,
oxazolyl, isoxazolyl, 



triazolyl, thiadiazolyl, oxadiazolyl, tetrazolyl,
thiatriazolyl, oxatriazolyl, pyridyl, pyrimidyl,
pyrazinyl, pyridazinyl, thiazinyl, oxazinyl,
triazinyl, thiadiazinyl, oxadiazinyl, dithiazinyl,
dioxazinyl, oxathiazinyl, tetrazinyl, thiatriazinyl,
oxatriazinyl, dithiadiazinyl, imidazolinyl,
dihydropyrimidyl, tetrahydropyrimidyl, tetrazolo [1,
5-b] pyridazinyl and purinyl, as well as benzo-fused
derivatives, for example benzoxazolyl, benzofuryl,
benzothiazolyl, benzothiadiazolyl, benzotriazolyl,
benzoimidazolyl and indolyl.
Particularly"heteroaryls"include; 1, 3-thiazol-2-yl,
4- (carboxymethyl)-5-methyl-l, 3- thiazol- 2-yl, 4-
(carboxymethyl)-5-methyl-l, 3-thiazol-2-yl sodium
salt, 1, 2,4-thiadiazol-5-yl, 3- methyl-1,
2,4-thiadiazol-5-yl, 1, 3,4-triazol-5-yl, 2-methyl-l,
3,4-triazol-5-yl, 2-hydroxy-l, 3,4- triazol-5-yl,
2-carboxy-4-methyl-l, 3,4-triazol-5-yl sodium salt,
2-carboxy-4-methyl-l, 3,4-triazol- 5-yl, 1,
3-oxazol-2-yl, 1, 3,4-oxadiazol-5-yl, 2-methyl-l,
3,4-oxadiazol-5-yl, 2- (hydroxymethyl)- 1,
3,4-oxadiazol-5-yl, 1, 2,4-oxadiazol-5-yl, 1,
3,4-thiadiazol-5-yl, 2-thiol-l, 3,4-thiadiazol-5-yl,
2- (methylthio)-l, 3,4-thiadiazol-5-yl, 2-amino-l,
3,4-thiadiazol-5-yl, IHtetrazol- 5-yl, 1-methyl-lH-
tetrazol-5-yl, l-(l-(dimethylamino) eth-2-yl)-l
H-tetrazol-5-yl, 1- (carboxymethyl)-l H-tetrazol-5-yl,
l-(carboxymethyl)-lH-tetrazol-5-yl sodium salt, 1-
(methylsulfonic acid)-lH-tetrazol-5-yl, 1-
(methylsulfonic acid)-lH-tetrazol-5-yl sodium salt,
2-methyl-lH-tetrazol-5-yl, 1, 2,3-triazol-5-yl,
1-methyl- 1, 2,3-triazol-5-yl, 2-methyl-l, 2,3-
triazol-5-yl, 4-methyl-l, 2,3-triazol-5-yl, pyrid-2-yl
N- oxide, 6-methoxy-2- (n-oxide)-pyridaz- 3-yl,
6-hydroxypyridaz-3-yl, l-methylpyrid-2-yl, 1-
methylpyrid-4-yl, 2-hydroxypyrimid-4-yl, 1,4,
5,6-tetrahydro-5, 6-dioxo-4-methyl-as-triazin-3-yl, 1,
4,5, 6-tetrahydro-4- (formylmethyl)- 5,
6-dioxo-as-triazin-3-yl, 2,5-dihydro-5-oxo-6-hydroxy-
astriazin-3-yl, 2,5-dihydro-5-oxo-6-
hydroxy-as-triazin-3-yl sodium salt,
2,5-dihydro-5-oxo-6- hydroxy-2-methyl-astriazin-3-yl
sodium salt,
2,5-dihydro-5-oxo-6-hydroxy-2-methyl-as-triazin-3- yl,
2,5-dihydro-5-oxo-6- methoxy-2-methyl-as-triazin-3-yl,
2,5-dihydro-5-oxo-as-triazin-3-yl, 2,5-
dihydro-5-oxo-2- methyl-as-triazin-3-yl,
2,5-dihydro-5-oxo-2, 6-dimethyl-as-triazin-3-yl,
tetrazolo [1, 5-b] pyridazin-6-yl and 8-aminotetrazolo
[1, 5-b] -pyridazin-6-yl. An alternative group
of'heteroaryrincludes; 4- (carboxymethyl)-5-methyl-l,
3-thiazol-2-yl, 4- (carboxymethyl)-5- methyl-1,
3-thiazol-2-yl sodium salt, 1, 3,4-triazol-5-yl,
2-methyl-l, 3,4-triazol-5-yl, IHtetrazol- 5- yl,
1-methyl- 1H-tetrazol-5-yl, l-(l-(dimethylamino)
eth-2-yl)-lH-tetrazol-5-yl, 1-(carboxymethyl)-
lH-tetrazol-5-yl, l-(carboxymethyl)-lH-tetrazol-5-yl
sodium salt, 1- (methylsulfonic acid)-lH-
tetrazol-5-yl, 1- (methylsulfonic
acid)-lH-tetrazol-5-yl sodium salt, 1,
2,3-triazol-5-yl, 1,4, 5,6-
tetrahydro-5,6-dioxo-4-methyl-as-triazin-3-yl, 1, 4,5,
6-tetrahydro- 4- (2-formylmethyl)-5, 6-dioxo-
as-triazin-3-yl, 2,
5-dihydro-5-oxo-6-hydroxy-2-methyl-astriazin- 3-yl
sodium salt, 2,5-dihydro-5-
oxo-6-hydroxy-2-methyl-as-triazin-3-yl, tetrazolo [1,
5-b] pyridazin-6-yl, and 8-aminotetrazolo [1, 5- b]
pyridazin-6-yl. [0053] "Inhibitor" means a compound
which reduces or prevents the binding of IAP proteins
to caspase proteins or which reduces or prevents the
inhibition of apoptosis by an LAP protein, or which
binds to an IAP BIR domain in a manner similar to the
amino terminal portion of Smac, thereby freeing Smac
to inhibit the action of an IAP. [0054]
"Pharmaceutically acceptable salts" include both acid
and base addition salts. "Pharmaceutically acceptable
acid addition salt" refers to those salts which retain
the biological effectiveness and properties of the
free bases and which are not biologically or otherwise
undesirable, formed with inorganic acids such as
hydrochloric acid, hydrobromic acid, sulfuric acid,
nitric acid, carbonic acid, phosphoric acid and the
like, and organic acids may be selected from
aliphatic, cycloaliphatic, aromatic, araliphatic,
heterocyclic, carboxylic, and sulfonic classes of
organic acids such as formic acid, acetic acid,
propionic acid, glycolic acid, gluconic acid, lactic
acid, pyruvic acid, oxalic acid, malic acid, maleic
acid, maloneic acid, succinic acid, fumaric acid,
tartaric acid, citric acid, aspartic acid, ascorbic
acid, glutamic acid, anthranilic acid, benzoic acid,
cinnamic acid, mandelic acid, embonic acid,
phenylacetic acid, methanesulfonic acid,
ethanesulfonic acid, p-toluenesulfonic acid,
salicyclic acid and the like. [0055] The terms
"mimetic," "peptide mimetic" and "peptidomimetic" are
used interchangeably herein, and generally refer to a
peptide, partial peptide or non-peptide molecule that
mimics the tertiary binding structure or activity of a
selected native peptide or protein functional domain
(e.g., binding motif or active site). These peptide
mimetics include recombinantly or chemically modified
peptides, as well as non-peptide agents such as small
molecule drug mimetics, as further described below.
[0056] As used herein, the terms "pharmaceutically
acceptable", "physiologically tolerable" and
grammatical variations thereof, as they refer to
compositions, carriers, diluents and reagents, are
used interchangeably and represent that the materials
are capable ofadministration upon a mammal without the
production of undesirable physiological effects such
as nausea, dizziness, rash, or gastric upset. 



[0057] "Providing" when used in conjunction with a
therapeutic means to administer a therapeutic directly
into or onto a target tissue or to administer a
therapeutic to a patient whereby the therapeutic
positively impacts the tissue to which it is targeted.
[0058] As used herein "subject" or "patient" refers to
an animal or mammal including, but not limited to,
human, dog, cat, horse, cow, pig, sheep, goat,
chicken, monkey, rabbit, rat, mouse, etc. [0059] As
used herein, the term "therapeutic" means an agent
utilized to treat, combat, ameliorate, prevent or
improve an unwanted condition or disease of a patient.
Embodiments of the present invention are directed to
promote apoptosis, and thus cell death. [0060] The
terms "therapeutically effective amount" or "effective
amount", as used herein, may be used interchangeably
and refer to an amount of a therapeutic compound
component of the present invention. For example, a
therapeutically effective amount of a therapeutic
compound is a predetermined amount calculated to
achieve the desired effect, i.e., to effectively
promote apoptosis, or to sensitize a cell to apoptosis
preferably by eliminating an IAP inhibition of
apoptosis, more preferably by inhibiting an IAP
binding to a caspase. [0061] "Mimetics" or
"peptidomimetics" are synthetic compounds having a
threedimensional structure (i.e. a "core peptide
motif) based upon the three-dimensional structure of a
selected peptide. The peptide motif provides the
mimetic compound with the desired biological activity,
i.e., binding to IAP, wherein the binding activity of
the mimetic compound is not substantially reduced, and
is often the same as or greater than the binding
affinity of the native peptide on which the mimetic is
modeled. For example, in the mimetics of the present
invention, we have found that X and X can be quite
non-peptide like. Peptidomimetic compounds can have
additional characteristics that enhance their
therapeutic application, such as increased cell
permeability, greater affinity and/or avidity and
prolonged biological halflife. [0062] Mimetic,
specifically, peptidomimetic design strategies are
readily available in the art and can be easily adapted
for use in the present invention (see, e.g., Ripka &
Rich, Curr. Op. Chem. Biol. 2, 441-452, 1998; Hruby et
al., Curr. Op. Chem. Biol. 1, 114-1 19, 1997; Hruby &
Balse, Curr. Med. Chem. 9, 945-970, 2000). One class
of mimetic mimics a backbone that is partially or
completely non-peptide, but mimics the peptide
backbone atomfor-atom and comprises side groups that
likewise mimic the functionality of the side groups of
the native amino acid residues. Several types of
chemical bonds, e.g. ester, thioester, thioamide,
retroamide, reduced carbonyl, dimethylene and
ketomethylene bonds, are known in the art to be
generally useful substitutes for peptide bonds in the
construction of proteaseresistant peptidomimetics.
Another class of peptidomimetics comprises a small
non-peptide molecule that binds to another peptide or
protein, but which is not necessarily a structural
mimetic of the native peptide. Yet another class of
peptidomimetics has arisen from combinatorial
chemistry and the generation of massive chemical
libraries. These generally comprise novel templates
which, though structurally unrelated to the native
peptide, possess necessary functional groups
positioned on a nonpeptide scaffold to serve as
"topographical" mimetics of the original peptide
(Ripka & Rich, 1998, supra). Tetrapeptidomimetics of
the invention are of the type disclosed and claimed in
US Patent No. 6,992,063 to Shi et al. [0063] It has
been demonstrated in accordance with the present
invention that the IAPbinding peptides or mimetics
thereof are capable of potentiating apoptosis of
cells. [0064] Mimetics of the core IAP-binding
portions are preferred. The mimetics described herein
are suitably small, and since structural features in
relation to the IAP binding groove are
well-characterized, a wide variety of mimetic
compounds may be synthesized. Added advantages of
compounds of this size include improved solubility in
aqueous solution and ease of delivery to selected
targets in vivo. [0065] In one embodiment, the
IAP-binding peptides of the invention are modified to
produce peptide mimetics by replacement of one or more
naturally occurring side chains of the 20 genetically
encoded amino acids, or D amino acids with other side
chains, for instance with groups such as alkyl, lower
alkyl, cyclic 4-, 5-, 6-, to 7-membered alkyl, amide,
amide lower alkyl, amide di(lower alkyl), lower
alkoxy, hydroxy, carboxy and the lower ester
derivatives thereof, and with A-, 5-, 6-, to
7-membered heterocyclics. For example, proline analogs
can be made in which the ring size of the proline
residue is changed from 5 members to 4, 6, or 7
members. Cyclic groups can be saturated or
unsaturated, and if unsaturated, can be aromatic or
non-aromatic. Heterocyclic groups can contain one or
more nitrogen, oxygen, and/or sulphur heteroatoms.
Examples of such groups include the furazanyl,
imidazolidinyl, imidazolyl, imidazolinyl,
isothiazolyl, isoxazolyl, morpholinyl (e.g.
morpholino), oxazolyl, piperazinyl (e.g.
1-piperazinyl), piperidyl (e.g. 1-piperidyl,
piperidino), pyranyl, pyrazinyl, pyrazolidinyl,
pyrazolinyl, pyrazolyl, pyridazinyl, pyridyl,
pyrimidinyl, pyrrolidinyl (e.g. 1- 



pyrrolidinyl), pyrrolinyl, pyrrolyl, thiadiazolyl,
thiazolyl, thienyl, thiomorpholinyl
(e.g.thiomorpholino), and triazolyl. These
heterocyclic groups can be substituted or
unsubstituted. Where a group is substituted, the
substituent can be alkyl, alkoxy, halogen, oxygen, or
substituted or unsubstituted phenyl. Peptidomimetics
may also have amino acid residues that have been
chemically modified by phosphorylation, sulfonation,
biotinylation, or the addition or removal of other
moieties. [0066] The present invention provides
compounds which mimic the tertiary binding structure
of Smac to IAPs or activity of the N-terminal portion
of Smac. Stereoisomers of the mimetic compounds
described herein are also encompassed in the present
invention. The invention also provides methods of
using these mimetics to modulate apoptosis and further
for therapeutic purposes. The invention also provides
intermediates and methods for using these
intermediates for the preparation of compounds which
modulate apoptosis by mimicking the tertiary binding
structure of Smac to IAPs or activity of the
N-terminal portion of Smac. [0067J In accordance with
the present invention, a compound of the present
invention having the general formula (I) is provided:
wherein Rl and R2 are independently H,
/ert-butoxycarbonyl, benzyloxycarbonyl, acetyl,
trifluoroacetyl, alkyl, optionally-substituted alkyl,
or where R5a and R5b are independently H, alkyl,
cycloalkyl, cycloalkylalkyl, heterocycloalkyl, aryl,
arylalkyl, heteroaryl, heteroarylalkyl or each
optionally-substituted with hydroxyl,mercapto,
halogen, amino, carboxyl, alkyl, haloalkyl, alkoxy, or
alkylthio; or R5a and R5b are independently
optionally-substituted with hydroxyl, mercapto,
halogen, amino, carboxyl, alkyl, haloalkyl, alkoxy, or
alkylthio; or, optionally, R5a and R5b are connected
by an alkylene, alkenylene, alkynylene bridge of 2 to
12 carbon atoms or optionally-substituted alkylene,
alkenylene, alkynylene bridge of 2 to 12 carbon atoms
where one or more carbon atoms are replaced with N, O,
or S; R6a and R6b are independently H,
ft-butoxycarbonyl, benzyloxycarbonyl, acetyl,
trifluoroacetyl, alkyl, lower alkyl,
optionally-substituted alkyl, or where R7a and R7b are
independently H, alkyl, cycloalkyl, haloalkyl; or R8a
and R7a and R8b and R7b can independently or together
form a ring such as an aziridine or azetidine ring;
R8a and R8b are independently H, hydroxyl, alkyl,
aryl, arylalkyl, cycloalkyl, cycloalkylalkyl,
heteroaryl, or heteroarylalkyl wherein each alkyl,
aryl, arylalkyl, cycloalkyl, cycloalkylalkyl,
heteroaryl, and heteroarylalkyl is
optionally-substituted with halogen, hydroxyl,
mercapto, carboxyl, alkyl, alkoxy, amino, and nitro;
or R8a and R7a and R8b and R7b can independently or
together form a ring such as an aziridine or azetidine
ring; R3a and R3b are independently H, halogen, alkyl,
aryl, arylalkyl, amino, arylamino, arylalkylamino,
hydroxy, alkyloxy, aryloxy, arylalkylhydroxy,
dialkylamino, amido, sulfonamido, or amidino; m and n
are independently 0, 1, 2, or 3; X and Y are
independently O, N, S, or C=C; R9a, R9b, RlOa, RlOb
are independently H, alkyl, optionally-substituted
alkyl, aryl, heteroaryl, optionally-substituted aryl,
heteroaryl, or R9a and RlOa, independently or in
parallel with R9b and RlOb, can be linked by 4 to 8
optionally-substituted atoms such as C, N, O, or S, to
form an aromatic or non-aromatic ring;When Wa and Wb
are covalently bound, Wa and Wb are a bond, alkylene,
alkenylene, alkynylene, aryl, arylalkylene,
arylalkylalkylene, heteroaryl, heteroarylalkylene, or
an optionally-substituted alkylene, alkenylene,
alkynylene chain of 2 to 12 carbon atoms where one or
more carbon atoms can be replaced with N, O, or S; and
RlIa and RlIb are independently absent, H, alkyl,
optionally-substituted alkyl, hydroxyalkyl,
alkoxyalkyl; or RlIa and RlIb together form an
alkylene, alkenylene, alkynlyene, or alkyloxyalkylene
chain of 2 to 12 carbon atoms where one or more carbon
atoms are, optionally, replaced with N, O, or S; When
Wa and Wb are not covalently bound, Wa and Wb are
independently be H, Cl, Br, F, alkyl, CN, CO2H; and
RlIa and RlIb together form an alkylene, alkenylene,
alkynylene, or alkyloxyalkylene chain of 2 to 12
carbon atoms or optionally substituted alkylene,
alkenylene, alkynylene, or alkyloxyalkylene chain of 2
to 12 carbon atoms where one or more carbon atoms can
be replaced with N, O, or S; or Wa can be H, Cl, Br,
F, alkyl, CN, CO2H and Wb and RlIa together are a
bond, alkylene, alkenylene, alkynylene, aryl,
arylalkylene, arylalkylalkylene, heteroaryl,
heteroarylalkylene, or an optionally-substituted
alkylene, alkenylene, alkynylene chain of 2 to 12
carbon atoms where one or more carbon atoms can be
replaced with N, O, or S; and RlIb is absent or H,
alkyl, optionally-substituted alkyl, hydroxyalkyl,
alkoxyalkyl. [0068] The compounds encompassed in the
present invention include both Smac mimetics and
intermediates therefor. The present invention includes
stereosiomers of each 



disclosed compound. Generally, the compounds of the
present invention include tertrapetide mimetics of
Smac, covelently attached dimers of tetrapeptide
mimetics of Smac and covelently attached homodimers of
tetrapeptide mimetics of Smac. Homodimers are those
mimetics wherein the substantially identical
tetrapeptide mimetics are covelently bound. [0069] The
experimental schemes below are related to the schemes
used to produce the compounds first disclosed in PCT
Publication No. WO 2004/007529, herein incorporated by
reference in its entirety. Suitable peptides and
peptidomimetics are also described in U.S. Application
No. 11/184,503 filed July 15, 2005, entitled "IAP
Binding Compounds" based upon U.S. Provisional
Application No. 60/588,050 filed July 15, 2004, the
disclosures of which are herein incorporated by
reference in their entireties. [0070] The binding
affinity of compounds embodies in the present
invention to the XIAP was determined as described by
Nikolovska-Coleska, Z. et.al. (Analytical
Biochemistry(2004), vol. 332:261-273) using a variety
of fluorogenic substrates and is reported as a KD
value. Briefly, various concentrations of test
peptides were mixed with 5 nM fluorescently labeled
peptide (AbuRPF-K(5-Fam)-NH2) and 40 nM of XIAP-BIR3
for 15 min at RT in 100 mL of 0.1M Potassium Phosphate
buffer, pH 7.5 containing 100 mg/ml bovine g-globulin.
Following incubation, the polarization values (mP)
were measured on a Victor V using a 485nm excitation
filter and a 520nm emission filter. IC50 values were
determined from the plot using nonlinear least-squares
analysis using GraphPad Prism. The compounds described
herein afford KD values in the ranges of: KD <0.1 mM
(A)5-K = 0.1-1 mM (B), KD = 1-10 mM (C), and KD >10 mM
(D). Scheme I
2-(2-Bromo-6-fluoro-lH-indol-3-ylmethyl)-pyrrolidine-l
-carboxylic acid tert-butyl ester (2): [0071] NBS (3.2
g, 17.9 mmol) was added to a solution containing 1
(5.4 g, 17.0 mmol) in CCl4 (50 mL). The heterogeneous
reaction mixture was heated to reflux (80-85 0C) for 2
h at which point TLC analysis revealed complete
consumption of 1. [TLC analysis, 4:1 hexane/EtOAc,
Rf(8) = 0.4 ; Rf(2) = 0.5]. The reaction mixture was
cooled to ambient temperature then poured onto a
column of silica gel. The product was eluted with
10-15% EtOAc/hexane to afford 4.4 g (65%) of 2 as a
white solid. 1H NMR (DMSO, 300 MHz) dll.74 (s, IH),
7.56 (m, IH), 7.02 (d, J = 9.3 Hz, IH), 6.88 (m, IH),
3.99 (m, IH), 3.22 (m, 2H), 2.97 (m, IH), 2.58 (dd, J
= 13.5, 9.3 Hz, IH), 1.9-1.5 (4H), 1.40 (s, 9H) ppm.
l,4-Bis-[2-(6-Fluoro-lH-indol-3-ylmethyl)-pyrrolidine-
l-carboxylic acid tert-butyl ester] benzene (4):
[0072] A solution containing 2 (3.3 g, 8.3 mmol) in
toluene (25 mL), EtOH (25 mL), and water ( 1 mL) was
degassed under high vacuum. K2CO3 (4.5 g, 32.5 mmol),
3 (0.97 g, 5.8mmol), and (Ph P) Pd (0.29 g, 0.25 mmol)
were added and the resulting mixture was stirred at
100 0C for 5 h. [TLC analysis, 4:1 hexane/EtOAc, Rf(2)
= 0.5 ; Rf(4) = 0.3]. The reaction mixture was
filtered through a short pad of silica gel and washed
with 5% EtOAc/hexane. The filtrate was concentrated
and the crude product was purified by flash silica gel
chromatography (20% EtOAc/hexane) to afford 3.O g
(98%) of 4 as an off-white, highly-fluorescent solid.
1H NMR (CDCl3, 300 MHz) 58.6-8.4 (m, 2H), 7.65 (m,
2H), 7.57 (br s, 4H), 7.05 (m, 2H), 7.90 (m, 2H), 4.22
(br s, 2H), 3.4-3.1 (m, 6H), 2.90 (m, 2H), 1.8-1.3 (m,
26H) ppm. Scheme II l,4-Bis-|2-|
l-f2-Acetoxy-ethyl)-6-fluoro-lH-indol-3-ylmethyll-pyrr
olidine-l-carboxylic acid tert-butyl esterlbenzene
(6): [0073] To a suspension of 60% NaH (0.67 g, 17.0
mmol) in anhydrous DMF (10 mL) was added a solution of
4 (3.0 g, 4.2 mmol) in DMF (10 mL) at 0 0C. The
reaction mixture was allowed to stir at ambient
temperature for 1 h then re-cooled to 0 0C. A solution
containing 5 (2.8 g, 16.8 mmol) in DMF (5 mL) was
added to the reaction mixture and the ice bath was
removed following addition. After 2 h at ambient
temperature, LC/MS and TLC analyses revealed complete
consumption of 4. [TLC analysis, 2:1 hexane/EtOAc,
Rf(4) = 0.4; Rf(6) = 0.8]. The reaction mixture was
cooled to 0 0C and saturated aqueous NH4Cl was added.
The product was extracted with diethyl ether. The
ether extracts were washed with water, brine, dried
over anhydrous Na2SO4, filtered, and concentrated. The
crude product was purified by NP-HPLC (silica gel,
10-100% EtOAc/hexane over 30 min) to afford 1.4 g of 6
as an off-white solid. 1H NMR (CDCl3, 300 MHz) 67.68
(m, 2H), 7.54 (s, 4H), 7.12 (m, 2H), 6.94 (m, 2H),
4.25 (m, 4H)5 4.14 (m, 6H), 3.4-3.1 (6H), 2.60 (dd, J
= 9.6, 13.8 Hz, 2H), 1.90 (s, 6H), 1.83 (m, 2H),
1.7-1.3 (m, 24H) ppm.Scheme III Acetic acid 2-(2- 4-f
1-f2-acetoxy-ethyl)-6-fluoro-3-pyrrolidin-2-ylmethyl-
1H-indol-2-yliphenyU- -fluoro-S-pyrrolidin-
-ylmethyl-indol-l-yD-ethyl ester ): [0074] A solution
containing 6 (1.4 g, 1.58 mmol) in DCM (20 mL) was
cooled to 0 0C. TFA (5 mL) was added via pipette and
the reaction was allowed to warm to ambient 



temperature and monitored until TLC analysis revealed
complete consumption of 6 (~2 h). TLC analysis, 10%
MeOH/DCM, Rf(6) = 0.7; Rf(7) - 0.2. The solvent was
removed on a rotary evaporator and the residue was
dissolved in EtOAc. The EtOAc solution was washed
twice with saturated aqueous NaHCO3 and once with
brine. The combined aqueous washes were back-extracted
with EtOAc and the organic extracts were dried over
anhydrous Na2SO4, filtered, and concentrated to afford
1.2 g (quant.) of 7 as a yellow solid which was used
without further purification. IH NMR (CDC13, 300 MHz)
58.05 (dd, J = 8.4, 5.4 Hz, 2H), 7.56 (s, 4H), 7.13
(dd, J = 9.9, 2.4 Hz, 2H), 6.99 (m, 2H), 4.60 (d, J =
9.9 Hz, 2H), 4.51 (m, 2H), 4.26 (m, 4H), 4.15 (m, 4H),
3.63 (m, 2H), 3.54 (m, 2H), 3.5-3.3 (m, 4H), 2.41 (m,
2H), 1.89 (s, 6H), 1.8-1.5 (m, 6H), 1.43 (s, 18H),
1.09 (s, 18H) ppm. l,4-Bis-{Acetic acid 2-|3-[l-(
'2-tert-butoxycarbonylamino-3.3-dimethyl-butyryl
')-pyrrolidin- 2-ylmethyl]-6-fluoro-indol-l-yl)-ethyl
esterlbenzene (8): [0075] A solution containing
Boc-L-tert-Leu-OH (0.82 g, 3.54 mmol) and HATU (1.41
g, 3.70 mmol) in anhydrous NMP (15 mL) was cooled to 0
0C. After 15 min, Nmethylmorpholine (0.46 g, 0.5 mL,
4.54 mmol) was added via syringe. After 15 min, a
solution containing 7 (1.10 g, 1.61 mmol) in DCM (10
mL) was added and the reaction mixture was allowed to
warm to ambient temperature over 16 h at which point
TLC analysisrevealed complete consumption of 7 [TLC
analysis, 2:1 hexane/EtOAc, Rf{7) = 0.01; R0) - 0.8].
The reaction mixture was diluted with diethyl ether
and washed once with dilute aqueous HCl, five times
with water to remove excess NMP, once with saturated
aqueous NaHCO and brine, dried over anhydrous Na2SO ,
filtered, and concentrated. The crude product was
purified by NP-HPLC (silica gel, 10-100% EtOAc/hexane
over 30 min) to afford 1.3 g (73%) of 8 as an
off-white solid. 1H NMR (CDCl3, 300 MHz) 58.05 (dd, J
= 5.4, 8.4 Hz, 2H), 7.56 (s, 4H), 7.11 (dd, J = 2.4,
9.9 Hz, 2H), 6.98 (m, 2H) 5.43 (d, J = 9.9 Hz, 2H),
4.51 (m, 2H), 4.26 (m, 6H), 4.17 (m, 6H), 3.2-3.7 (m,
8H), 2.41 (dd, J = 12, 13 Hz, 2H), 1.88 (s, 6H),
1.7-1.5 (m, 4H), 1.43 (s, 18H), 1.04 (s, 18H)ppm.
Scheme IV Acetic acid
2-(2-(4-|l-(2-acetoxy-ethyl)-3-[l-f2-amino-3,3-dimethy
l-butyryl)-pyrrolidin-2-
v]rnethyl]-6-fluoro-lH-indol-2-yl}-phenyl)-3-[l-r2-ami
no-3,3-dimethyl-butyryl)-pyrrolidin-
2-ylmethyl]-6-fluoro-indol-l-vU -ethyl ester (9):
[0076] A solution containing 8 (1.3 g, 1.17 mmol) in
DCM (5 mL) was cooled to 0 0C. 20% TFA in DCM (25 mL)
was added via pipette and the reaction was allowed to
warm to ambient temperature and monitored until TLC
analysis revealed complete consumption of 8 (~2 h).
TLC analysis, 10% MeOH/DCM, R{(8) = 0.7; Rf(9) = 0.3.
The solvent was removed on a rotary evaporator and the
residue was purified by RP-HPLC (Method: Solvent A:
water w/0.1% v/v HOAc, Solvent B: ACN w/0.1% v/v HOAc.
Dynamax Microsorb Cl 8 6qA 8 m, 41.4 mm x 25 cm; Flow:
40 mL/min; Detector: 254 nm). The product-containing
fractionswere pooled and neutralized with saturated
aqueous NaHCO 3. The product was extracted with EtOAc
and the organic extract was washed with brine, dried
over anhydrous Na2SO , filtered, and concentrated to
afford 0.80 g (75%) of 9 as an off-white solid. 1H NMR
(CDCl3, 300 MHz) 68.09 (dd, J = 5.1, 8.7 Hz, 2H), 7.51
(s, 4H), 7.13 (m, 2H), 7.0 (m, 2H), 4.41 (m, 2H), 4.25
(m, 4H), 4.16 (m, 4H), 3.6-3.0 (m, 6H), 2.86 (m, 2H),
2.39 (m, 2H), 1.91 (s, 6H), 1.8-1.4 (m, 12H), 1.04 (s,
18H) ppm. l,4-Bis-{ Acetic acid
2-[3-(l-|2-[2-(tert-butoxycarbonyl-methyl-aminoV
rropionylaminol - 3,3-dimethyl-butyryl}
-pyrrolidin-2-ylmethyl)-6-fluoro-indol- 1-yl]-ethyl
esterlbenzene (10): [0077] A solution containing
Boc-L-N(Me)Ala-OH (0.27 g, 1.32 mmol) and HATU (0.54
g, 1.43 mmol) in anhydrous NMP (15 mL) was cooled to 0
0C. After 15 min, Nmethylmorpholine (0.17 g, 0.2 mL,
1.68 mmol) was added via syringe. After 15 min, a
solution containing 9 (0.50 g, 0.55 mmol) in DCM (10
mL) was added and the reaction mixture was allowed to
warm to ambient temperature over 16 h at which point
TLC analysis revealed complete consumption of 9 [TLC
analysis, 3:2 hexane/EtOAc, R{(9) = 0.01; Rf(IO) =
0.5]. The reaction mixture was diluted with diethyl
ether and washed once with dilute aqueous HCl, five
times with water to remove excess NMP, once with
saturated aqueous NaHCO and brine, dried over
anhydrous Na2SO4, filtered, and concentrated. The
crude product was purified by NP-HPLC (silica gel,
10-100% EtOAc/hexane over 30 min) to afford 0.64 g
(91%) of 10 as an off-white solid. 1H NMR (CDCl3, 300
MHz) 58.05 (m, 2H), 7.58 (br s, 4H), 7.13 (m, 2H),
6.97 (m, 2H), 4.75 (m, 2H), 4.60 (d, J = 9.3 Hz, 2H),
4.50 (m, 2H), 4.25 (m, 4H), 4.16 (m, 4H), 3.70 (m,
2H), 3.57 (m, 2H), 3.5-3.2 (m, 4H), 2.85 (br s, 6H),
2.42 (m, 2H), 1.88 (s, 6H), 1.8-1.4 (m, 8H), 1.52 (s,
18H), 1.33 (m, 6H), 1.04 (br s, 18H) ppm.Scheme V
1,4-Bis- (Acetic acid 2-(3 - {1-[3
,3-dimethyl-2-r2-methylamino-propionylamino)-butyryl]-
pyrrolidin-2-ylmethyl 1-6-fluoro-indol- 1-yl)-ethyl
ester! benzene CIl): [0078] A solution containing 10
(0.64 g, 0.5 mmol) in DCM (20 mL) was cooled to 0 



0C. TFA (5 mL) was added via pipette and the reaction
was allowed to warm to ambient temperature and
monitored until TLC analysis revealed complete
consumption of 10 (~2 h). The solvent was removed on a
rotary evaporator and the residue was purified by
RP-HPLC (Method: Solvent A: water w/0.1% v/v HOAc,
Solvent B: ACN w/0.1% v/v HOAc. Dynamax Microsorb Cl 8
6qA 8 m, 41.4 mm x 25 cm; Flow: 40 niL/min; Detector:
254 nm). The product-containing fractions were pooled
and neutralized with saturated aqueous NaHCO3. The
product was extracted with EtOAc and the organic
extract was washed with brine, dried over anhydrous
Na2SO4, filtered, and concentrated to afford 0.50 g
(93%) of 11 as an off-white solid. 1H NMR (CDCl3, 300
MHz) 68.04 (m, 2H), 7.83 (d, J = 9.3 Hz, 2H), 7.55 (m,
4H), 7.12 (m, 2H), 6.99 (m, 2H), 4.60 (d, J = 9.3 Hz,
2H), 4.57 (m, 2H), 4.24 (m, 4H), 3.73 (m, 2H), 3.55
(m, 2H), 3.41 (m, 2H), 3.30 (m, 2H), 3.08 (m, 2H),
2.40 (s, 6H), 2.38 (m, 2H), 1.87 (s, 6H), 1.8-1.3 (m,
16H), 1.04 (br s, 18H) ppm.1,4-Bis-
(N-Cl-|2-[6-Fluoro- 1- 2-hvdroxy-ethylV
lH-indol-3-ylmethyli-pyrrolidine- 1-
carbonyll-2,2-dimethyl-propyl)-2-methylammo-propionami
de}benzene ("12): [0079] Aqueous NaOH ( 1 M, 5 mL,
excess) was added at 0 0C to a solution containing 11
(0.48 g, 0.44 mmol) in MeOH (5 mL). Following the
addition, the ice bath was removed and the reaction
mixture was stirred at ambient temperature for 1 h.
The reaction mixture was diluted with water/EtOAc and
the layers were separated. The organic phase was
washed with brine, dried over anhydrous Na SO ,
filtered, and concentrated. The residue was purified
by RP-HPLC (Method: Solvent A: water w/0.1% v/v HOAc,
Solvent B: ACN w/0.1% v/v HOAc. Dynamax Microsorb Cl 8
6qA 8 m, 41.4 mm x 25 cm; Flow: 40 mL/min; Detector:
254 nm). The product-containing fractions were pooled,
frozen, and lyophilized to afford 0.19 g of 12 as a
flocculent, white solid. 1H NMR (CDCl3, 300 MHz) d
ppm. 13C NMR (CDCl3, 75 MHz) 57.8-7.4 (m, 8H), 7.11
(m, 2H), 6.95 (m, 2H), 4.57 (d, J = 9.3 Hz, 2H),
4.4-4.0 (m, 6H), 3.8- 3.4 (m, 8H), 3.2-3.0 (m, 3H),
2.6-2.4 (m, 14H), 2.38 (m, 6H), 2.2-1.5 (m, 12H), 1.29
(d, J = 6.9 Hz, 6H), 1.00 (s, 18H) ppm. Examples:
Example 1 [0080] where R7a and R7b are independently
H, alkyl, cycloalkyl, haloalkyl; or R8a and R7a and
R8b and R7b can independently or together form a ring
such as an aziridine or azetidine ring; [0081] R8a and
R8b are independently H, hydroxyl, alkyl, aryl,
arylalkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, or
heteroarylalkyl wherein each alkyl, aryl, arylalkyl,
cycloalkyl, cycloalkylalkyl, heteroaryl, and
heteroarylalkyl is optionally-substituted with
halogen,hydroxyl, mercapto, carboxyl, alkyl, alkoxy,
amino, and nitro; or R8a and R7a and R8b and R7b can
independently or together form a ring such as an
aziridine or azetidine ring; [0082] where R5a and R5b
are independently H, alkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl; or each
optionally-substituted with hydroxyl, mercapto,
halogen, amino, carboxyl, alkyl, haloalkyl, alkoxy, or
alkylthio; or, in some instances, the R5a and R5b
residues are connected by an alkylene, alkenylene,
alkynylene bridge of 2 to 12 carbon atoms or
optionally-substituted alkylene, alkenylene,
alkynylene bridge of 2 to 12 carbon atoms where one or
more carbon atoms can be replaced with N, O, or S;
[0083] R12a, R12b, R13a, R13b, R14a, and R14b are
independently H, Cl, Br, F, alkyl, cycloalkyl,
hydroxy, alkoxy, amino, alkylamino, cyano, or CO2H;
[0084] R3a and R3b are independently H, halogen,
alkyl, aryl, arylalkyl, amino, arylamino,
arylalkylamino, hydroxy, alkyloxy, aryloxy,
arylalkylhydroxy, dialkylamino, amido, sulfonamido, or
amidino; [0085] X and Y are independently O, N, S, or
C=C; [0086] RlIa and RlIb are absent or independently
H, alkyl, optionally-substituted alkyl, hydroxyalkyl,
alkoxyalkyl; or RlIa and RlIb together form an
alkylene, alkenylene, alkynlyene, or alkyloxyalkylene
chain of 2 to 12 carbon atoms where one or more carbon
atoms can be replaced with N, O, or S; [0087] Wa and
Wb together are a bond, alkylene, alkenylene,
alkynylene, aryl, heteroaryl, or an
optionally-substituted alkylene, alkenylene,
alkynylene chain of 2 to 12 carbon atoms where one or
more carbon atoms can be replaced with N, O, or
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60/657,463 filed on February 28, 2005, which is
incorporated herein by reference in its entirety.
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Field of the Invention The invention relates to the
field of pharmaceutical chemistry, in particular to
compounds, compositions and methods for treating viral
infections in mammals mediated, at least in part, by a
virus in the Flaviviridae family of viruses.
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in its entirety. State of the Art Chronic infection
with HCV is a major health problem associated with
liver cirrhosis, hepatocellular carcinoma and liver
failure. An estimated 170 million chronic carriers
worldwide are at risk of developing liver disease. 1'2
In the United States alone 2.7 million are chronically
infected with HCV, and the number of HCV-related
deaths in 2000 was estimated between 8,000 and 10,000,
a number that is expected to increase significantly
over the next years. Infection by HCV is insidious in
a high proportion of chronically infected (and
infectious) carriers who may not experience clinical
symptoms for many years. Liver cirrhosis can
ultimately lead to liver failure. Liver failure
resulting from chronic HCV infection is now recognized
as a leading cause of liver transplantation. HCV is a
member of the Flaviviridae family of RNA viruses that
affect animals and humans. The genome is a single
~9.6-kilobase strand of RNA, and consists of one open
reading frame that encodes for a polyprotein of -3000
amino acids flanked by untranslated regions at both 5'
and 3' ends (5'- and 3'-UTR). The polyprotein serves
as the precursor to at least 10 separate viral
proteins critical for replication and assembly of
progeny viral particles. The organization of
structural and non-structural proteins inthe HCV
polyprotein is as follows:
C-El-E2-p7-NS2-NS3-NS4a-NS4b-NS5a-NS5b. Because the
replicative cycle of HCV does not involve any DNA
intermediate and the virus is not integrated into the
host genome, HCV infection can theoretically be cured.
While the pathology of HCV infection affects mainly
the liver, the virus is found in other cell types in
the body including peripheral blood lymphocytes.3'4 At
present, the standard treatment for chronic HCV is
interferon alpha (IFNalpha) in combination with
ribavirin and this requires at least six (6) months of
treatment. IFN-alpha belongs to a family of naturally
occurring small proteins with characteristic
biological effects such as antiviral, immunoregulatory
and antitumoral activities that are produced and
secreted by most animal nucleated cells in response to
several diseases, in particular viral infections.
IFN-alpha is an important regulator of growth and
differentiation affecting cellular communication and
immunological 



control. Treatment of HCV with interferon has
frequently been associated with adverse side effects
such as fatigue, fever, chills, headache, myalgias,
arthralgias, mild alopecia, psychiatric effects and
associated disorders, autoimmune phenomena and
associated disorders and thyroid dysfunction.
Ribavirin, an inhibitor of inosine 5'-monophosphate
dehydrogenase (IMPDH), enhances the efficacy of
IFN-alpha in the treatment of HCV. Despite the
introduction of ribavirin, more than 50% of the
patients do not eliminate the virus with the current
standard therapy of interferon-alpha (IFN) and
ribavirin. By now, standard therapy of chronic
hepatitis C has been changed to the combination of
pegylated IFN-alpha plus ribavirin. However, a number
of patients still have significant side effects,
primarily related to ribavirin. Ribavirin causes
significant hemolysis in 10-20% of patients treated at
currently recommended doses, and the drug is both
teratogenic and embryotoxic. Even with recent
improvements, a substantial fraction of patients do
not respond with a sustained reduction in viral load 5
and there is a clear need for more effective antiviral
therapy of HCV infection. A number of approaches are
being pursuit to combat the virus. They include, for
example, application of antisense oligonucleotides or
ribozymes for inhibiting HCV replication. Furthermore,
low-molecular weight compounds that directly inhibit
HCV proteins and interfere with viral replication are
considered as attractive strategies to control HCV
infection. Among the viral targets, the NS3/4A
protease/helicase and the NS5b RNA-dependent RNA
polymerase are considered the most promising viral
targets for new drugs.6 8The NS5b RNA-dependent RNA
polymerase in particular has been shown to be amenable
to small-molecule inhibition. Besides several
nucleoside inhibitors, 9>1 at least three allosteric
sites have been described, 7 along with multiple
inhibitor scaffolds. p -14 Besides targeting viral
genes and their transcription and translation
products, antiviral activity can also be achieved by
targeting host cell proteins that are necessary for
viral replication. For example, Watashi et al. 15 show
how antiviral activity can be achieved by inhibiting
host cell cyclophilins. Alternatively, a potent TLR7
agonist has been shown to reduce HCV plasma levels in
humans. 16 However, none of the compounds described
above have progressed beyond clinical trials.6'8 In
view of the worldwide epidemic level of HCV and other
members of the Flaviviridae family of viruses, and
further in view of the limited treatment options,
there is a strong need for new effective drugs for
treating infections cause by these viruses. Summary Of
The Invention This invention is directed to novel
compounds that are useful in the viral infections in
mammals, mediated at least in part by a virus in the
Flaviviridae family of viruses. In one of its
composition aspects, the present invention is directed
to compounds of Formula I : wherein- between Z1 and Z2
, between Z2 and Z3, between Z4 and R1, and between N
and Z4 indicates a bond that may be a single or a
double bond and - indicates a single bond or no bond,
provided that: only one of the bonds between Z1 and Z2
and between Z2 and Z3 is a double bond; when the bond
between Z4 and R1 is a double bond, the bond between
the N and Z4 is a single bond, the bond between the N
and (R)p is a single bond and/? is 1; when the bond
between Z4 and R1 is a single bond, the bond between
the N and Z4 atoms is a double bond, the bond between
the N and (R)p is absent and p is 0; p is Oot l ; each
R is independently selected from hydrogen, alkyl,
substituted alkyl, cycloalkyl, substituted cycloalkyl;
when the bond between Z4 and R1 is a single bond, then
R1 is selected from the group consisting of hydrogen
alkyl, substituted alkyl, alkoxy, substituted alkoxy,
thiol, and alkylthioether; when the bond between Z4
and R1 is a double bond, then R1 is Q1; each of Z1, Z2
and Z3 is independently selected from the group
consisting of CH, CH2, CH-Q4, C-Q4, C(Q1), N, N-H, and
N-Q provided that if one of Z1, or Z3 is CH, N or C-Q4
then Z2 is CH or N or C-Q4; Z4 is a carbon atom
containing a double bond either with R1 or with N; 



Q is selected from the group consisting of alkyl and
substituted alkyl; Q1 is =0 or =S; Q3 is selected from
the group consisting of OH, alkyl, substituted alkyl,
amino, and substituted amino; Q4 is selected from the
group consisting of halo, cyano, azido, amino,
substituted amino, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
acyl, acyloxy, carboxyl, carboxyl ester, acylamino,
aminoacyl, alkoxy, substituted alkoxy, thiol,
alkylthioether and -SO -Q3; Y is selected from the
group consisting of a bond, -CH - or -O-; and X is
selected from the group consisting of O-W2 and halo;
each of W,W1 and W2 is independently selected from the
group consisting of hydrogen, C1-4alkyl, and a
pharmaceutically acceptable prodrug group; or
pharmaceutically acceptable tautomers, salts or
partial salts thereof;provided that at least one of W1
and W2 is a pharmaceutically acceptable prodrug group;
and further provided that said compound, tautomer,
salt, or partial salt is not represented by formula II
or III or a tautomer, salt, or partial salt thereof
wherein: Q' is absent or is selected from the group
consisting of O, S, and NH, provided that when Q' is
absent, V and NH are both attached to a CH group; V is
selected from the group consisting of N and C-G; Z is
selected from the group consisting of N and C-G'; V
and Z are not identical; G and G' are independently
selected from the group consisting of hydrogen, amino,
aminocarbonyl, methylamino, dimethylamino, acylamino,
alkoxyamino, -SO3H, -SO2NH2, aminocarbonylamino,
oxycarbonylamino, HR1NCHR 11C(O)NH-, azido, cyano,
halo, hydroxyamino, and hydrazino where R1is hydrogen
and R" is a side-chain of an amino acid or where R'
and R" together with the nitrogen and carbon bound to
each group respectively form a pyrrolidinyl group; A
and B are independently selected from the group
consisting of C=Q", NH3 and methylene optionally
substituted with 1 to 2 halo groups, provided that A
and B are not both NH; D is NH, or -D-A-B- together
form a -N=CH-NH-, -(C=Q")-CH 2-(C=Q")-,
-(C=Q")-NH-(C=Q")- -(CX')=(CX')-(C=Q")- 5 o r
-CH=CH-NH- group where X' is halo; each Q" is
independently selected from the group consisting of O5
S5 and NH; T1 and T2 are independently selected from
the group consisting of hydrogen, hydroxyl,
Q-Q-alkoxy, C1-C4-UIiOaIkOXy, amino, substituted
amino, and halo; and W, W1, Y and X are as defined for
formula I . In another of its composition aspects, the
present invention is directed tocompounds of Formula
Ia: Ia wherein ===1 between Z1 and Z2 , between Z2 and
Z3, between Z4 and R1, and between N and Z4 indicates
a bond that may be a single or a double bond and -
indicates a single bond or no bond, provided that:
only one of the bonds between Z and Z and between Z
and Z is a double bond; when the bond between Z4 and
R1 is a double bond, the bond between the N and Z4 is
a single bond, the bond between the N and (H)p is a
single bond andji? is 1; when the bond between Z4 and
R1 is a single bond, the bond between the N and Z4
atoms is a double bond, the bond between the N and
(H)p is absent and p is 0; p is 0 or 1; R is selected
from hydrogen, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl; when the bond between Z4 and
R1 is a single bond, then R1 is selected from the
group consisting of hydrogen, alkyl, substituted
alkyl, alkoxy, substituted alkoxy, thiol,
alkylthioether; when the bond between Z4 and R1 is a
double bond, then R1 is Q1; Z1 is selected from the
group consisting of CH, CH2, CH-Q4, C-Q4, C(Q1), N,
NH, N-Q Z2 is selected from the group consisting of
CH, CH2, C(Q1); 



Z3 is selected from the group consisting of CH, CH2
C(Q1); provided that if Z1 is CH, N or C-Q4 or if Z3
is CH then Z2 is CH; Z4 is a carbon atom containing a
double bond either with R1 or with N; Q is selected
from the group consisting of alkyl and substituted
alkyl;QMs =O Or =S; Q4 is selected from the group
consisting of halo, cyano, azido, amino, substituted
amino, alkyl, substituted alkyl, alkenyl, substituted
alkenyl, alkynyl, substituted alkynyl, acyl, acyloxy,
carboxyl, carboxyl ester, acylamino, aminoacyl,
alkoxy, substituted alkoxy, thiol, alkylthioether and
-SO -Q3, where Q3 is OH, alkyl, substituted alkyl,
amino, or substituted amino; Y is selected from the
group consisting of a bond, -CH - or -0-; and X is
selected from the group consisting of O-W2 and halo;
each of W, W1 and W2 is independently selected from
the group consisting of hydrogen, and a
pharmaceutically acceptable prodrug group; or
pharmaceutically acceptable tautomers, salts or
partial salts thereof; provided that at least one of
W1 and W2 is a pharmaceutically acceptable prodrug
group; and further provided that said compound,
tautomer, salt, or partial salt is not represented by
formula II or III or a tautomer, salt, or partial salt
thereof wherein: Q' is absent or is selected from the
group consisting of O, S, and NH, provided that when
Q' is absent, V and NH are both attached to a CH2
group; V is selected from the group consisting of N
and C-G; Z is selected from the group consisting of N
and C-G'; V and Z are not identical; G and G' are
independently selected from the group consisting of
hydrogen, amino, aminocarbonyl, methylamino,
dimethylamino, acylamino, alkoxyamino, -SO3H, -SO2NH ,
aminocarbonylamino, oxycarbonylamino,
HR1NCHR11C(O)NH-, azido, cyano, halo, hydroxyamino,
and hydrazino where R' is hydrogen and R" is a
side-chain of an amino acid or where R' and R"
together with the nitrogen and carbon bound to each
group respectively form a pyrrolidinyl group;A and B
are independently selected from the group consisting
of C=Q", NH, and methylene optionally substituted with
1 to 2 halo groups, provided that A and B are not both
NH; D is NH, or -D-A-B- together form a -N=CH-NH-,
-(C=Q")-CH 2-(C=Q")-, -(C=QO-NH-(C=Q' ')-,
-(CX')=(CX')-(C=Q")-, or -CH=CH-NH- group where X' is
halo; each Q" is independently selected from the group
consisting of O, S, and NH; T and T are independently
selected from the group consisting of hydrogen,
hydroxyl, CrQ-alkoxy, Ci-Grthioalkoxy, amino,
substituted amino, and halo; and W,W1, Y and X are as
defined for formula I . In another of its composition
aspects, the present invention is directed to
compounds of Formula Ib: Ib wherein - between Z1 and
Z2 , between Z2 and Z3, between Z4 and R1, and between
N and Z4 indicates a bond that may be a single or a
double bond and - indicates a single bond or no bond,
provided that: only one of the bonds between Z and Z
and between Z and Z is a double bond; when the bond
between Z4 and R1 is a double bond, the bond between
the N and Z4 is a single bond, the bond between the N
and (H)p is a single bond andp is 1; when the bond
between Z4 and R1 is a single bond, the bond between
the N and Z4 atoms is a double bond, the bond between
the N and (H)p is absent, and is 0; p s Oor l ; R is
hydrogen;when the bond between Z4 and R1 is a single
bond, then R1 is selected from the group consisting of
hydrogen, alkyl, alkoxy, and alkylthioether; when the
bond between Z4 and R1 is a double bond, then R1 is
=0; Z1 is selected from the group consisting OfCH CH2,
C-Q5, C-CN5C-N3, COH, C-SH, C-O-alkyl, C-S-alkyl,
C-SO2-Q3, CCC-Q2, C(Q1); C-NH2, C-NHCH3, CN( CH3)2, N,
and NH; Z2 is selected from the group consisting of
CH, CH2, C(Q1); 



Z3 is selected from the group consisting of CH, CH2,
C(Q1); provided that if Z1 is CH5C-CN, C-N3,
C-O-C(O)CH3, C-OH5C-SH, -C-Oalkyl, C-SO2-Q3, CCC-Q2,
CNH2, CNHCH3, C-N(CH3)2 or N or if Z3 is CH then Z2 is
CH; Z4 is a carbon atom containing a double bond
either with R1 or with N; Q1 is O or S; Q2 is
hydrogen, alkyl; Q3 is OH, NH2 or alkyl; Q5 is halo; Y
is selected from the group consisting of a bond, -CH2-
or -0-; and X is selected from the group consisting of
0-W and halo; each of W,W1 and W2 is independently
selected from the group consisting of hydrogen,
C1-4alkyl, and a pharmaceutically acceptable prodrug
group; or pharmaceutically acceptable tautomers, salts
or partial salts thereof; provided that at least one
of W1 and W2 is a pharmaceutically acceptable prodrug
group; and further provided that said compound,
tautomer, salt, or partial salt is not represented by
formula II or III or a tautomer, salt, or partial salt
thereof wherein: Q' is absent or is selected from the
group consisting of O, S, and NH, provided that when
Q' is absent, V and NH are both attached to a CH2
group;V is selected from the group consisting of N and
C-G; Z is selected from the group consisting of N and
C-G'; V and Z are not identical; G and G' are
independently selected from the group consisting of
hydrogen, amino, aminocarbonyl, methylamino,
dimethylamino, acylamino, alkoxyamino, -SO3H, -SO2NH2,
aminocarbonylamino, oxycarbonylamino,
HR1NCHR11C(O)NH-, azido, cyano, halo, hydroxyamino,
and hydrazino where R1is hydrogen and R" is a
side-chain of an amino acid or where R' and R"
together with the nitrogen and carbon bound to each
group respectively form a pyrrolidinyl group; A and B
are independently selected from the group consisting
of C=Q", NH, and methylene optionally substituted with
1 to 2 halo groups, provided that A and B are not both
NH; D is NH, or -D-A-B- together form a -N=CH-NH-,
-(C=QO-CH 2-(C=Q")-, -(C=Q")-NH-(C=Q")-,
-(CX')=(CX')-(C=Q")- ; or -CH=CH-NH- group where X' is
halo; each Q" is independently selected from the group
consisting of O, S, and NH; T1 and T2 are
independently selected from the group consisting of
hydrogen, hydroxyl, Ci-C4-alkoxy, C -Grthioalkoxy,
amino, substituted amino, and halo; and W,W1, Y and X
are as defined for formula I . In another of its
composition aspects, the present invention is directed
to compounds of Formula Ic: Ic wherein- between Z1 and
Z2 , between Z2 and Z3, between Z4 and R1, and between
N and Z4 indicates a bond that may be a single or a
double bond and - indicates a single bond or no bond,
provided that: only one of the bonds between Z1 and Z2
and between Z2 and Z3 is a double bond; Z1 is selected
from the group consisting of CH, CH2, C-NH2, C-NHCH3;
Z2 is selected from the group consisting of CH, CH2; Z
is selected from the group consisting of CH, CH2,
C(O); provided that if Z1 is CH, C-NH2 or C-NHCH3,
then Z2 is CH and Z3 is not CH; Y is selected from the
group consisting of a bond, -CH2- or -O-; and X is
selected from the group consisting of O-W2 and halo;
each of W, W1 and W2 is independently selected from
the group consisting of hydrogen, C1-4alkyl, and a
pharmaceutically acceptable prodrug group; or
pharmaceutically acceptable tautomers, salts or
partial salts thereof; provided that at least one of
W1 and W2 is a pharmaceutically acceptable prodrug
group; and further provided that said compound,
tautomer, salt, or partial salt is not represented by
formula II or III or a tautomer, salt, or partial salt
thereof 



wherein: Q' is absent or is selected from the group
consisting of O, S, and NH, provided that when Q' is
absent, V and NH are both attached to a CH2 group; V
is selected from the group consisting of N and C-G; Z
is selected from the group consisting of N and C-G'; V
and Z are not identical; G and G' are independently
selected from the group consisting of hydrogen, amino,
aminocarbonyl, methylamino, dimethylamino, acylamino,
alkoxyamino, -SO3H, -SO2NH2, aminocarbonylamino,
oxycarbonylamino, HR1NCHR11C(O)NH-, azido, cyano,
halo, hydroxyamino, and hydrazino where R1is hydrogen
and R" is a side-chainof an amino acid or where R' and
R" together with the nitrogen and carbon bound to each
group respectively form a pyrrolidinyl group; A and B
are independently selected from the group consisting
of C=Q", NH, and methylene optionally substituted with
1 to 2 halo groups, provided that A and B are not both
NH; D is NH, or -D-A-B- together form a -N=CH-NH-,
-(C=Q")-CH 2-(C=Q")-, -(C=Q")-NH-(C=Q")-
-(CX'>=(CX')-(C=Q")- 5 o r -CH=CH-NH- group where X'
is halo; each Q" is independently selected from the
group consisting of O, S, and NH; T and T are
independently selected from the group consisting of
hydrogen, hydroxyl, C!-C4-alkoxy, Ci-C4-thioalkoxy,
amino, substituted amino, and halo; and W,W1, Y and X
are as defined for formula I . In one embodiment the
compound of the present invention has the structure of
Formula I or Formula Ia, X is O-W2 and each of W,W1,
and W2 is independently hydrogen or a pharmaceutically
acceptable prodrug group selected from the group
consisting of acyl, oxyacyl, phosphonate, phosphate
esters, phosphate, phosphonamidate,
phosphorodiamidate, phosphoramidate monoester, cyclic
phosphoramidate, cyclic phosphorodiamidate,
phosphoramidate diester, and -C(O)CHR3NHR13 , where
R13 is hydrogen and R3 is selected from the group
consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic and a
sidechain of an amino acid; or R and R together with
the carbon and nitrogen atoms bound thereto
respectively form a heterocyclic ring. Preferably, W
is hydrogen, phospho, diphospho, or triphospho. In
another embodiment the compound of the present
invention has the structure of a Formula above, X is
O-W2 and one of W,W1, and W2 is hydrogen. In another
embodiment, W and W1 are H, or W and W2 are H, or W2
and W1 are H. In yet another embodiment each of W,W1,
and W2 is hydrogen. hi another embodiment the compound
of the present invention has the structure of a
Formula above, X is O-W2 and W is represented by the
formula:wherein R3 is a sidechain of an amino acid; R8
is hydrogen or alkyl; and R10 is selected from the
group consisting of alkyl, substituted alkyl, aryl,
substituted aryl, cycloalkyl, substituted cycloalkyl,
heteroaryl, substituted heteroaryl, heterocyclic and
substituted heterocyclic. Preferably one of W1 and W2
is hydrogen. More preferably W1 and W2 are hydrogen.
In another embodiment the compound of the present
invention has the structure of a Formula above, X is
O-W2 and W1 is represented by the formula: where R3 is
a sidechain of an amino acid. Preferably one of W and
W2 is hydrogen. More preferably W and W are hydrogen.
In one embodiment the compound of the present
invention has the structure of a Formula above, X is
halo, preferably fluoro, and each of W and W1 is
independently hydrogen or a pharmaceutically
acceptable prodrug group selected from the group
consisting of acyl, oxyacyl, phosphonate, phosphate
esters, phosphate, phosphonamidate,
phosphorodiamidate, phosphoramidate monoester, cyclic
phosphoramidate, cyclic phosphorodiamidate,
phosphoramidate diester, and -C(O)CHR3NHR13 , where
R13 is hydrogen and R3 is selected from the group
consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic and a
sidechain of an amino acid; or R and R together with
the carbon and nitrogen atoms bound thereto
respectively form a heterocyclic ring. W is preferably
hydrogen, phospho, diphospho, or triphospho. In
another embodiment the compound of the present
invention has the structure 



of Formula I or Formula Ia, X is halo, preferably
fluoro, and W is represented by the formula:wherein R3
is a sidechain of an amino acid; R8 is hydrogen or
alkyl; and R10 is selected from the group consisting
of alkyl, substituted alkyl, aryl, substituted aryl,
cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic and substituted
heterocyclic. Preferably W1 is hydrogen. In another
embodiment the compound of the present invention has
the structure of Formula I or Formula Ia X is halo,
preferably fluoro, and W1 is represented by the
formula: where R3 is a sidechain of an amino acid.
Preferably, W is hydrogen. In one embodiment the
compound of the present invention has the structure of
Formula I or Formula Ia, X is O-W2,W2 is Q^alkyl,
preferably methyl, and each of W and W1 is
independently hydrogen or a pharmaceutically
acceptable prodrug group selected from the group
consisting of acyl, oxyacyl, phosphonate, phosphate
esters, phosphate, phosphonamidate,
phosphorodiamidate, phosphoramidate monoester, cyclic
phosphoramidate, cyclic phosphorodiamidate,
phosphoramidate diester, and -C(O)CHR3NHR13 , where
R13 is hydrogen and R3 is selected from the group
consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic and a
sidechain of an amino acid; or R3 and R13 together
with the carbon and nitrogen atoms bound thereto
respectively form a heterocyclic ring. Preferably W is
hydrogen, phospho, diphospho, or triphospho. More
preferably, one of W and W1 is hydrogen. Even more
preferably W and W1 are hydrogen. In one embodiment
the compound of the present invention has the
structure of Formula I or Formula Ia, X is O-W2,W1 is
C1-4alkyl, preferably methyl, and each W and W2 is
independently hydrogen or a pharmaceutically
acceptable prodrug group selected from the group
consisting of acyl, oxyacyl, phosphonate, phosphate
esters, phosphate, phosphonamidate,
phosphorodiamidate, phosphoramidate monoester,
cyclicphosphoramidate, cyclic phosphorodiamidate,
phosphoramidate diester, and -C(O)CHR3NHR13 , where
R13 is hydrogen and R3 is selected from the group
consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic and a
sidechain of an amino acid; or R3 and R13 together
with the carbon and nitrogen atoms bound thereto
respectively form a heterocyclic ring. Preferably W is
hydrogen, phospho, diphospho, or triphospho. More
preferably, one of W and W2 is hydrogen. Even more
preferably W and W2 are hydrogen. In one embodiment
the compound of the present invention has the
structure of Formula I or Formula Ia, X is O-W2,W is
C1-4alkyl, preferably methyl, and each of W1 andW2 is
independently hydrogen or a pharmaceutically
acceptable prodrug group selected from the group
consisting of acyl, oxyacyl, phosphonate, phosphate
esters, phosphate, phosphonamidate,
phosphorodiamidate, phosphoramidate monoester, cyclic
phosphoramidate, cyclic phosphorodiamidate,
phosphoramidate diester, and -C(O)CHR3NHR13 , where
R13 is hydrogen and R3 is selected from the group
consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic and a
sidechain of an amino acid; or R3 and R13 together
with the carbon and nitrogen atoms bound thereto
respectively form a heterocyclic ring. More
preferably, one of W and W2 is hydrogen. Even more
preferably W1 and W2 are hydrogen. In another
embodiment the compound of the present invention has
the structure of Formula I or Formula Ia, X is O-W2
and W is represented by the formula: wherein R3 is a
sidechain of an amino acid; R8 is hydrogen or alkyl;
and R10 is selected from the group consisting of
alkyl, substituted alkyl, aryl, substituted aryl,
cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic and substituted
heterocyclic. In another embodiment W1 is hydrogen and
W2 is C^alkyl, preferably methyl. In yet another
embodiment W2 is hydrogen and W1 is C alky!,
preferably methyl. In another embodiment the compound
of the present invention has the structure of Formula
I or Formula Ia, X is O-W2 and W1 is represented by
the formula:where R3 is a sidechain of an amino acid.
In another embodiment W is hydrogen and W2 is methyl.
In still another embodiment W2 is hydrogen and W is
methyl. Some examples of compounds included in the
present invention are named in the list below and in
Table I. 



2-(2'-methyl-b-D-ribofuranosyl)-2,6,8,9-tetrahydro-2,3
,5,6-tetraazabenzo[ cd]azulen-7-one;
2-(2'-methyl-b-D-ribofuranosyl)-6,7-dihydro-2H-2,3,5,6
-tetraazabenzo[ cd]azulene;
2-(2'-methyl-b-D-ribofuranosyl)-6,9-dihydro-2H-2,3
55,6-tetraazabenzo[ cd]azulene;
2-(2'-methyl-b-D-ribofuranosyl)-6
7,8,9-tetrahydro-2H-2,3,5 6-tetraazabenzo[ cd]azulene;
2-(2l-methyl-b-D-ribofuranosyl)-2,6-dihydro-2,3,5,6-te
traazabenzo[ cd]azulen-7-one;
9-Amino-2-(2'-methyl-b-D-ribofuranosyl)-2,6-dihydro-2,
3 55,6-tetraazabenzo[ cd]azulen-7-one; and
2-(2'-methyl-b-D-ribofuranosyl)-9-methylamino-2,6-dihy
dro-2,3,5,6- tetraaza-benzo[cd]azulen-7-one; or
pharmaceutically acceptable prodrugs, salts, or
partial salts thereof. In Table I below, Q1, Q2, Q3,
Q4, and Q5 have the definitions as provided above:
Table I COMPOUND R R1 Z1 Z2 Z3TRICYCLIC-NUCLEOSIDE
COMPOUNDS FOR TREATING VIRAL INFECTIONS
Cross-Reference To Related Application This
application claims the benefit under 35 U.S.C. 119(e)
to co-pending provisional application U.S. Serial No.
60/657,463 filed on February 28, 2005, which is
incorporated herein by reference in its entirety.
Background Of The Invention Field of the Invention The
invention relates to the field of pharmaceutical
chemistry, in particular to compounds, compositions
and methods for treating viral infections in mammals
mediated, at least in part, by a virus in the
Flaviviridae family of viruses. References The
following publications, patents, and patent
applications are cited in this application as
superscript numbers: 1. Szabo, et al, Pathol. Oncol.
Res. 2003, 9:215-221. 2. Hoofnagle JH, Hepatology
1997, 26: 15S-20S. 3. Thomson BJ and Finch RG, Clin
Microbial Infect. 2005, 11:86-94. 4. Moriishi K and
Matsuura Y, Antivir. Chem. Chemother. 2003, 14:285-
297. 5. Fried, et al N. Engl. J. Med 2002,
347:975-982. 6. Ni, Z. J. and Wagman, A. S. Curr.
Opin. Drug Discov. Devel. 2004, 7, 446-459. 7.
Beaulieu, P. L. and Tsantrizos, Y. S. Curr. Opin.
Investig. Drugs 2004, 5 838-850. 8. Griffith, et al.,
Ann. Rep. Med. Chem. 39, 223-237, 2004. 9. Sommadossi,
et al, International Patent Application Publication
No. WO 01/90121, published May 23, 200110. Olson et
ah, Antimicrob. Agents Chemother. 2004, 48:3944-53 11.
Sarisky R.T. J Antimicrob Chemother. 2004, 54: 14-6
12. Love et al, J Virol. 2003, 77:7575-81 13. Harper
et al, J Med Chem. 2005, 48:4547-57 14. Hiromasa et
al, US 6,770,666 issued August 3, 2004 15. Watashi, et
al. , Molecular Cell, P, 111-122, 2005 16. Horsmans,
et al , Hepatology, 42, 724-73 1, 2005 17. Carroll,
S.S., et ah, International Patent Application
Publication No. WO 02/057287, published 25 July, 2002;
18. Carroll, S.S., et al , International Patent
Application Publication No. WO 02/057425, published 25
July, 2002. AUof the above publications, patents, and
patent applications are herein incorporated by
reference in their entirety to the same extent as if
each individual publication or application was
specifically and individually indicated to be
incorporated by reference in its entirety. State of
the Art Chronic infection with HCV is a major health
problem associated with liver 



cirrhosis, hepatocellular carcinoma and liver failure.
An estimated 170 million chronic carriers worldwide
are at risk of developing liver disease. '2 In the
United States alone 2.7 million are chronically
infected with HCV, and the number of HCV-related
deaths in 2000 was estimated between 8,000 and 10,000,
a number that is expected to increase significantly
over the next years. Infection by HCV is insidious in
a high proportion of chronically infected (and
infectious) carriers who may not experience clinical
symptoms for many years. Liver cirrhosis can
ultimately lead to liver failure. Liver failure
resulting from chronic HCV infection is now recognized
as a leading cause of liver transplantation. HCV is a
member of the Flaviviridae family of RNA viruses that
affect animals and humans. The genome is a single
~9.6-kilobase strand of RNA, and consists of one open
reading frame that encodes for a polyprotein of ~3000
amino acids flanked by untranslated regions at both 5'
and 3' ends (5'- and 3'-UTR). The polyprotein serves
as the precursor to at least 10 separate viral
proteins critical for replication and assemblyof
progeny viral particles. The organization of
structural and non-structural proteins in the HCV
polyprotein is as follows: C-El-E2-
r7-NS2-NS3-NS4a-NS4b-NS5a-NS5b. Because the
replicative cycle of HCV does not involve any DNA
intermediate and the virus is not integrated into the
host genome, HCV infection can theoretically be cured.
While the pathology of HCV infection affects mainly
the liver, the virus is found in other cell types in
the body including peripheral blood lymphocytes.3'4 At
present, the standard treatment for chronic HCV is
interferon alpha (IFNalpha) in combination with
ribavirin and this requires at least six (6) months of
treatment. IFN-alpha belongs to a family of naturally
occurring small proteins with characteristic
biological effects such as antiviral, immunoregulatory
and antitumoral activities that are produced and
secreted by most animal nucleated cells in response to
several diseases, in particular viral infections.
IFN-alpha is an important regulator of growth and
differentiation affecting cellular communication and
immunological control. Treatment of HCV with
interferon has frequently been associated with adverse
side effects such as fatigue, fever, chills, headache,
myalgias, arthralgias, mild alopecia, psychiatric
effects and associated disorders, autoimmune phenomena
and associated disorders and thyroid dysfunction.
Ribavirin, an inhibitor of inosine 5'-monophosphate
dehydrogenase (IMPDH), enhances the efficacy of
IFN-alpha in the treatment of HCV. Despite the
introduction of ribavirin, more than 50% of the
patients do not eliminate the virus with the current
standard therapy of interferon-alpha (IFN) and
ribavirin. By now, standard therapy of chronic
hepatitis C has been changed to the combination of
pegylated IFN-alpha plus ribavirin. However, a number
of patients still have significant side effects,
primarily related to ribavirin. Ribavirin causes
significant hemolysis in 10-20% of patients treated at
currently recommended doses, and the drug is both
teratogenic and embryotoxic. Even with recent
improvements, a substantial fraction of patients do
not respond with a sustained reduction in viral load 5
and there is a clear need for more effective antiviral
therapy of HCV infection. A number of approaches are
being pursuit to combat the virus. They include, for
example, application of antisense oligonucleotides or
ribozymes for inhibiting HCV replication. Furthermore,
low-molecular weight compounds that directly inhibit
HCV proteins and interfere with viral replication are
considered as attractive strategies to control HCV
infection. Among the viral targets, the NS3/4A
protease/helicase and the NS5b RNA-dependent RNA
polymerase are considered the most promising
viraltargets for new drugs.6 8 The NS5b RNA-dependent
RNA polymerase in particular has been shown to be
amenable to small-molecule inhibition. Besides several
nucleoside inhibitors, 9 1 at least three allosteric
sites have been described, 7 along with multiple
inhibitor scaffolds. p 14 Besides targeting viral
genes and their transcription and translation
products, antiviral activity can also be achieved by
targeting host cell proteins that are necessary for
viral replication. For example, Watashi et a 15 show
how antiviral activity can be achieved by inhibiting
host cell cyclophilins. Alternatively, a potent TLR7
agonist has been shown to reduce HCV plasma levels in
humans. 16 However, none of the compounds described
above have progressed beyond clinical trials.6'8 In
view of the worldwide epidemic level of HCV and other
members of the Flaviviridae family of viruses, and
further in view of the limited treatment options,
there is a strong need for new effective drugs for
treating infections cause by these 



viruses. Summary Of The Invention This invention is
directed to novel compounds that are useful in the
viral infections in mammals, mediated at least in part
by a virus in the Flaviviridae family of viruses. In
one of its composition aspects, the present invention
encompasses compounds of Formula I: wherein: R is
selected from the group consisting of hydrogen and
C1-C3 alkyl; X is selected from the group consisting
of hydrogen, halo, and OW ; Y is selected from the
group consisting of a bond, O, and CH ;Q is absent or
is selected from the group consisting of O, S, and NH,
provided that when Q is absent, V and NH are both
attached to a CH2 group; V is selected from the group
consisting of N and C-G; Z is selected from the group
consisting of N and C-G'; G and G' are independently
selected from the group consisting of hydrogen, amino,
aminocarbonyl, methylamino, dimethylamino, acylamino,
alkoxyamino, -SO3H, -SO2NH , aminocarbonylamino,
oxycarbonylamino, HR1NCHR 11C(O)NH-, azido, cyano,
halo, hydroxyamino, and hydrazino where R' is hydrogen
and R" is a side-chain of an amino acid or where R'
and R" together with the nitrogen and carbon bound to
each group respectively form a pyrrolidinyl group;
provided that V and Z are not identical; provided that
when V is C-H, Z is N; T1 and T2 are independently
selected from the group consisting of hydrogen,
hydroxyl, d-C 4-alkoxy, CrQ-thioalkoxy, amino,
substituted amino, and halo; and each of W, W1, and W2
is independently selected from the group consisting of
hydrogen, C1-C4 alkyl, and a prodrug group; or a
pharmaceutically acceptable salt, a tautomer, or a
pharmaceutically acceptable salt of a tautomer
thereof. In one aspect, the present invention
encompasses compounds of formula I represented by
formula Ia, Ib, and Ic: wherein Q, G, G', T1, T2,W,W1,
X, Y, and R are previously defined for formula I, and
G for formula Ib is selected from the group consisting
of amino, aminocarbonyl, methylamino, dimethylamino,
acylamino, alkoxyamino, -SO H5-SO NH2,
aminocarbonylamino, oxycarbonylamino,
HR1NCHR11C(O)NH-, azido, cyano, halo, hydroxyamino,
and hydrazino, where R1is hydrogen and R" is a
side-chain of an aminoacid or where R' and R" together
with the nitrogen and carbon bound to each group
respectively form a pyrrolidinyl group. In another of
its composition aspects, the present invention
encompasses compounds of formula II wherein: R is
C1-C3 alkyl; X is selected from the group consisting
of hydrogen, halo, and OW2; Q' is selected from the
group consisting of NH, O, and S; G1is selected from
the group consisting of amino, aminocarbonyl,
methylamino, dimethylamino, acylamino, -SO3H, -SO2NH2,
alkoxyamino, aminocarbonylamino, oxycarbonylamino,
HR1NCHR11C(O)NH-, azido, cyano, halo, hydroxyamino,
and hydrazino, where R' is hydrogen and R" is a
side-chain of an amino acid or where R1 and R"
together with the nitrogen and carbon bound to each
group respectively form a pyrrolidinyl group; Y is
selected from the group consisting of a bond, O, and
CH2; and each of W,W1, and W2 is independently
selected from the group consisting of hydrogen, C1-C4
alkyl, and a prodrug group; or a pharmaceutically
acceptable salt, a tautomer, or a pharmaceutically
acceptable salt of a tautomer thereof. In one aspect,
the present invention encompasses compounds of formula
II represented by formula Ha:wherein: Q', G', W, W1,
and W2 are previously described for formula II. In
another of its composition aspects, the present
invention encompasses compounds of formula III:
wherein: A and B are independently selected from the
group consisting of C=Q, NH, and methylene optionally
substituted with 1 to 2 halo groups, provided that A
and B are not 



both NH; D is NH, or -D-A-B- together form a
-N=CH-NH-, -(C=Q)-CH 2-(C=Q)-, -(C=Q)-NH-(C=Q)-,
-(CX')=(CX')-(C=Q)-, or -CH=CH-NH- group where X' is
halo; each Q is independently selected from the group
consisting of O3 S, and NH; R is selected from the
group consisting of hydrogen and C1-C3 alkyl; X is
selected from the group consisting of hydrogen, halo,
and OW2; T1 and T2 are independently selected from the
group consisting of hydrogen, hydroxyl, C1-C4-EIkOXy,
d-C 4-thioalkoxy, amino, substituted amino, and halo;
Y is selected from the group consisting of a bond, O,
and CH ; and each of W, W1, and W2 is independently
selected from the group consisting of hydrogen, C1-C4
alkyl, and a prodrug group; or a pharmaceutically
acceptable salt, a tautomer, or a pharmaceutically
acceptable salt of a tautomer thereof. The present
invention also encompasses pharmaceutical
compositionscomprising compounds of formula I, Ia, Ib,
Ic, II, Ha, and III and methods of using these
compounds for treating viral diseases mediated at
least in part by a virus in the Flaviviridae family of
viruses. Detailed Description Of The Invention
Throughout this application, the text refers to
various embodiments of the present compounds,
compositions, and methods. The various embodiments
described are meant to provide a variety illustrative
examples and should not be construed as descriptions
of alternative species. Rather it should be noted that
the descriptions of various embodiments provided
herein may be of overlapping scope. The embodiments
discussed herein are merely illustrative and are not
meant to limit the scope of the present invention.
Definitions As used herein, the following definitions
shall apply unless otherwise indicated. "Alkyl" refers
to monovalent saturated hydrocarbyl groups having from
1 to 6 carbon atoms and preferably 1 to 2 carbon
atoms. This term is exemplified by groups such as
methyl, ethyl, w-propyl, s-propyl, r-butyl, -butyl,
"-pentyl and the like, "Substituted alkyl" refers to
an alkyl group having from 1 to 3, and preferably 1 to
2, substituents selected from the group consisting of
alkoxy, substituted alkoxy, acyl, acylamino, acyloxy,
oxyacyl, amino, substituted amino, aminoacyl, aryl,
substituted aryl, aryloxy, substituted aryloxy, cyano,
halogen, hydroxyl, nitro, carboxyl, carboxyl ester,
cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic, and substituted
heterocyclic. "Alkoxy" refers to the group "alkyl-O-"
which includes, by way of example, methoxy, ethoxy,
-propoxy, /so-propoxy, "-butoxy, -butoxy, sec-butoxy,
-pentoxy and the like. "Alkoxyamino" refers to the
group "alkyl-O-NH-". Examples of alkoxyamino include
methoxy amino and ethoxyamino. "Substituted alkoxy"
refers to the group "substituted alkyl-O-". "Acyl"
refers to the groups alkyl-C(O)-, substituted
alkyl-C(O)-, alkenyl-C(O)-, substituted alkenyl-C(O)-,
alkynyl-C(O)-, substituted alkynyl-C(O)-,
cycloalkyl-C(O)-,substituted cycloalkyl-C(O)-,
aryl-C(O)-, substituted aryl-C(O)-, heteroaryl-C(O)-,
substituted heteroaryl-C(O), heterocyclic-C(O)-, and
substituted heterocyclic-C(O)-. "Aminoacyl" refers to
the group -C(O)NR4R4 where each R4 is independently
selected from the group consisting of hydrogen, alkyl,
substituted alkyl, alkenyl, substituted alkenyl,
alkynyl, substituted alkynyl, aryl, substituted aryl,
cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic, substituted
heterocyclic and where each R4 is joined to form
together with the nitrogen atom a heterocyclic or
substituted heterocyclic ring. "Aminocarbonyl" refers
to the group -C(O)NH 2 and is a specific example of an
aminoacyl group. "Acyloxy" refers to the groups
alkyl-C(O)O-, substituted alkyl-C(O)O-,
alkenyl-C(O)O-, substituted alkenyl-C(O)O-,
alkynyl-C(O)O-, substituted alkynyl-C(O)O-,
aryl-C(O)O-, substituted aryl-C(O)O-,
cycloalkyl-C(O)O-, substituted cycloalkyl-C(O)O-,
heteroaryl-C(O)O-, substituted heteroaryl-C(O)O- 3
heterocyclic-C(O)O-, and substituted
heterocyclic-C(O)O-. "Oxyacyl" refers to the groups
alkyl-OC(O)-, substituted alkyl-OC(O)-,
alkenyl-OC(O)-, substituted alkenyl-OC(O)-,
alkynyl-OC(O)-, substituted alkynyl-OC(O)-,
aryl-OC(O)-, substituted aryl-OC(O)-,
cycloalkyl-OC(O)-, substituted 



cycloalkyl-OC(O)-, heteroaryl-OC(O)-, substituted
heteroaryl-OC(O)-, heterocyclic-OC(O)-, and
substituted heterocyclic-OC(O)-. "Alkenyl" refers to
monovalent hydrocarbyl groups having from 2 to 6
carbon atoms and preferably 2 to 4 carbon atoms and
having at least 1 and preferably from 1-2 sites of
vinyl (>C=C<) unsaturation. Such groups are
exemplified by vinyl (ethen-1- yl), allyl,
but-3-en-l-yl, and the like. Included within this term
are the cis and trans isomers or mixtures of these
isomers. "Substituted alkenyl" refers to alkenyl
groups having from 1 to 3 substituents, and preferably
1 to 2 substituents, selected from the group
consisting of alkoxy, substituted alkoxy, acyl,
acylamino, acyloxy, amino, substituted amino,
aminoacyl, aryl, substituted aryl, aryloxy,
substituted aryloxy, cyano, halogen, hydroxyl, nitro,
carboxyl, carboxyl ester, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic with the
proviso that any hydroxylsubstitution is not attached
to a vinyl (unsaturated) carbon atom. Preferred
substituted alkenyl groups are selected from, but not
limit to, 2,2-difluoroethen-l-yl, 2-
methoxyethen-1-yl, and the like. It is understood that
the term "substituted alkenyl" includes both E (pis)
and Z (trans) isomers as appropriate. The isomers can
be pure isomeric compounds or mixtures of E and Z
components. "Alkynyl" refers to branched or unbranched
monovalent, hydrocarbyl groups having at least 1 site
of acetylenic (-C=C-) unsaturation and having from 2
to 6 carbon atoms and more preferably 2 to 4 carbon
atoms. Preferred alkynyl groups are selected from but
not limit to ethyn-1-y1, propyn- 1-y1, propyn-2-yl,
1-methylprop-2-yn-1-yl, butyn-1-yl, butyn-2-yl,
butyn-3-yl, and the like. "Substituted alkynyl" refers
to alkynyl groups having from 1 to 3 substituents, and
preferably 1 to 2 substituents, selected from the
group consisting of alkoxy, substituted alkoxy, acyl,
acylamino, acyloxy, amino, substituted amino,
aminoacyl, aryl, substituted aryl, aryloxy,
substituted aryloxy, cyano, halogen, hydroxyl, nitro,
carboxyl, carboxyl ester, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic with the
proviso that any hydroxyl substitution is not attached
to an acetylenic carbon atom. Preferred substituted
alkynyl groups are selected from but not limit to
2-fluoroethyn-l-yl, 3,3,3-trifluoropropyn-l-yl,
3-aminopropyn-l-yl, 3-hydroxypropyn-l-yl, and the
like. "Amino" refers to the group -NH 2. "Substituted
amino" refers to the group -NR'R" where R' and R" are
independently selected from the group consisting of
hydrogen, alkyl, substituted alkyl, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic, substituted heterocyclic and where R'
and R" are joined, together with the nitrogen bound
thereto to form a heterocyclic or substituted
heterocyclic group provided that R' and R" are both
not hydrogen. When R' is hydrogen and R" is alkyl, the
substituted amino group is sometimes referred to
herein as alkylamino. When R' and R" are alkyl, the
substituted amino group is sometimes referred to
herein as dialkylamino. Substituted amino groups
include methylamino (-NHCH3) and dimethylamino (-
N(CHa)2) ."Acylamino" refers to the groups
-NR5C(O)alkyl, -NR5C(O)substituted alkyl,
-NR5C(O)cycloalkyl, -NR5C(O)substituted cycloalkyl,
-NR5C(O)alkenyl, -NR5C(O)substituted alkenyl,
-NR5C(O)alkynyl, -NR5C(O)substituted alkynyl,
-NR5C(O)aryl, -NR5C(O)substituted aryl,
-NR5C(O)heteroaryl, -NR5C(O)substituted heteroaryl,
-NR5C(O)heterocyclic, and -NR5C(O)substituted
heterocyclic where R5 is hydrogen or alkyl.
"Aminocarbonylamino" refers to the group -NR
a(C=O)NRbRc wherein Ra, Rb, and Rc are independently
selected from the group consisting of hydrogen and
C1-C6 alkyl. "Aryl" or "Ar" refers to a monovalent
aromatic carbocyclic group of from 6 to 14 carbon
atoms having a single ring (e.g., phenyl) or multiple
condensed rings (e.g., naphthyl or anthryl) which
condensed rings may or may not be aromatic (e.g.,
2-benzoxazolinone, 2H-l,4-benzoxazin-3(4H)-one-7-yl,
and the like) provided that the point of attachment is
at an aromatic carbon atom. Preferred aryls include
phenyl and naphthyl. "Substituted aryl", including
"substituted phenyl" refers to aryl groups or phenyl
groups which are substituted with from 1 to 3
substituents, and preferably 1 to 2 



substituents, selected from the group consisting of
hydroxyl, acyl, acylamino, acyloxy, alkyl, substituted
alkyl, alkoxy, substituted alkoxy, alkenyl,
substituted alkenyl, alkynyl, substituted alkynyl,
amino, substituted amino, aminoacyl, aryl, substituted
aryl, aryloxy, substituted aryloxy, cycloalkoxy,
substituted cycloalkoxy, carboxyl, carboxyl ester,
cyano, thiol, thioalkyl, substituted thioalkyl,
thioaryl, substituted thioaryl, thioheteroaryl,
substituted thioheteroaryl, thiocycloalkyl,
substituted thiocycloalkyl, thioheterocyclic,
substituted thioheterocyclic, cycloalkyl, substituted
cycloalkyl, halo, nitro, heteroaryl, substituted
heteroaryl, heterocyclic, substituted heterocyclic,
heteroaryloxy, substituted heteroaryloxy,
heterocyclyloxy, and substituted heterocyclyloxy.
"Aryloxy" refers to the group aryl-O- that includes,
by way of example, phenoxy, naphthoxy, and the like.
"Substituted aryloxy" refers to substituted aryl-O-
groups. "Azido" refers to the group -N3."Carboxyl" or
"carboxy" refers to -COOH or salts thereof. "Carboxyl
ester" or "carboxy ester" refers to the groups
-C(O)O-alkyl, -C(O)O-substituted alkyl, -C(O)O-aryl,
and -C(O)O-substituted aryl wherein alkyl, substituted
alkyl, aryl and substituted aryl are as defined
herein. "Cyano" refers to the group -CN. "Cycloalkyl"
refers to cyclic alkyl groups of from 3 to 10 carbon
atoms having single or multiple cyclic rings
including, by way of example, adamantyl, cyclopropyl,
cyclobutyl, cyclopentyl, cyclooctyl and the like.
"Substituted cycloalkyl" refers to a cycloalkyl having
from 1 to 5 substituents selected from the group
consisting of oxo (=0), thioxo (=S), alkyl,
substituted alkyl, alkoxy, substituted alkoxy, acyl,
acylamino, acyloxy, amino, substituted amino,
aminoacyl, aryl, substituted aryl, aryloxy,
substituted aryloxy, cyano, halogen, hydroxyl, nitro,
carboxyl, carboxyl ester, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic, and substituted heterocyclic.
"Cycloalkoxy" refers to -O-cycloalkyl groups.
"Substituted cycloalkoxy" refers to -O-substituted
cycloalkyl groups. "Formyl" refers to the -C(O)H
group. "Halo" or "halogen" refers to fluoro, chloro,
bromo and iodo and preferably is fluoro or chloro.
"Heteroaryl" refers to an aromatic group of from 1 to
10 carbon atoms and 1 to 4 heteroatoms selected from
the group consisting of oxygen, nitrogen, sulfur in
the ring. The sulfur and nitrogen heteroatoms atoms
may also be present in their oxidized forms, such as
N(O), S(O) and S(O)2. Such heteroaryl groups can have
a single ring (e.g., pyridyl or furyl) or multiple
condensed rings (e.g., indolizinyl or benzothienyl)
wherein the condensed rings may or may not be aromatic
and/or contain a heteroatom provided that the point of
attachment is through an atom of the aromatic
heteroaryl group. Preferred heteroaryls include
pyridyl, pyrrolyl, thienyl, indolyl, thiophenyl, and
furyl. "Substituted heteroaryl" refers to heteroaryl
groups that are substituted with from 1 to 3
substituents selected from the same group of
substituents defined for substituted
aryl."Heteroaryloxy" refers to the group -O-heteroaryl
and "substituted heteroaryloxy" refers to the group
-O-substituted heteroaryl. "Heterocycle" or
"heterocyclic" or "heterocycloalkyl" refers to a
saturated or unsaturated group (but not heteroaryl)
having a single ring or multiple condensed rings, from
1 to 10 carbon atoms and from 1 to 4 hetero atoms
selected from the group consisting of nitrogen,
oxygen, sulfur, S(O), and S(O) within the ring
wherein, in fused ring systems, one or more the rings
can be cycloalkyl, aryl or heteroaryl provided that
the point of attachment is through the heterocyclic
ring. "Substituted heterocyclic" or "substituted
heterocycloalkyl" refers to heterocycle groups that
are substituted with from 1 to 3 of the same
substituents as defined for substituted cycloalkyl.
Examples of heterocycles and heteroaryls include, but
are not limited to, azetidine, pyrrole, imidazole,
pyrazole, pyridine, pyrazine, pyrimidine, pyridazine,
indolizine, isoindole, indole, dihydroindole,
indazole, purine, quinolizine, isoquinoline,
quinoline, phthalazine, naphthylpyridine, quinoxaline,
quinazoline, cinnoline, pteridine, carbazole,
carboline, phenanthridine, acridine, phenanthroline,
isothiazole, phenazine, isoxazole, phenoxazine,
phenothiazine, imidazolidine, imidazoline, piperidine,
piperazine, indoline, phthalimide,
1,2,3,4-tetrahydroisoquinoline, 4,5,6,7- 



tetrahydrobenzo[b]thiophene, thiazole, thiazolidine,
thiophene, benzo[b]thiophene, morpholinyl,
thiomorpholinyl (also referred to as thiamorpholinyi),
piperidinyl, pyrrolidine, tetrahydrofuranyl, and the
like. "Heterocyclyloxy" refers to the group
-O-heterocyclic and "substituted heterocyclyloxy"
refers to the group -O-substituted heterocyclic.
"Hydroxyamino" refers to the group -NHOH. "Hydrazino"
refers to the group -NHNH 2. "Oxycarbonylamino" refers
to -NR a(C=O)-O-Rd wherein Ra and Rd are independently
selected from the group consisting of hydrogen and
C1-C6 alkyl. "Pyrrolidinyl" refers to a saturated five
membered ring having one ring nitrogen atom. The
heterocyclic ring of the amino acid proline is an
example of a pyrrolidinyl group. "Prodrug",
"prodrugs", and "pharmaceutically acceptable prodrugs"
refer to aderivative of an active compound (drug) that
undergoes a transformation under the conditions of
use, such as within the body, to release an active
drug or an active metabolite thereof. Prodrugs are
frequently, but not necessarily, pharmacologically
inactive until converted into the active drug or an
active metabolite thereof. Prodrugs are typically
obtained by masking one or more functional groups in
the drug believed to be in part required for activity
with a prodrug group (defined below) to form a prodrug
moiety which undergoes a transformation, such as
cleavage, under the specified conditions of use to
release the functional group, and hence the active
drug. The cleavage of the prodrug moiety may proceed
spontaneously, such as by way of a hydrolysis
reaction, or it may be catalyzed or induced by another
agent, such as by an enzyme, by light, by acid, or by
a change of or exposure to a physical or environmental
parameter, such as a change of temperature or pH. The
agent may be endogenous to the conditions of use, such
as an enzyme present in the cells to which the prodrug
is administered or the acidic conditions of the
stomach, or it may be supplied exogenously. A wide
variety of prodrug groups, as well as the resultant
prodrug moieties, suitable for masking functional
groups in active compounds to yield prodrugs are
wellknown in the art. For example, a hydroxyl
functional group may be masked as a sulfonate, ester
or carbonate prodrug moiety, which may be hydrolyzed
in vitro to provide the hydroxyl group. An amino
functional group may be masked as an amide, imine,
phosphinyl, phosphonyl, phosphoryl or sulfenyl
promoiety, which may be hydrolyzed in vivo to provide
the amino group. A carboxyl group may be masked as an
ester (including silyl esters and thioesters), amide
or hydrazide prodrug moiety, which may be hydrolyzed
in vivo to provide the carboxyl group. Other specific
examples of suitable prodrug groups and their
respective prodrug moieties will be apparent to those
of skill in the art. "Prodrug group" refers to a type
of protecting group that, when used to mask a
functional group within an active drug to form a
prodrug moiety, converts the drug into a prodrug.
Prodrug groups are typically attached to the
functional group of the drug via bonds that are
cleavable under specified conditions of use. Thus, a
prodrug group is that portion of a prodrug moiety that
cleaves to release the functional group under the
specified conditions of use. As a specific example, an
amide prodrug moiety of the formula -NH-C(O)CH3
comprises the prodrug group -C(O)CH3."Phosphate"
refers to the groups -OP(O)(OH) 2 (monophosphate or
phospho), -OP(O)(OH)OP(O)(OH)2 (diphosphate or
diphospho) and -OP(O)(OH)OP(O)(OH)OP(O)(OH) 2
(triphosphate or triphospho) or salts thereof
including partial salts thereof. It is understood, of
course, that the initial oxygen of the mono-, di- and
triphosphate (phospho, diphospho and triphospho)
includes the oxygen atom at, for example, the
5-position of the ribose sugar. "Phosphate esters"
refers to the mono-, di- and tri-phosphate groups
described above wherein one or more of the hydroxyl
groups is replaced by an alkoxy group. "Phosphonate"
refers to the groups -0P(0)(R 6)(0H) or
-OP(O)(R6)(OR6') or salts thereof including partial
salts thereof, wherein R6 is independently selected
from hydrogen, alkyl, and substituted alkyl, and R6 is
independently selected from hydrogen, alkyl,
substituted alkyl, carboxylic acid, and carboxyl
ester. It is understood, of course, that the initial
oxygen of the phosphonate includes the oxygen atom at,
for example, the 5-position of the ribose sugar.
"Phosphorodiamidate" refers to the group: where each
R7 may be the same or different and each is hydrogen,
alkyl, 



substituted alkyl, cycloalkyl, or substituted
cycloalkyl. A particularly preferred
phosphorodiamidate is the following group:
"Phosphoramidate monoester" refers to the group below,
where R3 is selected from the group consisting of
hydrogen, alkyl, substituted alkyl, aryl, substituted
aryl, cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic and substituted
heterocyclic and a side-chain of an amino acid; and R8
is hydrogen or alkyl. In a preferred embodiment R3 is
derived from an L-amino acid. "Phosphoramidate
diester" refers to the group below, where R10 is
selected fromthe group consisting of alkyl,
substituted alkyl, aryl, substituted aryl, cycloalkyl,
substituted cycloalkyl, heteroaryl, substituted
heteroaryl, heterocyclic and substituted heterocyclic,
and R3 and R8 are as defined above. In a preferred
embodiment R3 is derived from an L-amino acid. "Cyclic
phosphoramidate" refers to the group below, where n is
1 to 3, more preferably n is 1 to 2. "Cyclic
phosphorodiamidate" refers to the group below, where n
is 1 to 3, more preferably n is 1 to 2.
"Phosphonamidate" refers to the group below, where R11
is hydrogen, alkyl, substituted alkyl, cycloalkyl, or
substituted cycloalkyl. "Thiol" refers to the group
-SH. "Thioalkyl" or "alkylthioether" or "thioalkoxy"
refers to the group -S-alkyl. "Substituted thioalkyl"
or "substituted alkylthioether" or "substituted
thioalkoxy" refers to the group -S-substituted alkyl.
"Thiocycloalkyl" refers to the groups -S-cycloalkyl
and "substituted thiocycloalkyl" refers to the group
-S-substituted cycloalkyl. "Thioaryl" refers to the
group -S-aryl and "substituted thioaryl" refers to the
group -S-substituted aryl."Thioheteroaryl" refers to
the group -S-heteroaryl and "substituted
thioheteroaryl" refers to the group -S-substituted
heteroaryl. "Thioheterocyclic" refers to the group
-S-heterocyclic and "substituted thioheterocyclic"
refers to the group -S-substituted heterocyclic. The
term "amino acid side-chain" refers to the R3
substituent of a-amino acids of the formula
R13NHCH(R3)COOH where R3 is selected from the group
consisting of hydrogen, alkyl, substituted alkyl and
aryl and R13 is hydrogen or together with R3 and the
nitrogen and carbon atoms bound thereto respectively
form a heterocyclic ring. Preferably, the a-amino acid
side-chain is the side-chain one of the twenty
naturally occurring L amino acids. Such side chains
include hydrogen (glycine), methyl (alanine),
isopropyl (valine), sec-butyl (leucine),
1-methylprop-l-yl (isoleucine), benzyl
(phenylalanine), 4-hydroxybenzyl (tyrosine),
indol-3-ylmethylene (tryptophan), 2-
(methylthio)eth-l-yl (methionine), hydroxymethyl
(serine), 1-hydroxyeth-l-yl (threonine), thiomethyl
(cysteine), H2NC(O)CH2- (asparagine), H2NC(O)CH2CH2-
(glutamine), HOOCCH2- (aspartic acid), HOOCCH2CH2-
(glutamic acid), 4-amino-nbut- l-yl (lysine),
3-guanadinoprop-l-yl (arginine), imidazol-4-ylmethyl
(histidine) and where R13 and R3 form a pyrrolidinyl
ring (proline). The term "pharmaceutically acceptable
salt" refers to pharmaceutically acceptable salts of a
compound, which salts are derived from a variety of
organic and inorganic counter ions well known in the
art and include, by way of example only, sodium,
potassium, calcium, magnesium, ammonium,
tetraalkyl-ammonium, and the like; and when the
molecule contains a basic functionality, salts of
organic or inorganic acids, such as hydrochloride,
hydrobromide, tartrate, mesylate, acetate, maleate,
oxalate and the like. The term "pharmaceutically
acceptable partial salts" refers to compounds having a
substituent capable of having more than one group form
a salt but less than the maximum amount of such groups
actually form a salt. For example, a diphospho group
can form a plurality of salts and, if only partially
ionized, the resulting group is sometimes referred to
herein as a partial salt. "Tautomer" refer to
alternate forms of a compound that differ in the
position of a proton, such as enol-keto and
imine-enamine tautomers, or the tautomeric forms of
heteroaryl groups containing a ring atom attached to
both a ring -NH- moiety and a ring=N- moeity such as
pyrazoles, imidazoles, benzimidazoles, triazoles, and
tetrazoles. The equilibrium between tautomers is rapid
under normal conditions and often strongly favors one
of the isomers (acetone, for example, is 99.999% keto
tautomer ) . Even in such one-sided equilibria,
evidence for the presence of the minor tautomer comes
from the chemical behavior of the compound. Tautomeric
equilibria are 



catalyzed by traces of acids or bases that are
generally present in most chemical samples. Some
examples of tautomers of the present invention are
shown below: It is understood that in all substituted
groups defined above, polymers arrived at by defining
substituents with further substituents to themselves
(e.g., substituted aryl having a substituted aryl
group as a substituent which is itself substituted
with a substituted aryl group, which is further
substituted by a substituted aryl group etc.) are not
intended for inclusion herein. In such cases, the
maximum number of such substitutions is three. For
example, serial substitutions of substituted aryl
groups with two other substituted aryl groups are
limited to -substituted aryl-(substituted aryl)-
substituted aryl. Similarly, it is understood that the
above definitions are not intended to include
impermissible substitution patterns (e.g., methyl
substituted with 5 fluoro groups). Such impermissible
substitution patterns are well known to the skilled
artisan. Accordingly, the present invention
encompasses a compound represented by formula I
wherein:R is selected from the group consisting of
hydrogen and C1-C3 alkyl; X is selected from the group
consisting of hydrogen, halo, and OW2; Y is selected
from the group consisting of a bond, O, and CH ; Q is
absent or is selected from the group consisting of O,
S, and NH, provided that when Q is absent, V and NH
are both attached to a CH group; V is selected from
the group consisting of and C-G; Z is selected from
the group consisting of N and C-G'; G and G' are
independently selected from the group consisting of
hydrogen, amino, aminocarbonyl, methylamino,
dimethylamino, acylamino, alkoxyamino, -SO3H, -SO2NH2,
aminocarbonylamino, oxycarbonylamino,
HR1NCHR11C(O)NH-, azido, cyano, halo, hydroxyamino,
and hydrazino, where R' is hydrogen and R" is a
side-chain of an amino acid or where R and R" together
with the nitrogen and carbon bound to each group
respectively form a pyrrolidinyl group; provided that
V and Z are not identical; provided that when V is
C-H, Z is N; T1 and T2 are independently selected from
the group consisting of hydrogen, hydroxyl,
C1-C4-alkoxy, d-C 4-thioalkoxy, amino, substituted
amino, and halo; and each of W, W , and W is
independently selected from the group consisting of
hydrogen, C1-C4 alkyl, and a prodrug group; or a
pharmaceutically acceptable salt, a tautomer, or a
pharmaceutically acceptable salt of a tautomer
thereof. In some embodiments of the compounds of
formula I, R is methyl. In some aspects Y is O. In
other aspects X is OW2 and W1,W2, and W3 are hydrogen.
In still other aspects T1 and T2 are hydrogen. In some
aspects Q is O. In some embodiments of the compounds
of formula I, X is fluoro. In one embodiment, a
compound of formula I is represented by formula
Ia:wherein: Q, G5T1, T2, Y W5W1 X5 and R are as
described for formula I . In some embodiments of the
compounds of formula Ia or in combination with any of
the formula Ia embodiments, G is azido, amino,
acylamino, cyano, hydrogen, and halo. In some aspects
G is hydrogen. In other aspects, G is halo. In some
aspects, G is fluorine. In some embodiments of the
compounds of formula Ia or in combination with any of
the formula Ia embodiments, Q is O. In some
embodiments of the compounds of formula Ia or in
combination with any of the formula Ia embodiments, Q
is absent. In some embodiments of the compounds of
formula Ia or in combination with any of the formula
Ia embodiments, R is methyl. In some aspects Y is O.
In other aspects X is OW2 and W1',W2, and W3 are
hydrogen. In still other aspects T1 and T2 are
hydrogen. In some embodiments of the compounds of
formula Ia or in combination with any of the formula
Ia embodiments, X is fluoro. In some embodiments of
the compounds of formula Ia or in combination with any
of the formula Ia embodiments, one of W1 or W2 is a
prodrug group. In another embodiment, a compound of
formula I is represented by formula Ib wherein: 



G is selected from the group consisting of amino,
aminocarbonyl, methylamino, dimethylamino, acylamino,
alkoxyamino, -SO3H5-SO2NH2, aminocarbonylamino,
oxycarbonylamino, HR1NCHR11C(O)NH-, azido, cyano,
halo, hydroxyamino, and hydrazino, where R' is
hydrogen and R" is a side-chain of an amino acid or
where R1and R" together with the nitrogen and carbon
bound to each group respectively form a pyrrolidinyl
group; and Q, T1, T2, Y3W,W1, X, and R are as
described for formula I . In some embodiments of the
compounds of formula Ib or in combination with any of
the formula Ib embodiments, G is azido, amino,
acylamino, cyano, and halo. In some aspects G is halo.
In some aspects, G is fluorine. In other aspects G is
amino. In some embodiments of the compounds of formula
Ib or in combination with any of the formula Ib
embodiments, Q is O. In some embodiments of the
compounds of formula Ib or in combination with any of
the formula Ib embodiments, Q is absent. In some
embodiments of the compounds of formula Ib or in
combination with any of the formula Ib embodiments, R
is methyl. In some aspects Y is O. In other aspects X
is OW and W 5W , and W are hydrogen. In still other
aspects T and T are hydrogen. In some embodiments of
the compounds of formula Ib or in combination with any
of the formula Ib embodiments, X is fluoro. In some
embodiments of the compounds of formula Ib or in
combination with any of the formula Ib embodiments,
one of W1 or W2 is a prodrug group. In another
embodiment, a compound of formula I is represented by
formula Ic: wherein: Q, G', T1, T2, Y, W, W1, X, and R
are as described for formula I . In some embodiments
of the compounds of formula Ic or in combination with
any of the formula Ic embodiments, Q is O. In some
embodiments of the compounds of formula Ic or in
combination with any of the formula Ic embodiments, Q
is absent.In some embodiments of the compounds of
formula Ic or in combination with any of the formula
Ic embodiments, G' is selected from the group
consisting of azido, amino, aminocarbonyl, acylamino,
alkoxyamino, cyano, halo, hydroxyamino, hydrogen, and
hydrazine In some embodiments of the compounds of
formula Ic or in combination with any of the formula
Ic embodiments, G' is selected from the group
consisting of azido, amino, acylamino, cyano,
hydrogen, and halo. In some embodiments of the
compounds of formula Ic or in combination with any of
the formula Ic embodiments, G' is selected from the
group consisting of fluoro, chloro, iodo,
methoxyamino, hydroxyamino, -NH(CO)H, -NH(CO)CH3,
hydrazino, amino, aminocarbonyl, and cyano. In some
aspects G' is selected from the group consisting of
fluoro, chloro, iodo, -NH(CO)H, -NH(CO)CH3, amino, and
cyano. In some embodiments of the compounds of formula
Ic or in combination with any of the formula Ic
embodiments, R is methyl. In some aspects Y is O. In
other aspects X is OW2 and W1,W2, and W3 are hydrogen.
In still other aspects T1 and T2 are hydrogen. In some
embodiments of the compounds of formula Ic or in
combination with any of the formula Ic embodiments, X
is fluoro. In some embodiments of the compounds of
formula Ic or in combination with any of the formula
Ic embodiments, one of W1 or W2 is a prodrug group.
The present invention also encompasses a compound of
formula II: wherein: R is C1-C3 alkyl; X is selected
from the group consisting of hydrogen, halo, and OW2;
Q' is selected from the group consisting of NH, O, and
S;G' is selected from the group consisting of amino,
aminocarbonyl, methylamino, dimethylamino, acylamino,
-SO3H, -SO NH2, alkoxyamino, aminocarbonylamino,
oxycarbonylamino, HR1NCHR11C(O)NH-, azido, cyano,
halo, hydroxyamino, and hydrazino, where R' is
hydrogen and R" is a side-chain of an amino acid or
where R' and R" together with the nitrogen and carbon
bound to each group respectively form a pyrrolidinyl
group; Y is selected from the group consisting of a
bond, O, and CH2; and each of W,W1, and W2 is
independently selected from the group consisting of
hydrogen, C1-C alkyl, and a prodrug group; or 



a pharmaceutically acceptable salt, a tautomer, or a
pharmaceutically acceptable salt of a tautomer
thereof. In some embodiments of the compounds of
formula II or in combination with any of the formula
II embodiments, Q' is O. In some embodiments of the
compounds of formula II or in combination with any of
the formula II embodiments, G' is selected from the
group consisting of azido, amino, aminocarbonyl,
acylamino, alkoxyamino, cyano, halo, hydroxyamino, and
hydrazino. In some embodiments of the compounds of
formula II or in combination with any of the formula
II embodiments, G' is selected from the group
consisting of azido, amino, acylamino, cyano, and
halo. In some embodiments of the compounds of formula
II or in combination with any of the formula II
embodiments, G' is selected from the group consisting
of fluoro, chloro, iodo, methoxyamino, hydroxyamino,
-NH(CO)H, -NH(CO)CH3, hydrazino, amino, and cyano. In
some aspects G' is selected from the group consisting
of fluoro, chloro, iodo, -NH(CO)H, -NH(CO)CH3, amino,
and cyano. In some embodiments of the compounds of
formula II or in combination with any of the formula
II embodiments, R is methyl. In some aspects Y is O.
In other aspects X is OW2 and W1, W2, andW3 are
hydrogen. In still other aspects T1 and T2 are
hydrogen. In some embodiments of the compounds of
formula II or in combination with any of the formula
II embodiments, X is fluoro.In some embodiments of the
compounds of formula II or in combination with any of
the formula II embodiments, one of W1 or W2 is a
prodrug group. In another embodiment, a compound of
formula II is represented by formula Ha: wherein: Q',
G', W,W1, and W2 are as described for formula II. In
some embodiments of the compounds of formula Ha or in
combination with any of the formula Ha embodiments, Q'
is O. In some embodiments of the compounds of formula
Ha or in combination with any of the formula Ha
embodiments, G' is selected from the group consisting
of azido, amino, aminocarbonyl, acylamino,
alkoxyamino, cyano, halo, hydroxyamino, and hydrazino.
In some embodiments of the compounds of formula Ha or
in combination with any of the formula Ha embodiments,
G' is selected from the group consisting of azido,
amino, acylamino, cyano, and halo. In some embodiments
of the compounds of formula Ha or in combination with
any of the formula Ha embodiments, G' is selected from
the group consisting of fluoro, chloro, iodo,
methoxyamino, hydroxyamino, -NH(CO)H, -NH(CO)CH3,
hydrazino, amino, aminocarbonyl, and cyano. In some
aspects G' is selected from the group consisting of
fluoro, chloro, iodo, -NH(CO)H, -NH(CO)CH3, amino, and
cyano. In some embodiments of the compounds of formula
Ha or in combination with any of the formula Ha
embodiments, Y is O. In some embodiments of the
compounds of formula Ha or in combination with any of
the formula Ha embodiments, W,W1, and W2 are hydrogen.
In some embodiments of the compounds of formula Ha or
in combination withany of the formula Ha embodiments,
one of W1 or W2 is a prodrug group. The present
invention also encompasses a compound of formula III:
wherein: A and B are independently selected from the
group consisting of C=Q, NH, and methylene optionally
substituted with 1 to 2 halo groups, provided that A
and B are not both NH; D is NH, or -D-A-B- together
form a -N=CH-NH-, -(C=Q)-CH2-(C=Q)-, -(C=Q)-NH-(C=Q)-,
-(CX')=(CX')-(C=Q)-, or -CH=CH-NH- group where X' is
halo; each Q is independently selected from the group
consisting of O, S, and NH; R is selected from the
group consisting of hydrogen and C1-C3 alkyl; X is
selected from the group consisting of hydrogen, halo,
and OW2; T1 and T2 are independently selected from the
group consisting of hydrogen, hydroxyl, Ci-C4-alkoxy,
CrQ-thioalkoxy, amino, substituted amino, and halo; Y
is selected from the group consisting of O and CH2;
and each of W,W1, and W2 is independently selected
from the group consisting of 



hydrogen, C1-C alkyl, and a prodrug group; or a
pharmaceutically acceptable salt, a tautomer, or a
pharmaceutically acceptable salt of a tautomer
thereof. In some embodiments of the compounds of
formula III or in combination with any of the formula
III embodiments, A is C=O. In some embodiments of the
compounds of formula III or in combination with any of
the formula III embodiments, B is methylene. In some
embodiments of the compounds of formula III or in
combination with any of the formula III embodiments, Y
is O. In some embodiments of the compounds of formula
III or in combination with any of the formula III
embodiments, R is methyl.In some embodiments of the
compounds of formula III or in combination with any of
the formula III embodiments, T1 and T2 are hydrogen.
In some embodiments of the compounds of formula III or
in combination with any of the formula III
embodiments, -D-A-B- together form a -N=CH-NH-,
-(C=O)- CH2-(C=O)-, -(C=O)-NH-(C=O)-,
-(CF)=(CF)-(C=O)-, or a -CH=CH-NH- group. In some
embodiments of the compounds of formula III or in
combination with any of the formula III embodiments,
-D-A-B- together form a -N=CH-NH-,
-(CX')=(CX')-(C=Q)-, or -CH=CH-NH- group. In some
embodiments of the compounds of formula III or in
combination with any of the formula III embodiments, X
is fluoro. In some embodiments of the compounds of
formula III or in combination with any of the formula
III embodiments, W,W1, andW2 are hydrogen. In some
embodiments of the compounds of formula III or in
combination with any of the formula III embodiments,
one of W or W is a prodrug group. In one embodiment
the compounds of formula I, Ia, Ib, Ic, II, Ha, and
III, X is 0-W and each of W, W , and W is
independently hydrogen or a pharmaceutically
acceptable prodrug group selected from the group
consisting of acyl, oxyacyl, phosphonate, phosphate
esters, phosphate, phosphonamidate,
phosphorodiamidate, phosphoramidate monoester, cyclic
phosphoramidate, cyclic phosphorodiamidate,
phosphoramidate diester, and -C(O)CHR3NHR13, where R13
is hydrogen and R3 is selected from the group
consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic and a
side-chain of an amino acid; or R3 and R13 together
with the carbon and nitrogen atoms bound thereto
respectively form a heterocyclic ring. Preferably, Wis
hydrogen, phospho, diphospho, or triphospho. In
another embodiment compounds of formula I, Ia, Ib, Ic5
II, Ha, and III, X is 0-W 2 and one of W,W1, and W2 is
hydrogen. In another embodiment, W and W1 are H, or W
and W2 are H, or W2 and W1 are H. In yet another
embodiment each of W, W1, and W2 is hydrogen. In
another embodiment compounds of formula I, Ia, Ib, Ic,
II, Ha, and III, X is 0-W 2 and W is represented by
the formula:wherein R3 is a side-chain of an amino
acid; R8 is hydrogen or alkyl; and R10 is selected
from the group consisting of alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic. Preferably
one of W1 and W2 is hydrogen. More preferably W1 and
W2 are hydrogen. In another embodiment compounds of
formula I, Ia, Ib, Ic, II, Ha, and III, X is O-W and W
is represented by the formula: where R3 is a
side-chain of an amino acid. Preferably one of W and
W2 is hydrogen. More preferably W and W2 are hydrogen.
In one embodiment In another embodiment compounds of
formula I, Ia, Ib, Ic, II, and III, X is halo,
preferably fluoro, and each of W and W1 is
independently hydrogen or a pharmaceutically
acceptable prodrug group selected from the group
consisting of acyl, oxyacyl, phosphonate, phosphate
esters, phosphate, phosphonamidate,
phosphorodiamidate, phosphoramidate monoester, cyclic
phosphoramidate, cyclic phosphorodiamidate,
phosphoramidate diester, and -C(O)CHR3NHR13 , where
R13 is hydrogen and R3 is selected from the group
consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic and a
side-chain of an amino acid; or R and R together with
the carbon and nitrogen atoms bound thereto
respectively form a heterocyclic ring. W is preferably
hydrogen, 



phospho, diphospho, or triphospho. In another
embodiment In another embodiment compounds of formula
I, Ia, Ib, Ic, II, and III, X is halo, preferably
fluoro, and W is represented by the formula:wherein R3
is a side-chain of an amino acid; R8 is hydrogen or
alkyl; and R10 is selected from the group consisting
of alkyl, substituted alkyl, aryl, substituted aryl,
cycloalkyl, substituted cycloalkyl, heteroaryl,
substituted heteroaryl, heterocyclic and substituted
heterocyclic. Preferably W1 is hydrogen. In another
embodiment In another embodiment compounds of formula
I, Ia, Ib, Ic, II, and III, X is halo, preferably
fluoro, and W1 is represented by the formula: where R3
is a side-chain of an amino acid. Preferably, W is
hydrogen. In one embodiment In another embodiment
compounds of formula I, Ia, Ib, Ic, II, Ha, and III, X
is O-W 2,W2 is C1-4alkyl, preferably methyl, and each
of W and W1 is independently hydrogen or a
pharmaceutically acceptable prodrug group selected
from the group consisting of acyl, oxyacyl,
phosphonate, phosphate esters, phosphate,
phosphonamidate, phosphorodiamidate, phosphoramidate
monoester, cyclic phosphoramidate, cyclic
phosphorodiamidate, phosphoramidate diester, and
-C(O)CHR3NHR13 , where R13 is hydrogen and R3 is
selected from the group consisting of hydrogen, alkyl,
substituted alkyl, aryl, substituted aryl, cycloalkyl,
substituted cycloalkyl, heteroaryl, substituted
heteroaryl, heterocyclic and substituted heterocyclic
and a side-chain of an amino acid; or R3 and R13
together with the carbon and nitrogen atoms bound
thereto respectively form a heterocyclic ring.
Preferably W is hydrogen, phospho, diphospho, or
triphospho. More preferably, one of W and W1 is
hydrogen. Even more preferably W and W1 are hydrogen.
In one embodiment In another embodiment compounds of
formula I, Ia, Ib, Ic, II, Ha5 and III, X is O-W 2, W1
is CM alkyl, preferably methyl, and each W and W2 is
independently hydrogen or a pharmaceutically
acceptable prodrug group selected from the group
consisting of acyl, oxyacyl, phosphonate, phosphate
esters, phosphate, phosphonamidate,
phosphorodiamidate, phosphoramidate monoester, cyclic
phosphoramidate, cyclic phosphorodiamidate,
phosphoramidate diester, and-C(O)CHR3NHR13 , where R13
is hydrogen and R3 is selected from the group
consisting of hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic and a
side-chain of an amino acid; or R3 and R13 together
with the carbon and nitrogen atoms bound thereto
respectively form a heterocyclic ring. Preferably W is
hydrogen, phospho, diphospho, or triphospho. More
preferably, one of W and W2 is hydrogen. Even more
preferably W and W2 are hydrogen. In one embodiment In
another embodiment compounds of formula I, Ia, Ib, Ic,
II, Ha5 and III, X is O-W2,W is C1-4alkyl, preferably
methyl, and each of W1 and W2 is independently
hydrogen or a pharmaceutically acceptable prodrug
group selected from the group consisting of acyl,
oxyacyl, phosphonate, phosphate esters, phosphate,
phosphonamidate, phosphorodiamidate, phosphoramidate
monoester, cyclic phosphoramidate, cyclic
phosphorodiamidate, phosphoramidate diester, and
-C(O)CHR3NHR13 , where R13 is hydrogen and R3 is
selected from the group consisting of hydrogen, alkyl,
substituted alkyl, aryl, substituted aryl, cycloalkyl,
substituted cycloalkyl, heteroaryl, substituted
heteroaryl, heterocyclic and substituted heterocyclic
and a side-chain of an amino acid; or R3 and R13
together with the carbon and nitrogen atoms bound
thereto respectively form a heterocyclic ring. More
preferably, one of W1 and W is hydrogen. Even more
preferably W and W are hydrogen. In another embodiment
In another embodiment compounds of formula I, Ia, Ib,
Ic, II, Ha, and III, X is O-W2 and W is represented by
the formula: wherein R3 is a side-chain of an amino
acid; R8 is hydrogen or alkyl; and R10 is selected
from the group consisting of alkyl, substituted alkyl,
aryl, substituted aryl, cycloalkyl, substituted
cycloalkyl, heteroaryl, substituted heteroaryl,
heterocyclic and substituted heterocyclic. In another
embodiment W1 is hydrogen and W2 is C1-4alkyl,
preferably methyl. In yet another embodiment W2 is
hydrogen and W1 is d .4alkyl, preferably methyl. In
another embodiment compounds of formula I, Ia, Ib, Ic,
II, Ha, and III, X is O-W2 and W1 is represented by
the formula:where R is a side-chain of an amino acid.
In another embodiment W is hydrogen and W2 is methyl.
In still another embodiment W2 is hydrogen and W is
methyl. In another embodiment, the present invention
encompasses a compound or a pharmaceutically
acceptable salt, a tautomer, or a pharmaceutically
acceptable salt of a tautomer thereof selected from
Table I . 



Table I9-acetamido-2-(2'-methyl- b-D- 309
ribofuranosyl )-2,6-dihydro-2,3,5,6- tetraaza-benzo
[cd]azulen-7-one 9-hydrazino-2-(2' -methyl-b-D- 310
ribofuranosyl)-2,6-dihydro-2,3,5,6- tetraaza-benzo
[cd]azulen-7-one 9-fluoro-2-(2' -methyl-b-D- 311
ribofuranosyl)-2,6-dihydro-2,3,5,6- tetraaza-benzo
[cd]azulen-7-one 9-formamido-2-(2' -methyl-b-D- 312
ribofuranosyl )-2,6-dihydro-2,3,5,6- tetraaza-benzo
[cd]azulen-7-one 9-methoxyamino-2-(2' -methyl-b-D- 313
ribofuranosyl)- 2,6-dihydro-2,3,556- tetraaza-benzo
[cd]azulen-7-oneNOVEL C-17-HETEROARYL STEROIDAL CYP17
INHIBITORS/ANTIANDROGENS: SYNTHESIS, IN VITRO
BIOLOGICAL ACTIVITIES, PHARMACOKINETICS AND ANTITUMOR
ACTIVITY This application claims the benefit of the
filing date of U.S. Provisional Application Serial No.
60/657390 filed March 2, 2005 , which is incorporated
by reference herein. The U.S. Government has a paid-up
license in this invention and the right in limited
circumstances to require the patent owner to license
others on reasonable terms as provided for by the
terms of Grant No. CA27440 awarded by the National
Institutes of Health (NIH). The present invention
provides new chemical entities, particularly steroidal
C-17 benzoazoles., pyrimidinoazoles (azabenzoazoles)
and diazines. It is also provides methods for the
synthesis of the benzoazoles, pyrimidinoazoles and
diazines. In one embodiment, the methods for
synthesizing benzoazoles or pyrimidinoazoles comprise
a step of nucleophilic vinylic "addition-elimination"
substitution reaction of 3b-acetoxy-17-chloro-16-
formylandrosta-5,16-diene or analogs thereof and
benzoazole or pyrimidinoazole nucleophiles. In another
embodiment, the methods for synthesizing diazines
comprise a palladium catalyzed cross-coupling reaction
of 17-iodoandrosta-5,16-dien-3 b-ol or analogs thereof
with tributylstannyl diazines. Compounds of the
present invention are potent inhibitors of human CYP
17 enzyme as well as potent antagonists of both wild
type and mutant androgen receptors (AR). The most
potent CYP17 inhibitors were: 3b-hydroxy-17-(l
H-benzimidazole-l-yl)androsta-5,16-diene (5, code
named VN/124-1), 3b-hydroxy-17-(5
1-pyrimidyl)androsta-5,16-diene (15) and 17- (l
-benzimidazole-l-yl)androsta-4,16-diene-3-one (6),
with IC50 values of 300, 500 and 915 nM, respectively.
Compounds 5, 6, 14 and 15 were effective at preventing
binding of 3HRl 881 (methyltrienolone, a stable
synthetic androgen) to both the mutant and LNCaP AR
and the wild-type AR, but with a 2.2 to 5-fold higher
binding efficiency to the latter. Compounds 5 and 6
were also shown to be potent pure AR antagonists. The
cell growth studies showed that 5 and 6 inhibit the
growth of DHT-stimulated LNCaP and LAPC4 prostate
cancer cellswith IC5Ovalues in the low micromolar
range (i.e., < 10 mM). Their inhibitory potencies were
comparable to that of casodex but remarkably superior
to that of flutamide. The pharmacokinetics of
compounds 5 and 6 in mice was investigated. Following
s.c. administration of 50 mg/kg of 5 and 6, peak
plasma levels of 16.82 and 5.15 ng/niL, respectively
occurred after 30 to 60 min, both compounds were
cleared rapidly from plasma (terminal half-lives of
44.17 and 39.93 min, respectively) and neither was
detectable at 8 h. Remarkably, compound 5 was rapidly
converted into a metabolite tentatively identified as
17-(l -benzimidazol-l-yl)androsta-3-one. When tested
in vivo, 5 proved to be very effective at inhibiting
the growth of androgen-dependent LAPC4 human prostate
tumor xenograft, while 6 was ineffective. Compound 5
(50 mg/kg/twice daily) resulted in a 93.8% reduction
(P = 0.00065) in the mean final tumor volume compared
with controls, and it was also significantly more
effective than castration. To our knowledge, this is
the first example of an anti-hormonal agent (an
inhibitor of androgen synthesis (CYP 17
inhibitor)/antiandrogen) that is significantly more
effective than castration in suppression of
androgen-dependent prostate tumor growth. In view of
these impressive anti-cancer properties, compound 5
and others can be used for the treatment of human
prostate cancer. Prostate cancer (PCA) is the most
common malignancy and age-related cause of cancer
death worldwide. Apart from lung cancer, PCA is the
most common form of cancer in men and the second
leading cause of death in American men. In the United
States this year (2004), an estimated 230,000 new case
of prostate cancer will be diagnosed and about 23,000 



men will die of this disease (Jemal et al., Cancer
Statistics, 2004. CA Cancer J. Clin., 2004, 54, 8-29).
During the period of 1992 to 1999, the average annual
incidence of PCA among African American men was 59%
higher than among Caucasian men, and the average
annual death rate was more than twice that of
Caucasian men (American Cancer Society - Cancer Facts
and Figures 2003). Androgens play an important role in
the development, growth, and progress' sion of PCA
(McConnell, J. D., "Physiological basis of endocrine
therapy forprostatic cancer", Urol. Clin. North Am.,
1991, 18: 1-13). The two most important androgens in
this regard are testosterone (T) and
dihydrotestosterone (DHT). The testes synthesize about
90% of T and the rest (10 %) is synthesized by the
adrenal glands. T is further converted to the more
potent androgen DHT by the enzyme steroid 5a-reductase
that is localized primarily in the prostate
(Bruchovsky et al., "The conversion of testosterone to
5a-androstan-17b-ol-3- one by rat prostate in vivo and
in vitro", J. Biol. Chem., 1968, 243, 2012-2021).
Huggins et al. introduced androgen deprivation as
therapy for advanced and metastatic PCA in
1941(Huggins et al. "Studies on prostatic cancer: 2.
The effects of castration on advanced carcinoma of the
prostate gland.", Arch. Surg., 1941, 43, 209-212).
Thereafter, androgen ablation therapy has been shown
to produce the most beneficial responses in multiple
settings in PCA patients (Denmeade et al. "A history
of prostate cancer treatment." Nature Rev. Cancer,
2002, 2 : 389-396). Orchidectomy (either surgical or
medical with a GnRH agonist) remains the standard
treatment option for most prostate cancer patients.
Medical and surgical orchidectomy reduces or
eliminates androgen production by the testes but does
not affect androgen synthesis in the adrenal glands.
Several studies have reported that a combination
therapy of orchidectomy with antiandrogens, to inhibit
the action of adrenal androgens, significantly
prolongs the survival of PCA patients (Crawford, et
al., "A controlled trial of leuprolide with and
without flutamide in protatic carcinoma", N. Engl. J.
Med, 1989, 321, 419-424; Crawford, et al., "Treatment
of newly diagnosed state D2 prostate cancer with
leuprolide and flutamide or leuprolide alone, Phase
III: intergroup study 0036", J Urol., 1992, 147: 4
17A; and Denis, L., "Role of maximal androgen blockade
in advanced prostate cancer", Prostate, 1994, 5
(SuppL), 17s-22s). In a recent featured article by
Mohler and colleagues (Mohler et al., "The androgen
axis in recurrent prostate cancer", CHn. Cancer Res.,
2004, 10, 440-448) it was clearly demonstrated that T
and DHT occur in recurrent PCA tissues at levels
sufficient to activate androgen receptor. In addition,
using microarray-based profiling of isogenic PCA
xenograft models, Sawyer and colleagues (Chen et al.,
"Moleculardeterminants of resistance to antiandrogen
therapy." Nat. Med., 2004, 10, 33-39) found that a
modest increase in androgen receptor mRNA was the only
change consistently associated with the development of
resistance to antiandrogen therapy. Potent and
specific compounds that inhibit androgen synthesis in
the testes, adrenals, and other tissue may be more
effective for the treatment of PCA (Njar, V.C.O.;
Brodie, A.M. H., "Inhibitors of 17a-hydroxylase- C17
20-lyase (CYP17): Potential agents for the treatment
of prostate cancer", Current Pharm. Design, 1999, 5:
163-180). In the testes and adrenal glands, the last
step in the biosynthesis of T involves two key
reactions, which act sequentially and they are both
catalyzed by a single enzyme, the cytochrome P450
monooxygenase 17a-hydroxylase/17,20-lyase (CYP17)
(Hall, P. F., "Cytochrome P-450 C21scc: one enzyme
with two actions: Hydroxylase and lyase", J Steroid
Biochem. Molec. Biol, 1991, 40, 527-532).
Ketoconazole, as an antifungal agent and by virtue of
inhibiting P450 enzymes, is also a modest CYP17
inhibitor and has been used clinically for the
treatment of PCA (Trachtenberg et al., "Ketoconazole:
A novel and rapid treatment for advanced prostatic
cancer", J Urol. 1983, 130, 152-153). It is reported
that careful scheduling of treatment can produce
prolonged responses in otherwise hormonerefractory
prostate cancer patients (Muscato et al., "Optimal
dosing of ketoconazole and hydrocrtisone leads to long
responses in hormone refractory prostate cancer",
Proc. Am. Assoc. Cancer Res., 1994, 13: 22
(Abstract)). Furthermore, ketoconazole was found to
retain activity in advanced PCA patients with
progression despite fmtamide withdrawal (Small et al.,
"Ketoconazole retains activity in advanced prostate
cancer patients with progression despite flutamide
withdrawal", J Urol, 1997, 157, 1204-1207). Although,
ketoconazole has now been withdrawn from use because
of liver toxicity and other side effects this suggests
that more potent and selective inhibitors of CYP17
could provide useful agents for treating this disease,
even in advanced stages and in some patients who may
appear to be hormone refractory.A variety of potent
steroidal and non-steroidal inhibitors of CYP17 have
been reported and some have been shown to be potent
inhibitors of testosterone production in rodent models
(Njar and Brodie, above). Recently, Jarman and
colleagues have described the hormonal impact of their
most potent CYP17 inhibitor, abiraterone in patients
with prostate cancer (O'Donnell et al., "Hormonal
impact of the 17a-hydroxylase/C17,20-lyase inhibitors 



abiraterone acetate (CB7630) in patients with prostate
cancer", Br. J. Cancer, 2004, 90: 2317- 2325). Some of
our potent CYP17 inhibitors have been shown to also
inhibit 5a-reductase and/or are potent antiandrogens
with potent antitumor activity (Njar and Brodie,
above, and Long et al., "Antiandrogenic effects of
novel androgen synthesis inhibitors on
hormonedependent prostate cancer." Cancer Res., 2000,
60, 6630-6640). Further illustrative of the background
of the invention are U.S. Patent Nos. 5,994,335;
6,200,965; and, 6,444,683. We have discovered a series
of potent CYP17 inhibitors/antiandrogens, the 17-
benzoazoles, 17-pyrimidinoazoles and 17-diazines (see,
e.g., Schemes 1 and 2, for examples of preparation of
compounds which can be analogously applied to other
structures, as described below). The stimulus for
preparing these C-17 heteroaryl steroids was based on
our desire to incorporate benzimidazole,
benzotriazole, pyrimidinoazole and diazine moieties,
so-called "privileged substructures" (Nicolaou et al.,
"Natural product-like combinatorial libraries based on
privileged structures. 1. General principles and
solid-phase synthesis of benzopyrans", J Am. Chem.
Soc, 2000, 122, 9939-9953. "Privileged structures", a
term originally introduced by Evans et al. (J Med.
Chem., 1988, 31, 2235-2246) to describe structural
motifs capable of interacting with a variety of
unrelated molecular targets) in the new molecules.
These scaffolds, especially the benzimidazole
scaffold, continue to receive extensive attention in
medicinal chemistry because of their diverse portfolio
of biological activities and also as entities of a
variety of useful drugs (Nicolaou et al., above). The
C-17 heteroaryl steroid compounds of the invention are
of the following general formula I :wherein: the ABC
ring structure is the A3B and C ring portions of a
steroid or analog thereof, which are optionally
substituted; the bond at the 16,17 position is a
double bond or, when the compound is
17-(lH-benzimidiazol-l-yl)androst-3-one, a single
bond; and X is an optionally substituted
benzimidazole, benzotriazole, pyrimidinoimidazole
(purine), pyrimidinotriazole or diazine; the
benzimidazole, benzotriazole, and pyrimidinoimidazole
groups being bonded to the steroid residue through a
nitrogen atom on the 5-membered ring; and, the diazine
groups being bonded to the steroid residue through a
carbon atom on the diazine ring. Pharmaceutically
acceptable salts of these compounds are also included
in the invention. The optional substitution for the
ABC ring structure includes one or more of: alkyl and
halogenated alkyl (preferably C1-6); alkenyl and
halogenated alkenyl (preferably C1-6) including where
the double bond is directly attached to the ring
structure; halogen; amino; aminoalkylene;
hydroxyimino; and hydroxy. Further optionally,
hydrogen substituents on adjacent carbon atoms of the
ABC ring structure may be removed and replaced by an
additional bond between the adjacent carbon atoms to
result in a double bond between these carbons in the
ring structure. Preferred optional substitutions on
the ABC ring structure are methyl groups at the 10
and/or 13 positions of the ring structure.The optional
substitution for the benzimidazole, benzotriazole,
pyrimidinoimidazole, pyrimidinotriazole or diazine
structures include halogen, amino, aminoalkylene,
hydroxy, -SH, -S-alkyl, alkyl and halogenated alkyl
(preferably C1-6) . These optional substituents will
be on ring carbon atoms of the benzimidazole,
benzotriazole, pyrimidinoimidazole, pyrimidinotriazole
or diazine structures. The benzimidazole,
benzotriazole, pyrimidinoimidazole, pyrimidinotriazole
or diazine structures are of the following formulae,
respectively: benzimidazole benzotriazole
pyrimidinoimidazole pyrimidinotriazole pyrimidine
pyrazme wherein the * indicates the point of
attachment to the steroid residue. In one preferred
embodiment, the ABC ring structure has a C ring which
has no substitution except for preferably alkyl,
particularly methyl, substitution at the carbon shared
with the D ring which is adjacent the attachment to
the C-1 7 heteroaryl substitution, i.e., the
13-position.In another preferred embodiment, the A, B
and C rings of the ABC ring structure have a
conventional structure based on
3b-hydroxy-androsta-5,16-diene or 3-oxo-androsta-5,16-
diene. But in another embodiment the A and B rings
have one of the following structures 1- 25: The
following lists the chemical names of compounds having
the AB rings as in 1-25, and the C and D rings
conventional, wherein X is benzamidazole. Analogous
compounds wherein X is benzotriazole,
pyrimidinoimidazole, pyrimidinotriazole, pyrazine or
pyrimidine are also contemplated. 



Compound 1: 3b-Hydroxy-3a-rnethyl-17-(l -benzimidazol-
1-yl)-androsta-5,l 6- diene Compound 2: 3b-Fluoro-
17-(1 -benzimidazol-1 -yl)-androsta-5 ,16-diene
Compound 3: 3b-Chloro- 17-(1
T-benzimidazol-1-yl)-androsta-5 ,16-diene Compound 4:
3b-Bromo- 17-( l -benzimidazol- 1-yl)-androsta-5
,16-diene Compound 5: 3b-Iodo-17-(l /f-benzimidazol-
1-yl)-androsta-5,16-diene Compound 6: 3b-Amino- 17-(
li/-benzimidazol- 1-yl)-androsta-5, 16-diene Compound
7: 17-(l/ -benzimidazol-l -yl)-androsta-3,5,l 6-triene
Compound 8: 17-(l -benzimidazol-l
-yl)-androsta-2,4,16-triene Compound 9: 17-(l
-benzimidazol-l -yl)-3-methyleneandrosta-5,l
6-trieneCompound 10: 17-(l
H-benzimidazol-1-yl)-3-methyleneandrosta-4, 16-triene
Compound 11: 3,3-Difluoro-17-(l H-benzimidazol-
1-yl)-androsta-5, 16-diene Compound 12:
3,3-Difluoro-17-(l H-benzimidazol- 1-yl)-androsta-4,
16-diene Compound 13: 17-(l
H-benzimidazol-1-yl)-3-methyleneandrosta-2,4,
16-triene Compound 14:
17-(lH-benzimidazol-l-yl)-3-methyleneandrosta-2,4,6,16
-tetraene Compound 15: 3,3-Difluoro-17-(l
H-benzimidazol- 1-yl)-androsta-2,4, 16-triene Compound
16: 3,3-Difluoro-17-(l H-benzimidazol-
1-yl)-androsta-2,4,6, 16-tetraene Compound 17:
3-Hydroxyimino-17-(l H-benzimidazol- 1-yl)-androsta-5,
16-diene Compound 18: 3-Hydroxyimino-17-(l
H-benzimidazol- 1-yl)-androsta-4, 16-diene Compound
19: 3-Hydroxyimino-17-(l H-benzimidazol-
1-yl)-androsta-2,4, 16-triene Compound 20:
3-Hydroxyimino-17-(1H-benzimidazol- 1-yl)-androsta-2,4
.6,1 6-diene Compound 21:
3-Hydroxy-17-(1H-benzimidazol- 1-yl)-estra-1,3,5(10),
16-tetraene Compound 22: 3-Fluoro-17-(lH-benzimidazol-
1-yl)-estra- 1,3,5(10), 16-tetraene Compound 23:
3-Chloro-17-(l H-benzimidazol-
1-yl)-estra-1,3,5(10),16-tetraene Compound 24:
3-Bromo-17-(l H-benzimidazol- 1-yl)-estra- 1,3,5(1 0),
16-tetraene Compound 25: 3-Iodo-17-(l H-benzimidazol-
1-yl)-estra- 1,3,5(10),! 6-tetraene Examples of
optional substituents for the heteroaryl ring, X, are
shown by the following structures 26 - 40 wherein X is
benzimidazole. Analogous compounds wherein X is
substituted benzotriazole, pyrimidinoimidazole,
pyrimidinotriazole, pyrazine or pyrimidine are also
contemplated.Other examples of optional substituents
for the heteroaryl ring, X, are shown by the following
structures 41 - 46 wherein X is substituted
C-17-azabenzimidazole (i.e., pyrimidinoimidazole or
purine). Analogous compounds wherein X is substituted
benzimidazole, benzotriazole, pyrimidinotriazole,
pyrazine or pyrimidine are also contemplated. 41 42 43
44 45 46Particularly preferred compounds are those of
the following structures M5, M6, M9 and MlO. The
inhibitory activities of these compounds compared to
CYP17 and steroid 5a- reductases, the binding to and
transactivation of androgen receptors, and their
antiproliferative effects against two human prostate
cancer cell lines, LNCaP and LAPC-4 were studied. The
pharmacokinetics of compounds 5 and 6 were evaluated
in mice and the in vivo antitumor activities against
human LAPC-4 prostate carcinoma were also evaluated in
mice. To our knowledge, all the compounds described
here, with the exception of compound 15 represent
novel entities (Haidar et al., "Novel steroidal
pyrimidyl inhibitors of P450 17
(17a-hydroxylase/C17-20-lyase)",^rc . Pharm. Med
Chem., 2001, 334, 373-374; and Haidar et al., "Effects
of novel 17a-hydroxylase/C17,20-lyase (P45017, CYP17)
inhibitors on androgen biosynthesis in vitro and in
vivo", J Steroid Biochem. Molec. Biol, 2003, 84,
555-562). The preparation of the new 17-benzoazoles
and 17-diazines is outlined in Schemes 1 and 2,
respectively. These methods can be applied analogously
to other analogs described herein. The key
intermediate in our synthesis of the 17-benzazoles,
3b-acetoxy-17-chloro-16- formylandtrosta-5,16-dine (2)
was obtained from (1) by our routine procedure as
previously described (Njar et al., "Nucleophilic
vinylic "addition-elimination" substitution reaction
of 3b-acetoaxy-17-chloro-16-formylandrosta-5,16-diene:
A novel and general route to
17-substituted-D16-steroids. Part 1. Synthesis of
novel 17-azolyl-D16 steroids; inhibitors of 17a-
hydroxylase/17,20-lyase (P45017a)MBioorg. Med. Chem.
Lett., 1996, 6, 2777 - 2782; and "Novel 17-azolyl
steroids; potent inhibitors of cytochrome P450
17a-hydroxylase/17,20-lyase (P450 17a) : Potential
agents for the treatment of prostate cancer", J Med.
Chem., 1998, 41, 902 - 912). Treatment of 2 with
benzimidazole in the presence OfK2CO in DMF at
approximately 8O0C gave the desired 3b-acetoxy-17-l
-benzimidazole 3 in near quantitative yield. Compound
3 was smoothly deformylated with 10% palladium on
activated charcoal in refluxing benzonitrile to give
compound 4 in 93% yield, from which hydrolysis gave
the 



required 3b-hydroxy 17-benzimidazole 5. Modified
Oppenauer oxidation of 5 afforded the corresponding
D4-3-oxo analog, 6. The reaction of 2 with
benzotriazole in the presence OfK CO3 in DMF at
approximately 8O0C gave the desired
3b-acetoxy-17-benzo-l H-l,2,3-triazole 7b in excellent
yield, together with the 2H-l,2,3-triazole regioisomer
7a in approx 5% yield. These two regioisomers were
readily separated by flash column chromatography (FCC)
on silica gel and were also easily identified by their
respective proton NMR spectra. Thus, the four aromatic
protons of the symmetrical 2H-l,2,3-triazole 7a
appeared as two pairs of doublets at d 7.43, 7.45,
7.88 and 7.90 while the four aromatic protons of the
unsymmetrical I -1,2,3 -triazole 7b appeared as
multiplet at d 7.46 (2H) and doublets at d 7.57 (IH)
and 8.15 (IH), respectively. In addition, the 16-CHO
proton in 7a was significantly shifted downfield to d
10.66 compared to that in 7b at d 9.59. Deforniylation
of 7b with in situ generation of
Rh(l,3-bis(diphenylphosphino)propane) 2 +Cr catalyst
[Rh(dppp)2 +Cl ] in refluxing xylenes gave compound 8,
and following hydrolysis of the 3b-acetoxy group, we
obtained the target 3b-hydroxy-17-(benzo-l
H-l,2,3-triazol-l-yl)androsta-5,16-diene (9) in 90%
yield. Oxidation of 9 afforded 10 in good yield.
Synthesis of the 17-diazines, (17-diazine 14
andl7-pyrimidine 15) commenced from the readily
available dehydroepiandrosterone (11, Scheme 2), which
was converted to thecorresponding 17 hydrazone 12 by
treatment with hydrazine hydrate and hydrazine sulfate
as previously described by Potter et al., A
convenient, large-scale synthesis of abiraterone
acetate [3b-acetoxy-17(3-pyridyl)androsta-5,16-diene],
a potential new drug for the treatment of prostate
cancer. Org. Prep. Proc. Int., 1997, 29, 123-128.
Treatment of 12 with iodine in the presence of
1,1,3,3-tetramethylguanidine gave the vinyl 17-iodide
13 in excellent yield. The palladium catalyzed
cross-coupling reactions (Choshi et al., "Total
synthesis of Grossularines-1 and -2." J Org. Chem.,
1995, 60, 5899-5904) of 13 with (2-
tributylstannyl)pyrazine or
(5-tributylstannyl)pyrimidine proceeded to give
3b-hydroxy- 17- (2-pyrazyl)-androsta-5,16-diene (14,
15%), and 3b-hydroxy-17-(5-pyrimidyl)-androsta-5,16-
diene (15, 10%), respectively. The low yields of these
two cross-coupling reactions may be due to instability
of the stannyldiazine reagents under the reaction
conditions employed. The structures of the target
compounds, 14 and 15 were readily identified by their
proton NMR spectra: The three nonequivalent protons of
the 17-pyrazine moiety in 14 appeared as three
singlets at d 8.35, 8.48 and 8.70, while for the three
protons of the 17-pyrimidine moiety in 15, two
equivalent protons appear as a singlet at d 8.73 and
one proton appeared at d 9.07. Furthermore, the
17-diazine groups of 14 and 15 exhibit different
influences on the chemical shifts of their respective
16-olefinic protons with respect to the 16-proton of
the precursor D16-17-iodide 13: the 16-H in 14
appeared as a singlet at d 6.77, being significantly
deshielded compared to the 16-H in 13 (d 6.14); the
16-H in 15 appeared at d 6.1 1, similar to 13. As
indicated above, compound 15 was previously reported
Haidar et al., however, it was synthesized by a
procedure that is different from the one described
herein. A representative sample of the novel compounds
were then subjected to extensive in vitro and in vivo
studies as described in detail in the following
sections. The present invention also relates to method
of treating prostate cancer or prostate hyperplasia
comprising administering to a subject in need thereof
an effective amount of a compound in accordance with
the present invention. The term "treating" is
usedconventionally, e.g., the management or care of a
subject for the purpose of combating, alleviating,
reducing, relieving, improving, etc., one or more of
the symptoms associated with the prostate disease.
Examples of prostate diseases that can be treated
include, e.g., prostatic hyperplasia (BPH), and
prostate cancer (e.g., prostatic adenocarcinoma). The
specific dose level and frequency of dosage may vary,
depending upon a variety of factors, including the
activity of the specific active compound, its
metabolic stability and length of action, rate of
excretion, mode and time of administration, the age,
body weight, health condition, gender, diet, etc., of
the subject, and the severity of the prostate cancer
or hyperplasia. Any effective amount of the compound
can be administered, e.g., from about 1 mg to about
500 mg per day, more specifically about 50 mg to about
150 mg per day. The compounds can be administered in
any form by any effective route, including, e.g.,
oral, parenteral, enteral, intraperitoneal, topical,
transdermal (e.g., using any standard patch),
ophthalmic, nasally, local, non-oral, such as aerosol,
spray, inhalation, subcutaneous, intravenous,
intramuscular, buccal, sublingual, rectal, vaginal,
intra-arterial, and intrathecal, etc. A compound of
the present invention can be administered alone, or in
combination with any other ingredient(s), active or
inactive, for example, with physiologically acceptable



vehicles to make suitable pharmaceutical compositions.
The entire disclosure of all applications, patents and
publications, cited herein and of US Provisional
Application No. 60/657,390, filed March 2, 2005, is
incorporated by reference herein. Without further
elaboration, it is believed that one skilled in the
art can, using the preceding description, utilize the
present invention to its fullest extent. The following
preferred specific embodiments are, therefore, to be
construed as merely illustrative, and not limitative
of the remainder of the disclosure in any way
whatsoever.In the foregoing and in the following
examples, all temperatures are set forth uncorrected
in degrees Celsius and, all parts and percentages are
by weight, unless otherwise indicated. EXAMPLES
Biological Studies CYP17 Inhibition Studies: A CYP17
inhibition assay is performed according to our
previously reported procedure, in which intact
cytochrome P450cl7-expressing E. coli is used as the
enzyme source (Grigoryev et al., "Cytochrome
P450cl7-expressing Escherichia coli as a first-step
screening system for 17a-hydroxylase-C17,20-lyase
inhibitors", Anal. Biochem.; 1999, 267, 319-330; and
"Effects of new 17a-hydroxylase/C17,20-lyase
inhibitors on LNCaP prostate cancer cell growth in
vitro and in vivo", Br. J. Cancer, 1999, 81, 622-630.
IC50 values of the compounds are determined from
dose-response curves and are listed in Table 1. The
IC50 values for ketoconazole, abiraterone (a CYP17
inhibitor in clinical trials (O'Donnell, above), Chart
1) and
3b-hydroxy-17-(lH-imidazole-l-yl)androsta-5,16-diene
(VN/85-1, compound 16, Chart 1, believed to be the
most potent CYP17 inhibitor (Njar et al., Current
Pharm. Design, 1999, 5: 163-180; and J. Med. Chem.,
1998, 41, 902 - 912, above) are also determined in the
same assay system for comparison. Some of the new 17-
heterocycles exhibit potent inhibition of CYP17 with
IC5O values of 300 - 915 nM. The benzimidazoles, 5 and
6 are 4- to 6-fold more potent than the benzotriazoles
9 and 10. This result suggests that the electronic
nature of the 17-heterocycle influence inhibitory
activity. Furthermore, compounds with the Ds-3b-ol
functionality, 5 and 9 are at least 3-fold more potent
than the corresponding analogs with D4-3-one
functionality, 6 and 10, respectively. These results
are in contrast to our previous results for the simple
17-azole CYP17 inhibitors. In that series of
inhibitors, there is no marked difference in the
inhibitory potencies between the D5-3b-ol azoles and
the corresponding D4-3-one analogs (Njar et al., J.
Med. Chem., 1998,41, 902 - 912, above). A possible
explanation is that the bulkier benzoazoles bind
differently at the active site of the enzyme such that
the interaction(s) of the moiety at the 3-position is
important for binding. The binding of the substrate or
inhibitory ligands to the heme component of some P450
cytochromes is investigated using UV-vis difference
spectroscopy (Jefcoat C. R., "Measurement of substrate
and inhibitor binding to microsomal cytochrome P450 by
optical difference spectroscopy", Methods Enzymol,
1978, 52, 258-279). This approach is extended
following standard procedure previously reported by us
(Njar et al., Bioorg. Med. Chem. Lett., 1996, 6, 2777
- 2782; and J Med. Chem., 1998, 41, 902 - 912).
Compounds 5 and 9 each induce a type II difference
spectrum, indicating coordination of steroidal
nitrogen (N-3 of benzimidazole or benzotriazole ring)
to the heme iron of CYP17, with formation of lowspin
iron. The peak positions for the Soret maximum for the
enzyme complex with 5 and 9 (426 nM) is in agreement
with available data for the binding of nitrogen
ligands to CYP systems, and is also in agreement with
our results with other 17-azolyl CYP17 inhibitors
(Njar et al., Bioorg. Med. Chem. Lett., 1996, 6, 2777
- 2782; and J Med. Chem., 1998, 41, 902 - 912). The
interaction of the benzoazole nitrogen with the heme
iron of CYP17 suggests bulk tolerance at the
17-position, because the binding affinities of 5 and 9
are identical to that of the less sterically demanding
16, with a 17-imidazole group. Of the two 17-diazines
tested, the 17-ryrimidine 15 with an IC50 value of 500
nM is about 8-fold more potent than the 17-pyrazine 14
(ICs0 = 3810 nM). As with the benzoazoles, this result
suggests that the electronic nature of the
17-heterocycle influence inhibitory activity. Finally,
IQ 0 values in the same assay system for ketoconazole,
and abiraterone are evaluated (Table 1). The most
potent compound in this series, 17-benzimidazole 5,
exhibits about 4 and about 3-fold improvements in
CYP17 inhibition over these compounds, respectively,
although it is less potent than 16.Inhibition of human
5a-reductase isozymes type 1 and 2 in vitro: On the
basis of previous findings that some CYP17 inhibitors
are able to inhibit human 5a-reductase enzymes, we
briefly evaluated this new series of CYP17 inhibitors.
The inhibitory activities of compounds 5, 6, 9, 10 and
finasteride as a reference are determined using the
DU-145 cell line (human type 1 enzyme) and human
homogenates of BPH tissue (human type 2 enzyme) as
described 



by Hartmann et al., "Synthesis and evaluation of
2'-substituted 4-(4'-carboxy- or 4'-
carboxymethylbenzylidene)-N-acylpiperidines: Highly
potent and in vivo active steroid 5a- reductase type 2
inhibitors", J. Med. Chem., 2002, 45, 3406-3417. The
IC50 values or the percent inhibition values at a
concentration of 10 mM for some compound are presented
in Table 1. Only compound 6 exhibits potent inhibition
of both type 1 and 2 enzymes (IC5O = 770 and 480 nM,
respectively), although it is several fold less potent
than finasteride (IC50 = 60 and 2 nM, respectively).
LNCaP and PC-3AR androgen receptor binding assays:
Because we had previously demonstrated that some of
our CYP17 inhibitors are potent antiandrogens for both
the mutant and wild-type AR (Long et al., Gregoriyev
et al. andNjar et al., J. Med. Chem., 1998, 41, 902 -
912, above) it was of interest to assess the ability
of this series of CYP17 inhibitors to bind to these
receptors. AR competition is determined using labeled
R1881 ([3H]-R1881) in the androgen-sensitive LNCaP
cells, that express mutant AR, and the
androgen-independent PC- 3 cells stably transfected
with the wild-type AR (designated PC-3AR). Compounds
5, 6, 14 and 15, in the nanomolar concentration range,
compete effectively with labeled Rl 881 for binding to
both types of ARs in a dose-dependent manner (Figure
not shown). Compounds 5, 6, 14 and 15, with IC50
values of 384, 242, 336 and 374 nM, respectively
(Table 1), versus the wild type AR are 29 to 45-fold
more potent than with the clinically used
antiandrogen, flutamide (IC5 = 10,985 nM). As shown in
Table 1, the binding affinities for the mutant AR of 5
and 6 are comparable to that of casodex, a currently
used antiandrogen, but againsuperior to that of
flutamide. However, the biological activity of
flutamide is derived mainly from a metabolite,
hydroxyflutamide, which is a much more potent AR
antagonist. Effects of agents on LNCaP mutant
AR-mediated transcription: Next, we asked whether
compounds 5 and 6 are acting as AR agonists or
antagonists. A study on androgen-regulated
transcriptional activation is performed in LNCaP cells
transiently transfected with a probasin luciferase
reporter construct AARZ-Luc (luciferase activity
assay) (Kim et al., "Synergism of cytoplasmic kinases
in IL6-induced ligand-independent activation of
androgen receptor in prostate cancer cells", Oncogene,
2004, 25:1838-1844; and Zhang et al., "A Small
composite probasin promoter confers high levels of
prostate-specific gene expression through regulation
by androgens and glucocorticoids in Vitro and in
Vivo", Endocrinology, 2000, 141: 4698- 4710).
Compounds 5, 6 or casodex each at 0.1 and 10.0 mM have
no effect on luciferase activity, whereas luciferase
expression is increased approximately 99.6-fold after
treatment with 1.0 nM DHT for 18 h (Figure 1).
Furthermore, luciferase expression induced by exposure
to 1.0 nM DHT is decreased in a
concentration-dependent manner by 5, 6, and casodex
and in a similar fashion (Figure 1). Together, these
results suggest that compounds 5 and 6 like casodex do
not possess AR agonistic or partial agonistic activity
and may be considered as strong, pure androgen
antagonists. Although we did not test the compounds
with PC-3AR/LU cells, which express wild-type AR, it
is likely that they may also behave in a similar
fashion. We has previously shown that some of our
CYP17 inhibitors were more comparable to casodex than
to flutamide (Long et al., above), and this appears to
be the case with these new compounds. In general, our
novel compounds interact strongly with both AR types,
an indication that the compounds may be useful for the
treatment of patients with tumors expressing either
wild-type or mutated AR, or for patients with
amplified AR expression.Effects of benzoazoles on the
growth of LNCaP and LAPC-4 prostate cancer cells in
vitro: The abilities of compounds 5 and 6 to inhibit
proliferation in mutant LNCaP cells stimulated by 1 nM
DHT is examined. This concentration of DHT stimulated
LNCaP cell proliferation by about 2-fold compared to
vehicle-treated cells (Figure 2A). As shown in Figure
2A, compounds 5 and 6 each inhibit the DHT-induced
LNCaP cell proliferation in a dose-dependent fashion,
with IC50 values of 6.0 and 1.8 mM, respectively.
Casodex is used as a positive control, and it exhibits
similar inhibition of DHT-induced LNCaP cell
proliferation (Figure 2A, IC50 = 8.6 mM). Treating the
androgen-sensitive LAPC4 prostate cell line with 10 nM
DHT, surprisingly, does not significantly induce cell
proliferation (Figure 2B). Other investigators have
also reported that the response of LAPC4 cells to
androgens is not as pronounced as that observed in
LNCaP cells (Thompson et al., "Androgen antagonist
activity by the antioxidant moiety of vitamin E,
2,2,5,7,8-pentamethyl-6-chromanol in human prostate
carcinoma cells", MoUc. Carter Them., 2003, 2,
797-803). However, compounds 5, 6 and casodex each
exhibit a dose-dependent inhibition of this cell line
(Figure 2B) as with the LNCaP cells. The order of
inhibitory potency of LAPC4 cell proliferation is 6 >
5 > casodex, with IC50 values of 1.0, 3.2 and 10 mM,
respectively. Together, these results suggest that 5
and 6 may be acting to block the action of DHT in
stimulating cell proliferation, in correlation with
their androgen receptor binding and activation
properties described above. 



Compounds 5 and 6 are amongst the most potent
antiandrogens described to date. Pharmacokinetics of 5
and 6 and metabolism of 5: The pharmacokinetic
properties in male SCID mouse for the two lead
compounds, 5 and 6 are studied following our recently
described procedure for other CYP17 inhibitors (Nnane
et al., "Pharmacokinetic profile of
3b-hydroxy-17-(lH-123-triazol-l-yl)androsta-5,16-diene
(VN/87-1), a potent androgen synthesis inhibitor in
mice", J. Steroid Biochem. Molec. Biol, 2001, 71,
145-152; and Handratta et al., "Potent CYP17
inhibitors: improved syntheses, pharmacokinetics and
antitumor activity in the LNCaP human prostate cancer
model", J Steroid Biochem. Molec. Biol, 2004, 92,
155-165. The results are summarized in Table 2 and
Figures 3-5. On reverse phase HPLC, 5 [retention time
(rt) = 21.6 min] is well resolved from the internal
standard (16, rt = 11.5 min), a metabolite (rt = 17.3
min) and other endogenous compounds in mouse plasma
(Figure 3). The calibration curves derived for 5 are
linear and reproducible (data not shown), the inter-
and intra-assay variability is less than 10% and its
limit of detection is 100 ng/ml. The HPLC assay is
validated and used to monitor 5 in mice plasma.
Following subcutaneous administration, the plasma
concentration of 5 declines exponentially with a mean
half-life of about 44.17 min and elimination rate
constant of 56.5 min" 1. Compound 5 is cleared at a
rate of 1986.14 ml/h/kg from the systemic circulation
and was not detected 6 h after administration. The
calculated non-compartmental pharmacokinetic
parameters based on the plasma concentration profile
following subcutaneous administration of 5 are shown
in Table 2. The plasma concentration-time curves after
s.c. administration of 5 (50 and 100 mg/kg) to male
SCID mice are also shown in Figure 4. After s.c.
administration of 5, the observed plasma concentration
in mice reach peak levels 30.0 min post dose. Compound
5 is well absorbed from the subcutaneous site and the
area under the curve for the plasma concentration
versus time profiles after s.c. administration
increases proportionately to dose as the
administration dose is changed from 50 to 100 mg/kg.
Furthermore, the elimination half-life, and mean
residence time are relatively constant as the dose of
5 increases from 50 to 100 mg/kg (Table 1). These
results indicate that the pharmacokinetic profile of 5
is dose independent. Figure 5 shows that a significant
amount of a polar metabolite [retention time, 17.3
min, see Figure 3)] is formed from 5 and present in
the plasma during the in vivo pharmacokinetic studies.
The maximum amount of the metabolite is 67.72 %,
attained about 2 h post dose. This metabolite shows
identical retention time as compound 6. This
metaboliteis tentatively identified by LC-MS; its
molecular mass (m/z 391 = M+ H+) is consistent with
the structure of 3-oxo-D5'16-tetrahydro compound 5
(i.e., 17~(l//-benzimidazol-l-yl)androst- 3-one). The
metabolite may have been formed from 5 via oxidation
of the 3b-0H - > 3-oxo, followed by reduction
(reductases) of both D5 and D16 double bonds. A
similar metabolite was previously identified (formed
as a result of oxidation of a 3b-0H - " 3-oxo,
followed by isomeraization of D5 double bond) in male
mice of a closely related steroidal 17-imidazole
(Handratta et al., above). A major metabolite of 5,
i.e., 17-(lH-benzimidiazol-l-yl)androst-3-one, may be
synthesized from trans-androsterone; see Scheme 3. It
is also expected to have analogous activity. The in
vivo pharmacokinetics of 6 in mice is unlike that of
compound 5 due to the relatively low Cmax and
significantly higher elimination rate (Figure 4 and
Table 2). In addition, we did not detect any
metabolism(s) of compound 6 in the plasma, in contrast
to our observation with compound 5. Effects of 5 and 6
on LAPC4 Xenografts grown in SCID mice: On the basis
of impressive multiple in vitro biological activities,
i.e., potent inhibition of CYP17, strong
antiproliferative prostate cancer cell activity and
antiandrogenic activities, 5 and 6 are selected for in
vivo antitumor efficacy studies in androgen-depended
LAPC4 human prostate cancer xenograft model. In the
first experiment, the effect of compounds 5 and 6 on
the growth of wellestablished LAPC4 prostate cancer
tumors in SCID mice is determined, and castration is
used as the reference treatment. Tumor-bearing mice
are assigned (n = 5/group) to receive one of two doses
of 5 or 6 (0.15 mmol/kg once-daily or 0.15 mmol/kg
twice-daily). Tumor volumes are measured weekly and
compared with controls receiving vehicle or castrated
mice.Castration leads to a 55% reduction of final
tumor volume, as compared to the control (Figure 6).
Administration of 0.15 mmol/kg once daily and 0.15
mmol/kg twice daily of 5 results in reduction of
average final tumor volumes of 41% and 86.5%,
respectively, compared to tumors in vehicle-treated
control animals (Figure 6). In contrast to the
excellent tumor growth inhibition for 5 treated mice,
mice treated with compound 6 are either ineffective at
the low dose or even show stimulation of tumor growth
compared to control 



(Figure 6). The inability of 6 to inhibit LAPC4 tumor
growth in vivo is especially disappointing because the
compound is very effective at inhibiting PCA cell
growth in vitro, and is a highly potent pure
antiandrogen (see Figure 1). The highly significant
disparity in the in vivo antitumor efficacy of 5 and 6
cannot easily be attributable to differences in the
pharmacokinetic properties of the two compounds. The
underlying reason(s) for the dramatic differences in
in vivo antitumor efficacy of these two closely
related compounds is unknown at this time. However, it
may be attributable to 6 being converted in the
animals to metabolite(s) that may be a strong agonist
of androgen receptor thus causing tumor growth
stimulation. During the study, all mice were weighed
once per week. The body weights of all treated groups
increased slightly and were similar to the increase
observed with the control group. All mice appeared
healthy and no adverse effects were observed
suggesting that the compounds were without significant
toxicity. The second in vivo experiment tests the
ability of 5 to inhibit the growth of LAPC4 prostate
cancer cells growing in SCID mice, and 16 (Chart 1), a
previously identified potent CYP17
inhibitor/antiandrogen (Gregoriyev et al. and Njar et
al., J. Med. Chem., 1998, 41, 902 - 912, above) and
castration are used as reference treatments. In this
experiment, treatment begins on the day that mice were
inoculated subcutaneously with hormonedependent LAPC4
cells and are castrated or injected sc twice daily
with 5 or 16. Figure 7 shows the effects of the
various treatments on the emergence and on the size of
tumors during the 2 1 weeks of therapy.All other
groups develop palpable and measurable tumor at week
10 of therapy except for the group treated with 16
(0.15 mmol/kg twice-daily) that develop palpable and
measurable tumors at week 11. Total tumor volume in
the control mice increases by 8-fold over 14 weeks of
treatment when mice are sacrificed because of the
large tumors. Thus, the tumor volumes for the other
groups are compared to those of the control group at
week 14 of treatment. Tumor volume in the castrated
mice increases by only 4.1 fold ( about 50% reduction
compared to control), and is similar to the 3.7 fold
increase (53.8% reduction compared to control)
observed in mice treated with 16. In the mice treated
with 5 (0.15 mmol/kg twice-daily), tumor volume
increases by only 0.5 fold, which represents a 93.8%
reduction versus control mice (P = 0.00065). At week
16, the mean tumor volume in the compound 5-treated
animals is found to be lower (almost negligible and
dormant) than their mean tumor volume at week 10 when
measurable tumors emerge. Furthermore, 5 causes a
significant inhibitory effect on tumors, compared to
16 or castration, P =0.005 and 0.05, respectively. In
general, tumors in the control, castration and
compound 16 treated mice grow rapidly, while the tumor
of the 5 treated mice grows very slowly and in a
biphasic manner (Figure 7). Compound 5 is the most
effective agent, and significantly is much more
effective than castration at inhibition of tumor
growth. It is interesting to note that although 16 is
6 times more potent than 5 in CYP17 inhibition, the
latter exhibits a superior in vivo antitumor activity.
The reason(s) responsible for this phenomenon is
unknown at this time, but may be in part due to better
pharmacokinetic and or pharmacodynamic properties of
5. To determine whether the "dormant" compound
5-treated prostate tumors (see Figure 7, week 16) are
able to grow on a lower dose of 5, its dose was
reduced to 0.15 mmol/kg thrice a week (a 78.6%
reduction in dosage) from weeks 16 - 19, and the tumor
volumes measured weekly. During this period of
treatment with reduced dose of the compound, tumors
resume growth (Figure 7). After this 3-week interval,
drug treatment with the usual dose is resumed, and the
tumor growth slows and reaches a plateau. These data
suggest acytostatic nature of this treatment and infer
the need for continuous administration to achieve the
antitumor effect. At the end of the experiment, the
levels of 5 in the tumors and organs of the 5-treated
mice are determined. The 5 levels by HPLC in the
tumors, testis and liver 1 h after administration of
the final dose (insert of Figure 7) are measured.
Interestingly, a small (~ 15% relative to 5) amount of
metabolite is detected only in the liver tissues. This
metabolite has the same retention time as the
metabolite observed in the plasma (vide supra). The
highest concentration of 39.0  8.4 mg/mg tissue of 5
is measured in the s.c. tumors. The concentrations in
the liver and testis are lower but detectable. The
level of 5 in tumors is significantly higher that the
levels measured in the plasma, which may be a result
of accumulation of the compound through the period of
the experiment. Thus, inhibition of tumor growth by 5
can be explained in part higher concentrations in
tumor xenografts, which may exert direct
cytotoxic/cytotastic effect on the prostate cancer
cells. It should be stated that there is evidence to
suggest a possible direct cytotoxic effect of
ketoconazole (a modest CYP 17 inhibitor) on prostate
cancer cells.33 In addition; the accumulation of 5 in
the testes would enable inhibition of testosterone
synthesis in the animals. 



Although it is well established that LAPC4 are
androgen-dependent, these cells can become
androgen-independent, and as such represent a suitable
model that mimics prostate cancer development in
patients (Chen et al., above, and Kline et al.,
"Progression of metastatic human prostate cancer to
androgen independence in immunodefcient SCID mice."
Nat. Med, 1997, 3, 402-408). As shown in Figure 7, we
are able to replicate this phenomenon. Furthermore,
our results show that treatment with 16 or castration
effectively suppresses tumor growth for a certain
period (androgen-dependent phase), but was ineffective
thereafter (possibly as a result of an
androgen-independent phase) since the tumors grow
rapidly just as in intact control mice. Tumor growth
in the mice treated with 5 is strongly suppressed
throughout the treatment period. This suggests that 5
may have effects onandrogen-independent prostate
cancer. However, it is also plausible that treatment
with this compound enables LAPC4 tumors to remain
androgen dependent for a longer period and therefore
responsive to antiandrogen therapy. Recent studies
that clearly demonstrate the up-regulation and
involvement of AR in advanced and recurrent PCA
(Mohler et al., and Chen et al., above) have renewed
interest in the androgen receptor as a target for
development of drugs to treat PCA (Tindall et al.,
"Symposium on androgen action in prostate cancer",
Cancer Res., 2004, 64, 7178-7180). Because of its
potent properties, 5 may be an excellent candidate.
Conclusions: The data reinforce our earlier concept of
modification of the C17 substituent of D16 steroids to
produce potent inhibitors of CYP17 as well as potent
AR antagonists. The 17- benzimidazoles 5 and 6 are
shown to coordinate the heme iron of CYP17, a property
that may in part be responsible for their enzyme
inhibitory activity. Compounds 5 and 6 exhibit almost
equipotent in vitro activities for CYP17 inhibition,
AR antagonism, and inhibition of prostate cancer cell
growth. Surprisingly, the compounds are very different
in their antitumor activities, as 5 causes marked
suppression of LAPC4 tumor xenograft growth, and in
contrast, 6 (0.15 mmol/kg twice daily) enhances tumor
growth. The present study provides compelling evidence
that 5 is a potent inhibitor of human prostate tumor
growth and is remarkably more effective than
castration. This is the first example of a CYP17
inhibitor/antiandrogen demonstrating in vivo antitumor
activity against a prostate cancer tumor to an extent
that is superbly more effective than castration. These
impressive biological activities, makes 5 a strong
candidate for further development as a potential drug
for the treatment of prostate cancer in humans. The
excellent antitumor activity of compound 5, containing
a benzimidazole group makes the benzimidazoles a
preferred group. However,analogs of 5 as discussed
above are expected to have related activity and are
included in the invention. Experimental Section
Chemistry: General procedures and techniques were
identical with those previously reported (Njar et al.,
J Med. Chem., 1998, 41, 902 - 912). Infra red spectra
are recorded on a Perkin Elmer 1600 FTIR spectrometer
using solutions in CHCl3. High-resolution mass spectra
(HRMS) are determined on a 3-Tesla Finnigan FTMS-2000
FT mass spectrometer, ESI mode (Ohio State University,
Department of Chemistry). As a criterion of purity for
key target compounds, we provided high resolution mass
spectral data with HPLC chromatographic data
indicating compound homogeneity. Low-resolution mass
spectra (LRMS) are determined on a Finnegan LCR-MS.
Melting points (mp) are determined with a Fischer
Johns melting point apparatus and are uncorrected.
Dehydroepiandrosterone and dehydroepiandrosterone
acetate were purchased from Aldrich, Milwaukee, WI. 5-
Tributylstannylpyrimidine and
2-tributylstannylpyrazine were purchased from Frontier
Scientific, Inc., Logan, UT.
3b-Acetoxy-17-chIoro-16-formylandrosta-5,16-diene (2):
This compound prepared from
3b-acetoxyandrost-5-en-17-one (1) as previously
described, provided spectral and analytical data as
described (Njar et al., J. Med. Chem., 1998, 41, 902 -
912). 3b-Acetoxy-17-(li
-benzimidazoH-yl)-16-formyIandrosta-5,16-diene (3): A
mixture of
3b-Acetoxy-17-chloro-16-formylandrosta-5,16-diene (2,
2.5 g, 6.65 mmol), benzimidazole (2.35 g, 19.9 mmol),
and K2CO3 (2.76 g, 23.9 mmol) in dry DMF (20 niL) is
stirred at ca. 80 0C under Ar for 1.5 h. After cooling
to room temperature, the reaction mixture is poured
onto ice-cold water (250 mL) and the resulting
precipitate is filtered, washed with water, and
driedto give a crude dirty white solid (ca. 2.9 g).
Purification by FCC [petroleum ether/EtOAc/Et 3N
(6:4:0.3)] gives 2.7 g (88.7%) of pure compound 3: mp
227-230 0C; IR (CHCl3) 3691, 3024, 2951, 2359, 1725,
1670, 1604, 1491, 1452, 1375, 1253, 1032, 897, 852,
818, 700, 657, 618, 576, 565, 550, 529, 511, 476 cm 1
; 1HNMR (300 MHz, CDCl3) d 1.07 (s, 6H, 18- and
19-CH3), 2.04 (s, 3H, 3b-OCH3), 4.60 (m, IH, 3a-H),
5.43 (br s, IH, 6-H), 7.35 (br. s, 2H, aromatic-Hs),
7.85 (s, IH, aromatic-H), 7.98 (s, IH, aromatic-H),
7.98 (s, IH, 21- 



H) and 9.59 (s, IH, 16-CHO). HRMS calcd 481.2462
(C29H34O3N2-Na+), found 481.2454.
3b-Acetoxy-17-(lfl-benzimidazol-l-yl)androsta-5,16-die
ne (4): A solution of 3b-Acetoxy- 17-(l
-benzimidazol-l-yl)-16-formylandrosta-5,16-diene (3,
2.04 g, 4.45 mmol) in dry benzonitrile (10 mL) was
refluxed in the presence of 10% palladium on activated
charcoal (1.02 g, i.e., 50% weight of 3) for 5 h.
After cooling to room temperature, the catalyst was
removed by filtration through a Celite pad. The
filtrate was evaporated, and the residue was purified
by FCC [petroleum ether/EtOAc/Et 3N (7.5:3:0.5)] gave
1.41 g (73.8%) of pure compound 4: mp 159-160 0C; IR
(CHCl3) 3687, 2947, 2854, 2358, 2340, 1725, 1633,
1609, 1557, 1489, 1454, 1373, 1291, 1253, 1195, 1136,
1031, 985, 910, 839, 735, 665, 590, 544, 533, 513,
502, 488 cm4 ; 1HNMR (300 MHz, CDCl3) d 1.02 (s, 3H,
18-CH3), 1.07 (s, 3H, 19-CH3), 2.04 (s, 3H, 3b-OCH3),
4.62 (m, IH, 3a-H), 5.43 (br s, IH, 6-H), 5.98 (s, IH,
16- H), 7.30 (m, 2H, aromatic-Hs), 7.49 (s, IH,
aromatic-H), 7.81 (s, IH, aromatic-H), and 7.95 (s,
IH, 2 H). HRMS calcd 453.2512 (C28H34O2N2-Na+), found
453.2511.
3b-Hydroxy-17-(lIT-benzimidazol-l-yl)androsta-5,16-die
ne (5): The acetate 4 (1.3 g 3.02 mmol) was dissolved
in methanol (20 mL) under an inert Ar atmosphere, and
the resulting solution treated with 10% methanolic KOH
(8 mL). The mixture was stirred at room temperature
for 1.5 h, and then concentrated under reduced
pressure at approx. 40 0C to a volume of 10 mL. This
solution was poured into ice water (300 mL), and the
resulting whiteprecipitate was filtered, washed with
water and dried. Crystallization from EtOAc/MeOH gave
5 (1.10 g, 94%), mp 189-190 0C; IR (CHCl3) 2934, 2339,
1609, 1490, 1453, 1291, 1040, 837, 808, 705, 663, 608,
578, 550, 517 cm 1; 1HNMR (300 MHz, CDCl3) d 1.02 (s,
3H, 18- CH3), 1.07 (s, 3H, 19-CH3), 3.55 (m, IH,
3a-H), 5.41 (br s, IH, 6-H), 5.99 (s, IH, 16-H), 7.30
(m, 2H, aromatic-Hs), 7.54 (s, IH, aromatic-H), 7.80
(s, IH, aromatic-H), and 7.96 (s, IH, 2X-H). HRMS
calcd 411.2407 (C26H32ON2-Na+), found 411.2396. 17-(l
J T-benzimidazol-l -yl)andr osta-4,16-diene-3-one
(6):From a mixture of compound 5 (660 mg, 1.70 mmol),
l-methyl-4-piperidone (2.5 mL), and toluene (40 niL)
was distilled off ca. 10 mL. Aluminum isopropoxide
(521 mg, 2.55 mmol) was then added, and the mixture
was refluxed under Ar for 4 h. After cooling, the
mixture was diluted with EtOAc (50 mL), washed
successively with 5% aqueous NaHCO3 (x3) and brine
(x2), and then dried (Na2SO4) . The solvent was
evaporated, and the crude product was purified by FCC
[CH2Cl2/Et0H (25:1)] to give the title compound 6 (544
mg, 82%) :mp 201-204 0C; IR (CHCl3) 2946, 2858, 1622,
1611, 1490, 1453, 1376, 1291, 1270, 1228, 1189, 893,
850, 837, 722, 662, 615, 568, 553, 537, 519 cm 1;
1HNMR (300 MHz, CDCl3) d 1.04 (s, 3H, 18-CH3), 1.24
(s, 3H, 19- CH3), 5.78 (s, IH, 4-H), 5.99 (s, IH,
16-H), 7.31 (m, 2H, aromatic-Hs), 7.48 (m, IH,
aromatic-H), 7.81 (s, IH, aromatic-H), and 7.95 (s,
IH, 2 -H). HRMS calcd 409.2250 (C26H30ON2-Na+), found
409.2250. Reaction of
3b-acetoxy-17-chloro-16-formylandrosta-5,16-diene (2)
with benzo-lfl- 1,2,3-triazole and K2CO3:
3b-Acetoxy-17-(benzo-2J3-l,2,3-triazol-2-yl)-16-
formylandrosta-5,16-diene (7a) and
3b-Acetoxy-17-(benzo-l -l,2,3-triazol-l-yl)-16-
formylandrosta-5,16-diene (7b): A mixture of compound
2 (2.5 g, 6.65 mmol), benzotriazole (2.35g, 19.9
mmol), and K2CO3 (2.76 g, 23.9 mmol) in dry DMF (20
mL) was stirred at ca. 80 0C under Ar for 45 min.
After cooling to room temperature, the reactionmixture
was poured onto ice-cold water (250 mL) and the
resulting precipitate was filtered, washed with water,
and dried to give a crude dirty white solid.
Purification by FCC [pet. Ether/EtOAc, (4:1)] first
gave 3b-acetoxy-17-(benzo-2 -l,2,3-triazol-2-yl)-16-
formylandrosta-5,16-diene (7a, 0.3 g, 9.8 %) as minor
product; mp 248-250 0C; IR (CHCl3) 3023, 2945, 2358,
1725, 1657, 1600, 1375, 1257, 1032, 728, 656, 584,
564, 540, 526, 506, 498 cm ; 1HNMR (300 MHz, CDCl3) d
1.11 (s, 3H, 18-CH3), 1.37 (s, 3H, 19-CH3), 2.04 (s,
3H, 3b-OCH3), 4.62 (m, IH, 3a-H), 5.43 (br s, IH,
6-H), 7.43 (d, IH, J = 2.4 Hz, aromatic- Hs), 7.45 (d,
IH, J = 2.7 Hz, aromatic-H), 7.88 (d, IH, J = 2.7 Hz,
aromatic-H), 7.90 (d, IH, J = 2.4 Hz, aromatic-H) and
10.66 (s, IH, 16-CHO). HRMS calcd 482.2414 (C2dH33O N
-Na+), found 482.2413. Further elution with the same
solvent system afforded the major product,
3b-acetoxy-17-(benzo-l
-l,2,3-triazol-l-yl)-16-formylandrosta-5,16- diene
(7b, 2.3 g, 75.4 %); mp: 186-188 0C; IR (CHCl3) 3023,
2948, 1725, 1670, 1604, 1488, 1450, 1374, 1253, 1196,
1032, 846, 824, 720, 658, 619, 548, 527, 504, 497 cm
1; 1HNMR (300 MHz, CDCl3) d 1.07 (s, 6H, 18- and
19-CH3), 2.04 (s, 3H, 3b-OCH3), 4.60 (m, IH, 3a- H),
5.43 (br s, IH, 6-H), 7.46 (m, 2H, aromatic-Hs), 7.57
(d, IH, J =6.9 Hz, aromatic-H), 8.15 (d, IH, J = 8.4
Hz), aromatic-H), and 9.59 (s, IH, 16-CHO). HRMS calcd
482.2414 (C28H33O3N3-Na+), found 482.2416.
3b-Acetoxy-17-(benzo-l
-l,2,3-triazol-l-yl)androsta-5,16-diene (8): A mixture
of bis(triphenyphosphine)rhodiurn(I) carbonyl chloride
(303 mg, 0.438 mmol) and 1,3-bis-
(diphenylphosphino)propane (394 mg, 0.954 mmol) in dry
xylene (40 mL) was stirred at 80 



0C under Ar for 15 min when fine yellow precipitate
formed. Compound 7b (1.71 g, 3.72 mmol) was added, and
the mixture was refluxed under Ar for 18 h, and then
concentrated under reduced pressure. The crude product
was purified by FCC [pet ether/EtOAcZEt N,
(8.9:1:0.1)] to give 1.2 g (74.7 %) of pure compound
8; mp 184-186 0C. IR (CHCl3) 3063, 2918, 2389, 2358,
1725, 1458, 1373, 1254, 1069, 1031, 843, 809, 786,
692, 646, 560, 535,528, 512, 494 cm 1; 1HNMR (300 MHz,
CDCl3) d 1.10 (s, 3H, 18-CH3), 1.25 (s, 3H, 19- CH3),
2.04 (s, 3H, 3b-OCH3), 4.64 (m, IH, 3a-H), 5.43 (br s,
IH, 6-H), 6.01 (s, IH5 16-H)5 7.40 (t, IH, J = 7.8 Hz,
aromatic-H), 7.51 (t, IH, J = 7.8 Hz, aromatic-H),
7.67 (d, IH, J = 8.1 Hz, aromatic-H), and 8.10 (d, IH,
J = 8.1 Hz, aromatic-H). HRMS calcd 454.2465
(C27H33O2N3-Na+) found 454.2469.
3b-Hydroxy-17-(benzo-lF-l,2,3-triazol-l-yl)androsta-5,
16-diene (9): The method followed that described for
compound 5 but using 3b-acetoxy-17-(benzo-l
-l,2,3-triazol-lyl) androsta-5,16-diene (8; 700 mg,
1.62 mmol). Recrystallization from EtOAc/MeOH give the
title compound 9 (600 mg, 95%); mp 241-244 0C; IR
(CHCl3) 3603, 2937, 2859, 1609, 1488, 1451, 1373,
1287, 1243, 1069, 1040, 1007, 953, 845, 805, 715, 665,
618, 570, 553, 517 cm ; 1HNMR (300 MHz, CDCl3) d 1.09
(s, 3H, 18-CH3), 1.24 (s, 3H, 19-CH3), 3.55 (m, IH,
3a-H), 5.41 (br s, IH, 6-H), 6.06 (s, IH, 16-H), 7.40
(t, IH, J = 7.8 Hz, aromatic-H), 7.52 (t, IH, J = 7.8
Hz, aromatic-H), 7.67 (d, IH, J 8.1 Hz, aromatic-H),
and 8.10 (d, IH, J = 8.1 Hz, aromatic-H). HRMS calcd
412.2359 (C25H3 1ON3.Na+), found 412.2365.
17-(benzo-l#-l,2,3-triazol-l~yl)androsta-4,16-diene-3-
one (io): The method followed that described for
compound 6 but using b-hydroxy-17-(benzo-l
T-l,2,3-triazol-l-yl)androsta- 5,16-diene (9; 500 mg,
1.28 mmol). Purification of the crude product by FCC
[CH2Cl2/Et0H, (50:1)] afforded the titled compound 10
(420 mg, 84.4%); mp: 280-283 0C; IR (CHCl3) 2944,
1658, 1450, 1070, 8444, 825, 721, 624, 589, 564, 554,
541, 521 cm"1; 1HNMR (300 MHz, CDCl3) d 1.26 (s, 3H,
18-CH3), 1.27 (s, 3H, 19-CH3), 5.77 (s, IH, 4-H), 6.01
(s, IH, 16-H), 7.40 (t, IH, J = 7.8 Hz, aromatic-H),
7.52 (t, IH, J = 7.8 Hz, aromatic-H), 7.67 (d, IH, J =
7.8 Hz, aromatic-H), and 8.10 (d, IH5J = 8.1 Hz5
aromatic-H). HRMS calcd 410.2203(C 25H29ON3-Na+),
found 410.2185.Dehydroepiandrosterone-17 hydrozone
(12): Dehydroepiandrosterone (11, 3.5 g, 12.2mmol) was
dissolved in ethanol (60 mL); and the resulting
solution was treated with hydrazine hydrate (2.37 mL,
0.049 mol) followed by a solution of hydrazine sulfate
(7.9 mg, 0.061 mmol) in 0.25 mL of water. The mixture
was stirred at room temperature for 12 h and then
poured into ice water. The resulting precipitate was
filtered, washed with water, and dried to give white
crystals of the titled compound 12; mp: 242-244 0C
(lit. 204-206 0C);22 1H NMR (300 MHz, CDCl3) : d 0.76
(s, 3H, 18-CH3), 1.05 (s, 3H 19-CH3), 3.74 (br s, IH,
3-H) and 5.35 (s, IH, 6-H).
17-Iodoandrosta-5,16-diene-3 b-ol (13): A stirred
solution of iodine (12.16 g, .0203 mol) in dry of THF
(144 mL) and dry OfEt2O (72 mL) was cooled in an ice
bath to 0 0C and the solution was treated with
1,1,3,3, tetramethylguanidine (6.72 mL, 6.24g, .054
mole). A solution of compound 12 (3.0 g, 9.9 mmol) in
THF (81 mL) was added dropwise to the iodine solution
over 2 h maintaining the reaction temperature at 0 0C.
The reaction mixture was then concentrated under
vacuum, cooled in an ice-bath, and then dried to under
vacuum at room temperature to afford a yellow solid
(13, 3.65 g, 92.4%). mp: 169-171 0C. (lit. 175-176
0C);22 IR (CHCl3) 2935, 1371, 1039, 862, 843, 799,
715, 665, 582, and 566 cm"1; 1HNMR (300 MHz, CDCl3) :
d 0.76 (s, 3H, 18-CH3) 1.05 (s, 3H, 19-CH3), 3.50 (br
s, IH, 3a-H), 5.35 (s, IH, 6-H) and 6.14 (s, IH,
16-H). 3b-Hydroxy-17-(2-pyrazyl)-androsta-5,16-diene
(14): A mixture of 17-iodoandrosta-5,16- diene-3 b-ol
(13; 0.5 g, 1.257 mmol) in solution with dry
dimethylformamide (DMF, 10 mL) along with
tetrakis(triphenylphosphate) palladium (Pd(PPh3)4)
(71.6 mg, 0.062 mmol) and (2- tributylstannyl)
pyrazine (774.6 mg, 2.099 mmol) was heated at 120 0C
for 20 h. After cooling, the mixture was diluted with
cold water (50 mL), and extracted with EtOAc (30 mL x
3). The combined EtOAc extract was washed with brine
and water, dried over Na2SO andthen concentrated to
give a brownish solid. This crude product was purified
by flash column chromatography [FCC,
pet.ether/EtOAc/Et 3N (3:2:0.15)] to give 14 (66 mg,
15%); mp: 199- 201 0C. 1HNMR (300 MHz, CDCl 3) : d
0.94 (s, 3H, 18-CH3), 1.08 (s, 3H, 19-CH3), 3.52 (br
s, IH5 3(XrH), 5.40 (s, IH, 6-H), 6.77 (s, IH, 16-H),
8.35(s, IH, pyrazine-H), 8.48(s, IH, pyrazine-H), 8.70
(s, IH, pyrazine-H). HRMS calcd 350.2358 (C23H30ON2),
found 350.2354.
3b-Hydroxy-17-(5-pyrimidyl)-androsta-5,16-diene (15):
Reaction of 13 (0.645 g, 1.623 mmol) as described
above for 14, but using (5-tributylstannyl) pyrimidine
( 1.0 g, 2.710 mmol) dissolved in 10 mL of dry DMF
along with (Pd(PPh 3)4) (92.88 mg, 0.0804 mmol) and
(5-tributylstannyl) pyrimidine (1.0 g, 2.710 mmol) and
following purification by [FCC, pet.ether/EtOAc/Et 3N
(3:2:0.15)] gave
3b-hydroxy-17-(5-pyrimidyl)-androsta-5,16-diene 15 (44
mg, 10%); mp: 231-233 0C (lit. 240-242 0C); 19 1HNMR
(300 MHz, CDCl 3) : d 1.05 (s, 



3H, 18-CH3), 1.08 (s, 3H, 19-CH3), 3.83 (br s, IH,
3a-H), 5.39 (s, IH, 6-H), 7.26 (s, IH, 16- H), 8.73
(s, 2H, 4 -H and 6l-H) and 9.07 (s, IH, 2l-H). HRMS
calcd 350.2358 (C23H30ON2), found 350.2348. In
VitroAssay of CYPl 7: The in vitro CYP 17 inhibitory
activities of the compounds are evaluated using our
rapid acetic acid releasing assay (AARA), utilizing
intact P450cl7- expressing E. coli as the enzyme
source (Grigoryev, above). It involves the use of [2
1-3H]- 17a-hydroxypregnenolone as the substrate and
CYP 17 activity is measured by the amount of tritiated
acetic acid formed during the cleavage of the C-21
side chain of the substrate. This establishes that the
method is comparable in terms of accuracy and
reliability to the HPLC analysis procedure used by
researchers in the field (Grigoryev, above). IQo
values are obtained directly from plots relating
percentage inhibition versus inhibitor concentration
over appropriate ranges. Each compound is tested at a
minimum of five different concentrations.The assays
are performed in triplicate, and the IC5O values
reported are the mean of triplicate experiments. The
standard deviations were + 5% of the mean values.
Human 5a-Reductase Type 1 and 2 Assay: The inhibitory
activities of compounds and finasteride as reference
are determined using the DU145 cell line (for human
type 1 enzyme) and human prostate homogenate (BPH
tissue for type 2 enzyme) according to the procedure
described by Hartmann and colleagues (Picard et al.,
"Synthesis and evaluation of 2'- substituted
4-(4'-carboxy- or
4'-carboxymethylbenzylidene)-N-acylpiperidines: Highly
potent and in vivo active steroid 5a-reductase type 2
inhibitors", J Med. Chem., 2002, 45, 3406-3417). The
percent inhibition values at a concentration of 10 mM
or, in case of more potent compounds, the IC5O values
are determined. Competitive androgen receptor (AR)
binding and luciferase assays: AR Binding/Competition
Assay: Wells in 24-well multiwell dishes are coated
with poly-1- lysine (0.05mg/ml) for 5 minutes, dried,
rinsed with sterilized, distilled, water, and dried
for 2 hours. To determine the kinetics of Rl 881
binding to the LNCaP AR and the wild-type AR, LNCaP
and PC3AR cells are plated (2-3 x 10s) in 24 well
multiwell dishes in steroid-free medium and allowed to
attach. The following day the medium is replaced with
serum-free, steroid free RPMI supplemented with
0.1%BSA and containing [3H]R1881 (0.01-1OnM) in the
presence or absence of a 200 fold excess of cold DHT,
to determine nonspecific binding, and l mM
triamcinolone acetonide to saturate progesterone and
glucocorticoid receptors. Following a 2-hour
incubation period at 37C, cells are washed twice with
ice-cold DPBS and solubilized in DPBS containing 0.5%
SDS and 20% glycerol. Extracts are removed and cell
associated radioactivity counted in a scintillation
counter. The data is analyzed, including Kd and Bmax
determination, by nonlinear regression using Graphpad
Prism software. When the concentration required to
almost saturate AR in both cell lines is established,
the ability ofthe test compounds (O.lnM-lO mM) to
displace [3H]Rl 881 (5.OnM) from the receptors is
determined as described above. The IC50 of each
compound is determined by nonlinear regression with
Graphpad Prism software (GraphPad Software, Inc, San
Diego, CA). Luciferase Transactivation Assay:
Transcriptional activation assay is carried out as
described previously by Kim et ah, above, with minor
modifications. The Probasin luciferase reporter
construct ARR2-Luc is generated by insertion of the
minimal probasin promoter ARR2, kindly provided by Dr
R Matusik of Vanderbilt University Medical Center
{Endocrinology, 2000, 141: 4698-4710) into the
polyclonal linker region of PGL3-enhancer vector
(Promega). The pRL-null (Promega) is used as the
internal control. Briefly, LNCaP cells grown in 24-
well plates coated with poly-L-lysine were transfected
with ARR2-Luc in the phenol-red free RPMI 1640 medium
containing 5% charcoal-stripped FBS (Hyclone). 24 h
post-transfection, the cells are incubated with fresh
phenol-red free serum-free RPMI 1640 medium with or
without DHT and inhibitors for 18 h. Luciferase
activities are measured in triplicates by using dual
luciferase assay system according to the
manufacturer's instruction (Promega). The results are
presented as the fold induction, that is, the relative
luciferase activity of the treated cells divided by
that of the control. Cell Culture and Viability Assay:
LNCaP cells are grown in RPMI 1640 medium supplemented
with 10% FBS and 1% penicillin/streptomycin solution.
To determine the effect of novel compounds on cell
proliferation, cells are transferred into steroid-free
medium three days prior to the start of the
experiments. Steroid-free medium consisted of phenol
red free RPMI supplemented with 5% dextran-coated,
charcoal treated serum, and 1% penicillin/streptomycin
solution. Growth studies are then performed by plating
cells (3 x 104) in 24-well multi-well dishes (Corning,
Inc. Corning, NY). After a 24 hours attachment period,
the medium is aspirated and replaced with steroid-free
medium containing vehicle or the indicated
concentration of DHT (InM) and compounds (O.l mM-lO
mM). Control wells aretreated with vehicle (ethanol).
This medium is changed every three days and the number
of viable cells is compared by WST-I
[4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio
]- 



1,3-benzene disulfonate] assay on the seventh day.
Following incubation of cells for the above-mentioned
time, 10% WST-I solution is added to each well and
incubated at 37 C for three hours. Following
incubation, plates are slightly shaken and immediately
read at 450 run with a scanning multi-well
spectrophotometer. AUresults represent the average of
a minimum of three wells. Additional control consists
of medium alone with no cells. Pharmacokinetic
Studies: AU animal studies are performed according to
the guidelines and approval of the Animal Care
Committee of the University of Maryland School of
Medicine, Baltimore. Male SCID mice weighing 20-22 gm
(8-10 weeks old) obtained from NCI, Frederick, MD, USA
are maintained in a controlled environment of about
250C, 50% relative humidity and 12 h of light and 12 h
of dark cycles and allowed free access to food and
water. Compounds 5 and 6 are formulated in 40%
b-cyclodextrin in water and a single subcutaneous dose
is given to mice. The animals are sacrificed at
various times up to 6 h after drug administration and
blood was obtained by cardiac puncture under light
halothane (Ayerst, New York, NY, USA) anesthesia. HPLC
Analysis: Chromatographic separations and
quantification of the steroids and the appropriate
internal standards are achieved by a reverse phase
HPLC method on a Waters(r) Novapak(r) Cl 8 column (3.9
x 150 mm) protected by Waters(r) guard cartridge
packed with pellicle Cl 8 as previously described.
Briefly, the HPLC system used in this study consisted
of Waters(r) solvent delivery system, Waters(r)
controller (Milford, MA), coupled to a Waters(r)
717plus autosampler and a Waters(r) 996 photodiode
array detector operated at 242.7 nm. The mobile phase
composition is Water/MeOH/CH3CN (35:35:30, v/v/v + 200
mL of Et3N and 0.77 g OfNH4OAc per 1000 mL of mobile
phase) at a flow rate of 1.0 niL/min. The HPLCanalysis
is performed at ambient temperature and data
acquisition and management ius achieved with a
Waters(r) millennium chromatography manager. Sample
Preparation: Test tubes containing mouse plasma (200
mL), 5or 6 and VN/85-1 (internal standard, 10 mL of
100 mg/mL), are extracted with diethyl ether (2 x 2
mL) using a vortex mixer for 3 minutes and centrifuged
at 3000 g for 5 min. The organic layers are evaporated
to dryness under a gentle stream of air. The residue
is reconstituted in an aliquot of the mobile phase
(100 mL) and filtered using 0.2mm Teflon filters
before HPLC analysis. Calibration Curve and HPLC Assay
Validation: The calibration curves for 5 in plasma and
tissue and for 6 in plasma are constructed by spiking
varying amounts of the compounds into extraction tubes
(duplicate) containing plasma (200 mL) and tissue
preparations (200 mL) from untreated animals to give
final concentrations of 0.1 - 100.0 mg/mL. Appropriate
blank extraction tubes are also prepared and an
aliquot of the internal standard is added into each
extraction tube to give a final concentration of
5mg/ml. The calibration samples are taken through the
sample preparation procedure as described above. An
aliquot of the reconstituted extract (50ml) is
injected into the HPLC system and the ratio of the
peak areas for each analyte to that of the internal
standard are plotted against concentrations of 5 or 6.
The precision and accuracy of the assays are
determined from a range of known concentrations of the
inhibitors in blank plasma and taken through the HPLC
procedure. The study is repeated on three separate
occasions. Data Analysis: Pharmacokinetic calculations
are performed as previously described. The
non-compartmental pharmacokinetic calculations are
performed using WinNOnlin (Scientific Consulting
Inc.). One-way analysis of variance (ANOVA) on
SigmaStat for Windows version 1.0 is used to compare
different treatment groups at the 95% confidence
level. The Bonferroni post-hoc test is used for
determination of significance. A P-value of less than
0.05 is considered as statistically significant.In
Vivo Antitumor Studies (LAPC-4 Prostate Cancer
Xenografts): All animal studies are performed
according to the guidelines and approval of the Animal
Care Committee of the University of Maryland School of
Medicine, Baltimore. Male severe combined
immunodeficient (SCID) mice 4-6 weeks of age purchased
from the National Cancer Institute-Frederick Cancer
Research and Development Center (Fredrick, MD) are
housed in a pathogen-free environment under controlled
conditions of light and humidity and allowed free
access to food and water. Tumors are developed from
LAPC4 cells inoculated subcutaneously (s.c.) in the
mice essentially as previously described (21). LAPC4
cells are grown in IMEM with 15% FBS plus 1% PS and
lOnm DHT until 80% confluent. Cells are scraped into
DPBS, collected by centrifugation, and resuspended in
Matrigel (10 mg/ml) at 3 x 107 cells/ml. Mice are
injected s.c. with 100 ml of the cell suspension at
one site on each flank. Tumors are measured weekly
with calipers, and tumor volumes are calculated by the
formula: 4/3p x 1 2 x r2 (r <r2) . In the first
experiment, LAPC4 tumors are allowed to grow for 8-10
weeks following 



inoculation. Groups of 5 mice with comparable total
tumor volumes are either castrated or treated with 5
and 6 (0.15 mmol/kg once-daily and 0.15 mmol/kg
twice-daily, 9 a.m. and 5 p.m.). Mice are castrated
under niethoxyfluorane anesthesia. Compounds 5 and 6
were prepared at 17.2 mg/ml in a 0.3% solution of
hydroxypropyl cellulose in saline, and mice receiv
s.c. injections daily. Control and castrated mice are
treated with vehicle only. Tumors are measured weekly
for the 4 weeks of treatment and tumor volumes are
calculated. At the end of the treatment period, the
animals are sacrificed under halothane anesthesia;
tumors are excised, weighed and stored at -8O0C.
Animals are also weighed weekly and monitored for
general health status and signs of possible toxicity
due to treatment. In the second experiment, mice are
inoculated with LAPC4 cells and are divided into four
groups of 5 mice each. The control and castrated group
receiv vehicle, while the other two groups receiv
either VN/85-1 (0.15 mmol/kg twice-daily, 9 a.m. and 5
p.m.) or 5 (0.15mmol/kg twice-daily, 9 a.m. and 5
p.m.). These treatments are initiated one day after
LAPC4 cell inoculation; continued for 14 weeks for
control group, 19 weeks (for VN/85-1 and castration
groups) and for 2 1 weeks for 5 treated group and
tumors are measured and processed as described above.
Measurement of 5 (VN/124-1) levels in tumor, liver and
testes: The animals in the VN/ 124-1 -treated group
are sacrificed 1 h after the last VN/124-1
administration, and tumor, liver and testis are
harvested and snap frozen in liquid nitrogen. Tissue
samples are homogenized in phosphate buffer (pH = 7.4,
0.5 ml/mg of tissue). Homogenized tissue (200 ml) is
spiked with the internal standard, VN/85-1 (lOmL from
100 mg/mL stock solution), and then extracted with Et
O (2 x 2 mL) by vortexing for 3 min followed by
centrifugation at 3000g for 5 min. The Et2O extract is
separated and evaporated to dryness under a gentle
stream of air. The residue is reconstituted in 100 mL
of the HPLC mobile phase, filtered through 0.2 mm
Teflon filters and then analyzed by HPLC as described
above. The preceding examples can be repeated with
similar success by substituting the generically or
specifically described reactants and/or operating
conditions of this invention for those used in the
preceding examples. From the foregoing description,
one skilled in the art can easily ascertain the
essential characteristics of this invention and,
without departing from the spirit and scope thereof,
can make various changes and modifications of the
invention to adapt it to various usages and
conditions.Table 1: CYP17 and 5a-reductase activities
and androgen receptor binding of novel 17-heteroaryl
compounds. Compound a CYP17 5a-Reductase AR Binding
IC50 (nM) b % inhibition iatlO mM IC50 (nM)c [IC50
(nM)]b type l a type 2e LNCaP PC3-AR 5 300.0 4 53 845
384 6 915.0 [770] [480] 1200 242 9 1250.0 nif 17 - -
10 5817.4 2 1 56 _ - 14 3810.0 - - - 366 15 500.0 - -
- 374 For comparison VN/85-1 50.0 - - - - Abiraterone
800.0 - - - - Ketoconazole 1100.0 - - - - Finasteride
- [60.0] [2.0] - - Casodex - - - 940 - Flutamide - - -
11600 10985 aWe have previously reported the synthesis
of VN/85-1 (Njar et al., above) Abiraterone was
synthesized as described by Potter et al (A
convenient, large-scale synthesis of abiraterone
acetate [3b-acetoxy-17(3-pyridyl)androsta-5,16-diene],
a potential new drug for the treatment of prostate
cancer. Org. Prep. Proc. Int., 1997, 29, 123-128). b
IC50 is the concentration of inhibitor required to
inhibit the enzyme activity by 50%, each in duplicate
for CYP17, triplicate for 5a-reductase and AR binding.
QICs0 is the concentration of compound required for a
50% displacement of [3H]Rl 881 from the androgen
receptor. d Prostatic tumor cell line (DU-145)
expressing type 1 enzyme; substrate: 5 nM [l
b-3H]androstenedione. e Enzyme from BPH tissue (type 2
enzyme), 125 mg of protein, substrate: 210 nM [l b,2b-
3H]testosterone. f ni = no inhibition up to 10 mM. -
not determined.Table 2 : Pharmacokinetic parameters
for 5 (50 and 100 mg/kg) and 6 (50 mg/kg) after s.c.
administration. 



Parameter 50 mg/kg 100 mg/kg 50 mg/kg t i/2 (min) 44.
17  1.15 36.6  1.6 37.93  1.15 Kei (min 1) 56.5  0.94
68.49  1.26 0.0183  0.004 AUC (min.mg/mL) 1440.00
60.23 1813.94  10.94 647.10  20.23 Tmax (min) 30.00
0.0 30.00  0.0 60.00  0.00 Cmax (mg/mL) 16.82  0.37
32.23  0.34 5.15  0.09 MRT (min) 65.40  0.60 60.46
1.54 79.95 + 0.01 Vd (mL/kg) 2098.99  4.11 3276.39
26.71 4207.24 + 6.25 a Values are expressed as mean
S.E., n = 5.Brief Description of Schemes and Figures
Chart 1: Structures of abirateron and VN/85-1 (16)
Scheme 1: Synthesis of 17-benzoazole compounds (5, 6,
9 and 10). Scheme 2: Synthesis of 17-diazine compounds
(14 and 15). Scheme 3: Synthesis of metabolites of
trans-androsterone, including VNLG/8 1. Figure 1: The
effects of 5, 6 and casodex on transcriptional
activity of luciferase mediated through LNCaP-AR in
LNCaP-ARR2-lu prostate cancer cells. Cells in
steroid-free medium were treated with vehicle, or
increasing concentrations of either 5 or casodex with
and without 1 nM DHT for 18h. Cells were then assayed
for luciferase activity as described in "Materials and
Methods". The bars represent the mean light units
[counts per second (cps)/unit protein, i.e., relative
luciferase activity] in triplicate wells from three
separate experiments. Figure 2: The effects of 5, 6
and casodex on (a) LNCaP and (b) LAPC4 prostate cancer
cell growth. Cells were grown in steroid-free medium
before plating. Triplicate wells were then co-treated
with increasing concentrations of 5, 6 or casodex and
DHT as described in "Materials and Methods." The
percentage (compared to control) of growth inhibition
after 7 days of treatment was determined using WST-I
assay. The results represent the average and standard
deviation of three experiments performed in
triplicate. Figure 3: Typical HPLC chromatogram of 5,
16 (internal standard) and metabolite extracted from
mouse plasma. The retention times for 16, metabolite,
and 5 were 11.5, 17.3 and 21.6 min,
respectively.Figure 4 : Pharmacokinetic profiles of 5
and 6 following administration of a single
subcutaneous bolus dose to male SCID mice. Each data
point represents the mean plasma concentions obtained
from three mice. The standard deviations (not shown)
were  5-8% of the mean values. Figure 5:
Pharmacokinetic profiles of 5 and metabolite following
a single subcutaneous bolus dose (100 mg/kg.bw) of 5
to male mice. Figure 6 : In vivo antitumor activity of
5, 6 and orchidectomy on the growth of LAPC4 prostate
tumors in male SCID mice. Groups of five mice with
LAPC-4 tumors were treated with 5 (0.15 mmol/kg/day or
0.30 mmol/kg/day. Tumors volumes were measured weekly,
and the percentage of change in tumor volume was
determined after 28 days of treatment. The standard
deviations of tumor volumes (not shown) were  10-12 %
of the mean values. Figure 7: The effects of 5, 16,
and orchidectomy on the formation and growth of LAPC4
prostate tumors in male SCID mice. 3 x 107 LAPC-4
cells were injected s.c. into the dorsal flank of SCID
mice. One group of mice was castrated. The other
groups of mice received either vehicle or 5 (0.15
mmol/kg twice-daily) or 16 (0.15 mmol/kg twice-daily).
Daily treatment with 5 or 16 was initiated 1 day after
cell inoculation. Tumors volumes were measured weekly,
and the percentage of change in tumor volume was
determined after 16 weeks of treatment. * Indicates
significant difference of 5 versus control, castration
and 16 at week 14 (P =0.00065, 0.05 and 0.0097,
respectively). ** Indicates significant difference of
5 versus castration and 16 at week 16 (P = 0.047 and
0.0047, respectively). - - - :Period of reduced
administered dose of 5.Abiraterone VN/85-1 (16) Chart
1. Structures of Abiraterone and VN/85-1Scheme 1. (i)
POCI3-DMF, CHCl3, Ar, reflux; (H) benzimidazole,
K2CO3, DMF, Ar, 80 0C; " (iii) 10% Pd on activated
charcoal, PhCN, reflux; (iv) 10% Methanolic KOH, Ar,
rt.; (v) Al(J -PrO)3, l-methyI-4-piperidone, toluene,
reflux; (vi) benzo-l -l,2,3-triazole, K2CO3, DMF, Ar,
80 0C; (vii) xylene, Ar, reflux.11 12 13 15 14 Scheme
2: i) N2H4 H2O, N2H4 H2SO4 EtOH; ii) I2TTHF, TG; iii)
(2-tributylstannyl pyrazine/Pd(PPli3)4; iv)
(5-tributylstannyl)pyrimidine/Pd(PPh3) 4Scheme 3:
Synthesis of Metabolites of trans-androsterone,
including VNLG/81 



Acetic anhydride Pyridine, 0-5 0C t-androsterone
VNLG/75 DMF > K2CO3 NH 80 0C VNLG/81 VNLG/82WE CLAIM:
1. A C-17 heteroaryl steroid compound of formula I :
wherein: the ABC ring structure is the A B and C ring
portions of a steroid or analog thereof, which are
optionally substituted; the bond at the 16,17 position
is a double bond or, when the compound is
17-(lH-benzimidiazol-l-yl)androst-3-one, a single
bond; and X is an optionally substituted
benzimidazole, benzotriazole, pyrimidinoimidazole,
pyrimidinotriazole or diazine; the benzimidazole,
benzotriazole, and pyrimidinoimidazole groups being
bonded to the steroid residue through a nitrogen atom
on the 5-membered ring; and, the diazine groups being
bonded to the steroid residue through a carbon atom on
the diazine ring; excluding the compound
3,3-difluoro-17-(l
-benzimidazol-l-yl)-androsta-2,4,16- triene; or a
pharmaceutically acceptable salt of one of these
compounds. 2. The C-17 heteroaryl steroid compound of
claim 1, wherein: the optional substituents for the
ABC ring structure are selected from one or more of:
alkyl and halogenated alkyl; alkenyl and halogenated
alkenyl; halogen; amino; aminoalkylene; hydroxyimino;
and hydroxy;optionally, hydrogen substituents on
adjacent carbon atoms of the ABC ring structure are
removed and replaced by an additional bond between the
adjacent carbon atoms to result in a double bond
between these carbons in the ring structure; and the
optional substituents for the benzimidazole,
benzotriazole, pyrimidinoimidazole, pyrimidinotriazole
or diazine structures are selected from: halogen,
amino, aminoalkylene, hydroxy, -SH, -S-alkyl, alkyl
and halogenated alkyl; these optional substituents
being on ring carbon atoms of the benzimidazole,
benzotriazole, pyrimidinoimidazole, pyrimidinotriazole
or diazine structures. 3. The C-17 heteroaryl steroid
compound of claim 1, wherein the benzimidazole,
benzotriazole, pyrimidinoimidazole, pyrimidinotriazole
or diazine structures are of the following formulae,
respectively: benzimidazole benzotriazole
pyrimidinoimidazole pyrimidinotriazole pyrimidine
pyrazmewherein the indicates the point of attachment
to the steroid residue. 4. The C-17 heteroaryl steroid
compound of claim 1, wherein the ABC ring structure
has a C ring substituted by alkyl, particularly
methyl, at the carbon shared with the D ring which is
adjacent the attachment to the C-17 heteroaryl
substitution. 5. The C-17 heteroaryl steroid compound
of claim 1, wherein the ABC rings of the ABC ring
structure have a structure based on
3b-hydroxy-androsta-5,16-diene or 3-oxoandrosta-
5,16-diene or such structures wherein the AB rings are
one of the following structures 1- 25:6. A C-17
heteroaryl steroid compound of claim 1, wherein X is
selected such that the compound comprises one of the
following structures: 41 42 43 44 45 46 7. A C-17
heteroaryl steroid compound of claim 1, which is a
compound of one of the following structures M5, M6, M9
and MlO:M5 M6 M9 MlO 8. A C-17 heteroaryl steroid
compound of claim 1, which is one of the following
compounds: 3b-Hydroxy-3a-methyl- 17-(l H-benzimidazol-
1-yl)-androsta-5, 16-diene, 3b-Fluoro- 17-(
1H-benzimidazol- 1-yl)-androsta-5, 16-diene,
3b-Chloro- 17-( 1H-benzimidazol- 1-yl)-androsta-5
,16-diene, 3b-Bromo-1 7-(l H-benzimidazol-
1-yl)-androsta-5, 16-diene, 3b-Iodo-17-(1
-benzimidazol- 1-yl)-androsta-5 ,16-diene, 3b-Amino-
17-(l H-benzimidazol-l -yl)-androsta-5, 16-diene,
17-(l H-benzimidazol - 1-yl)-androsta-3,5,l 6-triene,
17-(lH-benzimidazol-l-yl)-androsta-2,4,16-triene,
17-(1H-benzimidazol -1-yl)-3-methyleneandrosta-5
,16-triene,
17-(lH-benzimidazol-l-yl)-3-methyleneandrosta-4,16-tri
ene, 



3,3-Difluoro-17-(l
H-benzimidazol-l-yl)-androsta-5,16-diene,
3,3-Difluoro-1 7-(l H-benzimidazol- 1-yl)-androsta-4,
16-diene, 17-(1H-benzimidazol
-1-yl)-3-methyleneandrosta-2,4, 16-triene, 17-(l
H-benzimidazol-l -yl)-3-methyleneandrosta-2,4,6,
16-tetraene, 3-Hydroxyimino-17-(l
H-benzimidazol-l-yl)-androsta-5,16-diene,
3-Hydroxyimino-l 7-(l H-benzimidazol-
1-yl)-androsta-4, 16-diene, 3-Hydroxyimino- 17-(
1H-benzimidazol- 1-yl)-androsta-2,4, 16-triene,
3-Hydroxyimino- 17-( 1H-benzimidazol-
1-yl)-androsta-2,4 .6,16-diene, 3-Hydroxy-17-(l
H-benzimidazol-l-yl)-estra-l,3,5(10),16-tetraene,
3-Fluoro- 17-(l H-benzimidazol- 1-yl)-estra- 1,3,5(1
0), 16-tetraene, 3-Chloro- 17-( lH-benzimidazol-
1-yl)-estra-1,3,5(10),16-tetraene, 3-Bromo-17-(l
H-benzimidazol-l-yl)-estra-l,3,5(10),l6-tetraene,
3-Iodo-17-(l H-benzimidazol-l -yl)-estra-l ,3,5(1
0),16-tetraene, or3,3-difluoro-17-(l
-benzimidazol-l-yl)-androsta-2,4,16-triene. 9. A
method of treating prostate cancer in a subject in
need thereof, comprising: administering to a patient
in need thereof an effective amount of a compound of
any one of claims 1-8 or a pharmaceutically acceptable
salt of one of these compounds. 10. Use of a compound
of any one of claims 1-8 or a pharmaceutically
acceptable salt of one of these compounds for
preparing a medicament for treating prostate cancer. 


