
DIARYLTHIOHYDANTOIN COMPOUNDS FIELD OF THE INVENTION
[0001] The present invention relates to
diarylhydantoin compounds including
diarylthiohydantoins, and methods for synthesizing
them and using them in the treatment of hormone
refractory prostate cancer. This application
incorporates by reference PCT/US2006/01 1417 by the
same assignee. BACKGROUND OF THE INVENTION [0002]
Prostate cancer is the most common incidence of cancer
and the second leading cause of cancer death in
Western men. When the cancer is confined locally, the
disease can be cured by surgery or radiation. However,
30% of such cancer relapses with distant metastatic
disease and others have advanced disease at diagnoses.
Advanced disease is treated by castration and/or
administration of antiandrogens, the so-called
androgen deprivation therapy. Castration lowers the
circulating levels of androgens and reduces the
activity of androgen receptor (AR). Administration of
antiandrogens blocks AR function by competing away
androgen binding, therefore, reducing the AR activity.
Although initially effective, these treatments quickly
fail and the cancer becomes hormone refractory. [0003]
Recently, overexpression of AR has been identified and
validated as a cause of hormone refractory prostate
cancer. See Chen, CD., Welsbie, D.S., Tran, C , Baek,
S.H., Chen, R., Vessella, R., Rosenfeld, M.G., and
Sawyers, C.L., Molecular determinants of resistance to
antiandrogen therapy, Nat. Med., 10: 33-39, 2004,
which is hereby incorporated by reference.
Overexpression of AR is sufficient to cause
progression from hormone sensitive to hormone
refractory prostate cancer, suggesting that better AR
inhibitors than the current drugs can slow the
progression of prostate cancer. It was demonstrated
that AR and its ligand binding are necessary for
growth of hormone refractory prostate cancer,
indicating that AR is still a target for this disease.
It was also demonstrated that overexpression of AR
converts anti-androgens from antagonists to agonists
in hormone refractory prostate cancer (an AR
antagonist inhibits AR activity and an AR agonist
stimulates AR activity). Data from this work explains
why castration and anti-androgens fail to prevent
prostate cancer progression and reveals unrecognized
properties of hormone refractory prostate cancer.
[0004] Bicalutamide (brand name: Casodex) is the most
commonly used anti-androgen. While it has an
inhibitory effect on AR in hormone sensitive prostate
cancer, it fails to suppress AR when cancerbecomes
hormone refractory. Two weaknesses of current
antiandrogens are blamed for the failure to prevent
prostate cancer progression from the hormone sensitive
stage to the hormone refractory disease and to
effectively treat hormone refractory prostate cancer.
One is their weak antagonistic activities and the
other is their strong agonistic activities when AR is
overexpressed in hormone refractory prostate cancer.
Therefore, better AR inhibitors with more potent
antagonistic activities and minimal agonistic
activities are needed to delay disease progression and
to treat the fatal hormone refractory prostate cancer.
[0005] Nonsteroidal anti-androgens, such as
bicalutamide, have been preferred over steroidal
compounds for prostate cancer because they are more
selective and have fewer side effects. This class of
compounds has been described in many patents such as
U.S. Patent Number 4,097,578, U.S. Pat. No. 5,41
1,981, U.S. Pat. No. 5,705,654, PCT International
Applications WO 97/00071 and WO 00/17163, and U.S.
Published Patent Application Number 2004/0009969, all
of which are hereby incorporated by reference. [0006]
U.S. Patent No. 5,434,176 includes broad claims which
encompass a very large number of compounds, but
synthetic routes are only presented for a small
fraction of these compounds and pharmacological data
are only presented for two of them, and one skilled in
the art could not readily envision other specific
compounds. [0007] Because the mechanism of hormone
refractory prostate cancer was not known, there was no
biological system to test these compounds described in
these patents for their effect on hormone refractory
prostate cancer. Particularly, the ability of AR
overexpression in hormone refractory prostate cancer
to switch inhibitors from antagonists to agonists was
not recognized. Some new properties of hormone
refractory prostate cancer arc reported in PCT
applications US04/42221 and US05/05529, which are
hereby incorporated by reference. PCT International
Application US05/05529 presented a methodology for
identifying androgen receptor antagonist and agonist
characteristics of compounds. However, for each
compound produced, the time consuming process of
determining the antagonist and agonist characteristics
of a compound must be determined. That is, there is no
method to accurately predict characteristics relevant
to treating prostate cancer from the chemical
structure of a compound alone. [0008] Some compounds
have been reported to be inhibitors of the ligand
binding domain (LBD) androgen receptor (AR). Several
have been used as drugs to treat prostate cancer,
e.g., bicalutamide (Casodex). Several binders of the
AR LBD have been identified, e.g., the thiohydantoins,
RU59063 and 



BTTD. (Teutsch, G.; Goubet, F.; Battmann, T.; Bonfils,
A.; Bouchoux, F.; Cerede, E.; Gofflo, D.;
GaillardKelly, M.; Philibert. D. J . Steroid Boichem.
Molec. Biol. 1994, 48, 111-1 19; Van Dort, M. E.;
Robins, D. M.; Wayburn, B. J. Med. Chem. 2000, 43,
3344-3347) [0009] There is a need for new
thiohydantoin compounds having desirable
pharmacological properties, and synthetic pathways for
preparing them. Because activities are sensitive to
small structural changes, one compound may be
effective in treating prostate cancer, whereas a
second compound may be ineffective, even if it differs
from the first compound only slightly, say by the
replacement of a single substituent. [0010]
Identification of compounds which have high potency to
antagonize the androgen activity, and which have
minimal agonistic activity should overcome hormone
refractory prostate cancer (HRPC) and avoid or slow
down the progression of hormone sensitive prostate
cancer (HSPC). Therefore, there is a need in the art
for the identification of selective modulators of the
androgen receptor, such as modulators which are
non-steroidal, non-toxic, and tissue selective.
SUMMARY OF THE INVENTION [001 1] The invention
provides a series of compounds having strong
antagonistic activities with minimal agonistic
activities against AR. These compounds inhibit the
growth of hormone refractory prostate cancer. [0012]
Particular compounds of the invention include
[NC54][NC55] [NC56] [NC57] [0013] The invention also
provides a pharmaceutical composition comprising a
therapeutically effective amount of a compound
according to any of the preceding compounds or a
pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier or diluent. [0014]
The invention encompasses a method for treating a
hyperproliferative disorder comprising administering
such a pharmaceutical composition to a subject in need
of such treatment, thereby treating the
hyperproliferative disorder. The hyperproliferative
disorder may be hormone refractory prostate cancer.
The dosage may be in the range of from about 0.001 mg
per kg body weight per day to about 100 mg per kg body
weight per day, about 0.01 mg per kg body weight per
day to about 100 mg per kg body weight per day, about
0.1mg per kg body weight per day to about 10 mg per kg
body weight per day, or about 1mg per kg body weight
per day. [0015] The compound may be administered by
intravenous injection, by injection into tissue,
intraperitonealiy, orally, or nasally. The composition
may have a form selected from the group consisting of
a solution, dispersion, suspension, powder, capsule,
tablet, pill, time release capsule, time release
tablet, andtime release pill. [0016] The administered
compound may be selected from the group consisting of
NC54, NC55, NC56, orNC57 or a pharmaceutically
acceptable salt thereof. The administered compound may
be NC53 or a pharmaceutically acceptable salt thereof.
[0017] The invention provides a method of synthesizing
NC54 comprising mixing N-Methyl-2-
fluoro-4-(l,l-dimethyl-cyanomethyl)-aminobenzamide and
4-Isothiocyanato-2-trifluoromethylbenzonitriIe in DMF
and heating to form a first mixture, and processing as
above. [0018] The invention also provides a method of
synthesizing NC55, comprising mixing /V-Methyl-
2-fluoro-4-(l-cyanocyclopentyl)aminobenzamide,
4-isothiocyanato-2-trifluoromethyl benzonitrile, and
DMF and heating under reflux to form a first mixture,
and processing as above. [0019] The invention further
provides a method of synthesizing NC56, comprising
mixing N,NDimethyl
4-[4-(l-cyanocyclobutylamino)phenyl]butanamide
4-isothiocyanato-2-trifluoromethyI benzonitrile, and
DMF and heating under reflux to form a first mixture;
and processing as above. [0020] The invention provides
a method of synthesizing NC57, comprising mixing DMSO,
dichloromethape, and oxalyl chloride to form a first
mixture, adding 4-(4-(7-(4-Cyano-3-
(trifluoromethyl)phenyl)-8-oxo-6-thioxo-5,7-diazaspiro
[3.4]octan-5-yl)phenyl)butanamide to the first mixture
to form a second mixture; adding triethylamine to the
second mixture to form a third mixture; warming the
third mixture and quenching with aqueous MH4Cl to form
a fourth mixture; extracting an organic layer from the
fourth mixture; and isolating the compound from the
organic layer. [002 1] In an embodiment, a compound
has the formula[0022] Rl and R2 are independently
methyl or, together with the carbon to which they are
linked, a cycloalkyl group of 4 to 5 carbon atoms, R3
is selected from the group consisting of carbamoyl,
alkylcarbamoyl, carbamoylalkyl, alkylcarbamoylalkyl,
cyano, and cyanoalkyl, and R4 is hydrogen or fluorine.



[0023] In an embodiment a pharmaceutical composition
comprises a therapeutically effective amount of a
compound according to claim 1 or a pharmaceutically
acceptable salt thereof, and a pharmaceutically
acceptable carrier or diluent. [0024] The compound
can, for example, have the formula [NC53][NC54] [NC55]
[NC56] [NC57] [0025] A pharmaceutical composition can
comprise a therapeutically effective amount of a
compound NC54 or a pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carrier or
diluent. A pharmaceutical composition can comprise a
therapeutically effective amount of a compound
according to claim NC55 or a pharmaceutically
acceptable salt thereof, and a pharmaceutically
acceptable carrier or diluent. [0026] In an
embodiment, a method for treating a hyperproliferative
disorder comprises administering a pharmaceutical
composition of claim 2 to a subject in need of such
treatment, thereby treating the hyperproliferative
disorder.[0027] The composition can, for example, have
a form selected from the group consisting of a
solution, dispersion, suspension, powder, capsule,
tablet, pill, time release capsule, time release
tablet, and time release pill. The compound can be
administered by intravenous injection, by injection
into tissue, intraperitoneally, orally, or nasally.
The composition can be administered at a dosage of the
compound in the range of from about 0.001 mg per kg
body weight per day to about 100 mg per kg body weight
per day. The composition can be administered at a
dosage of the compound in the range of from about 0.01
mg per kg body weight per day to about 100 mg per kg
body weight per day. The composition can be
administered at a dosage of the compound in the range
of from about 0.1 mg per kg body weight per day to
about 10 mg per kg body weight per day. The
composition can be administered at a dosage of the
compound of about 1mg per kg body weight per day.
[0028] There is a method for treating prostate cancer
comprising administering a pharmaceutical composition
to a subject in need of such treatment, thereby
treating the prostate cancer. The pharmaceutical
composition can interfere with the transcription of
prostate specific antigen mRNA. The pharmaceutical
composition can prevent nuclear translocation of an
androgen receptor protein. The pharmaceutical
composition can destabilize an androgen receptor
protein. The composition can be administered orally.
The composition can have a form selected from the
group consisting of a capsule, tablet, and pill.
[0029] In an embodiment, the compound can be NC54,
NC55, NC56, NC57, a pharmaceutically acceptable salt
of any of these, or combinations thereof. [0030] A
method of synthesizing a diaryl compound of
formulacomprises mixing Compound I Compound I with
Compound II in a first polar solvent to form a
mixture, heating the mixture, adding a second polar
solvent, the same as or different from the first polar
solvent, and an aqueous acid to the mixture, refluxing
the mixture, cooling the mixture and combining with
water, and separating the diaryl compound from the
mixture. R51 can include an alkyl chain of from 1 to 4
carbon atoms. R52 can be cyano, hydroxy,
methylcarbamoyl, methylcarbamoyl-substituted alkyl,
methylsulfonecarbamoyl-substituted alkyl,
methylaminomethyl, dimethylaminomethyl,
methylsulfonyloxymethyl, methoxycarbonyl, 3-cyano-4-
trifluoromethylphenylcarbamoyl, carbamoyl-substituled
alkyl, carboxymethyl, methoxycarbonylmethyl,
methanesulfonyl,
4-cyano-3-trifluoromethylphenylcarbamoyl-substituted
alkyl, carboxy-substituted alkyl, 4-
methanesulfonyl-1-piperazinyl, piperazinyl,
hydroxyethylcarbamoyl-substituted alkyl, or
hydroxyethoxycarbonyl-substituted alkyl. R53 can be
selected from the group consisting of F and H. [0031]
In an embodiment R51, comprises an alkyl chain of from
1 to 2 carbon atoms, R52 is selected from the group
consisting of carbamoyl and methylcarbamoyl, and R53
is F.[0032] A method of synthesizing a compound of
formula [NC53] can include mixing
4-isothiocyanato-2-trifluoromethylbenzonitrile and
N-methyl-4-(lcyanocyclobuty] amino)-2-fluorobenzamide
in dimethylformamide to form a first mixture, heating
the first mixture to form a second mixture, adding
alcohol and acid to the second mixture to form a third
mixture, refluxing the third mixture to form a fourth
mixture, cooling the fourth mixture, combining the
fourth mixture with water and extracting an organic
layer, and isolating the compound from the organic
layer. 



[0033] A method of synthesizing the compound of claim
4 [NC54], can include mixing Nmethyl-
2-fluoro-4-(l,l-dimethyl-cyanomethyl)-aminobenzamide
and 4- isothiocyanato-2- trifluoiOmethylbenzonitrile
in DMF and heating to form a first mixture, adding an
alcohol and an acid to the first mixture to form a
second mixture, refluxing the second mixture, cooling
the second mixture, combining the second mixture with
water and extracting an organic layer, and isolating
the compound from the organic layer. [0034] A method
of synthesizing the compound of claim 6 [NC55], can
include mixing TVmethyl-
2-fluoro-4-(l-cyanocyclopentyl)arninobenzarnide,
4-isothiocyanato-2-trifluoromethyl benzonitrile, and
DMF and heating under reflux to form a first mixture,
adding an alcohol and an acid to the first mixture to
form a second mixture, refluxing the second mixture,
cooling the second mixture, combining the second
mixture with water and extracting an organic layer,
and isolating the compound from the organic layer.
[0035] A method of synthesizing the compound of claim
8 [NC56], can include mixing N,N~dimethyl
4-[4-(l-cyanocyclobutyIamino)phenyl]butanamide,
4-isothiocyanato-2-trifIuoromethyl benzonitrile, and
DMF and heating under reflux to form a first mixture,
adding an alcohol and an acid to the first mixture to
form a second mixture, refluxing the second mixture,
cooling the second mixture, combining the second
mixture with water and extracting an organic layer,
and isolating the compound from the organic layer.
[0036] A method of synthesizing the compound of claim
9 [NC57] can include mixing DMSO, dichloromethane, and
oxalyl chloride to form a first mixture, adding
4-(4-(7-(4-cyano-3-
(trifluoromethyl)phenyl)-8-oxo-6-thioxo-5,7-diazaspiro
[3.4]octan-5-yl)phenyl)butanamide to the first mixture
to form a second mixture, adding triethylamine to the
second mixture to form a third mixture, warming the
third mixture and quenching with aqueous NH4C1 to form
a fourth mixture, extracting an organic layer from the
fourth mixture, isolating the compound from the
organic layer. [0037] A method can include providing
at least one diarylthiohydantoin compound, measuring
inhibition of androgen receptor activity for the
compound and determining if the inhibition is above a
first predetermined level, measuring stimulation of
androgen receptor activity in hormone refractory
cancer cells for the compound and determining if the
stimulation is below a second predetermined level,
selecting the compound if the inhibition is above the
first predetermined level and the stimulation is below
the second predetermined level. The predetermined
levels can be those of bicalutamide. Measuring
inhibition can include measuring inhibitory
concentration (IC50) in an AR response reporter system
or a prostate specific antigen secreting system.
Measuring stimulation can include measuring fold
induction by increasing concentrations in an AR
response reporter system or a prostate specific
antigen secreting system. Measuring inhibition and/or
stimulation can include measuring an effect of the
compound on tumor growth in an animal. The step of
measuring inhibition and/or stimulation of androgen
receptor activity can include measuring the binding
affinity of an androgen receptor to the compound. The
step of measuring inhibition and/or stimulation of
androgen receptor activity can include measuring
prevention of androgen receptor recruitment to at
least one of prostate specific antigen enhancer and
prostate specific antigen promoter. The step of
measuring inhibition and/or stimulation of androgen
receptor activity can include measuring prevention of
androgen receptor nuclear translocation. The step of
measuring inhibition and/or stimulation of androgen
receptor activity can include measuring
destabilization of an androgenreceptor protein. [0038]
A method can include contacting a mammalian cell
capable of expressing prostate specific antigen with a
sufficient amount of a diarylthiohydantoin compound to
interfere with the transcription of prostate specific
antigen mRNA. The diarylthiohydantoin compound can be
selected from the group consisting of NC53, NC54,
NC55, NC56, and NC57. The compound can prevent
formation of a transcription complex on a prostate
specific antigen gene. The compound can prevent an
androgen receptor protein from complexing with a
prostate specific antigen gene. The compound can
prevent an RNA polymerase II from complexing with a
prostate specific antigen gene. [0039] A method
includes contacting a mammalian cell with a sufficient
amount of a diarylthiohydantoin compound to prevent
nuclear translocation of an androgen receptor protein
and/or to destabilize an androgen receptor protein.
BRIEF DESCRIPTION OF THE DRAWINGS [0040] The following
Figures present the results of pharmacological
examination of certain compounds. [0041] Figure 1 is a
graph depicting that bicalutamide displays an
agonistic effect on LNCaP-AR. Agonistic activities of
bicalutamide in AR-overexpressed hormone refractory
prostate cancer. LNCaP cells 



with overexpressed AR were treated with increasing
concentrations of DMSO as vehicle or bicalutamide in
the absence of Rl 881. Activities of AR response
reporter were measured. [0042] Figure 2 is a graph
depicting an antagonistic assay of bicalutamide on
LNCaP-AR. Agonistic activities of bicalutamide in
hormone sensitive prostate cancer. LNCaP cells were
treated with increasing concentrations of DMSO as
vehicle or bicalutamide in the absence of R1881.
Activities of AR response reporter were measured.
[0043] Figure 3 is a graph depicting the effect of
compounds on LNCaP-AR. [0044] Figure 4 is a graph
depicting the inhibition effect on LNCaP-AR.[0045]
Figure 5. Inhibitory effect on PSA expression of
AR-overexpressed LNCaP xenograft model. Mice were
treated with vehicle, 0.1, 1, or 10 mg per kg of
example 7-3b (NC7) for 44 days orally once daily. The
tumors were taken out from the mice after 44 days of
treatment, tumor lysate was extracted, and PSA level
in tissue lysate was determined by ELISA. [0046]
Figure 6 is a graph of tumor volume as a function of
time for treatment with vehicle solution, Casodex, and
NC53. [0047] Figure 7 is a graph of tumor size. AR
overexpressing LNCaP cells were injected in the flanks
of castrated SCID mice, subcutaneously. When tumors
reached about 100 cubic mm, they were randomized into
five groups. Each group had nine animals. After they
reached this tumor volume, they were given orally with
either vehicle, bicalutamide or NC53 at 10 or 50 mg/kg
everyday. The tumors were measured three-dimensional
Iy, width, length and depth, using a caliper. [0048]
Figure 8 depicts experimental results of tumor size.
At day 18, the animals were imaged via an optical CCD
camera, 3 hours after last dose of treatment. A ROI
was drawn over the tumor for luciferase activity
measurement in photon/second. The right panels is a
representation of the ROIs measurements. [0049] Figure
9 is a graph depicting the pharmacokinetic curves of
NC53 from intravenous (upper curve) and oral
administration (lower curve). [0050] Figure 10 is a
graph of fluorescence absorbance as a function of the
logarithm of concentration, which reflects the binding
affinities of several compounds to rat androgen
receptor. [0051] Figure 11 presents images reflecting
the state of complexation of androgen receptor and RNA
polymerase II to PSA enhancer and to PSA promoter when
Casodex or NC53 are added. [0052] Figure 12 presents
images reflecting that androgen receptor translocates
into the nucleus in the presence of Casodex, but not
in the presence of NC53. [0053] Figure 13 presents
images reflecting that androgen receptor translocates
into the nucleus in the presence of Casodex, but not
in the presence of NC53. [0054] Figure 14 presents
images reflecting that androgen receptor protein is
degraded in the presence of NC53.[0055] Figure 15 is a
chart depicting prostate weight after treatment with
various compounds. 10, 25, or 50 mg of compound per
kilogram body weight were administered per day, as
indicated by the label of a bar. The compounds were
administered to healthy FVB mice. After treatment with
compound for 14 days, the urogenital tract weight was
determined by removing and weighing the semi-vesicles,
prostate, and bladder. Three mice were administered a
given compound to obtain the data presented by a bar
in the chart. A set of mice was not treated with a
compound: data are presented in the bar labeled
"untreated". Another set of mice was treated only with
vehicle solution: data are presented in the bar
labeled "vehicle". [0056] Figure 16 is a graph
presenting a PSA assay performed along with the
experimental protocol presented in Fig. 6. [0057]
Figure 17 is a graph presenting the effect of various
dose regimens of NC53 on tumor volume. [0058] Figure
18 is a graph presenting the rate of photon emission
associated with luciferase activity at day 17 relative
to the rate at day 0 after treatment with NC53 at
doses of 0.1, 1, and 10 mg per kilogram body weight
per day and without treatment with NC53. [0059] Figure
19 presents the results of an experiment in which SCID
mice were injected with the LN-AR (HR) cell line to
induce tumor growth. One set of mice were treated with
the compound NC53 at a dose of 10 mg per kilogram body
weight per day; the other set of mice were treated
only with vehicle solution. (A) The relative tumor
volume as a function of time shown for each set of
mice. (B) Images of each set of mice with photon
emission associated with luciferase activity at day 3
1 shown as color contours. (C) Rate of photon emission
associated with luciferase activity shown at several
times for each set of mice. [0060] Figure 20 is a
graph presenting PSA absorbance associated with LN-AR
cells treated with various concentrations of NC53,
NC54, NC55, and NC57 and vehicle solution. [0061]
Figure 2 1 is a graph presenting PSA absorbance
associated with LN-CaP cells treated with 



various concentrations of NC7, NC48, NC53,
bicalutamide, and DMSO. [0062] Figure 22 presents
results of an experiment conducted with wild type
nontransgenic mice (WT), castrated luciferase
transgenic mice (Cast), and non-castrated luciferase
transgenic mice (Intact). Data are shown for castrated
luciferase transgenic mice treated with an implanted
testosterone pellet yielding 12.5 mg per kilogram body
weight with a 90 day release period (T/Cast), and data
are shown for non-castratedluciferase transgenic mice
treated with an implanted testosterone pellet yielding
12.5 mg per kilogram body weight with a 90 day release
period (lntact+T). Data are shown for castrated
luciferase transgenic mice treated with the implanted
testosterone pellet and with bicalutamide (BIC+T/Cast)
or with NC53 (NC53+T/Cast) at 10 mg per kilogram body
weight per day. (A) Urogenital tract weight at 14
days. (B) Photon emission rate at 14 days. In all
cases, a hormone refractory disease state was not
induced. [0063] Figure 23 is a graph depicting PSA
absorbance measured for LN-AR cells after treatment
with various doses of several compounds. [0064] Figure
24 presents a table providing several characteristics
of compounds. Figure 15 also presents a graph
providing the pharmacokinetic characteristics of
several compounds in terms of compound serum
concentration as a function of time. [0065] Figure 25
is a graph of luciferase activity of the LIAR cell
line dosed with various compounds administered at
concentrations ranging from 125 nmol to 1000 nmol.
DETAILED DESCRIPTION [0066] Embodiments of the
invention are discussed in detail below. In describing
embodiments, specific terminology is employed for the
sake of clarity. However, the invention is not
intended to be limited to the specific terminology so
selected. A person skilled in the relevant art will
recognize that other equivalent parts can be employed
and other methods developed without parting from the
spirit and scope of the invention. All references
cited herein are incorporated by reference as if each
had been individually incorporated. Synthesis of
Diarylhydantoin Compounds Example 56 |NC54| [0067] In
the following, air or moisture sensitive reactions
were conducted under argon atmosphere using oven-dried
glassware and standard syringe/septa techniques. The
reactions were monitored with a SiO2 TLC plate under
UV light (254 nm) followed by visualization with a
/?-anisaIdehyde or ninhydrin stainingsolution. Column
chromatography was performed on silica gel 60. 1H NMR
spectra were measured at 400 MHz in CDCI unless stated
otherwise and data were reported as follows in ppm (d)
from the internal standard (TMS, 0.0 ppm): chemical
shift (multiplicity, integration, coupling constant in
Hz.). Formula 37 [0068] Periodic acid (1.69 g, 7.41
mmol) was dissolved in acetonitrile (25 mJL) by
vigorous stirring, and then chromium trioxide (0.16 g,
1.60 mmol) was dissolved into the solution.
-2-Fluoro~4-nitrotoluene (0.33 g, 2.13 mmol) was added
to the above solution with stirring. A white
precipitate formed immediately with exothermic
reaction. After 1 h of stirring, the supernatant
liquid of the reaction mixture was decanted to a
flask, and the solvent was removed by evaporation. The
residues were extracted with methylene chloride (2x30
mL) and water (2x30 mL). The organic layer was dried
over MgSO 4, and concentrated to give 2-
Fluoro-4-nitrobenzoic acid (Formula 37) (0.32 mg, 81%)
as a white solid. 1H NMR d 8.06 (ddd, 1 H, J=9.9, 2.2
and 0.3), 8.13 (ddd, 1 H, J=8.6, 2.2 and 0.9), 8.25
(ddd, 1 H, =8.6, 7.0 and 0.3). Formula 38 [0069]
Thionyl chloride (0.15 g, 1.30 mmol) was added slowly
to a solution of 2-fiuoro-4- nitrobenzoic acid
(Formula 37) (0.20 g, 1.10 mmol) in DMF (5 mL) cooled
at -5 0C. The mixture was stirred for an additional 1
hour at -5 0C. Excess methylamine (freshly distilled
from its 40% aqueous solution) was added to the
reaction medium. The second mixture was stirred for an
additional 1 hour. Ethyl acetate (50 mL) was added to
the mixture, which was washed with brine (2 50 ml).
The organic layer was dried over MgSO4, and
concentrated to yield
-Methyl-2-fluoro-4-nitrobenzamide (Formula 38) (0.18
g, 85%) as a yellowish solid. 1H NMR (acetone-^) d
3.05 (d, 3 H, =4.3), 6.31 (dd, 1 H, = 13.5 and 2.1),
6.40 (dd, IH, 7=8.6 and 2.1), 7.64 (dd, IH, = 8.6 and
8.6).Formula 39 [0070] A mixture of
LMvlethyl-2-fluoro-4-nitrobenzamide (Formula 38) (0.18
g, 0.91 mmol) and iron (0.31 g, 5.60 mmol) in ethyl
acetate (5 mL) and acetic acid (5 niL) was refluxed
for 1 h. The solid particles were filtered off. The
filtrate was washed with water and extracted with
ethyl acetate. The organic layer was dried over MgSO4,
concentrated and the residue was purified with S1O2
column chromatography (dichloromethane:acetone, 95:5)
to give N-Methyl-2-fluoro-4-arninobenzamide (Formula
39) (0.14 g, 92%) as an off-white solid. 1H NMR
(acetone-rf ) d 2.86 (d, 3 H, /=4.3), 5.50 (br s, 2
H), 6.37 (dd, 1H, /=14.7 and 2.1), 6.50 (dd, IH, /=8.6
and 2.1), 7.06 (br s, IH), 7.68 (dd, IH, /=8.8 and
8.8). 



Formula 40 [0071] A mixture of N-Methyl-2-fl
iioro-4-arninobenzarnide (Formula 39) (96 mg, 0.57
mmol), acetone cyanohydrin (0.3 mL, 3.14 mmol) and
magnesium sulfate (50 mg) was heated to 80 0C and
stirred for 12 h. To the medium was added ethyl
acetate (25 mL) and then washed with water (2 25 mL).
The organic layer was dried over MgSO4 and
concentrated and the residue was purified with SiO2
column chromatography (dichloromethane:acetone, 95:5)
to give
N-Methyl-2-fluoro-4-(l,l-dimethyl-cyanomethyl)-
aminobenzamide (Formula 40) (101 mg, 75%) as a white
solid. 1H NMR d 1.74 (s, 6 H), 2.98 (dd, 3 H, J=4.8
and 1.1), 6.58 (dd, 1 H, /=14.6 and 2.3), 6.63 (dd,
1H, /=8.7 and 2.3), 6.66 (br s, 1 H), 7.94 (dd, 1H,
/=8.7 and 8.7). Formula 4 1 [0072]
4-Amipo-2-trifluoromethylbenzonitrile (2.23 g, 12
mmol) was added portionwise over 15min into a
well-stirred heterogeneous mixture of thiophosgene ( 1
mL, 13 mmol) in water (22 mL) at room temperature.
Stirring was continued for an additional 1 h. The
reaction medium was extracted with chloroform (3 x 15
ml). The combined organic phase was dried over MgSO ,
and evaporated to dryness under reduced pressure to
yield desired product
4-Isothiocyanato-2-trifiuoromethylbenzonitrile
(Formula 41) as brownish solid and was used as such
for the next step (2.72 g, 11.9 mmol, 99%). 1H NMR d
7.49 (dd, 1 H, ./=8.3 and 2.1), 7.59 (d, 1 H, 7=2.1),
7.84 (d, 1 H, =8.3). NC54 (Formula 42) 56-3) NC54
[0073] A mixture of L
-Methyl-2-fluoro-4-(l,l-dimethyl-cyanomethyl)-aminoben
zamide (Formula 40) (30 mg, 0.13 mmol) and
4-Isothiocyanato-2-trifluoromethylbenzonitriIe
(Formula 41) (58 mg, 0.26 mmol) in DMF ( 1 mL) was
heated under microwave irradiation at 100 0C for 11
hours. To this mixture was added methanol (20 mL) and
aq. 1N HCl (5 mL). The second mixture was refluxed for
1.5 h. After being cooled to room temperature, the
reaction mixture was poured into cold water (50 mL)
and extracted with ethyl acetate (50 mL). The organic
layer was dried over MgSO , concentrated and the
residue was purified with SiO2 column chromatography
(dichloromethaneracetone, 95:5) to give NC54 (Formula
42) (15 mg, 25%) as a colorless crystal. 1H NMR 8 1.61
(s, 6 H), 3.07 (d, 3 H, /=4.1), 6.71 (m, 1 H), 7.15
(dd, IH, J=I 1.7 and 2.0), 7.24 (dd, IH, J=8.4 and
2.0), 7.83 (dd, IH, ./=8.2 and 2.1), 7.95 (d, 1H,
=2.1), 7.99 (d, IH, J=8.2), 8.28 (dd, IH, ./=8.4 and
8.4). Example 57Formula 43 [0074] A mixture of
N-Methyl-2-fluoro-4-aminobenzamide (Formula 39) (62
rng, 0.37 mmol), cyclopentanone (0.07 mL, 0.74 mmol)
and TMSCN (0.1 niL, 0.74 mmol) was heated to 80 0C and
stirred for 13 h. To the medium was added ethyl
acetate (2 20 mL) and then washed with water (2 x 20
mL). The organic layer was dried over MgSO and
concentrated and the residue was purified with silica
gel column chromatography (dich!oromethane:acetone,
95:5) to give /V-Methyl 2-fluoro-4~(lcyanocyclopentyl)
aminobenzamide (Formula 43) (61 mg, 63%) as a white
solid. 1H NMR d 7.95 (dd, IH, J = 8.8, 8.8 Hz), 6.65
(br s, IH), 6.59 (dd, IH, 8.8, 2.3 Hz) 6.50 (dd, IH,
14.6, 2.3 Hz), 4.60 (br s, IH), 2.99 (dd, 3H, = 4.8,
1.1 Hz), 2.36-2.45 (m, 2H), 2.10-2.18 (m, 2H),
1.82-1.95 (m, 4H). NC55 (Formula 44) 57-1) NC55 [0075]
'A mixture of N-Methyl
2-fiuoro-4-(l-cyanocyclopentyl)aminobenzamide (Formula
43) (57 mg, 0.22 mmol) and
4-isothiocyanato-2-trifluoromethyl benzonitrile (0.15
g, 0.65 mmol) in DMF (3 mL) was heated under microwave
irradiation (open vessel) at 130 0C for 12 hours. To
this mixture was added methanol (20 mL) and aq. 1N HC1
(5 mL). The second mixture was refluxed for 1.5 h.
After being cooled to room temperature, the reaction
mixture was poured into cold water (50 mL) and
extracted with ethyl acetate (50 mL). The organic
layer was dried over MgSO4, concentrated and the
residue was purified with silica gel column
chromatography (dichloromethane:acetone, 95:5) to give
4-(3-(4-Cyano-3-(trifluoromethyl)phenyl)-
4-oxo-2-thioxo-l,3-diazaspiro[4.4]nonan-l-yI)-2-fluoro
- -methylbenzamide, NC55 (Formula 44) (8 mg, 7%) as a
pale yellowish solid. 1H NMR d 8.28 (dd, IH, J =.8.4,
8.4 Hz)3 7.98 (d, IH, J = 8.3 Hz), 7.96 (d, IH, J =
1.8 Hz), 7.84 (dd, IH, 8.3, 1.8 Hz), 7.27 (dd, IH, J =
8.4, 1.8 Hz), 7.17 (dd, IH J = 11.7, 1.8 Hz),
6.67-6.77 (m, IH), 3.07 (d, 3H, J = 4.3 Hz), 2.32-2.41
(m, 2H), 2.13-2.21 (m, 2H), 1.85-1.96 (m, 2H),
1.49-1.59 (m, 2H).Example 58 Formula 45 [0076]
Trifluoroacetic anhydride (0.85 mL, 6.14 mmol) was
added to a solution of 4-(Aaminophenyl) butyric acid
(0.5 g, 2.79 mmol) in chloroform (10 mL) at 0 0C. The
mixture was warmed to room temperature and stirred for
3 hours. The mixture was partitioned with chloroform
(20 mL) and water 



(20 mL). The organic layer was dried over MgSO ,
concentrated and the residue was purified with silica
gel column chromatography (dichloromethane:acetone,
9:1) to give 4-[4-(2,2,2-
Trifluoroacetylamino)phenyl]butanoic acid (Formula 45)
(0.53 g, 69%). 1H NMR d 7.81 (br s, IH), 7.48 (d, 2H5J
= 8.5 Hz), 7.22 (d, 2H, J = 8.5 Hz), 2.68 (t, 2H, J =
7.5 Hz), 2.38 (t, 2H, J = 7.5 Hz), 1.96 (p, 2H, J =
1.5 Hz). Formula 46 [0077] Thionyl chloride (71 mg,
0.60 mmol) was added slowly to a solution of
4-[4-(2,2,2- Trifluoroacetylamino)phenyl]butanoic acid
(Formula 45) (0.15 g, 0.55 mmol) in DMF (5 mL) cooled
at -5 0C. The mixture was stirred for an additional 1
hour at -5 0C. Excess dimethylamine (freshly distilled
from its 40% aqueous solution) was added to the
reaction medium. The second mixture was stirred for an
additional 1 hour. Ethyl acetate (50 mL) was added to
the mixture, which was washed with brine (2 x 50 ml).
The organic layer was dried over MgSO4, and
concentrated to yield N-Dimethyl 4-[4-(2,2,2-
Trifluoroacetylamino)phenyl]butanamide (Formula 46)
(0.17 g, quant.) as a yellowish solid. 1H NMR d 9.70
(br s, 1H), 7.55 (d, 211, = 8.6 Hz), 7.1 1 (d, 2H, J
8.6 Hz), 2.91 (s, 3H), 2.89 (s, 3H), 2.60 (t, 2H, J
=1.1 Hz), 2.27 (t, 2H, J = 7.7 Hz), 1.89 (p, 2H, J =
7.7 Hz).Formula 47 [0078] 1 N NaOH solution (3 mL) was
added to a solution of N/Z-Dimethyl 4-[4-(2,2,2-
Trifluoroacetylamino)phenyl]butanamide (Formula 46)
(0.17 g, 0.55 mmol) in methanol (2 mL) at room
temperature. The mixture was stirred for 14 hour. The
mixture was partitioned with chloroform (25 mL) and
water (25 mL). The organic layer was dried over MgSO4,
and concentrated and the residue was purified with
silica gel column chromatography
(dichloromethane:acetone, 9:1) to give , -Dimethyl
4-(4- aminophenyl)butanamide (Formula 47) (74 mg, 66%)
as a white solid. 1H NMR d 6.97 (d, 2H, J = 8.3 Hz),
6.61 (d, 2H, J = 8.3 Hz), 3.56 (br s, 2H), 2.92 (s, 6
H), 2.56 (t, 2H, 7.7 Hz), 2.28 (t, 2H, J = 7.7 Hz),
1.91 (p, 2H, J = 7.7 Hz). Formula 48 [0079] A mixture
of N,N~Dirnethyl 4-(4-aminophenyl)butanamide (Formula
47) (74 mg, 0.36 mmol), cyclobutanone (54 mg, 0.78
mmol) and TMSC N (77 mg, 0.78 mmol) was heated to 80
0C and stirred for 15 h. To the medium was added ethyl
acetate (2 x 20 mL) and then washed with water (2 x 20
mL). The organic layer was dried over MgSO 4 and
concentrated and the residue was purified with silica
gel column chromatography (dichloromethane:acetone,
9:1) to give , -Dimethyl 4-[4-(lcyanocyclobutylamino)
phenyl]butanamide (Formula 48) (58 mg, 57%) as a white
solid. 1H NMR d 7.07 (d, 2H, J = 8.5 Hz), 6.59 (d, 2H,
J = 8.5 Hz), 3.94 (br s, IH), 2.94 (s, 3H), 2.93 (s,
3H), 2.75-2.83 (m, 2H), 2.60 (t, 2H, J = 7.6 Hz),
2.33-2.42 (m, 2H), 2.30 (t, 2H, J = 7.6 Hz), 2.
11-2.28 (m, 2H), 1.93 (p, 2H, J = 7.6 Hz). NC56
Formula 49 [0080] A mixture of N,N-Dimcthyl
4-[4-(l-cyanocyclobutylamino)phenyl]butanamide
(Formula 48) (58 mg, 0.20 mmol) and
4-isothiocyanato-2-trifiuoromethyl benzonitrile (74
mg, 0.32 mmol) in DMF (3 mL)was heated under reflux
for 2 hours. To this mixture was added methanol (20
niL) and aq. 1N HCl (5 niL). The second mixture was
refluxed for 1.5 h. After being cooled to room
temperature, the reaction mixture was poured into cold
water (50 mL) and extracted with ethyl acetate (50
mL). The organic layer was dried over MgSO
concentrated and the residue was purified with silica
gel column chromatography (dichloromethane:acetone,
95:5) to give
4-(4-(7-(4-Cyano-3-(trifluoromethyl)phenyl)-8-oxo-6-th
ioxo-5,7- diazaspiro[3.4]octan-5-yl)phenyl)-
N,N-dimethylbutanamide, NC56 (Formula 49) (44 mg, 42%)
as a pale yellowish solid. 1H NMR d 7.98 (s, IH) 7.97
(d, IH, J = 8.2 Hz), 7.86 (d, IH, 8.2 Hz), 7.42 (d,
2H, J = 8.3 Hz), 7.22 (d, 2H, J = 8.3 Hz), 2.99 (s,
3H), 2.96 (s, 3H), 2.78 (t, 2H, ./= 7.5 Hz), 2.62-2.70
(m, 2H), 2.52- 2.63 (m, 2H), 2.40 (t, 2H, J =7.5 Hz),
2. 15-2.30 (m, IH), 2.04 (p, 2H, J = 7.5 Hz),
1.62-1.73 (m, IH). Example 59 Formula 50 [0081] A
mixture of 4-(4-aminophenyl)butyric acid (0.20 g, 1.12
mmol), cyclobutanone (0.17 mL, 2.23 mmol) and TMSCN
(0.30 mL, 2.23 mmol) was heated to 80 0C and stirred
for 13 h. To the medium was added ethyl acetate (2 c '
30 mL) and then washed with water (2 30 mL). The
organic layer was dried over MgSO4 and concentrated
and the residue was purified with silica gel column
chromatography (dichloromethane:acetone, 9:1) to give
4-[4-(l-Cyanocyclobutylamino)phenyl]butanoic acid
(Formula 50) (0.21 g, 74%) as a yellowish solid. 1H
NMR d 7.06 (d, 2H, J = 8.6 Hz), 6.59 (d, 2H5J = 8.6
Hz), 2.75-2.83 (m, 2H), 2.59 (t, 2H, J = 7.5 Hz), 2.37
(t, 2H, J = 7.5 Hz), 2.33-2.42 (m, 2H), 2.1 1-2.28 (m,
2H), 1.92 (p, 2H, J = 7.5 Hz). Formula 5 1 [0082] A
mixture of
4-[4-(l-CyanocycIobutylamino)phcnyI]butanoic acid
(Formula 50) (0.21 g,0.83 mmol) and
4-isothiocyanato-2-trifluoro benzonitrile (0.25 g,
1.08 mmol) in toluene (IO mL) was heated 



under reflux for 1 hours. To this mixture was added
aq. 1 N HCl (5 niL). The second mixture was refluxed
for 1.5 h. After being cooled to room temperature, the
reaction mixture was poured into cold water (50 mL)
and extracted with ethyl acetate (50 mL). The organic
layer was dried over MgSO4 concentrated and the
residue was purified with silica gel column
chromatography (dichloromethane:acetone, 95:5) to give
4-(4-(7-
(4-Cyano-3-(trifluoromethyl)phenyl)-8-oxo-6-thioxo-5,7
-diazaspiro[3.4]octan-5-yl)phenyl)butanoic acid, NCI22
(Formula 51) (60 mg, 15%). 1H NMR d 7.98 (d, IH, J =
1.8 Hz), 7.97 (d, IH, J = 8.3 Hz), 7.86 (dd, IH, J =
8.3, 1.8 Hz), 7.42 (d, 2H, J = 8.5 Hz), 7.24 (d, 2H, J
= 8.5 Hz), 2.79 (t, 2H, J = 7.5 Hz), 2.62-2.68 (m,
2H), 2.51-2.59 (m, 2H), 2.47 (t, 2H, J = 7.5 Hz),
2.14-2.26 (m, IH), 2.06 (p, 2H, J = 7.5 Hz), 1.60-1.70
(m, IH). Example 6 1 NC57 Formula 53 A solution of
DMSO (0.01 mL, 0.12 mmol) in dry dichloromethane ( 1
mL) was added to a stirred solution of oxalyl chloride
(0.01 mL, 0.09 mmol) in dry dichloromethane (2 mL) at
-78 0C. After 15 min, a dichloromethane solution of
4-(4-(7-(4-Cyano-3-(trifluoromethyl)phenyl)-8-oxo-6-th
ioxo-5,7- diazaspiro[3.4]octan-5-yl)pheny])butanamide,
NC47 (Formula 52) (35 mg, 0.07 mmol) was added to the
reaction mixture. Stirring was continued for 20 min at
-78 0C, and then triethylamine (0.03 mL, 0.22 mmol)
was added. After 30 min at -78 0C, the reaction
mixture was warmed to room temperature and then
reaction was quenched with saturated aq. NH4Cl
solution. The reaction mixture was diluted with
dichloromethane, and extracted with dichloromethane.
The organic layer was dried over MgSO , concentrated
and chromatographed (dichloromethaneracetone, 95:5) to
yield 4-(5-(4-(3-Cyanopropyl)phenyl)-8-oxo-6-thioxo-
5,7-diazaspiro[3.43octan-7-yl)-2-(trifluoromethyl)benz
onitrile, NC57 (Formula 53) (29 mg, 87%) as a viscous
oil. 1H NMR d 7.98 (d, IH, J = 1.8 Hz), 7.98 (d, IH, J
= 8.3 Hz), 7.86 (dd, IH, J = 8.3, 1.8 Hz), 7.43 (d,
2H, J = 8.4 Hz), 7.27 (d, 2H, J = 8.4 Hz), 2.90 (t,
2H, J = 7.3 Hz), 2.63-2.73 (m, 2H), 2.52-2.62 (m, 2H),
2.42 (t, 2H, J = 7.3 Hz), 2.18-2.30 (m, IH), 2.07 (p,
2H, J = 7.3 Hz), 1.63-1.73 (m, IH). [0083] One skilled
in the art could modify and/or combine the syntheses
described herein to makeother diarylhydantoin
compounds. Pharmacological examination of the
compounds [0084] Compounds for which synthetic routes
are described above were identified through screening
on hormone refractory prostate cancer cells for
antagonistic and agonistic activities against AR
utilizing screening procedures similar to those in PCT
applications US04/42221 and US05/05529, which are
hereby incorporated by reference. A number of
compounds exhibited potent antagonistic activities
with minimal agonistic activities for over expressed
AR in hormone refractory prostate cancer. In vitro
biological assay Effect of compounds on AR by a
reporter assay [0085] The compounds were subjected to
tests using an artificial AR response reporter system
in a hormone refractory prostate cancer cell line. In
this system, the prostate cancer LNCaP cells were
engineered to stably express about 5-fold higher level
of AR than endogenous level. The exogenous AR has
similar properties to endogenous AR in that both are
stabilized by a synthetic androgen Rl 881. The AR-over
expressed cells were also engineered to stably
incorporate an AR response reporter and the reporter
activity of these cells shows features of hormone
refractory prostate cancer. It responds to low
concentration of a synthetic androgen Rl 881, is
inhibited only by high concentrations of bicalutamide
(see Table 1), and displays agonistic activity with
bicalutamide (Figure 1 and Table 2). Consistent with
published data, bicalutamide inhibited AR response
reporter and did not have agonistic activity in
hormone sensitive prostate cancer cells (Figure 2).
Table1 [0086] We examined the antagonistic activity of
the compounds for which the synthesis is described
above in the presence of 100 pM of R1881. Engineered
LNCaP cells (LNCaP-AR, also abbreviated LN-AR) were
maintained in Iscove's medium containing 10% fetal
bovine serum (FBS). Two days prior to drug treatment,
the cells were grown in Iscove's medium containing 10%
charcoal-stripped FBS (CS-FBS) to deprive of
androgens. The cells were split and grown in Iscove's
medium containing 10% CS-FBS with 100 pM of Rl 881 and
increasing concentrations of test compounds. After two
days of incubation, reporter activities were
assayed.[0087] Table 1 lists the IC50 of these
compounds to inhibit AR in hormone refractory prostate
cancer. The control substance bicalutamide has an IC50
of 889 iiM. Most of the compounds identified
(diarylthiohydantoins) have IC50s between 100 to 200
nM in inhibiting AR in hormone refractory prostate
cancer. In contrast, antiandrogenic compounds listed
as examples in US patent no. 5,705,654, such as
examples 30-2, 30-3, 31-2, 31-3, and 24-3 (NC24-NC28)
have no inhibitory activities on AR in this system. 



Antagonistic activities against AR in hormone
refractory prostate cancer, measured by an AR response
reporter and by endogenous PSA
expression.DIARYLTHIOHYDANTOIN COMPOUNDS FIELD OF THE
INVENTION [0001] The present invention relates to
diarylhydantoin compounds including
diarylthiohydantoins, and methods for synthesizing
them and using them in the treatment of hormone
refractory prostate cancer. This application
incorporates by reference PCT/US2006/01 1417 by the
same assignee. BACKGROUND OF THE INVENTION [0002]
Prostate cancer is the most common incidence of cancer
and the second leading cause of cancer death in
Western men. When the cancer is confined locally, the
disease can be cured by surgery or radiation. However,
30% of such cancer relapses with distant metastatic
disease and others have advanced disease at diagnoses.
Advanced disease is treated by castration and/or
administration of antiandrogens, the so-called
androgen deprivation therapy. Castration lowers the
circulating levels of androgens and reduces the
activity of androgen receptor (AR). Administration of
antiandrogens blocks AR function by competing away
androgen binding, therefore, reducing the AR activity.
Although initially effective, these treatments quickly
fail and the cancer becomes hormone refractory. [0003]
Recently, overexpression of AR has been identified and
validated as a cause of hormone refractory prostate
cancer. See Chen, CD., Welsbie, D.S., Tran, C , Baek,
S.H., Chen, R., Vessella, R., Rosenfeld, M.G., and
Sawyers, C.L., Molecular determinants of resistance to
antiandrogen therapy, Nat. Med., 10: 33-39, 2004,
which is hereby incorporated by reference.
Overexpression of AR is sufficient to cause
progression from hormone sensitive to hormone
refractory prostate cancer, suggesting that better AR
inhibitors than the current drugs can slow the
progression of prostate cancer. It was demonstrated
that AR and its ligand binding are necessary for
growth of hormone refractory prostate cancer,
indicating that AR is still a target for this disease.
It was also demonstrated that overexpression of AR
converts anti-androgens from antagonists to agonists
in hormone refractory prostate cancer (an AR
antagonist inhibits AR activity and an AR agonist
stimulates AR activity). Data from this work explains
why castration and anti-androgens fail to prevent
prostate cancer progression and reveals unrecognized
properties of hormone refractory prostate cancer.
[0004] Bicalutamide (brand name: Casodex) is the most
commonly used anti-androgen. While it has an
inhibitory effect on AR in hormone sensitive prostate
cancer, it fails to suppress AR when cancerbecomes
hormone refractory. Two weaknesses of current
antiandrogens are blamed for the failure to prevent
prostate cancer progression from the hormone sensitive
stage to the hormone refractory disease and to
effectively treat hormone refractory prostate cancer.
One is their weak antagonistic activities and the
other is their strong agonistic activities when AR is
overexpressed in hormone refractory prostate cancer.
Therefore, better AR inhibitors with more potent
antagonistic activities and minimal agonistic
activities are needed to delay disease progression and
to treat the fatal hormone refractory prostate cancer.
[0005] Nonsteroidal anti-androgens, such as
bicalutamide, have been preferred over steroidal
compounds for prostate cancer because they are more
selective and have fewer side effects. This class of
compounds has been described in many patents such as
U.S. Patent Number 4,097,578, U.S. Pat. No. 5,41
1,981, U.S. Pat. No. 5,705,654, PCT International
Applications WO 97/00071 and WO 00/17163, and U.S.
Published Patent Application Number 2004/0009969, all
of which are hereby incorporated by reference. [0006]
U.S. Patent No. 5,434,176 includes broad claims which
encompass a very large number of compounds, but
synthetic routes are only presented for a small
fraction of these compounds and pharmacological data
are only presented for two of them, and one skilled in
the art could not readily envision other specific
compounds. [0007] Because the mechanism of hormone
refractory prostate cancer was not known, there was no
biological system to test these compounds described in
these patents for their effect on hormone refractory
prostate cancer. Particularly, the ability of AR
overexpression in hormone refractory prostate cancer
to switch inhibitors from antagonists to agonists was
not recognized. Some new properties of hormone
refractory prostate cancer arc reported in PCT
applications US04/42221 and US05/05529, which are
hereby incorporated by reference. PCT International
Application US05/05529 presented a methodology for
identifying androgen receptor antagonist and agonist
characteristics of compounds. However, for each
compound produced, the time consuming process of
determining the antagonist and agonist characteristics
of a compound must be determined. That is, there is no
method to accurately predict characteristics relevant
to treating prostate cancer from the chemical
structure of a compound alone. [0008] Some compounds
have been reported to be inhibitors of the ligand
binding domain (LBD) androgen receptor (AR). Several
have been used as drugs to treat prostate cancer,
e.g., bicalutamide 



(Casodex). Several binders of the AR LBD have been
identified, e.g., the thiohydantoins, RU59063 and
BTTD. (Teutsch, G.; Goubet, F.; Battmann, T.; Bonfils,
A.; Bouchoux, F.; Cerede, E.; Gofflo, D.;
GaillardKelly, M.; Philibert. D. J . Steroid Boichem.
Molec. Biol. 1994, 48, 111-1 19; Van Dort, M. E.;
Robins, D. M.; Wayburn, B. J. Med. Chem. 2000, 43,
3344-3347) [0009] There is a need for new
thiohydantoin compounds having desirable
pharmacological properties, and synthetic pathways for
preparing them. Because activities are sensitive to
small structural changes, one compound may be
effective in treating prostate cancer, whereas a
second compound may be ineffective, even if it differs
from the first compound only slightly, say by the
replacement of a single substituent. [0010]
Identification of compounds which have high potency to
antagonize the androgen activity, and which have
minimal agonistic activity should overcome hormone
refractory prostate cancer (HRPC) and avoid or slow
down the progression of hormone sensitive prostate
cancer (HSPC). Therefore, there is a need in the art
for the identification of selective modulators of the
androgen receptor, such as modulators which are
non-steroidal, non-toxic, and tissue selective.
SUMMARY OF THE INVENTION [001 1] The invention
provides a series of compounds having strong
antagonistic activities with minimal agonistic
activities against AR. These compounds inhibit the
growth of hormone refractory prostate cancer. [0012]
Particular compounds of the invention include
[NC54][NC55] [NC56] [NC57] [0013] The invention also
provides a pharmaceutical composition comprising a
therapeutically effective amount of a compound
according to any of the preceding compounds or a
pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier or diluent. [0014]
The invention encompasses a method for treating a
hyperproliferative disorder comprising administering
such a pharmaceutical composition to a subject in need
of such treatment, thereby treating the
hyperproliferative disorder. The hyperproliferative
disorder may be hormone refractory prostate cancer.
The dosage may be in the range of from about 0.001 mg
per kg body weight per day to about 100 mg per kg body
weight per day, about 0.01 mg per kg body weight per
day to about 100 mg per kg body weight per day, about
0.1mg per kg body weight per day to about 10 mg per kg
body weight per day, or about 1mg per kg body weight
per day. [0015] The compound may be administered by
intravenous injection, by injection into tissue,
intraperitonealiy, orally, or nasally. The composition
may have a form selected from the group consisting of
a solution, dispersion, suspension, powder, capsule,
tablet, pill, time release capsule, time release
tablet, andtime release pill. [0016] The administered
compound may be selected from the group consisting of
NC54, NC55, NC56, orNC57 or a pharmaceutically
acceptable salt thereof. The administered compound may
be NC53 or a pharmaceutically acceptable salt thereof.
[0017] The invention provides a method of synthesizing
NC54 comprising mixing N-Methyl-2-
fluoro-4-(l,l-dimethyl-cyanomethyl)-aminobenzamide and
4-Isothiocyanato-2-trifluoromethylbenzonitriIe in DMF
and heating to form a first mixture, and processing as
above. [0018] The invention also provides a method of
synthesizing NC55, comprising mixing /V-Methyl-
2-fluoro-4-(l-cyanocyclopentyl)aminobenzamide,
4-isothiocyanato-2-trifluoromethyl benzonitrile, and
DMF and heating under reflux to form a first mixture,
and processing as above. [0019] The invention further
provides a method of synthesizing NC56, comprising
mixing N,NDimethyl
4-[4-(l-cyanocyclobutylamino)phenyl]butanamide
4-isothiocyanato-2-trifluoromethyI benzonitrile, and
DMF and heating under reflux to form a first mixture;
and processing as above. [0020] The invention provides
a method of synthesizing NC57, comprising mixing DMSO,
dichloromethape, and oxalyl chloride to form a first
mixture, adding 4-(4-(7-(4-Cyano-3-
(trifluoromethyl)phenyl)-8-oxo-6-thioxo-5,7-diazaspiro
[3.4]octan-5-yl)phenyl)butanamide to the first mixture
to form a second mixture; adding triethylamine to the
second mixture to form a third mixture; warming the
third mixture and quenching with aqueous MH4Cl to form
a fourth mixture; extracting an organic layer from the
fourth mixture; and isolating the compound from the
organic layer. [002 1] In an embodiment, a compound
has the formula[0022] Rl ahd R2 are independently
methyl or, together with the carbon to which they are
linked, a cycloalkyl group of 4 to- 5. carbon atoms, 3
is selected from the group consisting of carbamoyl,
alkylcarbamoyl, carfjamcylalkyl, aJkylcarbarnoylalky.,
cyano, atid cyanoallkyl, and R4 is liydrogen or 



fluorine. . . [0023] In an embodiment a pharmaceutical
composition comprises a therapeutically effective
amount of a compound according to claim 1 or a
phamaceutical y acceptable .salt thereof, and a
pharmaceutically acceptable earner or diluent [0024]
The compound am, for example, have e formwla [NC53]
-6- -RECTIFIED-SHEET (RULE 91) ISA/EP[NC54] [NC55]
[NC56] [NC57] [0025] A pharmaceutical composition can
comprise a therapeutically effective amount of a
compound NC54 or a pharmaceutically acceptable salt
thereof, and a pharmaceutically acceptable carrier or
diluent. A pharmaceutical composition can comprise a
therapeutically effective amount of a compound
according to claim NC55 or a pharmaceutically
acceptable salt thereof, and a pharmaceutically
acceptable carrier or diluent. [0026] In an
embodiment, a method for treating a hyperproliferative
disorder comprises administering a pharmaceutical
composition of claim 2 to a subject in need of such
treatment, thereby treating the hyperproliferative
disorder.[0027] The composition can, for example, have
a form selected from the group consisting of a
solution, dispersion, suspension, powder, capsule,
tablet, pill, time release capsule, time release
tablet, and time release pill. The compound can be
administered by intravenous injection, by injection
into tissue, intraperitoneally, orally, or nasally.
The composition can be administered at a dosage of the
compound in the range of from about 0.001 mg per kg
body weight per day to about 100 mg per kg body weight
per day. The composition can be administered at a
dosage of the compound in the range of from about 0.01
mg per kg body weight per day to about 100 mg per kg
body weight per day. The composition can be
administered at a dosage of the compound in the range
of from about 0. 1mg per kg body weight per day to
about 10 mg per kg body weight per day. The
composition can be administered at a dosage of the
compound of about 1mg per kg body weight per day.
[0028] There is a method for treating prostate cancer
comprising administering a pharmaceutical composition
to a subject in need of such treatment, thereby
treating the prostate cancer. The pharmaceutical
composition can interfere with the transcription of
prostate specific antigen mRNA. The pharmaceutical
composition can prevent nuclear translocation of an
androgen receptor protein. The pharmaceutical
composition can destabilize an androgen receptor
protein. The composition can be administered orally.
The composition can have a form selected from the
group consisting of a capsule, tablet, and pill.
[0029] In an embodiment, the compound can be NC54,
NC55, NC56, NC57, a pharmaceutically acceptable salt
of any of these, or combinations thereof. [0030] A
method of synthesizing a diaryl compound of
formulacomprises mixing Compound I Compound I with
Compound II in a first polar solvent to form a
mixture, heating the mixture, adding a second polar
solvent, the same as or different from the first polar
solvent, and an aqueous acid to the mixture, refluxing
the mixture, cooling the mixture and combining with
water, and separating the diaryl compound from the
mixture. R51 can include an alkyl chain of from 1 to 4
carbon atoms. R52 can be cyano, hydroxy,
methylcarbamoyl, methylcarbamoyl-substituted alkyl,
methylsulfonecarbamoyl-substituted alkyl,
methylaminomethyl, dimethylaminomethyl,
methylsulfonyloxymethyl, methoxycarbonyl, 3-cyano-4-
trifluoromethylphenylcarbamoyl, carbamoyl-substituled
alkyl, carboxymethyl, methoxycarbonylmethyl,
methanesulfonyl,
4-cyano-3-trifluoromethylphenylcarbamoyl-substituted
alkyl, carboxy-substituted alkyl, 4-
methanesulfonyl-1-piperazinyl, piperazinyl,
hydroxyethylcarbamoyl-substituted alkyl, or
hydroxyethoxycarbonyl-substituted alkyl. R53 can be
selected from the group consisting of F and H. [0031]
In an embodiment R51, comprises an alkyl chain of from
1 to 2 carbon atoms, R52 is selected from the group
consisting of carbamoyl and methylcarbamoyl, and R53
is F.[0032] A method of synthesizing a compound of
formula [NC53] can include mixing
4-isothiocyanato-2-trifluoromethylbenzonitrile and
N-methyl-4-(lcyanocyclobutylamino)- 



2-ftuorobenzamide in dimethylformamide to form a first
mixture, heating the first mixture to form a second
mixture, adding alcohol and acid to the second mixture
to form a third mixture, refluxing the third mixture
to form a fourth mixture, cooling the fourth mixture,
combining the fourth mixture with water and extracting
an organic layer, and isolating the compound from the
organic layer. [0033] A method of synthesizing the
compound of claim 4 [NC54], can include mixing
Nmethyl- 2-fluoro-4-(l,
-dimethyl-cyanomethyl)-aminobenzamide and 4-
isothiocyanato-2- trifluoromethylbenzonitrile in DMF
and heating to form a first mixture, adding an alcohol
and an acid to the first mixture to form a second
mixture, refluxing the second mixture, cooling the
second mixture, combining the second mixture with
water and extracting an organic layer, and isolating
the compound from the organic layer. [0034] A method
of synthesizing the compound of claim 6 [NC55], can
include mixing Nmethyl-
2-fluoro-4-(l-cyanocyclopentyl)aminobenzamide,
4-isothiocyanato-2-trifluoromethyl benzonitrile, and
DMF and heating under reflux to form a first mixture,
adding an alcohol and an acid to the first mixture to
form a second mixture, refluxing the second mixture,
cooling the second mixture, combining the second
mixture with water and extracting an organic layer,
and isolating the compound from the organic layer.
[0035] A method of synthesizing the compound of claim
8 [NC56], can include mixing N N -dimethyl
4-[4-(l-cyanocyclobutyIamino)phenyl]butanamide,
4-isothiocyanato-2-trifIuoromethyl benzonitrile, and
DMF and heating under reflux to form a first mixture,
adding an alcohol and an acid to the first mixture to
form a second mixture, refluxing the second mixture,
cooling the second mixture, combining the second
mixture with water and extracting an organic layer,
and isolating the compound from the organic layer.
[0036] A method of synthesizing the compound of claim
9 [NC57] can include mixing DMSO, dichloromethane, and
oxalyl chloride to form a first mixture, adding
4-(4-(7-(4-cyano-3-
(trifluoromethyl)phenyl)-8-oxo-6-thioxo-5,7-diazaspiro
[3.4]octan-5-yl)phenyl)butanamide to the first mixture
to form a second mixture, adding triethylamine to the
second mixture to form a third mixture, warming the
third mixture and quenching with aqueous NH4C1 to form
a fourth mixture, extracting an organic layer from the
fourth mixture, isolating the compound from the
organic layer. [0037] A method can include providing
at least one diarylthiohydantoin compound, measuring
inhibition of androgen receptor activity for the
compound and determining if the inhibition is above a
first predetermined level, measuring stimulation of
androgen receptor activity in hormone refractory
cancer cells for the compound and determining if the
stimulation is below a second predetermined level,
selecting the compound if the inhibition is above the
first predetermined level and the stimulation is below
the second predetermined level. The predetermined
levels can be those of bicalutamide. Measuring
inhibition can include measuring inhibitory
concentration (IC50) in an AR response reporter system
or a prostate specific antigen secreting system.
Measuring stimulation can include measuring fold
induction by increasing concentrations in an AR
response reporter system or a prostate specific
antigen secreting system. Measuring inhibition and/or
stimulation can include measuring an effect of the
compound on tumor growth in an animal. The step of
measuring inhibition and/or stimulation of androgen
receptor activity can include measuring the binding
affinity of an androgen receptor to the compound. The
step of measuring inhibition and/or stimulation of
androgen receptor activity can include measuring
prevention of androgen receptor recruitment to at
least one of prostate specific antigen enhancer and
prostate specific antigen promoter. The step of
measuring inhibition and/or stimulation of androgen
receptor activity can include measuring prevention of
androgen receptor nuclear translocation. The step of
measuring inhibition and/or stimulation of androgen
receptor activity can include measuring
destabilization of an androgenreceptor protein. [0038]
A method can include contacting a mammalian cell
capable of expressing prostate specific antigen with a
sufficient amount of a diarylthiohydantoin compound to
interfere with the transcription of prostate specific
antigen mRNA. The diarylthiohydantoin compound can be
selected from the group consisting of NC53, NC54,
NC55, NC56, and NC57. The compound can prevent
formation of a transcription complex on a prostate
specific antigen gene. The compound can prevent an
androgen receptor protein from complexing with a
prostate specific antigen gene. The compound can
prevent an RNA polymerase II from complexing with a
prostate specific antigen gene. [0039] A method
includes contacting a mammalian cell with a sufficient
amount of a diarylthiohydantoin compound to prevent
nuclear translocation of an androgen receptor protein
and/or to destabilize an androgen receptor protein.
BRIEF DESCRIPTION OF THE DRAWINGS 



[0040] The following Figures present the results of
pharmacological examination of certain compounds.
[0041] Figure 1 is a graph depicting that bicalutamide
displays an agonistic effect on LNCaP-AR. Agonistic
activities of bicalutamide in AR-overexpressed hormone
refractory prostate cancer. LNCaP cells with
overexpressed AR were treated with increasing
concentrations of DMSO as vehicle or bicalutamide in
the absence of Rl 881. Activities of AR response
reporter were measured. [0042] Figure 2 is a graph
depicting an antagonistic assay of bicalutamide on
LNCaP-AR. Agonistic activities of bicalutamide in
hormone sensitive prostate cancer. LNCaP cells were
treated with increasing concentrations of DMSO as
vehicle or bicalutamide in the absence of R1881.
Activities of AR response reporter were measured.
[0043] Figure 3 is a graph depicting the effect of
compounds on LNCaP-AR. [0044] Figure 4 is a graph
depicting the inhibition effect on LNCaP-AR.[0045]
Figure 5. Inhibitory effect on PSA expression of
AR-overexpressed LNCaP xenograft model. Mice were
treated with vehicle, 0.1, 1, or 10 mg per kg of
example 7-3b (NC7) for 44 days orally once daily. The
tumors were taken out from the mice after 44 days of
treatment, tumor lysate was extracted, and PSA level
in tissue lysate was determined by ELISA. [0046]
Figure 6 is a graph of tumor volume as a function of
time for treatment with vehicle solution, Casodex, and
NC53. [0047] Figure 7 is a graph of tumor size. AR
overexpressing LNCaP cells were injected in the flanks
of castrated SCID mice, subcutaneously. When tumors
reached about 100 cubic mm, they were randomized into
five groups. Each group had nine animals. After they
reached this tumor volume, they were given orally with
either vehicle, bicalutamide or NC53 at 10 or 50 mg/kg
everyday. The tumors were measured three-dimensional
Iy, width, length and depth, using a caliper. [0048]
Figure 8 depicts experimental results of tumor size.
At day 18, the animals were imaged via an optical CCD
camera, 3 hours after last dose of treatment. A ROI
was drawn over the tumor for luciferase activity
measurement in photon/second. The right panels is a
representation of the ROIs measurements. [0049] Figure
9 is a graph depicting the pharmacokinetic curves of
NC53 from intravenous (upper curve) and oral
administration (lower curve). [0050] Figure 10 is a
graph of fluorescence absorbance as a function of the
logarithm of concentration, which reflects the binding
affinities of several compounds to rat androgen
receptor. [0051] Figure 11 presents images reflecting
the state of complexation of androgen receptor and RNA
polymerase II to PSA enhancer and to PSA promoter when
Casodex or NC53 are added. [0052] Figure 12 presents
images reflecting that androgen receptor translocates
into the nucleus in the presence of Casodex, but not
in the presence of NC53. [0053] Figure 13 presents
images reflecting that androgen receptor translocates
into the nucleus in the presence of Casodex, but not
in the presence of NC53. [0054] Figure 14 presents
images reflecting that androgen receptor protein is
degraded in the presence of NC53.[0055] Figure 15 is a
chart depicting prostate weight after treatment with
various compounds. 10, 25, or 50 mg of compound per
kilogram body weight were administered per day, as
indicated by the label of a bar. The compounds were
administered to healthy FVB mice. After treatment with
compound for 14 days, the urogenital tract weight was
determined by removing and weighing the semi-vesicles,
prostate, and bladder. Three mice were administered a
given compound to obtain the data presented by a bar
in the chart. A set of mice was not treated with a
compound: data are presented in the bar labeled
"untreated". Another set of mice was treated only with
vehicle solution: data are presented in the bar
labeled "vehicle". [0056] Figure 16 is a graph
presenting a PSA assay performed along with the
experimental protocol presented in Fig. 6. [0057]
Figure 17 is a graph presenting the effect of various
dose regimens of NC53 on tumor volume. [0058] Figure
18 is a graph presenting the rate of photon emission
associated with luciferase activity at day 17 relative
to the rate at day 0 after treatment with NC53 at
doses of 0.1, 1, and 10 mg per kilogram body weight
per day and without treatment with NC53. [0059] Figure
19 presents the results of an experiment in which SCID
mice were injected with the LN-AR (HR) cell line to
induce tumor growth. One set of mice were treated with
the compound NC53 at a dose of 10 mg per kilogram body
weight per day; the other set of mice were treated
only with vehicle solution. (A) The relative tumor
volume as a function of time shown for each set of
mice. (B) Images of each set of mice with photon
emission associated with luciferase activity at day 3
1 shown as color contours. 



(C) Rate of photon emission associated with luciferase
activity shown at several times for each set of mice.
[0060] Figure 20 is a graph presenting PSA absorbance
associated with LN-AR cells treated with various
concentrations of NC53, NC54, NC55, and NC57 and
vehicle solution. [0061] Figure 2 1 is a graph
presenting PSA absorbance associated with LN-CaP cells
treated with various concentrations of NC7, NC48,
NC53, bicalutamide, and DMSO. [0062] Figure 22
presents results of an experiment conducted with wild
type nontransgenic mice (WT), castrated luciferase
transgenic mice (Cast), and non-castrated luciferase
transgenic mice (Intact). Data are shown for castrated
luciferase transgenic mice treated with an implanted
testosterone pellet yielding 12.5 mg per kilogram body
weight with a 90 day release period (T/Cast), and data
are shown for non-castratedluciferase transgenic mice
treated with an implanted testosterone pellet yielding
12.5 mg per kilogram body weight with a 90 day release
period (lntact+T). Data are shown for castrated
luciferase transgenic mice treated with the implanted
testosterone pellet and with bicalutamide (BIC+T/Cast)
or with NC53 (NC53+T/Cast) at 10 mg per kilogram body
weight per day. (A) Urogenital tract weight at 14
days. (B) Photon emission rate at 14 days. In all
cases, a hormone refractory disease state was not
induced. [0063] Figure 23 is a graph depicting PSA
absorbance measured for LN-AR cells after treatment
with various doses of several compounds. [0064] Figure
24 presents a table providing several characteristics
of compounds. Figure 15 also presents a graph
providing the pharmacokinetic characteristics of
several compounds in terms of compound serum
concentration as a function of time. [0065] Figure 25
is a graph of luciferase activity of the LIAR cell
line dosed with various compounds administered at
concentrations ranging from 125 nmol to 1000 nmol.
DETAILED DESCRIPTION [0066] Embodiments of the
invention are discussed in detail below. In describing
embodiments, specific terminology is employed for the
sake of clarity. However, the invention is not
intended to be limited to the specific terminology so
selected. A person skilled in the relevant art will
recognize that other equivalent parts can be employed
and other methods developed without parting from the
spirit and scope of the invention. All references
cited herein are incorporated by reference as if each
had been individually incorporated. Synthesis of
Diarylhydantoin Compounds Example 56 |NC54| [0067] In
the following, air or moisture sensitive reactions
were conducted under argon atmosphere using oven-dried
glassware and standard syringe/septa techniques. The
reactions were monitored with a SiO2 TLC plate under
UV light (254 nm) followed by visualization with a
/?-anisaIdehyde or ninhydrin stainingsolution. Column
chromatography was performed on silica gel 60. 1H NMR
spectra were measured at 400 MHz in CDCI unless stated
otherwise and data were reported as follows in ppm (d)
from the internal standard (TMS, 0.0 ppm): chemical
shift (multiplicity, integration, coupling constant in
Hz.). Formula 37 [0068] Periodic acid (1.69 g, 7.41
mmol) was dissolved in acetonitrile (25 mJL) by
vigorous stirring, and then chromium trioxide (0.16 g,
1.60 mmol) was dissolved into the solution.
-2-Fluoro~4-nitrotoluene (0.33 g, 2.13 mmol) was added
to the above solution with stirring. A white
precipitate formed immediately with exothermic
reaction. After 1 h of stirring, the supernatant
liquid of the reaction mixture was decanted to a
flask, and the solvent was removed by evaporation. The
residues were extracted with methylene chloride (2x30
mL) and water (2x30 mL). The organic layer was dried
over MgSO 4, and concentrated to give 2-
Fluoro-4-nitrobenzoic acid (Formula 37) (0.32 mg, 81%)
as a white solid. 1H NMR d 8.06 (ddd, 1 H, J=9.9, 2.2
and 0.3), 8.13 (ddd, 1 H, J=8.6, 2.2 and 0.9), 8.25
(ddd, 1 H, =8.6, 7.0 and 0.3). Formula 38 [0069]
Thionyl chloride (0.15 g, 1.30 mmol) was added slowly
to a solution of 2-fiuoro-4- nitrobenzoic acid
(Formula 37) (0.20 g, 1.10 mmol) in DMF (5 mL) cooled
at -5 0C. The mixture was stirred for an additional 1
hour at -5 0C. Excess methylamine (freshly distilled
from its 40% aqueous solution) was added to the
reaction medium. The second mixture was stirred for an
additional 1 hour. Ethyl acetate (50 mL) was added to
the mixture, which was washed with brine (2 50 ml).
The organic layer was dried over MgSO4, and
concentrated to yield
-Methyl-2-fluoro-4-nitrobenzamide (Formula 38) (0.18
g, 85%) as a yellowish solid. 1H NMR (acetone-^) d
3.05 (d, 3 H, =4.3), 6.31 (dd, 1 H, = 13.5 and 2.1),
6.40 (dd, IH, 7=8.6 and 2.1), 7.64 (dd, IH, = 8.6 and
8.6).Formula 39 [0070] A mixture of
LMvlethyl-2-fluoro-4-nitrobenzamide (Formula 38) (0.18
g, 0.91 mmol) and iron (0.31 g, 5.60 mmol) in ethyl
acetate (5 mL) and acetic acid (5 niL) was refluxed
for 1 h. The solid particles were filtered off. The
filtrate was washed with water and extracted with
ethyl acetate. The organic 



layer was dried over MgSO4, concentrated and the
residue was purified with S1O2 column chromatography
(dichloromethane:acetone, 95:5) to give
N-Methyl-2-fluoro-4-arninobenzamide (Formula 39) (0.14
g, 92%) as an off-white solid. 1H NMR (acetone-rf ) d
2.86 (d, 3 H, /=4.3), 5.50 (br s, 2 H), 6.37 (dd, 1H,
/=14.7 and 2.1), 6.50 (dd, IH, /=8.6 and 2.1), 7.06
(br s, IH), 7.68 (dd, IH, /=8.8 and 8.8). Formula 40
[0071] A mixture of N-Methyl-2-fl
iioro-4-arninobenzarnide (Formula 39) (96 mg, 0.57
mmol), acetone cyanohydrin (0.3 mL, 3.14 mmol) and
magnesium sulfate (50 mg) was heated to 80 0C and
stirred for 12 h. To the medium was added ethyl
acetate (25 mL) and then washed with water (2 25 mL).
The organic layer was dried over MgSO4 and
concentrated and the residue was purified with SiO2
column chromatography (dichloromethane:acetone, 95:5)
to give
N-Methyl-2-fluoro-4-(l,l-dimethyl-cyanomethyl)-
aminobenzamide (Formula 40) (101 mg, 75%) as a white
solid. 1H NMR d 1.74 (s, 6 H), 2.98 (dd, 3 H, J=4.8
and 1.1), 6.58 (dd, 1 H, /=14.6 and 2.3), 6.63 (dd,
1H, /=8.7 and 2.3), 6.66 (br s, 1 H), 7.94 (dd, 1H,
/=8.7 and 8.7). Formula 4 1 [0072]
4-Amipo-2-trifluoromethylbenzonitrile (2.23 g, 12
mmol) was added portionwise over 15min into a
well-stirred heterogeneous mixture of thiophosgene ( 1
mL, 13 mmol) in water (22 mL) at room temperature.
Stirring was continued for an additional 1 h. The
reaction medium was extracted with chloroform (3 x 15
ml). The combined organic phase was dried over MgSO ,
and evaporated to dryness under reduced pressure to
yield desired product
4-Isothiocyanato-2-trifiuoromethylbenzonitrile
(Formula 41) as brownish solid and was used as such
for the next step (2.72 g, 11.9 mmol, 99%). 1H NMR d
7.49 (dd, 1 H, ./=8.3 and 2.1), 7.59 (d, 1 H, 7=2.1),
7.84 (d, 1 H, =8.3). NC54 (Formula 42) 56-3) NC54
[0073] A mixture of L
-Methyl-2-fluoro-4-(l,l-dimethyl-cyanomethyl)-aminoben
zamide (Formula 40) (30 mg, 0.13 mmol) and
4-Isothiocyanato-2-trifluoromethylbenzonitriIe
(Formula 41) (58 mg, 0.26 mmol) in DMF ( 1 mL) was
heated under microwave irradiation at 100 0C for 11
hours. To this mixture was added methanol (20 mL) and
aq. 1N HCl (5 mL). The second mixture was refluxed for
1.5 h. After being cooled to room temperature, the
reaction mixture was poured into cold water (50 mL)
and extracted with ethyl acetate (50 mL). The organic
layer was dried over MgSO , concentrated and the
residue was purified with SiO2 column chromatography
(dichloromethaneracetone, 95:5) to give NC54 (Formula
42) (15 mg, 25%) as a colorless crystal. 1H NMR 8 1.61
(s, 6 H), 3.07 (d, 3 H, /=4.1), 6.71 (m, 1 H), 7.15
(dd, IH, J=I 1.7 and 2.0), 7.24 (dd, IH, J=8.4 and
2.0), 7.83 (dd, IH, ./=8.2 and 2.1), 7.95 (d, 1H,
=2.1), 7.99 (d, IH, J=8.2), 8.28 (dd, IH, ./=8.4 and
8.4). Example 57Formula 43 [0074] A mixture of
N-Methyl-2-fluoro-4-aminobenzamide (Formula 39) (62
rng, 0.37 mmol), cyclopentanone (0.07 mL, 0.74 mmol)
and TMSCN (0.1 niL, 0.74 mmol) was heated to 80 0C and
stirred for 13 h. To the medium was added ethyl
acetate (2 20 mL) and then washed with water (2 x 20
mL). The organic layer was dried over MgSO and
concentrated and the residue was purified with silica
gel column chromatography (dich!oromethane:acetone,
95:5) to give /V-Methyl 2-fluoro-4~(lcyanocyclopentyl)
aminobenzamide (Formula 43) (61 mg, 63%) as a white
solid. 1H NMR d 7.95 (dd, IH, J = 8.8, 8.8 Hz), 6.65
(br s, IH), 6.59 (dd, IH, 8.8, 2.3 Hz) 6.50 (dd, IH,
14.6, 2.3 Hz), 4.60 (br s, IH), 2.99 (dd, 3H, = 4.8,
1.1 Hz), 2.36-2.45 (m, 2H), 2.10-2.18 (m, 2H),
1.82-1.95 (m, 4H). NC55 (Formula 44) 57-1) NC55 [0075]
'A mixture of N-Methyl
2-fiuoro-4-(l-cyanocyclopentyl)aminobenzamide (Formula
43) (57 mg, 0.22 mmol) and
4-isothiocyanato-2-trifluoromethyl benzonitrile (0.15
g, 0.65 mmol) in DMF (3 mL) was heated under microwave
irradiation (open vessel) at 130 0C for 12 hours. To
this mixture was added methanol (20 mL) and aq. 1N HC1
(5 mL). The second mixture was refluxed for 1.5 h.
After being cooled to room temperature, the reaction
mixture was poured into cold water (50 mL) and
extracted with ethyl acetate (50 mL). The organic
layer was dried over MgSO4, concentrated and the
residue was purified with silica gel column
chromatography (dichloromethane:acetone, 95:5) to give
4-(3-(4-Cyano-3-(trifluoromethyl)phenyl)-
4-oxo-2-thioxo-l,3-diazaspiro[4.4]nonan-l-yI)-2-fluoro
- -methylbenzamide, NC55 (Formula 44) (8 mg, 7%) as a
pale yellowish solid. 1H NMR d 8.28 (dd, IH, J =.8.4,
8.4 Hz)3 7.98 (d, IH, J = 8.3 Hz), 7.96 (d, IH, J =
1.8 Hz), 7.84 (dd, IH, 8.3, 1.8 Hz), 7.27 (dd, IH, J =
8.4, 1.8 Hz), 7.17 (dd, IH J = 11.7, 1.8 Hz),
6.67-6.77 (m, IH), 3.07 (d, 3H, J = 4.3 Hz), 2.32-2.41
(m, 2H), 2.13-2.21 (m, 2H), 1.85-1.96 (m, 2H),
1.49-1.59 (m, 2H).Example 58 



Formula 45 [0076] Trifluoroacetic anhydride (0.85 mL,
6.14 mmol) was added to a solution of 4-(Aaminophenyl)
butyric acid (0.5 g, 2.79 mmol) in chloroform (10 mL)
at 0 0C. The mixture was warmed to room temperature
and stirred for 3 hours. The mixture was partitioned
with chloroform (20 mL) and water (20 mL). The organic
layer was dried over MgSO , concentrated and the
residue was purified with silica gel column
chromatography (dichloromethane:acetone, 9:1) to give
4-[4-(2,2,2- Trifluoroacetylamino)phenyl]butanoic acid
(Formula 45) (0.53 g, 69%). 1H NMR d 7.81 (br s, IH),
7.48 (d, 2H5J = 8.5 Hz), 7.22 (d, 2H, J = 8.5 Hz),
2.68 (t, 2H, J = 7.5 Hz), 2.38 (t, 2H, J = 7.5 Hz),
1.96 (p, 2H, J = 1.5 Hz). Formula 46 [0077] Thionyl
chloride (71 mg, 0.60 mmol) was added slowly to a
solution of 4-[4-(2,2,2-
Trifluoroacetylamino)phenyl]butanoic acid (Formula 45)
(0.15 g, 0.55 mmol) in DMF (5 mL) cooled at -5 0C. The
mixture was stirred for an additional 1 hour at -5 0C.
Excess dimethylamine (freshly distilled from its 40%
aqueous solution) was added to the reaction medium.
The second mixture was stirred for an additional 1
hour. Ethyl acetate (50 mL) was added to the mixture,
which was washed with brine (2 x 50 ml). The organic
layer was dried over MgSO4, and concentrated to yield
N-Dimethyl 4-[4-(2,2,2-
Trifluoroacetylamino)phenyl]butanamide (Formula 46)
(0.17 g, quant.) as a yellowish solid. 1H NMR d 9.70
(br s, 1H), 7.55 (d, 211, = 8.6 Hz), 7.1 1 (d, 2H, J
8.6 Hz), 2.91 (s, 3H), 2.89 (s, 3H), 2.60 (t, 2H, J
=1.1 Hz), 2.27 (t, 2H, J = 7.7 Hz), 1.89 (p, 2H, J =
7.7 Hz).Formula 47 [0078] 1 N NaOH solution (3 mL) was
added to a solution of N/Z-Dimethyl 4-[4-(2,2,2-
Trifluoroacetylamino)phenyl]butanamide (Formula 46)
(0.17 g, 0.55 mmol) in methanol (2 mL) at room
temperature. The mixture was stirred for 14 hour. The
mixture was partitioned with chloroform (25 mL) and
water (25 mL). The organic layer was dried over MgSO4,
and concentrated and the residue was purified with
silica gel column chromatography
(dichloromethane:acetone, 9:1) to give , -Dimethyl
4-(4- aminophenyl)butanamide (Formula 47) (74 mg, 66%)
as a white solid. 1H NMR d 6.97 (d, 2H, J = 8.3 Hz),
6.61 (d, 2H, J = 8.3 Hz), 3.56 (br s, 2H), 2.92 (s, 6
H), 2.56 (t, 2H, 7.7 Hz), 2.28 (t, 2H, J = 7.7 Hz),
1.91 (p, 2H, J = 7.7 Hz). Formula 48 [0079] A mixture
of N,N~Dirnethyl 4-(4-aminophenyl)butanamide (Formula
47) (74 mg, 0.36 mmol), cyclobutanone (54 mg, 0.78
mmol) and TMSC N (77 mg, 0.78 mmol) was heated to 80
0C and stirred for 15 h. To the medium was added ethyl
acetate (2 x 20 mL) and then washed with water (2 x 20
mL). The organic layer was dried over MgSO 4 and
concentrated and the residue was purified with silica
gel column chromatography (dichloromethane:acetone,
9:1) to give , -Dimethyl 4-[4-(lcyanocyclobutylamino)
phenyl]butanamide (Formula 48) (58 mg, 57%) as a white
solid. 1H NMR d 7.07 (d, 2H, J = 8.5 Hz), 6.59 (d, 2H,
J = 8.5 Hz), 3.94 (br s, IH), 2.94 (s, 3H), 2.93 (s,
3H), 2.75-2.83 (m, 2H), 2.60 (t, 2H, J = 7.6 Hz),
2.33-2.42 (m, 2H), 2.30 (t, 2H, J = 7.6 Hz), 2.
11-2.28 (m, 2H), 1.93 (p, 2H, J = 7.6 Hz). NC56
Formula 49 [0080] A mixture of N,N-Dimethyl
4-[4-(l-cyanocyclobutylamino)phenyl]butanamide
(Formula 48) (58 mg, 0.20 mmol) and
4-isothiocyanato-2-trifiuoromethyl benzonitrile (74
mg, 0.32 mmol) in DMF (3 mL)was heated under reflux
for 2 hours. To this mixture was added methanol (20
niL) and aq. 1N HCl (5 niL). The second mixture was
refluxed for 1.5 h. After being cooled to room
temperature, the reaction mixture was poured into cold
water (50 mL) and extracted with ethyl acetate (50
mL). The organic layer was dried over MgSO
concentrated and the residue was purified with silica
gel column chromatography (dichloromethane:acetone,
95:5) to give
4-(4-(7-(4-Cyano-3-(trifluoromethyl)phenyl)-8-oxo-6-th
ioxo-5,7- diazaspiro[3.4]octan-5-yl)phenyl)-
N,N-dimethylbutanamide, NC56 (Formula 49) (44 mg, 42%)
as a pale yellowish solid. 1H NMR d 7.98 (s, IH) 7.97
(d, IH, J = 8.2 Hz), 7.86 (d, IH, 8.2 Hz), 7.42 (d,
2H, J = 8.3 Hz), 7.22 (d, 2H, J = 8.3 Hz), 2.99 (s,
3H), 2.96 (s, 3H), 2.78 (t, 2H, ./= 7.5 Hz), 2.62-2.70
(m, 2H), 2.52- 2.63 (m, 2H), 2.40 (t, 2H, J =7.5 Hz),
2. 15-2.30 (m, IH), 2.04 (p, 2H, J = 7.5 Hz),
1.62-1.73 (m, IH). Example 59 Formula 50 [0081] A
mixture of 4-(4-aminophenyl)butyric acid (0.20 g, 1.12
mmol), cyclobutanone (0.17 mL, 2.23 mmol) and TMSCN
(0.30 mL, 2.23 mmol) was heated to 80 0C and stirred
for 13 h. To the medium was added ethyl acetate (2 c '
30 mL) and then washed with water (2 30 mL). The
organic layer was dried over MgSO4 and concentrated
and the residue was purified with silica gel column
chromatography (dichloromethane:acetone, 9:1) to give
4-[4-(l-Cyanocyclobutylamino)phenyl]butanoic acid
(Formula 50) (0.21 g, 74%) as a yellowish solid. 1H
NMR d 7.06 (d, 2H, J = 8.6 Hz), 6.59 (d, 2H5J = 8.6
Hz), 2.75-2.83 



(m, 2H), 2.59 (t, 2H, J = 7.5 Hz), 2.37 (t, 2H, J =
7.5 Hz), 2.33-2.42 (m, 2H), 2.1 1-2.28 (m, 2H), 1.92
(p, 2H, J = 7.5 Hz). Formula 5 1 [0082] A mixture of
4-[4-(l-CyanocycIobutylamino)phcnyI]butanoic acid
(Formula 50) (0.21 g,0.83 mmol) and
4-isothiocyanato-2-trifluoro benzonitrile (0.25 g,
1.08 mmol) in toluene (IO mL) was heated under reflux
for 1 hours. To this mixture was added aq. 1 N HCl (5
niL). The second mixture was refluxed for 1.5 h. After
being cooled to room temperature, the reaction mixture
was poured into cold water (50 mL) and extracted with
ethyl acetate (50 mL). The organic layer was dried
over MgSO4 concentrated and the residue was purified
with silica gel column chromatography
(dichloromethane:acetone, 95:5) to give 4-(4-(7-
(4-Cyano-3-(trifluoromethyl)phenyl)-8-oxo-6-thioxo-5,7
-diazaspiro[3.4]octan-5-yl)phenyl)butanoic acid, NCI22
(Formula 51) (60 mg, 15%). 1H NMR d 7.98 (d, IH, J =
1.8 Hz), 7.97 (d, IH, J = 8.3 Hz), 7.86 (dd, IH, J =
8.3, 1.8 Hz), 7.42 (d, 2H, J = 8.5 Hz), 7.24 (d, 2H, J
= 8.5 Hz), 2.79 (t, 2H, J = 7.5 Hz), 2.62-2.68 (m,
2H), 2.51-2.59 (m, 2H), 2.47 (t, 2H, J = 7.5 Hz),
2.14-2.26 (m, IH), 2.06 (p, 2H, J = 7.5 Hz), 1.60-1.70
(m, IH). Example 6 1 NC57 Formula 53 A solution of
DMSO (0.01 mL, 0.12 mmol) in dry dichloromethane ( 1
mL) was added to a stirred solution of oxalyl chloride
(0.01 mL, 0.09 mmol) in dry dichloromethane (2 mL) at
-78 0C. After 15 min, a dichloromethane solution of
4-(4-(7-(4-Cyano-3-(trifluoromethyl)phenyl)-8-oxo-6-th
ioxo-5,7- diazaspiro[3.4]octan-5-yl)pheny])butanamide,
NC47 (Formula 52) (35 mg, 0.07 mmol) was added to the
reaction mixture. Stirring was continued for 20 min at
-78 0C, and then triethylamine (0.03 mL, 0.22 mmol)
was added. After 30 min at -78 0C, the reaction
mixture was warmed to room temperature and then
reaction was quenched with saturated aq. NH4Cl
solution. The reaction mixture was diluted with
dichloromethane, and extracted with dichloromethane.
The organic layer was dried over MgSO , concentrated
and chromatographed (dichloromethaneracetone, 95:5) to
yield 4-(5-(4-(3-Cyanopropyl)phenyl)-8-oxo-6-thioxo-
5,7-diazaspiro[3.43octan-7-yl)-2-(trifluoromethyl)benz
onitrile, NC57 (Formula 53) (29 mg, 87%) as a viscous
oil. 1H NMR d 7.98 (d, IH, J = 1.8 Hz), 7.98 (d, IH, J
= 8.3 Hz), 7.86 (dd, IH, J = 8.3, 1.8 Hz), 7.43 (d,
2H, J = 8.4 Hz), 7.27 (d, 2H, J = 8.4 Hz), 2.90 (t,
2H, J = 7.3 Hz), 2.63-2.73 (m, 2H), 2.52-2.62 (m, 2H),
2.42 (t, 2H, J = 7.3 Hz), 2.18-2.30 (m, IH), 2.07 (p,
2H, J = 7.3 Hz), 1.63-1.73 (m, IH). [0083] One skilled
in the art could modify and/or combine the syntheses
described herein to makeother diarylhydantoin
compounds. Pharmacological examination of the
compounds [0084] Compounds for which synthetic routes
are described above were identified through screening
on hormone refractory prostate cancer cells for
antagonistic and agonistic activities against AR
utilizing screening procedures similar to those in PCT
applications US04/42221 and US05/05529, which are
hereby incorporated by reference. A number of
compounds exhibited potent antagonistic activities
with minimal agonistic activities for over expressed
AR in hormone refractory prostate cancer. In vitro
biological assay Effect of compounds on AR by a
reporter assay [0085] The compounds were subjected to
tests using an artificial AR response reporter system
in a hormone refractory prostate cancer cell line. In
this system, the prostate cancer LNCaP cells were
engineered to stably express about 5-fold higher level
of AR than endogenous level. The exogenous AR has
similar properties to endogenous AR in that both are
stabilized by a synthetic androgen Rl 881. The AR-over
expressed cells were also engineered to stably
incorporate an AR response reporter and the reporter
activity of these cells shows features of hormone
refractory prostate cancer. It responds to low
concentration of a synthetic androgen Rl 881, is
inhibited only by high concentrations of bicalutamide
(see Table 1), and displays agonistic activity with
bicalutamide (Figure 1 and Table 2). Consistent with
published data, bicalutamide inhibited AR response
reporter and did not have agonistic activity in
hormone sensitive prostate cancer cells (Figure 2).
Table1 [0086] We examined the antagonistic activity of
the compounds for which the synthesis is described
above in the presence of 100 pM of R1881. Engineered
LNCaP cells (LNCaP-AR, also abbreviated LN-AR) were
maintained in Iscove's medium containing 10% fetal
bovine serum (FBS). Two days prior to drug treatment,
the cells were grown in Iscove's medium containing 10%
charcoal-stripped FBS (CS-FBS) to deprive of
androgens. The cells were split and grown in Iscove's
medium containing 10% CS-FBS with 100 pM of Rl 881 and
increasing concentrations of test compounds. After two
days of incubation, reporter activities were
assayed.[0087] Table 1 lists the IC50 of these
compounds to inhibit AR in hormone refractory prostate



cancer. The control substance bicalutamide has an IC50
of 889 iiM. Most of the compounds identified
(diarylthiohydantoins) have IC50s between 100 to 200
nM in inhibiting AR in hormone refractory prostate
cancer. In contrast, antiandrogenic compounds listed
as examples in US patent no. 5,705,654, such as
examples 30-2, 30-3, 31-2, 31-3, and 24-3 (NC24-NC28)
have no inhibitory activities on AR in this system.
Antagonistic activities against AR in hormone
refractory prostate cancer, measured by an AR response
reporter and by endogenous PSA expression.Apparatus
and Method for Confined Area Planarization by
Inventors John M. Boyd, Fritz C. Redeker, Yezdi Dordi,
Michael Ravkin, John de Larios BACKGROUNDOF THE
INVENTION [0001] In the fabrication of semiconductor
devices such as integrated circuits, memory cells, and
the like, a series of manufacturing operations are
performed to define features on semiconductor wafers.
The semiconductor wafers include integrated circuit
devices in the form of multi-level structures defined
on a silicon substrate. At a substrate level,
transistor devices with diffusion regions are formed.
In subsequent levels, interconnect metalization lines
are patterned and electrically connected to the
transistor devices to define a desired integrated
circuit device. Also, patterned conductive layers are
insulated from other conductive layers by dielectric
materials. [0002] During conductive interconnect
manufacturing, a metal layer is deposited on the
wafer. The deposited metal will fill regions on the
wafer between smaller features, such as sub-micron
features, faster than larger regions, such as trench
regions. Because the smaller features may span
relatively large areas of the wafer, it should be
appreciated that these large areas of the wafer may
have an increased topography. The increased topography
regions need to be planarized in conjunction with
planarization of the decreased topography regions.
Simultaneous planarization of both the increased and
decreased topography areas of the wafer poses a
challenge. For example, to achieve sufficient
planarization of the increased topography areas of the
wafer, an extended overpolishing period may be
required. However, exposure of the decreased
topography areas of the wafer to this extended
overpolishing period may cause removal of too much
material from thedecreased topography areas, e.g., the
barrier layer underlying the deposited metal may be
undesirably exposed and/or damaged. SUMMARYOF THE
INVENTION [0003] In one embodiment, a proximity head
is disclosed for confined area planarization of a
semiconductor wafer. The proximity head includes a
chamber defined to maintain an electrolyte solution. A
cathode is disposed within the chamber in exposure to
the electrolyte solution. A cation exchange membrane
is disposed over a lower opening of the chamber, such
that a top surface of the cation exchange membrane is
in direct exposure to the electrolyte solution to be
maintained within the chamber. The proximity head also
includes a fluid supply channel defined to expel fluid
at a location adjacent to a lower surface of the
cation exchange membrane. Additionally, a vacuum
channel is defined to provide suction at a location
adjacent to the lower surface of the cation exchange
membrane, such that fluid to be expelled from the
fluid supply channel is made to flow over the lower
surface of the cation exchange membrane. [0004] In
another embodiment, a method is disclosed for confined
area planarization of a semiconductor wafer. The
method includes an operation for disposing a proximity
head over and proximate to a top surface of a
semiconductor wafer, such that a cation exchange
membrane of the proximity head faces the top surface
of the semiconductor wafer. The method also includes
an operation for disposing an electrolyte solution
between a top surface of the cation exchange membrane
and a cathode. The method further includes flowing
deionized water between a bottom surface of the cation
exchange membrane and the top surface of the
semiconductor wafer. A bias voltage is then applied
between the top surface of the semiconductor wafer and
the cathode, such that cations liberated from the top
surface of the semiconductor wafer are influenced to
travel through the deionizedwater, through the cation
exchange membrane, and through the electrolyte
solution to the cathode. [0005] In another embodiment,
a proximity head is disclosed for confined area
planarization of a semiconductor wafer. The proximity
head includes a chamber defined to maintain an
electrolyte solution. A cathode is disposed within the
chamber in exposure to 



the electrolyte solution. A cation exchange membrane
is disposed over a lower opening of the chamber and in
direct exposure to the electrolyte solution to be
maintained within the chamber. The proximity head
further includes a fluid supply channel defined to
expel fluid at a location adjacent to a lower surface
of the cation exchange membrane. Also, a vacuum
channel is defined to provide suction at a location
adjacent to the lower surface of the cation exchange
membrane, such that the fluid to be expelled from the
fluid supply channel is made to flow over the lower
surface of the cation exchange membrane. Additionally,
an electric current measuring device is connected to
measure an electric current flow through the cation
exchange membrane. The measured electric current
enables detection of a planarization endpoint. [0006]
Ih another embodiment, a method is disclosed for
detecting a planarization endpoint in a confined area
planarization process. The method includes an
operation for disposing a proximity head over and
proximate to a top surface of a semiconductor wafer,
such that a cation exchange membrane of the proximity
head faces the top surface of the semiconductor wafer.
The method also includes an operation for disposing an
electrolyte solution between a top surface of the
cation exchange membrane and a cathode. The method
further includes flowing deionized water between a
bottom surface of the cation exchange membrane and the
top surface of the semiconductor wafer. A bias voltage
is then applied between the top surface of the
semiconductor wafer and the cathode, such thatcations
liberated from the top surface of the semiconductor
wafer are influenced to travel through the deionized
water, through the cation exchange membrane, and
through the electrolyte solution to the cathode. The
method further includes an operation for monitoring a
flow of electric current through the cation exchange
membrane to detect an endpoint of a planarization
process. The endpoint of the planarization process
occurs when the monitored flow of electric current is
observed to level-off. [0007] In another embodiment, a
proximity head is disclosed for confined area
planarization of a semiconductor wafer. The proximity
head includes a chamber defined to maintain an
electrolyte solution. A cathode is disposed within the
chamber in exposure to the electrolyte solution. A
cation exchange membrane is disposed over a lower
opening of the chamber, such that a top surface of the
cation exchange membrane is in direct exposure to the
electrolyte solution to be maintained within the
chamber. The proximity head also includes a fluid
supply channel defined to expel fluid at a location
adjacent to a lower surface of the cation exchange
membrane. The fluid to be expelled from the fluid
supply channel is made to flow over the lower surface
of the cation exchange membrane. [00081 Other aspects
and advantages of the invention will become more
apparent from the following detailed description,
taken in conjunction with the accompanying drawings,
illustrating by way of example the present invention.
BRIEF DESCRIPTION OF THE DRAWINGS ) Figure 1 is a
simplified schematic diagram illustrating a silicon
substrate having a copper layer deposited thereon;
Figure 2A is an illustration showing a vertical
cross-sectional view of a proximity head positioned
over and proximate to a wafer to be planarized, in
accordance with one embodiment of the present
invention;Figure 2B is an illustration .showing a
horizontal cross-sectional view of the proximity head
of Figure 2A, in accordance with one embodiment of the
present invention; Figure 2C is an illustration
showing an exterior view of the proximity head, in
accordance with one embodiment of the present
invention; Figure 2D is an illustration showing the
proximity head electropolishing functionality that
enables confined area planarization of the wafer, in
accordance with one embodiment of the present
invention; Figure 2E is an illustration showing a
proximity head that does not incorporate a vacuum
channel, in accordance with one embodiment of the
present invention; Figures 3A-3C are a series of
illustrations showing traversal of a wafer beneath the
proximity head during the confined area planarization
process, in accordance with one embodiment of the
present invention; Figure 4 is an illustration showing
a chart of electric current flowing between the wafer
and the cathode as a function of time during the
confined area planarization process, 



in accordance with one embodiment of the present
invention; and Figure 5 is an illustration showing a
flowchart of a method for confined area planarization
of a semiconductor wafer, in accordance with one
embodiment of the present invention.
DETAILEDDESCRIPTION [0009] In the following
description, numerous specific details are set forth
in order to provide a thorough understanding of the
present invention. It will be apparent, however, to
one skilled in the art that the present invention may
be practiced without some or all of these specific
details. In other instances, well known process
operations have not been described in detail in order
not to unnecessarily obscure the present
invention.[0010] During copper interconnect
manufacturing on a semiconductor wafer ("wafer"), a
copper layer may be deposited on a seed/barrier layer
using an electroplating process. Components in the
electroplating solution provide for appropriate gap
fill on sub-micron features. However, these sub-micron
features tend to plate faster than the bulk areas and
larger trench regions, i.e., greater than 1 micron.
The sub-micron regions are typically found in large
memory arrays such as static random access memory
(SRAM), and can span large areas of the wafer. It
should be appreciated that this causes large areas of
the wafer to have additional topography that needs to
be planarized, in addition to the larger trench
regions that also need to be planarized. [0011] Figure
1 is a simplified schematic diagram illustrating a
silicon substrate having a copper layer deposited
thereon. A copper layer 103 is deposited on a
seed/barrier layer (not shown for clarity reasons)
disposed over a wafer 101 using an electroplating
process. As previously mentioned, components in the
electroplating solution provide for good gap fill on
sub-micron features, such as sub-micron trenches in
region 105, but these features tend to plate faster
than the bulk areas and trench regions 107 and 109.
High regions or "steps" in the topography of the
substrate, illustrated by region 111, result over the
sub-micron trench region 105. These steps are also
referred to as "superfill" regions. The superfill
region 111 is defined by thicker copper film than
field regions 108 and trench regions 107 and 109. The
superfill region 111 must be planarized in conjunction
with the topography over the field regions 108 and
trench regions 107 and 109. [0012] Current
planarization techniques are not suited to handle the
superfill topography in an efficient manner, i.e.,
planarization techniques are sensitive to pattern
density and circuit layout. More specifically,
chemical mechanical planarization (CMP) processes
often must be tuned according to the incoming wafer
properties. Therefore, changes are made tothe CMP
process (such as changing step times, overpolish time,
or endpoint algorithms, for example) in order to
accommodate variations within or between wafer lots.
Also, such changes are made to the CMP process to
accommodate different pattern densities and circuit
layouts encountered on wafers of mixed-product
manufacturing lines. [0013] When attempting to perform
a single CMP process on the topography having
superflll regions, excessive dishing and erosion can
occur in trench regions 107 and 109 when overpolishing
is performed in order to completely remove the
remaining copper from the superflll region 111.
Additionally, not only is the CMP process required to
remove the excess copper in the superflll region 1 1
1, but the CMP process is also required to perform
this removal in a manner that follows a contour of the
wafer. The contour of the wafer is due to waviness
inherent in the silicon substrate of the wafer. The
waviness is typically on the order of 0.2 micron to
0.5 micron total thickness variation. Current CMP
processes do not suitably deal with both superfill
region topography and wafer contour, while effectively
planarizing other topography in the trench and field
regions. Furthermore, the cost of consumables and
waste treatment of the CMP process effluent (typically
acid or alkaline chemistry containing Cu and solid
waste) is high. [0014] The present invention provides
an apparatus and method for performing confined area
planarization (CAP) of a wafer using
electroplanarization with minimal chemical effluent in
the waste stream. More specifically, a proximity head
is used to establish a closed-loop cathode half-cell
relationship with the surface of the wafer to be
planarized. Figure 2A is an illustration showing a
vertical cross-sectional view of a proximity head 200
positioned over and proximate to a wafer 223 to be
planarized, in accordance with one embodiment of the
present invention. The proximity head 200 structure
includes an 



electrolyte chamber structure 215 and a peripheral
structure 217. The electrolyte chamberstructure 215 is
defined to hold an electrolyte solution 211 therein.
In various embodiments the electrolyte solution 211
can be static or circulated. A deionized water supply
channel 227 is formed between opposing internal walls
of the electrolyte chamber structure 215 and near the
center of the proximity head 200. A vacuum channel 225
is formed between the outer walls of the electrolyte
chamber structures 215 and the peripheral structure
217. It should be appreciated that the electrolyte
chamber structure 215 and peripheral structure 217 can
be formed from essentially any material having
sufficient mechanical strength and sufficient chemical
compatibility with interfacing materials. [0015]
Figure 2B is an illustration showing a horizontal
cross-sectional view of the proximity head 200 of
Figure 2A, in accordance with one embodiment of the
present invention. The electrolyte chamber structure
215 is shown as having an annular-shape, with the
deionized water supply channel 227 defined within the
center of the annular-shaped electrolyte chamber
structure 215. The peripheral structure 217 is defined
to surround the electrolyte chamber structure 215 in a
spaced-apart relationship therewith. Therefore, the
peripheral structure 217 is also annular-shaped. As
shown, the vacuum channel 225 is defined between the
electrolyte chamber structure 215 and the peripheral
structure 217. It should be appreciated that the
vacuum channel 225 surrounds a perimeter of the
electrolyte chamber structure 215. [0016] With
reference to Figure 2A5 a bottom of the electrolyte
chamber 215 is defined by ) a one-way cation exchange
membrane 221. The membrane 221 functions to contain
the electrolyte solution 211 within the electrolyte
chamber 215. hi one embodiment, the membrane 221 is
defined to have a thickness of about 0.050 inch.
During operation, deionized water 209 is supplied
through the deionized water supply channel 227, as
indicated by arrow 201. The supplied deionized water
209 flows between the proximityhead 200 and the wafer
223, over the membrane 221, and up through the vacuum
channel 225, as indicated by arrow 205. In one
embodiment, the membrane 221 is defined to have a
width within a range extending from about 0.25 inch to
about 2 inches. The width of the membrane 221
corresponds to the linear distance through which the
deionized water flows from the supply channel 227 to
reach the vacuum channel 225. It should be appreciated
that a substantially complete amount of the deionized
water 209 is returned through the vacuum channel 225,
thus forming a meniscus of deionized water 209 between
the proximity head 200 and the wafer 223. A periphery
of the meniscus of deionized water is defined by a
meniscus boundary 219. ) [0017 A cathode 213 is
positioned within the electrolyte chamber 215. The
cathode 213 is electrically connected to a bias
voltage supply 207. The surface of the wafer 223 in
exposure to the deionized water 209 represents an
anode and is electrically connected to a bias voltage
supply 208. The wafer (anode) is maintained at a
positive bias voltage with respect to the cathode 213.
Thus, positively charged ions will be attracted from
the wafer 223 toward the cathode 213. In one
embodiment, the bias voltage between the wafer 223 and
the cathode 213 is maintained within a range extending
from about 10 V to about 25 V. [0018] Figure 2C is an
illustration showing an exterior view of the proximity
head 200, in accordance with one embodiment of the
present invention. The proximity head 200 has a
rectangular shape defined by a long dimension (LD) and
a short dimension (SD). Thus, the meniscus of
deionized water 209 between the proximity head 200 and
the wafer 223 is defined to have a substantially
rectangular shape. In one embodiment, the long
dimension (LD) of the proximity head 200 exceeds a
diameter of the wafer 223, and the short dimension
(SD) is less than the diameter of the wafer 223.
Therefore, once the proximityhead 200 has completely
traversed over and proximate to the upper surface of
the wafer 223 in the direction of the short dimension
(SD), the entire upper surface of the wafer will have
been exposed to the meniscus of deionized water
beneath the proximity head 200. [0019] Although the
proximity head 200 is described herein as having the
annular-shaped electrolyte chamber structure 215 and
corresponding annular-shaped vacuum channel 225, it
should be appreciated that other embodiments of the
proximity head 200 can include other geometric
configurations for the electrolyte chamber 215 and
vacuum channel 225. However, regardless of the
specific geometric configuration of the proximity head
200, it should be understood that the deionized water
should be controlled to flow over the 



membrane 221 within the meniscus established between
the proximity head 200 and wafer 223. Ih one
embodiment the deionized water 209 flows between the
membrane 221 and the wafer 223 at a rate within a
range extending from about 100 mL/min to about 2000
mL/min. [0020] Figure 2D is an illustration showing
the proximity head 200 electropolishing functionality
that enables confined area planarization of the wafer
223, in accordance with one embodiment of the present
invention. The membrane 221 is defined as a polymer
matrix including functional groups that form a network
of channels through which cations can travel. In one
embodiment, the membrane 221 is defined by a teflon
base including sulfonic acid functional groups. In
general, the membrane 221 is not permeable to wafer.
However, water molecules can be "dragged" along with
cations through the network of the functional groups.
The membrane 221 allows cations to pass through the
network of functional groups, while preventing anions
from passing through the network of functional groups.
Thus, the membrane 22 1 is a one-way cation exchange
membrane.[0021] Under the influence of an appropriate
bias voltage cations will readily move through the
membrane 221. Therefore, the membrane 221 is suitable
for use in an electroplanarization process for
removing metal, e.g., copper, from the wafer 223.
Specifically, metal cations, e.g., Cu + cations, can
be made to move from the wafer 223, i.e., anode, to
the cathode 213 under the influence of a bias voltage
applied between the wafer 223 and the cathode 213. As
shown in Figure 2D, the membrane 221 is separated from
the wafer 223 by the deionized water 209. Thus, the
deionized water 209 provides a medium for transport of
the metal cations, e.g., Cu + cations, from the wafer
223 to the membrane 221. Upon reaching the membrane
221, the metal cations can pass through the network of
functional groups to reach the electrolyte solution
211. Upon reaching the electrolyte solution 211, the
metal cations will travel to the cathode 213 and be
plated on the cathode 213. [0022] In addition to
providing a network of cation exchange pathways, the
functional groups, e.g., the sulfonic acid groups,
within the membrane 221 also serve to modify a pH of
the deionized water 209 within a vicinity of the
membrane 221. The region of the deionized water 209
that is pH-influenced by the membrane 221 represents a
critical boundary layer 233, as depicted by the dashed
lines in Figure 2D. The pH of the deionized water 209
within the critical boundary layer 233 is sufficiently
influenced by the functional groups of the membrane
221 to enable etching of a metalized topography 229 on
the top surface of the wafer 223, when the metalized
topography 229 is exposed to the critical boundary
layer 233. It should be appreciated that the pH
influence exerted by the membrane 221 on the deionized
water 209 within the critical boundary layer 233 drops
within distance from the membrane 221. Therefore,
etching reactions will occur at a faster rate within
portions of the critical boundary layer 233 that are
closer to the membrane 221.[0023] Under the influence
of the bias voltage applied between the cathode 213
and the anode, i.e., the metalized topography on the
surface of the wafer 223, metal cations such as Cu4+
that are liberated in the etching reactions within the
critical boundary layer 233 will be coordinated to 2-3
molecules of water, directed through the membrane 221
and be plated on the cathode 213. Thus, exposure of
the metalized topography 229 of the wafer 223 to the
critical boundary layer underlying the membrane 221
will enable planarization of the metalized topography
229. As the wafer 223 traverses beneath the proximity
head 200, and the membrane 221 thereof, higher
topographical features on the surface of the wafer 223
will be closer to the membrane 221, and will therefore
be etched at a higher rate relative to lower
topographical features on the surface of the wafer
223. Thus, the more rapid etching of the higher
topographical features on the surface of the wafer 223
enables the metalized topography 229 of the wafer 223
to be planarized in a substantially top-down manner.
[0024] To enable exposure of the metalized topography
229 to the critical boundary layer 233, the membrane
221 needs to be brought within close enough proximity
to the wafer 223. However, if the membrane is brought
too close to the wafer 223, the membrane will be
attracted to wafer 223 and will adhere to the wafer
223. Direct contact between the membrane 221 and the
wafer 223 is not desirable because the functional
groups, e.g., sulfonic acid groups, of the membrane
221 will etch the metal from the wafer 223 too fast, 



causing dehydration of the water in the contact region
and suction of the membrane to the substrate,
resulting in damage to the wafer 223. Additionally,
physical contact between the membrane 221 and the
wafer 223 may physically damage the membrane 221
and/or wafer 223. To ensure that the membrane 221 does
not adhere to the wafer 223, a minimum distance {Dmn)
must be maintained between the membrane 221 and the
wafer 223.[0025] In combination with the need to
maintain the minimum distance (Dm\n) between the
membrane 221 and the wafer 223, it is also necessary
to expose the surface of the wafer 223 to the critical
boundary layer 233. The critical boundary layer 233
thickness required for planarizing the wafer 223 may
be on the order of tenths or hundredths of microns. It
is simply not feasible to control the physical
separation between the proximity head 200 and the
wafer 223 to within a fraction of a micron.
Additionally, because the etch rate increases as the
membrane 221 get closer to the wafer 223, it is also
necessary to control the uniformity of the separation
distance between membrane 221 and the wafer 223. Thus,
it is necessary for the separation distance between
the membrane 221 and the wafer 223 to be adaptable to
contour variations across the wafer 223, and
preferably self-limiting. [0026] Despite limitations
associated with controlling the physical separation
between the proximity head 200 and the wafer 223, the
mechanical characteristics of the membrane 221 enables
exposure of the wafer 223 to the critical boundary
layer 233 in a substantially uniform manner. More
specifically, the proximity head 200 can be positioned
within close enough proximity to the wafer 223, such
that a controlled flexing of the membrane 221 toward
the wafer 223 will enable exposure of the wafer 223 to
the critical boundary layer 233, without allowing the
membrane 221 to contact the wafer 223. A pressure (P)
of the electrolyte solution 211 in combination with a
Bernoulli effect caused by the deionized water 209
flow over the membrane 221 is capable of causing the
membrane to flex through a distance (d) toward the
wafer 223. [0027] The proximity head 200 is capable of
maintaining the deionized water 209 meniscus between
the membrane 221 and the wafer 223 at a substantially
fixed thickness. In one embodiment, the physical
separation between proximity head 200 and the wafer
223 is controlled to be within a range extending from
about 0.5 mm to about 2 mm. Aspreviously discussed,
the deionized water 209 is delivered from supply
channel 227 near the center of the proximity head 200
and made to flow over the membrane 221 to the vacuum
channel 225 near the periphery of the proximity head
200. The Bernoulli effect caused by the flow of
deionized water 209 over the membrane 221 causes the
membrane 221 to flex toward the wafer 223. The amount
of membrane 221 flex caused by the flow of deionized
water 209 is dependent on the flow rate of the
deionized water. Thus, the flow rate of deionized
water 209 can be used to control the membrane 221 flex
distance (d). The electrolyte solution 211 pressure
(P) can also affect the membrane 221 flex distance
(d). [0028] hi accordance with the foregoing, the
physical separation between the proximity head 200 and
the wafer 223 can be controlled in a coarse manner
relative to the critical boundary layer 233 thickness.
Then, the electrolyte solution 211 pressure (P) and
deionized water 209 flow rate can be adjusted to
provide fine control of the membrane 221 flex distance
(d), such that the separation distance between the
membrane 221 and the wafer 223 is finely controlled.
In one embodiment, the electrolyte solution 211
pressure (P) is maintained within a range extending
from about 0 psig to about 10 psig. [0029] It is
conceivable the a contour, i.e., waviness, inherent in
the wafer 223 may exceed the critical boundary layer
233 thickness. However, the ability of the membrane
221 to flex enables the membrane 221 to conform to the
contour of the wafer 223, such that a uniform
separation distance is maintained between the membrane
221 and the wafer 223. hi other ) words, the
flexibility of the membrane 221 combined with the
control afforded by the electrolyte solution 211
pressure (P) and the deionized wafer 209 flow rate,
enables the membrane 221 to follow the contour of the
wafer 223 as the proximity head 200 and wafer 223 move
with respect to each other.[0030] Figures 3A-3C are a
series of illustrations showing traversal of the wafer
223 beneath the proximity head 200 during the confined
area planarization process, in accordance with one
embodiment of the present invention. Thus, the
embodiment of Figures 3A-3C depicts the proximity head
200 as being stationary while the wafer 223 traverses
beneath the proximity head 200 in a direction 301.
However, it should be appreciated that the present
invention is not limited to having a stationary
proximity head 



200 and a moving wafer 223. In another embodiment, the
wafer 223 can be stationary and the proximity head 200
can move. Ih yet another embodiment, both the wafer
223 and the proximity head 200 can be moved with
respect to one another. [0031] With respect to Figures
3A-3C, attention should be paid to the topographic
feature 303 that is within the level occupied by the
critical boundary layer 233 beneath the membrane 221.
Figure 3A represents the proximity head 200 positioned
just prior to traversal of the topographic feature 303
through the critical boundary layer 233. Figure 3B
represents the proximity head 200 positioned such that
the topographic feature 303 is within the critical
boundary layer 233 beneath the membrane 221. Figure 3C
represents the proximity head 200 positioned just
after traversal of the topographic feature 303 through
the critical boundary layer 233, such that the
topographic feature 303 has been planarized. [0032]
The closed-loop cathode half-cell, defined between the
metalized topography 229 on the wafer 223 surface and
the cathode 213 within the electrolyte 2 11, functions
to plate metal cations, e.g., Cu+ , as the metal
cations pass from the topographical feature 303
through the membrane 221 to the cathode 213 under the
influence of the bias voltage 231/207. The distance
between the wafer 223 and the membrane 221 is
controlled by the deionized water 209 flow rate and
electrolyte solution 211 pressure (P). The relative
velocity of the wafer 223 with respect to the
proximity head 200 is set to provide a desiredamount
of planarization. More specifically, the exposure
duration of the topographic feature 303 to the
critical boundary layer combined with the etch rate
determines how much of the topographic feature 303 is
removed during its traversal beneath the proximity
head 200, i.e., .through the critical boundary layer
-233. The etch rate is a function of the pH of the
deionized water within the critical boundary layer 233
and the applied bias voltage 231/207. It should be
understood that the pH of the deionized water within
the critical boundary layer 233 is set by the
composition of the membrane 221, i.e., by the
functional groups within the membrane 221 . [0033]
During traversal of the wafer 223 beneath the
proximity head 200, the metalized topography 229 on
the top surface of the wafer 223 is electrically
connected to one or more electrodes. In one
embodiment, two electrodes are used to contact the
metalized topography 229 on the top surface of the
wafer 223. Each these two electrode is defined to be
moved to electrically connect to and disconnect from
the wafer 223. It should be appreciated that movement
of the two electrodes to connect to and disconnect
from the wafer 223 can be performed in a number of
ways. For example, in one embodiment, the two
electrodes an be moved linearly in a plane aligned
with the wafer 223. In another embodiment, the two
electrodes having a sufficient elongated shape and
being oriented in a coplanar arrangement with the
wafer 223 can be moved in a rotational manner to
contact the wafer 223. [0034] It should also be
appreciated that the shape of the two electrodes can
be defined in a number of ways. For example, in one
embodiment, the two electrodes can be substantially
rectangular in shape. In another embodiment, each of
the two electrodes can have a wafer contacting edge
defined to follow a curvature of the wafer 223
periphery. In yet anotherembodiment, the two
electrodes can be C-shaped. It should be understood
that the two electrodes of the present embodiment are
independently controllable. [0035] In the present
embodiment the wafer 223 is made to traverse beneath
the proximity head 200 such that the long dimension
(LD) of the proximity head 200 is substantially
perpendicular to a virtual line extending between the
two electrodes. As the wafer 223 moves beneath the
proximity head 200, the electrode farther from the
proximity head 200 is controlled to be electrically
connected to the metalized topography 229 on the top
surface of the wafer 223. Also, as the wafer 223 moves
beneath the proximity head 200, the electrode closer
to the proximity head 200 is controlled to be
electrically disconnected from the metalized
topography 229 on the top surface of the wafer 223.
Connection of the two electrodes to the wafer 223 in
the manner described above enables a current
distribution present at the portion of the wafer 223
in exposure to the critical boundary layer 233 to be
optimized. Additionally, connection of the two
electrodes to the wafer 223 in the manner described
above enables each electrode to be disconnected from
the wafer 223 as the meniscus of deionized water 209
traverses thereover. [0036] Although the present
invention is described with respect to use of a single



proximity head 200, it should be understood that other
embodiments may utilize multiple proximity heads 200.
For example, if it is desirable to increase the
traversal rate of the . wafer 223 beneath the
proximity head 200, multiple proximity heads 200 may
be ) positioned in a back-to-back manner to enable
sufficient planarization. Additionally, the proximity
head 200 may be followed by another proximity head
defined to perform rinsing and drying operations.
Furthermore, in one embodiment the confined area
planarization provided by the proximity head 200 of
the present invention may be used to achieve a uniform
(planarized) layer of metal, e.g., Cu, remaining on
the wafer 223. This uniformlayer may be on the order
of 1000 Angstroms to 2000 Angstroms thick in some
embodiments. The wafer 223 having the uniform
(planarized) layer of metal thereon, can then be
processed through a separate final etch process to
clear a necessary thickness of the remaining metal.
[0037] It should be appreciated that the confined area
planarization process afforded by the proximity head
200 of the present invention does not require
application of mechanical pressure/stress to the wafer
223, as is common in conventional chemical mechanical
planarization (CMP) processes. Additionally, it should
be appreciated that the separation distance between
the membrane 221 of the proximity head 200 and the
wafer 223 in the present invention does not rely upon
a relative velocity between the membrane 221 and the
wafer 223. Rather, the separation distance between the
membrane 221 and the wafer 223 in the present
invention is controlled by the flow rate of deionized
water 209 between the membrane 221 and the wafer 223
and by the electrolyte solution 211 pressure (P)
behind the membrane 221. Thus the boundary layer is
formed and maintained generally independently of the
head-wafer relative velocity, and removal rates can be
then controlled by residence time of the head relative
to the wafer independent of boundary layer thickness
control. [0038] It should be appreciated that the
boundary layer can be formed by forcing water across
the membrane without the use of a vacuum return line
to remove the water (i.e., the wafer can be flooded
and the overflow collected in a drain in the process
chamber). Figure 2E is an illustration showing a
proximity head 200A that does not incorporate a vacuum
channel, in accordance with one embodiment of the
present invention. The proximity head 200 features
previously described with respect to Figure 2A are
also included in the proximity head 200A of Figure 2E,
with the exception of the vacuum return channel 225.In
the embodiment of Figure 2E, the deionized water 209
flows over the membrane 221, over the wafer 223, and
eventually flows off the wafer 223 edge to a
collection means. [0039] During the confined area
planarization process, as described above with respect
to the proximity head 200, the flow of cations from
the wafer 223 to the cathode 213 creates a measurable
electric current. Thus, this electric current flows
from the wafer 223 (anode) to the cathode 213. An
electric current measuring device can be connected
between the wafer 223 and the cathode 213 to measure
the electric current flowing from the wafer 223 to the
cathode 213. It should be appreciated that the
electric current flowing from the wafer 223 to the
cathode 213 is a function of the working contact area
between the critical boundary layer 233 and the
metalized topography 229 on the surface of the wafer
223. The working contact area represents the area of
the metalized topography 229 within the critical
boundary layer 233. Thus, the working contact area
represents the area of the metalized topography 229
from which metal cations, e.g., Cu+4 , are being
removed. [0040] As the higher portions of the
metalized topography 229 are removed, i.e., i
planarized, during the confined area planarization
process, the working contact area will increase, i.e.,
the wafer surface area within the critical boundary
layer 233 will increase. Therefore, as the higher
portions of the metalized topography 229 are removed,
the flow of metal cations between the wafer 223 and
the cathode 213 will increase. This increased flow of
metal cations represents a measurable increase in
electric current flowing from the wafer D 223 to the
cathode 213. Eventually, when the wafer becomes
planarized, the working contact area becomes
substantially constant. When the working contact area
becomes substantially constant, the flow of metal
cations from the wafer 223 to the cathode 213 become
substantially constant, i.e., each portion of the
wafer surface contributes equally to the flow of metal
cations. Therefore, when the working contact area
becomes substantiallyconstant, the flow of electric
current between the wafer 223 and the cathode 213
becomes substantially constant. Thus, a leveling-off
of the electric current between the wafer 223 



and the cathode 213 is an indication that the wafer
223 is planarized. Hence, the electric current between
the wafer 223 and the cathode 213 can be monitored to
detect an endpoint of the planarization process.
[0041] Figure 4 is an illustration showing a chart of
electric current flowing between the wafer 223 and the
cathode 213 as a function of time during the confined
area planarization process, in accordance with one
embodiment of the present invention. For ease of
discussion, the electric current flowing between the
wafer 223 and the cathode 213 will be referred to as
the "current." From the start of the confined area
planarization process, the current increases steadily
as the wafer is planarized. As discussed above, the
steady increase in current is due to exposure of more
metalized topography 229 to the critical boundary
layer 233 as the higher portions of the metalized
topography 229 become planarized. [0042] As the
metalized topography 229 approaches a planarized
state, the current begins to level off. When the wafer
223 becomes substantially planarized, each portion of
the wafer surface will be exposed in a substantially
equal manner to the critical boundary layer 233. Thus,
when the wafer 223 becomes substantially planarized,
the current will level off as indicated by a location
401 on the curve of Figure 4. The location 401
represents the endpoint of the confined area
planarization process. If the confined area
planarization process continues beyond the time
corresponding to the location 401, the current will
remain substantially level. Eventually, however,
enough metal will be removed from the wafer 223 such
that electrically non-conductive layers underlying the
previously present metalized topography 229 will be
exposed. When the electrically non-conductive layers
areexposed, the current will drop as indicated by a
location 403 on the curve of Figure 4. Thus, the
location 403 represents the breakthrough point of the
confined area planarization process. [0043] In one
embodiment, the confined area planarization process
may be continued until the breakthrough point is
reached. However, in another embodiment, the confined
area planarization process may be continued until the
planarization endpoint is reached. Because the
metalized topography 229 is removed in a top-down
manner, it is generally expected that a planarized
layer of metal will remain on the wafer surface when
the planarization endpoint is reached. Upon reaching
the planarization endpoint of the confined area
planarization process, the wafer 223 may be subjected
to a separate final etch process, e.g., wet clean etch
process or plasma etch back process, to uniformly
remove a required thickness of the remaining metal
present on the wafer surface. [0044] Figure 5 is an
illustration showing a flowchart of a method for
confined area planarization of a semiconductor wafer,
in accordance with one embodiment of the present
invention. It should be understood that the method of
Figure 5 is intended to be performed using the
proximity head 200 described above with respect to
Figures 2A-4. The method includes an operation 501 for
disposing a proximity head over and proximate to a top
surface of a semiconductor wafer such that a cation
exchange membrane faces the top surface of the
semiconductor wafer. In an operation 503, an
electrolyte solution is disposed between a top surface
of the cation exchange membrane and a cathode. An
operation 505 is performed to flow deionized water
between a bottom surface of the cation exchange
membrane and the top surface of the semiconductor
wafer. The method further includes an operation 507
for applying a bias voltage between the top surface of
the semiconductor wafer and the cathode, such that
cations liberated from the top surface of
thesemiconductor wafer are influenced to travel
through the deionized water, through the cation
exchange membrane, and through the electrolyte
solution to the cathode. [0045] In one embodiment the
flow rate of the deionized water is controlled such
that the cation exchange membrane flexes toward the
top surface of the semiconductor wafer under the
influence of a Bernoulli force without contacting the
top surface of the semiconductor wafer. The flexing of
the cation exchange membrane causes a pH modified
region of the deionized water proximate to the bottom
surface of the cation exchange membrane, i.e., the
above-described critical boundary layer 233, to be in
contact with the top surface of the wafer. It should
be understood that the pH modified region of the
deionized water causes the cations to be liberated
from the top surface of the semiconductor wafer.
[0046] The method further includes an operation 509
for scanning the semiconductor 



wafer beneath the proximity head such that a metalized
topography present on the top surface of the
semiconductor wafer is removed in a substantially
uniform top-down manner. Additionally, the method can
include a process for detecting a planarization
endpoint. The planarization endpoint detection process
includes monitoring of a flow of electric current
through the cation exchange membrane. The
planarization endpoint corresponds to a leveling-off
of the monitored flow of electric current through the
cation exchange membrane. It should be understood that
the flow of electric current through the cation
exchange membrane is monitored by measuring an
electric current between the top ) surface of the
semiconductor wafer and the cathode. [0047] While this
invention has been described in terms of several
embodiments, it will be appreciated that those skilled
in the art upon reading the preceding specifications
and studying the drawings will realize various
alterations, additions, permutations and equivalents
thereof. Therefore, it is intended that the present
invention includes all suchalterations, additions,
permutations, and equivalents as fall within the true
spirit and scope of the invention. What is claimed
is:CLAIMS 1. A proximity head for confined area
planarization, comprising: a chamber defined to
maintain an electrolyte solution; a cathode disposed
within the chamber in exposure to the electrolyte
solution; a cation exchange membrane disposed over a
lower opening of the chamber,"a top surface of the
cation exchange membrane to be in direct exposure to
the electrolyte solution to be maintained within the
chamber; a fluid supply channel defined to expel fluid
at a location adjacent to a lower surface of the
cation exchange membrane; and a vacuum channel defined
to provide suction at a location adjacent to the lower
surface of the cation exchange membrane such that
fluid to be expelled from the fluid supply channel is
made to flow over the lower surface of the cation
exchange membrane. 2. A proximity head for confined
area planarization as recited in claim 1, wherein the
chamber is annular-shaped and the fluid supply channel
is defined within a center of the chamber, the vacuum
channel being annular-shaped and defined to surround
the chamber. 3. A proximity head for confined area
planarization as recited in claim 1, wherein the
cation exchange membrane is defined to enable cation
flow through the membrane and block anion flow through
the membrane while providing bulk fluid confinement.4.
A proximity head for confined area planarization as
recited in claim 1, wherein the cation exchange
membrane is defined as a polymer matrix including
functional groups that form a network of channels
through which cations can travel. 5. A proximity head
for confined area planarization as recited in claim 1,
wherein the cation exchange membrane is capable of
locally influencing a pH of the fluid to be made to
flow over the lower surface of the cation exchange
membrane such that a critical boundary layer is formed
beneath the lower surface of the cation exchange
membrane, the critical boundary layer capable of
causing cations to be liberated from an anodic
material when placed in exposure to the critical
boundary layer. 6. A proximity head for confined area
planarization as recited in claim 1, wherein the
cation exchange membrane is defined to be controllably
flexible in response to a flow rate of the fluid over
the lower surface of the cation exchange membrane and
in response to a pressure applied by the electrolyte
solution on the top surface of the cation exchange
membrane. 7. A method for confined area planarization
of a semiconductor wafer, comprising: disposing a
proximity head over and proximate to a top surface of
a semiconductor wafer such that a cation exchange
membrane of the proximity head faces the top surface
of the semiconductor wafer; disposing an electrolyte
solution between a top surface of the cation exchange
membrane and a cathode;flowing deionized water between
a bottom surface of the cation exchange membrane and
the top surface of the semiconductor wafer; and 



applying a bias voltage between the top surface of the
semiconductor wafer and the cathode such that cations
liberated from the top surface of the semiconductor
wafer are influenced to travel through the deionized
water through the cation exchange membrane through the
electrolyte solution to the cathode. 8. A method for
confined area planarization of a semiconductor wafer
as recited in claim 7, further comprising: i
controlling a flow rate of the deionized water such
that the cation exchange membrane flexes toward the
top surface of the semiconductor wafer under the
influence of a Bernoulli force without contacting the
top surface of the semiconductor wafer. 9. A method
for confined area planarization of a semiconductor
wafer as  recited in claim 8, wherein the flexing of
the cation exchange membrane causes a pH modified
region of the deionized water proximate to the bottom
surface of the cation exchange membrane to be in
contact with the top surface of the wafer, the pH
modified region of the deionized water causing the
cations to be liberated from the top surface of the
semiconductor wafer. 10. A method for confined area
planarization of a semiconductor wafer as recited in
claim 7, further comprising:scanning the semiconductor
wafer beneath the proximity head such that a metalized
topography present on the top surface of the
semiconductor wafer is removed in a substantially
uniform top-down manner. 11. A proximity head for
confined area planarization, comprising: a chamber
defined to maintain an electrolyte solution; a cathode
disposed within the chamber in exposure to the
electrolyte solution; a cation,exchange membrane
disposed over a lower opening of the chamber and in
direct exposure to the electrolyte solution to be
maintained within the chamber; a fluid supply channel
defined to expel fluid at a location adjacent to a
lower surface of the cation exchange membrane; a
vacuum channel defined to provide suction at a
location adjacent to the lower surface of the cation
exchange membrane such that fluid to be expelled from
the fluid supply channel is made to flow over the
lower surface of the cation exchange membrane; and an
electric current measuring device connected to measure
an electric current flow through the cation exchange
membrane. 12. A proximity head for confined area
planarization as recited in claim 11, wherein the
cation exchange membrane is capable of influencing a
pH of the fluid to be made to flow over the lower
surface of the cation exchange membrane such that a
critical boundary layer is formed beneath the lower
surface of the cation exchange membrane, the critical
boundary layer capable of causing cations to be
liberated from an anodic material when placed in
exposure to the critical boundary layer.13. A
proximity head for confined area planarization as
recited in claim 12, further comprising: a bias
voltage supply connected between the cathode and the
anodic material, the bias voltage supply defined to be
controlled such that cations liberated from the anodic
material are influenced to traverse through the cation
exchange membrane through the electrolyte solution to
the cathode. 14. A proximity head for confined area
planarization as recited in claim 13, wherein
traversal of the cations through the cation exchange
membrane represents the electric current flow to be
measured by the electric current measuring device. 15.
A proximity head for confined area planarization as
recited in claim 11, wherein the proximity head is
defined to be positioned over and proximate to a top
surface of a semiconductor wafer such that the fluid
to be expelled from the fluid supply channel is made
to flow between the top surface of the semiconductor
wafer and the lower surface of the cation exchange
membrane. 16. A proximity head for confined area
planarization as recited in claim 15, wherein the
cation exchange membrane is defined to be controllably
flexible in a direction toward the top surface of the
semiconductor wafer. 17. A method for detecting a
planarization endpoint in a confined area 



planarization process, comprising:disposing a
proximity head over and proximate to a top surface of
a semiconductor wafer such that a cation exchange
membrane of the proximity head faces the top surface
of the semiconductor wafer; disposing an electrolyte
solution between a top surface of the cation exchange
membrane and a cathode; flowing deionized water
between a bottom surface of the cation exchange
membrane and the top surface of the semiconductor
wafer; applying a bias voltage between the top surface
of the semiconductor wafer and the cathode such that
cations liberated from the top surface of the
semiconductor wafer are influenced to travel through
the deionized water through the cation exchange
membrane through the electrolyte solution to the
cathode; and monitoring a flow of electric current
through the cation exchange membrane to detect an
endpoint of a planarization process. 18. A method for
detecting a planarization endpoint in a confined area
planarization process as recited in claim 17, wherein
the endpoint of the planarization process corresponds
to a leveling-off of the monitored flow of electric
current through the cation exchange membrane. 19. A
method for detecting a planarization endpoint in a
confined area planarization process as recited in
claim 17, wherein the flow of electric current through
the cation exchange membrane is monitored by measuring
an electric current between the top surface of the
semiconductor wafer and the cathode.20. A method for
detecting a planarization endpoint in a confined area
planarization process as recited in claim 17, further
comprising: scanning the semiconductor wafer beneath
the proximity head such that a metalized topography
present on the top surface of the semiconductor wafer
is removed in a substantially uniform top-down manner.
2 1. A proximity head for confined area planarization,
comprising: a chamber defined to maintain an
electrolyte solution; a cathode disposed within the
chamber in exposure to the electrolyte solution; a
cation exchange membrane disposed over a lower opening
of the chamber, a top surface of the cation exchange
membrane to be in direct exposure to the electrolyte
solution to be maintained within the chamber; and a
fluid supply channel defined to expel fluid at a
location adjacent to a lower surface of the cation
exchange membrane such that fluid to be expelled from
the fluid supply channel is made to flow over the
lower surface of the cation exchange membrane. 


