
29 September 2006  1 SPECIFICATION  PROCESS FOR
PRODUCING BICALUTAMIDE AND METHOD OF PURIFYING
INTERMEDIATE THEREOF 5 TECHNICAL FIELD The present
invention relates to a process for producing
Bicalutamide and a  method of purifying an
intermediate thereof. 10 BACKGROUND ART
4'-Cyano-3-[(4-fluorophenyl)sulfonyl]-2-hydroxy-2-meth
yl-3'-trifluoromethylpro  pionanilide (generic name:
bicalutamide) is a pharmaceutical useful as a
anticancer drug. Generally speaking, pharmaceuticals
are administered to humans in most cases,  and
commonly, amounts of impurities contained therein are
strictly controlled. For 15 example, it is necessary
to examine and confirm that there is no problem that
threatens  safety, by analyzing, usually, the
structure of the impurity when not less than 0.10% of
an  impurity is contained, and by studying the
toxicity thereof when the amount is not less  than
0.15%, in a pharmaceutical to be administered. As
indicated by the following scheme 1, a generally
accepted process for  20 producing
4'-cyan-3-[(4-fluorophenyl)sulfonyl]-2-hydroxy-2-methy
l-3'-trifluoromethylpropionanili  de (hereinafter,
referred to as Compound (4)) is a process in which
4'-cyano-3-(4-fluorophenylthio)-2-hydroxy-2-methyl-3'-
trifluoromethylpropionanilide  (hereinafter, referred
to as Compound (3)), obtained via 25
4-cyano-N-(2,3-epoxy-2-methylpropionyl)-3-trifluoromet
hylaniline (hereinafter, referred  to as Compound (2))
starting form
N-methacryloyl-4-cyano-3-trifluoromethylaniline
(hereinafter, referred to as Compound (1)), is
produced and Compound (3) is oxidized (for 29
September 2006  



2 example, see WO 01/00608, WO 01 /28990, WO 02/24638,
WO 03/053920 and Howard  Tucker et al., J. Med. Chem.,
Vol. 31, 954-959 (1988)). However, it has been
revealed  that
4'-cyano-3-[(4-fluorophenyl)sulfonyl]-2-methyl-3'-trif
luoromethylpropionanilide  (hereinafter, referred to
as Deoxy-Sulfonyl Compound) is by-produced as an
impurity 5 during oxidation. Additionally, it has also
been revealed that separation and removal of
Deoxy-Sulfonyl Compound from Compound (4) after
oxidation reaction is difficult.  Furthermore, the
present inventors have found that the contamination
with  Deoxy-Sulfonyl Compound as the impurity is
attributed to
4'-cyano-3-(4-fluorophenylthio)-2-methyl-3'-trifluorom
ethylpropionanilide (hereinafter, 10 referred to as
Deoxy-Sulfide Compound) by-produced during the
production of  Compound (3). One object of the present
invention is to provide a process in which, in the
production of Compound (4), the formation of hardly
removable impurities contained in  the final product
are suppressed, and which is industrially excellent.
15 This and other objects will be apparent from the
content of the description.  DISCLOSURE OF THE
INVENTION As the result of extensive studies in view
of the above problems, the present  inventors have
found the fact that the amount of Deoxy-Sulfonyl
Compound contained in  20 crystals of Compound (4) can
be decreased to less than 0.10% (LC area percentage)
based on the amount of Compound (4) by purifying
crystals of Compound (3) by crystallization  and
subjecting the obtained pure crystals to the oxidation
reaction when Deoxy-Sulfide  Compound is contained in
Compound (3) in an amount exceeding 0.06% (LC area
percentage) based on the amount of Compound (3). The
present invention was 25 completed. Therefore, the
invention is shown by the followings.  <1> A process
for producing bicartamide of the formula (4); 29
September 2006  3 



H HO O2  N S (4)  NC q O tIX F CF3  which comprises
Step A comprising reacting Compound (1) of the formula
(1); H (1)  / 0 NC CF3 5 with peroxycarboxylic acid to
obtain Compound (2) of the formula (2); H O  ~ N YK
(2)  / 0 NC CF3 Step B comprising reacting said
Compound (2) with 4-fluorothiophenol to obtain crude
crystals of Compound (3) of the formula (3); 29
September 2006  4 H HO  N I / (3)  NC O F  



CF3 dissolving the crude crystals in a solvent and
crystallizing to obtain purified crystals of  Compound
(3), and Step C comprising reacting Compound (3) and
percarboxylic acid to obtain bicalutamide.  5 <2> The
process according to <1>, wherein the solvent is the
one containing toluene.  <3> The process according to
<2>, wherein the solvent is the one consisting
essentially of toluene. <4> The process according to
any of <1> to <3>, wherein seed crystals of purified
Compound (3) are added before starting the
crystallization. 10 <5> The process according to any
of <1> to <4>, wherein the crystallization  comprises
maturing and cooling. <6> The process according to
<5>, wherein the maturing. is conducted at a
temperature of around 55C. <7> The process according
to <5> or <6>, wherein the time of maturing is 1 to 2
15 hours. <8> The process according to any of <5> to
<7> wherein the cooling is conducted  from around 55C
to around 10C. <9> The process according to any of <5>
to <8>, wherein the speed of cooling is 5 to
15C/hour. 20 <10> A method for purifying crystals of
Compound (3) of the formula (3) 29 September 2006  5 H
HO  N / (3)  0 NC F  CF3 



which comprises dissolving crude crystals of Compound
(3) in a solvent and crystallizing,  wherein the crude
Compound (3) is obtained by reacting Compound (2) of
the formula (2)  H O N )r< (2)  I ; o NC CF3  5 with
4-fluorothiophenol, and wherein Compound (2) is
obtained by reacting Compound (1) of the formula (1)
H N (1)  0 NC CF3 with peroxycarboxylic acid. <11> A
method for purifying crystals of Compound (3) of the
formula (3) 29 September 2006  6 H HO  N / (3)  0 NC F
CF3 which comprises dissolving crystals of Compound
(3) containing 0.06 to 0.5% of
4'-cyano-3-(4-fluorophenylthio)-2-methyl-3'-trifluorom
ethylpropionanilide in a solvent  and crystallizing. 



5 <12> The method according to <11>, wherein the
crystals of Compound (3) is the one  containing 0.06
to 0.3% of
4'-cyano-3-(4-fluorophenylthio)-2-methyl-3'-trifluorom
ethylpropionanilide.  <13> The method according to any
of <10> to <12>, wherein the solvent is the one
containing toluene. 10 <14> The method according to
<13>, wherein the solvent is the one consisting
essentially of toluene. <15> The method according to
any of <10> to <14>, wherein seed crystals of purified
Compound (3) are added before starting the
crystallization. <16> The method according to any of
<10> to <15>, wherein the crystallization  15
comprises maturing and cooling. <17> The method
according to <16>, wherein the maturing is conducted
at a  temperature of around 55C. <18> The method
according to <16> or <17>, wherein the time of
maturing is 1 to 2  hours. 20 <19> The method
according to any of <16> to <18> wherein the cooling
is conducted  from around 55C to around 10C. <20> The
method according to any of <16> to <19>, wherein the
speed of cooling is 5 29 September 2006  7 to
15C/hour. BEST MODE FOR CARRYING OUT THE INVENTION The
invention is described in detail by referring to the
following scheme 1.  5 Scheme 1 H HO HS & F  qN  I \ N
oxidation -~ I / O (5)  



NC O NC CF3 CF3  (1) (2)  H HO H HO 1111 v \ \ N S \
NCI O I/ F NC I/ O CF 3 F  3 (3) cF3 (4)  oxidation H
Iv H  J o O  I I \ I\ ` \  NC 0 F NC N O S I F  CF3
CF3  Deoxy-Sulfide Compound Deoxy-Sulfonyl Compound
Compound (1) may be a commercially available product
or a product synthesized according to a process known
in the art (for example, WO 03/053920 and the like) or
a  similar process thereto. 4-Fluorothiophenol
(hereinafter, referred to as Compound (5)) is  10 also
commercially available and this product can be used.
Compound (2) can be obtained by oxidizing Compound (1)
(hereinafter, this step  is referred to as Step A). In
Step A, a peroxycarboxylic acid as an oxidizing agent
is added to Compound  (1) in a suitable reaction
solvent. 15 Examples of the peroxycarboxylic acid
include m-chloroperbenzoic acid, 29 September 2006  8 



mono-perphthalic acid and the like. From the
viewpoints of safety and reactivity,  mono-perphthalic
acid is preferred. Mono-perphthalic acid can easily be
prepared, for example, by reacting phthalic  anhydride
with hydrogen peroxide. 5 Specifically,
mono-perphthalic acid is prepared by mixing
approximately  equimolar amounts of phthalic anhydride
and hydrogen peroxide in the presence of a base  in a
suitable solvent. Preferably, hydrogen peroxide is
used in a small excess amount  based on phthalic
anhydride. Specifically, hydrogen peroxide is used in
usually I to 1.5  moles, preferably 1 to 1.3 moles,
based on 1 mole of phthalic anhydride. 10 Phthalic
anhydride is preferred as a raw material for synthesis
of  mono-perphthalic acid because it is inexpensive,
less hygroscopic and easily handled.  As hydrogen
peroxide, it is preferred to use aqueous hydrogen
peroxide solution from a viewpoint of easy handling.
The aqueous hydrogen peroxide solution to be used  has
usually a concentration of 20 to 50% and preferably 30
to 35%. Aqueous hydrogen  15 peroxide solution having
a concentration of 30 to 35% is preferred because it
is less explosively dangerous, commercially available
and inexpensive. Examples of the base include sodium
carbonate, sodium hydrogen carbonate,  potassium
carbonate, potassium hydrogen carbonate and the like.
From a viewpoint of  economy, sodium carbonate is
preferred. 20 The amount of the base to be used is
usually 1 to 1.3 moles, preferably 1 to 1.2  moles,
based on 1 mole of phthalic anhydride. Examples of the
solvent to be used include water or the like, amongst
which  deionized water is preferred from a viewpoint
of the fact that it is free of metal which  possibly
exhibits catalytic activity in decomposing hydrogen
peroxide, a viewpoint of  25 solubility of hydrogen
peroxide and a viewpoint of economy. The amount of the
solvent to be used is usually 2 to 5 ml, preferably 3
to 4 ml,  based on 1 g of phthalic anhydride. 29
September 2006  



9 The reaction temperature is usually -5C to +5C and
preferably -5C to 0C.  The reaction period varies
depending on the reaction temperature and others but
is usually 0.5 to 2 hours and preferably 0.5 to 0.8
hours. After the reaction is terminated, the reaction
system may be neutralized with an  5 acid such as
sulfuric acid (preferably 98% sulfuric acid) or the
like, if necessary, and the  product may be isolated
and purified through the conventional post-treatment.
Alternatively, the product may be used in the
subsequent oxidation reaction (namely the  above
described Step A and Step C) without isolation and
purification. Examples of the solvent suitable for the
reaction in Step A include, toluene, 10 chlorobenzene,
ethyl acetate and the like, ethyl acetate is preferred
from a viewpoint of  solubility of Compound (1). The
amount of the solvent to be used is usually 2 to 5 ml,
preferably 2.5 to 4 ml,  based on 1 g of Compound (1).
The amount of the peroxycarboxylic acid to be used is
usually 1.5 to 3 moles,  15 preferably 1.8 to 2.5
moles, based on 1 mole of Compound (1). With regard to
the method for adding the peroxycarboxylic acid,
dropwise  addition of a peroxycarboxylic acid solution
is preferred from viewpoints of easiness of  addition,
safety and operability. When the peroxycarboxylic acid
solution is added  dropwise, the solution may be added
in two or more divided portions. 20 Examples of
solvent suitable for preparing the peroxycarboxylic
acid solution  include, ethyl acetate, ethers (for
example, diethyl ether or the like) and the like,
ethyl  acetate is preferred from a viewpoint of
safety. It is desirous to use the same solvent as  the
above solvent for reaction. The amount of the solvent
to be used for preparing the peroxycarboxylic acid  25
solution is usually 3 to 10 ml, preferably 3.5 to 7
ml, based on 1 g of peroxycarboxylic  acid. When the
peroxycarboxylic acid solution is added dropwise, the
dropping rate 



29 September 2005  10 depends on the concentration of
the dropping solution, and the temperature of the
dropping solution and drop-receiving solution, but is
usually 1 to 4 ml/min and preferably  1.5 to 3 ml/min
based on 1 g of Compound (1). When the
peroxycarboxylic acid solution is added dropwise, the
temperature of  5 the dropping solution is usually 0
to 35C and preferably 10 to 30C; the temperature of
the drop-receiving solution is usually 20 to 60C and
preferably 40 to 55C. The reaction temperature is.
usually 20 to 60C and preferably 45 to 55C.  The
reaction period varies depending on the reaction
temperature and other  reaction conditions but is
usually 5 to 15 hours and preferably 6 to 9 hours. 10
After the reaction is completed, the reaction system
may be changed to weakly  basic (for example, pH 8)
with a base such as potassium hydroxide,
potassium.carbonate  or the like, if necessary, and
the product may be isolated and purified through the
conventional post-treatment. 15 Compound (3) can be
obtained by reacting Compound (2) with Compound (5)
(hereinafter, this step is referred to as Step B). The
reaction in Step B is usually carried  out in the
presence of a base. In Step B, examples of the base
include, sodium hydride, sodium hydroxide,  sodium
carbonate, potassium hydroxide and the like. Sodium
hydroxide is preferred  20 from a viewpoint of
economy. Sodium hydroxide is preferably aqueous sodium
hydroxide solution from a viewpoint of easiness of
handling. Commercially available  aqueous sodium
hydroxide solution can be used as it is or after
dilution. The  concentration of aqueous sodium
hydroxide solution to be used is usually 5 to 20% by
weight and preferably 15 to 20% by weight. 25 In Step
B, a preferred method from a viewpoint of handling is
a method in which  a base is added in advance
(preferably added by dropwise addition of a solution
containing a base) to a solution in which Compound (5)
is dissolved in a suitable reaction 



29 September 2006  11 solvent, and Compound (2) is
added (preferably added by dropwise addition of a
solution  containing Compound (2)) to the resulted
mixture. Examples of the solvent suitable for the
reaction include polar solvents such as  THF,
tert-butanol and the like, and THE is preferred from a
viewpoint of solubility of 5 Compound (2). The amount
of the reaction solvent to be used is usually 1 to 40
ml, preferably 2  to 20 ml, based on 1 g of Compound
(2). The amount of the base to be used is usually 1 to
1.3 moles, preferably 1 to 1.2  moles, based on 1 mole
of 4-fluorothiophenol. 10 The temperature for adding
the base is usually 0 to 30C and preferably 0 to  20C.
The temperature for adding Compound (2) is usually 0
to 15C and preferably 0  to 10C. When Compound (2) is
added dropwise in the form of a solution, examples of
the  15 solvent includes aprotic solvents such as T BF
and the like, and THE is preferred from a  viewpoint
of solubility of Compound (2). It is desirous to use
the same solvent as the  above solvent for reaction.
The amount of the solvent to be used is usually 1 to
10 ml,  preferably 2 to 6 ml, based on 1 g of Compound
(2). The reaction temperature is usually 0 to 30C and
preferably 0 to 20C. 20 The reaction period varies
depending on the reaction temperature and other
reaction conditions but is usually 1 to 20 hours and
preferably 2 to 15 hours. After the reaction is
terminated, crude crystals of Compound (3) are
obtained by  applying conventional treatments for
isolation such as washing with an alkali, washing
with an acid, evaporation of the solvent or the like.
25 In Step B, it has been found that Deoxy-Sulfide
Compound was produced by the  reaction of unreacted
Compound (1) and Compound (5). This fact has been
first found  



by the present inventors. 29 September 2006  12 In
addition, it has been found that Deoxy-Sulfonyl
Compound could be derived  from Compound (3).
Consequently, even when Compound (3) is synthesized
from Compound (1)  through Step A and Step B and the
obtained compound (3) does not contain 5 Deoxy-Sulfide
Compound, Compound (4) may contain, after the
oxidation,  Deoxy-Sulfonyl Compound as an impurity.
Furthermore, since Deoxy-Sulfonyl Compound has
properties closely similar to  those of Compound (4),
it is difficult to remove Deoxy-Sulfonyl Compound by
isolating  Compound (4) by the conventional procedure.
Accordingly, in the present invention, the 10 crude
crystals of Compound (3) obtained after the synthesis
of Compound (3) are purified  (that is, Deoxy-Sulfide
Compound is removed). The purification of the crude
crystals of Compound (3) is carried out by
crystallization. Examples of solvent used for the
crystallization (hereinafter, referred to as  15
Crystallization Solvent) includes Crystallization
Solvent containing toluene or  chlorobenzene, and the
like, Crystallization Solvent containing toluene is
preferred,  Crystallization Solvent containing not
less than 50% by weight of toluene is more  preferred
and Crystallization Solvent substantially consisting
of toluene is particularly  preferred. 20 The amount
of Crystallization Solvent to be used is usually 4 to
7 ml and  preferably 5 to 6 ml based on 1 g of
Compound (3). Compound (3) is dissolved in the above
Crystallization Solvent with heating.  The temperature
for dissolution with heating is usually 65C to 80C and
preferably 65C  to 75C. 25 Desirably, seed crystals
(purified crystals of Compound (3)) are added in the  



crystallization step. The addition is usually carried
out after the above dissolution with  heating and
before starting of the crystallization. 29 September
2006  13 The addition of the seed crystals is
preferred because it becomes possible to avoid
adherence of the crystals to the wall of a container
due to too rapid crystallization and to  avoid uneven
shape of crystals, and hence there is a tendency that
subsequent filtration,  washing and drying becomes
easy. 5 In view of advantages that the crystals are
surely formed, Compound (3) with  stable quality is
surely obtained and so on, the amount of the seed
crystals to be added is  usually 0.01 to 0.02% by
weight and preferably 0.01 to 0.015% by weight based
on the  amount of Compound (3). The temperature of the
solution for receiving the seed crystals is usually 50
to  10 60C and preferably 53 to 57C. After the
addition of the seed crystals, the solution is
subjected to maturing and  cooling, if necessary, in
the crystallization to stabilize its quality. In the
present invention, the maturing refers to standing of
the solution containing  Compound (3) at a temperature
in a range as defined below, in order to promote
growth of  15 the crystals. In the maturing, the
solution is stirred at around 55C, usually at 555C and
preferably at 55 2C. In the maturing, the stirring at
around 55C is advantageous because the quality is
stabilized. 20 From viewpoints of crystallization of
uniform crystals and of easy filtration,  washing and
drying, the period for maturing (period for
continuation of stirring at a  temperature around 55C)
is usually 1 to 3 hours, preferably 1 to 2 hours and
more  preferably about 1 hour. In the cooling at
crystallization, the solution is cooled from the
maturing 



25 temperature (around 55C), usually 555C and
preferably 552C to around 10C,  usually 105C and
preferably 102C. Because of advantages that Compound
(3) can be obtained in a stable yield and so 29
September 2006  14 on, the cooling rate in the cooling
step is usually 5 to 15C/hour, preferably 10 to
15C/hour and more preferably about 10C/hour. From a
viewpoint of improvement of the yield, it is desirable
to stir, after cooling,  for additional 1 to 3 hours
and preferably 1 to 2 hours at the same temperature. 5
Additionally, when the formed crystals are filtered,
the crystals are washed with  the same solvent as that
for crystallization (preferably toluene) usually at 5
to 12C and  preferably 8 to 12C. The amount of the
solvent to be used for the washing is usually 1.5 to
3.5 ml and  preferably 2 to 3 ml based on 1 g of
Compound (3). 10 The purified crystals of Compound (3)
are obtained by such crystallization step.  The
purification of Compound (3) is particularly effective
when an amount  exceeding 0.06% (LC area percentage)
of Deoxy-Sulfide Compound based on the crude  crystals
of Compound (3) is contained. By controlling the
amount of Deoxy-Sulfide Compound contained in the
purified  15 crystals of Compound (3) to not more than
0.06% (LC area percentage) based on  Compound (3), the
amount of Deoxy-Sulfonyl Compound in the crystals of
Compound  (4) as the objective product can be
controlled to less than 0.10% (LC area percentage)
based on Compound (4). This effect has been first
found by the present inventors, and  Compound (4)
containing less than 0.10% (LC area percentage) of
Deoxy-Sulfonyl 20 Compound is suitable as the
pharmaceutical. The purification of the crude crystals
of Compound (3) by crystallization can be
particularly applied to any crystals of Compound (3)
containing, for example, about 0.06  to 0.5%,
preferably about 0.06 to 0.4% and more preferably
about 0.06 to 0.3% of  



Deoxy-Sulfide Compound, even when the crude crystals
of Compound (3) is not a 25 product of the above step
A and step B. Of course, no problem occurs when the
purification is applied to crystals of Compound (3)
containing not more than 0.06% of  Deoxy-Sulfide
Compound. 29 September 2006  15 Compound (4) can be
obtained by reacting Compound (3) with a
peroxycarboxylic acid, using the purified crystals of
Compound (3) obtained in the above  purification
(hereinafter, this step is referred to as Step Q. 5 As
the peroxycarboxylic acid, those exemplified for Step
A can be used similarly  and preferably include
mono-perphthalic acid. In Step C, peroxycarboxylic
acid is added to Compound (3) in a suitable reaction
solvent. Preferred reaction solvent in the reaction of
the step C is ethyl acetate from a  10 viewpoint of
operability. The amount of the solvent to be used is
usually 1 to 3 ml and preferably 1.5 to 2.5  ml based
on 1 g of Compound (3). The amount of peroxycarboxylic
acid to be used is usually 3 to 5 moles and
preferably 3.5 to 4.5 moles based on 1 mole of
Compound (3). 15 With regard to the method for adding
peroxycarboxylic acid, dropwise addition of  a
peroxycarboxylic acid solution is preferred from
viewpoints of easiness of addition,  safety and
operability. When peroxycarboxylic acid solution is
added dropwise, the  solution may be added in two or
more divided portions. Examples of solvent suitable
for preparing peroxycarboxylic acid solution include,
20 ethyl acetate, ethers (for example, diethyl ether
or the like) and so on, ethyl acetate is  preferred
from a viewpoint of safety. It is desirous to use the
same solvent as the above  solvent for reaction. The
amount of the solvent to be used for preparing
peroxycarboxylic acid  



solution is usually 3 to 10 ml, preferably 3.5 to 7
ml, based on 1 g of peroxycarboxylic  25 acid. When
peroxycarboxylic acid solution is added dropwise, the
dropping rate  depends on the concentration of the
dropping solution, and the temperature of the 29
September 2006  16 dropping solution and
drop-receiving solution, but is usually 1 to 4 ml/min
and preferably  1.5 to 3 ml/min based on 1 g of
Compound (3). When peroxycarboxylic acid solution is
added dropwise, the temperature of the  dropping
solution is usually 0 to 30C and preferably 10 to 25C.
5 When peroxycarboxylic acid solution is added
dropwise, the temperature of the  drop-receiving
solution is usually 0 to 20C and preferably 0 to 10C.
The reaction temperature is usually 0 to 20C and
preferably 0 to 10C.  The reaction period varies
depending on the reaction temperature and other
reaction conditions but is usually 0.5 to 5 hours and
preferably 1 to 3 hours. 10 After the reaction, for
example, a solvent (for example, an organic solvent
such as  ethyl acetate or the like) for extraction is
added to the reaction mixture, and the mixture  after
addition of the solvent is stirred and settled. After
settling, Compound (4) can be  isolated by washing and
concentrating the extract (organic layer) obtained by
phase  separation. If necessary, the obtained Compound
(4) may be purified according to the 15 conventional
process (for example, process described in WO
03/053920 or the like) or a  process similar thereto.
In the description, the LC area percentage (%) refers
to a datum, each expressed  in percentage, of a peak
area for Deoxy-Sulfide Compound against Compound (3)
or for  20 Deoxy-Sulfonyl Compound against Compound
(4), in a chromatogram obtained from analysis of LC
(liquid chromatography, preferably HPLC (high
performance liquid  chromatography)). Conditions for
LC: SUMIPAX ODS A-212, acetonitrile/0.1% aqueous
acetic acid  



solution. 25 Example 1 Wet crystals of
4'-cyano-3-(4-fluorophenylthio)-2-hydroxy-2-methyl-3'-
trifluoromethylpropionanilide 29 September 2006  17
(83.8 g; dry weight: 75.4 g) containing Deoxy-Sulfide
Compound (0.19% (LC area  percentage)) were added to
toluene (377.1 ml), heated and dissolved. The solution
was  cooled down to 55C. Seed crystals (10 mg) of
4'-cyano-3-(4-fluorophenylthio)-2-hydroxy-2-methyl-3'-
trifluoromethylpropionanilide  5 were added, and the
solution was cooled to 50C over an hour. Then, the
solution was  cooled to 10C over 4 hours at a rate of
10C/hour. After stirring for 2 hours at 10C, the
product was filtered and washed with toluene (226 ml)
cooled to 10C. Upon drying at 47  to 48C under 2.4 to
2.7 kPa, purified crystals of
4'-cyano-3-(4-fluorophenylthio)-2-hydroxy-2-methyl-3'-
trifluoromethylpropionanilide 10 were obtained. The
content of Deoxy-Sulfide Compound was 0.052% (LC area
percentage). Conditions for HPLC: (SUMIPAX ODS A-212;
acetonitrile/0.1% aqueous  acetic acid solution). 15
Example 2 Purified crystals of
4'-cyano-3-(4-fluorophenylthio)-2-hydroxy-2-methyl-3'-
trifluoromethylpropionanilide  (10.0 g, 25.1 mmol)
(containing 0.061% (LC area percentage) of
Deoxy-Sulfide  Compound) obtained in the same manner
as in the above Example 1, phthalic anhydride 20
(18.64 g, 125.6 mmol) and ethyl acetate (30 ml) were
charged and heated to 50C.  Aqueous hydrogen peroxide
solution (5.4 g, 55.6 mmol) was added dropwise over 8
hours  and the mixture was matured for 2 hours. Ethyl
acetate (90 ml) was added and the mixture  was cooled
to 5C. Na2SO3 (0.71 g) was dissolved in deionized
water (6.1 ml), and the  solution was added dropwise.
After confirming absence of the per-oxy acid, the
mixture 



25 was heated to 15C and 20% aqueous K2CO3 solution
was added dropwise thereto for  adjusting pH to 7.07.
After washing with a solution prepared from NaCl (6.0
g), deionized  water (60 ml) and K2CO3 (0.17 g), the
solution (pH 7.58) was subjected to acid washing  [35%
HCl (1.5 g) and deionized water (50 ml)] (pH 0.60).
The organic layer was 29 September 2006  18 combined
with ethyl acetate (60 ml x 2) and concentrated under
reduced pressure.  Analysis of water revealed that the
content was 0.77%. After adding activated carbon
(0.51 g) and ethyl acetate (4.2 ml), the mixture was
heated to 70C and filtrated. Seed  crystals (10 mg)
was added and the mixture was stirred at 50C for 1
hour. The organic 5 layer was concentrated under
reduced pressure and then n-heptane (40 ml) was added
dropwise thereto. After cooling to 7C, the product was
left to stand for 2 hours and  filtered to give
purified crystals of
4'-cyano-3-[(4-fluorophenylsulfonyl]-2-hydroxy-2-methy
l-3'- trifluoromethylpropionanilide (9.69 g, yield:
89.7%). The content of Deoxy-Sulfonyl  10 Compound was
0.094% (LC area percentage). Conditions for HPLC:
(SUMIPAX ODS A-212; acetonitrile/0.1% aqueous acetic
acid solution).  Example 3 15
N-methacryloyl-4-cyano-3-trifluoromethylaniline (57.3
g, 0.225 mol), ethyl acetate  (340 ml) and phthalic
anhydride (116.9g, 0.789 mol) were charged and the
mixture was  heated to 50 to 55C. To the mixture was
added dropwise 35% aqueous hydrogen peroxide solution
(43.8 g, 0.451 mol) over 8 hours and the mixture was
matured for 20 hours. After adding  20 ethyl acetate
(114 ml), the mixture was cooled to 15C and then
aqueous solution (145 ml)  of sodium sulfite (25.6 g)
was added dropwise thereto. After confirming absence
of the per-oxy acid, 15% aqueous potassium hydroxide
solution was added dropwise to the mixture, for
adjusting pH to 7.3. Phases were  separated and a
layer was washed with a solution prepared from water
(230 ml), sodium  



25 chloride (40.5 g) and 35% aqueous hydrochloric acid
(0.23 g). After concentrating the organic layer under
reduced pressure, toluene (400 ml) was  added and the
layer was further concentrated. The concentrate
obtained was combined  with THE (344 ml) and cooled
down to 5C. Then triethylamine (11.4 g, 29 September
2006  19 0.113 mol) and subsequently methanesulfonyl
chloride (6.5 g, 0.056 mol) were added  dropwise and
the mixture was matured at the same temperature for
30. minutes. Then, a mixed solution of
4-fluorothiophenol (34.7 g, 0.27 mol) with toluene (28
ml), and subsequently triethylamine (11.4 g, 0.113
mol) were added dropwise, and the 5 mixture was
matured at the same temperature for 30 minutes. After
heating to 50C, the  mixture was matured at the same
temperature for 5 hours. After cooling to 15C, the
mixture was washed with 135 g of 15% aqueous  sodium
chloride, then with a solution prepared from 143 ml of
water, 19.5 g of sodium  chloride and 7.8 g of sodium
carbonate. At this point, the content of Deoxy-Sulfide
10 Compound was 0.064% (LC area percentage). After
phase separation, the organic layer was concentrated,
combined with 400 ml  of toluene and concentrated
further under reduced pressure. After heating to 75C,
69 ml of toluene, 2.9 g of alumina and 3.4 g of
activated  carbon were added and the mixture was
stirred at the same temperature for 30 minutes.  15
After filtering while hot, the filter was washed with
57 ml of toluene and the obtained organic layer was
cooled down to 55C. After crystallization by seeding
with seed  crystals (0.017% by weight), the mixture
was matured at 56 to 50C for an hour. Then,  the
mixture was cooled (13.3Ghour) down to 10C over 3
hours. After cooling, the  mixture was matured at 102C
for 2 hours. 20 Upon filtration and washing, 80.0 g of
a wet cake of
4'-cyan-3-(4-fluorophenylthio)-2-hydroxy-2-methyl-3'-t
rifluoromethylpropionanilide  was obtained. 



After drying, 76.0 g (yield: 84.6%) of a dry cake was
obtained. The content of Deoxy-Sulfide Compound in the
dry cake was not detected (n.d.).  25 To the purified
and Deoxy-Sulfide Compound non-detected crystals of
4'-cyano-3-(4-fluorophenylthio)-2-hydroxy-2-methyl-3'-
trifluoromethylpropionanilide  was added Deoxy-Sulfide
Compound, separately prepared, at ratios (LC area
percentage 29 September 2006  20 (%)) shown in Table
1. Using the obtained crystals of
4'-cyano-3-(4-fluorophenylthio)-2-hydroxy-2-methyl-3'-
trifluoromethylpropionanilide, the  experiments were
conducted in the same manner as in Example 2 to give
crystals of
4'-cyano-3-[(4-fluorophenyl)sulfonyl]-2-hydroxy-2-meth
yl-3'-trifluoromethylpropionanili  5 de. The results
are shown in Table 1. Table 1 Deoxy-sulfide compound
Deoxy-sulfonyl compound Yield of compound (T) (%)  %
(LC area percentage) % (LC area percentage) N.D. 0.036
88.4  0.034 0.068 85.3  0.040 0.068 84.4  0.052 0.076
85.2  0.061 0.094 89.7  0.070 0.118 49.7  Example 4
N-methacryloyl-4-cyano-3-trifluoromethylaniline (1
part by weight), ethyl acetate  10 (5.4 parts by
weight) and phthalic anhydride (2 parts by weight)
were charged and the  mixture was heated to 50 to 55C.
To the mixture was added dropwise 35% aqueous hydrogen
peroxide solution  (0.57 part by weight) over 9.7
hours and the mixture was matured for 22.3 hours.
After  adding ethyl acetate (1.8 parts by weight), the
mixture was cooled to 15C and then 



15 aqueous solution (1 part by weight) of sodium
sulfite (0.17 part by weight) was added  dropwise
thereto. After confirming absence of the per-oxy acid,
15% aqueous potassium hydroxide  solution was added
dropwise to the mixture, for adjusting pH to 7.0.
Phases were  separated and a layer was washed with a
solution prepared from water (4 parts by weight), 20
sodium chloride (0.7 part by weight) and 35% aqueous
hydrochloric acid (0.004 part by  weight). After
concentrating the organic layer under reduced
pressure, toluene (6 parts by 29 September 2006  21
weight) was added and the layer was further
concentrated. The concentrate was  combined with THE
(5.3 parts by weight) and cooled down to 5C. Then
triethylamine  (0.08 parts by weight) and subsequently
methanesulfonyl chloride (0.045 parts by weight)  were
added dropwise and the mixture was matured at the same
temperature for 30 5 minutes. Then, a mixed solution
of 4-fluorothiophenol (0.6 part by weight) with
toluene  (0.43 part by weight), and subsequently
triethylamine (0.2 part by weight) were added
dropwise, and the mixture was matured at the same
temperature for 30 minutes. After  heating to 50C, the
mixture was matured at the same temperature for 6
hours. 10 After cooling to 15C, the mixture was washed
with a solution prepared from  water (2 parts by
weight), sodium chloride (0.14 part by weight) and
sodium carbonate  (0.35 part by weight). At this
point, the content of Deoxy-Sulfide Compound was 0.22%
(LC area percentage). After phase separation, the
organic layer was concentrated, combined with  15
toluene (8.8 parts by weight) and concentrated further
under reduced pressure. After heating to 75C, toluene
(1 part by weight), alumina (0.05 part by weight)  and
activated carbon (0.06 part by weight) were added and
the mixture was stirred at the  same temperature for
30 minutes. 



After filtering while hot, the filter was washed with
toluene (0.9 part by weight)  20 and the obtained
organic layer was cooled down to 55C. After
crystallization by  seeding with seed crystals (0.017%
by weight), the mixture was matured at 54 1C for  an
hour. Then, the mixture was cooled (5C/hour) down from
55C to 50C over 1  hour and cooled (7.4C/hour) down
from 50C to 10C over 5.4 hours. After cooling,  the
mixture was matured at 102C for 2 hours. 25 Upon
filtration and washing, a wet cake of
4'-cyan-3-(4-fluorophenylthio)-2-hydroxy-2-methyl-3'-t
rifluoromethylpropionanilide  (1.49 parts by weight)
was obtained. After drying, a dry cake (1.33 parts by
weight, 29 September 2006  22 yield: 85.0%) was
obtained. The content of Deoxy-Sulfide Compound was
0.035% (LC area percentage).  The obtained dry cake (1
part by weight) of
4'-cyano-3-(4-fluorophenylthio)-2-hydroxy-2-methyl-3'-
trifluoromethylpropionanilide, 5 ethyl acetate (2.7
parts by weight) and phthalic anhydride (1.86 parts by
weight) were  charged and heated to 50 to 55C. To the
mixture was added dropwise 35% aqueous hydrogen
peroxide solution  (0.54 part by weight) over 9.6
hours and the mixture was matured for 2 hours. After
adding ethyl acetate (8.1 parts by weight), the
mixture was cooled to 5C and then 10% 10 aqueous
solution of sodium sulfite (0.8 part by weight) was
added dropwise thereto.  After confirming absence of
the per-oxy acid, the mixture was heated to 15C,  20%
aqueous sodium hydroxide solution (9.7 parts by
weight) was added dropwise to the  mixture for
adjusting pH to 6.9. Phases were separated and a layer
was washed with a  solution prepared from water (5
parts by weight) and 35% hydrochloric acid (0.0027
part 15 by weight). The organic layer was combined
with ethyl acetate (10.8 parts by weight)  and ethyl
acetate (10.3 parts by weight) was evaporated by
concentration. Further ethyl  acetate (2.4 parts by
weight) was charged and ethyl acetate (2.8 parts by
weight) was  



evaporated by concentration. Then, ethyl acetate (0.38
part by weight) and activated  carbon (0.5 part by
weight) were charged and the mixture was stirred at 70
to 75C. The 20 mixture was filtered while hot, and the
filter was washed with ethyl acetate (0.9 part by
weight). After cooling down to 55C, crystallization by
seeding with seed crystals was  carried out. The
mixture was cooled down to 7C and matured at the same
temperature  for 2 hours. Filtration and washing gave
a wet cake (1.14 parts by weight) of 25
4'-cyano-3-[(4-fluorophenyl)sulfonyl]-2-hydroxy-2-meth
yl-3'-trifluoromethylpropionanili  de. After drying, a
dry cake (0.975 part by weight; yield: 85.8%) was
obtained. The  content of Deoxy-Sulfonyl Compound was
0.073% (LC area percentage). 29 September 2006  23
Reference Example An example showing the difficulty of
removal of Deoxy-Sulfonyl Compound  from Compound (4)
is shown below. 5 To ethyl acetate (78 ml) was added
4'-cyano-3-[(4-fluorophenyl)sulfonyl]-2-hydroxy-2-meth
yl-3'-trifluoromethylpropionanili  de (4.80 g)
(containing 0.118% (LC area percentage) of
Deoxy-Sulfonyl Compound), and  the mixture was heated
to 75C and dissolved. Activated carbon (Shirasagi Al)
(0.23 g)  and ethyl acetate (2 ml) were added and the
mixture was stirred for 30 minutes at 70 to 10 75C and
filtered. After gradually cooling to 50C, seed
crystals (10mg) were added and  the mixture was
stirred at 50C for an hour. The organic layer was
decreased by about  30 g by concentration under
reduced pressure, and n-heptane (20 ml) was added
dropwise  to the mixture. After cooling down to 7C,
the mixture was stirred for 2 hours. Filtration gave
15
4'-cyano-3-[(4-fluorophenyl)sulfonyl]-2-hydroxy-2-meth
yl-3'-trifluoromethylpropionanili  de (4.08 g; yield:
85%; Deoxy-Sulfonyl Compound: 0.102% (LC area
percentage)).  According to the present invention,
Compound (4) which is useful medicine as an 



anticancer drug can be provided in higher quality
(impurity of less than 0.10%) and by an  20
industrially advantageous way. 29 September 2006  24
CLAIMS  1. A process for producing bicartamide of the
formula (4);  H HO 02 N S (4)  0 I / F NC CF3  5 which
comprises Step A comprising reacting Compound (1) of
the formula (1); H  N (1)  0 NC Nlr'l~  CF3 with
peroxycarboxylic acid to obtain Compound (2) of the
formula (2); yo ( 2)  O NC I CF3 10 Step B comprising
reacting said Compound (2) with 4-fluorothiophenol to
obtain crude  



crystals of Compound (3) of the formula (3); 29
September 2006  25 H HO  N O I / (3)  NC F  CF3
dissolving the crude crystals in a solvent and
crystallizing to obtain purified, crystals of
Compound (3), and Step C comprising reacting Compound
(3) and percarboxylic acid to obtain bicalutamide.  5
2. The process according to Claim 1, wherein the
solvent is the one containing  toluene. 3. The process
according to Claim 2, wherein the solvent is the one
consisting  essentially of toluene. 4. The process
according to Claim 1, wherein seed crystals of
purified Compound  10 (3) are added before starting
the crystallization. 5. The process according to Claim
1, wherein the crystallization comprises maturing  and
cooling. 6. The process according to Claim 5, wherein
the maturing is conducted at a  temperature of around
55C. 15 7. The process according to Claim 5, wherein
the time of maturing is 1 to 2 hours.  8. The process
according to Claim 5 wherein the cooling is conducted
from around  55C to around 10C. 9. The process
according to Claim 5, wherein the speed of cooling is
5 to 15Ghour.  10. A method for purifying crystals of
Compound (3) of the formula (3) 29 September 2006  26 



H HO N S O / (3}  NC F  CF3 which comprises dissolving
crude crystals of Compound (3) in a solvent and
crystallizing,  wherein the crude Compound (3) is
obtained by reacting Compound (2) of the formula (2)
H O N Y (2)  NC CF3  5 with 4-fluorothiophenol, and
wherein Compound (2) is obtained by reacting Compound
(1) of the formula (1)  H ~ N I ( 1>  0  Yj%  NC CF3
with peroxycarboxylic acid. 11. A method for purifying
crystals of Compound (3) of the formula (3) 29
September 2006  27 H HO ~ N Sa  NC 'q CF3 which
comprises dissolving crystals of Compound (3)
containing 0.06 to 0.5% of  



4'-cyano-3-(4-fluorophenylthio)-2-methyl-3'-trifluorom
ethylpropionanilide in a solvent  and crystallizing. 5
12. The method according to Claim 11, wherein the
crystals of Compound (3) is the  one containing 0.06
to 0.3% of
4'-cyano-3-(4-fluorophenylthio)-2-methyl-3'-trifluorom
ethylpropionanilide.  13. The method according to
Claim 10 or 11, wherein the solvent is the one
containing toluene. 10 14. The method according to
Claim 13, wherein the solvent is the one consisting
essentially of toluene. 15. The method according to
Claim 10 or 11, wherein seed crystals of purified
Compound (3) are added before starting the
crystallization. 16. The method according to Claim 10
or 11, wherein the crystallization comprises  15
maturing and cooling. 17. The method according to
Claim 16, wherein the maturing is conducted at a
temperature of around 55C. 18. The method according to
Claim 16, wherein the time of maturing is 1 to 2
hours.  19. The method according to Claim 16 wherein
the cooling is conducted from around  20 55C to around
10C. 20. The method according to Claim 16, wherein the
speed of cooling is 5 to  15C/hour. 


