;eBem#*>mﬁ44589=6=T*>%)CRYSTAL OF BI CALUTAM DE AND PRODUCTI ON METHOD

THEREOF Technical Field The present invention relates to a 5
“bi cal utam de having a defined formand a production nethod” Hm m mL
Background Art _ Bical utam de represented by the formula (I)- S ~

0~ ~cl) NC~ ~ ~F CF3 io (hereinaftBESSBIPTIONs referred to &'¥bnpound
of the formula (1) _or conpound (L) in _the present specification) has been
reported to be us %ﬁTﬁﬁJB% &Mﬁg§iﬁﬂBaHRQRPFgﬁﬁyd@@%ﬁ?P RRPF

(, 7P-B-4-32061, US Patent No. 4,636 4563). As a synthetic.
met hod of the conpound of the'fornurgg?P$?g%g?Q%gaexanple, a net hod
conprising a reactrlpd pfesent invention relates to a crystal of

4' - cyano- 3- (4f | uor ophenyl t hi 0) - 2- hydr oxy- 2-net hyl - 3" tri t| uor onet hyl pr opi ona
nilide represtrabadtdmidéehdoingl a d8finBdHPomSaRd~a/ pEdAuNE ion me@hdd
(hereinafter sonetines referred to as conpound of the formula zo (3) or
conpound (3)Hhereatt hyl ene chloride solution with nchl oroperbenzoic acid is
known (Howard Tucker et al, J. Med. Chem, Vol. 31, 954-959 (1988), and
W001/28990). In this nethod, nethyl &RFkIFIMAAYL ysed as a sol vent.

Hal ogenat ed or ganig; sgol .S S ylen h ' and the like are 2s
general | y har nful é%égxﬁﬁgﬁé ebg%grgﬁgﬂ?ﬁg %gsgpgi#§¥@ﬁ§h QE%'
carcinogenicity thereof has been su sted. Furthernore, they may produce
di oxi n during waste treatnents. Fﬁlog c’targanic sol vents such as

met hyl ene chl ori de and the t he probl ens of

econom ¢ burden for the cdg ste trea|‘ after us?q:fnd of
CF3

corrosi on of incinerator
NC

10 (hereinafter sometimes referred to as compound of the formula
(I) or compound (I) in the present specification) has been
reported to be useful as a compound having an antiangrogenic
action (JpP-B-4-32061, US Patent No. 4,636,505 and WO01/34563).
As a synthetic method of the compound of the formula (I), for

15 example, a method comprising a reaction of 4’-cyano-3-(4-
fluorophenylthio)-2-hydroxy-2-methyl-3’'- |
trifluoromethylpropionanilide represented by the formula (3):

HO
S
S
F
CF,

(hereinafter sometimes referred to as compound of the formula

H
N

NC

20 (3) or compound (3)) in methylene chloride solution with m-
chloroperbenzoic acid is known (Howard Tucker et al, J. Med.
Chem., Vol. 31, 954-959 (1988), and W001/28990). In this
method, methylene chloride is used as a solvent. Halogenated
organic solvents such as methylene chloride and the like are

25 generally harmful for human body, and the possibility of
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An recent years, "Green Chem stry" has been drawing attention as one of the
measures for risk reduction of chemical substances, and industrial
“application of environmentally 10 benign type chem cal reactions (or

T eaction not using substances potentially harnful to human body and t he
envi ronnent dagcigogehdtdaggntheneaf nhag lsedntsuggestad. ) Fustherhores they

possi ble, and not emtting themas nmuch as possi bl ha econe, a,very

i mpor t ant  oB}a¥c PropRER 9HP§lﬁsﬁ%f?9tW%%o€%e?t§“?Pgﬁ1 oﬁ@gog?ﬁﬁ)ﬁ%‘?i on

met hod usin I r a i Ishd"¢hetRlikkeh¥ed
preferabl e g’f%&lc%i %gﬁ‘r{%%gdggghb?%%@mg %ﬁjé)r%f oer e, theede\}el oprrgnt of
a producti onggidiadedl withatheapioblendi cf ecomonpiey imrrden dori themreosal of
benignity, is desired. 20 In addition, the above-nentioned nethod uses m
chl or oper benasite ireatmentnadieni isag WL FRINAFIRIE e dRGinezatgri used
hi ghly expl gsive.and_is not eferable for industrial processes.
Furtherm)re,fs OP’SBZ’Fbgﬁ?gI{:@eﬁéI'd i s expensive and poses an econom c
problem 25 Accor digngk¥entNguats] atcréastdamDitie i ediediratiag nmet hod
at a large scale gives rise"to the problens not only in environnmental

beni gnity, lattemtionsasebpeanf thenneasurepefor sk xedued igse off chemical
hal ogenat ed organi ¢ sol vent ,as the, sol vent. and, of chl aoroperbenzgi c acid
as the oxi disshefangesy. asg APd‘t‘ﬁEr%frE?‘E? Y a%x%ﬂr%]&qv&ﬁqﬁlpﬁggaéﬁy

bi cal utamd \M@i chyl Qf 4t 1o N QPRI eAONGiag d as an

oxi di zi ng%agjeer?t, %Xb%e%hgﬁlgééc??%gédf?ﬁ {%r exanpl e, W01/ 6'0 08 i s known.
Accor di ng t Gb¥tandeishpdtentipblpdhdfpfuls €0 humardibxety \windh thgueous

hydr ogen peroxi de as an oxidi zing agent, in acetic acid or form c _acid

for
the synt hesi@NVGToBMERtuH Snfde. NFRAGSNTFPREARING FUOSIARGEF £HF 1) 0 2FeMUCH
envi ronment %l%]éios%%?.%m Gkl Mo@”gmieéfﬁ%r%@%:h Yas YREH As PossipiliSngst hod,
however, syfthésis of precursor conpoutn requires many steps-(at |east:
4 steps), WhHedomeRlkevelyi smpoirbaft nobjact ecaem thlilsy aspdctpdtberaladve-
superior synthetic nethod for the total synthesis of bical utam de.
Fur t her nos e mentiioned: Poedusioncaethed suskng gnetHaens ChleF ids #&nf(e. g.,

10 nethyl ene chlaride.etc.) .for the Sl s Jatkt ioay bhhgl S
difficult t&EAPICHEPLVRRE Mt HS% ?gé}slﬁﬂ:?c% e%"?%%&gir%] nment 5%?53 fethbd!
conscious. A¥ 3igylukahigelettisrsfort calld agwiadpmentobfuaeppbduction
nmchl oroperbenzoic acid as an oxidizing agent, a nethod described i5. in

W002/ 24638 imetdiosb ofnbvra Lihamide howh iek ci$ betpeRLoppoy 2I3FOrRENtads

addi ng aquequs .hydrogen peroxide to conpound (3), cooling (e. g., -55C) the
mi xture, ang’%&ﬂt} tr i 8?658§fi c anhydride to the nixture to give

bi cal ut agj,de. Howayehddiikiisnhethedabses—repeished etifddiarseaca-i ¢ anhydri de
zo as a reagent, and requires cooling when trifluoroacetic anhydride is
added, and ichloxoperbenszedai aglidyasuperoxidheitd@IFNE+ hBrnore, because of

t he corrosive and hygroscqpi c_pr.oper trif roaceti G dri

method is urffdHAToReE °P'Eeaf:ﬁﬂu 'Fr#‘g‘gﬂ)‘( o%’ﬁ%i‘#]% &%faeri)c% gla &%nibggiefégie
Accordingly, ﬁﬁ'ﬁ&&e t-oBbs88s ECHI i He¥morY] mdnibirbpetBenzoit i aeid

- production rrfe&tl{:g' 0 i cal Et gm’ ge, svvhi ch is superior in en%i ronment al

beni gnity ani safpinsivies addsposédsi ant écenémnit dprelkems fi ci ent granul ati on
of a crystal in the field of 3¢ the production, of rrmaceutical _dr. it
i s desirdBle that AASOTFIPHYr LREUEFLERGI PHREUETT ncgﬂ. B9 é’re,—mteﬁlel%gr%% of
the crystal I fdhutanigeel scHok debigefise eoyrid prublaky oot oyt ianed
references, "gg}ltﬂﬁgfe%o?eaﬁfhoge ofgor di naJr'y ski 'l iné3 r the art of the
product i on afnywihronmasali dehidniyy, sbubnglgodeafety @ iegdanemic aspect,

bi cal utam de crystals having a defined form Disclos i

| f the.i t It
i s t her ef or cltgh tehjtd&e use keappadedenhedneFIrnto ﬁgg‘?%}%o\ﬁsdgﬁamégl %ﬁ?ﬁ de

having a defjned crystal for I ONORi S84 indidendustrial ly
practical pr &fﬁgﬁ-eﬁﬁpﬁ:g egkegligg?u%g?nadggaﬁ% a cr ysta@t ﬁjer eof, which is
. superior sphn envir QR HeamoheRtgnakyaasgnthéeiy . méshad ref (b icaifutiamicesi ve
studies by the present inventors o )
which is free of the use of m-chloroperbenzoic acid as an
oxidizing agent, the method described in, for example,

W001/00608_ is known. According to this method, compound (3) is

2



10 in an attenpt to solve the above-nentioned problens, they have , found
t hat bical utam de having high purity can be produced in a | arge anount by
“reacting a conmpound of the above-nentioned forrmula (3) wth aqueous

hydr ogen peroxide, which is an oxidizing agent, using ethyl acetate as a
sol vent, i n gHiRliizeddtdnaguebusolydrogengsérndeidoras aploxiidd zilngr agent,

-

phenyl phosphoni ¢ acid and a phase transfer catalyst. This nethod is

superior in landAcedigercid PENEGENLG, 2aGEdnofPE WRPAYNHIRFISOK y, and i s

industrially practicahble. The present inventq | s0.foupd that
ono- per pht #&1‘52’?“1}5"8‘ S aih%’ o‘%lasf _ﬂ'l‘éntg Oeacgelrﬁ Scﬁ?%\é'greggaf Fém_gg_ht halic
anhydri de ang)JiydraReR 21959X e88nbfiiBh DY Yasd f Sediser 861 Bp supediising agent
for oxidation of olefin td epoxide, and for oxidation of thioether to

sul fone, basgrdisomethodh haweveheysimtbesbandf ppreitsan canpevas dB8)

. bicalutam de. and a crystal thereof, whjch are nainly. zs based_ on oxi dati.on
react i ons - arkEWHITaT MRV £56BFe (BF 1PASFI ¢ TEFPS) hd”%‘i%hl &zl,lsvxﬁ'legﬁofls

a sulfone, SEaueH idldnbnticd194Chha: iRARXEAS Y SUBOEIdITsyRARALN fetRbl

froma sinple starting nmateri as we as the specific formof the _
crystal of hicmaltHeaniodal winthesdsubfedicaltatanidepl Furtheoforbe tbipr esent
i nvention. Accordingly, the present invention provides the following. [1] A

product i on methed dncdludgsusirpacuping cadchategenatent sokwgnh, (£-Q-y: 4 H

HO Oz NS Ol /. tl) NC.E CE3 which,c rj . Of ' ound
repr esent’&d “b"gF*ilﬂzg“reoFﬁ\}PEl?f) :e]tﬁl'l)\l ?é? %ﬁﬁ%@ég%&w&t%f rmng- pglrc%t%?ﬁglpi g -
aci d to gi versonpoyRd giepreatst ed Syyt BBaf OENLE andthod HeOSMFEAk ienhTyCF3

[2] The production nethod of the above-nentioned [1], further conprising
use of net hamssiddnmeptadilyocodecipvst 3] A production nethod of bical utam de

(opresent ed by, the o TR Rk HbRRd kS0 hit phiad e ol ki
chloroperbenzoic acid as an oxidizing agent, a method described

15 in WO02/24638 is also known. The method described in

WO02/24638 includes adding aqueous hydrogen peroxide to
compound (3), cooling (e.g., -55°C) the mixture, and adding
trifluoioacetic anhydride to the mixture to give bicalutamide.
However, this method uses expensive trifluoroacetic anhydride

20 as a reagent, and requires cooling when trifluoroacetic
anhydride is added, and is not an economically superior method.
Furthermore, because of the corrosive and hygroscopic property
of trifluoroacetic anhydridé, the method is unsuitable for the
industrial production of bicalutamide.

25 Accordingly, the development of an economical and
industrially practical production method of bicalutamide, which
is superior in environmental benignity and safety, is desired
in this field.

For efficient granulation of a crystal in the field of

30 the production of pharmaceutical drugs, it is desirable that
the form of the crystal be defined. However, the form of the
crystal of bicalutamide is not defined in any of the above-

mentioned references, and therefore, those of ordinary skill in

3



HHONS O~ _/ (3) NCF CF3 with nono-perphthalic acid. [4] The
production nmethod of any of the above-nmentioned [1] to [3], which conprises
‘preparing the nmono-perphthalic acid froms phthalic anhydride and hydrogen
peroxide. [5] A production nethod of bicalutam de represented by the
formula (1) :tHd HRtOdfNtBeOproduézioNof phéfmacdititaommigsestivbagllyl | owi ng
Steps (A-(Q: io (A a step.of reacting a conpound represented hy the
fornul a (1) :desine proyimcourgfnbifahuhdnide srEXEats 8N 3gided Redofpslind

e e P s LGS, OF e gy o of reactino
ﬁ- Lloufr {?t Rl' gp?egolgt; qzs.g;tﬁ%:éagsgggm?ng%jgect SEPEIRS Prtesbrity inkenftdbmuka (3):
- 5 provide bicalutamide having a defined crystal form, as well as
an economical and industrially practical production method of
bicalutamide and a crystal thereof, which is superior in
environmental benignity and safety.
As a result of intensive studies by the present inventors
10 in an attempt to solve thé above-mentioned problems, they have
found that bicalutamide having high purity can be produced in a
large amount by reacting a compound of the above-mentionéd
formula (3) with aqueous hydrogen peroxide, which is an
oxidizing agent, using ethyl acetate as a solvent, in the
15 presence of sodium tungstate (or a solvate thereof),
phenylphosphonic acid and a phase transfer catalyst. This
method is superior in environmental benignity, economic aspect
and safety, and is industrially practicable. The present
inventors have also found that mono-perphthalic acid as an
20 oxidizing agent prepared from phthalic anhydride and hydrogen
peroxide is highly effective as an oxidizing agent for
oxidation of olefin to epoxide, and for oxidation of thioether
to sulfone, based on which fact they have found production
methods of bicalutamide and a crystal thereof, which are mainly
25 based on oxidation reactions and which are capable of finally
deriving bicalutamide, which is a sulfone, sequentially via
olefin, epoxide and thioether (compound (3)) from a simple
starting material, as well as the specific form of the crystal
of bicalutamidé, which resulted in the completion of the
30 present invention. Accordingly, the present invention
provides the following.

[1] A production method of bicalutamide represented by the

formula (I):



(C) a step of reacting the conpound of the fornmula (3) obtained in Step (B)
W th nmono-perphthalic acid to give s bicalutam de. [6] The production

met hod of the above-nentioned [5], wherein , the Step (A) further conprises
use of nethanesul fonyl chlori de. [7] The production nethod of the
above-nentioned [5] or [6], which cH@prjysesya step of preparing the

mono- perphthalic acid 10 fron1phﬂﬁall anhzg?lde and hydrogen peroxide. [8]
A production nmethod of bi Pt he forrmula (1): H HO\
NS~o0o~, (s) NC/ F CF§ g a conpougg)represented
by the formula is (3): H O\ AN S\Q o~/ ( CF3 wi th aqueous

hydr ogen peroxi de, inNGe prgsence of sodiumtungstatE or a solvate

t her eof , phenyl phosphoni ¢ ac{d and a phase transfer catalyst, in ethyl
acetate. 20 [9] The producti 8 net hod of the above-nentioned [8], wherein

;nguﬁgogptt% 8 dro Rﬁl g%?élsg gogyr%%g&fﬁrfﬁl% u@xd[ ?&?} %ﬁgng?odugtl on

nmet hod of tQﬁeaE%YﬁuﬁﬁnRHQQGd [8] or [9], wherein the amount of sodium
tungstate or a solvate thereof to be used is 0.5 - 5 nmol % of the conpound
represented by the . s. fornula (3). [11], The production method of any of

t he above-nentioned [8] to [10], wherein unt of phenyl phosphonic

acid to be used is 0.5 - 5 nol % of A" presented by the fornul a
(3). [12] The production nethod of above-(mkNtioned [8] to to

[11], wherein the anount of the phs ransf®r catalyst to be used is 0.5 - -
5 nnl@bof t he conpound represdﬂ@ed by the fornmula (3). [13] The production
nmet hod of any of the above- nentloned 8] to [12], wherein sodiumtungstate

or a solvate thereof is sodiumis tu tate di hydrate and the phase

transfer gakﬁk%F%oE%-perphthallc acid to give a compound represented by

(;(H?QO
N
O
NC
CF,

[2] The production method of the above-mentioned [1], further

+

the formula (2):

comprising use of methanesulfonyl chloride.

10 [3] A production method of bicalutamide represented by the

which comprises reacting a compound represented by the formula

(3):

formula (I):



tetrabut yl anmoni um brom de. [14] The producti on nethod of any of the
above-nentioned [1] to [13], further conprising (1) a step of preparing a
“sol ution containing bicalutamde, zo (I1) a step of adding, where
necessary, a hydrocarbon solvent to the solution obtained in Step (1), and
(I'l'1) a step of cooling the solutionHtag ned in Step (1) or (Il) to allow
precipitation of a crystal of bicallutamde. [15] The production nethod of
t he above-nentioned [14], wheErmyp Xpri ses concentration
of a solution. [16] The prqgp hod of thg abo e-nen%ﬂgzed [ 15],
wherein the solution is a on ofQ bi cal ut anmkde iR et hyl etate. [17]
The production nmethod dNCthe bove-nentioned [14];7 whefein the sol ution
obtained in Step (I1) is a solution of 30 bicalutamde in a m xed sol vent
of ethyl acetate and heptane.“[38] The production nethod of the

above-nentioned [14], wherein.the_Steps (I)-(l111) are respectively the
fol | owi ng StEFd %PP°CPFFP£tballfi?cé83tep of adding ethyl acetate to

bi cal ut am dg, {( iy Enafldined sbessy NSF agsdrabove-ditaenedon 13otyent
sel ected frﬁ%]hgyghgrgﬁgeﬁgp?ane to the solution obtained in Step ?i), and
s (iii) a stjey,ofwhdedl comptiisesopnepaningt the aubnorSighthialicr acid) frem
all ow precipitation of a crystal of bicalutanide,(%lQ] The production

met hod of 5t IRhthedvie- aphyrsids pod) hYdFRRIeR Perr ey (i), 1.0 m - 10 m of

ethyl acet at[l%of %y%%%%ﬂc‘%%nlm?tﬂfadb&faﬁg%%g&%i&é‘%eoﬁffbsﬁrﬁﬁd( by) thé 5 m -

5 mM of the ocarpbonsolvent 1s a per 1 g bi cal utam de. .[20]
The product ifgyimwthqd)ef the above-nentioned (18], wherein, in Step (i), 2
m-6 m of ethyl acetate is added per 1 g of bicalutamde, and, in Step
(i), 1.5 mM - 3.5 mM of the hydrﬁc sohyent is added per 1 g of

bi cal utam de. is [21] The productgon thquBf any of the above-nenti oned
[18] to [20], wherein the 80+ 0N g 3 (i) is at 50C 7 0OC

[ 22] The production net hog gqny o oned [18[ It [21],
wherein, in Step (ii), the #ocar Bbn sol vent &0 ?pded at arate of 1.0
M/mn- 40 mM/mn péﬁ31 g pf bicalutamde. [23] The'production nethod of
any of the above-nentioned | ﬁ% to [22], wherein, in Step (iii), the
solution obtained in Step (i r (ii) is cooled to 0C-30c. 2s [24] A
product fon REH 4 cinp iGLESthe ebLbhshyt sebgs, (kpope) sing the fol | ow ng
Steps (1)-(I 5: (I') "a step of preparing a solution containing

bi cal ut amode, (1(3) a Sttep of aeédchgngwaccempesrd seepreseiad &¥athen sol vent
to the solution obtained in Step (1), and 30 (I1l) a step of cooling the
sol uti on obtf8Hd-4 {13t*ep (1) or (11) to allow precipitation of a crystal
of bicalutamde. [25] The production nethod of (t he above-nentioned [24],
wherein ' the Step (1) conprises concentrifion|of a solution. 9 [ 26] The
j erein the solution is a
[R7] The duction nethod of

solution of bicalutam de in ethyl k&
t he above-nentioned [24], wherein
sol ution of NC

CF;

with mono-perphthalic acid to give a compound represented by

P
N
0
NC
CFs

(B) a step of reacting the compound of the formula (2)

the formula (2):

15 ’

obtained in Step (A) with 4-fluorothiophenol to give a compound

6



s bicalutamde in a m xed solvent of ethyl acetate and heptane. [28] The
production net hod of the above-nentioned [24], wherein the Steps (1)-(I11)
“are respectively the following Steps (i) (iii): (i) a step of adding ethyl
acetate to bicalutamde, so (ii) a step of adding; where necessary, a
hydrocar bonrg?gggghtéglgytgqeffmﬁwa(m :and heptane to the solution
‘obtained in and (iii) a step of cooling the solution obtained in
Step (i) or (||) to all ow preci tl'é@ of a crystal of bical utam de.

15[ 29] - The production met hgd of ntiQned [28], wherein, in Step
(i), 1.0m - 10 ml of egr aCet i addelgof bi cal ut ami de, and,
in Step (ii), 1.5 m - t hellhydrocar bgn sollvent i ¢3added per 1 g of

41 on @et hod of the4Hd 8- mentioned [ 28],

bi cal utam de. [30] The G
wherein, 20 in Step Nﬁ) 2ImM - 6 mM of ethyl acetate is added per 1 g of
bi cal utamde, and, in StepAgi), 1.5 mM - 3.5 m of the hydrocarbon sol vent

is added per 1 g of bi cal utarfi de. [31] The production method gpdany of the

above- nenti oned ([2%8%2%9?%3% %Qg,gl oﬂ L hé‘ﬁ“ﬁd'm] Ot Fdrind 18t ¢B) (1) is

at 50C 25 7 0OC e produ of any of the above-nentioned
[28] to [31bbt%ﬁ@al Rn san?t ep) (wigh nidieo4peirphthdide soideto gdvedded at a
rate of 1.0 M/mn - /mn per 1 g of bicalutam de. 30 [33] The

producti 051 mm:lad.dtaﬁudﬁy of the above-nentioned [28] to [32], wherein, in

St th t bt | d 0C.
hal el she PeaticRipAciEEhtd oF e 'dndle-Hdnriohe$ 1579 WileBELA
164.69, 142,35 s%%% 8 %ﬁ?ztﬁar sed 1S lﬂéi:hlsﬁlesiﬂé.o&&,l Zh166ide.

67.14 and 29.23 ppmin 13C-NVR [3 A crystal of bical utam de havi ggva
particle si7¢ dithier protdiionioh Method ofithestbae-menkianedddlesrol

[36] A crystal, of bical utam de havi a r HE‘.Ld[ 37]
A crystal of“’tlﬂ-lcélalcﬁ’!“&ﬁll&@shévﬁﬁﬁpp%gggr%ﬁa%g%% glloqicg p?rp%é:h%(h 3.9, 24.7
and 31. 1 a L aC i 38] aff¥ CHK e fpdtcsaidg.am de havi ng peaks -
at 28 of ! fiééjqn é’ qi%flé'é %gﬁgerB 7% an 4 |% X-ray diffraction. Brief
Descri pti on @] BherodawtignFingthddi st abrd:mlutm mepxsisentegCbyatbeVAS NVR
spect rum of a crystal of bical utam de, wherein the synbol * shows a

spi nni ng si d®mwd@ (I$:Detail ed Description of the Invention The present
invention is explained |n tail by referring to the follow ng Schenme 1.

NH2 net hacrylic acid or \y. ve @ervatlve t hereof ( oxidation NC ~ ~NC ~
O Step NC ~ O CF3

(I)

which comprises reacting a compound represented by the formula

15 (3):

HO .
I-I\'ll\n)</3\©\
0]
NC~ ; F

with aqueous hydrogen peroxide, in the presence of sodium
tungstate or a solvate thereof, phenylphosphonic acid and a.

phase transfer catalyst, in ethyl acetate.
20 [9] The production method of the above-mentioned [8], wherein

the amount of hydrogen peroxide to be used is a 3 to 6-fold

7



base HHO HHO 02 HS ~ ~ F ~ NS ~ oxidation ~ N~S O~ ~ ---~ ~~0 ~ 1 Step
B NCF Step CNC~ F CF3 CF3 (3) Schene 1 (1) zo In the present invention,
“the total synthesis of bicalutamde is started using 4-cyano-3
{trifluoromethyl)aniline as a starting materi al.

4- Cyano- 3(t rmélamrammirnty lgfardhel cempaunkde reprasented| by avize | & e (P9y be
separately sgnthesized and used, because its structure |s 2s sinple

Chem Soc., 36(:]| M-Mc(tf@@ﬁ}“,e@é’é pf2§b9) abgye-meptioppd ks hPr [(QJ" Am
i Ol tr t o) : . .
et hacryl; ¢ erA Vi RO 0r" Sottyly RIBEREALE o CaR0 YR hergat to

etc., prefergdlysd@tinng ) @yls @dher betheaBofip6ahd EQPPOSELE® B ed by
the s above-nentioned formula (1) (hereinafter sometines referred to as
gonpound &1)fowmnlade( bt ai ned. Since nethacrylic acid and its reactive

derivati I ' ' i | abl d d
can Do casi UL bbtHi%RFINACI GO naRBGR OF AHE GEnERHsar Sh TURCRT ) 56
an industria ibd] A0, € VhATagRluny Bl gﬁbhyi A88Pfon A S LANILNSALILRA is
reacti on can be carri ecf' out according t convgntlonal am de chemstry. In

addition, cohmppund Mgl af hheusempbundt hepnesentedchy orhev fdwmtla dd)at i on
and/or purification. Step A and Step C are oxidatjon steps using an

oxi di zi ng i sl bgkrkhe |pE igr mekngdt PénaByY 8fekhd P EHTIETHAORGH [SilefoC

di zi e IBEaskiesien pexPas Pént e
i oxi ai 20ngt bhEnC e ek A% ORRY, o EEPERRL Pradefft LAADIR, 0B

scal e. 20 Thes¢nis meSpht kol saeifd thancbapeand! yepr epartast [y redec tiotgula
pht hal i ¢ anhydri de with hydrogen peroxide. To be specific, nono-perphthalic
acid is prepbtrd by nmixing phthalic anhydride and hydrogen peroxide in an

I t [ - t t I h t '
" sut tabl oL S PHotierdtsr BeERba"8r affoal oty ' o Bindt (RI0 L
slightly exg@f@] Aidte10f davduRoedng8taxederi & S6EFate! tidreof O sphHdadhinC
e}

anhydri de. be specific, hydrogen peroxide is used in a:Propqrtion of 1.0
mol - 1. 5snotyngetefte alihydraterand- the3phake transfer eatalysll i6f 30

pht hal i ¢ anhydri de. Phthali.c aphydri.de is used as a starting material for
t he synt hesi ?ﬁégﬂﬁﬂiﬁmﬂpﬁﬁPWaEF%m&éFd, because phthalic anhydride is
econoni cal , [f{£f fife PYRTKIBNCMBERBAT bY aRY 6f €RSYabdvddnentioned [1] to
[13], further comprising
(I) a'step of preparing a solution containing bicalutamide,
20 (II) a step of adding, where necessary, a hydrocarbon
solvent to the solution obtained in Step (I), and
(III) a step of cooling the solution obtained in Step (I)
or (II) to allow precipitation of a crystal of bicalutamide.
[15] The production method of the above-mentioned [14], wherein
25 the Step (I) comprises concentration of a solution.
[16] The production method of the above-mentioned [15], wherein
the solution is a solution of bicalutamide in ethyl acetate.
[17] The production method of the above-mentioned [14], wherein
the solution obtained in Step (II) is a solution of
30 bicalutamide in a mixed solvent of ethyl acetate and heptane.
[18] The production method of the above-mentioned [14], wherein
the Steps (I)-(III) are respectively the following Steps (i)-

(iii):



handl e. From the aspect of easy handling, hydrogen peroxide to be used is
pref erably aqueous hydrogen peroxi de. The aqueous hydrogen peroxide to be
"used has a concentration of generally s 20% - 50% preferably 30% - 35%
Agueous hydrogen peroxi de having a concentration of 30%- 35%is
preferable, becquyea step afsaddangdevhyh aestatppstn Hidalptefmidepl osi on and
Is commercially avail able and ecqonom cal . ExaqPIes of th?@%&§e I ncl ude

[ |
sodi um car bonat d 1id08i §¥FP0ChyBFSERAC W BTFRL RECTRIUET Tn WA BERICED sodi um

hydr oxi de and.the.like.  Fr ' | I S
pref erabl e. é’e%ﬁgﬁ'egge?h%ekgxgsg&?%wge%%e sa-rb%%a e;cl%loti%%far"% 1.3 nol,

preferably bHtai®led ih 8tepl (ipgraddnol of phthalic is anhydride. As the
solvent to be used, water and the |ike can be exenplified. O these,
dei oni zedswat er (iisipr ef stebl efbeealiirg i theotelusion Ahtainadktid Stepsidl y

havi ng a catal yti.c activyity to _deconpose hydrogen pner.oxi . f t he
aspects of S dddbiPi F;ELB% H‘ﬁﬁ?b@%ﬂg)ﬁﬁ%x%/gea %ﬂ%ﬁ} é’rﬁﬁl‘rc%g\qf‘ ﬁéﬂgggénom c
aspect. The u 0 usied Asoeefsitiched 1815 @h in,
preferably éqgﬁ &hf kf?aggﬁg%ﬁgﬂ%Fﬁg%Pﬁglic ;%hydride.JThe rggcgﬁon sremn

t enper at ur e iirs sa@perdl)l,y 1-5Gnilo-50) mb @f e¢Ehyblacetm e ds0eddeldi pert Aeg

reaction tine varies depending on the reagents to be used and_the reaction
t enper at ur e 0 icalysapideryapds kR Step O?H) ¢ ptet &apl v 5‘?‘50& t-%eo. 75 hr.

After the C?ﬂ%&%ﬁ%%%o%fs%ﬁ@eﬁ@aféiggde%qéefefc | O SN RPaR@ deRy be

neutral i 2&d ecessary, W th an aci uch as sulfuric acid (preferably
98% sul furi qzagi dheapdodietlibliemetnddi ool ehedalsow-arerhirdnfeded 18y , wherein,
conventional work-up. Since nono-perphthalic acid can be prepar%dﬁb%ﬁ

.e.,

one-pot, 13in iStepafife dsBd-FomliAE eEBELRARMRALXFABIET B8t ilo
the above- mgntl GOgdn3hel Anddir! SPed (Y4f NOtls 'RP! 21 &N 1N Ytk ne
hydrocarbon solvent is added per 1 g of bicalutamide.

15 [21] The production method of any of the above-mentioned [18]
to [20], wherein the solution obtained in Step (i) is at 50°C -
70°C.

[22] The production method of any of the above-mentioned [18]
to [21], wherein, in Step (ii), the hydrocarbon solvent is

20 added at a rate of 1.0 ml/min - 4.0 ml/min per 1 g of
bicalutamide.

[23] The production method of any of the above-mentioned [18]
to [22], wherein, in Step (iii), the solution obtained in Step
(i) or (ii) is cooled to 0°C-30°C.

25 [24] A production method of a crystal of bicalutamide,
comprising the following Steps (I)-(III):

(I) a step of preparing a solution containing bicalutamide,
(II) a step of adding, where necessary, a hydrocarbon
solvent to the solution obtained in Step (I), and

30 (III) a step of cooling the solution obtained in Step (I)
or (II) to allow precipitation of a crystal of bicalutamide.
[25] The production method of the above-mentioned [24], wherein

the Step (I) comprises concentration of a solution.

9



purification, which in turn reduces the total nunber of steps for the
total synthesis of bicalutamde. - s In the followng, Steps A, B and C are
“explained in detail. Step AlIn Step A olefin conmpound (1) is oxidized to
derive an epoxy conpound represented by the forrmula (2) (hereinafter io
soneti nmes r ef{@6rjedhieo preduoctponnuetRyd . ofNene nabrovpargrittiniad: [25]d Wwhensad
as an oxidi zing agent, in_ Step erphthalic I d, which is an

A - )
oxi di zi ng agd®e Spé-uééﬂ’édiﬁoacﬁﬂybggag(‘% ?W%l‘&ﬂ"!’gfﬁ & efloRcetpbent. A

" reaction sol t it abl : | i e ' [ 42 4l [ :
exenplified E?Qt]ola@gn%?ogﬁﬁgégégﬁggﬁ%(?aﬁ ?\%é a%gc%%{%l éa{ﬂ:d' ?ﬁ? ﬁ?lg'j’ %P e\ﬁﬁf‘%h
et hyl acet at @nieS spneteoabbpthinedt e se@eciIDf Holabidlivticw ofonpound (1)
therein. The amount of the reaction solvent to be used is generally 0.5 ni
= 10 m, psebdcaingapideniin- asmixed ngplvent wlfehil acetaty ands hgptage; | |
nore preferably 2 - 5. m .yet stil r referably 2.5 s m £ 1
g of corrpoungz%ﬂ) ?m?hBIQ%ﬁﬁ%ngm?mo‘#m‘?q%-ﬁé%)p ‘fﬁ'i“bé{"a{:&o&e[@o [Béﬁmsé’Beggm
general |y 1. eps: c4£5 3Bb¥pdeBiv@ly -tk GdMlowiHy 6tebs (i)~
preferably 1%§1@W§Fep§2§%@n¥)ﬁf%er€% m)lpof corrp%‘und (). O,Xgﬁgr met gd(%())r-
addi ng nmono- gddght:hal i ¢ aci d, dropw se addition of mono-perphthalic acid
solution is preferable fromthe aspect of_ easy addition, safety and
~operability. WeditoRoSpePpAf nafdEng pitheb| IRTEATS TARIER 1WEFHEe, the

sol ution may -dr Qpw d kot j Ons; ent
sui tabl e ?ogr t heteg‘?‘gpgr%?gngg'fgﬁ%%%%é%ﬁ%%&aﬁy s’olrauthr”?%?éfgg’b}éxarrpl e,
et hyl acet at go19eher Beletted Ofrofli létyre eidibhaitane aed thieesbilkeiane -

menti oned, of which 14 ethyl acetate is preferable fromthe aspect of
safety. It iobgainedbia $bepsel) had®hime sol vent as the above-menti oned

tion sol vent. .Th trat] t -} i d Lon -
5570 bo used for (it BaRFeRrof Gk e HIGBT BRG msatihl s aR 10
W% - 19 W Y%rTheignbyna]Dbw!prespMaitidd I dixagstal bifephtapatanias. of

nmono- per phthalic acid solution is generally 3 mM - 10 nl, preferably 3.5 ml
- 7.5 nl, 1m0(29)r Ther phdbgust Tomimethodriof fdre sbovegmentionedpérBht hehexrein,

-aci d. When the nono-perphthalic acjd sol uti i.s added dr.opwi,se,, the rate
of dropwi se éBdﬁFFBn?ﬂépe}ld‘% h 1 @@n%terotg’tylloﬁcﬁgagﬁel§of"f}aﬁ8np?]6ri 9
dr opwi se addj ki QE ;lﬁ;_@ r e G & 1ut,i ansf gy dr epwiiseradgét i on or
of the sol ut {)gngtﬂga%c tﬁ'ea&ihgH rmlno- ;;&gpp?\(?#gl ic acid solution is added
dropwi se, buhydeoeasbdy Sobvent nis added pey i g of blitailntamiddet/ min,

preferably 1t§0?1éﬂgnpio§hééigérgé%hégﬂbfLéhéﬂgﬂg%gaggggig%éd [28], wherein,

20 in Sﬁep (i), 2 m1 - 6 ml of ethyl acetate is added per 1 g of
bicalutamide, and, in Step (ii), 1.5 ml - 3.5 ml of the
hydrocarbon solvent is added per 1 g of bicalutamide.

[31] The production method of any of the above-mentioned [28]
to [30], wherein the solution obtained in Step (i) is at 50°C -

25 70°C. _ _ o
[32] The production method of any of the above-mentioned [28]
to [31], wherein, in Step (ii), the hydrocarbon solvent is
added at a rate of 1.0 ml/min - 4.0 ml/min per 1 g of
bicalutamide.

30 [33] Thé productjion method of any of the above-mentioned_[28]
to [32], wherein, in Step (iii), the solution obtained in Step
(i) or (ii) is cooled to 0°C-30°C. |
[34)] A crystal of bicalutamide having peaks of & at 177.08,

10



Mhen a nono-perphthalic acid solution is added dropw se, the tenperature of
the solution for dropwi se addition is ao generally 0OC - 35C, preferably 10C
‘= 30C. when a nono-perphthalic acid solution. is added dropw se, the
tenperature of the solution to which the nono-perphthalic acid solution is

added dropwi1$®.i1$,0e6e.abl, y120(31, 60%% .58 of E3RIIY, 43@.8055C18..60,€116.16,
preferably 50C - 55C. . 2s The reaction tenperatyge is generally 20C - 60C,
preferably 49@.685575.hbr ebpr bt card| 39 DT PPH5@ MRt he reaction tine

vari es depending_on the reagtjon {enperature and other .reacti. condi ti ons,
it is generdPPy B FrYSts ﬂ%,bb?%i‘é%@e é‘%‘f”&g ¢ rﬂa.rtg'c?ﬁ‘%htgl%rgogress of
t he reaction.can. fi d RQycL Lquisg gparky). 9 fter the
reaction is%&gﬁgﬁgﬁgggﬂaéig’é’e?égr Emgt‘ﬁsg’ 3'% r@gg@{r?gﬁ sgfstem y be made to
be weak basi[@6(jeagcrpkitgl) ofi biicdbutamida s sinh amgaot pagitdslieydieri dé,
pot assi um carbonate and the like, and nmay be isolated and/or purified by a
convent i onal30wsdr kp. It is also possible to use the reaction nmixture in

t he s next i t hout L SQ i Lfi ' f, e .keacti o
et o o Uhdrd Moo CRePhALRE, RLSRHARle LIS Bdks Oy B8moECRES) O 3,
nono- per pht hal.iig agi.g,npy .heapndeprt Bdif rioardy dtiffraqidionxi de and excess

anount of phthalic anhydride, in the io reaction systemof Step A at the
above- ment i qr38éd Beacystalt efipbicalutanide |kaving meakshad @0 afby2plBduct

represented by the _faqllgw for é (perej naf times referred to
as by profucd®-En) ﬁsc A gg‘ggn???ﬂ%{ﬁa% A%%,)Ptﬂaé’ b%%%g}c%(%) may be i5 -
converted to conpound (2) kil pebicFption biethel pewwiagScheme 2). H N NC
(i OCF3 (1) oxidation reaction H C]—IﬁC]—II ~ N-OH 1 ~ N-OMs NC ~ O ~ NC ~
O CF3 CF3 ( B) (RKigScheis & ¢hatk -showidhg $013.dCF3C (WHCP/MAS NMR spectrum
| of a crystal of bicalutamide, wherein the symbol * shows a
spinning side band.
15 Detailed Description of the Invention

The present invention is explained in detail by referring

to the following Scheme 1.

NH, methacrylic acid or ¥ H\"><c‘)
reactive derivative thereof oxidation
NC NC StepA NC

CF3 CFs CF3
(1) | (2)

base HHO HHO ; O,
HS<)-F N%S\O oxidation QN\“)LS\O\
—— o} w— 0
Step B NCQ/ - F StepC NC F
CF, © CF,
(3) | (1)

Scheme 1

20 In the present invention, the total synthesis of
bicalutamide is started using 4-cyano-3-
(trifluoromethyi)aniline as a starting material. 4-Cyano-3-
(trifluoromethyl)aniline may be commercially available or may
be separately synthesized and used, because its structure is

25 simple (J. Am. Chem. Soc., 76, 1051-1054 (1954); see EP2892).
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In the Schenme, Ms in the conmpound represented by the 20 fornula (B)
(hereinafter sonetines referred to as conpound (B)) represents

“met hanesul fonyl group. In Schene 2, the by-product (A fromthe
above-nenti oned oxi dati on reaction can be nesylated, in the presence of a

Jbase, ' wi t hgyeidRAidoMHcyehoanideriFiGbronst By syahabige sp vent, and, 16
via conpound (B), converted to conmpound (2) via ring closure (epoxidation
of diol forrgondénsatsimpomedctBpn wishppephaduyli¢cMcidropelmpaative
efficiently,  and conpound (B) ¢ be conyerted.easjly to -_s _..conpound (2),
as a result HEWA %i‘@algut'ame%g‘agﬂ BXXOE?E?ﬂ%de{:‘F\‘St%?“eeEﬁ%Xty and
yield. As a Egg}_l,n? I : e 10 t nd
the |ike can eﬁma |O§;nle:§ﬁ(%?l i)éhé?glelhigﬁéhils:&g ef%%gjg?%%%%ﬁnﬁﬁ?yzs‘%ggt
of econonisc sispesimartdioled fioxmudapnafe(hbkreihafhert hsomspimds afe fSainedl ftiot v.

In addition, a m xed solvent of the above-nentioned solvents nay he used.
The anount OIS tGRMEIING L o S8 hee@btaiperer aiinre methacrylge,pcid and

preferably : %s @eé%tﬁ\}g ’de‘}gtﬂ,-ﬁizlj,aepgrgogﬂﬁy ?g)ecéﬁﬂﬁ{kﬁ'aefll , for

exanpl e, am™nés ‘'such as tri m ne,” I's pyr ne an e, and the

like can be donidrlied. 1yofavelinabler pebhMteni 88di SaRrisé esadi By folsainea in
econom ¢ aspect and for easy handling. The anmount of the base to be used is
generally. 0.largg amounts,mithe goafensbtion. 16agbion maY belan gadustmialdy

d 1). Th t of the.neth | fanyl chloride to b d i
Gonr al 100 A /RFOROTER Y ST5eBEAVELG=0506 Tr® S BTRBE 1oBeP R oo

compound (1)ecafhfe RASS-idRd SRl AeeseHihgn¥b E6hoehtfordE M RieARinistyyadded
sequentially. The base and net hanesul fonyl chloride may be each added in

two or nore Twradditsionjheomnpoandagd ) ancdnneehased ufdorighe atexly inkactrienadded,
the. tenperature of the salution for dropw se,addition is generally 0C -
. 30C, pref eridiipudc isodaklon,AngddpR. PELHKEATLPR: base and net hanesul f onyl

chioride are adde%tetﬂﬂ'% and Step C are oxidation steps using an oxidizing
15 agent.

In Step A (oxidation of olefin to epoxide) and Step C
(oxidation of thioether to sulfone), mono-perphthalic acid can
be used as an oxidizing agent for safe and economical
production at an industrial scale.

20 . The mono-perphthalic acid can be easily prepared by
reacting phthalic anhydride with hydrogen peroxide.

To be specific, mono-perphthalic acid is prepared by
mixing phthalic anhydride and hydrogen peroxide in an almost
equimolar amount or an amount not less than the equimolar

25 amount in a suitable solvent in the presence or absence of a
base. Preferably, a slightly excess amount of hydrogen
peroxide is used relative to phthalic anhydride. To be
specific, hydrogen peroxide is used in a proportion of 1.0 mol
- 1.5 mol, preferably 1.0 mol - 1.3 mol, relative to 1 mol of

30 phthalic anhydride.

Phthalic anhydride is used as a starting material for the
synthesis of mono-perphthalic acid, because phthalic anhydridé

is economical, free of hygroscopic property and is easy to

12



temperature of the solution to which they are added dropw se is generally
0C - 15C, preferably 0C - 10C, for both. ' The reaction tenperature is
"generally 0C - 15C, 17 preferably OC - 10C. Wiile the reaction tine

vari es depending on the reaction tenperature and other reaction conditions,
it is generahapdde25 hr - 0.75 hr, preferably 0.30 hr - 0.70 hr. s The

reaction for converting .a diol formto an_epoxy for be started from

the crude reacti ot PRt he FIRAFY I?g (?)?isé'alhiag‘ﬁiilégct H]gﬁgggeph@erOXMe to be
above-nenti o SR ] ai,ni-fg ; TP oM d

by- product (ﬁ??é%%p%ﬁ%]\é/ertl r% atq'iq(a(:'%u?ygt g{r"?&&%{%( k) -Etgglggfrpound a%e,oﬁ%e io
quality and gyétrdgeh péwoxideltsbe ewids hefs bl eahvbarrdeicAnobegenadrHVESL.

The progress of the reaction can be traced by LC. The reaction m xture can

be used fdr 2RE nex®stREeigXaltlt 30%01a353n ahdnePupiydnagan @erdxddstep B

In Step B, t u for 2 ai.ned_ip_the, abave-nentiqned
Step Apand 4H$Y§rg$g$ h?%bcﬁ%h%"{]a%alrogl r a?to(gd)“l %g{%hé‘s pPEggﬁfgb%ﬁ’ ;lb%%am:%e o]fq" a
base to givei§oapsedthted with Seis Bosu®iaarly birskkp165idn fan@rophenol is
i ncreased ao due to the presence of a base in the reaction system which in

turn i nprovesomhergially availsbdled apd eceonomtigaied conpound (3). In Step B,
the base is, for exanple, sodiym hydride, _.saodi um hydroxi de, sodium,
carbonate, pot assi@%ﬁ%ﬂﬁé‘%@a@ﬁelpﬂﬁgeFFBW cCRERPRAT @, S2Qrtium

sodi um hygdr oxd i fﬁcﬂ* e. odi oxL 489+ i

hydr oxi degsm#%%é?ésg pre %%dblpﬁrs%?nuﬁhghgg?%géé %?8%?1@ E’gnﬂl |I‘r§1c£:}='.d #\{H
comerci al | ytlhewalikd! e Fagmeohe eodhomidyadspectle sediim @arbonate used as it

is, or used after dilution. The concentration of the aqueous sodi um

hydr oxi de soPXRT@FER¥ be used is generally 5 w%- 20 30 wt % preferably 15
wo%- 20 % In 0 a t.af,ap ibit | _
preferably added ﬁ]ﬁé; vfr#(c:ng: {Bgt g'%f- ?P%%r gtgth"p éﬁgl L'L'so %r%el?%;;ﬁi%ﬁ i'%amOl

sui tabl e reari3 aoBolpmsierdanlye 1poefmeldabl ¥ .dr mpY spepdllinoDrofl HhtHaldlc a
solution containing a base), and conpound (2) is added to the m xture (nore
pref er ablly RMWAGKSddi tion of a solution _ containing conpound (2)). As a
sui tabl e reaction I%OLt ent r sohvents such, as -

t - butanol and the eatséﬂ‘r%%:ﬁltl &Re N Bﬁeﬁ/hi YACTEA ‘i %?ée;ﬂ]gdolcgﬂz;bgm t he

aspect of sadxdnpgiipicd. CORPEHESe [ 2deidt®] fbd) waltd N PreFerhbger Baehi188
solvent to be used is generally 1 ml - 40 m, preferably 2 m - 20 m, per
1 g of io copooes (Ot coindadmpmetads phesihhiy havieg s ahtialyfde eatiyityo

nol 1.3 nol,, preferabl Q. mol - 1.2 |, per nol ,.of 4f] uqr ot hi ophenol :
42l Uor of hi ShaIRSOTRRFe £YATR8E A PEFRILESar BOR PRI 3PHHNS O 05 Lo

1. 5-f ol d 40l s8R 1 iS5 AV BRarbgend perB) a8 CHAELEL S 0d Ve Nt 2%ont UWHe &dn@miene
and the like, and the like) relative to 4-fluorothiophenol to be used. The

t enper at ur e gspecdddi ti on of a base is .generally 0C 30C, preferably 0C -
20C. zo The tenperature for addition of ound (2).is generall C -
15C.. “preferably 0B aigedt R, thenAalvanEobe| Be Aehd th GRNGALY 4 nl -
sol ution, the B0l \HrdtRbIRE3 Q" -CXafR) EpePOD-HTOf PhthS0l iHny el .as
THF and the TiKke, “of whi chg'e}HF I'S prefefa%?e frgmtﬁéehaspect of “2s
solubility of conmThende@2tibhetenperdtereais geherallys-3°Betabb¥@, ment i oned

reaction solvent is desirtable. The anmount of the solvent to be used is
gener al | y31 RRefergbly —SoFefrQGy 2 M - 6 per 1 g of conpound (2).

m,
Jhe reaction tenPALY ¢hes 48BeIah! ¥Rl vardils dlpddiity A XilCreaglis
While the reaction tine varies depending on the reaction tenperaturé and
ot her react iten beordied amsl, the reacgtorraéhyedature, 2ix hits genefrerldlyl 9 .8 hr -
15 hr. 19
' - 2.0 hr, preferably 0.5 hr - 0.75 hr.
After the completion of the reaction, the reaction system
30 may be neutralized, as necessary, with an acid such as sulfuric
acid (preferably 98% sulfuric acid) and the like, and isolated
and/or purified by conventional work-up.

Since mono-perphthalic acid can be prepared by one-pot,
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Mhen a base is used in Step B, a base other than the above-nentioned nmay be
used (e. g., amnes such as triethylamne and the like, and the like). As
“the base, triethylamine is preferable fromthe aspect of the economic
aspect. In addition, s when a base such as triethylamne and the like is
used, the appveanasd i el faaaticosubslegerntsosidationl veaetierl thee{i Kdemy
or may not be used as a solvent. The anount of ,tple ase 5_0 be uas%g/ézs
general | y OaBovetrmentipnasd Starefedds $teP3 ClpMithgug FEPLahien 199 O %y

conmpound io (1) _or cepnpound. (2).. a f e u ' 0 be
used is -genB\(’E%ﬁf&cT?%Pn’ﬁblwrhléﬂ %%&'ﬁ%np?%ki g%&%l ;/:h% Béﬁél& Hﬁﬁfﬁgﬂ: Or%?,eéﬁpré 1

nol of conp ) i(Lof Wicalathaddel.s used in Step B, from

t he aspect g?PidEﬁ%p%%%:Fll Y, 4-J§slzuorothi ophenol is preferably added in
advance t conpound €R fqlkdveirahl \StepspRi,s8 aadi € 8Fp, eBRYAINeAsE i s added
to the m xture. 4-Fluorothiophenol nay be diluted with a solvent (e. g.,

t ol uene anddekailike) and the dilute solution may be added (preferably

dr opwi se ad Ltio&. Wher e necessary, 20 4-fluorothiophenol nmay be further
added in twl“8P fore portions. The tenperature for addition of

4-f 1 uor ot hi ophenokni stgsney ablef LT conte@ndr(df)erdsbloxiddzed1te. dgrive an
tenperature for addition of a base is _general I%@OE 32({ Breferaﬂg 0oC -
30C. - 2s Theepoayt compoenpcrepxpeentedivetdle (faFdulagde) SPEFEHABYbc - socC
. Wiile the reaction ti vari es ReNdi e reaction tenperature and
ot her re#tt ?8ﬂ356ﬂ8?tF8ﬁ§Fr?‘i ¥ ag%ncercr ycgqthn 48 hr, preferably 10 hr -

24 hr. 30 The reaﬁ?éﬁnmm,g_tyéﬂ?mm WSEd i1 tdexedast ast opldizhogtagent,
i solation and purification. er the reaction is conpl et ed, _a_convent{'__onal
work-up i s dandteped, monowberphthakissacgid, s8iigh §if aRgPHLdsging agent,

purification may be applied. Step, Cln Ste sul fj . 3) is
oxi di zed toléelaF‘QSdeEaFﬂlf‘Bﬂ‘i‘ﬂ% &rb R Jitgﬁjieorg%a%%é'%ggggmggnﬁhe pr esent

- s invention is preferabby L&Pemsi SifivEBIG PRI iHloxd datiidnoreagtiiogein
peroxi de as an oxidizing agent. ' The oxidation in Step C usi ng
nmono- per pht lsalelC pagsdeasmphified by toluene, chlorobenzene, ethyl acetate

and the like, of which ethyl acetate is preferable from the

aspect of solubility of compound (1) therein.

The amount of the reaction solvent to be used is

generally 0.5 ml - 10 ml, preferably 0.7 ml - 5 ml, more

20 preferably 1.0 ml — 5 ml, still more preferably 2 ml — 5 ml,
yet still more preferably 2.5 ml — 4 ml, per 1 g of compound
(1)-

The amount of the mono-perphthalic acid to be used is
generally 1.2 mol - 3.5 mol, preferably 1.5 mol - 3.0 mol, more

25 preferably 1.8 mol - 2.5 mol, per 1 mol of compound (1).

As a method for adding mono-perphthalic acid, dropwise
addition of mono-perphthalic acid solution is preferable from
the aspect of easy addition, safety and operability. When
mono-perphthalic acid solution is added dropwise, the solution

30 may be dropwise added in two or more portions.

As a solvent suitable for the preparation of mono-

perphthalic acid solution, for example, ethyl acetate, ethers

(e.g., diethyl ether etc.) and the like are mentioned, of which
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oxidizing agent is explained in the following. ' In Step C

nono- perphthalic acid, which is an oxidizing so agent, is added to conpound
“{(3) in a suitable reaction solvent. , The reaction solvent suitable for
oxidation reaction in Step Cis preferably ethyl acetate fromthe aspect of -
operability. et lameetatel ishpredevablet frdie tisehspegenst ddfety .M 1tiss 20
‘m, preferably 1.5 m - 10 m, preferably 1 mM - 3 m, nore preferably 1.5
m - 2.5n, Cé@ririlb(}eoﬁocﬁﬁﬁoﬁhﬁ same veniput tdie ahovammentdepgdnal i ¢
acid to be used is generally 2.1 nol - 5 nol, preferably 2.2 nmol - 4.5 nol,
preferably BIﬁﬁF39°% ﬁSﬁYe fe preferably 3.5 nol - 4.5 nol, ao per 1 nol

of conpound (3). Agha BBhBEHtELEisH dbH K@ MomeIgi¥ A i2C ladiddEeRut$6n
addi ti on of nono-perphthalic acid solution is preferable fromthe aspect of
-easy additsorto bef asedafidropbeabeadtion e genexa gy gl hedd e 22i wtdol uti on
is added dropwi se, the solution 25 nay be dropwi se added in two or nore
portions. AsPxeferabA¥ 34 Wibiz {3rWthe preparati on of nonoperphthalic acid

sol ution, for exanpe, aﬁgg}ﬂ:oﬁf%ﬁ%ﬁso é}fi%é be glsediif%t.éh%eepgsga%em

and the |ike are nméntione e acetate 1s preferab rom

aspect of sabgt yonbl-pegpROhdscradi® solutsion hiss spmeradllyest mds—t he ml,

above-irenti oned reacti on sol vent. The concentration of the nbno- 9er ht hal i c
n

acid sol uti oprefesabdyuded mbr-theS rithc tRUTe iRFef@rabdy B - Pomkt o r WP8%

21 preferaly 12 w%-_ 19 wt %, The unt of the solvent to be used for
the prepaféti o% 81% WBHS-'B@FB%%%H% %'%l‘ " solution is generally 3 m - 10

m, preferably 3.5yffbn- temdho- tHEf & A4 FAution lsnhddédrdropwﬂsé,
of nono-perphthalic acid. When the nono-perphthalic acid solution is added

dropwi se, ththearatef ofir dpepwisedatidition arnaisisoen theceoperntratdan o?f t he
. solution for dropw, se. addition and,te ature of, the solution for, dropw se

addi tion or Sﬂfet E&EEF‘HPL AF t WW%%%@% . ﬁgl%flfea&%d&%?)l ution -

i s added dr Oegyﬁﬁnioh%oﬂe&féﬁ& de ’acidﬂj{ddﬂ( br ot HreMsB1ulishetabliidh Sthe

m/mn- 3.0 n, per 1 ¢ of conpoun .. When a nono- perphthalic acid
sol ution is mddedpdrphthakic taeid esylertaiair esofaddee slwbpwiisr, f but dgeperakly

addition is is _generally 0C - 30C preferably 0C - _25C, nore_preferaply 10C
- 25C . WhenOaSnBhmbRr pht ndI ML/ i o L i faion g Hﬂé@&narsﬁwfgé‘?bf)ﬁe 3

t enperature he sobugi ' t = lt hahic acid solution is
added dr opwgglﬁﬁgengféalﬁl%%‘%%gl ?gd;?r)%%e abl'y 8%) 55C, nore -
preferably OC - 20Rhesta | hone+serpaimaridel wdid sol@tionThs addedi dropwise,

tenperature is generally 0C - 60C, preferably OC - 55C, nmpre preferably 0C
- 20C, stillthertepperature ohHcthe grAutionfiore drRpwisgc Hgnt£PRetYari es

CepeTe 198" gHER SR 08 | e e m Al p g Lodben cont L ons (1 I
5 hr, still nore prréerabhond-perphthalic \dedd solatpenphishadded adrapwise,
P om hydr 0geHhACESRDERAEIEE G GE ERNARLSSH FonFRAFRC AR PARPTRURRI I LC
abovementiongd; s eagl} Ofod SR Ml Hddpulile 187GENRRaTYH! SB@!- HeeR,
| preferably 40°C - 55°C, more preferably 50°C - 55°C.
25 The reaction temperature is generally 20°C - 60°C,
preferably 45°C - 55°C, more preferably 50°C - 55°C.
While the reaction time varies depending on the reaction
temperature and other reaction conditions, it is generally 5 hr
- 15 hr, preferably 6 hr - 9 hr.
30 ~ The progreés of the reaction can be confirmed by LC
| (Liquid Chromatography) .
- After the reaction is completed, as necessary, the
reaction system may be made to be weak basic (e.g., pH =8) with
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After the reaction is conpleted, as necessary, the 22 reacti on system may
be made to be weak basic (e. g., pH C8) with a base such as potassium

“hydr oxi de, potassium carbonate and the |like, and nay be isol ated and/ or
purified by a conventional work-up. s The case where hydrogen peroxide is
used as an oxiplisd rmchg@st potaSseépmChydrexpiaj nedtassivme daotbonsitegand the
Bi cal utam de can be produced in Step C by reacting caonpound (v? W th
aqueous hydrlkidey maye bej Asphatpreadndéar oPusbELemh BYfyQeveEndriionady| vat e
t her eof phevg%tllghosphoni c acid io and a phase transfer catalyst, in ethyl
acetate. To 'ﬁ’é’c‘i fic, for exanple, sodiumtungstate or a solvate
thereof, phenyl ph@%oﬁ@iaQS%ngssimeaﬁé tiEansher ré&&d#d off miafh Ry Ueo the

hydr ogen peroxi de are charged in a reaction vessel and a solution of
conmpound 63)neéxt ettied widdiomtte lisolatded ahdreroputsfiatinn fd the redditigna
solution of conpound (3) in ethyl acetate is not particularly limted, and,
for exanpl e, M PR se addition, injection and the like are exenplified. A
dropwi se addi i on yris P LR ARIBnRAsAYCaL G Bedhrobatdly fiPatid Abdetitdbor
easily renoved. The tine neCesSary tor the addition is zo generally 30 mn
- 5 hr, dependidde 0mdrite-peephithatiecatdd Mhgnbayprepmredafmmu dydrogesed as
an oxidizing agent, it is essential that eth acetate be used a

|
sol vent. Thiperaxisie ansk exceps &E‘@P&FeoﬁsPBEéﬂﬁ%‘F caphydidey b at ion,
d st i ol e . I .
gQi dIa;5 i oﬁ%segecﬂci%x’%%é’%ﬁe%g' :?gf Fggééklégrgrﬁa?gg %g&tc’)?ﬁgerm so: vent's. Tﬁé’ Camount

of et hyl ace@egﬁrfeztag-_\ﬁ%.used is free of any particular limtation as |ong as

stirring is possible. Wien the anount is generally not |ess than one-fold
wei ght, pref er abl yWhiilteo the prlesenseghf, anbyePEPenet dgBresqn-eth Yo tdheao

wei ght of coppound, (3), Wwen it . is,2 to 10:-fal 1 ah e} _
proceeds easﬁrg)lyl%fdlgstﬁc’rq‘\‘ﬁ'@ i@)eZB?Fe+H898%ng%‘}‘A§ g‘é%gsen’{gf%r%?hege%sl by
Step Cis pgﬁdﬁ@% YAy NHOBRN cBRES¥NER HyOfit}| hena@spegirafunVia)o rian bal
beni gnity. _ This is because hydrogen peroxi de produces only water as
a byprodust edrvwerted dat icomposadt i(2n. akathisutdney(serudiru L IBIAWHgE
peroxide is preferable because it is easily handl ed. Agueous hydrogen

per oxi de ha ‘H{;FI%? mcentration of generally - s 20 - 50% preferably 30 -
35% is used. Aqueous hydrogen peroxide having a concentration of 30H- \3g%

is preferable, beceﬁlj_l%t &&dai‘iﬁi%‘éc%rﬁd with ['ess possibility of ~expN n
and is econom g e anBahh ' &1 S rzajly

not | ess thagcZ~p rePative tq conpound (3). Wien it io is Ies&'och% 2.5,
Ry

the sul fur atomgs, not suffigiently oxidized and the selectivity
{if?ll s unprgferably degraded. For production of Splfone

sul fone or sul f oxi}

with high selectiv , the nglar ratio is preferably 3 - 6. Wen hydrogen
peroxide is used as an oxidi Zing agent inis Step C, as a reaction
catal yst, a catalyst systemdf sodiumtungstate or a selvate

t her eof - phenyl phosphoni ¢ aci d- phase traridf ro'é@gal yst {s enpl ome Ohihe
anmount of each of sodiumtungstate g9 @qﬁs\a{ thegeof, p MRi ¢
acid and phase transfer catalyst t8 l- used i s general ¥l esy than 0]1
zo nol % preferably 0.1 - 10 mol % ™~no g preferably 0.5 NG % of
conpound (3). Wen the anount of even oh?géf these cat al ysts"fo b¢pysed ifs
|l ess than 0.1 nol % the reaction nay not conpleted Or the reaction tine
may be prol onged, which is unpreferable. I§I‘jaﬁ1e£ﬂ§egerably 0.5 - 5 nmol %
fromthe aspect 2s of reaction tinme and ec spect .

In the Scheme, Ms in the compound represented by the
20 formula (B) (hereinafter sometimes referred to as compound (B))

represents methanesulfonyl group.

In Scheme 2, the by-product (A) from the above-mentioned
oxidation reaction can be mesylated, in the presence of a base,

with methanesulfonyl chloride (MsCl) in a suitable solvent, and,
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As sodiumtungstate and a solvate thereof, for exanple, sodiumtungstate
hydrate is preferable, and as sodiumtungstate hydrate, sodiumtungstate 10
“hydrate, sodiumtungstate dihydrate and the |like are exenplified, with
preference given 30 to sodiumtungstate di hydrate. The phase transfer
catalyst is Reta RRgouAdarn By ,| cohtvedtaadtoscempomhd f {20 a qiaigeiclasyre
ammonium salt (e.g., ' tetrabutyl ammoni um brom de, benzyltrinmethyl anmoni um
chloride, 24 (epmtidatiopn afndaprdmiaym) exi de and the |ike), hal ogenated

phosphoni um and the like, w ta ference given to at er nary am‘ronidum
salt. Particul arlyVih&EOMPRUE ?é&aﬁﬁ?ﬁ%%?ﬁ%@‘ﬁﬁ-b&&ﬁ%‘, remove

benzyl tri met iyd a4y char beRp8hnd e BROSAY | SaTEshHERted dpingXide IS
pref erabl e dlt}ée@ftalo eagg'?évghﬁabi F‘Pteynang _Zconom’ c aspect. Parti c(l%lxarl Y,

t et rabut yl antauiigoand qiz)deassaprebalabdg. whihch ebidwluteacide ware nee ohttaieeds

not particularly limted as Ilong as the reaction proceeds, a reaction at
t he refl uxi ngin arhedle gualdtyednd| Yaeddate (73 - 76C at io atnospheric

re) i ferable. b i i d "
P omoound (3 bon paRDEC sudEaREcsbIFehE A o Tt Eo R M nEREC echVE
exanpl e, JP- BA+332@0hnd sakaliire 888/ ve merntionéed] WF Qfhidic aldluadiedési s

Bi cal utam de can be isolated by a conventional nethod. For exanple, after

t he conpl et i grefferaider £€zomi bhe aspest qofnedreromim aspecictanshMiFns(e. g.
organi ¢ sol vent such_as ethyl. acetate_and t | ike). is_added.1o the .
reaction M xBRSFeIAbdentrPl EhfsagPert eﬂgai%‘ﬁf%’f}[(n)s‘f ‘an&f’naggfﬁ?f” A7 tBfxed
that, zo the gipaie oieS ¢ Rar bbbl ADREEISh A Es @It 118 thayX Iedisear gani ¢

| ayer) is was é?fel‘%r iolgdtgnd concentlrlat ed. Wiile the iagiél at ed bi cal utam de
can be purified byThecamvanti ofiatheesdbdenta oo ez aisest s geineradilyte 1k&vinhg
a higher purity can be obtained in_a high yield b precigitati ng a grystal
of bi cal ut anirdd% mdm pEefespblyficd B} vent .mli'hé’ep#/(}dlﬂ:tq FomeeHBd éf)a
crystal of bical utgmi [ pl al pegd tald:dds t ld QWi Y hyvTaMGHEL | ON -
met hod of crystal si%:‘ qﬁ?c%?%éém e %ﬁ%félg’p?ée"?edn% igr?\%el{l%éon\,e‘lt heypr ogucfi on
met hod of ;2 @y¥SHaheobnhi €BbUL 8RE feandativet Bike tdaraldey nientliotes, t b€ shich

followng Steps I-111: 1. a step of preparing a solution containing
bi cal ut ani detriiethylamépeois spueferakhke reror HSPnopiGy dspestpaRdsbPTent
to the solution,obtai.ned in Step I, and 25 I11. a step of cooling the

sol ution obt ﬁaﬁgdhfaﬁd ELBBw or Il to allow precipitation.of a crystal of

bi cal utam de. Steprhel BmShRL bf Bhé ake aib ntied N lyenaralay delimol -
prepared. s As a nmeans for preparing a solution containing bical utam de
for exanpl e, OGaddmpilonpoeferablyehil? dndl cal UtaMde @RF Be MednefoResponad 5
sol vent, an qgrganic solvents such as ethyl acetate and the |ike can be
exenpl i fi Y e}ad fromthe aspect of io solubility, ethyl acetate is

preferable. The anpygt apbulbCoBOLNEHetrarss 1 Thaerddel ky beOused-id0
m, preferably 1.2 mM - 6 mM, nore preferably 1.4 mM - 6 nm, preferably 2

m - 10 n, generpildfePadfymolnt 0.3 mal, myeferakdy %-04 mednrdl-3 mol,
Particul arl ype}“_-’“‘i”mE)Ee&Oéé’SSéuﬁé Fﬂq.yl | '
The base and methanesulfonyl chloride are preferably
25 added sequentially. The base and methanesulfonyl chloride may
be each added in two or more portions.
| When the base and methanesulfonyl chloride ére added, the .
temperature of the solution for dropwise .addition is generally
0°C - 30°C, preferably 0°C - 25°C, for both.
30 Wheﬁ the base and methanesulfonyl chloride are added, the
temperature of the solution to which they are added dropwise is
generally 0°C - 15°C, preferably 0°C - 10°C, for both. o

The reaction temperature is generally 0°C - 15°C,
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is acetate, it is generally 1.0 m - 10 m, preferably 1.2 m - 6 m, nore
preferably 1.4 mM - 6 m, preferably 2 mM - 10 m, nore preferably 2 m - 6
‘4, per 1 g of bicalutam de. A solution containing bicalutamde is heated
to generally 40C - 70C, preferably 50C - 70C . Particularly, when the 20
solvent is girefleraddlyattdC +t19%C.heated to 40C - 70C, preferably 50C - 70C.
‘In addition, as a_peans for preparing,a solution,contajnin %al ut am.de,
concentration of c’ﬁ’héé-leuftihSan?CEF'eal gi‘%ﬁi W%@Se‘}%ﬁ‘ﬁﬂﬁfq%&’% EERGEHER of
bi cal utam d c ed_l .y : 4SOl Uty bn

Bi cal ut am de TR B B e o B veer caaagY 0'25
sol vent, theext mags han prefeirablgyet3cont aind ngo ixcal ut ani de, preferably
ethyl acetate |layer) explained with regard to the above-nenti oned

i sol ation5 and t h&hlej geactdophEAT aCBYEX F5hd A hifiF it Ak gpesy form

prepared by concentration in St I i j.cal 1 IS
preferably MR thaé&_eg ffﬁ§ gg?eﬁfﬁagegg%&%&gcﬁ%fﬁﬁ of#o?)fpltgl%cryst al of
bi cal ut am dg,x{Ha® it Hela@Ribh §ANERA! 4B&GE-hénLfoned HWIIA Y ndmdly, 40 nl,
preferably 2 m. - 6 m, per 1 g of bicalutam de (under atnospheric pressure

to reduced misssineeontaParingcgbmpbyndwhan and bptpeedudts (@)Hyl acet at e,
the solution is preferably concentrated g&neralli/ to 2 n “-6’61;110 51&?‘ m - 6
‘s m, per 1 g oBYhCORVEELAPethRs PErPESARSh FAl i th, CTHREUEGhd&drr HP&d
solution s fs LAkaredsat NREH A& £5 4 £, 1¥fa IRl @ah0oBeOf
the cr ystlgl ﬁaqﬁ'?ﬁ%b%ﬁa%&&g’h ?Eeg%gnggﬁé?at ed solﬁsti on ils amai nt ali ned ©
general |y atimpdGvedd0C, preferably 50C - 70C. Particularly, when the

solvent is ethyl 10 acetate, the solution is nmaintained geperally at 40C -
80C, preferably 5fbe progreseepf Fthr%?%El‘P’P,C%nh%r%ﬁg‘eﬁgﬁ’Ys ent is
added as necessar 0 uf i t 2 [ +H ocar bon
sol vent to be use?h}enréggﬁi?b 1}1\%9121)1(%%3 |I?$lg% @?/é?ugﬁbafnéﬂiggigng%@&t rol eum
ether and tRadhde® iwolAtAbal ahanee puveficatihexane and heptane. of these,
heptane is preferable, and n-heptane is particularly preferable. The

t enper at use S¥fept Be hydr ocar bon solvent to be added is 20 generally 0C -

50C, f bl 15C -..30C the h [ i h
Domerature of t haRsSEER Bn BRPaFHEROYRA (FE  £8Y ASmE (29, BiEinetEn
general ly 4Qqe a%@@e—ﬁt@ﬁftg.bﬁEHYS’égﬁ A dRAE. 4 PaTddEstpidphendleariehgeaekednt

- is ethyl acetate, it is 40C - 70C, 2s preferably 50C - 70C. The anmount of
t he hydrocariortheolpresence bz absence of ep hase steenisfen|qoppeundyi(3) -5 nf |

preferably 2 m - . _preferabl .5.m,- 3.5 . I ref gr.a -
3.5 mM, per 1g ofInbggﬁpuiaanPB‘é?egﬁ&fchﬁ%YI?/f, %%n%]hucfr%g%he& r%'og‘gr g_hérégggﬁ
sol vent i,§ RRRY 3Rethel presenber 8kl ¥ BaSeMn-tHe Orddot Wreisyistleny Whichl in
3.5 n, preferably 2.5 m - 4.0 m. In Step Il, the rate of addition of the
hydr ocar bon tsuinv dmprioyvege tbeaphyityOand/ yheld -of therghhiainest epgpgbnd {30-
27 Mm/mn- 40 M/ mn, per 1 of bicalutam de., Partigul at| .when t he
hydr ocar bon sol vel®® S&eReBr aliB® g?sf’slﬁ(an Tl ?V‘&P]f'mﬁor#ﬁm- %%I%ﬁfgm n,
preferably i MAaroxifel) SbATLR: cAPENREES Gt 3 tnd Hdr@xide and the
m/mn, stiﬁ&#o%rﬁg?gfg%agly 1.0 s (r:ﬂ/m'n - );fe% rﬂlsrrl?n. Step Il In Step
111, the sollitkean Pbomi bhd ecombmric |aspedt, i sodiom diydnexdldeosppaeifgrabieeon

of a crystal of bicalutamde. In Step I, .the cooling, tenpgerature _is 0C -
40C, io pfefs Aadiumchydzeeidry aape ‘F%r%‘B‘flﬁmﬁd&&@@%‘.el Ya8™ . the

cooling ti "%%e?fe‘_i%@ﬁ%?!f&)ﬁmlﬁpé eadfnbis BFeiRE qp%ﬂ%ﬂ'irw -3_ Aléofiher8®a Ely

preferably St nore preferably 1. ro- hr. During cooling
in Step |1 awideblie agueonsaisodigmi hydroaide aso et ion meyf dealisgdsaisr Asd
and then the vessel is left standing as necessar | e_of Steps

I-111, when i@ mioFedsesl fEREToALIARRIPDacRR & %ﬁﬂi&ﬁg S?agggda%?ous
ipg,ec:c 8|rtat| Osrc])cﬂfuma hifd%‘%&iheogoﬁzhﬁfbﬂtwg@ué@cﬁ’ fé*%ertahﬂrye%f wt@ beoused
30 wt%, preferably 15 wt% - 20 wts%.
In Step B, from the aspect of operability, a base is
preferably added in advance to a 4-fluorothiophenol solution in

a suitable reaction solvent (more preferably dropwise addition
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20 exanmple, 3.5 - 10 m/g. preferably 4.5 - 6.5 m /g, of ethyl acetate .
relative to conmpound (3), and, for exanple, 2 - 5 m/g, preferably 2.5 -
“4.5 mM/g, of heptane relative to conpound (3). As an exanple of Step I-111,
when a sol ution containing bicalutamnde is prepared by concentration for
_preci pi tati opfoh gslaticystantainirigal waed)de ancheompgandc (Rayés added to
(preferably ethyl acetate |ayer) obtained by isolatign.is concentiat ed to

the extent fthe nixpurei(Mere pFeiarably SrsRvWise ddiftionghcanErapkion

sol ution of bical utam de referahly ethyl acetate solution) is cooled.” The
cool i ng t enpEPREAIRING ‘Fﬁé&’%@r%’n ao 50C and lower than the reaction

tenperature, prefezabl VsShGpIdGeitid SN, - PO at ¥olLebn8sast6ht s
“precipitate. To this solution is added (preferably dropw se added) heptane
at the samne telwenaj Urkr, atebuteanol rendrithteurld Kes angr meat iopetedofswhi¢hoC -

40C, preferably 15C - 300),. whereby a highly pure.c t.al of bical utamde
can be obt ai ﬂﬂé.lByPWW%ﬁx%th@“%ﬁfﬁp%c%PfgiS al'l“%’%‘jrhgge"gscﬂlﬂﬂ??%%gw)
above, a cryéf;‘]g%e_‘tl bi cal utam de having a high purity (98.0%s 99.9% can
be obtai ned I igh yield (98.50%- 99.99% . The crystal pol ynorphi sm of
the crystal of bicohetamowe iGf evad urdaert ilon $olaendi tbr et used( X&D) and _
solid 13C NVR neasurenent. In addition, particle size distribution and nean
particle sizeenérahbyctymtat 48 m).canafenadpdyarle ™ so2feBdur BB 109 THE

crystal of bical ut agn'gg obt ai ned by the production nethod of the crystal of
bi cal ut am%eSBPYHRY pf£kent i nvention has been clarified to have '

characteristics shoy® ddbdrite doldnanibaseEty pecuseBeds Yeteradly Enbodydng-
the Invention is The present invention is explained in nore detail by

referring toltBeméb} | pwefarateleriofc molxandl-@smedd BeZnpl BEL QAi¢h are not
"to be construed as ||initative. Reference Exanple 1 Preparation of
mono- per pht hEFIRCAEREPBREIR vNni zed water (125 ml), NazC03 (31.0 g, 0.25

mol ) and 35% HzQz i.gﬁtﬁr&n& Y1) ma b%usaa&ai-uebngbaraﬁeefruﬂmw

four-neck flask, an m Xtdre was sfirred in a dry icenethanol bath at

-5C - 0C. 1s5Thgi€h ca v@ss aghslel, hiidial ivolamey difi de sp3ve@ty(e0g2s hydyocaxbarhe
m xture was stirred for 30 25 mn. The bath renoye et hyl acetate (100
n) was addeSPlvenrt® sHch lﬂ%,t%ntenéntde% ﬁﬁ?‘?ysf‘@ﬁi gﬁ@ i‘b%ﬂ.a??é%ﬁl‘f% a
sol ution obtaj ngc ' -t%lﬁgs % M) with deionized water (50
m). After p ét??’?%?%%ﬂt e a{%ﬁ'eoc')::%%lgg;}%#ﬁwas extracted w'th ethyl acetate
(60 nl). The obtaimes wenperdatule Ifareadditiéngpivasbaakens ugerexa by W08 ed

Nal - 1 PA (isopropyl alcohol) solution (5 nl) and 10% acetic acid-1PA
sol ution (203910, wyefexabdy PReret?P°CFhe nixture was boiled for 5 nmin. It

vas titraged wih fhd N SHEARA0 PO LN 3] %&gcgﬂgﬁghﬁn(2ﬁi39§%esﬂlly

result, féno- perp C aci d was present 1n 3 the yield
76. 9% Refergnrce @saﬁplgraf&mmsd% of 10°c.

N- net hacryl oyl - 4-cyano-3-trifluoronethyl aniline s Usin )
4- cyano- 3-tri f | uordmen sampaunchd 2and smadeiger ¢ropwieR| Bg.i fesatution« ity -
LS S 50 B el BN SARCR ! Botgnt it escrhed
4- cyano- N- ( Zarfa epige v TP id® hit il @ )is3 pireifelcableneronl shel aspect of
25 solubility of compound (2) therein. The same §olvent as the
above-mentioned reaction solvent is desirable. The amount of
the solvent to be used is generally 1 ml - 10 ml, preferably 2
ml - 6 ml, per 1 g of éompound (2).
The reaction temperature is generally 0°C - 30°C,
30 preferably 0°C - 20°C. _ _
| - While the reactior_l time varies depending an the reaction
temperature and other reaction conditions, it is generally 1 hr

-~ 20 hr, preferably 2 hr - 15 hr.
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N- Met hacryl oyl -4-cyano-3-trifluoronmethylaniline (13.8 g, 54 mmol) and et hyl
acetate (40 m) were charged in a 300 mM four-neck flask, and the m xture
“wmwas heated at 50C - 55C. A is solution of nono-perphthalic acid in ethyl
acetate (108.05 g, net 19.82 g, 110 mmol ) was added dropw se at a
tenperature in thwheangebase 50€ us&bGoadier8 By 1@ baspet eptRer riham e the

b - ti dt t f 4.5 hr, lut i, f h ic.acid
" et hyl acoPavE-RERCANG] Y BE GSH (G - MR WD ey FReRCagheli e
dropw se ng 19 ? B kdNeOnd NERLT XIRE F. Wiﬁ% ther badef Ot riethy Paineiis

A r('?'l gH af" The

standi ng ov rébom t enperature. m xture was adjusted to pH=8

(uni versal ieeifepapee) fybihtRe%speeoust Kk setendmit @upardrt i Thoadditive,
organi c | ayer was washed with deionized water (20 m) .in which ﬁs %ZSZCB (
5 . 0 g )shattepeenbapessnohdas ge¥tethxiammssind ddeoildie, df WoeA atRPfvat ed

carbon (carborafing 0.5 ). . and, copceniialebuuiials Heducel BRASEHES: ike

Tol uene (60 t ue an m xture was heated to 80C.

After cooli gﬁ%@ 2?2?: hBe BbXh§e€ ¥@Sa fédlverited to give 4-cyano-N 30

(2, 3- epoxy- 2- tﬁy propionyl)-3-trifluoronethylaniline (11.37 g, yield
77.3% . Purity 98TH® amnahytofatheldbase 1o MR UseshNig, geperad)ly B=8. mol (s,
1H), 8.01 ' (d, J=l.BHz, 1 7.90 (dd, J=8'5, 2.1Hz, .AH) . 7..78 (d
J=8.5Hz, 301-0 mPlll—IPFeﬁ?GIB_g%&oﬂ-l)“Sgll.'%o ) .Peédm"}?%‘ Qfsﬁﬁ{“ Qand

4' - cyano- 3- (,4-f l.yor t hh0) - 2- hydr oxy- 2

met hyl -SJ?t r(iﬁf)l l?%l‘ gﬁg'pﬁw%r g%%nani lide s Exanple 2-1 The title conpound is
prepar ed accor di nghkoainbantedhothe es<cflimbtimichhevted. tohde nsedgads 954- 959.
NaH (1.86 g, 46.5 mmol) and THF (30 ml) Werer%g;a]égad in a_LZO 51 fﬁur-n ck
flask, and enexaldyr d -RaBodt rriel BoberPTeke ihFolaFtudr BPAY oBRENOI
(5.16 g, 40.3 | ) wa [l yt L3h .and the solution was added
-dr opwi se. At &%qg#r Floﬁgg‘ggéri gg)"n‘j?%cgﬂfoﬁrﬁ? (Q))

4- cyano- N- (2, 3- ep@ren2anBhbel psovséayin -Step fB Uafroretind aspecteofl10. 37 g,
38.4 mol) was dissolved in THF (50 nml) and the sol ution was added

dr opwi se s Afdperabd 1dtiyn r An§laerothiephenel pis PRgkeradhy &fdedd 10ha84FARESr e
was stirred overnight at

tol uene (4049 F émgd(ﬁ@éozgﬁgfggae%fiﬁf%p%éj[)a?@rcﬁ'ﬁiltyg{r?g’g.a(négtagir‘%tsgggﬁri ne
(20 m) and Rided racehat RikBAral) sanacidded ophenbe magabecdiiyeed awmith he
m xture was neutralized with 5N HC1. ) )
solvent (e.g., toluene and the like) and the dilute solution
may be added (preferably .dropwise addition). Where necessary,
20 4-fluorothiophenol may be further added in two or more portions.
The temperature for addition of 4-fluorothiophenol is
generally 0°C - 20°C, preferably 0°C - 15°C.
The temperature for addition of a base is generally 0°C -
35‘5C, preferably 0°C - 30°C.
25 The reaction temperature is generally 0°C - 60°C,
preferably 0°C - 50°C.
While the reaction time varies depending on the reaction
temperature and other reaction conditions, it is generally 9 hr
— 48 hr, preferably 10 hr - 24 hr.
30 The reaction mixture may be used in the next step without
isolation and purification.
After the reaction is completed, a conventional work-up

is conducted, and where necessary, isolation and/or
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a0 After partitioning, the organic | ayer was washed twice with saturated
brine (30 m), dried over MgSO4, decol orized with activated carbon
“(carborafine 0.5 g) and concentrated under reduced pressure to give a
-residue. Toluene (30 mM) was added to the residue, and n-heptane (22 m)
was added drﬁ%@ﬁ%a%&oﬁ mhayt BapgppLieg. of 70C - 65C. After the conpletion
"of dropwi se addition, the mxturée was cooled to roomtenperature and
filtrated t st@p/€ t he obj ective conmpound (15.74 g, yield 93.9%. Purity

98. 7% Exanple 2-2 30 4-Fluorothigophenol (2.7 ,+ 21. 8 Jmol n HE_(30
m) were charged I §t€80Cn S'Fig?-gge‘&‘?%“??‘&&, (g?élﬁdlﬁ r?éc%ﬂ'%eﬁg éC%wggI?F Frred
under ice-cqgl | 9 ou ' . 37. heMBLes¥fms added
dropui Se. 1 herSabFmlde B2 e S apiefiohtd Srdgic 88 EnaTpkis

et hyl pr opi amentic iifsl peredeeabyy thatiweilfd. mong;pexphthaidlc) agdd or
dissolved in THF (25 ml) and the sol ution, was added dropw se at a range of
5C - 10C. Afhydrogen pexgxige 2sppn e¥ldizind 139¢RY- and saturated brine (15

m ) were added ang,th Lxiur titi 3¢ g}tqg i G2
was added to the g‘rhéaa f‘g'd%f/}e’ir{, Egn\%é?ﬁgéo‘?égiéﬁ???%ig& S ad]tit%lsta géat gsthﬁ
(uni versal tSstdiRARRY hgenth iBNekbla@hed s hele fAdElawidgu e was dried over

MySH4, decolorized with activated carbon (carborafine 0.5 g) and _ |
concent rat ed underInr Stepe€,pmesstperphthalif acid s sdligile 1sT@NUEFEAEZINE )
was added to the residue and , n-heptan 10 m) S d i eto
at a tenpér AL 'ofls76‘éd-e%6§€. cﬁ?‘?@ﬁ“‘?h&" &oﬁ‘bl 2t7on Qﬁ@e[ he a%;tg% %glbgm:'
addi tion, the m Xipe (8as+3bhousHviRt CORL AN & ORsR IRMRRIWEION eeakdibnl tnat ed
to give the objective conpound (7.45 g, yield 90.2%. 15 Purity 99. 0%
Exanpl e 3 SyStidpesi sisofpreferably ethyl acetate from the aspect of

4' -cyano- 3-[ (4-fl uarophenyl)sul fonyl]-2-hydroxy-2nmethyl-3"-trifluoronethylp
ropi onani | i d%PQFakeQdM-G-M-f | uor ophenyl t hi 0) - 2- hydr oxy- 2- nmet hyl -3' Zo
trifluoromethyl prgpio iLidee( 2 ) I O eraqakatiem2Q
'm ) were successi \%ey c%gbgegfi %ﬁg g%%v%éef%%e%iﬁll astlgaﬂand the m xture
was stirned amagr, i bilgg 1(8GnIC-. 18 mb} uprefexdblpnomerpiX i Bozei d
in ethyl acetate (166.58 g, net 22.31 g,. 122.5 m"mlr% was drc;pvm' se added at
not zs hi gherefienablycl.Sndlt he2whxPlr ePRs! s¥i ¥ £PHRAUNA H3) A 2006 KOH
solution (117.5 g),was._dropw_se d h : i f i
partitioned. The &{?egﬂlsuﬁgyce)r% &gg lggrt‘(tr’g@tge wﬁ?ﬂl%t yJTH ?(?lett’;et \3%(%510131 ) .
The conbi nedyexidailsy 12aNemonas pembiy prébesalsby u2 i Drma sddisumaldyrosul fite
(3.0 g) dissolved in 30 deionized water (30 m), dried over. nagnhesi um
sul fate and prefagablat dmedder or @Qéceﬂoﬁ?eggﬁif%’?a@%y?'sad‘Q]at’e%('%Gmr‘ﬁ Y was
added to the resjdue and th 1%t  was heated to 60C. n- ' Heptane (40
n) was éﬁdé&e%%ﬂ\‘ﬂ éﬁgtcoén ghrréerg?l]re of 60C 32 65C over 40 nmin.
After the conpl et ixn HPmdthOdropWagaiAgdinbhorRpet hletina kiairas whs dxldpevise t 0

cool to roomtenperature (about 20C - 25C) and filtrated to iv%
4' - cyano- 3- [§ddition of mono-perphthalic acid solution is preferable from

the aspect of easy addition, safety and operability. When
mono-perphthalic acid solution is added dropwise, the solution
25 may be dropwise added in two or more portions.

As a solvent suitable for the preparation of mono-
perphthalic acid solution, for example, ethyl acetate, ethers
(e.g., diethyl ether etc.) and the like are mentioned, of which
ethyl acetate is preferable from the aspect of safety. It is

30 desirable to use the same solvent as the above-mentioned
reaction solvent.

The concentration of the mono-perphthalic acid solution

to be used for the reaction is generally 10 wt% - 22 wt%,
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fluorophenyl)sul fonyl]-2-hydroxy-2-nethyl-3"- s
trifluoronethyl propionanilide (12.24 g, yield 91.2%. Purity 99.97%
" Exanpl e 4 Synt hesi s of
-4' -cyano- 3-[ (4-fl uorophenyl ) sul fonyl ] -2-hydroxy-2nmethyl -3"-trifluoronethylp
_ropi onani | i ggrefledably Spnthesi-sidfwts. :
4- cyano- N- (2, 3- epoxy- 2- net hyl progi onyl)3-trifl uorome%h | ani | ine .
N- Met hacr yl oyl - 4- Bpgnemaunti PEuBRenEP Ky 19 e (use %’,r §81%0 PRBAF 2L AGR
ethyl acetate (15 m har ged .i 0 f : fd g5k _a e
nixture was %&p@g-ﬁgr‘éﬁﬁagg& d l‘lisgos%ffg (?%nq%fé)érr%en%ﬁg' r Sh?ﬁal i ggafcl:\:iél in

ethyl acet a;;&e(f%%%ﬂ 8.5NRL 21748 @1, Miécd proterawty @ldedildropwinde peer
3.25 hr. After stirring for 2 hr at the above- nenti oned tenperature, a
sol ution sf Innefpmopbi-palrpbthsilici ackédhyl acetate (32.55 g, net 5.37 g,

29.5 nmol dded dr opwi 5 njn. Then 2a the mixt irred
For 2 hr hnd Teft AeandnRGmaDar HEGRECHE LIS i Foreh HiArD Lo e CE PRV IRS
adj usted to }%f}(a%%g@%&sét agﬁﬂ@i&n Wik he #S0 Gl U T dient ettt bAN of 100

m), 10% Na s ad to the m xture, and the solution was
partiti oned.thEh&od@dminC fozy dropassaasdéilt ivn hard stémpematufe 28 MhR2S206

5.0 in deionized water (20 m ), dried over S04 and subjected to LC
<(51nal ygl) s. - |solsdrgin ifers dﬁQ(BWF'Léepi)%é’éé‘Fl‘é’én%’E ok ’\&‘ﬁpﬁ@i‘ﬁ‘tﬂﬁ‘ J(3"!" U.?’GEE’I\/er
aqueo KH2P04 sol utign:acet Qni.f,ri =.H0: | S S
CE]EIZUtS eﬁﬁe%ﬂﬁ'@egplﬁ’%%%egglﬁét %giugﬁignj?ngf%%évg% a@%ﬁ&ﬁ%tng%%\]i\h n

the LC sensif iy fimir0L 4h@19RiaGt prerepanyy f orm¥/min - 3.0 ml/min, per 1
cyano- N- (2, 3- epoxy- 2- net hyl propi onyl )-3-trifluoronethyl aniline] was 100%
t hat of the gliafi dompoupd- ¢pano- N-(2, 3

di hydr oxy- 2- net hyl propi onyl )-3-trjfluoronethyl anjl.i v+ W

by- product, was 5. & ?%n —R$5Pé{:%ﬁfb? %‘%JOQI ?%jr'##%] lmﬁ%dsd%iﬁse'
4-cyano- N- ( Zp3s %%E;\é-z%tﬁ%h»skp&ﬁ@ 88Yhtién t tbf | aesmimidddaiitione iBhe

reaction mxture obtained in the above-nentioned (1) was concentrated under
reduced psesgettexraldyd 0PO! €ede’q,5Prefprablyad°dde2bThemers. PraECERRIYIre was -
agai n concentrated_upder reduced pressure. Toluene (30 m) was added

thereto and ¥hE€ mi #Pre was stirred under ice-cooling. MsC (1.35 g, 11.8

mml) and Et3N (2,390, E\én@— t;)xtﬁ@ifcagéifé SE PPN SE B diRledidgbpiviklan
10C. As a result of the anal ySi's (under the is sanme conditions as the
above- ment i aiiasl tempeatadiutrieons) thehsotiibioh oton wascld. Frs msina-tReTrEHISp LA6r m

O opwi s6. al 4R AfikAomas SUECIAdraOPASEI 12 FERRiALE bt yePe Sunder e
S21E, SOt | SR Alp OSB! LR pLCreRBly) 9% dire, Duplasonboa s
4' - cyano- 3- (grdferaimaghengl thiojc.2hydr oxy-2-net hyl - 3" -trifl uor omet hyl propi on
anilide The reaction temperature is generally 0°C - 60°C,
pfeferably 0°C - 55°C, more preferably 0°C - 20°C, still more
preferably 0°C - 10°C. -
25 While the reaction time varies depending on the reaction
temperature and other reaction conditions, it is generally 0.5
hr - 24 hr, preferably 0.5 hr - 15 hr, more preferably 0.5 hr -
5 hr, still more preferably 1 hr - 3 hr.
When mono-perphthalic acid is prepared in the absence of
30 a base, mono-perphthalic acid may be prepared from hydrogen
peroxide and excess amount of phthalic anhydride at the above-
mentioned reaction temperature in the reaction system of Step c.’

After the reaction is completed, as necessary, the .
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The reaction m xture obtained in the above-nentioned (2) was cooled to 5C
under ice-cooling. After dropw se addition Zs of 4-fl uorothiophenol (7.60
“.g, 59.3 mmvl) at not higher than 10C, and Et3N (2.42 g, 23.9 mmol) was
-added thereto. After 1 hr, 4-fluorothiophenol (0.5 m, 0.602 g, 4.7 mmol)
_was added t hesattiomn\fdyesten marye beomaded+dl ber weakopasiol (¢ 035, rpH =8)7 witthl )
was added and the m xture Wa% sti,rre verni ght al_room 30 ter;Pa[qﬁrature. The

reaction m @ P HH A ROF3SF P FEHBFLAE / (RE“ATPTIUR LHR A 0 ARG the
Sat urated brj ;3 i re was
adjusted to jbﬂg%'g anr}n%/a rsal q%g)gtg t%gpé?)a/%? ﬁﬂgﬁf%%ﬁ%)é%ﬁ%ﬁmﬁﬁed.
After 34  .welrk4ug. over MyS04, the mi xture was concentrated under reduced

pressure. Toluene (50 m) was added to the obtained residue and the m xture
was heated to 70C.Th&Gass sdrexrsr BYArCggrbBREPRAde bSougsd A% an AXidizdngl. o

g) were adde nd. t ' | utl . N t stirring at the
above- nenti o%%ecﬁﬁ &%rﬁﬁpu?eigo%&bggﬁﬂga ;\kt é&gaﬁg%@n&%\gﬁ?b cool to 20C, the
mxture vas filtraiediuatiide aadubkl BeoBAEEY in Step C by reacting _

[ 4' - cyano- 3- (4f | uor ophenyl t hi 0) - 2- hydr oxy- 2-net hyl - 3" tri f1 uor onet hyl pr opi on
ani | i de] (18arpapnd RW)i withs aqueoypschyidrogen. pesgxdel in ethe gfrgsenceoof
(3)). (4) Synthesis of . .

4' - cyano- 3- [iﬁ’f%&r"d’;ﬂ%ﬁ}le) 9% PoFPLVaR§ aFBRY oL nePhSHY HPhesRhINIS A%dthy ! pr
opi onani |,,d I dd igle rge(18. 14 g,
45.5 ol &ﬁiwn AR E%tﬁ%ngg%\fgk%%ﬁ??gﬁédﬂﬁ3%&%%?%&%%2 m'frgt g}ee was
stirred undespedieficqolfioxrg exampdkeyt sodioh tonggeapdtdmla se@liate rthetieplt,
acetate (116.22 g, net 20.73 g, ,113.82 mmll): was added dropw se at not

hi gher than BRERY t@sﬂhﬁ’é‘leoﬁ‘gllét'i 8nPBRSEHELARBESF AL TS AN AAMERRSh was

renmoved and ] SLi-Rr nk gh t,g{ggg atyy£.4 The 20
m xt ure was ﬁﬂ?ﬁé&ﬁe&o‘é@lﬁ&%én?gggggﬁ %gs% %%%rE W t 20]% aquéaous KOH
sol ution, ansblaftiemn pdr compenindg( 3) hénoeghyl catety®te s adidtk dtharietol0%
aqueous sodi um bisulfite solution (60 m) and saturated brine (60 m).

After drysndChs dletiigdoforaaddiagea eatBbion 0°ECPPARA afde d-tafF e

m xture was Zs filtr.ated, The,m e t nder  redu .
pressure an(fce%tr%ﬁe del’ FeP?EBlﬁfi}gﬁggmgg‘a’gg&?bn%‘@ (rafejoslluc'uea.mP%h%é %ﬁg far -
was heat ed t{fi2Gom! liaedtioncanl tRe 1b{kangré i étemdeik i« gi Xedropwise

4' - cyano- 3-[ (4-fl uorophenyl ) sul fongl ] - 2hydr oxy-2-nmet hyl -3' -trifluoronet hyl p
ropi onani | i delditd.oev ig) predeyable Because ptire tRea @b ths HfACEiONSEANRNES S
of s . f s .

4' - cyano- 3- (ef-sflIILYorrc?B'ﬁé’ﬁgl't thb? -2- %/d}e(?xeys-s?r% hfﬁr §h-et rafifillﬁ(l)'?grr%?hyl propi on
ani lide 35 gdwd¥atingcny ayh- 4- SYEEQ-éelﬁéh&iﬂ@r&ﬂEﬁﬁé”ﬁHdﬁimﬁx stale.g, 59.0
nmol ) and et%yl acetate (25 nml) were charged in a 500 m four-neck flask
and the m xture wihenchydyogensperogsde s swsed iah &t Ms-ziddpoROeAL c1kci d

in ethyl ace 16Q..14 21,4 118, 0_ ) dded ]
over 3 16 hiS ARSERIIAy AL SERYACASBEVES R ISHE G diraiive (DB 1
sol ution of yEmnerdeeRRIabetatbdisNe8bidMiLE] afds{AEs Vxitlatieh,6ahd s -

33.6 nmmol) was dropwi sé added over 1.5 hr and the m xture was stirred for
1.5 hr. The fiiea wfe dimxiadjppenedntingkrations gnifusrther,t avkesapde) with

20% K | uti 100 m d % NazS03 (45..40 dded. Th
o anaC i ditaation sgackian, hetupadnvell Ahrcoengtiiey dhhat 2o2sitesn <
of NazS205 (e gthbun® ©¢i f@ﬁ%lgﬁdat‘f@{:ﬁfe(@@ b Jusedl iderrdl igxd agyer MySO4.

When the LC sensitivity o e epoxy formis 100% is the diol formwas
6.91% The qariicedarcadmitatibrtaseclong a®nsEinriie disipssibdéucddghen
pressure and then toluene (50 m%ijas added thereto. The m xture was again

concent r at eFhgh @BPUNEJdScGePREALLY eNOt ol &%H LR IS~ Hfd88 heret o and
th i Xt i d Iy CE= i , i d
E N (3. 53 SYEtRbLyC €8 2BCPh1aChebatt; Morditederailyda k6 oTERIY 27

resul t ofyo ety 9ifS copaandt (8) samherpnd tiiso2s tas 10bgoddovelight | otipel LC

conditions), the diol formwas 0,37% of the epoxy form 2s The obtained
reacti on m neacdiglds proceedst eastlyinerd $eteoUg nkf @B&SY-uor ot hi ophenol

9.15 g, 71.4 mo was .added dropw sg t.here i hi S
(After 2 hr. 4f 1o th‘bﬁéﬁng(69§‘\‘A1;r1?°o‘?%o‘t§%}a’2f?%rﬁ%: rl\eﬁ‘rxaé’t‘?grgtr%gr%’aololeol
thereto and pihgofient peeokddesErbneeheVaipedhto fterwidniRitaI deatighety The

reaction m xture was added to saturated brine
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(40 m) and the m xture was partitioned. Saturated brine (40 m) was added
to the organic layer, and the m xture was adjusted to pH s3 (universal test
“Jpaper) with 5N (nmol/1) HCL 36 and washed. After drying over MgSO4, the
.m xture was concentrated under reduced pressure. Toluene (50 m) was added

_to the obtatped {&ebimsnthydiogenperexide pratiadesooRY. waker a8 el R¥ar bon
(carborafine, 0.5 g) and y-alumina (1.0 g S were and the m xture

' dded,
was stirredprodutie afksr-9widatoaid Ile@ﬁﬁé'-togt'ur%a?ﬁc‘i Yr, a8fFTen
filtrated. After allowing to coaql .t ' Xt Wee: 44t 0
.g: ve a sul f REErPYRm Ré\!_\]@?c.’ ) Iﬂfr":i'f?ef?a%g? 5%@%??3%%5}%’;?#1%&%1}%&1 0
Synt hesi s Oﬂqﬁl o at%d.ﬁ:ﬁél fd4d;aR{ee Muhtifigo - 2ovdnexytien, of generally
FOor orret

met hyl - 3" -tT7] propi onani lide The foll owi ng reactions were
carried qut20ndesos, nprebgmably Ak ph@58 ,uilseysedar t Agupels \QIen ed.

N- Met hacryl oyl - 4-cyano-3-tri fl uoronet hyl ani |l 1 i ) and
et hyl ace%/aPér?&éd%l}am% letféFlPJ‘}feed‘tll}‘? %bfmr}‘%f g'u??%egﬁ #’?3’?%?9%%?'[%(3

m xture was,h st atid WAGED 168 Porwibal ity bevexplesidn 1dhd
m/mn. A sgeﬁ?‘}%ﬁ ]g# jlr'sr%n%s- per p%%al Ic acid ifr?bgt hyl. acgt ate (119.4 g, net:

21.5 g, 118ignBtdndascal opwhee anddat afiduskethiexeaf eimamolay rraddld dis 2 20
hr. Thereafter, a solution of nono-perphthalic acid in ethyl cetvﬁe (.55.7

g, net 10. 0ggnesalhymhyt wbesHr gl e adfdd e e CARPHF $a *stTtred T or
D i A s, o A5 At i

x
was addetf di8p : o aqueous sol ution was” adde

dr opwi se angd,ashhegdl & e MRSt e 1t tarl fionepdz8 st 1foct ider st inprefefibly
organi c | ayer was concentrated under reduced pressure, Tol uene (50 rﬂ)thvvas
added t her edegaadetihe i ricsiuoidonagsi sudsppenvibhehigh geled ¢ the

pressure. THF (90 nl) was added tao the residue, and after dissolution, the
m xture Was_m@&gFeHaF osbsnﬁeﬁ?ﬁ?@rypﬁane@oc Et3N (2.4 g, 23.6 mmol) and

Md (1.4 g, 12. 2w§HR|ﬂy&€6§e§L§éﬁ%§id@h}sQ@Biﬁa#@mvwo&&dﬁ.héngtagantnm

hi gher than 10C and the” m xture was stirred for 30 mn. Again, ' E{t3N (0.63
g, 6.2 mmpl srepdchbas &0réscyion. Catakysdt mer cadalyst GYRLER 28481 HRr et o
at not higher than 10C and the m xture was .Stjr.r for 103 result
of the LC abangstateaodid| SPLYATSaEhe s RiEnYRNOS °é‘rif-a Fela-pade

4-f 1 uor ot hi gphenal _( 75 dJed. MiBk) an@andi bet edchi o saditeme (15
m) and the%%aggggfcu??%%lggg Ja't%de ]élr%?owi se at not higher than 10C. After

stirring fokudgitatibherbat sobeste eumwemebinpheny kpba nigs asifr ped BRaFBom

tenperature for 2 hr. Et3N (4.8 g, 47.7 ymol) was .dr opw d t Reret o
and the ni xtt¥easkes ﬁé‘é%ﬂs?ot@,o}@a‘h%e‘gtﬁ r%%f‘efroa}sué’ Hfo.t j\%s%r q@g{)ﬁ ?n% to

room tenperat yre, t §d1bLi 18 fd s MnoM@prasiatHikenaeso —asdmbhe,
m xture \ﬁ&s“}? %t’i p%%ﬁ%%?ﬂégtﬁrgt ed brine (500n1)59was added thereto and the

m xt ure was gdicefip®dnto (Ph3 Whe wdres @imauest ofaeyen @nehofsyhes2 and
partitioned. The organic |ayer was concentrat un r.edu eSS , and
t hen tol uensat@dysts kesbadaegd AptLesfst t(ftrjllq “E%L%Sé%ey%%gﬁ%lﬁg ‘8{8.975 g)
and act vat ed ogrbon (0.90,0). ere gsledisRoE AL iyl HeprEiibhigea, vk ich

filtrated. 5 C&F e mxture was allowed to cool to not higher than

10C and fil tyateghreFethkget hert i s mefamably 019, 71 SgmojbefyoB3the; aspeqt
from N-net hacryl oyl - 4-cyano-3zo trifl uoronet hé/l aniline, purity 99.4% (LC)).
Exanpl e 25 of reaction time and economiC aspe t.

As sodium tungstate and a solvate thereof, for example,
sodium tungstate hydrate is preferable, and as sodium tungstate
hydrate, sodium tungstate 10 hydrate, sodium tungstate

dihydrate and the like are exemplified, with preference given

30 to sodium tungstate dihydrate. |
The phase transfer catalyst is not particularly limited

and is exemplified by quaternary ammonium salt (e.g.,

tetrabutylammonium bromide, benzyltrimethylammonium chloride,
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[

.ASynt hesi s of 4'-cyano-3-[(4-fluorophenyl)sulfonyl]-2-hydroxy-2
met hyl -3' -trifl uoronethyl propi onanilide Ethyl acetate (130 m) was added to

“4'-cyano-3-(4 as

f 1 uorophenyl t hi 0) - 2- hydr oxy-2-net hyl -3 tri fl uoronet hyl propi onani |l i de (16. 74
g, 42.02 mmujetrabmtylhemonitmr bydesxsderard the (G keldehadlogenadiedng. A

sol ution of nono-perphthalic acid in ethyl acetate (116.72 g, net 19.13 g,
105. 03 nmol Phesehoadsg ardphhcelther e‘t’b‘t-l%tpﬁ%ferrﬁ%rglt% t%cﬁ“?ﬁfeﬁf‘taﬁ/

oo S PR LT S s ettt

wWas stirred OVErni he reaction m xture was washed

with a sol utyr@miefe S @enupl kirsmbthy tamoRug) ch Towides rox 4@ tabudryd ammenium
m xture was partitioned. The 38 .. organic |ayer. was concentrated at a
bat h t enper diydnoxddegdsopeefntablayfuackd seasy 2R iMabilddydiand eceachiay

distillation tenperature 75 -. 77 { ke th Q) Ut | .

ST owi ng 0 AR DoREEGHLaBlYy LetErHiTTlpnoritn MOy reFeralbel
and filtrated to gihuQedthbYsbabt9bnt PompéiiCurommouHt EhtECuhr1yY el d
85.7% purity 99.56% Exanple 8 Synthesis of

4' - cyano- 3- [(iniftedomspienygl asuthenyeacioy dpocgesdss iy |rectian afoitdget hyl p
ropi onanilide io Sodiumtungstate dihydrate (1.48 4, L), ,

pheny! phospA&HilaXdaidd t@ﬁ'ﬁ’grgﬁ}’rﬁ.?g ﬁ%wi,a? E?ta%ugm é'n%&ﬁgﬁﬁ%brom de (725
m, 2. 25_1mt}nea heild g;%ggu§g%;@%ﬁgfgf@faeré dardddifsed the kehek it kinee

charged in a tion vesse m xture 1s stirred at 15 - 25C for 30

mn. A sol utgsan b shoritened.

cyano- 3- (4-fl uorophenyl t hi 0) - 2- ha/dr oxy-2-nmethyl-3"trifluorongthyl pr ggl onani
lide (89.63 g, 22FhensompeHndt hy) GaRtREc2{32oh%3ined AR W&o t he
reaction m xtyre over 40, m.n. Af ] | 2810 ¢ opwi se addi ti on,
the reacti oﬁ‘e;%}ﬁcgrﬂ%sgrggppu%gd g§£a£'?%nn%£€gt“ﬁ% eé)o 2rdg':}’nll 73C to zo 76C for

1 hr. After 1yl 2380 @niageroput€icaBionoof Bidylutemeidd e (675 m) as an
extract solution is further added, and the m xture is stirred_at 60-70C for

30 min. Aster stamdicadusamitef gan3benisolated Ryed FEnvgpdianals Qfed.

The obtai ned_ organi c.l ayer..is washe i % i Ul fit.e (300 g) and
15% bri ne (309 %}".amﬂ}&‘l BERGE g@‘ét arer ?ﬁ%5$ﬂ %Pipéﬁ%gfn%%rﬁ" ;Ha 'eé'%atl§

at nospheri ¢ ARHEE adNextPaAtCco8Leent 0(804. [ ygdrpics slatent Guch as
precipitate). Heptane (300 ml) is dropwi se added to the solution at the

sanme tenper @thyd acetad® and, thadlikeh ifeaddedit@ dehe ireacddiond MiFtyge, The
obtained crystals were collected, by filtration shed. w t h 1.X ol vent
of ethyl acett%’éf’( QIEYLY LS. Sﬁéﬁfﬁﬂegf‘goiﬁf?sgsﬁrbd%/\ﬁ%nsetg%ﬂe'd %‘gtg}:vgg?ﬁ’e '
title conpouynfh (B%th% 1% phe#tI2i6ned and the obtained extract (organic

layer) is washed, dried and concentrated. While the isolated

bicalutamide can be purified by a conventional method, a
crystal of bicalutamide having a higher purity can be obtained
in a high yield by precipitating a crystal of bicalutamide from
25 a specific solvent. The production method of a crystal of
bicalutamide is explained in detail in the following.
Production method of crystals of bicalutamide
In the present invention, the production method of a
crystal of bicalutamide characteristically includes the
30 following Steps I-III:
I. a step of preparing a solution containing bicalutamide,.
II. a step of adding, where necessary, a hydrocarbon solvent

to the solution obtained in Step I, and
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39 melting point: 192 - 194C (value in literature 191 19 3C ) HPLC

purity: 99.93% (SUM PAX ODS A-212: acetonitrile/0.1% aqueous acetic acid
*..solution) s Magnesium sul fate (MyS04) used in the above-nenti oned Reference

Exanpl es and Exanpl es i s anhydrous magnesi um sulfate in every Exanple.

_Eval uation ofrelyststepdy ravqliimgmth¥ rsayudiibhr abtedned on(SHEP J gr Tl
define the formof the crystal of bicalutam de, XRD neasurenent of the

crystal of BpcaldownpueciRitahirr il .a dshddndf PIGATERBAS® Appar at us .
Rl GAKU M NI ELEX &manuf actured by Rigaku is Corporation.) Filter : K~ filter
Mavel ength S*RR I| XG target . Cu Slit . divergence slit 20 As a result of

XRD, the crystal ef §£é§| 11 agi 661 0bicH neshtdi by miealutamifieuns poepaved.
peaks at 28 of 6.2, 12.3, 19.1, 23.9, 24.7 and 31.1. The crystals of

bi cal ut ans de obt ahsed meaisafpt eprepanimx A FHE ULty €0N§AAR1RE have peaks
at 28 of 12.18, 16.8, 18.9, 23.72 and 2. 4 Eval.uat i o;aoof crystal

.64. z
pol ymor phi skicadptanide. \kBS §EAPRES nAdHE 1% rﬂsfma FRAVERTSE] of
bi cal utam de. 39l.k9,135 gl%/ﬁ% ﬂ@?ﬁéﬁ@f@f@df)f the crystal of bicalutamide is
conduct ed. e freasur enent conditions are shown in the foll ow ng.
Measur enent condi hisOBS s3RvARRAr ah UsrgartK-Sillvdntfs rsuch @snethyluacdtaye
Chemagnetics Probe : ceram c probe Tenperature_ . roomterrpera%urg (about
| eas

21C) 40 ( akdathechike aaroBpheremplisigdyanddram, e, aFPRE 13C

Qbservation freguen . .18 u i 4.0 sec (90 pulse)-s
Spect r um*i &ﬂ}uglgéf‘c%wegﬁ&ic%%%%%;i Jb%e%%%%&b]fdw Observati on repeat
time . 11.0 sec CofbaghohhfBof €hé $GEfert ajuldiel ddded Hanigeakrahlyt 1.demhy|

group of hexanet hyl benzene 10 (external standard: 17.35 ppn) Rotat ilLon ate
of probe . 101® mlz prefershiytlrimbd- .6 Wopmaxe nreiezadlyud: 8t Mhs

O
bi cal ut am dg;l ofe Bﬁéaﬂggéﬁggel NV Q1 drtl Yyashehakhbi edlvéat idHeettihi ned

crystal of cal utam peaks of 8 at "177.08, 168.16, 164.69, 142.3],
136. 58, 183.a@%tat24. 88, is1§eh6rally. 160 nMh4 o) mls, gEefgrabdyadd228123 fpm

part ¢l o si S/GRoFS: BEERERABN hebrbar 1§ dMp SR SHAHNG 2o R Faf OopL s “€ 11
0 G Lt o G0 BaRRASER A1 o Lge St i it rpyot ! o
conditions and the Z®lueivht sonataisingrbicalutanile dw mpatedasor grRArally
apparatus - 4SO|;"CN§D$8°C|::arg}riecfle?ralsail§e 5'8‘98 | y Z'?6°CS.ALPé%%ggularly , when the
20 solvent is ethyl acetate, it is heated to 40°c - 70°¢C,
preferably 50°C - 70°C.

In addition, as a means for preparing a solution
containing bicalutamide, concentration of a solution of
bicalutamide is exemplified. The solution of bicalutamide to

25 be concentrated is exemplified by a solution wherein
bicalutamide is dissolved in an excess amount of the above-
mentioned solvent, the extract (an organic layer containing
bicalutamide, preferably ethyl acetate layer) explained with
regard to ﬁhe above-mentioned isolation, and the like.

30 when a solution containing bicalutamide is prepared by
concentration in Step I, the solution of bicalutamide is
preferably concentratéd to the extent free of precipitation of

a crystal of bicalutamide. The solution is concentrated to
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Particle size distribution: D10 9.5 Vim D50 30.3 dun, D90 65.9 hum

. Average Particle Size : 30.3 um 30 Industrial Applicability According to
the present invention, bicalutan de having a defined crystal form as well

-as econom cal and industrially practical production nethods of bical utam de

.and a crystgbpdtal1yhergef- whigh Prefuyedlyor ml endi mdnpnperal gedfgni
and safety, “can be %rOV|ded. Thi s gﬁpliqation I s based onng ateﬁt Y
appl i cat i onbhloalutalDde - GEHE6 atmpSIGLirs PXESSUnee$o FeFHpgH, PERESWERt ent s

of which are all hereby incorpgrated by refer : fe C '

'Pﬁrfhg?r'Qﬁiafngubézi%tsggﬂa éﬁg“ﬁ%ﬁiffhfﬁ®§§;agggaﬁgfeggeiﬁé%g%%%gted
. A e SCEr t t miLh b -

di scl osed he%eﬁnlﬁgﬁ l‘z\lf-éﬁﬁéfe S C‘_flL%A\éIal\/é%éhleqz)é‘tl?@t Ed[;?ocljng-cte%/égaﬁ%{ hggméf °

bi cal ut ang dm_r,ﬁﬁégsmngedf byi¢dbatfamidd a AffrerHcpi@centzablion,~ the O / (I)

the o mil aconpenfrated) spLesien oS BRRTFTANG. JoBHAHER: ShoPdCPBoBF Yo TS

Cooun ! BeER R oAb et B R I € dicRa¥eaht = e The
concentrated solution is maintained generally at 40°C - 80°C,
preferably 50°C - 70°C. Particularly, when the solvent is ethyl

10 acetate, the solution is maintained generally at 40°C - 80°C,
preferably 50°C - 70°C.

Step II
In Step II, a hydrocarbon solvent is added as necessary
to the solution obtained in Step I.

15 : The hydrocarbon solvent to be used in Step II is
exemplified by hexane, heptane, petroleum ether and the like,
with preference given to hexane and heptane. Of these, heptane
is preferable, and n-heptane is pérticularly preferable. _

The temperature of the hydrocarbon solvent to be added is

20 generally 0°C - 50°C, preferably 15°Cc - 30°C.

when the hydrocarbon solvent is added, the temperature of
the solution obtained in the above-mentioned Step I is
generally 40°C - 80°C, preferably 50°C - 70°C. Particularly,
when the solvent is ethyl acetate, it is 40°C - 70°C,

25 preferably 50°C - 70°C.

The amount of the hydrocarbon solvent to be used in Step
II is generally 1.5 ml - 5 ml, preferably 2 ml - 5 ml,
preferably 1.5 ml - 3.5 ml, more preferably 2.5 ml - 3.5 ml,
per 1 Q of bicalutamide. Particularly, when the hydrocarbon

30 solvent is heptane, it is generally 1.5 ml - 4.0 ml, preferably
1.5 ml - 3.5 ml, preferably 2.5 ml - 4.0 ml.

In Step II, the rate of addition of the hydrocarbon

solvent is generally 1.0 ml/min ~ 5.0 ml/min, preferably 1.0
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nmet hanesul fonyl chloride. is 3. A production nethod of bical '

: : ut am de
represented by the fornula (I): HHOO02 NS 1 / Ol / (1) NC~F CF3 43
mhlch conprises reacting a conpound represented by the formula (3): .. HHO
NS'" I ~0~~(3) NC~F CF3 with nmono-perphthalic acid. 5 4. The

_production R9d of 4 20YmDfmh A 11 tp oF bilvadlutamigei. s eRapriepedmy t h
nnno-perphtﬁg?ic aci d fron1phth§$?% anhydri de and ﬁggro en #iﬁifﬂ(ﬁj?’?OGS
A ﬂrgdrcﬁlgrrﬁatbhd bydbocathomsakvendpris heptansy ihelifof ?Eaiiy lFékK)b

(m-(9: APLAMITeD &8 FLAEHR P EF AR L1 B EERt 5o 10y Ot Ba/nEhfifors
oo b EEL B AL ETE, 80 b iB00- PIC DM, 2Wid1! @ogiovprataoapbynt. o
- 5 ml/min - 4.0 ml/min.

Step III

In Step III, the solution obtained in Step I or II is
cooled to allow precipitation of a crystal of bicalutamide.

In Step III, the cooling temperature is 0°C - 40°C,

10 preferably 0°C - 30°C, more preferably 10°Cc - 30°C.

In Step III, the cooling time is generally 1 hr - 24 hr,
preferably 1 hr - 12 hr, more preferably 1 hr - 5 hr, still
more preferably.l.S hr - 3 hr.

During cooling in Step III, a solution containing

15 bicalutamide is preferably stirred and then the vessel is left
standing as necessary. |

As an example of Steps I-III, when a mixed solvent of
ethyl acetate and heptane is used for precipitation of a _
crystal of bicalutamide, the amount thereof to be used is, for

20 example, 3.5 — 10 ml/g, preferably 4.5 - 6.5 ml/g, of ethyl
acetate relative to compound (3), and, for example, 2 - 5 ml/g,
preferably 2.5 - 4.5 ml/g, of heptane relative to compound (3)-.
As an example of Step I-III, when a solution containing
bicalutamide is prepared by concentration for precipitation of
25 a crystal of bicalutamide, the organic layer (preferably ethyl
acetate layer) obtained by isolation is concentrated to the
extent free of precipitation of a product. Then, the
concentrated solution of bicalutamide (preferably ethyl acetate
solution) is cooled. The cooling temperature is not lower than
30 50°C and lower than the reaction temperatﬁre, preferably 55°C -
70°C. At this point, the crystal starts to précipitate. To
this solution is added'(preferably dropwise added) heptane at

the same temperature, and then the mixture is further cooled
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44 r HON (2) / ONC CF3 (B) a step of reacting the conmpound of the
formula (2) obtained in Step (A) with 4-fl uorothi ophenol PE gi ve a conpound
represented by the formula (3): HHONS O~ ~ (s) NC~ ~F s CF3, and (Q
a step of reacting the conpound of the formula (3) obtained in Step (B)

Wi th mono- pef g haldg@cgcpdeforabye DSRI-UBITYHe. wherddy Teheéh igrhddu guren

met hod of claim5, wherein the Step (A) further conprises use of

net hanesul f onystahl of i bicalutamiseeanudg GPtdnssd of claim5 or 6, which

anhydride and hydPbBFEREY LIRS & GAUSaLat B eabRa e R ChphRiofen
Compr 505 T 200V Eo o ERRERhnd. s barred by The X or mita P (3] 45 HHO |
. 5 99.9%) can be obtained in a high yield (98.50% - g9.99%).

The crystal polymorphism of the crystal of bicalutamide
is evaluated by X-ray diffraction (XRD) and solid 3¢ NMR
measurement. In addition, particle size distribution and mean
particle size of the crystal of bicalutamide are also measured.

10 The crystal of bicalutamide obtained by the production method
of the crystal of bicalutamide of the present invention has
been clarified to have characteristics shown in the following
Examples.

Best Mode for Embodying the Invention

15 The present invention is explained in more detail by
referring to the following Reference Examples and Examples,
which are not to be construed as limitative.

Reference Example 1
Preparation of mono-perphthalic acid

20 Deionized water (125 ml), Na;CO; (31.0 g, 0.25 mol) and
35% H,0, (29.15 g, 0.3 mol) are successively charged in a 500 ml
four-neck flask, and the mixture was stirred in a dry ice-
methanol bath at -5°C - 0°C. Thereto was added phthalic
anhydride (37.0 g, 0.25 mol) and the mixture was stirred for 30

25 min. The bath was removed, ethyl acetate (100 ml) was added to
the mixture, and the reaction system was neutralized in a
solution obtained by diluting 98% H,SO4 (15 ml) with deionized
water (50 ml). After partitioning, the aqueous layer was
extracted with ethyl acetate (60 ml). The obtained organic

30 layer (0.64 g) was taken up and saturated NaI-IPA (isopropyl
alcohol) solution (5 ml) and 10% acetic acid-IPA solution (20._
ml) were added thereto. The mixture was boiled for 5 min. It

was titrated with 0.1N aqueous sodium thiosulfate solution. As
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NS/ O~/ (3) NCF CFs with aqueous hydrogen peroxide,. in the presence
of sodiumtungstate or a solvate thereof, phenyl phosphonic acid and a phase
transfer catalyst, in ethyl acetate. 5 9. The production nethod of claimS8,
wherein the amount of hydrogen peroxide to be used is a 3 to 6-fold nolar
.anount of t ke masyldunhoneppesphtbdlihy agddfwaspresdt im 3PS thand the
producti on neh%&f of ¢laim8 or 9, wherein the anount of sodiumtungstate
or a solvat&*t &S /8 -B&-used is 0.5 -. 5 nol %of the conpound

repr esent ed I 3. 11. The production nethod of any of clains
81to 10,\Mu§§§%#%ﬁé§ns a l&n? of phenyl phosphonic acid to be used is 0.5 -

5 nol % of t iy e tnethated1byltbecyanorl-atx Bjludihmeliy Janddiiaei on
met hod of any of clainms 8 to 11, wherein the anount, of the phase transfer

fatalyst 50 be usiging 4-oyanos2Erifilyesemehbytanbbing andReHAEY IRV he
3). L i . ' . '
Sodt um t ung S HE 2 SRAEEiRB BELARHATS  O0e 1 ELE dBndbiily s pHEBRER |

phase transfgicdraiitlyy Ho ithel flethbUt #basFOPed MR ST briged dechekd., TivBs, 954-
production nmethod of  any of clainms 1 to |3, further conprising (1) a step

of prepari n@% sol uti on contai ni ng, bicalutam de, 46 (I'1) a step of

addi ng, where necessary, a hydrocarbon solvent to the solution obtained in
Step (1), euﬁﬁiqﬂﬁﬂ ¥1step of cooling the solution obtained in Step (1) or
(11) to gl L (G 1400y 8hoANC] ¥ 55 abpGhy D) GRLUHIBHSD i oyt —3The
productigﬁ;§§¢ﬁﬁ?%# C ain1¥§,°mﬁe§e|n the Step (I)f%gﬁﬁgisgggconcentration -
of a sol uti ariffuorbrethyddndtiiae met hod of claim 15, wherein the solution

is so a solution of bicalutam de in ethyl_acetate. 17. .The product&gn
met hod of clai m 14N-MesharkyLAglsdreyaRer3-trifluoromethylaniline (13.8 g,

54 mmol) and ethyl acetate (40 ml) were charged in a 300 ml

4

four-neck flask, and the mixture was heated at 50°C - 55°C. A

15 solution of mono-perphthalic acid in ethyl acetate (108.05 g,
net 19.82 g, 110 mmol) was added dropwise at a temperature in
the range of 50°C - 55°C over 3.9 hr. After stirring at the
above-mentioned temperature for 4.5 hr, a solution of mono-
perphthalic acid in ethyl acetate (10.36 g, net 1.90 g, 10.4

20 mmol) was further added dropwise over 10 min. Then the mixture
was stirred for 1 hr and left standing overnight at room
temperature. The mixture was adjusted to pH=8 (universal test
paper) with 20% aqueous KOH solution and partitioned. The
organic layer was washed with deionized water (20 ml) in which

25 NayS;0s (5.0 g) had been dissolved, dried over MgSO,,
decolorized with activated carbon (carborafine 0.5 g), and
concentrated under reduced pressure. Toluene (60 ml) was added
to the residue and the mixture was heated to 80°C. After
cooling to 25°C, the mixture was filtrated to give 4-cyano-N-

30 (2,3-epoxy-2-methylpropionyl)-3-trifluoromethylaniline (11.37 g,
yield 77.3%). Purity 98.7%.
Analytical data: 'H-NMR (400MHz, CDCl;): =8.40 (s, 1H), 8.01
(d, J=1.8Hz, 1H), 7.90 (dd, J=8.5, 2.1Hz, 1H), 7.78 (d, J=8.35Hz,
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obtained in

Step (I11) is a solution of bicalutamde in a m xed sol vent of

ethyl acetate and heptane. |5 18. The producti on nethod of claim 14,

- mherein the Steps (1) (111) are respectively the followng steps (i)-(iii):
(i) a step of adding, ethyl acetate to bicalutamde, (ii) a step of adding
wher e necesspy, 3 0y drsgcaH)qQn1z68s@kyent)sel ected from hexane and heptane

“to the solution obtained in Step (i), and (iii) a step of cooling the
sol ution obtExamnle 2 Step (i) or (ii) to allow precipitation of a crystal

(i), 10 nt SripeRid e i ceVaRer arkar e Rhagan Bhy EERISL PR e, and

in Step (ii)meth -n:i'-ufiﬂnuo%mtemymbﬁi@haﬁmﬁeévent is added per 1 g of

bi cal utam de. 30 20. The production net

(i), 2 nls6

od of claim 18, wherein, in Step
Exampgleet2ndll acetate is added per 1 g of bicalutamde, and, in

Step (ii), 1.5 m_- 3.5 m of the hyd b | i s added 1 g of
oi cal Ut ah de. 47 They B 1o onRaad HRoRTAERRGS BPEGRYIR B9 ari REENRY 20,

wherein the

Belditivomn O 905 NCRey, (1bghs 545965; 70C_ s 22, The

production ne any of clains erein, in Step (ii), the

hydr ocar bon

sol vewdH i @l Bkder] a6 .5 mabd)ohnd. PHRI (30 Nml) dwéreridhdrgeabrinl ag

of bical utam de. 23. The production nethod of any. of clajns 18 to 22,
wherei n, io 340 Slefqun-neck gdaskl uangnthet BiFEECe Was ft-igyedunder) ice-

.55 i o RSO, DS Bt A

conpri si g t5&

ow'n preparing a

sol uti on conrfaimiTig Rizvaku)agindernel bplatsbepwat adaed Hrophelse .Neaesenry,

hydr ocar bon

solvent to the solution obtained in Step (1), and (111) a step

p

a

of cooling t3teimying ifor 36t Hined4raysnepNt (2, drepexy-4dieinyhPLarionyild a8ron

of a crystal
wherein the

15

20

25

30
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THF (50 ml) and the solution was added dropwise. After
stirring for 1 hr, the bath was removed and the mixture was
stirred overnight at room temperature. Saturated brine (40 ml)
and toluene (40 ml) were added and the mixture was partitioned.
Saturated brine (20 ml) and ethyl acetate (80 ml) were added to
the organic layer and the mixture was neutralized with 5N HCIl.
After partitioning, the organic layer was washed twice with
saturated brine (30 ml), dried over MgSO,, decolorized with
activated carbon (carborafine 0.5 g) and concentrated under
reduced pressure to give a residue. Toluene (30 ml) was added
to the residue, and n-heptane (22 ml) was added dropwise at a
temperature of 70°C - 65°C. After the completion of dropwise
addition, the mixture was cooled to room temperature and
filtrated to give the objective compound (15.74 g, yield 93.9%).
Purity 98.7%.
Example 2-2

4-Fluorothiophenol (2.79 g, 21.8 mmol) and THF (30 ml)
were charged in a 100 ml four-neck flask, and the mixture was
stirred under ice-cooling. 20% Aqueous NaOH solution (5.0 g,

25.0 mmol) was added dropwise thereto. 4-Cyano-N-(2,3-epoxy-2-
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26. The production nethod of claim25, wherein the solutionis 2s a
solution of bicalutamde in ethyl acetate. 27. The production nethod of

" claim24, wherein the solution obtained in Step (I1) is a solution of

bi calutam de in a m xed sol vent of ethyl acetate and heptane. 30 28. The

product i on meithgd pebpibayn) 23t nheledbrondiehyd epsiline ((ISI-159 ane20e3pmmolyel y
the foll owi ng Steps (i a step of adding ethyl acetate to

bi cal ut ami d&aMQiSSP&;"g’—‘dgiQtégf'(()lf%%dﬁl}hg?n@m% SRS ORy yas, aftedocar bon

sol vent sel ect ed .from hexane and_h aneg JbQ t «QI). 5 ined {n Step
(i), and (i idir)opﬁ’l?feeglcoia Eaag?n%ft%g‘i S_Oﬁ'l,?t ?bnr}?o‘f% ;gédd‘(}:}nl 389( ?) hg’or
(i) to all QuiRkse R1bahi9nafl Sathrstad Wiikd caldimAn dRre?3ddédeand the
production nethod of claim28, wherein, in Step (i), 1.OmM - 10 m of

et hyl acesamixtsraddes pertitionédbi Satwratiedebrang (A Blypwasjgdded 5£qy -

5 mM of the to hydrocarbon solvent. is added. per 1 of higal utam de. ..30.

The product it@rf HHB&CORE‘XFEM? ,t%e?’ég?f}%qpﬁ'aéfee% @S 2 ur’#‘e-% g'onPHB?

ethyl acetatenjieaddedepgt % gePE vier! st afe eanARthsHeA .St PRe (hiXturde wdl -
h(enhyg on s ? en

3.5 mM of t rocarb Is I's added per 1 g of bical utam de. 31.

The product idaiedeoved Hisapy ddcalaiimed sritth 3¢tiwatedi aarhensol ution
obtained in St e%Q(i) Is at 50C - 70C. ao 32. The productjon nethod of an

of ol ai s 28 QaabRTatine: 8r B, 9) A GEOREEYLTA RS i FASH e PREREUFE ERded

at arate of .1.0_m/m.n - 4. ] s f _hi.cal de

producti 6 Fod EFséﬁi}eéf @?fgérrnlrsg g&%fénlé)z,g:a\%hg?g%% Eé’?g?lﬁ ?%%d?%rﬁd the -
sol ution obtaiyeeatane P16Pmi))weE Adddedi Greswissl dierdiEo al0@ tedperAtargst al

of bi cal utam de havi ng dpeaks of b at 177.08, 168.16, 164.69, 142.31

136. 58, 1330F9702Q4-865°Cl.18AEbeT 148 1gompBbetinn g the sopyiseaghdtionps
ppmin 13C

CAY[ 9. Anl . AHe, B gsuve syas spLloyed 0 GOl b9 TORR FERPRILUES, 3RS Aoy ag. A

E. Al n@ AYn @18 afBaA8Y. fideABné A8 dE: e Acompound (7.45 g, yield 90.2%).
2. A3[ 2. AE. A AN, 2. A@ AE. A°Y. As{. Asx. A'h, 2. A, E. A nLY. AL} E. A95@ AL2. A9nE. A9l 7G

u! $7@Wk i xr PuaiYlyc 8Pc8fea) ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca
] c2a] ca] ca] calU] ca] ca] ca] ca] cal] cal] caU] ca] cTa xAHh6=\ zh
u+/ | wr mhb] ®| ¢a] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢

a] ca] ca] ca] GAkpRkIdl 62l 4216408182} &l f1uorophenyl)sulfonyl]-2-hydroxy-2-
methyl-3’-trifluoromethylpropionanilide
4'-Cyano-3-(4-fluorophenylthio)-2-hydroxy-2-methyl-3’-
20ltrifluoromethylpropionanilide (12.20 g, 30.6 mmocl) and ethyl
acetate (20 ml) were successively charged in a 200 ml four-neck
flask, and the mixture was stirred under ice-cooling (2°C -
7°C). A solution of mono-perphthalic acid in ethyl acetate
(166.58 g, net 22.31 g, 122.5 mmol) was dropwise added at not
25 higher than 10°C, and the mixture was stirred for 1 hr. A 20%
KOH solution (117.5 g) was dropwise added thereto and the
mixture was partitioned. The aqueous layer was extracted with
ethyl acetate (30 ml). The combined organic layer was washed
with a solution of sodium pyrosulfite (3.0 g) dissolved in
30 deionized water (30 ml), dried over magnesium sulfate and
concentrated under reduced pressure. Ethyl acetate (66 ml) was'
added to the residue and the mixture was heated to 60°C. n-

Heptane (40 ml) was added dropwise at a temperature of 60°C ~
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Vy, 109%&' () - YlO%&' ()- 10 10 10Y<sl1lOo9& & IdCr<! ! gﬁ:’I_O%I-&'
110%& () - @ HEPE@IceTtEARed Unger1 seaNEsd RESESESS! m@{ crluen&<(|5|0| mly

YAL0% : & o) @B (Dhictet OV “mix b fds again concentrated under

reduced pressure. Toluene (30 ml) was added thereto and the
mixture was stirred under ice-cooling. MsC‘l (1.35 g, 11.8
mmol) and Et;N (2.39 g, 23.6 mmol) wére added dropwise at not
higher than 10°C. As a result of the LC analysis (under the
15 same conditions as the above-mentioned LC conditions), the diol
form was 0.32% of the epoxy form. Again, MsCl (0.36 g, 3.1
mmf:l) and Et;N (0.60 g, 5.9 mmol) were added dropwise at not
higher than 10°C. As a result of the LC analysis (under the
same conditions as the above-mentioned LC conditions), the diol
20 form was 0.20% of the epoxy form.
(3) Synthesis of 4’'-cyano-3-(4-fluorophenylthio)-2-
hydroxy-2-methyl-3’~trifluoromethylpropionanilide
The reaction mixture obtained in the above-mentioned (2)
was cooled to 5°C under ice-cooling. After dropwise addition
25 of 4-fluorothiophenol (7.60 g, 59.3 mmol) at not higher than
10°C, and Et;N (2.42 g, 23.9 mmol) was added thereto. After 1
hr, 4-fluorothiophenol (0.5 ml, 0.602 g, 4.7 mmol) was added
thereto. After 1 more hour, 4-fluorothiophenol (0.5 ml, 4.7
mmol) was added and the mixture was stirred overnight at room
30 temperature. The reaction mixture was added to saturated brine
(40 ml) and partitioned. Saturated brine (40 ml) was added to
the organic layer, and the mixture was adjusted to pH =3 |

(universal test paper) with 5N (mol/l) HCl and washed. After
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: ﬁine residue

0t vty ssenth &) stosredre At
onad (TSR S e S st 5y
Tovze ()1 - SHPR TN ) ip Tdat e ghk? (§) Were @Sl andene
F:110%& (5) - 8616t {on jyasiHpiIidatkab@gter stirring at the above-mentioned
1]: mI ig%g 8:;&;@;@%%@% }f&%ﬁj&/&fﬁg gg‘z %i&ﬁing to cool to 20°C, the
aer( | 109225 (L SEIORES ela I SIPUAGE @ St @erh) (BRI
- 078 " ! R - .
e Ay i ek G s (C g
i )-H koo ol 1 MO et
’ ingF; _183{«5}80(5 )5 é&%w&%@&ﬂéiﬁ%gﬁ d@é%%g\/\‘é’?) ?S‘ F)(/‘V&O(:))‘?/é 1 &'1 ?) 1 0:‘ F(%4.0%.;
"10%&'()-!3&r1owm§§P?§%?%%%§?%¢é%é??f#gﬁﬁﬁé?zgQﬁ;f%ggEg?g:gzééf?lfoyl]-2'
T D e
' Ethyl acetate (3119 /nelgfl.)( )‘Jays{ a0 the sulfide form
(18.14 g, 45.5 mmol) obtained in the above-men{:ioned (3), and
15 the mixture was stirred under ice-cooling. A solution of mono-
perphthalic acid in ethyl acetate (116.22 g, net 20.73 g,
113.82 mmol) was added dropwise at not higher than 5°C. After
the completion of the dropwise addition, the bath was removed
and the mixture was stirred overnight at room temperature. The
20 mixture was adjusted to pH =8 (universal test paper) with 20%
aqueous KOH solution, and after partitioning, the organic layer
was washed with 10% aqueous sodium bisulfite.solution (60 ml)
and saturated brine (60 ml). After drying over MgSO,
activated carbon (0.60 g) was added and the mixture was
25 filtrated. The mixture was concentrated under reduced pressure
and ethyl acetate (20 ml) was added to the residue. The
mixture was heated to 65°C, allowed to cool to 15°C and
filtrated to give 4'-cyano—3-[(4-fluoropheny1)sulfonYl]—Z-
hydroxy—2-methyl—3'—trifluoromethylpropionanilide (13.84 g).
30 Yield 70.6%, purity 99.8%.
Example 5
Synthesis of 4{-cyano-3-(4—fluorophenyl£hio)—2—hydroxy—2—
methyl—3’-trifluoromethylpropionanilide
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" 109064& () - e BLABKE? 336! hmo$)0Ma.’ (FobwiSd09add -dutO%R'S hrs and the

109 ()-!'4SF! 109%&' () - @O%&' ()- KK#LLLL' MaB =!'!1110"109%&" ()-!L9-#109%&' (2: L9 #1
0% ()-,) 1mtga)r.q p(agota&l(r):eglgqm @)5 WNM\/IWhe mixture was adjusted to ‘
N3NkNdE =I1Ss: 10%&'&) 109& (

" 109 () 1958 AR LVPrSe1 558%( §a§55%1%9 R AR RO SeA L0 d6HRO () - v

' (}0%&' ) - V'IM():LQ\{E& (Do2VNAOSOE (45~ 101§) 10ad 054Q3&. ()rheOmxture was
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S ORI SREs e AR My el S ETREIRN oap i MR el O
over MgSO,. When the LC sensitivity of the epoxy form is 100%,
15 the diol form was 6.91%. |
The obtained reaction mixture was concentrated under
" reduced pressure and then toluene (50 ml) was added thereto.
The mixture was again concentrated under reduced pressure.
Toluene (30 ml) was added thereto and the mixture was stirred

20 under ice-cooling. MsCl (2.04 g, 17.7 mmol) and Et;N (3.58 g,
35.4 mmol) were added dropwise at not higher than 10°C. As a
result of LC analysis (under the same conditions as the above-
mentioned LC conditions), the diol form was 0.37% of the epoxy
form.

25 The obtained reaction mixture was cooled to 5°C under ice-
cooling. 4-Fluorothiophenol (9.15 g, 71.4 mmol) was added
dropwise thereto at not higher than 10°C. After 1 hr, 4-
fluorothiophenol (0.5 ml, 0.602 g, 4.7 mmol) was further added
thereto and the mixture was stirred overnight at room

30 temperature. The reaction mixture was added to saturated brine
(40 ml) and the mixture was partitioned. Saturated brine (40

ml) was added to the organic layer, and the mixture was
adjusted to pH =3 (universal test paper) with 5N (mol/l) HCl
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methyl-3’~trifluoromethylpropionanilide
The following reactions were carried out under a nitrogen
atmosphere unless particularly specified.
N-Methacryloyl-4-cyano-3-trifluoromethylaniline (15.0 g,
15 59.0 mmol) and ethyl acetate (40 ml) were charged in a 500 mi
four-neck flask, and the mixture was heated at 50 - 55°C.
Nitrogen was flown at a flow rate of 10 ml/min. A solution of
mono-perphthalic acid in ethyl acetate (119.4 g, net 21.5 g,
118 mmol) was dropwise added and the mixture was stirred for 2
20 hr. Thereafter, a solution of mono-perphthalic acid in ethyl
acetate (55.7 g, net 10.0 g, 55 mmol) was dropwise added and
the mixture was stirred for 4 hr. After cooling to not higher
than 10°C, a 15% Na,SO; solution (99.1 g) was added.dropwise.
Thereafter, a 20% aqueous KOH solution was added dropwise and
25 the mixture was adjusted to pH=8.3 and partitioned. The
organic layer was concentrated under reduced presSure. Toluene
(50 ml) was added thereto and the solution was again.
concentrated under reduced pressure. THF (90 ml) was added to
the residue,.and after dissolution, the mixture was cooled to
30 not higher than 10°C. Ets;N (2.4 g, 23.6 mmol) and MsCl (1.4 g,
12.2 mmol) were successively added dropwise thereto at not
higher than 10°C and the mixture was stirred for 30 min. Again,
Et;N (0.63 g, 6.2 mmol) and MsCl (0.35 g, 3.0 mmol) were
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reduced pressure, and then toluene (60 ml) was added. After

15 heating to 65°C, y-alumina (0.75 g) and activated carbon (0.90
g) were added thereto and the mixture was filtrated.
Thereafter, the mixture was allowed to cool to not higher than
10°C and filtrated to give the title compound (19.71 g, yield
83.9%, yield from N-methacryloyl-4-cyano-3-

20 trifluoromethylaniline, purity 99.4% (LC)).

Example 7 |
Synthesis of 4’'-cyano-3-[ (4-~-fluorophenyl)sulfonyl]-2-hydroxy-2-
methyl-3’~trifluoromethylpropionanilide

Ethyl acetate (130 ml) was added to 4'’-cyano-3-(4-

25 fluorophenylthio)-2-hydroxy-2-methyl-3’-
trifluoromethylpropionanilide (16.74 g, 42.02 mmol), and the
mixture was stirred at 0°C under ice-cooling. A solution of
mono-perphthalic acid in ethyl acetate (116.72 g, net 19.13 g,
105.03 mmol) was added dropwise thereto at not higher than 5°C.

30 After completion of the dropwise addition, the bath was removed
and the mixture was stirred overnight at room temperature. The
reaction mixture was washed with a solution of sodium bisulfite

(7.94 g) in water (40 ml) and the mixture was partitioned. The
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10 Sodium tungstate dihydrate (1.48 g, 4.5 mmol),
phenylphosphonic acid (356 mg, 2.25 mmol), tetrabutylammonium
bromide (725 mg, 2.25 mmol) and 35% aqueous hydrogen peroxide
(109.3 g, 1.125 mol) are charged in a reaction vessel, and the
mixture is stirred at 15 - 25°C for 30 min. A solution of 4’-

15 cyano-3-(4-fluorophenylthio)-2-hydroxy-2-methyl-3’'-
trifluoromethylpropionanilide (89.63 g, 225 mmol) in ethyl
acetate (225 ml) is added dropwise to the reaction mixture over
40 min. After the completion of dropwise addition, the
reaction system is refluxed at a temperature of from 73°C to

20 76°C for 1 hr. |

After the cbmpletion of the reaction, ethyl acetate (675
ml) as an extract solution is further added, and the mixture is
stirred at 60-70°C for 30 min. After standing still for 30 min,
the aqueous layer is separated. The obtained organic layer is

25 washed with 10% sodium sulfite (300 g) and 15% brine (300 g).
Then ethyl acetate (400 ml) is concentrated at atmospheric
pressure, and then cooled to 60°C (crystals start to
precipitate). Heptane (300 ml) is dropwise added to the
solution at the same temperature over 35 min, and then the

30 mixture is cooled to 20°C. The obtained crystals were
collected by filtration, washed with a mixed solvent of ethyl
acetate (50 ml) - heptane (30 ml), and then dried to give the
title compound (89.6 g, yield 92.6%).
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e Evaluation of crystal polymorphism (X-ray diffraction
10 (XRD))
To define the form of the crystal of bicalutamide, XRD
measurement of the crystal of bicalutamide is conducted. '
Measurement conditions

Apparatus : RIGAKU MINIFLEX (manufactured by Rigaku

15 Corporation.)
Filter : KB filter
Wavelength : Ky
XG target : Cu
slit : divergence slit
20 As a result of XRD, the crystal of bicalutamide obtained

in Example 3 was found to have peaks at 20 of 6.2, 12.3, 19.1,
23.9, 24.7 and 31.1. The crystals of bicalutamide obtained in

Example 4 and Example 7 were found to have peaks at 20 of 12.18,
16.8, 18.9, 23.72 and 24.64.
25 » Evaluation of crystal polymorphism (solid ’C-NMR)
To define the form of the crystal of bicalutamide, solid
3¢ NMR measurement of the crystal of bicalutamide is conducted.
The measurement conditions are shown in the following.

Measurement conditions

30 Apparatus CMX-300 Infinity manufactured by

Chemagnetics
Probe : ceramic probe
Temperature : room temperature (about 21°C)
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&10%& ()-'!scontact time : 5. 0 msec
Standard for chemical shift: methyl group of hexamethylbenzene
10 (external standard: 17.35 ppm)
Rotation rate of probe : 10.5 kHz

Measurement method VACP/MAS
The spectrum of the crystal of bicalutamide obtained by
the solid **C NMR measurement is shown in Fig. 1. According to
15 the production method of the crystal of bicalutamide of the
present invention, it was clarified that the obtained crystal
of bicalutamide had peaks of & at 177.08, 168.16, 164.69,
142.31, 136.58, 133.09, 124.80, 118.50, 116.16, 104.68, 75.56,
67.14 and 29.23 ppm in solid C-NMR. :
20 e Particle size distribution and mean particle size
The particle size distribution and mean particle size of
the crystal of bicalutamide obtained according to the
production method of the crystal of bicalutamide of the present
invention were measured. The measurement conditions and the

25 results are shown in the following.

Measurement apparatus : SHIMADZU Particle Size Analyzer
SALD-1100

Particle size distribution : Dy, 9.5 um, Dso 30.3 pm, Dgo 65.9 um
30.3 um

Average Particle Size
30

Industrial Applicability
According to the present invention, bicalutamide having a
defined crystal form, as well as economical and industrially

practical production methods of bicalutamide and a crystal
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entireties by reference, to the extent that they have been

10 disclosed herein.
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5 which comprises a step of reacting a compound represented by

N
jonalt
O
NC
CF3

with mono-perphthalic acid to give a compound represented by

N
Q 8
O
NC :
CF,

10 .

the formula (1):
the formula (2):

2. The production method of claim 1, further comprising use of

methanesulfonyl chloride.

15 3. A production method of bicalutamide represented by the

formula (I):

H HO 0,
N

S
NC™ F

CF,
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- F

with mono-perphthallc acid.

4. The production method of any of claims 1 to 3, which
comprises preparing the mono-perphthalic acid from phthalic

anhydride and hydrogen peroxide.

10 5. A production method of bicalutamide represented by the

formula (I):

N S
/Q/ o \©\ (1)
NC F
CF _

which comprises the following Steps (A)-(C):

(A) a step of reacting a compound represented by the

N
O
NC
CF;

with mono-perphthalic acid to give a compound represented by

15 formula (1):

the formula (2):
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(B) a step of reacting the compound of the formula (2)

obtained in Step (A) with 4-fluorothiophenol to give a compound

represented by the formula (3):

HHO
‘ N S
ISR O
NC _ _ F
5 .CF3 , and
(C) a step of reacting the compound of the formula (3)

obtained in Step (B) with mono-perphthalic acid to give

- bicalutamide.

10 6. The production method of claim 5, wherein the Step (A)

further comprises use of methanesulfonyl chloride.

7. The production method of claim 5 or 6, which comprises a
step of preparing the mono-perphthalic acid from phthalic

15 anhydride and hydrogen peroxide.

8. A production method of bicalutamide represented by the
formula (I):
“ HO 0,
(1)
NC F
CF;

20 which comprises reacting a compound representéd by the formula

(3):
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with aqueous hydrogen peroxide, in the presence of sodium
tungstate or a solvate thereof, phenylphosphonic acid and a

phase transfer catalyst, in ethyl acetate.

9. The production method of claim 8, wherein the amount of
hydrogen peroxide to be used is a 3 to 6-fold molar amount of

the compound represented by the formula (3).

10 10. The production method of claim 8 or 9, wherein the amount
of sodium tungstate or a solvate thereof to be used is 0.5 - 5

mol% of the compound represented by the formula (3).

11. The production method of any of claims 8 to 10, wherein the
15 amount of phenylphosphonic acid to be used is 0.5 - 5 mol% of

the compound represented by the formula (3).

12. The production method of any of claims 8 to 11, wherein the
amount of the phase.transfer catalyst to be used is 0.5 - 5

20 mol% of the compound represented by the formula (3).

13. The production method of any of claims 8 to 12, wherein
sodium tungstate or a solvate thereof is sodium tungstate

dihydrate and the phase transfer catalyst is tetrabutylammonium

25 bromide.

14. The production method of any of claims 1 to 13, further

comprising
(I) a step of preparing a solution containing bicalutamide,
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or (II) to allow precipitation of a crystal of bicalutamide.

15. The production method of claim 14, wherein the Step (I)

comprises concentration of a solution.

16. The production method of claim 15, wherein the solution is

10 a solution of bicalutamide in ethyl acetate.

17. The production method of claim 14, wherein the solution
obtained in Step (II) is a solution of bicalutamide in a mixed
solvent of ethyl acetate and heptane.
15
18. The production method of claim 14, wherein the Steps (I)-
(III) are respectively the following Steps (i)-(iii):
(i) a step of adding ethyl acetate to bicalutamide,
(ii) a step of adding, where necessary, a hydrocarbon
20 solvent selected from hexane and heptane to the solution
obtained in Step (i), and
(iii) a step of cooling the solution obtained in Step (i)

or (ii) to allow precipitation of a crystal of bicalutamide.

25 19. The production method of claim 18, wherein, in Step (i),
1.0 ml - lo.ml of ethyl acetate is added per 1 g of
bicalutamide, and, in Step (ii), 1.5 ml - 5 ml of the

| hydrocarbon solvent is added per 1 g of bicalutamide.

30 20. The production method of claim 18, wherein, in Step (i), 2
ml-6 ml of ethyl acetate is added per 1 g of bicalutamide, and,
in Step (ii), 1.5 ml - 3.5 ml of the hydrocarbon solvent is |
added per 1 g of bicalutamide.
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cooled to 0°Cc-30°C.

24. A production method of a crystal of bicalutamide,
comprising the following Steps (I)-(III):
15 (I) a step of preparing a solution containing bicalutamide,
(II) a step of adding, where necessary, a hydrocarbon
solvent to the solution obtained in Step (I), and
(III) a step of cooling the solution obtained in Step (I)
or (II) to allow precipitation of a crystal of bicalutamide.

20
25. The production method of claim 24, wherein the Step (I)

comprises concentration of a solution.

26. The production method of claim 25, wherein the solution is

25 a solution of bicalutamide in ethyl acetate.

27. The production method of claim 24, wherein the solution
obtained in Step (II) is a solution of bicalutamide in a mixed
solvent of ethyl acetate and heptane.

30
28. The production method of claim 24, wherein the Steps (I)-
(III) are respectively the following Steps (i)-(iii): '

(1) a step of adding ethyl acetate to bicalutamide,
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(ii) a step of adding, where necessary, a hydrocarbon
solventlselected from hexane and heptane to the solution
obtained in Step (i), and _

(iii) a step of cooling the solutibn obtained in Step (i)

or (ii) to allow precipitation of a crystal of bicalutamide.

29. The production method of claim 28, wherein, in Step (i),
1.0 ml - 10 ml of ethyl acetate is added per 1 g of
bicalutamide, and, in Step (ii), 1.5 ml - 5 ml of the
hydrocarbon solvent is added per 1 g of bicalutamide.

30. The production method of claim 28, wherein, in Step (i), 2
ml - 6 ml of ethyl acetate is added per 1 g of bicalutamide,
and, in Step (ii), 1.5 ml - 3.5 ml of the hydrocarbon solvent

is added per 1 g of bicalutamide.

31. The production method of any of claims 28 to 30, wherein

the solution obtained in Step (i) is at 50°C - 70°C.

32. The production method of any of claims 28 to 31, wherein,
in Step (ii), the hydrocarbon solvent is added at a rate of 1.0

ml/min - 4.0 ml/min per 1 g of bicalutamide.

33. The production method of any of claims 28 to 32, wherein,
in Step (iii), the solution obtained in Step (i) or (ii) is

cooled to 0°C - 30°C.

34. A crystal of bicalutamide having peaks of 6 at 177.08,
168.16, 164.69, 142.31, 136.58, 133.09, 124.80, 118.50, 116.16,

104.68, 75.56, 67.14 and 29.23 ppm in !°C-NMR.
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