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1 METHOD OF CRYSTALLI ZATI ON OF BI CALUTAM DE FI ELD COF
THE | NVENTI ON The present invention relates to a
nmet hod of crystallization of 5 bicalutamde, and to
bi cal utam de crystals having a particle size
di stribution excellently suitable for formulation.
BACKGROUND OF THE | NVENTI ON1Bi cal ut ami de represent ed
by the forrmula (I) is reported as a useful 10
METHOD'OFE@RYS TAL BIZ ATTIONGER BICALUYAMPDEI0172- A,
EP1462442- A, US2004/ 0044249A1, and the like), and is
al so an inportant conpound currently enployed for
various drug applications. Fornul ations of
FIRLERIOF FHEINVENTDONIed in forns of tablets and 15
capsul es, and such fornul ati ons nust be strictly
adm Thetpeeenuimiantide rekdtendaralmeathqdi ofecr tsteletation @f
stably exhibit nmedicinal effects of the bical utam de.
biddptonadd,yandiso pacaluthmide zaystaid hepydogfa pastickeasige distribution
areas of bicalutam de crystals used for a bulk
ex ot lden fliycsmitdbledior formddtiomnal ef fects and side
effects, it is expected to be inportant to enpl oy
bi cal utam de 20 crystals having suitable particle
si zes and specific surface areas. Consequently,
ML QF THEINVENIEION yst al s havi ng such
suitable particle sizes_and specific zﬂr_f ace ar%flgs a useful

and Biealgtamade seprescated pypihsatrimyla Elicks xeppdt
cofrasie by i S bepe el oA TORP s £ Epas2ae2-a,
| at di | vi bi.cal ut am de in ethyl
UK BB BB tara Jhe e aRdR Hsprimemppria sameound
to gyyst alll [ ég The bi cal.ut am S’ﬁ &ir(}/st al s thus
cugEREhEMPIRFRASEr VATQus fRue spAlICAtONS s es of 45. 6, um
of Dpro,

Formulations of bicalutamide are provided in forms of tablets and
capsules, and such formulations must be strictly administered under the
standards required therefor to stably exhibit medicinal effects of the
bicalutamide. Especially, as particle sizes and specific surface areas of
bicalutamide crystals used for a bulk significantly affect medicinal effects
and side effects, it is expected to be important to employ bicalutamide
crystals having suitable particle sizes and specific surface areas.
Consequently, developments of bicalutamide crystals having such suitable
particle sizes and specific surface areas and methods of efficiently producing
such crystals are desired.

EP1462442-A discloses a method for producing bicalutamide crystals
of which shapes are regulated by dis;olving bicalutamide in ethyl acetate
followed by addition of heptane or the like to crystallize. The bicalutamide
crystals thus obtained, however, have the particle sizes of 45.6 um of Dp;q,

90.7 um of Dpsg and 177.6 um of Dpyg, according to the measurement results
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90.7 um of Dp50 and 177.6,um of Dp90, according to the

measurenent results 2 conducted by the present

i nventors. US2004/0044249A1 descri bes a net hod of

crystallizing bicalutam de by adding acetone into an

aqueous di spersion of bicalutamde crystals in a

range of dissolving the bi caf ut ani de crystal s,

foll owed by | eaving the 5 solution standing at a room
congnpecditbyr the phesentdnediomowever, may decrease

efficiency because of the requirenent of a large ) i

anmouitiS2004004249A0 danopitmses ynelihasbbf erpstedlizingrbicalutamide

crystals as well as decrease recovery rate due to the '
byyaéding atermointohan agueons.diBpsiddes, ofshivadutanaide crystals in a

particle sizes of crystals thus obtained are |arge,
ranpe ofnéissolivingsthebicaytamide erystalsAnibpyad by l¢avingtthe

necessary the way of efficiently producing suitable
sobutdanustaniing at ystanm. tegynvaryreor  Tihgs mm%mll, dyoviger, may

obj ects of the present invention are to_provide,
dasreasceffittrncisbeeyeteapt thaveayiremenicof adapes aingunt of solvent

size distribution and specjfic suriace area, ,and a
torfapletely dissolyg: hisalwaonsle ¢orsta Sf@%w&%frﬁ dsicagRis Feeovery

the bical utam de cryst at Is . provi.d

ls; t ot . .
rati duejolicdareatyealyme ﬁi\}ﬁﬁg‘wg‘f%%ci Biegl %%rﬁmfg‘h&he particle sizes
t hod f t ai,ni bi.cal ut am de, .whj ch i
o Bl Sh AT A% 5P B SRnd ol angpae,
AL BPTAL 18 o BB o0 ST BRI PR Buiavte
b.grg{b{l ens, and.then achieved the present invention.
igpbptafide, ¢fySidlScent i nventions are as fol lows: <1> A

met hod of crystallization of bical utam de conprising
addi ng an acetone solution containing bicalutamde to

SUYRIEfARY OF THE INVENTION

The objects of the present invention are to provide bicalutamide
crystals having a specific particle size distribution and specific surface area,
and a novel crystallization method for efficiently producing the bicalutamide
crystals; that is, to provide bicalutamide crystals having a specific form, and
a method for obtaining bicalutamide, which is economical, excellent in
stability of product quality, and industrially applicable.

The present inventors have diligently studied to solve the
above-mentioned problems, and then achieved the present invention.

That is, the present inventions are as follows:
<1> A method of crystallization of bicalutamide comprising adding an
acetone solution containing bicalutamide to water,
<2> The method according ‘to <1>, wherein the amount of acetone in the
acetone solution containing bicalutamide is 2 to 10 g per 1g of bicalutamide.
<3> The method according to <1> or <2>, wherein the amount of water is

0.5 to 10g per 1g of acetone.
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25 <2> The nmethod according to <1>, wherein the anount
of acetone in the acetone solution containing
bicalutamde is 2 to 10 g per 1g of bical utam de. <3>
The nmet hod according to <1> or <2>, wherein the anmount
of water is 0.5 to 10g per | g of acetone. 3 <4> The
nmet hod according to any of <3> to <3>, wherein the
tenperature of water at the tinme of the addition is O
<4» 30lhe nhethOdystadrding tbiamt of arit¢o wier ewhepaint thd temperature
size distribution of the crystals is 1 to 10, um of
ofDwilater 40theotidke odrvhefadabibi®mid026 30° @00, um of Dp9o,
5 and the crystals are obtainable by a nethod
<enprCwistglsacitibicplata mede ovlecreah particle sireadidtnigpution of the
bi cal utam de to water. <6> The crystals of
criys talk us dntald Oaee of P pgp, t10 525 pmeofiDpsspand 26do 100 wm of Dpgo,
surface area of the crystals is 0.4 to 1 n2/g. <7>
and tha grestels brfcabmwmbi@,bmén@ﬁh@qoaemml@ngi adding an acetone
distribution of the 10 crystals is 1 to 3 ,am of
sobhption cortgising hiexluppypodehe v6ates. 15  am of Dp9o. <8>
The crystal s of bical utam de accordi n(t; to <7>, wherein__
<Gpeci¥hiecrysiainet basdutamide pecordme To <>, mwherein specific
crystals of bicalutam de according to <7> or <8>,
sufHi¢harea opphaicayprads iy Uohdoth ME/Bi 1 1ing of crystals

< DTN A B SR ARt of e
CrRSEHTE 0 B3 SRS RS LB 4505 B of Do
<$21 Mg cHISaERiCs Emddl a%afulg bo G5 URE R Bitic
sulksks GEASNeY 1975 lﬁ;{:lg conbi nation thereof. 20

<9>  The crystals of bicalutamide according to <7> or <8>, which is
obtainable by one time milling of crystals of bicalutamide obtained by a
crystallization method obtainable by a method comprising adding an acetone
solution containing bicalutamide to water.

<10> The crystals according to <9>, wherein the one time milling is carried

out by a mill selected from a jet-mill, a hammer-crasher, a ball-mill and a

disk-crasher or by a combination thereof.

DESCRIPTION OF PREFERRED EMBODIMENTS

(Crystallization method)
The method of crystallization of biéalutamide of the present invention
includes adding an acetone solution containing bicalutamide to water.
The acetone solution containing bicalutamide (hereinafter, referred to
as the said acetone solution), for example, can be prepared by adding
bicalutamide into an acetone solvent and dissolving. The amount of the

acetone is typically 2 to 10 g per 1 g of bicalutamide, and preferably 3 to 7 g.
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DESCRI PTI ON OF PREFERRED EMBODI MENTS (Crystallization
met hod) The nethod of crystallization of bicalutam de
of the present invention includes adding an acetone
sol uti on containing bicalutam de to water. 25 The
acetone sol ution containing bicalutam de (hereinafter,
referred to as the said acetdone solution), for
exanpl e, can be prepared by adding bicalutanmde into

TakirgC gt Otven S e/ lutANdy difShidalu fignidehsd diwudttade sbbvent into
acetone is typically 2°to 10 g per 1 g of

congiderdtashdehe abdtgiecterabiy i§[ptr@fc}ably 4naifiakinegl usually at 10 to
account the solubility of bicalutam de to the acetone

586y einid Ff&ﬁérabl}nsl)d@raﬂ i2Q)) if thee essamtypveith Hadtimn i s
preferably maintained usually at 10 to 50'C, and
pref eAblehryatifely the agtont sudatienafyr ewiantplecanayde prepared by
Al ternatively, the acetone solution, for exanple, nay
checqriepingdirbyce onzosckniomtbngaiaingdewooen toitusf bicalutamide.
contai ning | ow content of bicalutamde. |In this case,
Int Heisomrseg hhe atoinme nteatidoe noay bicechroiad put soljaddust the amount of
anount of acetone within the ranges nentioned above.
agatonhewithan ithe rangesancetionadi admve.t Furthesf eficadhenhat
the concentrated solution is maintained wusually at 10
cenc@Uration, ihis prefeerebithatddhe; concemaated selgitipn is maintained
precipitation of 10 bicalutamde crystals. In the ., ., .
ugralbeat L0hte sl e, andipseferably &P ts gl G tapveid pregipitation of
AC, and, preferably O to 15 4Cin order to obtain fine
bicajuteanide peysdalfet hod adding the said acetone

solutjon to water, is adopted in the present
crysth 1he REFSRRE ipueRbR T, hatesdsried ReHLR @t 4 130, 3C, and

PIESCD L3 o RIS b b Bl RE R gpod acding
thgrS %J%ilggﬁgqci?)gstqrﬁ&ﬁogﬂﬁ %Qg{n F.'%%fga\ﬁ?%f 5)1;,1] 'tHe tpl}gsgﬁty&tﬂtﬁllization .
method, the acetone concentration in the water (crystals precipitated liquid)
becomes higher with the addition of the said acetone solution. As long as
the final amount of water in the crystals precipitated liquid after the addition
of the said acetone solution is 0.5g or more per 1g of acetone, acceptable
crystals in quality and yield can be obtained. Though it is preferred in view
of the simplicity to put the whole amount of water in a vessel before adding
the said acetone solution, it can be adopted, for example, a method that one
half of the whole amount of water is put into a vessel before the addition of
the said acetone solution, the remainder is dividedly added during the
addition of the said acetone solution. In the present invention, the water to
which the said acetone solution is added incl‘udes not only water alone but
also bicalutamide crystals precipitated liquid obtained by adding the said
acetone solution to water, in other words, an aqueous liquid containing
acetone, soluble amount of bicalutamide and precipitated bicalutamide

crystals, as long as acceptable crystals in quality and yield can be obtained.
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of the said acetone solution is 0.5g or nore per |g of
acetone, acceptable «crystals in quality and yield can
be obtained. Though it is preferred in view of the
sinplicity to put the whole anmobunt of water in a
vessel before adding 20 the gaid acetone solution, it
can be adopted, for exanple,”  a nethod that one half
of the whole anpunt of water is put into a vesse

Thiemstbodied additienefshe said acgitone celwrien gnpptheothe addition by
remai nder i s dividedly added during the addition of
CONfHUOA SO LRRIYARE HIRNWIse SuPRIvénpr eskRughibAepends on a scale
the water to ich the said, acetone soggtion_is added
ofj iartigasy altmentie fmetonrdaitignts usualo 18 minutesnioy0 hours.
T ek hr Ll aor bt T s b Bopapavle of
OiGHRERER ahe LG A P37 Bk oThfc” 7Pl breterabiy
| t abl tals i it dyield
20034p 508 gt thctiScale ¢4, 0lRSTASK addition of the said
t | Uty .th iti b ti .
2o Pt R s AT o 400 oGS B go water
thé 3ifhefon B pReRTRLRY sYU Sorkitdd ® A aBfigho . birried out
. o L : . o
welFRCly B35 AT Gk igTH 78 1hUERE0 B, GARRILS vime s
| f '
w510 By ESD, hoie AT e PR B BTRO TN B o} owr
th ' LR | PR | iohh ideat i
0, PALURER SFEURRLL B SR8 Bhorioh Ny Raldel Lifhaleof

bicAuiARIdO ¢an pSkallekiad, 0T ﬁ@uaﬁonaﬁ&tﬂéafisrxﬂﬁloaa&icmaﬂy
to 15 4C, and the agitation tine is 10 usually 1

linitey! eediced phoskge ANFatiBLS, predsaiedliiltdlidnd) Weakrifagal
1 hour. And then, by filtrating the agitated

filsitidris9rand tHeehitedmakyisé aksd eflondioradd'h ¥smiBimaiobehereof.
collected. The filtration nethod is not particularly

Furthermore, the crystal may be washed with a mixture of acetone and water

or water during the filtration. The crystals collected may be dried through

circulation drying, by reduced pressure drying, and the like.

Thus precipitated bicalutamide crystals can be controlled in smaller
particle size ranges than those obtained by the conventional methods. For
example, the particle sizes determined by‘ a laser diffractometry can be
preferably controlled in the range of 1 to 10 um of Dpjp, 10 to 25 um of Dpsy,
and 25 to 100 um of Dpgy, and more preferably 2 to 6 um of Dpyq, 10 to 20
p#m of Dpso, and 25 to 80 um of Dpyg.  The specific surface area of the
crystals can be controlled in the range of 0.4 to 1 m%/g.

To obtain such particle size distributions, applying the crystallization
method of the present invention is critical, and if any procedure other than

that of the present invention is applied, for example, crystallization is
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limted, reduced pressure filtrations, pressured

filtrations, centrifugal filtrations, and the |ike

may be used al one or as a conbination thereof. 15

Furthernore, the crystal may be washed with a m xture

of acetone and water or water during the filtration.

The crystals collected nay e dried t hr ough

circulation drying, by reduced pressure drying, and .
petfremédk by Thtep pddiigpiwateedntn anlagedondsodutionapkbieaiutamide,

be controlled in smaller 20 particle size ranges than
bicdasemode airpetdlpyeslé indaveer partaclensizgadistripgiions.

exanple, the particle sizes determ ned by a | aser,

di f f Thet biveluianeide owstalscobiadney boothe eryHalliratina method of

range of 1 to, 10, um of lo, 10 to 25,um of Dp50, . an
thepresemiomvemtiast hpwosmali parbicde sizgserthiy ¢llovwpiginireduce the

of Dplo, 10 to_ 20, ,um of Dp50i apd 25 to, 80, pcm of
cryyols toriesystade heving smueh dingrepardic Fr?ézgsiléwgwpgsm larger

spociFE B wres b ipes i Badnaded Sy Rifing” Pheimning
b B antsouton P E b ea By oA AR Sy i sorc
Wig]irl ;‘zﬁihb: Qﬁﬁg%ﬁféhélu%:, kg?%%%@%g%gﬁg%hmﬂpr}baweéfcrasher, a
ol b AR R R FabBH ) FR4 L BT Sapriom therpot and
prEhSEID L R P PAER he BpFe RSt oL, 0Pt ol e
PRI Bt gh)e 225 1 PLe, o fove w0 i ntroduce

S FerberbioEHANe SR O5{yRREUY pECRUNINRR SLRRIDY puricl

si 'fggﬁghb‘iﬂidx} i%ghag&& wmm U 5 Yurd YEDpRf, 44dS 1o 15 um of

u
I'ng sol \ amil®he mfl includes, for
D% 28RESmoge J[p?éféﬁabljf] 12t 2R GIDPSHEL.S ® 5hahlofDipl,, #nd 5 to 12

I'Sk-crashe and the like, and a conbi nation thereof,
un@d Dpgg. The bicalutamide crystals having such particle size
distribution ranges are expected to have suitably excellent solubility and
absorption rate.

In the invention, Dp, is a unit referring to a particle size of crystal,
and n is a value covering from 1 to 100. For example, Dpjo is defined as a
diameter of the particle where particles are accumulated from the one having
a smaller size and reach to the accumulated particle volume of 10%.
(Method of measuring particle size distribution)

Add 1000 mL of water to 5 g of Triton X-100, mix well. Add 0.1 g
of bicalutamide and sonicate for 15 minutes, the filter using 0.45 um
membrane filter and use this solution as the dispersant. Rinse the
dispersion unit and the measurement instrument with the dispersant and

replace it in the instruments with the fresh one, then measure background.

After weighing, suspend about 0.05 g of bicalutamide crystals in the 20 ml of
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10 preferably a jet-mlIl to obtain fine particles.
(Particle size distribution) The bical utam de crystals
obtai ned by such mlling exhibit a particle size
distribution of 1 to 3,umof Dplo, 2 to 5, um of Dp50,
and 5 to 15 umof Dp90, and nore preferably 1 to 2 um
of Dpl0, 2.5 to 5,umof Dp507 and 5 to 12 15 , um of
Dp90. The bical utam de crystals having such particle
d%f%@sﬁhtsﬁﬁﬂ Righi @Atel BIIAS tn Bikte & xed eské aphaieh the tidpersant to
excel l ent solubility and absorption rate. In the )
100vANL | ORedBperks thidpuspemiienrwith 4 pipetpand ipoive Giig @ample into
of crystal, 'and n is a value covering from1l to 100.
o digeasiieunipdd that defdbredration is20.0i an20 4 %of Afser the
particle where particles are accunulated fromthe one .
stibilingng@ periid ef 19 mrinatek, rstaxthhieomehsu evuentibaded the following
particle volume of 10% (Method of neasuring particle
cohditioh st Méetriming WG diadveter, 50 %ndiameter, 3nd 90 % diameter
Triton X-100, mx well. Add 0.1 g of bical utam de and
ascoidiagetof an iffegriated distrithgion icueve dei by Dpa1d5Dpsmapsl Dpeo,
menbrane filter and use this solution as the
re8pdiradyt . Rinse the dispersion unit and the
measurement instrument with the dispersant and
Mepiwemdnt ¢ondikor:nstruments with the fresh one, then

measur e background. After weighing, suspend about
Instosmendfmpidell ut baseredifrantions pariicleesizg malygey

di spersant and sonicate for 5_pjputes, and make up
with the di spersantM@tefW%@gb&mgbﬁrg this

suspensi on W [ and pour this sanple into the
IBﬁBEb?QFd%P'Ghi‘ﬂ“@G%ﬁZ’S an obscuration is 10.0 to 20.0
% Afteredﬁh Sstabi.lizi ng_ %pbod of 12 m nutes, start
StHzehaRge SPERYEP WHe B¥hg 5 condition.

Pkl RGO ANE e saRpIS RBH°T - 208 PRiGEl GRS
Dispersant Refraction Index: 1.330

Analysis model: General purpose

Calculation sensitivity: Enhanced

Particle shape: Irregular

Size range: 0.020 - 2000.000 gm

Measurement integration period: 12 seconds

Backgroupd integration period: 12 seconds

(Specific surface area)

The bicalutamide crystals thus obtained also have a specific surface
area of 1 to 5 m?/g, and preferably 2 to 4 m?/g, therefore being expected to
be a bulk for drugs suitably having absorbability and solubility.

The specific surface area in the invention is defined as a surface area
per 1 g of particles, and represented by a value measured by the following

method.
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according to an integrated distribution curve to be

Dpl 0, Dp50 and Dp9o, respectively. Measurenent

condition: Instrument nodel: Laser diffraction

particle size analyzer 10 Mastersizer 2000 (Ml vern)

Di spersion unit: Hydro2000S Stirrer speed of

di spersion unit: 2300rpm Par&icle Refraction | ndex of

sanpl e: 1.670 Absorption: 0.001 Dispersant Refraction

I ndex: 1.330 15 Analysis nodel: General purpose

Cal cul ation sensitivity: Enhanced Particle shape:

I meagfri @020 fac@@@0apoo , um

(%!a’gg%‘ﬁeﬁt%a?ﬁ?ﬁgﬁ on period: 12 geconds 20
Backgy @xpsh1d it dherhd pecimght 12 seacmim diBpeat 40tC as a
surface area) The bicalutam de crystals thus obtai ned

prélit@afiA¥ft BebPrcbéiny subfeated taremeaisutemens. ntfhg mgasurement
preferably 2 to 4 n2/g, therefore being expected t9q .

s 25 o ce Dk Kol fow's O (gdse s int ainh iy o frawi ahsoabing igasi (mitrpgen gas) is
and sol ubility. The specific surface area in the

abisBYBBd ib3na isansistei, ke vadues odrd rlativecpressyre {PgP@p and an
particles, and represented by a value neasured by th

alfserbedigng vokithedreieteMpimed in mcmﬁrpﬁ@%ﬁ@a,ﬁnf‘hen a
surface area) A sanple is deaerated overnj %}f in ? ine th

speetticrouifyes anta 192aladated according to the BET equation using ine

values. COULTER™ SA3100™ Series Surface Area and Pore size
Analyzer is used as a measurement device. After measuring the sample
mentioned above, the specific surface area at around the relative pressure of

0.05 to 0.2 is calculated.

The present invention will be specifically explained according to the
following Examples, but should not be construed to be limited thereto.
Example 1

In a flask having 5 1 capacity, bicalutamide (240 g, 0.558 mol) and
acetone (1200 g) were sequentially added, and then agitated and dissolved at
20 to 30 °C.  After dissolution, the mixed solution was added dropwise into
3600 g of water cooled at 5 °C for 2 hours (dropping rate: about 12.5
ml/minute). And then, the solution was agitated at 5 °C for 30 minutes,
followed by collecting bicalutamide as crystals with filtration to dry under a
reduced pressure, (236.6 g, yield 98.6%) Purity 100%

A particle size distribution and specific surface area of the crystals
obtained were measured.

(Measurement of particle size distribution)
With using the above-mentioned laser diffraction particle size

distribution analyzer (Mastersizer 2000 (Malvern)), a particle size
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pre-treatnent before being subjected to a neasurenent.
The nmeasurenent 5 is conducted as follows: a given
anount of an absorbing gas (nitrogen gas) is absorbed
by a sanple, the values of a relative pressure (P/ PO
and an absorbed gas volune are determ ned in each
absorption step, and then a? specific surface area is
cal cul ated according to the BET equation using the

distfibiRfon G4 TERsTM SARURY T Samesondifiens Mertionnd above.

Pore size 10 Anal yzer is used as a neasurenent device. |

Af t ep shBRSEESuls, tthe paviele sizedistoitadi@mofdhetdtwve-mentioned

specific surface area at around the relative pressure
crtaldwds 53 Am2of Dpal dul. sgen. of TR s pr & 30. 6 pararitfi Bso.

wi || be specifically explained according to the 15 .

f ol | pwichghdaxaiiel @y stilst olstaomédl abowv ebw ecomeil lageat ppegéme with a

limted thereto. Exanple 1 In a flask having 5 1
mithpacpisal jot-anillit5oA S¢ Hasakaga dIB38nnGrguphd acet one

(1200 g) were sequentially added, and then agitated
ThenohiHisg alonaldtians worg¢:o 30 1C. After dissolution, the

m xed sol uti on was added dropwi se into 20 3600 g of
Supgiserd airol B Mp&, QC for 2 hours (dropping rate: about

12.5 ni/mnute). And then, the solution was agitated
Diam&ec ofomjectorimerde, f 0i&MMBwed by col | ecting

bicalutam de as crystals with filtration to dry under
Mdlln@GUCE@SQHé%SQr%MPQB& 6 g, yield 98.6% Purity

100% A partjcle si ZEE déét%i bution and specific surface
Digmetesot; malling $0z¢2 ‘OB % ned were nmeasur ed.

(Measyrement of particle siize distribution) Wth using
Thegu eQﬂEHF?](fﬁed | ade™iffraction particle size

Fe%iéﬁqrtielb:t isgggan Ir}/zer (Mast ersi zer 2000 (Malvern)), a

The particle size distribution of the crystals obtained by one time
milling was 1.8 gm of Dpyg, 4.2 um of Dpse, and 10.5 um of Dpgp according
to the results measured by the measurement method mentioned above under
the same conditions.

Furthermore, the specific surface area of the crystals obtained by one
time milling was measured with the COULTER™ SA3100™ Series Surface
Area and Pore size Analyzer mentioned above under the same conditions
mentioned above,

The specific surface area calculated at around the relative pressure of
0.05 to 0.2 was 1.8 m*/g.

(Results)

According to the above Example, the method of the present invention

was able to provide bicalutamide crystals of which particle size distribution

was more suitable to formulation than the conventional.

Comparative Example 1
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di stribution was neasured under the sanme conditions
nmenti oned above. As the results, the particle size
di stribution of the above-nentioned crystals was
5.3,um of Dplo, 14.5 ,um of Dp50, and 30.6 ,um of
Dp90. And then, the crystals obtai ned above were
mliled at one time with a ¥ nill of spiral jet-mll
50AS (Hosokawa M cron Group). The m I ling conditions

Wer gn a Bo@Phicel f2agk Bainda, capaaity of 2610 mi} ect or
nozzle f 0.8 mMmm MIlling air pressure 0.4 Ma, 10

4°- Qygﬁr@ge.moﬁlumélbhﬁrgylmbnz)ﬁehydm)eyﬁ?methb(é'%unber of
nozzles 4, and Feed rate 9970:% The particl e, size nod
tnf‘l’utsidmbthylpmopfortdmlxdley@t%llsg 4 maaobyprasuged,py a metho

mlling was 1.8 pmof Dpl0, 4.2 pm of 50, and 10.5
described uD;EDltb&fIMZ}lﬁngndleﬁhwb atcnéatﬁe(%ﬂ %) mguwéﬂlwlally added,
the neasurenent nethod nentioned abov ung&]lé t he SaB 1t ¢
and Oheh hightated RurdenexmigecoeHagsFeta /i ¥l acgtaigsolution o

the crystals obtained by one t|rre LLLing
momegenphthalic hcit 61 GHISTERTE emonOn g3 LIS myngl) was added

Area and Pore size Anal yzer nti oned above.und
draqpmpcounalte s e D dhoer 468 ARATHIPL ABLIAES foF 1°hour.

20%;J rB;Z;ﬂesel?;; ﬁyé?&%qﬁ%ﬁﬂﬂaaﬁy%délﬂ%sr %i@g{ p?gs)wise and then
su&%ggédglgg %négﬁ%qhggfgr%{sqﬂgéai&'eewla&erp}ag\;rggg%l Qlyt sﬁ:ﬁgcrln with ethyl
acet g t gbsm?)f ﬁllq g?gréllu%l y%lrsz %/edr'esécgﬂlB%é@,nand the combined
organic layer was washed with an aqueous solution dissolving 3.0 g of
sodium pyrosulfite in de-ionized water (30 ml), dried with magnesium
sulfate, and then concentrated under a reduced pressure. The residue was
added with 66 ml of ethyl acetate and then heated up to at 60 °C, 40 mlof
n-Heptane was added dropwise at a temperature of 60 to 65 °C for 40 minutes.
After finishing the dropwise addition, the solution was gradually cooled
down to a room temperature (about 20 to about 25 2C), followed by filtration
to collect bicalutamide (12.24 g, yield 91.2%) as crystals. Purity 99.97%.

A particle size distribution of the crystals obtained was measured
with the laser diffraction particle size distribution analyzer under the
conditions described in Example 1, resulting in 45.6 #m of Dpyo, 90.7 um of
Dpsg, and 177.6 um of Dpgo.

The bicalutamide crystals obtained by the above method was milled at
two times with CT-401 (ATOMIZER) (manufactured by Fuji Paudal
Co.,Ltd.) [rotation number=8000 rpm, screen=2 mm, feed rate=62 rpm, (1.4
L/M), hammering numbers=12] |
(Measurement of particle size distribution)

A particle size distribution was measured with the same method as in
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was nore suitable to fornulation than the

conventional. Conparative Exanple 1 10 1In a four

neck flask having a capacity of 200 m, 4'- :

cyano- 3- (4-fl uor ophenyl t hi 0) 2- hydr oxy- 2- net hyl - 3' -

trifluoronethyl propionanilide (12.2 g, 30.6 mmol)

produced by a method described in EP1462442- A and

ethyl acetate (20 nl) were sequentially added, 5 and
Exhhqﬂeagitat ed under an ice cooling (2 to 7 QC). Ethyl

acetate solution of nonoperphthalic acid (166.58 g, )

net TheYUrtieRe 3ize distPibiiomolf)theas yatale dbbtdingibyetvae times

a tenperature of 10 QC or less, and then agitated for
millihguras 30VqtatefsBipysm 15.0r pmi of DpjounndrS 1. 8170606 D ivas

added dropw se and then subjected to a phase

separation. The water |ayer was extracted with ethyl

10 acetate (30 m), and the organic |ayers were
Cocopisatics Exadnplee2 conbi ned organic | ayer was washed

wi th an aqueous sol ution dissol vi g% 3.0 1g of _ sodi.um

pyr obuhfflagk havieg iaoed pai tyvef $0Q 80, Migalwipmide fil2ng, 28 mmol)

magnesi um sulfate, and then concentrated under a
anddllgenf peetonerweraisequestially agded.qamd dhen Aagidediat

ethyl acetate and then heated up to at

tempenatueptadnel wad nllded AFEpHoNdIERINE f%ﬁ%&%ﬂuﬁ@n@fﬁ‘ﬁfg of water
wascRRds dArOBTESS SR ot it BURALIR) BT ane TG BEEHpIp for 30
i R LS 50V st oo BT SRR adea
and g 3% RYGHE) iaHOlL BBt AL L RuTEE rugpet w me
s bR o A HERHT, AR SRR R e same
ter%%%fﬂ%{t{ﬁpﬁ]gfgi;%abgu@, %fooli)gé %’ov%) 14 5 b R 9 HBtrl?s, #0d then
maintained at the cooled temperature for 6 hours. And then, bicalutamide
was collected as crystals by filtration, followed by drying under a reduced
pressure (11.95 g, yield 99.6). Purity 100%.

A particle size distribution and specific surface area of the crystals
obtained were measured with the same methods as in Example 1.

The particle size distribution obtained was 39.5 um of Dpjg, 119.6 um
of Dpsg, and 273.1 um of Dpyy, and the specific surface area was 0.2 mzlg.

The present invention can provide a novel crystallization method for
efficiently producing bicalutamide crystals of which particle sizes are finer
than those of the conventional. And, the bicalutamide crystals obtained by
the said crystallization method, due to having smaller particle sizes
compared with that of conventional crystals, can be efficiently introduced,
by a less-loading and simple milling, to bicalutamide crystals having particle

size distribution and specific surface area which are expected for excellent in



The bi cal utam de crystals obtained by the above nethod
was mlled at two tines with CT-401 (ATOM ZER)
(manuf actured by Fuji Paudal 25 Co.,Ltd.) [rotation
nunber =8000 rpm screen=2 mm feed rate=62 rpm (1.4
L/'M, hamrering nunbers=12] (Measurenment of particle
size distribution) A particle“size distribution was
nmeasured with the sane nethod as in 11 Exanple 1 The
selabilicy ansl zesalipsiori batei on of the crystal s obtained by
two times mlling was 3.1 ,umof Dpio, 15.9 ,um of
Dp50, and 57.8 ,um of Dp90. 5 Conparative Exanple 2 In
a flask having a capacity of 200 m, bicalutamde (12
g, 28 mol) and 60 g of acetone were sequentially
added, and then agitated at a tenperature of 50 to 55
2C. After confirmng the dissolution, 60 g of water
was added dropwi se with a dropping funnel at the sane
tenperature for 30 10 m nutes. Thereafter,
bi cal utam de crystals (0.05 g, 0.12 mml) were added,
and then 30 g of water was added dropw se through a
droppi ng funnel at the same tenperature for 40
m nutes. The solution was maintained at the sane
tenperature for 1.5 hours, cooled dowmn to 5 C for 9
hours, and then maintained at the cool ed tenperature
for 6 hours. And then, bicalutam de 15 was coll ected
as crystals by filtration, followed by drying under a
reduced pressure (11.95 g, yield 99.6). Purity 100%
A particle size distribution and specific surface area
of the crystals obtained were neasured with the sane
met hods as in Example 1. The particle size
di stribution obtained was 39.5 ,um of Dpl0O, 119.6 Jim
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20 of Dp50i and 273.1 ,um of Dp90, and the specific
surface area was 0.2 n2/g. The present invention can
provi de a novel crystallization nmethod for efficiently
produci ng bical utam de crystals of which particle
sizes are finer than those,of the conventional. And,
the bicalutam de crystals obtained by 25 the said
crystallization nethod, due_to having smaller particle
sizes conmpared with that ofLé&dM%ntional crystals, can
be efficiently introduced, by a |Iess-I|oading and
sinple mlling, to bicalutam de crystals having

particle.  sjze distrj.bution d ecifjc surface ar
1. whi ¢h metboskpleristallizatiopd bivalifamule campsiying addipe an
absorptiqon rate. .13 CLALNMS 1,. A net hod of
ace&?g»%tsaﬁmleatqqmaavnt& E’aﬂa{!?%ﬂlkpee ¥R ng addi ng an
acetone sol ution containing bicalutanmide to water. 5
2. The nmethod according to Claim 1, wherein the anount
of etone.i t he aceto

Luti L _

2. pic g}ﬁt&gr&i %cc'é)rfibn&dogtslﬁﬁl ig'wg}ner%gﬁ &g{a Ell(ﬂg_%l%te pf fﬁctone in
3. Th had di ' . ' t

ineSjed BT UAn 2T bRl g a5cto g bl apor

. met.hod di to daim1, wherein the t t

bicgfOMEIER: "ot "the time of the addition is O to 30C. 15

5. Crystals of bicalutam de wherein particle size
di stribution of the crystals is 1 to 10, um of Dpl o,

3. 10 tPh @ ¥R a RRAi AP d0Cldith 10U RERe?h tRR W nount of water is 0.5

to 10g per 1g of acetone.

4. The method according to Claim 1, wherein the temperature of water

at the time of the addition is 0 to 30°C.

5. Crystals of bicalutamide wherein particle size distribution of the
crystals is 1 to 10um of Dpyg, 10 to 25 um of Dpso and 25 to 100 #m of Dpoo,
and the crystals are obtainable by a method comprising adding an acetone

solution containing bicalutamide to water.

6. The crystals of bicalutamide according to Claim 5, wherein specific

surface area of the crystalsis 0.4 to 1 m?/g.

7. Crystals of bicalutamide, wherein particle size distribution of the

crystals is 1 to 3 um of Dpyg, 2 to 5 um of Dpsg and 5 to 15 um of Dpoq.

8. The crystals of bicalutamide according to Claim 7, wherein specific

surface area is 1 to 5 m%/g.
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and the crystals are obtainable by a nethod conprising
addi ng an acetone solution containing bicalutamde to
water. 20 6. The crystals of bicalutam de according to
Claimb5, wherein specific surface area of the
crystals is 0.4 to 1 n2/g. 7. Crystals of
bi cal ut am de, wherein parti]c‘jl e size distribution of
the 25 crystals is 1 to 3 Mnof DplO, 2 to 5 ,um of
Dp50 and 5 to 15 Mnm of Dp9o. 8. The crystal s of
bi cal utam de according to Claim7, wherein specific .
9, sur fBke caystals of bicalBandidg. accordmg thClaipsamehish is
bi cal utam de according to Claim?7, which is, .
obtabnableaby @neytiore milliaged ciysgals of pjealytamide obtained by a
bi cal utam de obtained by a crystallization, methaod
Crycsbalélzﬁémnanwhadn@bmw%’&rbvi%mﬁéhaécﬁ%l’&ﬁl%@:&&ﬁ’ég fn acetone
sol ution containing bicalutamde to water. 10. The
solgtipa gpBtaining Gieylutamaedeitm Watétherein the one tine
mlling is carried out by a mll selected froma
jet-mll, a hamrer-crasher, a ball-mll and a

10.dl Sk’i‘ﬁé %?9§tralgracg%rc?incgot%bag}rln , \}v %Egi%f thelgne time milling is

carried out by a mill selected from a jet-mill, a hammer-crasher, a ball-mill

and a disk-crasher or by a combination thereof.



