WO 2009/017250PCM1P2008/064076 -1- DESCRIPTION METHODS FOR PRODUCING
ARIPIPRAZOLE SUSPENSION AND FREEZE-DRIED FORMULATION 5TECHNICAL FIELD

The present invention relates to a method for producing an aripiprazole suspension, and also a
method for prodt%?n@o%g’é?e‘@dried formulations. 10 BACKGROUND ART  PAFiigl38%660i a drug
commonly known as an atypical antipsychotic agent. Using an aripiprazole agueous suspension as an
injectable formulation has been proposed for the 15 administration of aripiprazole. In particular, a
suspension obtained by suspending aripiprazole with-arpeagparticle size of about 1 to about 10 gm in
an agqueous vehic!&%r&%wgogg Iﬂ%%%(? cellent sustained-release%ggo erties and bioavailability (Patent
Document 3). 20In prior art, aseptic pu v&%zéﬁ%%?%ﬂ?ﬁ%p% e HfcERER 4R mercial
production level. For example, a ball milling methigekNURisRIgses ceramic beads widely used in wet
milling, has problems: bead friction may cause contamination, additionally, ball mills capable of in-line
sterilizationsare 25 generally not commercially available currently. Moreover, the ball mill
pulverization method may possibly involve a p thﬁgﬁéss in which some large particles
possibly slip through the beads. As shown in Patent Document 4, it is preferable to use bulk
aripiorazole having a desj 0 icle;size bly havi icle size of about
100 pm or less, more p%ﬁ%&%%&gut%%%%ﬁlo% t%hlge gg%%ﬁégha%oin% a%%glt%i%g:%goss%c&n ciO?)Ilgm with
a narrow particl@@‘?@f@f?t?fb%ﬁioﬁ??ﬁﬁﬁé\“f@ﬂ'praﬂﬁcﬁéﬁ%f%u@ﬁ*t?tﬂﬁ aFpiprasdfe BEeh o &asesn
particle size of abdutdl @0 gmlardésssequires 35 particular crystallization techniques like an impinging
jet WO 2009/017250PCT/JP2008/064076 -2- crystallization method, as described in Patent Document
4.

BACKGROUND ART

Aripiprazole is a drug commonly known as an atypical
antipsychotic agent. Using an aripiprazole agueous suspension as
an injectable formulation has been proposed for  the

15 administration of aripiprazole. In particular, a suspension
obtained by suspending aripiprazole with a mean particle size of
about 1 to about 10 um in an aqueous vehicle is known to have
excellent  sustained-release properties and bicavailability
(Patent Document 3).

20 In prior art, aseptic pulverization of bulk aripiprazole
was difficult at the commercial production level. For example, a
ball milling method, which uses ceramic beads widely used in wet
milling, has problems: bead friction may cause contamination;
additionally, ball mills capable of in-line sterilization are

25 generally not commercially available currently.

Moreover, the ball mill pulverization method may possibly
involve a problem of short-pass in which some large particles
possibly slip through the beads. As shown in Patent Document 4,
it is preferable to use bulk aripiprazole having a desired small

30 particle size, preferably having a mean particle size of about
100 pm or less, more preferably about 95% of the crystals having
a particle size less than 100 pm with a narrow particle size
distribution. However, production of such bulk aripiprazole
having a mean particle size of about 100 um or less reguires

35 particular crystallization technigques 1like an impinging Jet



On the other hand, particle size_ reduction can be carried out using a high-pressure homogenizer;
howeyer, Wh_en a 1_0% suspension of aripiprazole having a mean particle size of more than 100 um is
pulverized with a high-pressure homogenizer, clogging occurs in the line, precluding pulverization.

Therefore, it is q§§?§§@)@ﬁ§@ gr_ipiprazole_preferably with a mean particle sizecqfpo6hsip407sless.
However, suspending such aripiprazole with a mean particle 10 size of about 100 um or less in a

vehicle s_olution is accompanied by foaming. Thereforez mixing under vacuum is necessary for the
preparation of a homogeneous suspension (see Patent Document 3, Example 1 and paragraph 0089).

When mixing ism@é@?@hé@@va%ﬁlﬂ%%o&&i@@%%ﬁ?ﬁ?ib%nl§%?85u88&% fequires measures
tF? prevent contaminatiqn, frepsthe-externak-environentel nprovenetdnitbis aspedtds dosireet!

atent Document 1 discloses a method for preparing small pasticles goptaining a,peerly yvatggssoluble
drug, comprisingthe éjt%jﬁ%gof:azg}éﬁgliﬁnrf %?wfgeh s%ogalgrgaérﬂ%dm&tureggf ag oorly wglterjy\éoﬁ@bie drug
and one or more sipfacs active sabslHREa%A e AqUEBEs Baffétin Bid Bhsthce tran drgBRtEsolvent

heated sUsEenS Son i G e Tt e e s Tl oy homogaizag e
_ ntaining e erein the drug.is ten; . (k) ho izing the
heated suspens?&?‘?ﬁﬁ“ﬁrs?%%ggu%él ré?%g\i ana wiﬁﬁﬁ%%Lé%r%?[:?ﬁ%%g?gﬁf@t%%%é to form aé%l%bted
homogenate containingithe. dedg wherein #ve piogagehelereerably) sddhng s Heatad HomBgenate

to a second tem erature ?1%5 ehelpythe melting temperature of the poorly water-soluble drug to

form a transient lszt%b?e, cooled h ini : [ j
stablllzmg energ)étic pro%%xggvt%r, osmlgggrqggengoQ&aéglnagr‘i%%gg%%ble Wi@f) agpnl'%lgg %)Q?EEQEG

10 size of about 100 pm or less in a vehicle solution is accompanied
by foaming. Therefore, mixing under vacuum is necessary for the
preparation of a homogeneous suspension (see Patent Document 3,
Example 1 and paragraph 0089).

When mixing is carried out under vacuum, outside air may be

15 introduced, which reguires measures to prevent contamination from
the external environment. Improvement in this aspect is desired.

Patent Document 1 discloses a method for preparing small
particles containing a poorly water-soluble drug, comprising the
steps of:

20 (a) mixing at high shear an admixture of a poorly water-
soluble drug and one or more surface active substances in an
aqueous carrier in the absence of an organic solvent within a
first temperature range at or above the melting point of the
poorly water-soluble drug to form a heated suspension containing

25 the drug wherein the drug is molten;

(b) homogenizing the heated suspension in a first pressure
range and within the first temperature range To foﬁm a heated
homogenate containing the drug wherein the drug is molten;

(c) cooling the heated homogenate to a second temperature

30 range below the melting temperature of the poorly water—soluble
drug to form a transiently stable, cooled homogenate containing
the drug;

(d) applying a particle stabilizing energetic process to
the cooled homogenate within a second temperature range below the

35 melting point of the drug and in a second pressure range to form



the cooled homogenate within a second temperature range below the 35 melting point of the drug and
in a second pressure range to form WO 2009/017250PCT/JP2008/064076 a cooled dispersion of
stabilized small particles containing the drug; and (e) drying the cooled dispersion to form dried
small particles Bshtagning2ite poorly water-soluble drug. However, in theaathooketHatent
Document 1, preparation of an emulsion heated at a temperature higher than the melting point of the
drug is essential, and there is a problem in maintaining-the crystal for m. Patent Document 2 discloses

effective solubilization or 10 dispersion means of pporly soluble compounds by adding a combination
of a predetermméd aniou #ﬁé? Sﬁs&®nc§mp8%3ﬁf€ﬁ%f%nsg siﬁ%ﬁgﬁlgﬁ/cfg}&é%&ﬁﬁgﬂgte%%ﬁes that a
homomixer is wsed foredarse emulsification, and that a' high-pressure homogenizer or an ultrasonic

homogenizer is used fog fing;15;emulsification, Hoyeuekrn.Ratent Recument 2 dhe.compesition
containing a poorly soluble compound th&;is solubilized or dis{gcersged takes the foLifi of a fat emulsion,
and not an acdéaotifslgagf)eﬁ%' INING PiG R osuiiRht S Gicitses S Method for preparing a 20

sterile freeze-dried forinatation compisingthbsieps dfatent (Bppraparing sterlepbuiktddpiorézole
having a desired, patficle; size-distribution;,  +er(h) Rreparing arsterileuehiciefordhe; sterile bk

aripiprazole; 25(c) combining the sterile aripiprazole and the Sterile vehicle to form a sterile primary

suspension thatinékfied X Stere FNENE 6 2olffE  Thexq) 1d iy thd Fiear paRidIEiZa Ui the

sterile mixture ehsotidgdnthefstetile primary suspension, e.g., by an aseptic 30 wet milling to within the

range from about 1 to gbout 100, pm, paicylarly; aboyt 4 to 10:m, ig forma sieile, final suspension,

and (e) freeze-drying the sterile final suspension to form the freeze-dried formulation. 35 It

teaches that wet BRRLFiHY iBréterretifas BROASEpLIEWSPIRO SOFORIFSS0PE T/ H59868/064076 -4-

combination. of a predetermined amount of an olly component (fat),
an emulsifier, and cyclodextrin. It teaches that a homomixer is
used for <coarse emulsification, and that a high-pressure
homogenizer or an ultrasonic homogenizer is wused for fine

15 emulsification. However, in Patent Document 2, the composition
containing a poorly soluble compound that dis solubilized or
dispersed takes the form of a fat emulsion, and not an aqueous
suspension.

Patent Document 3 discloses a method for preparing a

20 sterile freeze-dried formulation comprising the steps of:

{a) preparing sterile bulk aripiprazole having a desired
particle size distribution;

(b) preparing a sterile vehicle for the sterile bulk
aripiprazole;

25 (c) cbmbining the sterile aripiprazole and the sterile
vehicle to form a sterile primary suspension that includes a
sterile mixture of solids;

(d) reducing the mean particle size of the sterile mixture
of solids in the sterile primary suspension, e.g., by an aseptic

30 wet milling to within the range from about 1 to about 100 um,
particularly about 1 to 10 pm, to form a sterile final
suspension; and

(e) freeze-drying the sterile final suspension to form the
freeze-dried formulation.

35 It teaches that wet ball milling is preferred as the aseptic wet



milling procedure in step (d). Non-Patent Document 1 discloses that microfluidizers have two
advantages over other methods of decreasing a mean particle  size: the final products have no
contaminants, and.production is 5 easily scaled up. Patent Document 1: Japanese Unexamined Patent
Publication No" 2005831582 Patent Document 2: Japanese Unexamined Patemtieesaination No. 200
5-22 98 9 10 Patent Document 3: Japanese Unexamined Patent Publication No. 2007-509148 Patent
Document 4: Japanese Unexamined Patent PublicatiBi No. 2007-509153  Patent Document 5:

Japanese Pat@mm@ﬁ@%@@&%Pﬁge@tthcgmqnt 6: Japanese Patent No. 3750023 Non-Patent
Document 1: Kathleen J. llling, et al., "Use of Microfluidizer Processing for Preparation of

Pharmaceutical SuspensionasPhalfiCHaeht GcROBERSE596 H5dgas 7896188.91 28¢en-Patent
Document 2: "Stadydratirygts Tearsfootiationmeft 20 Avipigrazela’aaioshi Ackbet dlakhe Fourth

Japan-Korea §Syaposim en,separaf ogqy. ( ber.6th-8th, 1996), p.937-940
DISCLOSURE OF THE INVENTI El\?%%%gﬁ%%%% %%%“&8? 5 BV ERRAERION
Suspensions 8?5&&]%&8?%?%p%’ding ariniprazole with a mean particle size of about 1 to about 10 gm
in an aqueousPeshitle Aeckmewn td haviapanelent sustainad-release properiias Mstball 30 milling of
aripiprazole prefgsally;Raying a mean particle size of about 100 gm or less, more preferably about

95% of the crystals having a particle size of 100 gm or less, is known as a process
)f, gap g p
atent DoCument 2: Japanese Unexamined Patent Publication No.

2005-22989
10 Patent Document 3: Japanese Unexamined Patent Publication No.
2007-509148
Patent Document 4: Japanese Unexamined Patent Publication No.
2007-509153
Patent Document 5: Japanese Patent No. 3760264
15 Patent Document 6: Japanese Patent No. 3750023
Non-Patent Document 1: Kathleen J. Illing, et al., "Use of
Microfluidizer Processing for Preparation of Pharmaceutical
Suspensions"”, Pharm. Tech., OCTOBER 1996, pages 78 to 88.
Non-Patent Document 2: “Study on Crystal Transformation of
20  Aripiprazole” Satoshi ZAocki, et al., The Fourth Japan-Korea
Symposium on Separation Technology (October 6th-8th, 1996),
p.937-940

DISCLOSURE OF THE INVENTION

25
PROBLEMS TO BE SOLVED BY THE INVENTION

Suspensions prepared by suspending aripiprazole with a mean

particle size of about 1 to about 10 pm in an aqueous vehicle are

known to have excellent sustained-release properties. Wet ball

30 milling of aripiprazole preferably having a mean particle size of
about 100 pm or less, more preferably about 95% of the crystals
having a particle size of 100 um or less, is known as a process
for producing such aripiprazole suspensions with a mean particle
size of 1 to 10 pm, as shown in Patent Documents 3 and 4.

35 However, production of bulk aripiprazole having a mean



for producing such aripiprazole suspensions with a mean particle size of 1 to 10 gm, as shown in
Patent Documents 3 and 4. 35However, production of bulk aripiprazole having a mean WO
2009/017250PCMP2008/064076 -5- particle size of about 100 pm or less required special methods,
such as an impthgi§9ei Bipstallization method, for producing a bulk drug. Drgingebogsstap;ef
suspending the bulk aripiprazole having a mean particle size of about 100 gm or less in a vehicle, 5
mixing under vacuum was necessary. For this reasonya production method has been desired that can
use bulk powdeggtonti\@ingt?ripi&ga% Igu%ariiggas with a ;gkarticle size of 100 gm or more in an amount
of 10% or more. preferably Biik powder with a mEan PartiGiésiZE B hare fRGT10d fF e Isarticularly
about 110 km 40085 Al ke Hretagabiy 2 ool d0aagiy prodtbed byfoatchrerystaltization,
without the need fer vacgum mixingg thderegyestheuwgthall-milling methed hasdrawhagks: bead

friction may p ssibIX cause contamjcniact'ioen, and ball mgls capable 15 of in-line sterilization are currently

not commercially avalilabies Theféefore” ametitsd Maf Pirely idleds eonthhmativfaRaisdsa
productior’ apperatig caitie GIFHWResteriiRetivrlds been desired. 20 MEANS FOR SOLVING THE

PROBLEMS  Therpresent énventess found thakevenyvhen msing, bulk,arpiniazele.gontaiping 10%
or more of aripci:%azole p rtic_\‘lé%s witg ¥:\ J[_garticl size, of 100 gm or more and having a mean particle size

of 20 to 1000 pm, preferably Bulk afipiprazole aving rigah 28 parttle BRECdFhiSte tHdr 160 pm,
particularly preferaiiylel OsgretocfO0PMiumost prefesably: 260 gamta4O0gm, the abovedgreplems

can be solved gyepeHapN® @ firsboiiverization §t%g§ir}gi§tl1ig&slgg@répggy%@éq {@%%higgosuch as
a high shear homomixer, a dispersion machine that applies shear force to a material to be 30
processed, a ¢BHoid@ il G %o Hispkt SioHmEaR ) b e highpre saiResiet oe 39hulsifying
dispersion mathinéXuchras atighgréssyrelmrongenizeraand furthers performing arseconskq
pulverization step uﬂ@g@hjg{kpﬁ%ssure jet type emulsifying dispersion machine such as a

high-pressure homogenizer. .
Moreover, the wet ball milling method has drawbacks: bead

friction may possibly cause contamination, and ball mills capable
15 of in-line sterilization are currently not commercially available.
Therefore, a method that rarely induces contamination and uses a
production apparatus capable of in-line sterilization has been

desired.

20 MEANS FOR SOLVING THE PROBLEMS

The present inventors found that even when using bulk
aripiprazole containing 10% or more of aripiprazole particles
with a particle size of 100 pum or more and having a mean particle
size of 20 to 1000 pm, preferably bulk aripiprazole having a mean

25 particle size of more than 100 um, particularly preferably 110 um
to 1000 pm, most preferably 200 pm to 400 um, the above problems
can be solved by performing a first pulverization step using a
high shear pulverizing machine such as a high shear homomixer, a
dispersion machine that applies shear force to a material to be

30 processed, a colloid mill, an ultrasonic dispersion machine, or a
high-pressure jet type emulsifying dispersion machine such as a
high-pressure homogenizer; and Ffurther performing a second
pulverization step using a high-pressure jet type emulsifying
dispersion machine such as a high-pressure homogenizer.

35 The present invention has been accomplished based on these



35The present invention has been accomplished based on these WO _ _
2009/017250PCT/JP2008/064076 e- findings and further research, and provides the following

production method: Item 1: A method for producing an aripiprazple suspensiop comprising the
steps of: 5(a) c‘g%fﬁﬂ?f?d%?ﬂk aripiprazole and a vehicle to form a primary Slp@ﬂﬁi)@t@@b“o%(b)
subjecting the primarysuspension tofirst pulverization to fo_rm a secondary suspension; and (c)
subjecting the secondary suspension to second 10 piiverization to form a final suspension. ltem

: ' inj ' izafi he secondary
2: The methodkagaorgiag ta.jtem &, whetein i the fitst pulyerization of step (b), the secondary
suspension is for efd@by pulverizing the primary suspénsion u3|#§%v |g%sshearepuI%%&ng?ﬁachlne, a
dispersion makhitl fﬁétoé‘pﬁll?’g@%ﬂéar 15 force to a material to b_e proce_ssed,_a coIIO|d_m|II, an
ultrasonic dispersion fashirle, ok mmﬂmnr@m&awﬂ}%w%gwgﬁp @@%gggﬁggﬁiym the
second pulverization of stepg). dhe finglsuspension is formed by pulverizing the :

suspensi%n using a hi?h-&p‘?ressure je}'{ type emulsifying 20 dispersion machine. Item 3: The method

according’to Item 1 or'3) wHERSA A RHe RESthuNERiaiar otsten(h) atheesbohedanpsuspension is

primary suspension;

(b) subjecting the primary suspension to first
pulverization to form a secondary suspension; and

(¢) subjecting the secondary suspension to second

10  pulverization to form a final suspension.

ITtem 2: The method according to Item 1, wherein in the
first pulverization of step (b), the secondary suspension is
formed by pulverizing the primary suspension using a high shear
pulverizing machine, a dispersion machine that applies shear

15 force to a material to be processed, a colloid mill, an
ultrasonic dispersion machine, or a high-pressure +et type
emulsifying dispersion machine, and in the second pulverization
of step (c), the final suspension is formed by pulverizing the
secondary suspension using a high-pressure jet type emulsifying

20 dispersion machine.

ITtem 3: The method according to Item 1 or 2, wherein in the
first pulverization of step (b), the secondary suspension is
formed by pulverizing the primary suspension using a high shear
pulverizing machine or a dispersion machine that applies shear

25 force to a material to be processed, and in the second
pulverization of step (c), the final suspension is formed by
pulverizing the secondary suspension using a high-pressure
homogenizer.

ITtem 4: The method according to Item 3, wherein in step (c)

4

30 the high-pressure homogenizer is used at a pulverization pressure
of 300 to 1000 bar.
Item 5: The method according to Item 3 or 4, wherein in
step (c), the high-pressure homogenizer is used at a
pulverization pressure of 300 to 600 bar.

35 Item 6: The method according to any of Items 3 to 5,



formed by pulverizing the primary suspension using a high shear pulverizing machine or a dispersion
machine that applies shear 25 force to a material to be processed, and in the second pulverization of
step (c), the fi%%&ﬁ&g%on is formed by pulverizing the seeondary suspension using a high-pressure
homogenizer. e 4: The method according to Item 3, wherein in st&§ TR0 rddIigh-pressure
homogenizer is used at a pulverization pressure of 300 to 1000 bar. Item 3: The method according
to Item 3 or 4, wherein in step (c), the high-pressure“ﬂamogenizer Is used at a pulverization pressure

of 300 to 600 faaeraMO 2009KL7 2E0R CTHP 2008/064046 r&- WhssgImL N step: (€)  theshigh-pressure
homogenizer is 'tIIhS%d at an inlet temgfr%ture ng. to 70C. Item 7: The method according to Item 1
inte

f
or 2, wherein in'the fi?gfnﬁﬁﬁ/aé?%é%on of st%?) ( %,Qhe secondary suspension is 5 formed by pulverizing
the primary suspensidfi¥sirg alRigHiprészsliredsordigenizer, T it the secondepalierizationeof step

(c), the final sespensipnisdetmedby puberizing theisecondary W Uz|agea, bighypregsure

homogen'zer.flé%q%é: T}Qe me&lﬂggﬁczcogding&gg Item 1, 2, or 7 wherein in 10 the first pulverization of
step (b), the secondary gusﬁ)ensiqn i§ Tormed By pUiveRzZihg HEBIMTAR susSensiorfusitigithe
high-pressurePRffdEnizeragerpdverization ineskare efG8iteR00dEr aintbin the seepndc) ,

pulverization ehsteg{ghthesfiralksissprension isdormed %p%‘{ﬁ%gg%fﬂﬁfe%%%da%ééﬂ%%?iion using
a high- 15 pressure homr?qﬁasnj%er at g]p%verizatigrge%ressure of 200 to 1000 bar, wherein t

difference betwean the pulverization preSsare it St W7 aka e Bulverization pressure in (c) is 100 to
900 bar. Item 9: Therméthddhacoelding tedtemd nwheseintienstep (b), the pulveszationipressure of

the highzpressuce homagenizeris: in:2Q the sange &f 5410 299&%889&&%}6B&%e%‘seiBH'Ve”za“O“ is
carried out pl%ral times and th ‘é%ulyerization pressure is raised stepwise within the range o 200 to

1000 bar.  ~CTERT 10 THR"mETRGd Hibortiiity BYHBRTY, SRR Th SRepi@ithe Hhal puiverization
pressure of therhigh-pressmei2s remogenizenid 804 ta 6lthbates sulien £ 153 hesmethogd:according

to any one of {iens{ 19,40-uhgigin,m steps,d):and 5@),5@&higg)-[’)rea§gr% ho?mogenizeer i§o%sed at an
inlet temperature of 1 to 50C. Item r}JZ:' The method according to any one of fiems 116 ff,

1s formed by pulverizing the secondary suspension using a high-

15 pressure homogenizer at a pulverization pressure of 200 to 1000
bar, wherein the difference between the pulverization pressure in
step (b) and the pulverization pressure in (c) is 100 to 900 bar.

Item 9: The method according to Item 8, wherein in step (b),

the pulverization pressure of the ‘high-pressure homogenizer is in

20 the range of 50 to 200 bar, and in step (c), the pulverization is

carried out plural times and the pulverization pressure is raised
stepwise within the range of 200 to 1000 bar.

Item 10: The method according to Item 9, wherein in step
(c), the final pulverization pressure of the high-pressure

25 homogenizer is 300 to 600 bar.

Item 11: The method according to any one of Items 7 to 10,
wherein in stepé (b) and (c), the high-pressure homogenizer is
used at an inlet temperature of 1 to 50°C.

ITtem 12: The method according to any one of Items 1 to 11,

30 wherein the vehicle contains at least one suspending agent
selected from the group consisting of carboxymethyl cellulose,
carboxymethyl cellulose salts, hydroxypropyl cellulose,
hydroxypropylethyl cellulose, hydroxypropylmethyl cellulose and
polyvinyl pyrrolidone.

35 Item 13: The method according to any one of Items 1 to 12,



30 wherein the vehicle contains at least one suspending agent selected from the group consisting of
carboxymethyl cellulose, carboxymethyl cellulose salts, hydroxypropyl cellulose, hydroxypropylethyl
cellulose, hydrox prOJ) Imethyl cellulose and polyvinyl pyrrolidone. 35ltem 13: The method according
to any one of It@%é %?ﬁ? WO 2009/017250PCT/JP2008/064076 -8- whereinthgsudikiasipiprazole
contains 10% or more of aripiprazole particles with a particle size of 100 gm or more, and has a mean
particle size of 20 gm to 1000 gm. Item 14: The fethod according to any one of Items 1 to 13, 5

wherein the bylkaripiprazgle hag & mean particle size of more than 100 pm. Item 15: The method
according to any one of Iltems 1 to 14, Wﬁe:rL i the Zﬁf arfb?ﬁ%éazléis has ®me8h paitilié sizfof 110

gm to 1000 g~ ABFR 4%B: T HeairietRdEacebkding toaryione oftemsot ta A5, whetgin thedulk

aripiprazole has@ meamn pastglessize 0f 120Q; gpa tg 406G WP to 1dgp5nugn7: The method according to

any one of Items 1 to 46, yhereinthe aripiprazole in the arjpiprazole suspension has a 15 mean
particle size of 1 to 10 pm. ltem lrgé%%aam%?ﬁgﬁééggorjg?nga T afford of iERSS 1 15912 wherein

the aripip?azo?@“ﬁfﬂ?@aﬁﬁ%r%é SEEPRERIGITAbS dAfeah peditlemsize of letosi pm.of modéem 19:
The method agsandingtquany one of Items 1 to 18, 20 wherein the aripiprazole in the aripiprazole

suspension has a meap parficle size of 2.to 4 gm. _ . Item 20: The method according to any one of
ltems 1 to 19, wherein the ari%iprahzeolén ?r% ey agrffﬁﬁgéizl&g SRS RalTa AR phrfidleldze of 2 to 3

pm. 25ltem 21 Eleinettisd bedsrdingrommzohe dillemsrikto 6psomprising the steps of: um (1)
combining sterte fuk grpiprazole with a mean particle size of 200 gm to 400 gm and a sterile vehicle
(preferably a sterile v@g(ia%lle gntqjiglienqnc%g\bo ymethy| cellulose 30 sodium salt) to form a sterile
primary suspension; (I Subjecting the StaffE Py UHEh<RES 16 firstistisedizafioA Using a
high shear pultartzidg raehinelsr adispersian mabhinesthatappliesishear force to.a meserial to be
Processed to fgrma %{jle secondary suSpension; and 35(lIl) subjecting the sterile secondary

suspension to secon
P %tem 17: The method according to any one of Items 1 to 16,

wherein the aripiprazole in the aripiprazole suspension has a
15 mean particle size of 1 to 10 pm.

ITtem 18: The method according to any one of Items 1 to 17,
wherein the aripiprazole in the aripiprazole suspension has a
mean particle size of 1 to 5 um.

Ttem 19: The method according to any one of Items 1 to 18,

20  wherein the aripiprazole in the aripiprazole suspension has a
mean particle size of 2 to 4 um.

Ttem 20: The method according to any one of Items 1 to 19,
wherein the aripiprazole in the aripiprazole suspension has a
mean particle size of 2 to 3 pm.

25 ITtem 21: The method according to any one of Items 1 to 6,
comprising the steps of:

(I) combining sterile bulk aripiprazole with a mean
particle size of 200 um to 400 pm and a sterile vehicle
(preferably a sterile vehicle containing carboxymethyl cellulose

30 sodium salt) to form a sterile primary suspension;

(II) subjecting the sterile primary suspension to first
pulverization wusing a high shear pulverizing machine or a
dispersion machine that applies shear force to a material to be
processed to form a sterile secondary suspension; and

35 (ITI) subjecting the sterile secondary suspension to second



WO 2009/017250PCT/JP2008/064076 -9- pulverization using a high-pressure homogenizer to fo, a
sterile final suspension; wherein the aripiprazole in the sterile final suspension (namely, the desired
sterile aripiprazole suspension) has a mean particle size 50f 1 to 10 gm (preferably 1 to 5 gm,
particularly 2 WO T35 he method according to any one of ltems wheredrirrdsticaripiprazole is
in the form selected group consisting of monohydrate and Anhydride Crystals B. Item 23: The method
according to any one of Items 1 to 22, 10 further coniprising the step of filtering the final suspension

with a filter hayingeapominah filteation rngRE1A1Q.228 9o q e M. 28;,Admethod for producing a
freeze-dried fgrg%iation of Aripiprgfggle Hy%raté%, the metho%gggmp%}:sir% ?ﬁe@?t“eﬁs %%ec%gﬁng the

suspension prottced BPHE MEthod according to any 15 one of Items 1 to 23 and containing
Aripiprazole MydratérA the20:10p55C to freee thiesuspendiont angd sshseauenty perfaraing drying at

a temperalure,{awge 123 800UL0G . or118M.2518 melhad lorproducing a figeze-dried formulation

containing aripiprazole in anhydrous form, the method comprising 20 the foIIowﬁ]% l%reels%eps of:
1) coolin% th@%iﬁ%ﬂol@%uﬁ%éﬁ%idﬁﬁéﬁﬁ@é%} the niethibd RactAdingaslany obe df feins 1 to 23
using bulk aripiprazolg:emtheeforhef asnboohydrateionhanbydeels enestals torkta -535C 10 freeze the

suspension; 23(2)nerfarming pyi .dryi temperature lower than about QC: and (3)
performing secondary, drying_g{%n%%l gr%%%r%g }%ghlesrptﬁ"éqn 5 Ea)u\tl%(%{n SS%IEE%SFSE 3ﬁdiginTﬁfl‘:e
INVENTION 95O HePprasEntifvehtiBATioviies e xeefehrbideisiastsirided Below. (a) The method

for producing an aripiprazolEssuspensiethaerereiagdothe presant wentipnwdich corprses two-step
10 further comprising the step of filtering the final suspension
with a filter having a nominal filtration rating of 10 to 225 pm.

Item 24: A method for producing a freeze-dried formulation
of Aripiprazole Hydrate A, the method comprising' the steps of:
cooling the suspension produced by the method according to any

15 one of Items 1 to 23 and containing Aripiprazole Hydrate A to -20
to -55°C to freeze the suspension; and subsequently performing
drying at a temperature lower than about 0°C.

Ttem 25: A method for producing a freeze-dried formulation
containing aripiprazole in anhydrous fFform, the method comprising

20  the following three steps of:

(1) cooling the aripiprazole suspension produced by the
method according to any one of Items 1 to 23 using bulk
aripiprazole in the form of a monohydrate or anhydrous crystals
to -20 to -55°C to freeze the suspension;

25 ~ (2) performing primary drying at a temperature lower than
about 0°C; and

(3) performing secondary drying at a temperature higher
than about 0°C.

30 EFFECTS OF THE INVENTION

The present invention provides excellent effects as
described below.

(a) The method for producing an aripiprazole suspension

according to the present invention, which comprises two-step

35 pulverization of bulk aripiprazole, is particularly effective



35 pulverization of bulk aripiprazole, is particularly effective WO 2009/017250PCT/JP2008/064076
-10- when using bulk aripiprazole containing at least 10% of aripiprazole particles having a particle
size of 100 pm or more and having a mean patrticle size of 20 gm to 1000 gm, preferably bulk
aripiprazole ha®¥ifgWyEaparticle size of more than 100 gm, 5 particularlyrtTOewsodfR0 gm, most
preferably 200 gm to 400 gm. However, regardless of the mean particle size, the method of the
present invention readily produces an aripiprazolo stsf¥ension having a mean particle size of 1 to 10

g, preferably o> GTb:mare prsierally;s|a oM AN M Alelyably 2 19 2.4, 10,40) BY carmying

out two-step pulverization, in accordance with the present invention;i.e., a firs?%u?verlz%fion Step using
a high shear p@lieRzRiG ArAchiRe 165 L ashi§RsHEarhopasinigan), & ispersiokmaehirme:-thet:applies
f]_hehar force to amatesial i be pﬁ@ﬁﬂs%@m@lo%_gﬂl,m gtjr%ﬁn& 15@5_§p%5§,i0r%£@%@% ra
igh-pressure r achine (e.g., a high-pressure homogenizer), and a secon
pflve?ization sﬁ%%%%lgiﬁg r%%&'g%s%?g T&g[y%em(%%rp?e épig%lr#a%hlsnlez ?eg%tn 5‘#8 h tﬁ}%%gﬁ?@ K,
homogenizer), Biradipibtazsike dh8pensieh RAVhgamaaatpartekeselof 206 1Ggho cadthemR0
prepared, evertiusingebullkeowdal #bth ajarge meam paaiclesize padiculaily hetk arpiprazele with a

mean particle size of more than.100 Is tained by batch crystallization, etc. Therefore, unlike Patent
Document 4, s%ecial crystal?zat%% tec%%%‘g‘g Iikgrggr?ﬁlr%%lsng%% S ARARZRAGH MethEH S

unnecessary farXREP5 praéparatiorrdt btk afipmrazole. to 1{c)fhemmefiaciofthe invergiqmyses, as

sterile bulk aripiptazgleetha-Bwik,appiRyazqlg confainipg atleask 19% of aripiprazgle particles having a
particle sige of 100 gm QLnase a@adrhai/gég gun%e%‘r,} (P_arjéicle sizi: of 20°gm to 1000 gm, preferably 30
bulk aripiprazole having a mean particie size of more tham 180 pim- patticaRrly 13 gRT6A%0 gm,
and most prefefably 28tegnp¥s 2eT-grngad therefore- the step dtieornbinirgbuik atipiprazalerand a

vehicle, the firstiginyerizationggtepsand:the-secend pulverizatign.step ga p,e pgrfqm&%d withaut
adopting a vacyum 35 mixing§)7ro ess as,used in Patent Document 3. This eliminatés the WO

2000/017250Per 1B 20081064 boRSibiitty of Witk air HiikingRRith ShRe FEFAGIaiBRGuriY Broduction
of the sterile forafifaion, previdilg grearaedeanthgessfor aohithiod fariproducing sterite products.

(d) Moreaver, Singe1aWaar QeEHsRS in g:balbmil;aithere are no cqniamination pro 'Sﬂ“siﬁfiused by
such wear. %.Short ass of large particles, which is a problem in wet ball tiling, is less likely to
ratore rg%g%h’eou% s&[f'&ﬁs%ﬁsﬂséjer%f cOFFEIRibRSEz0le Pafticles iSBEeHified. As a

occur, and ther&tore & ho
result, the Aripipravels saspensiciiean beily filterediwithersazaller poee size/fer remepdng fereign

substances aftgy piyerization, andjs qg\éqmggggwegorrh% &q@@gipt of ggreigpisga%%taa% control.

(f) In commercial scale aseptic production, clean-in-place (CIP) and stefilization-in-place 3 are
difficult with reSPEECTS 18 pParafifes st as Balltmhfike heweverothelprodudtibniappasatudaised in
the pulvetatierepetiod (frsepulverization stepoand:second pulverizatiassstep)afthednyention allows

for CIP and SIB, Henge,4heARRarRIys ig.easily kept sieile Py iling sterilization, . ¢ 1ore
than 100 pm obtained by batch crystallization, etc. Therefore,
unlike Patent Document 4, special crystallization techniques like
an impinging jet crystallization method are unnecessary for the
25 preparation of bulk aripiprazole.

(c) The method of the invention uses, as sterile bulk
aripiprazole, the bulk aripiprazole containing at least 10% of
aripiprazole particles having a particle size of 100 pm or more
and having a mean particle size of 20 um to 1000 um, preferably

30  bulk aripiprazole having a mean particle size of more than 100 pm,
particularly 110 pm to 1000 pm, and most preferably 200 um to 400
pm, and therefore the step of combining bulk aripiprazole and a
vehicle, the first pulverization step and the second
pulverization step can be performed without adopting a vacuum

35 mixing process as used in Patent Document 3. This eliminates the



20(g) When carboxymethyl cellulose Or a salt thereof is selected as a su_spgndi_ng agent for a vehicle
in the present production method, it is possible to avoid excessive pulverization in which the mean
particle size falls below 1 pm. 25BEST MODE FOR CARRYING OUT THE INVENTION The

production memgoi(}?f’mé%?esent invention is described in detail below. In themgybgmntion,_ the
tei.m "mean particle size" refers to volume mean diameter as measured by Iaser-llght_ 30 scattering
(LIS) methods. Particle size distribution is measurediy-LLS met_hqu, and mean particle size is
calculated from.the; paitile size distripution. Bulk Aripiprazole Aripiprazole has the structure
35[Formula 1]Egb WO 200%/§17§§0|$¥L|§%po§fore4837§‘ﬁ%- W%Qng%gn SWBICArdRTpsYERbiE agent
useful in treatPf@OQBfﬁEb%r@ﬁia?%h%%&%di%ﬁ@%ﬁmﬁtypmﬁm roorA temperatag)s
5Aripiprazole Botk dru@mdwquﬁ@\@deaﬁdﬂm@ayeea@yénggecp@@_g[e size and _partlcle size dlstrlt_)utlon.
Generally, it is preferatglg)toweg@g&aripiprazole containlngogggpsrazole articles having a_particle

rnce ear . . ,
size of 100 gm or more in a proportior ofsatnleastnfof%’ and havinga Mida Bal’-ﬁclgaél}e Bf-5b
5 7 there are no contamination problems caused by such wear.

(e) Short pass of large particles, which is a problem in
wet ball milling, is less likely to occur, and therefore a
homogeneous suspension free of coarse aripiprazole particles is
obtained. As a result, the Aripiprazole suspension can be
10 filtered with a smaller pore size for removing foreign substances
after pulverization, and is advantageous from the standpoint of
foreign substance control.
(f) In commercial scale aseptic production, clean-in-place
(CIP) and sterilization-in-place (SIP) are difficult with respect
15 to apparatuses such as ball mills; however, the production
apparatus used in the pulverization method (first pulverization
step and second pulverization step) of the invention allows Ffor
CIP and SIP. Hence, the apparatus is easily kept sterile by in-
line sterilization.
20 (g) When carboxymethyl cellulose or a salt thereof is
selected as a suspending agent for a vehicle in the present
production method, it is possible to avoid excessive

pulverization in which the mean particle size falls below 1 pm.

25 BEST MODE FOR CARRYING OUT THE INVENTION

The production method of the present invention is described

in detail below.
In the present invention, the term "mean particle size"
refers to volume mean diameter as measured by laser-light
30 scattering (LLS) methods. Particle size distribution is measured
by LLS methods, and mean particle size is calculated from the
particle size distribution.

Bulk Aripiprazole

Aripiprazole has the structure
35 [Formula 1]



10 gm to 1000 gm, preferably bulk aripiprazole having a mean particle size of more than 100 Am,
particularly 110 gm to 1000 km, and most preferably 200 gm to 400 gm. Moreover, the crystal
form of bulk aripiprazole is not limited and various forms are usable. Examples of the crystal 15 forms
of aripiprazole WReRig&t1#idfohydrate disclosed in Non-Patent Document 2 (ipcgpRigs6dhspecification,
the term "a monohydrate" as such means the monohydrate disclosed in Non-Patent Document 2),
Hydrate A and Anhydride Crystals B that are disclosé@ i Patent Document 5, Anhydride Crystals C,
Anhydride 20 Crystals D, Anhydride Crystals E, Anhydride Crystals F, and Anhydride Crystals G that

are disclosed in Patent Docigment.8: ohydrate and Anhydride Crystals B are
preferable. In the presgnt inyenti P(?l using a monoj
'ﬁ of Hyd
e

te crystal 25 (Non-Patent Document 2) as
bulk aripiprazole, a suspe f rate A (Patent ent 5) is obtained by the method of the

invention. Also, by using Hygréte A as bulk aripiprazgley.a suspension of Hydrate A can be obtained by
the method of the invention. Anhydride Crystals B (Patenff Document 5), Anhydride 30 Crystals C,
Anhydride Crystals D, Anhydride Crystals E, Anhydride Cf?ystals F, and Anhydride Crystals G (Patent

Document 6) gay alsg WQ 2 14250PG A 076,213- b as hulk aripi le. With
QQ9/8 &Eﬂgﬁ%@ﬁé Gyekd- bedsedas pylk aripiprazo

these crystals, an aripiprazole suspension in whic drate A’and anhydrous aripiprazole are mixed is
obtained. AdditfSHARPERRYAride Eryfafs BORRhGAEE Ery SRl LARKy dFdBT Rt DoMhydride
Crystals E, Antsrdvidea Crystals F, or Anhydride Crystals G may be recrystallized from ethanol and

water, or the like n adyanao io ateby prepare,g manopydiate.gad.Inagsullng monefiydigre may

be used as bulk Ari,p%%azo,le. Vehicle 10The vehicle used in the inventiori generally includes: (1)
one or more sB&pEntintg SUERtS19) WA ol Snjetiisn LSt iEAtEnallyenRe Grimvre Hulkdisg agents

Or isotonic agentferable to use bulk aripiprazole containing aripiprazole
particles having a particle size of 100 pm or more in a
proportion of at least 10% and having a mean particle size of 20

10 pm to 1000 pm, preferably bulk aripiprazole having a mean
particle size of more than 100 pm, particularly 110 pm to 1000 pm,
and most preferably 200 pm to 400 pm.

Moreover, the crystal form of bulk aripiprazole is not
limited and various forms are usable. Examples of the crystal

15 forms of aripiprazole include monohydrate disclosed in Non-Patent
Document 2 (in the present specification, the term “a
monohydrate” as such means the monohydrate disclosed in Non-
Patent Document 2), Hydrate A and Anhydride Crystals B that are
disclosed in Patent Document 5, Anhydride Crystals C, Anhydride

20 Crystals D, Anhydride Crystals E, Anhydride Crystals F, and
Anhydride Crystals G that are disclosed in Patent Document 6.
Among these, a monchydrate and Anhydride Crystals B are
preferable.

In the present invention, by using a monohydrate crystal

25 (Non-Patent Document 2) as bulk aripiprazole, a suspension of
Hydrate A (Patent Document 5) is obtained by the method of the
invention. Also, by using Hydrate A as bulk aripiprazole, a
suspension of Hydrate A can be obtained by the method of the
invention. Anhydride Crystals B (Patent Document 5), Anhydride

30 Crystals C, Anhydride Crystals D, Anhydride Crystals E, Anhydride
Crystals F, and Anhydride Crystals G (Patent Document 6) can also



15(4) optionally one or more buffers, and (5) optionally one or more pH adjusting agents. The
suspending agent will be present in an amount within the range from about 0.2 to about 10% by
weight, preferably about 0.3 to about 5% by weight, more preferably about 0.4 to about 20 0.9% by
weight, based B? #€°f2eight of the sterile injectable formulation (the afipizeigEuewension of
the invention). Examples of suspending agents suitable for use include, but are not limited to, one, two
or more of the following: carboxymethyl cellulose oF 4%alt thereof (e.g., 25 sodium carboxymethyl

cellulose), hydioxypiagy! celbloss, NydroxynropyietyLoeluiass, hyeraxropylietiyl celujgse, and

polyvinylpyrrolidone, with carboxymethy]| cellulose or a salt thereof, particularly Sodium'salt, being

preferred. OthEF SUTETRNG ageHBEEUtBle fdfuse'iifie velNERRTS thé 30%KSpipAbIEsAERIde
various Polynmerspligwanolecularsveightafigamersinatinatiproducis, andrauriagtarkshipeiudiag

nonionic and ien| §g{@cégn% :a8s, C yridinjum ' elafi ein, lecithin, .
(ohosphatides%xtran, lycerol, &%agggﬁiﬁlgteﬂ%gg&%n%%%ﬁ?c %&iﬁ%ﬁ]%nium

chloride, 35 cAfeifrPdRafate’ FnoroSieatstes cetdsteanIHEsR oL yWdals G may be
2009/017250RE€d/IBR00BI@640 TG oh4 e catarmaceagbd vermalsifying wax, sokbitamn estersace to

polyoxyethyleng.alky| elhals(e.0-.masiegolelners sueh ancefamartode! 1000} palixvellylene

castor oil derivatives, polyoxyethylene sor |tan%at'ty acid esters%e.g., th comme};?:la y avaitable
Tweens (regitBréG¥ademar)c d'§LPARERASE (registered trademark) and Tween 80 (registered
trademark) (IGkBpecialty Chemicals)); polyethylene glycols (e.g., Carbowaxs 3350 (registered

tradem 5) and 1450%@@ %reg trademark), and Carbopal 934 (registered.trademark) (Union
Carbide)), dodecyl trimethylgarlnr?ién%grﬁogr%)l)rlni%%e,3 ;ﬁggl%&%%tﬁé e%qreas eara é:gu(%%'ldal silicon
dioxide, phosphates, $bdifhcdSdeByizsulfatepeasiory@ehyeellulose calcium, hydroxypropyl

celluloses (e.g., HPC,(HP G=%krafid HRGTEhN6khYyIcellulose,hydroxyethylcellulose,
hydroxypropylmethylc l)ulose hydroxypropylmethyl-cellulose 15.phthalate, non-crystalline cellulose,
magnesium aluminum%ls Iicft%?%ﬁg%ig Ia%ﬁe,%%yr\t}ﬁ]rﬁ a%%ﬁgf?ﬁv@?%(flﬁ;%- isotonic

tetramethylbuBg8osEenol polymer with ethylene oxide and formaldehyde (also known as tyloxapol,
superiong, and triton) pploxamers {88 -oRiuwnigs F68,(registeredsrgdemark) and F108 20 (registered

trademark), which are, plock copolymers of ethylene oxide and propylene oxide); poloxamines (e.g.,
Tetronic 908 (registeré%gtrgag:rﬁggr%ﬁgls%nﬁn8v€/nn§§%ﬁgxﬁﬁjﬁﬁ§t§0%(lae%%fé?ed trademark), which is a
tetrafunctional block dpolywepeiativer fegensequigiitiabadditioreot propykeneanxidetand ethiylene oxide

to 25 ethylenadiamiae BASEyaadots. Gomoratinn. Aarsiapany: L)) actiarged phaspholiid such
as dimyristoyl ODhos hatidyl ycgrol, dioctylsulfosuccinate (DOSS); Tetronic 1508 (registered

I
trademark) (T r508)(BASE Wykhdd¥e CoPorati ) Hidtkyeetaissr fitin QnfostieciakoRéid (e.g.,
Aerosol DT (régisteréy 30varademark)andich isa dioetyltestel ofwaditin sulfostbeiniciasid (American

Cyanamid)); Dupanelpregistergd rademark) which,is g spdium Jauryl sylfate (PuPant); Tritons

X-200 (registered trademark), which is an alkyl aryl polyether sulfonate (Rohm and Haas); Crodestas

F-110 (registetBEFadeMark), WitiARS & miRfure® 38R ¥ sl ite BiitF b s BistedFate (Croda
Inc.); p- WO 2009104 /258RCTdHe2008/0640r6ted to, one, two or more of the

following: carboxymethyl cellulose or a salt thereof (e.q.,
25 sodium carboxymethyl cellulose), hydroxypropyl celluloese,
hydroxypropylethyl cellulose, hydroxypropylmethyl cellulose, and
polyvinylpyrrolidone, with carboxymethyl cellulose or a salt
thereof, particularly sodium salt, being preferred. Other
suspending agents suitable for use in the wvehicle for the
30 aripiprazole include various polymers, low molecular weight
oligomers, natural products, and surfactants, including nonionic
and ionic surfactants, such as cetyl pyridinium chloride, gelatin,
casein, lecithin (phosphatides), dextran, glycerol, gum acacia,
cholesterol, tragacanth, stearic acid, benzalkonium chloride,

35 calcium stearate, glycerol monostearate, cetostearyl alcohol,



-15- isononylphenoxypoly-(glycidol),alsoknownasOlin-10G (registered trademark) or Surfactant 10-G
(registered trademark) (Olin Chemicals, Stamford, Conn.); Crodestas SL-40 (Croda, Inc.); and
SA90OHCO, which is CUH37CH2(CON(CH3))-CH2(CHOH)4(CH20H)2 (Eastman 5 KodakCo.);
glucopyranoside? gMebanoside; methylglucamide; thioglucoside; 10 methylgipomsmde) s
methylglucamide; decanoyl-N-methylglucamide;n-decyl n-decyl p-D-maltopyranoside; n-dodecyl
0-Dn-dodecylp-D-maltoside;heptanoyl-N- n-heptyl-PIB3-glucopyranoside; n-heptyl P-D-
n-hexylP-D-glucopyranaside;ngnanoyl-N- n-nonylP-D-glucopyranoside;octanoyl-N-
n-octyl-P-D-gIﬁ%g%%/?gﬁggi%%;ogﬁﬂﬁ'n%éﬁj%%p;’ran’osiag?%h%e ﬁﬁ%.ers’ nglygf%%%%yéﬁggending
agents are kndWfyph&rhaesutical excipiefO%ENRd e 888ciiel if8ermitiprprerriamtbe8R 15

PharmaceuticgbEysigietits; puklisbeskjointlyihy the-American PhaymassetiealiAssociation and The
Pharmaceutic%@tocietgc%f Gr%asi;cgjr:itsain g he Phaﬁqgceggcale Prggii198927,a5[1%g{igalI%&nc%rgorated
by reference. The guspenalmg agents ar égr'n'mermally avaiapie andlor can be preparede By

techniques knovas#s e eft. DoIAaRetkventod; it ifreferdble i ubeteatrdxymenark) and
Tween 80 (registered trademark) (ICI Specialty Chemicals));

polyethylene glycols (e.g., Carbowaxs 3350 (registered trademark)
and 1450 (registered trademark), and Carbopol 934 (registered
trademark) (Union Carbide)), dodecyl trimethyl ammonium bromide,
10 polyoxyethylene stearates, colloidal silicon dioxide, phosphates,
sodium dodecyl sulfate, carboxymethylcellulose calcium,
hydroxypropyl celluloses (e.qg., HPC, HPC-8L, and HPC-L),
methylcellulose, hydroxyethylcellulose,
hydroxypropylmethylcellulose, hydroxypropylmethyl~cellulose
15 phthalate, non-crystalline cellulose, magnesium aluminum silicate,
triethanolamine, polyvinyl alcochol (PVA), 4-(1,1,3,3~
tetramethylbutyl) -phenol  polymer with ethylene oxide and
formaldehyde (alsc known as tyloxapol, superione, and triton),
poloxamers (e.g., Pluronics F68 (registered trademark) and F108
20 (registered trademark), which are block copolymers of ethylene
oxlide and propylene oxide); poloxamines (e.g., Tetronic 908
(registered trademark), also known as Poloxamine 908 (registered
trademark), which is a tetrafunctional block copolymer derived
from sequential addition of propylene oxide and ethylene oxide to
25 ethylenediamine (BASF Wyandotte Corporation, Parsippany, N.J.));
a charged phospholipid such as dimyristoyl phosphatidyl glycerol,
dioctylsulfosuccinate (DOSS) ; Tetronic 1508 (registered
trademark) (T-1508) (BASF Wyandotte Corporation), dialkylesters
of sodium sulfosuccinic acid (e.qg., Aerosol 0T (registered
30 trademark), which i1s a dioctyl ester of sodium sulfosuccinic acid
(American Cyanamid)); Duponol P (registered trademark), which is
a sodium lauryl sulfate (DuPont); Tritons X-200 (registered
trademark), which is an alkyl aryl polyether sulfonate (Rohm and
Haas); Crodestas F-110 (registered trademark), which is a mixture

35 of sucrose stearate and sucrose distearate (Croda Inc.); p-



cellulose or a salt thereof, hydroxypropy! cellulose, hydroxypropylethy! cellulose, hydroxypropylmethyl
cellulose, or polyvinylpyrrolidone as a suspending agent for a vehicle. The use of carboxymethyl
cellulose (hereinafter occasionally referred 25 to as "CMC") or a salt thereof (preferably sodium salt
(hereinafter oc&st8AI3¥erred to as "CMCNa")) particularly ensures the prenensisndabgxcessive
pulverization in which the mean particle sizesize falls below 1 pm, even when pulverization in the
second pulverization step is repeatedly performed orb? 30 performed over a prolonged period. The

viscosity rangggﬁ{yg@;{&%%g@w%gg&% 7sodiuma§§g thereof may be suitabl lsele from a
h . N y ’

. : W as 1n-
wide range. Generally, the viscosity of a 4% aqrg&ous solution at 25C Is preferably a out 0 400
cps, particularly SBLTBED S66ETE0I @&sirdt ipetshickOofthérpristintndehtenenay kWO

2009/017250RCTiH2C08/064086 -d6ambmtain lkelking agenidalseeeferredtoassugryogeni¢iyophilize

protecting ag%&oﬁ% agenty, The %q&'f'}, wll mﬂeﬁ'gﬂ%@ P%% &5885‘”} a,ﬁrg - ztgri ange from about

1 to about 10% by weight, preferably from about1.5t0 a y weight; &ra from
about 2 t0 ab&RB% by Welght, basedesiatng tothtnesight Dfunemstdele injectabtefdrmulafien-(the

aripiprazole syspessipreabiieigventionydoxamples ol bulldpg-adents.or isgtqﬂjg@%qnts guijable for

use herein incllﬁ}%bbuggrrl%sn%éimited tg,_gng ;[:w orm -eDQ]:ntﬁl:'lle foII,owipg: mannitol, sucrose,

maltose, xylitdl, 10 glicose. starches, sor RSP RAd the eV FOEHAES beind FRIRRBH-ROF

formulations WS&RY s Weean irticlesixerisvabBubtohicropymeabeide;  As-hequirad, thie-behicle of

the present invgnggnuBayicRNtain blﬂlﬁ%re};g}le buffgtbd%pgcggm}{ggm@p amng].tlgPl%&ggj_ust the pH
T

of an aqr;%lgous ggégrfnﬂlon of aripiprazole to from a%out 6_to about 8, preferably about 7.To achieve
such a the bufter, degending o6fi'the type: Wil-usualky BeSempRsyad s 2t amountFiARPiHe ¥ange from
about 0.02 to adduf Whispwelght, preferably frinfaliutc@03tonaboat 0.1% by-weight, aged on the

20 total weightiof shestepla-tiestakle fapaulation {the aripiprazole suspension of the invention).
Examples of buffers %Hitatbleogor uggsherein include, but are not limited to, one, two or more of the

following: sodium phosphate potASSmESBRARS of SRS hiST, Wt SodriRTPREEBRARE being
preferred. 25 Hxe Viehielesof thanihivention deayoptemhallininclede d pH.adjusingragendbat isemployed

in an amaynt 1, adisidthe; pEhof Hie-agueous suspension.of a -'8@{959@ Mg’thigk} e range fcrgm about 6

to about 7.5, 3] eferabl\%/f ahout 7, and may be an acid or base depending upon whether the p]il| of the
agqueous suspeiﬁkrigﬁco B0t frée AL iR Shpigtadold Meed frBeGaisedal loneréaty of

Great Britain (The Pharmaceutical Press, 1984), specifically
incorporated by reference. The suspending agents are commercially
available and/or can be prepared by techniques known in the art.
20 In the invention, it is preferable to use carboxymethyl
cellulose or a salt thereof, hydroxypropyl cellulose,
hydroxypropylethyl cellulose, hydroxypropylmethyl cellulose, or
polyvinylpyrrolidone as a suspending agent for a vehicle. The
use of carboxymethyl cellulose (hereinafter occasionally referred
25 to as “CMC”) or a salt thereof (preferably sodium salt
(hereinafter occasionally referred to as “CMCNa”)) particularly
ensures the prevention of excessive pulverization in which the
mean particle size falls below 1 um, even when pulverization in
the second pulverization step is repeatedly performed or
30 performed over a prolonged period.

The wviscosity range of carboxymethyl cellulose or the
sodium salt thereof may be suitably selected from a wide range.
Generally, the viscosity of a 4% aqueous solution at 25°C is
preferably about 20 to 400 cps, particularly about 50 to 200 cps.

35 If desired, the vehicle of the present invention may



reach the desired neutral pH of about 7. Thus, when the pH needs to be lowered, an acidic pH
adjusting agent such as hydrochloric acid or acetic acid, preferably hydrochloric acid, may be .
employed. When the pH needs to be raised, a basic pH adjusting 35 agent such as sodium hydrpmde,
potassium hydHRiH82Matesium WO 2009/017250PCT/JP2008/064976 -ﬂ@T/@qgtg,@@m@gnesmm
hydroxide, preferably sodium hydroxide, will be employed. Production Method of the Invention Th_e
production method of the invention is described belole~5 As described above, the present invention

[ ' ipi jon, the method comprising the steps of:
(2) combining BLIK ar A S Vo TAISD et Bty SLsber B TO Stk gthe
primarysuspeR&RHEHISDAVERELtIBH tbTokrrd sexemdary Shepeasivn;wiid (subjesting the
secondary suspensionnto sgaorichpulverization t@ﬁ%ﬁ?@'ﬂiuﬁﬁgﬁtﬁnﬁgﬁrﬂ% f%rg%%girﬁ;e;red
:trgrl':i) Ic()edflir:]i ein[:)tr ;I(I) eg e;%a\ésp%érlggr% I?nteve%glﬁlzsa%rb%\pl)lr%%% Lgﬁ‘ég ;g \él’\rlwé)g’n "p’Sh%}E SiZEBF 196°E6 R Breferably
1 to 5 pm? mof& Prefdially 2 tbx phowhoStpleferatiyrabolrazed gn;itee ‘methodedniprisitg the
steps of: 20(Ayreombining sterils bebaplipinrazale:and  sterile vehicla to-form a stedle pumary
suspension; of the invention). Examples of bulking agents or isotonic agents
sultable for use herein include, but are not limited to, one, two
or more of the following: mannitol, sucrose, maltose, xylitol,
10 glucose, starches, sorbitol, and the like, with mannitol being

preferred for formulations where the mean particle size is about

1 micron or above.

As required, the vehicle of the present invention may

contain buffer. The buffer will be employed in an amount to

15 adjust the pH of an aqueous suspension of aripiprazole to from
about 6 to about 8, preferably about 7. To achieve such a pH,
the buffer, depending on the type, will usually be employed in an
amount within the range from about 0.02 to about 2% by weight,
preferably from about 0.03 to about 0.1% by weight, based on the

20 total weight of the sterile injectable formulation (the
aripiprazole suspension of the invention). Examples of buffers
suitable for use herein include, but are not limited to, one, two
or more of the following: sodium phosphate, potassium rhosphate,
or TRIS buffer, with sodium phosphate being preferred.

25 The vehicle of the invention may optionally include a pH
adjusting agent that is employed in an amount to adjust the pPH of
the aqueous suspension of aripiprazole within the range from
about 6 to about 7.5, preferably about 7, and may be an acid or
base depending upon whether the pH of the aqueous suspension of

30 the freeze-dried aripiprazole needs to be raised or lowered to
reach the desired neutral pH of about 7. Thus, when the pH needs
to be lowered, an acidic pH adjusting agent such as hydrochloric
acid or acetic acid, preferably hydrochloric acid, may be
employed. When the pH needs to be raised, a basic pH adjusting

35 agent such as sodium hydroxide, potassium hydroxide, magnesium



(B) subjecting the sterile primary suspension to first pulverization using a high shear pulverizing
machine, a dispersion machine that applies shear force to a material to be 25 processed, a colloid mill,
an ultrasonic dispersion machine, or a high-pressure jet type emulsifying dispersion machine, to form a
sterile seconddY{ $EEBAKIBN: and (C) subjecting the sterile secondaprsuspeesiano second
pulverization using a high-pressure jet type emulsifying 30 dispersion machine to form a sterile final
suspension. In carrying out the method for prepariimg the sterile aripiprazole suspension of the
invention, it is ired th rything ile so that sterile arioiprazole and a sterile vehicle are
combined ase%%%gﬁy %I fc?garr% \g%sét%trhi&ﬁa S%?sdgé%%i%ﬁf 3§ﬁ%%§\?§j¥/vhse8nc$t% pg é%?éi %geﬁer%%

sterilization aft WB9B881017250PCT/IP2008/064076 -18- the desired aripiprazole suspension is
obtained, the Stariledripipriesiecand thelsterileveahicta need not necessarily be used in the method
including steps (A), ( nlg i t f combining Sterile Bulk Aripiprazale and Sterile 5
Vehicle to Form a Stﬁﬁ% r%r%%lﬁ%ucgb%es%%§ %@T lllg S%SE)’ ?ﬁrﬁ%rrlnfirslsegg e gﬁ%r%’%‘feps (A-1),
(A-2) and{A-3). (A-1)/StefF6rP iRG SRl BulR S sPEazoee THIG B ey Pypidatly preptited sterile
bulk a ipiprazdlerl (heontaining 0% aripope sisrpipiazsia Pasticleshaving aparticlesize 0100 gm
or more and h@yén%@egkeq&particle size of 20 gm to 1000 gm, preferably sterile bulk aripiprazole
having a mean particle size of more than 100 gm, particularly preferably 110 gm to 1000 gm, most
preferably 200 gm to 480 prRMPiniKe Retkodiormsteriizing bakdripipratdlelis not lirited, and can be
selected from@atiaiesabpretsods;including aseptic crystallization, autoclave sterilization, gas

sterilizat'iqp, and radiaéBn stesr]ijlr%ati(c:),gli @mon%hem, aseptic crystallization is preferred. 20Aseptic
crystallization is a process in Whith a sofution pFepar%ﬁlﬂ%ﬁ\’ssol\ﬁ?\@p&ﬂﬁib?&zoletiﬂ a soivett is
sterilized by fiRitisT stafilizatidiveferand thercoystalligasipenisicarrieshout. A number of such
processes, such as a.(epntinuabseerystallizagion methad,gr & batch,crystallization method, can be 25

used without Iirpl![[‘a}(giog. £ AthEocI ve sterilizatign, gas sterilization, or radiation sterilization may be
conducted in Eeordands with conveitioRal HithotSIREt i sterilize aripiprazole. The crystalline form
of sterile aripiprazole fsknodimp 3®existen the fermeaf nonokyidaie, HydratedA, Arkydide Crystals

B, Anhydrde Giystals €. Anfvdride Grystaby By Anydiide Grysials B Anhydride Crystals F, and

Anhydride Crystals G, etc., all of which may be employed in the formulation of the presé*ntqin?/ention.
Among these Smonoty dtate aRtPARMG IS RS Bardhest aripiprazole has a mean

particle size of 1 to 10 pm, preferably 1 to 5 um, more

preferably 2 to 4 pm, most preferably about 2 to 3 pm, the method
comprising the steps of:

20 (A) combining sterile bulk aripiprazole and a sterile
vehicle to form a sterile primary suspension;

(B) subjecting the sterile primary suspension to first
pulverization wusing a high shear pulverizing machine, a
dispersion machine that applies shear force to a material to be

25 processed, a colloid mill, an ultrasonic dispersion machine, or a
high-pressure jet type emulsifying dispersion machine, to form a
sterile secondary suspension; and

(C) subjecting the sterile secondary suspension to second
pulverization using a high-pressure jet type emulsifying

30 dispersion machine to form a sterile final suspension.

In carrying out the method for preparing the sterile
aripiprazole suspension of the invention, it is required that
everything be sterile so that sterile aripiprazole and a sterile
vehicle are combined aseptically to form a sterile suspension.

35 However, when it is possible to perform sterilization after



35 preferable. WO 20091017250PCT/JP2008/064076 -19- (A-2) Step of Preparing a Sterile Vehicle
for the Sterile Bulk Aripiprazole A vehicle for the sterile bulk aripiprazole is prepared by uniformly
dissolving the above-mentioned suspending agent, and 5 optionally a bulking agent or an isotonic
agent, a bufferV&h#&/pH2aejusting agent in water for injection, and sterilizirg theeze@suliingsvehicle
solution. The method for sterilizing the vehicle solution is not limited, but is preferably filtration
with a filter. The pore 10 size of the filter is preferablyl&sout 0.2 la (A-3) Step of Combining the Sterile
Aripiprazole a e e Vehicle t Sterile Primary Suspensian The sterjle hulk
aripiprazole ar?g1 t%t?(—:: %%éagr{il%e%\%h}%c%e%%%%%%%alFyuréﬁfgg 1o torm a s%:-%rﬁé %?ﬁﬁar;?gﬁspsejcneslfc%?rhe 15
aseptic mixingHProcs_EagMet Irhite 2R 18RGES i€ kRO aSEpTIE GtiRtesg Ieehhbii SuLeds an
aseptic mixingimethed nsitga mechameal stysing dayice withaapropellen&eanditions at the time of
mixing are not lipiteds Fgr examplg piefergble, . . 3lirriag onditions are sych that powder particles
are 20 vehicle witfiout foza g The concentratior ot -disperseo e-stetite-vehicte-may-be-Suitably
selected from ¥ 2 Sy Enenet ROy @eRGAAN preferably 50 to 250 mg/ml, most
preferably about 100 rmginsl. 2bdihe (Rixingpreceddrednstan (Aol mpy hepsriokned undergrdinary
pressure (atm%§pcpqﬂgd§))r(_assure) or increased pressure. Unlike in Patent Document 3, there is no need
to adopt vacuum or reduced pressure conditions. Under increased pressure, generally, the mixing
procedure is préfetabfteRr vt Buearaigsn§E R0 hreSalie ArapoprT0.6.3 MPa. Preferred
temperature conditiongiin stepAp3) t5/8best 5,10 80G, Rarticulady ahoutid fo @ﬁpgg%%@é’atem
Documeri 1, thereEis. no nGEd_LBQ% employ temperajures at or above the meltin% point of bulk

aripiprazole. (BY Stép of Subjécting the Stafife Primafy SUSpteids to Birst 5 - BRIveAtish Using a
_High Shear PRalvetizirg Machiod (6.90, Highor more and having a mean particle size

of 20 ym to 1000 um, preferably sterile bulk aripiprazole having

o,
J
C

a mean particle size of more than 100 um, particularly preferably
110 pm to 1000 um, most preferably 200 pum to 400 pm.
15 The method for sterilizing bulk aripiprazole is not limited,

and can be selected from a number of methods including aseptic
crystallization, autoclave sterilization, gas sterilization, and
radiation sterilization. Among them, aseptic crystallization is
preferred.

20 Aseptic crystallization is a process in which a solution
prepared by dissolving aripiprazole in a solvent is sterilized by
filtration sterilization etc., and then crystallization is
carried out. A number of such processes, such as a continuous
crystallization method or a batch crystallization method, can be

25 used without limitation.

Autoclave sterilization, gas sterilization, or radiation
steriiization may be conducted in accordance with conventional
methods that can sterilize aripiprazole.

The crystalline form of sterile aripiprazole is known to

30 exist in the form of monohydrate, Hydrate A, Anhydride Crystals B,
Anhydride Crystals C, Anhydride Crystals D, Anhydride Crystals E,
Anhydride Crystals F, and Anhydride Crystals G, etc., all of
which may be employed in the formulation of the present invention.
Among these, monohydrate and Anhydride Crystals B are most

35 preferable.



WO 2009/017250PC1/JP2008/064076 -20- Shear Homomixer), a Dispersion Machine that Applies
Shear Force to a Material to be Processed, a Colloid Mill, an Ultrasonic Dispersion Machine, or a
High-Pressure Jet Type Emulsifying Dispersion Machine (e.g., High-Pressure Homogenizer) to Form
a 5 Sterile SecWRPAN)/BllizPension The particle size of the aripiprazoleds/siesygekiewe! by a first
pulverization step. pulverizing machines used in the first pulverization step include those which can
suitably produce particles having a target 10 partictel§ize, such as a high shear pulverizing machine, a
dispersion ma plies shear forge to amaterial {p.be 2 calloid, il an itrasonic
dispersion ma iZINg Shine);“or-ahigh=pressureje Sifyirg-ehspersiofrmachine
(e.g., high-préssipEciaamisenizer). A high 15 shear pulverizing machine or a dispersion machine that
applies shear force toavaatesial tedze precessad. arerpieterably used: A stsh highshaarpulverizing
machines, e.g., ahigh shear homomixer vgrioa%soggmmrge (iial rodu%s ar availableehgucgg
"Clearmix" (trade nameﬁ,/ pro uce&%ygf\/l-tfléchnlque Co.,nLt fl ﬁow%ver,lﬂ%y%% nat limited as long
as they aPe higjpdiead plilverizidd riactiiBesthar afd airWyivrand dendf foarhingfer, Swhditions
under which puiverization is;carsiag-outdsing a-high sheas dermenixel1yaybe-such that a farget
particle size cansb tsuitab\% obtilined.lﬂjce target particle size may be such that 25 the flow path of a
homogenizerrueéeu i suB%gqﬁeﬁ?slécﬁcr’]la'pulverization step is not clogged. Typical conditions may
be such that the meafhsartisislside iSaeduded 1d dboud 5t 00gmc beeferably Eoto S0sgmomn the first
pulverization step,Judyenizationds 30-praferably carded-ouising theyakqve-mentioned apparatus at a
rotating blade (rotor) circumferential speed of typically 5 to 50 m/s, preferably 10 to 40 m/s, and more
preferably abStEE56 35 /AR partidrats eVl bplratd'® high shear pulverizing machine,
such as a high(gh€ar BorpmikeCdeig.nihgse 35 ataildble underitheatratle ramletdkChlarmiky, at such
a WO 2009/Q44250RCI4IR2008/064076215 £ fegggﬂgﬁggggd. For example, secondary
Wﬁmz%%ww amea

suspensions particle size 0 ) 2| d from a}JSgimary_suspension (4L,
laboratory scale) subjtfeFtGE et PiNerREHoRPIaRY s CledmiikeCEVRE 55 at/ gt finfeFential 5
speed of 28.3p¥prasaidl;asnfread primarfcatspansionrs (46l , scatertp) subjested da a firgthe

pulverizagion ysing a Clearmix LS o Hleaimix Gh:18S A & drgunferentigl speed of 28.3 mis.

aseptic stirring technique, such as an aseptic mixing method

using a mechanical stirring device with a propeller. Conditions
at the time of mixing are not limited. For example, preferable
stirring conditions are such that powder particles are mixed in a

20  vehicle without foaming.

The concentration of the sterile bulk aripiprazole to be
dispersed in the sterile vehicle may be suitably selected from a
wide range, but generally is about 10 to 400 mg/ml, preferably 50
to 250 mg/ml, most preferably about 100 mg/ml.

25 The mixing procedure in step (A-3) may be performed under
ordinary pressure (atmospheric pressure) or increased pressure.
Unlike in Patent Document 3, there 1s no need to adopt vacuum or
reduced pressure conditions. Under increased pressure, generally,
the mixing procedure 1is preferably carried out at a gauge

30 pressure of about 0 to 0.3 MPa. Preferred temperature conditions
in step (A-3) is about 5 to 80°C, particularly about 10 to 40°C.
Unlike in Patent Document 1, there is no need to employ
temperatures at or above the melting point of bulk aripiprazole.

(B) Step of Subjecting the Sterile Primary Suspension to First

35 Pulverization Using a High Shear Pulverizing Machine (e.g., High




Temperature conditions in step (B) are about 5 to 80C, particularly about 10 to 40C. 10In place of the
high shear homomixer, a dispersion machine that applies shear force to a material to be dispersed,
namely, a dispersion apparatus that exerts shear force to aripiprazole particles during processing, can
be used. Variowaomingesial products are available as such dispersion maghigs,iiRelsdhgg a 15
dispersion machine that applies shear force to a material to be processed (trade name: "T-50 Basic"
produced by IKA Japan, Inc.). Conditions for pulverizdiion by these dispersion machines may be such
that a target pgﬁ‘é%!% in_Ize gan be suitabl ,obtine. The target particle size may be such that the flow
path of a 20 hémogenizertséd inthe stbseghent secorrd-ptiver AatiorEsh A EoggedEypical
conditions mayessuthithatl tie rheakpaiticesized reduckd loaboitiblo 160 puitpreferdhly 5 to 50
pm. Colloidmills siltssonis, dispersion maghine, (Pulverizing 25 pachine) ok high-pressureatlype
emulsifying dlgpersmn machines may also be used under substantially the same conditions &ds
mentioned abeve: Atiofr- i step (B s 58 'Eot Y e o dihSnf5rdssare
(atmospheric tessidre) $ednodEaseEpsesserie80 Unlike in Patent Document 3, there is no need to
adopt vacuum or reduged pggssure gondjtians, Pndegingy Qiesie pengipltedne pdng
procedure is preferably carried out at a gauge pressure of about O to 0.3 MPa. ? ) Step of
Subjecting thé'8%rR"Sel6R8ary Bispendidnth 35'Setd Phlveriz&t6R UsindaamrirPresSure Jet
Type Emulsifying ver@ 2000 /04 72 66RCTAH2008/064 076 <22 phispersien Machinedeigclude
High-Pressure. jlamogeRizer) tgﬁprrg&é@ﬂlfe Iﬂgg@&%p?gﬁq cles Thea Jgrrlticleasizea%f terlte
aripiprazole is reduced to a desired level by a second pulverization step.ll::lxamp?es of 5tpuﬂlerizing
machinesPusetfihthelSecShdHulvBRzatichested ifdidie &rGH-prRELIRE j&LRHe BaSILIYINg Bispersion
machine that tieate pracessdigigsainderhighgiressurhd preferred highaprassure et tygegmulsifying
dispersion mashine 18,8 pioh:pressirehomoganizeL in wiiich bump-pregsurized process liquid is 10
ejected as a jét-stream af h@ﬁ pressure by adjusting a specia Fy 8e5|gned% afve i an eje% iNg section.
Typical modelSRFHRE i hcTirRid ErfllsiFiXx @redetedbysRvasting eind thigh-prasderet idnwogenizers
produced by ARV¥pMRQ:SQf¢h reSanwa MachinghGorc i Qthepglisparsian  machines.gan also be
used in g@ich ﬁnggSS 1%Evlieqtu.iczis are Igaet(%sﬁgeatgggh pressure througﬁq orifices of various shapes
arranged in stich a direction that the process liquids cotide with FacABtRaP Sryical MBRERSS this type
include Microfilififzer {prstucedl By MhErRsHwdicsy, Startnst¢sagiho Machine fedabandusadomizer
(Yoshida Kikah &0 sidel.), ien20siThe-pubverization mressyis ofdbe highspressure hamogenizer is
preferably about 30Q to 1000 bar, more preferably about 300 to 600 bar. 'I{he inlet ttmperature of the
high-pressure 1iOMBgeTiZzer Fdy BesuitdBiy etétte PRI Rid8Tan G BdeR GanefHfPalitut 1 to
70C, preferablicabauns:t 40Cr&5By vangingmutdhesstcdnd puierizationstepandernthe. above
conditions, the,Jeaa partigle size-af thearipiprazole igghaéjﬂfl %lgsp%%?”ai%emﬂ%ﬂb'medi%ﬁed o
about 1 to 10 gm, preferably 1 to 5 pm, more preferably 2 to 4 gm, most'preferably 2 to 3 pm. The
aripiprazole sggp{éﬁﬁ%ﬁlﬁgvfﬁﬁcg%ﬁgﬁn%ic?éce air-tight and free of foaniing.

Conditions under which pulverization is carried out using a

-,-3525---1& aidallal-

o
WAY,

high shear homomixer may be such that a target particle size can

be suitably obtained. The target particle size may be such that

25 the flow path of a homogenizer used in the subsequent second

pulverization step is not clogged. Typical conditions may be such

that the mean particle size is reduced to about 5 to 100 um,
preferably 5 to 50 um.

In the first pulverization step, pulverization is

30 preferably carried out using the above-mentioned apparatus at a

rotating blade (rotor) circumferential speed of typically 5 to 50

m/s, preferably 10 to 40 m/s, and more preferably about 15 to 35

m/s. It is particularly effective to operate a high shear

pulverizing machine, such as a high shear homomixer (e.g., those

35 available under the trade name of Clearmix), at such a



30 size of 2 to 3 pm is useful because it has an excellent absorption profile and undergoes no
sedimentation during manufacturing process. The second pulverization step of step (C) may be
carried out by passing the suspension through a high-pressure homogenizer 35 plural times.In such a
case, discrete-pasgmaoties and WO 2009/017250PCT/JP2008/064076 -23cheakgkaligmdnethod may
be employed, giving similar results (see Examples 1-5 and Example 6 described later). Both systems
may also be combined (see Example 7, described lag&ry. The discrete-pass method specifically refers

to a method in § Whic? a sug%ke;sion is processed b assin§§ortions of the suspension through, for
S SRy ez e untii & peéﬁ%ﬁg' E5hePEGPRRS hYo USRS SRS rdEderthg the

example, a hig(h-pressure
processed suspensigr e theisespehsion isoprecegsediahurabtimesmby diseseteapass method, the
recovered suspggsion A0 pragessed fy-passing Postigns of the. facovergd suspension:through a

high-pressure ho]{nogenizte,r until al| portions thereof are processed while recovering the processed
suspension, afd this précediie %S?é[i?eaﬁed.c}ﬁé%%ﬁcu &iion mEthGd specifiddfyreRetb i@ method in
15 which a tarkeedessel €6nAininG a saspension,aconfecteditoitherinles ofpergs jartigh-pressure

homogenizer, ixais0-ggnegisgdodne ouletof e fompaepizet yia gl axdedng, aniigsyspension

in the tank or vessel is continuously processed@b%/ the homogenizer, without béing recovered, so that
t

the processed 28 step&hsiort i TEey e ThRSUGH thie FACTUIBIRTERS H7e taRR A Vessed wharsit is

mixed with unprocesseengisspansien,andiiite sixturg isseeptinususlyRasssgthraughdhe goc,

homogenizer, suspensian, is_processed with recirculation. The pulverization in step (C)
3&&%&1}% g roa% Ofg 3Brees

does not require vacuum or 25 reduced pressure conditions, unlike in Patent Document 3. When a

high-preg8ure homogdRizBF S EsEd if bRtk 8 firbeand RErdhErpliverizalisRsteben sieshiBeand (C)
of the productidmamethpdicamphising the-above-meniionecksteps () WiEpkekthg inventicyn ase
preferably carrj hown | 0 following steps (BB) and (CC), respectively. Step (BB) Step
(BB) of the inv%%%%%nlgi?g%rs%%%e%??a%or%%p iﬁq( v?ﬁ?'é)% thge}?%ﬁi}?riIe£|cc))f~$rcr)1éaryg‘sgus.f)%ﬁél‘{L nrc%é% iRed in
step (A) is pulberizedRIng A higH-pREStREHEOMogEAZ ePat auFeVerizalioni 88 rassurersisd to 200

bar, preferablyp76dacts0 bae tawbidibde as such dispersion machines, including a
15 dispersion machine that applies shear force to a material to be
processed (trade name: “T-50 Basic” produced by IKA Japan, Inc.).
Conditions for pulverization by these dispersion machines may be
such that a target particle size can be suitably obtained. The
target particle size may be such that the flow path of a
20  homogenizer used in the subsequent second pulverization step is
not clogged. Typical conditions may be such that the mean
particle size 1s reduced to about 5 to 100 pm, preferably 5 to 50
.
Colloid mills, ultrasonic dispersion machine (pulverizing
25 machine) or high-pressure Jet type emulsifying dispersion
machines may also be used under substantially the same conditions
as mentioned above.
The pulverization in step (B) may be conducted under
ordinary pressure (atmospheric pressure) or increased pressure.
30 Unlike in Patent Document 3, there is no need to adopt vacuum or
reduced pressure conditions. Under increased pressure, generally,
the mixing procedure is preferably carried out at a gauge
pressure of about 0 to 0.3 MPa.
(C) Step of Subjecting the Sterile Secondary Suspension to

35 Second Pulverization Using a High-Pressure Jet Type Emulsifying




M4)2009M17250PCTMP2008/064076 -24- secondary suspension. It was found that this step, when
adopted, solves the clogging problem mentioned above. In other words, the use of the high-pressure
homogenizer at a pulverization pressure within the range of 50 to 200 bar, 5 preferably 70 to 150 bar,
prevents the cloguiney/ofitse flow path of the high-pressure homogenizer. pcTheéntaisigmgperature of
the high-pressure homogenizer may be suitably selected from a wide range, but generally is about 1 to
50C, preferably about 5 to 40C. 10A sterile secondaB2suspension is obtained in this manner. Step
(CCO) Step (CC) of the invention is a second pulverlzatlon ste |n WhICh the sterlle secondary
suspension obtafred BB K pulvefized-H5Hig4 : '

pulverization gressute (ﬁ'lZ@Gt@ll%b&pto obtain a sterlle flnal suspenS|on This step provides an

aripiprazole suspenS@Bgtaﬁlggtt{@lgesgegem%n %rglclgﬁéeﬁalz&éo gm, peeferably 440 5 pm,
more prefera ngg to 4 pm, mgﬁt eferabg about 2. 5 m. In stepérCC the pulverization pressure of

the high- 20 p shethon, néed ?gﬁ%dmc?l% Y8H 3 {7 the BUivBRZETior bressure
in step (BB). GeAeraly the putlaeh'.i;atisn pressurelin stép (C&)dspiefarableset.higher tharethat of

step (BB) by alquit, 100 to %Q%agsr@ggaﬂgarﬁxéeb%gogrteﬁopfp%fret%&tsgs%b{eﬂéemwessure
of the high-pressure 25 homogenizer in step (CC) is 200 to 1000 bar, p artlcuIaZ%/l about 300 to 600 bar.

Also, when th&ivehZ&Hon |§E§ﬁ?é”t?outﬁﬁ?é]stlnte%dﬁfste’&?éc?ﬁﬁésﬁtﬂ%n tiSF PrESEGEFe can be
increased stepuise-pitisindne range 0fi200=toul 000 Hary Inlikisccaserthafital30 peessune ddpreferably

about 300 to 1000, bar. morg preferably ahoyt, 300 tg,600 pﬁéssum%'%%gt%ygeﬁgﬁ&f fhe

high-pressure’homogenizer is’suitably selected from a wide range, but is generally about 1 to 50C,
preferabhPabdiHSFIEANRS S57RE SEERRIpalver-Shon SEH 6es %éb ey ardpbeecarpsdally

designed wvalve in an ejecting section. Typical models of this

type include EmulsiFlex (produced by Avestin) and high-pressure
homogenizers produced by APV, NIRO SOAVI, or Sanwa Machine Co.,
Inc. Other dispersion machines can also be used in which process

15 1liquids are passed at high pressure through orifices of wvarious
shapes arranged in such a direction that the process ligquids
collide with each other. Typical models of this type include
Microfluidizer (produced by Microfluidics), Starburst (Sugino
Machine Ltd.), and Nanomizer (Yoshida Kikai Co., Ltd.), etc.

20 The pulverization pressure of the high-pressure homogenizer
is preferably about 300 to 1000 bar, more preferably about 300 to
600 bar. The inlet temperature of the high-pressure homogenizer
may be suitably selected from a wide range, but is generally
about 1 to 70°C, preferably about 5 to 40°C.

25 By carrying out the second pulverization step under the
above conditions, the mean particle size of the aripiprazole in
the final suspension is preferably adjusted to about 1 to 10 um,
preferably 1 to 5 pm, more preferably 2 to 4 um, most preferably
2 to 3 um. The aripiprazole suspension having a mean particle

30 size of 2 to 3 um is useful because it has an excellent
absorption profile and undergoes no sedimentation during
manufacturing process.

The second pulverization step of step (C) may be carried
out by passing the suspension through a high-pressure homogenizer

35 plural times. In such a case, discrete-pass method and



WO 2009/017250PCTIJP2008/064076 -25- out by passing the suspension through a high-pressure
homogenizer plural times. The discrete-pass method and a recirculation method mentioned above
may be employed, giving similar results. Both methods may also he combined. 5The pulverization in
step (CC) doe¥vRc¥petiité0vacuum or reduced pressure conditions, unlike it PareosDeouenent 3.

In the invention, it is possible to perfoim cleaning and sterilization of the surfaces that are exposed to
liquids, of the machines used in the invention, such-a3a high shear pulverizing 10 machine, a
dispersion machine that lies shear. force to a material 1o be processed,,a colloid mill, an ultrasonic
dispersion mac R A R o B e e by Eoiteting
clean-in-place M &sd stetiliZaforERpRie (SIPRIatiRetelfization is Bi¥e115pvasisle "eF may be
carried out usingswater torater, adalinemies acidiwetendl oraie solvent, with optional
addition of one or morg _cleanin ents conventionally used, such as alkaline detergents, neutral
detergents and acidicqteiht-:-ete(rglglesr?%se.3 F’pr%sasy g‘eeetgg?ﬁe %&l%%%%g re § eearrﬁ, ﬁ?gr?pﬁ%ggﬁr% ﬁféh 20
temperatute witéEhet@ SUTBRISEPBterile aipipraserRIsuBperkicr Witeréinthed@rpiprazoldhas a
mean particle sizgehditonl0pmdepbtained-byeaseptieglly pulverizingrisstar (Dhanstryileimary
aripiprazole S%Sf&%ﬂsmrwmd&?’?goir?sg% %e%)eg%i]n Pehi#tgosgesa}sre% %%Ivfrizing machine (sggh as a
high-shear homomlxeﬂ, a d?spersmn machine that applies shear orCe 10'a material to e proecessed, a
colloid mill, aneceserne dispepsipaimachieedr &hfghgnessusédat tyse emedsifdagd dispersibn
machine (such. age highrpregsire-hemaegenizen; yaose shEfaces-exresed ta ligyids 30-have been
sterilized, to form a sterile secondar%/}%us%gnsion, and ?epticallé%verizing the resulting sterile

secondany sugpeSionan SIEpREs tisitty B Highresturs j&t fpe SMiSinfngraRperlion hadkhe (such
as a high-pressuréiwmpgesizarg, whosesuriaees exposéed @liguidsHavenbeehtstesitizeda38
Aripiprazole Aguguss SHsazkSION Q200901 1250PCHIB2008/064076,:36r  ~Ahe apiprazole in

the aripiprazole agueous suspension produced by the production method of the invention has a mean
particle size oPT 3658 5 15refePR8iy°F to 5 gm, more preferably 2 to 4 gm, most preferably about 2 to

3_ gm. 5Accoro_|ir_lg to tﬁe@rmdutﬁcnlméﬂmd mmdnwpﬁﬂtﬁina@atteefm& Im@@th@mm paa_rticle_
size of Dulk aripigiazale fsfhedpegnaarticie,slee ahadpipragaledndla.suspensiapdinally qfiigined is

controlled within the above range. Therefore, the method has great advantages: there are

restrictions in -5 [Sfodueti®n oPstRHIE BRfE pEWEI SPHAIER 17&iHg blfk pORISIRIAS RfgEYarticle
size, air bubblerentrainrhent ratelytoecursdahirirg preparatian ef thessyspensiomeand dhe defeaming

process is easy, is,no.need for.reduc essure, and the, ipility of con gfn tio f(raom
outside air is s%gnr%i %%esrl%gdeg}é%qé%dF%%yA%go%i%#o %hge ‘grg?ug'ggr% %ni tr%%og? tathge ?ln\}ggnt%ln, a

homogeneous RS FEHsionfEB Bt tco A& K pHSIERTHE PrticRS chhde pidducBdcshasp@refore,
the final suspensiparaliiaineds(nasslyl the desicedarioiprazele suspeansienymayihe filtenedder
removing foreiggsglélist%ﬂ%%%, ifi%o Q%Sirrﬁg.{g Cwith unprocessed suspension, and the
mixture is continuously passed through the homogenizer, and thus
the suspension is processed with recirculation.
The pulverization in step (C) does not require vacuum or
25 reduced pressure conditions, unlike in Patent Document 3.
When a high-pressure homogenizer is used in both the first
and second pulverization steps, steps (B) and (C) of the
production method comprising the above-mentioned steps (A) to (C)
of the invention are preferably carried out as shown in the
30 following steps (BB) and (CC), respectively.
Step (BB)
Step (BB) of the invention is a first pulverization step in
which the sterile primary suspension obtained in step (A) is
pulverized using a high-pressure homogenizer at a pulverization

35 pressure of 50 to 200 bar, preferably 70 to 150 bar, to obtain a



20 filter to be used has a pore size such that the filter has a nominal filtration rating of 10 to 225 gm,
preferably 20 to 70 gm. Therefore, the production method of the invention may further comprise the
step of filtering the final suspension obtained in step (c) with a filter having a nominal filtration rating of
10 25 to 225 g0 2009/FHE@3esulting final suspension (namely, the desired agsipipsaz@gosusgension)
preferably has an aripiprazole concentration of about 10 to 400 mg/ml, more preferably about 50 to
250 mg/ml, most preferably 100 mg/ml. 30The sterileZ#ipiprazole suspension obtained by the

production method (fjthe invention is administered, for ex le, intramuscularly and subcutaneously,
as formulation%rc ﬁﬁegﬁ n.sﬁse%ﬁgalfg?Pro%%cYﬁgs rgléuz}g-zﬂrr’ge% FortiuISHGR” W%enTﬁ@OQTé?ﬁ%
aripiprazole sugptYRfort obtatheabydhe3 afsteraatiioned metived may be freeze-dried to produce a

freeze- WO 2009/01725%&1339@3/0@41@7@5%@lriaqefqugﬂlag@gsum Mot seegifically, the final
aripiprazole suspension may t:)Le freeze-dried into.% freeze-dried formulation of a desired polymorphic

form (an.anhydrate- Hydrate A, OF amiirs of ther)- b T8 Bbtai &fre®be-tlied formfatiBAtof
Aripiprazofe Hydrsesrla imdRolvpdrbe dpadydrate YeisasddasBualioarnpiprazdee anddheddydrate A

suspension obanegkby the - method: ot the didvention js subjected to the following freeze-drying cycle.

The freeze-drying cyclfh%om Eiggs cooling the su%pension to 10 -20C to -55C at a suitable cooling rate

to freeze the suspension. and PeTGIMng & A dtep &t AP aRTE BelbAAFSIRATT Tkeferably
around OC to -R8CYuiidély seitabid vdcliunm(egwabeutirtgel 0B Ra) g faria guitableduration (e.g.

until the freeze:-griggoformulation.is,Qbtained; tynically,far about 10 to 15100 hours). If a

freeze-dr'@d formulation contaiglng aripiprazole in anhydrous form is desired, aripiprazole in the form
of a monohydrate or anhyardas ErySEr L e HPHE beik Lipthrazbiecana theisuspamsisn obtained
by the methodSfethe (20 invention is subjected to the following freeze-drying cycle. The freeze-drying

cycle comprises the thiegsteps) (figezing qm%g%ngssgcog%%dr%gméls ecifically, the
freeze-drying cycle comprises coolin%%ge suspension to -20C to -55C at a suita e cooli
i

e
| ' ‘ ing rate to
freeze the suspen&iBhSbeofmHE piihTars HiHGoB atUSRmpEratFE HelbRFarbundBe (JR&Ferably

around OC to -26C) pnderaisuitablewscuym ¢e.g. Abehtdrtes$00Pa) Anddgsai suitablesduration

(typically-fer a it ours); erformi eco y drying at a temperature abpve around
oC (prefé?abI)?((a)l%:prtgj(g‘l %%%qﬁﬁde%@gﬁgﬁeé\gcrg@g (Scec.)g. a out%% 3070 % é?ar‘?d fsc}‘ref%ﬁable

duration (e.g. tifittheSPEESEHEY forfiuiiation $8 oBraRedetyFoalr foriatrearle teuaeheurs). The

freeze-dried fafeklagoribuaqyodugadean beeasiereconstijuted injosg dgsired ariprazole,

suspension using yafer 5, e! iniesion ipmeelely before e admsteon, Therefoe,

In step (CC), the pulverization pressure of the high-
20 pressure homogenizer needs to be increased, compared with the
pulverization pressure in step (BB). Generally, the pulverization
pressure in step (CC) is preferably set higher than that of step
(BB) by about 100 to 900 bar, particularly about 200 to 500 bar.
Preferred pulverization pressure of the high-pressure
25 homogenizer in step (CC) is 200 to 1000 bar, particularly about
300 to 600 bar.

Also, when the pulverization is carried out plural times in
step (CC), the pulverization pressure can be increased stepwise
within the range of 200 to 1000 bar. In this case, the final

30  pressure is preferably about 300 to 1000 bar, more preferably
about 300 to 600 bar.

The inlet temperature of the high-pressure homogenizer is
suitably selected from a wide range, but is generally about 1 to
50°C, preferably about 5 to 40°C.

35 The second pulverization step of step (CC) may be carried



WO 2009/017250PCT/JP2008/064076 -28- the freeze-dried formulation is useful as a formulation
immediately prepared before use. Even by a reconstitution method as simple as adding water for
injection to the foimulation and shaking the mixture by hand, a homogeneous aripiprazole 5
suspension caMhYHEREd. EXAMPLES Examples are provided beleariordesaribedhe present
invention in further detail. 10In each example, the mean particle size is the volume mean diameter
measured with a laser-light scattering (LLS) diffractié® particle size analyzer (laser diffraction particle

size analyzer SAID-3000 Imadzu Corp.).. T "10% diameter”. "50% diameter", and "90%
diameter” refé%%%f p%rltsl]glé %2?]1@5 é%ﬁ%ﬁé%k@%ﬁﬁéé&%&g ro(?}st 3r§oin? Where the-
distribution cutVveGtintégition T06) ifterserts Wi+ 096 VapGe BTdhe inBSyratedataivs, #rthatticle
diameter of the=peiiraidheitessesiipniwitheb@¥oyvatie, angithe particie diameter©f the peint at the
intersection Wr!mtgt 00/% V%Iue, rfésgqgtivg%zo Q/Ideasurement conditions are as follows. Medium: water;
refractive index: 2.00 to 83’20% cell: flow cetl. "In each example, both steps of preparing a vehicle
and comBining bulk afiisiprazsle ahertheoteHitleXeR A prifRss) S98perriva Yoersdcariiedosut at room

temperature (28ce-38C)r3Bdilessatherwisesspesifiee: The fisstpulvesizationtstep for pulverizing the
primary suspension was %%reriegn%utn%ti%g to itgci gnleossssci%) erwjﬁoe ts?%%%'ggg. lean‘{p}e hé -pressure
homogenizer used in"éac examplee IS a c’ommermall]fl avaitabie g -pressure%omoge izer (trade
name 30 "PARBA DK 75peonnrdnifaetdedtoy i ROBOARH) sRraffsle o (4} Sodlam earbidweymethyl

cellulose (18.304:.94s52 ge0f manpitel, and 1:63 .9, ofssediuga dihydrggenphasphatedponphydrate

were dislsé)lved inhpurified water. The total weight was 2059.2 g. 35 The olutionfwas ad{usted to pH
7.0 witha 1 Mo sodiunt WO 360910772 T75p2 0&%%%1?59- shear force to a

material to be processed, a collolid mill, an ultrasonic
dispersion machine, and a high-pressure Jet type emulsifying
dispersion machine, by conducting clean-in-place (CIP) and
sterilization-in-place (SIP). In-line sterilization is also
15 ©possible. CIP may be carried out using water, hot water, alkaline
water, acidic water, or organic solvent, with optional addition
of one or more cleaning agents conventionally used, such as
alkaline detergents, neutral detergents and acidic detergents.
SIP may be carried out using pure steam, high pressure high
20 temperature water, etc.

Thus, a sterile aripiprazole suspension wherein the
aripiprazole has a mean particle size of 1 to 10 pm is obtained
by aseptically pul#erizing, in step (b), a sterile primary
aripiprazole suspension produced in step (a) using a high shear

25 pulverizing machine (such as a high-shear homomixer), a
dispersion machine that applies shear force to a material to be
processed, a colloid mill, an ultrasonic dispersion machine, or a
high-pressure Jjet type emulsifying dispersion machine (such as a
high-pressure homogenizer), whose surfaces exposed to liquids

30 have been sterilized, to form a sterile secondary suspension, and
aseptically pulverizing the resulting sterile secondary
suspension in step (c) using a high-pressure jet type emulsifying
dispersion machine (such as a high-pressure homogenizer), whose
surfaces exposed to liquids have been sterilized.

35 Aripiprazole Aqueous Suspension




hydroxide agueous solution, and filtered through a 0.2 gm filter. In the resulting filtrate (1872 g),
bulk aripiprazole monohydrate produced by batch crystallization (208 g; mean particle size of the bulk
powder = 258 pm; 10% diameter - 99 gm; 5 50% diameter - 280 gm; 90% diameter - 609 pm) was
dispersed to foM@ 24Tasy suspension. The dispersion procedure for prepabisgdbarimary
suspension was conducted by using a Three-One Motor (produced by HEIDON) for stirring with 100
mm-diameter blades at about 200 to 10 400 rpm. (FB&-same applies to the following examples, unless
otherwise noted.) b) The primazfgféjspens% n was Eu]verize with a high shear hompmixer

(trade name: "CIeaLrﬁr& Offéf}ij.‘gg)a‘, produ:cL:Iéd yﬁ\/l Féchn d:l?g 0., Lafa‘.‘)e 80663%%%?%,5
minutes per litroAsced Sresiihea saeshdariosuspeiision wasditainedentionchahe obtaned

secondary suspeRsiofn.was; ¢eoledcor yarmged 50 8$,{0 kpepAbe-nigs temperatuse %@b%gg.gc, about
20C, about 40C, and about 60C. The suspension was pulverized bg passing 10 times through a
high-pressure6imogEHiYef at 806 Bay ZGWd%i‘?E?éf-?}%]s% ARHEA? ©© PhEnean particle size of the

suspensiéns pulverizég¢emsdiaad palvétizedrodimesamasnaidastired withea partiete size distribution

analyzer (SAIR:8000JhShimadzy Goip.khJdihe fesults.ae shownkelow 25 Table 1. Mymberof Times

PuweﬂzedIW%%Qfggggeggggﬁgﬂy gfgézgg:gggéggggég%% in the suspension finally
obtained is controlled within the above range. Therefore, the
method has great advantages: there are few restrictions in the

10  production of sterile bulk poweder; when using bulk powder with a
large particle size, air bubble entrainment rarely occurs during
preparation of the suspension, and the defoaming process'is easy;
there is no need for reduced pressure, and the possibility of
contamination from outside air is significantly decreased.

15 According to the production method of the invention, a
homogeneous  final suspension free of coarse aripiprazole
particles can be produced, and therefore, the final suspension
obtained (namely, the desired aripiprazole suspension) may be
filtered for removing foreign substances, if so desired. The

20 filter to be used has a pore size such that the filter has a
nominal filtration rating of 10 to 225 um, preferably 20 to 70 um.
Therefore, the production method of the invention may further
comprise the step of filtering the final suspension obtained in
step (c) with a filter having a nominal filtration rating of 10

25 to 225 pm.

The resulting final suspension (namely, the desired
aripiprazole suspension) preferably has an aripiprazole
concentration of about 10 to 400 mg/ml, more preferably about 50
to 250 mg/ml, most preferably 100 mg/ml.

30 The sterile aripiprazole suspension obtained by the
production method of the invention is administered, for example,
intramuscularly and subcutaneously, as formulation for injection.

Method for Producing Freeze-dried Formulation

The sterile aripiprazole suspension obtained by the

35 aforementioned method may be freeze-dried to produce a freeze-



5.04.54.9101.81.92.33.9 Table 1 reveals the following: (i) Even when bulk aripiprazole
monohydrate produced by batch crystallization was used, passing the suspension once through a
high-pressure homogenizer at 600 bar at an inlet 30 temperature of 10 to 60C in the second
pulverization (&3P pethitted the preparation of an aripiprazole suspension/ywitisoddies
2009/01725(1PCT/JP2008/064076 -30- mean particle size of 1 to 10 gm. (ii) Passing the
suspension 10 times through a high-pressure homaogeéhizer at 600 bar at an inlet temperature of 10 to
60C in the. se%q:ri% &)utlv%%ﬁ%%ri (g%t_ep (©) en.z.:}bled the preparation of an arlplprazole suspension with a
mean particle size of about Z to 4 gm. (iif) Passing the suspension 10 times through a
high-pressure homog¥fiFersaesud bed ahan fHiet fémplratiielsie % 0T Hipehe secompatverization

(step (c)) alloweddhe-dried into a freeze-dried formulation of a desired

polymorphic form (an anhydrate, Hydrate A, or a mixture of them).

(@3

To obtain a freeze-dried formulation of Aripiprazole Hydrate A, a
monohydrate or Hydrate A is used as bulk aripiprazole, and the
Hydrate A suspension obtained by the method of the invention is
subjected to the following freeze-drying cycle.
The freeze-drying cycle comprises cooling the suspension to
10 -20°C to -55°C at a suitable cooling rate to freeze the suspension,
and performing a drying step at a temperature below around 0°C
(preferably around 0°C to -15°C) under a suitable vacuum (e.g.
about 1 to 100 Pa) and for a suitable duration (e.g. until the
freeze-dried formulation is obtained; typically for about 10 to
15 100 hours).
If a freeze-dried formulation containing aripiprazole in
anhydrous form >is desired, aripiprazole in the form of a
monohydrate or anhydrous crystals 1s wused as the bulk
aripiprazole, and the suspension obtained by the method of the
20 invention is subjected to the following freeze-drying cycle. The
freeze-drying cycle comprises the three steps (freezing, primary -
drying, secondary drying). Specifically, the freeze-drying cycle
comprises cooling the suspension to -20°C to -55°C at a suitable
cooling rate to freeze the suspension; performing primary drying
25 at a temperature below around 0°C (preferably around 0°C to -20°C)
under a suitable wvacuum (e.g. about 1 to 100 Pa) and for a
suitable duration (typically for about 10 to 100 hours); and
performing secondary drying at a temperature above around 0 °C
(preferably 0°C to 60°C) under a suitable vacuum (e.g. about 0.1
30 to 20 Pa) and for a suitable duration (e.g. until the freeze-

dried formulation is obtained; typically for about 10 to 100
hours) .

The freeze-dried formulation thus produced can be easily
reconstituted into a desired aripiprazole suspension using water

35 for injection immediately before the administration. Therefore,



10 preparation of an aripiprazole suspension with a mean particle size of about 2 to 3 gm. This
shows that a suspension with the desired mean particle size (1-10 pm, preferably 1-5 gm, more
preferably 2 to 4 pm) is obtained even by the use of bulk powder with a large mean 15 patrticle size,
which is one oMb eoesfersof the present invention. The same results axalyoyesweiotained even
using sterile bulk aripiprazole and a sterile vehicle. The same applies to the following examples. 20
Example 2 Sodium carboxymethyl cellulose (486 g), 228.80 g of mannitol, and 4.07 g of sodium

dihydrogen phosphate monohydrate were dissolved in, purified water. The total weight was 2148 9.
The solution Wa$ a%&%%etoggﬁ.o vV\]/%lﬁﬁrIﬁ %&ﬁﬁ soé{%m 5%%%1 roxide aq%eo\élg %%T&t?%? and filtered

through a 0.2ipmefilietely preveresulingdieats ¢:87B%P0 butk aripiprazsic. mvrichydatdtoduced
by batch crystallizatign £208:0:ameangparticle size:of the dudk powder rr239%@nnie:dametar = 99 pm;
50% diameter = 276 gm; 90% diameter 63 m)l\{va%idispers d to 30 form a praimjiafrly suasz%%résion.

The primary on Was pdﬁ\}é{ﬁ%g with*Clearmix (CI\?I-l. gﬁngg?[%%%\(])srpm for 7% minutes per
liter. As @resaltsasetondagrsispaipishneds obtained. The obtained secondary suspension
was cooled so as to keep 35 the inlet temperature at about 20C, and pulverized by passing 10 WO
20091017250 times through a and 1000 bar by the suspensions measured with a 5 Shimadzu Corp.).
Table 2 PCT/3112008/064076 -31- high-pressﬁ%%%sgenizer at 300 bar, 600 bar, discrete-pass
method. The mean parichesize ofpealvepizedidade drd pulverizeddES timids was partivie sixd

distribution analyzer (SALR; 38005 Jhesissults are shown below.

10 In each example, the mean particle size is the volume mean
diameter measured with a laser-light scattering (LLS) diffraction
particle size analyzer (laser diffraction particle size analyzer
SALD-3000J, Shimadzu Corp.). The terms "10% diameter", "50%
diameter", and "90% diameter" refer to, in particle size

15 distribution, the particle diameter of the point where the
distribution curve of integration (%) intersects with 10% value
of the integrated value, the particle diameter of the point at
the intersection with 50% value, and the particle diameter of the
point at the intersection with 90% value, respectively.

20 Measurement conditions are as follows. Medium: water; refractive
index: 2.00 to 0.20i; cell: flow cell.

In each example, both steps of preparing a vehicle and
combining bulk aripiprazole and the vehicle to form a primary
suspension were carried out at room temperature (20 to 30°C),

25 unless otherwise specified. The first pulverization step for
pulverizing the primary suspension was carried out at 20 to 45°C,
unless otherwise specified.

The high-pressure homogenizer used in each example is a
commercially available high-pressure homogenizer (trade name

30 “PANDA 2K Type”, manufactured by NIRO SOAVI).

Example 1 '

(a) Sodium carboxymethyl cellulose (18.30 g), 91.52 g of
mannitol, and 1.63 g of sodium dihydrogen phosphate monohydrate
were dissolved in purified water. The total weight was 2059.2 g.

35 The solution was adjusted to pH 7.0 with a 1 mol/L sodium



Number of Times Pulverized Mean Patrticle Size(gm) 300 bar 600 bar 1000 bar 1 5.7 4.54.3 10 2.6
1.9 2.5 Table 2 indicates the following: (i) Even when bulk aripipra2ole monohydrate produced by
batch crystallization was used, passing the suspension once 10 though a high-pressure homogenizer
at 300 to 1000MshPEHABIZY the preparation of an aripiprazole suspension IXT/Ameesipspeicle size of 1
to 10 gm. (if) Passing the suspension 10 times though a high-pressure homogenizer at 300 to
1000 bar allowed the preparation of an 15 aripiprazé@suspension with a mean particle size of 2 to 3
gm. (iif) The_pre gration of an ari i;%raozrg)le srygpteﬂ%n with a mean Qabti.ge siz%io_@‘t%}p 3gmis

S h d th . .S
also possible at %r.aﬁ%%)élvser?? & dlesn’ec?arlplprazo gsuspjé%% on can be“er?fluently obtained at

300 to 600 bar. 20 E%inél% resulting filtrate (1872 g), bulk aripiprazole
monohydrate produced by batch crystallization (208 g; mean

particle size of the bulk powder = 258 um; 10% diameter = 99 um;

n

50% diameter = 280 pm; 90% diameter = 609 pm) was dispersed to
form a primary suspension.

The dispersion procedure for preparing the primary
suspension was conducted by using a Three-One Motor (produced by
HEIDON) for stirring with 100 mm-diameter blades at about 200 to
10 400 zrpm. (The same applies to the following examples, unless

otherwise noted.)

(b) The primary suspension was pulverized with a high
shear homomixer (trade name: "Clearmix (CLM-1.58)", produced by M
Technique Co., Ltd.) at 18000 rpm for 7.5 minutes per liter. As a

15 result, a secondary suspension was obtained.

(c) The obtained secondary suspension was cooled or warmed
so as to keep the inlet temperature at about 10°C, about 20°C,
about 40°C, and about 60°C. The suspension was pulverized by
passing 10 times through a high-pressure homogenizer at 600 bar

20 by discrete-pass method.
The mean particle size of the suspensions pulverized once

and pulverized 10 times was measured with a particle size

distribution analyzer (SALD-3000J0, Shimadzu Corp.). The results
are shown below.
25 Table 1
Number of Times Mean Particle Size (um)
Pulverized 10°C 20°C 40°C 60°C
1 5.1 5.0 | 4.5 4.9
10 1.8 1.9 2.3 3.9

Table 1 reveals the following:

(i) Even when bulk aripiprazole monohydrate produced by
batch crystallization was used, passing the suspension once
through a high-pressure homogenizer at 600 bar at an inlet

30 temperature of 10 to 60°C in the second pulverization (step (c))

permitted the preparation of an aripiprazole suspension with a



Sodium carboxymethyl cellulose (45.76 g), 228.80 g of mannitol, and 4.07 g of sodium dihydrogen
phosphate monohydrate were dissolved in purified water. The total weight was 5148 g. The solution
was adjusted to pH 7.0 with a 1 mol/L sodium 25 hydroxide solution and filtered through a 0.2 gm filter.
Two kinds of sedimexzertzexymethyl cellulose with a viscosity of 93 cps (4%reguess/ealrton, 25C)
and 187 cps (4% aqueous solution, 25C) were used. In the resulting filtrate (1872 g), bulk aripiprazole
30 monohydrate produced by batch crystallization (288-g; mean particle size of the bulk powder used
for studying sodium WO 2009/017250PCT/JP2008/064076 -32- carboxymethyl cellulose with a
viscosity of 935S PIEE L1694 Bidheter2 99 gt 50% diameter = 280 gm; 90% diameter = 609
gm; mean particle size of theBasgkpawdeheisesifarestadging Sodilmearbdsyreeiy| cellildgewith a
viscosity of 187,cRs:u 23% 3 JA% R diametaro= 99-pnk 59% diametelompzit paredd% digneter = 632
gm) was dispersed to form primary suspensions.  Each of the primary suspensions was pulverized
with Clearmix P819v-118S) 4PE8066 TRRM forPHS YRMURE 58 litdF AR a ré&t, see&ﬂ?gf@ suspensions
were obtainedp&Thebbtained seconetaty Susperisioridlete Covled'sbiasao keap thanhletle
temperature a Elﬁ)guggo&o%@ @L%%ergz%gl.by passing 10 times through a high-pressure homogenizer
at 600 bar by discrete-pass method, The mean particle size of the suspensjons pulverized once and
pulverized 10 times wad héastéd ¥ witi'a pﬁﬂﬁﬁgrﬁig%isgrpouf?&ﬁl%%alfl%ﬂ’gRLﬁ-S%g%
Shimadzu Conprk dhereesultsgrmshewrabeldV. Talrlea® Numbei of Times<RalverizedtMeantRarticle

Size (pm) Visggsity of Sodiym Carboxymetiyl Cellulase o, (step (c)) allowed the

10 preparation of an aripiprazole suspension with a mean particle

size of about 2 to 3 um.

This shows that a suspension with the desired mean particle
size (1-10 pm, preferably 1-5 pm, more preferably 2 to 4 um) is
obtained even by the use of bulk powder with a large mean

15 particle size, which is one of the effects of the present
invention.

The same results as above are obtained even using sterile
bulk aripiprazole and a sterile vehicle. The same applies to the
following examples.

20 Example 2

Sodium carboxymethyl cellulose (45.76 gj), 228.80 g of
mannitol, and 4.07 g of sodium dihydrogen phosphate monohydrate
were dissolved in purified water. The total weight was 5148 g.
The solution was adjusted to pH 7.0 with a 1 mol/L sodium

25  hydroxide aqueous solution, and filtered through a 0.2 pm filter.

In the resulting filtrate (1872 g), bulk aripiprazole
monohydrate produced by batch crystallization (208 g; mean
particle size of the bulk powder = 239 um; 10% diameter = 99 pm;
50% diameter = 276 um; 90% diameter = 632 um) was dispersed to

30 form a primary suspension.

The primary suspension was pulverized with Clearmix (CLM-
1.58) at 18000 rpm for 7.5 minutes per liter. As a result, a
secondary suspension was obtained.

The obtained secondary suspension was cooled so as to keep

35 the inlet temperature at about 20°C, and pulverized by passing 10



93 cps 187 cps 5.045101.91.9 Table 3 indicates that the difference in viscosity of CMCNa
does not influence the pulverization. 20 Example 4 Sodium carboxymethyl cellulose (33.28 g),
166.40 g of mannitol, and 2.96 g of sodium dihydrogen phosphate monohydrate were dissolved in
purified water. WO AR8ight was 3744 g. The solution was adjusted to pt 7. Pawinssdzenol/L sodium
25 hydroxide agqueous solution and filtered through a 0.2 pm filter. In the resulting filtrate (1872 g),
bulk aripiprazole monohydrate produced by batch cryjstallization (208 g; mean particle size of the bulk
powder = 386,gm; 10% diameter 5 118 gm; 50% diameter = 356 pm. 90%. diameter.=,1640 gm) was
dispersed to \tlggéfoot&g%rggoS(E%fgéggagfosélf&g’?ﬁ{g%}]ﬁ%%prﬁ%ar%@us%%ﬁ’sio%gQl'f?éagi’spersion
procedure forFtepafifg thepriviaftsGEpERSRAPHABEAucteth By BSHYy adrhrkel el kfotef
(produced by HEIDEN)totsttrsg withkQ mevdianeter bladesat-ahouif00 10 88Qxpm. ke primary

suspension ugs pulverized it Clearmix,(CLI 1.58). 3118900 fomfor, 5 minuigs pe . As 2

result, a seconaary suspension was o tained.
5 Shimadzu Corp.). The results are shown below.
Table 2
Number of Times Mean Particle Size (um)
Pulverized - 300 bar 600 bar 1000 bar
1 5.7 4.5 4.3
10 2.6 1.9 2.5

Table 2 indicates the following:
(i) Even when bulk aripiprazole monohydrate produced by
batch crystallization was used, passing the suspension once
10 though a high-pressure homogenizer at 300 to 1000 bar enabled the
preparation of an aripiprazole suspension with a mean particle
size of 1 to 10 pm.
(ii) Passing the suspension 10 times though a high-pressure
homogenizer at 300 to 1000 bar allowed the preparation of an
15 aripiprazole suspension with a mean particle size of 2 to 3 um.
(1ii) The preparation of an aripiprazole suspension with a
mean particle size of 2 to 3 um 1s also possible at 1000 bar.
However, the desired aripiprazole suspension can be efficiently
obtained at 300 to 600 bar.
20  Example 3
Sodium carboxymethyl cellulose (45.76 g), 228.80 g of
mannitol, and 4.07 g of sodium dihydrogen phosphate monohydrate
were dissolved in purified water. The total weight was 5148 g.
The solution was adjusted to pH 7.0 with a 1 mol/L sodium
25 hydroxide solution and filtered through a 0.2 um filter. Two
kinds of sodium carboxymethyl cellulose with a viscosity of 93
cps (4% agueous solution, 25°C) and 187 cps (4% agueous solution,
25°C) were used.
In the resulting filtrate (1872 g), bulk aripiprazole
30 monohydrate produced by batch crystallization (208 g; mean

particle size of the bulk powder used for studying sodium



Without temperature control, the obtained secondary suspension was pulverized by passing 10 times
through a high- 10 pressure homogenizer at 600 bar by discrete-pass method. The mean patrticle size
of the suspensions pulverized once and pulverized 10 times was measured with a particle size
distribution an¥y289(8A%9-3000J, Shimadzu Corp.). The results are showPIsiB0sTEdesd Number of
Times Pulverized Mean Particle Size (pm) 1 5.0 10 3.0 15Table 4 shows that even without controlling
the inlet temperature, an aripiprazole suspension wift¥a mean particle size of about 3 to 5 pm can be
prepared. When controlling the inlet temperature, an aripiprazole suspension wi mean particle size
of less than 3%%?(%%%“@%%% (gg%?ﬁlée ?geg JEgéan%pfé]ésjg asnj%%).oé% E%aﬁ'?ﬁe?) EE? %’dir&rgf
carboxymethylicaiiiiese 1457 6Mg); 22880 stk thd® 077§ of SbefiskedinydfiFertBhosphate
monohydratenvere gdisselmerkingiurdiestwates. the kotabwrightiwas 5448 g:tSaghiy casdaxyimethyl
cellulose with a viscosity of 93 ¢ % 25 agueous solution, 25C 187 cps (4% aque solution,
25C) were usgaﬁ%?%%%%ﬁor? .%E%(ésooﬁﬁtigrl?t :j/vha:g,1 a‘é}ﬁsct%%l%] pﬁ%%%\?vitﬁpas 1Qmé)%/€ %gd iu%bﬁ?lyd roxide
solution @nd filteregttoagl? a4 0/} trAGHtediameter |pFthe/ fediiting ftrate 1872 g): bedk aHplprazole 30
monohydrate pyeduceddry bateh crystallzatinn (208 geneasn¥VO 2009/017250PCT/IP2008/064076

-34- Each of the primary suspensions was pulverized with
Clearmix (CIM-1.58) at 18000 rpm for 7.5 minutes per liter. BAs a
result, secondary suspensions were obtained.

10 The obtained secondary suspensions were cooled so as to
keep the inlet temperature at about 20°C, and pulverized by
passing 10 times through a high-pressure homogenizer at 600 bar
by discrete-pass method. The mean particle size of the
suspensions pulverized once and pulverized 10 times was measured

15 with a particle size distribution analyzer (SALD-3000J, Shimadzu

Corp.). The results are shown below.
Table 3
Mean Particle Size (um)
Number of Times Viscosity of Sodium Carboxymethyl
Pulverized Cellulose
93 cps 187 cps
1 5.0 4.5
10 1.9 1.9

Table 3 indicates that the difference in viscosity of CMCNa
does not influence the pulverization.
20 Example 4
Sodium carboxymethyl cellulose (33.28 g), 166.40 g of
mannitol, and 2.96 g of sodium dihydrogen phosphate monohydrate
were dissolved in purified water. The total weight waé 3744 g.
The solution was adjusted to pH 7.0 with a 1 mol/L sodium
25 hydroxide aqueous solution and filtered through a 0.2 pm filter.
In the resulting filtrate (1872 g), bulk aripiprazole
monohydrate produced by batch crystallization (208 g; mean
particle size of the bulk powder = 386 pm; 10% diameter = 118 um;
50% diameter = 356 pm; 90% diameter = 1640 um) was dispersed to



particle size of the bulk powder = 239 gm; 10% diameter = 99 gm; 50% diameter - 276 gm; 90%
diameter = 632 pm) was dispersed to form primary suspensions. The primary suspensions were
pulverized with Clearmix (CLM5 1.53) at 18000 rpm for 7.5 minutes per liter.As a result, secondary
suspensions WEPSBHHiTEY. The obtained secondary suspensions wereTaebpks64a%to keep the
inlet temperature at about 20C, and pulverized by passing 10 times through a high-pressure
homogenizer at 300 bar 10 by discrete- pass methotB3~ The mean particle size of the suspensions

i zer
(SAID-3000) Shmados Corg) TR et are Shoun Beloue P & unber o TGS bulverizec
Mean Partlcl§§?zep@rﬁ?IV|séé§ﬁ§%?%lﬁﬁfﬁCﬁﬂﬁ’@%ﬁﬁ@%ﬂﬁCéﬁﬂ@% DI epedEmepdiet®s 5.7 10
2.5 (produced by HEIDON) for stirring with 50 mm—diameter blades at

about 700 to 800 rpm.

5 The primary suspension was pulverized with Clearmix (CLM-
1.55) at 18000 rpm for 7.5 minutes per liter. As a result, a
secondary suspension was obtained.

Without temperature control, the obtained secondary

suspension was pulverized by passing 10 times through a high-

10 pressure homogenizer at 600 bar by discrete-pass method. The mean
particle size of the suspensions pulverized once and pulverized

10 times was measured with a particle size distribution analyzer

(8ALD-3000J, Shimadzu Corp.). The results are shown below.
Table 4
Number of Times Mean Particle Size
Pulverized (pm)
1 5.0
10 3.0
15 Table 4 shows that even without controlling the inlet

temperature, an aripiprazole suspension with a mean particle size
of about 3 to 5 um can be prepared. When controlling the inlet
temperature, an aripiprazole suspension with a mean particle size
of less than 3 microns can be obtained (see Examples 1 and 2).
" 20 BExample 5
Sodium carboxymethyl cellulose (45.76 g), 228.80 g of
mannitol, and 4.07 g of sodium dihydrogen phosphate monohydrate
were dissolved in purified water. The total weight was 5148 g.
Sodium carboxymethyl cellulose with a viscosity of 93 cps (4%
25 aqueous solution, 25°C) and 187 cps (4% aqueous solution, 25°C)
were used for preparation. The solution was adjusted to pH 7.0
with a 1 mol/L sodium hydroxide solution and filtered through a
0.2 um filter.
In the resulting filtrate (1872 g), bulk aripiprazole
30 monohydrate produced by batch crystallization (208 g¢; mean



2.6 Table 5 reveals that in the second pulverization step, even though the pulverization pressure
of the high-pressure homogenizer is 300 bar, the difference in CMCNa viscosity does not affect the
pulverization, as in Example 3. 20 Exanlple__ Sodium carboxymethyl cellulose (183 g), 915 g of
mannitol, and WE.2'8#1 E58ium dihydrogen phosphate monohydrate were #icsuRrmosiosgpusfied water.
The total weight was 20592 g. The solution was adjusted to pH 7.0 with a 1 mol/L sodium hydroxide 25
aqueous solution and filtered through a 0.2 pm filtet34~ In the resulting filtrate (18720 g), bulk
aripiprazole monohydrate .produced by batch crystallizatign (2080 g;-mean_patticle sizg,of the bulk
powder = 246 %ﬁg%gf% giézn%et%j? :gﬁgé%uniﬁ{SB% ?é:méte%rg:é 2%% p%”lo; OQO%Jagi?ﬁ?erterg 48 pm) was
dispersed to W® 20e95Er250 POIRIPRD0803 40760858 FolmULES Dritiary 'S peheRsT SPRe Bimary
suspension was-pupverized WithsCéerix (G E- 95) at 5700 rpm for 2.1 minutes per liter.As a result, a
secondary suspensio.wa,qbiained, afbeabiaine secandary. suspension €500 gl wasieciroulated

through a high-pressure h izer, and cooled at the outlet of the high-pressure homogenizer to
adjust thé inlét-tefpetaturd 8 Bb&ar158% dbSut 25T PRe BGSpehisi6h wasBuvariZ&d for82.5
minutes at a pulvefizatipnsprasseeiS 0@ barowutiledaeing 10 discharged from the high-pressure

homogenizer at a rate,of 15 mL/m(iin. Tlae mean p eg'gle ige&? }Ige 3! %Q%Qisi%%s %%vetrézed for
3.25 minutes and 32.(]3;'h r%in%%g was measured with él pgrﬁcl%aozllze dléstribut%lgon analyzer (SALD-3000J,
Shimadzu CokpdpThHéreesihd s afemspromat betowa T aplkos PuRifzationTingglverized by

passing 10 times through a high-pressure homogenizer at 300 bar
10 by discrete-pass method.
The mean particle size of the suspensions pulverized once

and pulverized 10 times was measured with a particle size

distribution analyzer (SALD-3000J, Shimadzu Corp.). The results
are shown below.
15 Table 5
Mean Particle Size (pm)
Number of Times | Viscosity of Sodium Carboxymethyl
Pulverized Cellulose
93 cps 187 cps
1 5.3 5.7
10 2.5 2.6

Table 5 reveals that in the second pulverization step, even
though the pulverization pressure of the high~-pressure
homogenizer is 300 bar, the difference in CMCNa viscosity does
not affect the pulverization, as in Example 3.

20 Example 6

Sodium carboxymethyl cellulose (183 g), 915 g of mannitol,
and 16.3 g of sodium dihydrogen phosphate monochydrate were
dissolved in purified water. The total weight was 20592 g. The
solution was adjusted to pH 7.0 with a 1 mol/L sodium hydroxide

25 aqueous solution and filtered through a 0.2 pm filter.

In the resulting filtrate (18720 g), bulk aripiprazole
monohydrate produced by batch crystallization (2080 g; mean
particle size of the bulk powder = 246 um; 10% diameter = 103 um;
50% diameter = 260 pm; 90% diameter = 548 um) was dispersed to



(Minutes) Mean Particle Size (pm) 3.253.53251.7 Table 6 shows that the desired pulverization
is also possible by recirculation method, like pulverization by discrete-pass method as used in
Examples 1 to 5. Additionally, it is seen 20 that even when the pulverization by recirculation method is
repeatedly peNPHEHBVEWVa long time, the mean particle size do not fall bl6W/IP908/0EsAMNpPle 7
Sodium carboxymethyl cellulose (45.76 g), 228.80 g of 25 mannitol, and 4.07 g of sodium dinydrogen
phosphate monohydrate were dissolved in purified Water. The total weight was 5148 g. The solution

was adjusted to pH 7 %ﬂ%%{l ggg;éleggg&m hydroxide -aqueous solution and filtered through a 0.2
pm filter. In the resulting filtrate (1872 g), bulk aripiurazole 30 monohydratc produced by batch

crystallization (208 g: Ti8aR WO 2D0HOPF28OPE T1IP2DBEYSEAG?6 - 36 Batitid Sirkof (d hulk
powder = 25693m; H3% sliametesre 109-pra; H0%idaresteps27 2igrar: 90%rdiametee 566 pm) was

dispersed to fqim BQ@yaré’ %;é%%%ﬁ?}g%as obLAgRimary suspension was pulverized using Clearmix

(CLMS5 1.53) at 18000 rpm for 7.5 minutes per liter. As a result, a secondary suspension was obtained.

The obtaified secondaRFsG8sehsRM STMPAREs TN A 84k &P thédsiet tshpetahi@dat about
20C, and pulverizeahhy parsifig-tfordines thesuglal high-pregssurediomogenizes abolhabt

the high-pressure homogenizer to adjust the inlet temperature at

about 15°C to about 25°C. The suspension was pulverized for 32.5

minutes at a pulverization pressure of 500 bar, while being

10 discharged from the high~pressure homogenizer at a rate of 155
nL/min.

The mean particle size of the suspensions pulverized for

3.25 minutes and 32.5 minutes was measured with a particle size

distribution analyzer (SALD-3000J, Shimadzu Corp.). The results
15 are shown below.
Table 6
Pulverization Time Mean Particle Size
(Minutes) (pm)
3.25 3.5
32.5 1.7

Table 6 shows that the desired pulverization is also
possible by recirculation method, like pulverization by discrete-
pass method as used in Examples 1 to 5. Additionally, it is seen

20 that even when the pulverization by recirculation method is
repeatedly performed over a long time, the mean particle size do
not fall below 1 um. »

Example 7

Sodium carboxymethyl cellulose (45.76 g), 228.80 g of

25 mannitol, and 4.07 g of sodium dihydrogen phosphate monchydrate
were dissolved in purified water. The total weight was 5148 g.
The solution was adjusted to pH 7.0 with a 1 mol/L sodium
hydroxide aqueous solution and filtered through a 0.2 um filter.

In the resulting filtrate (1872 g), bulk aripiprazole

30 monohydrate produced by batch crystallization (208 g; mean



10 Subsequently, the suspension was circulated through a high-pressure homogenizer, and cooled at
the outlet of the high-pressure homogenizer to adjust the inlet temperature at about 20C. The
suspension was further pulverized by recirculation method for 42 minutes at a pulverization pressure
of 500 bar, whif@ B¥i#e1 125Wischarged at a rate of 155 mli/min. The meGTpRRtiNtOEIS of the
suspensions pulverized once, pulverized four times by discrete-pass method, and pulverized four
times by discrete-pass method and further pulverizet’for 42 minutes by recirculation method was

measured with a particle size 2 itribkL)Jti I gr:_(,SﬁJ’.é)- 0q_%;@ adzu Cor )OT results are
shown belowl.‘oﬁgé:. N%%ﬁzgerogf ?r%esﬁﬁv%%%%%, or Pulve igétion im:rJell zcéeﬁg:Pa?]ﬂce ize (Pm) 1
4.0 42.6 4290 nAeauETFSUr2 TimEPUIVERzatigiTplcs = S66 pm) was dispersed to

form a primary suspension.
The primary suspension was pulverized using Clearmix (CLM-
5 1.58) at 18000 rpm for 7.5 minutes per liter. As a result, a
secondary suspension was obtained.

The obtained secondary suspension (500mL) was cooled so as
to keep the inlet temperature at about 20°C, and pulverized by
passing four times through a high-pressure homogenizer at 500 bar.

10 Subsequently, the suspension was circulated through a high-
pressure homogenizer, and cooled at the outlet of the high-
pressure homogenizer to adjust the inlet temperature at about 20°C.
The suspension was further pulverized by recirculation method for
42 minutes at a pulverization pressure of 500 bar, while being

15 discharged at a rate of 155 mL/min.

The mean particle size of the suspensions pulverized once,
pulverized four times Dby discrete-pass method, and pulverized
four times by discrete-pass method and further pulverized for 42
minutes by recirculation method was measured with a particle size

20 distribution analyzer (SALD-3000J, Shimadzu Corp.). The results
are shown below.

Table 7

Number of Times
Pulverized, or

Mean Particle Size

Pulverization Time (pm)
1 4.0
4 2.6

42 Minutes after Four-
Time Pulverization® 1.6
" The suspension was pulverized four times by
discrete-pass method and further pulverized for 42
minutes by recirculation method.

Table 7 shows that the discrete-pass method méy be combined

with the recirculation method. Moreover, even when the
25 recirculation pulverization is repeatedly performed over a long

time, the mean particle size do not fall below 1 um.



Thesuspensionwaspulverizedfourtimes discrete-pass method and further pulverized for minutes by
recirculation method. by 42 Table 7 shows that the discrete-pass method may be combined  with
the recirculation method.Moreover, even when the 25 recirculation pulverization is repeatedly
performed ove¥Q 1649 1iiie) the mean particle size do not fall below 1 pm. Y¢@/JP2008/064076
2009/017250PCI/JP2008/064076 -37- Example 8 Sodium carboxymethyl cellulose (450 g), 2250
g of mannitol, 40 g of sodium dihydrogen phosphate3mcnohydrate, and 160 g of a 1 mol/L sodium
hydroxide aq:ﬁ%g ;%létion were dissolved in 5 purified water. The total weight was 50625 g. The
solution was ugh a 0.2 pm filter. In the filtrate (748.8 g), bulk aripiprazole monohydrate
produced by batch cryStatiFaticH PF G hearrpatidiessizéofthe) bulkdvEePE 256%Ho10%
diameter = 108o0pm; KO%cdiamreter h 2o WUsgiametaihob pmpas iadlispersedio form a
primary suspension. JLhe pri uspension was pulveri ith a dispersion machine that
applies shear %S';Lc?éﬂ to 30%51%%@&?%%%%5%%5% ?t?gae nsaom1(§Z:C‘%‘I\L(/I%%(YS(i)’1W ggic",éﬁrsos licec by]IRA Japan,
Inc.) using a ShEH GedabrEGHder The gERERE raheldf srfett gBREPatdr (trilie ISP hEREN B5ON-GA5G",
produced by 1KA dapad, 1AeJirb40Q rpmyferA. brrinutes perdites. 1As a-estily @ segondsiy k
suspension wgg.ogtaénedle (‘JI’IQ 0 Ea}_jilged sgggggeac{y SUSBEQ%}?nCVXagtC%’ﬂEQaS#L as t%(fezo the inlet
temperature at about %8, and pu verized five times 1n 2b(¥ total by passing throug alhigh-p'ressure
homogenizer 8hceearn30e Harcrd fouetiméstaes 00 Barteydiscrete-pasemelidd dthuahearrparticle

size of the sugpensigns pulverigedhnes-and paijveriged fiygdimeswasdpeasuregswith,a pagticle size
distributi]961 an(%l é%r;: %éL%SQgQI%, aSh};i)rpﬁrcllazrunggggégsf}eO{le.suIts are shown 25 below.
The primary suspension was pulverized with a dispersion
machine that applies shear force to a material to be processed
(trade name: “T-50 Basic”, produced by IKA Japan, Inc.) using a
shaft available under the generic name of shaft generator (trade
15 name: “S50N-G45G”, produced by IKA Japan, Inc.) at 6400 xrpm for
7.5 minutes per liter. As a result, a secondary suspension was
obtained.
The obtained secondary suspension was cooled so as to keep
the inlet temperature at about 20°C, and pulverized five times in
20  total by passing through a high-pressure homogenizer once at 300
bar and four times at 500 bar by discrete-pass method. The mean

particle size of the suspensions pulverized once and puiverized

five times was measured with a particle size distribution

analyzer (SALD-3000J, Shimadzu Corp.). The results are shown
25  below.
Table 8
Number of Times Mean Particle Size
Pulverized (pm)
1 6.4
5 2.7

Table 8 indicates that any pulverizing machines may be used
for the first pulverization as long as they have some degree of
shear force to pulverize bulk powder. Not only the aforementioned

30 high shear homomixers (e.g., Clearmix) but also dispersion



Table 8 Number of Times Pulverized Mean Patrticle Size (Pm) 1 6.4 5 2.7 Table 8 indicates that any
pulverizing machines may be used for the first pulverization as long as they have some degree of
shear force to pulverize bulk powder. Not only the aforementioned 30 high shear homomixers (e.g.,
Clearmix) but WI33M%3é?8%on WO 2009/017250PCT/JP2008/064076 -38- kaciRities/(@wys "T-50
Basic", produced by TKA Japan, Inc.) are usable. Example 9 Sodium carboxymethyl cellulose (450 g),
2250 g of mannitol, 5 40 g of sodium dihydrogen phé8phate monohydra e, and 160 g of a 1 mo1/1,

Slved | 8&&55‘&9 W te&KRh%E‘ﬁékwehg{@ Was, p625 g.

sodium hydr

The solution was filtered

%% sgolutloqjv\g)e(fe

lfhrough a0.2gm

produced by Hﬁf’él’%@rystalllzatlon (83.2

10

15

20

25

Example 9
Sodium carboxymethyl cellulose
40 g of sodium dihydrogen phosphate monohydrate,

mol/L

purified water.

g; mean particle size of the bulk powder =

109 pm; 50% diameter

A

sodium hydroxide
The total weight was 50625 g.

filtered through a 0.2 um filter.
aripiprazole monohydrate produced by batch crystallization

ter Int filtrate (748.8 g), bul

(450 q),

aqueous solution were

90%

272 pm; diameter

dispersed to form a primary suspension.

In the filtrate (748.8 qg),

256 um; 10% diameter

aripiprazole monohydrate

2250 g of mannitol,
and 160 g of a 1

dissolved in

The solution was

bulk
(83.2

566 um) was

The primary suspension was cooled so as to keep the inlet

temperature at about 20°C,
by

homogenizer once at 100 bar

discrete-pass method

passing through a

(first pulverization step),

and pulverized six times in total by

high-pressure

and once

at 300 bar and four times at 500 bar (second pulverization step).

The mean particle

pulverized twice,

particle size distribution analyzer

size

of the suspensions

The results are shown below.

Table 9
Number of Times Mean Particle Size
Pulverized ()
1 18.6
2 4.7
6 2.4

pulverized once,
and pulverized six times was measured with a

(SALD-3000J, Shimadzu Corp.).

Table 9 shows that even a high-pressure homogenizer can be

used for the first pulverization step without inducing clogging

in the line, i1f a lower pulverization pressure is used.

Example 10

Sodium carboxymethyl

mannitol,

were dissolved in purified water.

cellulose (16.64

g,

83.20 g of

and 1.48 g of sodium dihydrogen phosphate monohydrate
The total weight was 3704 g.



10 g; mean particle size of the bulk powder = 256 gm; 10% diameter = 109 pm; 50% diameter = 272
gm; 90% diameter - 566 gm) was dispersed to foLm a primary suspension. The primary
suspension was cooled so as to keep the inlet temperature at about 20C, and pulverized six times in
total by 15 dis¥REYA4E2Method by passing through a high-pressure homa@§anipansenesat 100 bar
(first pulverization step), and once at 300 bar and four times at 500 bar (second pulverization step).
The mean particle size of the suspensions pulverizéé%“nce, pulverized twice, and pulverized six times

was measuregyith g, 20nagticle size distribution gnalyzer {SALR;3900.], Shimadzy Carpy), [he results

are shown below. Table 9 Number of Times Pulverized Mean Particle Size (Nra) 18.6 24.7 6 2.4
Table 9 show8YRAPEVER AHYRGR sStetHicotehizérlEandse tREaUSR the Sirst PulVddzation step
without inducing clogging 25én thediresiifig Ioﬂ\isrtmait/erizali_wzpr@ss,ureoislmsedr@ﬁpmplﬁole

Sodiurn carbgyymeliiv gedulqse .64 0, B3804 magaital anditAllg of sadur, dinydiggen

phosphate monohydrate were dissolved in purified water. The total weight was 3704 g.
2009/017250P&873P2008i064¢ s the bulk powder = 238 pm; 10% diameter = 72 um;

50% diameter = 274 pm; 90% diameter = 811 um) was dispersed to
form a primary suspension.

The primary suspension was pulverized with Clearmix (CLM-
1.58) at 18000 rpm for 7.5 minutes per liter. As a result, a

10 secondary suspension was obtained.

Without temperature conttrol, the obtained secondary
suspension was pulverized by passing 10 times through a high-
pressure homogenizer at 600 bar by discrete-pass method. The mean
particle size of the suspensions pulverized once and pulverized

15 10 times was measured with a particle size distribution analyzer

(SALD-3000J, Shimadzu Corp.). The results are shown below.
Table 10
Number of Times Mean Particle Size
Pulverized ()
1 4.5
10 3.4

Table 10 indicates that even without controlling the inlet
temperature, an aripiprazole suspension with a mean particle size
20 of about 3 to 5 um can be prepared. When controlling the inlet
temperature, an aripiprazole suspension with a mean particle size
of less than 3 microns can be obtained (see Example 11 below).
Example 11
Sodium carboxymethyl cellulose (16.64 ¢g), 83.20 g of
25 mannitol, and 1.48 g of sodium dihydrogen phosphate monohydrate
were dissolved in purified water. The total weight was 3704 g.
The solution was adjusted to pH 7.0 with a 1 mol/L sodium
hydroxide aqueous solution and filtered through a 0.2 pm filter.
In the resulting filtrate (1852 g), bulk aripiprazole
30 monohydrate produced by batch crystallization (208 g; mean



-39- The solution was adjusted to pH 7.0 with a 1 mol/L sodium hydroxide aqueous solution and
filtered through a 0.2 gm filter. In the resulting filtrate (1852 g), bulk aripiprazole monohydrate
produced by batch crystallization (208 g; mean 5 patrticle size of the bulk powder = 238 pm; 10%
diameter = 72‘76%2,08%%/’076%meter = 274 gm; 90% diameter - 811 pm) was 8SPEPIRS/A64IPm a primary
suspension. The primary suspension was pulverized with Clearmix (CLM1.5S) at 18000 rpm for
7.5 minutes per liter. As a result, a 10 secondary sﬁéﬁénsion was obtained. Without temperature

control, the obtajned secondary SUSRENSIONWAS Aidlverzeddoy passing 10 Limes through gq,

high-pressure homogenizer at 600 bar by discrete-pass method. The mean patrticle size of the

suspensions patef7885ice and pliVElized’Ps $HHHREE Was Mthstifed With &£ pEPRde°sizEYistribution
analyzer (SAIB>8000 3y Shimadzn&umps)i Fhe results are shown below. Table 10 Number of Times

Pulverized Mean Partigle Sizedpry) Ldad3dh wasT Rlete indisatesihat evenwithqut gontrolling

the inlet temperature, an arlﬁi razole suspension with a mean particle size 20 of about_3 to 5 we can
be prepared. WHER cBhitrdifing thETRet Bmperatdre S &ripiprazoie ShispehiioR Wit & heah particle
size of less theec8mikcrons wareheioirtaised ¢ote Example 11 below). Example 11 Sodium

carboxymethyl cellulogg.(16,64 98320 hAkry suspension was cooled so as to keep
the inlet temperature at about 20°C, and pulverized by passing 10
times through a high-pressure homogenizer at 600 bar by discrete-

10 pass method.

The mean particle size of the suspensions pulverized once
and pulverized 10 times was measured with a particle size
distribution analyzer (SALD-3000J, Shimadzu Corp.). The results
are shown below.

15 Table 11

Number of Times Mean Particle Size
Pulverized (pm)
1 4.6
10 1.9

Table 11 indicates that even when the concentration of
CMCNa as a suspending agent is low, first pass allows the
preparation of a suspension with a mean particle size of 1 to 5
pm, and 10-time passing allows the preparation of a suspension
20 with a mean particle size of 2 um.
Example 12
Sodium carboxymethyl cellulose (16.64 g), 83.20 g of
mannitol, and 1.48 g of sodium dihydrogen phosphate monohydrate
were dissolved in purified water. The total weight was 3704 g.
25 The solution was adjusted to pH 7.0 with a 1 mol/L sodium
hydroxide aqueous solution and filtered through a 0.2 um filter.
In the resulting filtrate (1852 g), bulk aripiprazole
monohydrate produced by batch crystallization (208 g; mean
particle size of the bulk powder = 258 pm; 10% diameter = 99 um;
30 50% diameter = 280 pm; 90% diameter = 609 pm) was dispersed to



25 mann tol, and 1.48 g of sodium dihydrogen phosphate monohydrate were dissolved in purified
water. The total weight was 3704 g. The solution was adjusted to pH 7.0 with a 1 mol/L sodium
hydroxide agueous solution and filtered through a 0.2 gm filter. In the resulting filtrate (1852 g), bulk
aripiprazole 3 A3AYPYET4te produced by batch crystallization (208 g; meBRTHP2908/064076
2009/017250PCT/JP2008/064076 -40- particle size qof the bulk powder = 238 gm; 10% diameter = 72
pm; 50% diameter = 274 gm; 90% diameter = 811"p4i'91)—was dispersed to form a primary suspension.
The primary syspensign;waspuvepzedwith Clearmix (CLM5 1.58) at 18000 rpm for 7.5 minutes per
liter. As a result, a secondary suspension was obtained. 1 The %btain d scelcondar Smnsion was
cooled so as to keepr‘%g iﬁe%?@ﬁn%e?é]tfﬁg% “woutBo and 3|?Jlu;f\$“’eriz“"’el y pa%%ﬁﬁ% 0 times through a
high-pressurél hbfogeniZé0A060trhartoy dischetein@pasearetidder. The measpakticlesize of the
suspensions pulsiized, onesnd pylverzed JO.times was measured with a particle size distribution

analyzer (SALD-3000J, Shimadzu Corp.). The results are shown below. 15 Table 11 Nu(gnber of Times
Pulverized Mean Parqﬁgfae §g]%a(3r8? £ c_ﬂ[_agy suspension was cooled or warmed soO

as to keep the inlet temperature at about 10°C, about 20°C, about
40°C, and about 60°C, and pulverized by passing 10 times through a
high-pressure homogenizer at 600 bar by discrete-pass method. The
mean particle size of the suspensions pulverized once and

10 pulverized 10 times was measured with a particle size

distribution analyzer (SALD-3000J, Shimadzu Corp.). The results
are shown below.
Table 12
Number of Times Mean Particle Size (pm)
Pulverized 10°C 20°C 40°C 60°C
1 4.6 4.4 4.5 4.7
10 1.8 2.1 2.3 4.2

Table 12 indicates the following:
15 (i) BEven when the concentration of CMCNa i1is low, a
suspension with a mean particle size of 1 to 5 um can be prepared
as in Example 1.
(11) Even when the concentration of CMCNa is low, a
suspension with a mean particle size of 2 to 3 pm can be prepared

20 as in Example 1, by adjusting the inlet temperature to 40°C or

less.
Example 13
Sodium carboxymethyl cellulose (8.32 g), 41.60 g of
mannitol, and 0.74 g of sodium dihydrogen phosphate monohydrate
25 were dissolved in purified water. The total weight was 1852 g.
The solution was adjusted to pH 7.0 with a 1 mol/L sodium
hydroxide aqueous solution and filtered through a 0.2 pm filter.
In the obtained filtrate (740.8 g), bulk aripiprazole
monohydrate produced by batch crystallization (83.2 g; mean
30 particle size of the bulk powder = 256 pm; 10% diameter = 99 um;



Table 11 indicates that even when the concentration of CMCNa as a suspending agent is low, first
pass allows the preparation of a suspension with a mean particle size of 1 to 5 pm, and 10-time
passing allows the preparation of a suspension 20 with a moan patrticle size of 2 pm. Example 12
Sodium carbo¥yhieih1Béllulose (16.64 g), 83.20 g of mannitol, and 1.48 pofrasaiosw@ittydrogen
phosphate monohydrate were dissolved in purified water. The total weight was 3704 g. 25 The solution
was adjusted to pH 7.0 with a 1 mol/L sodium hydro%le agueous solution and filtered through a 0.2

pm filter. g‘gghe Ee%ggg filtr %(gl 20 Ol;)ul %IH%[E’ d§zole %3) I}#ydrate prc?duced %ggbatch

crystallization ( 08 Q; mean particle si e of the bu er= 10/ad|ame1t3er =99 gm; 30 50%
diameter = 2860@"?1 %G@)ﬁjﬁﬁ’ﬁi’et‘%\‘s—p%@%) Wg]éed|§bé?§§&%8%c§@§9¥m7f2§0@éﬁ8m/064076
-41- form a pritharystispensiciuspend henprimarycuspensian was yivierized-asth GleammixoCLM1.55)

at 18000 rpm far. 2.2, minuies Rerditer A%S‘ﬁ@‘éﬂr@a.e%%@&{y SYSRENSIONWas ohtgined. Sthe

obtained secondz;% sus§)en3|on was cooled or warmed so as to keep the inlet temperature at about
10C, abogt 2085°450dP40E° atftf abBlit 60C, and pulverized by passing 10 times through a
high-pressure homogehizepat tifybapeisdrete-pass pnathad. 2Eae maan padioleisize of the
suspensions pulyerized o %%@(gld Q Py grlgeg ]19 %@@é w égd WI%1 a particle size distribution
analyzer (SALD- 3(§OOJ Shimadz xj%orp%l Thé Tesults are s% Sﬂiuow Table Klumlgséf of Times
Pulverized MEF PR SEPERjororas obtained.

The obtained secondary suspension (450 mL) was circulated

10 through a high-pressure homogenizer, and cooled at the outlet of

the high-pressure homogenizer to adjust the inlet temperature at
about 20°C.

The suspension was pulverized by recirculation method for

72.5 minutes at a pulverization pressure of 500 bar, while being

15 discharged from the high-pressure homogenizer at a rate of 155

mL/min. The mean particle size of the suspensions pulverized for

14.5 minutes and pulverized for 72.5 minutes was measured with a

particle size distribution analyzer (SALD-3000J, Shimadzu Corp.).

The results are shown below.

20 Table 13
Pulverization Time Mean Particle Size
(Minutes) (pm)
14.5 2.2
72.5 1.5

Table 13 shows that even though the concentration of CMCNa
is low, the desired pulverization is possible by recirculation
method; additionally, even when the recirculation pulverization
is repeatedly performed over a long time, the mean particle size

25 do not fall below 1 um.
Example 14

Fach of aripiprazole suspensions obtained by the method
shown in Examples 1 to 13 (2.5 ml) was poured intoc a glass vial,
and the vial was partially stoppered with a rubber stopper.'wThe

30 vials were transferred to a freeze-dryer and lyophilized under



20C 40C60C14.64.4454.7101.82.12.34.2 Table 12 indicates the following: 15(i) Even when
the concentration of CMCNa is low, a suspension with a mean patrticle size of 1 to 5 pm can be
prepared as in Example 1. (i) Even when the concentration of CMCNa is low, a suspension with a
mean particle¥82@08¥/2113858 pm can be prepared 20 as in Example 1, by adjastiRgotise@dmies temperature
to 40C Or less. Example 13 Sodium carboxymethyl cellulose (8.32 g), 41.60 g of mannitol, and
0.74 g of sodium dihydrogen phosphate monohydraté3-

the following conditions:
(a) Freezing: The vials were cooled to -40°C at 1°C/min.,
and then kept at -40°C for 6 hours;
{b) Drying: The chamber pressure was lowered to about 13 Pa,
5 and the shelf temperature of the freeze-dryer was increased to -
5°C at a rate of 0.3°C/min.; drying was then continued for 55.5
hours while the degree of vacuum was kept at about 13 Pa, and the
shelf temperature kept at about -5°C;
(c) The vials were stoppered under atmospheric pressure or
10 partial vacuum using nitrogen or air, and then removed from the
freeze-dryer; and
(d) The vials were sealed with aluminum seals.
The aripiprazole each of the resulting freeze-dried
aripiprazole suspensions was Hydrate A.
15 Example 15
Bach of the aripiprazole suspensions obtained by the method
shown in Examples 1 to 13 was poured into a glass wvial, and the
vial was partially stoppered with a rubber stopper. The vials
were transferred to a freeze-dryer and lyophilized under the
20 following conditions:
(a) Freezing: The vials were cooled to -40°C at 1°C/min.,
and then kept at -40°C for 6 hours;
(b) Primary drying: The chamber pressure was lowered to
about 13 Pa, and the shelf temperature of the freeze-dryer was
25 increased to -5°C at a rate of 0.3°C/min.; primary drying was then
continued for 55.5 hours while the degree of wvacuum was kept at
about 13 Pa, and the shelf temperature kept at about -5°C;
(c) Secondary drying: The shelf temperature was increased
to 25°C, and drying continued for 24 hours while the degree of
30 vacuum was kept at about 13 Pa; the shelf temperature was then
increased to 50°C, and drying continued for 24 hours while the
degree of vacuum was kept at about 13 Pa;
(d) The wvials were stoppered under atmospheric pressure or
partial wvacuum using nitrogen or air, and then removed from the

35 freeze-dryer; and



25 were dissolved in purified water. The total weight was 1852 g. The solution was adjusted to pH 7.0
with a 1 mol/L sodium hydroxide aqueous solution and filtered through a 0.2 pm filter. In the
obtained filtrate (740.8 g), bulk aripiprazole monohydrate produced by batch crystallization (83.2 g;
mean 30 parft2892801523Pe bulk powder = 256 gm; 10% diameter - 99 gr¥CTAJER008/064076
2009/017250PCMP2008/064076 50% diameter280 gm; 90% diameter = 609 gm) was dispersed to
form a primary suspension. The dispersion procediﬁ Tor preparing the primary suspension was

conducted by using Threene Mator, (pradyced by HEDQN)for stirmisag with 50 mm-diameter blades
at 5 about 300 to 500 rpm. The primar suspensi0£ was pulverized with Clearmix gCLM1.53) at

18000 rpm fOFE 5HRIMIBE T ftePARE atEsiiit®a SBEONGHIY sUEPRHITSH 1as SBtatnBE™ The obtained
secondary suspenrsienddsOwai) ivasioercatatedrtdithiough a high-pressure homogenizer, and cooled
at the outlet of the high-pressure homogenizer to adjust the inlet temperature at about 20C. The
suspension was pulverized by recirculation method for 72.5 minutes at a pulverization pressure of 500
bar, while being 15 discharged from the high-pressure homogenizer at a rate of 155 mldmin. The
mean partible size of the suspensions pulverized for 14.5 minutes and pulverized for 72.5 minutes was
measured with a particle size distribution analyzer (SAID-3000J, Shimadzu Corp.). The results are
shown below. 20 Table 13 Pulverization Time (Minutes) Mean Particle Size (P) 14.52.2 72.5



15 Table 13 shows that even though the concentration of CMCNa is low, the desired
pulverization is possible by recirculation method; additionally, even when the recirculation pulverization
is repeatedly performed over a long time, the mean patrticle size 25 do not fall below 1 pm. Example 14
Each of aripiprazole suspensions obtained by the method shown in Examples 1 to 13 (2.8 #ill) was
poured into a glass vial, and the vial was partially stoppered with a rubber stopper. The 30 vials were
transferred to a freeze-dryer and lyophilized under WO 20091017250PCT/JP20081064076 -43- the
following conditions: (a) Freezing: The vials were cooled to -40C at 1C/min., and then kept at
-40C for 6 hours; (b) Drying: The chamber prégs%Féq%as lowered to about 13 Pa, 5 and the shelf
temperature of the freeze-dryer was increased to - 5C at a rate of 0.3C/min.; drying was then
continued for 55.5 hours while the degree of vacuum was kept at about 13 Pa, and the shelf
temperature kept at abbut -5C;me t hodc)fHhe wialsawerenstoppetad yngsr atmosphare prassyre or 10
partial vacuum using nitrogen or air, and then removed from the freeze-dryer; and (d) The vials
were sealed wiRBRIMHLRYsEAI8. SteWheAfipiprazole each of the resulting freeze-dried aripiprazole
suspensiqgls was Hydr tg A. 15 Example 15 Each of the aripg)ﬁ%zole suspensions obtained by

the method shown in EXampies 118 TSRS pbufdd- RIS A LSS viaN and tE VisF Wasisartiaie

stoppered withxa pihber sfopper, £he vigls were transferred to a freeze-dryer and lyophilized under the

(b) subjecting the primary suspension to first
pulverization to form a secondary suspension; and

(c) subjecting the secondary suspension to second

10 pulverization to form a final suspension,wherein in the

first pulverization of step (b), the secondary suspension

is formed by pulverizing the primary suspension using a

high shear pulverizing machine or a dispersion machine that

applies shear force to a material to be processed, and in

15 the second pulverization of step (c), the final suspension

is formed by pulverizing the secondary suspension using a

high-pressure homogenizer.

2. The method according to claim 1, wherein in step
20 (cy, the high-pressure homogenizer is used at a

pulverization pressure of 300 to 1000 bar.
3. The method according to claim 1 or 2, wherein in
step (c), the high-pressure homogenizer is wused at a

25 pulverization pressure of 300 to 600 bar.

4. The method according to any of claims 1 to 3,



20 following conditions: (a) Freezing: The vials were cooled to -40C at IYC/min., and then kept at
-40C for 6 hours; (b) Primary drying: The chamber pressure was lowered to about 13 Pa, and the
shelf temperature of the freeze-dryer was 25 increased to -5C at a rate of 0.3C/min.; primggy-drying
was then continued for 55.5 hours while the degree of vacuum was kept at about 13 Pa, and the shelf
temperature kept at about -5C; (c) Secondary-dA#ng: The shelf temperature was increased to
25C, and drying continued for 24 hours while the degree of 30 vacuum was kept at about 13 Pa; the
shelf temperature was then in%%asegés) 50G, and drying continued for 24 hours while th%&geegree of

vacuum was kepiﬁgff3 about'13 a,p (d) The vialdw rléess‘tgﬁﬁgre %nﬁ%%?%tln%ce)gphlesric préssure or

partial vacuumy gsing nitiagen eeaisand-then removedfromethe 35 freeze-dryer; and WO
2009/017250PCT/JP2008/064076 -44-- (e) The vials were sealed with aluminum seals. The

aripiprazole each of the resulting freeze-dried aripiprazole suspensions was in the anhydrous fo. - 45 -
CLAIMS 1. A method for producing an aripiprazole suspension comprising the steps of: 5(a)

combining bulk aripiprazole’anfta YERIciETD B AFrmdnPSushehRidht 2201 th) SubRsching e
primary sgspegg}gﬁgrtggﬁtdqu%rizﬂingo form a secondary suspension; and (c) subjecting the
[ d

secondary suspension to secon
(a) combining bulk aripiprazole and a wvehicle to form
a primary suspension;
(b) subjecting the primary suspension to first
pulverization to form a secondary suspension; and
10 (c) subjecting the secondary suspension to second
pulverization to form a final suspension,
wherein in the first pulverization of step (b), the
secondary suspension 1is formed by pulverizing the primary
suspension using a high-pressure homogenizer at a
15 pulverization pressure of 50 to 200 bar, and in the second
pulverization of step (c), the final suspension is formed
by pulverizing the secondary suspension using a high-
pressure homogenizer at a pulverization pressure of 200 to
1000 bar, wherein the difference between the pulverization
20 pressure in step (b) and the pulverization pressure in step

(c) is 100 to 900 bar.

6. The method according to claim 5, wherein in step

(b), the pulverization pressure of the high-pressure

25  homogenizer is in the range of 50 to 200 bar, and in step
(c), the pulverization is carried out plural times and the

pulverization pressure is raised stepwise within the range



10 pulverization to form a final suspension,wherein in the first pulverization of step (b), the secondary
suspension is formed by pulverizing the primary suspension using a high shear pulverizing machine or
a dispersion machine that applies shear force to a material to be processed, and in 15 the segond
pulverization of step (c), the final suspension is formed by pulverizing the secondary suspension using
a high-pressure homogenizer. 2. The methad 4écording to claim 1, wherein in step
20(c),thehigh-pressurehomogenizerisusedata pulverization pressure of 300 to 1000 bar. 3. The
method according,toclaim 1 g% 2, wherein in step (c), the high-pressure homogenizer is used at a 25
pulverization pressure of 300 to 600 bar. - 46 - wherein in step (c), the high-pressure homogenizer is
used at an inlet temperature of 1 to 70C. 5. A method for producing an aripiprazole suspension
5 comprising the steps of: (a) combining bulk aripiprazole and a vehicle to form a primary
suspension; (b) Subjeciingy the priathry sasperision tofirst pdleizatichas $orm arsesdrdary
suspension; ap((::i) 10(%)nseup%'ectinf the econdar%/ suspension to secgﬁjég [

ulverization to form a final
suspension, ' ~’Wherein intheé first pulverizafion of sep (i)} tive § %grﬁ\ ensionis f6rmed by

pulverizing the primay skispension yisingA high-pressure homogenizer at a. 15 pulverization pressure
of 50 to 200 bar, and in the second pulverization of step (c), the final suspension is formed by

pulverizing the secondary suspension using a high-pressure homogenizer at a pulverization pressure
of 200 to 1000 bar, wherein the difference between the pulverization 20 pressure in step (b) and the

pulverization pressuréin sttfe TYENRA00IEQOBIKF. 6: Thé et detdidivg o clafn 3, wherein
in step (b), the pulverization pressure of the high-pressure 25 homogenizer,is in the range of 50 to
200tﬁﬂ,and%ﬁ¥ﬁé§ln in é%e%s %%) and JEQ, g%euhlgg preé%ure homogenlzé&

is used at an inlet temperature of 1 to 50°C.

10
9. The method according to any of claims 1 to 8,
wherein the vehicle contains at least one suspending agent
selected from the group consisting of carboxymethyl
cellulose, carboxymethyl celllose salts, hydroxypropyl
15 cellulose, hydroxypropylethyl cellulose,

hydroxypropylmethyl cellulose and polyvinyl pyrrolidone.

10. The method according to any of claims 1 to 9,

wherein the bulk aripiprazole contains aripiprazole

20 particles with a particle size of 100 um or more in an
amount of 10% or more, and has a mean particle size of 20

pum to 1000 pm.

11. The method according to any of claims 1 to 10,
25 wherein the bulk aripiprazole has a mean particle size of

more than 100 um.



(c), the pulverization is carried out plural times and the pulverization pressure is raised stepwise within
the range MOSLLP - 47 - of 200 to 1000 Pa-. 7. The method according to claim 6, wherein in
step (c), the final pulverization pressure of the high-pressure 5 homogenizer is 300 to 60%@9(;?\,3?@ 8.
The method according to any of claims 5 to 7, wherein in steps (b) and (c), the high-pressure
homogenizer is used at an inlet temperature of 1 to 30C.-10 9. The method according to any of
claims 1 to 8, wherein the vehicle contains at least one suspending agent selected from the group
consisting of carboxynf?thyjj?%ellulosghc%rbggme@. I cell]cose salts, h%/d%)fgg]%rrﬁ)gyl 15

cellulose,hydroxypropylethy ceﬁlu%%e, ﬁydroxycp%py Iﬁ%thy? cétitdose an po yvmyﬂpy?r%li&&ﬁe.

10. The methggaceqrdingie apy of claims 13e 5 viherejn dhebullcaripiprazelecontainsagipiprazole 20
particles with a particle size of 100 pm or more in an amount of 10% or more, and has a mean particle
size of 20 pm 13 2080 pre. 1000 1amThe method according to any of claims 1 to 10, 25 wherein the

bulk aripiprazole has a mean particle size of more than 100 pm. MOOLLP - 48 - 12. The method
according to any of claims 1 to 11, wherein the bulk aripiprazole has a mean particle size of 110 wn to

1OOQ V. 5&3. The methad ageqrding {@ agy 8@&'8%&%&0 12, vgpg;eigghecgglgﬂipipragglelr}a,s a mean
particle size of 200 Km to 400 Km.

wherein the bulk aripiprazole has a mean particle size of

200 pm to 400 pm.

14. The method according to any of claims 1 to 13,
10 wherein the aripiprazole in the aripiprazole suspension has

a mean particle size of 1 to 10 um.

15. The method according to any of claims 1 to 14,
wherein the aripiprazole in the aripiprazole suspension has

15 a mean particle size of 1 to 5 um.

16. The method according to any of claims 1 to 15,
wherein the aripiprazole in the aripiprazole suspension has

a mean particle size of 2 to 4 um.

20
17. The method according to any of claims 1 to 16,
wherein the aripiprazole in the aripiprazole suspension has
a mean particle size of 2 to 3 um.
25 18. The method according to any of claims 1 to 4,

comprising the steps of:

(I} combining sterile bulk aripiprazole with a mean



14. The method according to any of claims 1 to 13, 10 wherein the aripiprazole in the aripiprazole
suspension has a mean particle size of 1 to 10 Km. 15. The method according to any of claims 1
to 14, wherein the aripiprazole in the aripiprazole suspension has 15 a mean particle siz;\%ogggjT 10 5 Km.
16. The method according to any of claims 1 to 15, wherein the aripiprazole in the aripiprazole’
suspension has a mean particle size of 2 to 4 Km-2@9 - 17. The method according to any of claims
1 to 16, wherein the aripiprazole in the aripiprazole suspension has a mean particle size of 2 to 3 Km.

2518. The method according to any of claims 1 to 4, comprising the steps of: (I) combining sterile bulk
aripiprazole with ‘a rjﬁ%%% l%/ig(:‘,%Lfé i{%oa b&riR szi‘?ego G'Bh 1 4965 Afd BtémeSehitle to

form a sterile primary susRENsiQN;, r 1 mlPsubiegtingthg sterile primary suspension to first
pulverization using a high shear pulverizing machine 5 or a dispersion machine that applies shear

force to a material to b€ processedletocfonm a sterilessecondary suspensjon;sangbens i oflll)tsubjecting
the sterile secondary suspension to second pulverization using a high-pressure homogenizer to
10form a sterife'fifal sBEpasioRAkherein e ipiprazold iﬁﬂ?@@teﬁl@ﬂﬁ%} s@dpensisithaga mean

particle size of 1 to_10 pm. 19 Tihg metho ording to any of claims | to 18, 15 wherein the bulk
aripiprazole is in thaé focngInré ggé@ted?roﬁ%ﬁ%%Rr%updtc%%éist%%p%lnewgnoﬁb&%%e an%r&r?hyéﬁdeaCrystals

B. 20. The methed agearding to gay ¢fcdaimsskto, 19: 20 furher campyising the stepof filteripg the
final suspension with a filter having a nominal filtration rating of 10 to 225 pm. 21. A method for
producing a fréege<itiedsrmalatdon

(III) subjecting the sterile secondary suspension to
second pulverization using a high-pressure homogenizer to

10 form a sterile final suspension;
wherein the aripiprazole in the sterile final suspension

has a mean particle size of 1 to 10 um.

19. The method according to any of claims 1 to 18,
15 wherein the bulk aripiprazole is in the form selected from
the group consisting of monohydrate and Anhydride Crystals

B.

20. The method according to any of claims 1 to 19,
20  further comprising the step of filtering the final
suspension with a filter having a nominal filtration rating

of 10 to 225 um.

21. A method for producing a freeze-dried formulation
25 of Aripiprazole Hydrate A, the method comprising the steps
of: cooling the suspension produced by the method according

to any of claims 1 to 20 and containing Aripiprazole



25 of Aripiprazole Hydrate A, the method comprising the steps of: cooling the suspension produced by
the method according to any of claims 1 to 20 and containing Aripiprazole S - 50 - Hydrate A,t0-20to
-55C to freeze the suspension; and subsequently performing drying at below about 0C.jj¢ 51 22. A
method for producing a freeze-dried formulation 5 containing aripiprazole in anhydrous form, the
method comprising the steps of: (1) cooling the #fipiprazole suspension produced by the method
according to any of claims 1 to 21 using bulk aripiprazole in the form of a monohydrate or anhydrous

10 crystals to@?g 10735G o ffeeze e susbegsian o @) hexloming pUmac: dojag At helgw about

0C; and per orming secon ary rylng at above about OC.
subsequently performing drying at below about 0°C.

22. A method for producing a freeze-dried formulation
5 containing aripiprazole in anhydrous form, the method
comprising the steps of:

(1) cooling the aripiprazole suspension produced by
the method according to any of claims 1 to 21 using bulk
aripiprazole in the form of a monohydrate or anhydrous

10 crystals to -20 to -55°C to freeze the suspension;
(2) performing primary drying at below about 0°C; and

(3) performing secondary drying at above about 0°C.




