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is an atypical antipsychotic agent useful in treating schizophrenia. It has poor aqueous
solubility (<1pg/mL at room temperature).

U.S. Patent No. 6,267,989 to Liversidge, et al. discloses a method for
preventing crystal growth and particle aggregation in nanoparticulate compositions
wherein a nanoparticulate composition is reduced to an optimal effective average
particle size employing aqueous milling techniques including ball milling.

U.S. Patent No. 5,314,506 to Midler, et al. relates to a process for the direct
crystallization of a pharmaceutical having high surface area particles of high purity
and stability wherein impinging jet streams are employed to achieve high intensity
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rate of relapse in the treatnent of schizophrenia.
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which formulation upon constitution with water forms an injectable suspension
which, upon injection, preferably intramuscularly, releases therapeutic amounts of
aripiprazole over a period of at least one week, preferably two, three or four weeks,
and up to six weeks or more.

The freeze-dried aripiprazole formulation of the invention will preferably
include:

(a) aripiprazole,

(b) one or more suspending agents,

(c) optionally one or more bulking agents,

(d) optionally one or more buffers, and

(e) optionally one or more pH adjusting agents.

A mean particle size of the freeze-dried aripiprazole formulation within the

range from about 1 to about 30 microns is essential in formulating an injectable which
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It has been found that the smaller the nmean particle
size of the freeze-dried aripiprazole, the shorter the
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The controlled release sterile injectable formulation of the invention in the
form of a sterile suspension allows for high drug loadings per unit volume of the
formulation and therefore permits delivery of relatively high doses of aripiprazole in a
small injection volume (0.1 — 600 mg of drug per 1 mL of suspension).

Further, in accordance with the present invention, a method is provided for
preparing the sterile freeze-dried aripiprazole formulation described above which
includes the steps of:

(a) preparing sterile bulk aripiprazole, preferably having a desired particle

size distribution and mean particle size within the range from about 5 to about 100

microns,
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size distribution and nmean particle size within the
range from about 5 to about 100 mcrons, - 3 -(b)
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a patient i neeg of treatment therapeutic amounts of the above described controlled
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e

release injectable aripiprazole formulation.

As an unexpected observation, it has been discovered that a suspension of
aripiprazole suspended in an aqueous solvent system will maintain a substantially
constant aripiprazole drug plasma concentration when administered by injection;
preferably as an intra-muscular injection. No large “burst phenomenon” is observed
and it is considerably surprising that a constant aripiprazole drug plasma
concentration can be maintained from one (1) to more than eight (8) weeks employing
the aripiprazole suspension of the invention. The daily starting dose for an orally
administered aripiprazole formulation is fifteen (15) milligrams. In order to
administer a drug dose equivalent to one (1) to more than eight (8) weeks of the oral

dosage quantity requires the administration of a very large amount of the drug as a
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and it is considerably surprising that a constant
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ﬁﬂfr@ﬁée@ﬁl‘&ﬂgﬁfodﬁ&%aﬁ%}é@ 124, can be administered as an
aqueous ready-to-use suspéension; however, by
freeze-drying this suspension a nore useful drug

product can be [%I i ed. BRI EF DESCRI PTI ON OF FI GURES
Figure 1is a g FRESCRIRATONQF HISIARES

concep ' | rofiles of the Exanple 1
f or mul a%u?%%?%%gliéﬁ“e&%ﬁn(\:ﬁed | %321 I%ﬁrﬁrlaa @ ;%erf}faé]l? P%W’ig;?ssm%e profiles
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6P1E ERLERI b bl the, Exanple 1

poMme surple Pmbifioh oF el alibfh Mest %1 SEIP| B
DESCRF2TiFeONisGRerapEdd N in bhéal plivenaCiontéidtatiels ki8R ofiles of

terile ippectabl e aripiprazole formulation of the
ﬁ‘ﬁ&é‘ﬁﬂp&y tﬁ U?E}UHEP@E}@IBY@HEPE#%EW@H& n an anount
within the range fromabout 1 to about 40% preferably
fromabout 5 to about 20% and nore preferably from

about 8 toDEIAILEDPESCRETICN DIsTHRINVERWON Nt  Of

the sterile injectable formulation.
he controlled release sterile injectable aripiprazole formulation of the

invention will include aripiprazole in an amount within the range from about 1 to
about 40%, preferably from about 5 to about 20%, and more preferably from about 8
to about 15% by weight based on the weight of the sterile injectable formulation.

As indicated, desired mean particle size of the aripiprazole is essential in
producing an injectable formulation having the desired controlled release properties of
the aripiprazole. Thus, to produce desired controlled release, the aripiprazole should
have a mean particle size within the range from about 1 to about 30 microns,
preferably from about 1 to about 20 microns, and more preferably for about 1 to about
10 to 15 microns.

Where the desired controlled release period is at least about two weeks, up to

six weeks or more, preferably about three to about four weeks, the aripiprazole will
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properties of the ari pi prazol e. Thus to pr oduce

esired controll.ed ol
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BoREE 8 RS Ml e Ok sk i Be R E R 1 our
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preferably abgm7 ?gnﬂ‘fr&’%ns onglt%%’mrfnﬁf%ﬁsazol e havi ng

a mean parti clggsk 1@ nfifroabout %’75<@rﬁfcﬁﬂ1§ will have a
particle size distribution as follows: Preferred Mre
Preferred 95%l@%202microons 95%0% & 1rfi micoms 90% < 15

m crons 90% < 6 m crons 50% < bQ;mc ons 75% < 3
mcrons 10% < 2 microns 50% < PB<%xMEEDS1006 < 0. 5

m cr Onﬁher}ﬁnI%*ékdlé Pcrr%@alu%n of EHB&h%dtf&H WAl }Jf@ﬁabl@\b%%fn% of:
will prefera

l'y be formed of: A aripiprazo
vehi clA. thapzp‘ra)zrole whi ch includes: (a) one or nore

suspe ne .or re bul ki ng agents,
(c)p 2‘% ﬂf??ee&’fﬁg e?’glcgé u{[%) optionally one or
nore pH aqhysbh@grﬁg% en"&[}%j%gﬁt@endl ng agent will be

present in ‘an amount wt range from about 0.2
to about 100 bye weingtethullgnghemayl y for about 0.5 to
about S%R ht based.on the total weight of the
sterile i ?ecf’ﬁ PEMPGr AR ABh. Exanpl es of -

(d) 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 for about 0.5 to about 5% by weight
based on the total weight of the sterile injectable formulation. Examples of
suspending agents suitable for use include, but are not limited to, one, two or more of
the following: sodium carboxymethyl cellulose, hydroxypropyl cellulose,
carboxymethyl cellulose, hydroxypropylethyl cellulose, hydroxypropylmethyl
cellulose, and polyvinylpyrrolidone, with sodium carboxymethyl cellulose and
polyvinylpyrrolidone being preferred. Other suspending agents suitable for use in the
vehicle for the 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,
calcium stearate, glycerol monostearate, cetostearyl alcohol, cetomacrogol
emulsifying wax, sorbitan esters, polyoxyethylene alkyl ethers (e.g., macrogol ethers

such as cetomacrogol 1000), polyoxyethylene castor oil derivatives, polyoxyethylene

-6-



10

15

20

25

30

suspendi ng agents suitable for use include, but are
not limted to, one, two or nore of the follow ng:
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Cor poration), dialkylesters of sodi um sul fosuccinic
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Fletdift{ed)in deihil cdthie @ dbosk &zﬁ’ I@zdﬁﬁza&dﬂﬂt@ﬁEx@ﬁz@&b qilﬁhs’hﬁd jointly
sucrose di stearate (Croda

0 186 ArRFicam Ehg s eitical 6@%09@1% pyd The BharpsesuicalsSociety of

gthgleg gfl{ @1)19 @h@ﬂ%@&t&ﬁ?#o&gtg%%?ét %r]( gzﬁgblﬁaﬁn%(jeuucal
d?relssSP@IB')lG@echalmnb(SrpﬁraHd(B;} 1efSeCEHThe suspéidlif& s are

( East nan Kodak Co.); decanoyl -
r\@ﬁﬁwwaéy a&%ﬁb@&ndwr gawhs Prspmeg by é@ﬂamqaﬁsolsnoa@ in the art.

n- decy, 0
b-D- gi éu cg% nict g%‘!hg%. %’I Ot ecycﬂﬂ‘@?%? MJeFetof 18 %aétlcularly preferred

helmiraﬂ&}demwfﬁhbaﬂ Birticlaizeés about 1 micron or above.
n- hepﬁf(l - b- D- gl ucopyr anosi de; n-heptyl

b- D- t K hsgrulieing perat (Asisfapredsio s g Eivessyie/iopbilide protecting agent)
RSN IR SRR 5S pRA sy shndo o i

rpréfetaply Bor-agbutB0R bR B9 wedit Vthore preferably from about 4 to about
b- Dt hi ogl ucopyranosi de; and the like. - 7 -Mst of

t¥e 5 VWeighh bpvsTl 0y thgjotal veaghs gﬁ ﬂmﬁgﬁrﬁﬁa}im@é@fw@alaﬁm
t
SR R SERGTLRESL B Db B ARG e

A&WBTdr ®iedte Bhihe Toll@ihE C alanABSI0§cedsk Omakbid, ﬂ_}hﬁol glucose, starches,
Phar maceuti cal Society of Great Britain (The

PREx ith@ad thedille. Bishineanpitok bedraprefemier fan foraglagons where the mean

86 i fi t ed
PRSP oo PR3 o B IBERA! GPAA Hel AGPLRGHR S
a:v;ﬁaﬂoab biebitindéfahe SapipReolR FePailaebntyy B LHeSal AW and
in the art. Carboxynethyl cellulose or the sodi um salt

ragelomskation of drug paiieles §o thricdesiredprriiple size oy hgeshieew and
&%ﬁt' cle size is about 1 micron or above. The
?Etng agent (also referred to as a

C I yogerhebukfiowtll bé @aplohed Gl ashuad & ddjustipkl ofRf aghRsent
in an anbunt within the range from about 1 to about

FOSASYsiR of e freszeeflmchmwpw mieiolatiod to drombehout §%pgbout 8,

JE0 SR S bGARah AR e e 2R e, wa
Itﬁjeﬁfiil@%ﬁen ﬁ@ﬁlﬁuﬁrﬁtwlqnn tt@&ﬁﬁ@é 25m AboltW.¢d RGLBGIETY By Welght

suitable for use herein include, but are not linmted
weeferhly, framebart Ofidrie abputt Ie by sieighii ang:morapriferably about 0.1% by

We%hCE%gSed tfle(:) fordl V\)/(éf l Illtto? the sgelrﬂg ‘i)n‘j'eedtabﬁt ?ormu?a%on Examples of
buffers suitable for use herein include, but are not limited to, one, two or more of the
following: sodium phosphate, potassium phosphate, or TRIS buffer, with sodium
phosphate being preferred.

The freeze-dried formulation of the invention may optionally include a pH
adjusting agent which is employed in an amount to adjust pH of the aqueous
suspension of the freeze-dried 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
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sorbital, and the |ike, with mannitol being preferred
for formul ati ons where the nean particle size is about

W@ 2005041987 or above. It has been found that xylPECDUS2004/034367
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and/ or sorbitol enhances stability of the aripiprazole

; . o B DG, LY h nd .
PR ) BSOS R A oo
peeath bk desditezimentyl (I ofistuue Ve d'has) viiztd it pHNRLds tHR lowered, an
buffer will be enployed in an_anpunt to adjust pH of

affidif BEANUSENG Basid vBHcibts hydeoohiasis acidriaseticacidippeferzblye

f kO 8 r.ef er abl .

BRSSP ARG, heh ARBH pes RUT RGPS wbasic pm

detjestidp ngemwill heempléyleld sheh &ygadnweBydroxias, pHRbiRin hydroxide,

within the range fromabout 0.02 to about 2%y weight,

pfaadien £aTbpnate gRpgIsSIHD 0Xide of magiesivm hydsgxide pyéferablrrgdium
£l erably about 0. % by wei ght based on the

?@gaﬁ wei ght of the sterile injectable formulation.

Exanpl Bise éczbidiike hsipipuddotdioembRfiontSBaj sy &indtitufel widt€an amount
but are not limted to, one, two or nore of the

f f Wasoti feginjessign torPisistediem aboys d04e ebhanit PO oxgpifaipipranole

TR f. | t ium,phosphat ei.ng preferr.ed.

TR £ et 5 Rl PSP R 20 B i iy ek dosage.
opt i oralchjtyin@@utithe ethdll Al iprsphting ttRIRRBEe-WAEE Ripifrazole

enpl oyed in an anmount to agj ust pH of the aqueous '
siospelademaf be inveation deisaeqitited thai everyhingAw sterile stihat $thmle

4t t bout . 7. .ef erahly about 7 .
(AP DERO Brls BESmlsdmePE RS o et stapension
pdridahat tieeaerile QUsHensish 88 Sicost-@iedtiNG thdr@B8Z @ 18frh 8rile freeze-dried
ari pi prazole needs to be raised or |Iowered to reach

tRVAgE 8T ¢ake. ABUY. ralasqprcarocedvIgtis Fmplphiedsto mhéuce steide ik

i.di c.pH.adj [ t )
S R R AL A v
Myte @@d¥af pagicCdizh wivhin tRerBP heesbout & atdoie1 &S

to be raised, a basic pH adjusting agent will be

diplespburemehowsl Ostodbow Wymicoodsde, pot assi um
hydr oxj |_ci. um car bonat . nesi oxi de or,
maneartierk D p iR aIana) Sy eRBRGR G sristonde to mpguce
fsteaBie rigsipiagole A AR RKRAM G ak @ ML AAd OLSarPRY siP€ distribution, high
constituted with an amount of water for injection to
prEscREed, high cisaucal porityohigh stabilitp Guegtodmpseviegicprstat strecture,
ﬂfﬂ'v?ﬁqg.in atvolune of 2.5 nL or less, preferably 2

1l‘eoer B Xl%c?rbmélﬂl(s %@%Sldlgsage. In carrying out the
et hodheGfmpRigaajet &gsthitieati srf@aBediv SRt fFdaRisRRAZRIKE each other
head-on. One of the streams carries a solution rich in the aripiprazole and the other
carries an anti-solvent, such as water. The two streams strike each other which allows
rapid homogeneous mixing and supersaturation due to high turbulence and high
intensity of micromixing upon impact. This immediate achievement of
supersaturation initiates rapid nucleation. In general, the average crystal size
decreases with increasing supersaturation and decreasing temperature of the anti-

solvent. Therefore, in order to obtain the smallest particle size, it is advantageous to

have the highest possible concentration of the rich solution and the lowest temperature

of the anti-solvent.
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formul ation of the invention, it is required that
everything be sterile so that sterile aripiprazole and

war@siokm3vehi cl e are conbi ned aseptically to fPCIUS2004/034367

sterile suspension and that the sterile suspension be
freezergl {861k e | erdried
powder or cake ﬂoﬁhﬁ%a %ug(gaer%?#rg}og% %%%déﬁ?%gl}%ggng rlrrg% %ﬂ%td

t oulhing dpere, tfarj dpgioball g adjiqingrageml Adefatelas Efe@dred and subjected
particl [ distributign. The sterile bul

RISt A O o hreatton dbrosertbalk imveeale asd slerile bl e
r ﬁ@ﬁt}?caagg eBMBRRH o ﬁ)ﬁn%oﬁ%}n‘ﬂg &)rigrgxpy ﬁsé%&%%b?rﬁftﬁé C1 ARk Yize of the

fro ut to about ons. era

| arjpiiprgrolg iy retiuceys b dbdited advedNTHE {10 ersbl BRYiOY 66t dnfbloying an
produce sterile arjpiprazole of desired small ga(ticle.
SISFRHCWE Riling Plogrdiry wherpkn sisrHe pribisles of anpigtazelgclispersed in the

i. i i_gh..s it ue t.o .
e vaoR SRR Uik e Rl TR Bk T el et o
pedueshé pyticlEizel of phe@ipiygatdé tCwitBinahd faaat bOibout 1 kd ZR%t 10
two jet streams that strike each other head-on. One of
tTRECTSy depiepdiag ppprdesired 6pnirqlisd releass periodhe

ari pi : arri anti -~sal.ven
A R R e R A T
aldsiwdsmeappaltitie g of &ﬂ%ip&ﬁrﬁd[@is&ﬁ@v@é’cﬁﬁf $ dhibfoa! the Primary

due to high turbul ence and high intensity of
MUEREEROR(FRbiperhatipiprasele-vehicle) isnasstidtheough hivess batb mill akingle

' LAt [ api ucleatign.. In
SRS T DA 552 iAR LS MBS0 el 5 1 bou
| 12clr/a ahd gnosel pRIG a1y bbdut Q0 1AM (R ah@ASEMNDHEID SEALEIHE

of, the antisolvent. Therefore, in order to obtain the
SHRITTaZOle fpawithia|the dgsired range,ifer eidwapie, dipswalsout d thabait bhe

%% t possible concentration of the rich solution
“and t

e lowest tenperature of the anti-solvent. - 9

- The \rhilditien toball halssfu@hiak ®yRY k13 dtRir6R 2R84 Bigh energy mills
i ncl udi nq suspendi ng _agent, bul ki ng agent, buffer, i

Ip Rerfamplpyedsruchy 8t ¢ Fjleagélhtand hdehencegy milspnaspzer auplayed such

i . i | i zakion. Th ft the sterj
SR AO 1 SO0 g h Oy BOGLERLD Ser L Bl ge
anifiizigngdeddard @1dnBqaipsieat thplopéd PBENaBl TR 9ﬁ§iueﬁtg§fé§né he

0 a

particle size of the aripiprazole is reduced
JeBinrEglq fopmplation pEdgsieymsp pabiche sizer ri ed out

enpl o ' mlling. procedure.wherein. .
e L
sibepticlcontrallidadrgstaligat®ui gk biedr homegd Ao, KIBRPRsiue t he
presence of grinding media to

homogenization and microfluidization to produce particles having a mean particle size
ranging from about 1 to about 100 microns. .

The resulting final suspension is aseptically filled into sterile vials and
aseptically loaded into a sterilized freeze drier. It is essential that a carefully designed
freeze drying cycle be applied in order to form and/or maintain the desired crystalline
form of the aripiprazole, which is known to exist in monohydrate form (Aripiprazole

Hydrate A) as well as in a number of anhydrous forms, namely Anhydride Crystals B,
Anhydride Crystals C, Anhydride Crystals D, Anhydride Crystals E, Anhydride

-10-
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reduce the particle size of the aripiprazole to within
the range of about 1 to about 10 m crons, depending

wop@s/odw3i red controlled rel ease period. The aBEpPURI04/034367

wet nmlling procedure is preferably wet ball mlling.
VBERtal T adle dinhgetiderensRRG | 41 & whigt ) o Bfplayed in the
aripiprazol e is abové about 1 mcron, the Brl mary

s Hppaf the dashtiend ari pi prazol e-vehicle) is passed

t hrou wet ball mll a single time (single pass) at
from ggl?)eu lpépr%oq%glé’ai’illdfﬂ??grﬁg@} & tsiae Fsrrégﬁ@ﬁdgbe Wt 0
adaaplbydd ifilthe HBSEnIRIVEn el LA Nysfb@gzl'ﬂ%mo eib{]%?%e%tgﬁs:g?\?eﬁgg (1)-(5)

mean particle size of the aripipra

dedow e dhis arigivrazoter hydxasers| descriedresdimifter 4s AxigipRUble Hydrate
A&rons: In addition to ball mlls, such as Dyno

mlls, other low and high energy mlls nmay be enpl oyed

such as) arrgdslagend : [ i1ls may be
enpl ofl( e%:l S ucﬁ ags? nal\%?é%%ﬁ%? Icg%}a%%?%ﬁ%ﬁygh %‘J:rlpd) eﬁ%%ee?faariman
rickk gt ableioWel € andiat graduab sisdentidralic pdagtardue 607 ¢ kd NE0eC.

procedyre_gnd equi pment enpl oyed be capabl e of
pr odugg}w @% %—Wpﬁ?tM|V@nﬂohamhmactgnstwpeabsmﬂeﬁ-1.63

[ j Lgques for jcle size
FRANCRI. S8 om b3, pEEE M HER e B Ao €56 b . am
coPRMSE), 248 ppyst,dl+ 72414, abr), DODPpseary Lopnge a’m,aj.b@gpm ,J
hi g ressy honmpgeni zat i on_and m crof | ui di zation t ’
Pt 5&3 %Mfm%( Avi hty Hie, ABxrb- 4l ¢dds J si &4 HzahgiZngHz,

f 0 t ' ns. ,. el i n
A0 02 b A SR TR LI P BRI R ol B btk g, 20
wind|18.0apdmaseli). cal |y | oaded into a sterilized freeze

drier. lt_is essential that a carefully designed
f r eez&)dr Yibay 2 egwie Ry aliiracien specormierhicohdsahaaatedAtir peaks

h BLab ot deshs r alline farm of the
g?ihgi—grbg;z’oﬁ, gz?dﬁ%ld; {%%W#zt% a@Qi%é{gw'i n nonohydr at e
form (4 i pihps e igfrikd bBIRpHdn Bi |
f _anhydrous for r;s,r_ nanel(ﬁpmnhydfl?\gdeigé?yszs,gtzgl 2689}%@?7’ 1447,
g\ﬁ%dﬂghe%érayéﬂ%gmé,omhw (KBD spegtswal s D, Anhydri de

Cryst ahs hydride - 10.-Crystals F, and Anhydri de
Crzst g)s %ha%ﬁ’%%? SRHT Y HenP W8 %% M5sFoyed in the
f or mulAgipiayodd i QY j pi I -

ipip? Hydi8tel A YERhh G Retuth ?g%&&gﬁo@@ﬁt@n%lealngwrazole

nmonohydrate (grains) or hydrate
BYF%?PTGyed in the present nvention has the

physi 688%%%&3 lmjﬁlrn%pn%thégscagib\éeuge(} {(1) Il(’lllll) tile(: gr)ipiprazole hydrate.
For example, the aripiprazole hydrate can be milled in a milling machine. A widely
used milling machine can be used, such as an atomizer, pin mill, jet mill or ball mill.
Of these, the atomizer is preferred.

Regarding the specific milling conditions when using an atomizer, a rotational
speed of 5000-15000 rpm could be used for the main axis, for example, with a feed
rotation of 10-30 rpm and a screen hole size of 1-5 mm.

The mean grain size of the Aripiprazole Hydrate A obtained by milling should
normally be 50 um or less, preferably 30 pm or less. Mean grain size can be

ascertained by the grain size measurement method described hereinafter.
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bel ow. This aripi prazole hydrate is descri bed
hereinafter as "Aripi prazole Hydrate A'. (1) It has an

werashimsTi ¢ curve characterized by the appearBCiESID4/634367

smal | peak at about 71°C and a gradual endothermc

peak aGeiR9iAB1CashRdeal 61 ol fhnd %raﬂ@% @n@%'\%swireégspended

spectrum whi ch has charactéeristi pea

pipra 30wl 24pxark. s6Bxibn 08 O dyrtecithid, an@ gin &zéﬁ/aﬁ)ﬁféh{d?éd using
Hg H + DVSO) , 2785Jm(t=
Hy 1292ﬁbstr18b§tlgryn‘5%%%?rptrack HR4, Ngcro]ggpﬁk Cg)92 ppm (t, =

6.3 "'ZThezﬂflplgzéllg Hl&;ﬂri(dg Cla/ita% ez}nﬂ(ilgdyedl E%h 1p6rE§e%t Frﬁfnt (S %ave the
mmwﬁichbﬁnqu mrdpertidstdivendn 28- (ZOSBel@\IOmTﬁHQe aﬁﬁ) pragtfle dithydfde

raction

3). 1t has a powder x- ra
p‘%g%élﬁaﬁr%reé %18 eEﬁQ\%fa?ét é\rripﬁtra@lﬁnéa s ife Qptals B76°
 ( 7.
has cI gir Tl?hr? rhz%l?ee% %sorpt glavrggl%ﬂ ”% tlal%’B%‘isame as the
1EDNMR 572 ruftddIVIS 0338 TMK) 8HOW19 oFrigt 47 RpesiicallP @héyh‘?ave

It h rain size
I 3 PéTBerél)é%g P\?&% rﬁ# gﬁééfﬁm»m@gz&}g )nggl Tq&amnémt zﬁbaa@ms ppm
l4
&*&?R?%%*SZYS%W% T R0R LR S 3 14 His 20, 290 pom
dbitpl praziiL, elH)yBIDatp@m (EQr= 63aEmbLH), GJﬁﬁﬁ I(@IJDI Qémze 1H), 6.49
hydrate can he mlled in a mllin i ne. el'y

&y(de; | FidrtyHrakh2rieHe ddDpe 04 spma, (gsheﬁ 12z, altH)afmmzwrppm

i | I ese, the
g?grln #Zi?Js?egpzr@ﬂj ?légH?&legarad%%ngr'léhSpeci fic mlling
condi t(VpnThehbavelspovader R-ray @iffricion sPedtRhRivhRA3L s ?ﬂaﬂy the
of 5000-15000 rpm coul d be used for the main axis,

SZZAPP e pRvdgT é-r%@éfr@%lpaﬁmﬁum shopndo Figyme én Spexifically, they

£ 3 A e of the
ARV R Pl 2P TS B g 2En 0 ("
nor maly WaepRavETBIQk idiRS& aR6SEBR BQAdé a399£8“2§!12 1%98; 1627,
rain size can be a§certalned by the grain siZze

&éﬂ\%l}r%gﬁe]ﬂﬂ?’n%ﬁ(hw Hoson'| petheiB(BBnpdpeerum- 11 -G ain

ins.to be measured
Size z@?? Eh 1b1t an elgioalferrgpcepegﬂ gear about 141.5°C in thermo-
wer e

gravimetnc/dlfferentlal thermal analysis (heating rate 5°C/min).

(10) They exhibit an endothermic peak near about 140.7°C in differential
scanning calorimetry (heating rate 5°C/min).

Aripiprazole Anhydride Crystals B employed in the present invention have
low hygroscopicity. For example, Aripiprazole Anhydride Crystals B employed in the
present invention maintain a water content of 0.4% or less after 24 hours inside a
dessicator set at a temperature of 60°C and a humidity of 100%.

Well-known methods of measuring water content can be used as long as they
are methods commonly used for measuring the water content of crystals. For
example, a method such as the Karl Fischer method can be used.

The Aripiprazole Anhydride Crystals B employed in the present invention are
prepared for example by heating the aforementioned Aripiprazole Hydrate A at 90-
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in a 20 m n-hexane solution of 0.5 g soy |ecithin,
and grain size was neasured using a size distribution

wWoreaos/4108f crot rack HRA, Mcrotrack Co.). The PCT/US2004/034367

ari pi prazol e anhydride crystals enployed in the _

PIESENtTH MR 9 L ' operLij.es
given in e( 6) - (10) © be o&@ﬁﬁgﬁ%am%?ggg%ngﬂ{ﬁwﬁn&oeﬁl%
cleyppertweailbe hedtiog tienk and Heeting wRafperituraare ilvdrpdpFa@ed, Qo that

hydride Crystals B".. (6) They have an H NVR spectrum
AT SRR e g ARl R i Longidbedgv e enive patintarend
JVE hi i i e - S ifi.call t he
(SR e ARSI EE S B o B o
1A68ip1azeB Kbysirate oy is218D7C AhSheating GinkP¥Ro(I8 ndHrhily be 18 hours or
2.48-2.}%% m(m 4H + DMSO), 2.78 ppm (t, J = 7.4 Hz,
Jppre 05 pecre ﬁg]ﬁﬁ aSJBptt 24 hpuss. JIf ghetheatinggempgrayere pp AwipiprazbleHydrate
6 o2 4 =.2.4 , .y 0. 49 m
(‘%d}’ f%) G gﬁ ﬁxe&}l’lé ?Qﬁ;&néﬂeghgqéng Flpbe’ca'l;_%g &Lg'%r:ﬁ fto&’rs. jlphEe 8 1
Hsipipdzole Anbddfdd TryR iR & B tHe'jDreseét R8entfonan BE ﬁe&a?ﬁg&%@h

and 10.00 ppm (s, I'H). (7) They have a powder "X-
deTtRingchy knating deipinragolh HydratesA Sortrbioant § hbury att 108°G a4 then

s the powder x-ray djffraction spectrum shown in
?-nle tbl}geltg‘?rv%ﬂé@]f“?lggﬁ {2,0 ¢hey have characteristic peaks
at 2(9¢ N A A . 13° L1 The
have cl gg\a%mlgorf f ’rtgg églpgg ézgjlrlegp‘{%|n}clrﬁi(‘llbd§nC drg gglts %%gﬂ%loy‘%@§ she présent
6T@ntien Are prepded b8 2Xamplé By h@ﬁﬁlgajmﬂvgrﬁﬂ)nﬁmri})ip}ﬂzcﬂé‘%Hgﬁ’ride

%KBQI spect.rum ﬂxg)h They exhibit an endotherm c pea

BEHISHA 1 2P4%. Thehpaiingiisnes geasrake abaug B-3i Hobes; depiending on
[ ' te 5°C/mn). . (10) .The

e Rt ER I T

ds fiéseribed atalve s Spevifiatglycilioy hddBhs Yentf@atien HedlrBiprazole
5PC/mn). Aripiprazole Anhydride Crystals B enploye

iaﬂhxqﬁié‘e?ﬁﬂ@%ﬂﬁ 10A¥e kg kaatina timel cawbh phowsicapis khdif theolieating-
|l e Anhydride Crystals B enpl oyed |

PR e 20 DR P e e skous biszont ent. of 0. 49%

or | egheafipipfazdrt AAQWRde d??étﬁ?wﬂic‘ﬁeaﬁé J‘f‘%%%%g rx@ﬁa} E&nr é)\%ﬂ)arin g

t enperature of 60C anda humdity o
p}@tm@mgragﬁlenéé&wdnﬂmﬁryﬂﬁﬂ@ﬁ esphiyedtn terpréentifechtias atedpipared

ST MEor 2T pEEERS. Lor exanpl e, & method such
as the Karl Fischer nethod can be used.
Method a:

Aripiprazole Anhydride Crystals B are prepared by well-known methods, as
by reacting 7-(4-bromobutoxy)-3 ,4-dihydrocarbostyril with 1-(2,3-dichlorophenyl)
piperidine and recrystallizing the resulting raw aripiprazole crystals with ethanol as

described in Example 1 of Japanese Unexamined Patent Publication No.
191256/1990.

Method b:
Aripirazole Anhydride Crystals B are prepared by heating conventional

aripiprazole hydrate at a temperature of at least 60°C and less than 90°C. The heating
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The Aripiprazole Anhydride Crystals B enployed in the
present invention are prepared for exanple by heating

wao b@saivsenent i oned Aripi prazole Hydrate A at BOF/US2008034367
-125°C. The heating tinme is generally about 3-50
higwie &, gedeRENEbHE 1030 haat, Rfedd@iP&! Fi’éaﬁﬁg te }}té?at{ﬁ%atfgg Yeating
time and heating tenperature are inversely related, SO
t#ae apdheasing igneeratiee fe atviernglytrikatednid dectibed shuger Spdigfically, if

he heat] erature, and shorter L he higher
QT T S T PyDOR{O0 it estingime can
t 1 1 o
o gy H s SR Bl IAEA: RolERER S s eoaBie g can be
pbefiet binry. about 24 hours. If the heating tenperature
of Arigipr %Qle Hydrate A is 120 C, on the other hand,
t he he@f’ﬁ%ﬁg 1% HescEbef Wehe Bengeedingsoditle 4tirapanese-Korean

ASyinioRuB L Ok §?ﬁggyﬁrf&ﬁn§égﬁ%g% eg nga #ﬁ@ pr esent

i Avention ca e prepar by heati ng

Ari pi fuathetneortlytiie atripigraicdé AaBRIHdeQY§is]s B emtPAByéd in foléjpresent
t.hen heating it for about 3 hours at 120 C

EOYOHER ASTRICPATpE foRex ynple by éleétingrﬂﬁ)}ldfmtmal@ﬂyﬁprgic?e Bydrate at
i ' ti re prepared for

e T He ey Ssak NS i 3 opRa dBeat Bapdening

erysdratuge. alheHatiZbtifae ahd Bed1BRlENPerhiufPark ?‘m%?s@f;{ Blaled.

about 3-50 hours, depending on heating tenperature.
Precifiealty, Hghe hepsing tenprratiienef thempspatole hy&tfa_&:fis mg@’@, ey
rel.ated, as .descri above. Specifically, if the .
Eaufeifine B abont & Broy mumlent hebeaties ey 000°C.
Esh HOR heating time can be abou
%g%i?{s%,qhg%gﬁif tt?g!%gg‘tﬁls'ng - tenperature is 120 C the

heat | fe wiipiprazale Hyeradodichds tewhis maldel a6 m&qhﬁ?g Al

hydr i tals whjch are the raw material for
%‘E’@é‘%{% gA?lhing%i %%%?@PMW’@ﬁh@@e@W énveghigorBis prepared for
exmhslY 8¢ Méihddephbgsent invention are prepared for

exanpl e by Method a or b bel ow. Method a: Aripiprazole
Anhydride Crystals B are prepared by well-known

thods, as by reacting _ _

%?(tﬁ?(gpo_rmbut oxy) - 3, 4-di hydrocar bostyril wit {1 i
s BB SRR b e SMOR AP SR i
erystdle sbtairelcbyi Methiod apabevelinaf hydlape ReSentMeKRAiREShd then
53%51%@ tthepr%s*?llll’itir(ic;;:l tsc%l&t?on@Usi%? %h?Iss gét%l%g,oéripiprazole hydrate is precipitated
as crystals in the hydrous solvent.

An organic solvent containing water is usually used as the hydrous solvent.
The organic sc;lvent should be one which is miscible with water, such as for example
an alcohol such as methanol, ethanol, propanol or isopropanol, a ketone such as
acetone, an ether such as tetrahydrofuran, dimethylformamide, or a mixture thereof,
with ethanol being particularly desirable. The amount of water in the hydrous solvent
can be 10-25% by weight of the solvent, or preferably close to 20% by weight.

As mentioned above, the Aripiprazole Anhydride Crystals B employed in the

present invention are prepared by heating at 90-125°C of the Aripiprazole Hydrate A,

-14 -



Met hod b: Aripirazole Anhydride Crystals B are
prepared by heating conventional aripiprazole hydrate

wa@rooa/odwaper at ure of at | east 60 C and | ess t hBeT/882004/034367
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The heating - 13 -tinme is generally about 1-30 hours,
d dii i ' ing ti and
eneRalibith &ipipRable %ﬁh&cﬁi&%‘%\[ﬁe&?ésﬂe yco;ﬁgﬁnatlbglg.f érggpr%og? P%(ﬁate, and

heating tenperature are in

abhevAipigpede Hydedtd B, corfventienah edpiprgoleanppdrateliitof ot he

a&i) igtr. azgl e .glydra e.is about 60 C the heating tine

can pe- dBotP! aﬁ%l_ﬁ ‘,iram%b? vsedgherandividyatly apiarcembinstion.
i's 80 €he bltRe 'Z‘h%@faﬂ | ofRD cﬁ/gta ?llﬁ% ﬁarﬁ&%ﬁrragole '\z{EEi pn%gnods

b is described’in the Proceedings of the
JEop vk s ol eystaSfomme sihich may BeaapdyédRedRGHAMONYdrate A and

WS ALY B ol BibpIBBde oy phehiinie Cryests Con
AR o AL LSRR 1 g
gaiXraW @ 0386639, published Wpsil 402@andi ng on heati ng '
ar et ) B QiR e SR Earg i fhe ks frgeforgulacion i
R Bl Reezt Ui, SR PSR BN L e oF e Topitadiono aboun

he8tC ntp subtriple cablinerates W2GrEnary A8/ NN bR rHER 0
about 3 hours. The aripiprazole hydrate which 1Is tﬁe
risPFRatuEe palow fagrung08E aanid aguititde AadupirparelzdirgioAnhydr i de
Cryst loyed in the present invention is o
pr epa?%gleg 8?@%\%@% Qg)yhel\?é’t gZde Bethg freeagsdnisfogmulation is
A¥esipédothad e ErdByeltgi® dyele@Rb@Al ' j : :
ari pipr azoleer anh Igrri%déy%(:er yst a@%ﬁtﬁﬁﬁgﬁ' %g?%%%% pLmary

#5108 and secomglery sligng.o e feezingphdse sltdubdjirahtle thbeling of the

ling the resulting solution, Using this nethod,
foig "é&t8|38°‘ﬁy§¢ 1 8% Stgble epplingapisa e Rerysy dnens should be
R, ' | vent containing .
(Ao 8 P OR100 04R8P b ADy SERMA lAin. e

ceqpadiny dsyihy ehtuld bopdrebrbrd ang eipesdtulesibBiS fidat 62 ddy
Vvatﬁ)i, such as for exanple an alcohol such as
e aPim¥cuuRaRd dratiopr opanol or i sopropanol, a ketone

SUCh 8¢ vials with the resulting freeze-dried aripiprazole suspension are
aseptically stoppered under atmospheric pressure or partial vacuum and sealed.

Preferred injectable formulations in the form of aqueous suspensions are set

out below:
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acetone, an ether such as tetrahydrofuran,

di net hyl formam de, or a m xture thereof, wth ethanol
whetng4parti cul arly desirable. The anount of WetBDS1004/034367

t he hydrous sol vent can be 10-25% by wei ght of the

SpLMEed JaBE QERS mﬁgi%u‘t‘ '191%%\43&@9 %ﬁ‘%%%uﬁd’gdb@‘ﬁ??% Micgons)

nrent i one pove, t Ari piprazo

srfplt oyed i[n the present invent| ®ungt & WHe gljr@@rr@dRange -
I $t8riRd T |9 AT PR PTdgor e A——
1?29; ﬁggj}%ﬁﬁ?ﬁiﬁ{g%ﬁé@ gggﬁg 3%E%§?I de cf 3§? gf” s or

UpgS€h\lrlr te —arid-the

B\ ran

Aﬁgé;?isg%@f%g 5@#55@%@5&0}{\’/5}1Fb@'ﬁaﬂoari pi 424l e
yimeshyd colidlasesNosaldonvent i pnal _ari pi prazol e

h(adr aBwkimg\Advat (pefdrablyithamitond| viidual |y of 4ite5

c@ybi BuffdrgprefcHitdy sbaum crystal | pophs2and Oplgro ¢ryst al

fﬂ{d%h@é) @l fH 87808t 80fayoat hpds for making such
CY ¥$ al forms ‘which may be enp|oyed herein include

£

BiSt Bid ‘@88t Q1 5|, and Anhydri de
\OPUIGS) a5 disclosed in PCT] WO 03/26659, published

%ﬁig@gk&%%ﬁg&w lﬁ%?: geﬁ‘&%%feﬁrfl )A%,SRﬁWE}H de

i |Water fgdgectidn t he monohydr hAe néaieth of | Ak@eeded

afipiprazole in the freeze-dried forrmulation is
desired then the freeze dry[n%ﬁcycle shoul d i ncl ude
cool i nfPeotRiPraz9le MYk ba Presit i thas@neous amectable fopmulation in an
j 3 [ r [ har, i\n houl d be
e el R ol E (B reBeighly g about 5 o
5  sabiotra®l) & (wale))and Aioge phaferdblpfroml dbotih @ tRdbMAT 3% $wivg! Pasel on the
the aripiprazole in the freeze-dried forrmulation is
det pdertabiefprioplaticReeze drying cycl e shoul d i ncl ude
three : g Ll Vi and secpndar
aryi g Eipes anBREki, B Wbk Gle it A0 R TR tbus

i ncl

tihjectablerfomilaion topratiaefrom ol U tonbsbi 400rh€/26R0bf R&mulation
shoul d be perfornmed at a

rate. The primary dryin I

tRERASEADRY P a@@?‘o%oéﬁ @b‘?‘g B0¢mghaLof eimuddiion. vacuum and
10 durati . dryi .d be perforned.a

e T R B

dovemtionare abtfellowsl s Wi th the resulting freeze-dried

ari pi prazol e suspension are aseptically stoppered

under atnospheric pressure or partial vacuum and

2

SaRbPHzold T ST TG T =Cr O e SO oot o T 400%g O
D1 %lducu%ﬁ St yCIIDI oSt —Sei—Out—De+OW
carboxymethyl mg 9 mg 9 mg
cellulose
mannitol 45 mg 45 mg 45 mg
Na Phosphate 0.8 mg 0.8 mg 0.8 mg
sodium gs to adjustpHto 7 | gs to adjust pHto 7 | gs to adjust pH to 7
hydroxide
yve.lter‘for gsto 1 mL " |gstolmL gsto 1 mL
injection

The aripiprazole formulations of the invention are used to treat schizophrenia
15 and related disorders such as bipolar disorder and dementia in human patients. The
preferred dosage employed for the injectable formulations of the invention will be a
single injection or multiple injections containing from about 100 to about 400 mg
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- 15 -Preferred Particle Size of About 1-10 Mcrons

(Preferably About 2.5 Mcrons) Range %w v Preferred
woRanwge48W v () Sterile Aripiprazole - (mean PEr/USmD€034367

0 40 8 to 15 size fromabout 1 to about 5 microns) (2)

Sﬁﬁ% bIBGNIABI®BA ohdioaier i ion i

car g?gnethcﬁ'ceIIuIoggtﬁghéggﬁﬁwEg};%H%ﬁ?ﬁéﬁxgg#chls

( picésrehl y pdryinistered intdaynuscul @1y atthough(sdpcuBarfebed injections are

(ngf ﬁabI% ﬁodiun10.02 to 2 0.03 to 1 phosphate)

(AEFRI8YC BHYED about 6 to about 7.5) (5) pH Adj usting

Agent RS R | i ;
hydr oxi de) ?gg%ﬁfﬁﬁ%kﬁﬁﬁﬂgﬁgﬁﬁﬁgﬁﬁg%ggﬁg?&#ﬁ%yﬁ%%ynmmuOm
5 Water for injection As needed As needed The
aripiprazole will be present in the aqueous injectable
formulation in an anmount within the range from about 1
to about 40% (w v), preferably fromabout 5 to about
20 % (W v), and nore preferably fromabout 8 to about
15% (W v), based on the total injectable fornulation.
In preferred enbodi nents, the aripiprazole will be
present in the aqueous injectable formulation to
provi de from about 50 to about 400 ng/2 nlL of
formul ati on, preferably from about 100 to about 200
nmg/ mLof fornul ation. Preferred individual dose
i njectable formul ations in accordance with the
invention are as follows: aripiprazole 100 g 200 ny
400 ng carboxynmethyl g g g cellul ose mannitol 45 ng 45
nmg 45 ng Na phosphate 0.8 ng 0.8 ng 0.8 ny
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sodiumgs to adjust pHto 7 gqs to adjust pHto 7 gs to
adjust pHto 7 hydroxide water for gqs to 1nL gs to 1niL

W@20050481L i nj ection The ari pi prazol e formul at PONESIN4/034367
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the invention are used to treat schizophrenia and
rel ated di sorders such asﬁWEsdi sorder and
denentia in human patients. e preferred dosage
enpl oyed for the injectable formul ations of the

invention will be a single_injection or nmultiple
i nj ecti ons cont ai ni ng from@LElbO to about 400 ny -

The. § ni BpE A 84 el Aot Lol o B 0P e
| adipiprazsle(d mil 200 altioLghs mahaed anRlu&si nNj ections are

acceptable as well. The follow ng exanpl es represent
preferred enbodi nents of the invention. - 17 - EXAMPLES

ANy PORE RSP oSN RER b P Spua v

ng/ vi al\)mivespapi@ias 88pasioh of & raz&Bl“}%lsF’g?ﬁia%cE ing a DYNO®-
M CROSUSPENSI ON PREPAREDBY MEDI A M LLI I

nVEEb §8yRe EDPLaA enenvdgrsirsd by Witly . iBacifézoh6 Maschinenfabrik,

p I using a DYNO(r)- MLL (Type KDL A,
rr%%s%gzﬁbzr‘)@amgy WIlly A Bachoffen AG Maschi nenfabri k,

Basel , TRWdlbeih@indedichiervdohl a8 g 3 ' intai
added to a 3L ¢ ags j acket ed vesgglerrr%?%ﬁgiaﬁ%%lﬁ%géliégaéntamed
(2358 (+5°G)do dorm & sterilelpeinpary smpynssars pensi on:

Aripiprazol e 100 g Car boxynet hyl cel | ul gse, Sodi um Sal t

7L2P 9~ BPE¥8Mhi t ol 45 g Sodi um Phosphd9.8 Monobasi ¢

0.8 ¢ ' ' Ut iR, g.S. adj ust pH
Sadbimbsicanise, Slitth s 7&|§P g.d_}L 9, ;

to 7.0 Water for Injection, s, t
Mannitol 45 ¢
Sodium Phosphate, Monobasic 0.8¢g :
Sodium Hydroxide Solution, 1IN q.s. to adjust pH to 7.0
Water for Injection, USP g.s.t0 1040 g

The primary suspension was mixed at 500-1000 rpm for about 0.5 hour and
then at 300-500 rpm for an additional 1 hour under 20 "Hg (+ 5”Hg) vacuum.

The media mill was prepared accordingly for the media milling process. The
grinding container was partially filled with zirconium oxide beads and the dispersion
was passed through the mill operating at the following conditions:

Grir_lyging container; water jacketed 0.6 L stainless steel vessel

Coolant temperature:  15°C (+5°C)

Agitation speed: 2500 rpm

Grinding medium: 500 mL of very-high-density (VHD) zirconium oxide

beads

Suspension flow rate: 10 L/h

Milling time: 6 minutes
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The primary suspensi on was m xed at 500-1000 rpm for
about 0.5 hour and then at 300-500 rpm for an

wa@eaasossal 1 hour under 20 "Hg G 5"Hg) vacuubPCT/Ukm04/034367
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media mll was prepared accordingly for the nedia

m L1 gﬂ ftB %ﬁﬁg@ gasy}ﬁﬂl% Qghﬁg ggltxeg}%rg@etrs%e\e@gls?%ﬁ&bﬁuag removed

ille oni um er si on

V\aﬁl gvaRiaed fohpotids sizb distibutioa peingtHorpa &A 191e Ija@éﬂ Suatteng
conditions: Ginding container: water jacketed 0.6 L

shatiele Size Risadution ééléIYZ@o &hsmaﬂt@m@rr@@%@@m@mhe%a @ean
'ﬁz{r %s& 0§E%ed cro%% %%OIQWIH‘?B%F %lﬁ SJgee %gtrlbnhon 10% <

densi ZI'rconi u

S@Iamem%qn%lms%aé@s d—@b‘?’MB@;ﬁ%H%‘%(ﬁ dgpnutes - 18

-After a single pass mlling, a sanple of the
pr oces3éadnls ofipe abowrsusEraIsioammre dseqtichllyVdlladnineustbolized vials

ticl di.st butl n usin LA-910 Lase
e Sere, e pgsepHEnIly Al yljt%nme%ﬁqbﬁe A Jappersey bhe vials
g@éﬂe'a§éﬁ§aﬂ‘ﬁfr&s@§feﬁrt8‘arffegzé ||ow. gﬁm%d%cbfcﬁﬁgtosthée

2.5 mcrons (M and the f article si
dfodlowingdyclen: 10% < 0.4 m 50%< 1 m 75% < 3.3 m
90% < 5,9 m and 95% 7.6 m 2. o t he above
sus pen@? orfheEIRE treatmys cfé‘?eWP’fquFtea& 4htover & i-i |hzel=5161 keep at

Viab e then aseptically partially stoppered
4{6hés(wh Jlgs\é%%" stoppers. The vials were aseptically

transf@yr edot e donde@St @0 OPETordRLbW, yOphi | i zed
according to the follow ng cycle: (a) thermal

t r eat nieht :primase deving: dawer Clalmben oesaweio approdinmtelsd 00 microns
ndenser

B2 Bad nercige Goitg SoesrSir taasil 8r MR ALY & RaeRoe
PPASSNIh0aABRQHE T BhfodO0s T 405 4y and T ncr ease

erature to er approxumtely 2 h;
conti ndg prdpper the diajd nglearhtmdspkerangestid o pur@ﬂs/ablgnﬁ%ing
at | east 48 h (d)_ stopper the vi als under at nospheric
pHerde aitiogsh ob%&r ﬁmdaxempa(e AR thsifirgze dryer,

(e) seal the vials with the appropriate seals and label.

EXAMPLE 2
An aripiprazole injectable (IM Depot) aqueous suspension (200 mg

aripiprazole/2 mL, 200 mg/vial) was prepared as follows.

ARIPIPRAZOLE MICROSUSPENSION PREPARED BY
IMPINGING JET CRYSTALLIZATION
A microparticulate dispersion of aripiprazole was prepared using impinging jet
crystallization.
The following procedure was employed to form a sterile bulk aripiprazole:
1. Suspend 100 g of aripiprazole in 2000 mL of 95% ethanol. Heat the

suspension to 80° C until it becomes a clear solution.
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sterile nitrogen or air and renove fromthe freeze
dryer, (e) seal the vials with the appropriate seals

wa@pasioatset . EXAMPLE 2 An ari pi prazol e i nj ect abPer/5204/034367
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Depot) aqueous suspension (200 g ari pi prazole/2 ni,

200 mypvi apoliswastePtheRApReazdk $QllioNS: ifg 0% intai
M CROSUSPENSI ON E’REPARE%%BY | VPl NG NG ?%ﬂl# SHfand maintain
CRBSTALLI ZATI ON A nicroparticul ate dispersion of

ari pi praz .was prepared using inpinging jet

crystafii gé@*"g%&tefﬂ@%f@m@\ﬁrﬁ@ appiheebelding vessed apd bsas to 80° C.
to forma j hul k ard pl.prazole, 1 uspend 100

of ari J|ci)n| pr azgq gJe?ﬁpl%tc%f]en%?mct)%%ouegglhaa(?fgf.m(%ecg?m?]iﬁ%nglﬂe at
suigppsiionnd enBidge €withthé 30T COREEPBSM ) '

- 19??.“. Pgl S %? [ter the aripipr azo?%&étgjla%st ?%/hﬂlﬁ H?gugha
20-H ingh slipmetersaazzl el fovan snersistal sitng6rhich isxollBetkd shan
fiﬂénﬁl?%en?egggesédv\’ater t o another hol ding vessel and

heat 1o '

. 4. Punp the aripiprazole solution

through a Aifhee heebwi BIRSRITySQE Aufyah (R iADiki i
inmpinge it wth the 30° C water puﬁ%’ed atlg%ll%/n%F%&EQWhlle
tIPnENeIsl toangferiingih tafd regeivertonpamitain heofistamh vehany Bi tak

£ ich i;s collected in an inpingenent vessel. 5.
i{g#’_t“%én%ﬁesﬁ%w_y formed crystal slurry in the _
| Npi NgRMENtt HeSRRl iﬂ@iﬂg@meﬂp&bame%hhﬁfﬁﬁ@&%&%ﬂ@ rbém
to a receiver to maintain a constant volunme 1 n the
i(pPergewent vessel . 6. At the end of inpingenent, cool
t he slj.lrr ﬂitr} flh receiver to roomtenperature. 7.
Filter'the's lﬁer@.mé. Dry the wet cake at 35° C under
vacuung.t 0 DH ehevetGalOf) 3B CORTAd: SSONER i
ari pi pr azé)lfz wi th reduced parte::rc e si )z'laeylggjé% 1<001%)696%
medoverfief fpibombla gvittngdedi eattsclveize (90 edi Gooud). 3L

gl ass ’IL acket ed vessel maintai ned
he following ingredients were added to a 3L glass jacketed vessel maintained

at 15°C (+5°C) to form a sterile primary suspension:

Aripiprazole (prepared by impinging jet

crystallization): 100 g
Carboxymethylcellulose, Sodium Salt 7L2P 90¢g
Mannitol | 45 g
Sodium Phosphate, Monobasic 08¢g
Sodium Hydroxide Solution, 1N g.s. to adjust pH to 7.0
Water, USP g.s.t0 1040 g

The sterile suspension was mixed at 500-1000 rpm for about 0.5 hour and then

at 300-500 rpm for an additional 1 hour under 20 "Hg (+ 5”Hg) vacuum.
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at 15°C (+5°C) to forma sterile prinmary suspension:
Ari pi prazol e (preparedby inpinging jet

w@reosnaldBi zat i on): 100 g Car boxynet hyl cel | ul oSECT/BSZUM4367
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Salt 7L2P 9.0 Mannitol 45 g Sodi um Phosphate,

g/grgg?% stgnﬁfgﬁ)%&gtoﬁ % %{o COI‘]?%Ill li)t Opefé hﬂgx&xgg{\@]nl Ragicle size

SUBPE nsicns Was theifsesy Bt 14 6120 disaipdtidh: about 0.5
hour and then at 300-5 rpmfor an additional 1 hour

under 20 "H§0% 5%Hg) Pakmum - 20 -The sterile
suspensi on found to contain particles having nean
particle si2e”of<2.5 fi%tons and the fol | owi ng
particle S|;§7d|§tr|bgt§@ 10% < 0.4 m50% < 1.6 m
75% < 3.3 m 90% 5%< 7.5 m2.5 nL of the
above suspepgion<weresgsgptically filled into
sterilized vials which were then aseptically partially
st oppered w3i% skeril i/2ed stoppers. The vials were

asepti nsferred to a freeze.d r. and - .

yonhi 7038 oLl PO ePE S b P oY e ahto sgpilized vials

t

P o ene R oAl paGARy BlOBRUIEY i il leBhent Tndvias

congenegicallptraBer@dap dofséaradryier ang tyophilized nydionding t@vir

ﬂ)nber ressure to approximately 100 m crons Hg and
feoduct tenmperature to -5 C over

e v TR
Vvi48P@ forndégastad ipspheric pressure or partial vacuum
Hstng (b) cool the condenser to -50°C or below,

(c) primary drying: lower chamber pressure to approximately 100 microns
Hg and increase product temperature to -5°C over approximately 2'h; continue
primary drying at -5°C and 100 microns Hg for at least 48 h,

(d) stopper the vials under atmospheric pressure or partial vacuum using
sterile nitrogen or air and remove from the freeze dryer,

(e) seal the vials with the appropriate seals and label.

EXAMPLE 3 (Animal PK Data)
A. Single-dose I.M. depot study in rats
Aripiprazole LM. depot formulation prepared in Example 1 was injected into
the thigh muscle of fifteen rats (M-males, F-females) at doses of 12.5, 25, and 50
mg/kg. Blood samples for the evaluation of systemic exposure after aripiprazole LM.
depot administration were collected on days 1 (6 h postdose), 2, 4,7, 10, 15, 22, 28,
36, and 43 and analyzed for aripiprazole. Figure 1 shows mean plasma concentrations

vs. time profiles of aripiprazole in rats.
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sterile nitrogen or air and renove fromthe freeze
dryer, (e) seal the vials with the appropriate seals
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LM depot study in rats Aripiprazole LM depot

farmul @&t iLar r ' 1 was injected into

tﬁ'e thigghﬁrrn%&sgg?@ib g?‘lst%tt'gﬁmr)g?%s (M mal es, F-femal es)

at dosEise afpifrdzdie idamasndldQLNY/ dgot Browthtivnmpdpaged iaExample
t he eval uation of system c exposure after aripiprazole

L ag dirsteddigin the Seighmmeslaplieedogs rmalesF-Gumales) af dosgs of
OR8] 3y e oSt e 2ol Gl gp

caipipatslal Mdspotsadrhiniserapo® veleesol et tedloniaps 8710 £rd 30 minutes,
rats. - 21 -B. Sigeg‘lje-dose LM dejgggt study in dogs The
fide g6t

atidpl, gr 2ot B pp &l at0, (1502, Zrandzpnplyped for

i i nj ) he..t hi_ gh-.
PEEIRAT: Pl TIAS RS b s g o
18thiprade irddsks400 ng. Bl ood sanples for the eval uation

of systemi c exposure after_aripiprazole LM depot
admi ni stration were col | ecPEdprofilesays 1 (10 and 30

i . - and 8 h e),.2 4.7 1Q 15,
5or oot Whitoedty ARG Snlh SRRy it ok
Fg'f@%*'lﬁiﬁalf& iﬁ;ﬁwﬁ RERipfak6ls AGucRb §8sPehdbh ik wed stehlly Berum
proriires or arl

] pi prazole in dogs. PK profiles Mean
aongeiation fa o lepst 4 swekmndbaedhtmeddlon-time profil es

I j 0.l . . pi I
e pont BRI Wl i el BRI B AR

-| @aphiclyWe®ks2.i n the rats' nodel. Mean ari pi prazol e

dogs' serum concentration-tine profiles are shown
ghEpiRrazelel agueays Fitgpensions skowrdsteddy sgrjue oorsesuaipurior drisweeks
srﬂqﬁ\e&io St eagéz1 serum concentration for 3-4 weeks in the
qlogse’ M3der. “ EXAMPLE 4 (Human PK Data) Single-dose LM
depot study in patients

EXAMPLE 4 (Human PK Data)

Single-dose I.M. depot study in patients

Aripiprazole LM. depot formulation prepared in Example 1 was administered
intramuscularly to patients diagnosed with chronic, stable schizophrenia or
schizoaffective disorder at. The study design included administration of a 5-mg dose
of aripiprazole solution to all subjects followed by a single dose of IM depot at 15, 50,
and 100 mg per patient. Samples for PK analysis were collected until plasma
concentrations of aripiprazole were less than the lower limit of quantification (LLQ)
for 2 consecutive visits.

Figure 3 shows mean plasma concentrations vs. time profiles of aripiprazole in
subjects 2 and 3 dosed with 15 mg of IM Depot, and subjects 4 and 5 who received
50 mg of IM Depot. In all cases aripiprazole plasma levels showed a fast onset of

release and sustained release for at least 30 days.
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Aripi prazole LM depot fornulation prepared in Exanple
1 was admi nistered intranmuscularly to patients
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schi zoaf fective di sorder at. The study design included
aWgr Al LRI .5-ng dose of aripiprazole solution
t o a’ﬁsigsgg] ect si)flg;l'l owed by a single dose of | M depot
at , 50, and 100ng per patient. Sanples for K analysis
were collected until plasma concentrations of . )
ari pi prazoferapbioled gdease pisHla HBIPERle injggintle fgrmulation which
titlcati . ' visits. FEigur
SRR LB B wipkRRICORRRDERN bR 1P Segh, R
oforayprigeispr azol e in subjects 2 and 3 dosed with ng of M
Depot, and subjects 4 and 5 who received 50 ng of EVI
Depot . (N aftiPipkzele: ar i pi prazol e pl asma | evel s showed a
fast opset I £l sustai ned rel ease for at
| east d%&él.uh-% BRI P A VD 15 A
cont r o{d)edwark éasajestie.i | e ari pi prazol e injectable
formul ati on which upon injection rel eases ari pi prazole
over a period of at |east one week, which conprises:

(2) 2725 P By AL S San O B oo

Gl on rhomshakgdndigedgdniéehi cl e conprises one or nore
suspendi ng agents. 3. A controlled rel ease
ari pi prazole injectable fornmulation which upon

I nj ecthon pe IRl prazol e _over eriqd.of at

| east l‘(Q’J'ne %Agﬁ&%@iﬂl %ﬁ]eag%%fﬁlp Leggle I?Jgﬁta@l‘;i %ﬁnﬂﬁﬂ% g,ﬁicgﬁﬂon
(ibjection @l atiPipFR LR ovep AipEri¥@bf £l1€nsEOEWESK, Rhickcbinprises:
one or nore _suspending agents, (2) optionally one or

nor e ,b(ﬂ)kiﬁ@lﬁlg"éﬂ]@sémdand (3) optionally one or nore

buf fer tlﬁ 9 2080iR ’thearer:]t%r,(s%}d \\/Aé%gc% cgn%risiirrl] . :ect on.

(1) one or more suspending agents,

(2) optionally one or more bulking agents, and
(3) optionally one or more buffering agents, and

(c) water for injection.

4. The formulation as defined in Claim 3 further including a pH adjusting

agent.

5.  The formulation as defined in Claim 3 in the form of a sterile

suspension.

6.  The formulation as defined in Claim 3 in the form of a sterile suspension
containing solids having a mean particle size within the range from about 1 to about

30 microns.

-23 .



4. The fornulation as defined in Gaim3 further
i ncluding a pH adjusting agent. 5. The formul ati on as

waledosioed3in Caim3 in the formof a sterile PCT/US2004/034367
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suspension. 6. The formulation as defined in Caim3

I R LTS A —

havi ng a nean

atomthining solil Chu’(lmgQ Gl Scle si2é within the @arfg@rff&ﬁ duP to about
i‘%defl ned in daim3 in the formof a sterile

PEREINSN cont ai ning solids having a nean particle
size within the range fromabout 1 to about 20
mcrons. 8. The fornulation as defined in Claim?7

wher ei 18. t h@hs GbinflgatiAVR RfNBAN @ﬁhh '7%1%r§h%1§‘e Joli@¥have a mean
about 1 to about mcrons. 9. The fornul ation as

dertislassizhiromagben! theatioyhd@ntigrons| ease ari pi prazol e at
a controlled rate over a two week to four week period.
10. The fornulation as defined in Claim3 in the form

of a syspermsi drmAIR as(RFintdH @alRbBRIcH Qéc?to'r@leﬁ’sre%‘fyﬂ)trazole at
in an anobunt within the range from aboutl 1 to about

soopnirelied ke asigs p éwidivegk dyfnir viesk periskent i n an anunt
within the range fromO0.2 to about 10% (c) the
bul ki ng agent is present in an anmpbunt within the range

from ahout T8e F&natftitn SA&inédin ¢1En BYE BRI ol oP4 grf'sggﬁsmn

in an anount within the range from about 0.02 t out
2%hexs: adj ust the pH of the suspen5| on W|th| n the range

from abgut ,6 to abo ofthe e %b

%y wei ght PRSIl a63 %gﬁas%ﬁmtar’?eawnuﬁ%t ¥‘§ E@Pb?‘bo‘ltlto
.abble 4Dgg,mul ation as defined in Claim3 V\,herel n the
suspendlng agent is carboxynethylcellulose or its

sodi um®al the shsrindingmgontyik prstituh es emousrithiy et ayge from 0.2

to about 10%,

(c)  the bulking agent is present in an amount within the range from about 2
to about 10%,

(d) the buffer is present in an amount within the range from about 0.02 to
about 2% to adjust the pH of the‘ suspension within the range from about 6 to about
7.5,

all of the above % being % by weight/volume % based on the volume of suspension.

11. The formulation as defined in Claim 3 wherein the suspending agent is
carboxymethylcellulose or its sodium-salt, hydroxypropyl cellulose, carboxymethyl
cellulose, hydroxypropylethyl cellulose, hydroxypropylmethyl cellulose, or
polyvinylpyrrolidone, the bulking agent is mannitol, sucrose, maltose, lactose, xylitol

or sorbitol, and the buffer is sodium phosphate, potassium phosphate or TRIS buffer.

12." The formulation as defined in Claim 3 which upon injection releases
aripiprazole over a two to four week period comprising:

(a) aripiprazole,
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cel l ul ose, hydroxypropyl et hyl cell ul ose, _
hydr oxypr opyl nmet hyl cel | ul ose, or pol yvi nyl pyrrolidone,
w0 b@sloulok’ ng agent is mannitol, sucrose, malt OBET/US2004/034367
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20

25

| actose, xylitol or sorbitol, and the buffer is sodium
phosph : ' %pﬁ JRI.S. buffer. 12, The
fornulg%?oﬁggégg%%#ﬁL 1,§Bgﬁgﬁ%$%h§§§ﬂzﬁ upon i njection

r el easds) amigninjtobzol e over a two to four week period

C
C

P
S

onpri si ng:

hosph
odi u

a)

el I ul 44k é?éiv{nspf%ahaﬁw%aalms,t pHgp bl ()
REG BN RpaRh hRrBARle Ll Bh §PbaR ead

ari pi prazol e,

- 24 -(
tol, (

car boxynet hyl

d) sodi um

wat er f(fr iwteadot @fectibs. The fornul ation as defined in
Cl ai m conprising aripiprazole 100 g 200 ng 400 ng

carboxynmethyl g g g cellulose mannitol 45 ng 45 ng 45
ng Na 0s . 0 . 08 odium.gs to
adjusthH ?§@%&a§ﬂ§% a&f%gpg%¥}?%ﬁglggoWgngg?ust pH to

7 hydroxide water for gs to 1 L j gs to 1nL gs to 1nL

| NhBSibFRBIeI4. [Ty fr mul ation 3pp dgg | ned in LQ@bqhé
U 15 gl [ very of fromiapout—0—toakqut—6606
gbéﬂogﬁﬁgblrazghgyper 1nmL of gdg%ension. 15.%¥ﬂ§
fafijﬂﬁ?ion as—defned—+n—Caim1-wh ]
at ﬁltt‘}bnl e iq‘ﬁﬂlganhydrmm 1dPMSr in the flddmef a
Netppasphiete. 160.8The f or mul at i| 68 mg def i ned i|HG migm
wherdum t he ar| @i praiot pHits 7i h gt Readjest@dl 7 | gs to adjust pH to 7
Al hydrpxideol e Aphydride Crystals B or Aripi prgzole
Hydoateh 17. Stoer it €. Treezedid control ied 7 1
rshﬁgﬁsnaripipﬁ%zole fornulatign mﬁﬁ%ﬁ U to

14.  The formulation as defined in Claim 4 which permits delivery of from

about 0.1 to about 600 mg of aripiprazole per 1 mL of suspension.

15.  The formulation as defined in Claim 1 wherein the aripiprazole is in

anhydrous form or in the form of a monohydrate.

16. The formulation as defined inClaim 15 wherein the aripiprazole is in the

form of Aripiprazole Anhydride Crystals B or Aripiprazole Hydrate A.

17. A sterile freeze-dried controlled release aripiprazole formulation which
comprises:

(a) aripiprazole, and

(b) a vehicle therefor,

which formulation upon constitution with water forms a sterile injectable formulation

which upon injection releases aripiprazole over a period of at least about two weeks.
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conprises: (a) aripiprazole, and (b) a vehicle
therefor, which formul ation upon constitution with

WOR08/04f98T s a sterile injectable fornul ati on MI/TE2004/034367
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upon injection rel eases aripi prazole over a period of

at | easfg a _H@g% AtidPas : : - dri ed
formul ati oﬁggtsfreg%%)? ne ?Iﬁulélé??ﬁ' %%inﬁg\tl}l? ﬁgaﬁrg%n’glgg{nged mean
pgattiotd @zeswithinvihe hinge filoe abange td stwmt &b aiiérods whicakpuh

10 m.crons v\ﬁi ch Lglgo,n, constitution with water for

i PRV Yih @akes JOTpjeRiion Igkeges asipirazolyayar gdpegpd gf at least

| @88kt tBROWeekr €6 weeks. 19. The freeze-dried
formulation as defined in Claim 18 having a nean

particle size of about 2.5 mcrons. 20. The

freeze-gri % formulation as defined in Caim1l7

wher ei t?sail e Hspreciieddenpipdenas dedined eClifm A having a mean
susReN; 5 ol ne or nore bul king agents, and
(g) o%%l%kgo@n%r%g{%g{élgl)ropgg agents. 2 . The freeze-dried
formul ation as defined in Caim20 further including a

pH adj ysti ng agent, 22. The freeze-dried fornul ation
as def i‘Hed Tha frepzerdriegdormipption apsipbined isElaimd ¥ ovhein aid

""@Elﬁ[:le%ﬂ?h@és‘?(?“ on rel eases ari pi prazol e over at

| east about a three week period, conprising: (a)

ar i pi p(@zobmg ox(xh))recsaﬁﬂmamga%ayb, cellulose or its
sodiumsalt, (c) mannitol, (d) sodi um phosphate to

adj ust (WH ¢ ayaeke bylking agepts) arsht i onal |y sodi um
hydr oxi de | Ust . ut 7. 23. The
freeze-(%ri Ié% %Hnﬁlbél%ﬁg%%%ggéfi ned in Caim 22 which

upon reconstitution with water and injection rel eases
ari pi prazol e over about a four week
21.  The freeze-dried formulation as defined in Claim 20 further including a

. PH adjusting agent.

22. The freeze-dried formulation as defined in Claim 20, which upon
constitution with water and injection releases aripiprazole over at least about a three
week period, comprising:

(a) aripiprazole,

(b) carboxymethyl cellulose or its sodium salt,

(c) mannitol,

(d) sodium phosphate to adjust pH to about 7, and

(e) optionally sodium hydroxide to adjust pH to about 7.

23. The freeze-dried formulation as defined in Claim 22 which upon
reconstitution with water and injection releases aripiprazole over about a four week

period.

24. The freeze-dried formulation as defined in Claim 23 wherein the

aripiprazole is the form of anhydrous crystals or is in the form of a monohydrate.
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period. 24. The freeze-dried fornulation as defined in
Claim 23 wherein the aripiprazole is the form of

wW@rivpdsves crystals or is in the formof a nonPtHURZN€034367

- 26 -25. A nmethod for preparing the sterile

freeze-dried fornmulation as defined in C ai mwhich
conprises the steps of: (a) preparing sterile bulk

ar i pi pr2azolAembtheil figr mephemig tvdstedle fieeteediddZ@rmulation as defined in

tr| aring. a sterile vehicle for the
EJWE}PE‘ Cgfql)&sg}tgggqegso %c) conbining said sterile
ar| p| PIrAZO0
teri | Sor T PREBIAY SO RGPl AP b Qe ey goe
midistuipwgionf solids, (d) reducing the nean part| cle size
of saigbsterl | e mxtulre of solids in said sterile

pr i mar Y2 uBfr@AdRSH steBlesehisie-for Fhe steaitebulk mpipinatysle 1 to
bout |
Coy 't - S0 bt AU A bl Bl A o BRI SR 1 Fim o

f oteriet p'.ranzﬁwses;mnsibn etidhanciubiatd aexile 2Iﬁxtuil'é1@f Jogtifiod as
defi neg aim 25 wherein the step of reducing the
mean p&Pti i f?l g01§g she san ppaticle sige phsai %?nken@tureo padislsiimsaid

10 : ?‘r%lﬁ%) irﬁg %}1@%}1%]?{1 Yo @Hg@ecﬂ%agge h‘?ﬂlo Fg)e?%ngbO imrllcrons to
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lemrm%rﬂmtfmabsumpéﬂsﬁ)mvﬁd mlling corrprl ses wet ball
mllin t _28. The nethod as defined in Caim?25

wher ei F)saffeezedswng said yichly Enab puspgnsieit foi ferm gt freppe-dried
cepliuigiohhe sterile final suspension to about -40° and
drying said cooled sterile final suspension at bel ow
about 0° C, to formfreeze-dried aripiprazole in the
formof its m)nohédrate 29. The nethod as defined in

d ai m 3% whits Bethed af defined in @mﬁ@%‘{"b@el@ftfl@ step of wdi¢ieg the
f hﬁglll P%éﬁ%%g&&?ﬁ %%rﬁ@ %(&'lg Ohd nlnt Sh {CP %%et{ﬂ% 2}%5}33& %L}S enaSIOI‘l 1S

freezt ng phas es coolrn
f careibd surspegpisying wat mélliagt - 40° C, (2) a primary drying

27. The method as defined in Claim 26 wherein the wet milling comprises

wet ball milling.

28. The method as defined in Claim 25 wherein said freeze drying step is
carried out by cooling the sterile final suspension to about -40° and drying said cooled

sterile final suspension at below about 0° C, to form freeze-dried aripiprazole in the

form of its monohydrate.

29. The method as defined in Claim 25 where the freeze drying step of the
sterile final suspension is carried out in three phases: (1) a freezing phase which
includes cooling of the sterile final suspension at about -40° C, (2) a primary drying
phase which is performed at below about 0° C, and (3) a secondary drying phase

which is performed at above about 0° C, to form aripiprazole in anhydrous form.
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phase which is perfornmed at bel ow about 0° C, and (3)

a secondary dryi ng phase which is perforned at above
W@b@waw4037 C, to form ari pi prazol e i n anhydr ousP€DUR2004/034367

27 -30. A nethod of treating schizophrenia, which

conprises adm nistering to a patient in need of

treatnment the fornulation as defined in Caim3. 31

The neBOodAasetbied ofitexting sclliziphredth, whidhed oinprises administering to a

fornul ati on i.s adm ni stered jntranmuscul arly or
shysn Hh’éet?aéﬂf i[;_eatgnegtsthg ormulation as defined in Cla1¥n 3.

5 31. The method as defined in Claim 30 wherein the formulation is

administered intramuscularly or subcutaneously.
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