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| NJECTABLE ARI Pl PRAZOLE FORMULATI ON AND NEHWW“IMHIWH"”“‘
OF THE INVENTION 5 This application clains a el\l%“

of priority fromU. S. Provisional Application
V02038418373 t he entire disclosure of which i sSPGEPEeH/034367
i ncorporated by reference. The present invention
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aripiprazole fornulation. an injectable formlation
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week period, a 10 nethod for preparing the above
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but oxy] carbostyrils, which include aripiprazole
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is an atypical antipsychotic agent useful in
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f oand rplated dintriderg exrployiag thg nbovelfoamdatimr t i cl e
aggregation in nanoparticul ate conpositions 25
wherein a nanoparticul ate conposition is reduced to an

optimal ef fecti B EREIROCNIOF THE INVENEION 0Yi ng
aqueous m L1 nl% t echni gues i ncluding ball mlling.
S. Patent No. 5,006,528 to Oshiro et al. discloses 7-[(4-phenyipiperazino)-
butoxy] carbostyrils, which include aripiprazole, as dopaminergic neurotransmitter
antagonists.

Aripiprazole which has the structure

20

25

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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U S. Patent No. 5,314,506 to Mdler, et al. relates to
a process for the direct crystallization of a
pharmaceuti cal having high surface area particles of
high purity and stability wherein inpinging jet
streans are enployed to achieve high intensity -1
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ari pi prazol e fornul ati on which upon constitution with
wat er for inj ARIEFDESEREZEHEON OF THR INYENTION

t her apeut.i ¢ _anpunt over a period of, at |east apout
one wee ,aciqsrgeglﬁ?jw tﬁ g}eé’rr%fﬁrllt)}m%{)é?n’ g’e FPYS’E“% asizge freeze-
t hdgel @ipifratsle foREK StioAVhitHugof cEASKMBE Kkth Watd¥P6ranjectibie
freeze-dried aripiprazole forrmulation of the invention
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at | east” one preferably two, three or four
weeks, (band vehicledorshearipimhsle)r nor e.

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



The freeze-dried aripiprazole fornulation of the
invention will preferably include: 25 (a)
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(a) aripiprazole,

(b) a vehicle therefor, and

(c) water for injection.

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 inveniion, a method is provided for
preparing the sterile freeze-dried aripiprazole formulation described above which
includes the steps of:

(2) 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,



anounts of aripiprazole over a period of at |east one
week, which includes: 20 (a) aripiprazole, (b) a
vehicle therefor, and (c) water for injection. The
controlled rel ease sterile injectabl _elformJI ation of
the invention in the formof a sterile suspension
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Still further in accordance with the present invention, a method is provided for
20 treating schizophrenia and related diseas‘;ss which includes the step of administering to
a patient in need of treatment therapeutic amounts of the above described controlled
release injectable aripiprazole formulatio]n. |
As an unexpected observation, it has been discovered that a suspension of
aripiprazole suspended in an aqueous solvent system will maintain a substantially
25  constant aripiprazole drug plasma concentration when administered by injection;
preferably as an intra-muscular injection.i 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 inventijon. The daily starting dose for an orally
30  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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formul ati on of desired nmean particle size
distribution. 15 In addition, in accordance with the
present invention, a nmethod for freeze drying the
final sterile suspension of aripiprazole is provided
whi ch produces a sterile freeze-dried aripiprazole of
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adm xture containing both. If the nonohydrate is

used, the nﬁEﬂTAEIhEDdBEStf:RH?'l‘IQ)N OFCERE INVENTIONT®
conceng{latl ossi bl e.. The aripiprazol e injectable

f or mul aty Gt 8Pe rﬁgaﬁerﬂf injsrtabls Aripiprazelgifermadation 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 properfiés 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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an aqueous ready-to-use suspension; however, by
freeze-drying this suspension a 10 nore useful drug
product can be supplied. BRI EF DESCRI PTI ON OF FI GURES
Figure 1 is a graph depicting nean plasnma
concentrations versus tinme profiles of the Exanple 1

WerMS43n of the invention in rats; 15 Fi gREEUS2004034367
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invention_ in dogs; and Figure 3 is a graph depicting
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properties of the aripiprazol S.. to produce
10 desired controll ed rel ease, tr%g%aﬂigi"}}?fg%sm e shoul d

have a Treanipjpeazoledbrendition ofittelihventibiewilpgeferably® fal@diof:
1 to abput 30 m'clrons, preferably fromabout 1 to
about 20 nftrBH¥&%®and nore preferably for about 1 to

about 180 1Qekible URrdTbiCWARK indMiRES the desired
controlled release period is at | east about two weeks,

up to six(@eeds obmoppuspendingfagenihl y about three to

15 about four em,ormge@ﬁggé%eggsol ewll -5W
2005/ 041937 ."PCT/ US2004/ 034 have a mean particle

si ze wi t hi ()t heneroamgee uffers, abbut 1 to about 20, .
e e o b SRRy "
pr ef er attleyusponding 8sebt willie@icsentih an ambuait PidEGherdlge/froi
° TEAhBELkS! b Pk et B ol 550 B S g et
20 MopRedbreth€ i AWeight 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
25  polyvinylpyrrolidone being preferred. Other suspending agents suitable for use in the
vehicle for the aripiprazole include various polymers, low moiccular 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,
30  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
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a dioctyl ester of sodium sulfosuccinic acid (American Cyanamid)); Duponol P®,
which is a sodium lauryl sulfate (DuPont); Tritons X-200®, which is an alkyl aryl

20  polyether sulfonate (Rohm and Haas); Crodestas F-110®, which is a mixture of
sucrose stearate and sucrose distearate (Croda Inc.); p-isononylphenoxypoly-
(glycidol), also known as Olin-10G® or Surfactant 10-G® (Olin Chemicals,
Stamford, Conn.); Crodestas SL-40® (Croda, Inc.); and SASOHCO, which is
C13H3;CH,(CON(CH3)) — CH(CHOH),4(CH,0H), (Eastman Kodak Co.); decanoyl-

25 N-méthylglucamide; n-decyl B-D-glucopyranoside; n-decyl B-D-maltopyranoside; n-

dodecyl B-D-glucopyranoside; n-dodecyl B-D-maltoside; heptanoyl-N-
methylglucamide; n-heptyl-B-D-glucopyranoside; n-heptyl B-D-thioglucoside; n-hexyl
B-D-glucopyranoside; nonanoyl-N-methylglucamide; n-nonyl B-D-glucopyranoside;
octanoyl-N-methylglucamide; n-octyl-B-D-glucopyranoside; octyl f-D-

30 thioglucopyranoside; and the like.
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Car bOP 934(r) (Union Carbide)), dodecyl trinmeth
WAt Dr omi de, pol yoxyet hyl ene st ear at es, PEEI$E /‘Hi‘367
silicon dioxide, 5 phosphates, sodium dodecyl sul fat e,

car boxyMestImf/thcm duspendmgtagemxad.re: known Ibhﬂdnabeylﬁlrabﬁjzipients and are

C ‘ltlﬁl%)l'}lllb% Fi‘ﬁ? 6‘{%&% th%ga,}@)?}é}g% ag'g?qeml% g;ccl'-izients published jointly

hyslr th Wariepioatl Piakthate @6l ABYBTaa%Y RAOrHe PRttt sl SodleRSoT
pht hal ate, noncryst all.ine cellul ose, &hesn um

al GrFehBritaln (The Beasmagentieal aviey ofCrmat Brtgin (Tha Phargiesytien]
5 S 10 shecticany oS oA e, TR BB e

t yéooxmgroially svapiahl¢ amiéor camtie preparedhy tepindiques koven ifiehegart.

Copol yriePeSeli srlbss Rt ismm S i prterea

powheta terdesired megn paﬂiele rsQ'.G liCabB30BI( fjcrorPbraBotdIOWn as
Pol oxanune 908(r), is a tetrafunctional block

copol yngte W&*#&ﬁéantﬁﬂé%%%é 0183 asryegeaicilyenhilize protecting agent)
pr i

0 DS A it SIS ARR SHYARIGH) R
c heefgeablypinars oot 3 i @boyti@% basveihtymare pmﬁdramy]ﬁphabmni wto about

TP et FLBE) LRI TR0 Seh Bt e

di ]ﬁlah}{ilc&sif bulkmgfaga'm:lsmmbls fdrfuds het€in nlhcﬂucﬁpbld afefhog limited to, one,

Aer 0so ma ﬁh is a. dioctyl ester of sodium
SRS Eftf’&? ¢ ol PyinenRAnPEQ nSUelPsh ZALA5S Xlsal slugse starghes,
15 \M'Boﬂi'ital Sndth Gidé, WitH bkinyiol it of Bt rré P @(ﬂrl'n)ulatlg—ﬁsJ Wi Sthe mean
X-200(r %, which is an al kyl aryl 20 pol yether
st ige 18 RN gﬂeroplséglaove ct éaSelzﬂeaﬁ,omd 1113@ Kyljtol apfoe pbitol
[
o e S T iSRRI TOARLAIE oF by THAL B3 erowth and.
( cgglomgoition Ofadl’sa piatiolss sabat@eired IRG{clE sizer mBuivef aabie wedtand
Qm%{(a} e&(] in Chemcals, Stanford, Conn.); Crodestas
L- n) (Croda, Inc.); and SA9CHCO, which is
20 c18m7muzcoﬁﬁ:eﬂ(vﬁﬂl$))= ):mplc@wm@d%&oﬁﬁ@bla&;d&?}t &aﬁtaqadaus
Kodak Co.) ano 25 N-net hyl gl ucam
P BSOS RGP died ACeiBiEyRIe (ST BlAHaR (B aPR5S GRabNLS,
dageresblyRbbuta! %%ME%‘Q}% Eﬁ uéﬂalﬁoﬂs bufer( depEhdiRe SShel Svin

hept anoyl - N- net hyl gl ucani d

n-Besmpleyed s @.agpqygbwyhlaﬁl@pg‘m@ fram hlzgyt 0.02 to about 2% by weight,
( rQéltamny% E{ ?j&? td’]a"btagt)éﬁ% b% gv:égg' ?.ndjﬁlgpeyprgfgragly agdut 0.1% by

nanoy ucam
25 ( 3vdigly [bamd @)1 Itmnotal wleight af d:lteasmyé mthﬁBIehyhlgilenEﬂanples of

bu%tteys sultable foxguse PeXrg ﬁllgl%ae uf arg ggtyhrm{ed tg) 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
30  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

-8-



30 thioglucopyranoside; and the like. -7 WO

2005/ 041937 PCTI US2004/ 034367 Mdst of these

suspendi ng agents are known pharnaceuti cal excipients
and are described in detail in the Handbook of

Phar maceuti cal Excipients, published jointly by the
YR5S043 Phar maceut i cal Associ ati on and The PCT/US2004/034367
Phar maceutical Society of Geat Britain (The _
Phagqueateuspensibn 8bihe Gtyzeafrie@aripibrabsle bedds td Ber@ised or lowered to

| EGPRGE A Bt PR L it 11 SE@%'@F&?&?{';I'@@W@ lgpeged, an

C O BiRR R duéti Ay RichBWhieh m&i/dfb" h1oAE ki€ oPAERAEGS pR¥ferabl
t echni %%sﬁknlgg/v\%el n the art. ‘ Cargoxglmat hy g erfl %e

or hydfachlesisi agics may be emplopask Wheﬂﬁh‘? pH oeﬁdamlgeqmsed,efoaaupﬂ
wh | m.cro

o RsinR e L K BB el B e,

c r ydglemu oax‘bloyzlqa hhdgnegsiurp oRitle ot mm@eagmniyblroxﬂ:l@ phefetablySodium
n an amount within the range fromabout 1 to

gme by wei ght, preferably fromabout 3 to about

8% by wmegiféeze B¢ EaripihA Ao tul b R 1A %t:orféuﬁﬁhdah% amount
5% by wei ght based on the total weight of the sterile

in Pé\’f?tsvofpélweewmqoatr@\@# froz byt 48 tafbopr AORimg ofegipiprasole
10SUltiIRRLR if 9(’01%@ of'85 %Ln?xj lgﬁ eﬁgﬁfalbg}vg mP St 1%, t% Elfpweelg dosage.

to, one, two nore o ng: manni
sucr os eln cpying gw thexgnbuhbd) for poiparixesthe fredzmdnh@ aripiprhfole

SO h nni t ol preferred

£ ofdtohfilion 816e l€gon Fis it RN Diehling B S8R S Ll drle

1 mtigiprarolOsndapailevehidle S8 sokBiaRd 4saptivaily fdabrt ¥ kfefiRlsuspension
enhances stability of the

/ bi t ol
ZP glﬁﬂo b Sgetrﬁ“lé'hg HSREASION;S Arepse-drieh ith? FRRRET & 59@1 aterilgrfeppreqdried
15 anfow@g 6} QRE! BihsOkh REptildiseeRaE td e%;ﬁéyeﬁ % %I i §(§%§%er lﬁ;ﬂ(

particle size may be ‘achi eved and = nal nt

bufRiprazgle of dssiredipsrtisieesizel distabntiano B sterdle ulkasipippizolefwill

an ?ﬁk‘dﬁ

ar f‘%@%r azol F o?{rerllgj %m tﬂg {aBE$§%r¥1n%§@? s ébc%%ct) 19081 tong,

prBﬂe@r@b{fyorab‘mm IGto ziboumﬂmemssuch pH usual ly the

buffer, di on.t iy in an

anount I\)/{natg’%%& %npr‘ Wgﬁﬂﬁ W&Gl‘o Bodusy
20 westerile aripipragdle bBd¥sited Snfdl RRBRI sifd aga athrr@Ja Qb dll.iﬁ(ibbﬁon high

wei t and. nore preferably about 1% by 25 wei ght
ba %H@hﬁbmcakﬁ@r%@ggﬁtabwa dyie ¢ impsOyedjceystah Busture,

f owizd @hpioing EonBARLE Srdbssinguf fers suitable for use

herein i nclude, but are not limted to, one, two or
nor e ofTheh@pmgmg jet crystallization utilizes two jet streams that strike each other

head-on. One of the streams carries a solution rich in the aripiprazole and the other

25  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-

30  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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foll ow ng: sodi um phosphate, potassi um phosphate, or
TRI'S buffer, with sodium phosphate being preferred.

The freeze-dried formulation of the invention may
optionally include a pH 30 adjusting agent which is
enpl oyed in an anount to adjust pH of the aqueous
%93%%@#96% of the freeze-dried aripi prazol e BFVHI2A04(08E367
range fromabout 6 to about 7.5, preferably about 7

an d nayThwevehiwleafo'r the snerilaamlk atipipendienigcludion swpeidagragédie

2005/ 7 PCT/ US2004/ 034367 aqueous
s us gfé'w %‘ﬂlt 89“%11 griqn Vsit'é‘ﬂ agant AR W afsTos erepared) é“dt sybjected
beto stdritieationl Thewefie (thé Serile dalkhribpRazdR %l 8€riRR&hicR aredP H
of about 7. Thus, wher e t he pH needs to be | owered, an

achsgpiecalcombined fofermy erile mrimary suspension anshthe particlesizaiof the
50fr ar"i’;ﬁﬁ‘taicﬁe ﬁ%cﬁmeffo%f(ﬁgl?elallé/vch yﬂ{lgﬁlyr&éﬂa a%gr'ng% ol e}élpg ing an

enpl oyed. Wien needs e-‘ralse
5 @septmwtnglllag@nmcedurb Mhbemeslqnil@pzedclssﬂf hnﬁ.@r:ﬁ:@ldldismrsed in the

h [ ot ass dr.oxi de, . cal ci um car honat e,
nﬁ%{%@s. %%h‘:‘s%%f&glsw ﬁ?@%ﬁné FEAHR 536 RIEsengs, QeBpdipg fpedia to
S otidud® theyGi €)X bide of tHO&ipipreadeodtitRe i@ rindk B 78t ?to about 10
formul ations_may be constituted with an anmount of

\Na’i“é“lrolFoﬁlePFﬁ‘ﬂ”é%:‘l‘ROBrﬁle%’{?dﬁ?‘ﬁ{ﬂnﬂé@?ﬁéﬁ?ﬁ@éut 10 to about
10 400 1y Bfe AtddRIvRE aﬁmfgpra,gedqg i p@%&&b \A%Qetabaﬁ%ﬂ\%g Whefl 52

nmL or |ess, preferab to SiX
dodssijed meanpagtinly sitary thﬁlﬂl‘lptHn@OltBB oy e fabout prxmpmm mgprﬁrhﬁy

f rru ation o

| s h (BB Senibfl] Mipolby o ae btk singte

s atirhé ésinﬂ pass)l aefromrab@lt }Srtﬂ igue 1 SNt Frefedably feANAHELES RlaBout
rma sterile suspension and

ed t| C )ens,
Co W fs‘ﬁ ’&a@ Msemfr?ca{sﬁ Beg paHcle pizeof the

15 rTBe[iﬁﬁij’raioﬂb tf)&hfﬁlﬁlh@ dkdired fa!hg@ 46r éiEu'nFQ AomRBYHE "o Moub ke
Thus, an aseptic procedure is enp oyed to produce

st™®F%€ bul k ari pi prazol e of desired particle size
distri llh”é&(ﬁﬁ‘on t-ghﬁllﬁhﬁ 'sllc apiﬂly ﬁﬁlﬁsobﬁgrqg&lagdﬁﬂéhlen ha"%s

a mean particle size Wt e range froma
aki@%l&t belepaplopied sathsas a roltee froll, alof W@renergﬁhmlm mi)(betdmpﬁd;ew buch

cry VSR B B I i By dtpestioinresstisbga he

20 s tmﬂ]uﬂgqarecrcldrmraha EqQligmet edipidyedest ap@ld offRéducily BtefileZ ©
a ha rto |zeo§1|str|but|on high surface area,
hlwlp&‘?g’:ﬁ ogpa gesigdl giran paHcle 526 due to i nproved

cryst a|0t§érrté&hid1ﬁ@s for particle size reduction which may be employed include
aseptic controlled crystallization, high shear homogenization, high pressure
homogenization and microfluidization to produce particles having a mean particle size
25  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

30 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
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whi | e enpl oyi ng conti nuous processing. The inpinging

jet crystallization utilizes two jet streans that

stri ke each other head-on. One of the streans carries

a solution rich in the aripiprazole and the other 25
carries an anti-solvent, such as water. The two

VQ WPt | ke each other which allows rapi dPCT/US2004/034367
honogeneous. m xi ng and supersaturation due to high

t uFBSREAE @%%hymlgerﬁrystﬁb&@llw whichmaayrbe einployed inpha

| "RAGkatioh Urshd ifVEHLAL € achi evenent of supersaturation
initiates rapid nucleation. In general, the average
cryst alThsiapipipradele lngmgh?ﬁiramb (draihs) oF BpEhte @s referrc]g to tﬁelow _
super, uration an ecreasi ng tenperature of the anti
soé}gs%ﬁ’%én ; e?ﬁeé?@f%f“é‘?‘mi*ﬁs flied’g‘?/swqr}rgmémﬁoneﬁ@s ghvah ire@)-(5)
pabselove. | Fhis arZfipradle hydlrA6MaBERBE i Vi '

possi bl e coﬁg%nt rat}iagn of the ?li%::rﬁlhg%e B?l%ﬁ#lgtﬁzdh% E‘ggr%{e

I st tenperature of the anti-solvent. -9 WO

2005/ 04493 . . vehicle for th

steri | [eﬁl)g uIIz I?d%aq}ﬁi/eg ?%9%?1{5‘?%4?%%9aﬂ%&%‘ée@?}'stéee%ef’fﬁmﬁégﬁtsr,nau
buterk igbewy §itC asl A gredual eplottennic ppit @8inds0PO® BReAt and
wat er i%':) tggar Qg[f@p&‘ su‘g%Hect ed to sterilization.

Ther eafer ! Bgy8 PR Which haprhamsicastiongaks as iS5 .63
v gipia(nt; 280,81 6B PPk &h! ST 9ABIY 4 88 L&
p?jip gzs ensi o%p aﬁfg ﬁ)ggggrzti ngpglli’ggﬁ]ﬁgts%ggéﬁm (m, 4H
arth ’Z%TEQPHDE(theﬁﬁéé&, 20,2 Peppinr ét, 1 o9 6| Hz, TH),3.925ppm (t, J

pr-eé eHabiry) 6as Bﬁ'r)rﬁ‘?d,‘?ru_l 2 £ £}, Bio %gglr(?(?, f’:teész? g‘ﬁ',e} =24 Hz,

mlling procedure wherein sterile
arlithi H4epmon 6, d=Speils dd)j h11-Na7 ppingh, I H), 72873 22ppHk 8n, 2H)
s%hg&g)@g%r}égs gﬁi ndi ng means in the presence of

r ’

grinding o reduce the particle size of the
ar i pi p(3zdt Bastagowidei-fhy diBraétaRaBe RfunAPRL hasl:h&rgctélki)s‘?iléi)eaks
e

' di d d [l ed |
ot 80 2801545 USLAE. U6 w27 midsocedur e s
pref er gyl vis MBlcleRBhtrardi hlbéoﬁﬂion‘(w\@z‘fdl Y 7 i @gufﬁ?f'mm,

particle size of the aripi'prazole 1s abovée’

il 8t A18% Ae3 andiT8hem” onubpBRERsgecourhi ned
ari pi praz -vehicle) is sed through a wet ball
mll a(Szi ?]49 84 PR %sll‘??gq%gaé'é%%r)le%f't fromabout 5 to

about Afipipfahsle Hydfees abthyuticaRAROMIIS dRvatBil aridi
Lép({r?taand nore preferably about 10 uﬁ'?g t‘c,) re%ggﬂlﬁreag%le
D .

tf’cle size of the 15 aripiprazole to within the
<raln esit ﬁgoﬂv@ﬁlﬂﬁnal thillingGX@HRs Can bE Q1 AORMHE thd afi RpAPAY by Rate.
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 rotafional
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, pfeferably 30 pm or less. Mean grain size can be

ascertained by the grain size measurement method described hereinafter.
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In addition to ball mlls, such as Dyno mlls, other

| ow and high energy mlls nay be enployed such as a

roller mll, and high energy mlls nay be enpl oyed

such as Netzsch mlls, DCmlls and Planetary mlls.
However, it is essential that the 20 mIling procedure

and equi prent enpl oyed be capabl e of producing sterile

aripi prazole formulation of desired nean particle

si ze. Goriheizet Metmirenoey: 0.bg qﬁd’retgrallnetcsbczmeawdsmbwﬂersuspended ina

h nc ase c.controlled
P i PR ER 5% 6 £ SR Rl DSEaT R <N paghred using a size
BIs&ERMOR mé?&{(@ﬁ&%&ééﬁ HRA, MidrdfiaeE eh\ui di zation to

produce part es having’a nean partlcle size 25

rangi fige bripiprazbleiinhidide @paalt ehPbyed &f R presentiffention have the
resulting final suspension is aseptically filled into

@hﬁé?quCBemwal Bropgities giyenin @ (19) bdenicbhdsaatpigrazole anhydride

BiySlals rf Etert b ARt ek s Wrimiff? By i Oy
or der (4)0 d They a&x@/&r*}mm% gtﬁ&e(mk%ora%drmy%%'uaye

formof the ari pi prazol e, iI's known' to exi st
alaradigribtiatpeaksoat rh Y5AL.6 ppma(z RH).3106 84y B pipm @), 24F), W8642.46 ppm

R REL A %ﬁfé%&@f;é&%pm'&&ﬂﬁa%ﬁﬁ?@?@;zawpm (br,
dy 0p5/ 041937,

B R BIF o780 Ot B2 B8 il at P22 R bR o ppm

@d, aH 8.0 Hzphi-oty Hayl}b)e7©zr@Jp ﬁqu kg 1t He, 1}f1)0r7rml"ﬁt1r7%n9(fm 1H),

the i nvention. The aripi prazole rmnohydr ate (grains)
Sh?daap@(aszﬂ@faadrlé@otmnb(@l ti). enpl oyed in the

prese nv n has the ph ochemi cal perti

gi venw)n (T&j‘ X 8§VC BPYEICHHR ra%ai g'a%{’roinﬁpfﬁt%w f%}@ﬁgb?gacterlsnc
%&J@%ﬁ@ékhqdoh%gbnﬁjoegogsandﬁﬁi pi prazol e Hydrate A"

1) I't has an endotherm c curve characterized by the

appea(&inceThéy baweridar infpeeakatabrption bandsl4C284%] 2819 W¥8al 627,
dot herm c_peak around 60C to 120C. (2) It has an

IM&NW%&Z% BeR ad T1P wms or therlRo(Edin EReithu'@eaks at

1. 55- 1, 68

> 5. 90 p%‘%{ ?’H%‘ELE& e‘%@ 6‘&8 aﬁﬁiﬂ éfﬁ > i%l\t}%“@“

Elzel?ﬁnélﬁ&’d(ffelenha:l:th%nﬁal%alygl"%heaﬁ }_g fat® 9"@/&95}
, 4H), 3.92 ppm (t , 6.43 ppm(d J

= 2. 4142, Thiy exhidi9apendoftebdmicIpeak 8eaﬂ’ alHDut TH07°F. i4 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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1H), 7.04 ppm(d, J = 8.1 Hz, 1H), 7.11-7.17 ppm(m
1H), 7.28-7.32 ppm(m 2H) and 10.00 ppm (s, 1H). 15
(3) It has a powder x-ray diffraction spectrum which
has characteristic peaks at 20= 12.6, 15.4, 17.3,
18.0, 18.6, 22.5 and 24.8. (4) It has clear infrared

VO 3WEBPPN bands at 2951, 2822, 1692, 1577, BAHYS2004/034367

1378, 1187, 963 and 784 cmi on the IR (KBr) spectrum
(5323°€. AAs heatine timeds ganarally 2leouos-5Bhoms) deperldiriSon Reting

Arj.ni I rate A is manufactured by mllin
co{ﬁ%g{aﬁ%%a czl:{%é ?%qut}%ez@dz’ea%'ﬂﬁg?m%‘&@ﬁ?rﬁ%hQla ed, so that
i fok Exeynplethh belsing aimebeillbs et OhBidwer tieheatdoRbRp ARl Cand
hyQ{ate Fgr exanpl e, the aripiprazole hydrate can %E
mi $CHEF i higherithe heating iemperatre. ASnarifieally, ifwhechtating thinperature of

§ ABRPGER Prne

TonhpiBRebRHyARR R 00%¢ e AOAD RS A horBlifioe 14 hjus or

\% oo preferstdy bt Aghore 1§ nle;hieft:ing taf}lbdrhta@ dgﬂ!ﬁ%hﬁ'&z@ﬁq{ydrate
n al O zer a rotatil ona speed O

ihen akpa,ap sioneor, s Lo Cral” cpect o

ewmbﬁzow&lhy&idﬁet@%taws Bhﬁ}%%&s% ihRndth ERTL ?g:ga%? with

screen hol e size of 1- he mean grain's
ArGeprityydieatingAipiprazle Blydraterfe forlayoutil B lhbwrg arstooed,dind 8@n

rh}g%ﬁ]m&éﬁi\(f&gbgug3%?3%25@5;50preferabl y 30 pmor |ess.

ain size ertained by the grain size

nmeasur duethérmiors, A rRsarddRehAGHE CRATAESE ey ﬂ)#’Eﬁl @.{egb esent
bg asur ed

Si.ze Measurenent: 0.1 % of the grains to
weP LR prERerRarer forgxample by heating garnentierial aipiprazsile SbSdrire

i.toRi 1B.<o0 i ' ing a size
o oS G Bl b PR ) B FaBnding 6o
THeating tpinperaturst Thaheatulgitide and yedtiag _Sex@eﬁdr@y a&l ihverdeBBrelated,
Pra§ §§§3{mé&l§6§9§ ! %J%lcu%%:\t/lg’ {f IE%el Stilfﬁz%%&grggpﬁfggéﬁeaaripiprazole

properties give

aranhydpida zgstalsantodC) e heatihy Gindlen B SHoled Boure 911& %;he h(egt)ing'

herei nafter as"Aripi prazole Anhydride Crystals
THEYPFR{YE 15 H0°CithavRakingtime eambe BRBO3d®UrsTVS) whi ch has

h o el , _
(i. grs?itlgés hrg%%&?ﬁlg %3&2. i 52‘17&%}’;’ F%%'Bhﬁ% {aﬂ mé%a’l for preparing

2 1hegAnipiBBzqlp Anhydridé KrystANBEnploged B thppreddnt inderfior ark prpared
2 'fgr’ exgmgl% bgmtlgobd’g or b below.

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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10 J = 4.6 Hz, 4H), 3.92 ppm(t, J = 6.3 Hz, 2H), 6.43
ppm (d, J = 2.4 Hz, 1 H), 6.49 ppm (dd, J = 8.4 Hz, J
=24 H, 1 H, 7.04 ppm(d, J =8.1 Hz, 1 H, 7.11-7.

17 ppm(m 1 H), 7.28- 7.32 ppm(m 2H)d_ ?Pd 1t0_. 00 ppm
s, | . (7) They have a powder x-ray diffraction

"é‘bé@ﬁfﬂ‘l:?’mv\d(wi Z:h has characteristic peaks at EQFUSEQ04/04367
16.6, 19.3, 20.3 and 22.1.. 15 (8) They have cl ear

i n¥Paiseenerplirbent bA0 beursi dependip® 66 hedtidg Bmpkfififte. TP Heating

. d 779 the. | R r). :
ot mireting ppra iR f Bvers i i eﬁ@?ﬁpgd 1?@5% Sekiically, i
abtberbeatidg tentperamirt bEMBripipfaddle Airkte & Mok 60PE€Nthd Adating time can

therpal analysis (heating rate 5C/ mn). (10) They

e!:‘i*ﬁ aggt“ Salwué% WHn E th heajireirmpesaturesih &QﬁC(, ﬁm‘f-mg] tmet can be
di al 20 scanning calorinetry eating rate
Séb?ﬁet:}‘)ﬁ.iwﬁi pi prazol e Anhydride Crystals B enployed in
t he pr é4&hed b indestribediinithe/Prob@dingyih© S IRpamEIeYK orERf

T ; | 9 i
e R Sy L (e B ErDI Sy i
0. 4% orFuttB&rmond, HRIArgApras Anﬁy@ﬁﬂgegﬁd;%géﬁﬂilgge{%% ﬂ'%%tresent

at. a tenmperature of 60C and a hum

VERTRRAR i PHRPATSE dor e3ample h¥ heating corvertiongbaripimiazoteshydinte at

I ey, h nmon| sed for,
ool G ARt G5 B feralPAgRCR SERR Beeaiting o o
a tempardturg. Jhe hTaaaiag tithne gmgdzati(l-'r:% emtpet {auﬁeén{g%egsslgéai&ﬁ&f ﬁg.

\L.i pi _Anhydri de stal s /
A e
t RN 05
VD Sobe Ca gy B 2O B AR e MhEuctall B oo e
t ihsRtingdimgegambarbapnt 3bows. 3- 50 hours, dependi ng on

tin [ The. heating ti and heating
P Z?rper Je S eﬁ% e i P d’,natggﬁtf?féirep#‘% the
exgipfirezolchantydeide GrystalsFeensplbyed e the Prget ik et drivBephiB8 for
he 'J]gbt er.a uioe and shorter the higher the
hea '%g ¥§/i|:e:g"é’f1§tﬁ 8} Specifically, if the heating
tenperature of 5 Aripiprazole Hydrate A is 100C, the

heating time should normally be 18 hours or nore or
ps&tﬁ?‘g fly about 24 hours. If the heati n% t en'ﬁer actli]ur S
of Ari RiBf r; ' : n the othe and,
e o PR ey A S 480 e G
crystals obtained by Method a above in a hydrous solvent, and heating and then

st

cooling the resulting solution. Using this method, aripiprazole 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,
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Ari pi prazol e Anhydride Crystals B of the present

i nvention can be prepared with certainty by heating
Aripi prazol e Hydrate A for about 18 hours at 100C, and
then 10 heating it for about 3 hours at 120C.

Furthernore, the Aripiprazole Anhydride Crystals B
WR3SPEE3T n the present invention are prepaP@HU$2804/034367
exanpl e by heating conventional aripiprazole anhydride

cr yervgntionst aripipraddCinhyéridelveystalng convertionl aessaadld Nydrate, and

bowt A 3-. di . .h [ t e rature.
b AdBl O e BRI BeheP i ete Btirrssoira sl y
r ekenvedtionall friphwazdbsigydrAre fapRoved ciiie ﬁ:}dﬁ&i&ﬁ% g? ﬁnggmmsuon.

heat i ng Le&perature of the aripiprazole an
cryst al 40§ Yoygerystalfpmnsangd othegerystakformsrpfatpiphadle add methods

5 hoedrsmakphué crwﬂﬁ Rt A% rg&;ﬁ%@de?ﬁsﬁ&%ﬁ Zlelig?q 1%1: gﬁ%aégﬁzge A and

heat | nc?. time can be about
aniphydridle Geysiads B ps welh A Antideide @ystaBWC, Maihedrde|Criisdds D,

pr i |.piprazgl e Anhydrjde Crystals B

e rrpi ogder@g icrﬁ}; Spﬁseé:)%@g gﬁ@e ¢W§%ﬁ?’r %}Cﬁ!l Aa"a@(d‘b‘ilee%fté‘é G, sydigelpsed
exanRCE Wiy 0VR6d50 dhublistied A ek odpo3 Vet hod a:  Ari pi prazole *
Anhydriﬁi%ECrg/s a‘irs B are prepared by well-known

met hods’ J DB&)Y fgggqrp)dbf the aripiprazole in the freeze-dried formulation is

10 7- ebirbd 08B BWIEREE) driind il ; il of e i
14 2:r3_ di chl or oph é’%}r}? f%l@zésﬁggllﬁglch%ﬁ:%éhﬂ%og\%e flarmulatlon to about
r eﬂpyg 2t suitahle eoaling rate sThetpringary aryingrshpilP beg@femed at a
cr i th et ha as, described in Exanple 1 of
J a%glﬁi’g‘ls?é"%"té%Pﬁ°H‘é‘Q8‘J§a¥’é‘rﬁmﬁngf Y48y apd depation.
191256/ 11 82 Qnhydddes fsieh & thSRiphsrhRild RAR! FeeARBYAN folutation is

O%ISI%Jﬁi B.are prepared b){1 heating conventiona
ar (BT Bsbine ez dnxing excleshowdinolude three pHasast flcezisg, pfifiary

15 a in@ S inkD .i -1 \' iIgcoc/O 193
PCQ%, lugzogzs%gi%g% nt-El %‘Q ;ﬁgéég s ﬁ%ﬁvigbog'fd,s £° éﬁ’gﬁ% thes,

defpendating to ADMW AN G gt 2 Briteble abaling rat¥hBhdyererhird gryirte sRBuld be
SRR 20 SRR B0 LR SRl St brion. e
t ey WinOfhokli®e BEHBnREAT Plef @%ﬂﬁésb%v\&ﬂgbq%t’% 9C.

g Ile | ant F?e

the _heating time can be about ours,
he4iahig vacawp apdidwiption. s 80C, the heating tine can be 5

20 about 4RBQUESyith the resulting freeze-dried aripiprazole suspension are
aseptically stoppered under atmospheric pressure or partial vacuum and sealed.

Preferred injectable formulations in the form of agueous suspensions are set
out below:
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Method b is described in the Proceedings of the 4th
Japanese- Korean Synposi um on Separati on Technol ogy
(Cctober 6-8, 1996). Furthernore, the Aripiprazole
Anhydride Crystals B enployed in the present

i nvention are prepared for exanple by heatin
WOAWENEPHhal aripi prazole hydrate at 10 90- I%QEQ‘,S_NWHW
heating time is generally about 3-50 hours, dependi ng
on Phefeltned g‘artidasmihee aﬁ Allnmt IIEIOGMiteatsl (Pgeférabby ﬂﬁaxtn@MlEﬂms)

peci-ficalla.  if

_Range % way || Brefsupl Rengd % wiv

F enpperat ure nf thp

1601@ chfélerilw@-t(mnpanclbe htool® 24 HBUpd5 while

. i 1 sizhGomabputrigonbonySmaitron® i s [120C, the |heating tine

ca@)beSwmpanding3A geatifpeferdtly The ard.pipr@zol § otsytdrsat e
WhcarbosiymetHycdlilsseNe 84li)al forﬁprepari ng th

AT Pkl o o0y i, R £ B 0T 07 g TTe

p eBuffd epared ampt 5 yEthod—c
b £ hj\% (gggf?%’ Sodinit gk kod Bl o (96%15? ate :630 o%t ai ned
by7<§ g ﬁe ari p| prazol e anhydrl de cryst al s

||| IVbI. |uu ve—+t ;1 k ?tﬁ éws‘ﬁ%' ij' and
25:’ gé‘ tﬁ)@ﬂ‘%\gol %%ﬂefl g S mesds

6‘!3]““8 e hydrate ils

as—crystals in thhe hydrous|solvent An
_@n.wa@hfoymcn%m ai ni ng watleds Reededs |a|l IAs ngeded as

eT o
‘VI (l)

t he hydrous solvent. 25 The organi ¢ sol vent shoul d be

On ot P, et Wbl W b BT Bnle e AR 5 an
| sapowp Mtbir; tharakgd frome abeut i t@s)ouam oWe), pm"fexablbe;rorﬁ u&hu 5to0
a m xt

5 ¢ kBT G B AR irn ST RAN AR APt o A%y 1 FE P auhged on the

Thetaa ipesndbleotbrid@bdn. i N t he hydrous sol vent can be

10- 25%]gy %ﬁg_ ht of the sol vent, o;m]greferabl y cl ose

to 20%IByr f%rﬁm odignents. the AtipipTIERle Milbhepresenkin the aqueous

Ar inﬁcﬁbﬁ@@x‘r&lﬂ&'ﬂ)ﬁ&ﬁx‘o@ﬁc ﬁ()ﬁﬁsatb@\ht%OQO SHRL: WER 2'}5%199 E%Eulanon,

present invention are prepared by heating
of Prefeeablyr frgsn pbcatt 0@ torahout 200 mg(ni ofl forDaBe05/ 04 1937

0 ch| Uszfqgéﬁg)&%?i@?dutaﬁ‘i’o@vﬁ?etc{a% ngﬁ%ﬁ)gﬁ” o oé{ flapice gﬁg:

15

ystal's or conventl ona
ttuavc#htnoplamraamllwvsl-lydrat e A conventi onal ari pi prazol e
anhydri de crystals or

aripiprazole 100 mg 200 mg 400 mg
carboxymethyl | 9 mg 9 mg 9mg

cellulose

mannitol 45 mg 45 mg 45 mg

Na phosphate 0.8 mg 0.8 mg 0.8 mg

sodium gs to adjust pHto 7 | gs to adjust pHto 7 | gs to adjust pH to 7
hydroxide '

water for gsto 1 mL " 1gstolmL gsto 1 mL
injection

The aripiprazole formulations of the invention are used to treat schizophrenia
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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conventional aripiprazole hydrate may be used either

i ndividually or in conbination. The above crystal

forms and other crystal fornms of aripiprazole and

met hods 5 for meking such crystal forns which may be
enployed herein include Hydrate A and Anhydride

WO yW58418378 as wel | as Anhydride Crystals C, BHYPQ4(94367
Crystals D, Anhydride Crystals E, Anhydride Crystals

F, aapiprazgi¢(ppdirgivee ofe fostval tindsmanthlyli Blied injsetable formbBGEOWE

03 |, il 4 003. Lf th ] hyd
O34205A, kBRI A, 100 L TS 1

f oncroptalile aswéls 10 desired then the freeze drying
cycl e aﬂ%%l? i.nclude cooling of the fornulation to
about  -BFgPloTYing examplesseriesenigefared erpkoditmants qftheninwgntion.

5drying should be perforned at a tenperature bel ow
around OC and a suitable vacuum and duration. If the
anhydrous formof the aripiprazole in the freeze-dried
fornmulation is desired then the freeze drying cycle
shoul d i nclude three phases: freezing, primary 15
dryi ng, and secondary drying. The freezi ng phase
shoul d i ncl ude cooling of the formulation to about
-40C at a suitable cooling rate. The primary drying
shoul d be perforned at a tenperature bel ow about 0C
and a suitabl e vacuum and duration. The secondary
dryi ng should be perfornmed at a tenperature above
about OC and a suitable vacuum and duration. 20 The
vials with the resulting freeze-dried aripiprazole
suspensi on are aseptically stoppered under
at nospheric pressure or partial vacuum and seal ed.
Preferred injectable fornulations in the form of
aqueous suspensions are set out below -15 WO
2005/ 041937 PCT/ US2004/ 034367 Preferred Particle Size
of About 1-10 Mcrons (Preferably About 2.5 M crons)

- Range %wv Preferred Range %wv (1) Sterile
Aripi prazole - (nmean particle 1 to 40 8 to 15 size
fromabout 1 to about 5 mcrons) (2) Suspendi ng Agent
(preferably 0.2 to 10 0.5 to 5 carbox eth 1 cellul ose
Na salt) (3) Bulking Agent (preferably mannitol) 1 to
10 4 to 5
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(4) Buffer (preferably sodiumO0.02 to 2 0.03 to |
phosphate) (adjust pHto about 6 to about 7.5) (5) pH
Adj usting Agent (preferably As needed As needed

sodi um hydroxi de) (adjust pHto about 6 to about 7.5)
(6) Water for injection As needed As needed The

VB R9PBHEY 0l e Wil | be present in the agueous PEIER0UHBE67
formulation in an anmount within the range from about
1 to about 40% (W V), preEXANMPLESrom about 5 to 5
about 20 % (wv), and nore preferably from about 8 to
about 15% (W v), based on the total injectable

formul ation. In preferredpgagpiggnts, the
aripiprazole will be present in the aqueous

i nj ect aBnaripiprazole anipcirble GMdPepet) dqudonpsnspbusian GO0 trg

3 padieien-Pes e R R e LT O Y10

Preferred individual dose i njectable formulations in

oo aRLPHAE AL ot Cros B RENS Rk 1Y Naprda oG

m cel Auiuex%gmﬁan%h%eréén Hyarﬂ;%pr%l & ad ke &@8&@59%@

nE sodiumgs to ad gs to
ad M]l:f ("Bimetl@h Aqmamtfa@@t]edj by %ﬂy AoBachoffgml A@(mechmﬁabnk

fog gs to 1 nL gs to 1 nL injection The

Oarl B%Ersg‘?%flﬂ&%r mul ati ons of the invention are used to

tr eat ST ﬁﬁpshing ingaedichfs wdrel addet ad £ 8L diasOjaddted $d46d) ndSntained

bi and denentia in human patients. The
prgtf {:é—'ég gjg 'g’émérﬁﬂl AR HTISPIISonh ect abl e

for mul apligiBsz6f the invention will be g %I ngl e
injection or nmultiple injections contal nihg from about

- 100 t o Gubetymedyleglulose, Sodium Salt 7L2P 9.0 g

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

The primary suspension was mixed at 500-1000 rpm for about 0.5 hour and
20  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:

Grh}_ding container: water jacketed 0.6 L stainless steel vessel :
25 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

30 Milling time: 6 minutes
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-16 WD 2005/ 041937 PCT/ US2004/ 034367 ari pi prazol e/ nL
given one to two tines nonthly. The injectable
formulation is preferably adm nistered

i ntramuscul arly, although subcutaneous injections are
acceptable as well. The foll ow ng exanpl es represent

WS048 enbodi nents of the invention. 5 -BGT/Y§3004/034367

15

20

25

30

2005/ 041937 PCT/ US2004/ 034367 EXAMPLES EXAMPLE 1 An
ari pi prAﬁaIaesmgﬂd;&eimhh@ @ sithple pOthy progessad Suspesa waBmoved

e iaaiz B hre B AR PR e kP RS Gatering
PRERAGER;iZ YoiddEbtfdn Mralyh G ThE phticl O RaE dbe¥initleR to have a mean

di spersion of aripiprazole was prepared using a
DYpmlclse sizepf2.5 igrons (KDindAhe follnwingpanicle dizpydivitibitjond. 10% <

f G [ f [ I t | and) .
B 0Bt TRt B D0aies 2 Padhn e 5720 bt "o as.
J ac ket ezl5 il Ssiehe dBBIuBpdASIIn vate AbSEchIlyH(Sd fnfb §teriliRed vials
sterile primary suspension: Aripiprazole 100 g

Cahishyiees the @sépt;callbgaénalgcﬁénmme@aaltb stmlzmcbstep@rs {Fhe vials
Ma e :
Sod iSRS HR R R andRAPRA ot b,
V\atfcéloninycytln] ection, USP q s. to 1040 g The primary
suspens on was mxed at_500-1Q00 r 0.
Ohour an® SSRGS oeeabBroR At AP e dbi L Padieap a
howoo(g@(g}eaneg_gg, Wig (+ 5"Hg) vacuum The nedia nmll was
prepared accordingly for the media nilling process.

The gr(hdicng thegondénsento V\ﬁgcpabtlpwl ly filled with
zi reoni &:Sn %)r<i|m%16y ak}}g adle%réld c}} 0 %ér pregure% appr0x1mately 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 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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5 di

was passed through the mll operating at the follow ng
conditions: Ginding container: water jacketed 0.6 L
stainl ess steel vessel 25 Coolant tenperature: 15C

(5C) Agitation speed: 2500 rpm Gi nding nedium 500 nL

of very-high-density (VHD) zirconium oxi de beads

VO 364198 flow rate: 10 L/h 30 MIIling tinkCT/BS2004/034367
m nutes -18 WO 2005/ 041937 PCT/ US2004/ 034367 After a

si ngl e PasPotish filten the asipipearpleesobiftiontistoprinidtss efdsel and maintain
sug jon was renoved and eval uated for particle size

di stribltion using Horiba LA-910 Laser Scattering
Particl® Sippgstisd bEULL Watef RS hYABEr-holdiEs RRL 5&4 ft 0 80° C.
were deternined to have a nean particle size of 2.

m cr ons*() Papg thwsipipsadotssohgiopahtongh e 092dech diameter nozzle at

Dt on: . 10% E 0 4 .
S00221 “Ebth Bkt St 4o yatermmesd a0 25 inprgen o

t h@.02 ek diatnes aoaln fval crpseiiling@ivhichfid ddiRted B £
steri.lized vials which were then aseptically
pal{R2gemenkyesisher ed with sterilized stoppers. The

vials #ereasehtd r . fr. rve .
and | yophi | ig?ed@gcrggﬁid?éﬁ&ééd?dﬁ%tﬁleﬂﬁfyo#ﬁgﬁlﬁrggﬁ%% Pg‘:re\éﬁf%wme
( ajonfiequsky|trapsfemingiie a rdceivere main@inct caubstanthOBima/@rthe

loo'ﬂﬂphoéﬁglgﬂtdve&%-p at -40C for at least 3 h, (b) cool

thec nser to -50C or below, (c) primary drying:

| ower ohanide thefené ssimpingemeAPESEtheEHY 3h thO Reciver t8 Rom
Hgt and jncrease product tenperature to -5C over
appr8XitWEtely 2 h; continue 15 primary drying at -5C
and 1007.m gnePtekldor at |east 48 h, (d) stopper the
vi al s under - at nospheric pressure or partial vacuum
usi ng &t ePry tepyet ¢ake 8358 € wider samumetotyicddifig 000 & (96%

s LORESR A i SFkhptghe U Diog Bl oPr ot

20

25

The 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 71.2P 90¢g
Mannitol ' 45¢g
Sodium Phosphate, Monobasic 08¢g
Sodium Hydroxide Solution, 1N q.s. to adjust pH to 7.0
Water, USP q.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.

-20 -



An ari piprazole injectable (TM Depot) aqueous

suspension (200 ng aripiprazole/2 nm., 200 ng/vial)

was prepared as follows. AR Pl PRAZOLE M CROSUSPENSI ON
PREPARED BY 25 | MPI NG NG JET CRYSTALLI ZATI ON A

m croparticul ate di spersion of aripiprazole was

YR 98PEBB7usi ng i npinging jet crystallizati RCT/HHRE04/034367
foll owi ng procedure was enployed to forma sterile

bul k ar Ti sxrde Ssgsnsioh wasHSRRIE cdindakticledhaling héR biticle size
in 2000 nL of 95% et hanol. Heat the 30 suspension to
80°1C--2 AtiFrPns and thecfgliesing particls sizepfigiipelien: - 19 WO

2005/ 041937 BeTl/ US2004/034367 2. Polish filter the

ari pi prazol e solution’into a hol ding vessel and

mai ntain ats08) <€ 3. 1Bokish filter 2000 nL water to
anot her hol g7l ng vessel and heat to 80 C. 4. Punp the
ari pi prazol 3% ot i on3t3h‘|’"ough a 0.02 inch dianeter
nozzle at 5 5 _kg/ m nd inpinge it with the 30 C
wat er punpe Zotz 5k25nEgr;9/l?n n through a 0.02 inch

di aneter nodbbe o foffdm crystal slurry which is

col | ect i.n an _inpingenent vessel. 5. Agitate the
newl y f’gg Hﬁg‘)@?wpi? S‘?%Eﬁ‘%“i}‘ Vre errpticalitiisd dua steglizdayials
WhivhRh wedthéduieptically paraaly bphersl with §t6ridzel %ﬁg&ggf Thévials

mai ntain a constant volune in the 10 inpinge
10y ewasiasepticallytrapsferredia oftedzagiveyenddsiophiliasd lacending kathe y

I N3 Lver to room tenperature. 7. Filter the

sl urryfr{ggc?aBy the wet cake at 35 C under vacuumto

yi el di n@) 1@@ngal((268hent:5freee Pratuy) atof0°ardvet PN AZ0OARI Rekp b
reduc particle size (90% < 100 m. The foll ow ng
ing@e@?‘liﬁféai}iélhe added to a 3L glass jacketed vessel

el Pt a1 @99 codfhekBudraQ ol SodcouRefys o111 €, primary

suspensi on: Aripiprazol e (prepared’by inpinging jet
15 (c) primary drying: lower chamber pressure to approximately 100 microns

5

Hg and increase product temperature to -5°C over approximately 2h; 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,

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

EXAMPLE 3 (Animal PK Data)
A. Single-dose I.M. depot study in rats .

25 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 I.M.
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

30  vs. time profiles of aripiprazole in rats.
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crystallization): 100 g 20 Carboxynethyl cel | ul ose,
Sodium Salt 7L2P 9.0 g Mannitol 45 g Sodium

Phosphat e, Monobasic 0.8 g Sodi um Hydr oxi de Sol uti on,
INg.s. to adjust pHto 7.0 Water, USP g.s. to 1040 g
25 The steril e suspension was m xed at 500- 1000 rgp
WBR58H337 0.5 hour and then at 300-500 r pm BEHURPP4/034367
addi tional 1 hour under 20 "Hg (++ 5"Hg) vacuum -20
WOB20058iadlk4lase FVILIdépaidvididddigs The sterile

suspens onwasfundtocnt artlcl S. havin r_ren
Srt | o) R aech o S dBed: oA Righ g i Exbmple

an a6 ifectdddmo e hi }hﬁﬁé f fivé Q¥ s Mlnthles F¥ontalek) & doses of
D TR0 S e n g onp < Tgep v miales R Cnles) o ddses o

abQ® 28¢, @p@ﬁ%q B& Ré@(éi sa@@bs farahg gvajuatipwef systemic exposure after

St
5 o8 b AELME Burde alilfitali] GellBeARERduGeh (1 apd 30 minutes,
vi ands1, 31ﬂldvﬂeh ppsaisepl, el y0,115 2225 DRrite ahd42 andfanalgzed for

er. noi zed according to the foIIovver;

G apds. HEBE pshors BRan BRma fansea B i EES RroMTes o6
ovaﬁ pifradoldinogf)d keep at -40C for at least 6 h, (b)

cool the condenser to -50C or below, 15 (c) primary
drying: |ower chanber presBEmrofilssapproximately 100

10 M Cronsye %gga%ofg a?@%&u&rc%g%haﬁ&mﬁé g‘lt glpesia%egshg?'g 5C

over approxi 1, continue prinar
andramlwallmm Figris Pkf@Pﬂmeolataqﬂle@as Susp&stvps slweststzpdyesenton e
partl al vacuum

usﬁ?{ﬁen 5%? fq%tét ﬁﬁsgr eee%s g’rtg ermve fromthe

freeze Meatedripiprazole dogs’ serum concentratlon-time profiles are shown
- graphically in Fig.2.
15  Aripiprazole aqueous suspensions showed steady serum concentration for 3-4 weeks

in the dogs’ model.

EXAMPLE 4 (Human PK Data)

Single-dose I.M. depot study in patients

20 Aripiprazole LM.. depot formulation prepared in Example 1 was administered
intramusculatly to patients diagnosed with chronic, stable schizophrenia or
schizoaffective disorder at. The study design inéluded 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

25  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

30 release and sustained release for at least 30 days.
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20 (e) seal the vials with the appropriate seals and

| abel . EXAMPLE 3 (Aninmal PK Data) A. Single-dose LLOYD WISE

I.M depot study in rats 25 Aripiprazole I.M depot
formul ati on prepared in Exanple 1 was injected into
the thigh nuscle of fifteen rats (Mnmales, F-fenales)
at doses of 12.5, 25, and 50 ng/kg. Bl ood sanples for
uation of system c exposure after aripiprazole
.M depot adm nistration were coIIected on days 1 (6
h postdose), 2, 4, 7, 10, 15, 22, 28, and 43 and

anal y&%@nﬁ@l[ed%le%e%@rﬁ@ Iaﬁﬁgfdzgférlﬁ e&aﬁl@?wﬁ?m}l th@ﬁ WBon

concentrations 30 vs. rofiles o I pI prazo

gﬁe&%h %ec:jleas%éL ?XQP%%QI%/ oQ/étl$ g%lodcglyapé%gtod'/ %eAéE hlﬁg goxalprlses

dogs e aripi

|ntra scul ar ot formJJatl ed in
Exany Rlp\a%weﬁ% e pasticlRgizE Af ghpuulde D mproiy o
dogs §$nag % enales) at doses of 100, 200, and
400 agepisl Beisire®d or the eval uation of systenmic
exposure after 5 aripiprazole I.M depot

adni niics tyaigrifominigetian.col | ected on days 1 (10 and 30

m nutes, and 1, 3, and 8 h postdose), 2, 4, 7, 10,
15, 22, 28 36, and 42 and anal yzed for aripiprazole

EI gur S g@ﬁfgﬁoggégefmea?%la%%gl(:@ﬂérgﬁﬁal v 0 Iﬁ?@ %0[&8‘1%% 8“6 or

profl ar i razole™in

ar| %ﬁ %ﬁple rafs' serum concentration-time profiles
&8ss rcal ly in Fig. 1. Aripiprazol e aqueous

suspen3|ons showed steady serum concentration for at

| east 4 weeks in the rats' nodel. Mean ari pi prazol e

gogs' A%@ﬁ@mesaqeréswar@sprafblé hﬁ&tﬂ@fdnln%naﬁ S/HAOWdN injection
graphically in Fig.2 |p|prazo e aqueous

iR Pse‘r%é‘%?‘%é&%hfé’g%‘?% B o)

Si ngl ("?15 gﬁﬁ%r&zoi\él ha@ mgénu]géf‘tlclg sﬂ%g f eb ut 1 to 10 microns, and

(b) a vehicle therefor, said vehicle comprising;:
(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 wherein the aripiprazole has a mean

particle size within the range from about 2 to about 4 microns.
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20 Aripiprazole I.M depot fornulation prepared in

Exanple 1 was adm nistered intranuscularly to LLOYD WISE

patients diagnosed with chronic, stable schizophrenia
or schizoaffective disorder at. The study design

i ncluded adm ni stration of a 5-ng dose of

aripi prazole solution to all subjects foll owed by a

i ngl Bnaifosmulstion s desd 1aclairs 3 viorein dheceriptparaje baya mean
patient. Sanples for PK analysis were collected until
partislkewiz®f abortend madroons of ari pi prazole were |ess
than the lower limt of quantification (LLQ for 2
consecutive visits. Figure 3 shows nean plasna

Bio; ol PmilRfon S i (s Ghyteoe o FiBao P amaol ot

subjects 4 and 5 who received, 50 ng of I M Depot. In
swtmélsééee avers oawenkdo sowsreekipsvieds showed a f ast
onset of 30 rel ease and sustained rel ease for at | east

30 days. -22 LLOYD WSE CLAIMS: 1. A controlled
bel eaf}?e ﬁhﬁﬁia 18n Q{ hé’ﬁd%?ﬁ? Ol fim! T¥nGfid Ao h%here
whi ch Ion releases ari plprazole
peri t one which ¢ i ses:
s ‘%? 0 ket i AR Bl oG e a%ngsém%e by o
11&u ﬁ fons, 5 (b) a vehicle therefor, and (c) water
tit fectlon 2. The fornmul ation as defined in Caim
1 wherein said vehicle conprises one or, nore
sus pethaithfgsuaprnding aggnt ia PSRty RN aprOpR) VidliB the range from 0.2 to
aripi prazole injectable formul ati on which upon
abguedPY¥on 10 rel eases ari pi prazol e over a period of
at | east one week, which conprises: (a) aripiprazole
havi n@) shenedkinpap¢rtds presinz én af aradumt tvithid the Téhgei feonoabout 2 to
and (b) a vehicle therefor, said vehicle conprising:
GBout 00%, or nore suspendi ng agents, (2) optionally one
or nore bul king agents, and 15 (3) optionally one or

mor e QykEEhitRY iSRS in Aol WwithEH BE rirpe tddh 855ut 92 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.

10.  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.

11.  The formulation as defined in Claim 3 which upon injection releases aripiprazole

over a two to four week period comprising:

.24.
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4. The formulation as defined in Caim3 further

i ncludi ng a pH adj usting agent.
defined in daim3 in the formof a sterile

6. The formulation as defined in aim3
wherein the aripiprazole has a nean
Wi t hin the.ran?e f rom about

L LOY{a)\rgpiprazo

suspensi on.

e

5. The fornul ati on as

LLOYD wiISE

20 particle size
[ 2 to about 4 mcrons.
g meRrbpardele sige @babaved 1o A0 erierons,3

-23

wherein the aripiprazole has a nean particle size of
about (b2 c&bpkymethgl cefulose er ftosadidnasalon as defined in
Claim 3 designed to rel ease aripiprazole at a

cont r(@) hednitalt e over a two week to four week period. 5
9. The fornmulation as defined in Caim3 in the form

of a @yspdinsi phospiaes ©:adjUsepHibebait 7pi prazole is

pr esent

anoun
ranggai
pr esent
t o about

t he

% bei

suspe

a0

ron1§€%ﬁ¥kgbfo

R

about

in an anount within the range fromabout 1 to

about (e @fbiondlly sbi@nBMaRENEE R

abRESEM i n an
w thin"the range from

10% 10 (c)

$ present in an anount within the

ht /vyl ninmne ha
TC 7T vV OIT Ul

about 10% (d) the buffer
in an anount within the range from about 0.02

2% to adjust the pH of the suspension wthin
e rHrgferhulativabodéfinedtin Cnautl coniprishg|

i s

of the above

ad an tha val yunn nf
LA™ v U UTTo T

g y

NSiprazold 5 1

N 04 hv wai oy
77U L\AAYAL 3

Claim,3 wherein t

car bdg
hydr g
hydr g
cel I U
i'S NH

sor bi

pot ag
forml
rel ed

conpr

13.

AHREANCAN |
apicbpsike cel
l)%eﬁtolp%l R hy

0se, or  po
ARICEAES | sucr

L TA T xw

D. The for nul
ne suspendi ng
Ul ose or its
WWmmg, car bd

cel | ul ose,
yvi nyl pyrro
pse, mal tose,

CTUOU—OUTri—¢C

ation as def
agent is

sodiumsal t,

29oretghy|

i done,
| act ose,

cel400imge,
hydr oxypr opy| net hyl

t he bul ki ng agent
xyll it ol

i ned in

or

tol—amnd

Icallulose as de

P PHEChal o

buffer
TRI' S bt
Fined in Cai

s sgdiumphosphate;
20 11.| 4,
m 3" whi ch upon 1"'nj ection

fof RY -

Ses aripipra

imagndfol _ o4 |

7ol € over a
| OYBBW SE

two to four
45 mg

WEEK peri od
45 mg

Na phosphate

0.8 mg

0.8 mg

0.8 mg

sodium
hydroxide

gs to adjust
pHto 7

gs to adjust
pHto 7

gs to adjust
pHto7

water for

injection

gsto 1 mL

gsto 1 mL

gstol mL

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.

14.

The formulation as defined in Claim 1 wherein the aripiprazole is in anhydrous

form or in the form of a monohydrate.

.25.
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(a) aripiprazole having a nean particle size of about

1 to 10 mcrons, (b) carboxynethyl cellulose or its LLOYD WISE
sodiumsalt, (c) mannitol, (d) sodi um phosphate to

adjust pHto about 7, 5 (e) optionally sodium

hydroxi de to adjust pHto about 7, and (f) water for
injection. 12. The fornulation as defined in Caimll

tonpr Tha fegmulatipp ppdefingrdn Rlaimnlg wheseiahqrriniprerele 43 inghe form of
of 100 ng 200 ng 400 ng about 1 to 10 m crons
dsipipysapheAhbydrgied"r9stgls Sheor Adpiptazblsddydratari.t ol 45 ng 45

nmg 45 ng Na phosphate 0.8 ng 0.8 ng 0.8 ng sodiumgs

to adj ust qs t o adj ust qs to adjust hydroxide pHto 7

to, 7 ter ection
P APl e ap ' Ghed g b Epaie pmiion fhice”
Claim4 which permts delivery of fromabout 0.1 to
BR800 ng of aripiprazole per | L of suspension.
10 14, The fornulation as defined in Claim1 wherein
t he al@) pripipzazelechaving mmgahpadtidla size pbabavsd to A0 mHerongrand
of a nonohydrate. 25 LLOYD WSE 15. The fornul ation
as defb) meehicte thkmfan 14 wherein the aripiprazole is in
the formof Aripiprazole Anhydride Crystals B or
Mhighi fprmaziatien by cbihetitAtion with water forms a sterile injectable formulation

which upon injection releases aripiprazole over a period of at least about two weeks.

17.  The freeze-dried formulation as defined in Claim 16 wherein the aripiprazole has
a mean particle size within the range from about 1 to about 10 microns which upon
constitution with water and injection releases aripiprazole over a period of at least about

three weeks.

18.  The formulation as defined in Claim 16 wherein the aripiprazole has a mean

particle size within the range from about 2 to about 4 microns.

19.  The freeze-dried formulation as defined in Claim 18 wherein the aripiprazole has

a mean particle size of about 2.5 microns.

20.  The freeze-dried formulation as defined in Claim 16 wherein said vehicle
comprises:
(a) one or more suspending agents,

(b) one or more bulking agents, and

.26.
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16. A sterile freeze-dried controlled rel ease

aripi prazole fornulati on which conprises: 5 (a) LLOYD WISE
ari pi prazol e having a nean particle size of about 1 to

10 mcrons, and (b) a vehicle therefor, which

formul ati on upon constitution wth water forns a

sterile injectable formulation which upon injection

r el edekenapr ppysrfsriagegents.a peri od of at |east about

two weeks. 17. The freeze-dried fornulation as defined

in Claim1lé6 mherein t he aripiprazole has 10 a nean

rti Sjz the r .ab to out
B8 1 THeTrlzE Rt S nAeeR o SPEedih ST 4 el o BREHY ot
i ction releases ari pi prazol e over a period of at
?£Q§Pg£§83t three weeks. 18. The fornul ati on as

defined in Caim16 wherein the aripiprazole has a
mean particle size within the range from about 2 to

POULTHE fideoE ARSd f(;rﬁlujreﬁlon-lz_i@ efiRRBATISN 8¢ &Iﬁé%}gcﬁlt do‘ﬁE‘tltutlon

as defined in Claim18 wherein the aripiprazole a
RS A A B B et e

wherei.n said vehicle conprises: (a) one or nore
UL ng agents, 20 (b) one or nore bul ki ng agents,
and 26 LLQYD E .(c) one or nore fferln agents.
21. TALAHPREZE ei}alvg@ FIBFANRALTIE ﬁlZ%@P F e 1 Aesonnim
20 further including a pH_ adjusting agent. 22. The
f r eeZ® grbeyymefhrhaclilosponiss wdiumeall,i n A ai m 20, whi ch
upon constitution 5 with water and injection rel eases
ar i pi(oy meohidolpver at | east about a three week period,
conprising: (a) aripiprazole having a nean particle
si ze (dj sediomtphbspimteltd adjust piise abdupy, aalr boxynet hyl
cellulose or its sodiumsalt, (c) nannitol

(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

in the form of anhydrous crystals or is in the form of a monohydrate.

25. The freeze-dried formulation as defined in Claim 16, wherein said freeze-dried

formulation is in the form of a cake.

26. A method for preparing the sterile freeze-dried formulation as defined in Claim
16 which comprises the steps of:

(a) preparing sterile bulk aripiprazole having a desired particle size distribution,
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10 (d) sodi um phosphate to adjust pH to about 7, and

(e) optionally sodi um hydroxi de to adjust pH to about LLOYDWISE
7. 23. The freeze-dried fornulation as defined in

Cl aim 22 which upon reconstitution wth water and

i njection rel eases aripiprazol e over about a four week
period, 24. The freeze-dried fornul ation as defined in

C ai rib2 BrapaBRp Atetiltevehidlpfostheserde pulk arpiprazaleie f or m

of anhydrous crystals or is in the formof a

monohyd cambinimSsaid$terile asippeazdtd and shisk sterilatvelinleas form a sterile
defined in Caim16, wherein said freeze-dried

primaryl sapemsionsvhich ineldeos seerfe mixaak ef skls, A et hod f or
preparing the sterile freeze-dried formnul ation as

def i n@yl rdducinlgahéinedOpaitieRize @it SREild Mk tele@FSolids in 281d sterile
(a) preparing sterile bulk aripiprazole having a

ShFyesRAkion G it e Yardle RV AR 1 to aBdut 10 ANBrok §E{(orm a

b) preparing a sterile vehicle for the sterile bul

bR RLRLR gnsi(fnc)m&onbi ning said sterile aripiprazole
anél sald sterilé vehicle to forma sterile primry
ster

' Lch dnel ile n f solids,
R G e N G A R

'xtéhg of solids in said sterile 5 primary

gﬁ@ﬁ Pon to within the range fromabout 1 to about
10 mcrons to forma sterile final suspension, and
(e) freeze drying said sterile final suspension to

bor mthenthsga8adeddn Clam™d @hdroR thdstep Eﬂ“%dﬁah 8 Aan
d 26 th reducli ng the

efined 1n Calm wher el n e step of

P%ﬂglg Ijs%eg)?éﬁre: ﬁ%erﬁf) ﬁl%@l}‘é;ég Jollfs fiGld thrilgigéh%i;}g salgi)%rﬁs?clﬂ ig Rarried

uspension I's

enpl oying wet m.lling. 28. The nethod as defined in
@I‘tae'lrrr‘ﬁf%g%\ﬂgfg’lﬁ:lfng'he wet mlling conprises wet ball

mlling. 29. The nethod as defined in Caim26 wherein
said freeze drying step is carried out 15 by cooling

boe StIRfmhbBod bAfiredSR MY WRersiRALE wedBRiAS EorHpidcl Yvet ball
said cooled sterile final suspension at bel ow about

BiinkC formfreeze-dried aripiprazole in the form of
I'ts

29.  The method as defined in Claim 26 wherein said freeze drying step is carried out
by cooling the sterile final suspension to about -40°C and drying said cooled sterile final
suspension at below about 0°C, to form freeze-dried aripiprazole in the form of its

monohydrate.

30.  The method as defined in Claim 26 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

.28.



nonohydrate. 30. The nethod as defined in C aim 26

where the freeze drying step of the sterile final LLOYD WISE
suspension is carried out in three phases: (1) a

freezi ng phase which includes 20 cooling of the

sterile final suspension at about -40C, (2) a primary
dryi ng phase which 28 LLOYD WSE is perforned at
isgiceiarmeshaitbeby abawi 0{@)and (3w ensardayy dryjngphase adichiippetformed
is perforned at above about OC, to form ari pi prazole
ptrebavhgletnid 08C fto fonm &dpiptagele i antydrdusfomm.at i on as

defined in claim3 for the preparation of a nedi canent

for the treatnent of schizophrenia. 5 32. The use as

i oS TPl n g8 Beioen i S U Bt of agupdicament

for the treatment of schizophrenia.

32. The use as defined in Claim 31 wherein the formulation is administered

intramuscularly or subcutaneously.
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