PROCESS FOR MAKI NG STERI LE ARI PIPRAZOLE OF DESI RED
MEAN PARTI CLE SI ZE FI ELD OF THE | NVENTI ON Thi s

W(am!)BAmmﬂo on clainms a benefit of priority fronP@r/BS2004/034634

10

15

20

25

30
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particle size within the range from about 5 to about
1Gashonerweek, ormre preferably from about 10 to about 90
m crons, (b) preparing a sterile vehicle for the
sterile bulk aripiprazole, (c) conmbining the sterile

bul k ari pi prazol g AORGRISUSDAOF TeI/RNWENEION form a

sterile primary suspension, (d) reducing the nean
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forma sterrl reeze-dried suspension of
aforpiipg techjectoble desimaibm sthjctoinphides thestep¢ afhydr ous,

nonohydrate, or a nix e of both rr.

The andbo Hispins YOIE B SR bicrso§ Boighe ddheSia particte
aLi;R IR RIOR ah@iBdh ?Eu‘ti‘éﬂa sizd witBin"tBIknE& gt ®out 5 to about 100
everything be sterile so that sterile aripiprazole and
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steril ?b > US SQr?rllgoan stgr?l% Vteﬁt%ie gop ﬁuessge?’{lé lbl%k aripiprazole,

(c) combining the sterile bulk aripiprazole and the sterile vehicle to form a

sterile primary suspension,

(d) reducing the mean particle size of aripiprazole in the sterile primary
suspension to within the range from about 0.05 to about 30 microns, to form a final
sterile suspension, and

(e) freeze drying the final sterile suspension to form a sterile freeze-dried
suspension of the aripiprazole of desired polymorphic form (anhydrous, monohydrate,
or a mixture of both). \

In carrying out the above method for preparing the freeze-dried aripiprazole
formulation, it is required that everything be sterile so that sterile aripiprazole and
sterile vehicle are combined aseptically to form a sterile suspension and that the sterile

suspension be freeze-dried in a manner to form sterile freeze-dried powder or cake.
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suspensi on be freeze-dried in a manner to formsterile
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%eksﬁﬁratﬂﬁf itk r8pid QucledtidnS 1A G¥AFIRBRUNEraLE cﬁ@ﬁéﬁs&é"@f the
hi ghest possi bl e concentration of the aruglprazo e

r ammpmbmtdeonam mltmgcﬂemsupﬁmtmé frepsing temperature of
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di scu d above, the particle size of the aripiprazole

nbhoésyﬂmheweﬁ@@mnﬁMﬁmmcnmmﬁl In addition, a narrow
parti cl SIZ r|b tion is needed. tp.mai
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a broad particle size d1str1but10n w111 be obtained. Thus, it would be advantageous to
employ a technique for preparing sterile bulk aripiprazole which can reduce particle
size of aripiprazole to 95% < 100 microns with a narrower particle size distribution
than attainable employing batch crystallization.

U.S. Patent No. 5,006,528 to Oshiro et al. discloses 7-[(4-phenylpiperazino)-
butoxy] carbostyrils, which include aripiprazole, as dopaminergic neurotransmitter

antagonists.
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crystals. U.S. application Serial No. 10/419, 418,
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6 QL0 O6f srhdll @§stdRnhuary 9, 2003 entitled
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0 L yt.i.on and. i ntr.oduci t he atom zed sol ution .
S SRR B P s bER aP G ReR el St onemploving
S @bitdtdATo Pridd Wadsdni EREdY i RS REHHENiate Wikiifilly Qﬁﬁ?i@h% fluid
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U.S. application Serial No. 10/419,418, filed April 21, 2003 by Chenkou Wei

(attorney docket TUS8 NP) which is based on U.S. Provisional Applications Nos.

60/376,414, filed April 29, 2002 and 60/439,066, filed January 9, 2003 entitled

“Crystallization System Using Atomization” discloses a method for crystallizing a
pharmaceutical by atomizing one solution and introducing the atomized solution into
a vessel containing a second solution where the solutions are mixed to form a product,
which does not require post-crystallization milling. This application is incorporated
herein by reference.

U.S. application Serial No. 10/419,647, filed April 21, 2003 by Chenkou Wei
(attorney docket TU59 NP) which is based on U.S. Provisional Applications Nos.
60/379,351, filed May 10, 2002 and 60/439,057, filed J anuary 9, 2003 entitled
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U S. application Serial No. 10/419,647, filed April
21, 2003 by Chenkou Wi (attorney docket TU59 NP)
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January 9, 2003 entitled 3"Crystalli zation Syste
thMg@ Aystem; Ysing Hogwperiaaiion” disslosessa Pf@PeSS for crystallizing a

?{3%,1%'81:11“%{%%% fs% adl E‘%tcsqutl%EItagﬁ % ceoinélgn ?Rfl 'vah%fen% the first solution

S @sl MbinRdiafd aftRAuEeina Esdcbhd SuERd ahd iR aforfe6@Bstution and
solution, and the atomnm zed sol ution and second

s otaoni splutipe angintigdd toformrthe preduglr ddiscapplivation is incorporated
IlcatlgﬂFls i ncorporated herein by reference. BRI EF
R THE | NVENTION I n accordance with the
present invention, there is provided a process for
preparing sterile bulk ar|p|prazole of desired snal
particle size &R ‘ ( & N ﬁkutlon

fer abl : . t
bout | ToeeniGrng: tﬁﬁh aﬁf?é@%&ﬂa@?@ﬂ% LS BT S o
ergtFerpg{]ﬁg stMe%lli ﬁ?ﬂlﬂﬁﬁ@le folp @es‘ﬁteﬁ @ﬁlaﬂfpartfc?e) st S SRSy fParticle

ream of a solution of aripiprazole in an organic
s ez distribypioef prcﬁ:ﬁlb}ty kahagal avqnagf;mtaﬂﬁ gazdnbas hdn aboust 100

SRR Y P GAToaPk o P8 FUPREN y i BFIoAgp e Riepg of
capabl ga[ o Pfo(}id‘iﬁgf‘& EA Qtr%]'h?&f DiJIAAPSF a?%»l ]f/i*ﬁio‘i’é B #Z&%&hic solvent,
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ate; and recovering cr
aturpulpmc&zam teirpoitof dmnpict, ath jie streaa having kufifiaicht hear velocity to
size and narrow particle size distribution. Prior to
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| fiels U. S. Patent No.
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Prior to step (d) ultasonic energy may be provided, by means of a sonication
probe, as described in U.S. Patent No. 6,302,958, the disclosure of which is
incorporated herein by reference, the tip of which is positioned within a gap defined
between the two jet streams, to cause the impinging jet streams to achieve high
intqnsity micromixing of fluids prior to nucleation.

In addition, in accordance with the present invention, a preferred process is
provided for preparing sterile bulk aripiprazole of desired average particle size of less
than about 100 microns, but preferably greater than 25 microns, and narrow particle

size distribution, which includes the steps of:
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intensity mcromxing of fluids prior to nucleation.
In addition, in accordance with the present invention,
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sebputPdfo of thestysials lanimggypantigle bige frse tadd @0 nIuyrquans of

a soni a.tl t‘? @2 as. descri be abov]ﬁ1 t.he %@g ? i
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achi eve high intensity m crom xing of fluids prior to
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b DI B ol L B B o Sl gRE LRl Bt e
| nvent iTaB 4BSvedR6&sicR eshyaIQVS: &H}ﬂb?é(ﬁtol Répadd EQRAR otfiftprazole

monohydrate having an average particle size of less than 25 microns.

The processés of the invention as described above employs jet streams which
impinge on each other to achieve high intensity micromixing of the streams to enable
. formation of a homogeneous composition prior to the start of nucleation in a
continuous crystallization process. Nucleation and precipitation are initiated utilizing
the effect of antisolvent addition on the solubility of the aripiprazole in the solvent
therefor.
The sonication steps disclosed above are carried out as descriBed in U.S.

Patent No. 6,302,958.
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nucl eation in a continuous crystallization process.
Nucl eation and precipitation are initiated utilizing
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i npi ngi H@ pfcgpss&f);]éq %qut%qngﬂo%q,lg&)é%n%pt Plﬁ’étaﬂlzatlon technology,
| oy S{E{h@@ of WARthAS ega]%,ﬁ 0h (7. RePAEMAW. '503‘149568't8!/§1d1er etal.

i mprnging jet crystallization technol gy, an exanple
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The acconpanying Figure is a schematic representation

of an inpinging jet cr st aII | zat| on of ocess fI ow

di agram used i nBXe IR ' 5

S A A i

crystallization process flow diagram used in carrying out the process of the invention,

which includes a crystallizer vessel.

DETAILED DESCRIPTION OF THE INVENTION

The process of the invention is illustrated in the following reaction scheme: .



The process of the invention is illustrated in the
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size 95% 100 mcrons) In carrying out the process of

t he i nyéhtiron)y | ow pyrogen ari pi prazol e startgng
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desired Enaﬂydr at e fehsolm@m t he i npinging jet J .
crystal | izZgti on pr ocempirgigidierystaiaiéd on. The preeess

of the inv

ntign enploys two jet nozzles to creafe t

i mpi ngi ng " Streans to achieve high intensit

m crom Xi f the streans prior to nucleation
formation of @ystals of aripiprazole nonohydrat&. T#He
two i npinging jet streans should be substantially

di amehydrélatiyipeppesed to one anot her wi t hatifiprafdz@bdBydrate
di r ecsrdid ntoooHydmee) each ot her. The j et nozzl davewdgk barficde size

al i gned and positioned so that the fluid stPEagt00i¢rpns) ;
i npact head-on and will inpinge. Wien the jet nozzles

are properly aligned and appropriate flow rates

chosenpn ¢ iﬁ%‘@ut&hé Eﬁi&éss\/«\?jf kthe hOEMOR, PWAPEO ipiprazole starting
I mpi nged. Each of the process streans, nanely the

amatérp dsxsh@oyaddarcnsure dhap thetstestle expipeaadletdiglesired particle size will
anti-solv treamw | l. be sterilized. To sterilize

¢ R PraBenf oMb umario e <y e e g et tne
Pahhyaitods! bk be theaNhduyaRtesfofhl ERthéd hb@figiwihyielddhe @ddired
appropriate size filtér, such as a 0.2 mcron filter.

Tivonahydratefernn fronsihe émpinglngeterisgallizationmeocess obihe invention.

el evat t enper re, for ex | e, .apout.80 C t e
ot event T PEEER 4Pt Bivenfi R B Sia B e risd e isplsdrp ippinging
Ofiet 8BEdINSR! ddhicQ® hAhanehasatichenikial ofkhe RifeatiRior @ nucleation
will crystallize upstreamof the inpinging jets, and

2 pnd fdriati pre of crysipls of atipipsazolsrmendhlydiage. dBheewopapinging jebstreams

 TBAREb gkl SR EAGRH P MR B e

L uwéfagg t@?&éﬁktﬁé}?ﬂi@ 26t H62 13w beta® ghdiart psttioRbd so that the fluid
streams will impact head-on and will ilnpinge. When the jet nozzles are properly
aligned and appropriate flow rates chosen, the two streams will form a plane when
impinged.

Each of the process streams, namely the aripiprazole-organic solvent stream
and the anti-solvent stream will be sterilized. To sterilize the two process streams,
both streams are preferably polish filtered and then sterile filtered through an
appropriate size filter, such as a 0.2 micron filter. The aripiprazole stream should be
filtered at an elevated temperature, for example, about 80°C, to prevent precipitation.

The temperature and composition of each solution are chosen so that 1) no

material will crystallize upstream of the impinging jets, and 2) sufficient

supersaturation will be developed in the impinging jets to cause nucleation.

7



To obtain the smallest particle size of aripiprazol e,
t he hi ghest possible concentration of aripiprazole in

w0 b@sosgani ¢ sol vent shoul d be enpl oyed. Thus, PCTES2004/034634
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starting solution of aripiprazole in organic soI vent,
preferably ethanol, wll cont ain from alt;)out 01 to

a%morelqnwwe%ﬁwwﬁﬂaﬁ SN COPPRSignaby R iqradiy, thl[?@ghout the
&?xt&é’ gg%}&m@s&é fgﬁépﬁﬁ{ohp' prazole. L a nost

err € aripiprazole will be present

| N an aroebihin@he ahalest phrfSie kigé bf arlpipraaoigathie higRkivRREible
w Il preferably be ethanol, nost preferably from about

9 ZonesniBGeR obampipiareln ot thewigania yodvane s embplongd. Thus, the

sl S 3 RPNkl FRe s e, ARrr@RRtor, Fhlonain
| SR @B 0106 ABbuY.1 RE/KakpRfrade, METo/AbIyTTRE abBRIO to about

or mxtures with water nay be enpl d{m
arfk @6 kgl wepipragiold. Iprahest arsifgrrdsecnohidaoneiethennipirazofhwill be

Wo_ st r.eans eam of the sol ution of
arpf%ge]ﬁtrlgfi}laglouﬁpegf%og ‘g@%}%% ol vent and the stream of

anti - sq*n%%?gam@mv&m %H@F&érh&?%e%&ah@lt nfst ﬁ@fé&am? ﬁbﬁ@ébout 92
they will be made to strike each other head on

| |t®|elaaut\9617xﬁthan0éww thia ranamdmhs;mgaf/ata ms. The fl ow
rates w be det rmned dla ter of the jet .
nozzl e@thﬁp‘?f%%}’é‘as‘i 8@3@8}1%%/ E ceAls: ?‘i‘?&or{ea"[‘cé’tommle

atycdl e sMiSoptbpRARIEY & rﬁfiﬁ]%@sdoit tWoQﬂgltibrE tﬁ?er&ﬁzgll Iﬁﬁ(tures with
In a preferred enbodiment, the flow rate of each

t veatertmayehm apfiplayddoi pr azol e/ sol vent and the stream of

o oo e i el R O U RRRY e oD R 1 at o vi I

be chogeg (%8 strbahs, Bﬁﬁ’l@@r tHe@Hbzﬁﬁ loPfhel sB1RRRI02 \Aﬁglgral:zgfe in the
exanpl e, where jet nozzies of 0.02 inch iInternal

diosgraicerolaenearehtbk oireain of hrgirsolatmesareichdradierizaidtalijet strb@ms in that
range from apout 20 to_ about 0.3 [mn, refer bly

¢ RIS Sitgerenet pbCamgt N Dieam Vel SigReomiia

p Exﬁflﬁﬁlﬁﬁ b¥ 5T8/8 m[‘ﬁf?ﬂH&V rgteg evﬂh( gé H&t@nﬁlﬁe(ﬂgﬁ% cﬁarﬁ@cer of the jet

kg/ mn, and optimally about 0.25 kg/ m n.
t enpzid:saﬁtmpley&dftoelahmrohe stheanstand zﬂlfsrat@t |wim1r tﬁlarstreams are pumped
n V4 e rticles o
%Tr &3@5 ?ﬁfa@gmfﬁlﬁ@ng%ﬂpﬁlw Cods PEG%C&M? éhﬁstream of

e (g e
SEGpomseelbeemaippyslferderﬁdmut 75 to about 80 C. The
anti-s (}th ow rates will be chosen so that proper impinging is achieved. For
example, where jet nozzles of 0.02 inch internal diameter are employed, flow rates
will be within the range from about 0.20 to about 0.30 kg/min, preferably from about
0.22 kg/min to about 0.28 kg/min, more preferably from about 0.24 kg/min to about
0.26 kg/min, and optimally about 0.25 kg/min.
The tempereiture of each of the streams is important in determining ultimate
size of the particles of aripiprazole produced. Thus, the aripiprazole-solvent
(preferably ethanol) stream should be heated at a temperature within the range from

about 70 to about 85°C, preferably from about 75 to about 80°C. The anti-solvent

stream (preferably water) should be at a temperature substantially less than the
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stream (preferably water) should be at a tenperature
substantially |less than the 8tenperature of the

wa@eiopioproazol e- sol vent stream and within the rpemesSionomm4634
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about 2 to about 40 C, preferably fromabout 20 to

about 35C, and optinally about 30 C. The two streans
sttieperatmectf the mdpiptaeald-sotvent stemamo ppdwithia e range ifns about 2 to
to_cause rapjid honobgeneous mi xin d supersaturation
QBBSARE gL MBRCDORaD 1 AU e En&d GPLGTal M SHoHyS0-C.
upon 1 RRAGL, .s&@ﬁné {{'ffﬁg %:fctheotﬁe‘} ?ﬁg&&@ﬁ'&fﬁm BE%OSitF directions, to cause
supersaturation initrates rapid nucleation. In

gensd abmopdiroayRidae atd yipkahtusitid diecs Bahasrbuienbe and high

i ncreasi ng supersaturation and decreasing tenperature
ofitERaty pf Pixing upen impatie Theimmediptepshicy empent Of sepeggaturation
ar.i.pi kS..obt ai ne i t | .
OB} AR Bl LRSS R MR oy i Elheage gyt
amtréRengl sop@situtaEoR ah@edreastfe tbiperditid oStBk ulfMsolvent. The

Sonication is utilized where even smaller particles
asmabest ppidigle SDRSERIPTIrENIOS optamad cayreyire therhighagt pessible

A I e o R S
V@fs8blvese Sonftafian s\itiide® WhelteteeR sR8RS pafticldshe desired.

i nvention are shown which includes a jacketed
i mpi ngenent crystal lization vessel 10. There are two

j acket ed-vessels 1 ] LI ngenment

vessel 10 to the |§@%ﬁi@&i§?ﬁ@ﬁﬁ£§%ﬁag n the

ar i pi piReZRHifg td the a&%mﬁah?ﬁg@l%ﬁe,%qn%)h%i@fet ci§9taMBAtion process
h”of the [ 4

(14), respectively. Bot hese side vesselS 12, 1 )
aflowsfiagren cadarystafllizemvessel usepimepsring owdhspiocdsy of the invention

| npi [ j.et. I 6, ,18,. h havi 0.02-]
oS puR it 8B ekl HteinEich ARl P eon v S5eL I mhere are
MBYo jdekéiddSeaplstiat g«% 1:21@8 g%rfk He M fRALOhekiARsRIPY ga/ﬁa@ % ?nd right

U.S.” Patent No. 6, , 1f desired, not shown
d waiibngpntdim thietayipip@erdleticlo folivkign (1g¢ amchtheagtiselved (113

STaPatsat it SERerd Rl YRR (et tihctd ASepp it e jringement
33eqBd A ]?rﬁ)iﬂgi‘ng"ﬁit REAIR 15918, HONELARY 2 UORUABh dfAmeter, are spaced

i mpi ngenent vessel 10. The above description is of th
stlemirh epgor Theoimmpfiganmmt fessel ) mgy meludglagitatonst exd & sonicator (as

T MU

- eRABO3 1 oﬂqﬁip%ehﬁnp%ﬁ’&q oMb BoridBRd %rekmzﬁig%s&@ bﬁ,;ﬂa line 33.

filter 38 and sterile filter 40 into vessel 12 an
pOyedbselina’S hesdnipiestnebbvessel Thenf dine 38 2pd esls 16 maiiBaining a
shoul d be Pnl aced so that th? 6I uid streams they emt
wFegstant volulme 1n impingement vessel 10.

The above description is of the sterile portion of the flow diagram. The non-
sterile portion as shown includes a vessel 34 for holding a solution of aripiprazole in
ethanol, preferably 95% ethanol, which is pumped via pump 36 through polish filter
38 and sterile filter 40 into vessel 12 and processed as described above.

The jet nozzles 16, 18 should be placed so that the fluid streams they emit will
impinge, inside the stirred impingement vessel 10 or inside a separate jet chamber
(not shown) which is linked directly to the vessel 10. The fluid jets must impinge to

create an immediate high turbulence impact. The two jet nozzles are preferably

9



I mpi nge, inside the stirred inpingenent vessel 10 or
inside a separate jet chanber (not shown) which is

WO povkedioth rectly to the vessel 10. The fluid jBPCBHUNS4/034634
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I mpinge to create an i medi ate hi gh turbul ence inpact.
The two jet nozzles are preferably 9arranged so that
t iaelymgﬁdesosihms:hanarb alsyantieHyrdiametradally oppgred éaleach otlzariwith their

ot h r _out | s djrected to face ea

ot B s el et gachiatiio Do (e S at a7 66 aLar dlgsedo a 180
1%@ aﬁ@@ t@eag,ih%tﬁé% FRAE My %&ﬁéadelam P&fﬁ!ﬁgh@ﬁﬂ ']éf'o%Wet nozzle

Pre er ab each jet outlet nozzle can have a stight

d @ambhaveda Hr@t éoanardtalngleffmm zlmrﬁcmizpnn‘ah foreexamples ab@h dOtdegrees,

10 ﬂ rees, to help the f materi al npve down and
ol help the,Howing malprial mex °§Vé‘a tpkthegBambeds pl aced

di rect I .

oo or Wb 8 5oL tkd JRLHOSARN Y B8R fffroment vesc

d |19me¢ piefeahbly aopiedad tha tlegehe aibiantixty diahbeickllpoppditd to each
s directed to face each other. Wen the get nozzl es

a.o e vith) theip qutlet sipp decied © faemeachwihen. Whegtihe ispneazipsaire so
CDURLRLe ROl LR SO AR Bl Sl s 58 B oo

hay érohli$ Heggassugito dbm%r@g%@ Hat f)fe@éfhlﬂb €hd o FRRlcA |have just

(ca. 13 degrees) to ensure that the fluid stream of
o fBoYgh dovypyyard ﬁ’@%@ fropethe horizentddrae 1§fdeg1f¢és)dp posire that the fluid

n 8&5&1&? of 8 (?II wiPf ﬁte} ﬁme o‘chttllétsﬁﬂe E)P the 0@58@% n(%%le separ at e

ar|p| prazol e so € VeSS

j et chasihpiz}leaBds e 16 taRdpokiriphstatdie ts18Gor Btsihdiveasel YO (or
transport water. The distance between the nozzle tips

i prpagde job éh?léll’ef):mm’b@ pthet jof 48 depsed do sinblarly tiaasporictiater. The

t B%Ean‘é@ Se@&égﬁ g’l qﬁ%‘i I%P 11955&“ tﬁe {eg aﬁzﬁgl;elﬁgmlr %?Asgl; 1()S shou%r%e such

remal NS essen

| ik dgayerd-dynbitge chrﬁf & eatlh ﬁuﬂﬁ&t Sémnte M il €SseRBAINERct up to
the nozzle tips ' will vary depending on the |inear

v Beqraintyof gmpingement, Idsraforsi te maaf@np@tdmmm@gweemhe nozzle tips '

PP JBPEE S R ol RO Dok MG MRS el el o

aberdin foodatailts /f@tegéneﬂmy ﬁoﬂ-‘iz%f::@ﬁsa@lhﬁs alexmsveldtity in the jet nozzles
net ers/ sec, and nost preferably bet ween about ~20 to 25

el d pe adeass Fﬂ?Wé é gheteliseappere preferablipgbave d@aneters/sec., and most

Y Sl 88 Rt BB i e

r %16ci6R oAbt mnh@d Pk pRAdties dibficviRlck PMDIVCAAURACKBYALHS Linear
such as altering the dianeter of the entry tube and/or

t h%l@m@&f andhéow tﬁ& tan lnil be conty qlledé)rsfd'/anﬁuwlammge@hés such as
=S B SRR e FRUER 5 o

”Vd}yﬁ@tﬁé QfbnigIGMBOEABIhYfok@ tﬁ&ttrﬁi)%s IIBSNAE ahl FRbugh the
nozzle. Each jet apparatus can be manipulated independently to attain a desired final
fluid composition ratio. When the desired flow ratio of one jet to the other differs
from unity, preferably the difference is compensated for by appropriate sizing of the
entry tubes. For example, if a 4:1 volumetric ratio of feed solution to anti-solvent is
desired, the entry tube delivering feed solution should be twice the diameter of the

entry tube delivering anti-solvent. When the jet streams impinge inside a jet chamber,
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fluid conposition ratio. Wien the desired flowratio
of one jet to the other differs fromunity, preferably

wo b@sgifofer ence i s conpensated for by appropri BEBUS2004/034634
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sizing of the entry tubes. For exanple, if a 4:

volunetric ratio of feed solution to anti-solvent is
deesidenge timedorthe flpid inside dg jet/&iamigr fsctapically YA slprt, i.e., less than
should be twice the dianeter of the entry tube

d&T 3PEPY Ry anti-sol vent. When the jet streanms inpinge

i nsi de Qiriifg inchaWBREL is pRIvedddsnemdhidiithRis 1 NPrditMbl Rushton

inside the jet chanber is typically very short, i.e,.
| d9suibings, mmn@mmwsrs @t dtheri algg:aﬁors suhfeble deswirring a slurry
rovi ded by stan ator refera
D sSispedn FApaR P b Pl atcti R ingic B pebay o usea.

S TI&\;@%P wiih tid dief £ti'éaﬁ1s%re°-'£1’r'a[nr ¥d %Jﬁ&ﬁﬂg% cﬁﬂectl?'ibélde the stlrred
i npel I'er providing good circalation inside the vessel

nmagssbk an agxﬂatoﬁ—thaedws not/mmferdwmt]l dhie sphaceanvepiad by the impinging jet

arranged to |n e di de th irre

v 84eafls mé‘ﬁleél@q RtorS bR ao%B Y’ Crét &eﬁ‘éﬁﬁ“ 31’1“‘1‘ H@pinging
2&%&68% e %@Ves%él%ré IE{Bétrb%fEﬂtbl la&ldlif ﬁ[?efﬂﬂéﬂt dRed1Bf the

v I's preferred, especially, "e.g., a Rushton

t agivatoe and ttml mlghm of ]‘,mﬂlqstdlﬁahmsurresh ssell @ whes &pbrawden

nost pref %/ E,[Jlaced in t e effluent stream qf hg .
aﬁP@t&}U&PS 8 Gt%h %P{;‘Fﬂm@f QVheut Fensagt Velumgnapianed)y is most
t , flow
?ﬁeéf%&z*’%wowaﬁﬁﬁ (B0 S0l R EHOUE el |
rmst p bt erabillyzateh vegafeadbbyitunt ina cootifiwms pmcmaﬂdhhe

hei ght .of the inpeller. The crystallization i
pPABPTEPEHP gie%ﬁawgﬁmg ferthe comBlesop pbgasial diggstions attained by

a
g8 105 5400 0 SN o
Cc dpacisie) fafanlyliesisdd lengh of egestirhe iffhatchivwhie proxdssing 1stHMrb@

held up in the vesse|l for any desired length of age
time i Mawakicreiag can bedeng eﬁ@ny ROk the ayst%m&r in the stirred
S %@s‘ghlnﬂ) ‘El‘?entrﬁlgfeq PRE OFlt.h g&%hﬁﬁb&t 1t§eﬁ thli] Iﬁé( §1hfart]ibn§ 115k contmuous
e dtirred vessel ¥ e transter Tlne or t
Cﬁmmibﬁﬁss ﬂnSﬁbé “selfPsesdmg’ Sket, tl&iﬁmn&ysthlb €0 fmmt 1|n|§lld6 tUs thed:hamber
process m 'sel f - seedi the fi

n e.
c W §§€§Déh? alﬂ&f?ﬁﬁn% i ‘H@d)t(ﬁél%j %trre@hvgﬁ%w (Sffrffe a% st fori the
t the stirred vessel 10 serve
o ERIE el B b BB 1%, T e ¢ hr ough
t her eafThe mcr'Bhﬁxeﬂ ooefihxadst e héghlpsupetsaturdted to ghiitythe beneficial
supersaturated to attain the beneficial results of the

j easulsy gisthg peticrystallizntion peassss. Asdqeom thgpmoregulated initiation of
L BRI AR A Wah%ﬂ%ﬂ A5b é}ffetc&ﬁb&?& 1&illts WRER L8Vt is used

varlg%%l Oh al'so affec roduc
ard initfdd Medkatiod besede of its effect on supersaturatlon Generally, good results

can be achieved using a volumetric ratio of aripiprazole to anti-solvent that provides a
high degree of supersaturation in the jet chamber in a temperature range of about
24°C. to 70°C, althougﬁ the temperature upper limit is limited only by the chosen
solvent’s boiling point.

An example of the impingement vessel which may be employed is disclosed in
U.S. Patent No. 5,314,506 to Midler et al. and in U.S. Patent No. 6,302,958 to

Lindrud et al. which are incorporated herein by reference.
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to initiate nucl eation because of its effect on
supersaturation. Generally, good results can be

wa@edhseywado usi ng a volunetric ratio of ari pi prarGi/@S1004/034634
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15

anti-solvent that provides a high degree of

supersaturation.ip the je hanber in a
r ange 3{9 R azlh@gretr% bl”itﬁﬁ OP%{IIRIR%%IF? R 51}’@%%6?2% grgms of
Ff prazof8 e{nh:y§roluh N1tig ghe@@éd/mﬁya 1 hev&s 899208 AlKEIRE] ﬁl 2L of 95%
I'ng poln exanpl € of the inpingenent vessel
vvlathahomy She 8eTql 'ﬁlyeedemsohhtlsn iohed triansfetr&l toRAe pmduuench 2-L
5,314,506 to Mdler et al. and in U S, Patent
6 j®igted BSSSPbICLarrddm@@taémedaﬁt 75 \RM‘NC alndhe ﬁ@bﬁ?iwf&t"éﬁﬁel 14,2 L of

S e dRh S s e BRI B A2 P favics are

a'ﬂh‘bh@ rd@éiﬁedNE géraﬁﬂé’sr Qfeq“z'o@h@alﬁs 4reloy \7’1%%8 %1m&l?an€6\§js, _ly via pumps 20

di ssol ved in 95% et hanol at
cland22 shrbugh wass fow meters 241261 mspastively, &rhiestmlo dﬂ:tct&?r& 3o,

7 ok AR ot Be O 2udh R S A OG eI, By e at
t C
bottﬁ beéztt&‘@%?(%ﬁ{g_?l t ﬁ%ﬁﬁcé‘ﬁﬁ B&hJ9dLR érgst%% Thx\bs@tals are

I quids a desired tenperatures
s togtaneusly erapsfapeditosicoriving vessak3 3/ tovnainimg so@ﬁhna mdluﬁ@ in the

t hrough nmass ters 24, 26, res ect|vel
s (BPIEEmFRY ‘ieé%ei 15 tas WPESEAsLy &) t9'9 n{uwgge a 100-gram

A 38 YT A e

maBiehydd atatrC THe tcatesls theARIriel W6 8 SHCS urdlee vadunhi mmh y

‘transferred to receiving vessel 32 to nmintain

c epRIpEmately|LQthgrams efteipipiprolyeeaphydiae.dd, wigh a IﬁarltFasb@g Yo

a O 7 mnutes to inpinge a 100-gram
bgg%%’§ gaae%g%/ﬁ’?\yy is cooled to 20 to 25C, filtered,
and washed with 200 niL of deionized water. The cake is
then dried at 35C under vacuumto obtain approximtely
100 grans of aripiprazole nonohydrate, HO w tha Karl
Fi sher % (KF% of ca. 4% w. 12EXAMPLES The fol | ow ng
wor ki ng Exanpl es represent preferred enbodi nents of
the present invention. EXAMPLE 1 Sterile bulk active
pharmaceutical ingredient (APlI) aripiprazol e was
prepared using inpinging crystallization with

soni cati on enpl oyi ng an apparatus set up as

12



shown in the attached Figure. The follow ng procedure
was enployed to forma sterile bulk aripiprazol e.

wW@hasge19100 g of aripiprazole in a 4 L flask SECT/RS200¢10B34634
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2 L of 95% ethanol. 3. Heat the suspension to 80 C
until it becones a clear s i 4. Transfer the hot
aripi prazole solution to eted vessel 12 and

mai nt ai - . s )
vt or e ohiing sthclie ERumGREFAAeentp erlcpitoAert b ne
WakeknttiovedGon./. Add 100nl of 95% et hanol and 100niL of

DI water to the inpinging vessel 10 and cool to 2C 8.
Initiate sonication (Sonication is provided by a 0.5
inch probe with 120 W po 4 . enpl oyed as

described in U S, Patentmﬁ%&%ywil%&. 9. Punp the

ari pi prsagé BulkQletivd phartnaccuio ifgrodiet (ARTharthiprRblewas prepared
nozzle 16 at 0.25 kg/mn and_iérr%ienge Git. V\/I?lft?‘l@?ﬁe 2C PrEP
waisiag ippingeg caystglizaioagrith spnidation gmpOYOE® Jpparatus set up as
di neter.,no z|. e #8 10. Sonicate the newy forned
crYSYA QFG&?@WF 1§He | npi nge vessel 10 while

cont i NUREFbVowihPedcediire Rehs eIyl 3 Brf 4 QerllebRUCAiP@zole.
vessel 32 to marntain a constant volunme in the

i mpi ngdnentheugs 60 g aripiprazglson atdle fleslus4.y to 20 to

25C at .t he of .iopi ngenent. 12. Filter the slurry.

. WashZ he@a%&%%%fg%nﬁ of DI water. 14. Dry the

wet cake aheiﬁhgs&géﬁsqoxy@wmﬁlm B MesH c18arGoRkion.
aripiprazole wth KF of 4.0%ww, wth reduced

parti clde sTrmsfedBibhot afifiprzolecobition 18EXAMACKet@d BtseeliI2eand
bul k APl aripiprazol e was prepared using inpinging jet

cMAdRtain gt 7ar 88rf--and an apparatus set up as shown in
t he acgonp ' f ] . Q. |

ool oyal T 6 gl B bMiGhipl () RhicHd POIHAGERAS.1ES
Suspend, 100061 thé DARi4adra6az0) € in 2000 nL of 95%

et hanol . Heat the o
7. Add 100 mL of 95% ethanol and 100 mL of DI water to the impinging

vessel 10 and cool to 2°C. (

8. Initiate sonication (Sonication is prox’}ided by a 0.5 inch probe with 120
W power output employed as described in U.S. Patent No. 6,302,958).

9.  Pump the aripiprazole solution through a 0.02 inch diameter nozzle 16 at
0.25 kg/min and impinge it with the 2°C water pumped at 0.25 kg/min through a 0.02
inch diameter nozzle 18.

10. Sonicate the newly formed crystal slurry in the impinge vessel 10 while
continuously transferring the crystals to a receiving vessel 32 to maintain a constant
volume in the impingement vessel 10.

11. Cool the slurry to 20 to 25°C at the end of impingement.

12. Filter the slurr&.

13. Wash the cake with 200 mL of DI water.

14. Dry the wet cake at 35°C under vacuum to obtain 97.9 g of aripiprazole

with a KF of 4.0% w/w, with reduced particle size (95% < 100 microns).

13



suspension to 80 Cuntil it becones a clear solution.
2. Polish filter the aripiprazole solution into a

whoelodiomy7oessel 12 and maintain at 80 C. 3. PoPCHNS2004/034634
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filter 2000 nL water to another hol ding vessel 14 and
heat to 80 C. 4. Punp the agipi ol e sol ution
through a 0.02 inch di ametlmggﬁé 16 at 0.25 kg/ mn

and i MyB8e vlfk APf &#if?x_%z@l@ %a@@’%@%@%‘g&%‘%ﬁ (r:nrygtallization

kg/ m n through a 0.12 I nch di
crapdtaalappdraius yetwipi as 8hown crothe @ctadpangingdigunpi ngenent

vessel 10. 5. Agitate the newy forned crystal .slurr

in the T]}WEP’?%‘@W@%OWQB%%W&S@“ Qo &g ﬁ%ﬂffgwk aripiptazole;
transferri | Jo gt Sl Eo13 i $9) ethanol

const ant vePed 0O SR 000RH Bf #475 gl Heat he
t haspncionto 8ORT Mgl TEB¥comedaklebhlgisn ry in the

receiver 32 to roomtenperature, 7. Filter the slurry.

8. Dry 2 he Palish Bliwedhearipprzolsdelutipa difamhoblipg wesgellg and
100 .9, (96%.kecovery) of aripiprazole with reduced
péﬁl?@f’egséfoz@ (95% < 100 nicrons). EXAVPLE 3 An

ar i pi prazolpglisHiR&! 0D EnIa WARS US arkifd? BORI A dsedld 4%ind heat to
ari pi prazole/2 nL, 200 ng/vial) was prepared as

f @0POws. The follow ng ingredients were added to a 3L

O o e S a5 R By 6
AR W R O SRR N S

g O\éminch alantfer o2AS-itel orihwaptal urryizhizhas t6lledted i@ an
Sodi um Hydr oxi de Solution, N g.s. to adjust p to 7.0

wamgigesnt ¥essel 100 1000 g
5.  Agitate the newly formed crystal slurry in the impingement vessel 10

while continuously transferring it to a receiver 32 to maintain a constant volume in the
impingement vessel 10.

6. At the end of impingement, cool the slurry in the receiver 32 to room
temperature.

7.  Filter the slurry.

8. Dry fhe wet cake at 35°C under vacuum to yielding 100 g (96%

recovery) of aripiprazole with reduced particle size (95% < 100 microns).

EXAMPLE 3
An aripiprazole injectable aqueous suspension (200 mg aripiprazole/2 mlL, 200
mg/vial) was prepared as follows.
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 as described in Example 2): 100 g

Carboxymethylcellulose, Sodium Salt 7L2P 90¢g
Mannitol 45 g
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The sterile suspension was m xed at 500-1000 rpm for
about 0.5 hour and then at 300-500 rpm for an

w@eaasosemal 1 hour under 20 "Hg ( 5"Hg) vacuunPCRUS2004/034634

10

15

of the above suspension were aseptically filled into

sterili d vial s_whi re then aseptic partially

st opper ?ﬁograrrﬁf §ioppers The 31%%5 wer e

asept i freeze dryer
Cs%ldelgnrrga&ﬁ%magué@ 1N s’i%‘adeuﬁt pH t0 7.0

| yophil'iz ing to the following cycle:
t her mlWhtegdiSient : freeze product at -40@0@/@@0(13;;1 1

h and keep at -40 C for at | eas

condenskie stegile sispensien was gredEt ?O%HB%W %H@LO ¥ Bowrand then
C | Iy AY nd

A FAES0PLER It AR PROIRELIG M B ST B A

2 h; co8 mius the ahsta;re;suqremmg wate ashticlig fill2a 11|mocstem3ed-lg1als

for at |east 48 h, st op E)er t he vial s_unde

atrRiglpere tbefpi‘S@B%Qﬂ”ef P@rthélars qprRpregd d@ﬁmﬁfﬂhﬁeﬁét@l)@ﬁsr [T8e vials

2'6\%%19 ?%@tl&fllgﬁrarnsﬁ?%d Eccﬁ g‘?ﬁé@ze c[rg 2 a??yc&ﬁxﬁ%ﬁ agééfﬁﬁlg <§ .ﬁ?e

159wk SyéleAl MED | S: . A pr ocess for preparing
sterile crystalline aripiprazole of desired snall
particl® s rrﬁémah@eaﬁmﬁmtovﬁqgafr plodiet as i408Cdiver 9.ilblul perhkeep at

| 0 'S a roviding a jet streamof a
'fl@Jt?; %ﬁ% ithi E)rgalzgl e in ag orJgani c solvent; (b)
provi di gy @oél%eé&fd%ﬁé@r?é _PEIc pebyent which is

capabl e of Initirating precipirtation of aripiprazole

from sqb)Jt iptiniary mmrgauewalgchahﬁ)er priessite @appedximalelit 10Omicrons
of aripiprazole in solvent and the jet stream of

aflsg Giepte rredust famperatiie o o Kepves ﬁHPfPﬁﬁlﬂfﬁ% 24y cepfénue

TEEEY ab S of) B B P Sl OB, Prear
vel oci t(bl) t 8o ?al tﬁé/elary et AhRPSHC: s§1&1@®r?hﬁﬁl oécuaﬁtﬁrsmg

stre'am.prlor o nucleation, to produce a sliurry of
csfesileanitrogén eirdipanst emove fn@nn@h y?mm @yerand (d)

recovering stals 0 o e.no rate of
desi r ed®k srrﬁ“:l’qIi kk?a‘rlf‘]r‘sé"flgltg ﬁg?allso Q‘gg‘?‘g] cle size
di stribution. 2. The process as defined in Caim
wherein the crystals of aripiprazole
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nmonohydr ate produced have an average particle size
| ess than 100 m crons but greater than 25 mcrons. 3.

wab@spsocess as defined in Caim2 wherein at PERES2005084634

10

15

20

25

30

of the crystals of aripiprazol e nonohydrate produced
hm@é@@gﬁe of less than 100 microns. 4. The
pr in Caiml wherein,the crystals of
ari pi prazolgp f&B@%ﬂﬁ@?ﬁl@'s@&H@ e@sﬁﬁm@ a@i@l@m@sﬁdesued small
particle size of |less than 25 m crons. The process

agpagtidle piae andhnaiew partickesizetdastribuiiany mhr@ coherisesp of

o e o0 R RO Lo o ERGBP Bt o ol soven
nucl eatdbpn pRRAdinb e el filthh o aRElYsvERWIRED R F&m@ Mﬁﬁ@e{tﬁlg

of aripiprazole. 6. The process as defined Caml
\A/rmecepltattohe)fjaaplpsamkaﬁnmmfsolmhen,soI ution of aripiprazole
in an organic.solvent is h at_a.desired el eva

t enper aflir S2UFRE thedetsipara o é%ml‘?ﬁ oL giinipragelg iy golyent éf“? the jet
d es%slﬁ%ftaﬁm@a%ﬁ% %trtk%' Q¥ St &%ﬁﬁﬁ@wneo&%fanm% Rt Efte high

jet stream 7. The process as def
wherbelencé higheir gaini of mqlace nichfjetr sttchm hmmqg spffacdaltdines velocity to

eth thanql, ethyl acetate, aceton
@sm pigh i enslyapiceomixing Qireaffls%x{ﬁasbmoraw 8Bfigttiongfo produce a

m xtures with
vvat é{PV ‘HQBFa%g %gélgéﬁdglgpfﬁéﬁ |8{n Claim1l wherein
the or gd)ﬂ mecs)@bmgktryﬂtaﬂs of hépiprazplepnablyératesofelebiagtbdmall particle

a mxtyre of ethanol and water. 169. The process as
détZe8d DAROW PaTtRle sighdisEibHtieme anti - sol vent is water.

10. The pr %@??oc@% A&} 1H§cfjm' é‘laﬁlf‘{vﬁh%m\’\éﬂgr lsPhud (l;}eanplprazole

volunetric ratio of so ution of aripiprazole in
omyarhgdratel predicetl haeddrn aveedge paiticlessizé lekd thah M0 HACYAs but greater
fro m apout 0.5:1 to about 1.5:1. 11. The process as

GO ai m 1 wherein the aripiprazol e-sol vent

St r eam and ﬁlg Eic%ggs_laﬁstﬁh}{gﬂtn él%ﬁﬁéghﬂéin ple%& %:ﬂtgi % tﬁe arystals of

vol une rat rocess as i hed
V\Aaﬁp@lrﬂolehﬁomkgﬂmt@ pﬁﬂh&ﬁﬂrﬁavé apprtickesized18s3ahara 10D inlRons.
solution of aripiprazole in ethanol is heated at a

t enper &t ur d0GPEIEH asKlelipethigClaimy hvdiserie theeerysials pbepipiprazole

SSfmobrlfo RTS8y Lt UEAELIE @ hy S ot

range f5r onTabpitcesd ds@leﬁb&ﬂhh @AQint] further including the step of providing
ultrasonic energy in the immediate vicinity of said impinging jet streams, so as to
effect nucleation and the direct production of small crystals of aripiprazole.

6.  The process as defined in Claim 1 wherein the jet stream of the solution
of aripiprazole in an organic solvent is heated at a desired elevated temperature and
the jet stream of anti-solvent is at a desired temperature below the temperature of the
other jet stream.

7.  The process as defined in Claim 1 wherein the organic solvent for the
aripiprazole is ethanoi methanol, ethyl acetate, acetone, acetonitrile, acetic acid or
isopropyl alcohol, or mixtures of one or more thereof, or mixtures with water.

8. The process as defined in Claim 1 wherein the organic solvent for the

aripiprazole is ethanol or a mixture of ethanol and water.
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14. The process as defined in Claim1l wherein the jet
streamof a solution of aripiprazole in organic

waologea7@and the jet stream of anti-sol vent i nPCTYBE2004/034634
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each other at a flowrate of each which is the sane or

differept byt is within out. 0.2 to
about 03 WP IhirdeTioed B R AP, Mt Rt B water.
i nt er nalo, dimRB6des@iLdciiBl GYERim 15wheleiR RS CSEmMERIC ratio of
preparing sterile aripiprazole of desired snall

paolitionef siipiprazele inargame solveat Wi antirsobvant ervyithinitegrange from
conpri Ses: royiding a jet streamof a solution of
ar %BPtp(?gj&Pég%lﬁqefxanol /wat er heated at a tenperature

wi t hi n fihe TanPsek! fAacaRed in Cih @ vResh tﬁes\al\lhﬁipfﬁ%le-soltvent

providing a jet stream of deionized water Ichis a

a strempend the atinidl venn strdaen aramigebdut erh: hbolutmeZati@ about

40 C ( using the jet stream of solution of )
ari pi prl?zm RO Astingh i TNl SYhegein i pigpnig gelypnt compriss

eaelindi afdl he ?éﬁ_ufiéﬁ WiitiaPolb AfethaI % ]{1&%&@0&% Qﬁ%%ﬁ&at%ré Within

about 0.3 kg/mn, \%ere jet nozzles o

I nherangé frdireateibe?0 ar sboat®i°@yed, to i npi nge on one

anot her to create high turbulence at their point of

i npact 1Bo ddmipessshasgiefingd Byisiainy Liwhareirithg #yji-solvens iswater at a
SYESAREL RlintiAnDUSIE A Phhot & QI BofhUTTY of

crystals of ariprprazol'e nonofydrate; arid (d)

r ecoveriqng The pedcRbsSasafefiabd M Olandg Qlvehe®iA MY@f dkQnhé ddllation of
an aver a?e particle size about 95% | ess than 100

magipamazolel i orFanac pelvers 98d e jelefticambliantiGohient impinge each other at

A R A s R e T e
Meez Rboutd 3 Z{g_/ﬂﬂﬂ&ﬁ]&fr@ fe 56278 1Ol 02186h inferkhiadifdter are employed.
further including the step of providing ultrasonic

ener gy 1iSn #herocessdel preparingsianile gripiprageledf idagiedginadl pagicle size
strgams SO r%s ﬁgteffe t .nucl eation and the direct

praB 331??‘83128 ls_ol lllf()_nc?”)??éclhacloglpfallsesari pi prazole. 18. The
procesgaps Ipftﬁzﬁcﬂiﬁgd jétRtrbAR oM dSubE beArpibACole in ethanol/water

ari pi prazole has a’ | ow pyrogen content and is the

arlytdd oustefrperatak vathipilerrazgs feoro mbotté/Ortorbbyt@Sa€Ce f or m

of aripj razol.del. 19. The p qgess_as def i n?d in daim
15 whert® nPtHEMER ?é?tﬁFﬁ%Pg-%‘Pﬁ% Paleh GO AL H irreerdure
{ AR BR & A bBoRDB anBycudkel L ari piprazol e. 20,

e a

The process as Ined in im15 wherein the stream
of sol @t) onawsing the jet stream of solution of aripiprazole in ethanol and the jet

stream of water each at a flow rate within the range from about 0.2 to about 0.3
kg/min, where jet nozzles of 0.02 inch internal diameter are employed, to impinge on
one another to create high turbulence at their point of impact to achieve high intensity
micromixing of each stream prior to nucleation, to form a slurry of crystals of
aripiprazole monohydrate; and

(d) recovering crystals of éripiprazole monohydrate having an average
particle size about 95% less than 100 microns.

16. The process as defined in Claim 15 wherein the crystals of aripiprazole

recovered has an average particle size of about 95% less than about 25 microns.
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aripi prazole and the stream of water are each
sterilized. 21. The process as defined in Caim1i15

wob@seirn7d he stream of aripi prazol e in ethanol P@ntiS1004034634

10

15

20

stream of deionized water flow in opposite directions

and for | ane whe hey. i qpin ope another . and

strike I?ai“h“ﬁ%m@?sstaé deligrdln QE% D BRSE B s Fiig of

apd P ﬁﬁﬁ%éﬂi@%ﬁé}%}l fige HAmREER LRV LERGE irﬁﬁiﬁgﬁ‘l‘gg& streams, SO
i ntensity of m crom xi ng upon I npact; which inrtrates

r apioceffeccineddation an@ the ditvet prodeass dsndlfcryseds ofariplianrole.

15 wherei n_average crystal, size creases wi.th
i ncr eadPngTBoR©srAadRRedIR Cpirp f%?"&?’i?%‘%? RUBHRAZRIS has a low

SRR AAAL B0 BTSRRI foflhie o o
wagpigiazolehe ari pi prazol e-ethanol stream and the water
igr eaml 8 .r eTile? pra(l)ggslgtés %et;ing/doiln %r{grr{ % Lv%e;git} trtlle %r%gg)rgztc){]e%thanol
solution contains from about 0.01 to about 0.1 kg/L aripiprazole.
20. The process as defined in Claim 15 wherein the stream of solution of
aripiprazole and the stream of water are each sterilized.
21. The process as defined in Claim 15 wherein the stream of aripiprazole in
ethanol and the stream of deionized water flow in opposite directions and form a
plane when they impinge one another, and strike each other to cause rapid
homogeneous mixing and supersaturation due to high turbulence and high intensity of
micromixing upon impact, which initiates rapid nucleation.
22. The process as defined in Claim 15 wherein average crystal size
decreases with increasing concentration of aripiprazole in ethanol and supersaturation
and decreasing temperature of the anti-solvent. |

23.  The process as defined in Claim 15 wherein the aripiprazole-ethanol

stream and the water stream are in about a 1:1 volume ratio with each other.
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