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Back yound of the Invention This invention relates to a d®ttber 20

si mul taneously synthesizing a 5 conmpound and isolating the product in a
crystallization procedure, which controls particle size. U S. Patent
nhunber 5,314,506, incorporated herein by reference, provides a nethod of
inmpinging fluid jet streans in a continuous crystallization process to

achi eve high intensity mcronixing of fluids so as to form a honbgenous
conposition 10 prior to the start of nucleation. This process permts
direct crystallization of the high surface area particles of high purity
and stability. REACTIVE GRYZSTAHYZAHONMETEHODSD YPROYERARTICHE SIZE
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The use of apardioipisizgl ng j et device optionally with a sonication probe' to
achi eve high-intepsit 1 Xi ng, ¢ wth a chem cal | gn_to..provide a
new 20 chem cal pg#p%ﬁ%'{ BV'QE%r%Lffﬂ)Aﬁbeed"}ggﬂo iag?ogﬂéri%%eb%rg fE‘egér'i?‘sg' t l§i'llolwidg%%
mat eri al s i smethoel of Bupinging fluld fdiestieamsnini ® rcontruqus egestaliizative roaass ploovi des
a nethod for_prepar.ation and.crystall.i.zati ' mounds
o Therr i n aRHER HoRRCheRE YRR bR e PR ARSELbLS Sornb R
product 10 yspadrstohd btagtraf atutigationprThiepros¢shpdnntty dined cpystalitzgticsanaf tB& higher eby
elimnates the_need for subsequent .hi Lntensisty. gl
bi oavar | abi | PEIAeR PeriElfe et MEp Ml SARe° el ae Ry b cifiued by, o)
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potent phar madwats.cal agent, or for adverse effects 30 on | abile conmpounds.
The smal js parti ol s 64268, hdbfsordlol Refelty RerBAQS 885crbs an apparatus and
process for crystallizing submicron-sized particles with the introdt_xction of a sonication
probe with impinging jets.
The use of an impinging jet device optionally with a sonication probe to
achieve high intensity mixing coupled with a chemical reaction to provide a new

20  chemical compound of controfled particle size of crystalline materials is novel.

Summary of the Invention

The present invention provides a method for preparation and crystallization of
pharmaceutical 'oompi)unds or their intermediates which directly produces high
surface area end product crystals with greatly improved stability and purity and

25 thereby eliminates the need for subsequent high intensity milling to meet
bioavailability requirements. By removing the need for milling, the novel jet process
avoids associated problems of noise and dusting, cuts yield loss, and saves the time
and extra expense incurred during milling. it also removes an extra opportunity for
personnel contact with a highly potent pharmaceutical agent, or for adverse effects

30 on labile compounds. The small particle size attained with the jet process is
consistent within a single run and is reproducible between runs. Reproducibility is an
attribute of this process that is not common to “reverse addition” methods typically

used to produce small crystals.



consistent within a single run and is reproduci bl e between runs,
Reproducibility is an attribute of this process that i & HEPPeHMN to
"reverse addition" nethods typically used to produce small crystals. 2
Oct ober 2004 -2 The pure, high surface area particles that result fromthe
jet process also display superior crysgal structure when conpared to
particles forned via standard slow crystallization plus mlling nethods
using the sanme quality and kind of feed conpound. |nprovenents in crystal

structure result in decreases in decorCH)o_siti nS5r tfe and therefore |onger
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15 tenperature redU¥ ieygntinn pioxides @y BOCRTSy fprteﬁ%ﬁf‘ s st%'ﬁon ora
crystal | ized dnanfcal Bahpdundlih cSini6ws protdeer nor egul’ati on), or by taking
advant age of the sol ubil i‘t%‘ characteri s}ics clé t he ﬁo ound. | socbvent
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sol vent or conbi nation of solvents. 20 The novel procgss.of this .inyention
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high purity agdsibadidabing to lnrapidf iuckiatias pes tcomlinuohs réastien tand rorydtélteration s
provi ded a process for synthesis and crystallization of a chem cal
conpound cond¥PS¥3§g contacting one or nore jet steans of a solution in a
first solvent of anfidigdibon’ SRF tpradipitaidreramdbat iitatd diye utilizingotiee jeffecktafeans
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i npact under gofdidd eawertl (therbrigatatio)s anbly taking advaritage of the solubility
characteristics of the compound in solvent mixtares, or by some combination of the
_ t\n.;o techniques. Further, the product of the reaction will usually be highly insoluble in
the final solvent or combination of soivents.
20 The novel process of this invention provides for the direct crystallization of

high surface area particles of high purity and stability.

In a first aspect of the invention, there is provided a process for synthesis and crystaliization of a

chemical compound comprising contacting one or more jet steams of a solution in a
first solvent of a first reactive intermediate and one or more jet streams of a solution
25  ina second solvent of a second reactive intermediate, said jet streams impinging to
" create high turbulence at their point of impact under conditions of temperatures and
pressure which permii reaction of said first and second reactive intermediates to
produce a product; and _
seiecting said first and second solvents so that said product is of limited
30  solubility in a mixture of said first and second solvents; and
' said jet streams impinging fo create high turbulence at their point of impact'

and each jet stream having sufficient linear velocity fo achieve high intensity



pressure which permt reaction of said first and second r atg)%)i ve .

I ntermedi ates to produce a product; and selecting said %6? SP4second
solvents so that said product is of limted 30 solubility in a m xture of
said first and second solvents; and saig jet streans inpinging to create

hi gh turbul ence at their point of inpact  and each jet stream having
sufficient linear velocity to achieve high intensity 2 October 2004 -3 5 10
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second react infigrontih§ B8 tiordsOtolieWR bRyreabtdre 2l ifest afd saddndpredded and
production of small crystals of controlled particle size Afir
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embodi ment  majterraediates. tigjlowef by wdleation qf gpid fserych aps grodusliop Oééwéﬁfsrxﬂ?é% ein
one of said drichstoileffa®iBeend. reactive internediates may be a basic
intermedi ate and the other internediate may be an acidic internmediate. A
second enbodi nent nmay relate to a process as defined in the first aspect
wherein gne of said first and second reactive internedi ates may be a
zwitterion and the other internmediate may be an acid. A third enbodi nent
may relate to a process as defined in the first aspect wherein one of said
first and second rddEstiepeodimert My ariale s praspspas defiped pihafiry aspeghwhergizonst her
I nt er medi at e AYyaidfrsi@anbas®dnd Aatitd idtdimediitesineRbd a bRyt inteinaddRitd andahgdtigeess as
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be a neutrali{f?lﬁ1 A&MVEERE St TRISTRPHENSBY I ARREC TG ‘?SEF‘%E‘% i
process as deffirshespeatydeesin qusaf sdithiirstaind secopeh tdactive interersdibtes manbe dawifteriomi ng or
breaki ng of a p@uRlIRR inkANEASayhes Bid. t he product or its
B A fourth embodiment may relate to a process as defined in the first aspect wherein
- 115 one of said first and second reactive intermediates may be an organic salt form and the other
intermediate may be a neutralizing acid compound.
A fifth embodiment may relate to a process as defined above wherein one of said first
and second reactive intermediates may be an organic salt form and the other intermediate
may be a neulralizing basic compound.
A sixth embodiment may relate to a process as defined above, wherein said
20 synthesis results in the forming or breaking of a covalent bond and wherein the product or its
corresponding sait form crystallizes.
This invention also discloses a process wherein said first solution may be a

pharmaceutical salt form solution and said second solution may be a solution containing

either an acid or a base. For example, a solution of Voriconazole camphorsulfonate
may be reacted with a solution of sodium acetate to produce Voriconazole free base
with controlled particle size. Sucha readtioh is known as free-basing or conversion to
25  thefree base. The process may also be applicable to the conversion to free acids by treating a
pharmaceutical salt form with acid to form the free acid. Salt forms include, but are
not limited to, those compounds containing anions such as hydrochloride, acetate,
besylate, citrate, hydrobromide, D or L ' lactate, mesylate, succinate,
camphor_sulft)nate, sulfate, D or L tartrate, stearates, tosylates, and cations such as

30  calcium, pofassium, sodium and ethylenediamine.

A seventh embodiment may relate to a process as defined above wherein said

chemical compound to be formed may be a pharmaceutically acceptable salt



corresponding salt formcrystallizes. This invention also discloses a
process wherein said first solution may be a phar maceut? £4iob8a#304 or m

sol ution and said second solution may be a solution containing either an-
acid or a base. For exanple a solution of Voriconazol e canphorsul fonate
may be reacted with a solution of sodfum acetate to produce Voriconazol e
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A twelfth embodiment may relate to a process as defined above wherein the

2‘“.04'9]—hexadeca-

compound to be crystallized may be 3,8,14-triazatetracyclo[10.3.1.0
2(11),3,5,7,9-pentaene L-tartrate.

A thirteenth embodiment may relate to a process wherein the first reactive
intermediate may be the 5,8, 14-triazatetracyclof10.3.1.0>*".0**-hexadeca-2(11),3,5,7,9-

20 pentaene free base and the second reactive intermediate may be L-tartaric acid.

A fourteenth embodiment may relate to a process as defined above wherein the
desired product may be in the form of crystalline aggregates which may be of controlled size.

A fifteenth embodiment may relate to a process wherein the linear velocity of jet
streams may be at least 5 m/sec.

o5 A sixteenth embodiment may relate to a process wherein said product may be
solvafted.
‘ A seventeenth embodiment may relate to a sonication probe along with impinging jets

to achieve high intensity micormixing. ,

In a second aspect of the present invention, there is provided a compound when

made by the process as defined in the first aspect of the invention and its embodiments.

Brief Description of the Drawings |

30 An embodiment of the invention has been chosen for purposes of illustration
- and description, and is shown in the accompanying drawings forming a part of the

speciﬁcation wherein:

-
-



15 acidic internmediate is Voriconazofe R (-)- canphorsulf@ I C gﬁ{ salt. A
twel fth enbodinent may relate to a process as defined alfo B2 n t he
conpound to be crystallized my be
5,8,14-triazatetracycl o[ 10. 3. 1. 02- 11. 04' 9] - hexadeca- 2(11), 3,5, 7, 9- pent aene
L-tartrate. A thirteenth enbodinent nay relate to a process wherein the
first reactive internediate nay be the
5,8,14-triazatetracycl o[ 10. 3. 1. 02. 11.94 9J- hexadeca-2(11),3,5,7,9- 20

pent aene free base and the second reactive internediate may be L-tartaric
acid. A fourteenth enbodinent may relate to a process as defined above
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di agram showi ng.,a crystal duc L on s epi_c 3,
the transfer! W“?H?ee ﬁurye?ihvgsg%f 8r688 a{?&gs% wthhcg' ok %d%%(t)hpg" eS\Sllkglg nd t he
entry poimt ¢ie jéma‘damit de:dljetesndamsnmutdmpxhge syetm«:mrrm bezr tve effloenty@tegmin a
j et chanber, Hgle i | eaves the jet chanber as 5 depicted in Figure
1, travels iR dmg? e( d vessel 5 either directly or via a transfer |ine

4, and after an appropriate age tinme, the product suspension flows out of
t he vessel S, i.ngi cat e% b ¢ AL OW / | n anot her enbodi nent, shown in Figure

2, two fluidBeEe hy
The novel process of this invention involves the use of jets fo create impinging
15  fluid jet streams and thereby achieve high intensity micromixing and reaction of the
fiuids prior to nucleation in a crystaliization process. Two or more jets may be used fo
micromix two or more fiuids. Preferably, two jéts are used fo ‘micromix two fluids.
When using two jets, preferably the two impinging jet streams should be substantially
diametrically opposed to each other, i.e., they should be at or close to a ‘!80_ degree
20  angle to each other from an overhead view. Figure1 shows one embodiment of this
invention wherein two jets are employed; fiuids 1 and 2 enter the jet chamber 3 where
micromixing takes place. _ '
Regardless of the number of jets used, the jet nozzles should be placed so
that the fluid streams they emit will impinge, either inside the jet chamber or directly in
25  the stirred vessel. The fiuid jets must impinge to create an immediate high turbulence
impact; concentric or converging jets generally create insufficient turbulence to
achieve the required micromixing. When two jets are used with a jet chamber, as
show in Figure 1, the two jet nozzles are preferably arranged so that they are
substantially diametrically opposed to each other with their outlet tips directed to face
30 each other; i.e., the two jet nozzles are at or close to a 180 degree angle to each

other from an overhead view. Preferably, each jet outlet nozzle can have a slight



into the stirred vessel 13 containing a liquid which is _a solvent or

antisol vent where 10 the jets 16 emt fluid jet strean® PHEPe4P8fnge and
m crom x near the effluent stream of the inpeller 15. Detail ed Description
of the Invention The navel process of this invention involves the use of
jets to create inpinging 15 fluid jet streans and thereby achi eve high
intensity mcromxing and reaction of ;the fluids prior to nucleation in a
crystallization process. Two or nore jets may be used to mcromx two or
nore fluids. Preferably, two jets are used to mcrom x two fluids- Wen
using two jets, preferably the two inpinging jet streans should be

substantially - dianetrically opposed to each other, .i,e.. they shoul.d be at
or close to QOYBUa@e@}Q@eﬁ%)(%@fr@o?ta[ ARAPUL{ A EPIEFDIN B%p We'ﬁ%%"\?tég\?\/‘.

Fi gure 1 showso@nRwardia@unsithe eharddrs 1 nvention wherein two jets are

enpl oyed; fluids | and 2 enter the jet, ch er 3.wher l.Crom xing_ takes
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conver gi ng j elash 4685 &drl haverLdight dpaiid b dbvearti winblel feone thettorizartdlictVrent he
requi red m crom xi ng. \Wen jets are used wi,th a jet chanber, as . show
n Figare 1. Qdreredy By 3F chorere B erdcapbyne fa e i R R ar o
subst ant i al | YodhwaRt riglafrdii ted RerEetal (caeds hiegtdes) tontrisard thel the dluid siteatmi ps
directed to face 30, eac | e

. h other: i.e. he_two t .nozzles are.at or.cl.ose
to a 180 degroéeor@nml'e"’f’be@@{iﬁ{‘e et hf"ltgoﬂf 3‘?:6 6{?8??{ 2830 P OSBP @f 8%%56%/,
each | et 1gut |cgfstaNRaBdEinaRd jchaVie Gsesbfi binication tpadier al@tDvith inpitmivavatscaidngl e
fromthe hori,zontal, of. apout 10 degrees to elg the flowng material = nove
down and out ®f ‘W@%’H%WE@"?'QLW?&%‘%'?BQ M AGTELOUDRDPEE - pl aced directly
i nside the stirredntepsabzé & usbdeloctatpyrameaoyie o it frohean axterral

bstantially di t | | d.to. h . .5 with their out]at tips
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up to the point of impingement. Thefefore._ the maximum distance between the
nozzle tips will vary depending on the finear velocity of the fluids inside the jet
nozzles. To obtain good results for generally nonviscous fiuids, linear velocity in the
jet nozzles should be at least about 5 meters/sec., more preferably above 10’
20 metersfsec., and most preferably between about 20 fo 25 meters/sec., although the
upper limit of linear velocity is only limited by the practical difﬁcuities involved in
achieving it. Linear velocity and flow rate can both be controfled by various knov'vn
methods, such as altering the diameter of the entry tube andfor that of the nozzle
outlet, andfor varying the strength of the external force that moves the fluid into and
25 tﬁrough 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 volumefric ratio of feed solution to
anti-solvent is desired, the entry tube delivering feed solution should be twice the
30 diameter of the entry tube delivering anti-solvent. When the jet streams impinge
‘. inside a jet chamber, residence time for the fluid inside the jet chamber is typically

very short, i.e., less than ten seconds.



downward angle fromthe horizontal (ca. 13 degrees) to ensure that the
fluid stream of one will not enter the outlet hole of e8I fte nozzl e,
possi bly causing 10 crystallization in the jet. The use of a sonication
probe along with inpinging jets aids in achieving high intensity

mcrom xing in a continuous process. One jet nozzle is used to transport
one of the two fluids froman external, source into the chanber and the
other jet is used to simlarly transport the other fluid. The distance

bet ween the nozzle. tips inside the jet chanber or stirred vessel should
15" be such that the hydrodynam c formof each fluid jet streamrenmains

essentially intact . up.te the point.of. inpi T f Xi mum
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del i vering asbivestdieigradapiicto disselvieaineseadivasntemyidige antl g second jselvent
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i xt ur es 1 he PERALED pRlnsnal ¥ ik Has B RGbmpiRY oo PG BB i
opti mum r esphasnacantidat spits, if willi eolvimsstoi thessd skillassisl thigtart Hat $heaprocgss t he
process bef O%%séﬂ%%d herein is applicable to prepare many types of small molecules with
controlled particle size. The process is particularly useful for single step reactions,
‘which proceed at a high rate under moderate conditions, for example, salt-formations,
20 free-basing and nucleophilic reactions.
" In the present invention,.in certain cases, first and second solvents can be
identical. This has been demonsfrated and applies when both, first and second
. reactive intermediates are soluble in said solvent but whose reaction product or
resulting salt form is highly insoluble in said solvent. In this case, the solvent acts as
25  both the solvent and antisolvent for the reactive crystallizafion process.
The following examples are given for the purpose of illustrating the present
invention and should not be construed as limitations on the scope or spirit of the

present invention.



5 mcrom xed fluids enter the stirred vessel; this techggg |5032pecially
preferred when the jet streans inpinge dlrectly in the PhIPWEssel
Crystal digestion (Ostwald ripening, inprovenent of surface structure)
takes place inside the stirred vessel. Solvents used in this invention are
preferred to be mscble. The first solvent and second solvent may be

i dentical provided that the ultimte_groduct has limted 10 solubility in
t he conmon solvent. In the usual case, the first and second solvents are
not identical, the first solvent being adapted to di ssolve one reactive

I nternmedi ate and the second solvent the second reactive internediate. At

| east one of the solvents should be "aqti- sol vent" which is chosen for
its relatively | ow solvation propertiggaﬁﬁfﬁ respect to the 15 product.

Al t hough t hi Examplnt i on has been exenplified for preparing and

crystallizing phar ceutl I S WI|| beowost skilled in
this art that the%@@@g—i&?@@@ f2ipghitbnd® igds Im;)"’ﬁr%pare nany
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certain cases ven n be
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crystal [ {gat jsquniicac8 5116 0D ePhboW EDENRaRMDES ZQO%Igjf‘éﬁrhqh@djud b8 wuypose
of illustrati ml:j the present. 1nvention and, should not F?nslzgenngtrued

linitations Bf ??iét'%%ﬂﬁd@rt"@p‘-ieﬁ"ﬂd & Jackried yessebhrld AR t?"@l?f’@?)ter

2004 -8 Exanpt @s desaiiNedsd iRpRfbka o aRdcéAd Hel0D pahbeile @.0Zingh 4B). dta.@e to
achieve desired salt form Zi prasjidone (CAS- 138982 67 9% free. base

grams) was dletss wele gesumdinside a 3 Iifer jaghaled, grcgivet yesse! gad Mars giasreld Iy( THF)
in a 250 M gpiael té BaUAGIRG Mith BpblorPiataPd cm of distance between the two jets such

15 that the liquid streams meet at a point of impingement to create a verfical

impingement film. The 1-liter jacketed receiving vessel was held at 20°C and was
empty at the start of the run. The impinging jeis were started with flow rates qf 120
mi/min for the THF solution and 115 m¥fmin for the HC! solution. Linear velocities
were 9.9 mfsec and 9.5 my/sec for the THF and HCI solutions respectively. The

20 solution slumy was collected in the receiver vessel with the volume level eventually
rising above the jets. A Rushton turbine impeller at 200 rpm was used in the receiver
to provide mixing. The sldrry was allowed to age for 36 minutes. The crystals were
filtered and washed with 150 ml of DI water and dried in a crystallizing dish over
night.

25 _ ' X-ray diffraction (XRD) and differential scanning calorimetry (DSC) indicated
the correct form of Ziprasidone hydrochloride monohydrate was produced by the
impinging jet reactive crystallization process. The dried powder crystals were sieved
through a 600 micron sieve as a means to delump. The particles were analyzed by
Malvern using hexane as a dispersant. The particle size results indicated that 90% of

30 the particles, Dgy, by volume were less than 83 microns while the volume mean
diameter, D[4,3], was 43 microns. No particles with diameters of less that 0.9 micron

were detected indicating that fines were not produced.



heated to reflux at 65 C for 20 m nutes. The solution S ho% filltered
through a glass sintered Buchner funnel. The saturat ed S8FQP¢or?%%as added
to a 2L jacketed glass vessel preheated to a jacket tenperature of 80 C
and equi pped with reflux condenser. The bottomoutlet of this vessel is
connected to a punp where the liquid 10 is punped to a 1/16 OD jet nozzle
(0.02 inch ID). 200 M of an aqueous_§.8 Wt % HCl solution is added to a
second 2L jacketed vessel held at 25C. The bottomoutlet of the second
vessel is plunbed to.a second 1/16 'OD jet nozzle (0.02 inch ID). The jets
were secured inside a |l liter jacketed receiver vessel and were
dianetricalléxmgBR9§ed to each other with approximately 1 cm of distance
bet ween-the twojets such 15 that the liquid streanms neet at a point of

i npi ngenent  t oReadign @nd cystallization of Ziprsidpneda achipyadesirad salf formde oplaky et ed
recei ving vessel was held at 20 CP%@mggﬁgﬁﬁgggy at the start of the run
The inpinging jets were started W of 120 mM/mn for the THE
sol ution and 115 mhe neactipecrysklizein shopxampin.! vaneardusacorith it follgeing 9. 9
m sec ands 9. podlf&ons 060 Laemgbgf ﬂ?ﬁ Wik uS& I8 %o VPRSI RIeYbasther’0

solution slurry was collected in the receiver vessel with the volune |evel
eventual |y - tenapengiueeholitbe Eipeagidong frea tRgs it dHFseluips avas fpainiaied at 6900- r pm

was used 1N NG SHEINE las bRARN Sifr 1 FidMrind e AblciindaBifld pied A0 age

for 36 mnutes. The crystal's were washed with 150 m of D
wat er and dr vestel.n Fhe rygseais| H2i sautbnswas weintaingdjlat 1526 Whileathedieteiviagt i on

XRD d diff tial ' I met D Weloll : : t
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were sieved thro 00 m ¢fon sieve as a ns t : icles
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hexane as a dispersant. “The particle size results indicated that 90% of the particles

by volume were less than 41 microns while the volume mean diameter, D[4,3], was
22.5 microns. No particles of less that 1.0 micron were detected indicating that fines
were not produced. According to patent EU 0 965 343 A2 (08.06.1999), the most

20 preferred mean particle size of Ziprasidone hydrochloride monohydrate is in the 5-30
micron range obtained through miling operations which the present invention
achieves without the need for high intensity milling. The particle sizes stipulated
herein and in the claims refer to particle sizes determined with Malvermn light
scattering. -

25 * In a comparative 15.6 kg sample produced by the typical batch crystallization
process method followed by milling using a pin mill at 10,000 rpm, the volume mean
diameter, D{4,3], was 23.6 microns with 90% of the particles by volume less than 51
microns, while 5.4% of the batch by the volume distribution had particle size less than
1 micron indicating @ much greater number of fines. The impinging jet produced

30 reaction crystallization material, in both examples 1 and 2, showed a narrower

: particle size distribution with fewer fines produced while eliminating the miling

operation.



preferred particle size The reaction crystallization of exanple 1 was
conducted with the following 5 nodifications: 60 vol uné’soﬁtggqfrﬁ?%re used
relative to Ziprasidone free base. The tenperature of the Z prasidone free
base in THE solution was maintained at 60C. No hot filtration was
performed prior to preparing the Ziprasidone solution in the 2L vessel.
The aqueous HCI sol ution was nai nt a_i_ﬂ?d at 15 C while the receiving vessel
was held at 30 C. The flow rates for the Ziprasidone free base solution in
10 THE and the aqueous HCl solution were 120 m/mn and 100 m/mn
respectively and were run for 3 mnutes. The age tinme for the crystals was
2 mnutes. The crystals were vacuumfiltered, washed with 160 m DI water,
and air dried. XRD and DSC i ndicated that the correct form of Zi prasidone
HCl salt waswed by the reactive crystallization process. The
crystals weré steved through a 15 60Q.mcron sieve tq delunp_ and the
particles were anaE¢zef! g WRIAYEAHNIE] Y onE e E Y LM The
particle size results indicated Hupaith BoJerhart igarticles by volunme were
| ess than_41 mcrons while the volU mean d) anet er 4, 3], 5
mcrons. No parti %”%§e‘i‘ﬁ'°‘l‘ 8§’§tal"FPat-P“%?@XWEFOLW%W@B[&FQ&W%%%i‘gi%% t hat
fines were nedsqequgedntraler@beiici 4 BrdenpanicleizeldifibutidA 3 TAE nidiificafiork999)
the nost 20 preferred nean partg’ .l e size_ of Zi%%r_asi done E])(Id{ochlcg |
monohydr at e 13e¥aMRie d wWeres@) i g BiAPaRgans BBa PRRGIBTHNSGYR SrVPIMS ati ons
whi ch the prqggnised  mai halfiltraBohway @RrivinidtDint preparingetad Ziprasidungfrdenbasesi ty
mlling. The_particle séqzjes sti ul,atgd herei{] and i‘g tBe '%I al_ns refe{ to
particle siza5Fgdldion; ARl WerPIRUe Mo e JReulting. gystals; Aier g lingingemen
conpar at Wehbgricfﬁi, k«.lgsarﬁaigete@pﬁfm@ &tlrabiyn.t hmetq@t@ghemvwflmmg%teteal Wazladd on
process nmethod follo m]ling usjng a pin.n t t he
vol ume nean “{fﬁ‘aﬁ '@Y\Spﬁf'%,“é% Wﬁ;&g ?ZV%J grgﬁpeioﬁ;he\,wrﬁgasﬁgqe BY’F&ggh‘?ﬁqecl es
3_y vol g ne | e&‘r;orl'gh?d?aﬁlpairﬁﬂléﬁ @a@i fre@hﬁdnﬁng.. 4?{&&530&@&&%3!@5 thy férhativelofire
i stribution hg rtjcle size |ess than ) cron indicating a, nuc
G sat er - runbPIGTH stdion d SRR aIEFLRIes AL aubelir Sl affs Pokder
crystal i zat ppspeftiRl @utinhs fldwabliigl. ITitsaripIngsthdd eatlinfuersb desrtef aggregution
part il e o1 ze 0 SLAIOKLLAN W L) LoVRns (0SS ALRLUCRE phids &l Mratidp the
prior to Malvern light scattering as it required no delumping. The volume mean

particle size, D{4,3], was 104 micron with 90% by volume, Dy, fess than 210 microns.

No particles below 1 micron were measured, indicéting no fines were produced.

20 Example4d
Reaction-Crystallization of Voriconazole Camphorsulfonic Acid Salt to Voriconazole
Free base (U.S. Patent No. 5,567,817; CAS-137234-62-9)
28.75 g of Voriconazole R-(-}-camphorsulfonic acid salt was dissolved in 120

ml of a 50:50 volume ratio of ethano! and deionized water and placed in a 2L jacketed
25  vessel equilibrated at 30 °C. 4 liters of an aqueous solution of sodium acetate (3.4
wit%) was placed in a stainless steel pressure can at room temperature and
pressurized to 26 psig with nitrogen. Each vessel was plumbed to individual jets
assembled in a chamber simitar to the configuration depicted in Figure 1. The jets
were 1/16 inch OD and 0.02 inch ID. The flow of sodium acetate solution was started
30  through the jet at 115 ml/min, controlied via the nitrogen pressure. The Voriconazole
| camphorsuifonic acid salt sofution was then turned on with flow rate of 115 ml/min

through the jet. The flow of the two solutions created an impingement zone between



-10- Exanple 3 Reaction and crystallization of Ziprasidgne to achi eve
desired salt form but with larger particle size 5 - Theé Pggesi9R*
crystallization of exanple 1 was nodified to denonstrate ability to
selectively control and achieve a |arger particle size distribution. The
nodi fications to exanple | were: a) 3.1 g of Ziprasidone free base

di ssolved in 65 volunmes of THE was ui?d’ b) no hot filtration was
performed in preparing the Ziprasidonefree base THE solution, and c) the
age tinme for the resulting crystals, after the inpingenent 10 period, was
55 mnutes prior to filtration. The crystals were vacuumfiltered, washed
with 150 m of deiqnized ter, d air dried- The dry, Ziprasi done

hydr ochl or i d&'¢ A¥hd \Q’%B%rﬂsg]'&e halens Mas PRy o M%cﬁ’é@lf‘gp? & eal ed
t he formati ofimgthgemertNtthamiar dvRich i fistedicdin s ik atddeiviigaggssyathes wdzat
give superior filtration and powder properties such as flowability. Thus
this met hod . eaWlitraled {2Ace: degree of aggregation 15 and provide benefits to

bul k handl i ng chanfgt®s wekd R untinBiePRIBRa2RS sAI0SolRIcBURsE catisligied! O Rl vern
i ght scattering as it required no " delunping. The vol une nean %rfn'de

size, D45 3] sluvaroagsed & olP mnuesothen ppcyn itered, aaf washed viln 79

m crons. NowR@ticles below 1 mcron were-neasured, indicating no fines
were produced. 20 _Exanple 4 Reaction-Crystallization of Voriconazole
Canphor sul foni ¢ Adhg castals werevdisief éba yaeium opproat $hSeaqd 1 &incheag ahklg et
5,567,817; CAS - : . af : ] - < ni c
acid salt vvacéﬁgl}:si%ﬁég |%‘%§Oﬂr§1 egfrn %8@%9«%8%\@8{5(3%&01&%%&: gﬁg%t&ggéhjgn%rp and
dei oni zed wasereand aghegnsdoidelump2 | Differckiial sdant®) caleriedineand xrayrdiffiegtion 30
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In a stainless steel can at room tenperat-ure an pressurized to
26 psi g wit hVpiitoregela camaborsutongtel wasadetentethbed to i ndividual jets

assenbled in a ch Sl b Aar i | ' aT-YolN | fy i | 1.
The lete. wero U/ TN PatibarEleesisISyRptccibicn (RRhE Wiy e LOE 3
sol uti on was 28 mieroasiwito 90¥ral pgticlen Djvdr. Ofhtess imn 1/ microns @od 1508 ofrpriicies t he
nitrogen pre I \N i e q@gg i ki I j on
was then turne 02‘3# D\/\Ingﬁ%? flg\qu}ﬁl%gé'o?pﬁ n?‘j) Erﬁﬁb&%rcgﬁg kztgrﬂlagl?jog%a_?r@%j flow
of the tWp sistmiliagis Wielaseiian {39 mitrorfeandi0% lese thasdleigrons.

Example 5 |
Reactive crystallization of 5,8, 14-triazatetracyclo[10.3.1.0>"'.0*°|-hexadeca-

2(11),3,5,7,9-pentaene to achieve desired salt form and particle size using

20 submerged impinging jets
1006 grams of  5,8,14-triazatetracyclo[10.3.1.07"".0*%]-hexadeca-
2(11),3,5,7,9-pentaene free base was dissolved in 30 ml of ethyl acetate and 5 mlL of

methanol in a conical shaped centrifuge tube and held at room temperature. In a
separate conical shaped centrifuge tube 0.96 g of (1.)-{artaric acid was dissolved in 40
25  mL methanol! at room temperature.

A receiving vessel contained 250 ml of methano! and 250 ml of ethyl acetate
to which 20 milligrams of jet milled 5,8, 14-triazatetracyclo[10.3.1.0%".0**|-hexadeca-
2(11),3,5,7,9-pentaene {L)-tartfrate were added as seed. The seed had a volume
mean diameter of 2.7 microns. The receiver was equipped with magnetic stirrer to

30 suspend the seed in the methanol-ethyl acetate solvent system. The impinging jet
apparatus was submerged in the receiver vessel with both jets having inside
diameters of 0.007 inches-(ID).



2 October 2004 -11- the two jets and white crystalline rjal S
observed to be formng in the inpingenent chanber whi c%&‘é}éﬁ&oggvm to the

receiving vessel that was equilibrated to. 5 C The jets were run until

t he Voriconazol e-salt solution was consumed. The 5 slurry was aged_ for 10
m nutes then vacuumfiltered, and washed with 70 ml DI water. The crystals
were dried in a vacuumoven at 50 C 10 inches of Hg with an air bl eed
for 24 hours. The dried material was STeved through a 30 nesh (600 fm
screen as a neans to delunp. Differential scanning calorimetry and x-ray
diffraction 10 confirned the conplete conversion to the Voriconazole

free-base. No unr or,l.C V4 C or Dry
particle sizing aﬁ;l%?%g'iqesat }%glﬂrf"'ﬁg[;%%cfétrﬁgv%% gedwgy{?ﬁﬁgé?etﬁﬁ% ﬁﬂgﬁﬁr;%e{)egcﬁv%f 22
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t enper at ur e.agenn the agiiptad aeiveofur Sahinsleaptw: shent was vapsumfiiterasi 6@ dyiedfat

(L)-tartari gaac -di. S % | 0 a (" m ﬁmﬁg ture.
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95% of the particle were less than 15 microns.



30 suspend the seed in the nethanol -ethyl acetate sol vent ﬁéﬁt&ﬁ@ The
I npi nging jet apparatus was subnmerged in the receiver ég% I\ ﬁ bot h
jets having inside dianmeters of 0.007 inches.{[D). 2 Cctober 2004 -12-

FIl ow of neat nethanol and ethyl acetate was initiated through their
respective jets at 20 M/mn for 5 secq?ds from separate reservoirs to
establish steady state flow By way of Two 3-way val ves the sol utions of
5,8,14- triazatetracydo[10.3.1.0".0's]-hexadeca-2(11), 3,5, 7, 9- pent aene
free base solution 5 and (L)-tartaricG Swere swi tched on so they woul d

| mpi nge each other at the sane 20 ml/mn flow rate. The velocities through
the jets were 13.4 neters/see- After 1 mnute of inpingenent the flows

vere stopped anft RIAEESS dQuPYthasissprg eoysiplization e ghedicah gempalind ecrapising ed
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nean di aneter ?f éegr m (gjr,ons W th pnarrow parti C|H%. ?]I ze distrjbution; 5% of
particl es (R3S pRAr copdifions of; leppRetYR Andgxessire MRich RErYtIPRctine f spikrst han

15 m ClrFDsam?séabhfﬂb@"cﬁﬁé)ﬂfbnﬁl&di%|té/ﬁoﬁuoé’e@Jf@ﬂ@ﬁ}%ﬂﬂ or synthesis and
crystallization a chem cal conpound c ri si.ng . contacti .one or nore
Cet St eans of nsdrtlieRAR sl BndreRPan SorEnEe Bt S5 Areduc et igd sokbitly
I nter medi aines @beLIre dEsAd firsPaR] $edond E6IGAITS; ld a solution in a second sol vent
of a second reactive nternediate, said jet, streans_ inpinging.to create
hi gh ¢ ur bul encesat IESUPAMS JTRNSBR 1 et Mol MR &t (hed it Ot has AL o
and pr ez_sum:hv\ret sliedne havihg safeiehOfeal vﬁl@tidfl fol éc_mtevea@d mf Srangl nﬁ@gﬁﬁﬁir\g?og
i nternmedi ates to._ produce roduct; _a el ectj ng sal. i rst, and secon
sol vents. cta e GitiveshylieaHen i TR And SRR R R gemiated ghcived Bt
sai d firstnashtonobssd priduerdn prometiombtsmal cristals afBorntralled partidlelsizecr eat e
hi gh turbul ence at their point of inpact and each jet stream having
sufficient linear velocity to achieve high intensity m crom xi ng of

2. The process of claim 1, wherein one of said first and second reactive

intermediates is a basic intermediate and the other infermediate is an acidic infermediate.

3. The process of claim 1, wherein one of said first and second reactive

intermediates is a zwitterion and the other intermediate is an acid.

4. The process of claim 1, 2 or 3, wherein one reactive intermediate is Ziprasidone

free base and the other reactive intermediate is aqueous HCI solution.

5. The process of claim 2 or 4, wherein the basic intermediate is selected from, but
not limited to, sodium acetate, pofassium acetate, sodium hydroxide, potassium
hydroxide, sodium carbonate, sodium bicarbonate, and said acidic intermediate is

Voriconazole R-(-)-camphorsulfonic acid salt.

6. The process of claim 1 or 2, wherein one reactive intermediate is 5,8,14-
triazatetracyclo[10.3.1.0>".0**}-hexadeca-2(11),3,5,7,9-pentaene free base and the other
reactive intermediate is a L-tartaric acid solution.

7. The process of claim 1, wherein one of said first and second . reactive
intermediates is a zwitterion and the other intermediate is a base.



said solutions foll owed by reaction of first and second c&iv
i ntermedi ates, followed by nucleation of said product a?n(séﬁ o i on of
smal| crystals of controlled particle size. 2. The process of claim1,
wherein one of said first and second reactive internediates is a basic
internediate and the other internediate is an acidic internediate. 3. The
process of claim1, wherein one of said!first and second reactive
internediates is a zwitterion and the other internediate is an acid. 4. The
process of claim1, 2 or 3, wherein one reactive internediate is

Zi prasi don fr b ng. t ot.he ctive inter iate i s aqueous HCl
solouti on. g Thgﬁ%r@@(g%sg §¥ "?’ﬁ%‘i ﬁTZ‘L%‘grrgﬁ, e ]iaisﬁ"dt ﬁigs bgg(?csqcﬂ? (885t e i s
sel ect ed fintarmeliates indt ah iorganisdsaltdorns add dime aihet atemepiatassi nentexdisihgtaeid

sodi um hydwﬁl@) pot assi um hydroxi de, sodi um carbonate, sodium

bi carbonate, and said acidic internediate is Voriconazole
R-(-)-canmphorsul fonic acid salt. 6. The process of claiml or 2, wherein

one reactiye in ate. ks 8,.14- i a e 0[,10.3.1.02.11 ..

. 04nj - hexa_%feca- gﬁ%ﬁg%&% 7{[ &%@nt%é%%ér%ﬂrneéﬂ%aé{e%%ﬁ fifg e q?hseerconq REEHPe
i nt er nedi alnteninediates-is i ametganigsal farol and the otfter iMtbenafiate éss neotfalisingi bastt,
wher ei n On&’rﬂfgd"@ﬁi d first and second . reactive internediates is a

Zzwitterion an e other intermediate is a base. 2 October 2004 14 8. The
process of claim1, wherein one of said first and second reactive

i ntermedi a§@®@S | $pd i . i he i I jate.is a
neutral i si in(g ac.;f't(]tlé Hrg g%gg(g%g@ 0@? %%htg %g%égé@ %'ch Q%%ﬁ'ﬁs,é@\/%@tg%ﬂs %ﬁgitsolln sai d
first and hedomeng enbrepkiag of atcevaledti Bundsaridswhere aidoprgdwit or étalcorréspomdimgd t he

ot her int eée(fﬁ‘gﬁﬁg&sfaﬁis% neutralising basic conpound, 10. The process of any
one of the precedi'ng clainms, wherein said synthesis results in the formng

or breaking of a covalent bond and where said product or its correspondi ng

wherei n a1’ ohons P ony 2P oRhB Rk B Wifkrih sid ARG ™ ™

sel ect ed fipom tA@mgacayicaliyn siceantatde osalt $efehtert hiromi dls  growp atensidliegy lofit e,

citrate, k@il e’ bisyldlS! lrGte, KoL RIde, D or L factate, mesylate,
succinate, sulfate,' D or L tarlrate, stearate, tosylate, calcium, potassium, sodium and
ethylenediamine. |

12.  The process of any one of the preceding claims, wherein the desired product is in
the form of crystalline aggregates which are of controlied size.

13._ The process of any one of the preceding claims, wherein said product is
Voriconazole free base.

14. The process of any one of the preceding claims, wherein said product produced
upon crystallisation is solvated.

15. The process of any one of the preceding claims, wherein at least one of said jet
streams is directed about 10° downward to avoid crystallisation of said product in said
jets.

16.  The process of any one of the preceding claims, wherein the linear velocity of the
jet streams is at least 5 m/sec.



succinate, sulfate, Dor L tartrate, stearate, tosylate, (ﬁatl ﬁi L@R
pot assi um sodium and ethyl enediam ne. 12. The processzo c ?/r él of the
precedi ng clains, wherein the desired product is in the form of
crystalline aggregates which are of controlled size. 13. The process of any
one of the preceding clains, wherein said product is Voriconazole free
base. 14. The process of any one of the Preceding clains, wherein said
product produced wupon crystallisation is solvated. 15. The process of any
one of theljr ec®he pepcebaiofmany vheroéitiie pteckding iclaims, wihersiai & spetatiost preberis | S
directed abgll%t &0& do.\amwar dto ta}/{oi d crystallisation of said product in
said jet s td)? ¥ Qsﬁ‘ JLROING ety ?a"c}ﬁ'e of the preceding clains, wherein the
linear velocity of the jet streans is at |least 5 misec. 2 Cctober 2004 15

17. The progess—pf any. o0 of th receding,cl ai wher gi.n ni.cation-
orobe s Tl uBiaPerT Qe ong i iRrECsdnd Rig  WherelfEid et mbund 2
one of t heisfigresidomghydrachimidewharobydragai d chem cal conpound 1 s Ziprasidone
hydrochl ori de nonohydrate. 19. The process of any one of the clainms 1 to
17, wherein said chem cal compound is

5, 8, 14-t ri #&.at eThaprocksd dftany.che®f tidcli@imshietoalTe ehiet(r 43id 8hémitalleqoapruadie( L) -

tartrate. . . 4. s _ i I y one of
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Abstract This invention provides a nethod of conducting a sinultaneous

chem cal act | - || | i [ f ' oyi ng
i Npi ngi ng (F'ui dh%g{n %Bg?ﬁe’@%iﬂ‘ggﬁg giﬁﬁ’;?}régésgaeu@?} gﬁﬁés]d @'aaﬁg&%g%%gﬁ%hﬁdgﬁig t he
product with desired particle size characteristics. Fig. 1 ' :





