2 Cctober 2004 -1 REACTI VE CRYSTALLI ZATI ON METHOD TO | MPROVE PARTI CLE SI ZE
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
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15 WO 00/44468, incorporated herein by reference, describes 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.



30 on labile conmpounds. The small particle size attained with the jet
process is consistent within a siggle run and is reprodﬁ@gﬁpgﬁggwaeen
runs. Reproducibility is an attribute of this process that is not common
to "reverse addition" nethods typically used to produce small crystals. 2
COct ober 2004 -2 The pure, high surface-area particles that result fromthe
jet process also display superior crystal structure when conpared to
particles formed via standard slow crystallization plus mlling nethods

using the same quality and kind of feed  conpound. |nprovenents in crystal
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crystallized in a _ particular solvent (thernoregul ation)., .or. t akin
advant age of the SMP@H?WC’PWY'JHEH'&’E{‘W(r%?%‘;stoéggf"ﬁ% Otm%'?ﬂj’e?gnms CF'{%%t

M Xt ures gor fhayh #RIRiLF RitbARing Nséfent@ntdiniRg tieahishigeastansbidsdo prdduee
product of the reaction wll usu&)lglng be hi.ghldi; I, N o%g%l §1| n_the tfi ngJ\

sol vent or cohishAmiGab feastion yhich foams 5 reqlion, guczr £ gy spRgrEatialigng i on
provi des for &Rgitdhs RakinG " Bt Abki Maldatth Bl a chhguoas réactien aindacrystalizatibes of

high purity and stability. In-a first aspect of the invention, there is
provi ded a prl¥e¥$- f or synthesis and crystallization of a chenical

conmpound conpri si NQu&&staChid Préviifitatién Banebe ehitiatetiay  ofilizings dhetefieot iaf a
S e eratine cenudion on o SOUSHTS @b odishuRd®ee”be B sfalky ' heaT™
particular solvent (ﬂlennoregulation), or by 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



25 in a second solvent of. a second reactive internediate i d t streans
I npinging to create high turbulence at their point of 4198@3

conditions of tenperatures and pressure which permt reaction of sai d
first and second reactive internediates,to produce a product; and
selecting said first and second solvents so that said product is of linted
30 solubility in a mxture of said first and second solvents; and said jet
streans inpinging to create high turbulence at their point of inpact and
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nucl eation ofyr3ghebigd paek sped production of small crystals of controlled
particle size Afirst enbodinent nay relate to a process as defined in the
first aspect wherein one of said first and second reactive internedi ates
may be a Basic internediate and the other internediate nmay be an acidic

i ntermedi ate. A second enbodi nent may relate to a process as. defined in the
first aspect wherein one of said first and second reactive internediates
may be a zwi t't eri or Tipf@MPRLMERtEY relpte {oh praeasapedetiRgd Bdrediist aeragt WikreimpRed
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one of said f'u{tér egiggﬁagﬁ)gr;ﬁg%igfgﬁégéégcgétgerrredi ates may be a zwitterion

and the other ‘interne ' A fourth enbodinment may relate to
a process as defi nésecpndaqrbofimegtmaygplaletto ppeeess s defined Bfthastiptaspeot whergind
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i ntermedi at € and the other intermediate may be a base.
A fourth embodiment may relate to a process as defined in the first aspect wherein
- 1;5 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



may bé a neutralizing basic conmpound. A sixth enbodinment may relate to a
process as defined above, wherein said synthesis resul t% Fe‘{t’b?h@(’f“orm ng or
breaki ng of a coval ent bond and wherein the product or its corresponding
salt formcrystallizes. This invention also discloses a process wherein
said first solution may be a pharnactutical salt formsolution and said
second solution may be a solution containing either an acid or a base. For
exanpl e, a solution of Voriconazol e canphorsul fonate may be reacted with
a solution of sodiumacetate to produce Voriconazole free base wth
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wher ei n sai d psdhthubydroxide, potassium hydroxide, sodium carbonate, sodium bicarbonate, and said
acidic intermediate is Voriconazole R-(-)- camphorsulfonic acid salt.

15
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:

-
-



to be formed may be Voriconazol e free base. An el eventh %ﬁQOdi t m
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di agr am show? edmea{?é | production.system depicting the jet chanber 3,
the transfer line 4, the stirred vessel 5, the agitation device 6 and the

entry point Bfeté[il\ég Dfelsclzjr{p gn L)fi%g(ijnv%néio%t 0 the system

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



After mcromxing in a jet chanber, the material |eaves the jet_ chanber as
5 depjcted in Figure 1, travels into a stirred vessel 527P¢Res 4fectly or
via a transfer line 4, and after an appropriate age tinme, the product
suspensi on. fl ows out of the vessel as indicated by arrow A |In anot her
.enbodi nent, shown in Figure 2, two fluids 11 and 12 enter directly into
the stirred vessel 13 containing a liguid which is a solvent or antisolvent
where 10 the jets 16 emt fluid jet streans that inpinge and m crom X near
the effluent stream of the inpeller 15. Detailed Description of the

I nventi on The novel process of this invention involves the use of jets to
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in Figure 1, the two jet. nozzles are preferably arranged so that they are
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15" be such that the hydrodynamic form of each fluid jet stream remains essentially intact
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.



nove down and out of the chanmber. Likew se, two jet nozzles placed directly
inside the stirred vessel are preferably arranged so tHaPCPheo%fe
substantially dianmetrically opposed to each other 5 with their outlet tips
directed to face each other. When the jet nozzles are so placed, each
nozzl e can have a slight upward or downward angle fromthe horizontal of
from O degrees up to about 15 degre§§L but preferably the two nozzl es have
just enough downward angle fromthe horizontal (ca. 13 degrees) to ensure
that the fluid stream of one will not enter the outlet hole of the
opposite nozzle, possibly causing 10 crystallization in the jet. The use of
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control | ed bgolubitifydutheloooumon saltenbds, such as altering the diameter of the

entry tube and/or  that of t r.Maryi-ngethegst th
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Each jet appaoiaéntsheirgradaptathio disdolveamhe iedefjverictemuddjate and ttheaperoad sgvent ed
final fluid gonposition,rati 1t I i =\ T 0]
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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.



very short, i.e., less than ten seconds. 2 COctober 2004 % ﬁfer l'ine
4 as shown in Figure 1 may or may not be used to del i ver® PHade Eﬁ@ d m xture
into a stirred vessel 5 fromthe jet chanber. Solvent, anti-solvent or

m xtures thereof optionally containing seed and optionally heated to attain
optimum results can be put inside the-stirred vessel at the start of the
process before the 5 mcrom xed fluidg_enter the stirred vessel; this
techni que is especially preferred when the jet streams inpinge directly in
the stirred vessel. Crystal digestion (Ostwald ripening, inprovenent of
surface structure) takes place inside the stirred vessel. Solvents used in
this invention are preferred to be n1§cbI§. The first solvent and second
sol vent may be identical provided th |ti mate product has limted 10
sol ubi l'ity i Hxadptecbrmon sol vent. In the usual case, the first and second
solvents are not Ld

one reactive inteFHEars
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limtations on the scope or spirit
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.



present invention. 2 Cctober 2004 -8 Exanples Exanple 1 R&ﬁtpé 2
Cryst.allization of Ziprasidone to achieve desired salt e %’ro si done

(CAS- 138982-67-9) free base (3.7 grans) was dissolved into 200 5 m. (55
vol unmes) of tetrahydrofuran (THF) in a 250 nml 3-neck round bottom fl ask and
heated to reflux at 65 C for 20 m nutes. The solution was hot filtered
through a glass sintered Buchner fupgel. The saturated solution was 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 IBE§ gggzm of an aqueous 0.8 Wt % HCl solution is added to a
second 2L ja essel heI d at 250 The bottom outlet | of tthebtsecond

vessel is plunBese ) g jets
were secured inside a | Ilter Jac Fetf&qadr |é/§£e vessel and were
dianetrically opposed to each ot tely 1 cmof distance

bet ween the two j dhe reamdipn costafgptiamel example 15‘0’?‘%&%" wifh the flipwingof
| mpi ngemeqt h%dﬁi:&ﬁin@ QOVSlﬁrth%* THE Wr@Q%@FHIaU% kS Zipfiifdoke frdetaskacht ed

receiving vessel was held C and was Y at the start of the run.
The i npi ngi n@mm@umféﬁ@mwﬂwf@ﬁ taise i Fbﬂfé@ usen wag mainfeiied &P °¢he THE

sol uti on andgﬂ)?ﬁ)t ri"‘tlla tg geﬁfﬁ@égﬁ&oig sté(??ut {Henﬁafasfﬂgh@%bhh&?m ﬂ”@rﬁ 9.9

m sec and 9 sec ons respectively.
sol ution sl uvee,seWaSTb@Iaheequsd-ICInsalthtignr\mﬁemﬁé'ﬁam@tgél15\M3t whr!aqtilev@mmg I evel

wes used T n VRSl BeTolral Ly S AGvRr 1 ke ez peks PhuslPl T
for 36 m@ut FHF ahdehe bysdoak HONeoletlorf wérbaQGand andd b@mlmn lnespBOtively avfd DI
ISy o ik b e SRR T e Bl U el o 7 e TR R L
form of Zipr mi@mumw&emhwﬁhedm[mﬁomd}maem qur diikdced by t he
:Nerrfgng: gg.é{jet ' ea%_\;o an H‘(S%t %ld{c!'—.iégtthgtnthgro%?r%gtsfd HaggoRé)Ylﬁif aﬁrvyasst al's
produced by the reactive crystallization process. The crystais were sieved through a
"15 . 600 micron sieve to delump and the particles were analyzed by Malvern using
| 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.



t hrough a 600 mcron sieve as a neans to delu The particles were
analyged by Ml vern using hexane as a dlsperggnt Thg FaPEirReee Wiz e
results indicated that 90% of 30 the particles, D90, by volune were |ess
than 83 microns whil.e the volune nean dianeter, D 4,3], was 43 mcrons. No
particles wth dianeters of less that 0.9 mcron were detected indicating
that fines were not produced. .. 2 ober 2004 -9 Exanple 2 Reaction and
crystallization of Ziprasidone to achieve desired salt formto obtain
preferred particle size The reaction crystallization of exanple 1 was
conducted with the following 5 nodifications: 60 volunes of THE were used
relative to Ziprasidone free base. The tenperature of the Z prasidone free
base in THE solution was nmaintained at 60C. No hot filtration was

per f or med prE&aE&@%@reparing the Ziprasidone solution in the 2L vessel.

The aqueous solution was nalntalq d at 15 e -|V|ng vesse
was held at 30 C. Peggli P14 9

10 THE and t he aqueous HCI soI UtUuOntWr@er-b%Qlclﬂ g.m n and 100rr1 /mn
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crystal s vverépg’F %I? lj’él‘?f agOfag!pré‘ﬁ E’ ﬁ !‘feg' 898 ﬂ@"}?ﬁdﬁﬁ’ﬁ@
particles \A/elw@lseu%aaytz)afb llibt fMEaqu:e WS lp%rfﬁ@néiﬁmémép@'&lgahd |zs;wamm frecThase
particle size results in edthat 9&500]‘ tQ}%E&t' ﬁ by vol une éere
| ess than 41 THFcPAHOMAR 8) eaggoqlru%or geRH! plalspatiersie ippigesisn
][n crons. ifo p@ﬁéd Wa@%SQﬁlnlAt@§ %néth@‘ﬂtﬂat[@n M TheQiRy SiEls Weﬁbatla;ﬁ:tmd'ltewdl, Watshemggg ?at
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the most 20 WIRCIEBY TR el EaMeteE) RS RE SR6S. ANs o AuASaRyH TRk
nmonohydr at e infonloRy: drbt@ &r&ﬁbgméweq?eer mag Otmﬁrdkeépyt Fevedigh the tfdmmgo@mraat i ons
whi ch the' present |nv ntlﬁ f%] eves V\niﬁotgt t.he need f@ra gh |nt$n3|ty
mi|ling. The pder dipt BYS{3YAE AAEPIANRE, BRHUYRA FUPFAY Ao, Avg
particl e si zggopéaice sitinasifiavwadtiityVed nigrihis Inhadhidd can influence degree of aggregation

15  and provide benefits to bulk handling characteristics. The powder was not sieved

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



scattering. 25 In a conparative 15.6 kg sanpl e produced t he t |caI
batch crystallization process nethod followed by mlllrprgg p|n mill
at 10,000 rpm the volune nmean dianeter, D[4,31, was 23. mcrons with 90%
of the particles by volune |less than 51 mcrons, while 5. 4%of t he batch
by the volunme distribution had particle size Iess than 1 micron indicating
a nmuch greater nunber of fines. The inpinging jet produced 30 reaction
crystallization material, in both exanples 1 and 2, showed a narrower
particle size distribution with fewer fines produced while elimnating the
mlling operation 2 Cctober 2004 -10- Exanple 3 Reaction and
crystallization ne achi eve desired salt for but w
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solution, _and c) the age tine for the resulting crystals, aft

p
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wer e vacuum {ztdrer ed, washed wth 150 ml of deionized water, and air
dried- The dry Zi prasi done hydrochl oride m)noh drate particles were free
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not si eved r\ﬁ/’.‘&e{ij;l%é/%}{-ﬁfe?e rt| |o°hci’c} e Vﬁ)‘%{fﬂéfd'é ffeé%%edNé‘ereacte

del unpi ng. T e Sl ze, mcron with 90%
by vol une, | b{nﬁcqf‘@s@emalnh@&(ﬂfonﬁtﬁm@etem particles below 1 micron were

measured, indi cat ppgo Qb ispRS ABLE gsggg,ﬂgggy %grsul §né mea d[ameteE 8f

Reaction-Crystall i zaPl on o or | n| c Acid Sal
\Vor i conazol e22 microns with 90% of particles (D[v,0.9]) less than 41 microns and 50% of pariicles

(D[v,0.50]} less than 18 microns. Specification of product conventionally obtained by
15  jet milling is 90% less than 130 microns and 50% less than 50 microns.

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).



Free base (U. S. Patent No. 5,567,817, CAS-137234-62-9 2?%5}12 %f? 4
Vori conazol e R-(-)-canphorsul fonic acid salt was di ssol ved®PH 8% m of a
50: 50 volune ratio of ethanol and deionized water and placed in a 2L

j acketed 25 vessel eqw librated at 30 C. 4 liters of an aqueous solution -
.of sodium acetate (3.4 w% was placed in a stainless steel pressure can at
roomtenperature and pressurized to psig with nitrogen. Each vessel was
plunbed to individual jets assenbled Tn a chanber simlar 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 mM/mn, -c Q
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Reactive crystallization of 5,8,14-triazatetracydo[10. 3.
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base was dissolved in 30 m of ethyl acgfate and 5 nL of nethanol in a
coni cal shaped centrifuge tube and held at roomtenperature. In a separate
coni cal shaped centrifuge tube 0.96 g of (L)-tartaric acid was dissolved in
40 25 nL nethanol at room tenperatur ELAMSBecei vi ng vessel contained 250 n
of nmethanol and 250 ml of ethyl acetate to which 20 mlligrans of jet
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pol ynorphic form Particle size analysis (Aerosizer) resulted in a volune
mean di ameter of 10 microns wth narrow particle size distribution: 5% of

particles pere TReSprbéRR bf Blamons wisteinOobe Obf (ARl Higtt bAd esewohe feRgtivd han

15 m cr Onslntennedlates is a basic infermediate and the other infermediate is an aCIdIC intermediate.

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.



2 October 2004 13 CLAIMS 1. A process for synthesis and Q§¥sﬁa2#téation of
a chem cal conpound conprising contacting one or nore f% opg of a
solution in a first solvent of a first reactive intermediate and one or
nore jet streams of a solution in a second solvent of a second reactive
internediate, said jet streanms inpinging to create high turbulence at their
poi nt of inpact under conditions of teaﬁerature and pressure which permt
reaction of said first and second reactive internediates to produce a
product; and selecting said first and second sol vents so that said product

is of limged s bil] i m, Xt f id first and second, sol vents;
and said jg't stﬂé%n%rb{:ér%i r?lg{;i%r[]%mtg’c‘%%? @ Iﬁ)ﬁ%hgﬁ e |ﬁé§ic8“ tSGRAY rreaeiMe of
i mpact andintesaeiafestis §1 ar arganmdatidosu bhd dhenthet intemediatd isca hyuttatisiag hicrv e
hi gh i ntené(%y()lm’dg:r om xing of said solutions foll owed by reaction of first

and second reactive internedi ates, followed by nucleation of said product
and production of small crystals of controlled particle size. 2. The

process of gcl ai profigs el f (g fifpst .secqnd reactiye .
i nt er medi a_?'es i?‘% ast o i, fa‘tﬁﬁérglﬁd Ob%eogg%{gf%fsﬁt andrethonnd regctiys
aci di c i nt sfemmeiliates.is B anmmbrgapic skt fymodndcthaiathet inteimezdiita ioa acotfalismigdakicr st

and secondoérﬁgajnldve intermediates is a zwtterion and the other
intermediate is an acid. 4. The process of claim1, 2 or 3, wherein one
reactive internediate is Ziprasidone free base and the other reactive

i nt di i i . . . .¢l ai 2 .
wher ei -t hiCpnoT REHEEES: Ay S bf ¥ hre S HaBier 6ASRPfoif Sl sy in
sodi um ac ethgtfermipg pabrsaking £f atcavalentshtidiandwliere xsaitieprogiadt s §s worrespoidingi de,

sodi um car%}gﬁ% cove@ffiseun bi carbonate, and said acidic internediate is
Vori conazol e R- -Sy-gcarrp orsulfonic acid salt. 6. The process of claiml or

2, wherein one reactive internediate is 5,8, 14-

triazatetragycl 31[9«) ) E&é? ~ 1 9- r,ee

base and the otﬂ&er rg%sa%_cc?%\r}%a?%?ﬁlﬁﬁg Ia gsi%ga"ﬁé'weéé?gﬂéc&gﬁ%F gbgﬁ'gﬂ" n. 7.

The process. aofpf@naacpgukr,:aﬂm@c@entﬂmesalt spiéafed i frem dhel greupndonsistiagctoi:ve

I nt er medi afyRfodhiordeZ YckiR!, | SRR LSt AetrotirBinfle™®Y! & § 'iSete” Tésylate,
succinate, sulfate, D or L tartrate, 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.



2 Cctober 2004 14 8. The process of claim1, wherein on%rﬁgf ai:%J f4i rst and
second reactive internediates is in an organic salt fo GRB° 1 419%0t her
internediate is a neutralising acid conpound. 9. The process of claiml,
wherein one of said first and second reactive internediates is in an
organic salt formand the other internediate is a neutralising basic
conpound, 10. The process of any one of ¥he preceding clains, wherein said
synthesis results in the formng or breaking of a coval ent bond and where
sai d produtl. or Th¢ prazess e ponona@f tisapteckdingnctains,t whdreines sodidatiohhgobe ¢cess
of any one. 0 the.tﬁr e eding. cl.a%i A2 wherein said chem cal conpound is a
phar maceut I 59??/“’5 SRR IR 4TS %%ﬁ“%-ct ed fromthe group consisting of:

hydrochl ori de, acetate, besylate, citrate, hydrobrom de, 0 or L |actate,

mesyl at e, uccl . Sul f D.pr. L trat.e stearat t |, a :
cal cium p&?‘ass?ﬁ%'%gg .%?‘&?‘%’He °éﬁﬁﬁf%%e?mga°ﬁ?‘??§:w ??'Wﬁ?d%qeﬁéggﬁpo‘ém/ one
of the presdipmagdohahydochidrigieensnohipdrattesi red product is in the form of
crystal |l ine aggregates which are of controlled size. 13. The process of any

one of the preceding clainms, wherein said product is Voriconazole free
base. 14. The pFbepssesd ofamy aneef te ¢ldimspr eck(whgreid saidehemicelr aimpciad ds

ne of t heogr aenar R EPHD T AL B e el G o BB PR ER R o T
di _rgct _edt 2bmig 100 downwar d t]? avoi d cryst?I Li sation of s?i_d pr odugt :2 he
inear ver B yASPRPRURE FRGn aog By ¥ odios| deRheS fitilond Stline LIS, 1¢

17. The process of any one of the preceding clains, wherein a sonication -
probe is




included with said inpinging jet streans. 18. The proce of , a ne of the
precedi ng clainms, wherein said chem cal conpound is Zi ?g HOB%%OQ

hydr ochl ori de nonohydrate. 19. The process of any one of the clains 1 to
17, wherein said chem cal compound is

5,8,14-triazatetracycl o[ 10. 3. 1. 0". 04. 9] - hexadeca- 2( 11), 3, 5, 7, 9- pent aene(L) -
tartrate. 20. A conpound when nade by thggprocess as defined in any one of
clainms | to 19. REACTI VE CRYSTALLI ZATI ON METHOD TO | MPROVE PARTI CLE SI ZE
Abstract This invention provides a nethod of conducting a.sinultaneous
chem cal reaction and controlled crystallization of the product enploying

et sl RS ATRAEER eFesSfoflo de 0
Abstract
This invention provides a method of conducting a simultaneous chemical
reaction and controlled crystallization of the product employing impinging fluid jet
5 streams containing reactants capable of producing the product with desired particle

size characteristics.

Fig. 1



