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surface area and short dissolution time. Purification can be accomplished by

crystallization of the compound from solution. However, when crystallization takes
place directly in a high supersaturation environment, the resulting material is often
unsatisfactory due to low purity, high friability and lack of stability because the
crystal structure formation is inadequate. Further, oils commonly produced during
processing of supersaturated material may solidify without sufficient structure.

It is possible to slow down the crystallization process to obtain a higher purity,
more stable product. However, slowing the process decreases crystallizer
productivity and produces particles that are too large, having low surface area. Such

particles require high intensity milling to create a useable product.

2. DESCRIPTION OF RELATED ART

To overcome those problems, and provide particles of high surface area, high

chemical purity and high stability, without the need for post-crystallization milling, a
crystallization process, known as the “impinging fluid jet” process, has been

developed.
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Reactive crystallization involves two reactive intermediates. Fluid streams of
solutions of the reactive intermediates are impinged in a chamber under appropriate
reactive conditions. For example, a first solution containing one reagent (such as an
acid) in a solvent is reacted with a second solution containing another reagent (such as
a base) in a solvent are reacted to form a product, such as a salt. The product is not
soluble in the solvent mixture and thus it rapidly crystallizes out. In the
pharmaceutical industry, the drug substance is often in a salt form, so reactive
crystallization is commonly used.

The impinging fluid jet process produces a satisfactory result in terms of
purity, particle size and stability. However, several major drawbacks of this process
have been observed. For example, the nozzles used to form the fluid streams must be

very accurately aligned so that the streams impinge correctly. The ratio of the flow

rate of the two streams is limited by the size of the nozzles. The process cannot be
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Our process works particularly well on compounds that crystallize quickly.
This is because mixing and crystallization take place simultaneously. Further, our
process can be practiced continuously or in a batch mode.

Our process utilizes a conventional atomizer instead of fluid jet nozzles. A
first solution is supplied to the atomizer. The atomizer creates a fine mist of droplets
of the first solution. The droplets are introduced into a second solution. The
atomized solution and the second solution are mixed to produce the crystallized
product.

When non-chemically reactive constituents are combined, the first solution
may be a solution containing the material to be crystallized, such as a neutral
molecule or a salt, dissolved in a solvent. The material-containing solution is
atomized and the droplets are introduced into and mixed with the second solution,
which is a solution containing an anti-solvent. Mixing the solutions reduces the
solubility of the material, causing it to crystallize out.

The process may also be used for reactive crystallization, for example, to

prepare pharmaceutical salts. In that case, the first solution contains a first reactive
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It is, therefore, a prime object of the present invention to provide a system for
crystallizing an organic pharmaceutical compound using atomization which results in
particles of high purity, high stability and high surface area, without the necessity of
post-crystallization milling.

It is another object of the present invention to provide a system for
crystallizing an organic pharmaceutical compound using atomization wherein the
necessity for critical alignment of impinging fluid jet streams is entirely eliminated.

It is another object of the present invention to provide a system for
crystallizing an organic pharmaceutical compound using atomization wherein the
ratio of the solutions fed to the apparatus can be easily controlled.

It is another object of the present invention to provide a system for

crystallizing an organic pharmaceutical compound using atomization wherein the

apparatus for performing the process can be set up relatively rapidly.
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may include the material to be crystallized dissolved in a solvent. The second solution
may include a solution containing an anti-solvent.

When chemically reactive constituents are employed, the first solution may
include a solvent and a first reactive intermediate. The second solution may include a
solvent and a second reactive intermediate. The solutions are combined under
conditions of temperature and pressure that permit the first and second reactive
intermediates to form a product of limited solubility in the solvent mixture.

In accordance with another aspect of the present invention, a process is
provided for crystallization of a chemical material from a solution containing the
compound to be crystallized dissolved in a solvent and a solution including an anti-
solvent. The material-containing solution is atomized. The atomized solution is
introduced into the anti-solvent solution. The atomized solution and the anti-solvent
solution are then mixed to form the product.

In accordance with another aspect of the present invention, a process is
provided for crystallization of a chemical material from a first solution including a

solvent and a first reactive intermediate and a second solution including a solvent and
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The step of mixing the atomized solution and second solution includes stirring
or agitating the mixture. This can be accomplished by any conventional agitation
mechanism, such as a mechanical or magnetic stirrer.

In one preferred form, the process comprises the steps of continuously
introducing the first solution into the mixture and continuously removing the mixed
product. In this manner, the crystallization process can be performed continuously.

In accordance with another aspect of the present invention, apparatus is
provided for crystallization of a chemical material from a first solution and a second
solution. The apparatus includes means for atomizing the first solution and for
introducing the atomized solution into the second solution. The atomized solution
and the second solution are mixed to produce the product.

When non-chemically reactive constituents are combined, the first solution
may include the material to be crystallized dissolved in a solvent. The second solution

may include a solution including an anti-solvent.
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are provided for mixing the atomized solution and the second solution under
conditions of temperature and pressure that permit reaction of the first and second
reactive intermediates to produce a product of limited solubility in the solvent
mixture.

The atomizing means may take the form of a non-power driven ultrasonic
atomizer. Alternatively, the atomizing means may be a power driven atomizer. In the
latter case, means for providing pressurized gas to the atomizer are provided.

The atomizing means may introduce the atomized solution above the surface
of the second solution. Alternatively, the atomized solution may be introduced below
the surface of the second solution.

The first solution is supplied to the atomizing means. Means, such as a pump,
may be provided for this purpose.

The means for mixing the atomized solution and the second solution includes

means for stirring the solutions.



reactive internedi ates to produce a product of limted solubility in the
solvent m xture. The atom zing neans nmay take the form of a non-power
driven ulwpasomss2 atom zer. Alternatively, the atom zi ngPeFarne3/msy2 be a
power driven atom zer. In the latter case, neans for providing pressurized

atom sed solut i oeasahsy BhBLE for MuBRLF IRAEAR TR 10

the at om zehhatzale hicans foryominuonsly ectticeng thel product he Asorfracideaf the second
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such as a punp, : . ng the

atom zed s i ; i i : tirring the
wﬁ%@%}%%zg; s %%lggtgé WdoRA sbINGoH R SixBB A e Felse S

sol uti ons. 12312 Means nay be provided for
conti nuousl y i ntFheduomining inearsdmorad islet aennented lto recefvatthe fisst solmtiansTher

continuously repovi ng the produc i ded. . Pref |y, I
o or ovt dedtomiiesBta o e Bils: St BetnRbiceitht somied SohLalind e

atom zed sQlidddaBiAded. t he second solution are mixed in the vessel. The
atom zing neans has an inlet connected to receive the first solution. The
at onmi zi ng neans HBilessomimng meons dulet siayue wgated abave deuwefachel theotecord

ocat e abovBteH ATFFARETH R e M e bR IR0 TRERE Bl e e

atom zer nmeAfse RUbAEiolwEYh. be | ocat ed bel ow the surface of the second
solution. The atom zing neans includes neans for varying the droplet size.
This neans is ddjegseriringmpsnsdpdedes means fof varyipg thedoplgt yies  Thipaeagans f or
m xi ng the, ] i ang nd sol ution includes neans for
stirring tﬁggﬁg%té?ﬂ)oﬁrghwnéfle vegél}e}ﬁ‘?gﬁée{ apparatus further includes neans
for conti nuousl| yTHenhéadfor mixihg éheseomived seltivh iand thendeoondhsolwméssiakludéeans

are al so provided for continyously renoving the product fromthe vessel.
means for stirring the solutions in'the vessel.

The apparatus further includes means for continuously introducing the second
solution into the vessel. Means are also provided for continuously removing the

product from the vessel.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

To these and to such other objects which may hereinafter appear, the present
invention relates to a crystallization system using atomization, as disclosed in detail in
the following specification, and recited in the annexed claims, taken together with the
accompanying drawings, in which like numerals relate to like parts and in which:

Figure 1 is a drawing schematically illustrating a first preferred embodiment
of apparatus suitable for practicing the crystallization process of the present invention
with non-reactive constituents in the continuous mode; and

Figure 2 is a drawing schematically illustrating a second preferred
embodiment of apparatus suitable for practicing the crystallization process of the
present invention with non-reactive constituents in the batch mode;

Figure 3 is a drawing schematically illustrating a third preferred embodiment
of the apparatus suitable for practicing the crystallization process of the present

invention with reactive constitutents, in the continuous mode; and



BRI EF DESCRI PTI ON OF THE SEVERAL VIEWS OF THE DRAWNGS To these and to
such other objects which nmay herei nafter appear, the present invention
rel at es twoa3moasstal | i zati on system using atom zati on, asPATasSodsBd2 i n
detail in the follow ng speci fication, and recited in the annexed cl ai ns,

taken toget her \F/)Y?i Lh et4h1 gfggﬁl,agg 1‘3¥ ﬁmf{}&%gad g)u\afﬁ'p?gfe}rhﬁgmﬂ

relate to |ike rawn nalca*

illustrating t’hefa];fp&fau&r aflabreeﬂ)repma@hm@ ke cqfstaalmaabﬁtpr&essllofahé eprésent
practicing the crystallization process of the present invention wth
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suitable for prac |ngt 't zat1 on process o present
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drawi ng schematically illustratin athlrdpeferrede n af the
appar at us PP émfio‘PtrBﬁl%E iBfong @QETSS VERL SRIPHop- %S%EE ﬁonflﬁ‘é&
present i nyaptilignnWidiRe SEBGEN YCmBRASKith ﬁ{eemﬁsoweﬁat %&ﬁu@@ Nhé B@lﬁymtﬁeﬂe and
8 WD 03/ 092852 PCT/nUSOB% 12312 Figure 4 is a draw ng schemati cal
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practicing the cf{:féstal Iiz&{ei on Igrloce .Of th§ resent . 0 0 t
reactive consti tifarianPle, teRatghipl-gonidining sqhy %Fggess T‘le p?‘é ent”
invention caBh ke waskf fldethawhiahtd e ciye@iized Ssuck @9 § Lﬂﬂ@éﬁlﬁnd\fdﬁ@&ved fd r st
solution containing the material to be crystalli zed is atonized and

i ntroduced theistes: nti-solveni candd be geetars. uThe pelidfRd nThisenize dnlisaejved
material - COQ};t@'n{lﬁcr}gurﬁ%loH&'n%Qu&?{ah )f%b gfclrt) fwgfél aiphd DSI9lI’1’1Fé?>§u %%R&l'oﬁ the

solubllltyo oun ons 15 Iimted, causing the
mat eri al t aatemirst ahd imedacdd mEouheaxaamt eThet hremizedeoluion aad tla avetogesed ut i on
may be conposed, of a sol vent ch as ter, and a material to be

crystalli z dlen mixad tg pragupe fh‘?tcéﬁltﬂtfh%@dﬂﬂ’ lved in the water. The
anti-sol vent coupygl gﬁc@s%eétﬂt'ﬂg ]Pré_s}éﬁt $RlehoPchi EnBWhﬂ?ZCHSWHénS 5151411’{1@%1 at its

maxi num concentrat | rati o in water. The D, L- Threoni ne sol uti on
is aton zedacive constitoshtcad m\mtlvz)edt h%whcreacmwe cryst@llmnomszgdnmgnlutusqh immnd t he
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a first reactive intermediate, such as an acid, in a solvent. The second solution
contains a second reactive intermediate, such as a base, in a solvent. The solvents
may be the same or different. The first solution is atomized and introduced into the
second solution. The solutions are mixed under conditions of temperature and
pressure that permit reaction of the first and second reactive intermediates to produce
a product of limited solubility in the solvent mixture.

For example, the first solution could be the free base 1-(3’-aminobenzisoxazol
5°-yl)-3-trifluoronmethyl-5-[[4-[2’-dimethylaminomethyl) imidazol-1’-yl]-2-
fluorophenyl]aminocarbgonyl]pyrazole dissolved in ethanol at 70 deg. C. The acid
HC1, dissolved in isopropyl alcohol at 65 deg. C, could be the second solution. The
first solution is atomized and introduced into the second solution. The two solutions
are mixed. The salt 1-(3’-aminobenzisoxazol-5’-yl)-3 trifluoromethyl-5-[[4-[(2’-
dimethylaminomethly)imidazol-1"yl]-2-fluorophenyl]Jaminocarbonyl]pyrazole.HC1 is

formed.



reactive constituents are involved. Such reactive crystallization is
comonly used in the pharmaceutical industry to prepare salts. In this
process, wWbha3fop28st sol ution contains a first reactive intrermsds/a3e2 such
as an acid, in a solvent. The second solution contains a second reactive

[ di , h [ . . Th ; h
or i freront, THIoRer Aaeprom R RTFyLe AR aBaRS ( ne =TT

second sol whdREs, ad RisGabdid Bigtred N enti3x 86asibkech srocets dsalisstafedtianper at ur e
and pressure that permt reaction of the first and second reactive

. p . .
i nt er medi atfégured?2 gpd du Mhether pedemad eontippenstyeer 18 §atghmqdey the basip gracsss, ent
m xture. F?{)th%)égﬁgl e, the first solution could be the free base
1- (3" -am nobenzi soxazol
5'-yl)-3-trifl ughoowetphefbre&d [fprn] 2he iromesh ydfathien presedty inventiom adibizes a
" -yl]-2- fluor o,phenyfl ] am nocar bgony| 1pyr azol e di,ﬁsol v%d in ethanol .at 70
deg. C. Thé&onyangonelirasopic aopthyesguicnves supyer asileiisteddp Fagnrepfy and2 coul d

be the secqpd §QLdhicCflom¥Beis hbdt ShitAAb Wi RBakcEn AhRNIAsEk8RenE QuiRsiesed into

t he second sol utl on.co#%e two solutions dre m xed. The salt
1- (3' - am nabenas laborawoy udigeyl ) -3 trifluoronethyl -5-[[4-[(2' -

di met hyl am nonet hl y)i m dazol -1' yl ] -2-fl ugr ophenyl . ani.nocar bon ol e. HC
1is formed. 9 %yégﬁﬁ’@%@?nyé lﬂkﬁéjﬁ ﬁ%ﬁeﬁwgﬁ ];5? E)?B%\{%ga&?lﬁ %L:Jdgtlgg:ént
i nvention ¢ap AEVIAPIEREMhSEhAGuRDYBoniid R MAKREE Tc., FBChhch$till ®ord, i n
Figures 1 and 3, or as a batch procéss, as illustrated in_Figured 2 and 4.

Whet her peNewtawd, Comnectieits PSHY0-d614.n Heaeypr, wiwe commonbaayailaplegdeaseniq s t he
sanme. I n one pref er r@dsf rm 3he process of the present invention utilizes
a  convent i%TRECTS CPPIAALRE USeH- pr essur e-driven atomizer as illustrated in

Figures 1 and 2. As ¥hewh!ihrFigarsCl ahd@rm, zRé ulBasonist atomizeatihdudar a pioeglaci ng
non- manufacturing quantities, such as | aboratory usage, One ultrasonic
at om zer t egnetply designaiedrdd and|a coniral indt, (gepcrpldy dest BycThe stpmipen/c 134

A manuf act iR, B RPLGRe firdBbRibRkSthe hBfzle omfb PAur ch HI | Road,

Newt own, Connecti cut wever, other commonly avail able
ul trasoni c at oniThefsstcwhitibnalss pulnpedjdgda Psns AOwiirom aFfiggtirsepply wsskl2, t he
ul'trasonic g%%lgrgh}% Scr:sigignr;(t:éduéjﬁg tt?e i?lﬁe%%&%f atomizer nozzle A.

The atomizer uses low ultrasonic vibrational energy for atomization. The
liquid can be dispensed to the atomizing nozzle by either gravity feed or a small low-
pressure metering pump, such as pump 10. Atomization can be accomplished
continuously or intermittently. Because the aperture at the nozzle outlet 14 is
relatively large (2.3 mm), clogging is not a problem.

The ultrasonic power supply in unit B converts 50/60 Hz to high frequency
electrical energy. This electrical energy is transmitted to a piezoelectric transducer
within nozzle A, where it is changed to mechanical vibrations. The ultrasonic
vibrations are intensified by the nozzle and focused at the outlet 14 where the
atomization takes place. The liquid travels through the nozzle, and spreads out as a
thin film on the atomizing surface. The oscillation at the outlet 14 disintegrates the
liquid into microdroplets and then ejects them to form a gentle, low viscosity mist.

The droplet size is dependent upon the frequency of the ultrasonic vibrations.

The higher the frequency of the vibrations, the smaller the droplet size. The medium

droplet size is 90 microns at 20 KHz and 45 microns at 40 KHz. Preferably, the
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generally designated A, and a control unit, generally designated B. The
atom zer creates a fine mst of the first solution at the nozzle outl et
14. The fwopaB/osassuti on i s punped, by a punp 10, from a fi PeT/(s0pp3y2 vessel
generally designated C, to the inlet 12 of atom zer nozzle A The atom zer

al Iy designated C to the zer nozzl e A The aton ze
di spensed UIREREDST o SpRlRoRERE St e AT el ol drlpftaf TT, B¢

pressure neiogsle detlEsmp casbEbmpdypdinp 10. At omi zation can be acconplished
continuously or intermttently. Because the aperttlﬁre at the nqQzzle outlet

14 is relativellpel afyeized. olfvgn 8| dEaduged sniforthe pecoBfePlUdAR M 2 asoni c
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ultrasonic vibrations are intensjfjed e zl e and foqgysed at. the
outlet 14 ey SRRl veseski %‘FWEW 46&18&%3!@5&554% 03y A P Ematyelyn ugh
the nozzl e,y .anf 05§ adSc1Gel t@%nﬁntaﬁﬁ‘h:baﬁidulﬂr%es%ﬂ_% AERH. AT REI I hACEe The
oscillation at the outlet 14 disintegrates the liquid into mcrodroplets

and then ejmsdciatechevitht @ hoanw of gdjusting theotempiesasorsi ol the sontemige ganaspllet si ze
i s dependenf upan freguen f the ultrasonic.vibratiaons,... The higher
the f requerﬁ%‘?‘gg?te@ g]e%\ffﬁr?%ﬁ?%ﬁg‘? %pwgr s 3 d PreSRyEe 4 8‘% Sgl[bgllla AS al‘ﬁ‘é“?éadi um
dropl et si 8 nhaint2A the gjg 1A redbtived®ondiidnd5 mcrons at 40 KHz. Preferably,
the 10 WD 03/092852 /"'US03/ 12312 frequency of the atom zer, and_hence

the droplet sizélheqwazlpeutlel Ifstaade lpqatnd belov Hisi swrliace pfghs secopdsplstien iy can

be enpl oyed, T tam ze ti I Sp.l . i nt tion
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may be conblutiealss shopuipEikurdy. dHoewendvithuhis type of atbmizendt Brprefeakd tzat | on

vessel froma second supply vessel, generall desi%lg@qt?ed E. Vessci D may
S i

. .
be open. Al IP‘éﬁ%élﬂq watlst belowsthg Sqﬁaﬁﬁf%b@?deﬁ _S‘?IB“ fajish the patt f"&%ul ar
pressure t gﬁ%tfdl&' arYSa9Rtr DdBYrBFifodPSAGIARL ethiMsi lidveE@d e Qtesaftidtshd Ng the

t enper at ur the contents, generally designated G Accordingly, the

t enper at ur enmmdige essant betiween dizsdrbpletsraay tireseaddistheibn. t o mai ntai n t he

appropriate reacltﬂevsef)hﬁgo%givsiithqg Yessel D are continuously mixed such that mixing and
crystallization occurs simultaneously. This can be accomplished by any conventional
mixing or agitation mechanism, such as a mechanical or magnetic mixer, generally
designated F.

In the continuous process of Figure 1, the second solution is continuously
pumped into vessel D by pump 16. The crystallized product is continuously removed
from vessel D through a discharge conduit 18. The flow rates of the solutions and
thus the solution ratio, are accurately controlled by pumps 10 and 16

Figure 2 illustrates the process using the non-pressure-driven atomizer, as
performed in batch mode. The same atomizer, including nozzle A and control unit B,
first solution supply vessel C, pump 10, and mixer F are utilized. However, in this
embodiment, the second solution is not fed to vessel D continuously but instead is
placed in the vessel prior to introduction of the atomized solution. Further, the
crystallized product is not continuously removed from the crystallization vessel.

In the reactive crystallization situation, the reaction between the first reactive

intermediate and the second reactive intermediate must take place under the
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The nozzle outlet 14 can be | ocated bel ow the surface of the second
solution in vessel D, as shown in Figure 1 or may be | ocated just above

t he surfawe 08091882 second solution, as shown in Figure 2PCHIWe¥&312 Wi th
this type of atom zer, it is preferred to |ocate the outlet below the
surface of the second lLutio ec the..r.esul ti aptlcl.es e smal | er
and nore un'?‘Rp(S?pﬂa:fen r{gﬁni)gr.ay ierls}]c%)sp rgsgﬁri%e\c/:%? l{lgésbe gnsr%éhsegl {hagf h{%he b:?enur%nedi ate

cont act bet yapsratite idregpired, shé fnpdiguatane imividiidl @olutibhe capbalblicded by t hi n
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continuously renoyed , fromvessel D through i scharge conduit 18. The
flow rates i %Xgﬁllﬂwgreéﬁﬂeqqlﬂ}%m? %S%"Ga?ffl on ratio, are accurately

controlled by pugfhetOwAdtfind GpFhdtt §s deelilthiiRhé eSSy Bz AR RS iHbRmt t he
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Further, the crystallized product s not continuously renoved fromthe
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compatible with the reagents and solvents employed.

The pressure-driven atomizer employed is preferably a high energy, gas driven
sonic generator with an internal liquid distribution system. It may utilize a spray
nozzle such as is available from Misonix, Incorporated, 1938 New Highway,
Farmingdale, New York 11735 under the trademark SONIMIST.

The SONIMIST nozzle, generally designated A', is energized by compressed
air or other pressurized inert gas, such as nitrogen, fed to it from a compressor or
other compressed gas supply, generally designated B'. There is no piezoelectric effect
and no electricity is needed. A sonic field is created at the outlet of the nozzle as the
compressed gas accelerates and reaches the speed of sound.

The first solution is fed to the nozzle inlet 12' from a supply pump 10 fed from
supply vessel C. The solution enters the sonic field where constant frequency sound
waves provide a chopping action, breaking the liquid stream into an aerosol. The
particle size generated is a function of fluid flow rate, fluid pressure, orifice size and

the size of the resonator chamber which forms part of nozzle A'. Close control of the

12



that all components that conme in contact with the constituents be
chemcally conpatible with those constituents to avoid corrosion and
cont am nawooa/09msyures 3 and 4 illustrate a preferred enbadirmsans/123i2t he
invention where the process is performed with an ultrasonic or

or oduct | on asiet P ok POl Fahe By dfiaipal P 54 BE e ot sb ] 491, o

node. Fi gurgozdlel dutlesi4, aheespriypatRi0ems® dhingdde bat ch node. The process can
be used with non-reactive constituents or with reactive _constituents, as
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in vessel B e erm ty : MR dadi |
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H ghway, Farmn w York 11 35 under the trademark SONI M ST. The
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or other pressuyrjz i ner.t S uch as nitr n, fed to it from
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i's no piezoglged §d16ti6.f Blofwevar) AvdBavel REAd kit e ples§if@deiden AoiRirGvdrkel d is
created at the outlet of the nozzle as the conpressed gas accel erates and
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the sonic f requency sound ~waves a cho
action, breaky i@ gangclé bigell d streaminto an aerosol. The particle size
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Further, by nodi the size of sonator gap I'n the nozzle outl et
14, the sprdepiqatheesystenaemipboyitm tigeutesshreadrinen atomidee in ikt cominubusemods ed

Pacces U i bl LESTLORL SRR (BUSh ST OB iy Foah o, TAOR
reactive crystallization situation, a closed crystallization vessel D may be employed
and appropriate temperature and pressure conditions maintained as previously
described.

It will now be appreciated that the present invention is a system in which pure
organic pharmaceutical compounds with high bioavailability are produced through
crystallization using atomization. The resulting product has molecules of small,
uniform particle size, high surface area and short dissolution time, which do not
require post-production milling. |

The process is performed using an atomizer that creates a fine mist of droplets
of a first solution. The droplets are introduced into a second solution and the
solutions are mixed. The process can be performed continuously or on a batch basis.
It can be performed with chemically non-reactive constituents or chemically reactive
constituents. No nozzle clogging or alignment problems are encountered. Solution
flow rates and the solution ratio are accurately controlled. The apparatﬁs can be set

up in an efficient manner.
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nozzle is an air atom zing nozzle. That type of nozzle produces a fine
spray by mxing conpressed air with the liquid to be atom zed. The liquid
is siphorwo on9dsy2 the conpressed air, and therefore a pumpTiGsosim3ineeded.
The atom zed sol ution fronlnozzle A is introduced into the second sol ution

in vessel D. T nozzle o t 14 can S |on d,.above bel ow t he
surface of the h\g@é%rfaﬂ%cﬂ HB&EV@F Px ﬁé CHWEI Eshgf the, Present
pressur e- dijwafoR e H8én \&ﬁﬂ@ed hﬁsﬁ gm@@ o!f'QFth]tﬁtl@h't ltas obdious thaGakgd above
the surface of the liquid in vessel When so ocated t he di stance

bet ween t haarationsand madificasinas eqvdd be maileltheraie.alids inignded iy govenall phthesec| e
size. The e ni ng .por ti.on f es 3 and
4 are the n%% gg%?ﬁmﬁﬁg&gﬁﬁgwﬁgéﬂﬁg rgé QF@{ g%g?%ﬁgﬁ?ggﬁn %ﬁgures
1 and 2. Fldgﬁﬁ@@ytlﬁqpn@wﬁlgtcmmsystem enpl oyi ng the pressure-driven

atom zer in the continuous node application. Figure 4 depicts the
pressure-driven atom zer in a batch node. In the reactive crystallization
situation, a closed crystallization vessel D nay be enpl oyed and
appropriate tenperature and pressure conditions naintained as previously
described. It will now be appreciated that the present invention is a
systemin which pure organic pharmaceutical conpounds w th high

bi oavail ability are produced through <crystallization using atom zation.

The resulting product has nol ecules of small, uniformparticle size, high
surface area and short dissolution tinme, which do not require
post - production mlling. The process is perforned using an atom zer that

creates a fine mst of droplets of a first solution. The droplets are
introduced into a second solution and the solutions are m xed. The process
can be perfornmed continuously or on a batch basis. It can be perforned
with chemcally non-reactive constituents or chemcally reactive
constituents. No nozzle clogging or alignnent problens are encountered.
Solution flow rates and the solution ratio are accurately controlled. The
apparatus can be set wup in an efficient manner. 13 WD 03/092852

PCT/ US03/ 12312 Wile only a limted nunber of preferred enbodi nents of the
present
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i nventi on have been disclosed for purposes of illustration, it is obvious
that many variations and nodifications could be nade thereto. It is

i ntended wo os9ass2 al | of these variations and nodifi cati ea3/usSezi23ial |
within the scope of the present invention, as defined by the follow ng
clainms. 14 Wi%i’ 852 PCT/ US03/12312 WE CLAIM 1. A process for
crystallization of a chenmical material froma first solution and a second
sol ution, the prbcedsprocespfosemygaliizatiai eps chémical maieziahffoinhe firdt isoRition
solution; introducing the om zed solution into the second solution; and

mi xi ng the at onm zedSd FEPUSAHIP™: fe RIGESH oRBrisingdhe #i5Pt B AIREMEINsduct .
2. The process of Gl kil eiifddlicih ed hioflizlMaAink PR 8GR Ldigdrpt er 1 al

to be crystallized dissolved in a vent and the seco ion
conprises an anti -agdlmiximg t@. attimizedr ohesm add Gleassroid whimtion rtot floemfthe st
solution conprises a oLvent and a first reactive internediate and the
second sol ution cor%?‘?“oc s a solvent and a second reactive internedi ate. 4.

The process of G aimReridess 6 Olafl ¢ vitetdin Ae MsKd16HSGPERNPrELS tHeNRatki R0 Of
m xi ng the solutions under conditions of tenperature and pressure that

permit the first ambgcsystadhizedrdissolviedén a solzenteniddhesecond sduidon canprisesram
product of limted aﬁﬁlsﬁﬁjehti ty in the solvent mxture. 5. A process for
crystallization of "a chem ¢al material froma first solution containing

the material to he Theysbdkd oZ€RIM 1SwRdre@Ahe first soRII6R RbmpPrtesta sARGRRH
solution conprising an anti-solvent, the process conprising the steps of.
atom zing the firs® 46t rackye intmediatecansytherecend prlviden eynpiisest salyang t he

second solution; a 1 X 1 olution and the second solution
fla g‘sééAd?lg réal%ﬁv@fn?éﬂéﬁ&tes

to formthe product. rocess tor crystallization of a chenical
materi al from a 4.i r'fhe pwkessiof IClaicoBwhiesdim theastép o Mmixingcomprsdsnhesepdf at e
and a solvent, and a second _sol utiqgn conpri Si a second reactive

i ntermedi ate and aPd3inge ,sopwépns under conditions of temperature and pressure that

permit the first and second reactive intermediates to react to form a
product of limited solubility in the solvent mixture.

5. A process for crystallization of a chemical material from a first solution
containing the material to be crystallized dissolved in a solvent and a
second solution comprising an anti-solvent, the process comprising the
steps of: atomizing the first solution; introducing the atomized solution
into the second solution; and mixing the atomized solution and the second
solution to form the product.

6. A process for crystallization of a chemical material from a first solution
comprising a first reactive intermediate and a solvent, and a second
solution comprising a second reactive intermediate and a solvent, the
process comprising the steps of: atomizing the first solution; introducing
the atomized solution into the second solution; and mixing the atomized
solution and the second solution under conditions of temperature and
pressure that permit reaction of the first and second reactive intermediates

to produce a product of limited solubility in the solvent mixture.
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process conprising the steps of. atomzing the first solution; introducing
the atom zed solution into the second solution; and m xing the atom zed
sol uti on wod3wmsssecond sol uti on under conditions of tenp@catuso®12mz
pressure that permt reaction of the first and second reactive

e e aLes LB RSUCR, o PEREL o hd AR DA R BRI

the step of atom zio@ptifs thersidp 90addrhieigC eEPFitss edlidtivd 8digP aaf ulabeshizi ng
the first solution using an ultrasonic atom zer. 8. The process of claiml
wherein the step ofOHNEHiI zing the first solution conprises the step of

atom zing the figs | ut | i dgd ] g rocess
of Caim8 furt hge‘r %gg%ﬁﬁegfﬁguﬁrgglsﬁ élgl%\gfl&ber %tbgg’?ﬁé&gﬁméf @%Sfbr?ti' g(;eligﬁ%lgs to
the atom zer. 10. th@piisesahs stepfofGtamividg the filse solmtioprusiigng poiver dtiegn of
introducing the second solution into a vessel. 11. The process of claim10

wherein the step oft%%&'ng the sol utions takes place in a vessel. 12. The

process of O ai g 1yhegeld, the cplifP sofuriidl FQAUFLHG 1HASs@hOM FRfidiag! ti on
conprises the s{gép'[’g?eﬁ;rntr%d&tﬁi ng the uatom' zggﬁsso uti 0?1 el oé/ tt11el qurface
of the second sol upiessurizé® gasTieehgatomizes. of Cl aim 1 wherein the step of

introducing the gtgm zed so i.on.c ri ses t.he ep, of Jntraqduci t he
atom zed sol uti 0]2) E?B\Péocteﬁ% o gh?%c}ep k ﬁgmgﬂﬁ:l%gfl% SteBt ‘?tjoW.Ero%ﬁc.ma' E@e
process of Cains Ied0hgk8lution o giv&Relof atom zing the first solution
conprises the step of supplying the first solution to the atom zer. 15. The

process of C ai mllThheredess ohelagnd® wherainotheziteryot anping $be selybony takes of
adj usting the atom 17_er.to ] duce a fine mst. 16. The process of Caiml
wherein the step oP aﬁf%%‘é ?%e at oni zed solution and second sol ution

conprises the stepTat Hbiekss oNACIiMe 1S GheiciDise step of introducing the atomized
solution comprises the step of introducing the atomized solution below the
surface of the second solution.

13. The process of Claim 1 wherein the step of introducing the atomized
solution comprises the step of introducing the atomized solution above the
surface of the second solution.

14. The process of Claims 1 wherein the step of atomizing the first solution
comprises the step of supplying the first solution to the atomizer.

15. The process of Claim 1 wherein the step of atomizing comprises the step
of adjusting the atomizer to produce a fine mist.

16. The process of Claim 1 wherein the step of mixing the atomized solution
and second solution comprises the step of stirring the solutions.

17. The process of Claim 10 further comprising the step of continuously
introducing the second solution into the vessel.

18. The process of Claim 17 further comprising the step of continuously
removing the product from the vessel.

19. The process of Claim 3 wherein one of the first and second reactive
intermediates is an acid and the other of the first and second reactive

intermediates is a base.
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17. The process of Claim10 further conprising the step of continuously

i ntroduci ng the second solution into the vessel. 18. The process of Caim
17 furthewoamowmsssi ng the step of continuously renoving trag/ysosdse:r from
the vessel. 19. The process of Caim3 wherein one of the first and second

eactive intor mipaRusirof tpREhfbfRt JaRhiGH ity RuligE "
Apparatus for crystad hiss@ndsohnfonathehppiaals conipeisingl meamnfoa afdntiigingshé ut i on

and a second sol ution, the apparatus conprising: _rrean? for, atqom zing, the
first solution andfrgrsofutionandciosgniradicie Hie Aamizsd (owien; it thengecet ond
sol ution; and nean M 18 Efle S LON RNt Bl 8RC

solution to form a§%l£lg§jllljg%@ g‘%?ﬁé?'ﬁ%la%?%ggsse ogrgza‘?moZO \I/lmerelﬁ% %gnc%i rst
sol ution conpri ses solotiomtt formal prodwwtbe crystallized dissolved in a sol vent

and the second s ion co ises .an anti-salvent. 22. The ocess, of
3 'ai m 20 wher ei nfk HbeBrEE Qo a9 Wipn eg B Siiof fomaries he Frepial
reactive internedi g ge anﬁ@dggsgméd Ph YSIVAR 2R R deB6id SoloRnV&Miprised a

second reactive internediate. The process of Caim?22 wherein the step

of mi xing conpri sesnahiésglves. of ni xi ng the sol uti ons under conditions of

t enperature and sure th erLmt the . first d second reactive
ntermediate to Featt rgercreiaBtd netelt g it Sies £ ont Fag

sol vent mi xture. 24 fisfpRatalelintdrediateyaideihe sgedndogbl@ioricaifigiives al solaer i al
froma first solution containing the material to be crystallized dissol ved

in a solvent and aandagsenead seACtive Bierawi®fa- si ng an anti-sol vent, the

apparatus conpri.si Rg. 1.7 t } . i.
P roduci ng t he. 5t aa PAERLS, clilm 35 WAL 96, bt ibling ChphoR e B (o,
m Xi ng the atom zedchixingl thé isolmtionsl uhfier smclitivis Sufl tetnperatire dndrpredshee thaoduct .

25. aratus for crystalljzation of. a chen cal terial froma first
sol u:[A\ipgn per%mt the first and second reactive intermediate to react to form a product

of limited solubility in the solvent mixture.

24. Apparatus for crystallization of a chemical material from a first solution
containing the material to be crystallized dissolved in a solvent and a
second solution comprising an anti-solvent, the apparatus comprising:
means for atomizing the first solution and for introducing the atomized
solution into the second solution; and means for mixing the atomized
solution and the second solution to form the product.

25. Apparatus for crystallization of a chemical material from a first solution
comprising a first reactive intermediate and a solvent and a second
solution comprising a second reactive intermediate and a solvent, the
apparatus comprising: means for atomizing the first solution and for
introducing the atomized solution into the second solution; and means for
mixing the atomized solution and the second solution under conditions of
temperature and pressure which permit reaction of the first and second
reactive intermediates to produce a product of limited solubility in the
solvent mixture.

26. The apparatus of Claim 20 wherein said atomizer means comprises an

ultrasonic atomizer.
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conprising a first reactive internediate and a solvent and a second

sol ution conprising a second reactive internediate and a solvent, the
appar at uswoamnpssi ng: neans for atom zing the first sol utiPpcm/tsns1d302

i ntroducing the atom zed solution into the second solution; and neans for

m xi ng the atom sol ution ngth econd sol.uti c | tions of
t enperat ure and zér % APRATHHP c(ﬁ @%e%é rwglgﬁetl? g%do%to %e‘ﬂ?rlﬂ f&g > (gdr%%grgsggo%nd
reactive internmedi gbtasrd @ivenegsiaRed product of limted solubility in the

sol vent m xture. . The apparatus of C aim 20 wherein said atom zer neans
conprises an ulBrBeorpparatus nelz &laim 27Wirdsr oerepssingcmaany o1 IPPIYINE7  The

apparatus of d ai [ i Q0 zer neans conprises a pressure
B ElsTo SRUMBHER

driven atom zer. aim 27 further conprising neans for
suppl yi ng pr es39r TEedp@@sus of Chiinh 20 eilieear said dtorfizmgapparsantusdwts Gleai m 20
wherein said atom zi ng nmeans, i nt rod%ces t he atoquffd spl ution bel ow t he

surface of the sgc@ﬁ@l@élst}]{‘ﬁtiﬁﬂbel@@’.t Tﬁ@f%pﬁ’éﬂ%ﬁsﬁgo SOHtiQ%m 20 wherein said
atom zi ng means 3b§ilﬁé)%?a°tu§ BE 185050 48ErenP il B RRVBeddiSn&bMiRE e the

second sol ution. apparatus of Claim 20 further conprising neans for
suppl yi ng the fi rabms@dsblution hboeahd safariof ithegeomab®Iut®R, The appar at us of
Cl aim 20 wherei %és id neans f

0

r M Xi the atom.zed solution and the
second sol ution ?B%f’gatﬁ'éé’gsaf“&? 2@&“999@01?”&1“%8?6&??3 S§up§§r_mg|. ﬁ'il?
apparatus of O ai n}il%psgluﬁglh@rsaﬁpﬁ@lhimﬁﬂemans for continuously
i ntroduci ng the second sol ution. 34. e apparatus of Claim 33 further

conpri si ng mean$2f Ghe epparitnsiofi§llaim 2@ ydhereiy saidaneans doe mixisg thergomigisar at us
o oduat ot ol SfonfESIP ' B TERMA Solhuidl) SSRpEs SRkl F:OiARE HRANS
solutions.

33. The apparatus of Claim 20 further comprising means for continuously
introducing the second solution.

34. The apparatus of Claim 33 further comprising means for continuously
removing the product.

35. The apparatus of Claim 20 further comprising means for adjusting said
atomizer means to product a fine mist.

36. The apparatus of Claim 20 further comprising means for adjusting the
temperature of the solutions.

37. The apparatus of Claim 20 further comprising a vessel into which the
second solution is introduced.

38. The apparatus of Claim 37 wherein said mixing means mixes the solutions
in said vessel.

39. The apparatus of Claim 20 wherein said atomizer means comprises an inlet
and further comprising means for supplying said inlet with the first
solution.

40. The apparatus of Claim 39 wherein said supplying means comprises a
pump.

41. The apparatus of Claim 20 wherein said atomizer means has an outlet.
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36. The apparatus of Claim20 further conprising neans for adjusting the
tenperature of the solutions. 37. The apparatus of Caim 20 further

conpri si Nyoa3messel into which the second solution is inPcodise®t3188. The
apparatus of Claim 37 wherein said m xing nmeans m xes the solutions in
sai d vessel. 39. The apparatu f. ai m 20 wher el I t OnL.Zer S
conpri ses an inl4gt{l€ea FaPy Rﬁ@%‘&%&@?ﬁ‘d’ %Cgﬁ@ %e?%{slgaﬁ‘%@%‘éﬁ%% I nl et

with the first sobdibivaRe sfice dhtheapgpadabligsionf C ai m 39 wherein said
suppl yi ng neans congri ses a 41. The apparatus of C aim 20 wherein

urm. e ag p
sai d atoni zer médn$ maepaaﬁu%egp&lm 41 whesprosid ateghzer pragnsgydet s 3qopteds s The
apparatus of d ai er e | 1 : ans outlet is |located below
t he surface of thghbés%’g\(g%d{ug{)a%éﬁgg.Sgéfgalsﬁgoggpar atus of Caim4l wherein
sai d atom zer n@EanTh®upparhtus sofl Claamned wdleoeie shidensans forenoking vempeisend

solution. 44. The apparatus of Caim 37 wherein said nmeans for m xi ng
conprises neans fBearsfor sHFEE thesolysions inthe Vessel he vessel . 45. The

apparatus of O ai fofCOIHRRI $ REHHER 3B enphiRfng CRABAS R Uin¥inuously
i nt roduci ng thqugagg%ébgfg?ﬁgioon ﬁﬁf?o t he vesselp. Alflg The appar at us o};‘ Claim
45 further conpri sinw@doeagthefsecomimotitionontsithe vesestovi ng t he product fromthe

vessel . 19 46. The apparatus of Claim 45 further comprising means for continuously

removing the product from the vessel.
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