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and drying. Oten tinmes, the dry active organic conpound rnust be further
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solid slurry followed by: isolation. Roton-stator mlling typically
produces particles of a nmean sze over 20 um Unfortunately, in nost cases,
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provi des a process for the production of crystalline particles of an
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nicro-seed.bY a \vet-m | ling process and subjecting the mcro-seed to a
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resulting cry Frtic rere ess than 100

milling a;nd 15 less desirable than g wet milling technique ﬁm seed generation.

{EHY It has been demonstrated that rotor-stator wet milling can be ased to generate
refatively large organic active particles with a practical Himit of > 20 um. On the other hand,
milling to >20 am requires extended nulhing time in the attrition regime where small
fragments lead 10 a bimodal particle size distuibution (American Pharmaceutical Review Vol
7. Issue 3, pp 120-123, “Rotor Stator Milling of APU's ... ). It has been found that

crystailizations using rotor-stator wet nulled products as seed result in large particles and,



100131Wth respect to the crystallization step, the present invention

i ncludes two nethods. The first crystallization method is a three-step
process: weonerawsteg a sl um of the micro seed using nedi CmuskenIgp378s

di ssolving a portion of the mcro-seed; and crystallizing the active
organi ¢ conpound on the mcro-seed. 14141141The second crystallization
nmethod is also a three-step process including generating a slurry of the
m cro-seed, generating a solution of the product to be crystallized; and
conbining the slurry with the solution, in one enbodi nent of this second
cryst al | ifxat ¢fom. phigwddpaiichegidigrytion ANebspdueniolrs aslling peap sheqused it i on of

the product are rapjdfr mcro-nxed when they are conbined. 1001510ne of

thre pr Geaedhe g RO aPAT FORES Ry OB GLLaTRHE VRAEY 05 conbi nati on
in order to accomplish the second crystallization nethod. One configuration
is a batc¢h processing, another is a semi-continuous processing;, a. third is

a conti nyesd| pr oces&iRBocARAHBT@IhA0e uskdBLehbral-a6¥e bR RORyIRYz&IB0 be
used in conjunction with the secimd crystallization process. In one

enbodi nerfor efanphe seecomdhas tyst bivi ratikldgrodorioress thaa theoydBe: T6op i s
utilized as part of the batch processing configuration. In another

embodi medEBE N S92 Sd bt yRiogtsk 107 gradgriogrbsasials wyilvidod bl | oop i s
utilized as part.of. the sem.-continuous processipg, configuration. in yet
anot her  ShBHRBRE M RATERS AR B RIS ORE TRy Bl MU Ci e 1oop i s
utilized @8- RAGhulRbn bR AARELRURUS HPRLACERRL s GARhbOMRAKEOD.s 20 7] The
second crystallization nethod uses two types of solvent streans. In one
enbodi mems 3tthessnl Me ndinghs hemnllkd ancragueian s seebyent crstdieatios ha nanot her,

the solvent systemis an orgwito solvent stream in yet another, the

sol vent gystantyibeermshnivred reokw ehmedn peliing arkh o8 aads iescobrdlih ¥, 5. atent

suppl enent al _ener gy device nmay be used in conjunction with the second ci
lallizati"6h®5rdcdss. In a first enbodi ment, this suppl emental energy device

is am .th}%ﬂg ee, i’ﬁn?Pﬁl&g ags(iigp%s;pﬁ%s ' mﬁ?ﬁﬁ!ﬂgﬁﬁ%g&ﬁ%t{oﬁ atf?{ernﬁjeéiiia:[nnilis( nd static

m xer. ! ourth, \ _ a rotor-stator
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invention may be a
formutated of sand. beads, cvlinders, pellets, ceramic or plastic. This patent further discloses
that the mull can be formulated of melal, steel allov, ceramic and that the mill may be lined
with ceramic. Plastic resin including polvstvrene is noted as being particalarly vseful. U.S
Patent No. 4,950,386 discloses the use of zirconium oxide beads to mill organic dves to
betow | um in the presence of stabilizers, Several combinations of mill construction mayv be
used to practice the instant invention. In one embodiment, ceramic beads and a ceramic nall
are wlilized, In a further embodiment. ceramic beads and a chromium-lined muil are wtilized.
6011} In summary, there remains a need lor crystallization processes that can
produce organic actives and especially pharmaceutical products at a controlled size or surface
area sufficient to obviate dry milling 1o meet formulation demands. The pharmacentical
industry 1s consistently requiring smaller particles due (o their increased bioavailability
andfor dissolution rate. Likewise, it is also important to vield chenncal compounds with the
reqausite arystal form and a well-controfled crvstal purity. In the present invention, wel
milled nuero-seed with a mean particle size ranging from aboul 0.1 to about 20 am has been

shown o be surprisingly effective for the production of fine orgamc active solid particles,



pharmaceutical selected froma group which includes anal gesics.

alai -inflammatiny agents, antihelmntics, anti-turthymcs, anti-asthmatics,
ant i bi ot iwe,20emtsmeagul ants, anti depressants, anti di abePct/isg@nins37ss
andepi l eptics, antihistam nes, tunihypertensive agents, tmtinuscarinic
agents, antintycobacterial agents, antineoplastic agents,

i mmunosuppressants, antithyroid agents, antiviral agents, anxiolytics,
sedatives, astringents, betosadrenergic receptor blocking drugs, contrast
medi a, carticosteroids, cough suppressants, diagnostic agents., diagnostic
i magi ng agéptrssialdopaiie nergllicstionld epps phtressuticanipeicdicny il o epentisl 1 pid
regul ating agents, | sclq‘relaxant‘, par asyppat hom netics, parathyroid

cal ci t oA Bt isyiaReR- 15 510 e drgiRaPive dBUEe B4 el Wi e,
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vasodi | ators and xant hi nes. ditionally, t present 1 nvention
further peaw Sesa@y PAAIRIEN hiscahie€ QMR ARL profkséRCl uding the, crystalline
particles produced by the processes described herein and a pharmaceutically
accept ablggumfikyiof the 1BC&ffonDescription of the Figures {00211Figure 1
denonstrates the typical conponents necessary for nmedia nilling in recycle
node, indPdi ng t hEheahesselimgrirespelidesd prpebsplonhe pralditionmilicrystaing recycl e
line back to the vessel. Single pass mlling dpoes not recycle and sinply
feeds t h@iﬂﬁ‘rct?ﬂ et Graanee ‘255“&%?"1—“&9%‘1“@n“}’aé%‘éﬁe%*éfw"t“ '81?@*FFPF Al SFFAUER st unk pass

rode. tNSRUTRL FAN, B8 FARLAGEL P02 RLERS S bLA0ST £ LA NS, St T

Mul tiple single passes car ‘ac roduct pro e as the
recycl e migess tROARLFiay ?ﬁ}e%{éé&ﬁqr}@&é@ﬁiﬁﬁyg%r&:{aé{s%@& hlegbde@Ne MBSSEl set up
for Exanples 1-7 and 9. I'n Exanple |I. the antisolvent was charged rapidh C
10 secondcsoutt. Iponbd NS oS Fingresul Sy drngrel i galtickes heed! eean@attichnadel of jesa

soni cator probe and or a |ight scattering probe can be added. 1410231Fi gure
3 di spl ayswaf’exanpl e set-up which was shoym anenabl e for scale up of the
mcro-mlling and crystallization process as in Exanple 10, 11, and 12. The
Crystal |00 onve Bl 6B poneRe88R tpik pRpt PaTiGB IR UE rsent od.
100241F1 gueq¢ ﬁ’i‘,\eiszﬂjs@éééstéjiﬁ‘&iﬁ( %xg{%?ﬁsgd ttﬁr%gétg giu!c@ss: .!-‘E?Sé’rfaﬁﬂ*ﬁa s%mc"kﬁﬁl'ie?' n an

external recycle loop 1s enploye 0 _ ication of” a suppl ementa

ener gy demt@ecediRBpenigHilidRY Hie@s 1af £pdfbbd ONheStrVRNamE ke sfallitisd thd ow
through the m xer provides energy input into the system by pressure drop
and t ur bukertorddny enpoweherthe nikihesatdubl e t ee consi sted of two tees arranged

as pictured which pronotes [he_inpinqen&qt of two streans and the static
mi xer wad®itht or threcendsneilaiqreaihat iy plee @ R EtRIareT By Keno Cor p.

tijFigur egex?argx 1@%‘1 Jn%faf}i’?hse :%i@x%é%gcﬂ %Ln‘?er&t:%% asﬁgl%&lme gf‘%ﬁé 1%"0&3&? ﬂﬁ%%ﬁ%%‘ﬁkz%& used in
angd combining the slurry with the solution. In one embodiment of this second crystatlization
process, the shury of the micro-seed and the solotion of the product are rapidly micro-mixed
when they are combined.
{6015} One of three processing configurations may be used individually or in
combination i order to accomplish the second crystallization method. One configuration s a
baich processing: another is a semi-continuous processing; a third 1s a continuous processing
configuration.
[0016] Arecyele loop mav afso be used in conjunction with the second crystallization
process. In cne embodiment of the second crvstallization process, a recycle loop is utitized
as part of the baich processing configuration. In another embodiment of the second

crvstatlization process. a recyele loop is utilized as part of the senu-continuous processing



Exanple 11. The lines are nmade of C ID steel pipe with sharp right angle
turns. The streans inpinge at the outlet. 10026)Figure 6 is a general

overvi ew wb 200p06®8bl e crystallization process, includi rgTgse@rati’eg a
slurry of the mcro-seed; generating a concentrate solution of the product
to be crystallized; and conbining the shiny with the concentrate to Mitate
crystallization. Further crystallization can be afforded by a nunber of

nmet hods to create supersaturation, sone of yythich are |isted, [0027]Fi gure
7 is an exanple of a batch cnisiallization nmethod. |100281Figure 8 is an
exanpl e oNsERiionoht yoh godker endatiaitior Heisetendrar Holiaiop PRBeE; Higee!® i s an
exanpl e tch reactive crzyst allization nmethod. Shown is a reaction
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scenar i o??/Wé? 8‘%“*@%&%&“?&“ A DEFPBIYCISRPCEENE IR PREYDr oduct to be
crystalli f 00 igune. 101,54 m.crogrant (RE,PS of, Fxa | e B.
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product igthbbifighe, GQolfbd: ki b RMHAGERSUS QfvehXARh Ein3hbiBdt BF séenlkRtdhes of
recycle mcro-mlling, 100321Figure 12 is a mcrograph of the product in
di e m cr ¢s m dhamgsopreot essnt, orycExaniphr.eh8®haht eried5s o mratiesvoft seeaycl e
mcro-mllin

[O018] Additionally. a supplemental energy device may be used in conjunction with
the second crystaliization process. fu a fivst embodiment, this supplemental energy device is

3 nuxing tee; in a second, it is & mixing elhow: in a third 1 is a static mixer, i a fourth, 15 3
sonicator; and, m a §ifth. it 15 a rotor-slator homogenizer.

[0019] Further, the active organic compound of the present invention may bea
pharmaceutical selected from a group which inclodes analgesics. anti-inflamumatory agents,
antihelnuntics, anti-arrthynucs, anti-asthmatics, antibiotics, anticoagulants, antideprassants,
antidiabetic agents, antiepileptics, antthistansines, antihvpertensive agents, antinuscariie
agents, antiniveobacterial agents, antineoplastic agents, immunosuppressants, antithyroid
agents, antiviral agents, anxiolby bics. sedatives, astringents, beta-adrenergic receptor blocking
drugs, contrast media, corticosteroids, cough suppressants, diagnosiic agents, diagnostic
mmaging agents, dopanunergics. haemostatics, immuriological agents, hipid regulating agents,
muscle relaxants, parasvmpathomimetics, parathvrond ealcitonin, prostaglandins, radio-
pharmaceuticals, sex hormones, anti-allergic agents, stmulants, sympathomimetics. thyrod
agents, vasodilators and xanthines,

{0620} Additionally, the present mvention further provides a pharmaceutical
composition including the crvstalline particles produced by the processes described herein

and a pharmaceutically acceptable carrier.

Brief Description of the Figures

{0021} Figure | demonstrates the typical components necessary for media milling in
recvele mode, including the blending vessel, fluid pump, media oull, and recvele hine back to
the vessel. Single pass milling does not recvcle and simply feeds the product into a collection

secerver through the mill 1n single pass mode, the pump can be replaced by a pressure

o



100331.Figure 13 is a mcrograph of the product in the mcro- din)
process for Exanple 38 after 60 mnutes of recycle mcro-mlling.
100341Fi gwoeodosmsa m crograph of the product slurry atrcrhms2@no6rss
crysiallization of Exanple 3 100351Figure 15 is a mcrograph of the product
slurry at the end of crystallization of Exanple 40. 100361Figure 16 is a
m crograph of the product sl Ty at the end of crystallization of Exanple
5. 1003717 is a mcrograph of the product. slurry at the end of
cnstaBi . zaton of Exanple A 100381Figure iSis a mcrograph. of the product
slurr at hgegiun 8 sel.yXiubipld spadd pases taBcamphish gBimilkg pRJuEiPgiese i s a
m cr ogr aph of tf(]ie product slurry at the end of clystallization of Exanple
9A. recycle mode.

{00221 Figure 2 demonstrates a crvstatlization vessel set up for Examples 1-7 and 9.

In Example 1, the antisolvent was charpged rapidly < 14} seconds in portions using a syringe

with a needle. Optionally, a sonicator probe and or a hight scattening probe can be added.

{0023} Figure 3 displavs an example set-up which was shown amenable for scale up

of the micro~-nulling and cryvstallization process as wn Example 10, 11, and 12, The

crystailization vessel and components of the recycle loop are presented.

{0024} Figure 4 displays the process discussed in Example 8, wherein an external

recyele loop 15 emploved for the application of a supplementad energy device. The energy

devices are motioniess where the fluid flow through the mixer provides energy input into the

svstem by pressure drop and turbulent fluid movement. The double tee consisted of two tees

arranged as pictured which promeotes the impingement of two streams and the static mixer

was that of the “kenics helical style™ manufactured by Koflo Corp.

j0023] Figure 5 demonsirates the double tee supplemental energy device used in

Example 11. The lines are made of 3™ ID steel pipe with sharp right angle wurns. The

streams impinge at the outlet.

{0026} Figure 6 13 a general overview of a possible ervstalhization process, including

generaling a shurry of the micro-sead: generating a concentrate solution of the product to be

crystatlized: and combining the slurry with the concentrate (o ntitate crvstallization. Further

crvstallization can be alforded by a number of methods to creale supersataration, some of

which are listed.

0027} Figure 718 an example of a batch ervstallization method.
{0028] Fipure 815 an example of a semi-continuous crystallization method.
{0029} Figure 915 an example of a balch reactive crystallization method. Shown isa

[0030]

reaction scenario where reagent A and B react to fornt the product to be crvstaltized.

Figuve 1015 8 nucrograph of the product of Example 1B,



100401Figure 20 is a mcrograph. of the product slurry at the end of
crystallization of Exanple 9B, 10411Figure 21 is a mcrograph of the
product sworny/@mt7é8he end of crystallization of Exanpl ePc®/usi@042:B5 gure 22
is a mcrograph of the product slurry at the end of crysLal Uzati on of

Exanple 11. 100431tr,ure 23 is a mcrograph of the product. slurry at the
end of c.nstal hiaton of Exanple 12. f00441Figure 24 is a particle ze
thstnhtthon repon for the product in the m CO mlling process for

Exanple 3B after L5 Mnutes of recycle mcro-mlling. WO
2007/ 106 1¢BRET/ US2D6PE 06 378BicIaonSloFfhguraiugge it micyaniling mowhyler

di stributjon report for .the prod | at he. mcro- mlling process For
Bcanl o PaRaP e i as e yere Hieko. m 1 1§ ng.

{00321 Figure 12 15 a micrograph of the product i the ncro-nalling process for
Example 3B after 13 minutes of recvcle mucro-miliing.

{0033} Figure 13 1 a micrograph of the product it the micro~-mulhing process for
Example 3B after 60 minwtes of recycle micro~-nulhing.

0034} Figure 1418 8 micrograph of the product slurry al the end of crvsiallization of

Example 3B.

{0035} Figure 135 is a micrograph of the product slurry at the end of carvstallization of
Example 4B.
[0036] Figure 16 1s a micrograph of the product slurry at the end of ervstallization of

Example 3,

{0037} Figure 17 15 a micrograph of the product slurry at the end of arystallization of
Example A
jO038] Figure 18 1% a nucrograph of the product slurry al the end of ervstatlization of

Example 8B.

{0039} Figure 19 is a micrograph of the product slummy at the end of arvstallization of
Example 9A.
[0040} Figure 20 1s a micrograph of the product slurry al the end of ervstallization of

Example 9B

{0641} Figure 21 1 a micrograph of the product slurry at the end of crystallization of
Example 14

0042} Figure 22 1% a mucrograph of the product slurry al the end of ervstalhization of
Example {1,

{0043} Figure 23 15 a micrograph of the product slurry at the end of crystallization of
Example 12.

0044} Figure 24 1s a particle size distribution report for the product in the micro-

milling process for Example 3B afier 15 nunutes of recyele micro-milling,

-~



100461Figure 26 is a report on the pharmacoki netie data collected for three
dogs conparing the plasma | evel of conpound F in the bloodstreamlra the
first 24 woune//mbteer i Mestion of a direct fill capsul e Pom/ush@7/063785
mcro-mlling and crystallization process or dry mlling process as in
Exanple 6. Detailed Description oldie Invention 100471The mcro-mlling
arid crystallization process CMnt") of the present invention conprises
grow h on mcro-seed particles to a nean volune particle size | ess than
about 100 umsilt%as for exanple, |ess than about 60 umfurther still

| ess thd#t4Ebout 4BzureRs iy mpanise sicatigsbutivs repogdeicthe potyct pethggidreom about 3
to about 4Q. um de unt of. seed added for crystallization.
The i crd“‘g’é’ R PR B S of BORTOT G f or  exampl 6 T 1o
Bt RRPOUL AP ToRY. (AR HOH I AR S dui] DILEE f ke R, Oener at ed

by a nu f wet I ng ces, suc ,rredlamlllng
Parti cl e%oh@ﬁ&g&ﬁ@@a&nﬂl@@eﬂ@%nﬁﬁﬁncﬁiﬁ &Qh@@iub@shbzﬁﬁ&ﬁthé‘ﬂgweﬁmmtahas si ze
range is less attractive than -m cro-seed because the resulting API

parti cl e imkzies of & dtRelipantile feshanerkegtngisiperssdicdradat pmgsaoghow h
ctystalli zat| on are smaller than desired for conventional isolation

t echni quéw! ’tﬁ’élpfﬁj‘?{“yibi‘bf“‘}d*@ééd | evel s of about 0.5%to about 15% {0048:1The
process of the presint invention NNE) conprises generating a slum of the

m cro- seqgkaid m@ggﬁﬁ}ggd@gm@“@g{tuﬁ‘l on containing the product to be
crystallized. These two streans are conbined to ﬁ)row de crystal |'i zation of

the prodd®®47l| n nobie pasesiyyedepyetlppenaapsean PMCont susgeBy
mani pul ati g GhaRgeses Pk O Wakro 80 JiRIdds by ARgh CORGEREAL LidelNher der to
drive the crzstall'izatlh on These nmanipul ations | ead to a supersaturated
syst em wibeH iB@ B Hiek anfogpiapitgy lefoihaatiogr 64 e fHeiys siilt learibat abspi 4twn.on t he
seed. Thg,l, }/ ! Lﬁ“&ﬁl{,ts\@lrﬂgdl Ll QR SHAL ’9?» HH& 4%%?191? 8} yﬂ S &R b &
subsequent clystal F5 T ai T.1s contro to enhance growt h
condi t i onsedwddglior prughlbattioonThy mlcrth&t@n@sreth Ty elpoi b)rh to alohe2prradess i s
desi gned i t @ e g the
birth of J\& \A;El@qhm!l Int?}tu{a} 8%1“!)91'3\/\/1 %‘f x%% ﬁ\%’fﬁkhﬁ?lgg i ’:i;? S5 c%%kgﬁljb%lg,%% rz}t%tg
i ncl udi ngnanmm@clusgmmxlbﬁo @a\@emmlmdommmiaixnm bmze%nmdmdhﬁs ihend i s
provi ded n i.neerin Qar ar i P34
"Take sor‘f@y@&mﬁd Sgl % uh‘"‘% 1%‘5\v“emdm VAt }rga i di‘“f“” gﬂjglllfﬁ}ewrgngcro seed
and pr oduetaupatht kel SO Pl pfim: Mlmmhﬂpﬁﬂﬁuﬁm kmclpp@sﬂmklznhnwemt\nmn have a

nunber of specific adv t ages. . The m crosee rtlc es have h surthce
o ea ¢ o ot PG e Fy PRt e ey e ER g P Sl ur at § on,
i s enhanced Isicgnithboantshywrbaticye to | arge seed particles. A high

popul ati on of seed panicles avoi ds nucl eation on foreign substances and the
crystal | iggggsi on i sNQ.Qfs @roWibeRNnth8oLaISid) @Qm%@s%dmﬁ@ﬁhh@hQﬁn’@-'ﬁ){ | ow
supersaturatlon Thus, the size and formof the APl particles we controlled
by the Ch@d’lﬂﬁt(ﬁfﬂ?&Bmcbgs*nﬁﬁﬂﬁjt&x&&ﬁd .coxpanmgdieqnodlﬁ%%@smnaéd yihegpemwat i ng at
reactor conditions where the desired crv:stal '"formis the nost stable and
seedi ng vﬁfﬁ“{fﬁ“‘tqﬁ%“d’éé‘f*qdéﬁm@ﬁ3¢§f—§1“wﬂﬁfﬁiﬁiﬂ§f E)Wé‘ﬁ‘@h‘ﬁbd“ not 49808. theen di scover ed

t hat smal | ..cles have |ess sensit V|t art attrition, by shear
Since ¢ neTRRTLFETES SRR SRR DS i Tt obPuli S BRI cant Ty
I ess wei glh&tdil%t)?(i‘\.é g LWbltﬂnlé'd Qopfﬂga%lm ?\gﬁgﬂmﬁﬂg&ﬂ{)QQEL%%AQLME&Q sRigsent

i nvention provides a nononodal partic st ze distribution as conflrned by

optical RigHQGHARRS @Rtheliase for §ealeb QIR EACRRL Guas:d Due ¢! dfhe

nonodi sperse particle size of the resultant product, it is anenable to
downst r eanpdrialiratanidonnaihd sfedimgukat mahthmakisngetive se8rpusi s eorprdedds: an
attractive method for fine particle finishi n% 10051) Al t hough t he present
i nvent i oR®Yhip epBange i:q‘“f‘“ilb‘éfmf*'é‘ﬁm‘tWégubf“éﬂ%"@ti"i‘ din g fPregaR) vention, the process is

designed to facilidate growth on the micro-sead while controlling the birth of new particles

A review of the methods for arvstallization including a discussion of growth and nucleation

RN



precipitated or crystallized organic active particles, including

phar maceuti cal s, bi opharmaceuticals, nutraceulicals, diagnostic: agents.
agr ochemwal28¢7/i06®ect i ci des, herbici des, pignments, foodpcmgrseai7eni’ss food.
formul ati ons, beverages, fine chem cals, and cosnetics; for ease of
description, principally pharmaceuticals will be specifically addressed.
The aystallinelprecipithie.d particles for organi c conpounds used in other
i ndustry segnents can be produced using the sone general techniques

descri bed herein. 100521Any nethod of generating a supersaturation to
pronmot e grawstonditieties predehpelricsfComeica foppeywad omsesarfenabbe 19874 hi s

i nvention,, C th t o.mani pul at ation include changes in sol vent
conposi t:%éﬁc?%r%ﬁ‘é’igg Itffgwp"ﬁgém@f“‘ ‘ﬁ%‘“‘\”e’actl on, or usegof distillation.
Al t hough gécﬁz@ﬁm' ve ﬂ(@’xﬁkﬁw'-ie%& &gﬁ%kaf;%chﬁcg%}fﬂﬁaxiiﬁ* RO 101 \ﬁr%f%%‘t final API

from one or re reagents, becones ‘super sat urated and

super sat tighahi @k ah&ﬂb@&v@%@@i&icl&& #@esS AWk GRcrefsed pasilcds hbzat hign. A review
of crystallization nethods to generate supersaturalion and the interplay

bet ween nucheatdontdnde grionadibius thprowiided., bys #r rrcapérSheniaals dBhgicnieer i ng

Pr ogr ess, Septenber 1997, P 34 "Take sonme Solid Steps to Irrpr ove

Cryst al | iSgdt lcé*Hi")R‘<‘EWS§E%@“&HHP%‘% i bigh ﬂ)ﬁ!@ﬁ‘fﬁﬂéﬁb‘@éééﬂ*t (ab %\Wéissm ute or
the solute t %ncl udi ng

batcn or yErktiohof ATsEh SRRt S e R s RBERRUARTSR b B B FeRbit R Se
crystall ';ﬁﬁkle@% oW hﬁ;?e‘?nﬁ&ﬁf&ﬂ' GHES 186 GRTERA o?@ietﬁfi’ﬁ’%u@ﬂé@% LGRQbo the art

and extensions to other crystallizer configurations are expect ed

Addi t i onak Ity characerticnat hofeedbatibiese met hods can be utilized. 100541Batch
crystallization typically includes crystallizations where the tenperature
i s changd®¥t sol v"emeralis grarabve & rpdcladicendiidnatibers lhtbdegeﬁbm*aﬂzé grhes the

h cr | | | d
cont | muoE ke FoaRy “@bﬁvs%ﬁ%éﬁgﬁééeé%ﬁ?ﬁ%téaw B0 €81 Ule or the
react | on o pguser h{ 9@55 L 0e. SPLUE S L) B 61 AN, 6L RALANICTYSLAN || zat on.

the seed’'s to a‘reservolr

super sat li'rfngk%duébqk Bﬁ: ditﬁdif& oPhisR@daridl it | k«@ﬂhprsrﬁﬁnﬁu TR 8dhdm&fa e weed
addition. See Figures 6 and 7. 100551Semi -continuous crystallization is

desi gned plx@e%eﬁpzetdmemomteemsmplohd:tshembnaqwﬁd phabeidenlitritetime acdoafironear | y
constant throu hout the crystallization., In a semcrontinuous =

crystal | ibZaplighy ‘ogfaﬁw%:l s seiiafipieduiquey T faﬁteimwriv@mﬂammaﬂ%%d stream
i s added tor, fo aneous . addi tj.on of. bot

St r oam cOhTETHITEN PREUSor hrE e LLsOsas A SoR TR g RS edino P non

sol vent Her 8048, LEESh lthls atrﬁdﬁl(lsd%zci’i’r{uémﬁfclﬁu{l@ﬁﬁ simlar to the rate at

whi ch the conponents are a ure 8. Anexanple schematic for a.
reactive jeamt al | i zahhgh is ppcovizdedidnmdi Gung-& flN0salibpnehem cal

conposition of the streans chosen for the &AC process is
precipitated or arvstallized organic active particles, including pharmaceuticals,
hiopharmaceuticals, nuiraceuticals, diagnostic agents, agrochemucals, insecticides, herbicides,
pigments, food ingredients, food formudations, beverages. fine chemcals, and cosmetics; for
ease of descniption, principally pharmaceuticals will be specifically addressed. The
crvstathnefprecipiiated particles for organic compounds used in other industry segments can
be produced uuing the same general technigues described herein.
[0052] Any method of generating a supersaturation 1o promote growlh in the presence
of the micro-sead is amenable to this mvention. Common methods 1o manipulate
crvstathization include changes in solvent composition, temperature, use of chenuical

reaction, or use of distiflation. Although reactive crvstallization requires the formation of the

-10-



dependent on the conpound being crystallized. Accordingly, aqueous, organic
or m xed aqueous and organic streans can be utilized. WD

2007/ 106768PCT/ US2007/ 063785 1005711 n the process of the present invention,
wet MIting to mcro-seed size is required to limt the need for dry-mlling
in a downstream production process. Only sel ect machi nes can provide
particles of a mean optimum size ranging. fromabout | to about. 10 urn.

tg met hods such as hi gh eneny hydrodynam c cavitation or high intensity

soni cation, high energy ball or nedia nulling, and high pressure

honopgeni zation are representative of the technol ogies that can be utilized
to Make m,Gr } i a k T S ARG f.nom about 1 to about
10 urn. [BOEe e maOL R R aRe b [ bRk SRR DTS an

ef f ecti veuwwedturgtibn ofibe predutod tHeaowraui e stllieatipar A radoy Gichstalliaaed to the
target size. In addition, nedia nil[inq has been found to naintain the

cryst al | imgthogs tefgeneie ppprsaialipniand thafntarpippbabyest sudeatiohasdgrosh 5f t he nedi a

beads utiliz ran f.or .exanpl from apout t.0.ahout 4, nmu
100591Ad(§’ir°["'fd§ﬁ5¥ P ‘b‘%ﬁ@%‘ﬂ"éﬂ‘ Engi %“@%‘B%&H@Wﬁ%dgggﬁ P?nﬁgfﬁ%’*‘%\i&wm I1ing
process Qg &Bme%\é@stﬁﬂiz&lﬁak%de product concentration, mlling tenperature,
and mll, gpeed to afford the desired m cro-seed size. 100601Media mlling

wor k on APl product streans has been practiced to generate particles |ess
than one mcron in nean, size using specialty beads of 0.5 mmor less in the

presence 83k ol | oiThapddifonsf e prgre-Seef frabe spiylgerdhosohue /@ hedurosedhid? come t he
| | oi dal : t.] . at _ .M , id
str eam of® aRRRERLE e Bl paRht i ate RS ANoL Sl BB ARGBR B (0 Do

the curr gofi.dofiRBky PFiiafatitnC MBess GRBhiquetind Séravhdd 18 tRké RAGIcES B MdaRe current
invention are nost predictable Wien a substantially disperse seed is

uti | i zed afhdestepsigrstia btherzxagstadiizeldshiigpraigoy moapatedof Addiionally, e comldnatioed i s | ess
desi rabl e_si nce the nynber @nd size of the aggregates could be variable.
Thus, sed&fbeseyrsthefiseagpeyiitizedn to 0.5 um nmay be utilized in the present

| nvent | ofogier e | taloh cfiERhE Ak el ARBLAY GO Al SR wnol ADlohi gl unl ess Lhe

organi c ound i's sel't-stabi sperse part Si nce the
process @f chidp@d B 8Fefills rehiBValth idanldion B def@itt 1hy s @R aiafatigl ONkdmiBfcieXi sti ng
seed particles. the anount and size of mcro-seed is the primary determ nant
of the APRiysipliration hwpicsllysiacludes fhegbrtvueiraddiion ofr sefemtionsaagetido atpgeebit o af f or d
ts ggd d :rsri):’? j g) t{i % (&P%ggtll ﬁrgttmglﬁ)?sr tng h@g&hgr hl(l{gﬁg zm cf’is];;[ns[mt&r r?sti'alil%zlatlién% 81% hon. Typical

seed is typically added to a reservoir of solute which is supersaturated at the time of seed

addition or as & result of the seed addition. See Figures 6 and 7.

0055} Semi-continuous crystallization is designed to keep the contents of the liquid

phase in the reactor nearly constant throughoul the crystaltization. In g semicrontinuous

erystatlization by non-solvent (atso called an anti-solvent), a seed stream is added to a regctor

followed by the simultaneous addition of both a siream containing the solute dissolved in

solution and a stream of non solvent. Heare the crystallization occurs at a rate similar 1o the

rate at which the components are added. See Figure 8. An exarple schematic for a reaclive

crystallization is provided in Figure 9.

[0056) The chemical composition of the sireams chosen for the MMC process is

dependent ont the compound being crystallized. Accordingly, aqueous, organic or mixed

aqueous and orgamic streams can be utilized,

-11-



sol vent phase of the seed slum range from about 0.1 to 20 NAT% rel ative
to the anbunt of the active ingredient to be crystallized. In a growh
cryst al | iwaetzn@mosioat r oducti on of | ess seed | eads to | ar gem/ysaswiocd7es. For
exanpl e, | ow anbunts of seed can increase the product particles size above
60 urn, but the crystallization could potentially be very slowto avoid
nucl eati on and pronbte growh on those seeds. Seed |evels of about 0.3 to
15% are reasonabl e charges starting with mcro-seed of 1 to 10 urn.

[0062{I n another enbodi ment. the MMC process conprises [0063]using a wet
mlling p¢¥Gess tofngeinepfaatseolrih@pxebeeeednalnﬁea\emiémefo tifmpp‘ress‘o%nau ely 0.1 to
20 tun-, and 0 41&2 cry zin n organi c .active co nd. on the

i or o sedtgegfoditi BEpetLiT taensees e PRsNHER A B e &R, DRl han 100
(o o Ol i /oo REROD) Rk o BN RE LRSS (6QTPE 5851 1 GO5C] (1)

usi ng a wet cess to gene m cro-seed havi ng a rrean Sl ze of

appr oxi magigixe r@etﬂed& Quoﬁ(&x 1o enér%ﬁxﬁﬁ‘éf@m;ﬂic&ﬁﬂLﬁ\éblﬂ@f lﬁc*lp&(ehl;xﬁrkeﬁﬂccaﬂd’!e
m cro-seed rind. [0068] (3) crystallizing an organic active, conpound on the

nm cr o- seéwght»mu@ éhldoonyBt alllinn enplaph pekes: mmugmg;:emwe:&mprss giatiteadsha han 100
tint 10069)' The di ssol uti on rocess may conprise heating, Changes in Pfl,
changes it#! %@Pweﬁﬁ““éd’hb‘o%‘i e wwhee‘w@rmh*m‘ BSEATGIE PEUINHE SR SHEPEnt
particle si ze]} } :‘]}qt]hon to one only slightly larger than the seed. In
sone cases oY i “Enhaftement of the micro-seed particle size is

suf fici er'ég;fgf])r t heh‘lQﬁ)Q@M%d}&%@Q@ R hiYSmSB LRl RV ELS o lciR0Xe0kiiligher may

be used. 100701l n one enbodi nent, the mcro- seed may be isol at ed and

char ged assligdds Yeduce the particle size of seed to the target size. In addition, media milling has
been found to maintain the crystaliinity of the APl upon the mulling process. The size of the
media beads atibized ranges, for example, from about 0.5 to about 4 nun.
597 Additional parameters that can be changed during the wet milling process of
the invention, inclhude produet concentration, milling temperature, and null speed to afford
the desired micro-seed size.
j0060] Media oulling work on API product streams has been practiced to generate
particles less than one mucron in mean size using speciatty beads of 0.5 mm or less in the
presence of colioidal stahilizers. The surface active agents overcome the collowdal forces that
are active af less than one nmucron and provide a stream of disperse particles for formulation.
This feed stream can be used i the current invention as micro seed. Crvstallizations from the
cutrent invention are most predictable when g substantially disperse seed is utilized for
crystallization. Using aggregates of particles as seed is less desirable since the number and
size of the aggregates could be vanable. Thus, seed crystals of 0.1 v to .5 um may be
utilized in the present sovention whaere it 1 desirable to emplov colloidal stabibizers unless the
organic compound 15 seli-stabilized as disperse particles.
j0061] Since the process of the present invention 1s primaniy one of growth on
existing seed particles, the amount and size of nucro-seed is the paimary determunant of the
API particle size. Vanable amounts of seed can be added to afford the desived particle size

distribution {PSD) after crvstallization. Tvpical seed amounts (material not dissolved in the



product. {0071] The MMC process of the current invention is highly scal abl e.
Proper equi pnent design at each scale may enabl e robust performance at al
scal es. Two 2b@atooTees t hat nmay be enpl oyed for reliabl e fcalus2ap/063785 r api d
m cro-m xing during additions of materials to an actively crystallizing
system and 2) inclusion elan energy device for particle dispersion of
unwant ed aggl oneration Crystallizer designs containing -these features are
anenabl e for scale-up of the invention, 100721Rapid mcro-mxing inplies a
fast 1111--XiMy lime of the two streans at the nolecular [evel/ relative to
t he char aelrentipgesee! haderdtsiven ) tuaeireprbar Pdiia Rl hratrilarrede ﬂmewpwﬂdm thet . These
concepts are and Prud' hoiri trallan

Sour mol S SR 6 0ya A bn & o3 Ty DU P P LIRS SR Bk ¢
(Al l ebE JiQ%gz:?LmM)! 9}91};*, f\eg’?m\ M \ln't% 01'2’94( Q'ugﬁ?l'éﬁ% Iﬂé ;qugt§({{'? 1§cl§$ $i&SS that

the mcro frme can e “out cone a cryst zatron or
pfeClpltQ&é@ﬂwLﬁﬁ%ghﬁé&Qhﬂhz&ﬁﬁc&M&B@%@uﬁﬂmQaét%@wﬁbﬂim@nh@%ﬂ@&@&p m xi ng
Lillie is advantageous. For solvent, concentrate,. or reagent additions,

t hi s rapipgomiic pesith xi hgsersedlac 8seddey c&l dfmbmat eso ¢mh@mt&%u4m}@radl ents t hat
could lead to a nucleation event. 00731l n one enbodi nent of the invention,
supersatGpﬁfﬁdﬁﬂiﬁuﬁéﬁfdP MWdﬁprnDte gromﬂh on the nmicro-seed. |In sone

cases, netics of . cr are fast and nucteation cannot be
subst ant 14098} "avor BBt M P it hou d be chosen hi Chese
cases -t Qgdgsm t nucl eatd NR;dvs okkiRge E}R}@Sﬁ% we%@:aﬁ:azi:{%m%élf&ﬂ\ym%qg'ﬁvo' di ng
hi gh local concentrations of reagents. Wien the mcro-seed i s added to a
crystal | iszebt gonb@nRbng sel20te;; a6 spersi on of the seed by rapid
inicro-mxing, is inmportant to limt aggloneration of the m cro-seed as

cr ystaffifﬁ%ﬂion t akes [FbwestalllOGyI@deie dgnakdnynounden (e nkerofseddlanslow
(Chem cal |neerlagBTransactlon "Proceedi nes of the 151 international

Synp03|uﬁPGH'Wh@ﬁ§¥ T”T%?@fﬁl‘mjﬁflﬁﬂgﬁbéﬁ" Vol ume 1 2002, p 65,
publ i shedydpey AD| Gy ARS0E 089005, ek olionn D1 Gaggneria (hem) teaches

t hat aggl atlon of partic rect to the level of |oca
super sat L!ﬁ(ﬁvrﬁ! on. Ther ef(@r @,morﬁm%m}cwm@m ngmﬁ AR BEhRIAY o hbhn

m ni m zi ng aggl oneration for this situation. The selection of a rapid m xer
nmust he beakafged-agakingt! ke yhevel of particle attrition by the choice of
the mxer. The mechanism!leading to particle birth due to particle

-particl d806g} particIe§2b$y@bak1im%wxﬁﬁﬂﬂaﬁ@ﬁkﬁ%%ﬁ%%tlons in the presence

of seed icles is co referred.to _as secon nuclea dis
expocted T%hccur to sONETUTLARE Froraoes SaFSTRITRS & homtsio Ty SR es of
equi pnent, ?Mmal ‘?mle& an Velugl&)l lg‘sp'thst }{E ﬁ&t {007510rgani ¢ active

conpounds "0 Sl ze ency w aggregate and then aggl onerate by the

deposi ti geo{ ﬁBSS}IﬁHﬁ%@@luﬂQQﬁ:@@ﬁ& fad bsrhftGe GeamE adhbd@atd 90 chipeninpai ti cl es.
aggl onerate the APl particle size will be larger than if growh occurred
only on ﬁmeuhmdmuahkmeedmpafﬂwi@émaﬁ@r@g@mmnaﬁdtegeﬁ@w@uﬁnnﬂpn@@ént I n
sone pharnaceutlcabwggpl|cat|ons Ioneratlon IS ft desired for it can
be nore AWHiFdERe ! afesd upp S&“‘ﬁﬁf&“@é% EBWI?P'P%’F'?@@“&@E} e atEd Pﬁﬁﬁc{el cl es.

In these situatd desi LQ g J; t he
i CT O- seeH V%xuhmmﬁq: ﬂ}”ré m( m[nﬁ.ud\ and?hu\ \u, Efu.{L OEG[I(‘?)r%W 1Y %«,r 1“8 \L{m uﬁu{]

on 1's manag e ener gy
clensity geaer i encﬁ%nmﬁnﬁﬁﬁmﬁt@f b 6k ﬁé—séf@d%'ﬁﬂ} bR isidhidd &l %H{: roed as a dry

product,

{0671 The MMUC process of the current invention 18 highlyv scalable. Proper
equipment design at each scate may enable robust performance at all scales. Two features
that may be emploved for reliable scale up: 1) rapid micro-nuxing during additions of

materials 1o an actively crystallizing system and 2) inclusion of an energy device for particle



to afford &aggl oneration and the particles nust be exposed to the energy
d.ensity during crystallization at a frequency sufficient to maintain a

di sper se wpnemocAssuppl enent al energy devi ce hel ps to ®CHUSR@S/063785

aggl oneration by dispersing particles. A function of theenergy device is to
create particle collisions which break lightly agglonerated nmaterial s apart
or create a shear filed which torque and break the aggl onerates. This
energy device could. be as sinple as a properly designed tank agitator or a
ritcycle pipe with fluid punping through it. Fluid pu s are hi gh ener gy
devi ces afrgcrsign chpfueptedipglopeypgen| ¢y gal lr@ﬁLmib@e@gsrlltmh NS QES ar e

sufficient n.a at.es and aggl onerates are not strong or the product
is exposéﬂwﬁgﬁfWégg%Vﬁ”gﬁﬁPgﬁﬂéﬁgly Rotor stator wet-mills are useful to
provi de 29@*250”9 Sﬁﬁﬁ# m?u“é/ dﬁ@@%ﬁﬁ e @R e AL & iTDGhe dﬁﬁJM Ho SBeR 4 Qg particles

t hensel v e not catl on energy ap to the crystallizer
has beenr&@ﬂﬂ&;k@ﬂhkﬂh&n@gﬁkﬁﬂﬁﬁéﬁﬁﬁnu@BxﬁQﬁmpmnaﬁth@%@ﬁ@gm@gﬂﬁﬁmreadl|y
and form stronger aggl onerates, Applying sonication or an energy device at
t he end dhetchenepipstatsplareat iodelickn Sbonse aubeihemmel Aeatal mza@glr{ahﬂr ates, but
is |l ess desirabl e than durln the cnistallization since th | omer at es
may be ofChsmghY LA O3t HETYE *PP Sphang o Masehn bndilive i idiShladqup %‘éi\iobr’m""ﬁ ne.
Sonlcatlon ovi d JV be onsi bl e for
br eaki ng P oRer ) SRS R BRI Bl Rt e A AT RE or 1 nary
par {i ¢l e3uoR0E7) Neadlisyich kbl RS AL GhAL! REGRR Qﬁpﬁﬂlsﬁ'@e pLOFRSSI ng of
fine organics. In particular, eir filtration rates are typically slow
One as peGltxm@tmimw&nmv@cntahl@guau§ ‘Etaheoluaﬁ, @hcRant: Gatrd@ i didiing, this rapid
crystallization. Sonication can pronote the growh of needle crystals in
the wi dolcdimispgivehcs elkiningiea consemratiobpstiopr dution!d load fislnuelgaticon.  The use
of sontation to generate mcro-seed for needle crystals is also especially
advantagébﬂ% Needl es fend to break on the long is and produce C3ystal s of

2 o auth, Do SURLLEL SPaL N AROT BRI, LOHRTERGRY o SofgR] 00y of

sonlcatldn | t rasound "'waves t plca I's highly
conpl ex &ﬁﬂuhhﬁﬁﬁﬂﬁdﬁﬂﬁai&hs&ﬁcbéadﬂﬂ%i&%g@&QﬁQﬁﬁbﬂ%xﬂ@@gﬁﬂ&ﬁer”‘On i's
unclear, but it is well known that isonication is effective at deaggngation
or deagghmdemmhm&nm(RﬂhﬁﬁmndﬂﬁahmhﬂrwmaamhehmeE@Gwnnaw$pdd$eomhanm

deanl oneration of natioparticles in aqueous solutions"). As a nonbinding
expl anat e ey tﬁémﬁﬁeﬁghﬂ%w% PR sgentshpine, wiokbring pevilise yehiget asound

f hi d nd th hi t h f t
o a1 upt1 onneseddbER e o Pt paRnba Sl R R oAt B PR ¢
period o %&H’)LWO%Y@»@M o 5id gy@dprmﬁ%i @Q&Em@%’ﬁ foh F&Rk’r&?@dﬁﬁnlﬁ?ﬁ gyl de a shock

wave and tenperat ure an essur es “deaggl omeration. In the
pr esent umv@n@ﬂgﬁmg@huh@&mh@ﬂ@p&@gnd that the seed and grown particles are
not sig,niticandy fractured in nost cases, and thus, the high energy

CVerl i S d#07dbni cat Adhtiandy.abpecikall Hyndéd €Crdwel Eogipreonpilomgrcomtsh on

di sperse particles withput attrition of the particles, 100791l n the recent
years, Wo Wcﬁﬁﬁl“%ﬁf\kﬁ%h o‘r‘f“%ﬁ‘“&ﬁéﬁf“g?%‘vﬂﬁ%é‘“@'flf‘é%ﬁ\‘fﬂﬁf’ﬁmﬁ r-?%*t al i zation

Focus has\ {?\%&nl P@(F,egm Py )hs?ﬁ.c![j ?eABﬁ Eslz}a*isz:('}'ﬁlm%wumﬂ F)g}’l HaE wzum( hmu)Ct lon tine
for nucleation or t acl'le niuc on nodet dat e persaturatlon

This is l%éz%ﬁé%'thzﬁ ng@&ﬁﬁ@ﬁ% i @%mi@?fq(?ﬂ‘é&l\% 'ﬂeﬁl’o ﬂ%fa leS?led? l&gﬁsu%@ﬁﬁx@ﬁéxpn in the
absence of solids apriori or wt néeeding to add a solid seed to the
bat ch coﬁmamhman@nihhﬁauﬁhapdzaoakpﬁhﬁnmcmhuﬁnguﬂeemmﬁgaEWﬁgnﬁssu&uly 2001
P 56 61). 'This approach is contrary to the current teachings where the
presence %ﬁ§ﬁ¥%¥@ﬂgééﬁmbﬂﬁﬁgmﬁ%h%h@mﬁﬁhﬁmﬂﬁﬂbﬁhﬁﬂf@ﬁ@p@ﬁ@ﬂ%@ﬂﬁhdh%speC|aIIy

th t 00801T t f t t h t |
cl'yst al DS Gt BFCE AQ° BUTHBLE! 61 BURPPOFIeSABuR GRS ShERRFGE i or o seed
par i cl €538 g M&m&%@& ST GHRsork o U KB | BmsaAL c ol on

power U|red Oor success ati1on denonstr In the
current |!ﬂ‘éﬁ&£ih@05d@§ﬂﬁﬁexl ﬁkidﬁﬁéﬂynﬁ%\,dpwthﬁ@%g&@&mso}& mmg nﬂ,%{ liter of
total hatch at the end of clystallintion and preferably less than | watt
per |iternocfallizetals. Bht divicas of dyeiperdt @h altoriystdnt dizbtiedmct. The desi gn of

equi pnent for SattiCail Ca and research into the technology is an. active
area of research. Exanples of flow cell.s anenable to the present invention
are comrercially, provided by several manufactures (e.g. Branson W F3-16)
and (ett. Telsonics SR R 46 series) fot use in recycle |oops as an energy
device. [008. 11The use of a recycle |loop to provide nmethods for

m cro-rtaxi ng and net hods to



i ncorporate a supplenental energy device has been shown to be especially
advant ageous for scal.e up. The primary concept is to relieve the

m cr o- m xwogoemaemaer gy i nput demands from a conventi onacTarsy@rabiiszer
(typically a stirred tank) and create specialized zones or functionality.
The stirred tank ciyatallizer can serve as a blending device, with

m cro-m xi ng and suppl enental energy input to the system i ndependently
controlled external to the tank This approach is an exanple of a scal able
crystallization systemfor |arge scale production. A practical enulation of
this systié#sis proVigded anerpgoprundgol smadse g migndegaplesecrggsomsi thahed, by

adding a streaminto a region. of high energy . dissipation or high.

L ur bul encB2ORAAIE dfF GrovR Srvenm FHES EHe TR erbp tine ROBEPTIYS
regi on of  turbul.ent . D a, L Le. loon:i s one. i) . In. this
case, a 6%#g%$@§ﬁ§%ﬁgi‘ gggfgi&@?%q%§m#@@g%%éﬁgggbﬁggqggﬁﬁgﬁfional pi pe

fl ow, butinddatiuss&aphitidles BIOALL AR AR £ @RREXI BGoh® ph@®laceulibiis exanple is
not limting for the |ocation of reagent addition ané nmet hod of reagent
addi t i on apglicetatsi alomerooachictdesngd for gpenr bennoreahilixilng. scfbep cprcept s of

m xing in pipelines and in stirred vessels are described in The Handbook of
| ndust ri SPTRESRGiReratt pagicles. dpthgse sipglipny. pip et ilp ederelppagPedne recycl e
rate for the crystallizer can he quantified by the time to pass the
equivaler’ilf""“xg’l“l‘”aH ﬁ%“@&ﬁﬁ'*%6&“FH§°B§FEﬂma“the end of the crystalliz.ation
through tgrgi ecycl g JROR, 1@kndiREIIMINAYEentid & @B pdH8ERG: 88 sithGent
crystallization. The turnover tine for a vesseél can be varied I ndependently
and w | | iheffad depelbemnioh atd@e hiddguency batxpuidb iHeh@elatichis dowgd be
exposed to the suppl enental energy device to |limt the aggloneration of the
product . cAstalippeal ot pdiegeoney sulligentfonaptrgedigeaiesyyprrodactipmrmangthges from
about 5 to abqup‘ O mnutes, but this is ‘pt”anitygg._ginQe th

aggl omer NI B GHURE S8 UPLPLOn By FHIRPAINING PRUGHFr 84WHERRE ¥ on of nass
by crystallizati t rate . of .crystalbizati.on can be sl 0. extend the
turnover ATHeerUdl: BB AR SRR S R ARl AR o

2007/ 106 16 8R&L 1 WR20RI6h Q83 H8SIORBT LIRS PAb Ik RS ITAR A8y sMNdaGaIaLea of
the resultant product may be enhanced by the addition of suppl enental

addi ti vess timptehe agpeqailodestdred ciny spiadidrioz atdeptie hat edth (unl pmpérdtodivgtent , t he
addi tives help dispeise die seed and crystals in Ow crystallizer Wich
limts padred elueprsaygvahepagy dwicesrisl candifedt 8is cortaligpipiranasseal Thaerdi tives iy
be used tonﬁother}pur 0oses as__yv,e!ﬁli gggh as_reduction QQ,Q%%&UCt oxi dati on
or to li r‘r‘F‘i"‘feSc“berr%%b%‘H‘g“’ P PTG B OBRIE BTN RS L PIIEhippl enent &
adrliti )é?ﬁos;@% tﬂ@(ﬂ&*%%ﬁe@@&ﬂé! R¥tof S48 &R a:%h:?efhﬁ%ﬁk&ﬁ% sﬁkﬁpshiéérel ding a
pure active Ingredient. Materials with surfactant prépertles are useful to
enhance teher@iienyan@has a6k afdng tines 1RfpafiRs WMehds &1 0g, arSRB ditighd. dbgkcation
crystallization steps of the MM C. process,. 100841Suppl enental additives
i ncl ude, cherty appdichttthe Pmbtnlderthos bave foudit kalentt sgalormgrplinplichipowdpbky ner s,

sol ubili zi ng agents, enulsifiers, suspending agents, adjuvants, wetting
agents, SVREERRTERYL PLAVBIRGEer apdopErEy rri"wg}"a% SHtion QGYIGHETEY S8dtft s,

col | oi da!at 9}'%}9&? Eﬁgp Er?xglﬂgau%xlil rufznaﬁ;[oqg:tﬁi% %E}r%ﬁ apg })n'ug}’gtta.gslblu i5 Lg\d d;[wsorz[ﬁc char ged
phosphol i'pi'd “Such as dlnyrlstoyT phophat I dyl g?ycerol, al'ginicaci d,

al i nnat espanRERRE fe cBUMIBERR sthce e PUEMLER GG Y6 0F siphBRAAleARL wchl or i de,
collodial silicon dioxide, celostearyl alcohol, ce%onacrog,ol enul si fying
wax, casehfiof habgkuiiaioaanat pnicaioplbopy bisdipRividnachivaricde whidtydy tel cohol
chol esterol,. cal cium carbonate, Crodestas F-1 10i 10, which is a m xture of
sucrose deearsdielangrsogligel agilopemeauppatalscrigwa rasuipg the mijany kaol i n and
bentonite, derivatives of cellulose and their salts such as hydroxypropyl
net hyl ce™{G8e (11 PMS), carboxymet hyl cel | ose sodi um car boxynet hy
‘cellulo dits, L Socd Loy, €ellul S, rerhyle.el Ltilose.
hydroxym?ﬁ%?gelIulgégkuﬁyﬁﬁ%égﬁ%%%eﬁﬁék.@Fgg hg%g@%éﬁ?%?%éélﬁ%gﬁylcelIulose
pht hal at garREAE s tiAkdioneneelrd HhRe!: si6h Cahe hipmriphesnhahaon daslegy b tri met hyl
amoni um brom de, dextran, dialkylesters of sodium sullosuccinic (e,g.

Aer osol GEQeobn Anry @earliGpinansa)catigetatpramotgthy genah pf glegieenotals in the

nonost earare, gl ucose, pisononyl phenoxypoli-tglycidolt, also known as Ain
10-6(r) or ;surfactant 10-Cig (of Adin Chemcals, Stanford, Conn.);

i ducam des such as octanoyl - N-net hyl gl ucam de, decanoyi - Ni net hyl gl ucam de,
hept anoyl - N-i net hyl gi ucam de, |actose!*1 eci thintphospbatidest, naltosides
such as n-dodecyl 13-D-naltosidenmaatinitol, nagnesium stearate, nagnesi um
alumnutn silicate, oils such as cotton seed oil, corn germoil, olive oil,
castor oil, and sesane oil: paraffin, potato starch, polyethylene glycols
(en the Carbowaxs 3:3,50t9and 14501(r), and Carbopol 934(r) of Union



final m xed solution. The final solvent concentration containing the

m croparticles can be altered by a nunber of post treatnent processes,

i ncl udi ngyolwd7/metesl i mted w, dialysis, distillation, wppeaskeo7mv378s
evaporation, centrifugation., lyophilizati on, filtration, sterile
filtration, extraction, supercritical fluid extraction, and spray drying.
These processes Typiiwily occur alter formation of the mcroparticles, but
could al so occur during the fibrillation process. 100871lit has been noted
that a high solubilitv of product in the solution phase can during drying
| ead to deéfbsimi@n\eﬁdmzeeiﬂdt}‘apb&sbwad\etlm‘ T thpeon | Ehlld»t pheee*tw& he partl cles
|l eading to |I%ht aggﬁ%nera es of thﬁ natlv particles for » QH

wyst al I'i Z807Hh ™ BPSSHI'B 16 ¢ GRS & By PR iél" VIRRIEENE SFAITSAEIYOR is W en
et Sk oh i 1S LACRIBAAROI ICONBRINE L LR LBl REaOr SuS
agglonerates e I

onerat €s can roken duri ng formnul ation
processi ngofsp Yi el thdtRuehs: 18R] tﬁ«C@ﬁsﬂh&l@luﬁ} RlieaMaAR habéd i §iyailv{ 008811 n
measuring particle size, care nust be taken to select the correct measw ng
t ool . Forbeivwest dhael f){itlypfl) calighiasenpidd githsbaddrentshgethechnifguesceagdd t o
measur e partlcle size may result in errgneous readi ngs since the techniques
enpl oyed ﬁﬁ:}g longgatiopds ‘a’éﬂ‘»éf fy ib*r Sl kagiye Bﬁbwatcélgéﬂﬂmiecria% ﬁu\ﬂeaaa KAV es.
Thus, parti,c egglonerates

e san o 4B omfRoR 0B FodcBlnat 5 Br 5Y Shialiied B R 2oL o e
|'i ght Sc%ﬁﬁ(ﬁﬁhp%s kﬁﬁﬂ@(ﬁt@‘%@iﬁnélﬁ BN L ﬁfoﬁ&ﬁﬁigo Qﬁ@‘ﬁx‘{ﬁ&%qge LeghRitgue as set

forth in the exanpl es bel ow. However, nean particle size may al so be
measur ed pushagscaaNe@nirb o0&l ulkase - Ax@h&{ aSgt fever BghsewidiRss a ogeci fi cal |y,
the analysis of dry product is preferred in a machine simlar to the
Synpat ec skeilgdst bnagg’qcimeﬂtwmmi oo Guanmnprebisuare forhyd geth‘e;rfhwt neghhes- sur f ace
area of a product a t he pa chle size a % dir ctI | at ed dependi ng on

t he shapé“ﬁ?‘“fﬂ‘é"“ﬁé‘l’m I‘*‘e“f*ﬁ“‘ e swidgeliare gt E‘fffa 8’*1 M “b‘a?"t’ 1 that is
often pr Q),? xﬁ@iﬁkér%hxfeqﬁ(m ﬁi%%% 're% lugel’&l C{%ﬁleat@@r!)%?l Qﬁoﬂ 3 }EIQ}H%QJLI_\?}%EQ% eﬁ. h‘ﬁ@er e Ve

aspect ratio o rea

particl e weaniodeMBRshs RLE Rl bbx@’@ daticipadd h&' s@nflcaR) Ak g koM tma@m\e&e@qd

m crographs show a consi stent product of small si'ze has been produced. For
thi s i nvemtsi bahighkeerpactentloé ssi@aobyre bipghitlhsefictrer topgonate goytiamal ysi s cel
is neasured in a Sy npatec Hetes when the aspect ratio is less than 6. Wen
t he aspeéﬁ%¥%ﬁpe“¢§”8”6w[@F%@ﬂéthBWFe@ﬁ nlcroscopy is used to measure the

ticl by | t di ft
D507 T0e 1BKAE T o Saat Bt bodu R nd e SRRt ﬁ%%ese*t A of the
product Qfy.y 1%@&%&% ph ) ePAP TRSYIEBLOs R A OR b hYpLCal 1Y

advant ageous to enhance t oduct performance or product acceptance as a
mar ket ed EnduetonRl @CRSSIES LI MuchiitioDal ndRetatel sipdr@thrhitnn. I’mlxhﬁﬁseﬁﬁ)&paﬁ ion,
wet granul ation, direct conpression, or direct /ElI|l capsules are al

possi bl e.enkamepie répcadvabilitphizesdipdyticalongo pasicniorsolids-gptitri theitliprbduct  of
the MVIC process can be made to satisfy the needs of the industry and

t hese for“ﬁﬁ“&&‘i"é‘ﬁ%a %@15&%%@&&6@&@%@5@%\5?%@'@@ gravaheded types as
stat ed atf?wmmr nws{’srowxm\ I@yt’()(lplolg 3(1 n‘l I dlé}p%%a} 15 umtrdn ER}%U{EQ;S\;]J or the MC

process and su ation inclu i ~1nflanmmatory
agents, anihhgl \U&é‘é ih‘é?»xesémlé bf Rlckd- %W&%ieq@@f&ﬁa@;%@&@bﬁ E&ﬂe@ﬂ&i' bi oti cs,
antlcoagulants anti depressants, antidiabetic agents, Emiepileplics"

ant i hi st agpen@iy thertishy frent ensi ve agents, antiinuscarinic agents,
antinmycobacterial agents, antlneoplastlc agents, inmunosuppressants,

ar ni t hyr P#0hgent sThewplispiipap! sagierits o P%ih&ll?l‘éﬁﬂyﬁl en saliegmni(ordbe pEBYEI ngent s,
betasadrenerg gﬁ{ece t or .bl ocki.n dr# contrg @ %edla cortlcoster0|ds
cough surﬁf)f‘ o L ‘5’9‘?&%&“% &dgéent'd ‘8?%@%’6@ ¢ M GRGPHG S Ekes

dopami ner, ﬁi‘iiﬁ% uk@%ﬂ‘e%oﬂt 40ﬁ§ regmgdrfglj s?lgéegﬁti d@%@ﬂ%ﬁeratlﬁhp& ex{}f}qwn@& ing agents.

muscl e rel axants, paras mnetic.

prost agl andivagnt 1ﬁ@dh&psh aélétaeﬁemﬂ ce&amsxew henEunas:t i@ftthrcBli 88 Bhdoragent s,
stimul ants, syrnpathoininetics, thyroid agents, vasodilators and
xarlthlnessmnnngxemhswame@seﬁmmmmﬂweumHUSeinnn@dﬂedavweemfﬁ1 adm ni stration
and i ntravenous adm ni stration and inhal ation adm nistration although it is
concei vabl e to use other nethods such as dermal patches. The drug
substances can be sel ected from any pharmaceutical organic active and
precursor conpound. A description of tfrese classes of drugs and a listing
of species within each class can be found in Physicians Desk- Reference, 51
edi tion, 2001, Medical Economics Co., .Mravale, N, the disclosure of
which is hereby incorporated by reference in its entirety. The drug
substances are conner0|ally avallable and/or can be prepared by technlques

" NN A oA N B - a oy -, =



100921As used herein, the term "biopharnmaceutical” includes any

therri peutic conpound being derived froma biol ogical source or chemcally
synt hesi zw0 20@/1e768qui val ent to a product from a bi ol ogipcaluss@anesss f or
exanple, a protein, a peptide, a vaccine, a nucleic acid, an

i mmunogl obul i n, a pol ysaccharide, cell product a plant extract an ani nal
extract, a reconbi nant protein an enzyne or conbinations thereof. {00931As
used herein, the terns "'solvent” and m ni-solvent" denote, respectively,

t hose f|UIdS in which a substance is substantially dissolved, and a fluid
whi ch cages: 'tfh@?Idér§¥ ﬁietm'!wwgtuame@ f@@@@ll@gﬂﬁtﬂallnﬁmewér el e eelwoby fadd  out of

solution. 00941 tus qf the present i.nvention can be
COi 1 vod b eorrt ARt ple o0 BRF BHE ke i e BhET oA kb S ances. - The

vat er SOLHRh ] rp\f@sttcﬁsrd s ”?s%'xa!:l“ﬂ ﬁuiQﬂ%l n%elk'x%&%'\vls#‘?&tﬁ@ E&SThlgcan be

crystallized accordin present ention 1nc ut are not:
limted Uﬂm&ﬁ@@ﬂ@i&ﬁu§mﬁhﬁtﬂ@hmﬁ@@h@@h&GSdm&ﬂﬁ|geSlCS anest heti cs,
antaci ds, antharrthymcs, anti-asthmatics, antibiotics, anti-carlogenics,
anti coag uﬁ&ml s, antlcost oheregidsivopnt prcﬁodwmubadxtfsn mant*mdmm agsanmis ©
anti di abetics, araidjarrheals" anti-enetics, antl-eplleptlcs ant i ftngal se
ant i hel ni'ffor R&)@t» &ﬁtﬂ’ﬁéﬁﬁ‘ﬁ‘r%f aaﬁtyu SRR %‘t’&%‘%‘é‘sc‘?‘éhﬁ‘h GF wwwesw tor
annhyperte@ ép S ﬁ i’%“ ‘ S gg arinics,
ant i nycot' TEs n‘t" )ﬁ‘é‘}i‘ﬁl ‘r?ééb 0 KT b@%%‘"i’s‘f“b*#“ 6%‘ '““é?f X ) ﬁﬁ'é‘ a efts, anti
pr ot 0Z0al S, AR bnaPSY GRA L $R picANL A SBRL LER) arR M dareSPASIDEY Ghes NLI - hr omhi cs,
=M ssives, amvirals, anxicilytics, astringensts, beta-adrenergic receptor
block|ng1dRMQ$mmbrﬂesaﬁmﬁﬁakh&ﬂﬁhhmtme&h&meﬁ@knmm@ﬂehaﬁpasmnhyhmngrugs
bronchodi | at ors™ cal ci um channel bl ockers, cardiac gl ycosi des,
contr ace@mi varplensoet ¢tt§cmameat bi s *\'*brstioﬁegvegct‘eaﬁ‘t gm@ugmw testhe tﬁngest ives,
di uretics” . dopam ner electéﬁé ytes, .emetics, ectorants, eqpstat|c
n

drugs, holHoWBCacg¢ Syt by raediinty S Ehetepy béfr‘%b)é AGRASHEP] t@gum
hypogl yCﬁa%cﬁm% gﬁ o SFTHROS LA PR B m[ﬂ%ﬂt REH- ;ﬂf\H 15 b&?xat' ves, lipid

regul ators, nuco |cs mus axant S non- ster0| tlnflannatorles,
nutr aCGUt&L&ﬁk;ﬁmhd@% thﬂlﬁ‘lw b SYQFSintoRAEAsY PPALINEEAK WhdsGRtion or high turbulence.

par asynpat hi com nerics,  prostagl adi ns, psychostlnulan psychot r opi cs,

sedat i vesiddgex of thersoemks intsipasmpdrpt the gipestie rotgsks ofstubwhahidhvksip a renkeonam des,
synpat hi col yti cs, sunpathi eom netics, synputhom netics, thyreuninetics,

t hyr eost d¢qrds aﬁw@ﬂdwa@boﬁuﬂa@ 81588 SEACHRPhY leany I wh@w@m}dﬁﬁi ¥¢ures thereof
100951PhqrnaceutL qF03|t|ons accg%glon to this gﬁlon | cIude t he
parti cl e HEERYFIIHRE® ﬂ%\‘ HhoG eI P R i Bl e 19”‘36:: “’ee"t'}%i?

Sui tabl e nghﬁhﬂﬂg %HRM@& di¥n @%%ﬁ e dﬁmﬁ%& n@ﬁ@% aF Sadipl Addﬁ{%ﬁ%crmaﬂé‘ose
skilled int art. These inclu de non-toxic p yS|dTog|ca y acceptabl e
carriers aclaehinly gop& lmromhmgl ‘Bfe chfepRar el Al pigalth&chl Nstirfe@f efl@hre

adm nistration in solid or liquid form for rectal adm nstration, and the

| i ke. Thelephibsdhmdéaticodloot offpasinid’ dfisnpftd Ry i edlitiofiarlsicosehal). in ora
and parenter i ncludi nn intravenous, adm nistration applications but this is

not |im ti¥Hg! 10096&%@“1‘& e @m ”ﬂsﬁnd%edw%ws bhoir umwtﬂpﬁghe
descri pt I 9111 {883%‘%}& v 0 m ?lefl]r nletg z([;c.h a? thL \,nd 4] P ~.1%1‘E§§tm8 thmug% Re m%xetn;[

i nventi on,
loop, or the turnover fume at the end of the orv :ﬁailm:almn. The tumnover time for a vessel can

be varied independently and will be a fanction of the frequency at which the baich should be
axposed to the supplemental energy device to limit the agglomeration of the product. A
ptcal tumover time for large seale production ranges from about § to about 30 minutes, bt
this is not hmuting.  Since the agglomeration of the product orystals fvpcally requires
deposition of mass by crystallization, the rate of crystallization can be stowed to extend the

furnover time required to afford deagglomeration.
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] 00981. M cro-seed particles were nade by one of two nulls. The 600 m disc
mll represented a KDL nodel made by DYNO-MII1. The null chanber was
chrom umwoeatzdemad the agitating discs were yttrium straliuscaedecss coni um
oxide. The m |l was charged with approximately 1900 grans of yttrium
stabilized zirconi um oxi de round beads of a uniformdianeter. The 160 m
agitated Mni-Cer mll included a cerami c chanber and a. ceram c agitator
and was made by Netzseh Inc. The m Il was Oharged with approximately 500
grams of ()’/ttri um stabi |l ized zirconium oxi de beads of a uniformdi anmeter of
“airiabl d0®3fe. ThEhehuagbe forant Badee mch p‘sfhweﬁm ovilerethap e pBwseeddEc. | nc,

t I Th hi ghl y hed and II d db
TS0l L MRen v onesrent v sedaiaret i bSeva Paar udh ek BET o
mul ti pa' ¥nbg§ﬁ NS hS 0816 %%Md%aisgﬁtggee(ll\@@w\@ﬁﬁ% fd LPXme& \95181‘3 fiy aﬁ‘ cs(r)

| nst runment rporation Inc ICrossi OI’UI ro, unless nentio

ot herw sm:m@@@b%&&&ma&@adﬁ& bhppamti el Q8 e Bt RKE RAoRE opt i cal
m croscope. M crographs are of the crystallization shim. at the end of

cryst al | ippatbonrs weihlsegdsasotherini sigr@otosidid® 200 Tihi 08RG RCTAUS2ROFAB63785
1001. 01j The particle size distribution of the dlrg)é cake was anal yzed usi ng
~ €

| aser i gr%saf & Yrawt |'39F1“F9?“~§HEL‘&B“€B&S$ Bay PSHPRATERY (pyed by the isolation
(http:// same nachi ne

PNRLIRR i e D iy PR 0 M i I S R ol
the pr Odl&ﬁltmﬁ(l: B K R Rer &Y @}H thifl ﬁltol QR OULE (Re ARl h&RYs oSh@ndar d

t echni ques for anaIyS|s wer e used |nclud|ng the addition of lecithin to the
| sopar (InieiK eadetd. er fluid and the application of sonication, EXAVPLES

[ 001021Exanpl e [001.03j Conpound A Cox H Inhibitor j001041This series of
sem - bat d#08%di : vst abudrirkarhohsiddenprishidabet wheotdipiied ty vteg ddpedt.e a

amphiphilic copolvmers. solubilizing agents, emulsifiers, suspending agents. adjuvants,
welting agents, sweelening, flavoring, and perfuming agents, 1sotonic agents, collodal
dispersants and surfactants such as but not hinuted 1o a charged phospholipid such ag
dimyristovi phophatidyvl ghveerol; alginic acid, alignates, acacia, gum acacia, 1.3
butvieneglyeol. benzalkonium chloride. collodial siticon diexide, cetosteary] alcohol.
cetomacrogol emusifving wax, casamn, caloium stearate, cetvl pynidinimn chionide, cetyl
aleohol. cholesterol, calciam carbonate, Crodestas F-110®, which 18 a mixtare of sucrose
stegrate and sucrose distearate {(of Croda Inc. ), clays, kaolin and bentonite, denvatives of
cellulose and their salts such as hydroxypropy] methyvleellulose (HPMCQC).
carboxyvmethylceliose sodium, carboxyvrethy 1eellulose and its salts, hydroxypropyl
celhdoses, methviceltulose. hydroxvethvicellalose, hydroxypropyicellulose,

hy droxy propyimethviceliulose phihalate, noncrvstaliine cellulose; dicalcium phosphate,
dodecyi trimethyt ammonium bromide, dextran, dialkyvlesters of sodium sulfosuccinic (e g.
Aerosol OT® of American Cvananud), gelatin, glycerol, glveerol monostearate, glucose, p-
isonony [phenoxypoli-(glyaidol), also known as Olin 10-G® or surlactant H-G® (of Olin
Chemicals, Stamford, Conn.);, glucamides such as oclanovi-N-methviglocamide, decanovi-N-
methylglucamide: beptanovi-N-methylglucamide, lactose, lecithin(phosphatides), maltosides

such as n-dodecyl f-D-mabioside;mannitol, magnesiwm stearate, magnesiun: alumumum
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hi gh surface area mcro-seed by nmedia mlling and the effects of varying
the anbunts of mcro-seed introduced during crystallization to produce
final prowsocbe/w67e8ari abl e surface area and particl e si reT/USh@796378RCe ar ea
of the final product is conparable to jet mlled nmaterial. Also illustrated
are experinments which show that the addition of supplenental additives to
the mcro-seed after mlling and prior to the crystallization process can

i ncrease the surface area of the resultant product. The anti-sol vent was
added to cause crystallization. 1001.051Jet nilling of Conpound A
1001061%%@9@15/&1‘% ogien saed dibdomgemyoid oliyphisapsiaciinimuesiwerdhngi ng bet ween

1- 9mm no et pressure nd 7000-21000_rpm for an
" 00ARG PR prisrrioaf ke Er B bRk e tresuf e L ce area of
t he mat er(l %gop}é\la%»l@\ﬂ(ﬁ Lol {.&Qﬁ%ﬂo&lM\k Lllhﬂgneo%l_k\Muﬁ\reRg@ ‘ﬁ% I)v%r | el m&h S | A-1E

;] 0010810n Isc m contal nin tri um‘Sta I'ize

zi rconi U%@Xﬁ@l@e&&ﬁd& Mot étuﬂgﬁsdwmt&:hta%@ m%l@qt%l@@ﬁaﬁz?uﬂﬂﬂer&@% tol uene and
the contents of the m II were di splaced for disposal by air via a positive

di spl acememtabpdmem%o aI(Wefszseh\ clomnedt) gebhtooy ¢thépmdnh¢r BI0degr anrm of Conpot ui d
A and 1066 grans_ of : t ol uene: hept ane by gl vas, Charg The
mi xture WaY %@“P&%aﬁlﬁ#\tm& ‘r’r‘i‘l‘#'aﬂi‘ﬁ’l*% Ay Pf"ah‘ﬁ“ lé‘t” %éwqb F’bﬂ‘bﬁ?@“@ff‘* 25' C.

Th h h f
60 st G- T HRR AT Bl RUOHA Y S T o 4% [ BeRa® g 8 o
The tank gﬁb&@k%ﬁ;\aﬂmbﬁ&oﬁé ﬁ@tmﬁg all L%ﬂiqagxgxs%@% Sl GO0 H L BRENe m I 1ing

process by m croscopy Al mnutes the/vir,iv ry was packaged into

gl ass | arssipg, . IFaﬂ)\E?F ﬁﬂ(ﬂhftﬂhﬁt arigsivalihl iﬁbxh@h%ﬂ UnporadonTable Dliand 2A, / at
or inicro-seed slurry was filtered 00 a sintered glass {linnet to determ ne
t he conceéntnutanondasfuthing n—hewdrlstzé@dp\n‘@mmhﬂiegsbﬂw& Pt L@@w\mmo@iﬁew di vi ng
the filter vac mov at 60 C T e reported for the
basi s of C*’s’ég” “‘%hi&f*ﬁ%‘ﬁﬁ‘w 8“%& ‘c‘,é'“éi"@‘é“%*‘ %H‘e uﬁ PIRIARETBYH Y D yi ng

1o0100, ?3%39‘3 {1 aﬂ?flnj ﬁ{&gﬁ@ﬁ?s gﬂ%ﬁe%ga'};? SN c%H{;}gm{d‘& ::Jﬂ?cx Suctte, LRS-

cirate, starches, sorbitan esters, sodiam carbonate, solid polvethylene glvcols. sodium
dodecyl sulfate, sodium laurvi sulfate {gg. DUPONOL P® of DuPont corperation), stenc
acid. sucrose, tapioca starch, tale, thioglucosides such as n-hepivl f-D-thtoglucoside,
iragacanth, triethanolamine, Triton X-200® which is a alkyl aryl polvether sulfonate {of
Rhom and Haas)y, and the ike. The maert diluents, solubtlizing agents, emulsifiers, adjuvants,
wetting agents, iotonic agents, colloidal dispersants and surfactanis are commercially
available or can be prepared by techniques known in the art,

085 Likewise #f is possible to synthesize desirable chemical structures not
commercially avaitable, such as crvstal growth modifiers to tailor the process performance.
The properties of many of these and other pharmaceutical excipients suitable for addition to
the process solvent streams before or after mixing are provided in the Handbook of
Pharmaceutical Excipients, 3rd edition, editor Arthur H. Kibbe, 2000, Amencan
Pharmaceuatical Associalion, London, the disclosure of which 1s hereby incorporated by
reference in is entirety.

o086} I the MMUC process of the present invention, microparticles are formed in the

final nuxed sclution. The final solvent concentration conaimng the nucropariicles can be
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[ 1101101A series of batch anti-solvent crystallizations were perfornmed by
di s. sol ving Conpound A in toluene and heptane at roomtenperature resulting
vi sual | y weanomwb1e8i on as outlined in Table 1. ('initi aCT/Usha@rgesys 2)
addi ng a specified amount of mcro-seed slurry fromthe mlling step which
initiated the crystallization due to the presence of mcro-seed and.
additional will-solvent added 'vith the mcro-seed slurry; 3) adding

n- heptane in portions to afford wystallization using this waist:them The
charges were nade over a 4 to 12 hour tinme span waiting mleast 30 m nutes
bet ween adeied boasumbm@! Byst frpgimariprgesierd mikdinignit neidinyipdttadiadysiik ry with
sparing amoynts heptane (approxi mately. 2-10 cake volunes) before drying at
rr C o Bt aon. S P ki na o apyGiefop Pin pde flugi Sy
(post - pr acessi ) nerkAQALLL 1ThE. .REOC . and.. 0 S JERGE L hed . J.n ' fable
MR i e e R e e
See Fi gury@edBritios br gleRliebsartide. BhiRLEBLAP kPRSI pRockpl e | B. The

scal e bar represents 10 urn. 1001121Crystallizations IC, ID, and 1E

1001131A[8@6bnd sel hesheot ndat bhisshivleschuidan diipbéd:t frahé miwtng phive chasi ¢

procedure of NI o : :
during drving lead to deposition of residual solute in the liquid phase on the particles leading
to light agglomerates of the native particles formed during ervstallization. Dissolution of a
drug particle after formulation s often sensitive to the surface area of the native particle size
versus agglomerates. The light agglomerates can be broken during fornudation processing 1o
vield products with acceptable bioavailability.
[00838] T measaring particle size, care mast be taken to select the correct measunng
tool. For instance, tvpical laser hight scattering techniques used o measure particle size may
result in erroneous readings since the technigues employed nway not be able to break
agglomerates into native particles. Thus, particle size analvsis of the product may indicate
farge agelomerates instead of the native particle size. Measurement of the surface area versas
fight scatltering techniques is a preferred measurement technique as set forth i the examples
betow. However. mean particle size may also be measured using conventional laser Light
scatlering devices. Specifically, the analyvsis of dry product 1s preferred in a machine similar
to the Sympatec Helos muachune with 110 3 atin pressure. In general, the surface area of a
product and the particle size are divectly related depending on the shape of the particle in
guestion.
[00589] Cine shape of a particle that is often problematic for particle size analvsis is
that of needles where the aspect ratio of the lenglh to width is greater than 6. This tvpe of a
particle can demonstrate a bimodal particle size distribution when nucrographs show a
consistent product of snwall size has been produced. For this invention, the particle size by
Hight scattering in drv analvss cell 1s measured in a Sympatee Helos when the aspect ratio is
tess than 6. When the aspect ratio is 6 or greater, optical nueroscopy 1s used to measure the

particle size by the longest dimension of the crystal.
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Examples A and | B where the anti-solvent was continuously added over 12
hours (Exanples Clin Exanple 1D, the ionic surfactant lecithin oil (food
grade) wasoadadews1s® the m cro-seed slurry fromthe medi acmiuskoetsrse
addition to the batch. in Exanple IF, the ncmionic surfactant Triton
X-1004() (Sigma Aldrich) was added to the mcro-seed slurry fromthe nedia
mll befoie addition to the batch. The addition of the non-ionic O ionic
surface active agents enhanced the resultant- surface area of the product
obtai ned fromthose crystallizations as set forth in Table 2. Table 2:

Anti -soll¥&¥ cr ys%zéﬁlwmuzlamoemr’m»n@ afitfermoded oYl laoweww Lm || and a sl ow

addition -- out surface active npl e 2
001 155 LR aS PR & MO0 QTS S 4S FIEeh Gy oAbt Bt Da@%ﬁef rate

t hat phyﬁ gﬁ%h %g&b‘ic{n& @%ﬂgkrh&&l SRALRCPBLLSLIGS £330 RS 1GARAN f%}he

suppl enment addr'tives such as"a non-ionic or ah 1onic surfactant are added

to the mMemPactien &bt WRhalRlidd, Ugk: PERGESRn, ¥R eQUPRLATRRALA yadditi ve was added
to the mcro-seed siiny after mlling for use in the crystallization

process mrpesighini. phprivacalisil nm:hmitions:r\‘elaﬁe phddpriad et MBI fraces amda nage shown i n

Exanple 1D and | E above. In addition, sanples of the sl urr# wer e taken at

15 and 60NiEageds gt @}erﬁéﬁgfﬂr%}f*é»‘kiﬁﬁwﬂtﬂﬁeﬂqbhﬂq trﬂﬁtnwﬁw% ““ﬁe‘f’ﬁhanged as
ce area

needed to afford na stal.lizati
roarod  Raflh s B fou 8 LRI S0 O et SR W@ RIIEST “her «
pr oduced %c%@cﬁllﬂﬁu%(&n@ﬁ fﬂxﬁﬂf?’ﬁ%ﬁ ﬁ%‘iud%hﬁuﬂéﬁ&e%; ?§1ﬂ¥1§ﬂ5f09n1geﬂ1Q01171M K ng of

M cr o- seed for
antihelmintics. anti-grrthy nes, amka,alhmat;cs, antibiotics, anticoagulants, antidepressants,

antidiabetic agents, antiepileptics, antthistamines, antihy pertensive agenis, antunuscarinic
agents, antimveobacterial agents, antineoplastic agents, immunosuppressants, amtithyvroid
agents, antiviral agents, anxiolylics, sedatives, astringents, beta-adrenergic receptor blocking
drugs, contrast media, corticosteroids, cough suppressants. diagnostic agents, diagnostic
imaging agents, dopaminergics, haemostatics, immurtological agents, lipid regulating agents,
muscle relaxants, parasympathomimetics. parathyroid caleitonin, prostaglandins, radio-
pharmaceuticals, sex hormones, anti-aliergic agents, stimulants, sympathonumetics, thyroid
agents, vasodilators and xanthunes. Dirug substances include those intended for oral
adnunistration and intravenous adnunistration and inhalation adminstration although 1t is
conceivable 1o use other methods such as dermat patches. The drog substances can be
selected from any pharmaceutical organic active and precursor compound, A description of
these classes of drugs and a bisting of species within each class can be found 1n Physicians
Diesk Reference, 51 edition, 2001, Medical Econonucs Co., Montvale, NJ, the disclosure of
which is hereby incorporated by reference o sts entirety. The drug substances are
commercially available andfor can be prepared by technigues known in the art.

{0091} As used heren, the terms “crvstallization™ andfor “precipitation™ include any
methodology of producing particies from fluids; icluding, but not limited to, classical
solvent/antisolvent crystallization/precipitation; temperature dependent

crystailization precipitation; “saling out”™ crystallization/precipitation; pH dependent



10011810n Day U. the disc mll containing 1 mmyttrium stabilized zirconium
oxi de heads was flushed with 50% n- hept ane and 50% t ol uene and the contents
of the mwb2eveswsspl aced for disposal by air froma pesirtust@7@sxps acenment
punp. Sixty granms of Conpound A and | QU granms of 50; 30 toltieneMemane by
wei ght were charged to a vessel connected to the mll, Atotal of 10 grans
of Triton X-100 was al so added. The m xture was agitated in the mll

hol ding tank at a tenperature of 2111C and the m xture was then recycled
through the mlt at a. rate of 900 inU nin for 60 mnutes. During this
tinme the reAcienswapsolgre datv ua ¢ palEpeenf petipBa@npirsstalfzatingpreciporticbdasedof  t he

tank slurr was .ed ‘}] 30 and 45 mnutes to confirnn the mlling
process t”ipé“‘f’teﬁlé‘? r%(% l“"SA‘f BRCEES Ml thes O milling., the sliny was
packaged gbc{b_tzftg' asRs %&ﬁaﬁe@rzzlg%@? l@fm@ﬁai?ﬁ'ﬁg{"&*ﬂﬁgﬁ)&aﬁl %n%éﬁ{éacro seed

slaty wa ered on a urn filt unne etermne’t

concent r gbin@Mu@fbeinh Qe @TRMSL8E:BRE sdings 6f dreshidaly SPhHEL-QNo bd bguifdider cake
was washed with sparing amounts of the anti-solvent breplane and then dried
in a. vacuupmodwghroata BOCzicTrewcanoantmplel oot § peptde.crecgsednsdlecry as
solids was 4.1 wt% This concentrati on was approxi mately 30% hi gher than
the corr @§HoHdIHyAS! eﬁﬂémséé‘a\ wscﬂwky cF Pty A CYiFEY 80 ARBR-FBRLC

sur f act ant Llin rocess. This difference can be:
ot e bur oS pAiesE S ePa e o BBollont W o T g 'oyatem  The sur f ace
area of hsf i ber ﬁ@%&ﬁ!ﬂ%ﬁrt}lyfwl‘nk%\‘é@ts EESHLEHARY caiAndapd Bl | sot her m
and found to be 3.9 .9IM I 1'ing of Mcro-seed fo Exanpl es 2C and
2D 10012GHden Sty ily h;t,}hxemdmmm hibﬁﬁmmﬂialdm\{ﬂgﬂdlmm Jitid humm\am}é i zed

zi rconi um oxi de beads was flushed with a 50% n- hept ane and 50% t ol uene and
t he cont eiﬂ!tis?d@f!b*!ﬂneeWCI\I%W@?@!Q@IH@M@E@@ dubpt sivgposal by air froma positive

di spl acenent  punp._Sixty gr ound A and 107 ms, of 50: 50
t ol uenet H'ébqf‘éne bym‘v%i"gﬁt"\%e’F’E‘“t‘,‘Hta‘?ﬁg‘dprf%“%ané‘é‘g‘éF“ ﬁ“éd‘ﬁﬁé‘é’t‘%d to the mil.

20i Lot ed AT RS T Rl Bhtalh ke s P B MG o e was

t hen "eC)h@oﬁi@iﬁtﬂﬂh%&tkmum drkes@haRad B @v QDL &R B hofrc@ M nutes. "Die
tenperature of the outlet of the mll was 21T. During this tinme, the mll

was an atiantidnpingpde tuicie € 8nusd tohasiralid sigoids,iaodewics tahdgdsankansdtbmicy, was
sanpl ed at 15, 30 and 45 nminutes to confirmthe mlling process hy

mcr oscop‘yiat'ﬁ\i ﬁl@tﬁ*ﬂ%’éﬁ\mcrautf@sﬁ@ifmw Mﬂﬂ?gﬂw‘t ﬁ@vswuw*ywa@!t:pa@kﬁ@ed into gl ass
jars for u at er. n of seed yvvasflltered on
L8052 o AR e e eSS op e YRR FEE S BE e Y o seed
not. di 5 ahieehdpfles Mt AR: nfRBnfidel bRk IR RARSI niRARLAG amount s
of the anu-solvent heptane and t r| ed 1n a. vacuum oven at 605C. The
concent r ahiil@pe@dnsivBe afiie bReaseRE Sl WKTynna8o180) dndSrvasnids, Snihdeudshi s
concentrati on was approxi mately 50% hi gher than the correspondi ng

m cr o- seedigbplsties.ofili Bkemipldaick. ahpngcageitopiigrgrdacidipy chaiss. not  used
during the mlling process. This difference can attributed to reduced
physi cal HHSRES- Stpﬁ’é“‘ff‘f’ic? BR “%’?E‘F%ﬁ\m‘?ﬁ e%lﬁ‘?“ﬁ‘éf:"g @?‘éﬁ“&ﬁ ’FH@é‘FWSFSi er cake

f d nd
after dr 30{119]1% ZrallGe Lp{m glo@énu Eh‘éxtw %5»1‘1@1 sz%fwi‘lpt‘r Slzacrigu 8(1 B\%{mo ) 12€

ne/g.. 3‘-? staltizatrons Series of batch
ant i - sol @k, G Sb@lakdrZ bl Lx@ﬂﬁh‘&ﬁ{eﬁh Q&fefse&{?ﬁgc Qh&@i@#%@hi‘i)ﬂéﬁﬁ@é ving Conpound

A in toluene and tieptane 'Vhich resulted in visually clear solution
("initi alddriobatageads, decokadstaeis3Jiagnostics. digestives, dmrm‘ma dopaminergics.

electrodyies, emetics, expectorants, hasmostatic drugs, hormones, hormone replacement

therapy drogs, hypnotics, hypoglycemic drugs, invnunosuppressants, impotence drugs,

faxatives, lipid regulators, mucolviies, muscle relaxants, non-steroidal anti-inflammatories,

nutraceuticals, pain rehievers, parasy mpathucolviics, parasy mpathiconumetics. prostagladins,

psvchostimulants, psychotropics, sedatives, sex steroids, spasmolytics, steroids, stinudants,
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2) adding a specified anount of mcro-seed slum as. shown in Table 3 after
addi ng nore non-ionic or ionic surfactant to the mcro-seed:. 3) adding
i i - hept arwoavo7aloewat | nuous rate to afford en:staflinrti @eaTA)2607i06385 ng and
washing the resultant slumwith 2 to 10 cake vol unes of heptano before
drying at 60'C to obtain a dry cake for analysis of surface area
(post-processing):, The procedure and output is described in Table 3:
Exanpie # IDtinme to crystaltation mlling tinme of seed slurry INtlal
product ,solithi Initial toluene Initial n-heptane wt%as solids 9 slurry g
sol ut i on swiferaosdssdy gpabicol tensuireil apeiclins 34 npaibprgnaties. progurs metics.,
cystellization tenperature tine for andsokredt anmount of antisolvont n2/9
[00124] EXRHTES 160 1 51 CEABOUREE: xR ] R B BF ol

[095] Pharmaceutical compositions according 1o this invention mchude the particles

described herein and a pharmaceutically acceptable carnier. Suitable pharmaceutically

acceptable carriers are well known to those skilled n the art. These wchude non-toxic

physiologically acceptable carriers, adjuvants or vehicles for parenteral injection, for oral

adnunisiration in solid or liquid form, for reclal adminstration, and the like. The

pharmaceutical compositions of this invention are uselul in oral and parenteral, including

miravenous, administration applications but this 1s not himiting.

[0096] The following examples provide a non hinuting description of methods to

exercise the MMC process of lhe present invention,

00971 For the foliowing examples:
{0098} Micro-seed particles were made by one of two mille. The 600 ml digse milt

represented a KDL model made by DYNQ®:-Mill. The mill chamber was chromium treated
and the agitating discs were yitriom stabilized zivcomum oxide. The mull was charged with
approximately 1964 grams of vityium stabilized sirconium oxide round beads of a uniform
diameater. The 160 ml agitated Mini-Cer mill included a ceramic chamber and a ceranmic
agtlator and was made by Netzsch Inc. The mill was charged with approximately 300 grams
of vitrium stabilized zircontum oxade beads of a waform diameter of variable size. The beads
for these mutls were provided by Nosstone® Inc., Wyncote, Pennsvivania, Thev are highlv
polished and originally produced by TOSOH USA| Inc.

[0099] Particle surface area was analyzed using BET mullipomt analvsison a
GEMINI 2360 (Manufactured by Micromentics® Instrument Corporation Inc., Noreross.
Georgilay, unless mentioned otherwise.

{00100} Micrographs of the particles were taken on an oplical nicroscope.
Micrographs are of the crvstallization slurry at the end of arvstallization, unless otherwise

noted.



[00126] This series of exanples denonstrate the ability to replace pin
mlling for a conpound known to exhibit "noltback". The form of the crystal
i s controlbadortoswaghout the process even though four otrhervsp@sssiTee
crystalline forms of Conpound B are known. 'The crystallizations were
perfornmed at el evated tenperature. This exanpl e denonstrates that the
surface area can be controlled by the addition of different |evels of

m cro-seed. WD 2007/ 106768PCT/ US2007/ 063785 [001. 271Pin mlling of
Conmpound B 1001. 281Conpound B was Pin mlled | ot pharnace heal use using
typi cal d@Héiti onsTHearartee stfephisieiuipn UPRe 60 avke vay: Mdbs%ﬂ(l&m)ldsaﬁww th a high

f T f It t t he |
el ting. doraam e KOS SO S eI ATk TiBybie G vpraolirucorn Seebine ot andar o
cubic f e%&lep !ktmxﬂwhﬁl)ed Weize @H@Hﬁa@ﬂnéﬁ af alw &uéﬁ%? Quﬁ)fl %iﬁllg'@ g] ‘wtgw I ng

processing to e processing tenpera mel t1ng point of
the conpeung.of le'iédl;ﬁgefm& AObroRQE Shibk: @row 4 HOU4 1I=zhbx$ @M boarthoRy. The
resultant surface area of the material was 0.0 n2/g, {001.291M ni ng of

M cr o- seethrfion ehainplsdoSdaand w38 (t80nUBAROheDEY il oftibathdi ®chaisddar Gent ai ni ng
1 mmyttrium stabilized zirconium oxi de beads was flushed with 50%

a- hept ané23su 18 A 954 Br aeHEalme gpBckisht ents of the nill were displ aced for
di sposal by air froma positive displacenment punp. Sixty granms of Conpound
B and 1066; guipiikgof 50150 tol uene. heptane by wei ght were charged to a

vessel connected to the mll. The m xture was agitated in the m |l hol ding
tank at d04@dper at fix *125C and the mixture waS then recycl ed through the
mIIatarateof 900 rullmn for 60 mnutes. During this tinme the mll

was on atl %P t‘ P sp%%‘B"%‘f"dG‘B'(lﬁ‘s“ It perature of the nill outlet was
25"C. A ﬁ por t hﬂ?h lt’\ 5 %mE ﬁjﬂléh él H';lfly"gl\’\@\sdc%mlrﬁgthg‘giﬁfg’m %[gat@‘qd 45

. m nutes nflrm m nut es of

mlling lnn»hts%@ée aﬁJ&Gm%xlobtreéd’b\V\ﬁs‘ideﬁﬁKﬁQ% ihé‘&t%c&'e@$§mlnaﬁ§$e d®hntdse | ater From
one jar of micro-seed slurry, ].22.8 g was filtered on a filter funnel and

t he filt encoaks! wasduwasethy whitsial I.sfpiam tngreanouintas profludshd vandhile solawent
heptane. A total of 9.7 granms of wet cake was collected. This was then
dried in3vadbyhtievien Hie seuve arepné hedppbiredust sgowpupHe taipl mided cake after

) 01911 T TR A DRt RS 5 s £ Cer BERGY Bv el i "ol vent
Coi uene 4nd hent SRaeP ey B ém%a“?’ﬁ*‘ R QAR R SRTER PEsrtn 1 a
visual |y miﬁam@qh S dFOR red@patediuvas 1hb @nu-&m drk ahs addB@l0Q8s el sBibh@ord;

[00105] Jet milling of Compound A

00106} Compound A was Jet milled using a typical condition rangig between 1-

L.9mm nozeles, 43-43 psig jet pressure, and 7000-21000 rpm for an JOOAFG jet mill of

Hosakawa Micron, Inc. The resuliant swface area of the material was 2.5 m¥g

{00107} Milling of Micro-seed for Examples 1A-1E
00108} On Day 0, the disc mull contamning 1 mm yitviom stabilized zircomum oxide

heads was flushed with 38 % n-heptane and 30% toluene and the contents of the null were
displaced for disposal by awr via a positive displacerent pumip. To a vessel connected to the
mill, 60 grams of Compound A and 1066 grams of 38 38 tolueng: heplane by weight was
charged. The nuxture was agitated in the oull holding tank at a temperature of 35 €. The
mixture was then recveled through the mill at a rate of 900 ml/mun for 60 minutes. During

this time, the nall was on at a tip speed of 6.8 més. The tank shurry was sampled at 20, 40,
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addi ng a specified anobunt of mcro-seed shiny fromthe mlling step which
initiated the crystallization due to the presence of mcro-seed and

addi ti onavoandvrswmiyent added with the m cro-seed sl um pC3)usaadionzyss

nt heptane at a continuous rate to afford ciystaltization; 4) filteting the
resultant slurry at roomtenperature, and washing with 2 to 10 cake vol unes
of bertane before drying at 60C to obtain a dry cake for anal ysis of
surface area. The procedure and output: is described in Table 4: Exanple #
time to onistalfp.zaldon miling tine at seed shiny fnitial produa Illids
fnitial todaépenugete sdnimmapndng et homaioseay. dPeu! wineies dwbmal | ization

t t t f ti t . of t t. Surf f
iy ot oddih PAOGEE R pRdoT T e Lo e EPOGP RIS fd SREC B ARG, hi rty
of Exarrplnﬁ}US)Qé ,lﬁjf\,; Qaﬁ}l[&cﬂu{n&&nﬁ%}‘s& ﬁﬁqu"ﬁ]ﬁyol de sﬂgxgi ﬁiegrpﬁc%mjrﬁmg%f fhe

m crogr ap e mcro-mllin urry o m nut es of
recycl e mhblolsBgh ndrigBith Rd S sdisic lﬁhﬁﬁ@;gfh@@he@d‘aké he We@h@ovEnlak bavge sl urry of
Exanpl e 313 after 60 m nutes of recycle milling. Figure 14 depicts the
m cr ogr apliscatueesp ompdiinglor hetbhes el’steuhdhap,m@d vt safdacenreg piySe altbicakt | on of

Exanpl e 313. The scal e bar represents 10 t
afler drying was measured by standard BET lbothu’m and Found to be 3.4 m’ ‘g,

00109} Crystallizations 1A and 1B
{00110} A senes of baich anti-solvent crvstallizations were performed by
1) dissolving Compound A in toluene and heptane at room temperature resulting in a

visually clear solution as outhined i Table 1 ("mitial” charges);

2} adding aspecified amount of nuicro-seed shary from the nulling step which initiated the
crysiallizasion due 1o the presence of micro-seed and additionat anti-solvent added with
the micro-seed slurmy;

3} adding n-heptane in portions to afford crystailization using this antisolvent. The charges
were made over a4 to 12 hour tirme span walting at least 30 nunuates between addilions;
and

4) fillering and washing the resultant shurry with sparing amounts of heptane {approximately
2-10 cake volumes) before diving at 60% C to obtain a dry cake suitable for analvsis of
surface area {post-processing).

{0111} The procedure and output is described m Table 1.



1001351Exanpl e 4 1 001361Conpound C 13K1 antagoni st 1001371This series of
exanpl es denonstrates that nultiple pharnaceutical classes can be
acconmodaveadowsionst he nmet hods of the present inventi onPCItUSadSm63785
denonstrates that the surface area of the final product. can be controlled
by using different size mcro-seed. The mcro-seed size can be altered

using different amounts of mlling tine. The seed panicles generated by the
mlling step in this exanple are above | urn in size. Conpound C has a | ow
melting point and the NEWprocess is usetill to avoid "neltback' during dry

ninthly_ Cold gl ‘?Qg{‘u—”}rs]i?&nqt lfgﬁstuﬁﬁﬁlﬁio?%ﬁﬁ o m}&' gigg%‘ @Ed&xt&% pin mll to

enable mlling signi mafe I 'ng o M cr o- seed
for Exanple 4A an "%‘”8‘@100139 10n .0, the, d| sc mill containing 1 nm
yttriumstabilize SEG ' dugdshedugi t h 30% nt hept ane and
50% t ol uene by weﬂgthit f-*"a?nd the cont«éﬁts lighe ndl|l were displaced for

di sposal by air |i, %’a' Bgsitive di‘spl acengit phnp. Sixty grams of Conpound
C and 1066 grans of 50: 50 tol uene: hept ane by wei ght were charged to a
vessel connected t%edtﬁt'f@mma!*l The Wi xture*pas dgtstdtsed in the mll hol ding
tank at a tenper atrg,t;,,%,sgg‘d,eglge C and g}1e m xﬁyre Was & ben.k ecycl ed through the
mll at a rate of 900 nil/mn for 60 mnutes. During this. time the mll
was on at a tip spE#d bf 6.8 Enis The ten?%ratlﬁﬁ*@”‘bf the mll outlet was
20*C. A small portigm.of the tank & urry was sagmhed at 0, 15, 30 and 43
mnutes to confirmdtihes m|ling process bytwm croseepy. After 60 m nutes of
mlling in total, ¥f&Slurry was packaged®fnt o'i“&ss jars for use later.

The slurry sanpl es?,umxs&aa&ap!@&z;ed oy the SYMPATEG gi light diffraction wet
cell analyzer USing lecithin and 120 seconds of sonication in | SOPAR G

Fi gures 24e Bdre 25viddndsnstsrtbe wicrdaphaotrespbeding pdixdingler!iBo b esniofar t he

m cro-seed. For the mcro-seed mlled 1.5 mnutes, the nean particle size
by vol urBerEeR’s 40 4 and 93% of t he particles by volune are less than 9,8
um For tfe 8] cr 0- SRRthLbRGI GG pThRyieS. the nmean particle site by volume
is 2.33 umand 95% of the particleés by volune are less than 5.2 urn

i ndi cat i ngpr@asghar pakedqad tdrieh 6f ISitches ders bondavkd aniousipgne Mskroaeésdom | | ed

| onger. A portion of the mcro-seed slurry from 15 m nutes and 60 m nutes
of mlli rﬁgawals‘\H\I%tuéi}é@hawdhwﬁhemw\m Chigippiaunt aidad oyl é%lhfa:txs 60 C as in the
previ ous After dryine the surface area of er c S was
neasur ed ! By““g‘{?‘a“ﬁ&a}@ E?E*F\q"é%‘t herihs WRY \Pﬁdﬁﬂ“f‘b’i]ﬁﬁ"ﬁ(%o‘%’ PG ‘?‘gﬁm nut es
of mlli ri'(gth%qchgﬁxgez{ﬂi&: Rjdlgmg Q‘*ﬁ_ n@e%m@nﬂ%&?cﬁu % dr{mn l! 'lh@%d Th*nb ﬂ{}ﬁ gegpnsirates

that mcro- cess

par amet engy-idahysk@biZakd00s néﬁ{qn@ka lh&ﬁa,ﬂeﬂp&wﬂaﬁ@m uk@hﬁ:i’b @e@B kusokvant
crystafluzati ons were perforned By [ 001. 42J1) di ssol ving Conpound C in
tul uene nik hept sifbbabitre 4&DGH 10 tlae HchniThe wdbisel of dgi toatiede byioovendiead stirrer
which resulted in a visually clear solution (the nitiar charges); 2) the
slum  wagcesorens e egegdm suiwe greg opte edustabimed footheW w t hout

sol i ds f%{\qdﬂga&%\s\éﬂéﬂ.ov&l s;&%lﬁau?.l ly by in-situ light haekscatlering;
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3) addina a. specified amount of mcro-seed slurry fromthe mll ina step;
4) adding ri-heptane at a continuous rate To afford crystalli Killen, and
5) filterwogothwsTeesul tant slurry at roomtenperature, aod/Usaehiopgyssv th 2
to 10 cake vol unes of heptane before drying at 60'C to obtain a dry cake
for analysis of surface area The procedure and output is described n Table
5: Surface area of dry ,produc Figure 15 depicts the m crograph of th
5nS. product of Exainple 413. 1001431Exanpl e 5 1001441Conpound U

bi spbosphonabe 1001451Thi s exanple denonstrates that particle sizes

obt ai ned b%aﬁf%rivﬁrlh-& %&Lﬁ&h A ‘f &da‘?ﬁ‘;cf&ee@ th D¥aellad nﬁ‘i‘{x'ﬂ' Wi adry

cake can be repli . enonstrates
a. tenperatne cooI dovvn cry st "M%%dﬁme h‘?e'?%rug class. Different

si zed medi a beaf&™ér e used and“ihe pr ﬂﬁessth§1@queous based.

-;

time to crystallization 3 4 days since milling
Initial product solids 58 S :3.6 g
nitizl foluene 32 32 32 4]
nitlat n-heptane 1.7 1.7 1.8 g
seed cancentration 32 32 32 with a5 solids
serd 25 2.2 2% g sy
facithin oif 2.2 g solution with seed
friton K- 100 Hiquid {3,188 g sohition with suad
norstiea] seed level 2 2 2 wi% solids to product
time for anfisalvant 12 i3 12 firs of additinn
amournt of antisolvent 30 31 31 i heptans
Surface atea of dry produst 18 a3 2.2 iy

fO01 14} Example 2

301 15] Compound A = Cox H Inhibitor

{00116} Thas series of examples demonstrate that physical shurry handling

characteristics can be enhanced when supplemental additives such as a non-ionic or an jonic
surfactant are added to the micro-seed wet-nulling process. The supplemental additive was
added to the nucro-seed shurey after muling for use in the crystallization process resulting in a
similar increase m product surface area as shown 1o Examyple 1D and 1E above. In addition,
samples of the slurry were taken at 135 and 64 minutes (o demonstrate that the milling time
can be changed as needed to afford material after crvstathization of different surface area.
Agamn, the surface area is comparable to that of jet mifled matenal, but is produced directly

by the process of the present invention.

[00117} Milling of Micre-seed for Example 24 and 2B
00118} On Day 0, the disc mull contamning 1 mm yitvium stabilized zircomum oxide

heads was flushed with 30% n-heplane and 50% toluene and the contents of the mill were
displaced for disposal by awr from a posttive displacement pamp. Sixty grams of Compound
A and 1083 grams of 50:530 toluene:heplane by weight were charged 10 a vessel connected to
the null. A total of 10 grams of Triton X-100 was also added.  The ouxtare was agitated in

the mill holding tank at a temperature of 21°C and the nuxture was then recycled through the

27



1001461Conventi onal Approach 1001471Conpound O was dissolved in water at
100W M 60C. The conpound was cooled to M and distilled to 200 g/1

si mul uneowel2gotwemsovi de a crystallized product. The natremitskoonms37Bs |t er ed”
dried and pin mlled using typical pin mlling conditions. The pia i ng
of this product is especiaily difficult A functional mll was only

mai nt ai ned when the mll was shut down and the pins cleaned al der each 40
kg of material processed. This process yielded a 5-40 tim product as

anal yzed visually by mcrograph. WO 2007/106768PCT/ US2007/ 063785

{ 001481 Ml jahgyrast iR by & OF SrmESsadpires ﬁll&[mﬁqmﬁil‘@ﬁ wBayn @, a tipgediodc il |

was charged with 1890 ttriumstabi.l i rconi um oxi de beads
b £SOt Cyeit R GG A s B R e Sof S TR B Bl acad
for di Sp‘?r%eal il ngg{%tfesxf 5Oy £R§' t\lfé?t’»$¢1’&\§1%lc@%?ﬁ(§ﬂ$g. By bisr{'mM\dIvQH{nﬂgr ans of

Conmpound rains of deionized water by Water wel were charged

to a vess@ls (&&ﬂﬂﬁ@&@ﬁer’f A $donBflaliar oFRGCrBIs XN R WRE @Qie@%h%d) Jinptihg m |
hol di ng tank while being recycled through the nmill at a rate of 630 mlInin

for 10 nifmugks.deBuninggetchicentritvs othxezmrb’rwmm dnsclitedan salgicepdediibér 6.8 m s.
The m | outlet tenperature was 20"C. A's portion of the tank shiny was
sanpl ed &tk @*‘éﬁﬁ‘“@dﬁi IHUPaLng Bl F%“t’*ﬁ“émhi"ﬁlhivmakpmé(@“éé éﬂwnnﬁ croscopy.
After 10 mnute 1} cka ‘jarsfor
ise” | at or R ERagh bk ah Rnst R R PR RS BT 3T B T 5 s
ram beadsf lﬁ%hﬁﬂcern\-l‘rﬁﬁun"ﬂ'I':QFQanﬂ%ﬂ Q@ng?hel%%]@@éfg&(ﬁﬁ@ﬁ sk '11%@]'5'59&?1§§L§x*\{ 00151) On

Day 0: a tenperature cool down crystallization was perforned by di $soiving

/4,0 2 Cowrpeutsle DuibBreQmog-iwat ffak@niatas ADL Bbd dvesssd mdgtd gbags. bghiover head
stirrer which resulted Ma visually clear solution.. The tenperature of the
j acket enidlliazi@‘kngm franipbyiselo mdusehphdcatioseCn ifennitlhissydpms dharirbme  The

slurry was c pl acing 64C on th acket to generate a supersaturated
sol uti on erﬁﬁ i q‘sb% kel s Byas ‘étfb@#g a{ cipagtT R RS oER 3 GeP el | y and
by |rrs|tuj}‘ ght backscaftering. A total of 4.0 grams of slurry meso-seed
fromthe mT1Tng step WAS added and t he jacket tenperature was changed to

61" C. Thqamaggket N@Bn DENGORb& ! QM Pks 10 448726 over 4 hours and from 48
to 20QC over hours. A mcrograph of the mcro-seed slurry was anal yzed

for visugboigayticl@ndage, taﬂazlsg/su seonfHrengre aun: Ytehgt fialwasd Tifcomium aide t he nmean
width was 8 urn. This size mmcs that 0needed for the pharmaceuti cal
appl i cat ibe#ls Y& Jushed pitg aj3g° ‘al*hﬂ&@o@ﬁ%b‘h » gilugop end aspuiproie Bk vERar apl e 5.
WO 2007/ ]a06768 [ US2 q7/ 06378
isplaced (or disposal by awr Trom a pmm\e displacement pump. Sixty grams of Compound

A and 1074 grams of 530:30 toluena-heptane by weight were charged to a vessel connected to

the mull. A lotal of 125 grams of lecithin oif was also added.  The nuxture was agitated in

the null holding tank at a temperature of 20°C, The mixture was then recveled through the

mill at a rate of 960 mi/min for 60 minuwtes. The temperature of the outlet of the mill was

217C. During thus time, the null was on at a tip speed of 6.8 mfs. A small portion of the tank

sturry was sampled at 15, 3¢ and 43 minutes to contirm the nuiling process by nucroscopy.

After 60 minutes of milling, the shury was packaged mto glass jars for use later. A portion of

a jar of nucro-seed slurry was fillerad on a 0.2 um filter finnel to determine the concentration

of the micro-seed not dissolved in solution. The filter cake was washed with spanng amounts

of the anfi-solvent heptane and then dried in a vacuum oven at 60°C. The concentration of

the micro-seed slurry as solids was 4.8 wi%. This concentration was approximalely 50%

higher than the corresponding micro-seed slurry of Example 1 where an ionic surfactant was
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1001521E SAM pi e 6 100153j Conpound F =serotoni n antagoni st 1001541Thi s
series of exatrtples denonstrate that the MAK: process can neet the
hi oavai | awol20a106f68t he product produced by a AFG jet m lPcTas2emeasirsed by
cani ne Wod plasma | evels. This series of exanples further denonstrates the
utility of a supplenental energy device placed in the crystalization vessel
(in this case a sonicator) to pronote a product with smaller particle size
(hi gher surface area). Exanple 6 denonstrates that smaller heads in the
mlling process |lead to htufter surface area m cro-seed and higher surface
area of tieuspd d@mwlméhﬂa pecosanEhichipigeceotn iy drrdw@é@if%@d@hmwﬁ/ed Thi s
exanpl e qennnstrat er. tevel % can.

t

Se 0
enhance tasSehFraR, “‘é}rsé‘ée“%f JP*E‘?T%“{B?%%M%&#HE‘ é‘}é*&r?ﬁ?‘ Ty ‘§”§ﬁ§‘é1ﬁ?s-“‘&?§g’t’i nuous
process Naf&r@bﬁ?quﬁ%g’ﬁ%ﬁé Ogl[ugﬁm&c; 359‘b\4ents Compound F is known to have

several polynorphs an process m atcordance with the preent invention
produced jhhredesi re&gmm‘m{lm pI EADIOR Qﬁ{mst rates the feasibility of the
MVC process for pharmaceutical processing. 1001551AFG M| 1ing

100156. 1Ne@ee] al waserklEAREnatebh« wmhtg{limmmuz\mze&mﬁﬁubiatg jet pressure.
9000- 80(1(1 rpmand the surface area, 1001571M | 1'i ng .of M cro-seed
41 for BXUHEPE 6 100158*15“(51%“133@)}:“(‘31!3(’%“?119”‘6} %*Blcﬁﬁ #‘Hd]‘tébiﬁ‘ﬂﬂ‘\“ﬁff:‘h&“ﬂ@é@‘ yrai ns

01'1.5 mm rihums tabilize I rconi i de heads was flushed with. 60%
i sopr opan&%’lf‘él’-}’ﬂr“éﬂl&) 409 ﬁ‘g i?ﬁbﬁ“ 'HT\Llj\gl]te by rolume. The con tents of the

L e &) ool 3R A A9 e AR T80 ROSHE < A Bl ggeTent pur

To a vess con

and 220 gr agm.-0fic 60/A4R alul?ﬂa\ﬁaﬁﬁﬁu 1“1%-.(@1%} ure wits agi tat ed ' n O/V |l

hol di ng tank while being recycled through the mll at a rate of 600 to 900
nil/mn fBoradibgniiepteesa dunimgut Aieso affowentshdiaidd. was on at a tip speed of
6.8 I TV S and the mll outlet tenperature was bel ow 30C. A small portion

ol di e tank Blrungpndug i *éwham”»gmﬂ 5\\111%@ Woaky vidiwess of Serdorftieons t he
.mlling pr r 0Sco| Aft er tes of mlling, the stuffy wa
onckaged | it RERLC] e ST G e Fifhe B Sty riaumBbpeitiashors 063785

[ 001. 59] %lfbgl)cpgmg arMongQx §%egm§2d l1‘n@‘|rmﬁ,><§rrpI e 6 f001l. 601The procedure of

M : I cat ed except 1894 Jrans Ci I Lo mm st.trnnn
ATGRIL,
stabi | 1 zef"Pooni UM oxj gé «heads Naw@‘%l;oex usedh k@%m e & i

thve b onestalization dave since mifling
miiling tirne of sead shurry 15 i’:“s'D !5 o\D minutes
triitial product solids 35 36 35 35 g
tnitial toluene a2 32 32 33 g
fnitial n-heptans 1.7 1.7 ¥ 1.8 g
seed concentriation 4.1 4.1 4.8 4.8 wiGh @3 solids
seed 1.8 18 2.2 22 g shurry
extra lecithin off 2.2 2.3 g solution with seesd
extra teiton X-100 liquid .14 0.14 g solution with sesd
nominal seed leval 28 2.0 3.0 3.0 wi%h solids to product
cystallization temparature 25 25 27 27 b of adidition
time far antisolvent 12 12 12 12 hrs of addition
amount of antisalvent 30 303 30 30 g heptans
Surface area of dry product 20 2.2 1.7 22 m2ig

[00124] Example 3

[00125] Compound B = Cox Il Inhibiter

00126} This series of examples demonstrate the abulity to replace pin mitling for a

compound kaown to exhibit “meltback™ The form of the crvstal is controlled throughout the
process even though four other possible crystalline forms of Compound B are known. The
crvstallizations were performed at elevated temperature. This example demonstrates that the

surface avea can be controlied by the addition of different levels of micro~-seed.

20,



] 001611Sem -continuous Crystallization 1001621Sem - conti nuous
crystallization was acconplished by the sinultaneous addition of the

m cr o- seawlobawyregsoncent rate and the antisol vent for tIreTAse@7iszds char ge
time. The solvent ratio was maintained. during the addition of the
concentrate. The charges Nvere made through a 22 gauge needl e bel ow t he

| i qui d-gas surface near the agitator on. opposite sides of the ves.sel. The
75 mM vessel enployed art overhead stirrer for agitation and an 8 mn

soni cati on probe placed bel ow the |iquid-gas surface. Were noted in Table
7, the sd¥f#1@dt i on Pinopdingpd C(ompgund By the crystallization at a power of

appr oxi ely 10 ils. For the r using Mediag milled seed #2, additional
ooy vadoGiabba al Conend i ine e OHE e RAT b U DEOOM e Sane
rate when. chai WA -6 QR BRLLakS) L Sha Re..SalMelf afattg, from4:3 to
ST war el e o R A b A . P ower | ng

the not hebmhidQd diliRSASmANEiedb theOL nleMPAPbint HBhPadhdoth® Sl Ritrogen at
significantly. Post processing conprised filtration of the slurries at room

t enper at Wre awd & YaEustaiadl cibieifey pai bihug) wasoppbisdrsngin nnsa oVdewuth oven at
40C. 100163) The yield of Exanple 6C of Table 7 was quantified to be 85%
Thi's run SHH3E BRERHDSHY MReIREY DHICEPIECHIRSFLYTS bYPRIRe PHErgREM S dhem hydr at e

. 0 H
Lo e, MRS TRRLS oo RS WS 98 20 LSO SANRNARSR), | PALT

material was 0.9 mg.

{00129} Milling of Micro-seed for Example 3A and 3B

[0013G] O Day 0, the disc nudl contamning 1 mm vitsioan stabilized zirconium oxide
beads was flushed with 509 n-heplane and 30% toluene and the contents of the nnll werg
displaced for disposal by air from a positive displacement pump. Sixty grams of Compound
B and 1066 grams of 50:30 toluenerheptane by weight were charged to a vessel connected to
the mill. The mixture was agitated in the mill holding tank at a temperature of 23°C and the
mixture was then recycled through the oull at a rate of Y00 mlfmin for 650 minutes. During
this time the mill was on at a uip speed of 6.8 m/s. The temperature of the mill cutlet was
25%C. A small portion of the tank slurey was sampled at 13, 30 and 435 minutes to confirm the
milling process by microscopy. Alter 60 minutes of mifling i total the slurry was packaged
wto glass jars for use later. From one jar of nucro-seed shary, 122.8 g was filtered on a filter
funnel and the filter cake was washed with sparing amounts of the anti-solvent hepltane. A
fotal of 9.7 grars of wet cake was collecled. This was theo dred n a vacuum oven at 60°C.
The surface area of the filter cake after drving was measured by standard BET isotherm and

~ - T,
found to be 3.7 m®/g.

[HI131] Crystallizations 3A and 3B
00132} A senes of batch anti-solvent erystatlizations were performed by
[00133] 1) dissolving Compound B in toluene and heptane at 30°C in an 53¢ md

agitated vessel which resalted in a visually clear solutron, denoted as the “initial”™ charges in

Table 4,

~30-
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2} adding a specified amount of micro~-seed sturry from the milling step which mibated the

crvstaliization dug to the presence of micro-seed and additional anti-solvent added with

the micro-seed shury:

a2
g

adding n-heplane at a continuous rate to afford crysiallization;
4y filtering the resultant shary at room temperature, and washing with 2 to 10 cake volumes
of heptane before diving at 60°C 1o obtain a drv cake for analvsis of surface area.

The procedure and output is described in Table 4

Example # 34 3B
1 036wt “10 wid”
thme b onestalization 9 9 davs sinoe milling
wiiling tiroe of seed slunry 8 80 ninutes
Initial product solids 4.8 4.8 g
trvitiad toluene 32 40 [+
Initial n-heptane 24 0.4 g
seed 0% 4.7 2 slury
nominal saed level G4 10 vt solids to product
crystaliization tempearaturs 80 50 o
thme for antiselvent 12 12 hrs of addition
amaount of antisobent 30 40 o heptane
Sinface area of dry product a8 .1 g
{00134} Figure 11 13 a micrograph of the micro-mulling shurey of Example 3B after 0.5

minutes of recvele nutling. Figure 12 15 a nucrograph of the micro-milling sturry of Example
3B after 13 minutes of recvele milling. Figure 13 18 a nuerograpb of the micro-milling slurry
of Example 3B after 60 minutes of recvele milling. Figure 14 depicts the micrograph
corresponding 1o the final product alter crystallization of Example 3B, The scale bar

reprasents 10 um

00135} Example 4
0136} Compoeuwnd C = BKI1 antagonist
{00137} Thas series of examples demonstrates that multiple pharmaceutical classes can

be accontmodated using the methods of the present invention. 1t also demonstrates that the
surface area of the final product can be controlied by using different sive micro~-seed. The
micro-seed size can be altered using different amounts of milhing time. The seed particles
generated by the mitling siep in this example are above | um in size. Compound C has a fow

melting point and the MMC process is usefud to avord “meltback” during dey nulling. Cold



12.1 6810 3 yes 4.3 22 7.7 174 Moths realnms run #2 1.0 rnm beads) 4:3 3 5
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nifrogen must be applied as a pin rinse of the pm mill 1o enable milling a significant quantity

of material.
[0 138] Milling of Micro-seed for Example 4A and 4B
00139 On Day 0, the disc mill containing | mum vitrium stabilized zirconium oxide

beads was floshed with 30% n-heptane and 50% (oluene by weight and the contents of the
mill were displaced for disposal by air from a positive displacement pump. Sixty grams of
Compound € and 1066 grams of 30:50 toluene:heplane by weight were charged to a vessel
connected to the mill. The mixiure was agitated i the mill holdmg tank at a temperature of
197°C and the mixtore was then recyeled throagh the mill at a rate of 900 wi/pun for 60
minutes. During this time the null was on at a tip speed of 0.8 m's. The temperature of the
mill owtlet was 20°C. A small portion of the tank slurry was sampled at 0, 15, 30 and 45
minues to confirm the mifling process by microscopy. After 60 minutes of nulling in lotal,
the shurry was packaged into glass jars for use later. The sluny samples were analyzed on the
SYMPATEC® light diffraction wet cell analvzer using lecithin and 120 seconds of
sonication m ISOPAR GR. Figures 24 and 25 demovnstrate the particle size distribution of
the micro-sead. For the nucro-seed milled 15 minutes, the mean particle size by volume s
3.9 um and 95% of the particles by volume are tess than 9.8 um. For the micro~-seed milled
60 minytes, the mean particle size by volume 1s 2.35 um and 95% of the particies by volume
are less than 3.2 wmindicating a sharper particle size distribution using nucro-seed milled
fonger. A portion of the micro-seed sturry from 13 minutes and 60 minutes of nulling was
fillered and washed with beptane and dried at 60° C as 1w the previous examples, Afler
drying the surface area of the filter cakes was measured by standard BET isothermy and found
to be 4.6 m2{g for 13 minutes of nulling and 6.6 m3fy for 60 munutes of milling. This data

demonstrates that micro-seed size and surface area can be controlied by process parameters.

[00140] Crystallizations 4A and 48
00141} Two batch anti-solvent crvsiallizations were performed by
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{00142} 1) dissolving Compound C in toluene and heptane at 43°C in s 75 mi

vessel agitated by overhead stirrer which resulted i a visually clear solution {the “mitial”™

charges):

2y the slurry was cooled 1o 49°C to generale a supersaturated solution without solids forming
as verified visually by in-situ light backscattering;

3} adding a specified amount of micro-seed sturry from the nulling step;

4} adding n-heplane at a continuous rate to afford crystallization; and

3y filtering the resuliant sturry at room temperature, and washing with 2 {0 10 cake
volumes of heptane before drving at 60°C to obtam a drv cake for analvsis of surface

area.



6 10.3 1001641Post Farm dation and Use The solid product of Exanple 6C.
and the AFG mlling sanple were fornulated in a side by side study into

di rect | dvedoeapsisBes usi ng conventi onal pharmaceuti cal pcmgrsea7®ni’ss The
area under the Curve RUC in 24 hours) rot Dogs of |IVITYTE Exanpl e 6C was
conpared versus AEG m|led material indicating equivalent b o performance
was obtained. The results are provided in Figure 26. 1001. 651Exanple 7
1001661Conpound G UP IV inhibitor 1001671Thi s exanpl e denonstrates that

| arge particles (> 50 um can be nade consistently by the NEvlIC process of
t he presée praspdn dmuipplwdparibekindablef can be tailored using different
seed | oads. 1001681dkdi-a M I 11 ng 10@«1691C)rusDay O the Mrh nmedia. ndl was
flushed with 80120 ¥PA/ vvat_er and preATpe ?C*g’m A_slurry. or..Conpound 0 al 100
my/ g in 80/20 | PA/ wlilsre hilicbe nyght \K’@s fedSt hr SIGETRE M 11 in -recycle
node at a rate of 36@:asuslesaN Mh4fieS The resulting :particle
size of the micro- sé‘éﬁ“‘kh’ﬁd a nmean s%%e of #7 um as measur ed by Ilght

diffraction. W0 2007/ 186768PCT/ US2007/ 063785
serd . 11 g sharry
rininal seed lsvel 25 25 witdh solids to product
oystafiization terparaturne 40 40 <
fime for antisolvent 12 12 hrs of addition
amount of antisohant 40 40 g heptane
Surface arsg of dev product o7 1.8 miig

Figure 15 depicts the nucrograph of the final product of Example 4B.

{00143} Example §
{00144} Compound D = bisphosphonate
[00145] Thiz example demonsirates that particle sizes obtained by conventional

crystailization followed by pin nullmg of a drv cake can be replicated by the MMC process.
This example also demonstrates a temperature cooldown crystallization and another drug
class. Different sized media beads were used and the process was aqueous based.

{EHE Conventional Approeach

{147} Compound D was dissolved m water at 100 g/1 at 60°C. The compound was
cooled 1o 0°C and distilled to 200 g/ simutlanecusly 1o provide a crystallized product. The
material was filtered, dried and pin midied using tvpical pin mulling conditions. The pin
milling of this product is especially difficult. A Tanctional null was ondy mamtained when
the mill was shut down and the pins cleaned after each 40 kg of material processed. This

process vielded a 3-40 am product as analvzed visually by micrograph.



1001701Crystal l i zati on 100171j A series of oystallizations were nmade using
the media mlled. mcro-seed of Exanple 7. In these crystallization's, the
seed anouwD 20ers109®msi ed. A hatch ol Conpound at 220 ngi g POTAGL@0/063785vei ght

| PA/ Wat er was heated to over 70C. to dissolve the solids. A visually O ear
solution was obtained. The batch was cooled to 65 to 67C. to create
supersaturaiion. The batch was seeded with the |evel of tnicro-seed as
indicated in Table 8 (grans of dry product added to the seed slurry versus

that in the batch) tch was aged 3 hours and cooled to room
t enper at d?‘t‘e“’g er S‘W&}Hggf‘a?‘%ﬁ?‘ﬁip@f% 3#BBKGSl anti-sol vent was charged over a

per 1 od oot © 300D Re h0: FARC B0/Z0. PAURL 1 DY EI N T ot oh vas

aged 1 h d vacuum vacuu ried”in“an ove

particle z%’b&ﬁn%@%d@ﬂ@hymlw@l RiMGdPlcl AaPaThd &R AR mugme diffr act ion
using 3(1 second sonication at approximately 30 watts in the wet state. The

f ol | owi nglispstd ﬁ)sﬁl‘ﬂ_ﬁfﬁﬂ tobtrdioned positifalisplaBenment plrggn Nunbésw ¢huns obay 13 10
Seed | oad (% .
Compound D and 207 grams of deionized water by water weight were charged to a vessel
connected fo the mill. The mixture was agitated in the mill holding tank while being recveled
through the il at a rate of 630 mifmin for 10 minutes. During this time the mill was on at a
tip speed of 6.8 mfs. The mull outlet temperature was 20°C. A small portion of the tank
sharry was sampled at O and 3 mintes to confirm the mulling process by sucroscopy. Alier

10 nunutes of nulling, the shurty was packaged o glass jars for use later. A nucrograph of

the micro-seed indicated a size larger with 1.3 mm beads than runs with §. mm beads.

00150} Crystallizations S
{00151} On Day 0, a lemperatwre cooldown erystallization was performed by

dissotving 14.0 ¢ Compound D in 95 g water in an 75 mi vessel agitated by overhead stirrer
which resulted m a visually clear solution. The temperature of the jacket enclosing the vessel
was held at 66°C for this dissolution. The slurry was cooled by placing 64°C on the jacket to
genarate a suparsaturated solution without solids forming. Supersatgation was verified
visually and by in-situ light backscattering. A total of 4.0 grams of slurry nucro-seed from
the milling step was added and the jacket temperature was changed to 61°C. The jacket was
then cooled from 61 to 48°C over 4 hours and front 48 1o 20°C over 7 hours. A micrograph
of the mucro-sead sturry was anadvzed Tor visual parficle size analysis. The mean length was
{7 um and the mean width was 8 um. This size minucs that needed for the pharmaceutical

appheation. Figure 16 is a micrograph of the final product of Example 3.



[ 00172) Exanpl e 8: [001731Conpound |1 = bi sphosphonate 1001741The exanpl e
denonstrates scale up of the MIMI| process and the utility of a recycle
| oop to ewbaneriottee m xi ng characteristics of a vessel wporuss@aloes7ap,. This
exanpl e further denonstrates that a higher intensity energy device placed
in the recycle loop there a static m xer) can enhance the suffaci area
achieved tbr the final product 'This series of exanples denonstrates a
profile conparable to pin mlled product WD 2007/106768PCT/ US2007/ 063785
1001751Pin m ]l ling_j 001 76j Conpound D was ctystallized. The product was
pi n-mi | | dBPIZAL t heFYBRRIFPi ng. particle size was neasure by Iight
diffractign.as 18. 4 um w dh_95% | 1 0,50 um ' The surface area was 0.53
SRR Gt 5 S By i

n2lg, 10 Cro-see r npl e 1001781A series of nedia

mlling nemseper e MaderkoostpRbis Mishongeteth horOrebxehahbizat i on. On Day
0, the disc mll was charged wth 1.5 mmyttrium stabilized zirconi um oxi de
beads andidshahbiilhushadpraidchpadied bz ectFOnat @it ss Theswwahiveniisedfoothe m Il were
di spl aced tor disposal by air froma positive displacement punp. Slurries
at the ediispalens dhs 1065 g awgrpefutbel deepsigieibyadiyeal erpplemeddt rat i on
were charged to.a yessel connected to the mll. The mxture was agitated in
the m |1 SHGRar A AR QHi S DR G °P Syt BPE RIGaGR ERE 1A TP e Pa. rat o o
900Dur i n hedcfib St mﬁlﬂ%ﬂ%rﬁ@ié éixé’@rﬁ;h&@uﬂ%ee%r Iqi)pF\%{?xﬁﬁ@ 95111?)3@31&5@1éx%ﬁﬁﬁ'& the
mll outl'et tenperature was 25C~ After m 1 ing,. the slurry was packaged
into gl agsaddas Srefh@Nink PEcREss IS (o higher surface area micro-seed and higher surface areg of

the product when the same charge of micro-seed was emploved. This example demonsirates

that the use of higher {evel of seed, here 20%, can enhance the surface area of the product.

The example s a semi-contimuous process with mixed aqueous organic solvents. Compound

F 1s known to have several polvimorphs and the process in accordance with the present

mvention produced the desired polvmorph. This demonstrates the feasibility of the MMC

process for pharmaceutical processing.

{00155] AFG Milling
{00156 Material was 100AFG nulled with lmm nozzles, 50 psig jet pressure, 9000-

- -3,
18006 rpm and the surface area was 0.6 m'/g.

[O0157} Milling of Micro-seed #1 for Example 6
00158} On Day 0, the disc mill containing 1890 grams of 1.5 mm vitriem stabilized

zirconunt oxide beads was Hushed with 60% isopropanol (IPA) and 40% deionmized water by
volume. The contents of the wull were displaced for disposal by air from a positive
displacement purnp. To a vessel connected o the mill, were charged 18.3 grams of
Compound F and 220 grams of o0/40 IPAWater. The muxlure was agitated m the mll
holding tank while being recycled through the mill at a rate of 600 0 200 mlimin for 15
munutes. During s time the milt was on al a tip speed of 6.8 m/s and the mill outlet
temperature was below 30°C. A snuall portion of the tank sturry was sampled at 0. 3, and 10
minutes to confirm the mifling process by microscopy. After 13 numstes of milling, the

shary was packaged inio glass jars Tor use later.

-36-



1001791Crystal l i zati ons 8 1001801A series of tenperature cool down
crystallizations were performed by dissolving 250 grans of Conpound D in
2500 g dewonnaewewat er in an agitated vessel using an overhmsae7963785 er. The
tenperature of the jacket enclosing the vessel was increased and the hatch
tenperature was raised to 60- 62C to dissolve the batch to a visually clew
solution. The slurry was cooled to 52C to generate a.supersaturated
solution without. solids formng as verified visually. A total of 115
mlliliters of mcro-seed sliny was added to the vessel, via. the top of

t he reacti®f#158hd agdilling ﬁ%ﬁ‘ﬁ'@**@@@“—f"@fﬂ?’f@lnﬁﬂﬁut es. The batch was cool ed to
5C. aged at | east 1 our h iltered cold using a vacuumfiller
and vacudhfiepfeq aftepseeedigor Blusdld bt e con Wﬁ?tal??%wawﬁfaduct n
e ot N R bR RBLYERLFORBOSI hbpD. @ i@ d of al | east 80%

IS expecte IS set exa artic e surface area was

anal yzed jpy16BET |s%ﬂﬁe‘{omlam,sl(r,gamﬁgmi(ﬁ{ actl on. The particles or run 8A
wer e hi ghI y aggl onerated and exceeded the capability of the |ight

di f fract ijfeiedchi ntenieonbasus @y stAbdititn ens afcoaphshedipcibe simpdipnaass depi cted in
Figure 4 enhanced the 'surface area of the product. Addition la static 'l:
his a hr‘d’ﬁf@?” ariay @yﬂawﬁe@m FOPREREe Bl @ﬂiﬁ@ibﬁﬂﬁé&'& wcr’bum'dqﬂﬁéwsurface
area co produce i e th Table 9:
100185 TR ddfrySerd P BTt Ml R bt BE P St hosen. to
scal e up \{e,Mds RLACLSS, LRP &kle8ei N Be 9&19@‘4‘%4 sx:?ﬁ&a‘%{eﬁxsi‘he ‘%qmon%na recycle
loop to a vessel to ald In"mxing is an émbodi nent of the present

i nvent i omppdsite tidey dTaifesessfek aTRl 768 8 Cetdenmnsdveate svdrhatl saddiingwausmppl ement al
energy device can provide a higher energy in the recycle hop thereby

yi el di ng aa Spripdeetatiof pehh akcwldebw habeuignwessurifitte Wi aded wrledledt hBxanpl e SC
mat ches t hat prod ced %H‘gl nmil |r] The crystal|ization produced W t hout
a recycl e‘f‘”l"b‘B‘ﬁ‘léi‘F‘ € p PR fiEedbe ‘éhsé?gﬁiﬂa'éx}ﬁ YR APPSR DRI Ay dI%6mer at ed

tnater ! al 1]Cun\ 1?% Ipt.yg(gj?_ %{H e?ég‘&%gé@%ﬁéxia‘( (ﬁ‘%’} x%quike%ragﬁ’ﬁ eﬁ)@&td}ﬂaﬁcis' z€ as

shown in Figures™i
concentrate addition at the same rate when charged with concentrate to change the solvent

ratio from 43 to 12 IPA water. This was done to improve vield approximately 3% by
fowering the mother liquor losses and did not impact the parlicle size significantly. Post
processing comprised (iltration of the slurnies at room temperature via vacuum and drving
with air or drving i a vacuum oven at 40°C.

[00163] The vield of Example 6C of Table 7 was quantified to be 83%. This run was

shown by X-Ray diffraction to vield the desired hemu~hvdrate form.



[ 001841Conpound E |i pid-lowering conpound 1001851Thi s exanple d nonstrates
sem -conti nuous crystallization with atnsoftenls whore nultiple charge

ti mes forwenbemwbredn | ind concentrate can he acconmodatres/UsSaniocEss on i s
shown useful to enhance: surface area of the product. Here, smaller beads
of 0 S mmwere used to denonsi a e. that a range of bead.s sizes can be
utilized in accordance w th the process of the present invention.
1001861Conventional Drymlling Approach 1001871Conpound E was jet m |l ed.
The resul tant surface area specification was 1.4 to 2.9 nfor die product
100188) MRun hignwaryM #ioTseed for Exanple 9 [00189]On Day 0, the disc nill
was charged with 0.8 mmyttrium stabilized. zirconium ide beads in
thestate. To a vessel CO"’FFHGC‘%*"E@ mmmhe JMiPPS was charged 1000 m 0160/ 40
MeO11li wat er and t-her Hd2t-ahd-EHER-523- 4% ans of butyl ated
hvdr oxy ani sol e (stldslaAleganamrShiz}&pJ enment al4add|ﬂto| veafor pnelzfor mance of the
product The thU{ was qglta%ed |n the m | 1Qold ng tank whi k being
recycled through e mll arare of 9 |nI|mnfor 30 m nut es, Dining
this time the mlé¢s vvas om at a tiprspeediof &2Sinfsand 7ghe mil| outlet
ten‘perature W n 21 ‘ nao. - nn oft-net-aik clurry WAS 'San‘p| ed at O
and 30 mnutes to Gg%rﬁ‘?mgm& MW\ |ng prf)gcessﬁby ﬁg‘lcrosc%py AFter 30
mnutes or mlling in total, t‘ihe skeny wes paekaged mto‘ﬁgl ass jars for

| ater use. The nmegn micros seeg S|z%swas deterjyined to bg,about 2 urn.
1001901fl ystal li zati ons 9A, 98, 91

3.

{00164} Post Formulation and Use

The solid product of Example 6C and the AFG mulling sample were formulated in a side by
side study into direct filled capsules using conventional pharmaceutical ingredients. The area
under the curve (AUC in 24 howrs) for Dogs of MMC Example 6C was compared versus
AFG milled matenial indicating equivalent bio performance was obtained. The resulls are

provided m Figure 26,

[00165] Example 7
[00166] Compound G = DP 1V inhibitor
00167} This example demonstrates that large particles - 30 um) can be made

consistently by the MMUC process of the present invention. The particle size can be talored
using different seed loads.

[00168] Media Milling

{00169} On Day 0, the KDL media mill was Qushed with 8020 IPA/water and pamped
drv. A sturry of Compound G at 100 mgfy in 80/20 IPASwater by weight was led through the
mall in recvele mode at a rate of 300 milsfmun for 120 manotes. The resulting parbicie size of

the nucro-seed had a mean size of 4.7 um as measured by light diffraction,



100191) Sem cronti nuous anti-solvent crystallizations were performed by:
1001921i)creating concentrate by dissolving 60 g of Conpound E int liter of
met hanol .wé 20at@b768f 0,2 grains of |:ititylated hydroxypamiusedoe/oeess added
to this streamin order to prevent oxidation oldie product; 2) creating

m cro-seed bed by charging 5 nit of mcro-seed slurry frommthug and
adding 5 m of 60140 Met hanol water by volune The charges were nmade to a 00
m tigitated vessel at (00 RPMwith a 22 nmm di aneter bl ade: 3)

si nmul t anegu charging the 56 mlliliters of concentrate and 36
millili té&%ﬁgy delﬁh‘i""g'é‘& Ukt er anti-solvemwere chard to the vessel via

Separ at ed&wﬂll e PR ofl% g%hp'gmiw{]\%ezgﬁ%%gugzmz:h% nQBH mzﬂl‘d 1[m & rec? er ature.

Soni cati on at’ approxi nate pl'ied y into the

crystal | igefpRyT ety @@%ﬁmsrﬁte@ee@qmohmmﬁsam l\ B{Q@Hoﬁ%qp@ﬁ:ﬁd Qd using a
8 mm probe (D630 manufactured by Tel esonics); 5) filtering the resultant

slurry atat RuonpdenpEbabuneaghd? AfBatvacasteidd s avgr AUC 148iGohe tbbichitin & dry
cake for analysis of surface area. The particle size was neasured by dry
sol i ds |ngwlhmlﬁvcw%le@wm»oje@e)l}:ésﬂéaéwélahaﬁwq@h-‘ét@éﬁ@éﬂt?mt@ﬁe of product in

809 1 5. epRECYaogr TsPeTyet il Sl S BN e ekl e o
ng“t IE>C<a|r(r%‘|7ﬁ§§F &L §§(¥i§£§%ﬁ§et‘l 1R BELFEAU L 2T AURPMEH) STHESESR PR Tabl e
3 hours and cooled 1o room temperature over 3 hows. lsopropvi alcohol anti-solvent was
charged over a pertod of 13 10 30 minutes to reach 8020 IPAfwater by weight. The baich

was aged 1 howr and vacuum [Htered and vacuum dred in an oven at 45°C. The particle size

was analyzed via a Microtrac particles size hight diffraction using 30 second sonication at

approximately 30 watts in the wet state. The following results were obtained.

L
Run Number | Dav | Seed load (%) | My fum} | 95% < {smum)
7A 5 {).3 77 179.1
e AB L 13 05 TR 188
7C 10 2 32 120.5
{00172} Example 8:
{00173} Compound D = bisphosphonate
[00174] The example demonsiraies scale up of the MMC process and the utitity of a

recycle loop to enhance the mixing characleristics of a vessel upon scale up. This example
further demonstrates that a higher intensity energy device placed i the recvele loop there a
static muxer} can enhance the surface aven achieved for the final product. This senes of

axamples demonstrates a profile comparable to pin milied product.
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[00175] Pin milling
{00176} Compound D was cryvstallized. The product was pin-nulled and the resulting

narticle size was measure by hght dufraction as 187 um with 93% less than 30 um. The
i Y g

surface area was 0.33 nv'/p.

{00177} Milling of Micro-seed for Example 8
{00178} A series of media milling rons were made to supply micro-seed for the

arvstathization. On Day 0, the dise null was charged with 1.3 mm vitrium stabilized
zivrcontunt oxide beads and then flushed with detomized water. The contents of the mull were
displaced for disposal by ar from a posttive displacement pump.  Shurvies ai the equevalent of
100 grams per 1 hiter delonized water concentration were charged to a vessel connected to the
mill. The muxture was agitated in the mill holding tank while being recycled through the mll
at a rate of YOO ml/min. During this time the mill was on at a tip speed of 6.8 n¥'s and the
sl ouvtlet temperature yas 25°C. After nulling, the slurry was packaged into glass jars for

later use.

{01791 Crvstallizations 8
001801 A senies of temperature cooldown crvstallizations were performed by

dissobving 256 grams of Compound D in 2300 g defonized waler in an agitated vessel using
an overhead stirrer. The temperature of the jacket enclosing the vessel was increased and the
batch temperature was raised to 60 - 62°C to dissolve the batch 1o a visually clear solution.
The slurry was cooled to 52°C to penerate a supersaturated solution without sohids formung as
vertfied visually. A total of 115 nulliliters of micro-seed sturry was added to the vessel via
the top of the reactor and aged at 32 to 53°C for 30 nunutes. The batch was cooled to 5°C,
aged for af least 1 how and then filtered cold using a vacuum filier and vacuum dried at
457,

{06181} Based on the concentration of product in the mother liquor al the final solvent
composttion, a vield of at least 80% is expected for this set of examples. The particle surface
area was analy zed by BET isotherm and light diffraction. The particles of run BA were

highlv agglomerated and exceeded the capabilitv of the light difTraction machine to measure.
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Addition of a recvcle loop as depicted in Figure 4 enhanced the surface area of the product.
Addition of a static mixer which is a higher energy device in the recvcle loop lead to higher

surfaece area comparable Lo that produced by pin mulling the diy product

Table 9

Exampls # BA 88 8C

Millirg
grams product 220 220 50
grams of water 2200 00 500
time for milling process, min 30 45 15
il outlet temp 23 28 25
seed sonicsted before use . . no
Day Used after milling & 1 2

Crystaliizer Saf Up

ag rate 300 350 450

ag diameter, cm 5 & &

recycle rate, mifmin - 900 450

Energy Device - double fee static mixer

Conditions

hateh size, liters 1 28 .5

cootdown tirne, hours 8 10 3

sead load, Wit 2 3 3

Surface areg of product, mdy g.12 0,38 Q.48

Mearn particle Size {microns) =75 um 23 1%

Q8% < um 50

% « 10 um 18 30
{00182} The results of Example 8A demonstrated that the equipment chosen to scale
ap the MMC process can alter the product resudts. Adding a recvele loop to a vessel to aid in

mixing 15 an embodiment of the present mvention, Furthermore, Example 8C demonstrates
that adding a supplemental energy device can provide a higher energy in the recycle foop
thereby vielding a product of enhanced surface area. The surface area of Example 8C
malches that produced by pin milling. The ervstallizations produced without a recvele loop

or supplemental energy device lead to visually agglomerated material of relatively lower

surface avea and larger particle size as shown i Figures 17 and 18

{1183 Example :
{00184} Compound E = lipid-lowering compound
{00185} This example demonsirates semi-continuous erystallization with antisolvents

where multiple charge tiroes for antisolvent and concentrate can be acconunodated.

Sonication is shown useful to enhance surface area of the product. Here, smaller beads of 0.8
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2.6 21

Mean Frartiole Size 8 4 11.8 7 10.1 M crographs of The p

of Exanple 9A and 98 are shown in Figures 19 and 20, respectively'.
product s woeosvmsicar except for the length of the indivipdwalSzarypsiras s.
Figure 19 can be conpared to Figure 21 where the process was scal ed up

usi ng,

| oss sonication power and a |longer addition tine to limt any

r oduct
"1'lle

nucl eation. 1001941Exanple H [001951Conpound E = |i pid-Iowering conpound

mum were used to demonstrate that a range of beads sizes can be wtilized in accordance with
the process of the present invention.
HI0186] Conventional Drvmilling Appreach

[01871 Compound E was jet mufled. The resultant surface area specification was 1.4

-, 2 o~
10 2.9 m™g for the product.

[00158] Milling of Micro-seed for Example 9
00189} On Day 0, the disc null was charged with 0.8 mny vitriom siabilized wirconiom

oxide beads in the drv state. To a vessel connected to the mill was charged 1600 mil of 60/40
MeOH/water and then 60 grams of Compound E and then 0.2 grams of butylated hvdroxy
anisole {BHA) as a supplemental additive for performance of the product The mixture was
agttated n the null holding tank while being recyeled through the mull at a rate of D00 mlfmin

for 30 minutes. During this tme the nulf was on at a tip speed of 6.8 mv's and the mili outlet

temperature was 21°C. A smalf portion of the tank shurry was sampled at 0 and 30 minates to

contirm the nulling process by nucroscopy. After 30 minutes of mulling n total, the slurnry
was packaged wto glass jars for Jater use. The mean micro-sead size was determined to be

about 2 um.

{00194} Crystallizations 9A, 98, 9C, 9D
{00191} Semicrontinuons anli-solvent crvstallizations were performed by:
00192} H creating concentrate by dissolving 60 g of Compound E i 1 iter of

methanol. A total of 0.2 grams of butvlated hvdroxy anisole was added to this stream in

order to prevent oxidation of the product;

2) creating micro-seed bed by charging 5 mi of micro-sged slurry from milling and adding 3
o of 60/40 Methanol water by volume. The charges were made Lo a 100 mwl agitated
vessel at 600 RPM with a 22 mm diameter blade:

33 simultaneously charging the 56 milliliters of concentrate and 36 millititers of deonixed

water anti-solvent were charged to the vessel vig separate svringe pumps,
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1001961Thi s exanpl e denonstrated that the process of the present invention
was anenable for scale up to a conmercial production volune |evel for

speci al t ywoheomoaies, Here a scale of 15 kg of product i fCcprusdace37sfn one
bat ch using, a sem -continuous hatch nethod. A |arger scale enul ation of
the recycle loop is described which produced a successful scale up The
recycle rate corresponded to 18 mnute hatch turnover tino, practical rate
for a large scal e manufacturing process. "the sonication power density was
approximately, 0 7 Wkg of batch, a practical level for a |arge scale

nmanuf act up i axgngphobedstor | ke acropstiahpérziate Sonipsloducipprasnpasti OpraoceSsed
usi ng conventional manufacturing equipnment As with many pharnmaceuti cal s,

t he productPangs vax3pend dEsdy tﬂiw/\%eaaata Jefr Bfipg B onisristydsseadsi ng eit her
ni trogen rom1or VKL UNIa | ication, . The s addi tive, buryfated
v osyan So1 e Weerbrab o SRR TS 001071 11 T ng. of
m ot 0- e AR R QORI AL Rhick Al lﬁgdmnn%mumbéwnm Il ed
pure, 9,3 kg o# deioni i ed water g of net anoﬁ and ‘8. 14 g of .Bl4A were
charged to adj askabeghaBis ol i8facgiras STHegaER: oG P PREsuNdHY E@Ns@dk hgmor to

blend the vessel contents. The shiny was charged with nitrogen to degas the
sol ution anﬂﬁémthrogen smeep was used throughout t he nilling process to

k h
e at EARhst raf b e ARG BIPT R e BB B TR
mat eri al ,.odpRidhn, 4 Qefd‘%ﬁlﬂ@ ekt l%ﬂ} 6%‘(9;:-, %fect%@ RRGGL ?éii o? &ahﬂ%s VeRSEhs WkCh

contained a rotor :stator ml V Works T-5 coarse teeth). The

bat ch WBSmﬁeoMﬁ¢ewnmhr@mghbghanmet mll for 30 nlnutes to break up the

| arge chunks of solid. The FICA Wrks mll was used as the punp to recycle
t he bat chihe ploearaind cegst isthadcgiGeitriably ®0hi s step. The recycling step did
not reduce gheparttete-siize of the proguct significantly. 1001991To mil|

t he band] townlcro Seea sesond recycre Tine was constkuctisd as i n Figure
L The punp (@& ;ﬁ ﬁ§Fﬁlt|chhsterFIex an@ the || "dtfs a Netasch nedia
mil nodel Aupbecsr M nicer” oThe nmifil was “ghar gedswi tiy 4350 Hadf 1 mm
yttr|unlstabﬁwM@@@m@mm@onlunﬁDX|de Peads (approxizrately 500 grams). The
batch slurry as th }pmﬁhycle through the Mnicer ml|, at a rate of 300
mimn rate using t sterfl ext -volunetrlc punp. fhe MIIl was run at
2202 rpm corresgotrdi ng to as6.8 ints up speed. The midsdsiamd t he batch
vessel, were cooled by glycol baths to maintain the batch shirty

t enper at wiierdaelphwel Bhd podc@ughbitnheAnsld bRgrpreessn Fheeshat ahd shurry was
mlled for a total of 41 hours. The mlled slurry was aged. overnight at
room t enpespegtiyels, Tinmﬂdmmemmmig%eﬁutm&ugkﬁ fehgih wbieandriiipal cnysielsa Fpoksy - drum
for use Wﬂthlq t he eﬁ hour The mlled slurry was the mcro-seed
stream A ‘portiGroePatE H é:F”i‘W WA the thEpet B seale W e Ty Mg

analy. z frar , 40C. At the time of thscharge
of the sﬁ%??&ﬁﬁﬁh§£¥t gk@t@gg?%%ﬁ@%ﬁéﬁﬂaﬁ# sol ds was 4.05 nRirg with a
vol une ngesiopprti cEewspigedof 2. mand 95% of the particles |less than 4. 8uu
by volune, A Helos analyzer was used. 1002001Crystallization for Exanple 10
1002011Rd@%ﬁél|oopt@@apwmbhFdW@bhmguagémoquphbrn is simlar to the set up

of Fi gur cept_.t hat nline | aser backscatterin robe was used to
measure (HESEhor o BHigeHTBle dREMHRIEITE di Hterria 1 gt P RaANS i o and the

seed was faﬁﬁﬁ{ ?kg.el eq p‘?oti RE bRl pTlilidd « 8'1%‘{1e?£eidt1§ ?‘f‘pe&‘%‘@ygkg}iﬁ)&ap fromthe

bottom o I'on etirred tank consiste di aphram
punp; Here a scale of 15 kg of product 15 produced in one batch using a semi~continuous baich

method. A larger scale emnulation of the recvele foop 15 described which produced a
successfol scate up. The recyele rate corresponded 1o 18 minute batch tumover time,
practical rate for a large scale manufactusing process. The sonication power density was

approximately 0.7 Wikg of batch, a practical tevel for a large scale manufacturing process.



2) a focused beamrefl ectance neasurenent probe for chord | ength
nonitoring: 3) valve port for sanpling and chargi ng seed slunl as needed;
4) a rapiwormodngiedevi ce connected to a punp for dei oni red/usatencEss sol vent
addition froma drum 5) an energy device consisting of a radial sonicator
horn of 2" dituneter and 22" long in a 2 liter now through cell, The

soni cator was manufactured by Tel esonics and was powered by a generator of
.2000W 6) a rapid m xing device connected to a punp for batch concentrate
addition froma drum 7) a nass neter to neasure the recycle rate of
slurry; ;ilihpér\rs@tiuﬁm&inmgmtu@l vieorelrprerey sting danzentiont inh ulselsringyaierent nt er nal
di ameter; 2031Ant| sol vegI }stregm To a vessel %@3\/ ously cl eaned and

f1 ushed V\}St‘h‘ HEMB H2RRCRATEIE, the BIOFUst XS 99 SOEERYY G dE P BT e hat er  was
charged. gThe. delapi.aed mw@%ﬁﬁmw@aﬂ&..gﬁaagfém@%sgﬂguﬁ}g}éﬁreﬁ{a' ARfiHum and

nitrogen pressure purges wat er was drumre runms and kept

cl osed t ighlyidkaEhy diRl Sni Std @MNIVRS: dsbBadirb SRl MeMizest ream 1002041Hat ch
stream To a vessel flushed with nethanol, a total of 14 kg of Conpound E

active phmlﬂﬁbeutltldlmgn@nemmu f(nAPQmmé,zwkg of net hanol (previously
degassed) i nhi bitor was charged, Conpound E concentrate was

dr unmed .?ﬂ‘@ﬂso gaf‘l“&if‘# QA ditks é*ﬁemvaéwd& %%Té&uimw: P. >d<§eﬂ ﬁq‘ﬁi‘*é%ﬁ@ﬂt he bat ch

t |
il o up d0tas Jurrasines ATk AERMART b s e S e A 100 gal 1 on
crystall 'eﬁ@x'[)‘rxed-l;uﬁz &%DH%P&Q RS HEeYe! &dicha anPLH el laywegankxg/{dcfo@l@ usi ng

the recycle 1 oop hé sonicator radial probe was set at 350 Vs" power, and
t he Lasent égts HBRMpHODE awdsogeh Reckpavhs Lesd thofgronBhe eillng, bkeums erigeseed
slurry described in this exanpl e above was charged to the recycle | oop via
the 3/8" thevdewhrge’ parctauliddy anglithecshedebad! thagaendyishenstfaist 1 S m nut es
with sonication, at 20 to 25 q ? t he mcro-seed for t he batch.
061Cryyt WL JuHe é‘l‘f"l‘?&géw ﬁ*H‘é‘ \fi@%‘l‘“&g’ oFigh 8P WAQ reyeiefipe Wit er and

was spi nn, g}% @ 10 th?l cl‘s?ﬂfu%ch c%ﬁmﬁzx[eé/ SK‘C@ I sk a%fi" 1'118 '?Ihi\ ?éé@i@ 1 ]ig%oth%of%e del oni zed

wat er was npound E in

net hanol 1.9:@{)0hh&@ﬁ&ﬁ@’éﬁr@é&kd%&ﬁnh@ msmwr&emmmu w&mﬂpyﬁﬁho@ const ant
charge rate. Throughout the crystallization the batch was kept "at 20 to 25C

whi | e corhintyolsolgoritedkirAoN odt nBlbGaMwd ss @ppling th reSahphebastercdurtaken after
1., 3, 6 and 10 hr addition to confirmthe crystallization progress. After
si mul t andesis aEdREPO B doapicetsg siegddayt srugl thnpyede wer eribseiedehar ged al
a constant (ih e rate over two hours with sonication at 20 to 25*C. The

addi ti on “BPER'Fa water antisolvern was made to increase the yield by

| overing édﬁﬁoggbﬁlhﬁlyuxﬁ ‘Bfudf RenRfLdEet [hGq ‘?J&@E 96S: VR &nlRRSI QM Y tO

pronote growt e crystal s versus nucl eati on.
Figure {. The pump was a peristaltic Masterflex and the muil was a Netzsch media mill

model mumber “Minicer™. The mill was charged with 135 mi of 1 mm yitriam stabilized
zivconium oxide beads {approximately 300 grams). The baich sturry was then recycled
through the Minicer pull at a rate of 300 md/min rate using the Masterflax® volumetric pump.
The mull was run at 2202 rpim, corresponding to a 6.8 n's tip speed. The null and the bateh
vessal weare cooled by glyeol baths to maintain the batch slurry temperature below 257C
throughout the miiling process. The batch shury was milled for a total of 41 hours. The
milled shurry was aged overnight at voom temperature, then discharged though the media onli
io a poly drum for use within the next 3 hours. The nufled slurrv was the micro-seed
streamn. A portion of the shurry was filtered on 2 0.2 um filter and analvied alter diving in a

vacum oven at 40°C. At the time of discharge of the slurry, the surface area of the milled
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1002071After the deionized water charge, the batch was aged with sonication
at 20 to 25C for 1 hour to ensure conplete growh of the clystals. A

pi cture olother/wws36s8t al sl um was col | ected using an opti eal/use@rosi’epe as
indicated in Figure 21. Figure 21 denonstrates that the particles were
nonot hspersed with no small particles due to uncontrolled nucl eation
present The recycle .loop was turned off and the batch was aged at 20 to
25ct overni ght Post processing by filtration and drying of the batch

foll owed. 1002081Post processing for Exanple ill iti02.091nitration and
dkci ng:  APlidsrvaad-(oveTaivighe velgee hvat pestidessed! 2. t e abdbEh ohds priticieer ed at

roomte tur A total of 7,5> of noth liquors with a Conpound E
concentr ?Sﬂg}i}ﬂd% HRRY volHER i“?ﬁ‘b Wé“'ﬁtm‘eﬁect ed. A mat of 20 kg of

previ ousl e Upg: ter was charged to the crystallizer
Y0208 C RQ%@?I&\![)!Y Jﬁ%ﬂﬁﬂw qd {a

waasprayb in or to was e wails of the vesseH into the batch
filter angoow h t heepriothagtiedn THAakb] LE eqbyph@f &/ sl 4dthe kg 1pfor wash and
10S. dual nother l|iquors was col l ected. After filtration and appliCati. 031
of nitrodenrp’ esspirtkal ko stlhe lsalkecksontcaty prebst: xamu&@ungflsm thetchesdwet cake was
removed .fromthe filter, placed onto trays, drledlnalargetray
dryer und*é\m"va”éle}uhw%M@é»fvw 4*8!‘4«15@*@%@% vﬂti‘hﬁié‘*"pﬁﬂfﬂ*’d@hré“kﬂé% igbal wat er
and net hanol Cak t C ry cake
has removdane Ao rueras < iRGertint e eihe ehut it Bttt Lo vae
obt ai ned,jp@epeci al |y \M]letpﬁﬁgh‘%§ &@{ tosses are considered. The vol une nean
particle size was 8K pm Yvi % of the :particles less than. 2.0.3 inn
by vol umg; The fsusdidacen asRat m\taﬁm,lmhxmm ms tisretordbyheBERomictinggen
adsorption. These results were conparable to the | aboratory material of
Exanpl e [30 deﬁiﬁﬁst&r"at}@rh@i sfn‘w@myidﬁfgimemﬁc@S§11@@ﬁ2101Fi gure 21 can be

corrpared o] F| he crystals were of' simlar size liere
the soni ¢t i o | &@?\% SN PRI VR S IPBR KT BB ‘&/&B’ér‘d‘? fer in

t he Iaborfﬂi)gxmk <l Watts per liter yet the performance was acceptabl e.
Thus denonstt ati ng that practical |evels of sonication power can be used at
al | scal ey Suﬁﬁﬁﬁ*ﬁf\*{kk ¥e cdRQZALIEANB @nikdiof 1AL I2ECRIRAMNEY B2Tlong in a

hi sphosphonat e {00213] This exanpl e denonstrates scale up of a cool down

bat ch r aydital flawzétdugincell tTielssocdenonstanatesralbatl cfeasniseall @ aspewaed Bner at i on
of the clystals - EIroy be prevented by using a recycle loop with a

t ur bul ent® ‘Ffﬂfﬁwwr%{t-@“‘c‘ﬁean | i near veI ocity' of 1 ms) and double tee energy
devi ce tq hel Q C perseﬁ%he m cr o- ed and fg ct duri ng ﬁ5;(gtst | 1ization.
Thi's exarpl e f'd?‘i‘ e ithst F%i“é%w %f‘ RUgRp; AgF §6‘§ C‘B‘P‘*S‘“E”'& pravahtom &

aggl oner g465 from form ng w thout sonication,

Kk a mass metar to measure the recvele rate of shary,
8) pipe returmng to the mam crystallizer which was 13/167 internal diameter;
{0203} Antisolvent siream. To a vessel previously cleaned and flushed with detonized

water, atotal of 250 kg of deronized water was charged. The deronized. water was degassed
using several vacuum and nitrogen pressure purges. The water was drummed in 30 gallon
drums and kept closed till use. This stream was the antisolvent stream.

{02041 Batch stream: To a vessel flushed with methanol, a total of 14 kg of
Compound E active pharmaceutical ingredient (AP, 144 kg of methanol (previousty
degassed), and 80 g BHA inhibitor was charged. Compound E concentrate was drunumned

o 30 gallon drums and kept closed unti] ase. This was the batch stream.



1002141M I 1ing of mcro-seed for Exanple 11 j002151The procedure was
simlar to that of Exanple 10 except a DYNOLR-MI| Type KOLA nedia mlIl| was
used w t hwa 2doFoereent product feed stream The DYNO4) - MpChr/usas7obersged wit h
495 inl I. mmyttriumstabilized zirconi um oxi de beads, and dei oni zed wat er
was recycled through the mll to wet the beads. The excess water was then
di scarded. A-total of 1.0 kg of Conpound O was charged to [O liters of

dei oni zed water in the 30 liter vessel. WD 2007/106768PCT/ US2007/ 063785
This charge corresponded to 3wt % out of solution- the main batch after
account i Ae02O8F t heMpae sdedlF/vdivgust wei dnotidpl Bhés whpreyioust \médesqm#w) was
recycled t he .rot or/ st at or 1. tor 13 nut es, then a

over ni ghtso L THE e RS SRR i cTpaboRr Syl i a S Ror R5% he
Mastert | G&ev it E\:(\a\lnﬁ'ﬁlgl\e 29Lo/ By 9\1;5#}(9 1@ hzhﬁ’u G0 lT}‘ié s%m%ﬁ&elqm%ao&ﬁ& 481 6.8

nals. The' m Was conduct ed 'urry was 'di scharged from

the m Il shind @5@WAFANEY, o &émk&te@faslﬂmﬁ}ﬁxd{vé%aillixntc@rﬁﬁtjﬂmaaﬂxlﬁloa gpefilter and
washed with acetone (less than about 0,1 solubility) to facilitate drying

of the sawples uﬂ'%m\sdquhadmﬁnﬂwaeﬁ dahow vachugedwem: andldnat yaée. The

vol ume noan particle, size umw th 95% of the particles | ess than
7,8 um Tb SBIOIRISE PR »mwm %f*»d *Fﬁb“%ﬁdiﬁ‘f\ébé f%lr‘éa“’Wésﬁ witlysongipliep $90ni t r ogen
adsorptl ,}FO%O 161&%)/ tall é:fl ]O%tg Exanpl e 11 1002171Mechani cal soup
The sarre Bgurpmetit Bt UP T o8 ¢St i zer was used as for Exanple 10

above. TheyeBer 9y ﬁﬁ\m;ﬁﬁmﬁﬂ%b&{ Pl edel & B%&'\W-Eﬁem fendanhetad in Figure

5. The lines are made of stéel pipe with sharp right angle turns. The
streans ispphingeat B/ stm\e{h@bkt} Lzem;,m{}.m] Hatahi 0 iy f deibhiabwidd wasAhdraddd tof 22 kg
of Conmpound D was charged to fliers of deionized water and di ssol ved at
60C. The mitwsotd eldng vt Poke ¢ aipeundb it‘g@ﬁﬂhmmi baﬁkum@u@@i ot édhrsmai nt ai ned
at 60C. and recycl ec '_avround' the recycle at a w rate of 29 kg/w n.
The bat ¢ A BB Rt SYSR B9 (e c?*@%‘t‘ 0&*0%%&% ﬁfc&f)v 81 BRSH Ve “seed
char gel nT\?;ﬁl QIEFE@{})J "@%\Eley&tﬂ% &xa& ﬂ?loﬁqt‘?wo"& a%%‘ﬁﬁhteﬁt §fr11133;5193 = fgﬁi%{ onal

area) er cycle I he the line,
and the tiaenoves uld {8 @Hdztu%ot%@ﬁi%hi 108 8rv Ra i AHbh @Pogrds I\hér&nﬁ?ﬁ@tﬂﬁh@ the

recycle line contained a double tee as the energy device along wt h a
t ur bi demardédycives doagietedl Ré ky elSdaini el svateg whathachediat hoomstamt carpt idtesovier p speed.
two hours with sonication at 20 to 257°C. The addibion of extra water antisolvent was made to
increase the vield by lowering the solubilitv for the product. The charges were made slowly
1o promote growth of the crvstals versus nucleation.
{00207} After the detonized water charge. the batch was aged with somication at 20 o
25°C for 1 hour to ensure complete growth of the crvstals. A picture of the ervstad slurry wag
collected using an optical microscope as indicated i Figure 21, Figure 21 demonstrates that
the parlicles were monodispersed with no small particles due to wncontrolled nucleation
present. The recycle loop was turned off and the batch was aged at 20 to 253°C overnight.

Post processing by liltration and drving of the batch followed.

{02081 Post precessing for Example 10
{00209} Filtration and dryving: After an overnight age in the vessel, the batch was

filtered at room temperature. A lotal of 385 kg of mother hiquors with a Compound E
concentration of less than 1 mgf/g were collected. A total of 20 kg of previously made up

30/50 viv methanol/water was charged to the arvstallizer via a spravball in order to wash the

~46-



100219] ' The m crnsee,d. slurry was charged to the recycle loop via. a

di aphragm punp and 3/ 8- seed charge port at a constant rate over 4 m nutes,
The char geowas/mede directly into the recycle | oop to facrhisc@reesiBsper si on
of the seed slurry. The batch was cooled by the seed charmto 50 to 52C,
the batch was aged at this tenperature for 30 m nutes, and then cooled to
.1 to 3C over .10 hours via controlled |inear cool dowm An opti cal

m crograph of the slurry was taken as shown in Figure 21 As denobnstrated in
Figure 22, the particles were nonodi spersed with no small partlcles due to
uncont r ol ohiie Fesaglitgn thehaish difer &@0\2@0@%@1{1uqdrl@&@é%tmgf'~ ifal Eﬁ(éﬁiﬁsﬂ @‘ 11
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COﬂSGCUthM@nﬁ@aKﬁdﬁﬁ&i@ﬂ@mﬁéH@J&x&ﬂ@@@&q&&ﬁﬂﬁuaﬁfﬂ@4®ﬁe&he\ﬂﬁk%@ﬂt char ge,
agitation of the contents for several. :mnutes, and then filtration).
These washessilsd 8atet arld methrbbor batake \atdhenlﬁ @Sy wanI Anwslihéd 4.5 kgodds coffe a
product concentration high enqough to_ |lead to aggloneration of the solids
during dr\w ﬁgﬂx)%@%}d@% @ﬁéfwsaélﬁgﬁwga@ﬁmnﬁsh%ve 84 ‘h‘l*tql?é‘“&éne filter
under ful | ﬁ 131 } % N ﬁ f | acket ag .pac QV
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thy cake igamoyl i RALES iPn2h2quBS Alnd HdBuRRYofwhhe pRRdi ¢l es were
| ess than 41 mm by vol une using the | os dry particle analyzer. The
surface af@ssidls BF#Qitlopa ddgorbymBEm,m ibtuhig eBreadaphpbl onthe THhesey esul ts are
conparable to the | ab scal e experinents of Exanple SB and C. This is in
cont r ast madertehel egwla 1§ demomtaipd waBApwhteardmsuf fi ci ent particl e,

di spersion was. utilized durin cn,stailizatio 1002221, e 12
1002231céWBdth D’“—‘"HFsbﬁﬁb%%&’f‘% F0lE9% 1 Thil 8¢ EXsip MErl RNt %‘gffé’é
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devi ce for"

prOdUCtlQﬂm@&ﬁl%aﬁmﬁfﬁkmamﬁu\Ih&%p&%ﬁ&ﬁ&ﬁxuﬁ%&$ﬁﬁﬁesaﬂﬁm&ﬁﬁB@PMQﬁ| setup

and procedure as Exanple Il, ‘but was stressed by shortening the cool down

time fronhad@rabticat lrv8s hif spicaust poyet cerbeasidngalt helet sionavedlvtime from 9
mnutes to 18 m nutes. These actions result in nore potential for

nucl eat i dPP2dAd | esBxfpRiglbnt exposure to the recycle | oop and energy device

to break gqgl rates, forne the crystallizer into dispersed

par ades. @ﬂ%zﬁaste oYl aéﬁﬂ@?ﬁﬁ@ﬁﬂ%ate and sI OWe | recycle rate

Lhr ough ey Sner 9y rdewiaoivEh ekl S Studi SeRLAGLRE hBPdauhl fioher W th
hi gher |ntenS|ty eneny devi ce, soni ¢ radial probe 12" long and 2"

wi de opergbeematsias ol f@uimréfupﬁ@,@mﬁdmm bf {18 c8stalk rhayBewrdBreughusg! | . The

seed | oad was also increased to |Om%to obtain, a significantly snaller

product thaycBteapplith 1002251 See dug Maix ipgur \mh@limﬂ*do*@duncbtiﬁzblﬂ l@we@Mat of
.Exanple |i for the product and ml | eparation. Here 3,48 of Conpound
D pure an'igsiofgingbiveisa fé?atwa\@@}mw h‘eﬂ“@‘é" £siptigdtiop. éble\%}%%‘%el and

recycl ed 191!;!9_9 a_rru%nw{\l%tMi 1!! 15 ) i%lﬁ. 10 pre,f\ uﬁ w%nmrgﬁk ?mm mnnmn \\QYV)LQ ate for 16
hours, The re

PR PETSTS an vol ume of 2.8
pan and Q% @fnt he partlcles Iess than 6.4 urn. The surface area was 2.0
mig. [00226] Botch (7 ryslall bolion: The procedure matched that of Exanple
11 exceptjpihag Milling of micro-seed for Example 11

{02151 The procedure was similar to that of Example 18 except a DYNO®&-Mill Tvpe
KDLA media mill was used with a different product feed stream. The DYNOR-Mill was
charged with 493 mi 1.5 mun vitrium stabilized zircontum oxide beads, and detomized water
was recycled through the mill 1o wet the beads. The excess water was then discarded. A {otal

of 1.0 kg of Compound D was charged to 10 hiters of detonizad water in the 36 liter vessel,
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the 2.2 kg of Conmpound D dissolved in water in the 100 gallon tank was
recycled, around the recycle loop at a flow rate near [5 kithnin throughout
t he bat chwoBh@/feategeh was cool ed to approxi mately 53 - 54ECcraseocatzzss

i supersaturation for the seed charge. MX2271The m cro-seed slurry was
charged to the recycle |oop via a diaphragm punp and 1V seed charge port at
a constant rate over 8 mnutes. The charge was made directly into the
recycle loop to facilitate dispersion of the seed slaty The batch was

cool ed by the seed charge to about 50-52*C, the batch was aged. at this

t enper at Ui dbaiee s@Tapended i, 3vdcbut hleie! wign bergust the ra!p!p rogieh nhtrelr«wumw&(ﬁw over 3
hours via contr | ) own. An o r the Slurry
st akeq eI g T GE v e ba s ddss o neuh i PR RN TS wer &

. monodi S%Lﬁ@%ﬂ‘ﬁ"ﬁﬁ& Qd é\%ﬁl hiP#d 4!&:lrwe§¢s§H§yxte X qf?ﬂhghollhe ﬁgdlﬁegl eation

present e nateriar St processe ratlbn was and dried as
i n Exanplgg ﬂt&sierﬁ@@pzﬁﬁﬂ&h&hﬁbbmbmﬁmCQB@lhi}ill 9161§pe€@da§ %ﬁhllfi\Sm%r“eheSxBQm bel ow

Exanpl e 12 Exanpl e Batch Volune Agitator Tip speed (nms) Seed (%

Seedchar ges icomsiuGod Fid S\iTs négh¢ Hryy wTudimbwerd Fowehd miinjto260t4 ALAmgle3
of the slurry was filtered on g 0.2 um filter and washed with acetone (less than about 0.1 g/l
solubilitv) lo facililate drving of the samiple. The sample was dried in a vacoum oven and
analvzed. The volume mean particle size was 3.19 uni with 95% of the particles less than 7.8
am. The profile was vimodal. The surface aren was 1.7 m*/g by nitrogen adsorption.
[00216] Crystallization fer Example 11
{00217} Mechanical sengr. The same equiprent setup for the crvstallizer was used as
for Example 10 above. The energy device consisted of a "Double Tee™ as depicted in Figure
3. The lines are made of 347 1D steel pipe with sharp nght angle tums, The streams impinge
at the outlet.
{00218} Baroh Crwvtallizagoa: A total of 22 kg of Compouand D was charged to 220
fters of deionized water and dissolved at 60°C. The dissolved solution n the 100 galion tank
was agitated, maintained at 60°C, and recvcled around the recyele loop at a flow rate of 20
kg/min. The batch was cooled 1o 51 to 532°C to create supersaturation for the seed charge.
The mean Hoear velocity (volumetnie Bow rale / cross sectional area) in the recycle line wag
L4 to 1.7 wv's for the majority of the fine, and the turnover time of the batch was 9 minutes.
In this example, the recvcle line contained a double tee as the energy device along with a
turbulent recvcle Ioop. The vessal was agitated with a at 4 m's tip speed.
{00219} The micro~seed slurry was charged to the recvele loop via a diaphragm pump
and 3/87 seed charge port at a constant rate over 4 mimutes, The charge was made directly
mito the recyele loop to facilitate digpersion of the seed slorry, The batch was cooled by the
seed charge 10 30 to 52°C, the batch was aged at this temperature for 30 munutes, and then

cooled to 1o 3°C over 10 hours via comtrolled Hnear cooldown. An optical nucrograph of
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18 240 L 4 10 9 Diem Device Acetone washed Sonicator (800 W 3 x slurry
Double Tee 3 x slum ny (urn) 11.6 20.61
WO 2007/106768 PCT/US2007/063785

the shurry was taken as shown w Figure 220 As demonsirated m Figure 22, the particles were
monodispersed with no small particles due to unconirolled nucleation present.

{02201 Post precessing of Example 11

[00221] Filtration and drying. Alter cooldown the batch was aged at 1 10 3°C
overnight, then [ltered in a precooted (1 to 3°C) agitated filter drier (Cogeim .25 m®) set
with a poly filter cloth (KAVONT™ brand 909 weave available from Shaffer, Inc ). The wet
cake was washed with three consecutive 65 Rg acetone slurry washes (consisting of the
solvent charge, agitation of the contents for several minutes, and then filtration}. These
washes were utilized to remove the residual mother liquors of a product concentration high
enough to lead (o agelomeration of the sohids during drving. The acetone washed solids were
dried i the same filter ander folf vacuum with 25°C Dwd on the filter jacket and packaged.
Micrographs mdicated that there was no agglomeration of the cake, and the dry cake mean
vohume particle size was 20.6 . 93% of the particles were less than 41 own by volume
using the Helos dry particle analyzer. The surface area was 0.40 m™/g by BET nitrogen
adsorption. These resulls are comparable o the fab seale expenments of Example 8B and C.
This 15 in contrast to the results of Example 8 A where insutficient particle disparsion was

utthized during the crvstatlization.

[00222] Example 12
j00223} Compound D = bisphosphonate
[00224] This example demonstrates flexibility 1n selection of operating conditions and

cholce of energy device for MMUC on a given product. 1 1s also the third exarople of
production scale operations. This exampie used the same mechanical setup and procedure as
Example 11, but was stressed by shortening the cooldown time from 10 brio 3 hrs, and by
increasing the twnover time from 9 munutes to 18 nunutes. These actions result m more
potential for nucleation and less frequent exposure o the recycle loop and energy device to
break any agglomerates formed in the crvstallizer into dispersed particles. The faster solids

deposition rate and slower recy cle rate through the energy device were offset by replacing the

double tee with a higher intensity energv device, a Telsonic radial probe 127 long and 27
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95% < (tan) Surface area 23.8 40.34 0.4019 No 0, 5686 Arm rjornerared
No
WO 2007/106768 PCT/US2007/063785

wide operated al an oulput of 800 W power in a | L flow through cell. The seed foad was
also increased 1o 189wi% to obtain a significantly smaller product than Example 11

HI0225] Seed generation: The procedure followed that of Example 11 for the product
and mill preparation. Here 3.48 kg of Compound D pure and 33 kg detonized water was
charge 1o the to 30 L vessel and recycled around DYNO®-Mill Type KDLA at 0.45-0.9
L/min flow rate for 16 hours. The resultant particle size of the product was a mean volume of
2.8 wm and 93% of the particles less than 6.4 um. The surface area was 2.0 m'/g.

{02261 Batch Crystallizatiorr The procedure matched that of Example 11 except that
the 22 kg of Compoond D dissolved in water in the 109 gallon tank was recveled around the
recycle loop at a flow rate near 15 kg/min throughout the batch. The batch was cooled o
approximately 33 ~34°C to create supersaturation for the sead charge.

{2271 The micro-seed slurry was charged to the recvele loop via g diaphragm pump
and 3/87 seed chavge port at a constant rate over 8 minutes. The charge was made directly
mio the recvele loop to facifitate dispersion of the seed sturry. The batch was cooled by the
seed charge to about 30-327C, the batch was aged at this temperature for 30 minutes, and then
cooled to approximately 1-3°C over 3 hours via controlled linear cooldown. An optical
micrograph of the shurry was taken as in Figure 23, Figure 23 demonstrates that the particles
were monodispersed with no small particles due to vncontroiled nucleation present. The
material was post processed by Oltration, washed and dried as in Example 11, The

crystatlization conditions and resulis are shown below:

Example 12 Example 11
Batch Volume 2604 240 L
Agitator Tip speed 4 4
{(my's)
Sead (%) 10 3
Seed charge tme & 4
{min.)
Cooldown Time 3 10
thr)
Turnover Tume I8 9
{min)
Engrey Device Sonicator (800 W) Pouble Tee
Acetone washed 3 x sharry 3 x slurry
my () 1.6 2061
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[ 00228The present application clains priority benefit of U S. Provisional
Pat enl Application Seriai No. 60/782,169 filed March 14, 2006, whion is

hereby i rwonpoviat®d by reference in its entirely. \What PC3/usk@i7oexfss 1. A
process for the production of crystalline particles of an organic active

conpound conpri si ng: generating mcro-seed of the organic active
conpound by wet mlling, wherein the mcro-seed has a nean particle size of
about 0.1 to about 20 gm and subj ecting the mcro-seed of the organic

active conpound tesg £fygtalTTzation fargocess to fogpngrystal line particles,
wherei n the resulitg . CrysStartiine pagtlGl €s have a;igan particle size |ess

than 100 pm sqrfe
Agglomerated No No
[00228] The present application claims priosity benefit of U.S. Provisional Patent

Application Serial No. 60/782,109 filed March 14, 2006, which is hereby incorporated by

reference i 118 entirety.



2. "llie process of claiml, wherein the nean particle sin of the resulting
crystalline particles is less than 60 pm 3. The process of claim1, wherein
the mean size of the micro-seed is approximately 0.5 to 20 pm 4. The

process of claiml, wherein the nean size of the mcro-seed is approxi mately

1 to 10 pan 5. The process of claim1, wherein a cavitation mll, a ball
mll, amedia mll, or sonication is utilized during the wet mlling
process. 6. The process of claim5, wherein, the nedia mlIl or ball nedia

utilizes Owphatlisxldmbd:i m beads. '7.' The process of claim®6, wherein a ceramc
mll and c ) e ' .iﬁﬁﬂ ; I_ram lLined ml] and ceramc
beadsﬁar e g?@fgﬁgfgg.ﬁég?oda#%l&%@cess pg‘?m% %::%‘8%? IE{\[.‘/1\%0(§er' Bras qu.%ci organi c active
conpound | SPERMEr maceuti cal 9. The process of Gtlin) 8 wherein, the

phar maceuti cal geserstrigomicaeseéd afttheldnganig betive canpahdby We nifling Whl@RShe S, _
anti - i nf | agERleLIha e EREPparft diddSk Mol 0, 5 abdR b0 pRl Al Ny i s, arrti-amhntuics,

antibiotics, ant |.cqa%l]1]I§ant S, gnhh? epressants, antli di abel jic agents,

t udi epi | ept i cs SUbAFTEPHTE MIGHPprRed Of the PrefRcASHYSHRTPoNId Aoy iy dallizafion Ireps®at i ni ¢
agents, anbifimnepiailline pirdtlenghertis theagtlingaptalidc partidlGERMve a mekBARRRUPPT €SSaNt s,
antithyroi gr.agembsiocaRhi viral agents, anxiolytics, sedatives, astringe.rns,
bet a- adrenergi c receptor bl ocking drugs, contrast nedia, corticosteroids,
coug?. supphegresess o claititd gwiesstin Seapanpasiciaiizghite tisdtihhagstabneggdiclesis

dopar ni nergcictﬁs, hat 3nost atics, immuriol ogical agents, lipid regulating
agents, miSEPE §03iy ant S, parasynpatom netics, parathyroid calcitonin,

pr ost-agl argli WP | : N qTe] G | I C agents,
sti mul ant ?gé @%%‘?%gﬁ??gﬁ%&gﬁ@ﬂ 6| dp fggéﬁgg?é%g%%moﬁéﬁ%e@'g?ﬁ xant hi nes,
10. A phangmceutical conposition conprising the crystalline particles

produced in the process of claim1l and a pharmaceutically acceptable
carriter, TworoeswiThindsricrivuteopm 9637 88 niaTiseed i wpwsinadly tiodOme wher ei n

the ?“}fs' aLILzI; prgc?e%:s! (ﬁ‘%la%(?? W e?'eir(f g > vEl:lit?o%Smiﬁgebalfl %li ,?tvr\tgegﬂ n%h,e J}Ssa;micaﬁon is

wtilized during the wet milling process,

6. “The process of claimn 5, wherein ths media rmill or ball media vtilizes 0.5 1o 4 mm beads,

7. “The process of claim: 6, wherein a ceramic mill and ceramic beads are utilized ora
chromivm-lined mill and ceramic bends are wlilized.

8. The process of claim §, whersin the organic active compound is a pharmaceutical,

9, The process of claim 8, wherein the phamuceutical is selecied from the group consisting of
analgesics, anti-intlammatory agenis, antihelmintics, ant-arrthymics, anti-asthmatics,
anfibiotics, anticongulants, antidepressants, antidiabetic agents, sniiepileptics, antihistarnines,
antifiypertensive agents, amtintuscatinic agents, antinyycobacterial agents, antineoplastic
agenls, immunosuppressants, antithyroid agents, antiviral agents, anxiolytics, sedatives,
astringentis, beta-adrenergic receptor blocking drugs, contrast media, corticosteroids, cough
suppressants, diagnostic agents, dingnostic imaging agenis, dopaminergics, haemostatics,
inmuriological agents, lipid regulating agents, muscle relasants, parasympathomimetics,
paratfiyroid caleitonin, prostaglanding, radio~-phanmaceuticals, sex hormones, anti-allergic
agents, stimulants, sy mpathomimetics, thyroid agents, vasodilators and anthines,

10, A pharmaceutical composition comprising the crystalfine particles produced in the process of

claim 1 and a pharmaceutically acceptable camier,
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(1) generating a slum of the, mcro-seed; (2) generating a solution of the
product to he crystallized; and (3) conbining the product of step (1) and

t he prodw02007/®t®p (2). 12. The procctss of claim1l, waenuseev7bsTss
crystallization process conprises using a batch, a sem continuous or a
conti nuous processing configuration. 13. The procas.s of claimU wherein a
recycle Mop is utilized during the crystallization process. 14. The process
of claiml 1, wherein the, solvent systemof the crystallization process
conprises primarily, an aqueous solvent stream primarily an organic

sol vEnt dihegarennt dam kedhesa e oty sgthzaam pt&essTdeeppso desisliofing blapsm 1 |
therein a supplenental energy device is utilized during the ctystallization
process. {LeFREapicedys gihemgihieeds  wherein the suppl enental energy device

is amxing tee a mxing ebow .a static njxer, a sonicator, or a rotor
st at or hé%@ﬁ_f“ﬁ‘ 5y ‘S_Oili‘f?.og ﬁ%&blp%)g@‘gi“ g‘f “E“It‘g]“f‘ﬁ‘ 18 wherein the suppl enent al
energy d%?}&ﬁ]bhﬁil&l"ﬂlé b;‘o\%&ﬁ&‘@%teﬁ{]?mﬁﬂﬂe aﬁﬂﬁo?éx%@%ﬂl l'ization process. |’ SThe
process of” clal m715.] erein the supplenmental” energy device is placed in a
recyrd e IoeprocdQ.of tiben pr.ogess B¢ cebailimibd procdebRpike henes yatiakkémgat i on
process further conprises adding the

contmnunus or & conlinuous processing conliguration,

13, The process of claim 12, wherein a recyele loop 1s otilized during the crystallization process.
14, The process of claim 11, wheramn the solvent svstem of the crvstallization process comprises

primarily an aqueous solvent stream, primanly an orgamic solvent stream or a nuxed solvent
stream.

15, The process of claim 11, wherein a supplemental energy device 13 utihized dunng the
crystatlization process.

16, The process of claim 15, wherein the supplemental energy device 1s 8 mixing fee, 8 mixing
etbow, a static mixer, a sonicator, or & rotor stator homogenizer,

17.  The process of claim 15, wherein the supplemental energy device is utilized at the end of the
crystailization process.

18 The process of claim 15, wherein the supplemental energy device s placed in a recyele loop.

19, The process of claim 11.wherein the crvstallization process further conprises adding the
micro~-seed, a balch solution, a reagent solution, or an antisolvent irdo a vecvele loop or a
region of high mixing intensity.

20 The process of claim 11, wheremn the ervstallization process further comprises adding one or

more supplenental additives.

21, The process of claim 11, wherein the sturry of the nucro-seed and the solution of the product
are rapidly micro-mixed when they are combined.
22, The process of claim 1. wherein the crvstathization process conprises the following steps:

{1} generating a shurty of the micro seed using media milling;
(2} dissolving a portion of the nucro-seed; and

(3) crvstallizing the orgamc active compound on the mucro-seed.



m cro-seed, a bat& solution, a reagent solution, or an annsol vent into a
recycle ioop or a region of high Mxing intensity. ,t)The process of claim
| , wher ewo 20émer06T6gst al ! ition process further conprisegcadsroig/o63T8s or nore
suppl emental additives. The process of claim1l1l, wherein he slurry of the
niicro-seid and the solution of the product are rapidly m cro-m xed when
they are conbi ned. The process of claimL wherein the crystallization
process conprises the followi ng steps; (1) generating a slurry of the mcro
seed using nmedia mlting; (2) dissolving a portion of the mcro-seed; and
(3) X ystikbpicbng! thes OndanitChactsiveg coppibunpartde bive,a ondsedloedemdihaThe
process of claim.T wherein the resulting cri stalline particle have a
oryst ai i i‘fEesPitdhie watosui tesperdsedo the formof the mcro-seed.





