;cdefe3exx\L6TS 't 1 0 JIN 2C3 | ~~~G-N~~~~ APPARATUS AND PROCESS FOR
PREPARI NG CRYSTALLI NE PARTI CLES This invention relates to a novgl amrzﬁbjjs
for preparing crystalline particles, particularly particles of egi :
particle size distribution, especiall w\“ﬁm\\gf 5 therapeutically
useful or carrier substances of a si zg\\\\m‘{\\ r inhalation therapy.
There is als rovi ded a process for prepat, the sa i al
processes fo Ogoragﬂbcti on of many product s,aéogogirgti cul ar |n§1, pLar nmaceut i cal
products, require the pr on of pure substances of a 10 defi ned
particle size dist '\ \‘&W\w\\e substances are frequently prepared by
precipitation from\\“ s of lesser purity. \Wen precipitation takes
place relatively slow y¢% over a matter of hours), crystals are grown
which are frequent | yof s MlxBOL AR ReGRFaaIlG Akhugl y |arge size. 15

In the field of inhalP&t'6h™therapy, therapeutic nol ecules are generally
desired of a particle size "suitable for inhalation", which is a term

general |y t-fkeMyvertidr Fiinas ¢ aMmover agharals Gordbrapatingr cridtdiepariicie)d 10 Vim
especial ly 1 r@&u?qrﬁﬁégrté@ée{) ﬁt;cﬁéﬁﬁgb ?E‘:l'h”élelsi%'agis inﬁdsF’ g%ﬁd&l@fgﬁﬂ%cﬁl es (such

as | act ose)Pq . Apeut i ¢ preparations’ ar : desired of a
si gni f iS%cant therapawiigally %ef&bpb(??ﬁﬁmsé'bﬁ?%ﬁ%ét ol a size; pitablehioy iBRlatieD penetrat e

i nto t he upherapychire Btalsoprovided a pocessfosprparthgdhesares t he acti ve

i ngredi ent and an aerodynam c dianeter of 100 to 150 umis generally

consi dered i t.ahl e. However, this is.a generaljsation and for sone purposes
it may well E‘HBStBQefEPF%ﬁefO fﬁrsepgd:ugﬂ'/%'r §Qr Ffagpe érPgléCtﬁ'orpﬁrﬁcé’laélgr rier, even
one cpnpar aphasmaeeutinalt pwtuethe raaNise AHe uRERaratipns Ob Uk substanaesi efeaof t he

i nhal emb ar egefing® Paftickasiz@distibufidre Paiei subatadces are frfquentiysprapared dya val uabl e

i nhal exb ar caefngd : uentyspre u
uch a8 11 Y eREsioR Yord Rl bR 49 K336 PRRR. Wi p%‘i”"?‘%“i‘v%?%’ﬁ"ﬂ v 30

haracteristics olution rate and b
Par ti ol es ofelAINEY HRWIY (B0, S¥e" £ MEAter SL OUte). GRS STOWL KD UPe
convent i onafréquepthepiza ran-wiformn shapeengrrelativalolaraefizeon. These processes,
depending on the precise conditions adopted, are capable of generating
Bopr op at ecie @*"“’Lﬁ?ﬂﬁ?m°?§“%’§a‘5’§ ERenq B HRERIcR IS Pl eI e
[arger size® PREPE stAedSUiEBpdOHRRRIStOR" rhiche 3 ﬂ%efﬂ_'ﬁ(%ég'i%‘ 478899104368 2
m croni sat i @m asfodyhamisndiemeter iehweemdi and @ wpoeepeciaiwel/@y S here are a
number of dparacliayt a0aR 3sEACi aCartleminiolectiel | (sigh asdadibsy) Gor Smbiedn processes
ncluding thtadblifc | BrBpbrmEths" e "Holddfy INirEA 0P ! bishificaiug ° i °
relatiyely small, t,h?,t t here Erepé g ener at ed a.f?l nificant rraction of
par ti Abs  AEPAYEG Aiameterisg hokingy dA0F RENeFla Tefp TR PRE" HRSPLAEN ous o. g.
i f it affectactiie thesamedraree g5 theractive,ingredientiaed an gerodynaiein diametsf nmay be
consi der abl ef (160 gto 50 quhis Cgerierally cdnsidecednaitublecr yiowdvet Uhishigr apr operty of
Gencr al 1y sEporalpfor fud [ somdhubssd gt el BE dRAGILEIS Bedfialet I 05,
may  be. undeRRIelp e R g RAVEr csheg iebeuimian O it ok 2hapeienous
regi omP to suhstadee. to a nore stable crystalline state. Furthernore
m croni sed or mlled products may be nore susceptible to noisture uptake

from the di Suiee, A8 e, Mok ABIRGHLAr Bl ara herGpaagTs 8 20 o ¢!
require conYaj\"?PieentPglad'a 3@“%&"9 néﬁ@u?%@n'ﬁi?f’ avﬁr%a‘f%gcgi E’ll‘?o?'o 89|i§§' expl osi on.
15 Rapi d pr poppitiessicrasflowgchampgtesistics; figsplionsate and bjogwailabifity. an
anti-sagvent) may give rise to crystalline particles which could be of
sui tabl e Si pariclRQWF\RE dbbited IS sESol nBREGH terlyYardl dohl&itiohallyo control
and has nOt olpiid B SRS SRR RN rede (H15.dRHR] TTABEHAS Bn austrY:
articul arl e i t on '
P precise conditions adopted, are capable of generating particle distributions
which include fractions having particles with the appropriate size. Milling is
35 suitable for preparing particles of the larger size indicated above and




20 products. The use of ultrasonic radiation to increase effectiveness of
crystallisation in purification of organlc subst ances is described in

Yur hevich, et al. (1972), Prinmen. U'trazvuka Met. Prot sessakh} OvdSN. 2603st .
Stali Splavov 67, 103-106. 25 W have now i nvénted a novel process and
apparatus for preparing particles which overcones or substantially

m tigates ongoeayssipre of the above nentioned di sadvant agaa:seB€3éshus
according to a first aspect of the invention there is provided a process
for preparing crystalline particles of substance which conprises mxing in
a continuous flow cell in the presencg of ultrasonic radiation a flow ng
solution of the substance in a |liquid“solvent with a flowng liquid

anti sol vent for said substance, and collecting the resultant crystalline

particles gﬁ&%@.bﬁtﬁh of3fe smallet sike thaickhePsBove WPIAHEVEE Hete Bfeld FAAGE04368 3 A

particul ar vant a I r.unni ng
cont i nuousl FQHY) rg%qe% a&%‘ﬁ%‘g{’&fﬁﬁﬁ“h Q 'C'Johllséionoﬁg §%88%H}°| g‘gl vent) even
if, for a f§ ttthedwasvorabﬁ\rmgsmq é?ﬁ"eﬁtpﬁﬁ’;?é Bige dBay pedelatvehusmal taatl y for a
rel atively thdrerhay bergendihted & bignificari draptiot elspartidesathae agefierahdryis” wet

procesg | A o%'sﬂéH f(wrﬁew%ag bsda&éténo%sha@amdﬁ a?f%%@%:@é@dﬂawlt?)haﬂé fngar ticul ate

matt er.

oces
concentr at |p69f5”(9¥ ?%ﬁsgicﬁe\'/"g%"% JB Qﬁctéoqsﬁ]te{a}pge 2? aﬁ%aéwgo? Ehﬁe flow cell
remai ns appmashinesy e Ayfugdbsiarenarty Hif mieroniped @’loé@ii"?)lst atithe suifases ahthe i s
repl aced bypaltitfesi gérepatedlaré wehtrany Sobsthntiany aidrpHous (Ré. Bave lmalr ocess to

be run Contdﬁﬁﬁﬁw . ﬁﬁybgq}%'e?itafbée \é)?w Were ! Ghiid at tPl?ﬁer{c ?rp{hgcess

accordin nventlon IS Ca elrn

econoﬂrpcal amparphqlisJagiens in %9’15!?“6 a [porestae Qﬁ’gﬁaY'i‘S S}ﬂ%or%‘f meea second |
aspect of trhieronised ot miledtpnedusts way be wate dusceptigie to eibisturé optajse taar i ng

crystalli n%nmdludeclbreauaé a\m@ruhiaamc@nd/vﬁmm ﬁl@BEHsb§%$so(él)ffeafrBHﬁ1E reservoir

of said s u%?s O&rﬁ?ﬁgsstﬁg tKS@a}enre%ttlLélg gh E;? mt%(r?sme an(dI Heéw?ehg 2]0 &teser voir of

l'iquid antiso ven aV|ngf|rst
and second Q"HI%erﬁ%ﬁaﬁgreéﬁ%la‘éﬁﬁd H‘G’t'lsépfﬁ explogion.| v) nmeans for delivering the

contends of the first and second reservoirs to the m xing chanber via the
first and W&eualtﬁtonqergt By rdﬂﬁ’tilﬁicéflé/%IMIONW|tH”'§|r€Bﬁl|‘1§|ﬁV€ntPﬁ|B$' gRel ed flow
rates (V) %3 eRsfl g FARED iAol 00 o 6L g.g | paNM' fisty of the

first inlet; col icles

ns. for i
suspended itfehniaue| jsq e "?H%Ycﬁ'%g ator FB’PH"('I‘%’ rﬁq%' gl cfﬂ‘émjoéf‘r’ %?B’qaﬁe out| et
port. Accoragcepianae ibdhé phh&mefqeumal indystos anitulagp éc relatioh toliehalaticent i on)

pref epabl y gréfucts. qui d anti-solvent is mscible with the |iquid solvent. 30
Preferably the apparatus further conprises neans to mx the liquids

del i vered t he n} via ,the first and second jnlets. The

preferred n$sq 8 HI" ?'?'? é"f‘ atmsp Ppreese ﬂ??""?ﬂ%ssrr?&Fwata%%m\@ Bhoul d be
non gri ndi myrificajon sofnerggnic radibsignessg fse deecribed rin efurbevicm afvalr KE@),stirrer
(parti cul ardrinen. Dotagukd Kt PratbedsaiRh) Mdsk. Inbt Stafi'Splavov 67, 103-106. )
25
We have now invented a novel process and apparatus for preparing particles
which overcomes or substantially mitigates one or more of the above mentioned
disadvantages.

30 Thus according to a first aspect of the invention there is provided a process for
preparing crystalline particles of substance which comprises mixing in a
continuous flow cell in the presence of ultrasonic radiation a flowing solution of
the substance in a liquid solvent with a flowing liquid antisolvent for said
substance, and coliecting the resultant crystalline particles generated.

35



" 7 1 0 JUN 2CC3 WD 001 38811 PCT/ GB99/ 04368 4 Desirably, stirrin speed
will be set at a level that gives efficient nmixing in the nixin@%bﬂdhbaﬁﬂ3
but w thout inducing vortex effects. Vortex effects are undesirable since
they have a tendency to disrupt the cavitation caused by the 5 source of
ultrasonic radiation. Furthernore they may cause particle size reduction
through liquid m cronisation-|like processes. Desirably for
delivering Y ents of the first and second reservgkgngﬁigﬁe m Xi ng
chanber via the first and second inlet ports respectively at 10 i ndependent
controlled flow rate conprises one or nore punps. Preferably a pump wll be
provided for each of the first and setond reservoirs. A range of punps are
avai l abl e and nay be suitable for the apparatus according to the invention.

The punp , for ex I b eri |t u ich are

essenti al Wﬁ@%ﬂﬁ’sg‘ﬁ%@ﬁg frg?%réﬂgéésglsas %\ég @g'ﬁt gérlf{gg’?eo%tﬁ"gn'f’?r st and
second r eseptiyoyshisubirst traadeqeate gUPRlY pheclvHoriand aptrapivent) eendf, fainge of 1 ow
rates whi cha partituldraappdation,dimayibe dediiedits e inerdypfodianglaticelyt sterrtimesr e of t he
substance, Augtfsﬁ.eé_\fﬁ&paoﬁk&efsaﬂ ea Qg W CoroBessDP WBhinEdifly freggdency of f he

source _of ultrasonic, |a$|on. ) ﬁtsmﬁlblﬂty of t tance in 20 the
sol ven® relNgZRs asgpoiated Wik Arvparisuipte mattel. harticularly i nportant variabl e.
The lower this ratio is, the lower may be the flow rate of anti-solvent
relative ton tdature WPHedn6syss ¥ tHanih aSaibatlyi ate Hewahdantratien bf divdohvalie of the

i - sol ' . L on) i cal |
bei ng 2 2 1uoBlante [ Bkl Gardlor b1 ok ?f%“‘?‘ﬁistﬁi’b&”ﬁ R SRAERS L e%or”
0.5-100 i /§HGe BeuETIfADD GuBstaRse s TrpReRcDY RiegRliew of diithes selition
ant i - 96! verthishallowsdhe prodessdy beaun eantintously andyrepratitdile particl es of snaller

mean size. Preferably the outlet port of the apparatus is disposed above
the inlet Cs i i _ he. 11 quid i av
charmber 11 008 "BybitbH 38 B 3ol SRplaRE g lenllF B8 L Behds, o, o' ™
exiting. THies gﬂ?'ﬁ'ﬁg”é‘ﬁé‘i?"%ﬁ‘%'ﬁﬁ'@é’@“ﬁ%ﬂ'ﬂ@ ghiP 1219580 r eady bal ance of the

rates of inflow and outflow Preferably the m xing chamber is substantially
circuligr i NRBRding0 Atdohd'8spelt Stith@iidertRA @de ISPreliddPan Sppir@uslfcrposed

base of ¢ neIRAPAENEITRERBNcRe T cifiate Mith RBEF "7 01 %00 0 ° 1
001 38811 PCAdEggessRiizofsald sppstancexissolved in a liquid solvent,

(i) a second reservoir of liquid antisolvent for said substance;

(iii) a mixing chamber having first and second inlet ports and an outlet port;

20 (iv) means for delivering the contents of the first and second reservoirs to the
mixing chamber via the first and second inlet ports respectively at independent
controlled flow rate;

(v) a source of ultrasonic radiation located in the vicinity of the first inlet;

and :

25 (vi) means for collecting crystalline particles suspended in the liquid discharged
from the mixing chamber at the outlet port.

According to both the first and second aspects of the invention, preferably the
liquid anti-solvent is miscibie with the liquid solvent.
30
Preferably the apparatus further comprises means to mix the liquids delivered to
the mixing chamber via the first and second inlets. The preferred means is a
stirrer. Most preferably the mixing means should be non grinding e.g. a non-
grinding magnetic stirrer or an overhead stirrer (particularly a non-grinding
35 magnetic stirrer).



conceived to orientate the two inlet ports in an off-set manner in order to
give sone circular notion to the inflowi ng |iquids, although thf§ % N”H$3
generally preferred. The position of the outlet port relative tot

ports is believed to have an influence on the size of the crystalline
particles generated. Wthout being limted by theory) it is believed that
the greater woewdsigt ance between the inlet ports and oupdmtsoponss, the
greater the average residence tine of the particles in the flow cell) the
| onger the crystalline particles have to mature and hence the |arger the
mean particle size. However it will be appreciated that nean particle size
is subject to a nunber of other i nfl uBnces. Preferably the exit port is

| ocat ed approximately half way up the side of the m xing chanber. In one
particul ar enbodi nent of the invention, the apparatus according to the

invention i vi ded wi di fferent
hei ght's reléﬁ)’@g'yt 8t'rf'P|% ﬁ%“awq ?ét ra@?‘%léﬁé@)‘fe%dé ft‘:ﬁ%r}tﬁﬁ ' a?tl cles size
may then bemixingppeamber; Gyt tVﬂ@OH‘i f"'ldéF'EShtVO(Bt&t‘l effectsor t JortencefEcls ke chanber
may be manujriiesivaigel sincethey Waaro getendence o distupbtisd cavithiton clusediowtiver t hese

WLl prge fergcheé RF s ﬁfce%dr':@oﬁs Fenﬁlﬁmﬁﬁi; i mrégymse pdifcie gl ance. - the

sol vent or nti-s n be of any suitable
si ze) whet h& ?}P"éhfé’f% F‘%?’ESE\%P "'b%?l’é’ﬁe%s@ﬁl e preparation) 25 industrial

pil ot scale preparation or industrial manufacturing scale. Substance
t hr oughput SDé’éuebq the! iebhefor ablivieleg m%h@neeoftﬁéwﬁsmﬂ@eaéﬁmEMowd the flow

L ougput ool Al EnBHbG IECINE! el phf | 4oEhi IECOIRY FeGNENTL

Concertd at 'aﬁqp%\dﬁv'gmro"qﬂ fRw Fale copwrises one owmwm%4ﬁmﬁ¢ra ¥ Bkg124h. '
Fi uti casonepymp piilobea peavided foreaahatfitbe firsh a6d geodnd fEsemoirsat A radge bfri n.

Qut |ouFTb 12:3%&59 are %b@é*’hndﬁ@b%besﬁﬂbblé'f&aﬂﬁaé;%a?di&is Eézd&a.ﬁ@w% OFH 0|0|t onate
i n conbi nat]on u

gagi . 2. Ragssh e pfibsRe e Xipbl P et Bl SHTEE AR, af 1§ pt an

hydr ochl o | ‘L‘fé essHiabnpenPYIHRI ate RIS . Flow rate 30n I nin. Qutput:

459/ hrs 1. 1 kg/ 24h. 2, 6-Di am no-3-(2, 3,5-trichl orophenyl) pyrazi ne:

Concent r at i i c&wt@rﬁg/ofﬁthe firs 03N d’ SHcBnd AEeNSIrd mdydPtdliverkd 3o G hii mnjé| 33kg124h.
D part o] eSormipae e throd of i L b WIFDELEESed BATbiRTLdE Alfuiranber a

the outlet por

convent i onalP tha r”??“é? ef theubetanee, ttB% ﬁ?h’?ﬂ}eg"eea"tﬁ‘ solyentand the, power and
cent ri f ugat fremquendihef the ebwre etiulirasanic radiatior. iThe satubility oftfensubstanee ile r ange of

sui t aldee fithb&yoied! eléwe\t@tﬁeoarmomﬂs.slé)psh.bblb@,d.m;sbnbhev@rabre Exgapl es  of
filters include h%ﬁ {L§Sr§ hé1 do%er%a§ e aFQfoW e o{/@RhsonJeh{ e“r‘e{tig (:?e]tr?e paper and

nltrocellulose

particul arl V%W&WF'&'&%’B[?@"’F'P'Ptll’%{af'bﬁ‘eaﬂ%f?é%ﬁ’faw IcRgiveRswillxced 5 gl ass
fibre m crothat bethessaibnt shiation eheveacess igpivdilyt beimg pabere.d.idpt tr $0:(e. g.

¥%at {ran ?51 Tydiday Fbw rHiEs RN be ¢r{ heStahBe A 0.5900irhilfih dpktialle 0BP5Y gp:I at e)f
or e I utron o
E:?ases al{i)I Ir?nﬂ‘- Clﬁlpﬁé)ljfloﬁgfage% ofa tl-S?lV@fﬂ%%kl? ﬁc?en go Ie¥ I ﬂ rgs!]tﬁg

parti whi ch° We fines to
pass thr Ougmpr{lﬂ%sq:fqn@aélprmpﬁn 6'F%ier to reduce the II’ICI dence of undesirable
"bridging" between particles during harvesting we have found that it is

]pr ﬂ er abl E Prefdrhbig %@B&tle@%ﬁnr&%éjh'@dar&@s s oved tbbowﬂ{e?ﬁ%h b}m@?ﬁ hing the
ilter cake n v
ant i - sol ven!™ A Soerner SACAL B 2 i dn 6 AR Enartl R
proces¥® lower to a higher point in the chamber before exiting. This arrangement

optimises mixing and allows ready balance of the rates of inflow and outflow.

Preferably the mixing chamber is substantially circular in section and the first
and second inlet ports are disposed diametrically opposite each other and at the
35 same height relative to the base of the mixing chamber. Nevertheless, it may be



The filter may be provided with a drying facility such as by vacuum and/ or
heat. 25 In order to facilitate drying especially when the ant1i \SI@N%M i's
relatively non volatile (such as is water) we find that it is aqj ageous
to displace the antisolvent with a nore volatile anti-solvent. D splacenent
may be achi eved by |l ayering the second anti-solvent on top of the filter
cake. For many substances, and particularly for sal nmetergl xi oate and
fluticasone YP8¥Yhat e, when the 30 first anti-solvent eﬁcgl‘iﬁ%’({e}?&m have
found that displacenent of the water with diisopropylether (IPE) is
particularly satisfactory since approximately 80% of the diisopropyl ether
may be renoved by vacuum and remai ni ng 20% by heat at 40 C. Alternatively
the particles of crystalline substance nay be collected on a fluidised
filter bed and drying achieved with a warminert gas such ,as nitrogen 35
gas. Alter n‘éﬂﬂ"ﬁé’?% to Rrientate dhe Myuiat PoftRdn @Pigft'sflt F"?@ﬁ?’i BrPreR’ tP1gves ubst ance
out of L dorfe JisbL&GEGLMND tO Ahe SFbHviraClid i Hhdae8 this dsoihat gemerally

essenti al | yp,@?:_myd_ete, the outflow fromthe m xing chanber may be fed to a
spray-drying tacility such that the solvent/antisolvent m xture is
vaporised and the particles collected dry. 5 Cenerally, before use it may
be desi& abl Ehe gositian ef thaoutlet patt jsladive de theointet pors jsohriaved ©oiAveeansi eve to
renove sof t indggicedattRs sivé bhiad erystaiime tpaniglesigeaertdu dithant inding hirsitgdr | mar y

articles. - : ! ;
Sui t abl e f?%**Leéﬁri.“”%b%%%?ﬁb%a%@“%%%%ﬁﬁ oBRVEER 1 RBEIR A Y, e,
especial ly 9‘2‘%“?9%@\?&9’3?@%&\9&1’8(3@? ERYANTS R Ogr"lf oS, N @et%“be avoi ded
si nce they eall thealbhgesitvehmistalline ngrticlas ipys to matutehanchhanae thealergerthe a gi ven
geonet1y of mehyipagickharder Howaiet &iwill e efppPstiites thaByndan pRFtRREsiES is

cancel | ati 0g.j: [ pgigepon rnay be avoi ded by nodest tuning of
t he probe fg%bdﬁgﬁéﬁuﬂ?‘ﬁ%ggﬁgﬁﬂpom?' in 15 the range 5-5000W nmay be

suitabl e (although we are not aware of any theoretical upper limt); in
gener al snaPteferaplgrthe exidé podrie ledated apisbximatahnpalhwgharr fheveide offllke source of
ultrasoni ¢ mdghgéHapiben | | be located sufficiently close to the first 20

i nl et rt such that it efficiently aids induction of precipitation of
particl'es of substance by causi nq cavitation in the mxing |iquids.
Preferably menepgrtipdan embodiment P1ithe invepinne the, aPRaratus aF‘Fﬂ"gf‘g e The

sour ce pr ef iavertion i$ peividdd withra nurobexsd wationat obitlet pointspad rdiffepent ineigbtst han one
probe) . Howgsfive Woathe dhlet Pt ePiiRticrisesf aMrind partiales Ceie P! wbe e g.

wherein ultg ] I : ansmt ultrasonic radiation through
taEEd ﬁoc éﬁz{@ﬁ%&%ﬁ{ @Séﬁp&{s.

pi pes._ ln one 'suc a arrangement the contents of the first and
second®® eser voi r are delivered to a Yshaped junction through inlet arns and
one or nor eThe tmixinguehdmbes rmealu der manviactyiada fned at @nge ofocanyerfional t he exit

arm The somatsiaRfhowelerthoss willlpaeteablydtie sEyctéEse s kobe dnieBetivepliti ective

j acket (e-gthe%sﬁﬁgé tha sﬁbéﬁ%}irfi%tﬁéwéﬁ? %j%ﬂn Qha{rﬁ\%r?ﬁéy% bf ansm ssion
fluid)(e.g. sill r?e or olive oil). As a Tyrther aspect of the invention we
provi de a p?%éé'ggq%rs' y SEthE Pfc y‘es"fedlslult#ge ar eperscaly Peerai®Pance usi ng
an appfr at uindustiarpiliohgcaleopreparation enhindustriaihanufaturingi scele.  SubgladdsN 2CC3 wo
aor ~asi ~ BthulghpHe 94843 Gfhclion of el yebistam@e! the eomabmrtion aindtthe flow st and
second resefNQl I'§oh&Qet P)‘? ctﬁeg Nrg&eg RERBGFatish Het Hibe bihigledtRRugfsing gr 1 N et

orts respecti vel at I'n ndent
P P certa\fn SLYbstances as %ﬁows:

30 Salmeterol xinafoate: Concentration, 0.17g/ml. Flow rate 20ml/min. Output:
204g/hr, 4.9kg/24h.,
Fluticasone propionate: Concentration, 0.07g/ml. Flow rate 30ml/min. Output:
126g/hr, 3.0kg/24h.
Salmeterol xinafoate and fiuticasone propionate in combination: Concentration,
35 0.07g/ml. Flow rate 20mi/min. Output: 84g/hr, 2.0kg/24h.



controlled flowrate; (ii) supplying ultrasonic radiation to the vicinity
of the first inlet; 5 and (iii) collecting the crystalline particles
suspended in the liquid discharged fromthe m xi ng chanber at the LIN 12603
port. The process is particularly suitable for preparing particles of
substances which 10 are pharmaceutical or carrier substances suitable for
i nhal ati on tg@hiaes s Exanpl es of pharnmaceuti cal subst ano&scagdasadsl e for

i nhal ati on therapy include anal gesics, e.g., codeine, dihydronorphine,
ergotam ne, fentanyl or norphine; anginal preparations, e.g., diltiazem
antiallergics, e.g., cronoglycate, ketotifen 15 or nedocroml;
antiinfectives e.g., cephal osporins, %eni cillins, streptonycin,

sul phonam des, tetracyclines and pentani dine; antihistam nes) e.g.,

met hapyri | ﬁﬁ‘t‘%gip?am thydrSEhloREBEE SHekRatioR; 6025418 FRITERRAGHNANin{ bitbl£asone,
flunisoli dg pu opl de, rofl eponide, nonetasone (e.g. as the furoate) or
trianci nol Wé e 9241k "t he acet oni de); antitussives, e. gl , hoscapi ne; 20
br onchodi | &Piamino-g-(2,34Hrchlerpphenyfpyrazinesr Soncenyation.i A7 okelr eriawi ne,

f enot er ol , réter3snil/mimlOututol38a/lirh®.38kgizdtat €) ) i soprenal i ne, netaproterenol,
phenyl gphrine, phenyl propanol am ne, pirbuterol, reproterol, rimterol,

terbutaline, |soetharinpe,, tulqbuterol or .
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or and?sol fEshntiialvert irayaterewp diave Jownd; thajdisplacempntnel therwaten witht he use of
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equi prent . diisdpRbpyRRRNG TRy I%‘ré?rfové%% IvaB@inh bRd Fshdiing DBoPEORER St agoor ding to
t he invent b@n, i IS ing]Er ef end eolf & hqt“ﬁehe bdi ffer ence beI} wean t he
di ssol ution prc% rln?l\@ rﬁ[;t.écesso Vé¥ﬁal supstance may be coilected on a

fluidised filter bed and drying achieved with a warm inert gas such as nitrogen

35 gas. Alternatively in a system where the crystallisation of the substance out of



and anti-solvent be as great as possible. For reasons of industrial
effici'ency (particularly in order to reduce the throughput vol E(rﬁ ﬂfz
liquid) it is preferred to use concentrations of substance in Q t Wich
are as high as possible. Neverthel ess the solutions nust be stable and not
prone to crystallisation before 30 discharge into the continuous flow cell.
Wth this end in mnd, it nay be preferred to use the §8+/HP4953 é)f t he

subst ance i V¢Has 8% lvent at el evat ed t enper at ur e. e pr ef er abl e
to cool the anti-solvent. In order to prevent prerrature precipitation of

t he di ssolved substance in the 35 lines it will generally be desired to
prime the apparatus by first punping 7t with 1 0 J~JN 2C03 WO 00l 38811
PCTI GB99104368 10 solvent. It may be preferred to prine the apparatus by
punping it with heated sol vent artl rI when the di ssol ved substance
PPl ose t Satandsssanialy pompisie, T artiow fiam heabibacBember ot b fesone

pr opi onat e toea ppref-dryingfaciityl sushtthatathe solyenléantioreerd mixtuteeis avaporised| vent t o be
wat er. \WienyddRe pHRicled@6ifocted ditl met erol xi nafoate we prefer the solvent to
be net hanol or acetone (nore preferably nethanol) and the anti-solvent to
be water or IMS (nore preferably water). When the substance is sal butanol
sul phatde, wi@epgraliyebefase ussg| iy &y be 49&"%%& 40 sieyedhe dried RfREYCt sHftent to be

| M5. 1 Whenthtdughsalouesecsievs heakmoed Isaft oaggreljateso pitbowtt effestingrsideer t he
solvent to Q@uétwﬁo?%ﬁr nPpiticie®! vent to be water. Wen the substance is

| actose we prefer the solvent to be water and the antisolvent to be

et hanol . 15 When the substance is budesonide, we prefer the solvent to be
M5 and t heUlyasounddrepuanciesahinve asusd 20z are grneeally suitaties fieguensiasot er ol

fumar atoe orint thebriingk i ZB25KHZDBRE paneulpiefsaitatiid) cespriclamnt22kiaz. beLewérhanol  or

acetone a”dfr% Eé\g a?i% ﬁ:at«re Qr%ll Féa%rdéd'\@bcevm%nk %I?Nﬁﬁﬁ%ﬂce IS

2, 6-di am no- eny yrazine er t sol vent to

or

be met hanol 38 ible atr?t'he n‘f to 8 AV} 9o P 'é"xglgb‘éq & s

2( S) - ( 2- bencastain fiequeptiasinmay) bes plane[to caacaligtiony IGengraiv yhis phanahenbny| ) - et hoxy]
- pth_enyl I} - pr majt/ BBia0oiaéd By WidBstalsing bithe probeciqubRcyb QUIBESRIUAE PodeHlint he

anti - ve e e r

hydr oc Iorlnée {an g %@Wh@ay q\éhgm atb[é?(%mg érgg\}fe ab et a@JaFé %Efﬁéehy

anti - sol ven e?’& uppsr limi; 'Haﬂ?@e%ﬁ'ﬂal etrrPQFC{eﬁear ET'HH‘ c‘(‘,s(ﬂ%h'ﬁberto t he

i nvention iRBOWRY tabl e for producing popul ati ons of m xtures when the
substance is a m xture of substances. Wen the substance is a mxture the

method has pg Lhitd B uABsBY AR ﬁibeqec#d sameaRRPlslo PRofiC! ng

m xt ur,es of St enel,t t the need
Tor  ardp i cnlsh Pt ciueh Hiaghl pPicizate i, HFNSoN o PR o jpriess, St ang

ant i - sol ventubgfance hy\¢ausieg pavitatigsy l@p‘h? ;ieng Hquidg. | P@Jﬁfﬂéivléhﬂ sousee ishe ni xt ure.
Di fferenti abcated ybst! aibdves tHen fitshenlee poits tTak | souecaTiprdferablyt blddéo anesul t i n

the output proROLY ﬁJF bty fafli dehroBd. T FeWeddtSuraplardunti 1 0 JUN
2C03 V0 00l 3eaog'nle les(%?rnzi:éaaglio e contemplated e.g. wherein ultrasound transducers

25 transmit ultrasonic radiation through pipes. In one such contemplated
arrangement the contents of the first and second reservoir are delivered to a Y-
shaped junction through inlet arms and one or more ultrasound transducers are
attached to the outside of the exit arm. The source of ultrasonic radiation may
be enclosed in a protective jacket (e.g. one made of glass) containing a sono-

30 radiation transmission fluid (e.g. silicone or olive oil).

As a further aspect of the invention we provide a process for preparing
crystalline particles of a substance using an apparatus according to the
invention which comprises



11 initial proportions in solution in the solvent and so appropriate

adj ustnent of the input proportions to achieve the desired out put
proportions may be necessary. The nethod according to the inventi‘og MN 2603
particularly suitable for producing 5 m xtures of crystalline particles of
sal net er ol and fluticasone or salts and esters thereof e.g. sal neterol

xi naf oat e agg, M,Pi casone propionate. The preferred solp¢godndszs@cet one. The
preferred antl -solvent is water. Recrystallisation from acetone using water
as anti-solvent tends to cause an increase in the ratio of sal neterol

xi nafoate to fluticasone propionate relative to their proportion in ~ 10
solution in acetone. The nethod is al go expected to be suitable for

produci ng mi xtures of crystalline particles of fornoterol and budesonide or
salts and esters thereof e.g. fornoterol fumarate and budesonide. As a
further aspéctelyeringdhe soeignisoef the fireloandiseeonsofrseerirpto dhe gaikingcl es 15

obt ai nabl e ghansbepragehe e andi segond inlbte pbry e8dpedtively st Rdepepdsitl i ¢ aspect
of the inveggr@%gedﬁéw{, Her eI aborated in Exanple S, we provide a crystalline
particles o ég 3, 5-trichl or hen I&g%}érwi ne having a crystal
habit in th@) P‘dﬂﬁ'ﬁ"&ﬂ’”'ﬁ%‘?&l"é iationdp the icjiye B}ﬁﬁ.ﬁ lefeess 20 according to the

i nventisoon. &aticles of pharmaceutical or carrier substances may be
obt ai ned whiiiytcoBédting thé e%@nﬁwerpau@réslsﬂs@e:ﬂa@rmafeewurdcarkcrraegaaor%ml on for

i nhal ati on }her.a er conposition (whether containing pure
drug, or dr Swgéghaﬁﬁ?{aiﬁ\%o%gﬁl er such as lactose) or a pressurised
liquid formulation (e.g. a fornulation conprising a hydrofl uoroal kane
propel | ant ¥hehpracessfis\darticulaty suftai@ Tor prépraging paitisles! of substathcéowhighat i ons

sui tabje foérerﬂﬂaﬁ'ﬁé'&uﬁéh?@r éd?F@r'sﬁBs?tarY&els lspitddle B iﬁhé\é‘ﬁbd tRerGpy)i Sters, typical

al um nium cani'sters (which be plastics Iined) 30 which are provided
wth a netering val ve of ap roprlate metering volunme. We al so provide a
phar naceut i E¥@Mplespaiarmageulieatpubsianegs suitgblederinhialatiopthesapntingudss pr epar ed
accor di ng t andigesidsne.gnt dodeine, diflydeorddsphiad @egdtiniae/ fet8iyt oPribighBRY/ OA368 12

The advant a v, SSal t hat the
o1 oces mys.gg;jég@paraﬁ é%&rﬁm%nﬁ%mahe@&% é ,Bfo cét@q(eftﬁ?%enems for

cré contl Fﬂ@ pus mant m

bat ch bt oceS's? C'Wa?"tmf% 'éfg%e e °§ng"§de" Srﬁ"?Pé?'a!fq e ease and that
t he appar at sigphandmidescisiracysliresand pghlemiting) potihistamigepag.i cl e si ze

d: Ist ributi gﬁﬁthébyfﬁeh@bﬁtr-mﬂeﬂhmafﬂriéﬁrﬁI%ddﬂ%%@soﬂ'élﬂutlédw@élti onlvvi Il be o
illustrate 0 [ i's provide
with first ﬂr.h?f J"Sé EHU%Q '&BB@%Wd&t é‘owt%h&g’s ra\é/élfl?fugd%?é(}t&t ai ni ng substance
di ssol ved i |agmr\9 %rﬂda% 88ﬁ‘°d°"'91‘? e?m%F'P’e?lec%rﬂ?éE"l’%'E? 'to 10 second

reser véfl r 5bropahadilatiorsy e gn albuteseh/eaimetem) ippbedingnaprgnalio. feraterol, qui d from
reservoirs fracerd (¢.9. a8 thé funatita)yizeprehalive, metaprotérondl grheh@ephrindn ul t r asound

probe 8 is pRaaipshdnBiahiit, lsrrsutévor vepmteroanﬁmuaﬁ&eramnr@ .sb&hsﬁn ort 2. Wen
punps 6 and '5 are

e in rese n
del i ver ed tB'T% ol gr c‘ﬁ"ﬁ‘ﬁ@ %rha?ifﬁh'%r"é"i[lsi‘&e'gip rldﬁ‘y[)ﬂg fﬁe’gﬁ meYhet i c )
stirrer 9. berpenemeibapeli diuretics) 8.0t leanilprde; petichslinefaics. Bt drrakeoikas gener at ed
flows 28t ofe.d.lue the Biokfds), hmtfemumyatmpme dr ombpuuﬂaowﬁfbhes ey are coll ected

by neans of cérhé&n%rh drt!i%o Qﬁr ﬁsy @9@ jes 1 and 2, the
di anet er was, F’P? EZ‘u \A% F ?"%{ltn e 'gegﬁw € outl et above
the base waS"9HNgtheoRRY! Hising dhepphviinate erheophyli RREUEIRRrIRIS was 1.5
cm Brief destpepidesre. g)fmwile o gligRgegsandsalisrasters amksotyates ef@paoht us

accor di ng t thetdb@ve.NOeHeF egampfegincladed-hiRiroky-T{ 2 B[ F-2-phedilettong)i on for Run 9
of Exagpl € propyijsuifonyliethyl] aminojethyl-2(3H)-benzothiazolone and butixicort and

salts, esters and solvates thereof.

)Iy

Examples of other pharmaceutical substances for which the process according
to the invention is useful include compounds to be administered orally such as
35 2(S)-(2-benzoyl-phenylamino)-3-{4-[2-(5-methyl-2-phenyl-oxazol-4-yl)-ethoxy]-



25 Figures 3-6: Effect graphs as described in Exanple 1 Figure 7: Particles
size distribution for Run 2 of Exanple 2 Figure 8: Particle SiZf N 2003
di stribution for a standard m croni sed batch of sal meterol xina gar"é
Figures 9-10: Effect graphs as described in Exanple 2 30 Figure 11:
Particle size distributions for sal neterol xinafoate (mcronised batch and

Exanple 3 igure 12: Particle size distributio ti casone
pr opi onate%%of%ﬂfsed bat ch and Exanple 4 Run 1) 1 ?J{ﬁg%%g WO

00/ 38811 13 PCT/ GB99/ 04368 Figure 13: Particle size distributions for

6- di am no-3-(2, 3, 5trichl orophenyl)pyrazine (batch recrystallised from

tol uene and Exanple 8 Runs 2 and 3) Figure 14: Particle size distributions
for naratriptan hydrochloride (mcron9sed 5 batch and Exanple 9 Run 2)
Abbr evi ati ons: | PA sopropyl al cohol DVAcdi net hyl acet am deQ10 | Msi ndustri al

met hyl at ed oL I . .

Spiri tsDIVFdPH‘E‘?WWWB'PW&ﬁf'ae?'éféla%'gﬁ'%'&l?'éitrﬁ@}mw)ﬂ!?ﬁvpﬁﬂf’Bhoxi deHFA134al,
1, 1, 2- t et r ahR@inten (e=th @3 Hygupaiioride). 1Pharmaceutical sHksiances as desaibed opane

Exanpl es A epoid intiats asyntetiiemoletales whith mal ekisPasthigtipisidf epliday opposite

inlets at t%”@%%\a‘##ﬁ&%&gf’gﬁ%&@ed Qiﬁblfi' e\é@ﬁﬁfog,trérst he side of the vessel

essentially as s was~ us all experinents. The
di mensi®ns of the vessel were: Dianeter = 4.4cm hei ght 12cm The outl et
and inl ets Whammageuticaheisgbstarndes 6. Ec rpartitivler e imereskst incliderg fluticasbhe,

e?per i ment s be&éﬁa@ﬂfas&ﬂ@?%éllﬁeféﬂélpédllﬂﬁamcﬁ?éﬁﬁﬁbsf'éﬂ%él_{ioﬂ sillaterihefbofhe preci sely,
stirring wa r . € . ; X ng
treams. - Subip el SR AR el kibGRb ol heSaldBup SFRE MO 1
1 the ul traPYiiRe preobe ﬁ%ﬂt‘ﬁ'ﬁﬁﬁsgom@m'ﬁ%@%mﬂ?@ﬂ'@t‘? e atsanPfeRarielay t he power
used i m0eaclnterepieri nent as a percentage of 50W For Exanple 2 the

ul trasound piaRBledRKEAFHER fRBYBRcadAfeRiddMased t he tabl es show the power used
in each experinment as a percentage of 600W For the remaining Exanples, the

30 ul trasound probe maxi num power was 100Wand the power used was 100W
except wher dhg spbepiesnchatispiventdiquide willia saleqted $eas tq byAPArODIate forndi cat ed.
35 1 0 JUkhe? GUBsteize)0| BRBdrablg 4 tHegTAEBI&HdDY I6Bcible in the proportions
15 employed. Suitable combinations of solvent/antisolvent include acetone/water,
ethanol/lPA, methanol/IPA, methanol/water, DMF/water, DMAc/water,

DMSO/water and reciprocal pairs. Methanol/IPE is also a suitable pairing.

1,1,1,2-tetrafluorcethane (HFA134a) and 1,1,1,2,3,3,3-heptafluoro-n-propane

20 (HFA227) are also potential solvents or antisolvents which may be paired e.g.
with ethanol. However the use of these gases in liquefied form would require
the use of cold or pressurised equipment.

For generation of small particles by the process according to the invention, it is

25 preferred that the difference between the dissolution properties of the solvent
and anti-solvent be as great as possible. For reasons of industrial efficiency
(particularly in order to reduce the throughput volumes of liquid) it is preferred to
use concentrations of substance in solvent which are as high as possible.
Nevertheless the solutions must be stable and not prone to crystallisation before

30 discharge into the continuous flow cell. With this end in mind, it may be
preferred to use the solution of the substance in the solvent at elevated
temperature. It may also be preferable to cool the anti-solvent.

In order to prevent premature precipitation of the dissolved substance in the
35 lines it will generally be desired to prime the apparatus by first pumping it with



Exanple 1 Distributions of particles of crystalline fluticasone propionate
Experi'mental procedure 5 The drug substance (fluticasone propi ogﬁt mNF@@
(Sg) is dissolved in acetone (15vol, 0.133M at el evated tenperatu ( 56
C) and then allowed to cool to anbient tenperature (20 C). A solution of FP
is then punped using a peristaltic punp into one of the bottominlets of

t he reacti oRygedssy Vater was simlarly punped via the opdradnobiusest from a
wat er reservoir using a second punp. 10 Re-crystallisations are carried out
fromvarious m xtures of acetone and water (by altering the flow rates of
each) as dictated by the parameters sgt out in the experinental design.
Efficient mxing of the two streans iW ensured with the aid of a

non-gri ndi ng nmagnetic stirrer bar. 15 Before carrying out any particul ar

? { Kst al L | sabiveRt), thlhﬁ;ag ®klpréferréd & privaé &@bpyaltdm@wrbmﬁmﬁge it Qﬁthfh%ﬁie@l][w/ wat ﬁr
e ratio 0 hel ; o1 ad romthe
two reservet Ivgﬁégg?g@%%%}ﬁhg%gﬁ@g? ép'git%@gq%@ﬁ%e‘ﬁﬁt?‘é? {aglﬁé’q‘éﬁét he water to

acetone remai ns constant throughout the crystallisation. The tip 20 of the
sono- pr obe Weeraitheasgbstasee ishflliticasornies pfapidnateb exeeprefes thal saivehbito thee FP

sol utign. %@;&ny&‘ﬁdrﬂ?@%ﬂf-éd’?veﬁ{ortfee\hateﬁono' probe and punps are turned on,
rapi d onset,k 0O St I satlon take | ace. A suspension of, th

crystalli s e, The SsuBsians; it SAmEleteh dnsieate 5, RIFTPE g yOUR 5)0 e | ter

f unnel t hugnethamali ari angtanee(ragsp crreferablyy methanol)ransethecantssalyenytolieh. 25 Usi ng
the above sgitetghiMSThofxprefdrabipivatepet out in the experinental design shown

bel ow were \gald th%dstfb‘sliarn@?ﬂsr %ﬁ&éﬁ@%@gﬁéﬁpﬁﬂﬂéfé%é goll\@'lé\f@%%t ddried in

vacuo at anbien t_er?e a S were sized using the Mlvern
| aser i f f raESANYsS lyert kP& [MSr and the results anal ysed using nulti 30

di mensi onalWhenlthe substaneeyis be€lomathesénaudibropionBiesyegpreex fhersolvent toeper i nent al

Dﬁsi gn Ut nmﬁmre%ﬁ-gaw}gwgéa,awj ng the magnetic stirrer, flowrate of
FP i : i

vari abl os. 1 18 lpeBRoS R aRs8 TR ing Sl Ehe URlH bl e SB6 o

exper i ment A°VgBLIoRe €@ opri at e maxi mum and mi ni num val ues for each of the
f our Mari abNeen ther substareeris hedesooige, e Fefer ehel solventb te be IMS and the
Var i abl eUni dntiMoReRtid péatatetM d Poi nt Maxi mum Val ueA Water anti sol vent fl ow

Ut r asound RRaE R biHnaE ahitrat el b St AhEMipRE wetiernded " o
chosen to riglent iothe methang! eppertengaind the apti-spluentfebe wptehat WShackage Desi gn
Expert 5 wadhersthe subsigacreis a2,6-diadminetd<2 grb-trighioropkertyhpyrazine s were added to
the degi gn v pregHriige dient & B mBhERGNand fthe ¥MPsdiveRniobelbatt 10.

When the substance is 2(S)-(2-benzoyl-phenylamino)-3-{4-[2-(5-methyl-2-

phenyl-oxazol-4-yl)-ethoxy}-phenyl}-propionic acid we prefer the solvent to be

acetone and the anti-solvent to be water. : '

When the substance is naratriptan hydrochloride we prefer the solvent to be )

25 methanol and the anti-soivent to be IPE.

We have found that the method according to the invention is suitable for
producing populations of mixtures when the substance is a mixture of
substances. When the substance is a mixture the method has particular
30 advantages since it is capable of producing mixtures of crystalline particles of
very high homogeneity without the need for any blending step. When the
substance is a mixture the solvent and anti-solvent will have to be appropriate
for all components of the mixture. Differential solubilities in the recrystalline
mixture tend to result in the output proportions of the mixture differing from the



U trasound Power is given as a percentage of maxi num (50W. AnalysisSanples
wer e anal ysed using Malvern laser diffraction particle sizing. 1':'1 0 2003
| nstrunent : Mal vern Mast ersi zer XLens: 45nm Reverse Fouri er Anal ysils® 058"7
presentati on codeDi spersant:l1so Cctane | Lecithin 0.05% w wPre

di spersion: Soni cate for 10 seconds20 Obscuration: 10%to 16% One anal ysi s
per sanple was carried out. The nedian particle size ( icle size
at 90% under%?%@ss(leO) and particle size at 10% unders:%%g)c'?fﬁ@§6gmere used
as responses to characterise the nmediun) course, and fine particles. v
1 0 J~JN 2CC3 WO 00/ 38811 PCT/ GB99/04368 16 In addition a fourth response,
uniformty index (U) was cal culated Hs a neasure _ of the breadth of the
distribution. Results 5 (a)Size Results Table 2 Run NWater m /m nAcetone

?L/é Tohs bo4btEchRisan SHatert BTRERSyH SR HHBbHYs pciustment phthss - 15043 50

0. 0040. 004. ipputproperinps 2q achievedbe degited avitput preportigns may Be pecessany: 0040. 004. 31. .

0514. 667. 26185. 2520. 0020. 005. 280. 8917. 165. 17123. 500. 000. 009. 342. 3228. 978812

7. 0040. 000. 046k 10247. 000. 000
005,05, B e BASSIRY h 7 00 1
The parti clBXYreLoifstalng p3 ﬁesf Brsaﬁﬁ e Y f 5@?1”&956?“%3’? PR Figure 2.
(b) Anal ysitbersof e4.¢ csaivetetdl xinafogienpid fluticasenapronienatet er Hegppigtritedle of pairs
01;] vari ab::_eé‘ol\/ént%ac@,tor@. VEHeSprefiirgti rantiise Ve hiSit htdde SRedtysttetion fromnd are |
shown in Fi = c [ [ cat el v, ni mum an
maxi mum val %éé%&%f '§s\'/®r Wé%f és %g%g@ngmitﬁmﬁaﬁl (Zauié %EH ﬁ%&és\écil_n/ t&itr%ﬁ)d&[}/ D+ may
be interpr etaimeteraliinafeie taAluticasong.niapipRatg relafiyg 4o dbeir proportion ie7=1 bei ng
t he nelsur esabdtiopdn fagetoné.i fThe method is also expected to be suitable for producing

mixtures of crystalline particles of formoterol and budesonide or salts and esters

thereof e.g. formoterol fumarate and budesonide.

As a further aspect of the invention we provide a population of particles
16 obtainable by a process according to the invention.

As one specific aspect of the invention, further elaborated in Example 8, we
provide a crystaliine particles of 2,6-diamino-3-(2,3,5-trichlorophenyt)pyrazine
having a crystal habit in the form of needles as obtainable by a process

20 according to the invention.

Particles of pharmaceutical or carrier substances may be obtained which are
suitable for use in a pharmaceutical composition for inhalation therapy, such as
dry powder composition (whether containing pure drug, or drug mixed with a
25 carrier such as lactose) or a pressurised liquid formulation (e.g. a formulation
comprising a hydrofluoroalkane propellant such as HFA134a or HFA227).

Pressurised liguid formulations suitable for metered-dose inhalers will be
retained in canisters, typically aluminium canisters (which may be plastics lined)
30 which are provided with a metering valve of appropriate metering volume.

We also provide a pharmaceutical composition comprising a population of
particles prepared according to the invention.



Figure 3 shows the effect of ultrasound power or stir rate on D50;

Ul trasound 20 has a major effect and stirring rate has a ninor {€f fjg0f 2003
(R2=0.72). Figure 4 shows the effect of anti-solvent flow rate or

ul trasound power on D10; ultrasound and anti-solvent flow rate both have a
maj or effect (RZ=0.94). 1 0 JUN 2C03 WD 00/38811 17 PCT/ (B99/ 04368 Fi gure
5 shows t he y&ffoRedi; Of ul trasound power or stir rate on Hg@meddssesasound has
a major effect and stirring rate has a mnor effect (RzZ=0.72). Figure 6
shows the effect of anti-solvent flow rate and sol vent/drug solution flow
rate on U ; flowrate of anti-solvent had a nmajor effect and flow rate of 5
sol vent/drug sol ution had a m nor ef fléct (RZ=0.87). Exanple_ 2 Distributions
of particles of crystalline sal meterol xinafoate ~ 10 Experi nent al

procedur te 5{&\% ddOaﬁttBQ?dl P4t ta?)tmbhﬁdnltrﬁapéos%aésrméledli@dhexaa B aecprapsishen tCe_ its
propensity to crys | r [ i . iL.[..containing
just pure %thgﬁ_o?erf%g“ﬁig? ead% ot%r?'g %lﬂ%@%ﬂ “gtﬁrgr%te%%y H%B%@%%%gagcgst em usi ng
a peri st al trecegsing $at aprogess May Meugraladnep (Withaelakiyr) e38e sod dhaldthgppar at us.
The drug suppaanseandd pfovassrateccapablel ofaprodiaing p8ujrlei sizeddistibuticed ofn et hanol

(6vol ) gat VidbiS Anitsmpeinabyre (65 C. A solution of salneterol xinafoate
(0. 276R/p i S’Efyhe pﬁlnp'g'gse(]a #Ji xed rate of 7m/mn) using a peristaltic punp

into one of the bottominlets of the reaction cell. Cold water was
sinmilarly ghepidestion wilebetilistrated| by refetamce taakigvrer dsiar which miingg a second
punp at ratcasmBer di &t plodided)withh ersRGhietx pert i2rediriictederi @13t reservoir 3
Re-crystal !cbﬁfagdargj‘%ub%ga@ca%{s%ﬁéa Rdonfeh® Thd 86doAt il sdrlh §sncidiEibhano! and
water as dictate Y,

fhe paraneters set t 1 n_ the_experipmen desi gn.
Er 11 ciBint  IIPROTAETSPMOND PAFIRNG RiiaoNante FaimRSCD AN SHINCEIayich fom |
non- gri ndi meserenjrsed iapd 2% tes tiiximge charaber riak asedntroad ieed\in sitrasdundai ned
const ant atprgdd 8 id I6Bsted HiBe Yicinity DR eRE just abble, Hiet PariR. a/\meﬁgluﬁ@ses to induce
a mni mum [0} - ,
crystal 1 Boperery SRR, s Slehbhld i s 8l dBREHS Bhing. o) e e
(the rati o BemBsch apd;iasg Mixed wWilhihe aid gﬁg‘aﬂﬁ?té’tﬁt‘(fér 90 LiAKbFeRfaiRBes from t he
t wo r d8er vdhe particBy ofl subsjandei thiis péereratet flows @ut ohthermixipi avambef viahe water to

net hanol r eixRipBA 10WHEratNey LY sUNeded by ifeansohmteat.i sation. The tip of the
sono-probe is arranged so that it is just above the inlet for the

sal neterol solution. Wien the pmagnetic stirrer, sono-probe and punps are

turned on, '? 35 Bixgsehargher used fFxaraples 4iand A dRe prREEtEr WRssy SPEeiei on of t he
cryst al | i saeighhwas X2 em, the heightnf heastist@aoge SasidseMasPCEMGHEDhe4368 exits

via the oveelghows b iféts hijovdthé Bage Wad 1 8lcnf unnel thus minimsing the
opportunity _ _ for further crystal growh. Using the above set-up) the

experinents set out in the experinental design 5 shown bel ow were carried
out and t h@@&ﬁﬁ&%}%ﬁ&w&% harvest ed and
Figure 1: Example apparatus according to the invention -
Figure 2: Particle size distribution for Run 9 of Example 1 )
25 Figures 3-6: Effect graphs as described in Example 1
Figure 7: Particles size distribution for Run 2 of Example 2
Figure 8: Particle size distribution for a standard micronised batch of salmeterol
xinafoate
Figures 9-10: Effect graphs as described in Example 2
30 Figure 11: Particle size distributions for salmeterol xinafoate (micronised batch
and Example 3 Run 1)
Figure 12: Particle size distributions for fluticasone propionate (micronised
batch and Exampie 4 Run 1)



dr| ed in vacuo at anbient tenperature. Al the sanples were sized using the
Mal ver'n laser diffraction particle sizer and the results anal ysad[]u.%,@gmﬂ3
mul ti di nensi onal nodel fitting software (such as Design Expert

Experinmental Design Utrasound and flow rate of the water were incI uded as
variables in the experinmental design. Appropriate maxi mum and m ni num

val ues for the two variabl es were chosen as sh i le 3. 15
Tabl e 3 Var S@%@é&l tsM ni runM d Poi nt Maxi nunVal ueVal ueiwvg?gebp]-ﬁp

antisol ventm / m n143556f1 ow rateB U trasound Power %d405090 A half factorial
desi gn was chosen to nodel the 2 variable experinent and the software
package Design Expert 5 was used to génerate the design. 20 U trasound
Power is given as a percent age of maxi mum (600W . Anal ysi sSanpl es were

anal ysed usg @8& pgﬁ | stﬁBJtnfoFxé‘F&r'GCH?arﬂnﬁB%' §I365 si zing. I nstrument : Mal vern

Mast er si zer rse n esent ation code
30GEDi sper dAfiorpR r@pe;gﬁ@nq r?W‘ﬂ lgsﬁfr "U\Fq}bé“ ggﬁ 'F%Hﬁ“éﬁnl cate for 1
M nut eCoscrand In: 10% to 20% 1 0 JUN 2C03 WO 00/ 38811 PCT/ GB99104368 19

One anal ysimgen4SParatle s gistrbutiratfopndratriptad hygdtrbridefiidrehisecsi ze (D50),

particle siz d (D90) and particle size at 10% undersi ze
(D10) \lglere i cé'aéngg@r Beoﬁg{?a'ls]é 0 characterise the nedium course, and fine

particles. 5 In addition a fourth response, uniformty index (U) was
cal cul at ed Abbreviatieas:ure of the breadth of the distribution. Results (a)
Size Resul tjppl0 Tabl e i¢bpRapylaldonbier m | m nU sound %50 (gynm) D10 (pm DOO
(um ul

99 11410. 00AMAT1. 624, FHREHRSEEATB03. 90. 4810. 214. 7035690. 004. 240. 6414. 454. 4
2456900004.M50. 5317. e¥Blustigbmetyloted spiits 3916. 82. 3261410. 0011. 092. 1723. 379. 2
873550. 004.0M#. 0813. 4@im&BAbLARAME6. 371. 6320. 378. 0093550. 004. 991. 8811. 7615.
99101490. 0QpE861. 7724, Q8 (oI Hc_lpi formty Index (U) is calculated as

100xD101D9 e particl tribution for Run 2 is shown graphicall
in Figure gDMj&Eg P dlmgkh)%Su%&mXI e gr ap y

HFA134a 1,1,1,2-tetrafluoroethane
15 HFA227 1,1,1.2,3,3,3-heptafluoro-n-propane
Examples

A continuous flow reaction cell with 2 diametrically opposite inlets at the bettom
and a run-out ca. half way up the side of the vessel essentially as shown in .

20 Figure 1 was used for all experiments. The dimensions of the vessel were:
Diameter = 4.4cm; height 12cm. The outlet and inlets were at a height of 6.5cm.
There was stirring in all experiments, except where indicated. Except where

‘ indicated more precisely, stirring was at a rate adequate to efficiently mix the

) two incoming streams.

25 Uitrasound was supplied at a frequency of 22kHz. For Example 1 the
ultrasound probe maximum power was 50W and the tables show the power
used in each experiment as a percentage of 50W. For Example 2 the ultrasound
probe maximum power was 600W and the tables show the power used in each
experiment as a percentage of 600W. For the remaining Examples, the

30 uitrasound probe maximum power was 100W and the power used was 100W
except where a percentage of maximum which is less than 100 is indicated.

35



The distribution of a standard m croni sed batch of sal neterol xinafoate is
shown 'for conparison in Figure 8. (b) Anal ysis of effects 20 Effec HAINI083
to show t he interdependence of pairs of variables A and B were constructed
usi ng Design Expert 5 and are shown in Figures 9-10. 1 0 J~JN 2C03 WO
00/ 38811 20 PCT/ GS99/ 04368 Figure 9 shows the effect of water anti- sol vent
flow rate onw®bdss§tim dian p.s."); water anti-sol vent f|RSVGEW3Bas a nmaj or
effect. Figure 10 shows the effect of ultrasound power on D50; ultrasound
power has a mnor effect. 5 Exanple 3 Distributions of particles of
crystalline sal neterol xinafoate Partjgle distributions of sal neterol

xi naf oate were prepared essentially as descri bed above for Exanple 2 except
that the sal neterol xinafoate (8g) was 10 dissolved in 6.25 vol of nethanol
and t he netbampleand water flow rates used were 20 and 80 m/mn

respectivel ?lsyl-gnﬁ’orﬁ% Bhﬁlbl% o!%gﬁamﬁ’é h@ﬁh%eﬁﬁ@o@ﬁdt& ter formed froma gl ass
fibre mecr at man filters. After
collection the filter cake was washed with water (3x3vol) then |IPE
(3x3vol ), dExpedmentalproceduiler vacuum and si eved through a 250 ~m sieve to

15 break upTiseHiugdgdbsRmaé euticschedorapibidte  ER)IBY) és dREoldH/int yeteral  f or
m croni sat | (Bydl; 0 135W) a atdeqafa?éﬁ {&th %thér@i']‘sq@ﬁs 65‘3:‘;&’%%“@\?@3& do qua”p' e 2

except t hat I.NSt ea oni, ca I on.

Resul ts (to¥jBPIRE te\'M‘Fter'ia reC aﬂ sd?‘u 'ﬂ" °ft g%l'ﬁa e RUMPRASEIND & ch) are
shown i n Tapdristaticapump-ingarong 1of the boternenistsDEOthe raddtivd celin)\a8d wast) - Exanpl e

3 Run 17. 16gnflaRApuffiddaithe Daskr tadtaiom »aited AdsehRirdemg RRREsSnERIHENt  Of
Exanplg 3 Run 1 material was below the |evel of 25 detection by X-ray

powder “di ffracti on. Anmorphous, content of mcronisation batch material was
esti nat ed a‘f‘e?(}'—stf@'@@“ﬁaﬁfﬁIcé"lfd[ﬂ%tf’PFbYFi’PHﬁ@'@P'eﬁaﬂftqcéic’ég ahfl Waeist al | i ne
f | ut i casone(bpraitpiimnthiedlo@Orafesrdfieatis abi dittaiedllyi the paimetdraitsecaitdméhepr opi onat e

vere pr epar&%eﬁﬁs%t b&di daf E@&.éﬂ@wmgpsﬂhamaetréé?ﬁs B8 withwht Bid | ow rates
as shown in were collected on a filter forned from a

ol ass {1 br o1 oSG edtglib st bat s

Before carrying out any particular crystallisation, the cell is pre-charged with a
mixture of acetone/water (the ratio of each being the same as the relative
pumping rates from the two reservoirs). By doing this, the relative concentrations
of the water to acetone remains constant throughout the crystallisation. The tip
20 of the sono-probe is arranged so that it is just above the inlet for the FP solution.
When the magnetic stirrer, sono-probe and pumps are turned on, rapid onset of
crystallisation takes place. A suspension of the crystallisation mixture exits via
the overflow directly on to a filter funnel thus minimising the opportunity for
further crystal growth. )

.

25
Using the above set-up, the experiments set out in the experimental design
shown below were carried out and the samples of damp solid harvested and
dried in vacuo at ambient temperature. All the samples were sized using the
Malvern laser diffraction particle sizer and the results analysed using multi-
30 dimensional model fitting software (such as Design Expert 5).

Experimental Design
Ultrasound, stirring rate using the magnetic stirrer, flow rate of the FP acetone
solution and flow rate of the water were included as variables in the




WO 00/ 38811 21 PCT/ GB99/ Ca368 sandwi ched between two Whatman 54 filters.
After ‘collection the filter cake was washed with water (3x3vol)) 1d¢iﬁma2tcn3
40 C under vacuum and sieved through a 250 um sieve to break up soft
aggregates. Yield = >95% (esti mated) (conpare: 90-95% typical for

m croni sati on process depending on scale). Analysis was as 5 for Exanple 2
except that the pre-dispersion was by shaking instead of sonication.
Results (tog¥PM&¥8ith a conparison with a typical mcr'$li €W dtch) are
shown in Table 6 and Figurel2. QLO Table 6 Flow rate (m/mn)

wat er : acet oneU t rasound Power (% D50 (um) D10 (um D90 (un) Ex4 Run

160: 301004. 241. 9810. 16Ex4 Run 260: 305¢8. 362. 0110. 35Ex4 Run

324:61004. 162. 0015. 54Ex4 Run 424: 6504. 642. 0211. 26M cr oni sed-

bat ch4. 661. 8818. 43 Agor_ hous cont ent of ExanJ)I e 4 Run?1-4 mat eri al was

bel ow t he | BXRErmentay F@E’t"i APPERpriste, MExigyNgard BPPRCYaliss. fompartpRbus cont ent
of mi croni stheifour variabies waltesahosén amshomattin fabled. at 20-40% ~15 U trasound
Power is given a percentage of maxi num (100W. Exanple 5 Distributions of a
m xt ure of tjcles of crystalline fluticasone propionate and 20

crystalli neﬁgge!—{ﬂet erol xinafoate Salrneterol xinafoate and fluticasone
propi orate (5.5g of a 1:10 ww nix) were dissolved in acetone (15 vol).

Wat er was used agarble - Sol yVaiits |Dr Midimasit ohe Mid Boinat €r Mdx@gurh aties wer e
20mM /mn and 80 m/mn respecti viel yVaqée particles re \gﬁbiect ed on a
filter fornmed froma glass{fibre mcrofilter sandw ched et een two
Whatman 54 filters  Afteor tollection the-fllter cakelwas washeg 1 0 JUN
2@03 YO 001 SR ¥idteROTAEBIY/ DRIBGH 12 18 24

flow rate

B Drug acetone Mi/min 3.5 5.25 7.0

solution flow rate

C Ultrasound Power % 0 20 40

D Stirring Rate % 0 20 40

A half factorial design was chosen to model the 4 variable experiment and the

software package Design Expert 5 was used to generate the design. Two

centrepoints were added to the design bringing the total number of experiments
10 to 10.

Ultrasound Power is given as a percentage of maximum (50W).

Analysis
) Samples were analysed using Malvern laser diffraction particle sizing.
15 Instrument: Malvern Mastersizer X
Lens: 45mm Reverse Fourier
Analysis: 0607 presentation code
Dispersant: Iso Octane / Lecithin 0.05% wiw

Pre dispersion: Sonicate for 10 seconds
20 Obscuration:  10% to 16%

One analysis per sample was carried out. The median particle size (D50),
particle size at 90% undersize (D90) and particle size at 10% undersize (D10)
were used as responses to characterise the medium, course, and fine particles.



22 with water (3x3vol) then IPE (3x3vol), dried at 40 C under vacuum and

si eved through a 250 p. msieve to break up soft aggregates. Yiel{dy éﬂ$%mg3
rati o of sal meterol X|nafoate to fluticasone propionate in recovere

product was 1:13 (by "Hnnr). Analysis was as for Exanple 2 except that the
pr e- di spersion mas by 5 shaking instead of sonication. Results are shown in
Table 7. Tab %? Exanpl e 6 An al um ni um cani ster may peehanged wth
particles of é} uti casone propionate or (b) sal neterol X|nafoate or
prepared according to the invention (e.g. as described in Exanples 1,4 or
2,3 respectively). A netering valve (Valois) my be crinped on and
Ilquefled HFA134a added through the v3ve. 15 An al umi ni um cani ster may be
charged with particles of mxture of fluticasone propionate ‘and sal neter ol
xi naf oate p din
Examl e 5) In J’cﬁhﬁ:ﬂ a%ﬁﬂﬁ ﬂé[s'agn%{/u #b"rmit\}%%@& lgl?l'?w(a? chmgateé%sda dr%ﬁléénggf i ed
HFAL134a addetth ?Pﬁﬁﬁﬂh “ﬂ%dﬁﬁpygm 20 Exanple 7 A dry powder conposition for
i nhal ati on may be prepared by m xing particles of (a) fluticasone
propionate ReggiR) sal meterol xinafoate prepared according to the invention

(e.q. ES de% quxaan es 1,4 or 2,3 respectively) with mlled 25
able

| act ose. A conposition for i nhal ation may be prepared by m xing
particles o i xture of fluticasone propionate and sal neterol xinafoate
prepared according to the invention (e.g. as described in Exanple 5) with

glsiregbtgggg%@%mre{l 1A93taaey 367y JDRULP YD BT TR PLICY Erarml o @
°f : ,.m«iFr 1hpév| Mpyr 4% ne () ﬂruﬂ)d (M £ (:%Z)A le 1 of

2, 6-di anmi ng=2-(
W98/ 38174 |@5g) | wea# di ssGlBﬂed i40.0tet|hando { 1.5 Valgz. | waroar used as

anti -sol ver?_. The part clseg werg gp!|! e54.6§' ¢ . 56 'j.,dz? 113%, 91f foma gl ass

fibre mecra wCched—betweertwo _Wrat e 54— ets er

coll ection Bhe ui 124 aBd%a zgghid 4909 daf<r [(Ixala &1-3f héra | PE
(3x3vol), ddied] at120 |C @rdfer | vBOQum a4@I0Gi ¢vARtR { I8 HR0B325R.® ) m si eve to
break up sqkt apgrsgatiesy oonal ya.6o vl/as4@§ofc
10 di sper sifqm r T T )
Tabl e 8 ang E'ﬁ're@'{;;% /525 Eo é' H r\F—;—l

appear ed under bcatéhin 8158ct [ 0f.0Ri dr o@eQQov R8&d| jesB cpnsi sting of
soft aggredates| size Yiom A 4p0000ari 900 i 9 ho g®tleriall obt ai ned_
by recrystdllT s“ngu;cn cgrgbou 10, J 6P t‘%b'@ ¢4 go%n/qq ngLﬁI nner. This

nnnnnn oo =Y
mat eri al afpeatrea——=Io et it "U e e et O CHHOSCOPY "" -abt¢t |i ke

crystals, dil®e ta 2450 Rdd’on 80Acd 1 B00hea 8 Ahd %480 37162 | B® Ji £ fracti on

pattern from X-ray powder di ffracti on was essentlally the sane for these
two materi a|L§"foﬁH hﬁ’d& (1) h@caﬂ&ﬂéﬁed nd e0Gic1oRFoNer € di fferent this suggests

e b in F R B BURLa s oera o8 b (h
)

4,46ceptr that the pre
ES gl relshown in
3718454 { o 4

(b) Analysis of effects
Effect graphs to show the interdependence of pairs of variables A, B, C, D were
constructed using Design Expert 5 and are shown in Figures 3-6.
15 A- and A+ indicate, respectively, the minimum and maximum values of variable
A shown in Table 1. B-/B+, C-/C+ and D-/D+ may be interpreted similarly.
R? is a measure of closeness of fit; R%=1 being the measure of perfect fit.

Figure 3 shows the effect of ultrasound power or stir rate on D50; uitrasound
20 has a major effect and stirring rate has a minor effect (R?*=0.72).

Figure 4 shows the effect of anti-solvent flow rate or ultrasound power on D10;

ultrasound and anti-solvent flow rate both have a major effect (R?=0.94).



Fl ow rat eD50D10D90( M | m n) (wm) (p, M (p. M Wat er : net hanol Ex8 Run

124:62.970. 2912. 01Ex8 Run 266: 333. 540. 2424. 16Ex8 Run 324: 61. 640.??1{%&0@@
Run 460: 303. 180. 2330. 27Bat ch441. 94199. 40692. 13recrystal | i sedf rom t ol uene

1 0 J~1IN 2C03 WO 001 38811 24 PCT/ GB99/ 04368 Distributions of particles of
crystalline 2,6-di am no-3-(2, 3,5trichl orophenyl)pyrazine may be used in the

preparation tablets suitable for the treatnent of epil or bi pol ar

di sorder. 5 ‘&&aﬁggé 9 Distributions of particles of crfg%%?%;%%&nar atriptan
hydrochl ori de Naratri ptan hydrochl oride (5g) was dissolved in hot nethanol
(40.6vol). IPE was used as anti-solvent. The particles were collected on a

filter fornmed froma glass fibre mcrthilter sandw ched between two What nan
54 filters. After 10 collection the filter cake was washed with | PE

3x3vol ), deied at, 4 d si t a 250 i t
(2530 sorboh it e O] of AGUIA TRl S158 G 8 Bho uBRRafLs e, '
except t hathasrmgjosetiec pad stiring e hasya aringtieffectiRs0d2¥ of soni cati on.

Resul ts aa eFigbu@vmsrid;vﬁabb&ec@ oﬁﬂﬁti-{dl‘gimt ﬂoﬂkteAnd@mpafﬂdmylsdhﬂiloﬁWg\m vn\; tD Qoa

nm croni se ) v ; u

(um DO (gyﬁ wio ﬂé%&?%%é%ﬁ?ﬁgd%% hg_%é L S
Run 322 66. Fienydnig sglufipn padia sinpr sEEKB70%11. 64109. 17 The Iarge D90 figure

is attributed to failure to break down | arge aggregates on 20 si eving.
Distri butiogﬁa@bparticles of crystalline naratriptan hydrochl ori de may be

used i 0t NEoRERRATA!d Bl Bls bABL BLine WIHBRIE lndfoalg® (reatment of i graine.
1 0 JUN 2 5 prepartng crystalline particles of
subst)ance whi ch_ conprises nmixing in a continuous flow cell in the presence
of ul t4%0asonExperiaintet paedure
Due to the low solubility of salimeterol xinafoate and hence its propensity to
crystallise from solution on cooling, a reservoir containing just pure methanol is
heated to reflux and pumped through the system using a peristaltic pump so as
to 'warm-up' the lines and associated apparatus. The drug substance
15 (salmeterol xinafoate) (8g) is dissolved in methanol (6vol) at elevated
temperature (65 °C). A solution of salmeterol xinafoate (0.276M) is then
pumped (a fixed rate of 7ml/min) using a peristaltic pump into one of the bottom
inlets of the reaction cell. Cold water was similarly pumped via the other inlet
from a water reservoir using a second pump at rates as dictated by the
20 experimental design.

Re-crystallisations are carried out from various mixtures of methanol and water
as dictated by the parameters set out in the experimental design. Efficient
) mixing of the two streams is ensured with the aid of a non-grinding magnetic
25 stirrer bar. The stirrer speed is maintained constant at all times. The stir speed is
set at such a rate so as to induce a minimum amount of vortex.

Before carrying out any particular crystallisation, the cell is pre-charged with a
mixture of methanol/water (the ratio of each being the same as the relative
30 pumping rates from the two reservoirs). By doing this, the relative concentrations
of the water to methanol remains constant throughout the crystallisation. The tip
of the sono-probe is arranged so that it is just above the inlet for the salmeterol
solution. When the magnetic stirrer, sono-probe and pumps are turned on, rapid
onset of crystallisation takes place. A suspension of the crystaliisation mixture



5 a flowng solution of the substance in a liquid solvent with a flow ng
I'i qui d antisol vent for said substance) and collecting the resul tht JUN 2003
crystalline particles generated. 2. An apparatus for preparing crystalline
particles of a substance which 10 conprises (i) a first reservoir of said
substance dissolved in a liquid solvent; (ii) a second reservoir of liquid
anti sol vent §glhsgi;d substance; -- (iii) a mxing chanbgsrbgwjoiygs first and
second inlet ports and an outlet port; (iv) nmeans for delivering the
contents of the first and second reservoirs to the 15 m xi ng chanber via
the first and second inlet ports respectively at independent controlled
flowrate; (v) a source of ultrasoniclBadiation |ocated in the vicinity of
the first inlet; and (vi) neans for collecting particles suspended in the
liquid di schgy Qﬁéjth(erdwrb%ir%gﬂm%{dwm%% Bl mhiliRisPthE boBHuhiy 3. A
process acc rﬁl to claim1 vherein the liquid antrs IVeRt TS scible
with the |iGE‘HE§BPV§ﬁ!¥° 4. An apparatus according to claim2 wherein
the liquid antisolvent is mscible with the liquid solvent. 5. An apparatus

gc;:_or di ng t Osifiy ahéNabo®s sét-lpirthb eixpemiipits Seh GulTRahe é)@eﬂ?néntfarﬁeiibrﬂm di 0 I
eliver t e [ er .\, tfa(ﬂgs inlets.

2003 26 6. An aF’Bég}r’\)ﬁast‘E%e%@d@déuégdn?oﬁgﬁgﬁrﬁ% %r pv\kg]&e"ragﬁar{v ?%%J %ﬁ’% ng neans
conpri ses aduqd {7 wgeuoat amppie Jemperglure, Al the sAMRISS Weeg fized ¥5ing ther ei n t he
neans for déalvesr lasgr Siffrantios qrartinte sizef antidhé iresutits canchlysed assthgr mailtik voi rs to
the m xing ghrAbBhal\thédel fteind séfidare (ich @S ®edighBxpért BPrts respectively at

i ndependent controlled flow rate conprises one or nore punps; 8. An
apparatus according to claim2 or 4 wherein the outlet port is 10 di sposqd
above the i kxpearimental Depignt he ni xi ng chanber such that the liquid in the

m xi ng chanbmséuraand rtow aateovkethd evaterhivgleeinchaedtas Naiidiges ianler before
exiting. 9. eyNaritieRed Absign 2HRrsHnaRk Maxifui Ghd n@ﬁimﬂg"%ﬁ@é for &léh I X1 Ng

chanber is substantial ly circular in secti.on an e first and second
inlet ports g °HP§%’2%Se‘ﬁer8i°Qﬂ%eﬂ?sc o '%Eﬁlggiste each other and at the same
hei ght relative to the base of the m xing chanber. 10. An apparatus
accorditng tTabieldi m 2 or 4 wherein the means for collecting 20 particles
suspended in the liquid discharged fromthe m xi ng chanber at the outl et
port conprifges a fitter— it A Process accorginy to gtarmt—or3 using an
appar at us afccor SYW&"J?% cla rH’@sor Zﬁm“ﬁh :OH #’?& 251\0?’5"“%!@ ivering the
contents off the first and second| reM®ugoirs to the mni|xi nyaluhangler via the
r

first and sjecond inlet ports respectively at independent control |l ed fl ow
rate; A Water antisolvent | mi/min 14 35 56

flow rate

B Ultrasound Power % 10 50 90

A half factorial design was chosen to model the 2 variable experiment and the )
software package Design Expert 5 was used to generate the design.

20 Ultrasound Power is given as a percentage of maximum (600W).
Analysis
Samples were analysed using Malvern laser diffraction particle sizing.
Instrument: Malvern Mastersizer S

25 Lens: 300mm Reverse Fourier
Analysis: presentation code 30GE
Dispersant: Iso Octane / Lecithin 0.056% w/w

Pre dispersion: Sonicate for 1 Minute
Obscuration:  10% to 20%



(i1) supplying ultrasonic radiation to the vicinity of the first inlet; and
1 0 JUN 2C03 27 (iii) collecting the crystalline particles susqucﬁiﬁgizmg he
| i quid di scharged fromthe m xi ng chanber at the outlet port. . rocess
according to claim 11 wherein the substance is a 5 pharnmaceutical or
carrier substance suitable for inhalation therapy. 13. A process according
to claim 12 erein the substance is fluticasone, beclo

sal neterol, %ogﬁﬂpgml or an ester, salt or solvate the%@?@@{}gﬁA A
process according to claim12 wherein the substance is |actose. 15. A
process according to claim 13 wherein the substance is fluticasone

propi onate. 15 16. A process accordind% o claim 13 wherein the substance is
sal neterol xinafoate. 17. A process according to any one of ‘clainms 1, 3, 11
or 12 wherein the substance is a mxture. 20 18. A process according to
claim 17 wherein the substance is a mxture_of fluticasone propionate and
sal met erol ANeaPBRIYSES PeD samplsr Wae §3rmigd (itdi Hip MedidnHamicls size @58).m 18

wher ei n t he padlcieesite b69@% undetstredDaddand pardicle isizeadt VIOAE uhdersiaé €D10)20. A
process accQjgé Qged 8 fdsbrBed to Wh&besd 16 ﬁéamfﬁ%msé,aﬁdﬁwwédna&d the
antl-solg.yentl LS .ﬁ/ater. 1 0 JUN %CI)S 28 Z%U %proreﬁf according to claim
11 wher & n t'HEIUHYLT orh reeposse ugffamity adexiUR wes calcy %r??p%m‘???l?’ﬁyram ne.
22. A proce$$thedueadih pfithedistribation. 11 wherein the substance is 2(S)- (25
benzoyl - phenyl am no) - 3- {4-[ 2- (5- net hyl - 2- phenyl - oxazol - 4-yl ) - et hoxy] - phenyl
}propionic 3gisfys 23- A process according to claim1l wherein the substance
is naratri plarrs-iEng(rochl oride. 10 .Aa@A .Au . A E

esults

"10  Table4d
Run | Water U/sound D50 D10 D90 Ul
N° | ml/min % (pm) (pm) (pm) (%)
1 14 10.00 10.1 1.6 24.78 6.46
2 56 10.00 3.9 0.48 10.21 4.70
3 56 90.00 4,24 0.64 14,45 4.42
4 56 90.00 4.29 0.53 17.62 3.01
5 56 10.00 474 0.39 16.8 2.32
6 14 10.00 11.09 2.17 23.37 9.28
7 35 50.00 475 1.08 13.45 8.03
8 14 90.00 6.37 1.63 20.37 8.00
9 35 50.00 4.99 1.88 11.76 15.99

) 10 14 90.00 7.86 1.77 24.96 7.09

Uniformity Index (Ul) is calculated as 100xD10/D90.
The particle size distribution for Run 2 is shown graphically in Figure 7.

15
The distribution of a standard micronised batch of salmeterol xinafoate is shown
for comparison in Figure 8.
(b) Analysis of effects

20 Effect graphs to show the interdependence of pairs of variables A and B were

constructed using Design Expert 5 and are shown in Figures 9-10.
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25 detection by X-ray powder diffraction. Amorphous content of micronisation
batch material was estimated at 20-40%.

Example 4
Distributions of particles of crystalline fluticasone propionate

30 Particle distributions of fluticasone propionate were prepared essentially as
described above for Example 1 with flow rates as shown in Table 4. The
particles were collected on a fiter formed from a glass fibre microfilter
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100 4! 109%& é m ) agtn %’a&r M %(t Ok aé
508, 20825 &S f’%W‘ dh A é '|J=°% s S o
109%& () - L$S‘i’83md(‘7't ﬁgt&@&’&\@ nder vacuum and eved hrough a
250 pm sieve to break up soft aggregates Yield = >95% (estimated) (compare:
90-95% typical for micronisation process depending on scale). Analysis was as
5 for Example 2 except that the pre-dispersion was by shaking instead of
sonication. Results (together with a comparison with a typical micronised batch)
are shown in Table 6 and Figure12.

' (

Table 6
)10
Flow rate Uitrasound | D50 D10 D90
(ml/min) Power (%) | (um) (pm) (pm)
water.acetone
Ex4 Run 1 60:30 100 4.24 1.98 10.16
Ex4 Run 2 60:30 50 4.36 2.01 10.35
Ex4 Run 3 24:6 100 4.16 2.00 15.54
Ex4 Run 4 24:6 50 4.64 2.02 11.26
Micronised 4.66 1.88 18.43
batch
Amorphous content of Example 4 Runs1-4 material was below the level of
detection by X-ray powder diffraction. Amorphous content of micronisation
batch material was estimated at 20-40%.
)15
Ultrasound Power is given a percentage of maximum (100W).
Example 5
Distributions of a mixture of particles of crystalline fluticasone propionate and
20 crystalline salmeterol xinafoate

Salmeterol xinafoate and fluticasone propionate (5.5g of a 1:10 w/w mix) were
dissolved in acetone (15 vol). Water was used as anti-solvent. Drug/acetone
and water flow rates were 20ml/min and 80 ml/min respectively. The particles
were collected on a filter formed from a glass fibre microfiter sandwiched
25 between two Whatman 54 filters. After collection the filter cake was washed
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; P<z=?>?WUadith: i&i8r, (8xBudiftigdn IPE (3x3vol), dried at 40 °C under vacuum and sieved
& ()-2! 40, fbAQiloBol b e 8 0r A0k Sof Kngietintss! LOMEBL bluce Hhll dri0%& ()-
FVO™ 109K (1) - >7?7227277 (o) C%OO, #S S 10’%386 rz - g _
s109B& () - Merﬂ )_(lpﬁgl %tjc_asone propionate in recovered product was 1:13 (by
'H nmr). Analysis was as for Example 2 except that the pre-dispersion was by
5 shaking instead of sonication. Results are shown in Table 7.

Table 7

D50 (um) | D10 (um) | D90 (um)
Example 5 Run 1 | 6.38 2.06 44.39 )

10 Example 6
An aluminium canister may be charged with particles of (a) fluticasone

propionate or (b) salmeterol xinafoate or prepared according to the invention
(e.g. as described in Examples 1,4 or 2,3 respectively). A metering vaive
(Valois) may be crimped on and liquefied HFA134a added through the vaive.
16
An aluminium canister may be charged with particles of mixture of fluticasone
propionate and salmeterol xinafoate prepared according to the invention (e.g. »
as described in Example 5). A metering valve (Valois) may be crimped on and
liquefied HFA134a added through the valve.
20
Example 7
A dry powder composition for inhalation may be prepared by mixing particles of )
(a) fluticasone propionate or (b) salmeterol xinafoate prepared according to the
invention (e.g. as described in Examples 1,4 or 2,3 respectively) with milled
25 lactose.

A dry powder composition for inhalation may be prepared by mixing particles of
a mixture of fluticasone propionate and salmeterol xinafoate prepared according
to the invention (e.g. as described in Example 5) with milled lactose.

30
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109 ($- @ . vo M5 qﬁqa\ﬁ&pgwlqp agfi- sqlmn/ mcles were collected on a filter
| 10%@ek’ ()-fma&lul &&9{@ QQE)SS'f(B@é/Inil&Wte(r)sdaywibﬁé@e(\o\)eehytwo Whatman 54
10‘%@0@‘ ()-a h"r@&@%ﬁt‘e} EAEAEs Whshed with water (3x3vol) then IPE
@O% () - x3v%|§‘ él'}ed a ‘%&u%er vacuum and sieved through a 250 um sieve to
break up soft aggregates. Analysis was as for Example 2 except that the pre-
10 dispersion was by shaking instead of sonication. Results are shown in Table 8
and Figure 13. Material obtained from Exampie 9 runs 1 to 4 appeared under
scanning electron microscopy as matted needles consisting of soft aggregates,
size <<4 ym. A comparison is given with material obtained by recrystallising
the compound from toluene in a conventional manner. This material appeared
15 under scanning electron microscopy as tablet like crystals, size ca. 150-500 um.
Since the peak positions in the diffraction pattern from X-ray powder diffraction
was essentially the same for these two materials, although the peak intensities
were different, this suggests that a novel crystal habit of the same polymorph
has been generated by the process according to the invention.

)

20
Table 8
Flow rate D50 D10 D90
) (miimin) am) | m) | @m)
Water:methanol
Ex8 Run 1 24:6 2.97 0.29 12.01
Ex8 Run 2 66:33 3.54 0.24 24.16
Ex8 Run 3 24:6 1.64 0.22 10.30
Ex8 Run 4 60:30 3.18 0.23 30.27
Batch 441,94 | 199.40 | 692.13
recrystallised
from toluene
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trichlorophenyl)pyrazine may be used in the preparation of tablets suitable for

the treatment of epilepsy or bipolar disorder.

5 Example 9
Distributions of particles of crystalline naratriptan hydrochloride

Naratriptan hydrochloride (5g) was dissolved in hot methanol (40.6vol). IPE
was used as anti-solvent. The particles were collected on a filter formed from a
glass fibre microfilter sandwiched between two Whatman 54 filters. After
10 collection the filter cake was washed with IPE (3x3vol), dried at 40 °C under }
vacuum and sieved through a 250 pm sieve to break up soft aggregates Yield:
79% approx. Analysis was as for Example 2 except that the pre-dispersion was
by shaking instead of sonication. Resuits are shown in Table 9 and Figure 14.
A comparison is shown with a micronised batch.

15
Table 9
Flow rate D50 D10 DS0
(mi/min) @m) | @m) | (um)
IPE:methanol
Ex9 Run 1 80:20 13.87 |2.31 93.81
Ex9 Run 2 60:30 11.90 |2.51 69.37
Ex9 Run 3 24.6 6.83 1.20 37.85
Micronised 4260 |11.64 |109.17 )
batch

The large D90 figure is attributed to failure to break down large aggregates on
20 sieving. Distributions of particles of crystalline naratriptan hydrochloride may be
used in the preparation of tablets suitable for the treatment of migraine.



| 1 mLlO%EG&' () - ul mzoppppp| [ NA41!! 102&0102&102& 61092&& ()- Oy &]106 Lm 653

Oy &10% & ()-' Oy &10% & ()-' Oy &109R&& ()-' pp*p- p<pFpp]| [: Na411l BoJUN 20

0810%&' ()- @&10%. & ()-@ & 109%& ()-G 109%& ()- fL10%& ()-

, &@LOW&' () - pp*rDsGst u{ ZONA41! 1 10 0& 10984& ()- & 109%4& ()- !'0! 109%&' () -

0! 10984& ()- 0!10%&' ()- !10%& ()-uuw wrw xxx X|[NA41!'! 10940%40%

028109%9&' ()-9 28&10%& ()-9 OF+! 109&' ()- F+! 10%&' ()- *109%8&' () -

XX&X5x8x: xx| [ : NA41lI 110 109&& ()- 109%&& ()- 3 10%&R& ()- , 109&& () -

f10%R& ()- , &Y 10%&R& () - xXXxXXXXX_?NA41!110

1098&' () - 109&&' () - 109%&&’ () - 109&& () - LOYRS' () -

109&&' () - xxxxyyyyYONA41! | 1010%&RS& () - BOYR&' () - 109&& () -) ?HLO%R&' () - 109&&' () -

yyy" y#y2yEyuYONA41! 1 10109&&' () - 109&& () -) ?HL09%B&' () - 109&&' () - 10%&& () - EyLyP

yUy Yy Zymy Ugiidvhd ! ! 1010%&&' () -) ?2HL09&&' () - 109&& () - 10%&& () - 10%&&' () - nyoyqyty
XyyWNAAITTTIO109&R& () -) ?HI0%&R&' () - 109&&' () - 10%&&' () - 10%&R&' () -yyyyyyyU: NA4

11110109&& () -) ?HLO0%R&' () - 109&&' () - 10%&& ()-109%&& () - yzzzzz{{j J. 4& 10%¢

& ()- S&&l‘V#&A() e?eO e ( @} 0

10988 () - {?${ (1 iy 1't Wi Brephrag S & ( aafsr%'é% % %i%sgé"& vk

& ()-s& 10%"1&"%9;5 @wam 9?'{tw{>w&%@bwqwr&e(of uﬁr&sqm%ad@tnew s& 10%t

& 10¢ g
s 8 Z% 10@%1%% séf%tnéﬁ)é#tﬁe (shbﬁélﬁéé {}j# ’a!&ﬁqzﬁ?d“%lvﬂmﬁ&?} Ml?é‘ll&@ % & ()-

10% & () agispivent tO;saldmmﬁ@ne? ar@r g@liseting the rgw@mww}uqe} pantities >v U4

10% &&' ( g,g 4() - 10% &&' ()-10% && ()- 1 0yF10% && ()-

yFlO%& () ﬁ%? 11 v

10% && ( 10%&& ()-10% && () - 10%&& ()-10% && ()-10% &&' ()-1}}}}}}} 2vL4

10% 8 Ot S Sordah Wb En A Weftiet) or 0 Wbl khbh 11 A7y s

109 &% () - cOvpeaws( ) - 10% && () - 10%&&() 109% && () - 10% && () - ~" ~#~%-( ~- ~aA?V

oo ax' () TOR R ebol P PR Rise OB 30980 e () NP Sx-1 b

vU4 109 &&(i))a serund.cesepvor@ifiqdd aptisphentiar $3id sistapee] ~c~g~i ~n~r ~_2vU4
10% && ()1 08 €& () - 1008 &&' () - f ~§~U~X~} ~~ bB?vU
20109 g (| Mpdng o SrbEihanie HSb selor el forgantutb difef dqdy =5~ OB

109 && ( ) 109 means for gedivesing thel goptems (of thepfiskand pecondirggeryqirs-to-the~bB?v U4

10% & B
Lok &5 () 10 %ﬁg@be&%&& ('@tf(])"oq}a &8 (c§ 3"110 /d.bg% ()Dea“'ﬂwi\{ pendent  eovis

109% && ( w1895 &&' () - 10% && () - Aoi OELl~~~~~~ vl

10% && () 1 08 &8 (111008 281 () 1004 LEL () -~ bB?vU4
ool 8 %ﬁ%‘o}a)o]fg g&f&lé )ad?ﬁé%‘?%g@(d;lﬂ@]@\ﬁéh §l)oﬁf%@r§t‘$hlét) v
10% && () 1698 && ()-10% && ()-10% && ()-10% && () - 10% && () - $* bB?vU4

iggﬁ % 8 1 é@)@n&&ns‘ for jcgﬁ@&ﬁ? ghﬁéfé@%éﬂd‘eé‘% t&ﬁﬁdd@@&a’f@{é&ﬁom the

CDFI NTbB?vW4

10% &8 () - mgfﬂwmbei@wgz&u §LPpos &&' () - Aoi OEL1TZ dj n_?vU4
10% & () 10% &&' () -10% && () 10% &&' () -10% &&' ()-10% &&' () - nor uzbB?vU4
10% &&' ()-10% &&' ()-10% &&' ()-10% &&' ( % Aoi OE1 ?vU4
10% &&' () 18% &&P(Qmima&&ore)nglte%a&& Tybereintasliquid antisplyent iy miscie ua
@!10% & (with r(bﬁ@fps‘)@rvtﬁt()-- , &ALOYB$& () --10% &&' () - Aoi
OE14] =| [NA410 +10=+!10=+ 0, y2! 10%+8& ()- ,y2110%+& ()- 0@!' 1094 & () -
0@'!'10% =+ & ()- 0@!10%+& ()- I|[: NA410 Of 109%9v(9& ()- bf 10%W (& ()-

@0%0yg 9& ( [i« NA410
P 10‘?/%%/( g&ﬁ) ' SI?%O/(%% Qccoémbof@\éﬁﬁt&i)uheré@w%@@ dntisctbent lis

mlsmble with the liquid solvent

83‘*’%

5. An apparatus according to claim 2 or 4 further comprising means to mix

the liquids delivered to the mixing chamber via the first and second inlets.
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12. A process according to claim 11 wherein the substance is a
5 pharmaceutical or carrier substance suitable for inhalation therapy.
13. A process according to claim 12 wherein the substance is fluticasone,

beclomethasone, salmeterol, salbutamol or an ester, salt or solvate thereof.

10 14, A process according to claim 12 wherein the substance is lactose.
15. A process according to claim 13 wherein the substance is fluticasone
propionate.

15 16. A process according to claim 13 wherein the substance is saimeterol
xinafoate.
17. A process according to any one of claims 1, 3, 11 or 12 wherein the

substance is a mixture.

20
18. A process according to claim 17 wherein the substance is a mixture
of fluticasone propionate and salmeterol xinafoate.
19. A process according to claim 15 or claim 18 wherein the solvent is
25 acetone and the anti-solvent is water.
20. A process according to claim 16 wherein the solvent is methanol and

the anti-solvent is water.
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22. A process according to claim 11 wherein the substance is 2(S)-(2-

5 benzoyl-phenylamino)-3-{4-[2-(5-methyl-2-phenyl-oxazol-4-yl)-ethoxy]-phenyl}-

propionic acid.

23. A process according to claim 11 wherein the substance is naratriptan
hydrochloride.
10



