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CRYSTALLI NE PARTI CLES This invention relates to a novel apparatus for
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particle size distribution, especially particles of 5 therapeutically
useful or carrier substances of a size suitable for inhalation therapy.
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which are frequently of a non-uniformshape and relatively large size. 15
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Wt heaapptr ?p“ A S’tI ble for rnhlaIaQ%n which is a term generally taken to indicate
particle size “suitable fo

an aerodynamic diameter between 1 and 10 um, especially 1 and 5 pm,
particularly 1 and 3 pm.  Carrier molecules (such as lactose) for inhaled
therapeutic preparations are typically desired of a significantly larger
20 aerodynamic diameter so that they do not penetrate into the upper respiratory
tract to the same degree as the active ingredient and an aerodynamic diameter
of 100 to 150 pum is generally considered suitable. However this is a
generalisation and for some purposes it may well be preferred to use a lower
particle size for the carrier, even one comparable to that of the therapeutic

25 substance.

Outside of the inhaled area, modification of the habit and size of crystals is a
valuable tool in adjusting and optimising pharmaceutical and biological
properties such as flow characteristics, dissolution rate and bioavailability.
30
Particles of the desired particle size for inhalation therapy are conventionally
prepared by milling or micronisation. These processes, depending on the
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



35 suitable for preparing particles of the |arger size indicated above and
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a significant fraction of particles that are finer than is 5 desired (which
may be deleterious e.g. if it affects bioavailability) and that product
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Rapid precipitation (e.g. by dilution of a solution with an anti-solvent) may give
rise to crystalline particles which could be of suitable size, however this
technique is notoriously difficult to control and has not found widespread

acceptance in the pharmaceutical industry, particularly in relation to inhalation

20 products.

The use of ultrasonic radiation to increase effectiveness of crystallisation in
purification of organic substances is described in Yurhevich, et al. (1972),
Primen. Ul'trazvuka Met. Protsessakh, Mosk. Inst. Stali Splavov 67, 103-106.

25
A process and apparatus for preparing crystalline particles employing a
continuous flow cell in the presence of ultrasonic radiation were described in
patent application WO 00/38811 (Glaxo Group).

30 We have now invented a novel process and apparatus for preparing crystalline

particles.

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
35 continuous flow cell in the presence of ultrasonic radiation a flowing solution of
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t he substance in a liquid solvent with a flowmng |liquid anti-solvent for
said substance, and collecting the resultant crystalline particles
generated, characterised in that the solution and anti-solvent are

delivered into the continuous flow c®ll in parallel contacting streans. 5
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economical with product yields of up to 95-98%.

The present process has advantages over that described in WO 00/38811 in
that it is capable of generating particles of smaller size, in particular particles in
20 the low micron range, especially particles of size less than 2 microns.

According to a second aspect of the invention there is provided an apparatus for
preparing crystalline particles of a substance which comprises:
(i) a first reservoir of said substance dissolved in a liquid solvent;
25 (i) a second reservoir of liquid antisolvent for said substance;
(iii) a mixing chamber having first and second inlet ports and an outlet port;
(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, which first and second inlet ports are orientated such that
30 the contents of the first and second reservoirs are delivered into the mixing
chamber in parallel contacting streams; ‘
(v) a source of ultrasonic radiation located in the vicinity of the first inlet;
and
(vi) means for collecting crystalline particles suspended in the liquid discharged
35 from the mixing chamber at the outlet port.



m xi ng chanber via the first and second inlet ports respectively at

I ndependent controlled flowrate, which first and second inlet ports are
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delivered into the mxing chanber in parallel contacting streams; (v) a
source of ultrasonic radiation located in the vicinity of the first inlet;
and (vi) neans for collecting crystalline particles suspended in the liquid
di scharged 35 fromthe m xing chanber at the outlet port. WO 03/061816
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invention, preferably the liquid anti-solvent is mscible wwth the liquid
solvent. 5 Preferably the first and second inlets protrude into the flow
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orifice, the contact may, for example, be essentially a pomt contact when viewed
15 in cross section (when the two inlets have circular orifices) or a line contact

when viewed in cross section (when the two inlets have square section).

In a second example embodiment, the first and second inlets are disposed
coaxially such that one inlet completely surrounds the other inlet. The
20 outflowing streams in this disposition would have, for example, a concentric
circular contact when viewed in cross section.  The two inlets need not
necessarily be orientated concentrically, however they are preferably so.
Furthermore the orifices need not necessarily be circular, although they are
preferably so. In this example embodiment, preferably the inner inlet is the first
25 inlet (i.e. the inlet for the solution of substance in solvent). Such a co-axial
arrangement may, for example, be formed by providing one syringe needie

inside another.

Preferably the apparatus further comprises means for bulk mixing of the liquids

30 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.

Desirably, stirring speed will be set at a level that gives efficient mixing in the
35 mixing chamber, but without inducing vortex and particle shearing effects.
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substance/ sol'vent solution. Usually the flow
rate of areessantiaynosriulsing preReefetedt hat of the sol vent sol ution, the
exggss typically being >_ 2:1 e.g. up to 10:1. A

The contents of the first and second reservoirs may be delivered to the mixing
chamber at a range of flow rates which will be selected and optimised according
to the nature of the substance, the solvent, the anti-solvent and the power and
frequency of the source of ultrasonic radiation. The solubility of the substance in
20 the solvent relative to the anti-solvent is a particularly important variable. The
lower this ratio is, the lower may be the flow rate of anti-solvent relative to the
substance/solvent solution. Usually the flow rate of the anti-solvent will exceed
that of the solvent solution, the excess typically being > 2:1 e.g. up to 10:1. A
ratio of 4:1 is, for example, particularly suitable for fluticasone propionate.
25 Typically flow rates of solvent solution will be in the range of 1-500 ml/min
especially 100 to 400 ml/min. Typical flow rates of anti-solvent will be in the
range of 1-2000 ml/min especially 300 to 1200 ml/min. Higher flow rates of anti-
solvent have a tendency to result in crystalline particles of smaller mean size.

30 Preferably the outlet port of the apparatus is disposed above the inlet ports in
the mixing chamber such that the liquid in the mixing chamber flows from a
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.

35 Preferably the mixing chamber is substantially circular in X-section.
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may then be ~ 15 "tapped” fromthe different outlet ports. The m xing
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The mixing chamber may be manufactured from a range of conventional
materials however these will preferably be selected so as to be unreactive with
the substance, the solvent or the anti-solvent. The mixing chamber may be of
20 any suitable size, whether of a size suitable for bench-scale preparation,
industrial pilot scale preparation or industrial manufacturing scale. Substance
throughputs are a function of the substance, the concentration and the flow
rates. However for the purposes of illustration exemplary throughputs of certain

‘substances as tabulated below:

Substance Concentration | Flow rate Output
g/ml ml/min
Salmeterol xinafoate 0.17 20 204 g/hr, 4.9kg/24h
Fluticasone propionate 0.07 30 126g/hr, 3.0kg/24h
Fluticasone propionate 0.07 120 504g/hr,
‘ 12.0kg/24h
Salmeterol xinafoate and 0.07 20 84g/hr, 2.0kg/24h.
| fluticasone propionate in
combination
‘Naratriptan hydrochloride: 0.025 30 45g/hr, 1.1kg/24h
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microfilter sandwu:hé/cie between two Whatman pa o filters (e.g. Whatman 54
filters). The particle size of the filter will be appropriate for the product collected.
It is possible to modify the distribution of particles at the fine end by selecting a

filter size which allows fines to pass through the filter.
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In order to reduce the incidence of undesirable “bridging” between particles
during harvesting we have found that it is preferable to flush out any residual
solvent used for dissolution by thoroughly washing the filter cake with an anti-
solvent for the substance. Preferably the anti-solvent will be the same anti-
20 solvent that is used in the main process.

The filter may be provided with a drying facility such as by vacuum and/or heat.

In order to facilitate drying especially when the anti-solvent is relatively non-
volatile (such as is water) we find that it is advantageous to displace the anti-

25 solvent with a more volatile anti-solvent. Displacement may be achieved by
| layering the second anti-solvent on top of the filter cake. For many substances,
and particularly for salmeterol xinafoate and fluticasone propionate, when the

first anti-solvent is water we have found that displacement of the water with
diisopropylether (IPE) is particularly satisfactory since approximately 80% of the

30 diisopropylether may be removed by vacuum and remaining 20% by heat at 40
°C. Alternatively the particles of crystalline substance may be collected on a
fluidised filter bed and drying achieved with a warm inert gas such as nitrogen

gas. Alternatively in a system where the crystallisation of the substance out of
solution is essentially complete, the outflow from the mixing chamber may be



20 solvent that is used in the main process. The filter may be provided
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volatile (such as is water) we find that it is advantageous to displace the
anti 25 solvent with a nore volatile anti-solvent. D splacenent may be
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a d

frequencres ove aroun OkHz are generally suitable; frequencies in the
range 20-25kHz are particularly suitable, especially 22kHz. Lower,
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y certain frequencies may be prone to cancellation. Generally this phenomenon
may be avoided by modest tuning of the probe frequency. Ultrasound power in
the range 5-5000W preferably 10-1000W e.g. 10-100 W with typical
power/probe area ratios of 1-80 W/cm? may be suitable (although we are not
20 aware of any theoretical upper limit); in general smaller particles are obtainable
using higher power. Low power/probe area ratios are preferred e.g. in the range
1-8, especially 2-5 Wiem?.

The source of ultrasonic radiation will be located sufficiently close to the inlet
25 ports, particularly the first inlet port, such that it efficiently aids induction of
precipitation of particles of substance by causing cavitation in the mixing liquids.
As noted above, preferably the source is located in close proximity to the first
inlet port such that the outflow from the first and second inlet port is directed
towards it. The source preferably includes an ultrasound probe (or perhaps
30 more than one probe). However wrap-around geometries may also be
contemplated e.g. wherein ultrasound transducers transmit ultrasonic radiation
through pipes. The source of ultrasonic radiation may be enclosed in a
protective jacket (e.g. one made of glass) containing a sono-radiation
transmission fluid (e.g. silicone or olive oil).  Preferably the geometry of the
35 ultrasound probe in the region towards which the outflow of the inlet and outlet



power/ probe area ratios of 1-80 WcnR nay be suitable (although we are not
20 aware of any theoretical upper limt); in general smaller particles are
obt ai nablwo 0a®618g6 hi gher power. Low power/probe area rati @sT@aPe3/ms64 er r ed
e.g. in the range 1-8, especially 2-5 Wcm(err). The source of ultrasonic
radiation wll be located sufficiently close to the inlet 25 ports,
particularly the first inlet port, such that it efficiently aids induction
of precipitation of particles of substance by causing cavitation in the

m xing liquids. As noted above, pref®rably the source is |located in close
proximty to the first inlet port such that the outflow fromthe first and

second inlet. | ' i T tey abigyré Bcl udes
2 ultr 20085 tebiscFreSehfiios d necdite Bair Ao ae sROWh o8 TG, eriir
wr ap- ar elswishewsenrardinamiypgl WEasRUNERIPPSHpl at ed e. g. wherein ul trasound

transducers transmt ultrasonic radiation through pipes. The source of

ul trasonic radiation ma e,enclosed in a rQtectiye j.acket . one nmade

of gl as$)s GrtEhas r?g“pgcidﬁoﬂ}eadﬁ‘éﬂrﬁ'ﬁ’ﬁ W& zi)ﬁg Es?oﬂy%eﬁgdgepée%agﬁnlgi cone or

ol ige oidrystalﬁhemaﬁmes tdfe ageabstanye ofisinge a5 apparaiss uactqpdioge to nthehe

regi on towar.ds . ch é@s igég,f | ow of the inlet and outlet WO 03/061816
BORER WRIGILEQIIPT

PCT/ EPO37? directed resenbl es a negative gain horn as shown
in Figur(® Gelivaripgr thes contterds stfotire dinstopad nsesond, seseveradaulte ppishe. As a

further AsRasl: 9la WAE (AR OSbeAPIAY! (forts REGSEARGH Ot Pindeachdent 5

crystalltne particles of a substance using an apparatus according to the
i nvent i @oniiolled flovhiteises: (i) delivering the contents of the first and

seqgnd M@ ShySIyin dlfrabbeic Tadiafien t6 ilmerinity of theeinfat netrtsa(pdrtietarhothen] et
ports respectively at independent controlled flowrate; 10 (ii) supplying
ul t r asorifet i ipé’ﬂ"lxon to the vicinity of the inlet ports (particularly the
first irdmt port); and (iii) collecting the crystalline particles

;gff_ende(ﬁi)ic%"%@ﬁné itl%ic?yéiélﬁﬁ@q{agﬁéieg 'sP8behdisd T the digalraRehatjed fienput | et
the mixing chamber at the outlet port.
15
The process is particularly suitable for preparing particles of substances which
are pharmaceutical or carrier substances suitable for inhalation therapy.

Examples of pharmaceutical substances suitable for inhalation therapy include

20 analgesics, e.g., codeine, dihydromorphine, ergotamine, fentanyl or morphine;
anginal preparations, e.g., diltiazem; antiallergics, e.g., cromoglycate (e.g. as the
sodium salt), ketotifen or nedocromil (e.g. as the sodium salt); antiinfectives e.g.,
cephalosporins, penicillins, streptomycin, sulphonamides, tetracyclines and
pentamidine; antihistamines, e.g., methapyrilene; anti-inflammatories, e.g.,

25 beclomethasone (e.g. as the dipropionate ester), fluticasone (e.g. as the
propionate), flunisolide, budesonide, rofleponide, mometasone (e.g. as the
furoate), ciclesonide or triamcinolone (e.g. as the acetonide); antitussives, e.g.,
noscapine; bronchodilators, e.g., albuterol (e.g. as the free base or sulphate),
salmeterol (e.g. as the xinafoate), ephedrine, adrenaline, fenoterol (e.g. as the

30 hydrobromide), formoterol (e.g. as the fumarate), isoprenaline, metaproterenol,
phenylephrine, phenylpropanolamine, pirbuterol (e.g. as the acetate), reproterol
(e.g. as the hydrochloride), rimiterol, terbutaline (e.g. as the sulphate),
isoetharine, tulobuterol or (-)-4-amino-3,5-dichloro-o-[[[6-[2-(2-pyridinyl)ethoxy]
hexylmethyl] benzenemethanol; PDE4 inhibitors e,g, cilomilast or roflumilast;

35 leukotriene antagonists e.g. montelukast, pranlukast and zafirlukast; diuretics,
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6, 9a-Difluoro-17a-[(2-furanylcarbonyl)oxy]-11p-hyd roxy-16a~-methyl-3-oxo-
androsta-1,4-diene-17p-carbothioic acid S-fluoromethyl ester.

20 ‘Examples of other pharmaceutical substances for which the process according
to the invention is useful include compounds to be administered orally such as
naratriptan (e.g. as hydrochloride).

Pharmaceutical substances as described above include asymmetric molecules
25 which may exist as mixtures of optical isomers (e.g. as racemates) or as purified
single enantiomers.

Pharmaceutical substances of particular interest include fluticasone,
beclomethasone, salmeterol, salbutamol or an ester, salt or solvate thereof.

30 The substance of most interest is salmeterol xinafoate (including the racemate
or the purified r- or s- enantiomers). Fluticasone propionate is also of particular
* interest.

Examples of carrier substances include lactose. Another example is mannitol.
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15 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
discharge into the continuous flow cell. With this end in mind, it may be

20 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

lines it will generally be desired to prime the apparatus by first pumping it with
25 solvent. It may be preferred to prime the apparatus by pumping it with heated

solvent, particularly when the dissolved substance is close to its solubility limit.

When the substance is fluticasone propionate we prefer the solvent to be
acetone and the anti-solvent to be water.

30 When the substance is salmeterol xinafoate we prefer the solvent to be
methanol or acetone (more preferably methanol) and the anti-solvent to be
water or IMS (more preferably water).

When the substance is salbutamol sulphate, we prefer the solvent to be water
and the anti-solvent to be IMS.
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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
20 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 recrystallisation
mixture tend to result in the output proportions of the mixture differing from the
25 initial proportions in solution in the solvent and so appropriate adjustment of the
input proportions to achieve the desired output proportions may be necessary.

The method according to the invention is particularly suitable for producing
mixtures of crystalline particles of salmeterol and fluticasone or salts and esters
30 thereof e.g. salmeterol xinafoate and fluticasone propionate.  The preferred
solvent is acetone. The preferred anti-solvent is water. Recrystallisation from
acetone using water as anti-solvent tends to cause an increase in the ratio of
salmeterol xinafoate to fluticasone propionate relative to their proportion in
solution in acetone. The method is also expected to be suitable for producing
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We also provide a pharmaceutical composition comprising a population of
particles prepared according to the invention.

20 The advantages that the invention may possess include the fact that the process
may be performed in a continuous manner without requirements for batch
processing, that process may be scaled up with relative ease and that the
apparatus and process are capable of producing particle size distributions of
very high uniformity index (defined as D10/D90 x 100) and particles of size in

25 the low micron range.

The invention will be illustrated by reference to Figures 1a and 2a in which
mixing chamber 5 is provided with an inlet having a first inlet port connected to
first reservoir 3 containing substance dissolved in solvent and second inlet port
30 connected to second reservoir 4 containing anti-solvent. First and second inlet
ports may have parallel geometry as shown in Figure 1b or co-axial geometry as
shown in Figure 2b. Pumps 1 and 2 deliver liquid from reservoirs 3 and 4 to
mixing chamber 5 at a controlled rate. An ultrasound probe 6 is located in the
vicinity of, and just above, the inlet ports. When pumps 1 and 2 are in
35 operation, liquids from reservoirs 3 and 4 are delivered to mixing chamber 5 and



dry powder conposition (whether containing pure drug, or drug mxed with a
10 carrier such as lactose) or a pressurised liquid forrmulation (e.g. a
formul atiwo 0306exsps i si ng a hydrof | uoroal kane propel | ant su®oTaPIBAIB4a or
HFA227). Pressurised liquid formrmulations suitable for netered-dose
inhalers will be retained in canisters, typically alum niumcanisters
(which may be plastics lined) 15 which are provided with a netering val ve
of appropriate nmetering volunme. W al so provide a pharnmaceuti cal
conposition conprising a population ¢4 particles prepared according to the
invention. 20 The advantages that the invention may possess include the

‘;ggbl ﬁgﬁw geff,@? 683 ﬁuFFggﬁbgcgrSB%MrefWEﬂ the a8t 'nﬁw«amn@m?@rr L\MIGIBOUI

S n cess

{ ed th

rel at i veortmimngritiet particlel eof aqmtmtaa@wh%cge@%@@és 9%3’/% %ﬁrféfb he m‘X'Bgoduci ng
particl todn ef rhgang 0t fiftdef i ned as
D DQO%QE%%)& %lﬁle P@q@\sé}g thé??ge P?\I%ZS thgglb:vlow m cron range. The
invention will be |IIustrated by reference to Figures la and 2a in which
m ¢ ng gﬁlﬁéﬂ?ﬂl@enéoﬁé f¢tizlEsk Wiré miringivalset! dravdsnipllawsi rst i nl et port
connecte first reservoir 3 containing substance dissolved in sol vent
and secdMid |n1@mport 30 connected to second reservoir 4 containing

ant i -sol'l‘(ﬂélthen’g'htl‘ 8h.380ch second inlet ports may have parallel geonetry as
showr | gﬁ{l?eg%t Pil V&Rl IRAERTS ¥a 2f2ont puhe VBsSAIOHOR Be. Putps |

and 2 d om reservolirs and 4 m xi ng chanber 5 at a
control Itmxﬂtonabetle’rAn ul trasound probe 6 is Iocat ed in the wvicinity of, and
J above, the inlet ports. Wen punps 1 and 2 are in 35 operation,
liquids fromreservoirs 3 and 4 are delivered to m xing chanber 5 and WO
03/ 0618 Brighcesepptiomobe drawings optionally be stirred, for exanple, with

the aid Fqéu,@gﬂgatgap §ﬁ¢w|hgran éxarople appamamsrachrctllh@tcpﬁ]ﬁ inyeBEO™f subst ance
t hus gene

ated flows.out. 0 ). where t hey
are col IidgyEs .0 b%%gﬂgeigieg%l ﬁ%;[ psgadﬁé‘ﬁ:ieg}gieé‘élﬁrbrﬁé? g?l(g frgr a one
litre niggoe Sessel Shewiag o photogeaph WM%WP%QHPPF@SQW Aghe: ca. 38cm

15 (negative gain horn type. shown in foreground and ordinary type shown in
background) (N.B. the support for the active end of each shown in the figure can
be disregarded).

Abbreviations

20 IPA isopropylalcohol

DMAc dimethylacetamide

- IMS industrial methylated spirits
DMF dimethylformamide
IPE isopropylether

25 DMSO dimethylsulphoxide
HFA134a 1,1,1,2-tetrafluoroethane
HFA227 1,1,1,2,3,3,3-heptafluoro-n-propane

All publications, including but not limited to patents and patent applications, cited

30 in this specification are herein incorporated by reference as if each individual
publication were specifically and individually indicated to be incorporated by
reference herein as though fully set forth.

Throughout the specification and the claims which follow, unless the context
35 requires otherwise, the word ‘comprise’, and variations such as ‘comprises’ and



One outlet at 1 litre volume mark, which is ca. 12cmup the v
bottomoutlet. 10 Brief description of the draw ngs Figures 1ezee£afron1the
Showi ng awoesaesie apparatus according to the invention. PEIrgwo®esis b, 2b:
Showi ng detail of the inlet port geometries (in cross section). Figu}e 3:
Showi ng a phot ograph of two types of ultrasound probe 15 (negative gain
horn type. shown in foreground and ordinary type shown in background)

(N.B. the support for the active end of each shown in the figure can be

di sregarded). Abbreviations 20 |IPA itSopropyl al cohol  DVAc

di methyl acetam de |Ms industrial nmethylated spirits DV di methylformam de

| PE i sopropyl.ethe
1,1,1, i %ﬁ'r@ A'ﬁ?%%%#éé@*fh"f*@ﬁ“’%‘@'%“ ﬁgélsé%égé?tggﬁr br Stea'Dne Al
publ i catdrgneyp dhiritegersdusoet isothel exelusion PBaB&PQTﬂréméﬁﬁr BEEEROTHBHPcat i ons,

cited @il | ficat h
_ ihBobl & & g cation are herein incorporated by reference as if
each m?f gg {y |cat|on were specifically and individually indicated
to be |ncorporated by reference herein as though fully set forth.

Thrpughotte fdnewﬁfgeéxémﬁletsis_ewamiuweateltaemwemmh follow, unless the
cont ext 35 requires otherwi se, the word "conprise', and variations such as
“conprises' and WD 03/061816 PCT/ EP03/00558 15 "conprising', will be

under st @&hrhglesnpl y the inclusion of a stated integer or step or group of
: Rt ggg; gﬁﬁ’grﬂgéustﬁ@kl?%acﬁéﬁl i \Gifh %aﬁglylnfett@ﬁf tHdB&Esh opid $heRoat cgr oup  of
| nvegt i dralf way up the side of the ve%\émelness%)%%g})y ass g\r/v\rlweln gdrleI asérru? tz% v&zglse
10 used for all experiments. The ultrasound probe used with negative gain horn
was as shown in detail in Figure 3, with a diameter at the extremity of the probe
of 5cm. Co-axial feed of input liquids was achieved using a syringe of internal
diameter 2mm approkimately having within it a syringe of internal diameter 1mm
‘ approximately.
15
Ultrasound was supplied at a frequency of 20kHz, ultrasound probe maximum
power was 500W.

Example 1
20 Distributions of particles of crystalline fluticasone propionate

Experimental procedure
The drug substance (fluticasone propionate, FP) (1wt) was dissolved in acetone
(15-20vols, according to experiment) by heating to 56 °C and then allowed to
25 cool to between 25 and 35 °C. A first peristaltic pump was connected to the
said FP/acetone solution and a second peristaltic pump was connected o a
water reservoir wherein the water was in the temperature range of about 3-30
°C. Prior to starting the pumps the mixing chamber was filled with a solution of
acetone and water (the ratio of each being the same as the relative pumping
30 rates from the two reservoirs). By doing this, the relative concentrations of the
water to acetone remained constant throughout the crystallisation. The
temperature of the mixing chamber was maintained in the range about -10 to
+30 °C by passing tempered heat transfer fluid through the vessel jacket. The
FP/acetone solution iniet and water inlet were arranged coaxially or in parallel
35 (as shown in Figures 1a/1b/2a/2b) and the tip of the ulfrasound probe was




Exanpl es A continuous flow reaction cell wth coaxial inlets at the bottom
and a run-out ca. half way up the side of the vessel essentially as shown
i n Fi gur ewpasaed1b was 10 used for all experinments. ThePalrtePazenssgl pr obe
used with negative gain horn was as shown in detail in Figure 3, with a
dianeter at the extremty of the probe of 5cm Co-axial feed of input

| i qui ds was achi eved using a syringe of internal dianeter 2mm
approximately having within it a syringe of internal dianeter 1 mm

approxi mately. 15 U trasound was supdbi ed at a frequency of 20kHz,

ul trasound probe maxi mum power was 500W Exanple 1 20 Distributions of

par U ¢l e nghYa) 3had R Lt heasonse RheaL, Of?ﬁrﬁné;ﬁiﬂﬂﬁfrthgeélaaéf gresredur e The

drug su uticaso | onat e, ed i n ,acetone

(15- ZOV(gklsdlr@cmagdeh@S’tlrdiereb@féiflQ*@ﬁ'ﬂ?aqﬁt‘ﬂﬁ%ra‘ﬂ’ﬁﬁéﬂ' @@@S@Siﬁ%utr@ﬁ%m owed to
25 cool %‘ﬁs en42 %y RAF @rﬁtrpres‘})édtrt%t tHRetipsfzlet hfesp wiTtheaprobeinedt ed to

t he sai 3 gB acﬁ?one sol uti o second ri.st I ti Qryaect ed to
a wat elCOMPESiSPER; SXRATER N ﬁ""ﬂ’h ﬁ a 'ﬁB?HBR gpg#%’r%emnge of about
oIt | O o e ot ot 6 fm“ﬁ”w“”gm”;mm“t he ©
relativé Eﬂﬂﬁ dayvate) 2%1 t%r[hné @%@&@&k@%g%&fﬁi i:lg?s%

rel ati VQmammmrsﬁtlam’nsn e ekperiman Gce Yy

thr OthO%u&%ﬁ?cﬁﬁe ft aAléu%gEhQiBnlgﬂ“ﬁwe AL ahuhe /- cﬁyb@umanbngmm@moer was

mai nt al ange

t r ansf erwds alldwedrf@u@ﬁt Vﬁeth?eg‘é%ﬂﬂo]"’aeikécﬁg gﬂgg @%ﬁ%g’gg qug'n%i nl et

anfh wat Q§ b;éoe% YRR hal WathoRstet @i dddyinaracuo bedwaeh alboBSZ()zks 56K&an i n
Fi gures 1 I}I2a/2b) and the tip of the ultrasound probe was WO 03/ 061816

PCT/ EPO3/ 00558 16 positioned so that it is just above the inlets. Stirring
with t hq;@mgaﬂéo@_e&pérm@htmeﬂgpeﬁgm&ed uskIg theeappssatusrwidy dianectacally rr er

was initl agoesdce lnput feelag d‘éls&rl@éc? H‘PWO 00/38811 in which save for the input feed
geometry and the specific parameters given in the table below, and the vessel
15 dimensions given below, other parameters were similar to those used for the

experiments using the present invention.

In the mixing chamber used in this comparison experiment, the diameter was 5
cm the height was 12.5 cm, the height of the outlet above the base was 7 cm
20 and the height of the inlets above the base was 1.5 cm.

Samples were sized using the Malvern laser diffraction particie sizer and the
results analysed using multi-dimensional model fitting software (such as Design

Expert 5).
25
Results were obtained as follows:
“Config- Flow rate Conc. | U/sound Malvern size data Run No.
uration ml/min | of FP* | / Wicm? /micron
Water FP/ D10 D50 D90
Acetone
A 480 120 19/18 Nil 0.60 2.25 6.29 1
ml




at intensity 2-4 Wcn2 (wth respect to the tip face area of the probe). A
conparison experinent wwth the ultrasound probe in place but zero power was
5 performed.o3Berses ystal | i sati ons were carried out from vaPCoEPOOSSIr es of
acetone and water (by altering the flow rates of each) as dictated by the
paranmeters set out in the experinental design. Finally the punps were
started sinultaneously. A suspension of the crystals in the
re-crystallisation mxture was allowed to exit via the overflow directly
onto a filter bed. The slurry is 10 i%ol ated and washed with water and
dried in va;:uo bet ween about 20 to 50 C._Conparison experinents were
per fiormgd usi t he r th dibanmetfri |y o@ppdsis ol nput 4 eeds
descfri B@d in 9(%000/ 38811 a“—%l ch sa\?e f or O:ﬁi n%gj{B fee%qogeometry and the
specific pananeter|s given inMlhe|table bel ow apd the lvessel 115 di nensi ons
gi ven beg| ow,| @gper| paygretie{g18ere siom | aJr g.a7t hosggusedq4 Bor [the 3

experinents |using {the presient inyention. [In the|m xing chanber used in this
conparison experi nt __the dimln'gt er was cmthe heidht—was—112 5 t he

T TS/ 1 1TCT LILALY LA = o) LI bll;

5
hei ght @f thegopat!et gpve| 1g/80base vas 7| 0A3*20 1a5mi*t|h8. 7T ght of the
inlets above the base was [1.5 cm Sanmpl es| were $i zed usi ng t he Mal vernp

1 ~ 1 1 P | o—an
| ase ctionparticlestzertandthe—rr+esuHs—anahysed uabug

mul t§ - diArensi @6l MDCE20 f i t1g/Mg sof t Ware | SuBO as2B8si gn6 %Bxpert B). p5

Resul ts were obtaijned as fol Inqlws: Config-| Flow rate Conc. U spund Ml yern
si ze—data—Rynr—Ne—uratten—mmnof —FP——Wcn 7 mcrom Water FP[ DIPD D50
D90 | Acd& ond 40080, 12200 ¢f 1¢/1Ri || 0. 60 2. pH-8329 2.06y| vHII3/ P16
PCT/ EP0O3/ 00858 17| A 480 1RO ¢4 9/{18 2 0.5p 2.08|5.10 2 ni
C 480 120 19/15 2 115 | 4.19 10.00 7
‘ ml
D 400 200 19/18 2 1.88 | 5.13 11.86 8
ml .
Comparator: standard micronised FP 0.60 1.62 3.20
Key
* concentration of FP expressed as grammes of FP in ml of solvent (acetone)
5 Configuration “A” : co-axial input feeds as shown in Figures 1b and 2b.

Configuration “B”: parallel input feeds as shown in Figures 1a and 2a.

Configuration “C™: diametrically opposite input feeds as described in

WO000/38811 with ultrasound probe just above FP/acetone feed.

Configuration “D”: diametrically opposite input feeds as described in
10 W000/38811 with ultrasound probe just above water feed.

All size figures are based on average of 2 results except that marked **.

**n the repeat experiment, D10, D50 and D90 values of 0.46, 1.63 and 492.49

micron were obtained. Whilst these D10 and D50 values are consistent with
15 those of the first experiment, the figure of 492.49 micron for D90 was

disregarded since this was believed to be erroneous and probably caused by the

presence of a large granule in the sample.



A 600 120 1g/18 2 0.47 1.78 4.39 3 nm A 600 120 1 g/30 4 0.43** 1.51**
3.75** 4 m A 360 120 1g/15 2 0.86 2.98 6.92 5 nm B 600 200 1g/18 2 0.53
2.06 4.93w6 03/0618% 480 120 1g/15 2 1.15 4.19 10.00 7 m Dr¢oErPAOWsIYY/ 18 2
1.88 5.13 11.86 8 m Conparator: standard mcronised FP 0.60 1.62 3.20 K
* concentration of FP expressed as grammes of FP in ml of solvent (acetone)
5" Configuration "A" : co-axial input feeds as shown in Figures 1 b and 2b.
Configuration "B": parallel input feeds as shown in Figures 1 a and 2a.
Configuration "C': dianmetrically oppd8ite input feeds as described in
Vw00/38811 with ultrasound probe just above FP/acetone feed. Configuration

"D': t [ 1 811 h
ul t raso rre r %%% ﬁ@?sogﬁ'!ﬂ/% rﬁé@%\l %gﬁ(gér tﬁl l?éjm zeryg%gglrﬁe‘gtci?gw%ﬂgé%ﬁ et
aver age paf'tl(QeS’ ds;mmmoebdoemlcnonmedrmm@f@l ’EXpeﬂmnitfhéS'PSrfé%i‘tf el 'ﬁent

D10, D5Q) ese cgi)gdﬂ’lgl H)ngé) fim@nfin rfesBiRednd é%e‘i’gpaﬁbiér sizewdisarimiioasned.

Whi | f
exper | mismalen@10; BaPcanst DR8bthes: miea oo S e ik 3 PAPEUERPRce i <

was; bel IC%P'? g.0 be erroneous and probably caused by the presence of a
| arge granule in the sanple. WO 03/061816 PCT/EP03/00558 18 Fromt hese
results, Run 4 naterial appear to be a very good match in terns of
parti cl E(a(ﬂrhgéfz' bution for mcronised material. Experinents using

confl gurAar% 'aﬁjml"ﬁ‘ium canister may be charged with particles of fluticasone propionate
prepared according to the invention (e.g. as described in Example 1, run 4). A
10 metering valve (Valois) may be crimped on and liquefied HFA134a added

through the valve.

Example 3 o
A dry powder composition for inhalation may be prepared by mixing particles of

15 fluticasone propionate prepared according to the invention (e.g. as described in
Example 1, run 4) with milled lactose. :



or B according to the invention resulted in a finer particle size
distributions (smaller D10, D50 and DO0) than experinents using the prior
art confiworawewsms 5 C and D. Exanple 2 An al um ni um caniPST@Posrensshe
charged with particles of fluticasone propionate prepared according to the
invention (e.g. as described in Exanple 1, run 4). A 10 nmetering val ve
(Vval ois) may be crinped on and |iquefied HFA134a added through the valve.
Exanple 3 A dry powder conposition for inhalation may be prepared by m xing
particles of 15 fluticasone propi ondBe prepared according to the invention
(e.g. as described in Example 1, run 4) with mlled | actose. WD 03/061816
PCT/ EPO3/ 00558 19 Cains 1. A process for preparing crystalline particles
of substance which 5 conprises mxing in a continuous flow cell in the
presencéﬁﬂﬂﬁhltrasonic radiation a flow ng solution of the substance in a
liquid solvent with a flowing liquid anti- solvent for said substance, and
collecting the resultant crystalline particles generated, characterised in
that the sol utionyRrdsadnidr- pRIpeeny erstalithe vpasidldsntod sulbstancat whighus f 1 ow

cell in parallel contacting.stre . 10.2 : N
Crybt ol IO TisgR MBI T AU B R cgh e WreRBRRS B Uil hidtahaond
r eser voig fleWingeéslution f ane subsmsoé e d liguid sohitavitopviawing ligrid aatisecond

 fiofingpéolutowat an bura liquid sohentavop iaing Tl agt
chanber SR Y “Siisaea e IcEARY, B TRESIERL chintelis) parIcy " ans

for del igereratgd; batapterisedsinathat the splugen §6&1§ﬁl¥eﬂéééﬁ Qgﬁ\?%fe fﬂ” e
m Xi ng gﬂé@a‘ﬁ{inwﬁs f|{5\§ éfeiglriﬁbaﬁdﬂ@l 86%@plng BlreamBor t s respectivel y at

i ndependent” ™ confro low rate, which first and second inlet ports are
orfentated such that the contents of the first and second reservoQirs are

del i ver el i nt At @pairatusdor preparing crystalline particles of a substance which
comprises:
(i) a first reservoir of said substance dissolved in a liquid solvent;
(i) a second reservoir of liquid anti-solvent for said substance;

15 (iif) @ mixing chamber having first and second inlet ports and an outlet port;

(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, which first and second inlet ports are orientated such that
the contents of the first and second reservoirs are delivered into the mixing

20 chamber in parallel contacting streams; o o
(v) a source of ultrasonic radiation located in the vicinity of the first inlet;

and
(vi) means for collecting particles suspended in the liquid discharged from the

mixing chamber at the outlet port.

25
3. A process according to claim 1 wherein the liquid anti-solvent is miscible

with the liquid solvent.

4, An apparatus according to claim 2 wherein the liquid anti-solvent is

30 miscible with the liquid solvent.



20 chanber in parallel contacting streans; (v) a source of ultrasonic

radi ation located in the vicinity of the first inlet; and (vi) neans for
col | ecti ryopawsisté es suspended in the |iquid di scharged fPOREPh&00588 Xi ng
chanber at the outlet port. 25 3. A process according to claim1 wherein
the liquid anti-solvent is mscible with the liquid solvent. 4. An
apparatus according to claim?2 wherein the liquid anti-solvent is 30
mscible with the liquid solvent. WO 03/061816 PCT/EP03/00558 20 5. An
apparatus according to clains 2 or 4 2kherein the first and second inlets
protrude into the flow cell such that the liquids outflow into the body of
| i quid i the An sppgratbsrdseordify 6o claimspParad whereroihd figgt tadapgcaie of

| ai , d 5 wherei h ' j
Gi oot ednietmarasidnaneghpcioee Aot e labfn phffowd M R Bro s =@

accor di ire AR PEh&MBEs 2 or 4 to 6 wherein the first 10 and second
inlets Q%qu;hj acent td(; each other such that the streans of liquid

outflowing fromeach inlet contact along one side of the stream 8. An

apparatus according tq any ane of cl aj 2 6 rei iLst and
secgnd iél ets%@pﬁﬁg%ﬂge%cc%(g&ga{?l%ﬂsggﬁ ?fﬁé{?ﬁ%én%’illn\lggta %g{r;\rjp%rgﬁ]emé 15
surroundg,thb® BbRERNE Tiret and. sédbnapiiétat a% afreotedi tgvardscinel soBroehef ei n t he
inner inlet 1s the first inlet (i.e. the inlet for the solution of

subst ancétrasownd vadialion.20 10. An apparatus according to claim2 or 4 to 9
further conprising neans to mx the liquids delivered to the m xing
chanber via the first and second inlets. 11. An apparatus according to
cl ai m 107 wher eAm apparatix iabgordira e amoopes iof elmimss or 4 do 6 \iBerein the first

10 and second inlets are adjacent to each other such that the streams of liquid

outflowing from each inlet contact along one side of the stream.

8. An apparatus according to any one of claims 2 or 4 to 6 wherein the first
and second inlets are disposed coaxially such that one inlet completely

15 surrounds the other inlet.

9. An apparatus according to claim 8 wherein the inner inlet is the first inlet

(i.e. the iniet for the solution of substance in solvent).

20 10. An apparatus according to claim 2 or 4 to 9 further comprising means to

mix the liquids delivered to the mixing chamber via the first and second inlets.

11. An apparatus according to claim 10 wherein the mixing means

comprises a stirrer.

25 ‘
12. An apparatus according to claim 2 or 4 to 11 wherein the 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 comprises one or more pumps.

30



12. An apparatus according to claim2 or 4 to 11 wherein the neans for
delivering the contents of the first and second reservoirs to the m xing
chanber wpa3wbm16irst and second inlet ports respectivel PCaEPORABSsENdent
controlled flow rate conprises one or nore punps. 30 WD 03/061816

PCT/ EPO3/ 00558 21 13. An apparatus according to claim2 or 4 to 12 wherein
the outlet port is disposed above the inlet ports in the m xi ng chanber
such that the liquid in the mxing chanber flows froma |lower to a higher
point in the chanber before exiting.215 14. An apparatus according to claim
2 or 4 to 13 wherein the mxing chanber is substantially circular in
X-secti of8. 15Anfappapiustosomigotadciagnt oc Uaiond 2 wheraint thelautighercst 18 t he

neans for 10 collectin artjcles suspended in the liqui i ed from
The. m xidiepasesnserve e P T B hpdntabrpembas slop e iR RFEREC o
accor di ng; ' RIws3 foh 0 IereRPar Righer dRme Wi i thambeaibeféreor 4 to
15 whi chr}ﬂlé(jj ?bggﬁ&w% ) delivering thebcont ents of the first and second
reservoiexgtirigp the m xing chanber via the first and second inlet ports

resgectively at independent controlled flowrate; (ii) supplying
ultYasonic radiation to the vicinity of the inlet ports; and (iii)

col | ectifg therapgarbiusnace@tingC tescisis ersted to thavidreini thediraixivg ged
from 20 the m xing chanber at the outlet port. 17. A process according to
cl ai m 16chamebei is substaniielly gifedar i X4rsegh@i-naceuti cal or carrier substance
suitable for inhalation therapy. 25 18. A process according to claim17
wherein the substance is fluticasone, beclonethasone, sal neterol,

sal but anpd, or mn pplaedtus Saddording $ol slaine 2 berdetd 1141@hereiprtbeewsaasdor di ng to

claim17 wherein the substance Is |actose, 30 20._A process according to
C1 40m 1gcallvetieg parkidos SHSparHSE natheilGkIc dissharged fromthe Hixing idhBef

at the outlet port comprises a filter.

16. A process according to claim 1 or 3 using an apparatus according to

claim 2 or 4 to 15 which comprises:
15 (i) 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;
(i) supplying ultrasonic radiation to the vicinity of the inlet ports; and
(iii) collecting the crystalline particles suspended in the liquid discharged from

20 the mixing chamber at the outlet port.

17. A process according to claim 16 wherein the substance is a

pharmaceutical or carrier substance suitable for inhalation therapy.

25 18. A process according to claim 17 wherein the substance is fluticasone,

beclomethasone, salmeterol, salbutamol or an ester, salt or solvate thereof.
19. A process according to claim 17 wherein the substance is lactose.

30 20. A process according to claim 18 wherein the substance is fluticasone

propionate.



propi onate. WD 03/061816 PCT/EP03/00558 22 21. A process according to
claim 18 wherein the substance is salneterol xinafoate. 5 22. A process
accor di ngwoesaemgione of clainms 1, 3, 16 or 17 wherein thePCIHPSYONISE IS a
m xture. 23. A process according to claim22 wherein the substance is a

m xture of fluticasone propionate and sal neterol xinafoate. 10 24. A
process according to claim20 or claim23 wherein the solvent is acetone
and the anti-solvent is water. 25. A process according to claim 21 wherein
the solvent is nethanol and 15 the @2ti-solvent is water. 26. A process
according to claim 16 wherein the substance is naratriptan hydrochloride.
20" 27. A population of particles obtainable by a process according to any

Compr | sidly o pdbIASABORRLD P YERBPI R ¢ G LR gS SayhSrol

xinafoate.

5 22. A process according to any one of claims 1, 3, 16 or 17 wherein the

substance is a mixture.

23. A process according to claim 22 wherein the substance is a mixture

of fluticasone propionate and salmeterol xinafoate.

10
24. A process according to claim 20 or claim 23 wherein the solvent is
acetone and the anti-solvent is water.
25. A process according to claim 21 wherein the solvent is methanol and
15 the anti-solvent is water.
26. A process according to claim 16 wherein the substance is naratriptan
hydrochloride.
20 27. A population of particles obtainable by a process according to any one

of claims 1, 3 or 16 to 26.

28. A pharmaceutical composition comprising a population of particles

according to claim 27.

25



