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ORGANIC COMPOUNDS

This invention relates to the production of pharmaceuticals or, more specifically, a process for

preparing a particulate and substantially crystalline drug substance.

When preparing a drug substance for formulation and administration by inhalation, freshly
prepared drug substance, often in the form of coarse grains, is commonly micronised i.e.
mechanically pulverised to give particles whose mean particle size is suitable for inhalation.
That mean particle size is typically less than 10 microns, preferably less than § microns, in

mean diameter and the micronisation process is usually an air-jet-milling process.

Unfortunately micronisation generally and air-jet-milling in particular can cause deleterious
changes in the crystalline drug substance including forming high energy surfaces, amorphous
parts, dust and generating electrostatic charges. The problem is particularly acute for drug
substances whose physicochemical properties make formulation difficult and thus require
using the most thermodynamically stable crystalline form of that substance. Such crystalline
drug substances tend to absorb water from the atmosphere and aggregate and/or agglomerate

thus making further processing more difficult or at least less efficient.

There is therefore a need to provide an alternative process for preparing a particulate and
substantially crystalline drug substance that avoids or at least diminishes the unwanted effects
of conventional micronisation, particularly via dry milling processes. The process should

preferably reduce the tendency of the drug substance to aggregate and/or agglomerate.

Surprisingly, it has been found that homogenising a substantially crystalline drug substance
suspended in an anti-solvent thereof at elevated pressure and drying the resulting drug
particles gives a particulate drug substance in substantially pure and crystalline form. The
suspension and the dried drug substance retain a substantially stable particle size over a long
period of time and are thus suitable for further formulation. Surprisingly, no particle
aggregation or agglomeration is observed which is in strong contrast to a dry micronised (jet-
milled) powder of the same drug substance. It is particularly surprising that the homogenised
suspension and particulate drug substance can be prepared without the presence of a

stabilising agent.

Accordingly, the present invention relates to a process of preparing a particulate and

substantially crystalline drug substance, the process comprising the steps of:
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(a)  suspending a substantially crystalline drug substance in an anti-solvent to give a
suspension;

(b)  homogenising the suspension at elevated pressure to give drug particles that have a mean
particle size of less than about 10 pm; and

(c)  drying the drug particles to remove any residual anti-solvent.

Preferably the process is carried out in the absence of a stabilising agent vet still gives a

suspension which after drying yields a substantially pure drug substance powder.

Preferably the suspension is homogenised at elevated pressure to give drug particles that have

a mean particle size of less than about 7 um, especially less than about § pm.

Preferably the elevated pressure is between 500 and 2000 bar, more preferably between 800
and 1500 bar, especially about 900 to 1300 bar.

Preferably the suspension is homogenised at a reflux temperature of between 1 to 30° C, more

preferably between 3 and 20° C, especially between 9 and 15¢C.

Preferably the suspension is homogenised at elevated pressure for 1 to 100 cycles, more

preferably 20 to 75 cycles, especially about 50 cycles.

Preferably the drug substance is a glycopyrronium salt, especially glycopyrronium bromide,

glycopyrrolate USP.

Preferably the suspension is homogenised at a pressure that gives micron-sized particles of

glycopyrrolate that contain substantially no amorphous parts and no excipients.

The present invention relates to the use of a particulate and substantially crystalline drug
substance that has been prepared by the aforementioned process, particularly in a formulation

for use in a dry powder inhaler or a metered dose inhaler.
Terms used in the specification have the following meanings:
“Amorphous” as used herein describes a disordered solid state, which may appear during

manufacture of the drug substance (crystallization step, drying, milling) or the drug product

(granulation, compression). The X-ray powder diffraction pattern of an amorphous solid
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exhibits no sharp peaks.

“Anti-adherent agent” as used herein means a material that reduces the cohesion between
particles and prevents fine particles becoming attached to the inner surfaces of an inhaler
device, or a mixture of such materials. Anti-adherent agents also include anti-friction agents or
glidants, which give the powder formulation better flow properties in the inhaler. They usually
lead to better dose reproducibility and higher fine particle fractions. Typical anti-adherent
agents include amino acids such as leucine, phospholipids such as lecithin or fatty acid

derivatives such as magnesium stearate or calcium stearate.

“Anti-solvent” as used herein means a solvent in which a particular drug substance is
substantially insoluble. For example glycopyrrolate is substantially insoluble in acetone so

acetone as an anti-solvent for glycopyrrolate.

“Glycopyrronium salt” as used herein is intended to encompass any salt form or counterion of
glycopyrronium, including but not limited to glycopyrronium bromide (glycopyrrolate),
glycopyrronium chloride, or glycopyrronium iodide, as well as any and all isolated
stereoisomers and mixtures or stereoisomers thereof. Derivatives of glycopyrronium salts are
also encompassed. Suitable counter ions are pharmaceutically acceptable counter ions
including, for example, fluoride, chloride, bromide, iodide, nitrate, sulfate, phosphate,
formate, acetate, trifluoroacetate, propionate, butyrate, lactate, citrate, tartrate, malate,
maleate, succinate, benzoate, p-chlorobenzoate, diphenyl-acetate or triphenylacetate,
o-hydroxy-benzoate, p-hydroxybenzoate, 1-hydroxynaphthalene-2-carboxylate,

3-hydroxynaphthalene-2-carboxylate, methanesulfonate and benzene-sulfonate.

“Mean particle size” is the average diameter of particles as measured by laser light diffraction.
The x90 mean particle size is the mean particle size below which 90% of particles of a sample
have a lower mean particle size. The x50 mean particle size is the mean particle size below
which 50% of particles of a sample have a lower mean particle size. The x10 mean particle
size is the mean particle size below which 10% of particles of a sample have a lower mean

particle size.
“Stabilising agent™ as used herein means a substance that stabilises a drug substance mainly in
suspension. Typical stabilising agents are ionic or non-ionic surfactants (e.g. poloxamers) or

polymers such as cellulose ethers, PVP or PVA.

Throughout this specification and in the claims that follow, unless the context requires
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otherwise, the word “comprise”, or variations such as “comprises” or “comprising”, will be
understood to imply the inclusion of a stated integer or group of integers but not the exclusion

of any other integer or group of integers.

The present invention relates to a process of preparing a particulate and substantially
crystalline drug substance, especially one that is suitable for administration by inhalation. The
process involves suspending the substantially crystalline drug substance in an anti-solvent
thereof to give a suspension, homogenising the suspension at elevated pressure to give drug
particles that have a mean particle size of less than about 10 pm, and drying the drug particles
to remove any residual anti-solvent. The resulting drug particles are surprisingly aggregation

and agglomeration resistant, especially compared to jet-milled powders of the same substance.

High pressure homogenization (HPH) is a well established and widely used technology for the
large scale production of emulsions, solid-lipid nanoparticles, and, most importantly, in food
technology. The starting material is suspended in a carrier fluid as a first step, the suspension
is pressurised typically between S00 and 2000 bar, and then the pressure is relaxed across
static micro-channel interaction geometries such as Y- or Z-mixers, or across dynamic valves,
thus inducing particle size reduction by cavitation, shear forces in the liquid phase, and
particle-particle as well as particle-wall collisions. The homogenization step can be repeated as
many times as necessary or until the desired average particle size and particle size distribution
(PSD) is reached. HPH overcomes some of the most severe drawbacks of conventional dry and
wet milling including contamination by abrasion. Dust formation and equipment clogging are
also successfully avoided, particularly when dynamic particle size reduction micro-channel
systems are used. In order to obtain a stable suspension, in described fields of use, the drug
substance is usually co-suspended with certain excipients which function as a stabilizer agent

prior to carrying out the high pressure homogenisation process.

In the first step of the process of the invention, a particulate and substantially crystalline drug
(optionally with a pre-reduced particle size) substance is suspended in an anti-solvent to give a

suspension.

The drug substance can be any pharmacologically active ingredient although the process of the
invention is especially useful for crystalline drug substances whose physicochemical properties
make conventional formulation difficult, especially in the production of dry powder

formulations for administration by inhalation. In general such substances often have activated

surfaces and sufficient chemical stability to withstand treatment at the temperature employed.
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Such drug substances include anti-inflammatory, bronchodilatory, antihistamine, decongestant
and anti-tussive drug substances, for example B-adrenoceptor agonists, antimuscarinic agents,
steroids, PDE4 inhibitors, A, agonists or calcium blockers. Preferred drug substances
(including salts, polymorphs, or hydrates or solvates thereof) include antimuscarinic agents
such as ipratropium bromide, tiotropium bromide, other tiotropium salts, crystalline
tiotropium bromide hydrate, oxitropium bromide, aclidinium bromide, darotropium, BEA-
2180, BEA-2108, CHF 4226 (Chiesi), GSK423405, GSK202423, LAS35201, SVT-40776, (R)-
3-(2-Hydroxy-2,2-diphenyl-acetoxy)-1-(isoxazol-3-yl-carbamoyl-methyl)-1-azonia-bicyclo-
[2.2.2]octane bromide and glycopyrronium salts; B2-adrenoceptor agonists such as formoterol,
indacaterol, albuterol (salbutamol), metaproterenol, terbutaline, salmeterol, fenoterol,
procaterol, carmoterol, milveterol, BI-1744-CL, GSK159797, GSK-159802, GSK642444, PF-
610355 and salts thereof; and steroids such as budesonide, beclamethasone dipropionate,
fluticasone propionate, mometasone furoate, ciclesonide, GSK-685698 and 3-Methyl-
thiophene-2-carboxylic acid (6S,9R,10S,11S,-13S,16R,17R)-9-chloro-6-fluoro-11-hydroxy-17-
methoxy-carbonyl-10,13,16-trimethyl-3-0x0-6,7,8,9,10,11,12,13,14,15,16,17-dodeca-hydro-

3H-cyclo-penta[a]phenanthren-17-yl ester.

In certain embodiments it may be suitable for the drug substance to comprise a mixture of

drug substances.

In a preferred embodiment of the process of the present invention the drug substance is a

glycopyrronium salt, especially glycopyrronium bromide or glycopyrrolate.

Glycopyrrolate, which has the chemical name 3-[(cyclopentyl-hydroxyphenylacetyl)oxy]-1,1-
dimethyl-pyrrolidinium bromide, is an antimuscarinic agent that is currently administered by
injection to reduce secretions during anaesthesia and or taken orally to treat gastric ulcers.

However it is more recently proving to be useful in treating respiratory diseases.

Glycopyrrolate has the following chemical structure:

O .CH ~
N % Br
~
CH,
O
OH
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Glycopyrrolate is commercially available or can be prepared using the procedure described in
United States patent US 2956062, the contents of which is incorporated herein by reference. It .
is preferably crystalline and contains minimal amorphous parts. Glycopyrrolate is particularly
difficult to formulate as it tends to aggregate and agglomerate. This creates particular
challenges when trying to formulate glycopyrrolate in dry powder formulations for

administration by inhalation.

Glycopyrrolate has two stereogenic centres and hence exists in four isomeric forms, namely
(3R,2’R)-, (3S,2’R)-, (3R,2°S)- and (35,2°5)-3-[(cyclopentyl-hydroxyphenylacetyl)oxy]-1,1-
dimethylpyrrolidinium bromide, as described in United States patent specifications US
6307060 and US 6,613,795. The contents of these patent specifications are incorporated
herein by reference. The present invention embraces using one or more of these isomeric
forms, especially the 35,2°R isomer, the 3R,2’R isomer or the 25,3'R isomer, thus including
single enantiomers, mixtures of diastereomers, or racemates, especially (35,2°R/3R,2°S)-3-

[(cyclopentyl-hydroxy-phenylacetyl)oxy]-1,1-dimethylpyrrolidinium bromide.

In another preferred form the drug substance is an indacaterol sal, especially indacaterol

maleate. Indacaterol maleate has the following chemical structure:

coo

(/‘

H C\::O
CH, OH
N CH,

l
H

OH

Indacaterol maleate or (R}—S-[2-(5,6—diethyl—indan—Z-ylamino)-1~hydr0xyethyl]—8-hydroxy-1H-
quinolin-2-one maleate is a potent beta-2 adrenoceptor agonist and effective bronchodilator.
Its rapid onset of action and prolonged stimulating action on the B2-adrenoceptor, e.g. for 24
hours or longer, means it is especially suitable for the treatment of respiratory diseases such as
asthma and chronic obstructive pulmonary disease (COPD). It is prepared by the processes
described in international patent applications WO 2000/75114 and WO 2005/123684, the

contents of which are incorporated herein by reference.

The choice of anti-solvent is dictated by the choice of drug substance and related to the
temperature at which the process is carried out. When the drug substance is glycopyrrolate,
the anti-solvent is a solvent in which glycopyrrolate is substantially insoluble, for example

acetone, propan-1-ol or ethanol, but preferably acetone. When the drug substance is
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indacaterol, the anti-solvent is a solvent in which indacaterol is substantially insoluble, e.g.
water or ethanol. If the drug substance is micronised and formulated for use in a metered dose

inhaler, homogenisation in hydrofluoroalkanes is feasible directly.

Solubility is determined by reference to the scale provided in The European Pharmacopoeia,
i.e. if 10 to 30 parts solvent are required to solubilise one part of the drug substance the drug
substance is said to be soluble in that solvent. Accordingly a solvent is anti-solvent of a given
drug substance if more than 10 to 30 parts of that solvent are required to solubilise one part
of the drug substance. Preferably the drug substance is sparingly soluble in the liquid medium
employed. More preferably the drug substance is slightly, very slightly or even practically
insoluble in the medium employed. Solubility is always dependent on the temperature at which

the process is carried out and the temperature at which the final suspension is stored.

The drug substance is suspended in the anti-solvent using any suitable means, for example a
mixing device, for example an ULTRA-TURAX homogeniser, a magnetic stirrer or other
similar mixing device. Preferably the suspension does not contain a stabilising agent. This

means that the pure drug substance is suspended in the liquid medium.

In the second step of the process of the invention, the suspension is homogenised at elevated
pressure to give drug particles that have a mean particle size of less than about 10 pum,

preferably less than about 5 pm, but especially less than about 3 pm.

High pressure homogenisation is known to be an alternative milling technique. It produces a
more homogeneous product than jet-milling, for example. However high pressure
homogenization has hitherto been considered to provide such a high amount of energy to a
drug substance that it would yield drug particles that are partially or even total amorphous
(see Mueller et al, Nanosuspensionen- Formulierungen fuer schwerloesliche Arzneistoffe mit

geringer Bioverfuegbarkeit: 1.Herstellung und Eigenschaften. Pharm. Ind. 1999,61, 74-78).

Conventional high pressure homogenisation processes are normally carried out in the presence
of one or more stabilising agents and/or one or more excipients in order to prevent the newly
created surface area against aggregation. The use of stabilising agents in particular in such
processes appears to be highly preferred and at least usually essential. It is therefore surprising
that in the process of the present invention the drug substance can be homogenised in the
absence of any stabilising agents or excipients and yet remain stable over time without tending

to aggregate and/or agglomerate or to show any change in particle size. This is very useful as
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the absence of any such stabilising agents or excipients facilitates downstream processing by
avoiding the need to try to remove them later on. This also avoids contaminating the drug
product with residual stabilising agents or excipients. While not wanting to be bound by
theory, when there are no excipients present, newly created surfaces on the homogenised drug
substances will not be covered by excipients and therefore one is not faced with the problem
of excipient particles growing on the surfaces and detrimentally affecting the stability of the

drug particles that are produced by the homogenisation.

The high stability of drug particles that are produced by the high pressure homogenisation
allows the drug particles to be stored for much longer than drug particles produced by jet-

milling.

The suspension is homogenised at elevated pressure to give drug particles that have a mean
particle size of less than about 10 pum, preferably less than about 5 pm. In general, drug
particles of that size are suitable for administration by inhalation. In certain embodiments the
suspension is homogenised to give drug particles that have a mean particle size of less than
about 7 pm. In other embodiments the suspension is homogenised to give drug particles that

have a mean particle size of less than about 5 um.

Particles having a mean particle size greater than about 10 um are likely to impact the walls of
the throat and generally do not reach the lung. Particles having a mean particle size in the
range of about 2 um to about § um will generally be deposited in the respiratory bronchioles
whereas smaller particles having a mean particle size in the range of about 0.05 pm to about 2
pm are likely to be exhaled or may be deposited in the alveoli and absorbed into the

bloodstream.

Suitable pressures for homogenising the suspension will vary with the drug substance and the
anti-solvent concerned. In general, the elevated pressure at which the suspension is
homogenised is preferably between 500 and 2000 bar, more preferably between 900 and 1500
bar, especially about 1000 bar. When the drug substance is glycopyrrolate and the anti-solvent
is acetone, the elevated pressure at which the suspension is homogenised is preferably between
800 and 1500 bar, more preferably between 900 and 1200 bar, especially about 950 bar.
When the drug substance is indacaterol, especially indacaterol maleate, and the anti-solvent is
water or ethanol, the elevated pressure at which the suspension is homogenised is preferably
between 800 and 1500 bar, more preferably berween 900 and 1200 bar, especially about 950

bar.
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Suitable reflux temperatures for homogenising the suspension will vary with the drug
substance and the anti-solvent concerned. In general, the reflux temperature at which the
suspension is homogenised is preferably between 1 to 30°C, more preferably between 3 and
20° C, especially between § and 15°C. When the drug substance is glycopyrrolate and the anti-
solvent is acetone, the reflux temperature at which the suspension is homogenised is preferably
between 1 to 20°C, more preferably between 3 and 15°C, especially between 9 and 15°C.
When the drug substance is indacaterol and the anti-solvent is water, the reflux temperature at
which the suspension is homogenised is preferably between 3 to 30° C, more preferably

between 5 and 20° C, especially between 9 and 15°C.

Suitable number of cycles for homogenising the suspension will vary with the drug substance,
the anti-solvent and the pressure concerned. In general, the suspension is homogenised for 1 to
100 cycles, more preferably 20 to 75 cycles, especially about 50 cycles. When the drug
substance is glycopyrrolate and the anti-solvent is acetone, the suspension is homogenised for
1 to 100 cycles, more preferably 20 to 75 cycles, especially about 50 cycles. When the drug
substance is indacaterol and the anti-solvent is water, the suspension is homogenised for 1 to

100 cycles, more preferably 20 to 75 cycles, especially about 50 cycles.

Surprisingly, the process of the present invention yields a stable suspension and final /product
without the use of any stabilising agents or excipients. However in certain embodiments it
may be suitable for the drug substance to be homogenised together with a stabilising agent,
particularly an anti-adherent agent, to further reduce the tendency for the drug substance to
agglomerate and therefore improve the stability of the resulting drug substance. Preferably the
anti-adherent agent is one or more metal stearates, one or more crystalline sugars or a mixture
thereof. Especially preferred metal stearates include magnesium stearate and calcium stearate.
Especially preferred crystalline sugars include lactose, more especially lactose monohydrate or
anhydrous lactose. Other excipients can include surface active substances or polymers such as

poloxamer, cellulose ethers, PVA, PVP and the like.

In the third step of the process of the invention, the drug particles are dried to remove any
residual anti-solvent. This can be achieved using any art-known process such as freeze drying,
spray drying or supercritical fluid drying. Preferably the drug particles are spray-dried. The
resulting drug particles are surprisingly aggregation and agglomeration resistant and show a

stable particle size over time.
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If the anti-solvent is pharmaceutically acceptable the obtained suspension can also be used or

further processed without any further drying operation.

Dry powder formulation made in accordance with the process of the present invention are

stable and do not tend to aggregate and agglomerate over time.

In many cases where the drug substance contains amorphous parts prior to processing dry
¥ g p p p p g ary
powder formulations of the present invention that are prepared from that drug substance

show a noticeable, and often significant, reduction in amorphous parts.

Surprisingly, a suspension of glycopyrrolate, in particular, that is homogenised at elevated

p gly p giycopy P 8

pressure in the absence of any excipients and then subsequently spray dried gives drug
particles that are stable, do not contain any amorphous content and do not tend to aggregate

or agglomerate.

Drug substances that have been treated in accordance with the process of the present invention
have a reduced tendency to agglomerate and thus provide a substantially stable solid bulk drug
substance that facilitates further processing i.e. admixing of lactose carrier particles to give an
inhalable dry powder. Such drug substances can be formulated for use in suitable devices
including dry powder inhalers or metered dose inhalers. When the drug substance is to be
delivered in a metered dose inhaler the drug substance is preferably resuspended in a suitable
MDI-propellant. Alternatively the drug substance can be homogenised in a suitable MDI-

propellant as suspending medium/anti-solvent.

The invention is illustrated by the following Examples.

EXAMPLES

Example 1

Preparation of a dry powder of glycopyrrolate

(a) Set-up of high pressure homogenisation equipment:
The equipment comprises a mixing vessel that is connected to a pneumatic piston pump. The
outlet of the pump goes to a dynamic interaction valve which is connected to reflux line back

to the mixing vessel. A heating/cooling jacket is provided in the mixing vessel that enables the
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temperature of the contents of the mixing vessel to heated or cooled. The homogeniser is a
typical Microfluidics homogenizer that has been modified in the interaction chamber (from
static IXC geometry to dynamic valve). In the process suspension from mixing vessel is
pressurized to a defined pressure. This pressurized suspension is relaxed to atmospheric
pressure across the dynamic valve, converting pressure energy to kinetic energy leading to
cavitation, shear, particle to particle and particle to wall forces. These forces cause particle
size reduction. The whole process is repeated until the desired average particle size is

achieved.

(b) Homogenisation of a suspension of glycopyrrolate in acetone:

16 g of coarse glycopyrrolate is suspended in 370 ml of acetone, and stirred for 60 minutes to
achieve satisfactory dispersion. The suspension is then homogenised at a pressure drop of 950
bar, a reflux temperature of about 9-12.5° C, and a mixing/reflux vessel jacket temperature of
2° C. The piston pump stroke frequency is about 60, and the process is run for a total of 60
minutes, which is equivalent to a total of 48 passes or homogenisation cycles. Samples are also
taken as in process control after 15 (12 passes) and 30 (24 passes) minutes, and analyzed

along with the final product.

(c) Spray-drying of glycopyrrolate particles:

The spray dryer is operated at an outlet temperature of around 75-78°C, i.e., above the boiling
point of neat acetone, in order to avoid solvent condensation in the spray tower. The inlet
temperature is set to 100°C, and the experiment initiated by spraying pure solvent. The spray
rate is set to a flow of § ml/min using a Buchi lab scale spray dryer, with the aspirator
operated at 100%. The nitrogen flow rate is kept constant at 600-700 I/h. At these operating
conditions, the homogenised suspension is sprayed, and a dry powder is collected in a cyclone
followed by

a cloth filter.

(d) Analysis of glycopyrrolate materials:

Examination by scanning electron microscopy shows coarse glycopyrrolate are irregular
crystals of about 50 to 100 pm. Product quality and particle size changes radically during the
homogenisation step with morphology of glycopyrrolate changing from large, irregular size
crystallites to more compact, platelet-like particles with an average size markedly below 5 pm.
The crystallites appear to break into fairly regular, rectangularly shaped fragments of smaller
size in the early stages of homogenization, which are subsequently comminuted and smoothed

further. Particle size decreases further at an increasing number of homogenization cycles, after
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24 passes the average particle size is around 1 pm already, and the particle edges are
noticeably more rounded than initially or after only 12 passes. No significant changes are
observed in particles isolated after 24 and 48 passes through the homogeniser.

Laser light diffraction particle size analysis reveals a x50 mean particle size (as hereinbefore
defined) of 1.3 um, a x10 mean particle size of 0.6 um and a x90 mean particle size of 3.1
pm. Ultrasonication at 60W is applied for 480 seconds to break loose aggregates in the

suspension prior to starting the particle size distribution measurement.

The spray dried glycopyrrolate is examined by scanning electron microscopy (SEM), and laser
light diffraction (LLD) and does not reveal any significant change in particle size and shape
upon spray drying compared to the material in suspension directly after high pressure
homogenisation. Particles still appear as rectangularly shaped fragments with smoothed edges
and an average size around or slightly above 1 pm. The specific surface area of the dried
suspension (analysed by adsorption analysis, BET surface measurement) is determined to be

4.0 m?/g.

Laser light diffraction particle size analysis of the final product after drying reveals a mean
particle size, x50, of 1.7 um, at a narrow size distribution and an x90 value of 3.6 pm. Once
again ultrasonication at 60W is applied for 480 seconds to break any loose aggregates in the

product prior to starting the particle size distribution measurement.

The specific surface area of the final product by BET analysis is determined to be 4.0 m2/g.
Analysing the final product using X-ray powder diffraction analysis (XPRD) and DSC shows

no change in crystallinity compared to the coarse drug substance.

The final product after spray drying is re-characterized after 25 days of storage at ambient
conditions as well as at 4°C. No substantial increase in the average size or broadening of the
size distribution is observed, e.g., the particle size distribution after 25 days of storage at

ambient conditions is x50=1.85 um at x90=3.95 pm.
These data show that high pressure homogenised and spray dried glycopyrrolate avoids the

severe aggregation that is observed in micronised and spray dried glycopyrrolate.

Example 2

Particle size distribution of a high pressure homogenized glycopyrrolate suspension
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(a) Set-up of high pressure homogenisation equipment:

This is the same as for Example 1.

(b) Homogenisation of a suspension of glycopyrrolate in acetone:

~20 g of coarse glycopyrrolate is suspended in 320 ml of acetone, and stirred for 60 minutes
to achieve satisfactory dispersion. The suspension is then homogenised at a pressure drop of
1150 bar, a reflux temperature of about 13-16° C, and a mixing/reflux vessel jacket
temperature of 2° C. The piston pump stroke frequency is about 90, and the process is run for

a total of 60 minutes, which is equivalent to a total of 80 passes or homogenisation cycles.

(c) Spray-drying of glycopyrrolate particles:

The spray dryer is operated at an outlet temperature of around 75-78°C, i.e., above the boiling
point of neat acetone, in order to avoid solvent condensation in the spray tower. The inlet
temperature is set to 100°C, and the experiment initiated by spraying pure solvent. The spray
rate is set to a flow of 5 ml/min using a Biichi lab scale spray dryer, with the aspirator
operated at 100%. The nitrogen flow rate is kept constant at 600-700 I/h. At these operating
conditions, the homogenised suspension is sprayed, and a dry powder is collected in a cyclone

followed by a cloth filter.

The particle size distribution of samples of a suspension of glycopyrrolate prepared as
described is measured by laser light diffraction using a HELOS particle size analyser with a
100 mm lense from Sympatec GmbH, Clausthal-Zellerfeld, Germany. The samples are
measured after storage the suspension at either 4° C or room temperature for 1, 8, 10 and 12
weeks. Before taking any particle size distribution measurements the suspension is
ultrasonicated at 60W for 480 seconds to break any loose agglomerates in the suspension. The

results are shown in Table 1 below.

TABLE 1
Timepoint (storage period) | Storage temp. | x10 (pm) x50 (um) | X90 (um)
Directly after homog. n.a. 0.8 2.2 4.3
1 week 4°C 0.8 2.0 4.6
1 week RT 0.9 2.7 7.0
8 weeks 4°C 0.9 2.5 5.3
8 weeks RT 0.8 2.1 45
10 weeks 4°C 0.8 2.1 4.4
10 weeks RT 0.8 2.1 4.5
12 weeks 4°C 1.0 2.5 53
12 weeks RT 1.0 2.6 5.6
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These data show the homogenised suspension of glycopyrrolate in acetone remains stable
despite the absence of any stabilising excipients. They also show there is no significant change
in particle size distribution of glycopyrrolate particles after spray drying.

Example 3

Stability of glycopyrrolate dry powder (obtained by spray-drying the suspension)

The stability of samples of spray dried glycopyrrolate prepared in accordance with Example 2
are measured by laser light diffraction using a HELOS particle size analyser with a 100 mm
lens from Sympatec GmbH, Clausthal-Zellerfeld, Germany. Particles are analysed after 480

seconds of ultrasonication. The results are summarised in Table 2 below.

TABLE 2
Timepoint of storage® x10 (um) x50 (um) x90 (um)
Directly after drying 0.8 2.1 4.6
4 weeks 0.8 2.0 3.9%

* storage conditions: 20 °C / closed glass

These data show the dry powder samples of glycopyrrolate made in accordance with the
process of the present invention remain substantially stable when stored in a closed glass at

room conditions for four weeks in the absence of a stabilising agent.

Example 4
Comparison of a dry powder of glycopyrrolate prepared from a high pressure homogenised
suspension of glycopyrrolate and a dry powder of glycopyrrolate prepared from micronised

glycopyrrolate

1 kg of crystalline glycopyrrolate is co-micronised using a Hosokawa Alpine® 100 AFG fluid
bed opposed jet mill with the following parameters: classifier speed, 17000 rpm; milling gas
pressure, 4 bar. The mill is equipped with 3 nozzles of 1.9 mm diameter. The resulting
micronised material shows a high tendency to aggregate and agglomerate which significantly
hinders powder handling. As a consequence, the material has to be co-milled with a force
control agent such as magnesium stearate in order to obtain a freely flowable non-

agglomerating micronised drug substance.

In contrast, the high pressure homogenised and subsequently dried material (prepared as

described in Examples 1, 2 and 3) shows no tendency to aggregate or agglomerate and can be
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further processed (for example into a dry powder inhalation formulation) more easily than jet-

milled drug substance.
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CLAIMS

1. A process of preparing a particulate and substantially crystalline drug substance, the process.

comprising the steps of:

(a) suspending the substantially crystalline drug substance in an anti-solvent to give a
suspension;

(b) homogenising the suspension at elevated pressure to give drug particles that have a mean
particle size of less than about 10 ym; and

(c) drying the drug particles to remove any residual anti-solvent.

2. A process according to claim 1, wherein the elevated pressure is between 500 and 2000 bar.

3. A process according to claim 1 or 2, wherein the suspension is homogenised at a reflux

temperature of between 1 to 30°C.

4. A process according to any preceding claim, wherein the suspension is homogenised for 1 to

100 cycles.

5. A process according to any preceding claim, wherein the suspension is homogenised in the

absence of a stabilising agent.

6. A process according to any preceding claim, wherein the drug particles are dried in the

absence of a stabilising agent.

7. A process according to any preceding claim, wherein the substantially crystalline drug

substance is a glycopyrronium salt or an indacaterol salt.

8. A process according to claim 7, wherein the substantially crystalline drug substance is

glycopyrrolate and the antisolvent is acetone, propan-1-ol or ethanol.

9. A process according to claim 8, wherein the substantially crystalline drug substance is

glycopyrrolate and the antisolvent is acetone.

10. A process according to claim 7, wherein the substantially crystalline drug substance is

indacaterol maleate and the antisolvent is water or ethanol.
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