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A process for particle processing of active pharmaceutical ingredients

The present invention relates to a process for particle processing and size reduction
of active pharmaceutical ingredients. The process comprises wet milling, specifically
by cavitation at elevated pressure, and is preferably followed by spray drying. This
process enables the control of the particle size and size distribution without altering
the polymorphic form of the active pharmaceutical ingredient.

The present invention relates to a new process for particle size reduction of active
pharmaceutical ingredients which comprises wet milling, specifically by cavitation at
elevated pressure, where the product is preferably suspended in water or other
solvent where it is insoluble, and then preferably this is followed by spray drying of
the suspension to obtain the product as a dry powder.

According to one aspect of the present invention, there is provided a process for
reducing the particle size of an active pharmaceutical ingredient while maintaining its
polymorphic form, which process comprises the step of processing the active
pharmaceutical ingredient by cavitation at elevated pressure. In a preferred aspect,
the processed active ingredient is then spray dried.

The process of the invention is preferably performed on the active pharmaceutical
ingredient in isolation, in the absence of any excipients, other than any suspending
solvent needed for the processing.

The invention also encompasses an active pharmaceutical ingredient (API)
obtainable or obtained by a process according to the process of the invention.

The invention also provides the use of cavitation at elevated pressure to reduce the
particle size of an active pharmaceutical ingredient while maintaining its
polymorphic form. Preferably the cavitation is followed by isolation of the active by
spray drying.
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A particular feature of this invention is that the process herein disclosed does not
change the crystalline or polymorphic form of the active pharmaceutical ingredient.
For example, it is well known that the patticle size reduction of some active
pharmaceutical ingredients like mometasone furoate monohydrate by traditional
methods (e.g: air-jet milling) partially or completely changes the crystalline form to
anhydrous (Form 1) or the amorphous form of the active ingredient. This invention
aims at solving this problem presented by this and other active pharmaceutical
ingredients that are subject to changes in their crystalline form when subject to
traditional particle reduction methods.

After processing or treatment according to the invention, the particles of AP| are
preferably 95% (by weight) or more, more preferably 99% (by weight) or more,
identical with the particles of API prior to processing in terms of the crystalline or
polymorphic form of the crystals. If a crystalline starting material is used, preferably
2% (by weight) or less, more preferably 1% (by weight) or less, of the particles after
processing comprise amorphous material. In other words, preferably 98% (by weight)
or more, more preferably, 99% or more of the particles after processing comprise
crystalline material.

Additionally, the invention described herein enables the precise control of particle
size reduction with very narrow distributions by tuning operating parameters such as
pressure, concentration and number of cycles or recirculation duration. The invention
also provides high reproducibility and the isolation of active ingredient as a dry
powder. This is an innovative feature offering a substantial advantage over traditional
particle size reduction methods, allowing for the isolation of stable active
pharmaceutical ingredient particles that can be used in different formulations where
particle size is of importance, including but not restricted to powders or suspensions
delivered to the airways, injectable suspensions, or formulations for dermatological
use.

Another particular feature of this invention is the production of powders characterized
by the fact that they present a high fine particle fraction necessary for drug delivery to
the respiratory system but without the necessity for stabilizing additives, making this
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method especially suitable for the manufacture of formulations useful in lung and
nasal delivery.

Another aspect of this invention is that the process described herein to micronize and
isolate the material in powder form is easily scaled up and can be applied at
industrial scale. In particular, the use of high pressure cavitation apparatus (e.g. like
those supplied by MFIC or Bee International and spray dryers (e.g like those supplied
by Niro) of large scale can be attained as described in this invention.

The particle size reduction of active pharmaceutical ingredients is a key unit
operation in the pharmaceutical industry. The ultimate goal of this process is to
enhance the deposition of drugs delivered to the lung and to the nose through the
optimization of the aerodynamic properties of the drug particles. The most common
particle size reduction techniques (e.g: jet milling, ball milling) involve high thermal
stresses at the crystal surface that may induce a certain degree of disorder in the
crystalline structure producing, in some cases, high levels of amorphous content in
the micronized powder or changes in the polymorphic form.,

Despite the fact that cavitation at elevated pressures and spray drying are processes
relatively well described in the literature for many different applications, they are not
described in sequence as a solution for those products which by other particle size
reduction processes suffer polymorphic transformation. US patent application
US20070178051 describes a process comprising spray drying of a previously
processed formulation containing surface stabilizer, for the purpose of better
blending of the mixture of the active ingredient-excipient and isolation of stable
nanopatrticles.

Additionally, for most active pharmaceutical ingredients, the precise control of particle
size reduction with very narrow distributions, high reproducibility and the isolation of
active ingredient in powder form, presenting high fine particle fractions for lung
delivery without stabilizing additives, is yet to be achieved at an industrial scale.

For example, in the case of fluticasone propionate, the particle size reduction
process described in the literature is air jet milling. However with this process, the
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control of the particle size distribution is difficult and the final product presents high
levels of amorphous content. This requires aging of the micronized pharmaceutical
ingredient to reduce the level of amorphous content, which is a further process step
increasing the production cycle time. There is no indication in the prior art that the
process herein described can be used to reduce particle size without undesired
polymorphic changes.

In the case of mometasone furoate monohydrate, traditional particle size reduction
techniques such as air jet milling and ball milling are known to cause the loss of the
bonded water producing the anhydrous or even the amorphous forms. US 6,187,765
disclose the use of microfluidization of a suspension of mometasone furoate
monohydrate with other excipients to reduce the particle size distribution of the active
pharmaceutical ingredient. However, it does not describe any process to obtain
micronized mometasone furoate monohydrate in powder form.

In a preferred aspect, the present invention provides a process for the particle size
reduction of active pharmaceutical ingredients (APls) which comprises wet milling,
specifically cavitation at elevated pressure, where the product is suspended in water
or other solvent where it is insoluble, followed by spray drying of the suspension to
obtain product in the form of a dry powder.

The compounds can be suspended in any suitable solvent, such as water or any
other inorganic or organic solvent, where they are insoluble. The suspension
concentration will be typically between 2 and 60% w/v, preferably between 10 and
50% wiv. The limit of concentration to be employed will be limited by the capability of
the high pressure cavitation apparatus to process the material.

The particle size reduction is accomplished by cavitation at elevated pressure of the
suspended material in a non-solvent. As will be understood by those in this art, the
process consists of applying high pressures to the suspension, followed by sudden
expansion through a nozzle, thus producing cavitation forces that are strong enough
to fracture the particles. Micro-fluidisation is an alternative term sometimes used in
this field to describe this process. For the purposes of the present invention, the term
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“cavitation at elevated pressure” is essentially synonymous with the term micro-
fluidisation. An additional feature of some cavitation equipment is the promotion of
particle-particle collision through counter-current liquid streams to further decrease
the particle size of the suspended material. The pressure applied is defined only by
equipment limitations.

By “elevated pressure” it will be understood that suitably the pressure is around 300
bar or above. Typically, the pressure will be in the range 300 to 3100 bar or 300 to
3500 bar, although higher pressures (eg up to 5000 bar or above) can be used if
desired, depending upon the limitations set by the equipment.

The suspension may be passed through a high pressure cavitation apparatus several
times until the desired particle size and size distribution is achieved. Such
“recirculation” is a preferred feature of the invention. The recirculation may, for
example, be performed from 2-30 times (or cycles) depending upon the API.
Preferred cycle ranges include from 5 to 25 and 15 to 25. Noteworthy, is the tight
particle size distribution that this particle size reduction technology offers when
compared to other traditional methods of particle size reduction, and that can be
particularly suitable for topical drug delivery to the lung or nose. The process enables
particles having a low span value to be produced, and suitably the span value is 2.5
or less. More preferably, the span value is 2.0 or less, or 1.8 or less. As will be clear
to those in the art, span is defined by the ratio ((DvSD — Dv10)/Dv50), with Dv being
the diameter value at which a defined percentage of the particles (eg 10%, 50% or
90% in the equation) have a diameter equal to or less than the Dv value. Drug
delivery is achieved by using a device able to deliver a dose of drug comprised of
the particles manufactured according to the process of the present invention, and
these devices will deliver the dose either under the inspiratory effort of the patient, or
via a pressurization of the dose, through the mouth or the nose.

Depending on the pressures being used in the cavitation process the suspension
may warm up to temperatures close to the boiling point of the soivent. A cooling
system may be installed in the outlet of equipment and back pressure may also be
applied to avoid reaching the boiling point of the solvent.
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The micronized suspension as described in this invention can then be filtered or
preferably fed to a spray dryer given the difficulties of filtering suspensions with such
a small particle size, in order to remove the solvent and obtain the product as dry
powder. The spray drying process can be carried out using standard operating
conditions. Atomization devices such as two-fluid nozzles or pressure nozzles can
be used. Drying temperatures which are dependent on the process solvent and
residual solvent level target in the final product can be chosen appropriately as well

" as feed rates.

The process described herein can be accomplished with any suitable kind of
standard high pressure cavitation and spray drying equipment available in the market,
making it particularly suitable for scale up to industrial manufacturing. Such
equipment is well known to the skilled addressee.

In a preferred aspect, the spray drying (SD) step is done immediately following the
cavitation step. By “immediately” we mean the spray drying step is performed within 1
hour, preferably within 30 minutes, of the completion of the cavitation step.

Examples of active pharmaceutical ingredients where this process can be applied to
prevent polymorphic transformation and attain precise control of particle size include
but are not restricted to amorphous, crystalline, hydrated or solvated forms of active
pharmaceutical ingredients and pharmaceutical acceptable salts thereof prone to
polymorphic transformation when using  traditional particle size reduction
technologies, such as most corticosteroids and other active pharmaceutical
ingredients. Examples of such compounds are: mometasone and esters thereof (e.g..
mometasone furoate, mometasone furoate monohydrate), Fluticasone and esters
thereof (e.g. fluticasone proprionate, fluticasone furoate), tiotropium (e.g. tiotropium
bromide, tiotropium bromide monohydrate), ciclesonide, budesonide, formoterol,
salmeterol, salbutamol, beclomethasone and esters thereof (e.g beclomethasone
dipropionate), betamethasone and esters thereof (e.g betamethasone acetate),
ipratropium, terbutaline, hydrocortisone and esters thereof (e.g. hydrocortisone 17-
propionate 21-acetate) or combinations of two or more of these active
pharmaceutical ingredients.
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As will be clear to the skilled person, APIs made in accordance with the process of
the invention may be incorporated into therapeutically useful pharmaceutical
compasitions which include appropriate excipients where necessary. For example,
powder formulations may be produced by blending particles of an APl powder
produced by the invention with a suitable particulate excipient such as lactose, or any
other appropriate excipient (mannitol, glucose, trehalose, etc) for delivery to the lung
or nose. The particles of the invention may be also formulated as a suspension for
use in a delivery device such as a pressurized canister with a valve-based dose-
metering mechanism.

Examples

The following examples are given as illustrative only and do not restrict the scope of
the invention.

Example 1

1) Mometasone furoate monohydrate (130 g) was suspended in water (867 g)
and stirred for 30 min to form a uniform suspension and fed to a lab scale high
pressure cavitation (HPC) apparatus operating at pressure of 10 kPsi (689
bar) in recirculation mode, i.e. returning the discharge of HPC to the stirred
vessel inlet. After the cavitation step the suspension was transferred to a
holding vessel to be used in the next step. The HPC apparatus was rinsed
with water and the washes added to the main part of the suspension.

2) The suspension was fed to a lab scale spray dryer, while stirring, with a feed
rate of 5 ml/min and a drying temperature of 66°C. The product was collected
in a glass flask yielding 72 g.

3) The product isolated presented an XRPD Figure 1.1 substantially the same as
claimed in US6180781B1. The amorphous content determined by dynamic
vapour sorption (DVS) was below 1.1% and the anhydrous form was not
detected by near infrared spectroscopy. The TGA value was 3.0%. The
particle size distribution of the powder produced was D,10 = 1.91 ym; D,50 =
3.97 um; D,90 = 7.47 pm; span = 1.4. See Figure 1.

7



10

15

20

25

30

WO 2011/131947 PCT/GB2011/000631

Example 2

1)

2)

3)

Fluticasone propionate (30 g) was suspended in water (100 g) and stirred until
a uniform suspension was obtained and fed to a lab scale HPC operating at a
pressure of 40 kPsi (2758 bar) for 20 cycles. After the cavitation step the
suspension was transferred to a holding vessel to be used in the next step.
The HPC apparatus was rinsed with water and the rinses added to the main
part of the suspension.

The suspension was fed to a lab scale spray dryer while stirring with a feed
rate of 5 mi/min and a drying temperature of 70°C. The product was collected
in a glass flask yielding 21 g.

The product isolated presented an XRPD substantially the same as the
starting material with a particle size distribution of D,10 = 1.20 ym; D,50 =
2.45 uym; D,90 = 4,68 pm; span = 1.4. See Figure 2.

Example 3

1

2)

3)

Fluticasone furoate (9 g) was suspended in water (100 g) and stirred until a
uniform suspension obtained and fed to a lab scale HPC operating at a
pressure of 30 kPsi (2068 bar) for 20 cycles. After the cavitation step the
suspension was transferred to a holding vessel to be used in the next step.
The HPC apparatus was rinsed with water and the rinses added to the main
part of the suspension.

The suspension was fed to a lab scale spray dryer while stirring with a feed
rate of 5 ml/min and a drying temperature of 50°C. The product was collected
in a glass flask yielding 6.7 g.

The product isolated presented an XRPD substantially the same as the
starting material with a particle size distribution of D,10 = 0.89 ym; D,50 =
1.95 ym; D,90 = 3.78 um; span = 1.5, See Figure 3.

Example 4

1) Salmeterol xinafoate (140 g) was suspended in heptane (1400 g) and stirred

until a uniform suspension was obtained. Then it was fed to a lab scale HPC
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operating at a pressure of 15 kPsi (1034 bar) for 7 cycles. After the cavitation
step the suspension was transferred to a holding vessel to be used with
heptane and the rinses added to the main part of the suspension.

2) The suspension was fed to a lab scale spray dryer while stirring with a feed
rate between 12 ml/min and 17 ml/min, drying temperature of 40°C. The
product was collected in a glass flask yielding 104 g.

3) The product isolated presented an XRPD substantially the same as the
starting material with a particle size distribution of Dy10 = 0.33 um; D,50 =
1.37 um; D80 = 3.09 um; span = 2.0. See Figure 4.

Example §

1) Tiotropium bromide (20 g) was suspended in acetone (200 g) and stirred until
a uniform suspension was obtained. Then it was fed to a lab scale HPC
operating at a pressure of 20 kPsi (1379 bar) for 21 cycles. After the cavitation
step the suspension was transferred to a holding vessel.

2) The suspension was fed to a lab scale spray dryer while stirring with a feed
rate between 6 ml/min, drying temperature of 45°C. The product was collected
in a glass flask yielding 13 g.

3) The product isolated presented a particle size distribution of D,10 = 0.74 um;
D,50 = 2.80 ym; D,80 = 5.58 pym; span = 1.7.



CLAIMS

1.

A process for reducing the particle size of an active pharmaceutical ingredient (APY)
while maintaining its polymorphic form, which process comprises the step of
processing the active pharmaceutical ingredient by cavitation at a pressure in the
range 300 to 3500 bar, wherein the active agent is suspended in a solvent in which it
is insoluble, wherein the process is performed on the active pharmaceutical
ingredient in the absence of any excipients other than the suspending solvent, and
wherein the resulting particle size distribution of thé active pharmaceutical ingredient
comprises a span ((Dv90-Dv10)/Dv50) of less than 2.5.

A process according to claim 1 wherein the solvent is water, heptane, an alcohol, a
ketone or an alkane, or a mixture of two or more of the above.

A process according to claim 1 or claim 2 further comprising the step of isolating the
processed active ingredient in the form of powder.

A process according to claim 3 wherein the isolation step comprises filtration or spray

drying.

A process according to claim 4 wherein the isolation step comprises spray drying and
wherein the spray drying step is done immediately following the cavitation step.

A process according to any preceding claim wherein the active pharmaceutical
ingredient is suitable for topical delivery to the lungs or nose.

A process according to any preceding claim wherein the active ingredient is
mometasone, fiuticasone, tiotropium, ciclesonide, budesonide, formoterol,
salmeterol, salbutamol, beclomethasone, betamethasone, ipratropium, terbutaline, or
hydrocortisone, or a pharmaceutically acceptable salt or ester of one of the above,
or a combination of two or more of the above active pharmaceutical ingredients or
their pharmaceutically acceptable salts or esters.

A process according to claim 7 wherein the active ingredient is mometasone furoate
or mometasone furoate monohydrate; fluticasone proprionate or fiuticasone furoate;
tiotropium bromide or tiotropium bromide monohydrate; ciclesonide; budesonide;
formoterol; salmeterol; salbutamol; beclomethasone dipropionate; betamethasone
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acetate; ipratropium; terbutaline; or hydrocortisone 17-propionate 21-acetate, or a
combination of two or more of these active pharmaceutical ingredients.

9. A process according to any preceding claim wherein the active ingredient is
mometasone furoate monohydrate, fluticasone propionate, fluticasone furoate,
salmeterol xinafoate or tiotropium bromide.

10. A process according to any preceding claim wherein the span is less than 2.0.
11. A process according to claim 10 wherein the span is less than 1.8.

12, A process for making a pharmaceutical composition which comprises carrying out a
process according to any preceding claim, and then combining the active
pharmaceutical ingredient with one or more pharmaceutically acceptable excipients.

13. A process according to claim 12 wherein the pharmaceutical composition is a powder
suitable for topical delivery to the nose or lung.

14. An active pharmaceutical ingredient (AP1) obtainable by a process according to any

one of claims 1 to 13.

15. A pharmaceutical composition comprising an active pharmaceutical ingredient (API)
according to claim 14.
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