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The compound has valuable pharmacological properties and is known by the name
tiotropium bromide (BAG679). Tiotropium bromide is a highly effective anticholinergic
and can therefore provide therapeutic benefit in the treatment of asthma or COPD
(chronic obstructive pulmonary disease).

Tiotropium bromide is preferably administered by inhalation. Suitable inhalable
powders packed into appropriate capsules (inhalettes) and administered by suitable
powder inhalers may be used. Alternatively, it may be administered by the use of
suitable inhalable aerosols. These also include powdered inhalable aerosols which
contain, for example, HFA134a, HFA227 or mixtures thereof as propeliant gas.

In view of the administration of tiotropium bromide by inhalation it is necessary to
provide the active substance in a finely divided (or micronised) form. Preferably, the
active substance has an average particles size of 0.5 to 10um, preferably from 1 to
Bum, most preferably from 1.5 to S5um.



sone cases, during the grinding process, changes may occur to the solid
properties of the active substance, which may influence the

phar macol ogi cal properties of the fornulation which is to be inhal ed.
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produced by selecting the solvents used for the crystallisation as well as by a
suitable choice of the process conditions used in the crystallisation process.

For the purposes of the present invention, namely to provide tiotropium bromide in a
micronised form suitable for inhalation, it has proved suitable to use the crystalline
monehydrate of tiotropium bromide, which can be obtained in crystalline form by
choosing specific reaction conditions.

In order to prepare this crystalline monohydrate, it is necessary to take up tiotropium
bromide which has been obtained, for example, according to the instructions
disclosed in EP 418 716 A1, in water, heat it, purify it with activated charcoal and
after removing the activated charcoal slowly crystallise out the tiotropium bromide

monohydrate by slow cooling. The method described below is preferably used
according to the invention.

In a suitably dimensioned reaction vessel the solvent is mixed with tiotropium

bromide, which has been obtained for example according to the method disclosed in
EP 418 716 A1.



90C. Activated charcoal, dry or noistened with water, is added to this
solution. Preferably, 10 to 50 g, nore preferably 15 to 35 g, nost
preferably about 25 g of activated chargoal are put in per nole of :
tiotropi um brom de used. If desired, thedactivated charcoal is suspended
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tiotropium bromide used.
The filtrate is then slowly cooled, preferably to a temperature of 20-25°C. The
cooling is preferably carried out at a cooling rate of 1 to 10°C per 10 to 30 minutes,
preferably 2 to 8°C per 10 to 30 minutes, more preferably 3 to 5°C per 10 to 20
minutes, most preferably 3 to 5°C roughly per 20 minutes. If desired, the cooling to
20 to 25°C may be followed by further cooling to below 20°C, most preferably to 10
to 15°C.
Once the filtrate has cooled, it is stirred for between 20 minutes and 3 hours,
preferably between 40 minutes and 2 hours, most preferably about one hour, to
complete the crystallisation.

The crystals formed are finally isolated by filtering or suction filtering the solvent. If it
proves necessary to subject the crystals obtained to another washing step, it is
advisable to use water or acetone as the washing solvent. 0.1 to 1.0 I, preferably 0.2
to 0.5 1, most preferably about 0.3 | solvent are used, per mole of tiotropium bromide,
to wash the tiotropium bromide monohydrate crystals obtained. If desired the
washing step may be repeated.

The product obtained is dried in vacuo or using circulating hot air until a water
content of 2.5 — 4.0 % is obtained.



The resulting crystalline tiotropiumbrom de nonohydrate is used in the
grinding process (mcronisation) described below. This process nay be
carried out using conventional mlls. Preferably, the mcronisation is
carried out with the exclusion of noisthre, nore preferably, using a
correspondi ng inert gas such as nitrogen, for exanple. It has proved
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about 4.5 - 6.5 bar, feed pressure: about 4.5 - 6.5 bar; supply of grinding material:

g
about 17 - 21 g/min.

The ground material thus obtained is then further processed under the following
specific conditions. The micronisate is exposed to a water vapour at a relative
humidity of at least 40% at a temperature of 15-40°C, preferably 20-35°C, most
preferably 25-30°C . Preferably, the humidity is set to a value of 50 - 95%r. h.,
preferably 60 - 90% r.h., most preferably 70 - 80% r.h. By relative humidity (r.h.) is
meant, within the scope of the present invention, the quotient of the partial steam

- pressure and the steam pressure of the water at the temperature in question.
Preferably, the micronisate obtained from the grinding process described above is
subjected fo the chamber conditions mentioned above for a period of at least 6
hours. Preferably, however, the micronisate is subjected to the chamber conditions



hours. Preferably, however, the mcronisate is subjected to the chanber
conditions 5 nentioned above for about 12 to 48 hours, preferably about 18
to 36 hours, nore preferably about 20 to 28 hours. In one aspect the
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Carrying out the process according to the invention leads to the micronisate of
tiotropiurm bromide according to the invention which is characterised by specific
enthalpies of solution. These preferably have a value of more than 65 Ws/g,
preferably more than 71 Ws/g. Most preferably the heat of solution of the micronisate
according to the invention is in excess of 74 Ws/g.

Detailed information on determining the enthalpies of solution can be found in the
experimental descriptions of the invention.

The tiotropium bromide micronisate which may be obtained using the above process
is further characterised in that the water content of the micronisate is between about
1 % and about 4.5 %, preferably between about 1,4% and 4,2%, more preferably
between about 2.4% and 4.1%. Particularly preferred tiotropium bromide micronisate
according to the invention is characterised in that the water content of the
micronisate is between about 2.6 % and about 4.0 %, most preferably between
about 2.8% and 3.8%, particularly between about 2.9% and 3.8%.



about 2.8% and 3.9% particularly between about 2.9% and 3.8% 6 One aspect
of the present invention therefore relates to tiotropium brom de

m croni sate which has the above charact?rl stics. Wthin the scope of the
present invention, unless otherw se stated, any reference to tiotropium
bronmi de mcronisate is to be taken as a reference to the crystalline
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which the use of an anticholinergic agent may have a therapeutic benefit. It is
preferably used for preparing a pharmaceutical composition for treating asthma or
COPD.

The tiotropium bromide micronisate which may be obtained by the process according
to the invention is exceptionally suitable for the preparation of pharmaceutical
formulations. It may be used particularly for preparing inhalable powders.

Accordingly, the present invention relates to inhalable powders containing at least
about 0.03 %, preferably less than 5 %, more preferably less than 3 % of the
tiotropium bromide micronisate obtainable by the process described above in
admixture with a physiologically acceptable excipient, characterised in that the
excipient consists of a mixture of coarser excipient with an average particle size of
15 to 80pm and finer excipient with an average particle size of 1 to 9 uym, the
proportion of finer excipient in the total amount of excipient being from 1 to 20%.

The percentages specified are percent by weight.



to about 1 % preferably about 0.1 to about 0.8% nore preferably about 0.2
to about 0.5%tiotropiumbrom de m cronisate, which nay be obtained by the
nmet hod described above and has the characteristics of the mcronisate
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chemical compound are preferred.

Examples of physiologically acceptable excipients which may be used to prepare the
inhalable powders according to the invention include, for example, monosaccharides
(e.g. glucose or arabinose), disaccharides (e.g. lactose, saccharose, maltose or
trehalose), oligo- and polysaccharides (e.g. dextrane), polyalcohols {e.g. sorbitol,
mannitol, xylitol), salts (e.g. sodium chloride, calcium carbonate) or mixtures of these
excipients with one another. Preferably, mono- or disaccharides are used, while the

~ use of lactose, glucose or trehalose is preferred, preferably lactose or glucose,
particularly, but not exclusively, in the form of their hydrates. For the purposes of the
invention, lactose is the particularly preferred excipient, while lactose monohydrate is -
most particularly preferred.

The inhalable powders containing the micronisate according to the invention may for
example be administered using inhalers which meter a single dose from a reservoir
by means of a measuring chamber (e.g. according to US 4570630A) or by other



nmeans (e.g. according to DE 36 25 685 A). Preferably, however, the

I nhal abl e powders are packed into capsules (to nake so-called inhalettes),
which are used in inhalers such as those described in WO 94/28958, for
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m xture the coarser and finer excipient fractions are placed in a suitable

m xi ng coNfierithestarfing rhateriseIieHeh @é@hgaf@gm@{ f ﬁ%@%ﬁé@ﬁﬁ%@rf s .

To 1 mm revea e pdelaf [ tats AFesurent PxapentABBADST eHaPiepty oe

exci pi entthe inhgiaitleipowders accardihg teethetineeritioresreandpacsal em ths @hxeippenit ar e

e pi ont T g blacke HBSEREH, Hink GELEI S dSE PERAMARIerR0, o

Pr ef er ablUging bataliesdo mpiabletishalees therpenattion ofdhe inhalakieypowdetds t o 45,

ool P netR 0 B o mecapalls IR ST
In the preparation methods described below, the abovementioned components are
used in the proportions by weight described in the abovementioned compositions of
the inhalable powders according to the invention. The inhalable powders according
to the invention are prepared by mixing the coarser excipient fractions with the finer
excipient fractions and then mixing the resulting excipient mixture with the active
substance. To prepare the excipient mixture the coarser and finer excipient fractions
are placed in a suitable mixing container. The two components are preferably added
through a screening granulator with a mesh size of 0.1 to 2 mm, most preferably 0.3
to 1 mm, even more preferably 0.3 to 0.6 mm. Preferably, the coarser excipient is
put in first, and then the finer and coarser excipient are added alternately. 1t is
particularly preferred when preparing the excipient mixture to screen in the two
components in alternate layers. Preferably, the two components are screened in
alternately in 15 to 45, most preferably 20 to 40 layers each. The two excipients may
be mixed while the two components are being added. Preferably, however, the two
ingredients are not mixed untii after they have been screened in in layers.
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i ngredients are not mxed until after they have been screened in in layers.
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described by way of example hereinafter.

- Experimental section

A) Preparation of crystalline tiotropium bromide monohydrate

15.0 kg of tiotropium bromide, which may be prepared by the experimental
procedure disclosed in European Patent Application EP 418 716 A1, are added to
25.7 kg of water in a suitable reaction vessel. The mixture is heated to 80-80°C and
stirred at constant temperature until a clear solution is formed. Activated charcoal
(0.8 kg), moistened with water, is suspended in 4.4 kg of water, this mixture is added
to the solution containing the tiotropium bromide and rinsed with 4.3 kg of water. The
mixture thus obtained is stirred for at least 15 min at 80-90°C and then filtered
through a heated filter into an apparatus which has been preheated to an outer
temperature of 70°C . The filter is rinsed with 8.6 kg of water. The contents of the
apparatus are cooled at 3-5°C every 20 minutes to a temperature of 20-25°C. The
apparatus is further cooled to 10-15°C using cold water and crystallisation is



apparatus are cooled at 3-5C every 20 mnutes to a tenperature of 20-25C
The apparatus is further cooled to 10-15C using cold water and
crystallisation is 10 conpleted by Stiﬁjéi ng for at | east one hour. The
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Table 1 shows sonme of the essential bands of the IR spectrum Table 1:
At t ri but iSincethespatuithnce haitdsvithldd®ore, mltme(- (ntﬂihbl‘Mdnt Irﬂmlﬁmg)Pde@;%stthe
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heating rates, the melting/decomposition process is observed at significantly lower
temperatures, e.g. at 220 + 5 °C at a heating rate of 3 K/min. It is also possible that
the melting peak may be split. The split is all the more apparent the lower the heating
rate in the DSC experiment.

The crystalline tiotropium bromide monohydrate was characterised by IR
spectroscopy. The data was obtained using a Nicolet FTIR spectrometer and
evaluated with the Nicolet OMNIC software package, version 3.1. The measurement
was carried out with 2.5 pymol of tiotropium bromide monohydrate in 300 mg of KBr.

- Table 1 shows some of the essential bands of the IR spectrum.
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The crystalline tiotropium bromide monohydrate was characterised by X-ray
structural analysis. The measurements of X-ray diffraction intensity were carried out

~ on an AFC7R- 4-circuit diffractometer (Rigaku) using monochromatic copper K,
radiation. The structural resolution and refinement of the crystal structure were
obtained by direct methods (SHELXS86 Program) and FMLQ-refinement (TeXsan
Program). Experimental details of the crystalline structure, structural resolution and
refinement are collected in Table 2.

Table 2: Experimental data on the analysis of the crystalline structure of tiotropium
bromide monchydrate.

A. Crystal data

Empirical formula {C1H,NO,S,] Br- H,0
Weight of formula 47243 +18.00
colour and shape of crystais colourless, prismatic
dimensions of crystals 0.2x0.3x0.3mm
crystal system monoclinic
lattice type primitive
space group P2/n
lattice constants a=18.0774 A,
b=11.9711A
c=9.9321A
g =102.691°
V =2096.96 A3

formula units per elementary cell 4



a =18.0774 A, b = 11.9711 A ¢ =9.9321 A0 = 102.691 V = 2096.96 A3 4
12 B. Measurenents of intensity Diffractoneter X-ray generator wavel ength
current, voltage take-off angle cryst% assenbly crystal -detector gap

detector opening tenperature determning the lattice constants Scan Type
Scan speed Scan wdth 20max neasured independent reflexes corrections

C. “Refitr‘eﬁeg. MERIUr&FEhBNSF infengityd ) Var ablke rfét7 iRO E’J U RL20O 1
refl ections/pa ers -val ues. R %g%ﬁy%l%z?R gaku =

1. 54178A (monoEWfERAMeteEopper Ka radi &

X-ray generator Rigaku RU200

wavelength A= 1.54178A (monochromatic copper
K-radiation)

current, voltage 50kV, 160mA

take-off angle B°

crystal assembly steam-saturated capillary

crystal-detector gap 235mm

detector opening 3.0 mm vertical and horizontal

temperature 18°

determining the lattice constants 25 reflexes (50.8° < 20 < 56.2°)

Scan Type w-20

Scan speed 8.0 32.0°/min in w

Scan width (0.68 +0.30tan ©) °

20max , 120°

measured 5193

independent reflexes 3281 ( R,~0.051)

corrections _ Lorentz polarisation
Absorption

(Transmission factors 0.56 — 1.00)
crystal decay 10.47% decay

C. Refinement

Reflections (I > 3al) 1978
Variable 254

ratio of reflections/parameters 7.8
R-values: R, Rw 0.0862, 0.066

The X-ray structural analysis carried out showed that crystalline tiotropium bromide
hydrate has a simple monoclinic cell with the following dimensions:
a=18.0774A b=11.9711 A, c=9.9321 A, B =102.691°, V = 2096.96 A3,

The atomic coordinates described in Table 3 were determined by the above X-ray
structural analysis:



50kV, 100mA 6 steamsaturated capillary 235nm 3.0 mmvertical and

horizontal 18 25 reflexes (50.8 < 20 <56.2) w20 8.0 32.0/mn inw
(0.58 + 0.30 tan 0) 120 5193 3281 (R;13,t:0. 051) Lorentz polarisation
Absorption (Transm ssion factors 0.56 -~1.00) crystal decay 10.47% decay

1978 254labje 8. CoooBinates. 066 The X-ray structural analysis carried out
showed that crystalline tiotropiumbromde hydrate has a sinple nonoclinic
cell with the follow ng dinmensions: a = 18.0774 A, b = 11.9711 A c =

9.9321 A, 0 =AM G011 _ v = 2006.96 A3 YThe ato described in
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0(4) 0.0416(4) 0.2429(6) 0.3390(8) 0.085(3)
O(5) 0.8185(5) 0.0004(8) 0.2629(9) 0.106(3)
N(1) 0.0111(4) 0.7607(6) 0.4752(7) 0.052(2)
c(1) 0.2895(5) 0.7107(9) 0.4632(8) 0.048(3)
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C(4) 0.4173(5) 0.7650(8) 0.4148(8) 0.052(3)
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U(eq) mean quadratic amplitude of atomic movement in the crystal

C) Preparation of the tiotropium bromide micronisate according to the
invenfion

The tiotropium bromide monohydrate obtainable by the process described above is
micronised with an air jet mill of the 2-inch microniser type with grinding ring, 0.8 mm
bore, made by Messrs Sturtevant Inc., 348 Circuit Street, Hanover, MA 02239, USA.
Using nitrogen as the grinding gas the following grinding parameters are set, for
example:

grinding pressure: 5.5 bar; feed pressure: 5.5 bar; supply (of crystalline
monohydrate) or flow speed: 19 g/min.

The ground material obtained is then spread out on sheet metal racks in a layer
thickness of about 1 cm and subjected to the following climatic conditions for 24 -
24.5 hours: temperature: 25 - 30 °C; relative humidity: 70-80%.

D) Measuring techniques for characterising the tiotropium bromide
micronisate according to the invention

The parameters mentioned in the description which characterise the tiotropium
bromide micronisate according to the invention were obtained by the measuring
technigues and methods described below:




H( 10) 0. 07620. 57500. 40160. 069 H(11) 0. 18730. 60820. 53930. 073

H(12) - 0. 00250. 71160. 26990. 066 H( 13) 0. 10840. 83830. 25060. 075

H( 14) 0. 14980. 93290. 46260. 071 H(15) 0. 06580. 87340. 62500. 063

H( 16) 0. 29060. 59270. 20650. 065 H(17) 0. 24088. 6258- 0. 04690. 094

H( 18) 0. 23249 DRt&AnIhing the vidttér Idohte it Acbiairiy f3 KafREike hes (tiotropium

H( 20) 0. 57290..86560. 46600. 268 H(21) 0. 59300. 66510. 44770. 165

H 22) 0. 8 T¥2MA5E100. 16190. 084 H( 23) 0. 76030. 01050. 24120. 084 X, y, z:
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D.2) Determining particle size by laser diffraction (Fraunhofer diffraction)
Measuring method:

To determine the particle size the powder is fed into a laser diffraction spectrometer
by means of a dispersing unit.

Measuring equipment: Laser diffraction spectrometer (HELOS), Messrs. Sympatec
Software: WINDOX Version 3.3/REL 1
Dispersing unit: RODOS / Dispersing pressure: 3 bar

Equipment parameters:

Detector: Muitielement detector (31 semicircular rings)
Method: Air dispersal
Focal length: 100 mm

Measuring range: RS 0.5/0.8 - 175 pm
Evaluation mode: HRLD-Mode

Rodos Dry Disperser:

Injector: 4 mm

Pressure: 3 bar

fnjector vacuum:  maximum {(~ 100 mbar)

Suction: Nilfilsk (advance 5 s)

Metering device:  Vibri

Feed rate: 40 % (manually increased to 100 %)
Bed height: 2 mm

Speed of rotation: 0



D.1) Determning the water content according to Karl-Fischer (tiotropium
bromde): Titrator Type Mettler DL 18 vm' th Calibrating substance: disodium
tartrate di hydrate Titrant: Hydranal - éant 5 (Ri edel -deHaen) Sol vent:
Hydranal Sol vent (Ri edel -deHaen) I\/Easurl g nethod: Sanple anount: 50 - 100
mg Stirring time: 60s The stirring tinme before the start of titration
ensures iﬂ@‘i’é I C of t he
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weight’of the saPnpﬁe t%e specn‘" c surface is calculated.

Eaquipment and materials:

Measuring equipment: Monosorb, Messrs Quantachrome

Heater: Monotektor, Messrs Quantachrome

Measuring and drying gas: nitrogen (5.0) / helium (4.6) 70/30, Messer
Griesheim

Adsorbate: 30% nitrogen in helium

Coolant: liquid nitrogen

Measuring cell: with capillary tube, Messrs. W. Pabisch GmbH&Co.KG

Calibration peak; 1000 i, Fa. Precision Sampling Corp.

Analytical scale: R 160 P, Fa. Satorius

Calculating the specific surface:
The measured values are indicated by the equipment in [m?] and are usually
converted into [cm?g] on weighing (dry mass):

Aspez = specific surface [cm?/g]
Aspez _ MW*16000 MW = Measured value [m2]
e myr  =dry mass [g]

10000 = conversion factor [cm2/m<]

D.4) Determining the heat of solution (enthalpy of solution) E_:

The solution enthalpy is determined using a solution calorimeter 2225 Precision
Solution Calorimeter made by Messrs. Thermometric.

The heat of solution is calculated by means of the change in temperature occurring

(as a resuit of the dissolving process) and the system-related change in temperature
calculated from the base line.



4 mm 3 bar maximum (-- 100 nbar) N Ifilsk (advance 5 s) Vibri 40 %
(manual ly increased to 100 %9 2. mmO0 16 D.3) Determ ning the Specific
Surface Area (1-bundle B.E. T. method): %\/Easuri ng nmet hod: The specific
surface i s determ ned by exposing the pa er sanple to a nitrogen/ helium
at nospheriefate dnd teethe pmpeslerisdrolcy|aledritd eatibration is aasies dutavitanr ogen

ol ecul egnlre@ré’t%d%ﬁﬁgégtsﬂﬂ & BprRtibRdndiin bofeR A knokheal At BT L1 Y ol

condensed ni'trogen Is-determ ne ange In rmal heat
conduct i Waliye tpHBerﬁyﬁF%g@thaSﬁbﬁemd@ndéh%nunp nbt%merawems detesmingathl e
Is calculated by nmeans of the surface nitrogen requirenent. Using this

val ue ancht hed the specific surface is cal cul at ed.
Equi prentranc et err e 'qU| pment: Monosorb, Messrs Quantachrone
Heat er : mUm@kcmonm@sr Q2Q5&?rbensmmﬁe[utubﬁmmmgtea,nd drying gas: nitrogen
5.0)1 helium (4.6) 70/ 30 m Adsorbate: 30% nitrogen in

§1el i Lm Coolant: liquid nit rog%g‘%ﬁhﬁ&éﬁén cell: with capillary tube,

Messrs. \Reasdionsel: GroHeCIOR@ Cal i bration peak: 1000 pl, Fa. Precision
Sanpl i ng mrﬁﬂst&“?és&’étéﬁ@é 3Dke (aR236@)P,. Fa. Satorius Cal cul ating the s

ond ar o AT 975 &aq”ﬁi??éﬁé’%ﬁa%ﬁinéﬁ S] pdicated by the equiprent in (el
* 10000 mMhermostat: Thermostat of 2277 Thermal Activity Monitor TAM, Messrs
Thermometric

Temperature: 25°C £0.0001 °C (over 24h)

Measuring ampoules: Crushing ampoules 1 ml, Messrs Thermometric

Seal: Silicon stopper and beeswax, Messrs. Thermometric

Weight: 40 to 50 mg '

Solvent: Chemically pure water

Volume of solvent: 100 ml

Bath temperature: 25°C

Temperature resolution:  High

Starting temperature: -40mK (£ 10mK) temperature-offset

Interface: 2280-002 TAM accessory interface 50 Hz,
Messrs Thermometric
Software: SolCal V 1.1 for WINDOWS
Evaluation: Automatic evaluation with Menu point CALCULATION/

ANALYSE EXPERIMENT. (Dynamics of base line ; calibration
after breakage of ampoule).

Electrical calibration:
The electrical calibration takes place during the measurement, once before and once

after the breakage of the ampoule. The calibration after the breakage of the
ampoule is used for the evaluation.

Amount of heat: 2.5Ws
Heating power: 250 mWw
Heating time: 10s

Duration of base lines: 5 min (before and after heating)



Aspez = specific surface [cnmRlg] MW= Measured value [n2] ntr = dry mass
[g] 10000 = conversion factor jcn2/n2] D.4) Determ ning the heat of
solution (enthal py of solution) E : The solution enthal py is determ ned
using a solution calorineter 2225 Preci $8on Solution Cal ori meter made by
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Hz, Messrs Thernmonetric Software: Sol Cal V 1.1 for W NDOAS

where: m, is the corrected mass
m,  is the sample mass weighed into the ampoule
X is the water content in percent (determined in parallel by Karl-
Fischer titration)

The corrected mass m,determined by this calculation is used as the input value (=
weight) to calculate the solution enthalpy measured.

E) Preparation of the powder formulation containing the tiotropium bromide
micronisate according to the invention

In the Examples which follow, lactose-monchydrate (200M) is used as the coarser
excipient. It may be obtained, for example, from Messrs DMV Intemational, 5460
Veghel/NL under the product name Pharmatose 200M.

In the Examples which follow, lactose-monohydrate (5u) is used as the finer
excipient. It may be obtained from lactose-monohydrate 200M by conventional
methods (micronising). Lactose-monohydrate 200M may be obtained, for example,
from Messrs DMV International, 5460 Veghel/NL. under the product name
Pharmatose 200M.

Apparatus

The following machines and equipment, for example, may be used to prepare the

inhalable powders containing the tiotropium bromide micronisate according to the
invention:



Eval uation: Automatic evaluation with Menu point CALCULATI ON  ANALYSE
EXPERI MENT. (Dynam cs of base |i ne; cal | bration after breakage of

anpoul e). Electrical calibration.,-, ? el ectrical calibration takes place
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tiotropium brom de nmicronisate: As the mass of the tiotropium brom de
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mat er i al anpoul es her w't € test
subst ance<eiienbasn, Q'@@?grﬁ?'@ﬁéh@éﬂ a¢h.| east 4 hours. After this

equilibration time the anpoul es are sealed with the silicon stoppers and

t he WaterE 1iEntent tof tEﬁ bul k. sam: e.is determ ned by Karl-Fischer
titratio iplent.mixture:; o wei ghed on the scal e again. The
sanpl e ne3ls82 &g af dactese mbrmtwdraierﬂg inbakatien (200 M)argused autize cdOBH X  (
100% ) m t hed
nto 1 he SaiarCeoribonent, Fee Bkt Ao B PSR e Mefar o
by Karl - exciuemrircampengntol) thetfeseldng Sstekig waskcipient suixigraerthesorapprtian ef

cal cul at itpa fingr BREBickE cbifhoneRtlis 5l ue (= weight) to calculate the
sol ution enthal py neasured. E) Preparation of the powder fornulation

containing the tiotropiumbromde mcronisate according to the invention
In the B@bmjt@ssmnczlk@@flaaﬂmd mohobpdratenforyshisistor ZO0UM) are AthRd tasa t he

it er nat iSEP @i chofiar el Potane Srarfiadit. Sree B A ERSb 2B 5
mm. Then alternate layers of lactose monohydrate (5um) in batches of about 0.05 to
0.07 kg and lactose monohydrate for inhalation (200M) in batches of 0.8 to 1.2 kg
are sieved in. Lactose monohydrate for inhalation (200M) and lactose monchydrate
(5um) are added in 31 and 30 layers, respectively (tolerance: £6 layers).

The ingredients sieved in are then mixed together (mixing at 900 rpm).

E.2) Preparation of the final mixture

To prepare the final mixture, 32.87 kg of the excipient mixture (1.1) and about 0.13
kg of the tiotropium bromide micronisate according to the invention are used. The
content of active substance in the resulting 33.0 kg of inhalabie powder is 0.4%.

About 1.1 to 1.7 kg of excipient mixture (E.1) are added to a suitable mixing
container through a suitable granulating sieve with a mesh size of 0.5 mm. Then
alternate layers of tiotropium bromide micronisate in batches of about 0.003 kg and
excipient mixture (E.1) in batches of 0.6 to 0.8 kg are sieved in. The excipient
mixture and the active substance are added in 46 and 45 layers, respectively
(tolerance: 19 layers).

The ingredients sieved in are then mixed together

The final mixture is passed twice more through a granulating sieve and then mixed
(mixing at 900 rpm).



In the Exanpl es which follow, |actose-nonohydrate (5p) is used as the finer
excipient. It may be obtained froml actose-nonohydrate 200M by conventi onal
nmet hods (m cronising). Lactose- m)nohydr%e 200M nmay be obtai ned, for
exanple, from Messrs DW International ¥¥5460 Veghel /NL under the product
nane Phd&.8pbdwdationdapsmbes:at us The fol | owi ng machi nes and equi pnent, for
exanpl e, may be used to prepare the inhal able powders containing the
tiotropi um brom de mcronisate according to the invention: 19 Mxing

cont ai nednk@latiengapsies éinhalgjieshhadng iha &lloxdng compppidon WrareqModycethde  by:
Messrs Engelfinmixtin=tolilaihebitbtorfiRgter.2.Gr anul ating sieve: Quadro Comil;
type: 197-S;” made by: Messrs Joisten & Kettenbaum D-51429

Ber gi sch-d adbach. E.1) Preparation of the excipient m xture: 31.82 kg of

| act ose nonolipttoptien besmidehababhwirate200M), 0208 iged as the coarser

exci pient co . hACt 0se ydrate (5pn) are used as the
finer exci plr%ﬁﬁ&gmgﬁfﬁgl(géq "resul @ﬁggﬁQS kg of excipient mxture
t he proporti dactose monohydraie (Bxuon)pi ent cO2FS8eng is 5% About 0.8 to 1.2 kg

of lactose mpoehydlAie ulgrhal ation (2004 p3hg added to a suitable

m xi ng cont a'rnm%wuu%mtﬂm@% - sieve with a nesh size of
0.5 mm Thed%dliernate | ayers of |actose #bAdAYdrate (5pm) in batches of
about 0.05 to 0.07 kg and | actose nonohydrate for inhalation (200M in
batches of 0.8 to 1.2 kg are sieved in. Lactose nonohydrate for inhalation
(200M and | actose nonohydrate (5pm) are added in 31 and 30 | ayers,
respect i Vaiajodausle tatheemethddayescsibed ThE. 2 infratatiomntapssieay @shalsttés)eoftthen

m xed tog&&{g‘ﬁég |.n &%’dﬁa'%o&té@%-; E.2) Preparation of the final mxture

To prepare ure, kg of the excipient mxture (1.1) and
about 0.13 kg of the tiotropiumbrom de m cronisate according to the
inventiomr)are used. The content of active substance in the resulting 33.0

kg of i nhal ahl owder is, 0.4% out 1.1 to 1.7 kg of excipient mxture
(E.1) are ad§8§’°BB'"é%§Qﬁ‘ld§HF‘€"9hﬁ)rﬁ * conPRPRENGt hr ough a suitable

T ot T opi UM b ot g et G gt b [\ bat chos o shaut 0.003 kg and ~ exci pi ent
m xture (E 1J£%g§gﬁgé}%@8@gégé'@0 0.8 k S bg MJeved in. The exci pi ent

hard gelatine capsule: 49.0 mg
Total: 54.5 mg
b)
| tiotropium bromide monohydrate:  0.0225 mg
lactose monohydrate (200 M): 5.2025 mg
lactose monohydrate (5 um): 0.2750 mg
polyethylene capsule: 100.0 mg
Total: 105.50 mg

F) Measuring techniques for determining the particle sizes of the excipient
components used in E)

The average particle size of the various excipient ingredients of the formulation
containing the tiotropium bromide micronisate according to the invention which may
be prepared according to E) was determined as follows:




m xture and the active substance are added in 46 and 45 | ayers,
respectively (tolerance: 9 layers). The ingredients sieved in are then

m xed together The final mxture is passed twi ce nore through a granul ating
sieve and then mixed (mxing at 900 rp#Ay. 20 E. 3) Inhal ation capsul es:

| nhal at i (M1yrBeterneining the patticie)sibe of fimety diviged txétogeconposi tion were
produced using the m xture obtained according to E.2: tiotropium brom de
nonohydrate: 0.0225 ng | actose nonohydrate (200 M: 5.2025 ng | actose
monohydr ddeagBinengauiprensandgettinmsd gel ati ne capsule: 49.0 ng Total: 54.5
ng Anal ogously to the nmethod described in E 2 inhalation capsul es

(i nhal ettes) of the _follow ng conp05|t|on are obtained: a) tiotropium

br oni de nidl§bediPEIES! ioperatedigccardipgdedhedrrimifacturas’s(instousiions4. 9275 ny

| act ose nonohydr at e (5 pm: 0.5500 ny hard gelatlne capsule 49.0 ny

Tot al tlot ro um bro noh 0. 022 ose
rmnohydry%aﬁc( %25 % hestipnane @H?ﬁ?? ?5)/@13@68%

pol yet hyIDmperts&[g;uhid: 100. 0 ngRG[DO@I dw%éi@emwltlﬁ)su&ﬂﬁﬁsﬂrnn@q t echni ques
for determ ning the particle si ﬁﬁ gﬁ- he excipient conponents used in E)
The average particle size of the VB 8l exci pi ent ingredients of the

f or nul at isgMpledaantity:ng t he ti GompOAM®droni de microni sate according to the

i nventi orppRLE¥e@RY be prepar %rﬁgﬂﬂéﬁh epé%%)Mgg\%ﬁsdegﬁT d as follows:

21 R 1) rectqteurency op\gbratlng C ratnlncé 48Ir|ZS|eng t0 100 % ose:
* Duration of sample feed: 1 to 15 sec. (in the case of 100 mg)
Focal length: 100 mm (measuring range: 0.9 - 175 pm)
Measuring time: about 15 s (in the case of 100 mg)
Cycle time: 20 ms
Start/stop at: 1 % on channel 28
Dispersing gas: compressed air
Pressure: 3 bar
Vacuum: maximum
Evaluation method: HRLD

Sample preparation /product feed:

At least 100 mg of the test substance are weighed onto a piece of card.

Using another piece of card all the larger lumps are broken up. The powder is then
sprinkled finely over the front half of the vibrating channel (starting about 1 ¢cm from
the front edge). After the start of the measurement the frequency of the vibrating
channel is varied from about 40 % up to 100 % (towards the end of the
measurement). The time taken to feed in the entire sample is 10 to 15 sec.




Measuring equi pnment and settings: The equi pnent is operated according to

the manufacturer's instructions. Measuring equi pnment: HELOS

Laser-di ffraction spectroneter, (Synpané ) Dispersing unit: RODCS dry

di sperser with suction funnel, (SynpaTe § Sampl e quantity: from 100 ng

Product fre2dDetérimining bhexpariiclelsizne of Jadtose200MBynpat ec  Frequency of

vi brating channel: 40 rising to 100 % Duration of sanple feed: 1 to 15 sec.

(in the case of 100 rrg) Focal Iength 100 mm (measuring range: 0.9 - 175
Z3 P ‘ $€4INGSh the case of 100 ng) Cycle tine: 20 ms

Start/ st qmeaéqméméh@% §ﬂ5@"@ﬂ§i a@&rdiﬂg%%éh%tﬂé’éturé?%métﬁ?&ﬁﬁ air Pressure:

3 bar Vacuum naxi num Eval uation net hod Sanpl e prepar ation /product

feed: At least 100 ng of the test substance are wei ghed onto a pi ece of

card. USIM@anmd‘@qmpme of caadeuedlﬁradtzenls@egﬁbntemﬁems 'SYeqpatee. The
powder i %é?’% B@Bnkl ed fi nem#ésg front alf of the vibrating
channel ?D Ft% out 1 cmf h%'yf After the start of the
rreasurerrent the frequency of tBectmrbﬁmneh@ym;baieoel is varied fromabout 40

%up to (,@4\@{ s the endsgh h rreasurerrent) The time taken to feed
|nteent|res €is to se termning the particle
h cfi:l )d 10 15 @ 22 F.2) De h I

size of | d@EiB%tefe?dOM Measur i NdBREMibsaiing Cweé’el‘tﬂﬁﬁﬁgssl/mt%w pment is
oper at ed F&éq@érﬁby”lﬁf ibralting dRRRKERCY BITRINGtd 190 Y4ict i ons. Measuring equi pent:

Laser dif ectronet er EL at ec p uni t: RODOS
dry disp |‘°§@f r}h @uctl on funaét5< @ﬁ?ﬁ%nﬁgéﬁﬂ%e § %5?) 500 ny
Product fredl ledigBR(2)Vi br at i ng &bammwel (medztsing. raﬁgatmasee?smmyuency of

vi brati ng\AgMn.@ fima5 ri sing to101.QO %

Cycle time: 10 ms

Start/stop at: 1 % on channel 19
Pressure: 3 bar

Vacuum: maximum
Evaluation method: HRLD

Sample preparation /product feed:

About 500 mg of the test substance are weighed onto a piece of card.

Using another piece of card all the larger lumps are broken up. The powder is then
transferred into the funnel of the vibrating channel. A gap of 1.2 to 1.4 mm is set
between the vibrating channel and funnel. After the start of the measurement the
amplitude setting of the vibrating channel is increased from 0 to 40 % until a
continuous flow of product is obtained. Then it is reduced to an amplitude of about
18%. Towards the end of the measurement the amplitude is increased to 100%.
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card all the larger lunps are broken up. The powder is then transferred
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to 3.3 pm aim&e@ando %al ue of nore than .70 % 3) Crystalline tiotropium
brom de microni sate according to one of clains 1 or 2, characterised in
that it has a specific surface value in the range from2.5 n2/g to 4.5

2/ g. 4) 3 yCryslallime tiotmpiumibromidenictenisaty acdading teoher of diginiso1 eng, of
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4) %rysta?line tiotropium bromide micronisate according to one of claims 1, 2 or 3,
' characterised by a specific heat of solution of more than 71 Ws/g.

- b) Crystalline tiotropium bromide micronisate according to one of claims 1 to 4,
characterised by a water content from about 1.4 % to about 4.2 % .

6) Process for preparing the tiotropium micronisate according to one of claims 1 to
5, characterised in that
a) crystalline tiotropium bromide monohydrate,
which when thermally analysed by DSC has an endothermic maximum at 230 +
5°C at a heating rate of 10K/min, which is characterised by an IR spectrum
which has bands inter alia at wavelengths 3570, 3410, 3105, 1730, 1260, 1035
and 720 cm™ and which is characterised by a simple monaclinic cell with the
following dimensions: a = 18.0774 A, b =11.9711 A, c=9.93214, 8 =
102.691°, V = 2096.96 A%,

is micronised and

b) then at a temperature of 15 - 40 °C exposed to water vapour with a relative

humidity of at least 40% for a period of at least 6 hours.

7)  Process according to claim 6, characterised in that in order to carry out step a)
the micronisation is carried out under inert gas, preferably nitrogen.
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at a heating rate of 0K/ min, which is characterised by an IR spectrum

whi ch has bands |nter alia at wavel engt B4 3570, 3410, 3105, 1730, 1260,

1035 and 720 cm and V\:hl chis characterr sed by a sinple nonoclinic cell
with the_.fol A .c,= 9.9321 A
13 = 102891 F 'Jr tﬂﬁa' ]7cFB%r@§E%§'5§Hd Hja]tttﬂé’ﬁr"é(tc’lﬁ ster@Lat ur e
of 15 - 40 Cmpbsddrstusedamm theafmﬂowrng tifinding peadrmeters:hunmi dity of at | east

40% for a period of Grdrours. c accordl ng to cl aimé,
rftingTaehet Short 2EBTRE)

characterised in t er to carry the mcronisation is
carri ed out under |¢@DF@§§F8 pr ef er abl abeut2 o§drar; 24 8) Process according

to claim6 or 7, ﬁ{gﬁr’ég@éd dad:hat niqedl ry out step a) an air jet
mll is used wrth the f ng gri ndi araneters: grinding pressure:

about 2 - 8 bar; Pé‘éq}-' SEEBY: e: about agou t®-Bag/minr i ndi ng gas/ f eed gas:
nitrogen product suppl y: about 5 - 35 g/mn. Process according to one of
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in that the crysta t1otropium euse I'ng
product is oﬁlfébﬁéd1%§0f1ﬁé10lﬁ>l I owi ng steps: a) takr ng up tiotropium
brom de in water; b) heating the resulting mxture; c) adding activated

charcoal and after movi ng the acti d charcoal, .slo crystallising
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a) taking up tiotropium bromide in water;

b) heating the resulting mixture;

c) adding activated charcoal and

d) after removing the activated charcoal, slowly crystallising the tiotropium
bromide monohydrate while stowly cooling the aqueous solution.

11) Process according to claim 10, characterised in that

a) 0.4 to 1.5 kg of water are used per mol of tiotropium bromide used,

b} the mixture obtained is heated to more than 50°C,

c) 10to 50 g of activated charcoal are used per mol of tiotropium bromide
used and after the activated charcoal has been added the mixture is
stirred for between 5 and 60 minutes,

d) the mixture obtained is filtered, the filtrate obtained is cooled to a
temperature of 20-25°C at a coaling rate of from 1 to 10°C per 10 to 30
minutes and the tiotropium bromide monohydrate is crystallised.

12) Crystalline tiotropium bromide micronisate obtainable by a process according to
one of claims 6 to 11.

13) Use of the crystalline tiotropium bromide micronisate according to one of claims

1-5 or 12 for preparing a pharmaceutical composition, preferably an inhalable
pharmaceutical composition.
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quantity of excipient is from 1 to 20%.

19) Inhalable powder according to claim 18, characterised in that it contains
between about 0.05 and about 1%, preferably between about 0.1 and about
0.8%, of tiotropium bromide micronisate according to one of claims 1-5 or 12.

20) Inhalable powder according to one of claims 18 or 19, characterised in that the
excipient consists of a mixture of coarser excipient with an average particle size
of 17 to 50um and finer excipient with an average particle size of 2 to 8um .

21) Inhalable powder according to one of claims 18, 19 or 20, characterised in that
the proportion of finer excipient in the total quantity of excipient is from 3 to
15%.

22) Inhalable powder according to one of claims 18 to 21, characterised in that
monosaccharides, disaccharides, oligo- and polysaccharides, polyalcohols,
salts or mixtures of these excipients with one ancther may be used as
excipients.
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26) Capsule (inhalette), characterised in that it contains an inhalable powder
according to one of claims 17-25.



