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relates to a crystalline mcronisate of (la,2p,4(3,5a, 7[ 31 Zugyshyoxydi - 2-
t hi enyl acetyl )oxy]-9, 9-d

I met hyl -:3- oxa-9-azoni atricycl o[ 3. 3. 1. 02" 4] nonane- brom de, processes for
preparing it and its use for preparing a pharmaceutical conposition,

particularly for DRMBFALINE MICRONISATERF TTOTRGP UM BROKIDEN
anticholinergic act i vity. Background to the invention The conpound
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di vided (or m cronised) form Preferably, the active substance has an
average particles size of 0.5 to 40y preferably froml to 6pm nost
preferably from1.5 to 5pm 2Mawgyfst 2006 .

)
The compound has valuable pharmacological properties and is known by the name
tiotropium bromide (BA679). 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 bromid_e 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 10pm preferably from 1to
6um, most preferably from 1.5 to S5um. -




2 The above particle sizes are generally achieved by grinding (so-called
m croni sation) of the active substance. As breakdown of 2ihsugust 2006

- pharmaceutically active substance nugt be prevented as far as possible as
a side-effect of the mcronisation, in spite of the hard conditions
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br oni de .foaylatibe swhiehs isrtofdid inhatefd. t he i nvention In a first aspect, there is

- provided a crystalline tiotropiumbrom de mcronisate, characterised by a
particle size X50 of between 1.0 pmand 3.5 pmat a (5.8) value of nore
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whi ch has bands inter alia at wavel engths S570, 3410, 3105, 1730, 1260,

1035 and 720 cm 1 and which is characterised by a sinple nonoclinic cell
with the follow ng di nensiBetaileddescliption bfdhdinventiod1. 9711 A, ¢ 9. 9321 A

P =102 , = - . s m.cr.oni.sed an fhen at a tenperature
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by a specific heat of solution of more than 65 Ws/g and by a water content from

about 1 % to about 4.5 %.

ln_ a second aspect, there is provided a process for preparing the tiotropium

- micronisate as defined above, characterised in that
a) crystalline tiotropium bromide monohydrate, which when thermally analysed by
DSC has an edothermic 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
monoclinic ceil with the following dimensions: a = 18.0774 A b=119711A ¢c=
9.9321 A, B =102.691°, V = 2096.96 A2. 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.

In a third aspect, there is provided a crystalline tiotropium bromide micronisate
obtainable by a process as defined above. -




2a In a fourth aspect, there is provided a use of the crystalline
tiotropiumbrom de mnicronisate as defined above for prepdrAngsa2006

phar maceuti cal conposition, preferablggq an inhal able pharmaceutical 4
conposition. In a fifth aspect, there is provided a use of crystalline
tiotropiumbrom de micronisate as defined above for preparing a

phar maceuti cal conposition for treating diseases in which the .
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In an eighth aspect, there is provided a process for preparing the inhalable powders

“as defined above, characterised in that in a first step the coarser excipient fractions
are mixed with the finer excipient fractions and in a subsequent step the excipient
mixture thus obtained is mixed with the tiotropium bromide micronisate as defined
above.

In a ninth aspect, there is provided a capsule (mhalette) characterlsed in that it
contalns an inhalable powder as defined above.

It has been found that, depending on the choice of conditions which can be used
when purifying the crude product obtained after industrial manufacture, tiotropium
bromide occurs in various crystalline modifications, so-called polymorphs.

It has also been found that these different modifications can be deliberately
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.




of tiotroplurn brom de, which can be obtained in crystalline form by
choosing specific reaction conditions. In order to prepaleAegiss2006
crystal |l i ne nonohydrate, it is necessgyy to take up tiotropiurn brom de
whi ch has been obtained, for exanple, according to the instructions
disclosed in EP 418 716 Al, in water, heat it, purify it with activated
charcoal and after renoving the activated charcoal slowy crystallise out
the tiotropi umbrom de nonohydrate by slow cooling. The nethod descri bed
below is preferably used. In a suitably di nensioned reaction vessel the
solvent is mxed with tiotropium brom de, which has been obtained for
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water. Preferably the m xture is heated to a range from 80- 900C. Activated
char coay,., ' Lt en. Js added to thi lutign, °
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solution containing the tiotropiumbromde, it is advisable to rinse with

the sa : ivat ed. charcoal, has been added,
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nol e of tiotropium brom de used.




The filtrate is then slowy cooled, preferably to a tenperature of 20-250C.
The cooling is preferably carried out at a cooling rate 2dfAdgust20D8* C per
10 to 30 mnutes, preferably 2 to 8*C per 10 to 30 m nutes, nore
preferably 3 to 50C per 10 to 20 m nut®s, nost preferably 3 to 5*C roughly
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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 {o 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 |, preferably 0.2
to 0.5 1, most preferably about 0.3 I 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. |




6 bar has proved satisfactory. The feed gas used is also preferably an
inert gas, nost preferably nitrogen again. The material 2IcAwsugr296d
(crystalline tiotropium brom de nonohydrate) may be fed in at a rate of
about 5 - 35 g/mn, preferably at about 10-30 g/ mn. For exanple, Wthout
restricting the subject of the invention thereto, the followi ng apparatus
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For example, without restricting the subject of the invention thereto, the following
apparatus has proved suitable as a possible embodiment of an air jet mill: a 2-inch
Microniser with grinding ring, 0.8 mm bore, made by Messrs Sturtevant Inc., 348
Circuit Street, Hanover, MA 02239, USA. Using the apparatus, the grinding process
is preferably carried out with the following grinding parameters: grinding pressure:
about 4.5 - 6.5 bar; feed pressure: about 4.5 - 6.5 bar; supply of grinding material:
about 17 - 21 g/min.

The ground matenal 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, 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 to the chamber conditions mentioned
above for a period of at least 6 hours. Preferably, however, the microisate is

- subjected to the chamber conditions '




particles. The characteristic value Q(5.8) corresponds to the quantity of
particles below 5.8 pm, based on the volune distributi @h Afgust®06

. particles. The particle sizes were determned by laser diffraction
(Fraunhofer diffraction). Mre detailedinformation on this subject can be
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preferably have a value of nore than 65 Ws/g, preferably nore than 71 Wtg.
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refere to.the cr sftalll,n m croni sate of ti'otropi um brom de Which has

t he ab%@s é‘?%&?@ﬂyesPFeg I3 e frperAnental descsiptiana ef the investiost hod as

descri bed above (mcronisation followed by further treatnent in accordance
wi th the parameters descri bed above). In another enbodi ment, there is

provided the use of tiotropiurn brom de micronisate as a pharamaceutical
_conposiAlPe gharacleristicsrt the dofrppiunnoicronissite eitficlvaag prépared byrihes aimveat e.

process are Specific Surface Area values in the range between 2 m?g and 5 m¥g,
more particularly between 2.5 m%g and 4.5 m?%g and most outstandingly between
3.0m%gand 4.0 m%g. |

Carrying out the process as described herein above can lead to the micronisate of
tiotropium bromide 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 is in excess of 74 Ws/qg.

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
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 3.9%, particularly
between about 2.9% and 3.8%. ' |




I n anot her enbodiment, there is provided inhal abl e powders characterised in
that they contain tiotropiumbrom de mcronisate. |n viel Aigustz)06
anticholinergic effects of tiotropiumlbyonde a further embodiment relates
to the use of the tiotropium brom de mcronisate for preparing a
pharmaceutical conposition for treating diseases in which the use of an

ant i ChOOm%mbﬁdlmtthQMon@&‘éhtés t B tPRSUR] Sro?ﬁaefmibrodnéaté 6%5&%@1{, used
for ISarlgﬁﬁl &Har maceuti cal conposition for treating
The tlo? BEHSISS i croni sate whi ch may be obt ai ned by the process is

excepti onal ly suitable }‘or t he preparation of hplhar Imatcequljcal fzr mul 3t [ olns
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consi sta;bcmfe (mumorusat-mbumem derfurhen theatiientint AcedtdaMes A4 tharticl e size of

15 to finer. t with an average particle size of 1 to 9 pm
t he %%h%t%rﬁ erscppﬁé Fpl ent in the total anount of excipient being

fron1| to 20% The percentages specified are percent by weight. 21 August
2006 7 I nhal abl e powders are preferred which contain about 0.05 to about 1
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0.5%ti ot ropi um brom de m croni taine hod
descri %2 areutical compasitionde visw of ihﬁ;pbarma@eutlcafaﬁﬁcaqt oftie ch may be
obt ai negdicrdhigafglhal abl e powders containing the mcronisate are preferably
characterised In that the excipient consists of a m xture of coarser
excipient wwth an average particle size of 17 to 50pm nore preferably 20

bref or apegieryhbBaTadHiHitertis rofiucatifnaMbIE Bolofiy e aratstised i dhalbos val ue
f r om t HBeY epniain fldfrgpmhbbtdmidennﬂ:mmateby | aser diffraction by the dry

di spersion nmethod. Preferred powders for inhalation are those wherein the
proportion of finer excipient in the total anmount of excipient is from3

to 15%ln viemeobihef amtidblolinérdio effééfs of tiotropium bromide a further embodiment
~ relates to the use of the tiotropium bromide micronisate for preparing a
pharmaceutical composition for treating diseases in 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 is
exceptionally suitable for the preparation of pharmaceutical formutations. It may be
used particularly for preparing inhalable powders.

Accordingly, inhalable poweders containing at least about 0.03 %, preferably less
than 5 %, more preferably less than 3 % of the tiotropiun;n bromide micronisate can
be 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 ym, the
proportion of finer excipient in the total amount of excipient being from 1 to 20%.

The percentages specified are percent by weight.




Where the present invention refers to a mxture, this always neans a

m xture obtained by m xing together . conponents which hawd fugmsi 2006 y been
clearly defined. Accordingly an excipient m xture of coarser and finer
ingredients can only refer to mxture§ obtained by mxing a coarser
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exanpl a)btanndsaccharl des (e g. glucose or arabinose), disaccharides (e.g.
" lactose, saccharose, maltose or trehal ose), oligo and pol ysaccharides (e.g.
dextrane), polyal cohols (e.g. sorbitol, mannitol, xylitol), salts (e.g.
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howevemmaurd df exelpiditds fioanGdo 4 594 Qn@@?bl@etdﬁl}%@@ﬁ@% es (to make so-called
i nhal ettes), which are used in i nhal ers such as those described.in WO

94/ 28958, for exanple. |If the inhalable powder is to be packed into
capsul ¥¥hererthel preses)inventinrhesfersaokagbaurd)ithis aiwaya; deears aglidudeses in

to fi d?BEﬁ%&;%QS i (ol R ich (T bRV BEEn déarlyfaefied. 55° ©
my, mBecofslingly@anexcipientmixtuce of copreer amd fihebingrediedtsrcareonlyapfarite. The
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characterised enei erns he dccuracy of
measuring a si ngl e dose. This is in the range from<8% preferably <13%

nost  The coarser and finer excipient fractions may consist of the same chemical
- substance or chemically different substances, while inhalable powders in which the
coarser excipient fraction and the finer excipient fraction consist of the same
chermical compound are preferred.

Examples of physiologically acceptable excipients which may be used to prepare the
inhalable powders include, for example, monosaccharides (e.g. glucose or
arabinose), disaccharides (e.g. lactose, saccharose, maltose or trehalose), oiig'lo-

and poiysaccharides.(e.g; dextrane), polyalcohols (e.g. sorbitol,
mannito!, xylitol), salts (e.g. sodium chloride, calcium carbonate) or mixtures ot tnese

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 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




preferably <4% The inhal abl e powders containing the tiotropium brom de
m croni sate may be obtained by the nethod described bel @kAygusie2006he
starting materials have been weighed out, first of all the excipient

m xture is prepared fromthe defined fBractlons of coarser excipient and
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finer excipient ractlons and then m Xxi ng e res xture
wi th t HBO# rewaQWEQ’Hrfcf@GWerl@balﬁleP@Né&ltm@cansula xture the coarser
and finer excipient fractions are placed in a suitable m xing container.
The two conponents are preferably added through a screening granul ator
with a nmesh size of 0.1 to 2 mm nost preferably 0.3 to | nm even nore
pref er él'mqllnbalabde)pOMemomaeﬁm&mmtramamclmmde ntigoiniseicandbe put in

first, fol nt are added alt nately It
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are scr erably 20 to 40 | ayers

|ternately in 15 to 45, npbst pre
each. 'P ﬁ%yeffpl ents nay be mxed while the two conponents are being
added. Preferably, however, the two ingredients are not mxed until after
they h . reened in 21 Aygust 2006 9 After the
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t i ot r opbtained bythel engthod deiseribed balow.pl aced in a suitable m xing container.
The active substance used has an average particle size of 0.5 to 10 pm
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I s added to
substance If the mhalable powder is to be administered using inhalettes in

suitable inhalers the preparation of the inhalable powder is followed by the
. manufacture of the capsules containing the powder.

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. The inhalable powders 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 exmplent 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 altemately. Itis
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 bemg added. Preferably, however, the two
ingredients are not mixed untif after they have been screened in in layers




container. Preferably, in this m xing process, the two conponents are added
in batches. In the preparation of the excipient m xture AltAagusp2006i cul arly
preferred to screen in the two conponents alternately in 25 to 65,
preferably 30 to 60 layers each. The operation of nixing the excipient
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kg of water. The contents of the apparatus”are cooled at 3-5*C every 20

mnutes to a tenperature of 20-25*C. The apparatus is further cooled to
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of col cabkaveer (10-1 50C) and cold acetone (10-1 50C). The crystals
~obtained are dried in a nitrogen current at 250C over 2 hours.

- The following detailed experimental descriptions serve to illustrate the present
invention more fully without restricting the scope of the invention to the embodiments
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 80-90°C and

~ stimed 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 crystailisation is




Yield :, 13.4 kg of tiotropium brom de nonohydrate (86 % of theory)
Characterisation of crystalline tiotroplum broni de nonohydr&ugssT2iide

ti otropi um brom de nonohydrate obtainable using the nethod descri bed above
was investigated by DSC (Differential $Banning Calorinetry). The DSC
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Since the substance melts with decomposition (= incongruent melting process), the
melting point observed depends to a great extent on the heating rate. At lower

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 pmol 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 brom de nonohydrate was char aclekigmet2d6p X-ray
structural analysis. The neasurenents of X-ray diffraction intensity were
carried out on an AFC/R- 4-circuit dififfiractoneter (Ri gaku) using

nmonochr dngle d : pepibatiorlof spédfiebagds The structural resolution and
refinement of the crystal structure were obtained by direct nethods
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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 monohydrate.

A. Crystal data

Empirical formula ‘ [C1eH1NO,S, Br- H,0
Weight of formula 472.43 +18.00
colour and shape of crystals colourless, prismatic
dimensions of crystals 02x03x03mm -
crystal system monoclinic
lattice type primitive
space group P2/
lattice constants - a=180774A,
- b=119711 A
- ¢=9.9321A
B=102.691°
V =2096.96 A°®

formula units per elementary cell 4




Ker-adi ati on) current, voltage 50kV, | OOMA take-off angle 6* crystal
assenbly steamsaturated capillary crystal-detector gap Z13%ugnstizd0éct or
opening 3.0 nmvertical and horizontal tenperature 18 determning the
lattice constants 25 reflexes (50.8 <120 < 56.2') Scan Type w - 2E) Scan
speed 8.0 32.07mn in w Scan width (0.58 + 0.30 tan 0) 20max 120%*

neasured 5 I ndependent. refl exes 3281 R ~i =0. 051) corrections Lorentz
pol ari satiﬁ—%@%@&?—ﬂgﬁi@%—gn factors 0.56 - 1.00) crystal decay
10. 47% decay @iffReftometeent Refl ecti ons Rigaku3e#(@7RO978 Variable 254 ratio
of reflection f 7.8 R-val uesp. R 62, 0,066 The X-ray
structural an%i@gg@%ﬁqﬁéd out showed BWUMQ I1ine tiotropiurn brom de
hydrat e has aveavaergthonoclinic cell w M 1t5Rd 788l (nenochrdinatiosioppsr a =
18.0774 A, b = 11.9711 Ac = 9.9321 A 1RQ2,.881u8hy V = 2096.96 A3. The atonic
coordi nates described in Table 3 were deferm ned by the above X-ray
structural an@W&nt Voiade gust 2006 135661 H00MA Coor di nates Atomx y z u

(eq) take-off angle 6"
' 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 8.032.0'/mininw
Scan width | (0.58 + 0.30 tan ©) °
20max , 120°
measured 5193
independent reflexes 3281 ( Ry,=0.051)
corrections ‘ Lorentz polarisation
Absorption

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

C. Reﬁhement

Reflections (I > 3ol) 1978
Variable 254
ratio of reflections/parameters 7.8

R-values: R, Rw 0.062, 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=18.0774 A b =11.9711 A, c=9.9321 &, p = 102.691°, V = 2096.96 A>,

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




Br(l) 0.63938(7) 0.0490(1) 0.2651(1) 0.0696(4)
S(2) 0.4555(3) 0.6370(4)
0( 2)

0.1219('3) 0.086(1)

0.2185(4) 0.7372(6) 0.4365(8) 0.079(3)
0(3) 0.3188(4) 0.9012(5) 0.4087(6)
0(5) 0.8185(5)

0. 106( 3)
0.9429

N( 1) Ofg¥%%?§?Q9&§bm
0. 4632(9) 0. 048(3)

% 5

0.3004(5) 0. 766248) 0. 2296(8)x 0. 046(3)y

(3)

0.4752(7) 0.052(2)
C(2) 0.3330(5) 0.7876(8)
C(4)

0. 058(2)

S(1) 0.2807(2) 0.8774(3)
0. 4214(5) 0.214A¢&ist 2@61)
0.3162(4) 0.6363(8) 0.5349(9)
0(4) 0.0416(4)
0.0004(8) 0.2629(9) 0.106(3)
C(1) 0.2895(5) 0.7107(9)

0.3826(8) 0.048(3)

0.4 173(5)&;650(8) 0. 4148(8)

0. 052( 3)
0.7488(9) 0.

0. G2 9) 0. 057

c(8) O. 0382(53(1() 7325(9) @mzp) 0875’@(3)) €A
U2

0.315(1) 0.0
0.0785(5) 0.8
0. 086( 4)
0.8652(9) 0. 4§§2|) 0. 030(

(i 0)

C(l 6) 0.528(2)..0.818(2)
0.441(1) 0.1 (i 8)

0.2507(6) 0. 1)
H( 2)
-0. 0210 0. 68

| N(1)

C(1)
C(2)
C(3)
C(4)
C(5)
C(6)
C(7)
C(8)
C(9)
C(10)
- C(11)
C(12)
- C(13)
C(14)
C(15)
C(186)
c(17)
C(18)
C(19)
- H()
H(2)
H(3)
H(4)
H(5)
H(6)
H@)
H(8)

(8) 0. 554

-0.0572 0.8919 0. 394
5'2(53 6359 0.0

?’3&’%@ gq‘%@&ﬁs) @%Egiéém

%

b)fégé

6)0@
-0. 0160[041@(4580(6)942§ 6))

®393
il e Oéiagz%‘%

0.0111(4)
0.2895(5)
0.3330(5)

0.3004(5)

0.4173(5)

0.1635(5)

0.1435(5)

0.0989(6)

0.0382(5)

0.0761(6)

0.1014(6)

0.0785(5)

-0.0632(6)
-0.0063(6)
0.4747(4)

0.2839(5)

0.528(2)

0.5445(5)

0.2552(6)
0.2507(6)
-0.0767
-0.0572
-0.1021
~0.0210
-0.0463
0.0377
0.1300

- 0.1873

0.7607(6)
0.7107(9)
0.7876(8)
0.7672(8)

0.7650(8)

0.6746(9)
0.7488(9)
0.6415(8)
0.7325(9)
0.840(1)
0.8974(8)
0.8286(8)
0.826(1)
0.6595(9)
0.8652(9)
0.6644(9)
0.818(2)
0.702(2)
0.684(1)
0.792(1)
0.8453
0.8919
0.7810
0.6826
0.6178
0.6134
0.7026
0.7915

0.4752(7)
0.4632(9)
0.3826(8)
0.2296(8)
0.4148(8)
0.497(1)
0.6085(9)
0.378(1)
0.3439(9)
0.315(1)
0.443(1)
0.5540(9)
0.444(1)
0.554(1)
0.430(1)
0.1629(9)
0.445(2)
0.441(1)
0.019(1)
-0.016(1)
0.5286
0.3949
0.3906
0.6359
0.4982
0.5781
0.8770

- 0.6490

Geonls

07®L0%6(1

1@?@3

0.052(2)
0.048(3)
0.048(3)
0.046(3)
0.052(3)
0.062(3)
0.057(3)
0.059(3)
0.056(3)
0.064(3)
0.060(3)
0.053(3)
0.086(4)
0.062(3)
0.030(2)
0.055(3)
0.22(1)
0.144(6)

- 0.079(4)

0.080(4)
0.102
0.102
0.102
0.073
0.073
0.073
0.069
0.069

—1435(5)
) o. 059(3)

ﬁ 6(I) 0. 444(1)
o 13§D- 0. 0063(6P &@64))5(9 7@78581)“)0@365(2303) 0@19(«3) 0. 4747(4)

5)0% (5)

)5286 0. 102

e GERT

9( 9) 0. 055(3)




H(6) 0.0377 0.6134 0.5781 0.073 H(7) 0.1300 0.7026 0.6770 0.069 H(8)
' 0.1873 '0. 7915 0.6490 0.069 21 August 2006 14 Table 3 cordli At 2006

Coordi nates H(9) 0.1190 0.6284 0.2985 0.069 H(10) 0.0762 0.5750 0.4016
0.069 "H(I 1) 0.1873 0.6082 0.5393 0.078 H(12) -0.0025 0.7116 0.2699 0. 066

H(1 3) o. 108#&313%8&;-@”@596080Qm$ate§|( 14) 0.1498 0.9329 0.4626 0.071 H(1 5)
0.0658 0.873 ©2906 0.5927 0.2065 0.065 H(17) 0.2406

0. 6258 -0. 04@% 094 H(| 383% 2328 028891 - 00-2895 0. 0970694 19) 0. 4649
0.9443 0. 425H@0037 H(200.07&729 008750 0. 4662095268 d8d) 0.5930 0. 6651
0.4477 0. 165 4k22) 0.819 610 9 0.0 (23) 03 0.0105 0. 2412
0.084 x, H iract | onai% Cé3703?d| naﬁé’i’giw eq)g%\ggg quacpr'g—z c anplitude of
atom ¢ novend'rl\(t 2)n the cry@0ar5C) PP&ddbati or0.2699he ticOB®Pi um broni de

m croni sate g§ding to phmygg nven The t pi um de nonohydrate
obt ai nabl e b;ga% process deséﬂrl bedb$%3 S d%\g%}om sggém h an air jet
h

mll of the nmi cr onPsk49& ype QiS3ASgr i ncﬂ #1626 ng, WOB! nrn bore, nade
by Messrs StHt&yant |nc. 00858 C rcgigyaat r eetg ghlggover g iy 02239, USA.
‘Using nitrog the gri gas foIIovmn rlndl araneters

are, set, for%Eerpl e gr g preé'}s}’%? 5. 593 feed. ‘g@gssure: 5.5 bar;

supply (of cH(d7hl I i ne nOERAOEIr at e(),6Q58f I ow-gmi]@@ 19 goged n. The ground
mat eri al obt q.i(qg)j S theno%z%ad ou6 8(?§1Sheet_0%f7%| ra%kc?gf’n a |l ayer

H(19) 0.4649 0.9443 0.4254 0.037
H(20) 0.5729 0.8656 04660  0.268
H(21) 0.5930 0.6651 0.4477 0.165
H(22) 0.8192 0.0610  0.1619 0.084
H(23) 0.7603 0.0105 0.2412 0.084

X, ¥, Z: fractional coordinates;
U(eq) mean quadratic amplitude of atomic movement in the crystal

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

The tiotropium bromide monchydrate 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 bromidel

micronisate according to the invention

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




t hickness of about | cmand subjected to the following climatic conditions

for 24 - 24.5 hours: tenperature: 25 - 30 OC, rel ative hutiAigust2000- 80% D)
Measurina techniques for characterlsing the tiotropiumbromde mcronisate
accordlina to the invention The paraneygrs nentioned in the description

Fvent: ob- i genfihaaEeL R tBbat ROl KPek E8cReR iR R descr  bed
bel ow. -bromide): - - - - - - - ___ 21 August 2006 15 D.1) Determining the water

content fgeyding to Karl -Fi"ﬁ@l@% F PPy bromde): Titrator Type
Mettler 18 with Calibrating _sﬁgﬁsetg?fce: Eﬁqsodi umtartrate dihydrate

Ti t r ant : CRjRIAHRG FUbStEPGR: 5 disedida tad@tedilydratel vent : Hydranal Sol vent
(Ri edel -Tighagn) Measuring rryidiagal-Tam 5 (RIBBELYeHSEhy 100 mg  Stirring
time: 60g ,The.stirring time befor he start of titration ensures that the
sanpl e iéowﬁ?ﬁ'y di ssol ved. a@t@"%@ﬁgﬂeﬁgpf’?ﬁﬁ sanple is cal cul ated
by the apparatus in percent and indicated. D.2) Determ ning particle size

by | aserpdibEfEREieihd:Fraunhofer diffraction) Measuring nethod: To
determ > size the powder is fed into a laser diffraction
spect r ong@ple @poudtans 86— 40@ire@er si ng unit. Measuring equi pment: Laser
_di'ffracts’tqﬂn%mgfé;rorret@ogHELOS), Messrs. Synpatec Software: W NDOX
Ver si on 3/ REL | Di spersing pressure: 3 bar

_ ) _Diggfersin uni t : RODCOS J .
Equi prent§SirRg timebeigie ihe start qitiefian enswiesdbatthemample is &y lisselvas:
rings) T watkr cAnterdios tres sainpleois@aldukited by tAE @pfatatus in percent and
indicated.

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

- Measuring range: RS 0.5/0.9 - 175 ym
Evaluation mode: HRLD-Mode

- Rodos Dry Disperser:

Injector: 4 mm
Pressure: 3 bar
* Injector vacuum:  maximum (~ 100 mbar)
Suction: -Niffilsk (advance5s
Metering device:  Vibri -
Feed rate: 40 % (manually increased to 100 %)
Bed height: 2 mm :

Speed_ of rotation: 0




Measuring range: IRS 0.5/0.9 - 175 pm Eval uation node: HRLD Mode Rodos Dry
Di sperser: Injector: 4 mm Pressure: 3 bar Injector vacd@lmugmi2(9om 100
nmbar) Suction: N lfilsk (advance 5 s) Metering device: Vibri Feed rate:
40 % (manual ly increased to 100 % Bet6height: 2 nm Speed of rotation: 0 -
--------------- 21 August 2006 16 D.3) Determ ning the Specific Surface
Ar ea (1@23?59? thod)_ Measuri ng nethod: The specific surface is
det er mi %’M“% eﬁdﬁﬁ@“"@&ﬁp‘b"@ﬁ(& '%imfﬂletﬁ-@g.&rmﬁﬂl‘-‘mm at mospher e
at di f f Mesduripgassthoss . Oool i ng the sanple causes the nitrogen nol ecul es
to be c e o) of ,the artlcl es. The ntity of condensed
mtrogen %éb}gﬁgr%rf?ec% ’%ﬁeﬁ%ﬁee‘%f’y@ﬁe H%’@%WC’?B@G@W@% heat

conduct |numgern5meltLIm atmospfgfa’le/a’(ellﬁ&r&nhpmssmresar@bcthhg the rsfampée oéusxdsetheanpl e

l/:tl uga;m @%e WEI t of tﬁe samgfﬁﬁﬁ@@ﬁggatﬁgg ce |Sag%Ing§'Iét ed.

Equi pneﬁpnﬁﬂ@ﬁ%ﬂ'@oigéﬂés deteminehby swansraf the changs by the thegsalhegtiant achr one
Heat er: cNﬁﬂ@étNﬂ?Wih%&ﬁf@n@@ﬂ?@ﬁWt@fE‘an&/ﬁﬁﬁ At Gn e%%mwusgas ni trogen

(5.0) he Péﬁb 70/ 30, ,Messer G.ieshei m . Adsor bat e: Y% nitrogen in
hel i um CRSHIARY DYIMERRSOF it S EreNLER frguirement. Using e valia and e
Messr s. waighaifitlse ba@pbd&0e sis€cifiCauifacals ealcylald. 1000 pl, Fa. Precision
Sanmpling Corp. Analytical scale: R 160 P, Fa. Satodus

Equipment 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&Co0.KG

Calibration peak; 1000 yl, 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]
_ MW *10000 MW  =Measured value [m?]
M my =dry mass [g]
10000 = conversion factor [cm2/m2]

Aspez =

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 result of the dissolving process) and the system-related change in temperature
| calculated from the base line.




Cal cul ating the specific surface: The neasured val ues are indicated by the

equi prent in [nR] and are usually converted into [cnR/ gl2lomugustZMong (dry

mass): MAN 10000 spez ~ specific surface [cn2/g] A MN= Measured value [nR]"
spez n7tr = dry mass [g] 10000 = convergion factor [cn2/nR2] DA)

Deter M nBBtbré BAMARY 1R affidild RbroRA, AN cAcafibldtbh 30 batigd ol Hrifioan' ' O

ent hal py. i s determ ned using a solutjon calorineter Brem sl on

Sol ut i on'n&g"%%d g reaistenpf porrerselyinavwmpawver. & known heatowpubisl ution i s

cal cul ataeliveyedrizaihe sybtdérh@vehange perod GRREREJUIRE iIPRFMdrafige i @StefmirRay! T Of
t he di ssolving process) and the systemrel ated change in tenperature

calculated fromthe base line. - --- --- ---- 21 August 2006 17 Before and
after t Héethasandeqyipmenk earareetecs:ri cal calibration is carried out with an

| nteqr atsuleRLERATANg: S 29osBrosRhOShRNUY CHIfioRpUeT | A knoun heat out put

Is delivered to the systemover a se he junp in tenperature
is determned. Method afMessgsiTpagnemptiicanet ers: Sol ution cal ori meter: 2225
Preci si qRedmiontdedin Cal or Hgetgr, Messrs Thernonetric Reaction cell: 100 m
‘Therm stgr_resistance:. 3 at OC) Speed of stirrer: 600 Umn
Therrmst&e.mﬁﬂgﬂz Fﬁ?@%@c%gn&%z(ﬁ*ﬁ§$nég Activity Monitor TAM Messrs

Ther nonsipaar dfestiorarat ur e:6@BUGKIN 0. 0001 OC (over 24h) Measuring anpoul es:

peoswint | RRRLE . of o T ROSRLBL A2 T Hhbcinpl gty ManBh i A MMRREs Ty pur e

wat er 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 soclvent: 100 m!

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 mw
Heating time: 10s

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




Vol'une of solvent: 100m Bath tenperature: 250C Tenperature resol ution:
H gh Starting tenperature: -40nK ( 10nK) tenperat ure- of f SdtAugust H¥bace:
2280- 002 TAM accessory interface 50 Hz, Messrs Thernonetric Software:
SolCal V1. 1 for WNDOAS Eval uati on: A8tomatic evaluation with Menu point

CAL CULATEGANatidNRdr Yok rRBrfENE middniagiecs of base line; calibration
after brEa al?qe 0 n’rgé)ﬁ e).. - ) “ibration: The electrical
cal i br at1'oH§ J1&8S Ogﬁ OWRPiURYbraRAidesRisianisate weigheseouldias to bencbrosnted af t er
the breaate whierlventeriofities mbteris Ahchirabhd Shbstiet gs%éiﬁéﬁﬁgﬂ apalit § gﬁe

I | yat o A t h . 2.5\ t X
255 mw SEEREE SBRe BT o Pt af ledstd hours.n Afsedige and af t o1
heat i ng)equilixation tineothe armpoes lavasealed with thieasilicopi S!ﬁp;bér@fﬁ'rﬂethﬁiv@ét@f‘i E at e:
As the n@asse®foft ' ' I: ) Lsat e wei.ghed out has to be

c ?ﬂ Ofﬁﬁg\gg{WQﬁqg!&gﬁt&%ﬁ"ﬁlﬁd«e%@?'i&’ga]erttﬁ'@lt’ Aseal gd arr;oul es:

correct e er content _
t oget her ”%3 #d sealeg argpoylads weighesinsthersnalaagaine fhe samplendaspisn f or
at | eastcotrduvted sccahbirgy totthbYollWiHy fbrphiagi on time the anpoul es are seal ed
with the silicon stoppers and the water content of the bulk sanple is
determ ned by Karl-Fischer titration. The filled and seal ed anpoul e i s

wei ghed Icpln,_lé@o‘%’(:‘a“i)e gain. The sanple mass is corrected according to the
follow ng®formobgs “100% X M~ where: nt is the corrected mass nWis the
sanpl e mass weighed into the anpoule x is the water content in percent
(determned in parallel by Karl-

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-monohydrate (200M) is used as the coarser
excipient. It may be obtained, for example, from Messrs DMV International, 5460
Veghel/NL. under the product name Pharmatose 200M.

in the Examples which follow, lactose-monochydrate (5p) 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 mach_ines and equipment, for example, may be used to prepare the
inhalable powders containing the fiotropium bromide micronisate according to the
invention: '




Fi scher titration) The corrected mass mdetermned by this calculation is
used as the input value weight) to calculate the sol uti @ Augustl(dp
nmeasured. E) Preparation of the powder fornulation containing the
flotroplum brom de mcronisate accordii® to the invention In the Exanples

Ity oo cbAgl ey A6f Crdiikel mindPRhots ikt HRBRIR ;% ' °™
Veghel / NbY:Magsrs Engelsraani: D089 bngwigahaden.200M I n the Exanpl es whi ch

follow, |actose-nonohydrate (5p) is used as the finer excipient. It may be
conventional nethods

obt ai ned~from | act.osemyonghycl rat e 200M I

(mcrohig%qﬁ%%%%gan%ﬁd% t@p§08%z%%% BytMesssa Jofsten &xanpl e, from
Messrs CKettemiaamndDiodd2o, Begirhv@dehéML under the product nane Phar mat ose
200M Apparatus The foll ow ng machi nes and equi pnent, for exanple, may be

used to prepare the inhalable powders containing the tiotropium brom de

ni cr oni sﬁdﬂi&aﬁﬂmggf_ﬂxzmmm 21 August 2006 19 M xing

cont ai nez1.8p kKgWErtosd Kesn Y6k (Z66M1-- ; .. made by:
Messrs En el.sl:%nn, BG?OE”QOrﬁggﬁéggﬁgpé%ﬁS@anu gﬁ%é@ég %%/@:@%g?'b Com | ;
type: 197@eRERIpINCnted G8kg et 3etose snonclydeatedbim) Bre used as the finer

Ber gi schexgigiditecompdneiit) IrPhenesalting33% kg Beegsisichl Ribkurd HeWrBpodibndt kg of

| act osetﬁgqﬁlg}(gk&h&%ﬂi%g{g&ghg&i?p (200 are used as the coarser

exci pi ent “conpone dact ose nonohydrate (5pm) are used as the
finer excipient conponent. In the resulting 33.5 kg of excipient mxture

the pro ' ' oY i %, About, 0.8 to 1.2 k
of | hot atoutuB R 12 Kol ’g?&.’sr?ﬁéﬁ*a@?@%@g%ﬁ%ﬁﬁlbnaégéﬁ)%e Aedtogoi e -
mi xi ng HARIETBXKINGcoRigihes tRigughia suigbltonantlatipgssievewith shmashsize ofizs of
0.5 mmmhanesld [g@ggwg,'t ﬁiéy@ | t s of
about 03;&7 806 ng %ﬁzﬁ*ﬁgﬂﬁﬂsﬁ %ﬁgﬁ@ r at erﬁitﬁﬁél at |foén6b('§goﬁﬁjl n
bat ches b/ §98ndJagtose monohydratedorinhalation {20QM3 imbatshes 0P8 toot-2ikghal at i on
(200N @rd sievetlds el aciosd ybrathydrate for inhalation (200M) and lactose monochydrate

(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 inhalable 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 800 rpm). - '




(5pm are added in 31 and 30 |l ayers, respectively (tolerance: 6 |ayers).
The ingredients sieved in are then m xed together (m Xi ng2laAu@B02006M) .
E.2) Preparation of the final m xture To prepare the final m xture, 32.87
kg of .the excipient mxture (1.1) and &fout 0.13 kg of the tiotropium

brom de Ei_)gl‘[ﬁﬁhﬁﬁkﬁ] ﬁe‘%@ﬂggpg to the invention are used. The content of
active substance 1'n e resulting 33.0 kg of inhalable powder is 0.4%
About 1.1 to 1.7 kg of excipient mxture (E.1) are added to a suitable

m xi ng  nbataionarapsilesu@thatettas) habing tﬁéaawvﬁh%@enﬁio%}ﬂ%_n%érﬁ_ folBSLYy si ze of

0.5 mMm . | [s of. ti.o iumbromde mcronisate in batches
of aboutJ%ﬁ@(%ébgﬁgﬁ%asgﬁ%g?éﬁm'ﬂﬂ%?{Iﬁrrgp( El) in batches of 0.6 to 0.8 kg
are sieved in. The excipient mxture and the active substance are added in
46 and 45 | ; =4 .era . ayers). The ingredients
sieved in a(rfjl}etﬁ"tC é%ﬁlﬁggﬁi% @Q%SHX‘?'&%e fpg)zzsgﬁ'éture is passed tw ce nore
through a griad@samerphydete (2A8 Myien ni 8€025muxi ng at 900 rpm). 21 August
2006 20 E aéctbﬁbah@idwarﬂér(sturﬁﬁi I nhab_@tﬂsgr}ngapsul es (inhalettes) having
the follow orgfotsiti on yere produced " using“the m xture obtained
according tc ot r o tm-bromide nondhy:lliB@e: 0. 0225 ng | act ose
nonohydrate Tat80 M : 5.2025 ng | actose nenghyglrate (5 pm: 0.2750 ng hard
gel atine capsule: 49.0 ngy Total: 54.5 ng Anal ogously to the nethod :
described in E 2 inhalation capsules (inhalettes) of the follow ng
conposition are obtained: a) tiotropium brom de nonohydrate: 0.0225 ng

act pse ARIGRIUMSHANBII ddboRBER ifTE 2 |AGlIRR dHRRAIR iHafetled) BFe O- 9500

: har el.ati ne capsul e:
™ %Iﬂ)wmg compos?tﬁ)n are optained:

a)
~ tiotropium bromide monohydrate:  0.0225 mg
lactose monohydrate (200 M): 49275 mg
lactose monohydrate (5 ym): 0.5500 mg
hard gelatine capsule: 49.0 mg
Total: 54.5 mg
by
' tiotropium bromide monohydrate:  0.0225mg
lactose monohydrate (200 M): 5.2025 mg
lactose monohydrate (5 ym): 0.2750 mg
polyethyiene 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:




b) -ti otropi um brom de nonohydrate: 0.0225 ng | actose nonohydrate (200 M:
5.2025 ng | actose nonohydrate (5 pm: 0.2750 ng pol yet A Awmst2(d$ul e:
100.0 mg Total: 105.50 ng F) Measuring techniques for determ ning the
particle sizes of the exciplent conpognts used in E) The average particle

si ze of ' LRy ] ieents of. t f.ormul ati on containing
the tiot ir:'ggiduﬁht@ﬁngéﬁﬁwgﬁgiﬁ!és%‘?é%gé&ﬁ]ﬁpﬁ‘ﬂd?a?ﬁ'ﬂgsf’nventi on which may be
pr.epared according to E) was determ ned as foll ows: 21 August 2006 F.1)
Det er m niieaistiftg gg[m rﬂaﬁh@tmglsf:i nely divided | actose: Measuring ‘

equi pnrent and settings: € equl nt is operated according to the

manuf acturer's instructions. Measuring equi pnent: HELOS Laser-diffraction

spect r orEieequipByeniad epratdd apeordingounk maERAerasYinsthidinger W th suction
funnel, (SynmpaTec) Sanple quantity: from 100 ng Product feed: Vibri

Vi brating channel, Messrs. Synpatec Frequency of vibrating channel:

40ri si ngvieasoidaquipmentof sahiiid$ tader-tiffractivh spectrofrister, 2ps¥egf 100

ng) Foqy; qugq nit-100 nm (e ; X 1 asuring tine:
-about 1(5]gILs$p%lrll Egit'case of 108 rrg?%@ladg&%rﬁ%‘%%sﬁé%gf ba top at: 1 %on
channel 28 Dispersing gas: cbtPynpatee) air Pressure: 3 bar Vacuum maxi num
Eval uat iSampRrt dueshtity?RLD Sarrpfrgn-pq@@ﬁ{gati on /product feed: At |east 100 ny

of the test, substance are wei ghed .onto a piece of card. Using another piece
of card %Pquﬁ%efjar ger |unps %&&M ehpnnehdMessiEePympatasen
' | Frequency of vibrating channel: 40 rising to 100 %

Duration of sample feed: 1 to 15 sec. (in the case of 100 mg)

Focal length: 100 mm (measuring range: 0.9 - 175 um)
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.




sprinkled finely over the front half of the Vibrating channel (starting
about 1 cmfrom the front edge). After the start of the 2ieaguse2t®bt the
frequency of the vibrating channel is varied fromabout 40 % up to 100 %
(towards the end of the neasurenent).2Zhe tine taken to feed in the entire

sampl e ir2} Determiag e Bhrhuse ke 8 Mctodd Joofl; Dt e M ning the particle

size of |actose 20 asuring equi pnent and settings: The equi pnent is
operated according to the manufacturer's instructions. Measuring

equi prerMeasriey egllibfeat bihd Bettinggt r omet er (HELCS), Synpatec Di spersing
unit: ry _di spe r.Wih suction funnel , Synpatec  Sanple quantity:
500 ny ﬁr od%@t"}sptggg% éﬁ%ﬂfeﬂé%@éﬁpﬂdogﬂ%H??é]“fé%'yﬁngémt%ﬁ?ec Fr equency
of vibrating channel: 18risingtol OO% Focal length (1): 200 nm (measuring
o NeaacasurifiedipmenbCe || ARy Uiaion $Bel PRI THELERY Sfiat annel 19
Pressur .isi?ser@g'lgwguum maxi nIAD@Pdryslisnesseravittod: HRLD Sanpl e
preparation /product feed: AbgydticORinABI (g‘yn?ﬂgﬁeé est substance are wei ghed
onto a ?ﬁ@ of card. Using ag&ﬁher pi ece’of card all the larger lunps are
br oken %‘f’ ﬁ’eq%‘myer is then fhsferred into the funnel of the vibrating
](c:hannfal Prédgeidest: 1. 2 to 1.4 WiBRbVibeitindetamen Mé’@slré/.i@%rﬂbé{&: phann;al ﬁnd
unnel . : . . the anplitude setting of the
Vi brat i ?@%%éﬁ\ﬁé@'ﬁ%gégé@@' ﬁ%ﬁg@%ﬁ%ﬂfw gﬁ-unti | a continuous flow of

pr odugt osablengthea: hThen i t 260 mdmedstiongrengept is 880 gfn)a(l:j)out 18%
e S&@ﬁggtm} e MeasureneHim (Ra8hd FHR: 4% [ BFE gARed to 100% 21

g time: 10s

Cycle time: ' 10 ms

~ Startfstop at: 1 % on channel 19

Pressure: - 3bar

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 2

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%.




Patent Clains Crystalline tiotropiumbromde mcronisate, characterised by
a particle size X., of between 1.0 pmand 3.5 pmat a Q&3.A)gusb2ié of nore
than 60% by a specific surface value in the range between 2 n2/g and 5
nk2/ g, by a specific heat of solution &3 nore than 65 Ws/g and by a water

content fromabout 1 %to about %ﬁf@nt@la%yst alline tiotropium brom de
m croni sate according to claim1, characterised in that the particle size
X50 has a value of 1. 1 pmto 3.3 pm at a Q,.,) value of nore than 70 %

3) Cryst#) | i Oeystallrie tplrosiuby Inohiide MiloPRatal@iarEQefishd By hpatide ¥fzeckai s 1
or 2, chara erlgg ia that it has a specific surface value in the_?”ange

from 2.5 me/d Gepweshd Gpmand p.ayiiats Hamevalis of BioreHas ShdedbY @ SHeGHiG at o

according t cswifaeeofaled i the range betwden 2ahg antie indgrbPw @?Hﬁé&it@fheat of
sol ution of r ' i | um br o,

m croni sate %Hg%tgorrfj?ﬂgo eloth\c%?\{e&%@? %’@ﬁé wg?%,éongéfﬁﬁg)ﬂ g‘bPE@?%@J Qb%tt er

content from-8%ut 1.4 %to about 4.2 %. 6) Process for preparing the
tiotropium m croni sate according to one of clainms 1 to 5, characterised in
that a) .arystalline tiotropium bron de nonohydrate, which when thernally
anal yseoé)by @g’é}%{? %f%%‘%@r@mﬁ%mmnﬁatﬁ aecarding to@taiay 1..chasagterised at e of

10K/ mi n, whiiokhatshe pariicé skdeskd hay aaxvam;&oswﬁ?m Y8, INMnCht 5T g@éldé drnt er
alia at vvav%&téqlthgﬁ 7%5;0 3410, 3105, 1730, 1260, 1035 and 50 cm 1 and

whi ch i's characterised’ By a sinple nonoclinic cell with the follow ng
dimensions: a = 18.0774 A, b = 11.9711 A, ¢ = 9.9321 A 102.691 *, V =

2096. 96 A3. ' j ' f - *C_
exposed Jo \aY e ClmEREmS ItFOnRbid b0 0 e 8l 20r a
period of atthpeadlerisedhipithat it hps prapesific surfasealiyg indthelrange Gore B4 mdigdoi sed
in that in arsled?g.o carry out step a) the micronisation is carried out

under inert gas, preferably nitrogen. 21 August 2006 24 8) Process
according to claim6 or 7, characterised in that to carry out step a) an

4)  Crystalline 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.

. 9) 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 % .

8) 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 wavelehgths 3570, 3410, 3105, 1730, 1260, 1035
and 720 cm™ and which is characterised by a simple monoclinic cell with the
following dimensions: a =18.0774 A, b=11.9711 &, c=9.93214, g =
102.691°, V = 2096.96 A°,

is micronised and

b) then at a temperature of 15 - 40 °C exposed to water vapour wifh 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. |




‘air jet mll is used with the follow ng grinding paranmeters: grinding
pressure: about 2 - 8 bar; feed pressure: about 2 - 8 b&l; Augrst B@liong
gas/feed gas: nitrogen; product supply: about 5 - 35 g/mn. 9) Process
according to one of clains 6, 7 or 8, eRharacterised in that in order to
carry out step b) the product obtained fromstep a) at a tenperature of 20
- 350C is exposed to water vapour at a relative humdity of 50 - 95% for a

perigod h&)f dhroaesd Accardity tocciais 6 LR Y, Ehacetsriseadn ticitte cbgytz:m@gm‘p Q)ﬂ'ri] e 6
to 9, characy : [ e tiotropium brom de nonohydrate
used as star "lefr.?gltgﬁgrrﬂloédltﬁ]sc J]‘lﬂsthtéb ‘%’ﬁ'ﬁ@@ "Mﬁg PPB?'T‘S%?%g steps: a) taking up
ti ot ropi um br om ddringdingapegssureh) heat abguithe8resul ting m xture; c) adding
activated charcoalfe@@@ré&ds @bt er renovi e ivated charcoal, slowy

' ' br omi d??ﬁ%ﬁ%h?ﬁt e while slowmy cooling the

crystallising the tjofropiurn )

aqueous sol uti on. QIW"]QEQ%I@da&%rdi Aragenci ai m 10, characterised in that
a) 0.4 to 1.5 kg gfrodadtesupphe used pegb@ml5og5(t9'/,9ﬁrf_opi urn brom de used, b)
the m xture obtained is heated to nore than 500C, ¢) 10 to 50 g of

activated charcoal are used per nol of tiotropiumbrom de used and after
t he actiS)at dtrocess aceordingstomrencfalaiad 6,Ieon8xtharactesised in thatth é@er et ween 5

and 60 m nu ' ' 1S T LlLr obt ai ned
is cool ed tto':%gpy étﬁetnsgéek?gm uﬁréteb@? u%élgéiﬁggtﬁqjl“cs%%é %Létd? gérgs%r{a'tqr%oq{ifz‘@ to 1 OC
per 10 to 39 Giip@xEesemip WatervMapernal a relative huaidityoof @6y-d95%dor 8 period

crystal | i sedfapdut @ YsuslHdupe tiotropi um brom de m croni sate obtai nabl e by

a processaccording to one of clains 6 to 11. 13) Use of the crystalline
tiotropi um brom de m croni sate according to one of claims 1-5 or 12 for

pr epar i i) a Arbeeswacndrdingl to omenstldimere tao9,adteiraéleliséd i hRatibégstalline
phar maceuti %{roﬁﬂl'mBFder%q‘noﬁ&hﬁfgt'ésﬁsechgsfsstalz't?ng product is obtained by the

following steps:

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 slowly cooling the aqueous solution,

11) Process according to claim 10, characterised in that

a) 0.4to 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 cooling 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 compaosition, preferably an inhalable
pharmaceutical composition. ‘ -




14). Use of crystalline tiotropiumbron de mcronisate according to one of
claims 1-5 or 12 for preparing a pharnaceutical conposi t3lofiugust 2006eat i ng
di seases in which the admi nistration of an anticholinergic nay have a

t herapeutic benefit. 15) Use according26o claim14, characterised in that

the di : 168 ' i t.0n.:
Char act e TLad S B B Plotrddlin brofae HBRREN 26 BT oftfims 15
ni cr oni sat e ¥ctofdiPrgParmLaehafmaceutiaal composition fortmatipigadiseasast insdiich
conposi ti on eGrinthREation of ahrankehoRRaERGhaY hé@é’aﬁﬁeﬁ%ﬁb@htib%héﬁ an

I )

I nhal abl e powder. 18) | nhal abl e powder“according to clarm characterised
in that it contains at |east about 0.03 % of tiotropiurn brom de

m croni st dseacchrdingtto aaimn 04, cHaaboteridedin it 2 dibeasks Midsghmatdr a

physi ol ogi cathpficcept abl e excipient and further characterised in that the
exci pient consists of a mxture of coarser excipient wth an average
particle size of 15 to 80pm and finer excipient wwth an average particle

si ze of t ' ; ' f. f i Nl ..t he total
cuant |ty o) FrariBcenhien ot SRgfct kel in il coInR. Gk talifel 1. Lot E,

claim 18, cHigrapium pspide migranisate agoording 4o opetwfistaimatdodiord205 and about 1

% preferably between about 0. 1 and about 0.8% of tiotropium brom de

m cr oni saf.e ing. to one qf clains 1-5 or . 20) I nhal abl e powder
accor di ngt)t ﬁga}c{ﬁ{agpu@ icﬁppf)@ﬁlﬂn q_@;gorg@ﬁg,tgg%@pi]’léegﬁaggc{(%ecﬁﬁéha@&@iqn ent
consi sts of iBhatableypovder. coar ser excipient with an average particle size

of 17 to 50pm and finer excipient wwth an average particle size of 2 to 8pm

. 21) Inhal abl e gomder according to one of clains 18, 19 or 20,
char act €h8)sdahalablemawderiascprdipgte cleimdf7, tharactesisedpn émat it conthmstaiiedst

quant ity Of st Do, dfdiokoplind brcidkicrériate MRLRG 1 OHEH: RRAMIENT O
one of clains 18 to 211, characterised in that = nonosatchari des,
di sacchar i d&& 1241 aggIix HFﬁjWﬁ 13/ BRYIpiggicalle accaniakial exsirient andsturther or

gilxtA ures of2 chhesotertsec initl&alttthe\l/)él)dclpi@ﬁtﬂcoal@%wgfa ﬁ’ﬂi(tu?@of‘?@é’rs@?gx&ﬁ%hpi ents.

ugust e roaccordi to claim 22,
char acteri s%&#?ﬁéﬁb&[{%@@g ,51zea$€’mjﬁ)0§ im tfg‘%é,exg'é’&’ﬁéﬂ"éb@ avNgiagsse,
trehal ose, @exicdleasize afdrtbi9 pm, wherein the proportion of finer excipient in the total
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, pdlyalcohols,
salts or mixtures of these excipients with one another may be used'as
excipients. o




mannitol, xylitol, sodiumchloride, calciumcarbonate or m xtures of these
excipients with one another may be used as excipi ents. 241 Angsl 2ll6e powder
according to claim 23, characterised in that glucose or |actose or

m xtures of these excipients with one @gther nay be used as excipients.

25) P | ghl wd dj f cl

18 to o7 clrAtIEBBUIRR b SR Ading 2P bt Qe R A ohofaci pi ent

fractions araraRinase, lagitese, saschanee, mattoge, drehaloses terinsneyndorbitoR subsequent
h

step the excinfnél, R}/IhbpgédluWHﬁloﬂHéaééTﬁﬂrri &arﬁbﬁftgéﬁ?"&bgﬁgg Qfsﬁ %té‘rﬁgghrg

brom de mcroni.sate a cor %
(i nhal et t e) , S¥HRIFALS with gpg an thﬂdﬂaybeé@ﬁﬁ@swcmmtahm abl e powder

according to one of clalns 17- 25.
24) Inhalable powder according to claim 23, characterised in that glucose or lactose
or mixtures of these excipients with one another may be used as excipients.

25) Process for preparing the inhalable powders according to one of claims 18 to
24, characterised in that in a first step the coarser excipient fractions are mixed
with the finer excipient fractions and in a subsequent step the excipient mixture
thus obtained is mixed with the tiotropium bromide micronisate according to
one of claims 1-5 or 12. '

26) Capsule (inhalette), characterised in that it contains an inhalable powder
according to one of claims 17-25.




