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subst ancépgk'ﬁatﬁﬁdiﬁﬂ@r? 16:A1 igaddipsatheallowing qmnaﬂ%tsémtwmp ch are connected
with the nature of the active 30 sulddeéance itself. Wthout being
restrictive, exanples of theseMBafrarreters are the stability of effect of

the starting material under varioug\environnental conditions,
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stability

fornmul ation and stability in the

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).
20

Tiotropium bromide is preferably administered by inhalation. Suitable inhalable

powders packed into appropriate capsules (inhalettes) 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

25 mixtures thereof as propellant gas.

The correct manufacture of the abovementioned compositions which are suitable for
use for the administration of a pharmaceutically active substance by inhalation is
based on various parameters which are connected with the nature of the active

30 substance itself. Without being restrictive, examples of these parameters are the
stability of effect of the starting material under various environmental conditions,
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nedi-cament conpositions. The pharnmaceutically active substance used for

. preparing the abovenenti oned pharmaceutical conpositions should be as pure

;as possible and its stability in |long-term storage nmust be guarant eed
under various 5 environnental condition This is absolutely essential to

prevent the use of pharnmaceutical conp S|t|ons whi ch contain, in addition
to'the aﬁtabttnty dating produstion of the pbamazcrticabiosmutationtamet stability iorthefiaap| e.
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- change 3 of these lung-bound particles (inhalable fraction) is in the sub-micron range. In order

25 to obtain active substances of a corresponding particle size, a grinding process (so-
called micronising) is again required.

Since breakdown of the pharmaceutically active substance as a side effect of the
grinding (or micronising) has to be avoided as far as possible, in spite of the hard

30 conditions required during the process, it is absolutely essential that the active
substance should be highly stable throughout the grinding process. Only if the active
substance is sufficiently stable during the grinding process is it possible to produce a
homogeneous pharmaceutical formulation which always contains the specified
amount of active substance in reproducible manner.

35
Another problem which may arise in the grinding process for preparing the desired
pharmaceutical formulation is the input of energy caused by this process and the
stress on the surface of the crystals. This may in certain circumstances lead to
polymorphous changes, to a change in the amorphous configuration or to a change



in the crystal lattice. Since the pharmaceutical quality of a
pharmaceutical fornulation requires that the active substance shoul d

«al ways have the sanme crystalline norphol ogy, the stability and properties
of the crystalline active substance arg subj ect to stringent requirenents
fromthi sndgoi nt of view as well. 5 The Stability of a pharmaceutically

active siibbegrieal lattiges Sinaeptbetrharmaseuticalquaiviefiapharmagesdicai ons for
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an additional advantage for both the patient and the nmanufacturer. Apart
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I nposed on 20 phar npceuti ca tive soubstances as nmentio
Det ai f®&dPERELASIticBhcmpesitions vRAer variqus starascanditinnsds thereforgafendi ng on

t he choi additibnglcatliantages forboth tieepatisht Errthewhahufaeturéy i ng t he crude
product obtained after industrial manufacture, tiotropium 25 brom de

occurs in various crystalline nodifications. It has been found that these
di f f er enApaddidm ¢lae requireraentbéndieatedeatmvel it shoolduse dehgrallg dloend immiriche
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whi ch  crigshasiBifgims df the sanénddita®eher m by choosing specific reaction
conditions, neets the stringent requirenments nentioned above and thus

solves the problemon which the present invention is based. Accordingly
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nmonohydr Iy not her. aspect, the. present .invention relates to
a pr ocesgaﬁgpﬁﬁ&g'ggpﬁﬁ@g 85&9 a\f’ﬁ'lcﬁé'ﬁ?\?/tﬁrtg?égm&enff‘?ﬂww BNBRFER ONThi s
pr epak@t pbarmaceidically activeasualrstenceseas mentiohed abower opi um br onmi de, whi ch has
been obtai ned for exanple by the nmethod 4 disclosed in EP 418 716 Al, is

taken up in water, the mxture obtained is heated and finally the hydrates
of tiotropium bronide are &sfailed deseriptighiaféhe inventigns| owl y.

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
25 bromide occurs in various crystalline modifications.

It has 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.

30
Surprisingly, it has been found that the monohydrate of tiotropium bromide, which
can be obtained in crystalline form by choosing specific reaction conditions, meets
the stringent requirements mentioned above and thus solves the problem on which
the present invention is based. Accordingly the present invention relates to

35 crystalline tiotropium bromide monohydrate.

According to another aspect, the present invention relates to a process for preparing
crystalline hydrates of tiotropium bromide. This preparation process is characterised
in that tiotropium bromide, which has been obtained for example by the method



The -present invention further relates to crystalline hydrates of tiotropium
brom de which nmay be obtained by the above nethod. 5 One aspect of the
‘present invention relates to a process for preparing crystalline

tiotropi um brom de nonohydrate which is,described in nore detail

hereinafter. In order to prepare the crystalline nonohydrate according to
t he preséisclaseddnERA18 716 T.dptakenupin watermhieohixture ddainedlis heated anst
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after reftBfAresRNIRENION lYHNEtreiaias de srystaliiee hydiatesppliivtropidm kremide
nonohydr athichhaaytbe distairiedst\piHe stssteometddow y whil e cooling gently. The
met hod_ descri bed below is preferably used according to the invention. 15
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tiotropium brom de used. If desired, the activated charcoal is suspended in

wat er be ' | | D | .0ni um

brom de. 136 Par9apeEcABLa bRIGy (% SRcfaby e ARG e IhaRKER: 0l 135 g

wat er 7ar &0 agsitablydimessiongdiraaction vesaet the-selvertds miyed withl tiotegpiumot r opi um
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acvi sabl EFIETAEAT h the same amount of - water. After the activated
char coal Ot b&eky, priefedablp 0.6 to NEgj mosoptafetablly abowta8tkgndf waterars ased e for
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the aé@i sértrim, prefecakdy to mMeee than 80°C,smostepreferablydownore than&0°C1Tbet o 400 g,
Pheae" seiodlm e i o ettt (R 8 gd oy ShE ot
cool ed, PFf Hrecsluent ysedai.ecwptarabraferably the misturetinbeated to a range from 80-
90°C.
Activated charcoal, dry or moistened with water, is added to this solution. 10 to 50 g,
25 more preferably 15 to 35 g, most preferably about 25 g of activated charcoal are put
in per mole of tiotropium bromide used. If desired, the activated charcoal is
suspended in water before being added to the solution containing the tiotropium
bromide. 70 to 200 g, preferably 100 to 160 g, most preferably about 135 g water are
used to suspend the activated charcoal, per mole of tiotropium bromide used. If the
30 activated charcoal is suspended in water prior to being added to the solution
containing the tiotropium bromide, it is advisable to rinse with the same amount of
water.
After the activated charcoal has been added, stirring is continued at constant
temperature for between 5 and 60 minutes, preferably between 10 and 30 minutes,
35 most preferably about 15 minutes, and the mixture obtained is filtered to remove the
activated charcoal. The filter is then rinsed with water. 140 to 400 g, preferably 200
to 320 g, most preferably about 270 g of water are used for this, per mole of
tiotropium bromide used.




coolling is preferably carried out at a cooling rate of 1 to 10C per 10 to
- 30 mnutes, preferably 2 to 8C per 10 to 30 mnutes, nore preferably 3 to
5C per 10 to 20 mnutes, nost preferably 3 to 5C roughly per 20 m nutes.
|f desired, the cooling to 5 20 to 25C Bay be foll owed by further cooling
to below 20C, nost preferably to 10 to~15C. Once the filtrate has cool ed,
it i s stilhedifratens thanelowlycoatedupreferably te ehiempsratuse of @0:28°C. Obieween 40
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br om de, to 16°Gvash the ti otropi um broni de nonohydrate crystals obtai ned. If
desired the washing step may be repeated. The product obtained is dried in
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met hodP deQEPIgiedha sbptallisalioRas i nvesti gated by DSC (Differential Scanning
Calorinmetry). The DSC di agram shows two characteristic signals. The first,
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mel ting R‘I%IQBI q(‘)gserve degends to a dgreat extent on the heating rate. At

| oner 35 iNgjep nay berpreatert i ng/ deconposi ti on process is observed at
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6 Thépresent invention is therefore directed to crystalline tiotropium

brom de | | ' A ' 1, by an
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monohydrate which can be obtained using the method described above.

The tiotropium bromide monohydrate obtainable using the method described above

25 was investigated by DSC (Differential Scanning Calorimetry). The DSC diagram
shows two characteristic signals. The first, relatively broad, endothermic signal
between 50-120°C can be attributed to the dehydration of the tiotropium bromide
monohydrate into the anhydrous form. The second, relatively sharp, endothermic
peak at 230 + 5°C can be put down to the melting of the substance (Figure 1). This

30 data was obtained using a Mettler DSC 821 and evaluated using the Mettler STAR
software package. The data was recorded at a heating rate of 10 K/min.

Since the substance melts with decomposition (= incongruent melting process), the
melting point observed depends to a great extent on the heating rate. At lower

35 heating rates, the melting/decomposition process is observed at significantly lower
temperatures, e.g. at 220 + 5 °C with 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.



5 The tiotropi um brom de nonohydrate according to the invention was

. characterised by IR spectroscopy. The data was obtai ned using a Nicol et
‘FTIR spectroneter and evaluated with the Ni colet OW C software package,
version 3.1. The neasurement was carrigd out with 2.5nmol of tiotropium
brom de nonohydrate in 300 ng of KBr. he IR spectrum obtained is shown in
Fi gure 2The@rasentdnventionvis teeneforefdingetedtosenysiatlinedtioitpiurh bromideR spect rum
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st ruct ur aasawligd ost withe2. 5m9hofetlmm;mmfbrm®s/ mabinohydiate un30®tnmg19f KBrwer e
carried g4k R trﬁﬁpggfalﬁlecﬂsdﬁ%Wm ||§I%I%céorreter (Ri gaku) wusing

nonochr onat i c € Structural solution and
ref i néded@b lﬁ1§H@W§r5)¢§;Tﬂ%1P therepsential bangdscofdhedRrepgchyndi r ect net hods
( SHELXS86 Program) and FMLQrefinement 25 (TeXsan Program). Experinental

details ' e, structural resolution and refinenent
Thplde: Rt"tr){lﬁﬁbtfén' gf?p?eﬁf[p’ﬁd&s

are collected e 2. Experinental data on the anal ysis of
the Crysta|||ne FS ARV AT n'F flnfrnnl um B 10 185

Wave number (cm’ 1) Attribution Type of oscillation

3570, 410 O-H elongated
oscillation
3105 Aryl C-H elongated
oscillation
1730 C=0 elongated
oscillation
1260 Epoxide C-O elongated
oscillation
1035 Ester C-OC elongated
oscillation

720 Thiophene cyclic oscillation

15 Accordingly, the present invention relates to crystalline tiotropium bromide
monohydrate which is characterised according to Figure 2 by an IR spectrum which
has bands at wave numbers 3570, 3410, 3105, 1730, 1260, 1035 and 720 cm™, inter
alia.

20 The tiotropium bromide monohydrate according to the invention 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 solution and refinement of the crystal structure
were obtained by direct methods (SHELXS86 Program) and FMLQ-refinement

25 (TeXsan Program). Experimental details of the crystalline structure, structural
resolution and refinement are collected in Table 2.



brom de nonohydrate. A Crystal data Enpirical fornula Wight of formula
- col our and shape of crystals dinensions of crystals crystal system
Jlattice type space group lattice constants fornula units per elenentary
cell B. Measurenents of intensity Diffractometer 20 X-ray generator

wavel ength 25 30 35 current, voltage ta&ake-off angle crystal assenbly
cryst al - Jabbc2:dExpeimenteat datacsn thzeam aig%ils bét‘rmecw_stdallﬁwe sztglctlurre’ dSﬂtIMrotphgn

| attice Type Scan spee Scan wi dt max neasure
independg’ﬁ‘?ﬁ@%@%@&%ﬁrections [ CLOFHP2NOAS2] Br - H20 472.43 + 18. 00
col ourl ess, Apfrystatdata 0.2 x 0.3 x 0.3 nm nonoclinic

Empirical formula [C;eH,,NO,S,] Br - H,0
5 Weight of formula 472.43 + 18.00
colour and shape of crystals colourless, prismatic
dimensions of crystals 0.2x0.3x0.3mm
crystal system monoclinic
lattice type primitive
10 space group P2,/n
lattice constants a=18.0774 A,
b=11.9711 A
c=9.9321 A
B =102.691°
15 V =2096.96 A

formula units per elementary cell 4

B. Measurements of intensity

Diffractometer Rigaku AFC7R
20 X-ray generator Rigaku RU200
wavelength A=1.54178A (monochromatic copper
K.-radiation)
current, voltage 50kV, 100mA
take-off angle 6°
25 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°)
30 Scan Type w-20
Scan speed 8.0 32.0°/min in w
Scan width (0.58 +0.30tan Q) °
20max 120°
measured 5193
35 independent reflexes 3281 ( R,~=0.051)
corrections Lorentz polarisation
Absorption

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



primtive P2,/na = 18.0774 A, b = 11.9711 A ¢ = 9.9321 AR = 102.691 V
.+ = 2096.96 A3 4 Rigaku AFC7R Rigaku RU200 1.54178A (nmonochromatic copper
‘Ka radi ation) 50kV, 100mA 6 steamsaturated capillary 235mm 3.0 mm

vertical and horizontal 18 25 reflexes _(50.8 < 20 < 56.2) w20 8.0
32.0/mninw (0.58 + 0.30 tan 0) 128 5193 3281 (R ,t=0.051) Lorentz
pol'arisation Absorption (Transm ssion factors 0.56 - 1.00) crystal decay
10. 47% decab ﬁ finenment Reflections (I > 3al)1978 Variabl e254 ratio
of reflecti &h&pﬁggﬁﬁfer s7.8 Rvalues: R Rw0.062,0.066 The X-ray _
structural anaReflestiarw (li>eBolput showed t18#8 crystal | i ne ti otropi um broni de
Variable 254
5 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:

10 a=18.0774 R b=11.9711 &, c=9.9321 &, p = 102.691°, V = 2096.96 AS.
Accordingly, the present invention relates to crystalline tiotropium bromide
monohydrate which is characterised by the elementary cell described above.

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

15
Table 3: Coordinates

Atom X y z u(eq)
Br(1) 0.63938(7) 0.0490(1) 0.2651(1) 0.0696(4)

20 S(1) 0.2807(2) 0.8774(3) 0.1219(3) 0.086(1)
S(2) 0.4555(3) 0.6370(4) 0.4214(5) 0.141(2)
o) 0.2185(4) 0.7372(6) 0.4365(8) 0.079(3)
0(2) 0.3162(4) 0.6363(8) 0.5349(9) 0.106(3)
0(3) 0.3188(4) 0.9012(5) 0.4097(6) 0.058(2)

25 0O(4) 0.0416(4) 0.9429(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(9) 0.048(3)
C(2) 0.3330(5) 0.7876(8) 0.3826(8) 0.048(3)

30 C(3) 0.3004(5) 0.7672(8) 0.2296(8) 0.046(3)
C4) 0.4173(5) 0.7650(8) 0.4148(8) 0.052(3)
C(5) 0.1635(5) 0.6746(%) 0.497(1) 0.062(3)
C(6) 0.1435(5) 0.7488(9) 0.6085(9) 0.057(3)
C(7) 0.0989(6) 0.6415(8) 0.378(1) 0.059(3)

35 C(8) 0.0382(5) 0.7325(9) 0.3439(9) 0.056(3)
C(9) 0.0761(6) 0.840(1) 0.315(1) 0.064(3)
C(10) 0.1014(6) 0.8974(8) 0.443(1) 0.060(3)
C(11) 0.0785(5) 0.8286(8) 0.5540(9) 0.053(3)
C(12) -0.0632(6) 0.826(1) 0.444(1) 0.086(4)



hydrate has a sinple nonoclinic cell with the follow ng dinensions: 10 a =

. 18.0774 A, b = 11.9711 A, ¢ = 9.9321 A, R =102.691 , V = 2096.96 A3.

Accordingly, the present invention relates to crystalline tiotropium

brom de nonohydrate which is characterised by the elenentary cell
described above. The atomic coordinatesSdescribed in Table 3 were

det'er m nednfinudtion afiabde 3: Caprdinstesct ural anal ysis: 15 Table 3: Coordi nates
Atonmxzu (eq) Br(1)0.63938(7)0.0490(1)0.2651(1)0.0696(4)
S(1)0.2807(2)0.8774(3)0.1219(3)0.086(1)

S(2) 0. 4555( 3) Bi®B70( 4) 0. 4214(5)0 141(2)y z u (eq)
8%38 gigggjg e(1 gggggg ao%p 3 2595(9) 0.554(1)  0.062(3)
0(3) 0. @188(4)83 2(5)0. 40@71( 64)05 52(9) 0.430(1)  0.030(2)

0(4)0.0416(4) C(9329(6) 0. 33@@@@9 083§ 8544(9) 0.1629(9)  0.055(3)

0(5) 0. 8185(5 04(8) 0. 106
NE 130 0111243 &(8&)72630 é%?% 2@)18 0445(2)  0.22(1)
C(1) 0. 2895( 5) @(T2)07(9) 0. 4605@95(5)04881 3D2(2)  0.441(1)  0.144(6)

2) 0. 3330(5 76(8) 0. 048
g(( 3 3004(5) g>@§’72(8)0 22 %%?8‘?)046‘?%?4(1) 0.019(1)  0.079(4)
C(4)o1a173(5) @(17%)50(8)0 410266Y(6)0520.3292(1)  -0.016(1)  0.080(4)

C(5) 0. 1635(5) R4y 46(9) 0. 49 Z 062(Z§453 0.5286 0.102
6) 0. 1435(5 488(9) 0. 6085(9) 0. 057

g(?%O ogsggeg &15&3;0 059(&$ 2319 0.3949 0.102

C(g)g 832?223 (33 g?g %03%396921362526 3810 0.3906 0.102

E((lé)o 1014( 6] 078974(8) 0. 4%%2 060%@?26 0.6359 0.073

C(11) 850785( 5HI5)8286( 8) 0. 55)404630 0536378 0.4982 0.073

12)-0. 0632 826(1)0.4 0. cont i on ble 3:
o hi mat oo o ﬁ)x zu( ) @#1%)7 0.0 8@%@?0 éjsﬁg% 554?:{19%3062(3)
5C(14) 0. 4747( kY6) 8652(9)0 QS@OQ)O 030792 0.069
C(15) 0. 2839( 5Hp8p644(9) 0. 163%(3) 0. 055¢3) 5 0.6490 0.069
((16) 0. 528(2) 9{(3)18(2)0 44563 3022(1)0 6284 0.2985 0.069

20 H(10) 0.0762 0.5750 0.4016 0.069
H(11) 0.1873 0.6082 0.5393 0.073
H(12) -0.0025 0.7116 0.2699 0.066
H(13) 0.1084 0.8383 0.2506 0.075
H(14) 0.1498 0.9329 0.4626 0.071

25 H(15) 0.0658 0.8734 0.6250 0.063
H(16) 0.2906 0.5927 0.2065 0.065
H(17) 0.2406 0.6258 -0.0469 0.094
H(18) 0.2328 0.8191 -0.1075 0.097
H(19) 0.4649 0.9443 0.4254 0.037

30 H(20) 0.5729 0.8656 0.4660 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, Y, z: fractional coordinates;

35 U(eq) mean quadratic amplitude of atomic movement in the crystal,

According to another aspect, the present invention relates to the use of tiotropium
bromide monohydrate as a medicament in the light of the pharmaceutical efficacy of
the hydrate according to the invention.



C(17) 0. 5445(5) 0. 702(2) 0. 441( 1) 0. 144( 6)

. (18)0. 2552(6) 0. 684( 1) 0. 019( 1) 0. 079( 4)

10C( 19) 0. 2507(6) 0. 792( 1) - 0. 016( 1) 0. 080(4) H(1)-0.07670. 84530. 52860. 102
H(2) - 0. 05720. 89190. 39490. 102 H(3)- 0. 10210. 78100. 39060. 102

H(4) - 0. 02100, 68260, 63590, 073 15H(5) - 0. 0#630. 61780, 49820. 073

EE ggg gg;‘i’) (brépala ﬁ?&ﬂ&argér& %lﬁh%ﬁ%&é&héf&ﬁgaﬁkﬁgglﬁgmhalable powder,
201 10) o Wk er BB IR SnRAlES ThioRita Bisragednaneinliss s esbed by the

H(12) - 0. piexent invedtioR 69ethdaistkridwrs ranamaz;mdaa&aaa bGesedl In this respect,

100 gAY langp U He il A 50, RE800 B Rccorangy a

H( 18) 05 2 frtherespechofithe suesett iryardion. relates toinhatable powdesy characterised in

30H( 20) 04 6510. 44770. 165
H(2(2) o)81@2@%2%%%1@%&%@3%%%'65%§oapaot§o5o 24120.084 x, y, z:

fractional coordi nates; 35U(eq) nmean quadratic anplitude of atom c novenent
in the cirysiedl of tﬁe@mndhdmérguoaéffédﬁ@bf BStPRSIum Broenide ﬂﬁfrmhydmteratﬂuﬁherel ates

of the pASPReltiRe PRt InEnih Bt WbuRear iouBelin siomie monehydats on.

1OWchb0 pfmgaepaangmcbhmmnéuwalccbnq?mtm fontrebting dizse@ases in which the usg[méfl abl e
r

descr i beam'%nsﬂ%g@‘g%%*h%’eﬁﬁ%% thEBpELE bRRBH S B R RS 17 ey

be used. Preparigsa p ameutlcabﬁ@men&l@on§orntaeatanaﬂthemn£E@PD o the teaching

of DE-A-1 79 22 07. Accordingly a 5 further aspect of the present invention

| at e nhal abl e powders characterised
retates t'l%e' ollowing exapnple of synt tﬁes% serves to |Ilustrate a method of preparing

15 crystalline tiotropium bromide monohydrate carried out by way of example. ltis to be
regarded only as a possible method described by way of example, without restricting
the invention to its contents.

Example of synthesis
In a suitable reaction vessel 15.0 kg of tiotropium bromide are added to 25.7 kg of
20 water. The mixture is heated to 80-90°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
25 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 to a
temperature of 20-25°C at a rate of 3-5°C per 20 minutes. The apparatus is further
cooled to 10-15°C using cold water, and the crystallisation is completed by stirring
for at least one hour. The crystals are isolated using a suction filter drier, the crystal
30 slurry isolated is washed with 9 | of cold water (10-15°C) and cold acetone (10-
16°C). The crystals obtained are dried at 25°C for 2 hours in a nitrogen current.
Yield : 13.4 kg of tiotropium bromide monohydrate (86 % of theory)




that they contain tiotropium brom de nonohydrate. In view of the

. anti.cholinergic effects of tiotropium brom de nonohydrate a further aspect
of the present invention relates to the use of tiotropium brom de
nonohydrate 10 for preparing a pharnmaceutical conposition for treating

di seases in which the use of an antichb!i nergi c agent nmay have a

t herapeutic benefit. It is preferalfatensClifine preparing a pharnaceuti cal
conposition for treating asthma or COPD. The foll owi ng exanple of synthesis
serves to illustrate a nethod of preparing 15 crystalline tiotropium

broni de fbnbinyaiatine tiotropiumibromideymaaghydratecanpl e. 1t is to be regarded
only as a possi ble nethod described by way of exanple, w thout restricting
the inventign to its contents. Exanple of synthesis In a suitable reaction
vessel 5 18) oCrystalline tigtrppisimi hrasnigei menahydratenrerardingso Tiginy bfchapacterised . The

mxture is b?@h@wm&%iegeaa@2sbiirs@oeéurﬁﬁ?§@ng gt§lsmréﬁéws ughy 2

cl ear sol ut is, fornmed. Acti.v d. char coal , Nhoi stened w

water, is b&&)eﬂ%g‘egﬁngﬁfel&s 1@%’\7%{1-&, this nmixture is added to the
solution containing the tiotropiumbromde and rinsed with 4.3 kg of

water. T i et I i irred for at least 15 pin at 80-90C
and thengf i ﬁrﬁtg@ﬁ?hl%@@%%@ﬁ@gﬁpp%yg{raF%?%cozgﬂlngéo Eadg\'tf)ﬁ?' whi ch has
been PP eheactharacteriseddayt an IR sppetramuviicb fcofptises ibants lat evaviesnumberse35 70, t h

o1 Cop 00 a3ke0, 310 179 1960, Mo Afig PRI YhePBRa 000 o0 10 P trare T Ure

of 20-25C at a rate o m nutes. 'The ap%arat us is further
cooled to 10-15C using cold water, and the crystallisation is conpleted by

fS_t : [ relr ngrdf) L?ryﬁéllihé@i%troﬁrm bﬂbrhideTr’ﬁ@néﬁYd?éfé Sccr@ing X8 onlesst disiiadl @ srigt i on
| |

the crystal 30 slurry . iso ed 1s Shed with 9 | of cold
wat er (10- 150§rag |5@§|Stal %5%@‘{"%'—'”'9 Fha’YWQ t@‘é?gl?cyylgg NROASER & dri ed
at 25@for 28HFTAA =4 197 10le0 w0821, B ¥NOPBI1°13/ 4 2096086 AF.0t r opi um
brom de nonohydrate (86 % of theory) 11 Patent Clainms 1) Crystalline
tiotropium brom de nonohydrate. 5 2) Crystalline tiotropium brom de
nonohydr &) e Pieeassdphgrepsringarystalline Histropium brendidetimonahydrate aecardingdeak at

230 5C occHpbioh@ifinsing Bhage @é%é,y | Finuphng DSC , at a heating rate of
10K/ m n. 3) ysé&l{l ine ti ot,rdplhﬁm ro%cglgqﬁ%ﬂohydrat e according to claim|l

or 2, 10 chaPhct EPYQRIHMPromide i3 takeRUnIMWAEEh conpri ses bands at wave

nunbepg 3570b) 3thEomixddiebobtadindd.is héatsd, 1035 and 720 cm', inter alia . 4)
Crystalline ELfiotrotgi L{m br om de, m%r%%;c?te according to one of clains 1, 2
or 3, charatter P&R@ %‘}C AIGORY S M nic cell having the follow ng

di mensi ons: €)= aflerlthe0embval obthe ddivatedicharcoal-tiStr&@amn Bronaside 102. 691 0, V
= 2096. 96 A3. monohydrate is slowly crystallised with slow cooling of the aqueous
solution.
25
6) Process according to claim 5, characterised in that
a) 0.4to 1.5 kg of water are used per mole of tiotropium bromide put in,
b) the mixture obtained is heated to more than 50°C,
c) 10 to 50 g of activated charcoal are used per mole of tiotropium bromide
30 used and after the activated charcoal has been added stirring is continued
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 1 to 10°C per 10 to 30 minutes

and the tiotropium bromide monohydrate is thus crystallised.
35

7) Medicament, characterised in that it contains crystalline tiotropium bromide
monohydrate according to one of claims 1 to 4.

8) Medicament according to claim 6, characterised in that it is an



5) Process for preparing crystalline tiotropium brom de nonohydrate
-according to one of clains 1, 2, 3 or 4, characterised in that a)
tiotropiumbromde is taken up in water, 20 b) the m xture obtained is
heated; c) activated charcoal is added ‘?éjrg d) after the renoval of the
activated charcoal, tiotropium brom de nohydrate is slowy crystallised
wi th sl ow coblhataplefpoderaqueous sol ution. 25 6) Process according to
claimb5, characterised in that a) 0.4 to 1.5 kg of water are used per nole
of tiotropiumbromde put in, b) the mxture obtained is heated to nore

t han 50C,95)c) Use Qf@rwaﬁnemoéroplunabmidleanonamyckate acaatdipgrtorapiesofafiaims 1
tiotropiumb i ; R4Hh t&gﬁ?%&q'd@f& Rifech added
stirring is {(gmflgﬁﬁre,e?%nrlg%d%et vveaé%fr?hg&%ln ] rrtlIj nut eglze%@@éﬁ%aﬁi%%mre _

obtai ned i s h§ admaustration of an aatichalperginagentmaydiave & hesapewighenalitr e of
20-25C at a cooling rate of 1 to 10C per 10 to 30 mnutes and the

tiotropi br om de nohydrate is thus.crystal]jised. 35 7) Medjcanent,

char act eﬁme sprpqqqﬁngttgg[ﬂqpﬁ ﬁga@ E‘i'%ﬁ‘%inrtga{ ﬁ@t‘ﬂﬁ%"i’?ﬁﬁ %ﬁe(ﬁﬁqh@a or
nonohydrate &€@PDding to one of clains 1 to 4. 8) Medi canent according to
claim6, characterised in that it is an 12 inhal able powder. 9) Use of
crystalline tiotropium brom de nonohydrate according to one of clains I to
4 for 19r dpr iPmgcesspion prensring aystalliospgysiratesof tiotropiueabromide; sharseterisedwhi ch
5 the adm ni Iti il ier gt n VG 12 i C
penet i 1. 10) TLA2 UBMoBhund braffieris PaRepFl|rEwaRE el T8 udineBie RS
are asthma o?nd(ﬁﬁaﬁy tﬁ@hig’)at@ eltiateorivmn payide areycysiallised with siopueerlieg. of
tiotropi um brom de, characterised in that tiotropiumbromde is taken up
in water, the mxture obtain js heated . and finally the hydrates of

ot opi 17 bRsbBle Ty AekEs BF Relraliifbmiglo G eiribie by 1S procaseiaacpiding
hydr at’8s of to olairapiium br omi de, obtai nable by the process according 15 to
claim 11.



