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The compound has valuable pharma"cological 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 broride is preferably administered by inhalation. Suitable inhalable
- powders packed into appropriate capsules (inhaleties) 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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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 duﬁng the grinding process is it possible o produce a
homogeneous phannaceutlcal formutation which always contains the specif ed
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 cerfain circumstances lead to
polymorphous changes, to a change in the amorphous configuration or to a change



pharmaceutical fornulation is the input of energy caused by this process
and the stress on the surface of the crystals. This may in certaln
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20 pharmaceutically active substances as mentioned above.

Detailed description of the invention
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 pracess 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
thé present invention is based. Adcordingly, a first aspect of the present invention provides

35 a crystalline tiotropium bromide monohydrate. -



the present invention is based. Accordingly, a first aspect of the present
invention provides 35 a crystalline tiotropium brom de nnnohy%{ah%OSS
April 2005 3a According to a second aspect of the present i nventt'o , there
is provided a process for preparing crystalline hydrates of tiotropium
brom de characterised in that tiotropiumbromde is taken up in water, the
m xture obtained is heated and finally the hydrates of tiotropium brom de
are crystallised with sl ow cooling. ¥ae tiotropiumbrom de nmay be obtai ned
for exanple by the nethod 8 April 2005 4 disclosed in EP 418716 Al, 5 10 A
third aspect of the present invention further provides crystalline hydrates
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EP 418716 Al. The nethod described below is preferably used according to
the invention. 15 In a suitably dinensioned reaction vessel the solvent is
m xed with tiotropium brom de, which has been obtai ned for exanple
according to the nethod disclosed in EP 418 716 Al. 0.4 to 1.5 kg,
preferably 0.6 to 1 kg, nost preferably about 0.8 kg of water are used as
sol vent per nole of tiotropiumbrom de used. The m xture obtained is heated
with 20 stirring, preferably to nore than 50C, nost preferably to nore
than 60C. The maxi mum't enperature which can be selected will be determ ned
by the boiling point of the solvent used, i.e. water. Preferably the

m xture is heated to a range from 80- 90C.




Activated charcoal, dry or noistened with water, is added to this solution.
10 to 50 g, 25 nore preferably 15 to 35 g, nDst preferably aQQH dﬁﬁ g of
activated charcoal are put in per nole of tiotropium brom de use ?
desired, the activated charcoal is suspended in water before being added to
the solution containing the tiotropiym bromde. 70 to 200 g, preferably,
100 to 160 g, nost preferably about 135 g water are wused to suspend the
act i vadisdossein &Ebad 15738 ATnol e of tiotropium bronide used. If the 30
activated charcoal is suspended in water prior to being added to the
solution containing the tiotropiumbromde, it is advisable to rinse with
t he safihigheapect ofithe w&m{ invaptiesy futthey Brevidea cotaling hydatesrpidiolerimadded,
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step ®y 448 71@Pgft ed. The product obtained is dr| ed in vacuo or using

circul. aA| nq gmt air until a water content of 5 4.0 %is obtained.
to kg, preferably 0.6 to 1 kg, most preferably about 0.8 kg of water are used

, ‘as solvent per mole of tiotropium bromide used. The mixture obtained is heated with
- 20 slirring, preferably to more than 50°C, most preferably to more than 60°C. The

maximum temperature which can be selected will be determined by the boiling point
of the solvent used, i.e. water. Preferably the mlxture is heated to a range from 80-
80°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 tiotroptum bromlde 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. |



20 The crystalline tiotropium brom de nonohydrate defined in the first
aspect can be obtained wusing the nmethod described above. Thevi}\oggo%\%um
brom de nonohydrate obtai nabl e using the nethod described abov&™' s

i nvestigated by DSC (Differential Scanning Calorinetry). The DSC di agram
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The product obtained is dried in vacuo or using circulating hot air until a water

content of 2.5 — 4.0 % is obtained.

20 '

The crystalline tiotropium bromide monchydrate defined in the first aspect 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 anhydr_oUs 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 procesé 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. |



a on 3105Aryl C-Hel ongated oscillation 1730C=Cel ongated oscillation
1260Epoxi de C-Oel ongated oscillation 1035Ester C OCel ongated oscil] ation
720Thi ophenecyclic oscillation 15 Accordingly, the present in o
relates to crystalline tiotropium brom de rmnohydrate which is
characterised according to Figure 2 by an IR spectrum which has bands at
wave nufrbers 3570 3410, 3105, 1730, 1260, 1035 and 720 cm, inter alia.
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The IR spectrum obtained is shown in Figure 2.
10 Table 1 shows some of the essential bands of the IR spectrum.

Table 1: Attribution of specific bands

* Wave number (cm™) Attribution ~ Type of oscillation

3570, 410 O-H - elongated
_ oscillation
3105 Aryl CH 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, infer
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.



crystal-system lattice type space group lattice constants fornula units
per elenentary cell B. Measurenents of intensity Diffractoneter 20 X-ray
generator wavel ength 25 30 35 current, voltage take-off angl®&*Pd%8t al
assenbly crystal-detector gap detector opening tenperature determ ning
the lattice constants Scan Type Scan i'peed Scan width 20max neasured

i ndependent reflexes corrections [ C 9H22N04S2] Br - H20 472.43 + 18.00
col our | 48ble 3 Experementalgiata pndhe apalyssk efthe woystaliinaistrupturadof tiokopipme, /n a =
18. 0774pfdmide monohydrate.

A. Crystal data

Empirical formula [C1gH,NO,S,] Br- HO
5 Weight of formula - 47243 +18.00
colour and shape of crystals colourless, prismatic
dimensions of crystals 0.2x0.3x0.3 mm
. crystalsystem 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 < 56.27)
30 Scan Type w-20
~Scan speed 8.0 32.0°/min in w
" Scan width . (058+0.30tan ©)°
20max , 120°
measured _ 5193
35 independent reflexes 3281 ( R,,=0.051})
- corrections o l.orentz polarisation
Absorption

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



b =11.9711 A ¢=9.9321 A 0=102.691 V = 2096.96 A3 4 R gaku AFC/R Ri gaku

RU200 1~= 1.54178A (nonochromatic copper
steam saturated capillary

refl exes (50.8 < 20 < 56.2)
120 5193 3281 (R .,t=0.051)
(Transm ssion factors 0.56 -
8 C. Refinenment Reflections (I

structur armgrd

10

15

20

25

- 30

3

~Variable

1. 00)

.235mm 3.0 mm verti cal

crystal

254

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

Table 3: Coordinates

0.062, 0.066

Ka radi ation) 50kV, 100mA 6
and hori zont&4enil 389555
W20 8.0 32.0lmininw (0.58 + 0.30 tan 0)

Lorentz golarisation Absorption

decay 10.47% decay 8 Apri l
> 3crl) 1978 Variable 254 5 ratio of
reflecti ong/Rafirembsrs 7-8 R-values:: R Rw 0.062, 0.066 The X-ray

I ed out showed that crystalline tiotrepium brom de
> 3ol) 1978

The X-ray structural analysis carried out showed that crystaliine tiotropium bromide
hydrate has a simple monoclinic cell with the following dimensions:
a=18.0774 K, b=11.9711 &, c=9.9321 4, p = 102.691°, V = 2096.96 A,
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-ra'y
structural analysis:

-0.0632(6)

Atom X . y z u {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) 0.085(1)
-5(2) 0.4555(3) 0.8370(4) 0.4214(5) 0.141(2)
- O(1) 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)
O(3) 0.3188(4) 0.9012(5) 0.4097(6) 0.058(2)
O(4) 0.0416(4) 0.9429(6) 0.3390(8) 0.085(3)
0O(5) 0.8185(5) 0.0004(8) 0.2629(9) 0.106(3)
N(1) 0.0111(4) 0.7607(6) 04752(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)
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) 0.1 635(5)‘ 0.6746(9) 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)
- C(8) 0.0382(5) 0.7325(8) 0.3439(9) 0.056(3)
C(9) 0.0761(6) 0.840(1) 0.315(1) 0.064(3)
C(10) 0.1014(8)  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) 0.826(1) 0.444(1) 0.086(4)

2005



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

18.0774 A, b = 11.9711 A, ¢ = 9.9321 A (3 = 102.691 , V = 209?6 ?@5

Accordingly, the present invention relates to crystalline tiot 6?1' 8

brom de nonohydrate which is characterised by the elenentary cell

descri bed above. The atomi c coordi natgs described in Table 3 were

determ n d bﬁ’ thfe qoveéray structural analysis: 15Table 3: Coordi nat es

At onx Of inates) 2651 1) 0.0696(4) 0.0490(1)

20S(1) 0. 2807(2)0 8774(3)0.1219(3)0. 086( 1)
2) 0. 4 141

gg ig 83?229&2’&1 9‘:’3% ﬂg f%l ggzg n7o§ z u (eq)

o210 3102000 el o o sassti samslo) Dssi()  00e)
250(4)0 04(1%)191;0 9429( 6) O‘P%@gg% gscg%% 0.430(1)  0.030(2)

0(5) 0. 8185(H)I8} 0004( 8)002%3;8&(5)0 EEE3y9) 0.1629(9)  0.055(3)
N(1)0.0111 7607(6) 0

cglgo 2895( )I@ 710729300 o 048(8% 0'4%5(2) 0-221)
'C(2)0.3330 7876(8)0 0.441(1)  0.144(6)

30C( 3)0. 30@((18 0. 7672(8D02@Q6i8)@m ¥B)  0.019(1) 0.079(4)

Siééﬁg*%) 5746(9) U ATh oBIg D - 0016(1)  0.080(4)

C(6)0 1435¢H)p. 7488(9) 0-BOBET9) 0. 0BAS3) 0.5286 0.102
7) 0. 0989 6415(8) 0, 0.0

%c% 8) 0. 038 § ) 0. 73(25% 9)%@’%29 9)@%@% (3) 03949 0.102

C(9) 0..0761(#)30. 840( 1) 0. 4027 0. 06Q(7§)10 0.3906 0.102

C( 10) 0. 10141-[@10 8974(8) 5 44961) 0. 88308) 06359 0.073

8(‘% 3000823&5 0. 526 1) D4a1)0 08478) s 449522005 G013

) 0.826(1)

0.0377" 0.6134 0.5781 0.073

H(?) 0.1300 0.7026 0.6770 0.069

H(8) 0.1873 0.7915 0.6490 0.069

 H(®) 0.1190 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 10.2506 0.075

H(14) 0.1498 0.9329 04626  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, ¥, Z: fractional coordinates;
35 U(eq) mean quadratic amplitude of atomic movement in the crystal;

-’ The present invention relates to the use of tiotropium

bromide monohydrate as a medicament in the light of the pharmaceutical eﬁ‘ icacy of
the hydrate according to the invention.



15 20 25 30 continuation of Table 3: Coordinates 9 Atonxyzu (egQ)
C(13)-0.0063(6). 0.554(1)0.062(3) 0.6595(9) 8 Aoril 2005
C(14) 0. 4747(4) 0. 8652(9) 0. 430( 1) 0. 030( 2) - pr
C(15) 0. 2839(5) 0. 6644(9) 0. 1629(9) 0. 055( 3) '
C(16)0.528(2)0.818(2)0.445(2)0.22(1) C(17)0.5445(5)0.702(2)0.441(1)0. 144(6)
C(18)0.2552(6)0.684(1)0.019(1)0.079(41-
C(19)0.2507(6) 0. 792(1)-0.016(1)0.083€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 H(5)-0. 04630. 61780. 49820. 073

H(6) 0. 03770. 61340. 57810. 073 H(7) 0. 13000. 70260. 67700. 069

H(8) 0. 18730. 79150. 64900. 069 H(9) 0. 11900. 62840. 29850. 069

H( 10) 0. ATerdin@y. s0Uthviaspect @diee piesantnvesta0pre0iges a BBAB@NENS characterised in

H 1) 0. 19560 AT - GRIR YRty e {REA 96 6 EDBRD=tde
H(16) 0. 29060. 59270. 20650. 065 H(17) 0. 24060. 6258- 0. 04690. 094
H(18) 0. 2328.0. 8191-0. 10750. 097



H(19) 0. 46490. 94430. 42540. 037 H(20) 0. 57290. 86560. 46600. 268
H(21) 0. 59300. 66510. 44770. 165 H(22)0.8192-0. 06100. 16190. 084 )
H(23) 0. 76030. 01050. 24120. 084 x,.y, z: fractional coordi nates; %’WUE%O&) mean
guadratic anplitude of atom c novenent in the crustal; The present '
I nvention relates to the use of tiotrapi um brom de nonohydrate as a )
medi canent in the |ight of the pharmaceutical efficacy 'of the hydrate
accor dl agrerare gampdiganians which pan be inlgied cparfiedlariwiangnhalablefpawderaspect  of
the PreARAiconiRf ey BRIt GRRD orBRoHRRE Bebaftbd By rdhatl it

ate as def] ned above. 8

contains crystalline fjotropium brom de nonohyd I
Apri | %é@ﬂ%veﬁ*@fb r%%ihpes KReWBi EIM DUSH Ak TE-b® BSERHE thig repeeeti cul ar |y

an i nieférehte ipoade for enaniple corthait@schime oEDFSAAITIO 1B OV | Atd@ingly, br oni de
i nvention, nethods known fromthe

nonghygdf.a scri hed t he  present , 1%

pri %r g{et;bﬁeggﬁlﬂgv% '891.rg%/tﬁsf%'f‘gg'?lé'gﬁ&ﬂ’f’?rs dharasiesiieéin s nade, for exanple, to
t he t ethahthey contaiEtiatropiin r@nideAmonoklydrgtey, 5 the present invention

rel ates to inhal abl e powders characterised in that they contain tiotropium

broni d B 5 ' f i.chal i ' . f
(1 ot oft AP B Bunaumldk et Y Roralin BhiB oo FulkBssedbrne, o
pr ovi demsentuswentidn proyiiea la useof ciystalliopitiotropinmrtiroheideonmaiohgdratesasedefided | ned

b - . tion f - . . :
ot DAESEABRR ZRRIRE LEploslM LD s i AR ce2ec 1
t her apadmingstriatioredf an articholgegie fgerd blay hased thérapeyticdpaeiitnly isspreflecabiyaesedt i cal

Corvesiol biébelifh e PHAEh AR ue B en a0 Bl 1R0PPE S Tt ropi

brom de nonohydrate carried out by way of exanple. It is to be regarded

only apheé, ' SpleloRyal-ITol 3t XM of W restricting
the | nventoit“_gﬁﬁ}dgéﬁrgs%ont_ nts. [%ggfqrr’g%ogﬁ%tsr%{ﬁ%em 368 ofWPéﬂé?Mb
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 ifs 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-
156°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) '




25.7 kg of 20 water. The m xture is heated to 80-90C and stiré‘%g, 2‘# :
constant tenperature until a clear solution is fornmed. Activa 1 &902r coal
(0.8 kg), nmoistened with water, is suspended in 4.4 kg of water, this

m xture is added to the solution contgining the tiotropiumbromde and |,
rinsed with 4.3 kg of water. The Igriét?ﬁa,thus obtained is stirred for at

| east 15 nin at 80-90C and then fi3€O &MF ough a heated filter into an 25
appar atus whi ch has been preheated to an outer tenperature of 70C. The

filter 4 | ' : . r he contents of the apparatus are
cool ed 193 %@5@ﬁ%ﬂ%ﬁh}@mg}%%@éwéﬁygm;{%te of 3-5C per 20 m nutes. The
apparatus is further cooled to 10-15C using cold water, and the

crystel2) OSBRI SohEh i Sothg ST BB,

i sol at ed Y aeRdethgImie reak #2300t §°Geceurmnuodurng) therdalanalysie usioge ( 10-

15C). The $Qsathhatingirardopr®/mined at 25C for 2 hours in a nitrogen
current. Yield : 13.4 kg of tiotropium brom de nonohydrate (86 % of

theory) 8 April 2005 11 Patent Clainms 1) Crystalline tiotropium bromi de
nonohy datGsystalip totypisahbromids monobydratdacttrdingersisds 8t 2, accor di ng to

claiqm 1, ' ' ecak .at 23 5C ocgurring during
ChorOei  anhr e 6y an B MO IHAMAER FomRES L2508 B wenis RS ATR  | ne
ti otropi u@ﬁﬂ%oﬁi% Wotb 260 a1 @3mend 7@Dragnt,dnfevrafian. 1 or 2, 10 characteri sed
by an IR spectrum which conpri ses bands at wave nunbers 3570, 3410, 3105,
1730, 56 0@,5 and 720 .cm 1, inter alia . 4) Crystalline tiotropium

br omi d ng?%‘-%l? pgtiotropish drergidegnenehysiratg agoneding to ose o claimsal, 200i3,i sed by

a singl e chaectérnyed el sinyhy Mmoclidiccal 'h@Wr@Qheifaﬁ‘dmhg@ﬁhggi Rs:iP=0774 A b
or ofr i ng ERFZETh RN Bof it BrahiuB TRRASA aNe~ 20988 Ay (o one.

g to one of
claims 1, 2, 3 or 4, characterised in that a) tiotropiumbromde. is taken

up in t . ' . ' | s. heate activated charcoal
i's add\gz 2?10 e§ qg?%’%arp a{riﬂg éﬂéﬁ%@é? tlgpbﬁ'fgﬁ g&‘%ﬂ“\‘?&f@‘d“@?ﬁﬁ%ﬁ&aﬁ‘?% 1BEMpi um
broni de RBAGhGAIMSH. s 3arduchatacierisediindieat wi th sl ow cool ing of the
aqueous  a) ftiotropium bromide is taken up in water,
20  b) the mixture obtained is heated,
c) activated charcoal is added and
d) after the removal of the activated charcoal, tiotropium bromide

monochydrate is slowly crystallised with slow cooling of the aqueous
solution.
25
8) Process according to claim 5, characterised in that

a) 0.4 to 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

0 used and after the activated charcoal has been added stirring is continued
- for between 5 and 60 minutes, '

d) the mixture obtainec_i is ﬁitered, the filtrate obtained is cooled to a
temperature of 20-25°C at a cooling rate of 1 to 10°C per 10 fo 30 minutes
and the tiotropium bromide monohydrate is thus crystallised.

15 .
7) Medicament, characterised in that it contains crystalline tiotropium bromide
monohydrate according to one of claims 1 to 4.

- 8) Medicament according to claim 7, characterised in that it is an



solution. ?5 6) Process according to claim5, characterised in that a) 0 4
to 1.5 kg of water are used per nole of tiotropiumbromde put in,

m xture obtained is heated to nore than 50C, c¢) 10 to 50 g of 38‘?""\?9‘? d
charcoal are used per nole of tiotropiumbrom de 30 used and after the
activated charcoal has been added sti r{j ng is continued for between 5 and
60 m nutes, . th i xture obtained is filtered, the filtrate obtained is
cooled to a'“tflaiﬁ*\tg'%wﬁé— of 20-25"C at a cooling rate of | to 10C per 10 to
30 minutes and the tiotropiumbrom de monohydrate is thus crystallised. 15

B o de S mo SRV E0EE UPRPriy ™ breihide spSaRrRR Seb o tpdRe af e 1
aCﬁ olr dLlng t to éfei ;nnei:anngarpharmaf ceetical wohipatsition fos traat;r&g éiseabeQﬁDﬁhﬂ:ﬁt

e e
accordi ng | oG RaminSth S o NERRb O ok iRy NV A peRE BaY A
conposition for treating diseases in V\/m ch 5 the adm nistration of an

ant | chokbyeUBbGhABRThg HAfIfEC ﬁa@%r?s%%%'tﬁatqﬁe%ﬁé%ase%%}e%mﬁ%%grdi ng to

claim?9, erlsed In that t I Seases are ast D. 10 11)
Process foraﬁfﬁ aring crystalline hydrates of tiotropium bronide,
characterised in that tlotropl um brom de is taken up in water, the mxture

obt ai pe ) t and f.i nal hydrat es,.of tiotro rom.de are

cryor 8 1AL ERGHsS Tor Bliaubhineslais nyiiRLEs BTy SRR ot dec ot o

broni de, obinathaéibopiyrm h@nmde(selakeaaxpancwatgr thé niigtuce abtaiddd is heated
and finally the hydrates of tiotropiurm bromide are crystallised with slow cooling.

12) Crystalline hydrates of tiotropium bromide, obtalnabie by the process according
15 to claim 11.





