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(54) Title: CRYSTALLINE MONOHYDRATE, METHOD FOR PRODUCING THE SAME AND THE USE THEREOF IN THE

PRODUCTION OIF A MEDICAMENT

(54) Bezeichnung: KRISTALLINES MONOHYDRAT, VERFAHREN ZU DESSEN HERSTELLUNG UND DESSEN VERWEN-

DUNG ZUR HERSTELLUNG EINES ARZNEIMITTELS

{57) Abstraet: The invention relates to a crystalline monchydrate of (10,23,45,50,7B)-7-[(hydroxydi-2-thienylacetyl}oxy]-9,9-
dimethyl-3-oxa-9-azoniatrycyclo[3.3.1.0%%|nonane bromide, to a method for producing the same, and to the use thereof in the pro-
duction of a medicament, especially for producing 2 medicament that has an anticholinergic effect.

© (57) Zusammenfassung: Die Erfindung betrifft ein kristallines Monohydrat von (1o,2B,4B,50,78)-7-[(hydroxydi-2-thieny}-
acetyl)oxy]-9,9-dimethyl-3-oxa-9-azoniatrycyelo[3.3.1.0%*Inonane-bromid, Verfahren zu dessen Iferstellung, sowie dessen
Verwencung zur Herstellung eines Arzneimittels, insbesondere zur Herstellung eines Arzneimittels mit anticholinerger Wirkung.

processes



2-th ienylacetyl)oxy]-9, 9-di net hyl - 3-oxa-9-azon iatricyclo[3.3.1.02" ] nona
ne- brom de, processes for the preparation thereof, as well as?wﬁgggﬁe

-thereof for preparing a pharmaceutical conposition, particula

preparing a pharmaceutical conposition having an anticholinergic activity.

10 Background to the invention The conpound (1 _
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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,



possible and its stability in long-term storage nust be guaranteed under
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st abl e driyrwaghout the grinding process. Only if the active substance is
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administered by inhalation, e.g. by means of a powder, arises from the fact that only
particles of a certain size can be taken into the lungs by inhalation. The particle size
of these lung-bound particles (inh_ala'ble 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 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



8 April 2005 3 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 norphology, the stability ané'”ﬁ?‘c?ﬁ%?t i es
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fromthis point of viewas well. 5 Theystability of a pharmaceutically
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occurs in various crystalline nodifications. It has. been found that these

different nodifications can be deliberately produced by selecting the
sol ventAParskany the requirementsindicatad abowy Wghquidbegengrally bamedndibdce of
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sol ves the problemon which the present invention is based. Accordingly, a

first aspect of the present invention provides 35 a crystalline tiotropium
br om dd heogioh9tihgtiavegiongsithuppprovide a new, stable crystalline form of the

compound tiotropium bromide which meets the stringent requirements imposed on
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. -



3a According to a second aspect of the present invention, there is provided
a process for preparing crystalline hydrates of tiotropiun1b%ﬂgrﬂ§o
characterised in that tiotropiumbromde is taken up in wat er”, Ri xt ur e
obtained is heated and finally the hydrates of tiotropium brom de are
crystallised wth slow cooling. The tiotropiumbrom de may be obtained for
exanpl e by the nethod 8 April 2005 4 disclosed in EP 418716 Al, A third
aspect of the present invention furtBer provides crystalline hydrates of
tiotropium brom de, obtainable by the process as defined above. 5 10 A
fourth aspect of the present invention provides a process for preparing
cryst al | iArsording te apsesansk asneast ofrdhe hyesent énventiges theye iapomdedBar act eri sed

obt ai ned HebesPERHE TR 09ubg rYALREs oF tholBirEbromBe kRS | crova
of the aghamistepidhdremide istthkén Qpiin WapsO aiMmixtorosieinedds heatddahy '
crystallised with sl ow cooling of the aqueous sol ution. The triaotropium

br oni de f@glly e bydrataseef tiadiopiia hppmidecais eysiglissd with slewvireelingsthesed in
EP 418716 : | i r used according to

t he invegpﬁéH“ngnﬁﬁbg s3??%3&&95?H@ﬁi@%ﬁ%@bﬁ%§®§f@%hégsse| 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
solvent per nole of tiotropiumbromde used. The m xture obtained is heated
wth 20 stirring, preferably to nore than 50C, nost preferably to nore

t han 60C. The maxi mum tenperature 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

noi stened with water, is added to this solution. 10 to 50 g, 25 nore ,
preferably 15 to 35 g, nost preferably about 25 g of activated charcoal are
put in per nole of tiotropiumbromde used. If desired, the activated
charcoal is -



suspended in water before being added to the solution containing the
tiotropium bromde. 70 to 200 g, preferably 100 to 160 g, nosd riﬁ%grably
about 135 g water are used to suspend the activated charcoal, ﬁp of
tiotropiumbrom de used. If the 30 activated charcoal is suspended in water
prior to being added to the solutiong containing the tiotropiumbromde,, it
Is advisable to rinse with the sane anount of water. After the activated
char codisclpsest in&E 4 ¥dded!. stirring is continued at constant tenperature for
between 5 and 60 m nutes, preferably between 10 and 30 minutes, 35 nost
preferably -about 15 m nutes, and the m xture obtained is f||tered to renove
t he achithitt aspectefthmaresentinvention farthers proides ervstallige fiydnatanaf ptoriu® t o 400 g,

prefer S Jasd ad&fenabbye about 270 g of water are used for
thisg, g@'rn%de?%tania%! |oh§8p| um %rom de use%l 8 April 2005 5 The filtrate is

then slowy cooled, preferably to a tenperature of 20-25C. The <cooling is
pref erﬂtp{) Wﬂp%bﬁgtr%ﬁreéént%vﬁﬁﬁﬂd BEbvfd%EPa fbeeks k& pl%riﬁ?rcrﬁs@alﬁr% 30 mi nutes,

preferab per m nutes, nore preferably 3 to 5C per 10 to

20 ni mlt@wm hipstidpmenelhysiate as de@%howgmayacp?&sew tehutes. If desired,
the cooling Tt:?trc?p@rﬂb?d?maégtﬂﬁéh infdteowed by further cooling to bel ow 20C,

nost preferab to 10 to ce the filtrate has cooled; it is stirred
for betweetP) mfﬁixhlﬁ@@@a&'ﬁd'%hms preferably between 40 minutes and 2

hodPs, (f B tﬁfa?éoa@JaYco%Pi@‘éHdé’d“%d‘our to 10 conplete the crystallisation.
The crystal's formed are finally isolated b f||ter|ng or suction filtering
P

the sol verd). after the remevel efdhe aebiatashgparceal @B reRiym rpmige yeanehydrais i SRWY t o

anot her was hbﬁ@ta%@@ with Elowscoom%ﬁﬁ@ beué&.seamwt Plie Gotragainemae e
washing sol ve , preferably O nost preferably

about 0. 31 sbe\wémnegrfer%ewle iﬁsprdﬁa@tb@ nteiﬂv@r%‘iﬁ'%ﬁfim 6Fﬁ4d§716 £4- wash the

“tiotropium brom de nonohydrate crystals obtained. If desired the washing
step rﬁ;e@ethmp&eswﬂbedﬁwowumﬂmera@w a«i;edadcdcsdm\gitedhé m\xemun or using

; 5 ,
ThdBe e SRR sl el st SOlve Bl s PuBed it oltouRY Pt “aspect
can bé)r @Mdﬁ, nebichihgsrearhebtaindddior essmpichaccartiogdo the method disclosed in
EP 418 716 A1. ,
0.4 to 1.5 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. | '



The tiotropi um brom de nonohydrat e obtai nabl e using the nethod descri bed
above 25 was investigated by DSC (Differential Scanning Cal or%&g(li .- The
DSC di agram shows two characteristic signals. The first, relat 1%’3}/ r oad,
endot herm ¢ signal between 50-120C can be attributed to the dehydration of
the tiotropiumbrom de nonohydrate ignto the anhydrous form The second,
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possi K &5that  the nelti ng peak may be split. The split is all the nore

apparent the lower the heating rate in the DSC experinent. 8 April 2005 6

The prese invention is therefore directed to crystalline tiotropium

br o 9@69%%%‘?518@ Gl 1t s Stmedder befwean 5%&@#&5@@%*1%%3 1, by an

1(_'a_ndot psgfeiablpbakweatti@&@ﬁlél(esf@d aho&{jéleﬁ@%tﬁﬂ?frﬁmmygbotﬂlﬂoﬂfé moOr, tﬁ Thet o
iQtr 7 rate according to e invention was characterise

by eGSR

R”Sp ata was obtained using a Nicolet FTIR spectroneter
and evaluated with the Nicolet OWI C software package, version 3.1. The

300 oe alIBnRed er inatl isflekch by RERha 8 sbo Rl A ey P o e
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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.
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. |



oscillation 1730C=Cel ongated oscill ation 1260Epoxi de C-Oel ongat ed
oscillation 1035Ester C-COCel ongated oscillation 720Thi ophenecycli ¢ :
oscillation 15 Accordingly, the present invention relates to csf%f?aqopi ne
tiotropi um brom de nonohydrate which is characterised according to Figure 2
by an IR spectrum which has bands at gwave nunbers 3570, 3410, 3105, 1730,
1260, 035 and 720 ¢cm, inter alia. 20 The tiotropium brom de nonohydrate
accor di e PEESeRt nvention ioihergfore dispcled &e castalling itropiymdvrogiider al  anal ysi s.

XEE 7geazmn_enwrta_ t@e Wﬁ}o}ﬁ-ié @fﬁaﬁﬁc{téﬁs@@iﬁ BefordiHRSF 'igureme,rkg,haﬁ @htﬂbm@nﬁiﬂ pé&dk aE
- A-C o0U ract onet e u) using nonochromatic. copper K
radi at i%lréécﬁ'ﬁe&sff%(ﬁi@%a E‘erﬁh éﬁ@%ﬁ“f%f I nenent of the crystal structure
wer e .obt ai ned by direct nmethods (SHELXS86 Progran) and FMLQ-refinenment 25
(TeX ' Al ' il C | i :
St ruct Py BolrGlm freRREE Mok SceSidiuo [d fhedby @it Mg shbfasiéniel,
2005 7 byrdepectroseopyr The datd waaobtained beingrealNicolet FifiRtdpectropeted andce
struct [ i ) S0ORY A
Enpiri %\f‘al otP Euvﬁgf %’ﬁgﬁgtg‘m I;;ng% rgrgﬁ\gb%?ou_r %hgélgk'g'p?éjbg-h gr@%%'rg%hﬁ
di mensi WAS camiegh QuiwithyZ. Syl of fiokkgritienbranade insenchygeate ia S80¢ng @b KBr.
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.



| attice constants [ C19H22N04S2] Br H20 472.43 + 18.00 col ourl ess,
prismatic 0.2 x 0.3 x 0.3 mm nonoclinic primtive P 2,/na = 18 0774 A,
b =11.9711 A ¢ = 9.9321 A (3 = 102.691 V = 2096.96 A3 for mA%P &P ?s per
el ementary cell 4 20 25 30 35 B. Measurenents of intensity Diffractoneter
X-ray generator wavelength current, vepltage take-off angle crystal ,
assenbl crystal -detector gap detector opening tenperature determning
the I at ié&@é&%@@ame@talstaé@ omthe aselysissfdbe crsdallingistiunture oftigtropiugs ur ed
bromide 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



| ndependent reflexes corrections R gaku AFC7TR Rigaku RU200 A= 1.54178A
(nonochromati c copper Ka radiation) 50kV, 100mA 6 steam saturated
capillary 235mm 3.0 nmvertical and horizontal 18 25 refl exe&™R6H08 < 20

<56.2) w20 8.0 32.00mninto (0.58 + 0.30 tan 0) 120 5193 3281 (Rt
0.051) Lorentz polarisation Absorptign (Transm ssion factors 0.56 -
1.00) crystal decay 10.47% decay 8 April 2005 8 C. Refinenent Refl ections

(I > 3al) 1978 Variable 254 5 ratio of reflections/paraneters 7.8
R-val ues: B.RBinédmBRR, 0.066 The X-ray structuraranalysis carried out

showed thaﬁ—['ap'l‘i tiotropiumbrom de hydrate has a sinple nonoclinic
Wit h theﬁ¥@¢qwﬂg>oﬁ%nsi ons: 101878 18.0774 A, b = 11.9711 A ¢ =

cel |
9.9321 A, R =Vafighié91 , V = 2096. 96 A3ps54Accordingly, the present invention

relatgs to of b ifSaion SRR O

R-values: R, Rw 0.062, 0.066

The X-ray structural analysis carried out showed that crystaliine tiotropium bromide
hydrate has a simple monoclinic cell with the following dimensions:

10 a=18.0774 A, b=11.9711 4, 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:

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)
 0(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)
0(3) 0.3188(4) 0.9012(5) 0.4097(8) 0.058(2)
25 0O4) 0.0416(4) 0.9429(6) 0.3390(8) 0.085(3)
| 0(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)
- 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(9) 0.497(1)  0.062(3)
C(6) 0.1435(5) 0.7488(9) 0.6085(9) 0.057(3)
o 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) 0.826(1)  0.444(1)  0.086(4)

-0.0632(6)



nonohydrate which is characterised by the elenentary cell described above.
The atom c coordi nates described in Table 3 were determ ned by éh?2ﬁﬂpve
X-ray structural analysis: 15 Table 3: Coordi nates Atonxyzu (%
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@;)
S(2)0.4535(3)0.6370(4)0.4214(5)0. 141(2)

0(1)0%35@@3%?@@&%%@ & 079( 3)
0(2)0.3162(4)0.6363(8)0.5349(9)0. 106(2)

OO 1ol 2012510 A0SO 00D = ugen

ASA=AN

0(5) 0. 8185(@()16) 00042 8;8 0626(3@)0 OEEE39)  0.554(1) 0.062(3)
N(1}0. 0111 7607(6 ,

cgl)ho. 2895(651() &) 7107(9) 0 4@% gﬁége) 0.430(1)  0.030(2)
C( 2) 0. 3330(H)1B) 7876( 8) 00RBI(S @@(4319) 0.1629(9)  0.055(3)
X 3)8.3(3%( M@);g;gggggoﬁlg o ) 0.445(2)  0.22(1)

8((53 0. 1635 3) 6746(9) 00 f) o@i@%} ) 0.441(1)  0.144(6)
C(6) 0. 1435(CF)8) 7488(9) 00GMEHHS) 0. 0F84))  0.019(1)  0.079(4)

q 8%, 8323@ 2325() 007G} o BISEEY ~ -0016(1)  0.080(4)
C(9) 0. 0761¢H}ID. 840( 1) 0. ILBTE] 0. 060EAH3 0.5286 0.102
Q110 é‘%é‘é‘@;S 8266/ Siébéé?‘%%%%%ég 0.3049 0102
C(12)-.0. 06 ) 0. 826( 1) 60-4931 1) 0. 696(18) 8 ApBPO62005 @182nt i nuati on of
Tabl e 3: Ceyayli nates 5 1902%0 30 ¢.6826 0.6359 0.073
15 ~ H(5) -0.0463 0.6178 0.4982 0.073
H(6) 0.0377 06134 05781  0.073
H(7) 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 0.2506 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
-HO17) 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.



At onxYzu (eq) C(13)-0.0063(6)0.6595(9)0.554(1)0.062(3)

C(14) 0. 4747(4) 0. 8652(9) 0. 430( 1) 0. 030( 2) 8 Aol 2005
C(15) 0. 2839(5) 0. 6644( 9) 0. 1629( 9) 0. 055( 3) pr
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( 4)

C(19) 0. 2507(6) 0. 792(1) - 0. 016(1) 0. 08(4) H(1)-0. 07670. 84530. 52860. 102
H(2) - 0.05720. 89190. 39490. 102 H(3) - 0280210. 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. 07620. 57500. 40160. 069 H(11)0. 18730. 60820. 53930. 073

H( 12) - OAoBpdicgly. ElfEth. speotaf tetrEcard ivet h8vdrogides 6 NESNGMeDT, Sharacterised in

r 10) 0. 38BECERBeYaBHE gt  iRpag & BEctaute

H(18) 0. 23280. 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, vy, z:

fractional coordinates; 35 U(eq) nean quadratic anplitude of atomc
novenent in the crystal; The present invention relates to the use of
tiotropium



brom de nonohydrate as a nedicanent in the |light of the pharnmaceuti cal

efficacy of the hydrate according to the invention. 8 April 2&3{95, g&’
Accordingly, a fifth aspect of the present invention provides RALEIRarent

characterised in that it contains crystalline tiotropium brom de
nonohydrate as defi ned above. 8 Apr|I 2005 10 To prepare a nedi canment

whi ch can be inhaled, particularly an |nhalable powder, which contains the
cryst al ? PFRPare @tmsgicam%n é\fhifd'éCﬂlbéﬁhm@ﬁ'adepamQ@lﬂﬂh@ﬂ iphalehle PQwdssent

| v entiveieh CBRINS e IPUBITIISHuRI LB dY hdﬁ%ﬁy@r%t%%%@cnﬂéﬂ Bl respect,

reference i s e teachin

Accor dPEgER 'nV%"dtt% W‘EQ@%%PWOJFRW&P\G P@%@régn%bf? HAGH a9 telsdsﬁa%qﬁ
char acteferened id madepfir exhmpisaotie teddhiid 6PDER 7O Z 67 NROSIRGEL €. 10 In

Vi ey o ol tICh I|n ects of tiotropiumbrom de nonohydrate a
si x\tgh glspg%tsg O Yghaon fy %[gﬁﬁﬂ'"F‘?\'@‘%’ﬁtpPWHerﬁr"B@T%E%'sﬁ dilse of crystalline

ti ot r dpatthayraomtale tistnophiyd baoreidesmdabhydrdte. above for preparing a

phar maceuti cal corrposi tion for treating diseases in which the

2Tt 11 8 B OB A L1501 6o Bl BB G B D BARSHL e g 1

It is pre era prepari on
treati p@samtuhmtlom p(ﬁ@%@s allse df orylstamna gotmampl lmomfdeswnolhedrete @edaﬂeed to
il ' ) ' '

oy APSE.BR ShhBRBAAL MRS R bR BT e
pos Si bh@nnntsltrla@h ofesscantisbdireyioagent maytenp lagherapedioienefitsit is preﬁ9raj>ly tided

vocser I Breiyhd 3pRAM A en B APBAaon BRI 88088, 01 © S5 et . The

m xture is heated to 80-90C and stirred at constant tenperature until a

cl ear ﬂ%f&ubﬁ:ﬂw & dgrgmée& fyﬁﬁf(és‘{é‘%&%gr?@ﬂﬁlgﬁ!ate(grﬁ%thgb of g%;gﬁ@ed Wi th

wat er , sus to the

soldt |Q5M51@l9ﬁ?éﬁ0Hpﬁglm IbéomldWBﬁhmfatﬁ eamied Uk dYrwas @fjewmwe4 Igisitg bef

vat er . reﬁbﬁie'@é’ﬁlylbg d possisIBtraEMRd describbd byeshy 8F exdimpbleadithdt réhticlihg 80- 90C
and tBE Né %lttgtﬂzroo'fl a heated filter into an 25 apparatus which has

been P- tenperature of 70C. The filter is rinsed with
8.6 kg of vvater The contents of the apparatus are cooled to a
- 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

' 'Yleld 13.4 kg of tiotropium bromide monohydrate (86 % of theory)




tenperature of 20-25C at a rate of 3-5C per 20 m nutes. The apparatus is
further cooled to 10-15C using cold water, and the crystalli salk @E
conpleted by stirring for at |east one hour. The crystals ar & MR céi:lLSed
using a suction filter drier, the crystal 30 slurry isolated is washed with
9 I of cold water (10-15C) and cold ag¢g¢tone (10- 15C). The crystals .
obtained are dried at 25C for 2 higutg [ggaa nitrogen current. Yield : 13.4
kg of tiotropium bronide m)nohydra‘[l E ¥BSf theory) 8 April 2005 11
Patent Clains 1) Crystalline tiotropium brom de nonohydrate. 5 2)

Crystal e according to claim1,

chgr act@r {@'ggtaﬂﬁ%@n@hﬁb %@Qﬁ?@rﬁ%o 5C OCgUI’I’I ng during thernal
analysis using DSC, at a heating rate of 10Kimn 3) Crystalline

L, L OSBRI BRI RO A8 Sl b By rflEgag) o1 e
1730, 1263’%’ apesds &f'?@d)%a 430+p°Gocgurring duringsthermalanalysis ueipgum ’

broni de mMDSOY ¢t atiteAiRgBd S OKnRRe of clains 1, 2 or 3, characterised by
a single nmonoclini c cell having the follow ng dinmensions: a = 15 18.0774 A,

b = 11.9711 A ¢ 9.9321 A, p = 102.691 , V = 2096.96 A3. 5) Process for
prepar 13)9 @wtﬂﬂmbltlaﬁmmumﬂnmmdmmbnonyaiﬁtm@mmgatbQ:lzﬂﬁppbﬂzng to one of

| th b k
o 10" uat Gharatidtisst by dAIRTREELSa RN coRinres oDl HpalledPReS 4509 coal
i s added éﬂd%ﬁ%tb‘@&. H26Peid3@bnd720endulevatied charcoal , tiotropium

brom de nonohydrate is slowy crystallised with slow cooling of the
aqueou 25 6) .Process according to claim5, characterised in

| yt
t hat a?‘)o o) %L{al"meé'%fgpwﬁmm&dedn@nmaweacmdnegd@ oneafclgimen, Brard,de put
in, b) tbhamickrised mbé@IHWM@\OBWE%@Hh@vﬁ@tﬁetﬁﬁﬂwﬁ%%méﬁsu Rs1p=50 g of

e PR R 2 RN R R TEREL R, gt S0 TP B anc

5) Process for preparing crystalline tiotropium bromide monohydrate according to
one of claims 1, 2, 3 or 4, characterised in that
. a) tiotropium 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 actwated charcoal has been added stirring is continued
7 for between 5 and 60 mmutes
d) the mixture obtamec_i isfi Itered, 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.
i5 :
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



for between 5 and 60 minutes, the mixture obtained is filtered, the

filtrate obtained is cooled to a tenperature of 20-25C at a cooling rate
of -1 to 10C per 10 to 30 minutes and the tiotropium brom de r’rﬁﬁB’H)?a‘P%te is
thus crystallised. 15 7) Medi canent, characterised in that it contains
crystalline tiotropi umbrom de nonohydsrate according to one of clains | to
4. Medi carrentr?%ctgordin to claim?7, characterised in that it is an 8 April
2005 12 i nh4l e f- 9) Use of crystalline tiotropium bronide
nonohydrate according to one of clainms 1 to 4 for preparing a

P ol o PRR SRR tBnbPhmLbERiE St OREAR Adbotng b SR FeBsder i 1
10) Use acgb:r élifagpneoadhg}amfﬁanmhanmale:n'nqmiitilan fohbaeafifpddieasastswhich ast hma
D1 | ) _ . aty .

or o e chiieaqiifigEon Sarbaffflolinerdkd 43k R haf fa'¥ &' bibetliG eRblE e ™

the m xture obtained is heated and finally the hydrates of tiotropium

broni de 1@y eyskysicatding s ciirhd, & Mcfé?@emﬂ-tnét?the‘aﬁéé?%@é'ér%s[rgﬂ%ﬁ.eS of

tiotropium Ero%de, obt ai nabl e by the process accordin l'ai m 11.

10 11) Process for preparing crystalline hydrates of tiotropium bromide, characterised
in that tiotropium bromide is taken up in water, the mixture obtained is heated
and finally the hydrates of tiotropiurm bromide are crystallised with slow cooling.

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



