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W2005042527 1 PCT/EP2004/012269 85719pct.214 NOVEET/EP2004/012269
CRYSTALLINE ANHYDRATE WITH ANTICHOLINERGIC EFFECT 5
The invention relates to a new crystalline anhydrate of tiotropium bromide,
processes for preparing it and its use for preparing a pharmaceutical
composition for the treatment of respiratory complaints, particularly for the
treatment of COPD (chronic obstructive pulmonary disease) and asthma.

85001 Baekgrnaund to the invention Tiotropium bromide is known from
E R A e fallowi
T s AL SRAE T A B IR O ot

bromide is a highly effective antich&ifEfgfe Jvith a long-lasting effect,
which may be used to treat respiratory complaints, particularly COPD

m@h@rgﬁu@hsgsy&@gw'mw&m%@nﬂ}%&%&h&% éyo oUaRym 'S e,

meant t?e free ammaonium cation. TIOtI’O ium bromide‘is pre era
PIO GRSt By AHRRILeRRH §a.&*éﬁlé@ﬁqﬂaqasr%a\ﬁ&é?%ew@aqhf@mposmon for
thepreprone chpsuivs (inhalenes) imay e tisedrilfermativets inmapHE OPD
(cRgdimipistered Awtheuiaeahsyitaligsinhalable agesols. These also include

powdered inhalable aerosols which contain, for example, HFAI34a,

HFA227 or mixtures thereof as propellent gas. 25
Background to the invention

Tiotropium bromide is known from European Patent Application EP 418 716 Al
and has the following chemical structure:
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‘Tiotropium bromide is a highly effective anticholinergic with a long-lasting effect,
which may be used to treat respiratory complaints, particularly COPD {chronic

obstructive pulmonary disease) and asthma. By tiotropium is meant the free

ammonium cation,

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
mixtures thereof as propellent 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



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 2 substance itself In
pharmaceutical compositions which are used like tiotropium bromide in
the form of inhalable powders or inhalable aerosols, the crystalline active
substance is used in ground (micronised) form for preparing the
formulation. Since the pharmaceutical quality of a pharmaceutical
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aspect, there is providéd an anhydrous crystalline tiotropium bromide

which is characterised in that in the X-ray powder diagram it has the
Thehwractetistiovvalives dth@ @RrA 1al96vAled 78 W 512810 Brasta d B8 3 A hinter
co g%dﬁﬁaﬂa ReASRe AR ISrREed deche-RhRIMage wisal GamRBSiton,
thz%ha%ar%e €0 ar'{} pharmaceutically active substance. The present invention sets
out in particular to provide a crystalline modification of tiotropium bromide which

has only limited hygroscopic characteristics.
Summary

In a first aspect, there is provided an anhydrous crystalline tiotropiem bromide
which is characterised in that in the X-ray powder diagram it has the characteristic
values d= 6.02 A; 4.95 A; 478 A;:3.93 A and 3.83 A, inter alia.

In a second aspect, there is provided a pharmaceutical composition, characterised in
that it contains crystalline anhydrous tiotropium bromide according to the first

aspect.

In a third aspect, there is provided capsules, characterised in that they contamn an
inhalable powder as defined above.

In a fourth aspect, there is provided the use of crystalline anhydrous tiotropium
bromide according to the first aspect for preparing a pharmaceutical composition
for the treatment of respiratory complaints.



that it contains crystalline anhydrous tiotropium bromide according to the
first aspect. In a third aspect, there is provided capsules, characterised in
that they contain an inhalable powder as defined above. In a fourth
aspect, there is provided the use of crystalline anhydrous tiotropium
bromide according to the first aspect for preparing a pharmaceutical
composition for the treatment of rgspiratory complaints. 2a Detailed
description of the invention It has been found that, depending on the
choice of the conditions which may be used during the purification of the

may be obtained in dif&kifddoseamHan YdARIEREWOIt has been found
that these different modifications can be decisively obtained by the choice
1t RfoRluantR M Ashiondp A stallisRtion RIS PG AIRIGR: Al e aRgrating
conditions selected during the crystallisation process. It has surprisingly
usbednriop e that fetaiting fthecthdapenbivy diaténeti tidizo pidosttubmide,
prifidR N R ERIAIBES Iy ensiRlinG faIm P diaeRigo spefigscaction
conditions and which was described in the prior art for the first time in WO
m?é?%? S-an anhydrous crystal modification of tiotropium bromide may be
obtained which meets the high requirements set out above and thereby
It BvRE A8 uRAchienhARABHYIOE: O RIRSAILIWVADHE R AGRRITINO nthsy
gSEEnLinvenion WO, 2005/042828 3 PCTIERZ000/012260 relates o thie
AT QL SRS ah S it ST Bromaio Ay Rardhs S8 RS ShvitinFr e
cogegpnbpeisisredaigribe stirialb sHéorepivdistropium bromide anhydrate is
to be regarded as a reference to the crystalline anhydrous tiotropium
It kwomigeisingly been found that, starting from the monohydrate of tiotropium

bromide, which can be obtained in crystaliine form by choosing specific reaction
conditions and which was described in the prior art for the first time in WO
02/30928, an anhydrous crystal modification of tiotropium bromide may be
obtained which meets the high requirements set out above and thereby solves the

problem underlying the present invention. Accordingly, the present invention
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gcc,)orgd_i/n to the invention. 5 In another aspect the present invention
Vel &S 18 & fethod of preparing the new? crystalline form of anR§dYBE004/012269

tiotropium bromide which is explained by way of example in the
experimental section that follows. 10 The anhydrous tiotropium bromide
according to the invention is particularly characterised by slightly
hygroscopic characteristics, which ensure a high degree of stability of the

r&%&a{mﬁéf&%@mﬂé‘%ﬁ@é%‘&é‘%&%@?ﬁ%&%ﬂﬂﬂﬁ anoydrate, . made within
according to the invention is highly crystalline and is t érefore particu aﬁy
BfeiF QAital Her tRECHIBP APERBACST BhEEauiiF fovimmldiomsidsr anhydrate is to

b@d@@fg@@tmm@&m@{@tm@-cw@tmﬁwmeﬁ%na@%k%%gﬁlam&%%
use ﬁf the crystalline tiotropium bromide anhydrate according to the

AFOERRh FoF BréPErePE pharmaceutical composition for the treatment of
respiratory complaints, particularly for the treatment of COPD 20 and/or

asthma. The Examples that follow serve to illustrate the present invention
IR aPAARASRARRE RESHERME TRISEOpIAEIE mvesiion o treparing the new
cembbdiménts by wayydtoexainpleghatfoltomi 25 WQ ROEPARRT Yy way of
RTERRQN4/012259, Ards SIAIIACRAIEHRIG Jiotropium bromide

monohvdrate Tiotropium bromide, which was obtained for example using

the method described 5 in European Patent Application EP 418 716, was
Tésriaratt onio tepystallime tiotropiuas bromige monolydratie macordiig:tarty
cﬁﬁ@adt%_@l@ésdrl] @gﬁi&@ﬁﬂﬁ@@%%pimgﬁa%&%ﬁ%é,ﬂ%}%@ﬁ&&&&”&%ﬁﬂ%@%"m of
stQ{)qH%rr 'Qgtfneecg%ggp hl{{)ndﬁggantlzlog. The crystalline tiotropium bromide anhvdrate
according to the invention is highly crystalline and is therefore particularly well
suited to the preparation of pharmaceutical formulations for administration by

inhalation.

'The present invention also relates to the use of the crystalline tiotropium bromide
anhydrate according to the invention for preparing a pharmaceutical composition
for the treatment of respiratory complaints, particularly for the treatment of COPD
and/or asthma.

"The Examples that follow serve to illustrate the present invention still further,
without restricting the scope of the invention to the embodiments by way of

example that follow.
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wanindraie aecording to the invention. 10 A. 1. Examples of synthes S
according to the invention Example 1 10.0g of tiotropium bromigéd/EF2004/012269

monohydrate were taken up in 100 ml of water and dissolved at boiling

temperature. Then 80.08 of ammonium fluoride were added. 15 After 18

hours' stirring at about 20-25C the product that crystallises out is isolated

and dried at 70C. The crude product obtained is dissolved in 25 ml of
AMebanak at- boilingieinperature, filtered hot and cooled to ambient

temperature (approx. 20- 25C). The product that crystallises out

|mmed|ately after the WaII of the flask has been scratched (with a glass

& z inedatBeE:. 20 Yield: 7.35g tlotroplum bromide

Tl tﬁiﬁb?ﬂiﬁﬁi@okﬂn '
in @méh%g é/dlgaig% wgtr%l a ?ﬁ@%%%%niﬁgﬁg%%%% é)g%% ofved ﬂﬁ)m |%Sé:nbed

temperature. The clear <o u |s%rt1 c{ﬁéfe\‘i%ﬂﬁ’%vf%rﬁ?ér%@}??liﬂme
HOLF SR B HOTHS URP BESTdetahgdrdie o htaihe d ackending tOXEXaRMIO LS,
Thibes pradiiet ehystaliseg ouhipdie Vs ABsrsowly 988‘ &&%ngﬁ@

n

anlQRGLALe (ARRFQ the precipitate obtained is f ered off a
gl%?gd at 50C . %%Idzg %gY%g%%?roplum bromide anhydrate white solid. WO

2005/042527 5 PCT/EP20041012269 A. lll. Characterisation of the
it plemfessnblidsitenacoodiing to dhe invenlipss! he tiotropium
bromlde anhydrate obtained by the above method is highly crystalline. It
ELVas fn\ﬁestlgated further by X-ray powder diffraction. The following 5
e was used to record the X-ray powder diagram detailed below.
10:lge0K tigiF ppivire bepidemvas hodordedhadthinithe spapel 0bthe presaet and

diskorentian husingadshgkes & Aduanaed vuthra IcationSeRsItve Jetestoh 1 .q.
AH&YS: héﬂgéa]é'{?&zﬁg at about 20-25°C the product that crystallises out is isolated
and dried at 70°C. The crude product obrained is dissolved in 25 ml of methanol at

boiling temperature, filtered hot and cooled to ambient temperature (approx. 20-
25°C). The product that crystallises out immediately after the wall of the flask has
been scratched (with a glass rod) is isolated and dried at 50°C .

Yield: 7.35 g tiotropium bromide anhydrate, white solid,

Lxample 2:
4.39g tiotropium bromide monohydrate were taken up in 25 m! of methanof and

dissolved at boiling temperature. The clear solution is inoculated with a few crystals
of the crystalline tiotropium bromide anhydrate obtained according to Example 1.
The product crystallises out in the warm. After slowly cooling to ambient
temperature (approx. 20-25°C) the precipitate obtained is filtered off and dried at
50°C . Yield: 3,47 g tiotropium bromide anhydrate, white solid.
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wo &4l A30 kv, 40 mA). 10 The X-rag powdgr diagram obtaILr&eIdjg% (}5‘5012259
tiotropium bromide anhydrite according to the invention is shown'in

Figure 1. The following Table 1 lists the characteris'.[ic peqks and
standardised intensities. 15 Table 1: 2 O dhk7 [A] 'intensity 8.39 10.53 4

11.337.80 27 -------—------—---

13.50 6.55 53 L14.70 14.13 6.26 65 6.02 73

15.28 5.79 31 15.725.63 7 15.98 5.54 33---~1 16.32 5.43 11 16.955.23

APl G0, 42948 8P HL TR 100,49 899%/0

42527 6

¢ PCTIEP%OO4/O 2269 19.07 465062 19.404.

230 12

eanhydrate according to
ZU. 327435710

The tio'tropium bromide anhydrate obtained by the above method is highly

crystalline. It was investigated further by X-ray powder diffraction. The following

procedure was used to record the X-ray powder diagram detailed below,

The X-ray powder diagram was recorded within the scope of the present invention

using a Bruker D8 Advanced with a location-sensitive detector (CuK,, - radiation, A

= 1.5418 A, 30 kV, 40 mA).

The X-ray powder diagram obtained for the tiotropium bromide anhydrate

according to the invention is shown in Figure 1.

The following Table 1 lists the characteristic peaks and standardised intensities,

Table 1:

20 [ dux [A] intensity [Y%]
8.39 10.53 4
11.33 7.80 27
13.50 6.55 53
14.13 6.26 65
14.70 6.02 73
15.28 5.79 31
15.72 5.63 7
15.98 5.54 33
16.32 5.43 11
16.95 5.23 45
17.90 4,95 | 76
18.55 4.78 100




22.60 3.93 77 22.833.89 20 23.21 3.83 86 24.01 3.70 17
W?f.??%ﬁs?%%%fs 24.933.57 8 25.27 3.5260 25.55 3.48 28 25851EA004/012269

26.21 3.40 30 26.38 3.38 18 27.26 3.27 24 27.60 3.23 8 28.07 3.18 44
28.38 3.14 67 28.58 3.12 35 29.93 2.98 19 30.18 2.96 21 30.52 2.93 10
~i ' WO 2005/042527 7 PCT/EP2004/012269 30.91 2.89 17 31.82 2.81
46 32.322.77 13 32.942.727

19.07 4.65 62
19.46 4.56 36
20.32 4.37 10
20.40 4.35 12
21.75 4.08 23
22.60 3.93 77
22.83 3.86 20
23.21 3.83 86
24.01 3.70 17
24.40 3.64 13
24.93 3.57 8
25.27 3.52 60
25.55 3.48 28
25.95 3.43 7
26.21 3.40 30
26.38 3.38 18
27.26 3.27 24
27.60 3.23 8
28.07 3.18 44
28.38 3.14 67
28.58 3.12 35
29.93 2.98 19
30.18 2.96 21
30.52 | 2.93 10
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W%3261§5%46?5 3 34.80 2.58 31 In the above Table the value "2 %QA]
repredents the diffraction angle in degrées and the value " dhiF{AfEP2004/012269

represents the specified lattice plane intervals in A. 5 The present
invention therefore relates to crystalline tiotropium bromide anhydrate
which is characterised in that in the X-ray powder diagram it has the
characteristic values d=6.02 A; 4.95 A; 478 A; ; 3.93 A and 3.83 A, inter
alia. B. Formulaglé)eﬁ containing tlae [ig[% piunTtsroxnide-antaydrate
accordine to 10 the'invention The crystailine tiotrapium brorhide
anhydrate acc%ql_%@ to the invéntion IS highly crystaltine an%s therefore
particularly well suited to the|preparation of, for example, pharmaceutical
formulations foradgpinistration by inhgladon such as inhalahlg powders or
for example propellant-contgining aerosol formulations, 15 particularly
inhalable powdepscand propellant-corjajning aerosol suspensions. 13.1.
Inhalable powders The present invention also relates to inhalable powder
containing 0.00343t@3 % tiotropium inghe form of the crystallige tiotropium
bromide_anhydrate according to 20 the invention combined with a
physiologically Z2&d&ptable excipient. By gotropium is meantthe
ammonium cation. Inhalable: powders which contain 0.01 to 2 % tiotroptum
are preferred according to the invention. Particularly preferred inhalable

1 [$ contain totropium in an..amount from}%bSou 0.03tol %,

n%%%‘% Vly%:.]a(%etcg‘ur&é&f&pairt%aﬁalﬂ)}%%%ﬁl o s0gion desrees

ang AR SmSbiAAde ERISASING et saifiedidrtimaipnaritinivalalbieA.
powders which contain about 0.08 to 0.22 % tiotropium. WO 2005/042527

T BEHEPEAAARIR RIS AAUNR AL JRHARI BARSHILT SRR Sy

wh;& 1s characterised in that in the X-ray powder diagram it has the characteristic

values d= 6.02 A; 4.95 A; 4.78 A;; 3.93 A and 3.83 A, nrer alia.

B. Foermulations containing the totropium bromide anhvdrate according to

the invention

The crystalline tiotropium bromide anhydrate according to the invention is highly
crystalline and is therefore partcularly well suited to the preparation of, for
example, pharmaceutical formulations for administration by inhalation such as
inhalable powders or for example propellant-containing aerosol formulations,
particularly inhalable powders and propellant-containing aerosol SUSpensions.

B.l. Inhalable powders
"The present invention also relates to inhalable powder contaming 0.001 to 3 %

totropium in the form of the crystalline tiotropium bromide anhydrate according to
the invention combined with a physioclogically acceptable excipient. By tiotropium
is meant the ammonium cation.

Inhalable powders which contain 0.01 to 2 % tiotropium are preferred according to
the invention. Particularly preferred inhalable powders contain tiotropium in an
amount from about 0.03 to 1 %, preferably 0.05 to 0.6 %, particularly preferably
0.06 to 0.3 %, Of particular importance according to the invention, finally, are
inhalable powders which contain about 0.08 o0 0.22 % tiotropium.
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cation contained. The excipients that are used for the purposes of the
%@e@ﬁfqmtion are prepared 5 by suitable grinding and/or SGeEmRg04/012269

using current methods known in the art. The excipients used according to

the invention may also be mixtures of excipients which are obtained by

mixing excipient fractions of different mean particle sizes. Examples of

physiologically acceptable excipients which may be used to prepare the

10 inhalable powders for use in the inhalettes according to the invention
TiReIaee wWbrRisHeReRidRs e oifigid ebswefarctbsecdr arabinase)unt of tiotropium
caisaccharidesde.g. lactose, saccharose, maltose, trehalose), oligo- and

polysaccharides (e.g. dextrans, dextrins, maltodextrin, starch, cellulose),

olyalcohols (e.g. sorbitol, mannitol, xylitol), cyclodextrins (e.g.
TE-%&%BH% rfi&)‘é% Bfekinp hedyBIRReRERf, ThethwisariSeyoiotextin prepared
bwdrﬁ?wwfﬁgmﬁﬁexaéaéggn@iagidax(@.ﬂn AIGRING mgmpmqg@%. The
e a@asadivm;sbloside. ¢ e),.0or mixtures thereof. .
ar@r{%ggibﬁ!&,bmono-.orldllgsacch%ri e;H_ g&eﬁﬁrg%%}j%vﬁﬁlg%ﬁglﬁ%g%% ?ay;et%%‘fé’ igpts which

gIUCOSE TS prefEifads SAFRITAHY AsHE RS Extiisrsal Maan @ tstal o msir
hydrates. For the purposes of the invention, lactose is the particularly
Exietetre o erbiisnesaihneceridsls mrmpieydsatdistmost particttbrly prepare the

inpegieeefoWithintthe scopeirf Mg Rbalable powders e ?rrlgritg%i%) tﬂ?c{gde

inventi%$ the excipients have a maximum averade particle size of Up

MIRGH CHPRFIED I e tBERSS OTHHIO 1504 ¥ Abimstspreftirablyrbativedn g Sactose,

saacih8078, th Ay SQmReHnes) §@ﬂ§baaﬁfpﬁs%é&1§%é@§e’ EXGIRIEAL . dextrins,

fractions with an aver rticle size of 1 to 9m to the 25 excipients
Rt U RO e PBIERRARIS6-&1 SeNnmamah et

cyolcpizssiiie excipienigdistes:hare E‘Q@E%%&ﬂ%@;@ﬁ?@%@@ﬂﬁﬁ SIZSHDRY.
be determi eg using methods known in the art (cf. for example WO
Cyﬁg’%‘ﬁf%’é{: LeF SRR g el odesmin ndes eeplepa Brgimbalable

hypowdessideToidingdodize ipvantion iienised Gy staling HAtronium, i res

bromi nhydrate, which is . ,
thereot. ?’ere%era%qy, mono- or disaccharides are used, while the use of lactose or

glucose is preferred, 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,

Within the scope of the inhalable powders according to the invention the excipients
have a maximum average particle size of up to 250um, preferably between 10 and
ISOHm, most preferably between 15 and 80um. It may sometimes seem appropriate
to add finer excipient fractions with an average particle size of 1 to 9pm to the
excipients mentioned above. These finer excipients are also selected from the group
of possible excipients listed hereinbefore. The average particle size may be
determined using methods known in the art (ct. for example WO 02/30389,
paragraphs A and C). Finally, in order to prepare the inhalable powders according
to the invention, micronised crystalline tiotropium bromide anhydrate, which is
preferably characterised by an average particle size of 0.5 to 10um, particularly
preferably from 1 to 5pm, is added to the excipient mixture (cf, for example WO
02/30389, paragraph B). Processes for grinding and micronising active substances
are known from the prior art.



T

10

15

20

25

30

30 preferably characterised by an average particle size of 0.5 to 10m,
VHArA3rAMA Breferably from 1 to 5m, is atlded to the excipient mixture4654/012269

for example WO 02/30389, paragraph B). Processes for grinding and

micronising active substances are known from the prior art. WO

2005/042527 9 PCT/EP2004/012269 If no specifically prepared excipient

mixture is used as the excipient, it is particularly preferable to use

excipients which have a mean particle size of 10 - 50 gm and a 10 % fine
lHeyhanncdiobiosrpn b Byinlerageparice size isnraatdipreie:50 ricularly
puaflratdt thewalumapsidaiinn MR AERLATACPMAEL: 4ng 4 10

o, Using the Y j er ion method . The average particle size may
Odeterminé ugﬁ(gsniotk%%%}known in the art (ef. for example WO

02/30389, paragraphs A and C). Analogously, the 10% fine content in this
Binstarue: refetis toshe 0% vadue£f the ‘59'@%W@aglét%?%iQQéﬂﬁﬂ§‘{:¥f§%jbutjon
uginga laser 19, diffragtome ther words, for. the purposes of the
" e S RSB S belohne aveeee

agre%ent inventiﬁn, he 10% fine content denotes the
PEVRICh TO08BRhE éﬁ%?ﬁfﬂi}‘&fidﬁrﬁtgéméhﬂﬁi}rﬂ@wﬁ%a gretives Volufne example
Wistia08R5, Treagerpbntagesigivemmithindhel sconRe1okNe N esain: in this

ininvendientareralywaysopercant 46y waight. ualess specifically stated to
ot OGS 1S S & faer

- rary. In particularly preferred inhalable pow ' .
e e S B t2 S i st heamiagtion, the 10%
fing eratsmy drornias s gamalonlins pattivulsHicpretéired dre doase iphalaliacles i

fomm/dbazsa&hﬁrem:t«b@ﬂ;ﬂé’/@f@@ﬁbagggptent is about 1 to 4 gm, preferably
about 1.5 to 3 gm. The inhalable powders according to the invention are

T characterised, in accordance with theﬁroblem on which the invention is
%a%%’if,%’ﬁ%?ﬁ@ﬁv%gﬁ‘g@@f%rﬁ%é yhnnheseense oftive acculacyobercent
by siifigd dosdss Tisdgicaihestegionotised 4pwabypreferably < 6 % , most
preferably < 4 %.
In particularly preferred inhalable powders the excipient is characterised by a mean
particle size of 12 1o 35 um, particularly preferably from 13 to 30 pm.
Also particularly preferred are those inhalabie powders wherein the 10 % fine

content is about 1 to 4 um, preferably about 1.5 to 3 um,

The mhalable powders according to the invention are characterised, in accordance
with the problem on which the invention is based, by a high degree of homogeneity
in the sense of the accuracy of single doses. This is in the region of < 8 % s
preferably < 6 % , most preferably < 4 %.

After the starting materials have been weighed out the inhalable powders are
prepared from the excipient and the active substance using methods known in the
art. Reference may be made to the disclosure of WO 02/30390, for example. The
inhalable powders according to the invention may accordingly be obtained by the
method described below, for example. In the preparation methods described
hereinafter the components are used in the proportions by weight described in the
above-mentioned compositions of the inhalable powders.
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After the starting materials have been weighed out the inhala_ble powders
‘%?ez%%%% from the excipient and theé @ctive substance using@meHrads4/o12249

known in the art. Reference may be made to the disclosgre of WO

02/30390, for example. The 30 inhalable powders accordlng_to the

invention may accordingly be obtained by the method d(_ascrlbed below,

for example. In the preparation methods described hereinafter the

; In the proportions by weight described in the
e S R PbHUGIS We e mising
CopBsIs2 S hy 10PCIVPR2004(0E2269 Firstdherexeipient and H1®actya o um,

sfestance avesnlaced ioqa suitable mixin container. The active ‘
psubstaﬁce used has an aa\eerage g%rr%g%%sl%renolﬁél.% BB pRcebsmgtive

SRS HdS Rl rarab g de b URITEHe excipient g theragtiviey SWISANGREsh size

-ofadelpreferably peldes HSINGASIeVE A, %@M@%@%bﬁg }’S%\g%r%%énlgr%mh rI?]iFZe?erably,

5 of 0.1.to 2 mm, preferably 0.3 to 1 mm, mast preferably m.
the SESIRIs lﬁ%“éf iﬁ‘r@ﬁta%dpﬁ}% thsrariiyerarbtengetive ddbdtandesisixing

coaddetk to herimixing mw@@@ﬁi@Eet%méiﬂgcﬂ{Qﬁf‘sS%gqﬁr%&ablg Ciadded in
hA2ARORENtS are Eefferabl addded in, batches. It Is particularly preferred to
sieve in?ﬁsépte\fol%or%rp‘{) Bt TR FHEEE el SV EnemIRARS Bisthe alternate

lagsasipibhe mﬁhinmo&hv@mt)ﬁammmahdaﬁeim&\tﬁﬂﬁel_&%éﬁ@ place while
i 13 ded. P . however, mixing is only
thEAPBMERE ALG Sl being @eqné art]ddreedge s Ef&g& ﬁﬁqgﬁg?%w igHenly done

done once the two components have
O%Qéﬁméﬁfmwa@méme@mm‘monménrm@werpowders B

according to the invention for preparing a pharmaceutical composition for

the treatment of 15 respiratory complaints, particularly for the treatment of

ThegpeatidpreasimalsTnelintratalieposwde siacerding d® HedonentioRding 1o
thmwéaﬁezﬁaﬂasuojﬁé}ﬁﬁﬁ@@ﬁi@f%d&%ﬁﬂ%ﬁ@&k‘?ﬁ%@&%ﬂe é?r%é?ﬁ!%m $f
reegﬂ?ft(g ervoir gytm&%gs gf at%e%surlng chamber (€.g. accordin N

to US %?Bagg%s%lof By ‘Sthe e ANs 't JrEasTRiy fo gez5 688

A). Preferably, however, the inhalable powders according to the
‘The inhalable powders according to the invention may for example be administered
using inhalers which meter a single dose from a reservoir by means of a measuring
chamber (e.g. according to US 4570630A) or by other means (e.g. according 1o DE
36 25 685 A). Preferably, however, the inhalable powders according to the
invention are packed into capsules (to make so-called inhalettes), which are used in

inhalers such as those described in WO 94/28958, for example.

Most preferably, the capsules containing the inhalable powder according to the
Invention are administered using an inhaler as shown in Figure 2, This inhaler is
characterised by a housing 1 containing rwo windows 2, a deck 3 in which there are
air inlet ports and which is provided with a screen 5 secured via a screen housing 4,
an inhalation chamber 6 connected to the deck 3 on which there is a push button 9
provided with two sharpened pins 7 and movable counter to a spring 8, and a
mouthpiece 12 which is connected to the housing I, the deck 3 and a cover 11 via a
spindle 10 to enable it to be flipped open or shut and airholes 13 for adjusting the
flow resistance.
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invention are packed into capsules (to make so-called inhalettes), which
warsrusedzeiinhalers such as those desgribed in WO 94/28958;dater2004/01 22690

example. Most preferably, the capsules containing the inhalable powder

according to the 25 invention are administered using an inhaler as shown

in Figure 2. This inhaler is characterised by a housing 1 containing two

windows 2, a deck 3 in which there are air inlet ports and which is

provided with a screen 5 secured via a screen housing 4, an inhalation
Tichambet G oonnesteth ichtierdeek 3comwmcéwdggﬁe inRapISB PUHARY containing

ided: wit ' able, counter to. a spring 8

o e oasing [ Uhg by
PrERRT RS SR PSR USA AR R OS5 M ABTSTE #61BS FRpPAtOpRABPBIAR ENd
pasgihordylBfohadiustimg thef OWHEsistarioe aWIO200R04262%dd in that the

mﬁ@lgggg@g&g@gﬁg@;}%wﬁ%rﬁi@e{géﬁgqg futther relates to the use of

the inhalable powders containing the crystalline tiotropium bromide

anhydrate according to the invention for preparing a pharmaceutical
Foghpositisifo thsativiy kepiratorieco npladmsnepert cuarilior thetropium
brétaaieent of GRRO-ANdIgE @@E@Eﬁa@é}%ﬁéﬁt%%@g;ﬁ&}gém%%[ 6les itis

o ] ave and shown.in Figure 2 is used. For administering the
P e e b S B o A ey dwone
theXPRERG R}%h%cm@ﬁﬁbﬁrﬁgﬁ@bﬁbm@itﬁﬂef@%ap@m@gim@wéhmmny
poprefdroenio peédycapsy mybmmmm@ﬁ\pbn@hﬂsysed@cteﬂ:mam? lrlgaﬂ{@culariy
| ICS; I ro ethylene _

prdR@Nibelit-plagiss: Mastigieal ¥&§ﬁﬁéﬂ§é¥§é€§%g%gﬁ% ﬁ]rafyogethyienc

n ne tere ate.
e Ry bR e A RS PE o A aaich i
papsiybEisaratersrpehetiient threphttatate, i polyethyldne is useg@sethylene
withne fihieycapseie seatotalgmhievis @m@ygﬁ%@g@ﬁ?rm %%_%QH%IQ more
oD s el PR e ey O
plastics according to the invention may be processed in various ways using
manufacturing methods known in the art. Injection moulding of the plasrics is
preferred according to the invention. Injection moulding without the use of mould
release agents is particularly preferred. This method of production is well defined
and is characterised by being particularly reproducible. ‘

In another aspect the present invention relates to the abovementioned capsules
which contain the abovementioned inhalable powder according to the invention.
These capsules may contain about 1 to 20 mg, preferably about 3 1o 15 mg, most
preferably about 4 to 12 mg of inhalable powder. Preferred formulations according
to the invention contain 4 to 6 mg of inhalable powder. Of equivalent importance
according to the invention are capsules for inhalation which contain the

formulations according to the invention in an amount of from 8 to 12 mg.

The present invention also relates to an inhalation kit consisting of one or more of
the above capsules characterised by a content of inhalable powder according to the
invention in conjunction with the inhaler according to Figure 2.
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preferably about 960 - 970 kg/m3 (high density polyethylene). The
Wayvitihidtie2 301astics according to the inveartion may be processesim/ganouso: 2269
ways using manufacturing methods known in the art. Injection moulding
of the plastics is preferred according to the invention. Injection moulding
without the use of mould 20 release agents is particularly preferred. This
method of production is well defined and is characterised by being
particularly reproducible. In another aspect the present invention relates to
Thherbevenmenticradadapstlass whibk contafrtilee Bbovementinoedapsules
chtﬂ@@i@ﬂ&@M@Ecﬁ%ﬁ%@%@aﬁgglmﬁgww a€of QﬁﬁetB%ﬁuﬁé ?%/io for
contain about referahl out 3 to 15 mg, most preferably
P B o re B aF N ORS CEEBHAIRG -t
esRﬁ@Weﬁﬁﬁdﬁe@&ﬂélﬁ@?%aﬁ@Qﬁ #Hatable powder. Of equivalent
importance according to the invention are capsules for inhalation V}/rflich
f rdi he invention in an amount of from 8
Fﬂ?&{]@&%s g ?(gg{e{gﬁr%\%ntloﬁglg%s}o Pecfatgsrtso @gl%ﬁ&’fkﬁtmemon are
Pf%%‘h%?é‘t ﬁ& 6}66%4? inarerdp the aBoRy éabgg@secmmmg@@w@m the
inledaivdnpofidhalatieopdingan abedrdingtiorthe invention in conjunction with
the inhaler according to Figure 2. WO 2005/042527 12 PCT/EP2004/0 1
22 6 9 The present invention also relates to the use of the
abovementloned capsules characterlsed by a content of inhalable powder
IBEXDI : fnace parmante uhiedbcampesition for

Thﬁéall@@fﬁgﬂﬂﬁﬁfﬁl@@@l&@@%%ﬁ@ﬁﬁ@ M&@ﬁéﬁ&&@%@@%ﬂ’% ﬁtaﬂ
%p es contain the INhala 0
W‘%‘?’Eﬁm?ﬁﬁégﬁo B D AT A By G s e

follg ﬁ‘ipty capsules with the inhalable powders according to the invention.

B.1.1.1. Starting materials

Active substance

"The crystalline tiotropium bromide anhydrate according to the invention is used to
produce the inhalable powders according to the invention. The micronisation of this
active substance is carried out analogously to methods known in the art (cffor
example WO 03/078429 A1), Where reference is made within the scope of the
present invention to the mean particle size of the crystalline tiotropium bromide
anhydrate according to the invention, this is determined using methods of
measurement known in the art (cf for example WO 03/078429 A1, para. D.2).

Excipient;

In the Examples that follow lactose-monohydrate is used as excipient, It may be
obtained for example from Borculo Domo Ingredients, Borculo/NL under the
product name Lactochem Extra Fine Powder. The specifications according to the
invention for the particle size and specific surface area are met by this grade of
lactose, For example, in the Examples that tollow, barches of lactose were used
having the following specifications:
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10 B.1.1. Examples of inhalable powders according to the invention The
WollevmgExamples serve to illustrate thespresent invention in neeregetailao 2060

without restricting the scope of the invention to the exemplifying

embodiments that follow. 15 B.1.1.1. Starting materials Active substance

20 The crystalline tiotropium bromide anhydrate according to the invention

is used to produce the inhalable powders according to the invention. The
micronisation of this active substance is carried out analogously to

briefhdd P keparsindheréidhicifor dxamipte WQHOR 72428 &h VB invention:

reference is made within the scope of the present invention to the mean
I pgrticgliclga%%e of the crystalline tiotropium bromide 25 anhydrate according
Jtcr‘f’?%“mv*ention, this is determined using methods of measurement known
in the art (cf for example WO 03/078429 Al, para. D.2), Excipient: In the
Thydoipesiihah folone lagtese;menahudiated as,EACIIGRL At maybe
in%gé?mgigg‘gg (E(g Sexample fr?)%i B%rculo Ig‘%mégﬁﬁ%ﬁrgdig%:c tégoqr'%l%/ I_%¥€p are the
under the product name Lactochena Extra Fine Powder. The
specifications according to the invention for the particle size and specific

Meuifacecaminare metbydhisixadeaokbanass: R £xanpise Wthea de by Willy

A_Eg@m@%tﬁ@g‘f@@%%cg%scpf lactose were used having the foliowing
specifications: 35 WO 2005/042527 13 PCT/PP2004/012269 E.1.1.2.

Preparation of the powder formulations according to the invention: 1)
creen: 0.135 mm mesh size

The empty inhalation capsules may be filled with inhalable powders containing
tiotropium by hand or mechanically. The following equipment may be used.

Capsule filling machine:
MG2, Type G100, manufacturer: MG2 S.r.l, I-40065 Pian di Macina di Pianoro
(BO), Italy

Formulation Example 1:

Powder mixture :

To prepare the powder mixture, 299.39 g of excipient and 0.61 g of micronised
crystalline tiotropium bromide anhydrate are used.

About 40-45 g of excipient are placed in a suitable mixing container through a
hand-held screen with a mesh size of 0.315 mm. Then crystalline tiotropium
bromide anhydrate in batches of about 90-110 mg and excipient in batches of about
40-45 g are screened in in alternate layers. The excipient and active substance are
added in 7 and 6 layers, respectively.

Having been screened in, the ingredients are then mixed (mixing speed 900 rpm).
The final mixture is passed twice more through a hand-held screen and then mixed
again at 900 rpm.
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5 The following machines and equipment, for example, may be used to
Wprepare4tie’inhalable powders: Mixingigontainer or powder MiXeryEr2004/012269
Turbulamischer 2 L, Type 2C; made by Willy A. Bachofen AG, CH-4500
Basel 10 Hand-held screen: 0.135 mm mesh size The empty inhalation
capsules may be filled with inhalable powders containing tiotropium by
hand or mechanically. The following equipment may be used. 15 Capsule
filling machine: MG2, Type G100, manufacturer: MG2 S.r.l, 1-40065 Pian
Uii'n@'l&m&m&ihl@thdesori(ﬁ@)igﬂtﬁm%@[W@ﬂ@@s@i@@%i&iifﬁﬁéﬂ%ie powders
ixt I L mixtur ot excipient and 0.61
e i bt A ohe SRSt
OAVTABH B i?)féﬁf%}?@ FARBdiRT £%4MBMe mixing container through a
hand-held screen with a mesh size of 0.315 mm. Then crystalline
Fdiatiopiin nbramigde pnpydrate in batches of about 90-110 mg and
excipient in batches of about 40-45 g are screened in in alternate layers.
The excipient and active substance are 30 added in 7 and 6 layers,
respeERRERIHMAoméIseehsdrassi@dlih] hadngredients are then mixed
(mikiogyspeechSP@diane). The fingl aEgturgds passed twice more through a
harggzgggilg:screen and then mlxedl 8gain rz?gt 900 rpm. 35

Total: 105.5 mg

Formulation Example 3:

tiotropium bromide anhydrate:C.0225 mg

lactose monohydrate: 5.4775 mg
polvethvlene capsules: 100.0 mg
Total: 105.5 mg

Formulation Example 4:

tiotropium bromide anhydrate:0.0056 mg

lactose monohydrate: 5.4944 mg
polvethviene capsules: 100.0 me
Total; 105.5 mg

Formulation Exammple §:

tiotropium bromide anhydrate:0.0113 mg

lactose monohydrate:* 5.4887 mg
capsule: 100.0 mg
Total: 105.5 mg

*) the lactose contains 5% specifically added fine content of micronised lactose
monohydrate with a2 mean particle size of about 4um.
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WO 2005/042527 14 PCT/EP200 4/0 1 226 9 Using the method .
VdesgerbedeireExample 1 it is possible to pptain inhalable powdeﬁ%%%041012269

when packed into suitable plastic capsules may be used t.o produce the

following capsules for inhalation, for example: 5 Formulation Example 2:

tiotropium bromide anhydrate:0.0113 mg lactose monohydrate: 5.4887

mg capsule: ' 0" 0 m 10 Total: 105.5 mg Formulation Example 3:

tiotropium bromide anhydrate:0.0225 mg 15 lactose monohydratle: 5.4775
BFoygnpdhthy Erasagisudes: 100.0 mg Total: 105.5 mg Formulation

Example 4: 20 tiotropium bromide anhydrate:0.0056 mg lactose

monohydrate: 5.4944 mg polyethylene capsules: 100 0 mg Total: 105.5
EBXIQBFHBI SW%ﬂ'ﬁg afotrBigmmMEomide anhydrate:0.0113 mg

lactémsasonohyaiateHts. 4887 mg5307¢apse: -100.0 Total: 105.5 mg
polyethvlene capsules: 100.0 mg
Total: 1055 mg
*) the lactose contains 5% specifically added fine content of micronised lactose

monohydrate with a mean particle size of about 4pm.

Formulation Example 7:

tiotropium bromide anhydrate:0.0056 mg

lactose monohydrate:* 5.4944 mg
polvethviene capsules: 100.0 mg
Total: 105.5 mg

*) the lactose contains 5% specifically added fine content of micronised lactose
monohydrate with a mean particle size of about 4um.

B.2. Proneﬁantwgontaining aerosol suspensions containing crystalline

tiotropium bromide anhvdrate

The crystalline tiotropium bromide anhydrate according to the invention may
optionally also be administered in the form of propellant-containing inhalable
aerosols. Aerosol suspensions are particularly suitable for this.

‘The present invention therefore also relates 1o suspensions of the crystalline
tiotropium bromide anhydrate according to the invention in the propellent gases
HFA 227 and/or HFA 134a, optionally combined with one or more other
propelient gases, preferably selected from the group consisting of propane, butane,
pentane, dimethylether, CHCIF2, CH;F>, CF3CH3, 1sobutane, isopentane and
neopentane.

According to the invention those suspensions which contain as propellent gas only
HFA 227, a mixture of HFA 227 and HFA 134a or only HFA 134a are preferred.
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*) the lactose contains 5% specifically added fine content of micronised

et/ Hardhydrate with a mean partidle size of about 4m. WEOCT/EP2004/012269
2005/042527 15 PCT/EP2004/012269 Formulation Example 6: tiotropium
bromide anhydrate:0.0225 mg lactose monohydrate:* 5.4775 mg 5 _
polyethylene capsules: 100 0 mg Total: 105._5 mg *} the lactose contains

5% specifically added fine content of micronised Ia(_:tose monohydrate

with a mean particle size of about 4m. 10 Formulation Example 7
Ifiatrapitiecrdbhicl e rapklidrate0:0056 Mg 2actos & IAonobydratas: 8. 4044

sﬂ@eﬁ@iyﬁtmﬂﬁﬂﬁsﬁﬁﬁﬁ%‘%ﬁbw-g ﬁ@gﬁe@ﬂ_@ﬁb&%%erg% ?}IP&'@S O2&hich these

I
i % specifically added fine content_of micronised factose
t?ﬁ%oné%ﬁ%ﬁrﬁiet iitha mean partice Hiod BFaB6alarariobls. .
IBplfatioss A eRebsa! sasperistonteddinainiig erystallioesisting of
Priofropiybubiamideranhy digiee g arystalipa et opiEremidery, isoby ane,
iSBBRHARIeARPARING M IVENNPI B OB IR, 250 OF SOPRRE TIEA 227
in }he of propellant-containing inha abfe 2 ?o%iﬂg._ St ‘
a‘s’ﬁ‘s"pfe%é%% PartiE SiHF Stitabfeterinido Thacprsseng ivértionvention, the
agheraforé disoaddates it sugpehsionssof daeperystallingrdretaniumsbramids) o,
pRISIRIEc Rk 40, Beimantionin e propeliogtgases HEA 227

and/or HFA 134a, optionally combined with one or more other 30

ropellent gases, preferably selected from the group consisting of
T’Sﬁ)ﬁm}ﬁ{ﬁgﬁ@pcording to the invention preferably contain an amount of

tiotropium bromide anhydrate such that the amount of tiotropium cation is between
0.001 and 0.8%, preferably between 0.08 and 0.5%, and particularly preferably
between 0.2 and 0.4% according to the invention.

Unless stated to the contrary, the percentages given within the scope of the present
invention are always percent by weight.

In some cases, the term suspension formulation is used within the scope of the
present invention instead of the term suspension. The two terms are to be regarded
as equivalent within the scope of the present invention.

The propellant-containing inhalable aerosols or suspension formulations according
to the invention may also contain other constituents such as surface-active agents
(surfactants), adjuvants, antioxidants or flavourings.

‘The surface-active agents (surfactants) optionally present in the suspensions
according to the invention are preferably selected from the group consisting of
Polysorbate 20, Polysorbate 80, Myvacet 9-45 > Myvacet 9-08, isopropyl myristate,
oleic acid, propyleneglycol, polyethylenegiycol, Brij, ethyl oleate, glyceryl trioleate,
glyceryl monolaurate, glyceryl monooleate, glyceryl monostearate, glyceryl
monoricinoleate, cetylalcohol, sterylaicohol, cetylpyridinium chloeride, block
polymers, natural oil, ethanol and isopropanol. Of the above-mentioned suspension
adjuvants Polysorbate 20, Polysorbate 80, Myvacet 9-45, Myvacet 9-08 or 1sopropyi
myristate are preferably used. Myvacet 9-45 or 1sopropyl myristate are most

preferably used.
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entane, dimethylether, CHC1F2, CH2F2, CF3CH3, isobutane,
ISbARHAAEPANd neopentane. According fo the invention those PCT/EP2004/012269
suspensions which contain as propellent gas only 35 HFA 227, a mixture
of HFA 227 and HFA 134a or only HFA 134a are preferred. WO
2005/042527 16 PCT/EP200 4/01 2 26 9 If a mixture of the propellent
gases HFA 227 and HFA 134a is used in the suspension formulations
according to the invention, the weight ratios in which these two propellent
gas components are used are freely variable. If one or more other

Iptopetept gases «seladied tomha-aeupcensising ofh-praRangbutane,

pREPARE, dimethylether, GHGIR? 085(‘325 % ‘9':3%'?%%{1@@%%%%?@% Q5 - 0.5 %.

isopentane and neopentane are used in addition _
HFA 227 and/or HFA 134a in the suspension formulations according tp
Threddention, ahecaniyuntrof ihisiddditionakpropellens 4as CORMPORBAt S cntion

arRrgterably iessithariof %, ﬂ@éﬁ]ﬁfﬁglﬁl)%?sm?g(ﬁ%{%‘a?%yg larly., ascorbic acid,
referably less than 30%. 10 The suspensions according’to thé invention :
asg)r&gttéi%h/bé%%’t%‘i’h R S REURESF PR AT Hrdm e hREf B RlaEl arad,
sud A ettt adeapioncihtidnds e twasd, BB blamd-0: 8k, praferdbtic acid or
cibetwieah 408 ancbbsandvaatiowarydreigrablys between0;3 and, .,
Q4% c&rgg}g to the invention. 15 Unless stated to the contrary, the
P percentages given within the scope of the present invention are_alvv_ays
percent by weight. In some cases, the term suspension formulation is

If aggainaithicth @ scepe iaf dhesprpsanibiny aBBerIiRgleadHRf the: IRIFY, these are
prefSReNSION. i HE Q- IRHMS BFH 8RR I8 oe%rg ¢ aa%l?ro(w :?n!%mil o the

scope of the present invention. The propel aht-containing inhalable o
P2 BT o SO 7t ond B SCHRIAG 5Rh AV ERih Way Al
PagoftdaT otiepeststitaensdughassuifacedative agents

‘The antioxidants optionally contained in the suspensions according to the invention
are preferably selected from the group consisting of ascorbic acid, citric acid,
sodium edetate, editic acid, tocopherols, butylhydroxytoluene, butylhydroxyanisol
and ascorbylpalmitate, while tocopherols, butylhydroxytoluene, butylhydroxyanisol
or ascorbylpalmitate are preferably used.

The flavourings optionally contained in the suspensions according to the invention
are preferably selected from the group consisting of peppermint, saccharine,
Dentomint, aspartame and ethereal oils (for example cinnamon, aniseed, menthol,
camphor), of which peppermint or Dentomint® are particularly preferred.

With a view to administration by inhalation it is essential to provide the active
substances in finely divided form. For this purpose, the crystaliine tiotropium
bromide anhydrate according to the invention is obtained in finely divided form
using methods known in the prior art, Methods of micronising active substances are
known in the art. Preferably after micronising the acrive substance has a mean
particle size of 0.5 to 10um, preferably 1 to 6um, particularly preferably 1.5 to Sum.
Preferably at least 50%, preferably at least 60%, particularly preferably at least 70%
of the particles of active substance have a particle size which is within the size ranges
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(surfactants), adjuvants, antioxidants or flavourings. 25 The surface-active
Wayeiy/{seatactants) optionally present irgthe suspensions acqardimg4004/012269

the invention are preferably selected from the group consisting of

Polysorbate 20, Polysorbate 80, Myvacet 9-45, Myvacet 9-08, isopropyl

myristate, oleic acid, propyleneglycol, polyethyleneglycol, Brij, ethyl

oleate, glyceryl trioleate, 30 glyceryl monolaurate, glyceryl monooleate,

glyceryl monostearate, glyceryl monoricinoleate, cetylalcohol,
mgteipltcorionveeBipyiddiniiypetieriddy hiokispalymersonagueat oibethaeak: 00%

ofahd isARIORa kL L the,3bavRIMERIoNed SISPERRIoN, AIWvaNSS, '
Pol}/sorgatg 20, Polysorbate 80, Myvac%t 9-45, Myvacét %@ or fgo%lr%psalfle ranges
ment OI{AC apgve, . .
myristate are preferably used. Myvacet 9-45 or isopropyl myristate are
most 35 preferably used. WO 2005/042527 17 PCT/EP2004/012269 If
Intbawﬁmﬁ&émmé@m mvmf 5%&%@51&;853@@%%@%&?'%@% 'éﬁgﬁﬁé@é%SonIy
e sed, ount of 0, -1 %, particularly preferably 0.
o A R LG gt o
2adgiii¥tding to the invention are preferably selected from the group
consisting of alanine, albumin, ascorbic acid, aspartame, betaine,

TE&’%’@B@I}BB%%Iae{)iﬁi?x?édrqu{gieciﬁ@gmuQﬁggl%cn?%
ro

L B
ol . . A f i DiLl - 114 I’
d citric.acid.. Ascorbic acid, phosphoric aci TGrcaaE i G ko

in 30 e TR DI © SRR IR o SR BHESAIOP it e o e
prppeféeab et sedafeadowtints Bre plesentripthe tsuspensibfil@coardingtid e
coth@imention, these are preferably used in an amount of 0.0001-1.0 %,
preferably 0.0005-0.1 %, particularly preferably 0.001-0.01 %, while an
amount of 0.001-0.005 % is 15 particularly important according to the
Tharhsisnrersianedxriand bptsnany sbrtanet rribessaspentionso the
inaoodedimgatoihe daventiened using inhalers known in the art (pMDIs =

pressurized metered dose inhalers). Accordingly, in another aspect, the present
invention relates to pharmaceutical compositions in the form of suspensions as
hereinbefore described combined with one or more inhalers suitable for
administering these suspensions. Moreover the present invention relates to inhalers,
characterised in that they contain the propellant-containing suspensions according
to the invention described hereinbefore.

The present invention also relates to containers {cartridges) which when fitted with
a suitable valve can be used in a suitable inhaler and which contain one of the
above-mentioned propellant-containing suspensions according to the invention,
Suitable containers (cartridges) and processes for filling these cartridges with the
propellant-containing suspensions according to the invention are known in the art,

In view of the pharmaceutical activity of tiotropium the present invention also
relates to the use of the suspensions according to the invention for preparing a
pharmaceutical composition for inhalation or nasal administration, preferably for
preparing a pharmaceutical composition for inhalative or nasal treatment of diseases
in which anticholinergics may develop a therapeutic benefit.
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are preferably selected from the group consisting of ascorbic acid, citric
VRRPOYSEIRT edetate, editic acid, tocopherols, butylhydroxytolweneEr2004/012269
butylhydroxyanisol 20 and ascorbylpalmitate, while tocopherols,
butylhydroxytoluene, butylhydroxyanisol or ascorbylpalmitate are
preferably used. The flavourings optionally contained in the suspensions
according to the invention are preferably selected from the group
consisting of peppermint, saccharine, 25 Dentomint, aspartame and
P aiHerdaiBirs tsF ezl esnpriniovs amiseeli progathoko cRBPRORY, Ofe
cuvhiati peppeunidieg Remlominiflaieroasiedaiy DISRIRR IR AN ositon
foqq;{yqiﬁg@gggeb%ég%@%o%lt Js essential to provide the active
substances in finely divided form. For this BUHIRE: PR ERpdIAsghma or COPD.
tiotropium 30 bromide anhydrate according to the invention is obtained in

Tﬁﬁ@y@mﬁw mﬂf@kﬁm‘gmﬁ’liﬁjﬂﬂﬁm it}lﬁ@r&@fﬁﬁv@ﬁ?ﬁb&% Blore detail, by
wﬁ@l@ﬂ{}iﬂﬁg@?%%{ﬁ%@gﬁ@ﬁ%% known,in ég%e%t. Preferably after
c

. L A S .
micronising the active substan as a mean particle size of 0.5 to 10m,
preferably 1 to 6m, particularly preferably 1.5 to 5m. Preferably at least
B ghd xRl ftacner 6D spa pgiarfe preideadbbngt least 70% 35 of the
particles of active substance have a particle size which is within the size

SUGNIES WQ 2005042527 18 PCT/EP2004/012269 rrlentioned above.

Particularly _pré%g{lg%%/oﬁtl 7 AREHUYE G ?)‘?éfé‘l%ﬂ) kP SCIde&sFbs sretaRd

PTRBAIERSESFactive substance have a particle size which is within the size
ranges mentioned above. 5 In another aspect the present invention

FdelaiesinaleRensignsgvhich contain only one of the two active
substances according 1o the invention without any other additives. The

suspensions-accerding-to-the invention may bee prepared using methods

CTISTUTTOoO QT

known 10 in #eramtithontkis, the constituenigst dae-HBHIaUPR ALy Mixed
with tﬂ@tﬁﬁﬂ?ﬂl%&%ﬁ@%ﬁﬂ?&&@ ionally at low temBeégtureS) and it

into; suitable ) i
oleic acid 0.005
HEA227 90 055

Formulation Example 9:

constituents concentration [% w/w]
tiotropium bromide anhydrate 0.02
oleic acid 0.01
HEA-227 60.00
HFA-134a 39.97

Formulation Example 10:

constituents concentration [% wiw] l
| tiotropium bromide anhydrate 0.02
! isopropylmyristate 1.00
HFA-227 98,98




containers. The above-mentioned propellant-containing suspensions
WAteraittri8the 15 invention may be administered using inhalers koo 1 2260
in the art (pMDIs = pressurized metered dose inhalers). Accordingly, in
another aspect, the present invention relates to pharmaceutical
compositions in the form of suspensions as hereinbefore described
combined with one or more inhalers suitable for administering these
suspensmns Moreover the present invention relates to inhalers, 20
icdHER At ah dy contain the propellant-containing suspensions
accordlng to the |nvent|on described hereinbefore. The present invention
alsojrelates to cont%mers {cartrldges) which when fitted with—arsuitabte
valvecambe used it 5 sthable-inhaler-and WARRHEBEIP SN a PHIE] 25
abo\ pﬂ%‘@ﬁﬁﬁ@@é%@@hﬁb@ﬁh&flmnq suspensions acéarding to the
inveption. Suitdiie:contaiprers (cartridges) and processes gor filling these
cartndges with t?_f:FRr%%?Hant -containing suspensions according-to-the
invehtion-are-krowin-fhe-art—ta-view-of the pharmacdfieél activity of
tiotropium the present invention also 30 relates to the use of the
Fansndasionsmesaianoite the invention for preparing a pharmaceutical
composition for mhalatlon or nasal admlnlstratlon preferably for preparlng
a pI,- o)A aaun o
in which annrﬁﬁm*ﬁi?ﬁ@mav develo a themmﬁmbeneﬁnt [W@viw}
2005/042037uh9 FCHER 200 #M0.1.226 9 Particularly prefgrably the
present mven},@n also Belges t0 the Use of the suspensions according-to
the mvention-tot prcparing a-pharmaceutical mrnpmlflngl Yor the
inhalative treatrheifo? 2&spiratory complaints, preferabgy.asthma or
COPD. 5 The BExamplesthat follow serve to illustrate tgg @éesent invention
in more detall, by way of example, without restrictimgit to-their-contents:

B.2.1 Examples of aerosol suspension formulations
Formulation Example 13:

W]

constituents concentration [% w/w]
tiotropium bromide anhydrate 0.04
Polysorbate 80 0.04
HEA-227 9G.02

10  Formulation Example 14:

constituents concentration [% w/w]
tiotropium bromide anhydrate 0.01
Polysorbate 20 (.20
HFA-227 99.78




0_Suspensions containing other ingredients in addition to active
subthézahd propellent gas: Formuldion Example 8: constiflf€ftEF2004/012269
concentration [% w/w] tiotropium bromide anhydrate 0.04 oleic acid 0.005
HFA-227 99.955 15 Formulation Example 9: constituents concentration
[% wiw] tiotropium bromide anhydrate 0.02 oleic acid 0.01 HFA-227
60.00 HFA-134a 39.97 Formulation Example 10: 20 constituents
Fconce tratlon ‘% w/w tiotropium bromide anhydrate 0.02
TSoPtoy A-227 98.98 WO 2005/042527 20
PCT/EP2004/0 1 22 6 9 Formulation Example 11: constituents

congentration {%,w/iwl, diofropium bromide anh drate 0.02 vacet.9-45 T
0.3 HFA-227°99.68 BCehtratdn Yo wiw)
totropium bromide anhydrate 0.04
Myvacer 9-08 01.00
HEA-227 098.96

Formulation Examuple 16:

5
constituents concentration [% w/w]
totropium bromide anhydrate 0.02
1sopropylmyristate 0.30
HEFA-227 20.00
| HFA-134a 79.68
Suspensions containing only active substance and propelient gas:
Formulation Example 17:
10
comstituents concentration {% wiw]
tiotropium bromide anhydrate 0.02
HFA-227 60.00
HEFEA-1344 39.08

Formulation Example 18;

constituents concentration {% wiw]
tiotropium bromide anhydrate 0.02

HFA-227 99.03




Formulation Example 12: constituents concentration [% w/w] tiotropium
W@r(%ﬂ?ﬂ@qﬁﬁﬁldrate 0.02 Myvacet 9-45281 HFA-227 60.00 HRA-TBAR004/012269

39.88 Formulation Example 13: constituents concentration [% w/w]

tiotropium bromide anhydrate 0.04 Polysorbate 80 0.04 HFA-227 99.92

10 Formulation Example 14 constituents concentration % w/w] tiotropium

bromide anhydrate 0.01 Polysorbate 20 0.20 HFA- 227 99.78 WO

: 1SR E3EBRMaHEA [% w/w] tiotropium bromide anhydrate004
Myvacet 9-08 Ol 00 HFA-227 98.96 Formulation Example 16'

q 0
constituents C%ﬁ%ﬂ@té%s[/o wiwl i ptroplu%%rcoegg% gg;\ly ;gg‘srlgv 02

iIsopropymyristate 0-30
t10troprum bromide anhydrate (.02

HFA-134a 99,98

Formulation Exampie 20:

5
constituents concentration [% wiw]
tiotropium bromide anhydrate 0.02
HEA-227 99.68

Formulation Example 21;

constituents concentration [% w/w]
tiotropium bromide anhydrate 0.02
HFA-1343 99.98

10 Formulation Example 22:

constituents concentration [% wiw]
tiotropiumn bromide anhydrate 0.02
HFEA-227 20.00
HFA-134a 79.98

Formulation Example 23:

constituents concentration [% w/w]
totropium bromide anhydrate 0.04
HFEA-227 40.00
HFA-134a 59.96 i

15



vg,—bFZA&)ZS%g 20.00 HFA-134a 79.68 Suspensions containing only active

SUBSIENEE Ad propellent gas: Formulatidn Example 17: 10 coORSIEI&#E4/012269
concentration [% wiw] tiotropium bromide anhydrate 0.02 HFA-227 60.00
HFA-134a 39.98 Formulation Example 18: constituents concentration [%

w/w] tiotropium bromide anhydrate 0.02 HFA-227 99.98 WO

w/w tiotropium bromide anhydrate 0.02 HFA-227 99.98 Formulation

grxlﬁl;;r:ft:(l)fUC}M@H%&&%QHC%”&“C” L S ORI e
notropium bromide anhydrate 0.04
HFA-227 80.00
L HEA-134a 19.96




10

15

20

25

30

35

[ [ tration
-13 8 10 Formulation Example 22 constituents concen
\[I%}/ogév??/oviﬁ%é%ﬁium bromide anhvdrate 0492 HFA-227 20.00 HEA/BR2004/012265

.98 Formulation Example 23: constituents concentration [% w/w]

t7ic?tr90pium bromide anhydrate 1 0.04 HFA-227 40.00 H_FA-134a 59.96 . 15

WO 2005/042527 23 PCT/EP200 4/0 1 2269 Forml_JIatlon Example 24:
constituents concentration [% w/w] tiotropium bromide anhydrate 0.04 H
HFA-227 80.00 HFA-134a 19.96_5 WO 2005/042527 24 PCT/EPZOO4/0

12 269 Patent Claims 1) Anhydr%ﬁgeé?‘y'%ﬁﬁﬁ@%iotrqplum bromide which

is characterised in that in the X-ray powder diagram it has the
Sharactefstiromluas DO ARG I SALAR AN 1
dnietalie- 2 Fharmaceucal compostion, ehiaractenised i At 1t contalfie "
crystalling anhydrous tiotropitint BroffE HELBigiFy 6 chimé £2 A; 4.95 A; 4,
A; ,%.93 X and %.83 , inter alia.

2) Pharmaceutical composition, characterised in that it contains crystalline
anhydrous tiotropium bromide according to claim 1.

3)  Pharmaceutical composition according to claim 2, characterised in that it is
an inhalable powder,

4) Pharmaceutical composition according to claim 3, characterised in that it is
an inhalable powder which contains in addition to the anhydrous crystalline
tiotropium bromide one or more suitable physiologically acceptable excipients
selected from among the monosaccharides, the disaccharides, the oligo- and
polysaccharides, the polyalcohols, the cyclodextrins, the amino acids or the salts or
mixtures of these excipients with one another,

5) Pharmaceutical composition according to claim 4, characterised in that the
excipient is sejected from the group consisting of glucose, fructose, arabinose,
lactose, saccharose, maltose, trehalose, dextrans, dextrins, maltodextrin, starch,
cellulose, sorbitol, mannitol, xylitol, a-cyclodextrin, B-cyclodextrin, y-cyclodextrin,
methyl-p-cyclodextrin, hydroxypropyi-B—cycIodextrin, arginine hydrochloride,
sodium chloride or calcium carbonate, or mixtures thereof.

6) Pharmaceutical composition according to claim 4 or 5, characterised in that
it contains between 0.01 and 2 % tiotropium,

7 Capsules, characterised in that in that they contain an inhalable powder
according to one of claims 3 to 6.

8) Pharmaceutical composition according to claim 2, characterised in that it is a
propellant-containing aerosol suspension formulation.,



W10 3(% Pharmaceutical composition according to claim 2, characterised in

thaiP{&4%4kt nhalable powder. 4) Pharfaceutical composition BEEodimg 4612269
claim 3, characterised in that it is an inhalable powder which contains in
addition to the anhydrous crystalline 15 tiotropium bromide one or more
suitable physiologically acceptable excipients selected from among the
monosaccharides, the disaccharides, the oligo- and polysaccharides, the
polyal ohoés, the cyclodextrins, the amino acids or the salts or mixtures of

9 these ek GbmSaNite GRb sitsRe L o) prabiripidriesr eohippsitiolsim 1 for
prepecrdingitbackametichiracterisgddin thatitheaexeinientds selsetRerd @mplaints.

the group consisting of glucose, fructose, arabinose, lactose, saccharose,
yonaliose, trehalase, defgtrans d%xtrins, maltodextrin, starch, cellulose,

orbitols anmitor S§i ﬁlﬁlgycﬁ BERGHTIE Y iBde e siRipRIsgE k@ mplaints are

33%€tﬁ}ﬂr(§l%16dextrin, hydroxypropyl-(3-cyclodextrin, arginine

hydrochloride, 25 sodium chloride or calcium carbonate, or mixtures

thereof. 6) Pharmaceutical composition according to claim 4 or 5,

characterised in that it contains between 0.01 and 2 % tiotropium, 30 7)

Capsules, characterised in that in that they contain an inhalable powder

according to one of claims 3 to 6. 8) Pharmaceutical composition

according to claim 2, characterised in that it is a propellant-containing

aerosol suspension formulation. 35 WO 2005/042527 25 PCT/EP2004/0 1

226 9 9) Use of crystalline anhydrous tiotropium bromide according to

claim 1 for preparing a pharmaceutical composition for the treatment of

respiratory complaints. 10) Use according to claim 9, characterised in that

the respiratory complaints are 5 asthma or COPD.



