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527 1 PCT/ EP2004/ 01226 9 85719pct
Wg@ﬁ%ﬁm NE ANHYDRATE W FH ANTI CHOLI NERG?%TIEMOM‘{OI”@
EFFECT 5 The invention relates to a new crystalline
anhydrate of tiotropiumbrom de, processes for
preparing it and its use for preparing a
phar maceuti cal conposition for the treatnent of
respiratory conplaints, particularly for the treatnent
&571(9@D2140hr oni ¢ obstructlve pul nonary di sease) and

tl‘m 1 =T t rent i.qQt.r.o
bronmrde i gmz lgé\g{wﬁ:w %g@@% cw%n}i‘:&% C (? Lﬂi‘gﬁ’ERGIC
418 716 Al and has the folEIBRE&T chem cal structure:
H3C, N, CH3 Br 15 Tiotropiumbronide is a highly

fective anticholinergic with a |Iong-|asting effect,
"ﬁh’ﬁ HIYeRHOD Belatis del as ratallinesphydrase pf gerepimibsomide,

macéssesfor pryp20R0: aaR R riislé g?loﬁl%bﬁﬂﬁé g%ﬁﬂhé@ﬁ@‘éycomposmon for
AR e BREATE <l bl HP R 607 G sra e RbpL COPD

(albrrimid sberedivieypulmioabst dxeasase)Smd afthaal nhal abl e

powders packed into appropriate capsul es (inhalettes)
may be used. Alternatively, it may be adm ni stered by
the use of suitabl e Bavthkgoin e agvdngionThese al so

TiB&bpHEn | | :
iBEbPARN LROMEIES ﬁ@gg%%%ﬁ?r%% gaﬁen\g’?l i ﬁgé&té%‘, 418 716 Al

, F
aﬁadﬁétﬁgpﬂlﬁ’dﬁgg%?}nﬂ%s%?mé%t manuf acture of the

abovenenti oned conpositions whi ch are suitable for

use for the adm nistrati on{_p Eﬂ_@r maceutical l'y
active substance by inhal atBonN’s ased on vari ous
paraneters which are connectedjfwith the nature of the

active WO 2005/ 042527 2 O Br

0]
HO O

I ——
N\_.§ S/
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
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P 012269 substance itself. In pharmac
%ﬁ(ﬁ:) 1%995% e tiotropium b?%h:’{f«é%owmzzw

conmpositi'ons which are used [i

in the formof inhalable powders or inhal able

aerosols, the crystalline active substance is used in
ground (mcronised) formfor preparing the

formul ation. Since the pharmaceutical quality of a
pharmaceutical fornulation requires that the active 5
subissiran ds el himupithral aceiyiscah augipobigiona mhich yetkd i11lte tlotroplum

h I d
T i
ﬁ’lélqtﬁnce nenies infgronnd Iﬁmg:rpmsml) formvioe wregmringl the formulation. Since
Mrﬁﬂaﬁa@édt}baﬂ ﬁél tp%lﬁ?z?xa&% Pfdrﬁﬁl%i&ﬂegﬁggs that the active

shoul d r?g orm o a uni
bsEAnCcy SB%‘F d Hal‘ﬁrl}aé?dm sa#ae ghutallipamoagificapion; thegtabylity and

mpérmlomwcﬁ@@aumﬂ:bmv& rsabstmﬁ: a@tsuwﬁcﬁtbbﬁhag@x& R§uirements
f.orm

P Sin Lty b s R P et ¥ gD 13t thecaptivg spbstance
shomifl be pospaged petieddsm ofaeudiforer andeletdndeficed afys@lline

| IﬁE)MI‘ﬁC?{ll)fl rﬁﬁ 1@% é?ﬁﬁ:tu EI acﬁlﬂﬁﬁ@fwt Eﬂlgdc%(/g rs&%sftgl?{esbe prepared in

exa SI Ca
acerygltabhnesfpmcf el is qhaéacaﬂm@fbst m&ighndegned ohstalility even over long

s}tﬁsﬁggﬁ)@h@dé OCHY l‘é\réc’gg %ﬁe@?ﬁ%@} abi @ry% al‘lfrﬁee?ngﬁgfcghgﬁ 16 BBsorb
BRIFHHEs Oﬁ@ﬁ?mafffeahgﬁr&wrt%?g&%léﬁ el oL i prysta ‘sthucrure.
pharmaceutical Iy active substance. The present

{ t 1 t t id
TP F st babfefi o Srofiopish SFbfcabulipry of te
coawamidytié tropinsdbiomide sdopi maehaﬁmdngt demiands nmi2fitidhed above

I : .
dfaﬁh e rﬁg%eg&sag{g p;majéﬁﬁcéﬁuéa:ﬂﬁ (e ORIkl FRPpREER invention sets
oWl ﬁawl% do nygwde @m&i@lhﬂh énqdlflcfitmh@ﬂ témrQﬂlutlhbromlde which

hak ves; Bhadd Gy RREGHBHadkidfstsdustrial - producti on,
tiotropi um brom de nmay be obtained in different

crystalline nodifications. It has been found that
these different ridenafiéddedictmpsionart theimeatisnvel y

ey ngscused
IER R Bl akagR R ERGHERL B tihtiod gn m o
dhnripg ke B@nﬁcﬁttm Esgudeproghugt ohnaunesiaaﬁemnndustnal
p%&f&ﬁﬁl, tiotropium bromide may be obtained in different crystalline

modifications.

It has been found that these different modifications can be decisively obtained by
the choice of solvents used for the crystallisation and by the choice of the operating
conditions selected during the crystallisation process.

‘It has surprisingly been found that, starting from the monohydrate of tiotropium

bromide, which can be obtained in crystalline 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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30 It has surprisingly been found that, starting from

N2 20R5(P8R3%dr at e of ti otropi um 3broni de, which dA/BER2004/012269
obtained in crystalline formby choosing specific

reaction conditions and which was described in the

prior art for the first time in WO 02/30928, an

anhydrous crystal nodification of tiotropium brom de

may be obtained which neets the high requirenents set
wlateabothis arydtailiver sy dsols/gstropien8bromidb) Any ueiemcy intgie within

e. pr t invention.. Accordingly, the esen .
HTksBbF SR b B G  uish 5 Mo e Pt poomida aptgirate s to
berédardeCays tefbichbe t@My&&mBinei&h$Mu@ Mofopihdebroftide
ref erence de wi.thin the scope of the present
FEPERPR IR TROIVABUPRr m t i ot ropi um bromi de anhydrate is
to be regarded as a reference to the crystalline
anhydrous tiotropiumbrom de according to the
Imarestheogspetnthanothar ikepeioh rthespb @s@Bthodfeitpaiing the new

GRS TBRIE S B ik il ki by ay of
esapide e thepsxpreiynepital segamp thatifollovhe experi nent al

section that follows. 10 The anhydrous tiotropium

,ﬂ%om de according to the invention is particularly
& prhiydrpps Baepium bgeride 3Rrgrding spitee wNentien isrpasticelerly

Mkmexﬁﬁattﬁﬁghh? %}gﬂﬁ%ﬁe cﬁﬁratcﬁélra_hi:é,i\fmclgénw% a high degree of
rysta ificatiop. The crystalline, tiotropi um,
S R e oo st Ty Sy reoin gt iodhide anhydrate
avcgitligg oy ffetiabéntimn ridghls ctysealifionnd patherafotepdryicutatly well
SpHEl 30 ok Ot r o ek Rl AT IR GEM A8 acministrgtion by
iph#aboR- i nvention also relates to the use of the

crystalline tiotropiumbromde anhydrate according to

he invention, for rq aring a phafr maceut i cal . ) .
oSS BRentas, aloh BTRRR 3¢ HsnbSect! the Eperaligs jotropium bromide

anhptand accordmarbithel Iixﬁ;reh)ziloﬁ dor pﬁ@a?hlg atpifia 0dutc@PEbma0sition
t es.that_ fol | ow serve to
O R R el ot Pl O sl iSirbdiment of cOPD

agffasgthmastri cting the scope of the invention to the
enbodi nents by way of exanple that follow

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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M@%}%MZSZ? 4 A I. Starting materials

012269 Ti ot ropi um btom de nonohydr af&1/EP2004/012269
Ti ot ropi um brom de, which was obtai ned for exanple

usi ng the nmet hod described 5 in European Patent
Application EP 418 716, was converted into crystalline
tiotropi um brom de nonohydrate according to the

di scl osure of WD 02/30928. This is used as the

At hrSiartinpamaeeridlsf or preparing the tiotropium broni de
anhydrate according to the invention. 10 A 11.

Exanpl es of synthesis according to the invention
ro hyydgtte:opi um brom de nonohydrate

di I d )
%%E&P%%ﬁ%oh%?éa%%gg v% o%ftegﬁ%cgr %hg&ﬁ%q‘{? Hb%tl%% described
R&r‘%oa%bﬁaten&émh@@romEPm& B16, syasraonmerted itb auystalline
taﬁro%ﬁﬁntmnﬁa@mohtyhﬁéte %&y&hﬁlé 10588 Pitlodude bli*@df@to%ogzs

dr i ath C. The crude product obtaine
@“%é gci‘s € SBIipe B?m%tlﬁgrﬁ%‘l prgparipghq fetropium bromide
anlambmmuroedmgutbtthe @tkeh@bnand cool ed to anbi ent
tenperature (approx. 20- 25C). The product that

cr stalllses out |mTed|ater after the wall of the
& ABY 9L /YK ; glimesntion) is

|soI atedanddrl ed at SOC 20 Yield: 7.35 g

Etl ot ropi um brom de anhydrate, white solid. Exanple 2:
#—%@gﬂ—& ot r opi um broni de nonohydrate were taken up in
LeEs ot i O aRE S RS BFend bR ot} BPLOD I o water and
dAsSVES 8L B8 e LR et TP doliy pFmitcons Bihennis Brsechded.

ew Crys
Aﬁ‘ﬁh)‘ﬁﬂms obrtragnathteee @0257E the grodapt @iat crysTdlses out is isolated

afd GﬁHﬁtat GHYSI2ht 'c?@&e ]QH)tdch afr) \é@ Id&?AIvg?né?é) \Ml ﬁfemethanol at

ol1 ng to annl_ent enpera

%‘ﬁegutﬁws{a@w@bﬁ&m@&q@m ¢q0é¢cteti> amb:ean terpérdirat(apHdg. 20-
25°CY, atht prddédt that b?fsfd?li’sle'é Bub iR At AP YA B Ewaltdr i flask has

[
b&d scratcl\ll\% %v%%é a gL}ass rod) is isolated and dried at 50°C .
Yield: 7,35 g tiotropium bromide anhydrate, white solid.

Example 2:
4.39g tiotropium bromide monohydrate were taken up in 25 ml of methanol 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 tiowopium bromide anhydrate, white solid.
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Belids 012269 A. I1l. Characterisation of the
ti otrgé?%%nébrom de anhydrate atcording to thePCT’EPZOO‘”O1226’9

i nvention The tiotropi um brom de anhydrate obtai ned by

the above nmethod is highly crystalline. It was

i nvestigated further by X-ray powder diffraction. The
following 5 procedure was used to record the X-ray
powder di agram detail ed bel ow. The X-ray powder

A il Gharasterdeitioe of vhé ﬁbggd;ﬁA msaesﬁuaét dPhES&&ording to
C

L VY Eu“% usi ng a Bruker vance
[rocat -sensitive detector (CuK - radi atlon X =

Ihssmmgogﬁrc drevidesgnhydyate bhtaihed My nhy apowdee ddidag thaghly
r

cgjg Ctglhﬂ@ t v?z[s 1hb§st{ghf&gnt‘ta?%1g%g B@EJB’\?&?OV%]&;fﬂE?aC OT IFH: following

RISF?‘{MF H@Swsﬁ &0 feqord tlae Xneaydtesrdes iagrami dﬁtp@(belawd

standardi sed intensities. 15 Table 1: 2 0 []dhki

b SRR B33 A AL AR P2 menion

upBioBBrke 8 ddsasceBuith hﬁo@e&ﬁnﬂ&liﬁltikfé RO tO5MOuK,, - radiation, A

=18.5234 -4 8kPRv, 40 mA).

H

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 [] dua [A] intensity [%]
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




527 6 PCT/ EP2004/ 012269 19. 074. 6562
%ﬁ%ﬁ%g@‘% 20.324. 3710 20. 408 3512 21. 754, 082BCT/EP2004/012269
22.603. 9377 22.833.8920 23.213. 8386 24.013.7017
24. 403. 6413 24.933.578 25.273.5260 25.553. 4828

25.953. 437 26.213. 4030 26. 383. 3818 27. 263. 2724

27.603.238 28.073.1844 28.383. 1467 28.583. 1235
29.032.08190 30.182.9621 30.522 9310 2005/ 042527 7

PCT/ EPRO 04/ 09072 269 |30. 91248%17 31. §22. 81462
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 3.89 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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%oéég’q%%,? 32.942. 727 33.492. 6713 34.802.5831 | n the
a & the value "2 O []""represents the PCIT/EP2004/012269

diffraction angle in degrees and the value " dhkl

[A]" represents the specified lattice plane intervals
in AL 5 The present invention therefore relates to
crystalline tiotropium brom de anhydrate which is
characterised in that in the X-ray powder diagram.t
has the charaotari stic| valuessad= 6.02 A, 4.95 A, 4.78
‘A, 3.93_A and 3.83 Al inter alia. B. {Formul ati ons
contai hi ng thBe gy otropi um bremde anhydrate aggcording
to 1.0 the invention [The crystalline]tiotropium
brom de anhydpafye accardi ng bo,£he invention jss highl
crystalline and is therefore particularly well suited
to the prepag?tgl gon of .| for exanple, pharnmaceytr cal
formul pati ons adm ni stration by inhal ation such as
i nhal apl'e po S or flor éxa propel rant=ggntal ni ng
aeroso| fornu 'g‘trgi ons, {15 par ?‘i%gﬁl arlylinhal agl%

powder s and efTant[-contag i ng aerpsotl enstons]
B.1. I|nhal ab?%‘%gowder The p?§§ent in entl on%gl so

r el at esto imhatabtepowder—contarning—0-0801—t63—%
tiotropiumin the formof the crystalline tiotropium

IR H%l?@vg@gylﬂ Rl %Ilﬁg 9 @ju‘ ﬁ&)?esea% {hid %1 {ﬁ\éﬁgfl' ggle in degrees

nbi ne g siolo accep € excl
aB@ the galpe pidarnlAj’ sreﬂé%smltStthe snwﬁeﬁ Lamnmllanm interviale 1ab4x e
powders which contain 0.01 to 2 %tiotropiumare

referred accordj t he i nventjon. Particularl
T@F&I&%ﬁfléaﬂ"eﬁﬂgrl&hf%f%smg% te SREsiAlAng HetrPBEIRY Bromide-anhydrate |
Whinhuiﬂtchﬁracmrﬁ;rad (ih tlﬂa%t@ﬁ thelo}(lra%pqwdﬁ‘reﬁ@,bhm i® h@% tHeOcHr&cteristic
t ar [ r .
va’fg?sto@{;lﬁ g%JA & 9’5 h%c@ A;‘gco?géshangg Eﬁé f'ﬁffe‘%fzi on,
flnaIIy, are |nhalable powders whi ch contai n about

BO Mﬂa@nﬁ% ot flin8RheRo¥oh RN YA RT' éh?@;{tgg%ggrdingﬂ

thAE( Bwjén%izon

The crystalline tiotropium bromide anhydrate according to the invention is highly
crystalline and is therefore particularly 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.1. Inhalable powders
The present invention also relates to inhalable powder containing 0.001 to 3 %

tiotropium in the form of the crystalline tiotropium bromide anhydrate according to

‘the invention combined with a physiologically 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 to 0.22 % tiotropium.




10

15

20

25

30

The ampunts of tiotropium specified above are based on
Piie200R08%270f tiotropium cati®n contai ned. Th@CI/EP2004/012269
exci pients that are used for the purposes of the

present invention are prepared 5 by suitable grinding

and/ or screening using current nmethods known in the

art. The excipients used according to the invention

may al so be m xtures of excipients which are obtained

We%ﬁﬂdﬁ% Sf(ﬁb@b@}n n&fe%%éd?ﬁ%w% 9F£s§| E;Sﬂn nagﬁglétbt[cg&péroplum

par t Sl zes Si 0

%ﬁgﬂﬁﬁQQﬁP§e¢hlch may be used to prepare the 10

i nhal abl e pomders for use in the inhalettes according
tion in nonosacchari des (e.g

the i nve [u
JEBE cduBients Gat %ﬂeusaﬁ far ﬁ}ﬁ Rypeyes ofithe pesrgnt @éfgme@l gte prepared
brastiodée grisdiag haﬂﬂﬁ%ordmldgotis?mg tﬁﬁbﬂd @8fods Mnb@er indRe art. The

dext
SRIASASSOR R f o B PRS Bt b of excpins whi
aypobiained b)mwmrlgoelxc:pu;nu fragitipns of diffevelexneam partlgsizes.
(x-cyclodextrin, (3-cyclodextrin, x-cyclodextrin,
“'i]lyﬂfs Bt ﬂﬁysﬂ%leﬂy d'c'ggg(atbrle e:sc1plg%s n\%hlgl(l: may lze usged to prepare the

aKdroxypropy
geblemowdeysifayatsk on ﬂdEl)llhaletls:alat&)r(:lmgg;o thedhwsiition include

m xt

lCi um car banat e her eof
er%ﬁﬁri}ﬁg (5808 ug?sed? TG ﬁzﬂf.aa%@na g g’é%‘iftha{%HF? {-grjactose,
susc:haofﬁse aralh@se, tﬁ&’halc@b};&ﬂ%@ afid %Qfs@édhﬁﬁde@?é b1 &d4heAk Ydextrins,

ot exclu ]I&X in the formof their dr at es.
‘%‘%L;iFO émhlfrtftfs OSF}T&qlYﬂJ%?hqi%Eﬁ g WEbigele maanitgb xylitol),
0 t
cPALHESHIAT (o) r&_gg 5&&% ?&lﬁﬁ&tﬁlr%é?(v}gfiogex%ﬁ 08 hyl-a-

nonohydr at e

cgdonemh hy@mmmpgppe;ypmae&ﬁl)asﬁm&was tOgt {i@inine

h g cﬂ%}gp t he ex |p|ents have a HHX|nun1average

g &3 07 gl ( & sediumehiorisics calchln gathonated non glisides

tH&0sI, Hf&%iab@i,%@ﬁ@%rydlpfécﬁ’ﬁﬁ&e ggﬁgd 80 Mne ﬁsergﬂactose or

sonet | nes seen1appropr|ate ner excl
ghucasg isgeferiedh particalaslya ot pat cxcdmsavaéy,za thé fdrm of ﬁmnt h)ydrates

b Thes
Fbl Bt PSS TR OET U nelE kg Erec excipint
whals dadsbee mrodpydatesis nest pdrii@ilgilyppafared. The aver age

particle size may be determ ned using nethods known
in the art (cf. for exanple WO 02/30389, paragraphs A

WaAlfn Ghe Kol ddihe '1ﬁha@e{t9ﬁ Eo%e&r f&@fcﬁn%‘f&? ﬂ&é“fﬁ%@%?!n? the excipients

owder s. accordi n i nve

- haye A arimpm %Veﬁ%&edﬁfﬁﬁ? siz6 At e rAdPumtnrefemhiy betweenstD and

1p0ah emabt Mefé?@bl@(lie@\hbéﬁ g5 lﬁﬁdmpﬁ")/ eraffy Bbiifle® sédk Sppropriate
Jd(p ﬁ§er exc1p1gﬂt s artltoln(s: l\Jm a1¥ average particle size of 1 to 9um 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 (cf. 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 10pum, particularly

preferably from 1 to 5um, 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.
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ﬁqeferably froml to 5m is added to the excipient
Q309p@438¥. for exanple WO 0@/ 30389, paragr apiCTRIE2004/012269
Processes for grinding and mcronising active
substances are known fromthe prior art. WO |
2005/ 042527 9 PCT/ EP2004/ 012269 If no specifically
prepared excipient mxture is used as the excipient,
it is particularly preferable to use excipi ents V\,hi ch

|zeof 10 - 50, mand a.l
BaoRcRal PAPb A SRER iy s 151 B Btceatiniente s partcularly
prsferablato mee exqipienBovbich diave aahedrhparviolewsize of 10 - 50 pm and a 10

i fter dIAEALQIT O, ﬁ@ggﬁﬁd with a |aser diffractoneter
using the dry dispersion nethod . The average
particle size may be determ ned using nethods known in

Biheveange farticlefsive iexampk ﬁerev’@e% A038% oﬁi’lf'%%ﬁﬁﬂ@ Slistribution
A e s b T

I NSt anc
Pardele |Stzgumayrbméasunarédmmmthc&&amok& i ther2€ LB @kample

WO 0 BESe gl AL BYROSER0 O RS BOESSTor oy i i

ingytanceyefesniaricc % ondust Oftthe volvamt disgrilnitiqranteaired using a laser
difftabebnidias eth Othet RRIQIHIE, ﬁgbééﬁ%gﬂ?hreszﬂﬁnve?UOn, the 10%

th
i g\rf gﬁ{] ﬁgg?%l \éq?%]\ﬁ%mg}c%}%"eh? Onghlgb OI\QIE/v gﬁthe quAngisy of particles is

fepet(Hasedbh yhs veluatk dietrithigiongnt rary. In particularly
preferred inhal abl e powders the excipient is

characterised by a nean particle size of 12 to 35 m

‘Tihs mereantages ﬁlwneﬁ@nmbhy stomnofliBetrresd@t MveAtion are always percent

bPAIILAELRERES il © hlaginal abl e powders

wherein the I'ne ntent 1°s about
preferably about 1.5 to 3 gm The |nhaI abl e powders

Irepavicdlanly profetfed I?Eéﬂﬁme' PR @ E%ﬁgraé:kc{hsed by a mean
e pto I nv o
pREERAANG S WAt gﬁ@&ﬁar‘fm%g% ffqm Wi #eMSense
Abp ptah‘@malmdmpmchnod asd thgkeirhadatte pa'ﬁdérslvﬁhdfrﬁlri ﬂk;lie T0eQ e
referably < 4
C(ﬁtterﬁ ltggg{%‘% gﬁ%?ﬁ %%R%%?igralggﬁlﬁat\‘?zit en wei ghed out
the inhal abl e powders are prepared fromthe excipient

ThethHalublE il €rs HBSIARE o HR' iAfe AR AL HE BRMYideR, I Sccordance
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 %,
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
mmhalable 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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art. Reference may be nmade to the disclosure of WO

V5 2093962527 or exanpl e. The 30 lionhal abl e powder $CT/EP2004/012269
according to the invention nay accordi ngly be obtained

by the nmethod described below, for exanple. In the
preparati on nethods described hereinafter the

conponents are used in the proportions by wei ght

described in the above-nentioned conpositions of the

Firbta M}Elmmﬂ\m{c’sthe%uﬁe 0o e %te bhRE T BREAAATOnking
226 9 Fi t he Exmgqent and the active substance

SEAIBFY ?‘ﬁ“’& SYQFRaLe Wsed Basrig avemeedantele sizhef 463 o0 pm,
preRshiEg qeto@ﬁﬁll ARt ﬁPef@I‘é%[ﬁﬂ % Bgﬁﬁ "ﬂl? e>§él n? E (? ﬂ?esli&we

%‘%ﬁ referabw%/’ to 6 pm no pre era
tanpe agsgicfrably addad msimgactieveeor esgntastuhmrg steve with 2 mesh size

1] 020 OGP 5By G 1L O L o,
thmexcrtps:m p:'rmitenaﬁrb!yaﬁli thehah® abtivenubiteice iadded tol the mixing

c%)ﬁ @5 mﬂrstga%thenthe active

an “rf%g %’&X‘P% PEPRESHING TP CUBROBEHE ArC PRgfqrally added in
btabcthiasnitxs PEriRUBERSSelehfdl 00 TR PMERES c8oRES §h %Rl‘:ﬂlate
adde hatches. It is particularly pre erreé

Iy, g“fenmPﬂeg P&Elecwﬁ@nwgh ithe agtiversulsance a}ae'rtske Phee while
the ¥d Go@ﬁaoh@&ts %¥@blﬁ’l’l ﬁﬁl}xg\@f‘dﬁ@dtﬁe&f&% VRowuhgt ﬁ‘ﬁ%}%gg?aﬁrély done

t ake pl ace two conponents$ are st

ORERIEhE tvm@cfrepamqts hhm\lemar sle\rﬂdmnrigyarsbydajze;t done once
the two conponents have been sieved in |ayer by |ayer.
The present invention also relates to the use of the

Tihehakadil %\Q‘ﬁ‘ﬁ@ﬁraisoa&mésdion&etlﬁe of Rf fnﬂ‘éﬁ%ﬁél ft?ﬁbv&@xrs according to
reg{ar |?r}? Piphar maceui.‘l cal nmposi tion
“fe LT NEHT I Premaning3 p %%%ueéﬂmommssuom&rtme tleatrnent of
rdspiratdrg compdtinan panfcuGehFoa it Reamsddd R CAPD ide} Qstﬁn%a
powders according to the invention may for exanple

adm ni stered using inhalers which neter a single dose
The énhalable pordsry adsprdivgis thd irarenBas ndyyr ecdraphease administered

uilgg %ha@égg gihg?lpﬁlett& &@nélg ﬁgg% g égﬁigoql‘ B? n?egli%gﬁf} measuring

C*ﬁmﬁﬁf 8- PREOT H’fgatloatﬂs éog8Gaens onbr othtirmgeans (el accordmg to DE
36 B5 6851 AN PacRryRgKRMdveE, Rhe HAHHHAE pblAeiPHR o AnE R

i nhal ers suc t ose
mgée]lg@drl} %}e ﬁ?cﬁe%\%tg fﬁggg%%(c'tof%?keegga led 1 n.ﬁ,ygygtes), which are used in
inppletserushlap, thosredcsapbed o5 Wi PUALIH58Y férheaiplal abl e

powder according to the
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 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 chamber 6 connected to the deck 3 on which there is a push button ¢
provided with two sharpened pins 7 and movable counter to a spring 8, and a
mouthpiece 12 which is connected to the housing 1, 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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25 invention are adm ni stered using an inhaler as
WRRRAS/H4L58T gure 2. This inhal @1 is characterisedrinp2e04/012269
housing 1 containing two wi ndows 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
i nhal ati on chanber 6 connected to the deck 3 on which
there is a push button 9 provided with two shar pened
cou ter to a nd a 30

P Pre BBV hEier ta5h e sl B bRk i weler ppotaining
tue ckystllimatiatropmen bidmideanhydsue !add:cﬁldﬂn{g ﬁfgthe R rtiontfor
S R M S popine
/tbimgnweof@@?éhand/m esithimun characherised in that the
nﬁl@dlé‘tt &@SctiBed BBoHSSPéhdifin PR |1§u§’eﬁiy‘4ger S containing

the crystalline tiotropiumbromde an rate according
to the invention for preparing a pharnmaceutical
Foo Wﬂﬁﬁnﬁt@ﬂlgf t?é lﬁlliﬁﬁlf Ij!)@w{d%&ﬂ%dlﬂ:? C&ﬁﬁrﬂiﬁzﬁhﬂi&@ ’txotroplum
Qr e treat.nent. o
bRl CHRldrg ot o 2 BV o witpan e Blied Rerpaes it s
partuddrbinpreferree gmm @phgles) frdmatenial aflwhidbsis @eleogdtfven among
|
tﬁ@é}@ltﬁ&h@pl@ gﬁ%ﬁﬁ" gily"kgletcpe%l b érﬁb%%gslﬁrethylene,

t]otropl um te accor
pplygeshonate; @@i%@tepmmpy epé@nda@hﬁﬂ@ﬁem tergphthalate. Particularly

pEédred Hﬂnﬂhkﬁc Pfaﬁﬁ@ iRk d19 atSSo16aR Hh@f‘pélg@arﬂﬁfl% i RlpoRfethylene

etic

fram anpng 1
teﬁ?%%é‘?ﬁjéie %ﬁsgﬁ’eﬁ’r Yls S P %9%?@@%6.&8% g matgrials which is
pmicyhirhfy;blefwred quobydiag oo dat eyepodry,ds tsq:FrefeIBﬂitly 26 @By b6Rethylene

le la
pr gaf erre togi)nﬁﬂgent %C?frg&s??{):@%%{%ﬁ %%%flglgag)ll 548 980 kg/m?, more
S8 BbTAHOs 20 p GIPC helortigh denspolnabsétiylene). The synthetic

pw@pmbailag@o e m@&lltY(ﬁi Hﬁékr%epzbée#éc? A ew%ts d& i

articu

ul e materladjé erre )
mﬁEﬁ%ICHfrlll@g msth lﬁqf?\‘r‘@n% f&ﬁ arﬁ t1 W%thpeméugiem@ of theypfastics is
prefiryet iydoediag td %Wﬁvhnﬁoﬂﬂmddtﬁbn%oﬁﬁﬁﬁgﬁ@ﬂhgggﬂﬁﬂ%e of mould

reileggg g&{)ﬁ %%é I%g%%lré/fe Q&‘ﬁ{%“‘%ﬁ?gﬁ f H{:%élicp?n is well defined

Sféﬂrfgflt@?ns@)i bY'Iﬂtengymtticetalrbr reptaiicitds. according to
the invention may be processed in various ways using

manuf act uri ng net hods known in the art. Injection
InARALRETATPEFT RETEICAS InvERtips relafes e theabenssanmtiongdicepsules

whibk conuai th®fboveRiedtioned inmitkkle PBwdet RO rdidieroUde iffention.
Tlrlreoslélcgpsules may contain about 1 to 20 mg, preferably about 3 to 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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20 rel ease agents is particularly preferred. This
wieehamioaab2pr oduction is well ¢gefined and is PCT/EP2004/012269
characterised by being particularly reproducible. In

anot her aspect the present invention relates to the
abovenenti oned capsules which contain the

abovenenti oned i nhal abl e powder according to the

i nvention. 25 These capsul es rray contain about 1 to 20

ref er out 3 to npst, preferably
73% S?P&IBV%Y 3 rSlHRRIY eeusﬁd?/ﬁéé? abpycgeiiomgd capsules
che)ranftelrfﬂt:ti by ﬁﬁftmmbf\?\ghalhblgﬂtﬁvd@\aemﬂd?& ROt ?ht?erfhdnq for
: owder . . i val en orta
otk o pP R i osision £ thes e BomBRod i Biileings
epprcilydontrzating REOPDrandVert astimnaaccordi ng to the

invention in an anmount of from8 to 12 ng. 30 The
invention also relates to an inhalation kit

resent
Fp@&%t%tspk@ vgticlhpentgmn thsrishgipbletpnwdass vecardingoghe invention are

pedthicRatisr ins 8bde kndwhdAttRe krQ by e 8kl @npQWiBtules with the
r]dlg to the |n\t/et|on|n conjunction wth the
‘?q’r?ﬁag? B PORAED RTINS ' €BUORAD 2005/ 042527 12

PCT/ EP2004/ 012269 The present invention also rel ates
to the use of the abovenenti oned capsul es
char acterl sed by a content of i nhal abI e povvder

m@%ﬁ&ﬁﬁigtE%pIEQ E@t@é t& ilﬁﬁufa&f thtefﬁetén?_ Je%aegﬁﬂtr%ﬁé detail
| ai nt's speci a or treatin
Wé@tn)ﬁwst%ctti}a t%é&%%t'p%%éénmtm io0e aRAmpHiy IR REbagiEents that

fgllowder s according to the invention are produced by

met hods known in the art, by filling the enpty
capsules with the inhalable powders according to the
Bi.hiehtStantingOmBtérigls Exanpl es of inhal abl e powders
according to the invention The foll ow ng Exanpl es
serve to illustrate the present invention in nore
Aggyesubstaicehout restricting the scope of the invention

to the exenplifying enbodi nents that follow.

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 (cf for
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 Al, para. D.2).

Excipient:

In the Examples that follow Idctose—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 follow, batches of lactose were used
having the following specifications:
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1. Starting materials Active substance 20 The
Wl%/%qoé'loﬁﬁ% ti ot ropi um bromi dd3anhydrat e accor GiQTER04/012269
the invention is used to produce the inhalable
powders according to the invention. The m cronisation
of this active substance is carried out anal ogously
to nethods known in the art (cf for exanple WD
03/078429 Al'). Were reference is made within the
%Fﬁg@dqfre e‘f'gtrigﬁq:ﬁq b ddWER! £ {0 oS ATZAPaRA {d ﬁ;eeinvention:
anhydrate according to the invention, this is

Oetmiaratagd using nethods of neasurenent known in the

art (cf for exanple WO 03/078429 Al, para. D 2).

Excipient: In the Exanples that follow

The fddbeving nolhyitfea b dicguisineh @ foreokahiP1&Nnay e RY B rdfare the

ARLs gjq) ol .exanpl e from Borcul o Dono | ngredients,
lBorgHé IQE Utider t he product nanme Lactochem Extra

Fi ne Powder. The specifications according to t he

MBS b ir{ce " i rfac
Aﬁﬂﬁa a%lgﬂﬁ cPlor B@/d@f‘fﬂu&l q“ﬁbﬁﬁpggc?lgggef eégh’fﬂaé‘% by Willy
Pahe f’&‘gﬁpl "’thﬁ‘S@llow bat ches of Iact ose were
used having the follow ng specifications: 35 WO
42227 181 gT/ EP2004/012269 B.1.1.2. Preparation
}%&%ﬁﬁg—ﬁ&%@ﬁ 5 §hsZ8ccording to the invention:
) Apparatus 5 The foI | owi ng machi nes and equi prent,

"lflﬁ:relﬁﬁ 'm#\xﬁau&'%a 14569 Bgfﬁ)lg @}e hﬁagllé ng%ldgr%lcontammg

wder S: al ne

.po
UIPBINA Y é’t‘?ﬁérmzntc anygadly 2 @ hmfawd:lewmg didipsnenAmay be used.
Bachofen AG CH- 4500 Basel 10 Hand-hel d screen: 0.135

ci sfﬁgiﬁlig I é%chine:
MG2, Type G100, manufacturer: MG2 S.r.1, 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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The enpty inhal ation capsules may be filled wth

‘ Varardhzezpowder s contai ni ng 14i ot ropi um by haRdT@P2004/012269

mechani cal ly. The foll owi ng equi pnent may be used. 15
Capsul e filling machine: M&, Type GL00, manufacturer:
M= S.r.l, 1-40065 Pian di Macina di Pianoro (BO,
Italy 20 Fornul ati on Exanple 1: Powder m xture : To
prepare the powder mxture, 299.39 g of excipient and

iy e DI GRURES i Bl i so ok 8 bl apkiiaine powders
witiele wiien packelintalshigable plasge caphidésnany bengudiio produce the
fORRGR %}5 W& £8 il b fgp%%ng‘gée of 0.315 nm Then

cryst ne tiotropium’ anhydrate in batches
of about 90-110 ng and exci pient in batches of about
PHinthlatiod Exafipglened in in alternate |ayers. The
excl pi ent and active substance are 30 added in 7 and
6 |l ayers, respectively. Having been screened in, the
ingtiedbphﬁnbmmldefmrhyﬂ‘rmﬂ) ¢rixingg speed 900 rpm).
The e | S pass ce nore through a
ldrickdgﬁénscr gﬁatgnd theng%@gdn agal n at 900 rpm 35
: P20 Q2269 Usi ng the net hod

des-%wed in Exan'pl e lit igs. EpH%ﬁ ble to obtain
i nhal abl e powders whi ch whén packed into suitable

pl astic capsul es may be used to produce the follow ng
FospailhtisnEtamphe@Bat i on, for exanple: 5 Formul ation
Exanpl e 2: tiotropium brom de anhydrate: 0.01 13 ng

| act ose nonohydrate: 5. 4887 ny
tiotropium bromide anhydrate:0.0225 mg

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

Formulation Example 4:

tiotropium bromide anhydrate:0.0056 mg

lactose monohydrate: 5.4944 mg
polyethylene capsules: 100.0 mg
Total; 105.5 mg

Formulation Example 5:

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 mlcromsed lactose
monohydrate with a mean particle size of about 4p,m
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capsul e:100.0 m Total : 105.5 ng 15 Formul ati on Exanpl e
®O 200604252F um br om de anhydr atjg: 0. 0225 ng | act @88/EP2004/012269
nonohydrate: 5. 4775 ng pol yet hyl ene capsul es: 100. 0 ngy
Total : 105.5 ng Fornul ati on Exanple 4: 20 tiotropium
brom de anhydrate: 0.0056 ng | act ose nonohydrate: 5. 4944
nmg pol yethyl ene capsul es: 100.0 ng Total : 105.5 ng 25 30
Forrmul ati on Exanple 5: tiotropium brom de

nhydrat.e: Q, 01 1? pg | act ose nonohydrate: *5. 4887 ny
E%%ﬁégé%%m% al :105.5 ng *) the |actose
contains 5% specifically added fi nehcont ent of el

cr with a nmean particle
g: zetg{)% g Q%ﬁag%goﬁ%ggggggﬁ%S 5 Fornul ation
Exangftessmonobydmpi:tim br orf.4&7antyydr at e: 0. 0225 ng
| actR3RARERYRI&: "S- 477908 mg

Total: 105.5 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
polyethylene 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. Propellant-containing aerosol suspensions containing crystalline
tiotropium bromide anhydrate

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 to 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
propellent gases, preferably selected from the group consisting of propane, butane,
pentane, dimethylether, CHCIF2, CH:F,, CFsCHj3, isobutane, 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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pol yet hyl ene capsul es: 100. 0 ng Total : 105.5 ng
PET2eMP03437012269 *) the | act os@ contains 5% PCT/EP2004/012269
specifically added fine content of mcronised |actose
nonohydrate with a nean particle size of about 4m 10

Formul ati on Exanple 7: tiotropium brom de

anhydrate: 0. 0056 ng | actose . nonohydrate:* 5.4944 ny

pol yet hyl ene capsul es: 100.0 M. 15 Total: 105.5 ng *)

- 0 LaS 5% s ificall fine .
08 pl 6 BE B ey B RIGER 24 D A T 4041 Vocd imut
pashengioa fermulagipns boasrdityn toaBe irBredtion, the weight ratios in which these
el j tainin
A L G L R
g A PHOHIeh DFSTIOR Brser sglectadhyemahe saowcohsigyingoof

| ph:g)ainybmﬁah@mdmyne,%hkﬂﬁ@éthb’r,@ﬁﬁlﬁﬁ aclﬁggq?%tsf%?ﬁgisioﬂutane,

he faorm of propellant-cont.aining in
lsdPendng 280 sPaRBTans dtsaierlR a0t e B qupBeliopt gases HFA 227
snd/oablRA fldda imits su“s'bmmesc&ﬁ;uutuﬁmgrudc@{uifl € e{cOin@ention, the
- . ns._o e crystalli

B o A Al Ba® LomnfiryS Pl ess than 50 %,
PislIAbiydessithar K8%pnepidulanly prrdsrably lefsAhaR BOARd/ or HFA

134a, optionally conbined with one or nore other 30

ases,,. preferably selected fromthe group

Il en .
'E%% gﬁ?g)(esgt&ngpc%rgwgﬁ@,thg ivEREon prefsraiie contain an amount of
s ot L e Aty SN
L T ke i
teswegn022md @. 4% reanrdingftoMkAiR2Atiand HFA 134a or only
sl AR b/ PLEARE L the BQC&Q&Q&SOgAi\%éSrg Githfa glelsc():ope 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, polyethyleneglycol, Brij, ethyl oleate, glyceryl trioleate,
glyceryl monolaurate, glyceryl monooleate, glyceryl monostearate, glyceryl
monoricinoleate, cetylalcohol, sterylalcohol, cetylpyridinium chloride, block
polymers, natural oil, ethanol and isopropanol. Of the above-mentioned suspension
adjuvants Polysorbate 20, Polysorbate 80, Myvacet 9-45, Myvacet 9-08 or isopropyl
myristate are preferably used, Myvacet 9-45 or isopropyl myristate are most
preferably used.
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PCT/ EP2004/ 012269 1f a m xture of the propellent gases
BineP/P4203@ HFA 134a is used iI¥ the suspensi oPCI/EP2004/012269
formul ati ons according to the invention, the weight
ratios in which these two propellent gas conponents
are used are freely variable. If one or nore other
propel | ent gases, selected fromthe group consisting
of propane, butane, pentane, dinethylether, CHCl F2,
CH2F2, CF3CH3, isobutane, isopentane and neopent ane
are used in addition to the propellent gases HFA 227

B¢ sEspepAoRs Aecardingtte tbgslp.monrcohwwtﬁmtans these are
lﬁ%f&a@hwﬁea%hﬂ%m&l\ﬁ%%%ost Ny, &ha {é %Ib 0.003 - 0.5 %.

'S pr Pers fr

addi ti onal propellent gas conpone
than 50 % preferably less than 40% particularly

"Phethdjusbhty dpeiddallnasnd & ihitBe SUSRABDHS ﬁé‘co’%@ﬁ{ﬁr i 1hg 1ﬁ\%nt10n

RV TR e
aspattampj bemoe; qmuems, Iedspheric aGLdOﬁitrlamdﬂ} h§&rochloric acid,

0 ngy, Dar i ar | . .
s%?[gﬁgg@%ﬂ aﬁgté:‘ﬂfv\lggrcﬁb és@ﬂglcd{c L pa{l%cgh %c1 il}zci{gxhlorlc acid or
qligiceasid ars. PffgfﬁmNé@Sd:sWhﬂ@bYd@Chl@@C@@rd mauyr;c a¢id is most

prefeestly ag&k given within the scope of the present
i nvention are always percent by weight. In sone cases,
the term suspension formulation is used within the

I§ edjpeam athpresamﬁﬁethé stsPeRRione ractdrai@a@ 1Bk iR Mhese are
e
pRUERRAT LR in' i8Rt S 0085 5.0 B il E83 O bR .
Wﬁ@%?r&pétﬁlfmbhf&;ﬂﬁ B0 hio,iwiiikd abhmoant 0B0I09160.005 % is
PRHTRENS BRpdUAURLIHAS 1A REOLJEAGn L O the invention

may al so contain other constituents such as
surface-active agents (surfactants), adjuvants,

Taiet dnodoixitiuitS optiod 1B\ 4iAES in AR ﬁﬁﬁe%ﬁ%b?&hé‘f@ the invention

t t [
RO b R el B AR08 e ot Fondfaentl ot b rigicastigh
S@Célllm:tcéfdalfes oditic baeidyr mepphenodd, ﬁhnﬂ@yd):bxyﬁhleyﬁpbb@ﬂl@ycﬁexyamso]
aﬁ)@layc?ﬁﬁiﬂgﬁﬁn e?(e, WHHAE cg;top%eftﬁs dg%gﬂ&&fowtOQUen I%ylﬁ{?groxyamsol

rista el c aci ropyl
%aﬁf% ¥prlatitase gecoprefeably usedhyl oI eate, glyceryl
trioleate, 30 glyceryl nonol aurate, glyceryl
ol eate L ryl rate, glyceryl
T‘ﬁol}ﬁvounngé 0 13’na‘fly%ontamec§ e SuSpenSI(;/nS ac%ordmg 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 crystalline 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 active substance has a mean
particle size of 0.5 to 10um, preferably 1 to 6um, particularly preferably 1.5 to S5um,
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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nonori ci nol eate, cetylal cohol, sterylal cohol,

Wetapbp9425et ni um chl ori de, bl o¢gg pol yners, nat BCEIEP2004/012269
oil, ethanol and isopropanol. O the above-nentioned
suspensi on adjuvants Pol ysorbate 20, Pol ysorbate 80,
Myvacet 9-45, Myvacet 9-08 or isopropyl nyristate are
preferably used. Myvacet 9-45 or isopropyl nyristate

are nost 35 preferably used. WO 20051042527 17

E 4
CTAER2004.0 1,22 8.0 L L LG, suspensions, according Lo, o0%
qirtbé pmah:llqs afsetve sulsmametiant aqfarlcl0OR6 whidh ¥ within the size ranges
Iﬂé{tﬁdlﬁﬁlefy ¥ preferably 0.005 - 0.5 % 5 The adjuvants
y

opti onal contai ned in the suspensions according to
the invention are preferably selected fromthe group

Iﬁ%ﬁ%’ﬂfetr'a@ﬂec‘i&h@b?&hﬂ@mv&h%é?aﬁs?ﬁ?ﬂf bfsiBhl 1ch contain only
rfame, betaine cystein osphofic acid, nitric
051&03 HHe Beweowbétaéaaf%accogd‘fﬂqﬂgﬁa rﬂil%maénaowaﬂw apg other

additives.Ascor bi ¢ aci d, phosphoric acid, hydrochloric

acid or citric aci d are preferably used, while
hydrochloric acid or citric acid is nost 10 preferably
Theesmspesicnd) apcarndisg & thepineemtiin myth@qarspmdnssmgmethods known

EROLE A0 NN 200 R g DESHRLRRI GRS,
Ppepalicatigas ongaseeiantivnrlly at mqte@imawemrudeﬁlm lam)mable

cOohrathe®®1- 0. 005 % is 15 particularly inportant
according to the invention. The anti oxi dants
optionally contained in the suspensions according to

"Tihieebiome-emdritomedapeopeilefiec@ithiniseheperdohs aréliengdiothe
'rﬁgﬁﬁbﬁtn'lﬂgbdpo%dlﬁﬁﬁg’tregédc?s%‘fc%ﬂgla?er% khSwaSh fhe a&o(%h&’ﬁ‘ls =
p{ﬂﬁﬁwwﬁdn@mcbdgmhabm) yﬂhwtﬂm@sann sobtiRg agpett, the present
1@%ﬁﬁ6ﬂ?¥él@@|s b bﬁhﬁnaé’%‘n@l <{ A & f: form of suspensions as
t.0l uene, . byt yl hydr oxy anlso
Eﬁ%ﬁ% sdikedt eompiged it pab Py Yipge anhaers spitable ot ngs
admpinisteehf yhese sugpdisibos nMd”teoxﬁelﬁﬁ@ Bﬁdts@igﬁlfnaéﬁﬁ’ctblﬂ kd18tel @ inhalers,
ent | are el ected. fromthe .
ARk A gy SoRkin T Bineh e Fooinit EEins inips secording

consr's
OaIélpanYmnaiﬂﬁcebhéhmhnhﬁfdm (for exanpl e ci nnanon,
ani seed, ment hol, canphor), of which peppermnt or

Eentomnt are particularly preferred.
€ present mventmn 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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Wth a viewto adm nistration by inhalation it is

BK 5209600425200 provi de the active substances in ddmebirooani22e6o
di vided form For this purpose, the crystalline

tiotropium 30 brom de anhydrate according to the

invention is obtained in finely divided form using

nmet hods known in the prior art. Methods of m cronising
active subst ances are known in the art. Preferably

lag“t"t% geég%y%é‘; Efeqsgggl%ﬁ?ntﬁﬁi’%? 2%&5;; %c? @ge gﬁﬁagf the

jmpcmscwsaadcprchngfte tladoinyedtidn fc:r f,ggp/amifg gt ﬁﬁﬁh%u%a] composition
as 9 ar |

of 85 int3fvR R ENER o Lok SRR cRA iR e By inema er COPD.

substance have a particle size which is within the

Fhe Exﬁﬁ@%&hygoﬁg@@e%ezt%%ﬁuf@atp / eé Eﬁ%g{? 4{n9{31}1il 2 ggl‘{ %QE)% /detall by

nment i oned .aboy Part ] cul ar

A Tl O%reﬁ%gﬂg%‘%ﬂ‘éﬂ Cloﬁéerﬂ%trtl cles of

active substance have a particle size which is within

t| oned abo e. 5 I n another aspect
POSOSRARONS| ons whi ch

TR oS0l
contain only one of the tvvo active subst ances
SREHHH M drfRaih any, o
adgl ives. Th n%u%%éﬁ@%égds}e%\%é%%g? ] aicﬁlge FRRARGeARd
PHERF Etgi‘%pared usi ng met hods knovvn 10 in the art.

For this, the constituents of the fornulation are

' 't the propellent gas or gases (optionally at
ESrhi %ndfilledinto sui table

cont ai ners. The above-nenti oned propell ant-containi ng
suspen5|ons rding to thde ~I5 1 nvéention

admmi-st-et c%'&géj?ﬁugn.t%h"' erstknowfongentration (%nm]:

pr egstigtroriummbtamnidd adbgératanhal ers) . Accor@l,oqgl y, in

anotiher aspegjqi- L{l§ Present | invention rﬁl fes to
phar TI'E'CE'DT‘I‘U&'F'—C‘O'I‘Fﬁum tHoenshA—the—form of—suspensions
as lherei nbetdf&-2@@scri bed ¢onbi ned wit homassor nore

i nhal ers suitable for adm ni stering these

suspen5| ons. Mreover the present invention relates to

Formailatian Bxarmplg 9cterised in that they contain the

propel [ ant - contalnlng suspen3|ons according to the

af.ar A

i nventTon described—heretrnbefore:
constituents concentration [% wiw]

tiotropium bromide anhydrate 0.02

oleic acid 0.01

HFA-227 60.00

HFA-134a 39.97

Formulation Example 10:

constituents concentration [% w/w]
tiotropium bromide anhydrate 0.02
isopropylmyristate 1.00
HFA-227 08.98




The present invention also relates to containers
VoR00504385) which when fittedowith a suitabl BCVaiPeer4/012269
can be used in a suitable inhaler and which contain
one of the 25 above-nentioned propellant-containing
suspensi ons according to the invention. Suitable
containers (cartridges) and processes for filling
these cartridges with the propellant-containing

kONg. ac i,Ng to the invention are known in
.lfééﬁﬁﬁﬁynpnjg e&#gghthe phar maceutical activity of
tiotropiumthe present invention also 30 relates to

t he use of Egﬁsﬁﬂfélﬁgs' ons accord&ﬁgc %E I,[%/%%Vi on

nr\nmnnu

for epar g a piat raceuticp COfPOSTt+-0ot
i nha aptr@nnnn biemide anhyidnitstrati on, prefefd® y for
prepjari ng al\%ﬁ%ﬁﬁ“ cal clonposition forognhal ative
or nasat—tredtnment of—diseases ——wht-ch

antilchol i ner gIFA-22% devel op a therapeuti®.6®nefit. WO
20051042527 19 PCT/ EP2004/ 012269 Particul arly

Pprefe ably the present invention also relates to the
—M‘Qﬁb——éﬁ%ons according to the invention for
5 preparing a pharmaceutical composition for the
inhgl ative treafnent Of resgiratory conptai nts.
pr ef.e.r_a_b_l_y__g%mlem CCRPD._. 5 The Wﬁﬂn&tﬂ?%ﬁ “W‘W] QW
servetids@oyjailuhubtcfxﬁide dofhgdgitesent i nventionpipg nore
‘detgi |, by X Sanple W tThout restriciing It 1o
t hei Y i
fornul ati onsI—]]IE)A&Noen& ons |cont ai ni ng otgpgyo
i ngrledi ent's a Ion to dactive substa and
prg eH-ent "H%‘A ggé”"'! at cnc Exanple—8: Bgeg
consti tuent sconcent ration [% w w tiotropi um brom de

Faph Lﬂﬁﬁbﬁ%g%%llce!lg aci d0. 005 HFA-22799. 955

FO atTon exanpte 9: constituentsconcentration [%
w/ W
| constituents concentration [% wiw]
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




10

tiotropi um brom de anhydrate0O. 02 ol eic aci d0. 01
¥PAI9TIHE200 HFA- 134a39. 97 202For nul ati on ExanpCe/EP0004/012269
constituentsconcentration % w w tiotropium brom de

anhydrat e0. 02 i sopropyl nyri statel. 00 HFA-22798. 98 WD

2005/ 042527 20 Fornul ati on Exanple 11: PCT/ EP2004/0 1

22 69 constituentsconcentration [%ww tiotropium

brom de anhydrat e0. 02 Myvacet 9-450.3 HFA-22799.68 5

FOHAH l4&,12: constituentsconcentration [%
W W 1|%H%’§x§ﬁ?@§ol1%n-de anhydr at e0. 02 Myvacet 9-450.1
HFA-22760. 00 HFA- 134a39. 88 Fornul ati on Exanpl e 13:
consft i tuent S6RNGRIML ! ion [ w Wéd emp&&mlkf%)wl‘gf

anhydrate0:04 Po ysoroate

tiotropium bromlde anhydrate 0.04
Myvacet 9-08 01.00
HFA-227 98.96

Formulation Example 16: —

constituents concentration [% wiw]
tiotropium bromide anhydrate 0.02
isopropylmyristate 0.30
HFA-227 20.00
HFA-134a 79.68

Suspensions containing only active substance and propellent gas:

Formulation Example 17

constituents concentration [% wlw]
tiotropium bromide anhydrate 0.02
HFA-227 60.00
HIFFA-134a 39.98

Formulation Example 18:

constituents concentration [% w/w]

tiotropium bromide anhydrate 0.02
HFA-227 99.98
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15

HFA- 22799. 92 10 Fornul ati on Exanpl e 14:
WO R883/243831t sconcentration [ % 22w ti ot ropi um br BOTAE2004/012269
anhydr at e0. 01 Pol ysorbate 200. 20 HFA-22799. 78 WD

2005/ 042527 21 Fornul ati on Exanpl e 15:

PCT/ EP2004/ 012269 constituentsconcentration [% w w

tiotropi um brom de anhydrat e0. 04 Myvacet 9-0801. 00

HFA- 22798.96 5 10 Formul ati on Exanpl e 16:
Fodds .a nt.scongent.rati on % w w ti otropi um bromn de
ar ﬂ—#@’eﬁéﬂ!@&%pw nmyri st at e0. 30 HFA-22720. 00

HFA- 134a79. 68 Suspensi ons containing only active

subst ance a&gln&g&[& Jse:nt ga} Forcmi] %tplpg W‘ &%7:

V\ll VVJ L oTT UPI UTiT T LLE A2

anhy{déelireptugp brEnide 2mdgdede HFA- 134a39. 98 E@2nul at i on
Exanpl e 18 prA-134a 99.98

congti-tuentsconcertratt+on [ 70 W\

Formulation Example 20:

constituents concentration [Y% w/w]
tiotropium bromide anhydrate 0.02
HFEA-227 99.98

Formulation Example 21:

constituents concentration [% wiw]
tiotropium bromide anhydrate 0.02
HFA-134a 99,98

Formulation Example 22:

constituents concentration [% wiw]
totropium bromide anhydrate 0.02
HFA-227 20.00
HFA-1344a 79.98

Formulation Example 23:

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




constituentsconcentration [% w w tiotropi um brom de
Worapds/a42507 02 HFA- 22799. 98 WD23005/ 042527 22  pCT/EP2004/012269
Forrmul ati on Exanple 19: PCT/EP20 0 4/0 1 2269
constituentsconcentration [%w w tiotropium brom de
anhydr at e0. 02 HFA-134a99. 98 Fornul ati on Exanpl e 20:
constituentsconcentration %ww tiotropium brom de
anhydr at e0. 02 HFA-22799. 98 Formul ati on Exanple 21:
lgor:lsit 1t uentEséconCEng Eatl on [%ww tiotropium brom de

yut at e0- 4a99. 98 10 Fornmnul ati on Exanpl e 22:
constituentsconcentration [% w w tiotropium brom de

anhydr at eO. HEA-22/720. 00 A-134a79. 98 Formujation
Exa)r/r Fe—23- %§USI L C”ﬂntEaLLaflﬂiﬂ]E*’Idpﬂﬂw" wiw
tiotr uptmmlbndnmonhsdeamﬂmﬂmﬁee . 04 HFA- 2274040
HFA-[134a59. 9(‘1{1’;‘-%_227 80.00
HFA-134a 19.96
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%2%%2@%42527 Formul ati on Exanple 24: 23

I 277012269 constituent szbncentrati on [ % PEWEP2004/012260
ti otropi um brom de anhydrat e0. 04 HFA-22780. 00

HFA- 134a19. 96 5 WO 2005/ 042527 24 Patent C ai ns

PCT/ EP2004/ 012269 1) Anhydrous crystalline tiotropium

brom de which is characterised in that in the X-ray

powder diagramit has the characteristic val ues d=
A and 3.83 A, inter

6.02 A, 4.95 A, 4.78 5 Ay...3.
alia. 2) Pharmaceuti cal gg?ﬁ%lgi P8 characterised in

that it contains crystalline anhydrous tiotropium

by o Aahgdicas il fb@bguln bidnide WL TEERHLLCALed in that in

characteri

Qsition agcording to
Ra iy ppyded disgram ihasahg shimacterisyi phie ot 02kl 4,95 A; 4,78

bhPESiA land 383 A, dirpqiis0 claim 3, characterised in
that it is an inhal able powder which contains in
ddition to the anhydrous crystalline 15 tiotropium
r om‘%@&memmomaﬁbabtmwfﬁw oihaeld cbniaing crystaltine
AR R : e r.om anong the
m)nosacchﬁ%gﬁb%aaﬁggdggﬁgﬁ%ﬁ%@n}lhe ol i go- —and -
pol ysacchari des, the polyal cohols, the cycl odextrins,

FPhe Dhanmaoitita] 66mpHEHSALE | A4 8S cifralRese; - -
aﬁ)ﬁﬁhﬁhﬁ{étpso i th onebanot hgrf'or%n%gg' %%fgi %h%lgalf? %tgg?ed in that it is
composIitio feordi ng to claimd4, characterised in

that the excipient is selected fromthe group
bi nos | act ose,

AR G 5 5L e B T
a plfagglélﬁﬂomer Shighepontains 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

muxtures of these excipients with one another.

5) Pharmaceutical composition according to claim 4, characterised in that the
-€Xcipient is selected from the group consisting of glucose, fructose, arabinose,
lactose, saccharose, maltose, trehalose, dextrans, dextrins, maltodextrin, starch,
cellulose, sorbitol, mannitol, xylitol, o~-cyclodextrin, B-cyclodextrin, x-cyclodextrin,
methyl-B-cyclodextrin, hydroxypropyl-B-cyclodextrin, arginine hydrochloride,
sodium chloride or calcium carbonate, or mixtures thereof,

6) Pharmaceutical composition according to claim 4 or 5, characterised in that
1t 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.
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cellul ose, sorbitol, mannitol, xylitol,

MOe/y@ext rin, (3-cycl odextrpm, x-cycl odextri BCT/EP2004/012269
nmet hyl - (3-cycl odextrin, hydroxypropyl-(3-cycl odextrin,

argi ni ne hydrochloride, 25 sodium chloride or. calcium
carbonate, or m xtures thereof. 6) Pharmaceutical
conposition according to claim4 or 5, characterised
inthat it contains between 0.01 and 2 %tiotropi um

07 S characterised in that .in that they
Bont S5 B HTrS ARARGHES LPEoait bISHAL sécrbingfis taim 1 for
petparng BpharnGice8jicAvamppsait bhalthe aeposérit dheqieessi oognplaints.
to claim?2, characterised in that it is a
ggopel | ant - cont ai ni ng aerosol suspension fornulation.
185 \Wb/sp @osyroimss toyclann PCThEROGOS¢ D IPEBY U regpiratwiy complaints are
asthyil & COrpanhydrous tiotropi um brom de according to
claim1l for preparing a pharnaceutical conposition
for the treatnment of respiratory conplaints. 10) Use
according to claim9, characterised in that the
respiratory conplaints are 5 asthma or COPD.




