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WD 2005/ 042526 PCT/ EP2004/ 012268 85670pct PROCESS

K NEW TI OTROPI UM SALTS, NEW Tl OT

KO DEERE AND PHARMAGELTI CAL — COMPOS! T1 CNECTHER2Bp4/012268
5 The invention relates to a process for preparing new
tiotropiumsalts, these new tiotropium salts as

such, pharmaceutical formulations containing them and

their use for preparing a nmedi canent for the

treatnment of respiratory conplaints, particularly for
185670p¢'tat ment of COPD (chronl c obstructlve pul nonary

chem cI struct ur e:cHEP " (ﬁqslﬁﬂﬁﬁﬁmpl um brom de

is a highly effectl—%ﬁr@—ﬁve antrchorrn |
| ong-1lasting effect, which my be used to treat
n&mm&imyremep{caa ﬁﬁ&es@ﬂfrbt@;&’dr g' ﬂev@@@@oﬁﬁﬁﬁ @41k these new

obstructiv a i seas A .
Si0Bb T shiEs B S phi AR T 0! fafBlrone Sapigins dhem and their use
b1t frephiing b meedicdmentifoe mmeam&lm of tresqmaw::y Ebirglaints, particularly

SRRkl o OV Bt RABI LS AR astoma

aryl suI phonat e of tiotropiumshould aI so be

obt ai nabl e anal ogouswﬁgdttg%grﬁ}vgﬁgogescrl bed in

IEP 418 7%{ D agram 1 However, of her, salts_of
QPRI Qé’%’ﬁdﬁ kB‘éWBIfBHH opepn Kaiggt ARPECARANRR 41316 Al
aﬁ@%gﬁ%ﬁﬁioﬁﬁg 8R2004Y Qhatefe: The ai m of the present
invention is to provide an alternative nmethod of

H3C\;,CH3

synthesis for

0O Br

0
HO 0O

— —

N\_S§ Ss./

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. '

Hitherto, there has been no explicit description in the prior art of salts of tiotropium
other than the bromide. The halides and also the alkyl- and arylsulphonate of
tiotropium should also be obtainable analogously using the method described in EP
418 716 (cf. Diagram 1). However, other salts of tiotropium cannot be produced
using this method.
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alkali or alkaline earth ne aI

preparing tiotropiumsalts which enabl es ot her

tiptropiumsalts to be synthesised by a sinple

n@%&@g%@éﬁgé nmet hod which is universally apqu:’g@;j’@Otl/OlzZ()S
Detai | ed description of the invention 5 The probl em

stated above is solved by the process according to the

invention as described hereinafter. The invention
relates to a process for preparing new tiotropium

-salts of formula 1 H3C, N CH3 X 1 10 wherein X-

dﬁﬁ@hﬁﬁ o@ﬂn@ﬁfe@éht iehalsnt 8 b peskiie aﬁ Bﬁ%rrﬁttf‘vb ‘i&‘iétﬁ@d @fynthesis for

| t
oFé"r‘?Bf"é%g Rﬁtfam%ﬂ S?ﬁt% Wg”wgﬁgg}% mtb@r %r%v@oﬁaitﬁ sprbe genthesised by
o simpple,anmi-sggragsival méthodavhidk is GhiveisaHphpplicablephonat e,

A -G o-al kyl sul ph tyl syl phonat e IS

react ed |nya suPtZgggugg#%%ﬁ%éﬁégéﬁiE%QQ§¥g§gurce Kat - X
whiee probliat stated abeve i sobvatilyrthanaodessaycdrding tohthe invention as
NRABHPAS hStckiledbOVe. In the process according to the
invention the conpounds Kat-X are used as the 20

source for the anions X-. These are salts which

CDhé Biventiof 2kl t6 §3rbcdsd f@ngebhﬁﬂ hew ﬁJt&);ﬁmn%kKof formula 1
Theoretically, all the salts )g wherein X may have

t he meani ngs given above, Hg@y ﬁéHyse for the

reaction according to the inveption. wever, WO

2005/ 042526 PCT/ EP2004/ 012268 ts Kat-X wherein Kat
denotes a cation selected f e series of the

are preferred. In
ccording to the

nq§u denot es anmoni um

(NH4) or also tetralk niFam, ( N( G - Cs-al kyl ) 4+
preferably N(G -C4-al kyh)8+) .S ticularly 5 preferred

in the process according to the inventioh are those

q;g{m@mrﬂsd&ﬁ;teg}(anmhel n Kat denot es cations which are
rmsd b it sodi um magnesi um
PFﬁCLtﬁﬁ‘ Qdﬂﬁﬂ‘ﬂﬂﬂl%ﬁmﬁ&@s OPZ‘W-‘;J& In the case of

addition, it is also pr&%@ra
i nvention to use salts

pol yval ent -
H,C. N’ .CH, Y
O
O
HO 0]
== =
NS §./
wherein
Y- denotes an anion different from X- selected from the group consisting of

halide, C;-Cio-alkylsulphonate, C{-Cjo-alkylsulphate, Cs-Cio-arylsulphonate,
is reacted in a suitable solvent with an ion source Kat-X wherein Kat denotes a
cation and X may have the meanings given above.

In the process according to the invention the compounds Kat-X are used as the
source for the anions X-. These are salts which contain a cation (Kat) in addition to
the anion X-, Theoretically, all the salts Kat-X, wherein X may have the meanings
given above, may be used for the reaction according to the invention. However,

-2
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cations, the salts fornmed by them ((such as e.g. My12)

WD GRUEIBASZRET - "uni ch shoul d not t her ef of & HEP2004012268

regarded as 10 being restricted to salts of a

stoi chionetric conposition. O outstanding inportance
according to the invention are salts which are forned

by sodi um potassium or amoni um preferably sodi um
tetrabutyl ammoni um or anmoni um preferably sodi um or

agates i aX u&ﬁraih KAdRa6ES aatonteRgrddofrbmaht BYER! dfahe iafkali or

PR Th GRBILFE il o B0 B i 850 prstiebli issprting o the

' tlheentangmwa:maits Nhamm:l Kaln denotes aneaohivinm N mi)oonwlam:t

+S +
reco&?‘g‘%&égiﬂ?@( gi’]?na Iéﬁ%(q:g{ebri N@ routa hér@ ¢ )ZBamC“]aﬂy
dxpteredeintthe psmee%mcgrdlngmthmmmetm atudiose epmpornds Kat-X
(R SIS i niat b ne! IO, el i,
d’&f‘ﬁfi“é{ﬂ% cra?ﬁ Q%@g}mwugbeg}gﬁﬁﬁg&wwﬁ@ - TRRHE256 19, pglyvalent
tdaaysnasme silts foaunied byl caeiny((Suth dxee. oM ) Girel ﬁoﬁﬂfred hecordlng to the

139 %hnlz}[ g{ ( eg}rgrnggglﬁrpo#(g? ﬁé'f H.rzlﬁ% s Z“ﬁ‘h gﬂgﬁ)ergfgre be ?e%%rded as

|b§mg reptned tcamltsmmaesntolcmomﬂenabbmpbsmmt er of pH 2-6

- as well as polar organic solvents sel ected fromthe

%tr)oup consisting of alcohols such as for exanp
foutstsagdingimpainncy aeeqrdingniogihy dayention aaé§alsm &hl%hs are formed

f@rsoaiﬁﬁﬁpb@tagbxﬂmt dtydlﬁﬁbﬁnfﬂl derefdidbl sodlum, tetrabutylammonium or
et hers sucg exanpl e

D PaR R S F 1 SO o SEERSARD. ot her | and o erTl o

such as for exanple acetonitrile. It is partlcularly

fo%?és e SHeShve otd1 '})9 er% g (Qed %Q in a polar solvent. It
Tt Otag to Bl Ghoed T b aerfBay Bk i

eneg
d$ nmylamrmﬁrdde twmasqiwnts pywhmln bnthahe reagent Kat-X used and

e FRUUHObHbATHuCH KO ANgre IEMENY! et her or

cetonitril’e as solvent, while water, particularly
SiraBlsssobismts 116 easiy xerogniptd by thapellecbugn fsecertain routine
mpémmuh@r Bylvefitsah emadﬂﬁcmﬁdtﬁg)ﬂf@nhﬁm 1 ivédedsisefuble for
T S O NI ORER N
Kas+'E hicopaticubrly prefented agtorndimg reethgantendiin, Xs aiey assist
pRAISE PR SEbrRhel P o iR Teh b PIPRURY slvents are protic solvents
such as alcohols (for example methanol, ethanol, isopropanol) and water, preferably
water of pH 2-6 as well as polar organic solvents selected from the group consisting
of alcohols such as for example ethyleneglycol and diethyleneglycol, amides such as
for example dimethylformamide and N-methyl-pyrrolidinone, ethers such as for
example tetrahydrofuran, dioxane, dimethylether and nitriles such as for example
acetonitrile, It is particularly preferable to use water, methanol, ethanol,
isopropanol, ethyleneglycol, diethyleneglycol, dimethylformamide, N-methyl-
pyrrolidinone, tetrahydrofuran, dioxane, dimethylether or acetonitrile as solvent,

- while water, particularly aqueous solutions with a pH of about 2-6 are particularly

preferred according to the invention.
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used. However, it is preferable according to the

i&%$nt|on to_use the reagent Kat-X in excess.

P &095405‘} A€o east 2 equi val ents, preferabl yPa@TfFé?a?sQO‘UOH%S
5 equivalents, 5 particularly preferably at | east 10

equi valents, nore preferably at |east 50 equivalents

of Kat-X are used based on the conpound 2 used.

Basically, reactions wherein the excess of Kat-X is

as great as possible are preferred according to the

| BV&ydet Qﬂcar@@uﬁ@ﬂel&bbés% )écéﬁrd!ﬂketor BRILFHEN tidAl a'?qeﬂétssfto@ﬁomemc
on the choi ce of

t aken i r&&.ghcons on, (ﬂ% 994 q
- SYPORRE bEag 3rg fﬁ%‘ﬂlfq asid gn gheettariig ompound 2
. ansedr Hiowgvaxf) it © pﬁ‘éférabiw ecdordingtto the tnveAtion a6 ack the reagent Kat-X

o he Roheb SR E s P BT L0, PRI RS,

lmﬁrtlhelarly ompforabdy arf ledssri®udquivalénts smbret prefgablytanleasedo

. V\@cfd”‘valﬁﬁ{ 5 Of K&g .4 Eﬁcﬁéeﬁ%agéd ?n thé E&%%Hﬂ 9 He‘ﬁ?‘ﬂ%&ically, reactions

| east to at nost eratare
s‘ﬁh%m ¢sexpsagol IpeKdp apgjeat H&W@ﬁﬁé‘?le aphprefessed peserdiag to the

Clﬂffélgsglblqtﬂe @ﬂtlzﬂéﬁﬁﬁoﬂthéﬁe QQKaI@iX h‘%tfé]'g' ie)égik)én into coen51derat1on,
Sss
e, ot e i A1 Bt & bf i) T rrer Rgsey BFF pplsaccording

ploahe 1mxenaoﬂ|mglsé satubed sylamibno of die ®aganateXure in

the range from 10-40C, preferably at about 20-30C. By

conparison with reaction at higher tenperatures,

t’!élm@maatlm ascardingHe themgentioors ppdemablyocatoal nayby &akdng up the
n?ﬂbdrﬂ%rﬁlﬁﬁacﬁ i@%lﬁh@ﬁssatﬂ% with I{:«?taﬁt In@Mreacting at a

terrperatur nge from about - 40C are

s in.ther
pFRIPEFAtELS BemAdesh P EHe ah RRsh s %@P&éﬂf@%ﬂi‘r&?f the solvent
aed] PicfiiabRChowevdrgtHeoreattish isrt\ae:néd 6t atl18ssahae 1 00DeC, particularly

A e e

- mefcraldnsheceamtivnigkespladreadcovding ito thavtyeatisw abe temperature in

. %Eée géel%q £0th RG] Iﬁ@fergﬁ(lﬁg?gggﬁfzd( E@‘y@ B? cBHﬁaﬁ%n with reaction
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on exchangers are teri
rg highes fgynBeranies, tampesaneestia dhe rangefrnm gboupl 0-40°C may lead to

Q@ﬁ@e‘r%édﬁﬁm‘ﬁm&é H&B@versfeﬁf:ﬁ&?telﬁ%e aﬂiggpﬁ?gﬁ‘:ﬂtﬁnge from about 10-
u

( rene- oly i C nma
e ed%ﬁ@iﬁ@ﬁ% : DPREE Sav‘arqueanmp@wwa\%wrdmg to
mmnﬁon& ulcéiden e woelo upshancdacgan thébesbourdsSof fhﬁmula 1 are
ntioned ani ons X. Exanpl es
[ nc ude %BQSE&E%@EQX%@% $4hct i onal groups sel ected
from - Nl\/|93+ - NMe2( CH2CH2OH) + or -NH3+. These resins

AR #00bhs ;ﬂ;ct)nﬁng%é mvmfr&w Aoﬂa@@ﬂ a%% Bsindon

action of utions contail
é;sefwa}g@@ lfrgngmgl Wg\arp el hess g QXQMapgextswée materrals known in the art.

For example materials selected from the group consisting of styrene, styrene-
divinylbenzene (styrene~-DVB) or polyacrylic may be used for this. Particularly
preferably, resins are used which have cationic functional groups and may therefore
be charged with the above-mentioned anions X-. Examples include styrene-DVB
with functional groups selected from -NMes+, -NMe2(CH2CH20H)* or -NH3*,
These resins are known in the art and commercially obtainable. By the action of
solutions containing Kat-X, these ion exchange resins may be charged with the
corresponding ions X-. Solutions of the starting compounds of formula 2 in one of
the above-mentioned solvents may be brought into contact according to the

-4
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corresponding ions X-. Solutions of the starting

c f..formula 2 in one of 35 the

a§@52¥ﬁ§§¥@%ﬁéd sol vents may be brought into dﬁﬁ?¥E¥200¢m12268
according to the -4 WD 2005/ 042526 PCT/ EP2004/ 012268
invention with the ion exchange resins charged with

X-. The solutions obtained after renoval of the ion
exchanger or after passing through correspondi ngly

charged ion exchange colums contain the conmpounds of

f mvontieon withTthesen sXchabge edimy diR@ged WRRA-DEMeisBlutiond loptained

UGG sepio ot hO i BiRiagetr o A Pas S B5iPheh CiresShrinitoely charged
ofonfexchange @luies epntais tibervonpoumis dfonnulatlh &hest amy)be obtained

S ir consi sting of fluoride,
cﬁbgﬁhggl &b@ghnlﬁ'g%rglgo i'de, Cl-C4-al kyl sul phate, or 10
Cl - C4- al kyl sul phonate, which nmay optionally be nono-

OFn PPlefet@s bidcebLsbcBYdink ty hd PReliod,NBe Aldhg BEQUR s Bded are
nat e, he phenyl sul phonat e” hay

phenyl su| p whil et
o‘fﬁm%?f&}‘is}/)t}ggr%]ﬁ& WbF“’“iS pol ysubstituted at the
p¥ieny|denong diyarion Othatl diyh X-pélefretdddn the glotp coNsieing of

or oc odutily BRI AR Rpl T ioRe Rt bS pulihaf 5 "

conpounds of fornula 2 wherein Y- denotes an anion

ot her _ i LSt :

S0 1 SRETAIAMEGRE (ARG HIRLRY! BpBlubssiurd o
met hy Torigsat she alkglgrouppptt e, et hanesul phonat e,

et hanesul phonat e, fl uoronet hanesul phonat e,

di fl uor onet esul phonat rifl yor omet hanesul phanat e,

oheny ECSRERURE0R s i 5116 RBERIBHISH OGS neg qatskany B Fhono- or
i s t heopysebstitungl pr the gdenyhengebn G HE.-alkat, torefgragblp chechy.

used are conpounds of fornmula 2 wherein Y- denotes an

ani on other than X- selected fromthe group consisting
dilso preferred accasding i@ethe jimvpingion igrterpresedipg @regess wherein the

Qi Prod@it§ used are compounds of formula 2 wherein

Y- denotes an anion other than X- selected from the group consisting of
fluoride, chloride, bromide, iodide, methylsulphate, ethylsulphate,
methanesulphonate, ethanesulphonate, fluoromethanesulphonate,
difluoromethanesulphonate, trifluoromethanesulphonate, phenylsulphonate
and toluenesulphonate.

Preferred is the preceding process wherein the starting products used are

compounds of formula 2 wherein

Y- denotes an anion other than X- selected from the group consisting of
chloride, bromide, iodide, methylsulphate, ethylsulphate,
methanesulphonate, trifluoromethanesulphonate and toluenesulphonate.

Particularly preferred is the preceding process wherein the starting products used

are compounds of formula 2 wherein

Y- denotes an anion other than X- selected from the group consisting of
bromide, methylsulphate, methanesulphonate, trifluoromethanesulphonate
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met hanesul phonate, trifl uoronethanesul phonate and

o SRR BPoE ace wher oin the start|ng pr oducti Hp004/012268

are conpounds of fornmula 2 wherein Y- denotes an anion
ot her than X- selected fromthe group consisting of
brom de, nethyl sul phate, nethanesul phonat e,
trifluoronmethanesul phonate -5 WD 2005/ 042526

PCT/ EP2004/ 012268 and t ol uenesul phonate, preferably

br om dmd deyklﬂphphaéﬁpmferabhﬂhaﬁﬂ@e;Immmahlphate or

Parti CIHLﬁIr [_‘és,%;le(; bl'y, using the process described

above bt ained, 5 wherein X- denotes an
ani on selected fromthe group consisting of fluoride,

SHARE A i e AR i,

pFB&8HLt e, di hydr ogen phosphat e, n| trate, rral eat e
aget atdnotdsiahl 4160 €18t RH Frork ithé dﬂl@ﬁﬁﬁé %f ﬂuonde, chloride,

tartr xal [ 10 ben
AL T T N e o %ﬂraleﬂlpﬁagﬁ SR BieaPydtogen Splpbate;
d' orpHosplsatbstydrogesphbgphiate Qlihyd%ogdn p]hmsphhtey nitgatopmaleate,

ot i 0P at HBRARsFe, fifes el el oRARES Sl and

at thebeph@a‘tyi oring. Particularly preferably, using the
above-nmentioned process, salts 1 are also obtained

wher ei oaﬁfy denotes an ani on sel ected fromthe group

consi ﬂ%@ Iyulpipnade, Wiikh sRasueptionadfy bgenono-, di- or trisubstituted

met hylmmme@tmébmysﬁimabe, sul phate, hydrogen
sul phate, phosphate, hydrogen phosphate, dihydrogen

phosphate, nitrate, nmaleate, acetate,
trifl pheogselphveategivhilattke phempsdpleonata mayadpgionally be mono- or

ot handolaHaRaa By Cy COARGH B wEEhAARTE " 50" ©

di f I uor onet hanesul phonate, trifl uoronmethanesul phonate,
e fvhiasY PREBAbY, using the above-mentioned process, salts 1 are also

obtained wherein

X- denotes an anion selected from the group consisting of fluoride, chloride,
iodide, methylsulphate, ethylsulphate, sulphate, hydrogen sulphate,
phosphate, hydrogen phosphate, dihydrogen phosphate, nitrate, maleate,
acetate, trifluoroacetate, citrate, fumarate, tartrate, oxalate, succinate,
benzoate, methanesulphonate, ethanesulphonate, fluoromethanesulphonate,
difluoromethanesulphonate, trifluoromethanesulphonate, phenylsulphonate
and toluenesulphonate.

Preferably, according to the invention, using the above-mentioned process, salts 1

are also obtained wherein

X- is selected from fluoride, chloride, iodide, nitrate, maleate, acetate,
trifluoroacetate, benzoate, methanesulphonate, trifluoromethanesulphonate
and toluenesulphonate, while preferably salts 1 wherein X- is selected from
chloride, iodide, acetate, trifluoroacetate and benzoate, preferably chloride
and iodide are obtained by the process according to the invention.
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and tol uenesul phonate. Preferably, according to the

i LN, i ng the above-nenti oned process,
5&E§2b9§636€%§ned wherein 30 X- is selected fﬂiﬁﬁ%é¥é50%@12268
fluoride, chloride, iodide, nitrate, nal eate, acetate,
trifluoroacetate, benzoate, nethanesul phonate,
trifluoronethanesul phonate and tol uenesul phonat e,

while preferably salts 1 wherein X- is selected from

chloride, iodide, acetate, trifluoroacetate and
BEhe pedsent ipveitoradiby relbieotsd de uaned the dbﬁh@o@ﬁ&s @bﬁo&tﬁﬂﬂwlz

roce agcording to the, i nvention..
SHtcP 5,096 Bed SR Eh et iyt ShoB ha sfatiing Rpipotind for
iprepaningtheaogmpaeidataedfotmpulnile use of the conpounds of
formula 2 wherein Y- may have the neani ngs given
) |.0g- f i n
SR aER. B LD LRSI SR ) SRA B Binchea
(grb'epiwiNiIh Istoat(echrboafaesias,tpreferabic Nad andbonkhtans herhe following

5 Frens BB B othveot eI GRr ity R LeMEDHER PR altbape cases the

Vi réfiarfon3 Mk SEt, TROBYr BiehRsed 6 GEM(IJtthe Ekﬁdfds mlaﬂhyl ethyl,
sone cases the abbreviations Me, Et, Prop or Bu are

FEeRvhQs bevlotdnlepothesuiss sigdayhe definigipns ppmybgind dutyl include all
kL }Sbssﬂﬂgl ﬁ?ﬁWﬁ %@%ﬁﬁlﬁg gﬁgﬁtﬁﬁf P d 9813?)&%)." propyl

and butyl € | soneric

oncluﬂ@ rgmmel ang ls:prpmpyb,rbummdfeo o isoebatyhIses.bptydpnd tert.-butyl,
| udes n-propyl and iso-propyl, butyl includes
i SO-butyl, sec.butyl and tert.- butyl etc. UnI ess

quﬁ?rvﬁgé#tggﬁadl@ gﬁpé)lulgm%y g&% g@ﬁéﬁa@fgﬂ}% tg)fl df they are part
@vf ra egmr@lmr(@c@)alkyﬂnﬂp@mm@l, éortrranypde by oneoe nygregIeups selected
IRIe Sheesr E donemtihE f Qﬁ@ﬂﬂe, ISvhd, 'b?&n fd]#?%ﬁgé% or methoxy.

chl oriné, brom ne, “CF 3, hydroxy or dXy
within the scope of the present |nvent| on represents

Halogdmw xthmhihe lscope of teQiTestrt Mivein®ith Fepredéhtd MRokiBE Mhiorine,
%801% % yl.. denotes an aromatic ring systemwith 6 to
FogriodiS s

Preferred aryl groups are phenyl or
napht hyl . These may optionally be substituted,

The term Cs-Cio-aryl denotes an aromatic ring system with 6 to 10 carbon atoms.
Preferred aryl groups are phenyl or naphthyl. These may optionally be substituted,
for example by one or more groups selected from the group comprising methyl,
fluorine, chlorine, bromine, hydroxy, CFs or methoxy.

The starting compounds of formula 2 are prepared for example analogously to the
method disclosed in EP-A-418716. This is outlined in the following Diagram 1.

+
N/CHa | |"I30~|\I,GH3 e
Q Me-Y Q
O - O
HO O HO 0]
= - =z ==
N\_S §.7 N\_S§ S§.7
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for exanple by one or nore groups selected fromthe
oup conprising nmethyl, fluorine, chlorine, bromn
gw dP @R03/082326r met hoxy. 25 The starting c:orrpdiﬁﬁ'@@ilfﬁo041’012268
formula 2 are prepared for exanpl e anal ogously to the
met hod di scl osed in EP-A-418716. This is outlined in
the followwng Dhagram 1. N ~CH3 H3C. N.CH3 Me-Y -7 WD
2005/ 042526 PCT/ EP2004/ 012268 3 Diagram 1: Starting
from scopi nedithienylglycolic acid esters 3 the
starting conmpoynds 2 may be obtained by reachion with
the reagent Me-Y. The prior art has hitherto only
descri bed the synthesis of tiotropium brom de
(Pgeadilng to Diagram 1). Inasnuch as the conpounds of
formula 2 wherein Y- has 10 a neani ng ot her than
brom de are novel and nmay be used |ike tiotropium
kﬁmrﬁlt&fromscsphreﬂithg:nglmymhﬁ dsid a3tdrb @ thy BiapEsg sompounds 2 may

ny regparing the
on%%tgngg bé'ore%%?or#uWatﬁl e?%ae@%g Ievgeeﬁf i nvention al so
relates to the starting conpounds of formJIa 2 as

SPH@pnM‘ﬂt‘HaQ hﬁheff@lbnlikaé(@sc Ple%r s (glstl&w;ﬁﬁm bromide

above, exception 0O Optl ona

t(ﬁecqré}% té?f faﬂealg d)vinaggugh as sh%wnapeg % plclosmu Ya Zyherein Y- has
@(mﬁ@hlﬁgldﬁhﬁg:hhﬁ |b‘ﬁ01ﬁiﬁld1ﬁ@ dovel 41l hﬁWb&%s&ﬁ @ﬂké itidfropium bromide

GO SRRHEZoRipobRET ey iR O End L ey fpr preparing the
avoraingg of farnhiie 1, dweptesent iaven tinmt aismm:lateﬁﬁ) thesstaminge

%ng?ou&l'ag %@%&9@% 9043 Yt m%&t%rge&h%gmw BARAL fheanings given

tr oprum ne
dﬂ OFR- Wikl EhR/ERCGPlIeB |0§b€0rm§leh opteRailysinl hé@l@n of the solvates or

(Hydedte P RIHEDS,

For example using this method the following starting compounds of formula 2
which have not yet been described in the art and which are also preferred according
to the invention are obtained:

- - scopine di-(2-thienyl)glycolate-methomethanesulphonate (tdotropium

methanesulphonate);
- scopine di-(2-thienyl)glycolate-methomethylsulphate (tiotropium
methylsulphate).

Where these new compounds may be used as starting compounds in the process
according to the ihvention, the present invention relates particularly preferably to
the two above-mentioned compounds as such, optionally in the form of the solvates
or hydrates thereof,

'The following Examples serve to illustrate the present invention more fully, without

‘restricting the scope of the invention to the embodiments described by way of

example,

A.1, Starting materials
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met hyl éul phate). 25 Where these new conmpounds may be

tartl ng conpounds in the process accordin
?@eﬁﬁgoﬁwgﬁ%on the present invention relat FLT/EP2004/012268

particularly preferably to the two above-nentioned
conpounds as such, optionally in the formof the
sol vates or hydrates thereof. 30 The foll ow ng
Exanpl es serve to illustrate the present invention
nore fully, without restricting the scope of the
invention to the enbodi nents descri bed by way of
.tartlng mat eri al s WO 2005/ 042526
‘ i TR2ERAE: | 1. tiotropium bronide:
TTmtmmmrbrbnnm dmw‘myome;neatfan aeanple usitgahp peodedufgdescribed in

ANFioBRf FAEATFIER AR s B T o T op L

nmet hanesul phonate: 75.5 g scopine

di -1 2- {H ﬁﬁq% §9h lﬁ;lfétgll ssolved in 750 ni

acetoni ntly. After the addition

of>-32% Sﬁpp@rs %(%ﬁle%}mg |apmdﬁaqléed e75Gnl agetenityle while
SHelahh @eﬁ%ly i;%‘er nﬁEtaaﬁlﬂJheoﬂfmﬁﬂd lg?ﬁ} 8 rﬁaﬁ@ﬂe@@awna%&m
SOl v.en u
i Srens Stiered af apog Al e el ps e SDBE 350 m spjvent
idistled dff eddéxyredaced/pieasure SThe pooduartrystallises olut a1(1c7l jrs gltered off.
tal s
A PO Rl Bl e e Ao 21 B 0 T
(ield: $3.36 mmumtﬁet(m Ba)spheltiag pamat: 8¢8Iy t witthe

REBRPogRDES] bed in para. 1.2, 75.5 g scopine di-(2-
t hi enyl) gl ycol ate are reacted with 20.9 m

di met hyl sul phate in 750 m acetonitrile. The crude
p‘-‘{CId}J.CI‘loM' im enastBLIpha &S out is separated off and

lggsotuasiy {oth g nflétﬁtr)nd drggén Igl in pfa(l):g Ipél,r’}Sf 5 %astc!)glrﬁe di-(2-
thienyl)glycolate are reacted with 20.9 ml dimethylsulphate in 750 ml acetonitrile.

- The crude product which crystallises out is separated off and recrystallised from

methanol for purification.
Yield: 83.89 g white crystals (77.5 %); melting point: 183-184°C (with
decomposition).

A. I1. Examples of synthesis according to the invention

Example 1: Tiotropium chloride
1.00g tiotropium bromide is suspended in 100 ml saturated NaCl solution (35.8g

NaCl/100g E-water) and stirred for 14 h at ambient temperature. It is then filtered
and the product thus obtained is suspended again for 4 h in 100 ml saturated NaCl-
solution (35.8g/100g). The product is isolated by filtration, dried and then taken up
in 15 ml of methanol at boiling temperature. It is filtered hot to remove insoluble
matter and the filtrate is cooled to ambient temperature, whereupon the product
crystallises out.

Yield: 486.2 mg (53.7%); colourless crystal powder; melting point: 234°C
(decomposition);
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20 Yield: 83.89 g white crystals (77.5 9% ; rrelting
pm@t 183-184C (wth deconposition). A 1l &DI es
R2226 ccor di ng to the invention 25 Ex&’r%T [2004/012268
Tiotropiumchloride 1.00g tiotropiumbromde is
suspended in 100 m saturated NaC solution (35.8¢g
NaCl /1 00g E-water) and stirred for 14 h at anbi ent
tenperature. It is then filtered and the product thus
obtai ned is suspended again for 4 hin 100 m
sahwnatd%@bcmgf j2: DU CIRON ISR 98;9/:,59&19)8 zm PleABElidd 8an no

ol at ed tration, dried an thenta en up 30 in
ngf:rlquq%g dnol at boiling tenperature. i s
flltered hot to reane insoluble matter and t he

f'I anbi ent tenperature, whereupon
t%%—lf foft es out. Yield: 486.2 ng

(5803 % riotroboum [besmctcrgxstsabpqmimddn 50mel ¢atmgptezbiammonium iodide

%gﬁ?@?@ (%:;anter adl et ect edéqgﬁzéégét ambient tgmp erature. It is
7thendglierad ¢he groyy thysebiinsdiiy dried andlshen tkgaupga 85 ml of
Qﬁkﬂﬁhgﬂat @iﬁf@ k@nﬁeraﬁir@tmﬁﬁlﬁt@eﬂq{ﬂtqg r@m@v@ﬂﬁoﬁfb}e matter and

0] ium € suspenaed | at ur
R R L i d L M L

squtrred for 2 days at anbient tenperature. is then

LR [P0GR B ess Bt B RUPE iﬁfﬁg ?12 2%56%‘% ire.
(]

|Ampgs ﬂctes:mdelw HHLG godisierie28YischlghRé )3 ehe biregnide lggn no

fibhgdrdeeddiscre@0! ed to anbi ent tenperature, whereupon
the product crystallises 10 out. Yield: 4.41g (80%;

colourl ess crystal powder; nelting point 205C, Anions

dEtiepiihchyl bblashed zﬁ@idﬂﬁalﬁéd aBog6adle staPdnd B tb6pium
bro%ﬁe %gn no.. é det 6&1 ed. 15 The products 1
SBERvREIPhare o He %ﬂféﬂ Daf€arting from

tiotropium nethyl suI phat e or tiotropium

- Rl mpéfnﬁkgm%@ion of the examples of synthesis according to the

invention

The compounds obtained by the above process were characterised in more detail
using X-ray powder diffraction. The following procedure was used to record the X-
ray powder diagrams listed below.

The X-ray powder diagrams were recorded within the scope of the present
invention using a Bruker D8 Advanced with an OED (= location-sensitive
detector) (CuK, - radiation, A = 1.5418 A, 30 kV, 40 mA).

Example 1: Tiotropium chloride
The tiotropium chloride obtained by the above method is highly crystalline and is

obtained in anhydrous form. It was subjected to further examination by X-ray
powder diffraction.

The X-ray powder diagram obtained for the anhydrous tiotropium chloride is
shown in Figure 1.

-10 -




(I Characterlsatlon of the exanpl es of synthe3|s

" i nvention 20 The conpounds ned.
9@@@05%5‘%82 rocess were characterised in rm:i’gﬁrg”b o 04/012268

using X-ray powder diffraction. The foll ow ng
procedure was used to record the X- ray. powder
diagrans |listed below 25 The X-ray powder di agrans
were recorded within the scope of the present

i nvention using a Bruker D8 Advanced with an OED (=

| ocation-sensitive detector) (CuK. - radiation, A =

ohRgE o et BptAStsisht enRby s eREIREH Hmsifes

above nmethod is highly crystalline and is obtained in
aphydrious form It was subJ ect ed to further

-

exam nattron—by Xray weret UIIIIablIL The— XT3
powder di agr oBﬂalned for fme éﬂhydrcuslﬁﬁ%ﬁﬂaplék
chloridé_is 35 shown | Ei gure 1 -101\WD 2005/ 042526
PCT/ EP2004/ 0128288 Tabl €| 1 bel bw0lli sts t|he 6
characteristic peaks and standardi sed ilntensities
Table 17 2 0 [10]8tbkl [Alintengidy [%4 §.8310. (Bl6
11.877.4531 _13.26.78 13| 826.48 14.396. 1583 15. 295. 799
15. 875. 58100 1£3,725. 312 6.7 8

13.82 6.4 8

14.39 6.15 83

15.29 5.79 9

15.87 5.58 100

16.72 5.3 12

17.24 5.14 44

17.68 5.01 45

18.22 4.86 4

19.38 4.58 4

19.95 4.45 86

20.85 4.26 20

21.45 4.14 4

22.59 .3.93 53

23.47 3.79 16

24.09 3.69 18

24.48 3.63 5

24.84 3.58 10

-11 -
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17.245. 1444 17.685. 0145 18. 224.864 19. 384. 584

1 . 854. 2620 21.454. 144 22.593. 935

2%’(3%0%%2528 093. 6918 24. 483. 635 24.843. 581§°CT€LER&904’012268
2005/ 042526 PCT/ EP2004/ 012268 25.563. 489 26. 123. 4125

26.533. 364 27.413. 2544 27.833.24 28.763.17 29.593. 027

29.862. 9910 30.492.934 In the above Table the value "2
O[]" represents the diffraction angle in degrees and

the valye*d [Al" represents the specified lattice
pl ane imterval2s.5n A. 5| The ti3048 opi umjchl ori de
obt ai ned_hy the nethad pf synthesis acdording to _the
invention is Regtdy crystal limearpnd is |theref ge
particullarly well suited to the preparlation of, for
exanpl e| pharmgoputi cal| f or mulsaggq ons far 4
adm ni sirati on by |
27.41 3.25 44 :
27.83 3.2 4
28.76 3.1 7
29.59 3.02 7
29.86 2,99 10
30.49 2.93 4

In the above Table the value "2 ® [°]" represents the diffraction angle in degrees
and the value " dwa [A]" represents the specified lattice plane intervals in A.

- The tiotropium chloride obtained by the method of synthesis 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.

Accordingly, the present invention also relates to tiotropium chloride as such,
particularly crystalline tiotropium chloride, optionally in the form of the hydrates or
solvates thereof. Particularly preferred is a crystalline tiotropium chloride which is
characterised in that in the X-ray powder diagram it has, inter alia, the characteristic
values d= 6.15 A; 5.58 A; 4.45 A and 3.93 A.

The tiotropium chloride which may be obtained by the above method can be

. converted directly into the corresponding hydrate by the controlled action of

moisture (i.e. water vapour or the like). Accordingly, the present invention also
relates to the above-mentioned tiotropium chloride in the form of its hydrate.

Example 2: Tiotropium iodide

-12-



i nhal ati on such as inhal abl e powders or for exanple

I t - tai ning aerosol formulations. 10
§§@g§8bﬁ@ﬁ§58€he present invention also reIaté@ST%EP2004K”2268
tiotropiumchloride as such, particularly crystalline
tiotropiumchloride, optionally in the formof the
hydrates or solvates thereof. Particularly preferred
is a crystalline tiotropiumchloride which is
characterised in that in the X-ray powder diagramit

HEke tibftbpruntiddide bb&il@dtﬁbﬁﬂieeéb;lgﬁbin?aﬁt@d\@higﬁ% ystallihe and is
e t1otr

A, 5. 58.A 4.45 A.and 3.93 A opium chl ori de
B B B e i) eI 0F d pebonder
obiffvamtioed directly into the correspondi ng hydrate by
the controlled action of noisture (i.e. water vapour
or the like). Accordingly, the present invention also
2bhe ey aewdsrdizgramorhsained foothscnhydrouspiatmenihinoioditls is shown
11 RigrefOr m of its hydrate. Exanple 2: Tiotropium

i odi de -12 WO 2005/ 042526 PCT/ EP2004/ 012268 The
tiotropi umiodi de obtained by the above nethod is
Hlghié @ belows lisds|the eh@abieristic PALR ad@ckrhmdaaR¥d iefsities. m
It was further investigated by X-ray powder
diffraction. 5 The X-ray powder di agram obtai ned for
the anhydrous tiotropiumiodide is shown in Figure 2.
Table 2 below lists the characteristic peaks and
standardi sed intensities. WO 2005/ 042526 Tabl e 2:

PCT/ EP2004/ 012268 2 0 [O]dbw [Alintensity [%

11.008. 045 12.327.1823 13. 156. 7315 14.046. 3031

-13 -




15. 035. 8913 15.685. 6513 16. 365. 4111 17. 075. 1930

150888260 0044256 1 614 1144 22, 423, oGGT/EP2004012268

22.693. 9211 22.823.897 23.383. 828 25. 043. 5538
25.363. 519 26.353. 3811 -14 WD 2005/ 042526

PCT/ EP2004/ 012268 26.503. 3613 26. 693. 3427 26. 993. 308
27.313.264 27.783.2115 28.133.1719 28. 333. 1514

28.683. 117
Table 2:

20 [°] dni [A] intensity [%]
11.00 8.04 5
12.32 7.18 23
13.15 6.73 15
14.04 6.30 31
15.03 5.89 13
15.68 5.65 13
16.36 5.41 11
17.07 5.19 30
17.29 5.12 15
17.88 ‘ 4.96 26
18.18 4.88 8
18.44 4.81 25
19.84 4.47 100
20.09 4.42 26
21.61 4.11 44
22.42 3.96 11
22.69 3.92 11
22.82 3.89 7
23.38 3.8 28
25.04 3.55 38
25.36 3.51 9
26.35 3.38 il

-14 -
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28.983. 086 29.203. 067 29.473.0316 29.972. 985

OS2

degr ees

and the val ue '

542.8318 32.112.7820 In the abo
6 [1" represents the diffraction

" dt [A]" repres

ents the

specified lattice plane intervals in AL 5 The
tiotropi umiodi de obtained by the nmethod of synthesis
according to the invention is highly crystalline and

is there
pr epar at
f or mul at

f or e-particulal
i on of26.5@r exa

I

Lons for adm ni

v well suited.t

7J
pl e, Fhaé maceut
stration by in

o..t.he
i cal 13
al ation_such as

i nhal abl
aer osol

e powds&o or fof

fornulations.

exanyd.s4 pr opel
10 _Accordingly,

| ant - copt ai ni ng
t he present

inventign al s@e® ates o tiotyepi umigdi de asgsuch,

parti cul

arly crystallin

p tiotropi umiodi de,

optional ly

in the f

orm ofgtfe hydr

at es org o0l vatgs theregqf.

Vﬁgﬁ@f@pzuomzﬁs

‘tiotropi

s the anhydrous crystalline
526 PQT/ EP20044 012268

Particuliarly preferred
tiotropijum i odi -15 WD 2005/
according to the invent|on which is chgracterised in
that injthe X powdef  di agr it hgs, intef,alla,
the chanacteristic valupes d= 6.301; 5.191; 4.471; 4.11
A and 37551 B, Pharaceutical formgtations, he
present }i nvenlzigo# al so rel at eg'ﬁ) new phar macelit i cal
f or mul afions W oir——contarnm the_above-renttoneg—Tew
um sa;y(és&{i ot ropi um c bride o ti otrgpi um
i i otroptumiodide—are
This nBy be

At AN
at T UTTto;

ons or 7

. || Hp= | Pour-eP~
ruimrormuoupr Tuc arma—ti

preferably adfif stered by i 88 ati on.
hl.o nnnvdcrnnl 10 fnarm

one usirg—rhat-able—peo ed—10—+formH
d g hal B I
propel | ant - coRP&ti ng aker osol 3 nul at i
propel |

i odi de. [Trot+ro

nt _fraao
ATTU T T O

29.47

3.03 16

29.97 2.98 ' 5

30.31 2.95 6

31.54 2.83 18

32.11 2,78 20

In the above Table the value "2 @ [°]" represents the diffraction angle in degrees
and the value " dua [A]" represents the specified lattice plane intervals in A.

The tiotropium iodide obtained by the method of synthesis 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.

Accordingly, the present invention also relates to tiotropium iodide as such,
particularly crystalline tiotropium iodide, optionally in the form of the hydrates or
solvates thereof. Particularly preferred is the anhydrous crystalline tiotropium iodide

- 15 -



10

15

20

25

30

35

i nhal abl e sol utions. B.1. Inhal abl e powder The present

i ' relates to inhal abl e powder

O&yég%bb%ﬁ%/gQS tiotropiumin the form of theIi)t(i‘%%ﬂb%ocy012268
tiotropiumchloride or tiotropiumiodide according to

the invention conbined wth a physiologically

acceptable excipient. By tiotropium is neant the

amoni um cati on. | nhal abl e powders which contain 0.01

to 2 %tiotropiumare preferred according to the

| qoeerding o ﬂféalmtzémdrﬁwhmhaﬁ chaft fdistd hattak e thoXday powder

contain. tiotr anoun fro ut 3t
G i paS, P ol ge® R Rerie Saes Sl 09 & 4T As 411 A
CBIﬁB3155?0 3 % O particular mportance according to
the invention, finally, are inhalable powders which

contain about 0.08 to 0.22 % tiotropium The anounts
dB. Pharmaceugicabfosmulations)ve are based on the anount

ofhé pféseenplwmn&@siw @elseett@he@cbhamecémai ﬂﬁhﬁﬂﬁﬁ&ﬁ%&ch

accordlrtﬂgé he 1.nveption contain tlotrouH]w

190238 e apotemeptighns ﬁ}th’P@FiPB‘lui“%l%a Briqtr g pide or

ititd'rdiﬂumdfcgﬂ ﬁ@oﬁr@%luhhehlbﬁvle ehd]gfbtrﬁ[mmeiwidlalaeap&ferably

t . are yse r..t ur poses .of the present

4Bin i et T ant Mo R SBRZEE adhs LGe PHERAYE Rowesrea

dormulatings,usopgllaurcoeriningtdsonie] korawlationst drepraptilantHeee

qgh:ﬁéﬁl RbfHcssused according to the invention may al so
m Xtures of excipients which are obtained by

mX| ng excipient fractions of different nmean particle

%Aesnhﬂ@jmbgsv&&- physi ol ogi cal ly accept abl e
are the .

RS S nlC o S ErTel HeAr AT B B REiE -0 66 3 %

itiottdpéumnihahe féres oBmeammlﬂungchIOndh er tiowepiumiodide according to

BRSBTS o6 gl M SR A B Bt

di B®eBhthe afamlopiauy catiant ose, sacc har ose, mal t ose,
ThENAbRIDwd RS WaRkh &ﬂﬂalnRPbY%‘Q@Jﬁ&Hd% rg preferred according to

dextrans, dextri g} dextrin | ose),

(B¥ {prcRBhBy Barteu Bty qupisPied bl ooy er&mt@tﬂ flotropiutn in an
@yt ued €vdrh aBsuf €.08. tod- Ty @)kﬁéfabw 0.05 16-0.6 Y6 RAEEIAHIH preferably

B B e e R imnestiseR pECSiine B thipenrion, inally, are

anhyilatila @olyldrowhichrdodedin abosad 108 tOd).82 %6 ddiropium.
qkﬂeoilhgﬁmts %?ltfbltféﬁum specified above are based on the amount of tiotropium
cation contained. The inhalable powders according to the invention contain
tiotropium in the form of the tiotropium chloride or tiotropium iodide according to
the invention.

The excipients that are used for the purposes of the present invention are prepared
by suitable grinding and/or screening 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
inhalable powders used to produce the inhalable powders for use in the inhalettes
according to the invention include monosaccharides (e.g. glucose, fructose or

-16 -
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carbonate), or mxtures thereof. Preferably, nono- or

' [ are used, while the use of |actose
ghﬁi%@ggﬁ@gggéferred, particul arly, but not -PCTYEPZOO%@12268
exclusively, in the formof their hydrates. For the
pur poses of the invention, |lactose is the particularly
preferred excipient, while | actose nonohydrate i s nost
particularly preferred. 10 Wthin the scope of the
i nhal abl e powders according to the invention the

eatabimiose)t gisabehetides (A lativs&VRtagRoR dl &€, BéiEfoses, dlizo- and

PR RS e et AR, mAS e el

dappydpehas ée.gtworbital, fanaitolxylimll ryclbdectrine n&. ghic-bydodextrin, B-

RS A AR AT oo,

agrlsf Geeﬁnatfm@mgrlwdpoqgomﬂe)p@wltb Kegescetipnadaride, calcium
| da%lB&ﬂatED? 0@ iniREred ﬂiere-lai eP?éf&raBE)e nﬁﬁfd—'o‘ild‘?sa bl]fa%c_{f@ﬁr@ﬁsed while

term usi ng. met hods kno in
etﬁsr‘ﬂﬁ?e fﬁﬁt%ﬁ/% lyegse Isgue ﬁért;s%bf Qut pphexalysively, in the
dodarofttheipiggane. Foe the lﬂ?ﬁ}p@d b&seom\ed@xfenal(c‘)ﬁpradtdsl i the particularly
t en roni.sed ti um chl or i
ARy, Bhfie RAAGE tnbb iR niohs Patefe i tlmrefiyrec.
an average particle size of 0.5 to 10m particularly

%anﬁhﬁﬁﬁers%%é’ of fl‘fér‘ihi]laltagle%vrd&s Qggﬁﬂngt olil€i drﬁ?éﬁheh‘%ﬂé excipients

[B§1X ure. .-The average p
VR § TRETABER akerasnPaTicletzeet up & 25Qn, asc&rpbhr baoveen 10 and

Q30803 %@st@éﬁ%@ﬁbe@een RB06RP§Gm f Qf nﬁﬁf'sﬂﬁieﬁ%e%%@em appropriate
aa smg ag:tl]&? su st@Eces ar e Irtn ) 0

EP. g FIpIeRs agHeAs v IWVﬁFa&Sé)raéﬁc E)?’(?Fﬁ drfp Onm to the

rcixxipnimts irentiseed aboteh €T hesei finiceRkcipidnts srepasd setedtad fripm the group

%? IPB ‘{)ﬁre% ﬁe&t?hﬁ& h%éegﬁl?éfgfg ST\Q’Q B%&@Ee?ﬁ% %%:eosrl]?e may be
Elytqmza% usipgmagthpds knoven iin theeant t(ch Erreexanp S B 060243 Q7R9,

g:;:%é?@pﬂsol\%ﬂﬁ . Sftxﬁélﬁruﬁﬂ Bﬂzler'fs i‘rzéﬁa?g i Mﬁa%‘l@ﬁ@#ﬂer according to

ract.omet er USi ersi on net
fnygatiopmigrepised %2@0%\)11 skl Q%{%é?frﬁ‘ﬁ&?lugh ingidee tihées
poefarnbinclidacrrited b an hoeragx 93&1&6 ﬁ@e Uﬂg @%am,pamculaﬂy
BROPHEP R 30 20, Rl Bk bsqibugng Bghics Th aveiage parice

VizE unay o Qtﬂermmado.tsmgemthmﬁ kimiwnginathe asefcf. for example WO

SRS A1 AR 0 e it

rart

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 ym and a 10
% fine content.

By average particle size is meant here the 50 % value of the volume distribution
measured with a laser diffractometer using the dry dispersion method. The average
particle size may be determined using methods known in the art (cf. for example
WO 02/30389, paragraphs A and C). Analogously, the 10% fine content in this
instance refers to the 10% value of the volume distribution measured using a laser
diffractometer. In other words, for the purposes of the present invention, the 10%
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fine content denotes the particle size bel ow which 10%

0 Lty of particles is found (based
vyg:@og@fj?%uti on). The percentages given Wlf@ifﬁf%@‘l’m%s
scope of the present invention are always percent

by wei ght, unless specifically stated to the contrary.

In particularly preferred inhal abl e powders the

exci pient is characterised by a nean particle size of

12 to 35 m particularly preferably from13 to 30 gm
Aisocqieht derloaed ﬂlﬁnfafﬁdg:/ e b%lc&ni hhﬁxSﬁO 10%nhEltad hganntylof particles is
P r ej,n the o.fipe content is about

%\ﬁgﬁrﬂ% a%@:‘#%hjﬁb‘fcﬂ}mgs&ﬁmg E ’El)o 3 m The inhal abl e

powders according to the invention are characterised,

' Thgg 8?1?3%@? glv ﬂ%lggl}é;é&%feeq?gﬂng iéﬂ%éﬁ{hb&%dﬁ&%&% percent

s@h@élgbﬁ uni@%saeeg 1eally mted.tﬂgh@cma;y Th| sisin the
reg| on of < 8 %15 preferably < 6 % , nost preferably

fter t t mat er i s have heen wei ghe
ot partigtleriarciped gy@wéaetﬂg pawger ;féﬁ@aew%ﬁwﬁ%tegsedd by a mean
epentipleaive 1@ tolss @af pmww@@tmfaaw iffagn M8t Gdsudsnown

[ . Al Rf etothe di scl e
Sishei st 68 e, Phe R Cepvsr s B 404 fine
aitml@ftrttllﬁgbwt1m4m@ncﬂemblmbomb6rtdl3nghy be obt ai ned

by the method described below, for exanple. In the
preparati on nmethods described  hereinafter the

chhpdihelnble Bewders ageordingto thedpwrntionmre wharpstegised, in accordance

dm@méop@budmtoha;vhxamy@mvaahbﬂ ﬁ@ﬂa&apﬁpalhggma?@é of Bmogeneity
I e an

S. t he
B R Bonsh o B B ol tpiese S e e aiipm T < 8 %
quafeaiblp < 6 Thenmmst prefersbilyst dr¥ée used has an aver age
particle size of 0.5 to 10 m preferably 1 to 6 m
nost preferably 2 to 5 pin. The excipient and the
deftgrythe segting macerials bays beasr wipighedguttheushalgble poivedess are

ereﬁ‘alﬁ&%‘ﬁ #d Ekg:lﬁbﬁﬁ’aﬁld“cﬂehac%vg%ﬁﬂst%@eeusﬂé nfé'tﬁodsokr?own in the

r.ef erably r abl 6
. TEGeBramey bospadals Bedliesmie b SEOI0F30190 Jor sxgiple. The
tihlexlatla @ oaalersfecotdiag an eiee inveadohe ﬁhdycacbbﬁilﬂgly ibe®btained by the

- B Bt ites B BB iR e gl eiipoas described

bgraihafirahe gompehentsede used;meﬂe propotftens by wogiodesatibed in the
'aBoeé-hfern%h‘é‘d cb gﬁmn;r%? b?J péﬁ&ffrgxm pient with

he active substance may t ace e -18

First, the excipient and the active substance are placed in a suitable mixing
container. The active substance used has an average particle size of 0.5 to 10 pm,
preferably 1 to 6 pm, most preferably 2 to 5 pm. The excipient and the active
substance are preferably added using a sieve or a granulating sieve with a mesh size
of 0.1 to 2 mm, preferably 0.3 to 1 mm, most preferably 0.3 to 0.6 mm., Preferably,
the excipient is put in first and then the active substance is added to the mixing
container. During this mixing process the two components are preferably added in
batches. It is particularly preferred to sieve in the two components in alternate

layers. The mixing of the excipient with the active substance may take place while
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WD 2005/ 042526 PCT/ EP2004/ 012268 the two conponents

a il i.ng added. Preferably, however, mxi '
OWQS@&%O&%R& the two conponents have been ﬁ@{;‘&)ﬂfqpymzzﬁs
| ayer by | ayer. The present invention also relates to

the use of the inhal able powders according to 5 the
invention for preparing a pharnmaceutical conposition

for the treatnent of respiratory conplaints,
ﬁjétlcul arly for the_treatnent of COPD and/ or ast hma.

HOrcamBRRRE NSRS Sl bednmrddesy Dreferably, ihoveres, snixpag)is only done
f Qﬁc%@%%oﬂ?dﬁ%@eﬂaﬁkq{e@ﬂ sieVSd Wla?@{]@r r%é@r whi ch

nmeter a singl roma reservol ans of a
measuri ng 10 chanber (e.g. according to US 4570630A)

o,ﬁ, by ot her neans ée.glh according to DE 36 25 685 A).
PLBF Sresny InvARGRR also relptesitabg ut of thevpkalabls pepidgrmrpcording to

tmetlhﬁenﬂdﬁ\&eﬁbt@&rﬂlfgfh mﬁﬁdemﬁ%a@ Sg?g%faheﬁ f61 eB&Rment of
S BoPuoR syt TR dromsat o GOT apios astma.

15 Most preferably, the capsules containing the

i phal rﬁ‘@léﬁﬂ@@%ﬁérsaﬁﬁgﬁgﬁnﬁ% iR 1hb&thdnn1¥1§?%rgkaﬁ{rpqe be administered

adm nj stere
TeiRg inhalare which m@ﬁ'araaﬁ@méc dgeedfrbyn ardsonsitriy means of a measuring

C@ﬁhﬂie&"(@ %pﬁ%r&‘!n@qeﬁ§ %37 |96S§tﬁ4r:)}:)(\)/1|3b gth‘é'P g& Isﬂg ?ea&'b?dmg to DE

il Bégv"pa?’ é@%&é RORISHET fe inhalapie RTRANIG A

Gncmnﬁmred)at:laed firo d@péuléb @6 nYdldeGsb-dah@d thzﬂet@esp,tngch are used in
REQX Wi n ins,7 an

ﬁroﬂ%'/%lgﬂ SUEBd ﬁt &% esgnl%?# 1%% 93%'8 %g Foﬁt?g eec e 12

which is cpnnected to the housing 1, the deck 3 and a

SRt B ONOH Sy Rl B O o

ABEGIORATE 2 EBHIFF?@C% nsingen iphylenes s;lwwrum igure 3| Fhissinhaler is

tobatdegerited U_?fa lﬁmmglh@bﬁwnﬁng‘@%%ﬁd@ﬁ§ or dideek 3tif vWHih there are

AP BLER T By U e S Bt Bl e ousin 4,

tanenhaledomehamber COBDnected oo tasddvked of Rrielc tieore %edpush button 9

d h
LBVl E ST BachBRIT RS, RAMRuIE BRI o0 B oY S aia o
arewhpicsg 12ovhink iy eemnectesntoube hgupingde the fg¢k 2dnd a cover 11 via a
£ PRI €6 td Enélﬁe E’Latrotﬁ &JBEJiYJgQﬁ et € ﬁ?éjn& Sirits1Es ?@@Mcﬁﬁsnng the

e materi al which 1's l'ecte rom anmong t
Wt FretsFauchy astl cs, nost preferably sel ected from
anong pol yet hyl ene, pol ycarbonate, polyester,

&%eyxprﬁagé)ﬁfllgpe%n%rﬁdfu%l Y relarl%s to ?he use of the inhalable powders according

to the invention for preparing a pharmaceutical composition for treating respiratory
complaints, particularly for the treatment of COPD and/or asthma, characterised in
that the inhaler described above and shown in Figure 3 is used.

For administering the inhalable powders according to the invention using powder-
filled capsules it is particularly preferred to use capsules the material of which is
selected from among the synthetic plastics, most preferably selected from among
polyethylene, polycarbonate, polyester, polypropylene and polyethylene
terephthalate. Particularly preferred synthetic plastic materials are polyethylene,
polycarbonate or polyethylene terephthalate. If polyethylene is used as one of the
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| oW‘B@IW@fQ‘F@ﬁ@ﬁe terephthal ate. |f polyethyl endCE/ERAY4/012268

as one of the -19 WD 2005/ 042526 PCT/ EP2004/ 012268
capsul e materials which is particularly preferred
according to the invention, it is preferable to use
pol yethyl ene with a density of between 900 and 1000
kg/ nB, preferably 940 - 980 kg/ nB, nore preferably

a%ﬂégﬂfﬁ?gtenaﬁ \Qﬁﬂﬁﬁ/'é{'ﬁal@&hﬂﬁllygﬁ hte}i acge | n%/ml [iRNGYentRn, it is

tic ast S acco enti on g
prrefiraklede age PRI RIS Wit enﬁgr ﬁ bemregn 400a1d 00 kg/m?,

r@dsrylgmmgsmkg/he afdre p!réﬂeerbly Sourwodi ot As/hhehigh density

preferred according to the invention.
IB@%@FV%H )rmul ding without the use of nould rel ease

agents i's partlcul arly preferred Thi s met hod of

L A LR
prsisg nranufacewting metkodds knowipin the anb olmgeativm moshling of the plastics
C@Eﬁéﬂeﬁ%d a\ﬁ&r‘alihgcfmﬂl@lﬁvéﬂ?ﬁmamg@ﬁ@mdo%%ﬂg'Vﬂﬁfﬂtﬂ%@use of

owder s according to the inventian. sul es
nlﬁyul‘:‘bwée&srr agyys s nargigulagly pyefepeds &hﬁ) rlgﬁﬂa%e prpdugtien is well

n@efinddindlib cRaRlRrREd By et pAtit @latld réfrodhcibMal abl e
powder. Preferred formulations according to the

i nvention contain 4 to 6 ng of inhal able powder. O
dquancgh@rispeciphe tpreseat inveation relgtes to thweaboweerdntioned cepsules

C\?ﬂi%ﬂlcSﬁtau‘P l'thé MCgﬂén% \4\@ %ﬁrl é%bv@le[‘éqfccordmg to thet invention.
fornulati ons accordi ng nti on

of hese sapsulepmpy qq@tale@bcmrel B 69, éng> nrafesshly ghout 3¢0 15 mg, most
rlﬁbe&@cﬂytasoam It@helxﬁg bprhﬂararblé:ﬁ@&aeﬁ Imefeefedqeﬁnaranﬁﬁr 8ccording

e R
cmnpwrmg tcoﬂaambénrﬁcheanerdla@lsﬂr:s lﬁﬁ?ﬁhﬂ?ﬁ@? thm&i gortRindthe
n tl o SO.f el,.at es 0
A5 BRERET bre B o BB 8 B omh ol 435 £ 0ot i

of i nhal abl e powder according to the invention, for

 PREPBE s B lav@mrmg Wihedho 68 r@gﬁﬁdrgﬂm c8ﬁs1§ﬁﬁ‘€5f 8 or more of

resplrator nts, espec treat
éh@ﬁb?vea%%mﬁks ararcafalse%m QOREHH; nnlé@ﬁblarmvrdré according to the

iR 8 eyt ARt Mhaled abBgdinp/RFigare 3r €

The present invention also relates to the use of the abovementioned capsules
characterised by a content of inhalable powder according to the invention, for
preparing a pharmaceutical composition for treating respiratory complaints,
especially for treating COPD and/or asthma.

Filled capsules which contain the inhalable powders according to the invention are

produced by methods known in the art, by filling the empty capsules with the
inhalable powders according to the invention.

B.1.1. Examples of inhalable powders according to the invention
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30 produced by nethods known in the art, by filling
npt suI es wth the inhal able povvder
ag(&r%lmﬁé) @he invention. B.1.1. Exanples ofP CT/EP2004/012268
i nhal abl e powders according to the invention -20 WO
2005/ 042526 PCT/ EP2004/ 012268 The fol | om ng Exanpl es
serve to illustrate the present invention in nore
detail wthout restricting the scope of the invention
to the exenplifying enbodi nents that follow 5
BTﬂle %liowﬁk%ﬁahﬁﬂesnéﬁ'@er 1Al s Rk 'tH@pgéégﬁf 1?19&%16@&1 more detail

ghropl um ch ad:ll de or ttlaotro pi.um 1 odi de accordin
PRVEStIREdhe seppepiithe “B’Peéﬁﬁﬂéotth"ee’?-‘r%%lllf&’agém Od‘ments that
pfm\ﬂde;ts according to the invention. These active
substances 10 are m croni sed anal ogously to nethods
known in the art (cf. for exanple WO 03/078429 Al).
EBdl.pileStartihg mhaeeriadlanpl es that fol | ow
| act ose- nonohydrate is used as excipient. It may be 15
obt ai ned for exanpl e from Borcul o Dono | ngredients,
der the product nane Lactochem Extra

Frne Usﬁwﬁfm cﬁ%tﬁ%&&dﬁﬁﬁﬂnQBaxcﬁ%%leﬁ@ td fhelii®ention are used to

i nvention, or the rticle size and specific surface
TERALE B iy etpﬁiw CEYacgerdpg 19 iggentiom, Ehcpe godve substances
Prre paic pdriiseal maldmsmwﬁethbaﬁ Rubwi 10 fise aa ol dbiékahtple WO
t&%%] fﬂ%%ﬁ ) Apparatus The foll owi ng machi nes

it,

and” equip for exanple, may be used to prepare the
25 inhal abl e powders M xi ng cont ai ner or powder

NEXShiend Ur bul am scher 2 L, Type 2C, made by Wlly A

en AG CH 4500 Basel 30 Hand-held screen; 0.135
ﬁthe@ﬁaw}"e% thakfollopt [acioseranenqhysrats ps nsaskasrexgipient. It may be
fobthiagd \fort ékaln’iﬂlélm BOF@M@ E5Sm6 FNERUANMNAE BIrcQloNQL difler the

B%ogg%tdla%e actoc o xtral anel}%wfdel lI%Vt\aA s%%c&%atl ns acccéHi Xg to the

invention for the particle size and specific surface area are met by this grade of
lactose.

B.1.1.2. Preparation of the powder formulations according to the invention:

I} Apparatus

The following machines and equipment, for example, may be used to prepare the
inhalable powders:

Mixing container or powder mixer; Turbulamischer 2 L, Type 2C; made by Willy

A, Bachofen AG, CH-4500 Basel

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.

Capsuile filling machine:
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P&}I’(I)EPZOOM 012268 5 M, Type GL00, nmanufacturer: M2
sWO £002/043686 Pi an di Macina di Pianoro (BOPCT{ER2004/012268

Formul ati on Exanple 1. Powder m xture : To prepare the
powder m xture, 299.39 g of excipient and 0.61 g of

m cronised tiotropiumchloride (or tiotropiumiodide)
are used. In the resulting 300 g of inhalable powder
the content of active substance, based on tiotropium

| B1©2,YBy % G1080mhaiereaner: M A2 Qrl1ORUWHNEF Pl ;9428049 & Pianoro
1&% ri?ﬁr{!]e case of tiotropiumiodi de. About 40-45 g of
e ijl are placed in a suitable m xi ng contai ner

through a hand-held screen with a nmesh size of 0.315

Then.tiofropi chloride (or 15 tiotropiumiodide)
?ﬁb Iatioh : 0-110 ng and exci pient in batches
of about 40-45 g are screened in in alternate |ayers.
PG EGhRigRt. and active substance are added in 7 and
ayers, pectively. Having been screened in, the
i hgPEenase the pewdenmixtier 889 39 & phexcinjertcarsd 64 gngf miczonised
Thrdpiad cHIbAI (6 icrRARRLR I @8 TRIE 1h MO IR 300 g of
B@E%_QﬁldVﬁ%%EEn and then m xe agai n %{ 900 rpm . o)
¥R T CURUSRY PLRAFVESUBSARR, daged n igLopRENL}SL.19 % in
tthe ebteapfitiotropihmdiidosidyaied 9. 1580 ix thevies op aiekepnim icdide.
suitabl e plastic capsules may be used to produce the
25 follow ng capsules for inhalation, for exanple: 30
35 Fornmul ati on Exanple 2: tiotropiumchloride:0.0113

rl%dtﬁlq(pé% 65&?39&}5%@5?6 Plad&Bih FBuibfly ik 08 tainer through a
Hand-held screen withoa mesh size of 0.315 mm. Then tiotropium chloride (or
tiotropium iodide) 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.

Using the method described in Example 1 it is possible to obtain inhalable powders
which when packed into suitable plastic capsules may be used to produce the

following capsules for inhalation, for example:

Formulation Example 2:

tiotropium chloride: 0.0113 mg
lactose monohydrate: 5.4887 mg
polyethvlene capsules: 100.0 mg

Total: 105.5 mg

Formulation Example 3:

tiotropium chloride: 0.0113 mg
lactose monohydrate®): 5.4887 mg
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Total : 105.5 Formul ati on Exanple 3: tiotropium
3 ng | actose nonohydrate*):5.48
%8 Q\Rgg%@g%énszﬁ PCT/ EP2004/ 012268 pol yet hj{gﬁ&mom/omzﬁs
capsules: 100.0 ng Total: 105.5 ng *) the | actose
contains 5% specifically added fine content of
m croni sed | actose nonohydrate with an average
particle size of about 4m 5 Fornmnul ati on Exanple 4:
tiotropiumiodide: 0.0113 ng | actose nonohydrate:
5. 488xlpgthylent yeisudsene cap3ob@smgl100.0 ng 10 Total @

105. For mul ati on Exanpl t| ot ropi um i odi de:
515‘5[%1}1 | act ose nonohy drgf)gS BEA775 ng 15

pbl thetlégrbsnentaps GF/especimml@ added fihe Iconttﬁﬁoﬁmlgomsed lactose
00 e il i AR Eree b6 L SEMSRTHET, e T

capsul es: 100.0 ng Total: 105.5 ng Forrmul ati on

@@ﬂ%ti?nﬁga%%&ﬁi um chloride: 0.0056 ng |actose
fono ﬁ/otgo%igm iodide: 9 0.0113 mg

lactose monohydrate:; 5.4887 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg

Formulation Example 5:

tiotropium iodide: 0.0225 mg
lactose monohydrate: 5.4775 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg

Formulation Example 6:

tiotropium chloride: 0.0056 mg
lactose monohydrate: 5.4944 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg

Formulation Example 7:

tiotropium chloride: 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 an average particle size of about 4um.

Formulation Example 8:

tiotropium iodide: 0.0113 mg
lactose monohydrate®): 9.9887 mg
polyethylene capsules: 100.0 mg
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pol yet hyl ene capsul es: 100.0 ne Total: 105.5 ng *)

t I ntai ns 5% specifically added fing
cgﬁ?gﬁﬁIJ-@%Sﬁ‘?groni sed |l actose 30 m)nohydrateIi)\ﬂ/-i:T‘HEP(;{?I‘Q)04“'/012268
average particle size of about 4m Fornul ati on Exanpl e

8: tiotropiumiodide: 0.0113 ng | actose

nmonohydrate*): 9.9887 ng 35 pol yethyl ene capsul es:

100.0 e -23 WD 2005/ 042526 PCT/EP2 O 04/0 1 22 6 8

Total: 110.0 ng *) the |actose contains 5%

speciTémal | y added fine congemp mf m cronised | actose

hydrate w t.h aver rticle size of about
SR f ot i SeGietdy RRAG finf pobie e SomBpotisnd fotose
| mohokwlrawnwitly dn average pafiicls siag op sboretdpyt.ene
capsul es: 100.0 ng Total:110.0 ng 10 *) the | actose
contains 5% specifically added fine content of
nFermulatien Example %:npnohydrate with an average

par t ifdiypthm8o@ideabout 4m BoZos RBpopel [ ant - cont ai ni ng
i nhal abl e aerogﬂs The new t1otropiumsalts tiotropium

chl orlPdesemoppRYAraE ™ im i 0di%®’ faPSopti onal Iy 15 al so
be adiyilstlefechpstleshe for mad.ophgpel | ant - cont ai ni ng
inhal,f(ﬂl?le aer osol s. Aerosohél rmul ations in the form
of so 'ons or suspensi ons 9"6% used for this.
B) 2hd Jactese evatainof dpatifically addechfnd coment ofsmiaronised lactose
. hoR; r euti cal
FReRRRREREF fh afctakt pRAIHERSE SEARIBARECT) o e o
i odi de and any excipients used are conpletely
B 25 PlrépellantREnPAIRSAR inh MBI heFLINPVi des aer osol
f,loﬁrru atlons.containin .tloti;op.l um chloride, .
€ new totropium salts tiotropium chloride or tiotropium iodide may optionally
also be administered in the form of propellant-containing inhalable aerosols.

Aerosol formulations in the form of solutions or suspensions may be used for this.

B.2.1. Aerosol formulations in the form of solutions

The term aerosol solution denotes pharmaceutical formulations in which the
tiotropium chloride or iodide and any excipients used are completely dissolved.
The present invention provides aerosol formulations containing tiotropium chloride
and iodide, which contain in addition to one of the above-mentioned tiotropium
salts an HFA propellant, a co-solvent and an inorganic or organic acid and which
are further characterised in that the concentration of the acid is such that in
aqueous solution it corresponds to a pH in the range from 2.5 - 4.5.

The above-mentioned aerosol solutions are characterised by a particularly high
stability.

Preferred aerosol solutions are characterised in that the concentration of the acid is

such that in agueous solution it corresponds to a pH in the range from 3.0 - 4.3,
particularly preferably from 3.5 - 4.0. '
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and i odi de, which contain in addition to one of the
above-nent i oned tiotropium salts an HFA propel | ant,

cWQ@pQﬂﬂfl 2% an inorganic or organic acid aﬂ?@WP@l@O‘UOlz%S

are further characterised in that the concentration of

the acid is such that in 25 aqueous solution it

corresponds to a pHin the range from2.5 - 4.5. The
above-nmenti oned aerosol solutions are characterised by

a particularly high stability. 30 Preferred aeroso

SPhdlhdrobs sahfiond %E@&Hﬁ{g 1§)e§1e 1Hvérﬁi%h thif FEQ '&Bﬁﬁﬁﬁ F5hRAN amount

ofthe&“ggbiysucn queous sol ution I

rvatey 1308y 4P AR5 p RaﬁECH‘ aﬂg@rfff@@mseu@to 3% 3nore preferably up
pardypul arly preferably from3.5 - 4.0. WO 2005/ 042526

PCT/ EP2004/ 012268 The aerosol solutions according to

the invention nmay al so contain a small anount of

wWeheaerpgol edhrtmnk weapding ©%he pavdntionl prefeyatiy ebemabhy ampunt of

tr_gi lfﬁumh?or@ciee(f) {I@Q%%lu#ﬁlocfl&)gﬁ T?laEI- Hl% éfr%F)S%%ln of tiotropium

I ONsS acco r nve n
Géﬁ@auﬂwa@mﬁmuﬁbemeentq 800 Hand) cm%o preferabiy between 0,0004 and

(0. P8 YRRt 1Nd PEiSUBly Bdtdkeh BOODRARY 6,084 Of

ti otrorpﬁlaum %gjtrlgon thig'y con%al n |soaglglt wgen/o 00008 and

0.4 % preferably between 0.0004 and 0.16 %

[SaitableUTEA propeRiras shithin bied W o 1RO o561 ofitibhs Yre Hbse which

B Bt e ope B o ibony B B REsRrt ety which

pherppéutinaily fe&cmmmmomwﬁme ttioeropium ahlmritesonisdiie may be
\Ws6Red, Ptr&@ | eﬁ%&)bé(llagftg Q&Iolrefﬁgnggmnvgfmf)g Gre propellants

tlotroplumc or I SSO

pelested deam trogrmransisHng @écbi&-wgraﬂ@oméhmw@ﬂmom(a)),
ar 51,966 apisluciepRphte(HFAR I e IHr 8D (Gﬁﬂﬁjrﬁfﬂeﬁihr&ﬁ, HFA-

1438y G5 r@%%ﬁst?aﬁa‘e?ﬁﬁ%@pagﬁg A ibssoroggpangyand HEA-

(aRk K Lardiffedbiveniedne. E-IHN& 1B434)agnd HHIFAL227 are particularly preferred

glfiéorfh&lgl;}%: ? fllg\f%?luor pah ane])gﬁ 3&(ﬂ¢/&paitéc211arly important according to
the mveniondogsidigerero e AHFApropelants HEMR2Ed abeve, non-

Bﬁfo?bﬁé{le@ﬁalr%péﬂaﬁ&se&%? leo%&&'éé'dﬁgnhkﬁ dviifol S ¥ ’one or more

rti CU ortant accor

a
Nf; BrPéWF ﬁ@@‘rﬂq%ﬁi Hlﬁé\ Raepellagts. améesmrfﬁus @ﬁerh%%@ated
pﬁiﬁdllﬁﬂﬁchraba’ﬂeateﬂ %@d?&aﬁ&hﬁgsﬁﬁﬁtag ford=aRg 1k AN HPAAY, n-butane or

| so._be used o Wit h eorm)re
%P BPWélea% @5)0 ﬁgjrﬁr? %‘f‘F S\Iﬁ{gﬁ&ﬁﬂ g%grﬁgﬁfigam anpl es of
such non- hal ogenat ed
Organic or inorganic acids may be used as acids according to the invention.
Inorganic acids within the scope of the present invention are selected for example

- from the group consisting of hydrochloric acid, sulphuric acid, nitric acid or

phosphoric acid, while according to the invention it is preferable to use hydrochloric
or sulphuric acid, particularly hydrochloric acid. Organic acids within the scope of
the present invention are selected for example from the group consisting of ascorbic
acid, citric acid, lactic acid, maleic acid, benzoic acid or tartaric acid, while ascorbic
acid and citric acid are preferred according to the invention.

The aerosol solutions according to the invention may be obtained analogously to
methods known in the art.
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propellants are saturated hydr ocar bons such as for

e an n- but ane or isobutane, or
Wgﬁg@#ggg di et hyl ether, for exanple. 25%@%2@04/012268
or inorganic acids my be used as acids according to

the invention. Inorganic acids within the scope of

the present invention are selected for exanple from

the group consisting of hydrochloric acid, sulphuric

acid, nitric acid or phosphoric acid, while according
to the invention it is preferable to use hydrochloric

A A L i e
etinnsecarding & detigderitiom. Eoarephmple; solubleswfastants and
CRBBiES %Qa}plge ﬁsﬁeﬁoﬁ% ?lécﬂf‘gucﬁ; B(‘ilﬁbﬁ: s%“ffagtant?ﬁd fubricants include

acl d [ei'c aci d ic acid artaril
vﬁﬂfp’éafa‘ér{(ﬂ?%% em&l@ﬂd)ramr@ptlrmﬁrl%t@ted Oah@r Watl@tttﬁ é‘dllCh may be

afre Sl inngy b@ abliexill e Mo @RampPREasREFINS 9tid S tHEdgRsol), ﬂavour

acc r.din he |nv ntio be obt ai ned analo ous
BEGeE Ak o B el aivee enss g SRt rapgasal

Fiﬁﬁbﬁﬁﬁ@é%/ 012268 Pharmaceutically accept abI e

exci pients may optionally be contained in the aerosol
solutions according to the invention. For exanple,

Jerameples ef ed-selvents svhighimaly srusedraceonding toethggavkntion are alcohols

- f
i ggggé’ OB R B0 B R B Ay 8 e

BfPP ycoly pRlyctbyienpslesnls m@ﬁpmyegd@colpslag@ﬁ%eﬁewock
hﬁpalmm oflarjahylbns agk aﬂiqh@pﬂaﬁ@)r@ﬂ 6thag mﬁbs@ztnces such as for

SSERRPLOkdon RS TR RGOS0k BB Bid eters anc
fglmﬁmﬂm@gyh ad Goriexamplleglyosfuca-Z0| Agefermdd chsalegntiaecording to
l{ﬁ@ﬂl\éﬁgeﬁ% E‘@J]aBQI the invention are al cohols (for

exanpl e et ha i sopropanol and benzyl al cohol ),
gl ycols (for exanple propyl eneglycol,

pmeyahbuh@@ﬁaj-ycgeér&s wm&h\/ﬁfa? e Reg ﬂf@fomﬂtlé’tﬁﬁts%‘bb@fdmg to the

6‘%‘??&%1%[}55{:?5%@3 fg¥ gggﬁ&d gr%éqy pé | eng }%, particularly

potiymbpe 1 6y 36 taised)bnlthe tqaal fpomyipition. ene fat t y aci d
esters and 15 glycofurols (such as for exanple
| ycofurol 75 A preferred co-sol vent according to
essrpfaing ito Ah¢ consrarantile peTerntagrsuptciftd eutdo hesope of the

Wedsehit FR¥nBEn 4R bdirdali%sRE¢BL By lwHignaccording to the

—
-+

The formulations according to the invention may contain small amounts of water,
as already mentioned previously. In a preferred aspect, the present invention relates
to formulations in which the content of water is up to 5%, particularly preferably up
to 3%, more preferably up to 2 %. |

In another aspect the present invention relates to aerosol solutions which contain no
water. In these formulations the amount of cosolvent is preferably in the range from
20 - 50%, preferably in the range from 30 - 40%.

The formulations according to the invention may be administered using inhalers
known in the art (pMDIs = pressurized metered dose inhalers).
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20

invention is preferably in the range from5-50 %
preferably 10 - 40 % particularly 20 preferably 15 -
W I2PH3042840 t he total fornulation. Unless sﬂ%ﬁi§¥33904ﬂnzz68
the contrary, the percentages specified within the
scope of the present invention are to be read as
percent by weight. 25 The fornul ations according to
the invention may contain small anmounts of water, as
al ready nentioned previously. In a preferred aspect,
the present invention relates to fornulations in
jch the content of ter is up to 5% particularly
é‘fﬁ? BrespR nypntqmalsogelaiss &0 ghespisrofghy qu-alezn%le% acrosol
a@mmﬁ{s cﬂt&lﬁlﬁf{_tristeﬂejm EARAIL (%ﬂ tifdpia él:?bﬂd@lﬁr Iotﬂliqde according to
resol .so ions .which contain no water. .In es
RGP ARTCavPB 0 bifeauRg ambaspaceiuinel SoppPutinp fpiosdreptmgnt of
triespiratngecdmplaint® PartiGiddgly forehe ntedabmenmnoft GOPIaand/of nsthima.
30 - 40% The formul ations according to the invention
nag be adm nistered using inhalers 35 known in the )
akie follomiing Expmples seivedd iusteate thaiprssentringgngion)in mog: detail
M&m&%%@ﬁﬁg RGP 20 Y 22RASN 1H thdPE:R8fNyihP CBIHIdents that
3Jﬁo relates to the use of the above-mentioned aeroso
8% ons characterised by a content of tiotropium
chloride or iodide according to the invention for
pPaLiAg 2 a ceuti cgl ..conposition for the
?&?.2&?.'1”:1:5} =0 Pﬁ)% ‘F@eﬁﬁ)ﬁgil%@-}z‘—%%l aints, particularly
for the treatment of COPD and/or asthma. The foll ow ng

m%&?m&%eiﬂ& ustrate the present invention in
nore detall wihout restricting the scope of the

invention to the exenplifying enbodinents that
fol low. 10 Begndtidudntdnpl es of aerQsflentPatibh fw]
For nufation . Exanpl e azi 15 TO :
[ % w THH 1981€de0_ Q1! et hanol (ahQrQ ute)30.0
ethanol (absolute) 30.0
water 1.0
ascorbic acid _' 0.005
HFA-134a 68.985
Formulation Example 11;
constituents concentration [% w/w]
tiotropium iodide 0.01
ethanol (absolute) 40.0
citric acid - 0.004
HFA-227 59.986
Formulation Example 12;
constituents concentration [% w/w]
tiotropium chloride 0.02
ethanol (absolute) 25.0
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wat er1. 0 ascorbi c aci dO0. 005 HFA-134a68. 985 Fornul ati on

E§ﬂ3§' X nstituentsconcentration [Y%ow w

tro 8@?&%@5%%ide0.01 et hanol (absolute)40.0(quqﬁ?200%©12268
aci d0. 004 HFA-22759. 986 Fornul ati on Exanple 12: 20
constituentsconcentration % ww tiotropium

chl ori de0. 02 ethanol (absolute)25.0 -27 WO 2005/ 042526
PCT/ EP2004/ 012268 water1.0 citric aci d0. 003

HFA- 134a73.977 WD _2005/042526 Fornul ation Exanple 13:
PCT/ EP2004/ 01226&¢teonst i tuent sconcentrati ongl % w w
tiotr@pirum chiari deQ, 02 et hanpl (a030|ute668 0 HC

(aq) 001 ol /FTIQAQEA 134577008 5 .003

HFA-134a 73.977
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For mul ati on Exanpl e 14:

o PB0/BRp

Exanpl e 15:

m chl ori de0. 01 et hanol
c aci d0. 004 HFA-22782.986 For nul
constituentsconcentration [%wW w

(absol ute) 30.0

tiotropi um chl ori de0. 01 et hanol
wat er 1. 0 ascorbi ¢ aci dO0. 005 HFA- 134a68. 985 10

Forrmul ati on Exanpl e 16:
w w tiotropium chloride0.01 ethanol

constituentsconcentration [%

(absol ut @ dpibanoain12268

consti tuent sconcentrati on %

(absol ute)40.0

cFormulagdon BExdpldFys:22759. 986 - 29 WO 2005/ 042526
Formul ation Exanple 17: 5 PCT/EP2004/ 012268

const |
et han

atsconcent+ation %

M- -OF rnpl um-i-odide0. 02

L ML'III. DO UOUTTO UTTC

Dl (abs @onstH}Rnts concentration [% wiw]
tiotropium chloride 0.02
ethanol (absolute) 20.0
HCI (ag) 0.01 mol/l 2.0
HFA-134a 77.98

Formulation Example 14:

5
constituents concentration [% w/w]
tiotropium chloride 0.01
ethanol (absolute) 15.0
water 2.0
citric acid 0.004
HFA-227 82.986
Formulation Example 15:
constituents concentration [% w/w]
tiotropium chloride 0.01
ethanol (absolute) 30.0
water 1.0
ascorbic acid 0.005
HFA-134a 68.985
10

Formulation Example 16:

constituents concentration [% wiw]
tiotropium chloride 0.01
ethanol (absolute) 40.0
citric acid 0.004
HEA-227 59.986
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15

waterl.0 citric aci d0.003 HFA-134a73. 977 Formul ation

I 8;. constituentsconcentration [% w w
Fﬁ%?&@ﬁ?éﬁ@?%@.deo 02 et hanol (absol ute)?20.0 ﬂﬁ?T%QRﬁOOMOIZZGS
0.01 noll 2.0 HFA-134a77.98 Formul ati on Exanple 19: 10
constituentsconcentration % w w tiotropi umiodi de0. 01
et hanol (absolute)15.0 water2.0 citric aci d0. 004
HFA- 22782. 986 B. 2. 2. Aerosol suspensions The present
invention also relates to suspensions of the
tiotropiumsalts tiotropium chloride and tiotropium
i odi de according to the invention in the propellant
gases 15 HFA 227 and/or HFA 134a, optionally conbi ned
VWFHrmalkaion BlanepRifRr propel | ant gases, preferably

sel'ected fromthe group consisting of propane, butane,
-30 2005/042526 PCT/EP2004/012268 pentane

di net hyl et hercon&ilﬁiﬁ&s CH2F2, | CF3GBncdiiteiitiba % wiw]

I sopept ane and According to I nvent1on
t hose
5 HFA 227 ahmoit(aﬂm)l@n‘e) HFA 227 and HFA 133% or only
HFA 1B4a are preferred. Tf a] mxture of tﬂ&

prope |l ant nocawa A 297 and EA 1Q/|Q |c 1 r~| |n fha
A2 LY 3“9\4\) LINLL Y A W =y <=y | CATTOr

citric acid 0.003
HFA-134a 73.977

Formulation Example 18:

constituents concentration [% w/w]
tiotropium iodide 0.02
ethanol (absolute) 20.0
HCI (aq) 0.01 mol/l 2.0
HFA-134a 77.98

Formulation Example 19:

constituents concentration [% w/w]
tiotropium iodide 0.01
ethanol (absolute) 15.0
water 2.0
citric acid 0.004
HFA-227 82.986

" B.2.2. Aerosol suspensions

The present invention also relates to suspensions of the tiotropium salts tiotropium
chloride and tiotropium iodide according to the invention in the propellant gases
HFA 227 and/or HFA 134a, optionally combined with one or more other

- propellant gases, preferably selected from the group consisting of propane, butane,
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suspensi on formul ati ons according to the invention,
the weight ratios in which these two propellent gas
200425336 used are freely variable. |f oREDEP2004/012268
nore ot her propellent gases, selected fromthe group
consi sting of 10 propane, butane, pentane,
di net hyl et her, CHClLF2, CH2F2, CF3CH3, i sobutane,
i sopent ane and neopentane are used in addition to the
propel | ent gases HFA 227 and/or HFA 134a in the

Sj ap a el t ' N, |
R R ple e CH G R G GE BRpLOXETkb Bthrane and
dsapeiéne. i s preferably less than 50 % preferably
| ess than 40% particularly preferably I ess than 30%
15 The suspensions according to the inventjon
grePeding iy shiom FRoshHFRenstons which 6pmtaiA anpiopeiant gas only
HFA@D7d e meiteiretdTHFA IR 7a4lHE 01 344 6t 60l HIFACEB4aaite ipseferred.

fwee 0,001 and,,0..8% e I 0. 08 an
SE RS Bre, O i p bR u R REALR A0 la B AT s B tne
Gngpdnavadotinnbtions theoridmgett the nnved@iobnthesweighatasihstin which these
&Q‘s tp‘iSHélfeﬁrt Yas LORpRREGS ALAIEN ¥R8) Wak-fible, L he scope
0 he" presént |Rvent|on are alwa 3’ percent by |
EpEhor mosie e8inE nrardlent gpsesy @%@héﬁﬁh@’iecﬁioﬂb CRDHsHnHAL
ip%o db\ﬂ/'%ah{a%]ﬁeﬁﬂaﬁe,Sdi&&@hﬂfzﬂ{eF,GCIPMIIF§,GOH2F9,\@F§¢HQ, isobutane,
I.NST ea (0]

e term suspensjon, . . The t ter are t
JROPeBEnE fod REEPSRIARS BT HPuhin AIHPH tq Hie REopsleneastitIFA 227
;andﬁaerilﬁFAm\B@atihahe sﬂ’d]ﬁnplbnrfefﬂlﬂl_aﬁeﬁwmct@irdinggoithh alvehlien, the
Ll 0
ARLARR S R 2SHEREAP bR Aok ReRE RHrEhPeb1y 8y kil 50 %,
Puefeeably ket thas Henparticpbulyiraefenatly Jess ghjnudelat s,
anti oxi dants or flavourings. 30 The surface-active

ents (surfactants) o&:i_onal Ly present in the
2‘&!&%\%8?%3 acCorIing fQ theinyartiompraierably congainas: apapptof

sephaf chidid sciogfduinch A diiaftbudt of HokapdihaiatioRds between
I TRV AT R ARV JET R
petweenHy. 2 anddl. $¥odccoBling to ¢hdinventieat e, gl yceryl

' I . gl
tr[rﬁoﬂlgés%?ﬁtgd & g?%%%lﬁ%%ﬁ%{r%%%ﬁ%%vgﬁg‘ %ﬁﬁ{lﬁ’ﬂh_e §io%of the present

TONOoO| eat e, St ear a ycer
AOFBLON 259 6IVRATT PEFROL by AVedght. 22 6 8

‘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
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monori ci nol eate, cetylal cohol, sterylal cohol,
tvlpyridiniumchloride, Dbl ock pol yners, nat

8‘1’9‘@255%9%5 2&nd i sopropanol. O the above- neﬁ’hm@oo‘ymzzw

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 5 preferably used. |If the suspensions
according to the invention contain surfactants these

%Sno@élﬁél%ﬁﬁ:p ké’ty}ﬁ&ﬂlol rkt&?laﬁ!@h@[‘tcegﬁ%ﬁicﬁﬁ% thibride, block

articul ar rab
e SE e ARl Y 0100 0t St Mgt Spegoned. suspension
eadrmadmm@oly@oﬁbh& Zm%ﬁswlmate 80¢ Mmaf:etr @by Myeaeett B48 or isopropyl

g@grt% g g?%@ra%?sﬁseﬁt Mn%a%fte? 51 Oé' 1sdé)>;§]l)§ %r'}smte are most

mro&pﬂhiyﬂlsecam d, nitric acid, hydrochloric acid,
sul phuric acid and citric acid. Ascorbic aci d,

phosphorl c .aci d, %i;drochl oric acid or_ citric acid are
g HreeTusBeERSioRTAECONHNE &0 HyWBenlien Fentai wrlctants fhege are

grbRrdy 0B&d inlén Rmehar abd Voused. %l bagiutiBbRfaiisly 0.005 - 0.5 %.
present in the suspensions according to the invention,

these are preferably used in an amobunt of 0.0001-1.0
95 hepadjfrearab loptidnfl30&Maihed4n tpasuspendioud accprdihignaldhe/invention

%rQB fQ]i Iti ok "lec‘f\gH {”r? ﬁltrllxe%&gﬁ%or?sflst&(goﬁalg)mgggai%/‘i’lhﬁn,?#ﬁorblc acid,

aﬁparéa@n@abﬂtyn@ptysmmalwwémrm md, pitri¢ heids hygroaBlosigscid,
ngPicnitid Qn& Bfrit ﬁb‘iﬁmA&Brbl@ra@ldo bﬁB?ﬁlﬁﬁlcyaé&l lﬁ@r@éiﬂonc acid or
fromth 6‘% nsi s v&% os@ascor cid, Cltré

£UFG, 2cIck 31 RFRACEAIY 4F let pxdraehlgric ag) friq agid Is most
pueferdbtglaeed;t ol uene, butyl hydr oxyani sol 25 and

ascor byl pal mtate, while tocopherols,

butyl hydr oxyt ol uene, butyl hydroxyani sol or
dEedjubyniparapreacnt iartbe pus:pfeasiabh ycugdihg ohbe fienion; tgse are

Et‘e&ﬂ% L¥e LN ARG nt 0 aEP§ Lis@e}g,girQ%??@}g%Od 508,119,

ntiron are Bre

PORIGuAT Breferabiv i AP HOA1 Ve sthilesa HROUBLOTRROR.HOS % is

@J%B@dﬂ@dl@lrﬁﬁ&tﬁit‘h%&@ﬁim%td the(ib@énfor2Npl € ci nnanon,
ani seed, nent hol canphor), pepperm nt or

Dentom nt(r) being parti cuI arly preferred. Wth a view
{Itheadrtioxiddmabptiondily domkaihed irothe guspenstaseanicoading o the invention

BEOH} A8 bl AEH L Ror S 305 ESndilld Sl Yoi AT ERY e
sodiuge edesatss deg acédst tosophenols, |b<uny1 clxoezyuoﬂv@neg buttiaydroxyanisol
GHH GEE8 L RAIm AL te PR AL RS phRrols, 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), peppermint or Dentomint® being 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 salts tiotropium chloride
and iodide according to the invention are either ground (micronised) or obtained in
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-32 WD 2005/ 042526 PCT/ EP2004/ 012268 finely divi ded

ther techni cal processes known in pri
f&}éﬂ:%}ﬁé %2539 art (for exanple precipitati o,;)(‘f’g%]%gp@aymzzss

drying). Methods of mcronising active substances are
known in the art. Preferably after m cronising the
active substance has a nean particle size of 0.5 to
10m preferably 1 to 6m particularly preferably 5 1.5
to Smauf. Preferably at | east 50% preferably at

| Ry dfRded Rt b SHRE kdchniiad pedRbley mbwhqaiirmzﬁ% &bm the prior
the particles of. act.ive subst an R‘E?FY‘ ﬁartlcesu

Vit 40T e & PRCHIPIREOR; SPEaY Gy g@ 6‘1‘18 miGIgYsIng active
Fkarbistmb:aaﬂe)kxmu&f ®rdblayt. PrefeeAdy aBmidgrosikingnhehetwddubstance

6ﬁas & g)g@c% si%; |S% .%rtfoisl‘ij\;ﬁ%?,rﬁq:%fe?%lselgréﬁgé&tﬁ%ﬁ%@é&lg@ Sreferably

Sl ze
nbﬁttp &uadalafb Sveferably anleasntGferprafpaly at leastp@@éuemrticularly

t
' ﬁ%?ﬁ:‘i‘%l?rét E&E@’?@% dfqheé g%ggt%%ndge%?ngg %1%1%5 lﬁ'vQ aﬁﬁlrﬂcle size which

one two active o
i1 TEHR ke §ize FRagEs meptisneé pabowy dlartiqiarly nzsequqbly at least 80%, most

sHeRessly @m &a@p@@%cbfrme b@rtic'l’t% dfM¢EN bEktdTt Hafe RRBECIE dize which
known e, art. For this, the

S g T L R en bR SPPEL ar o m ed w tr ¢ he

propel | ent gas or gases (optionally at |ow

YETRRALIGEN ADHh! BehBLe Sk B0l Gop e BBH AR Scorfin only

conta I'nIrng susp
feoHdhe gwe @Ctlwésubsmm amrd@g tbethadrmenngn emt:_fmm §F1Fi g)ther
I ¢S known in the art (pMDls = pressurized
net ered dose inhalers). Accordingly, in another
aspect, the present invention relates to
phber mpeumbﬁahcdzmmngsb &h@ﬁﬁfehﬁoﬁ ayf o m@ﬁrﬁM@ﬁMS known

8y B PO Ry SPRfILRRE SR KRt ol iR e

augpélasxt gas or gdmee Gomiortally ap lag eemhpénavens) o fikddhings stigable
iRhaligss % , Characterised in that they contain the

propel I'ant - cont ai ni ng suspensi ons according to the

i nvention described herei nbefore. The present

I’Ih/eeiﬁmmﬁtln@hﬁ@ndcﬁ b@é@@lah@csﬂﬁhﬁhg @{@pe(u@@h% rdc¢efsihg to the
en

P I R R A R G A o

tplmessurized metered dose inhalers). Accordmgly, 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.
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above- nenti oned propel |l ant-containi ng suspensi ons

according to the invention. Suitable containers

(W& 2PP§E392@nd processes for filling these PCT/EP2004/012268
cartridges with the propellant-containing suspensions
according to the invention are known in the art. -33

WO 2005/ 042526 PCT/EP20 0 4/0 1 226 8 In view of the
pharmaceutical activity of tiotropiumthe present

invention also relates to the use of the suspensions

méﬁ'o@ ¢hd ﬁhilﬁﬁacbﬁﬂ&ﬂ%bﬁﬁﬂ of u@&@;ﬁﬁfﬂ ¢ present 1nvent10n also

rmaceut i cal rrp05|t|onfor nhaI tion ot ta
ﬂﬁt?ﬁ @t‘gﬁﬂs%ﬁ SFRYIE %Pf igyenyton for Preparlng a

Qilmﬁncanidac ad)mpﬁﬁ'ﬁ@ﬁ Ifdjﬂ @hafaﬁbnl d’thﬁb éltad\nﬁnﬁtraﬁaﬁ,aﬂ)referably for

r eat ment in. nti chol i ner
JBSRIIRE S PhesmesBRER omudinlet Fob iSRRG od RAPAL AR of discases
tihevipcke astithdlineegits ony alescop al thempetitic bheefitse of t he
suspensi ons according to the invention for preparing a
phar maceutical conposition for the inhalative

tRasscwery petferabdpihearesapnt duvasitionrlsy, refates wrthguge of thia
%'hsﬁcﬂ) Q)ns]anéﬁillgé)toTﬂl% iR HRIeRr bPdlarfn@! d ﬁﬂ!ﬁrﬁﬁlrct‘@nédl’ composition

str pre ent nventi on nore de
B st B BT BB G e SRGH ReriheS, P GBI ssthina or COPD.

contents. B.2.1.2 Exanpl es of aerosol suspension

PR R St RAGD LR T SRR R A1 inl IR B Re detai, by
Foaynef] caaimprie, Bxitinpitgegaicting itstoithele costeots ent rat i on [ %

ww tiotropiumiodide0.02 isopropyl nyristate0. 30

HEA- 22720 00 HFA- 134a79 68 Fornul ati on Exanple 21:
a P HP e /AR TION LS ITOIASE() n\formulatlons

Suspensions containing other ingredients in addition to active substance and
propelient gas:

Formulation Example 20:

constituents concentration [%% wiw]
tiotropium iodide 0.02
isopropyl myristate 0.30
HFA-227 20.00
HEA-134a 79.68

Formulaton Example 21:

constituents concentration [% wiw]
tiotropium chloride 0.04
oleic acid 0.005
HFA-227 99.955
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tiotropiumchloride0O.04 ol eic aci d0. 005 HFA-22799. 955

005/ 042526 Fornul ati on Exanpl e 22:
%@%@@4?5&@268 constituentsconcentration [%QH[@P20041012268
tiotropi umiodi de0.02 ol ei ¢ aci d0. 01 HFA-22760. 00
HFA- 134a39. 97 5 Formul ati on Exanpl e 23:
constituentsconcentration [%ww tiotropium
i odi de0. 02 i sopropyl nyristatel. 00 HFA-22798. 98
Formul ati on Exanpl e 24: constituentsconcentration [%
VE dtthiu®itien Bitinghle0rd:de0. 02 Myvacet 9-450. 3
HFA- 22799. 68 10 Formul ati on Exanpl e 25:
const [(-+uent-sconcentration [ % w w tiotropium
chl or{ de0. 02 cyheciewénts- 450. 1 HFA- 220b¢tritPation [Y% wiw]
HFA- 184a39. 88 WO 2005/ 042526

tiotropium 1odide 0.02
oleic acid 0.01
HFA-227 60.00
HFA-134a 39.97

Formulation Example 23;

constituents concentration [% w/w]
tiotropium iodide 0.02
isopropyl myristate 1.00
HFA-227 98.98

Formulation Example 24:

constituents concentration [% w/w]
tiotropium chloride 0.02
Muyvacet 9-45 0.3
HFA-227 99.68

Formulation Example 25:

constituents concentration [% w/w]
tiotropium chloride 0.02
Myvacet 9-45 0.1
HFA-227 60.00
HFA-134a 39.88
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Formul ati on Exanple 26: PCT/EP20 0 4/0 1 22 6 8

gﬁ)ﬁg?bég@%iféncent ration [% w w tiotropi um ECT/EP2004/012268

ol ysor bat e 800. 04 HFA-22799. 92
Formul ati on Exanpl e 27: constituentsconcentration [%
w w tiotropi umiodi de0.01 Pol ysorbate 200. 20
HFA- 22799. 78 Fornmul ati on Exanpl e 28:
constituentsconcentration [%ww tiotropium
chl ori de0. 04 Myvacet 9-0801. 00 HFA-22798.96 10
FTenmankitbns Exandplerfigag only active substance and

propel | ent gas: Fornul ati on Exanpl e 29:

o

t.‘-llnv\‘-r\n’\v\l\r\r\{'vn{';f\r\ [ VARYY RVY | t 1 ot v o 1 an
cons cteftrSe ot entattoft—7oWwWw—t+Hotrop—tum

i odi dp0. 04 Hedng@@BMO0 HFA- 134al9%cacetfratipn [% wiw]

2005/ 342522058E%§Lb9fa§§x?,@| f? 30: PCT/ EPg%gM 012268

const centtTartof—T 7o AW
Polysorbate 80 0.04

HFA-227 90.92

Formulation Example 27:

5
constituents concentration [% wiw]
. tiotropium iodide 0.01
Polysorbate 20 0.20
HEA-227 99.78
Formulation Example 28:
constituents concentration [% w/w]
tiotropium chloride 0.04
Myvacet 9-08 01.00
HFA-227 08.96
10
Suspensions containing only active substance and propellent gas:
Formulation Example 29:
constituents concentration [% w/w]
tiotropium iodide 0.04
HFA-227 80.00
HFA-134a 19.96
15 '
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tiotropi umiodi de0. 02 HFA-22760. 00 HFA-134a39.98 5

K ' anpl e 31: constituentsconcentrat] 0
vﬁﬂb@%fpgg?% i odi de0. 02 HFA-22799. 98 For mul GQ@F?ZOOMOIZ%S
Exanpl e 32: constituentsconcentration [% w w

tiotropi umiodi de0. 02 HFA-134a99.98 10 Fornmul ati on

Exanpl e 33: constituentsconcentration [% w w

ti otropi um chl ori de0. 02 HFA-22799. 98 Forrmul ati on

Exanpl e 34: constituentsconcentration [% w w

tFotrhapitivh Bxheipléetd: 02 HFA- 134a99. 98 15 WO
2005/ 042526 Formul ati on Exanpl e 35: PCT/ EP2004/ 012268

const (Huentseconcent+at--oR—%-wiw—t-otropi-um

chi or | de0. 02 chlEdeifigsag. 00 HFA. 134ageh@tFation [% wiw]
tiotropium iodide 0.02
HFA-227 60.00
HFA-134a 30.98

Formulation Example 31:

constituents concentration [% w/w]
tiotropium iodide 0.02
HFA-227 99.98

Formulation Example 32:

constituents concentration [% w/w]
tiotropium iodide 0.02
HFA-134a 00.98

Formulation Example 33:

constituents concentration [% w/w]
tiotropium chloride 0.02
HEA-227 99.98
Formulation Example 34:
constituents concentration [% w/w]
tiotropium chloride 0.02
HFA-134a 09,98
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For mul ati on Exanpl e 36: constituentsconcentration [%

horr.QpL um chl ori de0. 04 HFA-22740. 00
%f@hg@égsggB 3. Propellent gas-free inhal al;)(éT[EPZOOMOIZZGS
aerosols The new tiotropiumsalts tiotropiumchloride

or tiotropiumiodide my optionally also be

admnistered in the formof propellant-free inhalable

aerosols. For 10 adm nistering these propellant-free

i nhal abl e aerosols the new tiotropiumsalts

t Formabation B)laghplbe3sr ti ot ropi um i odi de are prepared

in the formof pharmaceutical solutions. The sol vent

may be—water—er—Ss—ewh—er—a—fiodure—of—wat-er—and

et hanol . The cbhastichedtsve proportl ocomdentratian|[% wiw]

co aedvvlt ot limted but th Xi mum |
e Lo pubkohfinf ehlghidiot o B2

up top+e—pet Fedre—hapre—parteulH-Hr—up—t+o
percept by voIHFﬁ—aﬁH nost pfeferably upd.06030
percept by vo .13T e remai nder of the v,;:g yge i s made
up of e at——-Ss—wat-eF—w-thott

the additi on of ethanol. 20 The concentration of the
W%hﬂﬁﬁp%ﬁlﬁ%ﬂ‘ elfg.tiotropiumchloride or tiotropium
i'odl de acco he invention based on the anount
of tiotropiumin the finished pharmaceutical

preparation dgpsafifes the tﬁrap%ﬁé‘exﬁ%ﬁ% [ISMwEC-

For tpe~—Tmgjortry of_ conmptaintsthat respond to
ti otrppi untipuepiim cbloridst | on of tiot r api ufh%%  between

0. 000b and 5 vwwra%o2preferablly between 0.ff)dpand 3

W . %[ 2Z5 The Of_the tormutation accordlngtotne
i nvention—is A 42 Q_and 5 or ef er2b?9 bet ween

2.5 and 3.5 and nore preferably between 2.7 and 3.3
{ B _EP2004 012268 particularly

IS
PaYa)
\UAW}

FyERebREek = s MSst preferred are pH
\@im uotxbpmm smmnotrbpmm chibride br tibiue pikini iedildj sy epitionally

OYso' e ciflfideb 20 iR thP BRLTBE B PVNGAtr¥e RECERIARLDEE! RSy
administering these propellant-free inhalable aerosols the new tiotropium salts
tiotropium chloride or tiotropium iodide are prepared in the form of pharmaceutical
solutions.

‘The solvent may be water on its own or a mixture of water and ethanol. The
relative proportion of ethanol compared with water is not limited but the maximum
is up to 70 percent by volume, more particularly up to 60 percent by volume and
most preferably up to 30 percent by volume. The remainder of the volume is made
up of water. The preferred solvent is water without the addition of ethanol.

The concentration of the new tiotropium salts tiotropium chloride or tiotropium

iodide according to the invention based on the amount of tiotropium in the finished
pharmaceutical preparation depends on the therapeutic effect desired. For the
majority of complaints that respond to tiotropium the concentration of tiotropium is
between 0.0005 and 5 wt. %, preferably between 0.001 and 3 wt.%.

The pH of the formulation according to the invention is between 2.0 and 4.5,
preferably between 2.5 and 3.5 and more preferably between 2.7 and 3.3 and
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5 Exanpl es of suitable inorganic acids include

Il cid, hydrobromc acid, nitric [
m%&#@}%@ and/ or phosphoric acid. Exanpl g’?ﬁﬁPZOOMOlZZGS
particularly suitable organic acids include ascorbic
acid, citric acid, malic acid, tartaric acid, maleic
acid, succinic acid, fumaric acid, acetic acid,
formc acid and/or propionic acid etc. Preferred
i norgani c acids are hydrochl oric and sul phuric acids.
| gartisuladls praferablydbedwten 207 asd 3120 elagtipieferded e bl ealues with an

al rgﬁgﬁgéotrgd an acid faddi t! on salt w t h the active

the organic acids, ascorbic acid,
funarlc acid and citric acid are preferred. If

defpd pRds aﬂﬁ%&rﬁsﬁfacfdtﬂﬁoﬁgpﬂﬁa cgﬁ) Yly Q‘é‘cé{ﬁ?ﬂe ac1ds

partlcula Y I'n case of I.ch” have

greEnies elsutabledapigagic 19 %H@hrdealaidawfglpﬁ@ aaldahthi%omlc acid,
Qnﬁ'lc a&sd fs'uﬁ)lﬁiﬂd art@@aﬂd/oa@hb@ﬁdimcm BMgiphs dfiphftidularly suitable

Beptif 2ol e aRRe s oG LI THOR g eSS atif, maleic acid,
Bhecingcaiddunaticyacal ceptiaidid, foashsacid yndlaerbpionseatid etc.

gggfeé?édrlﬁﬁt&gﬁ%rac?d exaz'gfiyoc}ﬂt]iﬁﬁr ?ﬁd E\gg{:{}ﬁc ggg)s( |S f its%mr?gaossible 1o

aisr ahe agids whichdrayemdicady fomeedp&remd addrtmnmllﬁ wite tlag active

Isassthﬁces od¥ HB orfhRR uEh a&%%@i% acf, uMaad vacﬁiairﬁ:l E'Mf'ré adi8 are
nto nsur that theée SI‘eS|tIn
fgﬂegr &t desire eW‘%‘b‘ﬁ?sa‘i’fngSa Ave #ads may parﬂculaﬂy in the

ra:beer dbeidil whigh Haoe Bthertpropertie e irhdditionhia ltlliar: @éxdﬁymgl dulities,

ible.wth the abpo ntioned agi d. Ac
F Maginfintls't AntOxRRANT sHED b AR a9 8 e BRI iAot Brample.
dhwdro¢hlptie amdam::psfaﬂy sndriiomedfas agouenganiedesidit e, as
stabiliser or conplexing agent is unnecessary in the

25 present fornul ati on. Anot her enbodi nent contains
&larmacelegigallinayceptableebasiss mayradin bonesd, dbdasiredhior seciscly

hitraRinBtBE Y. ShiRBROSUSET Hcltdiefos @RAA mBIe Qﬂaﬂ?ﬁle@d’l l@‘a%ﬂdﬂés and

ate ess t
aﬂﬁéilé??téhcarrgﬂ@w Elaﬂ%mé%%e% "ﬁi@ﬁ meial i lﬁp 1%\ lrleg 2@ ﬁﬁ%\ﬁuch bases
e t;@lcc)il Gﬁ)re:ﬁluﬁlh’é tﬁl&@ﬂi t‘teénsét_i‘e bieitwhe Qalweéulfnlﬁgrflfcﬁnagéinﬁvhmh are
. n no e odl men ent o odl um
Bt Stlhingl o BRCHARG S BROSARDcANEHR RGN AR by}
phefmacubdgicallyt comppasitilé smithothe ralpove-@entioned 3@idAD

2005/ 042526 PCT/ EP2004/ 012268 In a preferred

enbodj nment this additive is omtted al to]%et her .
According to the invention, the addition of editic acid (EDTA) or one of the known

salts thereof, sodium edetate, as stabiliser or complexing agent is unnecessary in the
present formulation.

Another embodiment contains editic acid and/or the above-mentioned salts thereof.
In a preferred embodiment the content based on sodium edetate is less than 10
mg/100ml. In this case one preferred range is between 5 mg/ 100 ml and less than

10 mg/100 ml and another is between more than 0 and 5 mg/100ml,

In another embodiment the content of sodium edetate is from 10 up to 30 mg/ 100
ml, and is preferably not more than 25 mg/ 100 ml.
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The remarks made above for sodium edetate al so apply

I ot her 5 conparabl e additives
2@ﬁggg§¥ﬁ6¥%é€perties and may be used insteagegfﬁﬁﬁﬁﬁﬁ4kn2268
such as for exanple nitrilotriacetic acid and the
salts thereof. By conpl exing agents are preferably
meant within the scope of the present invention
nol ecul es which are capable of entering into conpl ex
bonds. Preferably, 10 these conmpounds shoul d have the
effect of conplexing cations, nost preferably netal

t] Jdn additio o ethanal, ofher. co-solvents
5 B ared s RBRUmET 18 RS O S aGE R ¢ e
formul ati on according to the invention. 15 Preferred

r |

orPERontRS a0 R4 SO B ARo Ul oaBhliRS o
i@@mqgglg)p agdditgs whig} haws eomplgsing ipsopertipy and may be used instead of
Af,0800ne3 T8t ¥EhpleRAHISETVERO 880 YMRAl the salts thereof.
pol ypr opyl enegl ycol, glycol ether, glycerol,
pol yoxyet hyl ene al cohol s and pol yoxyet hyl ene fatty
aty comaplering, agpntvdard @defeiubly ey Rihar denobpabbhetgresent

0N agen he terns. exclpjent n
TeptERaBbIeEMRR SAR A ARt Bty T TnBlsR g Frsteraby,
dbessprompanngs shohldr zgyeuhe efedtyofivongfléing tatianss nenst preferably
Whé@hedipndot an active substance but which can be
formulated with the active substance or substances in
the pharmacol ogically suitable solvent in order to
ITARdtR L e tHadl] beier ¢6-sBVeRRS didisr the2BxdipienBGhhy Blso be added
ﬁugétﬁpﬁs f ormul at i.on. ﬁgeferabl%j t hese subst ances
QIR B AOrdBF dRIPSIFERTO%y  in connection with
the desired therapy, no appreciable or at |east no

Lm@ﬁ%ﬂjea%%'-s%iz &4 g@ﬁﬂ?g@wﬁ% c%fnftﬁﬁthydircg%tl gﬁﬂgﬁi&%ﬁe@&gar

addi tives ncl u .for exanple, sdar such as
S59UPs, 88 plphols oI nardcyasly isoprenyl aleehek ghicels - passpulasly

wéwlé@glﬁcbl,qioeﬁrnyle@églyedz,rwwﬂoggiehegp@ol, yb6lether, %lycerol,

stabilisers 0 exi agent.s, ant1 oxi dants and/ 0
DBy oY et e MDA RIS LR By a1 e e pipgided that they
aranstasb thesalvent ensugensioaragahat i on, fl avouri ngs,

vitam ns and/or other additives known in the art. The

addi tives al so i nclude pharmacol ogi cally acceptabl e
ddtetterms excipigntssardl additvgsoini this. configxt denote any pharmacologically

acceptable and therapeutically beneficial substance which is not an active substance
but which can be formulated with the active substance or substances in the
pharmacologically suitable solvent in order to improve the qualitative properties of
the active substance formulation. Preferably, these substances have no
pharmacological effect or, in connection with the desired therapy, no appreciable or

- at least no undesirable pharmacological effect. The excipients and additives

include, for example, surfactants such as soya lecithin, oleic acid, sorbitan esters,
such as sorbitan trioleate, polyvinylpyrrolidone, other stabilisers, complexing agents,
antioxidants and/or preservatives which prolong the shelf life of the finished
pharmaceutical formulation, flavourings, vitamins and/or other additives known in

" the art. The additives also include pharmacologically acceptable salts such as
“sodium chloride.
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WD 2005/ 042526 PCT/ EP2004/ 012268 The preferred

| R Lhcl ude antioxi dants such as ascor ] '
%Ekﬁ%a@%ggm ovided that it has not al read?(g]é@?z%mmlz%g
used to adjust the pH, vitamn A vitam n E,
tocopherols and simlar vitamns or provitanm ns
occurring in the human body. Preservatives nmay be used
to protect the forrmulation fromcontam nation with 5

pat hogens. Suitabl e preservatives are those which are
Khhevpraferréd exdpientsdaciude uhabkidanenzh hk asdoubicalid) forexample,

t h di . ..
roPRgd B S BARE TR SR BB gL NG, Sitanin B,
Roedrrareld ahdrsimilatt vitamsing on padvitanins addirringnin tthe hhman body.
sol vent water and one of the new tiotropiumsalts,

tiotropiumchloride or tiotropiumiodide, only
HEK AT AEISE MAYLRE BISddi RTetash thesloamulativadiremecongmination with

fmﬁ@m p Sﬁftﬁbkriﬂfﬁ?bﬁ%ﬁﬁfg %10@@“?%{ éﬁ@*k%@ﬁ&ﬂ?&he ia, partlcuIarly
ol,uti ons accordi o the inventj on

heGralRabig SHRRHF oF GPBEIG S HGP R TR “OHES Brofhiy oot Benzoate in the

|mhaémanohhmvmﬁ@mﬂmepmﬂmdl ment of this inhaler is

di sclosed in WO 97/12687 and Figures 6 therein. 15

B.3.1. Exanples of propellant-free inhal able aerosols
Trefemcdrfprmulations contaimin addiriont to the solyentweter ded one of the new

RiGRRm! SAUE WA RI ehibiihe ¥r B¥u¥Biim RldiKHHYy Benzalkonium
(‘ét r est |ct|ng{|t to thelr content d
f@iﬁ} diRsielhte o ERAthSE erejfrrrefbenbeﬂzee@t: Bpogium cdetate

a2preSeronst i t uent sanount tiotropi um chloride0.03 g
benzal koni um chl ori del0 ng sodi um edetatel0 ng 1N HC

(ag)ad pH 2.9 waterad 100 g Fornul ati on Exanpl e 38:
‘The solutions according to the invention are preferably administered using the

Respimat® inhaler, A more advance embodiment of this inhaler is disclosed in WO
97/12687 and Figures 6 therein.

B.3.1. Examples of propellant-free inhalable aerosols
The Examples that follow serve to illustrate the present invention more fully by way
of example without restricting it to their contents.
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5 constituentsamount tiotropiumchloride0.10 g

benzal koni um chl ori del0 ng sodi um edet at €25 1N HC

(%) 28091443536t er ad 100 g For nul ati on Exanpl g?‘QT/EP2004/012268
consti tuentsanmount tiotropi umiodi de0.05 g

benzal koni um chl ori del0 ng sodi um edetatel0 ng 1N HC

(ag)ad pH 2.9 waterad 100 g WO 2005/ 042526

PCT/ EP2004/ 012268 Formul ati on Exanple 40: 5

consti tuentsanount tiotropiumiodi de0.10 g

bEpEREAR A B&ithpld $1810 Ny sodi um edetate25 ng | N HC

(ag)ad p wat era 00 g Fornul ati on Exanpl e 42:
constituentsanmount tiofropiumiodideQ.03 g
benzal koni umeghkath&as0 Ny sofi um edet at §4@ut®
tiotropium chloride 0.03 g
benzalkonium chloride 10 mg
sodium edetate 10 mg
IN HCI (aq) ad pH 2.9
water ad 100 g
Formulation Example 38:
constituents amount
tiotropium chloride 0.10 g
benzalkonium chloride 10 mg
sodium edetate 25 mg
IN HCI (aq) adpH 3
water ad 100 g
Formulation Example 39:
constituents amount
tiotropium iodide 0.05¢g
benzalkonium chloride 10 mg
sodium edetate 10 mg
IN HCI (aq) ad pH 2.9
water ad 100 g
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1N HCO (ag)ad pH 2.9 waterad 100 g Fornul ation Exanple
constituent sanount tiotropiumchloride0. 04
b@’r@gpﬂﬁfﬁﬁaﬁ?@hl ori del0 ng sodi um edet at el0 @@%04/012268
(ag)ad pH 2.9 waterad 100 g 10 WD 2005/ 042526 Pat ent
Clainms 1) Process for preparing new tiotropiumsalts
of formula 1 H3C N CH3 X 1 wherein X- denotes an
ani on, characterised in that a tiotropiumsalt of
formula 2 H3C,NCH3 Y 2 PCT/EP20 0 4/0 1 22 6 8
VF@EﬂﬁhihanE;&%BFes @n anion other than X- selected
fromthe group consisting of halide, 10
C -C p-alkylsul phonate, .G -C.o-alkylsul phate
Co- G p- aryl sq,bg@gp@é,ﬁs Is repcted in a gfuohakl ©

sol veilT_WTtThan jon, spurce Kaf-X wWherelm K denotes a
cati oj_a_n.dﬂﬁﬁgﬁuﬁhlﬂdl he neanings given $e. 2)

Process apg&gfatiionsarh @hfdraden 1, char act er i SI&0mizn t hat
conpofinds Wnerel n the 15 catfjon Kat 1S selected from
the skries godmedetate ol kaline earth net0aP8 or

wher e} n Kat deQofEs(agymoni um ((NHA+) or ad pH 2.9
t et r af Kyl anmoni um &N(u -Csal Kyl ) 4+, ﬁf(fbl y
N(Ci - CA-al kyl JAPREL are ysed las the Lon

Formulation Example 41:

consttuents amount
totropium iodide 0.10 g
benzalkonium chloride 10 mg
sodium edetate : 25 mg

IN HCI (aq) ad pH 3

water ad 100 g

Formulation Example 42:

constituents amount
tiotropium chloride 0.04g
benzalkonium chloride 10 mg
sodium edetate 10 mg

1IN HCI (aq) ad pH 2.9

water ad 100 g
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3) Process according to claiml or 2, characterised in
hat the solvent is selected 20 fron1the groIp
dgH%?99596253 wat er, al cohols, amides, et hersP&nBH/EP2004/012268
nitriles. -44 \WD 2005/ 042526 PCT/EP20 0 4/0 1 22 6 8
4) Process according to claim1l1, 2 or 3, characterised
in that the reagent Kat-X based on the starting
compound of formula 2 used is used in excess. 5)
Process according to one of clains 1 to 4,
characterised in that the @Egﬂ%ﬂs of fornmula 2
used as starting product g}e ?ﬁose erein Y- denotes
an anion other than X- selected fromthe group
consi PriobessFor pidpdfing Gew wdtkaPitAesalidiof fdrgheala i10di de,
Ci - C4- al kyl sul phate, or G - C4-al kyl sul phonate, which
may optionally be nono- orHpGlysidsti{uted by 10
fluorine at the al kyl group, phenyl*sul phonat e,
whi | e t he phenyl sul phonat e tionally be nono- or
pol ysubstituted by G - C4-al referably nethyl, at
t he phenyl ring. 15 6) Proce cording to one of
claims | to 5, for prep rbng ounds of formula 1,
wherein X- denotes an ani cted fromthe group
consi sting of fluoride brom de, i odide,
d - 4- al kyl sul phate, s dr ogen sul phat e,
phosphat e, hydrogen phosphate, dlhydrogéh phosphat e,

NirdraineX- a@i(ﬁ@ﬁl agi@nacetate, trifluoroacetate,

rate rate, tart rat al a succi nate and
t?bﬂ%éetrgcad? t aOLPRIYIS SR ‘b?éﬁgpé‘ adhich may
optionally be nono-, di- ri stituted by

fluorine at the al kyI gr oup3 W’ ph¥nyl sul phonat e,
whi | e t he phenyl sul phonat e optionally be nono- or
pol ysubstituted by G -C4- ap aty the phenyl ring. 7)

Use of the conpounds of for wherein Y- may have
the nmeanings given 30 in cl@insyl to 6, as starting
conmpounds for preparing HD ounds of fornula 1. 8)
Starting conpounds of f wherein Y- nay have

the meanings given in s s/

wherein

Y- denotes an anion other than X- selected from the group consisting of halide,
Ci1-Cio-alkylsulphonate, C,-Cio-alkylsulphate, C¢-Cio-arylsulphonate,

is reacted in a suitable solvent with an ion source Kat-X wherein Kat denotes a

cation and X may have the meanings given above.

2) Process according to claim 1, characterised in that compounds wherein the
cation Kat is selected from the series of alkali or alkaline earth metals or wherein
Kat denotes ammonium (NH4*) or tetralkylammonium (N(Ci-Cs-alkyl)s* ,
preferably N(C:-Cs-alkyl)s*) , are used as the jon source Kat-X,

3) Process according to claim 1 or 2, characterised in that the solvent is selected
from the group consisting of water, alcohols, amides, ethers and nitriles.
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claims 1 to 6, with the exception of brom de,

optionally in the formof the solvates or hydrat
LW 209510485265 o 2005/ 042526 PCT/ EP2004] 012356 EP2004/012268

Starting conmpounds of fornula 2 according to claimS8,
wherein Y- denotes nethanesul phonate or

nmet hyl sul phate, optionally in the formof the solvates
or hydrates thereof. 5 10) Conpounds of fornula 1
wherein X- may have the neanings given in clains 1 to

6g) W tProkbR RUERIMG RIcIfm 7] 9B 3¢ chafbiceRed i/ that thdRagent Kar-X
formof fhe sqlvates or Eéﬂ{}?te t her eof . .11;{
CATHD ORdEC starting RomRoynd of MmUY 2used ispsrd B CXGEser ei n
X- denotes 10 chloride or iodide, optionally in the
farm the sqlvates or hydr.ates_thereof. 12)..
ot BeEns PATIER Mo S T 14 By ERag e m the the
fcompamdshod feuhwla2essedras starting pesdudiere dfose vhetdn
yst ' i 0t ' [ i ek
b o UeabRE i ABPBUNER R 16l sk o ing of
di agr dmoridepelloride, baeanidestiedides Co-Gaplalsulpkiage, ps A
5.58 A, 4.45 A and 3.93 A, inter alia. 14)
Crystalljne _tiotropiumiadjde, optionally in the form .
of 't he bl Shase wih S ianali e mago- o pofubsticuted by
Cr yst dldokine attitiod akbpl grouppei de according to cl ai m 14,
which is characterised in that in the X-ray powder
diagramit has the characteristic values d= 6.30 A
5.19 mhenylsulpbanate, whila thphenyiailphonate arayantionally be gyono- or

Use ofpofshbQitufit BT At L-SIkGE posdtpdy %ﬁﬂ%ﬂ?a&he%@h ing.

10-15°for preparing a pharmaceutical conposition Tor
the treatnment of respiratory conplaints, particularly
fer tiRotéseatomdingio I digihisontcs Ofos piefeiringecompounds of

TR, S e or ct or f sod 1 n that 11 contane a

tX-ot r dghores asaniomsadented frpm theogreupfconkiating of fudide, chloride,
bromide, iodide, C;-Cy-alkylsulphate, sulphate, hydrogen sulphate,
phosphate, hydrogen phosphate, dihydrogen phosphate, nitrate, maleate,
acetate, trifluoroacetate, citrate, fumarate, tartrate, oxalate, succinate and

benzoate, or

Ci-Cq-alkylsulphonate, which may optionally be mono-, di- or trisubstituted
by fluorine at the alkyl group, or

phenylsulphonate, while the phenylsulphohate may optionally be mono- or
polysubstituted by C;-Cg-alkyl at the phenyl ring.

7 Use of the compounds of formula 2 wherein Y- may have the meanings given
in claims 1 to 6, as starting compounds for preparing the compounds of formula 1.

8) Starting compounds of formula 2 wherein Y- may have the meanings given in

claims 1 to 6, with the exception of bromide, optionally in the form of the solvates
or hydrates thereof.
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18) Pharmaceutical conposition according to claim 17,

c [ inthat it is in the form of
p%‘égpgg{oééggﬁu table for inhalation. 35 -46 WBCT/EP2004/012268

2005/ 042526 PCT/ EP2004/ 012268 19) Pharnmaceuti ca
conposition according to claim 18, characterised in
that it 1is a preparation selected fromanong the

i nhal abl e powders, propellent-driven netered-dose
aerosol s and propellant-free inhal able sol utions or

s@is persiaftitg; cdmgOindhenfoRaalatld sabordiafRoe eldima®) wherein Y- denotes

: t ;
e SieBR e She Pr ety S8Ry RO R dartpt Bt bl prgdivEtes or
thwlratepitharesfal t one or nore suitable physiologically
accept abl e exci pients selected from anong the

nonosacchari des, the disaccharides, the oligo- and
pdD ysa(é@mpuaé%,of fommula b Mherein o1 may have by anermings:given in claims

they 8/WihHR tﬁébﬁ&pﬁbnto‘f%r&ﬁides ogﬁoﬂiﬂﬁt il @8 £8fm P BResolddles or
3’8’ g@ %}’ th one anot her. Phar maceutical
ﬁfﬁ t 119 according to claim 20, characterised in
that the excipient is selected fromthe gr oup
CORSI Qse ruct ar abi to
Ele har o ShaP bt 68R%ys L KRR IR I hurepl dRBores
reblloridtest odide, optiouklly iDShe édtnulob e, scdoates Ox)lhydrates thereof.

manni tol, xylitol, a-cyclodextrin, (3-cyclodextrin,
X- cyclodextrln met h yl - (3- cyclodextrln

oXyRyrtagine. te@r@gﬂepb%ldswdq:wpt&ngl Wilh ze_hqﬁ;vamdefﬁh@ splyates or
&@dmteg tHekega de or cal ci um carbonate, or m xtures
t hereof. 22) Pharnaceutical conposition according to
claim?20 or 21, characterised in 20 that it contains
B we dbryStallineatimir@pitint cldoride hcrordidg)toCdypisul Bsyhich is characterised

GH% %ﬁ%& gan &&‘a&gddé ahﬂ'i’@aaé gﬁe\éckga;ﬁ&ét?{' SicPhjues d= 5,15 A; 5.58

Hﬂé%ﬂai@onpo& tion accor ding to claim
characterlsed inthat it is

pr.opel | ant - cont ai ni_.ng | | abl.e aer os whi ch cont ai ns

,43 nga W}rﬂog-a%mmrfogma eBtoilyop t§F§ obthg wlvates or
Ix@)ira%mﬂﬁmﬁfutl cal conposition according to cI aim 19,
characterised in that it 30 is a propellant-free

i nhal abl e sol ution or suspension which contains water,
dbhanélrystalline tiotropium iodide according to claim 14, which is characterised in

that in the X-ray powder diagram it has the characteristic values d= 6.30 A; 5.19 A;
4.47 A; 4.11 A and 3.55 A, inter alia.

16)  Use of a tiotropium salts according to one of claims 10-15 for preparing a
pharmaceutical composition for the treatment of respiratory complaints, particularly

for the treatment of COPD (chronic obstructive pulmonary disease) and asthma.

17)  Pharmaceutical composition, characterised in that it contains a tiotropium
salt according to one of claims 10-15,

18)  Pharmaceutical composition according to claim 17, characterised in that it is
in the form of preparation suitable for inhalation.
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or a m xture of water and et hanol as sol vent.
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19) Pharmaceutical composition according to claim 18, characterised in that it
is a preparation selected from among the inhalable powders, propellent-driven
metered-dose aerosols and propellant-free inhalable solutions or suspensions.

20) Pharmaceutical composition according to claim 19, characterised in that it
is an inhalable powder which contains in addition to the tiotropium salt 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.

21)  Pharmaceutical composition according to claim 20, characterised in that the
excipient is selected from the group consisting of ghucose, fructose, arabinose,
lactose, saccharose, maltose, trehalose, dextrans, dextrins, maltodextrin, starch,
cellulose, sorbitol, mannitol, xylitol, a-cyclodextrin, B-cyclodextrin, y-cyclodextrin,
methyl-B-cyclodextrin, hydroxypropyl-B-cyclodextrin, arginine hydrochloride,
sodium chloride or calcium carbonate, or mixtures thereof.

22)  Pharmaceutical composition according to claim 20 or 21, characterised in
that it contains between 0.01 and 2 % tiotropium.

23) Capsules, characterised in that in that they contain an inhalable powder
according to one of claims 20 to 22,

24) Pharmaceutical composition according to claim 19, characterised in that it is
a propellant-containing inhalable aerosol which contains the tiotropium salt in
dissolved or dispersed form.

25) Pharmaceutical composition according to claim 19, characterised in that it
is a propellant-free inhalable solution or suspension which contains water, ethanol
or a mixture of water and ethanol as solvent, '
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