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DB/ hbEBEROPI UM SALTS, METHODS FOR THE PRODqu}
THEREOF, "AND PHARMACEUTI C‘ALH%?I\/ULATI ONS CONTA 0041012270
THE SAME The invention relates to a new tiotropium

salts, processes for preparing them pharnmaceuti cal
formul ati ons containing themand their use for
preparing a nedicament for the treatnent of
respiratory conplaints, particularly for the

867 8apetst4 of COPD (chronl c obstructive pul nonary

%&gﬂ@ﬂrﬁﬁ@ﬁ*iﬂm sy PICKPEPHG DL FOR TH) ﬁ‘flgkb’ﬁUCTmN
1

DT UM DT O dge TS KNMowTtT TT1T0m I:UIU earn Pda
£ f .; SCCONTAINING

..L.. ! !
chemi cal structure: H3C, N['ﬁﬁsm otrop| um brom de is
a highly effective anticholirnergic with a |ong-Iasting
effect, which may be used to treat respiratory
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treh @A ERRIFUTOPES N0kl %sfﬁ]@?\lﬂi q-(r Bﬁe%? LGS Al
onate o

al so the alkyl- and aryls trotropi um
shoul d al so be obt ai nabl e analogously usi ng the nmet hod

described in EP 413a813ﬁ0(1ﬁ& 10 E}h@m&gﬂ@lgﬁ However ,
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and bes the ﬁoﬂmmnmheopcalmtamltms and an alternative
nmet hod of synthesis for preparing them which enabl es
new ti otropi um WO 2005/ 042328 _g
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Tiotropium bromide is a highly effective anticholinergic with a long-lasting effect,
which may be used to treat respiratory complaints, particularly COPD (chronic
obstructive pulmonary disease) and asthma. By tiotropium is meant the free
ammonium cation.

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.

The aim of the present invention is to provide new tiotropium salts and an
alternative method of synthesis for preparing them which enables new tiotropium
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PCT/ EP2004/ 012270 salts to be synthesised by a sinple,
@g@{ i ve method which is, universally

\gggol ca 2?§8S Det ai | ed descri pt |Szon of the invent F%%"E]IE%%OMOMMO
probl em st at ed above is solved by the process
according to the invention as 5 descri bed
hereinafter. The invention relates to a process for
preparing new tiotropiumsalts of fornmula 1 H3C N CH3
X 1 wherein X- denotes an anion, 10 characterised in
sehato be symhesyeidiby & simplef ndroaggressi® mehGANyidR iYunRersally
a?gﬁ&ﬁﬂ@ Y- denotes an anion different from X-

l'ected from among the halldes 15 is reacted in a
sui tabl e sol vent Rgtededidesgriptingofitheinviention may have

THeprobath Bated FbHRs IBVVE by e bftﬁ:eE’J KL8EENRFS W ntioh as
t he..i nvent. OF} silver salts AgX are used as the source

dedtibedREremalif .. Theoretically, the process is
suitable for preparing all the conmpounds 20 of

TR Ui B 2 BoSestbs S A RebisE afn SBbgms 1

The process according to ;qr@ 5 moigntion is preferably
carried out in a polar sol ¥ Xs particularly
preferable to use sol vent which the silver salts
AgX are sol uble but the erjsalts AgY forned are
i nsol uble. Preferred sol ve e aprotic polar

sol vents sel ected from ano ‘am des such as for
exanpl e di nmet hyl f or manikfe
N- et hyl - pyrrol i di nong™== ers such as for exanple
tetrahydrofuran, di oxang, hyl et her and the-
nitriles such as acetonitrile, for exanple. It is

w%_%fédt'l%{“cﬁﬁ yes%egdg rable to use di methylformani de,

pyrto none,
characterlsed m that a tiotropium salt of formula 2

H3C.N.CH3 v"

0

0
HO 0]
== ==
N\_S 8./
-2
wherein
Y- denotes an anion different from X- selected from among the halides,

is reacted in a suitable solvent with a salt AgX wherein X may have the meanings

given above.

In the process according to the invention silver salts AgX are used as the source for
the anions X-. Theoretically, the process is suitable for preparing all the compounds
of formula 1 the anion X- of which forms soluble silver salts with silver.
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tetrahydrof uran, di oxane, dinethyl ether or

vﬁ?%d&fhﬁ%ﬁs' e as solvent, whil s acetonitrile i Sserpepanosni2270
particularly preferred accordi'ng to the invention. 18

In order to carry out the process according to the

i nvention, stoichionmetric anounts of the silver salt

AgX are required; based on the starting conpound 2

used. However, if desired, the silver salt nmay al so

be used in excess (for exanple 1. 1 -equivalents based
The projess ascording tabe iinvemivads prefgrably ¢dreed ovent & polarsolvent, It
. 841 H i t i . f .
SERELENIRAL rIBFIOR B soPentiil BiHRNE Bfer SPRPAUR Sul Sotuble but

enealisidme formes| arsrinsoluble. Faslericdgolvents arempeotic polar

OV & 9éledtedForA Grichgathe MRSHed ARNDAITLE B mpR TR BiyHoPmamide

0 he | vent.. used. Preferably, however, the reaction
i N e B RIARGS:, the Sthers sehias ot Syample copahydyoturan,
djoxefgrditveyhyd¢ theeasd thenitdREsucipacaqtediaiiapfoy eahmphs 3t is

e reaction. .
phtEiaeh) prefSBitik 30 Lol il RSl RRhite, N1t SR Rlidinone,
tetafpdradeinne diaxappedimetdethes or 20cta0iilemsebbreabl while acetonitrile
isFagtitully BRGerrBY acERURAY bSAP iNfenfioneact i on at hi gher

tenperatures, tenperatures in the range from about
10-40C may lead to |longer reaction tines. However,

I @mzt itc@ Barre BRE ]E]ﬁ plfogésbs%cbﬁliﬁélg) {lﬁngeeﬁﬁmsahaubmeuic amounts
- ar ref erred.because o € non-aggr essi.ve
of s Sfsrioft K oL RS o PSR 6o CFutRR saRtoga 4 sed.
Hpweten; ifsttspedcdssiluermaitdnay also beheed mv exdeiso (for ehemple 1.1
e @mﬂtgg,g%_rcggﬁlgﬁ used are conpounds of fornula 2
- deno

ereln tes a halide other than X- sel ected

fromthe group consisting of fluoride, chloride,
The gmgﬁenaadoﬂfd@ﬂg gjletheviﬁ*rér_ﬂ_l;j(ﬁf% Qgéié?a,(?ljg&ﬁ@?ea%lﬁ"b? taking up the

i odi de refer rom de odide, . are ]
cQsBp i P 2 nitahe STt Srliiagt Fooneet Beraponementionss
soWen20%d feb2 RS ad a REMpERARORAT G 22 TehsPatE ite ut ardsy the boiling
teg{rpgefr%g?g%)% tgg%ﬁi&gt h?eed Fi’"eré?a%ﬁyfi?o%%)eR%ﬂe ?ga%\ﬁ%n iS %lulr%d]but at
less than 100°C, particularly preferably at less than 80°C, more preferably at less
than 60°C. Particularly preferably, the reaction according to the invention takes

* place at a temperature in the range from 10-40°C, preferably at about 20-30°C, By

comparison with reaction at higher temperatures, temperatures in the range from
about 10-40°C may lead to longer reaction times, However, reaction temperatures
in the range from about 10-40°C are preferred because of the non-aggressive
reaction conditions according to the invention.

In a preferred process according to the invention, the starting products used are
compounds of formula 2 wherein '
Y- denotes a halide other than X- selected from the group consisting of
fluoride, chloride, bromide and iodide, while chloride, bromide and iodide,
preferably bromide and iodide, are particularly important according to the
invention. '




(8]

wherein X- denotes an anion selected fromthe group
B&dsrlubdryg of fluoride, chlorj,de, bromde, iqggi

Wg- CA- al kyl sul phat e, sul phat e?" hydr ogen sul phgiﬁgf}ﬁmooymzzm
phosphat e, hydrogen phosphate, di hydrogen phosphate,
nitrate, nmal eate, acetate, trifluoroacetate, citrate,
fumarate, tartrate, oxalate, succinate, saccharate

and benzoate, or C, -C4-al kyl sul phonate, which may
optionally be nono-, di- or trisubstituted 10 by
Particadariiepreferably, usingthgpmesss descpbedhgbevd, phitnhere, obtained
widldig the phenyl sul phonate may optionally be nono- or

ol ygubstituted by Cl-C4-al kyl at the phenyl ring. 15

Par t PERAtSY M aptogrstestrd fromsihis growe copsing @ffluasistes chloride,
pr ocbssnids Alodide] Gyr€,-allgulshiié) sifshab\ei@irfgel sl £S
an anpi on S%I cmctzlreod fr m{#e g‘ﬁ.gug consi stlﬁ:ﬁ.of. 1 ‘
ot SRR P OB pRACS RS By Tiog B RO h g g maleate,
sul piatase, whbmpbatetste heitha ey Emmplaos xhetae, oxdildty druwgmiate,
PROSORE fratdUdd BlzoafiBlogat €, acetate,

u

trifluoroacetate, citrate, 20 funarate, tartrate,

oxal at e, succi nate, benzoate, nethanesul phonate,

et ha@?@h'—ﬂli‘ﬁ@@lbﬁon&@? Ghadheingy _o;ahaﬂalgnsé RS WiP be Bdudstituted
di f | uogonet han suI]%Honate, tritluoronet hanesul phonate,
phendy SHPHRGOAGHS XA &P W Mnesul phonat e. 25

Preferably, according to the invention, using the

abovg- ' I S re also obtajned
ehor SRR AR e RbiSubnoBAE ol BpfShdlylimgno- or
sac cirelyatbstituted by for-tacdkydae the phemybring,
nmet hanesul phonate, trifl uoromethanesul phonate and
t o] uenesul phonate, while preferably salts 1 wherein X-
P?%lcgaﬂéfd%rsﬁrablwss@g ERecabave; meRiMnede BIPGSRD $alte L are also
olaiiedariadrein t ol uenesul phonate, trifluoroacetate and
benzgat nost. prefe t hanesul phonat e,
Xeoe e SR kBl Atimh R BRI S mythvisulphare
obt aithgsulphateh eulphatee bydmgen sdiphgte, phbbghate hseinoganphosphate,
VO %H?é&égégﬁoéphate, nitrate, maleate, acetate, trifluoroacetate, citrate,

fumarate, tartrate, oxalate, succinate, benzoate, methanesulphonate,

ethanesulphonate, saccharate, 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 nitrate, maleate, acetate, saccharate, trifluoroacetate,
benzoate, methanesulphonate, trifluoromethanesulphonate and
toluenesuiphonate, while preferably salts 1 wherein X- is selected from
acetate, methanesulphonate, saccharate, toluenesulphonate, trifluoroacetate
and benzoate, most preferably methanesulphonate, saccharate,
toluenesulphonate and benzoate are obtained by the process according to the
invention,
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of the conpounds of forrmula 2 wherein Y-
vh§§BQ§V%§$%e meani ngs given aBove, as a startihgl/El2004/012270
compound for preparing the conmpounds of formula 1. 5
Cl1-C10 al kyl, unless otherw se stated, refers to
branched and unbranched al kyl groups with 1 to 10
carbon atons, preferably | to 4 carbon atons . The
followng are nentioned by way of exanple: nethyl,

Tiehpyleserrinpattiodr alkdidlites to ttfeOiR ¢fab€SomPBunds of formula 2
bbrie\@_at i o&i N@lie n%t .Prop or ﬁu are used to denot 8 P
L1810 IR HRYHTHE RHTSS SV BROYS 87 25Ty Re compenad for
potpreng the comygtomatds ofiordmiladi ti ons propyl and butyl
include all 10 the possible isonmeric forns of the
r My | - f
ol u S o Risd Sited, sl e i birapched alkyl
graupsbaitly 11, toskccdrboy hteans) prefierablp dttpl4 carbog atddng e SBhe following

ot herw se. st at ed .al kyl ., groups al so opt.i onal
B BERtbAFL B MeS i ayiuiple pethSt, B rrdpyRupimar 1 spme cases the
abbreylationp MeJES Projf oF Bexa@Rised By deRcehe BRADsIhOMPE ethyl,

d 15 fromthe group consisting of fluorine,

sel ect 19 .
DM oF BTy AORFTeo thesmise StHedh 856 definitprnpsapy! ppd byt include all

g . ti

tH DRILIE ROaRFRABKAS of R AOSREN! ahEAFR.. P05 TRLEREMS propyl

inghudtisr-propyl dod dsceprapyl, drusylenclkides sg-oytl, eec.hittyh asd tart.-butyl,
O carbon atonms. Preferred aryl groups are phenyl or

'enapht hyl . These may optionally be substituted, for

IS e S U 58 S5 L5 849 o

conprising

ohghes £50UITH3. & plkylsuirhopate siorieaample by Age oo myvesteustselected

fibft MY @rodpabasibfiP 8f Aoifd, BIGHIY, Bromld ¢aus) .
nmet hod@gi gcl ogledﬁ?n EP- A- 418716. Trr1i S is ou%liwr‘}itégx)it%emethoxy

the following Diagram 1. N ~CH3 H3C,N.CH3 Me-Y WO
H206¥=h0x4i2hin8h6 sGope of the present invention represents fluorine, chlorine,

bromine or iodine.

The term Ces-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, CF3 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.

CH ' + '
N/ 3 HSC‘N.CH3 .-
9 | Me-Y Q
O E @)
HO O HO O

—— — i —— e

NS s/ N\_S S/
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D agram 1: PCT/ EP2004/012270 2 5 Starting from scopi ne

Lthi | ycolic acid esters 3 the starting conpounds
“gbr%géﬁ&%é&obt ai ned by reactio® with the reagen’t’(rjr'E/gf’%“.’0‘”012270
The prior art has hitherto only explicitly described
the synthesis of tiotropium brom de (according to

Diagram 1). Inasnmuch as the conpounds of formula 2 10
wherein Y- has a neaning other than bronm de are novel

and may be used like tiotropiumbrom de as starting
conpounds in ghe synthesis according to the 2invention

for preparing the conpounds of formula 1, the present
invention also relates to the starting conpounds of
Diegramk 4: 2 as such, wherein Y- may have all the

meani ngs gi ven above, wth the exception of brom de,
optionally in the formof the 15 solvates or hydrates
StHengdrompseppiag ditpicaylalygedictagidesters Bodie skastifg cbmpiongds 2 may
b8 lobhdih 8@ b§ QERUSAGwh thOFAPER Kicti ch  has not yet been
described in the art and which is also preferred

according to the invention is obtained: scopine
Tdhie-firdort dri hayhitgdrye ohitexplieitlyaieochitste] €HeisghiRpis WMid@ropium

i odi de). thi b d
ok s brla" PBBURE STt BFahiaESe fgmuia2
wihegeintY-dvas attheaning other thaw bramiole axt sovelaindtresy be used like

. i | - i
CBROpLEAI At 8B o kdLon IROKELIER, R ot
inyspiign éar prepaing faicumBauRdieeidermulpmb the pressphinvention also

réiX@pe G SeFMR do@nlbddﬂﬁt‘{f&‘éﬁ?ﬁia(z & RRANVhe NS 'V n®dY have all the
restri.cti

more fully, .withou t he, scope of th
e g B D A S PR EIOD Gl Bz le) Oppiopally i e form of the
s@examwepbehy®@tok thereobt arting materials A 1. 1.

tiotropi umbrom de: Tiotropium brom de may be obtai ned

for exanple using the procedure described in 35
Fpp espeple ysingewis mggadcdei folowmegstgtinggompound of formula 2 which

has not yet been described in the art and which is also preferred according to the
invention is obtained: scopine di-(2-thienyl)glycolate-methoiodide (tiotropium
iodide).

- Where this new compound may be used as a starting compound in the process

according to the invention, the present invention also relates particularly preferably
to the above-mentioned compound 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. I Starting materials

A. 1.1, tiotropium bromide:
Tiotropium bromide may be obtained for example using the procedure described in
European Patent Application EP 418 716. '
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WD 2005/ 042528 7 PCT/ EP2004/ 012270 A. 1.2. Tiotropium
,,0di de; 4.57 g of scopine di-(2-thienyl)glycolate
‘gggiog%g@%%%ed in 650 nl of di€thl oronet hane andC148§004/012270
m of acetonitrile while heating gently. After the

m xture 5 has cooled to anbient tenperature 51.52 g

of nmethyl iodide are added. After the conpletion of

the reaction at anbient tenperature the crystals
precipitated are separated off and washed with cold
acetonitrile. The nother liquor is concentrated and

0 sot and.i he product crystallising out of the
~Fi Esol ated and recrystallised from

1t fiagalf scqyet de 2-whiehyl) glgcdlatesdre chissslvad if 680tmbst 10

: . i 2Bl Li.n I Nt .
S50t a8 1200 xRS ST A8 BB s e s
hay ronledi to amaliontiengparaturt 8152 & of insthyl fodisleapd added. After the
T IEGor _ . . e
O BTy P ora bl I ety ar
sgegia&mﬂaﬁiap %Eegwl‘gbr d aggtonitgile,  Themather liquor is concentrated
ztlﬂrlpf fnatstand. The praducs c%@;&fiﬁhing bet ofl‘iiélétrﬂéﬁei' ﬁqﬁgf {jsriﬁﬂated and

r nut ilte and_evapor at ed down

re Ry Elon Sncth i Teechi b Tt SEB o eRoRT e

product crystallises out. Filtration and 20 dryi ng at

0G. Wiy el Lt | A0 i .
O S5 0P e SIS shijng sRRPANa 202 (ila AR osition)
product were confirmed by spectroscopy. Exanple 2:
Al Il Bxpinsles AT EPAtINsEs ABEoridihE R0 AABRAVESKYAS Obt ai ned
fromtiotropiumbromde using silver saccharate 25

anal ogously to the nethod described in Exanple 1.
Buahtple: JoomopinniBe&@oater om acetonitrile); the

r . Ik o0 r .

4200 P Hofropitn inidt S 9550, of P heSHGLS I Sgpended in 100
mplefacetordile ang dirad éosd hmtambientcoweppurel Gelise is added, the
iR bire RO Sirré @ O ridndtH AT HIRIE LS IR rihd) A Slab¥Blted down in vacuo to

tol, honat I ly to th hod d bed
a; rgma}egglﬁ%p gle?g‘q?@%q%%g I(I)lggﬂ?ﬁ gn_od%gg@?r@tfa lgg;ﬁg out. erii:tlr:a{tio% and

~ dayiap @0 k0T Clyidldizes hy lof didetlg compousdr Melttgep6ing = 169°C; the

s?r‘ﬁ?@u?@ iaggpsﬁyrié[higﬁxctry of the product were confirmed by spectroscopy.

Example 2: Tiotropinum saccharate

The title compound was obtained from tiotropium bromide using silver saccharate
analogously to the method described in Example 1. Melting point = 192°C (from
acetonitrile); the structure and stoichiometry of the product were confirmed by

SpPectroscopy.

Example 3: Tiotropium paratoluenesulphonate

The title compound was obtained from tiotropium bromide using silver
toluenesulphonate analogously to the method described in Example 1. Melting
point = 153°C (from acetonitrile/diethyl ether); the structure and stoichiometry of
the product were confirmed by spectroscopy. |
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2005/ 042528 8 PCT/ EP2004/ 012270 Exanple 4: Tiotropi um

Ve ehdetd®ohonat e The titl e c8mpound was obt ai HeHEPPWA{012270
tiotropi um brom de using silver nethanesul phonate

anal ogously to the nmethod described in Exanple 1.

Melting point = 231C (from nethanol); the structure

and stoichionetry of the product 5 were confirned by
spectroscopy. The products 1 obtained are obtai ned

EXAA 92U ST ¥ udbalh idh QW HoNL{OP UM i odi de. 10 A.
A\ ar act ecgl sat |bon 0 e .exanpl es of . synthesis
CHsHgPeRnd FEs obrasd from HREORMR BreTRideoINRE HIET by
nidiRaeddaiphophecasdoyRish ©hhe asdtod seskrivedIExaheslaill. Melting

1.Ng -+ bAY wder,, di ffraction. The fallown
B é?ngc"e oié }eév@g)%ﬁ gbeah?rboli,e r %Iq%reﬂndlso{opggp “ﬂ%ﬁ% gf the product
vatiragoiinendd By spkdimiscopy. The X-ray powder di agrans were
recorded within the scope of the present invention
using a Bruker D8 Advanced wth an OED (=
| ocati on-sensitive detector) (CuKa radiation, X =
Thehb8udis 136btlivied4Pe BWainetDakIGetIsE skartibigdté@RIdHBpium iodide.
benzoate The tiotropi um benzoate obtai ned by the above
method is highly crystalline and is obtained-in
Aa bl Charadterisatibh ofahe exhnesles df senfhusidaccording to the
¢! '&@ti on by X-ray powder diffraction. 25 The X-ray
povwder— di agr am obt ai ned for the anhydrous tiotropium
benzoate is shown in Figure 1. Table 1 below lists

ThR& ok btdhtd bP RK bR REAR A IcheF cldHsed $h hld?e detail

30 2005/ Q42
using\%?ray powder gi%tgr;action. The following procedure was used to record the X-

ray powder diagrams listed below.

i

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 benzoate

‘The tiotropium benzoate 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 benzoate is
shown in Figure 1.

Table 1 below lists the characteristic peaks and standardised intensities.




PCT/ EP2004/ 012270 9 Table 1: 2 O []Jdhw [A]lIntensity

vgo 6.5913. 4128 8.1710. 8137 8.5110. 3841 12.27. 2510
Q280510487287 12. 786. 925 13. 2269695 14. 136. 2710 PCT/EP2004/012270
14. 875. 953 15.545. 72 16.385. 41100 17.15. 1811

17.565. 0547 18.084.99 18.714. 7423 19. 734. 511

19.924. 4510 20. 834. 264 21.44.159 21.694. 0940

22.353.9810 23.183.8311 WD 2005/ 042528 10

PCT/ EP2004/ 012270 23. 473. 7917 24. 143. 6811

Table 1: ,

' 20 [°] dnx [A] Intensity [%]
6.59 13.41 28
8.17 10.81 37
8.51 10.38 41
12.2 7.25 10
12.58 7.03 17
12.78 ©6.92 5
13.22 6.69 5
14.13 6.27 10
14.87 5.95 3
15.54 5.7 2
16.38 5.41 100
17.1 5.18 11
17.56 5.05 | 47
18.08 4.9 9
18.71 4.74 23
19.73 4.5 . 11
19,92 4.45 .10
20.83 4.26 4
21.4 4.15 9
21.69 4.09 40
22.35 3.98 10
23,18 3.83 11
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24.563. 6213 24.723.613 24.983. 5613 26.413. 378

wRY 20k3@a2534 28.093. 177 28. 743. 3
31.472.844 36.182.484 382.374 In the above Table

represents the diffraction angle in
s and the value " dhkt [A]"
"specified lattice plane intervals in A The tiotropium

val ue
degree

"2 0[]"

re

t he

presents the

29. 7234 30. 64%326p2004/012270

benzoat e obtai ned by the rret hod of synt heS| s according

toth
t her ef
of, fa
adm ni

S or 'Fnr avgnhl

| IIVCIIlI Ul T3S ||| glll y Ul O cll | |
ore paritéul arli vel | %Géted to
stratidhléy |

i nhal at i o$}6§uch as

T ClIIU | S

t he

At Anc
AT T UITTO T \JI

ptéparati gn

f"f‘\l"\

|nhala%Fe

powderis
10 for
alsor
parti g
opti on

el ates to.tiotr

mul at i2h86 Accof di ngl y3.6€he pre

[a¥d npal | ant

1n| um benzoate a

sent i n¥2ntion
5 such,

ul arl 2&7gstal | i

ally in the far

ne ti oBréopi um b
m of the hydrate

enzoat el3
aor __solvates

't her ed

tiotropium benzoate W
PCT/ ER2004/ ®@6laR2 7 O

f. Par24.edl arly

prefer3.6d is a
nich is WD 2005/

crystal i3dne
042528 ‘11

charac3.ayi sed i

n that ign the

X-ray {powder diagramit has, inter al
charadteristicigval ues d= 10338 A, 5.
4.9 A The tiotropi umbenzoate which

i a, the
41 A, 5.405 A ang
nmay be obt ai ned

by the abovegigs hod can be Hygonvertied diregtly intd
the cqrrespondi ng hydfate by t e contfrol l ed acti on of
nmoi styre (1. ter yapour grythe Tike). Acgordingly,
t he prlesent ‘i1 nvention|al so
29.72 3 4
30.64 2,92 6
31.47 2.84 4
36.18 2.48 4
38 2.37 4

In the above Table the value "2 @ [°]" represents the diffraction angle in degrees

and the value " dna [A]" represents the specified lattice plane intervals in A.

The tiotropium benzoate 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 benzoate as such,
particularly crystalline tiotropium benzoate, optionally in the form of the hydrates or

solvates thereof. Particularly preferred is a crystalline tiotropium benzoate which is
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relates to the above-nentioned tiotropi um benzoate in
its hydrate. Exa e 2. Tiotropiu
“gggg%ggr%?% 10 The tiotropi umngiclcchar ate obtai %%TIE}I;ZOOMOIZHO
t he above nethod is highly crystalline and is
obtai ned in anhydrous form It was further .
i nvestigated by X-ray powder diffraction. The X-ray
powder di agram obtai ned for the anhydrous tiotropium
saccharate is 15 shown in Figure 2. Table 2 bel ow
chastceerishe in Heat g tlee K/Staiycpq@ﬁiﬁrsiimtﬁirlnsit hmja]/%ﬁi- akdl the cléailracteristic
' Sifid €8 -4. 0 5 CT/ EP2004/ 012270 Tabl e
Véf:ateglaﬁ Hgﬁ&%ﬁﬁgﬂﬁ%@[% ‘% 1314. 42100 9. 349. 462

10. 388. 5214 12.297. 1913 13.156. 736 13. 526. 5510

T 2ot dEnzb3R 11 ay B2 o8R8 6y A3539Rnethod can be

17. 205 éiSZ ﬂ%& 17&_‘. 888 18.7494. (957 1 . : .
cquverteAl guertlygnimthesosresponding hyduato by the comtrolled action of
moisture (i.e. water vapour or the like). Accordingly, the present invention also
relates to the above-mentioned tiotropium benzoate in the form of its hydrate.

Example 2: Tiotropium saccharate

The tiotropium saccharate obtained by the above method is highly crystalline and is
obtained in anhydrous form. It was further investigated by X-ray powder
diffraction.

The X-ray powder diagram obtained for the anhydrous tiotropium saccharate is
shown in Figure 2.

. Table 2 below lists the characteristic peaks and standardised intensities.




21.004. 2317 21.944.0521 22.194.0018 22.333.9817 WO
W20 0505042538 13 PCT/ EP2004/ 0122,0 22. 553. 9415  peyEp2004/012270
23.273.8212 23.863. 732 24.773.5932 25.213.535
25.953. 4312 26.613. 3511 27.733.229 28.203. 163
29.892.992 30.782.905 In the above Table the value "2
OJ[]" represents the diffraction angle in degrees and
the value " dhw [A]" represents the specified lattice
' Tglb?ne intervals in AL 5 The tiotropium saccharate

%@fned by the method of synthesis according to the
inventlion igdipply criystalddmnpApnd i$ thaeasiyg]
particularly we suitjed to the preparation of, for
exanplle, phagmpgeuticdl fornyl gjions for 0
adnmi nijstration by inhalation such as|inhal a%)?e
powderis or T@rsgxanpl ¢ propeflant-confai ni ng aerosor
formulfati ons.” 10 Accorldi ngly; the pregent invéntion
al so rlelates Tiotrgpiums harate[as sucty,
partiqul arl yl(%'?’?/st al l'ifne ti o?‘ggpi um sacchar a?é,
opti onattyi fle formmof—the fiydrates—or—solvates
t her eqf . Parﬁ'gél arly |pref erf‘éa is the anhydlléus
cryst atrme—tjotroprum —saccharate—acgording—to—the
i nventfi on wht2h3i s character?4éd in that in the X-ray
15 pover—dtagramt+t—tas,—Hpt-er—al-at+the
char adt eri st1%5%al ues |d= 14.@35A; 5.6 A, 4. 19

14.34 6.17 3
15.19 5.83 7
15.78 5.61 98
16.43 5.39 28
17.20 5.15 2
18.17 4.88 8
18.49 4.79 57
18.81 4.71 9
19.13 4.64 5
19.54 454 9
20.05 4.43 ‘ 19
20.74 4,28 - 12
21.00 4.23 17
21.94 4.05 21
22,19 4.00 18
22.33 3.98 17
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A and 3.59 A, Exanple 3: Tiotropium

%[?) I esul phonat e WO 2005/.042528 14
“g? E%ﬁg%/ 012270 The tiotr oa3um t ol uenesul pho%é‘f’%mommmzm

obt ai ned by the above nmethod is highly crystalline
and is obtained in anhydrous form It was further

i nvestigated by X-ray powder diffraction. 5 The X-ray
powder di agram obtai ned for the anhydrous tiotropium

t ol uenesul-phonate-is—shownin-Figure 3. Table 3 below
lists [the ched.aBteristic peak&4and st pndardi $&d
intensities. 10 Tablei3: 2 0 [Jdhw [Alintensity [%
4.7018. 775 RBHB215. 73100 7. 49382803 8. pP39. 90212
11.277.846_13.516. 55214, 266. 202 15. 0b5. 882 15.525. 716
15. 715. 646 123.945. 567 |16. 3453 4238 16. P65. 22112
18.424,.812 19.314.5922 19.924. 459 WO R005/ 042528

24.77 3.59 32

25.21 3.53 | 5

25.95 3.43 12

26.61 3.35 11

27.73 3.22 9

28.20 3.16 3

29.89 2.99 2

30.78 2.90 5

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

The tiotropium saccharate 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 saccharate as such,

particularly crystalline tiotropium saccharate, optionally in the form of the hydrates

or solvates thereof. Particularly preferred is the anhydrous crystalline tiotropium
saccharate according to the invention which is characterised in that in the X-ray
powder diagram it has, inter alia, the characteristic values d= 14.42 A; 5.61 A; 4.79
Aand 3.59 A.

Example 3: Tiotropium paratoluenesulphonate
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15 PCT/ EP2004/ 012270 21.174. 1911 22.104.028 22.693. 924

wAP208R47H4 26. 703. 345 25. 623. ﬁ72 29. 423. 032 SQJ&%P%f}Q,Olzzm
.In the above Table the value "2 O[]" represents the

d| ffraction angle in degrees and the value " dhm[A]"

represents the specified lattice plane intervals in A

5 The tiotropiumtol uenesul phonate obtai ned by the

met hod of synthesis according to the invention is

highly crystalline and is therefore particularly well
Theittoseppiwn: thluengsupherate ohtadhed bpitheabons regthod is highly

- cﬁeﬁmm%& is¥aihod iﬂlhﬁh‘cﬁﬂﬁs fn. aﬁ%y h;hOE irﬁr@s%ted by X-ray

g on.such as I nhal abl e powders or r exa
P%W %ﬁm%bntalnlng aerosol formulations. 10
Accordingly, the present invention also relates to

The kAP b ERET RO o8 S anBitin BBGGBE nc 1

taluentesulphonateds showe imydnet 8s or sol vates t hereof .
Parti cularly preferred is the anhydrous crystalline
tiotropi umtol uenesul phonate according to the:
Tehlpehbelow N the qharagterisiictrepks ad srandardisesh infensitice.
X-ray powder diagramit has, inter alia, the
cterlstlc values d= 15.73 A, 5.42 A and 4.59 A
Rt

Tiotr npl U e 20_-The
tiotrapi um et Iﬁ%]nesul Jhonaﬂﬂadhﬁ]ai ned byintdmsigbd¥d
nmethod is highly crystalline and is [obtained in
anhydrious foamp It wag furthgry7i nvestfigated Iy X-ray
powder|_diffraction. WD 2005/042528 16

5.61 15.73 100
7.49 11.80 3
8.93 9.90 2

11.27 7.84 6

13,51 _ 6.55 2

14.26 6.20 . 2

15.05 5.88 2

15.52 5.71 6

15.71 5.64 )

15.94 5.56 7

16.34 5.42 38

16.96 5.22 11
- 18.42 4,81 2
19.31 4.59 22
19.92 4.45 9
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PCT/ EP2004/ 012270 The X-ray powder di agram obt ai ned

faor the anhydrous tiotropi um nethanesul phonate is
Vg‘ﬁ&%}#’?%ﬁ gure 4. Table 4 beldw lists the PCT/EP2004/012270
characteristic peaks and standardised intensities. 5

Table 4: 2 0 [0]dhw [A]intensity [% 9.978.8613

10. 738. 2410 12.087.3239 13.866.3812 14.756.0012

15. 455. 7320 15.995. 5415 16. 65. 3436 16. 945. 2314

17.635,0328 17 974 9349 18 654. 755 19. 514, 55100

19. 884| 4634 21.1774. 1937 21. 5840114 22[293. 9814
22.93. 8819 23.353.8114 WO 2005/ 042528117 PCT/ EP2004/ 0
1 2 27| 0 24.62306113 34. 873. 583 3
22.69 3.92 4
23.63 3.76 2
26.70 3.34 5
25.62 3.47 2
29.42 3.03 2
3036 2.94 1

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

The tiotropium toluenesulphonate 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 toluenesulphonate as
such, particularly crystalline tiotropium toluenesulphonate, optionally in the form of
the hydrates or solvates thereof, Particularly preferred is the anhydrous crystalline
tiotropium toluenesulphonate according to the invention which is characterised in
that in the X-ray powder diagram it has, nter alia, the characteristic values d= 15.73
A;5.42 A and 4.59 A, |

Example 4: Tiotropium methanesulphonate
The tiotropium methanesulphonate obtained by the above method is highly
crystalline and is obtained in anhydrous form. It was further investigated by X-ray

- powder diffraction.




25.663. 478 25.963. 4310 26. 253. 397 26. 573. 359

eabhaet,

the value "2 0 []"

degr ees

accor di ng

27.563. 2312 27.943
29.223. 053 30.062:9711 In the above” Tabf& 012270
represents the diffraction angle in

and the value " dnw [A]"
specified lattice plane intervals in A The tiotropium
net hanesul phonat e obt ai ned by the method of synthesis

910 28. 323. 158

represents the

to the invention is highly crystalline and

Tihe Xtray pberder giugtdm wbaaihyd ¥l the smhydwbut ciotiopium

Rl

HoRaf is SBQ nGf

I ons for a m ni s

2.4 Phar maceuti cal

ratl on by inhalation such as

i nhal abl e powders or for exanple propellant-containing

Ta®IOs Bklow Rtk AENRRSteridi:
i nvention also relates to

as

Trabldhdnesul phonat e,

AU AGardif&] RItEEMRLs.

| ot ropi um et hanesul phonat e

such, particularly crystalline tiotropium
optionally in the form of the

hydr aties or tes tihereqf ticular . d
is the anhyér ou[s crystlal |'i ne fRI)t rop r%ﬁeﬂgl%et%f
met hanesut pngq% € accgraimng %% the Tmyentton_which—3
characterise 15 that in ] X- ray povvder 14 agram
it hasg—nter—al+a—the characteristit—vatues—d=+7-32
A 5.34 A 4AB33A 4. 55 A an®t24 19 A WO 2088/ 042528
18 PCI+EP2604{012270B—Pharmraceutiecaf—formulati-ens
The prlesent 1598ntion|al so réPadtes tof new 39
phar ndeeutiecal—formH-atons—which

13.86 6.38 12

14.75 6.00 12

15.45 5.73 20

15.99 5.54 15

16.6 5.34 36

16.94 5.23 14

17.63 5.03 28

17.97 4,93 49

18.65 4.75 5

19.51 4,55 100

19.88 4.46 34

21.17 4.19 37

21.59 411 4

22.29 3.98 14

22.9 3.88 19

23.35 3.81 14
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contain the above-nentioned new tiotropiumsalts

Wti ot LOpIYMm benzoate, tiotropium saccharate,

H%Pt"?8€%56ﬁq t ol uenesul phonat e Igr ti ot ropi um PCT/EP2004/012270
met hanesul phonate. The 5 termtiotropiumsalt in the
next part of the description is to be taken as a
reference to all four of the newtiotropiumsalts
nmenti oned above, except where only one or nore of
these salts.is explicitly nmentioned. The new
tiotrgpium <24.623 are preferahby admhistered3by
inhal ation. This may be done using inhal abl e powdered
formuljati ong4.97 opel | ant - corg. g8 ni ng aer osol 13
formullati ons or propellant-free 10 ijnhal able
sol utijons. Bslge | nhal bl e poyger The |present g nventi ¢n
al so rjel ates to inhal abl e powder contjaining 0.001 to}|3
% tiqtropi ymésm the formofz ghe one jof the pgw
tiotrgpiumsalts according to the 15 |i nventi on
combi ned W t7x g5 physi pl ogi ca] ky acceptable excipient.
By tiotropiumTs neapt the @anmoni umication. | nhal ablie
powdern s Whi £pntarni0.0T 10 é % 11 ot ropl um.ar e
prefenred according to the |'% ention. Parti gul arly
pref efred—TTy bie ppowders contai m i ot T opi g i m_an
anountf from“dbotit 0.08 to 1@? preferfably O. to 0,6
% panticutgrty preferabty 20006 tg9 039
particul ar i tance accorcﬁ'% to tHe invent?on,
fi nal lyr—are—nhalabre—powders—whi-ch-conta
0.08 fo 0.227984%i otropi um Fht anount|s
speci Hed—-abeve—are—bhsed—on—the—arpyn tH-et-ropt
cation cont &n&4. The| absol & quantijty of tBe new
tiotropiumsalts resulting from this anmpunt whichis
used iln the 28e8pective formA.@8i ons can be ch?cul at e(
by_ the_25 skilled mah without any grleat difficul ty
The exci pi er29s22 hat afe used.9®r the [purpose$ of the
presemi_invention arelprepared by suitable grinding
and/ o screa@.0d using curren7 net hods knowniin the
art. The excipients lsed according tio the invention
may al so be m xtures of excipients which 30 are
obt ai ned by m xi ng exci pient fractions of different

Intbarabpug Mablecthsivabe. "2FR - Md Ireprestntp Hys dibfracfiaraangle in degrees

ti b ropi um
f fir\frr\nillm

4

=

| aﬁﬁgp}ggfé e GXAPIrEMNeSe M it s JiRNie B HREDI4R RESPAL $n fADE

e powders used to produce the inhalable
powders for use in the inhalettes according to the
TheuerbpRin infthasteuiplivesacehaidedas the rfethotd WEegkthesis according

toftflg ?Itlv%%%ogris 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 methanesulphonate as
such, particularly crystalline tiotropium methanesulphonate, optionally in the form
of the hydrates or solvates thereof, Particularly preferred is the anhydrous crystalline
tiotropium methanesulphonate according to the invention which is characterised in
that in the X-ray powder diagram it has, inzer alia, the characteristic values d= 7.32
A;5.32A;4.93 A; 4.55 A and 4.19 A, |
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35

35 arabi nose), disaccharides (e.g. |actose,

sacchar ose, maltose, trehalosg% ol i go- and WO

YAhOWPE43E83 19 PCT/ EP2004/ 0124870 pol ysacchar i d”eCsT/E%ZOQ‘HmZ?O
dextrans, dextrins, maltodextrin, starch, cellul ose),
polyalcohols (e.g. sorbitol, nannitol, xyIitoI),

cycl odextrins (e.g. (x-cyclodextrin, (3- cyclodextrin,
x-cycl odextrin, methyl-(3-cyclodextrin,

hydr oxypr opyl - p3-cycl odextrin), amno acids (e.gqg.
TS AVGEATIANIIdRby" Sl ts (e.g. sodium

g‘]’l oride, calci um 5 far bonat e) m xt ures thereof.

BRI CTHGR AlSouhellF S Qe P haaa cEECHldeEmuRoRS which
comainige alfovbaﬁétﬁscﬁleﬂfn@ ﬁﬁﬁspmxﬁ sﬂtﬁlﬁ@ﬂrélﬁdm benzoate, tiotropium

sqihidat ikl é%m”tﬁbl}enfﬁtﬁpﬁaﬁ%séig%wem feibantyghonate. The

' tdrm:timseplﬂlsn sdleimpdhetnexupartlof thedefoiptied iexe bpitaken,as a reference

| td"gﬂ Pﬁll‘l cﬂgﬁga? il gﬁlastaﬁs 'n'?e %tﬁd&% kh’%lc&bﬁéé %hm on} Sy one or

preferre n _the scop
mgee 6f thasg stles isieaplicive mqmn@de Thecpeyw siatropivm snlas/@rea)referably

adiRd 50 FAEE [t B vl tTTHGd ﬁ1a§lbéejdhfe Wihd PihdhOM owdered

ef bly b 10. and 15
Il BropraBbhoD Riniha e D8 Lanﬁvégﬁ?%%‘w%bprgr@e

inhalabddsdlutiens.exci pi ent fracti ons with an average
particle size of 1 to 9mto the excipients nentioned
above The average particle size my be determn ned

al own in the art (cf. for exanple WO

glp%@s%ﬁ?mv@ﬁﬁ@ﬂ ra%BI'l‘El satﬁqnﬁ%l mU%ﬁﬁ‘? ct)hfh‘?ﬁmg 0.001 to 3 %

ex0|p|ents SO sel e rou

LQEQRIuG i Bineith eppgpﬁ&he ’h‘éﬁ’éﬁ(’ﬁ‘@@f‘ﬁﬁéa twmrqhyg tp the

inQeaeén t:@m}bh&mamhtah phisitiakrblle agRptitle acdpictt. By Srdbpiam is
[ nve@fﬁ Qn, m cron{]sed tiotropiumsalt, which is

mﬁ?‘é‘i‘ ﬂ?%ﬂﬂ?&@ i sed by an average particle size
InpfalablSpowdésmyhiphicontus 8rilytop? 86 epabpinn aompreféreedacording to

tH.eSin . PaPeiddigr1 f gféfgﬂé&i‘ inﬂﬂﬁ%y BSdegecS?leﬁfl%Zroplum in an

partlc e size nma term ne 83@ known
apguehlory bquif0.03 & 1 Sxapsfesatip %, particyarprpmpferably
0862653695, Of ﬁirtﬁﬁla@ P@n@ﬁ@b mc@wﬁg&b Be Qﬁz‘éhﬁ@n, finally, are

nBg BRI PeEy D Ra LR et 4 D.AZ A EOREBY as ¢ he

The airpivant of nmtromupaspdcdifldaerﬂoye ape bhsediadyl thetamontet of tiotropium

ca%ﬁ' cgs'n?ﬁ%}gd v»?)lg eralgﬁ%%n ea@?f' Ppg{ Eﬂe&& Sgﬁﬁéﬁfgfsﬂ%soresulﬁgg from
thew@nag@t whichi ig used iy thej resprstive forarwations Gm lse Qedcm,letedfby the

sk‘ilih% M@ah WAeh fllt Sk i ettt fficufffasured with a laser
diffractometer using the dry dispersion nmethod (cf.

for
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 physiclogically 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

arabinose), disaccharides (e.g. lactose, saccharose, maltose, trehalose), oligo- and
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exanpl e WO 02/30389, paragraphs A and Q Anal ogously,
fodine content in this, jnstance refers
vﬁ(g%)o\]?& %fféésof t he vol une di st r]idouti on neasured ‘J@’%‘gﬁg“’mm

| aser diffractonmeter. In other words, for the purposes
of the present invention, the 30 10% fi ne content
~denotes the particle size bel ow which 10% of the
quantity of particles is found (based on the vol une

buti o WO 2005/ 042528 CT/ EP2004/ 012270 The
IR AP en’f“t“i‘?e s in, SFecly Gl ee),
e s .
pbIURBLbATC R SoiBARn BRI R litoDy ol dhtrind R B8 cyclodextin, p-
cm@d@mﬁﬁyepa@a&m@, memlﬁx[scyaed@tﬁnphﬁtrbxmopyl-ﬁ-cyclodextrin),
characteri sed by an, 5, artlcle size of 12 to 35

apping, acids &%ga%qgvng@ Bﬁwsbloyw‘ga SFsAY (e sodiwm ghlegide, calcium
cmeha&yl &rthefegftﬁéﬂesﬂ ﬁtﬁrmgsxﬁohshet atat@cha%fé@aé used, while

wherein the 10 fine conten

_ ﬂm@eecrfdaﬂtysea@bglucqseas prefarad, pﬁteculﬁtlw !am rmt;mxu:@wsly, in the
Tt Of G el értd?it%g e.E“(%Ianl? E}turé eflof tl?tbl%';/ 'l?ﬁtgs:e sThe articularly

accor Ienton nven Ion

- prefeired extipiont,aviiileghctdeg nﬁmodxﬁrdi'awmaneu particalarly ipeeferred.

sense of the accuracy of single doses. This is in the
region of <8 %, preferably < 6 %, rmst preferably <

WAthih Lﬁ@ (fﬁgi?hﬁ{atld O pBRLeH eﬂ:J ﬁrcﬂ fo g'g:el rom&ﬂﬁg excipients

out e po s are 1
hagecs maéﬁtmwef%@ RagHe 9@%@5%&9 ngr myciseatlp Betwassviy and

Ismhrhhﬁlgg?ﬂcferﬁﬁl&ﬂfe@@@@n MMHH%()&IW eIﬂrﬁaﬂi E@‘né‘ﬂn&@é §&elh @ppropriate
nrra e o onS ST HS e iR g i, Do i ahe

e)tl,yplt:hs memtided abeser Thectveedgevparfide sizeampyt be détermieed using
miRHERA R i TRk 'EQ{j@f des %%élﬂg bﬁié@%@% ﬁaﬂapﬁﬁuths A and C).

conponents alr e rop ortions g
Thesschinerexcipienty érezajswﬂvée@r@@m oBpras @@ﬁslb regcipients listed

h%%ﬁﬂffeﬂ}ghgg{lglyp ﬁe&’l\gﬁiee‘i’ 10 ?rélﬁirf: rﬁﬁé{lﬁ%ﬁf&%‘l h&RFertdotdIBe to the

i S BICTONRGT oo SGruit Y BRCARlY ety dhsg by an
aveRdgd pdreickeisize off0.® 1& 10@m] famiculpiyepefabbly florhd © Fpm, is added
ton&t%texefp%% nzi‘n dre. T‘Elg agexggb ggﬂ;?clifl% B{d’g%& c?étgrntlfﬁ%d u31

lve ance ar e usi ng Sle
methaalsdmamm latthn @re(céver gkample W&az@ozsg, mragraphtlih) 2Processes

_ foﬂ%hnﬁi% @ﬂcﬁﬁilé/rogxsﬁngt £ tibe TWbstaRSEs & &heHAH Ymns ph%r Qri6

erably,

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 pm and a 10
% fine content of 0.5 to 6 pm. ,

By average particle size is meant here the 50 % value of the volume distribution
measured with a laser diffractometer using the dry dispersion method (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% fine content denotes the particle size below which 10% of the quantity of
particles is found (based on the volume distribution).
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the excipient is put in first and then the active
substance is added to the m xing container. During
WHRAOSARIHY process the two chponents are pre?%T@B?%P‘UOI%m
added in batches. It is particularly preferred to

sieve in the two conponents in alternate 30 | ayers.

The m xing of the excipient wwth the active substance

may take place while the two conmponents are still

bei ng added. Preferably, however, mxing is only done

%“*fe g OTRARGTIS RBKE PO SIS o HE ks prcen

gy uplepepracifically seted rathescanirafhe use of t he
|nhalable pomders according to the invention for

1§ Ry Bt L RALAOLT HowaHBIaF FECIDIRh & g Tipdra mean
phhicl¢ sieabfreRto 66 paORRArdoalacy pastkfumy froml® 16 B0alnabl e
fﬁs&nﬂggﬂ%{l &gzrrgfer&dta?eklﬂ e xﬂﬁﬁmle e ow 3 wﬁ re(:r‘nngf&@ d/g fine

°érs Sl

conisnt i &té)slé Avgi4 MIJy prﬁmblmbmltmguﬁlm chanber

(e.g. according to US 4570630A) or by other neans

e. according to DE 36 25 685 A). Preferably
ﬁwvseb@@bletwdqﬁh afcosingdoviae inveatioBAas ﬁlgarfaatem%d in accordance
vélﬂlV@llﬁtpr?Ble&i 61\:,1\,n pAGie thd inbent@pBWaeed (B},Oa H@h&i@@c@@ﬁ h@flogeneity

hal ette ich are. u ers.suc

i Phicis it SF ettty GBSt This S a8 e o s ¥
ppafefablyais|6/% thestqapfentldy <éb.ai ni ng the i nhal abl e

powder according to the invention are adm nistered

usi ng an inhaler as shown in Figure 5. ThIS |nhaler i's

Adtesthe sertingpmagyials hayedrasy weighnad entiha dnhalablgineusiess ore
?eﬂ@é’d(fr%rﬂ mewcsﬂkﬁtwdemera@uws@s&aﬂdel fgﬁ@%d%ﬂﬂlown in the
é\tlgl

is provijded th,a en a.a scre
%E@F%n%pma he et totng ecissnne ot $E 07 Qi sKAmplc. The
inledddbl8 powdatsi athotdieg € ilx iavausin maytaccodingly beiobeadned by the

A LG ARSI CoP Rl PR S BB od 4 Arived

ht:teen&fmghﬁ gomponmtsmnsesi iarthe preparsiong by weaght described in the
aﬁcﬂx}enﬂ{eﬁngyﬁed @oﬁﬁ@ghﬁné bf 1EEalfablertﬁ§’dé}§’en or shut and
alrholes 13 for adjusting the 20 flow resistance. The

resent invention further relates to the use of the
Pji?rﬁhéh%?“ép’ﬁ&\‘i\ﬂ%ﬁ? theamiedupgiane akelaged 8 Frrbiomixing

cORGRAY I Tle @clﬁ’MﬂU@&%‘éE hiséd hﬁ@ﬁ@@%rﬁ%@ﬁaﬁfék dis€8t 9.8%0 10 pm,
respiratory conplaints, particular

praferablehto éfummta?rdfe@abla&mrﬁanch&ﬁ%€@ﬂ¢I§@@¢ the active

substance arc 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
the two components are still being added. Preferably, however, mixing is only done

once the two components have been sieved in layer by layer.
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25 t hat the i nhal er descri bed above and shown in

a&% i s used. For adm nistering the inhalable

f%42%8cording to the invedkion using pomde‘?CT/EP2004/012270

f|IIed capsules it is particularly preferred to use
capsul es the material of which is selected from anong
the synthetic plastics, nost preferably selected from
anong 30 pol yet hyl ene, pol ycarbonate, polyester,
pol ypr opyl ene and pol yet hyl ene terephthal ate.

'I'?ﬁrﬁﬂe%ﬂt%\}eﬁhtﬁheaﬁﬁf fe@ﬁe§WMEQIsh of leligﬁmh Eﬁb’l@%@&ﬂ@ﬂs 2cBfding 10

pol'yet hyl ene, pol ycarbonate
ﬂi“‘e@é’ﬁﬁ"ﬂ%f‘%{t@epwn%)éWéf‘ﬁ%eé‘rﬁ’éa @W%f%rﬂée Greatrpent of
r€&pattr¢ coBiptMine, pavdtutdtly forRie treguhaitlof CORIEsA@Sr asthma.

according to the invention, it is preferable to use

pol yethyl ene with a density of between 900 and 1000
Thg/inBalabie ROGEA9 4&528in2A0 Ftﬁﬁﬁlﬁléﬁﬁﬁﬂhﬂdyzl‘zﬁ eRamplef 8 adrhinistered

7
?1?11% %hagg{s: ﬁ@éﬂ%ﬁcg?})vz?? cf‘s) %Pdﬁg aei'g 9me ag@tflﬁ%ggsunng
cla@e eiliergy aceondiRg th omé»y eng \BgEPTgling to DE

3@@5868%}181%&:&@5}%@@&%&1 ﬂﬁ xﬁﬁaxbmqadwéw awa)raiﬁ@ 8'the
Jeectlon {“Z EthSl ‘%B]‘erre
IYERBPY AFGPY efiﬁatq ??\PéH P &1P maks serllid inbaledienly Whihatsrused in
irﬁia&rms&cmis thoeel desoribledds 8V QoBHR895 & fpaetdmplear | y
preferred. This nethod of production is well defined
and is characterised by being particularly
Masp pocfanibly, ahe tapsulesaaomtdiningabp éahalathle pomelseaccording to the
‘d\,\vﬁﬁﬁ 'a&nadrﬁhﬁé@?edt ik 8n FRAY é;r;%%bﬁﬁ‘%ﬂ F'}gﬁ’é”é his inhaler is

tal n the ovenent | | abl ers
CBRFRGHErALDY & ROWEIOE L HRIRGHPS TRy g ki which there are

ai¢ it Bhortbad iwhick & ﬁ@vﬂgd wite4 @dfr%@xh YS s@@@ﬂéﬁ via h@crk@n MOusing 4,

f bl b 12 bl
o R SRR PO AL PRI 30 WA e Raen button 9
poondead withh two sBargpned pimhahad neovablweruntef toensprire &nd a
n#o(‘giﬁm#iléﬁégf w]ﬁ’clf‘{é%%%l:&%d%’ tﬁ@ﬁ‘%ﬁ&ﬂﬁt ﬂl%”de%k% &?cP§ Wb 11 via a

tion which contain

spidlsridl wenadle 1do M&?\mmdowworaahlﬁmdrwﬂ@ﬂcw %fwadtttsnng the
f1d% re8stade present invention also relates to an

i nhal ation kit consisting of one or nore of the above

capsul es characterised by a content of inhalable
Thepiesenaimveondon dutthert fetate 26 thaweaof dre inhaladbly powedérsaccording

' or g t ' . .

o At 008 pFEngRE Rl Bl dlthakBuroad ShfhByiobi 0P LETARY respiratory
cerpplainternartpeldrly dps tiedseatment of COPD and/or asthma, characterised in

that the inhaler described above and shown in Figure 5 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, pblyester, polypropylene and polyethylene
terephthalate. Particularly preferred synthetic plastic materials are polyethylene,
polycarbonate or polyethylene terephthalate. If polyethylene is used as one of the
capsule materials which is particularly preferred according to the invention, it is

.preferab]e to use polyethylene with a density of between 900 and 1000 kg/m3,
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characterised by a content of inhal able powder
according to the invention, for preparing a

WhaP9TEE81R% cal conposition fof2treating respi rdtBE)2004/012270
conplaints, 25 especially for treating COPD and/ or

asthma. Filled capsules which contain the inhal able

powders according to the invention are produced by

nmet hods known in the art, by filling the enpty

capsules with the inhalable powders according to the

. . . ﬂ_ ) f H b N .
p'réﬁl%‘ﬁy 2@0 380 BeAnd, - m&reapiele2shi9 ablt)Pp%@ beo p&%}z;{ﬁlgh density

ag,cor [ to the invention The foll ow ng Exa
pelyethyleng)i | | ustrate the present invention in nore
detail wthout restricting the scope of the invention

e R e
vRQE/MERRIdDibE 3TIehAds kuewsubshaaxte Ifjeetiore marlgsigalfithaplastics
i BrRArER WELRnE Bo FE R ERASh, 1RidchBn! dGIMARi B0, #RWe of
mad seleese. ageREsds pariqularicpistarset e S hisrmethed of papdeetion is well

defd POV S chatrfctEfdcaasish&ne Yartichidrierepbddughle. f or
exanple WO 03/078429 Al). 10 Excipient: In the

Exanpl es that follow | act ose-nonohydrate is used as
Ie¥sothiee aspect thapiesdra invhitRinethtéoro e abpranénwened capsules

C ) | & . | e . :
SHRSEHR R SRR BBl B BB e menin
sectapisulesimasceniswrationd lite 20hasg, preferablysrboue3 tohid mg, most
pRAELbE £t 2P WmBRAGhAAISHR WohAlkS. Bfedrd forfRlladdhs aﬁcording
this grade of 15 [Tactose, . ilqbiez Preparation of the
t BidareRtnmhepniaingh Lo §desPhi phwden, (i fquétplent importance
adRdingttohe 20vehkionfagt tayulg foRithateRnanbich GohpiE dhe
fgr%ulz?t)foann:;pallc%brcﬁgg t(gJ ﬁleulsn%gnttié)n N & glrn%utnp 6f from 8 to 12 mg.

The present invention also relates to an inhalation kit consisting of one or more of
the above capsules characterised by a content of inhalable powder according to the
invention in conjunction with the inhaler according to Figure 5.

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

The following Examples serve to illustrate the present invention in more detail

without restricting the scope of the invention to the exemplifying embodiments that
follow.
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i nhal abl e powders: M xi ng contai ner or powder m xer:

i,scher 2 L, Type 2C de by Wlly 2
W&g%@g#og%@zia CH- 4500 Basel d- hel d screen: 8’.%2&%/012270

mesh size The enpty inhal ati on capsules may be filled
wi th inhal abl e powders containing 30 tiotropium by
hand or nechanically. The follow ng equi pnment may be
used. Capsule filling nachine: MX, Type GLOO,
manufacturer: M S.r.l, 1-40065 Pian di Macina di
Pianoro (BO), Italy 35 WO 2005/042528 24 Fornul ati on

I . PCT/ 4/ 012270 Powder m xture : To
BEmrq_q Startin C;I'la ﬁgﬂ xture, 299.39 g of excipient and
0.61 g of mcronised 5 tiotropiumsalt are used. In
AbRS: Lasddeng 300 g of inhal able powder the content of

—actrve substance, hased on tigtropium, is 0.16 %in
Thp megagrasgiling datFopirmnalie As e g ©rtheiipyension are used to prepare
tHeehhalabRUpdhddta hecatthgloAdohventios. These Adtiveisabs@ptdsire
sacchar,at eI or 1t |tot rqgl m t ol uenﬁ%u]g%%n?t e. 10l t
migoRicq agalogeEsly it ietiods WA i t tHEE™MHS ™
08/6AB429&1)t hrough a hand-held screen with a nesh size
of 0.315 mm Then the tiotropiumsalt in batches of

about 90-110 ng and excipient in batches of about
Exgpiaty are screened in in alternate |ayers. The

LPU BkARpIcE Moo Taciitofoly@ake BOSA ot SxcipRAE [emky be
oD RHECIPE fF SRl IR O T A EReeHoBH Nnjiader the
prodect hae Idcxdchigre Bxsra FisesBstvdoni The specifidanioas gbcading to the
inbBRE L8l n8 Faffdle 829 ahl §Pe b §8faBOReR af m2PBy WRTyr el 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.

Capsule filling machine: _
MG2, Type GlOO,_manufacturcr: MG?2 S.r.], I-40065 Pian di Macina di Pianoro

BO), Italy




10

15

20

25

30

35

Usi ng the nethod described in Exanple 1 it is possible
\X}CS ] ?ﬁlsn i nhal abl e powders whi ch when packed into
P& astic capsul es maybhe used to prodl}’égllgli!?é)o4101227o
foll owi ng capsules for inhalation, for exanple: 25
Formul ati on Exanple 2: tiotropium benzoate: 0.0113 ng
| act ose nonohydrate: 5.4887 ng polyethyl ene capsul es:
100.0 ng Total: 105.5 ng 30 Forrmul ati on Exanple 3:
tiotropi um saccharate: 0.0113 ng | actose nonohydrate:
ForAndatioh ERampdé hyl ene capsul es: 100.0 ng 35 Total:
-105.5 ng WD 2005/ 042528 25 PCT/ EP200 4/0 1 227 O
Formul ati on Exanple 4: tiotropium saccharate: 0.0113

- Pogdet auktmse: nonohydrate*): 5.4887 ng pol yet hyl ene

ﬁgﬁ%g%xs]ezmg D Qrdgr H]axtu tfﬂQ 39‘83)‘f? E';glen)t %IH% éf"% of Mficronised

Speci add con

tipfrepavm §lg area@aeésén thmgwmgaﬁo@ awf inhalablo/eowdgr the content of

a&ﬁfets‘u%ﬁn@é Z5used oﬁhlﬂﬂfo , 0. ‘TH"’/@tuh 5113 @é@%@ kiBtrepivtf benzoate

tlotro tha ct ose,
0%%{%9 sl%iﬁag ryts i P/ t]ﬁ@acagfap uotrppium papcharate or
nffﬁbpimﬂ&ﬂuéndﬁglplﬁm&w mul ati on Exarrpl e 6:

About 40-45 g of excipient are placed in a suitable mixing container through a

hand-held screen with a mesh size of 0.315 mm. Then the tiotropium salt 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 benzoate: 0.0113 mg
lactose monohydrate: 5.4887 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg

Formulation Example 3:

totropium saccharate: 0.0113 rﬁg
lactose monohydrate: 5.4887 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg
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tiotropi umtol uenesul phonate: 0.0225 ng 20 | actose
rmnoh)/drat e: 5.4775 ng pol yet hyl ene capsul es: 100. 0 r%

W eYP10fens8s ng Formul ati on Ex le 7: ti otropi]iﬁ:i]f‘rEP 04/012270
benzoate: 0.0056 ng |actose nonohydrate: 5.4944 ny
pol yet hyl ene capsul es: 100.0 ng 25 Total: 105.5 ng
Fornmul ati on Exanple 8: tiotropi um net hanesul phonat e:

0. 0056 ng | actose nonohydrate: 5.4944 ng polyethylene
capsules: 100.0 ng 30 Total: 105.5 ng WO 2005/ 042528

Fo®nhulhioor: bqn Exanple 9: tiotropium

met hanesul phonat e: 0. 0056 l,act ose

rmnBHEfBP’é’t“g’sﬂq A%, ny pg;‘[gleltsrﬁ}gene capsul es: 100. 0 ny
Tot Bictdst nénohy dP4IEPEP20045018B72mg7 O *) the | actose
conpg]' ns, ?%escgggﬁlgézcal 'y ?S;be;@n{ ! ne content of

mc ith an average
par Tiotdle size of about 4m10Pe? mg ati on Exanpl e 10:

+{ R R ORke BbARldeTS SptaReNR! £ dtdd3e3-dMent of micronised lactose

monohydrate with an average particle size of about 4um.

Formulation Example 5:
tiotropium methanesulphonate: 0.0113 mg

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

Formulation Example 6:
totropium toluenesulphonate: 0.0225 mg

| lactose monochydrate: 5.4775 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg

Formulation Example 7:

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

Formulation Example 8:
tiotropium methanesulphonate: 0.0056 mg

lactose monohydrate: 5.4944 mg
polyethylene capsules: 100.0 mg
Total: ' 105.5 mg
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Iactose nonohydr at e*) : 9. 9887 ng pol yet hyl ene
Esules 100.0 nme Total :110.0 ng *) the | actose

BM%R(%& B speci fical |y adde?P fine content of PCT/EP2004/012270

m croni sed | actose 15 nonohydrate with an average
partlcle si ze of about 4m Fornul ati on Exanple 11:
tiotropi umtol uenesul phonate: 0.0225 ng 20 | actose
nonohydr at e: 9. 9775 ng pol yet hyl ene capsul es: 100. 0 ng
Total : 110.0 ng B. 2. Propellant-containing inhal able

P@@ﬁgﬂgﬁ@nﬁﬂga glgkotropi um salts nay optionally also
be adm nistered in efor

pr o JRITPBI™ SMiPaf et i oraal @d@’é‘grosols Aer osol

forfmctcatlmmsohynlraﬂaé):f or m of2.9%M mEi ons or suspensi ons

:Egeﬁlsgg ef&F;S§IQ£:s. B. 2. [1006%%30| fornul ations in
th rosol sol ution
dendiogd: phar maceuti cal for &l@.8tmgns in which the 30

* u&tlaews@ Hbﬁﬁh{s PR dpadFic A RN d&ﬁe’maafqnﬁ%m&e‘a Blbse
n‘fl SEOI ved resent I|.nvention provi des aer osol

AZate B ftrb YeARgh PAFUCKSZRE oYL AB® um  sal t s,

whi ch contain in addition to one of - the

1:abovg- g@nttoned;tl 8trop| um salts an HFA propellant, a
= organi c or organic acid and mhlch
ar etiofropiuine tolobresalphemiased0.Oh 13 meg t he concentration

. of fa%?os@% hévd?é:i@hﬁ that ig 9%%“7618?3 35 solution it

correspo alentheran rom2.5 - 4.5. WO
EQ 2l O ME The above- ment i oned
aer%gﬂ soI uti ons are charpnjemgsed by a particularly
st ab Pre sol sol utions are
“DiibacBhe Pealnd,»7p sht ShRAb BT iR onthi G Pt disapigse
momohydiaad with agareoape sotiokisize dftaboat 4paponds to a pH
in the range from3.0 - 4.3,

Formulation Example 11:
tiotropium toluenesulphonate: 0.0225 mg

lactose monohydrate: 9.9775 mg
polyethylene capsules: 100.0 mg
Total: 110.0 mg

B.2. Propellant-containing inhalable aerosols

The new tiotropium salts 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 dénotes pharmaceutical formulations in which the

tiotropium salt and any excipients used are completely dissolved.

The present invention provides aerosol formulations containing the new tiotropium
salts, 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 a2 pH in the range from 2.5 - 4.5,
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particularly preferably from3.5 - 4.0. The aeroso
sol utions according to the invention may al so conta
WP Walft23fount 10 of water referably up to P@%’EPZOO‘“OIZ”O
particularly preferably up to 3% nore preferably up
t02% . The aerosol solutions according to the
i nvention preferably contain an anobunt of new
tiotropiumsalt such that the proportion of tiotropium
cation they contain is 15 between 0.00008 and 0.4 %
preferably between 0.0004 and 0.16 % particularly
referabl y between 0.0008. and 0.08 % ab
F3pere- \Ell\e?ﬂofﬂéo aLt C‘i‘%‘”&é‘? aé’é‘ﬁﬂ&“ﬁ‘ﬁhéh‘gh
stabgitg.hose mhlch form a honobgeneous propel | ant
formulation with the co-solvents used, in which a 20
therapeutically effective anmount of the tiotropium
Preftrregragropel spiletiaisvase chragfegised an thaeshe comesinkeatips of the acid is
@O %E*id“ﬁqﬁé%u% @Sldtﬁ‘nﬁqf‘ébﬂ&pﬁah@s 6 QRA iR BicSranigt G00e9.0 - 4.3,

mthe group .consistin
parﬂfuwlz Rreterafl Vlﬁ%%e"tfhaﬁé)g (HFA- 134(a) ),
1,1,1,2,3,3,3,- heptafl uoropropane(HFA— 227), HFA-32

di f | uor onet.hane FA 4,
BTN N T R oA —
ofwmatekiFpeefGably(up © 3%, ;ialfticutmlyemﬂe&rrebly kipt0184( sdorapckferably up
tﬁ%fﬂ are particularly preferred according to the
I nvention, while HFA-134(a) is particularly inportant
according to the invention. In addition to the HFA
TRE QEﬁJsbﬁﬁHlﬁnWﬁdc@P&i&Q@W@mv@ﬂﬁoﬁ‘ arTeRBAL &htain an amount of

ro ants e use elrr own or. d
nb PR mann e ok iALtRS PHORATEOR oL JOrigROtA SRHoR they contain s
bguweper 0. @008, arkk Budfloe predérablycle tvear B2000genat @d 6 %, particularly

p&?@rﬁﬁ*ﬂb%%@eﬂab%o%% a%%L(Hpgu,ﬁd hydr ocar bons such as for
exa -bu

e n- ane or isobutane, or also
et hers such as diethyl ether, for exanple. Organic or
Shl'i‘aﬁflg @-IF& ﬁi‘S?éiﬁmWnﬁﬁl ﬂx%es@oﬁé oﬁﬂieda%r&(iﬁ @6]%1683 b thidSe which

I nvention nor cids wthi, e sc
fosmea, AIOBRYEATS TSRPS0 dTdle dom poith éseaa%ff Veqss fl?f‘&ﬂrﬂ W&ich a
ﬂ@rmm@mgﬁédﬂv@ apiouiy f ﬂ@d‘lﬁOﬁbplm b4l iyl hehdisdolvedC i Rreferred
C 0

A Bt shordRg R e dagdtn e mOpalEn ARG 9y he group

cortslspmgfcrf rabll 2-tasrafberesthiane HBA-£34(0)), sl ph2ds b3aci d,

Eeﬁ{é%é%%ﬂa%ﬁe OB RHPAMY Einld AN FaRS! BEFAVIWALL (1.1.1-
trlﬂuoroethane), HFA-134 (1,1,2,2-tetrafluoroethane) and HFA-152a (1,1-
difluoroethane. HFA-134(a) and HFA-227 are particularly preferred according to
the invention, while HFA-134(a) is particularly important according to the

invention. In addition to the HFA propellants mentioned above, non-halogenated

-propeliants may also be used on their own or mixed with one or more of the above-

mentioned HFA propellants, Examples of such non-halogenated propellants are
saturated hydrocarbons such as for example n-propane, n-butane or isobutane, or

“also ethers such as diethyl ether, for example.

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
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the present invention are selected for exanple from

the group consisting of ascorbic acid, citric acid,
Wlaa%’tog"@%;é?d mal ei ¢ acid, bedBoic acid or tar P&A{EP2004/012270

acid, while ascorbic 5 acid and citric acid are

preferred according to the invention. The aeroso

sol utions according to the invention nmay be obtai ned

anal ogously to nethods known in the art. 10

Phar maceutical |y acceptabl e excipients may optionally

plRRpheRE atie dHiR a'bt?&d@ﬁg Rﬁﬂ{e inSQtitd RRSpREGIHRIB stE ﬁydroch]onc
thé | nyent.ion. { é}y | e, sol ubI surfactants
ﬂﬁvhl&aﬁe@ dypdrusuelagly yydreshlosis ag oprsm*ﬁ agigp %ﬂ@n the scope of
th%lp"rés"&it afktehtioAGire bléilé¢t6dllﬂ618e>tamﬁlel ¢Rm S @:lohﬁﬂ:onmstmg of ascorbic

acidehTchod R M dlni’ S0RER oA Bt el ascorbi

acid end extaicpica asqncfamdeaﬂ:drdmg tcnﬂmphecruk)n, flavour 15
maski ng agents (for exanple nenthol, sweeteners and
synthetjic _or natural, flavourings). Examples of

The agksisoksolutions asKords ke thesiageniienrayhg qhsaingd analogously to

mefheRR RN ndhahalkeohol s  (for exanpl e et hanol,

i sopropanol and benzyl al cohol ), glycols (for exanple
20 propyl enegl ycol , pol yet hyl enegl ycol s,
P]mhmlaﬁfwdiﬁmgdamable exgimmtb ﬁ;dyecrpudaiaup e coapohediar ﬁlewfﬁrosol
e o) c

sl ERTRERE 1 LR 5oy A5 T VARG 2Rl

lupoicymig yeaynyd wel. amlmf@ueb ﬁ@h@leasmfacgarys ahd dupricants include
sorBHAD Fﬁ@eé@rlegﬁlﬁgmﬁs@rﬁﬁ?lf MYRs a2 D thér PEGHiBRESHhich ay be

CO- SO nt accq invention I's et ano
PIEsRLARBUBR awme@a%té%f%ﬁ?{gmnfﬁ RIFORRG apid Qrtegophere eﬂavour
mﬁﬂﬁﬂ% b@érto (Rr @eHAPIH MEn LI N ctdmRyeaid Smtheridsehauadll y
a t range from5-50 % preferably 10 - 40 %

EB'SPPP@EPI arly preferably 15 - 30 % based on the total

formul ation. 30 Unless stated to the contrary, the

E:Eﬁﬁvgl%@of‘gg §0ﬁ9§ﬁl‘%e Yol aztlyhl ﬂseﬁ%ﬁﬁﬂﬂ% t@{he 1ﬂ$entﬁik£]1?§§rglcohols

ntion are

(fororsample cgHaohdsarapsyp! ta@dttrf‘élzylﬁlﬁéh?]) OEIYM (s example
pr%ﬁ?iehe@?&ﬂnﬁ&y@lﬂlymb cols lﬁiafo%@rlé)ﬂcﬁﬁl?él Qﬁ@@ether, block

ousl| rred a esen
copRBEREE o1 ores By Ea® s Serost 5B 5 obatise HRemsat sych o ot
exéfhple glycerol, polyoxyethylene alcohols, polyoxyethylene fatty acid esters and
glycofurols (such as for example glycofurol 75). A preferred co-solvent according to

the invention is ethanol,

The amount of co-solvents which may be used in the formulations according to the

 invention is preferably in the range from 5-50 %, preferably 10 - 40 %, particularly

preferably 15 - 30 % based on the total formulation.

Unless stated to the contrary, the percentages specified within the scope of the
present invention are to be read as percent by weight.

The formulations according to the invention may contain small amounts of water,
as already mentioned previously. In a preferred aspect, the present invention relates
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to formul ations in which the content of water is up to
% artlcularly preferably u to 3% nore preferably
PG70529%°% | n anot her aspect 4he present inventGHRI2004/012270

reI ates to aerosol solutions which contain no 5

water. In these fornulations the anmount of cosol vent

is preferably in the range from 20 - 50% preferably

in the range from 30 - 40% The formul ati ons accordi ng

to the invention may be adm nistered using inhalers

tds RMiulhods i Which (R&V/BhStenit Bf RafYNd 45 % 5%, %ra%’cvﬂé’ﬁﬁpreferably up
e pre gnt invention also relates

Q ﬁg/adg%re(ﬁre{lq%blg fti oned aerosol sol utions

characterised by a content of new ti otropi um sal t

If %ﬁg{h%k' g%ec? tlﬁeb gresélpt éﬂt? '})f IC?JI?%{eOe{) rgsq gr%ﬁlttlon]s which contain no

pnar mace omposi t1 on
watepln these jormawptiannthe, ampennt afidoaslventip prefhmbiy wathesange from

20" S0P RRGAB i $h Phge ¥ront 39 I Alef,owi ng Exanpl es serve

to’illustrate the present invention in nore detail
W thout restricting the scope of the invention to the

'I&Effﬁfﬁﬁhl hfa!iio? aectfhdﬁigmbnha 1ﬁ¢b@holz:1frﬁh§ lEWadﬁﬁhiB&e?@leéin% ;_nhalers
anmp of a sol ut.i ons For ation, Exanpl e 12:
<BRERn B A BRIBE T SituHE o RelteR HoRt tnpiem:

benzoat €0. 02 et hanol (absolute)25.0 water1.0 citric

THE 0 B0 A 073117, V0 005K 022 ERE AL Alosol

S@@ﬁgns tharae et by @ canra of uew/ tetursrmasltaecorling te the
iri¢hA6R féet $R3pRE¥ng a pharmaceutical composition for the treatment of

respiratory complaints, particularly for the treatment of COPD and/or asthma.

The following Examples serve to illustrate the present invention in more detail
without restricting the scope of the invention to the exemplifying embodiments that
follow.

B.2.1.1 Examples of aerosol solutions

Formulation Example 12:

constituents concentration [% wiw]
tiotropium benzoate 0.02
ethanol (absolute) ' 25.0
water » 1.0
citric acid 0.003
HIFA-134a 73,977
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et hanol

(absolute)20.0 HO (aqg) 0.01 nol/12.0

HFA- 134a77.98 5 Fornul ati on Exanpl e 14:

WEOPREIOuRRAt sconcentrati on [ %30 w tiotropi um PCT/EP2004/012270

saccharate0. 01 et hanol (absolute)15.0 water2.0 citric

aci d0. 004 HFA-22782.986 Fornul ati on Exanpl e 15:
constituentsconcentration [% w w tiotropium

t ol uenesul phonat e0. 01 et hanol

ascorbic aC| do. 005 HFA- 134a68. 985 10 Formul ati on

uentsconcentration [ % w w
| phonat e0. 01 et hanol

(absol ut e) 40. 0 C|tr| c_aci d0. 004 HFA-22759.986 WO

=
PCTpaooar smtielit 21 07 XS Tt bnbEntration (o wiw]
Tiotropium toluene sulphonate 0.02
ethanol (absolute) 20.0
HCI (aq) 0.01 mol/l 2.0
HFA-134a 77.98

Formulation Example 14:

constituents concentration [% wiw]
tiotropium saccharate 0.01
ethanol (absolute) 15.0
water 2.0
citric acid 0.004
HIFA-227 82.986

Formulation Example 15:

constituents concentration [% wiw]
tiotropium toluenesulphonate 0.01
ethanol (absolute) 30.0
- water 1.0
ascorbic acid 0.005
HFA-134a 68.985

- Formulation Example 16:

constituents

concentration [% wiw]

tiotropium methanesulphonate 0.01
ethanol (absolute) 40.0

citric acid 0.004

HFA-227 59.986

(absol ute)30.0 waterl1.0
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ti otropi um net hanesul phonat e0. 02 et hanol
(absolute)25.0 water1.0 citric aci d0. 003

VHEROOAWZTH 977 5 Fornul ati on Ekanpl e 18: PCT/EP2004/012270
constituentsconcentration % w w tiotropium

t ol uenesul phonat e0. 02 et hanol (absolute)20.0 HO (aq)
0.01 nol/12. 0 HFA-134a77.98 10 Fornul ati on Exanpl e 19:
constituentsconcentration [% w w tiotropium

saccharat e0. 01 et hanol (absolute)15.0 water2.0 citric
aci d0. 004 HFA-22782.986 WD 2005/ 042528 Fornul ati on
Exanpl e 20: 32 PCT/ EP2004/0 1 227 O
constituentsconcentration [% w w tiotropium

%m% (absol ute)30.0 water1.0 ascorbic
) - . 985

constituents concentration [% w/w]
tiotropium methanesulphonate - 0.02
ethanol (absolute) 25.0
water 1.0
citric acid - 0.003
HFA-134a 73.977

Formulation Example 18:

constituents concentration [% wiw]
tiotropium toluenesulphonate 0.02
ethanol (absolute) ‘ 20.0
HCI (ag) 0.01 mol/l 2.0
HFA-134a 77.98

Formulation Example 19:

constituents concentration [% wiw] -
tiotropium saccharate 0.01
ethanol (absolute) 15.0
water 2.0
citric acid 0.004
HFA-227 82.986
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Formul ati on Exanple 21: constituentsconcentration %

w.tj otropi um et hanesul phonat e0. 01 et hano
%83%’%?%%20. 0 citric acid0. 08 HFA-22759. 986 B YEB2004/012270
Aerosol suspensions 10 The present invention also
rel ates to suspensions of the new tiotropiumsalts
according to the invention in the propell ant gases HFA
227 and/or HFA 134a, optionally conmbined with one or
nore ot her propellant gases, preferably selected from
Roienglith ERAfipsiki20g of propane, butane, pentane,
di net hyl et her, CHCI F2, CH2F2, CF3CH3, i sobutane,

|So ontana and nannent ane 15 _Acecordinag to the
[(CTTC CATT O CAT T ll\lUP\lllL AT TGO == =4 T WO OO OfF It L B4 L LA 2

i nventi on t boastiaweaensi ons whi ct‘comm:;i-ﬁtim [% wiw]
roplel [ ant _.gas | A 227, a m xture Qf. HFA 22/ and
DEA 1340, Hotdhipi bebgog B0

HFA 1240 A avrio.oroforr od L-f PN = BRVE IR oY
TOSFT oo arjcpTr ettt T o Xttt

of the pr epednchibsghges HFA 227 and HFA 3B4&a i s used

in the suspens‘ivg{érfornul ati1gns accordi ng 1o t he

I nvept+om—the—wetrght—ratt+os+a—whtech—these—20—two—
propel | ant gserowmeahent s arle used are f.@@dy

varilabl e. Ifl_fy}?_lg[}armre ot q_er propel | apg ggases,

£

sel eeted—fromtihe grotup—CtonsStSti g 01 propane;
but ane, pentane, dinethylether, CHC F2, CH2F2, CF3CH3,
i sobut ane, isopentane and neopentane are used in

addition to the propellant gases HFA 227 and/or HFA

P julaiomhbxamgieddt on f ornul ati ons according to the

i nvention, the WD 2005/ 042528 33 PCT/ EP2004/ 012270
anmoymt—of —thrs—addrtTonat—prjopet tant—gas—conpunent_ TS
pr efler abl y feRstitaemats 50 o, Ipr of cjongentration {Ymwiwhoy
par t|i gatkalilh RieBiRkabbiohey than 30% Thgsuspensions
accgrdimg to the Thventron preferapy contarm an
anount__of cHagol @mpmt?)npi umlsalt such t h##-%t he anmpunt

of t|i otropi ugEiatacien 1S betveen 0. 001 amdodu 8%

r ef[erapi b €N 0. 08 and [0. 5% and rticul arl
grefar_a.bl_i_hgﬁ"@%?ﬂ 2 pg9-t988 y

B.2.2. Aerosol suspensions

The present invention also relates to suspensions of the new tiotropium salts
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, pentane, dimethylether, CHCIF;,
CH:F,, CF:CHs;, isobutane, isopentane and neopentane,

According to the invention those suspensions which contain as propellant gas only
HFA 227, a mixture of HFA 227 and HFA 134a or only HFA 134a are preferred.
If a mixture of the propellant gases HFA 227 and HFA 134a is used in the
suspension formulations according to the invention, the weight ratios in which these
two propellant gas components are used are freely variable.

If one or more other propellant gases, selected from the group consisting of
propane, butane, pentane, dimethylether, CHCIF2, CH,F2, CF3CH3, isobutane,
isopentane and neopentane are used in addition to the propellant gases HFA 227
and/or HFA 134a in the suspension formulations according to the invention, the
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and 0.4% according to the invention. Unless stated to

the contrary, the percentages given within the scope
VoI 260584P28sent i nvention ar &3al ways percent WRECT/EP2004/012270
wei ght. 10 In sonme cases, the term suspension

formulation is used within the scope of the present

i nvention instead of the term suspension. The two

ternms are to be regarded as equivalent within the

scope of the present invention. 15 The

BiGARELE AL EANb AL AN YR RbSoRBLASS LRcLYAREARNYD %,

NS acco r nven
prederablyresstthan 4@&’nsmftluéﬁt1§ peefetablslesythhn G /act ive

agents (surfact ants), adjuvants, antioxidants or
[ nts (surfactants)

E;l avouri hgs. 5 surf&ﬁe actjve age
ThE SRS S&F%%‘ 18 fonthefrveniopasicsrRly coptaie agagiqiyitod new
tibfrepiuny e4dlt swh duae thy shetuabdltcedsitiechdoncasbehifec@d ®OP1 and

0 e bR nChec B DYLTN 030 A5 FEBERRLS rilord By BFeen 02
anpd G{ijben@gﬂmg)ﬂo thponwmimyxl enegl ycol, Brij, ethyl
lﬂ{l&@%ﬁt %rdblrmtagﬂf %F %Efcenfa@eé’ E‘f%ﬁ{ |w1£H?1t X @gfo)a#ggcrf )HJC present

ycery nonool eat Steara
mﬁﬁwm ex%we&%@erce@&lw ‘azretgahm steryl al cohol ,
cetyl pyridi n| um chl or| de, bl ock 25 pol yners, natural

oi | et han and i so

t.h - ment d
Iipshe FAstor e AT sUHeRe B hanisEoa IDgs RIb L b ab e g the

- pieyerEdateioffinsteyid af ete SriBswspensiaprhipytwo prnissirate baregarded

SLEEHARN VBt MNAGEhTrERnPveABREODY| YT State

prefera € suspensi ons
according to the invention contain surfactants these

TBE %roﬁlﬁﬁ@&@ﬁ’ﬂaﬁnﬂ@ %dl%l@ﬁeﬁi@lﬂ% 59§p69159>91%rmuiat1@ns according
rticul arl er abl .0.5 % The adjuvants
FulBYPéﬁqog';‘ ‘%‘6{%?‘39 ﬁ@&tqlﬁ{ O#H% @H%%ﬁ%‘?séﬁgh 38 EBHATHACHYS agents

(shiﬁcﬂaﬁt/semd]ﬁmntarmﬂmxﬁimsab& flawedriegt.ed fromthe group

consi sting of alanine, albumn, ascorbic acid, 35

aspartane, betaine, cysteine, phosphoric acid, nitric
The sarfadeyahtiyehigonisd sadaataniDop00B 1742828 34 the suspensions
i f
ackondifig 60 0 éndidil ok SUIBRAY C1cBRY § FAIE pHoF ccifidtng o

Pelysqrbate2Q, & o&ysgr 1880y C‘EFS%‘65 @etf%yggd@p,p@pwbmynstate,
oléﬁlaféld}fprﬁpiléhé‘glﬁ!ﬁl del?etﬂ?l%heglycol Brij, ethyl oleate, glyceryl trioleate,
glyceryl monolaurate, glyceryl monooleate, glyceryl monostearate, glyceryl
monoricinoleate, cetylalcohol, sterylalcohol, cetylpyridinium chloride, block
polymers, natural oil, ethanol and isopropanol. Of the above-mentioned suspension

~adjuvants Polysorbate 20, Polysorbate 80, Myvacet 9-45, Myvacet 9-08 or 1sopropy1

myristate are preferably used. Myvacet 9-45 or isopropyl myristate are most

‘preferably used.

If the suspensions according to the invention contain surfactants these are
preferably used in an amount of 0.0005 - 1 %, particularly preferably 0.005 - 0.5 %.

The adjuvants optionally contained in the suspensions according to the invention
are preferably selected from the group consisting of alanine, albumin, ascorbic acid,
aspartame, betaine, cysteine, phosphoric acid, nitric acid, hydrochloric acid,
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preferably used. 5 If adjuvants are present in the

ﬁg 5 ?sm s according to the invention, these are
“g é %%ﬁ?’& used in an amount ¥ 0.0001-1.0 9 FCT/EP2004/012270
preferably 0.0005-0.1 % particularly preferably
0.001-0.01 % while an anmount of 0.001-0.005 %is
particularly inportant according to the invention. 10

The anti oxi dants optionally contained in the
suspensi ons according to the invention are preferably

saipheeicedid 4Rtihe agido Wdsco el iagid), pﬁoﬁihoamﬁ@ iHyd@&dioric acid or

citric ac

cfE e RBREE Ry PR S5l e bt S04 ki i pps
pacfdraddcosddy | pal mitate, while tocopherols,

but yl hydr oxyt ol uene, butyl hydroxyani sol or
ascorbylpalmtate are preferably used. 15 The

If VRt AESPISERItIRARE juspsneignnactardingtte theipvensivondiese are

i A B 10 DO 0. 00012, RS D e A
BRI Blart G Do e e arp gt o6 & PO ENS 6 i

parﬂuwmmm;amz&ﬁexdcomg twothe inea@t@aor ), pepperm nt or

Dentomnt(r) being particularly preferred. 20 Wth a

view to adm nistration by inhalation it is essenti al

Tihe gntioxiddats dpticrealiywentadosd iraﬁmesgspemsidnseﬂcyoming thethe invention

af Cp¥re JEB’J‘E{ sEﬁbﬁed%‘&B%@ gr&%?c&?sﬂtﬁl' 204 HBEP %ﬁﬁtccimc acid,

accorading t he | nven are e| her groun

sediig %ﬁ#ﬁt%fédydl@ﬁ agkh atosenherelss bplyydraxyolusact Buihydroxyanisol
afll Iaeéorbﬁgbmnmle while e@aﬁﬁemetﬂay@wxﬁm&& , ba@hidiBxyanisol
G

EP%OHBS} 1&9{4 328653 B‘fe)f( reci pitation, spray

1ng active substances are
known in the art. Preferably after m cronising the

t I
TG S el (RS Rl rnon
areoplsfnrablufselemeéffmlauhy SEAUN eensistngwf DSPReERiAD! spcghanne, |
De@RSthidtO%epaPbid £at ethleYeal bité @fbﬁ‘@i:dfnﬁfe di®@thon,d18e@H, menthol,
t he rticles.of tive n@@ ance hav ticle size
CHRPRRDT BERRSTANRT PhD e BIOTRngs HeiEeartiaueD el sove
Particularly preferably at |east 80% nost preferably

Wil 2 VG0l PRl 08 BRI B P15 ARE S URSLRVER, acsve

I ze I anges
smimancsﬁ @dﬁadaxﬁbvldvmfmai"mmrssse, the new tiotropium SaltS

according to the invention are either ground (micronised) or obtained in finely
divided form by other technical processes known in principle from the prior art (for

" example precipitation, spray drying). Methods of micronising active substances are

known in the art. Preferably after micronising the active substance has a mean

particle size of 0.5 to 10um, preferably 1 to 6pm, particularly preferably 1.5 to 5pm
auf. Preferably at least 50%, preferably at least 60%, particularly preferably at least
70% of the particles of active substance have a particle size which is within the size

“ranges mentioned above, Particularly preferably at least 80%, most preferably at

least 90% of the particles of active substance have a particle size which is within the
size ranges mentioned above.
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PCT/ EP2004/ 012270 I n anot her aspect the present

i hvention relates to suspensi ons which contain y
WEhe030443%8 two active substaddes according to t(H?éE 2004/012270

i nvention without any other additives. 5 The

suspensi ons according to the invention may be prepared

usi ng net hods known in the art. For this, the

constituents of the fornulation are mxed with the

propel | ant gas or gases (optionally at | ow

I m&aﬁw&ﬁmmséﬂtllhﬁ%ﬂoﬁtma&w {02l SensfRRFhieR rc§nta§-xponly
The_gbove- nenti o ope nt c nt.ai ni n(_:}g gﬁpen& on

ong g T 4GVEITED St YR TATS WERRRL 3
additia¢ser s known in the art (pI\/DIs = pressurized

met ered dose inhalers). Accordingly, in another

aspect, the present invention relates to .
Thh anspeangions @stordingwstheiipyention map bt erepaséd vsigganethods known
irPGe A€ TRIMBR! B{eeccgﬁﬁﬁfe'n@@gf ﬁﬁ'mfrﬁﬁﬁn%ta@% Hike PlvitARhE -

i nhal érs sui { abl 5admn|ster|n
PRORSHaFas 1Y gawr@avepa Bht ﬁWe@gmermwh@Pé rﬁilﬁéwa&oe%uqable
codihidesy.s, characterised in that they contain the

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

i nvention described hereinbefore. The present
Thnubmé-mermiosled rpoge s ttapncaining nepensiemy acctai‘g'frg) to the
infhE5h M e ddrh el ool KA 1 Ble e (BR =

pxeﬁ%lrgsd@em densdahyemspehremidinghnin ﬂnpvbgr 83seriBE Present
1n@@1§l§’61§' kélﬁite& %o bﬁ@rmiﬁéﬁﬂbél%mpoﬁﬁdlﬁhh%@ ﬁﬂ'hﬁbf‘ﬁis%ensmns as

cart S pr.oc e n
hesgears Seseien SREBAER SFth PRt MoKt HIASTS SCe f ons
administeiing these shepensions! Mlﬂe@ree theprasenmninyéetiad telat2dtd imhalers,

e t i b i .
char%égglg %e&l %V%IEF ﬁ%%ﬁ%ﬁ ‘fﬁié Plat)ﬁje %E—ggrﬁglnﬂljééél{s%@{]ﬁgg Q(,ecordmg
t%@mpevmmd@cubwhﬁ@mt@fme i nvention for preparing a
pharmaceutical conposition for inhalati on or nasal

dm nistratiqgn, preferably for prepari

TheRresaaEUVCREPD @ Praslgrqslte FOpEHine TR HATRIZD) Bihichyghpn fitted with
a blieAleR4lve 0hn Bk $86S ita shitablb i@ indoRbichrenglis Snewy the

d b 30 P .
atférnfifacd RESTHbLRoR AT ak St naiols b Eftia 6 the fqyention.
Suissblotontamers (Speitdgeonmdpruesies (ot fdling émswerttndgcs Wish the
prROPERA L W FinRANIBERHSACA coFARP 95 thd f¥ention are known in the art.

In view of the pharmaceutical activity of tiotropium the present invention also
relates to the use of the suspensions according to the invention for preparing a
pharmaceutical composition for inhalation or nasal administration, preferably for
preparing a pharmaceutical composition for inhalative or nasal treatment of diseases
in which anticholinergics may develop a therapeutic benefit,

- Particularly preferably the present invention also relates to the use of the

suspensions according to the invention for preparing a pharmaceutical composition
for the inhalative treatment of respiratory complaints, preferably asthma or COPD.
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15

for the inhalative treatnent of respiratory
' , preferably asthnmg COPD. WD 2005
‘@‘gg@%@mom 012270 The Ex%ﬁ‘?-pl es that foll o'é&gﬂ’é%"g"”"””o
toillustrate the present invention in nore detail,
way of exanple, without restricting it to their
contents. B.2.1.2 Exanpl es of aerosol suspension
formul ati ons Suspensi ons contai ni ng ot her ingredients
in addition to active substance and propellant gas:
s T Bxdrapled thAofelipl ﬁeé’ia o lllﬂhs(tﬁméth'oetpl%@érlﬁciﬁfe“rﬂﬁh_ ggtﬂéoiﬁ Jerail, by
wtlotr t hanesu t.e ei ¢ aci do.
W Rrss 5 o e TR B R ORE Pat el Bxanpl e 23
constituentsconcentration [%ww tiotropium
il 22798. 98 15
g 0 Pl € ' mcentration [ %
wwti otropl um net hanesul phonat e0. 02 Myvacet 9-450.3

S'd r%?cﬁﬁ%oﬁ%axﬂ@g&ﬁﬁ@ 8288613 In FQdRIehabisefivExaid e 20id

FPZOO 4/0 1 227
propel nt gas:

Formulation Example 22:

constituents ~ concentration [% wiw]
tiotropium methanesulphonate 0.02
oleic acid 0.01
HFA-227 60.00
HFA-134a 39.97

Formulation Example 23:

constituents concentration [% wiw]
tiotropium saccharate 0.02
isopropyl myristate 1.00
HFA-227 08.98

Formulation Example 24:

constituents concentration [% w/w]
tiotropium methanesulphonate ' 0.02
Myvacet 9-45 0.3
HFA-227 99.68
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constituentsconcentration [% w w tiotropium

benzoat e0. 02 Myvacet 9-450.1 HFA-22760. 00
YA0PP48%S 88 5 Fornul ation EX

; ‘anpl e 26:
constituentsconcentration [%wWw tiotropium
- saccharat e0. 04 Pol ysorbate 800. 04 HFA-22799. 92

Formul ati on Exanple 27: constituentsconcentration [%

w w tiotropi um benzoat e0. 01 Pol ysorbate 200. 20

HFA- 22799. 78 10 Formul ati on Exanpl e 28:
FoefitdlaioEsamiplenst ation [% w w tiotropium

t ol uenesul phonat e0. 04 Myvacet 9-0801. 00 HFA-22798. 96
WO 2005/042528 FormulationE ;

PCT/EP2004/012270

410 |1 227 Ocewstituicngent scondent r ajoneenkf4tdn[% wiw]
ti otfr opi t hanesul phonat 0. 02 i sopropy(l)
nyri|sta tEOPIvIE DENZod | 4279 g 9-02
Myvacet 9-45 0.1
HFA-227 60.00
HIFA-134a 30.88

Formulation Example 26:

constituents concentration [% wiw]
tiotropium saccharate 0.04
Polysorbate 80 0.04
HFA-227 99.92

Formulation Example 27:

constituents concentration [% w/w]
tiotropium benzoate 0.01
Polysorbate 20 0.20
HFA-227 99.78

Formulation Example 28:

constituents concentration [% wiw]
~ tiotropium toluenesulphonate 0.04
Myvacet 9-08 01.00
HFA-227

08.96
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For

ol HoshiBet

mul ati on Exanpl e 30:

constituentsconcentration [%
opi um t ol uenesul phgnat e0. 04 oleic a &df%}ge)z

955 10 Suspensi ons%g i ni g\’l i %’4/012270
substance and propel | ant gas:

ontai ning only

constituentsconcentration [%w w tiotropium

nmet hanesul phonat e0. 02 HFA-22799. 98 Fornul ati on Exanpl e

32:

t ol uenesul phonat e0. 02 HFA-22799. 98 WD 2005/ 042528 39

For

constituentsconcentration [%ww tiotropium
sacchar at e0. 02 HFA-134a99. 98 15 Formul ati on Exanpl e

FéemulatiehiExmmiple2acentration [%w w tiotropi um

At 1 Evanmnl o 24.- POT/
ul u.l.l Ull U\GII’JI < T moT7

EP200- 4.0 19297 N
Crzoo— oI~z 1TY

congti t uentpmtitaentat i on % w w conoéntmaitiom [%e wiw]

nmet
Exa

$4299. 98 Formﬂ i on

‘‘‘‘‘

TGS ERInR R QA T

ti of r opi useproppkemysistiahonat ¢

CIILI(J.LIUII |_/U V'A/AR'A'

p0. 02 HFA- 22720300

HFA-227

20.00

HFA-134a

79.68

Formulation Example 30:

constituents concentration {% w/w]
tiotropium toluenesulphonate 0.04
oleic acid 0.005
HFA-227 99.955

Suspensions containing only active substance and propellant gas:

Formulation Exémgle 31:

constituents

concentration [% w/w}

tiotropium methanesulphonate

0.02

HFA-227

06.98

Formulation Example 32:

constituents concentration [°_/o wiw]
tiotropium saccharate 0.02
HFA-134a 96,98

Formulation Example 33:

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

For mul ati on Exanpl e 31:
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HFA- 134a79. 98 Fornul ati on Exanple 36: 10
“g(gnst I tuentsconcentration [% w w tiotropium
AYBAE0P04 HFA- 22740. 00 HFAY434a59. 96 For nul B T/ER2004/012270

Exanpl e 37: constituentsconcentration [ % w wj

tiotropi um saccharat e0. 04 HFA-22780. 00 HFA-134a19. 96
Formul ati on Exanple 38: 15 constituentsconcentration
[% w w tiotropi um benzoat e0. 02 HFA-22760. 00

HFA- 134a39. 98 WD 2005/ 042528 40 PCT/ EP2004/ 012270 B. 3.
Propel | ant gas-free inhal abl e aerosols The new

i ot ropi um.sal t optionally also be adm ni stered

ﬁ%?g’%q&]ﬁ'?‘ﬂfmﬁsg?%el | ant - free inhal abl e aerosol s.
For admi nistering these propellant-free inhalable 5

I h ' [ I S ' h
For ot praseiiitlethy O CTPT - oo Reigh T wivi 2

wat grtigmopingn pathanesalphiorgtgrle of wat er and.08t hanol .
The | rel ati vHﬂ__q@%ti on of fethanol conpgysegk Wi th

o, MiaP = N 2L
V\at s TIUL T 1T TCu Uut |9 IMaAT ITutit LU 1T o5 UM tU rJ

~percent by volune, nore particularly up to 60 percent

Fo¥nY@latilh BRmpleSks; preferably up to 30 percent by

vol une. The renal nder of the volune is nade

constituents concentration {% w/w]
tiotropium toluenesulphonate 0.02
HFA-227 20.00
HFA-134a 79.98

Formulation Example 36:

constituents concentration [% w/w]
tiotropium benzoate 0.04
HFA-227 40.00
HFA-134a 59.96

Formulation Example 37:

constituents concentration [% wiw]
tiotropium saccharate 0.04
HFA-227 80.00
HFA-134a 19.96

Formulation Example 38:

constituents concentration [% wiw]
tiotropium benzoate 0.02
HFA-227 60.00
HFA-134a 39.98
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up of water. The preferred solvent is water w thout
the addition of ethanol. The concentrati on of the new

W@ 0P@AE%h sal ts according t % he invention bdSedElRP04/012270

15 the anmount of tiotropiumin the finished
phar maceuti cal preparati on depends on the therapeutic
effect desired. For the majority of conplaints that
respond to tiotropiumthe concentration of tiotropium
IS between 0.0005 and 5 wt. % preferably between
0.001 and 3 wt.% 20 The pH of the fornulation
accrdi 0 to t he |nvgn i.Qn i s between 2.0 and 4.5,

ANt ZASTHER 1 ELAS¥Ad nore preferably
Tigetnmﬁoﬁoﬁuﬁnﬁhlﬁ IﬁaﬁBﬂUOmﬁIyt alwbaaumxmﬁfﬁr fbihy form of

et

Rl fiibiepéesd BePiaiiEiul LR LR UG Al ihaabe

:_"

aemedls itonmnow toopien chlvg asgpicpareddepheafinm afpldarmaceutical

pRl es of suitable inorganic acids include _
S'(‘r'l?igrochl oric acid, hydrobromc acid, nitric acid,
sul phuric acid and/or phosphoric acid. Exanples of

The rsblv@ﬁt AHalybeSkdtbAOh ®ts oWaNk thﬂﬁirtél of wraeérta@hg éﬁﬁm’lbﬂl‘he
artari c Qqcl

t
refgig prophingin e dina] Copfhld Sigortel i e dinlied it Bcmarimum
isfur td 20 percanalbylbelunpy, aperempactiadardy eapao 68(pdecaftdryredume and
n*o@?ﬁ?e@@laﬁgﬁgi ﬂ)s?)(gp@rclgﬁgﬁg%mu?# Cﬂggeﬁa mjjn%'ag EF&ea&dlgﬁle is made
uplof sagsr. f bhapeeferredizsdlvenids watarwishout the additiea ofsthanol. |
substance. O the organic acids, ascor bi ¢ aci d,

umari c acid%prg citric acid are i\%re..lf )
SOPEERUAHR § ISV HOREORIBBY 4l tacﬁcagr tq,the jageption based on
iheadthbemd ¢fr ti(}trdp‘iuinhﬁ the &“ﬁl@h@ﬁ rhairsiacevicahpfepueativinhdspends on
off PBE S sk Wb o BisgrinSt Spaligs B i iR co
tibtrapioum ﬂrﬁg@rmena'atmmmf taropium ichemreen 0t G005 angd 8 var %,
pAIG3bh lfet@@éﬂjo doQ arfegRleg. Hydrochloric acid is
sly

expre mentioned as an i norgani ¢ acid.
Pharnacolog|cally accept abl e bases may al so be used,

pIe S ﬂ%a&@%aﬂ@h&ﬁcﬁﬁilﬁg té Eielr aengor isebdweefﬁmot ahi e 5,
ude al kal i
AP VAT 22 ek odd TRES BripBRhaeclbRbA T f 417 ind
pamwaslysmdfembly Vhovees i andse8. Marse prefenied srer Himadieslyeth an
uéﬁgﬁﬁnﬁ%fgﬁts_ure that the salts resulting fromthem
1 C ar e

hen contained in the finished
phar maceutical formulation are al so

The pH is adjusted by the addition of pharmacologically acceptable acids.
Examples of suitable inorganic acids include hydrochloric acid, hydrobromic acid,
nitric acid, sulphuric acid and/or phosphoric acid. Examples of particularly suitable
organic acids include ascorbic acid, citric acid, malic acid, tartaric acid, maleic acid,

" succinic acid, fumaric acid, acetic acid, formic acid and/or propionic acid etc.

Preferred inorganic acids are hydrochloric and sulphuric acids. It is also possible to
use the acids which have already formed an acid addition salt with the active
substance. Of the organic acids, ascorbic acid, fumaric acid and citric acid are
preferred. If desired, mixtures of the above acids may be used, particularly in the
case of acids which have other properties in addition to their acidifying qualities,
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phar macol ogi cal |y conpatible with the above-nenti oned

acid, 10 According to the invention, the addition
‘%8.29%04&8?% (EDTA) or one of fhe known salts Fﬁg@a@oy{nzmo
sodi um edetate, as stabiliser or conplexing agent is
unnecessary in the present fornulation. Another
enbodi ment contains editic acid and/or the
above-nmentioned salts thereof. 15 In a preferred
enbodi nent the content based on sodiumedetate is |ess

d.fan fl@ounvgd &Oiﬁuoxﬁdhdtgll sticE A elhtﬁﬁ Qci%(ﬁf z%f:bﬂigc ﬁéiﬂgﬁ)éleﬁample
an an. an
BGERED R Bl e e R A e i Oaat oo I

anot her enbodi ment the content of sodi um edetate i s

I%%?@a%ﬁlo%&g&? agc]%p?%adé b&%@ {9 alsg‘ﬂg 8§dr Egﬁé n% k%éﬂ?(t,ise]y
titrAtingab ipH v«%ntaéﬂ@ha&es éuclade &g@chmplc Balimetalemuirkgides and
ATBIEmARP ¥ ErbbAR1es Ofht Pr&d Rt A h&kad! rﬁ&aﬂ?ﬂ ¥ sBARIN? ?\%ﬁ%h%uch bases

to ot her conpara [ e"addi tives which have, conp
ags Yprsh cassmysigbsiake pdo gagrethat bggalss rew%vngsfaerﬁ t&gmwhlch are

thU@ﬂn@uféldtlhIth@ﬁhis?@&tﬁh@nﬁﬁtdfﬁtﬁﬁlgtl'o&'ﬂﬁls&ﬂitd ﬁje:ahﬂb@f e?L
| en erera nea I n e
R e e R R e A SR

capabl e of entering into conplex bonds. Preferably,

A&Sﬁﬁn mmén&?,g gaaa&% &gee -{ g6k (%fq;%ﬁm 8%k B8 the known

szhﬁ)év/ 5%81114121 @bﬁt&%ﬁbl@i@@mowl@aw BB is nnecessary in the

pRéRAPBMIrmaf@. co-sol vents and/or other excipients may
al so be added to the fornulation according to the

i nvention. Preferred co-solvents are those which

Aranhai embydinoeny lcogrammpadite acidhard/@otharaboge-aigionedgalts thereof,
al cohols - particularly isopropyl alcohol, glycols -
particularly propyl eneglycol, polyethyl enegl ycol ,

Ipal nrgfested csnbegimesit theyrquientbased onglodiemeidetate is less than 10

R ¥OY. Shhkisei8e 8he %’B&Eﬁeé%’n@% yexy&hhy qob%t ¥nd less than

d h h
QmeafD o} it Spiahet 5 bengen morkghatis AR SEEPIUOHS anc

additlves in this context denote any pharnacol ogically
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.

In a preferred embodiment this additive is omitted altogether.

The remarks made above for sodium edetate also apply analogously to other

comparable additives which have complexing properties and may be used instead of

it, such as for example nitrilotriacetic acid and the salts thereof.

By complexing agents are preferably meant within the scope of the present
invention molecules which are capable of entering into complex bonds. Preferably,
these compounds should have the effect of complexing cations, most preferably
metal cations, '
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10 acceptable and therapeutically beneficial subst ance

Wﬁg ich is not an active substance but which can
1004t 28 with the active sdtfstance or subst d)rg‘c'lggPQOHM()lzz?o

the pharmacol ogically suitable solvent in order to

I mprove the qualitative properties of the active
substance formul ation. Preferably, these substances
have no pharnacol ogi cal effect or, in connection with
the desired therapy, no appreciable or 15 at |east no

I Adl@isibh ab Ieﬁlﬁmrmepb@@bﬁaﬁts ebbieftothd&ciiChR iR As@BE added
&?;lve |nclucg e, surfactants such as

B\ S OPBB AR ACCRY p%t%g:}eomv Pltan esters, such as
sorbitan triol eate, ponV|nyIpyrroIidone ot her

PRdfARED LSSbRen \C/’d;fQ 12% 8;8{5% n hﬁ&#@?ﬁr@ﬁﬁ& ?)r %E%/ rYolar

preservati ves

giouRsshacalchelp rrﬁéétm‘-&?b{ isppyopy] alepknd, lrely owearmgdarly
Trggﬁ'ﬂeg c@P%EfeﬂﬁﬂélnglﬁdﬁIﬂdmﬁgpiqeﬁa@yddla%a? cd1b@cAdlycerol,

tive o in col ogi.c
peliainree ShpRoR apdiboltose B Iany araterbyprovided that they
apreftaisoatic aslvicpt engispengibndgemnt i oxi dants such as
ascorbic acid, for exanple, provided that it has not
al ready been used to adjust the pH vitamn A vitamn
The techwummusgndmﬂldsmms limthiy icoateih derote pny whaamaedogically

a&:@ﬁfé'b[é sy i:HbrE;{)lﬁ% he Beﬁ&ﬂﬁfal saBsthhES Ghich! 5 Y9 afB¥tiREsubstance

used to prote ormul ation from contam nati gn

by which canhsforgulated wily the getvesubstance orspbstapegsdn the
pwtnfd&owg@cam@@\anabln sbiventird ordeftd ireproe liive qb@lﬁt&ﬁb&(pfupéames of

at
g heDke SRt R, Ll Sy R B R i
plaariacBlogfioal efectfary mudatneotisn etk thierdesirnd dudtapy,omw ampreciable or
| . of
attll;:]?st%% Nxﬁfétsu%@ltejﬂ'ﬂaﬁrﬁg?éjﬂ cﬁll e(ﬁe:ageﬁ’gln &xg’gy dédt?ﬁﬁ% QHHﬁnves
n&rrﬁéaa M fsuFfasnENBsa ansaYa qqﬁhgb@ulqmﬁ@ée@%nb@apﬁstersa
sfbfﬁ%%ﬁiblta%ﬁﬂéhgé %ﬁ%&]‘&ﬁrr%éx%a DR @é@ﬁg&s laaﬁhplexmg agents,
ol uti ons accordin t he,i nven efer
ot Gt BerkBAHE WREE I hane PesArk itk B & 5 Hlbec
plmimeeuml‘nﬁmwnnbn,oﬂavtolumgs,nhmhﬂns asdf sdharsaeldlmws Whown in
2 .
g St FHE aRfivEs G it BRAGMLoIOkiOH, Aot BNaRS afln as
soﬁ@nmdxhlmdwe to illustrate the present invention nore
fully by way

. The preferred excipients include antioxidants such as ascorbic acid, for example,

provided that it has not already been used to adjust the pH, vitamin A, vitamin E,
tocopherols and similar vitamins or provitamins occurring in the human body.

Preservatives may be used to protect the formulation from contamination with
pathogens. Suitable preservatives are those which are known in the art, particularly

- benzalkonium chloride or benzoic acid or benzoates such as sodium benzoate in the

concentration known from the prior art.

Preferred formulations contain, in addition to the solvent water and one of the new
tiotropium salts, only benzalkonium chloride and sodium edetate. In another
preferred embodiment, no sodium edetate is present.
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of exanple without restricting it to their contents.

Formul ati on Exanple 39: 10 constituent sanount

WP GPP42eA t ol uenesul phonat e0%85 g benzal koni uf¢T/EP2004/012270
chlori del0 ng sodium edetatelO ng IN HCl (a)ad pH 2.9

wat erad 100 g Fornul ati on Exanpl e 40:

constituent sanount tiotropi um benzoate0.03 g

benzal koni um chl ori del0 ng sodi um edet at el0 ng 1N HC

(ag)ad pH 2.9 waterad 100 g WD 2005/ 042528 44

THY S0 @6 OstcBXBAR @ tielinvEldERROM QB¢ G ministered using the

onsti guent sanpunt tiotropi um saccharat.eD. 1 . .
KRRIB L dRP4IRA. ChiTtiT AUTOR R raRaairPL b it slerds liclogsd in WO
o7aIPeEd qid Bigwadsed drbrdi@0 g Fornmul ati on Exanple 42: 5

consti tuent sanmount ti otropi um net hanesul phonat e0.04 g

B.3.1. Examples of propellant-free inhalable aerosols

The Examples that follow serve to illustrate the present inveantion more fully by way
of example without restricting it to their contents.

Formulation Example 39:

constituents amount
tiotropium toluenesulphonate 0.05g
benzalkonium chloride 10 mg
sodium edetate 10 mg

1IN HCI (aq) ad pH 2.9

water ad 100 g

Formulation Example 40:

constituents amount
tiotropium benzoate 0.03g
benzalkonium chloride 10 mg
sodium edetate 10 mg

IN HCI (aq) adpH 2.9

water ad 100 g




benzal koni um chl ori del0 ng sodi um edetatel0 ng I N HC
w@aq{? ad EH 2.9 waterad 100 g WO 2005/ 042528 45 Pat ent
A4

38process for prepari4fy new ti ot r opi urhGdFEa04/012270

of formula 1 H3C.N.CH3 X 1 5 wherein X- denotes an
ani on, characterised in that a tiotropiumsalt of
formula 2 H3C. ,CH3 NY 2 PCT/EP2004/0 1 227 O
wherein Y- denotes an anion other than X- sel ected
-fromanong the halides 10 is reacted in a suitable
Fofhtiflakiol Elampléhli: AgX wherein X may have the _
meant ngS gl ven above. 2) Process according to claim
1, characterised in that the solvent is selected—from.
t he {group cedydtituieigs of am des, ethersaangumé tril es.

15 ) Process according T0 qraim I, chargcterised 1n
t hat ) gacega A@J—vem—h-)—ieeess—

accqr di ngnksikom@nothlokide s 1to 3, chéraomgi sed in
t hat the 20.c0 unds of fdqrnula 2 usedg.as startin
pr oduet—ar éoqlﬁ&ng&%ﬁ@r ei-n—Y- denotes—a 23!“?%3 0
di f flerent f@BNHKI (s8] ected flrom t he gradpHdEénsi sting
of

water ad 100 g

Formulation Example 42:

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

IN HCI (aq) ad pH 2.9

water ad 100 g
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15

20

fluoride, chloride, brom de and iodide. WD 20051042528
46 PCT/ EP2004/0 1 22 7 0 5) Process according _to one
&1 2P 28 to 4, for prepari4l§g compounds of RCFRA0g#/012270
1, wherein X- denotes an anion selected fromthe group
consi sting of fluoride, chloride, 5 brom de, iodide,
G - C4-al kyl sul phate, sul phate, hydrogen sul phate,
phosphat e, hydrogen phosphate, di hydrogen phosphate,
nitrate, nmal eate, acetate, trifluoroacetate, citrate,
fumarate, tartrate, oxalpientlatmiate, saccharate
and benzoate, or 10 G - C4-al kyl sul phonate, which nay
optionally be nono-, di- or trisubstituted by

1¥ | uoProtessafor ipnepaxidgyhevy tiotrppiton spleoffosmibFhbnat e,

.whi |l e the phenyl sul phonate may optionally be nono- or
pol ysubstituted by G 041'&10&)QC§E t Re"phenyl ring. 15
6) Use of the conpounds of fgyrmula 2 wherein Y- may
have the neani ngs given @ jms 1 to 5, as starting
conmpounds for preparing t ounds of fornula 1. 7)
Starting conpounds of for wherein Y- may have

t he neani ngs given in 1tob5 wththe
exception of brom de, pally in the formof the
sol vates or hydrate . @) Starting conmpound of
formula 2 according t ai 8 wherein Y- denotes

i odide, optionally in the formof the dolvates or
whyrbimXe deatwes @anfanidth 9) Conpounds of fornula 1 wherein

; héws safailh 9) Conpounds of her ei 1
oA ERPRN IR el 2% T e formof

the solvates or hydrateg) chergef. 30-10) Conpounds of
fornula 1 according to cl i niN9, efei n X- denotes
benzoate, saccharate, toldjen ul phonat e or

nmet hanesul phonat e, option ih the formof the

sol vates or hydrates ther

HO O

== —
NS §.7
2
wherein 7
Y- denotes an anion other than X- selected from among the halides

_is reacted in a suitable solvent with a salt AgX wherein X may have the meanings

given above.

2) Process according to claim 1, characterised in that the solvent is selected
from the group consisting of amides, ethers and nitriles,

3) Process according to claim 1, characterised in that acetonitrile is used as
solvent.

- 4) Process according to one of claims 1 to 3, characterised in that the
compounds of formula 2 used as starting product are those wherein

Y- denotes a halide different from X- selected from the group consisting of
fluoride, chloride, bromide and iodide.
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11) Crystalline tiotropium benzoate, optionally in the
f the solvates or 35 hydrates thereof.
‘%689 3898 47 PCT/ EP2004/ 012370 12) Crystal | .ﬁ@fﬁmmm
tiotropi um benzoate according to claim 11, which is
characterised in that in the X-ray povvder diagramit
has the characteristic values d=10.38 A, 5.41 A, 5.05
Aand 4.9 A inter alia. 5 13) Crystalline tiotropium
saccharate, optionally in the formof the solvates or
hydr ates thereof. 14) Cryst all'ine tiotropium
rate acc ng to 1s.10
har ¢PETSF 46T ﬁngt 1304 91t°ct1 %i?%?y%&%‘é?ﬁf’dﬁga%n&‘?ﬁ%ds of
foasulatie vdteaciact eri stic values d= 14.42 A; 5.61 A

79
}?-I ot figﬂﬁ}?n fl oﬁig%ﬁr?%egé‘{iéﬁong‘% i %rba}ona%(lﬁaﬁé bt flﬁon?e chloride,
of t fheomids, jedide, Gr@lyﬂik}éﬁldﬁ meméghatea Yclr@gen sulphate,

G ySfpﬁlol: Hh%e,tliy@ltréééﬂi wﬁsbﬁbtéeﬂﬁﬁrﬂk@é&%&, Qféohﬂtz&% ﬂh@leate,
claiml char acte ré}l sed 1n tha t he

po\/\ué‘FEtafea&i"!é‘:‘ﬁﬁO?C% » FREMSHYFRE Sy fALHRES %‘ﬂa@s SEF“nat

15. 73adhatatd and bengbate 5& A, inter alia. 20 17)

Crystalline tiotropi um net hanesul phonate, optionally

in the formof the solvates or hydrates thereof. 18)

Cr ys GatCi-abyisulphrosaies el mayeiiopalin bt enencodti argrisebstituted

clai gy }On\%lag%é §kyP§Fé'E1BCBJ‘ﬁ” sed in that in the X-ray

powdef agram it as characteristic values d= 25
7.32 A, 5.34 A, 4.93 A, 4.55 A and 4.19 A, inter alia.

1|9) Hﬁe%ﬂéulpligmu ®Aile ﬂiéﬁﬁény@ﬁﬁ;ﬂicﬁiaf@nia@tdmﬁlneﬂy be mono- or
cl ai ns Q armaceuti ca

conpB8P ls}l% tPE?P‘BShQI@QMtESPBF@ g%t ory

conplaints, particularly for the treatnment of COPD

6§8hr gﬁggonfgg {;&gbrxﬁas BEEIRRAS ¥ “%e;sﬁ%e)mapﬂa@éaﬁrmﬁalﬁﬂgs given

? composi t i on aracteri se
in claggp il dprfs ap stardng g@mgﬁﬂnds for preparing the compounds of formula 1.

7) Starting compounds of formula 2 wherein Y- may have the meanings given in
claims 1 to 5, with the exception of bromide, optionally in the form of the solvates
or hydrates thereof.

8) Starting compound of formula 2 according to claim 7, wherein Y- denotes
iodide, optionally in the form of the solvates or hydrates thereof.

- 9) Compounds of formula 1 wherein X- may have the meanings given in claims

1 to 5, with the exception of bromide, optionally in the form of the solvates or
hydrates thereof.

10) Compounds of formula 1 according to claim 9, wherein X- denotes
benzoate, saccharate, toluenesulphonate or methanesulphonate, optionally in the
form of the solvates or hydrates thereof.

11)  Crystalline tiotropium benzoate, optionally in the form of the solvates or
hydrates thereof.
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salt according to one of clains 9 to 18. 21)
Pharmaceut i cal conposition acgording to claim

W&%qgg}g’f’%qused inthat it is &5 in the form ofPZCQF'rEP2004"012’270
preparation suitable for inhalation. WD 2005/ 042528 48
PCT/ EP2004/ 012270 22) Pharmaceuti cal conposition
according to claim?2l1, characterised in that it is a
preparation selected fromanong the inhal abl e powders,
propel l ant-driven netered-dose aerosols and
propel | ant-free inhal abl e sol utions or suspensions.

ceutica osition aceor di.n
18 CERuRGR otk Bt BoRzont aCchidienta e Bothh lmzﬁ%rﬁmﬂsed
1rcﬂn|at ai i X+rapgdivdeodiageantiehas thetchepictarissialvaluen e=a0.38 A; 5.41
MBI Asag;'dtf‘@'ﬁ BBy sip! ogi cal 'y accept abl e exci pients
é 'ected from’anong t he nonosacchari des, the
di sacchari des, the ol i go- and polysaccharldes the 10
15’)3' ye ﬂﬁh@ﬂo% nﬁﬁ%h&‘iﬁi(été'éﬁtioﬁa'ﬂ? IR RrACOHOHeRblvates or
e sa ures of these exci pients with one
ereg Phar maceuti cal conposition according to
cI al m 23, char acterised in that the excipient is

el egt e c

157 cEbBaif Holdpugh URnaghF 52l il AAHERS ehich it .
charecttatwam td;iels(tnr ﬁwsx-rdeppwﬂnsdlagmrn dclegst thie ﬁha@pwehg values d=
1@%'&'%%%@& 4 3T oy 1 101,

a-cyclodext’rin, -cyclodextrin, ITI-cycIodextrln

met hyl - (3- cyclodextrln hydroxypropyl (3-cyclodextrin,

18y gi (Im@amu@l h@&hbﬁﬁh d6luen&RpHENace)  opiodallpin Rl formof the
res thereof. 20 25) Pharnaceuti cal

Sc@‘(ﬁﬁ%ﬁﬁﬂfﬁtcﬁ&g} 8tng to claim 23 or 24, characterised

in that it contains between 0.01 and 2 %¢tiotropium

: 1%) ot g?ﬁﬁﬂiiﬁé nﬂﬁjag[ﬁqﬁttglﬁ \Ag@s%lﬁl{brfale@%cdo?dﬁg% cizﬂﬁ%/ 15, which is

accor
charagtagseziingthapm thzéxfgay PPRAendasAm étahaSctbﬁﬁbaWreéﬁﬂc values d=
196800 ;K B9 A onEhHIA2inrsltapacterised in that it is a
propellant cont ai ni ng inhal abl e aerosol which contains
the tiotropiumsalt in dissolved or dispersed form
17)  Crystalline tiotropium methanesulphonate, optionally in the form of the

solvates or hydrates thereof.

18)  Crystalline tiotropium methanesulphonate according to claim 17, which is
characterised in that in the X-ray powder diagram it has the characteristic values d=
7.32A;5.34 A; 493 A; 455 A and 4.19 A, inter alia.

19)  Use of a tiotropium salt according to one of claims 9 to 18 for preparing a
pharmaceutical composition for the treatment of respiratory complaints, particularly
for the treatment of COPD (chronic obstructive pulmonary disease) and asthma.

20) Pharmaceutical composition, characterised in that it contains a tiotropium
salt according to one of claims 9 to 18.

21)  Pharmaceutical composition according to claim 20, characterised in that it is
in the form of preparation suitable for inhalation.
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22) Pharmaceutical composition according to claim 21, characterised in that it
is a preparation selected from among the inhalable powders, propellant-driven
metered-dose aerosols and propellant-free inhalable solutions or suspensions.

23) Pharmaceutical composition according to claim 22, 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.

24) Pharmaceutical composition according to claim 23, characterised in that the
excipient is selected from the group consisting of glucose, fructose, arabinose,
lactose, saccharose, maltose, trehalose, dextrans, dextrins, maltodextrin, starch,
cellulose, sorbitol, mannitol, xylitol, oc—cyclodextrih, B-cyclodextrin, IT-cyclodextrin,
methyl-B-cyclodextrin, hydroxypropyl-B-cyclodextrin, arginine hydrochloride,
sodium chloride or calcium carbonate, or mixtures thereof.

25) Pharmaceutical composition according to claim 23 or 24, characterised in
that it contains between 0.01 and 2 % tiotropium.

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

according to one of claims 23 to 25.

27)  Pharmaceutical composition according to claim 2, characterised in that it is a

propellant-containing inhalable aerosol which contains the tiotropium salt in
- dissolved or dispersed form.

28) Pharmaceutical composition according to claim 22, 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.




