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W@ 2005/042526 PCT/EP2004/012268 85670pct PROCESS FOR

E W TIOTROPIUM SALTS NEW TIOTROPI
%%&&%@HARMACEUTICAL COMPOSITIONS THE&?@%@MINZ%B
invention relates to a process for preparing new tiotropium salts, these
new tiotropium salts as such, pharmaceutical formulations containing
them and their use for preparing a medicament for the treatment of
respiratory complaints, particularly for the treatment of COPD (chronic

g&s}ﬂjctlve pulmonary disease) and asthma. 10 Background to the
mvenl‘l)on T|otr0|um bromlde IS known from Eur pean P?tent Appllcatlon

Br O H(DIQ)TRGHSJNDSMLCHE MS@&H)HMQI\E&WMCEUTICA
anticholinergic with a Ion@ @‘ﬁcltowg —ﬁg@ﬁﬁeﬁsed to treat
respiratory complaints, particularly CAronIc “obsiructive pulmonary

disease) and asthma. By tiotropium is meant the free ammonium cation.
20 Hittverttpthera teasdegnoe exjplicirdpscmgtiorwinitieoprionsalof, shitse new

QBH%%%W@M@Q%&QPNﬂﬁgﬁﬁgﬂlﬁiﬁcéﬁh@@ﬁﬂ%%ﬁﬁ‘@(ﬁﬁ@iﬁh@g&ﬂf&qﬁm their use
%glsu honate of |otropggg uld also be otitalnable analo oy

ARG G SORATL 3 1878 ET LB PR SRt CUeR By Pt tculacly
faihofrstiosinne CaHABIbéchroticelistructive pulmonary dlsease) and asthma.

Background to the invention

Tiotropium bromide is known from European Patent Application EP 418 716 Al
and has the following chemical structure:
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Tiotropium bromide is a highly effective anticholinergic with a long-lasting effect,
which may be used to treat respiratory complaints, particularly COPD (chronic
obstructive pulmonary disease) and asthma. By tiotropium is meant the free

ammonium cation.

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.



25 using this method. -1 The aim of the present invention is to provide an
alternative method of synthesis for preparing riotropium salts which
enables other tiotropium salts to be synthesised by a simple,
non-aggressive method which is universally applicable. Summary h] a
first aspect. there is provided, a process for preparing new tiotrovium salts
offonnula 1 HsC,T,CH N X Ohl HO L O wherein X- denotes an anion,
characterised in that a tiotropium salt of formula2 "3CCuY IIHO ~C

wiereimnYodanotesan apien-efhenthandisselected from. the group 4 of synthesis for

corrésias;ilgcof.ggl(i}de, Ci- |o-aﬁ§§cligho§%f, G-Ciealiylsulphate, o
Ce-Eio-aryISUpROnae 15 S ALl A it e” SONER WthSafTidA SGiirggrhesised by
et hetel dear esiotas sheanohiatd Xumay halie the lweahings Given

above. In a second aspect. there is provided a use of the compounds of

formula 2 wherein, Y- may ha§é’-¥|’i‘%§1ﬁ"ﬁéanings given as defined above. as
startinarcofipoansis-fom peeparing the eompeunds of formila,dv2iDetalled sl
desgtiption of the invention The problem ste;t\ed above is solved by the

process according to the invention Hs %crﬁéd hereinafter. The

invention relates to a process for preparil]Qew tiotropium salts of formula

1 —

/
O\

[t

whereln X- denotes an anion,
characterised in that a totropium salt of formula 2

L -

jra

wherein

Y- denotes an anion other than X- selected from the group consistung of halide,
C1-Cr¢-alkyisulphonare, Ci-Crp-alitylsulphate, Ce-Crg-arylsulphonate,

1s reacted in a suitable solvent with an ion source Kat-X wherein Kar denotes a

caton and X may have the meanings given above,

In a second aspect. there is provided a use of the compounds of formula 2
wherem Y may have the meanings given as defined above. as startine compounds for

preparing the compounds of formula 1.

XN



Ft3C.NCH3 x- 0,11 IN HO O S S wherein X- denotes an anion,
characterised in that a tiotropium salt of formula 2 H1C,N,CH3Y - OA 0
HO 0 S CS wherein Y- denotes an anion different from X- selected from
the group consisting of halide, C1-Go-allrylsulphonate,
C1-C13-alkylsulphate, C6-Clo-arylsulphonate, is reacted in a suitable
solvent with an ion source Kat-X wherein Kat denotes a cation and X may

have the meanings glverbe ave, (ﬂ:tr&en [focess %CCPI{%%% e} the mventlon
the compounds Kat-X areUsed as e SOUTee for the anons X-. Thes

arehSaMD WRTEHS EBARAY Ve AR ATTH BEJRTERSES IRECARIBR K- Dt mvention a5
Thegareteallsralkife-salts Kat-X, wherein X may have the meanings given

- above, may be used for the reaction according to the invention. However,

2a WO 2005/042526 PCT/EP2004/012268 salts Kat-X wherein Kat
deistRvAREAR ASHIBLIE R TRIRTATE TR BRTHE AR KI5 AR AR 5y formula 1
metals are preferred. In addition, it igplso pr@fgrable according to the

invention to use salts wherein Kat dendteflammonigim (NH4) or also
tetralkylammonium (N(Ci-Cs- alkyl)abprefé@ly N(C1-C4-alkyl)4+).

Particularly

O
HO O
= o
N.S §./
1
whereln X- denotes an anion,
characterised in that a gotropium salt of formula 2
HEC‘N’CHa v
Sz
O
HO Q
— E/
N_S g§./
2
wherein
Y- denotes an anion different from X- selected from the group consisung of

halide, C1-Cio-alkylsulphonarte, C1-Cig-alkylsulphate, Cs-Crp-aryisulphonate,
is reacted 1n a suitable solvent with an ion source Kat-X wherein Kat denotes a

cation and X may have the meanings given above.

In the process according to the invention the compounds Kat-X are used as the
source for the anions X-. These are salts which contain a cation (Kat) 1n addion 1o
the anjon ¥X-. Theorertically, all the salts Kat-3, wherein X may have the meanings

given above, may be used for the reaction according to the invention.” However,

Z2a
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5 preferred in the process according to the invention are those

cQrPoHRgmaty; wherein Kat denotes cations which are formpeebyipoooa/o12268
lithium, sodium, potassium, magnesium, calcium, ammonium or

N(Ci-C4-alkyl)4+. In the case of polyvalent cations, the salts formed by
them ((such as e.g. Mgl2) are covered according to the invention by the
designation "Kat-X", which should not therefore be regarded as 10 being
restricted to salts of a stoichiometric composition. Of outstanding

'm%rﬁﬂﬁg%ﬁ@@lﬂgﬁgt@@d%@@%ﬁ %Q%t%@ Ebrtﬁfﬁégwﬁc@ cmthe alkah or
Slum r ammonpium er SO |Um etra moniu
A e A PR Y ALt e e RECBr g o the
aw@#mquttsvthee|Mmmﬁslpr5f@rébwa$rmmgmma ﬁN&hébmemlSQt is

patig Ay qmem%\r@aﬁm yhigdhathnthe reagemtat X Particularly

use c#and the,n resultln el? guct Kat:Y are Soluble. S%ltable Solvents.are
Sily recognlseopﬁy Skived ifan by CEMGiN routine 206 experi SHments.

SeRassts aikleRaks ﬁmaétgf%mﬁﬁ% fTraes! |BgdigaiamlesRH ERa RS B,

ambgei&tsiempeﬁaiurﬁi(amwubaﬁ:ﬁﬁﬁﬁ Wan the compprentsikatasandpolyvalent
iy % rFR HJ% 58 Bjyf %&’ﬁf%@;%!@ﬁgkﬁégee@éﬁ A AR LNEY A3H3hing to the

In the wor, |ng red solvents are protic
CNERROL ek ‘é?é&ﬁ&ﬂ%%br%?cé Repl R SHOL dtRak SheEdprE s arded as
ahcdingtesppeeddrabba RS afaterodflpbinidebrasavelpasipolar organic solvents
selected from the group consisting of alcohols such as for example

Iene? ﬁ%ol and dieth Iene?% |, ami ssuch as for ex g1 h ‘ d
d SthYTSRHEH ﬂ&%‘%{& Shathyk %&ﬁ%oﬁ?d SriBVERIER &ifchPhs rgpich are forme
ekampﬂieqevmm@ﬁmmr@mﬂ@mnnewmv andinftiléssisHdafsponium or
exampeacstpritdlablyissaatic Wadyprelerakle to use water, methanol,

ethanol, 30 isopropanol, ethyleneglycol, diethyleneglycol,

dimethylformamide, N-methyl- pyrrolidinone, tetrahydrofuran, dioxane,
ditRAHYIRNRET RicREBRiItAIEDSSREDERD wis Rl parted gy Mg Balas solvent. It

s@dyians witt apkfafhabot 236 arbrmfslmllwﬁychoﬁﬁidsr&cé acgpeding 4o ¥esed and

inﬁ@q&ﬂiﬁﬁg by-product Kat-Y are soluble.
Suitable solvents are easily recognised by the skilled man by certain routine
experiments. Solvents in which the products of formula 1 are fess soluble for
example at ambient temperature (about 20-25°C) than the components Kat-X and
Kat-Y are partcularly preferred according to the invention, as they assist
particularly in the working up of the reaction. Preferred solvents are protic solvents
such as alcohols (for example methanol, ethanol, isopropanof} and water, preferably
water of pH 2-6 as well as polar organic solvents selected from the group consisting
of alcohols such as for example ethyleneglyco! and diethyleneglycol, amides such as
for example dimethylformamide and N-methyl-pyrrolidinone, ethers such as for
example tetrahydrofuran, dioxane, dimethylether and nitriles such as for example
acetonitrile. It is particularly preferable to use water, methanol, ethanol,
isopropanol, ethyleneglycol, diethyleneglycol, dimethylformamide, N-methyl-
pyrrolidinone, tetrabydrofuran, dioxane, dimethylether or acetonitrile as solvent,
while water, particularly aqueous solutions with a pH of about 2-6 are particularly
preferred according to the invention.
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WO 2005/042526 PCT/EP2004/012268 In order to carry out the process
agcorzhng todtbeapvention, at least stoichiometric amounts of BieTAsigRn04/012268
Kat-X are required, based on the starting compound 2 used. However, it is
preferable according to the invention to use the reagent Kat-X in excess.
Preferably at least 2 equivalents, preferably at least 5 equivalents, 5

particularly preferably at least 10 equivalents, more preferably at least 50

 equivalents of Kat-X are used based on the compound 2 used. Basically,

reackidestovbariginthetexsaseof KabXdimasgreatiasepossible frest stoichiometric
RIglGHGd 8‘@&%%‘%&%%6%%@E'Q@qﬁﬁ%é%@ﬂﬂyoﬂf € JGPHED Véﬁﬁpéund 2

must be taken into consideration, depending. on the choice ofsol

B e O R Bt i1 BFR S5AONS ABTE R it e (R BHIOh FR HiB D Tragent Kat-X
satarated. Sttefioablpfitheawaheqtalex sT heeagtibnaadcodingtothients,

:Eﬁ?ﬂ%ﬁ?? F‘J&r@“w’vﬁ?ﬁ@% L sl b R
1EFYH J TR P&ﬁgﬂ L}fgé%}lwg R;ggt ésxca , reactions

Pevémblgl}mcmew oftidaedctiors igreatriscboutibldess mfﬁm@d@pcordmg to the
ﬂ%ﬁé‘iﬁi@ﬂy Tefesaliyiat lesmthan 806G raers ﬁfﬁfﬁra@%ﬁéﬂﬁﬁﬁémﬁagration,

‘?rtlcu ol erapf |£5{Ctﬁhg:-freal[ctl0{1 takes %Qla(fefrgcscordm 919 %][82% %% M ccording

aPFemp a ure in e range rom g era
B¢ &Wﬁ&ﬁ%ﬁ%ﬂﬁé‘%\%@i&ﬁa%@m%ﬁ@ ﬁaﬁua?@%g%ﬁiﬁé%res in the

range from about 10-40C may lead to 20 longer reaction times. However,

rQIRION, ISR STAIEHIN NG, ARGE oM APRHA ORI C, Bl P @IFU?%kmg up the

because of the non-agg@ressive reaction conditions according

FOSPRBH et ST Série i THLoRS B A B TS 6%%%1@ aé

fittaret wffuan doeorpstalisdd { necessany. ths Phiiresctiopsratoordirt¢colvent
th‘x?éﬂ@@@f@?aﬂﬂ%){ ﬁb’i@e‘@@rcﬁﬁé%@a?ﬁ%fﬁiﬁ‘ga@ﬁegﬁmgt@i§ AWM @%ameularly
ar ion exchan re materia wn in the,art. For.e

nPaFerla%?g olrggt g%&ﬁe naie #’n)g %o tr%ilsrsert}l%zali}St6 Or G ﬁrtﬁ:&ady

dﬂf«eﬁm@ﬂ&eﬂ@ (@t%éfﬁé Bk@)wﬁ%m@mwbé u”é@dlmﬂtmsﬂ temperature in
Haaretimh@rdwrpfﬁf@tahbf@eg&&m@lg&eﬂaw@iﬁhzt@ayewatmi@dmm il with reaction
LR %%PQE% %‘ﬁl&:?r&(fn%g’l%ﬁﬂ%&%dg%“{’aﬁbe PWETRRIRNGEoC may lead to
anion es incl u e styrene-DV

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 order to work up the reaction the compounds of formula 1 are
filtered off and recrystallised if necessary.

‘The reactions according to the invention may also be carried out using iton
exchangers known in the art. These ion exchangers are materials known in the art.
For example materials selected from the group consisting of styrene, styrene-
divinylbenzene (styrene-DVB) or polyacrylic may be used for this. Particularly
preferably, resins are used which have cationic functional groups and may therefore
be charged with the above-mentioned anions X-. Examples include styrene-DVB
with functonal groups selected from -NMes*, -NMex(CH2CH2OH)* or -NH,*,
These resins are known in the art and commercially obtainable. By the action of
solutions containing Kat-X, these ion exchange resins may be charged with the
corresponding ions X-. Solutions of the starting compounds of formula 2 in one of
the above-mentioned solvents may be brought into contact according to the

-4 -
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with functional groups selected from -NMe3+, -NMe2(CH2CH20H)+ or
-WNHB200hgs E2gins are known in the art and commercially otamabie2 By/012268
the action of solutions containing Kat-X, these ion exchange resins may

be charged with the corresponding ions X-. Solutions of the starting

compounds of formula 2 in one of 35 the above-mentioned solvents may

be brought into contact according to the -4 WO 2005/042526
PCT/EP2004/012268 invention with the ion exchange resins charged with
XnvEhe@ohttidnthobtainedhafier reshoyahaidbé woitheXcHahgaeobraftarobtained
PavelnaAsonaly ol esPaRAACArgRe: mﬁégm@@&gﬁo&m@@g%@@y charged

the compounds of formula 1. These may bé obtained from them in high
PR FEFRANS e QLB FBTS RO BB RS SBBRIG o e hdon, hiee R Rg obtained
phaoinatseuséd laghlggmpoimss. of formula 2 wherein Y- denotes an anion

other than X- selected from the group consisting of fluoride, chloride,

nﬁomlde iodide, C1-C4- aIk ul hat or 10 C|-C4 Isulphonate, which d
P GHUSTER) BERIORGCEH SU B R BB oo a ALTRE HIES B e e
ot pheayisdiphbivatewlevtireghenylsulphonate may optionally be mono-
Z?( 15 paé&%@%&a@%eﬁ%?&mﬂ E@gséqy&rpﬂoadkmergﬁfafa%hmﬁmgl of

so preferred accardi the invent e rocess wherein
the staefﬁlng pro’d%(igtsr@sé(? fi?g“cor’n ounakéé; form?%Ol V\}/:ﬁlearteei’n Y-
denotes an anion other than X- selected from the group consisting of 20
fluoride (ThigridékHsapitien ioe dehinethylsvipliata]lethylsudpbater polysubstituted by
methan%gﬁgr&qt Lh%l;l o&ate fluoromethanesulphonate,
difluoromethanesu onate, trifluidromethanesulphonate,
phenylsulphonate and toluenesuiphonate. 25 Preferred is the preceding
processphicerdiniizostaitingplodoctshesytbalphonate may optionally be mono- or

polysubstituted at the phenyl ring by Ci1-Cs-alkyl, preferably methyl.

Also preferred according o the invention is the preceding process wherein the

starting products used are compounds of formula 2 wherein

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

Preferred is the preceding process wherein the starting products used are

compounds of formula 2 wherein

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

methanesulphonate, trifluoromethanesulphonate and toluenesulphonate.

Particularly preferred is the preceding process wherein the starting products used

are compounds of formula 2 wherein

Y- denotes an anion other than X- selected from the group consisting of
bromide, methylsulphate, methanesulphonate, trifluoromethanesulphonate



N
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compounds of formula 2 wherein Y- denotes an anion other than X-

selestegoiamtbeqroup consisting of chloride, bromide, iodidgCT/ERP2004/012268
methylsulphate, ethylsulphate, methanesulphonate,

" trifluoromethanesulphonate and toluenesuiphonate. 30 Particularly
preferred is the preceding process wherein the starting products used are
compounds of formula 2 wherein Y- denotes an anion other than X-
selected from the group consisting of bromide, methylsulphate,

methanesy | phiesateutfifieoran gihanesipbanalid e ; MMEyRINSHA42 226
PCT/EP‘% %‘4/012%6§ and toluenesulphonate, preferably bromide,
ulp 411C5U ?‘ﬂ Oona

te. . ; .
methyls ate or et%aﬁesulphonate. Particularly preferably, using the

. process described above, salts 1 are obtained, 5 wherein X- denotes an
afiomsaledigstéferaihe gsayphensistieg dtftidbicd abblarjdelshramiddytained,
iodide. I-C4-alkylsulphate, sulphate, hydrogen sulphate, phosphate,

hydrogen phosphate, dihydrogen phosphate, nitrate, maleate, acetate, ,
(HioroSELRIES KA AIFLFS, Eates BaRREOSIURE R HPrids chloride,

benzoate;comidd - @4iwiky Suherars wibichensyption by tvemondshdie,

or t_r'subﬁﬂ@éfﬁﬁ\t@YH&éﬁﬁ@@r@f)%;ﬁ“ﬁégﬁ%ﬁ@éé PREPUSHDBIAALE,; maleate,
while the henyISLﬂ]Qé onate may optionally be mono- or pogl%/ﬁ ubstituted d
by CL-CH? AT RRE g AR Fe REPLER. GIRG e occinate an
above-nténadHEd Process, salts | are also obtained wherein 20 X-

denotes an anion selected from the group consisting of fluoride, chloride,

iodide, methyl | , hat . .
pmosp e B R R A e

by fluorine at the alkyl group, or

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

Parncularly preferably, using the above-mentioned process, salts 1 are also

obtained wherein

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

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

are also obtained wherein

X is selected from fluoride, chloride, 10dide, nitrate, maleate, acetate,
trifluoroacetate, benzoate, methanesulphonate, trifluoromethanesulphonate
and toluenesulphonate, while preferably salts 1 wherein X- is selected from
chloride, iodide, acetate, trifluoroacetate and benzoate, preferably chloride
and iodide are obtained by the process according to the invention.
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acetate, trifluoroacetate, citrate, fumarate, tartrate, oxalate, succinate,
BEGzpats;/metamesulphonate, ethanesulphonate, PCT/EP2004/012268
fluoromethanesulphonate, 25 difluoromethanesulphonate,
trifluoromethanesulphonate, phenylsulphonate and toluenesulphonate.
Preferably, according to the invention, using the above-mentioned

process, salts | are also obtained wherein 30 X- is selected from fluoride,
chloride, iodide, nitrate, maleate, acetate, trifluoroacetate, benzoate,
fiikthprwesutihoaatayiriflso teleth anese i ohthe aotiioduenk sy fbonaie 2
whilepreerably salts hBRtEIn & isRelSgsdiram, dhlqrideciofidend for

acetate, trifluofoacetate and, benzoate, preferably chioride “and iodide are
BORRTAREDY T BIBEEB S 8L SPaMY o the invention. 35 -6 WO

2005/042526 PCT/EP2004/012268 The present invention also relates to

the Useadktheodrapotimiwoiforanuda Rforheretmanchealdralentheanched alkyl
NEIYOATHNES ei%oélﬁ’b%%%&)tﬁgl,rgrg %%?gridté% ASRA'BGINE | The following

compounds of formula 1. 5 Ci-Cio alkyl, unléss otherwise stated, refers to

BrarBREH gl dnbravcheramley iwgdavigity torTord reohudmEn some cases the
RiesalychioviCarbom-aiPBISE T hie FRlQRG S MeRtigee DY WEY 10 thyl,

example: methyl, ethyl, propyl or butyl. In some cases thé abbreviations

rons] Btk Bl R T e SEte thaslssiriennypremy st dpypbinciude all
bgéyﬁdéﬂ&&%:&ﬂ%&%&@&f&t@ﬂ xﬁ&?@f&@&@é&@@ﬁ@@m .aqduagﬁtybir]}&wﬁqﬁl propyl

1 ossible isomeric forms e groups jn question, Thus, for

G5, BRSO IAGEE REBRSRy P [EG B U R B -buryl,
ggc.butyl and tert.-butyl, etc. Unless otherwise stated alkyl groups may

also optionally substituted if they are part of other groups (e.g. .

BRI oHeRATES foriEdatpib B WeTarniore gRolgREHEIBERsE UG rHthey are part
theagreugronsising afifusilpscsalehintlremind: 6§ chdwemsyeosroups selected

RGP HARIEBWITHRLNG HGORG O LR RIESANIRNERIPRERIGIENS or methoxy.

fluorine, chlorine,

Halogen within the scope of the present invention represents fluorine, chlorine,
bromine or iodine.

The term Cs-Cio-aryl denotes an aromaric 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 1o the
method disclosed in EP-A-418716. This is outlined in the following Diagram 1.

- +
Ny e HC.-CHs .-
Q Me-Y Q
0 — > o
HO. 2~0 HO._—0
== e = ———
NS §.7/ NS 87



p—

10

15

20

25

30

35

bromine or iodine. 20 The term C6-Cio-aryl denotes an aromatic ring

systeanala £t 40 carbon atoms. Preferred aryl groups are phengtpbo04/012268
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. 25 The starting compounds
of formula 2 are prepared for example analogously to the method
disclosed in EP-A-418716. This is outlined in the following Diagram 1.
N'~CH3 H3C.N.CH3 O Me-YO HOHOO 0'SSSS -7WQ
2005/042526 PCT/EP2004/012268 3 2 Diagram 1: 5 Starting from
scopinedithienylglycolic acid esters 3 the starting compounds 2 may be
dBtagtaErbly reaction with the reagent Me-Y. The prior art has hitherto only
described the synthesis of tiotropium bromide (according to Diagram 1).

I |
SEEA S P o b Y 2o
RariRESRHA SIS B EIE MG ReE R MM to the invention for

preparing the compounds of formula 1, the present invention also relates

te-fhe3Hng IHRAVAYS AT U MLR2 ABRHGH WO ‘%Jf‘%tfﬁﬁ}ﬁﬁ%%cﬁﬂzde

the meanings given above with the exception of bro tional 5
TS BF R SEIVERER b 1SR R S h ST PP AR Aihercn Y- s
ragthodhthe solicnihanstaningleampoandsiotiormute 2sedhldte neopduyebromide
been deseribed ho thaarh and whish akealen prafer ereagteidiog fortheparing the

invention a
omp()un({s oqqtormuqa 1, the present invention also relates to the starting

compounds of formula 2 as such, wherein ¥~ may have all the meanings given
above, with the exception of bromide, optionally in the form of the solvates or
hydrates thereof.

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

- scopine di-(2-thienyDglycolate-methomethanesulphonate (tiotropium
methanesulphonate);

- scopine di-(2-thienylglycolate-methomethylsulphate (tiotropium
methylsulphate),

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

The following Examples serve to illustrate the present invention more fully, without
restricting the scope of the invention to the embodiments described by way of

example.

A. L Starting materials
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20 - scopine di-(2-thienyl)glycolate-methomethanesulphonate (tiotropium
RRapEsSKHRReAgte); scopine di-(2-thienyl)glycolate-methomethylsgdphate/o12268
(tiotropium methylsulphate). 25 Where these new compounds may be

used as starting compounds in the process according to the invention, the
present invention relates particularly preferably to the two

above-mentioned compounds as such, optionally in the form of the

solvates or hydrates thereof. 30 The following Examples serve to

illustrate the present invention more fully, without restricting the scope of

the 'nventloto 2 ebdlments described by way of example. 35 A. I.

t”ﬁmmnmrbrbmmedeﬁwobmﬁbmmm@m@wwbbmmb@rr@mme described in

Usinggbenpracaduip siesaihiedin shgrgpean Patent Application EP 418
716. 5 A. 1.2. Tiotropium methanesulphonate: 75.5 g scopine

d| (2 thlenyl)glycolate are dlssolved in 750 ml acetonitrile while heating
& R tshasesolpliofassthyl methanesulphonate the
mﬁdﬁl@sléoﬁlﬁr@diﬂMeﬁﬂ%mrﬁaCﬁMdead aB5OuUhBOemlnitrile while

SPlEALLQ gls it "&ﬂe?@ﬁ@&'&&f&%%@@ﬁ%‘f?n&ﬂ?}H{%@H&B%}iﬁﬁﬁ'ﬁﬁ%& the

out an red off. Itis purlfled by recrystallisation

RO itk aid: A é%rd%smf@wﬁé}gs(?a%fé IPRtitng gBlretvent
2Ve2BRHC fivithi dlecdmpasjtioadure. The product crystallises out and is filtered off.

It is purified by recrystallisation from methanol/acetone.
Yield: 83.35 g white crystals (74.3 %); melting point: 229-231°C (with
decomposition).

A. 1.3, Tiotropium methvisulphate:

Analogously to the method described in para, 1.2, 75.5 g scopine di-{2-
thienyl)glycolate are reacted with 20.9 ml dimethylsulphate in 750 ml acetonitrile.
The crude product which crystallises out is separated off and recrystallised from
methanol for purification.

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

A, JI. Examples of synthesis according to the invention

Example 1; Tiotropium chloride

1.00g tiotropium bromide is suspended in 100 ml saturated NaCl solution (35.8g
NaCl/100g E-water) and stirred for 14 h at ambient temperature. It is then filtered
and the product thus obtained is suspended again for 4 h in 100 m! saturated NaCl-
solution (35.8g/100¢). The product is isolated by filtration, dried and then taken up
in 15 ml of methanol at boiling temperature. It is filtered hot to remove insoluble
matter and the filtrate is cooled to ambient temperature, whereupon the product
crystallises out,

Yield: 486.2 mg (53.7%); colourless crystal powder; melting point: 234°C
(decomposition);
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15 A. 1.3. Tiotropium methylsulphate: Analogously to the method
described in para. 1.2, 75.5 g scopine di-(2- thienyl)glycolate are reacted
Wi 2095 RAdERSthylsulphate in 750 ml acetonitrile. The cruddptddhelv4/012268
which crystallises out is separated off and recrystallised from methanol
for purification. 20 Yield: 83.89 g white crystals (77.5 %); melting point:
183-184C (with decomposition). A. Il. Examples of synthesis according to
the invention 25 Example 1: Tiotropium chloride 1.00g tiotropium bromide
is suspended in 100 ml saturated NaCl solution (35.8g ,NaCl/l00g .
PRighe S sisa s RaHdriae: - Blogifpié i demicalsndre Siths TREPHIBHIS cimne
tbeguotucictresedbtained is suspended again for 4 h in 100 ml saturated
NacCl- solution (35.89/100g). The product is isolated by filtration, dried and
then taken up, 30 in 15 ml of [nethanol at boiling temperature. It is filtered

rrrove HSBRIBR-HEHEr and the filtrate is cooled to ambient )
teoferdttieroieredpomitie produspeayetailist® pusarisricdgsmipgpium iodide
&W@% @%@g@%@%@%ﬂ@%?%m @%Qt t(ﬂﬁ@@éﬁ@g@ﬂﬁpwamre. It is
- Anjons,detecte ]G
Ry R G B ame e AR AREr R M85 mi of
meanelntheitbusMBerae ses 0y Biesfopnite BsAage aeluble matter and
shepandediinchdlad setirdirReht amnpeitor¢odidie reapaioth8a gdikidt ystallises
?ng_water) and stirred for 2 days at ambient temperature. It is then
litered, the product thus obtained is dried and then,taken,uF igj?BOS ml of
mistibrb RS 1eripRFaT erva LR RIPRTRARIAN St
raitersadetethediliraléRE.Cootatido 2MmBRSat tertpratddéowbesdupondhean no

RoaduriRryRiRliRgs 10 out.

- - = =

The products 1 obtained are obtained analogously starting from tiotropium
methylsulphate or tiotroptum methanesulphonate.

A. III. Characterisation of the examples of synthesis according to the

invention

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

The X-ray powder diagrams were recorded within the scope of the present
invention using a Bruker D8 Advanced with an OED (= location-sensitve

detector) (CuK, - radiation, A = 1.5418 A, 30 kV, 40 mA).

Example 1: Tiotropium chloride

The tiotropium chloride obtained by the above method is highly crystalline and is
obtained in anhydrous form. It was subjected to further examination by X-ray
powder diffraction.

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

- 10 -
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Yield: 4.41g (80%); colourless crystal powder; melting point 205C; Anions
detected by HPLC: iodide 24.28% (calc: 24.43%); the bromid

I‘glr%é)r%)é@é . 15 The products | obtained are obtained f&?{?&%g&? 4/012268
starting from tiotropium methylsulphate or tiotropium methanesulphonate.
A. lll Characterisation of the examples of synthesis according to-the
invention 20 The compounds obtained by the above process were
characterised in more detail using X-ray powder diffraction. The following
procedure was used to record the X- ray powder diagrams listed below.
25 The X-ray powder diagrams were recorded within the scope of the
prastent helentiinsudingheBaikesBopaakaandds wrd aligEDnEensities.
location-sensitive detector) (Culc, - radiation, 2. = 1.5418 A, 30 kV, 40
“j’*“}?ﬁ Ei<ample 1 T|otrop|um chloride 30 The tlotroplum chloride obtained

€ abeve-methods hluhly belalllllc and-is—obtained-in d””yulig

form. It was subjé@ed b furthdr exanfihui loy X-rdy HeieCdion.
The X-ra pC‘v"v'dCf' diagram-obtained-for-the-ant |_yU|U.Jb tiott U]JIUIII chioride
is 35 shown in Figh®31. -10 WO 2005/49326 PCTIEP2004/082268
Table 1 betow-lists-the-characteristic peaks-and bLou‘I!dT:\TdiSed‘i%‘gEﬂﬂﬁE'S’
Table 1: 2 O [0] déW $4] intensity [%] 8.83%0.016 11.87 7.4531 13.2
6.78 13. 5&04613.2 6.7 3

13,82 6.4 8

14.39 6.15 83

15.29 5.79 9

15.87 5.58 100

16.72 5.3 12

17.24 5.14 44

17.68 5.01 45

18.22 4.86 4

19.38 4,58 4

19.95 4.45 | 86

20.85 4.26 20

21.45 4.14 4

22.59 .3.93 53

23.4%7 3.79 16

24.09 3.69 18

24.48 3.63 5

24.84 3.58 10

-11 -
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14.39 6.15 83 15.295.79 9 15.87 5.58 100 16.72 5.3 12 17.24 5.14 44

224.86 4 19.38 458 4 19.95 4.45 86 20.45)2% 5%%?2@
%@gé@%ﬁ%ﬁ% 03.9353 23.47 3.79 16 24.09 3.69 18 24 i [132004/012268
24.84 158 10 -11 WO 2005/042526 PCT/EP2004/012268 25.56 3.48 9
26.12 3.41 25 26.53 3.36 4 27.41 3.2544 27.833.24 28.76 3.1 7

29.59 3.02 7 29.86 2.99 10 30.49 2.93 4 In the above Table the value "2
O represents the diffraction angle in degrees and the value " dsw [A]"

represents the spggitied lattice plane interygls in A. | 9
26.12 3.41 25
26.53 3.36 4
27.41 3.25 44
27.83 3.2 4
28.76 3.1 7
29.59 3.02 7
29.86 2.99 10
30.49 2.93 4

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

The tiotropium chloride obtained by the method of synthesis according to the
mvention is highly crystalline and is therefore particularly well suited to the
preparation of, for example, pharmaceutical formulations for administration by
inhalation such as inhalable powders or for example propellant-containing aerosol
formulations.

Accordingly, the present invention also relates to tiotropium chloride as such,
particularly crystalline tiotropium chloride, optionally in the form of the hydrates or

‘solvates thereof. Particularly preferred is a crystalline tiotropium chloride which is

characterised in that in the X-ray powder diagram it has, inter alia, the characteristic
values d= 6.15 A;5.58 A; 4.45 A and 3.93 A,

The dotropium chloride which may be obtained by the above method can be
converted directly into the corresponding hydrate by the controlled action of
moisture (i.e. water vapour or the like). Accordingly, the present invention also
relates to the above-mentioned tiotropium chioride in the form of its hydrate.

Example 2: Tiotropium iodide

12 -



i g

5 The tiotropium chloride obtained by the method of synthesis according

to the invention is highly crystalline and is therefore particularly well
W&p%{%zﬁ%amﬁon of, for example, pharmaceutical forf fgﬁg%?‘/ 012268
administration by inhalation such as inhalable powders or for example
propellant-containing aerosol formulations. 10 Accordingly, the present

invention also relates to tiotropium chloride as such, particularly

crystalline tiotropium chloride, optionally in the form of the hydrates or

solvates thereof. Particularly preferred is a crystalline tiotropium c%ﬁride :
TBRCHOS MR RIS PRFAHAE I SRR BOMHBPH AP Aeh T ARG e end i
allisgitivd charduydristic fofvallegad-Ne s Hins 8 geraddsy Karny POGIET
diredigfs@pium chloride which may be obtained by the above method can

be converted directly into the corresponding hydrate by the controlled

action of moisture (i.e. water vapour or the like). Accordingly, the present
e Mioavarsovder diagta m obsainss\ Eonibstituitoroprinsrmarisdidateshown
feReiriiphydrate. Example 2: Tiotropium iodide -12 WO 2005/042526
PCT/EP2004/012268 The tiotropium iodide obtained by the above

method is highly crystalline and is obtained in anhydrous form. It was

Rhle 2iRrdarditedy SR sivtie P e AN A MR PSR-
diagram obtained for the anhydrous tiotropium iodide is shown in Figure

2. Table 2 below lists the characteristic peaks and standardised

intensities. -13 WO 2005/042526 PCT/EP2004/012268 Table 2: 2 U []

dhu [A] intensity [%] 11.00 8.04 5

-13 -



12.327.18 23 13.156.73 15 14.04 6.30 31 15.03 5.89 13 15.68 5.65 13

16.36 5.41 11 17.075.1930 17.295.12 15 17.88 4.96 26 18.18 4.88 8
Y8Q.20081048526 84 4.47 100 20.09 4.42 26 21.61 4.11 44 BohFE $804/012268
11 22.693.92 11 22.823.89 7 23.38 3.8 28 25.04 3.55 38 25.36 3.51 9

26.35 3.38 11 -14 WO 2005/042526 PCT/EP2004/012268 26.50 3.36 13

26.69 3.34 27 26.99 3.30 8 27.313.26 4 27.78 3.21 15 28.133.17 19

Table 2:

20 [°] dnu [A] intensity [%]
11.00 8.04 5
12.32 7.18 23
13.15 6.73 15
14.04 6.30 31
15.03 5.89 | 13
15.68 5.65 13
16.36 5.41 11
17.07 5.19 30
17.29 5.12 15
17.88 4,96 26
18.18 4.88 8
18.44 4.81 25
19.84 ' 4.47 100
20.09 4,42 26
21.61 4.11 44
22.42 3.96 11
22.69 3.92 11
22.82 3.89 7
23.38 3.8 28
25.04 3.55 38
25.36 3.51 9
26.35 3.38 11

- 14 ~
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28.333.1514 28.683.11 7 28.98 3.08 6 29.20 3.06 7 29.47 3.03 16
29.97 2985 30.312.956 31.54 2.83 18 32.11 2.78 20 In the

TP iddee o represents the diffraction angle in degregséi%ﬁﬁgom 012268

value It dt,w [A]" represents the specified lattice plane intervals in A. 5 The
tiotropium iodide obtained by the method of synthesis according to the
invention is highly crystalline and is therefore particularly well suited to the
preparation of, for example, pharmaceutical formulations for

administr:
propellant

Ation by é@%aﬂon S

-containing aerosol

L#gn as mng?éne powd

rmulations. 10 Acco

BrS or for example
dingly, the present

invention
tiotropium

also Telafgs ip Tiotrop

iodide, optionally in §

um 1odid

such, particularly,grystalline
he form of the hydratés or solvates

thereof. P
-15 WO

articularly, pyg

] ferred i
2005/042526 PCT/EF

5 the anhydygus crystalline tiotrogium iodidg
P2004/012268 according to the invention

A\ %

which is d
alia, the ¢

haracteristic values d

haracteriseghin that ir

the X-ray gowder di

= 6.30A; 5.19 A; 4.47

agram it has, inter
A;4.11 A_and

3.551.5H
relates to

3. Pharmmacesgtical for

new pharmaceutical

ormulations which. ¢

ulationgy Ehe present

inventioniglso
ntain the

above-mentioned2&watiotropiu
iodide. Tigtropium chloride and

salts tidtrGpium chlpride or tibfropium
'rinfmpium iodide_are prpfprahly

28.33 - 3.15 14
28.68 3.11 7
28.98 3.08 6
29.20 3.06 7
29.47 3.03 16
29.97 2.98 5
30.31 2.95 6
31.54 2.83 18
32.11 2.78 20

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

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

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

- 15 -
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administered by inhalation. This may be done using inhalable powdered

10 formulations, propellant-containing aerosol formulations or
W@@Wﬂﬂé@aﬁhalable solutions. B.1. Inhalable powder ThB preddng004/012268
invention also relates to inhalable powder containing 0.001 to 3 % 15

tiotropium in the form of the tiotropium chloride or tiotropium iodide

according to the invention combined with a physiologically acceptable

excipient. By tiotropium is meant the ammonium cation. Inhalable

powders which contain 0.01 to 2 % tiotropium are preferred agcording to
AR BN UISHARGNEAY pratehr AR pOWH &t R NS trD iR Aer

a2 arhesinkfroni;abiie haBatackidticprefecaliy 6.08 th;B6 %4; 4.47 A; 4.11 A
RafisUuarly preferably 0.06 to 0.3 %. Of particular importance according

to the invention, finally, are inhalable powders which contain about 0.08

t0 0.22 % tlotroplum The amounts of tiotropium specified above are

b BHamilae curtigiad fof tiowlagioms cation contained. The inhalable

mw%@eﬁ%a mgaleyﬁ@é@&maﬁhaéﬁmaﬁwwm@m@m@mmh

tiotropiu rlde or tlotro um |od|de accordln%tt% tpre mventlgp
801’1 Eplet VE-IC ntdofn Ctl T10Tron: um chloride 01‘
xcfplen Rl e leed0rtha t ur ose e presen nventlon are

paipepdampp didea Jiéogiardig ahhmﬁlgc%é oG eRIRE g Medrsderably
kaavwnistciad akt.idida 8oL XTinierisybedaseardingiithtighiRveotiarmhy
?é 819?&%?‘&1 r? géﬁé&?{%‘aﬂ‘&I‘P(Hig'be?-E%ocitﬁ?ﬂHﬁﬂa%H%')SPgz@ﬁéﬁlﬁﬁtfree
actions o t mean particle’sizes. Examples of physiologically
iphalabipisolkERRiEnts which may be used to prepare the inhalable
powders used to produce the inhalable powders for use in the inhalettes

@ﬁpCﬁQﬁth jgugntion include monosaccharides (e.g. glucose,
| Eﬁ: tose o 6\7%% %GG /04 526 PCT Elf%qlg4/01 268 a{alﬁlnoss)om o 3 Y
3&?&?3@?{5‘@“‘?& SerGALt AhAdSE trehalosE) olio: and ’

p@rv@m@narmé@(@gnd@fmﬁsoaem cmgnﬁtﬁe&tr#p@fa}wnd@mﬁﬁsé«ycordmg to
M@@h@bﬁl(@@ﬁam&tﬁhﬂiﬁnBﬁ%idwgﬂﬁl@/@f@dﬁtﬁfj&seﬁ&@lent. By tiotropium

%}{8 C{ 'ntrfélomum cation.
Inhalable powders which contain 0.01 to 2 % tiotropium are preferred according to
the invention. Particularly preferred inhalable powders contain tiotropium in an
amount from about 0.03 to 1 %, preferably 0.05 to 0.6 %, particularly preferably
0.06 to 0.3 %. Of particular importance according to the invention, finally, are
inhalable powders which contain about 0.08 to 0.22 % tiotropium.
The amounts of tiotropium specified above are based on the amount of tiotropium
cation contained. The inhalable powders according to the invention contain
tiotropium in the form of the tiotropium chloride or tiotropium iodide according to
the invention.

The excipients that are used for the purposes of the present invention are prepared
by suitable grinding and/or screening using current methods known in the art. The
excipients used according to the invention may also be mixtures of excipients which
are obtained by mixing excipient fractions of different mean particle sizes.

Examples of physiologically acceptable excipients which may be used to prepare the
inhalable powders used to produce the inhalable powders for use in the inhalettes

according to the invention inchide monosaccharides (e.g. glucose, fructose or

-16 -



cyclodextrin x-cyclodextrin, methyl-(3-cyclodextrin,

droxgv ro I (3-cyclodextrin), 5 amino acids (e.g. arginine Qédrochlorrde
(E)é/é) 484fum chloride, calcium carbonate), or mixtur GhifEbr004/012268

Preferably, mono- or disaccharides are used, while the use of lactose or
glucose is preferred, particularly, but not exclusively, in the form of their
hydrates. For the purposes of the invention, lactose is the particularly
preferred excipient, while lactose monohydrate is most particularly

pr erred 1Q.Within the scope. of the inhal bIe owd Is acc th
SR I SSE A s TS A o BOF e SEARPED fieo- and

psmmm!@remsr;rdgme@mam aiﬂiim%mnﬁimqﬂ@mramycbeméleﬁm@and

§%l’9ai&<511@¥s%@@egé?ﬁlﬁ(ﬁ?ﬁmr?ﬂ%!)@[ﬁitﬁﬂt}ﬁ @Q@o@&@fx?%@i@é@%‘t&@m xtrin, p-

with an avera rticle size o m_to xcipients mentio

a%ové{.| e‘}i‘aﬁ %rnﬁﬁe&fgf{&éﬁs are a qlu “(?éﬁec(fee %froi‘n dr Xr%%mligrgf-cyd()dexmn)’
5 pmgré@@@@@ﬁmﬁw@ﬁm&dm sy A& él@’sﬁ’é%é?sﬁ@fcmm

detboniney Usimmmmvm&mmh@in@r exdinplehdides are used, while

g%évi&gl}sgﬁ %%é}éﬁgré‘{’@ﬁ%@bé‘@?srgrffﬁ}?@é( AR\ OGRS e MRAIBRICN the

e invention, micr sed tiotropium, chloride or

ﬁ%{mﬁramrgdhré‘grarﬁrcmré%rawerﬁra EfHSI SR9R-0E SR th AP cRgricularly
sied ot odset ipdmy paktitulackp @0mretehatdia fromde Partistdaidy ghtofenzed.
excipient mixture. The average particle size may be determined using

tho nown in art (ct. far example WO 02/3038 para ra

R U7 o S e o
wprﬂomaﬁlrmﬁ@ BYRIGER Bty HspEre DERBIPIR AP Ry R dictelly é§'rﬁéen 10 and
PFURIANEnib IS ﬁwmemlﬂﬂ%e&%ermef%ahie BOUSE. eMcipigismdtiehcbaver appropriate

e ticl f
AR LRGSR Tl A BT A BN T PY A R0 o the
EARIGRIE WiemUoRed 2hfvactdRete IS e HRIBRPAL @St b ofpdhe sroup
15 afgrageblparticipisine ntyd e detdrefiomed lidingmetho gaiiubysiza theydre

Q@été%ﬁff@&“&éﬁé%o@%’ 30383 RAIRY Eﬁ?*&%fp‘féf‘ g@mpnalegpushy 6999
10% fine co :”a?!;cir hrg: ance refers to the 10% BEhﬁ‘f he vola dine t
HATBERR RS HRR GRS BRAIORRYASF drordins to
shepioyes 6 thenieeseistthtiomimrinthechivide or tiotropium iodide, which
preferably characterised by an average particle size of 0.5 10 10um, particularly

20  preferably from 1 to 5um, is added to the excipient mixture. The average particle
size may be determined using methods known in the art (cf. for example WO

: 02/30389, paragraph B). Processes for grinding and micronising active substances

are known from the prior art.

If no specifically prepared excipient mixture is used as the excipient, it is particularly
25  preferable to use excipients which have a mean particle size of 10 - 50 pm and a 10
% fine content.
By average particle size is meant here the 50 % value of the volume distribution
measured with a laser diffractometer using the dry dispersion method. The average
particle size may be determined using methods known in the art (cf. for example
30 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%

- 17 -
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-17 WO 2005/042526 PCT/EP2004/012268 fine content denotes the

article size below which 10% of the quantity of particles is f % ﬁg
5%%@%(%8§j?§tribution). The percentages given within the%s gg /012268

present invention are always percent 5 by weight, unless specifically

stated to the contrary. In particularly preferred inhalable powders the

excipient is characterised by a mean particle size of 12 to 35 gm,

particularly preferably from 13 to 30 m. Also particularly preferred are

those inhalabje powders wherein the 10 % fine .1 ntent is aboutito4 . .
S BIPRS00 o TR A o € A RO diaparticts i

ifnerdidhaaed emaraeterivat disaoboigamte with the problem on which the

invention is based, by a high degree of homogeneity in the sense of the

curacy of single.doses. T.his,is in the reqgion of < 8.% ref <
R SSER R SR RO AR A A R R A percem

St weaskh atakies seaBra b airshir Rer R EREYexcipient and the active

substance using methods known in the art. Reference may be made to

tﬂ?ggﬂmm%&%&w&&&/ﬁﬂﬁp&%E%é%_ﬁ@}?lﬁmJ &7 RNRIBRIE RAWHRP by a mean

rding to the invention may accordingly be obﬁned bg the method

acC
BILHABR RO 2x i RITHIRE S s ENDdS dRsHibeY
Hdseipaftactbelyamefonedts rarehose dohalab lorppodionsvby seighe 10 % fine

descrher e ﬂ?@%&ﬂ?ﬁ%ﬁ%@ﬂmﬁfﬂtpﬂﬁ@ﬁtﬁﬁﬂnhalab|e powders.
25 First, the excipient and the active substance are placed in a suitable
mixing container. The active substance used has an average particle size

Flegnbalabiprpoprdess ASRPINB S (o thsosvsriteranty oy arpmisathdn accordance

@EipitRipRdihe astivaiduistianeemienieteiahly nddedetisitg e siehomnogeneity
ing.sigve wi ize Qf.0.1 2 pref 3dql,

A e O A B BB G

meslarabifen avé aBi0Y BEHERRLE T 4dtted to the mixing container.

During this mixing process the two components are preferably added in

hatehese b ishagiswatlyapr afreachio SiR¥enAdRa MR GRRNPARIE WS Wiers are

alternate, .. . . )
prépared from the excipient and the active substance using methods known in the

art. Reference may be made to the disclosure of WO 02/30390, for example. The
inhalable powders according to the invention may accordingly be obtained by the
method described below, for example. In the preparation methods described
hereinafter the components are used in the proportdons by weight described in the
above-mentioned compositions of the inhalable powders.

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

layers. The mixing of the excipient with the active substance may take place while
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layers. The mixing of the excipient with the active substance may take
lace while 18 WO 2005/042526 PCT/EP2004/012268 the twa 1012268
%ﬁ@ﬁéf@%?g@till being added. Preferably, however, mixi@@ﬁﬁzom 01226

done once the two components have been sieved in layer by layer. The
present invention also relates to the use of the inhalable powders
according to 5 the invention for preparing a pharmaceutical composition
for the treatment of respiratory complaints, particularly for the treatment of

HORL AN Y AR, QﬁliBQ%%@SMWQ&%%@M&?@HHX@;%@%nly done

may for example be administered using inhalers which meter a sin
BBER WD ERBMONCEYSHEH B bsifEsd dmilgy L PEHAN Ber (e.0.
according to US 4570630A) or by other means (e.g. according to DE 36
25 685 A). Preferably, however, the inhalable powders according to the

R Fiereatd peekion pleccehaisr ot qritecoddheairtinlabis pgade thragprrding to
e wsed ddnThalerspsuiy asphosa descitaed impdO 2B s8¢ faearment of

g%%’ﬁgl%ﬁ?&%%&%%ﬁgﬁ%uﬁﬁg %H@%&%@H@ngt%?ﬁ%m asthma.

r-accordi Inventioh are administered using an inhaler as

shown in Figure 3. This inhaler is characterised by a housing 1 containing

ke \itihelbabide 2y anaizek Bcirovdiightthere e ratiom letaydids eronplidieisdministered
REQYACLE NYER 3 BRSSP HIRH Y b8 SRR hoUS G Aoyal daRgelP e asuring
champer 6 connected to th?d%e%@g%mch nger%%s a u%rsl; éJttOQC(Q: Zr%in to DE
bﬂ@%&ﬁ i A96 THARBRed D i SVabie EbUnter 10’ a Srifg 8, s
anda GRbuthpRderablihibhvs vomntbetithdalble Rovsiag RCHIEHBERB HRd
ﬁx@ﬁfzﬁﬁbﬁ hMidacRende Jﬁ@ﬁ%ﬁwtx@ hixbedlipnrd apenatshukant are used in
airhgles 13 for adjusting the, flow rgsjst Th invention

S S S e 2 B R

invention for preparing a pharmaceutical composition for treating
Msnirgtefy rabinpiaintappalécotantyifongheh éréatiieblcop @R Daandfding to the

anibmay characiaineddn dhalibe halgl-desiRRe-ARONE AR SPME fhaler is

Figure 3 is used. 30 For administeying the inhalable pgwders according to )
TR GRASH DA, FREUA STty PRt [ICh there are

azarkpsules tsimdtehias oftariidedsvith a screen 5 secured via a screen housing 4,
an inhalation chamber 6 connected to the deck 3 on which there is a push button 9
provided with two sharpened pins 7 and movable counter to a spring 8, and a
mouthpiece 12 which is connected to the housing 1, the deck 3 and a cover 11 via a
spindie 10 to enable it to be flipped open or shut and airholes 13 for adjusting the

flow resistance.

'The present invention further relates to the use of the inhalable powders according
to the invention for preparing a pharmaceutical composition for treating respiratory
complaints, particularly for the treatment of COPD and/or asthma, characterised in
that the inhaler described above and shown in Figure 3 is used.

For administering the inhalable powders according to the invention using powder-
filled capsules it is particularly preferred to use capsules the material of which is
selected from among the synthetic plastics, most preferably selected from among
polyethylene, polycarbonate, polyester, polypropylene and polyethylene
terephthalate. Particularly preferred synthetic plastic materials are polyethylene,
polycarbonate or polyethylene terephthalate. If polyethylene is used as one of the
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selected from among the synthetic plastics, most preferably selected from

among polyethylene, polycarbonate, polyester, polypropylene and
No)BORIA&28Rphthalate. Particularly preferred synthetic pldsad /EP2004/012268

materials are polyethylene, 35 polycarbonate or polyethylene

terephthalate. If polyethylene is used as one of the -19 WO 2005/042526
PCT/EP2004/012268 capsule materials which is particularly preferred
according to the invention, it is preferable to use polyethylene with a

density of between 900 and 1000 kg/m3, preferably 940 - 980 kg/m3, . |
rRovasr areta BRI apbigooPAteriaTin BRI eder SRy ok P HE T i P Re ! 1S
syefhelitaptasiiesadeerhinentoitie: indemistry miblychbe quno S€Ssenkin Oafidgdim?,

g%%&%miﬁé%%wm @1%%0&511%{%}9&9 L HE 3o/ nieetoRmeUIding density

stics is preferred according to thé invention. Injection moulding
RRKSHRYIFRESe of mould release agents is particularly preferred. This
method of production is well 10 defined and is characterised by being

RafHcyaii renreducible i anethe s Rerbe Piaas M praptiardalategits ways
(he abovementionsd capsules hich coptain e sboYemeRignad: of e plastics
HHRR B8 BOR RS Sty ﬁg‘sto}%ﬁgfhbenjon: The ecapsu%s ma% P
dontakerapd accoms Py e drsrmsipmblie Stier s ovdd e St oy s aby of
el tedZenmgeafintyatie nenypecRietelr ety micthtiohsfancadnlingntds well
therinventianconiain 41 &g pLinhaable e Rigadyalent
importance according to the mvention are capsules for inhalation which

contain the formulations according to the invention in an amount of from 8
i B obe 20sphet phesprasimsntiontalsareblate sdatenabdetationikined capsules

CARRIS G QA Q7R O5 5B Rh ABR AP AU CANS % GBATaEIeNaRME: Y Bhe invention.
ontent of inhalable powder according tg the inve th%lln qonjunctio valth most
ffﬁ?ﬁﬁ&?é%sé%&%%mﬁ%’g%‘ﬁ&bﬁ %‘.ltl'ngp Qs Rtet nyaflsoorelatg%_?o {he> ™Mo
usefofably aboverhantichaecfisbirlsbisnaadsstdisbertsd dusmudafiots according
iphetahle pavisiecaaesks a0 @ g BVRINIIL IO dweRari0d equivalent importance
%@‘E‘Brp&}%%‘i%c&lec?n@ ggg'{? g&%%%%ﬁ'&%&?%%ﬁ%g{%ﬁ%ﬂ@ WSatain the

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

The present invention also relates to an inhalation kit consisting of one or more of
the above capsules characterised by a content of inhalable powder according to the
invention in conjunction with the inhaler according to Figure 3.

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

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

B.1.1. Examples of inhalable powders according to the invention
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especially for treating COPD and/or asthma. Filled capsules which contain

the inhalable powders according to the invention are 30 produced b

eSSk dwath the art, by filling the empty capsules with tW&Wﬁaﬁ&Q%‘“ 012268
powders according to the invention. B 1 1 Examples of inhalable powders
according to the invention -20 WO 2005/042526 PCT/EP2004/012268

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. 5 13.1.1.1. Starting materials Actjve substance

Fihe fRNOIDRIERBIRISS SRSt B RIS ERIRIE S RBTRARE Y BRI AT I R F e i

sdeobta neseparia gt indaipblef phwitersnacoo tditigetoxttmifeintpenibodsments that
a6tiyg substances 10 are micronised analogously to methods known in

the art (cf for example WO 03/078429 Al). Excipient: In the Examples

that foIIow Iactose monohydrate is used as excipient. It may be 15

L) ; afteraBorculo Domo Ingredients, Borculo/NL under

the product name Lactochem Extra Fine Powder. The specifications

%{:cordlng to t&% invention for the particle size and specific surface area

rade of lactose. 20 B 1 1.2. Preparation of the powder
fEhatiatioRivaR OrerHg e oMo dRppetdTHe BoRkgton are used to

maghires anaambpnedas %mmﬂ@gm@ﬂmmmmhase theiv@Substances
'ﬂ%@@ﬁé%ﬁ@%%ﬁ[%l%éﬂl%%%%&ﬂ Redenminers tydpulamisehane o

é}g?e 2 Bachofen AG, CH- 4500 Basel 30 Hand-held
?nm mesh size

Excipient:

In the Examples that follow lactose-monohydrate is used as excipient. It may be
obtained for example from Borculo Domo Ingredients, Borculo/NL under the
product name Lactochem Extra Fine Powder. 'The specifications according to the
invention for the particle size and specific surface area are met by this grade of
lactose.

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:
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The empty inhalation capsules may be filled with inhalable powders

containing tiotropium by hand or mechanically. The foIIowinglééuipment
Wa@ BRQREH258 Capsule filling machine: -21 WO 2005/042 T/EP2004/012268

PCT/EP20 0 4/0 1 226 8 MG2, Type G100, manufacturer: MG2 S.r.1,

1-40065 Pian di Macina di Pianoro (BO), Italy Formulation Example 1: 5
Powder mixture To prepare the powder mixture, 299.39 g of excipient and
0.61 g of micronised tiotropium chloride (or tiotropium iodide) are used. In

esylting 300 g of inhalable powder the cqontent of active substance, _ .
e fﬁﬂ%@&ﬁmw%%rm%% %&é&#ﬁ&éép‘% iR gianoro
1BW)inlthly case of tiotropium iodide. About 40-45 g of excipient are
placed in a suitable mixing container through a hand-held screen with a
lpesh Sifa?tﬁ)f 01%5 mm. !hen tiotropium chloride (or 15 tiotropium iodide)

' = mg and excipient in batches of about 40-45 g

are screened in in alternate layers. The excipient and active substance
arewdddaddtufeand 6 layers, respectively. Having been screened in, the

ingredi ' iXi 6142 0 inal i -
L el oL S Bisea
AtoseRpHIm DR e rHANSP BRI IR ESHMHrel s 1S Y5suking #90 & of
aithaia bihatabie pdveders tashich avhien packedontb swifabletplastjgum, is 0.19 % in
SRPURSINAYPE SRR prRAUsS e 30 ol awing, caBsisa ipn ih alatian.

for example: Formulation Example 2: tiotropium chloride: 0.0113 mg

lactose monohydrate: 5.4887 mg 30 polyethylene capsules: 100.0 mg

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 tiotropium chloride (or
tiotropium iodide) in batches of about 90-110 mg and excipient in batches of aboui
40-45 g are screened in in alternate layers. The excipient and active substance are
added in 7 and 6 layers, respectively.

Having been screened in, the ingredients are then mixed (mixing speed 900 rpm).
The final mixture is passed twice more through a hand-held screen and then mixed
again at 900 rpm.

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

following capsules for inhalation, for example:

Formulation Example 2:

tiotropium chloride: 0.0113 mg
lactose monohydrate: 5.4887 mg
polvethylene capsules; 100.0 mg

Total: 105.5 mg

Formulation Example 3:

tiotropium chloride: 0.0113 mg
lactose monohydrate®: 5.4887 mg
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Total: 105.5 mg Formulation Example 3: tiotropium chloride: 0.0113 mg

5 Jactose monohydrate*): 5.4887 mg -22 WO 2005/042526
%%é‘ 6%%%5268 polyethylene capsules: 100.0 mg Total?%.%l?rﬁa%l 012268
the lactose contains 5% specifically added fine content of micronised
lactose monohydrate with an average particle size of about 4m. 5
Formulation Example 4: tiotropium iodide: 0.0113 mg lactose
monohydrate: 5.4887 mg polyethylene capsules: 100.0 mg 10 Total:
105.5 rulatirsllgé(gmple 5: tilorBilrJnm iodide: 0.0225 mg lactose

2 A..“..-,,' o o _y ER A

! drie&psules: 100.0 mg Total:

105.5']ﬁ¢gﬁlFo.rmlulation Example 6: tiopiteg chloride: 0.0056 mg 20
lectasaanonebpdiaies SUG e cli Al yaivdefigCansiiesot 8l @ dageldialiose

SR Al FaAnle: B ROIRPINBLElgH e 00056 mo

actose'monohy

Formulation Example 4:

tiotropium iodide: 0.0113 mg
lactose monohydrate: 5.4887 mg
polyethvlene capsules: 100.0 me
Total: 105.5 mg

Formulation Example 5:

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

Formulation Example 6:

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

Formulation Example 7:

tiotropium chloride: 0.0056 mg
lactose monochydrate®): 5.4944 mg
polvethylene capsules; 100.0 mg
Total; 105.5 mg

*} the lactose contains 5% specifically added fine content of micronised lactose
monohydrate with an average particle size of about 4pm.

Formulation Example §:

tiotropium iodide: 0.0113 mg
lactose monohydrate®: 9.9887 mg
polyethvlene capsules: 100.0 mg
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polyethylene capsules: 100.0 mg Total: 105.5 mg *) the lactose contains
5% S eC|f|caII added fine content of micronised lactose 30 t

@?)artlcle size of about 4m. Formulation Exa %%{?}E’I%%&/OIZ%S
tlotroplum |od|de 0.0113 mg lactose monohydrate*): 9.9887 mg 35
polyethylene capsules: 100.0 mg -23 WO 2005/042526
PCT/EP2004/012268 Total: 110.0 mg *) the lactose contains 5%
specifically added fine content of micronised lactose monohydrate with an
avera,g t%grtlcle size of about 4m. Sf(p' ulation Example 9: tiotropium
iodide’ 9't225 mg lactose monohydra r@ 89775 mg polyethylene
éhplsm!@s.tqmerrt@nsréféel speofically ﬁ@dycﬂwﬁnaa@@@@bﬂfamgwsed lactose
sRaciisalivaRddpd inevcantanpefdoieraniset dasiaseumonohydrate with an
average particle size of about 4m. B.2. Propellant-containing inhalable
aerosols The new tlotroplum salts tiotropium chloride or tiotropium iodide
~ 5 m Examplen® administered in the form of
propediaﬂbpﬁl.mam&mhalable aerazoig25Ae1@sol formulations in the form
of SO'%&?H&%ﬁH%BﬁHFA?@‘% .may begjgee}g%@ls B.2.1. Aerosol
formulatlons In the form of solutlons The term aerosol solution denotes

: At Q) 5 iotropium chloride or iodide
and a’ﬁ";bmiuclplents used are compleﬂeW fissglved. The present invention
Bﬁ%%&?&@%@hﬁ@fﬁ%@%%ﬁé&ﬁ@&@ﬁ ingdiatiepiuwpflarislendnd ingdiddactose

which conmin n addison to.one of e shovp-erined toropium

B.2. Propellant~-containing inhalable aerosols

The new tiotropium salts tiotropium c¢hloride or tiotropium iodide may optionally
also be administered in the form of propellant-containing inhalable aerosols.
Aerosol formulations in the form of solutions or suspensions may be used for this.

B.2.1. Aerosol formulations in the form of solutions

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

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

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

such that in aqueous solution it corresponds to a pH in the range from 3.0 - 4.3,
particularly preferably from 3.5 - 4.0.
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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
Kiehanab{A4E>38ueous solution it corresponds to a pH in thé faddB i 4/012268
2.5 - 4.5. The above-mentioned aerosol solutions are characterised by a
particularly high stability. 30 Preferred aerosol solutions are characterised

in that the concentration of the acid is such that in aqueous solution it
corresponds to a pH in the range from 3.0 - 4.3, particularly preferably

from 3.5-4.0. 24 WO 2005/042526 PCT/EP2004/012268 The aeros
%t&?ﬁQ%’&é&@ﬁﬁ%W?ﬁ%ﬁ%ﬁ%éW&%ﬁ%ﬁ%&?haésgrﬂ%ﬁ‘é‘rﬂ@uﬂf‘% amo“m
whtert(prgiesfayblipup 696 paptictiarly piygfeeihiyblipup 898 Mmorere preferably up
p(gejar/@ply up to 2 %). 5 The aerosol solutions according to the invention
preferably contain an amount of tiotropium chloride or tiotropium iodide

such that the proportion of tiotropium cation they contain is between
0.beeescantisolaienp asieredigebenilet nPesodm andfayablyoso prvscamariount of
U N 1) @ﬂ@%@?@rﬁ Q51 96e %Qc‘ﬂ#ﬁh@'ﬂﬁﬁﬁaﬁé@ﬁ@ﬂ%ﬁﬁotmpium

\évzlitthclxn tﬁu%sc%%%a?f th eoésr? IOS B%wﬂﬁéhe()tq%e Wh ab? aa Wees ?10 (0004 and

omogeneous pro elan ormulation with the co-solven ich'a
@}é@% MW@WW@W&QQ&%W@%@@@W iodide may

be dissolved. Preferred HFA propellants according to the invention are

T 1'91292 BEINAS %ﬁéﬁﬁ?ﬁ&g{l %%E(’ ag)cq{?%'f'&g aerosol solutions are those which
form %B%‘f@gﬁaﬁ?é’ﬁﬁ%%@@!fﬂi VAL CRriRIBBRdthithdp Which &
HfetariedBi{eg it dffearificieroetindnd)(HeRa @iy khloriderafluodadeaag pe
%ﬂé%tﬂﬁﬁ' 1§?ﬁ&¥e¥aﬁmr§?ﬁ@¥tﬂﬁ%@ E@Cé@(fi(@ @‘%ﬁﬁﬁeﬁ%@ﬁ&e propellants
icu eferred according to invegtion ile

sl e s e RO
ﬁaépbﬁ?aﬁtéﬁmémm@@@@wep%ﬁ(ﬁﬁa%%é@aﬂpﬁp@mrw%%ﬂ= HFA-
ha3god on theiifwsrarhaxed WHReNsHo! MDE 2ofctinefribovethasn)aneldHEFA-
ﬁ'Eé’hFtrﬂﬁ‘fﬁﬁfﬁ%n'?@%ﬁg}ﬁ'eﬁ%‘iﬁ\?—‘i%&%ﬁ&'?ﬂﬁﬁ%@} 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 propellants 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
phosphoric acid, while according to the invention it is preferable to use hydrochloric
or sulphuric acid, particularly hydrochloric acid. Organic acids within the scope of
the present invention are selected for example from the group consisting of ascorbic
acid, citric acid, lactic acid, maleic acid, benzoic acid or tartaric acid, while ascorbic
acid and citric acid are preferred according to the invention.

The aerosol solutions according to the invention may be obtained analogously to
methods known in the art.
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propellants are saturated hydrocarbons such as for example n-propane,

n-butane or isobutane, or also ethers such as diethyl ether, fQr I
magﬁ@%’%q%rganic acids may be used as acids accordin%({“:f({%fefla&'}4/012268
invention. Inorganic acids within the scope of the present invention are
selected for example from the group consisting of hydrochloric acid,
sulphuric acid, nitric acid or phosphoric acid, while according to the
invention it is preferable to use hydrochloric or sulphuric acid, particularly
hydrochloric acid. Organic acids within the scope of 30 the present
invention are selected for example from the group consisting of ascorbic
Bbitronsievaisiell Yasie piabllernafapieniri mpsneBlioadly drasrairingddnihfe erosol
FSRAIBIG Aierant:al it acithaitqiciesieckanssilinglib iheurfuentian afikle

rosol solutio rgi ' i ' ;
e N S, M e P R RN SR ARAAASREN include
FEhiE P OOk e Sersivh QF RS ORI A I it B a ek SRR R gyhich may be
pptienalibeteontaioed in thEf@eeasolpso haianbiacoiddimgdoaplecrol), flavour

[AMeREN, Lo S X Planioil Bl SHfRCtanisaRd AURNIcapiRHERY Hedisashl

Examples of such solublé surfactants and lubricants include 5 sorbitan

flroiRuEEg8kithin or isopropyl myristate. Other excipients which may be

present may be antioxidants (for example ascorbic acid or tocopherol),

i*ﬁ‘é%%lé!?%?@&&@%ﬂﬁféﬁgﬁxﬁdwl l@er?@mmcgmaﬁgemh_ X B @thetie: alcohols
natural flavqurings). xamples,qf co-solvents.w

S Tatins S o SRR Rl

aﬁ‘@pﬁéq%gg/@@h@gi@%ﬂggﬁgg%@wgpy}gﬁ%@l@@h glycolether, block
pepsiinianaglyegiahpiypronyengsiypele gb)cotailier bidwsancpotyiers for

e @%ﬁ?@&&”%&ﬁ%@%ﬂl@ 8%8%&%&?%5?9&9 B3:Picid esters and

G e e O o S o

thesolvemtiacdordioantd. the invention is ethanol. The amount of
co-solvents which may be used in the formulations according to the

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

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

The formulations according to the invention may be administered using inhalers

known in the art (pMDIs = pressurized metered dose inhalers).
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invention is preferably in the range from 5-50 %, preferably 10 - 40 %,

particularly 20 preferably 15 - 30 % based on the total formulation. Unless

WADaShé i frary, the percentages specified within the sddpd GRE04/012268

present invention are to be read as percent by weight. } 25 The

formulations according to the invention may contain small amounts of

water, as already mentioned previously. In a preferred aspect, the

present invention relates to formulations in which the content of water is

up to 5%, particularly preferably up to 3%, more preferably up to 2 %. 30

In another aspect the present invention relates to aerosol solutions which

TRt an nieientohésefdaeslatidns ube ambenbof-caselvemisl acrosol

DIRIRARY NG (AOCP (P e Gl RRIBIRBY I 1 (A010R A aonding to
0.

c formulations dccording to the lnv]e_ntlon maé/ be adgglinistered £
RS VRRERD o8 DISRANRE AR RS RIHAL GHRa O RR fRbtlfdGomsnt o
inkpiers)ry 26 M 2065040686 i C0ERC 004YeM 2266l TRE Blauud(pr asthma.

invention also relates to the use of the above-mentioned aerosol solutions

aracterised by a content of tiotropium chloride or iodide accordi :
o SR T o TR A B at A AR acrai
wfithrespicstosyivepiarmespdithaianyrEpmecubsirempiipopeahrgypents that
astibea. The following Examples serve to illustrate the present invention
in more detail without restricting the scope of the invention to the
w. 10 B.2.1.1 Examples of aerosol
dhlationg eS8 AFHERGLEREtituents concentration 1% w/w
tiotropium iodide 0.01 ethanol (absolute) 30.0

Formulation Example 10:

constituents concentration [% wiw]
tiotropium 10dide 0.01
ethanol (absolute) 30.0
water 1.0
ascorbi¢ acid 0.005
HFA-134a 68.985

Formulation Example 11:

constituents concentration [% wiw]
flotropium iodide 0.01
ethanol (absolute) 40.0
citric acid 0.004
HEA-227 59.986

Formulation Example 12:

constituents concentration [% wiw]
tiotropium chioride 0.02
ethanol (absolute) 25.0
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water 1.0 ascorbic acid 0.005 HFA-134a 68.985 15 Formulation

Example 11: constituents concentration [% w/w tiotropium iodide 0.01
WihABPEAB48RAE) 40.0 citric acid 0.004 HFA-227 59.986 Foimtfaticn04/012268
Example 12: 20 constituents concentration % w/w tiotropium chloride

0.02 ethanol (absolute) 25.0 -27 WO 2005/042526 PCT/EP20041012268

water 1.0 citric acid 0.003 HFA-134a 73.977 3 28 WO 2005/042526
PCT/EP2004/012268 Formulation Example 13: constituents

fe"0.02 ethanol (abgolute) 20.0

1

conce ' 6
HCI (3dq).0.01.mol/1 WACHEA- 13448 77,98

citric acid

0.003

HFA-134a

73.977
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Formulation Example 14: 5 constituents concentration 1% w/w tiotropium
chloride 0.01 ethanol (absolute) 15.0 water 2.0 citric acid 0.004
WIEA 28958948826 Formulation Example 15: constituents concfittdiigrefs/012268
w/wl tiotropium chloride 0.01 ethanol (absolute) 30.0 water 1.0 ascorbic
acid 0.005 HFA-134a 68.985 10 Formulation Example 16: constituents
concentration [% w/w tiotropium chloride 0.01 ethanol (absolute) 40.0
citric acid 0.004 HFA-227 59.986 -29 WO 2005/0425 26 PCT/EP200
4/0 1 22 6 8 Formulation Example 17: constituents concentration [% w/w

R AHSHi A BIBP ¥ ARl (absolute) 25.0 water 1.0

T FPPREE LS
- oo

»
T <y

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

Formulation Example 14:

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

Formulation Example 15:

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

Formulation Example 16:

constituents concentration [% w/w]
tiotropium chloride 0.01
ethanol (absolute) 40.0
citric acid 0.004
HFA-227 59.986
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citric acid 0.003 HFA-134a 73.977 5 Formulation Example 18:
constituents concentration [% w/w tiotropium iodide 0.02 ethanol
FEO5ERASYRB261CI (ag) 0.01 moUl 2.0 HFA-134a 77.98 FdthuigtioA004/012268
Example 19: 10 constituents concentration % w/w tiotropium iodide 0.01
ethanol (absolute) 15.0 water 2.0 citric acid 0.004 HFA-227 82.986
B.2.2. Aerosol suspensions The present invention also relates to
suspensions of the tiotropium salts tiotropium chloride and tiotropium
iodide according to the invention in the propellant gases 15 HFA 227
and/or HFA 134a, optionally combined with one or more other propellant
gases, preferably selected from the group consisting of propane, butane,
-%0 WO 2Q05/g42526 Ea | {_EP2004/012268 pentane, dimethylether,

2 ) tisobutane, isopentane and neopentane.
According to the jnvention those suspensions which contain as.propellant

gas only 5 HFAQGtRwaidre of HFAI227 anditoh dadioar [90lwHA

134a are preféfred.” It re of the pr llen 227 and HFA
e L el WA 0T popeTentsases i 227 and

ethanol (absolute) 25.0
water 1.0
citric acid 0.003
HFA-134a 73.977

Formulation Example 18:

constituents concentration [% wiw]
tiotropium iodide 0.02
ethanol (absolute) 20.0
HCI (aq) 0.01 mol/l 2.0
HFA-1343 77.98

Formulation Example 19:

constituents _ concentration {% wiw]
tiotropium iodide 0.01
ethanol (absolute) 15.0
water 2.0
citric acid 0.004
HFA-227 82.986

B.2.2. Aerosol suspensions

The present invention also relates to suspensions of the tiotropium salts tiotropium
chloride and tiotropium iodide according to the invention in the propellant gases
HFA 227 and/or HFA 134a, optionally combined with one or more other
propellant gases, preferably selected from the group consisting of propane, butane,
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suspension formulations according to the invention, the weight ratios in

which these two propellent gas components are used are freely variable.

Wane @isreresaber propellent gases, selected from the grouf €oNSIHRAP4/012268
of 10 propane, butane, pentane, dimethylether, CHCIF2, CH2F2,

CF3CHa3, isobutane, isopentane and neopentane are used in addition to

the propellent gases HFA 227 and/or HFA 134a in the suspension

formulations according to the invention, the amount of this additional

propellent gas component is preferably less than 50 %, preferably less
tranaARYs] ipar thogltatty ST Gy, | €34 tHan (3096 H 5 Fhbwusyesipagtane and
acepiipg Lo the invention preferably contain an amount of tiotropium

chloride or iodide such that the amount of tiotropium cation is between

0.001 and 0.8%, preferably between 0.08 and 0.5%, and particularly

Preferdbig toethecimvanpemitbostsustsorimg tohichinvemiprisauenyliagt gas only

staadtrrhe moniiad o IBEPEICENRAESIIYe N 34ihin SngySHONE Pbthcare preferred.

B Sk iy ST IRd 818 aéi’i’@@g@&%%& P55 'g%%”l%&%%@%s%ﬁ?{ﬂl
suspension ormulgﬁo]% IS used within the scope of the present invention_ |
SRR R RrB T Y0BP ERSIIHITHENRS BV R P8 1S5 ceighfdagossrmwhich these

exqui\aalgreﬂmih@ﬁf@mnﬁdhemsérmmﬁthgomrTMe. _
RFORRIANERARBIRANGRRAALIE BEroSARIOLRUSRERSIAN UNPIRBASS tng of
according to the invention may also conta rcgﬁi&e@?%as
PR a PR AR P RTS §i?§1ﬁ&v A Ssblpdres o HlabBetingaane,
B0 Mt swiand-actpendgenm ¢suwtacinrdiioptiohaliyppsepatientizases HEA 227
aHAPENSIPNS 130G0Rd G IRt RN ionAIR Rhekesabbr srigciethi efvéheion, the
QLR ONSIRINg Bl QYFOIRRIA A0 ERUAAAIR A0 MNACEL A0S than 50 %,
yvacet 9-038, isoprop n?yrlgta e, ofeic acid, propyleneglycol,
posfetabisdesiyhan Ay ettsTakidy gigrlsrpbhidrsstthass yeeryl

monolaurate, glyceryl monooleate, glyceryl monostearate, glyceryl -31

R %99&&%%51%@5’68?&%%2&0&{9 }ee8fion preferably contain an amount of
tiotropium chloride or iodide such that the amount of tiotropium cation is between
0.001 and 0.8%, preferably between 0.08 and 0.5%, and particularly preferably
between 0.2 and 0.4% according to the invention.

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

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

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

The surface-active agents (surfactants) optionally present in the suspensions
according to the invention are preferably selected from the group consisting of
Polysorbate 20, Polysorbate 80, Myvacet 9-45, Myvacet 9-08, isopropy! myristate,
oleic acid, propyleneglycol, polyethyleneglycol, Brij, ethyl oleate, glyceryl trioleate,
glyceryl monolaurate, glyceryl monooleate, glyceryl monostearate, glyceryl
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monoricinoleate, cetylalcohol, sterylalcohol, cetylpyridinium chloride, block
polymers, natural oil, ethanol and isopropanol. Of the above-mentioned
stishensimi4adriants Polysorbate 20, Polysorbate 80, Myvakét BB 2004/012268
Myvacet 9-08 or isopropyl myristate are preferably used. Myvacet 9-45 or
isopropyl myristate are most 5 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 10 The

adjuvants optionally contained in the suspensions according to the

iDpaeTEH s At fer N cobieb g s ohely eniplewidising shiaidpeblock
plblymikLsasaeEpit aitidinspadahsdpetaingolySieine apbosphoenid@eid, suspension
A AR PURKIGHLRLS Bl R 8GN L SCAT R AR isopropy

sphoric a rochloric’acid or_ citric acid are préferably used, while

RS EHIb Akc auefehabilrussd YIS £5 7 18 IS PRF QRSB A ARG o AR Fapst
presanbiy ke duspensions according to the invention, these are
preferably used in an amount of 0.0001-1.0 %, preferably 0.0005-0.1 %,
ggr icula{%/ Ereferably 0.001-0.01 %, while an amount off0.001-0 005 % is

%S‘uﬁé SRV DA IRE S G T AR SRROHO SRR RIES are
optifsmabiy coredimethinniist SHEheRIE at SorddagtienihgyrrRasition w005 - 0.5 %.
preferably selected from the group consisting of ascorbic acid, citric acid,

' ium .edetate, editic acid, tocopherols, butylhydroxyto . .
SRR ST PRI MAHEIOR Bkl o e invention

Batyp R IoR e bR Ry AoZTRMSEP TSI ARG AN R Raidb3m@in, ascorbic acid,
ra@fﬁahheusediﬂ&}e:ﬂg\mwjmgmqﬂtj@u‘ialimimmﬁhieddmmsmnsioasid,
e T A WRrachlorc acid or
A R LRIt R R RIo oA ARG 1 most
pepheabinteedentomint(r) being particularly preferred. With a view to

administration by inhalation it is essential to provide the active

zgl% tances in flnecl%/sdlwde form. For this RUrpoS the salts tiotr

e i
R R LG TR R R B G These o

erdesaklgdissd dptameaaynt of 0.0001-1.0 %, preferably 0.0005-0.1 Yo,
particularly preferably 0.001-0.01 %, while an amount of 0.001-0.005 % 1s

particularly important according to the invention.

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

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

With a view to administration by inhalation it is essential to provide the active
substances in finely divided form. For this purpose, the salts tiotropium chloride
and iodide according to the invention are either ground (micronised) or obtained in
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-32 WO 2005/042526 PCT/FP2004/012268 finely divided form by other
technical processes known in principle from the prior art (for example
BrELRFHE25%@y drying). Methods of micronising active su@%ﬁ&zg@/mz%s
known in the art. Preferably after micronising the active substance has a

mean particle size of 0.5 to 10m, preferably 1 to 6m, particularly preferably

5 1.5 to 5m 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. )
Pustic e drembly) bRIASCBOMR REQECpIEIT AN hild iR 9Bls Brmdhe prior
partitessofrapiivprsulistarioa, aveyadeeitigle Sleehwhichf isnthirsthe size
LABORRLAEIHOREA BRANGR QLD PRONGLASRACE NG PSRRERE IMEREAR substance

relates to suspensions which contain only E(%? f the two active.
FiSgealK

N A TR T R T B Yot RadtiAe fE T REcferably
$uspensionsdcBoetingbiy thdeantcriifon pmefe trblrep e 08Ny Pactisudarly
bea\%_th vl ﬁ‘tel@lﬁsit ?Q’/J"@ﬁtﬁ@%%@%M@@&ﬁ%ﬁ@t{ﬁﬂé@ﬁiﬂ@é%mﬂfﬁIsize which
with.the propellent gas or gases (optionally at.low tempe S
S S e s o Db R B Rl %, most
puefsenizinns esbPdHyabthrep mvslmsor ariivp s ehitanra&e aunagticle size which
B Ralgiis khewndnihgaaridabis & apiagsurized metered dose inhalers).
Accordingly, in another aspect, the present invention relates to

harmaceutical compositions.in the form of suspensions.as hereinbefore
U S REF SRS ERF RRFP O BYSRERD FHBIEP S RABRSYSsBIch contain only
admidisteringthesecsudpensionschMoriogap tie presativn vetbiontreigtesher
tiihalars, characterised in that they contain the propellant-containing
suspensions according to the invention described hereinbefore. The
present invention also relates to containers (cartridges) which when fitted
Wils S3OREBEitAIacranding FoTB G BB THias pRap feciRkeRar ah ysiicRethods known

ORI QNES thR, the constituents of the formulation are mixed with the
propellent gas or gases (optionally at low temperatures) and filled into suitable

-containers.

The above-mentioned propellant-containing suspensions according to the
invention may be administered using inhalers known in the art (pMDIs =
pressurized metered dose inhalers). Accordingly, in another aspect, the present
invention relates to pharmaceutical compositions in the form of suspensions as
hereinbefore described combined with one or more inhalers suitable for
administering these suspensions. Moreover the present invention relates to inhalers,
characterised in that they contain the propellant-containing suspensions according
to the invention described hereinbefore.

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

invention. Suitable containers (cartridges) and processes for filling these
VS04 e  propellant-containing suspensions accordifgligiife004/012268
invention are known in the art. -33 WO 2005/042526 PCT/EP2004/012268

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
Tnhdanivd Srerparmrecaning! of HiBacbE GipRmBH M BEFIHEReRHARRISO
fayelopatbarapsiticcherplihsRartiaulaiiipeferayikenttesdot pvgnating a

,gﬁ%%'@é%%& 1166188 dNToRIRRENTIAN P FRRUT AR NE AR Bty for
reparing a pharmaceutical composition_ for the inhalative treatment of )
PESPATARS) PHATERAFRY ISALRSERY AUpThiaToRGEBEe 9b Hatalgieatipray of diseases
ihatHitlownseivel tocidiiisiraieytde yelepentlinveptiondbmefe.detail, by way

of example, without restricting it to their contents. B.2.1.2 Examples of

aerqsol suspensionigr ulations 15 Suggéan ions containggg other

TrgReHATY Rrelatitdn e RAFELIBSEIP AT SropERSRgagse of the
Fownakation Exandphg 20 thROTonsitdusospesingaioh{smeagtical composition
tigtigRiumdedide @QnisaPuIRYkpIMisHte AR ditind B2AAAKIQ Athind 3¢aCOPD.
79.68 Formulation Example 21: constituents concentration [% wi/w]

The Examples that follow serve to illustrate the present invention in more detail, by
way of example, without restricting it to their contents.

B.2.1.2 Examples of acrosol suspension formulations

Suspensions containing other ingredients in addition to active substance and

propellent gas:

Formulation Example 20;

constituents concentration [% wiw]
tiotropium iodide (.02
isopropyl myristate 0.30
HEA-227 20.00
HFEA-134a 79.68

Formulaton Example 21;

constituents concentration [% wiw]
tiotropium chloride 0.04
oleic acid 0.005
HFA-227 99.955

34 -



10

tiotropium chloride 0.04 oleic acid 0.005 HFA-227 99.955 -34 WO

2005/042526 PCT/EP20041012268 Formulation Example 22;
SeRsBRRIME%EEREentration [% wiw] tiotropium iodide 0.02 ol pa9P4/012268
HFA-227 60.00 HFA-134a 39.97 Formulation Example 23: 5 constituents
concentration [% w/w] tiotropium iodide 0.02 isopropyl myristate 1.00

HFA-227 98.98 Formulation Example 24: constituents concentration [%

w/w] tiotropium chloride 0.02 Myvacet9-45 0.3 HFA-227 99.68 10

Formulation Example 25: constituents concentration [% w/w] tiotropium
ala PABPE9445 0.1 HFA-227 60.00 HFA-134a 39.88 -35

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

Formulation Example 23;

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

Formulation Example 24:

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

Formulation Example 25:

constituents concentration [% wiw]
tiotropium chloride 0.02
Myvacet 9-45 0.1
HFA-227 60.00
HFA-134a

39.88




WO 2005/042526 PCT/EP2004/012268 Formulation Example 26:

stituents. concentration [% w/w tiotropium chloride 0.04 R,
%%%bﬁﬁéﬂ%ﬁg 99.92 Formulation Example 27: 5 constltu &%804/012268
concentration % w/w tiotropium iodide 0.01 Polysorbate 20 0.20
HFA-227 99.78 Formulation Example 28: constituents concentration [%
w/w] tiotropium chloride 0.04 Myvacet 9-08 01.00 HFA-227 98.96 10
Suspensions containing only active substance and propellent gas:

10

15

PCT/ P2004/012268 Formulatlon Ex

mple 30: constituents

concentration Y%oWiWkituents

concentration [% wiw]

tiotropium chloride 0.04
Polysorbate 80 0.04
HFA-227 09,92

Formulation Example 27;

constituents concentration [% wiwl
tiotropium iodide 0.01
Polysorbate 20 0.20
HFA-227 99.78

Formulation Example 28:

constituents concentration [% wiw]
tiotropium chloride 0.04
Myvacet 9-08 01.00
HFA-227 98.96

Suspensions containing only active substance and propelient gas:

Formulation Example 29;

constituents concentration {% wiw]
tiotropium lodide 0.04
HFA-227 80.00
HFA-134a 19.96

- 36 -




)

10

15

tiotropium iodide 0.02 HFA-227 60.00 HFA-134a 39.98 Formulation

Example 31 5 constituents concentration % w/w tiotropium iodide 0.0

VNP4 3Z2E ormulation Example 32: constituents conceRtraibr 3/304/012268
w/w] tiotropium iodide 0.02 HFA-134a 99.98 10 Formulation Example

33: constituents concentration [% w/w tiotropium chloride 0.02 HFA-227

99.98 Formulation Example 34: constituents concentration [% w/wl

tiotropium chloride 0.02 HFA-134a 99.98 15 -37 WO 2005/042526
PCT/EP2004/012268 1Forulat|on Example 35: constituents

=ORERREHABH-[BF RV Sidtropium chloride 0.02 HFA-227 20.00
HFA-134a 79. 98 Formulation Example 36:
constituents concentration [% w/iw]
tiotropium iodide 0.02
HFA-227 60.00
HFA-134a 39,98

Formulation Example 31:

constituents concentration [% w/iw]
totropium iodide 0.02
HIFA-227 99,08

Formulation Example 32:

constituents concentration [% wiw]
tiotropium jodide _ 0.02
HFA-134a 99.98

Formulation Example 33:

constituents concentration [% wiw]
tiotropium chloride 0.02
HEA-227 99.98

Formulation Example 34:

constituents concentration [% w/wl]
tiotropium chloride 0.02
HFA-134a 99,98
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5 constituents concentration [% w/w] tiotropium chloride 0.04 HFA-227

HFA-134a 59.96 B.3. Propellent gas-free inhalable a
ﬁ&%/ %QW%%E%QHS tiotropium chloride or tiotropium iodide r$11§;1y o/%igggﬁyom%g
also be administered in the form of propellant-free inhalable aerosols. For
10 administering these propellant-free inhalable aerosols the new
tiotropium salts tiotropium chloride or tiotropium iodide are prepared in
the form of pharmaceutical solutions. The solvent may be water on its
gwn or flarélbxé Xo;ﬁ/'veiteg ?nd ethanol. The 15 relative proportion of

r is not limited but the maximum is up to 70

percent by volume, more particularly up to 60 percent hy volume and

most preferably spu@aggeent by volume. Thmtenatadeo[thevieiime
is made up of water. Theh?refcerred solvent Is water Wltlbot&the addition of
20 :FH Eglum C

oo
ethang trattot-6r-thegw uuuuplunl Sarstotroptum

chloride or tiotropibifi&ictide according to the invention#488d on the
amount of tiotropipyp AR thefinished pharmaceutical prepagation depends
on thetherapeutic effect desired. For the majority of complaints that
respond to tlotroplum the concentration of tiotropium is between 0.0005
1 Gaf 1% i iiNchediveen 0.001 and 3 wt.%. 25 The pH of the
formulatlon according to the invention is between 2.0 and 4.5, preferably
betwegn 2.5 and BHSSE ndw&re preferably between 2 u%% A !W

WO 21\n|: INADL IN1 95900
JOITUFZ0Z0 T COTTET ZUUR/ULZZ0 Pal LIL.UIclll_y pICICIaU

2.7 angd 3.2. ViesopiemeyeddogidepH vallles with an uppel-fhit of 3.1 The
pH is adjusted by the adsitron of pharmacologically acceptable acids.

HEFA-134a 59.96

B.3. Propellent gas-free inhalable aerosols
The new tiotropium salts tiotropium chloride or tiotropium iodide may optionally

also be administered in the form of propellant-free inhalable aerosols. For
administering these propellant-free inhalable aerosols the new tiotropium salts
tiotropium chloride or tiotropium iodide are prepared in the form of pharmaceutical

solutions.

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

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

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

%robromic acid, nitric acid, sulphuric acid and/or phosphoric acid.
@B@Qﬁ%‘%ﬁcularly suitable organic acids include ascorgi@’g@?d?"20041012268
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

10 use the acids which have already formed an acid addition salt with the
active substance. Of the organic_acids, ascorbic acid, fumaric acjd and .
AR R AR WP LR el e T hBSHRTE LRI Fhd s with an
upedr panicala¥y .in the case of acids which have other properties in

addition to their acidifying qualities, e.g. as flavourings or antioxidants,

ch as citri¢.acid pr ascorbjc.acid, for example, 15 Hydrochlaric.acid. i
b S R R e e S
Basaxphsay hisitnble deergraiesirads ioeindebudrositiamy aris phydsphemic acid,
basksaodysieiforiexaroniaalival pirighinydcoadids Bramakalofetaticularly suitable

g? }i& %?dsT fﬁ%lﬂ%ﬁ!&r@%@g%lmeéﬁhg gé?dS(?)qLLl@ aWJP,e&&HBE Qé‘iﬁ?smaleic acid,

r& used, care must be taken to ensure that the salts resulting from them

SHER 890 R Eih A SRR SRS I hATHARUOE R RPIADIS RS cte-
#ne fakse dphargradolagitalyedoyd patitier ivitn theudiiows eaeitionBdseadsh possible to
Ascerding:{a theilnveoha Aastiion ofeslite a¢iddEPIAY RTANBC RS
knpwn salt tﬁl reof sodlum.gdetate as sta |Iﬁﬁ£or.com I%@%i?\&eggil are
RSB DT O3EARIG A TR0 AC R GHIRF s B Lo
papdersedd dhdrsinttb absrenohibpebeuitsaidsranty e agndfearipularly in the
embadinest theicpMan! based aihsacky ih edririendedsthatidlyds gualities,

/ l. In.this.cas .preferr .1S: betw 10 I M}
B A Do e R U AP IOC B OSPED RO M Ribxample

FgrEsshIeT ARktre FEPRBSHIGRHABCbATEH BiYsaRinasitate is from
10 up to 30 mg / 100 ml, and is preferably not more than 25 mg/ 100 mi.

ﬁ&a%%&%é{%%?@%?pﬁ{%ﬁ%%%@%%ﬁ% H2 FRE e #rAD oG Belisely
ttitlﬁa%ngltt“ﬂg {) . Igﬁab?et%%gés ?rrl'clude for example alkali metal hydroxides and

alkali metal carbonates. The preferred alkali metal ion is sodium. When such bases
are used, care must be taken to ensure that the salts resulting from them which are
then contained in the finished pharmaceutical formulation are also
pharmacologically compatible with the above-mentioned acid.

According to the invention, the addition of editic acid (EDTA) or one of the known
salts thereof, sodium edetate, as stabiliser or complexing agent is unnecessary in the
present formulation.

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

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

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

other 5 comparable additives which have complexing propertie

B%%%QH?(%‘%%&&% it, such as for example nitrilotriacetic aci(]tl”gﬁ%%};@/@m%%

thereof. By complexing agents are preferably meant within the scope of

the present invention molecules which are capable of entering into

complex bonds. Preferably, 10 these compounds should have the effect

of complexing cations, most preferably metal cations. In addition to

ethanol, other co-solvents and/or other excipients may also be added to

the formulation according to the invention. 15 Preferred co-solvents are

Ihoserafierehdcenthird pdroiiis otdievsr o raiiethrl ggniber-e.g. alcohols -

particularly isopropyl alcohol, glycols - particularly propyleneglycol,
lyethylenealycol, pal lepeglycol. glycolether, glycerol

B R R AT AR S eyl doiy

et paEsbinasidisardeichchasn el SuapaHSBA HEeARIrAE Ydfused instead of

axaipenis fndeadtijesinritbisisoniexdcitnaie dwysphatmaeologically

acceptable and therapeutically beneficial substance which is not an active

substance but which can be formulated with the active substance or

By aRIsEIe e THA & LTSRN P S ARE BT U B AP B e iSRS
thecquatitativl: pudpertieshod R5cte bistivbesubsteg ceiformulishonds. Preferably,

Rreferahipdhigas swbsiances havemioBhaunaseiadicahalgs! Mlodh preferably

connlection with the desired therapy, no appreciable or at least no
H}leé%sﬁgatb?gspharmacological effect. The excipients and additives include,

for example, surfactants such as soya lecithin, oleic acid, sorbitan esters,

Suicll @sicarhitah neisaithalyvioipytsaliddne, cttersiabiisesanay also be added

elulel[d! (ﬂ{s Q ﬁ Xxidanis.And/qL preservatives which prolong

ghe s%e?? ﬂ%%%iet eaflc%is’f?g gpharmaceuticaﬁ‘ormulation, flavourings,

vitamins and/or other additives known in the art. The additives also

it frdee gharmelvotvgiasd jhascophathiecsalais duhl sax B attiomprhfopidie T Aolar
groups, e.g. alcohols - particularly isopropyl alcohol, glycols - particularly
propyleneglycol, polyethyleneglycol, polypropyleneglycol, glycolether, glycerol,
polyoxyethylene alcohols and polyoxyethylene fatty acid esters, provided that they
are not also the solvent or suspension agent.

The terms excipients and additives in this context denote any pharmacologically
acceptable and therapeutically beneficial substance which is not an active substance
but which can be formulated with the active substance or substances in the
pharmacologically suitable solvent in order to improve the qualitative properties of
the active substance formulation. Preferably, these substances have no
pharmacological effect or, in connection with the desired therapy, no appreciable or
at Jeast no undesirable pharmacological effect. The excipients and additives
include, for example, surfactants such as soya lecithin, oleic acid, sorbitan esters,
such as sorbitan trioleate, polyvinylpyrrolidone, other stabilisers, complexing agents,
antioxidants and/or preservatives which prolong the shelf life of the finished
pharmaceutical formulation, flavourings, vitamins and/or other additives known in

" the art. The additives also include pharmacologically acceptable salts such as

sodium chloride.
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WO 2005/042526 PCT/EP2004/012268 The preferred excipients include

antioxidants such as ascorbic acid, for example, provided that i

%@&&Pﬁ%%éd to adjust the pH, vitamin A, vitamin E, togmsaﬁha/m%@

similar vitamins or provitamins occurring in the human body.

Preservatives may be used to protect the formulation from contamination

with 5 pathogens. Suitable preservatives are those which are known in the

art, particularly benzalkonium chloride or benzoic acid or benzoates such

ﬁl? Ogé: AL Q&%Z%at?elrr{'tst I}E ﬁl%(.:aegttir al gn\%rslovgghf r&?rgstggr {éoa{c?ﬁt'for example,
referred formulations con‘faln, iR addition ?h.e solvent water and one of

mevided thardphan Ratialwadnbiesn sasheashiaditbsioil s8Iy vitamin E,

hepplkaniund eistilerdaanthsedipr-ddaiaie tanethgipriketrethan body.

embodiment, no sodium edetate is present. The solutions according to

the invention are preferably administered using the Respimat(r) inhaler. A

hiSPETHAUSFL B 8o MR P dTRfeC e do TR s B MRS Lo ipapien With

paith FigusesShi tiwbieiprdse B Aite Exantides oflpcbpekdatdres intthtabte particularly

BEROSRISHIRG: TXASTRIED FNALIRHRW SRNYe HR i islaladhs RGN N RMIRALe in the
more fully by vg%)é of ﬁxam%%wﬂhout restricting it to their contents. -41

ey SoBakA: AERIORIADHES Formulation Example 37:

constituents amount tiotropium chloride 0.03 g benzalkonium chloride 10

Mmaeedidmadalateoh fadh Helh@aliad RHiBOsonalat add@H one of the new
'8&@3&%%’@3%§?@(?€'§0318ﬁm chloride or tiotropium iodide, only benzalkonum
chloride and sodium edetate. In another preferred embodiment, no sodium edetate

is present.
The solutions according to the invention are preferably administered using the
Respimat® inhaler. A more advance embodiment of this inhaler is disclosed in WO

97/12687 and Figures 6 therein.

B.3.1. Examples of propellant-free inhalable aerosols

The Examples that follow serve to illustrate the present invention more fully by way
of example without restricting it to their contents.
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5 constituents amount tiotropium chloride 0.10 g benzalkonium chloride

10 mg sodium edetate 25 mg 1N HCI (aq) ad pH 3 water ad 100 g
FERRRR2Mple 39: constituents amount tiotropium IOdﬁ@'@/@\?QOOMUIZZ(JS
benzalkonium chloride 10 mg sodium edetate 10 mg IN HCI (aq) ad pH

2.9 water ad 100 g -42 WO 2005/042526 PCT/EP2004/012268

Formulation Example 40: constituents amount tiotropium iodide 0.03 g
benzalkonium chloride 10 mg sodium edetate 10 mg 1N HCI (aq) ad pH

2.9 water ad 100 g Formulatlon Example 41: 5 constituents amount

ipmlationdéxample Behzalkonium chloride 10 mg sodium edetate 25
mg
constituents amount
- tiotropium chloride 0.03 g
benzalkonium chloride 10 mg
sodium edetate 10 mg
IN HCI (a) adpH 2.9
water ad 100 g

Formulation Example 38:

constituents amount
tiotropium chloride 0.10¢g
benzalkonium chloride 10 mg
sodium edetate 25 mg

IN HCI (ag) ad pH 3

water | ad 100 g

Formulation Example 39:

constituents amount
tiotropium iodide _ 0.05¢g
benzalkonium chloride 10 mg
sodium edetate 10 mg

IN HCI (ag) ad pH 2.9

water ad 100 g

- 42 -



10

IN HCI (aqg) ad pH 3 water ad 100 g Formulation Example 42:

constituents amount tiotropium chloride 0.04 g benzalkonium chloride 10
Weoanip/edetae 10 mg IN HCI (aq) ad pH 2.9 water ad 108G TY5EP2804/012268
WO 2005/042526 PCT/EP2004/012268 Patent Claims 1) Process for

preparing new tiotropium salts of formula 1 H3C.N,CH3X OO O HO S

S /1 5 wherein X- denotes an anion, characterised in that a tiotropium

salt of formula2 H3C.N.CH3Y OO HO O S S 2 wherein

Formulation Example 40:

constituents amount
tiotropium iodide 003 g
benzalkonium chloride 10 mg
sodium edetate 10 mg
1IN HCI (aqg) ad pH 2.9
water ad 100 g

Formulation Example 41:

constituents amount
totropium iodide _0.10¢
benzalkonium chloride 10 mg
sodium edetate : 25 mg

IN HCI (aq) ad pH 3

water | ad 100 g

Formulation Example 42:

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

IN HCI (aq) ad pH 2.9

water ad 100 g
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Y- denotes an anion other than X- selected from the group consisting of
%ﬂgo&Q@Q%%alkylsqlphonate, Ci-Cio-alkylsulphate,  peT/EP2004/012268

-Clo-arylsulphonate, is reacted in a suitable solvent with an ion source
Kat-X wherein Kat denotes a cation and X may have the meanings given
above. 2) Process according to claim 1, characterised in that compounds
wherein the 15 cation Kat is selected from the series of alkali or alkaline
earth metals or wherein Kat denotes ammonium (NH4) or
tetralkylammonium (N(C,-Cs-alkyhdt . .Rredgrahly N(Ci-C4-alkyl)4+) , are
used as the ion source Kat-X. 3) Process according to claim 1 or 2,
characterised in that the solvent is selected 20 from the group consisting
af watePrateah éis, preyid eisigether sianepitite sald NG 1R006104 2526
PCT/EP20 0 4/0 1 22 6 8 4) Process actording to claim 1, 2 or 3,
characterised in that the reagent K&sﬁ‘p‘a 30N pe starting compound
of formula 2 used is used in excess,. 5) Rfiocess according to one of claims
| to 4, characterised in that the 5 ¢ of formula 2 used as starting
product are those wherein Y- denote on other than X- selected
from the group consisting of fluoride, €hloride, bromide, iodide,
CG-C4-alkylsulphate, or Ci-C4-&l nate, which may optionally be
mono- or polysubstituted by orineyat the allwl group, or
phenylsulphonate, while the phen@sulpBagéte may optionally be mono- or
polysubstituted by CrC4-alkyl, preferably methyl, at thé: phenyl ring. 15 6)
Rybeada aCabrdongstamarioficlaims 1 to 5, for preparing compounds of
fopmuiad; WASHEIN RN AR aniopresiestad rom the group
consisting of fluoride, chloride, bromide, jodide, Ci-C4-alkylsulphate,
sulphate, hydrogen sulphate, phosph&te Hydtogeg phosphate,

dihydrogen phosphate, nitrate, maleate, 20 acetate, trifluoroacetate,
iate-and benzoate, or

HO O
= =
N\_S 5.7
2
wherein
Y- denotes an anion other than X- selected from the group consisting of halicz,

C1~Cro-alkylsulphonate, C1-Cio-alkylsulphate, Cs-Cro-arylsulphonate,
is reacted in a suitable solvent with an ion source Kat-X wherein Kat denotes a

cation and X may have the meanings given above.

2) Process according to claim 1, characterised in that compounds wherein the
cation Kat is selected from the series of alkali or alkaline earth metals or wherein
Kat denotes ammonium (NH4*) or tetralkylammonium (N(C:-Cs-alkyl)4*,
preferably N(C,-Cay-alkyl)s*) , are used as the ion source Kat-X.

3) Process according to claim 1 or 2, characterised in that the solvent is selected

from the group consisting of water, alcohols, amides, ethers and nitriles.
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Ci-C4-alkylsulphonate, which may optionally be mono-, di- or trisubstiruted
~ by fluorine at the alkyl group, or 25 phenylsulphonate, while the

phenylsulphonate may optionally be mono- or polysubstituted b
Vepeaaikytabafe phenyl ring. 7) Use of the compounds of foftfuld P 2004/012268

wherein Y- may have the meanings given 30 in claims 1 to 6, as starting
compounds for preparing the compounds of formula 1. 35 -45

4) Process according to claim 1, 2 or 3, characterised in that the reagent Kat-X
based on the starting compound of formula 2 used is used in excess.

5) Process according to one of claims 1 to 4, characterised in that the

compounds of formula 2 used as starting product are those wherein

Y- denotes an anion other than X- selected from the group consisting of
fluoride, chlofide, bromide, iodide, C;-Cys-alkylsulphate, or

C1-Cs-alkylsulphonate, which may optionally be mono- or polysubstituted by
fluorine at the alkyl group, or

phenylsulphonate, while the phenylsulphonate may optionally be mono- or
polysubstituted by C1-Ca-alkyl, preferably methyl, at the phenyl ring,.

. 6) Process according to one of claims 1 to 5, for preparing compounds of

formula 1, wherein _

X denotes an anion selected from the group consisting of fluoride, chloride,
bromide, iodide, C;-Cy-alkylsulphate, sulphate, hydrogen sulphate,
phosphate, hydrogen phosphate, dihydrogen phésphate, nitrate, maleate,
acetate, triffuoroacetate, citrate, fumarate, tarirate, oxalate, succinate and
benzoate, or

C1-Cq-alkylsulphonate, which may optionally be mono-, di- or trisubstituted
by fluorine at the alkyl group, or

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

7) Use of the compounds of formula 2 wherein Y- may have the meanings given

in claims 1 to 6, as starting compounds for preparing the compounds of formula 1.
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