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WO 20051042528 1 PCT/EP2004/012270 85705pct.214 NOVEL
SALTS METHODS FOR THE PRODUCTION THEREER012270
AND PHARMACEUTICAL FORMULATIONS CONTAINING THE SAME 5
The invention relates to a new tiotropium salts, processes for preparing
them, pharmaceutical formulations containing them and their use for
preparing a medicament for the treatment of respiratory complaints,
artlcular%/ for the treatment of COPD (chronic obstructive pulmonary
58208 }1% asthma 10 Background to the |nvent|on T|otrop|um bromlde

quimmm emmi Sisivces KOS W@A@s@ ﬁscxsmmmm
Tiotropium bromide is a highly effeicﬁ/ﬁ g%hnerglc with a long-lasting

effect, which may be used to treatTespiratory complaints, particularly

COPD (chronic obstructive pulmonary disease) and asthma. By
Tietropieniimneanisthe fraewatomopiumm cationp ik tHithefta, pheyerhasthem,
ﬂﬁ%“r‘ﬂlﬁ‘&ﬁ u?'foqﬁm%% ihthei Ry AL A sRUsiehEUOR - AlhgRNR"

rom| The halides and also the alkyl- and arylsulphonate of
medlcament for the treatment of respiratory complaints, particularly for the

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

Background to the invention
Tiotropium bromide is known from European Patent Application EP 418 716 Al
and has the following chemical structure:

H,C. . CH,

O Br

0
HO O

T pa
N\_S S/
Tiotropium bromide is a highly effectve 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 1 EP
418 716 (cf. Diagram 1). However, other salts of tiotropium cannot be produced
using this method.

The aim of the present invention is to provide new tiotropium salts and an

alternative method of synthesis for preparing them which enables new tiotropium



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 25 using this method. The aim of the
WpRsseRtimention is to provide new tiotropium salts and an  altéfAtive04/012270

method of synthesis for preparing them which enables new tiotropium WO

2005/042528 2 PCT/EP2004/012270 salts to be synthesised by a simple,
SRS RO RGGTESRASRIEH S RICH 1S UAREISAINF HPpRABIBIRIS SN A
apisit@gpect, there is provided a process for preparing new tiotropium salts

of formula 1 H3C.N.CH3 X Ov HO O sn wherein X- denotes an anion.

characterized in that a tiotropium sait of formula 2 H3C.N,CHs Y - O O
AR S RS R AT TS T M o
ticrppibg tethafidesislidacted in a sujtable solvent with a salt AgX wherein

X may have the meanings givéﬁe)@bdv,é;%\gcor ing to a second aspect,

there is provided a use of the compaofinds of formula 2 wherein Y™ may

have the meanings given as defingd abqve, as starting compounds for

preparing the compounds of for

HO G
== [/
NS S/

|2

wherein X~ denotes an anion.

characterized 1n that a tiotropium salt of formula 2

2

wherein

Y- denotes an anion other than X~ selected from among the halides is reacted in
a suitable solvent with a salt AgX wherein X may have the meanings given

above.

According to a second aspect, there is provided a use of the compounds of
formula 2 wherein Y™ may have the meanings given as defined above, as

starting compounds for preparing the compounds of formula 1.

According to a third aspect, there is provided a crystaliine tiotropium benzoate,

optionally in the form of the solvates or hydrates thereof.
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According to a third aspect, there is provided a crystalline tiotropium
benzoate, optionally in the form of the solvates or hydrates thereof. ?a
According to a fourth aspect, there is provided a crystalline tiotropium
saccharate, optionally in the fo*_m of the solvates or hydrates thereof.
According to a fifth aspect, there i§~9provided a use of a tiotropium salt as
Adefingd @tpgf\fgﬁ% pEgRAInGR lw’\@fmﬁtﬁl,ﬁl cal selipesitionrfoithe f
treatment of respiratory complaints, | iy fae ment o
SagHB| ﬁe(t‘i’ﬁf}ﬂ%%gblgtr%gﬁ\?gnpSﬁ{n%gn%(?%%gie) glr%c[jtrgest%?n%. Detailed
description of the invention The problem stated above is solvgﬁ1 bSy the
Aproriiss aeedtHIngRs thaIFFeA BRI HBSETHE P VEITARES rhE
sinvention selaiesio aRrosebarfanprepaiing menstioropiufesaE B hula
| H3C,N.CHs . HCjO S.S in X- £g4 1OhHic
Teéﬁ&?é%%é’ﬁgw}%%%itpﬁgﬁ%é%&%@%éﬁ%ﬁqn%%aéﬁ%ﬂéﬂ?&cH3 y CHO
ontrersineudBapies dircanio ARAFSFEREfrom X- selected from among the
halides, is reacted in a suitable solvent with a salt AgX wherein X may
have the meanings giveazabddesdnttienprdcessnaeadrding to the invention
THIVEI S AX-als,¥sed astheRouK 5%5@%@5%8&%%%@@%@&5@%

the process ,|sa§[wtable for preparing all the compounds o
descrived heremnatier.

The invention relates to a process for prepanng new tiotropium salts of formula 1

HiCo CH: x -
!
|

g

I

wherein X~ denotes an anion,
characterised in that 2 fiotropium sait of formula 2

e

3

M
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HO 0
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,VHS Y "

)

wherein

Y- denotes an anion different from X- selected from among the halides,

1s reacted 1o a suitable solvent with 2 salt AgX wherein X may have the meanings given
above.

In the process according to the invention silver salts AgX are used as the source for the
anions X". Theoretically, the process is suitable for preparing all the compounds of

formuia 1 the anion X~ of which forms soluble sijver salts with silver.
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formula 1 the anion X- of which forms soluble silver salts with silver. WO
w2OO&IO2528 3 PCT/EP2004/012270 The process according fath&P2004/012270

invention is preferably carried out in a polar solvent. It is particularly

preferable to use solvents in which the silver salts AgX are soluble but the

silver salts AgY formed are insoluble. Preferred solvents are aprotic polar

solvents selected from among the amides such as for example

dimethylformamide 5 and N-methyl-pyrrolidinone, the ethers such as for
Téxapeple tetratydiiofy ranth dioxandpdimethftatiidy aacrthd aitriles qudhraslvent. Tt
Ao ie I £ HAFeh Sl A arg soluble but
RSO A A B LSRR, WAIE TER AR & PRl
sphafersedladedr dingitartoainvenaorid cs 0 Waho asdiotocsarmp sud ine thid barsgamide
aAGOQLAREHA-Ha FOUENioRe SIRICHIRMS e RMOHSxOfIPR strah§ativhertn,

Bisaieaulied, baserlon the SANNG SOmpPYnd 2 best QKb 103
o%swed, Lﬁ% SI 88!‘ saﬁt may also be used In excess (1or e’xampf{e TR '

rafirviieinedeed ke yse dimphabderd nider M eshnbmratiingae
r@aterabifican;efioxuhby daking yipithe aompourididd tersaliarit,amtikeacetonitrile

iSilven sall AP nensiofhg ahovementignadigelvents and reacting at a

temperaturé from at least OC to at most the boiling temperature of the
solvent used. Preferably, however, the reaction is carried out at 20 less
Ithani¢ 06 Cs graytivulaly prefesiiycaribsg thah8dGemove prefistablpeiric amounts
Jedh hoerGaf Ractiglacrelsshivd e 1eacioniascIRIPaURE?E used.
ention akes, Mage. i temperaluradn fe ande TOmA0B0C, e 1.1
?&%Ygﬁlf/ AaB60t 26-3b I§y cor’rYparlson With reaction at igher ple 2.
epmpsdeatareasadwipetatures in the range from about 10-40C may lead to
longer reaction times. However, reaction temperatures 25 in the range

TR ARG RIS B TIRANSGRYSE R FLRRRP LaPHGHSRLy 1ERGHODD the

conditions according to the invention. . )
compound of formula 2 and the silver salt AgX in one of the abovementioned
solvents and reacting at a temperature from at least 0°C to at most the boiling
temperature of the solvent used. Preferably, however, the reaction is carried out at
less than 100°C, particularly preferably at less than 80°C, more preferably at less
than 60°C. Particularly preferably, the reaction according to the invention takes
place at a temperature in the range from 10-40°C, preferably at about 20-30°C. By
comparison with reaction at higher temperatures, temperatures in the range from
about 10-40°C may lead to longer reaction times. However, reaction temperatures
in the range from about 10-40°C are preferred because of the non-aggressive
reaction conditions according to the invention.

In a preferred process according to the invention, the starting products used are
compounds of formula 2 wherein
Y- denotes a halide other than X- selected from the group consisting of
fluoride, chloride, bromide and iodide, while chioride, bromide and iodide,
preferably bromide and iodide, are particularly important according to the
invention.
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In a preferred process according to the invention, the starting products
Wsedoarer258mpounds of formula 2 wherein 30 Y- denotes a hatidé/BHien4/012270

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

and iodide, while chloride, bromide and iodide, preferably bromide and

iodide, are particularly important according to the invention. 35 WO

2005/042528 4 PCT/EP2004/012270 Particularly preferably, using the

process described above, salts 1 are obtained wherein X- denotes an
Panion kel qreddroblyihes gvo thecormsistindest fihoddd aotelosides, Ironuitisined
waeide, C1-C4-alkylsulphate, sulphate, hydrogen sulphate, 5 phosphate,

drogen phosphiate, ciidiegan phosehate, pilate. MAlealg, Sestaley g

rifluoroacefatez |{_1rate, fimarate, tartrate, oxalate, succmate, saccharate >

and bBFME; BI9EHC LalfeprsiiptorahatisieiPhaag, dpibRER) Belphsio-

d i;] (|)r lisispatiteten, dkO dun fiosiph atethdiialdybgreuph osptheyisulpho nadtsate,

while e [ =ar nolysubsti

By G o i e,
abové—%‘é‘?ﬂ?@ﬁ%ﬁ’ﬁimaé%tgrl are also obtained wherein X- denotes

an anion selected from the group consisting of methylsulphate,
ethy|5€'9hﬁt$u%HM1ﬁ§%’rﬁY@r%ﬁ&xsﬂlE§‘%E%GHQFPPB@tﬁx&i/@f,%e'ﬂ)r trisubstituted
phosp}?a%a, dlhé/grogﬂer%fs hate, rrntrate, maleate, acetate,

trifluoracetate, &tr 8, (Jtharate, tartrate, oxalate, succinate,

benzoate, methanesulphonate, ethanesulphonate, saccharate,

fluoroptashoraespiphangtendifitioremaibBaogskipheatay optionally be mono- or
trifluo?mmﬁ§%BW@$ 4h§{M§wqﬂg%q}gnﬂr}qnt§'luenesulphonate.

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

obtained wherein

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

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

are also obtained wherein

X- is selected from nitrate, maleate, acetate, saccharate, trifluoroacetate,
benzoate, methanesulphonate, trifluoromethanesulphonate and
toluenesulphonate, while preferably salts 1 wherein X- is selected from
acetate, methanesulphonate, saccharate, toluenesulphonate, trifluoroacetate
and benzoate, most preferably methanesulphonate, saccharate,
toluenesulphonate and benzoate are obtained by the process according to the
invention.
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25 Preferably, according to the invention, using the above-mentioned
Wpropesspsats 1 are also obtained whergin X- is selected from PittaB®2004/012270
maleate, acetate, saccharate, trifluoroacetate, benzoate,
methanesulphonate, trifluoromethanesulphonate and toluenesulphonate,
while preferably salts 1 wherein X- is selected from 30 acetate,
methanesulphonate, saccharate, toluenesulphonate, trifluoroacetate and
benzoate, most preferably methanesulphonate, saccharate,
Thle @nestip horatecand erd oate tar ho bisdnedithy thenprocess adoardirg 20
e Layartion; WR2805/942528: 5 RET IR I004(0, L 3272 JhaEsaNb:

mventjong{l]:so relates t‘%ﬁthge se of the compounds of formula 2 wherein
PPERAERAVE (R REEHIR S Ej%\r/gﬁ‘l ve, as a starting compound for
preparing the compounds of formula 1. 5 CI-Czoalkyl, unless otherwise

(Stated alkidr s pdcsparibREyshet tisdransépredaRyanghsdpanditim branebed alkyl
GamavAtamsieferabinl 4R heapen Ao (& hetRilNIng A | The following

mentioned bg way of example: methyl, ethyl, propyl or butyl. In some

GBS O LSHE A HE AL PRSISH BTRY e RERT S dRnEe HbsgrBgsases the
AnBiaylagting My OBy Prdjutd Binlessuetdavisenstatath thedefimitons, ethyl,

ropyl and butyl_include all 10.the possible ispmeric forms of the groups.in
ORRhGH CHRE TSR BB RS S S EHBBYP AR SHGUHST hchude al
thetpbissthid esvinesufpkse obiltylgand e it huisdricatc. Thnles soatlermiske, propyl
stated alkyl groups may also optionally substituted if they ar. rt of other
B SR TR TS o8 SNSRI Y B SLEWR buo,
edelected 15 from the group consisting of fluorine, chlorine, bromine, CF 3
hydroxy or methoxy. Halo%en within the scope of the present invention

FES MBS TR AR ERIBHRE SRR S IS RIRR IO St @R dsH -ty are part
alembtarsganaro featicikyls systemandih 1t ex0meidbn alems mPreferregs selected

R HAUPSH A SR RYIHY SeiititeTPERAINEBLLPERRAII DE SHPSHIMIESy methoxy.

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

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

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

+
n- H,C. -CHy L
Q Me-Y Q
0 T Q
HO_ =0 HO._ -0
— T — —
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for example by one or more groups selected from the group comprising
waetbyb/oflpsrne, chlorine, bromine, hydepxy, CF3 or methoxy. & Rez004/012270

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. N7CH3 H3C.N,CH3 OMe-YO OO HOOHOO CSSSS
WO 2005/042528 6 PCT/EP2004/012270 3 2 Diagram 1: 5 Starting from
scopine dithienylglycolic acid esters 3 the starting compounds 2 may be
obtained by reacti®n with the reagent Me-Y. The prior art hag hitherto only
explicitly described the synthesis of tiotropium bromide (according to
Diagram 1). Inasmuch as the compounds of formula 2 10 wherein Y- has

‘?ﬁé‘%{ﬁir}fg other than bromide are novel and may be used like tiotropium
bromide as starting compounds in the synthesis according to the

SPMemtion Jay RF@E%Q%%:%HQ‘!?&HM§&& {3 IndhQRIRSLOSIYERHAN 2 may

bals relat %to t&1 startin tgmpe%unds fc ula 2 as such, wherein Y-
8y RN E AP Re THRANTAGS given g%ove with the exception of bromide,
optionally in the form of the 15 solvates or hydrates thereof. For example

mmﬁmﬂﬁmﬁitﬁmll@wm@ummgmm@m ehef fpnfiubas 2 M o Hiasn

t
e e R %‘E%%%ﬁ?ni%? }é“\%.enyf‘ *ﬁ%c%ﬁ%%@%%t 0.039(}“*9‘*% 2
"(ﬁﬁff‘dﬁ I8 Ry e RERE RS ARRCBIND Suh @ el Ame! feay bg ysed
tetamipiusobrpoudd is tierprgcesmpounds in the synthesis according to the

invention for preparing the compounds of formula 1, the present invention also
relates to the starting compounds of formula 2 as such, wherein Y- 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 compound of formula 2 which
has not yet been described in the art and which is also preferred according to the
invention is obtained: scopine di-(2-thienylglycolate-methoiodide (tiotropium
iodide).

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

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

A. L Starting materials
A. L1, tiotropium bromide:

Tiotropium bromide may be obtained for example using the procedure described in
European Patent Application EP 418 716.
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according to the invention, the present invention also relates particularly
weferghbatashe above-mentioned compound as such, optionagyihe04/012270
form of the solvates or 25 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. 30 A.
|. Starting materials A. | 1 tiotropium bromide: Tiotropium bromide may be
obtained for example using the procedure described in 35 European
Patent Application EP 418 716. WO 2005/042528 7 PCT/EP2004/012270
A. f. .i[igtro ium iod'g . 124.57 g of scopine di-(2-thienyl)glycolate are

ISS: hloromethane and 1300 ml of acetonitrile while

héathggehtsomaedhenbiamd) g 1iadace creddissivbibim teripetatiire
85 @ afsneihyliedids( erdddade AfiekRecampmeianoitheyeasHan® mixture

higntd are t I injtat ted off and
B Sl e Mnelais iRl BIEFA SERARCHTRANY. afier e

fosalsaon R Shsdsae B Bl R At sMRETAT IS SRR s RS JonesiRitarrd are
seprystati sefl fnahwasbthihnatit agddherendth thik: firsherystahfalitjaor 10concentrated

Xﬁ?ﬂéf]ﬂgj'.@&d@fwt ﬁdﬁ@'éfﬁﬁ'ﬁ@%@%% @%@M‘Eﬁhuor is isolated and
decom sﬂg;?b) A. Il. Examples %i%yntl%estﬁ E&ccordln%o the jnvention 15

B e S A B TRREER 2 5288 B0 B TSy Bt 9Ad 1.958 g

of silver benzoate are suspended in 100 ml of acetonitrile and stirred for 2
ri@mhientienpemikerfalits inaddeddht: nistuesssivad icompositon)
another 30 minutes, filtered, and evaporated down in vacuo to a residual

volume of about 30 ml. The product crystallises out. Filtration and
A. II. Examples of synthesis according to the invention

Example 1: Tlotropium benzoate

4.00 g of tiotropium bromide and 1.958 g of silver benzoate are suspended in 100
m! of acetonitrile and stirred for 2 h at ambient temperature, Celite is added, the
mixture is stirred for another 30 minutes, filtered, and evaporated down n vacuo 1o
a residual volume of about 30 ml. The product crystallises out. Filtration and
drying at 40°C yield 3.61 g of the title compound. Melting point = 169°C; the
structure and stoichiometry of the product were confirmed by spectroscopy.

Example 2: Tiotropium saccharate

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

Example 3: Tiotropium paratoluenesulphonate

The title compound was obtained from tiotropium bromide using silver
toluenesulphonate analogously to the method described in Example 1. Melting
point = 153°C (from acetonitrile/diethyl ether); the structure and stoichiometry of
the product were confirmed by spectroscopy.
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20 drying at 40C yield 3.61 g of the title compound. Melting point = 169C;
wWhe, sisueisesand stoichiometry of the pgoduct were confirmed f¥r/ep2004/012270
spectroscopy. Example 2: Tiotropium saccharate The title compound was
obtained from tiotropium bromide using silver saccharate 25 analogously

to the method described in Example 1. Melting point = 192C (from
acetonitrile); the structure and stoichiometry of the product were confirmed

by spectroscopy. Example 3: Tiotropium paratoluenesulphonate 30 The
Hille:comBoUngh Wasi ehiainad fra iglopium bromide using silver
_‘L'%Iue. esulphonate, analo ouslg(/gtg the method described,in Example 1.

&It QU i i L ST A R PR PR V&hd

maeslotiosudnlyont ihanmlodavs vdretbo mripthed! slespdetd sedamBlo Melting
RRRPOAZHPE B8R/ ERAMAMO1 22 ¢ thxamplan JiolEapuibtry of the product

r@gjg:hcar%1 1rlfx|f%|21°t§]a%e él'c% titclg compound was obtained from tiotropium
romide using Sitver e ﬁar?géulphonate analogously to the method
described in Example 1. Melting point = 231C (from methanol); the

structure and stoichiometry of the product 5 were confirmed by

"PREFFOSGRRY 1 bbtaRtedusis hehipn %@1@6%895@%9:35@'%%#%& HR iodide.

from tiotropium iodide. 10 A. lll. Characterisation of the examples o
synthesis according to the invention The compounds obtained by the

ADOMG DINREICTRANSE UIAY AdTeNS AR I Iore O B [BIAEE Xaagneang &
idffzagtion. The following procedure was used to record the X- 15 ray
powder diagrams listed below, The X-ray powder diagrams were recorded

within the scope of the present invention using a Broker D8 Advanced _
Thh e ds RBedsenhfeb e durns TCHRE MHissaised inmmadetail
BgVK 4@ ypwder diffraction. The following procedure was used to record the X-

ray powder diagrams listed below.

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

Example 1: Tiotropium benzoate

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

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

Table 1 below lists the characteristic peaks and standardised intensities.



20 Example 1: Tiotropium benzoate The tiotropium benzoate obtained by
we.abave.mgthod is highly crystalline agd is obtained in anhygdreps f05k0 12270

It was subjected to further examination by X-ray powder diffraction. 25

The X-ray powder diagram obtained for the anhydrous tiotropium

benzoate is shown in Figure 1. Table 1 below lists the characteristic

peaks and standardised intensities. 30 WO 2005/042528 9

PCT/EP2004/012270 Table 1: 2 0 [0] dhK] [A] Intensity [%] 6.59 13.41 28
18,4 50.81 37 8.5110.38 41 12.27.2510 12.58 7.03 17 12.78 6.92 5

L IR 1o R SRR
6.59 13.41 28
8.17 10.81 37
8.51 10.38 41
12.2 7.25 10
12.58 7.03 17
12.78 6.92 5
13.22 6.69 | 5
14.13 6.27 10
14.87 5.95 3
15.54 5.7 2
16.38 5.41 100
17.1 5.18 11
17.56 5.05 47
18.08 4.9 9
18.71 4.74 23
19.73 45 11
19.92 4.45 10
20.83 4.26 4
21.4 4.15 9

21.69 4.09 40
22.35 3.98 10
23.18 3.83 11
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19.734.511 19.924.4510 20.834.264 21.44.159 21.69 4.09 40

W2 22553098529 23.18 3.83 11 WO 2005/042528 10 PCTIEP2084/0HP200R (312270
23.47 3.79 17 24.14 3.68 11 24.56 3.62 13 24.72 3.6 13 24.98 3.56 13
26.413.378 27.193.284 28.093.177 28.743.13 29.723 4 30.64
2926 31.472.844 36.18 2.48 4 38 2.37 4 In the above Table the value
"2 O [0]" represents the diffraction angle in degrees and the value " do i

[A]" rep

benzoatie obtainéd by the mekthod of sb%/ritﬁesjsacc ording to the inventian
is highly-erystaltine-and-is-therefore-particutarty-well-suited-to-the—————
prep_ar_a.ion_ of, fafle’%"ample, pharmace?l.lﬁéal formultions for 11
administration b§4.56 362 13
24.72 3.6 13
24.98 3.56 .13
26.41 3.37 8
27,19 3.28 4
28.09 3.17 7
28.74 3.1 3
29.72 3 4
30.64 2.92 6
31.47 2.84 4
36.18 2.48 4
38 2.37 4

resants. the . snacifiad
FOoOUTItO I e J A3 mrea

attica nlane.intansale in A B
CALLTO U ATI T 7\ J

Thea tint

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

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

The tiotropium benzoate obtained by the method of synthesis according to the

invention is highly crystalline and is therefore particularly well suited to the

preparation of, for example, pharmaceutical formulations for administration by

inhalation such as inhalable powders or for example propellant-containing aerosol

formulations.,

Accordingly, the present invention also relates to tiotropium benzoate as such,

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

solvates thereof, Particularly preferred is a crystalline tiotropium benzoate which 1s
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inhalation such as inhalable powders or for example propellant-containing
vaerassloifsiermulations. Accordingly, the present invention alsereteresotoo12270
tiotropium benzoate as such, particularly crystalline tiotropium benzoate,
optionally in the form of the hydrates or solvates thereof. Particularly

preferred is a crystalline tiotropium benzoate which is WO 2005/042528

11 PCTIEP2004/012270 characterised in that in the X-ray powder

diagram it has, inter alia, the characteristic values d=10.38 A; 5.41 A;
chAiaAcaRddif dat he dietipisypbenkoategdaohi nhay oe ebidinedh by iheacteristic

gpééednelta%%njb@l %cgrwg@pgrfar@cglgmto the corresponding hydrate

by the controlled action of ‘moaisture (i.€. water vapour or the like).

Accordingly, the present invention also relates to the above-mentioned
"Tiotrapianpben Zuatecir ¢helfoimmofytb hptitatee dxamhple i vEionwbiedrcan be
&@ﬁ%@%@%ﬂe@tW%MWMHWE?g%WQ@% iyt ReMedRRtad ds

oty srysalin and s abialacd i SYGLoMs (I WBS NS o i

f@lﬂﬁmé@l‘ﬁéﬁ &h@%ﬁ%@@@%ﬁ!@pﬁgm@a@wa@%ﬂﬁ%ﬁ&mq i dayedrate.

Table 2 below lists the characteristic peaks and standardised intensities.

QQ AV, M&VEIP@QMOlZZ?O Table 2: 2 0 [] dhM [A]
49462 10.388.5214 12.297.191
’lilgelzgoémglgn*igag%@gel@tamed by the above method is highly crystalline and is
obtained in anhydrous form. It was further investigated by X-ray powder

diffraction.

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

Table 2 below lists the characteristic peaks and standardised intensities.



14.346.17 3 15.195.837 15.785.61 98 16.43 5.39 28 17.205.152
W@20p78858818.49 4.79 57 18.81 4.7119 19.13 4.64 5 19.5448452004/012270
20.054.4319 20.744.2812 21.004.23 17 21.94 4.0521 22.19 4.00 18
22.33 3.98 17 WO 2005/042528 13 PCT/EP2004/0 1 227 0 22.55 3.94 15
23.27 3.82 12 23.86 3.73 2 24.77 3.59 32 25.21 3.535 25.953.43 12
26.613.3511 27.733.229 28.203.16 3 29.892.99 2 30.78 2.90 5

Table 2:

20 [°] duu [A] Intensity [%]
6.13 14.42 100
9.34 9.46 2
10.38 8.52 14
12.29 7.19 13
13.15 6.73 6
13.52 6.55 10
14.34 6.17 3
15.19 5.83 7
15.78 5.61 08
16.43 5.39 28
17.20 5.15 2
18.17 4.88 8
18.49 4.79 57
18.81 4.71 9
19.13 | 4,64 5
19.54 4,54 9
20.05 4.43 | 19
20.74 4,28 12
21.00 4.23 17
21.94 4.05 21
22.19 4.00 18
22.33 3.98 17
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In the above Table the value "2 e [0]" represents the diffraction angle in
wiegrees4afus the value " dhu [A]" represgnts the specified lattie€planeco4/012270

intervals in A. 5 The tiotropium saccharate obtained by the method of

synthesis according to the invention is highly crystalline and is therefore

particularly well suited to the preparation of, for example, pharmaceutical

formulations for administration by inhalation such as inhalable powders or

for example-propellant-containing aerosol-formulations.-10-Accordingly,

the present inved@di® also relates to tiGudpium sactharate ad Such,
particularhy-crystalline tiotropibim-saceharate-optionally-in-the-form-of the
hydrates or solitex’ thereof.| Particulai§Zreferred is the anfydrous
crystalline-tiotropium—saccharate-aceording-to-the-tnvention-which-is—
characterised in4Aatin the Xdray 15 p3\7\7(§lser diagram it has, irfter alia, the
characteristic values d=—1442 A 56T A 479 Aand 359 A %xampie 3
Tiotropiym para l%u’%esulphonate Wé_\ 805/042528 14 3
PCTBP:-UU4/UL§§/&)I rhe tiofropitmt il,)l%nesuiph nate obtaiged by the
above method is highly crystalline and 15 obtained|in anhydrous form. It
was furtférinve %g@%ed by Xiray pong‘f%dlffractlon. 5 The )i—ﬁay powde
diagram| obtained for the anhydrous tiotropium toluenesulphonate is
shown in Figure & Eable 3 below lists thescharacteyistic peaks;and

standardised intensities. 10 Table 3: [%] 2 0 [ dhw [A] intensity 4.70

D

-

18.77 5|5.61 155737800 7.49 11.80 33 27 9
28.20 3.16 3
29.89 2.99 2
30.78 2.90 5

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

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

Accordingly, the present invention also relates to tiotropium saccharate as such,
particularly crystalline tiotropium saccharate, optionally in the form of the hydrates
or solvates thereof. Particularly preferred is the anhydrous crystalline tiotropium
saccharate according to the mmvention which is characterised in that in the X-ray
powder diagram it has, inter alia, the characteristic values d= 14.42 A; 5.61 A; 4.79
Aand 3.59 A,

Example 3: Tiotropium paratoluenesulphonate




10

8.939.902 11.277.846 13.516.552 14.26 6.20 2 15.055.88 2 15.52
VR ®/1BT8B5.64 6 15.945.56 7 16.345.42 38 16.96 5.22 TLTYBRAR04/012270
4.812 19.314.59 22 19.92 4.45 9 WO 2005/042528 15
PCT/EP2004/012270 21.17 4.19 11 22.104.02 8 22.69 3.92 4 23.63
3.76 2 26.703.345 25.62 3.47 2 29.42 3.03 2 30.36 2.94 1 In the
above Table the value "2 O []"represents the diffraction angle in degrees
and the value " dnw [A]" represents the specified lattice plane intervals in
‘The3iThepivtropript titignbsulphordrirsiotdinel coghibree mettiowi af highly
cBWINBSIS ALY dbaiie:dha inentiendshighlyiervatofing anshie dneredarsy X-ray
articul rg%a/gellcl)guited to the preparation of, for example, pharmaceutical
P o‘?]m%ﬁa%ons for Administration by inhalation such as inhalable powders or
for example propellant-containing aerosol
The X-ray powder diagram obtained for the anhydrous tiotropium

toluenesulphonate is shown in Figure 3.

Table 3 below lists the characteristic peaks and standardised intensities.

Table 3:

20 {9 duw [A] intensity [%]
4.70 18.77 5
5.61 15.73 100
7.49 11.80 3
8.93 9.90 2
11.27 7.84 6
13.51 6.55 2
14.26 6.20 2
15.05 5.88 2
15.52 5.71 6
15.71 5.64 6
15.94 5.56 7
16.34 5.42 38
16.96 5.22 11
18.42 | 4,81 2
19.31 4.59 22
19.92 4.45 9
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formulations. 10 Accordingly, the present invention also relates to
wotropiumdnlgenesulphonate as such, particularly crystalline tiotrogipsac4/o12270
toluenesulphonate, optionally in the form of the hydrates or solvates

thereof. Particularly preferred is the anhydrous crystalline tiotropium
toluenesulphonate according to the invention which is characterised in 15

that in the X-ray powder diagram it has, inter alia, the characteristic values
d=15.73_A; 5A2.A and 4.59 A. Example 4: Tiotropium
methanegsulphon2telZ0 The tiptropium4nkEthanesulphonate ohthined by
the abovie method is highly ctystalline and is obtained.in.anhydrous_form.
It was fufther invéstiated by X-ray pow@er diffraction. WO 2@05/04252§
16 PCT/RPR2004/012270TherX-ray-powder-diagram-obtained for-the |
anhydrous tiotro&%uﬁ9 methanesulphoﬁ’a?é" is shown in Figure 4. Table 4

b | I o theo al and r\l-r\nrlnrrl nr*rl minncitinc Tahld
elow lists-the-eharacteristic-geaks-and-standat eHatensities—5-Fabl

4: 2 O [[dhkl [A] #&Ksity [%] [9.97 8.8618 10.73 8.24 10 12208 7.32 39
13.86 6.38 121475 6001211545573 20-15:9915-54-15-16:6-5:34-3¢
16.9459314 2670 3.34 5

25.62 3.47 2

29.42 3.03 2

30.36 2.94 1

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

and the value " dnw [A]" represents the specified lattice plane intervals in A,

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

Accordingly, the present invention also relates to tiotropium toluenesulphonate as
such, particularly crystalline tiotropium toluenesulphonate, optionally in the form of
the hydrates or solvates thereof, Particularly preferred is the anhydrous crystalline
tiotropium toluenesulphonate according to the mvention which is characterised in
that in the X-ray powder diagram it has, inter alia, the characteristic values d= 15.73
A;5.42 A and 459 A,

Example 4; Tiowropium methanesulphonate

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



17.635.0328 17.97 4.9349 18.654.755 19.51 4.55100 19.88 4.46 34
WX2 A0pA0EQ33E 21.59 4.11 4 22.29 3.9844 22.9 3.88 19 23.3BG18IP2d04/012270
WO 2005/042528 17 PCT/EP2004/0 1 227 0 24.62 3.61 13 24.87 3.58
13 25.66 3.47 8 25.96 3.43 10 26.253.397 26.573.359 27.143.288
27.56 3.23 12 27.94 3.19 10 28.32 3.158 28.833.09 12 29.223.053
30.06 2.97 11 In the above Table the value 2 O [0]" represents the
diffraction angle in degrees and the value " dniu [A]" represents the
Tpedifimy poedosdirsiamrobisired for The sphvdions mettemesulphonate

rebisinesuyHbR et abafistRsis according to the invention is highly
crystalline and is therefore particularly well suited to the

Table 4 below lists the characteristic peaks and standardised intensities.

Table 4:

20 [ dna [A] intensity [%]
5.97 8.86 13
10.73 8.24 10
12.08 7.32 39
13.86 6.38 12
14.75 6.00 12
15.45 5.73 20
15.99 _ 5.54 15
16.6 5.34 36
16.94 5.23 14
17.63 5.03 28
17.97 4,93 49
18.65 4.75 5
19.51 4.55 100
19.88 4.46 ' 34
21,17 4.19 37
21.59 4.11 4
22.29 3.98 14
22.9 3.88 19
23.35 3.81 14
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preparation of, for example, pharmaceutical formulations for
wadpystiasion by inhalation such as infralable powders or for examepteno4/o12270
propellant-containing aerosol formulations. 10 Accordingly, the present
invention also relates to tiotropium methanesulphonate as such,
particularly crystalline tiotropium methanesulphonate, optionally in the
form of the hydrates or solvates thereof. Particularly preferred is the
anhydrous_crystalline tiotropium methanesulphonate according to the
invention which &td¥aracteriged in 15 3@k in the X4ray powdéBdiagram
has, interalia,the characteristic values.d=.7.32--A;5.34.A;-4.93 A, 4.55.A

and 4. 19 A. W@2@05/042528 18 PCP/E®2004/012270 B. 13

Phal’malcc‘"*i“ﬁ' formulatione TFha pracent inventiod-alea ralatacs to-neya |
COTOTArTUT T ITUmAtivUIT T LI A2 rJl\J\J\'lll. LLEAAYAR11AYA] AT U T OUOUTUTOUC O T TTOUTY

pharmacteutical £r®@lations which cchtiin the abpve-menticdhed new

ahaorata W

t' t 1 calte-tiatrantir-banzaate—HatrapiHHaa—en Hatroniy taa
I0tropiuMm-saitS-totroptu-oenzoate,totroptum—Sacenarate, totropttim

toluene ulphona?té% tiotropium methe%h‘é%ulphonme. The 5 tHfm

—

tiotropiumrsattin th? next-partofthedescriptionisto-be td'K(:‘IJ7db a
referende to all f6u

~—+

¥f the new tiotropium salts mentioned above, excef

. . [ DIpreo S€ sqlt%iggxpliciyy ‘ner!tioned The new
tiotropiuim salts arépreferably administéred by inhalation. This may be
done usjng inhalable powdered formu %%ns, propellant-contgining
aerosol formulations or propellant-free” 10 inhalable solutions. B.1.
Inhalable powdes-Thg present inventiof adso relatep to inhalable powder
containipng 0.001 to 3 % tiotropium in the form of the one of the new
tiotropium salts agcexding to the 15 invepton combined with gg
physiolagically acceptable excipient. By tiotropium js_meant the
ammonium catiozg halable powders shich contain 0.01 to 28% tiotropium
are preferred according to the invention. Particulardy preferred inhalable

powderg contaire#o®&®pium injan 3.09 : 12
29.22 3.05 3
30.06 2.97 _ 11

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

The tiotropium methanesulphonate 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 propeilant-containing aerosol

formulations.

Accordingly, the present invention also relates to tiotropium methanesulphonate as
such, particularly crystalline tiotropium methanesulphonate, optionally in the form
of the hydrates or solvates thereof. Particularly preferred is the anhydrous crystalline
tiotropium methanesulphonate according to the invention which is characterised in
that in the X-ray powder diagram it has, inter alia, the characteristic values d= 7.32
A;5.34A;4.93A;455A and 4.19 A.
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35

amount from about 0.03 to 1 %, preferably 0.05 to 0.6 %, particularly
wirelerally 243 0.06 to 0.3 %. Of particulagimportance according¢oriiez004/012270

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 absolute quantity of the new

tiotropium salts resulting from this amount which is used in the respective

formulations can be calculated by the 25 skilled man without any great

Bliffigdim hberxeitiepiatbidiagmysed for the purposes of the present

FRYenton ; "%&rgﬁgﬁea ¥ %%"easbt'ST%é‘w“diﬁgr%‘é”é’&é%ég‘?é‘r‘“ éé%i@%s hich
current methods nown in the art. The gxmplen%s_use according oﬁge )
CRVEHE SherARY VA BY IR REVOHEREIPIB AtSHE A0 ORI OB EA#RId GO tropium
smbﬁlﬁga@@gpitﬁiﬂﬂbﬁmiﬂﬂﬁmfediﬂgtﬁrﬁmﬂmwﬁlﬂbZﬁ&tEa@m@lﬁhtﬁifate. The
S Sieleginaly anceRtaie excipients iﬂi‘é'ﬁ'&%ﬁ?ﬁzﬂ%ﬁ@ 1R REeRAS Weeference

inhalable powders used to produce the inhalahle powders for use in the
%ﬁ%@wfégmm& FRSAISTIRBRRRSHBREE R I8 ey only one or
ngtucagahfrsctols oraPplhcabinose)jdisdcchividesy ¢iginepiagesalts are preferably
29GSR BPaliaaR RN Aese nalan: antk WQn200H4BR28oIered
hGER20041012210, Polysandhianides (6.0, deXIAe AR frec
%g}%ae%lsh,?s?aﬁc , cellu ose?, ﬁoﬁya coho sTe.g. sor%ﬁ’ol?mgnniatof,
inhalablecypliwdandrins (e.g. a.-cyclodextrin, (3- cyclodextrin, x-cyclodextrin,

methyl-(3-cyclodextrin, hydroxypropyl-(3-cyclodextrin), amino acids (e.g.
Ifx_rpirimﬁali gig %@&) or salts (e.g. sodium chloride, calcium 5

nate), or mixtures thereof. Preferably, mono- or disaccharides are
Thearcans MReRRPHIactpRESGITIBLRNE pererd s upRma R OBhtAct 7o
texohysivelymniththéoriorof oftheie fdistesvFoiotheppumpests afthaling to the
RNeRRNiRsiRsedSIie RapisiIzBralered SXURIQRLIWRIR. IBGeRRropium is

monolé)fdre};[lenlls IE?SIS& ggtritl%ularly preferred. Within the scope of the

THRALDIE PBWHER a(;cor(ﬁng to the invention the excipients 10 have a .
Intmlrhlapevdrigevpiridensivia 6 Uib 1 250 oprittabRr o PRckarrd G efgding to
tBBGHTeMast praferallyrhepuderdbiand Hoie pbwiky SopResin eR §epim in an
aﬁ@&&%@%ﬁtﬁé%ég{j&B%&SXP'*%?BHE&%H%Yl’S'B*HS"b%V%?Q%B@{H&lﬁyﬁ%@fé’lfably

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 absolute quantity of the new tiotropium salts resulting from
this amount which is used in the respective formulations can be calculated by the
skilled man without any great difficulty.

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

Examples of physiologically acceptable excipients which may be used to prepare the
inhalable powders used to produce the inhalable powders for use in the inhalettes
according to the invention include monosaccharides (e.g. glucose, fructose or

arabinose), disaccharides (e.g. lactose, saccharose, maltose, trehalose), oligo- and
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excipients mentioned above. The average particle size may be
Yetzrminerb2sing methods known in thggart (cf. for example WO T/EP2004/012270

02/30389, paragraphs A and Q. 15 These finer excipients are also

selected from the group of possible excipients listed hereinbefore. Finally,

in order to prepare the inhalable powder according to the invention,

micronised tiotropium salt, which is preferably characterised by an

ayerage particle size of 0.5 to 10m, particylarly preferably from 1 to 5m, is
T ety i e e s
pdgyarcaned usinabmathagdsdwmonavindng atc(efidorpxamnie W& clodextrin, -

02/30389, paragraph B). Processes for ?rinding and micronising active

CEGIRStSREES AreNahorhiT o pidh-aveodsor apecnickny prepayed -cyclodextrin),
aBEIBIeRfaN el igusedIBaitoRIgxeiRig N  dSpaticWadi Arefasalie, lcium

use excipients which have a mean particle size of 10 - 50 pm and a 10 %

CRRRCE NP LPUSHE & hemslp) Herage paiits SkdirachBaridreAsdsed, while
th€ Geevaiuecoddbevghitaelisisiitiond nieastidigdrivitbaclaseexclusively, in the

fdiﬁracégglet%r sirtlg%tq;:‘ dry dispersion etgmd %cf. for example. WO cularl
BP0 hATSGRARHS RTaAG B RANISGOLAR He O e St PAFS warly
pndiance eafarseto thidh 10 Yaorahsenndbiod xddammesdistribptioncile alsusecterred.
using a laser diffractometer. In other words, for the purposes of the
present invention, the 30 10% fine content denotes the particle size below
Wrhith 1086 afiihe OQuentityadibpatimleteis fogoddingsedtba dvecuolomehe excipients
1&!§thkﬁmbm\ﬁ49a39&%/91ﬁgé?§e2%%T{%D@Qéé%%%&fm%1995.9&@&@9% and
]\%éen within the COﬁF 6% the £r§s§nt lg\% ntion tre always ‘{)ercer%%% at
e Ay RIS B propriate
tinhdihBrecpsweipronthE asimpietiis enaaEBedirls preanl b paPicietsizbe
b iRdarsmehmaiguBdyrafapbiy femphstiol Seire. ridsomRaltitdtailyed using
refer e thosq.i i % fi ng i
O B e S P I ™ a0,
‘Beesrdingriergivipneftie apeseliaratbinse dbmetersrhncasipe sinipignts listed
Innatdrdore whicha itheimvedtioroi plzased thhy shaibitegreedef Roooodemeity the
invention, micronised tiotropium salt, which is preferably characterised by an
average particle size of 0.5 to 10um, particularly 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
preferable to use excipients which have a mean particle size of 10 - 50 ym and a 10
% fine content of 0.5 to 6 um.

By average particle size is meant here the 50 % value of the volume distribution
measured with a laser diffractometer using the dry dispersion method (cf. for
example WO 02/30389, paragraphs A and C). Analogously, the 10% fine content in
this instance refers to the 10% value of the volume distribution measured using a
laser diffractometer. In other words, for the purposes of the present invention, the
10% fine content denotes the particle size below which 10% of the quantity of
particles is found (based on the volume distribution).
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in the sense of the accuracy of single doses. This is in the region of < 8 %

wapseferaplyss 6 % , most preferably < 4,%. After the starting ma¢efials004/012270
have been weighed out the inhalable powders are 15 prepared from the
excipient and the active substance using methods known in the art.

Reference may be made to the disclosure of WO 02/30390, for example.

The inhalable powders according to the invention may accordingly be

obtained by the method described below, for example. In the preparation

TiRtbedsdestribad. herrinafiae the sernpanepieRif UsRGibiare always percent

g)r%%qr ions kp%s\évgi Qttgc%ﬁ&rist%eg i tt(p%l%(j)c gbgr\z/ie-mentioned compositions
of heSRRaianie powders. irs?, fife ex0|p|enr% and the active substance are
placed in a suitable mixing container. The active substance used has an

lavisiageahatiigiecsizecdfifiiiable gon;dpretexablyeibien inciost réfetaiha mean
iBad i thg ?é%@%ﬂﬁ‘%ﬁlﬁ@&ﬂ‘ﬁy%ﬁ&%&%ﬂ?ﬁ%&r § ?'E%f%%ﬁl% added

using a sieve or a granulating sieve, with a mesh size of 0.1 o 2 mm

ARG PRIt e BB O R R Etit4Bfy L U fine
ancigiens wbput ih firdt mmd prefe thelneliveslibstanteuis.added to the
mixing container. During this mixing process the two components are

Preferablygdded . batches, s prriculary preferref o Sieven e 8. e
i iR AT RRAS avers, The Mixing OrtHe excilvient with the

wighvde pshlane anaytisketprat iRy ihd airrlebinpdrishdeais soll hemgaeneity
iaddedcBrefefahlya bawaresi xiuig doanly Thieisanch thedwd of < 8 % ,

co n ve ' io | by layer. WO 2005/042528 21
%EI‘,E%‘ ?é@%ooﬁgh%%W?%ﬁ&gn?ﬁ%mion also relates to the use of the
inhalable powders according to the invention for preparing a
Aharmaceuiicalgcomposiidmier thentreaighedt @it thspinhtdap kopawaiets are
mg&@a%ﬁﬂr%{@é%@%@%@m ?Q%@tﬁ’%q!%ﬁ§ﬁl‘?%s§1g %@J&?@@gbwn in the
owders according to the,invention.may for e njstere
ST T LY B B RSB S DSBS T ik dggpgle: The
imealsbiinposidsrsier pecinadediiig tenUSUBRYGBUAYERBY binebmimssby the

#8:6h RERIGIND O Bk BOI2P £8mb)e Plafeiablye powavarnibg nhatrbleibed

ﬁgyg%%%%e%%%r%%gn%ﬁs are used in the proportions 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 um, most preferably 2 to 5 pm. The excipient and the active
substance are preferably added using a sieve or a granulating sieve with a mesh size
of 0.1 to 2 mum, 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 i1s added to the mixing
container. During this mixing process the two components are preferably added in
batches. It is particularly preferred to sieve in the two components in alternate
layers. The mixing of the excipient with the active substance may take place while
the two components are still being added. Preferably, however, mixing is only done

once the two components have been sieved in layer by layer.
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invention are packed into capsules (to make so-called inhalettes), which
vareueeddps k0 inhalers such as those dgscribed in WO 94/28958r/0F2004/012270
example. Most preferably, the capsules containing the inhalable powder
according to the invention are administered using an inhaler as shown in

Figure 5. This inhaler is characterised by a housing 1 containing two

windows 2, a deck 3 in which there are 15 air inlet ports and which is

provided with a screen 5 secured via a screen housing 4, an inhalation

"Thamlet & ¢annesiedatedhel fdecks @R WHET Hﬁ%rﬁxiﬁa&l@lés;ﬁbm&@!ﬂ &coxdmg to

OVIQCeIgUV(\)”tl’}-(gr Ol%harpen%‘p Elirllls‘hgc%n%c Vart%}l_eocsci)tlilgltle S %gg%e’nt
a mou plege Eﬁ S connecte ﬂ‘l l:hOUSI eck
r%@&?é@%ﬂ%@ﬁ%@%%aé%m%%d%é%&ﬁé&%égéw @hasthma.

airholes 13 for adjusting the 20 flow resistance. The present invention

ﬂ@hﬁﬁﬁ%@ﬁ@%%@&y%c%frmﬁg nhalabig ReWAEr 5 359R AREIBITS: administered
inventi P rng ceutic composmon for treatin

A SR e A SuLHS 9 0 LAFRENIo0 POUBERBL Gt measuring
chsttwer, Gharactaridaagito 255HAT0R3DANer besulibethaboyécapdishonding to DE
3ﬂl1 Ei_gaaest'éws me@rﬁg&gﬂaﬁ%}%ﬂm Eﬁﬁdﬁgﬂ@ﬁ&ﬁﬁ%&%@&@ﬁ@é@é@l&:@

e Inventon usi po er-Ti sSules It IS rycuiar. err, (0]
R LR o T SRR e e
1@@&1‘4&8%&%@@%&9@&56@@W&Pn%aﬁ%’&%’é&séogcﬂ%m@ne
polycarbonate, polyester, polypropylene and polyethylene terephthalate.

Iﬁ%ﬁ'ﬂ SiavlyaRigiere %?%%H{Qﬁ{ gﬁ@{ﬁilﬁﬁeﬁ%ﬁ%{%g% to the

_polycarbonate’ or polyethylene terep late. If
IBREPSIRETE ST 18‘ %ﬁ%f? aﬁé%rﬁew &’&ﬁﬁcﬁwﬁr& il S ctoldiig i aler is

dherinveritioh bt & hprefegblecotasepptyathyledewstd, a denklfymfwhlch there are
HEWRED W ﬁ{tﬂv&ﬁfé@l KOPFR MR &Qﬁ%%?@&?i&?&?ﬁ@@%@é@%&smg 4,

BSIEaRR G 298 ke e iclerablyalot 260 SO UMM, 10
SRy 2 polySthiyiene). 118 &V etlc 15 acoOrding to theinverit

nﬁ@v%@w&b%@dlﬁr&w@m@ a@@éﬁ@’ﬁb&mmmﬁ@ m&mmﬁi Jand a
ieRithpie dhe aktHijestioodnetlaing ahthequgistics, the deck 3 and a cover 11 via a

spindle 10 to enable it to be flipped open or shut and airholes 13 for adjusting the
flow resistance.

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 5 1s used.

For administering the inhalable powders according to the invention using powder-
filled capsules it 1s 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
capsule materials which is particularly preferred according to the imvention, it is
preferable to use polyethylene with a density of between 900 and 1000 kg/m3,
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is preferred according to the invention. Injection moulding without the use

wb mesiskrelaase agents is particularly preferred. This method gfr/ep2004/012270
production is well defined and is characterised by being particularly

reproducible. 10 In another aspect the present invention relates to the
abovementioned capsules which contain the abovementioned inhalable
powders according to the invention. These capsules may contain about 1
to 20 mg, preferably about 3 to 15 mg, most preferably about 4 to 12 mg

prkiehalabteipovedey KBAefETHeskEopRNAlIBRSBRAATINY- W7haiIMeNtiQBh density
%ciné nértlo 6 mg of inhalable powder. Of equivalent importance 15

PRC ord¥ng Fg'the invention are capsules for inhalation which contain the
formulations according to the invention in an amount of from 8 to 12 mg.

The wradenicipleninnatsedeigtesie dnvahatatiamnkibegnsisirgdiioter s ways

JB%?&B&H&@QHYS{;%@%%%,ﬁ%@ﬁ@{@?@é&. R %m&tﬁag'e‘c?rf the plastics

.powder according. to the 20 invention jn .conjunction with the in

13, DEBHEHF B ERTDS tor Hs JRESBHOMVEHEOHOST QLIS t81the Hsdbifeof
maboldnedratio e waps wedicHarberertededy a tontentiofdrii{giabipowrder well

cﬁ:‘iﬁ%@iﬁﬁ&qsthﬁdf‘ci&@iiﬁ’éﬂ W H%’iﬁ@%ﬂﬁﬁcfh 'i“tﬁﬁ%k_l@%%l@?m position for
treating respiratory complaints, 25 especially for treating COPD and/or
asthma. Filled capsules which contain the inhalable powders according to
ImanpvberiasPacs thedugeeat Byviereieadss Jatowio il ehabaic by Hitipretheapsules

whhycompsid el vithothen énitialable: pRAIEKS peRadingcta tisminventiomathtion.
LL s of.i r in i i

T T RSl ORI AT R U R IDUBNA 102 g, most

RisfsoRbleabryng the SBRObIhR aNe ROSHIG thedsasbifyigylations according

termibo dhinrents ithatn 86:fdllons WO F0054148E280281PC DERROGAOTABTD riance

B bldin SN0 MRARLIMSACHY B SuSIBNGehalation which contain the

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

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

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

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

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

B.1.1. Examples of inhalable powders according to the invention

The following Examples serve to illustrate the present invention in more detail
without restricting the scope of the invention to the exemplifying embodiments that
follow.
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5 The new crystalline tiotropium salts according to the invention are used
WO poeparestse inhalable powders accopding to the invention. THebB&RminA0 12270
substances are micronised analogously to methods known in the art (cf.
for example WO 03/078429 Al). 10 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
1246 0k dn1aalPagaRdidl- Preparation of the powder formulations
according to the'invention: 1) Apparatus 20 The following machines and
equment for example, may be used to prepare the inhalable powders:
r or powder mixer: Turbulamischer 2 L, Type 2C; made by

’IW&I|Me'3)5cﬁrsﬁ’aﬁmh@fﬂﬂt&@nfﬁHséﬁ@QcB@ﬁ&Hé&@dﬂ”@l@h&ﬁf@@ﬁ aQelﬁéi:me prepare

1580 5761 BE.FHRY; '”%aaa}{ & %é’ ﬁ @%b%ﬁﬁgé’é’g gl bleces are
powders corﬁamlng tiotropium d oF mec anlcal oe]f(l)wm
ngigEmsrer Emalp srRUS Sl eerelwﬁﬁglmaehﬁ@tmjowﬁér@%ewo
Oyangtezousarn MG2 S.r.l, 1-40065 Pian di Macina di Pianoro (BO), Italy

35 WO 2005/042528 24 PCT/EP2004/012270 Formulation Example 1:

Powder mixture : To prepare the powder mixture, 299.39 g of excipient

* g of micronised

In the Examples that follow lactose-monohydrate 1s 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:

D Apparatus

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

Mixing container or powder mixer: Turbulamischer 2 L, Type 2C; made by Willy
A. Bachofen AG, CH-4500 Basel

Hand-held screen: 0.135 mm mesh size

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

Capsule filling machine:
MG2, Type G100, manufacturer; MG2 S.r.1, I-40065 Pian di Macina di Pianoro
(BO), Italy
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5 tiotropium salt are used. In the resulting 300 g of inhalable powder the

wOnRRINALsagtive substance, based ondiptropium, is 0.16 % injthe £28609f012270
tiotropium benzoate or tiotropium methanesulphonate and 0.14% in the

case of tiotropium saccharate or tiotropium toluenesulphonate. 10 About
40-45 g of excipient are placed in a suitable mixing container through a

hand-held screen with a mesh size of 0.315 mm. Then the tiotropium salt
in batches of about 90-110 mg and excipient in batches of about 40-45 g

Fyansaiaenat HRdnlierpate layers. The excipient and active substance
are added in 7 and 6 15 layers, respectively. Having been screened in, the

ingredients are then mixed (mixing speed 900 rpm). The final mixture is
B ore through a hand-held screen and then mixed again at
TPy thpingdbemirthad descibedirekaigiopleahd {5 qogsibleicronised

018 dﬁh@@?&g@%ﬁeﬁ %@9&%&@ e%@%mrﬂlémgqplso%ﬁ%mhe content of

cap u es may be used to Ero uce the fol owmg capsules’tor inhalation,
aSEHRNRACS PR ARRBAESRIHBIESY o dpitHEeis6 Qb g AR I fenzoate
omttosephonchytrates6lpBaZargp pblydtiidenalvapssiest G00:¢pmegn Fatalkarate or

iR pilE BHERERALM Example 3: tiotropium saccharate: 0.0113 mg
lactose monohydrate: 5.4887 mg polyethylene capsules: 100.0 mg 35
Total: 105.5 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 the tiotropium salt in
batches of about 90-110 mg and excipient in batches of about 40-45 g are screened
in in alternate layers. The excipient and active substance are added in 7 and 6
layers, respectively.

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

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

following capsules for inhalation, for example:

Formulation Example 2:

tiotropium benzoate: 0.0113 mg
lactose monohydrate: 5.4887 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg

Formulation Example 3:

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

Total: 105.5 mg
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WO 2005/042528 25 PCT/EP2004/012270 Formulation Example 4:
wetkepim.sagcharate: 0.0113 mg lactoge monohydrate*): 5.48GAM@2004/012270
polyethylene capsules: 100.0 mg 5 Total: 105.5 mg *) the lactose contains

5% specifically added fine content of micronised lactose monohydrate

with an average patrticle size of about 4m. Formulation Example 5: 10

tiotropium methanesulphonate: 0.0113 mg lactose monohydrate: 5.4887

mg polyethylene capsules: 100.0 mg Total: 105.5 mg 15 Formulation

oS fo b ateRpIdaluenesulphonate: 0.0225 mg lactose
%sules: 100.0 mg Total: 105.5

monohydrate: 5.4775 mg_polyethyle

mg ﬁ‘ﬁ’ﬁ%‘??ﬁlﬁla%cﬁ léa)gg?ﬁ le 7: tioébap%cg &nzoate: 0.0056 mg lactose
mondisjasataronabydraigpolyethyfehdddapsliles: 100.0 mg 25 Total:
105.pang thrdenelatigm xample 8: otrapiyp methanesulphonate: 0.0056
mg l?%&%i_e monohydrate: 5.4944 n]%ﬁg)@l%lyethylene capsules: 100.0

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

Formulation Example 5:

tiotropium methanesulphonate: 0.0113 mg

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

Formulation Example 6:

totropium toluenesulphonate: 0.0225 mg

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

Formulation Example 7:

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

Formulation Example 8:
tiotropium methanesulphonate: 0.0056 mg
lactose monohydrate: 5.4944 mg
polvethvlene capsules; 100.0 mg
Total: 105.5 mg
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Total: 105.5 mg WO 2005/042528 26 PCT/PP2004/0 12270
wonnsHatior:kExample 9: tiotropium methgnesulphonate: 0.005@MgEP2004/012270
lactose monohydrate*): 9.9944 mg polyethylene capsules: 100.0 mg 5
Total: 110.0 mg *) the lactose contains 5% specifically added fine content

of micronised lactose monohydrate with an average particle size of about
4m. Formulation Example 10: 10 tiotropium toluenesulphonate: 0.0113 mg
lactose monohydrate*): 9.9887 mg polyethylene capsules: 100.0 mg
F‘Eﬁtg{uléa&lnng{a}mﬂéag‘,tose contains 5% specifically added fine content

of m er msed lact rat n average particle size of
abou£f ormul%%%n]eig g%n%?@{% ?%lgtquuﬂ% toluenesulphonate 0.0225
mg i&é?@%%‘@%ﬂﬁ’e 9.9775 m§- 2 béRthylene capsules: 100.0

mg Teiblethif:0cnegpBiRsPropellant-ddhtamgmg inhalable aerosols The
new%tlrﬁplum salts may optionally "i"ﬁ?@fh ministered in the form of 25
or ,Iant contalnln%ﬁ?alable a[[%soés Qarosol formulagions in theJq
LIRS 6PRH ?%eﬁi AddEFIRIEORIERE OABHsEgRISed Tactose
rfomobipdions wuth@mcﬂm@gscmambnb The edimberevdsohsolution denotes
pharmaceutical formulations in which the 30 tiotropium salt and any

ci rec etely dissolved.
I'IEI.?Pa 101‘1 xampi)e

tiotropium toluenesulphonate: 0.0113 mg

lactose monohydrate™: 9.9887 mg
polyethylene capsules: 100.0 mg
Total: 110.0 mg

*) the lactose contains 5% specifically added fine content of micronised lactose
monohydrate with an average particle size of about 4pum,

Formulation Example 11:

tiotropium toluenesulphonate: 0.0225 mg

lactose monohydrate: 0.9775 mg
polyethylene capsules: 100.0 mg
Total: 110.0 mg

B.2. Propellant-containing inhalable aerosols

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

B.2.1. Aerosol formulations in the form of solutions

The term aerosol solution denotes pharmaceutical formulations in which the
tiotropium salt and any excipients used are completely dissolved.

The present invention provides aerosol formulations containing the new tiotroprum
salts, which contain in addition to one of the above-mentioned tiotropium salts an
HFA propellant, a co-solvent and an inorganic or organic acid and which are
further characterised in that the concentration of the acid is such that in aqueous
solution it corresponds to a pH in the range from 2.5 - 4.5,
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The present invention provides aerosol formulations containing the new

wioteapiumz salts, which contain in additigh to one of the above-meniiengs: 012270
tiotropium salts an HFA propellant, a co-solvent and an inorganic or

organic acid and which are further characterised in that the concentration
of the acid is such that in aqueous 35 solution it corresponds to a pH in
the range from 2.5 - 4.5. WO 2005/042528 27 PCT/EP2004/012270 The
above-mentioned aerosol solutions are characterised by a particularly
high stability. 5 Preferred aerosol solutions are characterised in that the

ncglgtration f the acid is ucp hat in agueous soluti Bit corres ?n S, .
eda ve~{ﬁen 10ned;i aecr (g 50 % 10118 are fxracte 15¢ #a %aét@% ar high
0 a pH In the range from 3.0 - 4.3, "particularly preferably-fro 5-4.0.
stakdldrosol solutions according to the invention may also contain a small

amount 10 of water (preferably up to 5%, particularly preferably up to 3%,

PRI RIEIRA0N UnuGonstke [dHE ARKISRL SQIIRNS ACCRIRIAG 49 MG of the acid is

invention_preferably cqntain an amount of new tigtropium salt such

S SRS SRS PHO T OB AR REy Rohia R B BLSBRvEER OlER0B 0 - 4.3;
pamt ke By, preftardiblyfomtndén-0t0D04 and 0.16 %, particularly preferably
between 0.0008 and 0.08 %. Suitable HFA propellants within the scope of

h. form a homogineous%ropellans

ﬂle ae}itog(())ll SSO |ugiogssa%%e0tg?l§e '&\)/ht}(fe mMveniLon m A, COoniain mall amount
S ALTESH Wit 1Re &5 S8ivers used, in which 29 ﬁ%rape flcglﬁ/ un

ffetire arpistm Bfund Aistropramicale iy i siblo e do Pratemets mFrerably up
tpropellants according to the invention are propellants selected from the

group consisting of 1,1,1,2-tetrafluoroethane (HFA-134(a)), 1,1,1,2,3,3,3,-
heptafluoropropane(HFA-227), HFA-32 (difluoromethane), HFA-1 43(a)

Tha aergshl soHERRR L IARRDE (114 B CRAPMBEKEARNEP A an amount of
A B2@ilind @5 difilortbethhearapedridd () towldgiodn22itiarethey contain is

naetashpoetetsd @%%%Bﬁff&aﬁl? BuGRten, \while Eifd“ol%@,l'?éiﬁculaﬂy

R LR O A e ogenated

Suitable HFA propellants within the scope of the aerosol solutions are those which
form a homogeneous propellant formulation with the co-solvents used, in which a
therapeutically effective amount of the tiotropium salt may be dissolved. Preferred
HFA propellants according to the invention are propellants selected from the group
consisting of 1,1,1,2-tetrafluoroethane (HFA-134(a)), 1,1,1,2,3,3,3,-
heptafluoropropane(HFA-227), HFA-32 (difluoromethane), HFA-143(a) (1.1.1-
trifluoroethane), HFA~134 {(1,1,2,2-tetrafluoroethane) and HFA-152a (1,1~
difluoroethane. HFA-134(2) and HFA-227 are particularly preferred according to
the invention, while HFA-134(a) is particularly important according to the
invention, In addition to the HFA propellants mentioned above, non-halogenated
propellants may also be used on their own or mixed with one or more of the above-
mentioned HFA propeliants. Examples of such non-halogenated propellants are
saturated hydrocarbons such as for example n-propane, n-butane or isobutane, or
also ethers such as diethyl ether, for example.

Organic or inorganic acids may be used as acids according to the invention.
Inorganic acids within the scope of the present invention are selected for example
from the group consisting of hydrochloric acid, sulphuric acid, nitric acid or
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propellants may also be used on their own or mixed with one or more of

wibeabeyesmentioned HFA propellants, Examples of such  permp2004/012270
non-halogenated propellants are 30 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 35 from the group consisting of

phygsechlericaciinsid ARt aidoNHc ARd 95 MOILBRFIRARR2® 28e hydrochloric
PQIRRa00da Laal-0phospharis aaid whije gecordingfp thedavendon, . o¢
3% Bre Srabietohise yarrgc Oric or su‘ipahurfc ada. particu arlly pe
Uy BFEEENG ARVAETHO O AR sRdcatrdsiitpRa IHR S EBpe BictRrOpRoseRtIFishibascorbic
adikt, selacted dotexanple, froneibe gl sonkisitig of aseartiachtieldigscorbic
id, lactic_acid, i ' [ ' rtari id, while ascorbic
aé%%géaélgr %té%gé?(? g?e@%l}% §ﬁlg§8§?§§%ﬁéﬁ% i%g%%q\%%tion. The aerosol
solutions according to the invention may be obtained analogously to
Tinethodsdrsohniimshee aotdifgRhaimaceeticaly ey dptable @ed piealsgmasly to

nRRtienalvybe gantaieeddn the aerosol solutions according to the
invention. For example, soluble surfactants and lubricants may be used.

Examples of such soluble surfactants and lubricants include sorbitan
Phieses uticaHinase opbdp yRap et an OthpLiexekdpt s Aikiehhedaip tiae aerosol
sflﬁ@ﬁ@ﬂ&l%ﬁ%ﬂi@ﬂ@m@aﬁtﬁgﬁfﬁbﬁxﬁmﬁa&ﬁ@%%})%ﬁﬁi&Qﬁt@@@@hﬂ@hd

avour. 15 maskin t e r - -

I A0S QIS MO SRS A s ncue
SQERIPEEIIHG 1 IR EBRTARY LIESHEIR 1P Bl REIPERL BRich may be
piseprapanybenthberizjdalsaliof) cgdyapls fuoekample 20 promtenellyitotour
rRUNGIDEReLYRA SxRRIYR ARVIRABEHI KGR QN ERIGE by AR COPRREIS

of oxyethylene and oxypropylene) or other substances such as for
flaygHiREYlycerol, polyoxyethylene alcohols, polyoxyethylene fatty acid
esters and glycofurols (such as for example glycofurol 75). A preferred

Basgkaniaesarhiratdwhich may be used according to the invention are alcohols
(for example ethanol, isopropanol and benzylalcohol), glycols (for example
propyleneglycol, polyethyleneglycols, polypropylenegiycol, glycolether, block
copolymers of oxyethylene and oxypropylene) or other substances such as for
example glycerol, polyoxyethylene alcohols, polyoxyethylene fatty acid esters and
glycofurols (such as for example glycofurol 75). A preferred co-solvent according to
the invention is ethanol.

The amount of co-solvents which may be used in the formulations according to the
invention is preferably in the range from 5-50 %, preferably 10 - 40 %, particularly
preferably 15 - 30 % based on the total formulation.

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

The formulations according to the invention may contain small amounts of water,
as already mentioned previously. In a preferred aspect, the present invention relates
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the invention is ethanol. 25 The amount of co-solvents which may be used
wintbeobpsmglagions according to the invegtion is preferably in thetapggoasn12270
from 5-50 %, preferably 10 - 40 %, particularly preferably 15 - 30 %

based on the total formulation. 30 Unless stated to the contrary, the

percentages specified within the scope of the present invention are to be

read as percent by weight. The formulations according to the invention

may contain small amounts of water, as already mentioned previously. In

ta praieiedaspectlith pfrses iavestiantalatespVE5200840d25@81  Breferably up

) [ formulations in which the content of water is
BSTRRRARARL Qo

up to’5%, p up to 3%, more preferably up to 2 %. In
another aspect the present invention relates to aerosol solutions which
loamaiheoadpwatdre préthesel formlet ank tbe @mormbbf chsalwentisch contain no

VIRIEr AR NS RIS AT R G i BERIBRIAINING ERIGBIHT A0 fange from
23)O(V O'I;he forE%EMSﬁccordm to th 0w_werggon may be administered

SO ETE i ?ﬁé‘é%??b% - %2&surized metered dose

inhalers). 10 The present invention also relates to the use of the
'ﬂb@v@;ﬂaam{m}%dal a%g&mgs?]lm@m&h@@cﬁ@fwmaﬁqﬁg@i&mh ﬁﬁg/inlhalers
tiotropium, salt acc to the_inventign for aring a rmaceutica
T S R B S SR T o the

treatment of COPD and/or asthma. 15 The following Examples serve to
Thispedectiei presenhinisentédarén roate detadf withabibveskiaivigning saopel

QiiRe vaniandaitg S?%’;&Bﬁfé@ﬂg SMRHBRYSAL RN AR B 2ol dhe

.Examples of aerosol solutions Formulation Example

le 12:
invention for preparing a pharmaceutical composition f(l)r the treatment of
respiratory complaints, particularly for the treatment of COPD and/or asthma.

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

follow.

B.2.1.1 Examples of aerosol sclutions

Formulation Example 12:

constituents concentration [% w/w}]
tiotropium benzoate (.02
ethanol (absolute) 25.0
water : 1.0
citric acid 0.003
HFA-134a - 73.977




constituents concentration [% w/w tiotropium benzoate 0.02 ethanol
0 water 1.0 citric acid 0.0Q3 HFA-134a 73.977 .

“é%bgé%@é 30 PCT/EP2 004/0 1 227%8Formulation Example}% /EP2004/012270
constituents concentration [% w/w] Tiotropium toluene sulphonate 0.02

ethanol (absolute) 20.0 HCI (aq) 0.01 mol/l 2.0 HFA-134a 77.98

Formulation Example 14: 5 constituents concentration [% w/w] tiotropium
saccharate 0.01 ethanol (absolute) 15.0 water 2.0 citric acid 0.004
I}fAF %?JHSO%‘%Q igui tion Example 15: constituents concentration [%

0

tifphonate 0.01 ethanol (absolute) 30.0 water 1.0
ascorhic.acid 0.005 HEA-134a 638.98

constituents concentration [% wiw]
Tiotropium toluene sulphonate 0.02
ethanol (absolute) 20.0
HCI (aq) 0.01 mol/] 2.0
HFEA-1344 77.98

Formulation Example 14:

5
constituents concentration [% wiw]
tiotropium saccharate 0.01
ethanol (absolute) 15.0
water 2.0
citric acid 0.004
HFA-227 82.986
Formulation Example 15:
constituents concentration [% wiw}]
tiotropium tohluenesulphonate 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 methanesulphonate 0.01
ethanol (absolute) 40.0
citric acid 0.004
HFA-227 59.086
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10 Formulation Example 16: constituents concentration [% w/w]
Jatepiummgthanesulphonate 0.01 ethggol (absolute) 40.0 citpieggith 0041012270
0.004 HFA-227 59.986 WO 2005/042528 31 PCT/EP2004/012270
Formulation Example 17: constituents concentration [% w/w tiotropium
methanesulphonate 0.02 ethanol (absolute) 25.0 water 1.0 citric acid
0.003 HFA-134a 73.977 5 Formulation Example 18: constituents
concentration [% w/wl tiotropium toluenesulphonate 0.02 ethanol
(absolute) 20.0 HCI (aq) 0.01 mol/1 2.0 HFA-134a 77.98 Formulation
Example 19: 10 constituents concentration % w/w tiotropium saccharate
0.01 ethanol (absolute) 15.0 water 2.0

Formulation Example 17:

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

Formulation Example 18:

constituents concentration {% w/w]
tiotropium toluenesulphonate 0.02
ethanol (absolute) 20.0
HCI (ag) 0.01 moV/I] 2.0
HFA-134a 77.98

Formulation Example 19:

constituents concentration [% wiw]
tiotropium saccharate 0.01
ethanol (absolute) 15.0
water 2.0
citric acid 0.004
HYFA-227 82.986
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citric acid 0.004 HFA-227 82.986 WO 2005/042528 32 PCT/EP2004/0 1

2o zesFeirnedation Example 20: constitggnts concentration [% BIWIEP2004/012270
tiotropium benzoate 0.01 ethanol (absolute) 30.0 water 1.0 ascorbic acid

0.005 HFA-134a 68.985 5 Formulation Example 21: constituents

concentration % w/w] tiotropium methanesulphonate 0.01 ethanol

(absolute) 40.0 citric acid 0.004 HFA-227 59.986 B.2.2. Aerosol

suspensions 10 The present invention also relates to suspensions of the
FemntwlsoipnnEsaks phe@deding to the invention in the propellant gases

HFA 227 and/or HFA 134a, optionally combined with one or more other

propeiffant gases referaply selected from the group co sisrng
propape, OBSHARENIS nothylether, CHEOBOCTE MION Fop/py]

isobut

ane, |$ﬁnmpamm drdmeapentane.

15 According t0.thie |nvent|on

those

suspensions Whigh fgRigin as p

ropellant gas onlygHfFA 227, a

mixtu

mixtut

suspd

e of HEA 227 and HFA I34aor
ses. HEA 2

ny HFA 134a arepreferred.—ifa
Z and HEA 1QAaliv used.inthe

nsion formsdatibnsaddording to

he invention, th@Wweght ratios in

which

these 20 twh-propeflant gas components are usggl_grxég freely

variabte:

Formulation Example 21:

constituents concentration % wiw]
tiotropium methanesulphonate 0.01
ethanol (absolute) 40.0
citric acid 0.004
HFA-227 59.986

B.2.2. Aerosol suspensions

The present invention also relates to suspensions of the new tiotropium salts
according to the invention in the propellant gases HIFA 227 and/or HFA 134a,
optionally combined with one or more other propellant gases, preferably selected
from the group consisting of propane, butane, pentane, dimethylether, CHCIF,,
CH,F,, CF3CHs, isobutane, isopentane and neopentane.

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

If one or more other propellant gases, selected from the group consisting of
propane, butane, pentane, dimethylether, CHCIF,, CH2F;, CF3CH3, isobutane,
isopentane and neopentane are used in addition to the propellant gases HFA 227
and/or HFA 134a in the suspension formulations according to the invention, the
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If one or more other propellant gases, selected from the group consisting

Wb Repans,putane, pentane, dimethylgther, CHC1F2, CH2F2, £F36H84/012270
isobutane, isopentane and neopentane are used in addition to the

propellant gases HFA 227 and/or HFA 134a in the suspension
formulations according to the invention, the WO 2005/042528 33
PCT/EP2004/012270 amount of this additional propellant gas component
is preferably less than 50 %, preferably less than 40%, particularly

aH{G{E{@nydﬁssﬁaﬁ%%g%rEB@IE‘fﬁ%@%SHﬁ;%Q&QMQ?F&é%i@"l%é‘s“ﬁ{bn 50 %,
p%ﬁ%%{ﬁlb% confain %¢1Oéamour_1t o{&r&;\eyw Sélotgiglilm sbgt sy h that the

PA ot HdrABAT cafH TS WatWeRIT 5301t 5896 %(éferauy

between 0.08 and 0.5%, and particularly preferably between 0.2 and
”I%é%i@ig@@iiﬂjﬁg é@cﬁﬁf_@iiﬂg%ﬂ@a- iHﬂ!ﬂ%§@¥%¢ei@5l}e&ﬁﬁ.§ﬁ@!¥n’[ﬁﬁlount of new
RSP syl %ah'&%hsﬁgae%&f EBLEENLAYENIQR I AWANE) and
percgrﬁ welélh . n'some cases, the term suspension OrMUIALON 18

OuBéd wreler by Repe o d SraddhbirventoRaritalarsrrdeehly between 0.2
asdsperisiancdildényvo terenmeratiohe regarded as equivalent within the

FAARS QL1bg RyeseLiveNIon I 0% RIRRLlRAL CaNANRG ,&QBQ@BﬁPe present

.aerosols or syspension formulations according to the invention may also
IeEE P otfef EREL SBRAV5 B8 rface-active agents (surfactants),

adjuvants, antioxidants or flavourings. The surface-active agents

1sutactands), aREQRANY SIRRERIR 1RensURRRISIANS cA0:ARCR RGO IR the
mventtlon ar%%lefergblx (sjgl&gct%d from Stheen%roupélcgn%igtir%g of Polysorbate ded
PIBPoSGbate 80; Myvacet 9-45 Myvacet 8:bs; isopropyl myistate,”¢ Teearee
ag|efuaEEI O HRENBHEOP D S BtRIEFSERABIC B tethy| oleate, glyceryl

trioleate, glyceryl monolaurate, glyceryl monooleate, glyceryl

ﬁ%&%@ﬁgﬁ%%&%?ﬁﬁwn&%ﬂ%%@@@&O@MQW%SQE?MMQOM according

cetylp: nium chloride, block 25 polymers, natural oll, ethanol and .
R IPEABIOBTHY A5G ERBHGHRA SOUSBRLRIS SefRAhtuBatsatrhstereents
(20 fRulystibath 8oy vaterdd4B \nrena:@8r isopropy!

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

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

The adjuvants optionally contained in the suspensions according to the invention
are preferably selected from the group consisting of alanine, albumin, ascorbic acid,
aspartame, betaine, cysteine, phosphoric acid, nitric acid, hydrochloric acid,
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myristate are preferably used. Myvacet 9-45 or isopropyl myristate are

wosbgpreiesably used. 30 If the suspensjgns according to the ineRii®Ro04/012270
contain surfactants these are preferably used in an amount of 0.0005 - 1

%, particularly preferably 0.005 - 0.5 %. The adjuvants optionally
contained in the suspensions according to the invention are preferably
selected from the group consisting of alanine, albumin, ascorbic acid, 35
aspartame, betaine, cysteine, phosphoric acid, nitric acid, hydrochloric

Adith VMO QD 2HAS M&CKéE&%QOééQﬂ BdhipuacRIdRAfbric acid or
| | | a |d drochl rlc acd or_citric acid
a%%?gélra%3§ gépeofl g llll%?oc}% lo cm OPEI r|c aci |snr%§§ gls most
ity W‘% . 5 If adjuvants are present in the suspensions according
to the invention, these are preferably used in an amount of 0.0001-1.0 %,

e MCirelbhth BRTIEYR ﬂx’ﬁ?‘%ﬁ%@ﬁ%%%& B0 IOl e are
FHDRRBI i ito 2 AR A Dot A s LR Br b %
mw@im@n@w@nm@rﬁ@@ laﬁeOdr&ﬁer‘abHesmmm@nf@L@@kda@OS % is

SaRRIaINghaRseRRic RekGlEGaed iadchp.edetate, editic acid,
tocopherols, butylhydroxytoluene, butylhydroxyanisol and
ascorbylpalmitate, while tocopherols, bu'%lhydroxytoluene

bl RRsidAHSeP iR Bo PR A AR HAPRIBIORS Ss@rd B e the invention
dlevorsiagdinaly cantathed:iotpecsusiengiaiascatdiagiy teic acid,
gezﬁm%aa%ep%%Iﬁ{@ta'ai&elﬁ&ésﬂﬂ@ Eﬁerem Ky @W&%@f&ﬁ%@&}%amgo;

sacc e, Den tomint, g partame an or exam

YARRLRA ton 8|t°ean1imﬁa}§ BBBHBVHHFWB’&%rEﬁW@}Ydeamso‘
tbjeasgqafbsﬁpaﬂaﬂsameiermdf@@hlvmhsadnew to administration by inhalation
it is essential to provide the active substances in finely divided form. For

Jlt}il% IfA o%srlerigtg] %pr}(lec\)/\rllgﬁtrognutamsea t?n 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 new tiotropium salts
according to the invention are either ground (micronised) or obtained in finely
divided form by other technical processes known in principle from the prior art (for
example precipitation, spray drying). Methods of micronising active substances are
known in the art. Preferably after micronising the active substance has a mean
particle size of 0.5 to 10pm, preferably 1 to 6pum, particularly preferably 1.5 to 5pm
auf, Preferably at least 50%, preferably at least 60%, particularly preferably at least
70% of the particles of active substance have a particle size which is within the size
ranges mentioned above. Particularly preferably at least 80%, most preferably at
least 90% of the particles of active substance have a particle size which is within the
size ranges mentioned above.
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according to the invention are either ground (micronised) or obtained in
wfinelyo sliMighed form by other technical psacesses known in pringigtefiean o 2270
the prior art (for 25 example precipitation, spray drying). Methods of
micronising active substances are known in the art. Preferably after
micronising the active substance has a mean particle size of 0.5 to 10m,
preferably 1 to 6m, particularly preferably 1.5 to 5m auf. Preferably at
least 50%, preferably at least 60%, particularly preferably at least 70% of
Iihenpalidelaspet adiy@eybstancerave R pariclessizeenditshs i withindhain only
o%'é%?&E%&??ﬂ@@@ﬁﬂ&%gﬁ%v?ecﬁﬁ%ﬁ' g"q%”k’h AN IBRSL B oher
most preferably at least o Of the patrticles of active Substance have a
24HiZRS size which is within the size ranges mentioned above. WO
2005/042528 35 PC fEP2004/0 1 227 0 In another aspect the present

THYERIDRAGIHES IR AUSRE NSNS WhIChi GRTHAIY B0Y Qe TG BMAASING known
: sﬁstan(_:g*s aglgiord ng to thet mventlgn V%Lkhout@n other adgllt ves, 5 The

L (RRARLI 1Y XS Mn GO IR SRR A SRSAREPD 8Be§’r’é€d’ﬁ‘§ﬁﬁé WSS
prkapwiatin ghe ergasor thiione lboastiove mowpktacueanaidifi et éntthadtable
cwiththerspropellant gas or gases (optionally at low temperatures) and filled

into suitable containers. 10 The above-mentioned propellant-containing

suspensions according to the invention may be administered using
ThsABRY kriBfHIPPEE BFPRSMNECORRIBEE SHEPSRYOISY 5sd Fimafer dhe
inﬁmaidmghyayihcamdﬂmﬁﬁ;_smtympmm lmxmtidp tatoies tpMDIs =
pRAQPREAUHCRL CTRQSHANG AN RO SHSREARIORS A5 NETE IR  ent

“described combined with one or'more inhalérs s,uitggble for 1

IYARPAR SRR EL R ATTGRUEAE! RASPRSSE RS BraRe AosyehyRRtIstas as
herémhbédose dbsabectisent nntdtitdyossnaimtite propelantitceblaifing
2MBRANRIARS ARGRIHIRG RIS INVRIIUgDdeaer hedherainhaiBrerdlh@s to inhalers,

reseft %’é‘é’&ri‘“%[i]a%' o.felates 1o &{’e“tar'é‘peéﬁa(ﬁ fé”ﬂ%ﬁﬁ which when fited . din
VR ST A SLitaDe valve can be used In‘a sul abie inhaler AR Which J
tedhtainwadiphescribed 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 propeliant-containing suspensions according to the invention.
Suitable containers (cartridges) and processes for filling these cartridges with the
propellant-containing suspensions according to the invention are known in the art.

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

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

above-mentioned propellant-containing suspensions according to the
Wiivendtons2zStitable containers (cartridgas) and processes for filitgreses/012270
cartridges with the propellant-containing suspensions according to the

invention are known in the art. 25 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

Phaifhxa cepiticahao fiopiositrenvio ronihiakativie ohaaseddreatment @b diseasesietail, by
Wayhich anfisholinersics (ay-dRysion adberapeiichenefit. 30

Particularly preferably the present invention also relates to the use of the
suspensmns accordlng to the |nvent|on for preparlng a pharmaceutlcal

' ) h O % pEnem afoaanvaadigrd mplaints,

preferably asthma or COPD WO 2005/042528 36 PCT/EP2004/012270
SRS Exameles | ?ﬁi'}?”ovfh%??’e to?‘!.':% tsr?‘et ffresz%“éc'ﬁ‘é%%“ ARSI
el%elnsb way of example, wititout res Fict ing i theircontents. B2 8"
FESEBﬁ%}?I’é‘é%‘fsaerosol suspension formulations 5 Suspensions containing
other ingredients in addition to active substance and propellant gas:

[E&rmwﬂ.;@&ﬁm%@%?_lo constituents concentration % w/w tiotropium
methanesulphonaté 0.02 0leic acid 0.01 HFA- 227 60.00 HFA-134a 39.97

Formulation Example-23:-constituents,
constituents concentration [% w/w]
tiotropium methanesulphonate 0.02
oleic acid 0.01
HFA-227 60.00
HFA-134a 39.97

Formulation Example 23:

constituents

concentration [{% wiw]

tiotropium saccharate 0.02
isopropyl myristate 1.00
HFA-227 08.98

Formulation Example 24:

constituents concentration [%% wiw]
tiotropium methanesulphonate 0.02
Myvacet 9-45 0.3
HFA-227 99.68




tiotropium saccharate 0.02 isopropyl myristate 1.00 HFA-227 98.98 15

vRoombatianzExample 24: constituents ggncentration [% w/w] tiatmoypRawo4/012270
methanesulphonate 0.02 Myvacet 9-45 0.3 HFA-227 99.68 WO
2005/042528 37 PCTIEP2004/012270 Formulation Example 25:
constituents concentration [% w/w] tiotropium benzoate 0.02 Myvacet
9-45 0.1 HFA-227 60.00 HFA-134a 39.88 Formulation Example 26: 5
constituents concentration [% w/w] tiotropium saccharate 0.04
FoelypelheienSBthdpiiE-25227 99.92 Formulation Example 27:
constituents concentration [% w/wl tiotropium benzoate 0.01 Polysorbate
20 0.£0 HFA=22799 78 I0 Formutatipn Exampte 28 constituents

concentration [SPRSkituents concentration [% w/w]
tioltropium benzoate 0.02
Myvacet 9-45 0.1
HFA-227 60.00
HFA-134a 39.88

Formulation Example 26:

5
constituents concentration [% wiw]
tiotropium saccharate 0.04
Polysorbate 80 0.04
HFA-227 99.92

Formulation Example 27:

constituents concentration [% wiw]
tiotropium benzoate 0.01
Polysorbate 20 0.20
HFA-227 99,78

10  Formulation Example 28:

constituents concentration [% w/w]
- tiotropium toluenesulphonate 0.04
Myvacet 9-08 01.00
HFA-227 08.96




10

15

tiotropium toluenesulphonate 0.04 Myvacet 9-08 01.00 HFA-227 98.96

WY 20087642528 38 PCT/EP2004/012%70 Formulation Exanyule/Z92004/012270

constituents concentration [% w/w tiotropium methanesulphonate 0.02
isopropyl myristate 0.30 HFA-227 20.00 HFA-134a 79.68 Formulation
Example 30: 5 constituents concentration [% w/w] tiotropium
toluenesulphonate 0.04 oleic acid 0.005 HFA-227 99.955 Suspensions
containing only active substance and propellant gas: Formulation
Foxambia idh Exaonstd?dnts concentration [% w/w] tiotropium
methanesulphonate 0.02 HFA-227 99.98 Formulation Example 32:

consfituents conceniration [% W/w] Ti
99.9£45£emﬁ£3§&$§&5%491&3&«;w

tiotropium methanesulphonate

Tropium saccharate 0.02 HFA-134a

0.02

isopropyl myristate 0.30
HIFA-227 20.00
HFA-134a 79.68

Formulation Example 30:

constituents

concentration [% w/iw]

tiotropium toluenesulphonate 0.04
oleic acid 0.005
HFA-227 99.955

Suspensions containing only active substance and propeliant gas:

Formulation Example 31:

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

Formulation Example 32:

constituents

concentration [% w/w]

tiotropium saccharate

0.02

HFA-134a

99.938

Formulation Example 33:

constituents

concentration [% w/w]

tiotropium toluenesulphonate

0.02

HFA-227

09.98




tiotropium toluenesulphonate 0.02 HFA-227 99.98 WO 2005/042528 39
WVRECTJER206440 1 22 70 Formulation Exgmple 34: constituentspcT/EP2004/012270
concentration [% w/w tiotropium methanesulphonate 0.02 HFA-134a

99.98 5 Formulation Example 35: constituents concentration % w/w

tiotropium toluenesulphonate 0.02 HFA-227 20.00 HFA-134a 79.98
Formulation Example 36: constituents concentration [% w/w] tiotropium
benzoate 0.04 HFA-227 40.00 HFA-134a59.96 10 Formulation

Example 37: constituents concentration [% w/w] tiotropium saccharate

o2 G2 828015154 -134a 19.96 Formulation Example 38: 15

constituents concentration [% w/wl tiotropium benzoate 0.02 HFA-227

60.0
constituents concentration [% w/w]
tiotropium methanesulphonate 0.02
HFA-134a 99.98

Formulation Example 35:

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

Formulation Example 36:

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

Formulation Example 37;

constituents concentration {% w/iw]
tiotropium saccharate 0.04
HFA-227 80.00
HFA-134a 19.96

Formulation Example 38:

constituents concentration [% w/w]
tiotropium benzoate 0.02
HFA-227 60.00
HFA-134a 39.98
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HFA-134a 39.98 WO 2005/042528 40 PCT/EP2004/0 1 2 270 B.3.
witiopetiant gas-free inhalable aerosols e new tiotropium salts ®aypr2004/012270
optionally also be administered in the form of propellant-free inhalable
aerosols. For administering these propellant-free inhalable 5 aerosols the
new tiotropium salts 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 10 is up to 70 percent by volume, more particularly up to 60
P5IB0E Byolme. 20d ost RISIALablY. Uyjg 30 percent by volume. The
*remamd%_m%egvcmne*rfmac : . The preferred solvent is
ThatrwitotRRHE R SO F eRiIIT AERifcRAmaRBiEBIdHE Hesaform of

pliopapiumisalinheliidingrssthe Fyeatotitiassihgnhis theopnibmnifofe inhalable
2HPSORYAL iRdhe fnishashphannare gl RIeRRTANAR JRE DR AR MG cal

therapeutic effect desired. For the majority of complaints that respond to
SABHSEmM the concentration of tiotropium is between 0.0005 and 5 wt. %,
preferably between 0.001 and 3 wt.%. 20 The pH of the formulation

TasCosiieddehierPvention isikebwech 3 thandfe Df REaterakly delween Bk

alnd 2 and more{gr e{;r%bl betwegen %w? ar\]ﬁga é? igrx]l%tqia rtf%elaa[{ﬁ:t the maximum
fﬁr%%?a%ﬁ?/pé)erﬁ]/\(l)enen SER §.Qflf§)/flosfi p_rerflérre are pH values with an
iuppdplitRiPerant by THupR iR asjuteirBlathe WIaRieA Bercent by volume and
hbarpresatagicallyiace pablematidsoloxamplas ok suitatile indrganisaeieds made

pd dregloriceag! I5.RE i RS AYARHRIVOE Afithor.
u§n%$§rl% p{%dsghﬁgr%ﬂg?lggg)?gﬁﬁgg 0 particgaarigy Sl%[able organic acllétjjnso

include ascorbic acid, citric acid, malic acid, tartaric acid, maleic acid,
"Blic cimic atich fomafithacic va tetitoaoidn fortsic criddang for tropivpigiacidased on
{BICa R eI TRAINGHIRNE Afidsnade-QysiashiarcARd IgHPhici a8 depiids on

Isq possible to se({he aaidlg which have.alrezfld forfned aﬁliacid addi i(%n

tgg@%s&?]pﬁ}gl§C§{€JCt ¢sireq. 1ror [ ma]orlty Ol compiaints at respon (v
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
particularly preferably between 2.7 and 3.2. Most preferred are pH values with an
upper limit of 3.1,

The pH is adjusted by the addition of pharmacologically acceptable acids.
Examples of suitable inorganic acids include hydrochloric acid, hydrobromic acid,
nitric acid, sulphuric acid and/or phosphoric acid. Examples of particularly suitable
organic acids include ascorbic acid, citric acid, malic acid, tartaric acid, maleic acid,
succinic acid, fumaric acid, acetic acid, formic acid and/or propionic acid etc.
Preferred inorganic acids are hydrochloric and sulphuric acids. It is also possible to
use the acids which have already formed an acid addition salt with the active
substance. Of the organic acids, ascorbic acid, fumaric acid and citric acid are
preferred. If desired, mixtures of the above acids may be used, particularly in the
case of acids which have other properties in addition to their acidifying qualities,
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substance. Of the organic acids, ascorbic acid, fumaric acid and citric acid
ware2preterrets If desired, mixtures of thg pbove acids may be used/Er2004/012270
particularly in the case of acids which have other properties in addition to

their acidifying qualities, WO 2005/042528 41 PCT/EP2004/012270 e.g.

as flavourings or antioxidants, such as citric acid or ascorbic acid, for

example. Hydrochloric acid is expressly mentioned as an inorganic acid.
Pharmacologically acceptable bases may also be used, if desired, for

@ge%ﬂwdﬁmig@dhewxﬁlﬁmwexhasesdimiudﬁiﬁbbenamptﬁcaﬂcaﬂ‘ ',rftﬁia_kample.
fydredderianda Alkal il crianalass theRtsisied Alpli 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
Pinanmacsugical fp avwlptidr abe sis mphaisn dooisgitaifydesirpphtiblepndthsely
e AR B ENIoNRIACIHadd ARording:tedhia Hvantiona{be PAaRigts and
aj%!%c acid_( DTA& or one of thegkno%{vn silts thelreof, .SOdlélm e te, as hb
TSR %B%%ﬁbee%"i CESeHERL AR IR BrSQa R (e SHED bases

wpothrsh sasodimeht dakeaine eastcadidtidhd/orlthacabbiegemiche which are
ﬁx'gliﬁd@ﬂfﬁlﬁfsd ib iﬂ@fﬁfﬁfﬁr@h@ﬁ?ﬂﬁ@dmmu tﬂﬁrﬁ@ﬂﬁﬁiﬂfbﬁﬁ@&ﬂs@n sodium

etate is less than 10 QOml..In.this cas rred range is
B b A B o
between more than 0 and 5 mg/100ml. 20 In another embodiment the

Aovtedhof sodiermeeetate, ighir adiOarpodeAtmgdid QUIDA andrisne of the known
fieiaiaboRal e iatde, molhodinek 7 adrgieyed ambdimenidtissary in the

additivefls or&itted altogether. 25 The remarks made above for sodium
REFSEREIRBUPPIR analogously to other comparable additives which have
complexing properties and may be used instead of it, such as for example

Aiidptrpeatitaskapddheasaltsdhiaracfd B eunBlexing Rgaiia @ 8ed salts thereof,
preferably meant within the scope of the present 30 invention molecules

which are capable of entering into complex bonds. Preferably,
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 m! and another is between more than 0 and 5 mg/100mi.

In another embodiment the content of sodium edetate is from 10 up to 30 mg/ 100
ml, and is preferably not more than 25 mg/ 100 ml.

In a preferred embodiment this additive is omitted altogether.

The remarks made above for sodium edetate also apply analogously to other
comparable additives which have complexing properties and may be used instead of
it, such as for example nitrilotriacetic acid and the salts thereof.

By complexing agents are preferably meant within the scope of the present
invention molecules which are capable of entering into complex bonds. Preferably,
these compounds should have the effect of complexing cations, most preferably
metal cations.
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these compounds should have the effect of complexing cations, most
vorefesablyzsxetal cations. WO 2005/042528 42 PCT/EP2 0 0 4(@:%/287004/012270

In addition to ethanol, other co-solvents and/or other excipients may also

be added to the formulation according to the invention. Preferred

co-solvents are those which contain hydroxyl groups or other polar 5

groups, e.g. alcohols - particularly isopropyl alcohol, glycols - particularly

propyleneglycol, polyethyleneglycol, polypropyleneglycol, glycolether,
1gIxadiabnpel yexyatilyeheadooksiieandapdivaxyeiby enepiatysasihesterse added

Br&‘é'%ﬁﬁﬂ?&é%ya k %‘%‘S%Q?rﬁ%‘%fﬁ@hor suspension agent. The

terms excipients an ves in this context denote any
pharmacologically 10 acceptable and therapeutically beneficial substance
Retfictrdd notsaivantiversubstenebidiucwition dmd trecfbgrmuatednwithehpolar

£@6tiys, wgsmwsymtaaﬁ@w%Hﬁogga%maﬁ@log@e&s S%teﬁ'@ euiehyent
in or(iiert rove hi%ﬂua it tlvelpro ertles ?f t ac Y

D By TR Do by RS e RO NELOR S Ycﬁdrtgn lif‘E)gu:eug\t; Seh

p@lyw&émé%%ﬁlm’fw hé%%ﬁ?@ﬁéﬁiﬁ%&ﬁﬁ%&ﬁﬁé@ 1 avidedthy they
abd aesindalphssinacolagiosp effdon dHenexcipients and additives include,
for example, surfactants such as soya lecithin, oleic acid, sorbitan esters,

such as sorbitan tmla:ﬁ olyvinylpyrrolidone, other stabilisers,
TR ISTERMEFSHAFRLS AhiBSUENES AR 4R B?&EN&MWWB%F@H@‘{W@W“Y
ashetftlitd of tiketfinishedtiphidrihacelitiods forshatetomh fidn sunirgs, vt nsibstance

b%ﬁ%@ﬁ&i*t%ﬂ?@i%ﬁﬁﬂ%l@&'%i&%%ﬁ% Jhesadaitivesalsqdneldds the

harmac IIy a.(%c f)table satlts su Q a}:s sodium ¢ IorldeI The ries of
r%rfmr?%% ante AcIGd8 ARt SrSl(J)Cﬁné)Sr PSS Bﬁ%ac*&a% PIOpertes o

tbﬂaiﬁ?ip‘l’é Sbbétﬂéé@i %ﬁnulhagmoﬂ’an@awwaﬁs@daﬁ@amﬁﬁshm A,
phtamifcAlogiednttitc ingopheinie anshsimilathdtaninsdorhriayiamigppreciable or

a?‘i‘é%ﬁ'ﬂ@ & Pmaninody @3de iy pa#?H gwt LS [ Arokactitag

ormulation from contamination wi ogens preservatives
W"ﬁﬁﬁ‘ﬁ}% ﬁHBﬁWfﬁﬂ‘ﬁ\é"&h %(m% H m) oiem ac1d sorbitan esters,

such as sorbitan trioleate, polyvinylpyrrolidone, other stabilisers, compiexing 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 chlornde.

The preferred excipients include antioxidants such as ascorbic acid, for example,
provided that it has not already been used to adjust the pH, vitamin A, vitamin E,

tocopherols and similar vitamins or provitamins occurring in the human body.

Preservatives may be used to protect the formulation from contamination with
pathogens. Suitable preservatives are those which are known in the art, particularly
benzalkonium chloride or benzoic acid or benzoates such as sodium benzoate in the
concentration known from the prior art.

Preferred formulations contain, in addition to the solvent water and one of the new
tiotropium salts, only benzalkonium chloride and sodium edetate. In another
preferred embodiment, no sodium edetate is present.
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benzalkonium chloride or benzoic acid or benzoates such as sodium
wenxeasiesistae concentration known frgen the prior art. Preferie@r/spzo04/012270
formulations contain, in addition to the solvent water and one of the new

30 tiotropium salts, only benzalkonium chloride and sodium edetate. In

another preferred embodiment, no sodium edetate is present. WO

2005/042528 43 PCT/EP2004/012270 The solutions according to the

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

T ecagisnseavhidimentefifienabaladspHeiasss iAW RFEE208As the
1@&%@%‘%@%@@@9?&'%&%&13 8‘ea£“r8{)eosdt?r‘§1 [Qpellant-ree inhalable e d in wo
aerosols The xamples that ?O ow serve to Illustrate ﬁ1e present Invention

ThoreaBiliyABgd Wigrist SxEsis@without restricting it to their contents.

Formulation Example 39: 10 constituents amount tiotropium

e s 40c
EBRRAHRIE A0 A0t SFFUA MRS GRS T B AP HGP Bl by way
i ragnedeliwiheue ressrigingyitin Hiolifagpadnt 2.9 water ad 100 g WO
2005/042528 44 PCT/PP2004/0 1 227 0

Formulation Example 39:

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

1IN HCI (aq) ad pH 2.9

water ad 100 g

Formulation Example 40:

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

IN HCI (aq) ad pH 2.9

water ad 100 g




Formulation Example 41: constituents amount tiotropium saccharate 0.10

Wb beszalkeniurn chloride 10 mg sodium gdetate 25 mg IN HCh(aap e 2270
3 water ad 100 g Formulation Example 42: 5 constituents amount
tiotropium methanesulphonate 0.04 g benzalkoniurn chloride 10 mg
sodium edetate 10 mg 1N HCI (aqg) ad pH 2.9 water ad 100 g 45 Patent
Claims 1) Process for preparing new tiotropium salts of formula 1
H3C,H,CH3 X O O HOO SS1 5wherein X- denotes an anion,

rhetadstisefikhabeetiptropium salt of formula 2 H3C.H.CH3Y O

constituents amount
tiotropium saccharate 0.10 g
benzalkonium chloride 10 mg
sodium edetate 25 mg
IN HCI (ag) ad pH 3
water ad 100 g
Formulation Example 42:
constituents amount
tiotropium methanesulphonate 0.04¢g
benzalkonium chloride 10 mg
sodium edetate 10 mg
IN HCI (aq) ad pH 2.9
water ad 100 g




5

10

20

O O HO S S/2 wherein Y- denotes a gemion other than X- selected from
among the halides 10 is reacted in a suitable solvent with a salt AgX
wherein X may have the meanings given above. 2) Process according to
claim 1, characterised in that the solvent is selected from the group
consisting of amides, ethers and nitriles. 15 3) Process according to claim
1, characterised in that acetonitrile is used as solvent. 4) Process
according to one of claims 1 to 3 %Qgrr'lakcgggasl%jsin that the 20 compounds
of formula 2 used as starting proguct are those wherein Y- denotes a
halide different from X- selected from the group consisting of fluoride,
1¢hloridecbeestistepanptieic e 46ti S Bpocessagcef ditgnteiome of claims 1
to 4, for preparing compounds of formuta 1, wherein Y- denotes an anion
selected from the group consistin@oﬁiwﬁd‘és chigride, 5 bromide, iodide,
C,-C4-alkylsulphate, sulphate, hydrogefi sulphate, phosphate, hydrogen
phosphate, dihydrogen phosphate@ Jra aleate, acetate,
trifluoroacetate, citrate, fumarate, ta
and benzoate, or 10 Ci-C4-alkylsulp
mono-, di- or trisubstitnted by #t{gki
phenylsulphonate, while the

, Wwhich may optionally be
e alkyl group, or
ate may optionally be mono- or

1
wherein X- denotes an anion,
characterised in that a tiotropium salt of formula 2
+
H?’C“N'CH?’ v
O
O
HO O
= e
N\_8 S.7/
2
wherein
Y- denotes an anion other than X- selected from among the halides

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

given above,

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

33 Process according to claim 1, characterised in that acetonitrile is used as
solvent,
4) Process according to one of claims 1 to 3, characterised in that the

compounds of formula 2 used as starting product are those wherein
Y- denotes a halide different from X- selected from the group consisting of
fluoride, chloride, bromide and iodide.
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polysubstituted by Ci-C4-alkyl at the phenyl ring. 15 6) Use of the
compounds of formula 2 wherein Y- may have the meanings given in
claims 1 to 5, as starting compounds foré%reparing the compounds of
formula 7 Crystalline tiotropium benzoaté, optionally in the form of the
solvates or 20 hydrates thereof. 47 8 Crystalline tiotropium benzoate
according to claim 7, which is characterised in that in the X-ray powder
diagram it has the characteristic values d=10.38 A; 5.41 4;5.05 A and 4.9
A. 5 9 Crystalline tiotropium saccharate, optionally in the form of the
solvates or hydrates thereof. 10 Crystalline tiotropium saccharate
according to claim 9 which is 10 characterised in that in the X-ray powder
sliagrapydt-has:the chiametesistio alaemet 1H4420A 5GhAnd Farhamids of

fém%%iél%kﬂéﬁ&f a tiotropium salt according to one of claims 7to 10 for
reparing a p

armaceutical composition for the treatment 0|£ res|ori.r§%cv)|r&)&/1 cid
SeomplARRSIHARCHIRTY S5 T nE TR MeTPOPCORT (MR dhic BBtV 71
pulmonssitiseasgfand asthris20225::30, 88lphate, hydrogen sulphate,

phosphate, hydrogen phogphate, dihydrogen phosphate, nitrate, maleate,
acetate, mifluoroacerate, citrate, fumarate, tartrate, oxalate, succinate,

saccharate and benzoate, or

C,-Cs-alkylsulphonare, which may optionally be monoe-, di- or wisubstituted

by fluorine at the alky! group, or

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

5) . TUse of the compounds of formula 2 wherein Y- may have the meanings given

in claims 1 10 5, zs starting compounds for preparing the compounds of formmula 1.

7 Crystaliine riotropium benzoate, opuonally in the form of the solvates or
hydrates thereof.
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8 - Crystalline dotropium benzoate according 10 ¢laim - 7. which is characrerised
in thar in the ¥-ray powder diagram it has the characreristic values d=10.38 A; 5.41
A;5.05 Aand 4.9 Al

8  Crystalline dorropium saccharate, opuionally in the form of the solvares or

hydrates thereof,

10 Crystalline dotropium saccharate according to claim 9 which is
characterised in that in the X-ray powder diagram it has the characteristc values d=
14.42 A;5.61 A; 479 A and 3.59 A.

11 Use of a totropium salt according to one of claims 7to 10for DIEPATIng a
pharmaceutical composition for the treatment of respiratory complaints, particularly
for the treatment of COPD (chronic obstructive pulmonary disease) and asthma,



