METHOD FOR PRODUCI NG Tl OTROPI UM SALTS, Tl OTROPI UM
SALTS AND PHARVACEUTI CAL FORMULATI ONS, CONTAI NI NG THE
SAME The invention relates to a process for preparing
new tiotropiumsalts, these new tiotropiumsalts as
such, pharmaceutical fornulations containing them and
their use for preparing a nedicanent for the
treatment of respiratory conplaints, particularly for
the treatnment of COPD (chronic obstructive pul nobnary
di sease) and asthma. Background to the invention
trgﬁ%un1bron1de i s known from European Pat ent
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Tiotropiumbromde is -a highly effective
anticholinergic with a long-lasting effect, which may
be used to treat respiratory conplaints, particularly
COPD (chronic obstructive puInDnary disease) and
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' in EP 418 716 (cf. Diagram.1l). However, other salts

of tiotropium canpot be pr pdu ed_ using this nethod.

1 The ai'mof the33cketqund to te Bt o provi de an

Tlotmplennbtemﬂleﬂmkhoﬁncﬁomyﬁﬁh:q&laﬁ Ifam&nt ApelpationEP 418 716 Al
and hh?%&%’lﬂ%ﬁkﬁ&ﬂ?@gi &ngmgl es other tiotropiumsalts
to be syn Ise y _

H,C.* CH
N

3 .

Br

Tiotrepium bromide is a highly effective anticholinergic with a long-lasting effect,

a Which may be used to treat respiratory complaints; pa-rﬁculai‘ly COPD (chronic
o obstructive pulmonary disease) and asthma. By tiotx_‘opiuin is meant the free
‘ammonium cation,

Hitherto, there has been no explicit description in the pi:ior 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 descnbed in EP
418 716 (cf. Diagram 1). However, other salss of tiotropium cannot be produced
ssing this method. ' | .




a sinple, non-aggressive nethod which is universally
applicable. Detailed description of the invention The
probl em st at ed above is solved by the process
according to the invention as described hereinafter.
The invention relates to a process for preparing new
tiotropiumsalts of formula 1l H3ICNCH3 X OO HOO
S S wherein X- denotes an anion, characterised in
that a tiotropiumsalt of formula 2 H3CNCH3 Y- OO
HOO S S 2 wherein Y- denotes an anion different

i B i 0 DS SR SR Bl s o
pregarmg tigwrgpisum pﬂ@’ﬁh@h enaé}lasezthtedonrmmrmmltsablte synthesised by
a s’it‘i’{p}f&(; n%g‘ﬁhqé%eﬁﬂrc‘ 1Y ﬁ&h@'imﬁr\@ﬂ? ggﬁhé%)ov denotes a

avetemeanl e. In the
process accor di ngsias don phtheriagentiomounds Kat - X

Ty proddad séfted ABoves E%%df By tliellﬁ‘o@&s QRSorfing d'@RGn&fion as
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51 TR Theor et.i cal | y, all the salts Kat-X
wherein X may have the meani ngs given above, may be
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wherein X- denotes an anion,
characterised in that a totropium salt of formula 2
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whe‘i:ein

Y- denotes an anion dlﬁerent from X- selected from the group con31stmg of
halzde, C;-Cm-alkylsulphouate, Cl—Cm—alkylsulphatc, Cs-Cio-arylsulphonate,

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

cation and X miay have the meanings given above.

In the process according to the invention the compounds Kat-X are used as the
source for the anions X-. These are salts which contain a.cation '(Kat) in addition to
the dnion X~ Theoretically, all the salts Kat-X, wherein X may have the meanings
given above, may be used for the reaction according to the invention. However;
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2 salts Kat-X wherein Kat denotes a cation sel ected
fromthe series of the alkali or alkaline earth
netals are preferred. In addition, it is also
preferable according to the invention to use salts
wherei n Kat denotes ammoni um (NH4+) or al so

tetral kyl ammoni um (N(G - Cs-al kyl )4+, preferably

N(Ci -C4-al kyl )4+). Particularly preferred in the
process according to the invention arethose conpounds
Kat-X wherein Kat denotes cations which are forned by
[ithium_ sodium potaSS|un1 magnesi um _cal ci
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recognlsed by the skilled man by certain routine
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" as they assist particularly in the working up of the
. reaction. Preferred solvents are protic solvents such
Thapretess hotogdirfeoio the amyxngiomsis ipacforable taaied qut in a polar solvent. It
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: Katci'i’czﬂe ?ﬁrtﬁ&ﬁaﬁgf %g&leﬁed according to the invention, as they assist
particularly in the working up of the reaction. Preferred solvents are protic solvents
such as alcohols (for example methanol, ethanol, isopropancl) and water, preferably
-water of pH 2-6 as well as polar organic solvents selected from the group consisting
of alcohols such as for example ethyleneglycol and diethyleneglycol, amides such as
for example dlmethylformamlde and N-methyl~py1:rolld1none, ethers such as for
example tetrahydrofuran, dloxane, dlmethyiether and nitriles such as for example
acetonitrile, It is particularly preferable to use wa'_ce;:, methanol, ethanol,.
isopropaneol, ethyleneglycol; diethyle_negiyco.l, dimethylformamide, N-methyl-

pyrrolidinone, tetrahydrofuran, dioxane, dimethylether or acetonitrile as solvent,
while water, particularly aqueous solutions w1th a pH of about 2-6 are particularly
preferred according to the invention.



acetonitrile. It is particularly preferable to use
wat er, met hanol, ethanol,. isopropanol,
et hyl enegl ycol , di et hyl enegl ycol, dinethylformm de,
N- et hyl - pyrrolidi none, tetrahydrofuran, dioxane,
di met hyl et her or acetonitrile as solvent, while
wat er, particularly aqueous solutions with a pH of
about- 2-6 are particularly preferred according to the
invention. -3 In order to carry out the process
according to the invention, at |east stoichionetric
ampunts of the reagent Kat-X are required, based on
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filtered off and recrystallised if necessary.

© The reactions according to the imfenﬁon may also be carried out using ion
exchangers known in the art. These ion exchangers are material$ 'kno_ﬁvn' in-the art.
" For example materials selected from the group consisting of styrene, styrene-

- divinylbenzene (styrene-DVB) or polyacrylic may be used for this. Particularly
. preferably, resins are used which have cationic functional groups and may-therefore
be charged with the above-mentioned aI_IiO-BS X-. Exampies include styrene-DVB
with functional groups selected from ~NMes*, -NMez(CH>CH;0H)*+ or -NH3+.
These resins are known in the art and commerciaily obtainable. By the action of
solutions containing Kat-X, these ion exchange resins may be charged with the
corresponding ions X-. Solutions of the starting compounds of formula 2 in one of
the above-mentioned solvents may be brought into contact according to the
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filtered off and recrystallisedif necessary. The
reactions according to the invention may al so be
carried out using ion exchangers known in the art.
These ion exchangers are materials known in the art.
For exanple materials selected fromthe group
consi sting of styrene, styrene- divinyl benzene
(styrene-DVB) or polyacrylic may be used for this.
Particularly preferably, resins are used which have
cationic functional groups and may therefore be
charged with the, above-nentioned anions X-. Exanples
invem¢londeith she foanexcByBge misits dharngad with X-giThe pelwinsatbesined
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ions X- ions of the starting conpounds of
formula 2 in one of  the above-nentioned sol vents nmay
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These may be obtai ned fromthem'in highly pure form
In a preferred process according to the invention, the
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brom de, iodide, d -C4-alkyl sul phate, or
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Y‘f Or P Ge€ aWGiSH Bher than X- sefected from the group consisting of
ﬂuoi'.i_de, chloride, bromide, iodide, methylsulphate, ethylsulphate,
methanesul’phonate, ethanesulphonate, fluoromethanesulphonate,
diftuoromethanesulphonate, trifluoromethanesulphonate, phenylsulphonate
and toluenesulpli_onate. |

- Preferred is the preceding process wherein the starting products used are
‘compounds of formula 2 wherein |
Y- denates an anion other than X~ selected from the group consisting of
chloride, bromide, iodide, methylsulphate; ethylsulphate,
- methanesulphonate, trifluoromethanesulphonate and toluenesulphonate.

Parnculariy preferred is the preceding process wherem the starting products used

are compounds of formula 2 wherein

Y- denotes-an anion other than X- selected from the group consisting of
bromide, methylsulphate, inethancsulpho;late, triﬂuoromethanesui_phdnate



Y- denotes an anion other than X- selected fromthe
group consisting of fluoride, chloride, bromde,

i odi de, met hyl sul phat e, ethyl sul phat e,

met hanesul phonat e, et hanesul phonat e,

fl uor omet hanesul phonate, difl uoronet hanesul phonat e,
trifluoronethanesul phonate, phenyl sul phonate and

t ol uenesul phonate. :Preferred is the precedi ng process
wherein the starting products used are conpounds of
formula 2 wherein Y- denotes an anion other than X-
sel ected fromthe group consisting of chloride,

br oand eolutmaiutichormmee, myrk fewh iy dremids, mpéthylsplpitage or

net% S%ﬁgﬁggg%g trifluoromet hanesul phonate and

~tol ue onate. Particularly preferred is the
precedlng process wherein the starting products used
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_ an X- delected fromthe group consisting of
whg, F%Fh de, . met hyl sul phate, methanesul phonat e, _
X-tri fbndres o GARIESIEQOS Mg thc @ommﬁkiugméﬂuqmm ghloride,

b
et REHBES ARG G RPN ShfPufle, hyfrosen sulphate,
B 0Pbe@m@ﬂbwmhamlmdromrephmwammnmte, maleate,
- Iheq el e XtrififIBhESaf) RRENRAELER, Bkt O e iR ate and
conS| s hg 0 1

uori d oride,  bromde, iodid
Cl- @fn@a@l%ul phat e, suI phat e, hydrogen sul phat e,
phosphat e, hydrogen phosphate, di hydrogen phosphate,

n|t t t.a trlflu acetate r
b g s B dpoy bt iARERIALS 9 o) hllpbstiuted

or ﬁﬁ"(thtoainlcylltshldt plyhgtosip, whi ch nmay optionally be

nono-, di or trisubstituted by fluorine at the alkyl

grou phenyl sul phonat e, while the phenyl sul E)hgnat e

may P ngl@tﬁﬂbpgaqgewwﬁdhe Qhenylsulphonate may opuona y be mono- or.

polysubstituted by Ci-Cq-alkyl at the phenyl ring,

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

obrained wherein _ '

X- . denotes an anion selected from the group consisting of fluoride, chloride,
iodide, methylsulphate, ethylsulphate, sulphate, hydrogen sulphate,
phosphate, hydrogen phosphaté, dihydrogen phosphate, nitrate, maleate,
acetate, triﬂuorea_cetate,- citrate, fumarate, tartrate, oxalate, succinate,
benzoate, methanésulphonata,' ethanesulphonate, ﬂuoromf:thanesu!phon_ate,
difluoromethanesulphonate, trifluioromethanesulphonate, phenylsulphonate
and toluenesulphonate.

Preferably, according to the invention, using the -above-inentioned ‘process, salts 1
are also obtained wherein
X~  is selected from fluoride, chlonde, iodide, nitrate, maleate, acetate,

trifluoroacetate, benzoate, methanesulphonate, trlﬂuoromethanesulphonate
and toluenesulphonate; while preferably salts 1 wherein X- is selected from
chloride, iodide, acetate, trifluoroacetate and benzoate, preferably chioride
and iodide are obtained by the process according to the invention.




pol ysubstituted by Cr-C4-al kyl at the phenyl ring.
Particularly preferably, using the above-nenti oned
process, salts 1 are also obtained wherein X denotes
an anion selected fromthe group consisting of
fluoride, chloride, iodide, nethylsul phate,

et hyl sul phate, sul phate, hydrogen sul phate,

phosphat e, hydrogen phosphate, di hydrogen phosphate,
nitrate, nmal eate, acetate, trifluoroacetate, citrate,
fumarate,.tartrate, oxal ate, succinate, benzoate,

met hanesul phonat e, et hanesul phonat e, _
Thie|presemientemtionudlph oelates to thi fiscol haepimoesls i doranea 2
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etcunl ess otherw se stated, refers to branched and
unbranched al kyl groups with 1 to 10 carbon atons,
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propyl or butyl. Unless otherw se stated, the

definitions propyl and butyl include all the possible
Halogemewithing e psope of the preseipsinventpierspressntstiluering, ghlorne,
braxaEdEodieopy! |

The term C¢-Cio-aryl denotes an aromatic ring systemn with 6 to 10 carbon atoms.
Preferred aryl groups are phenyl or naphthyl. These may:optionally be substitutcd,
- for example by one or more groups selected from the group comprising methyl,
fluorine, chlorine, brorﬁine,hydroxy, CF3 or methoxy.

: ‘The starting compounds of formula: 2 are preparéd.for example analogously to the
method disclosed in EP-A-4187 16. This is outlined in the following Diagram 1.
o
H.C. ..CH
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i ncl udes n-propyl and iso-propyl, butyl includes
i so-butyl, sec.butyl and tert.-butyl, etc. Unless
ot herwi se stated al kyl groups may al so optionally
substituted if they are part of other groups (e.g.
al kyl sul phonate), for exanple by one or nore groups
selected fromthe group consisting of fluorine,
chl orine, bromne, CF 3, hydroxy or nethoxy. Hal ogen
wi thin the scope of the present invention represents
fluorine, chlorine, bromne or iodine. The term
C6-C o-aryl denotes an aromatic ring systemwith 6 to
10 carbon agons. Preferred aryl groups are phenyl or
napht hyl . These may optionally be substituted, for
exanpl e by one or nore groups selected fromthe group
IDMSUW@HFS|ng met hyl, fluorine, chlorine, brom ne,
hydr oxy, CF3 or nEthoxy The starting conpounds of
formula 2 are prepared for exanple anal ogously to the
StartiweHsemgcepmsdithicnylghmolic agiglzasgers Brihe startipgraompannds 2 may
be dﬂianéaluy%madlvaﬁrtﬁ%éagenmwc NCH Y OM-YO
-7 32 Diagram1l: Starting from
: scoplnedlthlenylglycollc acid esters 3 the starting
Thecpomoam dias Rithensto dndy déstcaibad dhdyynthesis bb nowopiur beomide
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ar e be used like trotr
gf%fgﬂg'aﬁﬁﬁ% D R R AR P
co_mm\aadt 06 forboula @r espaich nwhefeén Y- may have all the meanings given
above, with thél'exception of bromide, optionally in the form of the solvates or

i hydrates thereof.

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

- scopme d1-(2~thlenyi)glycolate«methomethanesulphonate (tlotropxum
mcthanesulphonate),

~ scopine d1-(_2~thleny1)glycoIate—mé_thdmemylsulphate (tdotropium
methylsulphate).

Where these ﬁe’w;comppun'ds mayl be used as starting compounds in the prqccé‘s

- according to the irivcntion, the presetit invention relates particularly preferably to
the two above-mentioned compounds as such, opuonally 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 thc embodlmcnts described by way of
example.

A. L. Starting materials



conpounds of formula 1 the present invention also
relates to the starting conpounds of fornula 2 as
such,. wherein Y- may have all the neani ngs given
above, with the exception of brom de, optionally in
the formof the solvates or hydrates thereof. For
exanpl e using this nethod the followi ng starting
conmpounds of fornmula 2 which have not yet been
described in the art and which are al so preferred

according to the invention are obtained: - scopine
-(2-thienyl)glycol at e- net honmet hanesul phonat e
(tiotropi um nethanesul phonate); - scopi ne

fh- 8 hﬁﬂ%lr%rgl col at e- net honet hyl sul phat e
(e yI sul phate). Wiere these new

TiqssrnisunbEomidy may be ebitazre dsfoarexample usipg trupracadateedescribed in

EuRiRGA I teMCASHIialon EP &g 718vention, the present
invention relates particularly preferably to the two

above- nmentioned conpounds as such, optionally in the
A. 1.or Miekopinen sekivaiceslphonatdydr ates thereof. The

= E Wi h
75 S IO FATRLEID R G TP RS e
| heagigrgeatlynhéior oradditiomef 82hobbimethyi ﬂmshmdsalplimyxamgbe
- miffire E’%ﬁmdeat 5’5"0‘ Aftel Aid tAIrHBRHEE eﬁh%d aBodt %50 11'% solvent,
prum brom de: Tlotr0|um
, d*S‘F'IJfrC{ e&é’fﬁsieé refycsd prersugs: Tdiecmrodugb TS PHE 2B m@é@ﬁd off.
It iPphafied B@ﬁ&@ﬁhltl@ﬁmﬁ’?&éﬁﬁm%ﬁﬁano‘ﬂacémﬁe Ti ot ropi um
honat e .
viel 537 B S5 Gls 73 2o Beibad Bpipe 229,23 476 gy

decamcrsmqn)u e while heating gently. After the addition
of 22 m of nethyl nethanesul phonate the mxture is
’ ‘stl rrred at SSCthAfter_ the reacti on has ended about 350

Analogously to the method described in para. 1.2, 75.5 g scopine dz—(z-
thienyDglycolate are reacted with 20.9 mi dimethylsulphatc in 750 ml acetonitrile.
The erude product which crystallises out is separated off and recrystalhsed from
methanol for punﬁcauon

Yield: 83.89 g white crystals (77.5 %)3 melting point: 183-184°C (with
decomposition). |

A, II. Examples of synthesis according to the invention

- Exdmple 1 Ti‘ot_‘ro]:_é ium chloride
- .1'.00g tioropium bromide is suspended in 100 ml saturated NaCl solution'(SSI.Sg
NaCl/100g E-water) and stirred for. 14 h at ambient temperature. It is then filtered
" and the product thus obtained is suspended again for 4 h in 100 ml saturated NaCl-

- solution (35.8g/100g). The product is isolated by filtration, dried and then taken up 7
in 15 mi of methanol at boiling temperature. It is filtered hot to remove insoluble
matter and the filtrate is cooled to amblent temperature, whereupon the. product
crystallises out.

Yield: 486.2 mg (53.7%); colourless crystal powder; melung point; 234°C

| (dccomposmon),
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distilled off under reduced pressure. The product
crystallises out and is filtered off. It is.purified
by recrystallisation from nethanol /acetone. Yield:
83.35 gwhite crystals (74.3 % ; nelting point:
229-231C (wth deconposition). A 1.3. Tiotropium
nmet hyl sul phat e: Anal ogously to the nethod described in
para. 1.2, 75.5 g scopine di-(2- thienyl)glycolate are
reacted with 20.9 m dinethyl sul phate in 750 m
acetonitrile. The crude product which crystallises
out is arated off and recrystall-ised from nethano
Anips deticrsd BRETIHC: SHIeRAE 768010 calaiB 28708 f brosnidy 748 no
1011%?[@5@&&&@3_ poi nt: 183-184C (with deconposition).
..11. Exanples of synthesis according to the
invention Exanple 1: Tiotropiumchloride 1.00g
Exdm pkﬁbﬂhuanbhnﬂmﬁhdes suspended in 100 nl saturated

50086 G5RpBIIL Drimfidike SRR 59 PRSI ER GGt fodice

solutivh (Gfeg NfdddcﬁOgtwmr)omdastmdd ifer 2 daysertdenbiagtiempaatge. It is

 theh ﬁ'lt@ré@ pébreBice LS (%t%lﬁﬁld' is %l‘i? eﬂtd[ﬂnthéﬁga lﬁ? E:géss odl$E

i sol ated by fil tion
mefgéﬁeﬂamplﬁ% temperatye. Hof ﬁl&tﬁﬁﬁ het t9gremoNg u@ solplle aapier and

the lfilra® i§ codled @d ahitHiediQeifiEdy@ré,\oidrelpén tHiplotcebE stalldes
o tf||trate is cooled to anbi ent tenperature, whereupon

the product «crystallises out. Yield: 486.2 ny
Yield5 24P (%%),@:oldwhms ctyyeﬂ plovwplewdeeltnggldintn20376l; nt :

4 t
Amgﬁ gﬁeg 99% @B de, Z(gg%i %ﬁ (&E‘rtg’%gghggﬁ no C?"‘ no
longeshsed CIE@C et ect ed Exanple 2: Tiotropiumiodide 5
" 5.008 of tiotropium bronide are suspended in 50 m

The grt:olilfuc}sefl obi?anlggcp .‘ilrlérgbltalneg analogously startmg from tiotropium
methylsulphate or uotroplum methanesulphonate

A. I, Characterisation of the examples of synthesis according to the
invention '

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

The X-ray powder diagtams were r_eco.rdcd within the scope of the present

invention using a Bruker D8 Advanced with an QED (= location-sensitive

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

‘Example 1; Tiotropium chloride

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

'_powder diffraction.

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

-10 -




solution (85 g NH4l

at anbi ent tenperature.

150g water) and stirred for 2 days

1t is

then filtered,

t he

product thus obtained is dried and then taken up in 85

m of

met hanol

- ~hot-‘to renpve insoluble matter and

cool ed to anbient tenperature,

crystallises JO out.

crystal powder;
HPLC. i odi de 24.28%
| onger

(calc: 24.43%;

at boiling tenperature.

It is filter
the filtrate is

wher eupon t he product
Yield: 4.41g (80% ;
mel ting point 205C;, Ani ons detected by

col ourl ess

the brom de can

be detected. 15 The products 1 obtained are

obt ai ned anal ogousl y starting fromtiot ropi um

Afie Bt L ARSI BARRS S |

aff 1

e NN e e fhrat

ed

no

according to the | nventi on 20 The conpounds obt ai ned
Tabgé/ Ihe above process were. characterised in nore
ll } uSt ) /\-lay puvvucl diff-racton;—The IUIJ’(.iWI ng
procpdur e 2@sl?hsed tlo recdm | Me x- |- r dptensigel
di agl-ans. l-ist-ed hnl W25 _The X-t ay nQ\'A'der di agrans
werej recor 83w thing t he stdpé of t He pr esefdt
i nvehtion usi ng-a Briuker D8 Advanced with.an CED (—
| ocal i on-sehs$i7ti ve |[detect@d5(CulCqd - radidtion, 7, =
1.5418 A, 30 kV, 40 imA). _Example 1. ITiotropium
chl ofi de 3Q3The tiot|ropi um &hl ori de obt ai ne@ by the
above _nethod is hi q%v crystalline dnd is obtainedl]in
~anhygdrous fsgmm It s subjgated to {further g ‘
exam nation by X-rayli powder diffradtion. The X-ray
“powder di agjam obt aijned folg fdie” anhyldrous tgotropi um
_chlojide is 35 shown in Figure 1. -[10 Table 1 bel ow
listp the @@@@acterl stic peaks and St andar digsed
intepsities. . -
15.87 5.58 100
16.72 5.3 12
17.24 5.14 44
17.68 5.01 45
18.22 4.86 4
19.38 4,58 4
19.95 4.45 86
20.85 4.26 20
2145 4,14 4
22.59 .3.93 53
23.47 3.79 16
24.09 3.69 18
24.48 3.63 5
24.84 3.58 10

-11 -



Table 1: 20 [] dnw [A] intensity [9%9 8.83 10.01 6
11.87 7.45 31 13.2 6.7 8 13.82 6.4 8 14.39 6.15 83
15.29 5.79 9 15.87 5.58 100 16.72 5.3 12 17.24 5.14
44 17.68 5.01 45 18.22 4.86 4 19.38 4.58 4 19.95
4.45 86 20.85 4.26 20 21.45 4.14 4 22.59 .3.93 53
23.47 3.79 16 24.09 3.69 18 24.48 3.63 5 24.84 3.58
10 11 25.56 3.48 9 26.12 3.41 25 26.53 3.36 4 27.41
3.25 44

25.56 3.48 ' 9
2612 | 3.41 25
26.53 | 3.36 4
27.41 |~ 325 44
27.83 ‘ 3.2 4
28.76 | 31 7
2059 | 302 T
20.86 299 : 10
304 | .2-.93' 4

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

The tiotropium chloride obtained by the method of synthesis according to the
invention is highly crystalline and is therefore particularly well suited to the
_preparation of, for example,. ﬁhﬁrmaccuﬁcal‘ formulations for administration by

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

- Accordingly, the present invention also relates tb tiotropium chloride as such,
particularly crystaliine tiotropium chloride, optionally in the form of the hydrates or
* "solvates thereof, Particularly . prefcrred is a crystalline tiotropium chloride which is
characterised in thatin the X—ray powder diagram it has, inter alia, the charactenstlc
values d= 6.15 A;5.58 A; 4.45 A and 3.93 A.

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

Example 2;: Tiotropium jodide

-12-



27.83 3.2 4 28.76 3.1 7 29.59 3.02 7 29.86 2.99 10
30.49 2.93 4 In the above, Table the value "2 0
represents the diffraction angle in degrees and the
value " dha [A]" represents the specified lattice
plane intervals in A.  The tiotropiumchloride
obt ai ned by the nethod of synthesis according to the
invention is highly crystalline and is therefore
particularly well suited to the preparation of, for
exanpl e, pharmaceutical fornulations for

adm nistration by inhalation such as inhalable
The?@(yﬁﬁlﬁlﬁnﬁfodi@df obadngl by ﬂrmﬂﬁﬁc&n&ﬂmﬁﬁ &ighlp grseaibeoand is

kL ati o ccor SO
obuiftd e S B05 s fEET PR fspAdnBBRER & XAy R ]
dﬁﬁmnyenalllne tlotroplun1chlor|de, optionally in the
formof the hydrates or solvates thereof,

Particularly preferred is a crystalline tlotropl W
Thecxrr@mp@év%.déwa@ obugined fok the dghydroph HPtORIYH émiﬁ f &y shown
inFeawdey, diagramit has, inter alia, the characteristic

values d= 6.15 A, 5.58 A; 4.45 A and 3.93 A The

tiotropium chloride which nmaybe obtained by the above
Tabiet betbw distsithe charactristd pgakegod ytandaodisdibintensities.
correspondi ng hydrate by the controlled action of

noi sture (i.e. water vapour or the like). Accordingly,

the present invention also relates to the |

. above-nentioned tiotropiumchloride in the formof its
hydrate. Exanple 2: Tiotropiumiodide -12 The
tiotropi umiodi de obtained by the above nmethod is

“highly crystalline and is obtained in anhydrous form

It was further investigated by X-ray powder

diffraction. 5 The X-ray powder di agram obtained for .

t he anhydrous tiotropiumiodide is shown



in Figure 2. Table 2 below lists the characteristic
peaks' and standardi sed intensities. -13 Table 2: 2 0
[l dht [A] intensity [9%4 11.00 8.04 5 12.32 7.18 23
13.15 6.73 15 14.04 6.30 31 15.03 5.89 13. 15.68
5.65 13 16.36 5.41 11 17.07 5.19 30 17.29 5.12 15
17.88 4.96 26 18.18 4.88 8 18.44 4.81 25 19.84 4.47
100 20.09 4.42 26 21.61 4.11 44 22.42 3.96 11

22.69 3.92 .11 22.82 3.89 7 23.38 3.8 28 25.04
3.55 38 25.36 3.51 9 26.35 3.38 11

Table 2: .
26 [°] duwa [A] intensity [%]
11.00 8.04 5
12.32 7.18 2
13.15 | 6.73 15
14.04 630 31
1503 | 589 | 13
15.68 | 565 | 13
16.36 5.41 | Rt
17.07 | 519 | 30
17.29 | 5.12 _. i
17.88 | 496 | " 26
18.18 u 488 -8
18.44 | 4.81 .' 25
19.84 2ar | 100
20.09 - 2z | 2
el | 4.1i | 44A
2242 | 396 | BT
.22.69 - 392 | .1'i_
2282 | 380 | 7
2338 38 | 28
25.04 : 355 " 38
2536 551 |9
26.35 T 338 | 11

- 14 -



-14 26.50 3.36 13 26.69 3.34 27 26.99 3.30 8 27.31
3.26 4 27.78 3.21°15 28.13 3.17 19 28.33 3.15 14
28.68 3.11 7 28.98 3.08 6 29.20 3.06 7 29.47 3.03
16 29.97 2.98 5 30.31 2.95 6 31.54 2.83 18 32.11
2.78 20 In the above Table the value "2 O[]"
represents the diffraction angle in degrees and the
value " dnia [A]" represents the specified lattice
plane intervals in A The tiotropiumiodi de obtai ned
by the nethod of synthe3|s according to the invention

i's hig ndlcfhﬂmfneparticula..y
wel | - for exaddl e,
phar fma or mil i
i nhaljati on Zﬁu@h as i f haI abliﬁ’j‘powders or for 2§xan'pl e
prope¢llant cont ng aerosol formij ations
Accondi ngl ve. gghe present inygotion ajso relades to
tiotjopiumiodide asjsuch, particulbhrly crystallinel.
ti ot fopi umgyoslj de, opti onal$ypgi n the| form of4the
hydrdtes or solvate$ thereof. Partifpularly preferred
i's the anhygtpais crystal lingoi otrop{umiodijge -15.

28.13 B 3.17 19

28.33 ] 3.15 14

28.68 3.11 | 7

28.98 3.08 6

29.20 - 3.06 7

$29.47 ' 3.03 ' 16

20.97 2.98 | -5

30.31 1 2.95 6

31.54 283 18

32.11 | 278 20

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

The u'otropiuin iodide obtained by the method of synthesis according to the

.invention is highly crystalline and is therefore particularly well suited to the
preparatlon ‘of, for example, pharmaceutical formulations for adimmstratlon by

.inhalation such as inhalable powders or for example propellant-contalmng aerosol

formulations.

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

-15 -




according to the invention which is characterised in
that in the X-ray powder diagramit has, inter alia,
the characteristic values d= 6.30 A; 5.19 A, 4.47 A
4.11 A and 3.55 A B. Pharmaceutical fornulations The
present invention also relates to new pharnmaceutica
formul ati ons which contain the above-nentioned new
tiotropiumsalts tiotropiumchloride or tiotropium

i odi de. Tiotropiumchloride and tiotropiumiodide are
preferably adm nistered by inhalation. This may be
done usi ng inhal abl e. powdered fornul ati ons,

acctidaRetd afetmev@mcm whitth Beha&etersed i kiitiif Mse Br-ray powder

diadBRHE badyroics e e PAviR gk it o bk 140 ERLd 411 A

‘_andphﬁﬂe‘{ contalnlng 0.001 to 3 % tiotropiumin the form

of the tiotropiumchloride or tiotropiumiodide
accord| ng to the invention conmbined with a
B. Bhaons Il frmuolations)| e exci pi ent. By tiotropium

Thé ré@@&ﬂlhv&ﬁl?o@ﬂﬁ@ RL14 B A R pharidb @8 f&%‘i\ﬂ&ﬁéﬁn%hﬁh

cqnt nb ({tlotrommare referre or di ng
confzn tﬁ‘ﬁé ?‘FFVEW‘F’BHC PYY DEUPRIYTY SpiHatprgm F‘ 61C&
tiotiupiaey isdiden Haoﬂopim chlirideand watropithiivdide e pabferdbly

- aacfplfebud bR TR el oBohS i i Pl SALL

formaulatiods,rrropellantecantyiaing aavpsdl forahintions er ptqm:aaabftee

inh QbfugMisch contain about 0.08 to 0.22 % tiotropium
! @gwarmuntss of tiotropiumspecified above are based

on the amount of tiotropium cation contained. The

B. 1i mﬁahmm@pws according to the invention contain
| otro

o forn hI o
T porHRR T S ~Halea 8 R PERAST SUBRITBR Ot %

uotmmum igrthe fotmatof dn@uqs?e;ilufrm phtolmle purtposagEunfiodide according to

the ﬁﬁ%ﬁgﬁﬁ%&ﬁéﬁgﬁ KitoR ;?’[ebﬁ:%ﬁ:ﬁﬂ&@t. By tiotropium

rin scre |ng S|n nt methods known
is mqantﬂté%mmom@m@%’@m ents used accordl ng to the

 InhhlEBRPdwderSRhieh 8ontm 01011 MrE% Gb@¥sih 8R Srefdithaccording to
the invention. Particularly preferred inhalable powders contain tiotropium in an

amount from about 0.03 to 1 %, preferably 0.05 to 0.6 %, partié,u!a_rly preferably

© 0.06 to 0.3 %. Of particular importance according to the invention, finally, are
* inhalable powders which contain about 0.08 to 0.22 % tiotropium.
‘The amounts of tietropium specified above are based on the amount of tiotropium
* cation contained. The inhalable powders according to the invention contain
- tiotropiuwm in the form of the tiowopium chloride or _tigtropi—ﬁm iodide according to~

the invention.

- The excipients that are uséd for the purposes of the présent invention are prepared

by suitable grinding andlor screening using current methods known in the art. The

' 'excmlents used according to the invention may aiso be mixtures of- excipients Wthh
are obtained by mixing excipient fractions-of different mean pamcle sizes.

o 'Exaniﬁles of -ﬁhjrsi.’()log'icaliy acceptable excipients which may be used to prepare the
- inhalable powders used to produce the inhalable powders for use in the inhalettes
according to the invention include monosaccharides (e.g. glucose, fructose or

-16-



are obtained by m xing excipient fractions of
different nean particle sizes. Exanples of
physi ol ogi cal | y acceptabl e exci pi ents which nay be
used to prepare the inhalable powders used to produce
t he i nhal abl e powders for use in the inhalettes
according to the invention include nonosacchari des
(e.g. glucose, fructose or -16 arabinose),
di saccharides (e.g. |actose, saccharose, maltose,
trehal ose), oligo- and polysaccharides (e.qg.
dextrans, dextrins, maltodextrin, starch, cellul ose),
aratpobsed) dmmﬂhan@es & gslectlmst,cﬂapchmpm,maltosnyuchaibse), oth-— and

polfBUEUAIRILL (& poabintl, B YRLOHBKEL AR RS cEAEA),

pol sr%%@ka/ (o pproid, w@n whtcri) cyclodiendingc (@18 qeyglodextrin, B-

cycl@ﬂgktﬁinn e- e, rrh l—Bl’—cﬁﬂide%uﬁﬁ 19 dr&2 l-B—c clodextrin),
.chl or cal, Cju m Xt ug.es t

aonif oS 618 SCEiB BGFouSHAENG: 1BLE R sodisaych T —
carlidiate)s or ﬁilxhﬁe:t teecall Pgéfblmbdse mSn@n&fdiMoeHamdes are used, while

the ?%ge I)f l%#og ghﬁ:%&e o];étﬁ?@ffédj ?a\f&l}ia?l%[lﬁ&l}l%t e PE?VQIE( in the

e’ pur
form of ﬂwe V@rame Foaithe putposesy of fedheentian, éac@oqm i the particularly
prcfé‘ﬁ’eli%xk:ﬁﬁéf&s %hﬂ@ YA AbRohgdriRSts R8¢ HactbaY preferred.

‘preferred. hin the scope of the inhal abl e powders
according to the i nvention the excipients have a

'WitHﬁi(Wbp& er ﬂgﬁmﬁﬁlabla:ﬂ:@w&ér&%ceérdi@g tmttiéﬁﬁmnﬁon the excipients

' gétel{k%éﬁﬁl% a?rgr%l\évg §8’5¢}1ﬁ e ?i?e %qumnzgﬁo rétgafra%r aglt%veen 10 and
150app magrtipatisratily batrkeni Heand S0upi. elttmiy sonéomes sdemh appropriate
to addSiRY ex ‘iédt@a%ﬂ%h? ﬁm@ifa,lila\;é}aé@?%ﬂd&léﬁfe otef(fd PluBNtoSthe

nent r.oned, abgve. hese finer e lents, are al so

exciignss F@&mpeﬁ]abﬁ%e gL 8gsF figer MFW@%%P selented fromthy group
- of pb@?ﬁlcl’ﬂiefpgﬁﬁs lidhed tﬁtﬁhbﬁ&r@amhc@vetnﬁgcz;ﬁrﬁﬁy she may be
det.er ne us| e
- det R ORE HEHIHs BEOVRR dif R e ot BRarREle Ve gpf s,
- paragrdyns Agingr @b&*‘laatlhenmtlat abpeppmﬂermhaiabkdquiﬂwccordmg 10
~ the imnhexeﬁﬁé&& eg@nﬁy &ﬁxdcﬁlbﬁgé Qp hlwog | R %5bd8e Svhich

|oroE|um|o prefe aracterise y
prefsrbly shargsterised by ameaverags nﬂmele@lqe@ o 3 Qwm, parugulydy
pref@faqﬁjaﬁ@ﬁlx Y crapin,lis had&d o m@eyﬁqﬁeﬂt fidx e mmr@ga pamcie

 sizeoit B¢ Fetor et HunR e B0 Kfym o be PR cE FofiSt-ahEly

© . 02/3P3830 passgrpph BYr Hrbcdpes: ﬁmmaﬁmmgﬂonmhglgcmubstances '

are {918&,8%&{1%6 Bk \éﬁ subst ances

If no specifically prepared -exc1p1ent :m-xtiure is used. as-the excipien't,,it is ‘particularly

“preferable to use excipients Which,‘havc a mean particle size of 10 - 50 pm and a 10
% fine content.

' -By average particle size is meant here the 50 %. value of the volutae dlstnbution
measured with a laser diffractometer using the dry dispersion method: The average.

_ pat.ucle size may be determmed using methods known in the art (cf. for example
WO 02/30389, paragraphs A and C). Analogously, the 10% fine content in this
instance refers to the 10% value of the volume distribution measured using a laser
diffractometer. In other words, for the purposes of thq present invention, the 10%-
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are known fromthe prior art. If no specifically

prepared excipient mxture is used as the excipient,

it is particularly preferable to use excipients which

have a nean particle size of 10 50 mand a 10 %fine

content. By average particle size is neant here the 50

% val ue of the volune distribution neasured with a

| aser diffractonmeter using the drydi spersion nethod.

The average particle size nmay be determ ned using

met hods known in the art (cf. for exanple WO

02/ 30389, paragraphs A and Q Anal ogously, the 10%
fine tpnent danetss thapaitick sizabelovc whidhf K9% of she Ruando,afaagacles is
fourR (Ha861 ¥R!cHIToRlnd dishibhggyreasur ed using a | aser

fractoneter I'n.other wirds, for the purposes of
the present invention, the 10%-17 fine content

TheRBCIRSzds fgwawrithﬁi @eSicope RE R Dyt aintOU & atehways percent
b % r%t t%/f aH hc es(i f ound (based on the vol une
Y Wit it fﬁﬁ# HIZ St I R EWTATen wi t hin the scope

of the present invention are always percent

In péi\ﬁicﬁihtrhr M%Fe‘%?e?j &fﬁg&'blé Bﬁwﬁléfsst%ﬁ@t&g%) V\cglt G Shﬁg&&:méd/ by a bnean

rti rred excl

_partiCLe %#’a?fab%é‘?ﬁ SELIRATHC e gk Prp@mblﬁlf@%#@éo@ﬂ) HR.to 35
Alsorparﬁamhﬂ? tplraekﬁéd Rire esRnkalabf &3&5:@ wHerd th&180% fine
. %ul aﬁ] X preferredbire tholss hal abI e powders
cont@ilisabuf 1 46 #5i9y PrefErbl, Aot Lpdo | to 4 pm.
preferably about 1.5 to 3 pm The |nhal abl e powders.

The Qﬁﬁcég%lg RZ%VJ({%].‘; Fcﬁcotrﬁ?ﬁ%ﬁ)o e@ﬁ@%ﬁo&iﬁ@%ﬁ?#&ﬁ%cdﬁ{h accordance
withiihe paoblpin en whigh thegiowenden fiobasgénby ayhigh deguge of éﬁg@generw

in th@fseh&eoﬁﬁ‘é %@ﬁﬁéc?fofﬁdé@é 80§3S eBhis T ¥nSthi Sedibndi& 8 €4 3 on
f 8 reea‘?ﬁg Q% nmost preferably < 4 %
pre %F‘E”é(r ph@’ﬂ‘ ?ttﬂrﬁfj’ &f faf’s have been wei ghed out the

i nhal abl e powders are prepar ed from t he exci pi ent and

Afte} 1. SENIURIAGE Wl JeIREROIP kAN b6 e ke

Prcpe@dsbwahﬁf%mmmdethemve |snh@naab¢ wsipgwektheds known in the
art. R@ﬁ%f@e"iﬁa){)ﬁe aldiR doPhe Uit QBsURYf W@OGQB@%U fBf example. The

ai ne

: ,mhaﬁl% e powdérs accordmg to the invention may accordmgly be obtained by the
method described below, for example. In the preparation methods described
hereinafter the compenents are used in the proportions by weight dcscnbed in the

above-mentioned compositions of the inhalable powders:

~ First, the exc:plcnt and the active substance are placed ina sultablc mixing
container, The acuve substance used has an average particle size of 0.5 to 10 pm, -
_'pteferably 1t0:6. pm,- most preferably 2to5 pm. The CKClpleIlt and the active
substancc are preferably add.ed using a sieve or a granuiat_mg sieve Wlth a mesh size
of 0.1 to -Z.nim,'pr'efe_rably 0.3 to 1'mm, mosi: preferabiy 0.3 t0 0.6 mm Preferably,
the excipient is put iﬂ. ﬁrét and then the active substance is added to the mixing
container, Dunng thlS mixing process the two components are preferably added in
batches. Tt is parucularly preferred to sieve in ﬂ:le two components in alternate

Jayers. The mixing of the excipient with the active substance may take place while
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met hod. descri bed bel ow, for exanple. In the
preparati on net hods descri bed hereinafter the
conmponents are used in the proportions by wei ght
described in the above-nentioned conpositions of the
i nhal abl e powders. .First, the excipientand the active
substance are placed in a suitable m xing container.
The active substance used has an average particle size
of 0.5to 10 m preferably I to 6.m nost preferably
2 to 5 pm The excipient and the active substance are

theoft] RPN ARG HES P b O AR Prclfeaf ShaRALR, s ig oty done
ongenthe terst copnpdemab hyvdb& sieedbinMayeryahgsabl y,  the

excipient is Qut in first and then the active
substance is added to the m xing container. During

D&} #vRge RS f er abl Vs.
Tk ot ivefaBh ARB SRyt o oR U8 A T tis P i Conding to
thegpyeniiqnyfor peepagingo rhamattentical cimposidor for thy erearmTheof

respPicXtoPd cOhpladi@is £ situbiHy M he %Quﬁ&k@f?:@l’?ﬁﬁﬁ%? aSfi¥na.
take pl ace while -18 the two conmponents are stil
bei ng added. Preferably, however, mxing is only done

Thomimlilile powaecoaponding 3o by mvfélﬂﬁﬁnihzlﬁ}/ R e'bcﬁnipil’d’@h BE adMinistered

15 . . .nyentign also relates to t use .

usityfifiater] WBiH BRANLs LR OR BB AreS Sl By i Paipctha Bifasuring

chapher (e gpactarding ohESETOGE0AA or dynphei tieans (wg. ddterding to DE

36 b5 e85 ! M e ' a0 a1 doYinb o

2 et oat ﬁgggﬁéfﬂ%o‘%%kg’n%f&ﬁﬁ%‘éﬂs%%‘%%5.56#&%%“%{)_403‘3 |

INVEIIRT?S PRCERT R Fapstlen 6o ok so-salladhipbalattes) afirl aprpused in

inhaldrs suichtaghdse dschibed b3V er$4/28054) HEELImplesi Ngl e dose

froma reservoir by neans of a neasuring chanber

_ (e.g. according to US 4570630A) or by other neans
Mogieprgferablyothii eapsules DBnt6ing3h6 dghalyble Poefder abtording to the

- invdRVEE aad-tnﬁﬁis't&l%alﬁH{g?aIPﬂﬁﬁ%rsasasﬁﬁ%qh'ﬁng&& 3 PP iPh%}er is
chal nventi Qg{.a{le packed 1nto capsules (to e so-calle
chapagherysed iy boygipgH congaigingtwa,windaws 2rasdecked imwhichothere are

- air iddaﬂ?mirksethd W{ﬁﬁﬁ iQ*i;'yi'&ﬁ?é@ wiﬂ-Df sE%ans |st%cunl¥_ﬁscﬁa a screen housing 4,
P ' capsul es containi.n e .inhal abl e

an RS ADR Aloybic? & CRBREICH ol e REF TP hab iR &t bution o

provided gridntwon Sz spened patsdivand mdviable @vhiterTi S spaif@Beand a

mc_“%?g[eeg& 1%, dvlﬁfgzﬂ dﬁ?ﬁgﬁn%&&gﬁf E{p g}eéh(?t?ﬁﬁﬁll, % s X\ﬁ&]g%\é@elzli 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, charécteriééd-in
that the inhaler described above and shown in Figure 3 is used. '

< For-administering.ﬂm inhalable powders according to the invention using powder-
filled capsules it is. particularly preferred- to use capsules the material of which is

- selected from among the synthetic plastics, most preferably selected from among
polyethylenc, polycarbonate, polyester, polypropylene and polyethylene
terephthalate. Particular‘ly-prefer_red synthetic plastic materials are polyethylene,
polycarbonate or polyethylene terephthalate. If polyethylene is used as one of the
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air inlet ports and which is provided wwth a screen 5
secured via a screen housing 4, an inhalation chanber
6 connected to the deck 3 on which there is a push
button 9 provided with two sharpened pins 7 and
novabl e counter to a spring 8, and a nouthpiece 12
which is connected to the housing 1, the deck 3 and a
cover 11 via a spindle 10 to enable it to be flipped
open or shut and airholes 13 for adjusting the flow
resi stance. The present invention further relates to
the use of the inhal able powders according to the

* capbil¥ 8R4 te ARls WRicR Iiseﬁﬁrdcﬁ&r@ ﬁ@ﬁ"rf%%kd&ﬁk t6 Q!?Pﬁﬁ»'ehﬁ@ﬂ it is

treati ng I‘eSﬁll‘atOI‘ conpl al nt's, partlc

Dtﬂ%ﬂgfr[blem@s@ Palyetpilenevitkeptsnsiy ob betyesamgOo an 1000¥<gfm3
preféhﬂﬂﬁ@%r-l S80kg/3, bhivat préterably ab&it $605 D70 el/ad liighadshsity

n Figure 3 is used. For admnistering. the

vpoh( %FQQI e powders according to the invention using

powder- filled capsules it is. particularly preferred

Thc% QYIHE&I& gﬂﬁﬂéfa?ccb%nﬁ’% hd ﬂ*veﬁ om&)hbé ?roc%@:lfeﬁclh%nous ways

rom ano esynt tic pre
usugeméev@dm&w%w i ﬂlﬂ %ﬁelnfs‘éﬂl%ﬂ dingeof the plastics

is p&(ﬂ:ﬂt@& hefordntl MPIRAKY &R A TH PRGN ﬁwmhﬂigemmout the use of
ht hal ate. Parti %ullgarl ref red &2 & i1
moylisefeate' Redhs is pattignae mesBbd of Pgdugtionis we

defiped patlhy chamacterised iyl pamt:fﬂapkyl mptcmdcﬂﬂe. s used

as one of the -19 capsule materials which is

particul ar preferred. according to the invention, it
In apgth qc;raépeffta%\ﬁ@r@asmmwep@pyé@hwetnéhwabﬁvqnmq@cwules
whibe thRain Wa@é@nﬁ@ﬁ%n’éa/lﬁﬁﬂabi@r éi‘?la?z‘ccﬁﬂ - 109B@ invention.

Thesf cBpiye i Fonriyn akal 135 Phane prefisably’ 331%13(3@'5195” mg, most

prefacabdy dbogt £ oo tllzemgmrf intalable paywdee lhref&reasﬁﬂmlﬂanvcam apaording

1o ti%@eg ggg%ﬁg% %C% i @ﬁuﬂgﬁﬂpd@mfw e[gri&pmnce

ace t thy inyentien arpcapsilsh fOII m}l@lanpgnvlmhlc@mgn Whe hout

fonﬁﬂﬁublﬁ? ablordMHotiieSheARR AAAH SmbanPaf &bﬁﬂé @6 |12 mg.
preferred. This nethod of production is wel

defined and is characterised by being partlcularly
The presastuovohtion also relates to an inhalation kit.consisting of one or more of

the above capsules characterised. by a content of inhalable powder according to the

_invention in conjunction with the inhaler according to Figure 3.

The present invention also relates to the use of the abovementioned capsules

- characterised by a content of inhalable powder according to the invention, for

preparing a pharmaceutical ciomp.osiﬁ'on for l:tg:ating-respiratory‘ complaints,
especially for treating COPD a‘ndl_o_r'as_thm'a.

" - Filled capsules which contai_-n the itﬂ':ala‘ble powders according to thé'_i'nvcnti.on 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 powdeérs according to the invention
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I n anot her aspect the present invention relates to the
abovenenti oned capsules which contain the
abovenenti oned i nhal abl e powders according to the
invention. These capsules may contain about 1 to 20
" ng, preferably about 3 to 15 ngy, nost 15 preferably
about 4 to 12 ng of inhal able powder. Preferred
formul ati ons according to the invention contain 4 to
6 nmg of inhal able powder. O equival ent inportance
according to the invention are capsules for inhalation
whi ch contain the fornulations according to the
Thé follemting Exampley serceuotillaferdseahe Prdsendivemizo’ih hioge detail
. . 1.0V n.ln tl N
it IR TR (B e REIBESE ik I Rses PRl (iyddibents dhac
follgWar act eri sed, by a content of inhal abl e powder
according to the invention in conjunction with the
|nhaler according to Figure 3. The present invention
B.1 S use of the abovenenti oned capsul es
25 characterised by a content of inhal abl e powder
e To{o{o} |ng to the invention, for preparing a

Acti
i cal conposition for treating respiratory

. Thecdotgbpium shlorigs plemcatdmulﬁupdtdeea:torcgnmﬂnﬂnﬁéMOn are used to
; preﬁz?tv\gﬂ@ intzddie goﬁaeﬁ%cﬁﬁrd’i‘ﬁ% €8 d‘{‘é)ﬂb@ﬁﬁ]@ﬂ h@ﬁésg I&@Ja@@&gpsmnces

s accor
are H’é?‘f%‘&‘-‘@ Ié\ﬁ’@mquﬁmtﬁ dnethods Bl}owmm ithey axeref: éﬁwgample wo'
03/0Egu9l £) Wi th the inhal able powders according to the

invention: 8.1.1. Exanples of inhal able powders
~according to the invention -20 The foll ow ng Exanpl es
Excidene to illustrate the present invention in nore

In tﬂéhﬁhlnplé’x' &QF@IoWﬁE{d S tug@&oﬁr?{aga@ ﬁ?edfotflﬁ e%:!&%i&g[" a9 e

obtaingd fo rlexasuaﬁ f-qong Bﬁﬁfttﬁe 2emo Ipgredientsilinrculo@ILunder the

,pmamtﬂa@um D HeR Bt F{netPo@MZzP A peeficHBoRCARLENIRY tb Phe
ntlon re use re arethelnhl

Le
invefion Pt T Rt s et HECiIUERE A e aue BicR grade of
lactesebst ances 10 are micronised anal ogously to nethods

known in the art (cf. for exanple WO

B.1.1.2.

Preparation of the powder formulations according te the invention:

o ;I,) Apparatus

25

30"

35

- .The followmg machines and equipment, for example, may be used to prepare the
mhalable powders:

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

‘A. Bachofen AG, CH-4500 Basel

Hand-held screen: 0.135 mm mesh size

The empty inhalation capsules may be filled with inhalable p,owdcrs containing

totropium by hand or mechanically. The following -cq’tijbment may be used.

Capsule filling machine:

-21-



0 3/0 7 8 429 Al). Excipient: In the Exanples that

follow | act ose-nonohydrate is used as excipient. It

may be .15 obtai ned for exanple from Borcul o Dono

I ngredi ents, Borculo/NL under the product nane

Lact ochem Extra Pi ne Powder. The specifications

according to the invention for the particle size and

specific surface area are nmet by this grade of

| actose. 20" 13.1.1.2. Preparation of the powder

formul ati ons according to the invention: 11 Apparatus

The foll owi ngmachi nes and equi pnent, for exanple, nmay
MG Tugeds5100,nhepafacnirbe MZR Billal-a006 Pénstidr MlaciMaxdirRjanoro
. (B(@%ﬁtzf’" ner or powder m xer: Turbul am scher 2 L, Type

y de by WIlly A Bachofen AG CH 4500 Basel 30

Hand- hel d screen: 0.135 nm nesh size The enpty
j ' .es - maybe.filled.w th inhal abl e
Foﬂ%:agg?id gg‘%t&g%ﬁng .tiotropium by hand or

mechani cal ly. The foI | ow ng equi prent nmay be used. 35
PovichP ShllxQurkei-1 | | ng rmchi ne: -21 M, Type G100,

nufature 40065.PRi an dj cina di_ .

To BRHES Bhe Reger Tramyr> RIP 0 0T Grrsahpib Ol & Popigpnised
dotmiprgmrchlorido(@repasmuthdidacee upidk tnnbe r&adgd390 gfof
,mhaﬁﬁtflle?io%ﬂfe ﬁ?@' tiéi!lt SfQém}E‘s gﬂ;ﬁ@%aséd SEerHi%m, is 0.19 % in

“the m@mftumpsm r@}ll@mde anﬁél hﬁa%ensmm of fieteapie@ripdigie.
active substance, based on tiotropium is 0.19 %in
the case of tiotropiumchloride and 0.15% in the case
of tiotropi.umiodide. About 40-45 g of excipient are

Abauitdfetb grof axcipidnlare phickd g a saivilsle meikidghratginea through a

.hand-held screen with a mesh size of 0.315 mm. Then totropium chloride (or

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

Having been screened in, the ingredients are then mixed (mixing speed 900 rpm). 7
- ‘The final mixture is passed twice more through a hand-held screen and then mixed

again at-900 rpm.

Usmg the method described in Example 1 it is p0331ble to obtain inhalable powders

o Whlch when packed into suitable plasue capsules may be used to produce the

. foIlowmg capsules for inhalation, for example:

Formulation EXahipie, 2:

tiotropium chloride: . 0.0113mg
. Iactose monohydrate: 5.4887 mg
polyethylene capsules: 100.0 mg

Total: o 105.5 mg

Formulation Example 3:

: tiottopiun{chloti_de: 0.0113 'mg
lactose monohydrate®): 5.4887 mg
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hand- hel d screen with a nmesh size of 0.315 mm Then

tiotropiumchloride (or tiotropiumiodide) in batches

of about 90-110 ng and exci pient in batches of about

40-45 g are screened in in alternate |ayers. The

exci pi ent and active substance are added in 7 and 6

| ayers, respectively. Having been screened in, the

i ngredients are then m xed (m xing speed 900 rpm.

The final mxture is passed twice nore through a

hand- hel d screen and then m xed again at900 rpm

USlng t he nethod descrlbed in Exanple 1 it is possible
jileng 06.0 MBI ch when packed into

sqrdtglbl e pl astl ccapsul emgrg e used to produce the

Iovvln jes f lLation, for exanple
") “F—% 8@*@&5@!&63{041 11%% fingCORTERL o8 émcwnet*fflalaﬁrﬁse
moﬂmdoae mﬂnah;adeage pafricl88ize offgbomodyn; hyl ene
: capsules: 100.0 ng Total: 105.5 ng Formnul ation
Exanpl e 3: tiotropiumchloride: 0.0113 ng | actose
Formmlaioty Exaroplest:4887 ng 22 pol yet hyl ene capsul es:

1ggng fBn id@ga! : 105.5 @O.{])?,er | act ose contains 5%
ng"ﬁ |caII 3W;’;ndded fine content” of m croni sed | actose

JPORREYHTREE: an aversa@%s"pﬁ’rﬁl cle size of about 4m

FQ@M&G 4: t110@9.0gagum i odi de: 0.0113 ny
Egse nonohydr at e: 5. 4?&;5@ pol yet hyl ene capsul es:

Formulation Example 5:

tiotropium iodide: (.0225 mg
- lactose monohydrate; 5.4775 mg.

polyethylene capsules: 100.0 me

Total: - 105.5 mg

: 'Formuiation'. Example 6:

tiotropium chloride: 0.0056 mg
“lactose monohydrate: 5.4944 mg
_polvethvlené cggs_t_ﬂesf _ | 00.0 mg
Total:  1055mg
-Formulatmn Examyle i :
uotropmm chloride: 10.0056 mg‘-,‘ _
lactose monohydrate®; 5.4944 mg .
Ddl_vgtﬁvlene. capsules; . 100, 0 mg
Total: - 105.5 mg

%) theé factose contains 5% specifically added fine. content of mlcronlsed lactose
mon(ahydrate with an average particle size of about 4pm

Formulation Example 8;

~ tiotropium jodide: ﬂ 0.0113 mg -
- lactose monohydrate®): 9.9887 mg
polyethylene capsules: - 100.0 mg;
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Total: 105.5 ng Fornul ation. Exanple 5: tiotropium
i odi de: 0.0225 ng | actose nonohydrate: 5.4775 ng..
pol yet hyl ene capsul es: 100.0 ing Total: 105.5 ny
Formul ati on Exanple 6: tiotropiumchloride: 0.0056 ng
| act ose nonohydrate: 5.4944 ng pol yethyl ene capsul es:
100.0 ng Total: 105.5.ng Fornul ati on Exanple 7:
tiotropiumchloride: 0.0056 ng |actose nonohydrate*>:
5.4944 ng pol yethylene. capsules: 100.0 ng Total:
105.5 ng. *) the lactose contains 5%. specifically
added fine content of mcronised | actose nonohydrate
wiliokialan aver age particl el8@.0amgf about 4m Fornmul ati on
*) dﬁxﬁms@ cgntath'ls.oﬁ‘T/ooﬁgie:li‘i‘i?chﬂ&j hgﬁfd ﬁn@ Hﬁte'ﬁg of hﬂ&t&ﬁs%d lactose
ydrate*): 88 I ene capsul es:” 100.0
mOD%Y dzate W“?‘bi‘%?"“ﬁ@)?@‘ sige P%é ‘P%‘Hﬁ&e contains 5%
specifically added fine content of mcronised |actose

Formulation Example 9:

tietropium iodide: 0.0225 mg
lactose monohydrate®): 9.9775 mg
‘polyethylene capsules: 100.0 m

Total: 110.0 mg

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

- B.2. Propellant-containing inhalable acrosols
The new tiotropium safts tiotropium chloride or tiotropium iodide may optionally
-also be administered in the form of propellant-containing inhalable aerosols.

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

‘B.2.1. Aerosol formulations in the form of solutions
. The termi aerosol solution denotes pharmaceutical formulations in which the
tiotropium chloride or iodide and any excipients used are cdmpicfely dissolved.
The present invéntion provides aerosol formulations containing tiotropium chleride
and iodide, Wthh contain in addition to one of the above—menuoned totropium
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
agueous sdlutsiqn it corresponds to a pH in the range from 2.5 - 4.5. '

The above-mentioned aerosol soluuons are characterised by a particularly hlgh
stablhty '

“Preferred aerosol solutions are chatacterised in that the concentration of the acid is

‘'such that in aqueous solution it corresponds to a pH in the range from 3.0 - 4.3,
particularly preferably from 3.5 - 4.0. ‘ ' |
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nonohydrate with an average particle size of about 4m
Fornmul ati on Exanple 9: tiotropiumiodide: 0.0225 ny
| act ose nmonohydrate*): 9.9775 ng pol yet hyl ene
capsules: 100.0 ng Total: 110.0 ng *) the | actose
contains 5% specifically added fine content of
m croni sed | actose nonohydrate with an average
particle size of about 4m 13.2. Propellant-containing
i nhal abl e aerosols The new tiotropiumsalts tiotropium
chloride or tiotropiumiodide may optionally also be
adm nistered in the formof propellant-containing

Thé mdrabelsobities ascdrsling Retlesinvedtonuiaytalngontainthenhalbamount

ot SO SRR TP 2 Bt o

-term aerosol solution denotes pharnmaceuti caI
forrrul ations in which the tiotropitimchloride or
i ents used.are

i odi d any e etely. o
The Sogohsoltion #oia i fo 1 BNt BrovPRL-oRiga amount of
totfopinml dtloxds oc tdotrapium godide sach thundhd bﬁcrp'aifaon af diou:opium
it | o st i on
carbfih e coin SRRL 0o s 296! b bekifin 0 000 and
0.1¢ &o,qurvewiarly pecfarabinbegeacnd)-0008and i4B %si d and whi ch
are further characteri sed in that the concentration of

dis uchtat aqu so |on|t
Sw@g‘fer @?p"bﬁa@ lagts gvi CERRPS a ol solptions, aee thege which
forrﬁkamﬂﬁgaﬁeloam pﬁ;ﬁﬁﬁﬁﬁﬁirnﬁﬂ?tﬂim Qﬂﬂl mee:ocdmgroms aﬂedseﬂ vihich a
11t r.r,e ae S
thedpPRtAfectve Rndlin 8F Al Gbddoiphl EABREE Dr A8 Moy ke
- dissolverh é?raﬁarz:tdn EFAsmmetlams acportine tuithedoventionase propellants

Seleg?ﬂ:‘??ﬁ‘ﬁﬁg $rdih é’ml%ls: i (Sﬂ“FlrlaQ&@trEﬂ@éPo@thQnﬁ (ﬁﬁ?A—IS:l(a)),

113k 0 - B rens IEY 320 HE A0 kAiEP SR e aneb FIFA-
143¢On¢ 18l N -miffiveddthane) FIFA-134 (1,1,2,2-tetrafluoroethane) and HFA-

‘152a (1,1-difluoroethane. HFA-134(a) and HFA-227 are .pamcularly preferred
.according to the invéntion, while HFA-134(a) is particularly important according to
the invention. In: addiﬁon-to the HFA propellants mentioned above, non-

halogenated propellants may also be used on their own or mixed with one or more
- of the above-mentioned HFA propellants. Examples of such non-halogenated

‘propellants are saturated hydrocarbons such as for example n—p'rqﬁane, n-butane or
isobutane, or also ethers such as diethyl ether, foi: example. )

- Organic or inorganic acids may be used as acids according to the invention.
Inorganic acids within the scope of the present invcntionl,a;_re-'sél_ected for example

~ from the group consisting of hydrochloric acid, su]phur_ic acid, nitric acid or
-phesphoric acid,'while according to the invention it is preferable to use hydrochlorié
or sulphuric acid, particularly hydrochloric acid. Organic acids within the scope of
the present invention are selected for example from the group consisting of ascorbic
acid, citric acid, lactic acid, maleic acid, benzoic acid or tartaric acid, while ascorbic
acid and citric acid are p;eferrcd according to the invention.

“The aerosol solutions according to the invention may be obtained analogously to
methods known in the art. )
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of water (preferably up to 5% particularly preferably
up to 3% nore preferably up to 2 % . The aeroso

sol utions according to the invention preferably
contain an anmount of tiotropiumchloride or
tiotropiumiodi de such that the proportion of
tiotropium cation they contain is between 0.00008 and
0.4 % preferably between 0.0004 and 0.16 %
particularly preferably between 0.0008 and 0.08 %
Sui t abl e HFA propellants within the scope of the
aerosol solutions are those which forma honpgeneous
propel l ant forrmulation with the co-solvents used, in

‘Phﬁﬂhg&uﬁcawgﬁ%gﬁbéée &gérlb%ﬂ f%x%% ﬁggglimgg éggfalﬁégfm the aerosol

solptl@ﬁ%aacmddllﬂg,&o phe pavensions Fac cmmlphg selublerpurfaciants pod
nutﬁ{c%n&raef bk %@&& Eﬁ.ﬁh?re& of sﬁapgmam same&n@somal A RGn include

Sﬁr%’lteﬂéﬂe ea%te E@,@‘% 8 %ap%‘é& @mmtﬁ zéﬂ?wrﬂrxmpsgms which may be
prdseinf miag bermiioaitRhts (Aexadmple@bcorbic acid or tocopherol), flavour

| uor oet.hane
mafibing peb i SoRTF AL Soeifies and sgphetic or natura
ﬂa((mrmgs)fl uor oet hane. HFA-134(a) and HFA-227 are -
particularly. preferred according to the invention,
whi | e HFA- 134( a) | s particularly inportant according
- Exagplesiod corpbsnitowhighrmay e wises at:@r@imeg torthegp¥pndiquugfealcohols
. (foﬁeﬁmpléeﬁihﬁhﬁ)/ﬁopﬂﬁﬁnohﬁﬁ@ aeﬂ@hﬁeomp,pgq&écﬂgmr mxmgleso

t h
PR s P e R e o o
-coprdymked afgeryatigieneprmbetipaoprene)eorsathar sutetances such as for

n

exdiEHe AR o U EectIehO I BBUP b A RUARRAR fuy BilARfeas and
slypefiurels £5rticas o gaampleglysafure 79) cAemfﬁtq«ilary) -prlvertcascaiding to
thedighv &AL R4, t 0 the invention. [Inorganic acids

within the scope of the present invention are sel ected

for exanple fromthe group consisting of hydrochloric
- Thaenthumgwif ghisolenacwlichninhy be waed th die fophadgpims accandidg to the
mv\@ﬁh!nﬁ s‘glrgx‘é?e}ﬂ?ﬁl?%ttﬂe H}%ﬁ fg%ﬁnf} 58 r% cf&aﬂ{yef@ r QB"’/%, Isé)rr.lcularly

| C-acl cul arl’y
Prqgﬁgﬁébbfc}ﬁ 0ff &o hesad omﬂgfamt&l faonulation: h| n the scope of
the present invention are selected for exanple from
. gr.the gro nsi sting of ascorbic , .Gi.tric acid,
* Unjegs sied the GRntece e .Rfrcealé%&ea.seegﬁpgmﬁhlp £ §FqRe Of the
. presentinvedtidreaexodtdiead as percent by weight.

“The formulations according -_to‘thé invention may contain small amounts of water;,
as already mentioned. previously In a preferred. aspect, the present invention relates
- to formulations in which the content of water is up to 5%, partlcalarly preferably up
to 3%, more preferably up to 2%.

- . In anether aspect the present invention relates to aerosol solutions which contain no
water. In these formulations the amount of cosolvent is preferably in the range from

20 - 50%, preferably in the range from 30 - 40%.

The formulations according to the invention may be.administered using inbalers
known in the art (pMDIs = pressurized metered dose inhalers).
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acid and citric acid are preferred according to the
i nvention. The aerosol solutions according to the

i nventi on may be obtai ned anal ogously to nethods
known in the art. -25 Pharmaceutically acceptable
exci pients may optionally be contained in the aeroso
sol utions according to the invention. For exanple,
sol ubl e surfactants and |ubricants nay be used.
Exanpl es of such sol uble surfactants and | ubricants
include sorbitan trioleate,. lecithin or isopropyl
nyristate. Qther excipients which may be present may
be anti oxidants (for exanple ascorbic acid or

Th SR Pttt R Pl 15 B Pk FRE abol G oA afrosol
soliitioms cbatavgerjsed loyanpiresniodf meﬂmvechlgndh ot ipdide agrording to
the mﬂuﬁﬁ%f ﬁhﬂﬂfﬁ:ﬁ al PHArAERda? %@%)%S@Oﬁ%?ﬁﬁ trédiBlent of

exanpl e et ro anol and benz | co od}
resrgta}era’l @I{ml@rﬂtemc arb ‘éFp‘}‘IeéFFé‘gﬁF‘;‘PBBP OPI and/or asthma.
pol yet hyl enegl ycol s, pol ypropyl enegl ycol , glycolether

kg RS et TN FL e BB SR et

witlpnityrestyieting lthe ecoplecf it #veptiby am yhe bdrapléfyfigt empbediients that
._foﬂﬁéters and glycofurols (such as for exanple-
gl ycofurol 75). A preferred co-solvent according to
- the invention is ethanol. The ampbunt of co-solvents
B2 O3 ARp 168 o5 8kbsol séleidry nul ati ons according to the
1 nvention is preferably in the range from5-50 %
preferably 10 - 40 % particularly preferably 15 - 30
Fm%hmﬁlfﬂkaﬁhﬁldmal formul ation. Unless stated to the
contrary, t he percent ages speC|f| ed W|th| n.the scope

- of pthe pi‘GSGi"lL Haventiof—are—toberead—as percent

wel ght . Thenstisnentsat i ons accormw_oﬂ_
mal cont 8bftop ﬂﬁllllmcﬂgpunts pf water, ag;giready

nepti-oned prevrousTy. T daf Pt eferred db ect, the
pr‘mm_lﬂﬁﬁﬂlﬁh?ﬂlﬂﬁtes 0 formulatic¥@in which .t
coptent of V\@}ﬁ&.ls up to p% particul aglgy preferably
up[~to 3% Tore preferablyjupto 2%

: ascorb:c acid 0.005

HFA-134a _ 68985

Formulation Example 11:

coustltuents 1 cOncentraﬁdn [% wiw]
tiotropiur 10d1de ] o 001 |
ethanol (absolute) = | 400
ciﬁic acid , 0.004
HFA-227 . 59.986

Formulation Examiple 12

constituents concentration [% wiw]
_tiotropium chloride _ 0.02
ethanol (absolute) 25.0
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I n anot her aspect the present invention relates to
aerosol solutions which contain no water. In these
formul ati ons the anmount of cosolvent is preferably in
the range from 20 - 50% preferably in the range from
30 - 40% The formnul ations according to the invention
may be adm nistered using inhalers known in the art
(pM DI's = pressurized netered dose inhalers). 26 The
present invention also relates to the use of the
above-nentioned aerosol solutions characterised by a
cqhutent of ti-otrepium-chlgride—or—todi-de—aecordingto
‘tHe inventi owafe@r preparing a pharnacedl@cal

CC osition.f.or the treatnent of Tes or
‘chl ai nfecm.ﬂﬁdm.l ar-t ¥ Hor—the+t rnﬂmﬂ-éaé

T LA >3 crocaciroiist

ard/or astﬁﬁﬁleIhe foIIoW|ng Exanple§3§€ﬁve to
i1Tustrate the present 1 nvention in nore detai

wi thout restricting the scope of the invention to the
exenplifying enbodinents that follow B.2.1.1
Exanpl es of aerosol solutions Fornulation Exanple 10:
constituents concentratiion /6 ww tiotropiumiodide
0.01 ethanol (absolute) 30.0 water 1.0 ascorbic acid
0.005. HFA-134a 68.985 Fornul ation Exanple 11:

r\

~_constituents concentration [%ww tiotropiumiodide

0.01 ethanol (absolute) 40.0 citric acid 0.004
HFA- 227 59. 986 - ‘

..2_8‘..'



Formul ati on Exanple 12: constituents concentrati on %o
W w tiotropiumchloride 0.02 ethanol. (absolute) 25.0
-27 water 1.0 citric acid 0.003 HFA-134a 73.977 -28
Formul ati on Exanpl e 13: constituents concentration [%
w w tiotropiumchloride 0.02 ethanol (absolute) 20.0
HO (aq) 0.01 nmoi71 . 2.0 HFA-134a 77.98 Fornul ation
Exanpl e 14: constituents concentration No w w
tiotropiumchloride 0.01 ethanol (absolute) 15.0 water
2.0 citric acid 0.004 HFA-227 82.986 Fornulation
Exanpl e 15: constituents concentration [%w w

Forndatioh Bxaghpde i3 0. 01 et hanol (absolute) 30.0
wat er 1.0.
constituents ' concentration [% wiw]
totropium chloride 0.02
ethanol {absolute) 20.0
HCI {aqg) 0.01 mol/l ' 2.0
. HFA-134a 77.98

7 ' 'FofmUIaﬁon-Example 14;

constituents | concentration [% WIW]
_ totropium chioride N 0.01 '
ethanol (absolute) - _ | 15.0
water 8 | . "2_.0
citicacid . | 3 0.004
' H_FA-227- 82.986

.Formulation Example 15;

constituents . _concentration {Yo wiw]
tiotropiuin chloride - | 0.1
ethanol (absolute) - 300
. water ' 1.0,
ascorbic acid , - 0.005 .
HFA-134a | 68.985

fFoMulé‘_tio_n Examp. le 163

(_:onétituen.ts - con‘centration-[“/&.WRy] |
dotropium chloride . - 001 |
ethanol (absolute) | | 400

_ citric acid_ L 0004

HFA-227 1 ~59.986
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ascorbic acid 0.005 HFA-134a .68.985 Fornulation
Exanpl e 16: constituents concentration % ww
tiotropiumchloride 0.01 ethanol (absolute). 40.0
citric acid 0.004 HFA-227 59.986 -29 Fornul ation
Exanpl e 17: constituents concentration [%wW w
tiotropiumiodide 0.02 ethanol (absolute) 25.0 water
1.0 citric acid 0.003 HFA-134a 73.977 Fornmul ation
Exanpl e 18: constituents concentration /o ww tiotro

iumiodide 0.02 ethanol (absolute) 20.0 HC (aq) 0.01

mol /1 2.0 FIFA-134a 77.98 Fornul ati on Exanple 19:

~constituents concentration r/o Ww tiotropiumi odide

0.01 ethanol (absolute) 15.0 water 2.0

Formulation Example 17:

constituents ~_concentration [%e wiw]
tiotropium iodide | 0.02
ethanol {absolute) 25.0
' water 1.0
citric acid_ 0.003
HFA-134a 73.977

Formulation Example 18:

| | constituents co::éentraﬁbn [% wiw}
tibﬁopium jodide | 0.02
cthanol (absohute) 20.0
.HCI (aq) 0.01 mol/l 2.0
- HFA-134a 77.98

Formulation Example 1‘9_:

constituents - concentra_ti_on-[% WIW]
tiotropium jodide | | . 0.01 |
_ethanol (absolute) 15.0
water 2.0
 citric acid 0.004
HFA-227 82,986

B, 2 2. Aerosol suspensmns :

The present invention also relates to suspensions of the tlotropium salts Hotropium
chloride and: tlotroplum iodide accordmg to the invention in the propellant gases
HFA 227 and/or HFA 134a, opuonally combined w1th one or more other

. propellant gases, preferably selected from the group consisting. of propane, butane,
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citric acid 0.004 HFA-227 82.986 B.2.2. Aeroso
suspensi ons The present invention also relates to
suspensi ons of the tiotropiurn salts tiotropium

chl oride and tiotropiumiodide. according to the
invention in the propellant gases HFA 227 and/or HFA
134a, .optionally conbined with one or nore other
propel | ant gases, preferably selected fromthe group
consi sting. of propane, butane, -30 pentane,

di met hyl et her, CHCl F2, CH2F2, CF3CH3, i sobutane,
isopentane and neopentane. According to the invention

pe By SRR AIEN o0, D1 R, R

ncom@wanafe preferred. If a mxture of the propellent
gases HFA 227 and HFA 134a is used in the suspen5| on

fornul atj opns according to the in e
Accpécﬁling@ ¢ [y coHoR fRese suls%n%pla%ghchn nrg}% &%{ﬁﬁ%@ﬂ:{t gas only
AHFar:mmaamm SFHBy2¥anndHEA 1342 anelp IHFnbrlé%tahe preferred.
pro e [
e e AL A2 L e
susmmmm fopmudians dcsotslipg e the Inysptnhatie weightResios pe sthich these
twogfz%}Jgﬁ&ﬁ r_éa@ c@ﬁﬂioh'eﬁ& 4@ vsBg ab& &Eﬁb'v@ﬁbb&as es HFA 227

¥ o 05 PR UG BREEIRIHERbEIcCEom G OBy SPRpiying of
. rop.ﬁi@& tHueivid, pehedr) uhﬁethg&shaq @Hﬂﬁmo, CH, B, @ BsGHb jsdtagane,
]
ool St henBlehes B8 YshTSehtat 0 Aophhal gl 227

andfdreHBA 2343 bnthersekpeisioty faomiationsaccandingtto she invention, the
.am&!uﬁt Jﬂﬂismgﬁdlq&oﬁéﬂélﬂ‘ﬁag Roft cﬁf‘@tprbﬁﬁa /ﬁ%@tthﬁi 50 %,
t1otropium cat het ween gln ?

pref«;r@blgrl%|tyalb49v€w4r@°'éeﬂmaefe eﬁ?] aﬁaéq cul arly
preferably betvveen 0.2 and 0.4% according to the '
inventi.on ss St

Th?)g?%aézﬂ.?lg&g élccgq 5 ‘3& tﬁﬁ%gv?ﬂ;lon § g‘f%a%ﬁ%xmihm% amount of

tiotropient Cldoride oraddidy sugte thasithe lay:lqmitgﬁ ttht['Oplum cauon is between

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

- between 0.2 and 0.4% according to the invention.

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

In some cases, the term suspénsion formulation is used within the scope of the
- present invention instead of the term suspension. The two terms ar¢ to be'regarded
as equivalent within the scope of the present inventon. ‘

The propellant—contammg inhalable aerosols or suspensmn formulauons according
“to the invention inay also-contain other constituents such as surface—acuw, agents
' .(surfactants), ad)uvants, antlomda_nts or- ﬂavfoutmgs

The surface-active agents (surfactants) optionally present in the suspensions
~according to the invention are prcferably selected from thc;-: group consisting of

. Polysorbate 20, Polysorbate 80, Myvacet 9-45, Myvacet 9-08, isopropyl myristate,
oleic acid, propyleneglycol, polyethyleneglycol, Brij, ethyl oleate, glyceryl trioleate,
glyceryl monolaurate, glyceryl monooleate, glyceryl monostearate, glyceryl
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In some cases, the term suspension formrmulation is used
wWithin the scope of the present invention instead of
the term suspension. The two terns. are to be regarded
as equivalent within. the scope of the present

i nvention.- The propel | ant -contai ni ng i nhal abl e
aerosol s or suspension fornulations according to the
i nvention may al so contain other constituents such as
surface-active agents (surfactants); adjuvants,
antioxidants or flavourings. The surface-active agents
(surfactants) optionally present in the suspensions

moriiiéleds, Eyhitohbl) $R&HIaRdhal, LIS diaRIn cARIrRE, 8thck
.,lfromtheg?rciu ‘-coni;/ls L ng of %g orhate 20, . }
PolyBRf e ol bibang | A g ropsnoly LAty gaci iy sytpension
adjuwnissRalysarbatel| 28, Polywotbatp BOp Mpaeel 3-asl Myvacet 9-08 or isopropyl

V.CQla, A Bl t.hyl .ol eate, ql. r

myrRAc B PIARRBI R, Ml b raor b ap Pl mmaree,
prefgrapbiensdd. nonost earat e, gl yceryl -31 nonori ci nol eat e,

cetyl al cohol, sterylal cohol, cetyl pyridiniumchloride,

.block polyners, natyral oil, ethanol and isopropanol.
T thgysuppRnSIRS ASCORIWG B QYN FOMRINH)ACKHIE these are
prefERibiss asdddihan’inoliel ¥E@00bes e 189, pMtitataly PrefdrabM0/00%t 0.5 %.
~ 9-08 or isopropyl nyristate are preferably used.
- Myvacet 9-45 or isopropyl nyristate are nost

Theprgiemaboptiarsdly. conftainbe s tspanpeosisnascordinggo tthe itvention
. cvD e . | by ; e
are DREGIDRRICCRT B ey SBhsiydefSBhiRe, ABEHGR Robrbic acic
aspasEaine hepeccystsine, phosphgric aeid, RSt eeids bvféwhi;mﬂ 3gjd;
sulpbarit a‘ttmesh_ d Eiudid gcigy Mﬁftbi@ raé;}c@@?egﬂ} ic?%,t Wirochloric acid or
.. nvention . ar r ef er,abl. el ect.ed from.t-he group.

ciecip B ek e bty P, SRt By st acid S titatcada % Buost
prefesiblyr usede, bet ai ne, cysteine, phosphoric acid, nitric

acid, hydrochloric acid, sulphuric acid and citric -

aci d. Ascorbic acjd, phosphoric acid, hydrochloric
If adjuyanty pre presentdn ghe guspeasions pesding tosthg invgntion, these are
prefBiBlOaYdni a6 AELENO6E G.0DOL.A. A% Prreferi®§0.000R0er ah)! v

Par%%igfvdé%&aré HEBD P A0E b P s, olpEol BOLFT A e

- partioulaty Bnpomintetctedit® o thelin¥enyisef er abl y 0. 0005-0.1 %

. The antioxidants‘optionally'-contaiﬁ_ed in the suspensions according to the invention
- are preferably selected from the group consisting of ascorbic acid, citric acid,
. sodium edetate, editic acid, tocopherols, butylliyd‘rquluenc, butylhydroxyanisol -
-and ascorbylpalmitate, while tocopherols, butylhydroxytoluén‘e, butylhydroxyanisol
or ascorbylpalmitate are preférably_ used: -

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

- With a view to administration by inhalation it is essential to provide the active
‘substances in finely divided form. For this purpose, the salts tiotropium chloride

' " -and iodide according to the invention are either ground (micronised) or obtained in
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particularly preferably 0.001-0.01 % while an anount

of 0.001-0.005 %is particularly inportant according

to the invention. The anti oxi dants

optional l yi contai ned in the suspensions accordi ng to

the invention are preferably selected fromthe group

- consi sting.of ascorbic acid, citric acid, sodium

edetate, editic acid, tocopherols,

but yl hydr oxyt ol uene, butyl hydroxyani sol and

ascorbyl palmtate, while tocopherols,

but yl hydr oxyt ol uene, butyl hydroxyani sol or
finelysbiediost Ifpah iytether mcknipabpricaiey kiswd.in Phimciple fioni itrgsrior

ar QB LORBIE BLRPRAAE LD, dined BRAASICRPIRSERL M ek
subsianess 4r¢ kpown ip &maﬁnfmferabhcmqrmqmsmgnhg Active substance
has 2 $R&nt ﬁ’dl‘ﬁcﬁrk‘iizeedfhﬁﬁ e&h Og.hi ?réifcpibl X 450, ParAEIMRAY preferably

an s eed ermnt or .
1.5 ‘?'i%? &Yﬁﬁl 5t PO Bkeep eyabdy at keasteD Yoy panticylaglyey
prefmbgdm leasst7084 b theyyartioksloffabéve sdbstaﬁmes:&eahl;ﬁlméle size which

o w58 o R el SRty %L B mose

preferablycas laasst 0% afthecparticles wf antiveosubatance ilakie n pyrocadize which

is wftﬂ?n%@@iz%er% é&rm@Qﬁ@ﬁé&Pﬁbd -32 finely divided form by

- . other techni ca processes knovvn in principle fromthe
prior art (for exanple precipitation, spray drying).

In abbtbpdspeot e pﬂe@éﬁﬁhﬁ@ltﬁﬁi telftes whﬁsbeﬁﬁ@ﬁs %&tﬁ%ﬁfeﬁm dhly
.m cr

Pr ef el after
one bl hellr ot s e posBraie i M Befion Sulgyt dgy other
addigvef.erably 1 to 6m particularly preferably 1.5 to 5m
auf. Preferably at |east 50% preferably at |east 60%
particul arly r ef er abl y at | east 70% of the particles
"The gpspeasiops %&%@ﬁ theaipgention maydieepsparedying methads known

in thdrhIFbﬂbthfs ﬂhi@oﬂs@?@ﬁ%s/ﬁ? id ?mﬁmﬁpﬁme IﬁﬁJcEinMh q?! Y o
- era eas 9 rms refera eas %
 profffiSh R hrnaits G Rhallyaf 1 Tmpdtatired Aol s Shible

"-COIItQi_BEES-V\/nI ch i's within the SI ze ranges nentioned above.
I'n. another aspect the present invention relates to
suspensi ons whi ch contain only one of the two active

The ahpee-mnsionsd cprapeHant-gontaming sespensiang, aosording g the

invepiibe mayﬂ@ﬁdmitﬁﬁercd using inhalers known in the art (pMDIs =
pressurized metered dose inhalers). Accordingly, in another aspect, the present
+ invention relates to pharmaceutical compositions in the form of suspensions as

. - hereinbefore described combined with one or more inhalers suitable for

- administering these suspensions: Moreover the present invention relates to inhalers,
characterised in that they contain the propellant-containing suspensions according, -
to the invention described hereinbefore.

“The present invention also relates to containers (cartridges) which ‘when fitted with

- . asuitable valve can-be used in a suitable mhalcr and which contaln one . of the

“above-mentioned propellant—contalmng suspensions according to the invention.
Suitable containers (cartridges) and processes for filling these cartridges with the
propellant-containing suspensions according to the invention are known in the art, .
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The suspensions according to the invention may be
prepared usi ng nethods known in the art. For this,
the constituents of the fornmulation are mxed with the
propel | ent gas or gases (optionally at | ow
tenperatures) and filled into suitable containers.
The above-nenti oned propel |l ant cont ai ni ng suspensi ons
according to the invention may be adm nistered using
i nhal ers known in the art (pMDls = pressurized
nmet ered dose inhalers). Accordingly, in another
aspect, the, present invention relates to
in whﬁ'mfﬁhe pharmhce@mnpkmmvmm tionroplwenfthe presensinypetien alss
mlﬁéwdﬂ&re%%? B¢ SudpEntibhD it oeaiH BSfle %e'auoﬁ%r BlepBhE a

alers suit
phamasentcal s9mpasition ier inh qn@geaﬁal admwsmtnommrafeé@ly for

preb@rihg A PHREMace Al 86thPboiifieH fofinhABkivk 12 hasa ri{'e%'uﬁteﬁf‘Sf diseases

in OB RHERO GBI Bty o B BIS PR RES aant

invention also relates to containers (cart ridges)

rosfi HERS e afild ML eIhChe e

suspeRsiensAgeerding do ﬂn@:p@tnam ferpreparing g phaspecmitsabcomposition
for eCHhdiaTre tRanhBRL bANSHEABR co Plﬁﬁ@@' gre lgr' d3fima or COPD.
(cartridges) and processes for
cartridges with the propellant-containi ng suspensi ons

Thamm@ﬂ@g?hofdlhev derveerd illaburateathk pRvdent ihx;ehﬁoﬁ i more-d@gail, by
ceutjc activity of tiotropium
Waj%ﬁf 18 tﬁﬁt\l/lgn fmc 1k gto &Fé AUEPy the use of the

suspen5|on$ according to the invention for preparing a
B. 21\ BReRHIEE BE aEATRI SUbbARSibA folARALLIGN OF nasal
admnrstration, preferably tor ‘ g a
- “pharmaceutical conposition for inhalative or nasa
: Suspéasibmamntafnidg ot @sgredRnhinCAldAAdh & attirefuls&hcand
lﬂngﬁ 58 therapeutic benefit. ‘Particularly preferably
€ent invention also relates to the use of the
suspenS|ons according to the invention for preparing a

' FoRhaldBes thisabicagrosi tion for the inhal ative

-~ ireatnent of resplratory conplaints, preferably asthm
or —CCPD _ , ,
¢0nsﬁtuéﬁts - concentration [% WIW]
tiotropium jodide | 002
isopropyl myristate | 0.30
HFA-2217 | - 20.00
_HFA-134a L 79.68

Formulation Example 21;

consutuents N concerntration [% wiw]
ttotropxum chloride i : . 0.04
‘ oleic acid ' . 0.005
HFA-227 1 99.955
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The Exanples that follow serve to illustrate the

present
w t hout

Exanpl es of aerosol
Suspensi ons cont ai ni ng ot her
to active substance and propellent gas:
constituents concentration [% w w

I sopropyl

Exanpl e 20:
tiotropiumiodi de

invention in nore detail,
restricting it to their contents.
suspensi on formul ati ons
ingredients in addition

0.02

by way of exanpl
B.2.1.2

Fornmul ati o

nyristate 0.30

e,

n

HFA- 227 20.00 HFA-134a 79.68 Formul ati on Exanple 21:

constit

uents.

concentration [ % w wj
Forﬁiﬂ[ﬁlﬁdiﬂEQaﬁﬂ)l@ﬁl-C acid 0.005 HFA-227 99. 955

tiotropium
-34

Formul ation Exanple 22: constituents concentration %
\M W=t | ot rnnl wHm i nrh rh:\ ﬂ ﬂ’) r\l cn & o:.r\: rl n n1 HEA-22.7
6. 00 HFéeﬂ%méﬁsQ? For frul at concExa-aploa 28 wiw]
cdnstituents .conc EratlonNevMV\A tiotor(%)iumiodide
0.}02—-seP RIS at el 00 _—

oleic acid 0.01

HFEA-227 60.00

HFA-134a 39.97

-F_urm_ul-élﬁon _Examble 23:

constituent§ éoncentration_ [%% wiw]
, tiotjrop‘ium iodide 0.02
isopropyl myristate 1.00
"HEA-227 98.98 .
. Formulation Example 24;
consﬁtuents concentration [% wiw]
tiotropium chloride 0.02
Myvacet 9-45 0.3
_ HFEA-227 99.68

Forﬁlﬁlaﬁon Example 25;

conshtuents :

-_ concentration [% wiw]

tlotropmm chloride _0.02
My_vacet, 9-45 0.1
HEA-227 60.00
HFA-134a 39.88
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HFA- 227 9&98. Fornul ati on Exanpl e 24: constituents
concentration No wilw tiotrol iumchloride 0.02 M
acet.9-45 0.3 HFA-227 99.68 Formul ati on Exanpl e 25:
constituents. concentration a www tiotropiumchloride
0.02° Myvacet 9745 0.1 HFA-227. 60.00 HFA-134a 39.88
-35-. Formul ation Exanple 26: constituents
concentration %ww tiotropiumchloride 0.04

Pol ysorbate 80 0.04 HFA-227 99.92 Fornul ati on Exanpl e
27: constituents concentration r/a ww
|od| de O, 01 PoI

tiotropium

sorbate 20 0. 20 HFA-227 99.78

AH] Miena : constituents concentration %
t| otrop| um chl ori de 0. 04 Myvacet 9-08 01.00

Formulation_ Example 27:

constituents concentraton [Yo wiw]
tiotropium chloride 0.04
Polysorbate 80 0.04
HFA-227 99.92

constituents 'co-n_i:enfration [% wiw]

, tiotropium iodide 0.01 '
Polysorbate 20 0.20
HFA-227 99.78

Formulation Exémple 28:

constituents com_:ei:trﬂtion [Yo wiw]
tiotropium chloride | 0.04
Myvacet 9-08 - 01.00
| HFA-227 98.96°

. Suspensions containing only active substance and propellent gas:

Formulation Example 29:

constituents | concentration [% wiw]

tiotropium iodide | 0.04 )
HEFA-227 80.00
HFA-134a _19.96
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HFA- 227 98.96 Suspensions containing only active

subst ance and propel |l ent gas:
constituents concentration /e ww
0.04 HFA-227 80.00 HFA-134a 19.96 -36 Fornul ation

Exanpl e 30: constituents concentration "/o ww tiotro

tiotroium odi de

ifumiodide 0.02 HFA-227 60.00 HFA-134a 39.98

For mul ati on Exanpl e 31:

constituents concentration [%

ww tiotropiumiodide 0.02 HFA-227 99.98

For mul ati on Exanpl e 32:

constituents concentration %

ww tiotropiumiodide 0.02 HFA-134a 99.98

Forhoalidoii EQAndfiarge; e 33: :
ww tiotropiumchloride 0.02 HFA-227 99.98

constituents concentration %

FormHation—Exanple—-34.—copnstituents concentration %
W jw constituents concentration [%e wiw]
totropium iodide 0.02
HFA-227 60.00
HFA-134a 39.98

Formulation Example 31:

constituents _ concentration [% w/w}
tiotropium. iodide 0.02
HFEA-227 . 99.98

Form’u.lat;ion- Example 32:

constituents

concentration [% wiw] _

totropium iodide

0.02

_‘,99.98-

"HFA-~134a

'Fon'nul_ation Exam : le 33:

constituents cohcentration [% wIW],
_totopium chloride 0.02
HFA-227 99.98

Formulation Ex@ple 34:

constituents _(:oncentﬁétﬁon [% wiw]
tiotropium chloride 002 |
- HEA-134a 99.98

-37 -

For mul ati on Exanpl e 29:




tiotropiumchloride 0.02 HFA-134a 99.98 -37

Formul ati on Exanple 35: constituents concentration [%

ww tiotro iumchloride 0.02 HFA-227 20.00 HFA-134a

79.98 Fornul ati on Exanpl e 36: constituents

concentration / wiw tiotropiumchloride 0.04 HFA-227

40. 00 HFA-134a 59.96 B.3. Propellent gas-free

i nhal abl e aerosols The new tiotropiumsalts tiotropium

chloride or tiotropiumiodide may optionally also be

adm nistered in the formof propellant free inhal able

aerosols. For admnistering these propellant free
Formulation Expmpleds: t he new tiotropiumsalts

ti otrop| um chl oride or ti otrop| um i odi de are prepared

i nfthe formof pnar maceutigat sotutT ons, Inoe SOl Ven[
mal_be watCOnSHIMERts own or 13 ni CoMCcengyat

et hanol golipiumadédid€ proportion: of eplpgnol conpared
W fhwater '-,Iiﬁn T _Timted %UT—FHTWTWHTTTTID—F—WO
pefcent hy] AT 1. nore nr-n*tl r‘uLarlv ur?OrQD 60 percent
byj vol une ggpA-1I®&d preferabl y up to 3@9@{{ cent by
vol'ume.” The renali hder of the volune i s made up of
water. The preferred solvent is water w thout the
Foraddlatieom Bxfamapledd . The concentration of the new
tlotropl umsalts tlotropl um chl ori de or tlotropl um

PO

ha i 1 hacad ha
I 0 | UC abbUI UI IIH |. U |. IIC I II CIILI UII IJO.DCU UII l. Mo armouTTt

of | ti ot r osiomstitmentse fini shed icoacratstion Yo wiw]

- prepar aﬁb%pﬂfrﬁ%ﬁ‘i’&i&é‘ thejtherapeutic ghhect desired.
Fof— e toprittt ¢hid ) |
1 HFa227 | 40,00

HFA-134a ' 59.96

B.3. Propellent. £as "'-fre"e' inhalaﬁlé aerosols
The new tiotropium salts uatroplum chionde or uotroplum iodide may optionally
also be administered in the form of propellant—frce inhalable aerosols. For

admmzstenng these propellant-frce inhalable aerosols the new tiotropium salts
tiotropium chloride or t:otroplum iodide are prepared in. the form of pharmaceutical
solunons ‘

‘The solvent may be. Watef on its own or a mixture of water and’ ethanol, The
relative propornon of ethanol compared with water is not hrmtcd but the maximum
is'up to 70 percent by volume, more particularly up to 60 percent by volume and
INOSt prefcrably up to 30 pcrce_nt by volume. The remainder of the volume is made
up of watt;r. The preferred solvent is water without the addition of eth‘anbl.

The concentrauon of the new tht['Oplum salts tiotropium chlonde or uotmplum

iodide accordmg to the mvennon based on- the amount of uotroplum in the ﬁmshed

pharmaceutical preparat;lon depends on the therapeutic effect desired. For the
majority of complaints ﬂiat réépond_to tiotropium the concentration of tiotropinm is
‘between 0.0005 and 5 wt. %, préferably between 0001 and 3 wt.%.

The pH of the formulation according to the invention is between 2.0 and 4.5,
preferably between 2.5 and 3.5 and more preferably between 2.7 and 3.3 and
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majority of conplaints that respond to tiotropium.the
concentration of tiotropiumis between 0.0005 and 5
wt. preferably between 0.001 and 3 wt.% The pH of the
fornul ati on according to the invention is between 2.0
and 4.5, preferably between 2.5 and 3.5 and nore
preferably between 2.7 and 3.3 and -38 particularly
preferably between 2.7 and 3.2. Most preferred are pH
values with an wupper Iimt of 3. 1. The pHis
adj usted by the addition of pharnmacol ogically
acceptabl e acids. Exanples of suitable inorganic
partiwilaidy prafenably botdeat Bl dand 34k iMosthydfeotedart pHavildes with an
LT |d sul phuric acid and/ or phosphoric acid.
uPpEigﬁh %@gof particul arly suitable. organic acids
include ascorbic acid, citric acid, malic acid,

Thetal?:lgg 'édﬁ;é&.@i E{’é f:lil%gdcﬁllﬁoﬁﬁf ﬁhanﬁd&%dg'féa‘ﬂy&@t@btalrﬁﬂé (r:a&gicsc
Exafilés ofipiebfe Barsnis S b ipehyh g oo acid,

n;trfELacpxtyLuuﬂmlﬁ:m atid ahil/or phakpioorposdil bBxatoplesusfopartiaulady dsitable
orgzi’}ﬂéé ﬁgig? ?ﬂcﬁu&é Eit%ggicfa%{f‘éijn@ %ec?cg 'nqaa{%?%i(yctgﬂ:aﬁ@ IaI‘:ld\éWl'LJTCIC acid,
succamc@aad,mr@ anddscheaviel aeidy fqr@ua@cld andéor gropiase agid et
Preféﬁ%tlrlﬁgrgaﬁid(édiﬁse&eq{ydﬁf@ﬁﬂ@ﬁ@Xﬁd §ﬁlp§§nﬁ%)éid§e I &94130 possible to
art| dﬁﬁ ﬁase f acl, éﬁt er.
use fiofic e o o A PG 4hF prdes
subsragce. a@fftﬂlcawganidugﬁds; msmbiccuﬁxdieﬂztrmmmmam citric tieidcare
pref%rreg (ﬁ dg e(c]ilr %&lt'u%& gf the arbov%( g%s %'laﬁf 1#«!‘/1%91‘3 B!f;l&{éu‘farﬁﬁndthe

casepwfaamt&twh@ e quhfaaurepw:tﬂs én bdéré@nrta;thaﬂr ledbfeﬂngs@ealmes,
e. g 'aE fASSUFARES of zﬁ:[tlcﬁﬁcf‘aﬁi@ %lu)éh as tcid‘lf: %Eidn& isb@rﬁ?é"ac:&ufdrf&hﬁlple

ases 1 nclude fo exarrpl ['k nmet al, arom es and
khoric st IS%QF%@H&?%%‘?’O Spﬁne‘P@F% %‘(?z ali et al
ion is sodium Wen such bases are used, care nust be
Phal e ok Rall BHIHIE batdd SaTHSS h Shik i Al e ety
- titraingrthe pdfit Swislblé bases imtlivde farexanipdo alkph anetaldutdrgkidas hyd
3 alkaﬁ%gﬁﬁ LRt hl'ﬁ@ ‘f):%%&‘éﬁ AR @ %@ﬁ'sg éﬁ‘gcgrh@ %Cﬁ Bases

‘ I nvention, on of e tic acl
| are amsla shre maskbo fakenda epsune tBrede sa% sesuHineEe Y 'élenwhwh are

therS b@Mialcditin 1 fe@RRHPHaRtaddRthl fomHRALHIMY0 | N the
-pharmacoioglcally compauble with the above-mentioned acid.

AAccordlng to the invention, the addition of editic acid (EDTA) or one of the known

e salts thereof sodium edetate, as stabiliser or complexmg agent is urmecessary in the_

‘present formulation.

Another embodiment contains editic acid and/or the above-mentioned salts tllé:epf.
- Ina preferred embodiment the content based on sodium edetate is less than 10

~ mg/100ml. In this case one préferred range is between 5 mg/ 100 ml.and less than

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

,' _In another embodiment the content of sodium edetate is from 10 up to 30 mg / 100
ml, and is preferably not more than 25 mg/ 100 ml. '
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present fornulation. Another enbodi nent contains
editic acid and/or the above-nentioned salts thereof.
In a preferred enbodi nent the content based on sodi um
edetate is less than 10 ng/100m ..In this case one
preferred range is between 5 ng/ 100 m and | ess than
10 ng/ 100 M and another is between nore than 0 and 5
ng/ 100m . I n anot her enbodi nent the content of sodi um
edetate is from10 up to 30 ng / 100 mnm, and is
preferably not nore than 25 ng/ 100 ml. -39 In a
preferred enbodinent this additive is omtted

al together. The renmarks nmade above for sodi um edet ate

o RIS H PR 220,

instead of it, such as for exanple nitrilotriacetic

Thé Qéxﬂaﬂ@ Qnicﬁeatﬁﬁlettﬁr E(Ekﬁ {:1 det% ﬁ%[ﬁ%‘ ﬁﬂgloggﬁgl& Yo Yitfrer

pre erab neant Wt e Sco
compparahle; asidiiss sehicl hays p@wpéﬁrxeng:ammesan rerigpedrinstead of

it, SIALor eRAEple Mtalenalit acid HES erLAMRadSE shoul d
have the effect of conplexing cations, nost preferably

met al g:atl ons. In addition to ethanol, other
By comgbiximgvgs nanareqreferilsdy reeanit midnhshem;oml aforthiegrastaed

inve%j fl:hﬁloi B Al ﬁ'&r?cgﬁﬂ{b% eﬁt%nv\kl?&ﬁl &\ﬁ?néﬁk %%ﬁxdarPref?rably,

erre Co- so vents are arn
thegg @meowdsahﬁ@ld bavethe effestipE complyxing easiepis smost preferably
me@dEddigugl arly i sopropyl al cohol; glycols - particularly
propyl enegl ycol , polyethyleneglyco
polypropyleneglycol gl ycol et her, glycero
In aololiymx yeetthyhiel etladrahsiisemn dnamirmk@&edxhiﬁaeme maf hlo be added

to tﬁg;ﬁﬁn‘ﬁﬂﬁﬁ&hcﬁra}ﬂ dnkNad n?&tnﬁ%/'heare not also the

vent or susSpensl oh age terns excipients and
additives in thls cont ext denote, any

Preflteddnacsd0@is atd tshosél%ﬂﬁai abhﬁuaﬁfddzb&?r ABAYS be dlher palar
. benefl c aI ubst \Nhl ch is ctive subst gnce
- Broypy &t Algphok T airgpyl alfondluskeeh v o attigtrdRco

'prOpyleswmmwdseﬂlmlenbglycoh @bmwmn@ido% gliycdlethles, glycerol,
-polfd?ég)!&?‘cne '&l&?ﬁ% ahd pb%&?é{tﬁyfeﬁg fat%'l QledteﬁersY, provided that they

are not aiso the solvent or suspension agent. _ o

The terms excipients and additives in this context denote any pharmacologically
. acceptable and therapeutically beneficial substance which is not an active substance
‘but' which can be formulated with the acﬁ;\fc' subSta_nCe or substances in the
pharmacologically suitable solvent in ordef to iniprove the qualitative properties of
- the active substance formulation. Preferably, these substances have no
pharmacological effect or, in connccuon with the desired therapy, no. apprec:ablc or
at least no undésirable pharmacological effect. The excipients and additives
. include, for example, surfactants such as‘:soyzi lecithin, oleic acid, sorbitan esters,
‘such as sorbitan trioleate, 'po.lyvinylpy'fr(?lidbpc, oth_er'stab'ilisers,"comi)lcxingagcnts,
antioxidaafs and/or preservativcé which prolong the shelf life of the finished
pharmaceaticai formulation, ﬂaivourings, v‘itaim'ns and/or other additives known in
" the art. The addifives also include phamiacological-ly acceptable salts such as
‘sodium chloride. ' '
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the active .substance formulation. Preferably, these
subst ances have no pharmacol ogical effect or, in
connection with the desired therapy, no appreciable: or
at | east no undesirabl e pharmacol ogi cal effect:
The: exci pients and additives include, for exanple,
surfactants such as soya lecithin, oleic acid,
sorbitan esters, such as sorbitan triol eate,

pol yvi nyl pyrrol i done, other stabilisers, conplexing
agents, antioxidants and/or preservatives which,
prolong the shelf |ife of the finished pharnmaceutica

Thcfiﬁrefgﬂ{e@t é:&'ﬁbleﬁﬂs Eﬁi@Mﬁb Qﬁ%oxiﬂah%ﬂlﬁﬁ AR bid4d18] for example,

ditives kKnown in he art itives. also

prom%cl thsd %er%emmlwsé & a&m gws%ﬁ\ic G Ay gitamin E,
tocopheidlmad kihilstevitaniihs Diroviedminsedcariiigincthieshumad body.

anti oxi dants such as ascorbic acid, for exanple,

provided that it has not already been used to adj ust
Presehentives mayttanusedAo protentithe Byrmuladapfrenotentamingtion faih
patb\é}' ﬁéﬂ Saible r@é’ér@%‘f@e@%r@ﬁf(}éy&lﬂ&l hfL 1 4R m%farucularly
: eservat| ve e used to protect t fornulgtlon
benmlbcrﬁleehefdﬁﬂﬁaﬁriwnmcrm dar h@g?@ﬁgcs sugh g spaim benzoate in the
conﬁﬁﬁ&foﬂﬂdﬁﬁﬁfm@h@tﬁ@ﬁﬁ@r whi ch are known in the art,

particularly benzal koni um chl ori de or benzoic acid or

benzoat es such as sodi um benzoate in the

" Prefemeddotmialaitions koowin f incrdditien po iter sedwdnt wartef amd ede of the new

't:oufog) d;rm'sahé gfq%ﬁaéﬂﬁmﬁapnd@ (ﬁ%&dp‘? @afdae ag; YERLINNAhGR

ot'ropl umsa pl um
-chloadecﬂﬂ%@déummctmt@p|19mq0@‘mrd§efeé$ﬁdwm'@wilﬁi%n% spdium edetate
js pfeBémt | de and sodi um edetate. In another preferred
© ~ enbodi nent, no sodium edetate is present. The
~ solutions accordlng to the invention are preferably
Theaﬁﬂwﬁmﬁ zﬁ:fc@ﬁﬁmgltﬁ ghé hﬁzenﬁeamrapte(féﬂablmimhansteﬁedmag the

Respw @gglgg r:nﬁ%gtﬁd%g,n h%l%xgogqgetﬁ féﬁquhgllep fﬁecﬂsélg?emn WO
597Lbkﬁ%kﬂﬂdﬁhgﬁ¢%@thﬂhaiabIe aerosol s The Exanples t hat

follow serve to illustrate the present invention nore

fuII b wa of exanple without restricting it to
3 y .A g y r('mella -free mhalable aerosof 9

 The Examples that foliow serve to illustrate the present invention more fully by way
- of example without restricting it to their contents.
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-41 Fornul ati on Exanpl e 37: constituents anmount
tiotropiumchloride 0.03 g benzal koni um chloride 10
ng sodium edetate 10 ng IN HCl (aq) ad pH 2.9 water
ad 100 g Fornul ation Exanpl e 38: constituents anount
tiotropiumchloride 0.10 g benzal konium chloride 10
ng sodium edetate 25 ng IN HCl (aq) ad: pH 3 water
ad 100 g Formul ati on Exanple 39: constituents anount
tiotro p iumiodide 0.05 g benzal koni umchloride 10
ng sodi um edet ate 10 ng 1IN HCl (aq) ad pH 2.9 water
ad 100 g 42 Fornul ati on Exanple 40: constituents

FordiRidton Ekgh;ﬂ@ym iodide 0.03 g benzal koni um
chloride 10

constituents amount
tiotropium chloride 0.03 g
benzalkonium chloride 10 mg
sodium edetate ' 10_ mg
IN HCI (ag) " ad pH 2.9
_water _ ad‘ 100 g ‘

‘Formulation Example 38:

. -‘constituen_ts amount
ti_'o‘_c_fopium chloride o 0.10g
benzalkonium chloride ' _ 10mg
" sodium edetate A © 25 mg
. _IN'HCl (aq) | ad pH 3
 water | " ad100g

Fofmulai_:ioh Example 39:

cons‘_timehts ‘ _asount

| tie.tr_opium iodide | ] | 0.05¢
benialk_oxiium, chloride ) 1 3 10 mg '
.sod-ium edc:thte , | . 10 mg .
INHCl(aq) |~ adpH29
 water ) ad 100 g
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sodi um edetate 10 ng 1IN HCl (aq) ad pH 2.9 water ad
100 g Fornul ati on Exanple 41: constituents anount.
tiotropiumiodide 0.10 g benzal konium chloride 10 ng
sodi um edetate 25 ng 1IN HCl (a g) ad pH 3 water ad
100 g Fornul ati on Exanpl e 42: constituents anount
tiotropiunchloride 0.04 g benzal koniuin chloride 10
ng sodium edetate 10 ng IN HO (aq) ad pH 2.9 water
ad 100 g -43 Cains 1) Starting conpounds of formula
2. HSCCNCHS Y d Q HQ Q wherein Y' denotes an anion
ot her than brom de selected fromthe group consisting

'Fo'rﬁlulaﬁ@ln' Efandple $p9- al kyl sul phonat e,
-al Kyl sul phat e .and C6- O o-aryl-sul phonat e,

constituents amount
t‘ib-’tropium iodide 0.03 g
benza-lkqnium_chloride 10 mg
sodium edetate 10 mg
IN-HCI (aq) ad pH 2.9
_water ad 100 g
Formulation Example 41:
conStituents amount.
tiowropium iodide _0.10g
| benzalkomum chloride 10 mg
sodlum edetite 25 mg
1IN HCI (ag) ad pH 3
' ﬁ@mr_ 'adIOGg
Fofﬁ;t_xlatibn Example 42:
coustituents amount
t’io'tmbiuh:l chloride 0.04 g
benzalkomum chlendc 10 mg
sodlum edetate 10mg
lN HCI (aq) ‘adpH 2.9
' Water : ad 100 g
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optionally in the formof solvates or hydrates
thereof. 2) Starting conpounds of formula 2 according
to claim1l1, wherein Y - denotes nethanesul phonate or
nmet hyl sul phate, optionally in the formof solvates or
hydrates thereof. 3) Starting conmpounds of fornula 2
according to claiml, wherein Yis selected fromthe
group consisting of fluoride, chloride, iodide, Cl-C4-
al kyl sul phate, G -C4-al kyl sul phonate optionally nono-
or pol.ysubstituted by fluoGiaens&t the al kyl group and
phenyl sul phonate optionally nono- or pol ysubstituted
1) by Startidra@drpydurids offemlgy! ring. 4) .Conpounds of

formula 1 HHCNCH3 X - QHOQg Z S ~ wherein X- is an
anion other than bromde, gptionally in the form of

sol vates or hydrates ?hG¥ﬁ -HsS)benpounds of formula
1 according to claim4, whArein X" denotes chloride
or iodide, optionally i ~f or m.of sol vates or
~hydrates thereof.. -44 ounds of formula 1
according to claim4, wh€eip X' is selected fromthe

- group consisting of HQud@, chloride, iodide, G -C4-
al kyl sul phat e, sul pffa#€, "ty ogen sul phat e, phosphat e,
hydr ogen phosphat e, & ggen phosphate, nitrate,

- maleate, acetate, trifluoroacetate,Zcitrate,
whdrgipar ate, tartrate, oxal ate, succinate, benzoate,

Y dénofeés ahkadig B ALA KIBHiEL Rk t'ednffggf thefkr P consisting of
‘ha!i_élé,' @:‘:;'.-*Q%E—!a 2thHOha U(Iéf-t“e- M%AW alt o . FS—J a ate,
optfiain e g‘? oF &t SR ﬁg@%@fﬁ%ﬂ%w

i gt r opj .chl.oride, optionally.in the form of ,
P?i,‘_atpgflﬂrﬂmg compounds %f -formulayg according to claim 1, wherein Y~

t
.S : _ |
dendtes methanesulphonate or methylsulphate, optionally in the form of solvates -
‘or hydrates thereof.

3)  Starting-compounds of formula 2 according to-claim 1, wherein Y- is-
selected from the group consisting of fluoride, chloride, iodide, Ci-Ciu-
alkyl.su_lphate, 'C4-Cy-alkylsuiphonate optionally mono-- or polysubstituted by
fluorine  at the alkyl group and phenylsulphonate optionally mono- or
“polysubstituted by-C4-Cy-alkyl at the phenyt ring. '

4)  Compounds of formula 1 -

H,C.

+
\CHs

Ho o
Moo
N8 8.7 )

o fwherein X" is an anion other than bromide, optiona’li; in the form of solvates or -
. hydrates thereof.

5 ' Qompounds of formula 1 according to-claim 4, wherein X denotes
: chloride or-iodide, optionally in the form of solvates or hydrates thereof. '
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‘_ fcharQ&)é% ? ha

hydrates thereof. 8) Crystalline tiotropiumchloride
according to claim?7, which is characterized in that
in the X-ray powder diagram it has the characteristic
values d=6.15 A; 5.58 A, 4.45 A and 3.93 A inter
aria. 9) Crystalline tiotropiumiodide, optionally in
the formof solvates or hydrates thereof. 10)
Crystalline tiotropiumiodide according to claim9,
mhich is characterized in that in the X-ray pomder

80" anCohipoliAd t&fef&m}léc’i ehk S VPcJ %?a? 9& 6w rel X
seleéte@ig flom 4t / @osu L g%ﬁ%lg —C:i
t

aIkyI%fJI gtéf °§u18f?é ]§ % t o ?gteft'o ate,
% sv.%cé by cﬁ, - j ){lﬁ% qqa?? Pc;;‘r%tzptqanally

dlhy
fum

% ngsgh yh gionRr 2Rt ehendayiphonate
Ypslitutad Q)é@n@ﬂ @Ihgtat the pheMATIAG o

mon
opti &qq (%po

tiotropiumsalt according to any one of clainms 4 to

107) 13)Crystalling tiolronium eldaridei eptiomaliy dothi frgnt of solwites or

C

hydrates thptaokcterized in that it is in the form of

preparation suitable for inhalation. 14)
Ph3)r macenystatlide dinimopiinhi ohlodde oaciardinto te! @i 18, which is

charatiariaed & fhitih fhe X+appowder diagramel Aas the bhaereistd values

d=6.15dnss®Ag4146eA ant . oblAe imtereiRi. s,  propel [ ant- driven
met er ed- dose aerosols and propellant-free inhal able
sogyut | %@s@]l:n@ﬁ%ﬁhﬂbﬂldéﬁgt%ﬂ?ﬁ?%’é 66h of f salvates or

hydr&@ERAsidof.on according to clai characteri z
Y rt hat |t I's an inhal abl e powder V\,hl ch cont ains in

&l d:% '%Hag'g o T %
m% t¥1 : ] er §§ pta{%@ctlgs'lﬁ E\ \I/(;Iue::'

_-
—

d=6.3Y; go- and %2| Vs ’h’Qter ¥fyal cohol s, the
C tri he am aC| or the salts or
yﬁb Se,pl aitiolipium &diog 19, 3K o slairms 4 to 10 for

.preparing a pharmaceutical com 03|t|on for the treatment of respiratory

complaints, particularly for the treatment of COPD (chronic obstructive pulmonary
disease) and asthma

12)  Pharmaceutical composition, characterized in that it contains a

-tiot‘ropium salt according to any one of claims 4 to 10.

13)  Pharmaceutical composition according to claim 12, characterized in

that it is in the form of preparation swtable for mhaiatlon

14) Pharmaceuticai composition accordmg to claim 13, characterized in

_ that it is a preparation selected from: among the inhalable powders, propellant-
driven metered- dose aerosols and - propellant-free inhalable solutions or
suspensions.

15)  Pharmaceutical composition according to ctaim 14, characterized in
that it is an inhalable powder which contains in addition to the fiotropium salt one
or more suitable physiologically acceptable excipients selected from among the
monosaccharides, the disaccharides, the oligo- and polysaccharides, the
polyalcohols, the cyclodextrins, the amino acids or the salts or mixtures of these
excipients with one another.
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-45 16) Pharmaceutical conposition according to claim

15, characterized in that the excipient is selected

fromthe group consisting of glucose, fructose,

~arabi nose, |actose, saccharose, naltose, trehal ose,

dextrans, dextrins, maltodextrin, starch, cellul ose,

sorbitol, mannitol, xylitol, a-cyclodextrin, O-

cycl odextrin, X-cyclodextrin, nmethyl-(3-cyclodextrin,

~hydr oxypropyl - (3-cycl odextrin, arginine

hydgp ChP‘h‘éhﬁScelﬁRﬁI Hé?n él%r'\ Q@c&ﬂtr@qmﬂé%m 2 PRPAUSrzed in
.thatofhe”b igieRP is tééféc‘%&if HB%%Is‘ﬁﬁ &g Eééé'ﬁ‘ﬂ‘ctose
arafn6SE, 91138058, €k Q a]'ésé’r aGy trins,
mal trn §t% r?' 8 gve Br g &gﬁ@”&% H@He ., B-

@ h gxmmeyl —mécioqegctnn
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19}  Pharmaceutical compdsitxon according to claim 14, characterized in.
that it is a propellant-containing inhalable aerosol which containhs the tiotropium
salt in dissolved or dispersed form.

20y  Pharmaceuticat composition according to claim 14, characterized in

that is a propellant-free inhalable solution or suspension which contains water,
ethanol or a mixture of water and ethanol as solvent.
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