METHOD FOR PRODUCI NG TI OTROPI UM SALTS, TI OTRCPI UM
SALTS AND PHARMACEUTI CAL FORMULATI ONS, CONTAI NI NG THE
SAME The invention relates to a process for preparing
new tiotropiumsalts, these new tiotropiumsalts as
such, pharmaceutical formulations containing them and
their use for preparing a nedi canent for the
treatment of respiratory conplaints, particularly for
the treatment of COPD (chronic obstructive pul nonary
di sease) and asthnma. Backgrotnd to the invention
- Tiotropium brom de i s known from European Patent
METHODFORPRODUTING FIGTRORIUM SALTS, TOTROMOM SALTS
AND PRARMACEUTICALUFORNMBCAMONS; CONTAINING FHE'SAMEY de
Is a highly effective anticholinergic with a
| ong-1 asting effect, which my be used to treat
respiratory conplaints, particularly COPD (chronic
obstructive pul nonary di sease) and asthma._ By.
tiotropiumis nmeant the free_ ammoni um cation,
‘The irvention reJates he pOTGSSSHOE PTERATEIHNG W OU@PIER;splts.dhesenew
dotrogfifis ik A o, PHarfiflckanel (hhAULERY Roldiehg!diam ddibtheir use
romde. The "halideg and al so he~aIK¥I- anqa. _ scularl
for prepaging @ 1HRGIRAMENLfoR 1S FEHMARE O SEIPHALTY FORp aInts, particutarly
for theoRéaieab be CORDOGbuSHhic otsitng tivh pulmbhay dissce) dmdiasthma.
EP 418 716 (cf. Diagram 1). However, other salts of
- -tiotropium cannot be produced Using this nmethod. The
ai m of the presedtckemonnditoshe snventipaovi de an

N £i 'W 17 : ' ' AEP 418 716 Al
?ﬁoun@%%??%&%&ﬁfga ts Mﬁ?%%iﬁﬁgg espg?ﬁgr ?%??%pii%wsalts
and has shefollopring sheaMeplifiructaicrp| e, non- aggr essi ve net hod

which is universally applicable. Summary In a
first ‘aspect, there is grevideds;a crystalline :
tiotropiumchloride, opt?onglly3n the formof the
sol vates or hydrates thereof ln a second
aspect, there is providdd..af crystBfline tiotropium

- odide, optionally int of the solvates or
hydr at es t hereof I Jrd aspect, there is
~provided the use of a tiowopiyumsalts as defined
above for preparing E@har'maBeutical conposition for
the treat-nent of re&paypatod onplaints, particularly
for the treatnent . XOPD cqr-nic obstructive

pul ronary di sease) and ast . In a fourth

-~ aspect, there is proyided a pharnaceutical, S
Tiotropiwm bepmidsis adxght c?%}?qtg’gdmtﬁgpﬁa?fgﬁ WEgrﬁlaPﬁéa%Fﬂg effect,
- which Ha9tHcoRiedfoYadat raspifiatbiy eompluings, particularhynCORD f(thronic -

o aspect,, -there.i s RQrovj ca . . i, i.n
b BER et ke M AR o PR A Bt
ammoninay.catiddet ai | ed description of the invention The
probl em st at ed above is solved by the process
K according to the invention as described hereinafter. .

Hithermhdh¢nphas theen noctxnlicit descapsiogdediie psior gricifats gt Hafjopium
other thA® HOBidHRdR 2 ThO hali@éith@ akohBE alkylHh darylsulphonate of
- tiotropium should also be obrainable analogously using the method described in EP

418 716 (cf, Diagram 1). Howéver_, other salts of tiotropium cannot be produced

-using this method.



HO S--) wherein X- denotes an anion, characterised
inthat a tiotropiumsalt of fornmula 2 H3C,N, CH3 y
wherei n Y-denotes an anion different from X- sel ected
fromthe group consisting of -~ halide, .
Tbe%'mgop i §¥£6%F lirﬁ)%ﬁ’t'i'(ﬁ{ & toProidd nlal ieinhiudl PBRLE of synthesis for
-Co-atyl sul phonate, is reacted in a suitable . b
prepaingeinttropiunh salfs Whish oeeseothelt YokopiEr &1i 1R PEHEEsy by 2
. a, cation HNAMEis LR BANIpOsHE. ven above. I n
an?ﬁ%ﬁ%r%%%ggggégﬁﬁﬁing tg thg iﬁgg%tion,the compounds
Kat- X are used as the sobe®Ba®or the ani ons X-. These
are salt LCh RORLA £ iMnd Kakopihi cAREUL] Gliohaly in
th nzf‘n%rirgﬁas%&’r ggerlgﬁj?éggﬁ@ , gl I Fhe saplltls Kat - X,m
the Wdrer &ithe 30lvedgs didydratenéhoma®ini ngs gi ven above, may be
used for 1 | GRRl JicRAal BhetiRBobRMEREIde Noptionally in
Ho fe??muggp%gﬂﬁ%??ipﬁhere?ﬁﬂﬁat genotgs a catié%
the $ehedftthdsdlvaten dr hgdetes itteseodf the al kali or al kal i ne
earth metal s ar ef 8liaef the e BEEkibir&umishitd & &fHed above
préP@HEpgﬁgfgg%%?%b&?glp_eeinaentﬂoﬁ&?o use salts .
for phepaenda ikhtrmteerdicels camprsition oy e teytmept aff Kepiratory complaints,

i ehral kyl 0] ( Licy basfictivePh Bf8hab! Msease) and
farﬁ\f(”%‘f%e - aﬁﬁy‘l‘)’ﬁ% %@%gﬁgﬁl y prsef(ervree% in t?e )
astizpcess according to the invention are those
conpounds, Kat - EELByi HaEsiedtd i, CRardERrised
foﬁﬁéH%BéhﬁﬁFﬁgﬁﬁggg {Eﬁgiﬁgﬁgésiu&r wggﬁggium
in tea liicdoutminsaniomopium it asdefineadabayd-t y1) 41-. In the case

of pol yyal ent cations, .the salts for sntai

(st iE aspe. s SypeavieEorpyie ABRARGDD PRy contin an
inhbRMERbivasr Ryictifel Mesd.gnation "I Cat- X", which shoul d

not therefore be regarded as being restricted to

salts of a stoReifrElddseripgomobthkiioventdh out st andi ng
din

The npBlas o 35500 oyt I RETbEQaltq it hivelBbs s

descrivedfimrailaftesodi um tetrabutyl ai ranoni.um or anmoni um

preferably sodi um or ani nonium The process accordi ng
to the invention is preferably carried qQut in a_polar -

The isetnsimt relates is auoctsfPapropapps REWNER R fakis of formula 1

sol vents i-n which bothSLE$+r¢Epent Kat- X used and the
resul ting by-product KaB-YnaressoXuble. Suitable

. solvents are easily recognfised by the skilled nman by
certain routine experi ol vents in which the
products of formula 1 a s sol uble for exanpl e at
anbi ent tenperature (abogt 2§-25C) than the

‘conponent s Kat - X andHE%;g§i§re particul arly preferred

according to the inwer ,-as they assist -
particularly in thqggﬁrki g bp of the reaction.
.Preferred solvents prgti“c sol venf s such as

al cohol s (for exanple methanol, ethanol, isopropanol)

whereanX-dehertes aqu mfienably water of pH 2-6 as well as

charaR@Lidld ff 888 iaﬁr“ﬁ LyGGRl Sa18 8F Rikffla &7 Om the group

consisting of alcohols such as for exanple ,
et hyl enegl ycol and di eHt @yl eDHgl ygol , . am des such. as
for exnnpl e dinethyl forrnath de an

N-met hyl - pyrrolidinonen etfters such as for exanple
tetrahydrofurart, di oxapg nmet hyl et her and nitriles
-such as f'or exanpl e acet ile. It is particularly
preferable to use water, thanol , et hanol,
i_sopropanol , ethyl erfdg@hyucolQ di et hyl enegl ycol ,

.di et hyl f or mam de, AFyet yrrolidinone,
tetrahydrofuran,-d\oxgne,SdV’ t hyl et her or
acetonitrile as solvent, while waterZ particularly
aqueous solutions with a pH of about 2-6 are
particularly preferred according to the invention.

In order to carry out the process according to the
invention, at |east stoichi&retric ambunts of the
reagent Kat-X are required, based on the starting




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, styrenedivirtyl benzene
(styrene-DVB) or polyacrylic may be used for this.
Particularly preferably, resins are used which have
cationic functional groups and may therefore be
whergihar ged with the above-mentioned anions X-. Exanpl es

BTl it Ry
- r belide Gr€rxabiudsul Lo t-Caraligbuinhagg @sH}m-arylsuiphonate,
is :ea@éaa% Redligbld6lidie vﬁﬁi R RoPSowel RarON fvhefiih Rdtidefotes a

. these 1 on _exchange resins nay be charged with
Ca“‘)‘%ﬁ’édg%f’?‘aé’ ﬁdﬁ?l&lq%cﬂ“(ﬁq Wef the starting
conmpounds of fornula 2 in one of the above- nentloned
solvents - ou nto contact
In the RRERTS rORIER to A 1ol SOmP RGP CRARE Bt o
sourcforTthe mpdnst XoEhesb et salts whichrecontrimuaktion (Kad mcalddlmm 10
. r | -
L 3%‘315%% e e
given abwm imay be uﬁ@%@r ¢ TRRCtion 4aCAEHNg to i m@«%ﬁuw Higweyer,
pure form In a preferred process according to the
i nvention, the starting products used are conpounds
of fornmula 2 wherein Y-deitotes an anion other than
X- selected fromthe group consisting of fluoride,
chl oride, brom de, iodide, Cret-alkylsul phate, or
G - C4- al kyl sul phonate, which rmay optionally be nono-
or pol ysubstituted by fluorine at the al kyl group, or
phenyl sul phonate, while the phenyl sul phonate nay
optionally be nono- or pol ysubstituted at the phenyl
ring by C1-d-alkyl, preferably nethyl. Also
preferred according to the invention is the precedi ng
process wherein the starting products used are
conmpounds of formula 2 wherein 17-denotes an anion
ot her than X- selected fromthe group consisting of
fluoride, chloride, bromde, iodide, nethylsul phate,
et hyl sul phate, nethattesul phonate, ethanesul phonate,
f 1 uor onedi anesul phonat e, difl uoromet hanesul phonat e,
trifluoronet hanesul 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 ani on other than X-
sel ected fromthe group consisting of chloride,
brom de, iodide, nethylsul phate, ethyl sul pl aate,
nmet hanesul phonat e, tdfl uoronet hanesul phonat e and
t ol uenesul phonate. Particularly preferred is the
precedi ng process wherein the starting products used
are conpounds of formula 2 wherein Y-denotes an ani on
ot her than X- selected fromthe group consisting of
brom de, nethyl sul phate, nethanesul phonate,
triftuoronet hanesul phonat e

Z2a



and tol uenesul phonate, preferably brom de,

nmet hyl sul phat e or net hanesul phonat e.

Pani cul arl y-preferably, using the process described
above, salts | are obtained, wherein X-denotes an

ani on selected fromthe group consisting of fluoride,
chl oride, brom de, iodide, Cl.4al kyl sul phat e,

sul phat e, hydrogen sul phat e, phosphate, hydrogen
phosphat e, di hydrogen phosphate, nitrate, nual eate;
acetate, trifluoroacetate, citrate, funarate,
tartrate, oxal ate, su00|nate and benz

oat e
' saltsKacKawhetesuKohdanetes agaton selsg %§F|S§n5%0mﬁ&!kall OF
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mvchﬁbﬁ | Qh@ ﬂ@ﬁ&ﬁi@on CKhi-A"e whichslicaild ,not aleltmﬁtre be regarded as
oxal suc zoat.e, raet esul phonat e,
being SRETEEH BHOTROLe SHCRREarE o iR o
d| f I uor onet hanesul phonat e,
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uéne accordin
by sowgmntmﬁmm ion gmumeniyBy Brofenbiotaing, g“&é’g’é‘ tylamrpeaiym or

amniuf, gﬁeﬁl%% Bedhuh6E Sisndniusn.sel ect ed from

fluori chloride, iodide, nitrate, rnal eate,
acetate, trifluoroacetate, benzoate,

‘Ihermbbal aswr.ﬁhrgm e 1tm:iﬂiamrsqudmlnie$attpmbwattm sapelar solvent. It
el S aden
oIS ey 18 Wl e o
the tesultingdyeprodugt Kagndagsespdablee, preferably chi ori de
Smrﬁﬂg sf:ﬁ\@/iel%ﬁrg %%lﬁpfe%bgﬁigc@ Yylhe sﬁllt@tli R%fh By? @@d::ghftgutlﬁe
exparie RS e in sy BBrgricrb s Bt test s f
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partenthriyniarthe stoeking! by bf threoreactiony Rrefermi sajvenis BEprotic solvents
suchaa[rsoaﬂgo nO?E gfi)? [é%h}ﬂle]mﬁzﬁ%a‘}mq aétﬁ?ﬁoﬁ s%?ﬁopan-glbeaﬁ@{vhﬁﬁﬂ Peeferably
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wategrobpT 2t abwelj s DoIcBBniS SoMe e ERas o Hicoiroupeonsisting
of aIESholEE@th 2 foB\exahdpld! éﬁ@léﬂ%g!%ﬁﬁvhﬁd Hi@hﬂéﬂeglﬁcdlﬁixh)dcs such as
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exanhjsle W&r@ﬁﬁ&npﬂm&bﬂe,@hmmhyﬁcﬂxmmdtmuﬂcs Furlsas fbo example

scerfiiR. foie PofiRp b Biatb b (e clipiob ot

isopropanol, ethyleneglycol; dleﬂ;.yleneglycol dlmethylformamlde, N-methyl-
pyrrolidinone, tetrahydrofuran, dioxane, dimethylether or acetonitrile as solvent,
while water, particularly aqueous solations with a pH of about 2-6 are particularly

preferred according to the invention.



etc. Unless otherw se stated al kyl groups may al so
optionally substituted if they are part of other
groups (e.g. alkylsul phonate), for exanple by one or
“nmore groups selected fromthe group consisting of
fluorine, chlorine, bromne, CF 3 hydroxy or

rnet hoxy. Hal ogen within the scope of the present

i nvention represents fluorine, chlorine, brom ne or

i odine. The term C6-C o-aryl denotes an aromatic ring
systemwith 6 to 10 carbon atons. Preferred aryl
groups are phenyl or naphtbyl. These nay opti onal

In drdesibetrty ouedic Processaoeptding o Sieanpentian, at ipastigrgichiometric

amGf 1S oF Bk %g@ﬁékﬁ@%&%%ﬁ&&@&ﬁsw ol®h&¥iartidd BOMpBAnd 2

orine, om ne Qr net hoxy ~
use@,tlapwen@t: dgmpeekemb E#C‘Ffoi%‘Pe‘hﬁr”é‘fF&P@B thFc ég%\Fﬁ?gsnt Kat-X
in c%]@‘s ogﬁwé?ﬂam 4t lehe lh@afic@hs,sﬂee&emy iab ldabt ﬂeéﬁ&iﬂ&xs

: parug;.{l%_iéi%re %&7 atdleastd[ gq:gﬁglim\ém 5{‘%’;‘? Pﬁgcrfaggrngt leasH%O
equivalemitnefIKabile ame qﬂeﬁdmﬂsbd oacthe coptpensd 2 ubed. Hasidallpgreactions

' wheQIRRY el S P B8 MR PRAKL ot to the

I eagent ro

| invensionr Thecolutility ol thesrazastt KAto¥ moystbm ke inie consideration,
dcpémﬁﬁé%‘nnlﬁetc‘ﬁoaeaﬂ @W&l)t to beazed @arﬁb@laﬂ IHReféRdtsle @fcording
rmula 2 wherein Y- ot n brom de
to g eVRBgRR (e FRERTHEL GOBUITICE ¢ AREAIGH-Br omi do. as
starting conmpounds in the synthesis according to the
i nvention f ar.. n I
The 6o, 88 Singltor A gh P EREPEIIRY SocPied Bk B, e up e
componpduidermtilaidinsplutionasatearpd withdiat-X and w&ynhﬁ%a

' tem &d&%&ﬁ%l;&&i o@@&%&@ﬁ@é&%e Boltire tt&ﬁpeaeﬁﬁ&t 4f0fe Qblvent

rom de, tionally in the_ form of the sol vat
““chF%?f@@n Ve, ﬂrfovcaése%ﬁ @eiied AYL tHes SO0 O garticutarly

preféQiblyoxd IB%S ﬁiaﬁ(er{}"@ forepenefasblgfat las mw@Mahchhvlg
een aes rt
 pretfiibi the AERo AR PRbe bt e SR b By 3iEleifure in
. the Wmaw@m@@lm@lbau&ﬂﬁ@ﬁ%ﬁmamsmm&t geaction -
t 0
at hlgfléloéeliﬁ[ﬁ% e e@sorr%?h eyﬁgxgpdb%gtt éo-am C may lead to

enyl
longer r@cp@gmmzq-,ﬁﬂypm Eﬁﬂgp@p temperamres in the range from about 10- -
40°C are preferred because of the non-aggressive reaction conditions according to

the invention. In order to work up the reaction the compounds of formula 1 are
ﬁltered off and recrystalhsedlf ;necessary.

. The reactions accorduxg to t‘he mvention may also be carrted out usmg ion
exchangers known in thc art. These i ion exchangers are matenals known inthe 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 'groﬁps and may therefore
be charged with -the above-mentioned anions X-. Ekamples include styrene-DVB
‘with functional grbupS' selected from -NMes*, NMex(CHCH-0H)*+ or -NH;*.
These resins are known in the art and commercially obtainable. By the action of
solutions containing Kat-X, these ion exchange resins may be éhargcd with the
corresponding ions X-. Solutions of the starting compounds of formula 2 in one of
the above-mentioned solvents may 'bc brought into contact according to the

—4- .



Where these new conpounds may be used as starting
conpounds in the process according to the invention,
the present invention relates particularly preferably
to the two above-nenti oned conpounds as such,
optionally in the formof the solvates or hydrates
thereof. The follow ng Exanples serve to illustrate
the present invention nore fully, without restricting
the scope of the invention to the enbodi nents

descri bed by way of exanple. A |. Starting materials
A |.1. tiotropiumbromde: Tiotropiumbromde m

inviiriczbihnid iGwexdhaagp resinschrggedwitrt Sher leiony obisined

in_Eurap Pat , ] 1.0, El . ol .
atie bR s dfH SRinaaBEs b A bR SHOGER cobrespoddingly charged
ion dielihgelvobumny goniin theecampoundsef fpagula,l.7Ebess may be obtained

ey bl eating gently. After the addition
m’%ﬁﬁé‘%%m%#@r%\{iﬁﬁrﬁnet hanesul phonate the mxture is

stirred at 55C. After the reaction has ended about
In féfreBpotesy adtosdinklte dhe idventday theatuting prodestsnsed are

e p lef(:t C yitglli.ses out and is filtered off. It
con?%o‘ﬂﬁ{si i%’anB{? BEFYRYal i sation from S
Y- netdeaoods/smcation ethefi thho X-gelegtedyfrommi the groyp cansisyinzob

99 ; i in -2%- : Akl 8P) . A

1.3 Tiot ?%8?%%%% yeéu p é\’&gh‘IAna %{ggﬁéstlki/sto t he

met hod described in para. 1.2, 75.5 g scopine di-(2-

 t higg bylalighivfph sbfte pvRichenay ©p tohilly BOnfbnok lor polysubstituted by

di net hyl sul phate.in 750 m acetonitrile. The crude

pr deEine ptithe alkylg10UD, O%es out i s separated off and

-recrystallised fromnethanol for purification. Yield:

83.89. g whirt e -crystal : . Rl ' be mono- or
- 1o0tafet b Baf KR dhe phényittopolfiic il opBbAilly be mox

sy molsssbstaeebatiigphet Hesi /e mGoikastabl. methl.

Tiotropiumchloride 1.00g tiotropitun bromde is

suspended in 100 nl. saturated Cl sqlution (35 .
- Alsqgreirrod goperlinge o thegverion @&h? SFECERIE %’i"cs#o‘i"%%t%‘“ the
’ starh%ﬁ@ﬁb@%m @sed hrd corhpennds bf fersthla® evhchanpr oduct  t hus
obt ai ned i s _suspen _ 1, ity ,,
Y- O 0PARE i B ORI 32 S1ccfia otk 4R el Bbnsieting of
i s Glearidd, biylotides bearisle, xqikdednaﬂum%@ﬁ tegrbyiselphate, 15
-om nQ%thgﬁé nat, QRhhiHIERIRE RidsMedldnebsiphbhiey ed
hot .to renove Insoluble matter and the filtrate i honat
c oS TOR RSN e TR HBRETRhOAHE Reyiuphonate
cr yaHabldep@sulptbnatél €l d: 4861 ng (53.7%; colourless
crystal powder; melting point: 234C (deconposition);
: Ani ons detected by HPLC. chloride 7.99% (calc:
© PreRrR@% thé prechding plocesnwharehptigetatiagdeoducisdised are
Exampl e 2. Tiqt [ iodide 5 5.00g of tiotropium
co%%’?ﬁaﬁgfi?%l%%sipgﬁae in 50 mM saturated. anmoni ym
Y- i odiedetes aluanion oflgs dann selecyabiram Be)EranR copsiFHRg of
f%hﬁ:r’ﬂ%%/%r i T3b i, HRIBAS Pua@; eﬂh_tyls!ugjli_ah_@n
ed, the bt.ai ned.i s dr,j e

! aResthapesplasiate: SR REHReRR PRORFF AR SsBe Sy BgRate
. At-is filtered hot to renove insoluble matter and the
Parigbiiy b ol 30 UFopieRe iR $i0beds SARFLR"HE Srarthf pRUBR used
are”compounds of formula 2 wherein '
Y- denotes an anion other than X- selected from the group copsisting of
bromide, methylsulphate, methanesulphonate, triffuoromethanesulphonate



10 out Yield: 4.41g (80%; colourless crystal powder;
mel ting point 205C, Anions detected by HPLC. i odide
24.28% (cal c: 24.43%, the brom de can no | onger be
detected. 15 The products 1 obtained are obtained
anal ogously starting fromtiotropi um met hyl sul phate
or tiotropium net hanesul phonate. A H
Characterisation of the exanples of synthesis
according to the invention 20 The conpounds obt ai ned
by the above process were characterised in nore
detail using X-ray powder diffraction. The foll ow ng
pr aﬁa%ﬁﬁﬁnwﬁpwﬁﬁe; prefaablyctrohad-methy te or
di agr | | sted bel ow. 25 The X-ray powder diagrans
we e %Rﬁ? B3%hi n the scope of the present
i nvention using a Bruker 1)8 Advanced with an CED (=
0 Lon-sensi ] t abovegsilal 1 are olftairred,
Par 3y BN, Yot B S Ap b sboyegiub L B0
wheréinori de 30 The tiotropi umchloride obtained by the

X ab(zi\égo{@taﬁ%léﬁ sBieSfelrdih tEé ghdip eomsintingsofdbiarides ¢hlaride,
: anhy

ex bromid ) uqs, é@fﬁrgg‘, Cay %V\B%gfﬁﬂ.gz{he gf.%,fs?x% ; %.tté lﬁrytcﬂgéen sul?lﬁate,
mﬂiydibg@ﬂi phogittas lillydiogen phospirarer piEte, maleate,

t t hl
QSRR SO e, PRI oM Gl T

m_tbensmatte,em 2) ['1 dhkt [AI |ntenS|ty [/e] 8.83
10.01 6 _ : ' _ .

C1-Cy-alkylsulphonate, which may optionally be mono-, di-r_o'r 'm'sqbsﬁtuted
"by fluorine at the alkyl group, or '

‘phenylsulphonate, while the phenylsulphonate may optionally be mono- or.
polysubsututed by C1-Ca-alkyl atthe phenyl ring,

Particularly preferably, using the above—mentionedr process, salts 1 are also

obtained wherein _

X- . denotes an anion sclectcd ﬁ:om the group consisting of fluoride, chlondc,
todide, methyisulphate, ethylsulphate, sulphate; hydrogen sulphate,
phosphate, hydrogen phosphate, dihydrogen phosphate, nitrate, maleate,
acetate, mﬂuoroacewtc, citrate, fumarate, tartrate, oxalate, succinate,
benzoate, methanesulphonate, ethapesulphonate, ﬂuoromcﬁlancsulphonatc,
djﬂuoromethancsdphonatc, mﬂuommethanesﬂphonate, phenylsuiphonatc

and toluen_csuiphonate

Preferably, according to ‘the invention, usmg the above-inentioned - prOpeSs, salts 1
are also obtained wherein
X-  is selected from fluoride, chlonde, iodide, nitrate, maleate, acetate,
| trifluoroacetate, benzoate, methancsulphanatc, tnﬂuoromcdmnesulphouatc
and toluenesulphonate, while preferably salts 1 thrcm X- is selected from
| chloride, iodide, acetate, trifluoroacetate and benzoate, preferably chloride
and iodide are obtained by the process according to the invention.



11.87 7.45 31 13.2 6.7 8 13.82 6.4 14.39 6.15 83
15.29 5.79 9 15.87 5.58 100 16.72 5.3 12 17.24

The prcsent invention also relates to the use of the compounds of formula 2
wherein Y- may have the meanings given above, as a starting compound for

preparing the compounds of formula 1.

C1-Cio alkyl, unless otherwise stated, refess to branched and unbra_nched alkyl
groups with 1 to 10 carbon atoms, preferably 1 to 4 carbon atoms . The following
are mentioned by way of example: methyl, ethyl, propyl or butyl. In some cases the
abbreviations Me, Et, Prop or Bu are used to denote the groups methyl, ethyl,
propyl or butyl. Unless otherwise stated, the definitions propyl and butyl include all
the possible isomeric forms of the groups in question. Thus, for example, propyl
includes n-propyl and iso-propyl, butyl includes iso-butyl, sec.butyl and tert.-butyl,
etc. - '

L Uzﬂc’ss otherwise stated alkyl groups may also optionally substituted if they are part
‘of other groups (e.g. alkylsulphonate), for example by oﬁe or more groups sclected
from the group consisting of fluorine, chlorine, bromine, CE 3, hydroxy or methoxy.

Halogen within the scope of the present invention represents fluorine, chlorine,

bromine or jodine,

fI"he term Ce-Cio-aryl denotes an aromatic ring system with 6 to 10 carbon atoms.
Preferred aryl groups are phenyl or naphthyl. These may. opuonally be subsututed
- for example by one or more groups selected: from the group comprising methyl,
ﬂuorlne, chlorine, bromine, hydtoxy, CFs ot methoxy.

~ ‘The starting compounds of formula 2 are prepared for example analogously to the
method disclosed in EP-A-4187 16. This 1 is outlmed in the following Diagram 1.

H - GHs
CN ‘-




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 14.26 20 21.45 4.14 22.59 3.93

a2
o

Diagram 1:

Starting from scopinedithienylglycolic acid esters 3 the starting compounds 2 may
be obtained by reaction with the reagent Me-Y.

The prior art has hitherto only described the synthesis of tiotropium bromide
(according to Diagram 1). Inasmuch as the compounds of formula 2 wherein Y- has
a ‘meaning other than bromide are novel and may be used like tiotropium bmmi‘dé
as starting compounds in the synthesis according to the invention for greparing’ the
compounds of formula 1, the present invention also x:eIatcs to the starting
compounds of formula z as such, wherein Y- may hav_c all the meanings given
above, with the éxccpﬁon of bromide, optionally in the form of the solvates or

P :ﬁydrates thereof.

'For example using this method the f‘o_lloWing startmg compounds of formula 2
which have not yet been described in the are and which are alse preferred according

‘to the invention are obtained:

- 'scbpine di-(2-thienyl)glycolate-methomethanesulphonate (tiotropium
methanesulphonate); ’

- scopine di-(2-thienyDglycolate-methomethylsulphate (tiotropium
methylsulphate).

Where these: ncw compounds may be used as startmg compounds in the precess
~ according to the invention, the ptcscnt mvenuon 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 inv_ention moré fully, without
restricting the scope of the invention to the embodiments described by way of

example.

A. L Starting materials



53 23.47 3.79 16 24.09 3.69 18 24.48 3.63 5 24.84 358
10 25.56 3.48 9 26.12 3.41 25 26.53

A.1.1. votropium bromide:
Tiotropium bromide may be obtained for example using the procedurc descrbed in
European Patent Application EP 418 716.

A. L2, Ti_o,tropium methanesulphonate;

75.5 g scopine di-(2-thienyDglycolate are dissolved in 750 ml acetonitrile while
heating gently. Afier the addition of 22 ml of methyl methanesulphonate the

- mixture is stirred at 55°C. After the reac-tiojn has ended about 350 ml solvent
distilled off under reduced pressure. The product crystallises out and is filtered off.
It is purified by recrystallisation from methanolfacetone.

Yield: 83.35 g white crystals (74.3 %); melting point: 229-231°C (with
_dacompdsition). |

A. I 3. Tiotropium methvlsulphate

Analogously to the method described in para. 1.2, 75.5 g scopine dl—(z-
thienyDglycolate are reacted with 20.9 ml dimethylsulphate ia 750 ml acetonitrile,
The crude product which crystallises out is separated off and recrystailised from
methanol for pusification.

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

A. H. Examples of synthiesis according to the invention

- . Example 1: Tiouopium chioride

1.00g tiowopium bromide is suspended in 100 ml saturated NaCl solution'(35;8_g
-NaCl!—iO()g 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 filiration, dried and then taken up
in 15 mli of methanol at boiling temperature. It is filtered hot to remove insoluble
méitt;:r and the filirate is cooled to ambient temperature, whereupon the product

crystallises out.
7 Yield: 486.2 mg (53.7%); colourless crystal powder; melting point: 234°C
{decomposition); '



d0

15

25

.30

35

336 4 27.41 3.25 44 27.83 3.2 4 28.76 3.1 7 29.59
3.02 7 29.86 2.99 10 30.49 2.93 In the above Table
the value "20 [1" represents the diffraction angle in
degrees and the value" dui [AJt represents the
specified lattice plane intervals in A

Anions detected by HPLC: chloride 7.99% (calc: 5.28%); the bromide can no
longer be detected.

Example 2: Tiotropium iodide

5.00g of tiotropium bromide are suspended in 50 ml saturated. ammonium iodide
solution (85 g NH,I / 50g water) and stirred for 2 days at ambient temperature, It is
then filtered, the product thus obtained is dried and then taken-up in 85 ml of
methanol at boiling temperature. It is filtered hot to remove insoluble matter and
the filtrate is cooled to ambient temperature, whereupon the product crystallises

out.

Yield: 4.41g (80%); colousless crystal powder; melting point 205°C;
Anions detected by HPIL.C: iodide 24.28% (calc 24.43%); the bromide can no
longer be detected.

The 'p;:o.ducts 1 obtained are obtained analogously starting from tiotropium
methylsulphate or tiotropium methanesuiphonate.

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

invention

‘The compbundé obtained by the above process were characterised in more detail

. using X-ray powder diffraction. The following procedure was used to record the X-
Tay powder diagrams listed below. '

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

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

‘Examgle 1: Tlotmgmm chloride .

The totropium chloride obtained by the above method is highly crystalline and 1 js
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 chioride is
shown in Figure 1.

-10-



The tiotropiumchloride obtai ned by the nethod of
synthesis according to the invention is highly
crystalline and is therefore particularly well suited
to the preparation of, for exanple, pharmaceutica
formul ations for adm nistration by inhalation such as
i nhal abk powders or for exanpl e propellant-containing
aerosol formul ations. Accordingly, the present
invention also relates to tiotropiumchloride as
such, particularly crystalline tiotropiumchloride,
optionally in the formof the hydrates or sol vates
thereof. Particularly preferred is a crystalline
tiotropiumchloride which is characterised in that in
Tabl¢ Hbelow digtspbagbaragiesiptismenks and stapdaedises] ingensiyfs.
characteristic values cl=6.15 A, 5.58 A; 4.45 A and
3.93 A The tiotropiumchloride which may be obtai ned

Tabl%;lz he ahove nethod _can be converted directly—inteo
t he| corr esgogrji ng hydr at dubpy[Alhe coht ristersitydtobn |of
noi gture (i.e. watef vapour or the {ike). :
Accordi nglg/gat he present jpygntion pl'so rel@tes to
t hel'above-nentioned{tiotropiumchloyide in the form
of {ts hyqgaie. The tiotrpgsum iod] de obtgined by
t helabove nethod is}highly crystalljne and is
~obt gined Ty gnhydrops for t was further
i nvestigated by X-rhy powder diffraftion. 5 The X-rjay
- powMEr dlqgr obt alned TOE‘fhe'anhydrous t4 ot ropi um
iodide is"shoWwn in Figure 2. Table| 2 below |lists tlhe
chafacteri gty T peakp and Siapdardi Spd i ntégsities. |
2 0|[1 duilﬁ‘[éﬁﬁ intehsity [G;S? 11. 00} 8. 04 53?2. 32 7.118
23 I - 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_.8-5 4.26 20
21.45 4.14 4
22.59 .3.93 53
23.47 3.79 16
24.09 369 18
24.48 3.63 5
24.84 3.58 10

~11-



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

25.56 | 3.48 ' 9
2612 | 341 25
26.53 | 3.36 4
27.41 | 3.25 | 44
27.83 : 3.2 | 4
28.76 ] 31 | 7
2059 | 302 I
20.86 " 290 | 10
30.49 ; | 7293‘ T

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

The tiotropium chloride obtained by the method of synthesis according to the
invention is highly crystalline-and is therefore particularly well suited to the
‘preparation of, for example, pharmaceutical formulatiens for administration by

- . inhalation such as inhalable powders or for example propellant-containing aeroscl

formulations.

K Accordingly, the present invention also relates to dotropium chloride as such,
parﬁcularly crystailine ﬁOtropium chi‘oride; optionally in the form of the hydrates or
“solvates thercof Particularly prcfcrrcd isa crystallme tiotropium chloride which is
characterised in thatin the X—ray powder dJagram it has, inter alia, the charactcnsue
values d= 6.15 A; 5.58 A;445 A and 3.93A.

The tiotropium chloride which may be obtained by the above method can be
' converted directly into the corresponding hydrate by the controlled action of
* moisture (i.e. water vapour or the like). Accordingly, the present inventon also
relates to the a‘bove—meﬂﬁ_oned tiotropium chloride in the form of its hydrate.

Example 2: Tiotropium iodide

-12-



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

The totropium iodide obtained by the above method is highly crystalline and is
obtained in anhydrous form, It was further investigated by X-ray powder
diffracton.

The X-ray powder diagram obtained for the anhydrous tiotropium iodide is shown

in Figure 2.

Table 2 below lists the characteristic peaks and standardised intensities.

-13 -



7 23.38 3.8 28 25.04 3.55 38 25.36 3.51 26.35 3.38
11 26.50 3.36 13 26.69 3.34 27 26.99

Table 2: ,
20 [°] daa [A] intensity [%]
11.00 8.04 N 5
12.32 7.18 2
13.15 6.73 15
14.04 6.30 | 31
1503 | 589 | 13
15.68 5.65 | 13
16.36 | | 5.41 | 11
17.07 519 | 30
1720 | 512 | 15
1788 | 496 | %6
18.18 - 488 8
18.44 T as .' 25
19.84 -_ a.47 | 100
20.09 442 | 26
sl | au | py B
224z | 3.96 1
72.2..69 T .3.9_2' T n
2282 | ' 3-.‘89 T 7
2338 — 38 | 2
25.04 -_ 355 T | 38
2536 3.51 ' T
26.35 338 | 11

-14 -




3.30 8 27.31 3.26 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

26.50 3.36 13
26.69 . 334 27 -
26.99 1 330 | 8
27.31 3.26 | 4
27.78 | 3.21 | 15
28.13 - 3.17 19
2833 | 3.15 | 14
28.68 | 3.11 7
28.98 | 3.08 | 6
29.20 T 3.6 | 7
$29.47 T 303 16
20.97 B T 208 - s
3031 | 2.95 6
31.54 o | 18
32.11 i 278 | 20

In the above Table the value “2 © [°]" represents the diffraction angle in degrees
and the value " -dua [A}" represents the specified latuce plane intervals in A.

The uon:oplum iodide obtained by the mcthod of synthes:s according to the
mvennon is highly crystalline and is therefore particularly well suited to the
preparation of, for example, pharmaceutical formulations for administration by
.inhalation such as inhalable powders or for example propellant-contaxmng‘aeroso-l

formulations.

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

-15 -



7 29.47 3.03 16 29.97 2.98 30.31 2.95 31.54 2.83 18
32.11 2.78 20 Imthe above Table the value 120 "
represents the diffraction angle in degrees and the
val ue" dhki [Al " represents the specified lattice
plane intervals in A The tiotropiumiodi de obtained
by the nethod of synthesis according to the invention
is highly crystalline and is therefore particularly
well suited to the preparation of, for exanple,

phar maceutical fornulations for adm ni stration by

i nhal ati on such as inhal abl e pomders odor exanpl e

o R BB PR e

diagrhititthap, mrwnbd;de@@rmc;hﬁncpaﬂuﬁscdﬁ 6A0/ALH ggtﬁa,lzmﬁe& 411 A
_ and#jgt}["p' um i odide, optionally in the formof the

. rates or solvates thereof. Particularly preferred

is the anhydrous crystalline tiotropiumiodide

B. Pharmaceutical formulations

The present invention also relates to new pharmaceutical formulations which
contain the above-mentioned new tiotropium salts tioiropium chloride or
“tiotropium iodide. Tiotropium chloride and totropium ijodide are preferably
' administered by inhaladon. This may be done using inhalable powdered
formulations, propellant-containing aerosol formulations or propellant-free
inhalable solutions.

B.1. Inhalable powder
* “The presexit invention also relates to inhalable powder containing 0.001 to 3%
tiotropium in the form of _ﬂle tiotropium chloride or tiotropium iodide according to
the invention 'C.ombi_nea with a physiolbfgically acceptable excipient. By tiotropium
s meant the ammonium cation. '
~ Inhalable powders which contain 0.01 to 2 % tiotropium are preferred according to
the invention. Particularly preferred inhalable powdess contain totropinom in an
amount from about 0.03 10 1 %, preferably 0.05 to 0.6 %, particularly preferably
0.06 to 0.3 %. Of particular importance according to the invention, finally, are
* inhalable powders which contain about 0.08 to 0.22 % tiotropium.
~ ‘The amounts. of tetropium specified above are based on the amount of tiotropium
- cation contained. The inhalable powders aceording to the invention contain
totropium in the form of the tiotropium chioride or tiotropium iodide according to

the invention.

- The 'exci._pients'm&t are used for the purposes of the present invention are prepared
hy suitable grinding and/or screening using current methods known in the art. The
'e_k'cipien_ts 'uscc_i according to the invention may also be mixtures of ‘excipients which
are-obtained by mixing excipient fractions of different mean particie sizes. |

o Exanﬁples of i)hYSiOlogically acceptable excipients which may be used fo prepare the
- inhalable powders used to produce the inhalable powders for use in the inhalettes

accordmg to the invention mclude monosacchandes (e.g. glucose, fructose or

-16 -



according to the invention which is characterised in
that in the X-ray powder diagramit has, inter

cilia, the characteristic values d= 6.30 A; 5.19 A
4.47 A, 4.11 A and 3.55 A B. Pharnaceutica

formul ations The present invention also relates to
new pharmaceutical fornul ati ons which contain the
above-nmentioned new tiotropiumsalts tiotropium
chloride or tiotropiumiodide. Tiotropiumchloride
and tiotropiumiodide are preferably adm nistered by
i nhal ation. This may be done using inhal abl e powder ed
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After the starting materials have been wei ghed out

t he i nhal abk powders are prepared fromthe excipient
and the active substance using nethods known in the
art. Reference may be made to the disclosure of WO
02/ 30390, for exanple. The inhal abl e powders
according to the invention may accordi ngly be
obt ai ned by the nethod descri bed bel ow, for exanple.
In the preparation nethods described hereinafter the
conponents are used in the proportions by weight
described in the above-nenti oned conpositions of the

fine cbﬁ&@ﬂt%‘%h@te@%%hﬁﬁcl&fz%tbeléﬁ WIRAE 1 OYE thaRfhabliey of particles is
Iace in a suitable m xing

sta L
fb“miﬁﬁﬁﬁsﬁ neyRe %gF EHBElance used has an average
particle size of 0.5 to 10 pm preferably 1 to 6 pm

f b
The 05k At b R e pFABHELRRb Rt By pecne
by waightauglean spexificaliysitared toitht cantrath size of 0.1 to 2
mm preferably 0.3 to 1 nun, nnst preferably 03 to

0.6 mMn Preferabl t he exci i.s put En first
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the active substance may take place while the two
conponents are still being added. Preferably
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treatnment of COPD and/or asthma. The_inhal able
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preferably, the capsules containing the inhalable

powder: accorglng to the invention are adm_n tered
: :Flrst, s FEFIBSDE ARG thy 2EveHIRMMARGS HE flRceddn amyte eerRT"é%
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batcheseds @Wﬁ%‘é‘ﬂalﬂﬁ erefeawdno sieNcaint e fWo sermenty ig ecrpge
-Ian:tSt '!f’ﬁc f e éxggﬁéﬁ‘%ltﬂ %Eﬁv@%:ﬂi&gnﬁf 1dKeSlace while
nventlo Por prepari ng a pharnmaceutical conposition
for treating respiratory conplalnts particularly for
the treatnment of COPD and/or asthma, characterised in
that the inhal er described above and shown in Figure
31s used. For adm nisteri-rig + he i nhal abl e powders
.according to the invention using powder-filled
capsules it is particularly preferred to use capsul es
“the material of which is selected from anong the




B.1.1. Exam s les of inhalable sowders aceordin to
the invention The follow ng Exanples serve to
illustrate the present invention in nore detai
wi t hout restricting the scope of the invention to the
exenplifying enbodi nents that follow B.1.1. 1.
Starting materials Active substance The tiotropium
chl oride or tiotropiumiodide according to the
invention are used to prepare the inhal abl e powders
according to the invention. These active substances
10 are mcroni sed anal ogously to nethods known in the
the wwa CC(mpomﬁms aexstp beinp@dds A 0P sf2abM, howexei, phiging is only done
a act os nopydrate i s used
once 1% (R RRncnlE hawd b G BRI L Lo & Trom
Borcul o Donmo | ngredi ents, Borcul o/ NL under the
product name Lactochern Extra Fine Powder. The
The gyessint invenidonsilsecredateds raytiteousernf theadmiatda ppedersasccording to

the 18@&5&&{ ﬁ)rijréﬁa{i&@a %Bﬁﬁhﬁé&ltﬁﬂdi E@xﬁgoﬁﬁSﬁ 14 &er@éad%é%lt of

| act ose. 20 f{ﬁi tarati
feSPFﬁ@Iﬁ CBM&‘“?%PW%‘(’#"%@”&E'& sreabmerioef GOPL) gadlior gsthma.
I') Appar at us The foll ow ng machi nes and

“The FRRE BowlsRiaf e R io E eGPt FoRRRRNE b ABpinisiered
using urild tavhscln exetex 1snn£;qodo®cfxomeajmsbyvowliﬂ medos of a measuring

f & '
cha nﬁ?&rg Qcéﬁdn%ke @@4%0{5) 1}%@%12% Lrﬂﬁaﬁg r(ﬁgna%cgr&ﬁg to DE

Sl ze enpty 1.nh
36 2p |6|8|5e%5) Weferablnahome ety Bigdahalabinp e ders QCWIQEIF%W e

invemyor @f&bﬁkeﬁﬁﬁﬁa&fﬁp@ﬂieb Yto Aage fs@ldaﬂm itﬂla@&tﬁspﬁﬁﬂkh Y used in

&t f.il G100,
iohal RE s e Axtivddin v o AB5RES s X bl e o
Pianoro (BO, Italy Formulation Exanple 1: Powder

Mosfrlzfgfwaﬁlt thel. gar%'bgﬁgad'o%t%l LAVAREa f&tﬁﬂwﬁder%%goﬁﬁn@ 1Pthe

mcroni se tIO

3 mvefﬁﬂﬁb?ﬁeo%iwfﬁeé‘t‘#%'ﬁﬁ aminkarpes showen %EE‘R’? ) Th@ inhaler s
-charidt@ﬂiéddl Higa B0dsiggaf céﬂtaaiua@ tRo RENESKs 2DE declBEAtwiiEh there are

0
aie infporf SRR o s A S RS P S nhuaine 4,
an inbhlagioatchapibemd oshirdered to the deck 3 on which there is a push button
proﬁded with two sharpened pins 7 and movable counter to a spring 8, and a
mouthpiece 12 which is connected to the housing 1, the deck 3 and a cover 11 via a
. spindle 10 to enable it to be flipped open or shut and airholes 13 for adjusting the
flow resistance.

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

- For-administeriﬁg.ﬂie inhalable powdér's according to the invention using powder-
filled caﬁsulcs it is particularly preferred. to use capsules the material of which is

- selected from among the synthetic plastics, most preferably selected from among
polyethylene, polycarbenate, polyester, polypropylene and polyethylene
terepht‘halatc. P—articﬂarly-preferxed' synthetic plastic materials are polyethylene,
polycarbonate or polyethylene terephthalatée. If polyethylene is used as one of the

-19.-



10. -

20

25

30

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

m xi ng cont ai ner through a hand-held screen with a
mesh 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 excipient and active
substance are added in 7 and 6 |ayers, respectively.
Havi ng been screened in, the ingredients are then

m xed (m xing speed 900 rpnm). The final mxture is
passed twice nore through a hand-held screen and then

xeda in a 900r e nethod described in.
‘capmﬁ]fe 8% whith s petY et wis i ascoraag & IDERYERsIt is

prefem;e o \ube pogaﬂigeehe W}]tﬁ afsdmsabloé bebasdr 0@ apd ul0es kem?,
e the u
ot D50 RS B Renl L B D Lo Bl i densic

polyethylergpi um chl ori de: 0. 0113 ny | act ose

nonohydr at e: 5. 4887 ng pol yet hyl ene capsul es: 100. 0 ng
- Total ;105.5 ng Fornul ation Exanple 3; tiotropium .
The sHtheticiplagtes acyorging 40 (the B2veBHER PR RPE PFogssssbm yagious ways
usmgoﬁ’l'aﬁﬁfat&)llh@ﬁ\@ n&@ﬂé&ﬂs(yﬁﬁoﬂ@% ﬁld’l]ﬁit TohjrbtdA mduldthg of thb@lastics
actose ¢ ntaln o speci fica ent
is preffitig st cBRER i dhiFaHaY SRR o R HSRe of
mouldarldast egaitg és pﬁmatlbwly pﬁtf:femchoThlslmeuhod dbpanflietion is well

cebnf BRI R 0018 QMg RBFS dees 1000 my

Total : 105.5 ng Fornul ation Exarrple 5: tlotropl um
In anb@fird8pBe1OBE prédknt invention relates to the abovementioned capsules
which contain the abovementioned inhalable powders according to the mvention.
These capsules may contain abouf 1 to 20 mg, preferably about 3 to 15 mg, most
preferably about 4 to 12 mg of inhalable powder. Preferred formulations aoc’drdir_lg

" to the invention contain 4 te 6 mg of inhalable powder. Of equivalent importance

according to the invention are capsules for inhalation which contain the
formulations according to the invention in an amount of from 8 to 12 mg.

The present invention also relates to an inhalation kit consisting of one or more of
the above capsules characterised by acontent of inhalable powder according to the

_invention in conjuncdon with the inhaler according to Figure 3.

The present invention also relates to the use of the abovementioned capsules
characterised by a content of inhalable powder according to the invention, for
preparing a pharmaceutical composition for treating respiratory complaints,

especially for-treating COPD a.ndlgr'aéthma;

" Filled capsulés which contain the inha-labie powders according to t-he-_i'nventi_on are

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

B.1.1. Examples of inhalable powders according to the invention
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| act ose nonohydrate:5.4775 ng pol yet hyl ene
capsul es: 100.0 ng Total : 105.5 ng Fornul ati on Exanpl e
6: tiotropiumchloride:0.0056 ng | actose
nonohydr at e: 5. 4944 ng pol yet hyl ene capsul es: 100. 0 ng
- Total :105.5 ng Fornul ati on Exanple 7: tionopium

chl oride: 0. 0056 ng | act ose nonohydrate*):5.4944 ny
pol yet hyl ene capsul es: 100.0 ng Total: 105.5 ng *) the
| act ose contains 5% specifically added fine content
of n_ticronised | actose nonohydrate with an average
particle si ze of about 4grn. Fornul ati on Exanple 8:

The 19% )ﬁ#ﬂﬂg}@c aith %Jsm%gé% Y B?%\égf fiﬁ"énaim? i ffble ﬁgﬁul
Wlthql‘etcff-%’éuég e sGRpeTnl, thp deyontion] tpyh% guenpiiying %‘Bh 9%#%611& that

followf M croni sed | actose nonohydrate with an average
particle size of about tun. Fornul ation Exanple 9:

B.1.1.1. Starting materials

Active substance

 The dotropium chloride or tiotropium iodide a¢cording to the invention are used to
. prepare the inhalable powders.according to the invention, These active substances
-are micronised analogously to methods known in the art (cf: for example WO

03/078420 Al).

Excipient:
- In the Examples that follow lactose-monohydrate is used as excipient. It may be

obtamed for example from Borculo Domo Ingredlents, Borculo/NL under the
pro.du_ct name Lactochem Extra Fine Powder. The specifications according to the
invention for thie particle size and specific surface area are met by this grade of

lactose.

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

, I Apparatus

. ‘The followmg machines and equipment, for examplc, may be used to prepare the

mhalable powders:

ang ﬂco.nt‘aiﬁep or powder mixer: Turbﬁlamist:hef 2 L, Type 2C; made by Willy
. A. Bachofen AG, CH-4500 Basel

Hahdfﬁel_d_screen: 0.135 mm mesh size

The empty inhalation capsules may be filled with inhalable povsfdcrs‘ containing

tiotropium by hand or mechanically. The following equipment may be used.

apsule filling machine:
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tiotropiumiodide:0.0225 ng | actose
nmonohydrat e*): 9. 9775 ng pol yet hyl ene capsul es: 100. 0
ng Total : 11(LO ng *) the |l actose contains 5%
specifically added fine content of mcronised |actose
nonohydrate with an average particle size of about
tun. 13.2. Propellant-containing inhal able aerosols
The new tiotropiumsalts tiotropiumchloride or
tiotropiumiodide may optionally also be adm ni stered
in the formof propellant-containing inhalable
aerosols. Aerosol fornmulations in the form of
L 0 VAR o)

MGA e 6100 e BHERERTE PG ERY PT-44EY Fuft al MiTin di Bianoro

(BO)Thalt er m aerosol sol uti on denotes pharnaceutica
formulations in which the tiotropiumchloride or

iogide ggd ané §x0|p|ents used are conpletely

Fo esent invention provides aerosol
formul ations containing tiotropium chloride and

PomniOd'd%urmm'Ch contain in addition to one of the.

O Sve—Herit | oned tiotropiumsalts an HFA .propel | ant, a

To prapaso thepowderimirtura 4930 & ob exeipigannnd ¢4 14E oh aigrirised

uomfyl&mf dm&ﬁ&é (&héé@&%i%h fRfld)ark RAd LInehe Q@Qﬁﬁﬁg @bo Hof
t he such _that | aqueouspaolutlon

inhalgele Rabe eonigng of aciive sbsEaRsEebased Qniagropiymy is ¢ % in
-the caefaidtspinanadoside andl 0. $5Vikni tho sagy of dtesEaireioididd '
by a particularly high stability. Preferred aeroso
solutions are characterised in that the concentration
of the acid is such that in aqueous solution it

Abot Yol &5 @%cfp@etﬁ REpifLeling arﬁ‘i‘rgﬁleflﬁ% c&atmrﬂz@ »through a

particularly preferably from3 5

bandghiSiq £FiSRE TEEL B PRRsH1Ac0% 19 r%lmT hsg W%ﬁ"é‘o&@ 3% (pr
_ HOK@lﬁlﬁﬁbﬂlm bhtdbiles wBhBoul po-afi ermphud l&ﬁabﬁ:nﬁ% batches of about

.4"{}—4£§J %raticl: g/é'lregnr}:lh r ef [ abéey lfaﬁe? t'?’hg %cxg ! ?a.t%% ﬁ{nﬁ&ﬁ’stﬁﬂ:e are

'ons~ace
addcdmw@nuub@kpwsietﬁmmyv@%nta|n an annunt of tiotropi um
chloride or tiotropiumiodide such that the

proportion of tiotropiumcation they contain is
Having bognscroenpbig the ipgsedicys 31e shen guked 8@&’%%??%"’(%5’4@“1)
- The ﬂzﬁkﬂ Mixthce’fs pRavekdl il dre BiRugh allandoieéidrerted. 0B en mixed
08 % Suitable FIFA pnpellants within the scope
agamﬁg P41 0sol sol utions are those which forma’
honogeneous propellant formulation with the
- Using el SedtBita sh Talihld 1 ki ERE d Gftalinhalable powders
‘whichnghepasked intoauitableaplasticerprul s pRaples u%mi Bodoes m@
followidgldaBshltY 5l inRRadbR, RirQReAnt s sel ected fromthe
gr oup consi sting of 1,1,1, 2-tetrafl uoroet hane
(Pt-FA-134(a)),
Fonﬂuﬂatigﬁﬂssasnﬁle—nept af | uor opr opane( HFA- 227) , HFA- 32

di fl uoro ne), TWA-
E]f tppfu ’Pﬁﬁ @? ‘oet hane)(%ﬁﬁ—'%ni%4
@nnﬂ$2m@nbbydmuéluoroetﬁ&ﬂéYnmnd HFA152a
fane. HFApAIH LR and HFA-227 are

according to the invention,

'1ﬁh HFA- 134(a) is partlP8A B8 y i nportant according
to the invention. In addition to the IWA propellants

non- hal ogenat ed propellants may al so
: FAMRG 22 own or mixed with one or nore of the
mhﬂw@ﬂﬁﬁnﬂﬂ@ﬁéd FI FA prapaiBangs. Exanpl es of such

on- hal a ropel | sat ur at ed
%“ﬁroc gggﬂ &gﬁgﬁ as fo?géégg%ge n- propane, n-butane
or isobutane, or also-ethers such as diethyl ether,
for exanple. Organic or inggganic acids may be used
as acids according to the invention. |Inorganic acids
within the scope of the present invention are
sel ected for exanple fromthe group consisting of




Unl ess stated to the contrary, the percentages
specified within the scope of the present invention
are to be read as percent by weight The fornmul ations
according to the invention may contain small anounts
of water, as already nentioned previously. In a
preferred aspect, the present invention relates to
formulations in which the content of water is up to
5% particularly preferably up to 3% nore preferably
up to 2% I n another aspect the present invention
rel ates to aerosol solutions whi ch contain no water.
tions t t of cosolvent is .
Ol JE& (ge rangeIﬂ Fom 20- 50% preferably in
}ange fron130 - 40940FRe™Bor nul at i ons accor di ng

) thé Bictdie donvand SWSﬂE&iﬁcEﬂy adﬂbdll ifitie R0atknt DI dictotigd dElastose
inthe art 'g% ‘i? g Esstu%ftged net ered dose
| mo“c?ﬁ?iﬁ!é?‘@r"é‘fh an fgeragy pagidle pize of APAR b relates to the

use of the above-nentioned aerosol solutions
Fom&h_ I c&gggagg b&/ a content of tiotropiumchloride or
to the invention for preparing a
plesiopiraiedidal  conposi tG-Bhl13&E the treat ment of
leﬁ:’i&eﬁﬁbﬁw}fd‘iﬁfﬂﬂ aints,s pagtingul arly for the
tr at. ent of COPD and/ or, t hma. The foll ow ng
eihylene cansules st PePMEhe present invention in
fmrt@i det ai l WIthOUt reswfétmgg the scope of the
invention to the exenplifying enbodi nents that
foI | ow. 13 2. 1 1 Exanpl es of aerosol solutions
- Ll ‘ |l e 10: constituents concentration
hw ! Mmqe@ﬂictl ot ropi um, 09@59% et hanol (absol ute)
0

wat er ascorbic 05 HFA-134a 68:. 985
?actosc monohydtate ! 2’9 +§ .

Total: 105.5 mg

'Formuiaﬁoxi. Example 6: .
tiotropium . chloride: 0.0056 mg

“Iactose monohydrate: 5.4944 mg
polyethylene capsules: _ -~ 100.0 mg:
Total: '  105.5mg

Formulation Examg‘le 7:

' tiotrdpium chloride: ' 0.0056 mg
lactose monohydrate®: 5.4944 mg
polyethylene capsules: . . 100.0 mg -
Total: - 105.5 mg.

*) the lactose: contains 5% specifically added fine. content of mlcromsed lactose

monohydrate with an average particle size of abo_ut 4pm. .

Formulation Exampl'e”S:

tiotropiumi jodide: , 0.0113 mg
~ lactose monohydrate®): 9.9887 mg
polyethvlene capsules: -100.0 mg
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Formul ati on Exanple 11: constituents concentration 1%
whi] tiotropiumiodide 0.01 ethanol (absolute) 40.0
citric acid 0.004 HFA-227 59.986 Formul ation Exanpl e
12: constituents concentration 1% vv/wl tiotropium
chl oride 0.02 ethanol (absolute) 25.0

- Total: 110.0 mg
*) the lactose contains 5% specifically added fine content of micronised Iactose

monchydrate with an average particle size of about 4um.

Formulation Example 9:

dotroptam iodide: 0.0225 mg
lactose monohydrate®): 9.9775 mg
polvethylene capsules: 100.0 mg
Total: 110.0 mg

*).thie lactose contains 5% specifically added fine content of micronised lactose
monohydrate with-'an average particle size of about 4jum.

. B.2, P‘ronél‘_lant—cahtaininsr-in‘halab'lelaero's’o-l's

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

B.2.1. Acrosol formulations in the form of solutions
- The term aerosol solution denotes pharmaceutical formulations in which the
tiotropium chloride or todide and any excipients used are cdmp‘leﬁely dissolved.
The present invéntion provides aerosol formulations containing tiotropium chloride
and iodide, which contain in addition to one of the above-mentioned tiotropiuin
salts.an HFA propellant; a co-solvent and an inorganic or organic acid and which
,are'.ﬁar.thet characterised in that the conceniration of the acid is such thatin
aqucous solution it corresponds to a pH in the range from 2.5 - 4.5,

The above-mentioned ée::_oéol solutions are characterised by a particularly higﬁ
stability,

‘Preferred acrosol solutions are characterised in that the concentration of the acid is

‘'such that in aqueous solution it corresponds to a pH in the range from 3.0 - 4.3,
particularly preferably from 3.5 - 4.0. ' '

- 24 -



water 1.0 citric acid 0.003 HFA-134a 73.977

Formul ati on Exanple 13: constituents concentration re
w vvi tiotropiumchloride 0.02 ethanol (absol ute)
20.0 1-1Cl (ag) 0.01 noll' 2.0 HFA-134a 77.98

\I/:v;)\r/\/lrrul ation Exanple 14: constituents concentration re

The aerosol solutions according to the invention may also contain a small amount -
of water (preferably up to 5%, particularly preferably up to 3%, more preferably up
to 2 %).

The aerosol solutions according to the invention preferably contain an amount of
tiotropium chloride or tiotropium iodide such that the proportion of HotropiumL
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 %.

S’iﬁtﬁbl& HFA propellants within the scope of the aerosol solutions are those which -
form a homogeneous p_répelia_n’t formulation with the co-solvents used, in which a
therapeutically effective amount of the tiotropium chlo_ride..or iodide may be

- dissolved. Preferred HFA propellants according to the invention are propellants
selected from the group consisting of 1 ,11,I,2—tctraﬂu0roetha;n¢(I’-IFA-134(3)),
1,1,1;2',3,3.,3,-—heptaﬂuotopropa‘ne_(HFA-—?Z‘?), HFA—?;‘Z‘(diﬂuQromethane), HFA-
143(a) (1.1.1-trtfluoroethane), HFA-—134 (1,1,2,2-tetrafluoroethane) and HFA~
152a (1,1-difluoroethane. HFA-134(a) and HFA-227 are particularly preferred
according to the invention, while FHIFA-134(a) is particularly important according to
the invention. In addition to the HFA propeilants mentioned above, non-
halogenated propeliants may also be used on their own or mixed with one or more

- of the above-mentioned HFA propellants. Examples of such nonehaldgcnated
‘propellants are saturated hydrocarbons such as for example n—-ptqpane, n-butane or
isobutane, or also ethers such as diethyl ether, for exampie. '

* Organic or inorganic acids may be used as acids according to the invention.
Inorganic-acids within the scope of the present invention are selected for example

© from the group consmtmg of hydrochloric acid, Sulphuxlc acid, nitric acid ox
.phesphoric acid, while according to the invention it is prefcrable to use hydrochlanc
or sulphuric acid; particularly hydrochloric acid. Organic acids within the scope of
the present invention are selected for example from the group consisting of ascorbic
acid, citric acid, lactic acid, maleic acid,‘ benzoic acid or tartaric acid, while ascorbic
acid and citric acid are preferred according to the invention.

The acrosol solutions according to the invention may be obtained analogously to
methods known in the art. ' '
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tiotropiumchloride 0.01 ethanol (absolute) 15.0
Water 2.0 citric acid 0.004 |iFA-227 82.986
Formul ati on Exanpl e 15: constituents concentration
r/o w vv] tiotropiumchloride 0.01 ethanol (absol ute)
30.0 water 1.0 ascorbic acid 0.005

Pharmaceutically acceptable excipients may optionally be contained in the aerosol
solutions according 1o the invention. For example, soluble surfactants and
lubricants may be used, Examples of such soluble surfactants and lubricants include
sorbitan trioléate, lecithin or isopropyl myristate. Other excipients which may be
present may be antioxidants (for example ascorbic acid or tocopherol), flavour
masking agents (for example menthol, sweeteners and synthetic or natural

flavourings).

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

the invention is ethanel.

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

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

The formulations according to the invention may contain small amounts of water,
as already mentioned previously. In a preferted aspect, the present.invention relates
--to formulatons in which the content of water is up to 5%, parﬁcu!_arly prefexfably up

to 3%, more preferably up-to 2 %.
- In another aspect the present invention relates to acrosol 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 bé administered using inhalers
known in the art (pMDIs = pressurized metered dose inhalers).
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FI FA-134a 68.985 Formul ati on Exanpl e 16:

constituents concentration (% ww tiotropium
chl oride 0.01 ethanol (absolute) 40.0 citric acid
0. 004 HFA-227 59.986 Fornul ation Exanple 17:

constituents concentration [To ww

i odi de ethanol (absol ute)

‘The present invention also relates to the use of the above-mentioned aerosol
solutions charactérised by a content of tiotropium chloride or iodide according to
the invention for preparing a pharmaceutical composition for the treatment of
respiratory complaints, particularly for the treatment of COPD and/or asthma.

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

follow.

B.2.1.1 Examples of acrosol solutions

Formulatien Exam

le 190:

CO'né_ﬁtu_e:nfs

‘HFA-134a

concentration [% wiw]
__tiotropium iodide 0.01
ethanol (absclute) 30.0
water 1.0
ascorbic acid 0.005
' ' 68:985

Formulation Example 11:

59.986

Formulation Example 12:

: chSﬁtujéfni;s cOnce_n_tx:atidﬂ [%% wiw]
tiotropium iodide 001
_cthanol (absolute) 40.0
citric acid 0.004
HFA-227

constituents concentration [% wiw]
totropium chloride 0.02
ethanol (absolute) 25.0
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25.0 water 1.0 citric acid 0.003 HFA- 134a 73.977
Formul ati on Exanple 18: constituents concentration [%
ww tiotropiumiodide 0.02 ethanol (absolute) 20.0
HCI (aq) 0.01 nol/1 2.0 HFA-134a 77.98 Formul ation
Exanpl e 19: constituents

water , 1.0
citric acid . 0.003
HFEA-134a 13.977
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- Formukitier Eidin

concentration [To wwl O.
et hanol
BFA-227 82.986 11.2.2. Ae
present invention also rel
tiotropinrt salts tiotropi

01 tiotropiumiodide

(absolute) 15.0 water 2.0 citric acid 0.004

rosol suspensions The
ates to suspensions of the
um chl oride and tiotropium

i odi de according to the invention in the propellant

gases HFA 227 and/or HFA 1
with one or nore other pro
selected fromthe group co
but ane, pentane, dinethyl
Foritt n E}?E%ﬂl%@gz | sopent
—*Iéégéggrng— nventi on
" contain as propellant gas

34a, optionally conbined
pel l ant gases, preferably
nsi sting of propane, :
et her, CHCLF2, CH2F2,

ane and neopent ane.

t hose suspensi ons which
only HFA 227, a.mxture of

HFA 227 aighdildibnidda or

Ny Rditchif@tiah §% wiw]

peferrg—)u —a mxture—of

b7 andiogompiymehlogdecad |

the propettent gases HFA
n_the suspenSi

pr nul aghaRs! GHEOREHNY tO
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The surface-active agents (surfactants) optionally

present in the suspensions according to the invention

are preferably selected fromthe group consisting of

Pol ysor bate 20, Pol ysorbate 80, Myvacet 9-45, Mvacet

9-08, isopropyl nyristate, oleic acid,

propyl enegl ycol , pol yet hyl enegl ycol, Brij, ethyl

ol eate, glycetyl trioleate, glyceryl nonol aurate,

gl ycetyl nonool eate, glyceryl nonostearate, glyceryl

nonori ci nol eate, cetylal cohol, sterylal cohol,

cetyl pyridi niumchloride, block polyners, natura

oil, ethanol and isopropanol. O the above-nentioned

suspensi on adj uvants Pol ysorbate 20, Pol ysorbate 80,

Myvacet 9-45, Myvacet 9-08 or isopropyl nyristate are

preferably used Myvacet 9-45 or isopropyl nyristate
S S Iy used. If the suspensions
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Suspensi ons containing other ingredients in addition
to active substance and propellent gas: Formul ation
Exanpl e 20: constituents concentration ro why]
tiotropiumiodide 0.02 isopropyl nyristate 0.30

1 FA-227 20.00 79.68 |1 FA-434a Formul ati on Exanpl e
21: constituents concentration [%w w tiotropium
chloride 0.04 oleic acid 0.005

pentane, dimethylether, CHCIF2, CHzF2, CF3CHs, isobutance, isopentanc and

neopentane.

According to the invention those suspensions which contain as propellaht gas only
HFA 227, a mixture of HFA 227 and HFA 134a or only HFA 134a are preferred.
If 2 mixture of the propellent gases HFA 227 and HFA 134a is used in the
suspension formulations according to the invention, the weight ratios in which these
two propellent gas components are used are freely variable.
It one or more other propellent gases, selected from the group consistiﬁg‘ of
propane, butane, pentane, dimethylether, CHCIF;, CHoF,, CFsCHs, isobutane,
xsopentane and neopentane are used in addition to the propellent gases HFA 227
“and/or HFA 134a in the suspension formulations according to the invention, the
amount of this additional propellent gas component is preferably less than 50 Y,
preferably less than 40%, particularly [ireferably less than 30%. -

The suspensions according to the invention preferably contain an amount of
tiotropium chiloride or iodide such that the amount of tiotropium cation is between
0.001 and 0.8%, preferably between 0.08 and-0.5%, and particularly preferably

* between 0.2 and 0.4% according to the invention, |
Unless stated to the contrary, the -pc?centagcs given within the scope of the present
invention are always pe_rdc;nt by weight. '

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

The propellantmcontammg inhalable aerosols or suspenswn formu}atlons according
“to the invention may also contain other constituents such as surface-active agents
" (surfactants), ad]uvants, antioxidants or flavourings.

The surface-active agents (surfactants) optionally present in the susp‘ensi'o;is

~according to the invention are preferably selected from the group consisting of

- Polysorbate 20, -P,olysorbate 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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FI FA-227 99.955 Fornul ati on Exanpl e 22: constituents
concentration wo W vvi tiotropiumiodide 0.02 oleic
acid 0.01 HFA-227 60.00 HFA-134a 39.97 Fornul ation
Exanpl e 23: constituents concentration [ %W wj
tiotropiumiodide 0.02 isopropyl nyristate 1.00

monoricinoleate, cetylalcohol, sterylalcohol, cetylpyridinium chloride, block
‘polymers, natural oil, ethanol and isopropanol. Of the above-mentioned suspension
adjuvants Polysorbate 20, Polysorbate 80, Myvacet 9-45, Myvacet 9-08 or isopropyl
myristate are preferably used. Myvacet 9-45 or isopropyl myristate are most
preferably used. '

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

The adjuvants optionally contained in the suspensions according to the invention
are preferably selected from the group consisting of alanine, albumin, ascorbic acid,
aspartame, betaine, cysteine, phosphoric acid, nitric acid, hydrochloric acid,
sulphuric acid and cimic acid. Ascorbic acid, phosphoric acid, hydrochloric acid or
citric acid are preferably used, while ‘hydrochloric acid or citric acid is most
preferably used. ' -

If adjuvants are present in the suspensions according to the invention, these are
-preferably used in an amount of 0.0001-1.0 %, preferably 0.0005-0.1 %,;
particularly preferably 0.00 1-0.01 %, while an amount of 0.001-0.005 % is
. particulasly important according to the invention.

- ‘The antioxidants opﬁonal’-ly'-contaiﬁcd in-the suspensions according to the invention
are prefer_ably'selécted, from the group consisting of ascorbic acid, citric acid,

- sodium edetate; editic acid, 'toé()pherol's, butylhydroxytoluene, butylhydrexyanisol
and ascorbylpalmitate, while tocopherols, butylhydroxytoluene, butylhydroxyanisol
or ascorbylpalinitate are preferably used. o

The flavourings optionally contained in the sus;jeﬁsioﬁs 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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HFA- 227 98.98 Fornul ati on Exanpl e 24:

constituents concentration ft% why] 0.02 tiotropium
chl oride N yvacet 9-45 0.3 HFA-227 99. 68

Fornul ati on Exanple 25: constituents concentration
[OAt ww] 0.02 tiotropiumchloride Mvacet 9-45

finely divided form by other technical processes known in principle from the prior
art (for example precipitation, spray drying). Methods of micronising active
substances are known in the art. Preferably after micronising the active substance
has a mean particle size of 0.5 to 10um, preferably 1 to 6pm, particularly preferably
1.5 to 5um auf. Preferably at least 50%, preferably at least 60%, particularly
preferably at feast 70% of the particles of active substance have a particle size which
is within the size ranges mentioned above. Particularly prefei:ably at least 80%, most-
preferably at least 90% of the particles of active substance have a particle size which

is within the size ranges mentioned above.

In another aspect the present invention relates to suspensions which contain only
one of the two active substances according to the invention without any other

additves.

The suspensions according to the invention may be prepared using methods known
in the art. For this, the constituents of the formulation are mixed with the
propellent gas or gases (optionaliy at low temperatures) and filled into suitable

: CONtAINErs.

‘The above-mentioned propeHant-containing suspensions according to the
.invention may be adminiétercd 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 te inhalers,
characterised in that they contain the propellant-containing suspensions according - '

“to the invention described hereinbefore.

~ “The present invention a-iso relates to containers {cartridges) which when fitted with
a suitable valve can be used in a suitable i'nhaler,and which contaixi one.of the
above-mentioned prope_llaﬁt—-containing suspensions according to the invention.
Suitable containers (cartridges) and processes for filling these cartridges with the
propellant-containing suspensions aécording 10 the invention are known in the art. .
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0.1 HF A-227 60.00 HFA-134a 39.88 Fortnul ation

Exanpl e 26: constituents concentration i % w vv]
tiotropiumchloride 0.04 Polysorbate 80 0.04 HFA-227
99.92 Fornul ati on Exanpl e 27: constituents
concentration re wvvi tiotropim iodide 0.01

Pol ysor bate 20

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

Particularly preferably the present invention also relates to the use of the
suspensions according to the invention for preparing a pharmaceutical composition

for the inhalative treatment of respiratory complaints, preferably asthma or COPD.

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

B.2.1.2 Examples of acrosel suspension formulations

Suspensions containing other ingredients in addition to active substarice and

propellent gas:

Fdx_‘mulati_ox’a Example 20;

constituents | concentration [% wiw]
tiotropium iodide | 0.02
isopropyl myristate _ 030
HFA-227 2000
HFA-134a b _79.68

For;rhﬂlatibn Example 21:

coxistitl_ients_ ' . concex;itratiéti_ {f’/o wiw]
tiotropium chloride 1 . . 0.04
" oleic acid ' C0.005
HFA-227 99.955
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0. 20 BFA-227 9938 Fornul ati on Exanpl e 28:
constituents concentration ri. wvv] tiotropium
chloride 0.04 Myvacet 9--08 01.00 HFA-227 98. 96
Suspensi ons containing only active substance and
propel l ent gas: Formul ati on Exanple 29: constituents
concentration ro vv/vvl tiotropim iodide 0.04

HFA- 227 80. 00

Formulation Example 22:

constituents concentration [Y% wiw]

tiotropium iodide 002
oleic acid | 0.01
HFA-227 | | 60.00

HFA-134a | 39.97

F_orm_ul-étien Example 23:

ceustitu_enté ') éo-nce_n;ration, [% ‘WlW]
_tiotropium iodide L 0.02
isopropyl myristate s 7 1.00
__HFA-227 1 98.98
: _-Ft_)’-rmﬁlaﬁbn._ Example 24
counstituents ' | concen&aﬁon- 5["/0 WI'W_]
tiotropium chloride 4 0.02
Myvacet9-45 | 0.3
_ HFA-227 _ 99.68

Formulatmn Example 25;

_cbnfs_tituehts. : I co-ﬁceutratio_l_l [Ye wiw]
tiotr'opium'ch-loriéej IR T 0.02 |
Myvacet9-45  f 0.
HFA-227 | 60:00
HFA-134a 1 . 39.88
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HFA- 134a 19.96 Formnul ati on Exanpl e 30: constituents
concentration r/o wvd tiotropiumiodide 0.02 HFA-227
60. 00 HFA-134a 39.98 Fornul ati on Exanple 31:
constituents concentration ro whvj tiotropiumiodide
0. 02 HFA-227 99.98 Fornul ati on Exanpl e 32:

Formulation Example 26:

constituents : concentration [Y wiw].
tiotropium chloride i 0.04
~ Polysorbate 80 0.04
HFA-227 99.92

Formu—la_tian_ Example 27:

constituents , 'conéeni:raﬁon [% wiw]

. tiotropium iodide _ _ 0.01 '
Polysorbate 20 -~ | 0.20
_HFA-227 | | 99.78

Formulation Example 28:

constitaents : conceﬁtraﬁon [% wiwl
tiotropium ch’loﬁde | -' , '0-._(}_4 _
Myvacet 9-08 - . 01.00
 HFA-227 , 98.96:

. Suspensions containing only active substance and propellent gas:

Formulation Example 29:

constitlit:nts- ‘ o concentration [Yo wiw]

tiotropium iodide 004
HFA-227 . | 80.00
HFA-134a | | . 19.96
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constituents concentration W wit/ tiotropiumiodide
0. 02 HFA-134a 99.98 Fornul ation Exanple 33:
constituents concentration r/ow wl tiotropium

chl oride 0.02 HFA-227 99.98 Formul ati on Exanpl e 34:
constituents concentration NJ whvi tiotropium

chl oride 0.02 HFA-134a 99.98

For‘mulation Example 30:

constituents concentration [% wiw]
tiotropium iodide 0.02
HEFA-227 , 60.00
HFA-134a 39.98

Formulation Example 31:

constituents i conce_ntraﬁon-[% wiw}]
tiotropium iodide N _ 0.02
_HFA-227 | . 99.98
F()rml_:laﬁon Example 32:
constituents a 'cance_ntra'ti('m [%% wiw]
,tiotrop,ium‘i-odide : 0.02
HFA-134a _ 99 .98

Form“lation Example 33:

constituents - | concentration [% wiw]
' tiotropium chloride o 002 _
HFA-227 | _99.98

Formulation Example 34;

conéﬁtue_n;ts ) concen&aﬁon [“k;. wiw]
tiotropium chloride . | 002 -
 HFA-134a N 99.08
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Formul ati on Exanpl e 35: constituents concentration
r/0 ww tiotropiumchloride 0.02 HFA-227 20.00

HFA- 134a 79.98 Formul ati on Exanple 36: constituents
concentration r/0 wwl tiotropiumchloride 0.04

HFA- 227 40.00 59.96 | A-134a

Formulation Example 35:
constituents concentration [Ye wiw]
totropium chloride _ 0.02
HFA-227 20.00
HFA-134a | 79.98

Formulation Example 36:

c_o_ns_titué_nts_z concentration [“/cb wiw]
tioirop-iuﬁl chlioride | - 0.04
 HFA-227 | 40.00
HFA-134a | 59,96

B.3. Propellent -g-*a’é;‘-frfe‘e: inhaiaﬁie acrosols

The new Hotropium: salts ﬁotfep_iuni chloride or tiotropium jodide may optionally
also be administered in the form of propellant-free inhalable aerosois.Far
adm'in'is'tering 'these'pmpell'ailt—free inhalable aerosols the new totropium salts
tiotropimn chloride or ﬂotroplum iodide are prepared in the form of pharmaceutical

solunens

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

The concentration of the new tiotropiim salts tiotropium chlonde or uotropxum
iodide accordmg to the mvenﬁon based on- the amount of uatropmm in the imshed
pharmaceutical preparation depends on the therapeutic effect desired. For the

_ majority of complaints that réépond to tiotropium the concentration of tiotropium is
‘between 0.0005 and 5 wt. %, preferably between 0.001 and 3 wt.%.

The pH of the formulatioﬁ'-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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B.3. Propellent gas-free Mal abl e aerosols The new
tiotropiumsalts tiotropiumchloride or tiotropium
i odide may optionally also be admnistered in the
form of propellant-free inhal able aerosols. For
adm ni stering these propellant-free inhal able
aerosols the new tiotropiumsalts tiotropiumchloride
or tiotropiumiodide are prepared in the form of
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conpatible with the above-nentioned acid. According
to the invention, the addition of editic acid (EDTA) '
In ax@&h&ﬁﬁnbédﬁﬂlﬁxtkﬁemﬁnmt bEsddieneadetasdsliiom dQapt o, 3mg / 100

' or cotnp unnecessary in the
- ml, aBFIe‘i‘,@ﬁ? 'f%”ﬁ"ul?ta’tn hmﬁ‘ng?ﬁ‘?qg)&)b%gl ment cont ai ns
' editic acid and/or the above-nentioned salts thereof
In a preferred enbodi nent. 4¢ne content based on sodi um
~edetate is less than 10 ng/100nl. In this case one
preferred range is between 5 ng/ 100 mM and | ess than
10 ng/ 100 M and another is between nore than 0 and 5



The terns excipients and additives in this context
denot e any pharnmacol ogi cal |y accept abl e and
therapeutically beneficial substance which is not an
active substance but which can be fornmulated with
the active substance or substances in the
phar macol ogi cal |y suitable solvent in order to
i nprove the qualitative properties of the active
substance fornul ation. Preferably, these substances
have no pharmacol ogi cal effect or, in connection wth
the desired therapy, no appreciable or at |east no
undesi rabl e pharmacol ogi cal effect. The excipients
and additives include, for exanple, surfactants such
In a prefensgd ephidimient this additize ivomiedpktegeteer ers, such
: as sorbitan triol eate, polyvinyl pyrrolidone, other
stabilisers | e. xi ng ents, antj oxi dants_and/ or
The ﬁ%@%ﬁsm%&owﬁie RORLSE erlicfatalse ARplY app Eogslyipether
com;ﬁaxab&rneﬂixﬁ#arvm@h llialvé abni‘;ﬂ)efmg pm;mmes‘ iuad/ mujn pased _I_lrl]istead of
RS, an L e art. e

add]
i, Sucdlda RTE éﬁonﬁtﬁc 1:E]:I{("e |c?haacri rracol o?ylsz\lggl ﬁrea(l)ccept abl e
salts such as sodiumchloride. The preferred

By c@%ﬁl&&f@ﬁgﬁaﬂt@ Q}é‘ﬁ%f&%!y%éﬁﬁ%ﬁhﬁ%g sBSpASEMePiCsent

acid, for exanple, provided that It has not alrea

m"efﬁé%hqud”%’&}llﬁ? Capab! p Ak egtepmgiRtocompplexhon %feferablva
thesd @napb@idy showd haté it eétfach bl Ghipidadind caidisa Mdds preferably
ceurring in the human body. Preservatives may be
metag %o protect the fornulation fromcontam nation
wi th pat hogens. Suitable preservatives are those

In ad?ﬁlix&b I@E&ahﬂ Wb ed-B8 %5& anBPSd dhbt @iélﬁﬁegﬁ%ﬁir K B'Bé”&dded

ori de en20| C aci benzoat es such as sodi um
to ﬂi%@?ﬁlﬁdﬁﬁoilﬁc??fél%%@?ﬂpﬁ?ﬁw known fromthe prior
art. Preferred fornmul ati ons cont ai n, |n addition to

lPrefcttpq%t csoglséﬁg%x%ts wel ﬁarﬁs%ﬁ%b ¢t egtt;a-us Eﬁd{]{g{g &)S%Q‘ r polar

ropt u e or

- groups;leys. ta&qoimlmmmw&ﬂyo:sopl@mhdlcgb@lﬁ, elseﬂwtr@cu!anly
'-propﬁeeéélféolp;s& Eftlyfhe ?meepl Igaswm $Rn giédaawesfea{& bfcerol,

I
Poly%a’ 'ﬁ’éﬂf‘é‘fcéf‘ %Jg' ga% e e

Pﬁ? Te d'fﬁgvtaﬁ@t G %Wfk i 'that they

are nbDhigh elhic sAivemr & Ag &li’di@n&ghﬁdl ment of this inhaler is
di scl osed in WD 97/12687 and Figures 6 therein. '

B.3.1. Exanples of propellant-free inhalabk aer 0sol s
The Fhms Excippinss antl atlditoles duvtisie coBtasd dehbustyaplariaologically

, acceﬂtﬁ@h%e‘ﬂd ﬂh@i’eﬁﬁ Qgﬂfgéﬁeﬂdﬁllsﬁb%n\’f@%h‘?éh fs (iuve substance

res heir -contents ation
‘but vilighpre sf@n@@hqu mrérﬁls agHe A Qmmwﬂhﬁwp‘bm the

pharﬁa&ﬁg?xc@ﬂ’ﬁ $EHA8 sIRLAMO61deE 1d fnfiBove Qi YafitiR IV froprties of
the aggve substancs‘: %ogmulatmn Preferably, these substances have no :
pharmacological effect or, in connection with the desired therapy, no_appre'ciaﬁ_le ,,or_;'
at least no undesirable pharmacological ,cffcétg. The excipients and additives

- include, for example, surfactants-’-‘éuch as soya lecithin, oleic acid, sorbitan esters,
“such as serbitan trioleate, 'polyvinylp;*fr@l—iddne, other stabilisers,"complexi:n_g. ﬁge_nts,
antioxidants and/or presérvaiiv’cé which prolong the shelf life of the finished
pharmaceutical formulation, ﬂﬁvourings, v:(tanuns and/or other additives known in

" the art. The additives also include pharmacologically acceptable salts such as
sodium chloride.
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ad pH 2.9 water ad 100 g Fornul ation Exanpl e 38:
constituents anount tiotropiumchloride 0.10 g

ben7al koni tun chloride 10 ng sodium edetate 2. 1N
EICl (aq) ad pH 3 water ad 100 g Fornul ation Exanple
39: constituents anmount tiotropiumiodide

The preferred excipients include antioxidants such as ascorbic acid, for example,
provided that it has not already been used to ad;ust the pH, vitamin A, vitamin E,
tocopherols and similar vitamins or provitamins occurring in the human body

Preservatives may be used to protect the formulation from contamination with
_pathogéns. Suitable preservatives are those which are known in the art, particularly
benzalkoninm chloride or benzeic acid er benzoates such as sodium benzoate in the

concentration known from the prior art.

s Prefem:d formulations contam, in addition to the solvent water and one of the new
'tlotroplum salts, tiotropium chloride or tiotropium 1od1de, only benzalkonium
chloride and sodium edetate. In another preferred embodlment, no sodium edetate

is present.

The soluuons accordmg to the invention are prefcrably administered using the
Respunat inhaler. A more advance embodlment of this inhaler is disclosed in WO
97/12687 and Flgures 6 therem

B.3.1. Exam les of ro ellant-ﬁ'ee mhalable acresols
The Examples that follow serve to illustrate the present invention more fully by way
- of example Wl-thout restmctmg it to their co_ntents._
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0. 05 g benzal koni um chl oride 10 ng sodi um ecl etate 10

mg 1IN HCl (aq) ad pH 2.9 water

Exanpl e 40:

ad 100 g Fornul ation

constituents anount tiotropiumiodide

0. 03 g benzal koni um chl oride 10 ng sodi um edetate 10

nmg 1IN HCl (aq) ad pH 2.9 water

Formulation Example 37:

constituents

amount
totropium chloride 0.03 g
benzalkonium chloride 10 mg
sodium edetate 10 mg
IN HCI (aq) ad pH 2.9
water ad' 100 g
‘Formulation Example 38:
‘coi_ls_tituen_ts amount
ﬁottoﬁium chioride O 10g
bewkomm chloride 10 mg
“sodium edetate 25 mg
._IN HCl (aq) adpH 3
- _ ,'Watér | ad 100 £
Foi"mulatioh Example 39:
consﬁtﬁ_ents : émount
tiotropium iodide _ 0.05g
benzélkoﬁium_ chloride | 10 mg
-sodium ed@fate 10 mg
IN HCI (ag) ad pH 2.9
water ad 100 g
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ad 100 g Fornulation Examle 41: constituents
anount tiotro itm iodide 0.10 g benzal koni um

chl oride 10 ng sodium edetate 25 ng IN HCl (aq) ad pH
3 water ad 100 g Formul ati on Exanpl e 42:
constituents anount tiotropiumchloride 0.04 g

Formulation Example 40;

constituents ~ amount
tiotropium iodide _ : 0.03 g
benzalkonium chloride 10 mg
sodium edetate _ : 10 mg

IN HCI (aq) ad pH 2.9

. water _ ' , ad 100 g

Formulation Example 41:

_ consﬁtﬁem:s ‘ amount -
tiotropium iodide ) ___o0d0g
| bcnzéikoni_uni chloride | 10 mg
s_odiiim: edetdte ' | - B mg
__INHCI (ag). adpH3
'~ water |  ad100g

Formulation Example 42:

cons’ﬁftﬁeuts _ amout |
tiotropium chloride | | 0.04 g
| benzal_kohium_ chloride | 10 mg
" sodiumi edetate . 10mg
IN HCI (2q) _ adpH29
water e , _l ad 100 g |
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benzal koni um chl oride 10 ng sodi um edetate 10 ng IN
HCI (aqg) ad pH 2.9 water ad 100 g Patent Cains 1)
Crystalline tiotroptura chloride, optionally in the
font of the sohrates or hydrates thereof. 2)
Crystalline tiotropiumchloride according to claiml1,
which is characterised in that in the X-ray powder
diagramit has the characteristic values d= 6.15 . A ;
5,58 A, 4,45 A and 3.93 A inter alia. 3) Crystalline
. tiotropiumiodide, optionally in the formof the
sol vates or hydrates thereof. 4) Crystalline
tiotropiumiodide according to claim3, which is
characterised in that in the X-ray powder diagramit
has the characteristic Patemt€lgtmss, 30 A, 5.19 A, 4A7
A, 4.11 and 3.55 A, inter dia. 5) Use oft tiotropiam

- salts according, to_.qne, of arelr fﬁ{e&.ﬂm@rhydraies
1) ph&rpstaling teHoP @ide, Rﬁ#&]ﬂr }t Héh etAffroeat‘amant of
theregSpi ratory conplaints, particularly for the ,
treat ment of COPD (chronl c obstructive pul mpnar W 4
rﬁb \wehlofile #tearding tuelFEal, Vf‘a‘ﬁgf 3 aismkﬁ;id |
1@3&5&&&&&&3&‘&@%@&6{ LS &b f
tg to 0 of clains 1-4. 7) Pharnmaceuti cal
39 n accordlngto claim6, characterised in
that it is in the formof prepar S drates
3) | nh@b@tﬂhﬁhﬁiop?hano@é%@vpe’aﬂfyc’&%%&% ﬁﬁeg%cll:'gnfl‘%l nél Y
@fclaim7, characterised in that it is a preparatl on
seFect ed from anong the M nabl e powders,

2 propel | ent-driven rre q,&]?lg gfagﬁgl ShRhds charactmsedmthatm
pro ti Qs S iORS4.47 A; 4.11
theJ-r3hpowder @%Mit%ﬂéé corfQ %%tg?o crilgrpn

A slay s Rebitercalid.n that it |s an inhal abl e powder whi ch
~contains in addition to the tiotropiumsalt one or

: t | Eﬂm BAdHcprpparings

5ol LEF u' %r"éi‘i%PEf%%& ot cofoffaints, particulasly for the
hmml Gefimat h .
umhmbf@ﬁlﬂ%(cx{fﬂ@"g?ﬂ%? e am ﬂ%ﬂdam ds o? _

the salts or m xtures of these excl ients wt salt
6)2nOtH}kmaceutical composition, Blat it contains A mgﬂgpm

according to one of claims 1-4.

0 Pharmaceutical composition according to claim 6, characterised in that it is in the
form of preparation suitable for inhalation.

characterised in thatitis a

. Pharmacentical composition according 0 clam 7,

| iz-cpar:‘:mn selected from among the inhalable powders, propellent-driven metered-dose
agrosols and propellanx-ﬁ-ec inhalable solutions or suspensions.

Pharmaceutical composition according to claim 7, charactedised in thaf it is an
iszhalable powder 1:;1011 ’:;Jpnxazns in addition to the tiotropium salt one or more sm;c;ble
physiologically acceptable excipients selected from among the monosaccharides, ﬂc:e
- disaccharides, the oligo- and polysaccharides, the potyalcohols, the cyclodextrins,
amino acids or the selts or mixtures of fhese excipients with one another.
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10) ' Pharmaceutical conposition according to claim9,
characterised in that the excipiaut is selected from
the group consisting of glucose, fructose, arabinose,
| act ose, sacol aarose, naltose, trehal ose, dextrous,
dextrins, maltodextrin, starch, cellul ose, sorloitol,
manni tol, xylitol, arcydodextrin, f3-cyclodextrin,
x-cycl odex' ai n, nethyl-P-cycl odextrin,

hydr oxypr opyl - p-cydodextrin, arginine hydrochl oride,
sodi um chl ori de or cal ci um carbonate, or m xtures
thereof. 11) Pharnaceuti-cal conposition according to
claim9 or 10, characterised in that it contains

bet ween 0.01 and 2 @6tioiropiun1 12) Capsul es,

characterised in thatthey co a| n,an al abl.e
14§ c oRhiargpcpeticeh eorBpOSERan #60 d;ggm&m o R e
&E@Eéﬁ? %erbt@&'&oﬁpﬂﬁﬁ whsmbﬂgln@sb cfmdwaemmbmose, lactoss,
C racter| sed

t hat i S |
sepabarosp, el %&%fi ?’h i | b ﬁu c@ﬂfi‘l‘&se sorbitol,

mmﬁibsscghwl%@oycl@ﬂmﬁemewﬁmw >feyclodentrin,
N3p Jp&?ﬁ—c?él@&é;ﬂhﬂ,chrgﬁmﬂ Bydrochlonidessoditne chiowds onealcium

, ’ﬁn@ﬁ ﬁ]&neelo -free inhal abl e solution or
Cs?"lﬁ%;@ on Ich contsins water, ethanol or a mxture

of water and athEnol as solvent MNET F PRODUCI .
1) OT RelirtibteBHtal SPmpROERORECMADE LT wﬂ@m&@@ﬁs% that it
iR AT END. 0 ICEMTAAINIBEE- SAVE Abstract The

i nvention provides a nethod for pr odu0| ng novel

"tlotroplu lts of for a(I)
:’Epre Qﬁlg%fg‘ eé t?;gi novel op| um SaaFlegowderaccordmg

souoe ofheimsddedti cal fornul ati ons, cont ai ni ng the
salts and the use thereof for producing a nedi canent

SAHER Yo BlosiRARLEGHERIBNo LIas s, dissgnaied i that itis 2

ﬁt;ugfiﬁ@?%g% treat %Eg&%ﬁﬁ% ?"ﬁ%?ﬁlﬁﬁ%ssolvedor

14} - Pharmacentical composition according to claim &, characterised in that itisa
propellant-free inhalable solution or suspension which contains water, ethanol or a mmh:re
- of water and ethanol as solvent.
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METHOD FOR PRODUCING TIOTROPIUM SALTS, TIOTROPIUM SALTS
AND PHARMACEUTICAL FORMULATIONS, CONTAINING THE SAME

Abstract

The invention provides a method for producing novel tiotropium salts of formula (I),
wherein X represents an anion, said novel tiotropium salts as such, pharmaceutical
formulations, containing the salts and the use thereof for producing a medicament for the
treatment of respiratory tract diseases, in particular, for the treatment of chronic
obstructive pulmonary disease (COPD) and asthma.

o

No suitable figure
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