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for mul' atWRA2/38594 sol uf | ining a tiotropiumsalt The RCI&RM/12296
invention relates to mnﬂﬂlpﬂmﬂﬂlWWf ree inhal able formul ation of a
pharmaceutically acce of tidtropiumdissolved in water or a

m xture of water and et hat®? in conjunction with at | east one other active

subst anc]§6§r ef erably adm ni stered by inhal ation, and propellant-free
i nhal abl 8?3&%}!% sul ti therefr r’r} The forpul atjon according to the
nvention is piiaiebietorpulzlionefa saliitian Rontaining Adlatrepise salt s ubst ance
by inhal ation, especially for treating asthma and COPD. Ti otropium
chemcally (1
a, 2( 3, 4[Thesprezén)inyentidn(iejates xy dipr@pellainéfreedctealgbledayhul@tiodiofat hyl - 3- oxa- 9-
azoniatricyclo[3.3,1.02' nane,. s known. as tiqtropiumbronm de 15 from
o opeaRTBlTERFIGHY Aaer OIS Iole Y isFRlveg b ale” S rIIE Pt  opi
has the Wikt aid Beh=HoE T eBhjuRtliok With@it [ddst ontothbiAdtive: substarfée préfergBly The
conpound has val uabl e pharmacol ogi cal properties and is known by the’nane
ti ot r opiagmipistared by imMhaatiopiand propellant-fred inbakable aengisbls restilbiogi ve
anti chol .CS—an an_.provi de .t herapeutic,.benefit. in the. treatnment of
2ot hi. OPSBERE (TRF tarf B Fe b S AR ey oA ey B BRI o v e o
ti oty OpiadiiRsRIFINgethe acalé QuBSBhEB BY!iNeAISRoN, YespRLIMAP k& tre2RingaddiheanaRuUNds
are a preferred object of the presént invention. e present invention
rel at es GOPPi qui d active substance formul ati ons of these conpounds which
can be adm nistered by inhalation; the liquid fornulations according to the
i nvention have to neet high quality standards. 30 " WO 02/ 36591
PCT/ EPO Tjiateasiem? cliemigally é&aZaMIﬂo@uﬂr&)nh?dﬁ(wdfbmii?oﬂni@fylmtvl\)ww@h&t ances in
t he | ungyn a0 |4 gaA i i I l.ant
gases gy ol T erog G arenliyBRlse . o frdielty Rt afoleblu R bRRAde:
capdbl e oM FERNgan Rateat AppligatigndeRd18:7 18 Al glhieibrasnidaIsalti Fiiotrepiume hassage
needed fio# follovimpehémizapstrpstarg Wi thin a few seconds irito s an aerosol
suitable for therapeutic inhalation are particularly suitable. Wthin the
scope of the invention, preferred nebulisers are those in which an anount
of |l ess than 100 microlitres, W\é’TeM&bl y less than 50 microlitres, nost
preferably | ess than 20 mcrolitr of active substance solution can be
nebul i sed preferably in one puff tlo,forman aerosol having an average

1 referably |l ess than 10 m crons, so

particle size of |less than 20 cr

that the inhal able part of the | siéady, corresponds to the

t herapeutically effective quantityOAn pparai%& of this kind for the
propel l ant-free adm ni strationgof a red anount of a liquid

phar maceuti cal conposition f Nnhalfation is described in detail for 15
exanmpl e in International Patlent/App|TO&tion WO 91 /14468 "Atoni zi ng Device
and Met hods"” and also in WD 977126 cf Figures 6a and 6b and the
acconpanyi ng description. In a ne er of this kind a pharnmaceuti cal
solution is converted by neans of gh pressure,of up to 500 bar into an
aerosol destined for the lungs, which is sprayed‘”VWthin t he scope of the
present specification reference is expressly 20 nmade to the entire contents

of the Hne&pBind Tl LA eFHA facological properties and is known by the name
tiotropium bromide. Tiotropium and its salts are highly effective anticholinergics and
can provide therapeutic benefit in the treatment of asthma or COPD (chronic
obstructive pulmonary disease). The monohydrate of tiotropium bromide is also
pharmacologically valuable.
25 Both compounds are a preferred object of the present invention.

The present invention relates to liquid active substance formulations of these
compounds which can be administered by inhalation; the liquid formulations
according to the invention have to meet high quality standards.

30
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In inhalers of this kind the fornulations of solutions are stored in

reser vo'¥YO 03/8659¢ essential that the active substance fornmul &7 @’?é’”l]%@& are
sufficiently stable when stored and at the sane tinme are such that they can
be administered directly, if Zs possible without any further handling, in
accordance wth their nedical purpose. Mreover, they nust not contain any

00 o st S BT 2 R S SORLEY M TDRRE BS, v

aer osol t®{ 88 eCRflid ﬁﬁmﬁ%tlbﬁhM'th@.ﬂ ?Bﬁelﬁa‘h‘t éé‘aémﬁﬁ@t@l"éd usifg&uftable used as
described for exanple in WO 9 07 or 99/ 6530. Referéence is expressly

made henrmalerstaol'hosehels@emwhicbare@apable ofmebrliseg @ismratarramnt opadiqusl WO

98/ 2795 f t t f th d
Sbore wip AR Ene HoBgR et Phr B el Bdses Fithif el seerdliB
edet gt elan derbsEBIRABR fopHBtAPEUtRIAhARLiIBRA v paRrukycuitabRe. \Withia te@nver t ed
into inhal abl e aerosols using the inhaler described above, the

sp/eC| f i 660P®#f the ipyestion, mprefiees nebbisersrase ithosein wiigh @m areuat &f 1ess 50 )
100
oot o002 100 BERkS, AERAGEIESS 1P SERRGoRes RGN IR Res HERTB, 7 |

this fomthresrmf Bbtivestibhstancaiboltion ean bediebrdibad graferabiy v ond peff i opor ti on
of sodium edetate |s again 50 mg / 100 m . Surprisingly, it has now been
found t fRIM PBAGRSEl NGNEIGAN B¥arade oREtice sizedfiess thaned microns. arefarably a

wat e r f Vi etate
e P gniTeanan 0 i Rafine 1AnABARTar BNt adrdSo 3HiRat KorREpoHaR &

scat t er itgy therapégticatiyeffectiveoquardityver ed, conpared with the fornul ation
containing tiotropium brom de knowmn fromthe prior art. In addition, the
spray quality is very good. The 15 resulting aerosol has very good

pr oper t iAgsabhsiraf@ramhsinied f&ﬂh@?rdﬁéﬂﬂhﬁﬁé@%dnﬂﬁﬁ‘i@ﬁﬁﬁ’én By fRdtaes] &oliRe.
formulationis that, thanks to the absence of or reduction in the additive
sodi um et etliguis phameabcalmmmucahﬁoelﬁhalahﬂrtajsld@sprlbedalrpdetafl fione sol ution

fornmul ation _can | ower L Sssary_for.the |ong-term
20 sfablef(gw? ﬁ?@”?@ﬁ%ﬁtﬁ& Fé? Wﬂ?ﬁ%&ﬁﬁazﬁj B’ﬁzmgth‘Vécetﬂ ef ore an
ai m of M@h@ﬁ@% aI*sB\(ﬁWO@Y/’(ZBSF @vmigur@@ GHIHIRPEE anelithd @ceERPaAPg

formul ati on cont ai n:f@%@lbs har nraceuti cal | y acceptabl e tiotropium Salt which

neets t Keseiipfionsima erefdbig kind arpdlv@rm@@etuiecaébol@tlo@ isaeenartedopy i num

nebul i s f ef ore.

The act ﬁ/%&%u@s% @Igﬁ}rég%%logtupﬁs‘é'@c ‘{ﬁ'& r%%%g{ogﬂpgﬁ@%ﬁ“ oﬂ‘eé’rﬂg'bgg'be of

suf fi ci emictyishipgayedaniminabeisespe of tHe pr)eseht spediﬂvéMoﬁ hefdréndieis expressly

phar maceut i cal | y stabl e over a stor some years, preferably at

| ea® oRAde:leythefntiee gpaiepts®f tyetlwa&@ament@@eﬂmgr aimis to provide
propel l ant-free formrul ati ons of solutions containing tiotropiumsalts which
are nebul i sed under pressure using an inhaler, the conposition delivered by
t he aer drs rihaperecitieid kfred thierfgrmelptionisiof &dlytiong aienstareziiac fe'%dvcruarhige WO

02/ 36591 PCT/ 229 th to de f
col ut1 oRSSeRIEL IR GehYersuRaRs (RaIaar ks e e ShbEinge
adm ni sesred opd dtﬂl‘?@%@ﬁieﬁﬂneéﬁ@@ﬂ@h fitat eyl &4 bB wRiih@fereddrect

pharmaceutically acceptable salts of tiotropiummy 5 be used ¥or t he
f or reail apiossiblewsnoutrany fartier handling, imacedrdance widheir medical perpasepe of the

ccor ot AEHERen B T rdiieof Bl AR RS WhRH I bt ML BB

anmoni Uip §a¢h 8wayces iCaaPaEe theirhaldiRt8e phafriatéRicaPualty ion thesollivein Of a
salt (tiotropiumsalt) which contains an anion as counter-ion. Tiotropium

sal ts wor ohtheegenseoledugpdni n the scope of the present invention are
pref erably conmpounds which contain, in addition to tiotropium as
counter-ion (anion)) chloride, br om' de, iodide, nethanesul phonate,

par aet olToemexnllibe tiomadleitien @&/ speciat oy ieus pbed as déschbed fdreammle imiW@he

Ret or en 8D 7L TN §9lIRBAD o Heirence s Axiisesigebate Bora KARdaesR i nventi on

must al waygchiRnsaken as references to all possible anDrphous and

crystal l'i ne nDdlflcatlons of tiotropiumbromde. These may for exanple
contain nol ecul es of solvent in their crystalline structure. O all the
crystalline nodifications of tiotropiumbrom de those which also contain
wat er (hydrates) are preferred according to the zo invention. It is
particularly preferred within the scope of the present invention to use
ti otropi um brom de nonohydrate. In the fornulations according to the

i nvention conbinations with a tiotropiumsalt and only one other active
substance are preferred. 25



In the formul ati ons according to the invention the tiotropiumsalts are

di ssol vV P3869% 0l vent. The sol vent may be excl usivel y wat ePCTEPGIA12288y be
a mxture of water and ethanol. Ethanol may be added to the fornulation in
order to increase the solubility of additives or other active substances
apart fromthe tiotropi um salt, preferably 30 tiotropium brom de or

s not I FATRES dRalpest Tendatan el & 53%§Ppﬁxé'ﬁbﬁk?r&p3ferﬁﬁécﬂaﬁ9ve§ﬁewater
e MU ?@gggéA)geh.vé%hgelségﬁﬁﬁngaimfrsdn.e%@gdb ih B84 gy vol ure and

nmost prefera vol une e renal ni ng ume consi st of water.
The pr efagueeds écarhuéationssof\mmonmwhnolu:are teebaddnvernted imto athadate aerosals

021 36591 PCT/ EP0O1/,12296 once ratlo f the tlotro ium sa ed on
Dre oo lising (R 1ORAIET BesaiaciAtave: Mis Srerrban s SupiTelm Soeniates

depegds pBolien éB@tra?é’SfJSO g1 0GR, iRHEEE to r%ﬁﬁc@‘ﬂ% ifiddri2® FQPphyi Nts whi ch

respond to tiotropiumthe concentration of tiotropiumis between 0.0005 and
% by mpmaheSpAEToeIQetbe)E)damMeedls@lo@em thers iS w/&)nynulwogmontalhmng of the

LZ[ ween 1o 8P R BraE, s Brish g 4B pelier SuBrionce issiEtalved Bt The” ¥

parti culnadbortion e#§6a1GWe@@th@e Og?a|r759'?ﬁ $480 nWbst preferred are pHs with an
upper limt of 3.1. is a usted y the addition of pharmacol ogically

accept abl e aci ds. Exarrpl es of inorganic acids which are preferred for this

Sl pRor S8y, Y55 AN, Bn B ot don O DB o 361 Bopt o fbkoPGitsatssp o

or gani ¢ wagtedsr aneiterasthanbl m|xmred~héretrf the cFr@pdonr’ﬂadfltl@e adbiivetsatfumii c aci d,
mal efic acid, succinic acid ric aci acetic acid, formc acid and/or

pr opi oniegetaie is S'Qf‘tflcapﬂ)é@ﬁrt@@ﬂ 5ﬁdmgéﬂp@ ralshew arr@dlﬂﬁi&”dﬁﬁh‘%ﬁ%ﬂ%ﬂﬂgjdand Zo
| ph d
Z 3 df t :J(r)'nﬁes gﬁﬂngosiuhn t n@é.%‘& BOm bEelcwaﬂ tﬁ’éf‘orﬁﬂlé{ﬁ?‘é\fﬂcrg% n rﬁ %?rﬁgfﬁﬁ‘\

ctfve ance or
pr epar atromide kmdwn from ik prive asctin\aglditiors thaspray dualitynis verggood. dbieds,
ascorbic a |d fuma c acid a QEE citric acid are preferred espeC|aIIy
citrisc Aesuiting Peﬂﬁfz’ %VGW&Q Rropgrtiasfar agiRistEatianb INhAates. ray al so be

25 used, particularly in the case of acids which have other properties in
addition to their acidifying properties, e.g. those which act as
f 1 avour iAngéhemadvantage dithedormsulatiorais that, teamkeploetheiahsienceof dr cedustioniimi ¢

aci d. dro l.oric . acid . deserv eci a t|on s..an ,jnor acid. so
' Gesi i aadule saali srets I Be AR e st St bEFH AN Tat e ¢ he
pH solution formulation can be lowered. Low pH levels are necessary for the long-term

20 stability of the tiotropium salts in the formulation.

It is therefore an aim of the present invention to provide an aqueous active substance
formulation containing a pharmaceutically acceptable tiotropium salt which meets the
high standards needed in order to be able to achieve optimum nebulisation of a

25 solution using the inhalers mentioned hereinbefore. The active substance
formulations according to the invention must be of sufficiently high pharmaceutical
quality, i.e. they should be pharmaceutically stable over a storage time of some
years, preferably at least one year, more preferably two years.

30 Another aim is to provide propellant-free formulations of solutions containing
tiotropium salts which are nebulised under pressure using an inhaler, the composition
delivered by the aerosol produced falling reproducibly within a specified range.



precisely. Suitable bases include for exanple alkali nmetal hydroxides and
al kal i P%QQH/ 33! bonat es. The preferred alkali ion is sodiu IEPRYdE0,
this kind are used, care nmust be taken to ensure that the resulting salts,
whi ch are then contained in the WO 021 36591 PCT/ EP01/ 12296 6 fi ni shed
pharmaceutical fornul ati on are pharmacol ogically conpatible wth the

abovenenti gned ac:| Acc i n o th entio there is no ed t,o add
it Arioterimis Yo proies Bt Ros R sehtBas bR terEiin Sulhdifeteiel . o
the presgpétahes WHiEH L& bdadmiflstltel byannABt&e. P! exi ng agent. Anot her
preferred enbodi nent contains editic acid and/ or the salts thereof. In a

preferred enbodi nent with sodium edetate the content based on sodi um

ange. 1 AStPfiig o E0nRen g ol Phefliotiical 2sE8RRot Slsion BRI GLa or
thans0 be @e@@fbﬂﬂ@ﬂormhl@atu@ﬂowrﬁn taeherh tefbpilftsAIPRt BRld \QﬁhlﬁQﬁe %ﬁb;@éi@f ate
is 10 to 30 ng / 100 m, 15 preferably not nore than 25 ng/ m. In a

pr ef er r 42 BFASEA! VENtion, thisdade Detakensas airefasanesmia m@trcgplumhécmrﬁmg@ nmade

concern y onpar abl e

additiv‘tﬁ@@%ﬁﬂk%?@%&%ﬁﬂ% gdxtl?é\{(rg %p@%&gq@gﬁeﬁﬁ%@mﬁﬁgﬁ% tead, such as

for examgpfresporids focd refecericedodiotrdpiundlint the fofhtof atdatr(@ofropibin sait‘;mmh ng
eferably meant within the scope of the present invention

?rglegtcﬁl ggn%’ﬂ%ﬁn BN eeNesione ﬂ-t@'fqpt'ﬂsm |Sﬁ{t§ W{bl’f@( beowerd withigrtbeabl vy,
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prefera cat rons ances apar
tiot roprtmltmtsaﬂntlm as thentenidn (amibn), chloride, bromlde iodide, methanesulphonate,

para-toluenesulphonate and/or methylsulphate.

Within the scope of the present invention tiotropium bromide is preferred as the salt.

15 References to tiotropium bromide within the scope of the present invention must
always be taken as references to all possible amorphous and crystalline
modifications of tiotropium bromide. These may for example contain molecules of
solvent in their crystalline structure. Of all the crystalline modifications of tiotropium
bromide those which also contain water (hydrates) are preferred according to the

20 invention. It is particularly preferred within the scope of the present invention to use
tiotropium bromide monohydrate.

In the formulations according to the invention combinations with a tiotropium salt and
only one other active substance are preferred.

25
In the formulations according to the invention the tiotropium salts are dissolved in a
solvent. The solvent may be exclusively water, or it may be a mixture of water and
ethanol. Ethanol may be added to the formulation in order to increase the solubility of
additives or other active substances apart from the tiotropium salt, preferably

30 tiotropium bromide or tiotropium bromide monohydrate. The relative proportion of
ethanol to water is not limited; it may be 90 % by volume, for example. Preferably,
the maximum limit of ethanol is 70 % by volume, particularly 60 % by volume and
most preferably 30 % by volume. The remaining % by volume consist of water. The
preferred solvent is water without the addition of ethanol.



preparat | on are sel ected in particular fromanong the antihistam ne

anti al | ¥¥QYP#3881 agent's, | eukotriene antagoni sts and/or ster BCHEP Vﬁ%%gé
active subst ances i ncl ude: As steroids: Case 111162 FF Al cl onet hasone,
Al cl orret hasone- di propi onate, Alisactidé Ancinonide Am nogl utet hinide
Aristocort-diacetate, Becl onet hasone, Becl onet hasone, Dougl as,

Becl onet hasone- 17, 21- di pr opi onat e, Bet anet hasone val erate, Betanet hasone
adamant oat e, Budesoni de, Buti xocort, Canesten-HC, G cl onetasone,

Cl obet agple, co@c@ﬁﬁétﬁﬁpaﬁhe(ﬂdmfpﬂﬂﬁ%blt besed oAdAE pr érﬂéﬁfd‘hatr?ghbﬂ in the
Cortivazol, Deflazacort , Deflazacort, Denetex, rodone rodone

Pr opi onfinishedpharmanetingt prapstalion demndamthesﬂmranﬁutlnaaf@ct sleughteFmasone
t Difl Di f d t

i ucl o B1OR6T NectomPRINS Bt {ampbRo i Jalrfei i B c SRR Bt inkbpinays,

Fl uogi n@bﬁﬁ\@erﬁwmsladﬂ 564 Preferabisétiveen 0.60 1 aRE™3 W B efgher onat e,

99\@?@'“
Fl uodexan, Fl uoronet hol one, I casone, “Fl uti casone-propi onat e,
For mebol one, Fornocortal, Hal ci noni de, Hal ometasone, Hal opredone-acet at e,

e R O AES b SRR B Al SR SRS e,

Lot ri sopeefeidbly beaitne2. Sdr 3. scu”rfu m?s(@pl%ﬂé‘rkabqft@etween 2.7 and 3.5 and

Met hyl pr edni sol one- Acepanat e, one, Monetasone furoate, Mycophenol ate
nof et i | pﬁFt&HlaEWd%l’?fer@@b’ahﬁé\ﬁ’ﬁ% gﬂeaﬁéét?at“éos"mf@@ﬁ"e@aﬁrﬁﬁ%s with @%H?Rﬂr
SerqBroﬂ T pr edan, Case 1/1162 FF Ti xocortol -pival ate, Triantinol one,

Trianci no one xacetoni de, Trilostan, Boehringer |ngel heimPharma KG 8

The pH is adjusted by the addition of pharmacologically acceptable acids.

Examples of inorganic acids which are preferred for this purpose include:

hydrochloric acid, hydrobromic acid, nitric acid, sulphuric acid and/or phosphoric
15 acid.

Examples of particularly suitable organic acids are: ascorbic acid, citric acid, malic
acid, tartaric acid, maleic acid, succinic acid, fumaric acid, acetic acid, formic acid
and/or propionic acid, etc. Preferred inorganic acids are hydrochloric acid and
20 sulphuric acid. It is also possible to use acids which form an acid addition salt with
the active substance or, in the case of combined preparations, with one of the active
substances.
Of the organic acids, ascorbic acid, fumaric acid and citric acid are preferred,
especially citric acid. If desired, mixtures of the abovementioned acids may also be
25 used, particularly in the case of acids which have other properties in addition to their
acidifying properties, e.g. those which act as flavourings or antioxidants, such as for
example citric acid or ascorbic acid.
Hydrochloric acid deserves special mention as an inorganic acid.

30 If desired, pharmacologically acceptable bases may be used to titrate the pH
precisely. Suitable bases include for example alkali metal hydroxides and alkali metal
carbonates. The preferred alkali ion is sodium. If bases of this kind are used, care
must be taken to ensure that the resulting salts, which are then contained in the



Tri maci nol one Benet oni de, U obetasol - propi onate, Zileuton nethyl

9- al phaWsh02436596- al pha- f | uor o- 11- bet a- 17- al pha- - di hydr oxy- 18CaEphH122881t hy|
3- 0x0-1, 4- andr ost adi ene- 17- bet a- car boxyl at e- 17- propi onate, Particularly
preferred are the conbi nati ons of tiot6opiumbromde, or tiotropium

br om de- nonohydrate and budesoni de, flunisolide, beclonethasone

di propionate or fluticasone, as well as the pharnmacol ogi cal |y acceptable

( possi bfipisbed @hproaceuticshiarawiationg amehphamacotodiepllysamprittle witbdher i ses
tiotropi I ,tiotropi um brom de nonohydrate and budesoni de. The
concent ?gwgﬁgﬁ&f%gé eroid, e.g. budesonide, flunisolide, beclonethasone
di propionate or fluticasone, in the fornulations according to the invention
is preferabldy 0.05 to 10 wt.% preferably up to. 5 w.% nore preferably 0.1
to 2.5 wecopdingia theunwentions tharers peynegd2opddeditiacid (B armaeraiith@l at i on
IS usedpw | e t i r : d f
ster gi d k?%s”;vﬁ rsép g rt Pé‘%]fl?}#’ ad? dt]@'?]e%&%%gt ﬁg{h%lgggé@oﬁgégﬁ%gg %%‘Sér.'zgatlr’?g’h'lcs)g Pg"?er oid
are del bmmpmj(irpgagg@mr_ ay. Particularly preferred are concentrations in which
t he pharnmacol ogically active dose is adm nistered in one or two sprays. 15
20 If the conbined formul ation contains a | eukotri ene antagonist) this is

ref erahl I f 4 ; I j kast
D ¢ Oy ArHRS sffefed BRI BRI SR beidiifl o i baliderdot K o0 oy 2. p
ropyl ) phenyl )t hi o) net hyl cycl opr opane- aceti c acid,
1- R)-3-(3-(2-(2, 3-di.chl or ot hi eno[ 3, 2- ridin-5-vyl E) - et henyl henyl ) -
5 ¢ 56 (Lima B efeiret Srab e mene s aeshyn ote Fhe RotRrEDYsad B0 sotbreEdbBiaent 1 o
Lo [ 2 (4552 2,12 e 5190, ml. In this case, there Is one preferred range fom S MY d90
aci d. Monttelegsaban 10rragl1@ast orantitber framigreatea sharad éo prregi0ded. 25 30

Case 111162 FF Boehringer |ngel heim Pharna KG 9 The concentration of the
| eukotriene antagonist is from0.05 to 10 w.% preferably up to 5 w.%

mor e pr ¢f 8pétdlel efbbdirfest theWontént bh8odiRi sdétat: B 0 30 hiyetodeml exanpl es of
anti histam nes and antiallergic agents: Azel astine, Astem zole, Bam pine,

Car bk noregferedhhpat mgenthanl 2mg) 188tk i zi ne, Cexchl or pheni r ani ne,
Chl or phenoxam ne, C emastine, C enastine hydrogen fumarate, Desloratidi ne)
D nenhydri nate, Di netindene, Di sodi um cronoglycate, D phenhydram ne,

Doxyl amimg, préfeaed émbodifRMatiis additizpiig amiittateentirelof enadi ne, Ketotifen,
Levocabastine, Loratadine, Meclozine, Mequitazine, M zolastine, Nedocroml,

Pheni ram ne and/ or Pronet hazi ne.
The remarks made concerning sodium edetate also apply analogously to other

20 comparable additives which have complexing properties and can be used instead,
such as for example nitrilotriacetic acid and the salts thereof.

By complexing agents is preferably meant within the scope of the present invention
molecules which are capable of entering into complex bonds. Preferably, these

25  compounds should have the effect of complexing cations, most preferably metal
cations.

The other active substances apart from the tiotropium salt in the combined
preparation are selected in particular from among the antihistamines, antiallergic
30  agents, leukotriene antagonists and/or steroids.

These active substances inciude:

As steroids:



Case 1/ 1162 FF Boehringer |ngel hei m Pharma KG 10 Epi nastine, nedocroml,

di sodi ufirer'6H§gFGcat e, astemi zol e, nequitazine, cBoahFinask HePhemAhamMEKG

cl emasti ne and/or the correspondi ng pharmaceutically acceptable salts are
preferred. In the conbined preparation/ the concentration of the
antiallergic agents and/or antihistamnes is preferably 0.05 to 15 wt.%
preferabl{%ﬂ@up to 10 wt.% nore preferably 0.1 to 10 wt.% nost preferably
0.1 to plggmethaspnes he abovenenti oned act F\BISSHB8t ances may optional |y al so
be usedji 1 Lt~ phar macol ogi a.salts thereof.
The conﬁ?@ﬁ%’?}gg‘raégé?ﬁrﬁ%@%?;% preferably Igk)rbriﬁ'loa I géh)ésé%le\?hi ch tiotropium

i s presAlisadtidesol uti on. The ot her active Blubsinanide, may be di ssol ved or
suspendfgd; _thi_a is generally deternined be_( thert'Ot her active substance and
the par &MGNNIo| vent used. If the addit{WRSPMRetive substance is one

whi ch i t low pHs, it is preggoabhdiohe'dBlaiLRE as a
suspens?\ormnﬂbqlﬁgé@h@%%’t age of a suspended f@lrbm l|Ltéslot ﬁzggﬁtﬁ pH can be made
nor e acAdstocortkdiatetate,t o t he benefit of tRkiodesdn, ity of the dissol ved
tiotroppu T referred pH range of tiotropiumbromde is between 2. 0
and 4. 5!39&0@?92‘%%%?@%2.5 and 3.5, nost pr e#@PE‘HT‘?thQ‘iﬂr\ﬁeen 2.7 and 3.2. In
the casgepfonsdth éﬁr?bg’Délrﬁ%e are preferabl g yesshidr suspended form

especi aPI y PI%utlécasdne. I's is particularly true'if the solvent used is
only waBerlomethasene=i h2iediprapionstéanol i sFiutideshne-peopionatei d nmay al so be

f or mul aged as Ha sol ut" on. However, it hastee flound t hat budesoni de, for
exanpl e, eegngq 250G VAR Ent | y stable at a Bﬁm OdN% if it is dissolved in a
m xt ur e patarmethatord ddsiriaafsdte, Wt h regar drg@nddptaise of the formul ations
according to the invention in the inhaler described within the scope of the
pr esent Budeseniden, it may be advant ageousHelcingnide,he i ngredi ents of the

f or mul aty present in solution. Cq F Boehringer Ingel heim
Phar na Egﬂ%l(% wel | as ethanol, other co§§|o\%%%§g%é;d/or ot her adj uvants
may be gadestadnoHChe for _rrul ation accor di ngHbaprédonesestbtegn. Ot her preferred
cosol vents are those which contain hydroxyl I?rou s or other polar groups,
for exaffflemgfasongl s - especial ly i sopropéb’ﬁ QCSHISONeg| ycol s - especial |y
propyl epqe&! , pol yet hyl enegl ycol, poly VL ol et her,

gl ycerol’, péfoé%)lkyet hyl ene al cohol s and poﬁgg@#gﬁﬁ?ﬁgnﬁppgp?ébégci d esters.
By adj uCiobetasmtk,additives are neant, in Hgdocodisoeetacepopate,

phar mac ically acceptable and therapeu usef ul bst ance which is

| o ically. S
not an F?"@Q”%'ubstance, but can be fornuf'lé(a@?oﬁwé‘?@tyﬁ?? RrOmeNale: | ve
subst an HRAt he pharmacol ogically suit i rder to inprove
t he quaﬁ?ﬁrggﬂglf t he active substance for Br’ulahgettﬁgéndﬁél%g?%rgg ly, these
subst anEkmdodirebutyl, phar nacol ogi cal ef f ect €iadomatasappr eci abl e or at | east no
undesi r%l e pharmacol ogi cal effects in the context of the desired therapy.
The adj P& ognd additives include, for EQ WPl'®, surtactants such as e.g.
soya | epefBiacore! ei ¢ acid, sorbitan esterMazigtBd@se,sorbitan triol eate,
pol yvi nyl pyrrolidone, other stabilisers) conplexing agents, antioxidants
and/ or é}eélgéawt,i ves whi ch prol ong the shMedrysong, of the fi ni shed
phar mac ' formul ation, flavourings, j ' dl or other additives
known i M%gg'rt . The additives al so incl Mgé?%%@??rrg@dol ogi cal ly acceptable

sal ts spgpredorgndi um chloride, for exanpl MetiSpteapisdlons-Aeepamate, or
suspension-stabilising agents include all _ the pharmacol ogically acceptable
subst anBepregpnenPrapieiael i pophi | i ¢ hydr oc MaR#IagPHip and one or nore

functio %FEHH ic groups, especially z ohol s, Cs-2ofatty
aci ds, %f?ﬁyﬁﬁa yééci d esters, lecithin, g y%g?érg‘%ag‘%fo%{regpyl enegl ycol

est er s, Dexbyethasdng-2hésoniqodingtsr bat es, sbhisophenaateemefatind/ or
carbohydrates., C5 20-fatt ci ds, propyl epeqgl,ycol, diesters and/or

triglyc XangtB%%ﬁfl?r's%'FB?{'?%ﬁs of the CS_%&%'%?SS}’ acids are preferred,

whi | e olpigragshél and sorbitan nono-, di- pardrhéhla8sheacetfteparticul arly
preferred. Alternatively, toxicologically and pharmaceutically acceptable
pol yner Difiprednatel ock pol yners nmay be useBrednieardpteisi on st abil i sing
agents. _-The quantity of surtactant may be :1 based on the proportion
by wei gﬁtndg{sgc[uﬁe P%’mwrojr,

Fluazacort, Seratrodast,
Fluclorolone acetonide, Tipredan,



suspended active substances; anounts of 0.0001:1 to 0.5:1 are preferred
whi | e af88h{/4183FFf r om 0. 0001: 1 to 0.25:1 are espeépPaiiringerdpasthein Baprma K@ase
1/ 1162 FF Boehringer |ngel heim Pharma KG 12 The preferred excipients

i ncl ude antioxi dants such as ascorbic &cid, for exanple, provided that it
has not already been used to adjust the pH vitam n A vitam n E,

tocophe | s Iar vitam ns or provitamns ring in the human
body. Pr &O&Dagfp %'an be added to prot e&?‘”}%@ PQ? §rom

cont am rﬁ\fgmm,ﬁ@ pat hogeni c bacteri a. Swé@&égowrgﬁ@hgpél ves are those
known fromthe prior art, particularly benzal koniumchloride or benzoic

aci d or Tsiamaialere-Heaxacatonidedi um benzoat eZileutohe concentrati on known from
the pri quc}%% Preferred formul ati ons contain only benzal koni um chl ori de,
an acid H) '?:ij usting the pH and sodium edetate, in addition to the sol vent

wat er and/ or water/ethanol and the tiotropiumsalt. In another preferred
enbodi nent, sodiumedetate is omtted. These enbodi nments may optionally

Tt drvyitei oyt oy byl
i u ) [ s [ [ iu
brom dgbwﬁ@g%rg(ﬁgs% EZ'E’F(% ﬁ%ﬁ’oﬁfﬂ%}% pﬁPB’E’BQ 'whi )éh i s described !On

nore detail below. In order to prepare the crystalline nonohydrate

according to the present invention, the tiotropium brom de obtained by the
met hbd fastiguarbnpiefened anestheieombinations ekdighpiumioremide, 5 ioopwin aken™ up i n

wat er, . 0 r t he
ot vat Brpee-mBHphidrgte $hd BuBEon i lrictiiues BeciBibthdang upfifitiete &

cryst al fluteabonke, be watids ihg: mavmaxcolobiwllg@cbemabue wo@sWOmer)SSansef erably
foll owega In a reaction vessel of suitable dinmensions, the solvent is m xed
with ti&186Bf-um bromi de, which has been obtained by the method disclosed in
EP 418 716 Al, for exanple. For each nol of tiotropiumbromde put in, 0.4
to 1.5 kg, preferably 0.6 to 1 kg, nost preferably about 0.8 kg of water

ar e 1used haprefarieentomiihetion rompeisebdtiafropidm isrontdé,eat tiwttdpiwhioromide

pr ef er abl 0 ove 50 nost preferably to above 60C. The maxi num
temera@#@%f@ﬁa@gi@ SOBId€cted is determned by the boiling point of the
sol vent used. Preferably, the mxture is heated to a range from 80-90C.

Case 1/1162 FF 13 Boehringer Ingel heim Pharma KG Activated charcoal, either
dry or rbeqosseatraiamoitheateroid eagdeutiasonids, usisblide, declamethesabey, 10 to

50 t f 25 f t ted
char coaP pBofHE Fhdicsals. BenerestRi Bl asoRod GHBvERIGhE rea the
act iyyat peefeRMIE0I5 oSt GWENE rﬁﬁéféram%/%tté% \bﬁﬁ/ph%r’éﬁpr@&ré@l &1 i@ 20wt om! uti on
containin tlotroplumbrom e preferably 100 to 160 g, nore

: g,
pref er abR lcatﬁfl)‘tpr@wagly&&tweéww/e Wheead thq)@muiﬂtmﬂsus@drvwm the ibhaler de put
in, in I ar coal
o suspliiontd rEHERGR0n e Aohost e PSR s sierelrtiy BEistel R
cont ai nil@¢cp tol 260 nmrogtdmn@nf ster0|dtare sleﬁwbtedqiekeptay Pariteulafypprefersd atdre sarre
anount of vvater After t activate rcoal gas been added, ,stirring
cont i nubaNeRN E%W@ﬁé’hwwg}@@rmafﬁ'@cp ﬁ’\ﬁ@@ﬁe 0@ f BMiAIsieredin ‘HP%Prerabl y
bet ypeny g30 mnutes, nore pref erably for about 15 minutes and the
m xture o ta ed IS flltered to renove the activated charcoal. The filter
is then rlnsed with water. 140 to 400 g, preferably 200 to 320 g, nost

br om ao e R0 HRSd forthu oM ColaiBn SuBIRRgo B ahlastnitohis Bprgargby ™ "

t enper abalreetezf fré®r a%ﬁsng Mtaeaéstnﬁrmm&@t aéafwluk@éﬁ% (g(he)qs (Qt(ear amabrcng rate
of 1 to 10C every m nut es, Fre erably every

m nut es2- CI‘Fb'ﬂ@"Wi)@fWBPWW')‘@ (82 QXYIB-RFOP)@)DWNUM nost pr ef er abI y 3

2,36, BT PSE A Bl B o O SO Aak B2 AT o
After cem)- eﬂh@nvlﬁ)pwéNW)L@(&U-ﬁyurdxyngmah9|@my|)nhedymprbpwhv@mtm) m nutes and

3 hours, preferabl bet ween m nut es ours, nore preferably for

about oR¥KCIARAPANG- %@ﬂa@t%ort nze[[%(%rgqr&butyi,-atth@zolyl) -5-

benzofuranyljoxymethyl]phenyl]acetic acid. Montelukast, pranilukast and/or zafirlukast
are preferred.

30



The crystal s obtained are then isolated by filtering or suction filtering
to remo$@e H&1%dFvent. 1f it should prove necessaP9‘gF'89"§L'ﬂ§’je@€'£“'?'Fi‘@“%'f?staI S
obtained to a further washing step, it is advisable to use water or acetone
as the washing solvent. 0.1 to 1.0 L, PBreferably 0.2 to 0.5 L, nore
preferably about 0.3 L of solvent may be used per nol of tiotropium brom de

ot ai ned e orbisalontBF e e B2 3 uom ARRIE A Ve BisfRleBlfue
obt ai negy By %régré@gémy o1 163, 5t cul ating heated air until a water

i

01 .
content of 2.5 - 4 % 1s obtalned. According to one aspect the present
invention therefore also relates to formul ations of solutions of the type

describ ve. using crystalline tiofropi roni t Lch may
be- obt ai NEAOLPPHEE FadiiiTiEg dnSrni@y oL Bl I RS End EIRETAR Sodilb nger

| ngel heiavelttingd KG 14 The pharnmaceutical fornulations containing
tiotropiumsalts according to the invention are preferably used in an

i nhal er Astemizgleci nd described hereinbefore in order to produce the

propel | %@H e aerosols according to the invention. At this point we

shoul d 2§ai n expressly nention the patent docunments descri bed

her ei nbefpbiqoxaminehydrogenh eistege, i s hereby made. As described at the

begi nning, a further devel oped enbodi ment of the preferred inhaler is

di scl os&®trENAD 97/ 12687 and Figure 6 thereof. This nebuliser (Respimat)
can adv%g%%érﬁra%ngsed to produce the inhal able aerosols according to
the invention containing a tiotropiumsalt as active substance. Because of
its cyl Ondorpbehosdraipe, and handy size of less than 9 to 15 cmlong and 2 to
4 cmw g? t he device can be carried anywhere by the patient. The nebuli ser
sprays Y¥EESIR vol une of the pharnaceutical formulation out through snall
nozzl es CdmBLEERkE H¥%§Hﬁ$‘§ma eas to produce inhal able aerosols. The
preferred atom ser eSsentially consists of an upper housing part, a punp
housi ngPeslatatidine, a | ocking clanp, a spring housing, a spring and a

st or age cont F,‘i ner, characterised by - a punp housing fixed in the upper
housi ng JREPNYHNEr r yi ng at one end a nozzle body with the nozzle or

nozzl e @imangesmat, - a hollow piston with valve body, - a power take-off
flange in which the hollow body is fixed and which is located in the upper
housi ng Disgdiym-cramoglycatey cl anpi ng mechani sm | ocated in the upper housing
part , w; j using with the spring |ocated therein, which is

r ot at abe'ﬂPﬁiﬁWPg%“ 't he upper housing part by nmeans of a rotary bearing, -
a | over DoxyRiniigepart which is fitted onto the spring housing in the axi al
directign. The holl ow piston with val ve body corresponds to a device

di scl osE®asHN&D 971 12687. It projects partially into the cylinder of the
punp hoﬁﬁé&sﬁﬂ is disposed to be axially novable in the cylinder.
Reference 1S nade particularly to Figures 1-4 especially Figure 3 - and the
associ abpihgstines of the description. At the nonent of release of the spring
the hol l.ow piston with val ve body exerts, at its high pressure Case

1/ 1162 IEXB&S'ﬁFjlr}?ger | ngel hei m Pharma KG 15 end, a pressure of 5 to 60 Ma
(about R%tétﬁ RO0 bar), preferably 10 to 60 Mpa (about 100 to 600 bar) on
the fluid, tﬁe’ measured anount of active substance solution. Volunmes of 10
to 50 nievotabaséiseare preferred, volunes of 10 to 20 microlitres are nore
preferagl Cat &\Iﬂi | st a volunme of 15 microlitres per actuation is particularly
preferr gratadine,

Meclozine,
Mequitazine,
Mizolastine,
Nedocromil,
Pheniramine and/or
Promethazine.



The val ve body is preferably nounted at the end of the holl ow pi ston which
faces tK@sqy21¥2&EFhody. The nozzle in the nozzl e b8aghringerhigeiheirdiiiagma KG

m crostructured, i.e. manufactured by m cro-engineering. Mcrostructured
nozzl e bodies are disclosed for exanpl 8 in WO 94/ 07607 and in WO 99/ 16530;
reference is hereby made to the contents thereof, especially Figure 1 of
WO 94/ 07607 and the associ ated description. The nozzle body consists for
exanpl e of two sheets of glass and/or silicon securely fixed together, at

| east one of which has one or nore mcrostructured channel s whi ch connect
the nozzle inlet end to the nozzle outlet end. At the nozzle outlet end

t her e i €piagtines hedoeromilydidodiunmoromaglychtepastemizdle,t mellitazinepns deep and 5

to 15 mcraons wide, the depth preferahly being 4.5 to 6.5 m.crons and the
| engt h GeragoBTge N Jabasite erdlol e cartetithrising aarsiscatbpen: ngs.
prefer alé'c%eﬁt‘éﬁle éﬁhfse rpﬁ@fe‘n%@l? of spraying of the nozzles in the nozzle

body may run para to each other or nmay be inclined relative to one
another in the direction of the nozzle opening. In the case of a nozzle
body hayi at | east two nozz)e openipngs at, the outlet end, the directions
of 2pr aJ HEe GRbEd Rreprralany DeAacenPaioer bifielemic SHeHaan/ot ' 20

degr ees ohinikiinegiie profoibff S0 5k AN pAfStbIPp 89 1D WtIAOfRe! es, st
preferably 80 to 100. The rozzle openings are preferably arranged at a
spaci ng pogfetably 8. 12@01 trivt. Lo rmapstmseterably0et tbV widb. a spacing of 10 to 100

m crons, still nore preferably 30 to 70 mcrons. A spacing of 50 mcrons is
nost preferred. The directions of spraying therefore meet in the region of
t he nozz|leherpolvEsntidfedhtPAISUIBA dedRdy opfienallyiulsd behaadaaans e of
preparation hits the nozzle body at an entry pressure of up to 600 bar,

pr ef er abhgir poarmacobvgicairacoegtable saldsitheseot hr ough t he nozzl e openings into
an i nhal abl e aerosol. The preferred particle sizes of the aerosol are up to
20 mcrons, preferably 3 to 10 m crons. Case 1/1162 FF Boehri nger

| ngel heiTieRivanbiine Kprdgaradtiend ackpreterablgfoimgatiend mnviich diotropiums ipsenng,

pr ef erablg a_&%/l indrical helical conpression spring as a store for the
mechani §apolfian glhe elher ativyagubstarcemayikRe distrlved &k suspendadaijeé iss a spring
menber ; i i i ] bt I i ng
rember . SRnelEnY SR Risg B S olridEhaS SLBSENDY ahiine Baicubd tiyeh uBER 1D o1
upper stop and a |lower stop. The spring is preferably tensioned via a

st eppi ng- ear, e.g. a helical, sliding, gear, by an, external .torque which
s genelAhEatiional ARG b RRis AP eHREN TS VulneraRE ALIG PUE ¥ &S he spring
housi ng pj fibeﬁ, [ - ' B i art and
t he powg?érsa e- t‘?ﬁ@?tgﬁﬁ é;g%sgbgn%'og'gih%g@?ﬁor n%f}#lggﬂpeegd?%ﬁmgmggar. The
| ocki ngtheepdezanitde madeemereyagjdicgwhimbkis g thaibénefiofitke atabilitgotitien an annul ar

configuratipn arqund t ower take-off flange..lt consist or e | e of
2CF1 ng GspRagiciolm Ene PR BFLor . SRPp U TR T Bebdret g

def or malahg.4.5 srefdrablyl 25 anda189 afobNpraféraBlychai@eBR 27 aHil @2t o the axis of
the atom ser. After the locking of the spring, the |ocking surfaces of the
| ocki ng menber slide into the path of the power take-off flange and prevent
t he spri i Lel i Hps'ﬁg i ; means of
a butt oh&%éégagcﬁégg)ﬁgggﬁﬁﬁrq aspégec{%ﬁgé{%gl Ior cgé%ééeddﬂjﬁﬁpt% %ég?lgg% ng
menber . fluticagomer This is pamtidutarynieué iithe sglvehbopedz ordy haterswithdud etlcdnalt if ng

button is noved parallel to the apnul ar plane, preferably into the
at om seeihanal s addarh e siesPid MAv g Tasmuiyict e selblion, HoWealghd! 58S pi ane.

Details | ' j [ ri bed
0 oY PaRLdTE B LMESL e or eREmERE s BRoT AT, RFRU APHED 4FX 1
housi ngisdidsalwed irs atrhiture @f wader aritcetthanok f or t he spindl e and the storage
container for the fluid. Wen the atom ser is operated, the upper part of
the housing is rotated relative to the | ower part, the |ower part taking

the spr vpeh d RE the de bf the FBEMSBTIbAY aBBSHAMY lotthb SneehtiBhas 3188l inkizgerbi ased
by neans of the helical sliding gear, and the cl anpi ng mechani sm engages

aut omat ideacnibed wikindhglssope of tieapiesant venigrsitapay bg advantageasis:if alt et i on

of 360 degr e . S,..A e time as the spring is

t ensi ong@qegﬁgtsp&/@?fégﬁlgg@% Sﬁ%ﬁl‘&?ﬁgh{a Sfc?i&ﬁh upper housing part is noved
al ong by a given amount, the hollow piston is pulled back inside the
cylinder in the punp Case 111162 FF Boehringer | ngel hei m Pharma KG 17
housing, as a result of which sonme of the fluid fromthe storage container
is sucked into the high pressure chanber in front of the nozzle. If
desired, a plurality of replaceabl e storage containers containing the fluid
to be atom sed can be inserted in the atom ser one after another and then
used. The storage contai ner contains the aqueous aerosol preparation

b —— L o o - I 1



Figures 1 a/b, which are identical to Figures 6 a/b of WO 97112687, show

t he Resﬁ?ﬂ%y1ﬁgﬁﬁllser with which the aqueous aer@gﬂvm%¥§E€W§Fﬂﬂﬁ§“aKG
according to the invention can advantageously be inhaled. Figure 1 a shows
a longitudinal section through the atohiser with the spring under tension,
Figure 1 b shows a | ongitudinal section through the atom ser with the

(52) oS R B el RBR oGy aBElen ot b Eirs e Soed T ice, ™
nozzl e. fd,rmmgmmgéétﬁamﬁqotth@"—n@ﬁﬁbﬁ_ body (54) and a f| |ter (55). The holl ow
pi ston (57) fixed in the power take-off flange (56) of the |ocking clanping

mechani sm prol ects partly into the cylinder of the punp housing. At its end

of f | clliebRiaBeERod eyt e MskuRR ool rvdd GisuBY PRl R, ° 2oy
| nsi de bP@U ) BET exzonisie Ricabld - e§pédulys§@;§rob§@)coml Wycols L Bspauaipr t ake- of f

flange rests Wnen the spring is relaxed. Located on the power take-off
f1 ange |p§ony4@neﬁlmpl(my9thmenﬂaiy@al palypppMenagiyes! @lycalethegalye’sos when t he

venbor PRYusER RS haiR bR OB R Rl BB (63 i the upper

housi ng part. The actuating button (64) is connected to the | ocking nenber.
The upper hgusing part ends in the noputhpiece (65 and is closed off by the

r emovablBY geluvante pd adgiivesere meantsiprinisrantexi agy PRITNaGALiedlpr essi on
spring %@?%pgtgﬁl(eg%ﬁ@fr%gég%%?w Egeﬂpsﬁﬁ‘ﬁaq%ﬁfwo qgﬂﬁft‘gn Rittibe %ﬁp%@g? of the

snap-fit ear1 ngs ousi ng par
pushed butcan be fepnilatedtogsthey wnﬂhrthecm:tlt/daeubstanog(smouthermarmacbmglcally

| b] to 71 f d (72 t b
Lo SeguaE sohGEJ8 Eus Brmerovesthel gaulics of g Acive Lissce forayBieR: ough
i BRaRlIONnR58s0BsBhebERhTe hOlphal NEoaBCAREEAs LAl B RedaBiet | 1

end into the f supply active substance sol ution) spin (74)
for t heahtegishno eaidesivabie gharmandlogicabieffects iretheucantet athe desised thegapyusi ng.
ocat d,at. the end of | e faC|n t he upper

The d
housi L'gvfﬁs dlighes AR ARinRE MSad ol PRaripe, SuradSnS Sl RS cBrsB T oon

above i $ec$tn|ri @mle atwr, sﬁﬂh@hl@té\@ SURR 223846t ﬁro%eaéa;sd;l?nﬁmyﬁr@rdbﬁw to the
invention to forman aerosol suitable for inhal ation f e formul ati on

accor di Atharstabiiseraveamplexingagents lantiovidastsngnd/aeprasenaiivas ydri¢hpeplensy e

a1 ot pelf it Wi MiRBel HharfodiceF 35imaAitn HebRh A KibS Bl rea
quant i t vtheridaditivean@owd intthé aFamhe a@HltN@b dI§Y _cludieprftacblogicilgbl y 20% of
this quantity. Preferably, between an nore preferably between 5
and 20 ﬁﬁc@ﬂtap@'ﬁiﬁi‘lsa?tqcﬁrﬁsﬁqg'%lqr\l@'l% %fse@’%ﬁ ned mass per puff. The

proportion of the nass delivered which is outside a tolerance |imt of not
nore than 25%in relation to the desired nmass should be | ess than 1.5%
pr ef er alQujtablessurfdctants .o? ¥usperterestabilistiy @msmmmd@an tHengel hei m Phar ma KG

nebul | sEaTERFO8 RAIY 8FserlRbigs DR CER sduchBevs PgaPABG FdraTouK BraMPe

j et - streamdnd"éH b functional hydrophilic groups, especially Cs.zo-fatty alcohols, Cs.2o-
fatty acids, Cs.o-fatty acid esters, lecithin, glycerides, propyleneglycol esters,
polyoxyethylenes, polysorbates, sorbitan esters and/or carbohydrates. Cs.xo-fatty
acids, propyleneglycol diesters and/or triglycerides and/or sorbitans of the Cs.x-fatty
acids are preferred, while oleic acid and sorbitan mono-, di- or tricleates are
particularly preferred. Alternatively, toxicologically and pharmaceutically acceptable

polymers and/or block polymers may be used as suspension stabilising agents.

The quantity of surfactant may be up to 1:1 based on the proportion by weight of the
suspended active substances; amounts of 0.0001:1 to 0.5:1 are preferred while
amounts of from 0.0001:1 to 0.25:1 are especially preferred.



Case 1/ 1162 FF ehringer 1ngel hei m Pharma KG 20 les I, . I f the
synt hes §Seo1f/r1t6FEFropi um br om de nonohydrate 15.0 Eég‘ﬁ?ge{f’@?%ﬁ%?"ﬁ% i de
are added to 25.7 kg of water in a sui}fable reaction vessel. The m xture is
heated to 80-90C and stirred at constalft tenperature until a clear solution
Is formed. Activated charcoal (0.8 kg), noistened with water, i s suspended
in 4.4 kg of water, this mxture is added to the sol ution contai ning
tiotropiumbrom de and rinsed with 4.3 kg of water. The m xture thus

obt ai nethepréeferretaskdipentatindl@as anidxitarits stich &3-orsiodcid)gor éxdnsieed
through a heated filter into an apparatus which has been preheated to an

out er t@@?ﬂ%ﬁtmaéitaasm.almﬁdybeewsedstoaﬂmaﬂwﬁhvi@mim  gamiater . The
t 1 ; . . . 3
o0 ST odpnb R AR ViR ne BPp Ry bEARARG I Mimafvedl 21, 2 e

to 10-15C and crystallisation is conpleted by stirring for at |east another

hour. The crystals are isgl@\ﬁt ed L{%i:tgge suqt pon filter dri he crystal

r, t
slurry Péeseivaivascaneeddes iope Jrlafigrofromennt naz'li?a"&' d acetone
(10150C)

Y’ A &l ' ni trogen
current Paﬁbg;lengc %&éﬁiﬁ@bﬁ&é}%ﬁ{aﬂﬁbg%&%hﬁ %Di\og%nyﬁ?@?gézpéy%ﬁbf t heory).
Case 1/ paaRukrlyXenzalkdaiamehisideforfhenzuicadid s béttoales Supihasrsadium i cal
preparation contai n:. Boehringer |Ingel heimPharma KG Exanpl eAnount of
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Preferred formulations contain only benzalkonium chloride, an acid for adjusting the

pH and sodium edetate, in addition to the solvent water and/or water/ethanol and the
tiotropium salt.

In another preferred embodiment, sodium edetate is omitted. These embodiments
may optionally also contain sodium chloride.

As already mentioned a number of times, tiotropium bromide is described in EP 418
716 A1 and crystalline tiotropium bromide monohydrate may be obtained using a
process which is described in more detail below.

In order to prepare the crystalline monohydrate according to the present invention,
the tiotropium bromide obtained by the method disclosed in EP 418 716 A1, for
example, first has to be taken up in water, heated, purified with activated charcoal
and, after removal of the activated charcoal, the tiotropium bromide-monohydrate is
slowly crystallised while cooling slowly.

The following procedure is preferably followed:

In a reaction vessel of suitable dimensions, the solvent is mixed with tiotropium
bromide, which has been obtained by the method disclosed in EP 418 716 A1, for
example.

For each mol of tiotropium bromide put in, 0.4 to 1.5 kg, preferably 0.6 to 1 kg, most
preferably about 0.8 kg of water are used as solvent.

The mixture obtained is heated with stirring, preferably to above 50°C, most
preferably to above 60°C. The maximum temperature which can be selected is
determined by the boiling point of the solvent used. Preferably, the mixture is heated
to a range from 80-90°C.
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After the activated charcoal has been added, stirring is continued at constant
temperature for between 5 and 60 minutes, preferably between 10 and 30 minutes,
more preferably for about 15 minutes and the mixture obtained is filtered to remove
the activated charcoal. The filter is then rinsed with water. 140 to 400 g, preferably
200 to 320 g, most preferably about 270 g of water are used for this, per mol of
tiotropium bromide used.
The filtrate is then slowly cooled, preferably to a temperature of 20-25°C. The cooling
preferably takes place at a cooling rate of 1 to 10°C every 10 to 30 minutes,
preferably 2 to 8°C every 10 to 30 minutes, more preferably 3 to 5°C every 10 to 20
minutes, most preferably 3 to 6°C about every 20 minutes. If desired, the cooling to
20 to 25°C may be followed by further cooling to below 20°C, more preferably to 10
to 156°C.
After cooling is complete, stirring is continued for between 20 minutes and 3 hours,
preferably between 40 minutes and 2 hours, more preferably for about one hour to
complete the crystallisation.
The crystals obtained are then isolated by filtering or suction filtering to remove the
solvent. If it should prove necessary to subject the crystals obtained to a further
washing step, it is advisable to use water or acetone as the washing solvent. 0.1 to
1.0 L, preferably 0.2 to 0.5 L, more preferably about 0.3 L of solvent may be used per
mol of tiotropium bromide put in, in order to wash the tiotropium bromide
monohydrate crystals obtained. If necessary the washing step may be repeated. The
product obtained is dried in vacuo or using circulating heated air until a water content
of 2.5 - 4.0 % is obtained.

According to one aspect the present invention therefore also relates to formulations
of solutions of the type described above using crystalline tiotropium bromide
monohydrate which may be obtained by the procedure described above.
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can be carried anywhere by the patient. The nebuliser sprays a defined volume of the
pharmaceutical formulation out through small nozzles at high pressures, so as to
produce inhalable aerosols.

The preferred atomiser essentially consists of an upper housing part, a pump
housing, a nozzle, a locking clamp, a spring housing, a spring and a storage
container, characterised by
- a pump housing fixed in the upper housing part and carrying at one end a
nozzle body with the nozzle or nozzle arrangement,
- a hollow piston with valve body,
- a power take-off flange in which the hollow body is fixed and which is
located in the upper housing part,
- alocking clamping mechanism located in the upper housing part ,
- a spring housing with the spring located therein, which is rotatably mounted
on the upper housing part by means of a rotary bearing,
- alower housing part which is fitted onto the spring housing in the axial
direction.
The hollow piston with valve body corresponds to a device disclosed in WO
97/12687. It projects partially into the cylinder of the pump housing and is disposed to
be axially movable in the cylinder. Reference is made particularly to Figures 1-4 -
especially Figure 3 - and the associated parts of the description. At the moment of
release of the spring the hollow piston with valve body exerts, at its high pressure
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p-t ol uenesul phoni ¢ aci d. 3. Pharmaceuttcal pr eparation according to claim
1, characterised in that the active substance is tiotropiumbrom de. 4.
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to one of clains 1 to 4, characterised in that the solvent is water.
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according to one of clains 1 to 6, characterised in that it does not
contain a conpl exing agent. 8. Pharmaceutical preparation according to one
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' n that thB& o594 ih th&ibIzieHddy'i§ prétdiably iktb&rGctured, i.e. manufactured by
micro-engineering. Microstructured nozzle bodies are disclosed for example in
WQ0-94/07607 and in WO 99/16530; reference is hereby made to the contents
thereof, especially Figure 1 of WO-94/07607 and the associated description.

The nozzle body consists for example of two sheets of glass and/or silicon securely
fixed together, at least one of which has one or more microstructured channels which
connect the nozzle inlet end to the nozzle outlet end. At the nozzle outlet end there is
at least one round or non-round opening 2 to 10 microns deep and 5 to 15 microns
wide, the depth preferably being 4.5 to 6.5 microns and the length being 7 to 9
microns.

If there is a plurality of nozzle openings, preferably two, the directions of spraying of
the nozzles in the nozzle body may run parallel to each other or may be inclined
relative to one another in the direction of the nozzle opening. In the case of a nozzle
body having at least two nozzle openings at the outlet end, the directions of spraying
may be inclined relative to one another at an angle of 20 degrees to 160 degrees,
preferably at an angle of 60 to 150 degrees, most preferably 80 to 100°.

The nozzle openings are preferably arranged at a spacing of 10 to 200 microns,
more preferably at a spacing of 10 to 100 microns, still more preferably 30 to 70
microns. A spacing of 50 microns is most preferred.

The directions of spraying therefore meet in the region of the nozzle openings.

As already mentioned, the liquid pharmaceutical preparation hits the nozzle body at
an entry pressure of up to 600 bar, preferably 200 to 300 bar and is atomised through
the nozzle openings into an inhalable aerosol. The preferred particle sizes of the
aerosol are up to 20 microns, preferably 3 to 10 microns.
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char act gphafifla isthdiéladr rﬁhl'ti-éd?fedﬁﬂh@?e%ﬂts are dissolved in the solvent. 19.
In

Phar maceut 1 cal preparation acco to one of the preceding clains,

The locking member with the engaging locking surfaces is arranged in an annular
configuration around the power take-off flange. It consists for example of a ring of
plastics or metal which is inherently radially elastically deformable. The ring is
arranged in a plane perpendicular to the axis of the atomiser. After the locking of the
spring, the locking surfaces of the locking member slide into the path of the power
take-off flange and prevent the spring from being released. The locking member is
actuated by means of a button. The actuating button is connected or coupled to the
locking member. In order to actuate the locking clamping mechanism the actuating
button is moved parallel to the annular plane, preferably into the atomiser, and the
deformable ring is thereby deformed in the annular plane. Details of the construction
of the locking clamping mechanism are described in WO 97/20590.

The lower housing part is pushed axially over the spring housing and covers the
bearing, the drive for the spindle and the storage container for the fluid.

When the atomiser is operated, the upper part of the housing is rotated relative to the
lower part, the lower part taking the spring housing with it. The spring meanwhile is
compressed and biased by means of the helical sliding gear, and the clamping
mechanism engages automatically. The angle of rotation is preferably a whole-
number fraction of 360 degrees, e.g. 180 degrees. At the same time as the spring is
tensioned, the power take-off component in the upper housing part is moved along

by a given amount, the hollow piston is pulled back inside the cylinder in the pump
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a steroid. 21. Pharnmaceutical prepar at1’on accordi ng to claim 20,
characterised in that the concentration of the steroid is 0.05to 5 wm.%
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invention can advantageously be inhaled.
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1
3
a

Figure 1 a shows a longitudinal section through the atomiser with the spring under
tension, Figure 1 b shows a longitudinal section through the atomiser with the spring
released.

The upper housing part (61) contains the pump housing (52), on the end of which is
mounted the holder (53) for the atomiser nozzle. In the holder is the nozzle body (54)
and a filter (565). The hollow piston (57) fixed in the power take-off flange (56) of the
locking clamping mechanism projects partly into the cylinder of the pump housing. At
its end the hollow piston carries the valve body (58). The hollow piston is sealed off
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projects into the storage container and dips its end into the fluid (supply of active

substance solution).

The spindle (74) for the mechanical counter is mounted on the outside of the spring
housing. The drive pinion (75) is located at the end of the spindle facing the upper
housing part. On the spindle is the slider (76).

The nebuliser described above is suitable for nebulising the aerosol preparations
according to the invention to form an aerosol suitable for inhalation.

If the formulation according to the invention is nebulised using the method described
above (Respimat®), the mass expelled, in at least 97%, preferably at least 98% of all
the actuations of the inhaler (puffs), should correspond to a defined quantity with a
range of tolerance of not more than 25%, preferably 20% of this quantity. Preferably,
between 5 and 30 mg, more preferably between & and 20 mg of formulation are
delivered as a defined mass per puff.

The proportion of the mass delivered which is outside a tolerance limit of not more
than 25% in relation to the desired mass should be less than 1.5%, preferably less
than 1.2%.
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stirred for at least 15 min. at 80-90°C and then filtered through a heated filter into an
apparatus which has been preheated to an outer temperature of 70°C. The filter is
rinsed with 8.6 kg of water. The contents of the apparatus are cooled to a
temperature of 20-25°C at a rate of 3-5°C every 20 minutes. Using cold water the
apparatus is cooled further to 10-15°C and crystallisation is completed by stirring for
at least another hour. The crystals are isolated using a suction filter drier, the crystal
slurry isolated is washed with 9 L of cold water (10-15°C) and cold acetone (10-
15°C). The crystals obtained are dried at 25°C for 2 hours in a nitrogen current.
Yield: 13.4 kg of tiotropium bromide monohydrate (86 % of theory).



10@ 10@.10@.<10%3& () - &9 10%@& ()- 510%G& () - 2C3WI4444dE _

10@00/5%63 -@%‘51,625 %8 ()-S10% ()- MLOYG& () - NBNHO‘V&@"W‘UQ\?B%B@&"‘@“?W@ 66667
77dE:/ 10

1010%&' () - 610%& ()- 6109%K& ()- 610%27()-  610%& ()- 610% & ()- 6777 _7~7777
uVv7/ 10SMLOYTT& () -- 109F& () - Ss1094& ()-109a&' ()-10%F& ()-!h109%& ()- 1077

8HBBOEQQAEY/ LOSM 1004& ()~ 1004°& ()-"10%& ()- 10%T& ()-" 10%& ()-

MLOYAT & @—&M@V—%@Hlow&' ()-@f#10%F& ()- 9@ 109F&' () - 9$109%& () -
"1000& () - My109T& () - ASD>E>F>Gowe>Y22{\ = 10yY" 10% & () - G yY" 10%

h& ()-G ' 109mh& ()-!' 109mh& ()- 10T 10T 10T <109%& () - ??V@aaad ApAbC

10#10% 6@0 @) ofphaymnaceytical pre¢paration eontpiv" 10% [ & () -G yY'10% & ()-G yY'10%

& () - GreAAALBXBBRCHELC10#10%-& (1 —4#300464-& () —49C1HP04-& () 1094-&—) - FF
10% & ( FE0e8s| EM9UESoocoEAlGRhet  [Amount Amourtt'of =1 pH,
tiotropium tiotropium benzalkonium sodium adjusted
bromide, based | bromide chloride edetate with HCI
on tiotropium: | monohydrate, (1N)
based on
tiotropium:
1 0.099¢ --- 10 mg 25mg 3.0
2 0.006 g --- 10 mg 25 mg 3.0
3 0.099¢g --- 10 mg 10 mg 3.0
4 0.006 g -ee 10 mg 10 mg 3.0
5 - 0.099¢ 10 mg 25mg 3.0
6 - 0.006 g 10 mg 25mg 3.0
7 --- 0.099 ¢ 10 mg 10 mg 3.0
8 0.006 g 10 mg 10 mg 3.0

The remainder is water or water/ethanol and one of the abovementioned active
substances in an amount known from the prior art.

Examples 9 to 12: Budesonide

Each of Examples 1 to 8 may additionally contain:

Example 9a: budesonide: 0.3 g, pH, adjusted with HCI:3.0, solvent water only, no
ethanol;

Example 9b: budesonide: 0.3 g, pH, adjusted with HCI:3,5;

Example 9c¢: budesonide: 0.3 g, pH, adjusted with HCI:4.0;

Example 10: analogous to Example 9a to 9¢ with budesonide: 0.6 g,

Example 11: analogous to Example 9a to 9c with budesonide: 1.3 g,

Example 12: analogous to Example 9a to 9c with budesonide: 2.0 g.

In Examples 9 to 12 the steroid is present in the formulation in suspension. Sorbitan
trioleate may be used as a surfactant.
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Examples 16 to 19

Analogous to Examples 9 to 12. Instead of hydrochloric acid, citric acid is exclusively
used to adjust the pH.

Examples 20 to 30
The ingredients and amounts are analogous to Examples 9 to 19.

Instead of water, a mixture of water (10 vol.%) and ethanol (80 vol.%) is used.
Budesonide is present in solution.

Other Examples

Analogously to Examples 9 to 30 described above, the same amount of flunisolide,
beclomethasone dipropionate or fluticasone is used instead of budesonide. In the
case of fluticasone, lecithin is preferably added instead of sorbitan trioleate in the
case of the suspension formulation. The steroids are formulation as a suspension if
the solvent used is water on its own. In the case of a mixture of water and ethanol the
steroid may be in solution.

Example 31

Epinastine: 0.2 g

EDTA: 25 mg

Tiotropium bromide monohydrate: 29 mg,

0.1 N hydrochloric acid to adjust the pH to 3.0,

water ad 100 ml.
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e a tiotropium salt as one of the active substances, in a concentration based on
tiotropium of between 0.0005 and 5 % by weight,

¢ another active substance selected from among the antiallergics,
antihistamines, steroids and/or leukotriene antagonists,

e water or a water/ethanol mixture as solvent, in which at least the tiotropium
salt is dissolved,

¢ acid for achieving a pH between 2.0 and 4.5,
e a pharmacologically acceptable preservative,

e optionally a pharmacologically acceptable complexing agent and/or stabiliser
and/or a pharmacologically acceptable cosolvent and/or other
pharmacologically acceptable adjuvants and additives in addition to the
preservative.

2. Pharmaceutical preparation according to claim 1, characterised in that the
tiotropium salt is a salt with HBr, HCI, HI, monomethylsulphuric acid ester,
methanesulphonic acid and/or p-toluenesulphonic acid.

3. Pharmaceutical preparation according to claim 1, characterised in that the active
substance is tiotropium bromide.

4. Pharmaceutical preparation according to claim 1, characterised in that the active
substance is tiotropium bromide monohydrate.
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7. Pharmaceutical preparation according to one of claims 1 to 6, characterised in
that it does not contain a complexing agent.

8. Pharmaceutical preparation according to one of claims 1 to 7, characterised in
that it does not contain a stabiliser.

9. Pharmaceutical preparation according to one of claims 1 to 6, characterised in
that an editic acid salt is present in an amount of greater than 0 up to 25 mg /100
ml, preferably from 5 to less than 10 mg /100 ml.

10.Pharmaceutical preparation according to claim 9, characterised in that the editic
acid salt is sodium edetate.

11.Pharmaceutical preparation according to one of claims 1 to 10, characterised in
that the pH is between 2.5 and 3.5, preferably between 2.7 and 3.3 and most
preferably between 2.7 and 3.0.

12.Pharmaceutical preparation according to one of claims 1 to 11, characterised in
that the concentration of tiotropium is between 0.0005 and 5 % by weight,

preferably up to 3% by weight.

13.Pharmaceutical preparation according to one of claims 1 to 12, characterised in
that the preparation contains benzalkonium chloride as preservative.
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15.Pharmaceutical preparation according to claim 14, characterised in that the

preparation contains an antioxidant as adjuvant.

16.Pharmaceutical preparation according to one of claims 1 to 15, characterised in
that no cosolvents and/or pharmacologically acceptable adjuvants and additives
are used apart from the preservative.

17.Pharmaceutical preparation according to one of the preceding claims,
characterised in that the concentration of tiotropium is between 0.001 and 3 wt.%,
preferably 0.0005 to 0.5 wt.%, more preferably 0.0005 to 0.25 wt.% and most
preferably 0.001 to 0.1 wt.%.

18.Pharmaceutical preparation according to one of the preceding claims,
characterised in that all the ingredients are dissolved in the solvent.

19.Pharmaceutical preparation according to one of the preceding claims,
characterised in that the additional active substance is in suspension in the
solvent.

20.Pharmaceutical preparation according to one of the preceding claims,
characterised in that the additional active substance is a steroid.

21.Pharmaceutical preparation according to claim 20, characterised in that the
concentration of the steroid is 0.05 to 5 wt.%, preferably 0.1 to 2.5 wt.%.

22.Pharmaceutical preparation according to one of claims 20 or 21, characterised in
that the steroid is budesonide, beclomethasone dipropionate, fluticasone and/or
flunisolide.
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concentration of the antiallergic and/or antihistamine is 0.05 to 15 wt.%,
preferably up to 10 wt.%, more preferably 0.1 to 10 wt.%, particularly preferably
0.1t0 7 wt.%.

25.Pharmaceutical preparation according to one of claims 23 or 24, characterised in
that the additional active substance is epinastine, nedocromil, disodium
cromoglycate, astemizole, mequitazine, carbinoxamine and/or clemastine and/or
a corresponding pharmaceutically acceptable salt thereof.

26.Pharmaceutical preparation according to one of claims 1 to 19, characterised in
that the additional active substance is a leukotriene antagonist.

27.Pharmaceutical preparation according to claim 26, characterised in that the
concentration of the leukotriene antagonist is 0.05 to 10 wt.%, preferably to 5
wt.%, more preferably 0.1 to 3.5 wt.%.

28.Pharmaceutical preparation according to one of claims 26 or 27, characterised in
that the leukotriene antagonist is montelukast, praniukast, zafirlukast, 1-(((R)-(3-
(2-(8,7-difluoro-2-quinolinyi)ethenyl)phenyl)-3-(2-(2-hydroxy-2-
propyl)phenyl)thio)methylcyclopropane-acetic acid, 1-(((R)-3-(3-(2-(2,3-
dichlorothieno[3,2-b]pyridin-5-yl)-(E)-ethenyl)phenyl)-3-(2-(1-hydroxy-1-
methylethyl)phenyl)propyl)thio)methyl)cyclopropane-acetic acid, [2-[[2-(4-tert-
butyl-2-thiazolyl)-5-benzofuranylloxymethyl]phenyl]acetic acid.

29.Pharmaceutical preparation according to claim 1, containing water, a surfactant,
0.1 wt.% of tiotropium bromide, another active substance selected from among
the antiallergics, antihistamines, steroids and/or leukotriene antagonists, 0.01
wt.% of benzalkonium chloride, 0.05 wt.% of sodium edetate, the preparation
being adjusted to 3.0 with hydrochloric acid or citric acid.
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33.Use according to claim 32, characterised in that the at least one nozzlé opening is
at least two nozzle openings which are inclined relative to one another in the

direction of the nozzle opening at an angle of from 20 degrees to 160 degrees.

34.Use according to claim 32 or 33, characterised in that the defined amounts are 10
to 50 microlitres.

35.Use according to one of claims 31 to 34, characterised in that the inhaler is 9 to
15 cm long and 2 to 4 cm wide.

36.Use according to one of claims 31 to 35, characterised in that the mass of
formulation delivered in at least 97% of all actuations of the inhaler is between 5
and 30 mg with a range of tolerance of 25%.

37.Use according to one of claims 31 to 36, characterised in that the mass of
formulation delivered in at least 97% of all actuations of the inhaler is between 5
and 30 mg with a range of tolerance of 20%.

38.Use according to one of claims 36 or 37, characterised in that the mass delivered
is achieved in at least 98% of all actuations of the inhaler.
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39.Use of a pharmaceutical preparation according to one of claims 1 to 29 as a
medicament, particularly for the treatment of asthma and/or COPD.

40.Method of treating asthma and/or COPD using a pharmaceutical preparation
according to one of claims 1 to 29, particularly in an inhaler according to one of
claims 31 to 38.

41.Process for preparing a pharmaceutical preparation according to one of claims 1
to 29 by mixing the individual components.



