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v (54) Title: POWDERED MEDICAMENT FOR INHALATION COMPRISING A TIOGTROPIUM SALT AND SALMETEROL
XINAFOATE .

3 A

m (54) Bezeichnung: PULVERFORMIGE ARZNEIMITTEL ZUR INHALATION ENTHALTEND EIN TIOTROPIUMSALZ UND
-~} SALMETEROLXINAFOAT

{57) Abstract: The invention relates to powdered compositions for inhalation comprising a tiotropium salt and salmeterol xinafoate,
= 2 method for production and use thereof for the production of a medicament for treatment of respiratory diseases, in particular for
the treatment of COPD (Chronic Obstructive Palmonary Disease) and asthima.

058

004

X (57) Zusammenfassung; Die Erfindung betrifft pulverformige Zubereitungen fiir die Inhalation enthaltend ein Tiotropiumsalz und

' o Salmeterolxinafoat, Verfahren zu deren Herstellung sowie deren Verwendung zur Herstellung eines Arznejmittels zor Behandlung
| von Atemwegserkrankungen, insbesondere zur Behandlung von COPD {chronic obstructive pulmonary disease &equals; chronisch
a obstruktive Lungenerkrankung) und Asthma. :
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PCT- Gazette verwiesen. - (54) Title: POADERED

I\/EDI CAVENT FOR | NHALATI ON COVPRI SI NG A TI OTROPI UM SALT
SpAtMETEROL  XI NAFQATE (54) | ezei chnung:

%%ngﬁﬂﬁﬁwﬁbw&ﬁ%%@ﬁmw SALT

Abstract: The i nveniNDISALMETBEROIL RINXR@KTE
conpositions for inhalation conpri Si ng a tiotropium

% Iy Bflo sl douibienal Piriratchs Tor SRl pasteiging a

tiotdipharesatt dref sdlihesdroeihabte fﬁﬁf@dzés%b@rfwr epBARS therh and their
rticular for, the treatnent D (Chronic
L%@s'ﬂrtbetﬂf%arauprﬁr@ﬁarmamgfé%t@al g@@pagmﬁnéor tceatmg(@splratory

SRRSOy, Do LI M B S ppponar soese

anat dsthorend em Ti ot ropi unsal z and Sal net er oI XI naf oat,
Verfahren zu deren Herstellung sowi e deren Verwendung
zur Herstellung eines Arzneimttels zur Behandl ung

von At emnegser krank [ e . zur Behandl ung
von COPD (chronic oMp@%i sease

&equal s; chroni sch obstruktive Lungenerkrankung) and
TA@tmmum onade s kB3 SoPCELERREDI? @tdA6ARpliGEdh [ ¥18 716 A1

FRORRCERIMISHTS CRBARENERGL X\ NAFOATE 5 The

invention relates to powdered preparations for

i nhal ation containing a tiotropiumsalt and

sal neterol xinaf oate, procdhSagh f@H, preparing them and
their wuse in the preparation a pharmaceuti cal
conposition for treating respirfatorypg,di seases,
particularly for treating ronic obstructive
pul nonary di sease) and ast Background to the

i nvention Tiotropium brom deQ s Kyown from Eur opean
Pat ent Application EP 4]ﬁo716 and has the
follow ng chem cal stru d H3C.NCH3 0 Br O

Tiotropium bromide, like the other salts of tiotropium, is a highly effective
anticholinergic with a long-lasting activity which can be used to treat respiratory
complaints, particutarly COPD (chronic obstructive pulmonary disease) and
asthma. The term tiotropium refers to the free ammonium cation.

The betamimetic salmeterol is also known from the prior art. It is used for example
in the treatment of asthma.

WO 00/69468 discloses pharmaceutical combinations of long-acting betamimetics
with long-acting anticholinergics which are characterised by the synergistic effect
of the two pharmaceutical ingredients. One specific pharmaceutical combination
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S_S Tiotropi um bromide, like the other salts of
W%?qodf?ﬁﬁ?ﬁf" is a highly effect2ve antichol i nerRFTEP2003/013691
with a long-lasting activity which can be used to
treat respiratory conplaints, particularly COPD
(chroni c obstructive pul nonary di sease) and 20 ast hnma.

The termtiotropiumrefers to the free amoni um
cation. The betami netic salneterol is also known from

E13810RBHGR 00/6%468%3@8 %Sf‘-r@{ér}l%@gﬂ?lt%frgé@srﬁ Bfomide and salmeterol

treat rrent ast
Hﬁﬁﬁ?&%eutl cal conbi nations of |ong-acting
bet am et | cs 25 with Iong-acting anticholinergics

.are aracterls the, synergistic effect o .
Tt 50088 SHEHRAEE SiatSiol dnd HEAVLT Sicidrpigdteted by Phalation.
Phitaivie deldiablel powaddrs nedy e u¥Ed 2004/ 058233 2
PCT/ EP2003/ 013691 di sclosed in WO 00/ 69468 is the
conbi nation of tiotropium bronm de and sal neterol
ke gpoacemamfactuse iof #he abstemeriionesl compositiorsnethich may be used

for e Qﬁmﬁé@étﬁ)mn‘i‘faﬁ%%e& abﬁh%[ﬂjfé"i’:'eﬁﬁéé Dhctive s§ bttaﬁ%?s based

ers na rrect anU

hal abl
O VariaUs BRIERRIRS RUeCiesHBAD e BRSIRT e PhaRSeied ctive
dubrstaiee ashli. NVithoat being bﬁ’sth@ﬂé@ tA &b e@d‘arrﬁ)ies of these parameters
%ﬂé%ﬁ%@ﬁt&/%@ﬁﬁa 8{{ C}ﬁﬁﬁsstfgﬁ“ E‘la E'S':%ﬁlf'%lr ba@%? fﬁaggntv aarrnbien? conditions,
theatabitydurngl thaomavdaditrs obttegpivemiacselidal folndiation and the
Qﬁbﬂﬁl !hecﬁté glbfsﬁwgg c;oﬁfﬂcﬁ-{;t?)nse&&lﬁ?{pﬁﬁrrﬂ céLF%é?s%tQH@é i active

the s ect o
Q&Méam%ﬁ rsad orRreRa et phasmgicerient corrmélt@nabwnttqned above

shauiidBetdyep '%\léfpﬁfsts%@ &d ﬁé‘@tdbhw WHﬂ@Qbrm storage should be

foerﬁae{tﬂf ST v TeGy phambiens Goneliphe i & aRsolutgl essential to

metremethegj,desdfqnhmueeandab cpmpeaitient Rehigihesatebitdakdbwn
3888 AU TR SR Ry AAYAG SBuBRrBURgRS n sucn

Osﬂ?p@dhe qmterg whegtiteadbsiades irna capswe ynight bertiveen than specified.
conditions. This is absolutely essential to prevent

L&ﬁt}g%{us ~of pharnmaceutical caonpositions which contain
RugiRHIb L@PB&JH%%%«"Q iprbe demulatiisiemacriisalfgcioras

pfai?rﬁcuiatly \Ameﬁua?l‘é)wl@@ bﬁ el drugliginssddy. ) h|§%3|:%rhblﬁlarly important
Lve S anhce. i,n,a C
fiRL 8 Phidthe 28 BENG aébﬁaa%ﬁﬂﬁ. B g FHRE AT TP Bep i whigh is

imtpodganhint the dase i laative substantso teebe adminisieréé by anhalation of a

p?ﬁ\?&ércé’ﬂérﬁﬁlfﬁbn’éﬂfﬁ‘f t F@f’o%ﬂ?ﬁal%gletsrb? adrfelllﬂazrln ?aﬂ%?éjsge are able to

his is parti
rageh e Lings chiBanh ko b&%l@aclem ﬁ%ﬁheagdlm barngparticles

(irhalable proportion) is in the sub-micron range. In order to obtain active
substances of the requisite particle size, a grinding process (so-called micronising)
is also required.

As any breakdown of the pharmaceutically active substance as a side effect of the
grinding (or micronising) has to be avoided as far as possible, in spite of the hard
conditions required in the course of the process, high stability of the active
substance in the grinding process is absoiutely essential. Only if the active
substance is sufficiently stable during the grinding process is it possible to produce
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ortant |n the case of active subst ances to be
g@r\z ¥d by inhalation of 8 25 powder stensPET/ERP003/013691

t he fact that only particles of a certain particle
size are able to reach the lungs during inhalation.
The particle size of these Iung-bound particles

(i nhal abl e proportion) is in the sub-mcron range. In
order to obtain active substances of the requisite

Eﬁdrh@é@w&du%%ha@m%&éﬂﬁﬁd“ %rﬁf&é&ﬁﬁﬁgﬁ%@ vﬁﬂ"a'lvgéb  contain the

mcrﬁnlsm IS&SOTEUIT

Shected A of eaﬁ'\{%ﬁ%&t@w @lﬁo@m@ézl%}e raaryiefeAapthet problem
tHat tnhay a@s& imcthegyr(HelingThreicess ﬁjrfw&d e Besirbiigth B utical

bl t f t di
bR R Ihe bt o pE B eoised BV sBB swooRsy N i siressyon the
atﬂrfattaaobtha argstaksu Iln;tsanee:ases thie nmyl leddng ppwwghld ¢hanges, a

e e SRRl siuchi o s g ;% g Cppt s geE s it
e{;s%@gtcbmmtglrﬁhgm v@s@dj[me/rog o for the active substance at
éﬁ' m%@&@%%gﬂe?@%]phé}rﬂé%@ﬂ&?él ity RITa ﬁl‘?ﬁﬁﬁdg%fe}baf formulation, the

S contain

| at whj
SRb ae Phrarbss of e rveeaiing a%(1ve SHBEABFBIRES AERPIECt to very

#ningbet reguisbhnenits ddainstihis Badkgeourdl. t he gri ndi ng
process for producing the desired pharmaceuti cal

formulation is the input of energy caused by this
boragdciition tonithetiequisements autlinedabowit Ehowlddie gémeerally remembered

t%ﬂ/éh?'cﬁanéé‘lrﬁ@{éescﬂ étheté‘f'asdr'ﬁgXNhEﬁ‘i’% E%)z?rﬂe %‘Fﬂﬁﬁ@vﬁng its

changes,

A neehen Iﬁﬁlest@ﬁali}fyt%nfq%rat& substantial pgvartage oyeRiass stable

fomBwf theabameh@ugame crystal |ine nmor phol ogy for the
active substance at all tines to ensure the

phar maceutical quality of a pharmaceuti cal
Thoe ainh af thenpreskat ingeation isttp mrovde aqpeartiazeutiCaltfbenulation

é‘dd'ﬁ:bﬁ{d & ﬂS%rSﬁth’EaI? HRS tsgl?t‘ﬁ?te?cﬂ &i n%tfci&ew LA betﬁ Oavc‘?i(ré

enent’s grou
SAMTQHQ% &aéISfmfélerreqwrermetﬁ r@elmnedqebp\ea@dnv@arttcmfotmounventron

4180 g@f&%tﬂ'tbbré\ﬂa’é @W%acbhﬁéal%ﬂmﬂm BohtBirlif§ aSIR:ltr‘oﬁlum salt

%fﬁf%ﬁ?%%fghg{n%%@w% msacﬁﬁp ?@twﬁ%bé ke maxiHumapassigle stabilit

ddiatvagetioy substasses irefblecforraiafion.ms of the sane drug.
The ai m of the present |nvention is to provide a

T O el et e, R el At et BlrsShve. with
aﬁﬁbé%ﬁb@@ﬁc@@%i’ﬁéw hiate aﬁ%ﬁﬁ%di@r'gﬁﬁpﬁ dTBEHdyOBRR ﬁﬁQW 8mounts of

particul ar, the invention so set$ out
ﬂpe 86l sebgiRaceaEe nepded pﬁbslngleadcvamtmmmemhegdeslred

I R e

suitablevexchmientsdn Snubelt tarmeﬁandthbhﬁwéiab!mbcﬂm@n Because of the large
amount of excipient, the properties of the inhalable powder are critically influenced
by the choice of excipient. When choosing the excipient its particle size is
particularly important. As a rule, the finer the excipient, the poorer its flow
properties. However, good flow properties are a prerequisite for highly accurate
metering when packing and dividing up the individual doses of preparation, e.g.
when producing capsules (inhalettes) for powder inhalation or when the patient is
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T substances tiotropiumand sal neterol_are
H@f@@ghﬁgﬁﬁf ef fecti ve. Wthp 45 active subst arftfe¥EP2003/013691
whi ch have a particularly high efficacy, only small

amounts of the active substance are needed per single

dose to achieve the desired therapeutic effect. In

such cases, the active substance has to be diluted

with suitable exci pients in order to prepare the

meteningihe ipdivinual dese hatse osingrre mMulti- gese inh@lert Mgfreover, the

GAAER, 500 pr o RABELI 5 oA AL R ik eftos o

Wissulehadenngeda aﬁmh@lee Nt hlabfamﬁbéérﬁ}f&rﬁi thet the particle size of
nport ant . rule, the finer the

I I
@fsa@rc%?%ﬁg{ %{E’né cosiderakle @nfhﬁawe oprtap @reparyon ghastig substance in
mqﬂhéia% pEpaer Whieh .%Sn@erga %BuHH%I%’HBﬁ 13% té?ingiﬂbﬁlab!e

accurate eri ng when 'ng an
proghiovticuaf aa:imbsfarmeerpmrato the partigles oftiesn IFW'la‘IEIbJ@ pogrder which
capsule hale t s) for powder .inhal ation or

FREAEVEH IR ihlo Bo im0t e Bogrebe STsIesboNh & breath. The
Wléfe' §18%e ?é’cﬁ.uié&*oﬂlﬂé‘% bél@Ben LA ?omqﬂe rﬁHI;/tléssdt‘Pi%ﬁ 6 um.

i nhal er. Moreover, the particle siz Cl pI ent

is very inportant for the enptyi ng characteristics of
capsul es when used in an inhaler. It has al so been

Tl atm ©f the inventien ts tol preparecaninhaldinde preidpi contahnieg a tiotropium

t
TSNS HSHES iy RIS GRG oL O Al g o
gﬁramﬂ%ﬁl Qftachive syhatapeg @mrnw%mxt%e oaeked Brio gach capsule by
taetrhyeufachsboas well %fsethé m@ntlmfwme elLiBstapte rBl@ased and

IR G BRES iR Eotn Srsin By 8IF e Brfragets) Sinonl sicht

yagiatiook dedveen batphieseendiies the active hdtsiarere to nddrhbistered in a
Igfﬁle iPth ﬂ@EF%JW A Rihef &l rﬁ%‘f tﬂ%ﬁ&%nﬂn@%ﬂﬂ ,%eto frggare an

are anl
'ahf’@lﬁbter BRwdeN C@Hamtrem@ tl@ﬁpmﬁes@t ang ﬁam%tewlmaiﬁate which

oMyUrSs @g?ﬁ%ﬁ%@bﬁﬁﬁé{dﬁﬁﬁggﬁ tihé Baﬁﬁfl@l‘? WhethBPR is administered
BTR Patht GShy pdtmlet Fne S and P oret M WX PEGSBHE. or in

wiua osirigyaro fmpadtover imphsgarnce rel eased and delivered
to the lungs fromeach capsule by the inhalation

_Iprocess) with only slight 15 variati ons between

e fast thatdietropien salks, dut ialee partisularly eatnweteol xinafoate, have a
?@bg?ﬁ]@gﬁ&aﬁ% eléh 9BvéNah HYses %?Bgéé T&ﬂ'ner%ondltions on an

resent "1 nventi o

e o SRR A1 B P11 POVBMEBYPAR Galive Ridestances which
|§&i petueedl with ﬁ@hﬁeé&wﬁﬂecmeteﬁﬁgu B@éa@ﬁ)dnlﬁ@lbw ®hcentration of

iR SLb&Ene2s N nesh ARG iialB aoNdantp gifievg the therapeutic
effeatid bighadegles of hbafnbgenemﬂth’ea&%cﬂbr roixture arﬁDoMy stight
ﬂﬁﬁh{é@loﬂg ih W@ﬁ{s@ﬁzrﬁén bﬂ?ﬂaﬁ%‘?fstl F'L 85 bE fof - of capstiles to the next

axe @éﬁ@a&!@ Thavemegeneii of Hmer g@\@der I@D@tﬂnel ami:mlrwéwcmat:ons in
tN& Els JeP¥iof QTS SertiB® 8P Erulcitl iM BhsGafiHet @S irPRiadle proportion of the

active substances is released reproducibly in constant amounts and with the
lowest possible variability.
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' I owder containing two of the abovenentioned
g‘é@?@%g’o@t ances which 259i s Po be used with rﬁ%ﬂ'ﬁvom"‘)msg’
accurate netering. Because only a | ow concentration of

the active substances is needed in the inhal able

powder to achieve the therapeutic effect, a high

degree of honogeneity of the powder m xture and only

slight fluctuations in the dispersion characteristics

e o 1 ol ope pavaor st e 3 Sodieruirinhalzble

PPHCECERRNE f lyobhih BALBBH sPle Bre siledle Wi i

chareictdrised tyra highrdpgreéabf hbmogehaitabhe upiforityt dfadispérsion. The
t

biSSerEhvelfifl AR A% B0 Lp ORI EHBRRIZRY R, Wnlch alows the

inheiatte prapertiomobadivecsbeimcs ipoE aimideEd3eit the lowest

pesapIivitlapinty@ further aimof the present invention is

to prepare an inhal able powder containing a
tiotropiumsalt and sal neterol xinafoate which is

Thg;caatagjtémm‘,s oy emnptyiod flfdnﬂgtr@p@hdém&tééﬁmi (tr*t;e @éhiailner from

: Sl . . I en nyent.t aon, al s
WBIch B M Bhe R 3o imp e BRRt e dhirdi /s Pieaiad for
inhalagionhplayadn enartand paitonoiodxdisivaly, buitespacialy irothee
SRR 61 ihaiBol i ST nd U oAb podder. If only 2
sraal apaunt of e powdsr fﬁf-mlr}gﬂleﬁﬂs rHeased fremithe powsles reservoir as a
(RO DA T POr SIS CHArd 0 ARG Sart o of the
BRIl paRg8r BonteRlnsbleadtlei sRRlscan e 1t indbe sigvister reservoir
Ge:glahabjapspkex)\/dadsr@ﬂhagaiw:@td e pai}@wafmithq_apewe usel fThe

.ST . r. .

R R S Fllar HERUBadh of S B XS b et fyture has to
be Hicheaseast st thepugniity of abtiveasuleatanes deljvesedis suffaient to

FrERLBE hobietingd HapAsd ARl &rdeewder containing the active
substances are left In the powler reservoir 15 (e.qg.

the capsul e) and are unavail able to the patient for
Adainapibig backipeundite preesnt ihveritidrusthies sélsadut it @rovide an

. LV ubst ance in t r_.mxtur as .. . -
(I65R8E PhuPS tfellth APt Ly bl eh? SEBioEid Miatos8wnicn i
alsh sharacderiteld heverg goodsampiygigeharacteripiicdluce t he

desired therapeutic effect. 20 Against this background
the present invention further sets out to_ provide an

i nhal abl e powder Pétailgdiflasgrigtion gf thednvertion + and

sal neterol xinafoate which is also characterised by

ver ood, enptying characteristics. . .Detajled .
e RS itoparpREnGy it oot St Bbafihgen hgachieved by
raeams obthegbgwdéered preparatiome fordohalatien (inhalablecpowters) according
t39HE FHABY described hereinafter containing a tiotropium salt 1 and salmeterol
xinafoate 2.

Within the scope of the present invention the term tiotropium salts 1 denotes salts
which are formed from the pharmacologically active cation tiotropium 1'. Within the
scope of the present patent application an explicit reference to the cation |
tiotropium is indicated by the use of the designation 1".
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m@f‘ P& powder s) according Bto the inventi orf:’C-""5':’:3003"013691
descri bed hereinafter containing a tiotropiumsalt 1

and salneterol xinafoate 2. 30 Wthin the scope of

the present invention the termtiotropiumsalts 1

denotes salts which are fornmed fromthe

phar macol ogi cally active cation tiotropium1' . Wthin

The intesigisle p@ﬁvdeh@a@écﬁﬁfﬁ@ toltAk Werﬁft@ﬁgctbir%gén:\ ﬁ?ntréﬁlum 1’ and

t
FARetSeLanBras & Hbichub Paiieiteshix f reling poist whabout 124°C,
RO WhHIB 235hy68 i dREFILAIR2AOBAAN6 BXcipBne | nhal abl e powders

according to the invention contain tiotropium11 and
sal meterol xinafoate 2, which is characterised by a
Hee tTiEﬂEqu)IOIﬁt mehtiabed aboge @as ohitaieddwytDS@ (Differential Scanning

@a%apf&t@g ey ¥ MAG&EIH8E! @zcﬁ%‘ﬁd Ebﬁﬂétedggﬁﬁtﬂ?hfe'ttfég STAR
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The particular suitability of salmeterol xinafoate, which is characterised by the
above parameters, applies both to the starting material of a micronising process
and to the use of a micronised preparation of this substance with the above
physical properties in the course of the manufacture of an inhalable powder. In
particular, both the product obtained after micronisation and the salmeterol
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The particular suitability of sal meterol xinafoate,

whi ch is characterised by the above paraneters,

applies both to the starting material of a mcronising
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The tiotropium bromide which is preferably contained in the inhalable powders
according to the invention may include solvent molecules during crystallisation.
Preferably, the hydrates of tiotropium bromide are used to prepare the tiotropium-
containing inhalable powders according to the invention. Most preferably, the
crystalline tiotropium bromide monohydrate known from WO 02/30928 is used.

This crystalline tiotropium bromide monohydrate is characterised by an

endothermic maximum at 230 £ 5°C at a heating rate of 10K/min, when thermally
analysed by DSC. It is also characterised in that in the IR spectrum it has bands
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t@%ﬂ djrgg_ %8233%39 I]Sq:lafggﬁdf ggg@ W forSxhpa 4 83 of 1 and
25ug of 2, 4.5ug of 1' and 30ug of 2, 4.5ug of 1' and 35ug of 2, 4.5ug of 1' and
40ug of 2, 4.5ug of 1" and 43.5pg of 2, 4.5ug of 1" and 50ug of 2, 4.5ug of 1
and 60ug of 2, 4.5ug of 1" and 70ug of 2, 4.5ug of 1° and 80ug of 2, 4.5ug of 1'
and 90ug of 2, 4.5ug of 1" and 100ug of 2, 4.5ug of 1° and 110ug of 2, 10ug of

1 and 25ug of 2, 10ug of 1" and 30ug of 2, 10ug of 1' and 35ug of 2, 10ug of
1" and 40ug of 2, 10ug of 1' and 50ug of 2, 10ug of 1° and 60ug of 2, 10ug of
1" and 70ug of 2, 10ug of 1' and 80pg of 2, 10ug of 1" and 90ug of 2, 10ug of
1" and 100ug of 2, 10ug of 1' and 110ug of 2, 18ug of 1’ and 25ug of 2, 18ug of
1" and 30ug of 2, 18ug of 1' and 35ug of 2, 18ug of 1' and 40ug of 2, 18ug of
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325419501‘429124#9 bf aﬂghdlao @ff 2, 12§Jg4ﬁg1 ghd35®r§];gof%§ 5@@ oPf and
Byl 87 St TS0 108 % 20286099 2o 8Pl o 1 anc
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If the active substance combination wherein the crystalline tiotropium bromide
monohydrate is used as the salt 1 is used as a preferred combination of 1 and 2
according to the invention, the quantities of active substances 1 and 2 mentioned
above by way of example administered per single dose correspond approximately
to the following amounts of tiotropium bromide monohydrate 1 and 2 administered
per single dose: 5.6ug of 1 and 25ug of 2, 5.6ug of 1 and 30ug of 2, 5.6ug of 1



|
|

10

16

20

25

30

35

3pg of 1 and 30pg.,of 2, 43.3pg of
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i ﬁ%%u@dﬁé 10 08 352001 e o 51 B cr 2
45#.@& Pénd 7@pg23f 21 25pp»f d;arid atmb d:fé?)ptf%ngpfbfz‘gagdizafofﬁ@%l f 2, 45ug
0 0
O?nd&%@qaoaégf 294559 é§1 5661?1 121]0@;2&'3%9 of 1 and 35pg of
2, 22.5pg of 1 and 40pg of 2, 22.5pg of 1 and 50pg of
@xar@ﬁle?% pﬂ?sélcg}gallg%e@ﬂ‘ab?? %&p%ﬁ% Which frﬁ‘é‘)‘?j 3}%%% prepare
the :@alg@ew@s ysgﬁdn g@lg(gregaraygngggcgpwp @n@e lnventlon
nideﬁG f©f' eﬂamgf@gn?ﬁolsho@gdgd’@@ &fg I%o#@%r@bmbsémcﬂzsacchandes
Q
Behdedpss saraBgide. ellfe pRtplare)pthars Afonsadiangpg (.o
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tlpw§e<ﬂf trptese pyg&@@w%ﬁ!reéermuqﬂ%@lmué Rohaxyclyeively, in the
f@lﬁﬁ of Eﬁénplﬁ)?:l?téf&n FoRehd ;!?lé 35% ef ﬂ@’ﬂ?%ﬁndﬂﬁ eaktbse ¥sh@e ;amcularly
el sme it dedase rigorpeialS iy mashpatgpiarh préferred
ar abi nose), disaccharides (e.g. Iactose sacchar ose,
BT g EPBTSShs 0 8 ALY BATE A i B e o
1>Oy+ 5@ pm. Byothesavierage parjiclessige isrmeeht berecte 3% oialum of the
rﬁ@ 'Eﬁ]ﬁ’%utld?{ B85 RSNy BAasd diffae A8 by @Se 8RFdispersion
rhjestﬁod In particularly preferred inhalable powders the excipient is characterised
by an average particle size of 12 to 35 ym, particularly preferably 13 to 30 um.

It is also particularly preferable to use excipients which have a 10% fine content of
from 0.5 to 6 um. The 10% fine content in this instance refers to the 10% value of
the volume distribution measured using a laser diffractometer. In other words, for
the purposes of the present invention, the 10% fine content denotes the particle
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of lactose or glucose is preferred,
8‘2‘3?&%@53??35/ but not exclusivEly, in the fornP@f/EP2003/013691
their hydrates. For the purposes of the invention,
| actose is the particularly preferred excipient,
whil e | actose nonohydrate is nost particularly
preferred. 25 Particularly preferably, excipients are
used which have an average particle size of 10 - 50
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is characterised 30 by an average particle size of 12
to 35 pm particularly preferably 13 to 30 pm It is
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diffractoneter. In other words, for 35 the purposes of
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ose
tgafpg q |44§ dfg: a%%fea@l@ﬁ >030 $i6t Rersutrly Mﬁfﬁrabls 197 dlg.
preferably between 0.3 and 1.0 nR/g. Preferably,

N M e RS L A —
with &&pme{hlowhyzhdhe lmmsaesbasbdb)bmam ddgrebef

?ﬂw?@% lﬂltﬁﬁ§%ﬂs?%f tjibe?ﬁ anémblﬁ cﬂds%im'lxﬁ"?gls ip the region of

€ exci pl en
*@oﬁe@ﬁ@@mﬁﬁ emQﬁﬁPtﬁfera@}h‘éﬁt%pr eferably used
according to the invention, it is preferable to use
| act ose mhl cterlsed bx sol ution enthal py
e

1507 a8, b a6 58 5 gl leriativn taring Sxcipierie
rpertiaiabalyove, Ee&cﬂf ent Mixtures condislird ba poxdes of coarser excipient

e C
£ 8h S Bedoanifiel B 07 BDGw" BB 20T ok srores
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if the above-mentioned excipient mixtures are used, the 10% fine content of the
coarser excipient component is about 2 to 5 um, preferably about 3 to 4 pm, and
that of the finer excipient component is about 0.5 to 1.5 um.

Inhalable powders are preferred wherein the proportion of finer excipient in the
total formulation is 2 to 10%, preferably 3 to 7%, particularly preferably 4 to 6%.
Where reference is made to the term "excipient mixture" within the scope of the
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size of 17 to 50pm preferably 20 to 40pm nore
preferably 25 to 35pm and finer excipient with an
average particle size of 1 to 8pm 25 preferably 2 to
7/pm particularly preferably 3 to 6pm. Here again, by
the average particle size is neant the 50% val ue from
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mpnehydraje ionpet asEescipient whaawe mmrﬁdsﬂd ob@xﬁﬂn a smaller
Sb@r%ﬁgbypé?ﬁélb% a@ﬁ@ ur g'&%ﬁ'ove%%g?c&ﬁ%ﬁf %}cg d, this e preferably

excl pi ent coars

aikeilactose mwm@r@tﬁts only those mixtures are neant

whi ch have been obtained by m xing a coarser excipient
nt .conmponent. The

i f
EOARBLIC brbar ton Do oo cbe i@ pagoordbade dre svention it is
firseneceddayy ital lpréparelsamﬁetehﬂ mmb%mtziinfé ﬁfrﬁ?ﬂh?lch saélsﬂes the
éb’cpfé substances nentione
ear |l Q%%généga%{:zga@n%@)?igpl ents, while inhalable
powders in which the coarser excipient conponent and
L
ARt mEsh i, SUTRINSR peRpalBLs B BFptea
f ?18 2’ M?W@t@w@ freadhapriex @r’tp$ éahen Wihtngetier with
ehytme- néghﬂtdl@ﬁmgﬂg?/ E @é@;ﬂlm iRfure elt»srlef,@@? ggéﬁ tbﬁo@o: gnd an
SEE £ TROL BB Btb o B 2 1oty nashnoic
goi¢raeéerably biat feoelofi thydoapbabphtbok: @d.andstngrefarably 1
t
thFof‘ ﬂﬁ?afdx?@—h%ghﬁmlc]éc idtid ﬁ%e&‘ %ﬁﬁgleéﬁof \n?rlw ﬂfil eagf t?% gsed

sal net ef ol Xi na or

58(ENEER the ventpR 1y Q%\aul@wer-f:bamgd aleobor, direfgratdy etieanol,
n- pﬁtﬁtﬁﬁo@ﬁr |sbbﬁoﬁéﬂdl %d’kﬂ;lﬁﬂl)@é@éfa\%iy ?th@h@f. %%téltﬁers which may

sal net erol known

KB Speorti i BR TP BBer R ERosreray distnylether,
mMethy thtlydgthzr nehiatidiofuran] diokané os Qér’tl-butylrﬁe?ﬁywtﬁer of which

té?r‘? %?Tﬁeﬁ“é?l%/l&fhe?rh 3‘%& Qi%tly %E edngtcr&%{'dlng B e lemben. Ahe

erol’ used
rqhmyﬂampolthﬁbat {reiic by aciume pisgfrefesdibly, dcapodihg to i

irfertioRY fH 2¥inde RBRTARRAI A28 9.1, Fastcubrf efltablyin a range
from about 1:1.5 to 1.5:1. Most preferably the ratio of alcohol to ether is 1:1.
The total amount of solvent used will naturally depend on the quantity of
mixture. Preferably, about 5 to 20 litres, more preferably about 7 to 15 litres of
solvent are used per mol of salmeterol base. Most preferably, about 9 to 12
litres of solvent are used per mol of salmeterol base, while in said solvents the
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dr oxy-2-naphthoic acid is used. The
\‘&J’ @4#%85%% used according t the invention n@g;ﬁ'ggzogsfmssm

| ower - chalned al cohol, preferably ethanol, 25

n- propanol or isopropanol, particul arly preferably
et hanol . The ethers which may be used according to
the invention are nost preferably diethylether,

nmet hyl et hyl et her, tetrahydrofuran, dioxane or

tves totmpionentt divbied! e, othér il Jarbgérﬁnh Whey FATRISTDY REIDRTE
gfa\%é %V%rl y preferred according to the invention.
% £ f alcohol to ether (ratio by volune) is
preferably, according to the 30 invention, in a range
£ |
TR Aok chidifed she By 4 SULAHRYBHEL MY, iy o o
lemperagireaif cobdIC, Mo meferaldy 1o a tempreaturst of abmwb @5t—5@)°10 after
éw{Wﬁbo@ﬁ%n\Nchéd Eéin‘fb’oﬁbhbé ﬁ’é?\%e@éérpﬁd&&? %H%itthéléaﬁ'fe time

xture. Preferab res

e%‘i%ﬁ‘ls&?”dﬁéﬁl’ire@' 'fleati%g I% q%@ueﬁ un&b@ ¢ioir Saluiopds gbtained.
Pee sohltionfis $amiitered| arhi® filldpss optigiatly aiplsigd owpAith Dsmall

S80EF B3R Pk VB iR Lol soven
IPe0lip0ss 2Bave. 3TROTtheRvate/ dtaieed is tonled dopdempesature of about
G ?&HQ"C %}@fé%gbg (fHaBle 3§%£Ce§ﬁ8tstlh@dté? ik ?&%r’npérégﬁre until the

specCl hé suspensi! on 0
Smeterol Shgraai BeoRedp Ensalisagtmay ke belail gt f5 Roms to add
dahmessral Minefddite 3e89Gry slt@l@t Oﬁbéfcﬂfsi?élhéfatloﬂ Had ﬁﬁﬁ@ﬂ el €

f bout 5
Lswioditin s Hdier %@lﬁﬁ LTS e ERE 10 2 amAesature g about
é@é@dnab@ut 168°Gtpartiedarlypatferaply © s tarhpenatgrewftabloua0°C to

RSB it ABotic @R} 84 Piflutes ChFe @Rk Ao PR deppiffland the

r1s o Ona rrnsea out
Rroghsl ebtainestis sepaieh bff usinga _’EUBalDlBtfﬂt@B apdophonaltf washed
Bidth Eﬁoﬁbpén%?@)héi’fTﬁQ §a§ﬁ’éﬂéﬁﬂtxlrﬂé?oé'f§riﬁu9BS@I@&PH&npheS with

Then the fi a alne scooe ate rature
13 Shsime @%Pf%e&[ ﬁﬂt@f‘éﬂ’%l yhaf?&ﬁr@ﬁ t@%@rﬂjai%ie powders
exdcordiad tathé mvenn@mrperature until the salneterol

xi naf oate begins to crystallise. It nmay be hel pful at
this point to add salneterol xinafoate seed crystals.
Agassdioglys irnBnothat aspedtathespreserdnvérticursiatas toinhadable

pfd%cié}@rcoﬁf’éihiﬁg m"‘édcrhlérg%cf fld)tgc%aluﬂﬂrf’f %‘élf#?é% Cé!%r‘?afoate 2 which

Gear it eregita;’gepe O}b?@@ﬁ&*&?@/ degcribadeaRfVieat ur e of about 0C

to about SC After about 20 to 60 m nutes

Ater3bg starfie et SRR Sa PRioned o Frafipie BoRaRR are
poppamadidm theshkeipientiank the actioé sabstance esimgrmeffivels known in the
a?ﬁ'ﬁ&?&?érf&le rﬁé@%&%&e ;J‘H?e GeLRL \Aﬂr%d?] bé/%ps%%r e%ﬁr%ple The

ove- nenti on specifilcation characteri’ses
Inhmab@m@waﬁwgrdmt%@bmen@on mayms:cprdx@@ivmqobtamed by the

method described below, for example. In the preparation methods described
hereinafter the components are used in the proportions by weight described in the
above-mentioned compositions of the inhalable powders.

First, the excipient and the tiotropium salt 1 are placed in a suitable mixing
container. The active substance 1 used has an average particle size of 0.510 10
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C in another aspect, the present inventi
@é@f@g%gl nhal abl e povvders"éont aining, in a(‘f’(‘ﬁ-’-{ﬁp@ﬂm’omem
to tiotropium1l , salneterol xinafoate 2 which can
be obtai ned by the nmethod descri bed above. 25 After
the starting materials have been weighed in the
i nhal abl e powders are prepared fromthe excipient and
the active substance using methods known in the art.

;Emf premwmm Q?Jnﬁf&ﬂ@stt ;ﬁrefé?abwlzsﬁ @thr th@fex\e@[ent and the active

0390, f
] af%hﬁﬁ%f%%%@ﬂ?ﬁﬂﬂaﬁa@ et pin B IEING Sy il a mesh

dige bhHo. 130 mmqa:reﬂasamyum@m behmymdsoprefermb) .3 tor0.6 hem.

I:We?@r%fagf,] &@e@ﬁ%ﬂgg r:f ﬁHf %ﬂg tﬁ?ﬁ ﬁtéqgétb/%r %@%Sqﬂce is added to

conpon s are
theseixingeepntaineh @urmms NI DFasEss djirmtm tcomponentstare

ﬁr@l’@é@@'a@d@@vﬁ %fa&he%' 'iﬁ gk% @r@fe%% Bed 'R the fwo

tiotro umsa are Sul t emX|n

MR ATGTES I Eﬂﬁ%maa SEES JB@tra'ﬁm of the sycipiant awffbt\*ﬂ@ra&@ée

quistargeet Shagtake Plabe Vmuéﬂhma%ﬂi@ﬁ@ﬂ&?aré‘btill being added.
e

BRI s R LA b pvebeer

&teﬂmiuria}eembyahagepreferably added using a sieve or a
granul ating sieve with a nesh size of 0.1 to 2 mm

referably 0.3 to 1 mm_ nost preferably 0.3 to 0.6 mm
gﬂ‘@f@f%evt ugaskis@cepiriant mixtyig:cansistingsif caaser igxgipiend with an

agu@r?gh@ paHieRt ﬁﬂa)sﬁ frarraelgggssctejrrﬁ &R Fﬁﬂe@rgggﬁzpwm‘h and finer

SPGB RYETATL SR Brae Of 1 19 SMaIaTE Greiergbly 2 o 7 um,
mefehmly Sdoteusi, €ivst of all the ekeipient crmargémisreparal besieairg in
BB S o i BhcsbBE B PLR: A P BpRRLIE tooser
are still being added. Preferably, however, mxing is

ﬂ@i’ér%h@gB%&PﬁxthF@dé¥Q1W®t£ﬁ gg%twé%uﬁbﬁh%a1 has

exciLprent u
b@&?&‘u ?%@'ﬁ?dnﬁhﬁt Betyrsxisaiaate Bﬂs added énal@gepahyeatalw pas an
a¥Bragypartige $92¢ bf 0l5etos1Zamobrdfeibidf 1 € BQPA) mBRS Breferably 2 to

508 Sgpitie Pl der 3 lig PORaAG Sor B! § e HgrgPhy avces
usimngra pmve]cﬁs qogr@rnentaiimgw@vet with aomresih isizetofdl. 1 4 2 rohne preferably
093<Fd PinFAL nf&s}(b#&fsrd Bfa%ad S%HHV P?éfSVéHBQ tB@ pho%\"c}e‘%fnﬁ‘&ﬁﬁe

ers of pl ent nﬁonen m Xin

Iﬂgg?@mmnent Af tsd?Utt"h érsé@m S8 @ﬂ@eﬂ da &he pgng contatner

[ﬁ.ﬂm\gethmtxﬂt@pft@:ebﬁ@h@ﬁ% ¥8mpohRshRNEe dre@ébly%%d in batches. It
| met.er o) ﬁe af oate 2

SPaTs R Tes e Baisian e B0 doathae i altarasts layers; The
nixibgtad tA€ ppwdep rakterabbntadfing compbnent 1 nwitre thy atdmsahilbstance 2

o2 BB ENE s VRSP REen Ab T s 0oty

however, mixing is only done once the two components have been sieved in layer
by layer.

In an alternative embodiment of the invention, the inhatable powder according to
the invention may also be obtained by first preparing a powder mixture consisting
of excipient and 2 analogously to the method described above, to which
component 1 is added by the method described above.
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umgp% a sieve or a granulating sieve wth a nesh size
4/068233 mm preferably 0.1 to 1 mm nost PCT/EP2003/013691
preferably 0.3 to 0.6 nm Preferably, the powder

m xture containing conponent 1 is put in first and

then 2 is added to the m xing container. 25 During

this m xing process the two conponents are preferably

added in batches. It is particularly preferred to

B &Vﬁhép?ﬂgﬁa&‘f@mﬁm%&ﬁ‘ttéf th :rﬁ)eh%ﬂ 3t‘1§ |J1ﬁé(!8ﬁ%rﬁox\i§er

m Xi n ture contal

WFQQFdﬂgetOéB?W‘@rEIQBéB%}h alsobe mgneauy fijtataé(Inmam extipient portion,
ihé‘h ARG ARt ﬂbﬁlo‘ﬁtdf' 1 orbtﬁbrfﬁstgﬁﬁlfﬁﬂn of b etfh%haski’é\)fn% in another

one

%qg[egggﬂm@n@g#mq{lwa%go r@dﬁgtypq)rg% of thehs%prpnd actlve substance
adrhponent ¥ er En’ﬁloldlsmnénOé of a@dlhgwtek@ﬁbent @blsfﬁifé'ea@éﬁd
A0 o] 0 BGRB8 o n e

desirgcsamagntsoft l&ﬁtaqmref&rablﬁdo 2ddrthe Gooorspgnents byesieving them in

o s AL R
%@%%ﬂ@@é@ﬁélﬁ@j@ra bl haMevee Mixingds met dose amtiball Awamponents

ledvd beerh BiegBHIN, the inhal abl e powder according to
the invention nmay al so be obtained by first taking an
exci pient portion, then adding the first portion of 1
6 eftehleeihgrahienioaltyi prepafedthetdutive subyianges 1 amb2 vsed in the

P54 BBkl AN N AR e SR P e
H&ﬁ'@les%éﬁﬁe'ﬁ'@@t@ﬂe@ééﬂﬁg they W@g@mnd g lnde theparticlersizes
PHOAORRITEL e R N9 O DR 04
%‘r"éﬁ‘%‘? FHPONYNG q'i‘?l%s Qr%@?%hgﬁ% hSWrQré\Vt} ng themin
in alternate layers. The m xi ng process nay take pI ace
b d. Pref

M s AR R oSl e R Bl gt
disclesaerk by WOQ2/30928 whichaistpartihudangprefiened abd:qrdmg to the
IRV SRRIPH el Bﬁo\ﬁ@g dﬁ*@gé&?%tr%gcﬁﬁyéd ﬁrﬁg cﬁ!éﬁ@ﬁhtﬂaﬂle{ﬁ?mmmmsmg

ocess descr| ove are no
Hisgrystaline; aive substance reedificgian 1. cﬂéhesprzv@gsmw lemearried out

L@mg t@rﬁverttlﬂ:ﬁ%él fralls. ﬂ&e@ér@b@dthéomkdﬂbﬁisbﬁ&] l?aaéérhélt:l dusWitAthe
conf.o amet er

o B O e e Rt PR el AT B G e as

refr@gém donexaropiet fehas proved particufarlypEreferabledosisesdinjet mills in

|H§ﬁ"f%h‘§:{téaf§ (jlg é:%ﬁﬁﬂt(r)@égfe@eomg @%%ng?stﬂmﬁﬁﬂrﬁaes on one another

G\@éir(?n wells opner gninding é@af@rrmrng\qc@rdnn@ tethe nvenlioromitrogen is
ﬁr@@rétﬂ}z'&\é’d% ﬂhé(‘g?ﬁféﬂﬂge 8SASTRE ﬁﬁ’ﬁgnﬂ%F beniAg iy conveyed by the
sui t ab for mcr |S|ng this ¢crystal |ne\2\?&l ﬁ]

QIR Uneieh IRecic Bies ureﬁr(er"a '88&‘{@3%9 b¥Vitbi} iNestpope of the
pogsent invention, the grinding pressure is usually set to a value between about 2
and 8 bar, preferably between about 3 and 7 bar, most preferably between about
3.5 and 6.5 bar. The material for grinding is fed into the air jet mill by means of the
feed gas under specific pressures (feed pressure). Within the scope of the
present invention a feed pressure of between about 2 and 8 bar, preferably
between about 3 and 7 bar and most preferably between about 3.5 and 6 bar has

proved satisfactory. The feed gas used is also preferably an inert gas, most
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w]@é:}ﬁ conventional mlls. Preferably, the
MW8L3dn is carried out WiGh the excl usi oRCHEP2003/013691

noi sture, nore preferably using a corresponding inert
gas such as nitrogen, for exanple. It has proved
particularly preferable to use air jet mlls in 25
which the material is comm nuted by the inpact of the
particles on one another and on the walls of the

@Ji‘ef@%tﬂ nftRIYeR era’?ﬁé?ﬁé’tbggl tb%e:@%uhaxg&ts{a‘ﬂme tiotegpium

tr?q%ﬁ is use %
onghy §aie1anmbs fod ety eleiof Sbret 5 oAb gy pyafsrably at
abdat 1843cg/friie. pressures (grinding pressure). Wthin
the scope of the present invention, the grinding
Er essure is usually set to a value between about 2 30

ot egampie, votheiug rﬁjmlt;tlrigethwmaboﬂth&ln&éﬂtl% @@Fetonﬂf’etfollow;ng

éﬂtﬁ%’h# §5ﬁ£ ed Ill%gfélués 9318%3 %wg)dgp?nt %tanrﬁu{ Jetwll a 2-inch
%m@laﬁ V\tlth@rlﬁ%rw rigas0. 6rml@rbcs“pemlaﬂednymlessar&tsrtev?wadnc 348
] r@ﬁlﬁ lS’t@et Méhdier MQGOW‘U%A U%g'ng L f@ﬁ@éra‘t&vﬂ% 5%Rding

eed $su t ween out
BFO@Béﬁég eﬁ??%%ﬂegw&w'@ taﬁaolip\nﬂa@ gsipginggiarameters: grinding
prassfsarakﬁbpubet&eers roldleddres aird; BbO@ 4.Bas §BaPrPH of grinding
sekdpdiagh Qi Ewrﬁﬁd gas used is also preferably an
I'nert gas, 04/ 058233 16 PCT/ EP2003/ 013691
preferably nltrogen again. The material to be ground

Tﬁé lgﬁé@%d hferdl %u@@btémed%?ﬂérg@rﬁ%??J'Fé’éjépsr@g?@rn'agrﬁ > following

éﬂn at a rat

C genditions. i e micepisagx W@Seﬂﬁt@ Reafer yagauriat gi etptive
mmucﬁuybmf@ueegt 4P%at QY@’fﬂté@fuﬂe"@‘r?@%"G ']ﬁefé?éﬂ) \Qqﬂﬁgnc most
ARRGRBl 25 307C ! PRefSiaBl. iR hSmiiy e RRL SwplcR Gl Atk . h.
prieferably. &0 Frﬁ{)%or b, mestl prdfgraiths 30s Bﬂ%rheB@rrrélath hunsididy (r.h.) is
r@e?agfrjgh:e @Jtreﬁ'i of W%ﬁ?dé?ﬁé! t%@g ﬁgggrgﬁﬁe@?ég%% p&'g§§tllr8d3f the
‘Mﬁ rt the tenepsra U!' B ﬁgegﬂqm cﬁrﬁ@r@ldyaﬂf@tmtosonlmtemhta@ed from the
grﬂmd@rﬁggﬁdtre%s @@@Hba&aﬁove B sﬁthéétedftS%ﬁ’e BR&RBEY %

meﬂ’i"@?%h aérf% egﬁ%%’og Alileasih Nowss F}J%%gh@dhi?\é’e’t’ﬁre the
rhicrotisatens subftsl tontiechiaRtodralondition mamesHed dbove for about 12
PN BB 5 S R Tl Sl 6 2

hastiper at ure of 15-40C, preferably 20-35C, nost

preferably 25-30C . Preferably the humdity is set to
val ue of 50 - 95%r preferably 60 - 90%r. h.
migpasatesl @Ptmpiummqmﬂdem qbjainablgt by berabavei method has a

chiardcteristic péﬁﬁ@ﬁt sizd16f BAdep. Ocﬁmta‘h@i P8, agiref?ér between
Lo, P bR epSHisbas] 7 LR ol Bl el ) of more
tiodry QDB(ecpréfmaiutyh'eorﬁ(Ihgm i70d¥en st p@‘smbﬂpme treth 80y The
charsdtBhi&id Gful d D ELRED Hhe G085l F Porticles below 5.8 um , based
on the volume distribution of the particles. The particle sizes were determined
within the scope of the present invention by laser diffraction (Fraunhofer
diffraction). More detailed information on this subject can be found in the
experimental descriptions of the invention.
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% g&g? %bove for a period of at |east 6 hours.

dé) %% however, the nicrbhisate i s subj ect@UERPP03/013691
t he chanber conditions nentioned above for about 12

to 48 hours, preferably about 18 to 36 hours, nore
preferably about 20 to 28 hours. 25 The m cronisate

of tiotropiumbromde 1 obtainable by the above nethod

has a characteristic particle size of between 1.0 pm

A@f%}agg(lst@nsm @rftﬁeatahm Rmﬁ ‘gﬁgr‘bniea’te aa&&}ﬁ eg??vémeh which

@ﬁa@reaafeﬁavet%s Eve Fhobeas f1a SRR St Bied walligs i the range

bemeertam?&Dand Ehﬂzlﬁomel’@pamc?raﬂ?tbet\ge?h Qesagfg &hd 4.5 m¥g and
ar eSs el ow m,

@gg{ega&g%“{ rﬁ@y %gfw‘%‘%{ %102'{1?4% t he parti gl es.

The particle sizes were determ ned Wi thin the scope

Af e‘rl"&l@rﬂﬁ?r%‘?é&r%@é%‘éét% ey %&%‘ﬁ[ r@bﬁ{f&ﬁ%lé@% to the inhalable

raction re d

nhof'e
éqw %Ssa@e lag o t{f@wlnM@ﬂWﬁuwBIqwrer@ar@terésedwbhmontent of the
lmmtbrcnﬁd@fnohbﬁ u@vemucmusa%dmrM&é%%r%s

/013691 AI so characteristic of the
%ﬁé&g%% m croni sate according to the invention
whi ch was prepared by the above process are Specific
5
Y Rt By Saliteld] dripb@C8RLT, IREY a5Bidk R
'ﬁY\%ﬂtl%sﬂ?e Bajlp@mmerqwﬂyreabas\emee @rtieilgrhaaditable. Tige grocess
rRa}beatdrHiEd b@f uéf n§ E@ﬁ@éﬁtﬁﬂ]a‘?‘%ﬁﬁ&t PF@‘fertaB & RFE LN dsatton is

i nvent i es to the i nha @rs accor

Gariehaul Wik ﬁ'ﬁ? HClipiprRt éP@SM%r'HefeePreé%fébW%n@ arcsrReponding
inért gas suchats mipbgen, kfboﬁk@#ﬁp@ll‘tqme@br@tf@d ﬁhﬁfo@férﬁﬁfqr@ferable to use

SEBE R AL A58 R BRAEYY B fPek? i g on
qecanethagane ontie walls efithe grindihg doatdinei cqurdingdarties invention,
r‘l"@é v, | T
f;? S0l SIS heOtichi Bos, Tie BIABRATey MG s
GRNYe §5ﬂh%ﬁﬂﬂ@lngcga?ﬁrtﬂr&ff@@@CWﬁﬂﬁ%%eeiann@menr@rsure Within
th®isebpe ef th@pr@s@h@ﬁetém%ry tHE | ﬁﬁdﬁagcp?%ﬁ?r@%‘ ds08lyLSet to 2 value
i_nert nitro r, exa roved
o 3B S SR SRt PEFTE bl Bee Tt 41 TSRO
préferatsly detaéen sboutrbrandBefibhy. The matpdaitfoofrindiag is fed into the
o3B89 s 9080 G FH Dot MRS prosure)
lthln the scope of the present lnventlon a feed pressure of between about 2 and
12 bar, preferably between about 5.5 and 10.5 bar and most preferably between
about 5.5 and 9 bar has proved satisfactory. The feed gas used is also preferably
an inert gas, most preferably nitrogen again. The material to be ground
(crystalline salmeterol xinafoate) may be fed in at a rate of about 5 - 100 g/min,
preferably at about 10-60 g/min.

A particularly preferred aspect of the present invention relates to the inhalable
powders according to the invention which are characterised by a content of
micronised saimeterol xinafoate 2 obtained by the micronising process described
hereinbefore.
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[ I referably used as the grinding gas. The
Pr\ééé@jla&%#%r |Ogri nding is conved by the gri ndfhYEGN3013691
under specific pressures (grinding pressure). Wthin
20 the scope of the present invention, the grinding
pressure is usually set to a value between about 2
and 12 bar, preferably between about 5 and 10 bar,
nost preferably between about 5 and 8.5 bar. The

Takprésdntlivfergioh TdHRS fetatb &t ihal Gsd brthedhhalbble ﬂH\rJ/&eé@éccording

ns. of the feed gas under specific pressures (fee

B BeSnPenor gy Brha i e B B als Qs rasiinn fof o fiegtment of
eespératbrp disemses, partibelarie éor tedxting QORDMaRH oAl 3sthata,
preferably between about 5.5 and 10.5 bar and nost

referably between about 5.5 and 9 bar has proved
‘Eae iffaiatle mpwdene ateerdingato the dnvandionlnsay foreamygii pe an
LARFisBAS USRS tinkI8FSKRRh Yndtbt %%gﬁlb agﬁé From 3eservoir by means
npterlal to bé ground crystallime sal neterol
GF8 Hesitns cRaniheT 8@, ARoarting oS 467 OBOAL by otfgy means (e.g.
gd:cmrdi.ngl tpITHt Bty 8851&&.8#9@%@?% fﬁ@\tlvﬁbéﬂ, fhe mtaféble po;m,ders

rlLy. err aspe 0 ese i nventi o

BETEY Bind ierlifhts PASREE ut Pebelfet lhiTigke S0 Haled Whatettes)
whicbrare arsedtin ithaders stichrascthesé slederiiyedhindM@ 8am286868, for example.

m croni sed sal neterol xinafoate 2 obtained by the
ni croni si ng process described hereinbefore. 35 WO

Mostupetably. e raryuis0oBATIEBHE infralebls pewder according to the
IDoear 81 adhiiReréchlichgan thildfa Shofh it PRUES TAR Rhaler s
Arigredd g h%tgﬁm 3 conAiNINg WEHENEPWa Zhr 3 Ih Which there
aresgii Mt(pmyts@m:eﬁim, is peovidedivithlaysdreen Brmuge?tgvi@?&reen
LOor ,a ers. accor di ng . .
RS 4o HiRan b S8 e RlEl R A6HCS Bh Wb grere is 2
pushebettan Gprevideewdth twosshagbenatbgios f7r amd enavabler sminteblp a spring

. r i > . i
TR St e i R o

ofepdd Vg a spindie  Rdpenakinbie e Tinred onan ekt goRkRifples 13 for

sadfestirg) the flody Fd¥stanyenti on are packed into capsul es
(to make so-called inhalettes), 10 which are used in

i nhal ers such as those described in WO 94/28958, for
Theapsisent investiom fuether atlalgs toHbe capsiilties intatdlze pomglarhaccording
. I- ord : . . . .
(8B o 5o ARREL Aol cOPRHNoP ot resirator
CORRIaiNgh Paticylarly %ﬂéh%&ﬁ@?‘ﬂ@@d)f&DBDrﬁmyptht ma, characterised in
teQthalith#18r H¥EcrdNaE e2andsIlRfi ibFiglirdiis hsbfere 15

are air inlet ports and which is provided with a
screen 5 secured via a screen housing 4, an
Fantzansinisteringhiietehal@bizorsveddre chccordig talthekindetiornhsing powder-

B8 c8pL§ied it is particularly preferred to use capsules the material of which is
selected from among the synthetic plastics, most preferably selected from among
polyethylene, polycarbonate, polyester, polypropylene and polyethylene
terephthalate. Particularly preferred synthetic plastic materials are polyethylene,
polycarbonate or polyethylene terephthalate. If polyethylene is used as one of the

“ capsule materials which is particularly preferred according to the invention, it is

preferable to use polyethylene with a density of between 900 and 1000 kg/m?®,
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n 9 provided with two sharpened pins
%\/’&B?}ég%anter to a spring 89 and a nout hpi ecP&Ti'é°20°3/013691

whi ch 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 20 adjusting the
flow resistance. The present invention further relates
to the use of the inhal able powders according to the

pr@fz@amy@ud 098P KGR | MBrpRIRHERRCAIUL BBO -SRIk ? (m%h density
‘ﬂ ti'l g respiratory conplaints, particul arly
R}¥e V nt of COPD and/or asthma, characterised in

25 that the inhaler described above and shown in

Wg)éﬁthégz @ ééggg ch%{i{rﬁgtg]tﬁé ﬁ\fern'gﬁ lﬁ%ﬁe Brle %E&éegsrbseg in various

ways asingapanufesturingirgetbads knowarih $heparf dmjeetion moukdng of the

|
AR SBraf oI Soldh B i i, 1RG5 AR e uee
Cgr%ﬁ‘él f@t?%8|%nfﬁ/18ecr?éﬁmﬁ@nlsye@f@m@t Ehisgaevw@‘rproductfon is well
defingar Ay isesheradteriaad be bbmganetit aaep Pdrabiadile.

Particularly preferred synthetic plastic materials are
pol yet hyl ene, pol ycarbonate or pol yet hyl ene
In @netireriadpecethe ;ﬁrepe:ht;aatxd;ryticmelates it alsovanmeerdtforiedecapsules

W %gﬁtd?ﬁ?ﬁé %‘:ﬁ& | nveﬁﬁédﬁnﬂ& F%‘%é%er agfc@[@ ggﬂge invention.

accor on

d@sy&aasulﬁwaytcﬁnt@w gheit | ta?0 lm \meﬁer@mu about 30005, most

ﬁf@fé’r@al \#BoeP 346 QQaﬁé%f ﬁ%a?ﬂé E@ﬁ&@g/b Iﬂrﬁ?&%d fd?ﬁ'ﬁlfiﬁfo"f‘@'é(:cordlng

t 87%@"(99?8?1 LBt fo %sfgﬂrﬁw %W@)povvﬁ% 9 ReMglent importance
gecasding o Heciowdhtion ae (tair%ullés\/f@ﬁir:rmbtnthwh@hngﬁgﬁmﬁ
RGO o P U8 BFER, 3564 FFAERE30 PEHE mor
ppeferably &toatlcmgadi ng to the invention. Injection

nmoul di ng wi thout the use of nould rel ease agents is

articularly preferred. This nethod of production is
Thet preset nugaliemalspgslatas tacareinhaddiopykityeansisting of one or more of

tlﬁ@ébgﬁ@ baﬁkuélﬁts %gﬁf%iié@ds*@dqa é@ohfer%ﬂw@]amé PeWdet BBcording to
S | NV |
B R EPioh T PRt with e b el oG (O IGHRE 2t abi o

pomders according to the invention. These capsul es

'I'Ti%ypréggﬁﬁhoemélg% rél%ge?sottor@e Uik et{ﬁﬁé‘%'b%ﬁv@rgng:o b?& Bapsules
Gbaméeﬂsem lav érqoatﬁrmf ihaiable mwsl@c @m@nﬁ@g tootheriavention, for

4 w Q%hﬁﬁﬁé@émlcél E6m oggg@ff%r: tn@éﬁir?%{eﬁeﬁ?%&gg?ﬁng]amts
egﬁ%m@ % é‘sﬁﬁla"}’ ’Pbﬁsﬁm%h contain the

formul ati ons according to the invention in an anount

Tl B S0 PO i BALE NG f oerion re

Pmﬂmeﬁtbmg‘le@ﬂoclmlmqwn iolhe ast, by filling the empty capsules with the
inhalable powders according to the invention.

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

follow.
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?bove capsul es characterised by a content of
¥33owder according to20t he invention i FCT/EP2003/013691
conjunction with the inhaler according to Figure 2.
The present invention also relates to the use of the
abovenenti oned capsules characterised by a content of
i nhal abl e powder according to the invention, for 25
prepari ng a pharmaceutical conposition for treating
seFfingahaterizlgnpl ai nts, especially for treating COPD
and/or asthma. Filled capsul es which contain the
i nhal abl e powders according to the invention are
Ip Exdipient:by net hods known in the art, by filling the
!ggpty capsules with the 30 inhal abl e powders accordi ng
© the invention. The foll ow ng Exanpl es serve to
illustrate the present invention in nore detai

Wk A R ISBRRE S Mol R SRIBER. tmay
%9&%@5@3 exgmpterfremoBeorsuip Bemp IngtegientsgB egputa/Nb| under the
qrggtﬁgtgrgeiilhénmgﬁtodrh%ﬂ Efaiéa F?SF’BM@EQ Igﬁfsé;?nétbiﬁdla?bnﬁ %bbgr\ging to the
DR eRET TS PHR St Bt epRsi e i 2eR As At et B S Grade of
I8ctose! dnh Bdditiodethis eetogeraiitie atave-maotiondeprefartedisolution

. . . t i
it Gl Vs fof etoBEfocdfRb B R RERISN Ao e
fallewingrexamplesylactose chaens werelgsddwhebdad theddiowingn,

dolcfickfgh@se has the above-nentioned preferred
olution enthal Ey val ues for | actose according to the

q)nd¥riaospartele siagarhfI M ACTRdineraAnteli Ag WRaRpElC surface
dreat 054 mfrgr ges were used which had the fol | ow ng

BRI o28) i B TP ot A7 o e ar
CD_S@]Iﬁ’I@/g; or b) average p_a;_ti cle size: 18.5 pm 10 %
| PSR 322 21 A0 1 SHAHGRE 26 B o sueceaea
GoRfig: 2.5 pm specific surface area: 0.59 nR/g; 20

gi)ag@\@geagsrt@w $iz6! 15.01UA% 10.% findBbntEAt: 2.0 iRe spesifiturface area:
79 izl

speci fic surface area:

ib. .

In Examples 25 to 36 that follow, lactose monohydrate (200 M) is used as the
coarser excipient. it may be obtained for example from Messrs DMV International,
5460 Veghel/NL under the product name Phamatose 200M. This lactose is
characterised by an average particle size of about 30 to 35 um. 200M lactose
charges used had an average particle size of 31um, for example, with a 10% fine
content of 3.2um or an average particle size of 34pum with a 10% fine content of
3.5um.

in Examples 25 to 36 that follow, lactose monohydrate with an average particles
size of 3-4um is used as the finer excipient. it may be obtained by common
methods (micronising) from commercially obtainable lactose monohydrate, for
example the above-mentioned [actose 200M. Micronised lactose charges used
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: In Exanples 25 to 36 that follow,
Iac?oﬁé%alﬁ%hydrate (200 M is2tsed as the 25 c BETEER003/013691
excipient. It nmay be obtained for exanple from Messrs
DW International, 5460 Veghel/NL under the product
name Pharmat ose 200M This |lactose is characterised
by an average particle size of about 30 to 35 pm 200M
| actose charges used had an average particle size of

&hdmn ai@?gemﬁgw Ie;i:zwedfgsl ?Jrﬁo%’rféxﬁm Pl A MirEAY 8% ﬁre 2BAtent of
AR bbb s i ibes 167fina atent of 1.04m
foI | ow, |actose nonohydrate with an average particles
ﬁl*“*ﬁ?& PR S niEroRnbREe S RbribG: 8 B invpatipn.
eOrhga inBfIOJ/ bam and&ol g af dehydrexyr@ruphthaic ecid are SSpended in
eBOI 6F 40%e ARPIGE 2R @Bbcmrat%4 fﬁﬁ%@%@@%ﬂ% MLt N is

ac d WO 2
‘5 @é‘o’%’g’%%géﬁa Stifrgd Wil awqas gelytianthasi ferspdeThag solution is
flltehea aridthecii@ny Bnsetd With 801APA%d. RARINBRAI3MM] 1. 1pm

R PRSI The Ffasd £ Epdenin SBC Envllpfedigied witt a few

giyistals of salrsdencd kingfeatet Tiee solutioh iiostirréd 0 1th at 34-37°C,

ﬁ/ﬁbf’@dﬁn" ragl%gﬁgﬁt?ﬁ gfhfga'ﬂé sﬁsﬁgﬂ%@m’s %chd;%g 0 igidf‘z%lad stirred

cid
ﬁ% "i*19Ia%éfﬁiﬁwfépﬁ@turerﬂ@ewegemteca rérsovad by ediction
ﬁlferﬁr@czam dashed Wagh 200kd) btrfarfd 888 1%9'rﬁﬁtlgf}fblljsiﬁ§qlé‘tﬂy|gﬁ%r The

techi%gckuqdé)t t}i& lgzalnrlél grgggﬁgprggt njield: 26 g (89.5%)
tert . butyl met hyl et her. The flltrate is cooled to 38C
f I t
XI na ?@%@%ﬁ@é&{%{ﬁg&&%ﬁ’g Jt@t’ a%drs)l?gsla Sﬁgf”r%af %’fgéulk volume of

QBErHOWON crystal | i sation begi ns The suspension is
cooled to 1-3C and stirred for about 30 min at this

Iﬁlfrﬂ]erature The rec itate is renoved by suction
Igremigatiag teyol prinafoate:et hanol and 120 n

Thes salmgtgtorrirzyd st dtaingd e étﬁ@nhéihbé deE&msbRhbdrCid Miconised

B0 Bk ERUER e e M AErBut L Yoimbod By fneria; Via Soto
Bisiopd2 aél 68ABIB aletnanSvdtzeriand 7Usihg mtrogér z)lgl_ Lhe grinding gas the
fgl(!l&hn@p e@ﬁdlﬁﬁgiaoa@gr%%%%{%&gbggog %&S%ﬁgod gescri bed
HBKlg Peessiice 69 barafeaskpriegsaie B0baret nmill of the type
Péed)of hjstalfifle BBRRtEY0l KHAPERENBF o RatePUbQy/min.

The micronised salmeterol xinafoate thus obtained has a compacted bulk volume
of 0.19 g/cm?>.

IV} Micronisation of crystalline tiotropium bromide monohydrate:

The tiotropium bromide monochydrate obtainable according to WO 02/30928 is
micronised with an air jet mill of the 2-inch microniser type with grinding ring, 0.8
mm bore, made by Messrs Sturtevant Inc., 348 Circuit Street, Hanover, MA 02239,
USA. Using nitrogen as the grinding gas the following grinding parameters are
set, for example:
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\ﬁofi g 42 alc, 6828-Balerna, Switzerland. Using

P8YEP232 the grinding gas 2Re fol | owi ng griffdVERP003/013691

paraneters are sel ected, for exanple: grinding
pressure 7.5 bar, feed pressure 8.0 bar. 25 Feed (of
crystalline sal meterol xinafoate) or flowrate) 40
g/mn. The mcroni sed sal neterol xinafoate thus
obt ai ned has a conpacted bul k volune of 0.19 g/cnB.

ding pMsuRsi 58t g 5pgrtd L de

%ﬁ‘no%@&r A Theﬁé%??ggf%ﬂ?fﬁ?%%ﬁﬂeﬁ st
BRPAhYHBIR L Eo¥r 3RSRY" (18 HB™®2/ 30928 is  nicroni sed

with an air jet mll of the 2-inch mcroniser type

i indipg. ring. 0. 8. mmbore, de by Messrs ,
e, Breif ot OB o PP BT iR dietaivicks in @ layer
tbizkeess ofugpouttk cmgand suljgeted ds thenfoligwinglclirgatimsondigons for 24 -
énglgg%{‘.#g grinding paraneters are 35 set, for exanple:

VO 4/°058233 22 PCT/ EP2003/ 013691 gri ndi ng
iprpssaitEs: 2 5384F; relative pumidilyr €9-89% bar; supply (of
crystalline nonohydrate) or flow speed: 19 g/mn. The
Iﬁégund nmat e{hiogl Obtained is then spread out on sheet

SYMPY MEINAAS, | ayer 5 thickness of about 1 cm and
subjected to the following climatic conditions for 24

Xy SR aL HAREILO Eimetdral iflafoadS! 1) '3 o

structural analysis of sal neterol xinafoate:

MBASHIHWe\HEY bR] sBftfhgiet ti ngs: The X-ray powder
i'agram was, obtained wthin the_scope of the present .
i Ry BAWCES d@rﬁr@ wWagpbiattedyithipyageeppe of the present invention

Lgirfg ajanmgat@& %Tmr%ge@ Aiffttidin Slet GiteeNgith aVetedsdrRetiver detector
S ﬁ(ﬂ‘ - it ur i =1,

(r ad igz-z)t?on, (%u = (1).a§4lgh%,§( tldgﬁs%\?(?@%%éﬁﬁ)r.gﬁ'?&@’@ r z;y5418 A, 40
dOWdemAYi agr am obt ai ned for the sal neterol xinafoate
according to the 20 invention is shown in Figure 1.

The follow ng Table 1 assenbles the data obtained in

Tthe %-rap eewidgs dingramaatdaiperdor thamaimeterphxinafopte ageording to the
ifvidraiaeias dhaein FHigdree! . FHelidwhgerdti@nsasdethtlds thd ddta obtained

) 0
ir|1 Mig sLe@troscopic analysis:

Table 1: Intensities (standardised) of the X-ray reflections

28 [7] d [A] o [%]
410 21.5 100
8.27 10.7 4
10.51 - 8.41 12
10.86 : 8.14 6
11.71 7.55 3
12.68 ‘ 6.98 5
12.98 6.82 5
13.54 6.54 4
13.81 6.41 5
14.19 6.23 3
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ék}g %% 100 8.27 10.7 4 10.51 8.41 12 10.86 8.14
0049838355 3 12.68 6.98 52312.98 6.82 5 13PGUEP2003/013691
6.54 4 13.81 6.41 5 14.19 6.23 3 WD 2004/ 058233 23

PCT/ EP2003/ 013691 14.69 6.03 2 15.59 5.68 3 17.23

5.14 18 17.73 5.00 3 { 18.69 4.74 9 19.47 4.56 4

20.40 4.35 11 21.24 4.18 4 22.14 4.01 16 23.24 3.82

3 2377 3.74 4 24.50 3.63 22 25.93 3.43 4 26.23

330 5B s 3 Tt s T8 2B 0 FILI

rz.?ﬁeﬁéﬁle Tablg t;eu\k;élséeu'u US Li ':Lr\ejpr;a\sheﬁrsl_i Ee °

angle o7 28 ffractfion i n gggrees 18
17.73 5.00 3
18.69 : 474 9
19.47 4.56 4
20.40 4.35 | 11
21.24 418
22.14 ' 4.01 16
23.24 3.82 3
23.77 3.74 4
24.50 3.63 22
25.93 3.43 4
26.23 3.40 3
27.34 3.26 3
28.26 3.16 3
28.70 3.1 3
29.80 3.00 3
31.21 2.86 4
33.08 | 2.71 3
35.76 2.51 3

In the above Table the value "2 8 [°]" represents the angle of diffraction in degrees
and the value "d [A]" represents the lattice plane spacings determined in A.

I1) Determining the particle size of micronised tiotropium monohydrate:

Measuring equipment and settings:

The equipment is operated according to the manufacturer's instructions.

Measuring equipment: - HELOS Laser-diffraction spectrometer, (SympaTec)
(particle size determined by Fraunhofer diffraction)
Dispersing unit: RODOS dry disperser with suction funnel,
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ue "d [A]" represents the lattice p
spaC| ngs %ét ermned in A 5 |97 Determ ning théDCnreEpzom"m36'31

particle size of mcronised tiotropi um nonohydr at e:
Measuring equi pnent and settings: The equi pnent is
operated according to the manufacturer's instructions.
10 Measuring equi pnent: HELOS Laser-diffraction
spectroneter, (SynpaTec) (particle size determ ned by
Fraunhof er diffracti ofpympaIeeysi ng unit: RODCS dry
th suctio el, 004/ 058233 24
%%ﬁ@&%éﬁ%&ﬁ%13691 (Sgﬁ%gﬁg %1§§ﬁ%$e guantity: 200 ngy
Amglushfercbduct feed: Wil Vitvatingchaonelhiliessts, Sybystac

Fream Vi nnel: rising to
lﬁOO %gy&fgﬁt?e n?%h’pl@"?%wgwg?to 25 sec. (in the

w&tiogrof s6mnlg jeedtoc all ot et sec. {nghmeasaeh20P ing)
Feoéendth9 - 175 pnm) 1ldeadn nﬁehﬁunﬁg radgeWw.91% 7% irh 51

VRS TREe “08 "Th orbet i%iﬁd n e S proobiaery o !

Cyalg siovee: 3 bar Vacuu@0 mmxi mrum Eval uati on net hod:

ﬁ?kﬁ% g apal™pl e prepar gtd,qn, {:ﬁér%ieg%% feed: About 200 ng

test substance are weigh onto a piece of
Q'QPGFS'QSB;QﬂQ anot her picegwressaskaid al | the |arger |unps
Preesteoken up. The powdgy, is then sprinkled finely

ver the front half of the vibrating channel (starting
‘%FéM“l cm fromthe MBYEHge). After the start of

Bvsuateasmegioent t he f HRLUENcy of the 20 vibrating
channel is varied so that the sanple is fed in as

continuously as possible. However, the quantity of
repa /pkidustfeesy great either, so as to

ATSH20 A T Refsapasast ar%wbgﬁa%t&ﬁm 25@89 bPgard,

articl ize of_ lactogse urin
lgcérﬂg pﬁg&er piece of card all the larger lumps are broken up The powder is then
sprinkled finely over the front half of the vibrating channel (starting about 1 cm
from the front edge). After the start of the measurement the frequency of the
vibrating channel is varied so that the sample is fed in as continuously as possible.
However, the quantity of product should not be too great either, so as to ensure

adequate dispersal.
lil) Determining the particle size of lactose:

Measuring equipment and settings:

The equipment is operated according to the manufacturer's instructions.

Measuring equipment: HELOS Laser-diffraction spectrometer, (SympaTec)
(particle size determined by Fraunhofer diffraction)

Dispersing unit: RODOS dry disperser with suction funnel,
(SympaTec)
Sample gquantity: 200 mg £100 mg

Product feed: Vibri Vibrating channel, Messrs. Sympatec
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@%@g}cg nt is operated according to the
n PEFEr ' s instructions. P Measuri ng equi prfeHEP2003/013691

HELCS Laser-diffraction spectroneter, (SynpaTec)
(particle size determ ned by Fraunhofer diffraction)

Di spersing unit: RODOCS dry di sperser with suction
funnel, (SynpaTec) Sanple quantity: 200 ng 100 ng 35
Product feed: Vibri Vibrating channel, Messrs.

Breteneg NI #eh 250660 HER003/ 013691
L'%_r]]c% of vibrati n% hanna_lﬁ: 100 % ri sing Focal
Féﬁ%t 9900 nm (neasur qtpg‘”f"é gasying rangggl.5m350 pm)

Measuring gmei: me:  about akdus 10igYir e easeeofd0020g) M)
@Elle%n‘ié-”e: 10 n8 5 Stﬁj /[stop at: 1 %on channel 28
S

ersing gas: conpress d air Pressure: 3 bar
$fep ataxi num Eval ta¥ omchanhel®8 HRLD 10 Sanpl e

S%B?éiﬁéb@@: /product f@@the800uL;200 ng of the test

Pr:
ubst ance are wei ghed onto a plece of card. Using

B .

AFSSHER piece of card 3P the |arger |unps are broken

Vigcudrhe powder is transfigiungd i nto the vibrating

- ) of 1.2 .4 mMmmis set between the 15
%@pgﬁ(mﬁéélﬂ%ﬁnel and }{Fglnlﬁel. After the start of the
measur enent the frequency of the vibrating channel is

SHG : ' as possible to 100 % t owar ds
Fetich chﬂ}&??e%d{t I'V) Determning the

AR 300 af e te st selasience jase wsighad entora piece 26 card.
OSPgiot o O1S ah t SETTSHGR, hy ier
Fod i e v@r%n%@w&firé gePidhrhAatorbdpn@y g st between the
vibriating eimanpemwl fuemel. Adtdriting stdﬁoﬁtﬂmﬁm@?t tHeefréduency of
, ndensed on the surfa

g et Bafelis beidatty 45 PO E altrmetesiie g 0B Yo gowards
the eednfiee msaswementbf the change in the thermal heat
conductivity of the nitrogen/ heliumm xture and the

évrfa[ge of .the sanple _is . . .
i etermining the specific surface area of tiotropium bromide
monohydrate, micronised (1-point BET method):

Method:

The specific surface is determined by exposing the powder sample to a
nitrogen/helium atmosphere at different pressures. Cooling the sample causes the
nitrogen molecules to be condensed on the surface of the particles. The quantity
of condensed nitrogen is determined by means of the change in the thermal heat
conductivity of the nitrogen/helium mixture and the surface of the sample is
calculated by means of the surface nitrogen requirement. Using this value and
the weight of the sample, the specific surface is calculated.

Eguipment and materials:

Measuring equipment: Monosorb, Messrs Quantachrome

Heater: Monotektor, Messrs Quantachrome

Measuring and drying gas: nitrogen (5.0} / helium (4.6) 70/30, Messer
Griesheim
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IcuI a%@% by means of the surface nitrogen

q":ﬂof”g $. " Usi ng this value28nd the weight JICHER003/013691
sanpl e, the specific surface is calculated. 30

Equi prrent and materials: Measuring equi pnent:

Monosor b, Messrs Quantachrone Heater: Monot ekt or,

Messrs Quantachronme Measuring and dryi ng gas:

nitrogen (5.0) / helium (4.6) 70/30, Messer 35

As&phag-m WO 2004/%@%@,8@5{;,%003/ 013691

dslorgat e: 30%nitrogen in heltum Coolant: |iquid
PPieBen Measuri nd'dd NitrogeRn capi |l ary tube, Messrs.

MéaBading céll: GTbH&OONlEf&aﬁﬁériybuﬁé iMasdreal. PHOKENGMbH&Co.KG

ision tical .scale:
a5aRon egfL ' 20, TR MsF Preduibn bR oo
Analytical scalee neaSLRQBO\FaIerar%tondscat ed by the
equi prent in [nR2] and are usually converted into
cn/ ] on weighing (dry mass): 10 Aspec = specific
l ific e= MW * 10000 MV = Measur ed

'M@é méa{s[]?dd valligs ar@' iNdicERss bl He éQ&QQ‘lent‘ﬁ?mﬁraﬁdoé“re usually

@5\"8&?8 ﬁntg&ﬁ'inh)éﬂ % %%QGQL(EW?‘H%IS%C Tﬁe hg glt u? i on

enthal py is determ ned using a sol ut| on cal orineter
2225 Preci si on Sol utjon Cal or| i é Messrs.
Ther momet T Te heatspet Soﬁp@p rfgcg ¢afPht ed by

g of Helg@pé)nge MW €TRaNES gd V?R@.{H’Z]ng (as a
e

BFY of the dissplying pL
ng\éhtl'n Wenﬁesﬁ ure cal cuI at ed

fromthe base |ine. Bebope= a:r@ﬁvg;fgicﬂ{fddtﬁr
broken, electrical calibration is carried out W|th an

i ntegrated heating resistor of a precisely known
power. A known heat output is delivered to the system
over a set period and the junp in tenperature is

det erm ned. 25
V) Determining the heat of solution {enthalpy of solution) E.:

The solution enthalpy is determined using a solution calorimeter 2225 Precision
Solution Calorimeter made by Messrs. Thermometric.

The heat of solution is calculated by means of the change in temperature
occurring (as a result of the dissolving process) and the system-related change in
temperature calculated from the base line.

Befaore and after the ampoule is broken, electrical calibration is carried out with an
integrated heating resistor of a precisely known power. A known heat output is
delivered to the system over a set period and the jump in temperature is
determined.

Measuring equipment and settings:
Solution calorimeter: 2225 Precision Solution Calorimeter,
Messrs Thermometric

Reaction cell: 100 ml

Thermistor resistance: 30.0 kQ (at 25 °C)
Speed of stirer: 500 U/min
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I\/basurl eqw prent and setti n% Sol ution
2225 Preci sion S@7ution Cal ori net dtCT/EP2003/013691

I\/Essrs Ther monetric Reaction cell: 100 m 30

Therm stor resistance: 30.0 kl2 (at 25 C) Speed of

stirrer: 500 Umn WO 2004/ 058233 27 PCT/ EP2003/ 013691
Thernostat: Thernostat of 2277 Thermal Activity

Monitor TAM Messrs Thernmonetric Tenperature: 25 C
Thevostat: (over 24H)ermestatial 287 dfpeonaebAciBritydWloniior TAM, Messrs

anpoules 1 m, I\/m;sgrs Ther.monetric 5 Seal: Silicon
st opper and bees Thernmonetric Weight: 40

Sol vent \ Vol une of
t%mggﬁqgreloo n @Qﬁﬁt Eer{g em,g%tﬁgo Tenper at ur e
Megoling ampodiash C'Bmhhg@npemiperl anliMessrdThrmioretri)
Sealper at ur e- of f se&hcdmttepbapmd Pagdw ey Ve ddvk aAThessamgtric

rface 50 s Thernonetric Software: Sol Cal
\()Pei - for WNDO/\B401 \%ﬁ]%atl on: Automatic eval uation
YbfyBnfenu poi nt  GALGHIAR) QN‘ew LYSE EXPERI MENT.
( Dy cal i '

nam cs of base |1ne ; ration after breakage
‘étbiumqaafwtﬁyentEl ectG0mbl calibration: 20 The el ectri cal
%atpl brat i otn t ake bce during the measurenent, once
ANdPmPERAUrEnce er the breakage of the anpoul e.

'ﬁ'émpélagtu,@r,@tsbmloafter t he thgigakage of the anpoule is
used for the evaluation. Anbunt of heat: 2.5 J 25

$edingnignirateture5680mil (HECm Khteroperatureodisblir at i on of
base lines: 5 mn (before and after heating) 30
Intesfameat i on of t H280EMRRTAMbacngsaoiointertacedy@Hag t o

the invention:  massrs Thermometric

Software: SolCal V 1.1 for WINDOWS
Evaluation: Automatic evaluation with Menu point CALCULATION/

ANALYSE EXPERIMENT. (Dynamics of base line ;

calibration after breakage of ampoule).

Electrical calibration:
The electrical calibration takes place during the measurement, once before and
once after the breakage of the ampoule. The calibration after the breakage of the

ampoule is used for the evaluation.

Amount of heat: 25 J

Heating power: 500 mW

Heating time: 10s

Duration of base lines: 5 min (before and after heating)

Preparation of the powder formulations according fo the invention:

I} Apparatus
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V\)OZ’Q]]&&]S&I&BS WO 2004/ 058233 28,4°CT/ EP20 03/0 1 30‘@E9§003/013691

The follow ng machi nes and equipnent, for exanple,

be used to prepare the inhalable powders: M xing
cont ai ner or powder m xer Turbul am scher 2 L, Type 2C,
made by WIly A 5 Bachofen AG CH 4500 Basel

Hand- hel d screen: 0.135 nm nesh size The enpty

inhal ation capsules may be filled with inhal able
JE@E@%‘&&V' 19752nd 6aviPIa B L AX@YPIRan@agbe used to prepare the
imiaalwwpa{Mdy;rs,The foll owm ng equi pnent may be used.

Capsul e fi [1ing machi ne: M, Type G100, manufacturer:
M= S.r.l, 1-40065 Pian di Macina di Pianoro (BO,

Mﬂmgﬁsm@wz_ﬁwgurmlamwmer 2T Typez; emaa@ by Willy A.
BQ&W&én'ﬂGtggptm’@gaé 3 g of excipient, 0.61 g of

m croni sed I ot ropi um brom de rmnohydr ate and 3.96

g of micronised salnmeterol xinafoate are used. In the
HasdHeld6cré@h: 0.186 mahakaRlsgepowder the content of the
active substances are 0.2 %of 1' and 1.32 % of 2.

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

T gty inriatativer caﬁwtnsglnag bea‘ﬁleharﬁﬂw inplathise peketd ddhtaining

TERBIH AR g or haeEicd7r e BENBd Fagbiprimey be used.

exci pient in batches of about 40-45 g are screened in

Cabald e t,ﬁagﬂﬁgrs The exci pient and active
%&‘_al—a—m—a ed in 7 and 6 | ayers,
@é’ pd¥Pe &l 4P '@@"L!fﬂvtf-'ﬁg” MKe Sedr L4ARS Pian ditdacina di Pianoro

(BQs keiyents are then mxed (m xing speed 900 rpn).

The final mxture is passed twice nore through a

hand- hel d screen and then m xed again at 900 rpm

Epamplesing a hand-held screen with a nesh size of

0. 315 mm about 40-45 g of 35 the powder m xture

contai ning the active substance 1 and obtai ned by the
33 29 PCT/ EP2003/ 013691 precedi ng net hod

T@@epbﬁe&tﬂé péWéersMiﬁ@*é' 993‘4’8‘ of é)@(ﬂba%hf‘ef) 61 %ggméc%msed

| net eBo i naf oa g c es of about
tigfaPi [R&Wﬂ@r fiwﬁef@ &3 4% T MrONgedisAmeterol xinfoate
asebsednioethé reﬂulba@ Gbesgy of inpdlable Péwder theadoritehte)d €se bbtive
sLBsBht8S ML 8.2 9Y6f $and 1.32 % of 2.

About 40-45 g of excipient are placed in a suitable mixing container through a
hand-held screen with a mesh size of 0.315 mm. Then tiotropium bromide
monohydrate 1 in batches of about 90-110 mg and excipient in batches of about
40-45 g are screened in in alternate layers. The excipient and active substance 1
are added in 7 and 6 layers, respectively.

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

Then using a hand-held screen with a mesh size of 0.315 mm, about 40-45 g of
the_ powder mixture containing the active substance 1 and obtained by the
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The powder m xture containing the active substance 1
958833 ve substance 2 528 e added in 7 arfFTBEP2003/013691
| ayers, respectively. After being sieved in, the
ingredients are m xed (900 rpm. The final mxture is
t hen passed through a hand-held screen twi ce nore and
then m xed (900 rpnm). Using the procedure described
in Exanple 1, or analogously thereto, it is possible

plckairtPh @EH?Jd é‘r‘éﬁilé&écﬁm@&‘@f’étﬁe Wﬂksﬁ? C?)ﬁ[hln IOI"‘Hialﬁeéjalmeterol

I nt sul_t ab stic ca

Xipaioake #gn OaEe %'@tmg @ndtae p@y@%n@xture containing the
E@tﬂﬁ@étﬂas@and&! @ﬁrﬁ BQHCH% bf QH@JLQ@IUIHB @*Wr@rs?é\ﬁed)lnoﬂfﬂéﬁté?‘ﬁate layers.

t t
T BRAR: Fitues SRETS g Ber Pstresh e die agips ybstance 2
ang adaedchin 7 408 Sdapers2(espeativgle 3: ti ot r opi um brom de

ﬂﬂ@rolgéflﬂbastl&q% Qlﬂ}% IHE!?C%%%&? Fnc?xecfge Gy eTRe hitalniBure is

| 'act ose™nono ne capsul es:
theo. RﬁsﬁﬁdZBmHﬁlhaﬁ handbebl weeMIﬁglr@om artd tbleﬂo*pixadw(S‘OO rpm).

brom de nonohydrate: 0. 0225 ng sal meterol xi naf oat e

JongdPayecsiies seapased TORAMAG T rocplocRslahipto, tis possible
toabtaireinbalable pmwﬂ%@mhégm baﬁ;ﬁo 605(?6%&)@3 nf?g{ég?lagﬂ@cmuies to
Wit aR8 2oy PR WS b BdetaneR stembE: 10 7505 my
pol yet hyl ene capsules: 100.0 ng Total: 111.0 ng 5

Example 2:
tiotropium bromide monohydrate:0.0113 mg

salmeterol xinafoate 0.0726 mg
lactose monchydrate:; 5.4161 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg
Example 3:
tiotropium bromide monohydrate:0.0113 mg
salmeterol xinafoate 0.1450 mg
lactose monohydrate:; 5.3437 mg
polyethylene capsuies: 100.0 mg
Total: 105.5 mg
Example 4:
tiotropium bromide monohydrate:0.0225 mg
salmeterol xinafoate 0.1450 mg
lactose monohydrate: 5.3325mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg
Example 5:

tiotropium bromide monohydrate:0.0225 mg
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B@apd4e056233 i ot r opi um br oni de g@nohydr at e: 0. 005|50'F/§P2003/013691

sal neterol xinafoate 0.0726 ng | actose nonohydrate
5.4218 ng 10 pol yet hyl ene capsules: 100.0 ng Total:
105.5 ng Exanple 7: tiotropium brom de
nonohydrate: 0. 0056 ng 15 sal neterol xinafoate 0.1090
ng | actose nonohydrate: 5.3854 rrg pol yet hyl ene
capsul es: Og 0 Total : 105.5 ng 20 Exanple 8:
ti ot POPIRIRI KRR nonohy dPadT @00“9125 ng sal neterol
Xi nafam&t& Dob3hydrate: | act ogE7HOmAhydrate: 9.9512 nyg
i casulles 100 O,y 25 Total: 110.0 ng
Exanpre 8 Y REA S brom H-¥8Kbhydr at e: 0. 0125 ny
Fotalol x| naf oate O. 043511n‘g)nﬁ;) | act ose
nonohydrate: 9.9440 ng pol yet hyl ene capsul es: 100.0 ng
Total: 110.0 ng Exanple 10: 35 tiotropi um brom de
ate: 0. 0125 nmg WD 2004/ 058233 31

PCT/ it gmqgraﬁﬁde Heielo.oo glate 0. 0508 ngy
pol

100, 8 wge?"r?ﬁrée 0. 0 n365@”%m| Lypy one capsules:
lactose monohydrate: 54218 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg

Example 7:
tiotropium bromide monohydrate:0.0056 mg
salmeterol xinafoate 0.1090 mg
lactose monohydrate: 5.3854 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg

Example 8:
tiotropium bromide monohydrate:0.0125 mg
salmeterol xinafoate 0.0363 mg
lactose monohydrate: 8.9512 mg
polyethylene capsules: 100.0 mg
Total: 110.0 mg

Example 9:
tiotropium bromide monohydrate:0.0125 mg
salmeterol xinafoate 0.0435 mg
lactose monohydrate: 9.9440 mg
polyethylene capsules: 100.0 mg
Total: 110.0 mg

Example 10;

tiotropium bromide monohydrate:0.0125 mg
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Q\}oé rog}i{sum brom de nonohydrate: 0.0225 ng sal neterol
82%5. 0435 ng | actose rdhohydrate: 9. 934RCTHEP93/013691

pol yet hyl ene capsul es: 100.0 ng Total: 110.0 ngy
Exanpl e 12: tiotropi um brom de nonohydrate: 0. 0063 ng
15 sal neterol xinafoate 0.0435 ng | actose
nmonohydrate: 9.9502 ng polyethylene capsules: 100.0
ng Total: 110.0 ng 20 Exanple 13: Powder m xture :

To psgRAterd RifafMEler m Xt ggosdig- 43 9 of excipient,
f m'crorH'é_sed tiotropi um bBrom de nonohydrate

0.61 0

and I?%Wegmef‘ow #t&hi sed s8 éP8| xi nafoate are

us edpolyethylemer @pslidsng 300 1@00f mighhal abl e powder the
cont?&[@&,of the active 25 sgg%t nces are 0.2 %of 1’
and 1: % of 2. About 20- gﬁm‘g exci pient are placed
in a suitable m xing container through a hand-held
BgaRfNle Wt h @ nmesh size of 0.315 nm Then tiotropium
‘D‘r‘ome—no_ nonohydrate 1 in batches of about 90-110 ngy
and {steanivetironideysoppbydiste: QHHA5 B9 40- 45 g and

sal nedleic®drokkifafoaed e i n bapoRes gy about 650-670 ng
are ESC@eened in . in alter ng % ba ers. This procedure

i s r'apesedacReIRE: Final -§9,4 %st batch of
excimlgethylehealapslegd- 23 g 109.(aded. Havi ng been
screﬁ(%grj in, the ingredi ent,lsm((f | ayers each of 1 and 2
and ‘ayers of excipient) a % hen ni xed (m xi ng
speed 900 rpn). The final mxture is passed 35 tw ce
ERAfpid’ ough a hand-held screen and then mxed again
T980r_pm WO 2004/ 058233 32 PCT/ EP2003/ 013691 Usi ng
t he USHGPEHT PECBElecPRRRY dateR893ana3, or anal ogousl y
t hersfimetdrbl xifafopssi bl e t@oabsaidg i nhal abl e powders
whi be packed into suj |l e plastic capsules to
f or ﬁg?‘ﬁ’ggﬂ?mc’&)&dﬁﬁecapsm e@%@? M%hal ation, for
exampslyethplear mapkbyle$d: ti otlPOM mon br omi de

monejytdf at e: 0. 0113 ny 110.0 mg

Example 13:

Powder mixture :

To prepare the powder mixture, 295.43 g of excipient, 0.61 g of micronised
tiotropium bromide monohydrate and 3.96 g of micronised salmeterol xinafoate
are used. In the resuitihg 300 g of inhalable powder the content of the active
substances are 0.2 % of 1' and 1.32 % of 2.

About 20-23 g of excipient are placed in a suitable mixing container through a
hand-held screen with a mesh size of 0.315 mm. Then tiotropium bromide
monohydrate 1 in batches of about 90-110 mg and excipient in batches of about
40-45 g and salmeterol xinafoate in batches of about 650-670 mg are screened in
in alternate layers. This procedure is repeated 6 times. Finally, a last batch of
excipient of about 20-23 g is added.

Having been screened in, the ingredients (6 layers each of 1 and 2 and 13 layers
of excipient) are then mixed (mixing speed 900 rpm). The final mixture is passed
twice more through a hand-held screen and then mixed again at 900 rpm.
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gﬁlneterol xi naf oate 0.0726 ng | actose nonohydr at e:
'YA84/08%2320 pol yet hyl ene cap3@ es: 100.0 ng TRRHEEP2003/013691
105.5 ng Exanple 15: tiotropium brom de

nonohydrate: 0. 0113 ng 15 sal neterol xinafoate 0.1450

ng | actose nonohydrate: 5.3437 ng polyethyl ene

capsules: 100.0 ng Total: 105.5 ng 20 Exanpl e 16:

ti otropi um brom de nonohydrate: 0.0225 ng sal netero

xi naf oate 0. 1450 ng | actose nonohydrate: 5.3325 ny

o] yet hyl ene capsul es: 10Q.0 25 Total: 105.5 o
@%\%}p‘%@ym@e%rﬁﬂeéﬁmﬁﬁ m%m!agperﬂﬁa &ﬁ?ﬁ'ﬁlﬂ%’#’é!ﬂiﬁ?gﬁﬁg't is
ﬁ@és’rﬁftegb@lbtaﬁh mgia;a%lg pibv?cﬂafil@ wm%h l&ﬁh bé@b@ﬁ@cli into sug%blg plastic

e ; olve . e,.capsul es: .
RS tffofn 158 s ind g RS TeinBRBY GaTRE BREPER orr de
nmonohydr at e: 0. 0056 ng WO 2004/ 058233 33

Eg@gqg?,/ 013691 sal neterol xinafoate 0.0726 ng

. tonohydrate: 5.4218 ng pol yet hyl ene capsul es:
100. (etrRpiumdiramide gwnehigrate OfdRome 19: ti ot r opi um
br ong igt@aplandfcte: 0. 00560 2698¢ met erol  xi naf oate

0. 10I%8tor§g monohydrate: 5.4161 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg

Example 15:
tiotropium bromide monohydrate:0.0113 mg
salmeterol xinafoate 0.1450 mg
lactose monohydrate: 5.3437 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg

Example 16:
tiotropium bromide monohydrate:0.0225 mg
salmeterol xinafoate 0.1450 mg
lactose monohydrate: 5.3325 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg

Example 17:
tiotropium bromide monochydrate:0.0225 mg
salmeterol xinafoate 0.2180 mg
lactose monohydrate: 10.7595 mg
polyethylene capsules: 100.0 mg
Total; 111.0 mg

Example 18:

tiotropium bromide monohydrate:0.0056 mg
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ct ose_nonohydrate: 5.3854 n‘% 10 pol yet hyl ene
f82823800. 0 my Total: 10835 ny Exanpl e 20°CT/EP2003/013691

ti otropi um brom de nonohydrate: 0.0125 ng 15

sal neterol xinafoate 0.0363 ng | actose nonohydrate:
9.9512 ng polyethylene capsules: 100.0 ng Total:
110.0 ng 20 Exanple 21: tiotropium brom de

nonohydr at e: 0. 0125 ng sal neterol xinafoate 0.0435 ny
| act @ efarBplivdicthe: 9. 9446 0785 e! yet hyl ene capsul es:
100.0 25 Total : _110.0ng Exanpl e 22: tiotropium
br onliaaggﬁﬁﬂ‘a 8 0. 012528188 et er ol xi naf oat e

0. 058dyethylede dapstiRse nMonohydiig: 9. 9367 ng

pol vy | ene capsul es: 100. Total : 110.0 ng
Exanﬁtg}{ZS: 35 tiotropi um ﬂBg Y8 rmonohydr at e: 0. 0225

ng WO 2004/ 058233 34 PCT/ EP2003/ 013691 sal net er ol
Bk 4g. 0. 0435 ng | act ose nonohydrate: 9.9340 ny

: ene capsul es: 100.0 Total: 110.0 ng 5
Exarfiiteopim brogideomonahydrats: 80086 meay dr at e: 0. 0063 ngy
sal neflmefroktinafoasd e 0. 04351090 nJ@ct ose nonohydrat e:

9 9%%&)@ monohydrate; 5.3854 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg

Example 20:
tiotropium bromide monohydrate:0.0125 mg
salmeterol xinafoate 0.0363 mg
lactose monchydrate: 9.9512 mg
polyethylene capsules: 100.0 mg
Total: 110.0 mg
Example 21:
tiotropium bromide monohydrate:0.0125 mg
salmeterol xinafoate 0.0435 mg
lactose monohydrate: 9.8440 mg
polyethylene capsules: 100.0 mg
Total; 110.0 mg
Example 22;
tiotropium bromide monohydrate:0.0125 mg
salmeterol xinafoate 0.0508 mg
lactose monohydrate: 9.9367 mg
polyethylene capsuies: 100.0 mg
Total; 110.0 mg
Example 23:;

tiotropium bromide monohydrate:0.0225 mg
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| ene capsules: 100.0 ng Total: 110.0 ny
&Dg@f‘)ﬁgﬁ% Powder mixture : 18 To prepare the RolgR3003/013691
m xture, 295.43 g of excipient, 0.61 g of m cronised
ti otropi um brom de nonohydrate and 3.96 g of
m croni sed sal neterol xinafoate are used. In the
resulting 300 g of inhal able powder the content of the
active substances are 0.2 %of 1' and 1.32 %of 2. 20
The gaqmdgé@p;(.nlamei S a mylious g 280.43 g of the

| act gse nonoh te nmentioped er point b wth 15
g of'%FF?éerH‘BF% %@t? | act os%gl%ﬁdﬂ'ﬂ/dr ate nentioned

undepolypthiyiend dapsilds: an avepgagemgarticl e size of about
3-4 dn the resulting qh@r ceutical fornulation
the proportion of excipient 'tr @i on with the smaller
average particle size is 5% 25 About 29-33 g of

ER ogxcipient are placed in a suitable mxing
con ain thro jh a hand-held screen wth a nesh size
f HofHapiymm bre mwoehydrage:0.096g re@ i ner exci pi ent
are sshmeestelxinBfdate | ayer s. . bhks ocedure i s repeated
ti . Finall | ast coar ser exci pi ent
e!gg%’?eﬁg@%‘ é%%‘t? added. Q%SEIHW ng been screened in,
t he paiyethdieartcapblesayer s d00€xmgpi ent with a coarser
aver .particle size and rs of mcronised
exci-f)cﬁglht) are m xed toget ﬁgb@’rﬁ% xi ng speed 900 rpn).
The excipient mxture thus obtained is then subjected

Exarhphe psocedure according 35 to Exanple 13 in order
Ft,o re aretheflnal m xture. The ingredients sieved
/ 058233 35 PCT/ EP2003/ 013691 | ayers each

Taf prepainel tie powdasmbayes 295f4aeg< 6f @kdﬁﬁibnfﬂ 064 @&af Riconised

n ee
oL K RO B ST A0S RS G0 KR s B L lrcate
aﬁgmedntm thegenillkind 3001 goﬁghahb@p@@@errth&)corﬁertﬂsnf rige Ebéve
sPbeEReE &rd o558 Beg ér[)q ?é?o S or anal ogously

thereto, 1t I's possi raln i nhal abl e powders
whi ch can be packed into suitable plastic capsules to

Tﬂ'@réndigﬁwn{ @éédw é‘ﬁu)&aﬁsﬁﬂ 280 .49y df"ﬂf'ﬁ‘@'lai‘:ttcbﬁ‘mcfn%hydrate mentioned
Uﬁé?"ﬁ t @.} Eiﬁ_g es that | 1 ow, E

{ gl HB dhyR 9L m;prﬁwfeg P MENG &#ag%menhoned under
phind tH sw6theartl avrageqrantitia Gizesef atwu Bydipad. ¢n denaisedting
pRaAhSESUt A taHifilation the proportion of excipient fraction with the smaller
average particle size is 5%.

About 29-33 g of coarser excipient are placed in a suitable mixing container
through a hand-held screen with a mesh size of 0.315 mm. Then about 1.5 - 2 g of
finer excipient are screened in in layers. This procedure is repeated 8 times.
Finally, a last batch of coarser excipient of about 29-33 g is added.

Having been screened in, the ingredients (9 layers of excipient with a coarser
average particle size and 8 layers of micronised excipient) are mixed together
(mixing speed 900 rpm).

The excipient mixture thus obtained is then subjected to the procedure according
to Example 13 in order to prepare the final mixture. The ingredients sieved in (6
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ﬁ&f@g | e 26: tiotropium bronide nonohydrate:0.01 13

%8rol xinafoate 0.0726 ny |actose PCT/EP2003/013691
nonohydrate (3-4 pn):0.2750 ng 15 | act ose nonohydrat e:
5.1411 ng pol yethylene capsules: 100.0 ng Total:

105.5 ng Exanple 27: 20 tiotropium brom de

nmonohydrat e: 0. 0113 ng sal neterol xinafoate 0.1450 ny

| act ose nmonohydrate (3-4 pm:0.2750 ng | actose

r@@gégygér?bﬁl aﬁggﬁéﬂd g iaEggé hﬁ%f&zﬂéiéﬁfrrgﬂggéﬂa@?n 'thérrgﬁﬁ;bgdéd together
. otal . , ot [

(R, aestbond 3% Tl risaitiiute B bassadt bktuslid agg-im screen

tvdce aemreramacthgdnixed (hikidg pped9@T iy 30 | act ose

nonohydrate: 5.0575 ng polyethylene capsules: 100.0

nmg Total: 105.5 ng Exanple 29: 35 tiotropi um brom de

WsingHe maoeedure 2ie5criped\D Ex@vplosHR 38 aBalogously thereto, it is

(SRS 0B35St O 55 88ecked HO e plasic
‘Fﬂﬁﬁb!?&/%ﬂoafpé'?“ f%e.f@mnar@ap%% fariyhalator fpE gxagple dp the
EgarhplEsttabt folidl, thaMermBE%ampe theHbhytirab oM pm&@bﬂme%anicronised
5R53 yadnr & tgi'nq qgc?togg mosn%lh%lta?é %!anét'e%ago%?éeer !ac':thé:G Y

Example 26;
tiotropium bromide monochydrate:0.0113 mg
salmeterol xinafoate 0.0726 mg
lactose monohydrate (3-4 um).0.2750 mg
lactose monochydrate: 51411 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg
Example 27;
tiotropium bromide monohydrate:0.0113 mg
salmeterol xinafoate 0.1450 mg
lactose monohydrate (3-4 pm):0.2750 mg
lactose monochydrate: 5.0687 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg
Example 28: |
tiotropium bromide monohydrate:0.0225 mg
salmeterol xinafoate 0.1450 mg
lactose monohydrate (3-4 um):0.2750 mg
lactose monchydrate: 5.0675 mg
polyethylene capsuies: 100.0 mg
Total: 105.5 mg
Example 29:

tiotropium bromide monohydrate:0.0225 mg



W scaloggsnonohydrate (3-4 pmdg 0.2750 ng | act
TonoNydrat & 5. 1468 my  pol yetkyl ene capsul es: K000 0Y0136!
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| act ose nonohydrate (3-4 pm:0.2750 ng | actose
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ng Total: 105.5 ng Exanple 32: tiotropium brom de
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monoiwyldetlend eibdlal®  sal mepey glg xi nafoate 0. 0435 ny
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rmnoé Fate: 9.4440 ny Wo 2034 098233 37 PCT/ EP2003/ 0
1 36 91 polyethylene capsules: 100.0 ng Total: 110.0
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EXa [ I('E)gaf'e: 0.0125 ng sal neterol xinafoate 0.0508 ng
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10 ™ actose monochydrate (3-4 um):0.2750 mg
lactose monohydrate: 5.1468 mg
polyethylene capsules: 100.0 mg
Total: 105.5 mg

15 Example 31:
tiotropium bromide monohydrate:0.0056 mg

salmeterol xinafoate 0.1090 mg
‘lactose monohydrate (3-4 um):0.2750 mg
lactose monochydrate: 5.1104 mg
20 polyethylene capsules: 100.0 mg
Total: 105.5 mg
Example 32:
tiotropium bromide monohydrate:0.0125 mg
25 salmeterol xinafoate 0.0363 mg
lactose monohydrate (3-4 um):0.5000 mg
lactose monohydrate: 9.4512 mg
polyethylene capsules: 100.0 mg
Total: 110.0 mg
30
Example 33:
tiotropium bromide monohydrate:0.0125 mg
salmeterol xinafoate 0.0435 mg

lactose monohydrate (34 um):0.5000 mg
35 lactose monochydrate: 9.4440 mg
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: 85 : 1091G g t he characteristic
val u'EcstaDI— 21.5 8 41 A q1bbmly 4.35 A 4.01 A and
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vol I > 0.14 g/cnB. 5)
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I's pag@estmomoiraenBy ueh: 0BERZmge 15%

lactose monohydrate: 9.4340 mg
polyethylene capsules: 100.0 mg
Total: 110.0 mg
Example 36:

tiotropium bromide monohydrate:0.0063 mg
salmeterol xinafoate 0.0435 mg
lactose monohydrate (34 ym):0.5000 mg
lactose monohydrate: 9.4502 mg
polyethylene capsules: 100.0 mg

Total: 110.0 mg
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l | nhal abl e powder according to one of claims 1 to 5,
004{0882%%d in that the tid@&opium1l is prcR@HEP2093/013691

an amount of 0.001 to 5% 25 7) Inhal abl e powder
according to one of clainms 1 to 6, characterised in
that the tiotropium1 and sal neterol xinafoate 2 are
present together in doses from5 to 5000pg. 8)

I nhal abl e powder according to one of clains 1 to 7,
characterised in that thep ﬁQ}Qa ?hgloglcally
acceptabl e excipient is seF rom anong the
nonosacchari des, disaccharides, oligo- and
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WO 2004/ 058233 39 PCT/ EP2003/ 013691 | act ose,
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2)or m bhaiabde pewider égcordm@rteaﬂalrmm) chasactefisedhin thiaé theblietropium

SEHRGR EQH%étfén%ﬁ'n choﬁh@r'@n sefelicy ffrt% AhERGHd Ghloride,

S e R

i nhal abl e powder according to one of claims 1 to 10.
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nﬁafgaw 2iusied| has), mtproamaermem)aré?ap&sticav&lue@ddmw #08.41 A; 5.14
A;;'ésm%} o@h@éﬁ&ts 3;&%@ gg qem&@éﬁé 4 1o 6ngy

of I nh e a

abl e ording to
claim12, characterlsed in that it contains 8 to 12ng

49f i Iﬁhél;.ﬁi& Bg?ggfgf%or&ﬁé)to |dgé1ﬁ‘1| ‘ﬁt.'ll 83 k\lvher‘éﬂ*i‘ﬁ*\eséélﬁ%terol
PR e e E P e oA Y St SDs54 SR prefarably > 0.14

d/omdl abl e powders from 20 powder-filled capsules. 16)
Inhal ation kit according to claim 15, characterised in

that the inhaler is characterised by a housing 1
Dont dnhalefle pewdehaesading ta aeckf ctaims W 4hcharaeterised én that the

s@lrﬁete%reimsfaaié za@SréMan@ﬁ s aFHcRHt ded.0d tB fogcreen 5

secured via a SCreen ousing 4, an inhalation
chanber 6 connected to the deck 3 on which there is a

g)ush lhbakble QoWd@NacﬁtQﬁldhgttb oh\éfbf?dlmmeﬂ&d? Ectmacfteifgé’d in that the
rl n nou | ece
tiREpRinf 4° RSkl dh BRRLARGt Al S ot on * 5% and &

cover 11 via a spindle 10 to enable it to be flipped

@ggr‘slﬂﬁaf%ﬂ}ét poldr AddiGh§ o ble drdiaifd H&f & "ShdrB&elis€%in that the
tiotropium 1' and salmeterol xinafoate 2 are present together in doses from 5 to

5000pug.

8) inhalable powder according to one of claims 1 to 7, characterised in that the
physiologically acceptable excipient is selected from among the monosaccharides,
disaccharides, oligo- and polysaccharides, polyalcohols or salts.

9) Inhalable powder according to one of claims 1 to 8, characterised in that the
physiologically acceptable excipient is selected from among glucose, arabinose,
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lactose, saccharose, maltose and trehalose, optionally in the form of the hydrates
thereof.

10)  Use of an inhalable powder according to one of claims 1 to 9 for preparing a
pharmaceutical composition for treating respiratory complaints.

11)  Capsule containing an inhalable powder according to one of claims 1 to 10.

12)  Capsule according to claim 11, characterised in that it contains 1 to 20mg,
preferably about 3 to 15mg of inhalable powder.

13)  Capsule according to claim 12, characterised in that it contains 4 to 6mg of
inhalable powder.

14)  Capsule according to claim 12, characterised in that it contains 8 to 12mg of
inhalable powder.

i18)  Inhalation kit consisting of a capsule according to one of claims 11 to 14
:and an inhaler which can be used for administering inhalable powders from
powder-filled capsules.

16)  Inhalation kit according to claim 15, characterised in that the inhaler is
characterised by a housing 1 containing two windows 2, a deck 3 in which there
are air inlet ports and which is provided with a screen 5 secured via a screen
housing 4, an inhalation chamber 6 connected to the deck 3 on which there is a
push button 9 provided with two sharpened pins 7 and movable counter to a spring
8, and a mouthpiece 12 which is connected to the housing 1, the deck 3 and a
cover 11 via a spindle 10 to enable it to be flipped open or shut, and airholes 13
for adjusting the flow resistance.



