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The instant invention relates to the use of
j ' salts for the manufacture of a 5
‘%%g%%§2§ﬁ¥1for the treatment of patients suf?an%?%Mﬂnﬁ
from noderate persistent asthnma. Background of the
i nvention Asthma is one of the nbst conmon chronic
di seases worldwide. It is a chronic inflammatory
di sorder of the airways. Asthma.causes recurring :
epi sodsE X TIMERDPIUM SALTSAM THERREATSMENT OF MODERATE
br eat hl essness, and cou !Eg Astgna attacks (or
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di fferent severity. Asthma severity can be
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step 1 asthma is also called intermttent asthma.
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corticosteroids in combination with long acting inhaled beta-2-agonists plus one or more of

the following if needed: sustained release theophylline, leukotriene modifier, long-acting
oral beta-2-agonist, and oral corticosteroids.
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S5patients. Summary |In one aspect, there is provided
the use of tiotropiumsalts 1 + M Me-N 1
wherei n denotes an anion with a single negative
charge, preferably an anion which is selected from
anong chl oride, brom de, iodide, sul phate, phosphate,
nmet hanesul phonate, nitrate, nmal eate, acetate,
citrate, fumarate, tartrate, 15oxal ate, succi nate,
benzoate and p-tol uenesul phonate, optionally in form

-of the hydrates and/or solvates thereof, for the

manuf act ure of a nedi canent for the treatnent of
al i chipction Sesiayentipr yn Ik prosjsle Jor 2GDeswtiveptdatuenobf patients
t :fh@fej‘lﬁgl ﬂﬁx&ﬂ n@dﬂeﬂaﬁ@pélﬁ%ﬁ% thi AV !A&%Ebprﬁl R iERiofhlr c#bhe%t of the

H%O tio g Lum Sat}d for .at]e manuf act ure
Serbnis oTER For T EhiE B HamEe e SAPRREs Jof refagent of these
fﬁa@mtmder ate persistent asthma. The conpound

“tiotropiumbronide is known from European Patent

égpl i cation EP 418 25716 Al and has the chem cal
re: + M Me-- N 1

In one aspect, there is provided the use of tiotropium salts 1

+ Me
ME'%-N

it

wherein 7

X denotes an anion with a single negative charge, preferably an anion which is
selected from among chloride, bromide, iodide, sulphate, phosphate,
methanesulphonate, nitrate, maleate, acetate, citrate, fumarate, tartrate,
oxalate, succinate, benzoate and p-toluenesulphonate, optionally in form of the
hydrates and/or solvates thereof,

for the manufacture of a medicament for the treatment of asthma in the severity GINA

sfep 3.

Description of the invention

- The instant invention relates to the use of tiotropium salts 1 for the manufacture of a

medicament for the treatment of patients suffering from moderate persistent asthma.

'The compound tiotropium bromide is known from European Patent Apphcatlon EP 418
716 Al and has the chemical structure:



wherein X' denotes brom de. Wthin the scope of the
present invention the termtiotropiurn should be
taken as being a reference to the free cation 1'. By
the tiotropiumsalts 1 which may be used within the
scope of the present invention are neant the
conpounds which contain, in addition to tiotropium1'
as counter- ion an anion X- with a single negative
charge, preferably an anion which is selected from
anong chl oride, broni de, |oque sul phat e, phosphate,
nmet hanesul phonat e, n|trMeeN mal eate, acetate,
citrate, fumarate, tartrat oxal ate, succinate,
‘benzoate and p-tol uenesuw e contain, mhile t he
chl oride, brom de, iodide éul e, X
nmet hanesul phonat e or pt syl phonate are preferred
as counter-ions. O al e al'ts the chloride,
‘brom de, iodide and ne ne§uPPhonate are
particularly preferred. Ti pi um brom de is of
out st andi ng i nportance acc ng to thg invention,
preferably in formof the crystalline %iotropium
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|ro .S t.he. art re us d to nmeasure the
%ﬁl?gh§g§%$;%JF%93F? h 1 second (FEVO. .

The nethods for determ nation of PEP and FENT1 are
wel |l established in the art. 15 The invention al so
relates to the use of tiotropiumsalts! for the
manuf acture of a nedi canment for the treatnent of
patients suffering fromasthm in the severity G NA
step 3. The invention also relates to the use of
tiotropiumsalts! for the manufacture of a nedi canment
for the treatment of asthma in patients suffering.
fromdaily synptons. The invention also relates to
~the use of tiotropiumsalts 1 for the manufacture of
a nmedi canent 20 for the treatnment of asthma in
patients suffering from exacerbations. The invention
also relates to the use of tiotropiumsalts 1 for the
manuf act ure of a medi canent for. the treatnent of
asthma in patients suffering from nocturnal asthma
synptons. The invention also relates to the use of
tiotropiumsalts 1 for th manuf acture of a
nmedi canent for the treatneﬁi of asthma in patients
with limted physical activity. The invention al so
relates to 25 the use of tiotropiumsalts 1 for the
manuf acture of a nedi canent for the treatnent of
asthma in patients with PEF -val ues 60- 80% The
invention also relates to the use of tiotropium
salts! for the manufacture of a nmedi canent for the
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5 The invention also relates to a nethod for the

treatnment of patients suffering fromasthma with

intermttend exacerbations, conprising the

adm ni stration of a therapeut| cally effective anou

B9 2807(0786% opi um salt 1. The invention al so. ré’Fng@'%“OP"Smlss

a nethod for the treatnent of patients suffering from

asthma with ni ght-synptons, conprising the 10

adm ni stration of a therapeutically effective anount

of a tiotropiumsalt!. The invention also relates to

a nethod for the treatnent of asthnma in patients with

limted physical activity, conprising the
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treatnent of asthma in patients with a PEF
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betam nmetic is not as effective as in patients wth a
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15 beta-2-agonists. There is evidence that tiotropium
brom de as a long acting anticholinergic my be a
treatment option in patients with noderate persistent
d will be adm nistered as an alterng

‘@@%@gﬁrﬁg% medi cati on wi thout having severe ag&ﬁﬁammmﬂn3s
side effects. 20 The term "therapeutically effective
anmount” shall nean that anount of a drug or
pharmaceutical agent that will elicit the biologica
or nedical response of a tissue, system animl or
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preferred enbodi nent, the invention relates to the
use of tlotroplun1salts 20 for the manufacture of a
medi canent for the mai ntenance treatnent of asthma in
the severity G NA step 3 and the prevention of
broncho- obstructive synptons in patients who are not
adequately controll ed by naint-dnance control |l er
treatment with inhaled corticosteroids and
| ong-acting beta-2-agonists. 25 In a yet another
preferred enbodi nent, the invention relates to the
use of tiotropiumsalts! for the nmanufacture of a
medi canent for the second-line maintenance controller
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In a yet another preferred enbodi nent, the invention
relates to the use of tiotropiumsalts! 35 for the

manuf acture of a medi canent for the maintenance
treatnent of asthma in the WO

WOGH 87745 2PCT/ EP2006/ 070135 severity G NA st"&&mé’z%\“ﬁ@m”s
the prevention of broncho- obstructive synptons in
patients who receive already nmaintenance controller
treatment with inhaled corticosteroids. In a yet

another preferred enbodi nent, the invention relates
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f@ﬁﬁﬁﬁe nalntenance treatnent of severe persistent 20
ast hma and the preventi on of broncho-obstructive
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prrnela.ﬁ %urg 1? 3 efhcgr% ?c%rmﬁ ng{tﬁetﬂ %f lmoderate Hersmgent asﬂu;rna m

oroace i ona

t petlene@b@mue Qersett:ahtynmﬁfén%d%pﬂfd@fd@e@t@bm dnhaled cagicosteroids.
and optionally in the formof the salts and

derivatives thereof, the s and/.or, . rate

© Rt pdetpnd et bR R PR R B el R articntar

i Witk frhiated lorey arties beta-2t dgenigts és dﬁo teconmepdadniioadves Ipafignts suffering
U BEmTRHEAC éfgtﬁeﬁ)tfastﬁm%g 'o@t@ﬁf?&&v hty s Ht%tdﬁ%' d%lez{]ﬁiﬂﬁ)%oed time
treatment of no erate tent a an 5} 0

pREpEnel LFcagpens, PO Gt Zegomjs 39 ﬁ&i“rﬁfﬁbﬂ ment the invention,
ptietefoit, Ielaleo td e @sevd t@h:mgadlysalmil fisrehamarufoant bl hedicament for
treatnment with inhaled corticosteroids, wherein the

i nhal ed 35 corticosteroid is selected from anong

budesoni de, fluticasone, nonetgsone, ciclesonide, WO

2007/ 077162PCT/ EP2006/ 070135 (S)- fluoronethyl 60c, 9a

- difluoro- 17a- [(2-furanyl carbonyl)oxy] - 1113

- hydr oxy- 16a-net hyl 3- oxo- androsta-1,4- diene- 1713

- carbot hi onate and eti prednol - di chl oroacet at e,

optionally in the formof the racemates, enantioners
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10 In a yet another preferred enbodi nent, the

invention relates to the use of tiotropiumsalts! for

t he manufacture of a nedi canment for the naintenance
treatment of noderate persistent asthma and th

WP YERT%h of broncho-obstructive synptons |HCTmmﬂm@UmL5
patients bearing the Arg/ Arg genotype at codon 16
(chronosone 5)who receive al ready mai nt enance

controller 15 treatnment with inhaled corticosteroids

and | ong- acting bet a- 2- agoni sts, wherein the

Ion actln bet a- 2- agoni st _i s .sel ected from 9
s B ISR of s P i PR BRUe O ding PRIt symproms
caassbué eft@éanm:dt enthutledal hetd Bagtestol , f or not erol

hexoprenal i ne, ibuterol, isoethatine isoprenaline
| evosal but anol , mabut er ol mel uadri ne,

n-Efsra@p@ﬁr@? @mermg?rglaﬁtp@q é}pqdﬁ:@] tr?ﬂtrp% tm@ihdqomcostcrmds in combination
p’ﬁvﬁﬂi adripr zﬁthng BEQ@QQigGm@ds is rEEbd@ended b prixelsiryRentroller therapy. However,

¢ PRt Gt PRl pep i s 0 Y 3R b sympoms

2065itor! Tararped rw;th inhaledgorigosgpidsiupembingion gufhglong-geting beta-2-
[ gddﬂYs%r X Mot émbyﬁh@%tﬁhémhyﬂfoﬁxﬂﬁﬁfoﬁ{ lrel 2B ¥HS) use of tiotropium

538.1% é_}glr @?]namégﬁ%{e_o)ﬁé} Ak t1) Ji;ﬁln ér’aeﬂ%grliltl off C1)'15](§:’21{élratc perdistent

1adtiyrolx ooqatients mo]wmgddilywm@@m—ldﬁmitm dombined gpgtment with inhaled
S %ﬁas? dli8ngthding beladr-adchist

ﬁen%f o£§ pr%py %uephoﬁélﬁgthylk

am no} et hyl k2( 3H) - benzothlazolone 1-(2-fluoro- 25

Akhy gt axythdreimsfdreerhbd{reraha invemian otlydy todhenetehf fioRefum salts 1
uh%f lt‘&nlln 98104 e&lgi;lﬁ r%%or the amt ]L}Tnce treatment of moderate persistent

hoxy nzy am no

e n
[ astha prgkibe picwension gk LOQCIWE?‘P%‘T@Q’-C%WHP‘QWQM PRSTPRE RARGIC ot

_ 1adequately controlled by maintenance controller treatment with inhaled corticosteroids and

20

30

35

ﬁﬁ' qf§ﬁ¥_3 0x0-4H-1, 4- benzoxazi n-8-yl1)-2-[3-(4-N
?ﬁ% ﬁb%ﬁenyl) 2- et hyl - 2- pr opyl am no] et hano
1- [ 2H 5- hydroxy-3- oxo-4H 1, 4- benzoxazi n- 8-
Yﬂrﬂ a et afu?ther preferred embodmlent the 1nvent10n relates to the use of t10trop1um salts 1
F R e O A
ygfjveﬁt-y GIBA (teb handathe: ytegm;t}@h@ﬁy@nclz}— cﬂwhmgymptoms in pafients who

péx@ ﬁﬁgﬁ‘:ﬁ;l thaRed b maintenance controller treatment with inhaled
H 5- roxy- 3- oxo-4H 1, 4- benzoxazi n-8-y1]-2- {4-
[ gqmcostermds arid lono—actmg beta’2-agonists.

' met hoxyphenyl) -1, 2, 4-tri azol - 3-y1] - 2- nethyI-Z-butyIanf

I ﬂ1 d; xgett g%%?ér é)rfgelji] n(t,]theisnv%o? r%atg eto the use.of tlgtropmm salts 1

0 ropy%an1no% nzoxazi n
or ﬂ@rrgan ac(‘ua{e medigarpairt gyrdhq-)second fine maintenance controller therapy

t for ileuRhiRiby RBes berdisteat dstmipit Y1 ar ni no) et hanol ,
1- (4- et hoxycar bonyl anmi no- 3- cyano-5- 35

fl uorophenyl)-2-(tert.-butyl amb) et hanol, and
N Rydtgairthorypr&enfdd mmdgngnt,zhc Igent[or; .relgtgs to thgDise of tiotropium salts 1
2000 ﬁ{cqgﬂ@l%ﬁg éfEaD AOBEARAR 13 3he maintenance treatment of moderate persistent

_hydr ox henyfl - et h

Sy 5 TR yOF B VRIS LB R G AP It DRSTP S EsEive
t iﬂﬁaadﬁﬁ’ﬂiﬂﬁrﬁﬁqe doheolén arbtimenewsh irhhled dirasiseradsrer s and
optionally the pharnacol ogically acceptable acid
addition salts and the hydrates thereof 5 In et .
aliot Yé poqshaestersyl plodimensrhe invrhon xelalft odhe ok figgopium salts 1
t fr thenas@coie &f Omedipirient $& themiinfensnct reatmamuff acthonn én the
of a nmedi canent for the maintenance treatnent of
severe persistent asthma and the prevention of
broncho-obstructive synptons ig-patients bearing the
Arg/ Arg genotype at codon 16 (chronosone 5)who
recei ve al ready mai ntenance controller treatnent with
i nhal ed corticosteroids and | ong-acting
bet a- 2- agoni sts, wherein the long- 10 acting
bet a- 2-agoni st is sel ected from anong banbuterol,
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20

di met hyl am nophenyl) - 2- net hyl - 2- pr opyl am no] et hanol ,

1-[ 2H 5- hydr oxy- 3- oxo-4H 1, 4- benzoxazi n- 8- yl]-213-

4- met hoxypheny1) - 2- met hy1- 2- propyl am no] et -
QPgn@T”ﬁidroxy- 3- oxo -4H 1,47benzoxazin-¥§?§%fpé?mLﬁ
[ 3- (4-n-butyl oxyphenyl)-2-nethyl-2- propyl am no]

et hanol, 1- [2H 5-hydroxy-3-oxo0-4H 1, 4-benzoxazi n-

y1]-2- {4- [344- net hoxyphenyl)- 1,2, 4-

trlazol 3-y1l]-2-nethyl -2-butyl am no }ethanol, 5- )
r ox
nyar oDty b s RYLLY £f LRED: SRS PP ip ients who
) reotiee alfeadyl mmintamea@-whirgifep tfatment w1th inhaled comcostcrmds
trifluornmethyl phenyl)-2-tert.-butyl am no) et hanol,
1- (4- et hoxycarbonyl am_no--3-cyano- 5- . .
f PLro¥es gk Pefeoracicarodinsgt 9111%%*’?{@%{%{%0@%%& of tiotropium salts 1
Nedlr ﬂrehlyﬁmﬁa)cyréef(a]mbddcﬁmmy £ the{ Painfedance treatment of moderate persistent

t %tﬂ{}%{ Land o‘fp Plk}ge%tﬂgy b BIBH&%YAQSHM{%@gﬂnﬁ%ms @Ipflétﬁﬁé |16 rkdbive

e racenmat es oners,

dilepste rebiERRCe ARELRISE AP Wit whalpd B‘HHF??&E‘E}% gwheﬁu} (e inhaled
ag&aRIseRli @ isaeicticaddint dr@dhg%ﬂédrﬁso&md frbdnidoyelrbatigscortpropionate,

t et th

Eg%ﬁ.t%fg%hl Bg?lg%i ae@ omet ralsﬁl e, &%ﬂ{cﬁl%%or%gb ?ﬁdﬁ?@‘g{le ﬂtuq&:sone
f mpmehsomdﬁmtdqr@ﬂgponaden@aﬁ léén@mmetbasomé5> fluoremethyl 60:,90t-
”&ﬁ%x%nmpﬁz Hﬁ%ﬁlé@tﬁﬂn Déxy10d BLIRdRxPABEL BEELS- 361 MRosta-1,4-

LU TR A AL, VB 1 e
( ofu- nreﬂgb&e:x&)lmhmomemémxyeammse}ah? diva¢-17 Brrarbothiong@and
2&%«4091%%&1@1%5@[:&5 1% P9Rb0 86 1)3 %pﬁ@lﬁtl Qxll e Forn] §6h&BREmates,

cortlcoster0| ng
A s G g ‘h%’ the salts and derivatives
bgkRof tagobiats ahdoskldedsaerésfom anong fenoterol,
fornoterol, salneterol, CHF-4226 (= TA 2005 or
carnoterol, ), 3-(4- {642 Hydr oxy- 2- (4- hydr oxy

. hingr I‘ﬁ}tyﬁﬂ‘ﬁhﬁﬁ yprefeyrashambodinang) theinyention ég(l?tpg)wf}le m%f fiptrppium salts 1

20

25

n?o@ ﬂ%ﬁﬁﬁu%&@éfbﬂbemetﬁcm{l&t 2.0 mﬁm@lnﬁtchyﬂeatment of severe persistent
dl‘ﬁ]&ﬁf z?nﬁiytg prg}(]e 1011 of F quhg)z Stl'lel%lﬂ gf%nﬂyg Ba%%ts Wi receive
aaireradj m@wpm@lm Upatgent with mh ed cort1coster01ds wherein thé inhaled
(AOIQ@JAQ%{& @Lasé@keé&}m%z ﬁ%l A h@@wélaﬁuﬁggoﬁé hﬁaﬂ%&mol&ne
I OX 0X0 enzoxazi.n-

g TR A A ﬂgffﬂ?f K f it s b hasone.

| (S)HFruofadiihyb 6ty diXlyerd-1 7oxi62-fiiarlyldrbdpghogt da B rydgsy-160.-methyl-
ykloxo b 1(44dleﬂéeﬁlgof<&éw&%ff&é (§y &E&Jayllefrahydro- furan-38-yl)60t, 901

propy anlno
Mrlas@y w@w BB T Pr@lw}%ﬁ-mﬁfgsm-l 4-diene-17f-
( élaxvothluhaztb axy alpeaind) dizhlombbstdte 2ptipdlyyih #rei fom ef thenokmates,

4 -[ %nallﬁ%ners o%( %a&erxorﬁer? $rébtada g’pth)%%pfﬁatﬁé R -of Hle Atts 44 derivatives

30

35

x§pteet yite) solvages and/pr bdsptessthorept 2- et hy 1- 2- but yl ami no)
et hanol , and N—[2 Fydroxy 5- (1- hydroxy 2- {2- [4-

ﬁ"ﬁ’y d re 0 @%br%‘ﬁ%é{n %%% fn'gg t 05 frlgl t¥ {Oﬁ}lg ¥Ae%lpt1rclﬁgpmm salts 1

t foe tlreanmﬁacasq oﬁ hraedipmmanit Qsmamwéa@p @@@mm@ngdempmsm tent
%gﬂrﬂd']ﬂdl tHe fnla@enﬁbﬁ‘ Bﬁﬁ%ﬁé&%&ﬁf%%e%%ﬁﬁhﬁ atﬁa‘ﬁtsdwvho receive

b@f‘%&f}l{ ggg%q?%@gqs?é%gg%l {}é\tﬂff h.gglalﬁ(&s er01ds whereln the inhaled
f corti@mfserad js @Mﬂmeod@ﬁﬁle( fratitAsop@,0Bometasone, ciclesonide,
carnoterol; ), 3-(4-1612-Hydroxy-2-(4-hydroxy- 3-

hydr oxymet hyl - pheny1) - et hyl am noThexyl oxyl - buty1) - ben
zenesul foneam de, 5- [2- indan-2-ylamno)- 1

- hydr oxy- et hyl ] - 8- hydr oxy- 1H qui nol i n- 2-one are, and

N [2- 20 Hydroxy-5- (-1-hydroxy-2- {2- [4- (2-

hydr oxy- 2- phenyl - et hyl am no) - phenyl ]- et hyl ani nop

et hyl ) -phenyl | -fortnam de, particularly preferred,
optionally in the formof the racemates, the
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WO 2007/ 077162PCT/ EP2006/ 070135 Particul arly
preferred are the salts of in the case of sal netero
sel ected from anong the hydrochl oride, sul phate,

henyl ci nnamat e, di fl uorophenyl)salicylate ggﬂE
V%?%Q?gé of which the 4-phenyl ci nnamate, 5- P2006/070133
(2.4- d|f|uorophenyl)salicylate and especially
xi nafoate are particularly inportant. Particularly
preferred are the salts of in the 5 case offornotero
selected fromthe hydrochl oride, sul phate,

h g’gﬂaﬂ%%fyg g& @ﬁl %Lflu namral?gt 2"%?\%%%?%?%’]3 1leB -hydroxy-160- methyl—
p&"’mmam ¥ 4511@166}7@@@11)@10@%@%e&qt@ﬁdpohq@&rpgﬁ@g optionally in

age 96,6l S¥nd &cétﬁﬁeé @f(zﬁlﬁbm@l@ o'r &a@@[eﬂﬂé@ fi@kedf Uﬁfﬁb;&ﬁoﬁally in the form
di hydrate fﬁp onnot er ol gﬁ ;O Any

r & 87 sfs and derpRBv S s Ye 5S§V%§Soarﬂ Al nils®

S0 |ng?udes a
- ahe rednescetto sttvidsrindleiea ntrefercaget to empsadts or derivatiyas gydrates or

t gﬁ%a‘?&fthérgofqvﬁﬁ&t %g)p%?ﬁeﬁxﬂm&cyf BERIb1d Jﬁﬁs hﬂ&’&?ﬁrh@@s of the steroids

tiotropiumsalts 1 for -

e e S on BB URTIPRIF “THE™ CF BRI i, slphobenzoates,
Wﬁldﬁpl@dt& peiisithhrentacasath propidratesj dihytdnezed pherphiten palamtates,
d&e fupoa_eferably children younger than 14, nore
P%'era y younger than 10, even nore preferably
younger than 8, preferably younger than 6 years of
afifs ydt AnAhdPrdféreatl ciiboRidine rth@ﬂv@ﬂibﬁ) thldreni diduese of tiotropium salts 1

E% d i eﬂﬁ%{ e %gﬂq’]ﬁe@ﬁt ea@fosr A Eegz(nc?ggz%tﬁ&& o%qx%dgﬁfe persistent

I on re
aﬁmmrmdtth@predemse obbropéhet ehspieiive SENptemp dn patigpis pearing the

g?g:%:nbf}gé ¥i Gdgd 16 @:%fﬁm{ﬂfs@{n@ KRR Yredeive 2ady Bainf¥BirRe controller
rerera 0 ro

T it b R teHER prta ey i rin e one

r e&tﬂlg ®stat Dagonat afseleend fivinomen g utbetepd], hambuteogi bitaltswl. tbsoxaterol,
3\9?1%51%1 Qleﬂﬁﬂter%ﬁ(f&o't &i' %‘1‘1@9@1‘01 %§§pr§hahne1 Qbde@81, Rbetharine,

m ni st er ed I n anot her asoec%hn
t weprsne@@ﬁpvqsmw% Rabtesl gae Wnpﬁén%ms?ts%ﬂt PGpEgame,
USbuMiel, 9fdclaﬂefw reproferad T B ER kitirite, anlenesiol sala¢femeld soterenot,

ag@&@%{ﬂe a Sc’lght{eﬁi ‘aﬁﬁ@téﬁﬁﬂ&@ﬁ BRiF- ﬁjf% (—-lT'A AHBLR E4rmoterol; ),

tron relates to

aH@Iﬁﬁrérh,t Kﬁheld‘l&ﬁe(‘\nﬁe Pelpdrone244-8ydopt %rﬁyérarrfget&ylaahsnﬂ)-

f 1&1@10%@ 1&»@}tﬁiﬁyumérﬁbmul@5nem?ldte he-[Bv&6iDighy30ddds® ylamino)-
0 1.Otro acco n

R R s Rl b RE R el g

f phm@téthommfc@ryﬂmlyhmeeﬁuyﬂfaaues}ethﬁﬂe’a(3fﬁx}h¢lé¢th@z@10%é (2-fluoro-
e gtﬁgé)%g@ktﬁgo 2 sz Fabéﬁz‘imﬁﬂé(ﬂ ?-Zﬂﬂé’ctﬂggzsblﬁf/laﬁxhﬁ]éﬂﬁlbl/ @-[3-(4-
R IR S I U AR s T 2
eaﬁﬂylamm:qétﬁaﬂoatle[%hehydxmp§fmnd&h g4anmmazlmﬁ YES2-{H(4-NN-

B T

30

tb@tZPWilfh%YHaﬂ Bs(4mgihexypheydr 2By S dwrony
ageane)-BOxs-aH Ne tefvamdin-8ry1BY-[3-thalbatylcpphekal)- 2thetgyl-2-

t
N e
i nhﬁioamlenjdb\lﬂelr maz@r?oﬂmlaﬁhylc?ohwtﬂmm@eth@% O pgroxy-8-(1-
byt Ef1re BerzBh@inadd [48]) Sk UL (40 Sino- 3-chloro-5-

n IabI r in ent i

mf?ws:tﬁgg % f ﬂamuﬂoa?tﬁ@ﬂ‘i SRR masping-3-cyano-5
Welbroplepnsi)-al- Ot mmlqzmag)cépndbm X2 Hydewny-s: ei\mlmxw 2-{2-[4-(2-
the scope of the present invention, the term
propel | ant-free inhal abl e sol utions al so includes
concentrates or sterile inhal al8le solutions ready for

use. The formnul ati ons which may be used within the
scope of the present invention are described in 10

nore detail in the next part of the specification.

I nhal abl e powders which contain 0.01 to 2 %
tiotropiumare preferred according to the invention.



tiotropiumin an anmount from about 0.03 to 1 %
preferably 0.05 to 0.6 % particularly preferably
O 06 to 0.3 % O particular inmportance according to -
e invention, finally, are inhal able powder
?%??“ﬁbout 0.08 to 0.22 % tiotropium Theﬁgﬁ@%%&gWOBs
of tiotropiumspecified above are based on the anount
of tiotropium. cation contained. 20 The exci pients
that are used for the purposes of the present
I nvention are prepared by suitable grinding and/or.

SRR et i b Blend L ST R B OR Bthpunt Soional
bta tipe ﬁonu oéthe gdcentsis phe magtzvm#réﬁh@ﬁlést@tswaﬁﬁ%@ad Bﬁgﬂonaﬂy e |

ﬁg&bﬁy &&Eptﬁwlélﬁélu QB&i6S] salts hi®me nydaratheparticle
S|zes Exanpl'es of physiol ogically acceptable

exci pients which may be used to prepare the inhal able
plawder snditer preSerddrenttivdinianh dhesinyesion sddesdpep wse of Aefropium salts 1

' I%Y § 51 D0 LA %%5@%%9&? el rﬁzﬁﬁteﬁﬁlcg treddmURQE 8evere persistent
fructose or arabli nose) ?FCC hari des &eﬂﬁﬁn ac %ammoﬂw

sutherand 4 Preven ok e bfP’i‘C@Haﬂ SRV SYTRIBDS Yhigptients

p@ig{/ﬁ@%@h@@d}h&&odm 1 (cHextosans 5) vdextedirsalready maintenance controller

gl a%ﬂqd t'i]'uﬁhale%tc%ﬁt?&s el%?&s %ﬂh?&%)acgﬁﬂ)é@b%gﬂgé #erln the long-
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manni t o odexirins

aac@yg bm@xaegpmﬁt is ﬁ@ectedcﬁm 8IgR% P?Ipwtersz Eg}%lr%%}e%m%ﬁol

r@&ﬂﬁaﬁ{erolff%note@}/ Ghignoka¥l, héddprenaline, ibuterol, pirbuterol, procaterol,

Jfﬁ%%ﬁ ‘%('algd?’ﬁ kc?%] te?n?ﬂaﬂge Q&h er(a?c@ﬂ: 4226 (= TA

c:moa o demotsadlr), afmc{éf[ﬁcﬁh)air@y 26t hhdrsmu%vélsfdnomgﬁ@bﬁ phenyl)-
FrLef15hab] }iexyﬂﬂ P-buli)- Qén%{éﬁhﬁihbﬁﬁﬁe F-B- B DietWhiddan-2- ylamino)-

* phirdiEar gy oo BT BTy R PR B

t preznyleihycly)atopgilsufigrony Beth plijtapied sthyll-2( 8- hangethinrdene, 1-(2-fluoro-

V%%%%g&ﬂagn)&)hg [gﬁf Wft 1Y.2 Bh&EANI R Ay 18R GHORIRAbE, 1-[3-(4-
t Wethpyhanzvh P ing ddids Bid 006/0 ﬁ g %Nt oD %ﬁ*‘f%ﬁ h?/L%
EMBYIRh B Shanaly ¢- [&H@xyctrum noes-dije] paetioshzn 8yHe2-6F- (AaP,N-

1 -3-0%0- -
p&g}egllygag}n%o}% Xﬂgﬁ%ﬁéfléd By n@ﬂ@g&nﬂwgleﬁiéﬂm §Sonet1:€9¥6xy 3. % 4H-1,4
apProBEin -@1]12d3a(édn¢thwphé@dl)r}’r Bthyk£- QEQHY@HED‘W o Z 13-

AN R AGE3-BRI-HHC £ bérzdRazf 8;571]tp[39(mn botyloReplexgl)- pl-lﬁﬂhj?l 2-

e onE AR So RS Rl D5l X! PEDLE.ALE AL20

'hmeﬁmmhémd)el 2 PhiwiazotSr die- rmhxlﬂcbléylgmz@}ﬁha,mbé hydroxy-8-(1-

11? \f;s\%pﬂégylgﬂ%@ﬁ%d?; H:Aomzdnﬁzﬁltae(%niogﬁ ,C]I; (- §rfit0-3-chloro-5-
o?@@me-ﬁ‘éh )< teRab lptﬁlﬁlggg&e}gmﬁg e?o%g%aggo&y a¥dn%0 B cyano-5-
tﬂﬁ)ropqmm thb,rt -blnytaoihs)edanl yalal-[2- HefdltOPiEﬁF(drhydeY-z {2-[4-(2-
bﬂ cﬂ%x%rez gﬂg}é’géﬁgﬁ 1%4'9 é)ﬁghﬂ]setﬂg%ﬁ{o%lﬂiﬁl)gﬂ@ﬁﬁﬁ?ﬁfﬂaﬁﬁ% optionally -

an av sI'Ze é h
p@rttm foum pf [the rm@aé%a@wnw‘ame@ dsﬂéﬁfeoF@fSaaﬁ &gtignglly the
Xl ity abdcstabilearcidciddition salexatjechy W3 2136839,
par agr aph B). Processes for grinding and n1cron|S|ng
active substances are known fromthe prior_art.

nbn syeeidther ardforyst aphadanens,ibe piverton Felbiexiochs wseid él&tf%@um salts 1
t hR tRXBARERRLs of 4 m'e&cﬁﬁé’rft FeUhafmhitcpiet ealleat dfanodeeate persistent

exci pi ents whi ch. ha n rticle sjz

oA Copoy G o) BB en R uBnG Enpighis T pflengpeariitine
aﬁg/ﬁggqnatypﬂ: afl a@dgi 2@ (dhsormsane Shabe rechive 5@35%’\%11@}@136@
the vol unme distribution neasured with a |aser
di ffractonmeter using the dry dispersion nethod. The
average particle size my be d&term ned using nethods
known in the art (cf. for exanple WO 02/30389,
par agraphs 20 A and C).- Anal ogously, the 10%fi ne
content in this instance refers to the 10% val ue of
the volune distribution neasured using a | aser
diffractonmeter. In other words, for the purposes of



The inhal abl e powders according to the invention are
characterised, in accordance with the problem on

_=mh|ch the invention is based, by a hlgh degree of

peity in the sense of WO
‘EB@‘)%%%WCT/ EP2006/ 070135 the accuracy of TSTAGESe/070135

doses. This is in the region of < 8 % preferably <6
% nost preferably <4 % After the starting materials
have been wei ghed out the inhal abl e powders are

"~ prepared 5 fron1the exci.pi ent and the active
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C iifibioPBen§D rsmtynib Agidoh taicRh@licl @spaleexnas 6piheiabgelentioned
e adﬁk§ﬂ§tered usi ng an inhaler as :

the.i nventi ﬁ §t° £ 8
s ABRT#0HST B PSALPTRIEGSFe 1 of WO 03/ 084502 Al
VO 2007/ 077162PCL1EP2006/ 070135 whi ch i's her by
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B e L A R A

wphanlylcumlal;natnvj -4 diffuntopherptsdeylag, selatcedd winafoate are preferred.

screen housing 4, an inhalation chanber 6 connected

to the deck 3 on which there is a push button 9

provided with two sharpened pitts 7 and novable 5

counter to a spring 8, and a nouthpiece 12 which is

connected to the housing 1, the deck 3 and a cover 11

via a spindle 10 to enable it to be flipped open or

shut and airholes 13 for adjusting the flow

resi stance. For adm nistering the inhal abl e powders
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15 of the capsule materials which is particularly
preferred according to the invention, it is
preferable to use polyethylene with a density of
bet ween 900 and 1000 kg/ nB, preferably 940 -
WRHHEY TI8r e preferably about 960 - 970 kg/ ng ﬁ@pommn&ms
density pol yethyl ene). The synthetic plastics
according to the invention nay be processed in
vari ous ways usi ng manufacturing nethods known in the
art. Injection nDuIding of the plastics . is preferred

ﬁg N ﬁ‘%ﬁa? di %gﬁéé) artg € 5 Sa din t?l@ Casla%lf ?zﬁxtnkl.%fbl E@&Ht&i' f%n among the

ease

ﬂa’fdtQCbLolndc |sylppatef éfphe@rlmmaﬁnsatqrét (ﬂéddlﬁﬁorﬁphfaﬁléﬁaﬂlaﬁa@ and
wWehdroglefdrigstnand 4 eﬁﬂ@ihﬁﬁﬁﬁé issedt- @Mubﬁ)lpﬁ@yl)sahcylate and

particul arly reproduc] 0 r 183 t

pqsggcéq%l(y xigad Sﬁalit]glﬂgﬁ% émleod‘gxpﬁ Bal!t fe%ted a%ethe salts of in the
aasswhhﬁnmhmbhiﬂﬁﬁdbnudmdwﬂhshbbémémm@ﬁ@ﬁ@mgwmmﬂwandﬁunmam
' 6}'1%1?1? ng&%’l%n@é? ﬁ%&‘iuﬂ&a{e%a tﬂtﬁné_rﬁlt‘é%fg petbulFly@sderred. OFf

capsu cont ai' n_abou f.erab
a%@ntlosalﬂam%% acqopling oria¢ E‘r"slm? ‘%g‘%%'f’gﬂ’?%mfite %Jhy‘c’ffat‘" or

i phabdahl Berpouslette hPdafeer r ed fornul ati ons accordlng to

the invention contain 4 to 6 ng of inhal able powder.

O equival ent inportance according to the invention

afey tebseng éxsthe g et Pagomst alipitealided ArdriRnderda the relevant

f QbR oS @aeomdicsg to the invention in an 30

amount of from8 to 12 ng. The present invention al so
relates to the use of the abovenenti oned capsul es

Char yae tusathez ethbbgimentba insnntion; ralaierap i1 use pbpfgpium salts 1 for the

aﬁ&ﬂffﬁ’duﬂg of 8 nfelR akBMEHH the Reatfn@hit dF rrﬁcﬂﬂfa'td]@:rﬁstent asthma wherein the

ar maceut | cal for tr
DERET GG AR G TR SURTH SaeSa e R PR Sygresr an 10,
2607 htd fR2PETY FRIQAGHhOVE IBTemblylyoungsa fun Oasariff eg¢- In a
d @h%cgl% LRI AR of
[ ﬁ %41%}3%&%}% pro c%ém%;@?rglt%ﬁods kﬁoé\igh%n(r? )E he Oa?%e
by filling the enpty capsules with the inhal abl e :
Emhafh%r apearil Ilii‘@sehomtrdflﬂlon malated joahe afBreanpli@sd ofe of tiotropium salts
w lgli%?llé%eeé Q'ilcﬁd iSidudl Mosd ﬁ%%e?z}‘éﬂyﬂg %ﬁg&h@é &Xlﬁybo 15 pg of

presen ention 1 n etal
| V\mtfrmnm Lease Mkmm&ﬁﬁgefi e A%%%@SR?F‘E th, Qroseny UHERH TPlates et
e%f%f%dnﬁb‘deﬂgls@mm Salts athefch pawtactld Midval dose 5 - 10 pg of

menti onedq, exa&g{e dicate the anmount of active
|Hﬂ?§ﬁ¥% arg RAHSERer mi xture of 5.5 ng The person
of ordinary skill in the art is able to prepare | ager

aﬁpﬁa[&hé Qﬁtp sekaaﬁﬁ&tzaﬁ ré1hes mﬁ@aiatdhaﬁmmagusa/@ncmn the
ornmu

t fied I
e R YEE B RS HiGov ot

m@baaheepkesmcinmmn reldthetonbe tiopmeatiencdmst sherehrth¢@otropium salts
fille iakadien W th appropriate
|% ggg&&lfﬁiga% ‘ﬁm%gggnatlve f%é ment i oned
-exanples can be used with nultiple dose dry powder
| Ubébﬁﬁ(ﬁrobfd@ﬂia&k 1 adhesieg MORBE snventivinaineludds ehqpowdé theisplvates and
r E%(g]? ‘h?é Forme pr&grag]&stﬁé hiratd0 tmo@féﬁﬁ%gamﬁ ﬁg monohydrates

ropri a devices ar in the art

- Formul ation Exanple 1: 20 tiotropium bromde

MBRRRYAH R SnAnBZd IhdBktive iR tcd Mt B @iadstred pﬁg;mgle dose as
specified hereinbefore the skilled artisan may easily calculate the corresponding amount of .

for instance tiotropium bromide and/or tiotropium bromide monohydrate.
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W??ﬂo% %m brom de anhydrate: 0.0111 ng |acto

Formul ati on Exanple 2: 25 tiotropium brom de: 0. 0226
ng | act ose nonohydrate:ad 5.5 ng Fornul ati on Exanpl e
3 ti otropi um brom de anhydrate: 0.0225 ng | actose
e:ad 5.5 ng Fornmnul ati on Exanple 4: PCTIEP2006107013:

rmnohydrate ad 5.5 ng Fornul ati on Exanple 5:

ti otropi um brom de anhydrate: 0.0226 ngy | act ose

nonohydrate: *ad 5.5 ng *) the | actose contains 5%

specifically added fine content of mcronised |actose

nmonohydrate with a nean particle size of about 4gm
Formul ati on Exanple 6: tiotropium brom de
niBhotypiiesalis  226prafgrablicidoteisirsA epipadiag & thedpvsntipnRy inhalation.

i—g%rt tiélrs] {pﬁl%oéea%%ﬁ'oﬁlgﬁﬁ sﬁltm hBR%6 pe ptebme@iﬂ Mhﬁﬁiﬂe tbrfik NEhalable

' pgrppe}rgt}ogs puely &5 nk}%%ﬁow%ﬁﬁsg&ggp %Jgaugrrl]g El)vic\/{enn{g aen?so"ils or

2Ptopatanc freinhidaldersaletionishjrdekble: pOWd@l agorne (o the invertion
containing the t1otrop1um salts 1 optlona]ly mixed with physiologically acceptable
excipients, Within the scope of the present invention, the term propellant-free inhalable
-solutions also includes concentrates or sterile inhalable solutions ready for use. The
formulations which may be used within the scope of the present invention are described in

more detail in the next part of the specification.

Inhalable powders which contain 0.01 to 2 % tiotropium are preferred according to the
invention. Particularly preferred inhalable powders for use within the invention contain
tiotropium in an amount from about 0.03 to 1 %, prefefably 0.05 to 0.6 %, particnlarly
preferably 0.06 to 0.3-%. Of particular importance according to the invention, finally, are
inhalable powders which contain about 0.08 to 0.22 % tiotropium.

The amounts of tiotropium specified above are based on the amount of tiotropium cation

contained.

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

mixing excipient fractions of different mean particle sizes.

Examples of physiologically acceptable excipients which may be used fo prepare the
inhalable powders for use in the inhalettes according to the invention include:
menosaccharides (e.g. glucose, fructose or arabinose), disaccharides (e.g. lactose,
saccharose, maltose, trehalose), oligo- and polysaccharides (e.g. dextrans, dextrins,
maltodextrin, starch, cellulose), polyalcohols (e.g. sorbitol, mannitol, xyhtol) '
cyclodextrms (e.g. a-cyclodextrin, B-cyclodextrin, ¥-cyclodextrin, methyl-B-cyclodextrin,
hydroxypropyl-B-cyclodextrin), amino acids (e.g. arginine hydrochloride) or salts (e.g.

' sodium chloride, calcium carbonate), or mixtures thereof. Preferably, mono- or

disaccharides are used, while the use of lactose or glucose is preferred, particularly, but not
“exclusively, in the form of their hydrates: For the purposes of the invention, lactose is the

particularly preferred excipient.

-12-
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therefore also relates to suspensions of the
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SUSpension adj uvants Pol ysorbate 20, WO
2007/ 077162PCT/ EP2006/ 070135 Pol ysorbate 80, Mvacet
9-45, Myvacet 9-08 or isopropyl nyristate are
preferabl y. use \% -9+ ' I [ ost
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[ amount 1 . Th
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substances 30 in fnely divided form For this
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' ngxq gﬁ?cht Rtk P S1h SV aRLI R REQeQB 3l RRdnd 61:“ 4 inBghding chamber (e.g.
d|V|

30

35

R T A AR B Az es 0
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preferably at |east 90% of the particles of active
subst ance have a particle size which is within the
size ranges nentioned above. 5 In another aspect the

vﬁ%esent invention rel ates to suspensions whi SR T/EP2006/070135

Fﬂoglﬁ?fnly one of the two active substances
according to the invention w thout any ot her ‘
addi ti ves. The suspensi ons according to the invention
may be prepared using nethods known in the art. For
this, the constituents of the formulation are m xed

elle S t o
t ‘éfhjﬁ shlgelle? orgﬂla%fi bg' TEf re,nc gﬁgsun]%a?%l Ae 8@%45%%26% b a%usm
Tératagiioy evo wmdpwe ﬁefddqgk 6pe Iwhaﬂ?tthfe,r@ Ateaiiniggports and which is provided
SHARGRSEANS sedfearn il Nefrded hbﬁﬁn& N\@RfHaQfoRBYariRr 6 connected to the

adm ni st er.ed _usi.n t he, art

piif‘éggm whigh theteds gll%lgtglgm? ﬁﬁgq%ﬁg)m{}‘l AWQ gpzbrp?{léaﬁyms 7and movable
aoeinhe ro agpagts, andempntbpiect 173 which tsiconnactsilae the hp@SmO 1, the deck 3
PRA! IBGE T Gak s %édﬁqu@&aﬁﬂeqpt% te %ﬂ}@ ob& &0 @it and alr]?]oles 13 for’

suspensions as herei nbefore described conbi ned wt
ottt Mg oW Figkf8fSs suitable for adninistering these
suspensi ons. Moreover the present invention relates
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0.08 oleic acid 0.005 HFA-227 ad 100 Fornul ation
Exanpl e 9: constituents concentration [% w w
ti otropi um brom de nonohydrate 0.04 oleic acid 0.01

%%0%_771&0 00 HFA-134a ad 100 15 Fornul ati O@C%%bﬁmﬁs

constituents

Filled capsules which contain the inhalable powders according to the invention are
produced by methods known in the art, by filling the empty capsules with the inhalable

powders according to the invention.

- Examples of inhalable powders

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.

The mentioned examples indicate the amount of active ingredient in a powder mixture of
55 ﬁlg. The person of ordinary skill in the art is able to prepare lager amounts of powder
based on the concentration given in the formulations exemplified below.

Besides the active ingredient the mixture contains only the indicated excipient. The
mentioned exarples can be filled into capsules for inhalation with appropriate inhalers. In
the alternative the mentioned examples can be used with multiple dose dry powdei‘ inhalers
(MDPIS). These MDPIs contain the powder in form of pre-metered doses or not pre-

metered, reservoirs, Appropriate devices are known in the art.

Formulation Example 1:

tiotropium bromide monohydrate:0.0225 mg
lactose monchydrate: - ad 5.5 mg

Formulation Example 2:

. tiotropium bromide: 0.0226 mé'
lactose monohydrate: ad 5.5 mg

Formulation Example 3:

tiotropinm bromide anhydrate:  0.0225 mg

lactose monohydrate: - ad 5.5 mg

Formulation Example 4:
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concentration [%ww tiotropiumbromde nmono hydrate
0.04 isopropylnyristate 1.00 HFA-227 ad 100
Formul ati on Exanple 11: constituentsconcentration [%

pi um br om de nonohydrat e0.04 WO
%W&g@i’gzpm/ EP2006/ 070135 Myvacet 9-450. SPCT/EP2006/070135

HFA- 227ad 100 Formul ati on Exanple 12: constituents
concentration [%ww tiotropiumbrom de anhydrate
0. 04

fiotropium bromide anhydrate:  0.0111 mg
lactose monohydrate: ad 5.5 mg

Formulation Example 5:

tiotropium bromide anhydrate:  0.0226 mg
lactose monohydrate:* ad 5.5 mg
*} the lactose contains 5% specifically added fine content of micronised lactose

monochydrate with a mean particle size of about 4umn.

Formulation Example 6:

tiotropium bromide monohydrate:0.0225 mg
lactose monohydrate: * ad 5.5 mg
*) the lactose contains 5% specﬁicaﬂy added fine content of micronised lactose

monohydmte with a mean particle size of about 4pm

Formulation Example 7:

tiotropium bromide anhydrate:  0.0112 mg
lactose monohydrate:* ad 5.5 mg
*) the lactose contains 5% specifically added fine content of micronised lactose

monochydrate with a mean particle size of about 4pm.

Propellant-containing aerosol suspensions
The tiotropium salt may optionally also be administered in the form of propellant-

containing inhalable aerosols. Aerosol suspensions are particularly suitable for this.

The present invention therefore also relates to suspensions of the crystalline tiotropium
bromide forms according to the invention in the propellent gases HFA 227 and/or HFA
134a, optionally combined with one or more other propellent gases, preferably selected
fromthe group consisting of propane, butane, pentane, dimethylether, CHCIF,, CHoF>,

CFsCHs, isobutane, isopentane and neopentane.
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Myvacet 9-45 0.1 HFA-227 60.00 HFA-134a ad 100 5
Formul ation Exanple 13: constituents concentration
[%wWw tiotropium bronm de anhydrate 0.04 Pol ysorbate

FA-227 ad 100 Fornul ati on Exanpl e
Vﬁg%@ ? fgﬁuégnt s concentration [ % w w i’éTlEPZOOﬁ/O?OISS

According to the invention those suspensions which contain as propellent gas only HFA
227, a mixture of HFA 227 and HFA 134a or only HFA 134a are preferred.

If a mixture of the propellent gases HFA 227 and HFA 134a is used in the suspension
formulations according to the invention, the weight ratios in which these two propellent
gas components are used are freely variable.

If one or more other propellent gases, selected from the group consisting of propane,
butane, pentane, dimethyleﬂier, CHCIF >, CH:F2, CF;CHj;, isobutane, isopentane and
neopentane are used in addition to the propellent gases HFA 227 and/or HFA 134a in the
suspension formulations accordingrto the invention, the amount of this additional
propellent gas component is preferably less than 50 %, preferably less than 40%,
lgarticularly preferably less than 30%.

The suspensions according to the invention preferably contain an amount of tiotropium
" bromide form such that the amount of tiotropium cation is between 0.001 and 0.8%,

preferably between 0.08 and 0.5%, and particularly prefcrably between 0.2 and 0.4%

according to the invention.

Unless stated to the contrary, the percentages given within the scope of the present

invention are always percent by weight.

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

within the scope of the present invention.

The propellant-containing inhalable aérQSOIS or suspension formulations according to the
invention may also contain other constituents such as surface-active agents (surfactants),

-adjuvants, antioxidants or flavourings.

The surface-active agents (surfactants) option;ﬂly present in the suspensions according to
the invention are preferably selected from the group consisting of Polysorbate 20,
Polysorbate 80, Myvacet 9-45, Myvacet 9-08, isopropyl myristate, oleic acid, ‘
propyleneglycol, polyethyleneglycol, Brij, ethyl oleate, glyceryl trioleate, egceryl
monolaurate, glycerﬂ monooleate, glyce‘fyl monostearate, glyceryl nionoricinoleate,
cetylalcohol, sterylalcohol, cetylpyridinium chloride, block peolymers, natural oil, ethanol

and isopropanol. Of the above-mentioned suspension adjuvants Polysorbate 20,

18-
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ti otropi um brom de anhydrate 0.02 Pol ysorbate 20 0. 20
HFA-227 ad 100 Fornul ation Exanple 15: constituents
concentration [%ww tiotropiumbrom de anhydrate

‘%(90% P%Y cet 9-08 01.00 HFA-227 ad 100 For mubgt/ePos070135

WO 20071077162PCTlEP20061070135
const it uent s concentration [Y%owW W

Polysorbate 80, Myvacet 9-45 , Myvacet 9-08 or isopropyl myristate are preferably used.
Myvacet 9-45 or isopropyl myristate are most preferably used.

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

The adjuvants optienally contained in the suspensions according to the invention are
preferably selected from the group consisting of alanine, albumin, ascorbic acid,
aspartame, betaine, cysteihe, phosphoric acid, nitric acid, hydrechloric acid, sulphuric acid
and citric acid. Ascorbic acid, phospheric acid, hydrochloric acid or citric acidare

preferably used, while hydrochloric acid or citric acid is most preferably used.

If adJuvants are present in the suspensions according to the invention, these are preferably

-~ used in an amount of 0. 0001-1.0 %, preferably 0.0005-0.1 %, parucularly preferably

0.001-0.01 %, while an amount of 0.001-0.005 % is particularly important according to the

invention.

The antioxidants optionally contained in the suspensions according to the invention are

" preferably selected from the group consisting of ascorbic acid, citric acid, sodium edetate,

editic acid, tocopherols, butylhydroxytoluene, butythydroxyanisol and ascorbylpalmitate,
while tocopherols, butylhydroxytoluene, butylhydroxyanisol or ascorbylpalmitate are
preferably used. '

The flavourings optionally contained in the susp ensions according to the invention are

preferably selected from the group consisting of peppermint, saccharine, Dentomint,

' “aspartame and cthereal oils (for example cinnamon, aniseed, menthol, camphor), of which

peppermint or Dentomint® are particularly preferred.

With a view to administration by inhalation it is essential to provide the active substances
in finely divided form. For this purpose, the crystalline tiotropium bromide forms
according to the invention are obtained in finely divided form using methods known in the
prior art. Methods of micronising active substances are known in the art. Preferably after
micronising the active substance has a mean particle size of 0.5 to 10pm, preferably 1to
6um, particularly preferably 1.5 to Sum.Preferably at least 50%, preferably at least 60%,
particularly preferably at least 70% of the particles of active substance have a particle size
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tiotropi um brom de anhydrate 0.04 isopropyl nyristate
0. 30 HFA-227 20.00 HFA-134a ad 100 Formul ation
Exanpl e 17: constituents concentration [ % w w

wid j ym brom de  anhydrate 0.03 HFA-227 60p8fg 5
IQFZ%'{{@ ia&ad 100 Formul ati on Exanpl e 18: congt [ tﬂzg%Gtmgelsb

which is within the size ranges mentioned above. Particularly preferably at least 80%, most
preferably at least 90% of the particles of active substance have a particle size which is

within the size ranges mentioned above.

In another aspect the present invention relates to suspensions which contain only one of the

two active substances according to the invention without any other additives.

The suspensions according to the invention may be prepared using methods known in the
art, For this, the constituents of the formulation are mixed with the. propellent gas or gases -

(optionally at low temperatures) and filled into suitable containers.

The above- mentioned propellant-containing suspensions according to the invention may
be administered using inhalers known in the art (pMDIs = pressurized metered dose
inhalers). Accordingly, in another aspect, the present invention relates to pharmaceutical
compositions in the form of suspensions as hereinbefore described combined with one or
more inhalers suitable for é.dministering these suspensions. Moreover the present invention
relates to inhalers, characterised in that they contain the propellant-containing suspensions

according to the invention described hereinbefore.

The present invention also relates to containers (cartridges) which when fitted with a
suitable valve can be used in a suitable inhaler and which contain one of the above-

* mentioned propellant-containing suspensions according to the invention. Suitable

_ containers (cartridges) and processes for filling these cartridges with the propeflant-

containing suspensions according to the invention are known in the art.

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

anticholinergics may develop a therapeutic benefit.
Particularly preferably the present invention also relates to the use of the suspensions

according to the invention for preparing a pharmaceutical composition for the inhalative

treatment of moderate persistent asthma as specified hereinbefore.
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concentration [%ww tiotropium brom de anhydrate

0.04 11FA-227 ad 100 Fornul ati on Exanple 19:

constit uent s concentration [%ww tiotropium brom de -

vﬁ{gﬂ%g & 0.04 HFA-134a ad 100 Formul ation EBREPI6s/070135
: constltuents concentration [oww ti otrop| um

brom de - anhydrate 0. 04

The Examples that follow serve to illustrate the present invention in more detail, by way of

example, without restricting it to their contents.

Examples of aerosol suspension formulations

5
Suspensions containing other ingredients in addition to active substance and propellent
gas:
Formulation Example 8:
10
constituents concentration [% wiw]
tiotropium bromide mono hydrate 0.08
oleic acid 0.005
HIFA-227 ad 100
Formulation Example 9:
constituents concentration [ % w/w]
> tiotropium bromide monohydrate 0.04
oleic acid 0.01
HFA-227 60.00
HFA-134a ad 100
15‘ Formulation Example 10:
constituents concentration [% w/w]
- tiotropium bromide monohydrate | 0.04
isopropylmyristate 1.00
HFEA-227 ad 100

Formulation Example 11:

constituents

concentration [% w/w] .

tiotropium bromide monohydrate

0.04




HFA- 227 ad 100 Fornul ati on Exanpl e 21:

concentration [ % w wj WO
2007/ 077162PCT/ EP2006/ 070135

constituents

ti otropi um brom de

RBRYF34E, HFA-134a 0.04 ad 100

PCT/EP2006/070135

Myvacet 9-45

0.3

HFA-227

ad 100

Formulation Example 12:

constitliéﬂts concentration [ % w/w]
tiotropium bromide anhydrate 0.04
_‘Myvacet 9-45 0.1
HFA-227 60.00
HFA-134a ad 100

5  Formulation Example 13;

concentration [% w/w]

constituents
tiotropium bromide aﬁhydrate 0.04
Polysorbate 80 0.04
HEA-227 ad 100

Formulation Example 14:

constituents concentration [% w/w]
tiotropiumn bromide anhydrate - 0.02
Polysorbate 20 0.20
HIFA-227 ad 100

10
Formulation Example 15:

constituents concentration [ % w/w]
tiotropinm bromide anhydrate 0.04

Myvacet 9-08 (1.00

_HFA227 .. . ad 100

Formulation Example 16:
15 '
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tartaric acid, maleic acid, succinic acid, funaric_
acid, acetic acid, formc acid and/or propionic acid
eFermutstiop dixpgpleil§or gani ¢ aci ds are hydrochl oric and
sul phuric acids. It is also possible to use the acids

“whi ch[have alrT eady rmed anJacid addi t, nm§ﬁ9 Mﬁth

one o . 1 Ina‘ grchm l.llgq ot Aan~rnc Cf i LONCETHE

OO C AITC T3 A CITc Ul \‘JCIIII U LJ

aci ds a@aoplbmdaramddanlﬁ}(macl d acid and ci tkQ4c aci d
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hydr ¢ Al Rk T 6 AGkGmid® affldtiat_{Ne PH 0.04
HFA-134a , ad 100

Formulation Example 20;

constituents concentration [ % w/w]
tiotropium bromide anhydrate 0.04
-HFA-227 ad 100

Formulation Example 21:

constituents concentration [% w/w]
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The nebul i sers (devices) described therein are also

known by the name Respimat(r). The concentration of

the tiotropiumsalt based on the proportion of .

\kb%&ﬁ pigyn in the finished pharnaceutical pr%ﬁﬁhﬁﬁ&ﬁ@ﬂnss
depends on the therapeutic effect sought. For

25 the conplaints which respond to tiotropiumthe
concentration of tiotropiumis between 0.01 g per 100

m of fornulation and 0.06 g per 100 m of

formul ati on. An anbunt of 0.015 g /100 m "to 0.055 g

[/ 100 M is preferred, an anount of from0.02 g / 100

m to 0.05 g./ 100 m is nore preferred. Most

preruting tha invgatignthe aditipn vé?fﬁ%wd EDIAGronnef e known salts
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Co-solvents and/or other excipients may be added to the propeliant-free inhalable solutions

which may be used according to the invention. Preferred co-solvents are those which

contain hydroxyl groups or other polar groups, e.g. alcohols — particula;rly'isopropyl
“aleohol, glycols — particularly propyleneglycol, polyethyleneglycol, polypropyleneglycol,

e elycolether, glycerol, polyoxyethylene alcohols and polyoxyethylene fatty acid esters. The
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terms excipients and additives in this context denote any pharmacologically acceptable
-substarice whichis not an active substance but which can be formulated with the active
substance or substances in the pharmacologically suitable solvent in order to improve the
qualitative properties of the active substance formulation. Preferably, these substances
have no pharmacological effect or, in connection with the desired 'therapy, no appfeciable
or at least no undesirable pharmacological effect. The excipients and additives include, for
example, surfactants such as soya lecithin, oleic acid, sorbitan esters, such as polesorbéites,
polyvinylpyrrolidone, other stabilisers, complexing agents, antioxidants and/or
preservatives which guarantee or prolong the shelf life of the finished pharmaceutical
-formulation, ﬂa{four'ihgs, vitamins and/or. other édditives known i the art. The additives

also include pharmacologically acceptable salts such as sodium chloride as isotonic agents. "

The preferred excipients include antioxidants such as ascorbic acid, for example, provided
that it has not already been used to adjust the pH, vitamin A, vitamin E, tocopherols and
similar vitamins and provitamins occurring in the huoman body. -

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

particular imporatnce is benzalkonium chloride in concentrations of up to 50mg/100ml,
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more preferably between 5 and 20mg/100ml, even more preferably 8-15 mg/100ml of the

formulation. -

Preferred formulations contain, in addition to the solvent water and the tiotropium safts 1,
only benzalkonium chloride and sodium edetate. In another preferred embodiment, no

sodium edetate is present.

The propellant-free inhalable solutions which may be used within the scope of the .
invention are administered in particular using inhalers 6f the kind which are capable of
nebuhsmg a small arnount of a liquid formulation in the therapeutic dose within a few
second s to produce an aerosol sujtable for therapeutic inbalation. Within the scope of the
present invention, preferred inhalers are those in which a quantity of less than 100uL,
preferably less than 50uL, more preferably between 10 and 30UL of active substance
solution can be nebulised in preferably one spray action to form an aerosol with an average
particle size of less than 20um, preferably less than 10pm, in such a way that the inhalable
part of the aerosol _conesponds to the therapeutically effective quantity. '

An apparatus of this kind for propellant-free delivery of a metered quantity of a liquid
pharmaceutical composition for inhalation is described for exampie in International Patent
Apphcatlon WO 91/14468 and also in WO 97/12687 (cf. in particular Flgures 6a and 6b)

The conce;ntraﬁonr of the tiotropium salt based on the proportion of tiotropium: in the
finished pharmaceutical preparation depends on the therapeutic effect sought. For-most of
the complaints Whic;h respond to tiotropium the concentration of tiotropium is bct;veeri
0.01 g per 100 ml of fdrmulaﬁon and 0.06 g per 100 ml of formulation. An amount of
0.015 g /100 ml to 0.055 g / 100 ml is preferred, an amount of from 0.02 g/ 100 ml to 0.05
g / 100 ml is more preferred. Most preferred in the instant invention is an amount of from
0.023 + 0.001g per 100 ml of formulation up to 0.045 + 0.001g per 100 ml of formulation.
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Examples of propellant- free aerosol formulations

100 ml of pharmaceutical preparation contain:

Example | tiotropium™* corresponds to | Amount of Amount of | pH, adjusted
tiotropium | benzalkonium | disodium | with HCL
monohydrate | chloride edetate (1N)

23 22.624 me 28267mg  |10mg 10 mg 2.9

24 45,249 mg - 56.534 mg 10 mg 10 mg 2.9

25 22.624 mg 28.267mg  |10mg 10 mg 2.8

26 45249 mg 56.534me |10 mg 10 mg 2.8

27 22.624 mg 28.267me |10 mg 10 mg 3.0

28 45.249 mg 56.534 mg 10 mg 10 mg 3.0

29 22.624 mg 28267 mg |10 mg 10 mg 2.7

30 45.249 mg 56.534me |10 me 10 mg 2.7

31 22624mg  |28267me  |10mg 10 mg 3.1

32 45.249 mg 56.534me |10 mg 10 mg 3.1

*the amount 3peciﬁed refers to the tiotropiuim cation as the active entity of tiotropium

bromide; 1 mg tiotropium corresponds to 1.2494 mg tiotropium bromide monohydrate

The remainder of the formulations 23-28 is purified water or water for injections at a

" density of 1.00 g/en? at a temperature of 15°C to 31°C.

If the formulations mentioned hereinbefore are delivered with the Respimat device 2

actuations of the device deliver 22.1 pl of thé formulation. Two actuations of the device,

therefore, deliver with the formulations according to examples 23, 25, and 27 a dose of

Sug tiotropium (based on calculation for cation). Two actuations of the device deliver with

the formulations according to examples 24, 26, and 28 a dose of 10pg tiotropium (based on
-calculation for cation).

Depending on the condition of the patient, also 3 or 4 actuations may for instance be
administered.

Further Examples 33 to 42:
. Analogous to Examples 23 to 32, but with 8 mg of sodium edetate.
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remai nder of the fornulations 23-28 is purified water
or water for injections at a density of 1.00 g/cnB at
a tenperature of 15C to 31C. 10 If the formul ations
menti oned hereinbefore are delivered with the
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to Exanples 23 to 32, but with 8 ng of sodium
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examples 23-24 being of utmost importance.

08



10

15

20

25

Furt her Exanples 43 to 52: Anal ogous to Exanples 23
to 32, but with 12 ng of sodium edetate. Further
Exanpl es 53 to 62: 5 Anal ogous to Exanples 23 to 32,
but with 8 ng of benzal koni um chl ori de. Further
Exanples 63 to 72: Anal ogous to Exanples 23 to 32,
but with 12 ng of benzal koniuna chloride. 10 O the
Exanpl es 23 to 32, fornulation 23 to 28 are of
particular interest, with fornul ati on exanples 23-24
bei ng of utnost inportance. . Clains 1)Use of
tiotropiumsalts 1 + Me SlAMSr ei n X-denot es an
anion with a single negative charge, preferably an
ani i.ch is selegted fromanong chl ori de, brom de,
1)i od?@%awg{ﬂuﬁﬁgpé@%&ospha; &1e Tt hanesul phonat e,
nitrate, mal eate, acet®eey Citrate, fumarate,
tartrate, oxal ate, succinake, benzoate and
p-tol uenesul phonate, ol in formof the

hydrat es 10and/ or sol vat™eg/th of , ){br t he
manuf act ure of a medi canenfyfof the’treatnent of
asthma in the severit st@p 3. 2) Use

Hranuf acture of a
of is asthma in the

according to claim1,
medi cament for the treatne
severity G NA step 3 in p&tiégnts showing daily
synptonms despite of treatmént with inHal ed
orticosteroids. 3) Use according to claim1l or 2,
he manufacture of a medi canent for the treatnent
Xof abnhtesan anichaeviteysngle pe@itive ohargp, weferablinan anips which is

ShowiaNgRGFoih 8hBAE cRVARE, YFBmide, iodide, sulphate, phosphate,
methanesulphonate, nitrate, maleate, acetate, citrate, fumarate, tartrate, oxalate,
succinate, benzoate and p-toluenesulphonate, optionally in form of the hydrates
and/or solvates thereof, ‘

for the manufacture of a medicament for the treatment of asthma in the severity GINA step
3.

2} Use according to claim 1, for the manufacture of a medicament for the treatment of
asthma in the severity GINA step 3 in patients showing daily symptoms despite of
treatment with inhaled corticosteroids.

3) Use according to claim 1 or 2, for the manufacture of a medicament for the

treatment of asthma in the severity GINA step 3 in patients showing persistent symptoms

- despite of treatment with inhaled beta-2-agonists in patients bearing the Arg/Arg genotype

at codon 16 of the ADRB2 gene {(chromosome 5).

4) Use according to claim 1 or 2, for the manufacture of a medicament for the
treatment of asthma in the severity GINA step 3 in patients bearing the Arg/Arg genotype
at codon 16 of the ADRB2 gene (chromosome 5) showing daily symptoms despite of
combined treatment with inhaled corticosteroids and long-acting beta-2-agonists
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20 despite of treatnment wth inhal ed beta-2-agonists
in patients bearing the Arg/Arg genotype at codon 16
of the ADRB2 gene (chronosone 5). 4) Use according
toclaiml or 2, for the manufacture of a medi canent
for the treatnent of asthma in the severity G NA step
3 in patients bearing the Arg/ Arg genotype 25 at
codon 16 of the ADRB2 gene (chronobsone 5) show ng
daily synptons despite of combined treatnent with

5)' nh aﬂIgéjac%Qfdﬁﬂs%cﬁsc}n% g? %Sﬁnﬂ] th 11 gﬂé(htlélﬂ@acture fof a IIIIGdiCEIIIlfIl‘[ for the

agonl acco |ng O one O
trqaanﬂnt of gsthmigan tharererety (18 Aostep 3 rgwreia thomatipels arrhildren.

treatnment of asthma in the severlty G NA step 3

6 o ot OGN FRong o o8 | 5t 5 IRE iedIRGERAF @1 b meicament or the

mﬂiﬁtﬁnﬁl&im:fﬁatrﬁﬂft of Asthma ﬁmtkretsemhsz GINWB:&&}NE ahd the pﬁtatehﬁan of

in verit r ti
b ebiardbst SRl srryhS e Aol B s e B R sSkrlled
maidtsnartcaiontrolderttraatrhend whith inbdled e@ranweroxdﬁ and ldngracting beta-2-
%*ﬁgggnent with inhaled corticosteroids and

ong-acting beta-2- agonists. 10 7)Use according to

one of clains 1 to 6, for the manufacture of a

7 {nﬁd i [Gmf&t)rd totdtﬂl@ of Blafifis | ke, fﬂ?ﬁﬁ&@eﬁﬁﬂ’&ﬁué anh fReldic@fent for the
a or e r o) nma e severi
e TGRC iy Shmod ot o syl (6 (BARPOT oL Sme vt evprity GINA

stepier ei n per each individual dose preferably 151 - 20
)tg of tiotropiuml|' are adm nistered. 20

8) Use according to one of claims 1 to 7, wherein per each individual dose preferably
1 - 20 ug of tiotropium 1' are administered.
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