1 NOVEL MEDICAMENT COMPOSITIONS, BASED ON ANTICHOLINERGICALLY EFFECTIVE
COMPOUNDS AND BETA-MIMETICS The present invention relates to new medicament compositions
based on anticholinergic compounds, which have a long-lasting effect, and (3-mimetics, which have a
long-lasting effect, processes for their production.and their use in the therapy of respiratory ailments.
Background of the invention It is known from the prior art that [3-mimetics and anticholinergics can
successfully be used as bronchospasmolytics for the treatment of obstructive respiratory ailments -
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side-effects when adminiStEFECHVE GEMM> CUNEraIRND 8 Edirbli MiEddtsSmanifest as unease,
excitation, sleeplessness, fear, shaking fingers, outbreaks of sweating and headaches. Here,
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Medicament Side-effects and Interactions, Wissenschatftliche Verlagsgesellschaft, Stuttgart 1986,5.
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side-effects can be substantially reduced by a combination of a 0-sympatho-mimetic, which has a
long- lasting effect, with an anticholingegiggrshial bashe iengtrgting effect. In addition, it was also very
surprisingly discovered that the bro i C -antichol ' '
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mannerused as bronchospasmolytics for the treatment of obslructive respiratory ailments —

such as e.g. asthma. Substances with p-sympatho-mimetic effectiveness — such as
e.g. the active substance formoterol, also known from the prior art — can, however,
be associated with undesirable side-effects when administered fo humans. '

Generally, the central effects manifest as unease, excitation, sleeplessness, fear,
shaking fingers, outbreaks of sweating and headaches. Here, inhalative application
does not exclude these side-effects although they are generally less severe than with
peroral or parenteral application.

The side-effects of the B-sympatho-mimetics used as asthma agents are primarity
asscciated with a more or less pronounced [31-étimuiating effect on the heart. It
generates tachycardia, palpitation, angina pectoris-like complaints and arrhythmia
[P.T. Ammon (Ed.), Medicament Side-effects and Interactions, Wissenschaftliche
Verlagsgeselischaft, Stuttgart 1986,S. 584].

Description of the invention
Surprisingly, it has now been found that the above-mentioned side-effects can be
substantially reduced by a combination of a f-sympatho-mimetic, which has a long-
lasting effect, with an anticholinergic, which has a long-lasting effect.

In addition, it was also very surprisingly discovered that the bronchospasmolytic
effects of the anticholinergic, which has a long-lasting effect, and the f-mimetic,
which has a long-lasting effect, increase in a superadditive manner.



2 Hence with the combination of active ingredients according to the invention, a substantial increase
in effectiveness can be expected - in comparison to the individual substances and combinations
known from the prior art - in the case of both COPD and asthma. The following active ingredients can
preferably be used as 9-mimetics, which have a long-lasting effect, in the active ingredients
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propylarpinalstienat) bitolterol, carbuterol, clenbuterol, fenoterol, formoterol, hexoprenalin,
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triazol-3t9IHDUiREHy AIBHEP i nEdtramdi<-Phenylethoxy propylisuiphonyl eyl
5-hydroangadieipRy3Hisbpropitratuotingyl)-2H-1,4-benzoxazin-3-(4H)-one,
1'(4‘amiﬂtﬁfﬁlﬂ%%ﬁﬁ%&@ﬂ@%@%ﬁﬂ%éﬁ%@&@@mméﬁfw;pb&tyiamino]ethanoa,
(4-ethoxycarbonylamino-3-cyano-5-fluor, nyD-2-(tent,-hutylaminolethanal, , aptio in the form of
their rac ?E%%éﬁﬁ&%ﬁ%ﬂ%ﬁ%@'ﬂ%ﬁ@ﬁgg{g%& %F?’@’r%%'xtu%gz{ é%r%%gg}dcf o%?%ﬁglgtheir
pharmadnibdaraliyodethpatble acid addition salts. The following are preferably used as f5-mimetics,
which havppylengptaeinaeeliestain-1 4-benzoxazin-8-yl]-2-{3-(4-N,N-dimethylaminophenyl)-2-
methyl-2-propylamino]ethanol,

1-[2H-5-hydroxy-3-oxo-4H- 1 ,4-benzoxazin-8-yl]-2-[3-(4-methoxyphenyl)-2-methyl-2-
propylaminolethanol,

1-J2H-5-hydroxy-3-oxo-4H-1,4-benzoxazin-8-yl}-2-[3-( 4-n-butyloxyphenyl)-2-methyl-2-
propylaminojethanol,
1-[2H-5-hydroxy-3-ox0-4H-1,4-benzoxazin-8-yl}-2-{4-[3-(4-methoxyphenyi)-1,2.4-
triazol-3-yi]-2-methyl-2-butylamino}ethanol,
5-hydroxy-8-(1-hydroxy-2-isopropylaminobutyl)-2H-1,4-benzoxazin-3-(4H)-one,
1-(4-amino-3-chloro-5-trifluoromethyiphenyl)-2-fert.-butylamino)ethanoi or
1—(4—ethoxycarbonyiamino-3-cyano-S-ﬂuorophenyl)-2-{tert--butydaminu)ethanoi,

optionally in the form of their racemates, their enantiomers, their diastereomers and

mixtures thereof, and optionally their pharmacologically-compatible acid addition

salis.

The foliowing are preferably used as B-mimetics, which have a long-lasting effect, in
the active ingredients combination according to the invention:
formoterol, salmeterol,
4~hydroxy-?~[2—{[2—{[3-(2»—phenyiethoxy)propyl]su!phonyl}ethyﬁ]-amino}ethyi}—Z(BH)-

" benzothiazolone,
1-(2-fluoro-4-hydroxyphenyl)-2-[4-(1 -benzimidazoiyl)}-2-methyl-2-butylamino]ethanol,
1-[3-(4-methoxybenzyl-amino)-4-hydroxyphenyl}-2-{4-(1 -benzimidazolyl}-2-methyl-2-
butylaminojethanol,
1-[2H-5-hydroxy-3-oxo-4H-1 A4-benzoxazin-8-yi}-2-[3-(4-N,N-dimethylaminophenyl)-2-
methyl-2-propylaminojethanol,



the active ingredients combination according to the invention: formoterol, salmeterol,
4-hydroxy-7-[2-{[2-{[3-(2-phenylethoxy)propyl]sulp honyl}ethyi]-amino}ethyl]-2(3 H )- benzothiazolone,
1-(2-fluoro-4-hydroxyphenyl)-2-[4-(1-benzimidazol yl)-2-methyl-2-butylamino]ethanot,
é [3 I(4 methoxybenzyl-amino)-4-hydroxyphenyll-234-(1-benzimidazolyl)-2-methyl-2-
utylam
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H-1,4- bBF@ ]hé’lﬂﬁ’ t4-methoxyphenyl)-2-m ethyl-2- propylamino]ethanol,
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errr their enantiom tereomers and mixtures thereof,
anc_i optigltsly their pharmacologically-compatible acid addition salts. As stated above, the a-mimetics
which have a long-lasting effect can be converted and used in the form of their physiologically and

pharma ?ng\? %lfle alt%ngpﬁ ﬁl‘l‘ﬁ' Wing.cAae. ﬁﬁé@ﬁg—:‘g‘ e (ﬁggmaénple to represent

the aC|d orlc acl romlc aci uric a(:|d osphoric acid,
methan@s\mmﬂﬁma&.acg@&ie%uthaﬁwaem formataeel 9 Sl%leﬁ% SER, %ﬂﬂe%fa iBrtheieic acid.
Furthermsia, o tdelies: 6k thatafo e mintiondibacigs, theibdiasedeomers and mixtures thereof,

and optionally their pharmacologically-compatibie acid addition salts.

* As stated above, the -mimetics which have a long-lasting effect can be converted
and used in the form of their physielogically and pharmacologically-compatible salts.
The following can be considered, by way of example, {o represent the acid addition
salts: hydrochloric acid, hydrobromic acid, sulphuric acid, phosphoric acid,
methanosulphonic acid, acetic acid, fumaric acid, succinic acid, lactic acid, citric acid
or maleic acid. Furthermore, mixtures of the aforementioned acids can be used.

From the viewpoint of the superadditive bronchospasmolytic effect, the fumarate of
formoterol (abbreviated to formoterol FU) is.especialty preferred as a -mimetic

— which has a long-lasting effect. Here, the active substance formoterol can be used as
an enantiomer or diastereomer mixture or in the form of the individual
enantiomers/diastereomers. With the same preferred significance, according to the
invention, salmeterol can also be used as a R-mimetic which has a long-lasting
effect, optionally in the form of its racemates, enantiomers, of which the (R)
enantiomer is most especially preferred, and optionally its pharmacologically-
acceptable addition salts.

As anticholinergics which have a long-lasting effect, basically those which are
aiready known from the prior art - such as glycopyrronium bromide and esters of bi-
and tricyclic amino alcohols — are suitable, such as are known from European
disclosure document 0 418 716 and international patent application WO 82/16528,
and fo the full contents of which reference is hereby made.



From the viewpoint of the superadditive bronchospasmolytic effect, the fumarate of formoterol
(abbreviated to formoterol FU) is especially preferred as a 13-mimetic which has a long-lasting effect.
Here, the active substance formoterol can be used as an enantiomer or diastereomer mixture or in the
form of the individual enantiomers/diastereomers4With the same preferred significance, according to
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long-laséinaugtag), basically those which are already known from the prior art - such as
glycopyrronium bromide and esters of bi- an;ﬁ/clic amino alcohols - are suitable, such as are
0

known from European disclosure document 8 716 and international patent application WO
92/16528, and to the full contents of which Peferer{geis IL reby made. 4 Within the framework of the
invention, glycopyrroniumbromide can especially be co% idered as an anticholinergic which has a
long-lasting effect, and compounds of formula (I) O ZAO-A (I} can be considered as esters of bi- and

tricyclicamipg alsekials-asheseintérdeitiesiadtaoycit genieraldiaohols (1) CH2 H +NRR'Q CH2 CH/
('), in which O denotes one of the double-bonded groups -CH2-CH2-, -CH2-CH2-CH2-, -

wherein
A denotes a group of general formula (1f)

/CH2—~—— (I:H \

— CH +NRR'

AN /

e CH
ik ),
in which
Q denotes one of the double-bonded groups -CHp-CHy-, -CH2-CH2-CH)-, -
CH=CH-, or

—CH CH—
o

R denotes an optionally halogen- or hydroxy substituted C1-C4 alky! group,
R* denotes a C4~C4 alkyl group and R and R’ can also combine to form a
— C4—Cg alkylene group,

and
an equivalent of an anion X counters the positive charge of the N atom,

Z denotes one of the groups

! ! R

) P
2 or '

R R3

(HI) O (V)
wherein

Y  represents a single bond, an O or S atom or one of the groups -CHp-,
-CH5-CHy-, -CH=CH-, ~-OCH29- or -SCHp-;



CH=CH-, or -CH CH R denotes an optionally halogen- or hydroxy substituted C1-C4 alkyl group, R'
denotes a C1-C4 alkyl group and R and R' can also combine to form a C4-C6 alkylene group, and an
equivalent of an anion X counters the positive charge of the N atom, Z denotes one of the groups R or
\RI' R(111) (IV) wherein Y represents a single bogd, an 0 or S atom or one of the groups -CH2-,
-CH2-CH2-, -CH=CH-, -OCH2- or -SCHZ2-; 5 R' depotes hydrogen, , C1-C4 alkoxy,or C1-C4 alkyl,
which can oﬁ?onaﬂ?”@éeﬁfbﬁ‘?ﬁﬁ%‘bgh\y&fdk ,"fl'«a;kd)é?‘fo?gsgé t%?é@%%hﬂh{% fﬁ?ﬂ,oce);/%%npajllﬁyl or
cyclohexyl group, idherdintithiestbyrbypscean also be substituted by methyl, and thienyl and phenyl
can also be substituted by fluorine or chlorine, R3 denotes hydrogen or a thienyl or phenyl group,

hich tipnally b bstituted by hal C1.C4 alkyl, optionally i f oj
facemates. thor CRERGIRG NN PSR TAs PRt of B SR BB BRt8R i ofthe
invention, glycopytrasiegtropsdetsiseshe dubptivates: Ayyssubnanibbieayl Atd it@d¥hergic which

has a long-lasting gffecliansk sapRRURLEEY fRIgHHB oY dapheeconsidered as esters of bi- and
tricyclic amino alcohols, wherein A denotes a group of general formula (11) H

R® denotes hydrogen or a thienyl or phenyl group, which can optionally be
substituted by halogen or C4-C; alkyi,

optionally in the form of their racemates, their enantiomers, their diastereomers and
mixtures thereof.

Within the framework of the invention, glycopyrroniumbromide can especially -
preferably be considered as an anticholinergic which has a long-lasting effect, and
compounds of formula (1) can be considered as esters of bi- and tricyclic amino
alcohols, wherein

A denotes a group of general formula (i}

TN

— CH NRR' Q
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_ e .
in which |
Q denotes one of the double-bonded groups -CH = CH-, -CHp-CHg- or
—CH CH

o

R denotes a methyi, ethyl or propyl group, optionally substituted by fluorine
or hydroxy,

R denotes methyl, ethyl or propyl, preferably methyl,
and
an equivalent of an anion X selected from the group comprising chioride,
bromide and methanesulphonate, preferably bromide, counters the
positive charge of the N atom,

Z  denotes one of the groups



CHZ CH CH +NRR™ Q CH2 CH/ (I I}, in which Q denotes one of the double-bonded groups -CH =
CH-, -CH2-CH2- or -CH CH\O/ R denotes a methyl, ethyl or propyl group, optionally substituted by
fluorine or hydroxy, R' denotes methyl, ethyl or propyl, preferably methyl, and an equivalent of an
anion X selected from the group comprising chlorid®@, bromide and methanesulphonate, preferably
bromide, counters the positive charge of the N atom, Z dgnotgs one of the groups6 RR 2Y R or R3
(I \/ (IV) wherein Y represents a single bond or an 0 atg 1 denotes hydrogen, OH, methoxy,
ethoxy, propoxy, methyl, ethyl, propyl, hydroxymethyl, hyglrexy etfhd or hydroxypropyl; R2 denotes a
thienyl, phenyl, or cyclohexyl gég p, wherein these groups can alsd be substituted by methyl, and
thienyl and phenyl can also hg? Stituted by flworine or shlormexR3 denotes hydrogen, or a thienyl or

henyl hich tionall
phenyl group which can optionallyse i) O ()
wherein

Y  represents a single bond or an O atom;

Ot&

R' denotes hydrogen, OH, methoxy, ethoxy, propoxy, methyl, ethyl, propyl,
hydroxyrmethyl, hydroxyethyl or hydroxypropyl;

R? denotes a thienyl, phenyl, or cyclohexyl group, wherein these groups can
also be substituted by methyl, and thienyl and phenyl can also be
substituted by fluorine or chlorine,

R® denotes hydrogen, or a thienyl or pheny! group which can optionally be
substituted by fluorine, chlorine or methyl,

optionally in the form of their racemates, their enantiomers, their diastereomers and
mixtures thereof.

According to the invention, medicament compositions in which compounds of
formula (1) are used as anticholinergics which have a long-lasting effect are of
e special significance, wherein

A  denotes a group of general formula (li)

CH,— CH
—— CH TNRR' Q
\ L /
ek (i,
in which
Q denotes one of the double-bonded groups -CH = CH-, -CHp-CHp- or

~——CH CH—
Ny

R denotes methyl or ethyl;



substituted by fluorine, chlorine or methyl, optionally in the form of their racemates, their enantiomers,
their diastereomers and mixtures thereof. According to the invention, medicament compositions in
which compounds of formula (1) are used as anticholinergics which have a long-lasting effect are of
special significance, wherein A denotes a group of;general formula (Il) CHZ CH +NRR'Q CH2 CH/IB
in which Q denotes one of the?ﬂg\f ble-bonded groups -CH = CH-, -CH2-CH2- or -CH CH R denotes
methy! or ethf{: 7 BeHEHLY Li\yl, and an equivalent of the anion X = bromide is positioned
opposite the positivaiccharge of the N atom, Z denotes one of the groups R Y Ri RZ or R3 (llI) (1V)

wherein Y denotes gn QiaioaleR slemeleniivirogandatieribysisionethsb Risitenates asitiienyl,

phenyl or cyclohexy| group; .R3 tes hydrogen, thienyl or phenyl group, Optionally in the form of
their racemates, th\éh%éﬂgrﬁfoﬁﬁ%(ﬁ #om

n
S, their diastereomers and

Z  denotes one of the groups

R
Rz-/\ ! or
3

wherein

Y  denotes an O atom;

R' denotes hydrogen, OH or hydroxymethyl;

R? denotes a thienyl, pheny! or cyclohexyl group;
R® denotes hydrogen, thienyl or phenyl group,

Optionally in the form of their racemates, their enantiomers, their diastereomers and
mixtures thereof.

Of the compounds named above, within the framework of the present invention
those of 3-a configuration are especially preferred.

e The described anticholinergic active substances can optionally be used in the form of
their pure enantiomers, mixtures thereof or their racemates.

It is especially preferred that tiotropium salt —especially tiotropium bromide
[(10.20,4B,50,7§)-7-[(hydroxy-2-thienylacetyljoxy]-9,9-dimethyl-3-0xa-9-
azoniatricyclof3.3.1 _0**nonane bromide monchydrate — abbreviated to tiotropium
BR] — is used as an anticholinergic.

As atkyl groups (even insofar as they are components of other groups), unless
otherwise defined, branched and unbranched atkyl groups with 1 to 4 carbon atoms
are considered. By way of example, methyl, ethyl, propyl or butyl are named. Insofar
as not otherwise named, all of the possible isomeric forms of the hereinbefore-
named designations propyl and butyl are included. For example, the designation
propyl includes the two isomeric groups n-propyl and iso-propyl, the designation butyt
n-butyl, iso-butyl, sec. butyl and tert.-butyl. Optionally, common abbreviations are



mixtures thereof. Of the compounds named above, within the framework of the present invention
those of 3-a configuration are especially preferred. The described anticholinergic active substances
can optionally be used in the form of their pure enantiomers, mixtures thereof or their racemates. It is
especially preferred that tiotropium salt -especially&iotropium bromide [(1

220,40, 56,10 YRR RErASSRON RS AR GHbiboxachn O NRIGY Rl gy 1102 Inonane

bromide mono abbreviated to tiotropium BR] - is used as an anticholinergic. As alkyl groups
(even inSEraHY -tﬁt%r are components of other groups), unless otherwise defined, branched and
- unbranched alkyl groups with 1 to 4 carbon atoms are considered. By way of example, methyl, ethyl,

propyl OA?%WJ&?‘?]%EE&?Q(&%N%,@;%P%Q wiseammrshattobinsimesgidigpsprarissiorms of the
_herembefo-re: named desgnaﬂorﬁgﬁ Opé% utyl are chdred. Fo[%% am Iel tge 8%5' é\gtlon propyl
include L tHE NS FORIESC o PERRS -f{r%’gl ?Eé‘b?gpil}x d'qEEn thﬁe‘bu‘tly‘;i1 n':'bugyl, 150-butyl, sec.
butyl anateert anatykidptitn4lisedsmmtnmbise/kapidened Thsiptywingpmaaned by way
heaei?b%m?mﬁme%mcw%%?@w@@ PREIbXY deibeitaxty %@b@@&@sﬁw 5$o(even
in,% far.as they are components of other gro 0 | nched an
unbrandﬂéapgf%(/%dmgﬁgﬁ%%ﬁ%cﬁ'@fg%&f é%)!y%f'éﬁﬁ a#cl)grgn% zsrlw \%ﬁﬁ%ﬁg %ﬁ%%ﬁ%%ms, are considered.

The follbwieinbeforemmamsiaepion alicRsionsdmers Bitexy BRpskydedropyloxy) or butoxy (=

butyloxy). Here too, insofar as not otherwise named, all of the possible isomeric forms of the
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(anc
alkylene bridges wi car sarec Ikylene groups. The following are

named I§§@Wﬁﬁﬁ@?ﬁﬁﬂéﬂ@?%@ﬁ@f@ﬁ@'ﬁ%g&gia{ﬁ@g’ F BYRIGASe named, all of the
possibleyisaiyierie, fRexpaishekefainbefostotheradseasignatioall biithle passiie/lsamdrixylene are
forms of the hereinbefore-named designations butylene, pentylene, hexylene are
included. For example, the designation butylene includes the isomers
n-butylene, 1-methylpropylene, 2-methylpropylene, 1,1-dimethylethylene, 1,2~
dimethylethylene, etc.

Generally, fluorine, chiorine, bromine or iodine are designated as halogen.

Insofar as not otherwise mentioned, anion X is generally designated as fluorine,
chlorine, bromine, iodine, methanesulphonate, fumarate, citrate.

The active substance compositions according to the invention are preferably

— administered in the form of a dosing aerosol — however, any other form or parenteral
or oral application is possible. Here, the application of dosing aerosols embodies the
preferred application form, especially in the therapy of obstructive lung diseases or
for ihe treatment of asthma.

Apart from app[ications in aerosols which operate via propellant gases, the active
substance combinations according to the invention can also be administered by
means of so-called atomisers, via which solutions of phammacologically-active
substances can be sprayed under high pressure so that a mist of inhalable particles
results. The advantage of these atomisers is that the use of propellant gases can be

completely dispensed with.

The medicaments intended for inhalation are usually dissolved in an aqueous or
ethanolic salution, wherein solvent mixtures of ethanol or water are also suitable,
depending on the solution characteristics of the active substances.



included. For example, the designation butylene includes the isomers n-butylene, 1-methylpropylene,
2-methylpropylene, 1,1-dimethylethylene, 1,2- dimethylethylene, etc. Generally, fluorine, chlorine,
bromine or iodine are designated as halogen. Insofar as not otherwise mentioned, anion X is
generally designated as fluorine, chlorine, bromin®, iodine, methanesulphonate, fumarate, citrate. The
active substance compositions according to the invention are preferably administered in the form of a
dosing aerosol - hqwever, any other form or parenteral or oral a Iicati?n IS possible. Here, the
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The meglisamsrisbliensdeddeninfaiativprarersy phrsisseveddnsunaaeroug gghanolic solution,
wherein solvent mixtures of ethanal or. water are also suitable, depending onthe solution
%EP’ th g f

charactBHS{E8 B (RE W& L?nns(t'an&!g%ugﬁ'atomisers are described, for example, in PCT patent

application no. W091/14468 and international patent application PCT/EP96/04351, reference here
being masie fgdhetrMerintipovNItNdRe atnmisesitiassrived heloenteh siftabisofivnaws under

the designatipn Respimat(r), defined vol s of solutions containing active substances are sprayed
at high %e%%ﬁ’r%‘%ﬁ%grﬁ%ﬁrﬁn%ﬂ% {S% s%r%)gpgi\}l?ﬁﬁiable aerosols result with a preferred particle size of

between 1 and 10, preferably between 2 and 5 micrometres. Amongst others, mixtures which e.g.
contain giaenebas astel aithaiecanipbitefas ufehe solvent are optionally other co-sulveints

and the medicament preparation can also contain flavourings and other
pharmacological adjuvants. Examples of co-solvents are those which contain
hydroxyl groups or other polar groups such as alcchols — especially isopropyl
alcohol, glycols — especially propylene glycol, polyethylene glycol, polypropylene
glycol, glycol ether, glycerol, polyoxyethylene alcohols and esters of polyoxyethyiene
fatty acids. Co-solvents are suited to increasing the solubility of adjuvants and,
optionally, the active substance.

Other pharmacological adjuvants can be added, such as e.g. préservatives,
especially benzatkonium chloride. The preferred quantity of preservatives, especially
benzalkonium chloride, is between 8 and 12 mg/100 mi solution.

Complex formers can be added to the active substance combination to avoid spray
anomalies. Suitable complex formers are those which are pharmacologically-
acceptable, especially those which are already permitled under drug licencing laws.
EDTA, nitrilotriacetic acid, citric acid and ascerbic acid, and also their salts, are
especially suitable. The disodium sall of ethylenediamtetraacetic acid is especially
suitable.

The proportion of dissolved active substance composition in the finished medicament
preparation is between 0.001 and 5 % - preferably between 0.005 and 3 %,
especially 0.01 to 2 %. The maximum concentration of medicament is dependent on
solubility in solvent and the necessary dosage for attaining the desired therapeutic
effect.



as solvents for medicament preparation. Apart from water, other components of the solvent are
optionally other co-solvents and the medicament preparation can also contain flavourings and other
pharmacological adjuvants. Examples of co-solvents are those which contain hydroxyl groups or other
polar groups such as alcohols - especially isopropyl~alcohol, glycols - especially propylene glycol,

. polyethylene glycol, polypropylene glycol, glycol ether, glycerol, polyoxyethylene alcohols and esters
of polyoﬁéﬁeﬂg‘ﬁ@“?gtﬁf SRifetion Kysnasaarded ﬁéoﬁtgiﬁﬁﬁbéagmg eamelghility of adjuvants and,
optionally, the active substance. Other pharmacological adjuvants can be added, such as e.g.
preservatives, @specia lkopnium chloride] The preferred quantify, of preservatives, especially
benzalkoniurn C1Ioride,g?;0%€tv%§§r$%pan 12 mg/100 ml squﬁ%ﬁg&?ﬁﬁ EYormers canjbe added to
the active substhance comhination to avoid spray lanomalies. Suitgi#ibmblex formersiare those
which are pharmacoloﬁwapmﬁqﬁf@mﬁj@specialIy those whichaye aﬁgady permittediunder drug
licencing laws. EDTAifrilotriacetic acid, citric acid and ascor d, and aisothemrsalts, are
especially suitalpte: Thﬁg)j%qgééjm é%r?g%lfaetﬁ}y'len diamtetraacet?ig;if:% 'iggespnr‘inlly suifable. The
proportion of digsolveeacakonigigideritamposition in the finished meglicament preppration is
between 0.001 and 5 % - prefersply between 0.005 and 3 %, eggt_a@imy 0.01 to 2 %. TThe maximum
concentration o medlcamerlt_@ﬂ(igF ndent on “Spiubifity T solventand the necessary-qosage for
attaining the desired therapbuuu offect-10--Thefollowing nrppa B 3frﬁdrm< are.cited as a formulation

..... N I o

example: Component parts Composition An m g/100 ml Tiotropium bromide 333.3 mg Formoterol
fumarate 333.3 mg ~

Component parts Composition
in mg/100 mi
Tiotrapium bromide 333.3 mg
Salmeterol xinafoate 666.6 mg
Benzalkonium chioride _ 10.0mg
EDTA ' 50.0 mg
HCI (1) S ad pH 3.4

In addition, the active substance combinations can also be inhaled in the form of a
powder. The production of such administration forms is known from the prior art.
Apart from the active substance combination, corresponding to the present invention,
they contain pharmacologically-compatible carrier or adjuvant substances — such as
e.g. microcrystalline lactosa. The dose provided for inhalation can, for example, be
filled into capsules and has e.g. the following composition:

Component parts Quantity
Tiotropium bromide hydrate 6 g
Formoterol fumarate x 2 HQO 6 yg

Lactose monohydrate ad 25 mg



Benzalkonium chloride 10.0 m EDTA 50.0 m HCI 1 n ad pH 3.4 Component parts Composition in m
0/100 ml Tiotropium bromide 333.3 mg Salmeterol xinafoate 666.6 m Benzalkonium chloride 10.0 m
EDTA 50.0 m HCI11n ad H3.4 In addition, the active substance combinations can also be inhaled in
the form of a powder. The production of such admilrinstratlon forms is known from the prior art. Apart
from the active substance comblnatlon correspondlng to the present invention, they contain
pharmacologically-compatible carrier SRUSEE AR, d1ei’lich as e.g. microcrystalline lactose.

The dosammmmmwammmdfoamw@ﬁmmdommm et fpe following
ComPOS'ﬂRﬂaf%R@QH&‘%%Rﬁﬂat%He%‘é(reHP%ﬁgHﬁhQF&WQG %éo & SPapateral fumarate x 2 H20 6

Lactose m noh rate ad Results e experlme nctﬁ(o)spasmo?%c A6 cardiovascular
effect of Ot [{fﬂ B%ﬁﬂﬂ%eqdﬁﬁﬂfté%ln?ﬁﬁ%ﬁfe%ﬁm bihations thereof after inhalative application
of an aqueous solutlon to narcotlsed dogs by means of Respimat(r). Material and methods 18
mongrelMatRiaitang ifaelpoggght of 27 to 32 kg. Kept in individual or communal cages, pelleted

standard Bambrkgﬁéf@@@wwﬁl@owi‘%@fp& secstan Rbthedssls it WRtes fieshnayailable.
cages, pelleted standard food, last fed approx. 15 hours before the start of the tests,
drinking water freely available.

After pre-medication with 2 mg/kg morphine hydrochioride i.m., 30 mg/kg
pentobarbital-sodium (Nembutal®) is slowly injected intravenously. The animals are
relaxed with 1.0 mg/kg i.v. suxamethonium.

After intubation via a servo ventilator 900 C (Siemens), the animals are ventilated

- with ambient air and oxygen (4:1), frequency 1 5/min., breath volume 6 — 8 I/min. For
registration of the breathing mechanics, breath flow is determined by means of a
pressurising pipe (flesh no. 1), installed directly before the orotracheal tube, of a
differential pressure recorder and amplifier DCB-4C. A catheter is placed in the
trachea and a second (balloon) catheter is placed in the lung section of the
oesophagus. Both are connected with a differential pressure recorder and amplifier
for determination of the transpulmonary pressure. A breath mechanics computer
(IFD-Muhlheim) determines the pulmonary resistance (R) from the registered
pressure values. From this, a computer program VAS-1 LA (IFD-Mithlheim)
calculates:

Pulmonary resistance = max. franspulmonary pressure
breath flow

Registration of heart frequency is via ECG (extremity derivative il) and
cardiotachometer.

After an equilibration period of 30 mins, short-term bronchospasms are generated by
i.v. injection of 10 pg/kg acetylcholine chioride — this is repeated 2 — 3 x within a 10-
minute period. The test substances tiotropium bromide, formoterol fumarate and the
combination of both substances are administered as aqueous solutions with the
BINEB atomiser (Respimat®). Application of the combinations takes place with the
individual combinations with an interval of approx. 1 minute. With the BINEB system,
the triggering mechanism takes place at the end of the expiration phase and the



After pre-medication with 2 mg/kg morphine hydrochloride i.m., 30 mg/kg pentobarbital-sodium
(Nembutal(r)) is slowly injected intravenously. The animals are relaxed with 1.0 mg/kg i.v.
suxamethonium. After intubation via a servo ventilator 900 C (Siemens), the animals are ventilated
with ambient air and oxygen (4:1), frequency 15/myp., breath volume 6 - 8 I/min. For registration of the
breathing mechanics, breath flow is determined by means of a pressurising pjpe (flesh no. 1), installed
directly BLABHESERbSSUHREHB AT IO A AR e B AL AP AHE B DCB.4C. A
catheteiiis pikatethipliheetcddhedbesmiia geagnd (balloon) catheter is placed in the lung section of the
oesophagus. Both are connected with a differential pressure recorder and amplifier for determination
of the transpulmonary pressure. A breath mechanics computer (IFD-Muhiheim) determines the
pulmon@pseasistance (R) from the registered pressure values. From this, a computer program VAS-1
LA (IFD-Muhlheim) calculates: Pulmonary resistance = max. transpulmonary pressure breath flow
Registratiotropiearbieseidency is via ECG (extremity derBivEA V@ Bhrdiotachometer. After an

equilibration period of 30 mins, short-term bronchospasis are, generated by i.v. injection of 10 pg/kg
acetylcﬁ%)ﬂﬂgp%%'ﬂfgm?ﬁ%% repeated 2 - 3 x within asignoq i?ﬁjri‘railutéj g?erfi"tb q The test substances
tiotropiufRrapNAs fsmpisreBimatateansh e ombinatian of Hotn suheignges are administered as

aqueous.solutions with the BINEB atomiser (Respimat(r)). Application of the combinations takes place
with the individual combinations with an interval of approx. 1 minute. With the BINEB system, the

triggerinfabkechinisirstenwe dhpaadinge alng opasbtbrpirites pRessdbatanea regionasé@eiution is
pressediipie iRe-irreReqbrenebiatiepdndhetie mwinaidnsniratieneismahiedseatdpump. Dosages

increases, induced by ACh, over the time from180 minutes.

Results

The results are shown in the Tables and in the diagrams. 3 and 10 ug tiotropium
bromide, or formoterol fumarate, inhibit the bronchial resistance increased by
infravenous in}éction of ACh, stepped with regard {o dosage and clear. The
maximum bronchospasmolytic effect of formoterol FU rapidly occurs with both
dosages, that of tiotropium BR delayed after approximately 60 mins. The effective
duration of formoterol FU is comparatively short, especially with the low dosages, buf
according to expectations those of the tiotropium BR were continuous untif the end of

the test (180 mins).

With the combination of 3 pg tiotropium bromide + 3 pg formoterol FU, a very rapidly-
occurring bronchiospasmolysis of 90% was attained which continued practically
unchanged untit the end of the test. The protective effect of the combination
substantially exceeds that of the individual components, but also the sum of the
individual effects df 3 Hg tiotropium bromide and 3 pg formoterol FU.

it exceeds the effects of 10 g tiotropium bromide or 10 ug formoterol fumarate (cf.
Diagram 2).

Tiotropium bromide on its own has no influence af ail on the heart frequency, either
with 3 g or 10 pg. On the other hand, formoterol FU increases it in stages,
dependent on dosage, and above all by a maximum of over 90% with high dosage.
Values of over 80% are still measured after the end of the test. The frequency effects
are substantially lessened with the combinations 3 + 3 pg, or also 10 + 10 ug
tiotropium bromide and formoterol fumarate, and lie below 30 %.



Tiotropium bromide: 3 and 10 pg/15 pl Fommoterol fumarate: 3 and 10 pg/15 pl Tiotropium bromide +
formoterol fumarate™ 3 + 3 pg or 10 + 10 pg/15 pl Tables 1 - 6 show the starting values and the values
after substance treatment over time within 180 minutes. The percentile inhibitions of the pulmonary
resistance increases, induced by ACh, over the tyge from180 minutes. Results The results are shown
in the Tables and in the diagrams. 3 and 10 pg tiotropium bromide, or formoterol fumarate, inhibit the
bronc ce increased by intravenous injection of ACh, stepped with regard to dosage and
clear. Erﬁim‘iaﬁmmhstngnelsoﬁpaﬂﬁt@IWU@f@dﬂbfh@rﬁ%@mﬁ@ﬂa{ﬁ@l@@ﬁiﬁ%@ﬂﬁﬂﬁﬁ%ﬂésag%,
that of fiplrapivmBR- delayssbalieranneoiimeialypubktantae effective duration of formoterol FU is
comparatively 'short, especially with the low dosages, but according to expectations those of the
tiotropium BR were continuous until the end of the test (180 mins). With the combination of 3 pg
tiotropitim brdampdd ensgigpfeefstbrol FU, a very rapidly- occurring bronchiospasmolysis of 90% was
attaineg_whig@ﬁgraimgpmﬁ@&y unchanged until the end of the test. The protective effect of the
combination substantially exceeds that of the individual components, but also the sum of the
individual effects of 3 pg tiotropium bromide and 3 pg formoterol FU. It exceeds the effects of 10 pg
tiotropibitt prémrad/or 10 pg formoterol fumarate (cf. Diagram 2). Tiotropium bromide on its own has
no influence at all on the heart frequency, either with 3 pg or 10 pg. On the other hand, formoterol FU

increasgs it i sta:%ﬁ? ndiakene-alh Ry a maximum of over 90% with high
dosagZ‘;?‘ VaEES 0 \%r%%@?%?gg%ﬁ measured after the end of the t®st Ihgteféeﬁﬁ ncy effects are

substafttially 186ssHBatantRle eaHASHIIRALSN eI S3s a6 SRPEE bromide and
formoterol fuiparaizranddizbelow 30 %. 13

A substantially-improved therapeutic effect can be expected with the combination
preparation for both COPD and asthma, associated with the advantage of minimal
cardial side-effects. '



Evaluation Entirely surprising results were found with the combination of the anticholinergic and the
(3-mimetic as opposed to the individual substances: 1. Rapid onset of effect 2. Long duration of effect
but primarily 3. The superadditive bronchospasmolytic effect and 4. The substantially reduced
frequency increase, especially with the high formgtgrol dose. A substantially-improved therapeutic
effect can be expected with the combination preparation for both COPD and asthma, associated with
the advéﬁﬁh@of minimal cardial side-effects. 14 Tables Table 1: Influence of 3 pg tiotropium bromide
on the heart frequency of narcotised dogs after inhalative application via Respimat., n = 6. Heart fre
uenc beats/min. Control Minutes after a lication 1 5 10 20 30 60 120 180 66.50 63.00 67.00 64.00

24100 69 00 89,00 89,00 .00 1700 46 00109 B 115,00 PR SN AORAZHORIPLP0 40400

. . . . . [ . , s i ¢ U gU4.

105.00 105.00 110.50 11@?66(‘5?&%08%191%%'66’%6%6 %?89%6]‘%'11.00 110.00 100.00 85.50 85.00 87.00
90.00 93-06-97-06-97-66-92-00-96-00-Meamr 9100 9217 20T 93T 93733°93.50 92.00 89.00]90.00
value seim 6.80 8.63 8.23.8.45 8.35 Hmfﬁ?«ﬁ#‘?ﬁféf e?tﬁ{%g??jm bromide—%-alte

Control Minu{(;s after applicatio;mc’ o
1 5 10 20 30 60 120 180
- 66.50 63.00 | 67.00 | 64.00 | 61.00 { 63.00 | 67.00 | 63.00 | 66.00
87.50 87.00 | 84.00 | 82.00 | 87.00 | 81.00 { 89.00 | 87.00 | 87.00
86.50 84.00 | 84.00 | 89.00 | 89.00 { 89.00 | 84.00 | 77.0G | 86.00
109.50 |115.001115.00|116.00{120.00{121.00{104.00{105.00{105.00
110.50 [119.001119.00|118.00{110.00{110.00{111.00{110.00{100.00
85.50 85.00 | 87.00 | 90.00 | 93.00 | 97.00 | 97.00 { 92.00 | 96.00
Mean 91.00 02.17 | 92.67 { 93.17 | 93.33 | 93.50 | 92.00 { 89.00 | 90.00
value
sem 6.80 863 | 823 | 845 | 835 | 846 | 6.40 | 7.14 | 566

3 ug tiotropium bromide, % alteration

Control Minutes after applicafion

1 5 10 20 30 60 120 180

66.50 5261 075 | -3.76 | -8.27 {5261 0.75 | -5.26 | -0.75
87.50 | -057 | -4.001| -6.29 | -0.57 | -743 | 1.71 | -0.57 | -0.57
— 86.50 2809|2891 289 ] 289 | 289 | -2.89 |-10.96| -0.58
109.50 502 | 502 | 5.94 | 9.59 {1050 -5.02 | 4.11 | 4.11
110.50 769 | 769 | 6.79 | -0.45 | 045 | 045 | 045 | -9.50
85.50 0581 175 1 526 | 877 [ 1345)13.45] 750 | 12.28
Mean 91.00 057 { 139 | 181 | 199 { 228 | 141 | -230 | -0.54

value
sem 6.80 1.99 183 | 225 | 2.72 | 342 | 2.62 2.53 2.93




Control Minutes after a lication 1 5 10 20 30 60 120 180 66.50 -5.26 0.75 -3.76 -8.27 -5.26 0.75 -5.26
-0.75 87.50-0.57 -4.00 -6.29 -0.57 -7.43 1.71 -0.57 -0.57 86.50 -2.89 -2.89 2.89 2.89 2.89 -2.89
-10.98 -0.58 109.50 5.02 5.02 5.94 9.59 10.50 -5.02 -4.11 -4.11 110.50 7.69 7.69 6.79 -0.45 -0.45
0.45 -0.45 -9.50 85.50 05817552687713451%3457601228Mean9100057139181199
2.28 1.41 -2.30 -0.54 value sem 6.80 1.99 1.83 212 2.72 3.42 2.62 2.53 2.93 15 Table 2: Influence of
10 pg tidtPsPRuk bromlde bHluRNAE At HR pedirlaniviay basaide aystardiaprdiearenslioation via
Respimat(c), n = 6. liea 'reatestisbeatsipiaftEontialdtinutgspitatiapplisatiosplial® 2Q 20560 120 180
66.50 79.00 75. OO 75 00 77.00 79.00 74.00 75.00 70.00 87.50 96.00 91.00-88.00 89.00 90.00 85.00

83.00 84.00 86.50 85.00 80.00 79.G9:%#4PefRiBAP @R IBANR700 109.50 104.00 102:00 J01.00
101.00 101.001p3.00 J.Ud 00 10500 110750 102,00 102700 102.00 101.0096.:00-101-:66-162,00
101.00 B85.50.78.0898t%8' 74 00 77007400 7 V%ui%aﬁﬁwmh 0.90.33 87.50 86.83 87.00
86.00 84.17 85.50 86.67 valle skm 5.8%4.80 5167 5.028.82 4.680 5.61 5553 b. 72 JLO{tiofr@oium
bromide| % alteratiogeGantrof Mingies AlenaPplcaiqrry 8aq 2 38042801895 00 | 70.00

87.50 96.00 | 91.00 { 88.00 | 89.00 | 80.00 | 85.00 | 83.00 | 83.00
86.50 85.00 1°80.00 {78.00177.00 | 76.00| 75.00 | 76.00 | 87.00
109.50 [104.00]102.00]101.00{101.001101.00]103.00{103.00{105.00
110.50 ]102.00]102.00/102.00{101.00| 96.00 | 101.00{102.00|101.00
85.50 76.00 ) 75.00 1 76.00 1 77.00 | 74.00 | 73.00 | 74.00 | 74.00
Mean | 91.00 |90.33|87.50|86.83|87.00 | 86.00 | 85.17 | 85.50 | 86.67
value
sem 6.80 489 | 517 | 500 | 482 | 460 | 561 | 553 | 575
10 ug tiotropium bromide, % alteration
Control Minutes after application
1 1| 5 | 10 ] 20 | 30 | 60 | 120 | 130
66.50 18.80 { 12.78 [ 12.78 [ 156.79{ 1880 | 1128 | 12.78 | 5.26
87.50 9711400 | 057 | 171 | 286 | -2.86 | -5.14 | -5.14
86.50 -1.73 1 -7.51 | -8.67 |-10.98}-12.14}-13.29|-12.14| 0.58
109.50 | -502 | -685|-7.76 | -7.76 } -7.76 | -5.94 | -5.94 | 4.11
11050 | -7.69 | -7.69 | -7.69 | -8.60 |-13.12]| -8.60 -7.69 | -8.60
T 85.50 |-11.111-12.281-11.111 -9.94 1-13.45]-14.62|-13.451-13.45
Mean 81.00 049 [ -293 | -365|-330-414 | 567 | -526 | -4.24
vaiue_ ‘
sem 6.80 4.68 | 3.84 | 366 | 425 | 523 | 3.84 | 3.86 | 2.70




66.50 18.80 12.78 12.78 15.79 18.80 11.28 12.78 5.26 87.50 9.71 4.00 0.57 1.71 2.86 -2.86 -5.14
-5.14 86.50-1.73 -7.51 -8.67 -10.98 -12.14 -13.29 -12.14 0.58 109.50 -5.02 -6.85 -7.76 -7.76 -7.76
-5.94-5.94 -4.11 110.50 -7.69 -7.69 -7.69 -8.60 -13.12 -8.60 -7.69 -8.60 85.50 -11.11 -12.28 -11.11
-9.94 -13.45 -14.621-13.45 -13.45 Mean 91.00 0.4%;-2.93 -3.65 -3.30 -4.14 -5.67 -5.26 -4.24 value

sem 6.80 4.68.3.84 3.66 4.25 5.23 3.84 3.86 2.70 16, Table 3: Influence of formoterol fumarate
o the hbalR duency of KIRBHEE T ad O RE FIRERL _iwaﬁ%ﬁfr‘cgﬁo%%@ﬁ%@iﬁé%;g% e Hoar
frequency beats/min. Con@iauiiséslage eigphchataiiesarpicagonia 50119800 105.00
129.00 134.00.138.00 134 00 115.00.108.00..133.00.123.00.140.00 162.00 165.00 159.00 153.00

147.00 1}40.00 60:00 67.00 64.00 18Q4N f2HO30QB@8/88109 86.00 80.50 91.00 95.00 110.00
100005 00 E T 10650 20Oy 401 FLAATISE 0 140 00 000112000
92.50 107661 60-128-60-128-60-126-66-126-60 Vg 193¢

-06-116-001725-:061126:60-1 FaImT 945 127.33

U 9. 1UIJ.90
126.83 125.67 192.50 115.67.118.33 vatie terl®0 hz 8010 1 86 8 ko 88 71 11284 10.88%.42 8.39 3
formoterpl fumarpte g¥ &9 alter@ioodC o08 AoVHRAYER afted Gophcaion 115340201 36.60 1AB1R0| 94.50

798 L 9590 “453.00 P 125 90 Fatbb 1 165.087 183 G014 50601 155,60 197 o i Bo -2

60.00 67.00 | 64.00 {100.0G6] 85.00 | 89.00 | 86.00 | 88.00 | 86.00
80.50 91.00 | 95.00 }110.00}100.00{ 95.00 | 94.00 | 94.00 | 96.00
106.50 |[129.00|137.00{138.001141.00]145.00{140.060{130.00{130.00
| 9250 [107.001116.001125.00}126.00]128.00[128.00]|120.00{120.00
Mean 94,50 (103.17/109.501127.33(126.83{125.67}122.50{115.67{113.33
value
sem 10.03 9.19 {1159 | 888 {1071 (1144 10.87 | 9.02 | 8.39

3 pg formoterol fumarate, % alteration

Control Minutes after application

1 5 10 20 30 60 120 180
94.50 7.94 | 11.11 [ 36.51141.80 | 46.03 | 41.80 | 21.69 | 14.29
133.00 | -7.52 | 626 [ 21802406 | 19.55| 156.04 [ 10.53 | 5.26
60.00 11.67 | 6.67 | 66.67 | 54.33 | 48.33 | 43.33 | 46.67 | 43.33
80.50 13.04 1 18.01 | 36.65 | 24.44 | 18.01 | 16.77 | 16.77 {1 19.25
106.50 | 21.13128.64 | 29.58 | 32.39 | 36.15 | 31.46 | 22.07 | 22.07
o 92.50 15.68 1 2541 | 35.14 | 36.22 |1 38.38 | 38.38 | 29.73 | 29.73
Mean 94.50 10.32 | 1585 | 37.72 | 36.17 | 34.41 | 31.13 | 24.58 | 22.32
value
sem 10.03 399 | 399 1624 | 525 | 528 | 510 | 512 | 536




60.00 11.67 6.67 66.67 54.33 48.33 43.33 46.67 43.33 80.50 13.04 18.01 36.65 24.44 18.01 16.77
16.77 19.25 106.50 21.13 28.64 29.58 32.39 36.15 31.46 22.07 22.07 92.50 15.68 25.41 35.14 36.22
38.38 38.38 29.73 29.73 Mean 94.50 10.32 15.85 37.72 36.17 34.41 31.13 24.58 22.32 value sem
10.03 3.99 3.99 6.24 5.25 5.28 5.10 5.12 5.36 17 {kable 4: Influence of 10 pg formoterol fumarate on
the heart frequency of narcotised dogs after inhalative application via Respimat(r), n = 6. Heart
frequendy?BEats/min. BlrERFRM RS Siaraitelinesie 9p B deaddresneossof116.00 153.00
155.00 157.00 159.0014609=H76003 Hi20M 3300 24p0talid6. 0k FRdspt2a$00 207.00 210.00

- 209.00 205.00 60.00,19%;00 146.00 152.00 153.00 150.00 149.00 146.00 141.00 80.50 96.00 120.00
144.00 156.00 156.00 140.00 140.00 130.00 106.50 105.00 120.00 160.00 158.00 150.00 150.00
145.00 145.00 92.50 122.00 122.00 130.00 135.00 140.00 140.00 135.00 135.00 Mean 94.50 115.50
132.83 1555:-33-166-56-166-33-158:67158:50-151-33—value-sem-106-03-6:94-5-88-8-32-9-38-9-70 10.83
11.68 1118 10 formoterol furnaratdiea@ifeestierncyibertafmies)after application 1 5 10 20 30 60
120 180} 94.50 42 Za#ikSI0 54.02 66.14 68.25 §RiA188 44t6P Sppfkidddiond-02 2.26 43.61 53.58 55.64
57.89 51.14 54.14 60.00 81|67 ,}43. 3 3553.~3 ]11?)5.0 12'% 00T '%.dd ! 055 1511)230 180

94.50 |116.00{153.00}155.00|157.00{159.00{163.00{176.00| 152.00]|
133.00 1145.061136.00]191.00]204.00(207.00]210.00]209.00{205.00
60.00 }109.00{146.00{152.00{153.00| 150.00] 149.00]146.00]141.00
80.50 | 96.00 1120.00[144.00{156.00| 156.001140.00{140.00{130.00
106.50 1105.001120.00,160.00{158.00{150.00] 150.00|145.00}{ 145.00
92,50 1122.00}122.00)130.00;135.00{140.00| 140.00{135.00{135.00

Mean 94 .50 115.501132.83]155.33|160.501160.33{158.67/158.50{151.33
value

_sem 1003 16.94 | 588 | 8.32 | 9.38 | 9.70 | 10.83 | 11.68 | 11.18

10 pg formoterol fumarate, % alteration

Control Minutes after application

1 5 10 20 30 60 120 180
94.50 227516190 |64.02{66.14 | 68.25]|7249(86.24 | 60.85
133.00 | 9.02 | 2.26 | 43.61|53.38 | 55.64 | 57.89 | 57.14 | 54.14 |
60.00° | 81.67 1143.33]/1563.33]155.00]150.00{148.33]143.33]135.00
B 80.50 19.25 149.07 1 78.88 1 93.79 | 93.79 1 7391 1 73.91 | 61.49
106.50 | -1.41 | 12.68 | 50.23 | 48.36 | 40.85 | 40.85 | 36.15 | 36.15
92.50 131.8931.89 |40.54 | 4595 151.35]51.35/45.95 | 45.95
Mean | 94560 [27.20150.19|71.77 | 77.10 | 76.65|74.14 | 73.79 | 65.59
value

sem 10.03 11.86 1 20.70 | 17.32 1 17.15 ] 16.44 j 15.70 | 15.77 | 14.42




80.50 19.25 49.07 78.88 93.79 93.79 73.91 73.91 61.49 106.50 -1.41 12.68 50.23 48.36 40.85 40.85
36.15 36.15 92.50 31.89 31.89 40.54 45.95 51.35 51.35 45.95 45.95 Mean 94.50 27.20 50.19 71.77
77.10 76.65 74.14 73.79 65.59 value sem 10.03 11.86 20.70 17.32 17.15 16.44 15.70 15.77 14.42 18
Table 5: Influence of the combination of 3 pg tiotrggium BR + 3 pg formoterol FU on the heart

frequency of narcotised dogs after inhalative application yia Respimat(r), n.=.6., Heart frequency
beats/miADEoRtrol Minuth¥HEECERIiIE SR TYRI98 9%%6‘%58%%6‘”&%*15&80 106.00 107.50
107.00 110.00 112.00 11f0:08ct&006 Waind0d he @b ftag.emayss oz nadioud1$ase{iEy.00 158.00

154.00 95.00 106.00 109/00.fd, 00, oA 99RLER M4 HC 1700 95.50 110.00 117.00
129.00 128.00 130.00 129.00 123.0Q 123.00 112.00 127.00 120.00 115.00 115.00 104.00 112.00

107.00 $6:00"T0T,50 T00.00 110.0p TIGO0 172 119:0p 101.00 95.00 Mean 109.0B 117.17
eartireqy f 1847

iy
121.33 122.83-124.00-121-83-121+- 664+ 11 720 ggs : : ) : ; ;
6.73 7.78 3 tiotlo Genbeimide + 3 formoterql flliardes aftar-applicatioNol | Minutes after 4 lication
151020 3060{120 180 1(47.5Q -0.47 %33 4#.19(2.3B 2283 2{3330..40 -1640 14349 .9983.29 11.89

10.49 7891259 Z A LAUT 07 001 110.00}112.00| 110.00| 110.00{ 110.00| 106.00| 106.00
143.00 1153.00]162.00]160.001158.00] 154.00161.00{146.00145.00
95.00 1106.001109.00!111.00]121.00|119.00{108.00{114.00{107.00
9550 1110.00|117.00]129.00]128.00]130.00]129.00|123.00|123.00
112.00 1127.001120.00]115.00]115.00|104.00]112.00]107.00| 96.00
10150 1100.001110.00]110.00{112.00114.00]110.00]101.00| 95.00
Mean | 109.08 |117.17|121.33]122.83]124.00{121.83|121.67|116.17{112.00

value :
sem 7.31 807 | 833 | 769 | 731 | 737 | 847 | 6.73 | 7.78

3 jg tiotropium bromide + 3 g formoterol fumarate, % alteration
Control Minutes after application

1 5 10 20 30 60 120 180
10750 | -047 | 233 | 419 | 2.33 | 2.33 | 2.33 | -1.40 | -1.40
143.00 6.00 | 13.29 1118911049 769 1259 210 | 140
95.00 11.58 | 14.74 {1 16.84 | 27.37 {1 25.26 | 13.68 { 20.00 | 12.63
95.50 15.18 | 22.51 1 35.08 { 34.03 { 36.13 | 35.08 | 28.80 | 28.80
T 11200 | 1339 714 | 268 | 268 | -7.14 | 0.00 | -4.46 [-14.29
10150 | -1.48 | 8.37 | 8.37 110.34|12.32 | 8.37 | -0.49 | -6.40
Mean | 109.08 753 1 11.40113.17 | 14.54]12.76 | 1201 | 742 | 346
value _
sem 7.31 201 | 287 | 486 | 538 | 641 | 512 | 655 | 6.23




95.00 11.58 14.74 16.84 27.37 25.26 13.68 20.00 12.63 95.50 15.18 22.51 35.08 34.03 36.13 35.08
28.80 28.80 112.00 13.39 7.14 2.68 2.68 -7.14 0.00 -4.46 -14.29 101.50 -1.48 8.37 8.37 10.34 12.32
8.37 -0.49 -6.40 Mean 109.08 7.53 11.40 13.17 14.54 12.76 12.01 7.42 3.46 value sem 7.31 2.91
2.87 4.86 5.38 6.41 5.12 5.55 6.23 19 Table 6: Inflgence of the combination of 10 pg tiotropium
bromide + 10 pg formoterol fumarate on the heart frequency of narcotised dogs after inhalative
application via Respimat(r), n = 4. Heart frequency beats/min. Control Minutes after application 1
-5-T10 Takle 60 120 180 Infiresoe of the rombinaliamel1hG vo Yatrawumbormids. 60! 18900 143.00
150.00 154.00 171.00 18¢469d82c0fh33-8(: 1h8tHe he8r00rth0A A0 Qthtbtiffdld64¥) die-00
127.00 125.00 122.00 126. 5501 117. 7 29.00 130.00 120.00 123.00
Moen 110.25 12060 121 984ANSA PRI T %@%@88%31@1 85 154,00 value Som 11.26 10,22
11.17 13 : ; O
alteration_Control Minutes after anﬂﬂﬁ%ﬁﬁ’%ﬁ’?@% eatsiwingy 107.50.047.047.6.054d 84 884
8.84 7.91 10.70 } 140@ré190Q 7. 69 19 58 25.87 Miauia6.aftar a8nlic48a95.00 12.36 12.36 22.11
30.53 38.68 31.58 28.42 32.63 95.50 21,47 p2 %& 25.6532. 98 3%,08! 36gh3 25. §5¢8i80Mgan 110.25

9.63 10j59-18:3%24-56 26:2 25.78 1987 224

107.50 {107.00{1067.00 114 004117.001117.601117.00{116.00{119.00
143.00 1150.00}154.00{171.00{180.00|182.00]181.00}168.00{168.00
95.00 |107.001107.00]116.001124.001127.00{125.00}122.00}126.00
9550 |116.00]117.00{120.00{127.00]129.00130.00{120.00}123.00
Mean | 110.25 ]125.6C|{121.25130.25;137.00{138.75}138.25]1131.560]134.00

value
Sem 11.29 1022 1 1117 1 1364 114491 1465 | 1450 ] 12.23 | 11.42

10 pg tiotropium bromide + 10 ug formoterol fumarate, % alteration
Control Minutfes after application

1 5 10 20 30 60 { 120 180
10750 | -047 | 047 | 6.05 { 8.84 | 884 | 884 | 791 | 10.7C
143.00 | 490 | 769 | 19.58 12587 | 27.27 | 26.57 | 17.48 | 17.48
95.00 12.36 1 12.36 | 22.11 | 30.53 [ 33.68 { 31.58 | 28.42 | 32.63
9550 | 2147 |2251125.65]32.98135.08136.13|25.65 | 28.80
Mean | 11025 | 963 | 10.59 | 18.35{24.56 | 26.22 | 25.78 { 19.87 | 22.40

- value
sem 11.29 477 | 480 | 429 { 544 | 6.04 | 5987 | 4.61 5.06




value sem 11.29 4.77 4.80 4.29 5.44 6.04 5.97 4.61 5.06 20 Diagrams Fig. 1 shows the influence of 3
pg formoterol fumarate, 3 pg tiotropium bromide and a combination of 3 pg tofropium bromide + 3 pg
formoterol fumarate on the bronchial resistance of narcotised dogs, n = 6. Fig. 2 shows the influence
of 10 pg formoterol fumarate, 10 pg tiotropium bromjde and a combination of 3 pg tiotropium bromide
+ 3 pg formoterol fumarate on the bronchial resistance of narcotised dogs, n=6. 21 Claims 1) A
pharmacEliga@smposition, characterised in that it contains an anticholinergic, which has a
long-lasting effect, and a j3-mimetic which has a 5 long-lasting effect, optionally in the form of their
racematdSigheiskemastibmarfiuchei diadtpgelumerdantimixarads, tAqrgdiptvhpigin iner@Blenandtic
which hag 3, lomehlarinG eYGR, BlermRis Brarpiinally iy hs-iasie @l RiaRacolaoisally compatible
acid addition salts thereof. 70 2J:A pharma tical composition according to claim 1, characterised in
that the SARR %iﬁ{é'reg%s AFE N IELCRRS é#?ﬁﬁ'effect is selected from glycopyrronium bromide or
the esters af Bi- and tricyclic amino alcohols of formula (I) ZZO-A (I} wherein 15 A denotes a group of
general formula (il) CH2 CH CH 4NRR'Q NCH2 CH7

Fig. 2 shows the influence of 10 pg formoterol fumarate, 10 ug tlotroplum bromide -
and a combination of 3 pg tiotropium bromide + 3 pg formoterof fumarate on the
bronchial resistance of narcotised dogs,

n=06.



(1), in which Q denotes one of the double-bonded groups -CH2-CH2-, -CH2-CH2-CH2-, - 20 CH=CH-,
or - -CM-CH R denotes an optional halogen or hydroxy-substituted C1-C4 alkyl group, R'denotes a
C1-C4 alkyl group and R and R' can also combine to form a C4-C6 alkylene group, 25 and an
equivalent of an anion X counters the positive charge of the N atom, Z denotes one of the groups 22 /
\R RT R2orY R3(lll) (IV) wherein Y denotes a single bond, an 0 or S atom or represents one of the
groups -CH2-, -CH2-CH2-, -CH=CH-, -OCH2- or - ? %5 R1 denotes hydrogen, OH, C1-C4 alkoxy or
C1-C4 alkyl, which may optionally be substituted b% ﬁVHr""bxy; R2 denotes a thienyl, phenyl, furyl,
cyclopentyl or cyclohexyl group, wherein 10 these groups may also be substituted by methyl, and
thienyl and phenyl may also be substituted by fluorine or chlorine, R3 denotes hydrogen, or a thienyl
or phenyl group) wh%ﬁ%ﬁﬁ?@?ﬁ%ﬁﬁh?@@p@ﬁfﬁ@ﬁtm@ﬁfﬁv&mgéﬁm haCt-@haling at5

anticholinergic, which has a long-lasting effect, and a -mimetic which has a

5 long-lasting effect, optionafly in the form of their racemaies, their enantiomers,

their diastereomers and mixturss thereof, wherein the B-mimetic which has a

long~asting effect is formoterol, optionally in the form of pharmacologicatly

compatible acid addition salts thereaf.

10 2) A phamaceutical composition aceording to claim 1, charactenised in that the
anticholinergic, which has a long-lasting effect, is selected from glycopyrronium

bromide or the esters of bi- and tricyclic amino alcohols of formula {h
O

Z/MQA
wherein

15 A denotes a group of genetal formula (il)

0]

: (I,

in which
Q  denotes one of the double-bonded groups -CHp-CHg-, -CHg-CHo~-CHop-, -

20 CH=CH-, or
CH O/CH

R denotes an optional halogen or hydroxy-substituted C4-C4 atkyl group,
R'  denotes a C4—Cy4 alkyt group and R and R' can also combine to form a
C4—Cg alkyiene group,
25 and '
an equivalent of an anion X counters the positive charge of the N atom,

Z denotes one of the groups



Optionally in the form of their racemates, their enantiomers, their diastereomers and mixtures thereof.
3) A pharmaceutical composition according to one of claims 1 or 2, characterised 20 in that the
anticholinergic, which has a long-lasting effect, is selected from glycopyrronium bromide or the esters
of bi- and tricyclic amino alcohols of formula (I), wherein A denotes a group of general formula (ll) 25
cH2 1 H.,CH+NRR Q CH2 CH' (!1), 23 in which Q d&notes one of the double-bonded groups -CH =
CH-, -CH2-CH2- or -CH CH f 5 R denotes a methyl, ethyl of/pragyl group, optionally substituted by
fluorine or hydroxy, R' denotes metr%yl, ethyl or propyl, prefgrably methyl, and an equivalent of an

d methane sulphonate,

anion X, selected from the group catnprising chloride, 10 brgiiide &
preferably bromide, counters the iwe-charge @f the N &tom, Adenotes one of the groups R' - R2
or Y Ri (IV) 15 wherein Y denotes a s&sgle bond or an 0 atopa;=

(1) O (v

wherein

Y denotes a single bond, an O or S atom or represents one of the groups
~CHg-, -CHgz-CHg-, -CH=CH-, -OCHz- or -8CHo- ;

1
R'  denotes hydrogen, OH, C1.C4 alkoxy or C4-C4 alkyl, which may optionally
be substituted by hydroxy;

R®  denotes a thienyl, phenyl, furyl, cyclopentyl or cyclohexy! group, wherein
10 these groups may also be subsfituted by methyl, and thieny! and phenyl
may aiso be substituted by ftuorine or chiorine,

R° denotes hydrogen, or a thienyl or phenyl group which may optionally be
substituted by haiogen or C,-C,4 alkyl,
15

Optionally in the form of their racemates, their enantiomers, their dizstereomers
and mixtures thereof,

3) A pharmaceutical compusition according to one of claims 1 or 2, characterised
20 in that the anticholinergic, which has a long-lasting effect, is selected from

glycopyrronium bromide or the esters of bi- and tricyclic amino alcohols of
formula (1), wherein

A denoies a group of general formula (1)

"
/CH2 1 \

—— CH HNRR Q

Nop—o”

25

(t),



R' denotes hydrogen, OH, methoxy, ethoxy, propoxy, methyl, ethyl, propyl, hydroxymethyl,
hydroxyethyl or hydroxypropyl; 20 R2 denotes a thienyl, phenyl or cyclohexyl group, wherein these
groups may also be substituted by methyl, and thienyl and phenyl may also be substituted by fluorine
or chlorine, 25 R3 denotes hydrogen or a thienyl or phenyl group which may optionally be substituted
by fluorine, chlorine or methyl, optionally in the form%#% their racemates, their enantiomers, their
diastereomers or riiii@d thereof. 30 24 4) A pharmaceutical composition accordlng to one of claims
1, 2 or 3, character{ged mmmmm@m@bwhm iihionsHasting ef F% dgyRelpcted from the
esters of bi- and tricyclic amino alcohols of formula (1), w reln 5 A denotes rou of general
formula (11) ~,. GH2 CH CH *NRR'Q NCHz C (II@;\g ch 10 Q denotes one of the

CH

double- bonded groups -CH = CH-, -CH2-CH2- or enotes methyl or ethyl; R' denotes

methyl, 15 and an equivalent of the anion X = bro unters the posmve charge of the
5 R denotes a methyl, ethy! or propyl group, optzonal!y substituted by fluorine
or hydroxy,
R'  denotes methyl, ethyl or propyl, preferably methyl,
and
an equivalent of an anion X, selected from the group comprising chiaride,
0 bromide and methane sulphonate, preferably bromide, counters the

pasitive charge of the N atom,

Z denotes one of the groups

15 whersin
Y  denotes a single bond or an O atom;

R'  denotes hydrogen, OH, methoxy, ethoxy, propoxy, methy!, athyl, propyl,
hydroxymethyl, hydroxyethyl or hydroxypropyi:

20
R*  denotes a thienyl, phenyl or cyciohexyl group, wherein these groups may
also be substituted by methyl, and thienyl and phenyt may aiso be
substituied by fluorine or chiorine,
25 R®  denotes hydrogen or a thienyi or phenyl group which may optiohally be

substituted by fluorine, chiorine or methyl,

optionally in the form of their racemates, their enantiomers, their diastereomers
or mixtures thereof,

30



N atom, Z denotes one of the groups RR1 R'orY _ R3(111)\/ (IV) 20 wherein Y denotes an O
atom; R" denotes hydrogen, OH or hydroxymethyl; R2 denotes a thienyl, phenyl, or cyclohexyl group;
25 R3 denotes hydrogen, thienyl or phenyl group, Optionally in the form of their racemates, their
enantiomers, their diastereomers and mixtures there 1;; 25 5) A pharmaceutical composition
according to one of claims 1, 2, 3 or 4, characterised In that the anticholinergic, which has a
long-lasting effiict, & pheienseditioal trenmaltitiof tetoming (& MelopBRIMae ligat composition
according to one ofpgiaigeH | in that: ? ticholineraic v%/ﬁich has a
long-lasting effect, ('?e&%&é;’%grﬁ%ﬁhn% @%?ggﬁﬁ% {C&é%é echdgrg éo%ﬁ’%r‘% gq(’:%%r A tt(')sone of claims
| to 6, characterise A that tHe PemiieticoWhTthHRCe srin arr el fegmstnderol fumarate.
8) A pharmaceuticé‘}’"é%‘?‘?fﬁosition according to one of claims 1 to 7, characterised in that it is an
inhalativelysapplicable pharmaceutical composition. 15 9) A process for the production of a
pharmaceutical gpmpesiies 9@?9&9"?99@8@?51 18%@'@7@ | to 8, characterised in that one mixes and
produces an anticholinergic, which has a long-lasting effect, and a f3-mimetic, which has a
long-lasting effect, and optionally other adjuvant(ﬁ_[!]d/or caréigg[r materials according to per se known

2

methods. : /

—— CH\ *NRR' Q
CH, CH/
(i),
in which
10 Q  denotes one of the double-honded groups -CH = CH-, -CHo-CHo- or

CH CH
R denotes methyl or ethyi;
R'  denotes methyi,
15 and

an equivalent of the anion X = bromide counters the positive charge of the
N atom,

Z denotes one of the groups

R
() )
) \J

wherein
Y  denotes an O atom:
- R' denotes hydrogen, OH or hydroxymethy!;
~ R®  denotes a thienyl, phenyl, or eyclohexyl group:

Y

25 R® denoctes hydrogen, thienyl or phenyl group,

Optionally in the form of their racemates, their enantiomers, their diestereomers
and midures thereof.



20 10) Use of a composition according to one of claims 1 to 9 for the production of a medicament for
the treatment of respiratory ailments. 11) Use according to claim 10 for the production of a
medicament for the treatment 25 of asthma or COPD?.

25

8} A phamaceutical composition according to one of claims 1, 2, 3 or 4,
charactensed in that the anticholinergic, which has a long-lasting effect, is
selected from the salts of fiotropium.

§ 6) A pharmaceutical composition according to one of claims 1, 2, 3 or §,
characterised in that the anticholinergic, which has & long-lasting effect, is
- tictropium bromide. e

7y A pharmaceutical compasition according o one of claims 1 to 6, characterised
10 in that the B-mimetic, which has a long-lasting effect, is formoterol fumarate.

&) A phamaceutical composition according to one of claims 1 fo 7, characterised
in that it is an inhalatively-applicable pharmaceutical composition.

16 8) A process for the production of & pharmaceutfcal composition according to one
of claims 1 to 8, characterised in that one mixes and produces an
anticholinergic, which has a long-lasfing effect, and a B-mimetic, which has a
long-lasting effect, and optionally other adjuvant and/or carrier materials
according to per se known methods.

20

10) Use of a composition according to one of claims 1 to 8 for the production of a
medicament for the treatment of respiratory ailments.

11) Use according to claim 10 for the production of a medicament for the treatment
25 of asthma or COPD.



