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 p-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 p-mimetics and anticholinergics can
successfully be used as bronchospasmolytics for the treatment of obstructive respiratory ailments -
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used as bronchospasmolytics for the treatment of obstructive respiratory ailments —

such as e.g. asthma. Substances with B-sympatho-mimetic effectiveness — such as

e.g. the active substance formoterol, also known from the prior art — can, however,

he 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 p-sympatho-mimetics used as asthma agents are primarily
asscciated with a more or less pronounced {31-Stimulating effect on the heart. it
generates tachycardia, paipitation, 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 p-sympatho-mimetic, which has a long-
lasting effect, with an anticholinergic, which has a long-lasting effect.

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



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 ingrer(%ents can preferably be used as a-mimetics, which

have a |blegastindy éffectpinbiietietivel ingitedisrascshentatonrd st fgitietdtrninanion:
bambUteé?%?@Mf%Fﬁné%Q%ﬁWheﬁ&?%ﬁ%@F fﬁgptﬂlcéxf%mstﬁmin hexapeanalintoilgwserol, pirbuterol,
procatero oterol, salmeterol, sulfonteral,.terbutalin ubytera .
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1-(2-fluoter B KyaHdky BRermAHPA-(1-benzimidazolyl)-2-methyl-2-butylamino]ethanol,
1-[3-(4-methoxybenzyl-amino)-4-hydroxypheryl]-2-[4-(1-benzimidazolyl)-2-methyl-2-

butylaming]e
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propylant sreletiheras) bitoiterol, carbuterol, clenbuterol, fenoterol, formoterol, hexoprenalin,
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ethanol, 1-
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5-hydroxgibieyuph@ {2t dpropylhmirmbosyl)-2H-1,4- benzoxazm-3 -(4H) -one,
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pharmacbidyisatipolstipiitile acid addition
1-{2H-5-hydroxy-3-oxo-4H-1,4-benzoxazin-8-yl}-2-[3-(4-N,N-dimethylaminophenyl)-2-
methyi-2-propylaminojethanaol,
1-[2H-5-hydroxy-3-oxo-4H-1,4-benzoxazin-8-yl}-2-[3-(4-methoxyphenyl)-2-methyl-2-
propylamincjethanol,
1-[2H-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-y{]-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-chioro-5-trifluoromethylphenyl)-2-tfert.-butylamino)ethanol or
1-(4-ethoxycarbonylamino-3-cyano-5-flucrophenyl)-2-(fert.-butylamino jethanol,
optionally in the form of their racemates, their enantiomers, their diastereomers and
mixtures thereof, and optionally their pharmacologically-compatible acid addition
salts.

The following are preferably used as 3-mimetics, which have a long-lasting effect, in

the active ingredients combination according to the invention:

formoterol, salmeterol,

4-hydroxy-7-{2-{[2-{{3-(2-phenylethoxy)propyljsulphonyl}ethyl]-aminojethyl]-2(3H)-
 benzothiazolone,

1-(2-fluoro-4-hydroxyphenyl)-2-[4-(1-benzimidazolyl)-2-methyl-2-butylaminolethanol,

1-[3-(4-methoxybenzyl-amino)-4-hydroxyphenyl]-2-[4-(1-benzimidazolyl)-2-methyl-2-

butylaminolethanol,

1-{2H-5-hydroxy-3-oxo-4H-1 4-benzoxazin-8-ylj-2-[3-(4-N,N-dimethylaminophenyl)-2-

methyl-2-propylaminolethanol,



salts. The following are preferably used as g-mimetics, which have a long-lasting effect, in the active
ingredients combination according to the invention: formoterol, salmeterol,
4-hydroxy-7-[2-([2-([3-(2-phenylethoxy)propyl]sulphonyl}ethyl]-amino}ethyl]-2(3H )- benzothiazolone,
1-(2-fluoro-4-hydroxyphenyl)-2-[4-(1-benzimidazolyf-2-methyl-2-butylamino]ethanol,
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1-[2H-5-hyepglanBrsietnaneld-benzoxazin-8-yl]-2-[3-(4-N,N-dimethylaminophenyl)-2-
methyl-2tpraRylanyarleihanotod d-iPH-beyd xazin-8-yl]-2-[3-(4-n-butyloxyphenyl)-2-methyl-2-
roxy-3-0x0-4H-1 .4- bj @xaz n-8-yl]-2-[3-(4-methoxyphenyl)-2-methyl-2- propylamino]ethanol,
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f3-mimetiedtin the medicament compositions according to the invention: formoterol or salmeterol,
optionally in the form of their racemates, their enantiomers their diastereomers and mixtures thereof,

and optionally their ph macolo%l:eﬁoﬁ compatible ac |t|01n S I(t;s z'ﬁ‘% stateéjd?bove e a-mimetics
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the acid agdditigntneir racemates, their enantiomers, their diastereomers and mixtures thereof,
and optionally their pharmacologically-compatibie acid addition salts.

" As stated above, the R-mimetics which have a long-lasting effect can be converted
and used in the form of their physiologically and pharmacologically-compatible salts.
The following can be considered, by way of example, to 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 especially preferred as a 8-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
invertion, salmeterol can also be used as a B-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 saits.

As anticholinergics which have a long-lasting effect, basically those which are
already 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 92/16528,
and to the full contents of which reference is hereby made.



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 fgrmoterol FU) is especially preferred as a R-mimetic

which has.a lon ting effect. Here, the active substance formoterol,ca I, enantiomer
or diast é%b“%ﬁafﬁ?ée&%ﬁtﬁg '?8?&"5? fﬁ néﬁ@fﬁﬁ%‘f“&%@#ﬁ%mérs él‘%aé:ae%eorﬁers @V ‘the same
preferredasigitficadass accerdiphploggicwbidiohasaimreridipiese asddagarndmdtic which
has a Iomtén\g effect, optionally in the form of its racemates, enantiomers, of which the (R)
enantiomer is most especially preferred, and optibnally its pharmacologically- acceptable addition
salts. As anticholinergics which have a long-lastiig effect, basically those which are already known
from the prior art - such as glycopyrronium bgemi ters of bi- and tricyclic amino alcohols - are
suitable, such as are known from European disclosure document 0 418 716 and international patent
application WO 92116528, and to the full contents of which reference is hereby made. 4 Within the
framewark of the Jauention, SYEeRWEHBMarRMIds SRy Asesialbohelsonsidered as an
anticholinergic which has a long-lasting effect, and compounds of formula (I) O ZAO-A (1) can be
considered as esters of bi- and tricyclic amino alcohols wherein A denotes a group of general formula
(1) CHZ@wheRR' Q

A denotes a group of general formuia (il})

—— CH
/CH2 | \

—— CH +E]\IRR’ Q
\ /
Oy an,
in which
Q denotes one of the double-bonded groups -CHp-CHg-, -CHo-CHp-CH3-, -
CH=CH-, or
—CH CH—

o |

R denotes an optionally halogen- or hydroxy substituted C1-C4 alkyl group,
R‘ denotes a C1—Cy4 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

RY amy O (V)
wherein

Y represents a single bond, an O or S atom or one of the groups -CHp-,
-CH9-CHo-, -CH=CH-, -OCH2- or -5CH3p-;



CH2 CHY/ (I), in which Q denotes one of the double-bonded groups -CH2-CH2-, -CH2-CH2-CH2-, -
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 charége of the N atom, Z denotes one of the groups R R’
Rz--or Y R3 (Il[)\/ (IV) wherein'Y represents a sﬁagJe bond, an 0 or S atom_or one of the groups
_CH2-, -CH2RH2dertethndionsnpO6.- SCiia 2Ry 86kotes myliyherhieiicen aphomaly or
C1-C4 alkyl, whichizaputptinogity byehgdbstiftited by hydroxy; R2 denotes a thienyl, phenyl, furyl,
cyclopebtyl or cyclohexyl group, wherein these groups can also be substituted by methyl, and thienyl

and phenyl cag also be substituted by fluorine or chlorine, R3 denotes hydrogen or a thienyl or phenyl
qroup, which Ran CHRRR HUVETHSRIER by Halo SRR AT RSB G R DR of their

racemates, their erthatiergersptheardilstebeombrstitmnigdnbixtoret wiesawt. thienyl and phenyl
can also be substituted by fluorine or chlorine,

R® denotes hydrogen or a thienyl or phenyl group, which can optionally be
substituted by halogen or C+-C;4 alkyl,

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 (11}

/CHz_m CI:H
wemeen (O *NRR' Q
\ b /
ik .
in which
Q denotes one of the double-bonded groups -CH = CH-, -CH2-CHp- or
—CH CH

o

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

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

Z  denotes one of the groups



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
(11) H CHZ I\ +NRR'Q CHZ CH (Il), in which Q genotes one of the double-bonded groups -CH =
CH-, -CH2-CH2- or CH CH\O/ R denotes a methyl, ethyl opyl group, optionally substituted by
fluorine or hydroxy, R' denotes methyl, ethyl or propyl, pe Jy methyl, and an equivalent of an
anion X selected from the grou%pomprising chloride, brorgi n(i!?methanesulphonate, preferably
bromide, counters the positive phe of the groups 6 R2 Rl RZ or R3
(1) (IV) wherein Y representg&-si bond or@n 0 atom;

wherein
Y  represents a single bond or an O atom,

R' denotes hydrogen, OH, methoxy, ethoxy, propoxy, methyl, ethyl, propyl,
hydroxymethyl, hydroxyethy!l 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 phenyt 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
special significance, wherein

A denotes a group of general formuia (i)

/CH2-~—— CH
RN
—= CH NRR Q
\ Y /
e (),
in which
Q  denotes one of the double-bonded groups -CH = CH-, -CHp-CHp- or

——CH CH—
o

R denotes methyl or ethyl;



R' denotes hydrogen, OH, methoxy, ethoxy, propoxy, methyl, ethyl, propyl, hydroxymethyl,
hydroxyethyl or hydroxypropyl; R2 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, R3 denotes hydrogen, or a thienyl or phgnyl group which can optionally be substituted by
fluorine, chlorine or%etqyl,gqgti??n?lly in the form of their racemates, their enantiomers, their
diastereomerd and 4fiR&GredHEN¥of. According to the invention, medicament compositions in which
compounds of fornsnd () are used as anticholinergics which have a long-lasting effect are of special
significance, whereigA-ganeien eddmeup siisaneraliermidie #Iheslddabd UYPRIEQ thEgdskidd), in
which Q denotes onehof theo %Jé)ﬁ-b%n[g‘ed groups -CH = CH-, -CH2-CH2- or -CH CH R denotes
methyl or ethyl; 7 R RGeS methy‘?, and an equivalent of the anion X = bromide is positioned
opposite the positive charge of the N atom, Z denotes one of the groups R R1

Z  denotes one of the groups

R™ O (V)

Y  denotes an O atom;

R' denotes hydrogen, OH or hydroxymethyt;

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

wherein

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 sait ~especially tiotropium bromide

[(1e, 2,4 502, 7p)-7-[(hydroxy-2-thienylacetyl)oxy}-9,9-dimethyl-3-o0xa-9-
azoniatricyclo{3.3.1 .02'4]nonane bromide monchydrate — abbreviated to tiotropium
BR] -~ is used as an anticholinergic.

As alkyl groups {even insofar as they are components of other groups), unless
otherwise defined, branched and unbranched alkyl groups with 1 to 4 carbon aloms
are considered. By way of example, methyl, ethyl, propyl or butyl are named. Insofar
as not otherwise named, all of the passible isomeric forms of the hereinbefore-
named designations propyl and butyt are included. For example, the designation
propyi 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



Y RZ or R3 (lll) (IV) wherein Y denotes an 0 atom; R' denotes hydrogen, OH or hydroxymethyl; R2
denotes a thienyl, phenyl or cyclohexyl group; R3 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 framewgrk of the present invention those of 3-a

configuraiion, s especialvprelerien the desarbad apichalparaln acthe sueianeap ag ppuonally
be used 17 fife fofm of their pure enantiomeérs, mixtures thereof or their racemates. It Is’€specially
preferredah&t®pir6fum salt -especially tiotropium bromide [(1

a,2(3,4[3,5a,7[3)-7-[(hydroxy-2-thienylacetyl)oxy]-9,9-d imethyl-3-oxa-9-
azoniatrigyclg[3.3..1,02'41non romi ?@ﬂ%hg - ' i i =ds used as an
anticholinﬁéréﬂgg(.%gl g(éﬂ%ﬁﬁ%@%ﬁ‘\g@gg ara th%?ggétg%&gfﬁ\%{gé}gg@?%?bEg?zﬁﬁsless

otherwisEBEMERE gﬁ%@f&@%ﬂﬁgrﬁﬁéw&ﬂ&ﬁ@?@@‘émﬂﬁ% o 4PEd B ‘é\%ﬁ‘% O%¥9EBnsidered.
By way cftexampiewitiethyd, ¢ttytbpropidborsbaty aeoasidered. [heoftollawingt athewvissinaynedy all of
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S
For example, esignation propyl’incjudes the two isgmeric groups n-propy).and iso-propyl, the
designaﬂBﬁq{ﬂfy‘?%%?@???g&igﬁt : g&dbﬂfﬁ A t@?ﬁ%%%lf%&\%f%?@[@&ﬁﬂgﬁ abbreviations are 8
used to desigindteftie-herertbefigmaiined aliaperp@nel buthaprednctudethyl, Et for ethyl, etc.

Branched and unbranched alkylene bridges with 4 to 6 carbon atoms are considered
as alkylene groups. The following are named by way of example: butylene,
pentylene, hexylene. Insofar as not otherwise named, all of the possible isomeric
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, chlorine, 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 applications in aerosols which operate via propeliant gases, the active
substance combinations according to the invention can also be administered by
means of so-called atomisers, via which solutions of pharmacologically-active
substances can be sprayed under high pressure so that a mist of inhalable particles
resuits. 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 aqueocus of
ethanolic solution, wherein solvent mixtures of ethanol or water are also suitable,
depending on the solution characteristics of the active substances.



As alkoxy groups (even insofar as they are components of other groups), unless otherwise defined,
branched and unbranched alkyl groups, bridged via an oxygen atom and with 1 to 4 carbon atoms,
are considered. The following are named by way of example: methoxy, ethoxy, propoxy (= propyloxy)
or butoxy (= butyloxy). Here too, insofar as not otheywise named, all of the possible isomeric forms of
the hereinbefore-named designations propoxy and butoxy are included. Branched and unbranched
alkylene bridges with 4 to 6 carbon atoms are considered as alkylene groups. The following are

named b§uehyadperaaiplare dyiahde pelayenarpisyie Chssiandsrotietiemase named, all of the
possible ywaparics fpgnaf thehesainhafpeedrampgidesionatiomsirgdenes Peniyiens bendese are
included, Eor eé%ﬂ%??ﬁ‘a ?ﬁ'?é‘gﬁ%%@r‘é%’%e%t'ﬁ udes t%es'é%”}%é% E’géyhﬁi}% Lmethylpropylene,

2- methylprop lene ylene 2- dime ene, etc. Generally, fluorine, Chlorine,
bromine ¥R ﬁfé“ﬁ?é‘ﬂ@@i@ﬂ‘é%éiﬁﬁ@ﬁﬁ Eﬁbﬁefﬁﬁ’%%tr a§@| oethepligeemehEEHER thion X is

generallydesigrintpdeti 8uaringarcidorive, dpopine atoelifle pnetbane tupbghatedlijeesate, thibtate. The
active SuRRAAERCAMASSIIRSAROAIE G R R0 ERRALE DEIHERle AR In (e form of a

dosing aerosol - however ang other form or parenteral or ora appllcatlon Is possible. Here, the
applicatiBFE6P NG ) e adRCHPmSieRerred application form, especially in the therapy of

obstructive lung dlseases or for the treatment of asthma. Apart from applications in aerosols which

operate A%B%'mfegé‘sﬁﬁxfﬁﬁe@%?{%rﬁé%StéBﬁﬁaRP@IR'QﬁBP% acsingdrtagitaveaYeP A also
be admlnlst%r%j}ﬁ etgg/ggﬁeans f so- ca*led atomki sers, via which solutions of pharmacologically-active

substané@s A gq{%?é’g@ ?é'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 medigaiRebHiNiRREE LIt INESIRIORE WTURLYSHISSRIY add B BNARMSBIBEF co-sulvents
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 polyoxyethylene
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. preservatives,
especially benzalkonium chioride. The preferred quantity of preservatives, especially
benzalkonium chloride, is between 8 and 12 mg/100 ml solution.

Complex formers can be added fo the active substance combination to avoid spray
anomalies. Suitable complex formers are those which are pharmacologically-
acceptable, especially those which are already permiited under drug licencing taws.
EDTA, nitrilolriacetic acid, citric acid and ascorbic acid, and also their salts, are
especially suitable. The disodium salt 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.



ethanolic solution, wherein solvent mixtures of ethanol or water are also suitable, depending on the

solution characteristics of the active substances. 9 Such atomisers are described, for example, in PCT

patent application no. W091/14468 and international patent application PCT/EP96/04351, reference

here being made to the contents thereof. With the atpmisers described here, which are also known

- under thjﬂesﬁpaﬂon Respimat(r), defined volumes of solutions containing active substances are
sprayed ﬁgg g RrehRyain R i are Stisst 4 RbapRURtieg0R 880Iewith a preferred particle

size of between | and 10, preferably between 2 and 5 micrometres. Amongst others, mixtures which

e.g. contain ethdnol as itable for yse as solvents for medicament prepdration. Apart
TeEhalk gy SR ”if
I

from water, othef components of the Solvent are gptionally other ccﬁga{/enf's and the medicament
preparation can plse-centain flavourings and othe pharmacqlﬁ@iﬁﬁf&@ﬂﬁéﬂnts. Examplgs of

co-solvents are {hose wﬁk@tncqﬁntaib}dnyﬁhjexyl groups or other pglas @rawps such as alcﬂmols -

eispetl:ial:y is?prc pyl alﬁ?)t?mogi}‘(‘}ﬁﬁrh 5 %cially propylene glyc%ﬁ)%dyne}thylene glycaol; )olyprodpylene
glycol, glyco ether‘g%cemmye%eﬂ(ﬁ, , : WMWMthy acids.
Co-solvents are jsuite BERFHRORNH aidosideilitylof adjuvants ad@.Comtibnally, the actide substance.

Other pharmacological adjuvagsAan be added, $uch as e.g. preg_gg()/ﬁr,iges, especiallytbenzalkonium
chloride. The préferred quanti reservatives, especially-benzal upn chioride; isbetween 8 and
12 mg/100 ml sdtution: Cumggpéﬁlﬁfers can-be-added to-the a@ﬁa'%ﬁigi Stance-combinstion to avoid
spray anomalies. Suitable complex formers are those which are pharmacologically- acceptable,
especially those which are already permitted under drug licencing laws. EDTA, nitrilotriacetic acid,

citric acid and agcorbic ec(:}:d and also their salts, gre espema&y suitabte. Thedisodiumy salt of

ethylenediamtetfaacetic atidHs &S 83[% omposition
in mg/100 mi

Tiotropium bromide 333.3 mg

Salmetero! xinafoate 666.6 mg

Benzalkonium chloride 10.0 mg

EDTA 50.0 mg

HCI {1n) -~ ad pH 34

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 lactose. 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 pg
Formoterol fumarate x 2 HoO 6 Hg

Lactose monohydrate ad 25 mg




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. 1‘0 The following preparation forms are cited as a
formulation example: Component parts Comosmon in m g/100 ml Tiotropium bromide 333.3 m
Formoterol fumarate 333.3 m Benzalk&HigHilEb R @ ROEHIEDTA 50.0 mg HCl 1 nad H 3.4

Compondhbpattsdpampositiorimunatlid0antulzetirisbraidgiddBpidhidal materlrinafoate 666.6

m Benzq[hgg@ rqgﬁwjr[% 4.1n addition, the active substance
combinations (ﬁg\% %I}sl% be In r%fgﬂl %eér?}%@ mgv%fjae%%' %I% n(@ on 6f su@H Hinistration
forms is RGO EATREDIRFRAOIE A §€‘§E@% ance comblnatlon corresponding to the

present invention, they contain pharmacologlcally compatible carrier or adjuvant substances - such as
e.g. micrbéaiagiali eEWdEhe dose provided for inhalation can, for example, be filled into capsules

and has &g nibadedpuing MAMREEPNweight of 27 to 32 kg. Kept in individual or communal
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 hydrochloride i.m., 30 mg/kg
pentobarbital-sodium (Nembutal®) is slowly injected infravenously. 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/min., breath volume 6 — 8 ¥Ymin. Eor
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-Miihlheim) determines the pulmonary resistance (R) from the registered
pressure values. From this, a computer program VAS-1 LA (IFD-Miihiheim)
calculates:

Pulmonary resistance = max. transpulmonary pressure
breath flow

Registration of heart frequency is via ECG (extremity derivative 1) and
cardiotachometer.

After an equilibration period of 30 mins, short-term bronchospasms are generated by
Lv. injection of 10 pg/kg acetylcholine chioride - this is repeated 2 ~ 3 x within a 10-
minute period. The test substances tiolropium 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 fakes place at the end of the expiration phase and the



Component parts Quantit Tiotropium bromide hydrate 6 Formoterol fumarate x 2 H20 6 Lactose
monohydrate ad 25 m 11 Results of the experiment Bronchospasmolytic and cardiovascular effect of
tiotropium bromide, formoterol fumarate and combinations thereof after inhalative application of an
aqueous solution to narcotised dogs by means of Rgspimat(r). Material and methods 18 mongrel dogs

with a body weight of 27 to 32 kg. Kept in individu%lﬁor rﬁ}ommu%ill cages, peé{lﬁted,standard food, last

fed appréTEREFS!BEASHESRECSEFCIMASRESSCORRKIG TSl HEEN AP SIBIZW er pre-medication
with 2 mgikgirabogohifea hgdrotidobidaiinpu8omg/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),
frequencpdsdnus., 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 d iekFRErBIRTIANBIB¥ETe recorder and amplifier DEBAE 1R ¢gfiétdd is placed in the trachea and
a secon %ballogn)) fathetertis_ placed in the lung section3ogth§18esoH@%Hs. Both are connected with
a differe ta(ﬁb? Etre Vedsider and amplifier for determination of fhe tra spulmonary pressure. A

breath meghapigmcompHigs {rRddiRheimiEetreninesthesnunaenaryresisignee (R) from the

registered pressure values. From this, a computer program VAS-1 LA (IFD-MUhlheim) calculates:

Pulmonary resistance = max. transpulmonary pressure .
Tables 1 — 6 show the starting values and the values after substance treatment over

fime within 180 minutes. The percentile inhibitions of the pulmonary resistance
increases, induced by ACh, over the time from180 minutes.

Resulls

The results are shown in the Tables and in the diagrams. 3 and 10 pg tiotropium
bromide, or formoterol fumarate, inhibit the bronchial resistance increased by
intravenous injection of ACh, stepped with regard to 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, but
according fo expectations those of the tiotropium BR were continuous untit the end of

the test (180 mins).

With the combination of 3 ug tiotropium bromide + 3 pg formoterol FU, a very rapidly-
occurring bronchiospasmolysis of 90% was attained which continued practically
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 g tiotropium bromide 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 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 yg, or also 10 + 10 pg
tiotropium bromide and formoterol fumarate, and lie below 30 %.



breath flow Registration of heart frequency is via ECG (extremity derivative Il) and card iotachometer.
After an equilibration period of 30 mins, short-term bronchospasms are generated by Lv. injection of
10 pg/kg acetylcholine chloride - this is repeated 2 - 3 x within a 10- minute period. The test
substances tiotropium bromide, formoterol fumarafg and the combination of both substances are
administered as aqueous solutions with the BINEB atomiser (Respimat(r)). Application of the

combin s place with the individual combinations with an interval of approx. 1 minute. With
the BINERtisylstenmpfséntyiogeuibe werehmniathvatkelhpl aoe diiniadien @ bitk @ elgilingrattasadnd the
12 atormgeﬁj w&q{&;& is e e iaehenRrenehigldies in the following inspiration phase of
the breath pumip. Dosages Tiotropium bromide: 3 and 10 pg/15 pl Formoterol 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 aludsamd ensehitfesfteér substance treatment over time within 180 minutes. The percentile
inhibitiops of thegWnranarydesistaiice increases, induced by ACh, over the time from 180 minutes.
Results The results are shown in the Tables and in the diagrams. 3 and 10 pg tiotropium bromide, or
formoterol fumarate, inhibit the bronchial resistance increased by intravenous injection of ACh,
steppedHAtAr r@tj’éﬂd to 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

effectlv% dur:ﬁl‘% g)é)‘rga ﬂ@ BH)}.?C% myﬂ%%&eﬁ)@mally with the low dosages, but

accordlng to expect tions those of the tiotropium BR were continuou untJ! Qﬁ end of
The substantially reduced frequency increase, especna ty with lgh

formotero! dose.

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.



the test (180 wins). 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
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 indjyidual effects of 3 pg tiotropium bromide and 3 pg
formoterol FU. It exceeds the effects of 10 pg tiotropium bromide or 10 pg formoterol fumarate (cf.
Diagram!biEstropium 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 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 gifhg test. The fraquerReeiitds i audsianbebyrirtsendt avibalelieambimations 3 + 3 pg,
oralso 10 + 10 pg tiotropium big @8%8@19% e”?%?gé%gtwgaé 193 f¢ a5 0.2l Evpluation
, NRlcs ; .

Entirely surprising results Wars¥duha Wi e combination of the anticholinergic and the a-mimetic as
opposed to-the-individuat-substances: 1:-Rapidonset of effect 2. Long duration of efféct but primarily
3. The superadditive hronchospasmdigRrbfequgney ﬁ@t&z%. \tally-reduced-fregueney-ingrease,
especially with the gantfemmeterol dose. A substdittisiibsimfirsvapitherdiutic effect can be expected
with the comb_ina1_i8n efepLara‘tiﬂon,ifor both. COPD4gnd lastyna, asggcidtedsyyith) thesgdvaniage of
i TS 63,00 | 67.00 | 64.00 | 61.00 | 63.00 | 67.00 | 63.00 | 66.00
87.50 87.00 184.00|8200|87.001{81.00|89.00|87.00 | 87.00
86.50 84.00 | 84.00 | 89.00 | 89.00 | 89.00 | 84.00 | 77.00 { 86.00
109.50 |115.00/115.00{116.00{120.001121.00{104.00{105.001105.00
11050 |119.00/119.00{118.001110.00{110.00{111.00{110.0G{100.00
85.50 85.00 | 87.00 | 90.00 | 93.00 { 87.00 1 97.00 | 92.00 | 96.00
Mean 91.00 92.17 1 92.67 | 93.17 1 93.33 | 93.50 { 92.00 | 89.00 | 90.00
value
sem 6.80 863 | 823 | 845 | 8.35 | 846 | 640 | 7.14 | 566

, 3 ug tiotropium bromide, % alteration

Control Minutes after application

1 5 10 20 30 60 120 180

66.50 526 | 075 | -3.76 | -8.27 | -526 | 0.75 | -6.26 | -0.75
87.50 067 | 400 ] -6291-067 |-743 | 1.71 | -0.57 | -0.57
86.50 2891289289 | 289 | 289 | -2.89 [-10.96] -0.58
109.50 502 | 502 | 594 | 9.59 11050 -5.02 | 4.11 | 4.11
110.50 769 | 769 | 6.79 | -0.45 | -045 | 0.45 | -0.45 | -9.50
85.50 0581 1751 526 | 8.77 | 1345 13.45| 760 | 1228
Mean 91.00 057 | 139 | 181 § 1.99 | 228 | 141 { -230 | -0.54

vaiue
sem 6.80 1.99 183 | 225 | 2.72 | 342 | 2.62 | 253 293




Tables Table 1: Influence of 3 pg tiotropium bromide on the heart frequency of narcotised dogs after
inhalative application via Respiniatt, n = 6. Heart frequency (beats/min.) Control Minutes after a
lication 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
109.50 115.00 115.00 116.00 120.00 121.00 104.0

4.00 84.00 89.00 89.00 89.00 84.00 77.00 86.00
105.00 105.00 110.50 119.00 119.00 118.00

110.00 1i8ie 211.00 110000000 95 3082 00ET 0O IDIVJ O8N BEY T160WHoY 86.00 Mean
AR/ albisris e 3hTL3 §a3 ®4p 8 3P 8.46 6.40

7.14 5. 66 3 tiotro ium bromide, % alteration F Control Minutes after tication 1

91.00 92.17 92.67 93.17 933389359

10 20'30 60 120 180

36.80 -2.89-2 89y2.80 209 2139 -2 SR LE HaR Y BEARIE; C 00 oce s050-5.00 4hL
-4.11 11D.50 7.6b ﬁmkq!q.n 45_-0.45 0.45 -AMisutesoafis mappli fign 5 7 6.8.77 13.45 1345
7.60 12.28 Mean|91.00 0.57 1.3911.81 1.9 2{281341|-2.30 -0.543yale s §.892599 18/2.25 2.72
342262253293 Ky 50 | 79.00 | 75.00 | 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 | 83.00
86.50 | 85.00 | 80.00 | 79.00 | 77.00 { 76.00 | 75.00 | 76.00 | 87.00
109.50 |104.00{102.00]101.00{101.00{101.00{103.00{103.00|105.00
110.50 |102.00{102.00{102.001101.00] 96.00 {101.00{102.00/101.00
85.50 | 76.00 | 75.00 | 76.00 | 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 | 5.00 | 482 | 460 | 561 | 553 | 575
10 pg tiotropium bromide, % alteration
Control Minutes after application
1 5 | 10 | 20 | 30 | e0 | 120 | 180
66.50 | 18.80 | 12.78 1 12.78 {15.79 | 1880 | 11.28 | 12.78 | 5.26
87.50 9.71 | 400 | 057 | 1.71 | 2.86 | 286 | -5.14 | -5.14
86.50 | -1.73 | -7.51 | -8.67 |-10.98]-12.14|-13.29|-12.14| 058
109.50 | -5.02 | -6.85 | -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
85.50 |-11.11]-12.28|-11.11] -9.94 |-13.45|-14.62]|-13.45|-13.45
Mean| 91.00 049 | 293 {-3.65|-3.30 | -4.14 | -567 | -5.26 | 4.24
value
sem 6.80 468 | 3.84 | 366 | 425 | 523 | 3.84 | 386 | 2.70




Table 2: Influence of 10 fig tiotropium bromide on the heart frequency or narcotised dogs after
inhalative application via Respimat(r), n = 6. Heart., & uenc beats/min. Control Minutes after a lication
1510203060120 180 66.50 79.00 75.00 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 83.00 86.50 85.00 £9.00 79.00 77.00 76.00 75.00 76.00 87.00 109.50
104.00 102.00 101.00 101.00 101.00 103.00 103.00 105.00 110.50 102.00 102.00 102.00 101.00
196.00 101 3PA82.00 101.007188756 26 HB'T VTR Ry aie on 1B eaTHTeAB0MEAn 91.00
90.33 87.50 86.83 87.00 8600035 AT B555866inhvdtio semppfididB9i5. Be 500482 466 5.61 5.53
5.75 10 tiotropium bromide, % alteration Control Minutes after a (ication 1 5 10 20 30 60 120 180

66.50 18/80 12.78 12.78 15.79 18.8¢::hA% kA A8 R0 bRAEYAiAY)4.00 0.57 1.71 2.86 -2.86 -b.14
-5.14 8650 -1 73-7.51-867-10.98-12.14-1329-12. 140,58 109,50 -5.02-6.85 -7 76 -7.76]-7.76
5.94 -5.94-4.11 11‘?\?%'6(9}).5‘9 7.60-7-60-8.60 ABYLSAltLrARPICANON £0 1111 12 2811111
-9.94 -13145 -14.62 -13.45 -18.45Mehn 9.0 0.40 -2,.923.6% -H0 -4.1605.67 1226 4080 value
sem 6.80,4.68 3.84 326;4.25 528 8403 30 2120 1 | 13hIe 3] {RllugnteRf 30 o melarss iarate
on the heartrequeney ol [123.00]140.00| 162.00]165.00|159.00|153.00| 147.00| 140.00
60.00 | 67.00 | 64.00 |100.00] 95.00 | 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{138.00{141.00]145.00|140.00|130.00{130.00
92.50 |107.00{116.00]125.00]126.00|128.00{128.00|120.00{120.00
Mean | 94.50 [103.17]109.50]127.33}126.83]125.67|122.50|115.67!113.33
value
sem | 1003 | 919 | 1159 889 | 10.71| 11.44 | 10.87 | 9.02 | 8.39
3 ug formoterol fumarate, % alteration
Control Minutes after application
1 5 10 | 20 | 30 | 60 | 120 | 180
9450 | 7.94 | 11.11136.51 | 41.80 | 46.03 | 41.80 | 21.69 | 14.29
133.00 | -7.52 | 526 | 21.80 | 24.06 | 19.55 | 15.04 { 10.53 | 5.26
60.00 | 11.67 | 6.67 |66.67 | 54.33 | 48.33 | 43.33 | 46.67 | 43.33
8050 |13.04 | 18.01]36.65|24.44 | 18.01 | 16.77 | 16.77 | 19.25
106.50 | 21.13 | 28.64 | 20.58 | 32.39 | 36.15 | 31.46 | 22.07 | 22.07
- 9250 | 15.68 | 25.41 | 35.14 | 36.22 | 38.38 | 38.38 | 29.73 | 29.73
Mean| 9450 |10.32|15.85|37.72|36.17 | 34.41 | 31.13 | 24.58 | 22.32
value
sem | 1003 | 399 | 399 | 624 | 525 | 528 | 510 | 512 | 536




narcotised dogs after inhalative application via Respimat(c), n = 6. Heart frequency beats/min. Control
Minutes after application 1 5 10 20 30 60 120 180 94.50 102.00 105.00 129.00 134.00 138.00 134.00
115.00 108.00 133.00 123.00 140.00 162.00 165.00 159.00 153.00 147.00 140.00 60.00 67.00 64.00
100.00 95.00 89.00 86.00 88.00 86.00 80.50 91.0Q-95.00 110.00 100.00 95.00 94.00 94.00 96.00
106.50 lg tg %37 .00,138.00 141.00 145.00 140.00.130.00 130.00 92.50 107.00 116.00 125.00
126.00 15838 4280018467 50,69 NG d4iarade 8 freariisossaneysal 12250 i 15.67
113.33 value sem 10.03rootigad 8. aganimalative sp8licaimhsBoRe $pimettpl fumarate, %
alteration Control Minytesgifter application 1 5 10 20 30 60 120 180 94.50 7.94 11.11 36.51 41.80
46.03 41.80 21.69 1429 133.00 -7.52 5.26 21.80 24.06 19.55 15.04 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 18.01 36.65 24.44 18.01 16.77 16.77 19.25 106.50
21.13 28 : -38,29.73
29.73 Mdan.94.50 10.32 15.85 377568 fregquenayibeatsémindy value sem 10.03 3.99 3.9 6.24

5.255.28 5.10 5.1 2¢c3rdY Table 4: Influence qﬂl&ngéc&mgﬂpﬁum{@m on the heart frequlency of
narcotisejd dogs after inhalatiye a.ppll( atl@ vig R%plmatgb 30 60 120 180

9450 1116.00|153.00]1565.00{157.00{159.00{163.00]176.00}{152.00
133.00 {145.00]136.00]191.00]204.00]207.00]210.00{209.00{205.00
60.00 1109.001146.001152.001153.00}150.00[149.00{146.00]141.00
80.50 96.00 1120.00}144.00156.00}156.00| 140.00]140.00]130.00
106.50 1105.00{120.00;160.00}158.00[150.00{150.00]145.00{145.00
92.50 {122.001122.00{130.00[135.00|140.00{140.00|135.001135.00
Mean 94.50 (115.5601132.83|1565.33[160.50|160.33|158.67|158.50{151.33
value
sem 10.03 6.94 | 588 | 832 | 938 | 970 | 1083 11.68 | 11.18

10 pg formoterol fumarate, % alteration

Control Minutes after application

1 5 10 20 30 60 120 180

94.50 22.75161.90 164.02 | 66.14 | 68257249 | 86.24 | 60.85
133.00 9.02 | 226 143.61153.38|5564|57.80]|57.14 | 54.14
60.00 81.67 1143.33]1563.331155.001150.001148.33]|143.331135.00
80.50 19.25 149.07 | 78.88 {93.79 193,791 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 31.89 131.80140.54 | 450951 513515135145 95145.95
Mean 94.50 2020 10019 71.77 | 77.10 } 76.65 | 74.14 | 73.79 | 65.59
value
sem 10.03 11.86 | 20.70 | 17.32 1 17.15 | 16.44 | 15.70 | 15.77 | 14.42




n = 6. Heart frequency (beatsimin.) Control Minutes after application 1 5 10 20 30 60 120 180 94.50
116.00 153.00 155.00 157.00 159.00 163.00 176.00 152.00 133.00 145.00 136.00 191.00 204.00
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 96.00 120.00 144.00 156.00 156.00 140.00 {4+0.00 130.00 106.50 105.00 120.00 160.00

158.00 150.00 150.00 145.00 145.00_92. 50 122.00. 12%0? go% 1315.00%%512. 0 140.00 135.00
135.00 MigBI¢ % 50 1155601142058 PE4" 486715850151 33 Hlue sem 10.03 6.94
5.88 8.32 9.38 9.70 10.83fameﬁam}1fw£m¢g¢drmefr@mm@ DEERdERO A TCBN#EEMinutes after

application 1 5 10 20 30 683201805 ﬁﬂg@@%?@&ﬁ@%@@@ Hi$8.25 72.49 86.24 60.85 133.00
9.02 2.26 43.61 53.38 55.64 57.89 57.14 54.14 60.00 81.67 143.33 153.33 155.00 150.00 148.33

143.33 1{35.00 80.50 19.25 49.07 7 z?zh B, 21 49 106.50-1.41 12.68 5D.23
48.36 40:-8540-85-36-1536:1592 %@?ﬁjg@%@% ?‘@ 94.50
27.20 50,19 71.717. £rnéreb 65 74.14 73.79 65 EMi%iﬁﬁ &fﬁﬁﬁwlﬁ??fmfbn 20.17.32.17.15.16.44
15.70 1577 14.42 18 Table b: Influencesf the ci@nb|nagdn o}f 33 tidtrajbum BR26 3 jpgibmoterol

FU on the heart frequengy ofingregiingd 4o 245701 110.00{110.00{110.00{106.00|106.00
143.00 1153.001162.00]160.00]158.00{154.00|161.00]146.00{145.00
9500 1106.001109.00]111.00/121.00/119.00{108.00{114.00|107.00
9550 |110.00{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 1100.00]110.00]110.00{112.00!114.00|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 | 731 | 807 | 833|769 | 731|737 | 847|673 ]| 778

3 pg tiotropium bromide + 3 ug formoterol fumarate, % alteration

Control Minutes after application

1 5 10 20 30 60 120 180
10750 | 047 | 233 | 419 | 2.33 | 233 | 233 | -140 | -1.40
143.00 6.99 | 13.20111.8911049 769 | 12591 210 | 140
95.00 11.58 | 14.74 1 16.84 | 27.37 | 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
112.00 11339 714 | 268 | 2.68 | -7.14 | 0.00 | -4.46 |-14.29
10150 | -1.48 | 837 | 837 [ 10.34 11232 | 837 | -048 | -6.40
Mean | 100.08 7.53 11140 | 13,17 1 1454 1 1276 | 1201 | 7.42 | 346
value
sem 7.31 201 | 287 | 486 | 538 | 641 | 512 | 555 | 6.23




inhalative application via Respimat(c), n = 6. beats/min. Heart frequency Control Minutes after a
lication 1 5 10 20 30 60 120 180 107.50 107.00 110.00 112.00 110.00 110.00 110.00 106.00 106.00
143.00 153.00 162.00 160.00 158.00 154.00 161.00 146.00 145.00 95.00 106.00 109.00 111.00
121.00 119.00 108.00 114.00 107.00 95.50 110.0§4117.00 129.00 128.00 130.00 129.00 123.00
123.00 112.00 127.00 120.00 115.00 115.00 104.00 112.00 107.00 96.00 101.50 100.00 110.00
110.00 112.00 114.00 110.00 101.00 95.00 Mean 109.08 117.17 121.33 122.83 124.00 121.83 121.67
116.17 TEbEOGValue sem!7lBERAFOS B Tombingtiompis Uy tptramuayiieaite brotide + 3
formoterol fumarate, % altgsatioreCofinehMiruwestiafi¢ra fichtqndntyl 62360 PALRD a8 .50

-0.47 2.334.19 2.33 2.33 ?g%%aih 4%) éé‘[% }éﬁ :% éﬁ%?élrffa ,10 497.69 12.59 2.10 1.40 95.00
11.58 14.74 16.84 27.37 2 3 g 8126 95.50 15.18'22.51 35.08 34.03 36.13 35.08 28.80
28.80 1120013397 14268 2.68-7.14°0,00 -4.46 - 14{ ]70ng -1.488.37 8.37 1034712732 8.37
-0.49 -6.40 Mean 100.08 7.53 11.40He2 4 Hqqueew b Utz 46-value-sem7.31-2.91.2.87
4.86 5.38 6.41 5.0 2Con%6L23 19 Table 6. Influeldheidfelﬂeiﬁ@mbmahcﬁﬁﬁﬂlo pg tiotropium bromide +
10 pg 1 5 10 20 30 60 120 180

107.50 |107.00{107.001114.00j117.00,117.00]117.00{116.00]119.00
143.00 [150.001154.00{171.00(180.00]182.00}181.00}168.001168.00
9500 [107.00{107.001116.00{124.001127.00}125.00{122.00{126.00
9550 (116.00({117.00]1120.00{127.00}129.001130.00;120.00]123.00
Mean | 110.25 [120.601121.25]13C.25,137.0C;138.75|138.25{131.50|134.00

value
Sem 11.29 1022 1 1117 11364 1 1449114651 1450 | 12.23 1 11.42

10 pg tiotropium bromide + 10 yg formoterol fumarate, % alteration

Controtl Minutes after application

1 5 10 20 30 60 120 180
107.50 | -047 | -047 { 6.05 | 884 | 884 | 884 | 791 | 10.70
143.00 490 | 769 |19.58|25.87 | 27.27 | 26.57 | 17.48 | 17.48
95.00 12.36 11236 |1 22.11 1 30.53 | 33.68 | 31.58 | 28.42 | 32.63
95.50 21.47 1225112565 (32.98 | 35.08 1 36.13 ] 25.65 § 28.80
Mean 110.25 963 | 10.59 | 18.35124.56 | 26.22 { 25.78 ] 19.87 | 22.40
value
sem 11.29 477 | 480 | 429 | 544 | 6.04 | 597 | 4.61 5.06




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 10 20 30 60 120
180 107.50 107.00 107.00 114.00 117.00 117.00 117.00 116.00 119.00 143.00 150.00 154.00
171.00 180.00 182.00 181.00 168.00 168.00 95.00.,107.00 107.00 116.00 124.00 127.00 125.00
122.00 126.00 95.50 116.00 117.00 120.00 127.007129.00 130.00 120.00 123.00 Mean 110.25
120.00 14di2@ram® 25 137.00 138.75 138.25 131.50 134.00 value Sem 11.29 10.22 11.17 13.64
14.49 14.65 14.50 12.23 11.42 10 tiotro ium bromide + 10 formoterol fumarate, % alteration Control
Minutes dftier. dppiticetidihg 5:1:0:263068 12681207 60MmaHTe, 034736t 0BreB4ns B 818k A8d 10.70

143.00 4. %Q:@rﬁ%s&%téﬁl%ﬁ g1 %ﬁ%?r é% bfctfidd 48 §9§ £ hérdfol fsRataid b3 33.68 31.58
28.42 32. Q21472251256 5.08 36.13 25.65 28.80 Mean 110.25 9.63 10.59 18.35

24.56 26. ?ﬂ% § I@%%‘é%o 0%8 999 4.77 4.80 4.29 5.44 6.04 5.97 4.61 5.06 20

DiagramsFigt 1 shows the influence of 3 pg formoterol fumarate, 3 pg tiotropium bromide and a
combination of 3 pg;tiotropium bromide + 3 pg formoterol fumarate on the bronchial resistance of
narcotise@rigo@ssiowb.the influence of 10 pg formoterol fumarate, 10 pg tiotropium bromide -

and a combination of 3 yg tiotropium bromide + 3 yg formoterol fumarate on the
bronchial resistance of narcotised dogs,
n==06.



Fig. 2 shows the influence of 10 pg formoterol fumarate, 10 pg tiotropium bromide 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 pharmaceutical composition, characterised in that it contains an anticholinergic,
which has a song-lasting effect, and a [3-mimetic which has a 5 long-lasting effect, optionally in the
form of their racemates, their enantiomers, their diastéreomers and mixtures thereof, wherein the
anticholinergic is selected from the salts of tiotropijm.2) A pharmaceutical composition according to
claim 1, characterised in that the 10 anticholinergic, which has a long-lasting effect, is tiotropium
bromide, 3) A pharmaceutical composition according to one of claims | or 2, characterised in that the

J3-mimetic, which has a long-lasting effect, is selected fromé}het}%réug) b%mbutaenrol, bitolterol,
carbuterol, cldnbutsRiaIRsEIICILFRBRASHOTs HIBBRESH MdIR O LRI, procaterol,

reproterol, salmetenticholiosiginlwikshiesia, iesatarting effesigand a f-mimetic which has a
roxy-7-[2-{2-{[3-(2prsBeieronpisunhenyiietbv-aminalesophaéaHhsienrattioasisne,
1'(2'f'“°r°'4'hydr%&ﬁ-*‘ﬁ&é@}%@iﬁi&?'Wmﬁ%&e&%ﬁ%@mw&w0" |
1-[3-(4-methoxybenzyl-amino)- -hyg roxyphenyll|-2-[4-(1-benzimidazolyl)-2- methyl-2-butylamino]
ethanol, 1-[2H-5-hyalRsipElomE e saka R, U8.yl]-2-[3-(4-N, N- dimethylaminophe
nyl)-2-methyl-2-propylam ino]ethano 1, 25

1-[2H-5-hydroxy-3 084k abAuhear exRpRsiivnl RddrihyrikevpheaNBracterised in that the

methyl-2-propylaminglett %}nmor!gjic, which has a long-iasting effect, is tiotropium bromide,

3} A pharmaceutical composition according to one of claims 1 or 2, characterised
in that the p-mimetic, which has a long-lasting effect, is selected from the group
hambuterol, bitolterol, carbuterol, clenbuterol, fenoterol, formoteral,

15 hexoprenalin, ibuterol, pirbuterol, procaterol, reproterol, salmeterol, sulfonterol,
terbutalin, tolubuterol,
A-hydroxy-7-[2-{[2-{[3-(2-phenylethoxy)propyllsulphonyllethyl}-amino}ethyll-
2(3H)-benzothiazolone,
1-(2-fluaro-4-hydroxyphenyl)-2-[4-(1-benzimidazolyl}-2-methyl-2-

20 butylaminolethanal,
{[3-(4-methoxybenzyl-amino}-4-hydroxyphenyll-2-[4-(1-benzimidazolyl)-2-
methyl-2-butylaminolethanol,
1-{2H-E-hydroxy-3-oxo-4H-1,4-benzoxazin-8-yl}-2-{3-(4-N,N-
dimethviaminophenyt}-2-methyi-2-propytaminojethanol,

25 1-[2H-8-hydroxy-3-oxo-4H-1 4-benzoxazin-8-yi-2-{3-(4-methoxyphenyl)-2-
methyi-2-propylaminoclethanol,
1-[2H-5-hydroxy-3-oxo-4H-1,4-benzoxazin-8-yi}-2-{3-(4-n-butyloxyphenyl)-2-
methyl-2-propylaminclethanol,
1-[2H-5-hydroxy-3-oxo-4H-1 4-benzoxazin-g-yl}-2-{4-[ 3-(4-methoxyphenyl}-

30 1,2, 4-triazol-3-yi]-2-methyl-2-butylamino}ethanc!,

B-hydroxy-8-(1 -hydroxy-2-isopropylaminobutyly-2H-1,4-benzoxazin-3-(4H}on,
1~{4-amino-3-chloro-5-frifluoromethylphenyl)-2-fert. -butylaminoethanol and
1-{(4-ethoxycarbonylamino-3-oyano-5-flucrophenyl)-2-(ferf. -butylamino)ethanol,
optionally in the form of their racemates, their enantiomers, thelr diastercomers

35 and mixtures thereof, and optionally their pharmacologically compatible acid
addition salls.



1-[2H-5-hydrox}- 3-0x0-4H-1 4-benzoxazin-8-yl]-2-[3-(4-n-butyloxyphenyl)-2-
methyl-2-propylamino]ethanal,
1-[2H-5-hydroxy-3-0x0-4H-1,4-benzoxazin-8-yl]-2-{4-[3-(4-methoxyphenyl)- 3a
1,2,4-triazol-3-yl]-2-methyl-2-butylamino}ethanol, 5-hyd roxy-8-(I -hydroxy-2-isopro
pylaminobutyl}-2H-1,4-benzoxazin-3-(4H}-on, 29

1-(4-amino-3-chlorasSsiri -fert.- ino)ethanol an .
1-(4-ethoxyca@onﬁ%ﬁrgé@%%%-%%% é@é&%@ﬁ@%ﬁ@@gﬁﬁ%ﬂgﬁaﬁ& ,3’0 ﬁfﬁgﬁwlﬁ?qhe form
of their racemates, {ﬂg’%‘%%%m@%@’n’%g?@rgdm@%rﬁrﬁﬁﬁﬁhIﬁrég*ﬁﬁ@é foahteptisially their
pharmacologically defipdenk saimetardition salts. 22 4) A pharmaceutical composition according to

one of claims 1 to %mmmngmw%ﬁ@m)mmmﬁ%gm@&iﬁgfé{w,?‘selected
from the grqup for )Ollyeﬁ‘%ﬂ‘? ne
4-hydroxy-7-[2-{[2-E%)-A -phenylethoxy prbpyagsuIphonyl)ethylj-amino)ethyij- 5 2(3H)-benzothiazolone,

p u ,
1-(2-fluoro-4-hydroxHaHGIR A AYArR R AM k2o oberesiyidazelyly ereibpétEancl,
1-[3-(4-methoxybenbyivianimejethapdioxyphenyl]-2-[4{1-benzimid azolyl)-2-
methyl-2-butytaminaje8anslethB:d iahizp- AvarRnudn R dite AT R HB B MIRIEN AN, N-
dlmethylammophen;ﬂ&@%‘f@%ﬁ%ﬁgﬁﬂ{gg{) jethanol,
1-[2H-5-hydroxy-3-0x0-4H-1,4-benzoxazin- %/ -2-[3-(4-methoxyphenyi)-2-
methyl-2-p?8pylamiﬂfﬁ%ﬁiéﬁwmxy“S“ﬁxo"4H“ JA-banzoxazin-8-yi}-2-[3-{4-N,N-
1-[2H-5-hydroxy-3-cimethyiamibapiexd Hb-8igina-RBproyviantinolstpaanyl)-2- 15
methyl-2-propylaminqieianalee’-3-oxo-4H-1,4-benzoxazin-8-yil-2-[3-(4~ -2
1-[2H-5-hydroxy-3-gxg ok %k% n7oxa irﬁz-ﬁ%fz-{qs-(4-meth}&yp[he(ﬁyw?mwphwu 2
1,2,4-triazol-3-yl]-2-m |- E%u s(lammgﬁg 3 t,

1-{2H-5-hydroxy-3-oxo-4H-1 A-benzoxazin-8-yli-2-[3-(4-n-butyloxyphenyl)-2-

15 methyl-2-propylaminolethanol and
1-{2H-5-hydroxy-3-oxo-4H-1,4-benzoxazin-8-yl}-2-{4-{3-(4-methoxyphenyl)-
1.2,4-tfiazol3-yl}-2-methyl-2-butylamino}ethanol,
optionally in the form of their racemates, their enantiomers, their diastereomers

or mixtures thereof, and optionally their pharmacologically compatible agid
20 addition salts.

5) A phamageutical composition according to one of claims 1 to 4, characterised
in that the B-mimetic, which has a long-lasting effect, is selected from
formoterol and salmeterol, optionally in the form of its racemates, their

25 enantiomers, their diastereomers or mixtures thereof, and opiionally their

pharmacologically compatible acid addition.

6) A pharmaceutical composition according to one of claims 1 to 5, characterised
in that the B-mimetic, which has a long-lasiing effect, is formotero! fumarate.
30
7) A phammaceutical composition according to one of claims 1 to 5, characterised
in that it is an inhalafively-applicable pharmaceutical composition.

8) A process for the production of a pharmaceutical composition according to
25 one of claims 1 to 7, characterised in that one mixes and produces an anticholinergic,
which has a long-lasting 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.



optionally in the form of their racemates, their enantiomers, their diastereomers or mixtures thereof,
and optionally their pharmacologically compatible acid 20 addition salts. 5) A pharmaceutical
composition according to one of claims 1 to 4, characterised in that the R-mimetic, which has a
long-lasting effect, is selected from formoterol and salmeterol, optionally in the form of its racemates,
their 25 enantiomers, their diastereomers or mixtures thereof, and optionally their pharmacologically
compatible acid addition. 6) A pharmaceutical compoﬁﬁon according to one of claims | to 5,

characterised g thelsthef Rosimristiovhigediamg loradastingisiieriols farprisildumanale, 30 7) A
pharmaceutical com@%g%mrﬁjgggrg?a{?‘qgn%g@%ﬁétg}fﬁp}%%cterised in that it is an
process

inhalatively-applicable pharmaceutical composition: Pthe production of a
pharmaceutical composition according to 3,5 one of claims | to 7, characterised in that one mixes and
produces an antichalinergic, which has a long-lasting effect, and a (3-mimetic, which has a
long-lasting’ efﬁé t, HA8 2opasiRayoRRrR farihe srefuetinndrameditanant fding teajeresé known
methods. 23 9) Usef asthreampOsiih according to one of claims | to 8 for the production of a
medicament for the treatment of respiratory ailments. 5 10) Use according to claim 9 for the production
of a medicament for the treatment of asthma or COPD.



