COMBINATIONS COMPRISING ANTIMUSCARINIC AGENTS AND PDE4 INHIBITORS This
application claims priority from Spanish patent application number P200401312 filed 31 May 2004,
from PCT patent application number PCT/EP2005/001969 flied 24 February 2005 and from PCT
patent application numbers PCT/GB2005/000722 and PCT/GB2005/000740 both filed 25 February

2005, which are incorporated by reference. The pr t m nr t binations of
certain antimusE&HARINAd; iﬁ%ﬁ”ﬂ%ﬂﬁgﬁ%é l@lﬁg‘ rea%‘ri&ébn 6f fespiratory
disorders. BACKGROUND OF THE INVENT#NEPTEREInhibitors and antimuscarinic agents, in
particular antagonists of M3 muscarinic receptors, are two classes of drugs useful in the treatment of

respiratory disorders such as, asthma or Chronic Obstructive Pulmonary Diseases (COPD). Although
PDE4 inhibitoFsiamgiiratnscaincraigimi ey penigfoedirntiperisrRionmgraislists a clinical need for

asthma and GORD erapinseyingReientand selecivecigniendhauingsan advantageous profile of

action. It is known that both classes of drugs can be used in con?' tio C%ombiina.[tions of drugs in

which the active iﬁ%?@tﬂ%ﬁ@(}é8@9&?@@/%4&%8%3Wp%9§$0%é§'}3 tﬁzﬁgﬁgegreaﬁ%%ﬁot% be

therapeutically geits FOENGERHSCINEI apelfiC AMGARIAR0ANES heibdine 2he combination can

achieve a therapeutic eful effect.usi ions of each active component. This
Ee&%&i%gf WHich o | Sinsiuey 5??&%%?{’%%

enables the s Sof the medication to be minimised. Thus, the combination can be formulated
so that each active ingredient is present at a concentration which is subcilnical in cells other than the

target The present invention refates to new combinations of certain antimuscarinic

agents with PDE4 inhibitors and their use in the treatment of respiratory
disorders.

BACKGRQOUND OF THE INVENTION

PDE4 inhibitors and antimuscarinic agents, in parficular antagonists of M3
muscarinic receptors, are two classes of drugs useful in the treatment of
respiratory disorders such as, asthma or Chronic Obstructive Pulmonary
Diseassas (COPD).

Although PDE4 inhibitors and antimuscarinic agents may be sffective therapies,
there exists a clinical need for asthma and COPD therapies having potent and

selective action and having an advantageous profile of action.
It is known that both classes of drugs can be used in combination

Combinations of drugs in which the active ingredients operate Via different
physiological pathways are known o be therapeuﬁcaﬁy useful. Frequently, the
therapeutic advantage arises because the combination can achieve a
tharapéuﬁcaﬁy usehul effect using lower concenirations of each aclive
component. This enables the side-effects of the medication to be minimised.
Thus, the combination can be formutated so that each active ingredient is
present at & concantration which is subclinical in cefls other than the targst



disease cells. The combination is nevertheless therapeutically effective in target cells which respond to
both ingredients. SUMMARY In one aspect, there is provided a combination which comprises (a) a
PDE4 inhibitor and (b) an antagonist of M3 muscarinic receptors which is (3R)-1-
phenethyl-3-(9H-xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2joctane, in the form of a salt having

an anion X4i#fasescgifharhreettianjicide peincbsiessdheiappidioniivgiiatdivedtidatgaine aspect,
there is pr%ﬂg%ﬁgwg@s%ﬁ) &)%Q@%t@pggj@ﬁ@g defined above and (b) an antagonist of M3

muscarinic receptors as defined above, for the preparation of a medicament for simultaneous,
concurrent, separate or sequential use in the treatment of a respiratory disease which responds to M3
antagonisnginanpatiept. In another aspect, there is provided a product comprising (a) a PDE4 inhibitor
as defined above and (b) an antagonist of M3 muscarinic receptors as defined above, as a combined
preparation for simultaneous, concurrent, separate or sequential use in the treatment of a patient

suffering fram,aestssentigiele & r;(ﬁ%),%@éerx SRR WER B0MRdEA JEhepspect, inere is

provided a kit of parts comprising (b) an antagonist of M3 muscarinic receptors as defined above
together witiRéeuaRsh&iorianinenaistof AAacuHesarisipEraapiregtatias i8Rnleombination with

(@) a PDE4RBRIRY Rs-ffinehaRake docdRsoiiorirgant. L sradieabRF i lamcOyegeptinle to a

respiratory disease’as defined above. In anothér aspect, there is provided a package comprising (b)
an antagorfitrefalia saliseavinig Ascapieonsayiishinseaivveraseyiiyallp peuekinidieoanionefined above
for the simyltansgiis, SPBBW{%WEn§%Bﬂ:T?‘te or sequential use in the treatment of a respiratory disease
as defined above.

In one aspect, there is provided the use of (a) a PDE4 inhibitor as defined
above and (b) an antagonist of M3 muscarinic receptors as defined above, for
the preparation of a medicament for simultaneous, concurrent, separate or
sequential use in the treatment of a respiratory disease which responds fo M3

antagonism in a patient.

in another aspect, there is provided a product comprising (a) a PDE4 inhibitor
as defined above and (b) an antagonist of M3 muscarinic receptors as defined
above, as a combined preparation for simultaneous, concurrent, separate or
sequential use in the treatment of a patient suffering from or susceptible to a

respiratory disease as defined above.

In a further aspect, there is provided a kit of parts comprising (b) an antagonist
of M3 muscarinic receptors as defined above together with instructions for
simultaneous, concurrent, separate or equential use in combination with (a) a
PDE4 inhibitor as defined above for the treatment of a patient suffering from or

susceptible to a respiratory disease as defined above.

In another aspect, there is provided a package comprising (b) an antagonist of
M3 muscarinic receptors as defined above and (a) a PDE4 inhibitor as defined
above for the simultaneous, concurrent, separate or sequential use in the

treatment of a respiratory disease as defined above.
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In one aspect, there is provided the use of (b) an antagonist of M3 muscarinic receptors as defined
above for the preparation of a medicament, for simultaneous, concurrent, separate or sequential use in
combination with (a) a PDE4 inhibitor as defined above for the treatment of a respiratory disease as
defined above. In another aspect, there is provided the use of (a) a PDE4 inhibitor as defined above
for the preﬁaﬁé’tfbﬁscﬁ%’%nmt%iﬁéﬁﬂ‘f&egﬁﬂﬂtﬁﬁ%éﬁé?ééﬁbﬁé@@f? Rish QT Y3 JPYEEAERAIAl use in
combinatiqp Mithdid) £ fHAEANIBLIEYE tRESSAIFFRGE RIsSReedinedahgve for the treatment of a
respiratory disease as defined above. DESCRIPTION OF THE INVENTION Surprisingly, an
unexpecte8iBlaRARHS (REREEIRN HRRVEIA BENEBVEE iHSRdRABRERtIN WS RARry or
obstructive-gisensaariidhed erpifele BLsRelib ke MEBHACHIIELF QRN isgskwity one or more
PDE4 inhibitors. In view of this effect the pharmaceutical combinations according to the invention can
be used indffiBfErAFE than would be the case with the individual compounds used in monotherapy
in the usual way. This reduces unwanted side effects such as may occur when PDE4 inhibitors or
antimuscarinics of formula (I) are administered alone. The present invention accordingly provides a

combinatidp athesorapashdara P BrEYItRRiRs: 4Rl ¢bj ARt intiBiRi#erdefiafic receptors of

formula (1) apove for the preparation of a medicament, for simultaneous, concurrent,
separate or sequential use in combination with (b) an antagonist of M3
muscarinic receptors as defined above for the treatment of a respiratory disease

as defined above.
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wherein: B is a phenyl ring, a 5 to 10 membered heteroaromatic group containing one or more
heteroatoms or a naphthalenyl, 5,6,7,8-tetrahydronaphthalenyl, benzo[1,3] dioxolyl or biphenyl group;
R1, R2 and R3 each independently represent a hydrogen atom or halogen atom, or a hydroxy group,
or a phenyl, -OW,-NR4R5, -NHCOR4, -CONR4R5,- CN, -NO2, -COOR4 or -CF3 group, or a straight
or brancheld iswer ERyPHSAp WhsHMEENbPidNally be substituted, for example, with a hydroxy or

alkoxy group, wherein R4 and R5 each independently represent a hydrogen atom, straight or
branched lower alkyl group or together form an alicyclic ring ; or R1 and R2 toggther form an aromatic,
alicyclic orleteriséyeic Anginerraatribokenalinial theraretprcaling carhpobseveRin, -CR6=CH-,

~CRORT-, $:DtrsBmetnt émﬁamr%%-r%bﬂ\b%éfre&ve,d@@ﬁ& Rp ARG ERpRARHFgRENdently
represent a hydrogen atom, straight or branched lower alkyl group or R6 and R7 together form an
alicyclic rir@f) ersBwspREgE: Hloer oebae bresribwithaneenmered’ iAb4 Hbiibdtprs.; In view

of this effect the pharmaceutical combinations according to the invention can be

used in smalier doses than would be the case with the individual compounds

used in monotherapy in the usual way. This reduces unwanted side effects such

as may occur when PDE4 inhibitors or antimuscarinics of formula (I) are

administered alone.

The present invention accordingly provides a combination which comprises (a)

a PDE4 inhibitor and (b} an antagonist of M3 muscarinic receptors of formula (1)

2 <O
O

R (CH—
(CH A (CH Ny gy

R M

wherein:

B is a phenyl ring, a 5 to 10 membered hetercaromatic group containing one or
more heteroatoms or a naphthalenyl, 5,6,7,8-tetrahydronaphthalenyl, benzo[1,3]
dioxolyl or biphenyl group;

R', R? and R® each independently represent a hydrogen atom or halogen atom,
or a hydroxy group, or a phenyl, -OR* -SR* -NR*R® -NHCOR?, -CONRR® -
CN, -NO,, -COOR* or -CF; group, or a straight or branched lower alkyl group
which may optionally be substituted, for exampie, with a hydroxy or alkoxy

group, wherein R* and R® each independently represent a hydrogen atom,

-2b -



p is an integer from 1 to 2 and the substitution in the azoniabicyclic ring may be in the 2, 3 or 4 position
~including all possible configurations of the asymmetric carbons ; D represents a group of formula i) or

i) wherein R1 represents a hydrogen atom, a hydroxy or methyl group or a - CH20H group; R8
represents

straight or branched lower aikyl group or together form an alicyclic ring ; or R
and R? together form an aromatic, alicyclic or heterocyclic ring,

n is an integer from 0 to 4;

A represents a -CHp-,-CH=CR®-, -CR®=CH-, -CR°R’-, -CO-, -O-, -8-, -8(0O})-, -
SO,- or -NR®- group, wherein R® and R each independently represent a
hydrogen atom, straight or branched lower alkyi group or R® and R together
form an alicyclic ring; |

m is an integer from 0 to 8 provided that when m = 0, A is not -CHa-;

p Is an integer from 1 to 2 and the substitution in the azoniabicyclic ring may be
in the 2, 3 or 4 position including all possible configurations of the asymmetric
carbons ;

D represents a group of formula i) or ii).

1) i)
8
R R ‘
10
1{)>K R

R

wherein R'° represents a hydrogen atom, a hydroxy or methyl group or a —
CH,OH group;

R® represents

Rﬁ )
g R o R
D,Rﬂﬁy /\@ e Q

R represents an alkyl group of 1 to 7 carbon atoms, an alkenyl group
containing 2 to 7 carbon atoms, an alkynyl group containing 2 fo 7 carbon

atoms, a cycloalky! group of 3 to 7 carbon atoms, or a group selected from:



R9 represents an alkyl group of 1 to 7 carbon atoms, an alkenyl group containing 2 to 7 carbon atoms,
. an alkynyl group containing 2 to 7 carbon atoms, a cycloalkyl group of 3 to 7 carbon atoms, or a group
selected from: 11 3- wherein R11 represents a hydrogen or halogen atom, a straight or branched
substituted or unsubstituted lower alkyl group, a hydroxy group, an alkoxy group, a nitro group, a
cyano group, R@OZRlZ -NR12R13 wherein R12 and R13 are identical or different and are,selected
from hydrogen aRd stralght or branched lower alkyt groups and Q representssa smgle bdhd, -CH2-,
-CH2-CH2-, -0-{1Q : '
anion of a mon yvaIRﬁ i i

diastereomers anthmixtures thgreof The co po§nds of th
formula (I) described above,

stereoisomers. The single isomers and mixtures of the isomers fall within the scope of the present

|nvent|on 11 4- 1
wherein R"' represents a hydrogen or halogen atom, a straight or branched

substituted or unsubstituted lower alkyl group, a hydrexy group, an alkoxy

group, a nitro group, a cyano group, -CO.R ™, -NR'?R"® wherein R'? and R* are
identical or different and are selected from hydrogen and straight or branched
iower atkyl groups |

and Q represents a single bond, -CH,-, -CH2-CHp-, -O-, -O-CHz-, -S-, -5-CHz- or
-CH=CH-; and

X represents a pharmaceutically acceptable anion of a mono or polyvalent acid
optionally in the form of their racemates, their enantiomers, their diastereomers
and mixtures thereof.

The compounds of the present invention represented by the formula (1)
described above, which may have one or more asymmetric carbons, include all
the possible stereoisomers. The single isomers and mixtures of the isomers fall

within the scope of the present invention.

As used herein, an alkyl group is typically a lower alkyl group. A lower alkyl
group preferably contains 1 to 8, preferably 1 to 6 and more preferably 110 4
carbon atoms. In particular it is preferred that such an alkyl group is
represented by a methyl, ethyl, propyl, including i-propyl, or butyl including a n-
butyl, sec-butyl and tert-butyl group. An alkyl group containing 1 to 7 carbon
atoms as mentioned herein may be a C4 alkyl group as mentioned above or a

straight or branched pentyl, hexy! or heptyl group.

Alkenyl groups having 2 to 7 carbon atoms mentioned herein are straight or
branched groups such as ethenyl, or straight or branched propenyl, butenyl,
pentenyl, hexenyl or heptenyl. The double bond may be in any position in the
alkenyl group, such as on the terminal bond.



As used herein, an alkyl group is typically a lower alkyl group. A lower alkyl group preferably contains
. 1to 8, preferably 1 to 6 and more preferably 1 to 4 carbon atoms. In particular it is preferred that such
an alkyl group is represented by a methyl, ethyl, propyl, including i-propyl, or butyl including a n-butyl,
sec-butyl and tert-butyl group. An alkyl group containing 1 to 7 carbon atoms as mentioned herein may

be a Ci4 alkyligrouryasups Mires 2bsvecarsortraighisomeraishas syl drexstraigheptyl group.
Alkenyl groups hav%g 2 to 7 carbon atoms mentioned herein ar%straé?ht or branched groups such as
ethenyl, or XFARFISS BFAHESSY BRGRAITYRte AP RSy P HRRRhoT ﬂ%ﬁh&ﬁ ‘@Houble bond

may be in aaérﬁ%@m?&%gi%kﬁ@ﬂtgﬁwprﬁécmg@mmﬁwmmmang.pééhwwli@mps having 2 to
7 carbon atoms mentioned herein are straight or branched groups such as ethynyl, propynyl or straight
or branchecPHPHYBTo&R SYEHBS PR FEf F@ﬁ%@?.bﬂﬁ‘gtriple bond may be in any position in the
alkynyl group, such as on the terminal bond. Alkoxy groups mentioned herein are typically lower

alkoxy groups, that is groups containing from 1 to 6 carﬁ&op atomwreferabl from 1 to 4 carbon
atoms, the HYBRIBASBHRNEIRHIIREDASTEHEG'6 WRIGE I, 'PHRL ALY RKERH I%L?Bétirll%lude methoxy,

ethoxy, N-prgpQys CBrRBMIMgTTBHIOXYe SeeaRPHERHIBRG!-DrEtmblieksiic gtoupsebangs as
mentioned herein, unless otherwise specified oms, preferably

C , typically contain fro tq 8 carbon at
from 3 to 6 GAFBR ARSIy IARESERENAGSIBLIB %Eﬁ)%‘f?gtBﬁ%rﬂgh%e%cgﬁfﬁﬁggpﬁ%a%lobutyl,
cyclopentyl |nBRME. RBthargMatieraasBlsRtongsthissry) trpicrllycentalnstdsom 5 to 14,

preferably 5to 10 carbon atoms. Examples of aromatic groups include cyclopentadienyl, phenyl and
naphthaleny@.fw FT@l‘é%’é‘Xfclic or heteroaromatic group mentioned herein is typically a 5 to 10
membered group, such as a 5, 6 or 7 membered group, containing one or more heteroatoms selected

from N, S and 0. Typically, 1, 2, 3 or 4 hetergatoms are | rese%%é)r?ferab%/ 1or Z}Fe eroatoms. A
heterocyclicAHFYEHG SERIARERY GRSITHAT BRIAGAGIENG Y FUGT HREVTESREGHE wherein at least

one ring CorganS:yELHIRMOTONT SABmB 6o RideiREveyClivaleruBly iNShids WiEstdiopyatotias,
piperazinyl, morpholinyl, thiomorpholinyl, pyrrolyl, imidazolyl, imidazqlidinyl zolinyl, in o’inyl,
isoindolinyl, pliewsiicoirasiqfI3ggrRaanaar ﬁﬁ?&é‘ﬁi’ﬁﬁ‘}ﬁ%&ﬁﬁ {‘?9%88@9@5@%%#/88?@1}’ , purinyl,
quinolizinyl, Mgmmeqyjnolyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyl, quinuclidinyl, triazolyl,
pyrazolyl, tetrazolyl and thienyl. Examples of heteroaromatic groups include pyridyl, thienyl, furyl,
pyrrolyl, imidazolyl, benzothiazolyl, pyridinyl, pyrazolyl, pyrazinyl, pyrimidinyl, pyridazinyl, indolyl,

The aromatic ring as mentioned herein typically contains from 5 to 14,

preferably 5 to 10 carbon atoms. Examples of aromatic groups inciude

cyclopentadienyl, phenyl and naphthalenyl.

A heterocyclic or heteroaromatic group mentioned herein is typically a 3 to 10
membered group, such as a 5, 6 or 7 membered group, containing one or more
heteroatoms selected from N, S and O. Typically, 1, 2, 3 or 4 heteroatoms are
present, preferably 1 or 2 heteroatoms. A heterocyclic or heteroaromatic group
may be a single ring or two or more fused rings wherein at least one ring
contains a heteroatom. Examples of heterocyclic groups include piperidyl,
pyrrolidyl, piperazinyl, morpholinyl, thiomorpholinyl, pyrrolyl, imidazolyl,
imidazolidinyl, pyrazolinyl, indolinyl, isoindolinyl, pyridyl, pyrazinyl, pyrimidinyl,
pyridazinyl, indoiizihyl, isoindolyl, indolyl, indazolyl, purinyi, quinolizinyl,
isoquinolyl, quinolyl, quinoxalinyl, quinazolinyl, cinnolinyl, pteridinyi,
quinuclidinyl, triazolyl, pyrazolyl, tetrazolyl and thienyl. Examples of
hateroaromatic groups include pyridyl, thienyl, furyl, pyrrolyl, imidazolyl,
benzothiazolyl, pyridinyl, pyrazolyl, pyrazinyl, pyrimidinyl, pyridazinyi, indolyl,



indazolyl, purinyl, quinolyl, isoquinolyl, phthalazinyl, naphthyridinyl, quinoxalinyl, quinazolinyl,

_ cinnolinyl, triazolyl and pyrazolyl. As used herein a halogen atom includes a fluorine, chlorine,
bromine or iodine atom, typically a fluorine, chlorine or bromine atom. Examples of pharmaceutically
acceptable anions of mono or polyvalent acids are the anions derived from inorganic acids such as

hydrochIori%pﬁ%%iwdﬁdgHWG@&HW%B&%WE%%_@%H?E ASihan BTEaRIc aGies:alplyias

methanosulphonic aci a_cehc_acid, fumaric acid, succinic acid, lactic acid, citric acid or maleic acid.
Further_moraummgfwbﬁﬁ@%ﬁ@%ﬁf@ﬁ%ﬁ!e@ﬁcm@%%e used. Preferably, the M3 antagonists
according to the present invention are those having formula (1) wherein:

As used herein a halogen atom includes a fluorine, chiorine, bromine or iodine

atom, typically a fluorine, chlorine or bromine atom.

Examples of pharmaceutically acceptable anions of mono or polyvaient acids
are the anions derived from inorganic acids such as hydrochloric acid,
hydrobromic acid, sulphuric acid, phosphoric acid or organic acids such as
methanosulphonic acid, acetic acid, fumaric acid, succinic acid, lactic acid, citric
acid or maleic acid. Furthermore, mixtures of the aforementioned acids can be

used.

Preferably, the M3 antagonists according to the present invention are those

having formula (1)

| x o
R% o e
e AN ) ©

R 0
wherein:

¢ B is a phenyl ring, a C, to Cs heteroaromatic group containing one or
more heteroatoms or a naphthalenyl, 5,6,7,8-tetrahydronaphthalenyl or
biphenyl group;

e R' R2and R® each independently represent a hydrogen atom or halogen
atom, or a hydroxy group, or a phenyl, -OR?, -SR*, -NR*R®, -NHCOR?, -
CONR*R®, -CN, -NO,, -COOR?* or -CF3 group, or a straight or branched
lower alkyl group which may optionally be substituted, for éxampie, with
a hydroxy or alkoxy group, wherein R"’ and R® each independently
represent a hydrogen atom, straight or branched lower alky! group or
together form an alicyclic ring ; or R' and R? together form an aromatic,
alicyclic or heterocyclic ring,

s nis an integer from 0 to 4;



B is a phenyl ring, a C4 to C8 heteroaromatic group containing one or more heteroatoms or a

. naphthalenyl, 5,6,7,8-tetrahydronaphthalenyl or biphenyl group; R1, R2 and R3 each independently
represent a hydrogen atom or halogen atom, or a hydroxy group, or a phenyl, -OW, -SR4, -NR4R5,
-NHCOR4, - CONR4R5, -CN, -NO2, -COOR4 or -CF3 group, or a straight or branched lower alkyl

group which may gp;%g@géﬁ%sghgwtgd@m@wp@gaﬁw@;q_m@p@;y?qr.@j@g(y@rp@,, wherein R4
and R5 each indepen entg/ represent a hydrogen atom, straight or branche Iof.\évngﬁ%lg | group or
together form an ahtQetic-fHy G RYRNER FogWiHieiBrR A11drEmaaedn rocyclic ring,

nis an integer fro’i‘éBr@s@ht'ﬁ F@@rw%@mq%Iga@iéglrlap@gnd@a&g@blpaﬁﬁ@wup@m?-0-, -S-, -
5(0)-, -502- or -NR8- group, whérein'R8 and R7 each independently represent a hydrogen atom,
straight or branch@bReregeihgidopderRaln@ f7 Rigether form an alicyclic ring; m is an integer

from 0o 8 proyided {02t e} i/ ObrEVHded RHEMBIPGPE PN Klack A the subsiitution in
the azoniabicyclic ring may be’in the 2, 3 or 4 position including all possible configurations of the
asymmetric cashopsis ahriepegeeiitom Jrisup anebineusubssitution in the azoniabicyclic ring
may be in the 2, 3 or 4 position including all possible configurations of the
asymmetric carbons ;

« [ represents a group of formuia i} or ii):

) N
R R ! O

S
10 Q

wherein R'° represents a hydrogen atom, a hydroxy or methy! group; and

R

R® and R® each independently represent

R11 y .
S R O R

wherein R"" represents a hydrogen or halogen atom or a straight or

branched lower alkyl group and Q represents a single bond, -CHy-, -CHz-

CHy-, -O-, -O-CHy-, -8-, -S-CHa- or -CH=CH-; and

e X represents a pharmaceutically acceptable anion of a mono or
polyvalent acid

optionaily in the form of their racemates, their enantiomers, their

diastereomers and mixtures thereof.

It is a preferred embodiment of the present invention a combination which
comprises {(a) a PDE4 inhibitor and (b) an antagonist of M3 muscarinic

receptors of formula (1)



wherein R1 represents a hydrogen atom, a hydroxy or methyl group; and R8 and R9 each

_ independently represent wherein R11 represents a hydrogen or halogen atom or a straight or
branched lower alkyl group and Q represents a single bond, -CH2-, -CH2- CH2-, -0-, -0-CH2-, -S-,
-S-CH2- or -CH=CH-; and X represents a pharmaceutically acceptable anion of a mono or polyvalent
acid optionally in the form of their racgmates, their enantiomers their diastereomers and mixtures
thereof. It is a preferred embodiment

PDE4 inhibitor and (b) an antagopistraf M3 muscarinic receptorsof fofmula

(CH ) —A—(CH 7N

(SRS

R ()

wherein:

B represents a phenyl group;

R', R? and R® represent a hydrogen atom

m is an integer from 1 to 3;

n is zero;

A is a group selected from ~O- and -CHa-;

p is an integer from 1 to 2; the substitution in the azoniabicyclic ring may be in
the 2, 3 or 4 position including all possible configurations of the asymmetric
carbons ;

-OC(0)D is selected from 2-hydroxy-2,2-dithien-2-ylacetoxy, 9H-xanthene-8-
carbonyloxy and (2S)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy; and

X represents a pharmaceutically acceptable anion of a mono or polyvalent acid
optionally in the form of their racemates, their enantiomers, their diastereomers

and mixtures thereof.

More preferably, the M3 antagonists according to the present invention are
those having formula (1)

0]



B represents a phenyl group; R1, R2 and R3 represent a hydrogen atom m is an integer from 1 to 3; n
. Is zero; A is a group selected from -0- and -CH2-; p is an integer from 1 to 2; the substitution in the
azoniabicyclic ring may be in the 2, 3 or 4 position including all possible configurations of the
asymmetric carbons ; -0C(0)D is selected from 2-hydroxy-2,2-dithien-2-ylacetoxy, 9H-xanthene-9-

carbonyloxy,apgdRS)-ZeEadenanty brvaiitiddiendeyresionriandpareesents a

pharmaceutically acceptable anion of a mono or polyvalent acid optionally in the form of their
racemates, Wﬂémtﬁﬁﬁ’ers, their diastereomers and mixtures thereof More preferably, the M3

antagonists aaeardinGitohaerpressni-eraniemaieshararaving doraigatidir diasterecmers

and mixtures thereof.

The M3 antagonists of the present invention represented by the formula (1)
described above, which may have one or more asymmetric carbons, include all
the possible stereoisomers. The single isomers and mixtures of the isomers fall

within the scope of the present invention.

Of particular interest according to the invention are the enantiomers of formula

1a

(ia)
wherein X may have the meanings mentioned hereinabove.

Those M3 antagonists in which the ester group, -OC(O)D, is attached to the ring
comprising the quaternary nitrogen atom at the 3 position are especially

preferred.

The M3 antagonists described can optionally be used in the form of their pure
enantiomers, mixtures thereof or their racemates. Typically the carbon atom

carrying the —~OC(O)D group has the (R) configuration.

it is especially preferred that one of 3(R)-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-
(3-phenoxypropyl)-1-azoniabicycio[2.2.2]octane bromide, (3R)-1-phensthyl-3-
(9H-xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]Joctane bromide and (3R)-3-



() wherein X represents a pharmaceutically acceptable anion of a mono or polyvalent acid optionally
. in the form of their racemates, their enantiomers, their diastereomers and mixtures thereof. The M3
antagonists of the present invention represented by the formula (I) described above, which may have
one or more asymmetric carbons, include all the possible stereocisomers. The single isomers and

mhixtures of HIEsiponTsrs sk nihin-Hyel ssope-tiitre Pigscatdrypnt@rpRémextictiat)interest according to
the invention are th ' ff I
nvent azorgiab?cggfg? I.%%Tcr)%t%ng rtg?grﬁialjae ga&sed as an M3 antagonist of the

invention.

The present invention accordingly provides a combination which comprises (a)
a PDE4 inhibitor and (b) an antagonist of M3 muscarinic receptors of formula (1)
and in particular an antagonist of M3 muscarinic receptors which is (3R)-1-
phenethyi-3-(9H-xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2. 2]octane in the
form of a salt having an anion X, which is a pharmaceutically acceptable anion
of a mono or polyvalent acid. Typically the antagonist of M3 muscarinic
receptors is (3R)-1-phenethyl-3-(9H-xanthene-9-carbonyloxy)-1-
azoniabicyclo[2.2.2]octane bromide.

Typically the combination contains the active ingredients (a) and (b) forming

part of a single pharmaceutical composition.

For the avoidance of doubt, the formula depicted above and the term (3R)-1-
phenethyl-3-(9H-xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane is
meant to embrace the salts in dissociated, partially dissociated or undissociated
form, for example in aguecus solution. The different salts of the compound may
exist in the form of solvates, i.e. in the form of hydrates and all these forms are
also within the scope of the present invention. Furthermore the different salis
and solvates of the compound may exist in amorphous form or in the form of
different polymorphs within the scope of the present invention.

Also provided is a product comprising (a) a PDE4 inhibitor and (b) an antagonist
of M3 muscarinic receptors of formula (1) and in particular an antagonist of M3
muscarinic receptors which is (3R)-1-phenethyi-3-(9H-xanthene-9-carbonyloxy)-
1-azoniabicyclo[2.2.2]octane, in the form of a salt having an anion X, which is a
pharmaceutically acceptable anion of a mono or polyvalent acid (in particular
(3R)-1-phenethyl-3-(9H-xanthene-9-carbonyloxy)-1-azoniabicyciof2.2.2Joctane
bromide) as a combined preparation for simultaneous, separate or sequential
use in the treatment of a human or animal patient. Typically the product is for
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wherein X" may have the meanings mentioned hereinabove. Those M3 antagonists in which the ester
_ group, -0C(0)D, is attached to the ring comprising the quaternary nitrogen atom at the 3 position are
especially preferred. The M3 antagonists described can optionally be used in the form of their pure
enantiomers, mixtures thereof or their racemates. Typically the carbon atom carrying the -OC(0)D

group has t@%ﬁ&&?@&ﬁé‘@@ BritissspaciRiMiprefssrptiat 88 int of a respirato

3(R)-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1- (3-phenoxypropyl)-1-azoniabicyclo[2.2.2]octane bromide,
(3R)-1-pheriggass vibigxeerRengsote MoryiBgpniEibrmbityao ! 20 jaraRe s omide and (3R)-3-
[(25)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxy]-1-(2-phenoxyethyl)-1- azoniabicyclo[2.2.21octane
bromide is used as an M3 antagonist of the invention. The present invention accordirég%provides a

r

combinationiRigtassApinentendurthen pravites 4 s sl EhadoRistdnMBitalaRgrRLaRceptors of
formula (1) and in, DAIECHA SRRRBINISHAE AR FRUSCRITRCIES A5 RIQESIN DI i I Fan. -

phenethyl-3-(9H-xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane in the form of a salt having an

anion X, whishiagarpabeiEetis0naraie Erapie ENGT 1§ dhb bPRBRAR¥NE 48fd- Typically the
antagonist ‘}I%?}Zw @@QP%&% RLovs s BRksbiphapeihy b3 an iRt arrayioxy)-1-
clo[2.2.2)octane bromid

azoniabicy . Typically the’combination contains the active ingredients (a) and

(b) forming peaniogeesirgiophamiicasPbaipashIdisatyanesRiBRIaRET abashane Mrmula
depicted abs%\éma%%%@&”g&%ular (3R)-1-phenethyl-3-(9H-xanthene-9-carbonyloxy)-

phenethyl- -xanthene- -carbonyloxy)-l-azon|abic?;§élo[2.2.2]octane is meant to embrace the salts

in dissociatetiaganiaijayidoikiddipeansdrenridedaoihe rRIpBREMIBR 9 AGIRBIEIRWTLET. The
different saltg,of § %%%Qg%mn?,xgﬁﬁ% tragleplvaiesd & indhriamuaf Bydrates and all
ithi

.these forms are also with scope of the present invention. Furthermore the different salts and
solvates of trespiaipoydisaaseexttinrarrspasie MisoiaaanismimahHMér Rl BENRTbrphs within
the scope ofptglﬁeplrte_zsent invention. o

Also provided is the use of (b) an antagonist of M3 muscarinic receptors of
formula (1) and in particular an antagonist of M3 muscarinic receptors which is
(3R)—1—phenet_hy!-S-(QH»xanthene-g-carbonyloxy)-‘i-azoniabicycfo[Z.Z.2]octane,
in the form of a salt having an anion X, which is a pharmaceutically acceptable
anion of a mono or polyvalent acid (in particular (3R)-1-phenethyl-3-(SH-
xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane bromide) for the
preparation of a medicament, for simultaneous, concurrent, separate or
sequential use in combination with (a) a PDE4 inhibitor for the treatment of a
respiratory disease which responds to M3 antagonism in a human or animal

patient.

Also provided is the use of (a) a PDE4 inhibitor for the preparation of a
medicament for use in the treatment of a respiratory disease which responds fo
M3 antagonism in a human or animal patient by simultaneous, concurrent,

| separate or sequential co-administration with (b) an antagonist of M3
muscarinic receptors of formula (1) and in particular an antagonist of M3
muscarinic receptors which is (3R)-1-phenethyl-3-(9H-xanthene-9-carbonyloxy)-
1-azoniabicyclo[2.2.2]octane, in the form of a salt having an anion X, which is a

pharmaceutically acceptable anion of a mono or polyvalent acid (in particular
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Also provided is a product comprising (a) a PDE4 inhibitor and (b) an antagonist of M3 muscarinic

_ receptors of formula (I) and in particular an antagonist of M3 muscarinic receptors which is
(3R)-1-phenethy1-3-(9H-xanthene-9-carbonyloxy)- 1-azoniabicyclo[2.2.2]octane, in the form of a salt
having an anion X, which is a pharmaceutically acceptable anion of a mono or polyvalent acid (in

particular (3BR{-nhgreisni 33(9bHxathenee09caspoo 0Nyl 1azaniabity oot L2 etansdromide) as
a combined preparation for simultaneous, separate or sequential use in the treatment of a human or
animal patiéﬂf?'?‘ﬁﬁ%ally the product is for simultaneous, separate or sequential use in the treatment
of a respiratory disease which responds to M3 antagonism in a human or animal patient. The present

invention further provides the use of (a) a PDE4 inhjhitor and (b) an a onist of M3 muscarinic
receptors of fAFTNETHUhAIF? EéﬂY&%%égr%ﬁ Hﬁ%ﬁg 1%t ﬂéjﬁéggérﬁﬂﬁ%&ﬁ%@ Wtich is
(3R)-1-phengtnpicrd i xevmitiesn erd=ear o priaridr aromabigyeis] 22)oelasearinithe form of a salt
having an anion X, which is hgfrﬁ ceuti%ag)é tabhe anign of a mono rPonvaIent acid (in
particular (§I§¥qpﬁ?f§n‘€mﬁﬁ-?§-%Hf REHY! 6%%%@%% W%%?@W%EV@T&Z.Z.Z]OCM% bromide) for
the preparatigfbaisjeirAmensfesmimninecRin 6paGEERsaePaRenursaqueiitalivse in the
treatment of a respi:ator_y%se%qge which responds to M3 antag\ﬁﬁ%m ina %Jman or.anjmal patient.

Also providét i TRRCESHCAY, PARERIBRID RIS Ri R MR RKRINLBIRBHEEIF SRR in particular

an antagonigs Rf-¥L3 neesRyiNg: (Beepiath srich ¢arbonyloxy)-1-azoniabicyclo[2.2.2]octane
(3R)-1-phenethy1-3-(9H-xanthene-9-carb nylo>%/ﬁ-1-azonéabic cl%[’zgﬁ.Zg{octane, in t_,fhe form of a salt
having an aHfQW@%WH@QW@%‘E@@E@aW capEBtdAHiSH 8 mBRES PR dent acid (in

particular (3Rxamhenetndadd Ahianteenetisathmy idgbaganiaticyclakhb2lasiaae bromide) for

_the preparation of a medicament, for simultanegus, concurrent, sggar_aije or sgé(’q\uﬁntiakuse in
" combinatiorPRHRED L PREARRRY S CRAITHE §raBRBAIYPLFRGHHRBARLRYEA $42Hbonds to M3

antagonismyfg (m@qnm@mﬂmgktgﬂtient. Also provided is the use of (a) a PDE4 inhibitor for the
preparation of a medicament for use in the treatment of a respiratory disease which responds to M3
antagonism in a human or animal patient by simultaneous, concurrent, separate or sequential

co-administragion wisB (p)rae RibAdRRBEPDMIidus aaraie secepteratRidermutadih andrifrparticular an

antagonist of M3 muscarinic receptors which is (3R)-1-phenethy1-3-(9H-xgnthene-9-carbonyloxy)-
- azoniabicADSEUL ATRS FHAEBP L ch AR SPUA G AISE 208 1 18 BRBAAGE Sy
acceptable amioar@hgoniae Wk ielyratBBtaseninissstistaraneously, concurrently,

(3R)-1-phenethy1-3-(9H-xanthene-9-carbonyloxy)-1-azonjabicyclo[2.2.2]octane bromide), The
invention S5 BAAIB06 4 SRS ALY 21 ELIGHES 4P RSy SLEBIOS SFISHALAL () and i

particular ar(@{é@g@ﬁiéb@ﬁl‘éﬁdﬂmmﬂﬁ@éﬁﬁﬁpm@mﬂi@of formula (1) and in particular an
(3R)-1-phenethy1-3-(9H-xanthene-9-carbonyloxy)-1- azoniahic cIo#%Z.Z ctgne in the form of a salt
having an aRiESORFHAh M%@Hﬁ?ﬁﬁ&‘@Jﬁé‘ﬁR}%{&‘@ﬂﬁﬁl@éﬁﬁi% ?ﬁéﬁ@' ] D@ valent acid (in

particular (3Rartnehrnetbyibsr{PbxyatermidisiaemsTzoxy)ckareninbisgdieth 22iostane bromide) for

the preparation of a medicament for use in the treatment of a re@s&%%t‘%ry disease which responds to

M3 antagonl& MIRRARENG AN HED [SAONaSaRRITEALS FEC e?ﬁ,'%ﬁit%f@?ﬁ%@&uential
- co-administrgdig e @ia APEARNIBIIBR)-1-phenethyl-3-(9H-xanthene-9-carbonyloxy)-

1-azoniabicyclo[2.2.2]Joctane bromide) and (a) a PDE4 inhibitor.

Typically said respiratory disease is asthma, acute or chronic bronchitis,
emphysema, chronic obstructive pulmonary disease (COPD), bronchial
hyperreactivity or rhinitis, in particular asthma or chronic obstructive pulmonary
disease (COPD).

Preferably said patient is human.

Also provided is a pharmaceutical composition comprising {(a) a PDE4 inhibitor,

and (b) an antagonist of M3 muscarinic receptors of formula (1) and in particular
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The present invention further provides a method of treating a human or animal patient suffering from or
_ susceptible to a respiratory disease which responds to M3 antagonism which method comprises
simultaneously, concurrently, separately or sequentially administering to said patient an effective
amount of (b) an antagonist of M3 muscarinic receptors of formula (I) and in particular an antagonist of

M3 muscarigic JpeapierstwhiktBignuscarinic receptors which is (3R)-1-phenethyl-3-(9H-
(3R)-1-phenethy1-3-(9Hxanthene-9-carbonyloxy)-1-azoniabicyclo[2,2.2]octane, in the form of a salt
having an ,’\ﬁfﬁéﬁngg'ﬁﬂﬁ‘ﬁﬂéiﬁﬁﬁéﬁ@ggggﬁgé?%#@ﬁg'Q ﬁ%grfg 'SP B I§\f'£gnt acid (in
pagtiE:U)lar (%%@ﬁﬂgmwr&;(@ﬂﬂmngmapaﬁmaﬁﬁmwaxy)adc@%mﬁ@myﬁn[&%zﬁwatr)m br(r)]mide)
and (a) a PDE4 inhibitor. Typically sajd respiratory disease_is asthma, acute, or chronic bronchitis,
emphysemQQW@H@B@%@U@%\F@MHL%?&%%&%@%ﬁ%ﬁf%ﬁ%ﬁm'ﬁ?/'[?éﬁ%r 8@&9)’8{ thinitis, in
particular agthyparpssRFRnET DRsMdetvecPbinARRYY ifisease fHEIRMIhR g fanalhhsaicopditety is human.
Also provided is a pharmaceutical composition comprising (a) a PDE4 inhibitor; and (b) an antagonist
of M3 muscafirie FeRls EGEI6F RJ’rHiTHE"t% and in particular an antagonist of M3 muscarinic receptors

which is (3R)-1-phenethy1-3-(9Hxanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane, in the form of
a salt having an anion X, which is a pharmaceuytically acceptable anion of a mono,or, §yvalent acid (in
Sk ol 2at Syl erl:

particular (SR)ELIPHRIMIRAA'SE RIQKARHR 1S 8L RABSKABRHS DR BA B RJFIZ WL b Mhe bromide) in
afssoc;ation mmg@}i%?mwg@iﬁyﬁﬁ@gmﬁ mrp@m?%ﬁﬁﬁgwmalso ptr_ovildes a kit
of parts comprisin an antagonist o muscarinic receptors of formula (]) and in particular an
an'?agonist dTF‘) Wﬁgﬁﬁgﬁéﬁﬁﬁp@%%&am iq‘ﬁi 13@3%—%&@%%%%%%3@@%%%@?&9@%%oxy)-
1-azoniabicycligatiestase. Atoetiaie) pf hadtiavng aalamiamy, anciids X plalohaiseatically
acceptable anion of a mong or polyvalent agid (in, particular o :
(3R)-1-pheriRyNBcEHISAIRSTERARIRBNNB)Y) 2 RIBRISHRGBUBICH bRALR BESHTHE together with
instructions foRSiMulRMRANG- SOFUNENI SR AIBrobAGRLE IREUBR Aoyl (Ml vdthre) a PDE4

inhibitor for the treatment of a human or animal patient suffering from or susceptible gé a respiratory -

disease whiBFOBSBhRSBINAE WIaGSHILHCASARE P IRRRAGOS: PARRUGE Lo SRR B) an

antagonist afdgdnuissadBicy eseriaistifermiialh anEn paitndafaniantagemisiridfd muscarinic
receptors which is (3R)-1-phenethyl-3-(9H-xanthene-9-carbonyloxy)-1- azaniabicyglo[2.2.210ctane, in
the form of AYBIEARARYERSLMBHERT REHEN RS (TR Ph SUSGHEOM ea%%@ﬁt%ﬁér%%%fﬁ? &fono or

polyvalent agidift RABSHEY to M3 antagonism.
(3R)-1-phenethy1-3-(9H-xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2)octane bromide) and (a) a

PDE4 inhibitor for the simultaneous, concurrent, separate or sequential use in the treatment of a

respiratory dispass WhitH@RsRoads kAR 20iegeRrisg (b1 shenpsguded 8 MBomi¥oatiol, product, kit
of parts or package as hereinaboye described wherein such combin%&]{? , product, kit of parts or
package furfﬁ@&?ﬁ%@é@r@%ﬁ?@%&i\?@%ﬁ%’%%@ﬂ@ﬁ@ .?aﬁ‘é?ﬁﬂgmst, (b)

cortiocosterpigss (@ ieukabier B anragigiyl-Gh) drikiemsaiegickitassldeyp3s kinase inhibitors

and (f) NK1 receptor agonists for simultaneous, separate or ﬁeguential use. Txpicgll%the additional

active azoniabicyclo[2.2.2]octane, in the form of a salt having an anion X, wnich is a
pharmaceutically acceptable anion of a mono or polyvalent acid (in particular
(3R)-1-phenethyl-3~(9H-xanthene-8-carbonyloxy)-1-azoniabicyclo[2.2.2]Joctane
bromide) and (a) a PDE4 inhibitor for the simuitaneous, congurrent, separate or
sequential use in the treatment of a respiratory disease which responds to M3

antagonism.

Further provided is a combination, product, kit of parts or package as
hereinabove described wherein such combination, product, kit of parts or
package further comprises {c) another active compound seiected from: (a) B2
agonist, (b) cortiocosteroids, {(¢) leukotriene D4 antagonists, (d) inhibitors of
egfr-kinase, {e) p38 kinase inhibitors and (f) NK1 receptor agonists for
simultaneous, separate or sequential use. Typically the additional active
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compound (c) is selected from the group consisting of (a) p2 agonists and (b) corticosteroids. It is a

- embodiment of the present invention that the combination, product, kit of parts or package comprise
(b) an antagonist of M3 muscarinic receptors of formula (I) and in particular an antagonist of M3
muscarinic receptors which is

(3R)-1-phepgtipldrP I anibanat siRomdQrnad-azaishiey eio(2) 2] agiemietsmtie(iorm of a salt
having an anion X, which is a pharmaceutically acceptable anion of a mono or polyvalent acid (in
particular (ﬁ@ﬂ@%@%ﬁﬁ/lewHxanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane bromide) and
(a) a PDE4 inhibitor as the sole active compounds. It is also an embodiment of the present invention

the use of b) an antagonist of M3 muscarinic receptors of formula (1) and.in particular an antagonist of
M3 muscar?)ﬁiié %%ﬁ@@%ﬁ@t@@hﬁ*—ﬂﬁﬁ@ﬁéﬂ%@%ﬁ%%ﬁ?‘r‘?eﬁ%’%&q %sﬁf e kit &y
azoniabicyglel22?195EeRd IR RS @) asaihhrybRganRInE Mk sudieidsetepaimmateutically
acceptable anion of a mono or polyvalent acid (in particular . L

(3R)-1-phe @t e {bRNddRtREREES 3L ATANIBR LM AR RSP R R BRI and (a) a
PDE4 inhibjtgr withoné ety atherodetivmasnemied dss i rigpatationnfieytieticanestdne,

simultaneous, concurrent, separate or sequential use jn the treatment of g re?piratoréﬁg'b ease which

responds tdMBaREGoRishSRLLANINGRDRRIM A JLHER 2 AP IERSEE IR Y #1BR be used in

the combinaligss of hmBrrsBRLBVERIE atsasaiestaddieat (B&BroupSesapyista@mheophyliine,
Drotaverine hydrochloride, Cilomilast, Roflumilast, Denbufylline, Roli?pram, etomjlast, Egg?fylline,
om;de-g (a% a

Arofylline, CiBBRHBIfE-CRERRMYSH BPidrAzRue Byl 2 RS iang P and
442-(3-Cyclepgsitsioxy-thanethexdieydmgoufierylethylipyridine, Mesopram,
N(3,5-Dichloro-4-pyridiny1)-2-[1-(4-fluorobenzy1)-5-hydroxy-1H-indol-3-y11-2- oxoacetamide,
“CDC-801 (ex. Celgene), 00-1088 (ex. Celgene), Lirimilast, ONO-6126 (ex. Ono), CC-10004 (ex.
gellgfene); M{\gsggfé(égahlEm@i@fﬁ&ﬂ%@ﬁeb@mﬁ@g?&@hﬂ;é’eeqaéeagﬁ)%dimﬁ?@émsimﬁaverine,
olafentrine, - (Cyclopentyloxy)-4-methoxybenzy1]-6-(ethylamino)-8-isopropy1-3H-Purine
hydrochloridd3 NRES S2ERR I BREERIRH &ﬁ%@qﬁeﬂg@&é mﬁ%ﬁ\é?@-%ra?g‘o%%ﬁ%@& 6P hhS
4-(3-Chlorophemdnrtermeieimd py ugabd 3R puipHene#{HED-me. ddthMeaitytatbonyloxy)-1-
oxo-l—pheny1-3,4,6,7-tetrah¥dropyrrolo[_3,2,1-jk][1,4]benzodiaze_ in-3(R)-,§H%idir%e-4_-carboxamide,
3,5-Dichlor R42BIRRENBIRIL (FAREE )G JRIMBIRT-8-SRL ARSAHRIL AV AR Ae TUSHE RIK-616 (ex.
Nikken ChepigalsheRicaRBdexetalienmionrefeshiRiAb 4rpshnalieeliE T -padicdrr. ExonHit
Therapeutics), 5(S)43-(Cyclopentyloxy)-4-methoxyphen 1%—;(8)-(2- meth(zylbﬁfé%e idin-2-one,
ND-1251 (e .ﬁﬁb&r@@@ﬂ%ﬁb% YR URRATH AR PARIRYY S URARY 1BRICKr IO Rfine,
446, 7-Diethgxyrdids Dis@ydiox roetayRPRisrbihaiemdt wHylotRenatime edibeuridifoR (hE)-one, 2-[4-
[6,7-Diethoxy-2,3-bis(hydroxymethyl)naphthalen-1-yllpyridin-2-y1]-4-(3- p ridrylgéhthalazin-l(zH)-one
hydrochlorid& ePar i hethsdirameatHP T SR RRGa 2oMoH S rig%??,"ﬁ Krazin-4(5H)-one,
4-(3-Bromophenyhkiat ey In therelbyim Sinaraiaikiamiy diseage which responds to M3
N49-Amino-4-oxo-1-phenyl-3,4,6,7- tetrahydropyrrolo[3,2,1-jk][1,41benzodiazepin-
3(R)-yl]pyrichE2gQRmm 4 A B MR RAGPIRRARFHARE and the compounds exemplified in PCT patent
“applications number WO 03/097613, WO, 2004/058729 and WO 2005/ Preferred PDE4 inhibitors
under the present invemtion are: Theophylline, Drotaverine hydrochloride, Cjlomilast, Roflumilast,

Denbufyllin&Xesnplaso iRt ddipiassiR Rr SebANItRE, SHRRAIRRS oRRIRISES ERhminast,

Piclamilast, (R)sftbfde4:SxeiRrenbirme/groehesynbesink) Phadisiyilriby Tnptisiaendesopram,
N-(3,5-Dichloro-4-pyridiny1)-2-[1-(4- fluorobenzy1)-5-h droxy-lH-indol-3-A-%—oxozﬁ:et mide, CDC-801
(ex. Celgendydrechiogisie .5@@[@‘@%)89?%5%?}6&?@@@?@%%5?@0fé@@ &x. Celgene),

MN-001 (exgﬁgeg%,l)me{ag mgqm@p 1 melifrediniBST mrianhagyR_ipniauNBY WO
03/097613, WO, 2004/058729 and WO 2005/. Still more preferred PDE4 inhibjtors under Iﬂf present
invention aré-{Zddp¥sMReNBIBKvArRERNEARBHd eleRMatYRORIN MG B A ine

Rolipram, Tetomshidtd AR ARyidmnBé A inorabenayiHandol-3-yl}-2-
hydroxy-1H%ol-&yl]:2-o%gm%deﬁE%profylIin . lline and the C(;}mq;unyd]s §‘eﬁemplified in

A
PCT patent 8}pAe&tamidsu GRS -®Y @%%O%@?W&Cég) §56¥2 8 198000 L6582 he most
preferred PREddNbII®ERI©RIPTRSI 0B yslast Ranbuiviine 0T gwmitgesrandiiie-¢agpounds

(ex. Kyowa Hakko), Benafentrine dimaleate, Zardaverine, Tolafentrine, 3-[3-
(Cyclopentyloxy)-4-methoxybenzyi]-6-(ethylamino)-8-isopropyl-3H-purine
hydrochloride, N-(3,5-Dichloro-4-pyridinyl)-8-methoxyquinoline-5-carboxamide,

-14 -



exemplified in PCT patent applications number WO 03/097613, WO, 2004/058729 and WO 2005/, in

~ special Cilomilast, Roflumilast, Denbufylline, and Tetomilast most preferably Roflumilast and
Cilomilast. Pharmaceutically acceptable salt forms of the combinations of compounds of the present
invention are prepared for the most part by conventional means. Where the component compound
contains a carBoxKiic-a6ESEAILR, A SiiapicFrib (LD FraYide fp(meddner eatgradtie/campound with
an appropriate base to provide the corresponding base addition salt. Examples ﬁuch bases are
alkali metalQﬁﬁﬁbﬁﬁ@@Mhéb&@%ﬁ'}%fﬁ?&’@rﬂww:?%ﬁdg;kﬁamrﬁ’ m}%%ﬁ%z B HIM hydroxide;

alkaline earm@g@hgy@@é}gg%%ﬂbgg,@m;@mﬁ]gﬂq}gﬂgum hydroxide; alkali metal
alkoxides, €.g., potassium ethanolate and sodium_propanglate, and varﬁ)gg O{Ezz]nic R}Fg%es such as
R

piperidine, digfhiaiBmeting)aHa Ry IGRIRRAAMORYF HRfuderide ien 'SKEEBE the

component eagIpRIAISY ofitegyggart @él@'&@(}; BetjcettpiDEQNRRNOY EOERPOBAS020R addition
salts may be formed by treating said compounds with pharmaceutically acceptable qrganjc and
inorganic aé%?é,%’;@.‘?’H{idwﬁéﬁﬁ%tﬁﬁh%&H%Mﬁ&ﬂﬁ?tbi%ﬁb%m EF’WHF@B&%%&)&@F mineral

acids and theiROIKesRINGIRE AdlsBWeR RBP4, i ateRbenhareERBaN@RIkYl- and

monoarylsulfonates such as ethanesulfonate, toluenesulfonate, and benzenesulfonate; and other

organic acid3'aREMHKIPESTEaSEHURR Safd goramd ABalRN g ofeSrardgli R etinate, citrate,
benzoate, sgligHaiFoRAReRS %@é%tﬁ@@%mmm,~thaﬁ@mfﬂs§@ﬂwwM@ﬁ@pﬂamrﬂgigwition salts
ude

of the component compounds of the present invention inc , but are_not limited to: acetate, adipate,

alginate, arffhtPiasxtes sy yareaybeaRo ARt d sylIR¥ dRsardtstbRsulfite, bromide,
butyrate, campRRisietcARAROrI{RRME HPadalsHebloriden phinrberRaAR NMRIRS-

cyclopentanepropionate, d%gluconate, dih%drogenphoszjhate, dinitrobenzoate, dodecylsulfate, ‘

ethanesulfoRERBYHMREER! | qrrRleriar] rorImiRANAiaT hanredréREC GitRBRBY Y Yluconate,
glutamate, @W@h@?@h@éﬁhﬂ%&ﬁﬁ%mﬁl)?ohémswf@tﬁﬁhsnt%}@t@dwmx%mpurate';
mi

hydrochloride, hydrobromide hé/drc_)lodide, 2-hydroxyethanesulfonate, iodide, isethionaée, isobutyrate,
lactate, lactShEHBETaRWERC D &d el hisReREediAaRRR R R R iRR=tE 3RAKaMS onate,

methylbenzegigcmpnanyeaganPbaanhaliecfpanniaisrespiineats PTtses:titrate, oxalate,

oleate, pamoate, pectinate, persulfate, phenylacetate, 3-phenylpropionate, phosphate, phosphonate,
and phthalaBPHSAHNERHPERIWE %Tée? B W‘@rr%é)%(gé £ﬁ§ %E%Wg)oﬁgé@ addition salts of

the PDE4 inhibitors are the pharmaceutically acceptable salts which are selected from among the salts
of hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid, methanesulfonic acid, acetic

acid, fumariE ERITed R IPRAabiaibiRR under dhRPEeREthityREiaR are: Theophyliine, |
1-hydroxy-2riaphibaienesaRrniisds Girnalsicrasitintidesimenpires, eldhsraknvementioned

acids may also be used to preipare the salts of the PDE4 inhibitors. In theé)ha_rmaceutical

compositions&iesaiafig R R B Ne DER I MYINR HarbesteSaATINEsE form of their
racemates, BRARHAMRE SR RIXLIES therpeloddrraerpatinambiypreapygmers from the racemates
may be carried out using methods known in the art (e.g., by chromatography on chiral phases, etc.).
phenylethyi]pyridine, Mesopram, N-—(B,5~D|chloro-4-pyr1d1ﬂy!)-Q-f{i-(4-
fluorobenzyl)-5-hydroxy-1H-indol-3-yl]-2-oxoacetamide, CDC-801 (ex.
Celgene), CC-1088 (ex. Celgene), Lirimilast, ONO-6126 (ex. Ono), CC-10004
(ex. Celgene), MN-001 (ex. Kyorin) and the Compounds exemplified in PCT

patent applications number WO 03/097613, WO, 2004/058729 and WO 2005/.

Still more preferred PDE4 inhibitors under the present invention are :
Theophyiline, Drotaverine hydrochioride, Cllomilast, Roflumilast, Denbufyiline,
Rolipram, Tetomilast, N-(3,5-Dichioro-4-pyridinyl})-2-[1-(4-flucrobenzyl)-5-
hydroxy-1H-indol-3-yi]-2-oxoacetamide, Enprofylline, Arofylline and the
compounds exemplified in PCT patent applications number WO 03/087613,
WO, 2004/058729 and WO 2005/, The most preferred PDE4 inhibitors are

Cilomilast, Roflumilast, Denbufyliine, Tetomilast and the compounds

- 15 -



A preferred embodiment of the present invention is a combination of an antagonist of M3 muscarinic
_ receptors of formula (l) and in particular an antagonist of M3 muscarinic receptors which is
(3R)-1-phenethy1-3-(9Hxanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane, in the form of a salt
having an anion X, which is a pharmaceutically acceptable anion of a mono or polyvalent acid (in

particular (3sirphraethyReSr(Bhteaninene-2isashnmiexy D am)0Ebins:|eld?. 2Joctane bromide)
e e B IR S S B
azoniabicycipld 2etdaaiagiemiodhe-frerapferssingidee AnaDiRimasthich is a pharmaceutically

acceptable anion of a mono or polyvalent acid (in particular
(3R)-1-phenethy1-3-(9H-xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane bromide) with

cilomilast aimhHitneeelinatipm et dsRble Ri2gelnd G (A combinations of compounds of
xanthene-9-carbonyloxy)-1-azoniabi%¥?%??[2i%%%%:?}ne, in the form of a salt_ha\%}% an anion X, which

is a pharmatUBEEHSHARKRIRR aFf IO ARA LY PRRVRIHRGRYTeans.
(3R)-1-phengthyrie 31 toxanthirnge Sheasbanylesyitainazoniabisyple[ 42id getane Hraumissy with

roflumilast.-A particularly preferred empodiment of the present invention is a combjnation of an

antagonist S REANAN PeJopmrs SMERRRHAYINEBAMBRHR MR 2 A RBRBEREESF PBSfuscarinic
receptors WiiGhrisidRInG- BEResivddhiPhxenthenac?reatbmyienylel-az eligbisysiai Zirs2]octane, in

the form of a salt having an anion X, which is a pharmaceutically acceptable anion,é)f a mono or
polyvalent SRHKAHITSRICAFSRES [PRkikRGAC -e@w.mwéﬂ@sb‘scaﬂsﬂﬂm&wwm €, an
1-azoniabicygiaihginesane; biatide) aitthaRBE # jakiios selestessfinamaionyiasiigylumilast,
-denbufylline and tetomilast. Another embodiment of the present inventjon is combinatic()jn of an M3
“antagonist SUISCERFHERNHI GRS 8 |Sr{p,£;§ai@ '—‘{Egn)%%ﬁgéﬁs-ﬁ‘i‘ﬂ%ﬁt- anolate an

ycelon) sEstheepBrent) huoaOGRLAS ISP,
phenethy1-3-(9H-xanthene-9-carbonylgxy)-1-azoniabicyclg[2,2.2]octane bromide, and -
(3R)-3-[(2Sﬂﬁ@?ﬂ%ﬁéﬁ%ﬁ?ﬁ@mﬁ?ﬁﬁﬂmgﬁméfg&f&vﬂd are the aluminum salfs
phenoxyethyb) theazepipbisyetaidrmptioataneirmicssuithiaBRfhinhibitor selected from cilomilast,
roflumilast, denbufylline and tetomilast. According to one embodiment of the invention the antagonist

of M3 muscarinic receptors is a compound of formula (1) and in particular

(3R)-1-pheredhybrifHbyntesreSceaibeaviexyxdinzaniabic yelrirag] oetdnensttbg form of a salt |

having an anion X, which is a pharmaceutically acceptable anion of a mono or polyvalent acid (in
particular (3‘5}%'—%@1@ﬁ&iﬁﬁ@?@ﬁ%ﬁ@ﬁéﬁ@-@){@g&%ﬁﬂ%%}ﬁ%?ﬁm RIAA5]5 8™ octane bromide)
and the PDixbigikitosdsanfbiailasid Ateoigirosichnahsicesdpastitenhed iberimiedion the antagonist
of M3 muscarinic receptors is a compound of formula (1) and in particular (3

R)-1-
phenethy1-8Y8FRRRKe LIS TIRIBBFRIGES S BEO HISHi SPETEEPS B iRes ',t%r?H’l)@f%?rﬁ‘ﬂ?aéeSalt having
an anion X, wifyala ipRdepranacewticalis ategptaiieradivaafisumenges pabivalent acid (in particular
(3R)-1-phenethy1-3-(9H-xanthene-9- carbonyloxy)-1-azoniabic clo[[2.2.2] ctane bromigde) and the
PDE4 inhibiPanesiagate, toluenesulfonate, and benzenesuifonate; and other organic
' acids and their corresponding salts such as acetate, tartrate, maleate,

succinate, citrate, benzoate, salicylate, ascorbate, etc.

Accordingly, the pharmaceutically acceptable acid addition salts of the
component compounds of the present invention include, but are not limited to:
acetate, adipate, alginate, arginate, aspartate, benzoate, benzenesuifonate
(besylate), bisulfate, bisulfite, bromide, butyrate, camphorate,
camphorsulfonate, caprylate, chloride, chlorobenzoate, citrate,
cyclopentanepropionate, digluconate, dihydrogenphosphate, dinitrobenzoate,
dodecylisulfate, ethanesulfonate, fumarate, galacterate (from mucic acid),
galacturonate, giucoheptanoate, gluconate, giutamate, glycerophosphate,

hemisuccinate, hemisulfate, heptanoate, hexanocate, hippurate, hydrochloride,
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The combinations of the invention can optionally comprise one or more additional active substances

~ which are known to be useful in the treatment of respiratory disorders, such as 32-agonists,
corticosteroids or glucocorticoids, leukotriene D4 inhibitors, inhibitors of egfr-kinase, p38 kinase
inhibitors and/or NK1-receptor antagonists. The preferred 32-agonists to be used in the combinations
of the inventigR giRriRIENBiRIRliRasw uteiphleigbarahdsaratersl, mlidersitisionaid el
dopexamine, Tenoterol, formoterol, hexoprenaline, ibuterol, isoetharine, isoprenaline, levosalbutamol,

mabuterol, rREERIEn Gt )R5tERIABE RolbRiRte NBREHIEn ATROGIBURRNCBI¥EAteral, reproterol,
ritodrine, rimatgralnsalianehesalneimeh Salmeierolosivanade mepishpresgariniesphterbutaline,
tiaramide, tulobuterol, GSK-597901, GSK-159797, GSK-678007, GSK-642444, GSK-159802,
HOKU-81, (gzggpwygjgp@qqyaﬂg@,ﬂ@otinate, nitrate, oxalate, oleate, pamoate, pectinate,
hydroxyphenypstindamisiaariié detatetratprisayiniapiimeexphbsheime tbyissstamide, kydrochloride
monohydrate, carmoterol, QAB-149 and 542- :
(5,6-diethylirﬁkﬂ‘éﬁa@%mino)-l-hydroxyethyl]-8-hydroxy-11-1-quino|in-2-one, 4-
hydroxy-742-([2-113-(2-phenylethoxy)propyl]sulfonyl) ethyliamino)ethy11-2(3H)- benzothiazolone,
1-(2-fluoro-4-hydroxypheny1)-244-(1-benzimidazolyl)-2- methy1-2-butylaminojethanal,
143_(4_methgm@igwﬁ&t@ﬁw%ﬁ;}ﬂh@[macoiogfcally acceptable acid addilion
[4-(1-benzimidazQly =2 pagthViktibheddaninele thaghaceutically acceptable salts which are
1121-1-5-hydroxy-3-oxo4H-1,4-benzoxazin-8£-!¥ql/1-2- 3-(4-N,N -dimeth Iaminophenyl?-z-,methyl-z-
propylaminofélie&tRe, flam-aBpgahie etk eiydrac Q{%Qﬁgnt@@ﬁ%ﬁ@?@c’d' suffuric
methoxyphegyl)- 2HBeHhdrk-RIQBY Iv@iRaiRiBamehic acid, acetic acid, fumaric acid, succinic \
-142H-5-hydroxy- -oxp-4H'1,4-_benzo>_<azin-8-y1]-243-(13-n-butyloxyphenfﬁl)-z-methy1-2-,ProPyIaminolet
hanol, 1421 aCKinldipeEdeEa-REId. SariabcHls y MYoreXy X manBiRaigraTemsYlic
1,2,4-triazol-3:\ I Mg IBM Zcpi W aineiethanal rsshydrxuiso (rhyangsed acids may also
isopropylaminobutyl)-2H-1,4-benzoxazin-3[;gﬁlz'|%-one, 1-(4-amino-3-chloro-5-

trifluoromethyfoHERY 1R PiRPeRR tha SRS &f Bt inhibitors.
1-(4-ethoxycarbonylamino3-cyano-5-fluorophenyl)-2-(tert-butylamino)ethanol optionally in the form of
their racemates, their enantiomers, their diastereomers, and mixtures thereof, and optionally their

pharmacoloditH1§-pBATRRARSE iah CIRRRHINS 2Esaiinedo e HaYRE iomidBe B ks and
glucocorticoigs et GamBe 150 TRIBE S AtM foantag amists anchiZiRiz4 iRtieraaredirednisolone,

methylprednisolone, dexamethasone, naflocort, deflazacort, halopredone acetate, budesonide,

beclomethasBheWRs pRIRRTe.IRAIPERSHRIEOTHRM BRI SE (R N RUGSRBIBIRS ARBiohTde,
fluocinonide cglagautalanespiyaiaien soatRUBRI HIpe Bt JEQPOBRIER AN KArBEHARsRNEIehiviloate,
tipredane, hydrocortisone aceponate, prednicarbate, alclometasone dipropionate, halometasone,
methylpredn@@ﬁ@ﬁé’s%q% anate, mometasone furoate, rimexolone, prednisolone farnesylate,
ciclesonide, deprodone propionate, fluticasone propionate, halobetasol propionate, loteprednol
etabonate, betamethasone butigrate Eropionate, flunisolide, prednisone, dexamethasone sodium

phosphate, thepiefRoIeAEBE siiiber prosrihipveRiomsmhsembipatigR&halone dipropionate,

- hydrocortisongagefais, svepaaiicangicodiespeis dnasemiadnsplans pedikmahasphate and
hydrocortisone probutate., Examples of suitable LTD4 antagonists that can be C(‘)t(ﬁ ined with M3

antagonists aneEpprstinhiorsratBlisdiaraptonsudnid BdBmkbRMpraiad rate, zafirlukast,
ritolukast, veglikastnaukamosinaiikestabshikariragipm apeaiplakastso@im. of a salt
4-[4-[3-(4-Acetyl-3-hydroxy-2- propylphenoxy)propylsulfonyl]phenyl] 4 oxobutyric acid,
[(5-[[3-(4-Ac€t§¥@&@ﬂr@i&5ﬂ@)§@‘&l é’?]%ﬁ%ﬁfﬁ?ﬁﬂ’ﬁﬁmﬁi,Bﬁﬁﬂﬁ@tﬂ?&%ﬁ?ﬂﬁtﬂfoﬁ'dﬁ@ﬁ@ﬁid, 9-[(4-
Acetyl-3-hyd Vi%j@fﬂ@@iﬂ%fﬂﬁﬁ@?ﬂ@ﬁw $H)3AbHR AR YL REHEOPL cirbdmyienigin-4-one,
54312-(7-Chloroquinolin-2-yOvinyl]phenyl]-8-(N,Ndimethylcar amoy_l)-4,6-d|th|aoc%an0|c acid sodium
salt; 3414343-gzatiabieyiplgHA My SRENGR) 1D @i IRiRGpraselected from
oxopropylsulfapyimethyssklRmydprestiens med, spiutisialiadt(Even more preferred is the
Cyclohexylethy1)41,3,4]thiadiazolo[3,2-a]-1,2,3-triazolo[4,5-d]pyrimidin-9(1 H)-one,
4-[6-Acetyl-3cETihingten- & RydraRe s RN RS BRSSATB O BHRNYPHEnoxy [butyric acid,

(R)-3-Methogs4dLime i 2 M [8cBadVindidetorm of a salt having an anion X, which is a
trifluorobutyl)carbamoyllindol-3-yImethyll-N-(2-methylPhenylsulfonstObenzamide

(R)-342-MettiharmaréytisatingraempRiBpnipalmentnegliyvairatfrf (in particular
(4,4,4-trifluor e nelotOzeaberrmudes b 1-azoniabicyclo[2.2.2]octane
Carboxypher@l%?%)-%ﬁgﬁ&?r&xybutox )phen?/%-S ,Zr@k%}(t)inoic acid an%j h{ o) 1pounds claimed
in the PCT pRiehtiggpidifsiuiase epe Meses) P@ﬁ?ﬁ&bé-&ﬁﬁﬂ% 3 TE%%]ors of egfr-kinase
that can be combined with M3 antagonists and PDE4 inhibitors are palifermin, cetuximab, gefitinib,
repifermin, erlotinib hydrochloride, canertinib dihydrachloride, lapatinib, and N44-(3- Chloro 4
fluorophenylamino)-3-cyano-7-ethoxyquinolin-6-y1j-4-(dimethylamino)- 2(E)-butenamide.



Examples of suitable p38 kinase inhibitors that can be combined with M3 antagonists and PDE4
~inhibitors are chlormethiazole edisylate, doramapimod,
5-(2,6-Dichlorophenyl)-2-(2,4-difluorophenylsulfanyly6H-Pyrimido[3,4- b]pyridazin-6-one,
4-Acetamido-N-(tert-butyl)benzamide, SC10-469 (described in Clin Pharmacol Ther 2004, 75(2): Abst
PII-7 and Vs702 deserined i Girepatian 2008ic4RR(5T> Sypplad;, APHISRAnEsRBIRS of suitable

NK1-receptor antagonists that can'be combined with M3 antagonists and PDE4 inhibitors are

nolpitantiurh @¢isithes) aasitat, YaHepitam PhaoprRasticalyseataisapieme e mgtter
N13-(2-Pe3% T@Hﬁoéﬁm%wlbgﬁﬁgﬁﬂﬁﬁ?%%%&ﬂﬁ@ P aRhdelcy-tnpRenydbadanyl-allo-threo
inyl-s

nyl-aspara erinelactone, 1-Methylindo1-3-ylcarbony144(R)-

hydroxyl-L-preganiskizyripiRiBjociana o rigenyiNefemmeshide, (+)-

(2S,3S)-342-Methoxy-5-(trifluoromethoxy)benzylamino]-2-PhenylPiperidine,

(2R,4S)-N41-43,5-Bis(trifluoromethyl)benzoyl]-2-(4-chlorobenzyl)piPeridin-4- S

yl]quinoline A paiiesdamide esared)gmirodissnt of the present invention is a combination of

Bis(trifluoro i = (4 [

oo 5 D B A o i er an

[3-12(R)-0(RpMa3Bbist@fiVbronvseripReageoinssyaes) | C%Bg'r%ﬁ}%rﬁﬁﬂyl“&(%-

4-morpholi 35 AlbBATRS R ab ik rgel A shasehenis it of a salt

deoxy-l-(m%%ﬁ%%c%t%%%g@%ﬂg %ﬁ,ﬁ%@%ﬁ?—%%mchIo’r(?plahenyl)-4:0(3a >

4, 5-trimethbRylig 26y @t phoNhiohy ety NapraRiticIti RepeRiARIEsRNIaN BisMARE ¥ (S)-oxide

hydroc“'o”%%g&gt%%%ﬁﬁ%ﬁ’BQr@é}%@%ﬁ@)ﬁqﬂﬁﬁgdetﬁwﬁﬁﬁm&ér%ﬁ@ﬁe@@#@@hgf@wbst P2664.
SO

The combination e invention may be used in the tréatment of anédisorder which is susceptible to

“amelioratiorf iszeinaiipyenig; 2eirdanehromidaLieiiiat Skb R IBNMS!RHIGEdRR receptors and
inhibition Okﬂl?ﬂﬁﬁggpiﬁﬁﬁ?ﬂﬁgs%' donsuNG esrNiaBRiiEaiion encompasses methods of treatment of
1 | a 1 .

these disorders, as well as the use of the’combinations of the invention in the manufacture of a
medicament for the treatment of these disorders. Preferred examples of such disorders are those

respiratory Jiseanes cHIRIIMEME S e Reshanialing AacatedmBiRaRinchioshavs a beneficial effect,

for example asthma, acute or chronic bronchitis, emphysema, or Chronic Obstructive Pulmonary

Disease (C@PRYOTHst seliveted fipautts IrouR eontiwtiagon 3E e ERRTbASIbI®Re2hvention,
the PDE4 ‘W@é@%ﬁ?ﬁoﬁ]@g s Apiens) el ARBRY e mayde-ATBRIviRte (spher In the

same pharmaceuti sition or in different compositions intended for separate, simultaneous,
concomiﬁan@@?ﬁ@ﬁbﬂpﬁd%b%ﬁﬁiﬁ@@@oﬂ'WFMQWE)D?Q@HQEW%@ZI@Wbodiment the
present invaiin feovigles @) 8l prete somasiBmgnaRiRAeREbOHIAA DuyRsasRie eeplors of
formula (I) together with instructions for simultaneous, concurrent, separate or sequential use in

combinatiorphnexps v frhererakisrelel2d-dotiang kg vilkeRP i kRionds to M3
antagonism..In & prafeied ambadimeshingiaesaatinyenion Mavisesmadt of parts comprising an

antagonist o!?: M3 muscarinic receptors which is (3R)-1-phenethy1-
3-(9H-xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane, in the form of a salt having an anion X,

which is a p i i YarRlesb ARG RIrini
(3R)-1-phen%%éﬁf-(%ﬁ-lgﬁ%ﬁrﬁ%@%}ﬁﬁgﬁ?ﬁi@%ﬁgﬁrﬁ%icyclo 2.2.2]octane brom?(?ég together
8

with instructiese poerrisuaaesopey e daBnt [adbarae ibrRaGHIRT irrbsngifgnsHim a PDE4
inhibitor for (e eatment of 3 FRRAALNK SHRRASR Yieh seSRRAGRE IR SREARPBIMMsalt
having an anion X, which is a pharmaceutically acceptable anion of a mono or
polyvalent acid (in particular (3R)-1-phenethyl-3-(9H-xanthene-9-carbonyloxy)-
1-azoniabicyclo[2.2.2Joctane bromide) and the PDE4 inhibitor is roflumilast.

According to another embodiment of the invention the antagonist of M3
muscarinic receptors is a compound of formula (1) and in particular (3R)-1-
phenethyl-3-(9H-xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane, in the
form of a salt having an anion X, which is a pharmaceutically acceptable anion
of a mono or polyvalent acid (in particular (3R)-1-phenethyl-3-(9H-xanthene-9-
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In another embodiment the present invention provides a package comprising an antagonist of M3

_ muscarinic receptors of formula (I) and a PDEA4 inhibitor for the simultaneous, concurrent, separate or
sequential use in the treatment of a respiratory disease which responds to M3 antagonism. In another
embodiment the present invention consists of a package comprising an antagonist of M3 muscarinic

receptors OEQPBBHWWQ%P%EM&@@.@EM@&% efdAadBYSeRTitie OGRS WhinHdS
(3R)-1-phenethyl-3-(9Hxanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane, in the form of a salt
having an ariemiesthich is a pharmaceutically acceptable anion of a mono or polyvalent acid (in
particular (3R)-1-phenethy1-3-(9H-xanthene-9-carbonyloxy)- 1-azoniabicyclo[2.2.2]octane bromide)
and a PDE4 inhibitor for the simultaneous, concurrent, separate or sequential use in the treatment of a

respiratory AR ASENRHEN B8 IA8 16 ¥AB AR £Goh A HO R ORI E SISO TTEOf the invention the
active comppiHidsraitherrRbipstioR sseMERiRissatre by ibhlaiisrinre web aaamestrogelivery

device, wherein they can be formulated in the same or in different pharmaceutical compositions. In the

most preferfedriraisuyifeatdresneyahag SRS neerIRIS i 5P BIEEGRRMBIRSIGRe both present
in the same, pharmaceuical-CAMBPSTTRRBRCETS RdmIRiAkYEddasIRhAIaHAHINRMSAGRMMON

delivery device. In one aspect the invention provides a combination as herein defined characterised in
that the actitKihgesgipiosgaiegni@s form part of a single pharmaceutical composition. In another
aspect the invention provides a process for the production of a pharmaceutical composition as herein
defined characterised in that an antagonist of M3 muscarinic receptors, a PDE4 inhibitor and optionally

other additiVéwapreferstfstagrnisinéd bad prodestiriaphiaborsablne uemioTictive
ther optior AL B e E CoEE e hnding on the natre
-of the disordiemexaenireatéeh@erobritlyreieeyupaptas|icapbultss Ol RoRj68 EEhtrolled-release
preparations, ast dissolvipg reparalions ingengRs, SIEl ORI (BepiRALRR gintments, lotions,
nasal sprays oPaeroso%, etcé); gy injection (subcutaneous, intradermic, intramuscular, intravenous,
etc.) or by intriationl@oeciiepaiinerpitsdendnpwdiipeesioapetigrol, ritodrine, rimoterol,
salbutamol, salmefamol, salmeterol, sibenadet, sotenerot, sulfonterot,
terbutaline, tiaramide, tulobuterol, GSK-587901, GSK-159787, GSK-678007,
GSK-642444, GSK-159802, HOKU-81, (-)-2-[7(S)-[2(R)-Hydroxy-2-(4-
hydroxyphenyl)ethylamino}ﬁ,@,7,8-tetrahydro-Q—naphthyfoxy]—N,N-
dimethylacetamide hydrochloride monchydrate, carmoterol, QAB-149 and 5-[2-
(5,6-diethy!indan-Z—y!amind)»1 -hydroxyethyl}-8-hydroxy-1H-quinolin-2-one, 4-
hydroxy-7-[2-{{2-{[3-(2-phenylethoxy)propyl]sulfonyl} ethyllamino}ethyl}-2(3H)-
benzothiazolone, 1-(2-fluoro-4-hydroxyphenyl)-2-[4-(1-benzimidazolyl)-2-
methyl-2-butytamino]ethanol, 1-{3-(4-methoxybenzyiamino)-4-hydroxyphenyl}-2-
[4-(1-benzimidazolyl}-2-methyl-2-butylamincjethanol, 1~[2H—5—hydroxy—3-oxo—
4H-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-[2H-5-hydroxy-3-oxo-4H-
1,4-benzoxazin-8-yl]-2-[3-(4-n-butyloxyphenyl)-2-methyi-2-propylamino}ethanol,
1 -{2H-5—hyd roxy-3-oxo-4H-1,4-benzoxazin-8-yl}-2-{4-[3-(4-methoxyphenyl)-
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-
trifluoromethylphenyl)-2-tert-butylamino)ethanol and 1-(4-ethoxycarbonylamino-
3-cyano-5-fluorophenyl)-2-(tert-butylamino)ethanol opticnally in the form of their
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The pharmaceutical formulations may conveniently be presented in unit dosage form and may be

~ prepared by any of the methods well known in the art of pharmacy. All methods include the step of
bringing the active ingredient(s) into association with the carrier. In general the formulations are

~ prepared by uniformly and intimately bringing into association the active ingredient with liquid carriers

or finely dividegdsalickcardarsshemans then diareessarshaningiherssothertisficatine desired
formulation. Formulations of the present invention suitable for or?:! administration may be presented as

discrete unfptivRalydhabRiiesnarteacsaenrPatble @ritRiRG 8 hrEt termined amount of the

active ingredient; as a powder or granules; as a solution or a suspension in an aqueous liquid or a

non-aqueous liquid; or as an oil- in-water liquid emulsion or a Water-i)%-é)g liquid emulijll&n The active
[

ingredient rRAPEARIEBELREEERIE FARISARIRIS IS RAGHHGPRALIEC K (hab TR RRARIN P §enerally
consist of a,gysRENSIAMRELARIaR@HDE Sonmsund ars@idamdisluisecanden fipredasplenethanol,

natural, synthetic or semisynthetic oils such as peanut oil and olive oilégg%y%erine or,water with
n

flavouring, SwsateakiasadRr RGNy AeAER0RTk RAROEARPESATR HES5AN'EP A tablet, any
pharmaceufigal SAEIBREIHINGIY ispRsHREPIRRREBEFalA o s tatinasoma bstoiseld, Examples of such

carriers include celluloses, stearates such as magnesium stearate or stearic acid, talc,gelatine,

acacia, staré#esinaleRe ARSI o BRI RIRFBEGICNR BVABIR RSP HIEATRS, optionally
with one or fare aceesgankiRgIRdiHe. (ampsasssebrabigiemakscarapsreieg somes ssing in a

suitable machine the active ingredient in a free-flowing form such as a powder or %ranules, optionally
|

mixed with BiggEsaRgieaAlslamaEHRIS P IRRIR:Ry NaIPRELasaNR SIHAYRFERY SRR, Moulded
tablets mayhe-madey memdingdnasiakic maskinma rpdudreseische pawdsyritdlend comprising

the active compounds moistened with an inert liguid diluent and_optionaé%gbied and sieved. The

tablets may fi86nEINE & SBEREARS BRORNERI MHiFBECRFRIRRIT P 50R- modified (i.e. slow
or controlled) selease Ol theReinaingsediondheseinmMrteribe aariesiiepiinitd)e form of a

capsule, any routine encapsulation is suitable, for examqﬁflje using the aforementioned carriers in a hard

gelatine cagbinisalifraradnisangoStrmetianenssdknsBRd R BIHISARAR) Pharmaceutical

carrier routiggp 4sedJer pEepaatitcruenn aaeERR) BepsBaydRe no siterssh s example
agqueous gums, celluloses, silicates or oils, and are incqrporated in a soft Zielatine%%zgﬁaje. Dry powder

compositiorYRORHSP R RRAIAS thXIREPEYSHMAERRN M SV P ale R NROR &R different

primary packaginehsystempHsHESLasisapeUrsangdteartridges of for example gelatine or blisters of for
example laminated aluminium foil), for use in an inhaler or insufflator. Packaging of the formulation

may be suitable for unit dose or multi-dose delivery. In the case of multi- dose delivery, the formulation

can be pre-peleregarnelaresidn tgss Bptauomias iphalemase Sumislessifien it® three groups: (a)
single dose, (b) multiple unit dose and_((;? multi dose devices
antagonists and PDE4 inhib

itors are tomelukast, Ibudilast, pobilukast,
pranlukast hydrate, zafirlukast, ritolukast, veriukast, sulukast, cinalukast,
iralukast sodium, montelukast sodium, 4-[4-[3-(4-Acetyl-3-hydroxy-2-
propylphenoxy)propylsulfonyl]phenyl]-4-oxobutyric acid, [[5-[[3-(4-Acetyl-3-
hydroxy-2-propyiphencxy)propyijthic]-1,3,4-thiadiazol-2-yf]thic]acetic acid, 8-[(4-
Acetyl-3-hydroxy-2-n-propylphenoxy)methyl]-3-(1 H-tetrazol-5-yl)-4H-pyridof1,2-
a]pyrimidin-4-one, 5-[3-[2-(7-Chloroquinolin-2-yl)vinyljphenyl]-8~(N,N-
dimethylcarbamoyl)-4,6-dithiaoctanoic acid sodium salt; 3-[1-[3-[2-(7-
Chioroquinolin-2-yl)vinyl]phenyi]-1-[3-(dimethylamino)-3-
oxopropylsulfanyl]methylsulfanyl]propionic acid sodium salt, 6-(2-
Cyclohexylethyl)-[1,3,4]thiadiazolo[3,2-a]-1,2,3-triazolof4, 5-d]pyrimidin-S(1 H)-
one, 4-[6-Acetyl-3-[3-(4-acetyl-3-hydroxy-2-propylphenyithio)propoxy]-2-
propylphenoxylbutyric acid, (R)-3-Methoxy-4-{1-methyi-5-{N-(2-methyl-4,4,4-
trifluorobutyl)carbamoyilindol-3-yimethyl}-N-(2-methylphenyisuifonyi)benzamide,
(R)-3-[2-Methoxy-4-[N-(2-methylphenylsulfonyl)carbamoyilbenzyl]-1 -methyl-N-
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Formulations generally contain a powder mix for inhalation of the compounds of the invention and a

~ suitable powder base (carrier substance) such as lactose or starch. Use of lactose is preferred. Each
capsule or cartridge may generally contain between 2p,g and 400 pg of each therapeutically active
ingredient. Alternatively, the active ingredient (s) may be presented without excipients. For single

dose inhalerg af dheifiek-bipeningmagapsdinshenpavaiehes ipyaganaputacturer into smal
containers, which are most% hard Ifelatine capsules. A capsule has to be taken fro‘g agggrgarate box or

container areRiRsseRamYRIRcEMtalerirencoy RideHhnse Nake (NSRS IR haS Bned or
perforated Vit Rins Qi<CHiinadagerdrPertade atlappnae i insRF ROy EPSEREHE, pass through
the capsule for powder entrainment or to discharge the powder from the capsule through these
perforations by means of centrifugal force during inhalation. After inhalation, the emptied capsule has

to be removed fronidbeidiaies RIAb MRSt cisararmebling ot dhepslleibimageassans for inserting

and removing the capsule, which is an operation that can be difficult and burdensome for some

patients. OtRetaBaNBECRE GRS 15 iiligse drnariigEmiIh S ipdmaR grhinita bR S Miers are (a)
poor protection agAPSIdRUBIHFRIE PRI FERB W iRRiamride (Mg2rehiemendit-ppeging or perforation

after the capsules have been exposed previously to extreme relative humidijty, which causes
fragmentatiérhérerde s RiRN s HRQIntcyRafici P e E0R fRkAtd MSIBY PR 2 number

of capsule i@ee'ﬁmme'&te expulsion has been reported (e. g. Nielsen et al, 1997). Some capsule
inhalers have a’'magazine from which individual capsules can be transferred to a receiving chamber, in
which perforation and emptying takes place, as described in WO 92/03175. Other capsule inhalers

have revolviggpaqagines Wb RApSYIRicRaE RIS IBAS aas bapEUIBbkiBiHee with e air conduit for
.dose discharge (e. g. W091/02558 and GB 2242134). They comprise the type of multiple unit dose

“inhalers tog@mi@canisisians RRELNRer Ao et Azsis SpviRied SEeRARIBOS on a disk or

on & sirp.- Bistordniypietsspendrip etier maissre reisatanatyesmasiaamigsiaan capsule inhalers.
Access to the powder is obtaine ng)erforatin%éhe cover as well as the blister fail, or ?e%/ peeling off

the cover folblRYRgAZIMAsES A ISRIBRHdRRERE SRu SR eERIAD e? GH s (€esH& fRreased, but
it is inconvenient; fopthepatisntinreniage AseMAlSEn. 7 bateiprer spcderises mre often

disposable with the incorporated dose system includingthe technique used to transport the strip and
open the blist¥epEtians00RLEBEE inpaRits 4% AbEL &R pre-measured quantities of the powder

formulation. They consist of a relatively large container and a dose measuring principle that has to be
operated by the patient. The container bears multiple doses that are isolated individually from the bulk

of powder byEveimpiesieTRsHaREMIN - pstoler ftasnaistsiRglSathteoniiteA Ui 3 otatable

membranes 43,9 FRAROI4 4P BEAiFHSiRofs 518 ABHHEIURPHIAAATS R ARS R D ABAEP
0674533), rotatable cylinders (e. g. EP 0166294; GB 2165159 and WO 92/09322) and rotatable

frustums (e.‘@W@'ﬁ/bwmwﬁﬁ?ﬁﬁvﬁ@%@%@sW%Vm%gﬁﬁgﬁ‘www PROWhe
container. OfRes JAYIINIRRSHRVICESIBRYE G ASHYINERIFASS-(shéh a1 R e RS AREOWR 97/00703) or

measuring plungers with a local or circumferential recess to displace a certain volume of powder from

the containeP&paragindryeiingrbt rlm diresiang: &-NewlnsiessoyIoaieraYld468s and wo
192/04928. R 6999?191%@8@?—f@%@%m}i@ﬂlﬁ—éﬁh%@%&&W%%Mid@q@whaler devices.

The powder formulation has to exhibit good and stable flow properties, because filling of the dose

measuring c(#B.85taviRY Rt tl-(Rduptrepiasydeesra Tinad-érrfigiypiperidine,
(2R,48)-N-[1-[3,5-Bis(trifluoromethyl)benzoyl]-2-(4-chlorobenzyl)piperidin-4-
yilquinoline-4-carboxamide, 3-[2(R)-[1(R)-[3,5-
Bis(trifluoromethyl)phenyl]ethoxy]-3(8)-(4-fluocrophenylymorphotlin-4-ylimethyl]-5-
oxo-4,5-dihydro-1H-1,2,4-triazole-1-phosphinic acid bis(N-methyl-D-glucamine)
salt; [3-[2(R)-[1(R)-[3,5-bis(triflucromethyl)phenyl]ethoxyl-3(S)-(4-fluorophenyl)-
4-morpholinylmethyl]-2,5-dihydro-5-oxo-1H-1,2,4-triazol-1-yljphosphonic acid 1-
deoxy-1-(methylamino)-D-glucitol (1:2) salt, 1-[2-[2(R)-(3,4-Dichicrophenyl)-4-
(3,4,5-trimethoxybenzoyl)morpholin-2-yllethyljspiro{benzc[c]thiophen-1(3H)-4'-
piperidine] 2(S)-oxide hydrochloride and the compound CS-003 described in
Eur Respir J 2003, 22(Suppl. 45): Abst P2664.
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For reloaded single dose and multiple unit dose inhalers, the dose measuring accuracy and

. reproducibility can be guaranteed by the manufacturer. Multi dose inhalers on the other hand, can
contain a much higher number of doses, whereas the number of handlings to prime a dose is generally
lower. Because the inspiratory air stream in multi-dose devices is often straight across the dose
measuring cavity, and because the massive and rigid dose measuring systems of multi dose inhalers

can not be agitated by this inspiratory air stream, the powder mass is simply egtraing_d from the cavity
and little deﬁ%%ﬁ%@@dﬁtmﬁéa‘fﬁﬁfﬁﬁ‘d&%hg?gléfs%ﬁéga%éﬁﬂ}r%%ﬁa? fYiSiSGRkion means

are necessajpitioyYRLEpERE e helcpsadPblvipys b aidhednBaleidrsiEmsdipeaithe of the
high number of doses in multi- dose devices, powder adh%sion ontq the inner walls of the air conduits

and the de- HIGERESRGH e NSRS 6L SRRRRTANTHIBIDIEGIST PRAFRNG BPHELRSFatts must be
possible, withqus aHechiegshe é?ﬁﬁ%ﬁl&@%%%@ﬁb@s@@%@em el daseninbrdessdave disposable
a

drug containers that can be replaced after the prescribed number of doses has been taken (e. g. WO

97/000703) 514G &l iR HEMOftiR SOMPRRIORATIRD SREMRUG Whtainers, the

requirementg i fe¥eRE dUS REBIBHHREIRTR hevesasietalof PRid drarsaraplisations through dry
powder inhalers the compositions of the invention can be administered in aerosols which operate via

propellant gases or by means of so-called atomisers, via which solutions of pharmacologically-active

substances pasrbespEREpIad ef Bigthpirssde Saibat ceR i sitatsiabile aastslasHessiis. The
advantage of these atomisers is_that the use of propellantgases can be completely dispensed with.

Such atomidBRs 48 SHERIGHIPFIF NG AGRITHP P RERMN (A PRVEANERG! 24 #88 and

InternationabRatenARpteAdioacR ¥YCHIshH26Rdn calascreaigieheind niie ficthe contents thereof.
Spray compasitions for topical delivery to the lun &_ta/ inhalation may for example be formulated as
&@j i

aqueous sofdBSHYEHG EWMSBRY Iriss 3z d vered from pressurised packs, such as a metered
dose inhaler, with the use of a suitable liquefied propellant. Aerosol compositions suitable for-
inhalation can be either a suspension or a solution and generally contain the actiye ingredient (s) and

a suitable prop@IRFIVECAaRA RS HChIB SR BPHRIBEehec dhealVlih § HR8PoRIRE 2 bon or mixtures
thereof, partigidainRyshefrprRalkinste & shdlishloeitussantathassyérebiepelineromethpae,

dichlorotetra-fluoroethane, especially 1,1, 1, 24etrafluoroethane, 1,1, 1,2,

) ] 2, 3,3, 3- .
heptafluoro-A4upaicsest asiisrdibrRseNte RNATIRSGHICR SRRIPQAIRIA AR HES SR be used as

propellant. Theaereseheompesitatdnayhadtee diomexepientscibenihantbesyqpetast or may
optionally contain additional formulation excipients well known in the art such as surfactants eg oleic

acid or lecitRABRISEEEN0ENS BE samrdr Bre&IRe ddiulations will generally be

In one embodiment the present invention provides a kit of parts comprising an
antagonist of M3 muscarinic receptors of formula (1) together with instructions

for simultaneous, concurrent, separate or sequential use in combination with a
PDE4 inhibitor for the treatment of a respiratory disease which responds to M3

antagonism.

In a preferred embodiment the present invention provides a kit of parts
comprising an antagonist of M3 muscarinic receptors which is (3R)-1-phenethyl-
3-(9H-xanthene-8-carbonyloxy)-1-azoniabicyclo[2.2.2]Joctane, in the form of a
salt having an anion X, which is a pharmaceutically acceptable anion of a mono
or polyvalent acid (in particular (3R)-1-phenethyl-3-(9H-xanthene-8-
carbonyloxy)-1-azoniabicyclo]2.2.2]octane bromide) together with instructions
for simultaneous, concurrent, separate or sequential use in combination with a
PDE4 inhibitor for the treatment of a respiratory disease which responds tc M3

antagonism.
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retained in a canister (eg an aluminium canister) closed with a valve (eg a metering valve) and fitted

. into an actuator provided with a mouthpiece. Medicaments for administration by inhalation desirably
have a controlled particle size. The optimum particle size for inhalation into the bronchial system is
usually 1-10u, preferably 2-5u. Particles having a size above 20u are generally too large when inhaled
to reach the small airways. To achieve these particle sizes the patrticles of the active ingredient as
produced may be size reduced by conventional means eg by micronisation or supercritical fluid
techniques. MaGEaREERREASRINA SPEBRAPAIBY SIHAY Riir URESARROIPEP SRURG SBIB Rably, the
particles willhgfoysiallipenAchievingiridigh sloes s epradveili| iy Wb arnmispahprvorsstisedifficult
because of their poor flowability and extreme agglomeration tendency. To improve the efficiency of dry
powder comPAHAREIHE. FRaTEH I oSRPBRISGE SFRHE T ith & fshiR dRetieaimanhAER discharged into
the respiratorysthagtoN dfs L BXSHIENFSSbnaS RCIngQrmaigker glucose is generally employed. The
particle size of the excipient will usually be much greater than the inhaled medicament within the
present invention. When the excipient is lactose it will typically be present as milled lactose, preferably

crystalline alphzafiesemecghverite BrasentizamkaspsebASRRASIDpaM fepsridedilled into

canisters fitted with a valve, especially a metering valve. Canisters may gptionally be coated with a

plastics mat&ePalgoanisrb MATBH HHINEr 8 TESERRE LTSI B RRHURS HI be fitted into
an actuator agapieshfar ugeakiribenyichyeisptarrpesiinnaor- nasst detivary iggiude those

mentioned above for inhalation and further include non-pressurized compositions in the form of a

solution or stEpEeHArFarPRRILA B LORIRRECHRAE SrtiosiaYan IRdRR I ANAiI#Aonventional

excipients sy as; U faroA N -iGEPDIRlS PREGARCBEs IR aRBELH tansIBhBAdhANGegsRis and
viscosity modifying agents which may be administered by naséaélrlh_gump. Typical dermal e&si
)] ample a

transdermal BRSSO HpREEIS Wah (B RichRNSHEENIs oS aiDenEseRIDR YR

Cream, Ointmﬁhdﬁlﬁlﬂr}% 2'!2.2]0’1‘1"{%Hb@ﬂ)fﬁf@é?&ﬁd@@ﬁb@@%ﬁ'mﬂf@ﬁiﬁ@ or membrane: The
proportions in which (a) the PDE4 inhibitor and (b) the antagonist of M3 muscarinic receptors may be

used accordHgEARe R ARICAFEDhrRaRar A RESE MG aHBLYSR) R REERAEAS6&iBly be present in
the form of theliselksieaigeBydrRtaehPepsasirgeonbashRsrisH{he compounds (a) and (b), the

weight ratios which may be used within the scope of the present invention vary on the basis of the
different molecular weights of the various salt forms. The pharmaceutical combinations according to

the inventionmay, 3Bk Ehdaeithe SesetiDhiRICIRY WaigBleXEd faRgiRgtHem 1: 5 to 500: 1,

preferably from 1: 10 to 400:1. The weight ratios s[l:)egified below are based on the compound (b)
expressed aSYAIRINANPR 78699 MNGLRRM P ihel2UpBhyrig))-2 OB SRINE Y ¥E8ne bromide
and the PDEgahiptere jofimiash and siemnitasiawieheabe inadtiratany priafeierdagearding to the

invention. n
compositions.

In the most preferred embodiment the M3 antagonist of the invention and the
PDE4 inhibitor are both present in the same pharmaceutical composition and
are administered by inhalation through a common delivery device.

in one aspect the invention provides a combination as herein defined
characterised in that the active ingredients (a) and (b) form part of a single

pharmaceutical composition.

In another aspect the invention provides a process for the production of a
pharmaceutical composition as herein defined characterised in that an
antagonist of M3 muscarinic receptors, a PDE4 inhibitor and optionally other

additives and/or carriers are mixed and processed by methods known per se.
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The pharmaceutical combinations according to the invention may contain (a) and (b) in the case of

- roflumilast, for example, in a ratio by weight (b):(a) ranging from 1: 10 to 300: 1, preferably from 1: 5 to

200: 1, preferably 1: 3 to 150: 1, more preferably from 1:2 to 100: 1. The pharmaceutical compositions
according to the invention containing the combinations of (a) and (b) are normally administered so that

(3R)-1-phengaydeR-A%spahiens 8-gashomisnaidrazenialivdeididgdarsaottheomide and
roflumilast are present togigther in doses of 0,5 to 5000 jig, preferably from 1 to 2000 %& more
[

preferably figNe5teMAbE il BadREiPhanRT Ao H0er 9g IR A A SO R &M BSithout

restricting thesaopRaHEHBHeNEaRIBRI fEUtE0 BEPBALNMS dh WHEChature of the disorder to
(3R)-1-phenethy1-3-(9H-xanthene-9-carbonyloxy)-1- azoni bicycloéZ.Z.Z]octaneQ;r mide is used as

(b) and roflUpRifigeiedse Pal el (@R BEHRDSABIRS CEhRHRPIdARENHFENGBRFEE ToRERT for instance

from 20 to 1000134518 Rikdrahanmiing SréBbrraoiRens-Srerbasmpbibatizqainbieretal?. 2. 2]octane
bromide and from 5 to 500 jig of roflumilast. For example, the actjve subst?n\@gqc mbinations
o 5UBRBRRENS) 1.

according tIRERTEROHIREY EFRAIP (3K AL HREASAS e oRILIBIGH

azoniabicyciaiZ:22rtanarararyeeandrid e dip sase gorioyimstisnion rativebyrweightiéh):(a) in the
range from about 1: 30 to 400: 1, preferably 1: 25 to 200: 1, preferably 1: 20 to 100: 1, more preferably
from 1: 15 t&@S@lutiomsHispsrsiduieicompositions according to the invention containing the
combinations of (a) and (b) are usually administered so that (3R)-1-phenethy1-3-
(9H-xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane bromide and cilomilast ar%?%resent

together in o GE2BRAGRUTGEDPIFURIRISHIAN SN I508Y RS RIGRS PIefeHR 5 to 2000p9,
even more reafaraRly fraPRO R38R0 PP SINgERO sRethaexRBINBOMHPLIHEStEing the scope of

the invention thereto, combinations in which (3R)-1-phenethy1-3-(9H-xanthene-9-carbonyloxy)-1-
 azoniabicycR2IHEANEBRIRIR RAIER Be BpRR bitaingthe Ay EF KRNESMPEitions
according tofhe,iquepHaRithaceniniky for igstnaeemmiaiafoRdigrelprepared by "
(3R)-1-phenethy1-3-(9H-xanthene-9-carbonyloxy)-1- azpn_iabicpi/clo[z_ 2 ZLoctane bromri1de and from 15
to 300 jig of & ekt and intimately bringing intd’association the active ingredient with liqui

carriers or finely divided solid carriers or both and then, if necessary, shaping

the product into the desired formulation.

Formulations of the present invention suitable for oral administration may be
presented as discrete units such as capsules, cachets or tablets each
containing a predetermined amount of the active ingredient; as a powder or
granules; as a soluticn or a suspension in an aqueous liquid or a non-agueous
liquid; or as an oil- in-water liquid emulsion or a water-in-oil liquid emulsion. The

active ingredient may also be presented as a bolus, electuary or paste.

A syrup formulation will generally consist of a suspension or solution of the
compound or salt in a liquid carrier for example, ethanol, natural, synthetic or
semisynthetic oils such as peanut oil and olive oil, glycerine or water with

flavouring, sweetener and/or colouring agent.

Where the composition is in the form of a tablet, any pharmaceutical carrier
routinely used for preparing solid formulations may be used. Examples of such
carriers include celluloses, stearates such as magnesium stearate or stearic

acid, talc, gelatine, acacia, starches, lactose and sucrose.
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The aforementioned examples of possible doses applicable for the combinations according to the

.. invention are to be understood as referring to doses per single application. However, these examples

are not be understood as excluding the possibility of administering the combinations according to the
invention multiple times. Depending on the medical need patients may receive also multiple inhalative
applicationss Asa& exaypernadens saaypesaiivhibe wombinatiopsiasahydiith tortbeinventon for

instance two or three times (e. g. two or three puffs with aé)}ggder inhaler,.an MDI etc%jn the morning

of each treRRFETSPLEY. I BHCAS rRRERRRE A JeR B MBI R RN VS BY GRERIGEEH94R dose
examplesl pgésﬂﬂgiﬁaﬁtﬁﬁ%@g&m&b gﬁﬂeéfm@fm@iﬁpiﬁ amm@amg; rﬁbﬁ'@@?@ﬁ}aﬂ@}ﬁcﬁm@mding to the
invention leads to multiple doses of the aforementioned examples, The application of the compositions
according tOTEaRRRcPPLAN B 1B Hé@rz? E@”&?ﬁ éﬂﬁfﬁﬂ%ﬂﬁ@&%ﬁgﬁ'@'mtion of

the anticholiigfgiceaganidWicaispamingr s ey TRy slsivts Mesfebhatihetsompolkiiian is in unit
dosage form, for example a tablet, capsule or metered aerosol%do e, so that the patient may
administer #sh§idtable Mesi R G HHR ChMEIRS¥REBH ﬂﬁff@%)f@%%‘ﬁga ?%epreferably

from 50 jig te,399dishakandiicraagntishaaserding v dnadnveniioomioaaheanedenitcal acceptable
salt thereof and 1 jig to 300 jig, and preferablél from 51.%8 to 100 ji ofg PDE4 ir}hibitor ic ording to
oFRE b, l s d S

the inventiofi RRlete R ORIC IR CRGIR TS SR TBYARRIRTTEHER N, of
course, vans i e paviieslaraive (e s asimblisaaiiorabe stibiecichesnyratiasnt, and the

particular disorder or disease being treated. The active ingredients may be administered from 1 to 6
times a day?@iﬂiﬂent to exhibit the desired activity. Preferably, the active ingredients are administered
once or twice a day. It is contemplated that all active agents would be administered at the same time,
_or very close in time. Alternatively, one or two actives could pe taken iE,the morning, and the other (s)

later in the d4{iers theaRBMBPSEGRRdNhe TRVELRRARSEGIAHE] Waﬁﬁ{? RA the other (s)

once daily, githebt thsr ex@e I e s @ ieeCifheideticheadasing iaceursed goisaparately. -
Preferably at least two, and more preferably all, of the actives would be taken to @ther at the same

time. PreferaBRS'derAdigifotnsheOmBRS ity AR Em & A,5a14 FEaRiARREHG 3%¥%n admixture.
The active %ﬁﬁ%&%&m%ﬁﬂ%\&égﬁﬂﬁi?%@dh@ﬂﬁvwﬁﬂﬁmp&&m@bﬂdwpmetedgn the form

of compositions for inhalation delivered with the help of - .
may be considered, for example aqueols gums, celluloses, siticates or oils, and

are incorporated in a soft gelatine capsule.

Dry powder compesitions for topical delivery to the lung by inhalation may, for
example, be presented in different primary packaging systems (such as
capsules and cartridges of for example gelatine or blisters of for example

laminated aluminium foil), for use in an inhaler or insufflator.

Packaging of the formulation may be suitable for unit dose or multi-dose
delivery. in the case of multi- dose delivery, the formulation can be pre-metered
or metered in use. Dry powder inhalers are thus classified into three groups: (a)

single dose, (b) multiple unit dose and (c) multi dose devices.

Formulations generally contain a powder mix for inhalation of the compounds of
the invention and a suitable powder base (carrier substance) such as lactose or
starch. Use of lactose is preferred. Each capsule or cartridge may generally
contain between 2pg and 400 pg of each therapeutically active ingredient.

Alternatively, the active ingredient (s) may be presented without excipients.
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inhalers, especially dry powder inhalers, however, any other form or parenteral or oral application is
possible. Here, the application of inhaled compositions embodies the preferred application form,
especially in the therapy of obstructive lung diseases or for the treatment of asthma. The following
preparations forms are cited as formulation examples: Example 1 Ingredient Amount in jig

ig%)gi;&yrﬁggg%@@'@aai@@@%ﬁé@&%t@xy%éﬁ@ﬂ?@@@&ﬁ@@wwmﬁmmlﬂé@wmne bromide
the manufacturer into small containers, which are mostly hard gelatine
capsules. A capsule has to be taken from a separate box or container and
inserted into a receptacle area of the inhaler. Next, the capsule has to be
opened or perforated with pins or cutting blades in order to allow part of the
inspiratory air stream to pass through the capsule for powder entrainment or to
discharge the powder from the capsule through these perforations by means of
centrifugal force during inhalation. After inhalation, the emptied capsule has to
be removed from the inhaler again. Mostly, disassembling of the inhaler is
necessary for inserting and removing the capsule, which is an operation that
can be difficult and burdensome for some patients. Other drawbacks related to
the use of hard gelatine capsules for inhalation powders are (a) poor protection
against moisture uptake from the ambient air, (b) problems with opening or
perforation after the capsules have been exposed previously to extreme relative
humidity, which causes fragmentation or indenture, and (c) possible inhalation
of capsule fragments. Moreover, for a number of capsule inhalers, incomplete

expulsion has been reported (e. g. Nielsen et al, 1997).

Some capsule inhalers have a magazine from which individual capsules can be
transferred to a receiving chamber, in which perforation and emptying takes
place, as described in WO 92/03175. Other capsuile inhalers have revolving
magazines with capsule chambers that can be brought in line with the air
conduit for dose discharge (e. g. WO81/02558 and GB 2242134). They
comprise the type of multiple unit dose inhalers together with blister inhalers,

which have a limited number of unit doses in supply on a disk or on a strip.

Blister inhalers provide better moisture protection of the medicament than
capsule inhalers. Access to the powder is obtained by perforating the cover as
well as the blister foil, or by peeling off the cover foil. When a biister strip is used
instead of a disk, the number of doses can be increased, but it is inconvenient
for the patient to replace an empty strip. Therefore, such devices are often
disposable with the incorporated dose systern, including the technique used to
transport the strip and open the blister pockets.
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5 Lactose 2.500 Example 2 Ingredient Amount in i.ig
.. 3(R)-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-(3-phenoxypropyl)-1- azoniabicyclo[2.2.2]octane bromide

100
Multi-dose inhalers do not contain pre-measured quantities of the powder
formulation. They consist of a relatively large container and a dose measuring
principle that has to be operated by the patient. The container bears muiltiple
doses that are isolated individually from the bulk of powder by volumetric
displacement. Various dose measuring principles exist, including rotatable
membranes (e. g. EP0069715) or disks {e. g. GB 2041763; EP 0424790, DE
4239402 and EP 0674533), rotatable cylinders {e. g. EP 0166294; GB 2165159
and WO 92/09322) and rotatable frustums (e. g. WO 92/00771), all having
cavities which have to be filled with powder from the container. Other multi dose
devices have measuring slides (e. g.US 5201308 and WO 97/00703) or |
measuring plungers with a local or circumferential recess to displace a certain
volume of powder from the container to a delivery chamber or an air conduit e,
g. EP 0505321, WO 92/04068 and WO 82/04928.

Reproducible dose measuring is one of the major concerns for multi dose

inhaler devices.

The powder formulation has to exhibit good and stable flow properties, because
filling of the dose measuring cups or cavities is mostly under the influence of the
force of gravity. '

For reloaded single dose and multiple unit dose inhalers, the dose measuring
accuracy and reproducibility can be guaranteed by the manufacturer. Multi dose
inhalers on the other hand, can contain a much higher number of doses,

whereas the number of handlings to prime a dose is generally lower.

Because the inspiratory air stream in multi-dose devices is often straight across
the dose measuring cavity, and because the massive and rigid dose measuring
systems of multi dose inhalers can not be agitated by this inspiratory air stream,
the powder mass is simply entrained from the cavity and little de-agglomeration
is obtained during discharge.

Consequently, separate disintegration means are necessary. However in

practice, they are not always part of the inhaler design. Because of the high
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Cilomilast 100 Lactose 2.500 Example 3 Ingredient Amount in jig
.. (BR)-1-phenethy1-3-(9H-xanthene-9-carbonyloxy)-1- azoniabicyclo[2.2.2]octane bromide

number of doses in multi- dose devices, powder adhesion onto the inner walls
of the air conduits and the de- agglomeration means must be minimized and/or
regular c!eanihg of these parts must be possible, without affecting the residual
doses in the device. Some multi dose inhalers have disposable drug containers
that can be replaced after the prescribed number of doses has been taken (e. g.
WO 97/000703). For such semi-permanent multi dose inhalers with disposable
drug containers, the requirements to prevent drug accumulation are even

siricter.

Apart from applications through dry powder inhalers the compositions of the
invention can be administered in aerosols which operate via propellant gases or
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 results. The advantage of these atomisers is that the use of

propellant gases can be completely dispensed with.

Such atomisers are described, for example, in PCT Patent Application No. WO
01/14468 and International Patent Application No. WO 97/12687, reference
here being made to the contents thereof.

Spray compositions for topical delivery to the lung by inhalation may for
example be formulated as aqueous solutions or suspensions or as aerosols
delivered from pressurised packs, such as a metered dose inhaler, with the use
of a suitable liquefied propellant. Aerosol compositions suitable for inhalation
can be either a suspension or a solution and generally contain the active
ingredient (s) and a suitable propellant such as a ﬂurorocarbon or hydrogen-
containing chiorofluorocarbon or mixtures thereof, particularly
hydrofiuoroalkanes, e. g. dichlorodifluoromethane, trichloroflucromethane,
dichlorotetra-fluoroethane, especially 1,1, 1, 2-tetrafluoroethane, 1,1, 1,2, 3,3, 3-
heptafluoro-n-propane or a mixture thereof. Carbon dioxide or other suitable
gas may also be used as propellant. The aerosol composition may be free from
excipients other than the propellant or may opticnally contain additional
formuiation excipients well known in the art such as surfactants eg oleic acid or

lecithin and cosolvens eg ethanol. Pressurised formulations will generally be
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100 Roflumilast 5 Lactose 2,500 Example 4

retained in a canister (eg an aluminium canister) closed with a valve (eg a

metering valve) and fitted into an actuator provided with a mouthpiece.

Medicaments for administration by inhalation desirably have a controlled
particle size. The optimum particle size for inhalation into the bronchial system
is usually 1-10y, preferably 2-5u. Particles having a size above 20y are
generally too large when inhaled to reach the smali airways. To achieve these
particle sizes the particles of the active ingredient as produced may be size
reduced by conventional means eg by micronisation or supercritical fluid
techniques. The desired fraction may be separated out by air classification or
sieving. Preferably, the particles will be crystalline.

Achie\}ing a high dose reproducibility with micronised powders is difficult
because of their poor flowability and extreme agglomeration tendency. To
improve the efficiency of dry powder compositions, the particles should be large |
while in the inhaler, but small when discharged into the respiratory tract. Thus,

“an excipient such as lactose, manitol or glucose is generaily employed. The
particle size of the excipient will usually be much greater than the inhaled
medicament within the present invention. When the excipient is lactose it will
typically be present as milled lactose, preferably cryStaIiine alpha lactose
monohydrate.

Pressurized aerosol compositions will generally be filled into canisters fitted with
a valve, especially a metering valve. Canisters may optionally be coated with a
plastics material e. g. a fluorocarbon polymer as described in W096/32150.
Canisters will be fitted into an actuator adapted for buccal delivery.

Typical compositions for nasal delivery include those mentioned above for
inhalation and further inciude non-pressurized compositions in the form of a
solution or suspension in an inert vehicle such as water optionally in
combination with conventional excipients such as buffers, anti-microbials,
mucocadhesive agents, tonicity modifying agents and viscosity modifying agents
which may be administered by nasal pump.
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In‘gre_die_nt Amount in ug (3R)-1-phenethy1-3-(9H-xanthene-9-carbonyloxy)-1-
. azoniabicyclo[2.2.2]octane bromide 100 Cilomilast 100 Lactose 2.500

Typical dermal and transdermal formulations comprise a conventional aqueous
or non-aqueous vehicle, for example a cream, ointment, lotion or paste or are in

the form of a medicated plaster, patch or membrane.

The proportions in which (a) the PDE4 inhibitor and (b) the antagonist of M3
muscarinic receptors may be used according to the invention are variable.
Active substances (a) and (b) may possibly be present in the form of their
solvates or hydrates. Depending on the choice of the compounds (a) and (b),
the weight ratios which may be used within the scope of the present invention
vary on the basis of the different molecular weights of the various salt forms.
The pharmaceutical combinations according to the invention may contain (a)
and (b) generally in a ratio by weight (b):(a) ranging from 1: 5 to 500: 1,
preferably from 1: 10 to 400: 1.

The weight ratics specified below are based on the compound (b) expressed as
(3R)-1-phenethyl-3-(9H-xanthene-98-carbonyloxy)-1-azoniabicyclo[2 2.2Joctane
bromide and the PDE4 inhibitors roflumilast and cilomilast which are particularly
preferred according to the invention.

The pharmaceutical combinations according to the invention may contain (a)
and (b) in the case of roflumilast, for example, in a ratio by weight (b):(a)
ranging from 1: 10 o 300: 1, preferably from 1: 5 to 200: 1, preferably 1: 3 to
150: 1, more preferably from 1: 2 to 100: 1.

 The pharmaceutical compositions according to the invention containing the
combinations of (&) and (b) are normally administered so that (3R)-1-phenethyl-
3-(9H-xanthene-8-carbonyloxy)-1-azoniabicyclo[2.2.2]octane bromide and
roflumilast are present together in doses of 0,5 to 5000 pg, preferably from 1 to
2000 pg, more preferably from 5 to 1000 pg, better still from 10 to 800 pg per

single dose.

For example, without restricting the scope of the invention thereto, combinations
in which (3R)-1-phenethyl-3-(9H-xanthene-g-carbonyloxy)-1-

azoniabicyclo]2.2.2]octane bromide is used as (b) and roflumilast is used as (a),
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Example 5 Ingredient Amount in jig (3R)-3-[(2S)-2-Cyclopenty1-2-hydroxy-2-thien-2-ylacetoxy]-1-(2-
~ phenoxyethyl)-1-azoniabicyclo[2.2.2]octane bromide 100 Roflumilast 5 Lactose 2.500

the compositions according to the invention may contain for instance from 20 to
1000 ng of (3R)-1-phenethyl-3-(8H-xanthene-8-carbonyloxy)-1-

azoniabicyclo[2.2.2]octane bromide and from 5 to 500 ug of roflumilast.

For example, the active substance combinations according to thé invention may
contain (3R)-1-phenethyl-3-(9H-xanthene-9-carbonyloxy)-1-
azoniabicyclo[2.2.2]octane bromide and (é) in the case of cilomilast, in a ratio
by weight (b):(a) in the range from about 1: 30 to 400: 1, preferably 1: 25 to 200:
1, preferably 1: 20 to 100: 1, more preferably from 1: 15 to 50: 1.

The pharmaceutical compositions according to the invention containing the
combinations of (a) and (b) are usually administered so that (3R}-1-phenethyl-3-
(9H-xanthene-9-carbonyloxy)-1-azoniabicyclo[2.2.2]octane bromide and h
cilomilast are present together in dosages of 1 to 10000 png, preferably from 5 to
5000ug, more preferably from 10 to 2000ug, even more preferably from 20 to
800ug per single dose.

For example, without restricting the scope of the invention thereto, combinations
in Which (3R)-1-phenethyl-3-(9H-xanthene-9-carbonyloxy)-1-
azoniabicycio[Z.2.2]octane‘ bromide is used as (b) and cilomilast is used as (a),
the compositions according to the invention may contain for instance from 5 to
5000 pg of (3R)-1-phenethyl-3-(9H-xanthene-8-carbonyloxy)-1-

azoniabicyclo[2.2.2]octane bromide and from 15 to 300 pg of cilomilast.

The aforementioned examples of possible doses applicable for the
combinations according to the invention are to be understood as referring to
doses per single application. However, these examples are not be understood
as excluding the possibility of administering the corbinations according to the
invention multiple times. Depending on the medical need patients may receive
also multiple inhalative applications. As an exampie patients may receive the
combinations according to the invention for instance two or three times (e. g.
two or three puffs with a powder inhaler, an MDI etc) in the morning of each

treatment day. As the aforementioned dose examples are only to be understocd
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Example 7 Ingredient Amount in ug (3R)-3-[(2S)-2-Cyclopenty1-2-hydroxy-2-thien-2-ylacetoxy]-1-(2-
.. phenoxyethyl)-1-azoniabicyclo[2.2.2]octane bromide 100 Cilomilast 100 Lactose

as dose examples per single application (i. e. per puff) multiple application of
the combinations according to the invention leads to multiple doses of the
aforementioned examples. The application of the compositions according 1o the
invention can be for instance once a day, or depending on the duration of action

of the anticholinergic agent twice a day, cr once every 2 or 3 days.

Preferably the composition is in unit dosage form, for example a tablet, capsule

or metered aerosol dose, so that the patient may administer a single dose.

Each dosage unit contains suitably from 20 pg to 1000 ug and preferably from
50 pg to 300 ug of an M3 antagonist according fo the invention or a
pharmaceutical acceptable salt thereof and 1 pg to 300 pg, and preferably from

5 ug to 100 pg of a PDE4 inhibitor according to the invention.

The amount of each active which is required to achieve a therapeutic effect will,
of course, vary with the particular active, the route of administration, the subject

under treatment, and the particular disorder or disease being treated.

The active ingredients may be administered from 1 to 6 times a day, sufficient to
exhibit the desired activity. Preferably, the active ingredients are administered
once or twice a day.

it is contemplated that all active agents would be administered at the same
time, or very close in time. Alternatively, one or two actives could be taken in
the morning and the other (s) later in the day. Or in another scenario, one or two
actives could be taken twice daily and the other (s) once daily, either at the
same time as one of the twice-a-day dosing occurred, or separately. Preferably
at least two, and more preferably all, of the actives would be taken together at
the same time. Preferably, at least two, and more preferably all actives would

be administered as an admixture.

The active substance compositions according to the invention are preferably
administered in the form of compositions for inhalation delivered with the help of
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2.500 Pharmacological activity Surprisingly, an unexpectedly beneficial therapeutic effect can be

_ observed in the treatment of inflammatory or obstructive diseases of the respiratory tract if an
antimuscarinic of formula (1) used with one or more PDE4 inhibitors. In view of this effect the
pharmaceutical combinations according to the invention can be used in smaller doses than would be
the case Wiﬁhﬁ@%mié@@agnmmmaﬂMlm@an i@nﬁlyenuwpaﬂomyoﬂ bﬁéﬁ@&ms unwanted
side effects such as may occur when PDEA4 inhi orsar |n|s ered, for exa Consequently,
the combinﬁf&f?@?ﬂ@?ﬁ?&%@r@%&éH?é?ag ﬁt?c%{:ﬁ éj’gﬁl Wﬁch make them
partigularly @%iif?@dﬁdgﬁﬂaeﬁf@?wwapbres%gtmmim%?ﬁamyah Wtﬁé%ﬁg@ﬁf&;b@ﬂmmﬁld. A
combination which comprises (a).a PDE4 inhjbi an antagonist of M3 muscarinic receptors
which is (3 5”19 afé %‘E@#%Hﬁ@ﬂé 28! @ t?&a&Hm xy)-1-azoniabicyclo[2.2.2]octane, in the form
of a salt having an anion X,which is a pharmaceutically acceptable anion of a mono or polyvalent acid.

The following preparations forms are cited as formulation examples:

Example 1

ingredient

Amount in g

3(R)-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-(3-phenoxypropyl)-1-
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azoniabicycio[2.2.2]octane bromide 100
Roflumilast 5

[.actose 2.500
Example 2
Ingredient Amount in pg
3(R)-(2-hydroxy-2,2-dithien-2-ylacetoxy)-1-(3-phenoxypropyl)-1-
azoniabicyclo[2.2.2Joctane bromide 100
Cilomilast 100
Lactose 2.500
Example 3
Ingredient Amount in pg
(3R)-1-phenethyl-3-(9H-xanthene-8-carbonyloxy)-1-

‘azoniabicyclo[2.2.2Joctane bromide 100
Roflumilast 5
l.actose 2.500
Example 4




2. A combination according to claim 1 wherein the antagonist of M3 muscarinic receptor (b) is

. (3R)-1-phenethy1-3-(9Hxanthene-9-carbonyloxy)-1- azoniabicyclo[2.2.2]octane bromide. 3. A

combination according to claim 1 or 2 wherein the PDE4 inhibitor is selected from the group
comprising theophylline, drotaverine hydrochloride, cilomilast, roflumilast, denbufylline, rolipram,

tetomilast,
(R)-(+)-442

qmﬁ@@@mgﬂe, arofylline, cipamfylline, tofimilast, filaminast, piclamilast

JAmount in ug

N-(3,5-dich
(ex. Celger
MN-001 (e

e Sriatitg8i 46X CRaleaask bidmigst. ONO-6126 (ex. Ono), CC-10

-(3-cyclopentyloxy-4- methoxypheny1)-2-phenylethyl]pyridine, mes¢

1636 pharsilye B Qb amsrbisae 9193 ase it H-indol-3-y1]-2-¢

. Kyorin), optionally’in the form. aof their racemates, their enantiome

1!‘“’::”'“7
yxoacetamide, CI

004 (ex. Celggpe
s, their diastereo

DC-801
) and
mers

jdition salts. 1404

and mixture§#esndastand optionally their pharmacologically-compatible acid ag
combinati ILT o 8#@”9 to ctamm 3 whereinm the PDEZ4 inhibitor is-sefected fromt
cilomilast, roflumilast, denbufylline and tetomilast optionally in the form of their
enantiomers, their diastereomers and mixtures thereof, and optionally their

pharmacologi @patible acid addition salts. 5. A combination according to claim 4 wherein the

PDE4 inhibi%?%){o

i‘}fﬁJmilast. 6. A combination according to claim 4 wherein the PDE4 inhibitor is
cilomilast. - 36 -

ggroup cg_rg@gsing

racemates, their

7. A combination according to any one of the preceding claim

s characterised in that

the active ingredients ta)-and-(b) formpartof asingte-pharmaceuticat compo Wm@%rrition
according 1y one of the preceding claims which further comprises (c) anothér active conipound
selected froERABA@PIsGyc)peantiodbsiataioty-Zejhipnkatizre s anta@onists, (d) inhibitors of
egfr-kinase, (e) p38 kipase jnhibitors and eceptor agonists. 9. A combihation accordingg to
claim 8 wh apgﬁgﬂéyfih@déw&% ’?X?é%%@#b%fﬁéﬁ Bup consisting bf (a) 2-ago'rﬂ§g and (b)
cortiocoster@es:milast : 5

Lactose 2.500

Example 7

Ingredient Amount in pg

(3R)-3-{(28)-2-Cyclopentyl-2-hydroxy-2-thien-2-ylacetoxyl-1-(2-

phenoxyethyl)-1-azoniabicyclo[2.2.2]octane bromide 100
Cilomilast 100
Lactose 2.500

Pharmacological activity

Surprisingly, an unexpectedly beneficial therapeutic effect can be o

the treatment of inflammatory or obstructive diseases of the respira

bserved in

tory tract if

an antimuscarinic of formula (1) used with one or more PDEA4 inhibitors. In view

of this effect the pharmaceutical combinations according to the invention can be

used in smaller doses than wouid be the case with the individual compounds

used in monotherapy in the usual way. This reduces unwanted side effects such

as may occur when PDE4 inhibitorsare administered, for example
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10. Use of (a) a PDE4 inhibitor as defined in any one of claims 1 and 3 to 6 and (b) an antagonist of
M3 muscarinic receptors as defined in claim 1 or 2, for the preparation of a medicament for
simultaneous, concurrent, separate or sequential use in the treatment of a respiratory disease which
responds to M3 antagonism in a patient. 11. Use according to claim 10 wherein the respiratory
disease is @Hr@égﬁé%ﬁfﬁrtﬁeoﬁéﬁﬁﬂﬁﬁéﬁwfﬁpﬂﬁYr@@ﬁﬁéﬁ (o) thérAppiafiagi,comprising (a) a
PDE4 inhibitor as defined in any gne of claims 1 and 3 to 6 and (b) an antagonist of M3 muscarinic

receptors a8 WEAMEFHPRRIPPRITISS aW I MGk SRR S ATY SHIGRIRABLE R oncurrent, separate
or sequentiaidsebnthss }%m@}@ﬁ@@gﬁggqﬁlgﬁq{iﬁg bopa@sssceptible to a respiratory disease as
defined in claim 10 or 11. 13. A product according to claim 12, which further comprises an active
compound (c), as defined in claim 8 or 9. 14. A kit of parts comprising (b) an antagonist of M3
muscarinic receptors as defined in claim 1 or 2 together with instructions for simultaneous, concurrent,
separate or equential use in combination with (a) a PDE4 inhibitor as defined in any one of claims 1
and 3 to 6 for the treatment of a patient suffering from or susceptible to a respiratory disease as
defined in claim 10 or 11. 15. A kit according to claim 14, which further comprises an active compound
(c), as defined in claim 8 or 9. 16, A package comprising (b) an antagonist of M3 muscarinic receptors
as defined in claim 1 or 2 and (a) a PDE4 inhibitor as defined in any one of claims 1 and 3 to 6 for the
simultaneous, concurrent, separate or sequential use in the treatment of a respiratory disease as
defined in claim 10 or 11. 17. A package according to claim 16, which further comprises an active
compound (c), as defined in claim 8 or 9.
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18. Use of (b) an antagonist of M3 muscarinic receptors as defined in claim 1 or 2 for the preparation
of a medicament, for simultaneous, concurrent, separate or sequential use in combination with (a) a
PDE4 inhibitor as defined in any one of claims 1 and 3 to 6 for the treatment of a respiratory disease
as defined in claim 10 or 11. 19. Use of (a) a PDE4 inhibitor as defined in any one of claims 1 and 3 to
6 for the preparation of a medicament, for simultaneous, concurrent, separate or sequential use in
combination with (b) an antagonist of M3 muscarinic receptors as defined in claim 1 or 2 for the
treatment of a respiratory disease as defined in claim 10 or 11.

Claims

1. A combination which comprises (a) a PDE4 inhibitor and (b} an antagonist of
M3 muscarinic recéptors which is (3R)-1-phenethyl-3-(8H-xanthene-9-
carbonyloxy}-1-azoniabicycio[2.2.2]octane, in the form of a salt having an anion

X, which is a pharmaceutically acceptabie anion of a mono or polyvalent acid.

2. A combination according to claim 1 wherein the antagenist of M3 muscarinic
receptor (b} is (3R)-1-phenethyl-3-(9Hxanthene-9-carbonyloxy)-1-
azoniabicyclo[2.2.2]ociane bromide. |

3. A combination according to claim 1 or 2 wherein the PDE4 inhibitor is selected
from the group comprising theophylline, drotaverine hydrochlcride, cilomilast,
rofiumilast, denbufylline, rolipram, tetomiiast, enprofyliine, arofyiline, cipamfyliing,
tofimilast, filaminast, piclamiiast, (R)-(+)-4-[2-(3-cyclopentyloxy-4-
methoxyphenyl)-2-phenylethyllpyridine, mesopram, N-(3,5-dichloro-4-pyridinyl)-
2-{1-(4-fluorobenzyl)-5-hydroxy-1 H-indol«s;yn-z-oxoacetamEde, CDC-801 (ex.
Celgene), CC-1088 (ex. Celgene), Lirimilast, ONC-86126 {ex. Ono), CC-10004

- {ex. Celgene) and MN-001 {ex. Kyorin), optionally in the form of their racemates,
their enantiomers, their diastereomers and mixtures thereof, and bptionalty their
pharmacologically-compatible acid addition salts.

4. A combihaﬁon accordi’ng io claim 3 wherein the PDE4 inhibitor is selected
from the group comprising cilomilast, roflumilast, denbufyliine and tetomilast
optionally in the form of their racemates, their enantiomers, their diastereomers
and mixtures thereof, and optionally their pharmacologically-compatible acid
addifion salts. |

5. A combination according fo claim 4 wherein the PDE4 inhibitor is roflumilast.

8. A combination according 1o claim 4 wherein the PDE4 inhibitor is ciiomilast.
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'7. A combination according to any one of the preceding claims characterised in

that the active ingredients (a) and (b} form part of a singie pharmaceutical
composition.

8, A combination according to any one of the preceding claims which further
comprises (c) another active compound selected from: (8) B2-agonists, (b)
cortiocostercids, (¢} isukotriene D4 antagonists, (d) inhibitors of egfr-kinase, (2}

p38 kinase inhibitors and (f} NK1 receptor agonists.

9. A combination according to claim 8 wherein the active compound (c) is

selected from the group consisting of (a) §2-agonists and (b) cortiocosteroids.

10. Use of (a) a PDE4 inhibitor as defined in any one of claims 1 and 3 to 6 and
{b) an antagonist of M3 muscarinic receptors as defined in claim 1 or 2, for the
preparation of a medicament for simultaneous, concurrent, separate or

sequential use in the treatment of a respiratory disease which responds to M3
antagonism in a patient,

11. Use according to claim 10 whersin the respiratory disease is asthma or
chronic obstructive pulmonary disease (COPD).

12. A product comprising (a) a PDE4 inhibitor as defined in any one of claims 1
and 3 to 6 and (b} an antagonist of M3 muscarinic receptors-as defined in claim 1
or 2, as a combined preparation for simultaneous, concurrent, separate or
sequential use in the treatment of a patient suffering from or susceptible to a
respiratory disease as defined in claim 10 or 11. '

13. A product according to claim 12, which further comprises an active
compound (c), as defined in claim 8 or 9.
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14. A kit of parts comprising {b} an antagonist of M3 muscarinic receptors as
defined in claim 1 or 2 together with instructions for simultaneous, concurrent,
separate of equential use in combination with (a) a PDE4 inhibitor as defined in
any one of claims 1 and 3 to 6 for the treatment of a patient suffering from or

susceptible to a respiratory disease as defined in claim 10 or 11.

15. A kit according to claim 14, which further comprises an active compound (¢},
as defined in claim 8 or 8.

16. A package comprising (b) an antagonist of M3 muscarinic receptors as
defined in claim 1 or 2 and (a) 2 PDE4 inhibitor as defined in any one of claims 1
and 3 to 6 for the simultansous, concurrent, separate or sequential use in the
treatment of a respiratory disease as defined in claim 10 or 11.

17. A package according to claim 16, which further comprises an active
compound (c), as defined in claim 8 or 9.

18. Use of (b} an antagonist of M3 muscarinic receptors as defined in claim 1 or
2 for the preparation of 2 medicament, for simultaneous, concurrent, separate or
sequential use in combination with (a)"a PDE4 inhibitor as defined in any one of
claims 1 and 3 io 6 for the treatment of a respiratory disease as defined in claim
10 or 11.

19. Use of (&) a PDE4 inhibitor as defined in any one of claims 1 and 3 to 6 for
the preparation of a medicament, for simultaneous, concurrent, separaie or
seqguential use in combination with (b) an antagonist of M3 muscarinic recepiors
as defined in claim 1 or 2 for the treatment of a respiratory disease as defined in
© claim 10 or 1.
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