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i nhi bitor and an anticholinergic agent,1vvith the proviso that the
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di sease and silicosis and di seases of the i mmune system such as allergic
rhinitis &PRIMRYHc sinusitis. The 3',5 -cyclic nucl eotide

phosphpgli est erases (PDEs) conprise a large class of 25 enzynes divided
into at | east eleven different famlies which are structurally,

bi ochem ca&l tgmhimhtiphafreaselectiiecRDE# idhibitonand ancantichelisergichegent iheselut ynes

within each fam |y are, co nl .eferred to as i,soenzymes, .or iS50z s. A
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i soenzyne HrgheddspaBREARe combination is especially useful in the treatment of COPD.

Examples of particular diseases that may be treated with the present invention
include the respiratory diseases asthma, acute respiratory distress syndrome,
20 chronic pulmonary inflammatory disease, bronchitis, chronic bronchitis, chronic
obstructive pulmonary (airway) disease and silicosis and diseases of the immune

system such as allergic rhinitis and chronic sinusitis.

The 3',5"-cyclic nucleotide phosphodiesterases (PDEs) comprise a large class of
25 enzymes divided into at least eleven different families which are structurally,
biochemically and pharmacologically distinct from one another. The enzymes
within each family are commonly referred to as isoenzymes, or isozymes. A total
of more than fifteen gene products is included within this class, and further
diversity results from differential splicing and post-translational processing of
30 those gene products. The present invention is primarily concerned with the four
gene products of the fourth family of PDEs, i.e., PDE4A, PDE4B, PDEA4C, and
PDE4D. These enzymes are collectively referred to as being isoforms or

subtypes of the PDE4 isoenzyme family (PDE4s).



WO 02/ 096463 PCT/ EPO2/ 05726 2 PDE4s are characterized by selective, high
affinity hydrolytic degradation of the second nessenger cyclic nucleotide,
adenosi new®'028Y646ycl i ¢ nonophosphate (cAMP), and by sensiPCIXEPO3/01706
inhibition by rolipram A nunber of selective inhibitors of the PDE4s have
been di scovered in recent years, and beneficial 5 pharmacol ogical effects

resul ting gppgy taP@Tcthéibtéﬁliéd)BY haye ubéenngﬁh@rfmny 'hyérol)\tﬂf d@éfédgﬁoﬁl lof &S €
nodel s: see, e.g., Torphy et Envi r on. Perspect” 102 Suppl. 10,

79- 84, 19§$comdpnm$§eegeretcy§Lc auclentitle, caéamosa@e 1&05 msllc 19989ophaRhate der

et al ., Bi, oc 5; B [..a

. Phar nagg‘&mifnﬁ% b@)’SQg%B@ﬁ}]%ar'ﬂ@B ﬂé% hpr]a Pﬁa?ﬂ@ﬁ)ﬁr HPEQSF%%(% Ther
273 674- 6 T9nibt&RSof We FIDESS halve bédd fd@aro%nére'ﬂ in rneaéntOy@id bAd \béridicial
br onchor el axant activities of CP-80633, a selective phosphodi esterase 4

i nhi bi tor P a@ﬁcowglqahﬁm’fs reRulitiRgclem that1pbihitigpdiavegbeen \ehaywe iBta al .

pﬁSLLhohf‘Ls?%@é' A0 R ek S o AP B Senlor FERr bodned 102 ) o

and Ukita Supphl 10, N@vz@d,, 1884 pOuUBRinticarst &gl gCMek @h@ﬁpmdneen@sas@%
inhibitors as antiasthmatic agents: synt hesis_and bi ol ogi cal activities of

a series dichnejar ey phaffieraresle Bieehanat Bosay." 50 211MH, Banneroged 1099,

Fpui ses FABR HouO L IRE gl A S R0 Bt B L o7 B ERAET o
their fgbi 'Tﬁéf t2y3 igwy- lavg tfg%aCWriyhtOét tdre “mwér@hﬁalnw viver angelry ! i ne

by bl ocking its binding muscarinic cholinergic receptors. There are at
| east thrdnfOﬂprJB‘SHXBnhue@’faﬁﬁleﬁ cof rGRIN638, sabisgmetive Mphpepbediesteragee 4 ound

" ecopt or & ABRORURaR - Aukep! ATHRRE 2 MaFaPbbaLedr LR B ke

receptorsnﬁﬂaﬁnﬁ@m@/ éﬁb%@%ﬁbdwwl 0 mesgifa/(lde4 ta RESshodidsteragecar i ni c
receptors are |ocafed at neuroeffec‘?orﬁ@m tes P sgn%hoth nmuscl e and,

in p?rt i cudnak 1 inBibitast d&urni/c Phesvpcalr $3arY- ﬂ@Zaﬂ 987,| and alkitgagt ghoblovel,
nmuscl e uen ant i hoI N I C
miscar |5 PUede e ERTYE Ao Rl g Ra iy Teres ar Rer T E Bkl °°
plays a majfthdsd 8nd 'bldl@@l@lalaéctt%les of a series of 1-pyridylnaphthalene derivatives,”

J. Med. Chem. 42 1088-1099, 1999,

Anticholinergic agents prevent the effects resulting from passage of impulses

20 through the parasympathetic nerves. This action results from their ability to
inhibit the action of the neurotransmitter acetylcholine by blocking its binding to
muscarinic cholinergic receptors. There are at least three types of muscarinic
receptor subtypes. M; receptors are found primarily in brain and other tissue of
the central nervous system, M, receptors are found in heart and other

25 cardiovascular tissue and Ms receptors are found in smooth muscle and
glandular tissues. The muscarinic receptors are located at neuroeffector sites
on, e.g., smooth muscle and, in particular, Ms-muscarinic receptors are located in
airway smooth muscle. Consequently, anti-cholinergic agents may also be
referred to as muscarinic receptor antagonists.

30
The parasympathetic nervous system plays a major role in regulating
bronchomotor tone, and bronchoconstriction is largely the result of reflex

increases in parasympathetic activity caused in turn by a diverse set of stimuli.
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20 It has now been surprisingly found that a combination of a selective PDE4
inhibitor and an anticholinergic agent offers significant benefits in the treatment of
obstructive airways and other inflammatory diseases over treatment with either
agent alone. The advantage of the combination is to provide optimal control of
airway calibre through the mechanism most appropriate to the disease pathology,

25 namely muscarinic receptor antagonism, together with effective suppression of
inappropriate inflammation. By administering a combination of an anticholinergic
agent and a selective PDE4 inhibitor via the inhaled route, the benefits of each
class are realised without the unwanted peripheral effects. Further, the
combination results in unexpected synergy, producing greater efficacy than

30 maximally tolerated doses of either class of agent used alone.

The invention therefore provides an inhaled combination of a selective PDE4
inhibitor and an anticholinergic agent, with the proviso that the anticholinergic

agent is not a tiotropium salt.



The invention therefore provides an inhal ed conbination of a sel ective PDE4
I nhi bitor and an anticholinergic agent, with the proviso that the

ant i chol iwerogioge46magent is not a tiotropiumsalt. WO 02/ 09®€¢EAEP02/05726

PCT/ EPO2/ 05726 4 Further, the inventiop provides an inhaled conbination of
a selective PDE4 inhibitor and an anticholinergic agent for use as a

medi canent, with the proviso that the anticholinergic agent is not a
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Further, the invention provides the use of a selective PDE4 inhibitor or an
anticholinergic agent in the manufacture of a medicament for simuitaneous,
sequential or separate administration of both agents by the inhaled route in the
20 treatment of an obstructive airways or other inflammatory disease, with the

proviso that the anticholinergic agent is not a tiotropium salt.

Further, the invention provides a method of treating of an obstructive airways or
other inflammatory disease comprising administering simultaneously,
25 sequentially or separately, by the inhaled route, to a mammal in need of such
treatment, an effective amount of a selective PDE4 inhibitor and an
anticholinergic agent, with the proviso that the anticholinergic agent is not a

tiotropium salt.

30 Further, the invention provides an inhalation device for simultaneous, sequential
or separate administration of a selective PDE4 inhibitor and an anticholinergic
agent in the treatment of an obstructive airways or other inflammatory disease,

with the proviso that the anticholinergic agent is not a tiotropium salt.



agent in the treatnment of an obstructive airways or other inflammatory

di sease, wth the proviso that the anticholinergic agent is not a
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consisting of H  (Cl-Cl4) alkyl, (Cl1-C7) al koxy(C1-C7) al kyl, (C2-Ci4)
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or unsatur : 5 : j j s 0, 1 or 2,
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15 or a pharmaceutically acceptable salt or solvate thereof, wherein:

R' is H, (C4-Cs)alkyl, (C4-Cs)alkoxy, (C>-Cs)alkenyl, phenyl, -N(CHs)y,
(C3-Cs) cycloalkyl, (C3-Cs) cycloalkyl(C4-Cs) alkyl or (C4-Cg) acyl, wherein the
alkyl, phenyl or alkenyl groups may be substituted with up to two -OH,
(C4-C3) alkyl, or -CF3 groups or up to three halogens;

20 R? and R® are each independently selected from the group consisting of H,
(C1-C14) alkyl, (C4-C7) alkoxy(C4-Cy) alkyl, (C2-Ci4) alkenyl, (Cs-Cr) cycloalkyl,
(C3-C7) cycloalkyl(C4-C,) alkyl, a saturated or unsaturated
(C4-C7) heterocyclic(CHz), group wherein n is 0, 1 or 2, containing as the
heteroatom one or two of the group consisting of oxygen, sulfur, sulfonyl,

25 nitrogen and NR* where R* is H or (C4-C3) alkyl; or a group of the Formula (11):
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wherein a is an integer from 1 to 5; b and ¢ are 0 or 1; R®is H, -OH, (C4-Cs) alkyl,



~Z2c Yb (Il) wherein ais an integer froml to 5, b and c are 0 or 1; RS
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9- cycl operlEyiGelabkyhi( alikoxy, H(-CBo)Angrand Gie- BPOL 3, 4-¢] -1, 2, 4-tri azol

o[ 4, 3-1@0 a] pyridine;
9-cycl openyl -5, 6-di hydro- 7-et hyl - 3- (furan-2-yl ) - 91 pyrazol 0[3 4-c]-1, 2, 4-
tri azol o[ Rrafextary comipoands of the formula (1) include those wherein R'is methyl, ethyl
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15 halogen, trifluoromethyl, -CO.R®, -CONRPR’, -NR°R’, -NO; or -SO.NR°R’
wherein R® and R’ are each independently H or (C4-C4) alkyl.

Preferred individual compounds of the formula (1) include:
9-cyclopentyl-5,6-dihydro-7-ethyl-3-phenyl-9H-pyrazolo[3,4-¢]-1,2,4-triazolo[4,3-

20 da]pyridine;
9-cyclopenyl-5,6-dihydro-7-ethyl-3-(furan-2-yl)-9H-pyrazolo[3,4-c]-1,2,4-
triazolo[4,3-a]pyridine;
9-cyclopentyl-5,6-dihydro-7-ethyl-3-(2-pyridyl)-9H-pyrazolo[3,4-c}-1,2,4-
triazolo[4,3-a]pyridine;

25 9-cyclopentyl-5,6-dihydro-7-ethyl-3-(4-pyridyl)-9H-pyrazolo[3,4-c]-1,2,4-
triazolo[4,3-a]pyridine;
9-cyclopentyl-5,6-dihydro-7-ethyl-3-(3-thienyl)-9H-pyrazolo[3,4-c]-1 ,2,4-
triazolo[4,3-a]pyridine;
3-benzyl-9-cyclopentyl-5,6-dihydro-7-ethyl-9H-pyrazolo[3,4-c]-1 ,2,4-triazolo[4,3-

30 a]pyridine;
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15  3-(2-chlorophenyl)-9-cyclopentyl-5,6-dihydro-7-ethyl-9H-pyrazolo[3,4-c]-1,2,4-
triazolo[4,3-a]pyridine;

9-cyclopentyl-5,6-dihydro-7-ethyl-3-(2-iodophenyl)-9H-pyrazolo[3,4-c}-1,2,4-
triazolo[4,3-a]pyridine;

9-cyclopentyl-5,6-dihydro-7-ethyl-3-(2-trifluoromethylphenyl)-9H-pyrazolo[3,4-c]-

20 1,2,4-triazolo[4,3-a]pyridine; and
5,6-dihydro-7-ethyl-9-(4-fluorophenyl)-3-(1-methylcyclohex-1 -yl)-9H-pyrazolo[3,4-
c]-1,2,4-triazolo[4,3-a]pyridine;

and the pharmaceutically acceptable salts and solvates thereof.

25 Especially preferred selective PDE4 inhibitors for use in the invention include 9-
cyclopentyl-5,6-dihyd ro-7-ethyl-3-(2-thienyl)-9H-pyrazolo[3,4-c]-1,2,4-triazolo[4,3-
a]pyridine and 9—cyclopentyl-5,6-dihydro-7-ethyl-3-(tert—butyl)-9H—pyrazolo[3,4-c]-
1,2 4-triazolo[4,3-a]pyridine and the pharmaceutically acceptable salts and
solvates thereof.

30



sol vates thereof. 30 WO 02/ 096463 PCT/ EP02/ 05726 8 Suitable
anticholinergic agents for use in the invention include an ipratropium or
an oxitrowouwnios@bs. A tiotropiumsalt (see EP418716 131) mRa3/mPamo¥R6 uct ure
of formula (1.1): 5 H3Q+/CH3 N O X OSS QUO™H\ (1.1) wherein X"
is a physiologically acceptable anion. “10 An ipratropiumsalt (see
EP309464 : t f | @ ~(; : L ~ O
0 O (L. 3 RN Bl QROIROe et or Glelt Belifyerition, Meffe, 5 ipratroblge of
oxi t r opi ur@rs@itropisees@P579615 Bl) has the structure of fornula (1.3): WD
02/ 096463 PCT/ EP02/ 05726 9 CH3CH2\ +CH3 N

A tiotropium salt (see EP418716 B1) has the structure of formula (1.1):

0]
O
@ié
\ /" on\ /

(1.1)

wherein X is a physiologically acceptable anion.
10
An ipratropium salt (see EP309464 B1) has the structure of formula (1.2):

H.C

3

Hac\; CH,
\

_ﬂ -

0
O

OH

(1.2)
15
wherein X is a physiologically acceptable anion.

An oxitropium salt (see EP579615 B1) has the structure of formula (1.3):



OO0 OCHOH H (1.3)

Exanpl es of suitable salt forns of
chl orwoe2/0@l463 br onm de, ;
CH3CH2S( =0) 20-;
C6H5S( =0) 20-;

F;

et hanesul f onat e,

sul f onat e,

wherein X- is a physiologically acceptable anion. 5

i pratropi umand oxitropiumare fluoride,
i odi de, F; nethanesul f on2Ca&/EPCHESL60) 20- ;
met hyl gul fate, CH30OS(=0) 20-; benzene

and p-tol uenesdl fonate, 4- 10 CH3- C6H5S(=0) 20 .

Br

The brom de salt formis preferred. Specific preferred conbinations of a

sel ective H
i nvention i
9- cycl opent
triazol of 4,
t hereof an
9- cycl opent

'DE4 icphi
ncl ude®”
yl -5,6-d
3-a] pyri di

+bic¥-|§)r and an

anticholinergic agent for use in the

c7-ethyl-3-(2-thienyl)-9H pyrazolo[3,4-c]-1,2,4 15
r a pharnmaceutically acceptable salt or solvate

d an igpraty

yl -5, 6-d

triazol o[ 4,
t hereof ar
9- cycl opent
triazol o[ 4,
t her eof

3-a] pyri di

d an ipra ropi}{.;nélgl , or solvate thereof; 20

yl -5, 6-( p- 72et hyl - 3- (2-t hi enyl ) -9H pyrazol o[ 3, 4-c] -1, 2, 4-

3-a] pyrndine, Hor a pharnaceutically acceptable salt or solvate
and an oxitropi um salt, or solvate thereof; and

9-cycl opentyl -5, 6-dihydro-7-et hyl - 3-(tert-butyl)-9H pyrazol o[ 3, 4-c] -1, 2, 4-

triazol of 4, 3-a] pyr(i

ne or a pharmaceutically acceptable salt or solvate
thereof 25 and an oxitropiumsalt or solvate thereof.

WD 02/ 096463

PCT/ EPO2/ 05726 10 A selective PDE4 inhibitor or an anticholinergic
conpound uskereimXascopbysieledically aceertablp@non may optionally be utilised
in the éorm of a pharmaceutically acceptable salt or solvate. Such a salt
may be an acid addition or a base salt.

Examples of suitable salt forms of ipratropium and oxitropium are fluoride, F;
chloride, CI; iodide, 1I7; methanesulfonate, CH3;S(=0).07;
ethanesulfonate, CH3CH,S(=0),07; methylsulfate,

CH3;0S8(=0),07; benzene sulfonate, CeHsS(=0),0; and p-toluenesulfonate, 4-
CH3-CeHsS(=0),0". The bromide salt form is preferred.

bromide, Br;

10

Specific preferred combinations of a selective PDE4 inhibitor and an
anticholinergic agent for use in the invention include:
9-cyclopentyl-5,6-dihydro-7-ethyl-3-(2-thienyl)-9H-pyrazolo[3,4-c]-1,2,4-
15 triazolo[4,3-a]pyridine, or a pharmaceutically acceptable salt or solvate thereof
and an ipratropium salt or solvate thereof;
9-cyclopentyl-5,6-dihyd ro-7-ethyl-3-(tert-butyl}-9H-pyrazolo[3,4-c]-1,2,4-
triazolo[4,3-a]pyridine or a pharmaceutically acceptable salt or solvate thereof
and an ipratropium salt, or solvate thereof;
9-cyclopentyl-5,6-dihyd ro-7-ethyl-3-(2-thienyl)-9H-pyrazolo[3,4-c]-1,2,4-
triazolof4,3-a]pyridine, or a pharmaceutically acceptable salt or solvate thereof

20

and an oxitropium salt, or solvate thereof; and
9-cyclopentyl-5,6-dihyd ro-7-ethyl-3-(tert-butyl}-9H-pyrazolo[3,4-c]-1,2,4-
triazolo[4,3-a]pyridine or a pharmaceutically acceptable salt or solvate thereof

25 and an oxitropium salt or solvate thereof.



5 Suitable acid addition salts are forned from aci ds which form non-toxic
salts and exanples are the hydrochl oride, hydrobrom de, hydroi odi de,
sul phat e, wolmegdsphat e, nitrate, phosphate, hydrogen phosplrargroacrat e,
mal eate, funmarate, lactate, tartrate, gjtrate, gluconate, succinate,
saccharate, benzoate, nethanesul phonate, ethanesul phonate,

in &bddr

benzenesulpberatite FIFEN-ihbHENBE dhPAsNofnERft PBAPBLACSH Bh&e base

salts are formed from bases which formnon-toxic salts anéé)G exanp?es are
t he sodi uMithhBtea niemiipnaman entigmally dlec Ltiligedning thes farm of ianpharmiaceutically

di et hanol gm V] ' e 1.s see Berge.et al, J.
phar m - SerccogEbt igbor Sab8e. 8RS RV SRR ARG BB PERe R oo o
the selective PDE4 inhibitors and anticholinergic conpounds used in

h the ipvention, or_ salts 20 thereof, include the hydrates

accor d%ncw g) ] / f |

t her eof? agl aciapditmnEalisarenfarmed fiemm asids whish fleemgian-toxigosalisends t he
i nvention i i ne ol LG forng. S pLve
PbEa | nhi SXETIPIES Sire | e ?‘?{‘e’?ﬁ{"ﬁdﬁgeﬁ?@@b%‘i&a rqﬁv)édn'%?)g-r’]&%( A h,
' conpounddbisafiphdte, nitraéat ploossphateyhycvoden phosighate, acstateanakety, ifamaeatebon
atons and t(geref ore e ists.g%%tv\o or nore stereqgisoneric forms, Where such

a corrp.ouné)a B ai REraAle.al ® OQIU&PR%ﬁyI e‘T’H—fCQ?%Ep, saceharaips PSFZ(Z@tE)
| SOmer i SMpR@HaAbSAPARGSAe, eﬁ{ﬁe@,gﬁﬁ%pété,r&\éﬁﬁéh&émbmﬁé{g,es these individual

30 stereoisoners oPHt he conpounds of the invention and, where appropriate,
the itdi pHoluenesalnhomaie and panwatbeakief , together with m xtures thereof.
Separation of diastereoisoners or cis and trans isoners may be achi eved by
conventional techniques, e.g. by fractional crystallisation, chromatography

or WO 02/ Gfiabe BateEEIRE Qré2formbll Hofh lbdsesOivhths FOE NERBXId Galls Xand € of

a conpound of the invention or a suitable salt or derivative thereof. An

i ndi vi dualexsnyirg areethepsodiusn medasaiumf atunainiumyeaiciuon magnesidm, Bcparspar ed
froma corg onding gptically pure internediate or by resolution, such as
by H. P.L. &e%ﬁgn({’]ﬂ@"g%ls%%pondi ng racemate using a 5 suitable chiral support
or by fg actional crystallisation of the diastereoisoneric

For a review on suitable salts see Berge et al, J. Pharm. Sci., 66, 1-19, 1977.

The pharmaceutically acceptable solvates of the selective PDE4 inhibitors and
anticholinergic compounds used in accordance with the invention, or salts

20 thereof, include the hydrates thereof.

The selective PDE4 inhibitors and anticholinergic compounds of the invention

may exist in one or more polymorphic forms.

25 The selective PDE4 inhibitors and anticholinergic agents of the invention
(henceforth, 'compounds of the invention’) may contain one or more asymmetric
carbon atoms and therefore exists in two or more stereoisomeric forms. Where
such a compound contains an alkenyl or alkenylene group, cis/trans (or Z/E)
isomerism may also occur. The present invention includes these individual

30 stereoisomers of the compounds of the invention and, where appropriate, the

individual tautomeric forms thereof, together with mixtures thereof.

Separation of diastereoisomers or cis and trans isomers may be achieved by

conventional techniques, e.g. by fractional crystallisation, chromatography or



salts formed by reaction of the corresponding racemate with a suitable
optically active acid or base, as appropriate. The present invention also
i ncl udes wblo2eMi4bRbl e | sotopi c variations of a conpound POTGPOL/DFT26

i nvention or a pharmaceutically acceptapl e salt thereof. An isotopic
variation of a conpound of the invention or a pharmaceutically acceptable

salt thenepl) £sq ﬁ%fété‘%lﬁﬁ‘n%rﬂﬁ)ﬁ b]c cBFnZgJo‘Elﬂ RG] n‘?\}e‘mg ﬁrraeﬁﬁlfarb?éj by

an atom having 't sane atom c o ¢ nass erent from
t he at om ealtnasdlanvative ythemoid iAm mdllwdeal Fenanpd)merodf ascompeant haft tkan be

ncor porated 15 t d f th t d t |
acoept abl ITEXBR THEAS BS Pehargd fTalBLpYEeRomytH Salenty daBHenRPE R en,

oxygen, phyp esdBiuticH! QK ijn C
DAChL PRI Rty SR as By RRPIAC. Hng edfddir gﬁ{]%n%e@rt )

i sot opiT saitablei ohigalosuppnst mnlmolfraﬂ:@onal cn@talhaeénnu oﬁ thardjagaeeumem cal |y
accept abl e_gal.t s th(g)&eof for di o ct

or a0, Saft® thtmdd B apid of HEBspbANRG ralotBlS Wifh a SHtAAE dfERY

subst r at e gctigs veiddbrshddd) weidpproprigtees. Tritiated, i.e., 3H and carbon- 14,
i.e., 14C, isotopes are particularly preferred for their ease of

preparation and detectability. Further, substitution with isotopes such as
deut eri umThe. @reseaﬂnvaa&oraﬂk:@rlacléd% all suitahlerisplopia uargai@@ﬁtqi@e@om@@wd i ng

from ater b I

hal f - gﬂf 0 thg‘;@&gﬂhb@oéé%ebbégﬁ? Lﬁr@:ﬁﬁ z%&ﬁﬁaﬁgééﬂrﬁ;ﬁ%@%ﬂpr ef ESPOCP ¢
some ci r cyagatnees.a tbmpoypesofothedingentids ot iaaphawactwticemraedeplablwsalhe
conbi nati ons of .the present invention include, but are not limted to,

asthma, cHARJRPE iie§Bae 25 90°LoNBICE AR LA HF GRPECSHGHE RN POM 5 mal |
airways o 0 e
(COPD) , C@Bfn{éﬁg{e ﬁ%m%ml C !?(%Jr’]gﬁﬂl %n cé%“‘?ﬁnér%r %‘%ﬁﬂ@%ﬂgﬁgyspnea
associ at ednaéseuemhlt;hfcarm BORBtUre haExa'rapIebamfasb’em%eﬂhab;canrb@wrmpmﬂadaed
progr ESSI ve ai rwa r uctl on /R96463 PCT/ EPO2/ 0%%% Ef Ast ?ma
e or T hamagiampgns ght @é@\ml&m BNgEmgeRY tqa&ata&s?e ¢ gafip dhereo
conbi nati gl Iséteﬁéé%uwm@gﬁn dw n, 'fifodéSekg pflﬁiép%rdss SApAIR, 2
chroni c, increasingly er.'enco ntere %
char act er iflmedn®gndnttdoning sech as °H, °H, °C, ™*C, ™N, 70, 18O ¥p, 3 P S, "®F and
%(Cl, respectively. Certain isotopic variations of the compounds of the invention
and pharmaceutically acceptable salts thereof, for example, those in which a
20 radioactive isotope such as ®H or "C is incorporated, are useful in drug and/or
substrate tissue distribution studies. Tritiated, i.e., 3H, and carbon-14, i.e., 14C,
isotopes are particularly preferred for their ease of preparation and detectability.
Further, substitution with isotopes such as deuterium, i.e., 2H, may afford certain
therapeutic advantages resulting from greater metabolic stability, for example,
25 increased in vivo half-life or reduced dosage requirements and hence may be

preferred in some circumstances.

The types of diseases that may be treated using the combinations of the present
invention include, but are not limited to, asthma, chronic or acute
30 bronchoconstriction, chronic bronchitis, small airways obstruction, emphysema,
chronic obstructive pulmonary disease (COPD), COPD that has chronic
bronchitis, pulmonary emphysema or dyspnea associated therewith and COPD

that is characterised by irreversible, progressive airways obstruction.



5 reversi bl e airway obstruction, airway hyper-responsiveness and

i nfl ammati on. The cause of asthma has yet to be determ ned, but the npst
comon paphelegbtal expression of asthma is inflammati onPefi/RPaB0FRE Ways,
which may be significant even in the ways of patients with mld asthma.
This inflammation drives reflex airway %vents resulting in plasma protein
ext ravasalggRmadyspnea 10 and bronchoconstriction. Based on bronchi al

bi opsy and | avage studies it has been clearly shown that asthma involves
infiltratiQne Whmbstlmpmtam«lesmm@wlchseasmdr%thbll@phmmeaeombmtlans of

patient’'s airwa Bro ch veol ar | ava atopi c ,ast hmati cs shows
activati oﬁh%ﬁpﬁ'ﬁ%ﬁggﬂ Lg)p@senq_myeﬂfg a%ﬁﬁhma a chronic, increasingly

gr anul ocy GBfr¥R6H O&Qa&%rcghea%@t%%c{ﬂ&haﬂdmef% %hé%tlon tt@ﬁféntgtmng@ﬁis the

15 presence of a T-hel per 2 I'Tke T-ce popu ations
of t heriiapeenere!bhigamyobbswecmresalnway rhyperirespansivarestuand rinflimmatiopat ment

of atopi c-and non- at asthma. The t to a.genetic
predi sposi'tT or?aytoﬁvapﬁ m&e\?@lsob’ﬁgﬁp g’ P?E%"FX?‘# n%é‘g @1@ ymost J8omman
hyper sensiphth6iédic@0eXassibANT RUMNASE IFTIMRALIBA O tABBIRH)s, wnﬁérgm bdhe
most conmon clinical  manifestation is allergic rhinitis, whi | e bronchi al

asthrm, aSigsiftcageevaniinitbe aimeys ebaatientsrwiih sdlduasthews fThisyinflammation

b’ oynongriive® 1E0EX BIARS) BlentS @Rl find>h"BRsme) PtRR sRFa EH bR, DERE .1
al | er gicc amai maba@@mtnam Basdd bactropehidP biopdeard 1hedde sirlleSitORAS
ast hmp" as used herein is intended to refer to all other asthmas,

especi al | PeeBs@aahaishewn: tha{h@stragaHﬁﬁolvaﬁul@ﬂﬂtragorprbdvmaéa celjs, ceqsinoRrhils,

factors, e

Gt reases, oM MhPlodERt ACPRIGHTpinks 32@@%”%%:%&57\%“?@*99 o
conbi nat i atuspiof asihﬁmatimt$tmv%}eabm/a¢|‘bnt hﬁ pmtesleukml nUeRs,i dh-4qr eL45ur arer
useful in the treatnent of COPD or | udi 2(\% chronic bronchitis,

pul nonar ygr@W@W%PPBW@@WsWW&@@G f?ﬁ@r" W Siootst; suggests Eier i sed
by poolré y {é%\ﬁ%ﬁ];g ﬁyhﬁgé s agﬁgbgﬁfwm fgruction. Chronic bronchitis

I S associ hypertrophy of the mucus secreting
gl ands of the subrmucosa in WO 02/ 096463 PCT/ EP02/ 05726 13 the | arge

Ut | armat 48 GENPINGNGRS OF e BRI AGRITS F K Brdse T e IgN e LSt T the
treatment of atopic and non-atopic asthma. The term “atopy” refers to a genetic
predisposition toward the development of type | (immediate) hypersensitivity

20 reactions against common environmental antigens. The most common clinical
manifestation is allergic rhinitis, while bronchial asthma, atopic dermatitis, and
food allergy occur less frequently. Accordingly, the expression “atopic asthma”
as used herein is intended to be synonymous with “allergic asthma®, ie.,
bronchial asthma which is an allergic manifestation in a sensitized person. The

25 term “non-atopic asthma” as used herein is intended to refer to all other asthmas,
especially essential or “true” asthma, which is provoked by a variety of factors,

including vigorous exercise, irritant particles, psychologic stresses, efc.

Chronic Obstructive Pulmonary Disease (COPD)

30 The combinations of therapeutic agents of the present invention are further
useful in the treatment of COPD or COAD including chronic bronchitis, pulmonary
emphysema or dyspnea associated therewith. COPD is characterised by poorly
reversible, progressive airways obstruction. Chronic bronchitis is associated with

hyperplasia and hypertrophy of the mucus secreting glands of the submucosa in



I ncreased snooth nuscle are all found in the termnal and respiratory
bronchi ol es. The snmall airways are known to be a ngjor site of airway 5
obst ruct iwn.02EsEbysema i s characterized by destruction of PCh&Pat/owed ar wal |

and loss of lung elasticity. A nunber risk factors have al so been
identified as I|inked to the incidence COPD. The link between tobacco
snoki ng a | t ed ki | e sure
to coal dE@ gevgrsdlre({)% |nog§ng‘1{lﬂ‘kﬂa§/§act0(§5 e%élgar%?ééglg%t gﬁdd&%&é@?l c
ri sk fact @ubrrfLmosahmmﬁIHmrrmnsnyr ueﬂ|mﬁltr]atﬁopuIedmm,yﬂtlrcswsmdbu&uplug@eapdr J.
10 1380-1391, 1997. Th? I nci ance of D,is incr asi.ng and, it {esents
a signifi dagTEAgRG BRI LIS Afenal! JBPTd ath ohe JempiRal | ﬂ%sfersi 5
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variation fromsinple ronic bronchitis wthout disabilit patlents in
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| avage fl yinde@nsd the Wditeie BREDPTY.S TheSinkabStiveRRi tbBaddssmakingPArR COPRL her
than eosinophils. Elevated levels of inflanmmatory nedi ators are al so found

in COPD 20s peelli estakljshadc| Othergisk fagtors Tedude exposireato eoml dust asd vasiers

epi t hel i um an t n
Found to BETRHF TRePEt o gy 40pGhshaE, RaRas ek feBiR ARt BRI ona.che
rel i ef 0 orpfaBRaRAUIRHsS, ”CE@rbeeesErrow died 18801 189 1yUSEOSY. RFlmgdncidéneabf
antlchollnerglc bronchodi | at or s ut the progress of the dlsease re |ns
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treat ment @Qﬂﬂésraln@ec@”:@aﬁatlbﬂﬂa‘yomrlep‘:té aihrambybmmhftscwltheu’ashmbillty to
i nfl ammat ory agents. 30 Accordingly, th se of the co nat i ons of

t her apeut ipatiegéninsa severedy @ﬁ@@@ﬁtStaﬁW@hﬁh@ﬁ“Q espratary and its rel ated
and m%(;uded obstructed airways diseases, represents a significant advance
in the The present inventionis not limted to any particul ar node of

action or GOPD®GHaeatEriasd tisy triftarmanation MDHEL/006463 RCH HRO /887N 14
asthma, but the inflammatory cells that have been found in the bronchoalveolar
lavage fluid and sputum of patients are neutrophils and macrophages rather than
eosinophils. Elevated levels of inflammatory mediators are also found in COPD

20 patients, including IL-8, LTB4, and TNF-a, and the surface epithelium and sub-
epithelium of the bronchi of such patients has been found to be infiltrated by T-
lymphocytes and macrophages. Symptomatic relief for COPD patients can be
provided by the use of B-agonist and anticholinergic bronchodilators, but the
progress of the disease remains unaltered. COPD has been treated using

25 theophylline, but without much success, due in part to its propensity to produce
unwanted effects. Steroids have also failed to hold out much promise as

satisfactory treatment agents in COPD as they are relatively ineffective as anti-

inflammatory agents.

30 Accordingly, the use of the combinations of therapeutic agents of the present
invention to treat COPD and its related and included obstructed airways
diseases, represents a significant advance in the art. The present invention is

not limited to any particular mode of action or any hypothesis as to the way in



whi ch the desired therapeutic objectives have been obtained by utilizing
the conbinations of therapeutic agents of the present invention.

Br onchi t iwoa@IBsdnchi ectasis 5 I n accordance with the parcr@ErPozos7and
diverse inhibitory activities described pabove that are possessed by the
conbi nati ons of therapeutic agents of the present invention, they are
useful indieh itheadaBrdd HerbeldidojsctRbs ialevaent YBRingf byl Glilzing e

pat hogenesi s, including, e.g., acuté bronchitis which has a short but
severe ceomiEnatinns of tbatrpaitisyagenpoeiithe presentliayeniosat hi ng of irritant
substances, or an 10 acute infection; catarrhal bronchitis which is a form
of acute bronchitis with a profuse nucopurul ent di scharge; chronic

br onchi t i Bremichitis and BroiicHiestasisied form of bronchitis with a nore or
| ess marked tendency to recurrence after stages ui escence, due to

: . ages of qui .
repeat €l dntegerelaptearith theoparictiar sadativerse dmibitepyastiyities fleserked above

h i.zed ing ' LLh 15
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asthmatic bronchitis which is a syndrone marked b he deyel .o nt of
synpt ons &F paih@mga@mmg,ownga%%ﬁqr@'a%ﬁ*%/wfvé“cﬁﬂa?rﬁ Pftotﬁgesfeﬁ’eﬁ%rsons
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t he pregenicutaisiatiion tatarthaearordhifis evhich fsra forn of-asute beordittanwithGDPD or

other chronic inflammatory airways di seases y. be establ i shed and
denonst r atsafusg GRECRHIHEHyAISEnatge; ‘fdhrP'F“@r'érﬁpgﬁéaeWE' nBwA E’HQT‘W@“QP?C' of
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and bronchospasnolytic noadel s &ESCI’I bed below.  Bronchodilator Activity -
CAWVP i s i rofajuiescamaie, ailey to mepaaietihathacks| ef aelitexbidnehitis eucheinie gererals an
overall inhibitory influencge on

O e, 00 S o) 108 orBBh G a7
e85 Ryt eER R Nash SRR (OB Langssie gl R s
of chroni chasadterized\bY24 0SBAGB sacTetiwopfosugh spgtum; infectious asthmatic
bronchitis which is a syndrome marked by the development of symptoms of
bronchospasm following respiratory tract infections in persons with asthma;
productive bronchitis which is bronchitis associated with a productive cough.
20
The use of the combinations of therapeutic agents of the present invention to
treat atopic asthma or non-atopic asthma, COPD or other chronic inflammatory
airways diseases may be established and demonstrated by use of a number of
different models known in the art of inhibition of reflex events in the airway

25 including plasma extravasation and bronchospasmolytic models described below.

Bronchodilator Activity - cAMP is involved not only in smooth muscle relaxation,

but also exerts an overall inhibitory influence on airway smooth muscle

proliferation, both of which may result from elevation of cAMP by the PDE4
30 component of the invention. Airway smooth muscle hypertrophy and hyperplasia
can be modulated by cAMP, and these conditions are common morphological

features of chronic asthma.



Bronchospasnol ytic Activity In Vitro - The ability of the conbinations of

t herapeutic agents of the present invention to cause relaxation of

gui nea- pi §o /e@beal snmooth nmuscle is denonstrated in thePCalHPOMDITG t St
procedure. Quinea- pigs (350-500 Q) argski | led with sodi um pentothal (100
ng/ kg i.p.). The trachea is 5 dissected™and a section 2-3 cmin length is
excised. BondiApAemdiicl TRARRGL A Vflo LMenb' BBRKETGF tAE 2BGmBIndtbhe’ BR ©
cartilage pfates so as to grve r1ngs of tissue 3- mm I n depth. e

proxi mal é#metagestialagenty®f ahe phieseat iffadntiondiovealusd relargtomraf guimeaHpiy
vertically on stainless steel supports,, o f which is fixed at_the base
of an or GYACBRSkSGRI BUSHE 5 CRBIORRY Al BRedoueMag estprperTer  GHBRACer
The 10 ri - ' ATEA i i oW cRas id\aCl
113, K BP0, 05 R ARG, SR PR RERgO G Y T clR 1 T
and gassedissactdd a2 a&ectios: 53 om in) lengimigsexsissdar B irached és transeoteduire
contracteg by field timulation, To.ascertain spasnol.yti.c acti.vit est
conbi nat | JE1BNS ViR A P Btk le Soufod e sd AR It rhaf SLHESY B ve
i n physi okggiifadeptrl iTie pRSkiREAEAd idisthPrihds bR Sigtardbnihdivigbal Angd arer gan
bath at Smintervals to provide a cunulative concentration-effect curve.

I n the abswairtedveningdy orcaiabiless staes supperarepreof whiclynfixedat theebasesent

20" prepar & FAngida BEGEMICHERERrSHERARNTR &0 RIBREE Bl oM ' "
Ozone-i(ndyipgd e Bthedin Rydies ssaGbh (EémpaBideh M:TRaHED] 25yNaCl 498bKaat i ons
of therapeutic agents of the present invention to prevent increased

responsi vdigddgSoOL-7Hhe 4id; Wy Q.01.20Ca6ls2.$t glugose 14l dpatkdb\thand gassedthi al
hyperreactiyity,.1s, 25 deponstrated in the determ nation of the effects of
these ager’ﬂ'% @?/CEQ% ‘%?y\’&a SF%'GH@ RreRaEsy F%E?ﬂﬂ?rﬁfﬁrf@é‘;trﬁcg%d. 8)&5\9?4

gui nea- pi gg RBrECRYasBERAR SHASKADKHC a@ﬁditﬁrl%??rf%gqmﬁ%@ Be thérapbatidret hod

Yeadon et al, 1992, Pulm Pharnmacol ogy, 5, 112. Responsiveness of the
ai rways t agantsaofi theypresestinwentioraare dissnlved #dphygiological saling andiadded trer

various. i nterventions which result in changes in u r | CS.
Test arti g}c‘égamgeq%ﬁ% g?é‘?‘&”ﬁ?f‘.”&ﬁ %y elpm%ga@ b@ﬁ%oés&ﬁiﬁ@gg\'%ri or
to chal | eRgReeESMN-BfFiSErRAVEENt in control animals resulted in a 3-100x
increase in lung responsiveness which was dose-rel atedly bl ocked by

conbi nati ons of the therapeutic agents of the invention. WO 02/ 096463
PCT/ EPO2/ ?nS 7t 8 above test model, combinations of therapeutic agents of the present

invention inhibit field stimulated contraction of guinea-pig tracheal ring

20 preparations at concentrations in the range of from 0.001 to 1.0 uM.

Ozone-induced bronchial hyperreactivity model - The ability of combinations of

therapeutic agents of the present invention to prevent increased responsiveness

of the airways to noxious stimuli, also known as bronchial hyperreactivity, is
25 demonstrated in the determination of the effects of these agents on activity of
lung responsiveness in guinea-pigs. Adult guinea-pigs (300-600g) are pretreated
and prepared according to the method Yeadon et al, 1992, Pulm. Pharmacology,
5, 101-112. Responsiveness of the airways to a variety of stimuli are monitored
at basal state and after various interventions which result in changes in
30 pulmonary mechanics. Test articles were administered i.t. or by aerosol at
various times prior to challenge. Ozone pretreatment in control animals resulted
in a 3-100x increase in lung responsiveness which was dose-relatedly blocked by

combinations of the therapeutic agents of the invention.



16 In the above test nodel the conbinations of therapeutic agents of the
present invention exhibit anti-inflammtory activity at dosages in the
range of Woonio®4601 to 0.3 ng/kg i.t.. 5 Relaxation of HicarepB2/aitehus -
Sanmpl es of human | ungs dissected durin surgery for cancer are obtained
within 3 days after renoval. Small bronchi (inner dianmeter 2 to 5 nmm are
excised, qtng R SCRPIE MSda e bRBAatiche ofthérafblific agehiLBEtheé hRsRar
ampoules filled with fetal calf serum (FCS) containing 1.8M

di met hyl suhventiodesxhiisantianftaramatery antivibe ah dosageminothectangg eifeemD.0Ghe 10
anpoul es gr@gl a ed.{an a polystyrol box (11 x 11 x 22 cn) and slowy frozen
at a near®codll 59“ te of about 0.6C/min a freezer maintained at -70C
After 3-15h the anpoules are transferred into liquid nitrogen (-196C)
where they are stored until use. Before use the tissues are exposed for
30- 60m % o Retaxatiost of Humiang Brenciusd- Wamples 206 UM IHGSH gisseetedg8INes in

37C wat S 5h ' '
Dl aci ng R o GRGTeT ik cotatel VU Skt ORGSR BnPe Bher 1
KCl 4.7. MiaRbter-~22 t6a&indm]} ade 9RO clt idto sbighients ahd mhcedire 21l lidthd A

0.03) at 37C, cut into rings and suspended in 10 ni or%an bat hs far
i somet ri ¢ nilspgerostorager ampgulasdElled itelfefat calf sayem (I§S) eanteing il eases

in tensiongare | ' phi Gat d ' ' t 20 i ch

I s known tda'%ﬁﬁa'd,ﬂﬂ%%ﬁ% XQM%(E?oa?'%nQrﬁ/\gsé@#?%egéa?bmbgegﬂnggeéﬁés'gegﬁgat e

t ensi ofQ Vigmpehieasre placeekinya pbistyre! ttmd(1dtaen xn22iced) gndisioiveflorerdatiaior s.
Concentrati on-reslponse curves are praoduced by cunulativ ddi t ] ons ch
concent r atmean sepkng taiaad aheuh 014 E/mdR iEffRRzer nerintaingd Bg'eﬂ) &'dé!‘?ﬁfe%@ﬁ t he
previ ous ' ' : ' -dfb?f' t. 25
concent raﬁﬁg%?ﬁéé‘%%%%geéﬂéﬁl\%gé{f%d ﬂﬁaﬂgg%c%ﬁrrr}gpé?g re acga\tl\t’ljiﬁéc}% tgfegtaﬁéé s})c?}g(rj\chi al
rings. ThigntitliectBdferd akernhadis$0€dare bapadddofor 30:60Mmetoat7OVE hafere beitdgl t he

conbi nati ons of therapeutic agents of the preseni_,invention produc
concentr atthawedé’h“gi'@d{@m Ry A1lagiRg dhe tﬁiﬂ%@P'g?d'?l&ég ¢i"¥ﬂ§er ?@nbr QE‘EF%%E‘*F%S at
concenj g aty hBhi f h Y HIShPESHtaMIRH Krebs-
enbodi nttég[)ﬁerf)hgh'gg'??g@%gﬁs %g%é@%'?yg‘%){)g%g@nﬂ}eﬁ% range of from5.0 nMto
500 NnM W SR4HG646R1tIBRTIWRPONAT 721, KCI 4.7. MgS0O4 1.2, CaCl, 1.2, KH,P04 1.2,
NaHCO; 25, glucose 11, EDTA 0.03) at 37°C, cut into rings and suspended in 10

ml organ baths for isometric tension recording under a preload of about 1g.

Further increases in tension are induced via the application of field stimulation,
20 which is known to induce activation of nerves in the airway sample and generate
tension via release of acetylcholine and other neurally derived mediators.
Concentration-response curves are produced by cumulative additions, each
concentration being added when the maximum effect has been produced by the
previous concentration. Papaverine (300 uM) is added at the end of the
25 concentration response curve to induce complete relaxation of the bronchial

rings. This effect is taken as 100% relaxation.

In the above test model the combinations of therapeutic agents of the present
invention produce concentration-related relaxation of human bronchus ring
30 preparations at concentrations in the range of from 0.001 to 1.0 pM with

preferred embodiments being active at concentrations in the range of from 5.0

nM to 500 nM.



17 Suppression of Capsaicin-induced Bronchoconstriction - Mle

Dunki n-Hartl ey guinea- pigs (400-800g) having free access to food and

wat er priwpo oeodddshe experinent, are anaesthetized w th so@cCampotresrebar bit al
(100 mg/kg i.p. [intra peritoneal]). Apnals, maintained at 37Cwith a
heated pad, controlled by a 5 rectal thernoneter, are ventilated via a
tracheal @ppibssiéRboOUCapsaidisthdubetiZ BrondhoRoAstiictidnr-e Mdle aDUnAHA¥@EN
(45:55 v/v). VentiTation is nonitored at the trachea by a pneunotachograph
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recorded firzpiebl®y a3srdurotatho@iaphr soriictutl B ardifistential przsdrceansdifoen
val ues for basal resistance and conpliance are stable, an acute episode of

br onchocon@tlinec Withh the fTesairaiedy iuraR. i MressiEAotRangssy ki dhe sthokax, are
aone o e on _ T us o q
20" sal | no MinttragcuYEcty) Vit I AIRBRIIE RanALIE L Find: & THABRHRIE oot o

I nvent{®n.tradisducadsbrthat éregrodsare differensy betecdro tha haehea randstherabban
which is calculated to be _after 2-3 such adm ni stratioqs a{ 10, m n
i nt er val s.berRdUBRSHEdoRNdL AHiRIAYRD s FPR: iRSe SNgasweqet, et a-loy and

fol | ow ng tgairf)sgﬁfméﬁéfy%rreggﬂr%?lgro?ﬁ aLrWégrrégféP{fﬁ%gﬂRji &ﬁH%d)/‘l/éé LAY c%Fn)Pliance
)

i ntravenou us i nyection. onchospasno 5 acfivity I's expressed as
a % i nhi bi(Cidgyp) cfret balcukited alith revdigitdl elestreniancespiRi)ry aoalvoev fioy eheh
sent the dose 50%

BRSO R M R ot
Feducelt by b pl e R O ressure (BP) and heart rate (HR)
are 30 characterized by ED20 values; i.e., the doses which reduce BP or HR
RICION R SRR S M AR NS IR
of bronchoconstriction is induced by an intravenous bolus of capsaicin.
Capsaicin is dissolved in 100% ethanol and diluted with phosphate buffered
20 saline. Test combinations of therapeutic agents of the present invention. are
administered when the response to capsaicin is stable, which is calculated to be
after 2-3 such administrations at 10 min intervals. Reversal of
bronchoconstriction is assessed over 1-8 h following either intratracheal or
intraduodenal instillation or intravenous bolus injection. Bronchospasmolytic
25 activity is expressed as a % inhibition of the initial, maximal resistance (Rp)
following the infusion of capsaicin. EDs values represent the dose which causes
a 50% reduction of the increase in resistance induced by capsaicin. Duration of
action is defined as the time in minutes where bronchoconstriction is reduced by
50% or more. Effects on blood pressure (BP) and heart rate (HR) are
30 characterized by EDy values; i.e., the doses which reduce BP or HR by 20%

measured 5m after administration.

In the above test model the combinations of therapeutic agents of the present

invention exhibit bronchodilator activity at dosages in the range of from 0.001 to

i



I nvention exhibit bronchodilator activity at dosages in the range of from
0.001 to WD 02/096463 PCT/ EP02/05726 18 0.1 ng/kg i.t. [intra tracheal]
Furt her, wbe2oodbs nati on delivered i.t. exhibits an at | @aTtEPaziai7eé ve

i nhi bi tory effect on bronchospasm w thgach conponent alone being able to
i nhibit nore than 50% of the observed control response. 5 LPS-Induced Lung
Neut r ophi lgl f mg/l§ ¢ r[afFairbBREAl FartAad tﬁ@bbwrhazrbrpaemeaéd PR Nixhtbits 4h Bhe

l ungs is considered an inportant pat hol ogi cal feature in COPD and in

sever e asténnd. adthliee dulihitory, effael bntbr@ncmsnﬂsmwﬂbr eaeh Ieopgipanest @lone

o coont 1 He AR 1RO B ke BB hpatid o 1 1

Dunki n-Hartl ey guinea-pigs (400- 600g) are pretreated with the test

articles alone or in conbination by inhalation or | ntratracheal (1,
i nsti | 1%t L&S-Ineusednung Nerhiaphilia afqwstecediraentdpiand actuatiogral éYeUtré’BFﬂ%und

adm ni str I n
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1-24h 15 ckverepasthonmcednsemgermigyintiption icd.eifflee onendth ayftthesea ersipam:m;ed by
cell counting in bronchial washings or fermnation of neutrophil
product s |3ﬁ“mﬁ\$g°r@ké@ﬁﬁr§é’§poﬂwet¢‘§§%@ fﬁﬁgm%gtytggbeﬂ%?%' Y?\'gof‘herapeut ic
agents of the present invention exhibit anti-inflamatory activity at
doses ranging from0.0001 to 0.1 ng/kg i.t. Unexpectedly, the conbination
del i vet®ed Male Waster4Adbiab fatagtl 5@&@@()Iictri male Dwidin-blarttey iguineapigsi @00-
despite t ct that ents does not, on xer
significa S fre Pri f“?ﬁ?ﬁgt"ﬂ{wﬁ‘@f@ﬁ%@ Ic aﬁ'%? or Eh‘&f?%i“@ﬂ?”iwt V\ﬁ"f“ﬁf tor y
effects Oflnﬁatmd&{éamﬁ €) fstifBforPfuntibe b?l@fr@@ﬂéfﬁlsaﬁée%tﬁ@s@bﬁﬁéquzw telftek over

doses when use n co |nat|on as in this invention, thus mmmsmg
systenic ammmrmﬂdaemﬁmstratlom&rmﬂa& gre: challengedpivithers dghalation, agrosphof

| uat i the th t | nat | f t
Sé‘ént“;‘ of il dSRRDSrod o OBy B B ER O D T e it pasim
B fdf%P#)Fon%UnbéQQu%’ n@U%bhﬂluagTﬁ@%eUﬂ@bﬁmaaé dseBgsed bgicell dogatingnd on
the syrrpt om o | ammat i On, | ung neutrophilia and 30 eosinophilia,

utilizes mnmmhmwaeyngmonbadgtejmlroatw@‘onﬁtgrqnfdwr@éugﬂsﬂm |Un9n‘é‘a%@§9$

album n (B 5 96398 tis § eéﬁssty%lterhz?lqe IRalB R dderfs of AhE M rAYBR K RbAE:
exhibit anti-inflammatory activity at doses ranging from 0.0001 to 0.1 mg/kg i.t.
Unexpectedly, the combination delivered i.t. exerts at least an additive effect on

20 inflammation, despite the fact that one of the components does not on its own
exert a significant anti-inflammatory effect. Further, equivalent anti-inflammatory
effects of a high dose of one of the components can be observed with lower
doses when used in combination as in this invention, thus minimising systemic
unwanted effects.

25
Allergic quinea-pig Assay - A test for evaluating the therapeutic impact of the
combinations of therapeutic agents of the present invention on the symptom of
dyspnea and bronchspasm i.e., difficult or labored breathing and increased lung

resistance, and on the symptom of inflammation, /e: lung neutrophilia and

30 eosinophilia, utilizes Dunkin-Hartley guinea-pigs (400-600 g body weight).

The egg albumin (EA), grade V, crystallized and lyophilized, aluminum hydroxide,
and mepyramine maleate used in this test are commercially available. The

challenge and subsequent respiratory readings are carried out in a clear plastic



and nmepyram ne nmaleate used in this test are commercially avail able. The
chal | enge and subsequent respiratory readings are carried out in a clear

pl asti c Wo002/00263163 PCT/ EP02/ 05726 19 box wi th internal pPdirmPayiiee of
10x6x4 inches. The head and body sectiggs of the box are separable. In use
the two are held firmy together by clanps, and an airtight seal between

the chambgpg wifh e MaRdBENSAYNS of ADK6X4 PesIarkehead AP YBHY sBetiGNber  Of
t he head end of the chanber a nebulizer is inserted via an 5 airti ght seal

and each #mibex areeepasabig.stn Heg thentveuareheldAirpie toaathenby clapips, andiatser t ed

whi on s ERarR ShAC eBiedT kg ohaNPaR, it ArBnRhelhy, F 1 e TRl a0
aer osol i ziTAgoudrethdnédraenof tHeehaud kAt of #ie chambepathdbitizengunsdreshoigraph  is
i solated fromthe chamber. The outlets are then closed and the 10

pneunotac RtgRpiea adierchcermBEieabex alsartas & odtiet ng Peamalachagraghét t he
respirato t S o) | .0 Q | ut, ) anid I n
saline i SE%&P%E:ieg{tﬁnorexégcén%@uhfé;g)%xaﬁagl ﬁeggg?lggooﬁpiésngg'ﬁgggfeg}éﬁgg% air
from a smabhsdaderpiiiisiis ﬂwm%@’g&mmd toga aiynd:@raghi thmu!;faar{:ﬂmwigﬁcmup‘ler& [/ m
15 CGuinea-pigs are sensitized, I nj ecting subcut anegus and,i.p. 1 m of
a suspenﬁ'@% 2BrasH) 'ﬁ'l’“ﬁd}"@ %Pé’gﬁﬁ’ Hﬁ!do% S RjE ARG A l?ﬁ/ﬂ sum&aqfﬁgé%ﬂh ne.
They _areidiegidhed Waeth I i 24 THRSLogRAS! bHE AR bsed’ 4RE R
elimnate the histam ne conponent of the response, guinea-pigs are

pr et r et epneumotadvdgnajph iamd thieockeembanbrec bananteed duiring thegkkgrdidg of the
mepyar m ne. CGuinea-pigs are then expose 0 an aerosol .of 3% EA in

sal i ne fofe%B%'?i’éeryyp"g& St HeH 9}@337’9 tgln(j r&b%% @9"@9@ 0 raéE'QPHé'aOSEﬁPeéS
further 3 u n i i Bredd i itAeHir FRSh a Srhalem
over a pe??ac?ggo?’s%ggghﬁé&%gbgﬁgt Pién%of ccl)g?i%eﬁqoétfgfégr ?gﬂegwi S rreaasured
from t he déembiragmorymp eperatingat 1@psikrst a dowbateaof 8en.of t her apeutic agents

of the present invention are generally admnistered i.t. or by aerosol
0.5-4h prior to challenge. The conbi nati ons of conpounds are either

di ssolqpd Gd?né@k)idée_a‘?é 56 RSEARR I ife sl SUbsutafeeuslt bvtlt ¥p. df nihef a
conpounds 1s determned on the basis of their ability to decrease the
nagni t ude saspentiorcootainIRgsly Mot oAt 2QH Benalimindmdivsiiedde 4 ARlnel/ bheso
magni tude of ulsléggoét\r/]\;ele%rw%;si 2 Al 52BN LQich. 9P W 1o’ BlithFats theat ed
histamine component of the response, guinea-pigs are pretreated i.p. 30min prior
to aerosol challenge with 2mg/kg of mepyarmine. Guinea-pigs are then exposed
20 to an aerosol of 3% EA in saline for exactly 1m, then respiratory profiles are
recorded for a further 30m. Subsequently, lung inflammation is determined post
mortem over a period of 1-48h. The duration of continuous dyspnea is measured

from the respiratory recordings.

25 Test combinations of therapeutic agents of the present invention are generally
administered i.t. or by aerosol 0.5-4h prior to challenge. The combinations of
compounds are either dissolved in saline or biocompatible solvents. The activity
of the compounds is determined on the basis of their ability to decrease the
magnitude and duration of symptoms of dyspnea and broncospasm and/or

30 magnitude of lung inflammation in comparison to a group of vehicle-treated
controls. Tests of the combinations of therapeutic agents of the present
invention are evaluated over a series of doses and an EDs is derived that is
defined as the dose (mg/kg) which will inhibit the duration of symptoms by 50%.



controls. Tests of the conbinations of therapeutic agents of the present
invention are evaluated over a series of doses and an ED50 is derived that
is definnwooasddbe dose (ng/ kg) which will inhibit the duretiEm2/ef726ynpt ons
by 50% WO 02/096463 PCT/ EP02/ 05726 2@@Anti-inflammatory Activity - The
anti-inflamatory activity of the conbinations of therapeutic agents of
the presemnt-mYiafirhadry AP Thedddinfnihstohn Betity OMthef corfSifbtiem bl or
neutrophi I actrvation. Tn this assay bl ood sanples (50m) are collected
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the pl asﬁgﬁ%ﬁe@&%?’%ﬂmﬁgp acecméér%%t(:g'g%’ﬁ?&%bar efully and di scarded. The
neut r ophi | / eosi nophi | / erythrocyte pellet (ca. 5 m by volune) is gently 15

resuspended in 35 m of isotaonjc amonium chlorjde solutio NHACI ,  155mM
KHCCB, 10Me amicadylateghplogdais) 51'Bﬂﬁﬂeh315%>n‘{"""&e9*?%®§@@'§)&&ﬁ@6’ galing (10
mn, 400 liNinEBSe s akipj t frse ik A9 etic
cel | sepaﬁ??bﬁ%g/és@ga ﬁ% usegéllll:3 %jﬂgeiozr@t% gﬁg%)ﬁs‘lpﬁo%ﬁ(m 'éaﬁ?!%@%”tr?@&g?@gm | s.
Thi s sist esotarsic fereoll ¢dergiyr h082ce1.085igimd,usidend),dn aab0andeenjrifuge wibef ace
mar kers, and conpri ses a_ perjmnent nmagne intg which is aced,a ol um
that incl E&B@W@%@H@@%@ﬂﬁ@t@muf%t {bdp XFQ*igglr )onlﬁ’é"é’,nua‘?@r 88"%!%%?93
equi libra i Posk 3 ith ice-cold PBS/ FCS
on a ret b%rrﬁ{agc{ggﬁéaa@ﬁé%\% a‘ff egérg(])a SIrél%ﬁseyrl ngeﬁé@@% @1&%eﬁ@§‘g‘der mc needle is
attached to 25 the base of the colum and 1-2 ml of ice cold buffer are
al lowed to efflux through he needle. F I%o i ng_centrifugation o
%?ﬁ'& cglal ?e@

f
gr anul ocyt'88, neypePhlearinopsilgeRhrogyis 0 ol DY eviitive) o8 9FR¥ed

wi th 1001 JRanehheyRATds %le?feis(s)éﬂ)tr{ﬁ]%oﬁﬂﬂ?‘éihfb?ﬂb sABtiGRNPOGY . 1 BRI gat ed

t o super paramagnetic partic e eosi noph neut rophi I'/ anti - CD16
magnetic EHCHLMOMNVIXEDTA.I G 1mMubdrE) dvdterrcl nim, cells are washed twice (10

min, 400 x g, 4°C) in PBS containing fetal calf serum (2%, FCS).

A magnetic cell separation system is used to separate eosinophils and
20 neutrophils. This system is able to separate cells in suspension according to
surface markers, and comprises a permanent magnet, into which is placed a
column that includes a magnetizable steel matrix. Prior to use, the column is
equilibrated with PBS/FCS for 1 hour and then flushed with ice-cold PBS/FCS on
a retrograde basis via a 20 mi syringe. A 21G hypodermic needle is attached to

25 the base of the column and 1-2 ml of ice cold buffer are allowed to efflux through

the needle.

Following centrifugation of granulocytes, supernatant is aspirated and cells are
gently resuspended with 100u magnetic particles (anti-CD16 monoclonal
30 antibody, conjugated to superparamagnetic particles). The
eosinophil/neutrophil/anti-CD16 magnetic particle mixture is incubated on ice for
40 minutes and then diluted to 5 ml with ice-cold PBS/FCS. The cell suspension

is slowly introduced into the top of the column and the tap is opened to allow the



40 mnutes and then diluted to 5 mM wth ice-cold PBS FCS. The cell
suspension is slowy introduced into the top of the colum and the tap is
opened t owaloeowssthe WO 02/ 096463 PCT/ EP02/ 05726 21 cel | s PCa/EPOY/@s73¢ oWl y
into the steel matrix. The colum is then washed with PBS/ FCS (35n),
which is carefully added to the top of the colum so as not to disturb the
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(50mM ) and ethanol (absolute), and stored at 4C. 10 Total cells are

count edd winginutesyi4db xcgl A°Cpuntlee resmiindrpslledfis Irgsupandeds i & myrHankss added

Lyt e oos BBlscal S sl R PR B PR g Be R RO A bR egRset’ 1
cyt ospi nngjriok 180ube S amBkeseparafibi UdemnS RO rémbYed TRepethy enardti Ak thee 15

stained and differential cell counts are determ ned by |ight m croscopy,
exam ni ng nesiropbidraction isedlvied. céhe calypnistthenw with Séﬁ@nﬂka%&yof

trypan bl ue, si.n il S_or trophils are diluted in HBSS and pipetted
into 96 wethangiaabidifeD, & q°3¥°2§3@%§- at 1-10 x 103 celIs/well. Each well
contaiqp a 200 | sanple 20 conprising: 100 | cell suspension; 50 | HBSS; 10

| lucigenin; 20 | activation stinulus; and 20 | test conpound. The sanples
are i ncubdiotal esilisrareessuntethpiitiral migrovegli eountenr Onerdrepi rlysegenigisplution of

i ot ny1 o0 PRRHeBL el bl VR Marr oy Erast ot Y nSER cbRfaraParal
sol vent caofigeriythtdayfed!seOytospih mmcars 00 plepardd opmpoShdhdoMiTigospin 2

agitated to facilitate mxin% of the cells and nedium and the MIP is
pl aced i ntoytespinneri (i&erbrsamuiesl 3chintiteanPABstdhke HiRPS REGRFAIIRIArE

o s TS Y AT R Bl

chem | um nRELAGO0I dtlisheaPRabifE i9fast@sded by exclusion of trypan blue.

Eosinophils or neutrophils are diluted in HBSS and pipetted into 96 well microtiter
plates (MTP) at 1-10 x 10° cells/well. Each well contains a 200 ul sample
20 comprising: 100 ul cell suspension; 50 ul HBSS; 10 pl lucigenin; 20 ul activation

stimulus; and 20 ul test compound.

The samples are incubated with test compound or vehicle for 10m prior to
addition of an activation stimulus fMLP (1-10 uM) or C5a (1-100nM) dissolved in
25 dimethylsulfoxide and thereafter diluted in buffer, such that the highest solvent
concentration used is 1% (at 100 pM test compound). MTPs are agitated to
facilitate mixing of the cells and medium, and the MTP is placed into a
luminometer. Total chemiluminescence and the temporal profile of each well is
measured simultaneously over 20m and the results expressed as arbitrary units,
30 or as a percentage of fMLP-induced chemiluminescence in the absence of test

compound. Results are fitted to the Hill equation and ICso values are calculated

automatically.



conpound. Results are fitted to the H Il equation and | C50 val ues are

cal cul ated automatically. WO 02/096463 PCT/ EP02/ 05726 22 The conbi nati ons
of therapwotodagents of the present invention are acti ve PCA/RPazo0s72b0ve
test nethod at concentrations in the rapge of from0.000lMto 0.5 M wth
preferred enbodi nents being active at concentrations in the range of from

0.1 nM t0T%%d?%métﬂﬁ@oﬁﬂ%érab@uﬁ@ﬁ@&ﬁt@@f tRE reddnt ifferitioR seMEvtNath ans of

therapeutic agents of the present Tnvention'is additionally denonstrated
by the i nlalbbveltest mfetlpﬂchatmoneamtratmsamltba range ofdtorai 0.689%uMito 0.6 ;sMassay

t heal h f pl d '
aseay rel WECPEGEAR PUtPARsls BRI ENEoR FBRNRlOn aiSeseede Of Tom |

ai rways i ci Hif @1@Jh|\mot I imted to COPD and accordingly is not
recapitulated in that section. Wstar albino rats (150-200g) or

Dunki n-Har t | ey gui nea-pi gs (450-600g) are anaesthetised with sodium

pent obar bi tone and venous and arterial cannulae 15 installed. Evans Bl ue
dKe to bi ﬁ’cﬂuapiaajsi-imﬂqnmmatdmsadtiyitﬁdrﬁthésctcnm!aidaiions of 3%ergpleylic agents ofl@me ns
t he test aent are adm ni st i.t., and 10m ns | ater, ai cin

adni ni st eP&Ee ”’(‘@Gg?‘ﬁg mork"“va?%fﬂm? att,eﬁ'ejﬂy ?h%slﬂgehp N foplagma
extract ed x&é@%éﬁt%t udtBti‘étfé?Mﬁi}@ da @ _BsprRAMEEI rtr@éﬁ'e a5 taREANd theone

experiments e order of dosirng was reversed such that the conpounds were
admi ni st ereatent 20 phasoa deakagedetasmibBlede Thisdassalyl ratatas eayaly fothes chranie he

2gent 10 RDALLY ISF AT dHORAVETS MDD el G a0t TGt ©
dosages i%CEBI%|ndl?‘rlﬁﬁoﬂfecﬁb@u%féooﬂlthépsébtrbnng/ kg i.t. 25 Fromthe above it
may be seen that™ the conbinations of therapeutic agents of the present

invention are useful for the treatment of inflammatory or obstructive
airways di seases or other conditions involving airways obstruction. In

particul any thevdhs € HbolRodh s BREHARRNSS JoAEpIR! (£5-808g) 3fe
anaesthetised with sodium pentobarbitone and venous and arterial cannulae

15 installed. Evans Blue dye to bind plasma proteins is administered i.v. (30mg/kg).

After 10mins the test agents are administered i.t. and 10mins later capsaicin
administered i.v. (3ug/kg). 30mins later, tracheal tissue is removed, exiracted

overnight into formamide and absorbance read at 620nm. In some experiments

the order of dosing was reversed such that the compounds were administered

20 before the Evans Blue and inflammatory stimulus.

In the above test model In the above test model the combinations of therapeutic
agents of the present invention exhibit anti-inflammatory activity at dosages in the
range of from 0.001 to 0.1 mg/kg it.

25
From the above it may be seen that the combinations of therapeutic agents of

the present invention are useful for the treatment of inflammatory or obstructive
airways diseases or other conditions involving airways obstruction. In particular
they are useful for the treatment of bronchial asthma.

30
In view of their anti-inflammatory activity and their influence on airways hyper-

reactivity, the combinations of therapeutic agents of the present invention are



In view of their anti-inflamuatory activity and their influence on airways
hyper- reactivity, the conbinations of therapeutic agents of the present
i nvent i orwaroe/ 0¥ @2/ 096463 PCT/ EP02/ 05726 23 useful for twrhg/EPomedeent, in
particul ar prophylactic treatnent, of tructive or inflamuatory airways
di seases. Thus, by continued and regul ar adm nistration over prolonged

peri ods ofshfultof Mige GRS | W?aﬁfcufé?n@@\éﬁsil%cﬁé tFé'aeriérn@Séf‘bbstrGMﬂ)ét bpn are
useful in_providing advance protection agaihst the recurrence of

br onchocoiftammosiasy aifwajsheisesyempt diuts, dyaeardioked o qeguiar aldmlmstratlon

compounds ¢ Prrlbfoed BE0AS o MPENS ariEREEo B SR RE R b i Blgoent
anel i or at iientibnr&réenseiul o proddipgsadvarticaprgedtions aghindt se@sesurrdficdlayi ng
regard to their bronchodilator activity_ the conbi nations of ther ageut i C

agent s Df brepchacessiction\asrethen Semelamdiqattack KPDRCHRNAATD ODSITHCHYE OF n t he
treatment; Iang@éﬁf}z%l C&E&a%sgm?%gﬂ%ﬁét%ﬂso& c&ﬂgoﬂﬂés %Eﬂ}%éf@r%{?ﬂ t ' ¢

treatnent o ory airways di seases.

or infl amimxemntuynaarev\abﬁs dsefahsarstheo cohiralh anfediopaticre o reneesal iorthe dpadal es
i ncl ude ast hma; pneunpconi osi s; chroni c eosi nophilic pneunonia; chronic
obst ruct i wat H?P\f/\g g}%eﬁ‘ﬁﬁﬁnnary di sease (COAD or COPD); and adult
respiratory distress syndronme (ARDS), as well as exacerbation of airways
hyper- reactivity consequent to other drug therapy, e.g., aspirin or
R-agomGst Havingpggar0toT tibeis ebrenchedilaRDEActivityi thiet combimaticost ot Hbkriapentic c

Conbi nat| GHSHE Oy e GERATL ySRUSA e HEFEN ot ISTONGaH IREe SPenina e

sui t abl e Wé%'frﬂ@ﬁﬁlafléﬁloanarpaaﬂb bFBHdH@B&né?cﬁchlaﬁél foRSthEN@yARplGRbtiv e
PDE4 inhibitors and anticholinergic agents of the present invention are

pr ef er abl yreatimeni cft @vséclidbye iofifirafl ammatoryg @drways dtaﬂawm ently delivered in the
formof a dry powder inhaler or an aerosol spray presentation froma
pressurised container, punp, spray, atomi ser (preferably an atom ser using

el ect rpfy e S trmawsrﬁa anbd d@e%%és ab WAERH itse rpredérithingentidn hout
t he us?l36ﬁt§)§f¥wa&ﬂsw tabl e ‘&? | ant, yge . dichlorodifl uorporret hane,

tri chl or ofappbes nivchuiee, asthmehl on@umpcanlpatsl; oelNeRit, eRSIRgRAIlE | DRPWAPREH e
such as 1 cllﬁomc otbehuc lvéJ %rlr\?v%tyrs]aonrepulmonary disease (COAD or COPD); and adult

respiratory distress syndrome (ARDS), as well as exacerbation of airways hyper-
reactivity consequent to other drug therapy, e.g., aspirin or B-agonist therapy.

20
The selective PDE4 inhibitors and anticholinergic agents of the present invention
can be administered alone or in combination but will generally be administered in

admixture with a suitable pharmaceutical excipient, diluent or carrier.

25 The selective PDE4 inhibitors and anticholinergic agents of the present invention
are preferably administered by inhalation and are conveniently delivered in the
form of a dry powder inhaler or an aerosol spray presentation from a pressurised
container, pump, spray, atomiser (preferably an atomiser  using
electrohydrodynamics to produce a fine mist) or nebuliser, with or without the use

30 of a suitable propellant, e.g. dichlorodifluoromethane, trichlorofluoromethane,
dichlorotetrafluoroethane, a hydrofluoroalkane such as 1,1,1,2-tetrafluoroethane
(HFA 134A [trade mark]) or 1,1,1,2,3,3,3-heptafluoropropane (HFA 227EA [trade
mark]), carbon dioxide, a further perfluorinated hydrocarbon such as Perflubron

(trade mark) or other suitable gas. In the case of a pressurised aerosol, the



(HFA 134A [trade mark]) or 1,1,1,2,3,3, 3-heptafl uoropropane (HFA 227EA
[trade mark]), carbon dioxide, a further perfluorinated hydrocarbon such
as Perf | wWwoon/09¢s63 ade mar k) or ot her suitable gas. |n thePcagpopbsiac
pressurised aerosol, the WO 02/096463 BgiI/ EP02/ 05726 24 dosage unit may be
determ ned by providing a valve to deliver a netered anount. The

pressuri S%s‘a‘ﬁét@hlﬂ%aypb'émdetéﬁﬁﬁ‘ﬁéd BY OffloTRein d@ra Re t§CheliRY a GABIcIEd @
sol ution or suspension’ of the active Conmpoun using a mxture of
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ooy s PO & SUBRRA R SLSpEaTEn e B8P EBRpoRRl. Bl ol 8 nille gPos "
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in an inhaler or insuffiator may be formulated to contain a powder m x of

a conpoundosbilisieg or dardipg, reae% ang|tee gyapellan Ak the splvest, I‘&'E!*PBS'”@abr
starch an%d?jltfb%rigrc{%ﬁgﬁ a 48pARs e e% %ﬂaﬁ \Adbrela?é{c'@%@I&Q”bﬁ&&%m .

magnesi um Srears ror to use in ornulation or  suspensi on
formul at i eartidges rihradda, ifon exanpierpbomdgelbtit e HRWED) fovruse i ahenhaler ani sed
toasize,suitablefor delivery b i nhal ation (ty Iy consi der as
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net hods, I I I of
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use i NM@&n rasdifiessuchuas Mpudires tmaiyitk odyregnesium istegrateduce a fine m st may

contain fromlg to 10ng of a conpound of the 20 invention and the
actuation volune may vary from1l to 100l. A typical formulation may

conpri se amcﬁﬁ&'d‘s% momalw@%w r‘?@ﬁ{ﬁlﬂﬂﬁorgb}’%%peﬁé@ﬁ 'fd)@nﬂﬂ@h@rﬁ for iAhARAN6Gh and

sodi um chl ori Aer o wder formnulations are preferably arranged
so that eachompbanddf th6 ldvzsmilomr WI‘IIpiur:ﬁ fricronigesl i9sa fsizensuitakde Ao0delpgrnobya

conmpound of th vent i on |ver tlen ily
dose wi t h 1&g 'a@%ZWP'%”VICOIS‘éKIeﬁe pg%é%an%’» ﬂ?)lgwggggﬁgxﬁk@% Ergy be

admi ni 5erd‘t"ﬂ dvd f!aﬁ‘%@e @‘Pﬁﬁatﬁbds TBf ExarHpleadpival JétrmifIII ﬂ@ﬁi lekstb % milling
throug out t eda preferred ratio, by wei ght , of selective

PDE4 i nhi lirtuse: dmp@r@ithaéflgldmryﬁg&lﬁatl%ed will ! depend on the particul ar
conbi nati on being exam ned. This is

A suitable solution formulation for use in an atomiser using electrohydrodynamics
to produce a fine mist may contain from 1pg to 10mg of a compound of the
20 invention and the actuation volume may vary from 1 to 100ul. A typical
formulation may comprise an active compound, propylene glycol, sterile water,

ethanol and sodium chloride.

Aerosol or dry powder formulations are preferably arranged so that each metered
25 dose or “puff’ contains from 1 to 4000 pg of a compound of the invention for
delivery to the patient. The overall daily dose with an aerosol will be in the range
of from 1pg to 20mg which may be administered in a single dose or, more

usually, in divided doses throughout the day.

30 The preferred ratio, by weight (w/w), of selective PDE4 inhibitor:anticholinergic
agent used will' depend on the particular combination being examined. This is
due to differences in the potency of individual compounds. The physician in any

event will determine the actual dosage of each compound which will be most



due to differences in the potency of individual conpounds. The physician in
any event will determ ne the actual dosage of each conpound which will be
nost WO ORO089@83 PCT/ EP02/ 05726 25 suitabl e for any i ndipgirdipat/ojgas i ent
and it will vary with the age, weight response of the particul ar
patient. It is to be appreciated that a references herein to treatnent

i nclude c e s t t t 0 63
PCT1 EP02! e By B e e ey L 8 e e e

i nhi bi t or resRPNEe Ofathelnﬂlfmulalep@ﬂ@tagent, with the provi so that the
anticholinergic agent is not a 5 tiotropiumsalt. 2. A conbination as
claimed in claiml wherein the selective PDE4 inhibitor is a conpound of
the fornulliais(10 bB9%ppreBbied that alNréferéncdy AOrdih to (ttdatm@t andllide Refie, cal |y
acceptable salt or solvate thereof, wherein: R is H (Cl-C6) alkyl,

(C1- 06)> alpRbigjive @ng_mraphypriipireatrpertny |, - N(CH3) 2, 15 (C3- 08) cycl oal kyl
(C3-C6) cycloal kyl (C1-C3) al kyl or (Ci- C6) acyl, wherein the alkyl, phenyl
or al kenyl groups may be substituted with up to two -OH, (Cl-C3) alkyl, or
-CF3 groups or up to three hal ogens; R2 and R3 are each independently
selected fromthe group consisting of H  (Cl-Cl4) al kyl, (Cl-C7)

al koxy(C1-C7) al kyl, (C2-Ci14) al kenyl, (C3-C7) cycloal kyl, 20 (C3-C7)

cycl oal kyl (C1-C2) al kyl, a saturated or unsaturated



(C4-C7) heterocyclic(CH2)n group wherein nis O, 1 or 2, containing as the
het eroat om one or two of the group consisting of oxygen, sulfur, sulfonyl,
ni t rogen wod22prchere R4 is H or (Cl-C4) al kyl; or a growepTaEPor/bsy2éor nul a
(I'): RS)a Zc Yb 25 (11) wherein a iz% an integer from1l1l to 5 b and c
are Oor 1; RSis H -0OH (C1-C5) alkyl5” (C2-C5) alkenyl, (Cl-C5) alkoxy,
(C3-C6) cyghipsd koxy, hal ogen, -CF3, -CO2R6, -CONR6R7, -NR6R7, -NO2, or

- SO2NR6R7 in R6 and R7 are each WD 02/ 096463 PCT/ EP02/ 05726 27

i ndependently H, or (C1-C4) alkyl; Zis -0-, -S, -SQ2-, -CO or -NR8)-

wh i i H. 1- C4). al.kyl ; a - Lalk C2-C6
Al Keny! end- opt BHANAET STBPRLGN eho aeiartivp L VIS a S8l kyl or ( C3. C7)
cycl oal kylanggmsipergidiRfedt iR prolisbhRafiheyantichblitehgio a%rﬂ'igﬁbké('

al koxyal kyl or heterocyclic groups may be 5 substituted th 1 to 14,

pr ef er &bl yiotropiwinbsal{.C1- C2) al kyl, CF3, or halo groups; and R9 and R10 are
each i ndependent elected fromthe grou onsi sting,of.H, 1- al kyl ,
(C1- Co6) a?koxy,& %%@%@fg ”a?%/F'aﬁﬂaé (”tgpadﬁlof V@W?'&x’\ﬁ]‘.e %Ie%'\’@o%&%dp%oﬁs

cl ai med i i glcahipodndhsTire foti@agp! ective PDE4 inhibitor is

9-cycl opentyl -5, 6-di hydro-7-ethyl-3-(2-thienyl)-9H pyrazol o[ 3, 4-c] -1, 2, 4-
10 triazol o[ 4, 3-a] pyri di ne or

9-cycl opentyl -5, 6-di hydro-7-ethyl -3-(tert-butyl)-9H

pyrazol o[ 3,4-c] -1, 2,4-triazol o[ 4, 3-a] pyR®di nesor a pharmaceutically
acceptable salt or solvate thereofqw 4. ination as clainmed in any one
of the preceding clainms wherein th inergic agent is an

i pratropiumor an oxitropiumsalt. 15
1 wherein: the selective PDE4 i nhzhj ¥S TN

9- cycl opentyl - 5, 6- di hydr o- 7- et hyl - 3- {2- f hi enyde) - 91
pyrazd@o[3,4-c]-1,2,4-triazolo[4,3-aﬂb9widine, or a pharmaceutically
acceptable salt or solvate thereof an fhe anticholinergic agent is an

i pratropiumsalt or solvate thereof; or 20 the selective PDE4 inhibitor is
9-cycl opentyl -5, 6-di hydro-7-et hyl -3-(tent-butyl)-9H

or a pharmaceutically acceptable salt or solvate thereof, wherein:

R' is H, (CsCo)alkyl, (C4-Ce)alkoxy, (C2-Cs)alkenyl, phenyl, -N(CHs)z,

15 (Ca-Cs) cycloalkyl, (Cs-Cs) cycloalkyl(C4-Cs) alkyl or (C4-Cg) acyl, wherein the
alkyl, phenyl or alkenyl groups may be substituted with up to two -OH,
(C4-C3) alkyl, or -CF3 groups or up to three halogens;

R? and R® are each independently selected from the group consisting of H,
(C4-C14) alkyl, (C4-C) alkoxy(C4-C7) alkyl, (C2-C14) alkenyl, (Cs-C7) cycloalkyl,
20 (C3-C7) cycloalkyl(C+-C>) alkyl, a saturated or unsaturated
(C4-Cy) heterocyclic(CHy), group wherein n is 0, 1 or 2, containing as the
heteroatom one or two of the group consisting of oxygen, sulfur, sulfonyl,
nitrogen and NR* where R* is H or (C4-C4) alkyl; or a group of the Formula (l1):

;H\ 2 R"),
Yb

25 (I
wherein a is an integer from 1 to 5; b and ¢ are 0 or 1; R® is H, -OH, (C4+-Cs) alkyl,

(C-Cs) alkenyl, (C4-Cs) alkoxy, (C3-Cs) cycloalkoxy, halogen, -CFs, -COsRS,
.CONR®R”, -NR®R’, -NO,, or -SO.NR°R’ wherein R® and R’ are each



pyrazol o[ 3,4-c]-1,2,4-triazol o[ 4, 3-a] pyridine or a pharmaceutically
acceptable salt or solvate thereof and the anticholinergic agent is an
i pratropiwmeabdsedr sol vate thereof; or the sel ective PDBCTIEPO2/ME7ROr i S
9-cycl opentyl - 5, 6-di hydro-7- et hyl - 3- (2-4ni enyl ) -9H 25

pyrazol o[ 3,4-c]-1,2,4-triazol o[ 4, 3-a] pyridine, or a pharmaceutically

accept abl ¢hfldndefifly $plorats-¢hanepfz andLt bs- agg.chela (REAGEYreinsREN
oxi t r opi um%?l T oor %ol vasgﬁ t%er@g’f ©or t’h§ ’sglbézc't ?\%@D@ RI iral.hi birtei(;fRi s

9- cycl opefs ¥l 05 (64 pdevti- Mm@ thys (G+-Cspalkyleneyodn (OHCe) alkenylene optionally

pyrazol o[ 3 4-¢]-1,2 A-tri | o] 4. 3- i, di i cal
e copt apl Susflice gt ulioR @ cd Ao Ce-ERL e RIS BRES hhS B bech < an
R g L R B e e i P
S I canent.
7. A cdnbistbsiitutedwite 1aonk nrefesally drie B(CeiCa) mikyl, Glos. orglo giowpst arrwfdeous,8

sequent | algeop, G8ar al.e A ALY LebR HBRFLRY dro tdrighiRg 4 Rat ment

of an obstructive airways or anmat ory

ph?_r nﬁcleyt(cgaj_s) gmmp(?j-cgﬁmk@mmh Ci-95)ard aﬁ(@t@m?a@@ﬁ@.i nhibitor, an 5
anticholinergic agent and a pharmaceut|c accept abl e, excipi ent,. . di |l uent
o[) carri &, fd’rC%mW@f‘rﬁt‘?l@WQﬁ/'r‘t@{émﬁWM@@'W%‘%Q@?‘?WV@ﬁgebE?’é&?'PE?& gf nan
obstructi ai rwgy, & A JREad G N-OWL_ i t hat
the anti p\y% I ner \S?C@C@ré’eeﬁ%ﬁ?’? H(%) ati Jﬁ%%?%?ﬁggﬂ) Q\qub{)f)?tzgﬁ’é?ﬁa eﬁ?’i‘lcal
Cogp?rs]‘lﬂ I Qn;i\azcﬁ@[lé@—a]pyeidirim cloai m 8cyslbpertyh5 BhdihgOros éledioyli3+derbEAyl)-Aht bi t or
an e antichol i nergic ent are defined in any one of claj 2 5.
10: The uaAOGI3derete: vl eIt Fnaipy e O 2 mhedREreHua MaGPRiaRR Aalt n
the m”“fo?%BHfa‘??ﬂLeré fredi canment for simultaneous, sequential or separate
adm nistration o 0 ?1 agents by the inhaled route in the treatnent of an

15 obstrueti ve Aacombiration as tleimedin ammaneofthe preaedingdlaims wbergioWeo t hat
the anticholj nergi c agent is.not a tiotropi ,L{m salt. 11. The use as cl ai ned

in clai m BOHGRRIMSTAICAESY & 8l {RTGROPIHEN O AR XU RAIL

15 5. A combination as claimed in claim 1 wherein:
the selective PDE4 inhibitor is 9-cyclopentyl-5,6-dihydro-7-ethyl-3-(2-thienyl)-9H-
pyrazolo[3,4-c]-1,2,4-triazolo[4,3-a]pyridine, or a pharmaceutically acceptable salt
or solvate thereof and the anticholinergic agent is an ipratropium salt or solvate
thereof; or
20 the selective PDE4 inhibitor is 9-cyclopentyl-5,6-dihydro-7-ethyl-3-(tert-butyl)-9H-
pyrazolo[3,4-c]-1,2,4-triazolo[4,3-a]pyridine or a pharmaceutically acceptable salt
or solvate thereof and the anticholinergic agent is an ipratropium salt or solvate
thereof; or
the selective PDE4 inhibitor is 9-cyclopentyl-5,6-dihydro-7-ethyl-3-(2-thienyl)-9H-
25 pyrazolo[3,4-c]-1,2,4-triazolo[4,3-a]pyridine, or a pharmaceuticaily acceptable salt
or solvate thereof and the anticholinergic agent is an oxitropium salt or solvate
thereof; or
the selective PDE4 inhibitor is 9-cyclopentyl-5,6-dihydro-7-ethyl-3-(tert-butyl)-9H-
pyrazolo[3,4-c]-1,2,4-triazolo[4,3-a]pyridine or a pharmaceutically acceptable salt
30 or solvate thereof and the anticholinergic agent is an oxitropium salt or solvate
thereof.

6. A combination as claimed in any preceding claim for use as a

medicament.



the anticholinergic agent are as defined in any one of clains 2 to 5. 12. A
nmet hod of treating of an obstructive airways or other inflamatory 20

di sease cwopriosd4nsy adm ni stering sinultaneously, sequenti RCITYEPOZ/05726
separately, by the inhaled route, to mral in need of such treatnent,
an effective amount of a selective P I nhi bitor and an anticholinergic

agent, wth th ' t . i : : : : _
oot 15 Ta rotniRblR8pha olbitfed FRMCQSE bR RRhS 11 for s ffindtuseq P U
i nhi bi t or seqdent?d or kepardte clivhinizeryos bydrainiaied asutdéd ithe tebtmevtofeme of

claims 2 to 5. 14. An inhal ation device for sinultaneous, sequential or
separ at e °§§Wﬁﬁv§t?'§ﬂ?%°69th§r§€|%ﬁm?mF’[?E@S?nhi bi tor and an

antichol i gergi o &%ﬂﬁaéé&tti(ﬁaf%%ﬁmbééﬁgﬁ%rr@&ig?@tﬁgél%ﬂ\?é PHEAINIRGS, 4 ot her

inflammat ory di sease, wi provi so e anticholi1nergic agent is
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airways or other inflammatory disease, with the proviso that the anticholinergic
agent is not a tiotropium sait.

9. A pharmaceutical composition, as claimed in claim 8, wherein the

10 selective PDE4 inhibitor and the anticholinergic agent are as defined in any one
of claims 2 to 5.
10.  The use of a selective PDE4 inhibitor or an anticholinergic agent in the
manufacture of a medicament for simultaneous, sequential or separate
administration of both agents by the inhaled route in the treatment of an

15 obstructive airways or other inflammatory disease, with the proviso that the
anticholinergic agent is not a tiotropium salt.
11.  The use as claimed in claim 10 wherein the selective PDE4 inhibitor and
the anticholinergic agent are as defined in any one of claims 2 to 5.
12. A method of treating of an obstructive airways or other inflammatory

20 disease comprising administering simultaneously, sequentially or separately, by
the inhaled route, to a mammal in need of such treatment, an effective amount of
a selective PDE4 inhibitor and an anticholinergic agent, with the proviso that the
anticholinergic agent is not a tiotropium salt.
13. A method as claimed in claim 12 wherein the selective PDE4 inhibitor and

25 the anticholinergic agent are as defined in any one of claims 2 to 5.
14.  An inhalation device for simultaneous, sequential or separate
administration of a selective PDE4 inhibitor and an anticholinergic agent in the
treatment of an obstructive airways or other inflammatory disease, with the
proviso that the anticholinergic agent is not a tiotropium salt.

30 15. A device as claimed in claim 14 wherein the selective PDE4 inhibitor and

the anticholinergic agent are as defined in any one of claims 2 to 3.



