WO 2004/ 103407 PCT/ EP2004/ 050869 1 Conposition conprising a POE4 | nhibitor
and a PDE5 Inhibitor Field of application of the Invention The I nvention
relates to the conbination of certain known active conpounds for therapeutic
pur poses. The substances used in the conbination according to the invention
are known acto wesemmpounds from the phosphodi est erase 4p¢¥E6)4/0s56889 bi t or
class and known active conpounds fromthe phosphodi - esterase 5 (PDE5)

i nhibitor class. Their conbined use in the sense according to the invention
for therapeutic purposes has not yet been described in prior art. Prior art
In the healthy lung of humans both at rest and during exercise there are
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ﬁnadequat ely P rncrease 1n ventilation or perfusion. Under
these conditions there are regions which are not ventilated but are well
perfused (shupierdd ow perfusion) and those which are well ventilated but not
perfused (dead space ventilation). The consequences of this
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less pronounced coliapse of the gas exchange function, which can be compensated only inadequately
_ despite a further increase in ventilation or perfusion. Under these conditions there are regions which
( are not ventilated but are welf perfused (shunt flow perfusion) and those which are well ventilated but
not perfused (dead space ventiiation). The consequences of this ventilation/perfusion mismatch are
hypoxaemia (deterioration in gas exchange with an associated decrease in the arterial oxygen satura-
tion), wasted perfusion (uneconomical perfusion of unventilated areas) and wasted ventilation {uneco-
nomical ventilation of poorly perfused areas).

In patients with inflammatory and degeneraiive jung disorders such as, for example, chronic chstruc-
tive putmonary disease (COPD), bronchitis, bronchlal asthma, pulmonary fibroses, emphysema, inter-
stitial puimonary disorders and pneumanias there is observed 1o be partial or global respiratory failure.
The cause is Inadequate adaptation of the intrapulmonary perfusion conditions to the inhomogenesous
pattern of the distribution of ventilation. The mismatch derives from the effect of vasoactive (inflamma-
tory) mediators which prevail over the physiclogical adaptation mechanism and in part from structural
changes of the lung capillaries which develop during disease progression. This effect is particularly
evident during exercise and when the oxygen demand is increased and it is manifested by dyspnoea
{hypoxia} and limitation of performance.



changes of the lung capillaries which devel op during di sease progression.
This effect is particularly evident during exercise and when the oxygen
demand Is Increased and It Is mani fested by dyspnoea (hypoxia) and
limtation of performance. WO 2004/ 103407 PCT/ EP2004/ 050869 2 Chronic
Obstruct i veweutonpnasoy Di sease (COPD) is a nmjor public healrpaoogosisésem
projected to rank fifth in 2020 as a worl dw de burden of di sease accordi ng
to a study published by the World Bank/Wrld Health Organization [Mirray
CJL, Lopez AD. Evidence-based health policy - | essons from the gl obal
burden of disease study. Science 1996; 274:740-3]. COPD Is a disease state
characterized by airflowlimtation that2is. not fully reversible, also
upon treatnment with bronchodilators. The airflow limtation is usually both
progressive and associated with an abnormal Inflanmatory response of the
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hospi talized and nore ol nt of asthma. In
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formati on andoeadphiiii) Hatd tb bs eimBigRéd. i Nng. Structural ly large and small  airways
are filled with plugs conprised of a m xture of nucus, serum proteins,
inflammatory cells and cel] debris. Besides the infiltration with

eosi nophi | e gB'eRsiF GBLyPRIE 2 idgsArepf SRS FTa@matgry Higenss ifegina yodsiwide 5% of adults and

( 5-15% of all children. In the U.S. 14 million people are suffering from asthma of which each year

' 500,000 are hospitalized and more than 5,000 die as the clinical endpoint of asthma. In asthma in-
flammation leads 1o airflow limitation in the lung because of acute bronchoconstriction, swelling of the
airway wall, chronic mucus plug formation and airway wall remodelling. Structurally large and small
airways are filled with plugs comprised of a mixture of mucus, serum proteins, inflammatory cells and
cell debris. Besides the infiltration with eosinophile granulocytes and lymphocytes, a hypertrophy of
epithelial goblet and smooth muscle cells, a microvascular leakage, a epithelial disrupture and a
basement membrane thickening can be observed. During status asthmaticus a strong ventiia-
tion/perfusion mismatch can be observed. tn therapy short- and long-acting f2-agonists are used.
However undesired side-effects are described including tachycardia, unrest felling, sleep disturbances
and tremor. Chromoglycate (DNCG) is often used for the treatment of children. Side-effects mainly
described for DNCG are bronchospasms, cough, gastrointestinal side-effects and demmatitis. Depend-
ing on the asthma patient corticosteraids are used via the inhalative, oral and intra-venous (during
status asthmaticus) route of administration. Depending on the route of administration side-effects



epithelial goblet and smooth nuscle cells, a mcrovascul ar | eakage, a
epithelial disrupture and a basenent nenbrane thickening can be observed.
During status asthmaticus a strong ventila- tion/perfusion msmtch can be
observed. In therapy short- and |ong-acting [i2-agonists are used. However
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sl eep disturbances and trenor. Chronoglycate (DNCG is often used for the
treatnment of children. Side-effects mainly described for DNCG are
bronchospasns, cough, gastrointestinal side-effects and dermatitis. Depend-
ing on the asthma patient corticosteroids are used via the inhalative, oral
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i mmunosuppressi ve effects. The -cydi ¢ nucl eoti de phosphodi est er ases
(PDEs) conprise a large class of enzynmes divided into at |east el even
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sel ective, high af fiopbty hydrol yt| c degradation of the second nessenger

cyclic nucl eotide, adenosine 3', 5'-cydic nonophosphate (CAMP). A nunber of
sel ecti ve and potent
( PDE4s are characlerized by selective, high affinity hydrolytic degradation of the second messenger

cyclic nucleotide, adenasine 3', 5'-cydlic monophosphate (cAMP). A number of selective and potent
inhibitars of the PDE4s have been discovered in recent years for treatment of COPD or Asthma.

Known PDE4 inhibitors are reviewed in Dal Piaz et al. [Dal Piaz V et al. (2000) European Journal of
Medicinal Chemistry 35: 463] and Wolda {Wolda SL. PDE4 Inhibitors and chronic obstructive pulm-
nonary disease. Emerging Drugs, Ashley Publications, London, GB, Vol. 5, No. 3, 2000, pages 309-
3191

Compton et al. (Comptom CH et al. (2001) Lancet 358: 265) discloses the effectiveness of mainte-
nance treatment of COPD patients with the PDE4 inhibitor Cilomilast.

PDEB5s are characterized by selective, high affinity hydrolytic degradation of the second messenger
cyclic nucteotide, guanosineg 3', 5-cydlic monophosphate (cGMP). A whole series of PDES inhibiting



i nhibitors of the PDE4s have been discovered in recent years for treatnent
of COPD or Asthma. Known PDE4 inhibitors are reviewed in Dal Plaz at al.
[Dal Plaz Vet al. (2000) European Journal of Medicinal Chem stry 35: 463]
and Wl da (Wl da SL. PDE4 Inhibitors and chronic obstructive pulm nonary
di sease. Engogosaaoddwgs, Ashl ey Publications, London, GBCTN®R004/B5084%. 3,
2000, pages 309- 3191. Conpton at al. (Conptom CH at al. (2001) Lancet 358:
265) discloses the effectiveness of mainte- nance treatnent of COPD patients
with the PDE4 inhibitor Clomlast. PDE5s are characterized by selective,
high affinity hydrolytic degradation of the second nessenger cyclic
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PDE5 i nhi biting WD 2004/ 103407 PCT/ EP2004/ 050869 4 substances are known

fromthe pri gnbsa.pées%%gvfn%ﬂ%%mﬂgn@éegé(}&r@ asadagnﬁkﬁefek&v\s@méapééﬁgqees for

the treatnent of erectile dé‘sfu ction ah%ggi nonary hypertension. of r ani
at al . (Ghof FEHMenLRr eteotia dysfuncigmand plaant hypasiansioBg sy  gi scl ose effects of a

Sildenafil therapy on patients with lung fibrosis and pul nonary
hyper t ensi on.chehaf étanichataneta et Bie@OU2F Lanékt 8659: dobdiscittd ditedadrialsidenatl BergGloRCt i vel y

in well-venti . ] L o

VEPher shon ag e YRR ahdiriolaonpioh R B ol o1 Wi Bdren
denonstrat e t3Rspeleptiyshyimwellivanijatsd pisps of the {upg BIImprRvng e 988 £x#9es o pr ot er enol

i nduced rnuci ne secretion in cells, which resenble the phenotype of cells

invol ved in Gyphdrshoh Ltm.wpaershl;eem¥19@é&pgés LeitdrR 1A ¥s) dencRbiraAd that 6 PBEKY) Trends

i n Pharmacol ogi.cal Sci enc 21: 1 i.scloses in .neeting repprt that the
action of PDI‘:'%libl'(i i sg'}esdgﬁaﬁf%%é%qa "ﬁ%efjg'u%\'ffesefr%t%f' H‘é’ﬁ'ﬁ“”m I“ﬁ?ﬁ@ ®suppr es-
(sion of the reenetipeofgeils invglyed inpustio fiyjosivedi at ors, as TNF and | L-12 from vari ous
inflammatory cells (neu- trophils, macrophages). In the sane report, Torphy

Gyt unct on. SR o SRR) DU R Det e Skt 8017 o111
Dhar macout | < Ao et e eiengt Sk thiora n siGh 2 e B ot Hef velbmrmatere wi ¢ n
a PDE5 i nhi bisioppf thewglepsstofintigmetory medietpesrasiTNG aurt L 2 B varigpstrflemmoatons cellpfneu-
synpt ons of  aroghils @RSPpHaBesMM tBd1samp s Torghyes hiededsibesthd BPEPDEB MAibRdrs for the

phosphodi est ivity is detrinental, and nmethods for
treating or ﬁégﬁg?t%&gﬁg&%@g%iy of a disease in which phosphodi esterase 4

(PDE4) and/or phos- phodiesterase 5 (PDE5) activity is detrinental. In
particular it I pupositions and nethods for treating a di sease
nmedi at ed by shile §lrFiﬁveﬁ%}?’;se 4 (PDE4) and/or phosphodi esterase 5 (PDE5)
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a PDES inhibitor and methods for preventing or reducing the onset of symptoms of a disease in which
phosphodiesterase 4 (PDE4) and/or phosphodiesterase 5§ (PDES) activily is detrimental, and methods
for treating or reducing the severity of a disease in which phosphodiesterase 4 (PDE4) and/or phos-
phodiesterase 5 (PDES) activity is detrimental.

tn particular it relates to compositions and methods for freating a disease mediated by phosphodi-
esterase 4 (PDE4) and/or phosphodiesterase 5 (PDES) activity by administering a PDE4 inhibitor in
combination with a PDES inhibitor.

In this connection, it is the object of the present invention to make available a certain therapeutic,
which fulfills the following conditions:

- Pronounced anti-inflammatory action and
- Rematching effect and/or anti-remodelling effect.

According to present inventian, the term “rematching effect” refers to the ability of the combined use of
a PDE4 inhibitor and & PDES inhibitor to dilate vessels in the pulmonary circulation and, at the same
time, to redistribute the blood flow within the lung in favour of the well-ventilated areas of the lung.
Thersby the disease associated shunt perfusion within the lting is reduced. Rematching leads to an



In this connection, it is the object of the present invention to nake
avail able a certain therapeutic, which fulfills the follow ng conditions: -
Pronounced anti-inflamatory action and - Rematching effect and/or
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di sease associ ated shunt perfusion within the lung Is reduced. Rematching
| eads to an WD 2004/ 103407 PCT/ EP2004/ 050869 5 I nprovenent in the gas
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In another aspect of present invention, there is provided a method for preventing or reducing the onset
of symptoms of a disease in which phosphodiesterase 4 (PDE4) and/or phosphodiesterase 5 (PDE5)
activity is detrimental, or treating or reducing the severity of a disease in which phosphodiesterase 4
{PDE4) and/or phosphodiesterase 5 (PDES) activity is detrimental by administering to a patient in
need thereof a fixed comnbination of an effective amount of a2 PDE4 inhibitor and a PDES inhibitor, and
optionally a phanmaceutically acceptable carrier.

In another aspect of present invention, there is provided a method for preventing or reducing the onset
of symptoms of a disease in which phosphodiesterase 4 (PDE4) and/or phosphodiesterase 5 (PDE5)
activity is detrimental, or treating or reducing the severity of a disease in which phosphodiesterase 4
(PDE4) and/or phosphodiesterase 5 (PDES) activity is detrimental by administering to a patientin
need thereof a free combination of an effective amount of a PDE4 inhibitor and optionally a pharma-
ceutically acceptable carrier and a PDES inhibitor and opfionally a pharmaceutically acceptable car-

rier.

In another aspect of this invention, there is provided a method for preventing or reducing the onset of
symptoms of a disease in which phosphodiesterase 4 (PDE4) and/or phosphodiesterase 5 (PDES)



I n anot her aspect of present invention, there is provided a nethod for
preventing or reducing the onset of synptons of a disease in which
phosphodi est erase 4 (PDE4) and/or phosphodi esterase 5 (PDE5) activity is
detrinmental, or treating or reducing the severity of a disease in which
phosphodi esweras0s407 (PDE4) and/ or phosphodi esterase 5 (PRDEP00HEI0B&?I ty iS
detrinental by admnistering to a patient in need thereof a free

conbi nati on of an effective anmount of a PDE4 inhibitor and optionally a
pharma- ceutically acceptable carrier and a PDE5 inhibitor and optionally a
pharmaceutical ly acceptable car- rier. In anot her aspect of this invention,
there is provided a method for preventing®or reducing the onset of synptons
of a disease in which phosphodi esterase 4 (PDE4) and/ or phosphodi esterase 5

(PDES) WO ZOQét{vﬂsﬂ@d&%neﬁgr bri32ing &/ ARERS e se@euﬁ%f'a\dis&déa iﬁhféﬁ%ﬂo& $HBlbstirase @'

treating or r sterase 4
(PDE4) and/ or 2 %6 é’P@?Si"é‘“’é?‘eé(%BEﬁ“‘éF??W‘ir&' bya d&’E‘F& °‘§

admi ni steri nglewhﬁe%amw@moua'»hr@n Q"fé‘@‘éﬁ ameertetlf) et inhibiies eurs(@)a %DF%"FW{ ive
anount of (1) a PDE4 inhibitor and (2) a PDE5 Inhibitor. in another aspect

the inventi Oriné IndieRpect e iﬁveﬁﬁ‘&rx?&iﬂ%sfté’ﬁ m%&i"%@r’b?dv&ﬂn&&r édﬁ%é%%s%??sﬂﬂ&% of

synpt ons | sease. |.n osphadi es
phosphodi est é’?% geags I ﬂﬂgﬁh@m‘rﬁ?@fﬂﬁe ?E’% @@Pé for ?‘FPhoﬂd' 1efpse S BREY) AGVEY® 1 educi ng
t he severi ty defimentalios teadg dr redvdiriadiie spyerty ofrxiieasstirewhichahabphicBBtdrase ARUFDr

phosphodl est ehrd@s@hSsphddldbiorhsea(PDES)ativityds db@imiehtaR bdhiniEdring B patisht IR hédaGhekedi a
patient in ”‘?rfébcée%{ gaése in nﬂm%}*é&%&%ﬂu% dn %%%r Wte%r??? ?aEi r{ifﬁ@éﬁh&&f %A me,

any order wha I'vé anount of (1)
(a PDE4 inhi bleﬁ%‘i“"eaﬁ'ﬂﬂ’“'(‘ﬂ“)aaFﬁﬁﬁ‘“@ﬁﬁ?'ﬂﬂ@kﬂp%ﬁr‘?hﬁmﬁ her aspect the invention
relates to a nmethod for preparing a pharmaceutical conposition which is

effective fory a{o%reaa{sécn@e menﬁﬁmésngahbﬁo&&%a ga%{m&@mﬁa g&m@s.ﬁdn%@ﬁe in

whi ch phosphadi nd/or stera activity
'S Got Pt ment 4 oeeh briienfiabliiichy i¢ ?"ﬁ‘% PR0d ey BERTRe R iy o
phosphodi est ér(BB@)A"C(qDBEABmQﬁ%?’ e s H@it!l‘iyé%‘ieﬁ'i"'ﬁﬁfé' ‘!S "WEIEB’)’WH@'DQ thq geyer s

detri nent al , iwhi cdsengtih@dch@besphiddeterass APDER) amt/ce piosgHotivsterases (RTIESD botiaityRDE4

i nhi bi tor angegmbltivhich Mainbd dofipridts H}.nearpman@&ﬁde.mo@@bbm ﬂﬁtﬁt@r%&ﬁ%l;@fdf?g; ier.

I n anot her aspect the inventiqgn re es to a pharnaceuti cal

conpri si ng aé '?“@Eap%HW%?““ﬁé?%ﬁma A% ective amount of a PDE4 inhi bitor
and an effective anount of a PDE5 inhibitor, and op- tionally a

phar maceut i cah hsthacaspdit BdineenGalrélitey to a bRttt Eonfpd i orhgisind dd\weiméd by el at es

to a phar mc%ﬂdn%ﬁ%ﬁe%ﬁl%%%ﬁﬁn‘i bf%%%@fﬁﬂ.&ko?é %P\ o bin$GordFRES mﬁ’&@'P'aEl%%EO” an

effective anpun I tor an effective anount
| nhi bi tor, aﬁH"a"bi')P'Taﬁ'?f‘&?‘f"?a ba':ﬁ?ﬁﬁ?bﬁé’é'gﬁftl cally acceptable carrier. In another
aspect the invention relates to a pharnaceutical conposition conprising as a

free conbi na-|y another aspect the invention relates to a pharmacsutical composition comprising as a fixed oral
combination an effective amount of a PDE4 inhibitor and an effective amount of a PDES inhibitor, and
( optionally a pharmaceutically acceptable carrier.

In another aspect the invention relates to a pharmacautical composition comprising as a free combina-
tion (&) an effective amount of a PDE4 inhibitor and optionally a pharmaceutically acceptable carrier
and (b} an effective amount of a PDES inhibitor and optionally a phamaceutically acceptable camier.

in another aspect of present invention there is provided the use of a pharmaceutical composition com-
prising as a fixed combination an effective amount of a PDE4 inhibitor and an effective amount of a
PDES inhibitor, and optionally a phamaceutically acceptable carrier for the freatment of COPD,
asthma bronchiale, allergic branchitis, chronic bronchitis, chronic heart failure, nephritis, rheumatoide
arthritis or emphysema.

In another aspect the invention relates to the use of a pharmaceutical compaosition comprising as a
free combination (a) an effective amount of a PDE4 inhibitor and optionally a phamaceutically ac-
ceptable carrier and (b) an effective amount of a PDES inhibitor and optionally a pharmaceutically



—

tion (a) an effective anmount of a PDE4 |Inhibitor and optionally a

phar maceutically acceptable carrier and (b) an effective anmount of a PDE5
i nhibitor and optionally a pharnaceutically acceptable canter. |n another
aspect of present invention there Is provided the use of a pharnmaceuti cal
conposi t i onweaes/0Ed0si Ng as a fixed conbinati on an ef f eeCrEe2@m080849 of a
PDE4 | nhibitor and an effective anount of a PDE5 inhibitor, and optionally
a pharmaceutically acceptable carrier for the treatnent of COPD, asthma
bronchiale, allergic bronchitis, chronic bronchitis, chronic heart failure,
nephritis, rheumatoide arthritis or enphysema. In another aspect the
invention relates to the use of a pharmacéutical conposition conprising as a
free conbination (a) an effective anount of a PDE4 inhibitor and optionally

a pharmaceut i r f a
ope | bl bi g Orﬁébyﬁb’le @eglﬂer fgﬂg ‘g%. @3& F)bﬁ asﬁl{ﬂ?%a'w Ial@lalle?gf bﬁ:ﬂ%ﬂ%%h%ﬂﬁw&%hi@

PCT/ EP2004/ 0508837 |"Reuigafpide QEprily f SmpRypeTay eat ment of COPD, asthma
bronchiale, allergic bronchltls, chronic bronchitis, chronic heart failure,
nephritis, rheumatoide arthritis or enphysema. WD 2004/ 103407

PCT/ EP2004/ 050869 8 Detail ed description of the invention The conbination
t herapy, which is the subject matter of present invention, conprises

adm nistering a PDE4 inhibitor with a PDES inhibitor to prevent the onset
of a disease in which phosphodl esterase 4 (PDE4) and/or phosphodi esterase 5
(PCES) activity is detrimental. The Invention thus relates to the conbi ned
use of a PDE4 inhibitor and a PDES Inhibitor in preventing the synptons of,
or treating a disease in which phosphodi esterase 4 (PDE4) and/ or phosphodi -

esterase 5 (PDES) activity is detrinmental. The PDE4 inhibitors useful in

this invention may be any conpound that is known to inhibit the PDE4 enzyne
or which is discovered to act as a PDE4 inhibitor, and which is only or
essentially only a PDE4 inhibitor, not conmpounds which inhibit to a degree
of exhibiting a therapeutic effect other nmenbers of the PDE famly as well
as PDE4. One group of PDE4 inhibitors that may be usefully enployed in the
present invention [hereinafter re- ferred to as "SELECTED PDE4 | NH Bl TORs" J
i ncl ude a conpound of formula (1) R9 NP NN



R30 R2ZRL inwhich RL and R2 are both hydrogen or together form an
addi ti onal bond, WD 2004/ 103407 PCT/ EP2004/ 050869 9 R3 represents a benzene
derivative of formula (a) or (b) RA R6 R5 (a) p (b) R7T RB wherein R4 is
1-4C-al koxy or 1-4C-al koxy which is conpletely or predom nantly substituted
by fl uori newo f8hsrios40%- 8C- al koxy, 3-7C-cycl oal koxy, 3-7Crymraskioyiseeet hoxy,
or 1-4C-al koxy which is com pletely or predom nantly substituted by
fluorine, R6 is 1-4C-al koxy, 3-5C-cycl oal koxy, 3-5C-cycl oal kyl met hoxy, or

1- 4C- al koxywhich is com pletely or predom nantly substituted by fluorine,
R7 is 1-4Cal kyl and R8 is hydrogen or 1-4C-alkyl, or wherein R7 and R8
together and with inclusion of the two caBbon atons, to which they are
bonded, form a spiro-linked 5-, 6- or 7-nmenbered hydrocarbon ring,

optionally i or sulphur atom RO is 1-4C Al kyl,

_S(0) 2- R10, r%ﬁgaszé(’c'ﬂfz?h%em '?:Hz) m S(0)2-R 2, -C(OR13, -C(O)-(CH2),
R14, -(CH2)nC(O-R15, Hetaryl, Aryll orAryl2-(1- 4C)-a| kyl, RIOis

1-4C al kyl , thqumqnamrmmapmsmwmmgmec of prRgeRl IMeRIDT, cophiisas/Adninistephmeny |
substi tut ed h%DERﬁrﬁbno'rlﬂM HrDESlShibiib lolprévent eRBh&) itk diseasBindntich phddpriddidsididsé s R13 is

zligtc hf/l: k%: pera2| X%*%F’@“W“‘i*ef?ség@*Kéﬁg?wmﬂf1Sy'. N(R16)R17, R15 is

-N(RI 6) RL7, phenyl, phenyl substituted by R18 and/or R19 and/or R20,
The invention thus relates to the combined use of a PDE4 inhibitor and a PDES inhibltor in preventing

the symptoms of, or treating a disease in which phosphodiesterase 4 (PDE4) andfor phosphodi-
asterase 5 (PDES) activity Is detrimental.

The PDE4 inhibitors usefut in this invention may be any compound that is known to inhibit the PDE4
enzyme or which is discovered to act as a PDE4 inhibitor, and which is only or essentially only a PDE4
inhibitor, not compounds which inhibit to a degree of exhibiting a therapeutic effect other members of
the PDE family as well as PDE4.

One group of PDE4 inhibitors that may be usefully employed in the prasent invention [hereinafter re-
ferred to as "SELECTED PDE4 INHIBITORs"] include a compound of forrula (1)

R9
/
N
N—N
Ra—{ 0
)]
RZ Ri

in which
R1 and R2 are both hydrogen or together form an additional bond,



WO 2004/ 103407 PCT/ EP2004/ 050869 10 R16 and R17 are independent from each
ot her hydrogen, 1-7C-alkyl, 3-7C-cycloal kyl, 3-7Ccycl oai kyl - nethyl, phenyl
or phenyl substituted by R18 and/or R19 and/or R20, or R16 and R17 together
and with inclusion of the nitrogen atomto which they are bonded, forma

4- or phol i NWOo 2004108307- rol i di nyl -, 1-piperldinyl-, 1-heXdiyEmedes)8sho- or a
1-pi perazinyl-ring of formula (c¢) -1y~-NR21 (c) wherein R21 is pyrid-4-yl,
pyrid-4-yl methyl, 1-4C- al kyl -di net hyl am no, di met hyl am nocar bonyl net hyl ,

N- et hyl - pi peri di n-4-yl, 4-norpholino-ethyl or tetrahydrofuran-2-ylnethyl,
R18 is hal ogen, nitro, cyano, carboxyl, 1-4C-alkyl, frifluoronethyl,
1-4C- al koxy, 1-4C-al koxycarbonyl, am no, *nono-or di-1-4C- al kyl am no,

am nocar bonyl, 1.4C- al kyl carbonyl am no or nono-or dl -

1- 4C- at ky| am g C 4pRaBnts a bdizéhe bisriviarb ra@huia @ndrig)), nitro, 1-4C al kyl or

1-4C-al koxy, R20 Is hal ogen, Hetaryl is pyrimdin-2-yl,
thieno-[2,3-d]pyrimdin-4-yl, 1-nethyl-1H pyrazol o-[3,4-d]pyrimdin-4-y/,
this- zolyl, imdazolyl or furanyl, Aryl1l is pyridyl, phenyl or phenyl
substituted by R18 and/or R19, Aryl2 is pyridyl, phenyl, phenyl substituted

by R18 and/or R19, 2-oxo-2H-chro 7 -yl or4-(1,2, i adi azol - 4-yl

)phenyl, n is an integer fronr4: i S anRgA @ éem 1l to 4, or a
eaf—0r a pharmaceutically

4C a5y| is a straigRt-ghpin or branched

pharmaceutically acceptable salt N- oxi de t her
acceptable salt of the latter.

al kyl radical having 1 to 4 car atons. Exanpl esYareg’th butyl, isobutyl,
sec-butyl, tert-butyl, propyl, isopropyl, ethyl a Bt hyl radical s.
1-4C- Al koxy is a radical which, in addition to the oxyfen atom contains a
(straight-chain or branched alkyl radical having 1 % 4 carbon atons. Al koxy
radicals having 1 to 4 carbon atons which may be nentioned in this context
are, for exangemsin t he butoxy, isobutoxy, sec-butoxy, tert-butoxy, propoxy,

| sopropoxy, ethoxy; | r adi - BC- i i ich, in
addition to the ?ﬁ‘ffgﬂﬂc QF%E]QR(‘?% aiqfr;@i alsscng@%@HB é'eﬁé@h&%fsué%e@%ﬂ ar kyl

radi cal having | R8¢ BOCa "Gyt kG PrAtimelPy: HdACHYOrY hish § @B bon

at ons whi ch nay Ipietely or predominantly substituted by fluorine,
R6 is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkyimethoxy, or 1-4C-atkoxy which is com-
plately or predominantly substituted by fluorine,
R7is 1-4C-alkyl and
R8 is hydrogen or 1-4C-alkyl,
or wherein

R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form
a spiro-linked 5-, 8- or 7-membered hydrocarbon ring, optionally interrupted by an oxygen or
sulphur atom,

RS is 1-4C-Alkyl, ~S(0)z-R10, -S(0);-{CHz)e-R11, -(CHz)-S(0)-R12, -C{O)R13, -C(O)-(CH3),-R14,
-(CH2)m-C(O)}-R15, Hetaryl, Aryl1 ar Aryl2-(1-4C)-alkyl,

R10 is 1-4C-alkyl, 5-dimethylaminonaphthalin-1-yl, -N(R16)R17, phenyl or phenyl substituted by R18
and/or R19,

R11 is-N(R16)R17,

R12 is-N(R16)R17,

R13 is 1-4C-alkyl, hydroxycarbonyl-1-4C-alkyl, phenyl, pyridyl, 4-ethyl-piperazin-2,3-dion-1-yl ar
-N(R16)R17,

R14 s -N(R16)R17,

R16 is -N(R16)R17, phenyt, phenyl substituted by R18 and/or R19 andfor R20,



mentioned in this context are, for exanple, the octyloxy, heptyl oxy,

i soheptyl oxy (5-nethyl hexyl oxy), hexyloxy, isohexyloxy (4-nethyl pentyl oxy),
neohexyl oxy (3, 3-di met hyl but oxy), pentyl oxy, isopentyloxy W 2004/ 103407
PCT/ EP2004/ 050869 11 (3-net hyl but oxy), neopentyl oxy (2, 2-di et hyl propoxy),
but oxy, | sobwixyies@ec- but oxy, tart-butoxy, propoxy, | SUIVERGMMSsex hoxy and
nmet hoxy radicals. 1-4C Al koxy which is conpletely or predom nantly
substituted by fluorine Is, for exanple, the 2,2, 3,3, 3-pentafl uoropropoxy,
t he perfluoroethoxy, the 1,2,2-trifluoroethoxyand In particular the
1,1,2,2-tetrafl uoroethoxy, the 2,2,2-trifluoroethoxy, the tifluoronethoxy
and the difluoronethoxy radi- cal, of whi th t he di fl uoronet hoxy radical is
preferred. "Predom nantly” In this connection nmeans that nore than half of

t he hydrogen F@qtsgmsaﬁfamt lh&pa.mér@frah wumgrhme@ne:otéw 896 Syl lsLre Lo dida

3- 7C- Cycl oal koxy S oxy,
cycl ohexyl oxy or "V t e"ylh%r P ls)% tugé)g’(/&ﬁ%ﬁd]%ﬁq%8?)%(5&#)8{%16 ﬁ@% """L%/I oxy
and cycl opentyl o% ‘W‘é"cl‘;‘ﬂ@ff‘é heéaogenamm@mlﬂwpwmﬁeﬂ Heseya 4gpaghglinyl, dopyr-

cycl opr opyl met hoxofiginysyGpipdaidity- Tredxkrgrrgazegiyte brapicpideydzn i s formay (c)

cl ohexyl met hoxy or cycl oheptyl net hoxy, of which cycl opropyl net hoxy,

cycl obut yl met hoxy and cycl o- pentyl net hoxy are preferred. 3-5C- Cycl oal koxy
stands for cycl opropyl oxy, cyclobutyl oxy and cycl opentyl oxy.

3-5C- Cycl oal kyl met hoxy stands for cycl opropyl net hoxy, cycl obutyl met hoxy and
cycl opentyl met hoxy. Hal ogen withim the ng of the present invention Is
brom ne, chlorine or fluorine. As sp -Iin@ad 5-, 6- or 7-nenbered

hydr ocar bon ri ngs SR tlonaIIy i nterrupted by ‘an oxygen or sul- phur atom
{may be ment i oned "PHE cl opent ane, ﬁplohexane cycl ohept ane,

t et r ahydr of ur an, F?éFP Y1 AYoHiragtvia frdC-elkddimaihylamios Aimetyiepiprsarbanyimgthy,

1- 4C- Al koxycar bomyheathyspigericiaslyDynbrplopiiongihyt @ tehhiydiofucane-yoletityhe abovenent | oned
1- 4C- al koxy 1@ %aggénsnitr@emgd,am Y-8, @aﬁ&ranlaﬁ,yunﬁmgw&au@wiycamnyu

[CH3O C(O) -] and the efhox

ok ol oo e i A R i G5 %ﬁfﬁ%\ci I e

[ CBH7C( O) NH-] and-“Frakylamigocathomhni no radi cal [CH3C(O) NH-]. Mono- or

0i - 1- 4C- al ky| ra%i mhalogah, araihs nirent4aialkytion1-é@iakdxy.on to the nitrogen atom one or
two of the vgﬂgg¢gpned 1- 4C—a|ky| radicals. Preferred are the

R e
radi cal s contaanNﬂ'aﬂﬁwbﬂwﬁmwﬂ t he carbonyl group one of the abovenentoned
mono- or di - 1ardCislykayl, pieni or phasia stastited bxRTINGSr RM9) ch may be mentioned are
the WO 2004/ 193407 BT hikRa GédyPaf8RR4 by R18 andlor R19, 2-ox0-2H-chromen-7-yi or 4-(1,2,3-
thiadiazol-4-yl)phenyl,
n is an integer from 110 4,

m s an integer from 1 to 4,
or a pharmaceutically acceptable salt or a N-oxide thereof or a pharmaceutically acceplable satt of the
latter.

1-4C-Alky! is a straight-chain or branched alkyl radical having 1 to 4 carbon atoms. Examples are the
butyl, isobutyl, sec-butyl, tert-butyl, prapyl, isopropyl, ethyl and methyl radicals.

1-4C-Alkoxy is a radical which, in addition to the oxygen atom, contains a straight-chain or branched
alkyl radical having 1 to 4 carbon atoms. Alkoxy radicals having 1 to 4 carbon atoms which may be
mentioned in this context are, for example, the butoxy, isobutoxy, sec-butoxy, tert-butoxy, propoxy,
isopropoxy, ethoxy and methoxy radicals.

1-BC-Alkoxy is a radical which, in addition to the oxygen atom, contains a straight-chain or branched
atkyl radical having 1 to 8 carbon atoms. Alkoxy radicals having 1 to 8 carbon atoms which may be
mentioned in this context are, for example, the octyloxy, heptyloxy, isoheptyloxy (S-methyihexyloxy),
hexyloxy, isohexyloxy (4-methylnentyloxy}, neohexyloxy (3,3-dimethylbutaxy), pentyloxy, isopentyloxy



12 N-nethyl- the N,N-dinethyl-, the N-ethyl-, the N-propyl-, the

N, N-di et hyl - and the N-isopropylam no- carbonyl radical. Salts enconpassed
within the term"pharmaceutically acceptable salts” refer to non-toxic salts
of the conpounds which are generally prepared by reacting a free base with
a suitabl e ewr@aod/m3ar i norganic acid or by reacting thecErdooiosdsea

sui tabl e organic or inorganic base. Particular nention nay be made of the
pharmaceutically acceptabl e i norganic and organic acids customarily used In
pharmacy. Those suitable are in particular water-sol uble and

wat er -i nsol ubl e add addition salts with adds such as, for exanple,
hydrochl ori ¢ acid, hydrobronic acid, phosbhoric acid, nitric acid, sulfuric
add, acetic add, <citric acid, D-gluconic acid, benzoic acid,

2- (4= hydr Oxy DERaRYbuIL hdop&yionBizimedlybitbrd), Ay, 3Hh0.S8E b, ey, O

mal efic acid, laurjc acid, nmalic %$Id fumaric acid, Sucdnic acid, oxalic
aci d, tart ar i ROPSHISOPLIPEY TR AN DQ%%(FEC acid, toluenesul fonic acid,

met hanesul foni ¢ acid or 1-hydroxy-2-naphthoic acid, the adds being enpl oyed
I'n salt prepar-&t-ARiy whictepesibletty obproduirialig subistitutedsbydiudine 3; forikariphl, oasi ¢ aci d
and depen- i 5195 98 Wilntdlosiibbly, e pélfiblobibky. a1 AnBRIHER LAY In BRILI deAt | Ve
ratio or one differing t erefron1_€§ exanples of salts MﬁtB ases are

menti oned t hebTfttrrafiprodbary s 2455 @?‘E‘?ﬁ" the dnflsorpmethaxy anditha difvprometnsyiedi um
titani um amehpiwhjch the gifluardrmethomy radjeabin préfemsdu firedarninantly"lirethie conhepign nidaes ths e s

bei ng em  pl oy&elthbkthaHal the ILRESH ArisQithé N4CLAKE SotPtréoplaiéd B fuibfHeialbis.f at i 0 or
one differing therefrom It Is understood that the active conpounds and
their pharnaceutically acceptable salts nmentioned can also be present, for
(exarpl e, in tHhE-PrroRkBY sipmie o clepPPHR: Blobutriay, curlapensrieam cyclehgtyipsat &8 yclor n
particul ar i nhsptyloey, éfenich afioprbmylory, Byctibutoss and Sklop@TikiRy BBRrelehb. Bl TORS, whi ch
are to be enphasi zed i nclude a conpound of formula (1), In which Rl and R2

otmula (o) o Aol aR ol o SRR SRR M T,
R5 is 1-40- al Kehwymethagy qr gyclpbeptyimethews ¢f whigreyolomapyintstinyy cydlehghinmihggard S686 9

pentylmethoxy are preferred.

3-5G-Cycloalkoxy stands for cyclopropyloxy, cyclobutyloxy and cyclopentyloxy.
3-5C-Cycloalkylmethoxy stands for cyclopropylmethoxy, cyclobutylmethoxy and cyclopentylmethoxy.
Hatogen within the meaning of the present invention Is bromine, chlorine or fluorine.

As spiro-linked 5-, 6- or 7-membered hydrocarbon rings, oplionally inferrupted by an oxygen or sul-
phur atom, may be mentioned the cyclopentane, cyclohexane, cycloheptane, tetrahydrofuran, tetrahy-
dropyran and the tetrahydrothiophen ring.

1-4C-Alkoxycarbonyl is a carbony! group to which one of the abovementioned 1-4C-alkoxy radicals is
bonded. Examples are the methoxycarbonyl [CH30-CG(O)] and the ethoxycarbony! [CH;CH,0-C(Q)-]

radical.

An 1-4C-Alkylcarbonylamine radical Is, for example, the propionylamino [CsH;C{O)NH-] and the ace-
tylamino radical [CH3C{O)NH-].

Mono- or Di-1-4C-alkylamino radicals contain in addition to the nitrogen atom, one or two of the
abovementionad 1-4C-alkyl radicals. Preferred are the di-1-4C-alkylamino radicals, especiaily the
dimethylaming, the diethylamino and the diisopropylamino radical.

Mono- or Di-1-4C-alkylaminocarbonyl radicals contain in addition to the carbonyl group one of the
abovementioned mono- or di-1-4C-alkylamino radicals. Examples which may be mentioned are the



13 R7 is methyl and R8 is hydrogen, RO is 1-4Calkyl, -S(0)2-RIO -C(OR13,
-C(O (CH2)cR14, -(CH2)m C(O R15, Hetaryl, Aryll or Aryl2-(1-2C)alkyl, R10
I s 1-4C-al kyl, 5-di net hyl am nonapht hal i n-1-yl, phenyl or phenyl substituted
by R18, R13 is 1-4C-al kyl, hydroxycarbonyl-1-4C-al kyl, pyridyl,

4- et hyl - pi peaseamo3- di on-1-yl or -N(R16)RI 7, Rl14 is pofRbejoRastseoR15 i s
-N(R16) R17, phenyl or phenyl substituted by R18 and/or R19 and/or R20, RI6
and R17 are independent from each other hydrogen, 1-4C-al kyl, phenyl or
phenyl substituted by RIB and/or R19 and/or R20, or R16 and R17 together
and with inclusion of the nitrogen atomto which they are bonded, forma
4-norpholinyl ring or a 1-piperazinyl rirn@ of formula (c) -f ~, NR21 (c)
wherein R21 is dinethyl am no-1-4C-al kyl, R18 is hal ogen, nitro, 1-4C alkyl

or 1-4C-al ko i iy 2 | B f .
pyri mi di n- 2- ?Y’”%E?‘é#a@'f'?,%%‘y"? ﬁ%’i‘%ﬁ%‘d?’ew&m and b fdprobylaming

1-met hyl - | H SYPOYSRIR3E 3, 4- d] pyrinidin- -y1, Aryll is phenyl or phenyl
substituted by R18, Aryl2 is pyridyl, phenyl, 2-oxo-2H chronen-7-yl or
4;\ (1,2,3-thi %dllts%ﬁéﬂmpéss)écll v)liihhﬁﬁwl tlbrm “ptidrrhaeuticahy aozeptarwsans]t refeF to Aen-ic Slis of the_ .
phar maceuti ca c r r r ically
D eI by A B e B o B T oo o
preferred i n@Fid eredy aeaei@ﬁﬁ@@p}a withs3 sujiableprgapic) pr inorganic base, Particular mention may be made
(4aS, 8aR) - 4- (oBhelphatmedchdisajipieetdble-ifdrdahic and arganic acids customarily used in pharmacy. Those
- g t g' :Je ne- 4'1 StHabie Bl raRicRS Watdh-Ssubre hd wetdinsolfbie 37 atidiioh 84k MuPackitsuch as, for
p al azi n- 1-one S o o :
(4aS, 8aR) - 4- (CEPeEVEERY B Ryqrgbrosic apid RipsRARNS 2¢if- IBIGPFIY SHIvEG 298k 36898 800 _ 44, 5, 8
(-", 8 a-tetr ah)p'gg‘}c@cig,M—g]mml%@gidagqnnaiclac@r%@-hydroxybenzoyl)—banzolc acid, butyric acid, sulfosalicylic
(4aS, 8aR) - 2- (alid Aseicydcid DanBie bdid] imalicoiy | fmafic 4o, suotlhieiduavsidaen ythrandatidbenhofia- t et r a
hydr o- 2H-pht Q@ih.%?ehn%‘ a1cﬁi, {oluenesulfonic acid, methanesulfonic acid or 1-hydroxy-2-naphthoic acid, the acids
being employed in salt preparation — depending on whether it is a mono- or polybasic acid and depen-
ding on which salt is desired — in an equimolar quantitative ratio or one differing therefram.
As examples of salts with bases are mentioned the lithium, sodium, potassium, calcium, aluminium,
magnesium, titanium, ammonium, megiumine or guanidinium salts, here, too, the bases being em-

ploved in salt preparation in an equimolar quantitative ratio or one differing therefrom.

it is understood that the active compounds and their pharmaceutically acceptable salts mentioned can
also be present, for example, in the form of their pharmaceutically acceptable solvates, in particular in
the form of their hydrates.

SELECTED PDE4 INHIBITORs, which are to be emphasized include a compound of formula (1), in
which
( R1 and R2 together form an additional bond,
) R3 represents a benzene derivative of formula {(a) or (b)

R4

G

R5 (a)

wherein
R4 is 1-4C-alkoxy,
R5is 1-4C-alkoxy,
R6 is 1-2C-alkoxy,



one, 5-{4-[(4aS, 8aR)-4-(3, 4-Di et hoxy-phenyl) - 1-oxo-4a, 5, 8, 8a-tetrahydro-1

H pht hal azi n-2-yl]-pi peridin-I- yl}-5-0x0-pentanoic acid, W 2004/ 103407

PCT/ EP2004/ 050869 14

(4aS, 8aR) - 4- (3, 4- Di et hoxyphenyl ) - 2-[ 1- 1- pyddi n- 4-yl - met hanoyl ) - pl peri di n-4-y

1] -4a, 5, 8, wWa-b@hoabydro- 2H pht hal azi n-1 one, PCT/EP2004/050869

4-[ (4aS, 8aR) - 4- (3, 4- D et hoxyphenyl ) - 1- oxo-4a, 5, 8, 8a-tetrahydro-1

H pht hal azi n-2-yl ] - pi peddi ne-1- carboxylic acid tert-butyl am de,

4-[ (4aS, 8aR) - 4- (3, 4- Di et hoxyphenyl ) - 1- oxo-4a, 5, 8, 8a-tetrahydro-1

H pht hal azi n-2-yl ] -pl peridine-I1- carboxylic acid phenyl am de,

4-[ (4aS, 8aR) - 4- (3, 4- Di net hoxyphenyl ) - 1- oX8- 4a, 5, 8, 8a-t et rahydro-1

H pht hal azi n-2-yl ] - pi peddi ne-1- carboxylic acid tert-butyl am de,

(cis)-4-[4-(7- MethoxVs ﬁ #g di met hyl - 2, 3- di hydr o- benzof uran- 4-yl ) - 1- oxo- 4a, 5, 8
, 8a-tetrahydro-1 I-L ﬁ ﬁatam n-2-yl]-piperidine-1-carboxylic acid

tert-butyl ani de, R8s hyeirogen,

(4asS, 8aR) - 4- (8, MW&EWO&W%IW-IC)O)BW LAQ)FCH It h{EHaRONO- RIgHetdnalAaftex | - sui f on
yi ) - pi peddi n- 4- yhjue-(Aac-jaley, 8, 8 a-tetra hyd ro 2 Hphtha i azi n-1-one,

(4aS 8aR) - 4- ﬁﬁ? 3 5’45@&@‘%&(&%@‘ |¢(})na§ht{1gh H_yl pRen‘?;Pé(nloetituted by R18,

-pi perldin-4 I"azi'n-Tone
g 43888a{?) , 4- §Z4;%mﬁ?gwﬁwﬁzmﬂmw ﬂrﬁﬂwlgvlpﬁfé%iwwﬁn-éﬁqurd| n-4-yl)-4a,
a-tetrahydr al azi n-1-one
(4aS, 8aR) - 4- (Q%,; ISIIR, ﬁm@ﬁxyphenyl) 2-[1-(norpholine-4-car bonyl
- pi peri di n-4- rah 0 (4aS 8aR) - 2- {|
_[ 2- (4- Ami no! 55‘~°’§ﬁ§ﬁq %Vﬁﬁwi ;Pﬁﬁrx %%?‘B%&Sﬁ{]1t8]a“‘{5‘?’§é€‘f‘ }-4- (3, 4-di neth
“oxy- phenyl ) - Mﬁa"dfﬁ@a@aﬂﬁwdeaﬁmWM%WW@%H%EIW.M@Y‘ or Phenyl Subsﬂluted by

“4- (3, 4- Di met hoxy Rpteesayb) R18-ahd/or-RR4, ofR16td R17 together and with inclusion of the nitrogen atom to
Hpyrazol o[ 3, 4- dlirﬂéﬁrtll\d?ag' HRRdEa ok e RSt Mingtor L pipdAzinyl fngftokiina ¢y @ hyd

r o- 2H napht hai en-1 - one

(4aS, 8aR) - 4- (3, 4-Di net hoxyphenyl) 2- hi eno[ 2, 3-d] pydmi di

n-4-yl -piperidin-4-yl)-4a,5,8, 8a-t—e!ﬂrah —R20- 2H—phthal azin-1-one,

(4aS, 8aR) - 4- ( 3, 4- Di net hoxyphenyl ) - 2- =pyri n@ -piperidin-4-yi)-4a,5,8
, 8a-t et rahydr o- 2H pht ha- 1 azi n-1-one, (4aS, 8¢9R)- 4 (3 4- Di net hoxyphenyl ) - 2-j

1- (2- oxo- 2H- chronen- 7-yl met hyl ) - pi peddi n-4-yl ]-4a, 5, 8,8a-te- trahydro-2H
- pht hal azi n- 1- oneherein

R21 is dimethylamino-1-4C-alkyt,
R18 s halogen, nitro, 1-4C-alkyl or 1-4C-alkoxycarbonyl,
R19 Is amino,
R20 s halogen,
Hetaryl is pyrimidin-2-yl, thieno-{2,3-d]pyrimidin-4-yl or 1-methyl-1H-pyrazolo-{3,4-djpyrimidin-4-yl,
Aryl1 is phenvl or phenyl substituted by R18,
Aryl2 is pyridyl, phenyl, 2-oxo-2H-chromen-7-yi or 4-(1,2,3-thiadiazol-4-yl)phenyl,
n is tor2,
m islor2
or a pharmaceutically acceptable salt or a N-oxide thereof or a pharmaceutically acceptable salt of the
latier.

SELECTED PDE4 INHIBITORS, which are preferred include a compound selected from
(4a8,8aR)-4-(3,4-Diethoxyphenyl)-2{1-(toluene-4-sulfonyl)-piperidin-4-yl]-4a,5,8,8a-letrahydro-2H-
phthalazin-1-one,

(4a8,8aR)-4-(3 4-Diethoxyphenyl)-2-(1-methanesulfonyl-piperidin-4-yl}-4a,5,8,8a-tetrahydro-2H-
phthalazin-1-one,
{4aS,8aR)-2-{1-Acetyl-piperidin-4-y1)-4-(3,4-diethoxyphenyl)-4a,5,8,8a-tetrahydre-2H-phthalazin-1-
one,

5-{4-[(4aS,8aR)-4-(3 4-Diethoxy-phenyl)-1-o0x0-4a,5,8,8a-tetrahydro-1H-phthalazin-2-yl]-piperidin-1-
yl}-5-oxo-pentanoic acid,



(4aS,Ba R)-4-(3, 4-D net hoxyphenyl ) -2-[1- (2-nor phol i n- 4-yl - 2- oxo- et hyl ) - pi

peridin-4-yl]-4a,5, 8,8a-tetra- hydro-2H pht hal azi n- 1- one,

(4aS, 8aR) - 4- ( 3, 4- Di mret hoxyphenyl ) - 2- ( 1- phenet hyl - pi peddi n-4-yi )-4a,5, 8, 8a-te

t rahydr o- 2H pht hal azi n- 1-one, (4aS, 8aR)-4-

(3, 4- D et howopbarnyipz 2- (1- (nor phol i ne- 4-car bonyl ) - pi ped@CHER2004/950868, 5, 8,

8a-tetrahydro- 2H phthal azi n-1-one,

(4aS, 8aR) - 4- ( 3, 4- Di et hoxyphenyl ) - 2- (1- pyddi n- 3-yi et hyl - pi peri dl n-4-yl)-4a,

5,8, 8a-tetrahydro-2H phthal azi n-1-one,

(4aS, 8aR) - 4- (3, 4- D met hoxy- phenyl ) - 2- (1- pyri di n- 2-yl met hyl - pi pe(di n-4-yl)-4a
, 5, 8, 8a 4etrahydro-2H phthal azi n-1-one, 2004/ 103407 PCT/ EP2004/ 050869

15

(4aS, 8aR) - 4- ((&s%aﬁ}ze@hm@frrbmwl)-z@ﬂhqurﬁmrwﬂhamwwp%ﬁam. i uasldtraRdrer i di n-
4-yl]-4a, 5, %h%@ - d ro-2H phthal azi n-1-one,

(4aS, 8aR) - 4-%5 ﬁ‘ '{ﬁoxg henyl ) -2-(1-{2- g4 (2-di met hyl am no- et hyl ) - pi per azi
n-1-yl]-eth aﬁd@?? 89&)-6@4 le@pxyppeayl)y14tgo~455g a-tetrahydro-1H-phthalazin-2-yl-piperidine-1-

8a- t et r ahydr @erBdkyihaciti &rtebniylamide,one,

2-{4-[ (4aS, 8afuadsdri4s, Dbaas.?m@mﬁ;}bﬁwmséa@mhﬂm% Brtfany IR L

H pht hal azi n piperi N-i sopropyl - acet am de

(4as, 8aR) - 4- (cérb%‘giﬁaﬁ‘gfﬂhe& %ﬂeenyl _1, 2, 3-t hi adi azol - 4-yI - benzyl ) - pi pe
Fid in-4-yl] 444a88aR)8434- emeaoxvmeav%tqp%m ﬁwetm@lm-w-pmh@aziniz-m(pmendine-1-

-{4-[ (4aS, 8aR)arbébcyl(c&mételal-bm§brhmgyphenyl) - 0x0-4a, 5, 8, Ba-t etrahydro-1

H-pht hal azi n Eq}@'i a\metﬂnﬁ‘é's)dhpa’?é -y ﬁ&xBMLSB'&Q-?e‘Er%h:Gﬁ 2, 3-dione,

M
4-(2-(4- 4aéé oxo-4a, 5,8, 8a- tetrah dro-1
fH-|(oht §1al ggi n-PH grb:f ﬁéﬂ?ﬂeﬂqq‘?wf"ﬂ?ﬁ}‘gﬁﬁﬁ aﬁ'ﬂ‘??‘no) benzoi ¢ acid et hyIy ester,

2-{4-[(4aS, SHaSPRW-G; mmmmyﬁh@ﬁmemmwmmam@mmm rieridingWl-o- 1

H pht hal azi n 435)8%19%!@6@ thdlazindd-prepCcet am de, or a pharmaceutically

of the 1 at ¢ o Ry By AR DRl Bl IR P S0 e BEAFIL AT 27

i ncl ude a corfBBEfE-t¥eect ed from
(4aS, 8aR) - 4- ({Z33/BaB-4vi4Humstimrgnheny))-22 1-fyiidiny-yimethgtipiperRiny-y) glia5diBathitrakydroyeH) - 4a,
5, 8, 8a- tetrahmgglgﬂrzﬁmght ha- | azin-1-one, (4aS, 8aR)-4-(3,4-D nmnethoxy-phe

Bﬁlt )h a|2 ag Il npyr By BQR%;% A R 2l Alnfdrofomid b caBnyPoigbriad &yl 2 £ A HaRrarl
2H phthalazm -1-0ne,
(4aS,8aR)-2-{1-[2~(4-Amino-3,5-dichloro-phenyl)-2-oxo-ethyl]-piperidin-4-yl}-4-(3,4-dimethoxy-phenyl)--
4a,5,8,8a-tetrahydro-2H-phthalazin-1-one,
4-{3,4-Dimethoxyphenyl)-2-[1-(1-methyl-1H-pyrazolo[3,4-d]pyrimidin-4-yl)-piperidin-4-yl}-4a,5,8,8a-te-
trahydro-2H-naphthalen-1-one,
(4a8,8aR)-4-(3,4-Dimethoxyphenyl)-2-(1-thienc[2,3-d|pyrimidin-4-yl-piperidin-4-yi)}-4a,5,8,8a-tetrahy-
dro-2H-phthalazin-1-one,
(4a$,8aR)-4-(3,4-Dimethoxyphenyl)-2-(1-pyrimidin-2-yl-piperidin4-yl)-4a,5,8,8a-tetrahydro-2H-phtha-
lazin-1-one,
{4aS,8aR)-4-(3,4-Dimethoxyphenyl}-2-[1-(2-oxo-2H-chromen-7-yimethyl)-piperidin-4-yi]-4a,5,8 8a-te-
trahydro-2H-phthalazin-1-one,
(4aS,8aR}-4-(3,4-Dimethoxyphenyl)-2-{1-(2-morpholin-4-yl-2-oxo-ethyl)-piperidin-4-yl]-4a,5,8,8a-tetra-
hydro-2H-phthalazin-1-one,
(4a8,8aR)-4-(3,4-Dimethoxyphenyl)-2-(1-phenethyl-piperidin-4-yl)-4a,5,8, 8a-tetrahydro-2H-phthalazin-
1-one,
{4as,8aR)-4-(3 4-Diethoxyphenyl)-2{ 1-(morpholine-4-carbonyl}-piperidin-4-yi}-4a,5,8,8a-tetrahydro-
2H-phthalazin-1-one,
(4aS,8aR)~4-(3,4-Dimethoxyphenyt)-2-(1-pyridin-3-yimethyl-piperidin-4-yl)-4a,5,8,8a-tetrahydro-2H-
phthalazin-1-one,
{4a3,8aR)-4-(3 4-Dimethoxy-phenyl)-2-(1-pyridin-2-yimethyl-piperidin-4-yl)-4a,5,8,8a-tetrahydro-2H-
phthalazin-1-one,



2- (4-[ (4as,

8aR) - 4- ( 3, 4- Di net hoxyphenyl ) - 1- oxo-4a, 5, 8, 8a-t et rahydr o- 1H pht hal azi n-2-yl ] -
pi peridin-1- yl}-acetam de, or a pharmaceutically acceptable salt or a

N- oxi de thereof or a pharmaceutically acceptable salt of the latter. The
pr epar at i onwofeddnessBELECTED PDE4 | NHI BI TORs as wel | as PO®EP20086&08:9
phosphodi esterase (PDE) 4 inhibitors is described in W021064584. Anot her
group of PDE4 inhibitors that may be usefully enployed in the present
invention Include a conpound sel ected from

N- (3, 5-di chl oropyrid-4-yl)-3cycl opentyl oxy- 4- nmet hoxybenzam de [ NN:

Pl CLAM LAST] and Its salts; the preparat®on of this conpound and its
pharmaceutically acceptabl e sal ts as well as their wuse as PDE4 inhibitors
I's disclosed t iR tetrahy-
3-[3-(cycl ope%%ﬁ%%?qrﬂ oxy gn%%fb%‘f h;&gér#)%@eﬁégﬁ‘%@%ér%gj&?/lm%h purine
[ Research Cod aﬁ'ﬁ@)ﬂ % the preparation of this compound and Its

phar maceut i c&4aSBaBict@ptliahoaypsenyd-8-(b-Iw@idimethglamingyethyl)-piperazind -yiPBiFanoyltieti t or s
is disclosed dinmﬁ)ha 5i8Bh ftraRkio@Rahthpiadrenéneappl i cati on W95100516 WO

2004/ 103407

N-[ 9- net hyl - }?S%QQ%‘ ﬁﬁ%@&ﬁ X%J@(‘;ny'lt) é:tmr(oé?’ua 5(? regp%?/trra ?yg o} f hﬁhalfﬂ" E]v'{ ?ﬂpeérl!?%enzo di a
zepi n-3(R)yl ]y Biyrisopiop-acef rboxam de [Research Code: ClA 018] t he
preparation d‘laStBhRB*@drﬁbwmwmml)ﬁﬁ‘eHﬂR@HMM%WMMW@MM@IB@Mt S as
wel | as thei mhydseHpfndR4-dnhi bitors is disclosed In the international pat-

ent applicati A } g X . -
on 2P 2t 88 SRS omanpogtmy e R oo

'ARO:YLLI NE] ; * @eﬁ%@wﬁaﬂﬁvlwemme :I"rF'S"ecorrpound and its phar maceutl cally

‘acceptabl e saal-(lz-y-[edssmm-(as Dirdehioxy-phe@yl)-dsxd={aE58, GandtiabydtosttsphtHabzic 2-gipimadist | N

the European %Ieﬁn@ﬁoy@ﬂﬂb)'-tféﬂiolc%d BR{l dstar 81 1

y- éiogcglt gm e{gf(ﬁeS%ELaI :b}'h '&‘gé‘{'p%ﬁ%T a—q%%é))dbor &Eﬁﬂgg@n%ﬁ%ﬁmpﬁﬂ_ 3-yt]-

conpound and Y}eewsHier naceut i cal |y accept- abI e salts as well as their use as
PDE4 i nhi bi t a¢ & pHasmatigiedlipaeebtdve shib@ al NAdx@e haiebf@naphapedceunitalio pgabptabiishlost the

\VW098/ 09946  tuiter.

N (3, 5-di chl oropyridi n-4-yl)-2-5fuoro-I|-(4-fluorobenzyl)-1H1ndol -3-yl]-2-0x

oacet am de[ Research Code: AW 12-343]; the preparation of this conmpound and
i ts phar macefEHEGTEDPLES dHBIZORS whigh are partigglarypleforredsinglieiarcompaundssleptHpm

i nhi bi tors i q4adisar)-e@Rihathdxfiberyly2e -paimidanal-piRadieni)-snmns seaidngio-2NAERE109946.
Tet r ahydr o- 5&)4‘ hoxy 3-[(1S, 2S, 4R) - 2- nor bor nyl oxy] phenyl ] 2( 1H) - pyri m don

e [INN:. ATIZ aratio

hi
phar maceut i cdfafag %@ﬁf DA'BﬁE) "g B'fef‘g)'%@ W\ﬂ?l"}z'yé{i""g’%ﬁd%ﬁw“‘a 58 Ba'tetrahyd"”z”'

phthalazin-1-one,

2-{4-[(4aS, 8aR)-4-(3,4-Dimethoxyphenyl}-1-oxo-4a,5,8,8a-tetrahydro-1H-phthalazin-2-yl]-piperidin-1-
yi}-acetamide, .

or a pharmaceutically acceptable salt or a N-oxide thereof or a pharmaceutically acceplable salt of the
latter.

The preparation of the SELECTED PDE4 INHIBITORs as well 'as their use as phosphodiesterase
{PDE) 4 inhibitors is described in W002/084584.

Ancther group of PDE4 inhibitars that may be usefully employed in the present invention include a

compound selected from

s N-(3,5-dichloropyrid-4-yl)-3-cyclopentyloxy-4-methoxybenzamide [INN: PICLAMILAST] and its
salts; the preparation of this compound and lts pharmaceutically acceptable salts as well as their
use as PDE4 inhibitors [s disciosed in the international patent application W(092/12661

*  33-({cyclopentyloxy)-4-methoxybenzyl}-6-(ethylamino)-8-isopropyl-3H-purine [Research Code:
V-112944]; the preparation of this compound and its pharmaceufically acceptable salts as well as
thelr use as PDE4 inhibitors is disclosed in the intemational patent application WO95/00516



re—

use as PDE4 Inhibitors is disclosed in the European patent application
EP0389282.

B-[ 3- (cycl opent yl oxy) - 4- net hoxyphenyl ] -1, 3-di hydr o- 1, 3- di oxo- 2H | soi ndol e- 2-
propanam de [ Re- search Code: CDC-801]; the preparation of this conpound and
| ts phar maoggteaabidsyr acceptable salts as well as thei r POFEP2484/BD3EL
Inhibitors is disclosed in the international patent application W®O7/23457.
Met hanesul fonic acid 2-(2, 4-di chl orophenyl car bonyl ) - 3- ur ei dobenzo- f ur an- 6- yl
ester [INN:. LIRIM LAST]; the preparation of this conpound and its

phar maceutical |y acceptable salts as well as their use as PDE4 inhibitors

I s disclosed in the European patent applléation EP0731099.

3, 5-di chl oro- 4-[ 8- met hoxy-2-(trifl uoronethyl)quinolin-5-yl carbox-am do] pyrid

e 0 e L GRS AR P
ut | |

i nhi bi tolros i s cf'cgrbf”gg’ég)h %' ?%tg %Hrgfaraggeofm 'E)cfuf'% 'FH"B 126208;

Ci s- 4- cyano- 4- [3ly@gespigelp sajts @%(‘Yﬁ"AS Wﬁ‘t%@ﬁ?ﬂ?@d%‘ﬁ‘%@ﬂ@ﬁ%héﬂqm@aﬁ“wkwl c add

[INN: G| om | asdniapplichifoe wirsepessat i on of this conmpound and its

phar maceut i cgl Iy ﬁ@gggt(ﬁl%&oﬁ. Hg% pﬁ)§¥| “fﬁ%bm@%]s%dgg% NWE%@}IN%%&%@H tors

is disclosed in't i nternatl o

3- Oycl opr opyi ne¥ isegmRpugH g0 ﬂﬂ%ﬂ@ﬁ%ﬂlﬂﬂpgg'% s éﬁ‘f‘*ﬁlraém pee-ag PDE4 inbleia$ a i de
[ 1 NN: ROFLUM Lis\@skjosaush the Elroesn patent dgplisatiod EP0435811.

[ 3-cyci opropyi ng sfs%rowyﬁw@mn@mmab éﬁl%oﬁmﬁhmh&@%moacetamme [Re-
1- d- 4-yl d d
ohar mageut i cal 199 SRRl 557 B SBBLAR A bR o IRAMDSR AN Lt gtel T

‘i's disclosed i rﬁbteﬁ@!tslaﬁt"e'ﬁﬁéheiféﬁs PBE# iehibitossinslisclosed dn theiptenalipaal patem gppliqation

conpounds wi t h whss/osesear ch codes CDC-998, |C 485, CC- 1088 and KW490 WO

2004/ 103407 PCT,é EP%Q%@(. ﬁg,ﬁ %_ﬁ%mcj_@% iﬁ&b‘i 4 faé 4’?}%% fnsalts

of the above itors,

.secon
Pof | Ui st . RO i 5 PaRartes ¢ i pa "%1%19 sl apePRE SR ol ar | y
pre- ferred. ThasweDEBh4inva¢ & REH inhibitasd isiflisdoged inthe -ntemaecmahpenantwcam any

conpound that hgotgneess.to inhibit the PDE5 enzyme or V\/ni ch Is di scovered to

act as a PDES I'l%gl bhr%?%rdd—mét %’{“g %b% rernﬁ%%]géenﬁf%l-ﬁ rﬁnlg ?(NN”1 AP?gS

i nhibitor, not ¢
therapeutic ef fRAME tb‘@ H'@Paf%ﬂé'?rﬁé}'ssc"ﬂ?f"’“"@ #nd itppiarmagpntically @@BWIqsa'&saswellz’s thelk gr oup
of PDE5 i nhi bi tuseas IPEbBJtinhimes beistksed intHe\Fuepazh pyterd applicatidncEPPB&2&NMt | Nvent i on

i ncl ude a cor,n-g &CJ{EI Joﬁ&ﬁ—ﬁﬂth& SHZhy(] 2 6= dro-1 3-d10xo-2H-Isoinda!e-z-propanamude Re-
g 0 %23%; S 5-(4- péérarlm E: nd\é I%é] éo‘?]z %e preparachon bf%l s compou’nd anﬁts qu a%re Icéllg roggtabs nese
salts as well as thelr use as PDE4 inhibitors is disclosed in the intemational patent application
WO97/23457.
« Methanesulfonic acid 2-(2 4-dichlorophenyicarbonyl}-3-ureidobenzo-furan-6-yi ester [INN:
LIRIMILAST]; the preparation of this compound and its pharmaceutically acceptabla salts as well

{- as their use as PDE4 inhibitors is disciosed in the European patent application EP0731089,

+ 3 5-dichloro-4-[8-methoxy-2-(irifluoromethyl)quinolin-G-ylcarbox-amido]pyridine-1-oxide [Research
Code: SCH-351591); the preparation of this compound and its pharmaceutically acceptable salts
as well as their use as PDE4 inhibitors is disclosed in the intemational patent application
W000/26208;

s cls-4-cyano-4-[3-cyclopentyloxy-4-methoxyphenyileyclohexane-1-carboxylic acld [INN: Cilomilast],
the preparation of this compound and its pharmaceutically acceptable salls as welt as their use as
PDE4 inhibitors is disclosed in the international patent application W093/19749

¢ 3-Cyclopropylmethoxy-4-difluoromethoxy-N-(3,5-dichloropyrid-4-yl)-benzamide [INN:
ROFLUMILAST] as well as Its N-oxide [3-cyclopropylmethoxy-4-difluoromethoxy-N-(3,5-dichloro-
1-oxypyrid-4-yiibenzamide, the preparation of these compounds and their pharmaceutically ac-
ceptable salls as well as their use as PDE4 inhibitors is disclosed in the intemational patent appli-
cation WO95/01338

» the compounds with the research codes CDC-998, 1C-485, CC-1088 and KW4490



—

and their pharmaceutically acceptable salts as well as their use as PDE5
inhibitors is dis- closed in the patent application EP0199968;

DI PYRI DAMOL: 2, 2", 2", 2"-[ (4, 8-di pi peridi nopy(m do[ 5, 4-d] pyri m di ne-2, 6-diyl)-
dinitrilo)- tetraethanol, the preparation of these conpounds and their

phar maceut i gl ops/@spept abl e salts as well as their use pay/PEeHos08dei bi t or s
Is disclosed in the patent application DE1116676; SKF-96231:

2- (2- propoxyphenyl ) purin-6(l H) - one2-( 2- propoxyphenyl ) -1, 7-di hydr o- 5H puri n-6
- one, the preparation of these conpounds and their pharnaceutically
acceptable salts as well as their use as PDE5 inhibitors is disclosed in
the patent application EP0293063; 17

ER- 21355: 1- [ 6-chl or o- 4- ( 3, 4- met hyl enedi oxybenzyl am no) qui nazol i n- 2-yl ] - pi per

i g;prem geutciag Qﬁ&mb rﬁr@&mcauy Qﬁeﬂsbmw ihQQbOQ% Ii%h%oﬁ@ﬁﬁ%@%%&?%ﬁfu Cors
Ps di scl os ed%nﬁxtnﬁ‘g'%ﬁp %@ﬁ?ﬁﬁbsﬁu@%&ﬁiﬂvﬁmaéﬁ A"‘§bi% %318@6’“0”'3"3’ pre-

(+)-cis-5-netfémed-2-[4-(trifluoronethyl)benzyl]-3,4,5,6a,7,8,09-
oct ahydr ocycl opent [ 4, 5] I m dazo[ 2, 1-b] purin-4-one, the preparation of these

conpounds antns bHEY itk (_f %gﬁ%démhdoxwaf&%mmpﬁuﬁ%ﬁ@nﬁoﬁm%@% pofg! T use
d

as PDE5|nh|b|tor |1 catio

A-02131-1: 5 e['@“’f*l"b‘ﬂ?”& s°‘€‘i8f?8 RAcHASERPES IR, apfiadeyis oply,pressentially Sply #BYERnol |
t he prepar at iinhivitgf not tompsupdswhighdnhivd t axdegree ¢f@khibitiph a thewmp@udit ¢ffeetiothyr nembersohibl e
salts as wel lhabEifiyhas WaRs®BEFDES i nhibitors is disclosed in the patent
application EP0667345; SCH 59498:

ci s-2- hexyl -5-net h 5,6a,7,8,9, 9a- octahydrocycIoPent[4 S]imdazo- (2, 1-

b] puri n- 4- onégf‘?qﬁ@}l%?';éﬂﬁ'}bé?ffﬁﬁwb? prelly employsimte Praseat ieveetiop inglileapae it i cal | y

accept abl e galridselegeddeml as their use as PDE5 inhibitors is discl osed I n

the patent appl i caflgn. MI]—S (L%ngd%yl thléolé@l:gboxamlde the pr%)aralion of these c%
e[gErf'y' Bal azi ne- 6-

4- (3-chl or o- 4- met hoxybe ri

caE boni tril e t he ’ﬁﬁ% gi"ﬁ??ﬂ\%'ga?‘ﬁg‘éé ?é"fﬁ?dt?ﬁg"&ge Butically
acceptable salts C'a@dwélhqpa&gta{m@?tpﬂﬁ%g%a PDE5 Inhibitors Is disclosed in
the patent appli camYRmAWGQM"?ﬁ,M%p&%%MﬁMEde&m%wwiﬁ}m& 18
TADALAFIL: (6R | 2 eﬂ%nglhtﬁel preéaaggon Lff these pound antg l{nelr ph n'nace] cally acceptable salts

7,12, 12a- hexahydro rPene
pyrazino[2',f': 6, ¥} Ns HeF weas P?ﬂﬁ&‘@% c Eﬁeﬁﬁ’éheﬁa??@taﬁl" '?9'?116%7% t hese

conmpounds and t heBKF-9gzarapepixybedypuriasitidanederapalypangs!  iilydro®l-ptdred-r  use
as PDES5 i nhi bi t or gnd, fhe gﬂe§&$t@§%eb@c&ﬂ&nd%5 el mcblﬁaeé %e;%%%&u%%z Gell
VARDENAFI L: 2- [ 2- et h y use ag éDqutnn% |sc ose in %he)éalel'i{ apjrgll cQ{lo %‘3&%&4 -met hyl -
+ ER-21355: 1-{6-chtoro-4-(3,4-methylenedioxybenzylammo)qumazohn-z-yl]-p|pend|ne-4-
carboxylic acid, the preparation of these compounds and their pharmaceutically acceptable
salts as well as their use as PDES inhibitors is disclosed in the patent application
WQ8307124;

( s SCH-51866: (+)-cis-5-methyl-2-{4-{triflucromethyl)benzyl]-3,4,5,6a,7,8,9-

actahydrocyclopent[4,5limidazo[2, 1-b]purin-4-one, the preparation of these compounds and
their pharmaceutically acceptable salts as well as their use as PDES inhibitors Is disclosed in
the patent application W0O9410351;

s A-02131-1: 5-6-fluoro-1-{phenyimathyt}-1H-indazol-3-y{}-2-furan-methanol, the preparation of
these compounds and their pharmaceutically acceptable salts as well as their use as PDES
inhibitors is disclosed in the patent application EP0667345; ‘

+ SCH-59498: cis-2-hexyl-5-methyl-3,4,5,6a,7,8,9,8a-octahydrocyclopent(4,5)imidazo4{2,1-
bjpurin-4-one, the preparation of these compounds and their pharmaceutically acceptable
salts as wall as their use as PDES inhibitors is disclosed in the patent application
WO9119717,

s E-4010: 4-(3-chloro-4-methoxybenzylamino)-1-(4-hydroxypiperidin-1-yl)-phthalazine-6-
carbonitrile, the preparation of these compounds and their pharmaceutically acceptable salts
as well as their use as PDES Inhibitors is disclosed in the patent application WO9606176;



propylimdazo[5,1-f][1,2,4]Iriazln-4(3H) one, the preparation of these
conpounds and their pharnmaceutically acceptable salts as well as their use
as PDE5 Inhibitors is disclosed in the patent application W9924433;

UK- 343664: 1-et hyl -4[ [ 3-[ 3- et hyl -4, 7-di hydr o- 7- ox0- 2- (2- pyri di nyl met hyl )-2H-p
yrazol o[ 4, 3vodjopyesdsti di n- 5-yl ] - 4- propoxyphenyl j sul f onyl PCEPRIPLI5E6R t he
preparation of these conpounds and their pharnaceutically acceptable salts
as well as their use as PDE5 Inhibitors is dis- closed in the patent
application W9849166;

T-0156: 2- (2- et hyl pyri di n-4-yl met hyl ) - 1- ox0- 8- ( 2- pyri m di nyl met hoxy) - 4- (3, 4,
5- trinethoxyphenyl)-1, 2-di hydro[2, 7] naﬂﬁt hyddi ne- 3- car boxyl i c acid net hyl
ester, the prepara- tion of these conpounds and their pharnaceutically
accept abl e sal t,s BpaAMEHL: @@8126RL) 4 6, 12128 Rexahfdre2-heth-8d A eihyleReditixg pheRied | N
the patent application ,V‘l_gqoﬂl %))%p : F)Al-‘ﬁ_j.xggzm &Wt (Gibtheliicno xj‘-ﬁ ﬁﬁ.

3- (1- et hyl - 7- Oxoqy?_?_ls? %ﬁy ,_%f,ru ) -tHWJD et ione, the preparation of these compounds and their

H pyrazol of 4, 3- d]Wrmaﬁqu(tjq:aﬂy Wtapbml?gs vg}Las their use as PDES inhibitors is disclosed in the

met hyl pyrrol i di n-patel gpplichtoh Wwabstaorgpoxybenzenesul f onam de, the preparati on of
t hese com pound %&% I I | ; s.as well as
their use as PDEZV nk IN%FI?%[%—B{R?&’%?—E@?%@Z%‘@‘W@ '?‘ ﬁgﬂ%@%ﬁﬁg%?l cation
W0027848: FR- 1 gztepﬂgr_nidazo[s, 1-f[1,2,4]triazin-4(3H)-cne, the preparation of these compounds and their

1- ( 2- chl or obenzy| gh3dmodtitaly 3dcepblprsalis b welldks liheir Gseca PDEX aNbiths is didelesqdirahar at i on
of these conpoungsnfpdickRivospbassaceutically acceptable salts as well as

e oase. 5 PR u bABLP L LRS a%s 25 GRER 1. B0 RIZ oA R ABR bl ot
N- (3, 4- di met hoxy b&pyagpiding-yls-rraperyehepuisdimvil-mgemginech R eramtiorsyf theseompebdn z ani de,
"t he preparation odndtiee praraaoeiitioslly de:epinth daltediswepinathdraceast RDES InhipitarCis dipt abl e

salts as well as clés%“he%%@nt%ﬁﬂ?%b%b%?ors is disclosed in the patent
application W9954284: | LDENAFI L:

5-[ 2- et hoxy- 5- ('4-%@15ﬁ3ﬂ'(2Tm°BVWi5fTVW¥'ET -PeRR eIy meromst-RAAS 3- n- propyl - 1, 6
- di hydr o- 7H pyr aziottadxdprendt @diiydidi7naphthgtidine-3tcarboxylicaypid mathyl esterothe priapase
conpounds and t hejdh of R khimsolnts iafdthdidphamaentcaly!ateoptabié Saitdds wiMhd théisusk Bei 1 use

e 5%27' nhi bi t OF Skl ls A0kl I tle/betortBBIEREN RBN1b&3] | ON EP0463756;

3- et hyl - 8- [ 2- [ 2- ( PAy8188:3 ety A pxpgwropdBddhydre-1 Hayazpioddidipyroigin- YN dr 0- 1 H-

I m dazol[ 4, 5- g] qui metaygyrrolidin2-y)éthyl}deropblysenpeneqiisnainidea thegteptihiivg of thi@npaunds and
their pharmaceu- {d,ad@!anY theiFGRRIRAGIPRbdRbR Saldas Wel@S ol Bolas HEES ARbIbIR>
inhibitors is dis Igas%j 0 tthg s;)ﬁt Eomwcﬁ’o?)g}a' - cation W9508848; a

T-1032: 2- (4- am no@’ﬁz RS e P PP R WRTOABAS et hoxy) - 4- (3, 4, 5-tri met hoxyphe
nyl ) -1, 2- di hydr ofRda74 bi3-¢htercBenzy-biasbytyive2-presylindele fagrboxanitie the preparation of
preparation of thesk c6ofHARdsRES thaNthariabitidally e B 4t howd ly thaeweRs Bbkse sal t's

as well as their L.nhi Qi LS g d in the patent
appl i cation W98 3@@@3@’% J?Jat:i?ed -rﬂ’ﬂé pitélpgpﬁlichtﬁ)nq}@%ﬁﬁ?
s FR-226807: N-(3,4-dimethoxybenzyl)-2-[2-hydroxy-1(R}-methylethylamino]-5-nitrobenzamide,

the praparation of these compounds and their pharmaceutically acceptable salis as well as
their use as PDES inhibltors Is disclosed in the patent application W09954284;

s  SILDENAFIL: 5-[2-ethoxy-5-(4-methyl-1-piperazinylsulfonyl)phenyl}-1-methyl-3-n-propyl-1,6-
dihydro-7H-pyrazolo{4,3-d]pyrimidin-7-one, the preparation of these compounds and their
pharmaceutically acceptabie salts as wall as their use as PDES5 inhibitors is disclosed in the
patent application EP(0463756;

*  KF-31327: 3-gthyl-8-[2-{4-(hydroxymethyl)piperidin-1-y[lbenzylamino]-2,3-dihydro-1H-
imidazo[4,5-g]quinazaline-2-thions, the preparation of these compounds and their pharmaceu-
tically acceptable salts as well as their use as PDES inhibitors is disclosed in the patent appli-
cation W09808848;

» *  T-1032: 2-(4-aminophenyi}-1-0x0-7-(2-pyridinylmethoxy)-4-(3,4,5-trimethoxyphenyl)-1,2-
dihydroisoquinoline-3-carboxylic acid methyl ester, the preparation of these compounds and
their pharmaceutically acceptable salts as well as their use as PDES inhibitors is disclosed in
the patent application WO9838168; '



WO 2004/ 103407 PCT/ EP2004/ 050869 19 FR-229934: pentane-|-sul fonicacid
(1-[3-(3, 4-dichl oro-benzyl) -2-nmet hyl - 34 benzoi m dazol - 5-

yl]-nmet hanoyl }am de, the preparation of these conpounds and their
pharmaceutically accept- able salts as well as their use as PDE5 inhibitors

I s di scl osewo mos/B4gat ent application WO900373; PCT/EP2004/050869

BMS- 263504: 1-[[ 3- (7, 8-di hydr o- 8- oxo- 1H | m dazo[ 4, 5- g] qui nazol i n-6-yl) - 4-
propoxyphenyl ] sul fonyl ] - 4- et hyl pi perazi ne, the preparation of these
conpounds and their pharnmaceutically acceptable salts as well as their use
as PDES inhibitors is disclosed in the patent application WX964004;

W N- 65579: 19

1-cycl opentyl - 6- ( 3- et hoxy-4-pyrl dinyl)-3-ethyl-1,7-di hydro- 4H pyrazol of 3, 4-
d] pyri m di n- 4- ghegp ] at Lk hes e, _lqg}q,_ ST e
pharmaceutical ly F%tégé%igﬁfgéggtﬁﬂggcg%d @E@?'ﬁgéﬁﬂ%j%e aéhIE%EEmimﬁdhi Iist ors
I's disclosed in tHE™@anayiramide e weperafion qbessgaERosnds apgihglyahappaceutically accept-

3- et hyl - 5- [ 5- ( 4- ealflg/$qiis gevell 2$ theirlusy psRPESiNMipitgreis pigclosed ih e patent R)plicatiohy | -

et hoxy] pyri di n- 3- wobs@sret hyl - 6, 7- di hydr o- 2H- pyrazol o[ 4, 3-d] - pyri mi di n-7-one
, the preparation f ) hei har mgceuti cal |y acceptabl e
salts as well as Mg-izlﬁééégZﬁggﬂ%%mﬁ%ﬁ%ﬁgﬁ%@&?@qﬂ|aszd"'osyhé' in the patent
appl i cati on Vm95g@%yphergﬂ§u{gmyljggglgth)2piqeg_aﬁne, the preparation of these compounds and their
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A acet am dﬁ t Bahs s ﬁmlweirosa a@f’DEd‘iﬁlﬁtﬁ?rﬁ%mab%dﬁu ﬂmtehﬂ@blil::)ation Uss294612;

phar maceuti ca ! S we t hei e i nhi bitors
P st osed 1 n 1 ESTR0E Y hyB Bl ol v a2 iRy ol |

3, 6- di hydr o- 5- ( o- BrERBXIAsEAMehyES LdinyeioRHpyierolol43-F Py -eenthe prapasation he
prepa- ration of biiesecogopasadshanptarnheutcallyheepatdesatts asatell ys thanspbalfdis sal t s

as well as their WsgidsSis aibddsey ih B baérk Sfpcatich ibS4saged I n the patent
application DE216

96, ..a - . I

VEGNARY NOE: 3. 4° APFOHFBS G iricsmok ol REP B R RIBR ML PRSTaioA e 9985 - qui
ol i none, the prefiexfitheee eompeuidssand theinphaumederticativaceeptable spligapivellse thelr uselasy
acceptabl e sal ts apEpRhibitoRSs didclogidrin thesgtentappliokton ERfE7EMOE0rs |s discl osed in
the patent appljcabi 31 826 D 1D B bl bitaes -t hat are
particularly pref ghzg%] (Pﬁﬁé‘b é‘iz%%r?(ggent @%‘%ﬁﬁ%ﬂlﬁ{?ﬁgygﬁﬁéﬁﬁé}aﬁenﬁdgl?qePﬂf‘ed to
as "SELECTED PDESPRiantfertRerprarsien ofdiesercampaugs and thalr phagogageftipally agagatsbiqapits,
UK357903, E8010 aadw_é%slhiﬁse@laﬂDEﬁbhiWh@ﬁmﬁm indizd fatentceppiegioaMO874/a0% s  of
these conpounds, z)&ﬂuﬁﬂ@ﬁsﬁs-dtn?qr&@«ocaaqpeﬁen%nhpﬂl-@ﬁaz‘am.%ed]ﬁmﬁmﬁ%ﬁe. P e
phosphodlesterase%éP 5& act | |tn¥ |3 detri - .

ration of these compounds and their pharmaceutically acceptable salts as well as their use as

PDES5 inhibitors is disclosed in the patent application DE2162096; and
{ *  VESNARINONE: 34-dihydro-6-[d-(3,4-dimethoxybenzoyl)-1-piperazinyl]-2(1H)-quinolinone,
' the preparation of these compounds and thsir pharmaceutlcally acceptable salts as well as

their use as PDES inhibitors is disclosed in the patent application DE3142882.

One group of PDES inhibitors that are particularly preferred in the present invention [hereinafter re-
ferred to as "SELECTED PDES INHIBITORs" include TADALAFIL, SILDENAFIL, VARDENAFIL,
UK357903, E8010 and TA-1790 and the phamrnaceutically acceplable salts of these compounds.

“Diseases in which phosphodiesterase 4 (FDE4) and/ar phosphodiesterase 5 (PDES) activity is detri-
mental’ which may be mentioned are in particular acute and chronic disorders of varying origin with an

inflammatory compenent, a mismatch component andfor a remodelling component. Diseases which may
be mentioned as examples are COPD, asthma bronchiale, allergic bronchitis, chronic bronchitis, chronic

heart failure, nephritis, sheumatoide arthritis and emphysema.

The phrase “a mismatch component” refers to the disease cormponent characterized



mental " which may be nentioned are in particular acute and chronic disorders
of varying origin with an inflammtory conponent, a m smatch conponent

and/ or a renodel ling conponent Di seases which may be nentioned as exanpl es
are COPD, asthma bronchiale, allergic bronchitis, chronic bronchitis,
chroni c hegrdbaiosstre, nephritis, rheunatoi de arthriti canbeapkgsena. The
phrase "a m smatch conponent” refers to the di sease conponent characterized
WO 2004/ 103407 PCT/ EP2004/ 050869 20 1. by a nore or |ess pronounced
col | apse of the al veol ar gas exchange function resulting in hy- poxaem a
(deterioration in gas exchange with decrease in the oxygen content of the
patient's blood), wasted perfusion (unec2hom cal perfusion of unventil ated
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" per fusi on/ demand ITB.tChI ng" in skeletal rruscl es takes place in analogy to
the lung through local release of endogenous vasodilators éespem ally

NO' cGWP) . Thelngeastiarse oith erpgeadnvprtion. dheiniamalel compongit,efia disease fpadsde a lingtation i'hftlﬂscl e
(groups ( huscupaintsgdrfesnande dué foya)deficnthxitiit fipply foltre niusded iR cayibddi witha squapr  of
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Various inflammatory disorders (e.g. COPD) nmay lead to a perfusion/ demand
m smat ch.  Theinaansehs & eohtSnvikiod, RUuiFRR b8 “Fatfusidn/déMatd rRAGRE" iNtkSletalihuBclg OUPS
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In the airvwayi&inty. ks typd daa}aa@ddr&ron ¥iAE&sH bitfislerof bRSchitietefmite W@ BhRbRSER. The

phrase "conbi Qoﬁcgtloﬁ\ﬁ? @le S eﬁ‘g{?ﬁlgpjﬁgé iR Qac)'n cfsgu;aﬁgu%%ﬂgrnrﬁata? Meﬁ (L td(ﬁ-’%) of a
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conbi nati on t Mcalar performance.

The phrase “a remodelling component” refers to structural changss In the morphology of the airways
{ based on growth factor-induced proliferation of smooth muscle cells and fibroblasts in the airway epithe-
lium and/or vascutature leading to a hypemlasia.

The phrase “combined use” (or “combination”) embraces the administration of a PDE4 inhibitor and a
PDES Inhibitor as part of a specific treatment regimen intended to provide a beneficial effect from the
co-action of these therapeutic agents. Administration of these therapeutic agents in combination typi-
cally is carried out over a defined time period (usually minutes, hours, days or weeks depending upon
the combination selected). “Combined use” generally Is not intended to encompass the administration
of two of these therapeutic agents as part of separate monotherapy regimens that incidentally and
arbitrarily result in the combinations of the present invention.

"Combined use” or "combination” within the meaning of the present invention is to be understood as

meaning that the indlvidual components can be administered simultaneously (in the form of a combi-
nation medicament — “fixed combination”) or more or less simultaneously, or respectively in succes-

sion (from separate pack units — "free combination®; directly in succession or else altematively at a
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present | nveriis 10 be dedrstoyd thatfpessent ingentdnl covaesngh eantbihaticne oi-paiticutin el prefsned &s- as

exanpl es of %&’P%e Bk &égr:nbamr@n E’RESprés@mrnma{de%mefae %ﬂ mshLeﬁ

consequenti al S r nati.on

menti oned as “ﬁ?eggﬁrﬁlpéﬁe’@Tg'ﬁ%?fég Dgﬁngiht?bﬂﬁa Pnﬁgﬁi’ @ l%i?%ﬁﬂf?%ﬁe'f‘ﬁ'r and a
( PDES | nhi bi t cembipationsgin pertidyiar samikingtiang wisiph rcmrbamnﬂoms R@fermmam@s of a combl-

conbi nat i on aktichiot sewEf inHibita26d £PbEBThHiRGtare @ conbi nati on of Tadal afi|l and

Rof | um | ast, F&Pa:q%%n'o?&ld&%ﬁﬁﬁ&’%ﬂ%&{)l and Cilomlast, a conbination of

Vardenafil and Ro% hati on of Vardenafil and G | onil ast
Si nul t aneous adhi AFeRnglanGH Sidaralitaad gfomizst e d by any appropriate route and,
preferably, is aceaosmbifationsinedialafl aid RoR@mRdte, by adm nistering the therapeut ic

agents to the sybjae&;\bﬂap?nq)eeﬁaltaﬁ;gﬁoe&f)m%& the oral route, or the intravenous

route, or the intramuscular rout subcut aneous i njection whereby the
admi ni stration To?ﬁ?WP&?“%Wmaﬂ’aﬁdﬂ@ﬂW'aﬁaéﬁ% therapeutic agent. Mre or
| ess si nmul t aneous aachminatichtof Ydrdedafl and Gliendasti st rati on in successi on of each
t herapeutic agent can be effect ed by any appropri ate route, including, but

not limted tét) or al rP"H‘tSﬁ%L r%i%ggglh i utres ol nr”%?agl ar_routes, and
di rect absor pr A P BIYHS '&%aus Y ERPLRTRlR" t?ﬁ PR SUere™
plished, for example, by administering {he therapeutic agents to the subject in need thereof by the oral
route, or the intravenous route, or the intramuscular route, or by subcutaneous injection wheraby the
administration form has a fixed ratio of each therapeutic agent.

More or less simultaneous administration or administration in succession of each therapeutic agent

( can be effected by any appropriate route, including, but not limited to, oral routes, intravenous routes,
intramuscular routes, and direct absorption through mucous membrane tissues. The therapautic
agents can be administered by the same routs or by different routes. For example, both therapeutic
agents of the combination may be administered by orally. In another example, a first therapeutic agent
of the combination selected may be administered by intravenous or subcutaneous injection while the
other therapeutic agent of the combination may ba administerad orally. The sequence in which the
therapeutic agents are administered is not nawowly critical.

The most preferred route of administration of a PDE4 inhibitor is the oral route. In another preferred
embodiment the PDE4 inhibitor administered by intravenous infusion or injection. In a further embodi-
ment the PDE4 inhibitor is administered by intramuscular or subcutaneous injection. Other routas of
administration are also contemplated, including intranasal and transdermal routes, and by inhalation.

The most preferred routé of administration of a PDES inhibitor is the oral route. In another preferred
embodiment the PDES inhibitor administered by intravenous infusion or injection. In a further embodi-



agents can be adm ni stered by the sane route or by different routes. For
exanpl e, both therapeutic agents of the conbination nmay be adm ni stered by
orally. In another exanple, a first therapeutic agent of the conbination
sel ected may be adm ni stered by intravenous or subcutaneous injection while
the other Hhehaprsiorc agent of the conbinati on may be adnyereabesoesd orally.
The sequence in which the therapeutic agents are adm nistered is not
narrowmy critical. The nost preferred route of adm nistration of a PDE4
inhibitor Is the oral route. In another preferred enbodi ment the PDE4

i nhi bitor adm nistered by intravenous infusion or injection. In a further
enbodi - ment the PDE4 Inhibitor is adm ni22tered by intranuscul ar or

subcut aneous injection. G her routes of admnistration are al so
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adm ni stered by intravenous infusion or injection. In a further enbodi WO
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t herapeutic %&H.hgB%és&]ﬂﬁwen%h@stﬂé&%l%ﬁ&d route of admnistration for a fixed
conbi nation of a"PDE4 Inhibitor and a PDE5 inhibitor according to the
invention Is the oral route. The preferred route of admnistration for a
free conbi nath exe effphamapptical|cornipdsitiensywhich dre intanhiHori orshadpiinistyation dhe taapditieg t o
present i nVerbrys) dreformiiRied iodive htitanents acce.amtocpfoca&wuﬁmew kel i MEMOHEL | ONs,
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formul at ed rve di canent s accor
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content advanta é; the
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phar maceutical adm nistration formprecisely tailored to the therapeutic

agent (s) and/qg péré?)n svznna lrplﬁ'esarr@ammmﬁmeess.s%mm e)(pﬁrt Qmowﬁdg%qﬁlfcﬁ‘bd?rlﬁﬁ's dr&t- eatSﬁ
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formor an enter e S m
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sol vent s, geloxitiatsriisygrsacs embisifiers, alifoains, @2v0t qotrigetiisS pragelatbis$) @blubilicdrs, ¢doraragiground
carriers, |t Ls,BaSlobfrsiaRd &bﬁ%bxuﬁ@égaﬁ%?%@mdeﬁ% oxi dants, dispersants,
enul sifiers, ant| foanms, flavor corrigents, preservatives, solubiiizers,
colorants or perneation pronoters and conpl exi ng agents (e.g

cycl odextrin Puitable oral dosage forms of Roflumilast are described in the international patent appiicah‘on

WO03/070279.

The therapeutic agent(s) are dosed in an order of magnitude customary for the individual dose. it is
more likely possible that the individual actions of the therapeutic agents are mutually positively influ-
enced and reinforced and thus the respective doses on the combined administration of the therapeutic
agent(s) may be reduced compared with the norm.

in case of oral, intravenous or subcutaneous administration of a PDE4 inhibitor, the daily dose will
likely be in the range from 0.001 to 3 mg/kg body weight of the subject fo be treated, preferably by
once daily administration.

In case of oral administration of the SELECTED PDE4 INHIBITORSs {4a$,8aR)-4-(3,4-
Dimethoxyphenyl)-2-(1-pyrimidin-2-yl-piperidin-4-yl}-4a,5,8,8a-tetrahydro-2H-phihalazin-1-one,
{4aS,8aR)-4-(3,4-Dimethoxy-phenyl)-2-(1-pyridin-2-yimethyl-piperidin-4-yi)-4a,5,8,8a-tetrahydro-2H-



Sui tabl e oral dosage forms of Roflum | ast are described in the international
patent application WX03/070279. The therapeutic agent(s) are dosed in an
order of magnitude customary for the individual dose. It is nore likely
possi bl e that the Individual actions of the therapeutic agents are nutually
posi tively infdooerroesced and reinforced and thus the respemErzesdsmas on t he
conbi ned adm ni stration of the therapeutic agent(s) may be reduced conpared
with the norm In case of oral, intravenous or subcutaneous adm nistration
of a PDE4 inhibitor, the daily dose will Ilikely be in the range from0.001
to 3 ng/ kg body weight of the subject to be treated, preferably by once
daily adm nistration. In case of oral admhistration of the SELECTED PDE4

| NHI Bl TORs (4aS, 8aR)-4- (3, 4-
l&awﬂaﬁ)ﬂo{(@héﬁylﬁ xol4a %t%?ﬁ%ytﬁltrahydro 2H

Di met hoxyphe
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- 2- y| ot hy PR v ARy acgiaide o ety 9%)998’92 W by

PCT/ EP2004/ 0388660 0.28d@mdral azi n-1 -one or 2-{4-[(4aS,

8aR) - 4- (3, 4- D net hoxyphenyl ) - 1- oxo-4a, 5, 8, 8a-t et rahydr o- 1H

pht hal azi n- 2- [ d se | et ween
0.1 and 10 nngc:-]s? gtj opa? donﬁr&sma%on%u ﬁ%ﬁ%@l" aﬂ%yﬁ%u&grﬁe&oxgﬁ él’, ¥-Flgl'|(?or%yrlds-4)9)

adm nistrati d}qm@rnide (ROFLU ILAST), the adult daily dose s in the range from 50 — 1000 pg, preferably in the

3- cycl opr opy| et re gs04- Bh0fid, pefetabip bihancy ddily 4dthinistratios.n| or opyri d- 4-yl ) - benzam de
(ROFLUM LAST), the adult daily dose is in the range from50 - 1000 pg,

preferably In the 500 ref er once .daily.

admi ni strati QHC&‘SP ﬂf°é%§'g'a‘6ﬁ"°‘f§r°5f"% ‘ﬂﬂ‘??“é@@ﬁ@ﬁ'gg%P&@%&ﬁ?’ﬁﬁ%ﬁ%gﬂa&ﬂ%ﬂt ration
(of a PDE5 i nhiky egn the range i .01 drodmallg botly wefighlkad thy sihiect ip be ¥rated aardesatiybym 0. 001
to 3 nog/ kg bagye ¥y sphiiniseitiohhe subj ect to be treated, preferably by once

daily adm ni stration. Tablet formul ations for sildenafil, tadalafil and
vardenafil are conmer e under the trade- nanes Via ra r),

G ol 1 (r) andieDEUPTHEERS o Dl ocpa ond esaimglaEs comimociavmi e
formul ati ons "faoes Yadrai Gfis® and berite@PmespBlive0 or 100 ng of sildenafil. Accord-
ing to the Sunmary of Product Characteristics for Sildenafl, as a

{"3”2&8?[ gplynt@o ﬁe&ﬁﬁ AJQEBIQ @BEfgm%b{soq?B?%g%adl §on%%o%r5%|olr ¥00§ﬂ{/9f£“d§ er9{ ZL: y .
fornul ati ons ifHlP “Wéﬁ'a@ﬂ'&f’f Rrodugharpgleristics @DS'H?“BE'OBS QHP‘“W@RVMQEF’F”*" ‘N&cor d-

ing to the Susidenaf :scybnd?alt@ddmmst@hmrailvmdumnmulsfdosedfaﬁ @denafddIng. as a
nonot herapy the PDES inhibitor Vardenafil is generally adm nistered orally

to adults In dai | f Yoy Vv l.e tabl et
formul ati ons ?o mefc'aﬁya i\ 'Ie?a(?'c?n mugtloff)fowa%ﬁ' ‘%OtanFE (ﬁﬁ%da'%{?% c"%'g H*S to
the Summary dfg tPF"S@H@W'EH%{'?‘%R&'F‘&“P’é?‘?’E@S f%varqsaeﬂélaaﬁ rpnotheeapy tha BRB} 'Hé‘?’ta’py t he
PDE5 i nhi bi t ovardeadfitit gdrietally siministared orally to adulis in a daily dose of 5, 10 or 20 mg.

Commercially available tablet formulations for tadalafil contain 10 or 20 mg of tadalafil. According to
( the Summary of Product Characteristics for Tadalafi!, as a monotherapy the PDES inhibitor Tadalafil is
generally administered orally to adults in a daily dose of 10 or 20 mg.



generally adm nistered orally to adults In a daily dose of 10 or 20 ng. WO
2004/ 103407 PCT/ EP2004/ 050869 24 Exanples Adm nistration of the

Conmbi nation Exanple | Patients suffering from COPD as defined by the
"dobal Initiative for chronic obstructive |ung disease” (Pauwels R A, at
al ., 4d obal wetoetwgm?for the diagnosis, nmanagenent, and POTEP2IYNIR6IOT
chronic ob- structive pul nonary di sease. NHLBI I WHO d obal Initiative for
Chronic Cbstructive Lung D sease (GOLD) Workshop summary. Am J. Respir.
Crit. Care Med. 2001; 163: 1256-1276) are adm nistered orally one tablet of
Rof l um | ast (conprising 500 jig of Roflum|ast) per day and once daily a
tablet of Viagra (conprising 50 ng Sildetfafil). Exanple 2 Patients
suffering from COPD as defined by the "G obal Initiative for chronic
obstructive lung disease" (Pauwels R A, at al., dobal strategy for the

di agnosi s, rrg;(a enent, and prevention of chronic ob- structive pul nonary

di sease. NHL G obal Initiative for Chronic Qobstructive Lung Di sease
(GOLD) Workshop sunmary. Am J. Respir. Crit Care Med. 2001; 163: 1256-1276)
are adm ni st exdatlnisteatiah bfitheGentiisdtibet of Rof | um | ast (conprising 500 g of

Rof lum | ast) per day and each second day a tablet of Galis (conprising 10
ng Tadal afil) Exaq'ple 3 Patients suffering from COPD as defined by the

"Q obal I nitiHeM8Elfor chronic obstructive | ung di sease" (Pauwels R A, at
al ., dobal dhtatiertssgieringirom GEPRIdsglined bwthe fiiinbaldnitistivetior chronk gbslaivedung disease”

%hhr onic %g- S(bauelsIRVE, ePull, BRBEatedy BEAS Bagnbdd, Rhraykanthdndveriioh bficirbhiy/éd- f or
ronic str V. . . espir.
Crit. Care Nesgﬁ éuge(fg‘ﬁb Hﬁgg.&a%ggﬁalu ) %a’e'}{}g%ﬁﬁ%@‘réeg or"'(?ﬂf\{igﬁl D(il)sr?%@t abl et of

(Rof I uni | ast (‘COhPRYEIshYpP somany. A5t J resrin it Gper Yed g0t 123612601 el adminityred,

tabl et of Lewaly pa tdad offofisuiag (cb@prishg 5ergenRdiimiast) MOIZGRd Hricd 8418 4 tablet of

PCT/ EP2004/ 05Q&63 congmsind S0 ihd diferficause of their PDE4- and PDES- | nhibitory

properties, conbinations of present invention are appli- cable in human and
veterinary medicine, wherein - as an exanple - the conbinations useful for

pre- venting Exempeduci ng the onset of synptons of a disease, or treating or
reduci ng the ruemed dulffin@frorfCORIS as R&EE by e Widdaliitiis fdrdhrofeshstrdifl and disdate"Whi ch

di sease phosppalleRR AL R3S cfbnd SRked) oPRLL o ASREGHN, and prevention of chronic ob-
structive pulmonary disease. NHLBI/WHO Global Initiative for Chronic Obstructive Lung Disease
(GOLD) Workshop summary. Am. J. Respir. Crit Care Med. 2001; 163: 1256-1276) are administered
orally one tablet of Roflumilast {comprising 500 pg of Roflumitast) per day and each second day a
tablet of Clalis (comprising 10 mg Tadalafil).

Example 3

Patients suffering from COPD as defined by the “Global Initiative for chronic obstructive lung disease”
{Pauwels R.A., st al., Global strategy for the diagnosis, management, and pravention of chranic ob-
structive pulmonary disease. NHLBYWHO Global Initiative for Chronic Obstructive Lung Disease
(GOLD) Workshop summary. Am. J. Respir. Crit. Care Med. 2001; 163: 1256-1276) are administered
orally one tablet of Reflumilast (comprising 500 pg of Roflumiiast) per day and once daily a tablet 6f
Levitra (comprising 10 mg Vardenafil).



esterase 5 (PDE5) activity Is detrinental. Said diseases are of varying
origin and are characterized.by an inflammtory conponent, a m snmatch
conponent and structural changes In the norphol ogy of the airways
(renodel I'i ng conmponent). Thus, the conbined use of a PDE4 inhibitor and a
PDE5 i nhi bi tvar20b4mo3mecor dance with present invention is papyEr2eabsossst or
preventing or reducing the onset of Inflammation, or treating or reducing
the severity of inflammtion, m smatch and renodelling. Surprisingly it has
been found that the conbi ned use of a PDE4- and a PDE5-inhibitor In the
treatnment of COPD, asthma bronchiale, allergic bronchitis, chronic
bronchitis, chronic heart failure, nephrlﬂﬁs r heu- nat0|de arthritis or
enphysenma is superior to a treatnent with either a PDE4-inhibitor or a PDES-
i nhi bi tor as,%hg conmbi ned use of a PDE4- and a PDES5-inhibitor lead to a
synergistic e ct. This syner- gistic effect refers to an intensive
mechani sti c crosstalk bet ween the pat honmechani sns | nfl uenced by

PDE4- i nhi bi t dtesauamef thelf @OE4-cshd PDIES; inhibilevipraperties, combinationsofpiesert invention aeabplis

i nvol ved i n GGhbin hidiarCdhd véednialy infelicifed Whdisin -Sasitn bomiprd- thy/ combRaloRdbfuldr bria-
PDEA-T i B U Qffyng BFAY FETReEY L tonsafmgasgro?%@ § @%aaubi o soWilyGlla yp0UCE

and i nfl uence reno a} rocesses

remodel | i ng $5PeR & safieqt inypegd etsgf. i WH Isepie Phespitodisptergse 4HBRED ppdipr B'P°P'8'P@, whi ch
are known t o dstefasei® (RDESaCMity b Setdméntsh Sald Fibaases acontizrnyrgdigisand efe cherdeBiizbd byund

PDES4nhi bi t or gofy@smdhdiy &oh@a{emismmhwﬁ’@nen%a QHBtuJardﬂﬂﬁEB iR1h8 morpRdloty P G C
bronchitis, chronic br tIS hrgwlc he

rheurmt ol de aPT'#F (r?rpode(ﬂg cgm oﬁe e ?%’P useef01f 3%@?‘(/'&"'?‘%’%9?&%? ARer i ¢
(the indivi duaccardenpetith pregent |“FP"§Q!'CE qpp'&ﬂb'e forperyentiager resucimspeenselof Iflemmation,
"bronchi al e, adr kreatiag @ rdaucingthe devaity of inflammationDmiemattt dndd samodélingni ¢ heart fail ure,
nephritis, rheumat oide arthritis or errphysema by use of a corrposi tion
conprising a b|t
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the patient aémyaanmasupafe@@%ytr&trhdaamiaaglsagmbﬂo%.awrels&ee,%meaaddrgro%vh\eacpat i ent

pack, nor- |y, gnﬁuc@q.nsﬁﬂﬂJeﬁ(gc;mauPAﬂﬁelno&i.ﬁi@aaep{eg mgscr..ltma 1 diRdclhe" 2

package ins
physician's i lh'%"f’-‘?sﬂ%?'ﬁ B undridhe ot %ff’ BF%i“h'P"éﬁd”%ﬁéer"&P"l”V" f"B“eﬁ’i?rpé“’“@@E‘E‘es sf ul
treat ment. | tThos lcbmbired usedd a OB N PRES-Nidor & thie treatinerd 0fl GOPDOdsthiva brogobialbi nat i on

of present | nyggt broRnikY chrdMRARACHAE, cRorid HAEH Biui HeptRRY, Bilekoide AhriiAtk b.ﬁﬁnpseaac ks of
each conponent Conpeochlveqhan?regperﬁ ﬁtﬂ%e incﬂ ual inh%‘ﬁilors zrgadlglgon?tgegfrré DEEEJF[S the

patient to t NeTCGrrect Use o I nvention IS fea-

ture of the inehale gleroicprpenits chanicRsenchits. caopphaet falu rerbith. leumped W’&ﬁorof
present i nvenéniphysemaly Use bin @mp@Eiia0@hhisdig 4 @DERGR EPAEOHHIMHCBGES the2@aptation

of a dose scheme of both inhibitors in arder to get a useful ratio of plasma concentrations of the

at | ent packs

PDE4-~ and PDES-inhibitor by considering the different pharmacokinetic behaviour of these drugs.

Pharmaceutical compositions of present invention may be prescribed to the patient in "patient pack”
containing the whole course of treatmant In a single package. Patient packs have an advaniage over
traditional prescriptions, where a phammacist divides a patient's supply of a pharmaceutical from a bulk
supply, in that the patient always has access to the package insert contained in the patient pack, nor-
mally missing in traditlonal prescriptions. The inclusion of a package insert has been shown to improve
patient compliance with the physician's instructions and, therefore, lead generally to more successful
freatment. It will be understood that the administration of the combination of present invention by
means of a single patient pack, or patient packs of each component compound, and contalning a
package insert instructing the patient to the correct use of the invention is a desirable additional fea-
ture of the invention. Thus, the use of a pharmaceutical composition of present invention may help a



patient (1) to prevent or reduce the onset of synptons of a disease in which
phosphodi esterase 4 (PDE4) and/or phosphodi esterase 5 (PDE5) activity Is
detrinental, or to treat or reduce the severity of a disease in which
phosphodi est erase 4 (PDE4) and/or phosphodi esterase 5 (PDE5) activity is
detri- mentwo Zo44/10397 of one conbi nation, and (2) to i ncPEAFR2NHASBENDI | ance
because of the use of a "patient pace. 27 PATENT CLAIMS 1 Use of a

conbi nation of a PDE4 inhibitor and a PDES inhibitor for the preparation of
a nedicament for preventing or reducing the onset of synptons or treating
or reducing the severity of a disease selected fromthe group consisting of
COPD, asthma bronchiale, allergic broncH8is, chronic bronchitis, chronic
heart failure, nephritis, rheumatoide arthritis and enphysema, wherein the

PDE4 i nhi bi t Qiatidn8(16 hrédnl rddlicaheonSer 61 spratahiky SBIELASKIN whlich hosphodiesterase4

d|fluoroneth

phar maceuti ca F?‘EJ\%r((:dzdr alogéﬂ%masqg%g% [955@ %ﬁ%@g&ﬁrﬁéﬂzﬂ%ﬁéﬁgh}% tor | 3 se‘?ect ed
fromthe gr (ﬁp&ewﬁhwlgqllphﬁpWESterase 4 (PDEA4) and/or phosphodiesterase 5 (PDE5) activity is detri-

5- [ 2- et hoxy- Srenthl byeisdyflorel copblpatioa,znd (2) te inkrease s carhydianck pechusamt thy lse 3 arpatient
propyl -1, 6-dijayer o- 7H pyr azol o[ 4, 3-d] pyri m di n-7-one (SILDENAFIL), (6R 12aR)
2, 3, 6, 7,12, 12a hexahyd ro-2-net hyl - 6- (3, 4- net hyl enedi oxyphenyl ) -
pyrazino[2',1":6,1] pyrido[ 3, 4- b]|ndole 1, 4-di one ( TADALAFIL),
2-[2-ethoxy-5-(4- et hyl pi perazi n-1-yl sul fonyl )p henyl]-5-nethyl-7-propylimd
azo[5,1-f][1,2,4]triazin-4 (3H one (VARDENAFIL) and the pharmaceutically
acceptabl e salts of these conpounds. 2. Use according to claim1, wherein
the PDE4 inhibitor is 3-cycl opropyl met hoxy- 4-

(di f1 uoromet hoxy-N- (3, 5-dichloropyrid-4-yl)benzani de (ROFLUM LAST) or a
pharmaceutically acceptable salt thereof and the PDE5 inhibitor is

5-[ 2- et hoxy-5-(4- nethyl-1-piperazi nylsu | fonyl)phe nyl]-1-nmethyl-3-n-p
ropy)-1,6-d i hydro-7H pyrazol o[ 4, 3- d]pyrimdin-7-one (SILDENAFIL) or a
pharmaceutically acceptable salt thereof. 3. Use according to claim1,
wherein the PDE4 inhibitor is 3-cycl opropyl met hoxy- 4-

di f1 uor onet hoxy- N- (3, 5-di chl oropyri d-4-yl)benzam de (ROFLUM LAST) or a
pharmaceutically acceptable salt thereof and the PDE5 inhibitor is (6R, 12aR)
2, 3,6,7,12, 12a- hexahydr o- 2- net hyl - 6- (3, 4- net hyl ened i oxyphenyl) -
pyrazino[2',1":6,1] pyrido[ 3, 4-b]indol e-1, 4-di one (TADALAFIL) or a
pharmaceutically acceptable salt thereof. 4. Use according to claiml1,
wherein the PDE4 inhibitor is 3-cycl opropyl nmet hoxy- 4-

di f | uor onet hoxy- N- (3, 5-di chl oropyri d-4-yl)benzam de (ROFLUM LAST) or a



pharmaceutically acceptable salt thereof and the PDE5 inhibitor is
2-[2-ethoxy-5-(4- ethylp iperazin-1-ylsu

| f onyl ) phenyl ] -5-net hyl - 7-propyl i m dazo[5,1-f][1, 2, 4]triazin-4(3H)one
(VARDENAFI L) or a pharmaceutically acceptable salt thereof. 5. Use according
to any one of clains 1 to 4, wherein the disease is COPD. 6. Pharmaceuti cal
conposition conprising as a fixed contA’nation (a) an effective anount of a
PDE4 inhibitor, (b) an effective anount of a PDE5 inhibitor, and optionally
(c) a pharmaceutically acceptable carrier, wherein the PDE4 inhibitor is

3-cycl oprppy% NEE QY- 4- di f1 uor omet hoxy- N-(3 5- dichl oropyrid-4-yl)benzam de
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4. Use according to claim 1, wherein the PDE4 inhibitor is 3-cyclopropylmethoxy-4-
difluoromethoxy-N-(3,5-dichloropyrid-4-yl)benzamide (ROFLUMILAST) or a
pharmaceutically acceptable salt thereof and the PDES5 inhibitor is 2-{2-ethoxy-5-(4-
ethylpiperazin-1-ylsulfonyl)phenyl]-5-methyl-7-propylimidazo(5, 1-f][1,2,4]triazin-4{3H}one
(VARDENAFIL) or a pharmaceutically acceptable salt thereof.

5. Use according to any one of ¢claims 1 to 4, wherein the disease is COPD.

6. Pharmaceutical composition comprising as a fixed combination
{a) an effective amount of a PDE4 inhibitor,
(b} an effective amount of a PDES inhibitor, and optionally
(c) a pharmaceutically acceptable carrier,
wherein the PDE4 inhibitor is 3-cyclopropyimethoxy-4-difluoromethoxy-N-(3,5-
dichloropyrid-4-yl)benzamide (ROFLUMILAST) or a pharmaceutically acceptable salt
thereof and the PDES inhibitor is selected from the group consisting of 5-[2-ethoxy-5-
{4-methyl-1-piperazinyisulfonyl)phenyl]-1-methyl-3-n-propyl-1,6-dihydro-7H-
pyrazolo[4,3-d]pyrimidin-7-one (SILDENAFIL), {6R,12aR)-2,3,8,7,12,12a-hexahydro-
2-methyl-8-(3,4-methylenedioxyphenyl}-pyrazino[2',1".6,1]pyrido[3,4-b]indole-1,4-
dione {TADALAFIL}, 2-[2-ethoxy-5-(4-ethylpiperazin-1-ylsulfonyl)phenyl]-5-methyl-7-
propylimidazo[5,1-f][1,2,4]triazin-4(3H)one (VARDENAFIL} and the pharmaceutically
acceptable salts of these compounds.



acceptable carrier and (b) an effective amount of a PDE5 inhibitor and
optionally a pharmaceutically carrier wherein the PDE4 inhibitor is

3-cycl opropyl met hoxy- 4-di f | uor omet hoxy-N- (3, 5- dichl oropyrid-4-yl)benzam de
(ROFLUM LAST) or a pharmaceutically acceptable salt thereof and the PDES
inhibitor is selected fromthe group con5|st|ng of 5-[2-ethoxy-5-
(4-methyl -1 -piperazinyls u 28

| f onyl ) phenyl ] - 1- et hyl - 3- n- propyl - 1, 6- di hydr o- 7H

pyrazol o[ 4, 3-d] pyri m di n-7-one (SILDENAFIL),

(6R 12aR)-2, 3, 6, 7, 12, 12a- hexahydro- 2-net hyl -6- (3,

4- met hyl enedi omréms&whaafmpaam%%pnsing a@aquddﬂir‘éllc&%ﬁ)ahén b] indole-I ,4- dione
( TADALAFI L), (a) an effective amount of a PDE4 inhibitor,
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propyl i m dazo[ 5, 1c)f § pnarpacghitiqallpacceptaple3idirsne eé_?’{ARDENAFI L) and the
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PDES5 i nhi bi tor idione (TADALAFIL), 2-[2-ethoxy-5-(4-ethylpiperazin-1-ylsulfonyl)phenyl}-5-methy!-7-
5- [ 2- et hoxy- 5- ( 4-pmtyligiliazofSpi-fii € 2 AlrianiyH4EAtH) dne riyA ROENATL) prdltherphamyphceeBticaliypr opyl -
6- di hydr o- 7H pyraggeptablesats ¢f thepe camipdimds7- one (SI LDENAFIL) or a
pharmaceutically acceptable salt thereof. 10. Pharmaceutical conposition
according to any one of clainms 6 to 8 wherein the PDE4 inhibitor is

3- cycl opropy ”E’Eat}'%éé/%tlcag fnl‘:g”iﬁo%nc%fgﬁ) as a(fr% on%néﬁléor opyrid-4-yl)benzam de

(ROFLUM LAS [etel gﬁmog Foph é%‘?rﬁ&feutﬁgﬂ wherein the
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I(D[R)EOSZLU:\/Inh;AtS)R Oor IZ“X ﬁ% %Thyg gz E ]pyrl ]ln ole 1 8r ein the
done ADALAF 2-sthoxy-5-( -et Ipiperazin-1-y Ifo yl) he thyl -7-

2-[ 2- et NOXy- 5-  4-EAdINhBABRI ) B afuiod -ZE{’JH 3/5FE§WL K)lﬂn ically

propylim dazo[ 5, gke pkdble, it Hds@.Zdnﬁbo &H) one ( VARDE FI L) or

pharmaceutically acceptable salt thereof.

9. Pharmaceutical composition according to any one of claims 6 to 8, wherein the PDE4
inhibitor is 3-cyclopropylmethoxy-4-diflucromethoxy-N-(3,5-dichloropyrid-4-yl)benzamide
(ROFLUMILAST) or a pharmaceutically acceptable salt thereof and wherein the PDES
inhibitor is 5-[2-ethoxy-5-{4-methyl-1-piperazinyisulfonyl}phenyl]-1-methyl-3-n-propyl-1,6-
dihydro-7H-pyrazelof4,3-d]pyrimidin-7-one (SILDENAFIL) or a pharmaceutically
acceptable salt thereof.

10. Pharmaceutical composition according to any one of ciaims 6 to 8, wherein the PDE4
inhibitor is 3-cyclopropylmethoxy-4-difluoromethoxy-N-(3,5-dichloropyrid-4-yl)benzamide
(ROFLUMILAST) or a pharmaceutically acceptable salt thereof and wherein the PDES
inhibitor is (BR,12aR)-2,3,6,7,12, 12a-hexahydro-2-methyl-6-(3,4-methylenedioxyphenyl)-
pyrazino[2',1":6,1]pyrido[3,4-blindole-1,4-dione (TADALAFIL) or a pharmaceutically
acceptable salt thereof.

11. Pharmaceutical composition according to any one of claims 6 to 8, wherein the PDE4
inhibitor is 3-cyclopropylmethoxy-4-difluoromethoxy-N-(3,5-dichloropyrid-4-yl)benzamide
{ROFLUMILAST) or a pharmaceutically acceptable salt thereof and wherein the PDES
inhibitor is 2-[2-ethoxy-5-(4-ethylpiperazin-1-ylsulfonyl)phenyl]-5-methyl-7-
propylimidazo[5,1-f][1,2,4]triazin-4{3H)one (VARDENAFIL) or a pharmaceutically
acceptable salt thereof.



