7- Azai ndol es and the use thereof as therapeutic agents Description 5 The
invention relates to substituted 7-azaindoles, process for their
preparation, pharmaceutical preparations which conprise these conpounds,
and the pharmaceutical use of these conpounds, which are inhibitors of
phosphodi esterase 4 as active 10 ingredi ents for the treatnent of disorders
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15
Activation of cell membrane receptors by transmitters
leads to activation of the second messenger system.
Adenylate cyclase synthesizes the active c¢yclic AMP
(cAMP) and cyclic GMP (cGMP) respectively from AMP and

20 GMP. cAMP and cGMP lead for example in smooth muscle
cells to relaxation, and in inflammatory cells to
inhibition of mediator release and synthesis. The
second messengers cAMP and c¢GMP are degraded by
phosphodiesterases (PDE). To date, 11 families of PDE

25 enzymes (PDEl-11) are known and differ through their
substrate specificity (cAMP, c¢GMP or both) and the
dependence on other substrates (e.g. calmodulin). These
isoenzymes have different functions in the body and are
expressed differently in individual cell types (Beavo,

30 J.A., Conti, M. and Heaslip, R.J., Multiple cyclic
nucleotide phosphodiesterases. Mol. Pharmacol. 1994,
46:399-405; Hall, I.P., Isoenzyme selective
phosphodiesterase inhibitors: potential clinical uses,
Br. J. clin. Pharmacol. 1993, 35:1-7). Inhibition of

35 the various PDE isoenzyme types results in accumulation
of cAMP or cGMP in cells, which can be utilized
therapeutically (Torphy, T.J., Livi, G.P., Christensen,
S.B. Novel Phosphodiesterase Inhibitors for the Therapy
of Asthma, Drug News and Perspectives 1993, 6:203-214).



S. B. Novel Phosphodi esterase Inhibitors for the Therapy of Asthma, Drug
News and Perspectives 1993, 6:203-214). 2- The predom nant PDE-i soenzyne in
cells inmportant for allergic inflammations (|ynphocytes, nast cells,

eosi nophi lic granul ocytes, nmacrophages) is that of type 5 4 (Torphy, J. T.
and Undem B. J., Phosphodiesterase inmbitors: new opportunities for the
treatnment of asthma. Thorax 1991, 46:512-523). Inhibition of PDE 4 by

sui tabl e inhibitors is therefore regarded as an inportant approach to the
therapy of a rrber of 1 i cally.induc di sorders (Schudt
Dent , % JSIE)%HI 53% W%l £8r sceigﬁdérﬁ“%orﬁ é %°5ndon
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are

5 An important property of phosphodiesterase 4 inhibitors

15 is inhibition of the release of tumor necrosis factor o
(TNFt) from inflammatory cells. TNFQ 1s an important
proinflammatory cytokine which influences a large
number of biological processes. TNFo is released for
example from activated macrophages, activated T

20 lymphocytes, mast cells, basophils, fibroblasts,
endothelial cells and astrocytes in the brain. It has
itself an activating effect on neutrophils,
eosinophils, fibroblasts and endothelial cells, whereby
various tissue-damaging mediators are released. The

25 effect of TNFo in monocytes, macrophages and T

) lymphocytes is increased production of further
proinflammatory cytokines such as GM-CSF (granulocyte-
macrophage colony-stimulating factor) or interleukin-8.
Owing to its proinflammatory and catabolic effect, TNFq

30 plays a central role in a large number of disorders
such as inflammations of the respiratory tract,
inflammations of the joints, endotoxic shock, tissue
rejections, AIDS and many other immunological
disorders. Thus, phosphodiesterase 4 inhibitors are

35 likewise suitable for the therapy of such disorders
associated with TNFo.

Chronic obstructive pulmonary diseases (COPD) are

widespread in the population and also have great
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35 |ikewi se suitable for the therapy of such disorders associated with
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15 (expiration is particularly affected). The course of
the disease is episodic and often complicated by
bacterial infections (Rennard, S. I.: COPD: Overview of
definitions, Epidemiology, and factors influencing its
development. Chest, 113 (4) Suppl., 2355-241S, 1998).

20 There is a steady decline in lung function during the
disorder, the lung becomes increasingly emphysematous,
and the patients' breathing difficulty becomes obvious.
This disorder markedly impairs the patients' quality of
life (shortness of breath, low exercise tolerance) and

25 significantly shortens their 1life expectancy. Besides

3 environmental factors, the main risk factor is smoking
(Kummer, F.: Asthma and COPD. Atemw.-Lungenkrkh. 20
(5), 299-302, 1994; Rennard, S. I.: COPD: Overview of
definitions, Epidemiology, and factors influencing its

30 development. Chest, 113 (4) Suppl., 2358-241S, 1998)
and thus men are affected distinctly more frequently
than are women. However, this picture will change 1in
the future due to the alteration in lifestyles and the
increase in the number of female smokers.

35
Current therapy claims only to alleviate the symptoms
without affecting the causes of the progression of the
disorder. The use of long-acting beta2 agonists (e.g.

salmeterol), possibly in combination with muscarinergic



than are wonen. However, this picture will change in the future due to the
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15 proteases or adhesion molecules might be very promising
(Barnes, P.J.: Chronic obstructive disease: new
opportunities for drug development, TiPS 10 (19), 415-

423, 1998).

20 Irrespective of the bacterial infections complicating
the disorder, a chronic inflammation is found in the
bronchi and is dominated by neutrophilic granulocytes.
The mediators and enzymes released by neutrophilic
granulocytes are thought inter alia to be responsible

25 for the observed structural changes in the respiratory

) tract (emphysema). Inhibition of the activity of
neutrophilic granulocytes is thus a rational approach
to the prevention or slowing down of the progression of
COPD (deterioration in parameters of lung function). An

30 important stimulus for the activation of granulocytes
is the proinflammatory cytokine TNFo (tumor necrosis
factor). Thus, it is known that TNFo stimulates the
formation of oxygen free radicals by neutrophilic
granulocytes (Jersmann, H.P.A.; Rathjen, D.A. and

35 Ferrante, A.: Enhancement of LPS-induced neutrophil
oxygen radical production by TNFo, Infection and
Immunity, 4, 1744-1747, 1998). PDE4 inhibitors are able
to inhibit wvery effectively the release of TNFo from a

large number of cells and thus suppress the activity of



to the prevention or slow ng down of the progression of COPD (deterioration
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di scover novel  RREA i nRibi tRf 8, Wb B0ne  derivatives  (review  in:
) Karlsson, J.A., Aldos, D., Phosphodiesterase 4

15 inhibitors for the treatment of asthma, Exp. Opin.

Ther. Patents 1997, 7: 989-1003). It has not been

possible to date for any of these compounds to be used

clinically. It was unavoidably found that the known

PDE4 inhibitors also have various side effects, such as

20 nausea and emesis, which it has not to date been
possible to suppress adequately. It i1s therefore

necessary to discover novel PDE4 inhibitors with

improved therapeutic index.

25 Indol-3-ylglyoxylamides and processes for preparing
them have already been described several times. In all
cases, indoles unsubstituted in position 3, which are
synthesized by substitution 1in position 1 of a
commercially available indole, were converted Dby

30 reaction with oxalyl halides into indol-3-ylglyoxylyl
halides which subsequently afford, by reaction with
ammonia or with primary or secondary amines, the

corresponding indol-3-ylglyoxylamides. {(Scheme 1)



i nproved therapeutic index. 25 Indol-3-ylglyoxyl am des and processes for
preparing them have al ready been described several tinmes. In all cases,

i ndol es unsubstituted in position 3, which are synthesized by substitution
in position 1 of a comercially available indole, were converted by 30
reaction with oxalyl halides into indot-8-ylglyoxylyl halides which
subsequently afford, by reaction with ammonia or with primary or secondary
am nes, the Schemespandi ng indol -3-yl gl yoxyl am des. (Schene 1) 6 - Schene 1:
Xx NRR o RRNRNR N R X-halogen 5 Thus, US patents 2,825,734 and
3,188, 313 descri be various indol-3-ylglyoxylam des which are prepared by
the manner depicted in Scheme 1. These conpouhdsx were used ag imeernedi ates
for preparing indole derivatives produced by\xdductions.
3,642,803 al sord0.de cr@Qes"v{o - e OlRUOXY | g @es,, . Therprgpay at Pon of

5- met hoxyi ndol - 3 Nyoxyla S des \

229-244. Againg NS [Igo S f w th oxalyl
15 chloride, and the jfesul ting indol-3-ylglyoxylyl chloride igreacted with
an amne. In addition, US patent 6,008,231 describes indol - 3-

yl gl yoxyl am des and processes for pxepmgéng them Once 20 again, the
reaction steps and conditions depicted in Schene 1 are used. Substituted

5- hydr oxyi ndol yl gl yoxyl am des and 6- hydr oxyi ndol yl gl yoxyl am des and

pr ocessess f OKI‘thrse,par(jéqg pa2t5e1§t'[1sem fl,néizé ,h'?B Esea}ﬁer 3?38%5, BEQEA' denshcirtii};[eor S were

various indol-3-ylglyoxylamides which are prepared by

the manner depicted in Scheme 1. These compounds were

used as intermediates for preparing indole derivatives

produced by reductions. US patent 3,642,803 also
10 describes indol-3-ylglyoxylamides.

The preparation of 5-methoxyindol-3-ylglyoxylamides 1is
described in Farmaco 22 (1967), 229-244. Again there is
reaction of the indole derivative used with oxalyl
15 chloride, and the resulting indol-3-ylglyoxylyl

chloride is reacted with an amine.

In addition, US patent 6,008,231 describes indol-3-
vlglyoxylamides and processes for preparing them. Once
20 again, the reaction steps and conditions depicted in

) Scheme 1 are used.

Substituted 5-hydroxyindolylglyoxylamides and 6-
hydroxyindolylglyoxylamides and processes for preparing

25 them and the use thereof as PDE4 inhibitors were
described for the first time in DE patent application
198 18 964 Al.

7-Azaindol-3-ylglyoxylamides are disclosed as PDE4
30 inhibitors in DE patent application 100 53 275 Al,
which also describes their preparation and use as

therapeutic agents.



described for the first tinme in DE patent application 198 18 964 Al.

7- Azai ndol - 3-yl gl yoxyl am des are di sclosed as PDE4 30 inhibitors in DE

pat ent application 100 53 275 Al, which also describes their preparation
and use as therapeutic agents. 7 4- and 7-Hydroxyindol e derivatives, their
preparation and use as PDE4 inhibitors are proposed in DE patent
application 102 53 426.8. 5 The invention relates to substituted

7;1 azaihnd_ol Ies 4of :lﬂltlale mwl r@xyfietdell e ﬁe@v}g&u\iﬁ R4thé1Af 1brépflra‘|§21drﬁmandd
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i nclude 15 ca@mawaﬂtaomf Ud?e Sor42d.a8B.1 in which Ais an N-oxide group and B
is carbon (i.e. a CH group or a group CR3 as defined below) or nitrogen.
These are the conpounds of the invention of the fornmula la 20 _ R3 0 RN AB
R4 O (1 %) TheN Rhvenhiohi chelates to substituted 7-azaindoles of

the general formula 1

R
R? - B
o) (1)
B
2
\ N
] A \R1

10 and the physiologically tolerated salts thereof,
wherein A, B, R}, R?, R} and R® are as defined in calim
1.

The compounds of the invention preferably include

15 compounds of the formula 1 in which

A is an N-oxide group and B is carbon (i.e. a CH group
or a group CR’ as defined below) or nitrogen. These are

the compounds of the invention of the formula la

20
R3
Rz\ /B
NN\
o 4
R
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B
N
’f,_ Vg
o R

in which

25 R*



25 RL 8 (i) is -Cl-10-al kyl, straight-chain or branched- chain, optionally
nono- or pol ysubstituted by -OH, -SH, -NH2, -NHCl1 6-al kyl, -N(Cl_6-al kyl) 2,
- NHC6_14-aryl, -N (C6-14-aryl) 2, -N (d-6-alkyl) (C6_14 5 aryl), -NQ2,

-CN, -F, -d, -Br, -1, -O0d _6- alkyl, -0-C6-14-aryl, -S-d-6-alkyl,
-S-C6_14-ar yI -SBH, -SM2C1-6-al kyl ,--802C6_14-aryl, -0SQ2C1l-6- alkyl,

- OS2 C6- 14- aryl , -COON, -(COCl-5-alkyl, -COOClL 5-alkyl, -Q(COC1l-5-alkyl,
by mono-, bi (10 or triscycldc,sallkyat,ed s)trram)g;m-:—aﬁalrpol yuns dramathed -

carbocycles W|th314 ri.ng ers Ly onos ofr . tr{Eccm

saturated or nono- hﬁ yungggb?afi% ﬁ“?% ocyEI W%lf’\b%t YEUEF Nenber s
and 1-6 15 heteroaton@H whi g, arBHpr et BH@bkyaNcyD, aﬁo‘,ﬂ S,1 s—wﬁéqyel)tzhe—

C6- 14-aryl groups an cycl an eroc S nts in turn
may optional |y be subst |Jt4u?r£§96ne I\I(I)gc%b‘lr gﬂ?'qr)réé )N: %ﬂg}jk)t 10H, - NH2,
“NHO _6-aSkyl, - N( cnaeygo ,aI kMD)z2 -CNJDZ, ~FeN, ~CE, @r, “BHT, - 0-Q-€1 6.

al kyl | -S— Cl_6-al kyI H,_ | kKylg_ HCh GON,
(GO Cl-5-al kyl , - Cfky| ?ﬁ Cd))ClSaIkaé:kdé%f\ﬁnerethe

al kyl groups on the c&%Hcycl‘ﬁ@zﬁnd ﬁéklélocyl‘ﬁ@z%lcsml:t uet®E0ith-¢urn may

optionally be subst igjuyt OI‘LQ)SUC re Hmes b@ooﬁl-l Ho) cyNHZ -d,
-Br, -1, -SG8H or/anc‘]:l &\I z'ng ay I::\em)nél-! kL,

pol yunsaturated, 30 §&CaiGgha- a(,l’r%‘éiln or%?%h%eaa%haﬂ—n WptWBﬂal'Pyblm)no- or
pol ysubstptuted by -Q8 -SHrichMddic - NHedtGratksl , MCl Gnaldkyl ) 2r

) gHCfS-C|14- i’;er?/I " I -N (C6 14 ng'—:]raﬁ:g{rateg CGciaLﬁbog{/ié%eL (A t:lh4 agy!l) r_i%’ - CN,
members or/and by mono-, bi- or tricyclic
saturated or mono- or polyunsaturated

heterocycles with 5-15 ring members and 1-6
15 heteroatoms, which are preferably N, O and S,
where the Cg.1s-aryl groups and the carbocyclic
and heterocyclic substituents in turn may
optionally be substituted one or more times by
-Ci_¢-alkyl, -0OH, -NH;, -NHC;_¢-alkyl, -N{(Ci_¢-
20 - alkyl),, -NO,, -CN, -F, -Cl, -Br, -I, -0-Ci_¢-
alkyl, ~-8-Ci.¢—alkyl, -S03H, -850,C1.¢-alkyl,
~0S02C;-6-alkyl, -COOH, -(CO)Ci_s-alkyl, -COO-C;i.
s—alkyl or/and -0(CO)Ci.s-alkyl, and where the
alkyl groups on the carbocyclic and heterocylic
25 substituents in turn may optionally be
) substituted one or more times by -0H, -SH,
-NH,, -F, -Cl, -Bxr, -I, -SO3;H or/and —-COOH, or

(ii) is -Cj.1p-alkenyl, mono- or polyunsaturated,

30 straight-chain or branched-chain, optionally
mono- or polysubstituted by -0OH, -SH, -NH;,
-NHC;_¢-alkyl, -N(Ci.¢~alkyl),, -NHC¢.14-aryl,
-N(Cg-14—~aryl),, -N(Ci.¢-alkyl) (Ce-14—aryl), -NOg,

-CN, -F, -Cl, -Br, -I, -0-Ci¢-alkyl, -0-Ce.1a-

35 aryl, ~-8-Ci_¢~alkyl, -5-Cg¢_14-aryl, -S0sH,
~80;C;.6-alkyl, -80,C6-14-aryl, -0805C1_¢-alkyl,

~-080,C¢.14—axryl, -COOH, -~(CO)Ci_s-alkyl, -COO-Ci_5-
alkyl or/and -0(CO)C;.s-alkyl, by mono-, bi- or

tricyclic saturated or mono- or polyunsaturated



35 aryl, -S-Cl-6-alkyl, -S-C6_14-aryl, -SO03H, -SQ2Cl-6-alkyl,

-S2C6. 14-aryl, -0s2Cl-6-al kyl, -0s2C6-14-aryl, -COOH, -(CO) Cl-5-alkyl,
-COO-d-S- alkyl or/and -Q(CO) Cl. 5-al kyl, by nono-, bi- or tricyclic
saturated or nono- or polyunsaturated 9 carbocycles with 3-14 ring nenbers
or/and by nmono-, bi- or tricyclic saturated or nono- or pol yunsaturated
het erocycles with 5-15 ring nenbers and 1-6 heteroatons, which are 5
preferably N, 0 and Sarhhevelelse €bth4-Zarld ghogpsmemiderhe Qﬁa/rég'oi:ybbfi c and

heterocyclic substi trl\ggga i pyfur grn%l%h@agéyupgtéabgf t,lﬂl(lr> ogg or nore
times by -Cl.6-alk OH, -NH2, -NHC1.6-al kyl, -N(CIl 6 10

-CN, -F, -d, -Br, -polyeneft@ra&lq@| het@@pmlawywﬂsoeﬁrwsoze@% aI kyl ,
- OS02CL. 6-al kyl, - CORRMbetSO) Chna- al kyl, - @9P=Cbatorsal Kylwnachandare
-Q(CO C1_5-al kyI and where_ the_al lr% %Ooups on the carbocyclic 15 and
heterocy@ic subst i t BEREETAR UM W'pti onal |y be substituted one or nore

times by -OH, -SH whbZe -the -€_1,~&yl - broud83Hnd / died caBMycd@cR2 i's
hydrogen or -Cl_3-al kxd and R4 bep'kgeng cal or different and are
hydrogen, -Cl_6-al kyPRd Offeteg@cyqHEL - REPFESEUPRYE, 0\ i8R al RGY) 2,
-NO2, -CN, -SO03H, -Saﬁt(:':ﬂanalalyk)ﬂe SthSedcsﬁerrﬁ-rﬁﬂJM|tlmeS by

- CO-C1L 5-al kyl, Cl 6-a |, -phenyl
or -pyridyl, wher e thg1 spﬁ‘%‘% ‘or 7 | dyrl\]%lubs?ﬁﬁéﬁt §§kx&t’urnkﬁé§/‘6

optionally be substaﬂkyédzonel\@rz,m@l,tl rES byCL,Cl -Bral kyI, -OHCi1.6-SH,

0001 - CaoE 3+l kyPLTE: o G T o opogty Yo Gk D) O

or/and -Q(CO) Cl1. 3- —OSOZC1 6— alkyl -COOH, (CO)Cy-5- alkyl -C00- Cl_
\ s-alkyl or/and -0(CO)C;.s-alkyl,

\"‘ and where the alkyl groups on the carbocyclic

15 ' and heterocyclic substituents in turn may

optionally be substituted one or more times by

-OH, -SH, -NH;, -F, -Cl, -Br, -I, -SO3H or/and

-COOH,
20 R? is hydrogen or -C;_s;-alkyl,

R’ and R® may be identical or different and are
hydrogen, -Ci_¢-alkyl, -OH, -SH, -NH;, -NHC;_¢-alkyl,
-N(Ci-¢-alkyl),, -NO,, -CN, -SOsH, -S0;-C;_¢-alkyl, -COOH,
25 -C00-Ci;_¢-alkyl, -0(CO)-Ci-s~alkyl, -F, -Cl, -Br, -I, -O-
) Cy g-alkyl, -S8-C; e-alkyl, -phenyl or -pyridyl, where the
phenyl or pyridyl substituents in turn may optionally
be substituted one or more times by -C;_z-alkyl, -OH,
-SH, -NH;, -NHC;.3;-alkyl, -N(C;.3;-alkyl),, -NO;, -CN,
30 -S03H, -S03C;-3-alkyl, -COOH, -CO0OC;_s-alkyl, -F, -Cl1,
-Br, -I, -0-Cii3-alkyl, -S-C;.3-alkyl, or/and -0(CO)Ci_3-
alkyl, and where the alkyl substituents in turn may
optionally be substituted one or more times by -0OH,
-SH, ~NH,, -F, -C1, -Br, ~-I,
35 -S03H, ~-S03Ci-3-alkyl, -COOH, -COOC;.3-alkyl, -0-Cj.3-
alkyl, -S-C;.3-alkyl or/and -0(CO)-Ci.;-alkyl.

The compounds of the invention additionally preferably
include N-oxides of the formula 1 in which



al kyl, and where the al kyl substituents in turn may optionally be
substituted one or nore tines by -OH, -SH, -NH2, -F, _d' -Br, -1, 35
-S03H, -S03C1_3-al kyl, -000H, -COCC _3-alkyl, -OC1.3- alkyl, -Sd _3-al kyl
or/and -Q(CO) -Cl. 3-al kyl. The conpounds of the invention additionally
preferably include N-oxides of the forhila 1 in which - 10 B is an N oxide
group. These are the conpounds of the invention of the formulalb R3 z vy
ORNNOR p(th) ANX O5R inwhich Ais nitrogen, 10 Rl (i) is

-Cl-1o-al kylB skrarght-ckadd grolpanairte ¥ed NtheplticaRRUnidOHe- tRE

pol ysubstituted by, - O—lf -SH, _- NHZiIF- |\th| _6-al kyl, -N(C1_6-al kyl) 2,
-NHC6_14- ar y]rr,w‘?lﬂ%%ﬁr_llﬁ- aFPP) formugacdPs. 3l kyl) (06 15 14-aryl), - N, -CN,
-F, -, -Br, -1, -0-Cl.6- alkyl, -OC6_14-aryl, -S-Cl.6-alkyl,

-S-C6_14-aryl, -SO8H, -S02Cl.6-al kyl, -S02C6_14-aryl, -0S02Cl1_6- al kyl,

- 0802C6. 14-aryl, -000H, -(CO C15-al kyl Bcoq C1_5-al kyl -Q(CO) C1. 5-al kyl ,
by nono-, bi 20 or tricyclic satBrated of NfORo- or pol yunsat urat ed
carbocycles with 3-14 ring 0 by nono-, bi- or tricyclic
saturated or nono- or polyunsa ed heterocycles with 5-15 ring nenbers
and 1-6 0 (1b)

in which

A is nitrogen,

10 Rr!
(1) is ~-Ci_19-alkyl, straight-chain or branched-
chain, optionally mono- or polysubstituted by
-OH, -SH, -NH;, -NHC;.¢-alkyl, -N(Cis-alkyl),,
~NHC¢-14-aryl, -N(Cg-14—aryl),, -N(Ci.6—alkyl) (Cs-
15 14-aryl), -NO,, -CN, -F, -Cl, -Br, -I, -0-Ci¢-
alkyl, -0-Cg.14-aryl, -S-Ci.s-alkyl, -S-Ce.14-aryl,
-S03H, -50,C1-¢-alkyl, -50,C¢-14-aryl, -080,2C1-6-
alkyl, -080,C¢.14-aryl, -COOQH, - (CO)Cis—-alkyl,
-CO00-C;.s-alkyl -0(CO)C;.s-alkyl, by mono-, bi-
20 or tricyclic saturated or mono- or
polyunsaturated carbocycles with 3-14 ring
members or/and by mono-, bi- or tricyclic
saturated or mono- or polyunsaturated
heterocycles with 5-15 ring members and 1-6
25 heteroatoms, which are preferakly N, O and S,
where the Cg.14-aryl groups and the carbocyclic
and heterocylic substituents in turn may
optionally be substituted one or more times by
-C;_¢-alkyl, -0OH, -NH;, -NHC;_s-alkyl, -N(Cy-6-
30 alkyl),, -NO;, -CN, -F, -Cl, -Br, -I, -0-Ci.¢-
alkyl, -5-C;_¢-alkyl, -S03H, -805C;.¢-alkyl,
-0S80,C;.6-alkyl, -COOH, -(CO)C;.s-alkyl, -COO-C;.
s—alkyl or/and -0(CO)C;.s-alkyl, and where the



25 heteroatons, which are preferably N, 0 and S. where the 06. 14-aryl
groups and the carbocyclic and heterocylic substituents in turn may
optionally be substituted one or nore tinmes by -Cl 6-alkyl, -OH -NH2,
-NHCL. 6-al kyl, -N (Cl1.6 30 alkyl)2,-N®, -CN, -F, -d, -Br, -1, -OCl_6-
al kyl, -S-Cl-6-al kyl, -SO3H, -S02Cl - 6- 'allkjyl- - 0S02C1. 6- al kyI - COOH,
(CO)ClSaIkyI COOCl 5-al kyl or/and -Q CO) CL. 5-al kyl, and where the -
11 alkyl groups on t#eEhr boSFEMPE andon het &hstycl FerbaBEeElident ARG turn
may optionally be sqbe%éltcsl@y@lp@e orsdnytqttueri&ss by inCH, t§k—h NHgay - F,
-d, -Br, -1, -SGBH or/and 5 Hg é is -C2.10-al kenyl, nono- or
pol yunsat urated, st roﬁ'bh‘?n?:%]aﬁ’ anr S I’:rél(t}eéhaﬂr}? Bpt MOREI IV“iﬁ?nobYor

pol ysubstituted by -GH, 1OSHSH NHI}IHZ, F,NHCLL 6- aBkyl - -, N(Gofr abkydn @,

- NHC6 1@1-ary|, -N(CG&té{ar%/l 2, -N(d _6-alkyl) (C6-14- aryl), -NO2, -CN,
-F, -0, -1, -0 _0 06 _14-aryl, -SCL 6-al kyl
-S-C6_14-aryl, -SG‘EH -SOZCl 6 aI kyl , -S02C6 14 aryl, -OSOZCl 6 15 al kyl,

- 0S02C6- 14- aryI £0) CL kyl | %DCI 5 C0.C1.5-al kyl
by nono-, bi- )ty cycl ic %é‘furﬁfé’% %r BRBC %O arqé e

car bocycl es W|th 3- 14str1ramgghtn=e¢ﬂb@m @I/larmndalyecﬂmma;nbl or tri cycl ic 20
saturated or nono- ur er i n nber s
and 1-6 heteroatom; %%%xﬁé‘g?% pﬂ?é;er?era[;t?aLt %EJ' dsegiﬁ@tv\??ere Yhe C6' 14- aryl
groups aR8 the car bocyfialh ¢ ~Ndod hé&@l@&:}acHHYcl:sublirlt(CtueﬁtlkyMztur-lNHﬁay 25

optionally be substityt ne or J y -Gl | k
PRHCL 6-al kyl . —N(d 8- geyene orREe, oA )by N Bl kyh kPl (N2

aryl), -NO;, -CN, -F, -Cl, -Br, -I, -0-Ci_¢-

alkyl, -0-C¢.14-aryl, -S-Cp.¢-alkyl, -S-Ce¢-14-aryl,

-S03H, -50,C1-5-alkyl, -50,;C¢-14—-aryl, -050,Cy_¢-

15 alkyl, -080,C¢_14-aryl, -COOH, - (CO)Ci-5-alkyl,
-CO00-Ci.5-alkyl, -0(CO)Ci.s-alkyl, by mono-, bi-

or tricyclic saturated or mono- or

polyunsaturated carbocycles with 3-14 ring
members or/aﬁd by mono-, Dbi- or 'tricyclic
20 saturated or mono- or polyunsaturated
heterocycles with 5-15 ring members and 1-6
heterocatoms, which are preferably N, O and S,
where the Cg.14s-aryl groups and the carbocyclic

and heterocyclic substituents in turn may

25 optionally be substituted one or more times by
) -Cy_¢g—alkyl-OH, ~-NH,, -NHC;_¢-alkyl, -N(Cy_¢-
" alkyl),, -NO;, -CN, -F, -Cl, -Br, -I, -0-Cj¢-
alkyl, -5-Ci-¢-alkyl, -S03H, -850,C1-¢-alkyl,
-080,C;-¢g-alkyl, -COOH, -(CO)Ci.s-alkyl, -COO-C;.

30 s—alkyl or/and -0O(CO)Ci-s—alkyl,

and where the alkyl groups on the carbocyclic

and heterocyclic substituents in turn may

optionally be substituted one or more times by

-0H, -SH, -NH,, -F, -Cl, -Br, -I, -SO03H or/and
35 —-COOH,

R? is hydrogen or -Cj.;—alkyl,

R’ and R! may be identical or different and are



al kyl)2, -NO2, -CN, -F, -d, -Br, -1, -OCL.6- alkyl, -S-Cl_6-al kyl, -SQO3H,
- SQ2C1. 6-al kyl, -0sQ2CL. 6-al kyl, -COOH, -(CO Cl.5-alkyl, -COO-C1_ 30

5-al kyl or/and -Q(CO) Cl_5-al kyl, and where the al kyl groups on the
carbocyclic and heterocyclic substituents in turn may optionally be
substituted one or nore tines by - A8H- -NH2, -F, -d, -Br, -1, -SOBH
or/and 35 -COOH, R2 is hydrogen or Cl 3-alkyl, R3 and R4 nay be identi cal
or different hyddogen,12 -Caychedder,, - COB- alH6H,, --Off2,- SHNHO\HR alkyl,

- NHCL. 6- al kyl l IkI_ ¥ SQ. 3; |
- COO- CL. g a?/kyl CNLQE‘?’ Z )N%Z’ N%rf %31{ % C§Q’ a@kg’z g QGI?H

-S-C1_6-al kyrC Qpﬁfewlalclﬁy pyﬁﬂ%lﬁ %@T%U‘Eﬁh]e' 5’%heﬁ<}ﬂ or Bgyridyl ~O-
substltuentsctlrg-taqwmwmll onalityl , bepisalet | ut eg @ma r mre&’etltfﬁs by

-Cl_3-al kyl -NH21 _-NHCL 3-al kyl, -N(CL. 3 1)

oot - SehPReSYIcos, VR AYL. cﬁh&ﬁt ugyt | 1B gy maYghpionaty O
-0-Cl1. 3-al kybe &Kﬁtﬁt@té&l avdl and ﬂ@(r@O)tﬁfhe§ J:Qz aLdzyb adrdlwheras,al kyl
substltuents in tur onal .y .be s itut e or e tijes by
eT) -Nﬁg‘ RIS *8‘%&1 R H %%E}stlag‘% Noon N,
COOCl 3 aI KyICOOHD- Ct SB-H| ky+sozc5-£1a13qall kyI Gmdcand-an(m-GJF,B a4ck1y, . 15

The conpounds of t i nxe t|on iti clude XI he fornul a
1 in which A &Ad Bhlgre énef\}%m gqgrofﬁ;a& easlg( Hr e le_engonpoun CIl2?0 of the

i nvent i ohO of atthker1f,or i@ |e€h8reR-alkyd a fubshitudRits in turn may
optionally be substituted one or more times by -0H,
-84, -NH,, -F, -Cl, -Br, -I, -SO3H, -S03C;.3-alkyl,
-COOH, -CO0C;.3-alkyl, -0-Ci-3-alkyl, -S-C;.;-alkyl or/and
-0 (CO) -Cy-3-alkyl.
15
The compounds of the invention additionally include N-

oxides of the formula 1 in which

A and B are an N-oxide group. These are the compounds

20 of the invention of the formula lc

/-R -
N-O
Y/
4
(1c)
in which
25 R
(1) is -Cj.ip-alkyl, straight-chain or Dbranched-

chain, optionally mono- or polysubstituted by
-OH, -SH, -NH;, -NHCi;.¢-alkyl, -N(Ci.¢-alkyl),,

-NHC¢_14-aryl, -N(Cg-14-aryl);, -N(Ci_6-alkyl) (Ce.
30 14~aryl), -NO,, -CN, -F, -Cl, -Br, -I, -0-Cj_¢-
alkyl, -0-Cg¢.y4-aryl, -S5-C; ¢-alkyl, -S-Cs.14-aryl,
-S03H, -S0,C1_¢~alkyl, ~-S0,C¢.14-aryl, ~080,Cy6-

alkyl, —0802C5_14—aryl, —COOH, - (CO)C15—alkyl,



in which 25 R (i) is -Cl_lo-alkyl, straight-chain or branched- chain,
optionally nono- or polysubstituted by -OH -SH, -NH2, -NHCl1 6-al kyl,
-N(Cl1.6-alkyl)2, -NHC6 14-aryl, -N(C6_14-aryl)2, -N(C _6-alkyl) (C6 30
14-aryl), -NO&2, -CN, -F, -d, -Br, -1, -Od _6- alkyl, -OC6_14-aryl,
-S-Cl_6-alkyl, -S-C6_14-aryl, -SO3H, --882€1 6-al kyl, -S02C6_14-aryl,

- 0S02C1_6- al kyl, -0s02C6_14-aryl, -COCH, -(CO) Cl5-alkyl, - 13 .
-COO-C1_5-al kyl, -O 6@@125—5&?&%&,1:by"mlc,l-b‘ralbylt r'ﬁkwcm@]éosat trdat ed or
nmono- or  pol yunsat upat ed gagppeyetes Wih,2adddri ngor Menbgirs, or / arg by
nmono-, bi- or tricyclic 5 saturated or nono- o{rﬁgol yynsat ur at ed

heterocycl es with 5- PRLYHPRGAFEFBELS arftPARRCY hbRr odtidhs, #hith &@9
preferably N, 0 and Sembeher e drirand_Id, armdngt pupsi andotrhe tgdidReayd i ¢ and

het erocyclic substituents in turn may 10 optionally be substituted one or
Tore o1 b by "ol 6SRMFRTed Rl TR o Gyl | PORER e 3,

-N®2, -CN, -F, -0, hBterokcyclesClwhthal kyl5 -5} Grexhlkgits -aS(BH1-6
or /and - O( 0O CL_5- al ST EREURer E0RE Bt S Tioot 1L B4F teyel o and
heterocyclic substitubetrs ithd uCnreyrypgronekl yrite shescatrbioey e or nore
R I Rt T s A
branchedt@hai n, opti op&lilopalfynde osulpet ysubedi poeedhymoy, tigEs H2, 25
-NHCL. 6-al kyl, -N (CL6-akkylh 2, -oMECE-dn,arylnmc, ¢-alkyl, -N(Cie-
alkyl),, -NO,, -CN, -F, -Cl, -Br, -I, -0-Ci_¢-
alkyl, -8-C;-¢-alkyl, -S05H, -80,C1_¢-alkyl,
-080,C;.¢-alkyl, -COOH, -(CO)Ci.s-alkyl, -COO-C;_
15 s—alkyl or/and -0(CO)C;-s-alkyl, and where the
alkyl groups on the carbocyclic and
heterocyclic substituents in turn may
optionally be substituted one or more times by
~OH, -SH, -NH,, -F, -Cl, -Br, -I, -SOs;H or/and

20 ~COOH, or
(11) is ~-Cj.19-alkenyl, mono- or polyunsaturated,
straight-chain or branched-chain, optionally
mono- or polysubstituted by -0OH, -SH, -NH,,
25 -NHC; g-alkyl, -N(Ci-g-alkyl),, -NHCg.14-aryl,
) -N(Cg-14-aryl)z, -N(Ci-g-alkyl) (C¢.14-aryl), -NOg,
-CN, -F, -Cl, -Br, -I, -0-Ci¢-alkyl, -0-Cg.14-
aryl, -5-C1_g~alkyl, -8-C¢-14—aryl, -S0,H,
-805C1_6-alkyl, ~-S0,Cg_14-aryl, -0580,;C;.¢-alkyl,
30 -080;C¢_14—aryl, -COOH, -(CO)C;-s-alkyl, -COO-C;_s-
alkyl, -0(C0O)Cy_5~-alkyl, by mono-, bi- or

tricyclic saturated or mono- or polyunsaturated

carbocycles with 3-14 ring members or/and by

mono-, bi- or tricyclic saturated or mono- or
35 polyunsaturated heterocycles with 5-15 ring
members and 1-6 heteroatoms, which are

preferably N, O and S,
where the Cg¢_1u-aryl groups and the carbocyclic

and heterocyclic substituents in turn may



-N(C6_14-aryl )2, -N(Cl_6-al kyl) (C6-14-aryl), -NO02, -CN, -F, -4, -Br, -1,
-O0d _6-alkyl, -OC6-14- aryl, -S-d _6-alkyl, -S-C6_14-aryl, -SQO3H,

- S02C1_6- al kyI -S02C6_14-aryl, -0S02Cl1_6-al kyl, 30 080206_14- aryl, -000H,
(CO)ClSaIkyI - 000 C1_5- aIkyI O(CO)ClSaIkyI by nmono-, bi- or
tricyclic saturated or nono- or poI yunsafurated carbocycles with 3-14 ring
menbers or/and by nmono-, bi- or tricyclic saturated or nono- or 35

pol yunsat ur at ed het ePeEonasd Ly the 55uBs ¢ i Hgtedenber STarPrIe 6t hREEr Hat ons,

which are preferablycN.-@1a0d S, -where pg, Co_fdcar, yglg Qups _gne, the
carbocyclic and het er c cI i C substl tuents_in turn ma% -~ opt| onally be
H2,~

substituted one or i Pﬂas - Cp%'- aI‘EyI - NHC “glaﬁ kyl ,
-N(C1. 6- al kyl) 2, N@Zky-lCN ~lIs- C}l ~alkE, -| —SCQHCJ 6- wzkyle, alkyl,

-S-Cl_6-al kyl, -SQ3H, Cl_ yl al k

~(COCL_ g‘rl’al kyl , - é? 167 %&%’Hr( r/é?%‘Pso(g%?g‘fl éh?&’ll an(LdO%‘é%e t he
al kyl glrf)upz on Lhe gaablogy cldn/ sand DéC@r)Ge;;gclaﬂckyéubsamdiuemge ntfmern may
optionally be substi on re ties 10 NH2,

-Br, -1, -SG8H or/an%%(?g:m%,ggéugg hyé’r ogen or Cf%;‘ ‘Iégﬁll% R?néind R4
may be identical or dieftleoeyicland ar subbydtogehs - Cli- al kydrn - OHmaySH,
-NH21 - NHC1_6-al kyl, tlgﬁgggﬂg $db, {\&te Dy %@E‘noré%gé 6} kyl,
_COON, - OO0 ClL_6- al K§l Pk ¢ ong s

Cl _6-al KW, -S-Cl_6-aPkyl ,-Sipheriytz.or- preryI ,~Baher eIt he SP6H plearyandor
pyri dyl substl tuents_lca,ohurn may optionally be substituted one or nore

times by -ClL 3-alkyl, -OH  -SH, -NH2, -NHCL.3-alkyl, -N (Cl-3-alkyl) 2,
-N02, -CN,

R? is hydrogen or -C;.;-alkyl,

15 R® and R? may be identical or different and are
hydrogen, -Cj;.¢-alkyl, -OH, -SH, -NH,, -NHC;.¢-alkyl,
-N(Cy.¢-alkyl),, -NO,, -CN, -SOs3H, -503-C;.¢-alkyl, -COOH,
-C00-C;_¢-alkyl, -0(CO)-Ci.s5-alkyl, -F, -Cl, -Br, -I, -0O-
Ci.¢—alkyl, -S-Ci.¢-alkyl, -phenyl or -pyridyl, where the

20 phenyl or pyridyl substituents in turn may optionally
be substituted one or more times by -Ci.z-alkyl, -0OH,
-SH, -NH,, -NHC;.3-alkyl, -N(Ci_3-alkyl)., -NO,, -CN,
-803H, -S03C;.3-alkyl, -COOH, -COOC;3-alkyl, -F, -C1,
-Br, -I, -0-Cis-alkyl, -8-Cj;3-alkyl or/and -0(CO)Ci.3-

25 alkyl, and where the alkyl substituents in turn may

| optionally be substituted one or more times by -0OH,

’ -SH, -NH;, -F, -Cl, -Br, -I, -SO3H, =-SO3Ci-3-alkyl,
-CO0OH, -CO00C;.3-alkyl, -0-Ci-sz-alkyl, -8-C;3-alkyl or/and
-0(CO) -C;-3-alkyl.

30
Preferred compounds of the formula 1 are those in which
R!' is an optionally substituted C;4-alkyl radical,
particularly preferably a C; radical, with a cyclic
substituent. The cyclic substituents are preferably

35 Ci.g-cycloalkyl groups or Cs.ip-aryl or  heteroaryl
radicals, e.g. phenyl or naphthyl radicals, which may
have at least one substituent selected from halogen,
i.e. -F, -Cl, -Br or -I, -OH, -NO,, -CN, -CHs;, -OCH; and
-CFs.



- SBH, -S@C1. 3-al kyl, -COOH, -COooCl_3-al kyl, -F, -d*'  -Br, -I,
-0-Cl_3-alkyl, -SCl _3-alkyl or/and -Q(CO C1L.3 25 al kyl, and where the al kyl
substituents in turn may optionally be substituted one or nore tinmes by
-OH, -SH, -NH2, -F, -d, -Br, -1, -S@8H, -S@Cl1_3-al kyl, -COOH,

- COOCL. 3-al kyl, -0-C1.3-al kyl, -S-Cl1_3- &I5kyl or/and O(CO)-Cl. 3-al kyl. 30
Preferred conpounds of the fornula 1 are those in which Rl is an optionally
substituted Cl_4-alkyl radical, particularly preferably a Cl radical, with
a cyclic SubﬁtikugﬂbfeTbblgfyGil ior SUhRLI Atentes sty &y afﬁrmblahaﬁﬁ is

C3_8- cycl oal k | | het di 3 |
napht Y| § aPES S AR TR Ry &1 [ Bact e LbsPFt adt Lot b 11om

hal ogen, i . are- PartGlculaBrlyomprdferaddy -HddygerCN,e -£H3;CE OCH3 and -CF3. 15
R2 is pre%erably Hor -CH3. At |least one of R3 and R4 is preferably
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salts are obtained in a convention by neutra |z-rng t he bases with
i norganic or organic acids or by neutralizing the acids wth inorganic or

organi ¢ basegExMpl £51 & S41 dﬁ“t%le'r'&@.'éﬂar%&l@é?' dseardhdyiiaehk gric acid,
sul furic_acid, phosphoritT aci drobrom c, aci d, _and exarrpl es of 15

sui t abl el®r g&FPVeREI@Padr e &Y hoBN | cn%ﬁltﬁl]r*%)h]il% ddi%s, Pagen a¥iddetic

acid, tartar lleloa@adnd At igrgnith aPI@Pi €A ByaﬁéﬁterLYQthgC thel Gcilm oni c
acid, maleic id, fumarjc acid, tannic, acid, sucmpri c aci.d, alt%.l rll c acid,

benzoi ¢ aci d¥ 2‘ WS GABRNG oPE AGgpnie bases’ Examples of 'sul

inorganic acids are hydrochloric acid, sulfuric acid,
phosphoric acid or hydrobromic acid, and examples of

15 suitable organic acids are carboxylic or sulfonic
acids, such as acetic acid, tartaric acid, lactic acid,
propionic acid, glycolic acid, malonic acid, maleic
acid, fumaric acid, tannic acid, succinic acid, alginic
acid, benzoic acid, 2—phenoxybenzdic' acid, 2-

20 acetoxybenzoic acid, cinnamic acid, mandelic acid,
citric acid, malic acid, salicylic acid, 3-
aminosalicylic acid, ascorbic acid, embonic acid,
nicotinic acid, isonicotinic acid, oxalic acid, amino
acids, methanesulfonic acid, ethanesulfonic acid, 2-

25 hydroxyethanesulfonic acid, ethane-1,2-disulfonic acid,
: benzenesulfonic acid, 4-methylbenzenesulfonic acid or
naphthalene-2-sulfonic acid. Examples of suitable
inorganic bases are sodium  hydroxide solution,
potassium hydroxide solution, ammonia, and suitable

30 organic bases are amines, but preferably tertiary

amines such as trimethylamine, triethylamine, pyridine,

N,N-dimethylaniline, quinoline, isoquinoline, o~
picoline, B-picoline, y-picoline, quinaldine or
pyrimidine.

35
Physiologically tolerated salts of the compounds of
formula 1 can additionally be obtained by converting
derivatives having tertiary amino groups in a manner

known per se with quaternizing agents into the
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20 acet oxybenzoic acid, cinnam c acid, mandelic acid, <citric acid, malic
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racemates can be separated into the optically active

isomers in a manner known per se, for example with an
15 optically active acid. However, it 1is also possible to
employ an optically active starting substance from the
outset, in which case a corresponding optically active
or diastereomeric compound is obtained as final
product.
20
The compounds of the invention have been found to have
pharmacologically important properties which can be
utilized in therapy. The compounds of formula 1 can be
employed alone, in combination with one another or in

25 combination with other active ingredients.

The compounds of the invention are inhibitors of
phosphodiesterase 4. It is therefore an aspect of this
invention that the compounds of formula 1 and the salts
30 thereof, and pharmaceutical preparations which comprise
these compounds or salts thereof, can be used for the
treatment of disorders in which inhibition of

phosphodiesterase 4 is beneficial.

35 These disorders include, for example, inflammations of
joints, including arthritis and rheumatoid arthritis,
and other arthritic disorders such as rheumatoid
spondylitis and osteoarthritis. Further possible uses

are the treatment of patients suffering from



enploy an optically active starting substance fromthe outset, in which
case a corresponding optically active or diastereoneric conpound is
obtained as final product. 20 The conpounds of the invention have been
found to have pharmacol ogically inportant properties which can be wutilized
in therapy. The conpounds of fornmula 1 can be enployed alone, in
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gl oner ul %gephrl ti ?O@ﬁ’f&‘%ﬁifzi t%r%s ﬁlhgsuﬁ\ﬁ?ﬁ{é%%ﬁdg%?dib%%%{%iséér&ﬁt ﬁgsgand
chroni ¢ denyednmlionad ofioriClihetbenpovndxsf ofnfaetinventswrh cas addial onal |y
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parasitic infections, for exahple for the therapy of malari a,
| ei shmani asi £he nfegerapy of malaria, leishmaniasis, infection-

} related fever, infection-related muscle pain, AIDS and

15 cachexia, and of non-allergic rhinitis.

The compounds of the invention can likewise be used for
the therapy of  hyperproliferative disorders, in
particular of cancers, for example for the therapy of
20 melanomas, of breast cancer, lung cancer, bowel cancer,

skin cancer and of leukemias.

The compounds of the invention can also be employed as
bronchodilators and for the treatment of asthma, e.g.

25 for asthma prophylaxis.

The compounds of formula 1 are in addition inhibitors
of the accumulation of eosinophils and the activity
thereof. Accordingly, the compounds of the invention
30 can also be employed for disorders in which eosinophils
are involved. These disorders include, for example,

inflammatory respiratory tract disorders such as

bronchial asthma, allergic rhinitis, allergic
conjuctivitis, atopic dermatitis, eczemas, allergic
35 angiitis, eosinophil-mediated inflammations such as

eosinophilic fasciitis, eosinophilic pneumonia and PIE
syndrome (pulmonary infiltration with eosinophilia),

urticaria, ulcerative colitis, Crohn's disease and



related fever, infection-related nuscle pain, AIDS and 15 cachexia, and of
non-allergic rhinitis. The conpounds of the invention can |ikew se be used

for the therapy of hyperproliferative disorders, in particular of cancers,
for exanple for the therapy of 20 nel an s, of breast cancer, |ung cancer,
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for the treatment o roni c obstructive pu eases. he conpounds
of the invention additionally have

The compounds of the invention additionally Thave
15 neuroprotective properties and can be used for the
therapy of diseases in which neuroprotection 1is
beneficial. Examples of such disorders are senile
dementia (Alzheimer's disease), memory loss,
Parkinson's disease, depression, strokes  and

20 intermittent claudication.

Further possible uses of the compounds of the invention

are the prophylaxis and therapy of prostate disorders

such as, for example, benign prostate hyperplasia,

25 polyuria, nocturia, and the treatment of incontinence,

| of colic induced by urinary calculi, and of male and

female sexual dysfunctions.

Finally, the compounds of the invention can likewise be
30 used to inhibit the development of drug dependence on
repeated use o0f analgesics such as, for example,
morphine, and to reduce the development of tolerance on

repeated use of these analgesics.

35 The drug products are produced by using an effective
dose of the compounds of the invention or salts
thereof, in addition to conventional adjuvants,
carriers and additives. The dosage of the active

ingredients may vary depending on the route of
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15 neuroprotective properties and can be used for the therapy of diseases
in which neuroprotection is beneficial. Exanples of such disorders are
senile denentia (Al zheiner's disease), nmenory |oss, Parkinson' s disease,
depression, strokes and 20 intermttent claudication. Further possible uses
of the conpounds of the invention are #He-prophylaxis and therapy of
prostate disorders such as, for exanple, beni rostate hyperplasia, 25
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adni ni strati 8H 838 ﬁﬁﬁdMBlght of the patient, nature and severity of the
di sorders to be treated and simlar factors. The daily dose may be given as
a single dos ob ere i nt .or -5 nore
dai |l y doses, 8r % |ssﬁ§§HFFk§% gnggégeﬁog%élIegaggéggggIOf 89§}§61ﬁg are
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used‘ Gal eni ¢aliention are particularly preferably used. Galenical

pharmaceutical presentations such as tablets, coated
15 tablets, capsules, dispersible powders, granules,
aqueous solutions, aqueous or oily suspensions, syrup,

solutions or drops are used.

Solid drug forms may comprise inert ingredients and

20 carriers such as, for example, calcium carbonate,
calcium phosphate, sodium phosphate, lactose, starch,
mannitol, alginates, gelatin, guar gum, magnesium
stearate or aluminum stearate, methylcellulose, talc,
highly dispersed silicas, silicone o0il, high molecular

25 weight fatty acids (such as stearic acid), agar-agar or
| vegetable or animal fats and oils, solid high molecular
weight polymers (such as polyethylene glycol);
preparations suitable for oral administration may, if
desired, comprise additional flavorings and/or

30 sweeteners.

Liquid drug forms can be sterilized and/or where
appropriate comprise excipients such as preservatives,
stabilizers, wetting agents, penetrants, emulsifiers,
35 spreading agents, solubilizers, salts, sugars or sugar
alcohols to control the osmotic pressure or for

buffering and/or viscosity regulators.



pharmaceutical presentations such as tablets, coated 15 tablets, capsules,
di spersi bl e powders, granules, aqueous solutions, aqueous or oily
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stearate, animal and polyethylene glycol.

15
Oily suspensions for parenteral or topical uses may be
vegetable synthetic or semisynthetic oils such as, for
example, ligquid fatty acid esters with in each case 8
to 22 C atoms in the fatty acid chains, for example

20 palmitic, lauric, tridecylic, margaric, stearic,
arachic, myristic, Dbehenic, pentadecylic, linoleic,
elaidic, Dbrasidic, erucic or oleic acid, which are
esterified with monohydric to trihydric alcohols having
1l to 6 C atoms, such as, for example, methanol,

25 ethanol, propanol, butanol, pentanol or isomers

) thereof, glycol or glycerol. Examples of such fatty
acid esters are commercially available miglyols,
isopropyl myristate, isopropyl palmitate, isopropyl
stearate, PEG 6-capric acid, caprylic/capric esters of

30 saturated fatty alcohols, polyoxyethylene glycerol
trioleates, ethyl oleate, waxy fatty acid esters such
as artificial duck preen gland fat, coco fatty acid
isopropyl ester, oleyl oleate, decyl oleate, ethyl
lactate, dibutyl phthalate, diisopropyl adipate, polyol

35 fatty acid esters inter alia. Likewise suitable are
silicone oils differing in viscosity or fatty alcohols
such as isotridecyl alcohol, 2-octyldodecanol,
cetylstearyl alcohol or oleyl alcohol, fatty acids such

as, for example, oleic acid. It 1is additionally



vegetabl e fats, solid high nol ecul ar wei ght polyners such as pol yethyl ene
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15 Film formers which can be used are cellulose ethers
able to dissolve or swell both in water and in organic
solvents, such as, for example,
hydroxypropylmethylcellulose, methylcellulose,
ethylcellulose or soluble starches.

20
Combined forms of gel formers and film formers are
likewise perfectly possible. Ionic macromolecules are
used in particular for this purpose, such as, for
example, sodium carboxymethylcellulose, polyvacrylic

25 acid, polymethacrylic acid and salts thereof, sodium

' amylopectin semiglycolate, alginic acid or propylene
glycol alginate as sodium salt, gum arabic, xanthan

gum, guar gum Or carrageenan.

30 Further formulation aids which can be employed are:

glycerol, paraffin of differing viscosity,
triethanolamine, collagen, allantoin, novantisolic
acid.

35 It may also be necessary to use surfactants,
emulsifiers or wetting agents for the formulation, such
as, for example, Na lauryl sulfate, fatty alcohol ether
sulfates, di-Na-N-lauryl-fB-iminodipropionate,

polyethoxylated castor oil or sorbitan monooleate,



gl ycol s, phthal ates, adi pates, propylene glycol, 10 glycerol, di- or
tripropylene glycol, waxes, nethyl Cellosolve, Cellosolve, esters,

nor phol i nes, di oxane, dinmethyl sulfoxide, dinethylformam de,
tetrahydrofuran, cyclohexanone etc. 15 FiIlmforners which can be used are
cellulose ethers able to dissolve or s | both in water and in organic

sol vents, such as, for_ exanple hydr o ro nmet hyl cel |_ul ose,

ot byl col | Ul GRE BT MRS TERO58t 8] ROt HBPEBEE Rrcibs o 20 AR eGPt ms of
gel formers aiddhidlm f or nerlearthini kewi seglperdmct | y possibetedvate,

macr onol ecul aﬁgg i I r i r gx&ﬁ r

exanpl e, sodﬁ%#%%gpﬁox né?%@?%%%?ﬁ#%gé,5%%?3§§%?P?CQ§§S§€1 ) pi%%%%?hacrylic
acid and sal teetidraigtet mokammenwy| opect i n serdiylgeidate, al ginic @eid or
propyl enes glﬂ&ﬂi/&i‘ﬁ]{ﬂtﬁoﬁﬁg%ym Sakher UMt aRigho YA GMm g guar

gum or carrageenan. 30 Further mul ati on ai ds which can be enpl oyed are:
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surfactants, _enulsifiers or wetting agents for the fornulation, such as,
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hydroxybenzoic esters, may likewise be necessary where
appropriate to prepare the desired formulations.
15
Preparations for parenteral administration may be
present 1in separate dose unit forms such as, for
example, ampoules or vials. Solutions of the active
ingredient are preferably used, preferably agqueous
20 solutions and especially isotonic solutions, but also
suspensions. These injection forms can be made
available as finished product or be prepared only
immediately before use by mixing the active compound,
e.g. the lyophilisate, where appropriate with further
25 so0lid carriers, with the desired solvent or suspending

) agent.

Intranasal preparations may be in the form of aqueous
or oily solutions or of aqueous or oily suspensions.
30 They may also be in the form of lyophilisates which are
prepared before use with the suitable solvent or

suspending agent.

The manufacture, bottling and closure of the products
35 takes place under the usual antimicrobial and aseptic

conditions.

The invention further —relates to processes for

preparing the compounds of the invention.



Stabilizers such as nmontnorillonites or colloidal silicas to stabilize

emul sions or to prevent 10 degradation of the active substances, such as
anti oxi dants, for exanple tocopherols or butylated hydroxyanisole, or
preservatives such as p- hydroxybenzoic %?tprs, may | i kew se be necessary
where appropriate to prepare the desired formulations. 15 Preparations for
parenteral adm nistration may be present in separate dose unit forns such
as, for exanple, anpoules or vials. Solutions of the active ingredient are
preferably usEw prafireubly aglieobbe20gsokutilongoamilespdci avith i sthenic

sol utions, buyfealis0s SYSPENSEEONR! ThESerp nhegt iRONGLALIE Hean HRHyBdere

avail abl e as ftinished product or be prepared only imrediately before use by
M xi ng the adiSRAXIARRFREILIRG gtot Hee| yRYPARTF1QAt e, where appropriate with
further 25 solid carriers, with the desired solvent or suspending agent.

I ntranasal preparations may be in the formof aqueous or oily solutions or
of aqueous or oily suspensions. 30 The @ al so be in the form of

| yophi | i sates which are prepared with the suitable solvent or
suspendi ng agent. The manufacture, iyf§ and cl osure of the products 35
t akes pl ace under the usual an ' and aseptic conditions. The
invention further relates to professgs for preparing t conpounds of the
invention. - 23 The conp thé general formula 1 With the neanings
of A, B, Rl, R2, R3 and ed above are prepared according to the
invention 5 R3

by oxidizing compounds of the formula 1 with the

2, R?® and R* described above, in which A

meaning of R}, R
10 is nitrogen and B may be nitrogen or carbon, in a
manner known per se by treatment with an oxidizing
agent, e.g. an organic peracid, preferably with m-
chloroperbenzoic acid or/and peracetic acid, to the
compounds of the invention of the formula la, lb or lc.
15 Mixtures of N-oxides which result where appropriate can
be separated in a manner known per se by
crystallization or chromatographic methods into the

pure compounds of the formula la, 1lb or lc.
) 20 Examples
Example 1:

Exemplary process for preparing compounds of the

invention of the formula la:

25
1.1 N-(3,5-Dichloropyridin-4-yl)-[1-(4-fluorobenzyl)-
7-oxo-7-azaindol-3-yllglyoxylamide
3 g of N-(3,5-dichloropyridin-4-yl)-[1-(4-
30 fluorobenzyl)-7-azaindol-3-yllglyoxylamide are

dissolved in 180 ml of dichloromethane. While stirring,

a solution of 6 g of m-chloroperbenzoic acid in 12 ml



RN/g O4 NR by oxidizing conpounds of the formula 1 with the neaning
of RlL, R2, R3 and R4 described above, in which A 10 is nitrogen and B nay be
nitrogen or carbon, in a manner known per se by treatnment with an oxidi zing
agent, e.g. an organic peracid, pref er_abj4y W th m chloroperbenzoic acid
or/and peracetic acid, to the conmpounds of the invention of the fornmula |a,
b or 1lc. 15 OI\g xt uegéalscoc]‘St 'i\IEiO)iisd%sd éc&,orev?uét rera%prtgpri%.e San, be
separated in a nenner - kRAGWA per se by “cr LYaT 10 zati 6°0r e it olbrraphic
met hods i nt o itshest jured cahpoords tefmpdra tfuoremfcer | a, dapsor The R0« tExegpl es

Exanpl e 1. Exenpl Qfess, f prepard ng c OW the _ j,nvention of
the formila e Jﬁiﬁsligr\pi?% g%hlsgropyri%di P2 1-(Aé]f Ipudot{hofégnlggl ) -
7- 0X0- 7- azai P afty gsQoRyLaR: d&hel Physes are separated, and the

N- (3, 5-dighl ¢y idi gﬂé-s\é )Hild - (AsBRA with 100 ml of water. The
fl uor obenzyl ) -7-azai ndol - 3-yl ].gl.yoxyl am de are dissolved in 180 m of

di chl or onet haRL Vel | éSst Flsitdg,ledh” o8Fut +Bn BRSO g ofieh CHEDFSpRr behzoi ¢
acid in 12 mstirdbed afiagel d cmBChbE iEoBEE8ENE1OPWhEE crife d19aGldt@n #8 Xture

is stirred at roomitenperature for 7 days. The m xture is adjusted . to pH 8
1o o by add: FEUPYRA ekt SELFBOnAte SRt | GRTBPRE tHEses T SHIGt ol
and the 5 orgaoduqthase pardddked byt brépOratiob wEIer. Aheuixsakeerdfis
distilled,out_,i,n . vacuo._ The residue.is .stirred with,10 f .i sopropanol .
The cr ys?gl | i 4t i%ce?%%vgagénﬁegﬂagglath o%f‘ﬁt]é?rg%?atagf&g Tite Sﬁfge

as solvent system.

The solvent mixture 1is distilled from the product-
containing fraction in wvacuo, and the residue 1is

15 recrystallized from isopropanol.

Yield: 0.3 g (9.4% of theory)
Melting point: 205-208°C

20 1.2 N-(2,6-Dichlorophenyl)-[1-(2-chlorobenzyl)-7-oxo-
7-azaindol-3-yllglyoxylamide

3.1 g of N-{(3,5-dichlorophenyl)-[1l-(2-chlorobenzyl)-7-
azaindol-3-yllglyoxylamide are dissolved in 180 ml of
25 dichloromethane. While stirring, a solution of 6 g of
) m-chloroperbenzoic acid in 12 ml of acetic acid is
added dropwise. The reaction mixture is stirred at room
temperature for 7 days. The mixture is adjusted to pH 8
to 9 by adding a potassium carbonate solution. The
30 phases are separated, and the organic phase is washed
with 100 ml of water. The solvent is distilled out in
vacuo. The residue is stirred with 30 ml of water at
50 °C, filtered off with suction and recrystallized
from 100 ml of isopropanol.
35
Yield: 1.3 g {(40% of theory)
Melting point: 165-168°C



product is purified by preparative HPLC. A m xture of 10 ethyl acetate with
met hanol in the ratio 85:15 is used as solvent system The solvent m xture
is distilled fromthe product- containing fraction in vacuo, and the residue
is 15 recrystallized fromisopropanol. \gi eld: 0.3 g (9.4% of theory)

Mel ting point: 205-208C 20 1.2

N- (2, 6-Di chl %ﬁ% I) [ 1- (2- chl orobenzyl ) - 7- oxo-
7-azai ndol - yoxyI amde 3.1 g of

N- (3, 5- di chl Fxepipdayty) - [Or¢esh| ofobenpreparing, ai ermpodngs | gbfoxHheni de are
di ssol ved in;18QnH; f A2 tHES BT e Wiile stirring, a solution of 6 g

of mchloroperbenzoic acid in 12 ni of—acetic acid is added dropwi se. The
reaction mxture is stirred at room tenperature for 7 days. The mixture is

adjusted to pH418 N’-§39 50H 1304 ¥b - RS i f-ad Benpt g1 spgLition. The 30
phases are separated, and the or7gan| C, Phase s washed wih 100 ml of water.

The sol vent is di SHAGTPERAY) dodi3 ekl gheerelapidecd with 30 ml of
water at 50 C, flltered off with suction and recrystallized from100 m of
i sopropanol . 35 Yield: 3 g (40% of, _t oi nt: 165- 1680 - 25 -
Exanpl e 2: Exefpl ary pr 8éess for Hre(aag %d%%‘&ﬁﬁ8ﬁﬁﬁ§%&% e Dirvenion of
the fornula Ifludrodbehzyl() 375—d3azhidﬂb—3-§o]>qmowmrﬂ::&é) [1-(4- are
H?grgbgl éyl Zsirn.gﬁ;‘o 6\‘7153 14'13}%/6 ghgoromeghane While stirring,

f 1 uor obenzyl o 7s@lzat el o3- \d ]ggl gﬁxyﬂ—a:&mldeoaeebeh@omcssmii@dihn 1P86nIm  of

g‘cfg' ?LOT? 21%'}9 acli{® SLIE"§109aa P UM ALLT Fnd 2L T GBHOLARRNRENZOI

is stirred at room temperature for 7 days. The mixture
is adjusted to pH 8 to 9 by adding a potassium
15 carbonate solution. The phases are separated, and the
organic phase 1is washed with 100 ml of water. The
solvent 1is distilled out in vacuo. The residue 1is
stirred with 10 ml of isopropanol. The crystallizate is
removed and dried at room temperature. The crude
20 product is purified by preparative HPLC. A mixture of
ethyl acetate with methanol in the ratio 85:15 is used

as solvent system.

The solvent mixture is distilled £from the product-
25 containing fraction in wvacuo, and the residue 1is

) recrystallized from ethanol.

Yield: 1.2 g (37.5% of theory)
Melting point: 233-236°C
30
Example 3:
Exemplary process for preparing compounds of the

invention of the formula 1c:

35 3.1 N-(3,5-Dichloro-l-oxopyridin-4-yl)-[1-(4-
fluorobenzyl) -7-oxo-7-azaindol-3-yl]lglyoxylamide

3 g of N-(3,5-dichloropyridin-4-yl)-[1-(4-
fluorobenzyl)-7-azaindol-3-yllglyoxylamide are



R

of acetic acid is added dropwi se. The reaction mxture is stirred at room
tenperature for 7 days. The mxture 1is adjusted to pH 8 to 9 by adding a
pot assi um 15 carbonate sol uti on. The phases are separated, and the organic
phase is washed with 100 mMl of water. The solvent is distilled out in
vacuo. The residue is stirred with 10 #° of i sopropanol . The crystallizate
is renopved and dried at roomte rature. The crude 20 ,product is purified
by preparati V& SEELESN 10 L&t é“%?gge@hﬁll’fﬁﬁg?ﬁ'f@aﬁﬁ hwﬁéﬁﬁarﬁﬂlrirrf-r’cgne ratio

85:15 is used wslwOiMenbfsystemft Thechobyepkriexizaie i&scd sthl 1160 fr om t he

product- 25 caqntaining fraction_in vacuyo, and t residue.is recrystallized
from et hanol .O%?/iaeqeg:.léiﬁcbg(?ﬁ. g%%&dat#ed&%semhﬁ? n§e88i%r’lf°.n Rt 30
Exanpl e 3: BienH@ryrgt ozessobnr tpmppanitng ec dipouhddaps . t Mhe imiventreon of
the fornula 1c; 3. (3, 5-DichlsorqQ-| - @xo i diprd-yl)-[1-(4-. .

fluor obenézyl )1%7- %)%3%75'%52%}3& %&ol I-%\'Efylal gf&fox%rame%d\?lé%f @ ]po(t%ssmm
N.(3,5-diCh|@m@@pﬁ&ﬁqLSpymgi@Q,(Ehe phases are separated, and the

fl uorobenzyl )5 /G343 ndol<3- Yk Lol y9xyLam gdecar fli ssel dn 1 of

di chl or onet hane, q’\zl\lhi I g) St I‘II‘II;LI’_IR, a sol utfon g]f@(g r& oféﬁwc or obe?%eé?zoi c
acid in 12 nisolyerdcetisc dépdildedddedtdr bpwisecudhe TRactifi &t Ure is
stirred at rQAMARPEBAIHIE fRl Jf dBYSprdPEnBLXt he eriEtadi1usted tigs pH 8 to
9 by adding a potassium _carbonate solution. The phaseS are_separated, and

the orgafi c 15Heyed s anhetr Wi h abo FPOBf heTMBeTafHEe -solffént G4 stil | ed

out in vacuoprB®idtesi uguirs £fisH Hedombplird 014k GfPIicSOPK ORaARBLreTher

crystallizate is_.10 renoved d dried at r.oom.tenperature. he crude
y ethyl acetate wft met ano& in the atfb 58:16 %s used

as solvent system.

15 The solvent mixture is distilled from the product-
containing fraction in wvacuo, and the residue 1is

recrystallized from ethanol.

Yield: 0.2 g (6.3% of theory)
20 Melting point: 254-257°C

Example 4:

Preparation of further compounds

25 Numerous further compounds of the formula 1 can be
) prepared by using the indicated processes for
preparation, of which the following are cited as

examples:

30



product is purified by preparative HPLC. A mixture of ethyl acetate with
nmet hanol in the ratio 90:10 is used as solvent system 15 The sol vent

m xture is distilled fromthe product- containing fraction in vacuo, and the
residue is recrystallized from ethanol. 7Yi_eI d: 0.2 g (6.3%of theory) 20
Melting point: 254-257C Exanple 4: Preparation of further conpounds 25

Nuner ous furfther conpounds of the fornula I can be preparled oy [uS,ng]|the
I ndi cat ed préEEELEE fidr p Bnﬂrﬂfﬁ%n of which the fpIfowilngare &ltedl as
exanples: R31 Rz B NN\_IN )NR4 ()4Cr)1uo£olNax&y130 - 2[-uCo nd A8 Rl -R2
RN SRR R Py B B A s S AU R
70 5 N0 GH 4-Fl uofabenzyh-o- H 4HF1tor 6bdh IO 2- FI herobenzyl - |-4d1- | - C
7 NNO 3-Ni ty obenzyl N OH 9_0 4_§11|}|orobenz 8- D fl uargbenzy&l- - I—_IClO -d
5 N-O CH 4-Fluorobenzyl- -H -H -H
6 N N-0O 2-Fluorobenzyl- -H -Cl -Cl
7 N N-O 3-Nitrobenzyl- -H -C1l -C1
8 N N-0O 2,6-Difluorobenzyl- | -H -C1l -C1
9 N N-O 2,4-Dichlorobenzyl- | -H -C1 -C1
10 N-0O N 2,4-Dichlorobenzyl- | -H -Cl -C1
11 N N-O 2-Chlorobenzyl- -H -Cl1 -C1l
12 N-O N 2-Chlorobenzyl- -H -Cl -Cl
13 N-0O N-O 2-Chlorobenzyl- -H -Cl1 -Cl
14 N-O N 2-Chlorobenzyl- -CHy; | -Cl -C1
15 N N-O 2-Chlorobenzyl - -CH; -C1l ~-C1l
16 N N-O 2-Chlorobenzyl- -CH; | -H -H
17 N N-0 2,6-Dichlorobenzyl- | -H -C1l -C1l
18 N N-O 2-Methylbenzyl- -H -C1l -C1
19 N N-0O 2,6-Dimethylbenzyl- | -H -Cl1 -C1l
20 N N-O n-Hexyl- ~-H -Cl -C1
21 N N-O Isobutyl- -H -Cl1 -C1l
22 N N-O Cyclopropylmethyl - -H -C1 -C1
23 N N-O 1-Naphthylmethyl- -H -Cl -C1
. 24 N-O N 2-Chloro-6- -H -Cl -C1
/ fluorobenzyl-
25 N N-O 2-Chloro-6- -H -C1 -C1
fluorobenzyl -~
26 N-O N-0O 2-Chloro-6- -H -C1l -C1
fluorobenzyl-
27 N N-O 2-Difluoromethoxy- -H -Cl -C1
benzyl-
28 N N-O 2-Cyanobenzyl - ~-H -Cl -C1

The compounds of the invention are strong inhibitors of
phosphodiesterase 4. Their therapeutic potential 1is
demonstrated in vivo for example through the inhibition

5 of the asthmatic late-phase reaction (eosinophilia) and



D chl orobenzyl- -H-O -d 10 NO N

9 NNO 2, 4- 2, 4-Di chl orobenzyl - -H -d

-C 11 NNO 2-Chlorobenzyl- -H-A -d 12 NO N 2-Chl orobenzyl- -H _C
13 NNO N-O 2-Chlorobenzyl- -H-d -d 14 NO N 2-Chl orobenzyl - -CH3
~d -d 15 N N-O 2-Chlorobenzyl- -CH3 -d -d 16 N N-O 2-Chl orobenzyl -
-CH3 -H-H 17 NNO 2 6- Di chl orobenzyl 28-H _Cd -d 18 N N—O

2- Met hyl benzyl - -H A 19 NNO 2,6-Di nethylbenzyl- -H - - 20 N
N-O n- Hexyl - through™ @e 3higbritg ops optit JPS-iRduged caleutzlzomhwea in

Cycl opropyl meghygl - -H-d -d 23 N NO 1-Naphthylnmethyl- -H-O -d 24 NO

N 2-Chloro-6- -H-O -d fluorobenzyl 25 NNO 2-Chloro-6- -H-O -C

fl uorobenzyl -

2-Di fl uor oneehample- H:-Cl -G benzyl 28 N N-O 2-Cyanobenzyl- -H -C

The conp
4. Their

26 NNO NNO 2-Chloro-6- -H-A -d fluorobenzyl- 27 NNO

-C

nds, of th ention ar.e.s i nhibitors of phosphodi esterase
he?&838¥9§1 5* eSS %:&nq£§#% ated in vivo for exanple through

the inhibition 5 of the asthmatic |ate-phase reaction (eosinophilia) and 28

h h th kiyb ai! ;
Phosphodi oot EFBe 9 TR BY { Fan SRR SEUTG] ERE dBYEPRs nel SRErRy By me

prepar ati ons frbmmmumanppbmnﬁpbhungébaar lvpdtrorysttess (PNNL) . Humram
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blood (buffy coats) was anticoagulated with citrate. A
centrifugation at 700 x g at room temperature (RT) for
20 minutes separates the platelet-rich plasma in the
supernatant from the erythrocytes and leukocytes. The
PMNLs for the PDE4 determination are isolated by a
subsequent dextran sedimentation and in gradient
centrifugation with Ficoll-Paque. After the cells have
been washed twice, the erythrocytes which are still
present are lysed by adding 10 ml of hypotonic buffer
(155 mM NH4Cl, 10 mM NaHCO;, 0.1 mM EDTA, pH=7.4) at 4°C
within 6 minutes. The still intact PMNLs are then
washed twice with PBS and 1lysed by ultrasocund. The
supernatant from a centrifugation at 4°C and 48000 x g
for one hour contains the cytosolic fraction of PDE 4

and is employed for the PDE4 measurements.

The phosphodiesterase activity is assayed using a
modified Amersham Pharmacia Biotech method, an SPA

(scintillation proximity assay).

The reaction mixtures contain buffer (50 mM Tris-HCl
(pH 7.4), 5 mM MgCl,, 100 uM cGMP), the inhibitors in
variable concentrations and the appropriate enzyme
preparation. The reaction is started by adding the
substrate, 0.5 UM [°H]-cAMP. The final volume is 100 pl.
Test substances are made up as stock solutions in DMSO.
The DMSO concentration in the reaction mixture is 1%
v/v. The PDE activity i1is unaffected at this DMSO
concentration. After the reaction has been started by
adding substrate, the samples are incubated at 37°C for

30 minutes. The reaction is stopped by adding a defined

5: 5



A———

bl ood (buffy coats) was anticoagulated with citrate. A 10 centrifugation at
700 x g at roomtenperature (RT) for 20 mnutes separates the platelet-rich
plasma in the supernatant fromthe erythrocytes and | eukocytes. The PMLs
for the PDE4 determ nation are isolated by a subsequent dextran

sedi nentation and in gradient 15 centrifdgation with Ficoll-Paque. After the
cells have been washed twi ce, the erythrocytes which are still resent are
| ysed by addPR§URG @f oiPhypPeroni c2Baf e el ey mcgpuwemwarﬁgﬁem, 0.1
MV EDTA, pH=éné) 1@éudCinM hhimets NMcduheer . Thehst iddndpd@ct i PMdnsvafie then 20
washed tw ce with.PBS&g{j I%ged ?y ul t a%ound. he_ sypernatant froma
centrifugati 8fiCaV1EE aMd %8868k g 15 ST HITE ¢BntHihsPTRESRGE0SS i ¢
fraction of BDE AM arul isreenphayedsdlirrddieedPDE4omeatiy ebeat s rezmlthe
phosphodi estgerase.actjyity is_assayed using i.f] ed Anersham, Phar maci a
Bi ot ech th?(ii‘,e aﬁnéﬁha%égi ntit 3¥|Sgn %?Bxi%? ;D%'Bsé;iay)a.ssﬁ'}'e SRS Sh

m xt ures confl@OnpMufdGMP (50 ndtder stECLinIBbipHaTiyd)containgClon R0 M
cGW), the i@?’ﬁbbtors in variable concentrations and the appropriate enzyne
preparation. e reaction is started by adding the substrate, 0.5 M

[3H -cAMP. The final volunme is 100 |. Test substances are nade up as stock
sol utions i nphBQ ¢35 (NG, JMVEPCONCAMKEALI O bR 1H8 58641 00 81XLUrQ 15 1%
v/ v. The PDE activcl:sfdy%s Unaffect ed at thj‘is DNBOIg}g%ncentrattl:on. After the

react i ont has dgEermings: Py thgdFoapossis raf e thehd gt N averenddbat ed at

37C for 30 mWheutesgela-dreadtond s1stoppeghby saddicngva tdeffiared29n amount
of SPA beads, t?lnd_the sampl es are counted after _one hour_in a Beta counter.

The nonspeci FEL3EAPMNI O AOE Pty BPRS bfank) 72 det etFi AE@®M nlPte G esence
of 100 M roliopwam.and subtracted fromthe test results. 5 The incubation
m xtures for the PDE4 assay contain
15 The results of ©PDE4 inhibition for selected wuse
examples are compiled by way of example 1in the

following table:

PDE 4 inhibition
Compound ICso [umol/1]
1 0.052
2 0.048
3 0.008
4 0.751

20 Example 6:
Inhibition of late-phase eosinophilia 48 h after
inhalational ovalbumin challenge in actively sensitized

brown Norway rats

25 Inhibition of the pulmonary eosinophilic infiltration
by the substances of the invention is tested on male
brown Norway rats (200-250 g) actively sensitized
against ovalbumin (OVA). The sensitization takes place
by subcutaneous injections of a suspension of 10 pg of

30 OVA together with 20 mg of aluminum hydroxide as
adjuvant in 0.5 ml of physiological saline per animal
on day 1, 14 and 21. In addition to this, the animals

receive at the same time i.p. injections of 0.25 ml of



100 M cGW in order to inhibit any contam nation by PDE 3. The |1 C50 val ues
for inhibition of phosphodi esterase 4 10 determ ned for the conpounds of
the invention were in the range from 10-10 to 10-5 M The sel ectivity
factor in relation to PDE of types 3, dand 7 is from100 to 10.000. 15
The results of PDE4 inhibition for selected use exanples are conpiled by
way of exanple in t follow ng table:. PDE 4 i nhi bition Conpound | C50
(ot ) 1] 5 b Aste o8 5 B U5, Vaceivay Lol e P82s. SRIRRbr ¢ (Bh of

| at e- phase edsiynophi bifa 18 htaster thenhmhmtabmabrevallamed shablgngen i n
actively sensgjtjze br gun r 5 Jnhihj.tion t.he UEL
eosinophilic%Fh |Iﬁr§tion E%]%%% %ﬁ%%?ﬁnéégﬂggh%¥€ fﬁ%en igﬁg%s teé%ed on
mal e brown NePRSpreat SRE20RRB0 g)Thect iapdima lsenging z kP Ry nsto ovaal buni n
(OVA). The sensiddAati g t akegebl agg 18 WoCULAReIIS: i} eCt (AN e f
suspension of 10 .tg of 30 OVA to etﬁer &?t 20 ng of]élunidﬁn1hy f%xide as
adj uvant in @.@hﬂewe)phy?hél ogv@aPugHn i REEFO hnilial geéﬁrélﬁ?dl,]?BM dand 21.
I'n addition tRNiiSert Neg ARl MRk Sror 88 zalr t hey BRMEpEiABsi i, ivYctions
of 0.25 mM of 30 Bordetella pertussis vaccine dilution per animal. On day
28 of the teSPeHAEANIAERs HrBPHPIREY Slkgl y0i A MEpen 1THe PISSHFAWS boxes
connect ed t 0 nkteadls NQSEho X POFUER pPaietdSol ThE anj 9ml sadfaeeXyigeRfl to an

5 aerosol .of 1.0%.oval bum n suspensi on | | ergen,
iO nébuolzéa f%r norméi contréf% 11é£w1se for 1 hour.

48 hours after the allergen challenge there 1is a
massive migration of eosinophilic granulocytes into the
lungs of the animals. At this time, the animals are

15 anesthetized with an overdose of ethylurethane
(1.5 g/kg of body weight i.p.), and a bronchoalveolar
lavage (BAL) is carried out with 3 x 4 ml of Hank's
balanced solution. The total cell count and the number
of eosinophilic granulocytes in the pooled BAL 1liquid

20 are subsequently determined using an automatic cell
differentiation instrument {(Bayer Diagnostics Technicon
H1E). The eosinophils (EOS) in the BAL are calculated
for each animal in 10%/animal: EOS/ml x BAL recovery
(ml) = EOS/animal.

25
Two control groups (nebulization of physiological
saline and nebulization of OVA solution) are included

in each test.

30 The percentage inhibition of the eosinophilia in the
test group treated with the substance is calculated by

the following formula:

{((OVAC - SC) - (OVAD - SC)) / (OVAC - SC)} x 100% =

35 % inhibition

(SC = control group treated with vehicle and challenged
with 0.9% saline; OVAC = control group treated with

vehicle and challenged with 1% ovalbumin suspension;



chal l enge) . The oval bumin aerosol is generated by a nebulizer (Bird mcro
nebul i zer, Palm Springs CA, USA) operated with conpressed air (0.2 MPa)
The exposure time is 1 hour, with an aerosol of 0.9%saline being 10
nebul i zed for normal controls |likewise for 1 hour. 48 hours after the

al l ergen challenge there is a nmassive rﬁ]gr‘ati on of eosinophilic

granul ocytes into the |ungs of the ani éthlstlme he animals are
15 anest het i 2R hE&HF o@g?HBSEr‘B?t%ahVFGf‘eFH f&ance gn(j: l{’é"ao]fl wei ght
i.p.), and avirmmnmdwalwelhaiin lavagendfM) is carried out with 3 x 4 nl of
Hank' s Dbal anced solution. The total cell count and the nunber of

eosi nophilic granulocytes in the pooled BAL |iquid 20 are subsequently

det er mi ned udihyg wesautabettiancesl larai édrirnstaredn limstapareintor{daliar

Di agnostigs Techny HLE [ ' ' e cul at ed
for each gnl ma CIB"%];E /a%| )S SE@EEE%EI Q?B'&é?eég\%%h{)%%% % llan—’lcfrdal 25
Two control @reupd -Gebbthydrosweshyphedilvllogiecalk kabtisae efonebuilieat i on

of OVA sol ut oo, | el ileithe | NTRACEORESD: 300008 BELCAMANR] Nt on of
the eosinophilia in the test group treated with the substance iIs cal cul ated

by the fol | &ichg viliea: i (OBRErdagge - WignD thesobest (oukstameg ) x
100% 35 Y%dgpiRidd h (2. control group treated with vehicle and
challenged with 0.9%saline; OVAC = control group treated with vehicle and
chal | engée wi th 1% oval bum n suspension; 31 OVAD = test group treated with

subst ance andrHhatbepeeddswidih dfe omkramilansmemi@nkhahelatt@ip@@étances

are adm ni stered i ntraperi tonea 5 or 1y suspension 1n 10%
polyethylene Qﬁ%} £b¥ 180g afte f%traperltoneaf

admlnlstratlon of 10 mg/kg and by 30% to 80% after oral
administration of 30 mg/kg.

15
The compounds of the invention are thus particularly
suitable for producing drug products for the treatment

of disorders associated with the effect of eosinophils.

20 Example 7:
Inhibition of lipopolysaccharide (LPS) -induced

pulmonary neutrophilia in Lewis rats

The inhibition of pulmonary neutrophil infiltration by
25 the substances of the invention is tested on male Lewis
rats (250-350 g). On the day of the test, the animals
are placed singly in open 1 1 Plexiglas boxes connected
to a head/nose exposure apparatus. The animals are
exposed to an aerosol from a lipopolysaccharide
30 suspension (100 ug of LPS/ml of 0.1% hydroxylamine
solution) in PBS (LsSp provocation) . The
LPS/hydroxylamine aerosol is generated by a nebulizer
(Bird micro nebulizer, Palm Springs CA, USA) operated
by compressed air (0.2 MPa). The exposure time is 40
35 minutes, with an aerosol being nebulized from 0.1%
hydroxylamine solution in PBS for normal controls,

‘likewise for 40 minutes.



and 0. 5% 5- hydr oxyet hyl cel l ul ose 2 hours before the allergen challenge. The
control groups are treated with the vehicle in accordance with the test
substance application form 10 The conpounds of the invention inhibit the

| at e- phase eosinophilia by 30%to 100%after intraperitoneal

adm ni stration of 10 ny/ kg and by 30%to 80% after oral adm ni stration of

30 no/ kg. 15Tecorrpo nds t he_iLnvention are t articularl ui tabl e
for produci ng u% prggucts B ﬁﬁ% PFEXPNENEOR, trh sor%lers asso%ll %t’ed with

the effect ofmastsiveophi¢saticl Eﬁanpueraphnﬂmpblgma@rml@fcsdm@opompsa@c@ar| de
LPS) -i nduce ar eutr idia | S S o]
I(O " m)onary neglt r%ne% ol Ui aRAld A%S tltﬁ‘@ t%ﬁé ghaﬁé&g N, 04

tration by e subsfances o invention is
tested on nulanestiietizeds (WHR 35RY) .o@rdere daywlbf tHdiflestethare ani nal s

are placed S'ﬂ9'5y5d/k1%p8@ %&af' i gheas il be;xgs condegt ad-orf &S Rea Hose

exposur e apparat u e animal's are _exposed 'to an aerosol froma
| i popol ysaccheVage 3658k peti 6ATEi6d 901&)‘¥ WPEPm 3 o 0f 194 hpdr didMang ne

sol ution) inRBIAdP p6OYOEBAI OlThe Hrtall Ry degxit aghae @@Qﬁﬁbbéﬁ
gener ated by %nebul i ze£1 SBI rd ro nebulizer, Palm r| n% USA)
aft $2ko

operated by TonPFREERH ( (gr? CYtRR ERpdF PP Gut es,

with an aerosme b &iung grplat 4122 d detend nkdh h}sdhgxyham mwmdauitorbem PBS f or
| i kewi se for urs aft

I
o ovocat 1an CHEET 9 G e PO SRAEUEy o B et PORSOE RaGer O aCon
granul ocyt es HIft)o. t h@hel ungsuofophel ani NIEITRAL) t his tithee tBALaniamds are

anesthetized wi{{, Al Oy €EdS&Pln eLAYLUACHIAN® 06 /animal: NEUTRO/ML x

BAL recovery (ml) = NEUTRO/animal.

15 Two control groups (nebulization of 0.1% hydroxylamine
solution in PBS and nebulization of 100 pg of LPS/ml of
0.1% hydroxylamine solution in PBS) are included in

each test.

20 The percentage inhibition of the neutrophilia in the
test group treated with the substance is calculated by

the following formula:

{((LPSC - SC) - (LPSD - S8C)) / (LPSC - SC)} x 100% =
25 % inhibition
J
SC = control group treated with vehicle and challenged

with 0.1% hydroxylamine solution; LPSC = control group
treated with vehicle and challenged with LPS (100 pg/ml

30 of 0.1% hydroxylamine solution); LPSD = test group
treated with substance and challenged with LPS
(100 pg/ml of 0.1% hydroxylamine solution).

The test substances are administered orally as

35 suspension in 10% polyethylene glycol 300 and 0.5% 5-
. hydroxyethylcellulose 2 hours before the LPS
provocation. The control groups are treated with the
vehicle in accordance with the test substance

administration form.



5 (1.5 g/ kg of body weight i.p.), and a bronchoal veolar |avage (BAL) is
carried out with 3 x 4 ml of Hank's bal anced solution. The total cell count
and the nunber of neutrophilic granulocytes in the pooled BAL liquid are
subsequent |y determ ned using an automatic cell 10 differentiation apparatus
(Bayer Diagnostics Technicon H1E). The r?’eutrophi | s (NEUTRO) in the BAL are
cal cul ated for each animal in 106/ animal: NEUTRO | x BAL recovery (m) =
NEUTRO ani mal . 15 Two control groups (nebulization of 0.1% hydroxyl am ne

so: ution in RBS auhgwbidd é@ﬁi’@ﬂi‘eoin\lﬁl@tgoﬂf ﬂ;lg%ﬁit ehe Geliorvyh i%?(j}t()i ani ne f
solution in re_in ed.in each test e percentage.inhibjtion o
t he neutroph% a3qa%h 1f‘f’legbg t§rody & & qe"'%’cf’*/ﬁ‘tﬁlatfh sagsﬁaﬁg’é]ﬁgs cul at ed
by the foll eseng fhorsnulpar{{dd RSy SEhitabl®SDLorSChrddudiPsC drs(g) X
100% %ln b|t| control group Lt w t.h _vehi_cl

chal | engeg it A)Oﬂ Ig%geltél?ﬁgan%mes% Fu ?oﬁlgﬁﬁégrf‘ SR ol actg‘;ereéiouplchfreat ed
with vehicle t&nﬁd aﬂ@dmrtg’iedlamttﬁomﬁss( 100 g/ 30 of 0.1% hydroxyl am ne
solution); LPSD = test group treated with substance and chall enged with LPS
(100 g/ M of 0.1% hydroxyl am ne solution). The test substances are

adm nistered orally as 35 suspension in 10% pol yet hyl ene gl ycol 300 and

0. 5% 5- hydroxyet hyl cellul ose 2 hours before the LPS provocation. The
control groups are treated with the vehicle in accordance with the test
substance administration form 33 The conpounds of the invention inhibit
the neutrophilia by 30%to 90% after oral adm nistration of 1 ng/kg and
are thus particularly suitable for producing drug 5 products for the
treatment of disorders associated with



the effect of neutrophils. - 34 - Cains 1. A conpound of the general
formrula 12 3 ORN\ /B R O(1) 0., AN in which (a) Ais an N oxide
group, and Bis CH CR3 or nitrogen, -(®B3 Ais nitrogen and B is an N oxide
group, or (c) A and B are an N-oxide group, Rl (i) is -Cl1_10-alkyl,

strai ght-chain or branched-chain, optionally nono- or polysubstituted by
-OH, -SH, -NH2, -NHC.6-alkyl, -N(Cl _@Gladg| ) 2, - NHC6- 14-aryl,
-N(C6-14-aryl) 2, -N(ClGaIkyI) (C6-14-aryl), -N®2, -CN, -F, -d, -Br, -1,
-O0Cl_6-alkyl, -OC6-14-aryl, -S-Cl-6-alkyl, -S-C6_14-aryl, -SQO3H,

- S02C1- 6- al ky}, -zsmqun@rgf th@S@emrélalEQymula@OZ% 14- ar yl, -000H,
-(COC1l_5-al kyl, -COO-Cl_5-alkyl, -Q{COCL. 5- alkyl, by nono-, bi- or
tricyclic saturated or nono- or pol yunsaturat ed carbocycl es wWith 3-14 ri ng
menbers or/and by nono-, bi- or tricyclicR’saturated or nono- or

pol yunsat ur at ed het erocycl es WwitR? By nmenbers and 1-6 heteroatons,
which are preferably N, 0 and S, C6- 14-aryl groups and the
carbocyclic and heterocyclic s in turn may optlonally be
substituted one or nore times byJ-CFy6-alkyl, -OH -N@, -NHC -6-alkyl,
-N(Cl -6-al kyl )2, -NO&2, -

in which

(a) A is an N-oxide group, and

B is CH, CR?® or nitrogen,
(b) A is nitrogen and

B is an N-oxide group, or
(c) A and B are an N-oxide group,
Rl

(i) 1is -Ci.10-alkyl, straight-chain or branched-chain,
optionally mono- or polysubstituted by -OH, -SH,
-NH,, -NHC;.¢-alkyl, -N(C;.s—alkyl),, -NHC¢..4-aryl,
~N(Cs.14—aryl),, -N(Cis-alkyl) (C¢.1s—aryl), -NO,,

-CN, -F, -Cl, -Br, -I, -0-C;¢-alkyl, -0-Ceis—aryl,
-8-C;¢—alkyl, -S5-Cs.14~aryl, -SOsH, -S0,C;.¢s-alkyl,
-80,C¢.14—aryl, -0S0,Ci¢-alkyl, -080,C¢.14—aryl,

-COOH, -(CO)Cis-alkyl, -COO-Cis-alkyl, -0(CO)Ci.s-
alkyl, by mono-, bi- or tricyclic saturated or
mono- or polyunsaturated carbocycles with 3-14
ring members or/and by mono-, bi- or tricyclic
saturated or mono- or polyunsaturated heterocycles
with 5-15 ring members and 1-6 heteroatoms, which
are preferably N, 0 and S,

where the Cgsy-aryl groups and the carbocyclic and
heterocyclic substituents in turn may optionally
be substituted one or more times by -C;¢-alkyl,
-OH, -NH;, -NHC;¢-alkyl, -N(C;s-alkyl),, -NO,, -CN,
-F, -Cl, -Br, -I, -0-C;s-alkyl, -S-C;s-alkyl,



-F, -Ad, -Br, -1, -OCl_6-alkyl, -S-C-6-alkyl, - 35 -SOH, -S02Cl_6-al kyl
-0s02C1_6-al kyl, -COOH, -(CO Cl5-al kyl, -COOCl-5-al kyl or/and -0(CO) C1. 5-
al kyl, and where the al kyl groups on the35carbocyclic and heterocyclic
substituents in turn may optionally be substituted one or nore tinmes by

-OH, -SH, -NH2, -F, -d, -Br, -1, -SO3H or/and -COOH, or (ii) is

-C2_10-al kenyl, nonde;tr -pﬂﬂzﬁwasaﬂ.lﬂyét edQSOSIﬂaladhwlohalGOQﬁ, br anched- chai n,
optional |y mono- or sub, ted HCL I I -N
(Cl-6-al kyl) 2, -NH&@%% é%ht’y ngé%_@*; ?@r&él P’JG- QIQE6I )@{

(C6_14-aryl) , -NGLIkYEN, -qnd cwherBr the . @yls agR‘WPS 00% _18bgryl

-S-Cl_6- al kyl, SbéﬁbééyéEYE anép3ﬁéte§@8§31§cah&bgtltﬁ%%@@ 14 ehvh,
- 0sS02C1. 6- al kyI - 0s02C6. 14- ar CO) Cl. 5-al kyl, -COO-C _5-al kyl,

_Q(CO)CL_5-al kyl , B§Y ﬁﬁﬁéo,na%ryly Bre tSMbé}é U&eéﬂaﬂﬂfat%fd RT SohbRe s by

pol yunsat ur at ed carppcyckes wiih 3-d4 r¢ng reppers, osdanGNardno-, bi- or
tricyclic saturated _or__ nono- or pol yunsat urat ed heterocycl es - wth 5-15
ring menbers and 1- BOHEt ePbat oms, which are preferably N, 0 and 5, where
the C6_14-aryl gr oups and t he carbocyclic and heterocycli c substi tuents in

turn may opti _substijtut ed one or rmretlrresb ,  -OH,
NER, CNHCE 0% L : 153NS sz CN,OF - F, PO ns% ura}%d
-0-d _6-al kyl, - S— ﬁ;ﬁreighkybhaln5@3'|‘|br-65ﬂﬂﬁﬁ-&hﬂﬂ¢y| opmﬁlﬁ abkyl,

- COOH, (CO)Ci 5-3 %ElXargg’}cgt 23 W Qﬁ_{ % 0(_%@; ?IH aI k%ikyfnd wher e

the al kyl groups on t yc ic a erocyllc 2Ubst i tUén n'turn
may optionally be -NéBsttalked)oneMNiComrarylmesNhFs1O4ryISH, —~NHZ;-6-

alkyl) (C¢.14-aryl), -NO,, -CN, -F,

-Cl, -Br, -I, -0-Cie-alkyl, -0-Csis~aryl, -S-Ci¢-
alkyl, -S-C¢.1s—aryl, -SOsH, -S0,Ci.s—alkyl, -S0,C¢.1.—
aryl, -080,Ci¢-alkyl, -0S0,Cs.14-aryl, -COOH,
-(CO)Cis-alkyl, -COO-Cis-alkyl, -0(CO)Ci.s-alkyl, by
mono-, bi- or tricyclic saturated or mono- or
polyunsaturated carboctytles with 3-14 ring members
or/and by mono-, bi- or tricyclic saturated or
mono— o©or polyunsaturated heterocyecles- with 5-15
ring members and 1-6 heteroatoms, which are
preferably N, O and S,

where the Cs.4-aryl groups and the carbocyclic and
heterocyclic substituents in turn may optionally
be substituted one or more times by -C;¢-alkyl,
-OH, -NH;, -NHC,;¢-alkyl, -N(C;¢-alkyl),, -NO,, -CN,
-F, -Cl, -Br, -I, -0-Ci¢-alkyl, -S-C;s-alkyl,
-SO3H, -S0,C;¢-alkyl, -0S0.Ci¢-alkyl, -COOCH,
-(CO)Ci5s-alkyl, -COO-Cis-alkyl or/and -0(CO)Cis-
alkyl,

and where the alkyl groups on the carbocyclie and
heterocylic substituents in turn may optionally be
substituted one or more times by -0OH, -SH, -NH,,
-F, -Cl, -Br, -I, -SO3;H or/and -COOH,

R? is hydrogen or -C;;-alkyl,

R} and R* may be identical or different and are



-F, -d, -Br, -1, -S@BH or/and -COOH, R2 is hydrogen or -Cl-3-alkyl, R3 and
R4 may be identical or different and are - 36 hydrogen, -Cl.6-alkyl, -OH,

-SH, -NH2, -NHC -6-al kyl, -N(CL.6-alkyl362 -NO2, -CN, -SC3H,
-S03-d _6-al kyl, -000H, -COO Cl-6-alkyl, -Q(CO-Cl-5-alkyl, -F, -d, -Br,
-1, -0-C1-6-al kyl, -S-Cl_6-alkyl, -phenyl or -pyridyl, where the phenyl or

pyridyl substituemgdrogetur ACmayabiyl onabHy béHsubS\'ert ut—ﬁﬁclxaﬁelhylrmre
times by -Cl-3-al ky - NH -N 1- 2, -NQ2,
-CN, - SOBH, -so3chT§C ]fkﬁh’de %Oébocw% al ké@ﬁ l\g& LEXM

-0- Cl1- 3-al kyl, -S—@OQHaI k9©0 6rﬁa¢1l:ik¥l1 C 10 8- Cakk@lky'hnd V\/nere the al kyl

substituents in turp nay, opgkonakl Y- gecsubéﬁégyt eg:lSQ@l _51]8%1e times by
-OH, -SH, -NH2, -F, ‘d, 1,7:3503 yr

-000C1- 3- al kyl , -o:@lersyw L@gﬂ DY v B whRye difh%nahewéqamlpzrad@l or

salts of the conposgdseoftubAesuLa turd Qiﬁ}ﬁlﬁ}iiblaﬁz chai §BEsEDcGLalm 1
having an asymmetric carbon atomin the t he form and D,

0 L
m xtures, and in tHeecAEeMBFe HIPFErBYi t§- 30?{]é¥§7rmepﬁvc -8Hr boNHat oms al so
t he di astereoneri c-NROL falldyl A €0t lasl cl, ai-med, i AcKl ai-godgor 2, wherein

R is -Hor - nd nclajm3, erein at_| east
one of R3 and R |S§P?¢Ae’ @%&% a(’s%@'oggﬁgg{:bm_ag#ﬂ'mi%ouﬁ as BFai med in
any of clains 1 to-3, s&j-e:cltaeé]ﬂqydm -S-C;.3-alkyl, or/and -0(CO)Cis-

N- (3, 5-di chl oropyridj ns4-yl 4-f | yor obenzyl ) - . .
7- Ox0- 7- azai ndol - g* &fyoi%} %ge éhe aﬁﬂy& substituents in turn
N-(2, 6-dichl orophemgdf) opﬂ;.a()ﬁa&hbfobebsrmhslt)i-tﬁt@d)-one or more times by
7-azaindol - 3-yl gl ygxyl amide _wy, -F, -c1, -Br, -I, -SOH, -SO:Ci.-

alkyl, -COOH, -COOC;.;-alkyl, -0-Ci.s-alkyl, -S-Ci.3-

alkyl or/and -0(CO)-Ci;3-alkyl,
or salts of the compounds of formula 1.

2. A vcompound as claimed in claim 1 having an
asymmetric carbon atom in the D form, the L form
and D,L mixtures, and in the case of- a plurality
of asymmetric carbon atoms also the diastereomeric

forms.

3. A compound as claimed in claim 1 or 2, wherein R?

is -H or -CH;.
4, A compound as claimed in claim 3, wherein at least

one of R?® and R* is in each case a halogen atom.

5. A compound as claimed in any of claims 1 to 4

selected from:

N-(3,5~dichloropyridin-4-y1)-[{1- (4-fluorobenzyl) -
7-oxo-7-azaindol-3-yl]glyoxylamide

N-(2,6-dichlorophenyl)-[1-(2-chlorobenzyl)-7-oxo-
7-azaindol-3-yllglyoxylamide



37 - N-(3,5-dichloro-I-oxopyridin-4-yl)-[1-(4-

fl uorobenzyl ) -7-azai ndol - 3-yl ] gl yoxyl am de

N- (3, 5-dichloro-1-oxopyridin-4-yl)-[1-£437 -

fl uorobenzyl) - 7-oxo- 7-azai ndol - 3-yl ] gl yoxyl am de

N- phenyl -[ 1- (4-fl uor obenzyl ) - 7- oxo- 7- azai ndol - 3- yl ] gl yoxyl am de
N- (3, 5-dichloro-1-oxopyridin-4-yl)-[1-(2-

fl uorobenzyl) - 7- azg_ndol=-_3 oxyl am TR 11— 14—

N- (3, 5-di chl oro-|-§lx3§yr5i giu—l)réh]#ﬁ T‘[@?ﬁﬁndln 4-yl)-I1-(4

ni t robenzyl ) - 7- azaifdgeropepzygl yoxAzadingo 1 -3-yl]l glyoxylamide

N- (3, 5-dichloro-1-oxopyridin-4-yl)-[1-(2, 6-

di f | uorobenzyl)-7-azai_ndol - 3-yl ] gl yoxyl am de_,

N- (3, 5- di chl or o- | - dxdpy P @AYy -PXePpyE1din-4-y1) ~ [1- (4~

di chl or obenzyl) - 7- #2&i0¥dMendl)]-I3RoH AE AL ndol-3-yl]lglyoxylamide
N- (3, 5-dichloropyridin-4-yl)-[1-(2, 4-

di chl orobenzyl ) - 7- oxo- 7- azai ndol - 3-yl ] gl yoxyl am de

N- (3, 5-di chl or o- | - o@pyniydi-T-14- M )Eubrcbenzyl) -7-oxo-7-azaindol-3-
chl orobenzyl ) - 7-azai.ndql - 3- yl ] gl yoxyl am de
N-(3,5-dichIoropyr?&ﬂﬁ8ﬁ499¢@%%f%?-chIorobenzyl)-

7- 0x0- 7- azai ndol - 3-yl ] gl yoxyl am de

N-(3,5-dichloro-I-qxopyrd di:N=4-yl)-[1-(2- .. . 1 (o

chl or obenzyl )-7-ox§f-("7(%z§aiddnlg:o4l-%-%llj] gq)§lo&)>?ﬁladrﬁ%le4 yil)-11-(2

N- ( 3, 5- di chl or opyr ifdivexbhdnzyN nettadaidq2-3-yl]lglyoxylamide
chl orobenzyl ) - 7- oxo- 7- azai ndol - 3-yl ] gl yoxyl am de
N—(3,5-dichloro-l-oxopyridLn-4-yI)-N—nethyléésf(Z-

chl or obenzyl ) - 7- az & ndol>-Fighlpsandf amekr B8in-4-yl1) - [1-(3-

N-net hyl - N- (1- oxopyiididbsehiz} 1))y d-dZsindol-3-y1] glyoxylamide
chl orobenzyl ) - 7- azai ndol - 3-yl ] gl yoxyl am de
N- (3, 5-dichloro-1-oxopyridin-4-yl)-[1-(2, 6-

ﬂi ggl gr g_beﬂlzyl ) - |7 Mﬁ®lddi%kyd%%@fﬂc§éﬁﬂﬂiin—4—yl) ~[1-(2,6-
, 5-di chl oro- | - oxopyri di.n- 4-yl) -] 1- ( 2- .
nethylbenzyl)-?-azéf' Q??Rﬁﬁ%ﬁ%ﬂﬁ(T%éﬁ%ﬁ9°1—3'yl]glyoxylamlde

N- (3, 5-dichloro-1-oxopyridin-4-yl)-[1-(2, 6-
N-(3,5-dichloro-l-oxopyridin-4-yl)-[1-(2,4-
dichlorobenzyl)-7-azaindol-3-yllglyoxylamide

N-(3,5-dichloropyridin-4-yl)-[1-(2,4-
dichlorobenzyl)-7-oxo-7-azaindol-3-yl]lglyoxylamide

N-(3,5-dichloro-l-oxopyridin-4-yl)-[1-(2-
chlorobenzyl)-7-azaindol-3-yl]glyoxylamide

N-(3,5-dichloropyridin-4-yl)-[1-(2-chlorobenzyl) -
7-0x0-7-azaindol-3-yl]lglyoxylamide

N-(3,5-dichloro~-l-oxopyridin-4-y1l)-[1-(2-
chlorobenzyl) -7-oxo-7-azaindol-3-yl]glyoxylamide

N-(3,5-dichloropyridin~-4-yl)-N-methyl-[1-(2-
chlorobenzyl)-7-oxo-7-azaindol-3-yl]lglyoxylamide

N-(3,5-dichloro-l-oxopyridin-4-yl)-N-methyl-[1-(2-
chlorobenzyl)-7-azaindol-3-yl]lglyoxylamide



di et hyl benzyl ) - 7- azai ndol - 3-yl ] gl oxylanlde
N- (3, 5-dichloro-1-oxopyridin-4-yl)-(1-hexyl-7- azaindoI-3-yI)egoxyIanide
N- (3, 5-di chl oro-1-oxopyridin-4-yl)-(l 4Sﬁbu{yl - azai ndol - 3-yl ) gl yoxyl am de
N- (3, 5-di chl oro-1-oxopyridin-4-yl)-(l-
cycl opropyl net hyl - 7- azai ndol - 3-yl ) gl yoxyl am de
N- (3, 5-di chl oro-1-oxopyridin-4-yl)-[1-naphth-1-yl-
d

N (35 di chi or opyPTHIEHA  LioCORAT bty D) - [1- (2-
f1 uor obenzyl) - 7- oxdh Ibadzmaiol } 37 yaigl ydod/t nyHeglyoxylamide

N- (3, 5-dichl oro-1-oxopyridin-4-yl)-[1-(2-chloro-6-
fl uorobenzyl) - 7-azai ndol - 3- ylﬁol yoxyl am de
N- (3, 5- di chl or o- | MoxGpyridi ghloxe

yltaxepvehiibrod6yl) -[1-(2, 6-

f1 uorobenzyl)-7- 0@3&%f§¥ﬁﬂgk%yﬁfy+19£¥9%d$f33d§1 glyoxylamide

N- (3, 5-di chl oro-1-oxopyridin-
di f | uor onet hyl benzyl)-7- azaindol 3 yI]egoxyIanlde

N- (3, 5-di chl oro- |1©X@3)H4cﬂicfhfoz%)l{-éx&%yr1d1n 4-y1)-[1- (

cyanobenzyl ) - 7- azai ndol - 3-yl ] Iyox | am an
tolerated salts t R&EHLP %%/%f

wherei n conmpounds in which Ais nitrogen and B can

d phys Qloglcally

T bcReR31REP L pf eYat TRECEGHPBUARS of fornula 1,

be nitrogen or carbon

are oxi di sed by tr a t h_an. oxi di zi ng, ag o .the_caonpounds of the
i nvention of the q%gﬁi?F%rlT%xogyr*ﬁ%n ? %g [;s?%rglned inclaimé,
wherein a peraM(ﬂlmethy&bemmyhj w+ahhbnd©beepZngyaﬁyMammdéand peracetic
acid, is used as oxidizing agent. 8. The process as clained in claim®,

wherein resulting mxtures of N-oxides are fracti
conpounds of the Mornula-deschlbrorl-dxobyredimstaty

chr omat ogr aphi c 'E%JEHHblgb-JT?gP§8§§§§m§8eC|ai”E

N-(3,5-dichloro-1-oxopyridin-4-y
azaindol-3-yl)glyoxylamide

N-(3,5-dichloro-l-oxopyridin-4-y
cyclopropylmethyl-7-azaindol-3-y

onated into the pure
Lraflehesylafid
din any of clains 6 to 8,

1)-(1-isobutyl-7-

1)-(1-
l)glyoxylamide

N-(3,5-dichloro-l-oxopyridin-4-yl)-[l-naphth-1-y1-

methyl)-7-azaindol-3-yllglyoxylamide

N-(3,5-dichloropyridin-4-y1l)-[1-

fluorobenzyl)-7-oxo-7-azaindol-3

(2-chloxo-6-
-yllglyoxylamide

N-(3,5-dichloro-1-oxopyridin-4-yl)-[1~(2-chloro-6-

fluorobenzyl)-7-azaindol-3-yl]glyoxylamide

N-{(3,5-dichloro-1-oxopyridin-4-yl)-[1-{2-chloro-6-

fluorobenzyl)-7-oxo-7-azaindol-3

-yvllglyoxylamide

N-(3,5-dichloro-1-oxopyridin-4-yl)-[1-(2~-

difluoromethylbenzyl)-7-azaindol-

3-yvllglyoxylamide

N-(3,5-dichloro-l-oxopyridin-4-y1)-[1-(2-

cyanobenzyl)-7-azaindol-3-yl]glyoxylamide



wherein m xtures of the solvents ethyl acetate and nethanol, preferably in
m xi ng ratios between 50:50 and 99:1, are used for separating m xtures of
N- oxi des by chromat ogr aphi ¢ net hods. 20.39The use of the conpounds of formula
1 as clained in any of clains 1 to 5 as therapeutic active ingredients for
produci ng drug products for the treatnent of disorders in which inhibition
of phosphodi esterase 4 is therapeutically beneficial. 11. The use of the
conmpounds of formula, 1l .as clainmed .in any of clai 1 5 as therapeutic
ot v ngr edt entid s balbdReA b o EP 6oL EE FBR tEnbReRrB R ot of

di sorders a5500|ated mnth t he effect of eosi nophils. 12 The use of the

conpounds of é‘or %%S%I aJf ljerb a]p%gpm%}n@%gﬁ? ?%e f%?:r af)eutl C

active 40 ingredi producifig tarug eat nent of
di sorders assomeﬂw&bm@im chmpeﬁﬁéstlnowhmehtﬂophimetrngeﬁﬂﬁn®5@ odnt he

conpounds of formyla %ﬁ%§ §§hgngg ;ecl ors%ﬁiob? aéréQ@&éH utic

active ingredients f i Ng rug pro ucts r eat nent
hyperproliferati vMUthoﬁ@er@quwlmgdla@gmﬁr o‘d@ucﬁih@orﬂﬁmB@ﬂ@d%n@fortmr e

conpounds as cIal?ggeﬁ@lgﬁabgstﬂet9O§mh@aagg|thgnogolcconventlonal
physi ol ogically t ated carriers and/or Orfugnts and excipients. 15. A

process for producing a drug product as claimed in claim 14, wherein one or

nore conpounds as Tigd aigeskddls anys Ofc 1GiMd® int OcPadme Bl OCERESdiMm th
conventional pharmaceutjcal carriers and/or diluents and ot her excjpients

to pharmaceutical PPFephtati ofis, PGF tCE 16gny S LRSI Shi @FL9can be

used therapeuticaldy/and peracetic acid, is used as oxidizing agent.

8. The process as claimed in claim 6, wherein
resulting mixtures of N-oxides are fractionated
into the pure compounds of the formula la, 1lb or
lc Dby crystallization or/and chromatographic
methods.

9. The process as claimed in any of claims 6 to 8,
wherein mixtures of the solvents ethyl acetate and
methanol, preferably in mixing ratios Dbetween
50:50 and 99:1, are used for separating mixtures

of N-oxides by chromatographic methods.

10. The use of the compounds of formula 1 as claimed
in any of claims 1 to 5 as therapeutic active
ingredients for producing drug products for the
treatment of disorders in which inhibition of

phosphodiesterase 4 is therapeutically beneficial.

11. The use of the compounds of formula 1 as claimed
in any of claims 1 to 5 as therapeutic active
ingredients for producing drug products for the
treatment of disorders associated with the effect

of eosinophils.

12. The use of the compounds of formula 1 as claimed

in any of claims 1 to 5 as therapeutic active



16. The use of conpounds of the general formula 1 as clainmed in any of
clains 1 to 5 and/or of drug products as clainmed in claim 14 al one or

conbi nation with one another or in conmbi A8tton w th other active

phar maceuti cal

13.

14.

15.

16.

i ngredi ents.

ingredients for producing drug products for the
treatment of disorders associated with the effect
of neutrophils.

The use of the compounds of formula 1 as claimed
in any of claims 1 to 5 as therapeutic active
ingredients for producing drug products for the

treatment of hyperproliferative disorders.

A drug product comprising one or more compounds as
claimed in <claims 1 to 5 in addition to
conventional physiologically tolerated carriers

and/or diluents and excipients.

A process for producing a drug product as claimed
in claim 14, wherein one or more compounds as
claimed in any of claims 1 to 5 are processed with
conventional pharmaceutical carriers and/or
diluents and other excipients to pharmaceutical
preparations, or are converted into a form which

can be used therapeutically.

The use of compounds df the general formula 1 as
claimed in any of claims 1 to 5 and/or of drug
products as claimed in claim 14 alone or 1in
combination with one another or in combination

with other active pharmaceutical ingredients.

in



