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 ingredients for the treatnment 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 cyclic 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 c¢AMP 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, <cGMP 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).



of Asthma, Drug News and Perspectives 1993, 6:203-214). -2 The predom nant
PDE-i soenzyne in cells inportant for allergic inflammtions (Iynphocytes,
mast cells, eosinophilic granulocytes, macrophages) is that of type 5 4
(Torphy, J. T. and Undem B. J., Phosphodi esterase inhibitors: new

opportunities for the treatnment of astWma. Thorax 1991, 46:512-523).
Inhibition of PDE 4 by suitable inhibitors is therefore regarded as an
i nportant approach to the therapy of a |large nunber of 10 allergically
i nduced di soflder eSimidtantCh PDEBasoen@yme Rabe,ceK, 1 Phogpladticadt efase

nhi bitors, Apadegie Press1atfRioBnd996) 1 Amnbepestant Rigpertyeois,
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di sorders syghads ﬁg@@ﬂnnations of the respiratory tract, inflanmations of
the joints, endotoxic shock, tissue rejections, A DS and many ot her

i mrunol ogi cal disorders. Thus, phosphodi esterase 4 inhibitors are 35

| i kewi se suisabligpbetahbept-bpeapy of HIsgHENIG s aasSOCIdh i vbis TNFa.

15 is inhibition of the release of tumor necrosis factor «
(TNFo) from inflammatory cells. TNFo is an important
proinflammatory cytokine which influences a large
number of biological processes. TNFo 1is 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 1in 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, TNFO

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 TNF«.

Chronic obstructive pulmonary diseases (COPD) are

widespread in the population and also have great



Chroni ¢ obstructive pul nonary di seases (COPD) are w despread in the
popul ati on and al so have great - 3 econom c inportance. Thus, COPD
di sorders are the cause of about 10-15%of all illness costs in the
devel oped countries, and about 25%of_all deaths in the USA are

attributable to this cause (Norman, P.: "COPD: New 5 devel opnents and

t herapeutic opportunities, Dru P ect.. 11 (7),.431-437, .1998) . The
VHO estinate%gg?%%%cCiﬁfp§fﬁpc%é2§ﬁ%5fhgk%ﬁ}F§5%3ﬁ¥%ﬁ%s r%aﬁé% 5" geath in
t he next 20 gfambout( IThel TFat bl edilcalllovrak t ot of ichridm cdebsienedi ve

pul ronary di sgases; £EOPRL ENGMPAsSSes Yarigus goatho! ofi ¢ale ceaddi figns of

chronic bronchitis wfh the Sénptons of coqﬁhing and expectoration, and
progressi ve ahhEibPrEabeesi bPe HBLEri 6RAEPoN(NATTERg fEneti 8APERS (VRPiration

is partigul agbycdbpRehed) athe €ndrsgeatict prd;sislsaﬁsftiés epirgedy cnapd of ten
conplicated b bacteri al |nfect|8ns gRenqﬁ%% S. I.: COPD: Overview of
definitions,PéE?E%ﬁFoldb&,(gﬁd f4étofs v nf %hin&ﬂFiSWHQev%FBbﬁﬁﬁ?s Chest ,
113 (4) Suppthat23&5SHpr24%0,1119%Bcomz) Eher ethsrd-sbeadyedec! caasien b8ng
function during %he g%sordeé, Pheelugg becones increasingly enphysenmatous,
and the pati@Rts" bPekthi Rg=ai fPi ¢GPF§ becomes obvious. This disorder
markedly inpairs the patients' quality of Ilife (shortness of breath, |ow

exerci 5q ¢ ol #haNCEL ARG 29 ShoNi ddeAntd oo ShGEL eRg, Al l&f)%t?é@@ﬁ;(@ncy'
Besi des ~ environmental f. ctors, the main risk factor is snoking (Kunmmer,
F.: Asthrma aRdlUOPELYAt erffd SeagRenkr KIKOFPR)  (5PRCcoDpagges 1994arRendard, S.

I.: COPD: OvgaVvheY68E catletionidiicarss EF dent 6h P8y branehiagtons: dinf LHenci ng
its 30 devel opnent. Chest, 113 (4) Suppl., 2355-2415, 1998) and thus nen
are af f ect edSUTREPHEL P FOMEPAREGET ISPIHAF i wore PBABYEFSIVRI s

picture Wl laghangerddretdiplalt urdetlie dradish al tier at 1aAgi N fuhestyhes and
the in%ﬁfaS?e;BiEQgiggnﬁﬁg %%rl?g%H%rigpk§£§écted). The course of
the disease 1is episodic and often complicated by
bacterial infections (Rennard, S. I.: COPD: Overview of
definitions, Epidemiology, and factors influencing its
development. Chest, 113 (4) Suppl., 2358-241S, 1998).
20 There is a steady decline in lung function during the
disorder, the 1lung 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
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., 235S8-241S8, 1998)
and thus men are affected distinctly more frequently
than are women. However, this picture will change in
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



35 Current therapy clains only to alleviate the synptons w thout affecting
the causes of the progression of the disorder. The use of |ong-acting beta2
agonists (e.g. salneterol), possibly in conbination with nuscarinergic - 4
antagonists (e.g. ipratropiun), inproveg lLung function through

bronchodil atation and is routinely enployed (Norman, P.: COPD: New

devel opnment s £ eyt f j.tjes, r 11 (7),
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COPD and needhzgudibi dinnahract prat ion | 1 I ety ky ofenpecedon in
COPD, Chest, (Nohdndrd) BSUPPloPD2428e9483evd P88mer 85S8BA. Fhdrapdiliei val ue of

antibiotics and the outcones of antibiotic therapy in 10 exacerbations of
COPD. Chest ,CPRF YunitGuppt . PoupsSNewssSPergasyt - Thatapl’ bf this 4 sorder is
currently unsad) sf agteeyiaespaciadt yond pebgt ipn1begehepacONinnuaus decline

in lung function..New fh euti.c_ approaches acting on nediatars of
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infections conplicatin he dis , a chronic infl'anmaftion’i's found in
the bronchiamnidiat dofi Arted-lsy eebeenphi bifc apbivl oty esherdpy nidi at or s
and enzyges &gl &ased tyndeys ophbbi C clik@nul ooy eg43r es&B?k'gbt iper aliato
be responsible 25 for the observed structural changes in the respiratory
tract (enphysdhi). 43H)bi t iTSereP%t hefacthift ydbfordent rophiTuic gtahul ocyt es
is thus a raidianal sARROAEN teshbeipreyentian Oke3kbewong dawn oftHdie
progression of COPD (deteri,oration jn paraneters of _ngcfuncti on). An 30

S
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proi nf | ammatappr aadloks ne abtiiang t usr needbatsrs of  inflammation,

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 TNFa 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 TNFQ, Infection and

Immunity, 4, 1744-1747, 1998). PDE4 inhibitors are able
to inhibit very effectively the release of TNFa from a

large number of cells and thus suppress the activity of



factor). Thus, it is known that TNFa stinulates the formation of oxygen
free radicals by neutrophilic granulocytes (Jersmann, H P.A ; Rathjen, D. A
and 35 Ferrante, A.: Enhancenent of LPS—induced neutrophil oxygen radi cal
production by TNF(X, Infection and nngnlty, 4, 1744-1747, 1998). PDE4
inhibitors are able to inhibit very ectively the release of TNFa from a
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granulocytes pento Ilne I'S abl e onspeC|f|c
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Zedtwi t z- Li ebenstein, K.; Parschal k, B. and G aninger, of

pentOX|fyII|%R91¥FW|t@5 ORCHEGOPBPALE ﬂé@ﬂHLﬂ§Mﬁaﬁﬁﬂ1WﬁQkﬁﬁh4oﬁcand
phagocyt c ahiditw itz ass€s888tbynf | aw,; cydominank O Bn. alPIngGﬁWﬂs@er,
13(2):99-104, 1997 10 Vari ous nhi bitors .have al ready be

di scl osed. "hesé Yor P r???t?ﬁhﬁﬁ%%énaeﬂﬁ%at1&6? PBIlTﬁ%ﬁ?O§%h}ogs or
nitraquazomxékﬂtwwéive3y@eeV|qwnductﬂﬁnlssna dhAgocAitdas, dbility
Phosphodlester |nh| ors r th re nt o th Opi n
Ther. Patent3 %Eé%e % c et%th g%gﬁl po?gi Ien?hv%%ge for any
of these codbbﬁhhs9$ﬂl®é,u$%ﬂ7 cllnlcally It was unavoi dably found that the
known RBE4 inhibitors also have various side effects, such as 20 nausea and
enesis, which it has not to date been possible to suppress adequately It

i s therefor afieressEPY th dnBébiEprAoVEVEPDELr ¢RAAY bibeeins $ splosed

These are primarily xanthine derivatives, rolipram
analogs or nitraquazone 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 1is 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, i1ndoles unsubstituted in position 3, which are
synthesized by substitution in ©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 commercially available indole, were converted by 30
reaction with oxalyl halides into indol-3-ylglyoxylyl halides which
subsequentlysa%ford by reaction with ammonia or with primary or secondary
amines, the ~€ ??85%0nd|ng i ndol - 3-yl gl yoxyl am des. (Schenme 1) - 6 Schene
1: X-halogen 5 Thus, US patents 2,825,734 and 3,188, 313 descri be various
indol-3-y|g|yoxy|anides whi ch are prepared by he manner depi ct in Schene
1. These conpounds were used as internedi at®g for preparing $nd
derivatives pproduced by reductions. USgpaten 39642, 803; al so

), descri bes

i ndol - 3-yl gl yox e X ﬂ%?hon met hoWi ndo W gl yoxyl ami des
is described i co 22 229 Xgain there, j réaction of the

i ndol e derivatfve us%d with o al¥l "15 chlo |d§ and theﬂresulfﬁng

i ndol - 3-yl gl yoxyl yl Hehloride is reacted withPfan anine. In addFtlon uUs

pat ent 6,008, 231 descri bes indol - ¥ g oxyl am des and processes for
preparing them Once 20 again, the reac9|on steps and conditions depicted in
Schene 1 are used. Substituted 5-hydroxyindol yl gl yoxyl am des and 6-

hydr oxyi ndol yl gl yoxyl am des and processes for preparing 25 them and the use
t hereof & PDE4si nhPBi t pesemdse 2dé5.iPed fandt he 1885313 i ndesarbDBepat ent

application 198,18 %%d“ﬂ 3 yfc_f d‘)éilﬁ’iar%d’é@ M&'ha”éﬁésgifegpdile%ﬂ pged as
PDE4 30 |nh|b|tors in DE paten I cation 100 53
the manner depicted 1n Scheme . 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 is
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-
yvlglyoxylamides 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 wuse 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.



whi ch al so describes their preparation and use as therapeutic agents. - 7
4- and 7-Hydroxyi ndol e derivatives, their preparation and use as PDE4

i nhibitors are proposed in DE patent application 102 53 426.8. 5 The
invention relates to substituted 7-aijnpq]es of the general formula 1 (1)
10 and the physiologically tolerated salts thereof, wherein A, B, R, R2,
R3 and R4 are as defined.in calli 1. .The conpounds.of, the_ invention
preferably i%éldﬁ%f k5ﬁ¥8585¥ﬁ8§ggF tHeT 67 i8S 1 ?ﬁmﬂﬁﬁcﬁrﬁp?gagﬁoﬁ$oxide
group and B asdcardeonagi POE4a Ththipduprs orre grmppo<KR8 as d&E | pedebel ow) or
ni trogen. Th .1 he u f the invention of the formula la 20 (1
a) in which géskgégtégg(}§9r§§ %gﬁrgialkyl, strai ght-chain or branched-
chain, optionally nono- or polysubstituted by -OH, -SH, -NH2,

- NHC1- 6- 3 kyhpe- NifederB- @ kY 3 a t e NHEE . 1 s CG -14=akNds of
-N(CL- 6- al kyl% (C5- 14 i 10 15.20 25 aryl), -NO2, -CN, -F, -O, -Br, -1,

-0-d-6- al kyhe gpnesatalarpprle. & g -6-alkyl, -S C6-14-aryl, -SO03H,
-S02C1_6-al kyl, -S0206_14-aryl, -0S02Cl.6- alkyl, -OSO2C6 14-aryl, - COON,
-(COCI-5-alkyl, -COOCL 5-alkyl, -O(COCL-5-alkyl, by mono-, bi-
R
R -
o 4
R
o} (1)
[
=
A N\1
R

10 and the ©physiologically tolerated salts thereof,
wherein A, B, RY, 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

0 (1a)

in which

25 R!



or tricyclic saturated or nono- or polyunsaturated carbocycles with 3-14
ring nenbers or/and by nono-, bi- or tricyclic saturated or nono- or

pol yunsaturated heterocycles with 5-15 ring nenbers and 1-6 heteroatons,
which are preferably N, 0 and S, where the C6-14-aryl groups and the
carbocyclic and heterocyclic substitueﬁ%s in turn may optionally be
Substituted one or nore tirtes b -Cl_6-al kyl, -OH. -NH2, -NHC1-6-al kyl,
“N(CL. 6- al k§’r§e 2, -ND3, T Eﬁxr,lf’?%?(kyh, -Sérr,‘”‘l-%}“,t‘-cg*adn_e-o%l k}f/f?%"ﬁeg
-S-Cl-6-al kyl, -S03H-ha$02Ch=iaiiglly mO802CIlo®n- @okylsubsCdOMted by

- (CO) C1-5-al kyl 'ngbﬁi——S%P?Lﬁﬁb onhﬁﬁqéﬁgfgyf;_§N@¢¥¥Lalﬁpg)ypene t he
al kyl groups on the carbocycl'ic and heterocyli ¢ ‘substituents in turn may
optionally be substNiGt-ed el or ~-MifFe-1wiaEEL by - ON(CigHa lkyNpACe-1r - O |

-Br, -1, 5S03H or/andy¢€O0H, -1¢6, (i LN, s =£2_10=1| kemd,, mano--Qrc, ¢-
pol yunsaturated, 30 si%ﬁight-c ain or branched-cE iT’ optionall¥ iS nono-
or polysubstituted b§lxol ~SpCeanrBrYl. NHEICHESAR gV,'-NS(éﬁﬂﬁfﬁ Kyt) 2,

-NHC6- 14-aryl, -N (CBolH; ary$0,G, ¢ ~NMHAL 6- aldQiiCk . Car{d- ar yopo,eNeR, - CN,

-F, -d, -Br, -1, -0- -al kyl,.. O C6-14- aryl, -S-Cl-6-alkyl

- S-0B-14-aryl, - soerf?‘ﬁygozcﬁsépa‘ﬁd/r,ar-y 206‘_‘L1‘2€%*r vl 18 C1* 654t Kyl |
-(0S02C6_14-aryl, -COSERO-CCOr&lkFlal knyd (CO)TQ-ELy1 al kyl nmmicand bi-

- CO) CL-5-al kyl, by no- L tri i tur do no- o
polyunsa(ﬁrated -9 Ogolo &%P% ?g%%yclé%ﬂﬂﬁéiégaA-?%ﬁg n@ﬁggrs or?ﬁnd by
mono-, bi- or tricycPpévsasaruradedr mmidogicles 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
15 heteroatoms, which are preferably N, O and S,
where the C¢_14-aryl groups and the carbocyclic
and heterocyclic substituents in turn may

optionally be substituted one or more times by

-Cy¢-alkyl, -OH, -NH,, -NHC; ¢-alkyl, -N(Ci.¢-
20 - alkyl),, -NO,, -CN, -F, -Cl1, -Br, -I, -0-Ci_¢-
alkyl, -8-C;_g-alkyl, -S03H, -50,C,_g-alkyl,
-080,;Cy.¢4-alkyl, -COOH, -(CO)Ci.s-alkyl, -COO-C;.

s—alkyl or/and -0(CO)Cis—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, -Br, -I, -SOs3H or/and -COOH, or

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

30 straight-chain or branched-chain, optionally
mono- or polysubstituted by -0H, -SH, -NH;,
-NHC;_¢-alkyl, -N(Ci-6—alkyl),, -NHC¢_14-arxryl,
-N(C¢-14—aryl),, -N(Ci¢-alkyl) (Cs-14-aryl), -NO3,

-CN, -F, -Cl, -Br, -I, -0-Ci¢-alkyl, -0-Cg.14-

35 aryl, -5-C;_¢-alkyl, -5-Cg¢_14—aryl, -S0sH,
-80,C1.¢-alkyl, -8S0,C¢_14—aryl, -080,C1_¢-alkyl,

-0805C¢_14-aryl, -COOH, -(CO)Ci_.s-alkyl, -COO-Ci.s5-
alkyl or/and -0(C0O)Ci.s-alkyl, by mono-, bi- or

tricyclic saturated or mono- or polyunsaturated



pol yunsat urated heterocycles wth 5-15 ring nenbers and 1-6 heteroatons,
which are preferably N, 0 and S, where the C6-14-aryl groups and the
carbocyclic and heterocyclic substituents in turn may optionally be
substituted one or nore tinmes by -Cl GBgl Ky -OH, -NH21 - NHC1. 6- al kyl
-N(C1-6- alkyl)2, -NO®2, -CN, -F, -0-C1-6- al kyl,

-S-Cl-6-al kyl, -SQ3H, 02C1. Cl 6- al k

-(CO C1_5-al kyl, Coﬁaé OcyfflaqskyWXgP/ a%? Oféa)ga ﬁi?ﬁyl Or/ eP’e t he

al kyl groups on the cenpecydbitc oand tieterlgeycbatusabsti tq;enmgnoﬁ oar n may

optionally be substi g%tl%n%%%ugaﬂga’eﬁ t{@nsb clesa_i’wnglf| FNﬁ@ rEng
-Br, -1, -SGBH or/an ydrogen or -Ci1-3-alkyl, R3 and R4

may be identical or @efbsrent &A@ ar é-6hydPEFEROALONS- al MALCH OHATESH,

“NH2, - NHCL_6- al kyI pféggegabq kYO 2ng N2, -CN, - SOBH, - SCB- Cl_6-al kyl ,
~COOH, 25 -COO-d _6-al kyl, -o?'a)015a|k|

-F, -d, -Br, -1, -0-
Cl 6-al kyl, -S-Cl.6-¥eye thpehgs oﬁ‘rYprgFEIVPS Wt et Rfe CapReRYC LSS pyri dyl
substituents in turnarmy ot onadyylide substitubadsoneror pore t meags by

S, L 803CL 3l kyPPEI ALY, At b pyed] prie: G mded “eipeiey I 30

- Ob Cl-3-al kyl , -S-Cl-8:alHeilkylor/ amal | a@qmm SNHaU@yb;Lkaad WhEIN € tdre zgl kyl

Su stltgﬁgltsinturn lOptI y_ substit eor nor_ |mas Yy
D, i) 3, R e g e 2l kyl

COOCl 3-al kyl , _ o caliylal kyI 5S-G Rl kyI n?roaéﬂnd O(S@Fa@:raékanlkyl The

conpounds of t he I nveisooa dggk enal lapgat ef erabl v, J-nahkude N-ggbdes of the
formula 1 in which - 10 B |%s anyN- oXi de 8roup %hésSe are the COfT'pOIlSJndS of
t he s-alkyl or/and -O({

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
-COOQH,

20 R? is hydrogen or -C:_;-alkyl,

R’ and R* may be identical or different and are
hydrogen, -Ci-¢-alkyl, -0OH, ~SH, -NH;, -NHC;_¢-alkyl,
-N(Ci6~alkyl),, -NO,, -CN, -SO3H, -S03-Ci ¢-alkyl, -COOH,

25 -C00-C1 ¢-alkyl, -0(CO}-Ci-s-alkyl, -F, -Cl, -Br, -I, -0O-
Cig-alkyl, -S-Cig-alkyl, -phenyl or -pyridyl, where the
phenyl or pyridyl substituents in turn may optionally
be substituted one or more times by -C;.z-alkyl, -0H,
-SH, ~NH,, -NHC;_;-alkyl, -N{(Ci.3-alkyl),, -NO3, -CN,

30 -803H, -S803Ci_3-alkyl, -COOH, -CO00C;-3-alkyl, -F, -C1,
-Br, -I, -0-C;.3-alkyl, -S-C;s-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, -S03C;1-3-alkyl, -COOH, -CO0C;.3~alkyl, -0-C1.3-
alkyl, -S-Ci;-alkyl or/and -0(CO)-C; 3-alkyl.

The compounds of the invention additionally preferably

include N-oxides of the formula 1 in which



invention of the formula Ib (1 b) 5in which Ais nitrogen, 10 RL (i) is
-Cl. 13-al kyl, straight-chain or branched 15 20 25 30 chain, optionally nono-
or polysubstituted by -OH, -SH, -NH2, -NHCl.6-alkyl, -N(CL.6-alkyl)2,
-NHC6. 14-aryl, -N(C6_14-aryl) 2, -N(CI G alkyl) (C6- l4-aryl) , -NX®, -CN,
-F, -Ad, -Br, -1, -0d.6 - alkyl, éB ~14-aryl, -S-Cl1_6-alkyl, -S-C6.14
-aryl, -S03H, -S02Cl1 _6- aIkyI -SOZCB 14-aryl, -0s@2Cl .6- alkyl,

-CSOZCB 14-aryl, - COOH, CI»CHS alk¥ ~C0O ClL. 5- aIkyI CXCI»CH 5-al kyl

by mono-, biB B¥ BR é\w&léesaﬁm%&ed BeSfoAse grhe poPYRALRLEr ffedhe

car bocycl es Wdht3o Jf Nthe NESHRLSa o1y and by nono-, bi- or tricyclic
saturated or nono- or polyunsaturated heterocycles with 5-15 ring nenbers
and 1-6 heteroatons, which are preferably N, 0 and S, where the C6_14-aryl
groups and the carbocyclic and heterocylg®c substituents in turn may
optional ly be substituted one orgzrore sdy -Cl _6-alkyl, -OH -NH2,
-NHC _6-al kyl, -N(CL.6- alkyl) 2, ‘Rﬂ -F, -d, -Br, -1, -O0d _6- alkyl,
-S—C1_6-alkyl, -SO03H, -S02Cl1_%ral =(S02C1_6- aIkyI - 000H,

-(CO C1. 5-al kyl, -COOC1_ 8r/arﬁj Q( CO) C1_5- a(l11b<)yl and where the -
11 5 10

in which

A is nitrogen,

10 R'
(i) is -Ci.1p-alkyl, straight-chain or Dbranched-
chain, optionally mono- or polysubstituted by
-0OH, -SH, -NH;, -NHCi .¢g-alkyl, =-N(C;_¢-alkyl),,
-NHC¢_14-aryl, ~-N(Cg_14-aryl),, -N(C1.g—alkyl) (Cq-
15 14-aryl), -NO,, -CN, -F, -Cl, -Br, -I, -0-Cig-
alkyl, -0-C¢.14-aryl, -S-Ci.¢-alkyl, -S-Cg¢.14~aryl,
-S0,3H, -50,C1 ¢—alkyl, -S05C4.14-axVyl, -0S0,C1_¢-
alkyl, -080;Cs-14—aryl, -COOH, - (CO)Cys-alkyl,
-C0O0-C;_5-alkyl -0(CO)Cis-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 heterocatoms, which are preferably 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
—Ci.¢-alkyl, -OH, -NH;, -NHCj.¢-alkyl, -N(Ci¢-
30 alkyl),,-NO,, -CN, -F, -Cl, -Br, -I, -0-Ci_¢-
alkyl, -5-Ci1.6-alkyl, -S03H, -50,C1-¢-alkyl,
-0S80,C;.¢4-alkyl, -COOH, -(CO)Ci-s-alkyl, -COO-Ci.
s—alkyl or/and -0(CO)Ci.s-alkyl, and where the



15 20 25 30 35 al kyl groups on the heterocyclic substituents optionally be
substituted one -OH, -SH, -NH2, -F, -d, -Br, -COCH, or -Q(COCLl.5-alkyl,
by (ii) is -C2.10-al kenyl, nono- or pol yunsaturated, straight-chain or
branched-chain, optionally nono- or pgl¥§ubst|tuted by -OH, -SH, -NH2,

- NHCL. 6- al kyl, -N(C1.6-al kyl )2, -NHC6 4-aryl, -N (Ce_14-aryl) 2,

e $4alalr<§:) ggcié%kgﬁyl) gr(g% 12@&- ’thgscxaﬁ%rf@é’& & kgf‘dal a

-SO2C6_14-aryl, -OSOEQEGBOCHFRyF - Qquwe@tyl -1@OOH, U%mx»cnmsyalkyl
- 000 CI_5-al kyl oroguemhw 10l JHNSAL UL AL @ don BEBRE RS, 1 | @S abyr at ed or
nono-, bi saturated or _nono- carbo:%cles by carbogycllc and in turn may
or more times by -I'OHSOSﬁWN/?NﬁPWMT horikg -SO3H or/and
5 -COOH, or
(i1) is ~C;_.1g-alkenyl, mono- or polyunsaturated,

straight-chain or branched-chain,

optionally mono- or polysubstituted by -0H,

10 -8H, -NH,, -NHC; ¢-alkyl, -N(Ci.g—alkyl),, -NHCs.
14—aryl, -N(Cg_14-aryl)a, -N(Ci-6—alkyl) (Ce_14-
aryl), -NO, -CN, -F, -Cl, -Br, -I, -0-Ci_4-
alkyl, -0-Cg.14-aryl, -8-Cie¢-alkyl, -S-Cs.14-aryl,
-5S0;3H, -80,C;1_6-alkyl, -80,C¢-14—aryl, -0502C1-6-

15 alkyl, -0S80,Cg.14-aryl, -COOH, -(CO)Ci.s-alkyl,
-CO0-Cy.5-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
20 saturated or mono- or polyunsaturated
heterocycles with 5-15 ring members and 1-6
heteroatoms, which are preferably N, O and S,
where the Cg.14y-aryl groups and the carbocyclic

and heterocyclic substituents 1in turn may

25 optionally be substituted one or more times by
-Ci.¢6-alkyl-0OH, -NH,, -NHC;. ¢~alkyl, -N(C1-6-
alkyl),, -NO,, -CN, -F, -Cl, -Br, -I, -0-C;_4-
alkyl, -8-Ci-g-alkyl, ~-S03H, -S05C1-6-alkyl,
-0S80,C;-6-alkyl, -COOH, =-(CO)Ci-s-alkyl, -COO-C;i-
30 s—alkyl or/and -0(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

-OH, -S8SH, -NH,, -F, -Cl, -Br, -I, -S03H or/and
35 -COOH,

2

R is hydrogen or -C;_3-alkyl,

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



nono-, bi- or tricyclic nono- or polyunsaturated 5-15 ring nenbers and 1-6
het erocycl es with heteroatons, which are preferably N, 0 and S, where the
C6_14-aryl groups and the carbocyclic and heterocyclic substituents in turn
may optionally be substituted one or n?%ﬁl ti mss by -Cl_6-al kyl - OH, -NHZ2,
-NHC _6- al kyl , -N(C16 al kyl) 2, - , -Br, -1, -0-d _6-

al kyl, -S-C 6a|k C16 OS Cl_ y
(0O O - 5- alj%‘?ro %EDCl 1- 65%1?% [ orf nd ﬁCO) 951 3 k@:{& én%lb%g te the
al kyl groups- D@hCJI Eleablaybbz,chrNQz, &Whef%@ﬁbyc%@sﬂibzs{altkwht s-COOHurn may

opti onal l'y be t| L Lui ody OnenQkoioRe LLARS1DY - OHey SHep NH2; -Fp -,
-Br, -1, -SO3 and 8&2 ﬁydroggn or -Cl _3-al kyI R3 and R4 may

be |dent| calCos- @lktﬂar enf-Gnd- aﬁéyl 12Phgpddogen, @1 drkal Krere Grhe. SH,

-NH21 - NHCL g &hky! or ;Mﬁldﬁr akkpk)r2 tu=hes, ‘rg\lturlggﬁé:y &931&4&1@1@' kyl,
- 000H, -CI)O Cl-6- al kyl Q(CO-C1l_5-al kyl,, - Br -O
Cl_6-al kyl, P& @M @t&IWed -PRBNPE o‘For‘ToyrtllBS?IS Wﬁeréjlt%é‘lécyp}heny@Hor
pyridyl subsigfq uent.lsHk n tmmlnglyap]aplpnaLNycl tgea&upat)lzt ut esfogne orNnOr e

t by - C1_3 kI H NHCL_3- al k Cl 3-al kyl)2, -NO2,
o ot q %63%1 §§ RyPT S5 1 3€§P§ yallf lil( g’?B?C,)ﬁZI,

- N, -OOOH
-0-CL_3-al kerBr s—o:1 _ 3-aldky]-adiiveind - 9¢COy- ﬂkgll@zmaqd @.(KCIO)I\HE{@ al kyl

YOS S Y, BRSPS BUBLI LSS om0 I, P O
C@III _3-al kcyptlom?bthlm k?UbStSt@LEQ— g | ogr / mAYe -@(Iw @Y_S—@Hkyl 15
-SH, -NH,, -F, -Cl, -Br, -1, -S03H, -S05C1-3-alkyl,
-COOH, -COO0C;.s-alkyl, -0-C;_.z-alkyl, -8-C;z-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

(1c)

(1) is —-Ci.ijo—alkyl, straight-chain or Dbranched-
chain, optionally mono- or polysubstituted by
-OH, ~SH, -NH,, —NHCl_s—alkyl, —N(Cl-s—alkyl) 2

-NHCg-14-aryl, -N(Cg.14—aryl),, -N(Ci_g-alkyl) (Cs-
30 14—aryl), -NO,, -CN, -F, -Cl, -Br, -I, -0-Cj_¢-
alkyl, -0-Cg.i4-aryl, -S-Ci.e-alkyl, -S-Ce.1s~arvyl,
-S0sH, -80,C;.¢—alkyl, ~S05Cg_14~-aryl, -080,C1_¢-

alkyl, —OSOZC6-14—aryl, —COOH, - (CO) C15—alkyl,



The conpounds of the invention additionally include N- oxides of the fornula
1 in which A and B are an N-oxide group. These are the conpounds 20 of the
i nvention of the formula 1c in which 25 30 (1 ¢) is -Cl1-13-al kyl,

strai ght-chain or branched- chain, optiigally nono- or pol ysubstituted by
-OH, -SH, -NH2, -NHC _6-al kyl, -N(Cl_b6 kyl)2, -NHC6_14- aryI

oas. :Irilyl) 2-00699268;‘1{#?’4&2%& é}éﬁ@r(?”) @1&&'14% 5 soe(flf?iEL -

- S02CL. 5-al kyl , - S0266_14- ?a:ryd:yclﬂSOZCJSraﬁ:uzaiﬁ(qd - ©802CEmodkoar y| , 0x000H,
(COCIS-al kyl | - 13,08,10:16,20:25 3035 Srabhyl .3 CAELS

al kyl, by nono-, bi-"or tricyclrc saturate mono- or pol yunsat u?at ed
car bocycl es with 3- 1mempags newens obyanddRP nondei- bior or tYEFEGELFC

saturatea or nono- ogzpQkyuBgaturgted nhﬁ‘idaf ocyeles ‘é‘béfy@négtﬁkageﬁe”bers
and 1-6 heteroatons, which are preferably N, 0 and where the_ C6. 14-aryl

groups and the car bo@?EPFecy%ﬁshe‘t’éF}écy%TJr% UGS | FERST S nafgr nl
optionally be substihetedoagems!, Whhieht afes phyfereble &, ky andltd, - NH21

-NHA _6-al kyl, -N(d gere'@ﬁg Co-14~ afylcagougé agb’iﬁg’cékbo&§ég}c6_

and heterocyclic substituents 1in turn may

10 optionally be substituted one or more times by
-Ci_g-alkyl, -0OH, -NH,, -NHC;.g-alkyl, -N(Ci1_¢-
alkyl),, -NO,, -CN, -F, -Cl, -Br, -I, -0-C;.¢-
alkyl, -5-C;_gs-alkyl, -S0,H, -S05C1_g-alkyl,
-080,C1.4-alkyl, -COOH, -(CO)C;.s5-alkyl, -COO0-C;.

15 s—alkyl or/and -0(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
-0OH, -SH, -NH,, -F, -Cl, -Br, -I, -SO0O3H or/and

20 —-COOH, or
(11) is -Cj;.ip—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),, -NHCs.14—aryl,
-N(Cs-14~aryl),, -N(Ci.g-alkyl) (Ce-14-aryl), -NOg,
-CN, -F, -Cl, -Br, -I, -0-Ci¢-alkyl, -0-Cg¢.14-
aryl, -5-C1¢—alkyl, ~-8-Cg¢-14—aryl, -S0,H,
-50,Ci_6-alkyl, -80,Cg.14—aryl, -0S0,C;_¢-alkyl,
30 -080,Cg-14-aryl, -COOH, -(CO)Ci;-s-alkyl, -COO-Ci s-—
alkyl, -0(C0O)Ci.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.14-aryl groups and the carbocyclic

and heterocyclic substituents in turn may



al kyl, -S-Cl.6-alkyl, -SO3H, -SO2Cl_6-al kyl, -0S02Cl.6-al kyl, -COOH,
-(COC1l.5-alkyl, -COO-C1L_ 5-alkyl 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 t%Ere -OH, -SH, -NH2, -F, -d,
-Br, -1, -SO8H or/and COO—I or (||) C2_ 10 al kenyl , nono- or

pol yunsaturated, strajght hed- chai n, opt| qnal I

pol ysubstituted by - {_‘90 Squ\ﬁ(}IdCt acfklele °K F@feG

- NHC6. 14- aryl -N (661 14ahkyIL) 2 OHN ( ENHB al KYH]: - é%llmlaryﬂ)l c1 sNO2,

- -F, , Cl 6 IkyI o 14 aryI -S5-_Gl-6-3 I

- S-06. 14- aryl -soer%lky 5201 Ne “al ky ICN-S(%CG E4 ary}lBr -08%0201 6&% kyl ,
_0SR2C6_14-aryl, -00@1-I<y1(cc>)c§ 61 arﬁ}kyl CO0-60:8- " al k§P:CL-otTHFGE: 5- al kyl
by mono- 5 bi- or triggeldCSatnyRS Edc@bHﬁDHOIC@rCPQJ—é{yH§BIUr@i(ﬁﬂcl_

carbocycles with 3- 14 r rrenbe or tr| cyclic
saturated or nono- ldﬁ’%yuﬁ%{fiﬁl%a é?ﬂg (glr écgg%é]s wid b&re ngPenenber s
and 1-6 het eroat ons, awayn:h arg&oqp"gferahl y N-,hé) and:aEbo\MyeIl&ct he &6d14- aryl

groups and the car bo]ﬁ%gl iC d het eracycli substltuents in_turn - oBy - 14
5 10 optionally be s ?F?Eﬁ’% *B6ne of tI’]e "E?%% by 2 c1_ E%&Pkyl ,ME¥H, - NH2,
-NHC _6-al kyl, -N(d oﬁtlahdﬂ/lyZbe- I‘@qutﬁl\l;ted: on€l or- Bore Itlm@v by 6-

al kyl , Cl-6- al kyl , 1 I ky%z od 6 - (CO
d_5-al k?l oo & OB e oM ol o kyl 5 ek SR 2 U Kyl
groups on the car bocyePPE. and

R’ is hydrogen or -C;.i-alkyl,

15 R® and R* may be identical or different and are
hydrogen, -C;.¢-alkyl, -OH, -SH, -NHj, -NHC;.g-alkyl,
-N(Ci.¢—alkyl),, -NO, -CN, -SO03H, -S03-C;_s-alkyl, -COOH,
-C00-C1.4-alkyl, -0(CO)-Ci.5-alkyl, -F, -Cl1, -Br, -I, -0-
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 -C;3-alkyl, -0OH,
-SH, -NH,;, -NHC;3;-alkyl, -N(Ci3;-alkyl),, -NO;, -CN,
-803H, -S03C;.;-alkyl, -COOH, -CO0OC;.;-alkyl, -F, -Cl,
-Br, -I, -0-Ci.3;~alkyl, -S-Ci.z-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 -OH,
-SH, -NH;, -F, -Ccl, -Br, -I, -S03H, -803C13-alkyl,
-COOH, -CO0C;_3-alkyl, -0-C;.z-alkyl, -S-Ci;.3-alkyl or/and
-0 (CO) -Ci_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_jp-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, ~0OH, -NO;, -CN, -CHi, -0CH; and
—CF;.



het erocyclic substituents in turn may optionally be substituted one or nore

times by -OH, -SH -NH2, -F, -d, -Br, -1, -SG8H or/and -COCOH, R2 is
hydrogen or -Cl_3-alkyl, 15 R3 and R4 may be identical or different and are
hydrogen, -Cl_6-al kyl, -OH, -SH, -NH21 -NHCL.6-alkyl, -Nd _6-alkyl)2,
-NO@2, -CN, -SOBH, -SO3-C1_6-al kyl, - CooM? —-C0O-d _6-al kyl, -0 (CO

-d 5a|ky| -F, -a&, -Br, -1, -0- Cl_6-alkyl, -S-Cl_6-alkyl, -phenyl or

-pyridyl, where the 20 phenyl or pyridyl substituents in turn nay optlonally
be substit ut & n@epﬁefeﬁably|HESrbyCHgl _Btallkykr ofMd, of- $H, anNHRE 1s

-CNIHJgC133aIaIkﬁ/)Fefe%%}% %ali%ge% -0 C%N3 gilsml_ér Sé%%% allfyé or/Rand
y

-Q(CO) Ci _3 25ral kgrtigndawher @relﬁeralblly! h@tll@gemu@mgs i€l.urn ma

optional Iy be substituted one or nore tines by -OH, -SH, -NH1 -F, -d,
-Br, -1, -SO3H, -SOBCL.3-alkyl, -COOH, -COOC13-alkyl, -Od 3alki/,

- S- Cl1- 3- al kyTher / amventy@o) - Errsherky| reBates ef ¢ edPbBAPOLREECAE Lvhe
formula 1 areotbpgeelinswhiceho rREnes cafipeRhidenald ¥osukatdl iuted C1_4- al kyl
radical, particularly preferably a Cl radical, with a cyclic substituent.
The cycl ic substituents are preferably 35 C3_8-cycl oal kyl groups or

C5_l o-aryl orhhetgrearalogirad oal SolQrgte@h%@WtSOI’aJﬂ@prﬁ)ahnl’e@di:Crii| 8, V\/ni ch
may have at | east L9ne iubsti tuent sel ect from halcf)l%gn - Br
or -1, - SREPERL RS oY, aftf Ut 119 15 |1%asp‘?sef eY"éBPy H or
-CH3. At Ieasnongenmt B3 amdiaR4 d acW%fmr&Mmémﬁx@bnzlmgetheFau&ts -Br or
-1. R3 and é%ﬁﬁr%n%%fgan‘i agly R %]Bﬂrabé%{ﬁ,@' 09€0mpTed 68 sudelfife

i nvention fur o} phy5|o 0gi ca
inorganic acids are hydrochlorlc 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-phenoxybenzoic acid, 2~
20 acetoxybenzoic acid, c¢innamic 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



tolerated salts of the conmpounds of fornula 1. The physiologically tol erated
salts are obtained in a 10 conventional way by neutralizing the bases with
inorganic or organic acids or by neutralizing the acids wth inorganic or
organi ¢ bases. Exanpl es of suitable gani c acids are hydrochloric acid,
sul furic acid, phosphoric acid or hyarg%ronic acid, and exanples of 15
sui tabl e organic _acids.are car oxx ic or_sulfonic suc as agetlc
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and n-propyl ; gghetsden Rtmanner known per se, for example with an
15 optically active acid. However, it is also possible to
employ an optically active starting substance from the
outset, in which case a corresponding optically active
or diastereomeric compound 1s 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 ostecarthritis. Further possible wuses

are the treatment of patients suffering from



al so aryl al kyl halides such as benzyl chloride or 2- 5 phenyl ethyl brom de.

The invention further relates to the Dform the L form and D, L m xtures of
conpounds of the formula 1 which contain an asymetric carbon atom and in
the case of a 10 plurality of asynnet[i¥7cgrbon atons, al so the

di astereoneric forns. Conpounds of the Tormula 1 which contain asynmetric

carbon at oms, and, yspigll ¥ r.esé‘%ésf‘é, racemates cap.pe Se@%ﬂﬁ? é@ix? the
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optically active or diastereoneric conpound is obtained as final 6 product.
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t hereof, can be used for the treatnent of disorders in which inhibition of
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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 1involved. 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



syndronme, asthma or other chronic pul nonary disorders, bone resorption
di sorders or transplant rejection 5 reactions or other autoi mmune di seases
such as lupus erythematosus, nultiple sclerosis, glonmerulonephritis and
uveitis, insulin-dependent diabetes ngl%'tys and chronic denyelinization.
10 The conpounds of the invention can additionally be enployed for the
t herapy of i i h ir i ti n ar fegtions
for exanple ?LSEE%gggfﬁggapeﬁé nalgﬂﬁg %%élgﬂﬁjﬁlgg?s ﬁéé %%%%%n-g%elated
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di sease and - 18 proliferative skin disorders such as psoriasis or
keratosis. It is an aspect of this invention that the conpounds of

The compounds of the invention additionally have

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 of 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



5 formula 1 and salts thereof are also able to inhibit LPS-induced pul nonary
neutrophilic infiltration in rats in vivo. The pharmacol ogically
significant properties which have been found prove that the conpounds of
formula 1 and salts thereof, and pharmeceutical 10 preparations which
conprise these corrpounds or salts thereof, can be utilized therapeutically
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into 2 or 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, mmagnesium
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.



5 nore daily doses, and is usually 0.001-100 ng. Daily dosages of 0.1-50 ng

are particularly preferably admnistered. Oral, parenteral, intravenous,
transdermal, topical, 10 inhalational and intranasal preparations are
suitable as admi nistration form Topic inhal ational and intranasal

preparations of the corrpounpls of the “ivention are particularly preferably
used. Gal enigal.,, phar MReeW Al RAIINLALT aDS SPGD. B8 cLabLeEEo COBIED 15
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exanple, |lioch as polyethylene glycol.

15

Oily suspensions for parenteral or topical uses may be
vegetable synthetic or semisynthetic oils such as, for
example, liquid 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, 1linoleic,
elaidic, brasidic, erucic or oleic acid, which are
esterified with monohydric to trihydric alcohols having
1 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



pol yet hyl ene oxide, mcrocrystalline cellul oses, carboxynethylcellul oses,
pol yvi nyl pyrrolidones, dextrans or gelatin. Exanples of solid carriers are
starch, lactose, mannitol, nethylcellulose, talc, 10 highly dispersed
silicas, higher nolecular weight fatty ,acids (such as stearic acid),

gel atin, agar-agar, caIC|un1phosphate nagnesiun1stearate ani mal and
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aci ds such PRP=ANEABI 8Col eic acid. It is additionally - 21 possible
to use vegetable oils such as castor oil,

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 1in particular for this purpose, such as, for
example, sodium carboxymethylcellulose, polyacrylic

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 nnecessary 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-pf-iminodipropionate,

polyethoxylated castor o0il or sorbitan monooleate,



alnond oil, olive oil, sesane oil, cottonseed oil, peanut oil or soybean
oil. 5 Suitable solvents, gel forners and solubilizers are water or

wat er-m sci bl e solvents. Suitable exanples are alcohols such as, for
exanpl e, ethanol or isopropyl alcohol ?enzyl al cohol, 2-octyl dodecanol ,
pol yet hyl ene glycols pht hal at es, adlpa propyl ene glycol, 10 glycerol,
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sul fates, dlhpgr5§§§H£¥51é3 |nygpdlpbgggggggglvegolyeggggyla%. castor oi
or sorbitan nonool eat e, - sorbitan nonostearate, polysorbates (e.g
Tween), Cetyhydroxyben201c esters may likewise be necessary where

appropriate to prepare the desired formulations.
15
Preparations for parenteral administration may Dbe
present 1in separate dose unit forms such as, for
example, ampoules or vials. Solutions of the active
ingredient are preferably used, preferably agueous
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 1lyophilisate, where appropriate with further
25 solid carriers, with the desired solvent or suspending

agent.

Intranasal preparations may be in the form of agueous
or oily solutions or of aqueous or oily suspensions.
30 They may also be in the form of lyophilisates which are
prepared before wuse 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.



al cohol, lecithin, glyceryl nonostearate, polyoxyethylene stearate,

al kyl phenol pol yglycol ether, <cetyltrinethylammonium chloride or 5

nono/ di al kyl pol ygl ycol et her orthophosphoric acid nonoethanol am ne salts.
Stabilizers such as nmontnorillonites or,golloidal silicas to stabilize
enul 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 esters, nmay |ikew se be necessary
wher e appro@heatéomﬁopnéﬁar@fthéh@eagaafﬁaﬁrnﬁqnmwﬁ% 15 wiepar Bheons for
parenteral agohfishtabieon My, bl pEeseit Jny SEPYAE dase Mobfef 9ras such
as, for exanple, anpoules or vials, Solutions of the active ingredient are
preferably uEéﬁpaE?@f@F88F9155u58u§h201§8?HFFBHS and especially isotonic
solutionsg, but also suspensions. These injection fornms can be nade

avail abl e as finished product or be preparﬁd only imediately before use by
m xi ng the active conpound, e.g. the | ilisate, where appropriate with
further 25 solid carriers, with Bﬁ@ d¢si regl sol vent or suspending agent.

I ntranasal preparations nay be.in t of aqueous or oily solutions or
of aqueous or oily suspensions: They y also be in the form of

| yophi | i sates which are prepar ore use with the syitable solvent or
suspendi ng agent. The ma e, bottling and closure of the products 35
t akes pl ace under the usyal i crobial and aseptic conditions. The
invention further relates Mcesses for preparing the conmpounds of the
invention. - 23 The conpounds @ﬁ the general formula 1 wth the

by oxidizing compounds of the formula 1 with the
meaning of R!, R?, R’ and R?! described above, in which A
10 is nitrogen and B may be nitrogen or carbon, 1in 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, 1lb 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 Ic.
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-yl)glyoxylamide
3 g of N-(3,5-dichloropyridin-4-yl)-[1-(4-
30 fluorobenzyl)-7-azaindol-3-yl]lglyoxylamide are

dissolved in 180 ml of dichloromethane. While stirring,

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



meani ngs of A B, Rl, R2, R3 and R4 described above are prepared according
to the invention 5 (1) by oxidizing conpounds of the fornula 1 with the

meani ng of R1, R2, R3 and R4 described above, in which A 10 is nitrogen and
B may be nitrogen or carbon, in a nanng; known per se by treatnment with an

oxidizing agent, e.g. an organic peractd, preferabl y vv| th m
chl or oper ben r e to e 0
i nvention of(%?h %ornu%acjl a,dl¥b‘£§§gﬁcgr él'vgﬁsxt ur%% of- xﬁ%{'gcejrﬁl%tﬁl c% resul t

where appropifacéitand bé swpar atemperatunanfer KnolaysperThe byxture

crystalli zatign Q8- ggfggat egr aﬁ:p 08rreggod§ | 0 écﬁlgm@urg coaPRLagdsmof the
formula la, |Ib or ? Exanpl es Exa npl ary process fot[_ prepari ng

conpounds ofc%ﬁ]@on@\%@eﬁﬁl@ﬁl@ﬁth@l?op ﬁ&sl e?‘reZSS?Lpira ed, and
N- (3, 5- Dischl or@pyi & dighdsy! )id | Webtdalonakenzybd m1 of water. The

7- 0X0-7-a a'ndl-3 '] gl | amg d 3.9 af . .
N—(é,S-diéh:%? §?Fél 4y %%tfﬂi?ﬁ_cgﬁglln vacuo: The residue is

f 1 uor obenzyl $£7raadi wiloh- 30y hlgloyfoxdogmriogenacdr.e Ties sotywetch 1 i 480 ni s of

di chl or oot NaBRowdhi | enfll LIRS 2 Soldihl ot bl ™ chOT opsgpenzol ¢

acid in 12 acetlc aC| isa he reaction m xture
is stirred apm@@ﬂﬂeﬁpemm:tﬁleed oby7per@gz>§ra'ﬁhefemH<EMEe Aj qnigdjurst edft o pH 8

to 9 by qgddi ogh@) PQLAsSLEM, G Q&é}?ﬁaﬁnéﬂ%' PRe THEiBhaSES Arfs sgpagat ed,
and the 5 organic phase is washed with 100 ml of water. The solvent is

distilled oudSiBoY%Eenb. STRESPesidue is stirred with 10 ml of isopropanol .
The crystallizate is renoved and dried at roomtenperature. The crude

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

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)-[1-(2-chlorobenzyl)-7-
azaindol-3-yl]glyoxylamide 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. 2gfleld 0.3 g (9.4% of theory)

Mel ting point: 205-208C 20 1.2

N- (2, 6-Di Chlﬁﬁ%ﬁgfgykl [ 1- (2- chl orobenzyl ) - 7- oxo-

7- azai ndol yoxyl am de 3.1 g of
N- (3, 5- di chl Bxembbayy) - proceseh| driubeneyeParingz acogpoudds | #f oxyhani de are

di ssol ved i nj 18&nflioRf o€5cHbClbefaiat AgRe. VWiile stirring, a solution of 6 g
of mchl oroperbenzoic acid in 12 nml Of acetic acid is added dropw se. The

reaction mxture is stirred at room tenperature for 7 days. The mixture is
adj ustedsto pHL 8 Nt o3 95bmaﬂnibﬂg a- aﬁb@frshaﬁmcanmoat[a—5(q|_uti on. The 30

phases are separa organi ¢ shed. w.th 100 ml of water.
The solvent is dlng?FggeB 958688°$ﬁg VzgmgggxyéagPd?red with 30 m of
water at 50 C, filtered off mnth suction and recrystallized from 100 n1 of
i sopropanol .35 Yield 3 g (40% of, theor 0 165 8C -
Exampl e 2: E% %plary pr%cess for4%r£pé$f%d¥%%99§%$%#@h %E%l ﬁ #?IOH of
the fornul a fbuosobenzXl|375abachBolo3tydiopypksilamidel )-[ 1- (4- are

f|U0r0bgRFy'&1¥séiééad9h %Bbl gl¥ﬂ%¥hﬁﬁhgﬁé%élﬂgne While stirring,
N- (3, 5-dichl oropirldln- 1-(4

f1 uor obenzyl &- ¥o zlélllf?@olQ% 9lyg|%m%ﬁ%@@ﬁ%bq@2@4%séwéd im 380K of
di chl or onet hgpeacWhiike axtild 11 h0addad saksbi@8e0f Th 0 fadt Lt onpRERBENZOI C

acid in 12 nf of acetic acid is added dropwise. The reaction m xture
1s 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 is distilled out in vacuo. The residue is

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 vacuo, 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 lc:

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

3 g of N-(3,5-dichloropyridin-4-y1)-[1-(4-
fluorobenzyl)-7-azaindol-3-yl]lglyoxylamide are



is stirred at roomtenperature for 7 days. The mxture is adjusted to pH 8
to 9 by addi ng a potassium 15 carbonate solution. The phases are separated,
and the organic phase is washed with 100 ml of water. The solvent is
distilled out in vacuo. The residue is tirred with 10 m of isopropanol.
The crystallizate is renoved and dried at roomtenperature. The crude 20
product is p y.Rpr rati v of y e wth
met hanol in #ﬁ%gér)g eB ég ig% ?nlusgfdlflt%ld% ve‘g(ftl'ya[Igae Whlilé:els‘scg %éﬁ% m xt ure
is distilledaf rsgmumh@npr@ﬁ:luétg 25 mlalww@efb@@wm g idaciuo, 1anult he

residue is EC'é)é%ftélc' 'a7c‘?LQ5 ff@”&&é@é”@kop%h%led The? Ld 3/ &Y Al <thgary)
Melting point: 233-2 Exanpl e 3: Exenplary process for preparing

conpounds of1FhétlFﬁ@QntaltorFQﬂmt%@“@%?%‘l“éeI ¢orzg glays. The mixture

N- (3, 5- Dischl 9&o0- éd@ﬁ@@&ﬁldtﬁ dpMl ) 8[ 1t64-9 by adding a potassium

fl uor obenzyl)-7-0xo0:-7-az gl yoxyl am de 3 g_of
N—(3,5-dich|%?589??8?ns iﬁ% %ﬁ_(%ﬁé s%s are segarated, and the

fl uorobenzyl drdanzai nolods8- yi§ glweshddnmwdear 800 28 difssehved.i nTR80 m  of
di chl or onet ile stirLing 4@ ut;i | g er bgnzoi c
acid in 12 n?gfv 13{\21ce i %lc%& I se%ddjg% d%Lopvm seu%The%%gac??%%Egngxtgrg IS
stirred at rabhrredpeithulé fdr of dapprofsaali xtThe Srystab}uzsted i® pH 8 to

9 by adding p-potagsi UM C@EPL%at %t50|rlbtdnpn HfeRases. arensepapghed, and
the organic phase is washed with 10 of water The solvent 1s distilled

out in vacuoPTTRECEediSduikiied| PYed’r\ﬂRaﬁafG"Tﬂ BPLE sopr dpardice TRE

crystal li zat gthgl 1Qcé@.€@éedudﬂﬂ metilethdl {Qoghkerperatl Wee.10Thes chiyde
product is purifi 1\{ gre arative HPLC. A m xture of ethyl acetate with
met hanol in /e®? Y?B Y§6%"s used

15 The solvent mixture is distilled from the product-
containing fraction in vacuo, 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 c¢ited as
examples:
/Rs
Rz\ B
N\ /
0 ]
R
o (1)
[
a7 N
Vi
R

30



as solvent system 15 The solvent m xture is distilled fromthe product-

containing fraction in vacuo,
Yield: 0.2 g (6.3% of theory)
4: Preparation of further conmpounds 25

et hanol .

formula 1 ¢

an be

an

prepared by using the®i

d the residue is

A

recrystallized from
20 Melting point:

254- 257C Exanpl e

merous further conpounds of the
ndi cat ed processes for

CormpoUndABRICRESREERR 11 i ghobanayt —H-cia | 0 Port | 7|2
2N- OCH2- Chl jor obenzyl |-N+b C|2C 3NN -OAuldlrubenbenzyl - - H-6l - J -C1 -C1
SNN- 02 F1 uof bbenyl - 1H G [GE ohal S9N E BB th b [-CL | C1
8NN- 02, 6-Di 1_‘3 uor obenzy! - - HNCO C | SNNUR2 ey or obérHyl - | HED -|GIC1
12N NG Ol phobenzyt | id-al B 4r B DO RRT Bt Sbenzy o —o
14N- ON2- Chl |0 obenzyl |-NCH3-| OH- O |165NNuO2 oBkh oy bbenzy | ~HCH3L €G- Cl| -H
18NN 0. Wit byt bemeyt et et o e G A at b e - et~
20NN- On- Hexyf - - H- O -|aQF N-0O 3-Nitrobenzyl- -H -C1 -C1
8 N N-0O 2,6-Difluorobenzyl- | -H -C1 -C1
9 N N-O 2,4-Dichlorobenzyl- | -H -Cl1 -C1
10 N-O N 2,4-Dichlorobenzyl- | -H -C1l -Cl1
11 N N-O 2-Chlorobenzyl- -H -C1 -Cl
12 N-O N 2-Chlorobenzyl- -H -C1 -C1l
13 N-O N-O 2-Chlorobenzyl- -H -Cl -C1
14 N-O N 2-Chlorobenzyl- -CH; | -C1 -C1
15 N N-O 2-Chlorobenzyl- -CH; | -C1 -C1
16 N N-0O 2-Chlorobenzyl- -CH; | -H -H
17 N N-0 2,6-Dichlorobenzyl- | -H -C1l -C1l
18 N N-O 2-Methylbenzyl- -H -C1 -Cl
19 N N-O 2,6-Dimethylbenzyl- | -H -C1 -C1
20 N N-O n-Hexyl- -H -C1l -C1l
21 N N-0O Isobutyl- -H -C1l -C1
22 N N-O Cyclopropylmethyl- -H -C1 -C1
23 N N-0O 1-Naphthylmethyl- -H -C1 -C1l
24 N-0O N 2-Chloro-6- -H -C1 -Cl
fluorobenzyl-
25 N N-O 2-Chloro-6- -H -Cl1 -C1
fluorobenzyl -
26 N-O N-O 2-Chloro-6- -H -C1 -C1
fluorobenzyl-
27 N N-O 2-Difluoromethoxy- -H -C1 -C1
benzyl-
28 N N-O 2-Cyanobenzyl- -H -C1l -C1l
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



21NN Ol sobutyl --H O -d 22NN 0Cycl opropyl net hyl --H d -d

23NN- d - Napht hyl net hyl --H d -d  24N-ON2- Chl oro-6- -H O -d fl uorobenzyl -
25NN 2- Chl oro-6- -H O -d fluorobenzyl - 26N-ON-02-Chloro-6- -HCd -d
fluorobenzyl - 27NN-Q2-Di fluoromethoxy- ;4+d-0d benzyl -

28NN- @2- Cyanobenzyl --H O -d The conpounhds of the invention are strong

I nhi bitors of hosphodi est.er.ase. 4 i he i l.al; i s
denonstr at edt}f‘]ﬁ(pwor\]/otggr le&%%rkp?}%l?%r§g§hﬁ}?%el#%%?%l tﬁgﬁ%%g%lt 1€ asthmatic

| at e- phase rwescsi on (eosinophilia) and - 28 through the inhibition of

LPS-i nduced neutrophilia in rats. Exanple 5: 5 Phosphodi esterase 4

i nhibition PDE4 activity is determ ned using enzynme preparations from human
pol ynor phonEX¥m@1e y¥phocyt es (PMNL). Human bl ood (buffy coats) was

anti coagsl atggbaphdatestetese M 10nkeBitibngati on at 700 x g at room
tenperature (RT) for 20 mnutes separates the platelet-rich plasma in the

supernatant fromthe erythrocytes and | eukocytes. The PM\Ls for the PDE4
det er mi nat i OPDRM eaicsahadtted Dy deteubsegdenisdext caryeed peapataohoasnd i n
gradi ent 15 Lgentrhfu ation wth.Ficold

: b m W 0 coll s Paape. AlLer Lhe P(I‘ﬁ\JI.! s haye . been
washed tw ce;” The Bryphrpoc FEs RiTh ar s#ﬁ@ pYesent( are )I yseofn%y addi ng
10 M of hypotowdc (buffgr coats) was anticoagulated with citrate. A
10 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
15 centrifugation with Ficoll-Pagque. After the cells have
been washed twice, the erythrocytes which are still
present are lysed by adding 10 ml of hypotonic buffer
(155 mM NH,Cl, 10 mM NaHCO;, 0.1 mM EDTA, pH=7.4) at 4°C
within 6 minutes. The still intact PMNLs are then
20 washed twice with PBS and 1lysed by ultrasound. 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.

25 The phosphodiesterase activity 1s assayed wusing a
modified Amersham Pharmacia Biotech method, an SPA

(scintillation proximity assay).

The reaction mixtures contain buffer (50 mM Tris-HC1
30 (pH 7.4), 5 mM MgCl,, 100 uM cGMP), the inhibitors in
variable concentrations and the appropriate enzyme
preparation. The reaction 1is started by adding the
substrate, 0.5 uM [’H] -cAMP. The final volume is 100 ul.
Test substances are made up as stock solutions in DMSO.
35 The DMSO concentration in the reaction mixture is 1%
v/v. The PDE activity is 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



(155 nmM NH4C1, 10 nM NaHCO3 , 0.1 nmM EDTA, pH=7.4) at 4C wthin 6 m nutes.
The still intact PVMNLs are then 20 washed twice with PBS and | ysed by
ultrasound. The supernatant froma centrifugation at 4C and 48000 x g for
one hour contains the cytosolic fracti 02 of PDE 4 and is enployed for the
PDE4 neasurenents. 25 The phosphodi est e 3se acti vi ty is assayed using a
nodi fi ed Amersha i g Biotech an_SPA_(scinti]ll ti roximty
Rosay) - The FRRGOF ot b REA T 3. BOFT BPTPABEnT | SRS S6EPRE 7 4y b
mv MyCl12, 10@né\M1~Eﬁ\ﬁ3) int hee Beltiabi tousten. varheabhenepecerfulcatemmmjaod t he
appropriate The r arted

substrat e, gggl}éﬁf% %%%N%H#ﬂe f?%ald% Eu'm(r%:ialle:dz J51%) Eh% IQéfast substances
are made up &80 slﬂ%cl(oéemwfbr%nﬁnSDIVISQaCSBdTI“fef@NBUIeorT@ﬁra¢$@ht$n t he
reactiongm xgpge iéc&i%ﬁti’éﬂ J@&Lﬁ{gs aGd Vi fhel SPB@@f f Q%ESQ atoh bl g, DMBO
concentration. After the reaction has heen_started by addi substrate, the
sanpl es are 1@ ulat @@Mft BYCOorSter 38e nilhhidd & eryré’z%lttlaﬁﬁq iQrppped by
addi ng a defppmedz- 29 anount of SPA beads, and the sanples are counted
after one hour in a Beta counter. The nonspecifi c enzymc activity (the

bl ank) is determned in the presence of 100 Wrolipramand subtracted from
the test resmhés.ICh Thalhleeubﬁbironnm'lbumnesl fof phespPhbdiessayrasentain 100
M cGWP i.n, or c P The ues for
i nhi bi tll@n (Sg‘t'%]tf& %I es eﬁ_‘g%sl% §8%§gh{a‘8%e;%% %}aefgfgvgﬁte:lgorrpounds lléf t he

i nvention wet]eelnaltlge fan@elﬂr Onte0100° b [hes v lateiwetwecfaviey fmctor in
relation o FDEO.LYRSS Bpe5 ANdeobs B0 1004 07 4G 0PPom 19 ofhecgesul ts
of PDE4 inhibition ec use exanpl es are conpi | IBy way of exanple
inthe fol Ib@m@n@otabl e.

15 The results of PDE4 1inhibition for selected use
examples are compiled by way of example in the

following table:

PDE 4 inhibition
Compound ICso [pmol/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



ConmpoundPDE 4 inhibition IC50 [)Ano |/1] 10.052 20.048 30.008 40.751 20
Exanpl e 6: Inhibition of |ate-phase eosinophilia 48 h after inhalational
oval bumi n challenge in actively sensitized brown Norway rats 25 Inhibition
of the pul nonary eosinophilic infiltration by the substances of the
invention is tested on male brown Norway rats (200-250 g) actively

sensitized } al 1 ne_Sensi.ti i a ac by
subcut aneouséi&ﬁ? e% llg%s %%Eﬁs%%&gfggggf %i%&%(?ﬁ?)g)%émgtﬁgagphe?% th 20
nmg of al umi rdaw hy8r @& dehas tegdj,uvdie ppivadsniaunst physedl ¢gingdly sdti ne per

ani mal  on dg¥erd, 14 anshdiglds additdOn dhddd Seqt e and Miksa g /868 ve at
the same tine i.p. injections of 0.25 m of - 30 Bordetella pertussis
vacci ne di | (RARRFYE? ARRRFaten- dfe2enimihe 12%%, ROFImte #2 placed
singly ip apgrodoll Plexi glmsodoxessLionneat ed dusperieiash Noseal Bxppsur e

appar at us. Igf ﬁfinals are ex OSE% to an_5 aerosol of 1.0% ov Igunin
suspensi on (&1? e) chdN%eng¥F oY AB V3 BERT n Her 85 erlaé:eéagn Yat®d by a
nebul i zer (BiekhIhz¢o Bbuli rékcroPalen Spraegs EAlmUSAyinggercat,edisi) h
conpressed air (0.2.MPa)... Th xpQsyre. . ti IS our,. With an aerosol of
0. 9% sal i ne %Gfl&\agteciow&e huI F%%Eg grge}ri\!orarrlxaﬁt g@ﬁtzr gﬁjps?hl'i k'gl\}mesee)fpg?sﬂre our. 48
hours after timee aikerlgehoehal Wetigpe atheaerpsod afasti 9% wiadriat dreuig

cosi nophp! | GANRMY QeVESS ABEfal Nontt0Ds PlibpesanthRl . nhythis Lime, the

animals are 15 anestﬁetl ze an overdose of ethylur ane (1.5 g/ kg of
body weight i.p.), and a bronchoal veol ar |avage (BAL) is carried out with 3

X 4 mM of HakK' Shours after the allergen challenge there is 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) 1is 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/ul 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 - S8C)) / (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;



bal anced sol ution. The total cell count and the nunber of eosinophilic

granul ocytes in the pooled BAL |Iiquid 20 are subsequently determ ned using
an automatic cell differentiation instrunent (Bayer Diagnostics Technicon
HLE). The eosinophils (EOS) in the BAL are calculated for each animal in
106/ ani mal : EOS/|I x BAL recovery (m) ="ECS/animal. 25 Two control groups

(nebulizatio hysi.ol agi cal |, nﬁgiij i i0 f ion) are
i ncluded i na\égéhgt é%{s? %%O%%e tﬁ%%(?ee%iéﬂge@} nhi |‘lf%rg%1é o&?h%%@%?ﬁ%%ﬁi liain
the test greuphtidap¥dlRimant Fespepsighce is cal cul ated by the followi ng
formula: (((OVAC - SC) - (OVAD - SC)) / (OVAC - SC)) x 100% _ 35 %
inhibition (SC = control group treated with vehicle, and chall enged. with

0. 9% sal i ne; TRRAESS te oHR DIaRF ¥R p2E Pe &BY MitHPT Srbhi RF 62 RAHL ERBFREAYed Wit h
1% oval bwm nosuspansioris -s@dpekdAEh =ihesDgpRUF duisdtert Wihcsubsbance and

hal | d ith 1% ' i The test bst

adim i St or ecR Pt rapet | BT St 14758 Suspeion oA oEav, the

pol yet hyl eneagl §£gén 36haandnges%rhehydnmeydt lytanadd H10s et Pedioesd swbehor e t he
al | ergen Cha{%%”?ﬁ%@@f coptrol . gLo4Rs Few%Eﬁatf oW E%tthsuﬁs%ﬁés in

accordance w est substance applicatron form The conpounds of
the i nventi oArbhhfdtionhéokat e- phase eosinophilia by 30%to 100% after

i ntraperigoneal administration of 10 ng/kg and by 30%to 80% after oral
adm ni stration of 30 ng/kg. 15 The conpounds of the invention are thus
parti cul ar | yTheuiCCHB T F odi€i N eitig ¢ odBBE R Forthihel fFRaPHRAR

eosinophilia by 30% to 100% after intraperitoneal
administration 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 1lipopolysaccharide
30 suspension (100 ug of LPS/ml of 0.1% hydroxylamine
solution) in PBS (LSP provocation) . The
LPS/hydroxylamine aerosol is generated by a nebulizer
(Bird micro nebulizer, Palm Springs CA, USA) operated
by compressed alr (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.



of disorders associated with the effect of eosinophils. 20 Exanple 7:
I nhibition of |ipopolysaccharide (LPS)-induced pulnonary neutrophilia in
Lewis rats The inhibition of pulnmonary neutrophil infiltration by 25 the
substances of the invention is tested onp,nmale Lewis rats (250-350 g). On the
day of the test, the animals are placed”singly in open 1 1 Plexiglas boxes
connect ed d/ e S s sed to an
aer osol fromga%loln‘epr%po sgrccﬁlg% g'rP% susogéeatl%oon ?I?L%gém‘% {Iﬂi‘?}ﬁ?ég "0.1%
hydr oxyl ami neassaveat mQG)-’altHOPBSf( NS tyreggdaitd cm)amilﬂhécytl_%/hly‘él@ okheam ne
aerosol is geps §t“<‘5¥ byna ngbuldzer aeBiggh & enaenebuhd zemiBaldn Spei ngs CA,
USA) oper at ed }_—/ npressed ajir (0.2 MPa). The exposure tine is 40 35
m nutes, wi tR2&h %@Fbé%iﬂ beVhnebdli zedVEFIAF®. 1‘V9f hy deBRY{ arERB28S)| ut i on
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gr anul ocyt es ?Yn‘?%et HEAYungs Efaﬁrﬁeer%n?ﬂﬁl $ith AR il s are
anest het i zedbmahcaﬁ e\belucrtom OfThet ht;dmbt hahh Eo(ﬁhtS agid(gphﬁ medlyewel ght

i.p.), d | t m of
IHagk) S alr)]al gﬁg; \ﬁeﬁ aérh%r%ﬁ?ﬂﬁ? )é coun égg%gﬁ L ll fid °
neut r ophi | i cagearﬁmmtlwt hiaet}cﬂmﬂuétbCBAlllSmmu an a{ietsmbi;eque@eli/

det er m ned Uéif‘ﬂef‘@n@%‘é%ﬁ' ﬁ%ﬂrlatlg d'(ﬁ&f*éfmdl%?n@%tﬁ%@r@é&'ﬁnigéﬂer

Di agnostics Technicon e neutror in the BAL are

cal cul ated fBtEtach Hifi maPePﬁrSEBBIL&ﬁl el EW@QPO Anx Ba r&dvergrent) =

NEUTRO / ani ngh1cddate GIH rohcHr %H:ﬁ%a(lnem| 28y 4ANmal : 0.NEeTROIAX Yk am ne
solution in PBS and nebuli zg&jl on_of 100 of LPS/ m of 0.1% hydroxyl am ne

sol ution i n PBR)TSFRVPRYI (led FnNEEABH/ARIFAL-

15 Two control groups (nebulization of 0.1% hydroxylamine
solution in PBS and nebulization of 100 pug of LPS/ml of
0.1% hydroxylamine solution in PBS) are included 1in

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
SC = control group treated with vehicle and challenged

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

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

The test substances are administered orally as

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

administration form.



20 The percentage inhibition of the neutrophilia in the test group treated
wth the substance is calculated by the followng fornula: {((LPSC - SC) -
(LPSD - SC)) / (LPSC - SCO) x 100% 25 %inhibition SC = control group
treated with vehicle and chall enged vui? 0. 1% hydr oxyl am ne sol ution; LPSC
= control group treated with vehicle anhd challenged with LPS (100 g/n1 30
of 0.1% hydroxyl am ne solution); LPSD = test group treated wth substance
and challenged with LPS (100 g/m of 0.1% hydroxyl am ne solution). The test
subst ances d&@eﬂnmpmgm@$edfothEI9n3§nt3§nsd9béhéﬁo¢ha1nﬂﬁ%Qﬂnhkﬁiwlene

gl ycol 300 Po5% a8 olawdrPrust M&fléa&hpﬁfs@rgeyaﬁ Bef ar e /Agy L

provocation. "The control groups are treated w he wvehicle i'n accordance
with the te§F“%ub%@%ﬁcepaﬁﬁhfﬂi§¥¥ﬁt|§H1F6P%? f@g PHORVSHSUNIE ¥ t he

I Pvint I o8 I rﬁndndcﬂé1te>f<51@Ut;1a@|to{arézlaamehy a;@;’/@%lgona%r@fta@r;dzﬁaﬂte%ﬁrmrﬁgst raéI i on
0 ng/ kg a us_particu suitabl e for producing drug product s
for the tredﬂﬁ%ﬁ%gé%c§h?§NQﬁHEF %igated with the effect of neutrophils. -
34 dains 1. A conmpound of the general fornmula 1 (1) 5 10 in which A may be
nitrogen or an N-oxide group, B may be carbon, nitrogen or an N oxide group,
RlL (i) is -Cl-1o-alkyl, straight-chain or branched-chain, optionally nono-
or polysubstituted by -OH, -SH, 15



-NH2, -NHCA _6-al kyl,-N(d _6-al kyl)2, -NHC6.14-aryl, -N (C6_14-aryl) 2,-N

(C16alkyl) (C6_14-aryl) , -N*2, -CN, -F, -d,-Br, -1, -O0d _6-al kyl,
-0-C6_14 -aryl, -S-Cl_6-alkyl,-S-C6_14-aryl, -SCBH, - S2CL. 6 -al kyl , ' 502C5
14-aryl ,-050201 5-al kyl, -0S2C6_1 4- ar%/I -O0CH, - (CO d _5-alkyl,

-COO-d _5-al kyl, -0 (CO) Cl_5- 20 al kyl 7 by mono-, bi- or tricyclic
saturated or rmono- or pol yunsaturated_.cat bocycl es with 3-14 ring nenbers
or/and by nono-, bi- or tricyclic ‘E% T2d or nono- or pol yunsat ur at ed
heterocycles wth 5-15 ring rrenbers and 1-6 heteroatons, which 25 are

preferably N, 0 apd %ﬁﬁeokhﬁhgﬁgéﬂé?ﬂ' fgﬁmgg and the car bocyclic and
y

het erocycl i ¢ Subs i fUERtS Tn turn y optiona be substituted one or nore
times by -Cl_6-alkyl, -OH -NH2, -NHO 6-al kyl, -N(Cl.6-al kyl)2, -NO2, -CN,
30 -F, -d' -Br, -1, -O0d_6-alkyl, S—CiR_36-aIkyI, - SBH, - SM2CL. 6-al kyl ,

-0sQ2C1. 6-al kyl, -COOH, -(COC1L_5b-al -COO- C1_5-alkyl or/and -Q(CO C1_s-
al kyl , and where the al kyl groupg 35 carbocyclic and heterocyclic
substituents in turn may optiopal b xubstituted one or nore tines by
-OH, -SH, -NH2, -F, -d, -Br, OBH Br/and -COOH, or 5 (ii) is

- C2-10-al kenyl , nono- or atuPat ed, straight- cl'% n or branched-chai n,
optionally nono- or polydpubstitd§ed by -OH, -SH -NH2, -NHCl1-6 al kyl, -N
(Cl-6-al kyl) 2, -NHC6-14- NN(CG 14 10 aryl) 2, -N(CI-6-aIkyI)
(C6.14-aryl) , -NO2, -CN, -Br, -1, -Od-6-alkyl, -0OC6-14-aryl,
S d-6- %alkyl, -5 Cs-14-aryl, RSCBH - 50201 - 6-al kyl, -SCRCB-14 aryl,
-0S@2C1- 6- al kyl, -0OSQ2C6- 14- aryl

in which

A may be nitrogen or an N-oxide group,
B may be carbon, nitrogen or an N-oxide group,
10
r!
(i) is -Ci.10—alkyl, straight-chain or branched-chain,
optionally mono- or polysubstituted by -0OH, -SH,
-NH,, -NHC;. ¢-alkyl, -N(Ci¢-alkyl),, -NHCq 14-aryl,
15 -N(Cs-12-aryl),, ~N(Ci.6—alkyl) (Ce-14-aryl), -NO3,
-CN, -F, -Cl, -Br, -I, -0-C;¢-alkyl, -0-Ce_14-aryl,
-8-Ci¢-alkyl, -8-Cg.14-aryl, -SO3H, -S0,Ci¢-alkyl,
~-805,C¢._14—aryl, -080,C; _¢—alkyl, ~-080,C¢_14-aryl,
-COOH, -(CO)Cis~alkyl, -CO0O-Ci_s-alkyl, -0(CO}Ci_s5-
20 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 hetercatoms, which
25 are preferably N, 0 and S,
where the Cg_14—aryl groups and the carbocyclic and
heterocyclic substituents in turn may optionally
be substituted one or more times by -Ci¢-alkyl,
-OH, -NH,;, -NHC;.¢-alkyl, -N(Ci.g-alkyl),;, -NO;, -CN,
30 -F, -Cl, -Br, -I, -0-Ci¢-alkyl, -S-Ci¢-alkyl,
-S03H, -S0.Ci1.6-alkyl, -080,C;1_¢-alkyl, -COOH,
-(C0O)Ci-s-alkyl, -COO-C;.s-alkyl or/and -0(CO)Ci_s-
alkyl, and where the alkyl groups on the



-COH, -(COC -5-alkyl, -COO Cl-5-alkyl, -Q CO Cl-5-alkyl, 15 by nono-, bi-
or tricyclic saturated or nono- or polyunsaturated carbocycles with 3-14
ring menbers or/and by nono-, bi- or tricyclic saturated or nobno- or

pol yunsat urated heterocycles with 5-15 $ipg menbers and 1-6 heteroatons,
which are 20 preferably N, 0 and S, V\:h% e the C6_14-aryl groups and the

carbocyclic and h o] I C_S t

substituted one org%r%{)e E aﬁl%b%é%eg%ﬁcjfpc ggﬁslﬁﬁﬁ%% E%g gurﬁkyl

- N(C1-6-al kyl) 2, mWOPtCNnalEy ke sglbstlBrutedl oneDazl g kiylmes by

-S-d _6-al kyl, -S6BH _-PClngral kyd, -©@§02CLlgh-al kyl, ~d0aH or/and

-(CO) C1_5- al kyI - COO C1- 5- al kyI or/and -0(CO C1.5- al kyI and ere the

al kyl groups on the€O®HrbBEyclic and 30 heterocylic substituents |n turn nmay
optionallsy be substituted one or nore times by -OH, -SH, -NH2, -F, -d,
-Br, -1, -S Hor/and COOH, R2 is hydrogen or -Cl-3-a , 35R3 nd R4 may
be identical (bt d??fereﬂ% 1‘arﬂil]%ﬁr@’lhydr N, - &te-aPR Yunsi‘ﬁlra%?a NH21
-NHC1- 6 al kyl, Néﬁiaﬁgh’ckyhﬁn owoza,ranane&-saain mtﬁinﬁlyal Kgho-- OOOH,

- COO- C1- 6- al kyl 6- al kyl ,
-S-CL. 6-al kyl ﬁen&}%’l%sugs %L? vﬁ%re Eﬁe ph§ﬁy| oPIH pyri (?Ny% 6~

substituents in tallhylmy opiVi( 6maHa)lktvé subst irNtiCed s-anelor maiNe(Ctslmes by

-Cl_3-alkyl, -OH, NH J Ky, (CL. 3 kyI)_ - CN,

- SCBH, lf)Ysoecl 3‘—3‘1'?%? %q wg%%s} g& AT alr})\?IL lél@ 8N 0
-O0-d-3-alkyl, -s€k.3- aﬂn«yl-lorrﬁngl-eeeé;byél 3‘Oa¢eky4 arerﬂd wh%r@l-tehe al kyl
substituents in téuﬂaylpnysogg_llgr@h}y, bessubstidayced -one-ar, my@eclines by

aryl, -080,C1.6-alkyl, -0S0,C¢_14-aryl, -COOH,
-(CO)Ci-5-alkyl, -COO-Cj.s-alkyl, -0(CO)Ci.s-alkyl,
15 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 hetercatoms, which are
20 preferably N, O and S,
where the Ce¢.14-aryl groups and the carbocyclic and
heterocyclic substituents in turn may optionally
be substituted one or more times by -Cie¢-alkyl,
-OH, -NH;, -NHC; ¢-alkyl, -N(Ci.¢-alkyl),, -NO;, -CN,
25 -F, -Cl1, -Br, -I, -0-Cig-alkyl, -S-Cig-alkyl,
-SOs3H, -S0,C1-¢-alkyl, -080,C;-6-alkyl, -COOCH,
-(CO)Ci_5—alkyl, -COO-C;.s~alkyl or/and -0(CO)C;_5-
alkyl,
and where the alkyl groups on the carbocyclic and
30 heterocylic substituents in turn may optionally be
substituted one or more times by -OH, -SH, -NH;,
-F, -Cl, -Br, -I, -SO3H or/and -COOH,

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

35
R® and R? may be identical or different and are
hydrogen, -Ci.6-alkyl, -0H, -SH, -NH;, -NHC; _¢-
alkyl, -N(Ci¢-alkyl),, -NO;, -CN, -SO03H, -S03-Ci_¢-
alkyl, -COOH, -C00-Ci-6-alkyl, -0(C0O)-Ci-5-alkyl,



10 -OH, -SH, -NH2, -F, -d, -Br, -1, -S8H, -SO3Cl- 3- al kyl, -COCH,

- COOC1- 3- al kyl , -OCl 3-al kyI -S-Cl_3- alkyl or/and -QCO) - Cl 3-al kyl, or
salts of the corrpounds of formula 1. 15 2. A conmpound as clained in claiml
having an asymetric carbon atomin the,D form the L form and D L

m xtures, and in the case of a pl urality of asyrmetric carbon atons aI SO

t he di astereorrerlc 20 rns. _Gonpal as med | Ial r 2,
wherein A is N and B |Is:9N-0 B%S 4, B co%g:und Egls]?% ‘ai ma% (?n c al%irlng
wherein R2 is -H ~BRengH3 015, W%b@mbunwh§§eclté?%ﬁh?ﬁyél At BYTWB¥fei n at

least one of R3 amdsRAthénts eACRueAS@ad, f@@gﬂmm@%e 3§)uﬁstft§@aaound as
claimed in claiml1l or 2, V\/nereln i.s N-Oandl%qis X or N..7. A
35

conpound as cl ai n®d®i R¥cI™& N7 6, lWﬁéré?yn K378 C&t tﬂé gNHa conpound
as claimsd in claimmd, ;wbekeln atNl(east-aldge) Qf R3N@51d R4cNs i rseaeh case a
hal ogen atom 3

sel ected from - N- Z%Ogcld$ B;?ﬁ?@ﬁﬁ%d a?ﬁ? P2~ E%Iluor benzr%]I - 8

7- 0X0- 7- azai ndol - SIyI |5 yJ@myladJkyde -S-C1-3- alkyl or/and -0(CO)Cji.3-

N (2, 6-di chl oroph [l5 t@g_;y

7-azai ndol - 3-yl ] g %/[ amr%? %gleﬁl-é dlgghg]oro bsot%(lcﬁi/??%?nli] yT'])1 r[)1 (4-
f1 uorobenzyl ) - 7- am@YnGEFlQD?HIgI Péxw@ﬁltdéuted one or more timeés

N- (3, 5-digchl oro-1 -gx0opykidi erﬁayl) -f1-(41, -Br, -I, -SO:H, —So3c1_3—

f 1 uor obenzyl ) - 7- oxo- 7- azai ndol - (;Y_:gl yO ﬁﬁ}am de 15

N- phenyl - [ 1- (4- f | @bFBbenz{PPH7- o -0-Ci3-alkyl, -5-Ci.3-
alkyl or/and -0O(CO)-Ci.z-alkyl,

or salts of the compounds of formula 1.

15
2. A compound as claimed in c¢laim 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 alsoc the diastereomeric
20 forms.
3. A compound as claimed in claim 1 or 2, wherein A
is N and B is N-O.
25 4. A compound as claimed in claim 3, wherein R? is -H
or —-CHs.
5. A compound as claimed in claim 4, wherein at least
one of R’ and R? is in each case a halogen atom.
30
6. A compound as claimed in claim 1 or 2, wherein A
is N-O and B is CH, CR® or N.
7. A compound as claimed in claim 6, wherein R? is -H
35 or -CHs.
8. A compound as claimed in claim 7, wherein at least

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



yl ] gl yoxyl am de N-(3,5-dichloro-I-oxopyridin-4-yl)-[1-(2- 20

fl uorobenzyl ) -7-azai ndol - 3-yl ] gl yoxyl am de
N- (3, 5-dichloro-1-oxopyridin-4-yl)-[1-(3-

ni trobenzyl ) -7-azai ndol - 3- yI]egoxyIanlg§ 25
N- (3, 5-di chl oro-1-oxopyridin-4-yl)-[1-(

di f | uor obenzyl ) - 75 azcadni‘}g qldld"‘: éls] g%y%ﬁ{%gmi_qle any of claims 1 to 8

N- (3, 5-di chl ©fr o- | - oxopyT

di chl or obenzyl ) - 7SﬁiachddlfBOVl]egoxyIanlde 30

N- (3, 5-dichl oropyridin-4-yl)-[1- (2 4-

di chl or obenzyl ) - 7- oxo- 7- azaj ndol - glyoxglanld

N- (3, 5-di chl oro- INok%p?r?HFthr9P¥rﬁﬁlP24 ¥5)

4-fluorcbenzyl) -

chl or obemzyl) - 7- azabRdo - 3zxi hgbyozylanyd¢oxylamide
N- (3, 5-di chl oropyridin-4-yl)-[1-(2-chl orobenzyl) -

7- 0x0- 7-azai ndol - 3-yl ] gl yoxyl am de - 38

N (3, 5-di chl oro- INeX@p&#ddchldrybhehilQQ (2-chlorobenzyl) -

chl or obenzyl ) - 7- o%o gﬁggpdgl %é% %gx ?é% gglde

N (3, 5- dlchloropyrl

chl or obenzyl ) - 7- oxo- 7 azalndol 3- yI]egoxyIanlde

N- (3, 5-digchl or o- |N0¥9P¥ragbﬁ}fr¥|i B? gxbihL4C§1 ~[1-(4-

chlorobenzyl) 7- azai ndol

N- et hyl - N- ( 1- oxoﬁvaaPheazyl
chl or obenzyl ) - 7- azai ndol - 3-yl ] gl yoxyl am de
N- (3, 5-di chl oro-1-oxopyri.di

di chl or obenzyl ) - ™ aﬁg %

a@%0§19r¥gi %§9§3ﬁ+8énxé -yl)-

4_

~-7-0x0-

?Iagglndol 3-yllglyoxylamide

N (3, 5-di chl oro-| fouepybedzpi -y dxpl7(2zaindol-3- yl]glyoxylamide

nethylbg_zyI)-?-azaindoI-3-yI]egoxyIanide
N (3, 5-di
di met hyl benzyl) - 7Naphendbt { 3-yi} §lyoxgpbeaniese)

N- (3, 5-di chl oro- I-oxop yl)-(1-isobutyl-

i"chl oro-1-oxopyridin-4-yl)-[1-(2,6- 20

-7-o0xo-7-azaindol-3-
N- (3, 5-di chl oro-1 7 9xQp Bk iQm§a¥') (1- hexyl -7- azalndol 3-yl) gl yoxyl am de 25

azai ndol -

N-(3,5-dichloro-l-oxopyridin-4-yl1)-[1-(2-

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

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

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

3-yl) gl yoxyl am de

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

difluorobenzyl)-7-azaindol-3-yllglyoxylamide

N-(3,5-dichloro-l-oxopyridin-4-y1)-[(1-(2,4-
dichlorobenzyl)-7-azaindol-3-yl]lglyoxylamide

30
N-(3,5-dichloropyridin-4-yl)-[1-(2,4-
dichlorobenzyl)-7-oxo-7-azaindol-3-yllglyoxylamide
N-(3,5-dichlorco-l-oxopyridin-4-y1)-[1-(2-

35 chlorobenzyl)-7-azaindol-3-yl]lglyoxylamide

N-(3,5-dichloropyridin-4-yl) -

(1-

7-oxo-7-azaindol-3-yllglyoxylamide

(2-chlorobenzyl) -



N- (3, 5-di chl oro-1 -oxopyridin-4-yl)-(1-

cycl opropyl net hyl - 7- azai ndol - 3-yl ) gl yoxyl am de 30
N- (3, 5-di chl oro-1-oxopyridin-4-yl)-[1-napht h-1-yl -
met hyl ) - 7- azai ndol - 3-yl ] gl yoxyl am de _ g

N- (3, 5-dichloropyridin-4-yl)-[1-(2-chl oro- 6- 35

fl uor obenzyl ) -7- o0 z L e
N- (3, 5-di chl oro- ?$o§%p§r?%?ﬁ?br§ 1 bﬂb%g%Xh%g}g gl

f 1 uor obenzyl ) - 7- acil&?‘ﬁﬁ%]Pe%ZyHg¥y63€9r3ﬁ?a@1nd3é yl]glyoxylamlde
N- (3, 5-di chl oro-1| -oxopyridin-4-yl)-[1-(2-chloro-6 -

N (55 eh b o oo R aE gy BT e 1-

di f1 uor omet hyl benzyldxdbazay hile? -8xytJghyaxyliait-deyl]lglyoxylamide

N- (3, 5-di chl oro-1-oxopyridin-4-yl)-[1-(2-
cyanobenzyl ) -7-azai ndol - 3-yl ] gl yoxyl am de 10 and physiologically tol erated
salts thereof. 10N-/A3ppodeskléve-prepapvngdconpouhdsNofnetbyaulld-12- wherein

conpounds in “h'C@hfbféth£¥995ﬁ 294; BaGan3 - 9?]?&%%9?%9m95ecarbon are

oxi dised by treatnent 15 with an oxidi zi ng agen e conmpounds of the
invention of the formula la, Ib or Ic. 11. The process as clained in claim

10, whenein a peyagdeh 1ana1Lb§5b9f1a1ﬁhhoygpeq@em20|c acid 20 or/and
peracetic acid, |s se as o izin 12, The process as clained in

a
clai m 10, wherei r°P ??ﬁﬁ ;fﬁ?gﬁn TR@O%FH%%Y8F¥1FWé fionated into the

pure conpounds of the formula la, Ib or 25 Ic by crystallization or/and

chr omat ogr aphi c The. process. as clai med 'Q ny of claims 10 to
12, wherein nlxturhy gfd% glo%?v%n?sogYﬁyg ét%?g é%d gognethanol
preferably in n1xdnghlar®benbelMe%ﬁazaﬂnédlahdy99glyoayéam3éd for separat|ng
m xturegg of N-oxides by chromatographic nethods.

N-(3,5-dichloro-l-oxopyridin-4-y1)-[1-
methylbenzyl)-7-azaindol-3-yllglyoxylamide

N-(3,5-dichloro-l-oxopyridin-4-y1)-[1-(2,6-
20 dimethylbenzyl)-7-azaindol-3-yllglyoxylamide

N-(3,5-dichloro-l-oxopyridin-4-yl1)-(l-hexyl-7-
azaindol-3-yl)glyoxylamide

25 N-(3,5-dichloro-1l-oxopyridin-4-yl)-(l-isobutyl-7-
azaindol-3-yl)glyoxylamide

N-(3,5-dichloro-1l-oxopyridin-4-y1)-(1-
cyclopropylmethyl-7-azaindol-3-yl)glyoxylamide

30
N-(3,5-dichloro-1l-oxopyridin-4-yl)-[l-naphth-1-y1-
methyl)-7-azaindol-3-yllglyoxylamide
N-(3,5-dichloropyridin-4-yl})-[1-(2-chloro-6-

35 fluorobenzyl)-7-oxo-7-azaindol-3-yllglyoxylamide

N-(3,5-dichloro-1l-oxopyridin-4-yl)-[1l-(2-chloro-6-
fluorobenzyl)-7-azaindol-3-yl]lglyoxylamide



14. The use of the conpounds of fornmula 1 as clained 35 in any of clains 1
to 9 as therapeutic active ingredients for producing drug products for the
treatment of disorders in which inhibition of phosphodiesterase 4 is
therapeutically beneficial. - 40 15._ The use of the conpounds of formula 1
as claimed in any of clains 1 to 9 as therapeutic active ingredients for
produci ng drug pq@dyﬁ ? ﬁfEhi@P irgg5§$9£ of _ g|§9;d§is ?s peLated_with the
effect 5 of e05|nop The use o %e conpounds_of formula 1 as

cl ai med |n any ofl ltcpré@%nay%b @r%oﬂea%b@@@%ngcﬂ1/@1Yngil@méﬁts f or
produci ng drug products for the 10 treatnment of disorders associated with
the effect of neut oph| f? Tﬁe use of .the co otgdz of fornmula 1 as
claimed in any df h P HCXPRYEHRT ¢ % % i ngredients for
produci ng drug pnﬂﬂmmm@rdmétmymbeﬁiﬁﬁinEﬂaz@in@gbeprD]gipbﬁylamidésorders.
18. A drug product conprising one or nore conpounds as clained in clains 1
to 9 in addition to 20 conventional physiologically tolerated carriers

and/ or dil uents and(ExTidiacmtsroqdb-oxopyoréss-4oeylprbtuc¢kng a drug product
as claimed in cl r 25 clainmed in any
ofdmmltogﬁgﬁﬁﬁiﬁ%ﬁﬁﬁmg}ﬁg%%ﬁ§&lewwwm
and/or diluents and other excipients to pharmaceutical preparations, or
are conygrted intgQ ﬁ@ﬁd%&fbafw @@1é'§§9eah§éﬁ@§uéhé%bf 30 20. The use
of conpounds of the dgeneral formula 1 as claimed in any of clains 1 to 9
and/or of drug products as clained in claim18 alone or in conbination

with one another ©r prdcegbi fiet i @reparing compounds of formula 1,
wherein compounds in which A is nitrogen and B can
be nitrogen or carbon are oxidised by treatment

15 with an oxidizing agent to the compounds of the

invention of the formula la, 1b or lc.

11. The process as claimed in claim 10, wherein a
peracid, in particular m-chloroperbenzoic acid

20 or/and peracetic acid, is used as oxidizing agent.
12. The process as claimed in claim 10, wherein

resulting mixtures of N-oxides are fractionated

into the pure compounds of the formula la, 1lb or

25 lc by crystallization or/and chromatographic
methods.
13. The process as claimed in any of claims 10 to 12,

wherein mixtures of the solvents ethyl acetate and
30 methanol, preferably in mixing ratios Dbetween
50:50 and 99:1, are used for separating mixtures

of N-oxides by chromatographic methods.

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

35 in any of claims 1 to 9 as therapeutic active
ingredients for producing drug products for the
treatment of disorders in which inhibition of

phosphodiesterase 4 is therapeutically beneficial.



35 with other active pharnmaceutical ingredients.
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16.

17.

18.

19.

20.

- 40 -

The use of the compounds of formula 1 as claimed
in any of claims 1 to 9 as therapeutic active
ingredients for producing drug products for the
treatment of disorders associated with the effect

of eosinophils.

The use of the compounds of formula 1 as claimed
in any of claims 1 to 9 as therapeutic active
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 9 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 9 in addition to
conventional physiologically tolerated carriers

and/or diluents and excipients.

A process for producing a drug product as claimed
in claim 18, wherein one or more compounds as
claimed in any of claims 1 to 9 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 of the general formula 1 as
claimed in any of claims 1 to 9 and/or of drug
products as claimed in <claim 18 alone or in
combination with one another or in combination

with other active pharmaceutical ingredients.



