4-,6- or 7-hydroxyindoles with N-oxide groups and the wuse thereof as

t herapeutic agents Description 5 The invention relates to substituted 4-, 6-
or 7- hydroxyindoles with N-oxide groups, processes for their preparation,
pharmaceutical preparations which conprise these conpounds, and the

phar maceutical use of these_10 conpounds, which are inhibitors of

phosphodi est erdrseé,0T a&-hydrouy indoes ontth r¥roxide geauRENEN8f thPsor der s

whi ch can be influenced {ye i flléPédf 0dls Ofhe PAPSRODE 8géRtase 4 activity in
particular in inmmunoconpetent cells (e.g. macrophages and 15 | ynphocytes)
by the conpounds of the invention. Activation of cell nenbrane receptors by
transmtters |eads to activation dbfesdeipeiomd nessenger system Adenyl ate
cycl ase syntshesi zes the active cyclic AWP 20(cAMP) and cyclic GW (cGW)
respectively from AW and GW. cAMP and cGWP | ead for exanple in snooth
muscl e cell §hteo rghvedticon, mewhties i mfé ansmbotytereds ¢o,6rnhioli ti7on of

medi at or rel i : hesd ec n S and
cGW are deg%ﬁggg%&n%qﬁ)%lh%%st.er(gese%g(?%)% :BPEIJ'((:) g%%, Q%% 1;31%1%:% es of
PDE enzynes PrRDRrakiear h@idVRr Sl ¢h ¥ fRFCR ¥ dLPNS hehichs gegprise

specificity ¢gRAMR EGFoRAABOT in@NEhENGh ARG DNudkhes £ Suhgiskat es
(e.g. cal m)gul in). These_ |soenzynes have different fg\gét_l ons in the body-

and are 30 WPcorecsadsyi Mdidhtase i IR IR LR kRIaPE cRPPSPYpEdesEeigse 43. A,
Conti, M andsHeastipe Rnbreddddts! €oeyal« thuakpehiideoPphdspbedieest er ases.
Mol . Pharmacol .. 1994, 46: 399- 405;.HEraLI I N I 'dP' , dlsoenzyne. setl ective

phosphodi est &'2§& i nhFB't or °€ pot &Mt AF “EF ni ca}Pyusesl,nIggﬁr 1001 o o

Phar macol . 19%8spdwdliedteratdd bi t4 on adtivitey various PBEtisuéaryne inypes
results in aGiiulAlhgleefe CAMROIIEAP [0 el | s, nubigingaRsPe utily zed

151ymphocytes) by the compounds of the invention.

Activation of cell membrane receptors by transmitters
leads to activation of the second messenger system.
Adenylate cyclase synthesizes the active c¢yclic AMP
20 (cAMP) and cyclic GMP (cGMP) respectively from AMP and
GMP. cAMP and cGMP lead for example in smooth muscle
cells to relaxation, and in inflammatory cells to
inhibition of mediator release and mediator synthesis.
The second messengers cAMP and cGMP are degraded by
25phosphodiesterases (PDE). To date, 11 families of PDE
enzymes (PDE1-11) 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
30expressed differently in individual cell types (Beavo,
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,
35Br. J. clin. Pharmacol. 1993, 35:1-7). Inhibition of
the various PDE isoenzyme types results in accumulation
of cAMP or c¢GMP in cells, which can be utilized

therapeutically (Torphy, T.J., Livi, G.P., Christensen,



t herapeutically (Torphy, T.J., Livi, GP., Christensen, - 2 S.B. Novel
Phosphodi esterase Inhibitors for the Therapy of Asthma, Drug News and

Per spectives 1993, 6:203-214). The predom nant PDE-i soenzyme in cells
important for 5allergic inflamuations_(Lynphocytes, mast cells,

eosi nophilic granul ocytes, rracrophages) I's that of type 4 (Torphy, J. T.
and Undem BS.RB., N@@prﬂmm@dmtermmnblbltﬂew dpportheniThesafor t he

treatment of ,@%idtiha TN NS arftd i pac R ivd N S8 3 1 0§ 963 PRE4 #. 10by

suitable inhibitors 1s therefore regarded as an inportant approach to the
therapy of a large nunber of allergically induced disorders (Schudt, Ch.,
Dent, G, Rabp KreBBAsphadi asmriaéa@ermﬁh@l tier SceAzadeifgo Pt £56 ﬂmndon

1996). 15 A ort.ant praopert hosphodi est er.ase 4 i nhi,bitor

i nhi bition g-’fa]tq’rp‘?er% ea%ﬁfmrﬁecro p?‘é’&écrea' (TRED 1< 1s,”

i nfl ammat or y ecad imophiNAa | gr @ lompreantmaqrophdgasimai sr yhayt @If ngypehi ch
I nfl uences a4l ar e Zgnunb r ,Pf tz)srln%l ogngglln prgc s Ph}-lﬁ_’gg%[ 'dS.Lesetleer% %d for

exanpl e from act | vaPeH mact ophages, rvat ed mast cel | s,
basophi | s, fiﬂmmﬂulla;sma eretot h:e:lpomtunel‘dlsesemfoast rtdng/t egaartntehwet brefin. It

has itself | V3thBgag! 1855 o, eyt 0004 | 5. 125160S10ARNGES pril ly obl ast s

and endot hel i aI cell | oUs” tissue-danmagi ng diators are
rel eased. TH®Y esudtabde Twalbﬁtﬁﬁﬁocyﬁesth%f@magwwq as/mstiocyt es

i's increased jp At rdaklt hes +REOIREAPYRISH Va CYAPKENESMBEEN o3S GV CSF
(granul ocyte 3 macrophage col ony-stinulating factor) or interleukin-8.

On ng to its 3PrlGaFtiCainat otHau cgﬁﬁﬁﬁp?(‘fsef(ﬁé%‘tu‘ltTNr—%h pl B§8ta &entral
role in a l amenunher Ffodifi iy tersdich1ahibatbagyatAcaGewict Feess

respiratory tL on 1gar]_;fé)am*ratrons of the joints, endotoxic shock, tissue
15
An important property of phosphodiesterase 4 inhibitors
is inhibition of the release of tumor necrosis factor o
(TNFa) from inflammatory cells. TNFa is an important
proinflammatory cytokine which influences a large
20number of biological processes. TNFo is released for
example from activated macrophages, activated T
lymphocytes, mast cells, basophils, fibroblasts,
endothelial cells and astrocytes in the brain. It has
itself an activating effect on neutrophils,
25eo0sinophils, fibroblasts and endothelial cells, whereby
various tissue-damaging mediators are released. The
effect of TNFO in monocytes, macrophages and T
lymphocytes is increased production of further
proinflammatory cytokines such as GM-CSF (granulocyte-
30macrophage colony-stimulating factor) or interleukin-8.
Owing to its proinflammatory and catabolic effect, TNFQ
plays a central role in a large number of disorders
such as inflammations of the respiratory tract,
inflammations of the joints, endotoxic shock, tissue
35rejections, AIDS and many other immunological
disorders. Thus, phosphodiesterase 4 inhibitors are
likewise suitable for the therapy of such disorders

associated with TNFC.



35 rejections, AIDS and many ot her i mrunol ogi cal disorders. Thus,

phosphodi esterase 4 inhibitors are |ikew se suitable for the therapy of
such disorders associated with TNFa. - 3 Chronic obstructive pul nonary

di seases (COPD) are wi despread in the_pgpulation and al so have great
econom ¢ inportance. Thus, COPD disorders are the cause of about 10-15% of
all illness €bsoaiin tokstievetbyed PYLlBODALY eslisarpadoulCOBDY of &89 deat hs

in the USA aggdeadbiddaeut al e ¢ t bSpePaeLok NoaHAN, aPso CRRVe NQ_M!‘eat

devel opments and theragpeutic rH:get)ortunltles gihg Ngws PersEg1 11 (7)

431-437, 1998FCRORHE WRBUANt o PiThat CRPIAWFPTIBEE oRE St frRe cause

t hi rd-comonest #maise 00- 15@ deatdil 1 nlmﬁesextog&syeat sth&hdepatllopledgi cal

condi tion of: chrani.c obs tjive s ( e nmasses

various patforBitdes ’co %ﬂgto?géﬁrﬁnﬁ %lg é fi s WI% ﬂ§81§ & npt ons

of coughi ng amtre)bp&@tbdmat |tm:n tdick prc@g:rsessMN@rnanud ||Preve|C:QP®| ‘e New

deterioratio cLion r e The
AR 1A A WNCLERN ¢ ;(ee&gjl z édﬁié:fco oB% h&‘t‘:‘i‘gg D?%% Nl

course of the |s ase 1s ep| Yo) |cat cteri al
i nfections (Rems@edt-S. 1L, : (‘COPD:A43vel3/ ,ew18f982@ dehe n|WHQ)n§StE|mad@fﬁ ol ogy,

and factors ipfizkuepgbpg ¢v§.§l dﬁé@&lﬁ@mﬁ'ﬁe Esta- dohnd B s SURRMuge 2355- 2415,

1998) There 1's a steady decline in lung function during the disorder, the
| ung becond9deatheday ﬁt}j‘ley ERhye ¥, and the patients' breathing
difficulty beconmes obvious. 25 This disorder narkedly inpairs the patients’

uality of e (s ess of breath, .l ow exercise tol eranc and
gl gni f?lcant I F&’?hogﬁ%ﬁé f%?ail fEOEQE}@&Panf)%EBe%]?H% 1Cen\?glsgl)’fﬂ1’§ﬁ:t1§|e
factors, thepmmonarsk fadiseassssnok{@@PD ) Kumarconpas st hna vand ot@PD.

At emw. - Lungenkr 20 3 (5 99- 302, Rennar erV| ew
of definiti Bﬁslﬁoéﬁg& e ol%%ngltl%fl§ ad org”rlorrllfll ugbnrgdnncéu)%ls WIER ¢

15symptoms of coughing and expectoration, and progressive
and irreversible deterioration in lung function
(expiration is particularly affected). The course of
the disease 1is episodic and often complicated by
bacterial infections (Rennard, S. I.: COPD: Overview of
20definitions, Epidemiology, and factors influencing its
development. Chest, 113 (4) Suppl., 235S-241S, 1998).
There is a steady decline in lung function during the
disorder, the 1lung becomes increasingly emphysematous,
and the patients' breathing difficulty becomes obvious.
25This disorder markedly impairs the patients' quality of
life (shortness of breath, low exercise tolerance) and
significantly shortens their 1life expectancy. Besides
environmental factors, the main risk factor is smoking
(Kummer, F.: Asthma and COPD. Atemw.-Lungenkrkh. 20
30(5), 299-302, 1994; Rennard, S. I.: COPD: Overview of
definitions, Epidemiology, and factors influencing its
development. Chest, 113 (4) Suppl., 2355-241S, 1998)
and thus men are affected distinctly more frequently
than are women. However, this picture will change in
35the future due to the alteration in lifestyles and the

increase in the number of female smokers.

Current therapy aims only at alleviating the symptoms

without affecting the causes of the progression of the



devel opnment. Chest, 113 (4) Suppl., 235S-241S, 1998) and thus nen are
affected distinctly nore frequently than are wonen. However, this picture
will change in 35 the future due to the alteration in lifestyles and the
increase in the nunber of ferale snokersy Current therapy ainms only at

al l eviating the synptons W|thout affecti ng t he causes of the progression of
the - 4 di séigerdethe The ¥Fe dHy- 4eRPRPCHhEnd2 PEFAA s28OLeSES Ei%reterol ),

possibly in ganhicRalicq) WigdkIMISIGAT i MeGhlina0t 8500 §hS muec@r inrdfircopi um ,
| mproves '“”% functi.on through_ bronchodil atatjon and i routﬁ]ﬁnel%soerrpl oyed
5(Nor man, P, 2TEESBNLGES dE e opBRESBRA Mer dFERAYES opBAt (HMGHET br ug

News Per spei:'-tthrbhgﬂﬂ) bré&ﬂx@ﬂilatbgﬁ&h Bach eriisal rionfrtéaieilgns eplpdyyaed ar ge
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Pt rore of SRREREGS P ChRp BT o867C AVaiiid BTl B
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therapy in %@%grbaéé&’@én?élc%@ec%%%ts ﬂﬂé%(%) APPL - pa?r@sﬂz%%% 1998) .

Therapy of this i'sorder I's currentl unsatisfactory, eSpecially In
rel ation to €eRdsPEesnOhEORP died m@eq‘l naP’El-h]alP’Elh@tFéﬁatN@th H&dsomi ¢

approaches agt, i.ngTRA nEgiat Qfﬁ anf'e@th@mm&honcopﬁr Ot ERsSSE, orllagjhe(sy)on
nol ecul es %ht be ve roms Bar nes, Chroni c obstructi ve
ol PRCTIEVL SR BT

di sease: UpBdort st Q%r déi/‘é‘ﬁfﬁ?@'h’t  R7}'pg 100q 1981ug19f 20423,
1998) . Irrespegtibietalkst f@@aeh@rlaltddﬁ@s:tbﬁn&r&qrnﬂdtqailﬂgeraby dinsor der,

h fl f h b h t
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neut rophi | i c25@iSgnulLeeyy es 'aherappugdnf ithies alisordede iresponsidntdy for the
obser ved S”#ﬂ%%‘éft%'s '&%%ng Inddedaspiyatoy  tL@FLe (SHPNYSE™) the

I nhibition o he ~act
S5continuous decllne in lung function. New therapeutic

approaches acting on mediators of inflammation,

proteases or adhesion molecules might be very promising

(Barnes, P.J.: Chronic obstructive disease: new

opportunities for drug development, TiPS 10 (19), 415-
20423, 1998).

Irrespective of the bacterial infections complicating
the disorder, a chronic inflammation is found in the
bronchi and is dominated by neutrophilic granulocytes.
25The mediators and enzymes released by neutrophilic
granulocytes are thought inter alia to be responsible
for the observed structural changes in the respiratory
tract (emphysema). Inhibition of the activity of
neutrophilic granulocytes 1is thus a rational approach
30to the prevention or slowing down of the progression of
COPD (deterioration in parameters of lung function). An
important stimulus for the activation of granulocytes
is the proinflammatory cytokine TNFo (tumor necrosis
factor). Thus, it is known that TNFo stimulates the

35formation of oxygen free radicals by neutrophilic

granulocytes (Jersmann, H.P.A.; Rathjen, D.A. and
Ferrante, A.: Enhancement of LPS-induced neutrophil
oxygen radical production by TNFq, Infection and

Immunity, 4, 1744-1747, 1998). PDE4 inhibitors are able



neutrophilic granulocytes is thus a rational approach 30 to the prevention
or slowi ng down of the progression of COPD (deterioration in paraneters of
| ung function). An inportant stinulus for the activation of granul ocytes
is the proigflamatory cytokine TNFa (i wmr necrosis factor). Thus, it is
known that TNFa stinulates the_35 fornation of xy%Fn free radical s by

neut r ophi | i ¢ togighdibddy ey Jeftaahhvetl pthe; rrieiREen oo WFANETORePr ant e,
A.: Enhanceneatgef nuRbeirn@fc et INesitamphthius oxyperesadthal aptadieyi of by
TNF( X, Infection_an 1744-1747,,1998) . PDE4 ighébit%b% are

.- L.mmuni t

able 5 - 5 PSuFﬁﬁPgF}lSery %g%%é%?%%?%sthe Fofeas W HRER 15 om & ar ge
nunber of celihbibdhdorhusestuppifgtlihe dcetiably dfo asbibéphithéth the
granul ocyt e spegei fli .Qhi hi_tor txif Yild ngyl gto
i nhi bit bot ?ff%gstggporc?rfat iog{%g%BEo;kg%nqlfar eeca?Lgsgi gaPs éand ?Rg%f))% ogyti c
ability of nebdRdphi|iof gmennmBhiekiq Wanarplogytes zedWant 2chi ebénst ei n,
K.; Parschal ke By i20d; Geglindgelin, W:; Ebhestnhafikpen oxihy! bird@ihgey,tro on
neutrophil reactive oxygen production_and phagocytic ability 10 assessed by
f1 ow cytomet Py GFfhechr &f | E@@§P3}f¥§@EP? QQ-TOHFrQQ9¥5.HV&FF8Q§1¢DE 4
idnhi bitors haéaf:alib@adbwrll di pebagedionThess ar;gwgw@ti&y E&@ﬂtlh_it@e

erivativeg, rolipram15 anal ogs_or nitragyazone deriyatives (review in:

Kar | sson, §pﬂ§?e EﬁgsPﬂDfﬁéﬂo §ﬁ88?g§Yerggén4(ﬁﬁﬁﬁb¥?ﬁ?§ forlsﬁé t'r eat ment
of asthma, E®2p-10Ri,n1997her. Patents 1997, 7: 989-1003). It has not been
possible to date for any of these conpounds to be used 20 clinically. It was
unavoi dably found that the known PDE4 inhibitors also have various side
ef fects, sucWaadoumsald¥a 4andrdmBsitprazhhavei aliresadyotbeen ddtitecBeerd.possi bl e

}ghfgﬁfgfgsmﬁggggat%Qé-'ﬂrﬂﬁ%£f¥¥€”§%ﬁ%hfﬁgesééf¥v£919E§90V?61EB¥%h PDE4
15analogs or nitraquazone derivatives (review in:
Karlsson, J.A., Aldos, D., Phosphodiesterase 4
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
20clinically. It was wunavoidably found that the known
PDE4 inhibitors also have various side effects, such as
nausea and emesis, which it has not to date been
possible to suppress adequately. It is therefore
necessary to discover novel PDE4 inhibitors with

25improved therapeutic index.

Indol-3-ylglyoxylamides and processes for preparing
them have already been described several times. In all
cases, indoles unsubstituted in position 3, which are
30synthesized by substitution in position 1 of a
commercially available indole, were <converted by
reaction with oxalyl halides into indol-3-ylglyoxylyl
halides which subsequently afford, by reaction with
ammonia or with primary or secondary amines, the

35corresponding indol-3-ylglyoxylamides. (Scheme 1)



25 inproved therapeutic index. Indol-3-ylglyoxylam 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 30 synthesized by
substitution in position 1 of a comercgally avail able indole, were
converted by reaction with oxalyl halides into indol-3-ylglyoxylyl halides
whi ch subseq§€hemg dfford, by reaction with ammonia or with prinary or
secondary am nes, the 35correspondi ng indol-3-ylglyoxyl am des. (Schene 1) -
6 Schenme 1: Nall \~~NRz/ N7 '"Nn HRR fl' X=hal ogen 5Thus, US patents
2,825,734 and 3,188,313 describe various indpl-3-yl gl yoxyl amiodes™whi ch are
prepared by the manner depjcted in Sche ese conpqunds used as
i ntermedi at es ferreparkngN e @ ®y,i ¥ qummzced‘x uctions. US
pat ent 3, 642, 8 —1Odes bes—tndot- yoxytanttdes he preparation
of 5-net hoxyi ndd -%l gl yox 1'§es is rdesCribed in Farsrac 1(1967),
229-244. Again thereHs reactiortof the indol® derivative used wth oxalyl
15chl oride, and the resulting indoI-S-YIegoxnyI chloride is reacted with
an anmne. In addition, US patent 6,X08°981 describes indol - 3-

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

5- hydr oxyi néehylsg! yosy| g dast and: fe2hyHsoxyando! g, gbgorybanidées rame
processes for preparin 2£thenla d the use thereof as PDE4 inhibét?;s wer e
Gescribed f o 2EHEH r SPAPT A VRO pHPENLUBRF Cat i pRTe  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
10describes 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
15chloride, 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
20again, the reaction steps and conditions depicted in

Scheme 1 are used.

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

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

7-Azaindol-3-ylglyoxylamides are disclosed as PDE4
30inhibitors in patent application DE 100 53 275 A1,
which also describes their preparation and wuse as

therapeutic agents.



198 18 964 Al. 7-Azaindol -3-yl gl yoxyl am des are di scl osed as PDE4 30
inhibitors in patent application DE 100 53 275 A, which al so descri bes
their preparation and use as therapeutic agents. - 7 4- and

7- Hydr oxyi ndol e derivatives, their prepayalion and use as PDE4 inhibitors
are proposed in patent appllcatlon 102 53 426.8. 5The |nvent|Qn rel ates
to substltutédlﬁkﬁoﬂy Hydaloay 1odolen cdgERVREEVESr mARE I | RTRRPERTL6™( 1) R
(Il) le- : Qng| ll;MJse Sééallgdm:échﬂmhmitdﬁﬁnc&ml d l(pftwpm(sex:mt |1®1|nal;1blla\5temno- or
pol ysu stitute NHC1_ 6- al ky -N(C, .6-alkyl)" 15

- NHCS. 14- aryPPPlfH{%éélfﬂ‘ EFyl P2 Iglz"N(*élﬁ “alkyl) (06_14 aryl), -NO' -ON, -F,
-ad, -Br, -1, -0-C1_6- alkyl , -0-C6_14-aryl , -S-C, _6-alkyl , -S-C6_14-aryl

, -SCBH 4 r 14-aryl,
000, (co§8h9 3B on, FOBPed ‘18 M T B Qv B et B o)
or trlcycl|ctb§tgeaﬁé@10ﬁ0ﬁﬂwda dr polyunsaturated carbocycles with 3-14
ring nenbers or/and by nono-, bi- or tricyclic saturated or nono- or

pol yunsat urat ed 25 heterocycles with 5-15 ring nenbers and 1-6 heteroatons,
which are preferably N, 0 and S, mhereln the ¢6_14-aryl groups and the
carbocyclic and heterocyclic substituents urn_may optionally be

substituted one or nore tinmes by 30 - 6- Al KYIN-OOH, - NH2, - NHC1_6-al kyl ,
-N(C1_6- alkyl),, -N®, -CN. -F, -g, -R -0
R’ R°
o} (1)
A\
A N
R ] h1
R
in which
10
Rl
(1) is -Ciio—alkyl, straight-chain or branched-

chain, optionally mono- or polysubstituted by
-0OH ’ -SH ’ —-NH, y _NHcl_s_alkyl ’ -N (Cl_s—alkyl) 2

15 -NHC¢.1,—aryl, -N(C¢4—aryl),, -N(Ci-g—alkyl) (Ce-14—
aryl), -NO;, -CN, -F, -Cl, -Br, -I, =-0-Ci-
alkyl, -0-C¢.;4—aryl, -S-C,¢—alkyl, -=-S-Ce.4—aryl,
~S03H, -S0,C, s—alkyl, -50,C¢-14—aryl, -0S50,C, -
alkyl, -0S0,C¢.14—aryl, -COOH, -(CO)C,s—alkyl,

20 -C00-C,.s-alkyl, =-0(CO)C,-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
25 heterocycles with 5-15 ring members and 1-6

heteroatoms, which are preferably N, O and S,
wherein the Cqis,—aryl groups and the carbocyclic
and heterocyclic substituents in turn may
optionally be substituted one or more times by
30 -Cy6—alkyl, -OH, -NH,, -NHC,¢-alkyl, -N(Cie-
alkyl),, -NO,, -CN, ~-F, -Cl, -Br, -I, -0O-



- 8 Cl_6-alkyl, -S-Cl1_6-alkyl, -SO3H, -S02Cl_6-al kyl, -0S02Cl1_6-al kyl,
-COOH, -(COCl_ 5 al kyl , COOC1_5- al kyl or/and O(CO)Cl 5-al kyl, and
wherein the alkyl groups on the carbocyclic and heterocylic 5 substituents
in turn may optionally be substituted_ogle_or nmore tinmes by -OH -SH -NHZ,

-F, -d, -Br, -1, -SG8H or/and - COCH, (ir1) is -CZ_10- alkeni; nono- or
pol yunsat ur at ed, 10C$-tﬁl"ép-bfifﬂ--'Ch§i’ﬁl-@1’ayﬁ¥}ﬁcheaoﬂﬁal To0:GpiBhEYLly nono- or
Pol ysubst i tut ed by - Odsos SH-a kR, - NeGDG- aldcy) NG b1, G«ﬂdqdc)l_sz ,

-NHC6_14-aryl N( - al 4- I - - CN,
F, -d, -Br, -1, %Tyé idmé O-W é ‘%’%%&FP
-S-C6_,4-aryl, -SCBH,alkysomoupsald«yltheS@fﬁodﬁchgl andOB@Z@:’co&yé.lllcyl
-080206 14- ryI , - s - alkyl

-Q(CO C1_5- §I kyl , Stl(t%?nqs or al tri cyc Fic sat rat eh%or nal orbe

pol yunsat ur at ed 20 c&mb@(ty{tlt@@dmm 1] notiend imEedhdns -&H,antﬁ}b,y mono-, bi -
or tricyclic saturategyor Dpno-c9r _fpplyupsatypat ede hel®r acy§h eSo th 5-15
ring nenbers and 1-6 héferoatons, whiéh afe preferably N, 0 and S, 25
wherein the 06. 14-aryl groups and the carbocyclic and heterocyclic
substituents Iﬂ)turnl@ay @ngQmﬁéhylbe %iebbﬁ;t—lt%ﬁd PBQthsB’QhQaFt'eHES by
-Cl_6-al kyl OH, -NHZ, - NHC, ?)ea ‘F—&lk%@% F, -d,
Br, -1, 6}001 6- 30 S&rajght-gheins’ eﬂlkyl ra’@‘é% 1 6°8|tWPa11Y

- 0S02C1_6- al kyT, -ooabnm(GQ)ﬁbl@saiﬂsmtwt@@ObyCLoﬁf aldsit, ommand

DT el g s pite g Sigyes ongle Ssppanyel e and

nore tines by -N(Cg-14—aryl)., ~N(C;-s—alkyl) (Ce-14—aryl), -NO,,
_CN, _F, —Cl, —Br, -I ’ _O_Cl_s_alkyl, _0_C5_14_
15 aryl, -S-C,e-alkyl, -S-C¢iu—aryl, -SOsH,

-80;C;-¢—alkyl, -S0;Ce.4—aryl, -08S0,C,¢-alkyl,
-080,C¢-14~-aryl, -COOH, -(CO)C,s-alkyl, -COO-C,s-
alkyl, -0(C0)C;is—alkyl, by mono-, bi- or
tricyclic saturated or mono- or polyunsaturated

20 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, O and S,

25 wherein the Cq.;4~aryl groups and the carbocyclic
and heterocyclic substituents in turn may

optionally be substituted one or more times by

-C,¢-alkyl, -0OH, -NH,, -NHC, ¢-alkyl, -N(Ci-6—
alkyl) 2 _NOZ ’ _CN ’ -F ’ _Cl y -Br ’ -1 ’ _O_Cl_s—
30 alkyl ’ _S_Cl_s_alkyl ’ —503H ’ _SOZCJ__s_alkyl ’

-080.C,_¢-alkyl, -COOH, -(CO)Cis-alkyl, -COO-
Cis—alkyl or/and -0(CO)-C,s-alkyl,
and wherein the alkyl groups on the carbocyclic

and heterocyclic substituents in turn may

35 optionally be substituted one or more times by
-OH, -SH, -NH,, -F, -Cl, -Br, -I, -SO;H or’/and
-COOH,

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



-OH, -SH -NH2, -F, -d, -Br, -1, -SG8H or/and -COOH, Rl is hydrogen or
-ClL ,-alkyl, - 9 R, R and R5 are hydrogen or a hydroxyl group, wherein

at | east one of these substituents nust be a hydroxyl group, 5R6 and R7 may
be identical or different and are hyd_ro%%_n, -Cl_6-al kyl, -OH, -SH, -NH2,

- NHC1_6- al kyl , -N(C16alkyl)2 - - SG3H, -S03-Cl_6-al kyl, -COOH,

- COO- C1_6-al lR?l - (R at®_Bydrkykn, orFa -idredy] gioupo- whtreial kyl ,

-S-CL. 6-al kyl, Jtp&es”e/'oﬂé oI gﬂ@gggaguéﬁwem ReMHe 0L RYErdKy1

substltuentsm urn may option stituted one or nore tines by
-ClL. 3- al kyl 9ro@H, -SH, -NH2, - NHCl 3-al kyl, -N(Cl_3-alkyl)2, -NO, -CN,
- SBH, -S03C - 3-al kyI -OOOH - COQOCL. 3- al kyI -F, -d, 15-Br, -I,

-O-Cl_3-alkyl ., -S:Cl al kyl , .and wherein the al kyl
substi t uent ?Ri e W %ﬁ%{btﬂ‘if‘]oeo%caﬁﬁﬁ?{ﬁ%td & BFCrore tines by
-OH, -SH, - NHZdrolgen,C- CIGBElkyH" —SGBH SHSO038H, 3- aNK&Js alloPH,
- COOCd _3-al ky -O-C1, 3-al kyl . Kyl_ ) - -al kyl .
Preferred coﬁ#&&hﬂsairyéﬂé’ fopﬁfﬂ a ?Nar e?stqsl&e | iéh Efos ggo(i){;ti onal | y
substituted etov-aLkybhlkedi, du@(COpaICtllsca[ka[Ly plFefeTCEﬂb,l y-Br Cl-ifgsi-ae, with
a cyclic 25subst C ubs ts,are if bl

E giﬂgpé Oré‘e& % @f hfeH il f é)?t?u PP Yherein

C3_8-cycl oal gro ete oary whi'ch nay have
at | east oﬁ@tél@bstﬁhm serrectmcrzfdxolm ﬁubégehuenté dm  -oprn- Bmagr - |

“OH N2, - GN+3Rda19R3. be 3@ s it eRAITPOREdS 0T b PE Milidnels TG iventi on
pref erably relates to those conmpounds in which R is hydrogen or 'a nethyl
group. alkyl, -OH,

-SH, -NH,, -NHC;3;-alkyl, -N(C;;-alkyl)., -NO,, -CN,

-S03H, -S05;C;3;-alkyl, -COOH, -CO0O0C,.3;~alkyl, -F, -Cl,
15-Br, -I, -0-C,s-alkyl, -S-C;;-alkyl, or/and -0(CO)C;.s-

alkyl, and wherein the alkyl substituents in turn may

optionally be substituted one or more times by -OH,

-SH, -NH,, -F, -Cl, -Br, -I,

-S0;H, -SO05C,3;-alkyl, -COOH, -COO0C;-;-alkyl, -0-C,;-alkyl,
20-s5-C;5-alkyl or/and -0(C0)-C;-;-alkyl.

Preferred compounds of the formula 1 are those in which
R* is an optionally substituted C;.,—~alkyl residue,
particularly preferably a C; residue, with a cyclic
25substituent. The cyclic substituents are preferably
Css-cycloalkyl groups or Css—aryl or heteroaryl residues
which may have at least one substituent selected from
halogen, i.e. -F, -Cl, -Br or -I, -OH,
-NO,, -CN and -CF,.
30
Of the compounds of formula 1 the invention preferably
relates to those compounds in which R? is hydrogen or a

methyl group.

350f the compounds of formula 1 the invention preferably
relates to those compounds in which R° is a hydroxyl

group and R® and R* are hydrogen.



350f the compounds of fornula 1 the invention preferably relates to those
conpounds in which R5 is a hydroxyl group and R3 and R4 are hydrogen. 10 -
10 O the conpounds of forrmula 1 the invention preferably relates to those
conpounds iqg which at |east one of R6_qry R is a halogen atom R6 and R7
are preferably partiularly hal ogen atonms. The conpounds nentioned in 5 the
experi ment al Ofxahs egompeurds oopadorawlar |y the eiByeBEionh@redrabionh
further rel at@s @ PY$T PhOF: Cabhpouhakeridt ashisal t stollebBe @@ aandgs of
formula 1. 10 The, ph siologigalI¥ttolerateqssalts are obtaineq%%n
convent i onal AfayRby Ieutr aPPPAE™ hetB%sesRwi R i Ror §hfi c P&E jﬁﬁﬁ& aci ds
or by neut r alpazitigi lidid yach&og#ht ationsr.ganhe eompogawdsc haseson&danpl es of
sui tabl e 15d norgani c acids, are hydrochl oric_acid, .sul furic.acjd,

phosphoric &¢§ or eﬁ?&F&WB}haé acfg’é?mggasexa%‘? es Br° suPPIEEE Y Ea ¢ aci ds
are carboxyl iprediersweld.oni ¢ acids, such as acetic acid, tartaric acid,

| actic acid, propionic acid, glycolic acid, malonic acid, maleic 20 acid,
fumaric acid, tannic acid, succinic acid, alginic acid, benzoic acid,

2- phenoxybenZbiec atndenRioncetidgtiddizoi cedatds citmanmpbysdiodogksaddly ¢ aci d,

citric acid, vpaliad &a1%8 i HHe 3dnthowdiaLBMNOSA MY i £. acid, ascorbic
acid, enbonic acid, 25 nicotinic acid, isonicotinic acid,"oxalic acid, am no

aci ds, met éhesulfpnic acid, ethanesulfonic acid, 2- hydroxyethanesul fonic
acid, ethaneTthe?-ghpsl dDOGLcaTi@, toheraeeas B{0iE Cadei bbtained in a

4- met hyl benzenesul foni c _.acid or _naphthal ene: 2-sul foni c aci d. Exanpl.es of
sui tabl e 30 CRGVGRHO es"de §%Hiu%?%§ﬁ?ﬁk?ﬁ%gsol oﬁ?asﬁﬁtaﬁﬁqﬂn
hydr oxi de solitorgfanianmamicrgaaiit sadiddl €r bygasutrhdsesngr ehamakdsls but
preferably t%ﬁ&ﬁﬁr¥norganic or organic bases. Examples of suitable
15inorganic acids are hydrochloric acid, sulfuric acid,
phosphoric acid or hydrobromic acid, and examples of
suitable organic acids are carboxylic or sulfonic
acids, such as acetic acid, tartaric acid, lactic acid,
propionic acid, glycolic acid, malonic acid, maleic
20acid, fumaric acid, tannic acid, succinic acid, alginic
acid, benzoic acid, 2-phenoxybenzoic acid, 2~
acetoxybenzoic acid, cinnamic acid, mandelic acid,
citric acid, malic acid, salicylic acid, 3-
aminosalicylic acid, ascorbic acid, embonic acid,
26nicotinic acid, isonicotinic acid, oxalic acid, amino
acids, methanesulfonic acid, ethanesulfonic acid, 2-
hydroxyethanesulfonic acid, ethane-1,2-disulfonic acid,
benzenesulfonic acid, 4-methylbenzenesulfonic acid or
naphthalene-2-sulfonic acid. Examples of suitable
30inorganic bases are sodium  hydroxide solution,
potassium hydroxide solution, ammonia, and suitable
organic bases are amines, but preferably tertiary

amines such as trimethylamine, triethylamine, pyridine,

N,N-dimethylaniline, guinoline, isoquinoline, o~
35picoline, B-picoline, Yy-picoline, quinaldine or
pyrimidine.

Physiologically tolerated salts of the compounds of

formula 1 can additionally be obtained by converting



am nes such as trinethylam ne, triethylamne, pyridine,

N, N-di net hyl ani | i ne, quinoline, isoquinoline, a 35 picoline, R-picoline,
y-pi coline, quinaldine or pyrimdine. Physiologically tolerated salts of
the conpounds of fornula 1 can additionglly be obtained by converting - 11
derivatives having tertiary am no groups in a nmanner known per se with
quat er ni zi ng degeinat iivietso  hBwingortesporry ngrngt g FeWPS akfonpumaiies.

Exanpl es of 1 qiulipbl Sefluats@r niging agenksraisiabkyladlisles jgueh ame 5
met hyl i odi de, ethyl bron1de and n-propyl chloride ut also arylal kyl

hal i des such SFIREPANAITE oANAE SFREY pﬁ@ﬁ?PéPﬁylS%}BﬁTdéExqmgﬁ? vetition
further rel atfsi dablldheghatOrmizihg bgbatm ak@ aiikl Lhmxauéesmfh cagrpounds

of the for i ch, cont ai tric.carbon_a n the case of
o olarat vy el ARUAEES Lr8a RrBo OaPde PO e e K 1o,
Conmpounds ofdﬂkbfarpﬂhakilwmaﬂldasnmach asy nehzyt @hﬂmrndﬁonr ahd

usual l'y result a3 1§¥1%pqﬁa;es can be separated into the optically active

i somers in a nan se for exanple with an optically active
acid. However, it is also pOSSIb|e to enploy an optically active starting

substance framd he,, sl £ dPcily ofe £26865 2 GOLRESHORYLNG ¥Rl GRldokipot i ve

20 or di astereoneric conmpoun S obtalne final product. The conpounds
of the inveiiansh lhabembefémlrfe@m@ft@om@@@ndﬁheﬁmébﬁogﬁ%@ulﬁ|&pcwbewh

properties Widgt L3N 4if Zeyiidid Z€dcarbdheaedy; dhe ¢AMRAUNdasf dJorgula 1
can be enployed alone, in conbination with gne another or in conqﬁgatlon

with other a(?t]NFé‘]ﬂﬁQ’r edPént S2SYRe bhHpoufdE t hetPRSent i 3S@re tfhibitors
of 30 phospldisasyara ik férms. t bempban@sanfaspiest fFofmtibas 1i RierdH on t hat

the Conpounds Okgfgr%gfﬁ%eepgctQ%f%%&sktoms and usually result as
15racemates can be separated into the optically active

isomers in a manner known per se, for example with an

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

20or diastereomeric compound is obtained as final

product.

The compounds of the invention have been found to have
pharmacologically important properties which can be
25utilized in therapy. The compounds of formula 1 can be
employed alone, in combination with one another or in

combination with other active ingredients.

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

35phosphodiesterase 4 is beneficial.

These disorders include, for example, inflammations of
joints, including arthritis and rheumatoid arthritis,

and other arthritic disorders such as rheumatoid



t hereof , and pharnmaceutical preparations which conprise these conpounds or
salts thereof, can be used for the treatnent of disorders in which

i nhibition of 35 phosphodi esterase 4 is beneficial. These disorders
include, for exanple, inflammations of. ;pints, including arthritis and
rheumatoid arthritis, and other arthritic disorders such as rheumatoid - 12
spondylitis sperostlddais handi Lstrpandir pobssi bFurgbesr nessihéet reg@srent of

patients suffgrd Ng oM (QURARNOST Hf SeRsitSent@Pt | GuERGKnT anphpgati ve
sepsis, toxic shock syndronme, respiratory distress 5 syndrone, asthma or

ot her chrom @S;imqmwsm soFBRFdS, hoRBPEESOr P di s&rr(?é‘l’ §1‘?ﬂatt1r"aﬁwspl ant

rejection reapdi@Ns QloxotdersiaéRi nyyﬁ@raméeases.s@u@at@w URliSstress
eryt hematosgq é]rrétjrltl pl e scl erosi s, onmer.ul onephr i and uvei t(1
i nsul i n- dep@SYET FiahATEIRR| PFt 8§ d SRRy oR m88ﬁ§¥| i Ht The

conpounds of bome i rwmrpmmn ddgotrideral | yobe tﬁanbpyadtf orretjra:tt:hﬁf apy of
I nfections such as viral r]cf ecti Qng & and 4Rar a&é nf ectihons, for exarrpl e
I a

for 15 the tﬁgraélp ¥ ndf a9 eﬁ efSHRaNT 481 s, or?—uCh I a%edlufpever
i nf ecti on-r eleatytd emagclsaisai mulmﬂpﬁeand;clea@)lsa)sl a, gé,wmeaﬂlhmmmiﬁnenga c

noection-re ’ | th
hinicls,  Theseomaouads sof 1heutayeaLbanagae |dkeuloes Dpdieerkior aff the

therapy of h perproI| erétlve | sor artic

exanpl e forl omliesr giepyel iniadiiites, of breast cancer, lung cancer, bowel
cancer, skin cancer and of |eukem as. 25 The conpounds of the invention can
al so be enpl oyed as bronchodilators and for the treatnent, of asthma e.g.
for asthma ploghyFSEPOUNtRe eEnpbhfdsiBYeRbiomI £an addditigpatinn be

i nhibitors %QI foytelae BEEURHeAt t REr 8y €QF NDPphétcicnd sherachkVitirdiher eof .
Accor di ngl Y, | npounds _of the jnvent.i QN
ectlons and parasitic infections, for example for
15the therapy of malaria, leishmaniasis, infection-
related fever, infection-related muscle pain, AIDS and

cachexia, and of non-allergic rhinitis.

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

skin cancer and of leukemias.

25The compounds of the invention can also be employed as
bronchodilators and for the treatment of asthma, e.g.

for asthma prophylaxis.

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

inflammatory respiratory tract disorders such as

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

eosinophilic fasciitis, eosinophilic pneumonia and PIE

syndrome (pulmonary infiltration with eosinophilia),



can al so be enployed for disorders in which eosinophils are involved. These
di sorders include, for exanple, inflammtory respiratory tract disorders
such as 35 bronchial asthma, allergic rhinitis, allergic conjuctivitis,
atopic dernatitis, eczenmms, allergic _angiitis, eosinophil-nediated

infl ammations such as eosinophilic fasciitis, eosinophilic pneunonia and
Pl E syndronertpglamdmar y ukfenatiie orcad itigosi @ophnl fa) disedse yanidari a,
ulcerative coldohii$erGraRR S Hiisrase; sddes Ol theRat h¥e plkior idiss@r deyrs such
as psoriasis . or keratosis. 51t is an aspect of this invention that the
conpounds of KeFGERFHE -1 and salts thereof are also able to inhibit

LPS-i nduced pul nonary neutrophilic infiltration in rats in vivo. The

phar macol ogi-cal I,y significant properties which_have _been found .prove that
t he corrpounég%oflsl(fmf &Srﬂﬁcgt 1°§n 131 Ve AR R0¢ Fﬁlgﬁdt ﬁaFﬁg‘(P@Hﬁdéane
pr epar at i ons folrmofacobhpandge ddhkese thapeofidsamr sabds ahtleer tof indd itke

uti | zed ther SRSULLRRLLY fRndlie LGB, Pl ol pOl £ 8RILEUGH Yl monary

di seases. e compoun nt1'on ‘addi tiona .

neur opr ot ect iiwe pieper tihes phdrvanobegisedlvorsidreifidembppropaditsesses in
uhi ch neur opALeRli ARvLS pBERCTEGLAR. FXBPR! el sieh d s algy senile
denentia (Al zheiner's disease), nenory |oss, 20 Parkinson’ | sease,

depr essi on,10spronda antl  Eader fatent &haterdat i nd Fuphiremasesdiisiad uses of

the conpoundgrabatrlg ioMeenih®8h & &nMesdr epR%leaxtsmpBintiBer@py fl tay ost ate
di sorders 25 such ags, for exanplgkégg%é n prostate hyperpl asia,

pol | aki suri ath&&€Peri a,c3hd Phe dfhe L3RS H: %, &PTcolfe i nduced
by urinary cakreudltimendn@df ehralie: andtHrensdisres ulalortysf uitdéH8ss . 30Fi nal |y,

t he conpounds of the invention can |ikew se be
15The compounds of the invention additionally have
neuroprotective properties and can be wused for the
therapy of diseases in which neuroprotection is
beneficial. Examples of such disorders are senile
dementia (Alzheimer's disease), memory loss,
20Parkinson's disease, depression, strokes and

intermittent claudication.

Further possible uses of the compounds of the invention
are the prophylaxis and therapy of prostate disorders
25such as, for example, benign prostate hyperplasia,
pollakisuria, nocturia, and the treatment of
incontinence, of colic induced by urinary calculi, and

of male and female sexual dysfunctions.

30Finally, the compounds of the invention can likewise be
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



used to inhibit the devel opnent of drug dependence on repeated use of

anal gesi cs such as, for exanple, norphine, and to reduce the devel opnent of
tol erance on repeated use of these anal gesics. 35 The drug products are
produced by using an effective dose of the conpounds of the invention or
salts thereof, in addition to conventional adjuvants, carriers and

addi tives. Thewglushigented thayactiamy - ddpendimedi emt s ey vapyteéeperfdi ng on
the route of } i 11.0n, e i t pat} n and
severity of t%%ggqlls@o%ogefls&?’o ngt ragl?tje‘\é@%%{sig%ﬁ I{a}r‘Iae ?gg?(%%]g %éej&%ra? |y dose
may be gi ven amsl sesieity dofethg dédsprdadmi hpsber égeaned andhyimilay vi ded

into 2 or myge.daidy 'Pﬂﬁeﬁai{% dos 'SR | ¥e05Q0Enl 0 Ng. sDaighy  dlogages of
0.1-50 ng are particularly preferably adm ni Stered. 10Q0ral, "parenteral,
i nt ravenous, 2t ahsdadmiinistepiedl OnCenifl @BV ondlr afdViAeHardse? pr Harati ons

are suitabl epas adginistdsdd®d#n Helam iJopiseahly nbabattepel mgnd pd ity anasal
preparations of the conpounds of the invention are ga;tlcular=¥ referably
used. 15 ConWaiagsital PBhar rackit? B9 pRESentBRT bhSULREhY as PX re"[}ély coat ed
tabl ets, capsidnes:igtespei si bl e powders, granul es, aqueous sol utions
aqueous or oily suspensions, syrup, solutions or drops are used. 20 Solid
drug forns may conprise inert ingredients and carriers such as, for
exanpl e, cdOonad,capzorattesralcal dindtmapleospisat et reodidemmaios phatpeicdlact ose
starch, mannitol,,_.al gi pat e ' a Si t-e, or
al um num st eara aéat?rie é{ﬁcgﬁpu?loljé%é %7%1,] ?ggg%ﬁgﬁg’g’l% s# I ngsd,iﬁ;al l?econe
oi |, high nolascul admimightatianty faginds (Bawicak, st déahhrdadddpl agwd agar or
veget abl e 0rfﬂ¥f§ﬂa£fﬁs ﬁ?gp9E5§i059“(%f"g@hgoh%aﬂﬁghnds of the
invention are particularly preferably used.
15Conventional pharmaceutical presentations such as
tablets, coated tablets, capsules, dispersible powders,
granules, agueous solutions, agueous or oily

suspensions, syrup, solutions or drops are used.

20s0lid drug forms may comprise inert ingredients and
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,
25colloidal silicas, silicone oil, high molecular 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
30desired, comprise additional flavorings and/or

sweeteners.

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

buffering and/or viscosity regulators.



wei ght pol yners (such as pol yethyl ene glycol); preparations suitable for
oral admnistration may, if 30 desired, conprise additional flavorings
and/or sweeteners. Liquid drug forms can be sterilized and/ or where
appropri at ggconpri se excipients such as @reservatlves 35stabilizers,
wetting agents penetrants, emulsifiers, spreading agents, solubilizers,
sal ts, sugar Exempdegar ofal supbl sadditibves olanhe tesordte prbéls‘fs‘iﬁre &ndf or

buf f eri ng_ange:ayie Sceﬁmrnegamgﬁsﬁ 1%om raﬁaagf Eieth aqdi ti ves
are tartrate buf er and ‘citrate buffer, %anol conpl exi ng agents (such as

ethylened|an?ﬁ@ﬂ@@Pﬁ%E%ﬂﬁ%?%%ﬁqf%ﬁﬁfﬁlﬁé n6ﬁ1QOX|%n sal¥ts) . BOPrABKECf or
controli ng t@awsscossd:ytzmm high cénﬁﬁbQﬁ.ﬂbal’tH&el@i’ﬁccﬁ@it’ﬁ‘eéi‘feswﬁ.@l’ﬁs for

exanpl e, e ne ox mcro rystal i ne_cel | Ios

oar boxyret hoedPE I G AT PALVES TR oFPaBnES - Tk PRRBPUP. gdiiid
Exanpl es of @@Uw@th@quys aogldetarchudnnnnysxalﬁﬂnetoIpeﬂamﬂpbesllulose
talc, 10 col I)C0| 3 é’{s“:elﬁ-lh sceﬂﬁheg Sm)l ecul ar wei 'g/t]_];la Hé/rr%'h%on(e%mh as

stearic acid agar agar, cal cium pth nesium stéarat e,
ani mal and vdgexttaflalns bat sgebatinl. hiEgampdlescubar s\elgtﬂlt cgacm;amarss sweh as
pol yet hyl ene _gl o1 sus for HEAL op| h guses may
be vegetabl gg'é"%% Het i gagﬁl’égm sgﬁ%f{%l oi | g%g:ug{]iceerlal 1955& (E%I e, liquid
fatty aci d1@s:pér191\d|atlh $inliezah, chdgher molpgutaszt (Nﬁslghi'-tﬁ@tfl’at 1a§z1§§|

chai ns, for Quapl ead0 PebgtLEC,aledyf| Cgdiddery! irarTyaia| Ccalkeihy ©,

arachlc nyristic behenlc pentadecyli ¢, Tinol'eic,  elaidic, brasidic,
erucic or oI@P@SQb@Ge'whm@ﬁnﬁﬁéumbsﬁéﬁﬁFﬁéﬁ wi Rifgdohpadi c vegetaPRedr i c

al cohol s havirags,1 £6164C RLGHE, MESVEAuBS: Fvdigh@MYAynedarklch 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
20palmitic, lauric, tridecylic, margaric, stearic,
arachic, myristic, behenic, pentadecylic, 1linoleic,
elajdic, brasidic, erucic or oleic acid, which are
esterified with monohydric to trihydric alcohols having
1 to 6 C atoms, such as, for example, methanol,
25ethanol, 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
30saturated 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
35fatty 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 is additionally



25 et hanol, propanol, butanol, pentanol or isomers thereof, glycol or

gl ycerol. Exanples of such fatty acid esters are commercially avail able

m glyols, isopropyl nyristate, isopropyl palmtate, isopropyl stearate,
PEG 6-capric acid, caprylic/capric esters of 30 saturated fatty al cohol s,
pol yoxyet hyl ene gl ycerol trioleates, ]hy ol eate, waxy fatty acid esters
such as artip‘dssi:ia:llejuctlo pneen ‘gégieltlalbb& ccideso fsat:fﬂy asi dcassopr opydl, ester,
ol eyl oleate,, Qrf'o%%d qate 18tMy! Olhactgégam%l Q%yl Q}g{@ﬁ&ddldﬁopropyl
adi pate, pol yo fatty acid esters inter ia. Likew se suitable are
silicone oi | Peitfterding 9 SR 191 br fatty al cohols such as isotridecyl

al cohol, 2-octyl dodecanol, cetylstearyl alcohol or oleyl alcohol, fatty
aci ds such % for exarrpl e, oleic acid. It is additi onal ly. - 16 possible
to use vegetabiidahlies SOV R SasO6L of PIMeEs nard oiF0 1M 1AZ SRS | aX&ane

oil, cottonsgeA el lor @&@@ﬂimﬂsélmesgamgﬂt@t | suStSbilkakkanpdleseire gel
formers and saql uhil.i zers g or wat r-mschble sol vents. Suitable
exanpl es are?@ Og’c?r?(ﬁ s S8&¢Eh 3§ T o RXPPE ot RERBNOOr %0 ARACPYA cohol |

benzyl al COhQleco?hcht ybeiml;e]:aabd:ohpbl, yet—b;zityméodgbﬁnoﬂs pmilyfmﬂl—@tm;e

adi pat es, QpY) &ne glyc 0 cerql Qor tri ene cal, waxes,
net hyl  Cel | (92%’ S Cel ngls%\a]ia&e%’t ersadlr?o 0l i ngﬁpgﬂoxane %l(yY me]t hyl

sul f oxi de, ‘tﬂgialtd@,rldlor medi-de ort etrahydpvileman glysel pheyareme atethylls Film

formers which 3>§%%H§ed %rl‘io%%' Ll Osés‘ééPﬁr S m@.#’;l}?oiﬂlé’é SSQ e SWel |

both in mater I'n or'gani ¢~ solverts, suc anpl e
hydr oxypr opyldmelﬁllyclel $1U1%>éld<met ﬁylﬂgéhYﬂJf%@amlé?hyIt@élﬂalhy(ﬁsr@fo*ragbl ubl e

starches. 20 Lonbjmsthddme@f. gel formers and filmformers are

15Film 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

25acid, 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.

30Further formulation aids which can be employed are:

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

35It 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-f-iminodipropionate,

polyethoxylated castor o0il or sorbitan monooleate,



| i kewi se perfectly possible. lonic macronol ecules are wused in particul ar
for this purpose, such as, for exanple, sodium carboxynethylcellul ose,

pol yacrylic 25 acid, polynethacrylic acid and salts thereof, sodium

anyl opectin semniglycolate, alginic acid gr_propylene glycol alginate as
sodi um salt, gum arabic, xanthan gum guar gum or carrageenan. 30 Further
fornul ati on apdbiwhincmopas tiee rersl ,oyped vsrarbatfis/cee of , Paeand i ncetydi ffering

vi scosity, gigghggnolaningecgghhﬁgen, albgggggpi novankbagkicearated. 351t

may al so be necessary to use surfactants, mul sifiers or mettlng agents for
t he fornul at PEAYOBHERhydenef srtearahs e 2Ny IRhATRL sRP1¥FLYCPAt £FNgFcoho

ether sul fatgsy1€iihatNyhammsniGar i m nodi propikanatede pol yet hoxyl gked
castor oil gr sor hi tan nponogol eate, - sor bi t an nonostear at e, goLysorbates
mo hﬁﬁ% cid

17
(e.g. Tweenpmope!JialkydarclIlyeeilt ni ity cerSA thRmRRERAPELE, L
pol yoxyet hyl gegostaanatlamiakkylaphenol pol ygl ycol et her,
cetyltrinmethyl ammoni um chloride or 5 nono/di al kyl pol ygl ycol et her
ort hophosphoric acid nonoethanol anmine salts. Stabilizers such as
nont nori | | onBtabiddzeakl| oidath sasi casntmostidliohizesemubsi oasldpitelpr event

10 degradatioglog Ehe %étivg gggigggcesemgyggoﬂg ag&ioxkgant o{,gLexanpl e
t ocopherol s or %u?ylate hygroxyanlsole, or “preservati ves su ﬁ as p-

hydr oxybeniBiegestietsonmayofi keWhee b tistesssnpsieaces appsoghi at 8st o
prepare the dapibdabRtlll Aldns exlmdILPARIAIS SAL PEEENbRERh ated

adm ni stration _may be present in separate dose unit forms such as, for
exanpl e, anpbufleexpanigpale., Sol X i onPreserwativieisve swughedi @t arg-

preferably UE?éroﬁysEﬁ&a%y AAUBAUS Pl WikenssantheshResdaldyy i sakeaI €
sol utions, but also. . v ) )
appropriate to prepare the desired formulations.
15Preparations for parenteral administration may be
present in separate dose wunit forms such as, for
example, ampoules or vials. Solutions of the active
ingredient are preferably wused, preferably aqueous
solutions and especially isotonic solutions, but also
20suspensions. 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
solid carriers, with the desired solvent or suspending

25agent.

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

suspending agent.

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

35conditions.

The invention further relates to processes for

preparing the compounds of the invention.



20 suspensions. These injection fornms can be nmade available as finished
product or be prepared only imediately before use by m xing the active
conmpound, e.g. the lyophilisate, where appropriate with further solid

carriers, with the desired solvent or_sygpending 25 agent. I|ntranasal

preparations may be in the formof aqueous or oily solutions or of aqueous
or 0ily susp@hsi osSMPoPREF ML al e bed§He ik fEPTIBER| ydphPEitEat &8enhi ch

are 30 prepapednhafler @ fise Wrh Rhe Rt &Resahnvent” @escsibpandibadgeagent .
The manufacture, bottling and cl.osure of the products takes place under the
usual anti ni 8FEbPEPPA%E % a&FOrA1ings donding eNOT nvention further rel ates
to processes for preparing the conpounds of the invention. - 18 The
conpounds of the general formula 1 with the neanings of R, R2, R3, R4, R5,
R6 and R described above are prepared according to the invention 0 (1) 5
by oxi di zi ng i ndol -3-yl gl yoxyl am des of the fornmula 2 having the sane
meaning of R, R2, R6 and R N (2%;10i E&p R3, R and R5 are H or -ORS,
wherein at |east one of these su bﬁ' nust be -OR and R8 is a

| eavi ng group, e.g. alkyl, I, | al kyl, acyl, al coxycarbonyl,

aryl oxycar bonyl, am nocar bo subst Bt ut ed anig carbonyl, silyl and

sul fonyl groups, 15and cong nts such as c ﬂbounds of boric acid or
phosphoric acid, and coval co-ordinately bonded netals, such as
zinc, alum num or coppegs

5
by oxidizing indol-3-ylglyoxylamides of the formula 2

having the same meaning of R', R?®, R® and R’

R

Rz\ /N

o N/

R R®
o (2)

N\

N
\
R

10in which R®, R* and R® are H or -OR®, wherein at least
one of these substituents must be -OR® and R® is a
leaving group, e.g. alkyl, cycloalkyl, arylalkyl, acyl,
alcoxycarbonyl, aryloxycarbonyl, aminocarbonyl, N-
substituted aminocarbonyl, silyl and sulfonyl groups,
15and complexing agents such as compounds of boric acid
or phosphoric acid, and covalently or co-ordinately

bonded metals, such as zinc, aluminum or copper,

in a manner known per se by treatment with an oxidizing
20agent, e.g. an organic peracid, preferably with m-
chloroperbenzoic acid or/and peracetic acid, to the
compounds of the invention of the formula 1 in which R3?,
R* and R®> are H or -OR®, wherein at least one of these

substituents must be -ORS.

25



in a manner known per se by treatnent with an oxidizing 20agent, e.g. an
organi c peracid, preferably with m chl oroperbenzoic acid or/and peracetic
acid, to the conpounds of the invention of the formula 1 in which R3, R4
and RS are Hor -OR, wherein at |east qme_of these substituents nust be
-OR . 25 - 19 The compounds of the invention of the formula 1 are

| i berat ed by Télei n¢empowgdsheof ebbpnginyresupias ofi | the plfé7§é‘hltla| nlR%%&nd/ or R4

and/ or Rs. 51&%&%%t59nte15§1h§t§hgmmé GQe@(/ﬁ"gQD g bRt h staaids and
bases, such as, for exa hydrobronmi ¢ acgid, hy ochl oric acid or

hydriodi ¢ acPdesentsdd aﬁ?dPBxf‘dé‘%‘MQﬁ |%n pot assi um hydr oxi de sol uti on,
and sodi um carbonate or potassium carbonate, but also 10 activating Lew s
acids such as, for ex | e, .A1Cl3, .BF3 BBr3 or, LiCl. The elimnation
reaction ta%rer?epl ﬁl:‘gs?g'%u@g&h c8seifn ﬂ\%méﬁgiéﬁgel-%’( PRV Dt P24 ti onal
activators suciida;s ahdr baaeple, sed:hams,l Zahtrelmlmpire b &ryzyrio bremciapt an,
and et her %%&%geshgawghwg&egeaazt SpRdSE, &l £yl e RS ULe Yo spher' c

pressure, in th sence of a sul a yst  such as exanp
pal | adi um or Mr@m@aecasaltyugn, Bmﬁsesslm bEydmpkaéde: mbtp‘amm orarxﬂ

N-(3,5-Dichl g g X%%Vﬁﬁﬁqia&e“ Ydo - 1£<J‘Eé4s:f.\£rh'oregfﬂaﬁ%1):e7 hmrtoxxéil@%ol -3-yl]
25 gl yoxyl am 3, 5-di chloropyridi n-4- enzyl oxy-1-(4-
fluor obenzﬂp)actmr@tl@gymegﬂﬁ)mlaiﬁ U agli sEoT v@ﬁamnle%eléﬂa ofBEpet hyl ene

chl oride. Wighe Sbirm It . 2TAQS QLG t0fonl 1rda8t @bnmGNy OpeaBENZQI C aci d
(77% in 30 m of acetic acid is_added dropwi se. The m xture is
each case 1in the absence or presence of additional
activators such as, for example, ethane-1,2-dithiol or
benzyl mercaptan, and ether cleavages using hydrogen,
15under elevated pressure or atmospheric pressure, in the
presence of a suitable catalyst such as, for example,

palladium or iridium catalysts.

Examples
20
Example 1:

Preparation of N-(3,5-Dichloro-1-oxopyridin-4-yl)-
[1-(4-fluorobenzyl)-7-hydroxyindol-3-yl]
25 glyoxylamide

12 g of N-(3,5-dichloropyridin-4-yl)-[7-benzyloxy-1-(4-
fluorobenzyl)-indol-3-yl]lglyoxylamide are dissolved in
250 ml1 of methylene chloride. While stirring, a
30solution of 11.4 g of m-chloroperbenzoic acid (77%) in
30 ml of acetic acid is added dropwise. The mixture is
stirred at room temperature for 7 days. The reaction
mixture is adjusted to pH 8 by adding a saturated
potassium carbonate solution. It is stirred vigorously
35for another hour. Then the phases are separated, and
the organic phase is washed with 100 ml of water. The
solvent 1is distilled out in wvacuo. The residue is

stirred with 50 ml of isopropanol. The crystals are



stirred at roomtenperature for 7 days. The reaction mxture is adjusted to
pH 8 by adding a saturated potassium carbonate solution. It is stirred

vi gorously 35for another hour. Then the phases are separated, and the
organi c phage is washed with 100 m of. water. The solvent is distilled out
in vacuo. The residue is_ stirred with 50 m of |sopropanol The crystals

are 20 - 20 TeEWREd a®adboPPédedi t Wid m 58f &lharkf. Fheanelyst M9 ne

product is r@f@ﬂs&‘élﬂ&%éﬂﬁﬁiﬁuc\‘d el redndves (afa e ndgt heory) 51.8 g of the
t hus obtained N-(3,5-dichloro-|-

oxopyridin-4-yl)-[7-benzyl oxy-I-(4-fluorobenzyl)indol- 3-yl] glyoxyl am de
are dissol ved’:jeridEOZﬂl@‘ (Jcﬁcmdm“ﬁ)rtmdm;e) A sol ution of 0 7 mM of BBr3 in

50 m  of dighl oroneth gdd dgop\Mbscea]Héux f@trea(%l g C);efll_ux. The

mxture is tHed stPrre & heati1ig to a ours.
After cool i ngxoeyrG6ins®- wﬂi)-oﬁTdJelMyNaim-smwlm@b@la\dhbmthus

resulting ing rgH 051 oﬁylmﬁdbe”psféturﬁéw %ﬁ'hkeﬂ?’t beghow 2PC uring

this. The mxt en-stirred for 3 hours. e crystallized product is
filtered of f dwcﬂnﬂosr@mtmne wefs hedlwtianvwateO -dhdnbr EdBBFheinr @8e Mr oduct

is recrystalld zed- {1 ORREDRERL - 1Y eddlied- QrgpQ;@@eZ%fﬁflé hﬁ@éflngzcto've' ting

poi nt: 241-243C _Nunerous further conpounds of the_formul a can pr epar ed

by using t HOrieddiuxat eBhor Faddineyr is pithssy a3t brreds WhHilen hasting G\ﬂ ng are
cited as 25refany &or (@)fBfche?213 Koupoundrfer HBoBYiRG- R6 10°C, 50

14-Fluorobenﬁﬁ]}; J+{§(§g%é%§kéglution are added, thus resulting in
a pH of 8-9. The temperature must be kept below 20°C

during this. The mixture is then stirred for 3 hours.

15The crystallized product is filtered off with suction,

washed with water and dried. The c¢rude product is

recrystallized from ethanol.

Yield: 1.0 g (66.2% of theory)
20Melting point: 241-243°C

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

25examples:

(1

30



24- Chl or obenzyl - - H H H OH3- C15- C1 32- Chl or obenzyl - - H H H OH3- C15- C1 42, 4-

-H H H OH3- C15- C1 Di chl or obenzyl -

54- Fl uor obenzyl --HH H OHHH

64- Fl uor obenzyl - - H OH H H3- C15-C1 73- Ni trobenzyl - - H H H OH3- C15- C1

82-Ni trobenzyl - - H H H OH3- C15-C1 92, 6-_ -

I31I- H H OH3- C15-C1 Di f | uor obenzyl -

101 sobut yl - -AH-HH-OH3-—C15-C1—11Cy ¢t ﬁﬂrﬁﬁ“u — eH3=—C15-¢ thyt=) 124-
- H H H OH3- CCompRulgddr oxybenzBA -~ 134- [FI-BSr job8zly R CH3RH- |HB3-|ICIR'C
144- Fl uor obenzyl 1 - H hQpkRs szl 1152-Ghl jorgpenzyl -- bodt |Osk-£h H 5189 The
conmpounds offthetnvention are strong Tt pbitoris of [ phosphodiasterase 4.
Thei r therapeut i pot/émaiosabentsilinstitht e n vitig TR lefatmblle>thiqugh t he
i nhibition |of the agstiumlidrdsmryhase-H eactd on -Eeosiomphst-ca)| andl |t hrough
the i nhi bi tijonof "TP$-Tnducgd neutrophiTia 10 ~[A0rafs. %xagp&g 2. ¢
Phosphodi estler as& 4 inhi bitfofi” 45PDE4 & ivi?& i s Tat ePHi[n2d hsf Rgtenzy e
preparationg from humarehicanohemphdrucl ear| | ynphocytles (BMNL) . |Human | bl ood
(buffy coatg) ant|i C | at.e ith cifriatg, A_gcentyiflugayi on af 700 x g
at roomte e#u\i\?‘?sjreﬁ’ Is"")%a'l"q‘lo%rao Luji.:gln'.wes—&eﬁ patr-ates—trhe—pHatetet—++eh-pl asma
in the nﬁ 6 4-Fluorobenzyl-| -H | -OH | -H -H | 3-C1 | 5-Cl1

7 3-Nitrobenzyl- | -H -H -H | -OH | 3-C1 | 5-C1

8 2-Nitrobenzyl- | -H -H -H | -OH | 3-C1 | 5-C1

9 2,6- -H -H -H -0H | 3-C1 | 5-C1

Difluorobenzyl-
10 Isobutyl- -H -H -H | -OH | 3-C1 | 5-Cl
11 Cyclopropyl- -H -H -H | -OH | 3-C1 | 5-C1
methyl-
12 4- -H | -H | ~H | -OH | 3-C1 | 5-C1
Hydroxybenzyl-

13 4-Fluorobenzyl-| -CH;| -H -H | -OH | 3-C1 | 5-C1

14 4-Fluorobenzyl-| -H -H {-OH| -H | 3-C1 | 5-C1

15 2-Chlorobenzyl-| -H -H | -OH| -H -H -H

35The compounds of the invention are strong inhibitors of

phosphodiesterase 4. Their therapeutic potential is
demonstrated in vivo for example through the inhibition
of the asthmatic late-phase reaction (eosinophilia) and
through the inhibition of LPS-induced neutrophilia in

40rats.

Example 2:
Phosphodiesterase 4 inhibition

45PDE4 activity is determined using enzyme preparations
(PMNL) .
was anticoagulated with citrate.
(RT)
20 minutes separates the platelet-rich plasma in the

50

Human
A

from human polymorphonuclear lymphocytes
blood (buffy coats)

centrifugation at 700 x g at room temperature for



50 - 22 supernatant fromthe erythrocytes and | eukocytes. The PMLs for
the PDE 4 determ nation are isolated by a subsequent dextran sedi nentation
and subsequent gradient centrifugation with Ficoll-Paque. After the 5
cell s have been washed tw ce, the erythrgcytes which are still present are
| ysed by adding 10 ml of hypotonic buffer (155 nmM NH4Cl, 10 mM NaHCG3, 0.1
mV EDTA, pHshpéynattan® wirémn then ey eroqheest iand i bewlcocy PRALs Thee t hen

washed twi cepyith Pﬁa%el Y§§ﬁ' b;y dQrubhiaseyund. e supenRabanty froma
centrifugation_at 4 g for one hour contains the c ¥oso| iC

fraction of PBES@qé‘ﬁéPtl s éﬁﬁ%ﬁéﬂ fo?e@H%e’P’EEthonrreaEBiﬂerreﬁﬂ@seﬂ@
phosphodi est g&aaQemtl ¢ehyriifugasayad Wity BicoblHFagde Ameritham Rhar maci a
Bi ot ech net ,lan SPA SCIntI|| t|o romnﬁlé assa%/l_lr The reatl n

ni xtures co F&l SourPee (p T 2 W

cGW), the i ahkiebi tsaridld n p'ﬁesaﬂnte aDECEﬂ.IYIS&ﬁI oy armlddlimgapp)ﬁomﬂ.l abdE enzyrre

preparation.,The reactl i y hng tpe ws te, j045
[ 3H] - CAMVP. Tltllé’ PPERRIS o uﬁeﬁelrs %%gdmﬁ ﬁg% Subspancegﬁi%lgsﬁade upmgg/l st ock
sol uti ons i nEDVBQ. p25-7THe BNS@ Ybncerhimté oninntehe Thacsitdd lniixtacs is 1%

v/v. The PDEL Igvi IS¢ ff },géjda S SR8C atqi r the
reacti on has gﬁq}"n s’tt%rte %ﬁ V?%I n gtlﬁalrsyt ratwg@gt heggae&fﬂ“rl lgre I nc&’ﬁat ed at
37C for 300mltgessounthe Trl"@acENRﬂ?-’ﬂastasﬁ%p%@d“b? ﬁﬁﬁtﬁgfagééﬁpﬁeétSG anmount

of SPA beads¢ afwhit RgodaTPk ey aFfSr CoHBt athaf t @bntaRAshotlie | ByAoBRNA count er.
The nonspecific enzymc _activity (the blank) is determ ne(frl1 in_the presence

of 100 .LM EEPESAER and s&HEr ﬁ‘ct é‘ﬂ‘df r & t ﬁé‘Ptlé?é’?dr edOrt s therThEDEncdbat i on
m xtures for pkheuPPRénassay contain 35100 M cGW in order to inhibit any
cont am nati on by

15The phosphodiesterase activity is assayed using a

modified Amersham Pharmacia Biotech method, an SPA

(scintillation proximity assay).

The reaction mixtures contain buffer (50 mM Tris-HC1l
20(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 ul.
Test substances are made up as stock solutions in DMSO.
25The 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
30amount of SPA beads, and the samples are counted after
one hour in a Beta counter. The nonspecific enzymic
activity (the blank) is determined in the presence of
100 puM rolipram and subtracted from the test results.
The incubation mixtures for +the PDE4 assay contain
35100 uM cGMP in order to inhibit any contamination by
PDE 3.

The ICs, values for inhibition of phosphodiesterase 4

determined for the compounds of the invention were in



PDE 3. The 1 C50 values for inhibition of phosphodi esterase 4 determ ned for
t he conpounds of the invention were in - 23 the range from 10-10 to 10-5 M
The selectivity factor in relation to PDE of types 3, 5 and 7 is from 100
to 10.000. 5Exanple 3: Inhibition of |ate-phase eosinophilia 48 h after

I nhal ati onal oval bum n challenge in actiVely sensitized brown Norway rats
10 i nhi biti onhef tdmeyeuimematy *toss nophi Mi cThaf skfleation tybyadt@rsubst ances
of the inventi i.s. teste I ro r rat s, (20Q- 250 ively
sensitized éﬁggﬁgfnhvg%bgﬁﬁﬂ ?@Nﬁ?ﬁﬂ¥%2@égﬁgi |%af%oﬁéta é%ﬁp}géeqﬁiy
subcut aneous 1ionj0é&éx.i ons of a suspension of 10 g of 15 OVA together with 20
mg of al um num hydroxide as adjuvant in 0.5 nml of physiological saline per
animal on day 1, 14 and 21. In addition to this, the animals receive at

t he sane ti@@&amﬁlq Fjections of 0.25 m of Bordetella pertussis vaccine

di lution li)erl Iglﬂhii'Bi'tl-idﬁ\ 2gday J?a*%téﬁpﬁagyé t eabﬁihg?hauii&al s4@rR plagaed singly
In open . exl as oxes onngect a nea nose Xposur € .ap at us.
The ani mal s &% PP YRin ai#EHQ%W&BVQFE&ﬁFﬁYEG§ﬁ€ﬁ§ﬁ%¥g

(all ergen chalodweng@yrwaylheata/al bum n aerosol is generated by a 25 nebulizer
(Bird mcro nebulizer, Palm Springs CA, USA) operated with conpressed air
(0.2 MPa) . The exposure tine is 1 hour, wth an aerosol of 0.9% saline

bei ng nebUl0iInéd bidri aror ofil tdont pullmohibkgw eses froopHi hbar 1indH48 deduiren af t er

the all ergen,chaljenge,theredes g WRasiug Jd i 00 Woid] ngRNi
granul ocytes I'fnto 't hé ungs of e ani nal s. hi's time, the aninals are
anest het i zed bwiown arNeweayoseask et(B3dAnddithane @atsvglikg sfensddyizgsi ght
i.p.), and aé@&%ﬁ?%*%&%i%&min (OVA) . The sensitization takes place
by subcutaneous injections of a suspension of 10 pug of
150VA 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
Bordetella pertussis vaccine dilution per animal. On
20day 28 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 of 1.0% ovalbumin suspension (allergen
challenge). The ovalbumin aerosol is generated by a
25nebulizer (Bird micro nebulizer, Palm Springs CA, USA)
operated with compressed air (0.2 MPa). The exposure
time is 1 hour, with an aerosol of 0.9% saline being

nebulized for normal controls likewise for 1 hour.

3048 hours after the allergen challenge there is a
massive migration of eosinophilic granulocytes into the
lungs of the animals. At this time, the animals are
anesthetized with an overdose of ethylurethane
(1.5 g/kg of body weight i.p.), and a bronchoalveolar

35lavage (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
are subsequently determined using an automatic cell

differentiation instrument (Bayer Diagnostics Technicon



35l avage (BAL) is carried out with 3 x 4 mM of Hank's bal anced sol ution.
The total cell count and the nunber of eosinophilic granul ocytes in the
pool ed BAL Iiquid are subsequently determ ned using an automatic cell
differentiation instrument (Bayer Diagnqgstics Technicon - 24 HLE). The
eosi nophils (EOCS) in the BAL are cal cul at'ed for each animal in 106/ ani nmal:
ECQS/| x BAL maenveryhe ( Bbyinop@®/lani (mds) SimothentBAIl greupsliuwdlatddzat i on

of physi ol ogical _saline .and nehul.j i f ut i are | ed in
each test. T rpe?%(ént a%gnelnlla(r#hi g?t iloﬁgébgﬂﬁg'e%ﬁ%i H géli n tr%edoq%or&ejst
group treatedmiit i HOS /Anjgtadnce is calculated by the follow ng fornula:
(((OVAC - SC) - (OVAD - SC)) / (OVAC - SO} x 100% _ % inhibition 15 (SC
control group treated with vehicle and _challenged w.th 0.9% sali ne;. OVAC
control gr OL%"”[O( eRARLPEh IFEHPEl e GFPWHHAERIed AFt h PRSI eHaHFa
suspensi on; JMARe 4€8t ngbAUR zhit@dhe b M bUAS WashaAicth )andrehdhncanged 20with
1% oval bum n suspensi oe[rg The test substances are adm ni stered

i ntraperitonéd Iey"“:hort il | y as suspension in 10% pol yet hyl ene gl ycol 300
and 0. 5% 5- hydr oxyet hyl cel l ul ose 2 hours before the 25 allergen chall enge.
The control groups are treated wibt. . the get}irﬁzl e in.accgr.gance.with t he test
subst ance a% & CREFORNFRPH RIS o7& hEOFAPERPAGAS bl bitt S he

| at e- phase 103@szogyrmphi t r@abyd 309 ho the0Edfdtemdat ispealtohesdked by
adm ni strati qn of / V. .30%to 75% after oral admnistration of
30 ny/ kg. Th%h(?or%c])lﬁir? sngqrg ﬁr}gm}lir?v'enti on are thus particularly 35 suitable
for producing drug products for the treatnent

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

% inhibition

15
(SC = control group treated with vehicle and challenged
with 0.9% saline; OVAC = control group treated with
vehicle and challenged with 1% ovalbumin suspension;
OVAD = test group treated with substance and challenged

20with 1% ovalbumin suspension)

The test substances are administered intraperitoneally
or orally as suspension in 10% polyethylene glycol 300
and 0.5% 5-hydroxyethylcellulose 2 hours before the
25allergen challenge. The control groups are treated with
the vehicle in accordance with the test substance

application form.

The compounds of the invention inhibit the late-phase

30eosinophilia by 30% to 100% after intraperitoneal
administration of 10 mg/kg and by 30% to 75% after oral
administration of 30 mg/kg.

The compounds of the invention are thus particularly
35suitable for producing drug products for the treatment

of disorders associated with the effect of eosinophils.



of disorders associated with the effect of eosinophils. 25 - 25 - Exanple 4:
I nhibition of |ipopolysaccharide (LPS)-induced pulnonary neutrophilia in
Lewis rats 5 The inhibition of pul nmonary neutrophil infiltration by the
subst ances ,@f the invention is tested_o?snale Lewis rats (250-350 g). On
the day of the test, the aninmals are placed singly in open 1 1 Plexiglas
boxes connecExample #:head/ nose exposure apparatus. The aninmals are 10

exposed 10 aRLReL3Alonl OME | | p@@b&ﬁ@ﬁ@@éeﬂsnaespens(m@)(—m@ma)f
LPS/m  of 0.1% hydroxyl am ne _sol.ution) 1n PBS (LSP provocation). The

LPS/ hydr oxy| BHLREONEEN0 86 TOPhddRar®d LRy LE Fédhdl i zer (Bird nicro
nebul i zer, Palm Springs CA, USA) operated 15 by conpressed air (0.2 MPa).

The exposur S..40 wi th an aerosaol, hei ized fromO0. 1%
nyclr oy a FANEO R G Y HTbas ¢ B HHGRAaY cpntrornil| REREEEFEPN, Y0t nut e
206 hours af ke tsh@sltlaaqers)\uf:attheammkmﬁemm Bs maxshad, onrmaiev&emiigr ation

of neutrophilic gr es |n ng th tinme,
the ani mal s an ﬁiehlsq 0‘%/ ttgl% odvgy d‘?)gettl)]]e Ptteﬁ‘{/ﬂ ure?%a 1511'(3%25 o/ kg
of body wei ghtrei ppla):ed mdugal}brnnocmm veol aPleglghaagbo(cBAL}:omemeldl ed out
with 3 x 4 niof a ti d ot el t he
aHaﬁ' ad/nBak l”%rg@o ¢ aﬁﬁ:eageg% s ani i and

nunber  of neutroph| |c granu tes In ed BAL i g are
subsequent ['Pegppsedi netP usitig APERADhAL |fé’°@el |a dﬂ-#P@PéﬁVﬁa‘FF@i@r&ﬁﬁar at us

(Bayer Di agng%&p@%ﬂ%&hm@% FQHLEF. e pgut prhb| g %( NE Reky1Anihg BAL are
cal cul ated for _each animal_ in I06/animal: NEUTRO | x

recovery (m) =
NEUTRQ' ani malSO1¥kd %8ant r ol 1%r oupEBEnebul {L5%t i on E)?O‘Oo‘i%h%l} oxy! aéhﬁ-e 35
sol ution in EBS/apdrosRulandaid ofe 86sdD0ig OfendiSitda obyO. al%b)s@m&)élram ne
solution in PBS) are, i ncl udgd i, n
Bird micro ulizer, Palm Springs CA, USA) operated
15by compressed air (0.2 MPa). The exposure time is 40
minutes, with an aerosol being nebulized from 0.1%
hydroxylamine solution in PBS for normal controls,

likewise for 40 minutes.

206 hours after the LPS provocation there is a maximal,
massive migration of neutrophilic granulocytes into the
lungs of the animals. At this time, the animals are
anesthetized with an overdose of ethylurethane
(1.5 g’kg of body weight i.p.), and a bronchoalveolar

25lavage (BAL) is carried out with 3 x 4 ml of Hank's
balanced solution. The total cell count and the number
of neutrophilic granulocytes in the pooled BAL liquid
are subsequently determined using an automatic cell
differentiation apparatus (Bayer Diagnostics Technicon

30H1E) . The neutrophils (NEUTRO) in the BAL are
calculated for each animal in 10°/animal: NEUTRO/pl x
BAL recovery (ml) = NEUTRO/animal.

Two control groups (nebulization of 0.1% hydroxylamine

35solution in PBS and nebulization of 100 pug of LPS/ml of
0.1% hydroxylamine solution in PBS) are included in
each test.



each test. - 26 The percentage inhibition of the neutrophilia in the test
group treated with the substance is calculated by the followng formula: 5
(((LPSC - SC) - (LPSD - sSC)) / (LPSC - SO} x 100% _ % inhibition SC =
control group treated with vehicle and |1 enged with 0.1% hydroxyl am ne
solution; LPSC = control group 10 treated with vehicle and chall enged with
LPS (100 g/ mTheof pertemtipdeoximaib eicol @fi oble DRIBrophsskiayr sup the eat ed
W th substangg d?w@tl epgsdeW A thPRnd 100, 9{ & Of i, %%mra@ed a5y ne

solution). 15 est” su stances are admnistered orally as suspension in

10% pol yet hyltde Tp3Asfimpof a2 5% 5- hydr oxyet hyl cel | ul ose 2 hours before
the LPS provocation. The control groups are treat ed with the vehicle in
accordance with the test substance The conpounds of
the inventi i nhi %% e $1(Le)>ut'r oél‘ﬁsl" a%n O/"a%gb Br ip8

adm ni stration of 10 myitkip#inibn ar e thus parti cuI arly suitable for producing
drug 25 products for the treatnent of disorders associated with the effect
of neutrophils. - 27 dainms 1. A conpound of the formula 1 0 (1) 5 in which
RL 10 (i) isSC Gl _donbrkyl groupaitgeatetthivitts behinched andaiaha lojEngedl | y

mono- or p0|XEH9§t6Pf%eﬂyﬁ¥ok9wamih§Hsolution; LPSC = control group
10treated with vehicle and challenged with LPS (100 ug/ml
of 0.1% hydroxylamine solution); LPSD = test group
treated with substance and challenged with LPS
(100 pg/ml of 0.1% hydroxylamine solution).

15The test substances are administered orally as
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

20administration form.

The compounds of the invention inhibit the neutrophilia
by 30% to 90% after oral administration of 10 mg/kg and
are thus particularly suitable for producing drug
25products for the treatment of disorders associated with

the effect of neutrophils.



-NH2, -NHCA _6-al kyl, -N(C _6-al kyl)a, -NHC6.14-aryl, -N(C6_14-aryl)z,

-N(d _6-al kyl) (C6_14-aryl) , -N®, 15 -CN, -F, -d, -Br, -1, -O0d _6-al kyl,
-0C6_14-aryl, -S-C, _6-alkyl, -S-C6_14-aryl, -SO3H, -S02Cl _6-al kyl,
- S02C6- 14-aryl, -0S02Cl_6-alkyl , -0OSO ¢6_,,-aryl, -000H -(COd _5-alkyl,

-COO- C1_5-al kyl, -Q(CO C15- al kyl, by nono-, bi- or tricyclic saturated or
20 nmono- or pol yunsaturated carbocycl E3aimsh 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, 25 wher ei k-t heACSOTROG OFy ﬁﬁﬁ&“ﬁﬁblcarbocyclic and heterocyclic
substituents in turn may optionally be substituted one or nore tinmes by
-Cl_ 6-alkyl, -OH, -NH2, -NHCl_6-al kyl, -N(Cl1_6-al kyl)2, -NO2, -CN, 30 -F,

-d, -Br, -1, -0-Cl.6-alkyl, -S-d _6-alkyl,R?-S®H, -SO d _6-alkyl,

- 0sQzC, _6-al kyl, -COOH, - 28 -(COeC, -, h,O-CII>CJ_5-aIkyI or/and
-Q(COC, -,- alkyl, and wherein theal k grMips on the carbocyclic and
heterocyclic substituents in tugn By “onal |y be substituted one or nore
times by 5 -OH, -SH -NHZ, R°F, A-Br, Ri, -SC8H or/and -COON, or (ii) is

-C2_10- al kenyl, nono- or pol

unsdt uraped, straight-chdin or branched-chain,
optionally nono 10 or pol StA

Quted by -OH, -SH, -NHZ, -NHCL_6-al kyl, -N
(C1_6-alkyl) Z , -NHC6 i, N (C6_14-aryl) 2, -N (C1_6-

al kyl)(C6_"-aryl), -htﬁﬂ G N -d, -Br, -I, -OCl_6-alkyl,
-0-C6_14-aryl, -S-CL_6- al kyl;, -%C6_14-aryl, -SOBH, -S02Cl_6-al kyl,
-S02C6_11- 15 aryl, -0S02Cl%6-al kyl, -0S02C6_14-aryl, - COOH,
-(CO C1. 5-abkyl, -COO-Cl 5-alkyl, -Q(COC1L _5-al kyl, by

in which
Rl
10 (i) is -C;-o—alkyl, straight-chain or branched-

chain, optionally mono- or polysubstituted by -OH,
-SH,
-NH,, -NHC,.,—alkyl, -N(C,¢-alkyl),, -NHC,.4s—aryl,
~N(Cs-14—aryl),, -N(Ci¢—-alkyl) (Ce.14—aryl), -NO,,

15 -CN, -F, -Cl, -Br, -I, -0-C;e¢-alkyl, -0-C¢u-aryl,
-S5-C,¢—alkyl, -S-C¢i4—-aryl, -SOsH, -S0,C;¢—alkyl,
-50,C¢-14—aryl, -0S0,C;¢-alkyl, -0S0,C¢-i4-aryl,

-COOH, =-(CO)C,.s-alkyl, -COO-C;.s-alkyl, =-0(CO)Cis-
alkyl, by mono-, bi- or tricyclic saturated or
20 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, O and S,

25 wherein the Cq.i4-aryl groups and the carbocyclic
and heterocyclic substituents in turn may

optionally be substituted one or more times by -C;-

s—alkyl ,
_OH ’ _NHZ ’ _NHcl_s"alkyl ’ _N (Cl_s'—alkyl) 2 —NOZ ’ —CN ’
30 -F, -Cl1, -Br, -I, -0-C,e¢-alkyl, -S-C,e-alkyl,

_SO3H ’ ‘SOzcl-s—'alkyl ’ "OSOzcl_s"alkyl ’ _COOH ’



nono-, bi- or tricyclic saturated or nono- or pol yunsaturated carbocycles
with 3-14 ring nenbers or/and by nono-, bi- or tricyclic saturated or 20
nono- or pol yunsaturated heterocycles with 5-15 ring nmenbers and 1-6

het eroat ons, which are preferably N, O0gnd S, wherein the C6_1, -aryl groups
and the carbocycl ic and heterocyclic substituents in turn nma

25
optionally be substiGQtCed-@d&Ydr @t iGres agyv1c or /ang kyt0 YCQ}Fl sNHZ,

- gHgl_g a: ty: - N(.Sag3 als(lgézlﬂgl whlé@ém CN.gée Rlkd ) Bdsupsl , onO Ghé-al kyl,
- - _ - a y , - ‘ | l H

_(COGC, -,-al kyl, SEE8gYH-ig k?/‘i‘g 5}3&&& C@G%@)Cc?ubsg*kwnt%n&nvm%ré} n the
al kyl groups on t heycarpgraaed iy m@@mamy&mmubam moelet T imes Wy may

onoral 1y e, ubetl e g, T esEyresal b Sy Sl R

R5 are hydrogen or-C®OH,draoxyl group, wherein at |east one of these
substituents nust be a hydroxyl group, R6 and R nmay be identical or
different and are 5 hydrogen, -Cl_6-alkyl, -OH -SH, -NHZ, -NHCl_6-al kyl,
-N(C1_6-al kyl) z, G@NQR is G‘dCz—lS@HKen’)Sba GIPIEI“aI e | Polmatu@@@e@l 6- al kyI

, -0 (CO -Cl_5- a|§‘t')fla1’ Htchddn oﬁrbraﬁche@@aﬁnal Kglta.onglcﬂy @ncfﬁcké’l
- phenyl or -pyrldyl mhereln t he phenyl pyri substituents in turn

may opti ondO y be OFu RS sHREE igritcest l?‘bbr‘ém:l ne%H)k;y Ny, 3MHGeyd-2lka > - sH,
-NHZ, - NHCI _3- al kyj (c,- GN(a@icyCh 3l KyNhé&,., &1 - O (c, SBaky1y SBE (S al kyl ,

COO—l - COOC1_3- al kyl F Br,
alkyl) (Cesi-atyl), -NO,, -CN, -F,
-Cl ’ -Br ’ -I N _O—Cl-s_alkyl ’ —O_C5_14"'aryl ’ —S—Cl_e_
alkyl ’ -S“C5_14_aryl N _SO3H ’ "'SOzcl_G"alkyl N —SOZC6_14"

15 aryl ’ "OSOzcl_G"alkyl ’ _OSOZC6_14—aryl N ~COOH ’
-(C0O)C;s-alkyl, -CO0-C,s-alkyl, -0(CO)C,.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
20 mono- or polyunsaturated heterocycles with 5-15
ring members and 1-6 heteroatoms, which are

preferably N, O and S,
wherein the Ce.;4—aryl groups and the carbocyclic
and heterocyclic substituents in turn may
25 optionally be substituted one or more times by -Ci-
e—alkyl,
-OH, -NH,, -NHC,¢-alkyl, -N(C,.¢s-alkyl).,, -NO,, -CN,
-F, -Cl1l, -Br, -I, -0-C,4-alkyl, -S-C,¢-alkyl,
-S0;H, -S0,Ci¢-alkyl, -0S0,Ci¢-alkyl, -COOH,
30 -(CO)Cis-alkyl, -C0O0-C,.s—alkyl or/and -0(CO)Cis-
alkyl,
and wherein the alkyl groups on the carbocyclic
and heterocylic substituents in turn may
optionally be substituted one or more times by -
35 OH, -SH, -NH;,
-F, -Cl, -Br, -I, -SOs;H or/and -COOH,

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



-1, -0-Cl1.3-alkyl, -SCl. 3-alkyl, or/fand - CO C1_3 15 al kyl, and wherein
the al kyl substituents in turn nay optionally be substituted one or nore
times by -OH, -SH -NH2, -F, -d, -Br, -1, -SO38H, -SO3C1l-3- alkyl, -000H,
-C0Cl . 3-alkyl, -OC1_,-alkyl, -S-Cl1_3- o8 kyl or/and -0(CO)-Cl_3-al kyl, 20
or salts of the conpounds of formula 1. 2. A conpound as claimed in claiml
having an asynmme®’ s c Réar ®BR RonRTe tWEIOIesy it Fe RYEBPHRY 25 THAYID, L

mxtures, and in Wheredse &f Peddtirehétyr ehedsysuBbticueatBOmuditoe al so
t he di astereoneric A conpound as clainmed in claim1 or 2, wherein

f%&rrs. 3.
RZ 30 is hydrogeR &Y Rh A G oup. 4. A compound as claimed in one of
claims 1 to 3, WREramil RR’ =mall, B4 ideEnandalRs or - GHEf@FentA sndpaned as

clained in e of j 1 to. 4, rei_n.at least_gne of al is a
hal ogen atg’nm BOhS’Jg%I-o@%.n ‘A g:dffpg&\lg%qu :Iqu.’l rre%a’l n @an oTN}lc%lqéﬁ %gi@t'o 5
selected from N (¥ &.direRkydozl - oxPuyr i diCAL4- yiSPsH 1- (4505 Cie~alkyl,

fl uorobenzyl) - 7- hy @iy i N@Yg-3 YLLah\axyl dmvees -c, .—alkyl

N- (3, 5-di chl or o- | -gxopy'ri i n-A:?:LyGI > @(’4- T8 -C.e-alkyl,

chl or obenzyl ) - 7- hydnoxfilndoBr3- yil.gIRnyteamldée 130 -S-Cis-alkyl,
N‘(3:5'd'Ch|0r0'|=%%%&&ﬁ!@ﬂ*ﬁ?ﬁ@ﬁd#ﬂf(@herein the phenyl or pyridyl

chl or obenzyl) - 7- hydr oxyi ndol - 3-yl ] gl yoxyl am de )
N—(3,5-diCHIoro-ISﬁkﬁﬁQﬁqﬁqﬁﬁLﬁﬂ)tﬁﬁﬁ(@?ﬂ-OPtlonallY be substituted

di chl or obenzy! ) - hygeoxyi Bdele -ivldsyyoxd,aradeyls -OH, -SH, -NH,,

N3 PR or oo M Rl L OB ke 1y NG LR <Bok] o yoxvt am de

-S0,C,;-alkyl, -COOH, -COOC,;-alkyl, -F, -Cl, =-Br,
-I, -0-Cj;-alkyl, -S-C,s;-alkyl, or/and -0(CO)C;s-

15 alkyl, and wherein the alkyl substituents in turn
may optionally be substituted one or more times by
-OH, -SH, -NH,, -F, -Cl, -Br, -I, -SOsH, -S05C, ;-
alkyl, -COOH, -CO00C,s;-alkyl, -0-C,s-alkyl, -S-C,;-
alkyl or/and -0(CO)-C;,-alkyl,

20

or salts of the compounds of formula 1.

2. A compound as claimed in claim 1 having an
asymmetric carbon atom in the D form, the L form

25 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?

30 is hydrogen or a methyl group.

4. A compound as claimed in one of claims 1 to 3,
wherein R?® = -H, R* = H and R® = -OH.

355. A compound as claimed in one of claims 1 to 4,
wherein at least one of R®* and R’ is a halogen

atom.



20 fluorobenzyl) -4-hydroxyi ndol - 3-yl ] gl yoxyl am de

N- (3, 5-dichl oro-1-oxopyridin-4-yl)-[7-hydroxy-1I-

(3-nitrobenzyl)-indol -3-yl]gl yoxyl am de 25

N- (3, 5-di cgporo- | -oxopyridin-4-yl)-[ 7=hgdr oxy-1 -

(2-nitrobenzg|)-indol-3-yl]%lyoxylanide ] )

N- (3, 5-di chl Bro- | BoxHPRPHH- Sy| §laimed gn any of claims 1 to S

di f | uorobenzyl) - 7sbydeexni mdem=3-y!l ) gl yoxyl am de 30

N (3, 5-di chl oro-1| -oxopyridin-4-yl)-(7-hydroxy-I -

i sobut yl i ndol -3-yl)gl yoxyl am de

N- (3, 5-di chl or o- | NexBpgrddchlérp-l-pkopyelidihedyly1)351- (4-

met hyl - 7- hydr oxyi pdal - 3; yl o] ' . o .

N- (3, 5- di chPor o- | %%865?.‘% by ?%}?Fﬂ%y&pg%}_ pryllglyoxylamide

(4- hydr oxybenzyl)-indol -3-yl ] gl yoxyl am de - 31 -

N- (3, 5-di chl oro- 1| x;0%QpP¥L|s6| =¥y — shla(4Ay 11— (a-

fIuorobenzyl)-?-h?d?gkéiEggﬁ}éyél gy§g§§ﬁégﬁ§e4 yl)-[1-(4 .

N- ( 3, 5- di chl or o- | cBep9PraEKla-yIrhyAToxyingdol-3-yl]glyoxylamide

f | uor obenzyl ) - 6- hydr oxyi ndol - 3-yl ] gl yoxyl am de

N-(l-oxopyridin-4-y|%- 1- (2-chl orobenzyl)-6- hydroxyi ndol - 3-yl ] gl yoxyl am de

10 and phydPol ogi ¥al(By>rerLehapreq-darxeryrdddar4-yY1) aldofgound as clai med in

any of clainms 1 tenhBorsBkasyey-7-8fFiroxyindol-3-yl]lglyoxylamide

N- (3, 5-Di chloro-l-oxopyrldln-4-y|)-[1-(¥,6- 15

di f1 uor obenzyl ) - 7- hydr oxyi ndol - 3-yl ] gl yoxyl am de and physiologically

\t/vﬁl eLat ed salts tNer(BQB.—d8ch$oﬁbeﬁg@&obg&*ilﬂﬁ.ﬁpar—iyﬂg _QQWQPQIGLS of | forgul a ]}
ich conprises cqnverting N ridi.ne-4- 2Q i ndol - 3- A am des o

fornula 2 into th§l°§iaF8§SH§9E5(§¥8£86¥%¥8%%?§?¥?§thaﬁxﬂ%ﬁy e%Iyoxylam’des

of fornmulal8 by treatnent with an oxidizing agent, and liberating the

conpounds of  forfula_&, By ¢t hTh0aLLR9-31P79L 2§ L¥EpRRAYARY 22
hydroxyindol-3-yl]glyoxylamide

N-(3,5-dichloro-1-oxopyridin-4-yl)-[1-(4-
20 fluorobenzyl) -4-hydroxyindol-3-yl]glyoxylamide

N-(3,5-dichloro-1-oxopyridin-4-yl)-[7-hydroxy-1-
(3-nitrobenzyl)-indol-3-yl]glyoxylamide

25 N-(3,5-dichloro-1-oxopyridin-4-yl)-[7-hydroxy-1-
(2-nitrobenzyl)-indol-3-yl]glyoxylamide

N-(3,5-dichloro~1-oxopyridin-4-yl)-[1-(2,6-
difluorobenzyl)-7-hydroxyindol-3-yl]jglyoxylamide

30
N-(3,5-dichloro-1-oxopyridin-4-yl)-(7-hydroxy-1-
isobutylindol-3-yl)glyoxylamide
N-(3,5-dichloro-1-oxopyridin-4-yl) - (1-cyclopropyl-
35 methyl-7-hydroxyindol-3-yl)glyoxylamide

N-(3,5-dichloro-1-oxopyridin-4-yl)-[7-hydroxy-1-
(4-hydroxybenzyl)-indol-3-yl]lglyoxylamide



9. The process as clainmed in claim8, wherein a peracid, in particular

m chl or oper benzoic acid or/and peracetic acid, is used as oxidi zi ng agent.
3010. The use of the conpounds of forrmula 1 as clained in any of clains 1
to 6 as therapeutic active ingredientsgzfor- producing drug products for the
treatnment of disorders in which inhibition of phaosphodiesterase 4 is

t her apeutical | y b&Tefi-G-AichHnrorl-prenge G 1ha othdtfidy bfl¥ofdul a 1 as
claimed in any offlelodioBenkyilg -& -as ddwaaRfdl-G-aclligleyostyigimident s f or
produci ng drug products for the - 32 treatnent of disorders associated with
the effect of eosinophils. 12. The use of the conpounds of fornula 1 as
claimed 5 in anyNef(3glsaidishll dro-6 -ascapyeriabiawtd - lact [ ive(4ngredi ents for

produci ng diug pr for e ¢ ot _dj sar-dsr. ﬁﬁ%i ed with the
effect of r?eutrophhﬁl%ér%bfglfiﬂTﬁeh se 05 trht dglc?né’gdﬁglioo orrr%%a 1 as
claimed in any of clains 1 to 6 as therapeutic active ingredients for

produci ng drug pr%ciu(clt_%xfo _ygitﬁn_t4r_<§,ai't)rre[r1t_ @—&M%errogj’eq{%ﬁﬁr—aéi: ve di sorders.

1514. A drug product conprising one-or nore conpounds as ‘clainmed in any of
clains 1 to 6 in &ydiroxadnde l-covidmliverrallagiyds ol ogi cal |y tol erated
carriers and/or diluents and excipients. 2015. A process for producing a
drug product. as clained in_claim_14, which conprises qQne or_nbre conpounds

as cl ai med 1 any 280 Ohyis#elraisad Weitty shadess sad tsuitthe eivent i onal

pharmaceutical carriers and/or diluents and other excipients to
phar maceuti g 25 pr e8] Q"% °185hRE SRV SR, ot MAALLT T Y o
selected from:
N-(3,5-Dichloro-l1-oxopyridin-4-yl)-[1-(2,6-
15 difluorobenzyl)-7-hydroxyindol-3-yl]glyoxylamide
and physiologically tolerated salts thereof.

8. A process for preparing compounds of formula 1,
which comprises converting N-(pyridine-4-yl) -~
20 indol-3-ylglyoxylamides of formula 2 into the
analogous N-(l-oxopyridin-4-yl)~-indol-3~
ylglyoxylamides of formula 1 by treatment with an
oxidizing agent, and liberating the compounds of
formula 1 by eliminating a protective group.
25
9. The process as claimed in claim 8, wherein a
peracid, in particular m-chloroperbenzoic acid

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

3010. The use of the compounds of formula 1 as claimed
in any of claims 1 to 6 as therapeutic active
ingredients for producing drug products for the
treatment of disorders in which inhibition of
phosphodiesterase 4 is therapeutically beneficial.

35

11. The use of the compounds of formula 1 as claimed
in any of claims 1 to 6 as therapeutic active

ingredients for producing drug products for the



can be used therapeutically. 16. The use of conpounds of the general
1 as clainmed in any of clains 1 to 6 and/or of drug 30 products as cl ai ned
in claim14 alone or in conbination with one another or in conbination

wi th other active pharmaceutical ingredgents.

12.

1013.

1514.

2015.

25

16.

30

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 6 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 6 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 any of claims 1 to 6 in addition to
conventional physiologically tolerated carriers

and/or diluents and excipients.

A process for producing a drug product as claimed
in claim 14, which comprises one or more compounds
as claimed in any of claims 1 to 6 being processed
with conventional pharmaceutical carriers and/or
diluents and other excipients to pharmaceutical
preparations, or being 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 6 and/or of drug
products as claimed in claim 14 alone or in
combination with one another or in combination

with other active pharmaceutical ingredients.

fornmul a



