5- Hydr oxyi ndol es with N-oxide groups and the use thereof as therapeutic
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Activation of cell membrane receptors by transmitters
leads to activation of the second messenger system.
Adenylate cyclase synthesizes the active cyclic 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
inhibitijon of mediator release and 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, cGMP or both) and the
dependence on other substrates (e.g. calmodulin). These
isoenzymes have different functions in the body and are
30pronounced 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, 1.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 cGMP in cells, which can be utilized
therépeutically (Torphy, T.J., Livi, G.P., Christensen,
S.B. Novel Phosphodiesterase Inhibitors for the Therapy



of cAMP or cGW in cells, which can be utilized therapeutically (Torphy,
T.J., Livi, GP., Christensen, S.B. Novel Phosphodi esterase Inhibitors for
the Therapy -2 of Asthma, Drug News and Perspectives 1993, 6:203-214). The
predom nant PDE-i soenzyne in cells inportant for allergic inflammations
(l'ynphocytes, mast cells, 5eosinophil ic 2 granul ocytes, macrophages) is that
of type 4 (¥ pthea, DraqdveRgeandBredspePhasplodivest,ersa3-inhibj tors:
new opportunities for the treatnent of asthma. Thorax 1991, 46:512-523).
Inhibition of PDE 4 by suitable inhibitors is therefore regarded as an
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15An important property of phosphodiesterase 4 inhibitors
is inhibition of the release of tumor necrosis factor o
(TNFo) from inflammatory cells. TNF® is an important
proinflammatory cytokine which influences a 1large
number of biological processes. TNFQ is released for

20example 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,
eosinophils, fibroblasts and endothelial cells, whereby

25various tissue-damaging mediators are released. The
effect of TNFa in monocytes, macrophages and T
lymphocytes is increased production of further
proinflammatory cytokines such as GM-CSF (granulocyte-
macrophage colony-stimulating factor) or interleukin-8.

300wing to its proinflammatory and catabolic effect, TNFo
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

35disorders. Thus, phosphodiesterase 4 inhibitors are
likewise suitable for the therapy of such disorders
associated with TNFa.

Chronic obstructive pulmonary diseases (COPD) are



i nfl anmati ons of the joints, endotoxic shock, tissue rejections, AIDS and
many ot her i nmunol ogi cal 35di sorders. Thus, phosphodi esterase 4 inhibitors
are |ikew se suitable for the therapy of such disorders associated with
TNFa. Chronic obstructive pul nonary di seases (COPD) are - 3 w despread in
t he popul ati on and al so have great econbri ¢ | nportance. Thus, COPD
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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
definitions, Epidemiology, and factors influencing its
development. Chest, 113 (4) Suppl., 2355S-241S, 1998).
There is a steady decline in lung function during the
disorder, the lung becomes increasingly emphysematous,
and the patients' breathing difficulty becomes obvious.
This disorder markedly impairs the patients' quality of
life (shortness of breath, low exercise tolerance) and
significantly shortens their life 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
development. Chest, 113 (4) Suppl., 235S-241S, 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.

Current therapy aims only at alleviating the symptoms
without affecting the causes of the progression of the
disorder. The use of long-acting beta2 agonists (e.g.



(5), 299-302, 1994; Rennard, S. |.: COPD: Overview of definitions,
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the bronchi and js gdompnated by neutroptili g oranloiss to  the
continuous decline in lung function. New therapeutic
15approaches 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-
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
25granulocytes are thought inter alia to be responsible
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
30COPD (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 TNFa stimulates the
formation of oxygen free radicals by neutrophilic
35granulocytes (Jersmann, H.P.A.; Rathjen, D.A. and
Ferrante, A.: Enhancement of LPS~-induced neutrophil
oxygen radical production by TNFa, Infection and
Immunity, 4, 1744-1747, 1998). PDE4 inhibitors are able
to inhibit very effectively the release of TNFa from a



The nedi ators and enzynes rel eased by neutrophilic 25granul ocytes are
thought inter alia to be responsible for the observed structural changes in
the respiratory tract (enphysema). Inhibition of the activity of
neutrophilic granul ocytes is thus a rational approach to the prevention or
sl owi ng dowd of the progression of 3000PB {deterioration in paraneters of
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éea

i nhi bitors have: "al’r been di scl osed. These are primarily xanthine
derivatives, rolipram analogs or nitraquazone derivatives (reviewin:
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analogs or nitraquazone derivatives (review in:

15Karlsson, 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
clinically. It was unavoidably found that the known

20PDE4 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 1inhibitors with
improved therapeutic index.

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

30commercially available indole, were converted by
reaction with oxalyl halides into indol-3-ylglyoxyl
halides which subsequently afford, by reaction with
ammonia or with primary or secondary amines, the
corresponding indol-3-ylglyoxylamides. (Scheme 1)

35



clinically. It was unavoidably found that the known 20PDE4 inhibitors al so
have various side effects, such as nausea and enesis, which it has not to
date been possible to suppress adequately. It is therefore necessary to

di scover novel PDE4 inhibitors with inpgoved therapeutic index. 25

I ndol - 3-yl gl yoxyl am des and processes for preparing them have already been
descri bed sewahsmet ires. In all cases, indoles unsubstituted in position 3,
whi ch are synthesized by substitution in position 1 of a 30comrercially
avai l abl e indole, were converted by reaction with oxalyl halides into

i ndol - 3-yl gl yoxyl halides which subsequentlyjafford, by reactd on¥bith
ammonia or with primary or secondary am nes,
i ndol - 3-yl gl yoxy| agi_desgLy( 8&h 1) c8f -F6AS effe iz X=R9
patents 2, 825, 734 ®» 3,188, esc+i-be 3

whi ch are prepared”by theg depi ctgd\#FT™Schene 1. Fhesé

used as internediates;for pr eparigig i ndol e derkvati ves produced by
reductions. US patent 3,642,803 also 10 describes indol-3-ylglyoxylam des.
The preparation of 5-nethoxyi ndol - 3xyhadggoxyl am des 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-ylglyoxyl
chloride i cte it i ng. ition, WS t. 6,

descri bes i?lsg?)]l%-%s'- 31%1 %%?ngndeg’ngdaggocéggesgf'&%p’féel&arién)ég)&f%g%? Once
20 agai n, thwardaessi ohndedps-yddlyonyilemddesdephickd dae prepared by

the manner depicted in Scheme ‘1. These compounds were

5%Thus, US
yoxyl am des

used as intermediateé~f6r 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-ylglyoxyl 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 use as

therapeutic agents.

4- and 7-Hydroxyindole derivatives, their preparation



Scheme 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 as PDE4 inhibitors were described for the first tinme in patent
application DE 198 18 964 Al . 7-Azaindol -3-yl gl yoxyl am des are di scl osed as
PDE4 30 inhibitors in patent applicatiiof DE 100 53 275 A, which also
describes theifg prapar ald oppaad Us@ids todier apeut 99:0@@%%8- i4 gBdent

7- Hydr oxyi ndol e derivatives, their preparation - and use as PDE4

i nhi bitors ard@Ridsedi FEpLbéne3 g’ﬁﬁl‘?cati on DE 102 53 426.8. The

invention relates to substituted hydroxyindoles of 5the general formula 1

1) wherein 1.OR . (i) is _-C,_10-al ky] L ght - chai branched- chain,
opt i ongl 1y i BPVEBEjeloaen 1y SbbRLIRLEEN g Moy NG s GE 1

-N(d _6 -al lbihe ,genat#®l fdrmuya,1-N(C6_, 4-aryl),, -N(C, _6-alkyl) (C -,, 15
aryl) , -NO&, -CN, -F, -d, -Br, -I, -0-C,_6- alkyl, -OC6_, 4-aryl,
-S-C _6-alkyl, -SC6_,4-aryl, -SBH, -SO C, _6-al kyl, -SQ2C6_, 4-aryl,
-0sO, C,_6- alkyl, -0sO C6_"-aryl, -000H, -(CO)C,R_45- al kyl, -COO C, _5-al kyl,

- COC, _5-al kyl, by nono-, bi 20 or ﬁzicyc f at ywated or nono- or

pol yunsat urated carbocycles with 3-14 "N n me rs or/and by nono-, bi- or
tricyclic saturated or nmono- or pglyungat unat het erocycles with 5-15
ring menbers and 1-6 25 het eroatons ch aregpreferably N, 0 and S,

R 4 0
N
N (1)
wherein
10R!?
(i) is -C,.,p—alkyl, straight-chain or branched-

chain, optionally mono- or polysubstituted by
-OH, -SH, -NH,, -NHC, (-alkyl, -N(C,¢-alkyl),,
—-NHC¢.,,—aryl, -N(Cq.i,—aryl),, -N(C,¢—alkyl) (Ce.14-

15 aryl), -NO,, -CN, -F, -Cl, -Br, -I, -0-C,.-
alkyl, -0-C¢.,,~aryl, -S-C,-alkyl, -S-C,_,,~aryl,
_SO3H y _SOZCI__G'—alkyl y —'SOZCG_14_aryl y _OSOZC]__G'—

alkyl, -080,C¢.,—aryl, -COOH, - (CO)C, s-alkvl,
-CO00-C,_s—alkyl, -0(CO)C,.s-alkyl, by mono-, bi-
20 or tricyclic saturated or mono- or
polyunsaturated carbocycles with 3-14 ring
members or/and by mono-, bi- or tricyclic
saturated or mono- or polyunsaturated
heterocycles with 5-15 ring members and 1-6
25 heteroatoms, which are preferably N, 0 and S,
where the Ci,-aryl groups and the carbocyclic
and heterocyclic substituents in turn may
optionally be substituted one or more times by
-C,¢—alkyl, -OH, =NH,, =-NHC, -alkyl, -N(C,..-
30 alkyl),, -NO,, -CN, -F, -Cl, -Br, -I, -0-C, .-
alkyl, -S-C,-alkyl, -SO;H, -SO0,C,.¢—alkyl,
-0S0,C,¢—alkyl, -COOH, = (CO)C,s-alkyl, =-COO-C, -



where the C6_14-aryl groups and the carbocycl ec and heterocyclic

substituents in turn may optionally be substituted one or nore tinmes by

-C, _6-alkyl, -OH, -NH2, -NHC, _s alkyl, -N(C -6 30 alkyl)2, -N®, -CN, -F,

-d, -Br, -I, -OC, _6- alkyl, -S-C _6-alkyl, -SGH, -S02C, _6- alkyl,

-0S02C, _6-alkyl, -COON, -(COC, 5-alkyl; 8c00-C1_5 - 8 alkyl or/and
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“N(O_6-al kyl)Z, - NH%ER%‘-‘?&FV\E?E 9&?08%1&‘9§Fy|t)1“‘25 By doipg,_ a% ).
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-S-d _6-alkyl, -S-C6_14-aryl, -SBH, -SOzd _6-al kyl, -SQzC6_14-aryl,

-0sQzd _6-al kyl, 15 -0OsQzC6_14-aryl, -COON, -(CO Cl_5-al kyl, -COOd _5-

al kyl, -Q(CO@GLL%-al ki, b¥.npretkeryl, or monoi-cycdr ¢ palynaseduartmiho- or

pol yunsaturated carb w.ih:3-1 [ S nd . -pe, DI -7 Or

tricyclic saturated d?gﬁ%%gﬁtgéﬁgbﬁpo#§ﬁnggﬁggggg% %@%é&bcyc §§Q§#$H4§_15

ring menbers and 1- 6némoeront patyswhsthtated pyef-@fablySHN, NEBnd S, wherein

the C6_14- | groups_ tig1ffqbosﬁ@&ic_aﬁwglpeteﬁ@ﬁyglLgr§%Pstituents in
y 16_6$USI 1-6 2y 1 V>

turn may 25 optionall tut'ed 6he or  not'e times b 1 6-al kyl,
-OH, -NHZ, -NHO _6- al R (Ce-siNECY 182, al KN (G -e—aNBRY 1)- (@4 14=FLY1Y, - BNO2» | |
-0 Cl_6- -CN, -F, -Cl, -Br, -I, =-0-Ci¢-alkyl, -0-Cq. 4~
aryl, -S-C,.¢~alkyl, -S-Cq¢,4—aryl, -SO;H,
-S0,C, ¢—alkyl, -S0,Ce.,4,—aryl, -0S0,C, —alkyl,
15 -0S0,C¢-14—aryl, —COOH, =-(CO)Cis-alkyl, -COO-C,_s—
alkyl, -0 (C0O)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
20 polyunsaturated heterocycles with 5-15 ring
members and 1-6 heteroatoms, which are

preferably N, O and S,
wherein the Cq.i,—aryl groups and the carbocyclic
and heterocyclic substituents in turn may
25 optionally be substituted one or more times by
-C,¢—alkyl, =-OH, =~NH,, =-NHC;¢-alkyl, =N(Cj-¢—
alkyl),, -~NO,, -CN, -F, -Cl, -Br, ~I, -0-C,¢
alkyl, -S-C,¢—-alkyl, -SO;H, -S0,C,.¢~alkyl,
-080,C;.¢—alkyl, -COOH, -(CO)C,s—alkyl, -0(CO)
30 C:.s—alkyl or/and -CO0-C,.s—alkyl,
and wherein the alkyl groups on the carbocyclic
and heterocyclic substituents in turn may
optionally be substituted one or more times by
-OH, -SH, -NH,, -F, -Cl, -Br, -I, -SO;H or/and
35 -COOH,

R? is hydrogen or -C;;—alkyl,
R?® is a hydroxyl group



al kyl, -S-Cl1_6-alkyl, -SO3H, -S0zZCl_6-al kyl, -0SQzCl_6-al kyl, -000H,
-(Q0)C1_5-alkyl, -O(CO 30 Cl1L_5-alkyl or/and -COO Cl1_5-al kyl, and wherein
the al kyl groups on the carbocyclic and heterocyclic substituents in turn
may optionally be substituted one or nore tinmes by -OH, -SH, -NHZ, -F,
-d, -Br, -1, -SBH or/and 35 -COON, RZ 9s hydrogen or -Cl _3-alkyl, R3is

a hydroxyl grupmd Qas R4yane Eaemd%g igledi SRpd réxit déﬁ(ﬁeé?ét and are
hydr ogen, -C aI k - NH2 NHCl 6-al kyI al kyl) 2,

-NC2, -CN, - 1673 ?y‘r JCOEiHei NHCyeTa ety
-(CO-C, _5- a'l'rkw::b-s"ﬂkynzy -80Q, ,- | CNO 56D, 8; al-4of,- C:-$-&1k %13l ladQOH phenyl
or -pyridyl, v e hen yr| ubs tu S i tur ma
optionally be% ¢i fu%ﬂfiyghe ér(c%r 1P fre gﬂ{ gl’ G&F al kKyT C][J-]'i - - NH2,
-NHC, _3-al ky3Ga.- e-N(ICRYBr aI-lSy-IC)lz, alk@d,, €I&|henﬂz@ SOB8H, 12*3801313&1 3- arlhle,deln 000H,
- COQOCL. , - al ky, 1 1 | k or/
atlfhk V\/nerer n # K g Ezyl_ sé%gktueﬁ{g i ’%rn w2

O(CO)C13 stituents in turn
optional ly b@malbtfed)a)néubﬁtmﬁneeﬁr neRe hypr- GﬂpreSHlmqﬂ-IZbY F CrGt, -Br,
-1, 15-SGBH, 4 ) I kyl, -000H, -COCC, ,-alkyl, -OCl1_3-alkyl,
-S-Cl_3-al kyl or/and -o }&‘Cl 3-al kyl . Preferred corrpounds of the formula 1
are those in W chr N, iV oplikydal (9N Cubstalknlod » CtNO:z al kKGN r esi due,

20parti cul ardysdief erqnty., aaﬂyiesr.égg;{ V\ﬂ—tbo@1 ¥8hk91 substiLigent. The
cyclic substrtuents are (ﬁrefera y. -cycl kyl groups ‘or C5.5-aryl or

het eroaryl re&HueIuhi th tay "’h%lﬁélat Segsﬁ érlreyéubs‘ﬂf%%‘ﬁt G F rom
hal ogen, i.e.atdyl; Cand- Bfh&dfeid , th@Halkyl substituents in turn may

optionally be substituted one or more times by -OH,
-SH, -NH,, -F, -Cl1, -Br, -I,

15-S0;H, -S0,C,;~alkyl, -COOH, -COOC,;-alkyl, -0-C,;~alkyl,
-5-C, 3—alkyl or/and -0(CO)-C,;-alkyl.

Preferred compounds of the formula 1 are those in which
R!* is an optionally substituted C,;,-alkyl residue,

20particularly preferably a C; residue, with a cyclic
substituent. The cyclic substituents are preferably
Css—cycloalkyl groups or Cse—aryl or heteroaryl residue
which may have at least one substituent selected from
halogen, i.e. -F, -Cl, -Br or -I, -OH,

25-NO,, -CN and -CF,.

Of the compounds of formula 1 the invention preferably
relates to those compounds in which R? is hydrogen or a
methyl group.
30
Of the compounds of formula 1 the invention preferably
relates to those compounds in which at least one of R*
or R®* is a halogen atom. R* and R®* are preferably
partiularly halogen atoms. The compounds mentioned in
35the experimental examples are also particularly

preferred.

The invention further relates to ©physiologically
tolerated salts of the compounds of formula 1.



25-NO21 -CN and -CF3. O the conpounds of forrmula 1 the invention preferably
relates to those conpounds in which Rz is hydrogen or a nethyl group. 30 O
t he conpounds of forrmula 1 the invention preferably relates to those
conmpounds in which at |least one of R or R5 is a halogen atom R and R5
are preferaffy partiularly hal ogen atom80 Fhe conpounds mentioned in 35t he
experinental exanples are also particularly preferred. The invention
further relates to physiologically tolerated salts of the conpounds of
formula 1. THEh®hPEYELEdiogdqal kol kpheEatedl st ldrs dptaid@ined in a
conventi onal &yt Penhlal vzdyng bﬁe Rasasrau {4 ng NOkGaN ChAEeOr J¥iith aci ds
or by neutraljzing the acids 5w th i.norgani.c or or | c. bases. Exgnpl es of
sui table | noHEFARNLE| BE REGARIGr GG 1T &Y PeRLFFhtFLRaC ERe hori ¢
aci d or hydr&pittri €nacigéniandoeXaiplatd cofbasels | abBkampleani ¢f asud adle
carboxylic or, sulfonic _acids, sucgﬁgf a g%ic.acid.dtartaﬁéc acid,ihgctic
aci d, 10pr opi LI, AGiHfol REC aliYE T GriHSHi € a8Fd 9 el BT 3% 8Sfunmari ¢
acid, tannic ploosphsuici ricidicod, laydpobromaci decienzand atapples of

2- phenoxybenzgi c L d, 2- 0X Oi cid ' | ¢ aci.d, el.ic acid,
citric acid, %ﬁﬁ%g%%i d,gr‘s’%ﬁ?%yl%?ﬁ% d%% 15%%%%52%%@% aggg,%%élslccorbi c
aci d, enboni aaidsl, swutbotbniaceidicd adishnitanttanic aa¢id, okattécaecdd,ani no
aci ds, nethﬁﬁﬁg | ' et%Fygﬁ?g ony & fAcCi = shydr, th | foni c
acid, ethane- 1,‘%% s% fg‘%:gdhqi , enftzenraecgu f oﬂfla(:l%élcﬁ%, 2R ﬁ%ﬁ%‘%c

4- met hyl benzearksd f Swperiei acdd, 2Gaapichaaith, Suetinht cagifld. afgdmiices of
sui table inofgadi ¢ bsRsScaEe S%QHHH‘h%@ﬁ%MéHbéyﬁéﬂiéib Patags! ump ..

hydr oxi de sol uti on, amonia, and suitable ™ ) ] )
acetoxybenzoic acid, cinnamic acid, mandelic acid,

citric acid, malic acid, salicylic acid, 3-
15aminosalicylic acid, ascorbic acid, embonic acid,
nicotinic 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
20naphthalene-2-sulfonic acid. Examples of suitable
inorganic bases are sodium hydroxide solution,
potassium hydroxide solution, ammonia, and suitable
organic bases are amines, but preferably tertiary

amines such as trimethylamine, triethylamine, pyridine,

25N,N-dimethylaniline, quinoline, isoquinoline, o
picoline, B-picoline, Y-picoline, quinaldine or
pyrimidine.

Physiologically tolerated salts of the compounds of

30formula 1 can additionally be obtained by converting
derivatives having tertiary amino groups in a manner
known per se with quaternizing agents into the
corresponding quaternary ammonium salts. Examples of
suitable quaternizing agents are alkyl halides such as

35methyl iodide, ethyl bromide and n-propyl chloride, but
also arylalkyl halides such as benzyl chloride or 2-
phenylethyl bromide.

The invention further relates to the D form, the L form



organi c bases are am nes, but preferably tertiary am nes such as
trimethylam ne, triethylam ne, pyridine, 25N, N-dinethylaniline, quinoline,

i soqui noline, a- picoline, ]i-picoline, y-picoline, quinaldine or

pyri m dine. Physiologically tolerated salts of the conpounds of 30fornula 1
can additionaliy be obtained by conveértihg derivatives having tertiary am no
groups in agmnelL kAWMuRe S WohmbpoUhdiserdw ZtRe AUHHiSld NGO WHikh
correspondin uaternaéé;annoniun1sa ts. EFaanesdot %Hitabre %éﬂternizing
agents are SORH2YTHATHSS TG LAC LRV Y| 2+t dBNd et Ry FR6r 5R5&e %A n- propy!
chl oride, bplluraldavar\ydfal ladynredtirdes sweotbcas latmmd, cldlea deccor the

h | et hyl 1 de. The | ' I . the L f
P ana’ pAt R Beont i chethe e bpb RSt BT POl Lo e,

- 11 and D Xtures o
asynmret ri ¢ Scanf@inat asympetria cheboaseatdma apunsduadlof rasyitretas ¢ car bon
atoms, al solachixtedll 85heHRPTEELErARRHS {AUTPOHRAS: Of 1 40P § OBl whi ch
5contain asymretric carbon atons and usual y result ‘as racemates can be
separ at ed | ASOMETE okt | aMRRNSEt (KROWY sBREr §€) n TR TmeRIP I@ oW tBe@se, for
exanpl e witpan caanti Gatd wachive. agbodevEREVRr ,id talso aps9spBIai ke tO

enpl oy an optically active si rtln%,substance fromthe 10outset, in which
case a corr SRR R oPPFEER :?Yaé‘Fi G e @rta(ﬁfdﬁger%‘b?r%ﬂ‘?’&c%o%ﬁeﬁnd:hes

obt ai ned d9ohitaat, pirodwieich Thaseorpabitise foridieng nupbitablpavetieen found
to have 15pharg€colﬁéicall | mpor t ant ropertigg whi ch can be ytilized in

Ny
t her apy. Th&Tconpbim r%?m?%T"ﬁul SOPPOM%e 12 mpPEYEd & one®S i nTd8%i nat i on
W th one anetrodmucdar. in conbination wth other active ingredients. 20The
conpounds of the invention are inhibitors of
The compounds of the invention have been found to have
15pharmacologically important properties which can be
utilized in therapy. The compounds of formula 1 can be
employed alone, in combination with one another or in

combination with other active ingredients.

20The 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
thereof, and pharmaceutical preparations which comprise
these compounds or salts thereof, can be used for the
25treatment of disorders in which inhibition of

phosphodiesterase 4 is beneficial.

These disorders include, for example, inflammations of
joints, including arthritis and rheumatoid arthritis,
30and other arthritic disorders such as rheumatoid
spondylitis and osteoarthritis. Further possible uses
are the treatment of patients suffering from
osteoporosis, sepsis, septic shock, Gram-negative
sepsis, toxic shock syndrome, respiratory distress
35syndrome, asthma or other chronic pulmonary disorders,
bone resorption disorders or transplant rejection
reactions or other autoimmune diseases such as lupus
erythematosus, multiple sclerosis, glomerulonephritis

and uveitis, insulin-dependent diabetes mellitus and



phosphodi esterase 4. It is therefore an aspect of this invention that the
conpounds of fornmula 1 and the salts thereof, and pharnaceuti cal
preparations which conprise these conmpounds or salts thereof, can be used
for the 25treatnent of disorders in which inhibition of phosphodiesterase 4
is beneficial. These disorders include; $dr—exanple, inflanmmtions of
joints, inclyd{/sha tdeddd Bidpdafhgynmatoid arthritis, 30and other arthritic
di sorders sugﬁias ?%eunﬁ%&?ﬁéps%ondylitis and osteoarthritis. Further
possible uses are the treatnment of patients suffering from osteoporosis,
sepsis, sept gqléh%p??eﬁ% negat iche h&ﬁﬂéh&iohoxeaﬂsh@a&xiﬁyfaﬁagr_@, be
respiratory distress syndrone, ~asthma or qt her chroni c pul nonar
di sorders, tﬁﬂ%lqyeeé%r%fjgorﬂb‘? s&PEEARYorO réﬁgﬁfz&ﬁf’nrsej%‘&g?or‘?s r‘éiE?#ons or
ot her aut oi BHfRedlisaaseanducpaasasitpus iefydhbsms psEr Mekbimplle s€ber osi s,
gl omer ul onephritis,, and uvei tfj s,mi gsul I n- dci%ersl ent .di_abet es; rrgl (I:st us_and -
12 chronic eIF%?E%?YonP The™% %5%ﬁhds &Pt i on ﬁaptionally
be enpl oyed dedratidik fdreenpy iof eicifiert-reiatad mascler phingi MERS i end and
parasitic infectiqns, fQr.ex B of malaria,
| ei shmani asi sc,ac'{hn st oar{l-d re an;?oéelg %gi/%lr:i;ﬂl?n%g%{’?g#fel ated nuscle pain, Al DS
and cachexia, and of non-allergic rhinitis. 10The conpounds of the
i nvention Cgyyyld | d rs her thXB rol i t]
di sorders, | nﬂép?&?@@%&;fs gifc%fﬁge%rsl%gﬁgr&ggxg% gl or @t;eg %e@%%@ !5%5?
mel anomas, ofthsr eashecapyer , ofunghypecprolbbéechtévacerdisgkdarsanceinand of
| eukem as. 13 ,The SAMMOUBES ol ddies | NFEP! ERAmBAR HAO0 PReCTBBS, aSF
bronchodilatg?g and for the treatnent of asth%a e.g. ©

melanomas, of breast cancer, lung cancer, bowel cancer,

skin cancer and of leukemias.

15
The compounds of the invention can also be employed as
bronchodilators and for the treatment of asthma, e.g.

for asthma prophylaxis.

20The compounds of formula 1 are in addition inhibitors
of 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,

25inflammatory respiratory tract disorders such as

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

eosinophilic fasciitis, eosinophilic pneumonia and PIE
30syndrome (pulmonary infiltration with eosinophilia),
urticaria,  ulcerative colitis, Crohn's disease and
proliferative skin disorders such as psoriasis or

keratosis.

351t is an aspect of this invention that the compounds of
formula 1 and salts thereof are also able to inhibit
LPS-induced pulmonary neutrophilic infiltration in rats
in vivo. The pharmacologically significant properties

which have been found prove that the compounds of



for asthma prophyl axis. 20The conpounds of fornula 1 are in addition

i nhibitors of the accumul ation of eosinophils and the activity thereof.
Accordi ngly, the conpounds of the invention can also be enployed for

di sorders in which eosinophils are inyo# ed. These disorders include, for
exanpl e, 25inflammtory respiratory tracti di sorders such as bronchi al

ast hma, all erfgpmrula ni i s,amd | esgilds cobheceo¥iti sandat opherdecesattiiiciad,

eczemas, all | Anglid i : [ I edi [ I, 0 S
eosi nophi | i cﬂ%s%ﬁ i s,ﬁéeogﬁhnlop [ P?’g‘ggﬁgt%em%lﬁlgggnﬁ#%%ngjﬁon%% t%ism)nary
infiltrationtlia®e®bsi n6phi | LD, vtilizadi athgrepeatiivaldsl i t for ozgn% s

di sease and y¥Hideiatdrecskbnidi §85€enetsveh paimBsarhadiscisekerat osis.
351t is an gfpect of this invention that the conpounds of formula 1 and

salts thereot are also able to inhibit LPS-induced pul nonary neutrophilic

infiltrationdhHe r a¢émpbiindkVoofThetipdar iacehedonal laddiiviaTept paoRerties
whi ch have been foun rove that the conpounds of -.13 foryula 1 d salts
thereof, and JHHIRELRTEHY® FRTELSRs I cFFbNRS sélsﬁ‘#;gg%fon%g&nds or
salts thereahersy beofiit i |dizeshsder ajeut iwlaitly f aecuduprdreasiimnt ds

chroni c obstructiyve pul nonar | seases. The c ounds_ of _the invention
addi tional | yb}’? e l%le%ir bpp%lﬁ%%g#(\g/g p(ragper%tuicéls éf\lcr%oocrad.'nerbse used stntlEee
therapy of Ididseeegesia n whiXlelsimept st ectdbsease) benef memaky Exadplses of
such di sorders, a1;6 SGvd e 10denpntl a (A'&Qﬁfé@é'iénf“ _Seaé{?}okEE”DFya @ss,
Par ki nson's disease, depression, sttokes and Tntefmttent claudicatlon.
Furt her possilfitengidsternit tgkaedhpatihds-of the invention

Further possible uses of the compounds of the invention
15are the prophylaxis and therapy of prostate disorders
such 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.
20
Finally, the compounds of the invention can likewise be
used to inhibit the development of drug dependence on
repeated wuse of analgesics such as, for example,
morphine, and to reduce the development of tolerance on

25repeated use of these analgesics.

The drug products are produced by using an effective
dose of the compounds of the invention or salts
thereof, in addition to conventional adjuvants,

30carriers and additives. The dosage of the active
ingredients may vary depending on the route of
administration, age and weight of the patient, nature
and severity of the disorders to be treated and similar
factors. The daily dose may be givén as a single dose

35to be administered once a day, or divided into 2 or
more daily doses, and is usually 0.001-100 mg. Daily
dosages of 0.1-50 mg are ©particularly preferably
administered.



15are the prophylaxis and therapy of prostate disorders such as, for
exanpl e, benign prostate hyperplasia, pollakisuria, nocturia, and the
treatment of incontinence, of colic induced by urinary calculi, and of
mal e and fenal e sexual dysfunctions. 20 Finally, the conpounds of t he

i nvention can |ikew se be used to inhirbil# the developnent of drug

dependence 0N Lgpeabedotisesgh ANahaLSLERGHICH dFara@UAP! Gop AP ne.

and to reduce t 95 of tolerance on 5rep eat use of t hese
anal gesi cs. Thehala§ipraducard addYsmaceld ByeaeirﬁgleﬁlSef%et Sl tafpke of

t he Corrpoundsaef e i A101b0r  §akhs  tivpieail, | NiAHElBE®BnkQ and
conventi onal {uvants 30carriers, and ad tlves The dosage of the active

i ngredients MR CHARFSBpe R FRATHEIPRS 1 o ofhe 5 FOMPOURAS onOfagdhfhd

wei ght of thgipaéheibn nat la!’r% ancbaewmularw th6pdef@li:dbll§/ to hgsdd eated

and simlar actor% he B$ dose ﬂa 2 ven_ as g single dqge 35t o0 be

adnmi ni st ered OAR%EREHRPaL,, %Fﬁ%ﬁeP %%a or r%%ﬁ% FutPY dosteS P andS s

usual ly 0.001tdblety, Deiated deddgass ofcdpdubdsnydaspepanbileulpovders,

preferably | red. al ral, nou tr r mal
! | nhgga DL$LE C?qu:ﬁ ud Eﬁ%%h@ c};} St %Fe g},’sﬁ‘{ﬁ

t opi cal , tionar Hhasal preparaflons re suita
adninistratloﬂU$Den$1¢prcaNFuPnhénﬁwtyﬂﬂSaﬂﬂjdnanzﬂnﬁnﬂSQdeparations of

t he conpoun?g of the 5invention are particularly preferably used.
Conventional pharmaceutical presentations such as tablets, coated tablets,
capsul es, di spetidpl&rypwdamEls FaynuFeSPrigeeoiResh dnaredienf@odndr oily

suspensi ons, éﬂfHPer§0|§hbﬁnsd§'(“EH¥5E%£%m§f@ 18alcium carbonate,
calcium phosphate, sodium phosphate, lactose, starch,

mannitol, alginates, gelatin, guar gum, magnesium

15stearate or aluminum stearate, methylcellulose, talc,

colloidal silicas, silicone o0il, higher 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);
20preparations suitable for oral administration may, if

desired, comprise additional flavorings and/or

sweeteners.

Liquid drug forms can be =sterilized and/or where

25appropriate comprise excipients such as preservatives,
stabilizers, wetting agents, penetrants, emulsifiers,
spreading agents, solubilizers, salts, sugars or sugar
alcohols +to control +the osmotic pressure or for
buffering and/or viscosity regulators.

30
Examples of such additives are tartrate buffer and
citrate buffer, ethanol, complexing agents (such as
ethylenediaminetetraacetic acid and its non-toxic
salts). Suitable for controling the viscosity are high

35molecular weight polymers such as, for example, liquid
polyethylene oxide, microcrystalline celluloses,
carboxymethylcelluloses, polyvinylpyrrolidones,
dextrans or gelatin. Examples of solid carriers are

starch, lactose, mannitol, methylcellulose, talc,



Solid drug forns may conprise inert ingredients and carriers such as, for
exanpl e, cal cium carbonate, cal cium phosphate, sodi um phosphate, |actose,

starch, mannitol, alginates, gelatin, guar gum nagnhesi um 15stearate or

al um num stearate, nethylcellulose, talc, <colloidal silicas, silicone oil,
hi gher nol etul ar  wei ght fatty acids (suéh as stearic acid), agar-agar or

veget abl e Oréﬁliﬁﬂdiﬁt§1iﬂéd@|5h1§ﬁ&fdm3lgéuﬂ9£eW@thtWE&G@? ReliyEer s
(such as polyet hyl ene glycol); 20preparations suitabl ora

adni ni strati off4Rly, a5 steaTi&, ri s @ed@diti- on&P3F RIS 'ng§2AFAMEY

sweet eners. liKpEpgh4ltalg fr@é@ﬁe@ﬁﬂmbesﬁééf:a{:eZedaﬁﬂiﬂé(ﬂr whar evedoappnepri ate

conpri se excipients such. a preser atlves stabilizer wettin gents,
penetrants, B f |Sé3rlis1 é WEGE | Pf’j'ry?erssal tsg“ %su G&rs or

sugar al cofﬁ;ial;t@thplém@lglineobsrmtlc pr essure or for buffering and/ or
viscosity regulators. 30 Exanples of such additives are tartrate buffer and
citrate buffer, ethanol, conplexing agents (such as

et hyl enedi am(ictet sagpens tonsi ioa:ntpaltsntml ox¥ c togdiced) .usks t méy e beor

control i ng thﬁeod’é%%k?fét%gfliﬁelﬂkghﬁ@éﬁf h J[ h‘b:.ﬁ%'y 1? gycheay. for

exanpl e, |iqui ene oxi mcrocrystalline cel oses,
car boxynet hyIQ?@mRﬂ%seélQBéﬂy\ﬁmybbeﬁl gsitess viiekd r 4Rs ecﬁCI'ge¢%1$$n8

Exanpl es 0f1@&3l§20&frh%§lsarﬂl thal Chati@chkese ARAPLEO! .fdet Bybmphlkul ose,
talc, 15 - col | oi dal SI li'cas, higher holecular weight fatty acids (such

as stearic ad?atll)ml‘@é?atl nlaWgkt - agabL 1CRF¥Iifn pHBRBGRE&C  magRESREAT »
stearate, anlé@écmﬂ v E@B{:ec f athehendld,d RHghrdmd@guiar wWeigblepel yners

such as 5p°k%. Jene 1c, erucic or oleic acid, which are
esterified with monohydric to trihydric alcohols having
%1 to 6 C atoms, such as, for example, methanol,
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
20stearate, PEG 6-capric acid, caprylic/capric esters of
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
25lactate, dibutyl phthalate, diisopropyl adipate, polyol
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
30as, for example, oleic acid. It 1is additionally
possible to use vegetable o0ils such as castor oil,
almond o0il, olive o0il, sesame o0il, cottonseed o0il,

peanut oil or soybean oil.

35suitable solvents, gel formers and solubilizers are
water or water-miscible solvents. Suitable examples are
alcohols such as, for example, ethanol or isopropyl
alcohol, benzyl alcohol, 2-octyldodecanol, polyethylene
glycols, phthalates, adipates, propylene glycol,



O ly suspensions for parenteral or topical uses may be vegetable synthetic
or semsynthetic oils such as, for exanple, liquid fatty acid esters with
in each case 8 10to 22 C atons in the fatty acid chains, for exanple
palmtic, lauric, tridecylic, margaric, stearic, arachic, nyristic,

beheni c, pentadecylic, linoleic, elai dI](,6 brasi di c, erucic or oleic acid,
which are %ﬁ.?&lefr'oqd wgkh neaohygipﬁofygléﬁéhyel @o@l copaksshavihBehydl to 6
C atons, suc et hano ropanol , ut ano

g 3 exanp hi hano
pentanol or € reE&1vVener £6 °§ ?Sﬁ?yﬁero‘}‘or QhpRES > of %ﬁﬁﬁn?atty

acid esters ame«mwersnlaﬂdm@yal Bahlaehgugbymbmdel soptomhydyefetane,
| sopropyl palm b@ |sopr%§%i 20st earate, PEG 6-capric acid,
capryllc/capFVE 8 urated fatty al cohols, pol yoxyethyl ene
gl ycerol thioleates, et hyl oleate, waxy fatty acid esters such as

artificial n 0 st eyI

ol eat e, decy}:l(';Ll‘(Lfrl fgf‘m yﬁ"}g]g‘[l%c%%t%e,gg buste;(f %ﬁt ?gégfﬂél ?so%%%y%

adi pat e, pol pblle ftat t@amh\f@soer swiedtlebcdihi ain Lwkbter sansuiimbdegamic

silicone 0|I§ogb%5§§|ng in vi ity or fatty al collss such é%FTﬁ %ridecyl
0

al cohol, 2-octyl edanol, cety stearyl al cohol or ol eyl alco atty
aci ds such 3bH§r0#UPr@PM%MQ§hMﬂQﬁ¥:Q%QSP:It i s addi Meddulgel pekesdle to

use veget ahhgcAiheelduNode AStY1tile st@lFBHUL 0il, olive oil, sesame oil,
cottonseed oil,” peanut oil or soybean oil. BSSwtabI e sol vents gel fornmers

and solubilizers are water or water-m scible solvents. Suitable exanples

are al cohol gomadéheas, fé@ﬁlsexﬁﬂm%l etﬂb&iﬂ@r@rlalhEODE?ﬁM: f@hﬁ@hg| ,axfx@nzyl
CcOol.,S al a adl pat es

al cohol , | dodecanol et
ooy ene_ a1 TEbpeaSe] P e LI PR Ge I HBRES 1 BR G aRO LR 1R P S et hy!

used in particular for this purpose, such as, for
15example, sodium carboxymethylcellulose, polyacrylic
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.
20

Further formulation aids which can be employed are:

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

25

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

30polyethoxylated castor oil or sorbitan monooleate,
sorbitan monostearate, polysorbates (e.g. Tween), cetyl
alcohol, lecithin, glyceryl monostearate,
polyoxyethylene stearate, alkylphenol polyglycol ether,
cetyltrimethylammonium chloride or

35mono/dialkylpolyglycol ether orthophosphoric acid
monoethanolamine salts.

Stabilizers such as montmorillonites or colloidal

silicas to stabilize emulsions or to prevent



Cel | osol ve, Cell osolve, esters, norpholines, dioxane, dinethyl sulfoxide,

di met hyl f or mam de, tetrahydrofuran, cyclohexanone etc. 5 Filmfornmers which
can be used are cellulose ethers able to dissolve or swell both in water
and in organic solvents, such as, for exanple,

hydr oxypr opyl net hyl cel | ul ose, nethylcéTI%ﬂoEe 10et hyl cel | ul ose or sol uble

starches. Copighe@taIdF Oforgel +her menetand fikabkennees ,ar e subhkewssge
perfectly p055|ble | oni ¢ macronol ecul es are used in partlcular for this

pur pose,  suc R o¥iGantEy arkPE, €FARBNECatSPRETRIT el 9Tl 0RBEY pBESEcr yi i ¢
acid, pol yrrehiy@&roydyia@uadxb,and #alts phesee{zatsodsum sugth opecid N p-
seniglycolat; nlc aCJd or gropylene % é i nate as sodi#n1s alt,
gum ar abi c, 6 R or T&3r r]algé Ja%e HASSRY3of & Fonai ds
whi ch can béappk@pmian&atqﬂgmmpaﬂepémafdesmfddffermu@ationsLty,

tri et hanol am ne, coll agen, all antoi n, novantisolic acid. 25It mayal so

benecessaryto usesurfactants, emulsifiers or wetting agents for the
fornulation Pergparaddonr Exanplpareuddnak yl admihdsbrationy atawhobeet her

sul f at es, Na cRlaury] - %Iﬁ%fH¥EF”&H§é”Eﬁﬁit3 i ysopﬁﬁaﬁat%g cagtpr oi

or sorbltan Rnnoo eat e, tan nonost earat e e.g. Tween),

cetyl al coh6xampdeit hARpogileSer OF nvhoLs earSlaitiqns yofy ethel eretivear at e,

al kyl pheno'1099.b¥@@i%?1lt ety . pEEEYLARTPEL hﬁle@mmfijﬂé@é&lﬁ%dea eous
35nono/ di al kyl pol ygl ycol ether” orthophosphori ¢ acid "npnoet ano anlne salts.

Stabilizers §9&Ht&§qﬁrﬁﬂérﬁﬁHﬁﬁ%%%JXw1§8FP8P8MS°1Ut1°nS' 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,
15e.g. the lyophilisate, where appropriate with further
solid carriers, with the desired solvent or suspending

agent.

Intranasal preparations may be in the form of aqueous
. 20or o0ily solutions or of aqueous or oily suspensions.
They may also be in the form of lyophilisates which are
prepared before use with the suitable solvent or

suspending agent.

25The manufacture, bottling and closure of the products
takes place under the usual antimicrobial and aseptic

conditions.

The invention further relates to processes for

30preparing the compounds of the invention.

The compounds of the general formula 1 with +the
meanings of R!, R?®, R?®, R* and R® described above are
prepared according to the invention

35



silicas to stabilize enmulsions or to prevent - 17 degradation of the active
subst ances, such as antioxidants, for exanple tocopherols or butylated

hydr oxyani sol e, or preservatives such as p- hydroxybenzoic esters, may

| i kew se be necessary where 5appropr|ate to prepare the desired
fornul ati ons. Preparations for parenteral8atministration may be present in
separate dose unit forms such as, for exanple,ganpoul es or vials. Solutions
of the active 10ingredient are prefe%ably ,:p5eferably aqueous

sol utions and especially isotonic solUiN on al so suspensions. These
injection forms can be made avail gple aS fi hed product or be prepared
only immediately before use by m xi &he actH’ve compound, 15e.g. the

| yophi |l isate, where approggiate with/furigher solid carriers, with the
desired sol vent or suspendi I nt ranasal preparations may be in the
form of aqueous 20 or oily or of aqueous or oily suspensions.
They nmay also be in the form®d ¥hi | i sates which are prepared before use
with the suitable solvent or suspenFing agent. 25 The (mnufacture, bottling
and cl osure of the products takes p ace under t he usual antimcrobial and
aseptic conditions, rocesse({ vent éurth el at

30prepari ng e 5H 6?189 of™ O?ré %“t‘mﬁ tff?é:é%ﬁﬁ aff or mul a
1wi t ht he neamiavgsef ﬂﬂeI%hﬂ%%ﬂeaﬁdmﬁéoﬁennruﬁedaﬂoﬂéare prepared accordi ng
to the invention 35 - 18

o

N
N
N

(2)
5

wherein R® is -OR®, and R® is a leaving group, e.g.
alkyl, cycloalkyl, arylalkyl, acyl, alcoxycarbonyl,
aryloxycarbonyl, aminocarbonyl, N-substituted
aminocarbonyl, silyl and sulfonyl groups, and
10complexing 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

15agent, e.g. an organic peracid, preferably with m-
chloroperbenzoic acid or/and peracetic acid, to the
compounds of the invention of the formula 1 wherein R?®
is -ORS.

20The compounds of the invention of the formula 1 are
liberated by eliminating the 1leaving group R® still

present in R3.

The substituent -R® is eliminated by employing both
25acids and bases, such as, for example, hydrobromic



(1) by oxidizing indol-3-ylglyoxylam des of the formula 2 having the sane
meaning of Rl, Rz and R5 5 (2) wherein R3is -OR6, and R6 is a | eaving
group, e.g. alkyl, cycloalkyl, arylalkyl, acyl, alcoxycarbonyl,

aryl oxycar bonyl, am nocarbonyl, Nsubstituted am nocarbonyl, silyl and

sul fonyl groups, and 10conpl exi ng agenf51§u6h as conpounds of boric acid or
phosphori ¢ acadidanthydwedieldt yc Oraciat 064l nqxd&iﬁodnmdaeldrret a8k s scliahn as

zinc, alumn er n_a manner. _knawn p trea nt mnth n
ol zing | 1oouaRex B8 o Pefoln Beratkih PRvaRGatie) SpERp ! 'ehd
chloroperbenzsodlamldcamb@m@t@erwmﬁ|pntasshumo ¢caebopatpounduitof aleo

' ti f : ] 0 fakh
nvent i on of et BFPALP SR s ndth 4 ror R I IR, R oup

R6 still préBBni oA mClTheTbebﬁlltﬂueth% Feaetiannddteshypdapkoyimg bot h
25aci ds and bag S, e exaael dr égg al 1
hydr ochl ori c %CS% é[I%yd(rfjjiodlttc ac? , %esg%lu <g§|§%fsglggﬁgﬁna

pota55|un1hyd@@kiﬁétgﬁﬁuﬁuﬂh asd §§dﬁm@mﬂ%QXnﬁﬁQ@%¢ boRadithardartionat e,

but al so actbaﬁ&¥mgd@f@§p@£ﬂdsaﬁacma§erfenesisagalse,uﬂl%" ndrogedBr 3 or
Lid. The elimnpaition reaction takes place in eaCh case in the absence or

presence of adaderoRarvaied PIEFSUIQ @ AtmsphesigpPESeSstfgmeiR Xh4 t hi ol

or benzyl TBpeapéafe T £t Baktabaavagas Ui gstyHr EEN, forNdsampiRvat ed

pressure or at eric ress in.t e 10presence of a suitable catal yst
such as, for %%ﬁi%g IFE&H&H@bFaF Aldti/-cat al yst s.

Examples

15Example 1:
Exemplary process for preparing compounds of the

invention of the formula 1

1.1 Preparation of N-(3,5-Dichloro-l-oxopyridin-4-yl)-
20 [1- (4-fluorobenzyl)~-5-hydroxyindol-3-yl]
glyoxylamide

12 g of N-(3,5-dichloropyridin~4-yl)-[5-benzyloxyl- (4-
fluorobenzyl)-indol-3-yllglyoxylamide are dissolved in

25250 ml1 of methylene chloride. While stirring, a
solution of 11.4 g of m-chloroperbenzoic acid (77%) in
30 ml of acetic acid is added dropwise. The reaction
mixture is stirred at room temperature for 7 days. The
reaction mixture is adjusted to pH 8 by adding a

30saturated potassium carbonate solution. It is stirred
vigorously for another hour. Then the phases are
separated, and the organic phase is washed with 100 ml
of water. The solvent is distilled out in wvacuo. The
residue is stirred with 50 ml of isopropanol. The

35crystals are removed and boiled with 50 ml of ethanol.
The crystalline product is removed and dried.

Yield: 2 g (16.1% of theory)
1.8 g of the thus obtained N-(3,5-dichloro-1-~



Exanpl es 15Exanpl e 1: Exenplary process for preparing conpounds of the
invention of the formula 1 1.1 Preparation of

N- (3, 5-Di chl oro-1-oxopyridin-4-yl)- 20

[1-(4-fl uo[ﬁbgenzyl ) - 5- hydr oxyi ndol - 3-yl ] _gl yoxyl am de 12 g of

N- (3, 5- di cHibr opyri di n-4-yl ) -[5- benzyl ox9P-74 -

f 1 uor obenzyl )ostotlat + Byt 4 gy Y px v abefgyabeydisgal-¥adoriobdndh ynindd1+et hyl ene
chl ori de. V\hié_e T tirri e 8 Sojtion of 11.4 g of mchloroperbenzoic acid
(77% in 30 mY a é‘tiécyamdlls addéd d oﬁwl 58%%hePeacti on™nixfdre is
stirred at rchmtleoporeithare f oA BodaytdonThet ©eZdcmilorofi BBot ein s5admlst ed to
pH 8 by addi t i rbﬁ}?‘g | ut.l.qn. I tirred

vi gorously fo%(raf Eg?ﬁg?”ﬁ@%ﬁﬂa %e?lfsts_hgag gses ir e %egg?g?e(}l,‘é%% ?hlé:oorgani C
phase i s wasir&fwth The mixireatsr . ther sdiresd i shilet ihgatgingt tion

vacuo. The residue ¢ hs%gf%ﬁéhé&tb BBuHs .ol dreaP Nl dbe1gderysial s are

renoved and boiled wt of ethanol. The crystalline product is

removed and dHi RF i $MgNalCQs (3glutder preomgded.s thws ¥eeuihiiBIoBRai ned

N-(3, 5 (Cji! Ch|4c§ 3:1[§(fb'8-2@|.'Thel Eimg?ratu%e muls)t_ %el kept Ibelc?w 20|°C g

oxopyri di n-4-yl)-[5-benzyl oxy-1-{4-fl uorobenzyl)indol - _3-y oxyl am de
=h hige IdRecHbFoRES: h&ﬁe.tqur‘sﬁEfFBﬁdoffoé‘]. 7‘—’9n¥°HFSBBr' in

are di ssol ved4
50 M of dior';xmeor@ﬂy@han%hléda%d@awtopw Sﬁi}m}aéf@?h@aﬂ P@iﬂﬁ sﬁeeEbws. The
m xture is then.stjirre i eating to. re or _a.further, 3 hours.
After cool i né”ats&%c,m%d“ Fﬁagcc?fr aaﬂ%l N 'sohlﬁfai ofitHA& aBHBGUCERLLS

resul ting i nrexcmtdtofl BiBed Theoheapkandlit e nust be kept bel ow 20C duri ng
this. The mxture is then stirred for 3 hours. 1OThe crystallized product is

filtered off with suction,
Yield: 1.1 g (72.8% of theory)

15Melting point: 245-248°C
1.2 Preparation of further compounds
Numerous further compounds of the formula 1 can be

20prepared by using the indicated process for

preparation, of which the following are cited as

examples:
4
R
2 —
Ry N
0] N\ )
5
R
3
R S 0
Q (1)
H1
25
Compound | R* -R? ~R? -R* ~-R3
1 4~Fluorobenzyl- -H ~OH 3-Cl | 5-C1
2 4-Chlorobenzyl- -H ~0H 3-C1l j5-C1
3 4-Fluorobenzyl- -H ~OH ~-H -H
4 2,4-Dichlorobenzyl- | -H ~0OH 3-C1l | 5-Cl
5 3~-Nitrobenzyl- -H ~0OH 3-Cl1l | 5-Cl




washed with water and dried. The crude product is recrystallized from
ethanol. Yield: 1.1 g (72.8% of theory) 15Melting point: 245-248C 1.2
Preparation of further conpounds Nunerous further conmpounds of the fornula 1
can be 20prepared by using the indicat d1 process for preparation, of which
the follow pg are cited as exanples: ( 25 q,orrpoundR' -R2-R -R 4-R5

14- Fl uor obengyl - - H OH3; E-bi £l ucbHealz@n ebenr yl -|-+6HOH33CL3- Cs-c1

34- Fl uor obepzyT --H CH: 42 4-Di chl orobenzyl -|- - -C

53- Ni troben_‘??/' H%F”lﬁé}‘ 21 626 240 ‘;@J‘g:” \;?’.CEJCEP éﬂﬁlc
71 sobut yl - - HBOH3- C15; C¥c8oycdmprmsgindet hytH- H /48t C18-C1 | 5-C1
94- Hydr oxybegzyl - H OH3- &l 3¢ A1l uor obepzyli- CB- OF3+¢1bxCGL; The conpounds
of the inve ngﬁ on—are ﬁ%l@%ﬁ]ﬁq‘%ﬁws phgsphodiesterase 4 Thei r

t her apeut i c| 6t ent i al 4rEluekeRfnawlat ed iin-$vd T8 eRBafpl eStAtoligh the

I nhibition 300f the asthmatic | ate-phase reaction (eosinophilia) and
through the inhibition of LPS-induced neutrophilia in rats. Exanple 2:
35Phosphodi e$Per §SBPLUNGHS 9% i the PORYCRELPD By §Tgener fifed 19Ty ehzyne
prepar at i onsphbspRoy ek chelseorphomiedigar dhapdmanties (fdddtidiuneds bl ood

buffy coats) was anticqagul ated w.th citrate.
( y emonstrate% %n Vf;ow%or exampie tﬁrough the inhibition

5-C

30of the asthmatic late-phase reaction (eosinophilia) and
through the inhibition of LPS-induced neutrophilia in

rats.

Example 2:
35Phosphodiesterase 4 inhibition

PDE4 activity is determined using enzyme preparations
from human polymorphonuclear lymphocytes (PMNL). Human
blood (buffy coats) was anticoagulated with citrate. A

40centrifugation 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

45centrifugation with Ficoll-Paque. After the cells have
been washed twice, the erythrocytes which are still
present are lysed by adding 10 ml of hypotonic buffer
(155 mM NH,C1l, 10 mM NaHCO,, 0.1 mM EDTA, pH=7.4) at 4°C
within 6 minutes. The still intact PMNLs are then

50washed twice with PBS and lysed 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.

55The phosphodiesterase activity 1is assayed using a
modified Amersham Pharmacia Biotech method, an SPA

(scintillation proximity assay).

The reaction mixtures contain buffer (50 mM Tris-HC1



40centrifugation at 700 x g at roomtenperature (RT) for 20 m nutes
separates the platelet-rich plasma in the supernatant fromthe erythrocytes
and | eukocytes. The PMLs for the PDE4 determination are isolated by a
subsequent dextran sedi mentation and i nngr adi ent 45centrifugation with

Ficol | -Paque. After the cells have been®fwashed twi ce, the erythrocytes

whi ch are sti{du m&;entsm Mygeed, byoadplmngzebﬁ:)m @hehmqimmlmﬁ fiar (155
mM NH4C1, 10 nMI\%Haer n%/l g tfanﬁa Wi t g mnnt es. The
still intact PN e ??@ﬁe% W& ﬁ88$ Eléi Wi P@%ﬂ%ﬁ% 8 by &M Fasound.

The supernatmﬁpafuaotrmcmcertthef lmq’@mmt iaC @rtdtrct&ﬁi)ob)y gadddmgoné&hleour

contains the t fn &P of PE4
measur enent s sq‘éjss%ﬁcceg p‘%ospho es{erase activi | S assgye ug%ngag l:l)m)dl fied
Amer sham Ph&Tresdi @L&m@nﬂeﬁeahedmadﬁ 8pAas( sﬁi:qqk |$<almtﬂcplp$ oxnerMﬁOassay)
The reaction Jtﬂﬁ & tfcﬁdﬁl nhl%&%{@ﬁ G20 GMT&Je%éﬂ%n RExthpPl %4 %%fh;"\/'

Mgd 2, 100 JI ors in variable concentratlons an
appropri ate éHi\‘y-ne Tbgﬁ eFREt | iy r ebet i WprTEegtadt edt bythdai nBMERe

substrate, 0.&ntEWd3HieAMArTRe fial régbuiBn hddO0bBeh. st@Sdd SH stances
are made up as stock solutions in DVMSO _ The DVRO concentration in _t

reaction m x@A#dn% swhstrateThEhppeampled AFe InGtRFHRE &t 37 thi §°5|VISO
concentr at i1@30 AfffaftdHe TRactkanthas bee@t@tp@rdde¢1byadcaﬂdgr@ gybsheadate, the

I bat ed 7 1030 t t db
20 ng a et AR RO nPR BGIRodte! HHEl FRBPLARDIEE TSt BICRF L or

one hour in anet hoa@uniler.a TBetaortsqnmtérc anzy mhensgetifitcy éhsembtank) is
determned in the. s?gﬁe f 0 Jl M. % r.a nds tracljtedfromtfhetest
resul ts. 15THE FcUat f bR ni s tor 9¢ %bl‘:‘ a]sréag Cortairme
100 UM rolipram and subtracted from the test results.
15The incubation mixtures for the PDE4 assay contain
100 pM cGMP in order to inhibit any contamination by
PDE 3.

The IC;, values for inhibition of phosphodiesterase 4

20determined for the compounds of the invention were in
the range from 10 to 10 M. The selectivity factor in
relation to PDE of types 3, 5 and 7 is from 100 to
10.000.

25Example 3:
Inhibition of late-phase eosinophilia 48 h after
inhalational ovalbumin challenge in actively sensitized

brown Norway rats

30Inhibition 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 ug of
350VA 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



100 JtM cQGW in order to inhibit any contam nation by PDE 3. The |C50

val ues for inhibition of phosphodi esterase 4 20determ ned for the
conpounds of the invention were in the range from10"9 to 10-5 M The
selectivity factor in relation to PDE of types 3, 5 and 7 is from 100 to
10. 000. 25Exanpl e 3: Inhibition of |at&-pRaSe eosinophilia 48 h after

i nhal ational quApl bamdie chakl angs | NtR6! iardina 19eNste 1 2AGCdd O¥indloyWanh rat s
301nhi bition of the pﬁlnn ar¥ ﬁgsino hilic infilirailgn by gge subst ances
of the invent9RPisttestBie¥hofafe PB¥GRn ROPREGTRG: stP208- 28635/ 7RSS vel y
sensitized aggyeshirevahpparat(i&VA) Théheaadnsailki zatreonetloaedpl ace iy
subcut aneous i nj ect{ons_pf suspens] .10 g A together_ with 20
ng of al umi ndm %&ﬁ%xid%gasalag?uva%Yg?RB%}é n193$56ﬁ§g¥81og%%a %5\%QMaper
ani mal on dhdllddgend Zihe | pvaddiuniion eeroliod, the genewnhtedr duei e at
the same ti ' . Lol eGhi: aRs (Of Bo el USgi S ci ne
dilution pep%a%?lgla}#gaq?&gg “g‘fy&zgé%wl%%%egésgﬁq'%nheé%ﬁ% ségr’edpélq\;)ced
singly in op@enated| adtdl asoppressednneéred(Q 2 dMPrhd/ il e&PPSITR

apparat us. Thejgdi FBl S1 aE8upXPE_G 1 8naRe rRRFASA £ 00, bo0%LVAOUNA ng
suspension (allergen _5chall engei. The oval hum n aerosol i s generated by a
nebul i zer (BitePWM t%ed nEst| noERal paPRESALENGdkeN1isgsAPT dpdiiifed with
conpressed g r (0.2 MPa). The exposure tine is 1 hour, with an aerosol of
0. 9% sal i ne bei ng}q’ nebul i zed for, normal controls |ikewi se for 1 hour. 10 48

hours after t4fe d1PeFFerPErRY | ehife tRL+RTISR, ChadirPEen §P8ERON 1S 2
eosi nophi | i ¢ NN OCHi§Bat Db b€ eosinophilic granulocytes into the

lungs of the animals. At this time, the animals are
anesthetized with an overdose of ethylurethane
15(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 liquid
are subsequently determined wusing an automatic cell
20differentiation instrument (Bayer Diagnostics Technicon
H1E) . The eosinophils (EOS) in the BAL are calculated
for each animal in 10%/animal: EOS/pl x BAL recovery
(ml) = EOS/animal.
Two control groups (nebulization of physiological
25saline and nebulization of OVA solution) are included
in each test. The percentage inhibition of the
eosinophilia in the test groﬁp treated with the
substance is calculated by the following formula:

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

% inhibition

(SC = control group treated with vehicle and challenged
with 0.9% saline; OVAC = control group treated with
- 35vehicle and challenged with 1% ovalbumin suspension;
OVAD = test group treated with substance and challenged

with 1% ovalbumin suspension)

The test substances are administered intraperitoneally



| ungs of the animals. At this tinme, the aninmals are anesthetized with an
overdose of ethylurethane 15(1.5 g/ kg of body weight i.p.), and a
bronchoal veol ar |avage (BAL) is carried out with 3 x 4 m of Hank's

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

granul ocytes in the pooled BAL |iquid- gfe ~subsequent |y determ ned using an
automatic celd, 20¢bhfg ol | Aldodhsl B3t B (FAMALLHY AGRAS G oleaiy Con
H1E). The eosi nophils (EOS) are calcul ate for éach animal in

106/ ani mal : EOl| G- HaL Sthdreryethyd geLlutgpani faihoun® Rakew? ditRips
(nebuli zati omDfe Ph¥SI ehamueabe 27healddht Bl dedbubs Zarbom refat@@A weid it i on)
are included  .in each tﬁ Eerc ntage I nh b|t on of the 03|no hilia
in the test gritfup YFRLtER m}?h BRECTLaBSFan¥éths E8FcuitESH KPRHETST | owi ng
formul a: 30 4 MA€ati&h) forhOVAD - SC)) / (OVAC - SO} x 100% %

i nhibition (SC = control group treated with vehicle and chal l enged with

0. 9% saline; OVAC = control group treated with 35 vehicle and chal | enged

wi t h 1% oval ihe nceuppensisorpf EWAD Ethigxnodphiibéat edhei tllatadydtemee and
chal | enged u S SN dde t ub

adm ni st ered%é%]lréog%ﬂ/?%%egﬁ} g%%i or olr a(?ﬁy %@%%sp%h@t}%ﬁ%ﬁt&f‘@?al

pol yet hyl ene afinimisBoagtiandod. 3% Batkdr @ndthy | 3I®F | td 0%E8%2 aliders dysflore t he
allergen c dPec QR L8l 38" RHPRqare treated with the vehicle in
accor dancehﬁ\nj% g‘ﬁestest substance B §§p| ication form The conpounds of
the invention inhibit the |ate- phase eosi nophilia by 30%to 100% after

i ntraperitoneg{e %@mp%'u%tdsatbﬁn e 1Qn%/n|£€io%ndai9¥ 3Q04d ophr¥iahiien 19/ al

10adm ni stration of "3Q kg.
suitable for produc1ng drug products for the treatment

of disorders associated with the effect of eosinophils.
15

Example 4:

Inhibition of lipopolysaccharide (LPS) ~induced

pulmonary neutrophilia in Lewis rats

20The inhibition of pulmonary neutrophil infiltration by
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
2bexposed to an aerosol from a lipopolysaccharide
suspension (100 pg of LPS/ml of 0.1% hydroxylamine
solution) in PBS (LSP provocation). The
LPS/hydroxylamine aerosol i1s generated by a nebulizer
(Bird micro nebulizer, Palm Springs CA, USA) operated
30by 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.

356 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



The conpounds of the invention are thus particularly suitable for producing
drug products for the treatnent of disorders associated wth the effect of
eosi nophils. 15 Exanple 4: Inhibition of |ipopolysaccharide (LPS)-induced
pul monary neutrophi in Lewis rats 20 The inhibition of pul nonary neutrophil
infiltrati oP by the substances of the~iBPermtion is tested on male Lew s

rats (250- 3501a9x)age On gty day Q:fartx*'h?eci eght thecrnMaks 4 ane pragdysidgly in
open 1 1 Pl exi gl boxes_connected to a head/nose exposure apparatus. The

animals are ddspdutdoger di  EPBRTL aCrldo SV dackMar £hE r’é%& on
(100 g of LPS nelit@obhinvdy ogyémnweytael Ulri oBhei rpo'aa%d meﬂqwﬁ ion).

The LPS/ hydr | am._ne aeros | ener a nebuliz

nebul i zer, ?f%/ qwthA)é%g%F%%%%ngb%l%%nﬁ%s a’i‘far(t ?\’éa) The
exposure t| rﬁﬂiﬁféhﬂenﬂiﬂﬂieﬂ a/pﬁdrmsaer(aaybrbe)TmyM¢sed'efcﬂﬁmdbnl%
hydr oxyl am n | uti I n PBS, for rmal | i k se 40 m nut es.
356 hours aft he cLl‘nly'S? prgeggaf')?of‘i tsheréﬁ&g{rﬁBLraxﬁr%I %‘ﬁn sslli;;‘}\gf'e magrr ation
of neutrophi lcaloulkantedcyfces eath tahamallunga dfOst/halalallﬁBJEEU'PlRthlS ®inme,

t he ani nmal s \Y; of ethylurethane (1.5 g/kg
of body wei ghtﬁ’ ;é\t’%ﬁg gﬁg oncﬁ \l}gc/)%%r - 25 lavage (BAL) is carried

out with 3 x 4 ni of Hank's bal anced solution. The total cell count and the

nunber  of fpMid Oeah&slgrgaauuﬁgcytﬁébumlgaéleﬂolo@ @AL%' h?ﬁ%@xyqraﬁllne

subsequent |y determ ned using an automati c .cel ferenti ati'on_ apparatus

(Bayer Di agn&twkiarchni EBR aﬂ@E)‘lebH*?é-ﬁ?eTmQrbmﬁl %OQ NERTRE) LPS/fe HAL are
cal cul ated fqy, Bachy@Yd®)}14nmidd6/sniyilon NEHTREBE) X are included in

each test. The percentage inhibition of the
neutrophilia in the test group +treated with +the
15substance is calculated by the following formula:

{((LPSC - SC) - (LPSD - 8C)) / (LPSC - SC)} x 100% =
% inhibition

20SC = control group treated with vehicle and challenged
with 0.1% hydroxylamine solution; LPSC = control group
treated with vehicle and challenged with LPS (100 ug/ml
of 0.1% hydroxylamine solution); LPSD = test group
treated with substance and challenged with LPS
25(100 pg/ml of 0.1% hydroxylamine solution).

The test substances are administered orally as
suspension in 10% polyethylene glycol 300 and 0.5% 5-
hydroxyethylcellulose 2 hours before the LPS
30provocation. The control groups are treated with the
vehicle in accordance with the test substance

administration form.

The compounds of the invention inhibit the neutrophilia

35by 30% to 90% after oral administration of 10 mg/kg and
are thus particularly suitable for producing drug
products for the treatment of disorders associated with
the effect of neutrophils.



BAL recovery (m) = NEUTRO ani mal. 10Two control groups (nebulization of

0. 1% hydroxyl am ne solution in PBS and nebulization of 100 g of LPS/m of
0. 1% hydroxyl am ne solution in PBS) are included in each test. The
percentage inhibition of the neutrophilja in the test group treated with
the 15substance is calculated by the foP 1 owi ng formula: {((LPSC - SO -
(LPSD - 8C)) / (LPSC - SO} x 100% Glaphgbition 20SC = control group
treated with vehicle and chall enged with 0.1% hydroxyl anmi ne sol ution; LPSC
= control group treated with vehicle and challenged with LPS (100 g/n1 of
0. 1% hydr oxyliam n&A sompowmnd ; of PSe =foemtilgr aup treated wth substance and
chal l enged with LPS 25(100 g/m of 0.1% hydroxyl am ne solution). The test
substances are adm nistered orally as suspensiop in 10% pol yet hyl ene gl ycol
300 and 0.5% 5- hydroxyet hyl cel | ul ose 2 hour 8f ore the LPS 30provocation
The control groups are treated with tfg otiM accordance with the test
substance admnistration form The conj the invention inhibit the
neutrophilia 35by 30%to 90% afte® ora ad \ 5strat|on of 10 ng/ kg and are
thus particularly suitable for produginyg drug products for the treatnent of
di sorders associ ated wit hrRithegf fedt of c)neutrophlls - 26 Cains 1. A

conpound of the fornmula 1 5 @ NN\1l) RL 10 (i) is -Cl1_10-alkyl,

strai ght-chain or branched

N
R (1)
5
wherein
Rl
10 (1) is -Ci-o—alkyl, straight-chain or branched-

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

15 -CN, -F, -Cl, -Br, -I, -0-C,¢-alkyl, -0-C4,,—aryl,
-5-C;.¢—alkyl, -S-Cg¢.,4—aryl, -SO;H, -S0,C, (-alkyl,
-50,C¢-14—aryl, -0S0,C; ¢-alkyl, -0S0,Ce..4—aryl,

-COOH, =-(CO0)Cis-alkyl, -COO-C,.s—alkyl, -0(CO)C;.s—
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 C¢j,—aryl groups and the carbocyclic
and heterocyclic substituents in turn may

optionally be substituted one or more times by -C,.

e—alkyl,
~-0H, -NH,, -NHC;(-alkyl, -N(C,¢-alkyl),, -NO,, -CN,
30 - -F, -Cl, -Br, -I, -0-C,¢-alkyl, -S-C,e-alkyl,

_SO3H ’ —SOZC]_-G_alkyl ’ _0502C1_5'—a1ky1 y -COOH ’
-(C0)C;y.5~alkyl, -COO-C,s-alkyl or/and -0(CO)C,.s—



chain, optionally nmono- or polysubstituted by -OH, -SH, -NH2,

-NHC _6-al kyl, -N(O _6-alkyl)2, -NHC6 14 -aryl, -N(C6_14-aryl)?2,

-N(Cl _6-alkyl) (C6_14 -aryl) , -NO2, 15 -CN, -F, -d, -Br, -1,

-0d _6-alkyl, -O C6_14-aryl, -S-d_6-alkyl, -S-C5.14-aryl, -SO3H, -
SoBCA _6-al kyl, -S02C6_,4-aryl , -0S02A76al kyl , 0S02C6_14-aryl , -000H,

-(CO A _5-al kyl, a8 ¥ _andal kiHereid CAKL - Sa1R{ kY| greap®nasn biheor
tricyclic saturated or 2£_ nono- Qrgﬁgolguns turated ¢arbocycles with 3-14
ring menbers or/ aRdFBYCHEhtS, apd &% ‘"CX/“CJra’r‘"c SUBFLILEERTS: InbUIBr

pol yunsat ur at ed hederopytdérsllwi bk Substrhitngedevher ©rambre 6t hreéerbat ons,
which are preferahly L\EHO alQﬁI S, 1;25 _vg'nfre_ié}th_el CG_s’Iél-Harc%__l/aglrdoups and t he

carbocyclic and hetérodytlic Substituents in turh nay optionally be
substitutedone orC@RHe efnmes by -Cl_ 6-alkyl, -OH -NH2, -NHO _6-al kyl,

-N(d _6-al kyl)2, s is- N _3ebvi - OmonBLl: 64 ;2L KN eq-S-CL. 6
al kyl T -SO8H, - soﬁgi\%?% k%\zl,'lf- O 6- aﬁi??, -_%oo?,é}l_-(co%‘,h- ,er?kyl ,
-CO0- d _5-al kyl ofteatghioydm - gr- branchedyichajnd rdrignptlie BPR9T groups
on the carbocyclyg bHeb et peyebicryubpyi t USRS —IN, [ ULRHC]T ionally be
substituted one or rr%?gytirres by O—? -SH,_ -NHZ, -F."-d., {Tg_)r/ag_g?, - SGBH
or/and 5 - COOH, of¥N {§i-9-31kyldz,10NHCkemALY honoN (Cr-58Fydnsat tlN4Fed:
strai ght - ct@i n orak@ngehed;,chain,) ,opNogpatty, nepp- or pol ysubstituted by
-OH, -SH, -NH2, -NHC1 6-al kyl,  -N (Cl1 6-alkyl) 2, .-NHC6 14-aryl, -N
(CB_14-aryl) 2, 7\&( CL 6510 Lt ky‘%'{‘%@es‘ _af%yﬁr’yl 73,‘C6-N6?,W?10N, —gl_:(,:i'ﬁ'CI , -Br,
= | y = O' C1_6' al kyl alkﬂ C6:S4'Ca.r1yhry1$' C—]S_(@-H, —802C1_6_a1ky1 y _S02C6-14_

aryl, -0S0,C,.(-alkyl, -0S0,Cs.,4,—aryl, -COOH,

- (CO) Cl_s—alkyl y —COO—Cl_s—alkY]. y _o (CO) Cl_s_alkyl y by

15 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 heterocatoms, which are
20 preferably N, O and S,
wherein the Cq,,~aryl groups and the carbocyclic
and heterocyclic substituents in turn may
optionally be substituted one or more times by -C,.
s—alkyl,
25 -OH, -NH,, -NHC,,alkyl, -N(C,-alkyl),, -NO,, -CN,
-F, -Cl1l, -Br, -I, -0-C;¢-alkyl, -S-C,¢-alkyl,
-S0,H, -S0,C;.¢-alkyl, -0S0,C,s-alkyl, -COOH,

-(C0)C,s~alkyl, -COO-C;s-alkyl or/and -0(CO)C,-s—
alkyl,

30 and wherein the alkyl groups on the carbocyclic
and heterocylic substituents in turn may

optionally be substituted one or more times by -
OH, -SH, -NH,,
-F, -Cl1, -Br, -I, -SO;H or/and -COOH,
35
R? is hydrogen or -C,;—-alkyl,
R? is a hydroxyl group,

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



al kyl, -S-C6_t-aryl, -SO38H, -SOQzZCl_s al kyl, -SO2C6-14- aryl,

~0802CL. 6- al kyl , -080206_14- aryl, -COOH, -(CO Cl.5-alkyl, -COO Cl.5-alkyl,
-o(COCL.5 -al kyI by 15 nono-, bi- or tricyclic saturated or nono- or

pol yunsat urated carbocycl es W|th 3-14 rlgg nmenbers or/and by nono-, bi- or
tricyclic saturated or nono- or pol yuns@turated heterocycles with 5 15
ring nmenbers and ]h}ﬁdi'mgemoat-dns-aimlrth apH, 26Hpreﬂ\§rzabl—wml HOadkg 1S,

wherein the C6_14-gk nd t carbpegycl i er cy
substltuentsmturnyn‘a%_ &IOZﬁaH & su fltug one or CO gll%e
-Cl_  6-al kyl, 25 ~G9PH , Nr2OO-FiHe12a. ‘ﬂlkyTO(CNC(L e-@llkyl)z : -NO

-F, -4, -Br, -1, - Ce$p;algyl 1—IS' C3_6: al kykya, - S83H, -SREL 6- al k_yl
- O8C2C1 6- al kyI T0doH, T (GO Cith- alkylT S OOB &1 b-al Ryl of/ &nd
_Q(COC, -, - &l kyl , ~Ditenyl %erEYﬁltiHévaWre@PoJﬂbe o?m%lcaifba&yémfé and

het er ocyl i ¢ subst | 4K Sthdnt &1 ﬂnrr%mrnomalyorbyﬂﬂbmﬁybﬁél gubgdlemeear nor e
times by - OH, -SH -NH2, -F, -d or/and - COOH R2 is

- S8
hydrogen or -Cl_3- %ﬂeky‘?r m%elgllaeﬁyBYoxghg’i‘Uﬁb » RO md - ﬁg'mﬂ)mbe i denti cal
or different and anme,. 2& 1KYy oge(c,_;-Glis13LKY FNO, OH-cNPH-solR21 - NHC1. 6-

"0 C1- 6-al kyl | ey 2HEYE 5RO P EORE SR R k. kg
-S-Cl-6-al kK , 5 -fhenyo-an.-;—pitkiydy| , -8REgtalknk, phrﬁmdnd)r —pMICIOd}CIH
substituents in turlr]{yniay %%t nl%rl:g tﬁlesugﬁ{{/&m%stituents in turn
may optionally be substituted one or more times by
-0OH, -SH, -NH,, -F, -Cl, -Br, -I, -SO;H, -S50,C,;-
alkyl, -COOH, =-COOC,;-alkyl, =~0-C,.-alkyl, =S-Ci ;-
15 alkyl or/and -0(CO)-C,;-alkyl,

or salts of the compounds of formula 1.

2. A compound as claimed in claim 1 having an
20 asymmetric carbon atom in the D form, the L form
and D,L mixtures, and in the case of a plurality

of asymmetric carbon atoms also the diastereomeric

forms.

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

is hydrogen or a methyl group.

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

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

35 N-~(3,5-dichloro-1-oxopyridin-4~-yl)-[1- (4~
fluorobenzyl)-5-hydroxyindol-3-yl]lglyoxylamide

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



one or nore times by -Cl-3-alkyl, -OH -SH, -NH2 , -NHCl_3-al kyl,

-N(CL1-3-al kyl)2, -NO2, -CN, -SBH , -S03Cl_3-alkyl, -COON, -000C1l- 3-alkyl,
-F, -Ad, -Br, 10 -1, -OCl-3-alkyl, -S-Cl1_3-alkyl, or/and -Q(COC 1_3-

al kyl, and where the al kyl substituents %% turn nmay optionally be
substituted one or nore tinmes by -OH -SH, -NH2, -F, -d, -Br, -1, -SO3H ,
-S@C1-3 - alkyl, -000H, -COOCl-3-alkyl, -OCl-3-alkyl, -S-C1_3 - 15 al kyl
or/and - Q(CO) - Cl- 3;.a} Ky r S besc f la 1. 2. A
conpound as cl ai rré%l i(n éc %%%aiﬁ%v%n 1%358%?3%%3??’%82 &g%osﬁ atomin the D
form the L form &wAmxyimdelresyligdyprydipaidgse of a plurality of
asymetric carbon atons al so the diastereoneric forns. 253. A conpound as

claimed in claiml or 2, wherein R2 is hydrogen or a nethyl group. 4. A
conpound as I ai md¥r (3 DrRLERIRFeT hroXopyrAdingAsve) n [dr (Pedst one of R and
R5 is a hal ogen 3 ciI¥RoBensy LPrpobypdrasythabred-iN jgnyosly1ahdids 1 to 4
selected from 35 N-(3,5-dichf%ro-l-oxopyr?din-4-y|¥-[%— 4?&

fl uorobenzyl) - 5- hydr oxyi ndol - 3-yl ] gl yoxyl am de

N- (3, 5-di chl or o- | Wx@ys+didhYoyd)ttdxd¢pyridin-4-yl)-[5-hydroxy-1-

chl orobenzyl) - 5- hydr oxyi ndol - 3-yl ] gl yo }_/#?_. 1 de.- 29 .

N- (| - oxopyri di n- 4- )Q%%EéEEQ?Y%}o%%%Q§I -gh?g%yafg%ﬁpﬁSSI-3-y|]g|yoxy|anide
5 N (3,5-di1bhl oro- 1| -oxopyridin-4-yl)-[1-(2, 4-

di chl orobenzyl ) - 5-hy (Vin -3-vl1gl . 3. i de Cra _

N- (3, 5- di chl oro-I-ﬁc:x@;)’;ﬁ(i%}énmﬁ%)i—[%f%g}r%%mg yl)-[1-(2,6

(3-ni trobenzyl) - i idd 1 & sdhepzwkytamiyidrozpindol-3-yl]glyoxylamide

N-(3,5~dichloro-1-oxopyridin-4-yl) - (5-hydroxy-1-
15 isobutylindol-3-yl)glyoxylamide

N-(3,5-dichloro-1-oxopyridin-4-yl) - (1-cyclopropyl-
methyl~5-hydroxyindol-3-yl)glyoxylamide

20 N-(3,5-dichloro-1-oxopyridin-4-yl)-[5-hydroxy-1i-
(4-hydroxybenzyl)-indol-3-yl]glyoxylamide

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

25
and physiologically tolerated salts thereof.

6. A compound as claimed in any of claims 1 to 5
selected from:
30 N-(3,5-Dichloro-i-oxopyridin-4-yl)-[1- (4~
fluorobenzyl)-5-hydroxyindol-3-yljglyoxylamide and
physiologically tolerated salts thereof.

7. A process for preparing compounds of formula 1,
35 which comprises converting N-(pyridine-4-yl)-
indol-3-ylglyoxylamides of formula 2 into the
analogous N-(1-oxopyridin-4-yl)-indol-3-
ylglyoxylamides of formula 1 by treatment with an

oxidizing agent, and liberating the compounds of



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

di fl uor obenzyl ) - 5- hydr oxyi ndol - 3-yl ] gl yoxyl am de

N- (3, 5-di chl oro-1-oxopyridin-4-yl)-(5-hydroxy-I|- 15

i sobutylinggl - 3-yl) gl yoxyl am de - 30 -

N- (3, 5-dichloro-I-oxopyridin-4-yl)-(1- cyc? opropyl-

met hyl - 5- hydr oxyi dgamgly | diy eddminafelngoa protective group.

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

(4- hydr oxybenzyl ) -indol - 3-yl Jgl yoxyl am_de . , .

N- (3, 5- di chl 8ro- | TB€opPriogiesss- @) - Rigdmed - fp. (glaim 7, wherein a

f 1 uorobenzyl) - 5- hydir@aidydol 18- ybagt yexyhan e chldorapdiiursdol ©0gi aakiy
tolerated salts thereof, 6. A corg)ound as,clainmed_in ang.of. clains , 1 to 5
selected from 30 9/CRERSTAATSE 1205%dpytF diied- §F) 0F1dizing agent.

fl uor obenzyl ) - 5- hydr oxyi ndol - 3-yl ] gl yoxyl am de and physiologically
tolerated salts thereof. 7. A, process_for.pr rin mpounds of _forpula 1,
35 which conpri se (,eon\ll%?tloﬁg t%_e( py?rpla?‘ﬁlég%-;??l%? f|°nlgrtl)"fcfi) -;I é’lsyo(;(%?%\rﬁ? es of
formula 2 into thdn aaalogofis dlaimsoxdpytodit- 4syl| thenapéuBicyl gt ydxgl am des
of formula 1 by tr, t wih , | i,her ating e
conpounds of 30 f}gl orr(raﬁ’f\ql!é51 1f§3 eﬁf%g%ékﬁﬁg% opgc%ﬁu\(/:lécggrghlﬁ. EﬁgThe
process as 10l ai ned rieatalenitm pf wiibrssinders perracivhidlh pahikitiden of

m chl or oper benzoi ' : r [ i i Ldi:ziing agent.
9. The use of theigﬁﬁﬁgkﬁ? %&é fégﬁﬁ?gﬁﬁ g%é€+§?%% Cg?ﬁgaﬁéngﬁhgkéﬂﬁs 1to6
as therapeutic active ingredients for producing drug products for the 10

treatment of 1di songer sudd ¥hi ehd Nbph&uRAsObr WIS ShLer aSPafmé 8
t herapeutically beneficial._10. The use of the conpounds of fornula 1 as

cl ai med in any of claims 1 to 6 as therapeutic active

15 ingredients for producing drug products for the

treatment of disorders associated with the effect

of eosinophils.

11. The use of the compounds of formula 1 as claimed
20 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.

2512. 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.

3013. 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.

3514. A process for producing a drug product as claimed
| in claim 13, 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



in any of clains 1 to 6 as therapeutic active 15 ingredients for producing
drug products for the treatnent of disorders associated wth the effect of
eosi nophils. 11. The use of the conpounds of forrmula 1 as clainmed 20 in any
of clains 1 to 6 as therapeutic active ifigredients for produci ng drug
products for the treatnment of disorders associated with the effect _of
neutrophils. 2512 PTERRLAEQHES + L cBRbBEngSNYLItSamindo1L aaste¥mi wedchi n any
of claims 1 to 6 aard Y apaid Ithacdpaericapiedi ents for producing drug
products for the treatnment of hyperproliferative disorders. 3013. A drug
product conprising one or nore conpounds as clained in any of clains 1 to 6
in addition t16. caheenisonalf plorpicairods cafl yhieol gsmdeal cEbfrinela Bndsor

di l uents ang excipi,ents., 3514._ A pracess for produci.ng a.drug oduct as
claimed i ngcl ai mCIS TGS chc S i 88s czﬁlae”‘b% Eror%ocgrrpg%lh%g%r éj?caﬁ}lﬁed in
any of clains 1 t prodwitsy Esoceslseidnedi tin conlainm i aiizl apbenewacent i tal
carriers and/or  dilianisand QRS BxEl PLERLALLO phar ROCLAIERL 134
preparations, or Belng converted into a f8Frm whi ch® " can be Use

t herapeutical ly. ¥thTledhere asfticmphapaciutheayehrgakdientsl.a 1 as 5
claimed in any of clains 1 to 6 and/or of drug products as clained in claim
13 alone or in conbination with one another or in conbination wth other
active pharmaceutical ingredients.



