Novel "py‘?i do[ 3, 2-e] pyrazi nones with anti-asthmatic action and processes for
their manufacture.: « The invention relates to novel conpounds of K‘IT%/HD
formula 5 . [err] wher e 20 A either represent
ICH[ err], NR][m\re]l pYFid6]3,2-e]pyrazin¥ned withdnti-astimnatié Q%t[itﬁ! al]1d PRicessesrfor at

east one o Y, nust represent N.-° err] can represent H
(but only Mgér,&"?ﬁ&%ﬁér?or NR[err]); and err]-Clerr]-alkyl (optionally
25 al so branched), that can be substituted once or several tines with
hydroxy-, C - : Qn‘?ﬂ = nyl oxy-,
Cerr]-Cer m%gpﬁr}\twgﬁ%%{roﬁ%x’%pt [ cgir\ugfl%ﬁ@é]tf)osﬂdt%t ed), aryl oxy

(optionaPly substituted), heteroaryl (optionally substituted),

het er oaryl oxy (optionally substituted), am no, substituted am no
groups, but also with hal ogen, NJerr], CN, C=OR[err] or S(OfJerr]
(with n fromO to 2); C[err]-C[err]-aI kerR'ﬁ (optionally al so branched),
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where
20 A -either represent CH,, NR3 or O;
X, Y and Z stand for N or CR4, where at least one of X, Y and Z must represent N.

R can represent H (but only when A stands for NR3); and C4-C4g-alkyl (optionally
25  also branched), that can be substituted once or several times with hydroxy-, C4-Cg-
alkyloxy, C4-Cg-alkenyloxy-, C4-Cg-alkinyloxy, aryl (optionally substituted), aryloxy
(optionally substituted), heteroary! (optionally substituted), heteroaryloxy (optionally
substituted), amino, substituted amino groups, but also with halogen, NO,, CN,
C=ORS or S(O),,R6 (with n from O to 2); C4-C4p-alkenyl (optionally also branched),
30 that can be substituted once or several times with hydroxy, C;-Cs-alkyloxy. C4-Ce-
alkenyloxy, C4-Cg-alkinyloxy, aryl (optionally substituted), aryloxy (optionally
substituted), heteroaryl (optionally substituted), heteroaryloxy (optionally
substituted), amino, substituted amino groups, but also with halogen, NO,, CN,
C=0R5 or S(O)nR6 (with n from 0 to 2); C4-Cp-alkinyl (optionally also branched),
35 that can be substituted once or several times with hydroxy, C4-Cg-alkyloxy, C4-Cg-
alkenyloxy, C4-Cg-alkinyloxy, aryl (optionally substituted), aryloxy (optionally
substituted), heteroaryl (optionally substituted, heteroaryloxy (optionally
substututed), amino, substituted amino groups, but also with halogen, NO,, CN,



30 that “can be substituted once or several tines with hydr oxy,
Cerr]-Cerr]-alkyloxy, Cerr]-Cerr]- 2 al kenyl oxy,
Clerr]-Cferr]-alkinyloxy, aryl (optionally substituted), aryloxy
(optionally substituted), heteroaryl (optionally substituted),
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30
R4 represents H; C4-Cg-alkyl (optionally branched); halogen.
RS stands for H; C4-Cg-alkyl (optionally branched); phenyl; OH; C4-Cg-alkyloxy
(optionally branched); aryloxy (optionally substituted); amino (optionally substituted).
35

R6 represents H; C4-Cg-alkyl; aryl (optionally substituted); OH; C¢-Cg-alkyloxy;
aryloxy (optionally substituted); amino (optionally substituted).
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25 subst i t ut ed), heteroaryl (optionally substituted), heteroaryl oxy

(optionally . Substituted), am no, bstituted am no groups, but also
wi th hal ogen, NJ err], CN, C=OR[err] or S(Oferr]Rerr] (wwith n from
0to 2). R3 stands for Hor (err]-Clerr]-alkyl. 30 R4

represents I{he:muemt]orq!em rglatas ko/thephisiclogistiivadeeptablests oﬁmqumpounds
R5 stands f OH;
d efr ianC[Ser r EW‘%?%L pﬂﬂsgégﬁ} mopr‘;gﬁﬁﬁﬁ? c@? aryl of;?/ﬁl(ng%tylhg%al |y

subst i t ut ed)! eﬁﬁhﬁﬁ“i%ﬂ?@d&ﬁly substl tuted). 35 R6 represents H;
Cerr]-Cerr]-alkyl; aryl (optionally substituted); OH

Cerr]-Cerr]-al kyl oxy; aryl oxy (optionally substituted); am no
(optionally substituted). 3

The invention also relates to the physiologically acceptable salts of the
conpounds of fornmula 1, the processes for the preparation of the conpounds
of fornmula | and their pharmaceutical use.

4 Description Eur opean patent application 0 400 583 rel ates
to i m doqui noxal i nes and their aza- anal ogs of the general fornmula 5
H R I

N 0



[err] * 15 where A represent a nitgogen atomor CH B and D a
nitrogen atomor CH or:a substituted carbon atom and the radicals R
Rlerr], Rerr] represent hydr ogen or vari ous organi ¢ substituents.
These corrpouljg§c nSaid to have a positive inotropic vessel- 20 dilating
effect. t errmre | ndi an Journal of Chem stry, Volune 10, 1972,
pages 344-350 describes inter alia the preparation of conpounds of .

1E ormul a 2§uropean atent apphcatlon 0 400 583 relates to imidoquinoxalines andRtheir aza- 30
err

] (g%'. raif V\/&ere the radical R can be
3- di et hyl an?‘?ﬁ‘l?ﬁ%ﬁ er8) fofishol i noet hyl - (1), 2-
pyrrolidishoet hyl - (1) or 2-dinethylam noethyl-(1). No pharnmacol ogi cal effect

i s given. H
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where A represent a nitrogen atom or CH, B and D a nitrogen atom or CH or a

substituted carbon atom and the radicals R, R1, R2 represent hydrogen or various

organic substituents. These compounds are said to have a positive inotropic vessel-
20  dilating effect.

Furthermore, Indian Journal of Chemistry, Volume 10, 1872, pages 344-350

describes inter alia the preparation of compounds of formula

25 I]?
N O
N™ N\
30

R = -(CH,),NRTR2,

35  where the radical R can be 3-dimethylaminopropyl-(1), 2-morpholinoethyl-(1), 2-
pyrrolidinoethyl-(1) or 2-dimethylaminoethyl-(1). No pharmacological effect is given.



éuropéan patent application O 584 487 re%lat es to

4, 5-di hydr o- 4- oxo- pyrrol o[ 1, 2-a] - qui noxal i nes and their aza-anal ogs
of general fornmula [err] where the radicals Rerr],
Rlerr] Rlerr] and Rerr] .stand for a plurality of organic substjtuents. 15
These conpoBHERPeanPaipn @pplicationd waﬁgelatﬁﬁt%-’r-éhgqire:‘*-am-wﬁ?ﬂr?a?l-c,_ _
anxi ol yti c, quinoxalihég@ngnhéir zR8RalvgSEdneabfofmeifd ects as wel | as a positive

i notropic effect which are causatively based on a selective PDE |1
i nhi bition. Pat ent application WO(PCT)_{93 20 077 relates to
I m dazoqui noxal i nones of general formiRa 20 [err] wher e

A standssfor 5-ring heterocyclesR%\A"th 2 or B3 nitrogen atons in the ring, Rl
can 30 “be NJerr] or CF[err] and t angNfor _x@ious in part

ni trogen-contai ning chains with ugX o4 I n menbers. These
conpounds are described as gl utamate'redeptor antagonists with

psychotropi c and anti-ischaemnic eflfct. anese patent application JP
06 128 261 and JP 06 128 262 rel at &Lt he N reparati on of conpounds of
general formula 3 /

10

where the radicals R1, R2 R3 and R4 stand for a plurality of organic substituents.
15 These compounds are described as having anti-allergic, anti-asthmatic, anxiolytic,

hypotensive and vasodilatory effects as well as a positive inotropic effect which are

causatively based on a selective PDE Iil inhibition.

Patent application WO(PCT) 93 20 077 relates to imidazoquinoxalinones of general

formula
20 R T
N (o)
QININ
AN

where A stands for 5-ring heterocycles with 2 or 3 nitrogen atoms in the ring, R1can
30 be NO,or CFjand X stands for various in part nitrogen-containing chains with up
to 4 chain members.
‘These compounds are described as glutamate receptor antagonists with
psychotropic and anti-ischaemic effect.
Japanese patent application JP 06 128 261 and JP 06 128 262 relate to the
35 preparation of compounds of general formula



['err] where the radicals R§err], Rerr], Rerr] and R4 stand
for various organkc substituent No phar macol ogi cal effect is given.

i 623 620 relates to the preparation of
Jlerr] where A stands for

conpounds of genera

anel |l ated aromatic or e ring systens and Rlerr] for
substituted am no groupg conpdunds descri bed have in part
S5HT[ err] - ant agoni st 20 : Eur opean patent application 0 518 530
relates to the preparati gaoof Ccggpod Hs of the general formulae [err]
3 /
5 R =N

where the radicals R1, R2, R3 and R4 stand for various organic substituents. No
pharmacological effect is given.

10  European patent application 0 623 620 relates to the preparation of compounds of
general formula

| N_ /4
N R,

N S

where A stands for anellated aromatic or heteroaromatic ring systems and R4 for
substituted amino groups. The compounds described have in part 5HT;-antagonist
20 effects.

European patent application 0 518 530 relates to the preparation of compounds of

the general formulae
Rs\ﬁéA% R;\,‘jé‘e
N//l N ‘}‘/&0

Ry
' H
where R4, R, and R stand for various organic substituents and A1 to A5 for C or N,
where at least two of them represent N. These compounds are antagonists of
30 receptors of excitatory amino acids. Published German patent application DE 43 29
970 relates to the preparation of compounds of general formula
R A— R

R, 57—.::(
35 Rs N /\EN
R, 'l“ o)
| R, H

6



where Rl,  R2 and R3 stand for various organic substituents and Alerr] to
Alerr] for Cor N » where at least two of themrepresent N These
conpounds are antagoni sts of 30 receptors of excitatory am no acids.
Publ i shed Gernman patent application DE 43 29 970 relates to the
preparation-of conmpounds of general formula [err]

7 where A stands for a saturated or unsaturated al kyl ene group

with 1-5 carpere A stands $ovea sdtiitdd or URsaturdted Blk§Tehb gratipewitt] 1-8nchribgrer r ]

represent varjous or ubstd t uent s
funct i onal " oPISTIS. Fukta-n e ARG s T8RHSARE Yorght Gisenic uBBiteni and i stfnce
'?‘ ﬁs cri bedi as fmrafagctmnat group thatcoptainssa cdrbanyt gtmmoﬂyemqmpotmdlsl are "
e inventio | ent cl ai ns. e new
conmpounds acgo%ﬂﬁ%g P%ﬁ#%ﬁ'snvéﬁ?% ar%gbrg "fuj('}g?@a%ly active and have

in 10 particular strong anti-asthmatic and anti-allergic effects on the

basis of sel ¢pé iﬁ@ntnon deschibbs h\é'\‘:dniﬁbhhdé bét'but in the paterlt'&:lairﬁs AheHiwect of the
i nvention to rovi de new ¢o nds "havin ¥‘
compounds according o e invention are p armacologlcally active and have in
10  particular strong anti-asthmatic and anti-allergic effects on the basis of selective

PDE IV/V inhibition.

ltis an objéct of the invention to provide new compounds having valuable
pharmacological properties.

15
The invention also relates to processes for the preparation of the new compounds
described in the patent claims as well as to the use thereof.

Those compounds of formula |, which contain asymmetric carbon atoms and

20 generally occur as racemates can be separated into the optically active isomers in a
manner known per se, for example with an optically active acid. It is, however, also
possible from the beginning to use an optically active starting substance, a
correspondingly optically active or diastereomeric compound then being obtained.
Of compounds of formula [, which contain an asymmetric carbon atom, the invention

25 therefore comprises the D-form, the L-form and D,L-mixtures as well as the

' diastereomeric forms in the case of several asymmetric carbon atoms.

Depending on the process conditions and starting substances, the compounds of
formula | can be obtained as free compounds or in the form of their salts. The salts
obtained can be converted into the free bases in a manner known per se, for

30 example with alkali or ion exchangers, or into the free acids with inorganic or _
organic acids. Salts can be obtained from the compounds of formula | released in
this manner by reaction with inorganic or organic acids or with inorganic or organic
bases that are suitable for the formation of therapeutically usable salts.

35 The compounds of the invention are suitable for the preparation of pharmaceutical
formulations. The pharmaceutical formulations can contain one or several of the
compounds of the invention. Conventional physiologically acceptable diluting



phar macol ogi cal properties. 15 The, i nvention also relates to
processes for the preparation of the new conpounds described in the
patent clains as well as to the use thereof. Those conpounds of
formula 1, which contain asypmetrjc carbon atons and 20 general ly occur

as racenat c30¥$ qRFiers gRdAuxtiaty sUBstERces fanbeised A PIaRRER F€oners in a

nmanner knovwshatfifaceaticdl esmsictions or thetdpeaticaplisae formact i ve acid. It is,
however, al so possi ble fromthe beginning to use an optically active

starting substance, a correspondingly optically active or
di ast er eoneln accondgnee with the inveatiorgcomiporinde df formula | atéf preparesi bydreaoting or nul a

1, which.co ] ric carbon atom the invention 25 therefore
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conprises t orm -formand D, L-m xtures as well as the

di astereoneric forns in the case of several asymetric carbon atons.
Dependi ng on the process conditions aﬁd starting substances, the conpounds
of formula | can be obtained astreecponpounds or in the form of
their salts. The salts o] be converted into the free bases
in a manner known per se, for BO xanple with alkali or ion exchangers,
or into the free acids wggh i aphc o organic acids. Salts can be
obt ai net’ from t he conpoundsadt T e nul & I\Tgleased I n t hi s manner by
reaction with inorganic or organic acilds of with inorganic or organic
bases that are suitable for the fornat£onYof t her apeutli cal |y usabl e salts.
35 The conpounds of the invention are suitable for the preparation of
phar maceuti cal formul ati ons. The pharnmaceutical formnulations can
contain one or several of the conpounds of the invention.

Conventi onal physi ol ogically acceptable dilutin
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dispersing agent. Solvents or dispersing agents that can for example be considered

are: aromatic hydrocarbons such as benzene, toluene, xylene, mesitylene; lower

20 aliphatic ketones such as acetone, methylethyl ketone, diethyl ketone; ethers such
as diethyl ether, tetrahydrofuran, dioxan; sulfoxides such as dimethyisulfoxide;
tertiary acid amides such as dimethyl formamide, dimethyl acetamide,
tetramethylurea, hexamethylphosphoric acid triamide, N-methylpyrrolidone;
halogenated hydrocarbons such as chlorobenzene, dichlorobenzene, carbon

25 tetrachloride ; lower alcohols such as methanol, ethanol, isopropanol as well as
mixtures of the agents stated, optionally also with water. The reaction is for example
carried out at temperatures between 20 and 200°C, preferably 50 to 130°C.

In the case of the starting component R - Hal, Hal preferably represents chiorine,
bromine or iodine. .

30 The reaction is preferably carried out in the présence of acid binding agents such as
alkali carbonates (sodium carbonate, potassium carbonate), alkali acetates, alkali
hydroxides or tertiary basis (triethylamine, pyridine). The starting components of
formula Il are preferably used in the form of their metal salts. Alkali salts can be
used in particular. The preparation of alkali saits is effected for example by reaction

35 with the corresponding alkali hydrides, alkali amides, alkali alcoholates or also alkali
metals in a solvent (lower alcohol, aromatic hydrocarbon, tertiary acid amides) or
with aqueous alkali (for example NaOH).




‘N -0 [err] 15 where X, Y, Z, A and R err] have the neaning
given, with Rlerr] - -Hal (Hal = hal ogenP I n t he presence of an
inorganic or organic basic catalyst, where R[err] has t he meani ng
gi ven. The process can be carried out without solvents or in a suitable
sol vent or In accordapgeeobinednvention, coBpounds of formula $ peer alsmprepgesdt by t hat can
for exanpl rfboéb?h e: aromati c hydrocarbons such as benzene,
t ol uene, x;e/rlegﬁﬂe nmesi t qﬁgr?éfor{ng%r al i phatic ketones such as acetone,
met hyl et hyl ket one, dlethyl ket one; ethers such as diethyl ether,
tetrahydrofuran, dioxan; sulfoxides sugh as dinmethyl sul f oxide;
terti arl)é acid am des such as di methyl formam de, dinethyl acetam de,

h

t et ramethyl ur ea, hexanet hyl phospbQri c_HNgi i am de, N-methyl pyrrolidone;
hal ogenat ed hydr ocar bons such r obeffzene, - di chl or obenzene, carbon 25
tetrachl oride ; |ower alcohol sisuchilas nme{hanol, ethanol, isopropanol as

wel | as m xtures of the optionally also with water.
The reaction is for exanpl HA carried o at tenperatures between 20
and 200[err]C, preferably 50 to 130[errf&sy | it he case of the
starti n%ocorrponent Rlerr] - Hal, Hal preferably represents chl ori ne,

brom néd I odi ne. 30 The reaction is preferably carried out in the
presence of acid binding agents such as al kali carbonates (sodium
car bonat e, potassi um car bopat e aI kal i acetates, .l kal i dr oxi des
or tertiar yWnR€iA X Ys ZANGR hats the eaning.given, wilb %ﬁﬁ?‘(ﬁ?{; @@f?@@ﬁilﬂ@eof
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Wi th aqueous a
mesitylene; lower aliphatic ketones such as acetone, methylethyl ketone, diethyl

ketone; ethers such as diethyl ether, tetrahydrofuran, dioxan; sulfoxides such as
dimethyl sulfoxide; tertiary acid amides such as dimethylformamide,

20 dimethylacetamide, tetramethylurea, hexamethylphosphoric acid triamide, N-
methylpyrrolidone; halogenated hydrocarbons such as chiorobenzene,
dichlorobenzene, carbon tetrachloride ; lower alcohols such as methanol, ethanol,
isopropanol and mixtures of the agents mentioned, optionally also with water. The
reaction is for example carried out at temperatures between 20 and 200°C,

25 preferably at 50 to 130°C. '

In the case of the starting component R2 - Hal, Hal preferably represents chlorine,
bromine or iodine.

The reaction is preferably carried out in the presence of acid-binding agents such as
alkalicarbonates (sodium carbonate, potassium carbonate), alkali acetates, alkali

30 hydroxides or tertiary bases (triethylamine, pyridine). The starting components of
formula il are preferably used in the form of their metal salts. The alkali salts are
particularly suitable. The preparation of the alkali salts is effected for example by
reaction with the corresponding alkali hydrides, alkali amides, alkali alcoholates or
also alkali metals in a solvent (lower alcohol, aromatic hydrocarbon, tertiary acid

35  amides) or with aqueous alkali (for example NaOH).

The new pyrido[3,2-e]pyrazinones can be converted into the corresponding salts
with inorganic or organic acids or bases in water or in organic solvents.



in accordance of the invention, conpound8 of formula | are al so prepared by
reacti ng conpounds of-formul a [err] 10 where A, X, Y, Z and
Rlerr] have the neaning given, with Rlerr]-Hal (Hal = halogen) in the
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that can, fphosphadiesterasesisoenzymecivrandd aestrong influanesnefithe tlageeacar bons such

as benzene, rekg{\ﬁfoﬁg? R?Wiﬁig@lne (guinea Fﬁa dangs @d&"&fec@ :hWﬂ@ﬁrb astph@nes such

as acetone, such as

di et hyl %t hmﬂe!sesuwlndha asthmaiic éﬁtenhasarea@mdegs'mh“@)sm Qu'nea PiSSet hyl
sul foxide; tertiary acid am des such as di nmethyl formam de, 20

di mret hyl acet am de, tetranethylurea, hexanet hyl phosphoric acid triamde, N
met hyl pyr r oMethods: hal ogenat ed hydrocarbons such as chl or obenzene,

di chl or obenzene, carbon tetrachloride; |ower alcohols such as nethanol,

et hanol , rop re t he agents nentioned, optionally
al so with mB?tﬁfm'"ﬂﬂeﬂ °?p8°s&l§)§fﬁg}%%sl§%°%¥' r exanmple carried out at
t enper atiures between 20 and 200[err]C, 25 preferably at 50 to 130[err]C.

In the case gﬁ{;ﬁr{%ﬁ.&ﬁ&%&é ?Iglgég fgtdefgnﬁfn'eh with&ew dliﬁ\lllf iedtRhS (Baler,

repr esents reactl on I's
preferably AL.tSchwabe, U. nAnwepmve@esm of cyclie 365'tusieptide phesphediestarase;

al kal 1 car boggh e E%ghb'@&:@ﬁfé?aoNﬁhﬁyn—@&fnﬁé&éﬂéi’@@ﬁdhoméﬁdacoﬂ|3|14|1' 932198 at es,
ali roxides or tertiar ases leth ne i di ne). The
starti ng co Yrafter dhe method ‘I‘Qﬁcﬁ%‘?da by Tho 'éﬂs@ ?‘/g&m Jin the form of
t ?g' ;r g’ﬁs g'r]AOFie n, MWI a&ée&&:otf eydiit aud$dt|de phospmm!ésteraél@adxq/resolwabloe The
A s . o R
ﬁr i ocar bglnmmbh ailxtureec:attams d0anM dlris¢iQi (:SH OARrS mMMgﬁlg. 0. ér}MﬁAl\ﬁf@ or
Ny o o ARk TRNBTS) Ao phvadspnabial (o7 oxor e
corr espondi egmpahents needed to record the individual isoenzymes (see below). The final
20 volume is 200 pl. Test substances are prepared as stock solutions in DMSO. The
DMSO concentration in the reaction mixture is the same or less than 1% v/v. The
PDE activity is not influenced at this DMSO concentration. After pre-incubation for 5
minutes at 37°C the reaction is started by adding the substrate (cAMP or cGMP).
The samples are incubated for a further 15 minutes at 37°C. The reaction is
25  stopped by adding 50 ul 0.2 N HCI. The samples remain in the ice for a further 10
minutes. After incubation with 25 pg 5'-nucleotidase (Crotalus atrox) for 10 minutes
at 37°C the samples are applied to QAE Sephadex A-25 columns (Econor columns,
Bio-Rad). The columns are eluted with 2 ml 30 mM ammonium formiate (pH 6.0).
The radioactivity of the individual fractions is recorded using scintigraphy.
30
The PDE IV (cAMP-specific) activity is determined after the method described by
Schudt et al. (Schudt C.; Winter S.; Forderkurz S.; Hatzelmann A.; Ullrich V.,
Influence of selective phosphodiesterase inhibitors on human neutrophil functions
and levels of cAMP and Ca. Naunyn-Schmiedeberg's Arch. Pharmacol. 344, 682-
35 690 (1991)) describe a method in the cytosol of human polymorpho-nuclear
leucocytes. The substrate is CAMP. Addition of motapizon, a specific PDE Ill
inhibitor (1 uM) totally suppresses the PDE lll activity stemming from the possible
thrombolytic impurity.
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Determination of the asthmatic late phase reaction (oesinophilia) in guinea pigs

25 Male guinea pigs (250 - 300 g, Pirbright white, Charles River Wiga) are actively
sensitised by s.c. injection of ovalbumin (10 ug + 100 mg aluminium hydroxide) and
boosted 2 weeks later. One weeKk after the boosting (10 pg + 100 mg aluminium
hydroxide) the animals are exposed of an aerosol of nebulised 0.5 % ovalbumin
solution for 20 seconds. 24 hours later, the bronchoalveolar lavage (BAL) is carried

30 outusing 2 x 5 ml sodium chloride solution on animals sacrificed with an overdose
of pentobarbital. The lavage liquid is pooled and centrifuged for 10 minutes. The cell
pellet is suspended in 1 ml physiological sodium chloride solution and the
eosinophils are counted microscopically in a counting chamber using a Becton-
Dickinson eosinophil kit. The eosinophils are counted for each guinea pig. The

35 mean value is calculated for each group. The inhibition of the eosinophils for the
group treated with substance is obtained using the formula:

(A-C)-(B-C)y(A-C)x 100 = % inhibition
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with a nutrient solution (Krebs- Henseleit). The strength of
contraction of the trachea can be neasured using force transducers.

After st@peribedollowing sifests weee for exampleiobtainashfopthe eompoynd jacending twhe
trachea is %Hﬁ)ﬁdm:ﬂhly rel axed using isoprenaline (1 x 10[err] mol/1). The
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check the 20 function of the organs, isoprenaline (1x10[err] nmol/1) is

then added to the bath to see whet her the organs are still able to
rel ax. iffeftdation of the asthmatic |ate phase reaction

(oesi nophi li 5%\ gul nea pigs 25 Mal e gui nea pigs (250 - 300 g,
Pirbright white, Charles River Wga are actively sensitised by s.c.

i nj ectigg OTExaM@té@.Lfai the(prBpariiod 8f condfdinG® offoriiiiail s ot sotinde)of stthula
li:

Example 1: 1-ethyl-8-methoxy-3-methyl-5-propyl-imidazo[1,5-a]pyrido[3,2-e]-
pyrazinone
25
Variant A:

10 g (0.038 mol) 1-ethyl-8-methoxy-3-methyl-imidazo[1,5-a]pyrido[3,2-e]pyrazinone

are stirred into 200 ml dimethylformamide. 3 g (0.095 mol) sodium hydride (80%)
30 are added in portions at 20°C with stirring. After the mixture has been stirred for 2

hours, 8.5 g (0.07 mol) n-propylbromide are added dropwise within 15 minutes. The

resulting solution is heated to 70 - 80°C for 2 hours with stirring and then heated for

a further 8 hours to 100°C. The solvent is removed in a vacuum after cooling to

20°C. The raw product crystallising is first stirred out with 150 mi of water at about
35 50°C and then recrystallised from cyclohéxane.

Yield: 8.5 g (73 % of theory)

Melting point: 136 - 137°C



‘boosted 2 weeks later. One week after th® boosting (10 [err]g + 100 ny
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eosi nopHfi | saddesl ippontians gt20°C with siwina.cAfterithe mbitured@s begpAtimod fore2 heurs

cal cul at ed é.gr%mﬁg% Hdbro gnhﬁorhmia!?é blGeY Gopiiie vidi 1S RIMUtes.fTle t he

group treate Bstance 1 s obtal ned using the 1;8r rwl a .

(A - C - (tesultan/sojytion igstimedfgna further 1§ hgyrﬁiaggo-zs >. The solvent is then

12 , refhovelQs aV@ROUMS Thé clyBlallisIAG A bRiuetis pufifieddaodesaribat fenged with
oval bum n . E = Eosinophils in the group treated with the substance and
chal | enged Y@9aptA. ovalbunin 5 C = Eosinophils in the control
group ma cield: Sopg70%tdf tieomy)oum n The substance was applied 2 hours

before all ef J e 870 (1IN 1% net hocel ) or i.p. (in 0.5%
nmet hocel ). %gﬂgg)%ﬂtb gr&%’p receive 1% net hocel p.o. or 0.5%
met hocel i.p. 2 hours before allergen chall enge. 10 The follow ng
effects wer?a;ié]{t@xarrpl e-obtained for the conpound according to
enbodi mrent 1: " PDE IV - inhibition (in vitro): ICerr] =0.1
[err]nol /I PDE V - inhibition (in vitro): I1Cerr] = 0.095 [err]nol /I
g‘/sf gm 1% Pﬁg@QDFgﬁs@%&}i1Wﬁﬁéthbﬂ-@-ﬁfelhyF-inQ_deld[QS;d&Wﬂdo[3,Z?A%yrazinqu\)e _
Engod:J?eEE Isgre Ceeateg ?OS‘IIQ&% \vailtr{ 89(ggw en%ol?'al%'nsg)di’ous prg‘iassg.ml'l 'cgfbonaté) i'nrgbl ml tion.
dimethylformamide with stirring. 8.5 g (0.07 mol) n-propyl bromide are then added
dropwise within 15 minutes. The reaction mixture is stirred for 7 hours at 120 -
130°C. After cooling the inorganic salts are suctioned off and the solvent removed
20  from the filtrate in the vacuum. The mixture is recrystallised from cyclohexane to
purify the cristallising raw product.
Yield: 8.0 g (69 % of theory)

Melting point: 135 - 137°C

25  Numerous further compounds of formula | can be prepared using the variants given
by way of example, the following being set out by way of example:
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Examples for the preparation of compounds of formula | from compounds of formula
1] '

Example 30: 8-cyclopentyloxy-1-ethyl-3-methyl-5-propyl-imidazo[1,5-a]pyrido
[3,2-e}-pyrazinone

Variant A;

3.2 g (0.011 mol) 1-ethyl-8-hydroxy-3-methyl-imidazo[1,5-a]pyrido[3,2-e]pyrazinone
are stirred into 60 ml dimethylformamide. 0.9 g (0.03 mol) sodium hydride (80%) are
added in portions at 20°C. After the mixture has been stirred for 2 hours 2.1 g (0.62
mol) cyclopentyi chloride are added dropwise within 15 minutes. The resulting
solution is heated to 70 - 80°C with stirring for 2 hours and then heated for a further
8 hours to 100°C. After cooling to 20°C the solvent is removed in a vacuum. The
raw product that crystallises is first stirred out with 50 ml hot water at about 50°C
and then recrystallised from ethyl acetate.

Yield: 3.0 g (77 % of theory)

Melting point: 138 - 140°C

Vfariant B:

3.2 g (0.011 mol) 1-ethyl-8-hydroxy-3-methyl-imidazo]1,5-a)pyrido[3,2-e]pyrazinone
are stirred into 60 ml dimethylacetamide. 0.9 g (0.03 mol) sodium hydride (80%) are
added in portions at 20°C with stirring. After the mixture has been stirred for 2 hours
2.1 g (0.02 mol) cyclopentyl chioride are added dropwise within 15 minutes. The
resultant solution is stirred for a further 15 hours at 20 - 25°C. The solvent is then
removed in a vacuum. Purification of the crystallising raw product is carried out as
described for variant A.

Yield: 2.7 g (70 % of theory)

Meiting point: 138 - 140°C

Numerous further compounds of formula | can be prepared using the variants given
by way of example, the following being set out by way of example:



15

Li

17

[ouedoidos}] /9 g (4-#)PHIOCHD °HO 0 | ¥H¢D-D N eHD-D b
€22
louedoudos|| .z g SHIQCHD SHC) O | HCD-0 N tHO-O | &b
8shl - il _ .
JNa 0. g YHIQCHD tHO 0 | ¥H¢D-D N THO-0 v
GOl
peaeoe [hug  Lh 8 | M HOO(CHOINODEI(CHD) SHCD O [5HCO-D| N EHO-O [ ¥
GEl - €E1 : |
joueyiy Ll g SHCD00DE(CHD) SHCD O | 5HCD-D N °HO-D ov
8.
dNa | b6 g YHCO00DE(CHD) ©HD O | ®H¢D-D N “HO-0 6¢
Ll - ObL
foueyy3 0L g HOOQ%(¢HD) IHCH O | FHCO-D N ©HO-D 8¢
GOl
jouedoJdos| £ g HOOD®(¢HD) ©HO 0 | 9HCO-D N ¢HO-0 L€
SEZ ~ €62 o
jouedosdos}} /9 g HEYOQSCHOS(CHD) SHCD 0 | 9H¢D-D N “HD-D 9¢
1€ - 98¢ | _
jouedoidos]||  pZ g HOCSHOS(CHD) HC) 0 | 9H¢O-0 N CHD-D Ge
Zrl - op)
|oueyi3 2 g CHO0D%(CHD) YHO 0 |5H%D-D N tHO-0 e
ebl - bl
joueyld 19 g9 CHO0OCHD ©HO 0 | %H¢O-D N ®HO-0 ee
GlL-vlL |
jouedoidosi] € 2 SHCD SHCH 0 | %HC¢D-9 N EHO-D Ze
el - 2El » . <
Ee] 16 g SHCD. tHD O | 9HCO-D N SHO-D LE
912 | . o -
0. | .[%] | ueuep Y] Y v Z A X .
“3d bupjrap, m_.m_; . ¢ a1dwex3




‘['err]. 18 16
Exanpl es for the «preparati on of conpounds of fornula | from conpounds of
formulla, g|| %a le 30, nl 3’
8- cyclc@_ental Y- & el @R Bt hyg- pr@ i o[1,5-a]pyjido 5
[ 3, 2- &g‘aziﬂjmeg N vvﬁla OE X" 3?%9 (0.011 mypl)
1- et hyf. &.hng)&yg&mgt& 1, 5,@]prr| gg ), 2-e] pyrazgnone 10 are
stirrgdai nf® §PnL, d Q:ge'l’-'(giﬁ)r 9 g (P”& nol) sodi §m hydride (80%
are 2 hdd8§l i® pértignsat PO[err] Aftey fPe nmixture has been stirred
for 2thourp 2.4 g (0}02 mpl ) cycj openty] chloride arejadded dropw se
W thirf 157 nu esNT1e6esut|n; . utipn_is heated t¢p 70 - 80[err]C
W th stgi ngof oris2 hou®q and t hen heak edforf a~further 8 hours to
100[ err@ C.} Aftpr coolingjto 20[ ¢rr] C the sol vlent is renoved}in.a vacuum
The 192 cprhdyct fhat derystallises bg firgt Sstirroed.gut nwith 50 nl hot
wat er fat gFout 50[erg] C ahd then recrystallised fromethyl acetate.
Yield:} 3.8| gddf7 & o tdagorsn o M tiomg iR: 138 - 149[err]C 20
Variart EBg 312 g{(0.011fnol) T;
1- et hyl - & hydr pxy- 3- et hyl -1 m dazo] 1,5-a] pyriido[ 3, 2- e] pyrazfnone are
stirrgd 1nfo 6P nm dfnethylacet fm de. 9.9 (Jo. 03 ol ) sodL.Jm hydri de (80%
are ddefl in @prtidns at ZO[err] h &l the mixture
has bden spirrpd £6El2 hgurs 25 2.1 yl chloride are
added {dr opi $& wi.}',r81 1 mnuteg. The onis stirred
for affurthed]5 Hwoufs 0 p ] N renoved
ina\;ac% eri@citi ned.cry#|a s carried out
'S I I
N © (&
Il < o
O :‘-_\.‘ u
O
o
.
- O
w O
w
B H | 2|22 |2
O
Q
o
T
O
<] Of O % ®) o O @)
L 1w W W o) Tp Yo}
Il I < T i T
N N N N N N N
QY <K Q Q Q Q
(& O O O O a o) O
>l =z =z z| =z z z z
ol o o ™ ™ ™
<| I I Il T I X T
Sl 8 |9 g |8 |8 | Q
of © O] ©O (&) &) o
p _
g w|l © ~| © o) o —
< < < < < ~ o Y}
[FN]




‘described for variant A Yield: 2.7 g (70 % of theory) 30 Mel ting
point: 138 - 140ferr}C Nurmer oust$ urt her conpounds of fornmula | can
be prepared using the variants given by way of ‘exanpté; thefoltow ng

be ] f 5 give . 18
cing set out by'vay of examies 17 | R

1. Novel pyrido[3,2-e]pyrazinones of formula

5 R1
l
N 0]
10
X
— /
=Y
l
15
where
A either represent CH,, NR3 or O;
20

"X, Y and Z stand for N or CR#4, where at least one of X, Y and Z must represent N.

R1 can represent H (but only when A stands for NR3); and C4-C-alky! (optionally
also branched), that can be substituted once or several times with hydroxy-, C4.Cg-
25  alkyloxy, C4-Cg-alkenyloxy-, C4-Cg-alkinyloxy, aryl (optionally substituted), aryloxy
(optionally substituted), heteroaryl (optionally substituted), heteroaryloxy (optionally
substituted), amino, substituted amino groups, but also with halogen, NO,, CN,
C=OR® or S(O)nR6 (with n from O to 2); C4-C4¢-alkenyl (optionally also branched),
that can be substituted once or several times with hydroxy, C4-Cg-alkyloxy, C4-Cg-
30 alkenyloxy, C4-Cg-alkinyloxy, aryl (optionally substituted), aryloxy (optionally
substituted), heteroaryl (optionally substituted), heteroaryloxy (optionally
substituted), amino, substituted amino groups, but also with halogen, NO,, CN,
C=ORS or S(O)nRG (with n from 0 to 2); C4-C4c-alkinyl (optionally also branched),
that can be substituted once or several times with hydroxy, C4-Cg-alkyloxy, C4-Cg-
35  alkenyloxy, C4-Cg-alkinyloxy, aryl (dptionally substituted), aryloxy (optionally
substituted), heteroaryl (optionally substituted), heteroaryloxy (optionally
substututed), amino, substituted amino groups, but also with halogen, NO,, CN,
C=0RS or S(O),,R6 (with n from 0 to 2); C5-Cy-cycloalkyl that can be substituted
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Novel pyido[ 3, 2-€] pyFaZ| nones of fornula [err] 15

e oo A B e i g ™ 2

alkinyloxy, aryl (optionally substituted), aryloxy (optionally substituted), heteroaryl

(optionally substituted), heteroaryloxy (optionally substituted), amino, substituted

amino groups, but also with halogen, NO,, CN, C=OR5 or $(0),R® (with n from 0 to
5 2)

R2 can stand for H; C4-Cq-alkyl (optionally also branched), that can be substituted
once or several times with hydroxy, C4-Cg-alkyloxy, C4-Cg-alkenyloxy, C4-Cg-
alkinyloxy, aryl (optionally substituted), aryloxy (optionally substituted), heteroaryl

10 (opt«ona!ly substituted), heteroaryloxy (optionally substituted), amino, substituted
amino groups, but also with halogen, NO,, CN, C=OR5 or S(O),,R6 (with n from O to
3); C4-Cp-alkenyl (optionally also branched), that can be substituted once or
several times with hydroxy, C;-Cg-alkyloxy, C4-Cg-alkenyloxy, C4-Cg-alkinyloxy, aryl
(optionally substituted), aryloxy- (optionally substituted), heteroaryl (optionally

15 substituted), heteroaryloxy (optionally substituted), amino, substituted amino groups,
but also with halogen, NO,, CH, C=ORS or $(0),R8 (with n from 0 to 2); C4-C1-
alkinyl (optionally also branched) that can be substituted once or several times with
hydroxy, C4-Cg-alkyloxy, C4-Cg-alkenyloxy, C4-Cg-alkinyloxy, aryi (optionally
substituted), aryloxy (optionally substituted), heteroaryl (optionally substituted),

20  heteroaryloxy (optionally substituted), amino, substituted amino groups, but also
with halogen, NO,, CN, C=ORS or S(O),,REs (with n from 0 to 2), C5-C;-cycloalkyl,
that can be substituted once or several times with hydroxy, C4-Cg-alkyloxy, C4-Cg-
alkenyloxy, C4-Cg-alkinyloxy, aryl (optionally substituted), aryloxy (optionally
substituted), heteroaryl (optionally substituted), heteroaryloxy (optionally

25  substituted), amino, substituted amino groups, but also with halogen, NO,, CN,
C=0RS or S(O),,R.6 (with n from O to 2).

R3 stands for H or C4-Cg-alkyl.
30 R%represents H; C+-Cg-alky! (optionally branched); halogen.

RS stands for H; C4-Cg-alkyl (optionally branched); phenyl; OH; C4-Cg-alkyloxy
(optionally branched); aryloxy (optionally substituted); amino (optionally substituted).

35 RS represents H; C,-Cg-alkyl; aryl (optionally substituted); OH; C,-Cg-alkyloxy;
aryloxy (optionally substituted); amino (optionally substituted)

and the physiologically acceptable salts thereof.

Iy



"R er:r] can represent H (but only when A2§tands for NR SH““L\!%!!“““!“\“\ |

Clerr]-Clerr]-alkyl eoptionally al so branched), _
substituted once or several tinmes with hydroxy-, Cerr]-Clerr]- 25
al kyl oxy, Clerr]-(err]-al kenyl oxy-, C[err] C[err] al ki nyl oxy, aryl .
ﬁ] 0 Pt i onal : y2, wtbwcbéél.lfc?@)e rpaksH o{ novel ryz;ﬁéﬁe%tdfwhﬁﬂa I

et eroary opti,0 a ox
substitute ﬁgJ éu% %?u%gdﬁgrﬁ §é$}ﬁ Z eé'ﬁg ngef'I'Pﬁ'él"&aen,
NJerr], Cl\bharactense@#ﬂﬁhatrcb}npwn&@fbﬂnmaR[ er r] (wWith n fromO0 to 2);
Cerr]-gerr]-al kenyl (optionally also branched), that can be
substitdted once or several tinmes with hydroxy, ([err]-(err]-al kyl oxy,
Cerr]-Cerr]- 30 al kenyl oxy, Cerr]-ferr]-al kinyloxy, aryl (optionally
substituted), aryloxy (optionally Nsubsbi tuted), heteroaryl
(optionally substituted), heterao ironally substituted),
am no, substituted am no groups, but! | so with hal ogen, NJerr], CN,
C=OR[err] or S(OfJerr] R[erh]z (Wilh nXro to 2); derr]-Cerr]-alkinyl
(opti onaqlly al so branched), ™p Nhat ®lan bE substituted once or several
tinmes h hydroxy, Clerr]-Clerr]-alkyloxy, /Cerr]-Clerr]- 35 al kenyl oxy,
Cerr]-Cerr]-al kinyloxy, aryl (optional §ubst| tuted)) i aryl oxy
(optionally substituted), het eroaryl (optionally substituted),
het er oaryl oxy (optionally substututed), am no, substituted am no
groups, butwhéredX, W, Zh AnandBE mavettiesmeaningpiven in claimckrheR |  Hat (Hal =
?fjg))sg ?,[ L][ Rgﬁél{)éer()"*h tHE BrebERdB & dnlindryanitor briahitBaR davdlydt\Bhere HM RSs the,
once orlsev@eaningisgbeubincleimyldr oxy, (Jerr]-Jerr]-al kyl oxy,
Cerr]- C[err] al kenyl oxy, Clerr]-Cferr]- al ki nyl oxy, aryl (optionally
substi t ut ed aryl ox¥ ((10 tional I substl t ut edé het er oar
(optional | y S BERCeEs U die PFﬁﬂa@t ©f nevg} PYRARI3Srelp XrW'gﬂ?ﬁstqftf%HT‘ am no,
subst i t ut edwhere A, X3, & R, R2pR3, Rt R2ba®RBiHaRe fivd mgemng el euitli CI4I, 1,

C=OR[err] or fr R[err] can
stand for I—Fh%‘g% Te‘%}\g{‘g %égypafgﬂpegﬁrﬁiq% al so branched) t hat can be
substi t2ft ed once or several tinmes w th hydroxy,
Cerr]-Cerr]-alkyloxy, (err]-Cerr]-al kghyloxy, (err]-Cerr]-
al ki nyl oxy, aryl (optionally substituted),| aryloxy (optionally
substituted), heteroaryl 10 (optigrall ubst®t ut ed), heteroaryl oxy
(optionally substituted), am no, Sty ute am no groups, but al so
wi th hal ogen, NJerr], CN, C=ORl erf] od S(O[lerr]Rerr] (wwth n fromO to
3); (err]-derr]-al kenyl (optio %(1 ched), that can be

t Mres

substi t2g ed once or se al th dr oxy,
Cerr]-Cerr]-alkyloxy, (err]-Cerr]-alke Y, C[erg - err]-al ki nyl oxy,
aryl (optionally substituted), aryloxy- (optionally substituted),
het eroaryl (optionally 15 substituted), heteroatyloxy (optionally
substituted), am no, substituted am no groups, but also with

hal ogen, NJerr], CH C= rr] or S(Oferr]Rerr] (with 2 fromO to 2);
Cerr]- Cf erwhere A, X, Y, ZaRd Ihave She meaning gives i caiamtnwith R hital (Hal e

substi t4y ed 2
CFer ri o p?Bgﬁ?qru g)?(éaﬁﬁ‘er étr:ér jf’%ﬁgtﬁ ch or ors n(x)é)géy c‘é?[‘éfe ?’Tti ere R< has |thr$yl oxy,
ar yI (opt i of€RNIRY set out in claim

4. A process according to one or more of the preceding claims, characterised in that
basic compounds of formula | are converted into salts.

35
5. A process according to one or more of the preceding claims, characterised in
that acid compounds of formula | are converted into salts.
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substituted am no groups, but also with hal ogen, NOJerr{, TN

C=ORlerr] gr S @b&ﬁ%ﬁhg* of fd‘m(sl%tf& d%efa%%@rg éfticBkiive substances with anti-

Jerr]-er clo can be substituted once or several
times wit haﬂb@?é déﬂﬁﬁ‘f@(ﬁ@'ﬂ‘s -al kyl oxy, Clerr]-Cerr]-

al kenyl oxy, C[err] C err]-al kinyloxy, aryl (optionally substituted),
aryl oxy (o t| on

bstituted et eroar gnal ly .
SubstrLut oy | nBledleamants soeBBpicbH of Fhvest Someaiids of BYET Rdrging to
subst i taut eclalaml 128 veplicasrsonvientiorml ploysiclddicaliy boepptablelGriesNand/or diluting=0OR[ er r ]
S(O M 0to 2). R3 stands f H
(():{ er E] ) g;%%ﬁgp{(évﬁm&%&&é% epr gse%lt s H derr]- C[Se(rap] -Sal E{u o
(optionally branched); hal ogen. R5 stands for H,

Jerr]-d egr] aHP{‘f,céééF}bi- maadrg,{a id On;ﬁﬁédngﬂg nciﬁdgggraﬁg to claim 7

Jerr]-derr]- oxy %/ony optlonally
subst i t ut egfyara %ﬁWﬁf’ indpat ensen %ﬁvs@bsqmﬁ%méayf formulg'| argzproce Ws H

Cerr]+¢] eécsdveahdfryél phafmbcéméucan@kd andierambiing Aghts olther auxma

(opt | onal F%&%‘ic%ttapéawaceuﬂcal?o@%ﬁge%g%wé}%m o grbepsttkeiy obi e oal (s

t hereof. applicable form. 2. A process for the preparation of novel

pyrido[ 3, 2- e] pyrazi nones of formnula I where A, X Y, Z, Rerr],

Rlerr], Rerr], Rerr], Rerr] and R err] have the neaning given in claim
ch@r act €he siee of compaundsfigenerakfophula b anedrding to claim 1 and/or of

15 pharmaceutical formulations according to claims 7 and 8 as agents with anti-
asthmatic and anti-allergic effects on their own or in combination with one ancther
or in combination with carrier substances and/or diluting agents or other auxiliary
substances.
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10 [err] n srmmekdpheed

nmeani ng given in-ckaiml, wth R[err]r_'“ :
presence of an inorganic or organic b sT"tiSe’atr _ Rimum‘m 5
neani ng setsguﬁnarp claim1. 3. A pr&_ .
novel pyrido[3, 2-¢e] pyrazi nones of formima T where A, X Y, Z, Rerr],
Rlerr], Rerr], R4, R5 and R6 have the nmeaning set out in Caiml,
charact eri stee Innehﬁlﬁtrefé!

e Rl Wﬂdbf?@ E%Pfgilrﬁmag \ processes fér‘?ﬁ&lw th Rlerr]

where A, X, e nea In C

h
- Hal (Hal ergﬁratxgﬂgpgRg%ﬂ hﬁf%“ lusence of an inorganic or organic basic

cat al ys$, viftes eorfiffourats I‘tdveanﬂ-asthrri&u@@hﬂ&nﬁ%ﬁle@i&effébté?' aim 1. 4. A
process according to one or nore of the preceding clainms, characterised in
t hat basi ¢ conpounds of formula | are converted into salts. 35

5. A process according to one or nore of the preceding clains,
characterised in that acid conpounds of fornula_| _are-eenverted into
sal ts.

A 0



6. . " Compounds of forrmula | for use as therapeutic
anti - asthmatic and anti-allergic actions.

cont ai ni ng one or 'several conpounds of formula | ac ]
as well as conventional phyS| ol ogl cally acceptable carriers “anarordit Utl ng

phar maceut i cal carriers and/ or diluting agents or other auxiliary
subst ances to pharnmaceutical for BBEERREE or brought into a therapeutically

applicable form 9. The use of conpounds of general formula I
according to claim1 and/or of 15 phar maceutical formulations according
to clains 7 and 8 as agents with anti - asthmatic and anti-allergic
effects on their own or in conbination with one another or in
conbi nat i o vm th carrier subst nce d/or dilutin ent ot her
auxiliary '"V?'[CS'B orela E&‘égto nove Pyﬂao{grb-e]pyrazmones p cesses for their
' preparation and their pharmaceutical use.
The compounds have anti-asthmatic and anti-allergic effects.
s



