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Abstract of the Disclosure

The invention thus relates to compounds of formuia 1

R9
/
N
N—N
rR3— o
(1)
R2 R

In which

R1 is 1-4C-alkyl and

R2 is 1-4C-alkyl,

and R3 and R9 have prescribed meanings. The compounds according to the invention
have useful pharmacological properties which make them industrially utilizable. As
selective cyclic nucleotide phosphodiesterase (PDE) inhibitors (specifically of type 4),
they are suitable on the one hand as bronchial therapeutics (for the treatment of airway
obstructions on account of their dilating action but also on account of their respiratory
rate- or respiratory drive-increasing action) and for the removal of erectile dysfunction on
account of their vascular dilating action, but on the other hand especially for the
treatment of disorders, in particular of an inflammatory nature, e.g. of the airways
(asthma prophylaxis), of the skin, of the intestine, of the eyes, of the CNS and of the
joints, which are mediated by mediators such as histamine, PAF (platelet-activating
factor), arachidonic acid derivatives such as leukotrienes and prostaglandins, cytokines,
interleukins, chemokines, alpha-, beta- and gamma-interferon, tumor necrosis factor
(TNF) or oxygen free radicals and proteases. In this context, the compounds according
to the invention are distinguished by a low toxicity, a good enteral absorption (high
bioavailabllity), a large therapeutic breadth and the absence of significant side effects.
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2-(PIPERIDIN-4-YL)-4,5-DIHYDRO-2H-PYRIDAZIN-3-ONE
DERIVATIVES AS PDE4 INHIBITORS

Field of application of the invention

The invention relates to novel pyridazinone-derivatives, which are used in the pharmaceutical industry for

the production of pharmaceutical compositions.

Known technical background

International Patent Applicaiions W0O98/31674 (= USP 6,103,718), WO99/31071, W099/31090,
WO099/47505 (= USP 6,255,303), WO01/19818, WO01/30766, WO01/30777, WO01/94319,
WO02/064584, WO02/085885 and WO02/085906 disclose phthalazinone derivatives having PDE4 inhibi-
tory properiies. In the Internationa!l Patent Application WO03/032993, the European Patent Applications
EP 539806, EP 618201, EP 723962, EP 738715, EP 763534 and in the German Patent Application
DE19604388 arylalkyl-diazinone and thiadiazinone derivatives are described as PDE4 inhibitors. Interna-
tional Patent Application WO93/07146 (= USP 5,716,954) discloses benzo and pyrido pyridazinone and
pyridazinthione compounds with PDE4 inhibiting activity.

In the Journal of Medicinal Chemistry, Vol. 33, No. 6, 1990, pp. 1735-1741 1,4-Bis(3-0x0-2,3-dihydro-
pyridazin-6-yl)benzene derivatives are described as potent phosphodiesterase inhibitors and inodilators. In

wihe Journal of Medicinal Chemisiry Vol. 45 No.12, 2002, pp. 2520-2525, 2526-2533 and in Vol. 44, No.
16, 2001, pp. 2511-2522 and pp. 2523-2535 phthalazinone derivatives are described as selective PDE4
inhibitors.

Description of the invention

It has now been found that the pyridazinone-derivatives, which are described in greater details below, have

surprising and particularly advantageous properties.

The invention thus relates to compounds of formula 1
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N—N
rR3—(’ O
(1)
R2 R1
in which
R1 is 1-4C-alkyl and

R2

Is 1-4C-alkyl,

R3 represents a pheny! derivative of formulae (a) or (b)

R4

R5 (@)

wherein

R9

R10
R
R12

R4 is 1-4C-alkoxy or 1-4C-alkoxy which is completely or predominantly substituted by fluorine,

R5 is 1-8C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy, or 1-4C-alkoxy which is completely
or predominantly substituted by fluorine,

R6 is 1-4G-alkoxy, 3-5G-cycloalkoxy, 3-6C-cycloalkylmethoxy, or 1-4C-alkoxy which is completely
or predominantly substituted by fluorine,

R7 is 1-4C-alkyl and

R8 is hydrogen or 1-4C-alkyl,

or wherein

R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form a
spiro-linked 5-, 6- or 7-membered hydrocarbon ring, optionally interrupted by an oxygen or sulphur
atom,

is -G(O)R10, -S(O)R14, -(CH,),-C(O)-R18 or -C(O)-(CH,),~R21,

is 1-4C-alkyl, -N{(R11)R12, phenyl or pheny! substituted by R13,

Is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

Is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,
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or R11 and R12 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1-oxide-4-yl- or thiomorpholin-1,1-dioxide-4-yl-ring,

R13 is hydroxyl, halogen, nitro, cyano, hydroxycarbonyl, 1-4C-alkyl, trifluoromethyl, 1-4G-alkoxy,
1-4C-alkoxy which is completely or predominantly substituted by fluorine, 1-4C-alkoxycarbonyl,
amino, mono- or di-1-4C-alkylamino, aminocarbonyl, mono- or di-1-4C-alkylaminocarbonyl,
1-4C-alkylcarbonyl, 1-4C-alkylcarbonylamino or 1-4C-alkylcarbonyloxy,

R14 is 1-4G-alkyl, -N(R15)R16, phenyl or phenyl substituted by R17,

R15 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

R16 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

or R15 and R16 together and with inclusion of the nitrogen atom 10 which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4G-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1-oxide-4-yl- or thiomorpholin-1,1-dioxide-4-yl-ring,

R17 is hydroxyl, halogen, nitro, cyano, carboxyl, 1-4G-alkyl, trifluoromethyl, 1-4C-alkoxy, 1-4C-alkoxy
which is completely or predominantly substituted by fluorine, 1-4C-alkoxycarbonyl, amino, mono-
or di-1-4C-alkylamino, aminocarbonyl, mono- or di-1-4C-alkylaminocarbonyl, 1-4C-alkylcarbonyl,
1-4C-alkylcarbonylamino or 1-4C-alkylcarbonyloxy,

R18 is -N(R19)R20,

R19 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

R20 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethy!,

or R19 and R20 together and with inclusion of the nitrogen atom to which they are bonded, form a

-pyrrohdlnyl- 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yi-, 1- hexahydroazeplnyl-
4—morphollnyl 4-thiomorpholinyl-, thiomorpholin-1-oxide-4-yl- or thiomorpholin-1, 1-dlox1de-4-yl ring,

R21 is -N(R22)R23,

R22 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

R23 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

or R22 and R23 together and with inclusion of the nitrogen atom o which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1-oxide-4-yl-, thiomorpholin-1,1-dioxide-4-yl-, pyr-
rolidin-2,5-dione-1-yl-, morpholin-3,5-dione-4-yl-, piperidin-2,6-dione-1-yl, 4,4-dimethyl-piperidin-2,6-
dione-1-yl or a 1-methyl-imidazolidine-2,4-dicne-3-yl-ring or a isoindol-1,3-dione-2-yl-ring-system,

n is an integer from 1 to 4,

m is an integer from 1 1o 4,

and the salts of these compounds.

1-4C-Alkyl is a straight-chain or branched alkyl radical having 1 t0 4 carbon atoms. Examples are the

butyl, isobutyl, sec-butyl, tert-butyl, propyl, isopropyl, ethyl and methyl radicals.
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1-4C-Alkoxy is a radical which, in addition to the oxygen atom, contains a straight-chain or branched
alkyl radical having 1 to 4 carbon atoms. Alkoxy radicals having 1 to 4 carbon atoms which may be men-
tioned in this context are, for example, the butoxy, isobutoxy, sec-butoxy, tert-butoxy, propoxy, iso-

propoxy, ethoxy and methoxy radicals.

1-8C-Alkoxy is a radical which, in addition o the oxygen atom, contains a straight-chain or branched
alkyl radical having 1 to 8 carbon atoms. Alkoxy radicals having 1 to 8 carbon atoms which may be men-
tioned in this context are, for example, the octyloxy, heptyloxy, isoheptyloxy (b-methylhexyloxy), hexy-
loxy, isohexyloxy (4-methylpentyloxy), neohexyloxy (3,3-dimethylbutoxy), pentyloxy, isopentyloxy
(3-methylbutoxy), neopentyloxy (2,2-dimethylpropoxy), butoxy, isocbutoxy, sec-butoxy, tert-butoxy, pro-

poxy, isopropoxy, ethoxy and methoxy radicals.

1-4G-Alkoxy which is completely or predominantly substituted by fluorine is, for example, the
2,2,3,3,3-pentafluoropropoxy, the perflucroethoxy, the 1,2,2-trifluoroethoxy and in particular the
1,1,2,2-tefrafluoroethoxy, the 2,2,2-trifluoroethoxy, the trifluoromethoxy and the difluoromethoxy radical, of
which the difluoromethoxy radical is preferred. "Predominantly” in this connection means that more than

half of the hydrogen atoms of the 1-4C-alkoxy group are replaced by fluorine atoms.

3-7C-Cycloalkoxy stands for cyclopropyloxy, cyclobutyloxy, cyclopentyloxy, cyclohexyloxy or cyclo-
| heptyloxy, of which cyclopropyloxy, cyclobutyloxy and cyclopentyloxy are preferred.

~ 3-7C-Cycloalkylmethoxy stands for cyclopropylmethoxy, cyclobutylmethngy, cyclopentylmethoxy, cyclo-
hexylmethoxy or cycloheptylmethoxy, of which cyclopropylmethoxy, cyclobutylmethoxy and cyclopen-
tylmethoxy are preferred.

3-5C-Cycloalkoxy stands for cyclopropyloxy, cyclobutyloxy and cyclopentyloxy.
3-5C-Cycloalkylmethoxy stands for cyclopropylmethoxy, cyclobutylmethoxy and cyclopentyimethoxy.

As spiro-linked 5-, 6- or 7-membered hydrocarbon rings, optionally interrupted by an oxygen or sulphur
atom, may be mentioned the cyclopentane, cyclohexane, cycloheptane, tetrahydrofuran, tetrahydropyran
and the tetrahydrothiophen ring.

Halogen within the meaning of the present invention is bromine, chlorine or fluorine.

1-4C-Alkoxycarbonyl is a carbonyl group to which one of the abovementioned 1-4C-alkoxy radicals is
bonded. Examples are the methoxycarbonyl [CHO-C(O)] and the ethoxycarbonyl [CHsCHO-C(O)-] radi-

cal.
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Mono- or Di-1-4C-alkylamino radicals contain in addition 10 the nitrogen atom, one or two of the above-

mentioned 1-4C-alkyl radicals.

Mono- or Di-1-4C-alkylaminocarbonyl radicals contain in addition to the carbonyl group one of the above-
mentioned mono- or di-1-4C-alkylamino radicals. Examples which may be mentioned are the N-methy!-

the N,N-dimethyl-, the N-ethyl-, the N-propyl-, the N,N-diethyl- and the N-isopropylaminocarbonyl radical.

1-4C-Alkylcarbonyl is a carbonyl group to which one of the abovementioned 1-4C-alkyl radicals is bonded.
An example is the acety| radical [CHyG(O)-].

An 1-4C-Alkylcarbonylamino radical is, for example, the propionylamino [GH,C(O)NH-] and the ace-
tylamino radical [CHC(O)NH-].

1-4C-Alkylcarbonyloxy stands for a carbonyloxy group to which one of the abovementioned 1-4C-alky!
radicals is bonded. An example is the acetoxy radical [CH.C(O)-O-].

3-7C-Cycloalkyl stands for cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl, of which cy-
clopropyl and cyclopentyl are preferred

3-7C-Cycloalkylmethyl stands for cyclopropylmethyl, cyclobutylmethyl, cyclopentylmethyl, cyclohexyl-
methyl or cycloheptylmethyl.

Suitable salts for compounds of formula 1 are - dep‘g;ding on substitution — all acid addition salts or all
salts with bases. Particular mention may be made of the pharmacologically tolerable inorganic and or-
ganic acids and bases customarily used in pharmacy. Those suitable are, on the one hand, water-soluble
and water-insoluble acid addition salts with acids such as, for example, hydrochloric acid, hydrobromic
acid, phosphoric acid, nitric acid, sulphuric acid, acetic acid, citric acid, D-gluconic acid, benzoic acid,
2-(4-hydroxybenzoyl)benzoic acid, butyric acid, sulphosalicylic acid, maleic acid, lauric acid, malic acid,
fumaric acid, succinic acid, oxalic acid, tartaric acid, embonic acid, stearic acid, toluenesulphonic acid,
methanesulphonic acid or 3-hydroxy-2-naphthoic acid, the acids being employed in salt preparation -
depending on whether a mono- or polybasic acid is concerned and depending on which salt is desired - in

an equimolar quantitative ratio or one differing therefrom.

On the other hand salts with bases are - depending on substitution - also suitable. As examples of salts
with bases are mentioned the lithium, sodium, potassium, calcium, aluminium, magnesium, titanium,
ammonium, meglumine or guanidinium salis, here, t00, the bases being employed in salt preparation in

an equimolar quantitative ratio or one differing therefrom.
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Pharmacologically intolerable salts, which can be obtained, for example, as process products during the

preparation of the compounds according to the invention on an industrial scale, are converted into phar-

macologically tolerable salts by processes known to the person skilled in the art.

According 1o expert's knowledge the compounds of the invention as well as their salts may contain, e.g.
when isolated in crystalline form, varying amounts of solvents. Included within the scope of the invention
are therefore all solvates and in particular all hydrates of the compounds of formula 1 as well as all sol-

vates and in particular all hydrates of the salts of the compounds of formula 1.

An embodiment (embodiment A) of the invention are those compounds of formula 1 in which
R1 is 1-4C-alkyl,
R2 is 1-4C-alkyl,

R3 represents a phenyl derivative of formulae (a) or (b)

wherein
R4 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine,

RS is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine,
R6 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine,
R7 is methyl and
R8 is hydrogen,
or wherein
R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form a
spiro-linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring,

RO is —~C(O)-R10, -S(0),-R14, -(CHy),-C(O)-R18 or -C(O)-(CHa)x-R21.

R10 is phenyl or phenyl substituted by R13,

R13 is 1-4C-alky! or 1-4C-alkoxy,

Ri4 is -N(R15)R16, phenyl or phenyl substituted by R17/,

R15 is hydrogen or 1-4C-alkyl,

R16 is hydrogen or 1-4G-alkyl,

R17 is halogen, nitro, cyano, 1-4C-alkyl, 1-4C-alkoxy or 1-4C-alkoxy which is completely or predomi-
nantly substituted by fluorine,

R18 is -N(R19)R20,

R19 is hydrogen or 1-4C-alkyl,
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R20 is hydrogen or 1-4C-alkyl,

or R19 and R20 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl or 4-thiomorpholinyl-ring,

R21 is -N(R22)R23,

R22 is hydrogen or 1-4C-alkyl,

R23 is hydrogen or 1-4C-alkyl,

or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl, 4thiomorpholinyl-, pyrrolidin-2,5-dione-1-yl-, morpholin-3,5-dione-4-yl-, piperidin-2,6-
dione-1-yl, 4,4-dimethyl-piperidin-2,6-dione-1-yl or a 1-methyl-imidazolidine-2,4-dione-3-yl-ring or a
isoindol-1,3-dione-2-yl-ring-sysiem,

n Is an integer from 1 10 4,

m is an integer from 1 {0 4,

and the salts of these compounds.

A subgroup of embodiment A to be emphasized are those compounds of formula 1 in which
R1  is methyl or ethyl,

R2 is methyl or ethyl,

R3 represents a phenyl derivative of formulae (a) or (b)

-y
33
“"‘fi’

wherein
R4 is methoxy, ethoxy or difluoromethoxy,
R5 is methoxy, ethoxy or difluoromethoxy,
R6 is methoxy, ethoxy or difluoromethoxy,
R7 is methyl and
R8 is hydrogen,
or wherein
R7 and R8 together and with inclusion of the two carbon atoms, 10 which they are bonded, form a
spiro-linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring,
RO is -C(O)-R10,
R10 is phenyl or phenyl substituted by R13,
R13 is 1-4C-alky! or 1-4C-alkoxy,
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and the salis of these compounds.

Another subgroup of embodiment A to be emphasized are those compounds of formula 1 in which
R1 is methyl or ethyl,
R2 is methyl or ethyl,

R3 represents a phenyl derivative of formulae (a) or (b)

wherein
R4 is methoxy, ethoxy or difluoromethoxy,
R5 is methoxy, ethoxy or difluoromethoxy,
R6 is methoxy, ethoxy or difluoromethoxy,
R7 is methyl and
R8 is hydrogen,
or wherein
R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form a
spiro-linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring.
R9 is -S(0),-R14,
R14 is -N(R15)R16, phenyl or phenyl substituted by R17,
R15 is hydrogen or 1-4C-alkyl,
R16 is hydrogen or 1-4C-alkyl,
R17 is halogen, nitro, cyano, 1-4C-alkyl, 1-4C-alkoxy or 1-4G-alkoxy which is completely or predomi-
nantly substituted by fluorine,

and the salis of these compounds.

A further subgroup of embodiment A to be emphasized are those compounds of formula 1 in which
Ri  is methyl or ethyl,
R2 is methyl or ethyl,

R3 represents a phenyl derivative of formulae (a) or (b)
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O (b)
R7

wherein
R4 is methoxy, ethoxy or difluoromethoxy,
R5 is methoxy, ethoxy or difluoromethoxy,
R6 is methoxy, ethoxy or difluoromethoxy,
R7 is methyi and
R8 is hydrogen,
or wherein
R7 énd R8 together and with inclusion of the two carbon atoms, to which they are bonded, form a
spiro-linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring,
RO is -(CH)-C(O)-R18,
R18 is -N(R19)R20,
R19 is hydrogen or 1-4C-alkyl,
R20 is hydrogen or 1-4C-alkyl,
or R19 and R20 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1:flC-aIkyl)—piperaz‘in-4—y|—, 1-hexahydroazepinyl-,
4-morpholinyl or 4-thiomorpholinyl-ring,
N is1or2,

and the salts of these compounds.

Still a further subgroup of embodiment A to be emphasized are those compounds of formula 1 in which
Ri  is methyl or ethyl,
R2 is methyl or ethyl,

R3 represents a pheny! derivative of formulae (a) or (o)

R4

R5 (a)

whereln

R4 is methoxy, ethoxy or difluoromethoxy,
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R5 is methoxy, ethoxy or difluoromethoxy,

R6 is methoxy, ethoxy or difluoromethoxy,

R7 is methyl and

R8 is hydrogen,

or wherein

R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form a
spiro-linked cyclopentane, cyclohexane, tetrahydrofuran or ietrahydropyran ring,
is -C(O)-(CH,)R21,

is -N(R22)R23,

is hydrogen or 1-4G-alkyl,

is hydrogen or 1-4C-alkyl,

or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, form a

m

1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-methyl-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl, 4-thiomorpholinyl-, pyrrolidin-2,5-dione-1-yl-, morpholin-3,5-dione-4-yl-, piperidin-2,6-
dione-1-yl, 4,4-dimethyl-piperidin-2,6-dione-1-yl or a 1-methyl-imidazolidine-2,4-dione-3-yl-ring or a
isoindol-1,3-dione-2-yl-ring-system,

Is 1,

and the salts of these compounds.

A subgroup of embodiment A io be particularly emphasized are those compounds of formula 1 in which

R1
R2

is methyl or ethyi,
is methyl or ethyl,

R3 represents a pheny! derivati\;e of formulae (a) or (b)

wherein

RO
R10
R13

R4 is methoxy or ethoxy,

R5 is methoxy or ethoxy,

R6 is methoxy,

R7 is methyl and

R8 is hydrogen,

is —=G(O)-R10,

is pheny! or phenyl substituted by R13,

is methoxy,
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and the salts of these compounds.

Another subgroup of embodiment A to be particularly emphasized are those compounds of tormula 1 in
which

R1 is methyl or ethyl,

R2 is methyl or ethyl,

R3 represents a phenyl derivative of formulae (a) or (b)

wherein

R4 is methoxy or ethoxy,

R5 is methoxy or ethoxy,

R6 is methoxy,

R7 is methyl and

R8 is hydrogen,
R9 s -S(0),-R14, |
Ri4 is -N{R15)R16, phenyl or phenyl substituted by R17/,
R15 is methyl,
R16 is methyl,
R17 is cyano, methyl, methoxy or irifluorometnoxy,

and the salts of these compounds.

A further subgroup of embodiment A to be particularly emphasized are those compounds of formula 1 in
which

R1 is methyl or ethyl,

R2 is methyl or ethyl,
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R3 represents a phenyl derivative of formulae (a) or (b)

R4

R5 (a)

wherein
R4 is methoxy or ethoxy,
R5 is methoxy or ethoxy,
R6 is methoxy,
R7 is methyl and
R8 is hydrogen,

RO is -(CH,),-C(O)-R18,

R18 is -N(R19)R20,

R19 is hydrogen,

R20 is hydrogen,

or R19 and R20 together and with inclusion of the nitrogen atom to which they are bonded, form a
4-morpholinyl-ring,

n Is 1 or2,

and the salts of these compounds.

Siill a further subgroup of embodiment A to be particularly emphasized are those compounds of formula 1
in which

R1  is methyl or ethyl,

R2 is methyl or ethyl,

R3 represents a phenyl derivative of formulae (a) or (b)

)

R5 (a)

wherein

R4 is methoxy or ethoxy,
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R5 is methoxy or ethoxy,
R6 Is methoxy,
R7 is methyl and
R8 is hydrogen,

RO Is -C(O)-(CH,)-R21,

R21 is -N(R22)R23,

or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-methyl-piperazin-4-yl-, pyrrolidin-2,5-dione-1-yl- or a morpholin-3,5-dione-4-yl-ring or a isoindol-
1,3-dione-2-yl-ring-system,

m Is 1,

and the salts of these compounds.

Another embodiment (embodiment B) of the invention are those compounds of formula 1 in which
Ri is 1-4C-alkyl and
R2 is 1-4C-alkyl,

R3 represents a phenyl derivative of formulae (a) or (b)

wherein
R4 is 1-4C-alkoxy or 1-4C-alkoxy which is completely or predominantly substituted by fluorine,

R5 is 1-8C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy, or 1-4G-alkoxy which is completely
or predominantly substituted by fluorine,
R6 is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-6C-cycloalkylmethoxy, or 1-4C-alkoxy which is completely
or predominantly substituted by fluorine,
R7 is 1-4C-alkyl and
R8 is hydrogen or 1-4C-alkyl,
or wherein
R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form a
spiro-linked 5-, 6- or 7-membered hydrocarbon ring, optionally interrupted by an oxygen or sulphur
atom,

R9 is -C(O)R10, -S(0)-R14, -(CH,),-C(O)-R18 or -CG(O)-(CH,)-R21,

R10 is 1-4C-alkyl, -N(R11)R12, phenyl or pheny! substituted by R183,
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Ri1 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7G-cycloalkylmethyl,

R12 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7/C-cycloalkylmethyl,

or R11 and R12 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4G-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-t-oxide-4-yl- or thiomorpholin-1,1-dioxide-4-yl-ring,

R13 is hydroxyl, halogen, nitro, cyano, hydroxycarbonyl, 1-4C-alkyl, trifluoromethyl, 1-4C-alkoxy,
1-4C-alkoxy which is completely or predominantly substituted by fluorine, 1-4C-alkoxycarbonyl,
amino, mono- or di-1-4C-alkylamino, aminocarbonyl, mono- or di-1-4C-alkylaminocarbonyl,
1-4C-alkylcarbonyl, 1-4G-alkylcarbonylamino or 1-4G-alkylcarbonyloxy,

Ri14 is 1-4C-alkyl, -N(R15)R186, phenyl or phenyl substituted by R17,

R15 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

R16 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

or R15 and R16 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4CG-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1-oxide-4-yl- or thiomorpholin-1,1-dioxide-4-yl-ring,

R17 is hydroxyl, halogen, nitro, cyano, carboxyl, 1-4C-alkyl, trifluoromethyl, 1-4G-alkoxy, 1-4C-alkoxy
which is completely or predominantly substituted by fluorine, 1-4C-alkoxycarbonyl, amino, mono-
or di-1-4C-alkylamino, aminocarbonyl, mono- or di-1-4C-alkylaminocarbonyl, 1-4GC-alkylcarbonyl,
1-4C-alkylcarbonylamino or 1-4C-alkylcarbonylioxy,

Ri8 is -N(R19)R20,

R19 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

R20 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

or R19 and R20 together and with inélusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1-oxide-4-yl- or thiomorpholin-1,1-dioxide-4-yl-ring,

R21 is -N(R22)R23,

R22 is hydrogen, 1-4C-alkyl, 3-7G-cycloalkyl or 3-7G-cycloalkyimethyl,

R23 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkyimethyi,

or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4G-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1-oxide-4-yl-, thiomorpholin-1,1-dioxide-4-yl- or a
pyrrolidin-2,5-dione-1-yl-ring,

n is an integer from 1 10 4,

m is an integer from 1 1o 4,

and the salis of these compounds.

Compounds of formula 1 of embodiment B to be emphasized are those in which
Ri is 1-4G-alkyl,
R2 is 1-4C-alkyl,
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R3 represents a phenyl derivative of formulae (a) or (b)

R6

X (b)
R7

wherein

RO

R14
R17
R18
R19
R20

R4 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine,
R5 is 1-4C-alkoxy,

R6 is ‘1-2C—élkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine,
R7 is methyl and

R8 is hydrogen,

or wherein

R7 and R8 together and with inclusion of the two carbon atoms, t0 which they are bonded, form a
spiro-linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring,

is -S(0),-R14, -(CH,),-C(O)-R18 or -G(O)-(CH,)+~R21,

is pheny! or phenyl substituted by R17,

is halogen, nitro, cyano, 1-4C-alkyl or 1-4G-alkoxy,

Is -N(R19)R20,

is hydrogen or 1-4C-alkyl,

is hydrogen or 1-4C-alkyl,

or R19 and R20 together and with inclusion of the nitrogen atom to which they are bonded, form a

R21
R22
R23

1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl or 4-thiomorphalinyl-ring,

is -N(R22)R23,

is hydrogen or 1-4C-alkyl,

is hydrogen or 1-4C-alkyl,

or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, form a

n

m

1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyi-,
4-morpholinyl, 4-thiomorpholinyl- or a pyrrolidin-2,5-dione-1-yl-ring,
is an integer from 1 10 4,

Is an integer from 1 o 4,

and the salts of these compounds.

Preferred compounds of formula 1 of embodiment B are those, in which

R1

is methyl,
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R2 is methyl,

R3 represents a phenyl derivative of formula (a)

wherein
R4 is methoxy or ethoxy,
R5 is methoxy or ethoxy,
RO is -S(0)-R14, -(CH,),-C(O)-R18 or -C(O)-(CH2)-R21,
R14 is 2-cyanophenyi,
R18 is amino or 4-morpholinyl,
R21 is pyrrolidin-2,5-dione-1-yl,
n Is 1 or 2,
m Is 1,

and the salts of these compounds.

A special embodiment of the compounds of the present invention include those compounds of formula 1

in which R3 represents a phenyl derivative of formula (a).

Afother special embodiment of the compounds of the present invention includé those compounds of for-

mula 1 in which R3 represents a phenyl derivative of formula (a) and R4 and R5 have the meaning meth-

OXY.

Still another special embodiment of the compounds of the present invention include those compounds of

formula 1 in which R1 is methyl, R2 is methyl, R3 represents a phenyl derivative of formula (a) and R4 and

R5 have the meaning methoxy.

A further special embodiment of the compounds of the present invention include those compounds of

formula 1 in which R3 represents a phenyl derivative of formula (b).

Still a further special embodiment of the compounds of the present invention include those compounds of
formula 1 in which R1 is methyl, R2 is methyl, R3 represents a pheny! derivative of formula (b), R6 is

methoxy, R7 is methyl and R8 is hydrogen.

The compounds of formula 1 are chiral compounds, if the meanings of R1 and R2 are not identical. In

case R3 represents a phenyl derivative of formula (b) there is one further chiral center in the dihydrofuran-
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ring, if the substituents -R7 and -CH,R8 are not identical. However, preferred are in this connection those
compounds, in which the substituents -R7 and -CH-R8 are identical or together and with inclusion of the

two carbon atoms to which they are bonded form & spiro-connected 5-, 6- or 7-membered hydrocarbon

rng.

The invention includes all conceivable pure diastereomers and pure enantiomers of the compounds of

formula 1, as well as all mixtures thereof independent from the ratio, including the racemates.

The compounds of formula 1 according to the invention can be prepared, for example, as described in

Reaction scheme 1.
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Reaction scheme 1:
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In reaction scheme 1, the keto acids of formula 2a, in which R1, R2, R4 and R5 have the above-mentio-
ned meanings, can, for example, be prepared from compounds of formula 3a, in which R4 and RS have
the above-mentioned meanings and Z represents hydrogen (H) by a Friedel-Crafis acylation with 3,3-di-(1-
4C-alky!)-dihydro-furan-2,5-dione (for example 3,3-di-methyl-dihydro-furan-2,5-dione). The Friedel-Crafts
acylation is carried out in a manner, which is known to the person skilled in the art (for example as de-
scribed in M. Yamaguchi et al., J Med Chem 36: 4052-4060, 1993) in presence of a suitable catalyst,
such as for example, AlCl;, ZnCl,, FeCl; or iodine, in an appropriate inert solvent, such as methylene
chloride or nitrobenzene or another inert solvent such as diethyl ether, preferably at raised temperature,

especially at the boiling point of the solvent being used.

Alternatively, the compounds of formula 2a, in which R1, R2, R4 and R5 have the above-mentioned mean-
ings, can be prepared from compounds of the formula 3a, in which R4 and R5 have the above-mentioned
meanings and Z represents a halogen atom through reaction with 3,3-di-(1-4C-alkyl)-dihydro-furan-2,5-

dione.
The reaction is carried out in a manner, which is known by a person skilled in the art, for example

a) by activating compounds of formula 3a, in which R4, R5 and Z have the above-mentioned mean-
ings, by a lithium/halogen exchange reaction at low temperatures (preferably at -60 to -100°C) in an
appropriate inert solvent such as tetrahydrofuran or diethylether, preferably under an atmosphere of
inert gas, followed by reaction of the lithiated compounds with 3,3-di-(1-4C-alkyl)-dihydro-furan-2,5-

dione, .er A

D) by converting compounds of formula 3a, in which R4, R5 and Z have the above-mentioned mean-
ings, in a suitable inert solvent such as, for example, tetrahydrofuran or diethyl ether into the corre-
sponding Grignard compounds of formula 3a, in which Z represents MgCl, MgBr or Mgl followed by
reaction of the Grignard compounds with 3,3-di-(1-4C-alkyl)-dihydro-furan-2,5-dione.

Compounds of formula 2b, in which R1, R2, R6, R7 and R8 have the above-mentioned meanings can be
prepared analogously to the compounds of formula 2a using the synthesis procedures described above

under a) or b).

Compounds of formula 3a, in which R4 and R5 have the above-mentioned meanings and £ represents a

hydrogen (H) or halogen atom, are known or can be prepared as described in WO98/31674.

Compounds of formula 3b, in which R6, R7 and R8 have the above-mentioned meanings and Z represents

a halogen atom, are known or can be prepared as described in WO99/31090.




CA 02554797 2006-07-28
WO 2005/075456 PCT/EP2005/050415

- 20 -

The keto acids of formulae 2a and 2b are converted to compounds of formula 1a and 1b, in which R1, R2,
R4, R5, R6, R7 and R8 have the above-mentioned meanings and R9 represents hydrogen (H) by a reac-
tion with 4-hydrazinopiperidine dihydrochloride.

The conversion of the keto acids of formulae 2a and 2b or one of their reactive derivatives with 4-hydra-
zinopiperidine dihydrochloride is advantageously carried out with 1 to 1.5 equivalents of the 4-hydrazino-
piperidine dihydrochloride in the presence of a suitable base, such as for example, triethylamine, diiso-
propylethylamine, N-methylmorpholine or any other aliphatic tertiary amine. As inert solvents are prefera-
bly used alcohols such as methanol, ethanol, isopropanol, n-propanol, n-butanol, isoamylalcohol, glycols
and their ethers such as ethylene glycol, diethylené glycol, ethylene glycol monomethyl or monoethyl
ether, acids such as formic acid, acetic or propionic acid, suitable mixtures of the above-mentioned sol-
vents, as well as mixtures with water, for example aqueous ethanol, further ethers, especially water solu-
ble ethers such as tetrahydrofuran, dioxane or ethylene glycol dimethylether; further toluene or benzene,

especially when the method of azeotropic destiliation is used 1o remove the reaction water.

The reaction temperatures are suitably between 0 and 200°C, preferably between 20 and 100 °C; the reac-

tion times are preferably between 1 and 48 hours.

Suitable reactive derivatives of the keto acids of férmulae 2a and 2b which may be mentioned in this con-
text are, for example, esters, especially methyl and ethyl esters, nitrils and acid halides, such as acid
chlorides or acid bromides. They can be prepared by methods, which are known by the person skilled in
the art.

L N t(:é

Finally, the compounds of formulae 1a and 1b, in which R1, R2, R4, RS, R6, R7 and R8 have the above-
mentioned meanings and R9 has the meaning hydrogen (H) are reacted with a compound of formula R9-X,
in which R9 has the above-mentioned meanings and X is a suitable leaving group, for example a halogen

atom, preferably a chlorine aiom.

All known classical methods for alkylation, reaction with sulfonyl halides, reaction with acyl halides etc.

can be used in this last reaction step.

Alternatively, in some cases, it might be useful to introduce the substituent RO by a Michael addition

reaction or by a two- or mulii-step procedure.

Suitably, the conversions are carried out analogous to methods, which are familiar per se to the person

skilled in the art, for example, in the manner which is described in the following examples.

The substances according to the invention are isolated and purified in a manner known per se, e.g. by

distilling off the solvent in vacuo and recrystallising the residue obtained from a suitable solvent or subject-




CA 02554797 2006-07-28
WO 2005/075456 PCT/EP2005/050415

-2 -

ing it to one of the customary purification methods, such as column chromatography on a suitable sup-

port material.

Salts are obtained by dissolving the free compound in a suitable solvent (for example a ketone like ace-
tone, methylethylketone, or methylisobutylketone, an ether, like diethyl ether, tetrahydrofuran or dioxane,
a chlorinated hydrocarbon, such as methylene chioride or chloroform, or a low molecular weight aliphatic
alcohol, such as ethanol, isopropanol) which contains the desired acid, or to which the desired acid is
then added. The salts are obtained by filtering, reprecipitating, precipitating with a non-solvent for the addi-
tion salt or by evaporating the solvent. Salis obtained can be converied by basification into the free com-
pounds which, in turn, can be converted into salts. In this manner, pharmacologically non-tolerable salis

can be converted into pharmacologically tolerable salts.

The following examples illustrate the invention in greater detail, without restricting it. As well, further com-
pounds of formula 1, of which the preparation is explicitly not described, can be prepared in an analogous

way or in a way which is known by a person skilled in the art using customary preparation methods.

The compounds, which are mentioned in the examples as well as their salts are preferred compounds of

the invention. In the examples, RT stands for room temperature, h for hour(s), min for minute(s) and M. p.

for melting point.
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Examples

Final products

1. 2-{4-I3-(3.4-dimethoxv-phenvi}5.5-dimethvi-6-0x0-5.6-dihvdro-4H-pvridazin-1-vIl-piperidine -
1-sulfonyl}-benzonitrile

A mixture of 5 mmol of intermediate A2, 7 mmol of 2-cyanobenzenesulfonyl chloride and 10 mmol of
triethylamine in 50 ml of dichloromethane is stirred at RT for 1 h. The organic layer is washed twice with
aqueous sodium carbonate, dried over MgSQO, and concentrated in vacuo. The title compound crystallizes
from ethyl acetate. M. p. 190-192<C.

2. 6-(3.4-Dimethoxvy-phenyi}4.4-dimethyi-2-]1- 3-morholiﬁ4- I-3-0x0-propvi)-piperidin-4-vli
4.5-dihydro-2H-pyridazin-3-one hydrochloride

A solution of 5 mmol of intermediate A2 and 8 mmol of 1-morpholin-4-yl-propenone in 50 ml of methanol is
stirred for 20 h at RT. After evaporating the residue is dissolved in ethyl acetate and filtered. A saturaied
solution of hydrochloric acid in diethyl ether is added and the resulting precipitate is filtered off and dried.
M. p. 211-213°C.

3. 2-[4-(3-{3.4dimethoxvphenv!l}-6-0x0-5.6-dihvdro-4H-pvridazin-1-vI)-piperidin-1-vi}-acetamide

A mixture of 5 mmudi‘ tof intermediate A2, 15 mmol of potassium carbonate and 7 mmol of chlo;oqiécetamide
in 10 ml of dimethyl formamide is stirred for 72 h at RT. The solvent is evaporated and the residue is parti-
tioned between aqueous sodium carbonate and ethyl acetate. The organic layer is dried over MgSQ, and
concentrated in vacuo. The product is purified by chromatography (ethy! acetate:methanol/10:1) and crys-
tallized from ethyl acetate. M. p. 180-182°C.

4. 1-(2-{4-[3~(3.4-Dimethoxv-phenvl)-5.5-dimethyl-6-0x0-5,.6-dihvdro-4H-pvyridazin-1-vli}-

iperidin-i-vi rrolidine-2.5-dione

10 mmol of chloroacety! chloride, dissolved in 20 ml of dichloromethane is added slowly to a solution of 5
mmol of intermediate A2 and 20 mmol of triethylamine in 50 ml of dichloromethane at 0°C. After complete
addition the mixture is stirred for an additional 30 min after which 50 ml of water is added and stirring is
continued for additional 30 min. The dichloromethane solution is separated, washed twice with water,
dried over magnesium sulfate and evaporated. The residue is dissolved in ethyl acetate, filtered over silica
gel after which the solvent is evaporated. The residue iIs dissolved in 20 ml of dmethyl formamide and 10
mmol of succinimide and 10 mmol of potassium carbonate are added and the resulting mixiure is heated
for 2 h at 70 °C. After cooling to RT, the mixture is diluted with 100 m! of ethyl acetate and filtered. After
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evaporating the solvent, the residue is purified by chromatography (elution with ethyl acetate:metha-

nol/5:1). Crystallisation from ethyl acetate yields the title compound. M. p. 177-179 °C.

5. 6-(3.4-Dimethoxv-bhenvi}4.4-dimethvl-2-[1-(toluene-2-sulfonvl}-piperidin-4-vil-4 .5-dihvdro-
2H-pyridazin-3-one

The title compound is prepared analogous as described for Example 1 using intermediate A2 and
2-methyl-benzenesulfonyl chloride. M. p. 132-133°C

6. 4-{4-13-(3.4-Dimethoxy-phenyl)>5.5-dimethyl-6-0x0-5.6-dihvdro-4H-pvridazin-1-vi
piperidine-1-sulfonyl}-benzonitrile

The title compound is prepared analogous as described for Example 1 using intermediate A2 and

4-cyano-benzenesulifony! chloride. M. p. 161-163°C

7. 6-(3.4-Dimethoxv-phenvli)4.4-dimethvi-2-[1-(2-trifluoromethoxv-benzenesulionyi

piperidin-4-yl]-4.5-dihydro-2H-pyridazin-3-one

The title compound is prepared analogous as described for Example 1 using intermediate A2 and

2-trifluoromethyl-benzenesulfonyl chioride. M. p. 143-144°C

8. . 6-(3.4-Dimethoxv-phenvl}2-{1-J1-{(2-methoxy-phenvi>-methanovil-piperidin-4-vii-4.4-
dimethyl-4.5-dihydro-2H-pyridazin-3-one

The title compound is prepared analogous as described for Example 1 using intermediate A2 and
2-methoxy-benzoyl chioride. M. p. 157-159°C

9. 3{4-[3-(3.4-Dimethoxy-phenyl}-5.5-dimethyl-6-0 x0-5,6-dihydro-4H-pyridazin-1-yi}-
piperidine-1-sulionyl}-benzonitrile ,

The title compound is prepared analogous as described for Example 1 using intermediate A2 and

3-cyano-benzenesulfonyl chloride. M. p. 1568-160°C

10.  6-(3.4-Dimethoxv-phenvli)}4.4-dimethvl-2-[1-(toluene-4-sulfonvi}piperidin-4-vi}-4.5-dihvdro-
2H-pyridazin-3-one

The title compound is prepared analogous as described for Example 1 using intermediate A2 and

4-methyl-benzenesulfonyl chloride. M. p. 161-164°C
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11. 6-(3.4-Dimethoxv-nphenvi}4.4-dimethyl-2-[1-(toluene-3-sulfonyl)}-piperidin-4-yl}-4.5-dihydro-
2H-pyridazin-3-one

The title compound is prepared analogous as described for Example 1 using intermediate A2 and

3-methyl-benzenesulfonyl chloride. M. p. 150-152°C

12. 4-13-(3.4-Dimethoxv-bhenvi}5.5-dimethyl-6-0x0-5.6-dihydro-4H-pyridazin-i-yl]-piperidine-1-
sulfonic acid dimethylamide

The title compound is prepared analogous as described for Example 1 using intermediate A2 and
dimethylsulfamoylchloride. M. p. 172-174°C

13. 2-§4-[3-(7-Methoxv-2 2-dimethvl-2.3-dihvdro-benzofuran-4-y1)-5.5-dimethyl-6-0x0-5.6-

[l-acetamide

ridazin-1-vil-piperidin-1-

The title compound is prepared analogous as described for Example 3 using intermediate A4 and
2-chloroacetamide. M. p. 215-216°C

14. 6-(3.4-Dimethoxv-nhenvi)-4.4-diethvl-2-[1-(1-phenvl-methanovi)-piperidin-4-yi}-4.5-dihydro-
2H-pyridazin-3-one

The title compound is prepared analogous as described for Example 1 using intermediate A6 and benzoyl
chloride. M. p. 160-61°C

15. 2.1413-(3.4-Dimethoxv-bDhenvi}b.5-diethvl-6-0x0-5.6-dihvdro-4H-pyridazin-1-yl}-piperidin-1-
yl}-acetamide hydrochloride

The title compound is prepared analogous as described for Example 3 using intermediate A6 and
2-chloroacetamide. M. p. 69-74°C

16. 2-14-13-(3.4-Dimethoxv-phenvl)-5.5-diethvi-6-0x0-5.6-dihvdro-4-pvridazin-1-yll-piperidine-1-
sulfonyl}-benzoniirile

The title compound is prepared analogous as described for Example 1 using intermediate A6 ana

2-cyano-benzenésulfonyl chloride. M. p. 156-157°C
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17. 4-(2-{4-13-(3.4-Dimethoxv-phenvli}5.5-dimethvl-6-0x0-5.6-dihvdro-4H-pvridazin-1-yli-
piperidin-1-yl]:2-oxo-ethgl);morgholine-3._.5—dione

The title compound is prepared analogous as described for Example 4 using intermediate A2 and
morpholine-3,5-dione. M. p. 210-211°C

18. 6-(3.4-Dimethoxv-phenvh-4.4diethyvi-2-{1-[1-{2-methoxy-phenyl}methanovyl!}-piperidin-4-
yi}-4.5-dihydro-2H-pyridazin-3-one

The title compound is prepared analogous as described for Example 1 using intermediate A6 and
2-methoxybenzoyl chloride. M. p. 160-162°C

19. 6-(7-Methoxv-2.2-dimethvl-2.3-dihvdro-benzofuran-4-yI)}4.4-dimethyl-2-{1-[2-(4-methy]-

viberazin-1-viyethanovll-piperidin-4-vil-4.5-dihydro-2H-pvyridazin-3-one

The title compound is prepared analogous as described for Example 4 using intermediate A4 and N-

methylpiperazine. M. p. 121-123°C

20. 1-(2-{4-3-(7-Methoxv-2.2-dimethvi-2.3-dihvdro-benzofuran-4-yI}-5.5-dimethyl-6-0x0-5.6-

dihvdro-4H-pvridazin-1-vil-piperidin-1-vi}-2-0 xo-ethyl)»-pyrrolidine-2,5-dione

The title compound is prepared aﬁalogous as described for Example 4 using intermediate A6 and pyr-
rolidine-2,5-dione. M. p. 240-241°C

21. 2_(2-{4-13-(3.4-Dimethoxv-phenvl)5.5-dimethyl-6-0x0-5.6-dihvdro-4H-pvridazin-1-yl
piperidin-1-yl}-2-oxo-ethyl}-isoindole-1.3-dione

The title compound is prepared analogous as described for Example 4 using intermediate A2 and
phthalimide. M. p. 193-194°C
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Starting Compounds and Intermediates

Al. 4-(3.4-dimethoxyphenyl)-2.2-dimethyl-4-0x0-buiyric acid

Under an atmosphere of dry nitrogen a grignard solution, prepared from 43.4 g 3,4-dimethoxybromo-
benzene and 6.1 g magnesium in 200 ml of tetrahydrofuran, is added dropwise to a solution of 20.5 g 3,3-
dimethyl-dihydro-furan-2,5-dione in 200 mi of tetrahydrofuran cooled in an ice-bath. The reaction mixture is
stirred for an additional hour at RT. 100 ml of a 20% ammonium chloride solution is added and the water
layer is extracted twice with 75 ml of ethyl acetate. The combined organic layers are washed twice with
100 ml of half saturated brine and extracted with 3 x 100 mi 1M sodium hydroxide solution. The aqueous
layers are washed with 75 ml of ethyl acetate, acidified with concentrated hydrochloric acid and extracted
3 times with 100 ml of dichloromethane. The organic layers are dried over magnesium sulfate, filtered and
concentrated in vacuo. The oily residue is crystallized from ethyl acetate/peiroleum ether (60-80 °C). M.
p. 114-116 °C.

A2. 6-(3.4-dimethoxyphenvi}4.4-dimethyl-2-piperidin-4-vi-4.5-dihvdro-2H-pyridazin-3-one

A mixture of 50 mmol of intermediate A1, 50 mmol of 4-hydrazinopiperidine dihydrochloride and 15 ml of
triethylamine in 100 ml of n-propanol are heated under refiux for 48 h. The solvent is evaporated and the
residue is suspended in 100 ml of a 1M solution of sodium hydroxide. This suspension is extracted 3
times with 50 ml of dichloromethane. The combined organic layers are washed with 50 ml of a 1M solu-
tion of sodium hydroxide, dried over magnesium sulfate, filtered and concentrated in vacuo. Crystallisation
from diethyl ether yields the titte compound. M. p. 126-128°C. |

A3. 4-(7-Methoxv-2.2-dimethvil-2.3-dihvdro-benzofuran-4-vl)}-2.2-dimethyl-4-0xo-butyric acid

The title compound is prepared analogous as described for intermediate A1 using 4-Bromo-7-methoxy-
2,2-dimethyl-2,3-dihydro-benzofuran. Crystallised from diethyl ether. M. p. 158-160°C

Ad. 6-(7-Methoxv-2.2-dimethvl-2.3-dihvdro-benzofuran-4-vi}4.4-dimethyl-2-piperidin-4-yl-4.,5-
dihydro-2H-pyridazin-3-one hydrochloride

}

The title compound is prepared analogous as described for intermediate A2 using intermediate A3 and

piperidin-4-yl-hydrazine dihydrochloride. M. p. >300°C

A5. 4-(3.4-Dimethoxy-phenyl)-2.2-diethyl-4-oxo-butyric acid

The title compound is prepared analogous as described for intermediate A1 using 3,3-diethyl-dihydro-
furan-2,5-dione. M. p. 106-109°C
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A6. 6-(3.4-Dimethoxv-phenvi)}4.4-diethyi-2-piperidin-4-yi-4.5-dihydro-2H-pvridazin-3-one
hydrochloride

The title compound is prepared analogous as described for intermediate A2 using intermediate AS and
piperidin-4-yl-hydrazine dihydrochloride. M. p. 137-138°C
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Commercial utility

The compounds according to the invention have useful pharmacological properties which make them in-
dustrially utilizable. As selective cyclic nucleotide phosphodiesterase (PDE) inhibitors (specifically of type
4), they are suitable on the one hand as bronchial therapeutics (for the treatment of alrway obstructions
on account of their dilating action but also on account of their respiratory rate- or respiratory drive-increa-
sing action) and for the removal of erectile dysfunction on account of their vascular dilating action, but on
the other hand especially for the treatment of disorders, in particular of an inflammatory nature, e.g. of the
airways (asthma prophylaxis), of the skin, of the intestine, of the eyes, of the CNS and of the joints,
which are mediated by mediators such as histamine, PAF (platelet-activating factor), arachidonic acid
derivatives such as leukotrienes and prostaglandins, cytokines, interleukins, chemokines, alpha-, beta-
and gamma-interferon, tumor necrosis factor (TNF) or oxygen free radicals and proteases. In this context,
the compounds according to the invention are distinguished by a low toxicity, a good enteral absorption

(high bioavailability), a large therapeutic breadth and the absence of significant side effects.

On account of their PDE-inhibiting properties, the compounds éocording to the invention can be employed
in human and veterinary medicine as therapeutics, where they can be used, for example, for the ireat-
ment and prophylaxis of the following illnesses: acute and chronic (in particular inflammatory and aller-
gen-induced) airway disorders of varying origin (bronchitis, allergic bronchitis, bronchial asthma, emphy-
sema, COPD); dermatoses (especially of proliferative, inflammatory and allergic type) such as psoriasis
(vulgaris), toxic and allergic contact eczema, atopic eczema, seborrhoeic eczema, Lichen simplex, sun-
burn, pruritus in the anogenital area, alopecia areata, hypertrophic scars, discoid lupus erythematosus,
follicular and widespread pyodermias, endogenous and exogenoué acne, ache rosacea and other prolif-
erative, inflammatory and allergic skin disorders; disorders which are based on an excessive release of
TNF and leukotrienes, for example disorders of the arthritis type (rheumatoid arthritis, rheumatoid spondy-
litis, osteoarthritis and other arthritic conditions), disorders of the immune sysiem (AIDS, multiple sclero-
sis), graft versus host reaction, allograft rejections, types of shock (septic shock, endotoxin shock, gram-
negative sepsis, toxic shock syndrome and ARDS (adult respiratory distress syndrome)) and also gener-
alized inflammations in the gastrointestinal region (Crohn’s disease and ulcerative colitis); disorders
which are based on allergic and/or chronic, immunological false reactions in the region of the upper air-
ways (pharynx, nose) and the adjacent regions (paranasal sinuses, eyes), such as allergic rhinitis/sinu-
sitis, chronic rhinitis/sinusitis, allergic conjunctivitis and also nasal polyps; but also disorders of the heart
which can be treated by PDE inhibitors, such as cardiac insufficiency, or disorders which can be treated
on account of the tissue-relaxant action of the PDE inhibitors, such as, for example, erectile dysfunction
or colics of the kidneys and of the ureters in connection with kidney stones. In addition, the compounds
of the invention are useful in the treatment of diabetes insipidus, diabetes mellitus, leukaemia, osteoporo-
sis and conditions associated with cerebral metabolic inhibition, such as cerebral senility, senile demen-
tia (Alzheimer's disease), memory impairment associated with Parkinson's disease or multiinfarct demen-

tia: and also illnesses of the central nervous system, such as depressions or arteriosclerotic dementia.
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The invention further relates to a method for the treatment of mammals, including humans, which are suf-
fering from one of the above mentioned illnesses. The method is characterized in that a therapeutically
active and pharmacologically effective and tolerable amount of one or more of the compounds according

to the invention is administered to the ill mammal.

The invention further relates to the compounds according to the invention for use in the treatment and/or

prophylaxis of ilinesses, especially the illnesses mentioned.

The invention also relates to the use of the compounds according to the invention for the production of
pharmaceutical compositions which are employed for the treatment and/or prophylaxis of the ilinesses

mentioned.

The invention furthermore relates to pharmaceutical compositions for the treatment and/or prophylaxis of

the illnesses mentioned, which contain one or more of the compounds according to the invention.

Additionally, the invention relates to an article of manufacture, which comprises packaging material and a
pharmaceutical agent contained within said packaging material, wherein the pharmaceutical agent is
therapeutically effective for antagonizing the effects of the cyclic nucleotide phosphodiesterase of type 4
(PDE4), ameliorating the symptoms of an PDE4-mediated disorder, and wherein the packaging material
comprises a label or package insert which indicates that the pharmaceutical agent is useful for preventing
or treating PDE4-mediated disorders, and wherein said pharmaceutical agent comprises one or more
compounds of formula 1 according to the in\}ention. The packaging material, label and package insert
otherwise paralle! or resemble what is generally regarded as standard packaging material, labels and

package inserts for pharmaceuticals having related utilities.

The pharmaceutical compositions are prepared by processes which are known per se and familiar to the
person skilled in the art. As pharmaceutical compositions, the compounds according to the invention

(= active compounds) are either employed as such, or preferably in combination with suitable pharma-
ceutical auxiliaries and/or excipients, e.g. in the form of tablets, coated tablets, capsules, caplets, sup-
positories, patches (e.g. as TTS), emulsions, suspensions, gels or solutions, the active compound con-
tent advantageously being between 0.1 and 95% and where, by the appropriate choice of the auxiliaries
and/or excipients, a pharmaceutical administration form (e.g. a delayed release form or an enteric form)

.exactly suited to the active compound and/or to the desired onset of action can be achieved.

The person skilled in the art is familiar with auxiliaries or excipients which are suitable for the desired
pharmaceutical formulations on account of his/her expert knowledge. In addition o solvents, gel formers,
ointment bases and other active compound excipients, for example antioxidants, dispersants, emulsifiers,

preservatives, solubilizers, colorants, complexing agents or permeation promoters, can be used.
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The administration of the pharmaceutical compositions accending to the invantion may ba performed in
any of the generally accepted modes of administration availabie in the art. lllustrative examples of suitable
modes of administration include intravenous, oral, nasal, parenteral, topical, fransdemmal and rectal deliv-

ery. Oral delivery 1s preferred.

For ihe treatment of disorders of the respiratory tract, the compounds according to the invendion are pref-
erably also administered by inhalation in the form ¢f an aerosol; the aerosol particles of soild, liquid or
mixed composition preferably having a diameter ¢f 0.5 to 10 um, advamtageously of 2 to 6 um.

Aerasol generation can bs carried out, for example, by pressure-driven jet atomizers or ulrasonic atomiz-
ers, but advaniageously by propetiani-driven metered aerosois or propellant-iree administration of micro-
nized active compounds from inhalation capsuies.

Depending or: the inhaler system used, in addition 10 the active compounds the administration forms addt-
. , K

‘tionally contain the required excipients, such as, for example, propellants (e.g. Frigen in the case of me-

tered aerosols), surface-active substances, emuisifiers, stabilizers, presarvatives, flavorings, fillars (e.g.

factose in the case of powder inhalers) or, It appropriate, further active compouncs.

For the purposes of Inhalation, a large number of apparatuses are available with which 2erosols ot opit-
mum particle size can be generated and administered, using an inhalation lechnique which is as right as
cossible for the patient. In addition to the use of adaptors (spacers, expanders) and pear-shaped contain-
ors (o.g. Nebulator®, Volumatio®), and automatic devices emilting a puffer spray (Autoheler®), for me-
tered aerosols, in panicular in the case of powder inhalers, a number of technical solutions are avallabie
(a.g. Diskhaler®, Rotadisk®, Turbohaler® or the inhaler described in European Patent Application

EP 0 505 321), using which an optimal administration of active cornpound can be achieved.

For the treatment of dermaloses, the compounds accarding o the invention are in particular administered
in the form of those pharmaceulical compositions which are sutable for topical application. For the pro-
duction of the pharmaceutical compositions, the compounds according 1o the invention (= aclive com-
pours) are preferably mixed with suitable pharmaceutical auxiliaries and further processed to give suit-
aple pharmaceutical formulations. Sultable pharmaceutical formulations are, for example, powoers, emul-
sions, suspensions, sprays, cilg, cintmentg, fatty olntments, creams, pasies, gels or solutions.

The pharmaceutical compositions according to the invention are prepared by processes known per se.
The dosags of the active compounds is carried out in the order ot magnitude customary for POE inhibi-
tors. Topical application forms (such as oiniments) for the treatment of dermatoses thus contain the ac-
five compounds in & concentration of, for example, 0.1-89%. The dose for administration by inhalation is

2l S DU
¥ ila&-tvl&ark
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customarly between 0.1 and 3 mg per day. The customary dose in the case of systemic therapy (p.o. or

i.v.) is between 0.03 and 3 mg/kg per day.
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Biological investigations

The second messenger cyclic AMP (cAMP) is well-known for inhibiting inflammatory and immunocompe-
tent cells. The PDE4 isoenzyme is broadly expressed in cells involved in the initiation and propagation of
inflammatory diseases (H Tenor and C Schudt, in ,Phosphodiesterase Inhibitors®, 21-40, ,The Handbook
of Immunopharmacology®, Academic Press, 1996), and its inhibition leads to an increase of the intracellu-
lar cAMP concentration and thus to the inhibition of cellular activation (JE Souness et al., Inmunophar-
macology 47: 127-162, 2000).

The antiinflammatory potential of PDE4 inhibitors in vivo in various animal models has been described
(MM Teixeira, TiPS 18: 164-170, 1997). For the investigation of PDE4 inhibition on the celluiar level (in
vitro), a large variety of proinflammatory responses can be measured. Examples are the superoxide pro-
duction of neutrophilic (C Schudt et al., Arch Pharmacol 344: 682-630, 1991) or eosinophilic (A Hatzel-
mann et al., Brit J Pharmacol 114: 821-831, 1995) granulocytes, which can be measured as luminol-
enhanced chemiluminescence, or the synthesis of fumor necrosis factor-o. in monocytes, macrophages
or dendritic cells (Gantner et al., Brit J Pharmacol 121: 221-231, 1997, and Pulmonary Pharmacol Therap
12: 377-386, 1999). In addition, the immunomodulatory potential of PDE4 inhibitors is evident from the
inhibition of T-cell responses like cytokine synthesis or proliferation (DM Essayan, Biochem Pharmacol
57: 965-973, 1999). Substances which inhibit the secretion of the afore-mentioned proinflammatory me-
diators are those which inhibit PDE4. PDE4 inhibition by the compounds according to the invention is

thus a central indicator for the suppression of inflammatory processes.
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Methad for measuring inhibition of PDE4 activity

PDE4B2 (CB nio. M87515) was a gift ot Prof. M. Conti (Slanicrd University, USA). It was amplified from
the origingl plasmid (pCMVS) via PCR with primers Rb (5'- GCCAGCGTGCAAATAATGAAGG -3%) and
Rb10 {5'- AGAGGGGGATTATGTATCCAC 3 and cloned into the pCR-Bac vector (Invitrogen; Groningen,
NLY.

The recombinant baculovirus was prepared by means of homologous recombination tn SFO Insect ¢cells.
The expression plasmids were cotransiected with Bac-N-Blue (lnvitrogeﬁ Groningen, NL) or Baculo-Gold
DNA (Pharmingen, Hamburg) using a standard protocol (Pharmingen, Hamburg). Wi vrus-free cecombi-
nant virus supematants were selected using plaque assay methods. After inat, high-titre virus super-
natants were prepared by amplifying 3 times. PDE4B2 was expressed in SF21 cells by infecting 2x10°
celia/ml with an MO! (multiplicity of Infeciion) between 1 and 10 in serum-ree SFS00 medium {Life Tech-
nologies, Paisley, UK). The cells were cultured at 28°C for 48 — 72 hours, after which they were pelieted
for 510 min at 1000 g and 4°C.

The SF21 insect celis were resuspended, at a concentration of approx. 107 cells/m, in ice-cold (4°C)
homogenization buffer (20 mi Tris, pH 8.2, containing the following additions: 140 mM NaCl, 3.8 mM
KCI, 1 mM EGTA, 1 mM MgCl,, 10 mM B-mercaploethanol, 2 mM benzamidine, 0.4 mM Pefabiock,

10 pM leupeptlin, 10 pM pepstatin A, 5 WM trypsin inhibitor) and disrupled by ultrasonication. The ho-
mogenate was then centrifuged for 10 min at 1000xg and the supernatant was stored at -80°C uniit sub-
sequent use (see telow). The protein content was determined by the Bradiord method {BioRad, Munich)

using BSA as the standard.

PDE4B2 activity was inhibited by the compounds according to the invention in a madified SPA (scintilla-
fion proximity assay) test, supplied by Amersham Biosciences (see procedural instructions “phasphodi-
esterase [3H]cAMP SPA enzyme assay, code TRKQ 7090%), carried out in 96-well microiifre plates
(MTP's). The test volume is 100 ul and cortains 20 mM Tris buffer (pH 7.4), 0.1 mg of BSA (bovine serum
albumin)/ml, 5 mM Mg®, 0.5 uM cAMP (including about 50,000 cpm of [3H]cAMP), 1 ul of the raspactive
subsiance dilutian in DMSO and suiﬂclent raecombinant PDE (1000xg supernatant, see above) 1o ensure
that 10-20% of the cAMP is converiad under the said experimental conditions. The final concentration of
DMSO in the assays (1 % viv) does not substantlally affect the activity of the PDESs investigated. After a
preincubation of 5 min at 37°C, the reaction is started by adding the substrate (cAMP) and the assays
are incubated for a further 15 min; after thal, they are stopped by adding SPA beads (50 pl). in accar-
dance with the manufacturer's instructions, the SPA beads had previously been resuspended in water,
out were then diluted 1.3 (v/v) in water; the diluted solution also containg 3 mM IBMX to ensure a com-
piete PDE activily stop. Alter the beads have been sedimented (> 30 min), the MTP's are analyzed in
commercially available lumingscence detection devices, The corresponding 1C,, values of the compounds



CA 02554797 2006-07-28
WO 2005/075456 PCT/EP2005/050415

-34 -
for the inhibition of PDE4B2 activity are determined from the concentration-effect curves by means of non-

linear regression.

The inhibitory values determined for the compounds according 1o the invention follow from the following

Table 1, in which the numbers of the compounds correspond to the numbers of the examples.

Table 1

Inhibition of PDE4 acitivity [measured as -logiCs (mol/I)]
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Patent claims

1. A compound of formula 1
R9
/
N
N—N
R3—( 0
(1)
R2 R1
in which

R1 is 1-4C-alkyl and
R2 is 1-4C-alkyl,
R3  represents a phenyl derivative of formulae (a) or (b)

R4

R5 (a)

R8

wherein
R4 is 1-4C-alkoxy or 1-4C-alkoxy which is completely or predominantly substituted by fluorine,
R5 is 1-8C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy, or 1-4C-alkoxy which is
completely or predominantly substituted by fluorine,
R6 is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy, or 1-4C-alkoxy which is com-
pletely or predominantly substituted by fluorine,
R7 is 1-4C-alkyl and
R8 is hydrogen or 1-4C-alkyl,
or wherein
R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form
a spiro-linked 5-, 6- or 7-membered hydrocarbon ring, optionally interrupted by an oxygen or
sulphur atom,

RY9 is -C(O)R10, -5(0),-R14, -(CH,),-C(0)-R18 or -C(0)-(CH,)-R21,

R10 is 1-4C-alkyl, -N(R11)R12, phenyl or phenyl substituted by R13,
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R11 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

R12 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

or R11 and R12 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyi-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1-oxide-4-yl- or thiomorpholin-1,1-dioxide-4-yl-
rng,

R13 is hydroxyl, halogen, nitro, cyano, hydroxycarbonyl, 1-4C-alkyl, trifluoromethyl, 1-4C-alkoxy,
1-4C-alkoxy which is completely or predominantly substituted by fluorine, 1-4C-alkoxycarbonyl,
amino, mono- or di-1-4C-alkylamino, aminocarbonyl, mono- or di-1-4C-alkylaminocarbonyl,
1-4C-alkylcarbonyl, 1-4C-alkylcarbonylamino or 1-4C-alkylcarbonyloxy,

R14 is 1-4C-alkyl, -N(R15)R16, phenyl or phenyl substituted by R17,

R15 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkyimethyl,

R16 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkyimethyl,

or R15 and R16 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1-oxide-4-yl- or thiomorpholin-1,1-dioxide-4-yi-
ring,

R17 is hydroxyl, halogen, nitro, cyano, carboxyl, 1-4C-alkyl, trifluoromethyl, 1-4C-alkoxy, 1-4C-alk-
oxy which is completely or predominantly substituted by fluorine, 1-4C-alkoxycarbonyl, amino,
mono- or di-1-4C-alkylamino, aminocarbonyl, mono- or di-1-4C-alkylaminocarbonyl, 1-4C-alk-
ylcarbonyl, 1-4C-alkylcarbonylamino or 1-4C-alkylcarbonyloxy,

R18 is -N(R19)R20,

R19 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

R20 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylimethyl,

or R19 and R20 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepiny!-,
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1-oxide-4-yl- or thiomorpholin-1,1-dioxide-4-yl-
rng,

R21 is -N(R22)R23,

R22 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

R23 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yI-, 1-hexahydroazepinyl-,
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1-oxide-4-yl-, thiomorpholin-1,1-dioxide-4-yl-,
pyrrolidin-2,5-dione-1-yl-, morpholin-3,5-dione-4-yl-, piperidin-2,6-dione-1-yl, 4 4-dimethyl-pipe-
rdin-2,6-dione-1-yl or a 1-methyl-imidazolidine-2,4-dione-3-yl-ring or a iscindol-1,3-dione-2-yl-
ring-system,

n IS an integer from 1 to 4,

m IS an integer from 1 to 4,
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or a salt of this compound.

2. A compound of formula 1 according to claim 1, in which
R1 Is 1-4C-alkyl,
R2 is 1-4C-alkyl,
R3  represents a phenyl derivative of formulae (a) or (b)
R4 :
R5 (a)
R8
wherein
R4 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine,
R5 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine,
R6 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine,
R7 is methyl and
R8 is hydrogen,
or wherein
R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form
a spiro-linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring,
R9 is —C(0)-R10, -S(0),-R14, -(CH,),-C(0O)-R18 or -C(0O)-(CH,),,-R21,
R10 is phenyl or phenyl substituted by R13,
R13 is 1-4C-alkyl or 1-4C-alkoxy,
R14 is -N(R15)R16, phenyl or phenyl substituted by R17,
R15 is hydrogen or 1-4C-alkyil,
R16 is hydrogen or 1-4C-alkyl,
R17 is halogen, nitro, cyano, 1-4C-alkyl, 1-4C-alkoxy or 1-4C-alkoxy which is completely or predomi-
nantly substituted by fluorine,
R18 is -N(R19)R20,
R19 is hydrogen or 1-4C-alkyl,
R20 is hydrogen or 1-4C-alkyi,

or R19 and R20 together and with inclusion of the nitrogen atom to which they are bonded, form a

R21
R22
R23

1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyi-,
4-morpholinyl or 4-thiomorpholinyl-ring,

1S -N(R22)R23,

IS hydrogen or 1-4C-alkyl,

IS hydrogen or 1-4C-alkyl,
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or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl, 4-thiomorpholinyl-, pyrrolidin-2,5-dione-1-yl-, morpholin-3,5-dione-4-yl-, piperidin-
2 6-dione-1-yl, 4,4-dimethyl-piperidin-2,6-dione-1-yl or a 1-methyl-imidazolidine-2,4-dione-3-yl-
ring or a isoindol-1,3-dione-2-yl-ring-system,

n IS an integer from 1 to 4,

m IS an integer from 1 to 4,

or a salt of this compound.

3. A compound of formula 1 according to claim 1, in which
R1 Is methyl or ethyl,

R2 is methyl or ethyil,

R3 represents a phenyl derivative of formulae (a) or (b)

R4 R6

R5 (a) O (b)

R7
R8

wherein

R4 is methoxy, ethoxy or difluoromethoxy,
RS is methoxy, ethoxy or difluoromethoxy,
R6 is methoxy, ethoxy or difluoromethoxy,
R7 is methyl and
R8 is hydrogen,
or wherein
R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form
a spiro-linked cyclopentane, cyciohexane, tetrahydrofuran or tetrahydropyran ring,
R9 s —C(0O)-R10,
R10 s phenyl or phenyl substituted by R13,
R13 is 1-4C-alkyl or 1-4C-alkoxy,
or a salt of this compound.

4. A compound of formula 1 according to claim 1, in which
R1 is methyl or ethyl,
R2 is methyl or ethyl,

R3  represents a phenyl derivative of formulae (a) or (b)
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R4 R6

R5 (a) 0O (b)

R7
R8

wherein
R4 is methoxy, ethoxy or diflucromethoxy,
R5 is methoxy, ethoxy or difluoromethoxy,
R6 is methoxy, ethoxy or difluoromethoxy,
R7 is methyl and
R8 is hydrogen,
or wherein
R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form
a spiro-linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring,
RS is-S(0),-R14,
R14 is -N(R15)R16, phenyl or pheny! substituted by R17,
R15 is hydrogen or 1-4C-alkyl,
R16 is hydrogen or 1-4C-alkyl,
R17 is halogen, nitro, cyano, 1-4C-alkyl, 1-4C-alkoxy or 1-4C-alkoxy which is completely or predomi-
nantly substituted by fluorine,

or a salt of this compound.

5. A compound of formula 1 according to claim 1, in which
R1 IS methyl or ethyl,

R2 is methyi or ethyl,

R3 represents a phenyl derivative of formulae (a) or (b)

ca )\

R5 (a) O (b)

R7
R8

R6

- e - e
- e ww ey = e

wherein

R4 is methoxy, ethoxy or difluoromethoxy,
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R5 is methoxy, ethoxy or difluoromethoxy,
R6 is methoxy, ethoxy or difluoromethoxy,
R7 is methyl and
R8 Is hydrogen,
or wherein
R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form
a spiro-linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring,

R9 is-(CH,),-C(O)-R18,

R18 is -N(R19)R20,

R19 is hydrogen or 1-4C-alkyl,

R20 is hydrogen or 1-4C-alkyl,

or R19 and R20 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl or 4-thiomorpholinyl-ring,

n s 1 or2,

or a salt of this compound.

6. A compound of formula 1 according to claim 1, in which
R1 is methyl or ethyl,
R2 is methyl or ethyl,

R3  represents a phenyl derivative of formuiae (a) or (b)

R4

R5 (a)

wherein
R4 is methoxy, ethoxy or difluoromethoxy,
RS is methoxy, ethoxy or difluoromethoxy,
R6 is methoxy, ethoxy or difluoromethoxy,
R7 is methyl and
R8 is hydrogen,
or wherein
R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form
a spiro-linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring,
R9 is-C(O)-(CH,)-R21,
R21 is-N(R22)R23,
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R22 is hydrogen or 1-4C-alkyl,

R23 is hydrogen or 1-4C-alkyl,

or R22 and R23 fogether and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyi-, 1-piperazinyl, 1-methyi-piperazin-4-yl-, 1-hexahydroazepinyi-,
4-morpholinyl, 4-thiomorpholinyl-, pyrrolidin-2,5-dione-1-yl-, morphoiin-3,5-dione-4-yi-, piperidin-
2,6-dione-1-yl, 4,4-dimethyl-piperidin-2,6-dione-1-yl or a 1-methyl-imidazolidine-2,4-dione-3-yl-
ring or a isoindol-1,3-dione-2-yl-ring-system,

m s 1,

or a salt of this compound.

7. A compound of formula 1 according to claim 1, in which
R1  is methyl or ethyl,

R2 is methyl or ethyl,

R3  represents a phenyl derivative of formulae (a) or (b)

R4 R6

RS (a) O (b)

R7
R8

wherein
R4 is methoxy or ethoxy,
RS is methoxy or ethoxy,
R6 is methoxy,
R7 is methyl and
R8 is hydrogen,
R9 is —C(0)-R10,
R10 is pheny! or phenyl substituted by R13,
R13 is methoxy,
or a salt of this compound.

8. A compound of formula 1 according to claim 1, in which
R1 is methyl or ethyl,

R2 is methyl or ethyl,

R3  represents a phenyl derivative of formulae (a) or (b)
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R4 : R6 i
R5 (a) O (b)
R7
R8

wherein

R4 is methoxy or ethoxy,

R5 is methoxy or ethoxy,

R6 is methoxy,

R7 is methyl and

R8 is hydrogen,
R9 is-5(0),-R14,
R14 1s -N(R15)R16, phenyl or pheny! substituted by R17,
R15 is methyl,
R16 is methyl,
R17 is cyano, methyl, methoxy or trifluoromethoxy,
or a salt of this compound.
Q. A compound of formula 1 according to claim 1, in which
R1  is methyl or ethyl,
R2 is methyl or ethyl,
R3 represents a phenyl derivative of formulae (a) or (b)

R4 ; R6 5
RS (a) 0 (b)
R7
R8

wherein
R4 is methoxy or ethoxy,
RS is methoxy or ethoxy,
R6 is methoxy,
R7 is methyl and
R8 is hydrogen,

RS  is-(CH),-C(0)-R18,
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R18 is -N{(R19)R20,

R19 is hydrogen,

R20 is hydrogen,

or R19 and R20 together and with inclusion of the nitrogen atom to which they are bonded, form a
4-morpholinyl-ring,

n IS 1 or 2,

or a salt of this compound.

10. A compound of formula 1 according to claim 1, in which
R1 is methy! or ethy!,

R2 is methyl or ethyl,

R3 represents a phenyl derivative of formulae (a) or (b)

R4

R5 (a) e (b)

R7
R38

wherein
R4 is methoxy or ethoxy,
RS is methoxy or ethoxy,
R6 is methoxy,
R7 is methyl and
R8 is hydrogen,
R9 is-C(Q)-(CH,)-R21,
R21 is -N(R22)R23,
or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-methyl-piperazin-4-yl-, pyrrolidin-2,5-dione-1-yl- or a morpholin-3,5-dione-4-yl-ring or a iso-
indol-1,3-dione-2-yl-ring-system,
m IS 1,
or a sait of this compound.

11. A compound of formula 1 according to claim 1, in which
R1 is 1-4C-alkyl and

R2 is 1-4C-alkyl,

R3  represents a phenyl derivative of formulae (a) or (b)
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rRs @ 0 (B)

R7
R8

wherein
R4 is 1-4C-alkoxy or 1-4C-alkoxy which is completely or predominantly substituted by fluorine,
RS is 1-8C-alkoxy, 3-7C-cycloalkoxy, 3-7C-cycloalkylmethoxy, or 1-4C-alkoxy which is comple-
tely or predominantly substituted by fluorine,

R6 is 1-4C-alkoxy, 3-5C-cycloalkoxy, 3-5C-cycloalkylmethoxy, or 1-4C-alkoxy which is comple-
tely or predominantly substituted by fluorine,

R7 is 1-4C-alkyl and

R8 is hydrogen or 1-4C-alkyl,

or wherein

R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form
a spiro-linked 5-, 6- or 7-membered hydrocarbon ring, optionally interrupted by an oxygen or
sulphur atom,

RS is-C(O)R10, -S(0),-R14, -(CH,),-C(0)-R18 or -C(0O)-(CH,)~R21,

R10 is 1-4C-alkyl, -N(R11)R12, phenyl or phenyl substituted by R13,

R11 iIs hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkyimethyl,

R12 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

or R11 and R12 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1-oxide-4-yl- or thiomorpholin-1,1-dioxide-4-yI-
rng,

R13 is hydroxyl, halogen, nitro, cyano, hydroxycarbonyl, 1-4C-alkyl, trifluoromethyl, 1-4C-alkoxy,
1-4C-alkoxy which is completely or predominantly substituted by fluorine, 1-4C-alkoxycarbonyl,
amino, mono- or di-1-4C-alkylamino, aminocarbonyl, mono- or di-1-4C-alkylaminocarbonyl,
1-4C-alkylcarbonyl, 1-4C-alkylcarbonylamino or 1-4C-alkylcarbonyloxy,

R14 is 1-4C-alkyl, -N(R15)R186, phenyl or phenyl substituted by R17,

R15 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

R16 is hydrogen, 1-4C-alkyl, 3-7C-cycloalky! or 3-7C-cycloalkylmethyl,

or R15 and R16 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1-oxide-4-yl- or thiomorpholin-1,1-dioxide-4-yl-
ring,
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R17 is hydroxyl, halogen, nitro, cyano, carboxyl, 1-4C-alkyl, trifluoromethyl, 1-4C-alkoxy, 1-4C-alk-
oxy which is completely or predominantly substituted by fluorine, 1-4C-alkoxycarbonyl, amino,
mono- or di-1-4C-alkylamino, aminocarbonyl, mono- or di-1-4C-alkylaminocarbonyi, 1-4C-alk-
ylcarbonyl, 1-4C-alkylcarbonylamino or 1-4C-alkylcarbonyloxy,

R18 is -N(R19)R20,

R19 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycioalkylmethyl,

R20 is hydrogen, 1-4C-alkyl, 3-7C-cycloalkyl or 3-7C-cycloalkylmethyl,

or R19 and R20 together and with inclusion of the nitrogen atom to which they are bondedq, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyi-,
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1-oxide-4-yl- or thiomorpholin-1,1-dioxide-4-yl-
ring,

R21 is-N(R22)R23,

R22 s hydrogen, 1-4C-alkyl, 3-7C-cycloalkyi or 3-7C-cycloalkylmethyi,

R23 is hydrogen, 1-4C-alkyl, 3-7C-cycloaikyl or 3-7C-cycloalkylmethyl,

or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl, 4-thiomorpholinyl-, thiomorpholin-1-oxide-4-yl-, thiomorpholin-1,1-dioxide-4-yl- or
a pyrrolidin-2,5-dione-1-yl-ring,

n is an integer from 1 to 4,

m Is an integer from 1 to 4,

or a salt of this compound.

12. A compound of formula 1 according to claim 1, in which
R1 is 1-4C-alkyl,
R2 is 1-4C-alkyl,

R3 represents a phenyl derivative of formulae (a) or (b)

R4

R5 (a)

R8

wherein

R4 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine,
RS is 1-4C-alkoxy,

R6 is 1-2C-alkoxy or 1-2C-alkoxy which is completely or predominantly substituted by fluorine,
R7 is methyl and
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R8 is hydrogen,
or wherein
R7 and R8 together and with inclusion of the two carbon atoms, to which they are bonded, form
a spiro-linked cyclopentane, cyclohexane, tetrahydrofuran or tetrahydropyran ring,

RS is-S(0),-R14, -(CH,),-C(0)-R18 or -C(O)-(CH,),-R21,

R14 is phenyl or phenyl substituted by R17,

R17 is halogen, nitro, cyano, 1-4C-alkyl or 1-4C-alkoxy,

R18 is -N(R19)R20,

R19 is hydrogen or 1-4C-alkyl,

R20 is hydrogen or 1-4C-alkyl,

or R19 and R20 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyl-,
4-morpholinyl or 4-thiomorpholinyi-ring,

R21 is-N(R22)R23,

R22 is hydrogen or 1-4C-alkyl,

R23 is hydrogen or 1-4C-alkyi,

or R22 and R23 together and with inclusion of the nitrogen atom to which they are bonded, form a
1-pyrrolidinyl-, 1-piperidinyl-, 1-piperazinyl, 1-(1-4C-alkyl)-piperazin-4-yl-, 1-hexahydroazepinyi-

4-morpholinyl, 4-thiomorpholinyl- or a pyrrolidin-2,5-dione-1-yl-ring,
n Is an integer from 1 to 4,
m IS an integer from 1 to 4,
or a salt of this compound.

13. A compound of formula 1 according to claim 1, in which
R1 is methyl,

R2 is methy!,

R3 represents a phenyl derivative of formula (a)

R4

R5 (a)

wherein
R4 is methoxy or ethoxy,
RS is methoxy or ethoxy,
R9 15 -5(0),-R14, -(CH,),-C(0)-R18 or -C(0)-(CH,)-R21,
R14 is 2-cyanophenyi,
R18 is amino or 4-morpholinyl,
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R21 is pyrrolidin-2,5-dione-1-yl,
n IS 1 or2
m is 1,

or a salt of this compound.

14. A compound of formula 1 according to claim 1 selected from
2-{4-[3-(3,4-dimethoxy-phenyl)-5,5-dimethyl-6-0x0-5,6-dihydro-4H-pyridazin-1-yl]-piperidine-1-sulfon-
yl}-benzonitrile,
6-(3,4-Dimethoxy-phenyl)-4,4-dimethyl-2-[1-(3-morpholin-4-yl-3-oxo-propyl)-piperidin-4-yl]-4,5-dihydro-
2H-pyridazin-3-one,
2-[4-(3-{3,4-dimethoxyphenyl}-6-0x0-5,6-dihydro-4H-pyridazin-1-yl)-piperidin-1-yl]-acetamide,
1-(2-{4-[3-(3,4-Dimethoxy-phenyl)-5,5-dimethyl-6-0x0-5,6-dihydro-4H-pyridazin-1-yl]-piperidin-1-yl}-2-
oxo-ethyl)-pyrrolidine-2,5-dione,
6-(3,4-Dimethoxy-phenyl)-4,4-dimethyl-2-[1-(toluene-2-sulfonyl)-piperidin-4-yi]-4,5-dihydro-2H-pyrida-
Zin-3-one,
4-{4-[3-(3,4-Dimethoxy-phenyl)-5,5-dimethyl-6-ox0-5,6-dihydro-4H-pyridazin-1-yl]-piperidine-1-sulfon-
yi}-benzonitrile,
6-(3,4-Dimethoxy-phenyl)-4,4-dimethyl-2-[1-(2-trifluoromethoxy-benzenesulfonyl)-piperidin-4-yli]-4, 5-di-
hydro-2H-pyridazin-3-one,
6-(3,4-Dimethoxy-phenyl)-2-{1-[1-(2-methoxy-phenyl)-methanoyl]-piperidin-4-yl}-4 4-dimethyl-4,5-dihy-
dro-2H-pyridazin-3-one,
3-{4-[3-(3,4-Dimethoxy-phenyl)-5,5-dimethyl-6-oxo-5,6-dihydro-4H-pyridazin-1-yl}-piperidine-1-sulfon-
yl}-benzonitrile,
6-(3,4-Dimethoxy-phenyl)-4,4-dimethyl-2-[1-(toluene-4-sulfonyl)-piperidin-4-yl]-4, 5-dihydro-2H-pyrida-
zin-3-one,
6-(3,4-Dimethoxy-phenyl)-4,4-dimethyl-2-[1-(toluene-3-sulfonyl)-piperidin-4-yl]-4,5-dihydro-2H-pyrida-
zin-3-one,
4-[3-(3,4-Dimethoxy-phenyl)-5,5-dimethyl-6-oxo-5,6-dihydro-4H-pyridazin-1-yl]-piperidine-1-sulfonic
acld dimethylamide,
2-{4-[3-(7-Methoxy-2,2-dimethyl-2,3-dihydro-benzofuran-4-yl)-5,5-dimethyl-6-oxo-5,6-dihydro-4H-
pyridazin-1-yl]-piperidin-1-yl}-acetamide,
6-(3,4-Dimethoxy-phenyl)-4,4-diethyl-2-[1-(1-phenyl-methanoy!)-piperidin-4-yl}-4,5-dihydro-2H-pyrida-
Zin-3-one,
2-{4-[3-(3,4-Dimethoxy-phenyl)-5,5-diethyl-6-oxo-5,6-dihydro-4H-pyridazin-1-yl]-piperidin-1-yl}-acet-
amide,
2-{4-[3-(3,4-Dimethoxy-phenyl)-5,5-diethyl-6-oxo-5,6-dihydro-4-pyridazin-1-yl]-piperidine-1-sulfonyl}-
benzonitrile,
4-(2-{4-[3-(3,4-Dimethoxy-phenyl)-5,5-dimethyl-6-oxo0-5,6-dihydro-4H-pyridazin-1-yl}-piperidin-1 -yl}-2-
oxo-ethyl)-morpholine-3,5-dione,
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6-(3,4-Dimethoxy-phenyl)-4,4-diethyl-2-{1-[1-(2-methoxy-phenyl)-methanoyl]-piperidin-4-yi}-4,5-dihy-
dro-2H-pyridazin-3-one,

6-(7-Methoxy-2,2-dimethyi-2, 3-dihydro-benzofuran-4-yl)-4 ,4-dimethyl-2-{1-[2-(4-methyl-piperazin-1-yl)-
ethanoyl]-piperidin-4-yl}-4,5-dihydro-2H-pyridazin-3-one,

1-(2-{4-[3-(7-Methoxy-2,2-dimethyl-2, 3-dihydro-benzofuran-4-yl)-5,5-dimethyl-6-0x0-5,6-dihydro-4 H-
pyridazin-1-yll-piperidin-1-yl}-2-oxo-ethyl)-pyrrolidine-2,5-dione, and
2-(2-{4-[3-(3,4-Dimethoxy-pheny!)-5,5-dimethyl-6-0x0-5,6-dihydro-4H-pyridazin-1-yi]-piperidin-1-yl}-2-
oxo-ethyl)-isoindole-1,3-dione,

or a salt of one of these compounds.

156. Pharmaceutical compositions containing one or more compounds of formula 1 or a sait thereof
according to any one of claims 1 to 14 together with pharmaceutical auxiliaries and/or carrier

materials.

16. Use of a compound of formula 1 or a sait thereof according to any one of claims 1 to 14 for the
preparation of pharmaceutical compositions for the treatment of airway disorders.

17.  Use according to claim 16, wherein the airway disorder is bronchial asthma, COPD or allergic
rhinitis.

18. Use of a compound of formula 1 or a salt thereof according to any one of claims 1 to 14 for the
preparation of pharmaceutical compositions for the treatment of rheumatoid arthritis.

19.  Use of a compound of formula 1 or a salt thereof according to any one of claims 1 to 14 for the
preparation of pharmaceutical compositions for the treatment of Crohn'’s disease or ulcerative

colitis.

20. Use of a compound of formula 1 or a salt thereof according to any one of claims 1 to 14 for the
preparation of pharmaceutical compositions for the treatment of dermatoses.
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