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Novel Aminopyridine-Derivatives

Field of application of the invention

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

the production of pharmaceutical compositions.
Known technical backgroun

In the German Patent Application DE 2504252 and in the European Patent Application EP 0125756 3H-
imidazo{4,5-bjpyridine derivatives with anti-ulcer activity are described.
The International Application WO 0049015 describes pyridine compounds with inhibitory activity on the

production of nitric oxide.

Description of the invention

It has now been found that the aminopyridine derivatives, which are described In greater details below,
have unanticipated, originative and sophisticated structural features and surprising and particularly

advantageous properties.

The invention thus relates in a first embodiment (embodiment a) to compounds of formula |

R1 R4
R2. — \

N 7\
H N=

() NH,

R3

in which

R1  is hydrogen or 1-4C-alky!,

R2 is hydrogen, halogen, hydroxyl, nitro, amino, 1-7G-alkyl, trifluoromethyl, 3-7C-cycloalkyl, 3-7C-
cycloalkyi-1-4C-alkyl, 1-4C-alkoxy, completely or predominantly fluorine-substituted 1-4C-alkoxy,
1-4C-alkoxy-1-4C-alkyl, 1-4C-alkoxy-1-4C-alkoxy, 1-4C-alkoxycarbonyl, mono- or di-1-4C-
alkylaminocarbonyl, mono- or di-1-4C-alkylaminosulfonyl, 1-4C-alkylcarbonylamino, 1-4C-
alkylsulfonylamino, phenyl, R21- and/or R211-substituted phenyl, phenyl-1-4C-alkyl, phenyl-1-4C-
alkyl wherein the phenyl moiety is substituted by R22, phenyl-1-4C-alkoxy, pyridyl, pyridyl
substituted by R23, pyridyl-1-4C-alkyl, pyridyl-1-4C-alky! wherein the pyridyl moiety Is substituted
by R24, in which
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R21 is cyano, halogen, carboxyl, 1-4C-alkyl, 1-4C-alkoxy, aminocarbonyl, mono- or di-1-4C-
alkylaminocarbonyl, 1-4C-alkylcarbonylamino, 1-4C-alkoxycarbonyl, aminosulfonyl, mono- or di-1-
4C-alkylaminosulfonyl, amino, mono- or di-1-4C-alkylamino, trifluoromethyl, hydroxyl,
phenylsulfonylamino, phenyl-1-4C-alkoxy, or -S(O)-Het, in which

Het is bonded to the adjacent sulfonyl group via a ring nitrogen atom, and is a 3- to 7-membered fully
saturated heterocyclic ring comprising one nitrogen atom, to which the sulfonyl group is attached,
and optionally one further heteroatom selected from N(R210), oxygen and sulfur, in which

R210 is 1-4C-alkyl,

R211 is halogen or 1-4C-alkoxy,

R22 is halogen, 1-4C-alkyl or 1-4C-alkoxy,

R23 is halogen, 1-4C-alky! or 1-4G-alkoxy,

R24 is halogen, 1-4C-alkyl or 1-4C-alkoxy,

R3 is hydrogen, halogen, 1-4C-alkyl or 1-4C-alkoxy,

R4 is 1-4C-alkyl, or 1-4C-alkoxy,

and the salts, the N-oxides and the salts of the N-oxides of these compounds.

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

butyl, isobuty!l, sec-butyl, tert-butyl, propyl, isopropyl, and, particularly, the ethyl and methyl radicals.

1-7C-Alkyl is a straight-chain or branched alkyl radical having 1 to 7 carbon atoms. Examples are the
heptyl, isoheptyl (5-methylhexyl), hexyl, isohexyl (4-methylpentyl), neohexyl (3,3-dimethylbutyl), pentyl,
isopentyl (3-methylbutyl), neopentyl (2,2-dimethylpropyl), butyl, isobutyl, sec-butyl, tert-butyl, propyl,

isopropyl, ethyl and methyl radicals.

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
mentioned in this context are, for example, the butoxy, isobutoxy, sec-butoxy, tert-butoxy, propoxy, I1S0O-

propoxy, and, particularly, the ethoxy and methoxy radicals.

3-7C-Cycloalkyl stands for cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl, of which

cyclopropyl, cyclobutyl and cyclopentyl are preferred.

3-7C-Cycloalkyl-1-4C-alkyl stands for one of the abovementioned 1-4C-alky!| radicals, which is substituted
by one of the abovementioned 3-7C-cycloalkyl radicals. 3-7C-Cycloalkyl-1-2C-alkyl, particularly 3-7C-
cycloalkylmethyl, radicals are to be emphasized in this connection. Examples which may be mentioned

are the cyclopropylmethyl, the cyclohexylmethyl and the cyclohexylethyl radicals.

Halogen within the meaning of the present invention is iodine, bromine, chlorine or fluorine.
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Completely or predominantly fluorine-substituted 1-4C-alkoxy is, for example, the
2.2,3,3,3-pentafluoropropoxy, the perfluoroethoxy, the 1,2,2-trifluoroethoxy and in particular the
1,1,2,2-tetrafluoroethoxy, 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 groups are replaced by fluorine atoms.

1-4C-Alkoxy-1-4C-alkoxy stands for one of the abovementioned 1-4C-alkoxy radicals which is substituted
by the same or another of the abovementioned 1-4C-alkoxy radicals. Examples which may be mentioned
are the 2-(methoxy)ethoxy (O-CH,-CHz-O-CH;) and the 2-(ethoxy)ethoxy radical (-O-CHy-CH-O-CH,-CH).

1-4C-Alkoxy-1-4C-alkyl stands for one of the abovementioned 1-4C-alkyl radicals which is substituted by
one of the abovementioned 1-4C-alkoxy radicals. Examples which may be mentioned are the 2-

ethoxyethyl and the 3-methoxypropyl! radical.

Mono- or Di-1-4C-alkylamino radicals contain in addition to the nitrogen atom, one or two of the
abovementioned 1-4C-alkyl radicals. Preferred are the di-1-4C-alkylamino radicals, especially the dimeth-

ylamino, the diethylamino and the diisopropylamino radicals.

Mono- or Di-1-4C-alkylaminocarbonyl radicals contain in addition to the carbonyl group one of the
abovementioned mono- or di-1-4C-alkylamino radicals. Examples which may be mentioned are the N-
methyl- the N,N-dimethyl-, the N-ethyi-, the N-propyl-, the N,N-diethyl- and the N-isopropylaminocarbony!

radical.

Mono-or Di-1-4C-alkylaminosulfonyl stands for a sulfonyl group to which one of the abovementioned
mono- or di-1-4C-alkylamino radicals is bonded. Examples which may be mentioned are the

methylaminosulfonyl, the dimethylaminosulfonyl and the ethylaminosulfonyl radical.

An 1-4C-Alkylcarbonylamino radical is, for example, the propionylamino [C;H;C(O)NH-] and the
acetylamino radical [CH;C(O)NH-].

An 1-4C-Alkylsulfonylamino radical is, for example, the propylsulfonylamino [G;H,S(O).NH-] and the
methylsulfonylamino radical [CHzS(O) NH-].

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

radicals.
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Phenyl-1-4C-alkoxy stands for one of the abovementioned 1-4C-alkoxy radicals, which is substituted by

the phenyl radical. Examples which may be mentioned are the benzyloxy and the phenethoxy radical.

Phenyl-1-4C-alky! stands for one of the abovementioned 1-4C-alkyl radicals, which is substituted by a

phenyl radical. Examples which may be mentioned are the phenethyl and the benzyl radical.

Pyridyl-1-4C-alkyl stands for one of the abovementioned 1-4C-alkyl radicals, which is substituted by a
pyridyl radical. Examples which may be mentioned are the pyridylethyl and the pyridylmethyl radical.

Pyridy! includes pyridin-2-yl, pyridin-3-yl and pyridin-4-yl.

N-oxide denotes the N-oxide on the pyridine which is substituted by R4.

Het is bonded to the adjacent sulfonyl group via a ring nitrogen atom, and is a 3- to 7-membered fully
saturated heterocyclic ring comprising one nitrogen atom, to which the sulfonyl group is attached, and

optionally one further heteroatom selected from N(R210), oxygen and sulfur.

Examples of Het may include, without being restricted thereto, aziridin-1-yl, azetidin-1-yl, pyrrolidin-1-yl,
piperidin-1-yl, homopiperidin-1-yl, morpholin-4-yl, thiomorpholin-4-yl, 4N-(1-4C-alkyl)-homopiperazin-1-yi,
or 4N-(1-4C-alkyl)-piperazin-1-y! such as e.g. 4N-methyl-piperazin-1-yl.

Compounds according to this invention which may be mentioned include for example compounds of

formula la

1 R4
A
7 N\
=
da) NH,

in which R1 and R4 have the meanings given above and A suitably includes 3H-imidazo[4,5-b]pyridin-2-yl,
7-methyl-3H-imidazo[4,5-b]pyridin-2-yl, 5,7-dimethyl-3H-imidazo[4,5-b]pyridin-2-yl, 5-methoxy-3H-
imidazo[4,5-b]pyridin-2-yl, 6-brom-3H-imidazo{4,5-b]pyridin-2-yl, 7-methoxy-3H-imidazo[4,5-b]pyridin-2-yI,
7-hydroxy-3H-imidazo[4,5-b]pyridin-2-yl, 7-ethoxy-3H-imidazo{4,5-b]pyridin-2-yl, 7-(2-methoxy-ethoxy)-
imidazo[4,5-b]pyridin-2-yl, 7-(1,1,1-trifluoroethoxy)-3H-imidazo[4,5-b]pyridin-2-yl, 7-(phenylethoxy)—3H-
imidazo[4,5-b]pyridin-2-yl, 7-(phenylethyl)-3H-imidazo(4,5-b]pyridin-2-yl, 7-(tolylethyl)-3H-imidazo([4,5-
blpyridin-2-yl, 7-(pyrid-4-ylethyl)-3H-imidazo[4,5-b]pyridin-2-yi, 7-(pyrid-2-ylethyl)-3H-imidazo[4,5-b]pyridin-

2-yl, 7-(pyrid-3-ylethyl)-3H-imidazo[4,5-b]pyridin-2-y|, 7-(4-methoxypyrid-2-ylethyl)-3H-imidazo[4,5-
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b)pyridin-2-y|, 6-phenyl-3H-imidazo[4,5-b]pyridin-2-y|, 6-n-butyl-3H-imidazo[4,5-b]pyridin-2-yi, 6-(4-
methoxyphenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(4-methylphenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-nitro-
3H-imidazo[4,5-b]pyridin-2-yl, 6-(pyrid-3-yl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(4-cyanophenyl)-3H-
imidazo[4,5-b]pyridin-2-yl, 6-methy|-3H-imidazo[4,5b]pyridin-2-yl, 6-trifluoromethyl-3H-imidazo[4,5-
blpyridin-2-yl, 6-iodo-3H-imidazo[4,5-b]pyridin-2-yl, 6-(4-aminophenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(4-
dimethylaminophenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(4-hydroxyphenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-
(4-trifluoromethylphenyl)-3H-imidazo[4,5-b]pyridin-2-y|, 6-(4-phenylsulfonylaminophenyl)-3H-imidazo[4,5-
b]pyridin-2-yl, 6-(3,4-dimethoxyphenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(3,4-dichlorophenyl)-3H-
imidazo[4,5-b]pyridin-2-yl, 6-(3,5-dichlorophenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(4-benzyloxyphenyl)-3H-
imidazo(4,5-b]pyridin-2-yl, 6-(4-benzyloxy-3-fluorophenyl)-3H-imidazol4,5-bjpyridin-2-yl, 6-(3-methyl-
butyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-cyclohexylmethy!-3H-imidazo[4,5-b]pyridin-2-yl, 6-benzyl-3H-
imidaz o[4,5-b]pyridin-2-yl, 6-ethyl-3H-imidazo[4,5-b]pyridin-2-y!, 6-isopropyl-3H-imidazo[4,5-b]pyridin-2-yl,
6-n-pentyl-3H-imidazo[4,5-b]pyridin-2-yi, 6-(4-chlorophenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(4-
fluorophenyl)-3H-imidazo[4,5-b]pyridin-2-yi, 6-(2-fluorophenyl)-3H-imidazo[4,5b]pyridin-2-yl, 6-(4-
bromophenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(3-bromophenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(3-
methylphenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-phenethyl-3H-imidazo[4,5-b]pyridin-2-yl, 6-(3-phenylpropyl)-
3H-imidazo[4,5-b]pyridin-2-yl, 6-(4-bromo-phenyl-methyl}-3H-imidazo[4,5b]pyridin-2-y!, 6-(4-acetamido-
phenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(4-methoxycarbonylphenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(4-
carboxy-phenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-methoxycarbonyl-3H-imidazo[4,5-b]pyridin-2-y|, 6-(4-
dimethylamino-carbonyl-phenyl)-3H-imidazo{4,5-b]pyridin-2-yl, 6-(4-dimethylaminosulphonyl-phenyl)-3H-
imidazo[4,5-blpyridin-2-yl, 6-(4-diethylaminosulphonyl-phenyl)-3H-imidazo{4,5-b]pyridin-2-yl, 6-(4-
methylaminosulphonyl-phenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(4-aminosulphonyl-phenyl)-3H-imidazo(4,5-
b]pyridin-2-yl, 6-(4-ethylaminosulphonyl-phenyl)-3H-imidazo{4,5-b]pyridin-2-yl or 6-(3-fluoro-4-
dimethylaminosulphonyl-phenyl)-3H-imidazo[4,5-b]pyridin-2-yl, or
6-[4-(azetidine-1-sulfonyl)-phenyl]-3H-imidazo[4,5-b]pyridin-2-yl, 6-[4-(pyrrolidine-1-sulfonyl)-phenyl]-3H-
imidazo[4,5-b]pyridin-2-yl, 6-[4-(piperidine-1-sulfonyl)-phenyl]-3H-imidazo[4,5-b]pyridin-2-yl,
6-[4-(4-methyl-piperazine-1-sulfonyl)phenyl]-3H-imidazo{4,5-b]pyridin-2-yl,
6-(3-hydroxy-phenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(3,5-dichloro-phenyl)-3H-imidazo[4,5-b]pyridin-2-yl or
6-(4-benzyloxy-phenyl)-3H-imidazo[4,5-b]pyridin-2-yl.

Compounds according to this invention which may be in particular mentioned include for example those
compounds of formula la as shown above,

in which R1 is hydrogen, R4 is methyl, and A has one of the meanings mentioned in the foregoing

paragraph.

Suitable salts for compounds of formula | - depending on substitution - are all acid addition salts or all
salts with bases. Particular mention may be made of the pharmacologically tolerable inorganic and

organic acids and bases customarily used in pharmacy. Those suitable are, on the one hand, water-
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insoluble and, particularly, water-soluble 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 salts, here, t00, the bases being employed in salt preparation in

an equimolar quantitative ratio or one differing therefrom.

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

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

According to 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 | as well as all

solvates and in particular all hydrates of the salts of the compounds of formula .

A person skilled in the art knows on the base of his/her expert knowledge that the compounds according
to this invention can exist, with regard to the fused imidazo ring, in different tautomeric forms such as e.g.
in the 1-H form or, preferably, in the 3-H form, which is shown in formula |. The invention includes all
conceivable tautomers in pure form as well as in any mixing ratio. Particularly the present invention

includes the pure 1-H- and, preferably, 3-H-tautomers as well as any mixtures thereof.

Compounds according to embodiment a of this invention worthy to be mentioned are those compounds of

formula 1in which

R1  is hydrogen or 1-2C-alkyl,

R2 is hydrogen, halogen, phenyl, or R21- and/or R211-substituted phenyl, in which

R21 is 1-4C-alkyl, cyano, halogen, mono- or di-1-4C-alkylamino, trifluoromethyl, mono- or di-1-4C-
alkylaminosulfonyl, hydroxyl, phenyi-1-4C-alkoxy, or -S(O)zHet, in which

Het is azetidin-1-yl, pyrrolidin-1-yl, piperidin-1-yl, or 4N-(R210)-piperazin-1-yl, in which

R210 is 1-4C-alkyl,

R211 is halogen,

R3 is hydrogen,
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R4  is methyl, or methoxy,

and the salts, the N-oxides and the salts of the N-oxides of these compounds.

Compounds according to embodiment a of this invention more worthy to be mentioned are those

compounds of formula | in which

R1  is hydrogen, methyl or ethyl,

R2 is hydrogen, iodine, bromine, phenyl, or R21- and/or R211-substituted phenyl, in which

R21 is methyl, cyano, chiorine, fluorine, dimethylamino, trifluoromethyl, dimethylaminosulfonyl,
hydroxyl, benzyloxy, or -S(O)xHet, in which

Het is azetidin-1-yl, pyrrolidin-1-yl, piperidin-1-yl, or 4N-methyl-piperazin-1-y|, in which

R211 is chlorine,

R3 is hydrogen,

R4 is methyl, or methoxy,

and the salts, the N-oxides and the salts of the N-oxides of these compounds.

Compounds according to embodiment a of this invention in particular worthy to be mentioned are those

compounds of formula | in which

R1  is hydrogen or methyl, |

R2 is bonded in the 6-position of the 3H-imidazo[4,5-b]pyridine ring, and is hydrogen, iodine, bromine,
pheny!, 3-hydroxyl-phenyl, 4-(R21)-phenyl, or 3,5-di-chloro-phenyl, in which

R21 is methyl, cyano, chlorine, fluorine, dimethylamino, trifluoromethyl, dimethylaminosulfonyl,
benzyloxy, or -S(O)Het, in which

Het is azetidin-1-yl, pyrrolidin-1-yl, piperidin-1-yl, or 4N-methyl-piperazin-1-yl, in which

R3 is hydrogen,

R4 is methyl, or methoxy,

and the salts, the N-oxides and the salts of the N-oxides of these compounds.

The invention relates in a second embodiment (embodiment b) to compounds of formula |,

in which

R1  is hydrogen or 1-4C-alkyl,

R2 is hydrogen, halogen, hydroxyl, nitro, amino, 1-7C-alkyl, trifluoromethyl, 3-7C-cycloalkyl, 3-7C-
cycloalkyl-1-4C-alky!, 1-4C-alkoxy, completely or predominantly fluorine-substituted 1-4C-alkoxy,
1-4C-alkoxy-1-4C-alkyl, 1-4C-alkoxy-1-4C-alkoxy, 1-4C-alkoxycarbonyl, mono- or di-1-4C-
alkylaminocarbonyl, mono- or di-1-4C-alkylaminosulfonyl, 1-4G-alkylcarbonylamino, 1-4C-
alkylsulfonylamino, phenyl, R21- and/or R211-substituted phenyl, phenyl-1-4C-alkyl, phenyl-1-4C-
alkyl wherein the phenyl moiety is substituted by R22, phenyl-1-4C-alkoxy, pyridyl, pyridyl
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substituted by R23, pyridyl-1-4C-alkyl, pyridyl-1-4C-alkyl wherein the pyridyl moiety is substituted
by R24, in which

R21 is cyano, halogen, carboxyl, 1-4C-alkyl, 1-4C-alkoxy, aminocarbonyl, mono- or di-1-4C-
alkylaminocarbonyl, 1-4C-alkylcarbonylamino, 1-4C-alkoxycarbonyl, aminosulfonyl, mono- or di-1-
4C-alkylaminosulfonyl, amino, mono- or di-1-4C-alkylamino, trifluoromethyl, hydroxyi,
phenylsulfonylamino or phenyl-1-4C-alkoxy,

R211 s halogen or 1-4C-alkoxy,

R22 is halogen, 1-4C-alkyl or 1-4C-alkoxy,

R23 is halogen, 1-4C-alkyl or 1-4C-alkoxy,

R24 is halogen, 1-4C-alkyl or 1-4C-alkoxy,

R3 is hydrogen, halogen, 1-4C-alkyl or 1-4C-alkoxy,

R4 is 14C-alkyl,

and the salts, the N-oxides and the salts of the N-oxides of these compounds.

Compounds according to embodiment b of this invention worthy to be mentioned are those compounds of
formula | in which

R1  is hydrogen or 1-2C-alkyl,

R2 is hydrogen, halogen, phenyl, or R21-substituted phenyl, in which

R21 is 1-4C-alkyl, cyano, halogen, mono- or di-1-4C-alkylamino or trifluoromethyl,

R3 Is hydrogen,

R4 is methyl,

and the salts, the N-oxides and the salts of the N-oxides of these compounds.

Compounds according to embodiment b of this invention more worthy t0o be mentioned are those
compounds of formula | in which

R1 is hydrogen, methyl or ethyl,

R2 is hydrogen, iodine, bromine, phenyl, or R21-substituted phenyl, in which

R21 is methyl, cyano, chlorine, fluorine, dimethylamino or trifluoromethyl,

R3 Is hydrogen,

R4 is methyl,

and the salts, the N-oxides and the salts of the N-oxides of these compounds.

The invention relates in a third embodiment (embodiment ¢) to compounds of formula |,
in which

Rt  is hydrogen or 1-4C-alkyl;

and in which

either
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R2 is R21- and R211-substituted phenyl, in which

R21 is 1-4C-alkyl, cyano, halogen, mono- or di-1-4C-alkylamino, trifluoromethyl, mono- or di-1-4C-
alkylaminosulfonyl, hydroxyl, pheny!l-1-4C-alkoxy, or -5(O)Het, in which

Het is azetidin-1-yl, pyrrolidin-1-yl, piperidin-1-yl, or 4N-(1-4C-alkyl)-piperazin-1-yl, and

R211 is halogen,

or

R2 is R21-substituted phenyl, in which

R21 is mono- or di-1-4C-alkylaminosulfonyl, hydroxyl, phenyl-1-4C-alkoxy, or -S(O)-Het, in which

Het s azetidin-1-yl, pyrrolidin-1-yl, piperidin-1-yl, or 4N-(1-4C-alkyl)-piperazin-1-yl;

and in which

R3 s hydrogen,

R4 is 1-4C-alkyl,

and the salts, the N-oxides and the salts of the N-oxides of these compounds.

Compounds according to embodiment ¢ of this invention worthy to be mentioned are those compounds of

formula | in which

R1 is hydrogen or 1-2C-alkyl;

and in which

either

R2 is R21- and R211-substituted phenyl, in which

R21 is methyl, cyano, chlorine, fluorine, dimethylamino, trifluoromethyl, dimethylaminosulfonyl,
hydroxyl, benzyloxy, or -S(0O)-Het, in which

Het is azetidin-1-yl, pyrrolidin-1-yl, piperidin-1-yl, or 4N-methy!-piperazin-1-yl, and

R211 is chlorine,

or

R2 is R21-substituted phenyl, in which

R21 is dimethylaminosulfonyl, hydroxyl, benzyloxy, or -S{O)s-Het, in which

Het is azetidin-1-yl, pyrrolidin-1-yl, piperidin-1-yl, or 4N-methyl-piperazin-1-yl;

and in which

R3 is hydrogen,

R4 is methyl,

and the salts, the N-oxides and the salts of the N-oxides of these compounds.

Compounds according to embodiment ¢ of this invention more worthy to be mentioned are those
compounds of formula | in which
R1  is hydrogen or methyl;

and in which
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R2 s bonded in the 6-position of the 3H-imidazo[4,5-b]pyridine ring, and is
either
dichlorophenyl, such as e.g. 3,5-dichlorophenyl,
or
R21-susbtituted phenyl, in which
R21 is dimethylaminosulfonyl, hydroxyl, benzyloxy, or -S(O).-Het, in which
Het is azetidin-1-yl, pyrrolidin-1-yl, piperidin-1-yl, or 4N-methyl-piperazin-1-yi;
and in which
R3 is hydrogen,
R4 is methyl,

and the salts, the N-oxides and the salts of the N-oxides of these compounds.

The invention relates in a fourth embodiment (embodiment d) to compounds of formula |,
In which

R1 is hydrogen or methyl,

R2 is R21-substituted phenyl, in which

R21 is aminosulphonyi, mono- or di-1-4C-alkylaminosulfonyl, or -S(0O)z-Het, in which
Het s azetidin-1-yl, pyrrolidin-1-yl, piperidin-1-yl, or 4N-(1-4C-alkyl)-piperazin-1-yl,

R3 Is hydrogen,

R4  is methyl, or methoxy,

and the 'salts, the N-oxides and the salts of the N-oxides of these compounds.

Compounds according to embodiment d of this invention worthy to be mentioned are those compounds of
formula | in which

R1  is hydrogen,

R2 is bonded in the 6position of the 3H-imidazo[4,5-b]pyridine ring, and is 4-(R21)-phenyl, in which
R21 is aminosulphonyl, mono- or di-1-2C-alkylaminosulfonyl, or -S(O).-Het, in which

Het is azetidin-1-yl, pyrrolidin-1-yl, piperidin-1-yl, or 4N-(1-2C-alkyl)-piperazin-1-yl,

R3 is hydrogen,

R4  is methyl, or methoxy,

and the salts, the N-oxides and the salts of the N-oxides of these compounds.

Compounds according to embodiment d of this invention more worthy to be mentioned are those
compounds of formula la as shown above, in which

R1  is hydrogen,

R4 is methyl or methoxy, and
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A IS 6—(4-dimethylaminosuIphonyl-phenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(4-diethylaminosulphonyl-
phenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(4-methylaminosulphonyl-phenyl)-3H-imidazo[4,5-b]pyridin-
2-y|, 6—(4-aminosuIphonyl-phenyl)-3H-imidazo[4,5—b]pyridin-2—yl, 6-(4-ethylaminosulphonyi-phenyl)-
3H-imidazo[4,5blpyridin-2-yl,
6-[4-(azetidine-1-sulfonyl)-phenyl] -3H-imidazol4,5-b)pyridin-2-yl, 6-[4-(pyrrolidine-1-sulfonyl)-phenyl]-
3H-imidazo[4,5b]pyridin-2-y|, 6-[4-(piperidine-1 -sulfonyl)-phenyl]-3H-imidazo[4,5-b]pyridin-2-yi, or 6-
[4—(4-methyl-piperazine-1~sulfonyl)—phenyl]—SH-imidazo{4,Sb]pyridin-2-y|,

and the salts. the N-oxides and the salts of the N-oxides of these compounds.

Compounds according to embodiment d of this invention In particular worthy to be mentioned are those

compounds of formula la as shown above, in which

Rt is hydrogen,

R4  is methyl, and

A is 6-(4-dimethylaminosulphonyl-phenyl)-3H-imidazo[4,5-bjpyridin-2-yl, 6-(4-diethylaminosulphonyl-
phenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(4-methylaminos ulphonyl-phenyl)-3H-imidazo[4,5-b]pyridin-
2-y|, 6-(4-aminosulphonyl-phenyl)-3H-imidazo[4,5-b]pyridin-2-yl, 6-(4-ethylaminosuiphonyl-phenyl)-
3H-imidazo[4,5-b]pyridin-2-yl,
6-[4-(azetidine-1-suifo nyl)-phenyl]-3H-imidazo[4,5-blpyridin-2-yl, 6-[4-(pyrrolidine-1 -sulfonyl)-phenyl}-
3H-imidazo{4,5-blpyridin-2-yl, 6-[4-(piperidine-1 -sulfonyl)-phenyl]-3H-imidazo[4,5-b]pyridin-2-yl, or 6-
[4-(4-methyl-piperazine-1-su ifonyl)-phenyl]-3H-imidazo[4,5-b]pyridin-2-yl,

and the salts, the N-oxides and the salts of the N-oxides of these compounds.

The compounds of formula | according to the invention are, depending on the meanings of R1, chiral
compounds. The invention includes all conceivable enantiomers in pure form as well as in any mixing ratio

including the racemate.

A special embodiment of the compounds of the present invention include those compounds of formula t in
which R4 is methyl.

Another special embodiment of the compounds of the present invention include those compounds of
formula | in which R4 is methoxy, and all the other substituents are as defined in any embodiment a to d,

or as defined in any compound according to the present invention said to be mentioned above.

Another special embodiment of the compounds of the present invention include those compounds of

formula | in which R3 is hydrogen.
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Another special embodiment of the compounds of the present invention include those compounds of

formula | in which R1 is ethyl or, particularly, methyl.

Another special embodiment of the compounds of the present invention include those compounds of

formula | in which R1 is hydrogen.

Another special embodiment of the compounds of the present invention include those compounds of

formula | in which R1 is hydrogen and R4 is methyl.

Another special embodiment of the compounds of the present invention include those compounds of

formula | in which R1 is hydrogen and R4 is methoxy.

Another special embodiment of the compounds of the present invention include those compounds of

formula | in which R4 is methyl and R3 is hydrogen.

Another special embodiment of the compounds of the present invention include those compounds of

formula | in which R4 is methoxy and R3 is hydrogen.

Another special embodiment of the compounds of the present invention include those compounds of
formula | in which R4 is methyl, R3 is hydrogen and R1 is ethyl, or in particular methyl, or in more

particular hydrogen.

Another special embodiment of the compounds of the present invention inciude those compounds of
formula | in which R4 is methoxy, R3 is hydrogen and R1 is ethyl, or in particular methyl, or in more

particular hydrogen.

Another special embodiment of the compounds of the present invention include those compounds of

formula | in which the substituent R2 is bonded to the 6-position of the imidazopyridine ring system.

The substituents R2 and R3 of compounds of formula | according to this invention can be attached at any
possible ring carbon atoms of the pyridine portion of the 3H-imidazo[4,5-b]pyridine ring system, whereby
a special embodiment of the compounds of the present invention include those compounds of formula | in

which R2 is bonded to the 6position of the imidazopyridine ring system and R3 is hydrogen.

Numbering of the imidazopyridine ring system:
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(1)

Another special embodiment of the compounds of the present invention include those compounds which
comprise one or more of the following:

R1  is hydrogen,

R2 is bonded to the 6-position of the 3H-imidazo[4,5-b]pyridine ring,

R3 is hydrogen, and

R4 is methyl.

The substituents R21 and R211 of compounds according to this invention can be attached in the ortho,
meta or para position with respect to the binding position in which the phenyl ring is bonded to the
imidazopyridine ring system, whereby a special embodiment of the compounds of the present invention
include those compounds of formula | in which the substituent R21 is attached in the meta or,
particularly, para position, and whereby another special embodiment of the compounds of the present
invention include those compounds of formula | in which R211 is hydrogen and the substituent R21 is

attached in the para position.

The compounds of formula | according to the invention can, for example, be prepared according to those
synthesis routes specified and shown below or in a manner described by way of example in the following

examples or analogously or similarly thereto.

Reaction scheme 1 below shows by way of example the preparation of compounds of formula 1, in which
R1, R2, R3 and R4 have the meanings indicated above. In a first reaction step, diamino compounds of
formula V, in which R2 and R3 have the meanings indicated above, are converted into 3H-imidazo[4,5-
blpyridine derivatives in a manner known from the literature or with analogous or similar use of processes
known from the literature. For example, said compounds of formula V can be reacted with carboxylic
acids or carboxylic acid derivatives of formula IV, in which R1 has the meanings indicated above, Y is a
suitable leaving group, advantageously chlorine, and X is a cyano or carboxyl radical, to give in a
condensation reaction compounds of formula lli, in which R1, R2, R3 and Y have the meanings mentioned
above. This condensation reaction can be carried out as known to one of ordinary skill in the art or as
described by way of example in the following examples, for example, by using a suitable condensing
agent such as preferably polyphosphoric acid in a suitable inert solvent or, preferably, without further
solvent using an excess of condensing agent, preferably at elevated temperature, in particular at 130
170°C.



CA 02540230 2006-03-24
WO 2005/061496 PCT/EP2004/052373

- 14 -

Alternatively, compounds of the formula lll can be also obtained by art-known procedures according to
literature (e.g. as described in L. Bukowski et al., Pharmazie 1999, 54(9), 661-654 or G. Cleve et al,
Liebigs Ann. Chem. 1971, 747, 158-171).

Compounds of formula Ill, in which R1, R2, R3 and Y have the meanings mentioned above, can be
converted with certain phosphanes into corresponding phosphonium salts. Preterably, compounds of
formula lll are reacted with tributylphosphane or triphenylphosphane to give corresponding compounds of
formula Il, in which R1, R2, R3 and Y have the meanings mentioned above and R is butyl or phenyl. Said
reaction can be carried out in a manner habitual per se or as described in the following examples in a
suitable solvent such as, for example, acetonitrile or N,N-dimethylformamide or a mixture thereof, at
elevated temperature, preferably at 90°-150°C, optionally in the presence of an auxiliary such as

tetrabutylammonium iodide.

Reaction scheme 1:

R R1-CHY-X H2 o R2
X —~—NH (1V) N 3 X
R3 ? — =  Ra 0 —— R3 0
~ s R1 o R1
N~ “NH N~ N N~ N
2 H + Y-
(V) (1) Y (1) PR,

2. Protective group
removal
3. hydrogenation

R4
Rt | I
N\ ~
N” TNH,
NH
o
R2 | (1)
N
R3

Compounds of formula Il, in which R1, R2, R3 and Y have the meanings mentioned above and R is butyl
or phenyl, are reacted with compounds of formula VI, in which R4 has the meanings given above and PG1
represents a suitable amino protective group, for example trityl, or acetyl (i.e. compounds of formula Via),
or one of those mentioned in “Protective Groups in Organic Synthesis” by T. Greene and P. Wuts (John
Wiley & Sons, Inc. 1999, 3 Ed.) or in “Protecting Groups (Thieme Foundations Organic Chemistry
Series N Group” by P. Kocienski (Thieme Medical Publishers, 2000). Said reaction can be carried out in
a manner as described in the following examples or as known to the person skilled in the art according to
a Wittig reaction. In the scope of this invention, said Wittig reaction is preferably carried out in a suitable

solvent such as, for example, methanol, tetrahydrofurane, toluene or a mixture thereof, using a suitable
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base such as, for example, sodium hydride or sodium methanolate, at room temperature or at elevated
temperature, preferably at 20°-80°C. With regard to the configuration of the exocyclic double bond
obtained by Wittig reaction, the outcome can be a Z- or E-configurated product or, in particular, a mixture

thereof.

In the step following the Wittig reaction, the compound(s) obtained are converted into the corresponding
free amino compound(s) by removal of the abovementioned protective group PG1 in a manner customary
per se. For example, when PG1 is trityl, detritylation can be obtained, for example, with the aid of
aqueous acetic acid according to the procedure specified in the following examples, or, when PG1 is
acetyl, desacetylation can be obtained, for example, in aqueous sulphuric acid at elevated temperature,

such as e.g. in 10% strength aqueous sulphuric acid at boiling temperature.

The reduction of the abovementioned exocyclic double bond following the deprotection reaction leads to
desired compounds of formula |, in which R1, R2, R3 and R4 have the meanings given above. This
reaction can be carried out as hydrogenation reaction according to procedures known to the person
skilled in the art or according to the following examples in the presence of a suitable catalyst, such as,
for example, palladium on active carbon or platinum dioxide, in a suitable solvent (e.g. in a lower alcohol,
such as, for example, methanol). If necessary, acid, such as trifluoracetic acid or acetic acid, can be
added to the solvent.

Compounds of formula 1V are commercially available or can be obtained in a known manner.
Compounds of formula V are also commercially available or are known e.g. from S.-X. Cai et al., J. Med.
Chem. 1997, 40(22), 3679-3686 or from Cugola et al., Bioorg. Med. Chem. Lett. 1996, 22, 2749-2754 or

can be prepared according to reaction scheme 2.

Reaction scheme 2:

w1 R2 R2
N NOZ R2-Z1 N Noz reduction Xy NH;
R3 ————= R3 —— R3
o o ”
N~ "NH, N™ “NH, N” "NH,
(Viii) (VHI) | V)

As shown in reaction scheme 2, in a first step compounds of formula VI, in which R3 has the meanings
mentioned above and W1 is a suitable leaving group (e.g. iodine or bromine), are reacted with boronic
acids or boronic acid esters of formula R2-Z1, in which R2 is suitably phenyl or, in particular, R21- and/or
R211-substituted phenyl and Z1 is a boronic acid group or a boronic acid ester group, under conditions

appropriate for a Suzuki reaction to occur to give the corresponding compounds of formula VL.
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Suitably, the Suzuki reaction is carried out as it is known to the person of ordinary skill in the art and/or
in a manner as it is described below and specified by way of example in the following examples or

analogously or similarly thereto.

The nitro group of compounds of formula VIl is reduced in an art-known manner or as described in the
following examples (e.g. with the aid of tin dichloride or by hydrogenation in the presence of a palladium

catalyst) to give the corresponding diamino compounds of formula V.

Compounds of formula VIl are known (e.g. commercially available) or can be prepared according to

known procedures or analogously or similarly thereto.

Compounds of formula R2-Z1 are also known (e.g. commercially available) or can be obtained in an art-

known manner or analogously or similarly thereto.

Compounds of formula VI, in which R4 has the meanings mentioned above and PG1 represents said
suitable protective group, can be obtained, for example, as described in the following examples or as

outlined In reaction scheme 3.

In a first step the amino group of ester compounds of formula X, in which R4 has the meanings indicated
above and the moiety -CO.R’ is preferably a methyl ester group, is protected by abovementioned suitable
protective group PG1, preferably trityl, under standard conditions to afford corresponding compounds of

formula 1X.

Reaction scheme 3:

R4 R4 R4
N N N
| — | — |
~ s -~
H_N N COR Pm—ﬂ N CO R PG1—N N CHO

(X) (1X) {(VI)

In a second step the ester group of compounds of formula X, in which R4 has the meanings mentioned
above and PG1 represents said suitable protective group, is reduced to give the desired compounds of
formula VI. Said reduction reaction is carried out as described in the following examples or as known to
the person skilled in the art using selective reducing agents such as, for example, suitable metal hydrids,
particularly diisobutylaluminium hydride, in suitable solvents (e.g. toluene), optionally at reduced

temperature.
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Compounds of formula X, in which R4 has the meanings given above, are either known (see e.g. D.
Markees et al. J. Am. Chem. Soc. 1956, 78, 4130-4133) or can be prepared as shown in the reaction

scheme 4.

Reaction scheme 4 shows by way of example the synthesis of compounds of formula X, in which R4 is 1-
4C-alkyl, particularly methyl, starting from corresponding compounds of formula X1, in which PG2
represents a suitable protective group, preferably acetyl. Thus in a first step, said compounds of formula
X| are subjected to an oxidation reaction. This oxidation can be carried out in an art-known manner or as
described in the following examples using a suitable oxidizing agent, such as, for example, potassium
permangante. In a second step following oxidation the compounds obtained are converted into
corresponding ester compounds — preferably the methyl ester compounds — of formula X. Said conversion
can be carried out according to an art-known manner or as described in the following examples, e.g.

using methanolic hydrochloric acid, preferably at boiling temperature, to obtain the methyl ester.

Reaction scheme 4:

R4
R4 1. Oxidation
2. Esterification and
I deprotect!orri1 /(lﬁ\
| — |
o~ S
paz—ﬁ N e H,N N COR’
(XI) (X)

Compounds of formula XI are known (e.g. from M. Belcher, J. Am. Soc. 1952, 74, 1916-1918) or can be

prepared analogously or similarly to known procedures.

Afternatively, compounds of formula VI, in which R4 is methyl and PG1 has the meanings given above, as
well as compounds of formula Vla, in which R4 is methyl, can be also prepared according to the process

outlined in reaction scheme 5.

Reaction scheme 5:

HC OH 1. HBr/CH ,COOH
O Cl  «enN 3 % 2. Aoetylatlon /ﬁ\ Q
Lﬁ_/ —

CH, CN CN

1. C-Vinylation
2. Ozonolysis

R4

1. Desacetylation R4
2. Protection by PG1
_ L
N N CHO

PG1—N~ N~ “CHO
H H
(V1) (Via)
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In an alternative, compounds of formula |, in which R1 is hydrogen and R2, R3 and R4 have the meanings
given above, can be also obtained by the process shown in reaction scheme 6, described below and and

specified by way of example in the following examples.

Thus, carbonic acid compounds of formula V, in which R1 and R2 have the meanings given above, are
amidified with diamino compounds of formulae XIl or XIll, in which R4 and PG1 have the meanings
mentioned above, in a manner customary per se to the skilled person using suitable amide bond linking
reagents (e.g. O-{(ethoxycarbonyl)canomethylene-amino]-N,N,N’,N’-tetramethyluronium tetra-
fluoroborate), the protective group PG1 is removed in an art-known manner and the amide is cyclized with
the aid of an appropriate condensing agent (e.g. polyphosphoric acid) at elevated temperature. If the
process started from compounds of formula XIll, the double bond is hydrogenated afterwards using

standard procedures.

Accordingly, compounds of formula Xll can be obtained from compounds of formuia Xlll by selective
hydrogenation of the exccyclic double bond in a manner known to the skilled person (e.g. in the presence

of palladium on carbon).

Compounds of formula Xlll can be prepared starting from compounds of formula VI by lengthening of the
exocyclic carbon chain, for example, by a Wittig reaction or, particularly, by a condensation reaction
(with a malonic acid derivative, particularly with a malonic acid ester derivative) and subsequent
saponification of the ester group. Said reactions can be carried out in a manner known to the skilled

person or as described in the following examples or analogously or similarly thereto.

Reaction scheme 6:
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R4
A
I 2 H
PG1—N N
H
(v O
1. Condensation with a suitable malonic acid ester derivative
2. Saponification
R4
Hydrogenation AN
—_— |
~ O—H
PG1-” N
(XIII) O (XIl) O
R2
n—NH,
1. Amide formation R3 7 1. Amide formation
2. Removal of PG1 N 2. Removal of PG1
3. Cycllzation 3. Cyclization
4. Hydrogenation (V)
R4
R1 ‘ X
s
X N~ ~NH,
NH
~
R2 | (1)
N

R3

In a further alternative, compounds of formula |, in which R1, R3, R4 have the meanings given above and

R2 is phenyl or R21- and/or R211-substituted phenyl, can be also obtained as shown in reaction scheme

7 and specified by way of example in the following examples.

Reaction scheme 7:

R4 R4
R1 N NS
< y
N NH, R2-Z1 N NH,
—————
p NH
w2 I R2
N (XIV) (1)
R3

-~ Compounds of formula X1V, in which R1, R3 and R4 have the meanings mentioned above and W2 is a
suitable leaving group (e.g. iodine or bromine), are reacted with boronic acids or boronic acid esters of

formula R2-Z1, in which R2 is suitably phenyl or, in particular, R21- and/or R211-substituted phenyl and
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Z1 is a boronic acid group or a boronic acid ester group, under conditions appropriate for a Suzuki

reaction to occur.

Compounds of formula XIV, in which R1, R3 and R4 have the meanings mentioned above and W2 is a
suitable leaving group (e.g. iodine or bromine), can be prepared according to the synthesis routes

disclosed in this invention or as described in the following examples or analogously or similarly thereto.
In still a further alternative, compounds of formula |, in which R1 is hydrogen, R3 and R4 have the
meanings given above and R2 is phenyl or R21- and/or R211-substituted phenyl, can be also obtained as

shown in reaction scheme 8 and specified by way of example In the following examples.

Reaction scheme 8:

W R4
X NH, N
s —{- - o—H
N NH, PG1—H N
(XV) (XIN) O

1. Amide formation
2. Removal of PG1
3. Suzuki reaction with R2-Z1/cyclization

As shown in reaction scheme 2, compounds of formula XV, in which R3 has the meanings given above
and W3 is a suitable leaving group (e.g. iodine or bromine), can be converted with compounds of formula
Xll, in which R4 and PG1 has the meanings mentioned above, via amide bond formation reaction, removal
of the protective group PG1 and, finally, Suzuki reaction with compounds of formula R2-Z1, in which R2 is
pheny! or R21- and/or R211-substituted phenyl and Z1 has the meanings given above, into corresponding
compounds of formula !, whereby under the conditions appropriate for the Suzuki reaction 1o occur

simultaneously cyclization takes place.

Suitably, the Suzuki reactions according to this invention are carried out as it is known to the person of
ordinary skill in the art and/or in a manner as it iIs described below and specified by way of example in the

following examples or analogously or similarly thereto.
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In more detail, the Suzuki reactions mentioned can be carried out in organic solvents alone, for example
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