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ABSTRACT

The use of compounds of formula (I) as medicaments, novel compounds of formula (I) and a method for production
thereof are disclosed. Compounds of formula (I) are effective as adenosine receptor ligands.
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Substituted 2-o0xy-3.5-dicvano-4-arvl-6-aminopvridines and their use

The present mvention relates to the use of substituted 2-oxy-3,5-dicyano-4-aryl-
6-aminopyridines as medicaments and to novel 2-oxy-3,5-dicyano-4-aryl-

6-aminopyridines and to a process for their preparation.

Adenosine, a nucleoside consisting of adenine and D-ribose, is an endogenous
factor having cell-protective activity, in particular under cell-damaging conditions
with hmited oxygen and substrate supply, such as, for example, in the case of

1schemia in various organs (for example heart anhd brain).

Adenosine 1s formed intracellularly as an intermediate during the degradation of
adenosine-5’-monophosphate (AMP) and S-adenosylhomocysteine, but it can be
released from the cell, in which case it acts as a hormone-like substance or

neurotransmitter by binding to specific receptors.

Under normoxic conditions, the concentration of free adenosine in the extracellular
space 1s very low. However, under ischemic or hypoxic conditions, the
extracellular concentration of adenosine in the affected organs is increased
dramatically. Thus, it is known, for example, that adenosine inhibits platelet
aggregation and increases the blood supply to the coronary arteries. Furthermore, it
acts on the heart rate, on the release of neurotransmitters and on lymphocyte

differentiation.

The aim of these actions of adenosine is to increase the oxygen supply of the
affected organs and/or to reduce the metabolism of these organs in order to adjust

the metabolism of the organ to the blood supply of the organ under ischemic or

hypoxic conditions.

The action of adenosine is mediated via specific receptors. To date, subtypes Al,

A2a, A2b and A3 are known. The actions of these adenosine receptors are
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mediated intracellularly by the messenger cAMP. In the case of the binding of
adenosine to the A2a or A2b receptors, the intracellular cAMP is increased via
activation of the membrane-bound adenylate cyclase, whereas binding of
adenosime to Al or A3 receptors results in a decrease of the intracellular cAMP

concentration via inhibition of adenylate cyclase.

According to the invention, “adenosine-receptor-selective ligands™ are substances
which bind selectively to one or more subtypes of the adenosine receptors, thus
either mimicking the action of adenosine (adenosine agonists) or blocking its

action (adenosine antagonists).

According to their receptor selectivity, adenosine-receptor-selective ligands can be
divided into different categories, for example ligands which bind selectively to the
Al or A2 receptors of adenosine and in the case of the latter also, for example,
those which bind selectively to the A2a or the A2b receptors of adenosine. Also
possible are adenosine receptor ligands which bind selectively to a plurality of
subtypes of the adenosine receptors, for example ligands which bind selectively to

the Al and the A2, but not to the A3 receptors of adenosine.

The abovementioned receptor selectivity can be determined by the effect of the
substances on cell lines which, after stable transfection with the corresponding
cDNA, express the receptor subtypes in question (see the publication M.E. Olah,
H.Ren, J. Ostrowski, K.A. Jacobson, G.L. Stiles, “Cloning, expression, and
characterization of the unique bovine A1 adenosine receptor. Studies on the ligand
binding site by site-directed mutagenesis.” in J. Biol. Chem. 267 (1992) pages
10764-10770, the disclosure of which is hereby fully incorporated by way' of

reference).

The effect of the substances on such cell lines can be monitored by biochemical

measurement of the intracellular messenger cAMP (see the publication X.N. Klotz,
J. Hessling, J. Hegler, C. Owman, B. Kull, B.B. Fredholm, M.J. Lohse,



10

15

20

|
CA 02440038 2003-09-02

-3 -

“Comparative pharmacology of human adenosine receptor subtypes -
charactenization of stably transfected receptors mm CHO cells” in Naunyn
Schmiedebergs Arch. Pharmacol. 357 (1998) pages 1-9, the disclosure of which is

hereby fully incorporated by way of reference).

The “adenosine-receptor-specific”’ ligands known from the prior art are mainly
derivatives based on natural adenosine (S.-A. Poulsen and R.J. Quinn, “Adenosine
receptors: new opportunities for future drugs” in Bioorganic and Medicinal
Chemuistry 6 (1998) pages 619 to 641; K.J. Broadley, “Drugs modulating adenosine
receptors as potential therapeutic agents for car-diovascular diseases” 1n Exp. Opin.
Ther. Patents 10 (2000) pages 1669-1692). However, most of the adenosine
ligands known from the prior art have the disadvantage that their action 1s not
really receptor-specific, that their activity 1s less than that of natural adenosine or

that they have only very weak activity after oral administration. Thus they are

mainly used only for experimental purposes.

It 1s an object of the present invention to find or provide pharmacologically active
substances suitable for the prophylaxis and/or treatment of various disorders, in
particular disorders of the cardiovascular system (cardiovascular disorders), the

substances preferably acting as adenosine-receptor-selective ligands.

The present invention provides the use of compounds of the formula (I)



CA 02440038 2003-09-02

in which

R!, R and R’ independently of one another represent (C;-Cg)-alkyl which may be
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20

Or

25

substituted up to three times, independently of one another, by hydroxyl,
(Ci-Cq)-alkoxy, (Ci3-Cp)-cycloalkyl, (C,-Cs)-alkenyl, (C,-C4)-alkynyl,
halogen or (Cs-Cjo)-aryloxy, (Cs-Cio)-aryl which may be substituted up to
three times, independently of one another, by halogen, nitro, (C;-C4)-
alkoxy, carboxyl, (C;-C4)-alkoxycarbonyl or mono- or di-(C,-Cs)-
alkylamino, (C;-Cg)-alkoxy which n;ay be substituted by hydroxyl,
(C1-Ca)-alkoxy, (Cs-Ce)-cycloalkyl, (C,-Cj)-alkenyl, (Cg-Cip)-aryl, 5- to
10-membered heteroaryl having up to three heteroatoms from the group
consisting of N, O and/or S, (Cs-C,p)-aryloxy, halogen, cyano, (C;-Cs)-
alkoxycarbonyl, amino or mono- or di-(C;-C,)-alkylamino, hydrogen,

hydroxyl, halogen, nitro, cyano or -NH-C(O)-R’,

in which

R’ represents (C,;-Cg)-alkyl which may be substituted by hydroxyl or
(C1-Cy)-alkoxy, (Cs3-Cr)-cycloalkyl or (Cs-Cio)-aryl which may be
substituted up to three times, independently of one another, by
halogen, nmitro, (C;-C4)-alkoxy, carboxyl, (C,-C,)-alkoxycarbonyl or

mono- or di-(C,;-Cy4)-alkylamino,

R' and R? are attached to adjacent phenyl ring atoms and, together with the two

30

ring carbon atoms, form a 5- to 7-membered saturated or partially
unsaturated heterocycle having one or two heteroatoms from the group

consisting of N, O and/or S, which may be substituted by (C;-C,)-alkyl or

0XO,
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R* and R’ independently of one another represent hydrogen, (C;-Cg)-alkyl which
may be substituted by hydroxyl, (C;-Cs)-alkoxy, (Cs;-C;)-cycloalkyl,
(Ce-Cio)-aryl or 5- to 6-membered heteroaryl having up to three
heteroatoms from the group conmsisting of N, O and/or S, or (C;-Cs)-

5 cycloalkyl which may be substituted by hydroxyl or (C;-Cg)-alkyl,

or

R* and R’ together with the nitro gen atom to which they are attached form a 5- to
10 7-membered saturated or partially unsaturated heterocycle which may

contain one or two further heteroatoms from the group consisting of N, O

and/or S mn the ring and which may be mono- to trisubstituted,
independently of one another, by oxo, fluorine, chlorine, hydroxyl, (C,-Cg)-
alkyl or (C;-C¢)-alkoxy,

15

and

RS represents (Cs-C;)-cycloalkyl or (C;-Cg)-alkyl, where alkyl may be
substituted by (C;-Cy)-cycloalkyl, hydroxyl, (C;-Cj)-alkoxy, (C,-C,)-
20 alkenyl, (C¢-Cjp)-aryl or 5- to 10-membered heteroaryl having up to three
heteroatoms from the group consisting of N, O and/or S, where aryl and
heteroaryl for their part r;nay be substituted by halogen, (C;-Cy4)-alkyl,
(C1-Cy)-alkoxy, amino, mono- or di-(C,-C4)-alkylamino, nitro, cyano or
hydroxyl,
25
and their salts, hydrates, hydrates of the salts and solvates,

for the prophylaxis and/or treatment of disorders.

30 Some of the substances mentioned above which, according to the present

invention, can be used for the prophylaxis and/or treatment of disorders are known
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from the literature (see Alvarez-Insua, Lora-Tamayo, Soto, Journal of Heterocyclic
Chemustry 7, pages 1305-1309, (1970); Quintela et al., Eur. J. Med. Chem. Chim.
Ther. 19, 555-557 (1984); Ballantyne, Drug Chérn. Toxicol. 8, 171-173 (1985);
Seada et al., Ornient. J. Chem. 5, 273-280 (1989); Mishriki et al., Recl. Trav. Chim.
Pays-Bas 113, 35-39 (1994); Quintela et al., Tetrahedron 52, 10497-10506 (1996)).
However, a therapeutic use for the known compounds has hitherto not been
described in the literature. For the first time, this is done in the context of the

present invention.

Depending on the substitution pattern, the conipounds of the formula (I) can exist
In stereoisomeric forms which are either like image and mirror image
(enantiomers) or not like image and mirror image (diastereomers). The invention
relates both to the enantiomers or diastereomers and to their respective mixtures.
The racemic forms, like the diastereomers, can be separated in a known manner
into the stereoisomerically uniform components. Likewise, the present invention

also relates to the tautomers of the compounds of the formula (I).

Salts of the compounds of the formula (I) can be physiologically acceptable salts of

the compounds according to the invention with mineral acids, carboxylic acids, or
sulfomc acids. Particular preference is given, for example, to salts with
hydrochloric acid, hydrobromic acid, sulfuric acid, phosphoric acid,
methanesulfonic acid, ethanesulfonic acid, toluenesulfonic acid, benzenesulfonic
acid, naphthalenedisulfonic acid, trifluoroacetic acid, acetic acid, propionic acid,

lactic acid, tartaric acid, citric acid, fumaric acid, maleic acid or benzoic acid.

Salts which may be mentioned include salts with customary bases, such as, for
example, alkalh metal salts (for example sodium salts or potassium salts), alkaline
earth metal salts (for example calcium salts or magnesium salts) or ammonium
salts, derived from ammonia or organic amines, such as, for example,
diethylamine, triethylamine, ethyldiisopropylamine, procaine, dibenzylamine, N-

methylmorpholine, dihydroabietylamine, 1-ephenamine or methylpiperidine.
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According to the invention, hydrates or solvates are those forms of the compounds
of the formula (I) which, 1n solid or liquid state, form, by hydration with water or
coordmation with solvent molecules, a molecule compound or a complex.
Examples of hydrates are sesquihydrates, monohydrates, dihydrates or trihydrates.

Likewise, the hydrates or solvates of salts of the compounds according to the

invention are also suitable.

Moreover, the invention also includes prodrugs of the compounds according to the
invention. According to the invention, prodrués are forms of compounds of the
formula (I) which for their part may be biologically active or inactive, but which
can be converted under physiological conditions (for example metabolically or

solvolytically) into the corresponding biologically active form.

In the context of the present invention, the substituents have, unless defined

otherwise, the following meanings:

Halogen generally represents fluorine, chlorine, bromine or iodine. Preference is
given to fluorine, chlornine or bromine. Very particularly preferred are fluorine or

chlonne.

(C1-Cg)-Alkyl, (C,-Cg)-alkyl and (C;-Cy)-alkyl generally represent a straight-chain

or branched alkyl radical having 1 to 8, 1 to 6 and 1 to 4 carbon atoms,
respectively. Preference is given to a straight-chain or branched alkyl radical
having 1 to 6 carbon atoms. Particular preference is given to a straight-chain or
branched alkyl radical having 1 to 4 carbon atoms. Examples which may be
mentioned are: methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, isobutyl and
tert-butyl.
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(C,-C4-Alkenyl generally represents a straight-chain or branched alkyl radical

having 2 to 4 carbon atoms. Examples which may be mentioned are: vinyl, allyl,

isopropenyl and n-but-2-en-1-yl.

(Co-C4)-Alkynyl generally represents a straight-chain or branched alkynyl radical

having 2 to 4 carbon atoms. Examples which may be mentioned are: ethynyl, n-

prop-2-yn-1-yl and n-but-2-yn-1-yl.

(C;-Cg)-Alkoxy, (C1-Ce)-alkoxy and (C;-C4)-alkoxy generally represent a straight-
chain or branched alkoxy radical having 1 to é, 1 to 6 and 1 to 4 carbon atoms,
respectively. Preference i1s given to a straight-chain or branched alkoxy radical
having 1 to 6 carbon atoms. Particular preference is given to a straight-chain or
branched alkoxy radical having 1 to 4 carbon atoms. Examples which may be
mentioned are: methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy, sec-butoxy,

isobutoxy, tert-butoxy:.

(C;-C4)-Alkoxycarbonyl generally represents a straight-chain or branched alkoxy

radical having 1 to 4 carbon atoms which is attached via a carbonyl group.
Examples which may be mentioned are: methoxycarbonyl, ethoxycarbonyl, n-

propoxycarbonyl, 1sopropoxycarbonyl and t-butoxycarbonyl.

In the context of the invention, mono- or di-(C,;-C,)-alkylamino represents an

amino group having one or two identical or different straight-chain or branched
alkyl substituents each having 1 to 4 carbon atoms. Examples which may be
mentioned are: methylamino, ethylamino, n-propylamino, isopropylamino, t-
butylamino, N,N-dimethylamino, N,N-diethylamino, N-ethyl-N-methylamino, N-
methyl-N-n-propylamino,  N-isopropyl-N-n-propylamino and  N-t-butyl-N-

methylamino.

C3-C7)-Cycloalkyl and (Cs;-Ce)-cycloalkyl generally represent a cyclic alkyl

radical having 3 to 7 and 3 to 6 carbon atoms, respectively. Preference is given to
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cyclic alkyl radicals having 3 to 6 carbon atoms. Examples which may be

mentioned are: cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl.

(Cs-Cio)-Aryl generally represents an aromatic radical having 6 to 10 carbon
atoms. Pretferred aryl radicals are phenyl and naphthyl.

(Cs-10)-Aryloxy generally represents an aromatic radical as defined above which is

attached via an oxygen atom.

3- to 10-membered heteroaryl having ur tc-> 3 heteroatoms from the group
consisting of N, O and/or S generally represents a mono- or bicyclic, optionally
benzo-fused heteroaromatic which is attached via a ring carbon atom of the
heteroaromatic, 1f appropriate also via a ring nitrogen atom of the heteroaromatic.
Examples which may be mentioned are: pyridyl, pyrimidyl, pyridazinyl, pyrazinyl,
thienyl, furyl, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, thiazolyl, oxazolyl,
oxdiazolyl, isoxazolyl, benzofuranyl, benzothienyl or benzimidazolyl. The
corresponding heteroaromatics having fewer heteroatoms, such as, for example,
those having one or 2 heteroatoms from the group consisting of N, O and/or S, or
those having a smaller ring size, such as, for example, 5- or 6-membered
heteroaryl, are derived analogously from this definition. In general, preference is
given to 5- or 6-membered aromatic heterocycles having one or 2 heteroatoms

from the group consisting of N, O and/or S. Examples which may be mentioned

are: pyridyl, pyrimidyl, pyridazinyl, furyl, imidazolyl or thienyl.

>- to 7-membered heterocycle generally represents a saturated or partially
unsaturated, optionally benzo-fused heterocycle having up to 3 heteroatoms from
the group consisting of N, O and/or S. Examples which may be mentioned are:
tetrahydrofuryl, pyrrolidinyl, pyrrolinyl, dihydropyridinyl, piperidinyl, piperazinyl,
morpholinyl, thiomorpholinyl, hexahydropyranyl. The corresponding heterocycles
having fewer heteroatoms, such as, for example, one or 2 heteroatoms from the

group consisting of N, O and/or S, or a smaller ring size, such as, for example, 5-
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or 6-membered heterocyclyl, are derived analogously from this definition.
Preference 1s given to saturated heterocycles having up to 2 heteroatoms from the
group consisting of N, O and/or S, in particular piperidinyl, piperazinyl,
morpholinyl and pyrrolidinyl.

Moreover, the present invention relates to novel compounds of the formula (I)

10 1n which

R! R® and R’ independently of one another represent (C,-Cg)-alkyl which may be
substituted up to three times, independently of one another, by hydroxyl,
(Ci-Cy)-alkoxy, (Cs3-Cq)-cycloalkyl, (C,-C4)-alkenyl, (C,-Cq)-alkynyl,

15 halogen or (Cs-Cjo)-aryloxy, (C¢-Cio)-aryl which may be substituted up to
three times, independently of one another, by halogen, nitro, (C;-Cy)-
alkoxy, carboxyl, (C;-Cs)-alkoxycarbonyl or mono- or di-(C;-Cy)-
alkylamino, (C;-Cg)-alkoxy which may be substituted by hydroxyl,
(C1-Cy)-alkoxy, (Cs-Cg)-cycloalkyl, (C,-C4)-alkenyl, (Cy-Cio)-aryl, 5- to

20 10-membered heteroaryl having up to three heteroatoms from the group
consisting of N, O and/or S, (C¢-Cyp)-aryloxy, halogen, cyano, (Ci-Cy)-
alkoxycarbonyl, amino or mono- or di-(C;-Cs)-alkylamino, hydrogen,

hydroxyl, halogen, nitro, cyano or -NH-C(O)-R’,

25 in which
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R’ represents (C,-Cg)-alkyl which may be substituted by hydroxyl or
(C1-Cy)-alkoxy, (Cs-Cq)-cycloalkyl or (Cs-Cig)-aryl which may be
substituted up to three times, independently of one another, by

5 halogen, nitro, (C;-Cs)-alkoxy, carboxyl, (C;-C4)-alkoxycarbonyl or

mono- or di-(C;-Cy)-alkylamino,
or

10 R' and R® are attached to adjacent phenyl ﬁné atoms and, together with the two
rng carbon atoms, form a 5- to 7-membered saturated or partially
unsaturated heterocycle having one or two heteroatoms from the group
consisting of N, O and/or S, which may be substituted by (C;-Cs)-alkyl or
0XO0,

15
R* and R’ independently of one another represent hydrogen, (C,-Cg)-alkyl which
may be substituted by hydroxyl, (C;-C,)-alkoxy, (C3-C;)-cycloalkyl,
(Cs-Cio)-aryl or 5- to 6-membered heteroaryl having up to three
heteroatoms from the group consisting of N, O and/or S, or (C3-Cg)-
20 cycloalkyl which may be substituted by hydroxyl or (C,-Cs)-alkyl,

or

R* and R’ together with the nitro gen atom to which they are attached form a 5- to
25 /-membered saturated or partially unsaturated heterocycle which may
contain one or two further heteroatoms from the group consisting of N, O
and/or S m the ring and which may be mono- to trisubstituted,
independently of one another, by oxo, fluorine, chlorine, hydroxyl, (C;-Cs)-
alkyl or (C;-Cg)-alkoxy,
30

and
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R® represents (Cs-C;)-cycloalkyl or (C;-Cg)-alkyl, where alkyl may be
substituted by (Cs3-Cs)-cycloalkyl, hydroxyl, (C;-Cj)-alkoxy, (C;-Cs)-
alkenyl, (Ce-Cip)-aryl or 5- to 10-membered heteroaryl having up to three
heteroatoms from the group consisting of N, O and/or S, where aryl and
heteroaryl for thewr part may be substituted by halogen, (C;-C4)-alkyl,
(C1-C4)-alkoxy, amino, mono- or di-(C,-C4)-alkylamino, nitro, cyano or

hydroxyl,
and their salts, hydrates, hydrates of the salts an;l solvates,

but except for the following compounds of the formula (I) in which the radicals R’,
R’ R’,R* R’ and R® are as defined below:

e R'=R*=R’=R*=R’=H;R®= ethyl

e R'=4-methyl; R°=R’=R*=R’=H; R® = ethyl

e R'= 3-methyl; R*=R’=R*=R’=H; R® = ethyl

e R'=4-methoxy; R*=R’=R*=R’=H; R® = ethyl

e R'=4-methoxy; R*= 3-methoxy; R’ = S5-methoxy; R*=R’=H; R® = ethyl
e R'= 2-chlorine; R°=R’=R*=R’ =H; R® = ethyl

e R'= 4-chlorine; R°=R’=R*=R’ =H; R®= ethyl

e R'=3-methyl; R’=R’=R*=R’=H; R® = ethyl

e R'=R’=R’=R’=R’=H; R® = methyl

e R'=R*=R’=R*=R’=H;R° - propyl

e R'=R*=R’=R*=R’=H;R®= 1sopropyl

e R'= 2-hydroxy; R*=R’=R*=R’=H; R® = ethyl

e R'=4-fluorine; R*=R’=R*=R>=H; R® = methyl
e R'=4-methoxy; R*=R’=R*=R°=H;R®= methyl
¢ R'=R’=-0-CH,-O-; R’=R*=R’=H; R® = methyl.
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Preference 1s given to compounds of the formula (I)

1n which

R!, R? and R’ independently of one another represent hydrogen, hydroxyl, (C;-Cs)-
alkyl, trifluoromethyl, trifluoromethoxy, fluorine, chlonne, (C,;-Cs)-alkoxy,
which may be substituted by hydroxyl, (C;-Cs)-alkoxy, (C;-C7)-cycloalkyl
or (C,-C4)-alkenyl, -NH-C(O)-CH3 or -NH-C(0O)-C,Hs,

or

R! and R’ are attached to adjacent phenyl ring atoms and represent a group
-O-CHz-O- oI —O-CHQ-CHz-O-,

R* and R’ independently of one another represent hydrogen, (C;-Cg)-alkyl which
may be substituted by hydroxyl, (C;-Cs)-alkoxy or -cyclopropyl,
cyclopropyl, benzyl or pyridylmethyl,

or

R* and R’ together with the nitrogen atom to which they are attached form a 5- to
7-membered saturated or partially unsaturated heterocycle which may
contain a further heteroatom from the group consisting of N, O or S 1n the

ring and which may be mono- to trisubstituted, independently of one
another, by hydroxyl, (C;-C4)-alkyl or (C;-C4)-alkoxy,

and

RS represents (Cs3-C;)-cycloalkyl or (C;-Ce)-alkyl, which is substituted by
(C3-Cq)-cycloalkyl, hydroxyl, (C;-Cg)-alkoxy, (C;-Cs4)-alkenyl, phenyl or 5-
or 6-membered heteroaryl having up to three heteroatoms from the group

consisting of N, O and/or S, where phenyl and heteroaryl for their part may
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be substituted by fluorine, chlorine, (C;-Cy)-alkyl, (C;-C4)-alkoxy, amino,
mono- or di-(C;-Cy)-alkylamino, nitro, cyano or hydroxyl, or unsubstituted

(C4-Ce)-alkyl

and their salts, hydrates, hydrates of the salts and solvates.
Particular preference is given to compounds of the formula (I)

in which

R' and R’ independently of one another repi'esent hydrogen, methoxy, ethoxy,
n-propoxy, 1sopropoxy, n-butoxy or —NH-C(O)-CHs, where the alkoxy
radicals for their part may be substituted by hydroxyl, methoxy, ethoxy,

N-propoxy, 1Sopropoxy, n-butoxy or cyclopropyl,
Oor

R' and R’ are attached to adjacent phenyl ring atoms and represent a group

-O-CH;-0-,

R’ represents hydrogen,

R* represents hydrogen, methyl, ethyl, n-propyl, isopropyl, where the alkyl
radicals for their part may be substituted by hydroxyl, methoxy, ethoxy,

N-propoxy, 1sopropoxy, n-butoxy or cyclopropyl, or cyclopropyl,

R’ represents hydrogen or a methyl group,

RS represents methyl or ethyl which are substituted by pyridyl, phenyl which
for its part may be substituted by cyano, nitro, methyl, ethyl, propyl,
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methoxy, ethoxy, n-propoxy, isopropoxy, n-butoxy or amino, hydroxyl or

methoxy, ethoxy, n-propoxy, 1sopropoxy, n-butoxy,
and their salts, hydrates, hydrates of the salts and solvates.

Particular preference is also given to compounds of the formula (I) in which R’

represents hydrogen.

Particular preference is also given to compounds of the formula (I) in which R* and

R’ represent hydrogen.

Particular preference is also given to compounds of the formula (I) in which R*

represents hydrogen.

Particular preference is also given to compounds of the formula (I) in which R' and
R® are attached to adjacent phenyl ring atoms located in the para- and meta-

positions to the point of attachment of the pyridine ring and represent a group
-0O-CH,-O-.

Preference 1s also given to compounds of the formula (I)
in which

R', R* and R’ independently of one another represent (C;-Cg)-alkyl which may be
substituted up to three times, independently of one another, by hydroxyl,
(C1-Co)-alkoxy, (C;3-Cq)-cycloalkyl, (C;-Cy)-alkenyl, (C,-C4)-alkynyl,
halogen or (Cs-Cio)-aryloxy, (Cs-Cig)-aryl which may be substituted up to
three times, independently of one another, by halogen, nitro, (C;-Cs)-
alkoxy, carboxyl, (C;-C,)-alkoxycarbonyl or mono- or di-(C;{-Cy)-
alkylamino, (C;-Cg)-alkoxy which may be substituted by hydroxyl,
(C1-Ca)-alkoxy, (Cs3-Cg)-cycloalkyl, (C;-Cs)-alkenyl, (Cg-Cip)-aryl, 5- to
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10-membered heteroaryl having up to three heteroatoms from the group
consisting of N, O and/or S, (Cs-Cio)-aryloxy, halogen, cyano, (C;-Cs)-
alkoxycarbonyl, amino or mono- or di-(C;-Cs)-alkylamino, hydrogen,

hydroxyl, halogen, nitro, cyano or -—NH~C(O)-R7,
in which

R’ represents (C;-Cg)-alkyl which may be substituted by hydroxyl or
(Ci-Cy)-alkoxy, (Cs-C7)-cycloalkyl or (C¢-Cip)-aryl which may be
substituted up to three times, —independently of one another, by
halogen, mitro, (C;-C,)-alkoxy, carboxyl, (C,-C4)-alkoxycarbonyl or

mono- or di-(C;-Cy4)-alkylamino,

R' and R? are attached to adjacent phenyl ring atoms and, together with the two

5
10

)1
15
20

R4
25

and
30 R’

nng carbon atoms, form a 5- to 7-membered saturated or partially
unsaturated heterocycle having one or two heteroatoms from the group
consisting of N, O and/or S, which may be substituted by (C,-C4)-alkyl or

0XO,

represents hydrogen, (C;-Cs)-alkyl which may be substituted by hydroxyl,
(C1-Cy)-alkoxy, (Cs-Cq)-cycloalkyl, (Ce-Cip)-aryl or 5- to 6-membered
heteroaryl having up to three heteroatoms from the group consisting of N,
O and/or S, or (Cs-Cs)-cycloalkyl which may be substituted by hydroxyl or

(C1-Cg)-alkyl,

represents (C;-Cg)-alkyl which may be substituted by hydroxyl, (C;-Cs)-
alkoxy, (Cs-Cq)-cycloalkyl, (Cs-Cjp)-aryl or 5- to 6-membered heteroaryl
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having up to three heteroatoms from the group conSisting of N, O and/or S,
or (C;-Cg)-cycloalkyl which may be substituted by hydroxyl or (C;-Cs)-
alkyl,

or

)

R* and R’ together with the nitro gen atom to which they are attached form a 5- to
7-membered saturated or partially unsaturated heterocycle which may
contain one or two further heteroatoms from the group consisting of N, O
and/or S 1 the ring and which lilay be mono- to trisubstituted,
independently of one another, by oxo, fluorine, chlorine, hydroxyl, (C;-Cg)-
alkyl or (C,-C¢)-alkoxy,

and

R® represents (Cs3-C;)-cycloalkyl or (C;-Cg)-alkyl, where alkyl may be
substituted by (Cs-Cy)-cycloalkyl, hydroxyl, (C;-Cj)-alkoxy, (C;-Cs)-
alkenyl, (Cs-Cio)-aryl or 5- to 10-membered heteroaryl having up to three
heteroatoms from the group consisting of N, O and/or S, where aryl and
heteroaryl for their part may be substituted by halogen, (C;-Cs)-alkyl,
(C1-C4)-alkoxy, amino, mono- or di-(C;-C4)-alkylamino, nitro, cyano or

hydroxyl,
and their salts, hydrates, hydrates of the salts and solvates.

Preference 1s also given to compounds of examples 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
16, 17, 18, 19, 20 and their salts, hydrates, hydrates of the salts and solvates.

The general or preferred radical definitions or illustrations given above can be

combined with one another as desired, i.e. including combinations between the
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respective ranges and preferred ranges. They apply both to the end products and,

correspondingly, to precursors and intermediates.

The present invention furthermore relates to a process for preparing the compounds

of the formula (I), characterized in that either

[A]  compounds of the formula (II)

(ID),

in which

R', R%, R’ and R® are as defined above and X represents a suitable leaving group,

for example chlorine, bromine, methylthio or phenylthio,

are reacted 1n an 1nert solvent with compounds of the formula (III)

R-NH-R’ ()
in which
R* and R’ are as defined above,
or
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[B] compounds of the formula (TV)

in which

10 R', R? and R’ are as defined above and X' and X independently of one another

represent suitable leaving groups having the definition of X defined above,

are mitially converted in an inert solvent with compounds of the formula (III) into

to compounds of the formula (V)

15
Ry K
RS
C
N p l CN
4
™

RN N X2 (V).

1n which
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Rl, Rz, R’ : R4, R’ and X are as defined above,

and these are then reacted in the presence of a base, if appropriate in an inert

solvent, with compounds of the formula (VI)
R°-OH (VD)

in which

RS 1s as defined above,

or

[C] if, in compounds of the formula (I), R* and R’ each represent hydrogen,

compounds of the formula (VII)
R\ R
%
CHO (VID,
in which

R', R? and R’ are as defined above

are reacted in the presence of a base, if appropriate with addition of an inert

solvent, with malonitrile and compounds of the formula (V).



|

CA 02440038 2003-09-02

221 -

The process according to the invention can be illustrated in an exemplary manner

by the formula scheme below:

wo ,
R R\
R4
3 ~
R HN s R’
NG CN (1) N
. ’ C . | CN
. _ 4 X
<N A
" 6 5 6
), R R 0 R
[B]
1 R?
R - - R:z
R HNC
R R’ RE0OH
NC '
270 (1) NC AN W
PN [ T o
X N X R‘,\N \N xz base
(IV) |
R (V)
[C)
WAl
Ra
\21)
i base 0
CN
+ [+ R™OH (VI (R, R%=H)
CN

Suitable solvents for the process step [A]: (I) + (IIT) — (I) are organic solvents

which do not change under the reaction conditions. These include alcohols, such as
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methanol, ethanol and isopropanol, ketones, such as acetone and methyl ethyl
ketone, acyclic and cyclic ethers, such as diethyl ether and tetrahydrofuran, esters,
such' as ethyl acetate, or butyl acetate, hydrocarbons, such as benzene, Xylene,
toluene, hexane or cyclohexane, chlorinated hydrocarbons, such as
dichloromethane, chlorobenzene or dichloroethane, or other solvents, such as
dimethylformamide, acetonitrile, pyridine or dimethyl sulfoxide (DMSO). Another
suttable solvent is water. It is also possible to use mixtures of the solvents

mentioned above. Preference is given to tetrahydrofuran.

The reaction 1s generally carried out in a terilperature range of from -78°C to
+150°C, preferably mn the range from +20°C to +80°C, in particular from +20°C to
+40°C.

The reaction can be carried out under atmospheric, elevated or reduced pressure,

for example in the range of from 0.5 to 5 bar. In general, the reaction is carried out

at atmospheric pressure.

In general, the reaction 1s carried out using an excess of compound (III), preferably

In a ratio of from 2 to 8 mol of the compound (III) per mole of the compound (II).

The compounds of the general formula (II) are known to the person skilled in the

art or can be prepared analogously to methods known from the literature [see, for
example, J.M. Quintela, J.L. Soto, Anales de Quimica 79, 368-372 (1983)].

The compounds of the general formula (IIT) are commercially available, known to

the person skilled in the art or can be prepared by methods from the literature.

Suitable solvents for the first reaction step [B]: (IV) + (II) — (V) are organic
solvents which are inert under the reaction conditions. These include ketones, such

as acetone and methyl ethyl ketone, acyclic and cyclic ethers, such as diethyl ether,

1,2-dimethoxyethane or tetrahydrofuran, esters, such as ethyl acetate or butyl
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acetate, hydrocarbons, such as benzene, xylene, toluene, hexane or cyclohexane,
chlorinated hydrocarbons, such as dichloromethane, chlorobenzene or
dichloroethane, or other solvents, such as dimethylformamide, acetonitrile,
pyndine or dimethyl sulfoxide (DMSO). It is also possible to use mixtures of the
solvents mentioned above. Preference is given to 1,2-dimethoxyethane or

tetrahydrofuran.

The reaction 1s generally carried out in a temperature range of from —78°C to
+120°C, preferably in the range from +20°C to +60°C, in particular from +20°C to
+40°C.

The reaction can be carried out under atmospheric, elevated or reduced pressure,

for example 1n the range of from 0.5 to 5 bar. In general, the reaction is carried out

at atmospheric pressure.

In general, the reaction 1s carried out using an equivalent amount or an excess of
compound (III), preferably in a ratio of from 1 to 8§ mol of the compound (III),
particularly preferably in a ratio of from 1 to 2 mol of the compound (III), per mole

of the compound (IV).

The reaction can also be carried out in the presence of auxiliary bases, such as, for
example, trialkylamines, such as 'triethylamine or diisopropylethylamine, alkali
metal carbonates, such as sodium carbonate or potassium carbonate, or amidines,
such as DBN (1,5-diazabicyclo[4.3.0]non-5-ene) or DBU (1,8-diazabicyclo[5.4.0]-

undec-7-ene).

The compounds of the general formula (IV) are known or can be prepared

analogously to methods known from the literature [see, for example, Quintela et
al., Heterocycles 38, 1299-1305 (1994)].
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The compounds of the general formula (V) are known or can be prepared
analogously to methods known from the literature [see, for example, Quintela et
al., Heterocycles 38, 1299-1305 (1994), Kambe et al., Synthesis, 531-533 (1981),
Elnagdi et al., Z. Naturforsch. 47b, 572-578 (1991)].

The second process step [B]: (V) + (VI) = (I) can be carried out neat, in the
absence of a solvent, or 1n a solvent. Suitable solvents are organic solvents which
are mert under the reaction conditions. These include ketones, such as acetone and
methyl ethgll ketone, acyclic and cyclic ethers, such as diethyl ether,
1,2-dimethoxyethane or tetrahydrofuran, este;'s, such as ethyl acetate or butyl
acetate, hydrocarbons, such as benzene, xylene, toluene, hexane or cyclohexane,
chloninated hydrocarbons, such as dichloromethane, chlorobenzene or
dichloroethane, or other solvents, such as dimethylformamide, acetonitrile,
pynidine or dimethyl sulfoxide (DMSO). Another suitable solvent 1s water. It is
also possible to use mixtures of the solvents mentioned above. Preference is given

to acetonitrile, 1,2-dimethoxyethane and tetrahydrofuran.

Suitable bases are the customary inorganic or organic bases. These include alkali
metal hydroxides, such as, for example, sodium hydroxide or potassium hydroxide,
alkali metal carbonates, such as sodium carbonate or potassium carbonate or
sodium bicarbonate or potassium bicarbonate, potassium tert-butoxide, sodium
hydnde, amides, such as sodium amide, lithium bis(trimethylsilyl)amide or lithium
dusopropylamide, organometallic compounds, such as butyllithium or
phenyllithtum, amines, such as triethylamine or pyridine, or else the sodium or
potassium salt of the compound of the general formula (VI) in question itself.

Preference 1s given to potassium tert-butoxide and potassium carbonate.

Here, the base can be employed in a ratio of from 1 to 10 mol, preferably in a ratio

of from 1 to 5 mol, in particular in a ratio of from 1 to 4 mol, of base per mole of

the compound (VI).
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The reaction is generally carried out in a temperature tange of from —78°C to
+120°C, preferably in the range from +20°C to +100°C, in particular from +20°C
to +80°C.

The reaction can be carried out under atmospheric, elevated or reduced pressure,
for example in the range of from 0.5 to 5 bar. In general, the reaction is carried out

at atmospheric pressure.

The reaction 1s generally carried out using an equivalent amount or an excess of
compound (VI), preferably in a ratio of from 1 to 50 mol of the compound (VI) per
mole of the compound (V).

The compounds of the general formula (VI) are commercially available, known to

the person skilled in the art or can be prepared by methods known from the
literature.

Process [C]: (VIII) — (1), where R* = R’ = H, is carried out analogously to a
method known from the literature [Alvarez-Insua et al., Journal of Heterocyclic

Chemistry 7, 1305-1309 (1970)].

The reaction can be carried out neat, in the absence of a solvent, or in a solvent.
Suitable solvents are organic solvents which are inert under the reaction
conditions. These include ketones, such as acetone and methyl ethyl ketone,
acyclic and cyclic ethers, such as diethyl ether, 1,2-dimethoxyethane or
tetrahydrofuran, esters, such as ethyl acetate or butyl acetate, hydrocarbons, such
as benzene, xylene, toluene, hexane or cyclohexane, chlorinated hydrocarbons,
such as dichloromethane, chlorobenzene or dichloroethane, or other solvents, such
as dimethylformamide, acetonitrile, pyridine or dimethyl sulfoxide (DMSO). It is
also possible to use mixtures of the solvents mentioned above. The reaction is

preferably carried out neat, in the absence of a solvent.



10

15

20

235

30

CA 02440038 2003-09-02

- 26 -

Suitable bases are the customary inorganic or organic bases. These include alkali
metal hydroxides, such as, for example, sodium hydroxide or potassium hydroxide,
alkali metal carbonates, such as sodium carbonate or potassium carbonate or
sodium bicarbonate or potassium bicarbonate, potassium tert-butoxide, sodium
hydride, amdes, such as sodium amide, lithium bis(trimethylsilyl)amide or lithium
dusopropylamide, organometallic compounds, such as butyllithium or
phenyllithium, amines, such as triethylamine or pyridine, or else the sodium or
potassium salt of the compound of the general formula (VI) in question itself.
Preference 1s given to the sodium or potassium salt of the compound of the general

formula (VI) in question.

Here, the base can be employed in a ratio of from 1 to 10 mol, preferably in a ratio

of from 1 to 5 mol, in particular in a ratio of from 1 to 4 mol, of base per mole of

the compound (VII).

The reaction 1s generally carried out in a temperature range of from —78°C to
+180°C, preferably 1n the range from +20°C to +160°C, in particular from +20°C
to +120°C.

The reaction can be carried out under atmospheric, elevated or reduced pressure,
for example 1n the range of from 0.5 to 5 bar. In general, the reaction is carried out

at atmospheric pressure.

The reaction 1s generally carried out using an equivalent amount or an excess of

compound (VI), preferably in a ratio of from 1 to 50 mol of (VI) per mole of the
compound (VII).

The compounds of the general formula (VII) are commercially available, known to
the person skilled in the art or can be prepared by methods known from the
literature.
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Surpnisingly, the compounds of the formula (I) have an unforeseeable
pharmacological activity spectrum and are therefore suitable in particular for the

prophylaxis and/or treatment of disorders.

The compounds of the formula (I) are suitable for the prophylaxis and/or treatment
of a number of disorders, such as, for example, in particular disorders of the

cardiovascular system (cardiovascular disorders).

In the context of the present invention, cardiovascular disorders are to be
understood as meaning, in particular, for -example the following disorders:
coronary heart disease, hypertension (high blood pressure), restenosis, for example
after balloon dilation of peripheral blood vessels, arteriosclerosis, tachycardia,
arrhythmias, peripheral vascular disorders and cardiovascular disorders, stable and

unstable angina pectoris and atrial fibrillation.

The compounds of the formula (I) are furthermore also particularly suitable, for

example, for reducing the size of the myocardial area affected by an infarct.

The compounds of the formula (I) are furthermore particularly suitable, for
example, for the prophylaxis and/or treatment of thromboembolic disorders and

1Ischemias, such as myocardial infarction, stroke and transitory ischemic attacks.

Further areas of indication for which the compounds of the formula (I) are suitable
are, for example, in particular the prophylaxis and/or treatment of disorders of the
urogemital system, such as, for example, an irritable bladder, erectile dysfunction
and female sexual dysfunction and cancer, but additionally also the prophylaxis
and/or treatment of inflammatory disorders, such as, for example, asthma and
inflammatory dermatoses, of neuroinflammatory disorders of the central nervous
system, such as, for example, disorders after stroke, Alzheimer’s disease, and
furthermore also of neurodegenerative disorders, such as Parkinson’s disease, and

also of pain.
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A further area of indication 1s, for example, in particular the prophylaxis and/or
treatment of disorders of the respiratory tract, such as, for example, asthma,
chronic bronchitts, pulmonary emphysema, bronchiectases, cystic fibrosis

(mucoviscidosis) and pulmonary hypertension.

The compounds of the formula (I) are furthermore also suitable, for example, in

particular for the prophylaxis and/or treatment of liver fibrosis and liver cirrhosis.

Finally, the compounds of the formula (I) are in particular also suitable, for

example, for the prophylaxis and/or treatment of diabetes, in particular diabetes

mellitus.

The present invention also relates to the use of the substances of the formula (I) for
preparing medicaments and pharmaceutical compositions for the prophylaxis

and/or treatment of the clinical pictures mentioned above.

The present mvention furthermore relates to a method for the prophylaxis and/or

treatment of the climcal pictures mentioned above using the substances of the

formula (I).

The pharmaceutical activity of the compounds of the formula (I) mentioned above
can be explamed by their activity as selective ligands on individual subtypes or a

plurality of subtypes of the adenosine receptors, in particular as selective ligands '
on adenosine Al, adenosine A2a and/or adenosine A2b receptors, preferably as

selective ligands on adenosine A1 and/or adenosine A2b receptors.

In the context of the present invention, adenosine receptor ligands are referred to as
being “selective” if, firstly, they are clearly active on one or more adenosine
receptor subtypes and, secondly, the activity that can be observed on one or more

other adenosine receptor subtypes is considerably weaker, if present at all, where,
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with respect to the test methods for selectivity of action, reference is made to the

test methods described 1n Section A. II.

One advantage of the compounds of the formula (I) according to the invention is

that they are more selective than adenosine receptor ligands of the prior art.

In particular, compounds of the formula (I) in which R' and R? are attached to
adjacent phenyl ring atoms and represent a group -O-CH,-O-, -O-CH,-CH,-O- or
-O-(CH;)3-O- generally act selectively on adenosine A1 receptors.

In particular, compounds of the formula (I) in which one of the radicals R!, R? or
R’ represents ~NH-C(O)- R’ and one of the radicals R* or R’ represents benzyl or
pyndylmethyl generally act selectively on adenosine Al and adenosine A2b

receptors.

The receptor selectivity can be determined by biochemical measurement of the
intracellular messenger cAMP in the transfected cells which specifically only
express one subtype of the adenosine receptors. Here, what is observed is, in the
case of A2a and A2b agonists (coupling preferably via Gs proteins) an increase of
the mtracellular cAMP concentration and in the case of A2a and A2b antagonists a
decrease of the intracellular cAMP concentration, respectively, following
prestimulation with adenosine or adenosine-like substances (see the publications
B. Kull, G. Arslan, C. Nilsson, C. Owman, A. Lorenzen, U. Schwabe, B.B.
Fredholm, “Differences in the order of potency for agonists but not antagonists at
human and rat adenosine A2A receptors”, Biochem. Pharmacol., 57 (1999) pages
65-75; and S.P. Alexander, J. Cooper, J. Shine, S.J. Hill, “Characterization of the
human brain putative A2B adenosine receptor expressed in Chinese hamster ovary
(CHO.A2B4) cells”, Br. J. Pharmacol., 119 (1996) pages 1286-90, the respective
content of which 1is expressly incorporated herein by way of reference).

Correspondingly, Al agonists (coupling preferably via Gi proteins) and Al
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antagonists result mm a decrease and increase, respectively, of the cAMP

concentration.

Thus, compounds of the formula (I) which bind selectively to adenosine Al
receptors are preferably suitable for myocard protection and for the prophylaxis
and/or treatment of tachycardia, atrial arrhythmias, cardiac insufficiency,

myocardial infarction, acute kidney failure, diabetes, pain, and for wound healing.

Compounds of the formula (I) which bind selectively to adenosine A2a receptors
are preferably suitable for the prophylaxis and/or treatment of thromboembolic

disorders, of neurodegenerative disorders such as Parkinson’s disease and for

wound healing.

Compounds of the formula (I) which bind selectively to adenosine A2b receptors
are preferably suitable for the prophylaxis and/or therapy of liver fibrosis, of
myocardial infarction, of neuroinflammatory disorders, of Alzheimer’s disease, of
urogenital incontinence and of disorders of the respiractory tract, such as, for

example, asthma and chronic bronchitis.

The present invention also provides medicaments and pharmaceutical preparations
comprising at least one compound of the formula (I), preferably together with one

or more pharmacologically acceptable auxiliaries or carriers, and their use for the

abovementioned purposes.

Suitable for administering the compounds of the formula (I) are all customary
admimistration forms, i.e. oral, parenteral, inhalative, nasal, sublingual, rectal,
local, such as, for example, in the case of implants or stents, or external, such as,
for example, transdermal. In the case of parenteral administration, particular
mention may be made of intravenous, intramuscular and subcutaneous

administration, for example as a subcutaneous depot. Particular preference is given

to oral administration.
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Here, the active compounds can be administered on their own or in the form of
preparations. Suitable preparations for oral administration are inter alia tablets,
capsules, pellets, sugar-coated tablets, pills, granules, solid and liquid aerosols,
syrups, emulsions, suspensions and solutions. Here, the active compound has to be
present in such a quantity that a therapeutic effect is obtained. In general, the active
compound can be present in a concentration of from 0.1 to 100% by weight, in
particular from 0.5 to 90% by weight, preferably from 5 to 80% by weight, i.e. the
active compound should be present in quantities sufficient to achieve the dosage

range mentioned.

To this end, the active compounds can be converted in a manner known per se into
the customary preparations. This is achieved using inert nontoxic pharmaceutically

suitable carriers, auxiliaries, solvents, vehicles, emulsifiers and/or dispersants.

Auxiliaries which may be mentioned are, for example: water, nontoxic organic
solvents, such as, for example, paraffins, vegetable oils (for example sesame oil),
alcohols (for example ethanol, glycerol), glycols (for example polyethylene
glycol), solid carriers, such as natural or synthetic ground minerals (for example
talc or silicates), sugars (for example lactose), emulsifiers, dispersants (for example

polyvinylpyrrolidone) and glidants (for example magnesium sulfate).

In the case of oral administration, tablets may, generally, also contain additives
such as sodium citrate, together with adjuvants such as starch, gelatin and the like.
Aqueous preparations for oral administration may furthermore be admixed with

flavor enhancers or colorants.

In general, 1t has been found to be advantageous to administer, in the case of
parenteral administration, quantities of from about 0.1 to about 10 000 pg/ke,
preferably from about 1 to about 1000 pg/kg, in particular from about 1 pg/kg to
about 100 ug/kg, of body weight, to obtain effective results. In the case of oral
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admimistration, the quantity is from about 0.1 to about 10 mg/kg, preferably from
about 0.5 to about 5 mg/kg, in particular from about 1 to about 4 mg/kg, of body

weight.

It may sometimes be required, depending on body weight, administration route,
individual response to the active compound, the type of preparation and the time or

Interval at which administration takes place, to deviate from the quantities

mentioned.

The present invention is illustrated by the following examples, which do not

restrict the invention in any way.
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A. Assessing physiological activity

1. Detecting the cardiovascular effect

Langendor{f heart of the rat:

After the thorax has been opened, the heart is removed from anesthetized rats and
introduced into a conventional Langendorff apparatus. The coronary arteries are
perfused at constant volume (10 ml/min), and the resulting perfusion pressure is
recorded by way of an appropnate pressure sen“sor. In this set-up, a decrease in the
perfusion pressure corresponds to a relaxation of the coronary arteries. At the same
time, the pressure which the heart develops during each contraction is measured by
way of a balloon, which has been introduced into the left ventricle, and a second
pressure sensor. The frequency of the heart, which is beating in isolation, is

calculated from the number of contractions per time unit.

II. Assessing the receptor selectivity

a) Adenosine Al, A2a, A2b and A3 receptor selectivity

Cells of the CHO (Chinese Hamster Ovary) permanent cell line are transfected
stably with the cDNA for the adenosine receptor subtypes Al, A2a, A2b and A3.
The binding of the substances to the A2a or A2b receptor subtypes is determined

by measuring the intracellular cAMP content in these cells using a conventional

radioimmunological assay (cAMP RIA).

When the substances act as agonists, the binding of the substances is expressed as
an increase in the intracellular content of cAMP. The<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>