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Description

N, N’ -Bis (alkoxyalkyl) -pyridine-2,4-dicarboxylic acid di-

amides, preparation and their use

Compounds which inhibit proline hydroxylase and lysine
hydroxylase cause a very selective inhibition of collagen
biosynthesis by influencing the collagen-specific
hydroxylation reactions. In the course of these, protein-
bound proline or lysine is hydroxylated by the enzymes
proline hydroxylase orxr. lysine hydroxylase. 1If this
reaction is suppressed by inhibitors, a non-functibnal,
hypohydroxylated collagen molecule is formed, which can
be released by the cells into the extracellular space in
only a small amounﬁ. The hypohydroxylated collagen also
cannot be incorporated into the collagen matrix and is
very easily degraded by proteolysis. As a consequence of
these effects, the amount of extracellularly deposited

collagen overall is reduced.

It is known that the inhibition of proline hydroxylase by
known inhibitors, such as a,a’-bipyridyl, leads to an
inhibition of the Cl, biosynthesis of macrophages
(W. Miiller et al., FEBS Lett. 90 (1978), 218; and Immun-
biology 155 (1978) 47). This results in a failure of the
classical route of complement activation. Inhibitors of
proline hydroxylase therefore also act as immunosuppres-
sants, for example in cases of immune complex diseases.

- It is known that proline hydroxylase is inhibited effec-

tively by pyridine-2,4- and -2,5-dicarboxylic acid
(K. Méjamaa et al., Eur. J. Biochem. 138 (1984) 239-245).
However, in the cell culture these compounds are effec-
tive as inhibitors only in very high concentrations
(Tschank, G. et al., Biochem. J. 238, 625-633, 1987).

German Patent A-3,432,094 describes pyridine-2,4- and
-2,5-dicarboxylic acid diesters having 1-6 carbon atoms
in the ester alkyl part as pharmaceuticals for inhibition
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of proline hydroxylase and lysine hydroxylase.

However, these lower alkylated diesters have the dis-
advantage that they are split too rapidly in the organism
to give the acids and do not arrive at their site of
action in the cell in a sufficiently high concentration,
and are therefore of little suitability for possible
administration as pharmaceuticals.

German Patent‘A-§,703,959, German Patent A-3,703,962 and
German Patent A-3,703,963 describe, in general form,
mixed ester/amides, higher alkylated diesters and di-
amides of pyridine-2,4- and -2,5-dicarboxylic acid which
effectively inhibit collagen biosynthesis in the animal

model.

German Patent A-3,703,959 thus describes, inter alia, the
synthesgis of N,N'-bis(Z-methoxyethyl)-pyridine-2,4-
dicarboxylic acid diamide (III)
CONH- CH,-CH,-0-CH,
(III)

O | |
CONH- CH,- CH,- 0-CH
N 2-CHy 3

and
N,N’ -bis (3-isopropoxypropyl) -pyridine-2,4-dicarboxylic
acid diamide (IV)

CH3
P
CONH- CH. - CH- CH,~0-CH
2-CHy-CHy ~
o CH; _CH, (1v)
CONH- CH - CH, - CH, - 0- CH _

CH,

An improved process for the preparation of N,N’-bis(2-
methoxyethyl) -pyridine-2,4-dicarboxylic acid diamide
(IXII) is proposed in German Patent Applications
P 38 26 471.4 and P 38 28 140.6.
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The enteral absorbability of many of the compounds
described in German Patent A-3,703,959 is still unsatis-
factory, however, so that there is a need to provide
compounds which effectively inhibit proline hydroxylase
and lysine hydroxylase after oral administration even in
low dosages.

It has been found that compounds of the formula I

CONH- (R1)- (OR?),,
' ! (1)
CoNH- (R1 ' )- (0R? )¢,
x .

in which

R! denotes linear or branched C,-C,-alkanediyl,

R? denotes unbranched C,-C,-alkyl or hydrogen,

n denotes 1 or 2 and

R¥, R* and n’ have the same meanings as R', R* and n, R?
and R¥, and R?® and R* and n and n’ being

. identical or different,

and physiolégically tolerated salts thereof, excluding

N,N’ -bis (2-methoxyethyl) -pyridine-2,4-dicarboxylic acid

diamide and N,N’-bis(2-hydroxyethyl) -pyridine-2,4-dicar-

boxylic acid diamide, achieve the abovementioned object.

In comparison with the compounds N,N’-bis(2-methoxy-

ethyl) -pyridine-2, 4-dicarboxylic acid diamide and N,N‘-

bis (3-isopropoxypropyl) -pyridine-2,4- dicarboxylic acid

diamide described in German Patent A-3,703,959, the

compounds of the formula I have both a better pharmaco-

logical activity and a better enteral absorbability.

The invention furthermore relates to a process for the
preparation of 'N,N’-bis- (alkoxyalkyl) -pyridine-2,4-
dicarboxylic acid diamides of the formula I
CONH- (R1).(OR%),
(1)
O | comn- (RL')- (0R2 ')
N
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in which

R' denotes linear or branched C,-C,-alkanediyl,

R’ denotes unbranched C,-C,-alkyl or hydrogen,

n denotes 1 or 2 and '

R¥, R* and n’ have the same meanings as R', R? and n, R'
and RY, and R? and R* and n and n’ being
identical or different, excluding N,N’-
bis (2-methoxyethyl) -pyridine-2,4-dicar-
boxylic acid diamide and N,N’-bis(2-
hydroxyethyl) -pyridine-2, 4-dicarboxylic
acid diamide, '

which comprises reacting a pyridine-2,4-dicarboxylic acid

halide with an alkoxyalkylamine or hydzjoxyalkyl_amine.

The invention 1likewise relates to a process for the
preparation of N,N’ -bis- (alkoxyalkyl) -pyridine-2,4-
dicarboxylic acid diamides of the formula I

CONH- (R})- (OR?),,
R o (1)
~ L coNg- (R1')- (0RZ' ),

in which

R' denotes linear or branched C,;-C,-alkanediyl,

R’ denotes unbranched C,-C,-alkyl or hydrogen,

n denotes 1 or 2 and

RY, R* and n’ have the same meanings as R, R®’ and n, R
and R, R? and R¥ and n and n’ being

, identical or different,

which comprises first

a)

1. adding at 1eaét two equivalents of a halogenating

agent to pyridine-2,4-dicarboxylic acid and

2. dissolving at least 2 equivalents of a hydroxyalkyl-

amine or alkoxya.l_kylamine of the formula II or II’

H,N- (R*) - (OR?) , (II1)

H,N- (R*") - (OR*) ., (II’)
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in which
R' and RY denote linear or branched C,-C,-alkanediyl,
R? and R¥ denote unbranched C,-C,-alkyl or hydrogen,

n and n’ denote 1l or 2 and
R* and RY, R?> and R¥Y and n and n’ are identical or
different, but II and II’ are different,
in a solvent .
and then reacting the solution prepared according to 1.
with the solution prepared according to 2., or
B) converting the resulting N,N’-bis (alkoxyalkyl) -pyri-
dine-2,4-dicarboxylic acid diamide into the bis (hydroxy-
alkyl) compound, or
C) reacting the pyridine-2,4-dicarboxylic acid halide
prepared according to A) 1. with a substituted or unsub-
stituted benzyl alcohol to give the benzyl pyridine-2,4-
dicarboxylate, hydrolyzing the benzyl ester selectively
in the 2-position of the pyridine, converting the free
carboxylic acid in the 2-position into the acid halide
again in accordance with process variant A) 1. and adding
a solution prepared according to A) 2. using a compound
of the formula II’ to the compound thus obtained, a
pyridine-4- (carboxylic acid benzyl ester)-2-carboxylic
acid amide being formed, and then eliminating the benzyl
protective group in the 4-position by hydrogenolysis,
converting the free carboxylic acid into the acid
chloride again in accordance with process variant A) 1.,
and subsequently adding a solution prepared according to
A) 2. using a compound of the formula II, an unsymmetri-
cally substituted compound of the formula I being formed,
and if appropriate then converting the resulting compound
of the formula I into its physiologically tolerated salt.

In the process for the preparation of the compounds of

- the formula I, the pyridine-2,4-dicarboxylic acid commer-

cially available as a starting substance is suspended in
a solvent, such as toluene, and a halogenating agent,
preferably a chlorinating agent, such as, for example,
S0Cl,, is added at room temperature. 2-3 equivalents,
preferably 2.5 equivalents, of a halogenating agent,



10

15

20

25

30

35

- 6 -
based on the molar amount of pyridine-2,4-dicarboxylic
acid employed, are used. The resulting reaction mixture
is heated at 90-110°C, preferably at 100°C, until no
further evolution of gas is to be observed and a clear
solution has formed. 10% of the solution is then evapora-
ted off - pref_erably under a high vacuum (down to about
10" mm Hg) - and the resulting carboxylic acid halide is

reacted further.

2-4 times the molar amount of commercially available
alkoxyalkylamine or hydroxyalkylamine, based on the molar
amount of pyridine-2,4-dicarboxylic acid employed, is now
dissolved in a solvent, such as toluene, and 2-4 times
the molar amount of a base, such as triethylamine, is
preferably added. The 'carbcxylic acid halide is reacted
with the alkoxyalkylamine or the hydroxyalkylamine. This
is preferably done by adding the solution of the alkyl-
amine mentioned dropwise to the dissolved pyridine-2,4-
dicarboxylic acid halide. However, it is also possible to
add the solution of the carboxylic acid halide dropwise

to the solution of the alkoxyalkylamine or hydroxyalkyl-

amine. The addition is carried out at a temperature of
-5 to +5°C, preferably at 0°C. The reaction mixture can
then be after-reacted, for example, by warming it to room
temperature and subsequently stirring it for a further 2-
5 hours, preferably 3 hours. The resulting product is
then acidified in order to remove excess hydroxy- or
alkoxyalkylamine from the desired product. The acidifica-
tion can be carried out, for example, with 0.2 molar
citric acid. The organic phase is then separated off and
washed with water. The organic phase is subsequently
dried - preferably over magnesium sulfate - and finally
freed from the solvent. On removal of the solvent, the
product is obtained as a white solid or as an oil.

To prepare the N,N’-bis(hydroxyalkyl)-pyridine-2,4-
dicarboxylic acid diamides, a procedure is preferably
followed in which a corresponding bis(alkoxyalkyl)di-
amide, preferably bis(methoxyalkyl)diamide, is converted
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into the corresponding bis(hydroxyalkyl)diamide by
processes which are known from the literature, for

example using boron tribromide.

Unsymmetrically substituted compounds of the formula T
can be synthesized, for example, as follows: reaction of
a pyridine-2,4-dicarboxylic acid halide, preferably the
chloride, with substituted 'or unsubstituted benzyl
alcohol to 'give benzyl pyridine-2,4-dicarboxylate,
subsequent selective'hydrolyais of the ester in the 2-
position (for example in the presence of a copper cata-
lyst, Acta Helv. 44, 1963, page 637), conversion of the
free acid in the 2-pogition into the acid halide, reac-

tion with a compound of the formula (II’) to give the

pyridine-4- (carboxylic acid benzyl ester) -2-carboxylic
acid amide, splitting off of the remaining benzyl protec-
tive group by hydrogenolysis (for example with H,/Pd, see
Houben-Weyl Volume IV/lc (1980), pages 381-82) and
subsequent conversion of the free acid in the 4-position

of the pyridine ring into the acid halide.

The acid halide can now be converted into the mixed

diamide (I) with an amine II (see equation).

If appropriate, the products can be worked up, for
example, by extraction or by chromatography, for example
over silica gel. The product isolated can be recrystal-
lized and if appropriate reacted with a suitable acid to
give a physiologically tolerated salt. Examples of
possible suitable acids are: mineral acids, such as
hydrochloric and hydrobromic acid as well as sulfuric,

phosphoric, nitric or perchloric acid, or organic acids,

such as formic, acetic, propionic, succinic, glycolic,
lactic, malic, tartaric, citric, maleic, fumaric, phenyl-
acetie, benzoic, . methanesulfonic, toluenesulfonic,
oxalic, 4-aminobenzoic, naphthalene-1,4-disulfonic or

ascorbic acid.

The compounds of the formula I can be used as medicaments
in the form of pharmaceutical preparations which contain
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them, if appropriate together with tolérated.pharmaceuti-
cal excipients. The compounds can be used as medicines,
for example in the form of pharmaceutical preparations
which contain these compounds as a mixture with a
pharmaceutical, organic or inorganic excipient suitable
for enteral, percutaneous or parenteral administration,
such as, for example, water, gum arabic, gelatin, lac-
tose, starch, magnesium stearate, talc, vegetable oils,

polyalkylene glycols, vaseline and the like.

The pharmaeutical preparations can be in solid form, for
example as tablets, coated tablets, suppositories or
capsules; in semi-solid form, for example as ointments,
or in liquid form, for example as solutions, suspensions
or emulsions. If appropriate, they are sterilized and/or
contain auxiliaries, such as preservatives, stabilizers,
wetting agents or emulsifiers, salts for modifying the
osmotic pressure or buffers. They can also additionally

contain other therapeutically active substances.

It has been found that the compounds of the formula I
have exceptionally good enteral absorbabilities. The
absorbability was investigated on Wistar rats to which
the compounds according to the invention were administer-
ed intragastrally. The serum level dropped in the first
hours after administration of the substance, and after
about 5 hours reached a plateau which still fell only
slightly. The good absorbability of the substances dan be
concluded from the initially very high serum level
directly after administration of the substances.

The invention is illustrated in more detail below with
the aid of examples.
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Example 1

Pyridine-2,4-dicarboxylic acid bis-N,N’- (metho:éypropyl) -

amide

3 g of pyridine-2,4-dicarboxylic acid are initially
introduced into 50 ml of toluene and 1 ml of dimethyl-
formamide, and 2.7 ml of thionyl chloride are added
dropwise to the solution. The mixture is heated until no
further evolution of gas is to be observed (about 2.5
hours). It is cooled, 5 ml of toluene are distilled off
and 4.6 ml of 3-methoxypropylamine and 5 ml of triethyl-
amine are added dropwie to the solution. After the
solution has been stirred at room temperature for 4
hours, it is evaporated, the residue is taken up in water
and the mixture is extracted 4 times with methylene
chloride. The combined organic phases are dried over
magnesium sulfate and évaporated. The crude product is
chromatographed with silica gel (solvent: ethyl acetate).
Yield: 4.3 g; oil _ _
H-NMR (CDCl,): &6 = 1.6-2.3 (4H, m); 3.2-3.8 (14H, m);
'~ 7.8-8.0 (1B, m); 8.3-8.5 (1H, m);
8.6-8.8 (1H, m). '

Example 2

Pyridine-2,4-dicarboxylic acid bis-N,N’-(ethoxypropyl) -
amide

For instructions see Example 1; amine component: ethoxy-

propylamine '

Yield: 4.5 g, melting point: 46-48°C. _

H-NMR (CDCl1,): 6 = 1.3 (6H, tr); 1.7-2.1 (4H, m); 3.3-
3.8 (12H, m); 7.8-8.0 (1H, m); 8.4-
8.5 (1H, m); 8.5-8.8 (1H, m).
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Example 3

Pyridine-2,4-dicarboxylic acid bis-N,N’-(2-dimethoxy-
ethyl)amide

For instructions see Example 1l; amine component: 2-

dimethoxyethylamine

Yield: 1.6 g (from 3 g of pyridine-2,4-dicarboxylic

acid), oil '

H-NMR (CDCl,): & = 3.4 (12H, s); 3.7 (4H, m); 4.5 (2H,
m); 7.9-8.0 (1H, m); 8.4-8.5 (1H, m);
8.7-8.8 (1H, m).

Example 4

Pyridine-2,4-dicarboxylic acid bis-N,N’ - (2-methoxy-
isopropyl) amide '

For instructions see Example 1l; amine component: 2-

methoxyisopropylamine; .

Yield: 3.3 g (from 3 g of pyridine-2,4-dicarboxylic

acid), oil - |

'H-NMR (CDCl,): & = 1.3 (6H, d); 3.2 (6H, s8); 3.5 (4H,
d); 4.4 (2H, m); 7.9-8.0 (1H, m);
8.4-8.5 (1H, m); 8.7-8.8 (1H, m).

Example 5

Pyridine-2,4-dicarboxylic acid bis-N,N’- (2-ethoxyethyl) -

amide

For instructions see Example 1l; amine component: ethoxy-

ethylamine, : _ _

Yield: 7.8 g (from 10 g of pyridine-2,4-dicarboxylic

acid), melting point: 42-44°C

JH-NMR (CDC1,): & = 1.2 (3H, tr); 3.3-3.8 (12H, qu. and
m); 7.9 (18, m); 8.4-8.5 (1H, m);
8.7-8.8 (1H, m).
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Example 6

Pyridine-2,4-dicarboxylicacidbis-N,N’ - (3-hydroxyethyl) -

amide

0.5 g of pyridine-2,4-dicarboxylic acid bis-N,N’-(3-
methoxyethyl) amide are dissolved in 10 ml of methylene
chloride, and boron tribromide (11 ml, 1 molar solution
in methylene chloride) is added dropwise at -78°C. When
the addition has ended, allow the mixture to come to room
temperature'and stir subsequently for 3 hours. Pour it
onto 100 ml of saturated bicarbonate solution and extract
3 times with ethyl acetate. The combined organic solvent
are dried with magnesium sulfate and evaporated. The
crude product is chromatographed on silica gel.
Yield: 0.45 g; oil
H-NMR (CDCl,): & = 1.5-2.2 (4H, m); 3.4 (4H, m); 3.6
(4H, m); 7.9-8.0 (1H, m); 8.4-8.5
(1H, m); 8.7-8.8 (1H, m).

 Example 7a

Pyridine-2,4-dicarboxylic acid dibenzyl ester

30g of pyridine-2,4-dicarboxylic acid are converted into-
the acid chloride using 30 ml of thionyl chloride analo-
gously to Example 1 and the acid chloride is reacted with _
43.8 g of benzyl alcohol. The product is recrystallized
from diisopropyl ether. '
Yield: 42.1 g Melting point 63-65°C

Example 7b

Pyridine-2- (carboxylic acid)-4-carboxylic acid benzyl

ester

40 g of pyridine-2,4-dicarboxylic acid dibenzyl ester
from Example 7a are added to a suspension of 27.8 g of
copper-II nitrate in 700 ml of methanol. The mixture is
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boiled under reflux for one hour and, after cooling, the
copper complex is filtered off. The complex is suspended
in dioxane and carbon disulfide is passed in. The copper
sulfide which has precipitated is filtered off and the
organic phasé is concentrated. The product is stirred
with petroleum ether. .

Yield: 25.3 g Melting point 113-115°C

Example 7c

Pyridine?z-[(3-methoxypropy1)-carboxylic acid amide] -4-
carboxylic acid benzyl ester

3.9 g of pyridine-2-(carboxylic acid) -4-carboxylic acid
benzyl ester from Example 7b are converted into the acid
chloride using 1.2 ml of thionyl chloride analogously to

.Example 1 and the acid chloride is reacted with 3-meth-

oxypropylamine to give the amide. For purification, the
product is chromatographed over silica gel using a
mixture of cyclohexane/ethyl acetate (1:1).

Yield: 4.3 g 0il

Example 74

Pyridine-4-(carboxylic acid) -2- (3-methoxypropyl) -car-
boxylic acid amide

4.3 g of the compound from Example 7c are dissolved in
100 ml of dioxane and hydrogenated using 500 mg of
palladium/charcoal (10% strength) catalyst under normal
pressure for 4 hours. When the uptake of hydrogen has
ended, the catalyst is filtered off with suction and the
solvent is stripped off.

Yield: 3.5 g _ Melting point 124-126°C
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Example 7e

Pyridine-4- [carboxylic acid-(2-methoxyethyl)-amide]-2-
carboxylic acid (3-methoxypropyl) -amide

1.8 g of the compound from Example 7d are converted into
the acid chloride using 0.6 ml of thionyl chloride in
accordance with Example 1 and the acid chloride is then
reacted with 2-methoxyethylamine. For purification, the
product is chromatographed over silica gel using a
mixture of methylene chloride/methanol (20:1).

Yield: 1.0 g 0il

IH-NMR (CDCl,): & = 1.9-2.0 (2H, qui); 3.4 (6H, s8); 3.5~

3.7 (8H, m); 6.9 (1H, s, br); 8.0
(18, 4d); 8.4 (1H, s, br); 8.5 (1H,
g); 8.7 (18, 4).

Example 8

Pyridine-2- [carboxylic acid- (2-methoxyethyl) ~amide] -4-
carboxylic acid (3-methoxypropyl) -amide

The compound according to Example 8 is prepared analo-

gously to Examples 7a-e by using 2-methoxyethylamine in

the reaction step of Example 7c and 3-methoxypropylamine

in the reaction step of Example 7e.

Melting point: 69-72°C

B-NMR (CDCl,): & = 1.9-2.0 (2H, qui); 3.4 (3H, 8); 3.45
(3H, s); 3.6-3.7 (8H, m); 7.4 (1H,
br); 7.9 (1H, 4d4); 8.3 (1H, br); 8.4
(1H, 4); 8.7 (1H, 4).

Example 9
Enteral absorbability
Female Wistar rats of about 150 g body weight are given

an intragastral administration of 50 mg/kg of the sub-
stance under investigation by means of a stomach tube. In
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each case 4 rats are anesthetized after 5; 10; 15; 30;
60; 120; 180 and 240 minutes and exsanguinated wvia the
vena cava. The blood is centrifuged immediately and the
compound administered is extracted from the serum using
ether. After the ether has been evaporated, the residue
is taken up in 100 ml of mobile phase. The mobile phase
consists of 0.05 M phosphoric acid and acetonitrile
(4:1). . _

50 pl of this sample are injected into a high performance
liquid chromatography column. Detection is performed
under UV of 200 nm with a retention time of 2.2 minutes.

The results are documented in Table 1.

Table. 1:  Serum levels of the ccmpounds according to the
invention from Examples 1-3 after administra-
tion of 50 mg/kg perorally

Time Substance from|Substance frcm:Substance from
(minutes) Example 1 Example 2 Example 3
x SD x SD x SD
5 | 45.3 + 15.4 | 51.4 &+ 11.2 8.9 & 3.1
10 49.8 + 3.6 39.2 + 4.0 11.5 + 0.6
15 39.9 + 11.0 29.4 + 6.7 14.7 + 1.9
30 28.1 + 3.2 15.2 + 5.6 10.7 + 1.9
60 9.4 + 5.5 1.4 + 1.0 11.3 + 1.5
120 | 0.3 3 0.3 <DL 5.5 £ 0.9
180 <DL <DL 2.9 ¢ 0.5
240 <DL <DL 1.7 + 0.4
X = mean value of 4 measurements
SD = standard deviation
<DI: = below the detection limit
Example 10

Pharmacological activity

To demonstrate the effective inhibition of proline
hydroxylase and lysine hydroxylase by the compounds
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according to the invention, the hydroxyproline concentra-

tions in the liver and the 7s-(IV) -collagen concentra-

tions in the serum of

a) untreated rats (control)

b) rats to which carbon tetrachloride had been adminis-
tered (CCl, control)

c¢) rats to which first CCl, and then a compound according

to the invention had been administered
were measured (this test method is described by
Rouiller, C., experimental toxic injury of the liver; in
The Liver, C. Rouiller, Volume 2, pages 335-476, New
York, Academic Press, 1964).

The action potency of the compounds according to the
invention was determined as the percentage inhibition of
the liver hydroxyproline synthesis and serum 7s-(IV)-
collagen synthesis following oral administration in
comparison with control animals to which only carbon
tetrachloride had been administered (CCl, control). The
results are shown in Table 2. The compounds from Examples
2 and 3 of German Patent A-3,703,959 (N,N’-bis(2-methoxy-
ethyl) -pyridine-2,4-dicarboxylic acid diamide and N,N’-
bis (3-isopropoxypropyl) -pyridine-z,4-dicarboxylic " aecid
diamide) are likewise also shown as comparison substan-
ces. Surprisingly, the compounds according to the inven-
tion show a better activity, even after oral administra-
tion, than the intraperitoneally administered compound
from Example 2 of German Patent A-3,703,959.
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Table 2:

Substance Dosage |Liver Serum 7s- Adminis-

from hydroxy- (IV) -collagen tration

Example proline [% [$ inhibition]

inhibition]

1 2x2 mg 62 28 pP.©.
2x10 mg 90 67 pP.o.

2 2x%x2 mg 25 2 P.O.
2x10 mg . 60 35 p.o.

2 (from 2%x25 mg 55 48 i.p.

DE-A-3,703,959)

3 (from ~ |2x25 ng 49 11 p.o.

DE-A-3,703,959)

p.o. = peroral

i.p. = intraperitoneal
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Claims

1.

An N,N’-bis(alkoxyalkyl)pyridine-2,4-dicarboxylic
acid diamide of the formula I

in which _
R' denotes linear or branched C,-C,~alkanediyl,
R? denotes unbranched C,-C,-alkyl or hydrogen,
n denotes 1 or 2 and
RY, R and n’ have the same meanings as R!, R? and
n, R* and R, R?® and R* and n and n’
_ being identical or different,
or a physiologidally tolerated salt thereof, exclud-
ing N,N’ -bis (2-methoxyethyl)pyridine-2, 4-dicarboxy-
lic acid diamide and N,N’'-bis(2-hydroxyethyl) -
pyridine-2,4-dicarboxylic acid diamide.

A compound of the formula I as claimed in claim 1,
wherein in each case R! and R, R? and R* and n and

n’ have the same meaning.

A compound of the formula I as claimed in claim 1,
wherein the substituents - (R')-(OR’)n and -(RY)-
(OR*)n’ are different.

A compound of the formula I as claimed in claim 1,
2 or 3, wherein

R! denotes linear or branched C,-C,-alkyl and

R? denotes unbranched C,-C,-alkyl or hydrogen.

The compound of the formula
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CONH- CH,-CHy-CH,p-0-CHjy
X
-

or one of its physiologically tolerated salts.

“\CONH- CH, - CH,-CH,-0-CHj

6. The compound of the formula
CONH-CHZ-Cﬁz-CHZ-O-¢2H5

£/~ CONH- CH, - CH- CH,-0-CoHg

or one of its physiologically tolerated salts.

7. The compoupd of the formula

- O=-CH
/ 3
CONH- CHy- CH{
X 0-CHj

‘,—-O-CH3

| -CH,-CH

or one of its physiologically tolerated salts.

8. The compound of the formula
CHj
CONH- CH- CH,- OCH4

CONH- CH- CHa- OCHy
CHy

or one of its physiologically tolerated salts.

9. The compound of the formula
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CONH- CH,- CH,-0-C5Hg
=
I
CONH- CH,-CH,-0-C,Hg

or one of its physiologically tolerated salts.

The compound of the formula
CONH- CH,- CH,-CH,- OH

m .
. .2~ CONH-CH.-CH,-CHa,-
N7 2-CHz-CHy-COH

or one of its physiologically tolerated salts.

The compound of the formula
CONH- CH,- CH, - OCH,
AN

~~CONH- (CH -0OCH
N~ CONH- (CHp)3-0CH;
or one of its pﬁysiologically tolerated salts.

The compound of the formula
CONH (CH, ) 30CH4
AN
' Z~CONH (CH
N (CHz) 20CH,

or one of its physiologically tolerated salts.

A process for the preparation of an N,N’-bis-
(alkoxyalkyl)pyridine-2,4-dicarboxylic acid diamide
of the formula I

CONH- (R1)- (OR?),,

@ (1)

N S~CONH- (R " ). (0R2') s
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in which

R' denotes linear or branched C,-C,-alkanediyl,

R? denotes unbranched C,-C,-alkyl or hydrogen,

n denotes 1 or 2 and

R, R* and n’ have the same meanings as R, R?
and n, R® and R*, R? and R* and
n and n’ being identical or
different, excluding N,N’ -
bis(2-methoxyethyl)pyridine-
2,4-dicarboxylic acid diamide
and N,N’-bis(2-hydroxyethyl) -
pyridine-2,4-dicarboxylic acid
diamide, ,

which comprises reacting a pyridine-2,4-dicarboxylic

acid halide with an alkoxyalkylamine or hydroxy-

alkylamine. : '

A process for the preparation of an N,N’-bis-
(alkoxyalkyl)pyridine-2,4-dicarboxylic acid diamide
of the formula I

CONH- (R1)- (OR?)

(1)
@, : '
< L conu- (R1')-(0R? ).

in which _

R' denotes linear or branched C,-C,-alkanediyl,

R? denotes unbranched C,-C,-alkyl or hydrogen,

n denotes 1 or 2 and

RY, R* and n’ have the same meanings as R, R?
and n, R! and RY, R?® and R* and
n and n’ being identical or

_ different,

which comprises

A)

1. adding at least two equivalents of a halogenating

agent to pyridine-2,4-dicarboxylic acid and

2. dissolving at least 2 equivalents of a hydroxy-

alkylamine or alkoxyalkylamine of the formula II or
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II’ ,
H,N- (R*) - (OR?), (I1)
H,N- (R*') - (OR?) .. _ (xI*)

in which

R* and R denote linear or branched C,-C,-alkane-
diyl,
R? and R* denote unbranched ¢,-C,~alkyl or
hydrogen,
n and n’ denote 1 or 2 and
R! and R*, R?® and R*¥ and n and n’ are identical or
different, but II and II’ are different,
in a solvent
and then reacting the solution prepared according to
1. with the soiution prepared according to 2., or
B) converting the resulting N,N’-bis(alkoxyalkyl) -
pyridine-2,4-dicarboxylic acid diamide into the
bis (hydroxyalkyl) compound, or
C) reacting the pyridine-2,4-dicarboxylic acid
halide prepared according to A) 1. with a substitu-
ted or unsubstituted benzyl alcohol to give the
benzyl pyridine-2,4-dicarboxylate, hydrolyzing the
benzyl ester selectively in the 2-position of the
pyridine, converting the free carboxylic acid in the
2-position into the acid halide again in accordance
with process variant A) 1. and adding a solution
prepared according to A) 2. using a compound of the
formula II’ to the compound thus obta.ined_, a pyri-
dine-4- (carboxylic acid benzyl ester)-carboxylic
acid amide being formed, and then eliminating the
benzyl protective group in the 4-position by
hydrogenolysis, converting the free carboxylic acid
into the acid chloride again in accordance with
process variant A) 1., and subsequently adding a
solution prepared according to A) 2. using a
compound of the formula II, an unsymmetrically
substituted compound of the formula I being formed,
and if appropriate then converting the resulting
compound of the formula I into its physiologically
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tolerated salt.

A compound as claimed in any one of claime 1 to 12
for inhibition of proline hydroxylase and lysine
hydroxylase.

A compound as claimed in any one of claims 1 to 12
for use as a fibrosuppressant and immunosuppressant.

A pharmaceutical containing a compound of the
formila I as claimed in any one of claims 1-12
and/or one of its physiologically tolerated salts
with tolerated pharmaceutical excipients.



