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Description

3-Hydroxypyridine-2-carboxamidoesters, their preparation and their use

as pharmaceuticals

The invention relates to 3-hydroxypyridine-2-carboxamidoesters, their
preparation and their use for the inhibition of collagen biosynthesis and

their use as pharmaceuticals for the treatment of fibrotic disorders.

Compounds which inhibit the enzymes prolyl and lysyl hydroxylase
cause a very selective inhibition of collagen biosynthesis by affecting
the collagen-specific hydroxylation reactions. In the course thereof,
protein-bound proline or lysine is hydroxylated by the enzymes prolyl or
lysyl hydroxylase. If this reaction is suppressed by inhibitors, a
nonfunctional, underhydroxylated collagen molecule results, which can
be released into the extracellular space only in' a small amount by the
cells. The underhydroxylated collagen additionally cannot be
incorporated into the collagen matrix and is very easily proteolytically
degraded. As a result of these effects, the amount of extracellularly

deposited collagen is decreased overall.

Inhibitors of proly! hydroxylase are therefore suitable substances in the
therapy of disorders in which the deposition of collagens decisively

contributes to the clinical picture. These include, inter alia, fibroses of
the lung, liver and skin (scleroderma and scars after burns, injuries and

surgical interventions) and also atherosclerosis.

It is known that the enzyme prolyl hydroxylase is effectively inhibited
by pyridine-2,4- and -2,5-dicarboxylic acid in (K. Majamaa et al., Eur. J.
Biochem. 138 (1984) 239-245). n cell culture, however, these

compounds are only active as inhibitors in very high concentrations
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(Tschank, G. et al., Biochem. J. 238 (1987) 625-633).
Prodrugs of the pyridine-2,4(5)-dicarboxylates are also known. These

are described in the Patent Applications EP-A-O 590 520 and
DE-A-42 38 506 and EP-A-0 562 512.

N-Oxalylglycines as inhibitors of prolyl-4-hydroxylase are known from
J.Med.Chem. 1992, 35, 2652-2658 (Cunliffe et al.) and
EP-A-O 457 163.

3-Hydroxypyridine-2-carboxylic acid (glycyl))amides and their prodrugs,
and their use, are disclosed in EP-A-O 661 2689.

Furthermore, 3-hydroxypyridine-2-carboxylic acid (glycyl) ethyl
ester)amide is described in J. Org. Chem. 31, 636-638 (19686).

It was therefore the object to provide compounds which are
distinguished by a particdlarly high in vivo and/or in vitro activity, in

particular in their systemic and/or local use.

Surprisingly, it has now been found that 3-hydroxypyridine-2-carbox-
amidoesters of the formula | are particularly strongly active inhibitors of
collagen biosynthesis. They are distinguished by a particularly high in
vivo and in vitro activity, in particular in their systemic and/or local use
against fibrotic disorders. These include, for example, fibroses of the

lung, the liver, the kidney, the heart, the eye and the skin and in
atherosclerosis.

The compounds of the formula | lead to-a potent inhibition of collagen
biosynthesis in the most diverse cells (e.g. normal human dermal

fibroblasts, primary fat storing cells from rat liver, rat liver epithelial

cells and in organ cultures of calvaria).
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They are particularly suitable for local use as inhibitors of collagen
biosynthesis, for local use as antifibrotic active compounds and for
local use in form_s of disease which are caused by an increaéed binding
of connective tissue (collagen). Thus the compounds of the formula |
are suitable, for example, for local use for the avoidance/reduction of
scars after surgical interventions on the human body and for local use
in the postoperative treatment of ophthalmic disorders, e.g. the
postoperative treatment of glaucoma and in radiation-induced fibrosis or

fibrosis induced by chemotherapy, in particular in the lung.

The coinpounds according to the invention are ester prodrugs of the
corresponding carboxylic acids of the formula I, in which B is a carboxyl

group.

The compounds of the formula | are cleaved in the living body (in vivo)
and in cell cultures (in vitro) to give compounds of the formula | in

which B is a carboxyl group or its salts.

After the administration of the:compounds of the formula |, they cause
the inhibition of collagen biosynthesis to be observed in vivo and in
vitro, the compounds of the formula | in which B is a carboxyl group or
its salts being formed. These compounds inhibit prolyl-4-hydroxylase

and therefore lead to an inhibition of collagen biosynthesis.

The compounds according to the invention correspond to the formula |
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R2 N
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R3 N
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in which

R', RZ and R® are hydrogen,
A is a -CH,- group, in which a hydrogen can be replaced by a
| methyl group, and
B is -CO,G, where
'is an organic radical which makes the compounds of the formula
| into prodrugs, including the physiologically active salts,
excluding 3-hydroxypyridine-2-carboxylic acid {glycyl) ethyl

ester)amide.

Preferred compounds of the formula | are those in which

R', R2 and R® are hydrogen,

A is a -CH,- group in which a hydrogen can be replaced by a
methyl group, and

B is -CO,G, where

G is the radical of an alcohol GOH, including the physiologically
active salts, excluding 3-hydroxypyridine-2-carboxylic acid

(glycyl) ethyl esterjamide.
Preferred compounds of the formula | are those in which

R', R? and R? are hydrogen,

A is a -CH,- group, in which a hydrogen can be replaced by a



methyl group, and

is -CO,G, where

is a branched or unbranched {C,-Cyg)-alkyl radical, a branched or
unbranched (C,-C,q)-alkenyl radical, a corresponding {C,-Cop)-
alkynyl radical, a corresponding (C4-C,q)-alkenynyl radical or a
{C5-C, 5)-cycloalkyl radical, or a retinyl radical, where the radicals
can in each case contain one or more multiple bonds, or is a
phenylalkyl radical Where the above radicals in particular contain

one or more substituents from the group consisting of hydroxyl,

‘halogen, cyano, trifluoromethyl, carboxyl, {C4-C4,)-alkyl, (C5-Cgl-

cycloalkyl, {Cg-Cg)-cycloalkenyl, (C,-C,,)-alkoxy, (C,-,,}-alkoxy-
(C4-C, 5)-alkyl, {C,4-C,,)-alkoxy-(C,-C,,)-alkoxy, phenyl-{C;-C,)-
alkyloxy, (C;-Cg)-hydroxyalkyl, (C'1-C1 »)-alkylcarbonyloxy, '

(C5-Cg)-cycloalkylcarbonyloxy, benzoyloxy, phenyl-(C,-C,)-alkyl-
carbonyloxy, including the physiologically active salts, excluding

3-hydroxypyridine-2-carboxylic acid (glycy!) ethyl ester)amide.

Furthermore preferred compounds of the formula | are those in which

R', R2 and R® are hydrogen,

A

is a -CH,- group in which a hydrogen atom can be replaced by a
methyl group, and

is -CO,G, where

is a branched or unbranched aliphatic (C,-C,g)-alkyl radical, a
(C4-Cg)-cycloalkyl radical, a (C45-Cg)-cycloalkyl-(C,-Cg)-alkyl
radical, a branched or unbranched (C,-C, g)-alkenyl radical, such
as, for example, a geranyl, farnesyl or a retinyl radical, or a
corresponding (C,-C, gl-alkynyl radical, a benzyl, phenethyl,
phenylpropyl or phenylbutyl radical,

where the above radicals contain a substituent from the group

consisting of hydroxyl, {C;-C4)-alkoxy, (C,-Cg)-aikyicarbonyloxy,
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(C4-Cgl-cycloalkylcarbonyloxy, benzoyloxy or phenyl-(C,-C,)-
alkylcarbonyloxy, including the physiologically active salts,
excluding 3-hydroxypyridine-2-carboxylic acid (glycyl) ethyl

ester)amide.

Particularly preferred compounds of the formula | are those in which

RY, R? and RS are hydrogen,

A is a -CH,- group, in which a hydrogen atom can be replaced by a
methyl group, and ' |

B is -CO,G, where

G is a branched or unbranched aliphatic (C,-C,g)-alkyl radical, a
(Cg-Cg)-cycloalkyl radical, a (C5-Cg)-cycloalkyl-(C,-C4)-alkyl
radical, a branched or unbranched (C,-C,g)-alkenyl radical, a
benzyl, phenethyl, phenylpropyl or phenylbutyl radical, including
the physiologically active salts, excluding 3-hydroxypyridine-
2-carboxylic acid (glycyl) ethyl ester)amide.

Particularly preferred compounds of the formula | are furthermore those
in which

R', R and R® are hydrogen,

A is a -CH,- group, in which a hydrogen can be replaced by a
methy! group, and

B is -CO,G, where

G is a branched or unbranched (C,-C, g}-alkyl or (C,-C,g)-alkenyl
radical, including the physiologically active salts, excluding

3-hydroxypyridine-2-carboxylic acid (glycy!) ethyl ester)amide.

Particularly preferred compounds of the formula | are furthermore those

in which
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R', RZ and R? are hydrogen,
A is- a -CH,- group, and
B is -CO,G, where
'~ is a branched or unbranched (C4-Cg)-alkyl or (C,-C,g)-alkenyl
radical, including the physiologically active salts, excluding

3-hydroxypyridine-2-carboxylic acid (glycyl) ethyl ester)amide.
In particular, preferred compounds of the formula | are those in which

R1, R? and R3 are hydrogen,
A is a -CH,- group,
B is -CO,G, where
G is a linear (C;-C,g}-alkyl radical,
including the physiologically active salts, excluding

3-hydroxypyridine-2-carboxylic acid (glycyl) ethyl ester}amide.
Particularly preferred compounds of the formula | are those in which

G is a linear (C,-C,g)-alkyl radical, including the physiologically
active salts, excluding 3-hydroxypyridine-2-carboxylic acid
(glycyl) ethyl ester)amide.

The invention furthermore comprises saits of the compounds of the
formula .

Salt formation with acidic reagents can be carried out at the pyridine

N atom.

Reagents used are, for example, toluenesulfonic acid, methanesulfonic
acid, HCI, H,S0,, H,PO, and pharmaceuticals which contain an acidic

group.
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The invention relates to the compounds of the formula | and to the
physiologically tolerable salts for use in the inhibition of collagen

biosynthesis.

The invention relates to the compounds of the formula | and to the
physiologically tolerable salts for use in the inhibition of prolyl-

4-hydroxylase in vivo and in vitro.

The invention furthermore relates to the compounds of the formula |
and the physiologically tolerable salts-for use in fibrotic disorders of the
lung, the liver, the kidney, the heart, the eye and the skin. The
compounds can also be used in atherosclerosis. In this connection,

systemic and/or local applications are used.

In particular, the invention relates to compounds of the formula | and to
the physiologically tolerable salts for local use, in particular as inhibitors
of collagen biosynthesis, as antifibrotic active compounds and in forms
of disease which are caused by an increased formation of connective
tissue (collagen). These include the uses for the avoidance/reduction of
scars after surgical interventions on the human body and in the post-
operative treatment of eye operations, e.g. in glaucoma operations and
in radiation-induced fibrosis or fibrosis induced by chemotherapy, in

particular in the lung.

Finally, the invention relates to the compounds of the formula | for use

as pharmaceuticals.
In particular, the invention relates to compounds of the formula | for
local use in fibrosis of the skin, the lung and the eye, in particular for

the postoperative treatment of glaucoma.

The invention furthermore relates to a process for the preparation of



compounds of the formula I.

The compounds of the formula |, in which A is a -CH,- group in which
a hydrogen can be replaced by a methylene group and B is CO,G, are
prepared by

i1.) reacting pyridine-2-carboxylic acids of the formula li (R® = H)
with the amino esters of the formula Ill or their salts to give the
amidoesters of the formula |; or

i2.) reacting pyridine-2-carboxylic acid esters of the formula II
(R® = lower alkyl = {C4-Cg)-alkyl) under the conditions of

aminolysis to give the compounds of the formula [; or

i) esterifying the compounds of the formula IV with an alcohol
GOH.
Scheme 1
R’ R!
Re OH HN C R OH
N In A
Z > NH-A-CO,G
Rs N Cost l1.) N/ 2
i2.) R
! | 0]
i) T GOH
R1
R2
l N OH
Z NH-A-COOH
R N
(\% ©

Suitable processes for amide formation (reaction i1) are the methods of
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carbonyl activation and the condensation reactions known from peptide

chemistry.

Reagents used for carboxylic acid activation can be the substances
known to the person skilled in the art, such as thionyl chloride, oxalyl
chloride, pivaloyl chloride, chloroformic acid ester derivatives or
N,N'-carbonyldimidazole. The activated derivatives of the compounds of
the formula Il are reacted in situ with the amide derivatives of the

formula lll after preparation.

A suitable condensing agent is, for example, the combination of
N,N'-dicyclohexylcarbodiimide/N-hydroxy-1H-benzotriazole and
N-ethylmorpholine.

Suitable solvents are dichloromethane, tetrachloromethane, butyl
acetate, ethyl acetate, toluene, tetrahydrofuran, dimethoxyethane,
1,4-dioxane, acetonitrile, N,N-dimethylformamide, N,N-dimethyl-
acetamide, dimethyl sulfoxide, nitromethane and/or pyridine.

The compounds of the formula | according to the invention have

valuable pharmacological properties and exhibit, in particular,

antifibrotic activity.

The antifibrotic action can be determined in the following animal

models:

formation of a connective-tissue capsule around a subcutaneously
implanted osmotic minipump, in: Unemori, E.N. et al., J. Invest.

Dermatol., 101:280-5, 1993,

collagen content of subcutaneously implanted "cotton pellets” or

polyvinyl sponges, in: Boyle, E., Mangan, F.R., Br. J. Ep. Pathnol. 61:
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351-60, 1980; and

collagen content of the lung after radiation-induced or chemically
induced fibrosis, in: Ward, H.E. et al., Radiat. Res., 136, 15-21, 1993,
and also Santana, A. et al. Am. J. Relspir. Cell. Mol. Biol. 13: 34-44,
1996,

Inhibition of prolyl-4-hydroxylase in cell cultures:

normal human dermal fibroblasts (NHDF), rat liver epithelial cells

{Ref. 1) and fat storing cells from the liver (Ref. 2) are used as a cell
model for substance testing. To do this, the cells are cultured in the
presence of inhibitors. Simultaneously, the collagen synthesized de
novo this time is metabolically labeled by 4-3H-L-proline and
14C-proline. The effect of the test substances on the degree of
hydroxylation of the collagen is then determined according to the
method of Chojkier et al {Ref. 3). The reference substance employed is
2,2'-dipyridyl. {1.: Schrode, W., Mecke, D., Gebhard, R. 1990.
Induction of glutamine synthetase in periportal hepatocytes by co-
cultivation with a liver epithelial cell line. Eur. J. Cell. Biol. 53: 35-41,
2.: Blomhoff, R., Berg T. 1990. Isolation and cultivation of rat liver
stellate cells. Methods Enzymol. 190: 59-71 and 3.: Chojkier, M.
Peterkofsky, B. Bateman, J. 1980. A new method for determining the
extent of proline hydroxylation by measuring changes in the ration of

(4-3H1:[4C] proline in collagenase digests. Anal. Biochem. 108:
385-393).

inhibition of prolyl-4-hydroxylase in vitro (in chicken embryo calvaria)
according to Biochem. J. {1994) 300, 525-300:

1. Metabolic labeling

Calvaria are dissected from 15-day-old chicken embryos and washed
for 3 min at 37°C in Hanks' balanced salt solution minimum essential
medium Eagle (HMEM, BioWhittaker, Walkersville, MD, USA). 4 calvaria
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each are incubated at 37°C for 2.5 h in glass vessels with 1.5 ml of
HMEM with addition of 2 mM glutamine and 1 xCi or [U-14C]proline
and various inhibitor concentrations. The incubation is ended by
inserting the sample vessel in ice. The medium is removed and the
calvaria are briefly washed with 1 ml of double-distilled H,0. The
calvaria are then treated with 3 ml of 0.5 M acetic acid and 18 ug of
phenylmethanesulfonyl fluoride and extracted for 16 h. The extraction
solution is dialyzed against 0.5 M acetic acid at 4°C to remove the free

[U-14C]proline and then freeze-dried in aliquots.

2. Hydroxyproline analysis

An aliquot of the freeze-dried sample is dissolved in 2 ml of 6 N HCI
and hydrolyzed at 105°C for 24 h. The hydrochloric acid is then
evaporated. The residue is suspended in 300 ul of double-distilled H,0,
transferred to Eppendorf vessels and dried again. The residual
hydrochlorides are neutralized by dissolving in 60 ul of an
ethanol/H,Oftriethylamine 2:2:1 {v:v:v) and repeated drying. The amino
acids are then derivatized for 20 min at room temperature in a solution
of ethanol/triethylamine/phenyl isothiocyanate/H,0 7:1:1:1 (viviv:iv)
and dried again. For analysis using HPLC, the samples are dissolved in
150 ui of a phosphate buffer (5 mM Na,HPO,, pH 7.4/acetonitrile 95:5
{v:v)) and centrifuged at 10000 g for 5 min. 50 4l are used for analysis.
The HPLC chromatography is carried out on a C18 reverse phase

column Ultrasphere ODS 3 um, 4.6 mm x 7.5 cm (Beckman) at 50°C
using the following gradient system:

Time Buffer A : Buffer B

O min 100%

0-9 min 100-90 % 0-10 %
9-11 min  90-0 % 10-100 %
11-12 min 0% 100 %
12-14 min 0-100 % 100-0 %

14-19 min 100%
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Soin. A: 70 mM Na acetate pH 6.14/0.1 % acetonitrile
Soln. B: Acetonitrile/methanol/water 45:15:40 (v:v:v)

: 3
3. SDS polyacrylamide gel electrophoresis

An aliquot of the freeze-dried samples from 1. is dissolved for the SDS
polyacrylamide gel electrophoresis using 10 mM tris/HCI, pH 8/1 mM
EDTA/1% SDS and 5% mefcaptoethanol and denatured at 95°C for
5 min. The electrophoresis carried out on a linear gradient gel (5-15%]).
After fixing in methanol/glacial acetic acid/water 3:1:6 (v:v:v}, the gels

are dried and used for the exposure of Kodak X-Omat film at -70°C.

In the following, the surprising advantages of the compounds accordi'ng
to the invention compared with compounds from EP-A-O 661 269 are
illustrated with the aid of comparison experiments by means of the
inhibition of prolyl-4-hydroxylase {collagen biosynthesis) in rat liver

cells:

Table 1:

Compounds from Example No. | Inhibition of collagen biosynthesis in

rat liver cells

of EP-A-O 661 269 Rat liver fat storing (ito) cells
1 _ -50 % : 53 uM
of EP-A-0 661 269 Rat liver epithelial cells

1 -50 % : 38 uM
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Table 2:
Compounds from Example No. | Inhibition of collagen biosynthesis in
cells
of the present application Rat liver epithelial cells
1 -100 % : 25 uM
of the present application Normal human dermal fibroblasts
-50 % : 0.6 uM
2 -50 % : 1.6 uM
Table 3:
Compounds from Example No. In calvaria
of the present application
19 -50 % : < 0.8 uM
20 (Disclaimer) -50 % : < 0.8 uM

The compounds of the formula; | can be used as medicaments in the
form of pharmaceutical preparation.s which contain them, optionally
with tolerable pharmaceutical vehicles. The compounds can be used as
therapeutics, e.g. 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, or administration by inhalation, such as, for example,
water, gum arabic, gelatin, lactose, starch, magnesium stearate, talc,

vegetable oils, polyalkylene glycols, petroleum jelly etc.

For this purpose, they can be administered orally in doses from 0.1 to
25 mg/kg/day, preferably 1 to 5 mg/kg/day, or parenterally in doses of
0.01 to 5 mg/kg/day, preferably 0.01 to 2.5 mg/kg/day, in particular

0.5 to 1.0 mg/kg/day. In severe cases, the dose can also be increased.
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In many cases, however, lower doses are sufficient. These details -

relate to an adult approximately 75 kg in weight.

Under the examples described below, the compounds of the formula |
according to the invention are designated as substituted 3-hydroxy-
pyridine-2-carboxylic acid (glycyl) esterjamides.

This manner of notation is_ understood as meaning substituted
3-h\}droxypyridine—2-carboxylic acid N-{{alkoxycarbonyl)methyl)amides.
Classification as substituted N-{3-hydroxypyridyl-2-carbonyl)glycine

esters is a further possibility.

Example 1

3-Hydroxypyridine-2-carboxylic acid N-({{1-dodecyloxy)carbonyl)-
methyl)amide

a) Glycine 1-dodecyl ester tosylate

38 g (0.5 mol) of glycine, 93.2 g (0.5 mol) of 1-dodecanol and 115 g
(0.6 mol)} of p-toluenesulfonic ‘acid were heated in a water separator
with 400 ml of toluene until water no longer passed over. 4 h after
cooling, the mixture was made to crystallize by trituration, diluted with
diethyl ether, and the precipitated product was filtered off with suction,
washed with diethyl ether and dried. 140 g of product were obtained,
m.p. 106°C (sintering at 80°C}).

b) 7 g (50 mmol) of 3-hydroxypyridine-2-carboxylic acid were
suspended in 800 ml of anhydrous dichloromethane and treated with
7.5 g (55 mmol) of 1-hydroxy-1H-benzotriazole, 19.2 mi (150 mmol) of
N-ethylmorpholine, 21.2 g (60 mmol) of N-cyclohexyl-N’-{2-morpholino-
ethyl)carbodiimide methyl-p-toluénesulfonate (CMC) and 20.8 g

(50 mmol) of glycine 1-dodecyl ester tosylate and the mixture was
stirred at 20°C for 50 h.
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The precipitated urea was then filtered off with suction, the mother
layer was shaken successively with 2N aqueous hydrochloric acid, with
saturated, aqueous sodium bicarbonate solution and with water, the
organic phase was dried and concentrated in vacuo, and the residue
was chromatographed on silica gel using ethyl acetate. 12 g of pale
brown oil which crystallized on standing were obtained from
appropriate fractions. The mixture was treated with cold petroleum
ether, the product was filtered off with suction and washed with cold

petroleum ether and 8.5 g of coloriess crystalline product were
obtained, m.p. 53-56°C.

Example 2

3-Hydroxypyridine-2-carboxylic acid N-({{1-butyloxy)carbonyl)-
methyl}amide

a) Glycine 1-butyl ester tosylate

38 g (0.5 mol) of glycine were treated with 37 g (0.5 mol) of 1-butanol
and 115 g (0.6 mol) of p-toluenesulfonic acid in 400 ml of toluene and
the mixture was heated in a water separator until water no longer
passed over. After standing overnight, the precipitated product was
filtered off with suction and washed with diethyl ether; 20 g of

product, m.p. 80-82°C. A further 130 g of product were obtained from
the mother liquor.

b) The title compound was obtained by reacting 4.9 g (35 mmol) of
3-hydroxypyridine-4-carboxylic acid with 4.7 g (35 mmol)} of 1-hydroxy-
1H-benzotriazole, 19.8 mi (150 mmol) of N-ethylmorpholine, 14.8 g
(35 mmol) of CMC and 10.6 g of glycine 1-butyl ester tosylate
analogously to Example 1b). After chromatography of the crude

product using ethyl acetate on silica gel, 3 g of oily, pale brown product

were obtained.
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TH-NMR (DMSO, 300 MHz): & = 12.21 (s, OH), 9.45 (t, NH), 8.20 (m,

1H), 7.55 (m, 1H), 7.43 (m, 1H), 4.12 (d, CH,), 4.08 (OCH,), 1.56
{m, 2H), 1.33 (m, 2H), 0.88 (t, CH;).

Example 3
3-Hydroxypyridine-2-carboxylic acid N-({{1-octyloxy)}carbonyl}-

methyl)amide

Example 4

3-Hydroxypyridine-2-carboxylic acid N-(((1—pentyloxy)carbonyl)-
methyl)amide

Example 5

3-Hydroxypyridine-2-carboxylic acid N-{{{1-hexyloxy)carbonyl)-
methyl)amide

Example 6

3-Hydroxypyridine-2-carboxylic acid N-({{1-heptyloxy)carbonyl}-
methyl)amide

Example 7

3-Hydroxypyridine-2-carboxylic acid N-{{{1-nonyloxy)carbonyl)-
methyl}amide

Example 8

3-Hydroxypyridine-2-carboxylic acid N-{{{1-decyloxylcarbonyl)-
methyl)amide

Example 9

3-Hydroxypyridine-2-carboxylic acid N-{({1-tetradecyloxy)carbonyl)-
methyl)amide
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Example 10

3-Hydroxypyridine-2-carboxylic acid N-{{{1-octadecyloxy)carbonyl)-
methyl)amide

Example 11

3-Hydroxypyridine-2-carboxylic acid N-[({{2-ethyl)-1-butyloxy)carbonyl)-
methyl)Jamide

Oily substance; MS: m/e = 281.3 (M* +H)

Example 12

3-Hydroxypyridine-2-carboxylic acid N-({{1-tridecyloxy)carbonyl}-
methyl}amide

Example 13

3-Hydroxypyridine-2-carboxylic acid N-{({1-hexadecyloxy}carbonyl)-
methyl)amide

Example 14
3-Hydroxypyridine-2-carboxylic acid N-{{{1-(cis-9-octadecenyljoxy)-

carbonyl)methyl)amide

Exampile 15
3-Hydroxypyridine-2-carboxylic acid N-{{{1-(trans-3-hexenyl)oxy)-

carbonyl)methyl)amide

Example 16
3-Hydroxypyridine-2-carboxylic acid N-{{(1-(3-
methylbutyl)loxy)carbonyl)methyl)amide-

Example 17
3-Hydroxypyridine-2-carboxylic acid N-{{{1-propyloxy)carbonyl)-

methyl)amide
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Example 18
3-Hydroxypyridine-2-carboxylic acid N-({{2-propyloxy)carbonyl)-

methyl)amide

Example 19
3-Hydroxypyridine-2-carboxylic acid N-{({3-pentyloxyjcarbonyl}-
methyl)amide,

m.p. 84°C (from n-heptane/ethyl acetate (5:1))

Example 20
3-Hydroxypyridine-2-carboxylic acid (glycyl) ethyl esterjamide
(J. Org. Chem. 31, 636-638 (1966)).
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Patent claims:
1. A compound of the formula |
R1
OH
R2
\ 1)
- NH-A-B
R N
0
in which

R', R2 and R? are hydrogen,

A is a -CH,- group, in which a hydrogen can be replaced by a
methyl group, and '

B is -CO,G, where
is an organic radical which makes the compounds of the
formula | into prodrugs, including the physiologically active
salts, excluding 3-hydroxypyridine-2-carboxylic acid
(glycyl) ethyl ester)amide.

2. A compound of the formula | as claimed in claim 1, in which

R', RZ and R® are hydrogen,

A is a -CH,- group, in which a hydrogen can be replaced by a
methyl group, and

B is -CO,G, where

is a branched or unbranched (C,-C,g)-alkyl radical, a
branched or unbranched (C,-C,q)-alkenyl radical, a
corresponding (C,-C,q)-alkynyl radical, a corresponding
(C,4-C,p)-alkenynyl radical or a (C4-C45)-cycloalkyl radical,
or a retinyl radical, where the radicals can in each case
contain one or more multiple bonds, or is a phenylalkyl
radical where the above radicals in particular contain one

or more substituents from the group consisting of
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hydroxyl, halogen, cyano, trifluoromethyl, carboxyl,
(C4-C4,)-alkyl, (C5-Cgl-cycloalkyl, (C5-Cgl-cycloalkenyl,
(C,C,)-alkoxy, {C4-1y)-alkoxy-(C,-C,4,)-alkyl, (C1-C4,)-
alkoxy-{C4-C,5)-alkoxy, phenyl-(C;-C,)-alkyloxy, (C,-Cg)-
hydroxyalkyl, (C,-C,,)-alkylcarbonyloxy, (C5-Cg)-cyclo-
alkylcarbonyloxy, benzoyloxy, phenyl-(C,-C,}-alkyl-
carbonyloxy, including the physiologically active salts,
excluding 3-hydroxypyridine-2-carboxylic acid (glycyl) ethyl

esterjamide.

3. A compound of the formula | as claimed in claim 1 or 2, in which
R, RZ and R3 are hydrogen,

A

is a -CH,- group in which a hydrogen atom can be
replaced by a methyl group, and

is -CO,G, where

is a branched or unbranched aliphatic (C,-C,g)-alkyl
radical, a (C3-C8)—cyclo'alkyl radical, a (C4-Cg)-cycloalkyl-

. (C4-Cgl-alky! radical, a branched or unbranched {C,-Cqg)-

alkenyl radical, such as, for example, a geranyl, farnesyl or
a retinyl radical, or a corresponding (C,-C, g)-alkynyl

radical, a benzyl, phenethyl, phenylpropyl or phenylbutyl

“radical,

where the above radicals contain a substituent from the
group consisting of hydroxyl, (C,-C,)-alkoxy, {C-Cg)-
alkylcarbonyloxy, (C5-Cg)-cycloalkylcarbonyloxy,
benzoyloxy or phenyl-(C,-C,)-alkylcarbonyloxy, including
the physiologically active salts, excluding 3-hydroxy-
pyridine-2-carboxylic acid {glycyl) ethyl ester)amide.

4. A compound of the formula | as claimed in claims 1 to 3, in

which
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R?, RZ and R® are hydrogen,

A is a -CH,- group, in which a hydrogen atom can be
replaced by a methyl group, .and

B is -CO,G, where
is a branched or unbranched aliphatic (C4-C,g)-alkyl
radical, a (C4-Cg)-cycloalkyl radical, a (C5-Cg)-cycloalkyl-
(C4-C,)-alkyl radical, a branched or unbranched (C,-C,g)-
alkenyl radicél, a benzyl, phenethyl, phenylpropyl or
phenylbutyl radical, including the physiologically active
salts, excluding 3-hydroxypyridine-2-carboxylic acid

(glycyl) ethyl ester)amide. -

5. A compound of the formula | as claimed in claims 1 to 4, in

which

R?, R2 and R® are hydrogen,

A is a -CH,- group, in which a hydrogen can be replaced by a
methyl group, and

B is -CO,G, where
is a branched or unbranched (C;-C,g)-alkyl or (C,-C,g)-
alkenyl radical, including the physiologically active salts,
excluding 3-hydroxypyridine-2-carboxylic acid {glycyl) ethyl

esterjamide.

6. A compound of the formula | as claimed in claims 1 to 5, in

which

R', R? and R® are hydrogen;

A is a -CH,- group, and

B is -CO,G, where

G is a branched or unbranched (C,-C,gl-alkyl or (C,-C,g}-
alkenyl radical, including the physiologically active salts,
excluding 3-hydroxypyridine-2-carboxylic acid (glycyl) ethyl

ester)amide.
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7. A compound of the formﬁla | as claimed in claims 1 to 6, in

which

R', R? and R3 are hydrogen,

A is a -CH,- group,
B is -CO,G, where
G is a linear (C1'-C18)-a|k\)l radical, including the
physiologically active salts, excluding 3-hydroxypyridine-
2-carboxylic acid (glycyl) ethyl esterjamide.
8. A process for the preparation of compounds of the formula | as

claimed in claims 1 to 7, in which A is a -CH,- group in which a

hydrogen can be replaced by a methyl group, and B is CO,G,

which comprises

i1.)

i2.)

or

i)

reacting pyridine-2-carboxylic acids of the formula li (R® =
H) with the amino esters of the formula Il or their salts to
give the amidoesfers of the formula I; or

reacting pyridine-2-carboxylic acid esters of the formula li
(R® = lower alkyl = (C4-Cg)-alkyl) under the conditions of

aminolysis to give the compounds of the formula |

R1
OH 2 G Re OH
N i AN
< > NH-ACO.G
i2)
| o)

esterifying the compounds of the formula IV with an

alcohol GOH.
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A compound of the formula | as claimed in claims 1 to 7 plus-
3-hydroxypyridine-2-carboxylic acid (glycyl) ethyl ester)amide for

the inhibition of prolyl-4-hydroxylase in vivo.

A compound of the formula 1 as claimed in claims 1 to 7 plus
3-hydroxypyridine-2-carboxylic acid {(glycyl) ethyl ester)amide for

the inhibition of collagen biosynthesis.

A compound of the formula | as claimed in claims 1 to 7 plus
3-hydroxypyridine-2-carboxylic acid (glycyl) ethyl éster)amide for
the avoidance/reduction of the deposits of connective tissue

{collagens) in the diseased human organs (fibrosis).

A compound of the formula | as claimed in claims 1 to 7 plus
3-hydroxypyridine-2-carboxylic acid (glycyl) ethyl ester)amide for

use in fibrotic disorders.

A compound of the formula | as claimed in claim 12 plus
3-hydroxypyridine-2-carboxylic acid (glycyl) ethyl ester)amide for
use in fibrotic disorders of the lung, the liver, the kidney, the

heart, the eye and the skin and in atherosclerosis.
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A compound of the formula | as claimed in claims 12 and 13 plus
3-hydroxypyridine-2-carboxylic acid (glycyl) ethyl ester)amide,

where use takes place locally and/or systemically.

A compound of the formula | as claimed in claim 14 including
3-hydroxypyridine-2-carboxylic acid (glycyl) ethyl esterjamide for
local use for the avoidance/reduction of scars after surgical

interventions on the human body.

A compound of the formula | as claimed in claims 9 to 14 plus
3-hydroxypyridine-2-carboxylic acid {glycyl) ethyl ester)amide for
local use in the case of increased formation of connective tissue

(fibrosis) in the skin.

A compound of the formula | as claimed in claims 9 to 14 plus

.3-hydroxypyridine-2-carboxylic acid (glycy!) ethyl ester)amide for

local use (by inhalation) in the case of increased formation of

connective tissue (fibrosis) in the lung.

A compound of the formula | as claimed in claims 9 to 14 plus
3-hydroxypyridine-2-carboxylic acid {(glycyl) ethyl ester)amide for
local use in the case of increased formation of connective tissue

(fibrosis) in the eye.

A compound of the formula | as claimed in claims 9 to 14 plus
3-hydroxypyridine-2-carboxylic acid {glycyl) ethyl ester)amide for

local use in the eye for postoperative treatment of glaucoma.

A compound of the formula | as claimed in claims 9 to 14 plus
3-hydroxypyridine-2-carboxylic acid {glycyl) ethyl ester)amide for
local use in radiation-induced fibrosis or fibrosis induced by

chemotherapy, in particular fibroses of the lung.
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A pharmaceutical comprising one or more compounds of the
formula | as claimed in claims 1 to 8 plus 3-hydroxypyridine-

2-carboxylic acid (glycyl) ethyl ester)amide.

The use of the compounds of the formula | as claimed.in claims
1 to 8 plus 3-hydroxypyridine-2-carboxylic acid (glycyl) ethyl
ester}amide for the inhibition of prolyl-4-hydroxylase and in

fibrotic disorders.



