//f/;escription 3- Hydr oxypyri di ne- 2- car boxam doesters, their preparation and. .
¢t heir use as pharmaceuticals The invention. relates to .B
3- hydr oxypyri di ne- 2- car boxani doesters, their preparation and the|r use
the inhibition of collagen biosynthesis and their use as pharnaceuLpggSP
for the treatnment of fibrotic disorders. Conpounds which inhibit t
enzynes prolyl and lysyl hydroxyl ase calise a very selective inhibition of
col | agen bi o®esthpsbs by affecting the coll agen-specific hydroxyl ation
reactions. In the course thereof, protein-bound proline or lysine is
hydr oxyl ated by the enzynes prolyl or IysyI hydr oxyl ase. If this reaction
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can be re ease extrace space only
in a smal | ageWHarmadeticar! | s. The under hydroxyl ated col | agen additionally
cannot be incorporated into the collagen matrix and is very easily

proteol ytically degraded. As a result of these effects, t he anount of

extracel lul a deo ited colla I,s_decreas rall...lnhjbitgrs of
ool yi - hydr ol ea00BaREN RIS 3P o DU e R ElnE 2anpree A ERES ey IS of

di sorders i noabhgRtibhearle B9s heerropfthew\e&mofl%nsgsﬁlafowheg.@%rf‘é to
the clinical plcture These include, inter alia, fibroses of the Iung,

i ver and skitheif sskecaspbampaceuticalarfer tii¢ ereabomens ofi fipraticedisardersur gi cal

interventions) and al so atherosclerosis. ‘It is knowmn that the enzyme prolyl
hydr oxyl ase is effectively inhibited by pyridine-2,4- and -2, 5-di carboxylic

actd 0 (K Veiamanal hicnHFioid tyPBREAEES phoflcky RAG) nBdfsfile |1 coll

culture, homever ese ounds are o I've as or's 1n very
hi gh concent rcalusensvery 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



2 (Tschank, G et al., Biochem J. 238 (1987) 625-633). Prodrugs of the
pyridine-2,4(5)-dicarboxyl ates are al'so known. These are described in the
Pat ent Applications EP-A-0 590 520 and DE-A-42 38 506 and EP- A-O 562 512.
N- Oxal yl gl yci nes as inhibitors of prolyl-4-hydroxyl ase are known from

J. Med. Chem 1992, 35, 26.52-2658 (Cunliffe et al.) and EP-A-0 457 163.

3- Hydr oxypyri di ne-2-carboxylic acid (gl %yl ))am des and their prodrugs, and
their use, are disclosed in EP-A-0 661 9. Furthernore,
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COfmoundS WhbGrd éo(i'tﬁte' WiRBe 4 %) dicBASlyisted 4 agemﬂdw'meeé\dlor in
AR

vitro act|V|ty, |nthe|r systemc and/ or | ocal use.

Sur pri si ngl yarei deém&baabm ﬂmsﬁafamnﬂpplhzdtldhsh&ﬂ-rmﬂyﬁaﬁl 5i2@ean2 car box-
am doesters of the fornula | are particularly strongly active inhibitors of

col | agen bi o@?rﬁ‘ﬁ’e?s@ 5@@@“‘&53 ﬁT%lslsr?gﬁﬂghed by a particularly high in

vivo and in vitro activity, in particular in their system c and/or | ocal
use against fibrotic disorders. These include, for exanple, fibroses of the

| ung, the | iMﬂDxal?l‘élyKin‘é@% inhitsitdreasft prdlh%%r@ﬁﬂabé%ré iind véri Grdri
at her oscl erosi s he conpounds of the formula lead to a potent inhibition

of col | agen HiNegGhami §9i9rz,t3ﬁe. #652- 2!658r(§¢lrﬂ:léiq et gkl gndnor mal human
der el 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).



fibroblasts, primary fat storing cells fromrat liver, rat liver epithelial
“cells and in organ cultures of calvaria). 3 They are particularly
suitable for local use as inhibitors of collagen biosynthesis, for |ocal
use as antifibroti-c active conpounds and for |ocal use in fornms of disease
whi ch are caused by an increased binding of connective tissue (collagen).
Thus the conpounds of the fornula | are §uitable, for exanple, for |ocal
use for the avoi dance/reduction of scars“after surgical interventions on

t he human body and for |ocal use in . th stoperative treatnent of

opht hal ni c dFéSV&éPé’,a'E?bj'.a”ch%“Eﬁﬁ? 68%?‘%{%?%%%%%@%’30??5%%}7& and in
radi ation-in LOLosl L OLQS| S: ¢ '

particul ar i ﬁﬁ%ﬁgt{‘%ﬁé P hlgeé!)%%3%?sr&gizgggﬁgﬁ%é%oggﬁ?&}%?%ﬁdoﬁd'J;r e ester

prodrugs of idial veerinXeemd slodicaabexyhich areidkuset byanfiatrsdsadlbindimgihi ch B
is a carboxyl group. The conpounds of the formula | are cleaved in the
living body ¢f eonneelivartissiue (cellagenil tTivussthe eowiporodstef dievtorgufpdunds of
the formula | in which B is a carboxyl group or its salts, After the

i ni st rat 86F BPILERE: o6 ARARIE B IorR iR fr the: SVoRBpCEaducton o

i nhibition o I 1 QSIY; | aVI=Yo TNy ' ' [ tro,

t he corrpoundéc%% %ﬁgﬁsg%?gﬂlié}?ﬁhﬁﬁﬁgh tl]Rl'ts)'s'g cargggg?gn\éffoﬁgggéws\f@s salts
bei ng for nedin The pestagratind treathdnittofpophtHalrhididitoodgisasegatite t her ef ore

|l ead to an inhibition of collagen biosynthesis. The conpounds according to
t he inventi oROStINEIPYAGreaFment efoglgycama 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 |



in which Rl, R2 and R3 are hydrogen, A Is a -CH2- group, in which a
>hydrogen can be replaced by a nethyl group, and B Is -CJerr]G where G
is an organic radi cal which nmakes the conpounds of the formula | into
prodrugs, including the physiologically active salts, excluding

3- hydr oxypyri di ne-2-carboxylic acid (glycyl) ethyl ester)am de. Preferred
conpounds of the fornula 1 are those in ahich RL, R2 and R3 are hydrogen, A
is a -CH2- group in which a hydrogen can be replaced by a nmethyl group, and
B is -CJerr]G where G is the radical of an al cohol GOH, including

t he physiologically active salts, qexcludi ng 3-hydroxypyridi ne-2-carboxylic
acid (glycyl) ethyl ester)ani de.RPreferred conpounds of the fornula | are
those in which R, R2 and B3 are] hydrog¢h, A is a -CH2- group, in which
a hydrogen can be replace&zb M

NH-A-B

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



met hyl group, and B Is -Cerr]G where G Is a branched or unbranched
s(Cerr]-Cerr]0)-alkyl radical, a branched or unbranched (C2-C20)-al kenyl
radi cal, a correspondi ng (C2-C20)- al kynyl radical, a correspondi ng
(Cerr]-derr]0)-al kenynyl radical or a (Cerr]-Cerr])-cycloal kyl radical,
or aretinyl radical, where the radicals can in each case contain one or
nore multiple bonds, or is a phenylal kyl g adi cal where the above radicals
in particular contain one or nore substituents fromthe group consisting of
hydr oxyl , hal ogen, ,—ﬁyﬂwp réug,fdrdgor onet hyl , car boxyl,

(derr]- C[err] -al kyl, err -Cerr])- cycIoaI kyl,

(dJerr]-derr] cyd$o§ rG%C[err] Cerr])-al koxy

(et E;F;Hi?aélkﬁééy@%%ﬁéé% 8oy ed (43eor sl ypoieel 8 bnered o

al kyl oxy, ((err] Lﬂbi’éﬁ&ﬁech -c Ikgmhyl(rebiieal, la €breesgonding (C,-Cyp)-

[err])-al kyl carbonyl oxy, ({ er err])-cycl oal kyl car bonyl oxy benzoyl oxy,
phtenyl (cl[terr] qlerann\drrﬂ‘}ucal (?ﬁ‘FQJ'b?ﬁﬂOM‘WQ {CGeCaol-dlsenyiayl gﬁ?@?l PoBi cal |t y
active salts, exc c e

est er) am de. Furtherﬁor‘e’z pre?d:arre %'ngpo%ﬁr?ggeqowfgf?‘%l %rg tf'g:ﬁ(gx%%ose ?/n

which Rl, R2 and RZaw i duoiv @gecontain oﬂéoﬁmd@bﬁ‘nulgrpdmbondlsvmnsra a hydrogen
atom can be replaced by a nethyl group [ where G

and B is -CJg er_rJ
is a branched or urﬂheé‘r’{é%\%ﬂ féfiicﬁh&'theée the abpye radicalp)io gagticulaneentain 5
(C3-C8) -cycl oal kyI
(dJerr]-derr])- cy kﬁ.{dr?%["g?tr' Ue se;rr0 ) -ﬂ?ﬁ ﬁy‘fuPr g%?sgs?ng of h?’ﬁh%’?Yed or
unbranched (derr]- ﬁlegér] )eyanloe myfludrachiethyl, cartdxyhs(C -Gy, )ealavrlpl(@ -Cg)-
geranyl, farnesyl or a retr nyl radical, or _a_co ondi 18) - al kynyl
radi cal , a benzyl, Pieaky é (CeGiakryrioalkspy!, dpﬁltﬂ'eaiﬁﬁ) qunad égl ,’&‘
(C1-C12)-alkyl, {C4-C4,)-alkoxy-(C4-C, 5)-alkoxy, phenyl-(C;-C,)-
alkyloxy, {C4-Cg)-hydroxyalkyl, (C4-C,,)-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

B is -CO,G, where

G 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,



where the above radicals contain a substituent fromthe group consisting of
*hydroxyl, (Cerr]-(err])-alkoxy, (CJerr]-Cferr])-al kyl carbonyl oxy, 6
(Jerr]-Cerr])-cycloal kyl carbonyl oxy, benzoyl oxy or

phenyl -(Clerr]-Cerr])- alkylcarbonyl oxy, including the physiologically
active salts, excluding 3-hydroxypyridine-2-carboxylic acid (glycyl) ethyl
ester)am de. Particularly preferred conp@inds of the fornula | are those in
which Rl, R2 and R3 are hydrogen, A is a -CH2- group, in which a

hydrogen at om can (be. ¢-pkaBAIGIeALERYIBKY, BeALBy I Ehenyisc, gL G

where G Is a bra nbranched al'i phati c err])-al kyl
radi cal, a (( err]alk¥learjonydyxy oiakcluding abe qdiysialogically active salts,

- - | oal kyl - - - al kyl di_cal b hed
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phenyl propyl or pgee X* QH%ML radi cal, including the physiologically active
salts, excluding 3 ydroxypyridine- 2-carboxylic acid (glycyl) ethyl
ester)am de. Particularly preferred conpounds of the fornula | are
furthernore those in which RlL, R2 and R3 are hydrogen, A is a -CH-
group, in whiRartigulayyr prgderred redmepownpdsoédheformpta hate thaagin winctB i s
-CJerr]G where
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
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
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



G is a branched or unbranched (Cl-C18)-al kyl or (C2-C18)-al kenyl

sradi cal, including the physiologically active salts, excluding

3- hydr oxypyri di ne- 2-carboxylic acid (glycyl) ethyl ester) am de.
Particularly preferred conpounds of the formula | are furthernore those in

whi ch 7 R, R2 and R3 are hydrogen, A is a -CH2- group, and B i's
-CJerr]G where G is a branched or 9nbranched (derr]-Jerr])-alkyl or
(derr]-derr])-al kenyl radi cal, including the physiologically active
salts, excl u ing dr oxypyri d| ne- 2- carboxylic acid (glycyl) ethyl
ester)am deR Iﬁ p%ﬂ‘#‘uﬂ'&r hydspgeRr r ed corrpounds of the formula | are those
in which R1, ar d en, _ is a -CH2- group, B is
-CJerr] G \'bnere?%g @‘i %pﬁhégg (C[err] C err)-al kyl radical, including

t he physi ol ggi calid yc@cit; wehsal ts, excludi ng 3-hydroxypyridi ne-2-carboxylic
acid (gl ycyI ) ethyl ester)ami de. Particularly preferred conpounds of the
formula | afe thdse branghedier@nbranehed I(Cm-ébqrg)-(édif\érql] (G-6n gi)yu@nw

d | | udi | | t | t |
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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 I.

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.



formula 1. Salt formation with acidic reagents can be carried out at the
pyridine N atom Reagents used are, for exanple, toluenesulfonic acid,

met hanesul fonic acid, HCL, Herr]SOerr],Herr]PJerr] and pharmaceutical s
whi ch contain an acidic group. 8 The invention relates.to the conpounds
of the formula | and to the physiologically tolerable salts for use in the
i nhi bition of collagen biosynthesis. The8 nvention relates to the conpounds
of the formula | and to the physiologically tolerable salts for use in the
i nhi bition of Pheinyentidn hglatesdd theecompounds ahdhe formulad.anthte thevent i on

furthernore relateg to the conpounds.of - the fornmula.l and the

physi ol ogi cal |F§P\{56‘ﬁ8$'§8¢'5é?%|§73g29 F%l?s &%reu§%mfﬁl"ﬁr|§ﬁbitl%ri\ 8@?8@?%e“of t he | ung,
the liver, theiksgHifi¥sist he heart, the eye and the skin. The conpounds can
al so be used in atherosclerosis. In this connection, system c and/or | ocal

applications are used. In particular, the invention relates to conpounds of
the formula | gnd. to t.he physi ol gqi call I of.lgcal use, in
particul ar as ﬁ%m&pﬁ% r§l1a¥ Sof)q Q%eﬁmjﬂ'f%gbﬁ% ﬁégﬁé%fz@“%ﬁt%ﬂ%’r Sc active

conpounds and gHysidlbgialy t6lefdis Salté Férusy i GRUABIbItIYN af pralgl-eased
formati on of connective tissue (collagen). These include the uses for the

avoi dance/ r eduthyverpxylasedardvapndin &ilfei cal i nterventions on the human body
and in the post- :

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



operative treatnment of eye operations, e.g. in glaucoma operations and in
< radi ation-induced fibrosis or fibrosis induced by chenotherapy, in
particular in the lung. Finally, the invention relates to the conpounds of
the formula | for use as pharmaceuticals. In particular, the invention
relates to conmpounds of the fornmula | for local use in fibrosis of the
skin, the lung and the eye, in particular9for the postoperative treatnent
of glaucoma. The invention furthernore relates to a process for the
preparation of comp@ouwrrispelutisiopiutne fornula 1. The conpounds of the
formula 1, in which Ais a -CH2- group in which a hydrogen can be repl aced
by a rrethyl ene group and Bis CJerr]G are prepared by 11.) reacting
pyri di ne- 2-car 4 JcH,-HiroWb ik vikiegham no
esters of the mgrrﬁr%pﬁhg%??& ée?‘?rni‘g??gin?‘g%gﬁh\(/g[llsdeca ;gi)g\g?ers of the
formula 1; or i@hydrogeadtanige paplactidiiey 2-roathytend groupcand Bsis&5Q,@r atene
formula 11 (Rlerr] = | ower alkyl (derr]-derr])-alkyl) under the
condi tions of d?fpﬁé'leﬂs‘i’\é to give the conpounds of the formula 1; or ii)
esterifying the conmpounds of the fornula IV with an al cohol GOH Schene 1
[err]

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!
H,N-A-CO,G
Re OH : 2 R OH
N In A
> NH-A-CO,G
Z . _ X
N CO.R5 i1.) N
re : 2) R
! | 0]
i) T GOH
R1
R2
N OH
l Z NH-A-COOH
R N
o]
(\%

Suitable processes for amide formation (reaction i1) are the methods of



Sui tabl e processes for amde formation (reaction il) are the nethods of

: 10 carbonyl activation and the condensation reactions known from pepti de
chem stry. Reagents used for carboxylic acid activation can be the

subst ances known to the person skilled in the art, such as thionyl
chloride, oxalyl chloride, pivaloyl chloride, chloroformc acid ester
derivatives or NN -carbonyl di m dazole. Th@ activated derivatives of the
conmpounds of the formula 11 are reacted in situ with the am de derivatives
of the fornul a:a]:ﬂxﬁn‘af5@Wapbﬁmrdatheo¢nnd‘érsatloab¢a£tammwndrfugenﬂpt'dg for
exanpl e, the caonbination of N ,N'-dicycl ohexyl carbodiim de/ N hydroxy- 1
H benzot ri azol &eAREM: et hyl mor phoI ine. Suitable solvents are

di chl oronet hane, tetrachl oronet hane, butyl acetate, ethyl acetate, toluene,
t etrahydrof uran, di net hoxyethane, 1, 4-di oxane, acetonitrile,

N, N- di met hyl f oResgdrde usbd Nod carttoixylic asideactiviation cimbe lihe substaogesle,

t th d/ d ds of, the, f ] t
{“her?E‘Q’en?f‘ﬁna#}w@%JS%&étﬁeE?%aFﬁsém o 26h Spee, IRyt SHBdenPRRY (0

particular, ILBhQé 0+.b81 FEthH)é cﬂl'%?of%%ié LObUdEr a&hvaVeSa be

determnedlnt ganlma nodel s: fornmation of a connective-tissue
capsul e ar ouncN,?N smﬂrbuhalﬂarnuhalzylel. Tible sacitiva texh derivativesndfothepcompoundseabr i |

E.N et al. I\p tI

the ormula 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:



Dermatol ., 101:280-5, 1993, coll agen content of subcutaneously inplanted
"cotton pellets"” or polyvinyl sponges, in: Boyle, E., Mangan, F.R, Br. J.
Ep. Pat hnol. 61: 351-60, 1980; and coll agen content of the lung after
radi ati on-induced or chemcally induced fibrosis, in: Ward, HE et al.,
Radi at. Res., 136, 15-21, 1993, and also Santana, A et al. Am J. Respir.
Cell. M. Biol. 13: 34-44, 1995. I|nhibitjpn of prolyl-4-hydroxylase in
cell cultures: nornal human dernmal fibroblasts (NHDF), rat |iver ‘epithelial

cells (Ref. 1) @h toorahgcells fromthe liver (Ref. 2) are used as a
cell nodel for ?a? t’esmg To do this, the cells are cultured in the
presence of inhibitors. Sinmultaneously, the collagen synt hesi zed de novo
this time is netabolically |abeled by HL- ne .and 14C oline. The
ef fect of the tcoagenpentantad the 'lﬂ%aﬁébf’%““&‘? SQﬁra‘EheHﬁ' IF Ythe

collagen is th e d t h h of 0 | (Ref.
3). The refere %%&Slﬁlﬁo%%é '@Cn%gyelg% eQZatIZ%ﬁy??gyﬂéé(]llsjzg{:hﬁ)%% $Ne

Mecke, D., Gebhmddals®RSah®éis, A.netuall Aom .hf Regpir. LallaMely Bidlel s 84r-44,
periportal hepatocytes by co- cultivation with a liver epithelial cell
line. Eur. J. G&9%. Biol. 53: 35-41, 2.: Blonhoff, R, Berg T. 1990.

I solation and cultivation of rat liver stellate cells. Methods Enzynol.
190: 59-71 and 3.: Chojkier, M Peterkofsky, B. Bateman, J. 1980. A new

met hod for det dnhibiticigof peolgxd-bytiradylgsechiaedl duftirescy| at i on by neasuri ng

changes in the nroantnlacl)rllnu?rfan 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
(4-3H):1'4C] 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



[4-Terr]H :[[err]C] proline in collagenase digests. Anal. Biochem 108:
385-393). Inhibition of prolyl-4-hydroxylase in vitro (in chicken enbryo
cal varia) according to Biochem J. (1994) 300, 525-300: 1. Metabolic

| abel ing Cal varia are dissected from 15-day-ol d chicken enbryos and washed
for 3 mn at 37[err]C in Hanks' bal anced salt solution m ninum essenti al
medi um Eagl e (HVEM Bi oWii ttaker, Wl kersyblle, M), USA). 4 calvaria 12
each are incubated at 37[err]C for 2.5 h in glass vessels with 1.5 m of

FVEM wi th addi 1iomh gl inclBA@UAET 8¢ BP9 & nlifTdiadd vasadh i1 Y Rillge and

various inhibitor concentrations. I ncubation 1s ende y Inserting the
sanpl e vessel iHMEM withadditiiruof 2anivegiotainenand AguGiadrnvidl-t 4Clprelibei ef | y

hed with 1 =i St | 0 T t t ed
vesned w1 "inglaHBYP NS Syt TR SALMAEER ibaphen (ool
and extracted fiosedthgithelésempletvesstl ioncsolhe nmedium idiramoved aghthest 0.5 M

acetic acid at 4[,errr]Ctp.rgnove,the free [[U,.14Cl prql i.ne then
freeze-dried i nCHY% gfes_gngy%hggﬂ}téﬁ H&%ﬁ'&?l‘%gq—g'sﬂﬂe%ﬁ]&]o&%f t he
;reege-ﬁri $ﬂ Sﬁ@a;berid;] l%réi:t!‘iéiotr_&g@_di Witﬁ minmffcﬁstoﬁllet?wbm)admgw;@Obfat 1050C
or 24 h. e ro oric agid is then eyaporate resi due is,
Coepanded i n sodnemimetianesolipnel fldridq pad kBRI or 16 o f Bp adraction
Eppendor f vessesslufiol i§l Hidbkedd@ddinst TS WMesddisddcil il rarah k@ réhede 2RE free

neutralized by di ssolvin n o6 err]l an
. ' y [UI-% iC];\)/rloli%eland t(l)\eL\ free]ze-é)r];ed 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%



et hanol /H20/triethylam ne 2:2:1 (v:v:v) and repeated drying. The am no
‘acids are then derivatized for 20 mn at roomtenperature in a solution of
et hanol /tri et hyl am ne/ phenyl i sothiocyanate/H20 7:1:1:1 (v:v:v:v) and dried
again. For analysis using HPLC, the sanples are dissolved in 150 [err]| of
a phosphate buffer (5 MM Na[err]HPd err], pH 7.4/ acetonitrile 95:5 (v:v))
and centrifuged at 10000 g for 5 mn. 50q9Berr]| are used for analysis. The
HPLC chromat ography is carried out on a Cl8 reverse phase colum

U trasphere O3, herzd mmNDacetate SH6.a8/0Begkasdonadrii®O[ err] C using the

foll owi ng gradient system Tine Buf fer A Buffer B O mn
100% 0- 9 mi n Soln0B: d@etonitrile/methanol/water145:1i5340du:\gv} 10- 100 %
11-12 min 0% 100 % 12-14 min 0-100 % 100-0 %

14-19mn 100% 13 Soln. A: 70 M Na acetat.e pH 6.14/0.1 % acetonitrile

Sol n. B: Acet ofli $0E! 3IyRePRAGHE W2t @fecﬁ%biaé'rék@; (v:iv:v) 3. SDS polyacryl am de
gel el ectrophoresis An aliquot of the freeze-dried sanples from1l. is
di ssol ved for the SDS pol yacryl am de gel el ectrophoresis using 10 nmM

05 orr]C. for SARANUTHE! B lPEnHOrasPOrIar o0k Toit ABR0L M 'RETe 8P ent
gel (5-159% . 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




After fixing in nmethanol/glacial acetic acid/water 3:1:6 (v:v:v), the gels
care dried and used for the exposure of Kodak X-Omat filmat -70[err]C. In
the follow ng, the surprising advantages of the compounds according to the
invention conpared with conpounds fromEP-A-0 661 269 are illustrated with
the aid of conparison experinents by neans, of the inhibition of

prol yl -4-hydroxyl ase (coll agen bi osynt hesﬁ%) inrat liver cells: Table 1:

Conmpounds from Exanple No. Inhibition of collagen biosynthesis in rat
liver cells of TEPleA2D 661 269 Rat liver fat storing (lto) cells 1
-50 % 53 [err]Mof EP-A-0 661 269 Rat liver epithelial cells 1
-5P| % 38b[ err]M 14 Table 2: Conpounds from Exanple No Lnhibition of
col | agen bi osypthesi s | ells of t pr : ' ' ; ki
cpi thel 1 al cel | Gompounds from Exdimole'ifo " TaABlicGPBY EdebioFASsTR |
application Nprmal human dernal fibrobljastis 1 150 %
0.6[err]M2 =506 ferriMTabte 3
of the present application Rat liver epithelial cells
1 -100 % : 25 uM
of the present application Normal human dermal fibroblasts
1 -50 % : 0.6 yM
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.



Conmpounds from Exanpl e No. In calvaria of the present
-application 19 -50 % < 0.8[err]M 20 (Disclainer)
-50 % < 0.8 [err]M The conpounds of the forrmula I can be used as

medi caments in the form of pharnmaceutical preparations which contain them
optionally with tol erabl e pharmaceutical vehicles. The conmpounds can be
used as therapeutics, e.g. in the form ofigpharmaceutical preparations,

whi ch contain these conpounds as a mi xture with a pharmaceutical, organic

or inorganic exginRiNtases, Al ével Olo vl dsak ar® BUERLIGME Thesedefalsent er al
adm nistration, or admnistration by inhalation, such as, for exanple,

wat er, gum ar alselate gelaatadult aprrositratelt 4D g, inrigighsi um st earate, talc,
veget abl e oils, polyal kyl ene glycols, petroleumjelly etc. For this
pur pose, they can be adm nistered orally in doses fromO0.1 to 25 ng/kg/ day,

preferably 1 tqRidiathk@xdmblePlestiisrat seia, Xhé BoApsormdefofGhe ¥otraufa |

nmg/ kg/ day, preferably 0.01 to 2.5 nop/kg/day, in particular 0.5 to 1.0

nmy/ kg/ day. | n seeerdingiedbe inventivpsarestasigiiated pe substituiged B-hydroxs- | n many

cases, however, |.ower dosgs e s%ffli cilgntf These details relate to an

adul t appr oxi mRYEANe;2-qarboxyligRdid (Yl gpteriamidss: | s descri bed bel ow,

the conpounds afhi Rfarirer B Irdtaticit BOlikddiStdod dmeaRirRNéutiiitated desi gnated as

substituted 3-hydroxy- pyridine-2-carboxylic acid (glycyl) ester)am des.

Thi s manner of hbvdtoxynyridingrdteadosylic asididfalkexyeapaeniimethyllamides.
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.



3- hydr oxypyri di ne- 2-carboxylic acid N (al koxycarbonyl) nethyl) am des.
-Cl assification as substituted N-(3-hydroxypyridyl-2-carbonyl)glycine esters
is a further possibility. Exanple 1 3-Hydroxypyridi ne-2-carboxylic acid
N (((1-dodecyl oxy)carbonyl)- methyl)am de a) d ycine 1 -dodecyl ester
tosylate 38 g (0.5 nol) of glycine, 93.2 g (0.5 nol) of 1-dodecanol and 115
g (0.6 nol) of p-toluenesul fonic acid_merg heated in a water separator with
400 M of toluene until water no |onger p %sed over. 4 h after cooling, the

i . [ 1i b i i di |l i th di hyl her ,
T the pae TN pds il St areaqyas then e se St SUERPBn e RtbaY i
di ethyl eth N , : i : C
('Sﬁ] t gri ﬁtg g[ | e\g%fg,_akéﬁ%&yeés.%@du;;ﬁ ?ﬁl{)?qt?&;@é REdrodRIdric ABRI, &4ith

3- hydr oxypyr i diatéraled asdpoeols sodiaht bitirbosapssldadni andOdthriwatkr athiey dr ous
di chl oronet hane and treated with 7.5 g (55 mml ) of

1- hydr oxy- 1H Issaaricrphass wasidried and Co5GeRtidtyd ¢ VRCEPhPNAJPBHERIdNE, 21.2 g
(50 mml) of N-cyclohexyl -N - (2-nor.pholino-.ethyl)car I iy de
ot hyl - p. t ol uSHES BT RALRS PERES ol aion a8t G AL eat ) b Erel B odecy!
ester tosyl at ¢:gith b SyRichidtyStaleSbh staediRg wBRCobesined ffom 16 The
precipitated urea was then filtered off wth suction, the nother |ayer was
shaken successippebpgriatiet fragtibnsiUtoe snikyureoefalsdreatedcwith owldhpetroleum
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.



saturated, aqueous sodi um bi carbonate solution and with water, the organic
‘phase was dried and concentrated in vacuo, and the residue was
chromat ogr aphed on silica gel using ethyl acetate. 1 2 g of pale brown oi
which crystallized on standing were obtained from appropriate fractions.
The m xture was treated with cold petrol eumether, the product was filtered
off wwth suction and washed with cold petrol eumether and 8.5 g of
colorless crystalline product were obt ainkd, mp. 53-56[err]C. Exanple 2

3- Hydr oxypyr i di ne- 2- car boxylic acid N—(s (1 -butyl oxy) carbonyl)-

met hyl ) am de ' HYNMRADM S, 300pMHa): Bseet 2t Db y$.a08138.45((0. BHpB)28Hmyl yci ne

were treated,w,t (0. l) , of .1-byt |, 115 f

p-t ol uenesul f%yhi ?ggl(&l ﬁHEOg%rﬁ) (g 1%8[ E}eﬁgqgngﬂ?ﬂekr‘rpgt(ﬁ)%ﬁﬁgg‘l ')I“?ggt ed in a
wat er separ ajey 2t i1 39aigr 2R, bFWE, dassed over. After standing

overni ght, the precipitated product was Pi'ltered off with suction and
washed with diethyl ether; 20 g of product, mp. 80-82[err]C. A further 130

g of product were obtained fromthe nother |iquor. b) The title conpound
was obt ai ned E¥gMdact ing 4.9 g (35 mml) of 3-hydroxypyri di ne-4- car boxylic

ol "of - eci Y HEPORB g 2iger gV fe Keid N PERE MR BBrE ™ "ot gl yerne 1
-butyl ester ph@gyl)ahfidanal ogously to Exanple 1 b). After chromatography of

t he crude product using ethyl acetate on silica gel, 3 g of oily, pale
brown product were obtained.

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



17 [err]H-NVR (DMBO, 300 MHz): [err] = 12.21 (s, OH), 9.45 (t, NH), 8.20
*‘(m 1H), 7.55 (m 1H), 7.43 (m 1H), 4.12 (d, CHerr]), 4.08 (OCCH err]),
1.56 (m 2H), 1.33 (m .2H), 0.88 (t, CHerr]). Example 3

3- Hydr oxypyri di ne- 2-carboxylic acid N (((21-octyloxy)carbonyl)- nethyl)am de
Exanpl e 4 3-Hydr oxypyri di ne-2-carboxylic acid N-((( 1 -pentyl oxy)carbonyl) -
met hyl ) ani de Exanpl e 5 3- Hydr oxypyri di ne-¥B carboxylic acid N-( ((1

- hexyl oxy) carbonyl) - methyl)am de Exanpl e 6 3-Hydroxypyridi ne-2-carboxylic
acid N (((1-hepxgirgdgOar bonyl)- nethyl)am de Exanple 7

3- Hydr oxypyri di,ne- 2- car boxyl i£ acid (L 70 r % )
met hyl ) am de Eggﬁﬁ%é)xé’pﬁ'%&%@%?ﬁy% %&10( é-‘é@r@%éf???ﬁ'%gﬁ%% 1
- decyl oxy) car bodtrhlhamied hyl ) am de Exanpl e 9 3-Hydroxypyri di ne-2-carboxylic
acid NN(((1 -tetradecyl oxy) carbonyl)- nethyl)am de
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



18 Exanpl e 10 3-Hyd roxypyridi ne-2-carboxylic acid NN( ((1 -octadecyl oxy)
carbonyl )- nethyl)am de Exanple 1 1 3-Hydroxypyridi ne-2-carboxylic acid
N[(((2-ethyl)-1 -butyloxy)carbonyl)- nmethyl) lanm de G|y substance; Ms:
me = 281.3 (Merr] +H) Exanple 12 3-Hydroxypyridi ne-2-carboxylic acid N-((
(1 -tridecyl oxy)carbonyl)- nethyl)am de Exanple 13

3- Hydr oxypyri di ne- 2-carboxylic acid N ((i%- hexadecyl oxy) car bonyl ) -

nmet hyl ) am de Exanpl e 14 3- Hydroxypyri di ne¥2-car boxylic acid
N-(((21-(cis-9-octadecenyl)oxy)- carbonyl)nethyl)am de Exanple 15

3- Hydr oxypyr iEamPle-t8r boxyl i ¢ acid N (((1-(trans-3-hexenyl)oxy)-

??g? o%!{ L;TF Hﬁ/ Mgfpatﬁgglng-lc%ﬁ)@‘j}{%ﬁ%&éﬁ%gh%(@%Fo-exﬁg%gvl)t_: acid N ((1

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)).



met hyl )

3- Hydrmw i c acid N-(((1-propyloxy)carbonyl)-
.am de m 3- Hydr oxypyri di ne- 2-carboxylic acid

N (((2- m - methyl) am de Exanple 19

3- Hydr oxypyri dl né- 2% car oxyI ic acid N (((3-pentyl oxy)carbonyl) -
met hyl )am de, mp. 84[err]C (from n-heptane/ ethyl acetate (5:1)) Exanple 20
3- Hydr oxypyri di ne-2-carboxylic acid (glyc3®) ethyl ester)anmde (J. Og.
Chem 31, 636-638 (1966)). 20 Patent clains: 1. A conpound of the
formula | R RZPatent claims: OH [err] in which RL, R2 and R3 are hydrogen,

1. A compound of the formula |
R1
OH
R2
= 0
P NH-A-B
R N
o
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



s—a—CcH2 retp—+A whi ch a hydrogen can be replaced by a nethyl
group - err]G where G IS an organic radical which makes
the co "Hﬂl [ltl rmula | into prodrugs, including the physiologically

acti ve 3- hydr oxypyri di ne- 2-carboxylic acid (glycyl) ethyl
ester)am de. 2. A conpound of the fornula I as claimed in claiml, in
which R err], Rerr] and Rlerr] are hydro% Is a-CHerr]- group, in
whi ch a hydrogen can be replaced by a nethyl group, and B is -CJerr] G

where G Is a branched ‘gfﬁ I I dical, a
branched or unbranched (&gﬁé{}}? ﬁ{lﬁg |(§%3'1 I‘%r?rné%t%‘ gsér%érjﬁ
(derr]-Cerr])-al kynyl r(acli-lc‘qb-allqu c(m3|=@§)pwu1baigyl( mswacyaldaﬁwpnyl radi cal
or a (C3-Cl2)-cycloal kyl radical a reti rg t he radicals
can in each case contain{&ne12ral (‘ﬁ’iﬂé (far 12 "t‘!o §C1z?ra'|<\é' 4 pﬁeng/l al kyl

radi cal where the above rﬂg;xg,a( )pﬁlﬁgﬁf%@ﬂ’pﬁﬁ{j@ Paﬁ%ﬁ{

substituents fromthe group #ng o

trifluoromethyl, car boxylhydtm{ytalky]l (@ eCy %)}alh#llcatbonyloxy, (Ca- C8)-cyclo-
err err cycloal kyl, (CJerr]-Cer clo r
E:[Cgarr]% gl[ koxll? ()(/:[ err]- )[‘I’H?\’ﬁ 3'b9'l“k‘83($:[yn ??ﬂ[@yﬁ%/xyr P enyW& C4)Cgﬁ<

-Qerr])-alkyl, (qer]-C eatddnyloxy, including the physiologically active salts,

cyano,

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
B is -CO,G, where
G is a branched or unbranched aliphatic (C,-C,g)-alkyl
radical, a (C4-Cgl-cycloalkyl radical, a (C4-Cg)-cycloalkyl-
. (C4-Cg)-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



al koxy-(Cferr]-Cferr])-al koxy, phenyl-(Cerr]-Cerr])-al kyl oxy,

(derr] alkyl, ((Jerr]-Cerr])-alkyl carbonyl oxy,

(d err1f] E{II IIII illllilllll!ﬁllﬁl kyl carbonyl oxy, benzoyl oxy,

phenyl - (*C[ érr -- CPerf])*al kyl - carbonyl oxy, including the physiologically
active salts, excluding 3-hydroxypyridine-2-carboxylic acid (glycyl) ethyl
ester) amde. 3. A conmpound of the formdRa | as clainmed in claiml or 2,
in which Rl, R2 and R3 are hydrogen, A is a -CH2- group in which a
hydrogen atom can beRFeR? andRbgrechydrobgh, group, and B i s -qurr]a

where G s a branched or nbranched al i. phat i 8) - al radical, a
(Cerr]- C[erlr]) cycl Bal kyl® & ddizzgroup- (’bf"é‘:"ﬁ] éi'[yé’féqu"é &a&p |

(derr]-derr])-alkyl radﬂe%FécedaoJ)Eﬁ‘ﬂ%ij gRfupg!Hpganched (C2- 018) al kenyl

radi cal, sUch as, for exa a geranyl, “farnesyl or a retinyl radical, or
a corresponding (C[ eBr]- Gpeoq,)s avkegmeyl radical, a benzyl, phenet hyl,

phenyl propyl or phenyl but adi cal,, where the ve, radi cals . cqontain a
substituent fromt heégrou% ‘té 5 edl 95 UnPransdied ‘p a('é[(g:ﬂ (]c' 2745 ) - al koxy,

(Cerr]-Cerr])- alkyl carhg |Oé<¥c Qﬂ%k&lbaﬂyﬂé&%alcﬁc(bgad:@yw f&ﬂyl oxy,

benzoyl oxy or phenyl-(Cerr]-{err yl carbonyl oxy, i*nct

physi ol ogical ly active saﬂQ1sC4)ealkVLm¢q;al,Sa byahabved- orpwbrdndeedz(@gmgkyl iC
aci d | ycyl) ethyl ester nmpound f the formula | as

cl ai m(ag iynycl) ai msyl to 3, 3'?7%"%{?81?3‘ aé‘enzyi phienethy, phenylpropy! br'

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.



22 ' Rerr], Rerr] and R err] are hydrogen, A Is a -CHerr]- group, in

_Wnich a hydrogen_at can be replaced by a nethyl group, and B S
?ﬂj’G’WﬁEr’e’_G_—Qm‘fisi a branched or unbranched aliphatic

(der: M“radi cal, a ((Jerr]-Cerr])-cycloal kyl radical, a

(C[er “!ﬁlm“‘“ | kyl - (Cferr]-Clerr])-alkyl radical, a branched or

unbr a (gfetr]™ C[err]) al kenyl radical, a benzyl, phenethyl,

phenyl propyl or phenyl butyl radical, incl&8ing the physiologically active

salts, excluding 3-hydroxypyridine-2-carboxylic acid (glycyl) ethyl

ester)amn de. 5. A conpound of the fornula | as clainmed in clains 1 to 4,

in which RlL, R2 and R3 are hydrogen - I S CH(} Qup, ., in ich a

hydrogen can bk rephaapaynd of ﬁﬂor@\“&ubﬁséﬁﬁf”@ in ?'L"méd &°9d where G

is a branched or unbrag,g:hed (derr]-Cerr])-alkyl or (CJerr]-Cerr])-

al kenyl radi cal, i nelut ng the physiologically active salts, excluding

3- hydroxypyri di ne- 2rtapBand Re a6 ihgdecggesyl ) et hyl ester)am de. 6. A
conmpound of the formilal as claimed in claims 1 to 5, in which Rerr],

Rlerr] and Rlerr] afe hyiragehl,- 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 ester)amide.

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.) 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

i2.) 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 |

=] CH
N m
N7 CoRS i) NHACOG
Re R .
i2)

or

i) esterifying the compounds of the formula IV with an

alcohol GOH.



-~

A Is_a -CH2- group—and- Is -CJerr]G where G I's a branched or
unbr anched (C[err@ﬂerw -aI kyl or (CJerr]-Clerr])- al kenyl radical,

i ncl udin mmu“‘“! |1y active salts, excluding
3- hydrox

ylic acid (glycyl) et hyl ester)am de. 23 7.

A compound® of* t e orrrula | as clalrred I n clalms 1to6, inwiichRL, R2
and R3 are hydrogen, s a - CH2- l.é% Is -CJerr]G where G

is alinear ((err]- C[err]) al kyl rad|cal i ncludi ng the physiologically
active salts, excluding 3-hydroxypyrrd|ne- 2-carboxylic acid (glycyl) ethyl
ester)am de. 8. A process for the preparation of conpounds of the formula
| as clained inclains 1 to 7, in which Ais a -CH2- group in which a
hydrogen can be replacedRby a methyl group, and Bis CJerr]G which
conprises 11.) reacli ng yr| e-2-carboxylic acids of fhe formula 11 (RS =

H wth the am no e formula 111 or th saltst?{ give
the am doesters of the|{for Ia 1, or |2.) ctln% LLANQe< 2- car boxylic

‘acid esters of the forkul 1 ANRHAGOQOH: Tower "al kyl [edr]
(derr]-derr])-al ) UNdenft he conditi ond) of

NHACO,G

9. 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.

10. 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.

11. 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).

12. 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.

13. 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.



amnoly5|s to give h orrpounds of the formula | [err] or ii)
estenf“l“ll“uE m M of the fornula IV with an al cohol GOH, 24
[err] the formula | as clained in clains 1 to 7 plus

3- hydroxypyr|d| ne- 2-carboxylic acid (glycyl) ethyl ester)am de for the

i nhi bition of prolyl-4-hydroxylase in vivo. 10. A conpound of the fornula
1 as clained in clains 1 to 7 plus 3-hydregypyridi ne-2-carboxylic acid
(glycyl) ethyl ester)am de for the inhibition of collagen biosynthesis. 11.

A conpound of the f%EH}g@ P%f%é(jﬁﬁ@lviaﬁ éi'gﬁ ﬁluﬁ%la? e'ﬁ nd 13 plus_

3- hydroxypyrldlne 2-car I C acl este
avoi dance/ reducti on &hydh&yﬂmaewcm‘bo&vaacldl (\gda/dyl)sethwl (estelr]aagde,s) in the
di seased human organs (fi brosis) A co ound of thﬁ formula | as
claimed in claims 1WErs yne akss Wd??ﬂ%’? IRE Systerpisaly i ¢ acid (glycyl)
ethyl ester)amde for use in fibrotic disorders. 13. A conpound of the
formula | as clained in claim1 2 plus 3-hydroxypyridi ne-2-carboxylic acid
(glycyl) ethyl 1ést er aompeuhdrofithe formbiabr a clairded om ¢taim b4 indledingng, the
liver, the kidney, t&ﬁy@r%ﬁ%yn Iplg- eXaGrb%thé gcezldsé; ycy ethypeg'é[ep)earn%gg Ifgr OSis.
local use for the avoidance/reduction of scars after surgical

interventions on the human body.

16. 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.

17. 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.

18. 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.

19. 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.

20. 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.



25 14. the formula | as clainmed in clains 12 and 13 pl us

-3- hydro e-2-carboxylic acid (glycyl) ethyl ester)am de, where use
takes p m Em"'lor systemcally. 15. A conpound of the fornula I
as cl ai ncl udi ng 3-hydroxypyri di ne-2-car boxylic acid

(glycyl) et hyI ester)af‘n de for local use for the avoi dance/reduction of
scars after surgical interventions on the human body. 16. A conpound of
the formula | as clained in clains 9 to-1746pl us

3- hydr oxypyri di ne-2-carboxylic acid (glycyl) ethyl ester)am de for |ocal
use in the case of i ncreased for mati on of connective tissue (fibrosis) in

the skin und of fo ascalrredln to 14

pl us 3- hydroxfp1yr| d&rﬁ) aé’“@&?ﬂﬁﬁ%ﬁ ?cynge '(Tg(%n?/c?ylr?o etﬁ?fnpé’é‘in?vs)%\frﬁ e for

| ocal use (by inhalg@ii@m | b8 dlé]ﬁ\&ﬁﬁ\ecl‘éfmb”lci@ﬂs l@sfSUHWbebedlﬁéﬂneCt rve
tissue (fibrosis) in the lung. 18. A conpound of the fornu as cl ai ned
inclainms 9 to 14 R-carlBoxyidravigdglyicyl)netht eatdsbemidec acid (gl ycyl) ethyl
ester)am de for local use in the case of increased formati on of connective
tissue (fibrosis) in the eye.. 19. A conpound of the fornmula I as clained

inclaims 9 163l4 phyg Hég*&f‘lﬁ%’%’o‘?ﬁéé&@@?bg tﬁ@%B%&'lé?a@%lQn(é&ﬁfXﬂg%m@t hyl

ester)am de for | oca at1ve treat

g: aucoma. 20. A conmpe@gluzf 31er6wmwdinb-macﬂcmymdama (glywyisethyl 0 14
us
P ester}amide for the inhibition of prolyl-4-hydroxylase and in

fibrotic disorders.



3-hydroxypyri di ne- 2- carboxyl ic acid (glycyl) ethyl ester)am de for |ocal
suse in radiation-induced fibrosis or:fibrosis,i nduced by chenotherapy, in
particular fibroses of the |ung. 26 21. A pharnmaceutical conprising one
or nore conpounds of the formula | as clainmed in clains 1 to 8 plus

3- hydr oxypyri di ne- 2-carboxylic acid (glycyl) ethyl ester)amde. 22. The
use of the conpounds of the fornula | as clainmed in clains 1 to 8 plus

3- hydr oxypyri di ne- 2-carboxylic acid (glygyl) ethyl ester)am de for the

i nhi bition of prolyl-4-hydroxylase and in fibrotic disorders.

"Abstract

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

as pharmaceuticals

There are described 3-hydroxypyridine-2-carboxamidoesters of the

formula

R
OH
R2
| ~ ()
_ NH-A-B
R3 N
(@)

their preparation, their use for the inhibition of collagen biosynthesis

~and their use as pharmaceuticals for the treatment of fibrotic disorders.



