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Claim

1. A compound of formula

0,

wherein X is a bond or a group of formula -O- or -N(Rs)-, wherein Ry is hydrogen or
lower alkyl, Ry and Ry are each independently of the other alkyl, cycloalkyl, cycloalkenyl,
cycloalkyl-lower alkyl, pheityl, naphthyl or phenyl-lower alkyl, which radicals are
unsubstituted or substituted by hydroxy, lower alkoxy, lower alkanoyloxy, the radical of
formula -O-C(=0)-X-R,, wherein X and R, have the given meanings, and also by halogen,
amino, lower alkylamino, di-lower alkylamino, carboxy, lower alkoxycarbonyl,
carbamoyl, lower alkylcarbamoyl and/or di-lower alkylcarbamoyl, or wherein R, is as
defined above, and R, and Ry, when taken together, are lower alkylene which is
unsubstituted or substituted by hydroxy, lower alkoxy, lower alkanoyloxy, the radical of
formula -O-C(=0)-X-R,, wherein X and R, have the given meanings, and also by halogen,
amino, lower alkylamino, di-lower alkylamino, carboxy, lower alkoxycarbonyl, car-
bamoyl, lower alkylcarbamoy! and/or di-lower alkylcarbamoyl, and wherein the other ring
carbon atoms of the 4(1H)-pyridinone ring, independently of onc another, are unsubsti-
tuted or substituted by alkoxy, alkanoyloxy, a radical of formula -0-C(=0)-X-R,, wherein
X and R, have the given meanings, or by alkyl, which is unsubstituted or substituted by
hydroxy, lower alkoxy, esterified hydroxy of formula O-C(=0)-X-Ry, wherein X and Ry

e d/2
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have the given meanings, and/or by halygen, or a salt of such compound having '
salt-forming properties.

11. A method for the treatment of diseases and pathologicai conditions of the human or
animal body that are associated with excessive iron overloading of the organism according
to claim 10. '

~ 12. A method for the treatment of diseases of the human or animal body that are caused by
iron(I1I)-dependent microorganisms and parasites according to claim 10.
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Esterified azacyclic hydroxy compounds

The present invention relates to esterified azacyclic hydroxy compounds
and to processes for thelr preparation, to the use thereof, and to

pharmaceutical compositions which contain then.

The invention relates in particular to 3-substituted 4(1H)-pyridinone

compounds of formula

i (1),

wherein R; is an unsubstituted or substituted hydrocarbon radical, X is a
bond or a group of formula ~0- or ~N(Ri)=, wherein R; is hydrogen or an
unsubstituted or substituted hydrocarbon radical, and Rz is an unsubsti-
tuted or substituted hydrocarbon radical, or wherein Rz and Ri, when
taken together, are an unsubstituted or substituted divalent hydrocarban
radical, and wherein the other ring carbon atoms of the 4(1H)=pyridinone
ring, independently of one another, are unsubstituted or substituted by
an unsibstituted or substituted hydrocarbon radical or by etherified or
esterified hydroxy, and to salts of compounds of formula I with salt-
forming properties, and also to processes for their preparation, to the
use thereof, especially as pharmacologically active compounds, and to
pharmaceutical compositions that contaln the compounds of formula I or

salts thereof with salt-forming properties.

{
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An unsubstituted or substituted hydrocarbon radical R;, Rz and/or R; may

‘be a cycloaliphatic, cycloaliphatic-aliphatic, aromatic or araliphatic

hydrocarbon radical, preferably, however, an aliphatic hydrocarbon

radical. Such radicals are especially alkyl such as lower alkyl or higher

'alkyl, also alkenyl such as lower alkenyl, or alkynyl such as luwer

alkynyl, as well as cycloalkyl, cycloalkenyl, cycloalkylalkyl such as

" cycloalkyl-lower alkyl, phenyl, naphthyl or phenylalkyl such as phenyl-

lover alkyl,

An unsubstituted or substituted divalent hydrocarbon radical formed by Rz
and K3 together is, in particular, a corresponding aliphatic hydrocarbon

radical such as alkylene, for example lower alkylene.

Exemplary of substituents of such hydrocarbon_radicals are freé, etheri-
tied or esterified hydroxy such as hydroxy, alkoxy, for example lower
alkoxy, alkanoyloxy such as lower alkanoyloxy, and also a radical of
formula ~0-C(=O)—X~Rg, wherein X and Ry are és défined aboVe, as well as
halogen, unsubstituted or sﬁbstituted amino such as amino, and alkyl- or
dialkylamino, for example lower alkylﬁminc or di-lower alkylamino, and
acylated amino such és the radical of formula =NH-C(=0)-X=Ra, wherein X
and Rz are as defined above, or free, esterified or amidated carboxy
such as carboxy;'alkbxyéarbonyl, for example lower alkoxycarbonyl, or
unsubstituted or substituted carbamoyl such as N-alkyl- or N,N-dialkyl-
carbamoyl, for example N-lower alkylcarbamoyl or N,N-di-lower alkyl-
carbamoyl. Further,_in a radical R1 and Rz, sulistituents that are not
linked through a carbon atom are preferably separated by at least two
carbon atoms from the ring nitrogen atom or from X, provided X is other
than a bnnd.-Substitueﬁts of cyciic radicals such as cycloalkyl, cyclo-
alkenyl, cycloalkylalkyl, pheuyl, naphthyl or phenylalkyl, and of lower
alkylene, may also be alkyl radicals such as lower alkyl radicals, aside
from those radicals mentioned above. Substituted hydrocarbon radicals may.

contain one or more identical or different substituents.

An unsubstituted or substituted hydrocarbon radical Rj is especially an
unsubstituted or substituted aliphatic or also araliphatic hydrocarbon
radical, and is more particularly alkyl such as lower alkyl, and also
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phenyl-lower alkyl, the substituents of such a radical being in
particular free, etherified or esterified hydroxy such as lower alkoxy,
as well as halogen, and also unsubstituted or substituted amino, or free,
esterified or amidated carboxy. Substituents that are not linked through
a carbon atom are preferably separated by at least two carbon atoms from

the ring nitrogen atom.

An unsubstituted or substituted hydrocarbon radical R; is especially a
corresponding aliphatic hydrocarbon radical, more particularly alkyl such
as lower alkyl or higher alkyl, substituents preferably being free,
esterified or amidated carboxy, preferably alkoxycarbonyl such as lower
alkoxycarbonyl, and also free, etherified or esterified hydroxy or
unsubstituted or substituted amino, while substituents that are not
linked through a carbon atom are preferably separated by at least two

carbon atoms from X, provided X is other than a bond.

A sultable radical R3 is especially an aliphatic hydrocarbon radical such
as alkvl, preferably lower alkyl.

A divalent aliphatic hydrocarbon radical formed by R; and R3 together, in
particular alkylene, preferably lower alkylene, may be substituted
preferably, for example, by free, esterified or amidated carboxy, in

particular alkoxycarlonyl such as lower alkoxycarbonyl.

Further unsubstituted or substituted hydrocarbon radicals as substituents
of one or more than one of the other ring carbon atoms are, in particu-
lar, suitable aliphatic hydi‘dvcarbon radicals such as alkyl, preferably
lower alkyl, the substituents of such radicals being preferably free,
etherified or esterified hydroxy. Free, etherified or esterified hydroxy
groups as substituents of further ring carbon atoms are preferably lower

alkoxy and halogen.

In connection with the foregoing description, the general terms employed

therein have the following preferred meanings:
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Definitions qualified by the term "lower" will be understood as meaning
organic radicals and compounds containing up to 8 carbon atoms inclusive,

for example up to 3, preferably up to 4, carbon atoms inclusive.

Alkyl may be lower alkyl such as lower alkyl of up to 3 carbon atoms
inclusive, for example n-propyl or isopropyl, preferably methyl, as well
as ethyl, n-propyl or isopropyl, or lower alkyl of 4 to 8 carbon atoms
inclusive, for example n-butyl, isobutyl, sec-butyl, tert-butyl,
n-pentyl, neopentyl, n-hexyl, n-heptyl or n-octyl, or also higher alkyl,
preferably of 9 to 16 carbon atoms inclusive, for example n-nonyl,

n-decyl, n-undecyl or n-dodecyl.

Alkenyl and alkynyl are preferably lower alkenyl and lower alkynyl,
respectively, each of up to 8 carbon atoms inclusive, preferably of up to

4 carbon atoms inclusive, for example allyl, methallyl or propargyl.

In cycloalkyl, cycloalkenyl and cycloalkylalkyl radicals, wherein alkyl
is preferably lower alkyl, a cycloalkyl radical preferably contains 3 to
8, preferably 5 or 6, ring carbon atoms, and a cycloalkenyl radical
contains preferably 5 or 6 ring carbon atoms. Examples of such radicals
are cyclopropyl, cvclopentyl, cyclohexyl, l-cyclohexenyl, cyclopropyl-
methyl, cyclopentylmethyl, cyclohexylmethyl or cyclohexylethyl.

In a phenylalkyl radical, alkyl is preferably lower alkyl. Suitable
groups are, for example, benzyl or 1= or 2-phenylethyl.

Lower alkylene contains preferably 3 to 5 carbon atoms inclusive in the

chain and is, for example, 1,3-propylene, 1,4-butylene or 1,5-pentylene.

Lower alkoxy is, for example, methoxy, ethoxy, n-propoxy, isopropoxy or
n-butoxy; and lower alkanoyloxy is, for example, acetoxy or propionyloxy,
and halogen (hydroxy esterified with hydrohalic acid) 1s preferably

chloro, and also fluoro or bromo as well as iodo.

Lower alkylamino and di-lower alkylamino are, for example, methylamino,

ethylamino, dimethylamino or diethylamino.




son

Lower alkoxycarbonyl is, for example, methoxycarbonyl, ethoxycarbonyl,
propoxycarhenyl or isopropoxycarbonyl; and N-lower alkylcarbamoyl and
N,N-di-lower alkylcarbamoyl are, for example, N-methylcarbamoyl, N-ethyl-
carbamoyl, N,N-dimethylcarbamoyl or N,N-diethylcarbamoyl.

Salts of compounds of formula I with salt-forming properties are, in
particular, pharmaceutically acceptable salts, preferably with salt-
forming acids such as mineral acids, for example hydrochloric acid or
sulfuric acid, or strong organic carboxylic acids or sulfonic acids, for
example acetlc acid, fumaric acid, embonic acid or methanesulfonic acid,
or also with salt-forming bases, provided such compounds contain, for
example, free carboxyl groups as substituents, for example alkali metal
salts or alkaline earth metal u=ats such as sodium, pctassium or calcium

salts, or ammonium salts.

Depending on the structural conditions, the compounds of this invention

can be obtained in the form of mixtures of isomers or of pure isomers.

The novel compounds have useful, especially pharmacologically useful,
properties. Thus, for example, they can be converted under in vivo
conditions into the corresponding 3-hydroxy-4(1H)-pyridinone compounds,
which form stable chelate-type metal complexes, especially with tri-
valent metal ions such as chromium(III) ions, aluminium ions and, most
particularly, iron(III) ions. For example, as can be demonstrated in an
animal model using non-iron overloaded bile duct cannulated rats, the
novel compounds in doses from about 5 mg/kg are able to prevent the
deposition of iron-containing pigments in the tissue and to effect
excretion of iron where iron deposits are present id the organism, for
example where these occur in haemochromatosis; haemosiderosis, cirrhosis
of the liver, and poisoning caused by compatinds of trivalent iron. The
novel compounds can therefore be used as pro-drugs for the corresponding
3-hydroxy~-4-(1H)-pyridinone compounds in the traatment of diseases and
pathological conditions of the human and animal body that are associated
with excessive iron overloading of tha organism such as major thalassae-

mia, sickle-cell anaemia, sideroacrestic araemia, aplastic anaemia and

i



- -

o a

cas aaa

-6 -

further forms of anaemia in which haemisiderosis (i.e. a local or general
increase in the reserves of iron in otherwise intact body tissues) is a
factor. To this type belong also pathological conditions which develop in
patients after repeated blood transfusions or repeated dialysis treaiment
for loss of, or impaired, kidney function. The novel compounds can also
be used for the treatment of diseases caused by iron(III)-dependent
microorganisms and parasites, especially malaria. Further, the complex
formation of the corresponding 3-hydroxy-4(1H)-pyridinones with other
trivalent metals can be used for thelr excretion from the organism, for
example for removing aluminium in dialysis encaphalopathy and osteo-
malacia, as well as in Alzheimer's disease. Compared with the correspon-
ding 3-hydroxy-4(1H)-pyridinone compounds, the novel compounds of the
present invention are effective when administered orally and are well

tolerated, and they have a long-lasting action.

The invention relates in particular to compounds of formula I, wherein X
is as defined above, and Ry, R; and Rj are independently of aﬁe another
an aliphatic, cycloaliphatic, cycloaliphatic-aliphatic, aromatic or‘
araliphatic hydrocarbon radical which 1s unsubstitﬁted or substituted by
free, etherified or esterified hydroxy, unsubstituted or substituted
amino and/or free, esterified or amidated carboxy, aﬁd Ri ¢an alSo‘be
hydrogen, or wherein Ri is as‘defined above, and Ry and R3, when taken
together, are a divalent aliphatic hydrocarbon radical which is unsubsti-
tuted or substituted by free, etherified or eSterifiéd hydroxy, unsubsti-
tuted or substituted amino, and/br free, esterified or amidéted carboxy,
and wherein the other ring carbon atoms of the A(IH)fpyridinone ring,
independentiy of one another, are unsubstituted or can carry as sub-
stituents aliphatic, cycloaliphétic, cycloaliphatic-aliphatic, aromatic
or araliphétic‘hydrocarbqn rédicals containing free, etherified or
esterified hydraxy, tinsubstituted or substituted amino or free,
esterified or amidated carboxy, or free, etherified or esterified
hydroxy, and salts, espéciaily pharmaceutically suitable salts, of such

‘compouﬁds with salt-forming properties.
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The invention relates more ﬁarticularly to compounds of formula I,
wherein X is as defihed above, R; and Rz are each independently of the
other alkyl, for example lower alkyl or higher alkyl, cycloalkyl,
cycloalkenyl, cycloalkyi—lower alkyl, phenyl, naphthyl or phenyl-lower
alkyl, which radicals are unsubstituted or substituted by hydroxy, lower
alkoxy, lower alkanoyloxy, the radical of formula -0-C(=0)-X-Rz2, wherei

X and Rz have the given meanings, and also by halogen, amino, lower
alkylémino, di-lower alkylamino, carboxy, lower alkoxycarbonyl, carba-
moyl, lower alkylcarbamoyl and/or di-lower alkylcarbamoyl, R3 is hydrogen
or lower alkyl, or wherein R; is as defined abave, and Rz and Rj, when
taken together, are lower alkylene which is unsubstituted or is subsri-
tuted by hydroxy, lower alkoxy, lower alkanoyloxy, the radical of formula
-0-C(=0)-X-Rz2, wherein X and R; have the given meanings, and also by -
halogen, amino, lower alkylamino, di-lower alkylamino, éarboxy, lower
alkoxycarbonyl, carbamoyl, lower alkyléarbamoyl and/or di-lower alkyl-
carbamoyl, and wherein the other ring carbon atoms of the 4(1H)-pyridin-
one ring, independently of one .another, are unsubstituted or are substi-
tuted preferably in the 2- or 6-position by alkyl, preferably lower
alkyl, which is unsubstituted or substituted by hydroxy, lower alkoxy,
esterified hydroxy of formula -0-C(=0)-X-Ry, wherein X and Ry have the
given meanings, and/or by haldgen; aﬁd salts, especially pharmaceutically

acceptable salts; of such compounds with a salt-forming properties;

The invention relates preferably to compounds of formula I, wherein X is
as defined above, R1 1s ldwer.alkyl of preferably up to 4 carbon atoms
inclusive which is unsubstituted or is substituted in a position higher
than the l-position by lower alkoxy of preferably up to 4 carbon atoms
inclusive, for.example mgthoky or ethoxy, Ra 1is lower alkyl of preferably
up to 8 carbon atoms inclusive, for example methyl, and also ethyl,
n-ptbpyl or n-heptyl, which_is unsubstituted or substituted by lower
alkoxycarbonyl, wherein lower alkoxy preferably contains up to 4 carbon
atoms ihclusive, for example methoxycarbonyl or ethoxycarbonyl, and Ri

is hydrogen or lower alkyl, preferably of up to 4 carbon atoms inclusive,
for example methyl or ethyl, or wherein Ry 1s as defined above, and Ra

and Ri, when taken together, are lower alkylene containing 4 or 5 carbon

‘atoms in the chain which is unsubstituted or substituted, preferably in
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l-position, by lower alkoxycarbonyl, whereiln lower alkoxy preferably
contains up to 4 carbon atoms inclusive, for example methoxycarbonyl or
ethoxycarbonyl, and wherein the other ring carbon atoms of the 4(1H)-

pyridinone ring, independently of one another, are unsubstituted or are

substituted preferably in 6-position or, most preferably in 2-position,

by lower alkyl of preferably up to 4 carbon atoms inclusive, especially

'methyl; and also ethyl, which is unsubstituted or substituted by

hydroxy, lower alkoxy of preferably up to 4 carbon atoms inclusive, for
example methoxy or ethoxy, a radical of formula -0-C(=0)-X-Rgz, wherein X
and Rz have the given meanings, or by halogen, for example chloro, and
salts,; especially pharmaceutically acceptable salhs, of such compounds

with salt-forming properties.

The invention relates most particularly to compounds of formula.I,
vherein R; is lower alkyl of up to 4 carbon aﬁoms inclusive, for example
methyl, ethyl, n-propyl, isopropyl or n-butyl, which may be'substiﬁuted
in a position higher than l-positiun by lower'alkoxy of up to 4 carbon
atoms inclusive, for example meﬁhoxy or ethoxy (i.e. lower alkoxy is
separated from the ring nitrogen atom by at least two carbon atoms), and
wherein X is a direct bond and Rz is lower alkyl of 4 to 8 carbon atoms
inclusive, for example tert-butyl or n-heptyl, or X 1s a group of formula
-0~ and Rz is lower alkyl of up to 4 carbon atoms inclusive, or prefera-
bly X is a group of formula -N(R3)=-, wherein Ry 1s preferably hydrogen,
and also lower alkyl of up to 4 carbon atoms inclusive, for example
methyl or éthyl, and Rz 1is lower AIkyi of up to 4 carbon atoms inclusive,
preferably methyl, which io unsubstituted or substituted by lower
alkoxycarbonyl of up to 5 carbon atoms inclusive, for example methoxy-

carbonyl or ethoxycarbonyl; or wherein Rz and Ri, when taken together,

~are lower alkylene containing 4 or 5 carbon atoms in the chain which is

unsubstituted or is substituted, preferably in l-position, by lower
alkoxycarbonyl of up to 5 carbon atoms inclusive, for example methoxy-
carbonyl or ethoxycarbonyl, and wherein the 2-position is substituted by
lower alkyl of up to 4 carbon atoms inclusive, for example methyl, and
also ethyl, or salts, especially pharmaceutically acceptable salts, of
such compounds with salt-forming properties. |
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The invention relates first and foremost to the individual compounds

described in the Examples.

The compounds of this invention can be prepared in a manner known per se,

preferably by reacting the hydroxy group of a compound of formula

oo (11)

wherein Ry is as defined above and the other ring carben atoms of the
4(1H)-pyridinone ring are unsubstituted or substituted as indicated
above, or of a reactive derivative thereof, by treatment with an acyla-
ting agent that introduces the acyl radical of formula ~C(=0)-X-Rz2, in
which X and Rz have the above given meaning, and, 1f desired, converting
a resultant salt into the free compound and/or a resultant free, salt=-
forming compound into a salt, and/or resolving a resultant mixture of
isomers into the individual isomers.

Reactive derivatives of compounds of formula I are preferably correspond-
ing salts such as. acid addition galta, for efample with suitable mineral
acids such as hydrochloric acid.

The esterification of the hydroxy group can be effected in a manner known
per se, preferably by reacting the starting material of formula II with
an acid corresponding to the acyl radical of formula =(C=0)-X~Ra or with

a sultable reactive derivative thereof.

Reactive derivatives of the corresponding acids are preferably suitable
anhydrides suc¢h as symmetrical, mixed and inner anhydrides of such acids.
By mixed anhydrides are meant, in particular, the mixed anhydrides with
strong inorganic acilds, preferably hydrohalic aclds such as hydrobromic
acld and, most preferably, hydraochloric acid (i.e. the corresponding acid
halides such as acld bromides and, pretferably, acid clilorides); further
with hydrocyanic acld, as well zs those with half-esters of carbonlc acid
such as corresponding lower alkyl half-esters, for example methyl
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'half—estersi ethyl half-esters, or isobutyl half-esters, of carhonic acid

(obtained, for examn'z, by treating a suitable salt of the acid, such as
an ammonium salt, with a corresponding ester of chloroformic acid), or
with suitably substituted lower alkanecarboxylic arids, preferably a
halogen-substituted acetic acid, for example trichloroacetic acid
(obtained for example by treating the acid or a suitable salt thereof
with the corresponding acid halide, for example the acid chloride). Inner
anhydrides ére, for example, the corresponding ketenes or, as inner
anhydrides of carbamic acid compounds, the corresponding isocyanate

compuounds.

TFurther reactive acid derivatives are activated esters, such as esters df
vinylogous alcohols (i.e, enols), for example esters with vinylogous
lower alkanols, with N-hydroxyimide compounds such as N-hydrokysucciniH
mide, with lower alkanols containing an électrophilic group, for example
cyanomethanol, or with suitably substituted phenols, for example penta-
chlorophenol or 2,4-dinitrophenol, - '

The acylation reaction i1s normally carried out in the presence of
condensing agents, If the starting material is the free dcid, suiltable
hydrophilic agents and also carbodiimides, for example dicyclohexyl=
carbodiimide, are &sgd; whereas 1f the starting material 1s a derivative,
particularly a salt, it 1s preferred to use an acid acceptor, preferably
a sultable organic base, for example triethylamine or pyridine. The
reaction is preferably carried out in the presence of suitable solvents
or mixtures thereof, although acid acceptor bases may also be suitably
employed, if necessary with cooling or heating; in a closed vessel and/or

in an inert gas atmesphere, for example nitrogen or argon.

In addition to the 3—hydfoxy-group, it 48 also possible to acylate other
hydroxy and/or amino groups present in the starting material. In this

connection, hydtoxy groups located in different positions can be acylated

stepwise. Thus, for example, hydroxy groups present in side-chains,

~compared with the 3~hydroxy group, can normally only be acylated after

this latter and for this reason only by uaing an excass of acylating
agent.,
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The starting materials of formula II are known or can be prepared in a

manner known per se.

Salts of compounds of formula I can be converted in a manner known per se
into the free compounds: acid addition salts by treatment with a basic
agent, such as an inorganic base,. for example an alkali metal or alkaline
earth metal such as sodium or potassium hydroxide, sodium or potassium
carbonate or sodium or potassium bicarbonate, and salts with bases by
treatment with an acid reagent such as a mineral acid, for exawple hydro-

chloric acid or sulfuric acid.

Free compounds of formula I can be converted in a manner known per se
into their salts: compounds with basic properties by treatment with acids
or suitable derivatives thereof, and compounds with acid properties by
treatment with a suitable base or a derivative thereof,

Mixtures of isomers can be resolved in a manner known per se into the
individual isomers: racemates, for example, by forming salts with
optically pure salt-forming reagents and resolving the mixture of

diastereoisomers so obtainad, for example by fractional e¢rystallisation,

In the process of this invention it is preferred to use those starting
materials that lead to the compounds described at the outset as being
especially useful,

The invention relates to those embodiments of the pracess in which a
compound obtainable as intermediate at any stage of the process 1s used
as starting materfal and the remaining asteps are carried out, ot in which
a starting material is formed under the reaction conditions or is used in

the form of g derivative; for example a salt thereof,

The present invention also relates to pharmaceutical compositions which
contaln one of the pharmacologically active compounds of formula I or a
salt thereof as acitve ingredient. Compositions for enteral, especially
aral as well as parenteral, adminlstration are preferred. The composi-
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tions contain the active ingredient alone or, preferably, together with a
pharmaceutically acceptable carrier. The dosage of the active ingredient
depends on the disease to be treated, as well as on the speciss. age,
weight and individual conditon of the patient and also on the mode of

application.

The pharmaceutical compositions contain from ca. 5 % to ca. 95 % of the
artive ingredient, formulations in single dosage unit form containing
preferably ca. 20 % to ca. 90 % of active ingredient, and formulations
not in single dosage unit form preferably containing ca. 5 % to ca. 20 %
of active ingredient. Dosage unit forms such as dragées, tablets or

capsules contain from ca. 0.05 g to ca, 1.0 g of active ingredient.

The pharmaceutical compositions of this invention are prepared in a
manner known per se, for example by conventional mixing, granulating,
confectioning, dissolving or lyophilising methods. For example, pharma-
cettical compositions for oral administration can be obtained by
combining the active ingredient with solid carriers, optionally granu-
lating a resulting mixture and processing the mixture or granulate, if
desired or necessary after the addition of suitable excipients, to

tablets or dragée cores.

Suitable carriers are in particular fillevs such as sugar, for example
lactose,; saccharose, mannitol or sorbitol, cellulose preparations and/or
calcium phosphates, e.g. tricalcium phosphate or calcium biphosphate, and
also binders such as starch pastes, e.g. maize, corn, rice or potato
starch, gelatin, tragacanth, methyl cellulose and/or polyvinylpyrroli-
done, and/or, if desired, disintegrators, s:-.. . > the above-mentioned
starches, also carboxymethyl starch, crosslinked polyvinylpyrrolidonse,
agar, alginic acid or a salt thereof such as sodium alginate. Excipients
are in particular glidants and lubricants, for example silica, talcum,
stearic acid or salts thereof such as magnesium stearate or calcium
stearate, and/or polyethylene glycol. Dragée cores can be provided with
suitable coatings which are non-resistant or resistant to gastric juices,
using, for example, concentrated sugar solutions which may contain gum

arabic, talcum, polyvinylpyrrolidone, polyethylene glycol and/or titanium
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dioxide, shellac solutions in suitable organic solvents or mixtures of

solvents or, for t’e preparation of coatings which arz resistant to

gastric juices, solutions of suitable cellulose preparations such as

 acetyl cellulose phthalate or hydroxypropyl methyl cellulose phthalate.

Dyes or pigments can be added to the tablets or dragle coatings, for

example to identify or indicate different doses of active ingredient.

Further pharmaceutical compositions for oral administration are dry-

filled capsules made of gelatin and also soft sealed capsules consisting

of gelatin and a plasticiser such as glycerol or sorbitol. The dry-filled
capsules can contain the active ingredient.in the form of granules, fbr
example in admixture with fillers such as lactose, binders such as
starches, and/or glidants such as talcum or magnesium stearate, and
optionally stabilisers. In soft capsules,. the active ingredient is
preferably dissolved or suspended in a suitable liquid, such as a fatty
oil, paraffin oil or a liquid polyethylene glycol, to Which a stabiliser
can also be added.

Suitable pharmaceutical compositions for rectal administration are

e.g. suppositories, which consist of a c0mbination.of-the active ingre-=
dient with a suppository'base; Examples of suitable suppository bases are
natural or synthetic triglycerides, paraffin hydrocarbons, polyethylena
glycols and higher alkanols. '

Particularly suitable dosage forms for parenteral administration are
aqueous solutions of an active ingredient in water-soluble form, for

example a water-soluble salt, or agusous injection suspensions which

contain substances which increase the viscosity, for example sodium

‘carboxymethyl teliulose, sorbitol and/or dextran, and optionally

stabilisers. In addition, the active ingredient, with or without

“adjuvants, can alse be in lyophilised form and brought into solutien
prior to parenteral administration by addition of suitable solvents.

The solutions used, for example, for parenteral administration can also

be used as infusion solutions.

"
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The invention further relates to a method of treating pathological
conditions which, as described above, are associated with an excess of,
for example, iron(III) or aluminium in the body. The compounds of this
invention can be administered prophylactically or therapeutically, and
are preferably administered in the form of pharmaceutical compositions. A
daily dose of ca. 0.1 g to ca. 10 g, preferably from ca. 0.5 g to

ca. 5 g, of a compound of the invention will be administered to a

warm-blooded animal having a body weight of ca. 70 kg.
The invention is illustrated by the following Examples.

Example 1: With stirring, 1.4 ml of triethylamine 1.7 wml of ethyl
isocyanatoacetate are added at room temperature to a suspension of 1,39 g
of 3-hydroxy-1,2-dimethyl-4(1H)~pyridinone in 100 ml of acetonitrile and
100 ml of methylene chloride, followed by the addition of 1.7 ml of ethyl
isocyanatoacetate. The ensuing reaction is slightly exothermic. The
solution that forms after about 15 minutes is concentrated by evaporation
under reduced pressure after a further 45 minutes. The residue is dried
under a high vacuum and crystallised from a mixture of methylene chloride
and ethyl acetate. The crude crystalline product is taken up in 10 ml of
methanol, insoluble material is removed by filtration, and the filtrate
is concentrated by evaporation under reduced pressure, The residue is
crystallised from a mixture of methylene chloride/ethyl acetate, affor-
ding 3-(ethoxycarbonylmethylaminacarbonyloxy)=1,2-dimethyl-4(1H)-pyri-
dinone with a melting point of 132-135°C.

Example 2: With stirring, 11.2 ml of triethylamine are added at room
temperature to a suspension of 5.56 g of 3~hydroxy~1;2-dimethyl~4(1H)~-
pyridinone in 100 ml of acetonitrile and 100 ml of methylene chloride,
followed by tha addition of 7.64 ml of ethyl chloroformate. Within

15 minutes a complete solution forms and, after a further 45 minutes, the
volatile constituents are removed by evaporation under reduced pressure.
The residue is dried under a high vacuum and the unreacted starting
material 1is crystallised from athyl acetate. 3-Ethoxycarbonyloxy-1,2-
dimethyl-4(1H)~pyridinone is obtained from the mother liquor in the form
of a yellow foam with a melting point of 113-115°C; thin-layer chroma-
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togram: Rf = 0.05 (7:3 mixture of methylene chloride and acetone), 0.10
(9:1 mixture of methylene chloride and isopropanol, 0.20 (9:1 mixture of
methylene chloride and methanol), and 0.35 (4:1 mixture of methylene

chloride and methanol).

Example 3: With stirring, 0.56 ml of triethylamine is added at room
temperaturé to a suspension of 0.556 g of 3-hydroxy-l,2-dimethyl—4(1ﬂ)-
pyridinone in 40 ml of acetonitrile and 40 ml of methylene chloride,
folloved by the addition of 1.02 ml of caprylyl chloride. A solution

forms within 3 minutes and after 30 minutes the reaction is comglete, and

‘the volatile constituents are removed by evaporation under reduced

pressure. The residue is dried under a high vacuum and crystallised from

-a mixture of methylene chloride and ethyl acetate. The 3-(n-6ctanoyl-

oxy)=-1,2-dimethyl-4-(1H)-pyridinone so obtained begins to sinter at 140°C

and decomposes at 180°C.

Example 4: With stirring, 0.56 ml of triethylaminé is'added at room
temperature to a suspension of 0.556 g of 3-hydroxy-1,2-dimethyl-4(1H)~
pyridinone in 40 ml of acetonitrile and 40 ml of methyle<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>