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prid-2-one or 3-hydroxypyrid-4-one in which the hy-
drogen atom attached to the nitrogen atom is replaced
by an aliphatic hydrocarbon group of 1 to 6 carbon
atoms and, optionally, in which one or more of the
hydrogen atoms attached to ring carbon atoms are re-
placed by an aliphatic hydrocarbon group of 1 to 6
carbon atoms, or a salt thereof containing a physxologl-
cally acceptable cation, are of value for removing toxic
amounts of metals, pamcularly iron, from the body.
These compositions are useful in thé treatment of iron
overloads.
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NOVEL 3-HYDROXYPYRID-2-ONES AND
3-HYDROXYPRID-4-ONES USEFUL IN TREATING
PATIENTS HAVING A TOXIC CONCENTRATION

OF IRON

This application is a continuation of Ser. No. 47 8,493,
filed Mar. 24, 1983, now abandoned.

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to compounds for use in phar-
maceutical compositions. These compounds are useful
for the treatment of iron overloads.

2. Description of the Prior Art

Certain pathological conditions such as thalassaemia,
sickle cell anaemia, idiopathic haemochromatosis and
aplastic anaemia are treated by regular blood transfu-
sions. It is commonly found that such transfusions lead
to a widespread iron overload, which condition can also
arise through increased iron absorption by the body in
certain other circumstances. Iron overload is most un-
desirable since, following saturation of the ferritin and
transferrin in the body, deposition of iron can occur and
many tissues can be adversely affected, particular toxic
effects being degenerative changes in the myocardium,
liver and endocrine organs. Such iron overload is most
often treated by the use of desferrioxamine. However,
this compound is an expensive natural product obtained
by the culture of Streptomyces and, as it is susceptible
to acid hydrolysis, it cannot be given orally to the pa-
tient and has to be given by a parenteral route. Since
relatively large amounts of desferrioxamine may be
required daily over an extended period, these disadvan-
tages are particularly relevant and an extensive amount
of research has been directed towards the development
of alternative drugs. However, work has been concen-
trated on three major classes of iron chelating agents or
siderophores, namely hydroxamates, ethylenediamine
tetra-acetic acid (EDTA) analogues and catechols. The
hydroxamates generally suffer from the same defects as
desferrioxamine, being expensive and acid labile, whilst
the other two classes are ineffective at removing iron
from intracellular sites. Moreover, some cathechol de-
rivatives are retained by the liver and spleen and EDTA
analogues possess a high affinity for calcium and so are
also likely to have associated toxicity problems. '

SUMMARY OF THE INVENTION

According to the present invention a pharmaceutical
composition comprises a 3-hydroxypyrid-2-one or 3-
hydroxypyrid-4-one in which the hydrogen atom at-
tached to the nitrogen atom is replaced by an aliphatic
hydrocarbon group of 1 to 6 carbon atoms and, option-
ally, in which one or more of the hydrogen atoms at-
tached to ring carbon atoms are also replaced by an
aliphatic hydrocarbon group of 1 to 6 carbon atoms, or
a salt thereof with a physiologically acceptable cation,
together with a physiologically acceptable diluent or
carrier. Having now briefly described the invention, a
more complete understanding of the invention can be
obtained by reference to the description of the preferred
embodiments which is provided herein for purposes of
illustration only, and are not intended to be limiting
unless otherwise specified.
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The 3-hydroxypyrid-2- and -4-ones may carry more
than one type of aliphatic hydrocarbon group and, in
particular, the group attached to the nitrogen atom may
be different from any aliphatic hydrocarbon group or
groups attached to ring carbon atoms. Groups attached
to carbon atoms are, however, more often the same
when more than one is present. The aliphatic hydrocar-
bon groups, whether attached to a nitrogen or a carbon
atom, may be cyclic or acyclic, having a branched chain
or especially a straight chain in the latter case, and may
be unsaturated or especially saturated. Groups of from 1
to 4 carbon atoms and particularly of 1 to 3 carbon
atoms are of most interest. Alkyl groups are preferred,
for example cyclic groups such a cyclopropyl and espe-
cially cyclohexyl but, more particularly preferred are
acyclic alkyl groups such as methyl, ethyl, n-propyl and
isopropyl. Where the ring carbon atoms are substituted
by an aliphatic hydrocarbon group or groups these
groups are preferably methyl but in the case of the
group substituting the nitrogen atom larger groups may
more often be utilised with particular advantage. Substi-
tution of the ring carbon atoms, which is preferably by
one rather than two or three aliphatic hydrocarbon
groups, is of particular interest in the case of the 3-
hydroxypyrid-4-ones, for example at the 6- or particu-
larly the 2-position, whilst the 3-hydroxypyrid-2-ones
may more often be used without any additional aliphatic
hydrocarbon group substitutent on the ring carbon
atoms. Particularly if the ring carbon atoms are substi-
tuted by the larger aliphatic hydrocarbon groups, how-
ever, there may be an advantage in avoiding substitu-
tion on a carbon atom alpha to the

—=c=c
1N
O OH

system. This system is involved in the complexing with
iron and the close proximity of one of the larger ali-
phatic hydrocarbon groups may lead to steric effects
which inhibit complex formation.

The compound may, if desired, be used in the form of
salts thereof containing a physiologically acceptable
cation, for example the cation of an alkali metal such as
sodium, quaternary ammonium ions or protonated
amines such as the cation derived from tris (tris repre-
sents 2-amino-2-hydroxymethyl propane 1,3-diol). Salt
formation may be advantageous in increasing the water
solubility of a compound but, in general, the use of the
compounds themselves, rather than the salts, is pre-
ferred.

Examples of specific compounds which may be used
in compositions according to the present invention are
shown by the following formulae (I), (II) and (III):

i
s 3 _OH &

~z />:.
//N
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(IT)

(I

in which R is an alkyl group, for example methyl, ethyl,
n-propyl or isopropyl, and R! is hydrogen or an alkyl
group, for example methyl. Among these compounds
and others of use in compositions according to the pres-
ent invention, the 3-hydroxypyrid-4-ones are of particu-
lar interest.

Many of the compounds described above are novel,
although some of the compounds of lower molecular
weight are known, for example the compound of for-
mula (I) in which R is methyl, the compounds of for-
mula (II) in which R is methyl and Rl is hydrogen or
methyl or R is ethyl and R!is hydrogen, and the com-
pound of formula (III) in which both R and R! are
methyl.

The present invention thus also includes as com-
pounds, per se, a 3-hydroxypyrid-2-one or 3-hydroxy-
pyrid-4-one in which the hydrogen atom attached to the
nitrogen atom is replaced by an aliphatic hydrocarbon
group and, optionally, in which one or more of the
hydrogen atoms attached to ring carbon atoms is also
replaced by an aliphatic hydrocarbon group, and salts
thereof containing a physiologically acceptable cation,
but excluding the specific compounds 3-hydroxy-1-
methyl-pyrid-2-one,  3-hydroxy-1-methylpyrid-4-one,
l-ethyl-3-hydroxypyrid-4-one, 3-hydroxy-1,2-dimethyl-
pyrid-4-one and 3-hydroxy-1,6-dimethylpyrid-4-one.

The 3-hydroxy-pyrid-2-one compounds may conve-
niently be prepared by nucleophilic substitution at the
nitrogen atom of the corresponding 2,3-dihydroxypyri-
dine, for example using an organic halide RX in which
R represents the aliphatic hydrocarbon group present
on the nitrogen atom of the desired 3-hydroxypyrid-
2-one and X represents an iodo group. The 3-hydroxy-
pyrid-4-one compounds may conveniently be prepared
similarly or preferably from the more readily accessible
corresponding  3-hydroxy-4-pyrone. Thus, the 3-
hydroxy-4-pyrone may be conveniently be converted to
the 3-hydroxypyrid-4-one through protection of the
hydroxy group, for example as an ether group such as a
benzyloxy group, reaction of the protected compound
with a compound RNHj, in which R represents the
aliphatic hydrocarbon group present on the nitrogen
atom of the desired 3-hydroxypyrid-4-one, in the pres-
ence of a base, for example an alkali metal hydroxide
such a-sodium hydroxide. The protecting group may
then be removed. The compounds may be converted to
salts formed at the hydroxy group thereof through its
conversion to the anion (OH—O—) by reaction with the
appropriate base according to standard procedures.

It will be appreciated that these are not only routes
available to these compounds and that various alterna-
tives may be used as will be apparent to those skilled in
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the art. In general, however, it is preferred that the
compounds are isolated in substantially pure form, i.e. .
substantially free from by-products of manufacture.

The compounds may be formulated for use as phar-
maceuticals for veterinary or particularly human use by
a variety of methods. For instance, they may be applied
as an aqueous, oily or emulsified composition incorpo-
rating a liquid diluent which most usually will be em-
ployed for parenteral administration and therefore will
be sterile and pyrogen free. However, it will be appreci-
ated from the foregoing discussion in relation to desfer-
rioxamine that oral administration is to be preferred and
the compounds of the present invention may be given
by such a route. Although compositions incorporating a
liquid diluent may be used for oral administration, it is
preferred to use compositions incorporating a solid
carrier, for example a conventional solid carrier mate-
rial such as starch, lactose, dectrin or magnesium stea-
rate.

Other forms of administration than by injection or

“through the oral route may also be considered in both

human and veterinary contexts, for example the use of
suppositories for human administration.

Compositions may be formulated in unit dosage form,
i.e. in the form of discrete portions each comprising a
unit dose, or a multiple or sub-multiple of a unit dose.
Whilst the dosage of active compound given will de-
pend on various factors, including the particular com-
pound which is employed in the composition, it may be
stated by way of guidance that satisfactory control of
the amount of iron present in the human body will often
be achieved using a daily dosage of about 0.1 g to 5 g,
particularly of about 0.5 g to 2 g, veterinary doses being
on a similar g/Kg body weight ratio. However, it will
be appreciated that it may be appropriate under certain
circumstances to give daily dosages either below or
above these levels. Where desired, more than one com-
pound according to the present invention may be ad-
ministered in the pharmaceutical composition or, in-
deed, other active compounds may be included in the
composition.

Although 3-hydroxy-1-methylpyrid-4-one has previ-
ously been recognised as a siderophore, it has never
before been appreciated that compounds such as this
might be used in a pharmaceutical context, and with
real advantage. We have found that the 3-hydroxypy-
rid-2- and -4-ones described above are particularly
suited to the removal of iron from patients having an
iron overload. The compounds form neutral 3:1 iron
complexes at most physiological pH values, and have
the advantage that they do not co-ordinate calcium or
magnesium. Both the compounds and their complexes
will partition into n-octanol indicating that they will
permeate biological membranes, this property being
confirmed in practice by tests of the ability of the 9Fe
labelled iron complexes to permeate erythrocytes. The
measured coefficients (Kpqar) for partition of various of
the compounds and their iron complexes are presented
in Table 1 of Example 5 hereinafter. Although the abil-
ity of both the free compound and its iron complex to
permeate membranes is important, it is also desirable for
both to possess some degree of water solubility. Pre-
ferred compounds show a value of Kpa for the free
compound of above 0.05 but less than 3.0, especially of
above 0.2 but less than 1.0, together with a value of
Kar for the iron complex of above 0.02 but less than
6.0, especially of above 0.2 but less than 1.0. Reference
to Table 1 will show that the preferences as to the struc-

Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

4,840,958

5
ture of the compounds in compositions according to the
present invention which are expressed hereinbefore
lead to compounds which have Kpayr values both in the
free state and as iron complexes which are broadly in
line with the ranges indicated above.

Both the 3-hydroxypyrid-2-ones and the 3-hydroxy-
pyrid-4-ones possess a high affinity for iron (III), as
evidenced by log Ky values {log Ky,/is defined as being
equal to log Brezyn+21—[pKsp+n log az+)+m log
ar(Ca+ +)] where log Bre(z)n is the cumulative affinity
constant of the ligand in question for iron (III), pKsp is
the negative logarithm of the solubility product for
Fe(OH)3 and has a value of 39, n and m are the number
of hydrogen and calcium ions, respectively, which are
bound to the ligand, and az(z4)and az(Ca+ +) are the
affinities of the ligand for hydrogen ions and calcium
ions, respectively}. In order to solubilise iron (III) hy-
droxide, log Ky must be greater than 0 and in order to
remove iron from transferrin, log Ky should be in ex-
cess of 6.0. The log K values for 3-hydroxy-1-methyl-
pyrid-2-one and 1,2-dimethyl-3-hydroxypyrid-4-one, by
way of example, are 10.0 and 9.5, respectively, thus
comparing favourably with those of the bidentate hy-
droxamates at about 4.0, of catechols at about 8.0, of

desferrioxamine at 6.0, and of diethylenetriamine penta- ,

acetic acid (DTPA) at 2.0. Moreover, the ability of the
compounds to remove iron efficiently has been con-
firmed both by in vitro tests and also by in vivo tests in
mice. It is particularly significant that these latter tests

are successful whether the compound is given intraperi- 3

toneally or orally by stomach tube, the compounds
being stable under acidic conditions. Oral activity is not
generally present among the other types of compound
previously suggested for use as iron co-ordinating drugs
and although certain EDTA analogues do show such
activity, they possess drawbacks for pharmaceutical
use.

Although the major use of the compounds is in the
removal or iron, they are also of potential interest for
the removal of some other metals present in the body in
deleterious amounts. The present invention thus in-
cludes the use of a 3-hydroxypyrid-2- or -4-one or salt
thereof as described above for the removal from the
body of toxic amounts of metals, particularly iron.
Moreover, the invention also includes a method for the
treatment of a patient having toxic amounts of a metal,
particularly iron, in the body which comprises adminis-
tering to said patient an amount of a 3-hydroxypyrid-2-
or -4-one or salt thereof as described above to effect a
reduction of the levels of this metal in the patient’s
body.

Having generally described the invention, a more
complete understanding can be obtained by reference to
the Examples which are provided herein for purposes of
illustration only, and are not intended to be limited
unless otherwise specified.

EXAMPLES
Example 1

The preparation of 3-hydroxy-1-methylpyrid-2-one

2,3-dihydroxypyridine (5.55 g) is suspended in methyl
iodide (20 ml) in a sealed tube and heated for 24 hours
at 140° C. The reaction is taken to be complete when a
dark brown residue forms as a separate phase from the
methyl iodide and the tube is then cooled in solid car-
bon dioxide and opened. The excess methyl iodide is

poured off, distilled water (10 ml) is added to the brown
residue, and sulphur dioxide gas is bubbled through the
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mixture until the aqueous phase becomes clear. The pH
of the reaction mixture is adjusted to a value of 6 with
IM aqueous sodium carbonate and the resulting solu-
tion then saturated with ammonium sulphate and ex-
tracted with chloroform until the chloroform layer no
longer gives a blue colouration when added to ferric
chloride solution. The chloroform extracts are com-
bined and dried over sodium sulphate. The solvent is
then evaporated under vacuum and the resulting resi-
due is crystallized from petroleum ether (b.p. 100°~120°
C.) using activated charcoal to give 3-hydroxy-1-meth-
ylpyrid-2-one, m.p. 129°-131° C.; Vmax (nujol) 1660,
3100 em—1; 8(dsDMSO) 3.6(s, 3H), 6.1(t, 1H), 6.8(m,
2H), 7.3(s, 1H); M+ 125.

Example 2
The preparation of other 3-hydroxypyrid-2-ones

2,3-dihydroxypyridine is reacted with ethyl iodide,
n-propyl iodide and isopropy! iodide under similar con-
ditions to those described in Example 1 for methyl io-
dide. The reaction mixtures are worked up as described
in Example 1 to give the following compounds:

1-Ethyl-3-hydroxypyrid-2-one: m.p. 130°-132° C,;
Umax (nujol) 1620, 3100 cm—1; 8(dsDMSO) 1.2(t, 3H),
3.8(m, 2H), 6.0(t, 2H), 6.8(m, 2H), 8.9(s, 1H); M+ 139.

3-Hydroxy-1-propylpyrid-2-one: m.p. 148° C.; Voax
(nujol) 1620, 3150 cm—1; 8(d¢DMSO) 0.7(t, 3H), 1.5(m;
2H), 3.7(t, 2H), 5.8(t, 1H) 6.5~7.0(m, 2H), 8.7(s, 1H);
M+ 153.

3-Hydroxy-1-(2'-methylethyl)pyrid-2-one: m.p. 190°
C.; Vmax (nujol) 1660, 3200 cm—1; 8(dsDMSO) 1.0(d,
6H), 6.0(m, 1H), 6.5(t, 1H), 6.7(m, 2H); M+ 153,

Example 3

The preparation of 3-hydroxy-1,2-dimethylpyrid-4-one
3-Benzyloxy-2-methyl-4-pyrone

3-Hydroxy-2-methyl-4-pyrone (22.2 g) in methanol
225 ml) is added to aqueous sodium hydroxide (25 ml
containing 7.5 g NaOH). Benzy! chloride (25.5 g) is
added and the mixture is refluxed for 6 hours and is then
allowed to cool overnight. The bulk of the methanol is
removed under vacuum and the residue is treated with
water (50 ml). The mixture is extracted into dichloro-
methane (3X 25 ml). The extracts are combined, washed
with 5% w/v NaOH (2X 25 ml), then water (2 X25 ml)
and dried over magnesium sulphate. Evaporation of the
solvent gives crude 3-benzyloxy-2-methyl-4-pyrone (35
g, 92%) which is purified by distillation in nitrogen
under reduced pressure to yield a colourless oil (28 g) of
b.p. 148° C./0.2 mm.
1,2-Dimethyl-3-benzyloxypyrid-4-one
3-Benzyloxy-2-methyl-4-pyrone (4.8 g) and methyl-
amine hydrochloride (1.56 g) are ‘dissolved in water
(200 ml) and ethanol (100 ml) containing sodium hy-
droxide (2 g) is added. The mixture is stirred at room
temperature for 6 days and is then acidified with con-
centrated hydrochloric acid to pH 2, and evaporated to
dryness. The resulting colourless solid is washed with
water and extracted into chloroform (250 ml). The
chloroform extracts are combined, dried over magne-
sium sulphate, and evaporated to yield 1,2-dimethyl-3-
benzyloxypyrid-4-one (3.2 g).
1,2-Dimethyl-3-hydroxypyrid-4-one
1,2-Dimethyl-3-benzyloxypyrid-4-one (2 g) is added
to concentrated hydrobromic acid (10 ml) and heated in
a steam bath for 30 minutes. The resulting mixture is
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