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(57) Abstract

3-hydroxypyridin-4-ones of formula (I) in which R, is a methyl, ethyl, 2-(a-methyl-
propionyloxy)ethyl or 2-pivaloyloxyethyl group and R,, R3 and R, are each separately se-
lected from hydrogen and methyl, ethyl, 2-(«-methylpropionyloxy)-ethyl and 2-pivaloy-
loxyethyl groups with the provisos that (a) one only of R; to R, is either a 2-(u-methyl-
propionyloxy)ethyl group or a 2-pivaloyloxyethyl group, (b) at least one of R, and Rj is
other than hydrogen and (c) the total number of carbon atoms in R, to R4 is no more
than eleven, and physiologically acceptable salts thereof are of use in therapy, particu-
larly in the treatment of conditions in which there is a toxic concentration of a metal,
for example iron, in the body.
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3-hydroxypyridin-4-one derivatives as chelating agents
This invention relates to novel 3-hydroxypyridin-4-one

chelating agents of therapeutic value, the compounds being of
particular value in the treatment of conditions in which there is a
toxic concentration of a metal, for example iron, in the body.

UK Patent No. 2 136 807 and various scientific papers describe
the use of 3-hydroxypyridin-4-ones for the treatment of iron
overload arising from various cauSes. particularly that arising
from pathological conditions such as thalassaemia, sickle cell

~anaemia, aplastic anaemia, and idiopathic haemochromatosis, often

through the treatment of the first three conditions by reqular
blood transfusions. Moreover, in addition to use for the treatment
of general iron overload, the 3-hydroxpyridin-4-ones are of
interest for use in certain pathological conditions where there may
be an excess of i1ron deposited at certain sites even though the
patient does not exhibit a general iron overload, this being the
case, for example, in certain arthritic and cancerous conditions.

Although the major use described in the literature for these
compounds is in the removal of iron, they are also of potential
interest for the removal of other metals present in the body in
deleterious amounts, for example copper, plutonium and other
reiated transuranic metals, and especially aluminium.

The 3~hydroxypyridin~4-ones are also of interest for use in
certain other contexts. Thus the free 3-hydroxypyridin-4-ones have
been proposed for use in the treatment of inflammatory and
atherosclerotic disease, of neoplastic disease, and as platelet
anti-aggregatory agents with a role in the treatment of thrombosis.
They are also of interest in various areas where chelating agents
can be of value; for example in the treatment of paraquat poisoning.

We havg now found that a small group of 3-hydroxypyridin-4-ones
falling within the scope of UK Patent No. 2 136 807 but not
specifically disclosed therein has properties which render these
3-hydroxypyridin-4-ones particularly suitable for use in the

treatment of iron overload.
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Accordingly the present invention comprises a compound being a
3-hydroxypyridin-4-one of formula (1)

10

(1)

1n which Ry is a methyl, ethyl, 2—(a-methy]pr6pionyloxy)ethy] or
15 2Z-pivaloyloxyethyl group and Ro, Rg and Ry are each separately
selected from hydrogen and methyl, ethyl, 2-(a-methylpropionyloxy)-
ethyl and 2-pivaloyloxyethyl groups with the provisos that (a) one
only of Ry to Rg is either a 2-(a-methylpropionyloxy)ethyl group or
~a 2-pivaloyloxyethyl group, (b) at least one of Ry and Ry is other
20 than hydrogen and (c) the total number of carbon atoms in Ry to Ry
1s no more than eleven, the compound optionally being in the form
of a physiologically acceptable salt.
We have found that the selection of a particularly suitable
chelating agent for the oral treatment of iron overload presents
25 two contradictory requirements in as far as it is desirable firstly
that the agent used is efficient at entering the bloodstream and
» thus the liver from the gastrointestinal tract and secondly that it
1s not efficient at crossing the blood-brain barrier. It is
difficult to reconcile these two requirements. Proposals have been
30 made in European Patent Application 0316279A to modify the
J-hydroxy group of the 3-hydroi§pyridin-4-ones to provide a
pro-drug fé}m, i.e. in the form of a drug which does not itself
possess the desired biological activity but which is converted
in vivo to a drug which does. The 3-hydroxypyridin-4-ones
35 highlighted in that patent application do, however, have alkyl and
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alkoxyalkyl substituents and are themselves therefore quite
efficient both at entering the bloodstream and at crossing the
blood-brain barrier so that the formulation of these compounds in a
pro-drug form which enhances entry to the bloodstream but does not
effect crossing of the blood-brain barrier i1s not directed towards
overcoming the basic difficulty.

By way of contrast, the compounds of the present invention are
not true pro-drugs since they are themselves active as chelating
agents. However, following their ready entry into the bloodstream
from the gastrointestinal tract the compounds are metabolised,
particulariy in the liver, with the conversion of the
2-(a-methylipropionyloxy)ethyl or 2-pivaloyloxyethyl group to a
2-hydroxyethyl group. The metabolites containing a 2-hydroxyethyl
group undergo phase 1 metabolism very slowly and these
3-hydroxypyridin-4-ones substituted by such a group and by one or
more methyl or ethyl groups as described hereinbefore, uniike the
parent 2-(ac-methylpropionyloxy)ethyl or 2-pivaloyloxvethyl
compounds, are not efficient at crossing the blood-brain barrier.

The present invention thus provides a group of
3-hydroxypyridin-4-ones which are particularly adapted for
therapeutic use in vivo, especially for the treatment of iron

overload.

The compounds of formula (I) contain a single
2-(x-methylpropionyloxy)ethyl [(CH3)»>CHCOOCHoCHo -] or
2-pivaloyloxyethyl [(CH3)3CCOOCHoCHo-) group and this is preferably
the group Ro or particularly the group Ry. The compounds
containing a 2-pivaloyloxyethyl group are preferred to those
containing a 2-(a-methylpropionyloxy)ethyl group in view of the
greater stability of the pivaloyloxy group in the gastrointestinal
tract. However, once a compound has entered the bloodstream
the greater ease of metabolism of compounds containing an
x-methylpropionyloxy group does mean that such compounds are
nevertheless of interest.
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[t is required that at least one of Ry and R3 is other than
hydrogen and it is preferred that this is Ry with R3 preferably
being hydrogen. The total number of carbon atoms in Ry to Ry 1s no
more than eleven, so that the corresponding 2-hydroxyethyl compound
contains no more than six carbon atoms when derived from a compound
containing a 2-pivaloyloxyethyl group and no more than seven carbon
atoms when derived from a compound containing a 2-(a-methyl-
propionyloxy)ethyl group. Advantageously, however, the total of
carbon atoms in the groups Ry to Rgq of the compound of formula (I)
is no more than ten or particularly nine. Thus it is preferred
that apart from the group which is the 2-(a-methylpropionyloxy)-
ethyl or 2-pivaloyloxyethyl group the other groups of Ry to Rgq are
one hydrogen and two methyl groups, more particularly two hydrogen
and one methyl group, or especially two hydrogen and one ethyl
group.

specific compounds of especial interest are thus, in
increasing order of interest:

1) 3-hydroxy-2,6-dimethyl-1-(2-pivaloyloxyethyl)pyridin-4-one;
2) 3-hydroxy-1-methyl-2-(2-pivaloyloxyethyl)pyridin-4-one;

3) 1-ethyl-3-hydroxy-2-(2-pivaloyloxyethyl)pyridin-4-one;

4) B—hydroxy—z-methyl-l—(2—pivaloyloxyethyl)pyridin-4—one; and
5) 2-ethyl-3-hydroxy-1-(2-pivaloyloxyethyl)pyridin-4-one;
as well as the analogues of these compounds in which the
2-pivaloyloxyethyl group is replaced by a 2-(a-methylipropionyloxy)-
ethyl group.

The compounds may, 1f desired, be used in the form of a
physiologically acceptable salt. These salts may be of two types,
being formed with either physiologically acceptable bases or acids.

‘Thus salts may be formed between the anion produced by the loss of

the 3-hydroxy group proton and a base derived cation. Examples of
suitable bases are the alkali metal hydroxides, for example sodium

.hydroxide. quaternary ammon i um hydroxides and amines such as tris

(tris representing 2-amino-2-hydroxymethyl propane 1,3-diol). More
preferably, salts may be formed through protonation of the carbonyl
function at the 4-position of the 3-hydroxypyridinone ring by an



CA 02119020 2003-03-03

23410-471

19

25

30

35

-5 .
acid. Suitable acids may be inorganic or organic. Examples of
such inorganic acids are phosphoric acid, nitric acid, sulphuric
acid and particularly the hydrohalic acids hydrochloric acid,
hydrobromic acid and hydroiodic acid. Examples of such organic
acids are citric acid, oxq1ic acid, fumaric acid, maleic acid,
lactic acid, succinic acid, malic acid, tartaric acid and methane
sulphonic acid.

The compounds (I) may conveniently be prepared starting from
the corresponding 2-hydroxyethyl substituted 3-hydroxypyrid-4-one.
Such intermediates may be prepared by procedures such as those
described 1n UK Patent GB 2 136 807B and by variations thereon
which wiil be apparent to those skilled in the art. In particular
a corresponding 3-hydroxy-4-pyrone can be reacted with a compound
R'NiHi2 in which R' represents the group present on the nitrogen atom
of the desired compound or a group convertible thereto, the
reactioh being carried out in the presence of a base, for example
an alkali metal hydroxide such as sodium hydroxide. This procedure
1s specifically exemplified in Example 11 of GB 2 136 8078 for the
preparation from maltol of 3-hydroxy-1-(2-hydroxyethyl)-2-methyl-
pyridin-4-one, which 1s obtained by the procedure described in that
patent in the form of the hydrobromide, and may be applied in an
exactly analogous fashion to the preparation of other compounds (1)
of the present 1nvention having alternative groups Ry to Ry.

Other 3-hydroxy-4-pyrone starting materials than maltol are

readily available, for example as described in
US Patent Nos. 3,365,469; 3,468,916; 3,594,195;

and 3,644,635. As regards the pyrones having a
(2-hydroxyethyl) group at other than

the 1-position, the 2-(2-hydroxyethyl) compounds, for example, may
be prepared from the corresponding 2~hydroxymethyl compound (itsé]ff

preparable by the condensation of the corresponding 3-hydroxy-4-

‘pyrone with formaldehyde) in which the J-hydroxy group 1is protected

by benzylation, through bromination of the remaining hydroxy group,
formation of a Grignard reagent, and reaction thereof with carbon
dioxide to give the 2-carboxymethyl compound. Reduction Firstly

with Tithium aluminium hydride converts the /-carboxymethyl group
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to a 2-(2-hydroxyethyl) group and then with hydrogen over palladium
removes the benzyl protecting group. In the event of the degree\of
lysis of the pyran ring by the LiAlHs being unacceptable the series
of reactions can instead be carried out on a 3-hydroxy-2-hydroxy-
methylpyridin-4-one in which the 3-hydroxy group is protected by
benzylation and the nitrogen atom carries the desired N-substituent
or a group which is convertible thereto either directly or through
1ts removal to regenerate an NH group and the subsequent
substitution thereof.

An alternative general route to (2-hydroxyethyl)-substituted
3-hydroxypyrid-4-ones involves nucleophilic substitution at the
nitrogen atom of the corresponding 3,4-dihydroxypyridine (or
3-hydroxypyridin-4-one), for example using an organic halide R'X in
which R' represents the group present on the nitrogen atom of the
desired compound or a group convertible thereto. Yet another route
ihvolves reaction of the corresponding 3-hydroxypyridin-4-one with
an amine R'NH2 in which R' represents the group present on the
nitrogen atom of the desired compound or a group convertible
thereto.

In mostjcases it will be appropriate to protect the 3-hydroxy
group in the reactant 3-hydroxypyrone or 3-hydroxypyridinone
precursor. A common form of protection is to convert the 3-hydroxy
group to a benzyloxy group which can eventually be reconverted to a
free hydroxy group by catalytic hydrogenation. Moreover, as

’ indicated, it may be appropriate for a substituent group in the

initially formed 3-hydroxypyridin-4-one to be modified to prqvide
the desired substituents.

Two main alternative procedures are available for the
conversion of the (2-hydroxyethyl)-substituted intermediates
to the corresponding [2-(a-methylpropionyloxy)ethyl] or
('é-pivaloylox,yethyl) compounds. Firstly, an intermediate’
3-hydroxyp§}idin-4-one substituted by a (2-hydroxyethyl) qroup may
be esterified under conditions appropriate to effect selective
esterification of only the hydroxy group of the (2-hydroxyethyl)
group.

v -
-
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Secondly, the intermediate may be converted to a derivative
thereof in which the hydroxy group of the (2-hydroxyethyl) group
Is converted to a [2-(a-methylpropionyloxy)ethyl] or
(2-pivaloyloxyethv1) group and the 3-hydroxy group is also
9 derivativized. Thus. for exzmple, an intermediate having a
3-benzyloxy group suih as 3-bt. zyloxy-1-(2-hydroxyethyl)-2-methyl-
- pyridin-4-one may be esterified using an appropriate agent, for
example pivaloyl chloride, pivalic anhydride, an activated pivalic
ester, pivalic acid in the presence of an appropriate reagent such
10 as dicyclohexylcarbodiimide, etc., or the equivalent reagent
containing a (CH3)2CH rather than a (CH3)3C grouping, and the
protecting benzyl group then removed, for example using hydrobromic
acid or by hydrogenation. In an alternative, preferred procedure
- an intermediate 3-bénzyloxypyridin-4-one substituted by a
15 (2-hydroxyethyl) group is esterified at both the hydroxy groups of
the (2-hydroxyethyl) group and the protected 3-hydroxy group by the
same reagent, when the 3-benzyloxy group is converted to a
3-¢rmethylpropionyloxy or 3-pivaloyloxy group. The esterified
. 3-§hydroxy group is then selectively hydrolysed, for example with
20 dilute aqueous acetic acid of pH 4.0 at room temperature or with
- water at'70°c to yield the required [2-(a-methylpropionyloxy)ethyl])
or (2-pivaloyloxyethyl) compound of formula (I). In both cases,
the esterif'ication may conveniently be effected‘by the use of
a-methyipropionyl chloride or pivaloyl chloride as the esterifying
2% agent*in the presence of a base such as triethylamine but using
somewhat different conditions as described in Examples 2 and 3,
» "and 4 and 5 hereinafter to produce mono- or di-esterification.
' . Salts may readily be formed by reaction of the compound (I)
with the appropriate base or acid under suitable conditions. Thus,
30 freeze drying of an aqueous solution whose pH has been adjusted to
about 11'u4th the desired base provides a convenient route to a
“salt of that base containing an anion formed by the loss of the
- 3-hydroxy group proton. Salts with acids may conveniently be
obtained by recrystallization of the compound (I) from an
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agueous/organic solution, for example the hydrochioride being
obtained on recrystallization from a dilute hydrochloric
acid/ethanol solution. f
The compounds (I) may be formulated with a physiologically

5 acceptable diluent or carrier for use as pharmaceuticals for
veterinary, for example in a mammalian context, and particularly
for human use by a variety of methods. For instance, they may be
applied as a composition incorporating a liquid diluent or carrier,
for example an aqueous or oily solution, suspension or emulsion,

10 which may be employed in injectable form if parenteral
administration is used, therefore conveniently being sterile and
pyrogen free. Oral administration is, however, preferred.

Although compositions for this purpose may incorporate a liquid
diluent or carrier, it is more uSua] to use a solid, for example a

15 conventional solid carrier material such as starch, lactose,
dextrin or magnesjum stearate. Such solid compositions may
conveniently be of a formed type, for example as tablets, capsules
(including spansules), etc.: '

other forms of administration than by injection or through the

20 oral route may also be considered in both human and veterinary
contexts, for example the use of suppositories or pessaries.
Another form of pharmaceutical composition is one for buccal or
nasal administration, for example lozenges, nose drops or an
aerosol'spray.

25 Thus, the invention further includes a pharmaceutical
'composition comprising a 3-hydroxybyridin-4—one of formula (I) as

’ defined hereinbefore together with a physiologically acceptable
diluent or carrier.

Compositions may be formulated in unit dosage form, i.e. 1In

30 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 depend on various factors, including the
particular compound which is employed in the composition and the
mode of administration and the nature of the condition being

35 treated; it may be stated by way of guidance that satisfactory

"s"."' ‘c“ .:"‘- n": ) ‘\-\Vr ﬂf“"" “-".a.?ﬁ" YRR S e, s = g -~y . e P T EL L . aty vt ) . Lo mess @ AN > o= . .. . . . e .

N ' N . . YRR B R . . LR R SN [ | R R R w . \ N e T e e L . 3 NN Fye oy 0% ‘ e e L . . L . . L
’\’}f“..’.l _‘,’-’. ,‘-".'.‘ P Q‘i.'b.¢‘« LN TR LS &*‘! ST " ‘?'\3‘ ,ﬂ., . o o 1‘ ", PN v ""( : \. 01’ . ‘IQ,\’; R TN _\\: . *‘-”:' L. . ) Lo e N :'1‘ . i }s_. . = ...,,...1 k ) o = ¥ : .
"-“$.‘.'i‘ ’ 9" ‘\"i’\\ LIL AR L R § \t‘\' - (o ~ EEEE S Tl SRR KNS 2 RN I NI TF I Y 0 T v gy N TN P N O T L : .S A m . N . \t“ . S
N 4 t"‘-1 ’ b ‘k- ﬁ . . L LG S S >~ ¢ \‘ T B *\. w . 4. L R A l L . - N . A TTe ® 9 s .. ‘\" P . . . ' C , \‘ . .
:'1", i.'li!" L b -~ K\ < "k . -I.“\\M ...... \}\* ‘‘‘‘‘‘‘‘‘‘‘‘ AN .

A . g, ASEE A . . N A . 3
"fi“ Ji WM v et iy -3{' ¥ I T T 2 S NPT T S X S
- _‘";',' eiibhta et ow. ) }i ¢ vy . \ 2
- al 1.! Vo TY s _\.\..‘,




10

15

9

CA 02119020 2003-03-03

23410-471

control of the amount c¢f iron present 1in the human body will

p—

often be achieved using a daily dosage of about 10 to

—

100 mg/kg, particularly 20 to 50 mg/kg, for example

F

25 mg/kg, of the compound of formula (I), veterinary doses

being on a similar g/kg body weight ratio. Similar dosages

pr—

are also suiltable for the remova. of other metals presenft 1in

the body in deleterious amounts.

Where desired, more than one compound according to

the present invention may be administered 1in the

pharmaceutical composition, when the total dosage will
usually correspond to those discussed above, or, 1indeed,

other active compounds may be included in the composition.

The present invention therefore includes a method
for the treatment of a patient having a condition requlring

treatment by a chelating agent, for example a toxic

conceritration of iron present in the body, which comprises

administering to that patient a therapeutically effective

amount of a compound of formula (I) as defined hereinbefore.

The invention also provides a commercilial package,

—
-

comprising a therapeutically effective amount of a compound

or composition of the invention and associated therewith

F
p—

instructions for use thereof for treating a patient having a

condition requiring treatment by a chelating agent.
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The invention is illustrated by the following Examples.
EXAMPLES
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Example 1 : Preparation of 3-hydroxy-2-methyl-1-(2-pivaloyloxy-
ethyl)pyridin-4-one
(1) 3-Benzyloxy-2-methy1-4-pyrone

A solution of sodium hydroxide (126 g, 1.1 mol) in 1000 m} of
methanol in water (9:1 v/v) was added to 3-hydroxy-2-methyl-4-

pyrone (126.12 g, 1 mol). Benzyl chloride (126.59 ml, 1.1 mol) was
then added slowly and the mixture was refluxed for 10 hours with
“rapid stirring. The resultant solution was cooled, the methanol

removed by rotary evaporation and the aqueous solution was

extracted with dichloromethane (3 x 250 ml). The combined
dichlorpmethane extracts were washed with 5% sodium hydroxide and
then with water, dried over anhydrous sodium sulphate, filtered and
evaporated to dryness. The resultant solid was recrystallised from
diethylether to yield the title compound in 76.8% yield as

colourless needles, m.p. bH3-55°(C.
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(2) 3-Benzyloxy-1-(2-hydroxyethyl)-2-methylpyridin-4-one
A solution of the product from (1) in ethanol:water

(300 m1:300 m1) containing 5% aqueous sodium hydroxide (2 mi) was
treated with ethanolamine (17 ml) and then refluxed for 18 hours

5 with rapid stirring. The resultant solution was cooled and
adjusted to pH 1 with concentrated hydrochloric acid. The solid

“ which formed on cooling was extracted with hot absolute ethanol and

the precipitate obtained on cooling was taken up in diethylether,
the solution being filtered and evaporated to dryness by rotary

10 evaporation to give the title compound in 44.94% yield,

m.p. 191.5-193<C.
(3) 3-Benzyloxy-2-methyl-1-(2-pivaloyloxyethyl)pyridin-4-one

Trimethylamine (4.7 ml) was added with stjrring to a solution
of 3-benzy]oxy-1—(Z-hydroxyethyl)-2-methy1pyridin—4-one (2 g) in
15 dimethylformamide (40 ml) and the solution was then heated under
reflux while pivaloyl chloride (1 ml) was added dropwise. The
mixture was refluxed at 78°C for two hours whilst monitoring by
thin layer chromatography (1:1 v/v ethyl acetate:methanol) when
very little change of the mixture was obtained. [urther
20 trimethylacetylchloride (3 ml) was therefore added and refluxing
continued for another 16 hours. The solution was evaporated to
dryness, the resultant solid was dissolved in dichloromethane
(100 m}) and this solution was washed with sodium bicarbonate
solution (0.05 M, 4000 m1) and the organic phase was then dried
25 over anhydrous sodium sulphate, filtered and evaporated to
dryness. The resultant crude product was flash chromatographed
> (silica gel, Kieselgel 60,7754, 20 mm x 300 mm column; eluting
.*with acetonitrile:ethyl acetate, 1:9 v/v) to provide the title
compound in 60X yield as a colourless solid, m.p. 103-105.8°C.
30 (4) 3-Hydroxy-2-methyl-1-(2-pivaloyloxyethyl)pyridin-4-one
3-Benz¥lpxy~2ﬂmethyl—l-(2—pivaloyloxyethyl)pyridin~4-one
(1.08 g, 0.003 mol) was hydrogenated over Pd/C catalyst in
dimethylformamide (30 ml) with stirring for 24 hours. The solution
was filtered and rotary evaporated to dryness to provide a crude

35 product (1.08 g) which was flash chromatographed (silica gel,

WO 94/04498 5 O
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Kieselgel 60,7734, 20 mm x 300 mm column, eluting with ethy]

acetate:ethanol, 1:1 v/v). Rotary evaporation in vacuo at 60°C

provided the title compound in 77.46% yield as orange crystals,
m.p. 147-149°C; vpay 1580, 1625, 1725, 2850 cm~!;
d (dg dimethylsulphoxide) 1.1 (9H,s), 2.35 (3H,s),
4.30 (4H,s), 4.4 (1H,s), 6.15 (1H,d), 7.55 (1H,d).

Example 2 : Preparation of 2-ethyl-3-hydroxy-1-(2-pivaloyloxy-

ethyl)-pyridin-4-one
(1) 3-Benzyloxy-2-ethyl-4-pyrone

To a suspension of 2-ethyl-3-hydroxy-4-pyrone (70 g, 0.5 mol)
in methanol (650 mi) and sodium hydroxide solution (24 g, 0.6 mol
of sodium hydroxide dissolved in 80 ml distilled water) was added
benzyl chloride (90 ml, 0.75 mol) with stirring at room temperature.
The reaction mixture was refluxed for 24 hours and then cooled.

The solvent was removed by rotary evaporation and the residue was

extracted into dichloromethane (500 ml1). The organic layer was

washed with 5% w/v sodium hydroxide solution (3 x 600 ml) and

water (2 x 600 ml), dried over anhydrous sodium sulphate, filtered

and rotary evaporated to give an oil. This o0il was crystallized

from diethylether in 1iquid nitrogen and the product recrystallized

from diethylether to give the title compound (69 g, 65%) as

colourless crystals, m.p. 33-34°C.

(2) 3-Benzyloxy-1-(2-hydroxyethyl)-2-ethylpyridin-4-one
hydrochloride

To a suspension of 3-benzyloxy-2-ethyl-4-pyrone
(10.5 g, 0.05 mol) in ethanol (150 ml) and water (200 ml) was added
ethanolamine (6.7 ml, 0.11 mol). The reaction mixture was adjusted
to pH 13 by the addition of sodium hydroxide soliution (10M) and was
then refluxed for 48 hours.

When the reaction was complete, the solvent was removed by
rotary evaporation and the volume reduced to 50 ml. The resultant
solution was diluted with water (100 ml1), cooled and adjusted to
pH 7 by the addition of concentrated hydrochloric acid. The

reaction mixture was extracted with dichloromethane (3 x 100 ml)
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and the organic extracts were dried over anhydrous sodium sulphate,
f1ltered and rotary evaporated to give an oil. This oil was
dissolved and the solution treated with hydrochloric acid. The
resultant precipitated solid was dissolved in hot ethanol and
5 recrystallized by the addition of diethylether to give the title
compound (8 g, 57%) as colourless crystals, m.p. 165-167°C.
"(3) 3-Benzvloxy-2-ethyl-1-(2-pivalovloxvethyl)pyridin-4-one
To a solution of 3-benzyloxy-2-ethyl-1-(2-hydroxyethyl)pyridin-
4-one hydrochloride (0.46 g, 0.0015 mol) in tetrahydrofuran (30 ml)
10 and dichloromethane (5 ml) was added triethylamine
(1 mi, 0.0075 mol) and the mixture stirred for 10 minutes.
Pivaloyl chloride (0.37 ml, 0.003 mol) was added dropwise to the
warm reaction mixture which was then heated at 60°C for a further
24 hours. The solvent was removed by rotary e@aporation and the
15 residue extracted with dichloromethane (50 ml), the solution being
washed with aqueous sodium bicarbonate (5% w/v, 3 x 40 ml1). The
organic laver was dried, filtered and rotary evaporated to give an
oil which was chromatographed on a column of silica gel eluting
with 9:1 v/v CHC13:CH30H. Evaporation of the solvent gave the
20 title compound as an oil (0.5 g, 87%) from which was obtained a
crystalline solid, m.p. 173-175°C, &(60 MHz, CDCl3), 7.3 (54, m),
7.15 (1H, d), 6.33 (14, d), 5.2 (2H, s), 4.15 (2H, t), 4.05 (2H, t),
2.55 (2H, q), 1.1 (9, s), 1 (3H, t).
(4) 2-Ethyl1-3-hvdroxv-1-(2-pivalovioxyethyl)pyridin-4-one
25 To a solution of 3-benzyloxy-2-ethyl-1-(2-pivaloyloxyethyl)-
pyridin-4-one (0.5 g) in dimethylformamide (25 ml) was added 5%

» palladium on charcoal catalyst (0.1 g) and the reaction mixture was
stirred at room temperature under a constant stream of hydrogen
for 24 hours. The dimethylformamide was then removed under high

30 vacuum by rotary'evaporation to give an oil. The solid obtained on
cooling the oil was dissolved in hot ethyl acetate and the solution
treated with activated charcoal, refluxed for 5 minutes, filtered
and rotary evaporated. The resultant residue was recrystallized
from petroleum ether (boiling point 40-60°C) to give the title

35 compound (2 g, 53%) as colourless crystals, m.p. 113-115°C,
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vmax (nujol) 1580, 1630, 1725, 3130 cm~1; §(90 MHz, CDCl3),
1.25 (14, d), 6.43 (W1H, d), 5.25 (WH, s, br), 4.29 (2H, t),
4.21 (2H, t), 2.85 (2H, q), 1.27 (3H, t), 1.28 (9H, s).

txample 3 : Preparation of 2-ethyl-3-hvdroxv-1-(2-pivalovloxvethvl)-

pyridin-4-one

(1) 2-Ethyl-3-pivaloyloxy-1-(2-pivaloyloxvethvl)pvyridin-4-one

To a solution of 3-benzyloxy-2-ethyl-1-(2-pivaloyloxyethyl)-
pyridih-4-one hydrochloride (3 g, 0.01 mol; prepared as described
in Example 2) in dimethylformamide (60 ml) was added triethylamine
(7 ml, 0.05 mol). The solution was stirred for 10 minutes,
pivaloyl chloride (4.9 ml, 0.04 mol) was then added dropwise to the
warm sojution and the reaction mixture was heated further at 78°C
overnight.

The dimethylformamide was then removed by rotary evaporation
under high vacuum and the residue was extracted with dichloromethane
(100 m1). The organic solution was washed with aqueous sodium
bicarbonate (5% w/v, 3 x 40 m1) and the organic layer was dried,
filtered and rotary evaporated to give an 0il which was
chromatographed on a column of silica gel eluting with 9:1 v/v
CHC13:CH30H. Evaporation of the solvent gave an oil which
solidified. Recrystallization of the solid product from ethy)
dcetate and petroleum ether (b.p. 40-60°C) gave the title
compound (2.5 g, 71%) as colourless crystals, m.p. 138-139°C,
vmax (nujol) 1587, 1630, 1725, 1740 cm~!.
(2) 2-Ethyl-3-hvydroxy-1-(2-pivalovyloxvethvl)pyridin-4-one

2-Ethyl-3-pivaloyloxy-1-(2-pivaloyloxyethyl)pyridin-4-one
(0.5 g) was heated in distilled water (40 ml) at 70°C for 3 hours.
The water was removed by rotary evaporation and the residue dried
under high vacuum. Recrystallization of the dry solid from ethy)
acétate and pgtroleum ether (b.p. 40-60°C) gave the title compound
(0.3 g..69%i.as colourless crystals with a melting point and
infra-red and n.m.r. spectra as quoted in Example 2.
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Example 4 : Preparation of 2-ethyl-3-hydroxy-i-[2-(a-methyl-
propionyloxy)ethyl]lpyridin-4-one
(1) 2-Ethyl-3-a-methylpropionyloxy-1-[2-(a-methylipropionyloxy)-
ethyllpyridin-4-one .
To a solution of 3-benzyloxy-2-ethyl-1-(2-hydroxyethytl)-
pyridin-4-one hydrochloride (3.1 g, 0.01 mole; prepared as

"~ described in Example 2) in 100 ml of dry dimethylformamide was

added dropwise triethylamine (7 ml, 0.05 mole) whilst stirring

over 15 minutes under N». Isobutyryl chloride (4.2 ml, 0.04 mole)
was then added dropwise and the mixture was heated at 75-78°C

overnight under N>. The reaction was monitored by tlc
(silica; 50X EtOH:50% EtOAc) and after filtration the
dimethylformamide was removed under high vacuum by rotary
evaporation. The solid residue was dissolved‘in 100 ml of

dichloromethane and washed with 5% w/v aqueous NaHCO3 (3 x 100 mil)
and water (2 x 100 ml). The organic layer was dried over NajsS0,,

filtered and rotary evaporated to give a crude solid. Purification

was achieved by recrystallization using activated charcoal in ethy]

acetate. The filtrate was used for further crystallization of the

‘solid from ethyl acetate to give the title compound in 40% yield,

§(DMSO): 0.8-1.12 (15H, m), 2.3-2.8 (4H, m), 4.15 (4H, s),

5.9-6.1 (1H, d, 7Hz), 7.5-7.7 (1H, d, 8Hz).

(2) 2-Ethyl-3-hydroxy-1-[2-(a-methylpropionyloxy)ethyl}-
pyridin-4-one
2-Ethy1-3-a-methylpriopionyloxy-1-[2-(x-methylpropionyloxy)-

ethyl]pyridin-4-one (1.2 g) was dissolved in 60 ml of distilled

water and heated at a temperature of 65-70°C for 2 hours. The
reaction was monitored by tilc (silica; 50X EtOH:50% EtOAc) and
after the 2 hours the solution was rotary evaporated to dryness.

The solid residue was recrystallized from ethyl acetate/petroleum

ether (b.p. 60-80°C) to glve the title compound in 59% yield,

m.p. 106- 108°C vmax (nujol), 1610, 1720, 3440 cm~t;  §(DMSO)

0.9-1.2 (94, m), 2.3-2.9 (3H, m), 4.15 (4H, s),

5.9-6.1 (1H, d 7Hz), 7.3-7.5 (W4, d, 7Hz); M* 253.
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Example 5 : Preparation of 2-ethyl-3-hydroxy-1-[2-(a-methyl-
propionyloxy)ethvl]pyridin-4-one
(1) 3-Benzyloxy-2-ethyl-1-[2-(a-methylpropionyloxy)ethyl j-
pyridin-4-one

5 3-Benzyloxy-2-ethyl-1-(2-hydroxyethyl)pyridin-4-one

(0.92 g, 0.003 mole, prepared as described in Example 2), was
dissolved in a mixture of 30 ml dimethylformamide and 20 ml of
pyridine at room temperature whilst stirring under N2. The
solution was added dropwise to a mixture of i1sobutyryl chloride

10 (1.3 ml, 0.012 mole) in 10 ml of pyridine at 0°C and the resulting
solution was then stirred at room temperature overnight under Ni.
The reaction was monitored by tlc (silica; ' 50% EtOH:50% EtOAcC).
The solution was filtered, the dimethylformamide was removed under
high vacuum by rotary evaporation and the oily residue was

15 dissolved in 100 ml of dichloromethane. The solution was washed
with 5% w/v aqueous NaHCO3 (3 x 100 ml) and water (2 x 100 ml).
The organic layer was dried over NasSO4, filtered and rotary
evaporated to give a crude oil. This was treated with activated
charcoal 1in ethy1 acetate, filtered and rotary evaporated. The

20 o0il1 produced was purified by means of column chromatography
(silica; 50% EtOH:50X EtOAc). Rotary evaporation of the selected
samples gave the title compound as an oil in 66X vyield, &§(CDCl3),
0.9-1.3 (94, m), 2.3-2.7 (3H, m), 3.5-4.3 (4H, m), 5.2 (2H, s),
6.2-6.4 (1H, d, THz), 7.1-7.5 (6H, m).

25 (2) 2-ethyi-3-hvdroxy-1-{2-(«-methylpropionyloxy)ethyl]-

pyridin-4-one ‘

g 3-Benzyloxy-2-ethyl-1-{2-(c—methylpropionyloxy)ethyl ]-
pyridin-4-one was dissolved in 35 ml of dimethylformamide and
about 0.1 g of palladium on activated charcoal (5%) was added.

30 The solution was left under Hy for four dyas and the reaction was
monitored by tlc (silica; 50X EtOH:50% EtOAc). The solution was
filtered three times and rotary evaporated under high vacuum.

The oily residue was then treated with activated charcoal in
ethyl acetate, filtered and rotary evaporated to dryness. After

35 crystallization from ethyl acetate the pure title compound was
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obtained in 37% yield, m.p., i.r., n.m.r. and mass spectra as
quoted in Example 4.
Example 6 : Partition data ,

The partition coefficients of four or five samples of each of
the compounds of Examples 2 and 4 were measured using essentially
the procedure described in Example 25 of UK Patent No. 2 136 807.
For comparative purposes a similar measurement was made for the
compound 1-(2-acetoxyethyl)-2-ethyl-3-hydroxypyridin-4-one which
was prepared by an analogous procedure to that of Example 5 using
acetyl chloride in place of isobutyryl chlioride. The results
obtained for the partition coefficient Kpapt, being the ratio
(concentration of compound in n-octanol)/concentration of compound
in aqueous phase on partition between n-octanol and aqueous tris
hydrochloride (20 mM, pH 7.4), are shown in the Table.

Table

Sample Compound (ester group)

1.500

]

2 0.948
3 0.940
4 0.962
5 -

6.11341.622 |  4.64260.337 | 1.08840.275
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Example 7 : Formulation of medicaments

(A)

Tablets of the following composition are prepared:

mg/tablet
2-ethy1-3-hydroxy-1-(2-pivaloyloxyethyl)-
. pyridin-4-one (micronised) 250
Avicel (microcrystai]ine cellulose) 38
polyvinylpyrrolidone 1
alginic acid b
magnesium stearate 3

The 3-hydroxypyridin-4-one 1s mixed with 'Avicel' and

polyvinylpyrrolidone is added, dissolved in sufficient industrial

methylated spirits (74° OGP) to produce a mass suitable for

granulating. The mass 1is granulated through a 20 mesh sieve

and the resultant granules are dried at a temperature not

exceedi%g 50°C. The dried granules are passed through a 20 mesh

sieve and the alginic acid and magnesium stearate are then added

and mixed with the granuies. The product is compressed into tablets

each weighing 300 mg on 3/8 inch flat bevelled edge divided punches.

(B)

Tablets of the following composition are prepared:

mg/tablet
2-ethyl-3-hydroxy-1-(2-pivaloyloxyethyl)-
. pyridin-4-one (micronised) 250
Avicel’ (microcrystalline cellulose) 134
polyvinylpyrrolidone 4
alginic acid 8
magnesium stearate 4

The tablets are prepared by essentially the same procedure as

described in (A) and are compressed at a tablet weight of 400 mg

on 7/16 inch flat bevelled edge punches.
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(C) Tablets of the following composition are prepared:
mg/tablet

2-ethyl-3-hydroxy-1-(2-pivaloyloxyethyl)-
pyridin-4-one (micronised) 250
5 lactose (300 mesh) , 19
maize starch 15
gelatine 10
magnesium stearate 6

10 The 3-hydroxypyridin-4-one is mixed with lactose and half the

total quantity of maize starch required, and a 5% solution of
gelatine in water is added to the mass. The product is granulated
through a 16 mesh sieve, and the resultant granules are dried to
.constant weight at a temperature not exceeding’50°c. The dried
15 granules are passed through a 20 mesh sieve and mixed with
magnesiumstearate and the remainder of the maize starch. The
product is compressed at a 300 mg tablet weight on 3/8 inch flat
bevelled edge divided punches.
Similar procedures may be followed with other compounds such
20 as that of Example 1 or 4.
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CLAIMS:
1. A compound being a 3-hydroxypyridin-4-one of
formula (I)
0

in which R; 1s methyl, ethyl, 2-la-methylpropionyloxy)ethyl
or 2-pivaloyloxvethyl group and R,, R; and R; are each
separately selected from hydrogen and methyl, ethyl,

2- (a-methylpropionyloxy)ethyl and 2-pivaloyloxyethyl groups
with the provisos that (a) one cnly of Ry to K, 1s either a
2- (aa-methylpropionyloxyiethyl group or a 2-pivaloyloxyethyl
group, (b) at least one of K, and R; 1s other than hydrogen

and (c¢) the total number of carbon atoms in R, to R, 1s no

more than eleven, the compound optionally belng in the form

of a physiologically acceptable sait.

2. A compound according to c¢laim 1, in which R; 1s a

2- (a-methylpropionyloxyethyl or 2-pivaloyloxyvethyl group.

3. A compound according to claim 1, 1in which R; 1s a

2- (au-methylpropionyloxy echyl or 2-pivaloyloxyvethyl group.

4 A compound according to claim 1, 2 or 3, which

contains one 2-pivaloyloxyethyl group.

5. A compound according to any one of claims 1 to 4,
in which the total number of carbon atoms 1n R; to Ry 18 no

more than nine.
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6 . A compound according to any one of claims 1 to 5,

1n which R; 18 other than hydrogen and R; is hydrogen.

7. A compound according to claim 3, in which R, and Ry

are each methyl and R; is hydrogen or R; 1s methyl and R; and

5 Ry are each hydrogen or R: 1s ethyl and R; and Ry are each

hydrogen.

8 . A compound according to claim 1, being 2-ethyl-3-

hydroxy-1-[2- (a-methylpropionyleoxy)ethvl]lpyridin-4-one or a

physiologically acceptable salt thereoi.

10 9. A compound according to claim 1 being 3-hydroxy-
2,6-dilmethyl-1- (2-pivaloyloxyethyl)pyridin-4-one, 3-hydroxy-
l-methyl-2-(2-pivaloyloxyethyl)pyridin-4-one or l-ethyl-3-
hydroxy-2-(2-pivaloyloxvethyl) -pyridin-4-one or a

=

physiologically acceptable salt thereotf.

15 10. A compound according to claim 1 being 3-hydroxy-2-
methyl-1-(2-pivaloyloxvethyl)pyridin-4-one or a

physiologically acceptable salt thereof.

11. A compound according to claim 1 being 2-ethyl-3-
hydroxy-1-(2-pivaloyloxyvethyl)pyridin-4-one or a

20 physiologically acceptable salt thereof.

12. A pharmaceutical composition comprising a compound

of formula (I) according to any one of claims 1 to 11

together with a physiologically acceptable di_uent or

carrier.

25 13. A method for the preparation of a compound of

formula (I) according to any one of claims 1 to 9 which

comprlses

(a) treating a 3-hydroxypvridin-4-one of formula (II)
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R3. L _OH
o T/
R4 N ~R2
R1
(IT

in which the groups R' to R® correspond to the groups R; to Ry

bt

1n the compound of formula (I) but with the exception that

the 2-(a-methylpropionyloxy)ethyl or 2-pivaloyloxyethyl

group 1n that compound 1s instead a 2-hydroxyethyl group in

the compound of formula (II) to effect selective

esterification of the hvdroxy group of the 2-hydroxyethyl

—e.

group with the formation of a 2-(a-methylpropionyloxy)ethyl

or 2-pivaloyloxyethyl group; or (b, treating a derivatized

3-hydroxypyridin-4-one of formula (III)

O
3
R A _OR
~ \(/,/ e
|
-
1~ N hp2
R f R
1
R
(IIT)

in which the groups R' to R* correspond to the groups R, to Ry

in the compound of formula (I) and OR 1s a derivatized

hydroxy group to effect conversion of the grouping OR to a
hydroxy group; and where applicable in either (a) or (b)

converting the product o salt form.
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14 . A method according to claim 13 in which procedure

(b) is used and the group R in the intermediate of formula

(ITI) is a benzyl, oa-methylpropionyl or pivaloyl group.

15. A compound according to any one of claims 1 to 11

or a composition according to claim 12 for use 1n therapy.

F. #

16. Use of a compound acccrding to any one of claims 1

to 11 or a composition according to claim 12 for the

manufacture of a medicament for use 1n the treatment of a

r—

condition in which a toxic concentration of i1iron 1s present

in the body.

I}

17. Use of a therapeutically effective amount of a
compound according to any one of claims 1 to 11 or a
composition according to claim 12 for treating a patient

having a condition requiring treatment by a chelating agent.

18. Use according to claim 17 for the removal of

deleterious amounts of metal 1n the patient.

19. Use according to c¢laim 18, wherein a toxic

concentration of iron 13 present 1n the patient.

20. A commercial package, comprising a therapeutically
effective amount of a compound according to any one of
claimes 1 to 11 or a composition according to claim 12, and
associated therewith instructions for use therecft for
treating a patient having a condition requiring treatment by

a chelating agent.

FETHERSTONHAUGH & CO.

OTTAWA, CANADA

PATENT AGENTS
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