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57 ABSTRACT 

Pharmaceutical compositions containing an iron complex of 
a 3-hydroxypyrid-2-one or 3-hydroxypyrid-4-one in which 
the hydrogen atom attached to the nitrogen atom is replaced 
by an aliphatic acyl group, by an aliphatic hydrocarbon 
group, or by an aliphatic hydrocarbon group Substituted by 
one or, except in the case of ionizable groups, more than one 
Substituent Selected from aliphatic acyl, alkoxy, aliphatic 
amine, aliphatic amide, carboxy, aliphatic ester, halogen, 
hydroxy and Sulpho groups and, optionally, in which one or 
more of the hydrogen atoms attached to ring carbon atoms 
are replaced by one of Said Substituents, by an aliphatic 
hydrocarbon group, or by an aliphatic hydrocarbon group 
Substituted by an alkoxy, aliphatic ester, halogen or hydroxy 
group, but eXcluding compounds in which said replacement 
of hydrogen atoms in the compound is effected only by 
aliphatic hydrocarbon groups, are of value for the treatment 
of iron deficiency anemia. 

41 Claims, No Drawings 
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RON-PYRIDONE COMPLEXES FOR 
ANEMA 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to iron compounds for use in 
pharmaceutical compositions for the treatment of iron defi 
ciency anaemia. 

2. Description of the Background 
An adequate Supply of iron to the body is an essential 

requirement for tissue growth in both man and animals. 
Although there is normally an ample amount of iron in the 
diet, the level of absorption of iron from food is generally 
low So that the Supply of iron to the body can easily become 
critical under a variety of conditions. Iron deficiency 
anaemia is commonly encountered in pregnancy and may 
also present a problem in the newly born, particularly in 
certain animal Species Such as the pig. Moreover, in certain 
pathological conditions there is a maldistribution of body 
iron leading to a State of chronic anaemia. This is seen in 
chronic diseaseS Such as rheumatoid arthritis, certain 
haemolytic diseases and cancer. 

Although a wide range of iron compounds is already 
marketed for the treatment of iron deficiency anaemia, the 
level of iron uptake by the body from these compounds is 
often quite low, necessitating the administration of relatively 
high dosage levels of the compound. The administration of 
high dose, poorly absorbed, iron complexes may cause 
siderosis of the gut wall and a variety of Side effects Such as 
nausea, vomiting, constipation and heavy malodorous 
Stools. 

In UK patent application No. 823.0148, now published as 
Application No. GB 2,117,766A (corresponding to U.S. 
application Ser. No. 478,494), now U.S. Pat. No. 4.550,101, 
we describe a group of iron complexes which we have 
identified as being of particular value for use at relatively 
low dosage levels in the treatment of iron deficiency 
anaemia. These compounds consist of iron complexes of 
3-hydroxypyrid-2-ones and 3-hydroxypyrid-4-Ones in 
which the nitrogen atom and optionally one or more of the 
carbon atoms of the ring are Substituted by an aliphatic 
hydrocarbon group, particularly of 1 to 6 carbon atoms. We 
have now found that the iron complexes of 3-hydroxypyrid 
2-ones and 3-hydroxypyrid-4-Ones containing other ring 
Substituents are also of particular value in the treatment of 
Such conditions. 

SUMMARY OF THE INVENTION 

According to the present invention a pharmaceutical 
composition comprises an iron complex of a 
3-hydroxypyrid-2-one or 3-hydroxypyrid-4-one in which 
the hydrogen atom attached to the nitrogen atom is replaced 
by an aliphatic acyl group, by an aliphatic hydrocarbon 
group, or by an aliphatic hydrocarbon group Substituted by 
one or, except in the case of ionisable groups, more than one 
Substituent Selected from aliphatic acyl, alkoxy, aliphatic 
amide, aliphatic amine, carboxy, aliphatic ester, halogen, 
hydroxy and Sulpho groups and, optionally, in which one or 
more of the hydrogen atoms attached to ring carbon atoms 
are replaced by one of Said Substituents, by an aliphatic 
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2 
hydrocarbon group, or by an aliphatic hydrocarbon group 
Substituted by an alkoxy, aliphatic ester, halogen or hydroxy 
group, but eXcluding compounds in which said replacement 
of hydrogen atoms in the compound is effected only by 
aliphatic hydrocarbon groups, together with a physiologi 
cally acceptable diluent or carrier. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The iron complexes present in the pharmaceutical com 
positions according to the present invention preferably con 
tain iron in the ferric State. Although the use of complexes 
containing iron in the ferrous State may be considered, Such 
complexes tend to be leSS Stable and are thus of less interest. 
The iron complexes are preferably neutral and this is con 
Veniently achieved by complexing with the iron cation the 
appropriate number of anions derived from a hydroxypyri 
done (through the conversion OH->O) necessary to pro 
duce neutrality. Preferred iron complexes of use in the 
present invention are thus of the 3:1 form, containing three 
hydroxypyridone anions complexed with a ferric cation, and 
complexes of this type are believed never to have been 
previously prepared. It will be appreciated, however, that the 
invention does not exclude the use of complexes of the 1:1 
or particularly the 2:1 form, usually in association with a 
physiologically acceptable anion or anions to achieve 
neutrality, for example the chloride ion. 
The ability of both the free compound and its iron 

complex to permeate membranes is important in the context 
of the treatment of anaemia and it is also desirable for both 
to possess Some degree of water Solubility. A good indication 
of the physical properties of a compound and its iron 
complex in this respect is provided by the value of the 
partition coefficient (Ki) obtained on partition between 
n-octanol and tris hydrochloride (20 mM, pH 7.4; tris 
representing 2-amino-2-hydroxymethylpropane 1,3-diol) at 
20 C. and expressed as the ratio (concentration of com 
pound in organic phase)/(concentration of compound in 
aqueous phase). Preferred compounds show a value of K, 
for the free compound of above 0.02 or 0.05 but less than 
3.0, especially of above 0.2 but less than 1.0, together with 
a value of K, for the 3:1 hydroxypyridone iron(III) 
complex of above 0.02 but less than 6.0, especially of above 
0.2 but less than 1.0. The following comments upon pref 
erences among the groups used for replacement of hydrogen 
atoms attached to nitrogen or carbon atoms of the pyridone 
ring are directed towards the use of compounds having 
partition coefficients in the free and complexed State which 
lie in these preferred ranges. For examples of measured 
partition coefficients of Specific compounds reference 
should be made to Table 1 of Example 1. 

Compositions of particular interest are those containing 
the iron complex of a compound in which the hydrogen atom 
attached to the nitrogen atom of the pyridone ring is replaced 
by a group other than an aliphatic hydrocarbon group, 
although the invention does of course extend to composi 
tions containing a compound in which this hydrogen atom is 
replaced by an aliphatic hydrocarbon group and a hydrogen 
atom attached to a carbon atom of the ring is replaced by 
another type of group. Furthermore, although compounds 
having a group other than an aliphatic hydrocarbon group 
attached to the ring nitrogen atom may also have the 
hydrogen atom of one or more ring carbon atoms replaced 
by the same or a different group which is also other than an 
aliphatic hydrocarbon group, it is preferred either that the 
ring carbon atoms in Such compounds are unsubstituted or 
that Substitution is limited to aliphatic hydrocarbon groups. 
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More than one of the ring carbon atoms of the 
3-hydroxypyrid-2-or-4-One may be Substituted, for example 
two of Such atoms, either by the same Substituent group or 
by different Substituent groups, for example by an aliphatic 
hydrocarbon group and by another type of Substituent, 
although compounds in which none or only one of the ring 
carbon atoms are Substituted, for example by an aliphatic 
hydrocarbon group, are preferred. Substitution of these 
atoms is of more interest with the 3-hydroxypyrid-4-Ones, 
for example at the 6- or particularly the 2-position, than with 
the 3-hydroxypyrid-2-ones. Particularly when the ring car 
bon atoms are Substituted by the larger groups, however, 
there may be an advantage in avoiding Substitution on a 
carbon alpha to the 

-C-C system. 
| N 
O OH 

This system is involved in the complexing with iron and the 
close proximity of one of the larger aliphatic hydrocarbon 
groups may lead to Steric effects which inhibit complex 
formation. 
Where a ring nitrogen or carbon atom is Substituted by an 

aliphatic hydrocarbon group, this group 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 6 carbon atoms, particularly 
of 1 to 4 and especially of 1 to 3 carbon atoms, are of most 
interest. Alkyl groups are preferred, for example cyclic 
groupS Such as cyclopropyl and especially cyclohexyl but, 
more particularly preferred are acyclic groupS. Such as 
methyl, ethyl, n-propyl and isopropyl. Where the ring carbon 
atoms are Substituted by an aliphatic hydrocarbon group or 
groups these are preferably methyl but in the case of a group 
Substituting the nitrogen atom larger groups may more often 
be utilised with particular advantage. 

In the case of Substituted aliphatic hydrocarbon groups, 
the preferences as to the nature of the aliphatic hydrocarbon 
group are broadly as expressed above but the preferences as 
to Size are Somewhat different. Firstly, in the case of Such 
groups attached to nitrogen, groups containing only 1 carbon 
atom are of less interest, particularly with certain Substituent 
groupS Such as hydroxy and amine groups, Since compounds 
containing Such Substituted groups may be difficult to pre 
pare because of a relative lack of Stability of the Systems 

N 

and -- 

Furthermore, in the case of Substituted aliphatic hydrocar 
bon groups attached both to nitrogen and to carbon atoms, 
a Substituted methyl group containing a hydrophilic Sub 
Stituent may cause the compound to be of too hydrophilic a 
character unless the effect of this group is balanced by that 
of another, more hydrophobic, group. For this reason ali 
phatic hydrocarbon groups of 2 or especially 3 or more 
carbon atoms are often preferred in this context, particularly 
where the Substituent is an amine, carboxy, hydroxy or 
Sulpho group, although groups of 1 or 2 carbon atoms may 
be very Suitable in certain cases, for example where the 
Substituent is an amide group, particularly an N-Substituted 
one. It will be appreciated therefore, that the range of size of 
aliphatic hydrocarbon groups which are Substituted may 
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4 
conveniently be greater than that indicated above as being 
preferred for unsubstituted groups, for example 1 to 8 carbon 
atoms, particularly 1 to 6 carbon atoms, and especially 3, 4 
or 5 carbon atoms when the Substituted group contains no 
additional hydrophobic group. 

In general, the circumstances in which the Smaller Sub 
Stituted aliphatic hydrocarbon groups are of interest occur 
either when the Substituent group involved is not of a 
particularly hydrophilic character or when it is of Such a 
character but an additional group, Such as a larger aliphatic 
hydrocarbon group of, for example, 3 or more carbon atoms 
is present to provide a balance to the hydrophilic character. 
Such a larger group may be present in the same Substituted 
aliphatic hydrocarbon group, as is the case with the amide 
containing groups referred to above, or Separately. In 
particular, when both the ring nitrogen atom and one or more 
of the ring carbon atoms carry a Substituted aliphatic hydro 
carbon group, it may be Suitable for one of the Substituted 
aliphatic hydrocarbon groups, for example that carried by 
the nitrogen atom, to be of a Size as discussed above, for 
example of 3 or 4 to 5 or 6 carbon atoms, and for the other 
or others to be Smaller, for example of 2 or particularly 1 
carbon atom. Thus, when the nitrogen atom carries either a 
Substituted aliphatic hydrocarbon group or an acyl group, 
and also a hydrogen atom or atoms attached to carbon are 
replaced, then Such replacement, for example at the 
6-position, as an alternative or in addition to being effected 
by an aliphatic hydrocarbon group, may conveniently be 
effected by a Substituted methyl group. It will be appreciated 
that Substitution at the nitrogen atom of the compounds is of 
particular interest in the present invention and that it is 
preferred to dictate the hydrophilic/hydrophobic balance in 
the molecule primarily through Such N-Substitution. It is 
more usually the case therefore that, when the compounds 
are C-substituted but the preferred form of C-Substitution 
involving aliphatic hydrocarbon groups is not present, the 
C-Substituent or Substituents incorporate Substituted ali 
phatic hydrocarbon groups which are Such that preferences 
as to the Size and nature of these groups are broadly as 
expressed for the unsubstituted groups, for example being 
Substituted alkyl groups of 1 to 3 carbon atoms and particu 
larly Substituted methyl groups Such as chloromethyl, 
ethoxymethyl, and especially hydroxymethyl. 

Substituted aliphatic hydrocarbon groups attached to the 
nitrogen atom of iron complexes of compounds of use in the 
present invention may contain more than one Substituent, for 
example two Substituents of a different type. One example of 
Such a multiply Substituted aliphatic hydrocarbon group 
occurs where the group is Substituted both by a Sulphonic or 
particularly a carboxylic acid ester group and by a Sulphonic 
or particularly a carboxylic acid amide group. One potential 
drawback with Such multiply Substituted groups, however, is 
their increased size and it is the case, therefore, that groups 
containing one Substituent, often terminally Substituted on 
the aliphatic hydrocarbon group, are more commonly 
employed and, as indicated hereinbefore, Substitution by 
more than one ionisable group (amine, carboxy or Sulpho) is 
Specifically excluded (Substitution by more than one group, 
only one of which is ionisable, is not excluded although not 
of great interest). 
AS regards the Substituent groups present in the iron 

complexes of compounds of use in the present invention, an 
aliphatic acyl group may be a formyl group but alkylcarbo 
nyl groups are of most interest. Such acyl groups may, for 
example, be of 2 to 4 or 5 carbon atoms, and particularly 
may contain alkyl groups of the type described above as 
being preferred as an aliphatic hydrocarbon group Substitu 
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ent at a ring nitrogen or carbon atom being, for example, 
-COCHCH or especially -COCH. Alkoxy groups may 
conveniently be of 1 to 4 carbon atoms and contain similar 
alkyl groups to those which are preferred in the alkylcarbo 
nyl groups, examples of Such Substituents being ethoxy and 
particularly methoxy. 
Amine Substituents may consist of a group -NH2 or its 

charged equivalent, a group N'NH", which will be 
asSociated with a physiologically acceptable anion, for 
example a chloride or other halide ion, a Solubilising anion 
Such as that from methane Sulphonic or isethionic acid, or an 
anion derived from the hydroxy group of the ring 
(OH->O), or such a –NH or -N. NH group in 
which one or more of the hydrogen atoms is replaced by an 
aliphatic hydrocarbon group, for example an alkyl group 
Such as is described above as a Substitutent at a ring nitrogen 
or carbon atom. Amide Substituents may contain a Sulphonyl 
or a carbonyl group. The latter type are, however, of most 
interest and the further discussion will therefor refer to them 
although it applies equally to the Sulphonyl type. The amide 
substituent may be of the unsubstituted form -CONH2 or 
may contain a nitrogen atom which is mono- or 
di-Substituted as just described for the amine Substituents, 
for example being a group -CONHCH, etc. Alternatively, 
the 

-CO.N grouping 

of the amide Substituent may be arranged in the opposite 
Sense So that in a N-Substitutent, for example, the nitrogen 
atom of the amide grouping is linked to the aliphatic 
hydrocarbon group which is attached to the nitrogen atom of 
the ring, the carbonyl group being attached to an aliphatic 
hydrocarbon group, for example an alkyl group Such as is 
described above as a Substituent at a ring nitrogen or carbon 
atom, or, in the case of a carboxylic acid amide but not in the 
case of a Sulphonic acid amide, to hydrogen. With Such 
amide groups arranged in this opposite Sense, the nitrogen 
atom may carry a hydrogen atom or be mono-Substituted as 
discussed for amide Substituents of the first mentioned form, 
that form of amide Substituent being the one of particular 
interest. 

Carboxy and Sulpho Substituents may be present as the 
group -CO2H or -SOH, or as the anion derived there 
from in combination with 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 represents 2-amino 
2-hydroxymethyl propane 1,3-diol). Ester Substituents may 
contain a Sulphonyloxy or preferably a carbonyloxy group 
and may be arranged in either Sense, i.e. with a carboxylic 
acid ester the group -CO.O- may have either the carbonyl 
group or the oxy group linked to the carbon atom of the ring 
or the nitrogen atom of the ring (through an aliphatic 
hydrocarbon group on which the ester group is Substituted, 
where appropriate). The other group of oxy and carbonyl 
will be linked to an aliphatic hydrocarbon group forming 
part of the ester group or, in the case where this is a carbonyl 
group may alternatively be linked to hydrogen (this possi 
bility does not apply in the case of Sulphonic acid esters). 
Once again, preferred aliphatic hydrocarbon groups con 
tained by the ester group are those described above as 
Substituents in relation to Substitution on a ring nitrogen or 
carbon atom. In the case of N-Substituents, where the ester 
group is attached to an aliphatic hydrocarbon group which is 
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6 
in turn attached to the ring, ester groups in which the 
carbonyl or Sulphonyl group is linked to this aliphatic 
hydrocarbon group are preferred, for example the groups 
-CHCOCH and -CHCOCHs. In the case of 
C-substituents the reverse is true and with any C-substituent 
consisting of an aliphatic hydrocarbon group Substituted by 
an ester group there is a strong preference for the oxy group 
to be attached to the aliphatic hydrocarbon group which is in 
turn attached to the ring, for example as in the groups 
-CHO.COCH and -CHO.COCHs. Halogen substitu 
ents may conveniently be iodo, fluoro, bromo or especially 
chloro. 

It should be noted that Sulphonic acid groups and the 
corresponding ester and amide groups are of leSS interest as 
N-Substitutents in the case of the pyrid-2-ones than in that of 
the pyrid-4-Ones but that N-Substituents consisting of an 
aliphatic hydrocarbon group Substituted by an acyl group are 
of most interest in the case of the pyrid-2-ones. 
Among the Substitutents on the ring nitrogen atom of 

Some particular interest are aliphatic acyl groups and ali 
phatic hydrocarbon groups Substituted by amine, amide, 
carboxy, aliphatic ester and hydroxy groups, for example the 
groups -COR, -(CH), COXR and -(CH), XH 
and to a lesser extent the more complex type of group 
-(CH2)CH(COY)NHCOR, in which R is an alkyl 
group, for example methyl, ethyl or n-propyl, R is hydrogen 
or an alkyl group, for example methyl, ethyl, n-propyl, 
isopropyl or n-butyl, X is an oxy or imino group, Y is OR 
or NR, n is an integer from 1 to 4 or 6, particularly 2, 3 or 
4, and m is an integer from 2 to 4 or 6, particularly 3, 4 or 
5. It will be appreciated that there is an inter-relation 
between the preferred values of n and R. So that the groups 
having the higher values of n tend to have the lower values 
of R2, and Vice versa, So that in groups -(CH2)-COXR2, 
for example, -(CH), and R may conveniently together 
contain 3 to 7 carbon atoms, especially 4 to 6 carbon atoms. 
Also of interest as N-Substitutents in the case where a ring 
carbon atom is Substituted by other than an aliphatic hydro 
carbon group are aliphatic hydrocarbon groups, for example 
groups R, R being as described above. 
Among Substituents on the ring carbon atoms which are of 

Some particular interest are aliphatic hydrocarbon groups 
and Such groups Substituted by a halogen, alkoxy or espe 
cially a hydroxy group, for example the groupS R, 
-CHCl, -CHOCHs and -CH-OH in which R is as 
described above. 
The N-substituents described above may be present on the 

nitrogen atoms of various 3-hydroxypyrid-2-ones and 
3-hydroxypyrid-4-Ones, in particularly 3-hydroxypyrid-2- 
one, 3-hydroxypyrid-4-One, 2-alkyl(e.g. methyl and ethyl)- 
3-hydroxypyrid-4-One S, 6-alkyl (e.g. methyl)-3- 
hydroxypyrid-4-Ones, 2,6-dialkyl(e.g. dimethyl)-3- 
hydroxypyrid-4-ones and 3-hydroxy-6-hydroxymethyl 
pyrid-4-One. In the case of the 3-hydroxypyrid-2-ones, 
N-Substituent groups of the aliphatic acyl, and amide- or 
ester-Substituted aliphatic hydrocarbon group type are of 
especial interest whilst in the case of the 3-hydroxypyrid 
4-ones, N-Substituent groups of the aliphatic acyl and 
amide-, ester- and hydroxy-Substituted aliphatic hydrocar 
bon group type are of especial interest. 

Specific examples of N-Substituted 3-hydroxypyrid-2- 
and -4-Ones lacking C-Substitution other than by an aliphatic 
hydrocarbon group are the following compounds, with the 
various symbols being as defined above and R being 
hydrogen, ethyl or especially methyl whilst p represents 0, 
1, 2, 3 or 4 (the case of R=H being of less interest when 
p=0). Compounds (IV) in which X is an oxy group and 
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compounds (II), and also (V), in which X is an imino group -continued 
may be mentioned particularly. (VII) 

O 

(1) OH 

R 

1O (fl. 
X 

l 
4. YR, 

OH (II) (VIII) 
N O 

OH 

N O 

s". 2O R 

o? Yxs, s". 
(III) o--o 

25 R1 

Examples of pyridones containing C-Substituents other 
than aliphatic hydrocarbon groups and N-Substituents which 
are aliphatic hydrocarbon groups are the 1-alkyl-6- 
halomethyl-3-hydroxypyrid-4-ones and the 1-alkyl-3- 
hydroxy-6-hydroxymethylpyrid-4-ones and their 
6-alkoxymethyl analogues, Specific examples of which are 
the following compounds in which the various symbols are 
as defined above, the two Symbols R representing the same (IV) 

O 35 or a different alkyl group in (XI), Hal represents a halogen 
OH grOup. 

(DX) 
N R 

40 

s"). 
XH 

(V) 
O 45 

OH 
(X) 

O 

R 50 OH 

s". 
C HOCH N R 

21 YR, 2 
R 

(VI) 55 1. 
O (XI) 

O 
OH 

OH 

60 
N R 

R1OCH N R 
(CH2) 

R1 

65 
XR2 It should be noted that among the 3-hydroxypyrid-2-ones 

and 3-hydroxypyrid-4-Ones, the former are of rather greater 
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interest in the iron complex form for iron donation and the 
latter are of rather greater interest in the free form for iron 
removal in the treatment of conditions involving iron 
overload, as described in another UK application of even 
date herewith. 

3-Hydroxy-6-hydroxymethyl-1-methylpyrid-4-one, 1-(2'- 
aminoethyl)-3-hydroxypyrid-4-one, 3-hydroxy-1-(2'- 
hydroxyethyl)-2-methylpyrid-4-one, 1-carboxymethyl-3- 
hydroxy-2-methylpyrid-4-One and 1-ethoxycarbonylmethyl 
3-hydroxy-2-methylpyrid-4-One are known compounds but 
all of the other hydroxypyridones described above are 
believed to be novel. 
The colour reaction which 1-methyl-3-hydroxy-6- 

hydroxymethylpyrid-4-one shows in solution with ferric 
chloride has been reported in the literature but no product 
was characterised. Moreover, it should be noted that the 
procedure described does not yield a Solid complex and that 
the prevailing conditions are Such that the mixture of com 
plexes which would be formed in solution does not include 
a complex of the 3:1 form referred to hereinbefore, both the 
amount of ferric chloride and also the pH of the reaction 
mixture having an influence on the nature of the complex 
produced. 

Subject to the limitations imposed by this prior art, the 
present invention thus also includes as compounds, per Se, 
an iron complex of a 3-hydroxypyrid-2-one or 
3-hydroxypyrid-4-One in which the hydrogen atom attached 
to the nitrogen atom is replaced by an aliphatic acyl group, 
by an aliphatic hydrocarbon group, or by an aliphatic 
hydrocarbon group Substituted by one or, except in the case 
of ionisable groups, by more than one Substituent Selected 
from aliphatic acyl, alkoxy, aliphatic amine, aliphatic amide, 
carboxy, aliphatic ester, halogen, hydroxy and Sulpho groups 
and, optionally, in which one or more of the hydrogen atoms 
attached to ring carbon atoms are replaced by one of Said 
Substituents, by an aliphatic hydrocarbon group, or by an 
aliphatic hydrocarbon group Substituted by an alkoxy, ali 
phatic ester, halogen or hydroxy group, but eXcluding com 
pounds in which said replacement of hydrogen atoms is 
effected only by aliphatic hydrocarbon groups. In particular, 
the invention includes as compounds, per Se, a neutral iron 
complex containing 1 molar proportion of iron(III) and 3 
molar proportions of a 3-hydroxypyrid-2-one or 
3-hydroxypyrid-4-One as just defined. 

The iron complexes are conveniently prepared by the 
reaction of the hydroxypyridone and iron ions, the latter 
conveniently being derived from an iron Salt, particularly a 
ferric halide and especially ferric chloride. The reaction is 
conveniently effected in a Suitable mutual Solvent and water 
may often be used for this purpose. If desired, however, an 
aqueous/organic Solvent mixture may be used or an organic 
Solvent, for example ethanol, methanol, chloroform and 
mixtures of these Solvents together and/or with water where 
appropriate. In particular, methanol or especially ethanol 
may be used as the solvent where it is desired to effect the 
Separation of at least a major part of a by-product Such as 
Sodium chloride by precipitation whilst the iron complex is 
retained in Solution. 

It will be appreciated that the nature of the iron complex 
obtained by the reaction of a hydroxypyridone and iron ions 
will depend both on the proportion of these two reactants 
and upon the pH of the reaction medium. Thus, for the 
preparation of the 3:1 ferric complex, for example, the 
hydroxypyridone and the ferric Salt are conveniently mixed 
in Solution in a 3:1 molar proportion and the pH adjusted to 
a value in the range of 6 to 9, for example 7 or 8. If a similar 
excess of hydroxypyridone:iron is employed but no adjust 
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10 
ment is made of the acidic pH which results on the admix 
ture of the hydroxypyridone and an iron Salt Such as ferric 
chloride then a mixture of the 2:1 and 1:1 complex will 
instead be obtained. 

Reaction to form the iron complex is generally rapid and 
will usually have proceeded Substantially to completion after 
5 minutes at about 20 C., although a longer reaction time 
may be used if necessary. Following Separation of any 
precipitated by-product, Such as Sodium chloride in the case 
of certain Solvent Systems, the reaction mixture may con 
Veniently be evaporated on a rotary evaporator or freeze 
dried to yield the Solid iron complex. This may, if desired, 
be crystallised from a Suitable Solvent, for example water, an 
alcohol Such as ethanol, or a Solvent mixture, including 
mixtures containing an ether. The present invention thus 
further includes a process for the preparation of an iron 
complex of a 3-hydroxypyrid-2-one or 3-hydroxypyrid-4- 
one as defined hereinbefore, which comprises reacting Said 
hydroxypyridone with iron ions and isolating the resultant 
complex. 

Whilst for Some uses it may be appropriate to prepare the 
iron complex in Substantially pure form, i.e. Substantially 
free from by-products of manufacture, in other cases, for 
example with a Solid oral formulation as described 
hereinafter, the presence of by-products Such as Sodium 
chloride may be quite acceptable. In general, however, the 
neutral 3:1 hydroxypyridone:iron(III) complex is of par 
ticular interest in a form free from by-products which are 
complexes containing different proportions of hydroxypyri 
done and iron, in particular the 2:1 and 1:1 complexes. 
Accordingly the present invention includes an iron complex, 
for example the 3:1 hydroxypyridone:iron(III) complex, of 
a 3-hydroxypyrid-2-one or 3-hydroxypyridone-4-one as 
defined hereinbefore, when in a form Substantially free from 
iron complexes of the hydroxypyridone containing other 
proportions of iron. AS indicated hereinafter, it may be 
advantageous under Some circumstances for the iron com 
plex to be used in admixture with the free hydroxypyridone 
and, if desired, Such a mixture may be obtained directly by 
reacting a molar proportion of the hydroxypyridone and iron 
ions of greater than 3:1. 
The 3-hydroxy-pyrid-2-one compounds may conve 

niently be prepared by nucleophilic Substitution at the nitro 
gen atom of the corresponding 2,3-dihydroxypyridine or one 
containing groups covertible to C-Substituents present in the 
desired pyridone, for example using an organic halide RX 
in which R" represents the group present on the nitrogen 
atom of the desired 3-hydroxypyrid-2-one or a group con 
Vertible thereto and X represents a halogen group. In 
particular, X may for example represent an iodo group when 
R" represents an aliphatic hydrocarbon group or Such a group 
of 2 or more carbon atoms Substituted by an aliphatic acyl 
group Such as CH-CO(CH-)-, or a bromo group when R' 
represents an aliphatic acyl group, Such as CHCO- or 
CHCH-CO-, or an aliphatic hydrocarbon group Substi 
tuted by an aliphatic acyl group, Such as CH-COCH-, or 
an aliphatic ester group, Such as CHOCOCH-. A group 
of the last mentioned type, once introduced onto the nitrogen 
atom, may be hydrolysed to yield an aliphatic hydrocarbon 
group Substituted by a carboxy (or Sulpho) group, which 
carboxy (or Sulpho) group may in turn be converted to an 
amide group or even another ester group. 
The 3-hydroxypyrid-4-One compounds may conveniently 

be prepared similarly or preferably from the more readily 
accessible corresponding 3-hydroxy-4-pyrone or a 
3-hydroxy-4-pyrone containing groups convertible to the 
C-Substituent present in the desired pyridone, for example 
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by the reaction -CH2OH->-CHHall. Thus the 
3-hydroxy-4-pyrone may conveniently be converted to the 
3-hydroxy-pyrid-4-One through protection of the hydroxy 
groups, for example as an ether group and Such as a 
benzyloxy group, reaction of the protected compound with 
a compound R'NH2, in which R" represents the group present 
on the nitrogen atom of the desired 3-hydroxypyrid-4-One or 
a group convertible thereto, in the presence of a base, for 
example an alkali metal hydroxide Such as Sodium hydrox 
ide. The protecting group may then be removed and any 
other modification of the C-substituents effected. In particu 
lar R' may for example represent an aliphatic hydrocarbon 
group, a hydroxyamine, Such as 2-hydroxyethylamine, or 
3-hydroxypropylamine, a diamine, Such as ethylenediamine, 
or an amino acid, Such as glycine, C- and B-alanine, Ö-amino 
butyric acid or taurine. Hydroxy, amine and carboxy (or 
Sulpho) groups in N-Substituents may of course be converted 
to ester, amide and ester groups, respectively. 
An alternative procedure involves the use of a 2-aliphatic 

acyl 3-hydroxyfuran which may be reacted with a compound 
R'NH2, the reaction, for example, of 2-acetyl-3- 
hydroxyfuran with the sodium salt of glycine to form 
1-carboxymethyl-3-hydroxy-2-methylpyrid-4-one being 
described by Severin and Loidl in Z. Lebensm. Unters.- 
Forsch. 1976, 161, 119. 
An example of the modification of C-Substituents after 

formation of the pyridone ring arises in the case where it is 
appropriate for Substituents on carbon atoms of the ring to be 
protected whilst Substitution is effected at the nitrogen atom 
of the ring. Thus, for example, where a hydroxymethyl 
group is present on the ring as well as the 3-hydroxy group, 
both hydroxy groups in a 3-hydroxy-4-pyrone may be 
protected as described above. Moreover, N-acylated pyrid 
4-ones may be prepared by direct acylation but it is preferred 
to protect the 3-hydroxy group, for example as an ether 
group Such as a benzyloxy group, and to remove this 
protecting group after the N-acylation has been effected. A 
Similar form of protection of the 3-hydroxy group is Suitable 
where a 6-hydroxyalkyl group is present which is being 
modified, for example to give a 6-alkoxyalkyl or 6-haloalkyl 
grOup. 

It will be appreciated from the foregoing that in many 
cases the final Stage in the preparation of the compound 
comprises deprotecting the hydroxy group of a pyridone 
having Similar ring carbon atom Substituents but with the 
3-hydroxy group in protected form and either the Same ring 
nitrogen atom Substituent or one convertible thereto and, 
where applicable, converting the N-Substitutent to that 
present in Said compound and/or, optionally, converted the 
compound to a Salt thereof containing a physiologically 
acceptable ion or ions. 
Compounds containing Substituent groups which are 

required to be in Salt form may be converted to Salts by 
reaction with the appropriate acid or base according to 
Standard procedures (amino Substituent compounds of a 
Zwitterion type containing a cation from the amino group 
and an anion from the 3-hydroxy group may be prepared by 
crystallisation from aqueous media at a pH of about 9). 
Conveniently, however, the Substituent groups are not 
present in Salt form. 

It will be appreciated that these are not the only routes 
available to these compounds and that various alternatives 
may be used as will be apparent to those skilled in the art, 
as will be the routes to the various intermediates required 
such as C-substituted 2,3- and 3,4-dihydroxypyridines and 
3-hydroxy-4-pyrones. 

Moreover, it will be appreciated that certain of the com 
pounds may be converted in Vivo to other compounds which 
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are responsible for the metal binding activity observed in 
Vivo. This will be true, for example, of compounds contain 
ing ester groups which are likely to be converted to carboxy 
groups when the compounds are administered orally. 
The iron complexes may be formulated for use as phar 

maceuticals for veterinary, for example in an avian or 
particularly a mammalian context, or especially for human 
use by a variety of methods. For instance, they may be 
applied as an aqueous, oily or emulsified composition incor 
porating a liquid diluent which most usually will be 
employed for parenteral administration and therefore may 
conveniently be Sterile and pyrogen free. However, oral 
administration is generally to be preferred for the treatment 
of iron deficiency anaemia in humans and the complexes 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, particularly in 
humans, to use compositions incorporating a Solid carrier, 
for example a conventional Solid carrier material Such as 
Starch, lactose, dextrin or magnesium Stearate. Such Solid 
compositions may conveniently be of a formed type, for 
example as tablets, capsules (including SpanSules), etc. The 
iron complex will of course be present in Such a preferred 
composition in Solid form and the present invention extends 
to an iron complex of a 3-hydroxypyrid-2-one or 
3-hydroxypyrid-4-one as defined hereinbefore in Solid form. 
Although Solid compositions are preferred in many 

applications, liquid compositions are of interest in certain 
particular instances, for example human and Veterinary 
intramuscular administration and Veterinary oral adminis 
tration as discussed hereinafter. It is often desirable, par 
ticularly for Such oral administration, to produce liquid 
compositions containing a higher concentration than is 
readily obtainable with a purely aqueous composition or 
indeed one containing organic Solvents Such as Simple 
monohydric alcohols, compositions utilising Such diluents 
therefore being of less interest when not in sterile form. It 
has been found that higher concentrations may be achieved 
by the use of Solvents containing two or more hydroxy 
groups or a hydroxy and an ether group, especially glycols 
or glycol ethers, either in admixture with water or, for better 
Solubilisation, alone. The glycol ethers of particular interest 
are the mono-ethers containing as an etherifying group an 
aliphatic hydrocarbon group of 1 to 6 carbon atoms as 
described above, for example a methyl group, Such a glycol 
mono-ether being methyl ethylene glycol. In general, 
however, the glycols themselves are preferred. Examples of 
Such glycols are the Simple dihydroxy alkanes Such as 
ethylene glycol as well as those more complex compounds 
comprising two hydroxy groups attached to a chain contain 
ing both carbon and oxygen atoms, Such as triethylene 
glycol, tetraethylene glycol and polyethylene glycol, for 
example of 4,000 daltons molecular weight. Triethylene 
glycol and especially tetraethylene glycol are of particular 
interest in view of their very low toxicity. By using such 
glycols and glycol ethers it is possible to increase Solubility 
for many complexes to 10 to 20 mg/ml. 

In the case of animals, compositions for parenteral admin 
istration are of greater interest than with humans. The 
problems of iron deficiency anaemia in newly born pigs 
arise primarily during the first three weeks or So of their life 
when a very rapid weight gain takes place. The usual routes 
for administration of the iron complexes of the present 
invention to young piglets are parenteral, for example 
intramuscular, or oral, for example as a liquid preparation 
"injected into the mouth. However, an alternative approach 
is to enhance the iron content of the milk on which the 
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piglets are feeding by treating the mother pig using oral or 
parenteral administration, for example with an injectable 
Slow release preparation (Such an approach may also be an 
interest in a human context). When it is applicable to feed 
piglets on foodstuffs other than the milk of the mother pig, 
it may also be possible to effect the pharmaceutical admin 
istration of the iron complex in this other foodstuff. 

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 containing a unit dose, or a 
multiple or sub-unit of a unit dose. Whilst the dosage of 
hydroxypyridone iron complex given will depend on various 
factors, including the particular compound which is 
employed in the composition, it may be Stated by way of 
guidance that maintenance of the amount of iron present in 
the human body at a satisfactory level will often be achieved 
using a daily dosage, in terms of the iron content of the 
compound, which lies in a range from about 0.1 to 100 mg 
and often in a range from 0.5 to 10 mg, for example 1 or 2 
mg, veterinary doses being on a Similar g/Kg body weight 
ratio. However, it will be appreciated that it may be appro 
priate under certain circumstances to give daily dosages 
either below or above these levels. In general, the aim should 
be to provide the amount of iron required by the patient 
without administering any undue exceSS and the properties 
of the pharmaceutical compositions according to the present 
invention are particularly Suited to the achievement of this 
aim. 
Where desired, an iron complex of more than one 

hydroxypyridone as described above may be present in the 
pharmaceutical composition or indeed other active com 
pounds may be included in the composition, for example 
compounds having the ability to facilitate the treatment of 
anaemia, Such as folic acid. Another additional component 
which may be included in the composition, if desired, is a 
Source of zinc. Iron compounds used in the treatment of iron 
deficiency anaemia can inhibit the mechanism of Zinc uptake 
in the body and this can cause Serious Side effects in the 
foetus when treating anaemia in a pregnant female. It is 
believed, however, that the iron complexes of the present 
invention have a further advantage in that they either do not 
have this effect or exhibit the effect at a lower level than the 
compounds at present used in the treatment of anaemia. 
Accordingly, it may often be the case that the level of Zinc 
providing compound added to the composition may not 
require to be high or, with preferred formulations of the iron 
complexes, may be dispensed with altogether. 

It has never before been appreciated that the iron com 
plexes. Such as those described herein might be used, and 
with great advantage, in a pharmaceutical context. Accord 
ingly the present invention includes an iron complex of a 
3-hydroxypyrid-2-one or 3-hydroxypyrid-4-one as defined 
hereinbefore for use in medicine, particularly in the treat 
ment of iron anaemia deficiency. 
We have found that the iron complexes described herein 

are particularly Suited to the treatment of iron anaemia 
deficiency both in humans and also in a veterinary context, 
particularly for the treatment of various mammalian Species 
and especially pigs. The complexes will partition into 
n-octanol indicating that they are able to permeate biological 
membranes, this property being confirmed in practice by 
tests of the ability of the 'Fe labelled iron complexes to 
permeate erythrocytes. The ability of the compounds in this 
respect will depend on the nature of the N- or N- and 
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14 
C-substituents present therein and the reflection of this 
ability in the K values of various compounds has been 
referred to hereinbefore. 
The ability of the iron complexes of the present invention 

to promote iron uptake with a high level of efficiency, as 
compared with a range of other iron complexes currently 
marketed for the treatment of iron deficiency anaemia, has 
been confirmed by measurements in the rat Small intestine. 
Once present in the bloodstream, the complexes will donate 
iron to transferrin, a position of equilibrium being Set up 
between the complexes and transferrin. It is because of the 
existence of this equilibrium that the corresponding free 
hydroxypyridones may equally be used in the treatment of 
iron Overload, although certain of these compounds may be 
of particular value for use in the free State for iron removal 
and others may be of particular value for use as iron 
complexes for iron Supply. Preliminary experiments have 
Suggested that the 3-hydroxypyrid-2-ones may be more 
efficient at donating iron to transferrin than the 
3-hydroxypyrid-4-Ones. 

Certain aspects of their formulation may enhance the 
activity of the complexes in particular contexts. Thus, 
although the neutral 3:1 ferric complexes are of particular 
value as being Stable over a wide pH range from about 4 or 
5 up to 10, they will dissociate at the pH values of less than 
4 prevailing in the Stomach to form a mixture of the 2:1 and 
1:1 complex together with the free hydroxypyridone. Firstly, 
one of Several variations may be employed which avoid or 
reduce exposure of the iron complex to the acidic conditions 
of the Stomach. Such approaches may involve various types 
of controlled release System, ranging from one, which may 
for example be based on a polymer, which Simply provides 
a delayed release of the complex with time, through a system 
which is resistant to dissociation under acidic conditions, for 
example by the use of buffering, to a System which is biased 
towards release under conditions Such as prevail in the Small 
intestine, for example a pH Sensitive System which is 
stabilised towards a pH of 1 to 3 such as prevails in the 
stomach but not one of 7 to 9 such as prevails in the small 
intestine. Since the pH of the Stomach is higher after a meal, 
it may be advantageous, whatever method of formulation is 
used, to administer the iron complexes at Such a time. 
A particularly convenient approach to a controlled release 

composition involves encapsulating the iron complex by a 
material which is resistant to dissociation in the Stomach but 
which is adapted towards dissociation in the Small intestine 
(or possibly, if the dissociation is slow, in the large intestine). 
Such encapsulation may be achieved with liposomes, phos 
pholipids generally being resistant to dissociation under 
acidic conditions. The liposomally entrapped 3:1 iron(III) 
complexes can therefore Survive the acid environment of the 
Stomach without dissociating to the 2:1 and 1:1 complexes, 
and the free hydroxypyrone. On entry into the small 
intestine, the pancreatic enzymes rapidly destroy the 
phospholipid-dependent Structure of the liposomes thereby 
releasing the 3:1 complex. LipoSome disruption is further 
facilitated by the presence of bile salts. However, it is 
usually it is more convenient to effect the encapsulation, 
including micro-encapsulation, by the use of a Solid com 
position of a pH Sensitive nature. 
The preparation of Solid compositions adapted to resist 

dissociation under acidic conditions but adapted towards 
dissociation under non-acidic conditions is well known in 
the art and most often involves the use of enteric coating, 
whereby tablets, capsules, etc, or the inidividual particles or 
granules contained therein, are coated with a Suitable mate 
rial. Such procedures are described, for example, in the 
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article entitled “Production of enteric coated capsules” by 
Jones in Manufacturing Chemist and Aerosol News, May 
1970, and in Such standard reference books as "Pharmaceu 
tical Dosage Forms, Volume III by Liebermann and Lack 
mann (published by Marcel Decker). One particular method 
of encapsulation involves the use of gelatine capsules coated 
with a cellulose acetate phthalate/diethylphthalate layer. 
This coating protects the gelatin capsule from the action of 
water under the acid conditions of the Stomach where the 
coating is protonated and therefore Stable. The coating is 
however destabilised under the neutral/alkaline conditions 
of the intestine where it is not protonated, thereby allowing 
water to act on the gelatin. Once released in the intestine the 
rate of permeation of the intestine wall by the water soluble 
3:1 iron(III) complex is relatively constant irrespective of 
the position within the intestine, i.e. whether in the jejunum, 
ileum or large intestine. Other examples of methods of 
formulation which may be used include the use of polymeric 
hydrogel formulations which do not actually encapsulate the 
iron complex but which are resistant to dissociation under 
acidic conditions. 
A Second approach to countering the effect of the acidic 

conditions prevailing in the Stomach is to formulate the iron 
complex in the pharmaceutical composition together with 
the metal-free hydroxypyridone from which it is derived. 
The dissociation of the neutral 3:1 ferric complex, for 
example, involves various equilibria between this complex, 
the 2:1 and 1:1 complexes, and the metal-free compound, So 
that the presence of the latter will inhibit this dissociation. 
Any proportion of the free compound can be advantageous 
in this context but little further advantage accrueS from 
increasing the proportion beyond a certain level. A preferred 
range for the molar proportion of the free compound present 
in compositions according to the present invention is thus 
from 0 to 20 moles free hydroxypyridone:1 mole of iron 
complex, particularly the neutral 3:1 iron(III) complex. 
Conveniently, a proportion of up to no more than 5 or 10 
moles: 1 mole is used with a lower level of 1 or 2 moles:1 
mole, although to obtain a marked effect upon dissociation 
of the iron complex a proportion of at least 5 or 10 moles: 1 
mole is usually employed. Thus, a preferred range is from 3 
moles: 1 to 10 moles: 1 mole. The use of Such a mixture is an 
important feature of the present invention Since it can enable 
one to obtain almost quantitative uptake of iron from the 
complex. It should be appreciated, however, that the equi 
librium between the complexes of various types and the 
metal-free compound will be effected by any take up of the 
latter in the body and the degree of Such uptake from the 
Stomach, for example, will depend on the particular metal 
free compound. The nature of the N-substituent, for 
example, may therefore have a marked effect on the behav 
iour of the complex/metal-free compound System, and in 
Selecting Such N-Substituents this fact should be taken into 
acCOunt. 

A further advantage than prevention of dissociation of the 
iron complex under acidic conditions may accrue from the 
use of a free hydroxypyridone in admixture with its iron 
complex. Thus, in certain pathological conditions there may 
be an excess of iron deposited at certain Sites even though 
the patient exhibits an overall anaemia. In patients having 
Such conditions the use of Such a mixture has the advantage 
that the iron complex will remedy the overall anaemia whilst 
the free hydroxypyridone will act to remove iron from 
pathological to physiological Sites. Moreover, there may be 
an advantage in formulating the iron complex of one 
hydroxypyridone as described herein with another one of 
Such hydroxypyridones in free form (the same group of 
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hydroxypyridones in metal-free form are the Subject of our 
further application of even date herewith) or with a mixture 
of the corresponding free hydroxypyridone, present prima 
rily to prevent dissociation of the iron complex, and of 
another Such hydroxypyridone in free form, present prima 
rily to effect iron transfer. Thus, it is preferable for the 
hydroxypyridone present in an iron donor to be rapidly 
metabolized So as to effect its removal from the System once 
it has given up its iron at an appropriate site in the System, 
whilst it is preferable for a hydroxypyridone being used as 
an iron remover not to be rapidly metabolized So that it 
remains in the System, taking up iron, for an extended 
period. For this reason the use of different hydroxypyridones 
in the free form and as the iron complex has certain 
advantages. Moreover, different hydroxypyridones may, for 
other reasons, function more efficiently either in the free 
form as an iron remover or in complex form as an iron donor. 
Of Some especial interest are mixtures of an iron complex of 
a hydroxypyrid-2-one with a free hydroxypyrid-4-One, and 
optionally also with the corresponding free hydroxypyrid 
2-one. If desired, the free hydroxypyridone may alterna 
tively be used in the form of a salt formed at the hydroxy 
group thereof through its conversion to the anion (OH->O) 
and containing a physiologically acceptable cation, for 
example as described hereinbefore. 

It will be appreciated that, as an alternative to combina 
tion with a different free hydroxypyridone of the Same type, 
the iron complex may be used in combination with another 
iron chelating agent. In particular, this iron chelating agent 
may be one Such as is described in UK patent application 
No. 8308056, published as GB No. 2,118,176A (U.S. appli 
cation Ser. No. 478,493), being a 3-hydroxypyrid-2-one or 
3-hydroxypyrid-4-one in which the hydrogen atom attached 
to the nitrogen atom is replaced by an aliphatic hydrocarbon 
group and, optionally, in which a hydrogen atom attached to 
one or more ring carbon atoms is also replaced by an 
aliphatic hydrocarbon group, or a Salt thereof containing a 
physiologically acceptable cation. Other types of free 
hydroxypyridone with which the iron complex may be 
combined are described in UK patent application No. 
8325496 published as Application No. GB 2,146,990A (U.S. 
application Ser. No. 651,772), now U.S. Pat. No. 4,587,240. 
The present invention thus includes a mixture of an iron 

complex of a 3-hydroxypyrid-2-one or 3-hydroxypyrid-4- 
one in which the hydrogen atom attached to the nitrogen 
atom is replaced by an aliphatic acyl group, by an aliphatic 
hydrocarbon group, or by an aliphatic hydrocarbon group 
Substituted by one, or except in the case of ionisable groups, 
more than one Substituent Selected from aliphatic acyl, 
alkoxy, aliphatic amine, aliphatic amide, carboxy, aliphatic 
ester, halogen, hydroxy and Sulpho groups and, optionally, in 
which one or more of the hydrogen atoms attached to ring 
carbon atoms are replaced by one of Said Substituents, by an 
aliphatic hydrocarbon group, or by an aliphatic hydrocarbon 
group Substitued by an alkoxy, aliphatic ester, halogen or 
hydroxy group, but excluding compounds in which Said 
replacement of hydrogen atoms is effected only by aliphatic 
hydrocarbon groups, together with a different 
3-hydroxypyrid-2-one or 3-hydroxypyrid-4-one in which 
the hydrogen atom attached to the nitrogen atom is replaced 
by an aliphatic acyl group, by an aliphatic hydrocarbon 
group, or by an aliphatic hydrocarbon group Substituted by 
one, or except in the case of ionisable groups, more than one 
Substituent Selected from aliphatic acyl, alkoxy, aliphatic 
amine, aliphatic amide, carboxy, aliphatic ester, halogen, 
hydroxy and Sulpho groups and, optionally, in which one or 
more of the hydrogen atoms attached to ring carbon atoms 
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are replaced by one of Said Substituents, by an aliphatic 
hydrocarbon group, or by an aliphatic hydrocarbon group 
Substituted by an alkoxy, aliphatic ester, halogen or hydroxy 
group, or a Salt of Such a different pyridone containing a 
physiologically acceptable ion or ions. 
When a metal-free 3-hydroxypyrid-2-one or 

3-hydroxypyrid-4-One is present in admixture with the iron 
complex of a 3-hydroxypyrid-4-One or 3-hydroxypyrid-2- 
one for the purpose of acting as an iron remover, then the 
amount of the former may be different than when the free 
hydroxypyridone necessarily corresponds to that present in 
the iron complex and is present primarily to prevent disso 
ciation. Thus the daily dosage of the iron complex may be 
as above and the daily dosage of the free hydroxypyridone 
may be that quoted in our co-pending application of even 
date herewith, Ser. No. 478,493, and in UK patent applica 
tion GB No. 2,118,176A. i.e. about 0.1 g to 5 g for human 
use, particularly 0.5 g to 2 g, from which it will be seen that 
the proportion of iron complex and free hydroxypyridone 
used in Such a context may extend acroSS a wide range but 
preferred amounts of the free compound tend to be higher 
than in the other instance. 

It will be appreciated that the present invention also 
includes a method for the treatment of a patient which 
comprises administering to Said patient an amount of an iron 
complex of a 3-hydroxypyrid-2-one or 3-hydroxypyrid-4- 
one as described hereinbefore in order to effect an increase 
in the levels of iron in the patient’s blood stream. 

In addition to the pharmaceutical uses of the iron com 
plexes discussed above they are also of potential interest as 
a Source of iron in various other contexts including in cell 
and bacterial growth, in plant growth, as a colouring agent 
and in the control of iron transport acroSS membranes. 

This invention is illustrated by the following Examples. 
EXAMPLES 

EXAMPLE 1. 

Preparation of the Iron Complexes 
The iron complex of 3-hydroxy-1-(2-hydroxyethyl)-2- 

methylpyrid-4-One is prepared by either procedure (a) or 
procedure (b). 

(a) An aqueous Solution of ferric chloride is reacted for 5 
minutes at room temperature with an aqueous Solution 
containing 3 molar equivalents of 3-hydroxy-1-(2'- 
hydroxyethyl)-2-methylpyrid-4-one. The resultant solution 
is adjusted to pH 7.0 using 2 molar aqueous Sodium hydrox 
ide and is then freeze dried. The resulting powder is 
extracted with chloroform, filtered and the filtrate subjected 
to rotary evaporation to give an essentially quantitative yield 
of the neutral complex containing the 3-hydroxy-1-(2- 
hydroxyethyl)-2-methylpyrid-4-One anion and the ferric cat 
ion in 3:1 proportion. Recrystallisation of the 3:1 complex 
from ethanol gives wine coloured crystals, m.p. 330-340 
C., v, (nujol) 1,600, 1,500 cm. 

(b) An ethanolic solution of ferric chloride is reacted for 
5 minutes at room temperature with a chloroform Solution 
containing 3 molar equivalents of 3-hydroxy-1-(2'- 
hydroxyethyl)-2-methylpyrid-4-one. The resultant solution 
is neutralised by the addition of Solid Sodium carbonate, the 
precipitated sodium chloride removed by filtration and the 
filtrate evaporated to give an essentially quantitative yield of 
the 3:1 complex, m.p. 330–340° C. 
The 3:1 iron(III) complex of 1-(2-carboxyethyl)-3- 

hydroxy-2-methylpyrid-4-One is prepared by a procedure 
analogous to (a) above and has m.p.>300 C., v. (nujol) 
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1500, 1550, 1590 cm. The 3:1 iron(III) complexes of 
3-hydroxy-1-methyoxycarbonylmethylpyrid-2-one and of 
3-hydroxy-1-(N-propylcarbamoylmethyl)-pyrid-2-one are 
prepared by a procedure analogous to (b) above and have, 
respectively, m.p. 305-310° C. decomp., v. (nujol) 1540, 
1630, 1750 cm. 

fix 

When an excess (5 to 50 molar equivalents) of any 
pyridone is used, both procedure (a) and procedure (b) lead 
to an essentially quantitative yield of the excess pyridone in 
free form in admixture with the 3:1 complex. 
The partition coefficient K, 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; tris repre 
Sents 2-amino-2-hydroxymethylpropane 1,3-diol), is mea 
sured at 20° C. for the 3:1 iron(III) complexes of each of the 
compounds listed in Table 1 and also for the iron-free 
compound (at 10"M) by spectrophotometry. The solutions 
of the complexes are either produced by dissolving the 
pre-formed complex in the aqueous tris hydrochloride or are 
prepared in situ in the buffer by the admixture of a 3:1 molar 
ratio of the pyridone and ferric chloride, the pH thereafter 
being readjusted to 7.4 if necessary (the same product will 
be obtained in the buffer solution irrespective of whether the 
pyridone used is in a Salt form or not). Acid washed 
glassware is used throughout and, following mixing of 5 ml 
of the 10"Maqueous solution with 5 ml of n-octanol for 1 
minute, the aqueous n-octanol mixture is centrifuged at 
1,000 g for 30 seconds. The two resulting phases are 
Separated for a concentration determination by Spectropho 
tometry on each. For the free hydroxypyridones, the range 
220-340 nm is used for concentration determinations whilst 
for the iron complexes the range 340-640 nm is used. Values 
typical of those obtained are shown in Table 1. 

TABLE 1. 

Partition coefficients 

Partition coefficient KoLIT 

Iron complex 
Free FeIII 

Compound compound (compounds 

1-acetyl-3-hydroxypyrid-2-one 0.55 O.24 
1-ethoxycarbonylmethyl-3- 0.5 O.19 
hydroxypyrid-2-one 
3-hydroxy-1-methoxycarbonyl- O.2 O.O2 
methylpyrid-2-one 
1-(N-ethylcarbamoylmethyl- O.12 O.O1 
3-hydroxypyrid-2-one 
3-hydroxy-1-(N-methylcarbamoyl- O.O6 O.OOS 
methyl)-pyrid-2-one 
3-hydroxy-1-(N-propylcarbamoyl- O.35 O.14 
methyl)-pyrid-2-one 
3-hydroxy-1-N-(2'-methylethyl)- O.34 O.15 
carbamoylmethyl-pyrid-2-one 
1-(N-butylcarbamoylmethyl)- 1.89 5.12 
3-hydroxypyrid-2-one 
3-hydroxy-1-(2'-hydroxyethyl)- &O.OO2 &OOO2 
2-methylpyrid-4-one 
3-hydroxy-1-(3'-hydroxypropyl)- O.10 O.O6 
2-methylpyrid-4-one 
3-hydroxy-1-(4-hydroxybutyl)- O.14 O.O3 
2-methylpyrid-4-one 
3-hydroxy-1-(5'-hydroxypentyl- O.28 O.04 
2-methylpyrid-4-one 
1-(5'-acetoxypentyl-3-hydroxy- O.45 O.O3 
2-methylpyrid-4-one 
1-carboxymethyl-3-hydroxy-2- &O.OO2 &OOO2 
methylpyrid-4-one 
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TABLE 1-continued 

Partition coefficients 

Partition coefficient Kolt 

Iron complex 
Free FeIII 

Compound compound (compounds 

1-(2'-carboxyethyl)-3-hydroxy- O.45 O.O3 
2-methylpyrid-4-one 
1-(2'-aminoethyl-3-hydroxy-2- &O.OO2 &OOO2 
methylpyrid-4-one 
3-hydroxy-5-hydroxymethyl-1- O.O3 O.O1 
methylpyrid-4-one 
1-ethyl-3-hydroxy-6-hydroxymethyl O.O6 O.O7 
pyrid-4-one 

The ability of the complexes of 1-acetyl-3-hydroxypyrid 
2-one and 1-ethyl-3-hydroxy-6-hydroxymethylpyrid-4-one 
to bind to haemoglobin is investigated by Studying the 
elution profile of a Fe label when a mixture of haemoglo 
bin and the Fe-labelled 3:1 (pyridone:iron) neutral com 
plex (at 1 mM concentration) is applied to a PD-10 column 
(Sephadex G-10 gel permeation column - Pharmacia). The 
two complexes advantageously show no detectable haemo 
globin binding ability. 

PREPARATION OF HYDROXYPYRIDONE 
STARTING MATERIALS 

Various hydroxypyridones for the preparation of the iron 
complexes of Table 1 and of other iron complexes according 
to the present invention are obtained as follows. 

(A) The preparation of 1-acetyl-3-hydroxypyrid-2- 
OC 

2,3-Dihydroxypyridine (5.55 g) is refluxed with acetyl 
bromide (10 ml) overnight. The reaction mixture is allowed 
to cool and water (10 ml) is added. The resulting Suspension 
is extracted with methylene chloride and the methylene 
chloride solution is dried over NaSO and evaporated. The 
resultant residue is recrystallised from petroleum ether 
(80°-100° C.) to give 1-acetyl-3-hydroxypyrid-2-one as 
white crystals (2.8 g), m.p. 140°-141C.; V, (nujol) 1680, 
3120 cm; 8(d. DMSO), 2.2 (s, 3H), 6.1 (t, 1H), 6.65 (m, 
1H), 7.2 (d. 1H). 

(B) The preparation of 1-ethoxycarbonylmethyl-3- 
hydroxy pyrid-2-one 

2,3-Dihydroxypyridine (5 g) is suspended in ethylbro 
moacetate (20 ml) and the mixture heated in a sealed tube for 
24 hours at 140°C. The tube is then cooled in Solid CO and 
opened. The contents are Subjected to rotary evaporation at 
50° C. to yield a yellow solid. Recrystallisation of this solid 
from water yields 1-ethoxycarbonylmethyl-3-hydroxypyrid 
2-one as white crystals (5.4 g), m.p. 141-151 C., v. 
(nujol) 1645, 1720 cm; 8(d.DMSO), 1.0 (t, 3H), 4.0 (q, 
2H), 4.55 (s, 2H), 5.95 (t, 1H), 6.6 (d. 1H), 7.05 (d. 1H). 

(C) The preparation of 1-carboxymethyl-3- 
hydroxypyrid-2-one 

1-Ethoxycarbonylmethyl-3-hydroxypyrid-2-one (2 g) is 
dissolved in 15 ml of 1:2 v/v ethanol/water containing 
sufficient ammonium hydroxide to create a pH of 12.0. The 
Solution is heated at 60° C. for 30 minutes, cooled, and 
acidified to pH 3.0 by the addition of formic acid. The 
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Solution is rotary evaporated to remove most of the ethanol 
and then freeze dried for 20 hours to remove the water, 
formic acid and ammonium formate. The resulting Solid is 
recrystallised from water to yield white crystals (1.4 g), m.p. 
203–205° C.; V, (nujol) 1540, 1590, 1640, 1695, 3240 
cm; 8(d. DMSO) 4.5 (s, 2H), 5.95 (t, 1H), 6.6 (d. 1H), 7.0 
(d. 1H). 

(D) The preparation of 3-hydroxy-1- 
methoxycarbonylmethylpyrid-2-one 

1-Carboxymethyl-3-hydroxypyrid-2-one (1 g), prepared 
as described under (C), is refluxed in methanolic hydrochlo 
ric acid for 2 hours. The solvent is removed by rotary 
evaporation and the residue recrystallised from water to give 
3-hydroxy-1-methoxycarbonylmethylpyrid-2-one in 60% 
yield, m.p. 141-142 C.; V (nujol) 1560, 1595, 1645, 
1730, 3220 cm; 8(dDMSO) 3.55 (s, 3H), 4.65 (s, 2H), 
6.05 (t, 1H), 6.7 (d. 1H), 7.1 (d. 1H) 9.2 (s, 1H). 

The Preparation of 1-(N-ethylcarbamoylmethyl)-3- 
hydroxypyrid-2-one 

3-Benzyloxy-1-carboxymethylpyrid-2-one 
1-Ethoxycarbonylmethyl-3-hydroxypyrid-2-one (10 g), 

prepared as described under (B), is dissolved in methanol/ 
water (9:1 v/v) (400 ml). To this solution is added benzyl 
chloride (3 molar excess) and NaOH until the pH is above 
12. The mixture is then refluxed for six hours to give a clear 
orange Solution. The methanol is removed by rotary evapo 
ration and the aqueous Solution is extracted with dichlo 
romethane to remove exceSS benzyl chloride. The aqueous 
phase is diluted Slightly by adding extra water and then 
acidified to pH 2 using concentrated hydrochloric acid 
which results in the precipitation of a beige Solid. The 
mixture is cooled and the precipitate filtered off and washed 
with diethyl ether. The crude product is recrystallised from 
ethanol to give 3-benzyloxy-1-carboxymethylpyrid-2-one 
(5.4g, 41%), m.p. 176°-177° C. 

3-Benzyloxy-1-(succinimido-oxycarbonylmethyl)- 
pyrid-2-one 

3-Benzyloxy-1-carboxymethylpyrid-2-one (2 g) is dis 
solved in dimethylformamide (DMF) (25 ml) and to this 
solution is added N-hydroxysuccinimide (1g). The resultant 
Solution is cooled and to it is added dicyclohexylcarbodi 
imide (DCCI) (11.8 g) in DMF (5 ml). The mixture is 
allowed to Stand overnight to give a brown Supernatant and 
a white precipitate. The precipitate is filtered off, washed 
with a little DMF and then evaporated to dryness under high 
Vacuum. The crude product is dissolved in a minimum 
volume of dichloromethane and diethyl ether is added to this 
solution until it becomes cloudy. The solution is then cooled 
and the resultant precipitate is filtered off and washed with 
a little diethyl ether to give 3-benzyloxy-1- 
(Succinimidooxycarbonylmethyl)-pyrid-2-one (2.26 g, 
82%), m.p. 1879–188° C. 

3-Benzyloxy-1-(N-ethylcarbamoylmethyl)-pyrid-2- 
OC 

3-Benzyloxy-1-(Succinimido-oxycarbonylmethyl)-pyrid 
2-one (1g) is dissolved in dichloromethane (100 ml) and to 
this Solution is added ethylamine in a 2 molar exceSS. The 
mixture is allowed to stand for five minutes and then the 
N-hydroxysuccinimide liberated by the reaction is extracted 
with 1M sodium bicarbonate (2x25ml). The organic layer is 
dried over anhydrous Sodium Sulphate, filtered, and evapo 



Re. 36,831 
21 

rated to give 3-benxyloxy-1(N-ethylcarbamoylmethyl)- 
pyrid-2-one as a grey solid in 50% yield, m.p. 171-172 C. 

1-(N-ethylcarbamoylmethyl)-3-hydroxypyrid-2-one 
3-Benzyloxyl-(N-ethylcarbamoylmethyl)-pyrid-2-one (1 

g) is dissolved in 50:50 v/v aqueous ethanol. Platinum/ 
carbon catalyst (100 mg) is added and the Solution is 
hydrogenated at 20° C. and atmospheric pressure for eight 
hours. The mixture is filtered, the filtrate subjected to rotary 
evaporation and the resulting residue recrystallised from 
ethanol to give 1-(N-ethyl-carbamoylmethyl)-3- 
hydroxypyrid-2-one in 70% yield, m.p. 214-215 C., v. 
(nujol) 1555, 1580, 1645, 1675, 3260, 3400 cm, 
8(d.DMSO) 1.0 (t, 3H), 3.05 (m, 2H), 4.5 (s.2H), 6.05 (t, 
1H), 6.7 (d. 1H), 7.05 (d. 1H), 8.2(s, 1H). 

(F) The preparation of 3-hydroxy-1-(N- 
methylcarbamoylmethyl)pyrid-2-one 

3-Benzyloxy-1-(Succinimido-oxycarbonylmethyl)-pyrid 
2-one (1g), prepared as described under (E), is reacted with 
methylamine under Substantially similar conditions to those 
described under (E) for the reaction of this compound with 
ethylamine to give 3-benzyloxy-1-(N- 
methylcarbamoylmethyl)-pyrid-2-one as a white Solid in 
84% yield, m.p.=182°-183° C. 

This compound is hydrogenated as described under (E) 
for the corresponding ethyl analogue to give 3-hydroxy-(N- 
methylcarbamoylmethyl)-pyrid-2-one in 60% yield, m.p.= 
204°-205 C.; V, (nujol) 1560, 1585, 1645, 1685, 2950, 
3275 cm. Ö(d6DMSO) 2.40, 2.46 (2xs, 3H), 4.35 (s, 2H), 
6.55 (d. 1H), 6.95 (d. 1H), 7.95 (s, 1H). 

(G) The preparation of 3-hydroxy-1-(N- 
propylcarbamoylmethyl)pyrid-2-one 

3-Benzyloxy-1-(Succinimido-oxycarbonylmethyl)-pyrid 
2-one (1g), prepared as described under (E), is reacted with 
n-propylamine under Substantially similar conditions to 
those described under (E) for the reaction of this compound 
with ethylamine to give 3-benzyloxy-1-(N- 
propylcarbamoylmethyl)-pyrid-2-one as a beige Solid in 
60% yield, m.p. 156-157 C. This compound is hydroge 
nated as described under (E) for the corresponding ethyl 
analogue to give 3-hydroxy-1-(N-propylcarbamoylmethyl)- 
pyrid-2-one in 47% yield, m.p. 204-205 C.; V, (nujol) 
1560, 1580, 1640, 3050, 3200 cm, 8(dDMSO) 0.85 (t, 
3H), 1.5 (m, 2H), 3.0 (q, 3H), 4.5 (s, 2H), 6.05 (t, 1H) 6.7 
(d. 1H), 7.05 (d. 1H), 8.1 (s, 1H), 8.95 (s, 1H). 

(H) The preparation of 3-hydroxy-1-N-(2- 
methylethyl)carbamoylmethyl-pyrid-2-one 

3-Benzyloxy-1-(Succinimido-oxycarbonylmethyl)-pyrid 
2-one (1g), prepared as described under (E), is reacted with 
isopropylamine under Substantially similar conditions to 
those described under (E) for the reaction of this compound 
with ethylamine to give 3-benzyloxy-1-N-(2-methylethyl)- 
carbamoylmethyl-pyrid-2-one. This compound is hydroge 
nated as described under (E) for the corresponding ethyl 
analogue to give 3-hydroxy-1-N-(2-methylethyl)- 
carbamoylmethyl-pyrid-2-one as a silvery powder in 60% 
yield, m.p. 238–241° C.; V, (nujol) 1570, 1595, 1650, 
3270 cm; 8(d. DMSO) 0.95 (d. 6H), 3.7 (m, 1H), 4.4 (s, 
2H), 5.95 (t, 1H) 6.53 (d. 1H), 6.98 (d. 1H), 7.96 (d. 1H), 
8.85 (s, 1H). 

(I) The preparation of 1-(N-butylcarbamoylmethyl)- 
3-hydroxypyrid-2-one 

3-Benzyloxy-1-(Succinimido-oxycarbonylmethyl)-pyrid 
2-one (1g), prepared as described under (E), is reacted with 
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22 
n-butylamine under Substantially similar conditions to those 
described under (E) for the reaction of this compound with 
ethylamine to give 3-benzyloxy-1-(N- 
butylcarbamoylmsthyl)-pyrid-2-one. This compound is 
hydrogenated as described under (E) for the corresponding 
ethyl analogue to give 1-(N-butylcarbamoylmethyl)-3- 
hydroxypyrid-2-one as colourless needles of m.p. 
1999–200° C.; V, (nujol) 1565, 1595, 1650, 1680, 3100, 
3270 cm; 8(d.DMSO), 0.8 (t, 3H), 1.3 (m, 4H), 3.0 (d. 
2H), 4.43 (s, 2H) 5.95 (t, 1H) 6.63 (d. 1H), 6.96 (d. 1H), 8.0 
(t, 1H), 8.86 (s, 1H). 

(J) The preparation of 1-acetyl-3-hydroxy-2- 
methylpyrid-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 HO 
containing 7.5 g NaOH). Benzyl 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 dichloromethane (3x25 ml). 
The extracts are combined, washed with 5% w/v NaOH 
(2x25ml), then water (2x25 ml) and dried over magnesium 
Sulphate. Evaporation of the Solvent gives crude 
3-benzyloxy-2-methyl-4-pyrone (35 g, 92%) which is puri 
fied by distillation in nitrogen under reduced preSSure to 
yield a colourless oil (28 g) of b.p. 148 C./0.2 mm. 

3-Benzyloxy-2-methylpyrid-4-one 
3-Benzyloxy-2-methyl-4-pyrone (20 g), concentrated 

(s.g. 0.880) ammonia (200 ml) and ethanol (100 ml) are 
mixed and kept at room temperature for 3 days. The Solvent 
and exceSS ammonia are then removed by rotary evaporation 
to yield an oil which on trituration with acetone gives 
3-benzyloxy-2-methylpyrid-4-One as white crystals m.p. 
162-163° C. 

1-Acetyl-3-benyloxy-2-methylpyrid-4-one 
3-Benzyloxy-2-methylpyrid-4-one (4 g) is dissolved in 

dry acetone (100 ml). Acetylbromide (3 g) and triethylamine 
(2.7 g) are added and the resulting mixture is mechanically 
stirred overnight. The mixture is then filtered and the filtrate 
is rotary evaporated to dryneSS. The residue is dissolved in 
methylene chloride and washed with dilute hydrochloric 
acid (pH 3.0), then twice with water, and is dried over 
Na2SO and rotary evaporated to yield a Solid residue. 
Recrystallisation of this residue from an ethylacetate/hexane 
mixture gives 1-acetyl-3-benzyloxy-2-methylpyrid-4-One as 
an oil (3.1 g). 

1-Acetyl-3-hydroxy-2-methylpyrid-4-one 
1-Acetyl-3-benzyloxy-2-methylpryid-4-one (2 g) is 

treated with 45% w/v HBr-acetic acid (10 ml) for 1 hour at 
lOO C. The solution is rotary evaporated to dryness at 70 
C. and triturated with an ethyl acetate/methanol (20.1 V/v) 
mixture. On Standing overnight at 4 C. pale brown crystals 
are deposited (1.2 g) and these are recrystallised from an 
ethyl acetate/methanol mixture to yield 1-acetyl-3-hydroxy 
2-methylpyrid-4-one as white crystals, m.p. 152-160 C.; 
8, (nujol) 1630, 1680 cm; 8(d. DMSO), 2.2 (s, 3H), 2.5 
(s, 3H), 7.25 (d. 1H), 8.15 (d. 1H). 

(K) The preparation of 3-hydroxy-1-(2- 
hydroxyethyl)-2-methylpyrid-4-one 

3-Benzyloxy-1-(2-hydroxyethyl)-2-methylpyrid-4- 
OC 

3-Benzyloxy-2-methyl-4-pyrone (4.8 g), prepared as 
described under (J), and 2-hydroxyethylamine (1.22 g) are 
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dissolved in water (220 ml) and ethanol (100 ml) containing 
Sodium hydroxide (2 g) is added. The mixture is stirred at 
room temperature for 6 days and is then acidified with 
concentrated hydrochloric acid to pH 2, and evaporated to 
dryneSS. The resulting colourless Solid is washed with water 
and extracted into chloroform (2x50 ml). The chloroform 
extracts are combined, dried over magnesium Sulphate, and 
evaporated to yield 3-benzyloxy-1-(2-hydroxyethyl)-2- 
methylpyrid-4-one, as a white solid (3.4 g), m.p. 198-199 
C. 

3-Hydroxy-1-(2-hydroxyethyl)-2-methylpyrid-4-one 
3-Benzyloxy-1-(2'-hydroxyethyl)-2-methylpyrid-4-one 

(2 g) is added to concentrated hydrobromic acid (10 ml) and 
the mixture is heated on a steam bath for 30 minutes. The 
resultant product is then recrystallised from water to yield 
3-hydroxy-1(2'-hydroxyethyl)-2-methylpyrid-4-one as 
white crystals (0.8 g), m.p. 164-165 C.; 8, (nujol) 1630, 
3150,3350 cm; 8(d.DMSO), 2.5 (s.3H), 3.7 (t, 2H), 4.35 
(t, 2H), 7.25 (3, 1H), 8.15 (d. 1H). 

(L) The preparation of 3-hydroxy-1-(3'- 
hydroxypropyl)-2-methylpyrid-4-one 

3-Benzyloxy-2-methyl-4-pyrone, prepared as described 
under (J), is reacted with 3-hydroxypropylamine under Sub 
stantially similar conditions to those described under (K) for 
reaction with 2-hydroxyethylamine to give 3-benzyloxy-1- 
(3'-hydroxypropyl)-2-methylpyrid-4-one. This is depro 
tected using the procedure described under (K) to give 
3-hydroxy-1-(3'-hydroxypropyl)-2-methylpyrid-4-one as 
white crystals, m.p. 111-113 C.; 6 (nujol) 1630, 3150, 
3350 cm, 8(d. DMSO) 1.8 (m, 2H), 2.4 (s, 3H), 3.35 (t, 
2H), 4.33 (t, 2H), 7.3 (d. 1H), 8.2 (d. 1H). 

(M) The preparation of 3-hydroxy-1-(4'- 
hydroxybutyl)-2-methylpyrid-4-one 

3-Benzyloxy-2-methyl-4-pyrone, prepared as described 
under (J), is reacted with 1-amino-4-hydroxybutane under 
substantially similar conditions to those described under (K) 
for reaction with 2-hydroxyethylamine to give 3-benzyloxy 
1-(4'-hydroxybutyl)-2-methylpyrid-4-one. This is depro 
tected using the procedure described under (I) to give 
3-hydroxy-1-(4'-hydroxybutyl)-2-methylpyrid-4-one as 
white crystals, m.p. 126-128 C.; 6 (nujol) 1630, 3350 
cm; 8(d. DMSO) 1.5 (m, 4H), 2.45 (s, 3H), 3.35 (t, 2H), 
4.30 (t, 2H), 7.25 (d 1H), 8.2 (d. 1H). 

(N) The preparation of 3-hydroxy-1-(5- 
hydroxypentyl)-2-methylpyrid-4-One 

3-Benzyloxy-2-methyl-4-pyrone, prepared as described 
under (J), is reacted with 1-amino-5-hydroxypentane under 
substantially similar conditions to those described under (K) 
for reaction with 2-hydroxyethylamine to give 3-benzyloxy 
1-(5-hydroxypentyl)-2-methylpyrid-4-one. This is depro 
tected using the procedure described under (I) to give 
3-hydroxy-1-(5'-hydroxypentyl)-2-methylpyrid-4-one as 
white crystals, m.p. 136-138 C.; 6 (nujol) 1625, 3350 
cm': 8(d. DMSO) 1.3 (m, 6H), 2.40 (s, 3H), 3.25 (t, 2H), 
4.20 (t, 2H), 7.20 (d. 1H), 8.15 (d. 1H). 

(0) The preparation of 1-(5'-acetoxypentyl)-3- 
hydroxy-2-methylpyrid-4-One 

3-Hydroxy-1-(5'-hydroxypentyl)-2-methylpyrid-4-one, 
prepared as described under (N), (2 g) is dissolved in glacial 
acetic acid containing about 1% w/v of hydrogen bromide 
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and the Solution is refluxed for 2 hours. The resultant 
mixture is Subjected to rotary evaporation and the residue 
crystallised from acqueous ethonal to give 1-(5'- 
acetoxypentyl)-3-hydroxy-2-methylpyrid-4one in 65% 
yield, m.p. 132-133° C., 8, (nujol) 1520, 1540, 1580, 
1635, 1735 cm and 8(d.DMSO), 1.6 (m, 6H), 2.1 (s, 3H), 
2.4 (s, 3H), 4.05 (m, 4H), 6.4 (d. 1H), 7.3 (d. 1H). 

(P) The preparation of 1-carboxymethyl-3-hydroxy 
2-methylpyrid-4-one 

3-Benzyloxy-2-methyl-4-pyrone, prepared as described 
under (J), is reacted with glycine under Substantially similar 
conditions to those described under (K) for reaction with 
2-hydroxyethylamine to give 3-ben Zyloxy-1- 
carboxymethyl-3-hydroxy-2-methylpyrid-4-one, which is 
deprotected using the procedure described under (I) to give 
1-carboxymethyl-3-hydroxy-2-methylpyrid-4-one as white 
crystals, m.p. >230° C.; 6 (nujol) 1625, 1645 cm; 
8(d.DMSO) 1.9 (s, 3H), 4.3 (s. 2H), 5.9 (d. 1H), 7.35 (d, 
1H). 

(Q) The preparation of 1-(2-carboxyethyl)-3- 
hydroxy-2-methylpyrid-4-one hydrochloride 

3-Benzyloxy-1-(2-carboxyethyl)-2-methylpyrid-4- 
OC 

3-Benzyloxy-2-methyl-4-pyrone, prepared as described 
under (J), (20g) and beta-alanine (9 g) are dissolved in 3:2 
v/v water/ethanol (500 ml) containing NaOH (10 g) to 
provide a solution with a pH of at least 13. The solution is 
refluxed for 15 minutes whereupon it turns from a light 
orange to an intense red colour. The Solution is acidified to 
pH 7.0 and the ethanol is removed by rotary evaporation. 
The resulting aqueous Solution is washed twice with ethy 
lacetate (100 ml). This solution is then subjected to rotary 
evaporation until the volume is reduced to 100 ml and this 
reduced volume of solution is acidified to pH 3.0 to give a 
white precipitate, which is filtered off to give 3-benzyloxy 
1-(2-carboxyethyl)-2-methylpyrid-4-one in 70% yield, m.p. 
156-157° C. 1-(2'-Carboxyethyl)-3-hydroxy-2- 
methylpyrid-4-one hydrochloride 

3-Benzyloxy-1-(2-carboxyethyl-2-methylpyrid-4-one is 
Subjected to hydrogenation in aqueous ethanol (1:1 V/v) in 
the presence of platinum/carbon catalyst (100 mg per gram 
of pyridone) for 8 hours at 20° C. and atmospheric pressure. 
Filtration, followed by rotary evaporation of the filtrate, 
yields a white Solid which on recrystallisation from acetone 
and diethylether gives 1-(2-carboxyethyl)-3-hydroxy-2- 
methylpyrid-4-one hydrochloride in 55% yield, m.p. <40 
C.: 6 (nujol) 1590, 1620, 1720 cm 8(d. DMSO) 2.5 (s, 
3H), 2.8 (t, 2H), 4.45 (t, 2H), 7.35 (d. 1H), 8.2 (d. 1H). 

(R) The preparation of 1-(2-ethoxycarbonylethyl)- 
3-hydroxy-2-methylpyrid-4-one 

1-(2'-Carboxyethyl)-3-hydroxy-2-methylpyrid-4-one 
hydrochloride (2 g), prepared as decribed under (Q), is 
dissolved in ethanol Saturated with hydrogen chloride and 
the solution is refluxed for 3 hours. Rotary evaporation of 
the solution yields a white solid which on recrystallisation 
from ethanol gives 1-(2-ethoxycarbonylethyl)-3-hydroxy-2- 
methylpyrid-2-one hydrochloride in 75% yield, m.p. 
127°-130° C.; 6 (nujol) 1530, 1620, 1720 cm; 
8(d.DMSO) 1.1 (t, 3H), 2.5 (s, 3H), 2.9 (t, 2H), 4.0 (q, 2H), 
4.5 (t, 2H), 7.4 (d. 1H), 8.2 (d. 1H). 

(S) The preparation of 3-hydroxy-1-(2- 
methoxycarbonylethyl)-2-methylpyrid-4-one 

1-(2-carboxyethyl)-3-hydroxy-2-methylpyrid-4-one 
hydrochloride (2 g) prepared as described under (Q), is 
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dissolved in methanol Saturated with hydrogen chloride and 
the solution is refluxed for 3 hours. Rotary evaporation of 
the solution yields a white solid which on recrystallisation 
from me thanol gives 3-hydroxy-1-(2'- 
methoxycarbonylethyl)-2-methylpyrid-4-one hydrochloride 
in 80% yield m.p. 140°-141° C., 8, 1545, 1595, 1645, 
1730, 1750 cm, 8(d.DMSO), 2.45 (s.3H), 2.85 (t, 2H), 3.5 
(s, 3H), 4.45 (t, 2H), 7.30 (d. 1H), 8.15 (d. 1H). 

(T) The preparation of 3-hydroxy-1-2'-(N- 
propylcarbamoyl)ethyl)-2-methylpyrid-4-one 

3-Benzyloxy-1-2'-(succinimido-oxycarbonyl)- 
ethyl)-2-methylpyrid-4-one 

3-Benzyloxy-1-(2-carboxyethyl)-2-methylpyrid-2-one, 
prepared as described under (Q), (2.2 g) is dissolved in DMF 
(25 ml) and to the solution is added N-hydroxysuccinimide 
(1 g). This Solution is cooled and to it is added dicyclohexy 
lcarbodiimide (1.8 g) in DMF (5 ml). The mixture is allowed 
to Stand overnight giving a dark coloured Solution and white 
precipitate. The precipitate is removed by filtration and 
washed with DMF (3 ml). The solution is rotary evaporated 
to dryness and triturated with diethylether to give 
3-benzyloxy-1-2'-(succinimido-oxycarbonyl)-ethyl-2- 
methylpyrid-4-one hydrochloride as a white solid in 55% 
yield, m.p. 45°-47 C. 

3-Benzyloxy-1-2'-(N-propylcarbamoyl)-ethyl-2- 
methylpyrid-4-One 

3-Benzyloxy-1-2'-(succinimido-oxycarbonyl)-ethyl-2- 
methylpyrid-2-one (1g) is dissolved in chloroform (100 ml) 
and to this Solution is added ethylamine in a 2 molar excess. 
The mixture is allowed to stand for 15 minutes and the 
N-hydroxysuccinimide liberated by the reaction is then 
extracted with 1M NaHCO Solution (2x25ml). The organic 
layer is dried over NaSO, filtered and evaporated to 
dryness to give 3-benzyloxy-1-2'-(N-propylcarbamoyl)- 
ethyl-2-methylpyrid-4-one as a white solid in 40% yield, 
m.p. 146°-147 C. 

3-Hydroxy-1-2'-(N-propylcarboamoyl)-ethyl 
2methylpyrid-4-One 

3-Benzyloxy-1-2'-N-propylcarbamoyl)-ethyl-2- 
methylpyrid4-one (5 g) is dissolved in 50:50 v/v aqueous 
ethanol. Platinum/carbon catalyst (100 mg) is added and the 
Solution is hydrogenated at 20° C. and atmospheric pressure 
for 8 hours. The mixture is filtered, the filtrate subjected to 
rotary evaporation and the resulting residue recrystallised 
from ethanol to give 3-hydroxy-1-2'-(N-propylcarbamoyl)- 
ethyl-pyrid 4-one, m.p. 113-114 C., v. (nujol) 1505, 
1550, 1570, 1630, 1705, 3080, 3200 cm; 8(d.DMSO) 0.6 
(t,3H), 1.2 (sextuplet, 2H), 2.5 (s, 3H), 2.6, 2.8 (overlapping 
t and q, 4H), 4.5 (t, 2H), 7.2 (d. 1H), 8.1 (overlapping d and 
t, 2H). 

(U) The preparation of 1-(2-aminoethyl)-3- 
hydroxy-2-methylpyrid-4-one hydrochloride 

3-Benzyloxy-2-methyl-4-pyrone, prepared as described 
under (D), (4 g) and ethylene diamine (1.5 g) are heated 
together under reflux in water (50 ml) and ethanol (17 ml) 
for 1 hour. The solvent is removed by rotary evaporation and 
the Solid residue is heated at 80 C. with concentrated 
hydrochloric acid (50 ml) for 30 minutes. Excess acid is 
removed by rotary evaporation at 80° C. and the residue is 
Slurried with acetone, yielding a pale brown Solid (2.2 g). 
Recrystallisation from ethanol, containing a trace of hydro 
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chloric acid yields 1-(2-aminoethyl)-3-hydroxy-2- 
methylpyrid-4-One hydrochloride as white crystals, m.p. 
280 C. (with decomposition); v (nujol) 1620, 3150 
cm; 8(DO) 2.5 (s, 3H), 3.5 (t, 2H)4.5 (t, 2H), 7.1 (d. 1H), 
8.1 (d. 1H). 

(V) The preparation of 3-hydroxy-6- 
hydroxymethyl-1-methylpyrid-4-one 

3-Benzyloxy-6-benzyloxymethylpyrid-4-one 
Kojic acid (3-hydroxy-6-hydroxymethylpyrid-4-one) 

(11.5 g) in methanol (90 ml) is added to an aqueous Solution 
of sodium hydroxide (3 g in 10 ml). Benzylchloride (10.2 g) 
is added and the mixture is stirred and refluxed for 6 hours. 
On cooling, crystals are obtained which are recrystallisated 
from me thanol to give 3-ben Zyloxy-6- 
benzyloxymethylpyrid-4-one as white crystals (10g), m.p. 
103°-131° C.; 8(CDC1) 425 (s, 2H), 4.99 (s. 2H), 6.25 (s, 
1H), 7.3 (s, 5H), 8.1 (s, 1H). 

3-Hydroxy-6-hydroxymethyl-1-methylpyrid-4-one 
3-Benzyloxy-6-benzyloxypyrid-4-one (5.0 g) and methy 

lamine hydrochloride (1.56 g) are dissolved in aqueous 
ethanol (300 ml of 2:1 H-O-CH-OH by volume containing 
2 g of Sodium hydroxide). The reaction mixture is stirred at 
room temperature for 6 days and then acidified with con 
centrated HCl to pH 2.0. The yellow mixture is evaporated 
to dryneSS and the resulting Solid residue is heated under 
reflux with concentrated HCl (50 ml) for 30 minutes. The 
product is rotary evaporated to dryneSS yielding a brown 
residue which on trituration with acetone forms crystals. 
Recrystallisation of these from ethanol gives 
3-hydroxymethyl-1-methylpyrid-4-one in 15% yield, m.p. 
185–186° C.; 8(d. DMSO), 3.9 (s, 3H), 4.6 (s, 2H), 7.4 (s, 
1H), 8.3 (s, 1H). 

(W) The preparation of 1-ethyl-3-hydroxy-6- 
hydroxy-methylpyrid-4-one 

3-Benzyloxy-6-benzyloxypyrid-4-One, prepared as 
described under (V), is reacted with ethylamine hydrochlo 
ride under Substantially similar conditions to those described 
under (V) for reaction with methylamine hydrochloride to 
give 1-ethyl-3-hydroxy-6-hydroxymethylpyrid-4-one as 
white crystals, m.p. 143°-145° C.; 8(d.DMSO) 1.1 (t, 3H), 
4.0 (q, 2H), 4.3 (s, 2H), 7.2 (s, 1H), 8.1 (s, 1H). 

(X) The preparation of 1-(2-aminoethyl)-3- 
hydroxypyrid-4-One 

3-Benzyloxy-4-pyrone is prepared from 3-hydroxy-4- 
pyrone as described by Spenser et al., Canadian Journal of 
Chemistry, 1962, 40, 1377 and has m.p. 82-85° C. A 
mixture of this compound (1 g) and ethylenediamine (0.37 
g) in water (12 ml) is heated under reflux for 1 hour. The 
reaction mixture is evaporated to dryneSS and the residue is 
treated with concentrated hydrochloric acid (12 ml) and the 
mixture is heated on a steam bath for 30 minutes. The excess 
acid and water are evaporated under reduced pressure to 
give a Solid brown residue. This is slurried in acetone, then 
filtered off and recrystallised from ethanol containing a little 
concentrated hydrochloric acid to give 1-(2-aminoethyl)-3- 
hydroxypyrid4-one in 34% yield as colourless needles, m.p. 
264°-266° C., v. (nujol) 1505, 1540, 1600, 1635 cm, 
8(d.DMSO), 2.85 (t, 2H), 4.35 (t, 2H), 7.1 (d. 1H), 8.1 (m, 
2H). 

EXAMPLE 2 

The Ability of Iron Complexes to Donate Iron to 
Apotransferrin 

Apotransferrin (10 M) and the iron complex of 1-ethyl 
3-hydroxy-6-hydroxymethylpyrid-4-one (10"M; prepared 
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as described in Example 1) were incubated together in tris 
hydrochloride (50 mM, buffered to pH 7.4) at 37° C. for 10 
minutes when a 1 ml aliquot was removed from the medium 
and added to a PD10 column. 0.5 ml fractions were collected 
directly into scintillation vials for counting. The Fe asso 
ciated with both the apotransferrin and the ligand was 
estimated and it was found that over 45% of the iron was 
removed from the iron complex. A similar value was 
obtained with the complex of 3-hydroxy-1-(2'- 
hydroxyethyl)-2-methylpyrid-4-one but with the complex of 
1-acetyl-3-hydroxypyrid-2-one over 80% of the iron was 
removed within 10 minutes. 

EXAMPLE 3 

In Vitro Tests on Permeation of Iron Complexes 
into Human Erythrocytes 

The accumulation of iron by human erythrocytes which 
are associated with iron complexes of various of the com 
pounds referred to in Example 1 was Studied by incubating 
for 1 hour at 37 C. a 5% suspension of erythrocytes in a 
medium consisting of the 'Fe labelled iron complex (10 
3M) in aqueous sodium chloride (130 mM) buffered to pH 
7.4 by tris hydrochloride (2 ml) (the iron complex was 
prepared in Situ by an analogous procedure to that described 
in Example 1). Following this period of incubation, an 
aliquot of the erythrocyte/medium mixture was placed above 
a layer of Silcone oil and the erythrocytes Separated by 
centrifugation through the oil. The Fe levels associated 
with the erythrocytes and the incubation medium were then 
counted. The results obtained are shown in Table 2 where the 
amount of the complex entering erythrocytes (n.mole) is 
given, the quoted Values being in each case the mean of at 
least three determinations. 

It will be seen that the uptake of the complexes after 1 
hour shows a clear relationship with their K values 
quoted in Example 1 except in the case of 
1-ethoxycarbonylmethyl-3-hydroxypyrid-2-one. The 
extremely low uptake of the charged complexes of 1-(2- 
aminoethyl)-3-hydroxy-2-methylpyrid-4-One and 
1-carboxymethyl-3-hydroxy-2-methylpyrid-4-one reflects 
their low K values. The abnormal uptake shown by the 
complex containing an ester group is probably associated 
with the extreme lability of the ester bond when the 
3-hydroxypyridone is co-ordinated to iron. 

TABLE 2 

Uptake of Complexes by erythrocytes 

Amount of 
complex 
entering 

erythrocytes 
Compound (n.mole) 

Fe" complex of: 

1-acetyl-3-hydroxypyrid-2-one 240 
1-ethoxycarbonylmethyl-3-hydroxypyrid-2-one 1O 
1-carboxymethyl-3-hydroxypyrid-2-one <5 
3-hydroxy-1-methoxycarbonylmethylpyrid-2-one 230 
3-hydroxy-1-N-(2'-methylethyl)-carbamoyl- 52 
methyl-pyrid-2-one 
1-(N-butylcarbamoylmethyl)-3-hydroxypyrid-2-one 105 
3-hydroxy-1-(2'-hydroxyethyl)-2-methylpyrid-4-one <5 
3-hydroxy-1-(3'-hydroxypropyl)-2-methylpyrid-4-one 3O 
3-hydroxy-1-(4'-hydroxybutyl)-2-methylpyrid-4-one 40 
3-hydroxy-1-(5'-hydroxypentyl)-2-methylpyrid-4-one 44 
1-carboxymethyl-3-hydroxy-2-methylpyrid-4-one <5 
1-(2'-carboxyethyl)-3-hydroxy-2-methylpyrid-4-one 19 
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TABLE 2-continued 

Uptake of complexes by erythrocytes 

Amount of 
complex 
entering 

erythrocytes 
Compound (n.mole) 

3-hydroxy-1-(2'-methoxycarbonylethyl)-2-methyl- 25 
pyrid-4-one 
1-(2-aminoethyl)-3-hydroxy-2-methylpyrid-4-one <5 
3-hydroxy-6-hydroxymethyl-1-methylpyrid-4-one <5 
1-ethyl-3-hydroxy-6-hydroxymethylpyrid-4-one 26 

EXAMPLE 4 

In Vitro Tests on Permeation of Rat Jejunal Sac by 
Iron Complexes 

The iron uptake into the Serosal Space of the inverted rat 
jejunal Sac was compared for the iron complexes of various 
of the compounds referred to in Example 1. Rats (male 
Sprague Dawley, 60 g) were killed and the jejunum 
removed, everted and cut into three segments (4 cm length). 
The segments were tied at both ends and filled with Krebs 
Ringer buffer (0.2 ml) and incubated in Krebs Ringer buffer 
containing Fe complexes at 37° C. for periods up to 1 hour 
(the iron complex was prepared in Situ by an analogous 
procedure to that described in Example 1). The contents of 
the sac were counted for Fe and measured spectrophoto 
metrically. 
The results obtained for various iron complexes according 

to the present invention and, by way of comparison, for 
Seven other iron compounds which are each contained in 
preparations marketed for the treatment of iron deficiency 
anaemia are shown in Table 3, the iron uptake for each 
compound being shown relative to that for ferric chloride as 
1. It will be seen that the complexes of Example 1 each 
provide a level of iron uptake which is significantly higher 
than the levels observed for any of the 7 compounds in 
current use for the treatment or iron deficiency anaemia. 

TABLE 3 

Relative 
Iron 

Compound Uptake 

FeCl 1. 
Fe" complex of: 

1-acetyl-3-hydroxypyrid-2-one 38 
1-ethoxycarbonylmethyl-3-hydroxypyrid-2-one 26 
1-carboxymethyl-3-hydroxypyrid-2-one 11 
3-hydroxy-1-methoxycarbonylmethylpyrid-2-one 31 
1-(N-ethylcarbamoylmethyl)-3-hydroxypyrid-2-one 23 
3-hydroxy-1-(N-methylcarbamoylmethyl)-pyrid-2-one 24 
3-hydroxy-1-(N-propylcarbamoylmethyl-pyrid-2-one 18 
3-hydroxy-1-(3'-hydroxypropyl)-2-methylpyrid-4-one 16 
3-hydroxy-1-(4'-hydroxybutyl)-2-methylpyrid-4-one 3O 
1-(5'-acetoxypentyl)-3-hydroxy-2-methylpyrid-4-one 33 
1-carboxymethyl-3-hydroxy-2-methylpyrid-4-one 13 
1-(2'-carboxyethyl)-3-hydroxy-2-methylpyrid-4-one 29 
1-(2'-aminoethyl)-3-hydroxy-2-methylpyrid-4-one 18 
Fe" sulphate 2.4 
Fe' fumarate 4.0 
Fe" gluconate 1.6 
Fe' succinate 2.0 
Fe EDTA 3.6 
Fe" ascorbate 0.4 
Fe citrate 2.0 
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We claim: 
1. A method for increasing the level of iron in the blood 

Stream of a patient in need of Such treatment which com 
prises administering to Said patient an amount Sufficient to 
elicit Such an effect of a ferric iron complex of a 
3-hydroxypyrid-2-one or 3-hydroxypyrid-4-One compound 
in which the hydrogen atom attached to the nitrogen atom is 
replaced by an acyclic or cyclic aliphatic carboxylic acid 
acyl group or by an acyclic or cyclic aliphatic hydrocarbon 
group which can further be substituted by one or two 
Substituents Selected from acyclic or cyclic aliphatic car 
boxylic acid acyl, acyclic or cyclic alkoxy, acyclic or cyclic 
aliphatic amido, halo and hydroxy groups, and acyclic or 
cyclic aliphatic hydro car by 1 carbonyl oxy, 
hydrocarbylsulphonyloxy, hydrocarbyloxycarbonyl and 
hydrocarbyloxysulphonyl moieties, but excluding Substitu 
tion by two hydroxy groups, and wherein one or more of the 
hydrogen atoms attached to ring carbon atoms can be 
replaced by one of Said Substituents or by an acyclic or 
cyclic aliphatic hydrocarbon group which can further be 
Substituted by an acyclic or cyclic alkoxy, halo or hydroxy 
group, or an a cyclic or cyclic aliphatic 
hydrocarbylcarbonyloxy, hydrocarbylsulphonyloxy, hydro 
carbyloxycarbonyl or hydrocarbyloxysulphonyl moiety, but 
excluding compounds in which said replacement of hydro 
gen atoms in the compound is effected only by unsubstituted 
acyclic or cyclic aliphatic hydrocarbon groups, wherein Said 
compound when metal free has a partition coefficient 
between n-octanol and 20 mM tris hydrochloride, pH 7.4, of 
between 0.02 and 3.0 for the ratio (concentration of com 
pound in organic phase)/(concentration of compound in 
aqueous phase). 

2. The method according to claim 1, in which any 
replacement of a hydrogen atom attached to a ring carbon 
atom is effected by a C-acyclic or cyclic aliphatic hydro 
carbon group. 

3. A neutral 3:1 hydroxypyridone:iron(III) complex of 
3-hydroxypyrid-2-one, 3-hydroxypyrid-4-one, 2-methyl-3- 
hydroxypyrid-4-One, 6-methyl-3-hydroxypyrid-4-One or 
2,6-dimethyl-3-hydroxypyrid-4-one with the hydrogen atom 
attached to the nitrogen atom replaced by an acyclic ali 
phatic carboxylic acid acyl group -COR, an acyclic ali 
phatic hydrocarbon group -(CH2), carrying a terminal 
substituent group -COR, -COXR, -SOXR, 
-XCOR or -XSOR, or an acyclic aliphatic hydrocar 
bon group -(CH2)- carrying a terminal Substituent 
group -OH, wherein R is a C acyclic aliphatic hydro 
carbon group, X is an oxy or imino group, n is an integer 
from 1 to 6, and m is an integer from 2 to 6. 

4. The method according to claim 1, in which the 
3-hydroxypyridone compound is Substituted only on the 
nitrogen atom or is Substituted on the nitrogen atom and on 
one of the ring carbon atoms. 

5. A pharmaceutical composition comprising: 
(a) a ferric iron complex of a 3-hydroxypyrid-2-one or 

3-hydroxypyrid-4-one compound in which the hydro 
gen atom attached to the nitrogen atom is replaced by 
an acyclic or cyclic aliphatic carboxylic acid acyl group 
or by an acyclic or cyclic aliphatic hydrocarbon group 
which can further be substituted by one or two Sub 
Stituents Selected from acyclic or cyclic aliphatic car 
boxylic acid acyl, acyclic or cyclic alkoxy, acyclic or 
cyclic aliphatic amido, halo and hydroxy groups, and 
acyclic or cyclic aliphatic hydrocarbylcarbonyloxy, 
hydrocarbylsulphonyloxy, hydrocarbyloxycarbonyl 
and hydrocarbyloxysulphonyl moieties, but excluding 
Substitution by two hydroxy groups, and wherein one 
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or more of the hydrogen atoms attached to ring carbon 
atoms can be replaced by one of Said Substituents or by 
an acyclic or cyclic aliphatic hydrocarbon group which 
can be further Substituted by an acyclic or cyclic 
alkoxy, halo or hydroxy group, or an acyclic or cyclic 
aliphatic hydro car by 1 carbonyl oxy, 
hydrocarbylsulphonyloxy, hydrocarbyloxycarbonyl or 
hydrocarbyloxySulphonyl moiety, but excluding com 
pounds in which said replacement of hydrogen atoms in 
the compound is effected only by unsubstituted acyclic 
or cyclic aliphatic hydrocarbon groups and also exclud 
ing the compound 3-hydroxy-6-hydroxymethyl-1- 
methylpyrid-4-One, wherein Said compound when 
metal free has a partition coefficient between n-octanol 
and 20 mM tris hydrochloride, pH 7.4, of between 0.02 
and 3.0 for the ratio (concentration of compound in 
organic phase)/(concentration of compound in aqueous 
phase); and 

(b) a physiologically acceptable diluent or carrier 
6. The pharmaceutical composition according to claim 5, 

in which the hydrogen atoms attached to ring carbon atoms 
either are not replaced or are replaced by an aliphatic 
hydrocarbon group which is an acyclic alkyl group of 1 to 
4 carbon atoms. 

7. The method according to claim 1, in which the iron 
complex is the neutral 3:1 hydroxypyridone: iron(III) com 
plex. 

8. The pharmaceutical composition according to claim 5, 
which is adapted for oral administration. 

9. The pharmaceutical composition according to claim 5, 
which additionally contains folic acid. 

10. A method for increasing the level of iron in the blood 
Stream of a patient in need of Such treatment which com 
prises administering to Said patient an amount Sufficient to 
elicit such an effect of a neutral 3:1 hydroxypyridone:iron 
(III) complex of a 3-hydroxypyrid-2-one or 3-hydroxypyrid 
4-one compound in which the nitrogen atom is Substituted 
by a C-s acylic or cyclic aliphatic hydrocarbon group 
Substituted by a Single Substituent Selected from Cs acylic 
or cyclic alkylcarbonyl, C acylic or cyclic alkoxy, halo, 
hydroxy and unsubstituted or C acyclic or cyclic alkyl 
mono- or di-Substituted amido groups, and C acylic or 
cyclic alkylcarbonyloxy, alkylsulphonyloxy, alkoxycarbo 
nyl and alkoxySulphonyl moieties and one or more of the 
ring carbon atoms can further be Substituted by a C acylic 
or cyclic aliphatic hydrocarbon group. 

11. The pharmaceutical composition according to claim 5, 
in which the iron complex is in Substantially pure form. 

12. The pharmaceutical composition according to claim 5, 
which additionally contains an iron chelating agent Selected 
from the group consisting of (1) 3-hydroxypyrid-2-one and 
3-hydroxypyrid-4-One compounds in which the hydrogen 
atom attached to the nitrogen atom is replaced by an acyclic 
or cyclic aliphatic hydrocarbon group and in which one or 
more of the hydrogen atoms attached to ring carbon atoms 
can be replaced by an acyclic or cyclic aliphatic hydrocar 
bon group and Salts thereof containing a physiologically 
acceptable cation and (2) 3-hydroxypyrid-2-one and 
3-hydroxypyrid-4-One compounds as defined in claim 5 and 
Salts thereof containing a physiologically acceptable cation. 

13. The pharmaceutical composition according to claim 
12, in which the iron chelating agent is the Same hydroxy 
pyridone as in the iron complex, or a Salt thereof containing 
a physiologically acceptable cation in uncomplexed form. 

14. The pharmaceutical composition according to claim 
13, in which the molar proportion of uncomplexed hydroxy 
pyridone:iron complex is from 1:1 to 10:1. 
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15. A pharmaceutical composition according to claim 5, in 
which the diluent is water or a medium containing an 
organic Solvent and the composition has the form of a 
Solution, Suspension or emulsion. 

16. The pharmaceutical composition according to claim 
15, in which said diluent consists in whole or in part of a 
glycol. 

17. The pharmaceutical composition according to claim 
15, in sterile injectable form. 

18. The pharmaceutical composition according to claim 5, 
in which the carrier is a physiologically acceptable Solid 
carrier. 

19. The pharmaceutical composition according to claim 
18 in tablet or capsule form. 

20. The pharmaceutical composition according to claim 5 
in delayed release form. 

21. The pharmaceutical composition according to claim 5 
which is adapted to release of the iron complex in the 
intestine rather than in the Stomach. 

22. The pharmaceutical composition according to claim 
21, in which the iron complex is encapsulated by a material 
resistant to dissociation under acidic aqueous conditions. 

23. The pharmaceutical composition according to claim 
22, in which the iron complex is encapaulated by a Solid 
material which is resistant to dissociation under acidic 
aqueous conditions but which is adapted for dissociation 
under non-acidic aqueous conditions. 

24. A pharmaceutical composition according to claim 5 in 
unit dosage form. 

25. A ferric iron complex of a 3-hydroxypyrid-2-one or 
3-hydroxypyrid-4-One compound in which the hydrogen 
atom attached to the nitrogen atom is replaced by an acyclic 
or cyclic aliphatic carboxylic acid acyl group or by an 
acyclic or cyclic aliphatic hydrocarbon group which can 
further be substituted by one or two substituents selected 
from acyclic or cyclic aliphatic carboxylic acid acyl, acyclic 
or cyclic alkoxy, acyclic or cyclic aliphatic amido, halo and 
hydroxy groups, and acyclic or cyclic aliphatic 
hydrocarbylcarbonyloxy, hydrocarbylsulphonyloxy, hydro 
carbyloxycarbonyl and hydrocarbyloxysulphonyl moieties, 
but excluding Substitution by two hydroxy groups, and 
wherein one or more of the hydrogen atoms attached to ring 
carbon atoms can be replaced by one of Said Substituents or 
by an acyclic or cyclic aliphatic hydrocarbon group which 
can be further Substituted by acyclic or cyclic alkoxy, halo 
or hydroxy groups, or an acyclic or cyclic aliphatic 
hydrocarbylcarbonyloxy, hydrocarbylsulphonyloxy, hydro 
carbyloxycarbonyl or hydrocarbyloxysulphonyl moiety, but 
excluding compounds in which said replacement of hydro 
gen atoms in the compound is effected only by unsubstituted 
acyclic or cyclic aliphatic hydrocarbon groups, and also 
excluding the compound 3-hydroxy-6-hydroxymethyl-1- 
methylpyrid-4-One, wherein Said compound when metal free 
has a partition coefficient between n-octanol and 20 mM tris 
hydrochloride, pH 7.4, of between 0.02 and 3.0 for the ratio 
(concentration of compound in organic phase) / 
(concentration of compound in aqueous phase). 

26. The ferric complex according to claim 25, in which 
any replacement of a hydrogen atom attached to a ring 
carbon atom is effected by a C acyclic or cyclic aliphatic 
hydrocarbon group. 

27. The complex according to claim 25, in which the 
3-hydroxypyridone compound is Substituted only on the 
nitrogen atom or is Substituted on the nitrogen atom and one 
one of the ring carbon atoms. 

28. A neutral 3:1 hydroxypyridone:iron(III) complex of 
3-hydroxypyrid-2-one, 3-hydroxypyrid-4-One or a 2-alkyl 
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3-hydroxypyrid-4-one, 6-alkyl-3-hydroxypyrid-4-one or 
2,6-dialkyl-3-hydroxypyrid-4-One, the alkyl groups being 
acylic or cyclic, with the hydrogen atom attached to the 
nitrogen atom replaced by a Cls acylic or cyclic alkylcar 
bonyl group or by a C acylic or cyclic aliphatic hydro 
carbon group Substituted by a Single Substituent Selected 
from Cs acylic or cyclic alkylcarbonyl, C acylic or 
cyclic alkoxy, halo, hydroxy, and unsubstituted or C. 
acyclic or cyclic alkyl mono- or di-Substituted amido 
groups, and C acylic or cyclic alkylcarbonyloxy, 
alkylsulphonyloxy, alkoxycarbonyl and alkoxySulphonyl 
moieties. 

29. The ferric complex according to claim 28, in which 
the alkyl group or groups at the 2-, 6-, or 2- and 6-positions 
of the 3-hydroxypyridone are C acyclic groups. 

30. The complex according to claim 3, in which the 
nitrogen atom of the 3-hydroxypyridone compound is Sub 
stituted by a group -(CH), COXR wherein-(CH), 
and R together contain 3 to 7 carbon atoms. 

31. The ferric complex according to claim 3, in which R 
and R are each an acyclic alkyl group of 1 to 4 carbon 
atoms, n is an integer from 1 to 4 with the number of carbon 
atoms in-(CH2), and R being 3 to 7 carbon atoms, and 
m is an integer from 3 to 6. 

32. The ferric complex according to claim 25, in which 
the hydroxypyridone is a 3-hydroxypyrid-2-one 
N-substituted by a group -(CH),COXR or a 3-hydroxy 
2-methylpyrid-4-One N-Substituted by a group -(CH2), 
COXR or -(CH),XH wherein R is a acyclic alkyl group 
of 1 to 4 carbon atoms, X is an oxy group, n is an integer 
from 1 to 4 with the number of carbon atoms in-(CH), 
and R being 3 to 7 carbon atoms, and m is an integer from 
3 to 6. 

33. The ferric complex according to claim 25, in which 
the hydrogen atom attached to the nitrogen atom is replaced 
by an acyclic or cyclic aliphatic hydrocarbon group and the 
hydrogen atom attached to a ring carbon atom at the 
6-position is replaced by an acyclic or cyclic alkoxymethyl, 
halomethyl, or hydroxymethyl group. 

34. The ferric complex according to claim 33, in which 
the aliphatic hydrocarbon group is an acyclic alkyl group of 
1 to 4 carbon atoms. 

35. The ferric complex according to claim 25, in which 
the ferric complex is the neutral 3:1 hydroxypyridone:iron 
(III) complex. 

36. The pharmaceutical composition according to claim 
30, in which the neutral 3:1 complex is substantially free 
from complexes containing other proportions of the 
hydroxypyridone and iron. 

37. A method for increasing the level of iron in the 
bloodstream of a patient in need of Such treatment which 
comprises administering to Said patient an amount Sufficient 
to elicit such an effect of a neutral 3:1 hydroxypyridone:iron 
(III) complex of 3-hydroxypyrid-2-one, 3-hydroxypyrid-4- 
one, 3-hydroxy-2-methylpyrid-4-one, 3-hydroxy-6- 
methylpyrid-4-one or 3-hydroxy-2,6-dimethylpyrid-4-one 
with the hydrogen atom attached to the nitrogen atom 
replaced by an acyclic aliphatic carboxylic acid acyl group 
-COR, an acyclic aliphatic hydrocarbon group 
-(CH), carrying a terminal Substituent group -COR, 
-COXR, -SOXR, -XCOR or -XSOR, or an 
acyclic aliphatic hydrocarbon group -(CH2)-carrying a 
terminal Substituent group -OH, wherein R is a C 
acyclic alkyl group, X is an oxy or imino group, n is an 
integer from 1 to 4 and m is an integer from 3 to 6. 

38. A pharmaceutical composition comprising: 
(a) a neutral 3:1 hydroxypyridone:iron(III) complex of a 

3-hydroxypyrid-2-one or 3-hydroxypyrid-4-One com 
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pound in which the nitrogen atom is Substituted by a 
Cs acylic or cyclic aliphatic hydrocarbon group Sub 
Stituted by a single Substituent Selected from Cs acylic 
or cyclic alkylcarbonyl, C acylic or cyclic alkoxy, 
halo, hydroxy, and unsubstituted or C acyclic or 
cyclic alkyl mono- or di-Substituted amido groups, and 
C - a cylic or cyclic alkyl carbonyloxy, 
alkylsulphonyloxy, alkoxycarbonyl and alkoxysulpho 
nyl moieties, and one or more of the ring carbon atoms 
can further be Substituted by a C acylic or cyclic 
aliphatic hydrocarbon group; and 

(b) a physiologically acceptable diluent or carrier. 
39. A pharmaceutical composition comprising: 
(a) a neutral 3:1 hydroxypyridone:iron(III) complex of 
3-hydroxypyrid-2-one, 3-hydroxypyrid-4-One, 
3-hydroxy-2-methylpyrid-4-one, 3-hydroxy-6- 
methylpyrid-4-one or 3-hydroxy-2,6-dimethylpyrid-4- 
one with the hydrogen atom attached to the nitrogen 
atom replaced by an acyclic aliphatic carboxylic acid 
acyl group -COR, an acyclic aliphatic hydrocarbon 
group -(CH2)- carrying a terminal Substituent 
group -COR, -COXR, -SOXR, -XCOR or 
-XSOR, or an acyclic aliphatic hydrocarbon group 
-(CH), carrying a terminal Substituent group 
-XH, wherein R is a Cacyclic alkyl group, X is an 
oxy or imino group, n is an integer from 1 to 4 and m 
is an integer from 3 to 6; and 

(b) a physiologically acceptable diluent or carrier. 
40. The pharmaceutical composition according to claim 5, 

in which the iron complex is the neutral 3:1 
hydroxypyridone:iron(III) complex. 

41. The ferric complex according to claim 29, in which 
the acyclic alkyl groups are methyl. 

42. A pharmaceutical composition comprising: 
(a) a ferric iron complex of a 3-hydroxypyrid-2-One or 

3-hyroxypyrid-4-One compound in which the hydrogen 
atom attached to the nitrogen atom is replaced by an 
acyclic aliphatic carboxylic acid acyl group -COR 
wherein R is a C acyclic aliphatic hydrocarbon 
group, Or by an acyclic Or cyclic aliphatic hydrocarbon 
group which can further be substituted by One or two 
Substituents Selected from acyclic aliphatic carboxylic 
acid acyl-COR wherein R is a C-acyclic aliphatic 
hydrocarbon group, acyclic Or cyclic alkoxy, acyclic Or 
cyclic aliphatic amido, halo and hydroxy groups, and 
acyclic or cyclic aliphatic hydrocarbylcarbonyloxy, 
hydrocarbylsulphonyloxy, hyrocarbyloxycarbonyl and 
hydrocarbyloxysulphonyl moieties, but excluding Sub 
Stitution by two hydroxy groups, and wherein One Or 
more of the hydrogen atoms attached to ring carbon 
atoms can be replaced by One of Said Substituents with 
the exception of halo groups Or by an acyclic or cyclic 
aliphatic hydrocarbon group which can be further 
Substituted by an acyclic or cyclic alkoxy, halo or 
hydroxy group, Or an acyclic or cyclic aliphatic 
hydrocarbylcarbonyloxy, hydrocarby Sulphonyloxy, 
hydrocarbyloxycarbonyl or hydrocarbyloxysulphonyl 
moiety, but excluding compounds in which Said 
replacement of hydrogen atoms in the compound is 
effected Only by unsubstituted acyclic or cyclic ali 
phatic hydrocarbon groupS and also excluding the 
compound 3-hydroxy-6-hydroxymethyl-1-methylpyrid 
4-One, wherein Said compound when metal free has a 
partition coefficient between n-Octanol and 20 mM tris 
hydrochloride, pH 7.4, of between 0.02 and 3.0 for the 
ratio (concentration of compound in Organic phase)/ 
(concentration of compound in aqueous phase), and 
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(b) a physiologically acceptable diluent or carrier. 
43. A ferric iron complex of a 3-hydroxypyrid-2-One or 

3-hydroxypyrid-4-One compound in which the hydrogen 
atom attached to the nitrogen atom is replaced by an acyclic 
aliphatic carboxylic acid acyl group -COR wherein R is 
a C acyclic aliphatic hydrocarbon group, Or by an acyclic 
or cyclic aliphatic hydrocarbon group which can further be 
Substituted by One or two Substituents Selected from acyclic 
aliphatic carboxylic acid acyl-COR wherein R is a C 
acyclic aliphatic hydrocarbon group, acyclic or cyclic 
alkoxy, acyclic or cyclic aliphatic amido, halo and hydroxy 
groups, and a cyclic Or cyclic a liph a tic 
hydrocarbylcarbonyloxy, hydrocarbylsulphonyloxy, hydro 
carbyloxycarbonyl and hydrocarbyloxysulphonyl moieties, 
but excluding Substitution by two hydroxy groups, and 
wherein One or more of the hydrogen atoms attached to ring 
carbon atoms can be replaced by One of Said substituents 
with the exception of halo groups or by an acyclic or cyclic 
aliphatic hydrocarbon group which can be further substi 
tuted by acyclic Or cyclic alkoxy, halo Or hydroxy groups, Or 
an acyclic or cyclic aliphatic hydrocarbylcarbonyloxy, 
hydrocarbylsulphonyloxy, hydrocarbyloxycarbonyl or 
hydrocarbyloxysulphonyl moiety, but excluding compounds 
in which said replacement of hydrogen atoms in the com 
pound is effected Only by unsubstituted acyclic or cyclic 
aliphatic hydrocarbon groups, and also excluding the com 
pound 3-hydroxy-6-hydroxymethyl-1-methylpyrid-4-One, 
wherein Said compound when metal free has a partition 
coeficient between n-Octanol and 20 mM tris hydrochloride, 
pH 7.4, of between 0.02 and 3.0 for the ratio (concentration 
of compound in Organic phase)/-(concentration of com 
pound in aqueous phase). 

44. A pharmaceutical composition comprising: 
(a) a ferric iron complex of a 3-hydroxypyrid-2-One or 

3-hydroxypyrid-4-One compound in which the hydro 
gen atom attached to the nitrogen atom is replaced by 
an acyclic aliphatic carboxylic acid acyl group 
-COR wherein R is a C acyclic aliphatic hydro 
carbon group, Or by an acyclic Or cyclic aliphatic 
hydrocarbon group which can further be substituted by 
One or two Substituents Selected from acyclic aliphatic 
carboxylic acid acyl -COR wherein R is a C 
acyclic aliphatic hydrocarbon group, acyclic or cyclic 
alkoxy, acyclic Or cyclic aliphatic amido, halo and 
hydroxy groups and acyclic or cyclic aliphatic 
hydrocarbylcarbonyloxy, hydrocarbylsulphonyloxy, 
hydrocarbyloxycarbonyl and hydrocarbyloxysulphonyl 
moieties, but excluding Substitution by two hydroxy 
groups, and wherein One Or more of the hydrogen atoms 
attached to the ring carbon atoms can be replaced by 
any One of Said Substituents Or by an acyclic or cyclic 
aliphatic hydrocarbon group which can be further 
Substituted by an acyclic or cyclic alkoxy, halo or 
hydroxy group, Or an acyclic or cyclic aliphatic 
hydrocarbylcarbonyloxy, hydrocarbylsulphonyloxy, 
hydrocarbyloxycarbonyl or hydrocarbyloxysulphonyl 
moiety, but excluding compounds in which Said 
replacement of hydrogen atoms in the compound is 
effected Only by unsubstituted acyclic or cyclic ali 
phatic hydrocarbon groupS and also excluding the 
compound 3-hydroxy-6-hydroxymethyl-1-methylpyrid 
4-One, wherein Said compound when metal free has a 
partition coefficient between n-Octanol and 20 mM tris 
hydrochloride, pH 7.4, of between 0.02 and 3.0 for the 
ratio (concentration of compound in Organic phase)/ 
(concentration of compound in aqueous phase); 

(b) folic acid; and (c) a physiologically acceptable diluent 
Or carrier. 


