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Description .

This invention relates to compounds for use in medicine, particuiarly in the treatment of iron overload.

Certain pathological conditions such as thalassaemia, sickle cell anasemia, idiopathic
haemochromatosis and aplastic anaemia are treated by regular blood transfusions. It is commonly found
that such transfusions lead to a widespread iron overload, which condition can also arise through
increased iron absorption by the body in certain other circumstances. lron overload is most undesirable
sinca, following saturation of the ferritin and transferrin in the body, deposition of iron can occur and many
tissues can be adversely affected, particular toxic effects being degenerative changes in the myocardium,
liver and endocrine organs. Such iron overload is most often treated by the use of desferrioxamine.
However, this compound is an expensive natural product obtained by the culture of Streptomyces and, asit
is susceptible to acid hydrolysis, it cannot be given orally to the patient and has to be given by 2 paranteral
route. Since relatively large amounts of desferrioxamine may be required daily aver an extended period,
these disadvantages are particularly relevant and an extensive amount of research has been directed
towards the development of alternative drugs. However, work has been concentrated on three major
classes of iron chelating agents or siderophoras, namely hydroxamates, ethylenediamine tetra-acetic acid
{(EDTA) analogues and catechols. The hydroxamates generally suffer from the same defects as
desferrioxamine, being expensive and acid labile, whilst the other two classes are ineffective at removing
iron from intracellular sites. Moreover, some cathechol derivatives are retained by the liver and spleen and
EDTA analogues possess a high affinity for calcium and so are also likely to have associatad toxicity
problems.

We have accordingly studied the iron chelating ability of a wide range of compounds and have
identified a group of compounds as being of particular use for the treatment of conditions involving iron
overload. These compounds consist of a 1-hydroxypyrid-2-one in which one or more of the hydrogen
atoms attached to ring carbon atoms are replaced by one of a carefuily selected group of substituents.
Although certain of the substituted compounds described herein have previousiy besn suggested for
therapeutic use, particularly as anti-microbial agents, the evidence of such activity is somewhat mixed.
Thus, the initial reports of one group of workers were contradicted by subsequent tests reported from the
same sourcs (Nishimura et &/, Ann. Rept. Shionogi Res. Lab., 1968, 76, 37) which showed the compounds to
have negligible activity. /n vitro tests illustrated the lack of anti-bacterial and anti-fungal activity and,
although some compounds showed some anti-protozoai activity in vitro, when tested in mice against the
fungus Trichomonas vaginalis all of the compounds tested proved to be inactive. in particular, however,
although it has been reported that 1-hydroxypyrid-2-one will form metal complexes, including an iron
complex, it has never before been appreicated that certain substituted derivatives of this compound might
be used with great advantage in a pharmaceuticai context for the treatment of conditions producing toxic
concentrations of metals, for example iron, in the body.

Accordingly the present invention comprises the use of a compound being a 1-hydroxypyrid-2-one in
which one or more of the hydrogen atoms attached to ring carbon atoms are replaced by a substituent
selected from carbamoyl, mono- and di-C,_, aliphatic hydrocarbyi N-substituted carbamaoyt, formylamino,
(C,_; aliphatic hydrocarbyl)-carbonylamino, mano-C,_, aliphatic hydrocarbyl N-substituted formylamino
and N-substituted (C,_, aliphatic hydrocarbyl)-carbonylamino, hydroxy, C,-, alkoxy and C,-4 cycloalkoxy
groups; Ca_, alkoxy and C,_, cycloalkoxy groups substituted by a C,_, atkoxy, Ca-, cycioatkoxy, carbamovl,
mono- or di-C,_, aliphatic hydrocarbyl N-substituted carbamoyl, formylamino, (C,_, aliphatic hydrocarbyl)-
carbonylamino, mono-C,.; aliphatic hydrocarbyl N-substituted formylamino or N-substituted (C,_,
aliphatic hydrocarbyt)-carbonylamino, or hydroxy group; C., aliphatic hydrocarbon groups; and C;_,
aliphatic hydrocarbon groups substituted by a C,., alkoxy, C,—, cycloalkoxy or hydroxy group; but
excluding compounds in which said replacement of hydrogen atoms is effectsd only by substituents
selected from C,., aliphatic hydrocarbon groups, or & physiologically acceptable salt thereof, for the
manufacture of a medicament for use in effecting a reduction in toxic levels of a metal in a patient’s body.

Such compounds may be used in both human and veterinary treatment but are of particular interest for
the treatment of the human body by therapy, aspeciaily in the context of the treatment of iron overload.
particular interest for the treatment of the human body by therapy, especially in the context of the
treatmant of iron overload.

_T_ha 1-hyt§roxypyrid-2-ones are tautomeric compounds, being alternatively named as 2-hydroxy-
pyridine 1-oxides, the two tautomeric structures being shown below for the unsubstituted parent

compound. :
= N
—_—
&=
iil 0 li«l/ OH
OH o-

The ability of both the free compound and its iron complex to permeate membranes is importantin the
context of the treatment of iron overioad, and it is also desirable for both to possess some degree of water
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i i its i in this respect is
good indication of the physical properties of a compound and itg iron compiexint i
m; the w':l:eaol the pans‘t‘:on coefficiant (K ., obtained on partition betwaen n-v:.:n::t'antol2 g%d at:::
hydrochlonde (20 mM, pH 7.4; tris representing 2-an':ino-ﬁ(—hydroxx’::ie;:y:gﬂ;zz:z 3;3;:::“? Broformng
pressed ‘ ncaentration in organic phase)/{concen 8).
::mpound::h::: .r::::w{f; Kyar fOr the free ccg:rnpound of above 0.02 but less than 3.0, especially of abov:
0.2 but less than 1.0, together with a value of K, for the neutral 3.1 hydroxvpyndong:lron(lll) complex o
above 0.02 but less than 6.0, especiaily of above 0.2 but less than 1.0. The following comments upon
preferences among the groups used for replacement of hydrogen atoms attached to cnrbc.m atoms of the
pyridone ring are directed towards the use of compounds havmg partition coefﬁclepts in the free and
complexed state which lie in these preferred ranggs. ForI e);amples of measured partition coefficients of
nds refarence should be made to Example 4.
.Msgrﬁ:no:nc:f the ring carbon atoms may be substituted, for example two of such atoms, sither by
the same substituent group or by different substitusnt groups, ft_:r example by halogen or especml!y by an
aliphatic hydrocarbon group together with another type of substituent, sithough compounds in which only
one of the ring carbon atoms is substituted are preferred. Substitution may occur at any ofthe 3-, 4-, 6- and
6-positions or at & combination of two or more of these positions. Particulariy when the ring carbon atoms
are substituted by the larger groups, however, thers may be an advantage in avoiding substitution on a
carbon aipha to the
I
O OH

The system is involved in the complaxing with iron and the close proximity of one of the larger aliphatic
hydrocarbon groups may lead to steric effects which inhibit complex formation. Substitution at the 5- and
perticularly the 4-position is thus of some especia! interest.

. Where reference is made to a ring carbon atom being substituted by an aliphatic hydrocarbon group it
will be appreciated that the term aliphatic hydrocarbon group is usad hersin to include both acyclic and
cyclic groups which may be unsaturated or saturated, the acyclic groups having a branched or sspecially a
straight chain. Among the C, .., aliphatic hydrocarbon groups it is the saturated groups which are prefarred,
these being either cyclic groups such as the cycloalkyl group cyciopropyl or, more particularly, acyclic
groups such as the alkyl groups isopropyl, n-propyi, ethyl and especially methyl. However, although
substitution by an aliphatic hydrocarbon group, for example methyt, in addition to another substituent as
specified above is quite acceptable, it will not gensaraily contribute with any particular advantage to the
properties of the compound and is thus not of espacial interest.

In the case of substituted aliphatic hydrocarbon groups, the preferences as to the nature of thess
groups are broadly as expressed above with regard to the hydrocarbon group and hereinafter with regard
to the substituent, for example these groups convaniantly being substituted alkyl groups of 1 to 3 carbon
atoms and particularly substituted methyl groups such as ethoxymethyl and especially hydroxymethyl. In
general, however, substituents as defined hersinbefore other than aliphatic hydrocarbon groups and
substituted aliphatic hydrocarbon groups are of the most interest. Various preferences may be expressed
among such other substituent groups, the following comments applying equally to these groups when
substituted on the ring directly and, where appropriate, also to the groups when substituted on an aliphatic
hydrocarbon or alkoxy group which is itself substituted on the ting.

The alkoxy and cycioatkoxy groups may conveniently contain similar alkyl and cycloalkyl groups to
those described above as being preferred as an aliphatic hydrocarbon group substituent on the ring,
examples of such substituents being ethoxy and particularly methoxy. Alkoxy and cycloalkoxy groups
which are substituted, howaver, may often conveniently contain 2 or more carbon atoms in view of the
relative instability of groups such as

l

0 CI 0'

etc., 50 that a particuiar substituted alkoxy group of interest is —OCH,CH,OCH,. Moreaver, the presence of
a hydrophilic substituent on an alkoxy or cycloalkoxy group will tend to offset the hydraphobic effect of the
aliphatic hydrocarbon group which that alkoxy or cycloalkoxy group contains, thersby sometimes
favouring the use of slightly larger alkoxy and cycloaikoxy groups when these are substituted. Substituted
aikoxy and cycloalkoxy groups are of particular interest in the context of the present invention and are
discussed in more detail hereinafter.

The various forms of amide substituent each contain a carbonyl group. The substituent may be of the
unsubstituted form —CONH,, i.e. being a carbamoyl group, or may contain a nitrogen atom which is mono-
or di-substituted by an aliphatic hydrocarbon group, for example an alkyl or cycloalkyl group such as is
described above as a substituent at a ring carbon atom, for example being a group —CONHCH,, etc.
Alternatively, the

|
—CO.N—
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grouping of the amide substituent may be arranged in the opposite sense so th
amide grouping is attached to the ring, the carbony! group being attached t
group, for exampie an aikyl or cycloalkyi group such as is describeg hereinbefore as a substituent, or 1o
hydrogen. In the case of this iatter form of amide group, the amide nitrogen atom may carry a hycfmg.n
atom or be mono-substituted as discussed for amide substituents of the first mentioned carbamoyl form,
that form of amide substituent being the one of particuiar interest,

Among preferred substituents are the hydroxy group, and aiso alkoxy and cycloalkoxy groups,
especially ethoxy and particularly methoxy, and, more particularly, substituted alkoxy and cycloalkoxy
groups, especially those substituted by a tydroxy group or another alkoxy or cycloaikoxy group, for
example the substituted ethoxy groups such as —O0OCH,CH,NHCOCH, and especially —OCH,CH,OH and
—OCH,CH,0CH,. Hydroxy substituted aliphatic hydrocarbon groups, for example hydroxymethy!, are also
of generally greater intarest than other substituted aliphatic hydrocarbon groups.

Although simple alkoxy and cycloalkoxy substituents, the alkoxy and cycloalkoxy groups of
hydroxyalkoxy and hydroxycycloaikoxy substituents and both components of alkoxy- and cycloalkoxy-
substituted alkoxy and cycloalkoxy substituents may, as indicated previously, be of a range of sizes, certain
factors resultin a preference for groups of a particular size. Thus, the hydrophilic’hydrophobic baiance in a
compound, which is indicated by its Koart Value, may be adjusted to a vaiue in the preferred range quoted
hereinbefore by the use of additional ring substituents, so that the hydrophobic effect of a larger
unsubstituted alkoxy or cycloalkoxy group can be offset by the presence of a further hydrophilic
substituent, such as a hydroxy group, on another carbon atom of the ring. However, it is generally
preferable to use a single substituent which itseif confers the appropriate degree of balance. Accordingly,
of particular interest are unsubstituted alkoxy (and cycloalkoxy) group substituents in the rangeof 1to 3
carbon atoms, preferably being alkoxy groups of 1 or 2 carbon atoms, and hydroxy substituted alkoxy {and
cycloalkoxy) group substituents in the range of 2 to 4, preferably 2 or 3 carbon atoms (substituted methoxy
groups being of lass interest in view of the instability of the —Q—C—0-iinkage referrad to previously}, For
similar reasons there is particular interest in atkoxy (and cycloalkoxy) substituted alkoxy (and cycioaikoxy)
group substituents or in the range of 2 to 4 carbon atoms, preferably 2 or 3 carbon atoms, in the first atkoxy
{or cycloalkoxy) group substituted onto the ring and in the range of 1 to 4 carbon atoms, preferably 1to 3
carbon atoms in the second alkoxy {or cycloalkoxy} group which is substituted onto the first alkoxy {or
cycloalkoxy} group, with the proviso that the overall number of carbon atoms is preferably no greater than
6, and especially no graater than 3 or 4 carbon atoms.

Although the hydroxy, methoxy, hydroxymethoxy and methoxyethoxy groups aiready referred to are
of particular interest as substituents, other specific axamplas of alkoxy and substituted alkoxy groups, in
addition to those specifically mentioned previously, are 3-hydroxypropoxy, 2-hydroxy-1 -methylethoxy and
3-methoxypropoxy.

Hydroxy, alkoxy, cycloalkoxy, substituted alkoxy and cycloalkoxy and other groups may convenisntly
be substituted at the 4-position of a 1-hydroxypyrid-2-one, for example at the 4-position of 1-hydroxy-6-
methylpyrid-2-one or other C-methyl substituted 1-hydroxypyrid-2-one or, more especially, at the 4-
position of otherwise unsubstituted 1-hydroxypyrid-2-one. Spacific exampies of compounds according to
the present invention are thus as follows:

OH 0 (CHa), CH3 O(CH,)., oR’
N X x
(R)y (R)x (Rl
N YO0 ?I 0 o
éH | OH OH

wherein R is a substituent group as defined hereinbefore, for exampie methyl and especially 6-mathyl,
hydroxy, etc., x is 0, 1, 2 or 3 (the ring not containing any further substituent R when x is 0}, nis 0, 1, 2 or 3,
mis 1,2, 3 or4and R’ is hydrogen or —{CH3).CH,, preferences among the groups at the 4-position being as
described hereinbafore. In particular, the following compounds may be mentioned, 1-hydroxy-4-methoxy-
pyrid-2-one, 4-ethoxy-1-hydroxypyrid-2-one, 1,4-dihydroxypyrid-2-one, 1-hydroxy-4-{2'-hydroxyethoxy)-
pyrid-2-one, 1-hydroxy-4-(3'-hydroxypropoxy)-pyrid-2-one and 1-hydroxy-4-{2’-methoxyethoxy)-pyrid-2-
one.

The compounds may, if desired, be used in the form of physiologically acceptabla salts, for example a
salt may be formed with the

7 N+ Ve
\N —_— C‘\\ —"_.'.4__ N=—x= C\
ST TS
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n from the hydroxy group N-substituted at the 1-position pf the ring
:L“E':um::: :v ‘:,h:;?p‘:g?:.':np;?'ﬁw ri:g in thevtaut:vmgeric form). Such saits contain a physiologically
for example the cation of an alkali metal such as sodium, quaternary ammonium ions or
scceptabie cation. for 8xame e 7 ived f is (tris represents 2-amino-2-hydroxymethyl propane
protonated smines such as the cation derived from tris Uns P e of meound but, in
1.3-dioll. Ssh formation may be advantageous in increasing the water solubility of a compo '
al, the use of the compounds themsalves rather tha(r thair sa[ts. is praferred. ds. § |
Certain of the substituted 1-hydroxypyrid-2-ones dmnped herein ara known compounds, for example
i i bstituent at the d-pogition which is an acetamido, butoxy, carbamyi,
the compounds having a single substitue h

mathoxy or propoxy group, but other compounds described above are believed to be novet. The
sthoxy, invention thus includes, per se, 3 compound being a 1-hydroxypyrid-2-one in which one or more of
the hydrogen atoms attached to ring carbon atoms are repiaced by a substituent which is 8 C2—, alkoxy or
C,.e Cyclosikoxy group substituted by a C,, alkoxy, Cs-4 cycioaikoxy, carbamoyl, mono- or di-Cy-y
aliphatic hydrocarbyl N-substituted carbamoyl, formytamino, {C,-4 aliphatic hydrocarbvll-g:arborwlamlno,
mono-C.., aliphatic hydrocarbyl N-substituted formylamino or N-substituted (C,-, aliphatic hydrocarbyil-
carbonylamino, or hydroxy group, and wherein a further one or more of the hydrogen atoms attached to
ring carbon atoms are optionally replaced by a substituent selected from carbamoyl, mono- and dt-g,-,
aliphatic hydrocarbyl N-substituted carbamoytl, formylamino, (C,., aliphatic hydrocarbyl}-carbonylamino,
mono-C,—s aliphatic hydrocarbyt N-substituted formylamino and N-substituted (C,-; aliphatic
hydrocarbyi)-carbonylamino, hydroxy, C,-, alkoxy and C,., cycloalkoxy groups; C,-, aliphatic
hydrocarbon groups; and C,-, aliphatic hydrocarbon groups substituted by a C,_, alkoxy, Cy.., cycloalkoxy

or hydroxy group; or a physiologicaily acceptabie sait thereof.

The substituted 1-hydroxypyrid-2-ones (or 2-hydroxypyridine N-oxides) for use in the present
invention may be synthesised by various routes applying standard reactions for the introduction of the
substituent groups within the art of pyridine chemistry. In particular, substituents may be introduced either
by repiacement of a hydrogen atom or of an existing substituent at the appropriate position or positions in
a pyridine or pyridine 1-oxide ring system. Pyridine compounds may conveniently be converted to the
corresponding pyridine 1-oxide by the use of an oxidizing agent such as peracetic or perbenzoic acid. The
oxygen atom at the 2-position of compounds according to the present invention may conveniently be
introducad by the basic hydrolysis of a halogen group or the acidic hydrolysis of an alkoxy or cycloalkoxy
group, for example a methoxy group, at that position, preferably in a pyridine 1-oxide rather than a pytidine
and conveniently following introduction of the other substituent groups or groups. Such a procedure will
introduce a hydroxy group at the 2-position as in the 2-hydroxypyridine N-oxide tautomeric form shown
herasinbefore. ,

Such procedures and the preparation of various suitable intermediates are described in the art, for
example by Shaw et a/, J. Amer. Chem. Soc., 1948, 77, 70 and ibid, 1950, 72, 4362, and particularty by
Mizukami et a/, Ann. Rept. Shionogi Res. Lab., 1966, 76, 29. A particularly useful type of intermediate for the
preparation of the compounds described herein is a nitro substituted 2-chloro-pyridine N-oxide, 4-nitro, 5-
nitro and 3,5-dinitro substituted compounds all being reported in the literature. Thus, 2-chloro-4-nitro-
pyridine-1-oxide, for example, may be subjected to nucleophilic substitution to replace the nitro group by
an alkoxy or cycloalkoxy group or alkoxy- or cycioaikoxy-substituted aikoxy or cycloalkoxy group, for
example —OCH, or —-OCH,CH,COCHj, the chlore group then being converted to a hydroxy group by basic
hydrolysis. Alternatively, a nitro group substituent may be reduced to give an amino group which is then
acyiated.

The compounds may be converted to saits, for example those formed with the anion produced by the
loss of the hydroxy group proton, by reaction with the appropriate base or acid according to standard
procedures.

In general, it is preferred that the compounds are isolated in substantialiy pure form, i.a. substantiaily
free from by-products of manufacture.

it will be appreciated that these are not the only routes availabie 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
intarmediates required.

Moreover, it will be appreciated that certain of the compounds may be converted in vive to other
compounds which will be involved in the metal binding activity observed in vivo.

The compounds may be formulated for use as pharmaceuticals for veterinary, for example in an avian
or particularly a mammalian context, or particularly human use by a variety of methods. For instance, they
may be applied as an aquecus, oily or emulsified composition incorporating a liquid diluent which most
usually will be employed for parenteral administration and therefore will be sterile and pyrogen free.
However, it will be appreciated from the foregoing discussion in relation to desferrioxamine that oral
administration is to be preferred and the compounds of the present invention may be given by such a
route. Although compositions incorporating a liquid diluent may be used for oral administration, it is

preferrad to use compositions incorporating a solid carrier, for exampie a conventional solid carrier
material such as starch, lactose, dextrin or magnesium stearate, the oral composition then conveniently
being of a formed type, for example as tablets, capsules (including spansules — Registered Trade Mark),
etc.

Other forms of administration than by injection or through the oral route may also be considered in

6
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both human and veterinary contexts, for example other forms k i
suppositories or pessaries, particularly for humaﬂp administration. rown n the ant such s the use of

The present invention accordingly further comprises a pharmaceuticai compasition containing a
compound being a 1-hydroxypyrid-2-one in which one or more of the hydrogen atoms attached to ring
carbon atoms are replaced by a substituent which is a Ca—, alkoxy or C,_, cycloalkoxy group substituted by
a C,., alkoxy, C,_, cycloalkoxy, carbamoyl, mono- or di-C,_, aliphatic hydrocarbyl N-substituted
carbamoyl, formylamino, (C,., aliphatic hydrocarbyi)-carbonylaming, mono-C,_, aliphatic hydrocarbyt N-
substituted formylamino or N-substituted {Cy-4 aliphatic hydrocarbyl)-carbonylamino, or hydroxy group,
and wherein a further one or more of the hydrogen atoms attached to ring carbon atoms are optionaily
replaced by a substituent selected from carbamoyl, mono- and di-C, -, aliphatic hydrocarbyl N-substituted
carbamoyl, formylamino, (C,-, aliphatic hydrocarbyl)-carbonylamino, mono-C, ., aliphatic hydrocarbyl N-
substituted formylamino and N-substituted {Cy~y aliphatic hydrocarbyl)-carbonyiamine, hydroxy, C,_,
alkoxy and C,_, cycloalkoxy groups, C,_, aliphatic hydrocarbon groups; and C,-, aliphatic hydrocarbon
groups substituted by a C,_., alkoxy, Cy_, cycloalkoxy or hydroxy group; or a physiologically acceptable sait
thereof.

Compositions may be formutated in unit dosage form, i.e. in the form of discrete portions each
comprising a unit dose, or a muitiple or sub-multiple of a unit dose. Whilst the dosage of active compound
given will depend on various factors, including the particular compound which is employsd in the
composition, it may be stated by way of guidance that satisfactory control of the amount of iron present in
the human body will often be achieved using a daily dosage of about 0.1 gto & g. particularly of about 0.5 g
to 2 g, veterinary doses being on a similar g/Kg body weight ratio. However, it will be apprecisted that it
may be appropriate under certain circumstances to giva daily dosages sither below or above these levais.
Where desired, more than one compound according to the prasent invention may be administered in the
pharmaceutical composition or, indeed, other active compounds may be included in the compasition.

We have found that the 1-hydroxypyrid-2-ones described hergin are particularly suited to the removal
of iron from patients having an iron overioad. The compounds form neutral 3:1 iron complexes at most
physiologicai pH values, and have the advantage that they do not co-ordinate calcium or magnesium. Both
the compounds and their complexes wiil partition into n-octanoi indicating that they will permeate
biological membranes, this property being confirmed in practice by tests of the ability of the **Fe labelled
iron complexes to permeate srythrocytes.

The 1-hydroxypyrid-2-ones possess a high affinity for iron{lli), as evidenced by log K, values (log K,,, -
is defined as being equal to 10g Brewn + 21 — [pK,, + nlog a(H*) + m log 8, (Ca**)] where iog Beyn is the
cumulative affinity constant of the ligand in question for iron(lll), pK,, is the negative logarithm of the
solubility product for Fe{OH), and has a value of 39, n and m are the number of hydrogen and calcium ions,
respectively, which are bound to the ligand, and a(H*) and a,(Ca**) are the affinities of the ligand for
hydrogen ions and calcium ions, respectively). In order to solubilise iron{ill) hydroxide, log K, must be
greater than 0 and in order to remove iron frem transfarrin, log K,,, should be in excess of 6.0. The log Ko
values for 1,4-dihydroxypyrid-2-one and 1-hydroxy-4-methoxypyrid-2-one by way of example, are 9.9 and
11.3, respectively, thus comparing favourably with those of the bidentats hydroxamates at about 4.0, of
catachois at about 8.0, of desferrioxamine at 8.0, and of diethylenetriamine penta-acstic acid (DTPA) at 2.0.
Mareover, the ability of the compounds to remove iron efficiently has been confirmed both by /n vitro tests
and also by /n vivo tests in mice. It is particularly significant that these latter tests are successful whether
the compound is given intraperitoneally or orally by stomach tube, the compounds generally either being
stable under acidic conditions or being converted thereby to acid stabie active compounds. Oral activity is
not generally present among the other types of compound praviously suggested for use as iron co-
ordinating drugs and aithough certain EDTA analogues do show such activity, they possess drawbacks for
pharmaceuticai use.

In addition to the use described hereinbefore for the treatment of general iron overload, the
hydroxypyridones described herein are also of interest for use in certain pathological conditions where
there may be an excess of iron deposited at certain sites even though the patient does not exhibit a general
iron overload, this being the case, for example, in certain arthritic and cancerous conditions. Indeed in
some patients having such conditions, the patient may axhibit an overall anaemia and the metal-free 1-
hydroxypyrid-2-ones may then be used in conjunction with an iron complex, for exampie an iron complax
of the same or another of these 1-hydroxypyrid-2-ones, the iron complex acting to correct the ovaerali
anaemia whilst the metal-free compound acts to remove iron from pathologicai to physiological sites. Such
iron complexes of the 1-hydroxypyrid-2-ones and their use in this context are discussed in detail
hereinafter.

Although the major uss of the metal-free compounds of the present invention is in the removal of iron,
they are aiso of potential interest for the remaval of some other metais present in the body in deleterious
amounts, for example copper, plutonium and other ralated transuranic metals, and especiaily aluminium,

Uses of tha compounds of the present invention for combination with metals other than iron may
extend to the treatment of body fiuids outside the body or even to quite other contexts than the treatment
of patients. One particular area of some interest involves the treatment of patients on haemodialysis who
may show a dangerous build up of aluminium in the body. For the treatment of such patients the
compounds of the present invention may be insolubilised through attachment to a support mataerial and
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e e ini m. The support material ma
then cqn:::ﬂ:: ;.::hoft t:ﬁ‘:,fl:t::,:,b;?ggl\:?n;?g‘ec:::ibael:?::?ltrgnt?:: ?Isrgin simitar cgr?taxts. for exampiz
:oga:g:yd:am material which ma: be of an agarose, dextran or other type, or a polystyrene or other

i i in ion-exchange resins,

mat%r;::::: :;:rosa:::: known in the agrt may be used for effecting attachment of the compounds to such
support materials but one convenient approa_ch is to use an acidic or _baslc group on the :uppon ;natoflal to
provide an amide type linkage through reaction vgnth the h_ydroxygvrldone. Hyd!'oxypyri ones o Pamcu!ar
interest in this context are those containing acidic or basic substituents on a ring carl_)on atom, i.e. }hose
containing an aiiphatic amine or a sulpho or espscially a garboxv group sgbstltuant. (_S_ubstltuted
hydroxypyridones containing such a substituent are not utilised in th-e phurmacgutucal compositions of the
prasant invention in view of their lass effective membrane permeating properties.) ) )

The present invention further comprises a compound being a 1-hydroxypyrid-2-one in which one or
more of the hydrogen atoms attached to ring carbon atoms are replaced by a substituent selected from
carbamoyi, mono- and di-C,_, atiphatic hydrocarbyl N-substituted carbamoyl, formylamino, (Cy-, aliphatic
hydrocarbyi}-carbonylamino, mono-C,_, aliphatic hydrocarbyl N-substituted formylamino and N-
substituted (C,_, aliphatic hydrocarbyl)-carbonylamino, hydroxy, C,., alkoxy and C,.., cycloalkoxy groups;
Ca-4 alkoxy and Cy_, cycloalkoxy groups substituted by a C,_, alkoxy, C,-, cycloalkoxy, carbamoyl, mono-
or di-C,., aliphatic hydrocarbyl N-substituted carbamoyi, formylamino, (C,_; aliphatic hydrocarbyi)-
carbonyiamino, mono-C,_, aliphatic hydrocarbyl N-substituted formylamino or N-substituted (C,.,
aliphatic hydrocarbyt)-carbonylamino, or hydroxy group; C,_, aliphatic hydrocarbon groups; and C,_,
aliphatic hydrocarbon groups substituted by a C,_, alkoxy, C,-, cycloalkoxy or hydroxy group; at least one
of the hydrogen atoms being reptaced by an amide group or an alkoxy or cycloalkoxy group substituted by
an amide group, or a physiologically acceptable salt thereof, the 1-hydroxypyrid-2-one or sait thereof being
linked to a support material through said amide group.

Such 1-hydroxypyrid-2-ones linked to a support material through an amide group may conveniently be
prepared by utiliging a precursor corresponding to the linked 1-hydroxypyrid-2-one but having an acidic
substituent containing a carboxy or sulpho group or a basic substituent containing an amine group in place
of the substituent presant in the final product which contains the linked amide group.

Carboxy and sulpha substituents in the precursors may consist of a group —CO,H or —SO,H, or the
anion derived therefrom in combination with a physiolagicaily acceptable cation, for sxampls the cation of
an aikali metal such as sodium, quaternary ammonium ions or protonated amines such as the cation
derived from tris. Amine substituents may consist of a group —NH; or its charged equivalent, a group
—NH, which will be associated with a physiologically acceptable anion, for example a chloride or other
hatlide ion, a solubilising ion such as that from methane suiphonic or isethionic acid, ar an anion derived
from the hydroxy group of the ring (OH — O~), or such a —NH, or —NH; group in which one of the
hydrogen atoms is replaced by an aliphatic hydrocarbon group, for example an alkyl group such as is
described hereinbefore as a substituent at a ring carbon atom.

The 1-hydroxypyrid-2-ones containing amine, carboxy and suipho groups may be prepared by
modifications of the procedures already discussed. Thus, as already mentioned, in one procedure a 1-
bydroxypyrid-2-one containing a nitro group substituent may be prepared and this substituent reduced to
give an amina group.

Where it is desired to utilise the acidic or basic 3-hydroxypyridone in the form of a sait of the amine,
carboxy or sulpho group, the compound may be reacted with the appropriate base of acid according to
standard procedures (amino substituted compounds of a zwitterion type containing a cation from the
amino group and an anion from the 3-hydroxy group may be prepared by crystallation from aqueous
media at pH of about 9.

Just as iron overload can pose probiems in some patients, iron deficiency anaemia can pose problems
in others. As well as being of valus as the metal-free compounds for the treatment of conditions involving
iron overload, the substituted 1-hydroxypyrid-2-ones described hereinbefore are of interest in the iron
complex form for the treatment of iron deficiency anaemia.

An adaquate supply of iron to the body is an essential requirement for tissue growth in both man and
animals. Although thers is normally an ample amount of iron in the diet, the levei 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. lron deficiency anaemia is commonly encountered in pregnancy and may also present a
probiem in the newiy born, particularly in certain animal species such as the pig. Moreover, in certain
pathological conditions there is a mal distribution 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 rmarketed for the treatment of iron deficiency
anaemia, the level of iron uptake by the body from these compounds is often quite low, necassitating the
administration of relatively high dosage levels of the compound. The administration of high doss, poarly
absorbed, iron complexes may cause siderosis of the gut wall and a variety of side effects such as nausea,
vomiting, constipation and heavy maiodorous stools. We have now found that the iron complexes of the
substituted 1-hydroxypyrid-2-ones describad hereinbefore, which have never previously been thought to
be of vaiue in a pharmaceutical context, are of particular value in the treatment of such conditions.

Accordingly the present invention further comprises an iron complex of a 1-hydroxypyrid-2-one in
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which one or more of the hydrogen atoms attached to ring car

selected from carbamoyl, mono- and di-C,_, aliphatic hydrog:arb:lol:l‘-:t:g:ist:Hr::,:;::ndobr ;,""b.'“"‘."“
{C,-, aliphatic hydrocarbyl}-carbonylamine, mono-C,_; aliphatic hydrocarbyl N-substitut:& !mer:r:m'
and N-substituted (C, ., aliphatic hydrocarbyl)-carbonylamine, hydroxy, C,_, alkoxy and C,_, cvc!oalk;no
groups; C,., alkoxy and C,_, cycloalkoxy groups substituted by a C,_, alkoxy, C,_, cycloalkoxy, carbamo:‘i,
mono- or di-C, .., aliphatic hydrocarbyl N-substituted carbamoyi, formyiamino, (C, -, aliphatic hydrocarbyI}:
carbonylamino, mono-C,., aliphatic hydrocarbyl N-substituted formylamino or N-substituted (C,_,
aliphatic hydrocarbyl)-carbonylamino, or hydroxy group; C,_, aliphatic hydrocarbon groups: and C,_,
aliphatic hydrocarbon groups substituted by a C,., alkoxy, C,-, cycloalkoxy or hydroxy group; but
exciuding compounds in which said replacement of hydrogen atoms is effected only by substituants
selected from C,_, aliphatic hydrocarbon groups and aiso the specific compound 1-hydroxy-5-methoxy-6-
methylpyrid-2-one, for use in therapy and particularly in the treatment of iron deficiency anaemia (in the
broad sensp of this term)}.

The comments made hereinbefore in relation to K, values for the metal-free compounds and their
corresponding iron complexes in the cass of preferred compounds apply equally to the selection of
preferred metai-free compounds and of preferred iron complexes. The comments made hereinbefore with
regard to preferencas as to the nature and position of substituents thus apply equally in relation to the iron
complexes. Thus, for axampls of particular intarest are the iron compiexes of 1-hydroxy-4-methoxypyrid-2-
one, 4-ethoxy-1-hydroxypyrid-2-one, 1,4-dihydroxypyrid-2-one, 1-hydroxy-4-(2’-hydroxyethoxy)-pyrid-2-
one, 1-hydroxy-4-(3'-hydroxypropoxy)-pyrid-2-one and 1-hydroxy-4-(2'-methoxyesthoxyl-pyrid-2-one.

The iron complexes presant in the pharmaceutical compositions according to the present invention
preferably contain iron in the farric state. Although the use of complexes containing iron in the ferrous state
may be considerad, such complexes tend to be less stable and are thus of less interest. The iron compiexes
are preferably neutral, i.e. there being an internal balance of charges batween the metal cation and the
ligand(s) bound covalently thereto without the necessity for the presernce of a non-covalently bound ion or
ions, for example a chioride ion, to achieve balance. It is preferred, therefore, that the balance of charges is
achieved by complexing with the iron cation the appropriate number of anions derived from a hydroxy-
pyridone by the loss of a hydroxy proton which are necessary to produce neutrality, and the iron
complexes of choice for use in the present invention are thus neutral 3:1 complexes containing thrae
hydroxypyridone anions complexed with a farric cation. it will be appreciated, howsever, 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 an overall baiance of charges, for example the
chloride ion. It will be appreciated, therefors, that the invention particularly includes as compounds, per se,
a neutral 3:1 1-hydroxypyrid-2-one:iron(lil} compiex of a 1-hydroxypyrid-2-one as defined hereinbefore.

The iron complexes are conveniently prepared by the reaction of the hydroxypyridone and iron ions,
the latter conveniently being derived from an iron sait, particularly a ferric halide and especially ferric
chioride. The reaction is conveniently effected in a suitable mutuai soivent and water may often be used for
this purpose. If desired, however, an aqueous/organic solvent mixture may be used or an organic soivent,
for example ethanol, methanol, chloroform and mixtures of these solvents together and/or with water
where appropriate. In particuiar, 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. Alternative procedures may, however, be ussd
and will ba apparent to those skilled in the art.

It will be appreciated that the nature of the iron compiex 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 compiex, for example, the hydroxypyridone and the
farric sait are convaniantly 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
adjustment is made of the acidic pH which results on the admixture of the hydroxypyridone and an iron salt
such as ferric chioride, then a mixture of the 2:1 and 1:1 complex will instead be obtained. Adjustment of
the pH may conveniently be effected by the addition either of sodium carbonate or of a hydroxide base
such as sodium or ammonium hydroxide, the use of a hydroxide base being or particular interest when
preparing the iron complexes in batches of 20 g or more. When using a hydroxide base, the reaction may
conveniently be carried out in a medium containing water as the salvent, for example in water or an
athanol:water mixture, and the pH adjusted by the addition of a 2 moiar aqueous solution of the base. It will
be appreciated that the presence of water in the reaction mixture will lead to the retention of a by-product in
the iron complex on avaporation cf the solvent (a chloride where the iron salt is ferric chloride). However,
this can be removed, if desired, by procedures such as crystailisation from a suitable soivent system or
sublimation in the particular case of ammonium chloride.

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 conveniently be evaporated on a rotary evaporator or freeze dried to
yield the solid iron compiex. 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.
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Whilst for somae uses it may be appropriate to prepare the iron complex in substantially pure form, i.e.
substantisily free from by-products of manufacture, in other cases, for sxample 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 [hydroxvpvridone:iron(lll)] complex is of particular interest
in a form free from by-products which are complexes containing different proportions of hydroxypyridone
and iron, in particular the 2:1 and 1:1 complexes. Accordingly the present invention includes an iron
complex, for example the 3:1 hydroxypyfidone:ironulu compiex, of a 1-hydroxypyrid-2-one as defined
hersinbsfore, when in a form substantiaily free from iron complexes of the hydroxypyridone containing
other proportions of iran, As indicated hareinafter, it may be advantageaus under some circumstances for
the iron compiex to be used in admixture with the free hydroxypyridone and, if desired, such a mixture may
be obtained directly by reacting a molar propartion of the hydroxypyridone and iron ions of greater than
3:1.

The iron complexes may be formuiated as pharmaceuticals for veterinary, for example in an avian or
particularly a mammalian context, or human use by a variety of methods and the invention includes a
pharmaceutical composition comprising an iron complex as hersinbefore defined together with a
physiologically acceptable diluent or carrier. The comments made hereinbefore with regard to the
tormulation of the metal-free compounds apply equally to the iron complexes, aithough in this instance
compositions for parenteral administration are of greater interest particularly in the context of animal
traatment. The problems of iron deficiency anaemia in newly bomn pigs arise primarily during the first three
weeks or so of their life when a very rapid weight gain takes place. The iron compiexes of the present
invention may be used to treat piglets directly by a parenteral routs, such as intramuscular or oral, for
example as a liquid preparation “injacted into the mouth”.

However, an alternative approach is to enhance the iron content of the milk on which the piglets are
feeding by treating the mother pig using oral or parenteral administration, for example an injectable slow
release preparation (such an approach may also be of interast in a human context). When it is appiicable to
feed piglets on foodstuffs other than the milk of the mother pig, it may also be possible to effect the
pharmaceutical administration of the iron complex in this other foodstuff.

As with the metal-free compounds, the dosage of the hydroxypyridone iron complex which is given
will depend on various factors, including the particular compound which is employed in the composition. it
may be stated by way of guidance, howaver, that maintenance of the amount of iron presentin the human
body at a satisfactory tevel will often be achieved using 8 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 appropriate under certain circumstances to give daily dosages either below or
above these lavels. 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 sbove may be
present in the pharmaceutical composition or indeed cther active compounds may be inciuded in the
composition, for example compounds having the ability to facilitate the treatment of anaemias, such as folic
acid. Another additionai component which may be included in the composition, if desired, is a source of
zine. lron compounds used in the treatment of iron deficiency anaemia can inhibit the mechanism of zin¢
uptake in the body and this can cause serious side offects in the fostus when treating ansemiain a pregnant
female. It is believed, however, that the iron complexes of the presant invention have a further advantage in
that they either do not have this affect or exhibit the effect at a lowaer lavei 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 altogethar.

We have found that the iron compiexes described herain are of value in the treatment of iron deficiency
anaemia 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 praperty being confirmed in practice by tests of the ability of
the %*Fe |labelied iron complexes tc permeats arythrocytes. The ability of the compounds in this respect will
depend on the nature of the substituent(s) present therein and the reflection of this ability in the K., values
of various compounds has baen 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 ather iron complexes currently marketed for the treatment of iron
deficiency anaemia, has been confirmed by measurements in the rat smail intestine. Once present in the
bloodstraam, the complexes will donate iron to transferrin, a position of equilibrium being set up betweean
the complexes and transferrin. it is because of the existence of this equilibrium that the corresponding free
hydroxypyridones may aqually be used in the treatment of iron overload, aithough certain of these
compounds may be of particular value for use in tha free state for iron removal and others may be of
particular vaiue for use as iron complexes for iron supply.

Cartain 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
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from about 4 or 5 up to 10, they will dissociate at the pH values of | ili i

form a mixture of the 2:1 and 1:1 complex together wir:h the fl?:e hy;:::x;:r?dl;':;nl'f"t;‘:;: ::ztn‘;;:::‘“h o

the free hydroxypyridone are cleared simultaneously from the stomach, when they reach tho':r:\::
intestine a large proportion of the 3:1 complex should reform under the alkaline conditions present therein

Howevaer, in the event that this dissociation under acid conditions leads to a significant reduction in the
uptake of iron by the body, due for instance to absorption of the free hydroxypyridone through the stomach
wall, the uptake may be improved by using one or more of the following procedures in the formulation ot
the iron complex.

Firstly, one of several variations may be employed which avoid or reduce exposure of the iron compisx
to the acidic conditions of the stomach. Such approaches may involva various types of controtied reiease
systern, ranging from one, which may for example be based on a polymer, which simply provides a
delayed release of the complex with tima, through a system which is resistant to dissociation under acidic
conditions, for axample by the use of buffering, to a system which is biased towards relsass under
conditions such as prevail in the small intestine, for example a pH sansitive system which is stabilized
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 smalil
intestine. Since the pH of the stomach is higher after a meal, it may be advantageous, whatever method of
formulation is used, to administar the iron complexes at such a time.

A particularly convenient approach to a controlled releass composition invoives 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
ancapsulation may be achieved with liposomes, phospholipids generally being resistant to dissociation
under acidic conditions. Tha liposomally entrapped 3:1 iron(ill} complexes can therefore survive the acid
environment of the stomach without dissociating to the 2:1 and 1:1 complexes, and the free
hydroxypyridone. On entry into the small intestine, the pancreatic enzymes rapidly destroy the
phospholipid-dependent structure of the liposomes thereby reieasing the 3:1 complex. Liposome
disruption is further facilitated by the presence of bile salts. However, it is usuaily more convenient to effact
the encapsulation, including microencapsulation, by the use of a solid composition of a pH sensitive
nature,

The preparation of solid compositions adapted to resist dissociation under acidic conditions but
adapted towards digsociation under non-acidic conditions is well known in the art and most often involves
the use of enteric coating, whereby tablets, capsules, atc, or the individual particles or granules contained
therein, are coated with a suitable material. Such procedures are described, for example, in the article
entitled “Production of enteric coated capsules” by Jones in Manufacturing Chemist and Aerosol News,
May 1870, and in such standard reference books as “Pharmaceutical Dosage Forms, Volume Il by
Ligbermann and Lackmann {Published by Marcel Decker}. One particular method of encapsulation invoives
the use of galatine capsules coated with a cellulose acetate phthalate/diethylphthalate layer. This coating
protacts 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 aliowing 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 iren{ll)
complex is relatively constant irrespective of the position within the intestine, i.a. whether in the jejunum,
ileum or large intestine. Other examples of methods of formuiation which may be used include the use of
potymeric 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 effact 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, and 2:1 and 1:1 complexes, and the metai-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 tc the present invention is thus from 0 to 100 moles free
hydroxypyridone:1 mole of iron complex, particularly the neutral 3:1 iron{li{) complex. Conveniently, a
proportion of up to no more than 20, 30 or 50 moles:1 mole is used with a lower levetl of 0.5, 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 it should be emphasised that even a molar ratio such as
1:1 will achieve a noticeable degree of acid stabilisation of the iron complex. Thus, although a range of, for
example, from 10 moles:? to 20 moles:1 mole of metal-free hydroxypyridone:iron complex will often be
suitable to produce a marked effect, a range of, for example, 3 or even 1 mole:1 mole to 10 moles:1 mole
will still produce a worthwhile effect without requiring administration of the larger amounts of the
hydroxypyridone. 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 compiex. It should be appreciated,
however, that the equilibrium between the complexes of various types and the metal-free compound wili
be affected 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 particuiar metal-free compound.
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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, as referred to
hereinbefore, in certain pathological conditions there may be an excess of iron deposited at certain sites
even though the patient exhibits an overail 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 hydroxy-
pyridone will act to remove iron from pathologicat 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 or with a mixture of the corresponding free hydroxypyridone,
presant primarily to prevent dissociation of the iron complex, and of another such hydroxypyridone in free
form, present primarily to effect iron transfer. Thus, it is preferabie for the hydroxypyridone present in an
iron donor to be rapidly metaboiized 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, differant hydroxypyridones may, for other reasons, function more
efficiently either in the free form as an iron remover or in compiex form as an iron donor. If desired, the free
hydroxypyridone may alternatively be used in the form of a salt such as that formed with the anion
produced by the loss of a hydroxy proton and containing a physiologically acceptable cation, for example
the cation of an alkali metal such as sodium, quaternary ammonium jons or protonated amines such as the
cation derived from tris.

It will be appreciated that, as an aiternative to combination with a different free hydroxypyridone of the
same type, the iron complex may be used in combination with another iron chelating agent, for exampie an
alternativa form of hydroxypyridone such as is described in UK patent application 8308058 (European
patent application 0093498) and 8407181 (European patent application 0120689).

When a free 1-hydroxypyrid-2-one is present in admixture with an iron complex of the same or &
different 1-hydroxypyrid-2-one for the purpose of acting as an iron remover, then the amount of the metal-
free compound may be different than when the free hydroxypyridone necessarily corresponds to that
present in the iron complex and is present primarily to prevent dissociation. Thus the daily dosage of the
iron complex may be as above and the daily dosage of the free hydroxypyridone may be that described in
relation to the use of such compounds in iron overioad conditions. Thus, 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 involving the
prevention of dissociation of the complex.

it will be appreciated that the present invention also includes the use of an iron complex of a1
hydroxypyrid-2-one in which one or more of the hydrogen atoms attached to ring carbon atoms are
replaced by a substituent seiected from carbamoyl, maono- and di-C, -, aliphatic hydrocarbyl N-substituted
carbamoyl, formylamino, (C,-; aliphatic hydrocarbyl)-carbonylamine, mono-C,_, aliphatic hydrocarbyl N-
substituted formylamino and N-substituted (C,_s atiphatic hydrocarbyl)-carbonylamino, hydroxy, Ci-s
alkoxy and C,_, cycloalkoxy groups; C,., alkoxy and C,_, cycloalkoxy groups substituted by a Ci-4 alkoxy,
Cs-« cycloalkoxy, carbamoyl, mono- or di-C,-y aliphatic hydrocarbyl N-substituted carbamoyl,
formylamine, {C,_; aliphatic hydrocarbyl)-carbonytamino, mono-C,., aliphatic hydrocarbyl N-substituted
formyiamino or N-substituted (C, -, aliphatic hydracarbyl)-carbonylamino, or hydroxy group; Cy., aliphatic
hydrocarbon groups; and C,_, aliphatic hydrocarbon groups substituted by a C,_, alkoxy, Cy-4 Cycloalkoxy
or hydroxy group; but excluding compounds in which said replacement of hydrogen atoms is sffected onty
by substituents selected from C,_, aliphatic hydrocarbon groups, for the manufacture of a medicament of
use in effecting an increass in the level of iron in a patient’s bloodstream.

In addition to the pharmaceutical uses of the iron complexes 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 cantrol of iron transport across membranes.

This invention is illustrated by the foliowing Exampies.

EXAMPLES
Exampie 1
The preparation of 1,4-dihydroxypyrid-2-one
(1) 2-Chioro-4-nitropyridine-1-oxide :
2-Chloro-pyridine-1-oxide {10 g) is cocled in an ice bath and treated with concentrated H,SO, {15 ml),
foliowed by the dropwise addition of a mixture of concentrated H,SO, (15 mt) and fuming MNO, (27 ml, s.g.
1.5) over a 70 minute period. The acidic solution is heated in a steam bath for 2.5 hours, then allowed to
reach room temperature and poured onto ice water (600 ml), stirring being continued until all the ice has
melted. The resultant sclid is filtered off and dissolved in hot chioroform, the solution being dried and the
solvent evaporated in vacuo to give a yeliow solid. The aqueous filtrate obtained after the removal of the
original solid is neutralised with saturated aqueous Na,CO, and extracted continuously with chloroform,
the extract being dried and evaporated in vacuo to yield a yellow solid. The two yellow solids are combined
and recrystailised from ethanol to give 2-chloro-4-nitro-pyridine-1-oxide as yellow crystals (7.46 g, 56%).

12
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{2} 2,4-Dimethoxypyridine-1-oxide
Sodium methoxids is prepared by dissolving sodium metal {(0.66 g) in methanol (33 mi

is mixed with 2-chloro-4-nitropyridine-1-oxide {2.3 g) in methanol (20 ml) and the mixturren i: :;;;:;::.;:;?:

hours, then filtered and the solvent evaporated /n vacuvo. The resultant solid is extracted with chioroform

the chloroform solution then being reduced in volume and left to crystaliise, yielding 2,4-dimethoxy-

pyridine-1-oxide in 54% yield.

(3) 1,4-Dihydroxypyrid-2-one

2,4-Dimethoxypyrid-1-gxide is refluxed together with 20% w/v HCl for 13 hours. On cooling the
solution 2,4-dihydroxy-pyridine-t-oxide or 1,4-dihydroxypyrid-2-one is obtained as an crange-white solid
{0.42 g, 30%}, & (dsDMSO + tracs of D,Q), 6.08 (s, 1H), 6.12 (q, 1H), 7.88 (d, 1H).

. Example 2
The preparation of 1-hydroxy-4-methoxypyrid-2-one
{1} 2-Chloro-4-methoxypyridine-1-oxide
Sodium (0.46 g) is dissoived in absolute methanol {50 mi) and the resuitant solution of sodium
methoxide is added to a solution of 2-chioro-4-nitropyridine-1-oxide (3.5 g, prepared as described in
Example 1} in methanol {10 ml). The reaction mixture is allowed to stand at room temperature for 50 hours
and is then subjected to rotary evaporation to give 2-chloro-4-methoxypyridine-1-oxide.

{2) 1-Hydroxy-4-methoxypyrid-2-one

2-Chioro-4-methoxypyridine-1-oxide (3.3 g} is dissolved in 10% w/v agueous NaOHM (33 mi} and the
mixture is heated on a steam bath for 3.5 hours when it is cooled and acidified with concentrated HCl to a
pH of 2.5 to yield white crystals. Recrystailisation of these from water gives 1-hydroxy-4-methoxypyrid-2-
one (0.75 g, 20%), m.p. 174--175°C, & (D,0} 5.9 (s, 1H), 6.00 (g, 1H), 7.5 (d, tH).

Example 3
Praeparation of 1-hydroxy-4-{2'-methoxyethoxy)-pyrid-2-one

(1) 2-Chloro-4-(2'-methoxysthoxy)-pyridine-1-oxide

Sodium metal (0.23 g) is dissolved in redistilled methoxyethanol (30 ml). The resulting solution is
added to 2-chloro-4-nitro-pyridine-1-oxide (1.75 g, prepared as described in Example 1) and stirred for 28
hours at 20°C. The methoxyethanol is removed by distillation under reduced pressure leaving an oily
brown solid which is washed with diethyl ether (25 mi) and then dissolved in water {25 mi). The aqueous
solution is extracted into chloroform (3.x 25 ml} and the extracts are then svaporated /n vacuo to give 2-
chioro-4-(2’'-methaxyethoxy)pyridine-2-oxide as a yellow solid.

{2} 1-Hydroxy-4-{2'-methoxyethoxy)-pyrid-2-one

2-Chiorg-4-(2'-methoxyethoxy)-pyridine-1-oxide is treated with 10% w/v aqueous NaQOH and the
mixture is heated on a steam bath for 3 hours. The resulting solution is acidified to pH 2 with concentrated
HCI, then reduced in volume by svaporating /n vacuo and left to crystallise. The resultant white solid is
recrystallised from ethanol to give 1-hydroxy-4-(2’-methoxyethoxy)-pyrid-2-one (0.58 g, 29%), m.p. 134°C,
5 (CDCl,} 3.42 (s, 3H), 3.7 (t, 1H), 4.08 (t, 1H), 6.05 (d, 1H), 6.05 {q, 1H), 7.82 (t, 1H).

Exampie 4
Partition data on 1-hydroxypyrid-2-onas and their iron complexes

The partition coefficient K,., being the ratio (concentration of compound in n-octanci)/(concentration
of compound in aqueous phase) on partition betwgen n-octanol and aqueous tris hydrochloride (20 mM,
pH 7.4), is measurad at 20°C for the compounds of Examples 1 to 3 and 1-hydroxypyrid-2-one by way of
comparison, and for their iron complexes (at 10 M) by spectrophotometry. Acid washed glassware is
used throughout and, following mixing of 5 ml of the 10™* M agueous solution with 5 ml n-octanol for 1
minute, the aqueous n-octanci mixture is centrifuged at 1,000 g for 30 seconds. The two resuiting phases
are separated for a concentration determination by spectrophotometry on each. For the frae
hydroxypyridones, the range 220340 nm is used for concentration determinations whilst for the iron
complexes, the range 340—8640 nm is used.

Values typical of those obtained are shown in Tabie 1.
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Table 1
partition coefficients

O e e ———

Partition coefficient Kpart

Compound Free compound Iron complex
{Felll-)compound);]|
1-hydroxypyrid-2-one 0.3 : 0.95
1,4-d1hydroxypyr1d-2-one 0.04 0.04
1-hydroxy-4-methoxypyrid-2-one 0.15 4.85
1-hydroxy-4-(2'-methoxyethoxy)- 0.4 0.6
pyrid-2-one
Example 5

in vitro tests of iron binding capacity
The 1-hydroxypyrid-2-ones used in this Example were prepared as described in Examples 1, 2 and 3,

and 1-hydroxypyrid-2-one was aiso used for comparative purposes.

(1) Mobilisation of iron from ferritin

Horse spleen ferritin {Sigma) was used without further purification and its iron content was estimated
spectrophotometrically at 420 nm. The ferritin solution in phosphate buffered saline {Dulbecco-OXOID —
Registered Trade Mark, 10~° M, pH 7.4) was enciosed in 8 Visking (Registered Trade Mark) dialysis tube and
dialysed againat a 3 x 10~? M buffered solution of one of various pyridones as indicated in Table 2. The
absorption spectrum of the resuiting iron(lli} compiex in the dialysis solution was recorded after 6 and 24
hours. For comparative purposes, the procedure was repeated using a blank control.

The resuits are shown in Table 2 where the percentage of ferritin-bound iron removed by the
compound under test is shown. For comparative purposes, results reported in the literature for similar tests
with 1 X 10~? M desferrioxamine (Crichton et &/, J. inorganic Biochem., 1980, 13, 305} and with 8 x 107° M
LICAMS (Tufano et a/, Biochem. Biophys. Acta, 1981, 668, 420) are also given in the Table. it will be seen
that the pyridone compounds are able to remove iron effectively from farritin in contrast with
desferrioxamine and LICAMS (although the latter will remove iron in the presence of ascorbic acid such a
mixture is very difficult to manage clinically). These results shown in Table 2 may be confirmed by
separating apoferritin {in admixture with farritin} and the particular hydroxypyridone iron{lll) complex from
the reaction product in each case by chromatography on Sephadex G10 (Registered Trade Mark}).

i
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Table 2

Removal of jron from ferritin

Percentage of iron removed
Compound
6 hours 24 hours
Control : 0 0
1-hydroxypyrid-2-one 34(1) -
1,4-dihydroxypyrid-2-one 22 54
1-hydroxy-4-methoxypyrid-2-one 13 46
1-hydroxy-4-(2'—methoxyethoxy)- 2 8
pyrid-2-one

Desferrioxamine (1mM) 1.5 -
LICAMS (6mM+12mM ascorbic acid) T -

(1)1-hydroxypyrid-2-one iron complex precipitated from incubation
medfum.

(2} Mobilisation of iron from transferrin

Human transferrin {Sigma) was loaded with iron (ifl) by the method of Bates and Schlaback, J. Bial.
Chem. (1973) 248, 3228. ®*Iron(ill) transferrin {10~° M) was incubated with a 4 x 10~° M solution in tris HC|
(0.1 M, pH 7.4) of one of various pyridones as indicated in Tabie 3 for periods of 6 hours and 24 hours. The
solution was then dialysed against phosphate buffered saline for 24 hours. The *°Fg remaining in the
dialysis tube was then recordad. For comparative purposes, this procedure was repeated with
desfarrioxamine and EDTA.

The resuits are shown in Table 3 in terms of the percantage of transferrin bound iron removed by the
compound under test and illustrate the efficiency of the compounds at iron removal. The results shown in
Tabie 3 may be confirmed by separating apotransferrin (in admixture with transferrin) and the particuiar
hydroxypyridone iron complex from the reaction product in each cass by chromatography on Sephadex
G10.




15

20

25

35

EP 0 138 420 B1

Table 3
Removal of iron from transferrin

Percentage of iron removed
Compound
6 hours 24 hours
1-hydroxypyrid-2-one : 60 73
1,4-dihydroxypyrid-2-one 80 91
1~-hydroxy-4-methoxypyrid-2-one 70 n
1-hydroxy-4-(2'-methoxyethoxy}- | 72 75
pyrid-2-one
Desferrioxamine , 17 22
EOTA | 27 67

Example 6
In vivo tests of iron binding capacity

The 1-hydroxypyrid-2-one used in this Example was prepared as described in Example 1.

Mice ware injected intraperitoneally with iron dextran {2 mg) at weekly intervals over a four week
period. Two weeks after the final injection, the mice were injected via the tail vein with **Fe lactoferrin
{human lactoferrin, 1 mg per injection 2 uCi). The mice were then caged individually. After a ten day period,
1,4-hydroxypyrid-2-one was administerad to groups of 8 mice at 10 mg per mouse either intraparitonsally
or intragastrically {in each case 3 of the mice received only one doss whilst 5 raceived 2 doses at a 24 hour
intarval. The excretion of iron was recorded at either 12 or 24 hourly intervals gver a three day period
before and a two day period after administration of the compound. For comparative purposes, the
procedure was repeated with a blank controi and with desferrioxamine, also at 10 mg per mouse (the
intraperitoneally treated mica receiving ons dose of desferrioxamine and the intragastrically treated mice
two doses at a 24 hour interval, Lo :

The results are shown in Table 4, being given on the basis of the control representing 100% excretion,
and illustrate the particular advantage of the pyridones as compared with desferrioxamine for oral
administration. It should be mentioned that the large standard deviation (SD) vaiues are somewhat
misleading as uniformly positive results can vield high SDs which might be taken to suggest that the results
are not significantly differant from zero. Howaver, this is not the case here, the large SD values being a
conseguence of the large range among the positive responses.




10

5

25

35

EP 0 138 420 B1

Table 4
Excretion of iron in vive
Intraperitoneal Intragastric
Administration Administration
Compound Number | Excretion Number | Excretion
] of | of 59FezsSD of | of 59FetSD
Mice percent Mice | percent
Control 12 100 £ 10 - -
1,4~dihydroxypyrid-2- " 195 ¢ 57 6 166 t 40
one
Example 7

Preparation of iron complexes
) The iron compiex of 1-hydroxy-4-methoxypyrid-2-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 1-hydroxy-4-methoxypyrid-2-one. The resuitant solution is
adjusted to pH 7.0 using 2 molar aqueous sodium hydroxide and is then freeze dried. The resulting powder
is extracted with chioroform, filterad and the filtrate subjected to rotary evaporation to give an essentially
quantitative yieid of the neutral complex containing the 1-hydroxy-4-methoxypyrid-2-one anion and the
ferric cation in 3:1 proportion. Recrystallisation of the 3:1 complex from ethanoi gives orange crystals, m.p.
103—106°C.

{b) An ethanolic solution of ferric chloride is reacted for 5 minutes at room temperature with a
chioroform solution containing 3 moiar equivalents of 1-hydroxy-4-methoxypyrid-2-one. The resultant
solution is neutralised by the addition of solid sodium carbonate, the precipitated sodium chloride
removed by fiitration and the fiitrate evaporated to give an essentially quantitative yield of the 3:1 complex,
m.p. 103—106°C.

The 3:1 ironill) complexes of 1,4-dihydroxypyrid-2-one and 1-hydroxy-4-(2'-mathoxyethoxy)-pyrid-2-
one may be prepared in an exactly similar manner.

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
compiex.

Exampie 8
The ability of iron compiexs to donate iren to apotransferrin
Apotransferrin {10~* M) and the iron complex of 1-hydroxy-4-methoxypyrid-4-one (10~* M; prepared

 as described in Example 7) were incubated together in tris hydrachloride (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
mi fractions were collected directly into scintillation vials for counting. The 89rq agsociated with both the
apotransferrin and the ligand was estimated and it was found that over 90% of the iron was removed from
the iron complex.

Example 9
In vitro tests on permeation of rat rejunal sac by iron complexes
The iron uptake into the serosal space of the inverted rat jejunal sac was comparad for various iron
compounds. Rats (maie Sprague Dawiey, 60 g) were killed and the jejunum removed, gverted and cut into

("The concentration of the hydroxypyridone is 0.1M aithough this figure may be varied, for exampie in a
range of 0.01 to 0.5M, being constrained at the upper end of the range by the solubility of the compound in
the reactions solvent, '
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three segments (4 cm length). The segments wera tied at both ands and filled with Krebs Ringer buffer (0.2
mi} and incubated in Krebs Ringer buffer containing **Fe complexes at 37°C for periods up 10 1 hour. The
contents of the sac were counted for *"Fe and measure spectrophotometricaily.

The rasults obtained for the three iron compiexes described in Example 7 and for seven other iron
compounds which are each contained in preparations marketed for the treatment of iron deficiency
anaemia are shown in Table 5, the iron uptake for each compound being shown relative to that for ferric
chioride as 1. It will be seen that the complexes of Example 7 each provide a level of iron uptake which is
significantly higher than the levels cbserved for any of the 7 compounds in current use for the treatment ot
iron deficiency anasmia.

Table §
Relative Relative
Compound ’ Iron Compound Iron
Uptake Uptake
FeCl3 1 FeCl3 ]
Felll compiex of: Fell sulphate 2.4
1,4-dihydroxypyrid-2-one 9.4 |Fell fumarate 4.0

1-hydroxy~4-methoxypyrid-2-one | 12.3 Fell gluconate 1.6
1-hydroxy-4-(2'-methoxyethoxy)- 11.4 |Fell succinate 2.0

pyrid-2-one Felll EDTA 3.6
Felll ascorbate| 0.4
Felll citrate 2.0

Claims

1. The use of a compound being a 1-hydroxyprid-2-one in which one or more of the hydrogen atoms
attached to ring carbon atoms are replaed by a substituent selected from carbamoyl, mono- and di-Cy_y
aliphatic hydrocarbyl N-substituted carbamoyl, formylamino, {C, -, aliphatic hydrocarbyl)-carbonylamino,
mono-C,-s aliphatic hydrocarbyl N-substituted formylamino and N-substituted (C,~, aliphatic
hydrocarbvl)-carbonylamino, hydroxy, C,-, alkoxy and C,-, cycloalkoxy groups; C;-4 alkoxy and Cs-,
cycloalkoxy groups substituted by a C,_, alkoxy, Ca—s cycloalkoxy, carbamoyl, mono- or di-C, -, aliphatic
hydrocarbyl N-substituted carbamoyl, formylamino, {C,-, aliphatic hydrocarbyl)-carbonylamino, mono-
C,-3 aliphatic hydrocarbyl N-substituted formylamino or N-substituted (C,_, aliphatic hydrocarbyl)-
carbonylamino, or hydroxy group; C, -, aliphatic hydrocarbon groups; and C,_; aliphatic hydrocarbon
groups substituted by a C,_4 alkoxy, Cy—y cycloalkoxy or hydroxy group; but excluding compounds in
which said replacement of hydrogen atoms is effacted only by substituents selected from C,_, aliphatic
hydrocarbon groups, of a physiologicaily acceptable salt thereof, for the manufacture of a medicament for
use in effecting a reduction in toxic jevels of a metal in a patient’s body.

2. The use according to Claim 1, in which the metal is iron.

3. The use according to Claim 1 or 2, in which at least one of the ring carbon atom substituents is a
hydroxy, alkoxy, substituted alkoxy or substituted aliphatic hydrocarbon group.

4. The use according to Claim 3, in which at least one of the ring carbon atom substituents is a hydroxy
group or a C,_4 alkoxy group.

5. The use according to Claim 3, in which at least one of the ring carbon atom substituents is a Co-a

. alkoxy group substituted by a hydroxy group or by a Cy-, atkoxy group.

6. The use according to Claim 5, in which the total number of carbon atoms in the alkoxyalkoxy group is
Jord.

18
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7. The use according to any of Claims 3 to 6, in which the rin
one are substituted by a single one of said substityents and optgio?arl?\;) ?nata%’;‘i:i::\‘:; ::-
aliphatic hydrocarbon atoms.

8. The use according to any of Claims 1 to 7, in which any aliphatic hydrocarb i

9. The use according to any of Claims 1 to 6, in which the ring carbon !toms ofc;:gg :?xgd':oxm;::;;_z_
one are substituted only by a single one of said substituents. ’

10. The use according to Claim 7 or 9, in which the single one of said substituents is located at the 4-
position of the 1-hydroxypyrid-2-one.

11, The use according to Claim 1 or 2, in which the 1-hydroxypyrid-2-one is 1-hydroxy-4-methoxypyrid-
2-one, 4-ethoxy-1-hydroxypyrid-2-one, 1,4-dihydroxypyrid-2-one, 1-hydroxy-4-(2'-hydroxyethoxy)-pyrid-2-
one, 1-hydroxy-4-(3'-hydroxypropoxy)-pyrid-2-one or 1-hydroxy-4-{2'-methoxyethoxy)-pyrid-2-one, or a
physiologically acceptable salt thereof.

12. A compound being a 1-hydroxypyrid-2-one in which one or more of the hydrogen atoms attached
to ring carbon atoms are replaced by a substituent which is a C,_, alkoxy or C,., cycloaikoxy group
substituted by a C,_, alkoxy, C,., cycloalkoxy, carbamoyl, mono- or di-C,_; aliphatic hydrocarbyl N-
substituted carbamoyi, formylamino, {C,., aliphatic hydrocarbyl)-carbonylamino, mono-C,_, aliphatic
hydrocarbyl N-substituted formylamino or N-substituted (C,_, aliphatic hydrocarbyl)-carbonylamino, or
hydroxy group, and wherein a further one or mare of the hydrogen atoms attached to ring carbon atoms
are optionally replaced by a substituent selected from carbamoyl, mono- and di-C,_; aliphatic hydrocarbyl
N-substituted carbamoyl, formylamino, (C,., aliphatic hydrocarbyl}-carbonylamino, mono-C,., aliphatic
hydrocarbyl N-substituted formylamino and N-substituted (C,_, aliphatic hydrocarbyl)-carbonylamino,
hydroxy, C,., alkoxy and C;-, cycloalkoxy groups: and C,_, aliphatic hydrocarbon groups; and C,_,
aliphatic hydrocarbon groups substituted by a C,_, alkoxy, Cs_, cycloalkoxy or hydroxy group; or a
physiologically accaptable sait thereof.

13. A compound according to Claim 12, in which one or more of the hydrogen atoms attached to the
ring carbon atoms are replaced by a substituent selected from C,., alkoxy groups substituted by a C,_,
akoxy group, by an amide group which is unsubstituted or mono- or di-substituted by C,_, alkyl groups or
by a hydroxy group and wherein a further one or more of the hydrogen atoms are optionally replaced by a
hydroxy group or a C,_; alkyl group.

14. A compound according to Claim 13, in which one of the hydrogen atoms attached to ring carbon
atoms of the 1-hydroxypyrid-2-one is replaced by a C,., alkoxy group substituted by a hydroxy group, or by
a C;., alkoxy group substituted by a C,_; alkoxy group, the total number of carbon atoms in the
alkoxyalkoxy group being 3 or 4, and wherein a further one or more of the hydrogen atoms are optionally
replaced by a C,_; alkyl group.

15. A compound according to any of Claims 12, 13 and 14, in which any aliphatic hydrocarbon or alkyl
group is methyl.

16. A compound according to any of Claims 12 to 15, in which a substituted alkoxy group substituent is
prasent at the 4-position of the 1-hydroxypyrid-2-one.

17. A compound according to any of Claims 12 to 16, in which only one of the hydrogan atoms attached
to a ring carbon atom is replaced by a substituent.

18. A compound according to Claim 12, being 1-hydroxy-4-(2'hydroxyethoxy)-pyrid-2-one, 1-hydroxy-
4-(3'-hydroxypropoxy)-pyrid-2-one or 1-hydroxy-4-(3'-hydroxypropoxy)-pyrid-2-one or 1-hydroxy-4-{2'-
methoxyethoxy)-pyrid-2-one, or 8 physiologically acceptable sait thereof.

19. A compound according to any of Claims 12 to 18, for use in therapy.

20. A pharmaceutical composition comprising a compound as defined in any of Claims 12 to 18,
together with a physiologically acceptable diluent or carrier.

21. A pharmaceutical composition according to Claim 20 in a form adapted for oral administration.

22, A compound being a 1-hydroxypyrid-2.one in which one or more of the hydrogen atoms attached
to ring carbon atoms are replaced by a substituent selected from carbamoyl, mono- and di-C, -, aliphatic -
hydrocarbyl N-substituted carbamayl, formylamino, {C,_; aliphatic hydrocarbyi)-carbonylamino, mono-
C,-3 aliphatic hydrocarbyl N-substituted formylamino and N-substituted (C,., aliphatic hydrocarbyi)-
carbonylaming, hydroxy, C,_, alkoxy and C,., cycloalkoxy groups; C,_, alkoxy and C,_, cycloalkoxy
groups substituted by a C, ., alkoxy, C,., cycloalkoxy, carbamoyl, mono- or di-C, _, aliphatic hydrocarbonyl|
N-substituted carbamoyl, formytamino, (C;_, aliphatic hydrocarbonyl)-carbonylamino, mono-C, ., aliphatic
hydrocarbyl N-substituted formylamino or N-substituted (C,_; aliphatic hydrocarbyl)-carbonylamino, or
hydroxy group; C,.-, aliphatic hydrocarbon groups; and C,_, aliphatic hydrocarbon groups substituted by a
C,-4 alkoxy, C,., cycloalkoxy or hydroxy group; at least one of the hydrogen atoms being replaced by an
amide group or an alkoxy or cycloalkoxy group substituted by an amide group, or a physiologically
acceptable salt thereof, the 1-hydroxypyrid-2-one or salt thereof being linked to a support material through
said amide group,

23. An iron complex of a 1-hydroxypyrid-2-one in which ons or more of the hydrogen atoms attached
to ring carbon atoms are replaced by a substituent selected from carbamoyl, mono- and di-C, _; aliphatic
hydrocarbyl N-substituted carbamoyl, formylamino, (C,..; aliphatic hydrocarbyl)-carbonylamino, mono-
Ci-, aliphatic hydrocarbyl N-substituted formylamino and N-substituted (C,_, aliphatic hydrocarbyl)-
carbonylamino, hydroxy, C,_, alkoxy and C,_, cycloalkoxy groups; C,., alkoxy and C,_, cycloatkoxy

hydroxypyng.3.
he or more C, _,
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groups substituted by a C,_s alkoxy, Ca-¢ cycloalkoxy, carbamoyl, mono- or di-C,_, aliphatic hydrocarby
N-substituted carbamoyl, formyliamino, (C4-, aliphatic hvdrocarbonyl_)-carponvlamino. mono-C, -, aliphatic
hydrocarbyl N-substituted formylamino or N-substituted (Cy-, aliphatic hydrocarbyi)-carbylamine, or

hydroxy group: Ci—a aliphatic hydrocarbon groups: and C,_, aliphatic hydrocarbon groups substituted by a

5 C,.,alkoxy, Cs-s cycloalkoxy or hydroxy group: but excluding comqounqs in which said replacement of
hydrogen atoms is effected only by substituents selected from C,_; aliphatic hydrocarbon groups and also
the specific compound 1-hydroxv-s-methoxv-s-methylpvrid-z-one, for use in therapy.

24. A complex according to Claim 23. in which the iron compiex is the neutral 3:1 1-hydroxypyrid-2-
one:iron{lil} complex.

10 25. A neutral 3:1 1-hydroxypvrid-z-ono:iron(llll complex of a 1-hydroxypyrid-2-one in which one or
more of the hydrogen atoms attached to ring carbon atoms are replaced by a substituent selected from
carbamoyi, mono- and di-Cy-, aliphatic hydrocarby! N-substituted carbamoyl, formylamino, (C,, aliphatic
hydrocarbvi}-carbonyiamino, mono-C,-, aliphatic hydrocarbyi N-substituted formylamino and N-
substituted (C,-, aliphatic hydrocarbyl)-carbonylamino, hydroxy, Cy-4 alkoxy and C,-4 cycloalkoxy groups;

15 C,-, alkoxy and Cy—4 cycloalkoxy groups substituted by a C,_, alkoxy, Cy-s cycloalkoxy, carbamoyl, mono-
or di-C;, aliphatic hydrocarbonyl N-substituted carbamoyt, formyiaming, (C;-3 aliphatic hydrocarbonyi)-
carbonylamino, mono-Ci—s aliphatic hydrocarbyt N-substituted formylamina or N-substituted (C,-,
aliphatic hydrocarbvl)-carbonylamino, or hydroxy group; Ci-a aliphatic hydrocarbon groups; and C,.,
aliphatic hydrocarbon groups substituted by a C._, alkoxy, Cs-4 cycloalkoxy or hydroxy group; but

20 excluding compounds in which said replacement of hydrogen atoms is affected only by substituents
selected from C,_; aliphatic hydrocarbon groups and also the specific compound 1-hydroxy-5-methoxy-6-
methylpyrid-2-one.

26. A complex according to Claim 23, 24 or 25, in which the 1-hydroxypyrid-2-one is as defined in any of
Claims 3 to 18.

25 27. A pharmaceutical composition comprising a neutral 3:1 1-hydroxypvrid-z-one:iron(lll) complex as
defined in any of Claims 23 to 286, together with a physiologically acceptable diluent or carrier.

28. A pharmaceutical composition according to Claim 27, which comprises a sterile, pyrogen-free
diluent.
29, A pharmaceutical composition according to Ciaim 27, which comprises a solid carrief.

30 30. A pharmaceutical composition according to Claim 27 or 29, which is adapted to release of the iron

complex in the intestine rather than in the stomach.

31. A pharmaceutical compaosition according to any of Claims 27 to 30 in unit dosage form.

32. The use of an iron complex of a 1-hydroxypyrid-2-one in which one or more of the hydrogen atoms
attached to ring carbon atoms are rapiaced by a substituent selected from carbamoyl, mono- and di-C,_4

35 aliphatic hydrocarbyl N-substituted carbamoyl, formylamina, (C,-, aliphatic hydrocarbvl)-carbonylamino,
mono-C,-, aliphatic hydracarbyl N-substituted formylamino and N-substituted (C,—, aliphatic
hvdrocarbvl)—carbonylamino, hydroxy, C,_. alkoxy and .C,_, cycloalkoxy groups; C,—, alkoxy and Cs.a
cycloalkoxy groups substituted by a Cy—, alkoxy, Ca-s cycloalkoxy, carbamoyl, mono- or di-C, -5 aliphatic
hydrocarbyl N-substituted carbamoyl, formylamino, {Cy-s aliphatic hvdrocarbyi)-carbonylamino, mono-

4 Cy-y aliphatic hydrocarbyl N-substituted formylamino or N-substituted (C,-; aliphatic hydrocarbyi)-
carbonylamino, or hydroxy group: C,-; aliphatic hydrocarbon groups; and C,., aliphatic hydrocarbon
groups substituted by a C,-¢ alkoxy, Ca—s cycloalkoxy or hydroxy group; but excluding compounds in
which said replacement of hydrogen atoms is effected only by substituents selected from C,_, aliphatic
hydrocarbon groups, for the manufacture of a medicament of use in effecting an increase in the lavel of

45 iron in a patient's bloodstream. : :
23. The use according to Claim 32, in which the iron complex is the neutral 3:1 1-hydroxypyrid-2-
cne:iron{ill} complex.
24. The use according to Claim 32 or 33, in which the 1-hydroxypyrid-2-one is as defined in any of
Claims 3 to 18.

Patentanspriche

1. Verwendung einer Verbindung, die ein 1-Hydroxypyrid-2-on ist, bei dem ein oder mehrere der am
Ringkohlenstoffatome gebundenen Wassarstoffatome ersetzt ist/sind durch einen Substituenten,

55 ausgewdhit aus Carbamoyl-, mono- und @i-C,-s-aliphatisches Hydrocarbyl N-substituierte Carbamoyl-,
Formylamino-, (C,--aliphatisches Hvdrocarbyl)-carbonylamino-, mono-C,-y-aliphatisches Hydrocarbyl N-
substituierta Formylamino- und N-substituierte (C,-5-aliphatisches Hydrocarbyl}-carbonvlamino—.
Hydroxy-, Ci-Alkoxy- und C,_,-Cycloalkoxygruppen; C,_s-Alkoxy- und C,-4-Cycloalkoxygruppen
substituiart mit einer C-4-Alkoxy-, C,-+Cycloalkoxy-, Carbamoyl-, mono- oder di-C,_s-aliphatisches

60 Hydrocarbyl N-substituierte Carbamoyt-, Formylamino-, {C,_,-aliphatisches Hydrocarbyl)-carbonylarnino-.
mono-C,-;-aliphatisches Hydrocarbyl N-substituierts Formylamino- oder N-substituierte (Cy-3-
aliphatisches Hydrocarbyl)-carbonylamino- oder Hydroxygruppe; C,_s-aliphatische Kohienwassar-
stoffgruppen; und C,.,-aliphatische Kohlenwasserstoffgruppen substituiert mit einer C,_.-Alkoxy-, Ca-s

/ Cycloalkoxy- oder Hydroxygruppe; jedoch unter AusschiuB von Verbindungen, bei denen Wasserstoff-
g5 atome nur mit Substituenten ausgewdhit aus C -g-aliphatischen Kohlenwasserstoffgruppen ersetzt worden
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sind, oder eines ph_ysio!ogignh annehmbaren Salzes davon, for die Herstellung eines Medi o
m;l;?:ng. um eine Verringerung von toxischen Spiegein eines Metalls imgKbrper einukl.’:mn; E

2. Verwendung nach Anspruch 1, dadurch gekennzeichnet, da das Metall Eisen ist.

3. Verwendung nach Anspruch 1 oder 2, dadurch gekennzeichnet, daf die Substituenten an den Ring-
kohlenstoffatomen Hydroxy-, Alkoxy-, substituierte Alkoxy- oder substituiarte aliphatische Kohlenwasser-
stoffgruppen sind.

4. Verwendung nach Anspruch 3, dadurch gekennzeichnet, da mindestens einer der Substituentsn an
den Ringkohlenstoffatomen eine Hydroxygruppe oder sine Ci-s-Alkoxygruppe ist.

5. Verwendung nach Anspruch 3, dadurch gekennzeichnet, dad mindestens ainer der Substituenten an
den Ringkohlenstoffatomen eine C,_;-Alkoxygruppe ist, die mit einer Hydroxygruppe oder mit einer C,_,-
Alkoxygruppe substituiert ist.

+ 8. Verwendung nach Anspruch 5, dadurch gekennzeichnet, daBl die Gesamtzah| der Kohienstoffatome
in der Alkoxygruppe 3 oder 4 betrigt.

7. Verwendung nach einemn der Anspriiche 3 bis 6, dadurch gekennzeichnet, daB die Ringkohlenstoff-
atome des 1-Hydroxypyrid-2-ons nur mit einem einzigen der genannten Substituenten substituisrt sind,
und gegebenanfails zusitzlich durch ein oder mehrers C,_;-aliphatische Kohlenwasserstoffgruppen.

8. Verwendung nach sinem der Anspriiche 1 bis 7, dadurch gekennzeichnet, dal jede aliphatische
Kohlenwasserstoffgruppes Methyl ist.

9. Verwendung nach einem der Anspriiche 1 bis 8, dadurch gekennzeichnet, da das Ringkohlen-
stoffatom des 1-Hydroxypyrid-2-ons nur mit sinem einzigen der genannten Substitusnten substituiert ist,

10. Verwendung nach Anspruch 7 oder 9, dadurch gekennzeichnet, daf der einzige Substituent sich in
der 4-Stellung des 1-Hydroxypyrid-2-ons befindet.

11. Verwendung nach Anspruch 1 oder 2, dadurch gekennzeichnet, dall das 1-Hydroxypyrid-2-on ein 1-
Hydroxy-4-methoxypyrid-2-on, 4-Ethoxy-1-hydroxypyrid-2-on, 1,4-Dihydroxypyrid-2-on, 1-Hydroxy-4-{2'-
hydroxy-sthoxy)-pyrid-2-on 1-Hydroxy-4-(3'-hydroxypropoxy)-pyrid-2-on oder 1-Hydroxy-4-{2'-methoxy-
ethoxy)-pyrid-2-on, oder ein physiologisch annehmbares Salz davon ist.

12. Eine Varbindung, die ein 1-Hydroxypyrid-2-on ist, bei dem ain oder mehrere der an Ringkohlen-
stoffatomen gebundenen Wasserstoffatome durch einen Substituenten ersetzt ist/sind, der eine C,.,-
Alkoxy- oder C,.,-Cycloalkoxygruppe ist, substituiert mit einer Ci-s-Alkoxy-, C,_,-Cycloalkoxy-,
Carbamoyl-, mono- oder di-C,_s-aliphatisches Hydrocarbyl N-substituierte Carbamayl-, Formyiamino-,
(Cy~y-aliphatisches Hydrocarbyl}-carbonylamino-, mono-C,.s-aliphatiaches Hydrocarbyl N-substituierts
Formylamino- oder N-substituierte (C,_,-aliphatisches Hydrocarbyl)-carbonylamino- oder Hydroxygruppe
und bei dem ain weiteres oder mehrers der an Ringkohlenstoffatome gebundenen Wasserstoffatome
gegebenenfalis ersetzt ist/sind durch einen Substituenten, ausgewahit aus Carbamoyl-, mono- und di-C,_,-
aliphatisches Hydrocarbyl N-substituierte Carbamoyl-, Formylamino-, {C,_,-aliphatisches Mydrocarbyl)-
carbonylamino-, mono-C;_,-aliphatisches Hydrocarbyl N-substituierte Formylamine- und N-substituierte
{C,-s-aliphatisches Hydrocarbyi)-carbonylamino, Hydroxy-, Cy-+-Alkoxy- und C,_,-Cycloalkoxygruppen;
Cy-s-aliphatische  Kohlenwasserstoffgruppen; und  C,_j-aliphatische Kohlenwasserstoffgruppen
substituiert mit einer C,_,-Alkoxy-, C,.,-Cycloaikexy-, oder Hydroxygruppe, oder ein physiologisch
annehmbares Salz davon.

13. Verbindung nach Anspruch 12, dadurch gekennzeichnet, daf eines oder mehrere der an die Ring-
kohlenstoffatome gebundensn Wasserstoffatome ersetzt ist/sind durch einen Substituenten ausgewdhit
aus C,_,-Alkoxy-gruppen, substituiert mit einer C,_,-Alkoxygruppe, mit einer Amidgruppe, die
unsubstituiert ist oder mono- oder disubstituiert mit C,-3-Alkylgruppen oder mit einer Hydroxygruppe, und
bei der weiterhin eines oder mehrere der Wasserstoffatome gegebenenfalls ersetzt ist/sind durch eine
Hydroxygruppe oder eine C,_;-Alkylgruppe.

14, Verbindung nach Anspruch 13, dadurch gekennzeichnet, daR eines der an Ringkohlenstoffatome
gebundenen Wasserstoffatome -des 1-Hydroxypyrid-2-ons ersetzt ist durch eine C._s-Alkoxygruppe,
substituiert mit einer Hydroxygruppe, oder durch eine C,_,-Alkoxygruppe, Substituiert mit einer Cios
Alkoxygruppe wobei die Gesmatzahl der Kohienstoffatome in den Alkoxyalkoxygruppen 3 oder 4 betriigt,
und wobei weiter eines oder mehrere der Wasserstoffatome gegebenenfalls ersetzt ist/sind durch eine
Cy-3-Alkyigruppe.

15. Verbindung nach einem der Anspriiche 12, 13 und 14, dadurch gekennzeichnet, daB jede
aliphatische Kohlenwasserstoff- oder Alkyigruppe Methyl ist.

16. Verbindung nach einem der Anspriiche 12 bis 15, dadurch gekennzeichnet, daB sine substituierte
Alkoxygruppe als Substituent in der 4-Stellung des 1-Hydroxypyrid-2-ons vorhanden ist.

17. Verbindung nach einem der Anspriiche 12 bis 16, dadurch gekennzeichnet, da8 nur eines der an
Ringkohlenstoffatome gebundenen Wasserstoffatome durch sinen Substitusnten ersetzt ist.

18. Verbindung nach Anspruch 12, die 1-Hydroxy-4-(2'-hydroxyethyi)-pyrid-2-on, 1-Hydroxy-4-{3'-
hydroxypropoxy}-pyrid-2-on oder 1-Hydroxy-4-(3'-hydroxypropoxy)-pyrid-2-on oder 1-Hydroxy-4-(2'-
methoxyethoxy)-pyrid-2-on oder ein physiologisch annehmbares Salz davon ist.

19. Verbindung nach einem der Anspriiche 12 bis 18 zur Verwendung in der Therapie.

20. Pharmazeutisches Mittel, enthaltend eine Verbindung, wie in einem der Anspriiche 12 bis 18
definiert, zusammen mit einem physiologisch annehmbaren Verdiinungsmittel oder Trager.
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21. Pharmazeutisches Mittei nach Anspruch 20 in einer far orale Verabreichung gesignaten Form,

22. Verbindung, die ein 1-Hydroxypyrid-2-on ist, bei dem eines oder me!'urere daer an Ringkohien.-
stoffatome gebundenen Wasserstoffatome ersetzt ist/sind durch einen Substituenten, ausgewadhit aus
Carbamoyl-, mono- und di-C,_,-aliphatisches Hydrocarbyl N-substituierte Carbamoyl-, Farmylamino-,
{C,-y-aliphatisches Hydrocarbyl)-carbonylamino-, mono-C,_s-aliphatisches Hydrocarbyl N-substituierte
Formylamino- und N-substituierte {C,-s-aliphatisches Hydrocarbyil-carbonvlamino—, Hydroxy-, C,_,-
Alkoxy- und C,-.Cycloaikoxygruppen; Ca-4-Alkoxy- und C,_4-Cycloalkoxygruppen substituiert mit einer
C,-4-Alkoxy-, C;-+Cycloalkoxy-, Carbamoyl-, mono- oder di-C,_,-aliphatisches Hydrocarbyl N-substituiarte
Carbamoyl-, Formylamino-, {C,_y-aliphatisches Hydrocarbyl}-carbonyiamino-, mono-C,-s-aliphatisches
Hydrocarbyl N-substituierte Formylamino- oder N-substituierte (C,-j-aliphatisches Hydrocarbyl)-
carbonytamino- oder Hydroxygruppe; C,-s-aliphatische Kohlenwasserstoffgruppen; und C,-s-aliphatische
Kohlenwasserstoffgruppen substituiert mit einer C;-o-Alkoxy-, Cy-4-Cycloalkoxy-, oder Hydroxygrupps;
wobei mindestens eines der Wasserstoffatome ersetzt ist durch eine Amidgruppe oder eine Alkoxy- oder
Cycloalkoxygruppe, substituiert mit einer Amidgruppe, oder ein physiologisch annehmbares Saiz davon,
wobei das 1-Hydroxypyrid-2-on oder Salz davon Gber die Amid-gruppe an ain Tragermaterial gebunden ist.

23. Ein Eisenkomplex eines 1.Hydroxypyrid-2-ons, bei dem eines oder mehrere der an Ringkohlen-
stoffatome gebundenen Wasserstoffatome ersetzt ist/sind durch einen Substituentsn, ausgewdhit aus
Carbamoyl-, mono- und di-C,.s-aliphatisches Hydrocarbyl N-substituierte Carbamoyl-, Formylamino-,
{C,-5-aliphatisches Hydrocarbyl)-carbonvlamino-, mono-C,-y-aliphatisches Hydrocarbyl N-substituierte
Formylamino- und N-substituierte (C,-s-aliphatisches Hvdrocarbvl)-carbonylamino-, Hydroxy-, Ci-s
Alkoxy- und C,-.Cycloalkoxygruppen; C,-4-Alkoxy- und C,-4-Cycloatkoxygruppen substiutiert mit einer
Cy-o-Alkoxy-, Cy-4+-Cycloalkoxy-, Carbamoyi-, mono- oder di-C,-s-aliphatisches Hydrocarbyi N-substituierte
Carbamoyl-, Formylamino-, (C,-5-aliphatisches Hydrocarbyl)-carbonytamina-, mono-C,.s-aliphatisches
Hydrocarbyl N-substituierte Formylamino- oder N-substituierte (C,-y-aliphatisches Hydrocarbyl)-carbonyl-
amino- oder Hydroxygruppe; C,-s-aliphatische Kohlenwasserstoffgruppen; und C,-5-aliphatische Kohlen-
wasserstoffgruppen substituiert mit einer C,_-Alkoxy-, C,--Cycloalkoxy-, oder Hydroxygruppe; jedoch
unter AusschiuB von Verbindungen, bei denen Wasserstoffatome nur durch Substituenten, ausgewidhit
aus C,-,-aliphatischen Kohienwasssrstoffgruppen, ersetat sind und auch der spezifischen Verbindung 1-
Hvdroxv-s-methoxy-s-methylpvrid—2~on, zur Verwendung in Therapie. :

24. Komplex nach Anspruch 23, dadurch gekennzeichnet, daf der Eisenkomplex der neutrale 3:1 1.
Hydroxypyrid-2-on: Eisen{l)-Komplex ist.

26. Neutraler 3:1 1-Hydroxypyrid-2-on: Eisen{lll}-Kompiex eines 1-Hydroxypyrid-2-ons, bei dem aines
oder mehrere der an Ringkohlenstoffatome gebundenen Wassarstoffatome ersetzt ist/sind durch einen
Substituenten, ausgewdhit aus Carbamoyl-, mono- und di-C, -;-aliphatisches Hydrocarbyl N-substituierte
Carbamoyt-, Formylamino-, (Ci- -aliphatisches Hydrocarbvl}-carbonvlamino-, mono-C,_s-aliphatisches
Hydrocarbyi N-substituierte Formylamino- und N-substituierte (C,_»-aliphatisches Hydrocarbyt)-carbonyl-
amino-, Hydroxy-, C,.,-Alkoxy- und C,..Cycloalkoxygruppen; C,-4-Alkoxy- und C,—4-Cycloalkoxygruppen
substiutiert mit einer C,_,-Alkoxy-, C,-4-Cycloalkoxy-, Carbamoyl-, mono- oder di-C,s-aliphatisches
Hydrocarbyl N-substituierte Carbamoyi-, Formyiamino-, (C,-s-aliphatisches Hydrocarbyl)-carbonylamino-,
mono-C,-,-aliphatisches Hydrocarbyl N-substituierte formylamino- oder N-substituierte (C,_s-
aliphatisches Hydrocarbyl)-carbonylamino- oder Hydroxygruppe; C,-y-aliphatische Kohienwasserstoff-
gruppen; und C,-y-aliphatische Kohlenwasserstoffgruppen substituiert mit einer C,_,-Alkoxy-, Cy_s-
Cycloalkoxy-, oder Hydroxygruppe; jedoch unter Ausschlull von Verbindungen, bei denen Wassaerstoff-
atome nur mit Substituenten, ausgewdhit aus C,-5-aliphatischen Kohlanwasgsarstoffgruppen, ersetzt
worden sind, und auch der spezifischen Verbindung 1-Hvdroxy-s-methoxy-e-methylpyrid-z-on.

26. Komplex nach Anspruch 23, 24 oder 25, dadurch gekennzeichnet, da das 1-Hydroxypyrid-2-on wie
in einem der Anspriche 3 bis 18 definiert ist.

27. Pharmazeutisches Mittel, enthaltend einen neutraien 3:1 1-Hydroxypyrid-2-on:Eisen(lll}-Komplex,
wie in einem der Anspriiche 23 bis 26 definiert, zusammen mit einem physiologisch annehmbaren Ver-
diannungsmittel oder Tréger.

28. Pharmazeutisches Mittel nach Anspruch 27, dadurch gekennzeichnet, dall es ein steriles
pyrogenfreies Verdiinnungsmittel enthdit.

29. Pharmazeutisches Mittel nach Anspruch 27, dadurch gekennzeichnet, da es einen festen Trager
enthait.

30. Pharmazeutisches Mittel nach Anspruch 27 oder 29, das so ausgebiidet ist, dal es den
Eisenkomplex im Darm anstelie im Magen freisetzt.

31. Pharmazeutisches Mittel nach einem der Anspriche 27 bis 30 in Einheitsdosis-Form.

32. Verwendung eines Eissnomplexas aines 1-Hydroxypyrid-2-ons, bei dem eines oder mehrere der an
Ringkohlenstoffatome gebundenen Wassarstoffatome ersetzt sind durch einen Substituenten, ausgewahilt
aus Carbamoyl-, mono- und di-C,_s-aliphatisches Hydrocarbyl N-substituierte Carbamaoyl-, Formylamino-,
{C,_s-aliphatisches Hydrocarbyl)-carbonylamino-, mono-C,_s-aliphatisches Hydrocarby! N-substituierte
Farmylamino- und N-substituierte {C,-s-aliphatisches Hydrocarbyl)-carbonylamino-, Hydroxy-, Ci-4-
Alkoxy- und C,y_,Cycloalkoxygruppen; C,-4-Alkoxy- und C,-4-Cycloalkoxygruppen substiutiert mit einer
C,_.-Alkoxy-, Cy_4-Cycloalkoxy-, Carbamayl-, mono- oder di-C,_y-aliphatisches Hydrocarbyl N-substituierte
Carbamoyl-, Formylamino-, {C,_;-aliphatisches Hydrocarbyl)-carbonylamino-, monoe-C,_s-aliphatisches
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Hydrocarbyl N-substituiarte Formylamino- oder N-substituie -ali
carbonylamino- oder Hydroxygruppe; C,_s-aliphatische Kohlenwas::m{:f‘f;r:::::?‘m:,.:; Hvdroc
Kohlenwasserstoffgruppen substituiert mit einer C,_,-Alkoxy-, Cy-+-Cycioalkoxy- 'O‘L"., H ;> #liphatiecny
jedoch unter Ausschiu von Verbindungen, bei denen Wasserstoffatome nur l:'nil Subs\;?&zgmf
gewshit aus C,.,-aliphatischen Kohlenwasserstoffgruppen ersetzt worden sind, zyr Hemaltun."eim.'A
meli(mittels zur Verwendung, um sine Zunahme des Eisenspiegels im Blutstrom eines Paﬂogtonn:-" 1

irken, '

33. Verwendung nach Anspruch 32, dadurch gekennzeichnet, daB der Eisenkompiex der neutrale 3:1 1. -
Hvdroxypyrid-z-on:Eisen(lll)—l(omplex ist. ) '

34. Verwendung nach Anspruch 32 oder 33, dadurch gekennzeichnet, dalk das 1-Hydroxypyrid-2-on
wie in einem der Anspriche 3 bis 18 definiert ist,

Revendications

1. Utilisation d'un composé qui est une 1-hydroxypyrid-2-one dans laquelle un ou plusieurs des
atomes d’hydrogéne fixés aux atomes de carbone du cycle sont remplacés par un substituant choisi parmi
un groupe carbamoyle, un groupe carbamoyls mono- et disubstitué sur I'atome de N par un radical
hydrocarbyle aliphatique en C,_,, un groupe formylamino, un groups (hydrocarbyl aliphatique en C,_,)
carbonylamino, un groupe formylamino monosubstitué sur l'atome de N par un redical hydrocarbyle
aliphatique en C,_, et un groupe carbonylamino substitué sur I‘atome de N par un radical hydrocarbyls
aliphatique en C,_,, un groupe hydroxy, des groupes alkoxy en C,_, et cycloalkoxy en C,_,; des groupes
alkoxy en C,_, ot cycloaikoxy en C,_, substitués par un groupe aikoxy en C,_,, cycloalkoxy en C,_,, un
groupe carbamoyle, un groupe carbamoyle mono- ou disubstitué sur ‘atome de N par un radical
hydrocarbyie aliphatique en Cy-3. Un groupe formylamino, un groupe (hydrocarbyl) aliphatique en C,_,)
carbonytamino, un groupe formylamino monosubstitué sur I'atome de N par un radicai hydrocarbyie
aliphatique en C,_, ou un groupe carbonylamino substitué sur I"'atome de N par un radical hydrocarbyle
aliphatique en C,_, ou un groupe hydroxy; des groupes hydrocarbonés aliphatiques en C,_,; et des
groupes hydrocarbonés aliphatiques en C, ., substitués par un groupe alkoxy en C,_,, cycloalkoxy en Cy_,
ou hydroxy; mais 3 I'exciusion des composés dans fesquels ce remplacement des atomes d’hydrogéne est
réalisé uniquement par des substituants choisis parmi des groupes hydrocarbonés aliphatiques en C,.,, ou
d‘un sel physiologiquement acceptable de celle-ci, pour ia fabrication d’un médicament utilisable pour
abaisser les niveaux toxiques d’un métal dans I'organisme d'un patient,

2. Utilisation seion ia revendication 1 dans iaquelle le métal est !e fer,

3. Utilisation selon la revendication 1 ou 2, dans iaquelle au moins un des substituants d'un atome de
carbone du cycle est un groupe hydroxy, alkoxy, alkoxy substitué oy un groupe hydrocarboné aliphatique
subatitué.

4. Utilisation selon la revendication 3 dans laguelie un au moins des substituants d'un atome de
carbone du cycie est un groupe hydroxy ou un groupe alkoxy en C,_,.

5. Utilisation selon la revendication 3, dans laquelle un au moins des substituants des atomes de
carbone du cycle est un groupe alkoxy en C,_, substitué par un groupe hydroxy ou par un groupe alkoxy an
Ci-3

6. Utilisation selon la revendication 5 dans laqueile le nombre total d’atomes de carbone dans la
groupe alkoxyalkoxy est de 3 ou 4. ]

7. Utilisation selon I'une des revendications 3 3 6 dans laguelle les stomes de carbone du cycie de la 1-
hydroxypyrid-2-one sont substitués par un seul de ces substituants et éventuellement, an outre, par un ou
plusieurs groupes hydrocarbonéds aliphatiques en C,_,.

8. Utilisation selon I'une des revendications 1 & 7 dans laquelle I'un des groupes hydrocarbonés
aliphatiques est le groupe méthyle.

9. Utilisation selon I'une des revendications 1 & 6 dans laquelle les atomes de carbene du cycle de ia 1-
hydroxypyrid-2-one sont substitués uniquament par un seul de ces substituants,

10. Utilisation sefon ia revendication 7 ou 9, dans laguelle I8 seul de ces substituants est situé an
position 4 de la 1-hydroxypyrid-2-one.

11, Utilisation seion la revendication 1 ou 2, dans laquelle la 1-hydroxypyrid-2-one est la 1-hydroxy-4-
méthoxypyrid-2-ona, la 4-6thoxy-1-hydroxypyrid-2-one, la 1,4-dihydroxypyrid-2-one, la T-hydroxy-4-(2’-
hydroxyéthoxy)-pyrid-2-one, la 1-hydroxy-4-(3'-hydroxypropoxy)-pyrid-z-one ou la 1-hydroxy-4-{2'-
méthoxyéthoxv)-pvrid-2-one, Qu un sei physiologiquement acceptable de celie-ci.

12. Composé qui est une 1-hydroxypyrid-2-one dans laqueile un ou plusieurs des atomes d’hydrogéne
fixés aux atomes de carbone du cyclie sont reamplacés par un substituant qui est un groupe alkoxy en Cas
ou cycloalkoxy en C,_, substitué par un groupe alkoxy en C,_,, cycloalkoxy en C,_,, un groupe carbamoyle,
un groupe carbamoyle mono- ou disubstitué sur I"atome da N par un radical hydrocarbyie aliphatique en
Ci-3, un groupe formylaming, un groupe (hydrocarbyi aliphatique en C,_,) carbonylamino, un groupe
formylamino mono-substitué sur I'atome de N par un radical hydrocarbyle aliphatique en Cy-3 ou un
groupe carbonylamino substitué sur |'atome de N par un radical hydrocarbyle atiphatique en Ci-s. ou un
groupe hydroxy, et dans laqueile un autre ou plusieurs autres des atomes d’hydrogéne fixés aux atomes de
carbone du cycle sont éventuellement replacés par un substituant choisi parmi un groupe carbamoyle, un
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groupe carbamoyle mono- ou disubstitué sur I'atome de N par un radical hydrocarbyl aliphatique en C,_,,
un groupe formylamino, un groupe {hydrocarbyl) aliphatique en C,_y) carbonylamino, un groupe
formylamino substitué sur I'atome de N par un groupe hydrocarbyle aliphatique en C,-3 OU UN groupe
carbonylamino substitué sur I'atome de N par un radical hydrocarbyle aliphatique en C,_; un groupe
hydroxy, des groupes alkoxy en C,_, et cycloalkoxy en C;.q; des groupes hydrocarbonés aliphatiques en
Ci-y; ot des groupes hydrocarbonés aliphatiques en C,-, substitués par un groupe alkoxy en Cy-.
cycioalkoxy en Cy_, OU hydroxy; ou un sel physiologiquement acceptable de celle-ci.

13. Composé seion la ravendication 12 dans leguel un ou plusieurs des atomes d'hydrogane fixés aux
atomes de carbone du cycie sont remplacés par un substituant choisi parmi des groupes sikoxy en Caee
substitués par un groupe aikoxy en Cy-+ par un groupe amide qui est non substitué ou mono- or
disubstitué par des groupes alkyle en Cy_y Ou par un groupe hydroxy et dans lequel en outre un ou
plusieurs des atomes d'hydrogéne sont éventuellement remplacés par un groupe hydroxy ou un groupe
alkyle en C,.5. ‘

14. Composé seion la revendication 13 dans lequel un des atomes d'hydrogéne fixés aux atomes de
carbone du cycle de la 1-hydroxypyrid-2-one est remplacé par un groupe alkoxy en C,-, substitué par un
groupe hydroxy, ou par un groupe alkoxy en,C— substitué par un groupe alkoxy en Cy_,, le nombre total
d‘atomes de carbone dans le groupe alkoxyalkoxy étant de 3 ou 4, et dans lequel un autre ou plusieurs
autres des atomes d'hydrogéne sont éventusiiament remplacés par un groupe alkyle en C,_s.

15. Composé selon 'une des revendications 12, 13 et 14 dans lequel un groupe hydrocarboné
aliphatique ou alkyle est le groupe méthyle.

18. Composé selon I'une des revendications 12 A 15 dans lequel un substituant qui est un groupe
alkoxy substitué esat présent en position 4 de la 1-hydroxypyrid-2-one. '

17. Composé selon I'une des ravendications 12 & 16 dans lequel un seul des atomes d’hydrogéne fixés
3 un atome de carbone du cycie est remplacé par un substituant.

18. Composé selon la ravendication 12 qui ast la 1-hydroxy-4-(2'-hydroxyéthoxv)—pyﬁd—2-ono. la 1-
hydroxy-4-l3'-hvdroxvpropoxy)—pvrid-z-ona ou ia 1-hydroxv-A-(2'-m6ﬂtoxvéthoxvi-9vrid-2-one ou un sel
physiologiquement acceptable de celle-ci. :

19. Composé selon I'une des revendications 12 3 18 destiné a I'utilisation en thérapie.

20. Composition pharmaceutique comprenant un composé tel que défini dans une des revendications
12 A 18 ainsi qu‘un diluant ou un excipient physiologiquement acceptable. '

21. Composition pharmacautique selon la revendication 20 sous une forme adaptée & I'administration
orale.

22. Composé qui est une 1-hydroxypyrid-2-one dans laquelle un ou plusieurs des atome d’hydrogéne
fixés aux atomes de carbone du cycle sont remplacés par un substituant choisi parmi un groupe
carbamoyle, un groupe carbamoyle mono- et disubstitué sur I'atome de N par un radical hydrocarbyle
aliphatique en C,_, un groupe formylamino, un groupe (hydrocarbyl aliphatique en C,-3) carbonylamino,
un groupe formylamino monosubstitué sur I'atome de N parun radical hydrocarbyle aliphatique en C,_; et
un groupe carbonylamino substitué sur I'atome de N par un radical hydrocarbyle aliphatique en Ci-se UD
groupe hydroxy, des groupes alkoxy en C,-a 8t cycloalkoxy en C;-.; des groupes alkoxy en C,_, ot
cycloaikoxy en Cy—s substitués par un groupe alkoxy en C—.. cycloalkoxy en Cy-4 UN groupe carbamoyle,
un groupe carbamoyle mono- ou disubstitué sur I'atome de N par un radical hydrocarbyle aliphatique en
Ci-3, UN groupe formylamino, un groupe {hydrocarbyl aliphatique en Cy-a) carbonylamino, un groupe
formylamino monosubstitué sur I'atome de N par un radical hydrocarbyle aliphatique en C;_, ou un groupe
carbonylamino substitué sur I'atome de N par un radical hydrocarbyle aliphatique en C;-3 OU un groupa
hydroxy; des groupes hydrocarbonés aliphatiques en C,-3; 6t des groupes hydrocarbonés aliphatiques en
C,-3 Substitués par un groupe alkoxy en C,_,, cycloalkoxy en Cs_, ou hydroxy; I'un au moins des atomes
d'hydrogéne étant remplacé par un groupe amide ou par un groupe alkoxy ou cycloatkoxy substitué par un
groupe amide, ou un sel physiologiquement acceptable de celle-ci, la 1-hydroxypyrid-2-one ou le sel de
celle-ci étant lié 3 un matériau support par ledit groupe amide.

23. Complexe de fer d'une 1-hydroxypyrid-2-one dans laquelle un ou plusieurs des atomes
d'hydrogéne fixés aux atomes de carbone du cycle sont remplacés par un substituant choisi parmi un
groupe carbamoyle, un groupe carbamoyie mono- et disubstitué sur I‘atome de N par un radical
hydrocarbyle aliphatique en C,—3. un groupe formylamino, un groupe hydrocarbyl aliphatique en C,.s,
carbonylamino, un groupe formylamino monosubstitué sur 'atome de N par un radical hydrocarbyle
aliphatique en C,-, et un groupe carbonylamino substitué sur I'atome de N par un radical hydrocarbyle
aliphatique en C,_,, un groupe hydroxy, des groupes aikoxy en C,_, et cycloalkoxy en Cs-4; des groupes
alkoxy en C,-4 et cycioalkoxy en C,-4 substitués par un groupe alkoxy an C,.,, cycloalkoxy en Cy—e, un
groupe carbamoyla, un groupe carbamoyle mono- ou disubstitué sur I'atome de N par un radical
hydrocarbyle aliphatique en C,-a, un groupe formylamino, un groupe (hydrocarbyl aliphatique en Cy-a)
carbonylamino, un groups formylamino substitué sur I'atome de N par un radical hydrocarbyie aliphatique
an C,_, Ou un groupe carbonylamino substitué sur I'atome de N par un radical hydrocarbyie aliphatique en
Cy—3 OU un groupe hydroxy; des groupes hydrocarbonés aliphatiques en C,-y; 6t des groupes
hydrocarbonés aliphatiques en C,_, substitués par un groupe alkoxy en C,_,, cycloalkoxy en Ca—4 OU
hydroxy; mais a I'exclusion des composés dans lesquels ce remplacement des atomnes d’hydrogéne est
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hydroxypyrid-2-one: fer(il!) 3:1 neutre.

25. Complexe T—hydroxypyrid-z-one:fer(llll 3:1 neutre d'une 1-hydroxypvrid-2-one dans taquelte un oy
plusieurs des atomes d’hydrogéne fixés aux atomes de carbone dy cycle sont remplacés par un substityant
choisi parmi un groupe carbamoyle, un groupe carbamoyle mongo- et disubstitus sur l'atome de N par un
radical hydrocarbyle aliphatique en Ciey Un groupe formylamine, un groupe (hvdrocarbvt aliphatique en
Ci-s) carbonylamine, un groupe formylaming substitué sur I'atome de N par un radical hydrocarbyle
aliphatique en Ci-3 8t un groupe carbonytaming substitué sur |'atome de N par un radical hydrocarbyle
aliphatique en Ci-3 un groupe hydroxy, des groupes alkoxy en Ci-s 0t cycioalkoxy en Cy-4; des groupes
alkoxy en Cay ot cycloalkoxy en Cs-4 substitugs Par un groupe alkaxy en Ci-o ¢cycloalkoxy en Cs-c un
groupe carbarnoyie, un @roupe carbamoyle mono- ou disubstitué sur I'atome de N Par un radical
hydrocarbyle aliphatique en Cy-3, un groupe formylamino, un groupe (hydrocarbyl aliphatique an Ci-y)
carbonylamino, un groupe formylaming Mmonosubstitué syr Iatomes de N Par un radical hydrocarbyie
aliphatique en Ci—3 Ou un groupe carbonylaming substitué sur I'atome de N par un radical hydrocarbyie
aliphatique en Cy-; ou un groupe hydroxy; des groupes hydrocarbonés aliphatiques an Ci-3; ot des
groupes hydracarbonés aliphatiques an Cy-3 substitués Par un groupe alkoxy an Cime cycloalkoxy en Cyu
ou hydroxy; mais & F'exclusion des composés dans lesquels ce remplacement des atomes d’hydrogéne est
réalisé unhiquement pPar des substituants choisis parmi les groupes hydrocarbonés aliphatiques en Ci-y ot

27. Composition pharmaoeutique comprenant un complexe 1-hydroxypyrid-2-one:ferﬂll) 3:1 neutre ta|
qu'il a été défini dang 'une des revendications 23 3 26, aing; qu’un diluant oy excipient Physiologiquement
accetable.

28. Composition pharmaceutique selon la revendication 27 qui comprend un dituant stérite exempt de
Pyrogénes.

Composition pharmaceutique selon la revendication 27, qui comprend un véhicule solide,

29,
30. Compasition pharmaceuthue selon la revendication 27 ou 29 qui est adaptée i |a libération du

atomes d'hydrogéne fixés aux atomes de carbone dy cycle sont remplacés par un substituant choisi parmi
un groupe carbamoyle, un groupe carbamoyle mono- ot disubstitué gur atome de N par un radical
hydrocarbyle aliphatique en Ci-3 un groupe formylamino, un groupe (hydrocarbyi aliphatique en Cy-a)
carbonylamino, un groupe formylaming monosubstitué syr Fatome de N par un radicaf hydrocarbvl
aliphatique en Ci-a et un groupe carbonylaming substitué sur I"atome de N Par un radica} hydrocarbyie
aliphatique en Ci3 un groupe hydroxy, des groupes alkoxy en Cy_, 0t cycloaikoxy en Cy-s; des groupes
alkoxy an C,., 8t cycloalkoxy en Cs_, substitugs Par un groupe alkoxy en Ci-o ¢ycloaikoxy en Cap un
groupe carbamoyle, un groupe carbamoyle mono- cu disubstitué sur I'atome de N Par un radical
hydrocarbyle aliphatique en Cio3 un groupe formyiamino, un groupe (hydrocarbyi aliphatique an Ci-a)
carbonylamino, un groupe formyiaming Monosubstitué sur 'atome de N par un radical hydrocarbyie
aliphatique en Ci-s ou un groupe carbonylaming substitué sur I'atome de N par un radica) hydrocarbyle
aliphatique en Ci-3. OU un groupe hydroxy: des groupes hydrocarbonés aliphatiques an Ci-3; ot des
groupes hydrocarbonés aliphatiques en Ci-: substitués Par un groupe alkoxy en Ci—a cycloalkoxy en Cys
ou hydroxy mais 3 F'exclusion des Composés dans lesquels ce remplacement deg atomes d’hydrogéne est
réalisé uniquement Par des substituants choisis parmi las greupes hydrocarbonds aliphatiques en Cioa
pour la fabrication d’un medicament utilisable pour élever le nivaay de fer dang I3 circulation sanguine d’un
patient.

33. Utilisation selon |a revendication 32 dang lequelie ia complexe de fer est le complexe 1-
hydroxypvrid-z-one:fer(lﬂ) 3:7 neutre.

34. Utilisation seion la revendication 32 ou 33 dans laquelie ia 1-hydroxypyrid-2-one est telle qu'alle 3
été définie dans "'una des revendications 3 3 18, ‘
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