vention relates to iron conpounds for use in pharna-'ceutical

nposi tions for the treatnent of iron deficiency anaem a. H}@ﬁ e
supply of iron to the body is an essential require- ment foOr tissue growh
in both man and ani mals. Al though there is 05 normal Iy an anpl e amount of
iron in the diet, the |level of absorption of iron fromfood is generally
| ow so that the supply of iron tao tthg body. can easily becone critical undey
a variety of conditions. Iron deficiency anaema is comonly encountered in
pregnancy and may al so present a problemin the newy born, particularly in
certain 10 ani h , reo , In certain
pathologlcal co%g§i+§§§§§§§#§£§eggag&' R 5 S ody iron leading to
a’'state of chrinileventdeniralates ¢oiigosecmpoyndshfamniuge dinsphegma-such as
r heumat 0} &irak d cbbdodt c£&ist Al thaemu&énfe & 988 %fi‘fﬁn@?%‘i&miﬂ though a

wi de range of iron conpounds is already marketed 15 for the tredtnent of
i ron defici efi2\PI8ARASR; SPPPLR LT dven tof ﬂ}er B?F%BPa?eeﬁiﬁ”ttﬁél F8aYL%8% om t hese
conpoundsedts faf ttesisu@ugt@vthoin boe amani il aipallae adehdught tieire 0ks Of

rel vely, o) vel s he_c d. ih m_pi of high
doszéé po%rﬁmgi%g o %‘ggg im%ug{ Ofoi “Ig g% t%ngp&%gds% s?ﬁ%ﬂoggsa%tg?géﬁ%g ut wal l
and a vaf§ é-F?n ZG‘-’“ fGFds#sdGe%ﬁffaé do¥ ¥ that theseRply ofi t5aegto constl pation

md heaVi’thBdeQEQLb%sﬂﬁ(bleSomd RrificRatw@abr apphitatli &N cgaamé& (from whi ch
pat en

cl al nB r|or it u ron_co exes, i s descri bed
o on o e S Reder aieh A bionly UadStuied B! o BB SR B avel < 1
the 25 alsroeatessnt aoi:tolﬂ@m tief:helcemy twmagpazticulhele s osgrdaids consi st Of e
' r‘eﬂld‘or‘mﬁ&f% Qbick QMEH QXY P@g 2- ﬁS‘Fe’%v@Pd 1d- MEQ&%QX&&% 4zPQnes in whi C|€ )

t he nitrogen atoman opt 1 onal or nore of the-carbon atoms of the

ring are“dgpsimsythaFepis én“'%llldliﬁﬁ%litbf"&i?ﬁ/dfob°d¥a+‘i?6nl@d&6§) ®Wf31 to 6 carbon
atons. \étdtavef ebivdicUathemlal This 28 seenr im cﬁﬁﬂ:ﬂcedﬁkaeés such '

3- hydr OXXP%B'&%o%%%tﬁ#ﬂi cséggﬁ@(nygxéﬂ qégicogg%a%?s ANk l}g oot her ring : (

substituents are atrticular va r ea of such
conditi ons. Although a wide range of iron compounds is already marketed

@36806 - 1 - | RON COWLEXES OF 3- HYDROXYPYRI D- 2- AND -4- ONES Thi s

15 for the treatment of iron deficiency anaemia, the level of iron
uptake by the body from these compounds is often quite low,
necessitating the administration of relatively high dosage levels
of the compound., The administration of high dose, poofly absorbed,
1iron complexes may cause siderosis of the gut wall and a variety:

20 of side effeéts'such as nausea, vomiting, constipation and heavy

- malodorous stools.

In UK patent application 8230148 (from which UK patent 2117766 (
claims priority) a group of iron complexes 1is described which are
of particular value for use at relatively low dosage levels in the

25 treatment of iron deficiency anaemia. These compounds consist of
iron complexes of 3-hydroxypyrid-2-ones and 3-hydroxypyrid-4—-ones.
in'which the nitrogen atom and optionally one or more of the
carbon atoms of the ring are substituted by an aliphatic hydro-
carbon group of 1 to 6 carbon atoms. We have now found that the

30 iron complexes of 3-hydroxypyrid-2-ones and 3-hydroxypyrid-4-ones
containing other ring substituents are also of particular value in
the treatﬁent of such conditions.

 Accordingly the present iﬁvention.comprises an iron complex

of a 3-hydroxypyrid-2-one or 3-hydroxypyrid-4-omne in which the
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Accordingly the present invention conprises an iron conplex of a J
3- hydroxypyri d-2-one or 3-hydroxypyrid-4-one in which the - 2 - hydrogen -
§t0n1attached to the nitrogen atomis replaced by an aliphatic acyl group, '
by an”aliphatic hydrocarbon group, or by an aliphatic hydrocarbon group
substituted by.one or nore substituents selected fromaliphatic acyl,

al koxy, cycl oal koxy, aliphatic 05 am de, aliphatic ester, hal ogen and
hydroxy groups and, optionally, in which_oge or nore of the hydrogen atons
attaehed to ring carbon atons are replaced by an aliphatic-acyl, alkoxy,

cycl oal koxy, al i phgblén amiact@éueah@& itRe @St Adge n@doagfsnreﬁlﬂwru}xxngroup, by
an aliphatic hydroc rbon grou an al |§Fat|c hydr ocar bon"group 10

substituted by aﬁljaﬂ a ’Elyé?‘b‘ﬁ’l kB&f“ alirpy EydéQF%‘?b“hﬁl%ber?ro?y [#9dr oxy
group, but excl udlﬂpgammmdarbqn g\ﬂ'duphszﬂ,atiitute@lbaceiﬁaﬂt wtire hyids €Dened ONB

(I the compound atleatag Silieby AbPNALLS NINREAIAON dLglAz, [or use

in therapy. The i1ron complexes referably
15 contai n 9% onaridey I"PeuPE?trtiess‘-leat draloggn; ﬁ%gﬂdlt% groEPY fand o ppItésnad Ly,

contai ning iron i vhiléh boBE IdtUsord 8f e:h@awdbegeqpamewﬁchwqh mgpéaﬁ%eﬁ tend
to be | ess stabl eoandaaere tﬂus g’ | es |nt rest Sgo n&?exes are .
preferably neut r aF8n% S RRLaced B3 3R g AP e PLEPRYy J‘ﬁrﬁ? iy with a
ferric cation theliapptiwpamialtee mll;l-lpbaicZGSte@t tedogens ot dydvexy graup), cby an

hydr oxypyri done £ﬁ$ﬁ§£ﬂhh§%c§%¥e§:§:‘uﬁn o%y an L%%ﬁlt:l)c BREBESAY d:B,pr oduce

neutrality. Preferred irgon conpl exes of use In resent 1 nventioh are
thus the neul® al substituseg by an %BPFEbl RYHGatnZe Wﬂ?ﬁ?ﬁpﬁﬁrﬁeﬂoﬁ’él%ﬁﬂ“o%
conpl exed with ahfdeoey growd,i dat e&&ﬂxﬁh@&ﬁmﬁ&ﬁiﬂk edqeewhichesdid répladendaver to

- haye been 25 DI G QiRlgla P BRE" Bl tne hupllunh £1°.FRRLELA1P Dy DUMRYHL DAt

t hé~1 nvention does & useor "conpl exes o
particul arly thehyirecsrbpm, grqupsl E9r jugeaknsshex#P¥on with a physio- logically

acceptabl e ani on or o @Rén chEfleR¥A R Gsd B GBI fesBfr i1@Pentlion FEBESUEIAN
bal a?§ e O g narigon in the ferric state. Although the use of complexes
N containing iron in the ferrous state may be considered, such
complexes tend to be less stable and are thus of less interest.
The iron complexes are preferably neutral and this is conveniently
achieved by complexing with a ferric cation the appropriate number

20 of anions derived from a hydroxypyridonme (through the conversion
OH —> 0) neceséary to produce neutrality. Preferred iron
complexes of use in the present invention are thus the neutral 3:1
complexes containing three hydroxypyridone anions complexed with a

_ ferric cation, and these complexes are believed never to have been

LN 25 previously prepared. It will be appreciated, however, that the
invention does not exclude the use of complexes of the 1:1 or
particularly the 2:1 form, usually in association with a physio-
logically acceptable anion or anions, for example the chloride ion,
to achieve an overall balance -of charges.

30 The ability of both the free compound and its iron complex to
permeate membranes is important in the context of the treatment of
anaemia and it is also desirable for both to possess some degree
of water solubility. A good indication of the physical properties
of a compound and its iron complex in this respect is provided by

35 the value of the partition coefficient (Kpart) obtained on partition



The ability of both the free conpound and its iron conplex to
otrmeate nenbranes is inportant in the context of the treatnent of anaem a

‘and it is.also desirable for both to possess sone degree of water

solubility. A good indication of the physical properties of a conpound and
its iron conplex in this respect is provided by 35 -the value of the
partition coefficient [err] obtained on partition -3- between n-octanol
and tris hydrochloride (20 mM pH %.4; tris representing: - \..J
2- am no- 2- hydr oxymnet hyl propane 1,3-diol) at [err] and expressed as the
ratio (CORGROLE H-b&hnbl LaIeHsChI3sRIIrieO 20N, piRI7.Q5 itRigqueous phase).
Pref erred conpounds show a_val ue of 05 err} far the I/%)eg c%rrpound of
above 0.(QPePEPSERIARE &TP“‘P’é’é’%’tlyl’?é?f‘y?.eB{‘ﬂ%ﬁ‘{f&ea 145912288 P%ut |ess than
1.0, togeétpressddt Bs axhéatdatdoofcoheddtirativn thergadichyhlse) y(donceene: iron(l11)
conplex o ove 0,02 but,|less t , j al f ve: 0.2 but |ess
than 1.0. I:F%%?? g‘l“l %%eﬂﬁyggﬁ%ﬁt s%gg%egr ‘é‘?m}fggﬁ:sggh%n%nﬁa?ﬁegfgroups used for
10 Qpl Boeogefar ohe ifyer cgerruad orfs abevea8hR or 0495t pisgdesothem3e®n at ons of
thet p%/_rl d&}acﬁ;rig_@zf{abslu ec% Glﬁ]}tﬁﬁﬁr&?nt hm,rssg%ﬁefmpt ws}slhlkufwl ng o
partition coefficients ree.an 0 ed state whic e in ese
pr ef er r ed®% Bpges %°T:cﬁhee$<=gnb¥ dg"é’ngyr %Jgé%g%ﬁgﬁ icf’?%]r?xcﬁéhf‘}’?‘(:"f é’n&% of
speci fi ¢ bampeasndsan éf @y eapeciahbylof dwvéS0Pntiet tless abke 1,00f THeanpl e 1.
I ron conp f | ' | fe,om a
3- hydroxy%?/')rilg?jion ec@@fek%%h&h@ﬁ f‘%ﬁ‘ﬁg’%ﬁmgﬁﬁnd?@&’gﬁé%@g‘% tfgghed- to the
ni t r ofen’ ¥gPdacERLE mingmogeﬁét%gt%d»eép 0, 84 EFa8PR LTGFRERATRO IS t han an
al i phgt | Cofdé %&i&l?ié GI&:JEre ah.i—m_uahd&:hedd RUE NisieOHE ngpoudaﬁ_s ﬁf ﬁpur se
extend to the use co s _deriv roma,co und |.n ich this
Oiﬁvgﬁ? ipnggt&og C%fg?ﬁ.gngs in ﬁla ffEeeh >a/.a<|; com gexe state

hydr ogen naltp | ocarbon group and a hydrogen™

~atom at t adtiell lie in cheboprefenredfranges.ri Fer iexanpdps cafedeaspradiot her type of

group. Fugd-hessmr &ef@kéi&@ﬂ%ﬁ?ﬂ&&!ﬂd%oﬂﬂéﬂn@g FefdE&eR Sldued ghan an
al i phatic hydro- 25 carbon group attached to the ring nitrogen atom may.

al so Faveradgeto Table 1 of Example 1. W
Iron complexes of particular interest are those derived from

a 3-ﬁydroxypyridone compound in which the hydrogen atom attached
to the nitrogen atom of the pyridone ring is replaced by a group
other thanm an aliphatic hydrocarbon group, although the invention
20 does of course extend to the use of complexes derived from a
compound in which this hydrogen atom is replaced by an aliphatic
hydrocarbon group and a hydrogen atom attached to a carbon atom of
the ring is replaced by another type of group. Furthermore,
although compounds having a group other than an aliphatic hydro-
25 carbon group attached to the ring nitrogen atom may also have the ';~)
hydrogen atom of one or more ring carbon atoms replaced by the
same or a different group which is also other than an aliphatic
hydrocarbon group, it is preferred either that the ring carbon:’
atoms in such compounds are unsubstituted or that substitution is
30 limited to aliphatic hydrocarbon groups.

More than one of the ring carbon atoms of the'3-hydrbxy-
pyrid-2- or -4-one may be substituted, for example two.of such
‘atoms, either by the same substituent group.or by different
substituent groups, for example by an aliphatic hydrocarbon group

35  and by another type of substituent, although compounds in which



Aydr ogen at om of one or nore ring carbon atons replaced by the same or aff 2.
different group which is also other than an aliphatic hydrocarbon group, .
s preferred either that the ring carbon atons in Such conpounds are
unsubstituted or that substitution is 30 limted to aliphatic hydrocarbon
groups. More than one of the ring carbon atons of the 3-hydroxy- pyrid-2-
or -4-one may be substituted, for exanple two of such atons, either by the
sanme substituent group or by different subgtituent groups, for exanple by
~an at1 phatic hydrocarbon group 35 and by anot her type of substituent,
al t hough conpoundéne Br Wiilgone of 4he Ning darbodllagomnarefsubbeituited, €ar bon

atons are substi e for e ' | ' r group, are
preferred. Substlg?%ﬂpﬁ!%nbyo? " t%'gﬁg%rqggﬁ dg %%J,?gqé'lf‘&’ng%lg p?(rél e%gg’t with the
. 3-hydroxypyri d- Sukstésutipgrofegbemereban; atms &3 ofy mqrgr {ntegpel Mytioshe the
2-posi ti gn, tthan.snﬁyuhoiﬁgrtﬁﬂtwgﬁég%ym: Eﬁkm.%i@rﬁs the f8aréd sﬁiﬁrchyamten t he
ring carbon atons, are s itute e rger graoyps, howeyer, ere nmay
be an advant®ye t#f ngB‘?%itfs't‘bn'sﬁ‘b?’t wab.%j} if'E?‘l 5li4 °5§$’33‘H'%I°5ﬁ%1‘ t 63T HEUI4TAY 1
system This syshemths ring alavieh anonsERFE subeticotgl bxithg Wirghrigrowpsand t he

cl ose proximty %&Q@, Q ?{:{%f%%e an E&ﬁgﬂtag%( | hald @1 by AuecakBeRaLOWPS My

lead to steric effects I bit conpl ormat1 on. ere_ reference is
made to a ring nFAPe8eHPER WarMTCESnEhieRg JHbstetTeds bipvahved) thhati c
hydr ocarbon group, it wll. be a‘ppﬂe |ated that the termaliphatic '
hydr ocarbon group is used 15 hefl'e t.o include both acyclic and cyclic
~groups whi ch may the comslakimgted th dros ahdr thecdlosehproxdmpityi of pmeuyss thewvi ng a

branched chajn o e 3 | ' S 6 carbon
atons, part [ ic(pul ar_ﬁgfﬁfa%%ﬁi %%%%&g%o%agﬁnga gs%ggigolo%;&ggnﬁé‘fte%gsB car bon
{

at Ofs are of nos¥hicht phdbit camplexafematiqnshatic 20  hydrocarbon groups are
preferred, these bei Wgerk téf¥refdkC it Gragde OtoDA ring nitrogen or carbon atom

Being substituted by an aliphatic hydrocarbon group, it will be
appreciated that the term aliphatic hydrocarbon group is used
15 herein to include both acyclic and cyclic groups which may be
unsaturated or saturatéd,.the acyclic groups having a branched
chain or éspecially a straight chain. Groups of from 1 to 6
carbon atoms, particularly of 1 to & ca#bon atoms and especially
of 1 to 3 carbon atoms are of most interest., Saturated aliphatic
20 hydrocarbon groups are preferred, these being either cyclic groups
such as the cycloalkyl groups cyclopropyl Qnd especially cyclohexyl
or, more particularly, acyclic groups such as the aikyl groups
n-propyl, ethyl and methyl. Where the ring carbon atoms are
substituted by an aliphatic hydrocarbon group or groups these are
25 preferably'methyl but in'thé'case of a group substituting the
nitrogen atom largér groups may more often Bé utilised with
particular advantage. | | |
In the case of substituted aliphatic hydrocarbon groups, the
preferences as to the nature of the aliphatic hydrocarbon group
30 are broadiy as éxpressed abové but the preferences as t. size are
somewhat different. Firstly, in the case of such groups attached
io nitrogen, groups containing oniy 1 carbon atom are of less
interest, p#rticularly with cqftain substituents groups, since
compounds containing such groups.may be difficult to prepare



ch.as the cycloal kyl groups cyclopropyl and especially cyclohexyl or,

re particularly, acycllc groups such as the al kyl groups n-propyl, ethyl
and nethyl. Wiere the ring carbon atons are substituted by an allphatlc
hydr ocarbon group or groups these are 25 preferably nmethyl but in the
case of a group substituting the nitrogen atom | arger groups may nore often
be utilised with particular advantage. In the case of substituted aliphatic
hydrocarbon groups, the preferencessas to the nature of the aliphatic W/
hydr ocar bon group 30 are broadly as expressed above but the preferences
as to size are sonewhat different. Firstly, in the case such groups
attached becansé rddgenceldt DieDSadkOBE aitab ML tPNLY the G¥s LQimoare of |ess
I nt erest, part|cularly with certain substltuents groups [si nce compounds
contalnlng sug roups may be difficult to prepare -5-" because of a
relative Knod, st | feHeNEasY err this being the
case for %é%rrgl Nvm '?%lig ghei/iggog(h)% gar%uf)&gu ﬂ?uge%th erlﬁdhxé’r %D‘m@ In the case
of substlt g allpth ‘%%drocarbon groups attached either to a ni trogen
at om or t?) prhertorf, I Shpstase sk Aubstityredyabinhagtmt aj ni ng a
hydr ophi Ihx;irscmmtgxenps raxyached selthbe uboarpﬁuadganam Bﬁ&ohydrophl lic in
char er h ance of anot her,

cmggsaoﬁ % @-ﬁﬁse:EEuPJd by 1H3UP dod p 8’&%"8&

nor e dr oph group or thrs on” a groups of 2
or especi SHPSFLtenE A causs  Hign cemronad focbel oo h?fdrenhiprlefierred inthis

cont ext , aﬁ&hcaﬂ aileys WIRS geddae &ulaﬁis iU 15 ShaAa YA B YendE Y40, al though
gr oups of suitable in certain cases, for

2
exanpl e vﬁlneortge ’h'é'g%lrjgg‘?ﬁ"tph%’ §%§ﬁ ﬁg'rd'g *hdP oTRF OB ALPRAFS | y an
N- subst i thidgdearhen groupd lof Derappeetaliyed drhmsws carbont duwhstdie range of sizey
of aljphajdeen I'Bi‘éf@fre35in tﬁfg QgﬂtﬂtO%tMlgg rwﬁe?eul?:ﬁ% uggg:ptue

convenlently reater than I ndil cat ove as pre? rred for
unsubst i t1f édhyé‘r‘u" §roYRor aLshBh STBwATGE of of %GaBbQFaPm mx)rlrs
parti cul avery éuitable in certain cases, for example where the substituent -

o/

is an amide grcup, particularly an N—substituted one. It will be
appreciated therefore,_that the range of size of aliphatic hydro-

15 carbon groups ﬁhich are substituted may conveniently be' greater

' than that indicated above as_heing preferred for unsubstituted
groups, for example being of 1 to 8 carbon atoms, particularly 1
to 6 carbon atoms, and especially 3, 4§ or 5 carBon atoms when the
supstituted group contains no additional hydrophobic group. |

' 20 In general, the circumstances in which the smaller substi—

tuted aliphatic hydrocarbon groups are of interest occur either
when the substituent group involved is not of a particularly (o
hydrophilic character or when it is of such a character but an |
additicnal group, such as a larger aliphatic hydrocarbon group of,

25 for example, 3 or more carbom atoms is present to provide a balance
to the hydrophilic character.' Such a larger group may be present
in the same substituted aliphatic hydrocarbon group, as is the
case with the amide-containing groups referred to hereinafter, or
separately. In particuiar, when both the ring Aitrogen atom and-

30 ome or more of the ring carbon atoms carry a substituted aliphatic-
hydrocarbon group, it may be suitable for one of the substituted
aliphatic hydrocarbon groups, for example that carried by the
nitrogen atom, to be of a size as discpssed above, for example

of 3 or 4 to 5 or 6 carbon atoms, and for the other or others to



to 6 carbon atonms, and especially 3, 4 or 5 carbon atons when the @
substituted group contains no additional hydrophobic group 20 I n b
general, the circunmstances in which the smaller substi- tuted aliphatic
hydrocar bon groups are of interest occur either when the substituent group

I nvol ved is not of a particularly hydrophilic character or when it is of -
such a character but an additional group, such as a larger aliphatic

hydrocar bon group of, 25 for exampl e, =366t more carbon atons is pr esent

to p\r/ovideabalance t 0 h il hr c r ma
be present in t h3® 53‘?‘991 §Ugf§?tt| %&ngﬁo fh%t rq#‘gfgjé}gﬁbg?\go%%&ﬁ agﬁlgésjpt hey
case with the anvies- thennttineges agmmssr#e@f eithey at@ulmrriévrﬁalf ekiphapic
separately. In pgydeb&dthah grobebzbad racw@rawgnmlaneo&eaoaa eartwadadis, one or

nore of the rlng carbon_at ons car tituted.al al b

group, it may befuffamsle ‘?‘GF "d"néh%f6 g'tg‘fflrjs%ﬁeﬁ%%’dl §F i‘lﬁg dgyﬁ’ %r %%:a(r)lr:])on
groups, for examud altdmbtiver ot e h;di_tthm mptmgeca-sabmtut@nbheigg %ffspml as
di scussed above,,f gf MIREE Rlardedibo dup, % HyCasRERAOFe Brdctal e

ot her or otherslf or exa parth.larly 1
carbon atom Thuy, V\Mt%%eﬁl‘ﬁ%@’eﬂra‘tﬁym Etamggee?&me?iaéew&éﬁ?g
al i phatic hydrocgagohose &h@llﬂtﬁdigeanaﬁﬁybf gh@u:{bmﬁdildxdenﬁ of mtﬁcmr himmerdsans,

for exanple that_at the 6- | S
alternative or H‘ &85 e effptt gn g?f’ subg???'t}t o %}'ee%‘rrrggeﬁpf egébtg}éan "
ali phatic hynr ocwdbovhig-rioﬂ'pdrmhom babancenie the ynopecudef ytipeep-lrjyﬂgoush

substituted met hﬁ’tlc}gltgﬁ%gstithtﬂdl ﬂeiemrrecasaafﬁ thalcasdlhfbbétere tdnan, at the
_ nltrogen atom of the conpounds is of particula mteres}en_ed g; resent

i nyention and t h#hten; the §°“tﬁ°é‘|‘%9r RES Q'G“Eﬁ‘éf‘é'teé ¥ the) pre
hyB’“ rophilic/ hydro-ryaabnﬂubﬁnammmg abiphak e hyérqeartoar gtoupshisough such

N-substitution. It Ls, mg{‘eé‘ugq1 % i€ £ A56s ¢ glg‘?oq%]o%% g@ate%ﬁé‘tﬁlﬁ@ed

conpounds are C- BiSs i & e preferre r bstitufion
i nvol vi ng al 1phastiphitisr bednopetbogr groyBs iieharprwsknthat FRELeranGpY 3% tRnt or
substijtuents i NCeHPYLA 8nd WASEte UE Ahese groups are broadly as expressed for

the unsubstituted groups, for example being substituted alkyl
groups of 1 to 3 carbon atoms and particularly substituted methyl
- groups such as chlpramethyl, ethoxymethyl, and espeéially
20 hydroxymethyl. | '
Substituted aliphatic hydrocarbon groups attached to the
nitrogen atom of irom complexes of compounds of use in the present
invention may contain more than one substituent, for example two
~ substituents of a different type. One example of such a multiply
R‘) 25 suﬁstituted aliphatic hydrocarbon group occurs where the group is
substituted both by a sulphonic or particularly a carboxylic acid
ester grdup and by a sulphonic or partiéularly a carboxylic acid
amide 3rdup. One potential drawback with such multiply substi-
tuted groups, howevér, is their increased size and it is the case,
30 therefore, that groups containing one substituent, often terminally
substituted on the aliphatic:hydrocarbon group, are more commonly
employed. _ N '
As regards the substituent groups present in the iron complexes .-
of c0mpounds of use in the present invention, an aliphatic acyl
35 group may be a formyl group but alkylcarbonyl and cycloalkylcarbonyl
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@« al i phati ¢ hydrocarbon groups which are such that preferences as to the

ze and nature of these-groups are broadly as expressed for the

.unsubstituted groups, for exanple being substituted al kyl groups of 1 to 3

carbon atons and particularly substituted nmethyl. §roups such as

chl oronmethyl, ethoxymethyl, and especially 20  hydroxynethyl. Substitut ed
al i phatic hydrocar bon groups attached to the nitrogen atom of iron .
conpl exes of conpounds of use in theg present invention may contain nore b‘(
t han one substituent, for exanple two substituents of a different type. e

exanpl e ofré&upehare ayluxobelm@%est.ﬂ%&hliéytle&o%bgpmtIf?orhx geér bon group

barticularly a

wh bstituted, both a. sul phoni ¢
-8;(r:ltjtr)>s<yl i gr:cftg teog%‘g‘%pa 35%}'0,6% g‘“glﬂaﬁmﬂﬁﬁﬂcﬁ mﬁér"t"P&%ﬂ“aHV]-a car boxyiic

aci d am deadjregulpaliyle gpotmsnbi adhedt;@abﬁécrﬂédhasmhamﬂethg)lpye&tbsal - tuted
groups, hgweserssphieid yaracgwo%agf&ﬁsg@b%tmnktd 3 B{Lg Eﬁfz%Fm nal Iy

therefore, that groups contai ning one substituent,
subst P ut 88 BRbI AT bRiRg i cEafy aranpae b oreOGH Sy, °raFaP%Péﬂb1Ycoﬁ¢ﬁﬁ3I y enpl oyed.
As regar dalidxg ddDejdlodEwtixyJgups nasre&iﬁtznidh:wﬁbel 60N eoMpledRn of

conpounds u ent vention hati c acyl 35 group may
bem; forrryf)‘I gr%ngipc%nttag%ﬁ%ﬁi 556#?91 a d’y(‘f%ﬂqg&f g‘&fr 5% riyAe - 7 - groups
are of no%hichnsxs esefersed Hoathel aljrdopehomml, anﬁocyeémlh?lleerbbeybf 2to4or 5
carbon at grgups ANstabiehi St/lsatl %ubBM GOMbdkd! Kiloxd rgcl.d «2alky! groups of

t he t ri bed above as being preferred as an” a atlc hydr ocar bon
group bg‘i i?'dberﬁmﬁf a ring nitrogen 05 or carbon atom being , for exanple,
[err] or espesmidel gub[seitdentd\ld@xgbnaath dedmbkﬁxmgi QUEPsonyRY conveni ent | y

be of 1t car o] Iar nd c Ioal kyl groups,_,
to those O%g g?grla%? ?ggdalr% t° rr}_ nylxreﬁ‘ %\I kyl car bonyl

gr oups, e%&ﬁb%éimusgmm Wéhb@thﬂ%f@ﬁt Beﬂsel t‘gtb@h@kyhmhl #Iaapplmes 10 larly
met hoxy. equally to the sulphonyl type. The amide substituent may be

15 unsubstituted, being a carbamoyl group -CONH 9 OF may contain a \;;-
nitrogen atom which is mono- or di- suhstituted by an aliphatic
hydrocarbon group, for example an alkyl or cycloalkyl group such
as is described above as a substituent at a ring nitrogen or carbon

atom, for example being a group -CONHCH3, etc. Alternatively,

20 the -CO.N- grouping of the amide substituent may be arranged in
the opposite sense so that in an N-substitutent, for example, the
nitrogen atom of the amide grouping is linked to the aliphatic
hydrocarbon group which is attached to the nitrogen atom of the
ring, the carbonyl group being attached to an aliphatic hydro- A

25 carbon group, for example an alkyl or cycloalkyl group such as is
described above as a substituent at a fing nitrogen or carbon
atom, or, in the case of a carboxylic acid amide but not in the
case of 'a sulphonic acid amide, to hydrogén. With this latter
form of amide group, the amide nitrogen atom may carry a hydrogen

30 atom or be mono-substituted as discussed for amide substituents of
the first mentioned form, that form of amide substituent being the
one of particular interest. Ester substituents may contain a
sulphonyloxy or preferably a carbonyloxy group.énd may be atranggd
in either sense, i.e. wiﬁh a carboxylic acid ester the group -CO.0-

35 may have either thé carbonyl group or the oxy group linked to the



Ani de. substituents may contain a sul phonyl or a carbonyl group. The Iatte"-
type are, however, of nost interest and the further discussion wll ”
therefor refer to themalthough it applies equally to the sul phonyl type.
The afri de substit uent may be' 15 unsubstituted, being a carbanoyl group
-CONH2, or may contain a nitrogen atomwhich is nono- or di- substituted by
an aliphatic hydr ocar bon group, for exanple an al kyl or cycloal kyl group
such as is described above as a substitueng -at- a ring nitrogen or carbon

at on” f or exanmpl e being a group -CONHCH3, etc.. Alternatively, 20 . the

-CO N groupi ng edrtoheatatil afe thellrahg toretite ABYrogen autmrugedxe' midghd tiopesi t e
sense so that in t e I Eadl _the
am de grouping i sgﬁl%it?#g? Hy%iﬁse%%on ﬁgﬁpc)éﬁ%ri g%attrhg %gﬁé]\hig TE]{[E‘SQE
attached to the nmdog@nrata@mwriem r i g, othes ewaoqupxngraeﬁpﬁalsb?w@

attached to an aHﬂhﬁéllQntelﬂﬁ:Q an25liph§€\£33ﬁ?d@|é@t%,n E€dup CFARDhE pare Ky or
cycloal kyl group such as is descri %d abov stltu nt at_a rin
cg}iﬁo

nitrogen or %rbbMf SFHEH 8E1P PR fRe a"s%seo 3 C3TRPY ERYEe Rt not
in the case of aakudrpéively dei linked do, hxdr;omcdr(oigi@npoaﬁibhlittm dpesandter form

of ami de group, LJ]ﬁ.yZi;H C‘i}ﬁe ak{ Qge?uﬁhgﬂé"ﬁéfiac@&{%si‘ hbﬁé@&%&éo?refﬂ?& or

be nono-substitute I scusse am de substituents of i rst
mentioned form #&h@hatts Rydrocarhoges=<aype tsontained Jii fie eRECDRESRY 3Ffarti cul ar
interest. Ester shdaetddsdeitied ﬂwwecwtsabsfuauﬁtbphomyimyn o pubateturiby a

car bonyl oxy % oup, andi,%r;?'- r%é%é)ro-%n e%; %‘mt h?n %.%ngas’e ?%%-s%tttftlf‘ents

carboxylic atid est’ef ave el e car bohyl
group or the oxyvhpreuthe emgdstqypttaeattaql;aql b’enalataémwi-!; hydrgqagber t he

tmh U/ogten at om of gt g %uitas :(st B4 0GR ARadldaPbdiche vl %@rﬁb%?ﬁ;sow vﬂﬂcW' ch
€ ester group-1s substi- tute e p | e er

oxy and car bonyl R cAri9av] |°ﬁk§‘ﬂ'?f‘8“wg‘n3€ﬂ'ﬁppﬂ%3$ kﬁyb‘;&@é? tﬁ}gpk&rtéﬁg“gB&m ng
part of 05 thecet'nbersxgﬁptqreopreferraihefurammgberttetdnosps 3CB,3€Honyl  group

may al t er nat | t I
th)é-\c,?\se of i% %%megﬁ%tcﬂoﬁ%é Oer}s/g“eogg& théai-l%r‘fpgé"%%{eérsIr %ﬁ/ PeRtsl%s APPIY 11

true and with any C-substituent consist g of an aliphatic hydro-
carbon group substituted by an ester group there is a strong
preferencé for the.oxy group to be attached to the aliphatic
hydrocarbon group which is in turnm attached to the ring, for
20 example as in the groups --CHZO.COCE3 and —CHZO coczns Halogen
substituents may conveniently be iodo, fluoro, bromo or especially
chloro. :
It should be noted that sulphonic acid ester and amide groups
are of less interest as N-substitutents in the case of  the pyrid-2-
Y} 25 ones than in that of the pyrid—4~ones but that N-substituents
consisting of an aliphatic hydrocarbon group substituted by an
acyl group are of most interest in the case of the pyrid-2-omes.
Among the substitutents on the ring nitrogen atom of some
particular interest are aliphatic acyl groups énd aliphatic
30 hydrocarbon groups sﬁbstitﬁtgd by.amide, aliphatic ester and
hydroxy groups, for example the groups--COR1, -(CHz)h-CONHZ.
_ -(CHz)n-COXR1, -(CHz)m-OH. and to a lesser extent the more
complex type of group -(CH,) CH(COY)NHCOR,, in which R, is an
alkyl or cycloalkyl group, for example methyl, ethyl or n-propyl
35 in the case of the grouping -CbR1 and methyl, ethyl, n-propyl,



(fggﬁbhatic hydr ocar bon groups contai ned by the ester group are those

scri bed above as substituents in relation to substitution 10 on a ring
nitrogen or carbon atom In the case of N-substituents, where the ester
group is attached to an aliphatic hydrocarbon group which is in turn
attached to the ring, ester groups i'n which the.carbonyl.or sul phonyl group
is linked to this aliphatic hydro- carbon group are preferred, for exanple
the groups [err] 15 and -CH2ZCORC2HY. _ In the case of C substituents the
reverse is true and with any G substiituent consisting of an aliphatic

hydro- ca : i Lyt ad hy..a el... | RE_h&pd SETON
p?/ef er encépﬁpg{ﬁgpo%;mgélogu ?% %“a?fg%tﬁeéf‘%gﬁékgﬁ’pﬁ% I ¢ E%Zdr ogar bon
group whi &f hydregen: oF #napkkydherd cYeloehby) BRePP f EAT 2PmPlangateyhs in the

]glroups [géfﬂylanﬁi-p[rﬁﬁ)‘ﬂ,- ifﬂiﬂreﬂﬁ{’loﬁbﬂg-‘bhiill;ﬁmt:?dﬁﬂ)bx?owgﬂi;ﬁﬂt Iy Ibehi odo, g
uor o, brono especi ally chl,oro. ,It sho be_noted that sul phonic aci
ester andgﬁ?ﬁpdce){ di’soﬁfpns Care2sft Ij'@sasn ii_ﬁﬁ%q'eés r°§sPl\f-°sgb°srt |6t lﬁaéﬁfcsu in the case
of tH® pylaxly22, 350r dnesnd maks ian idtagenffrome pyri drd6,opestibut t hat

N-substit yenalS3CoNak S§.i NghePbafttcald P RANRC o ANEHR (P kel SURsS WSt i tut ed by
an acyl group are of nost interest in the case“of the pyrid-2-ones. Anong

the subst FRRIPERIRRtOIPVERELY e d§FETedyEFrm A otnigAr SEREF 199Re i 1RuFhehi nt erest are
al i phat i c the yli tepgenpstoanis ahbgpiiatitel BP anhylipheeid atylyizooyps -emi}st ituted by
am de, ali i t d. hvdrox ps, .. - e groups [err] ,

- [err] , aﬁ‘g%a%p%ﬁqgstgéfg%xrtbg%%rtghé ‘3%? %o‘%ﬁ%%gg%%#%roup [err], in
whi chlq er pybstdtugntagropp oiORgy ciC8ERJey SQEByp ~XEORy eRaSPgiqyveehyaR, et hyl or
n-propyl 3Piphbbid RfdRasbd gtdi® I(EMIPi RAckPing] a dRemimRl hilbstoidatik, n-propyl,

or an a1 KPR TR g LB SHIRSEI BRI BEovBe HE  n pr opyl |
i sopropy| exampiie BUCY|, aXkylsgaoumGXx¥ ior an pixpoor imino group, n is an
integer from 1 to 6, for example 1 to 4, and m is an integer
15 from 2 to 6, for example 3 to 6. ' ' - ) : \‘)
It will be appreciated that there is an inter-relation
between the preferred values of n and R1, the groups having the
higher values of n tending to h;ve t@e lower valugs of Rl’ and .
vice versa, so that in groups -(CHz)nfCOXR1, for example,'-(CHz)n-
20 and R1 may conveniently together contain 3 to 7 carbon atoms, '
especially 4 to 6 carbon atoms.
Also of interest as N-substitutents in the case where a ring
carbon atom is substituted by oﬁher than an aliphatic hydrocarbon
group are aliphatic hydrocarbon groups, for exahple'groups R
25 with R1 being as &efinéd hereinbefore. Among substituents on the
ring carbon atoms which are of some particular interest, apart
from aliphatic hydrocarbon groups such as groups R1, are aliphatic
hydrqcarbon groups such as R1 substituted by a halogen, alkoxy or
cycloalkoxy, or especially a hydroxy group, for example halomethyl,
. ,CLs --c:'ﬂzoc'zu5
and -CH20H. Thus, one particular group of iron complexes of use

30 alkoxymethyl and hydroxymethyl groups such as -CH

in the present invention is derived from'a'S-hydroxypyridone in
vhich the hydrogen atom attached to the nitrogen atom is’replaced

1’ oalS

4



@roup, Yis [err] or [err] nis an integer froml to 4 or 6, particu- @/
larly 2, 3 or 4, and mis an integer from2 to 4 or 6, particu- larly 3, o
pr 5. One particular group of iron conplexes of use in the present
invention is derived from a "3-hydroxypyridone in which the nitrogen atomis
substituted by an aliphatic acyl group [err], an aliphatic hydrocarbon
group [err] carrying a termnal 10 substituent group [err] , or [err],

an_ aliphatic hydrocarbon group [err] cqgrying a ternminal substituent
gro -OH, wherein.[err] is an aliphatic hydrocarbon group, for exanple a
][err] al klyl grouvy 2Xcj S alkydxyrodp iddl Be Qythgen Matioh ﬁta%ﬁﬁd?g@rth&rﬁﬁlgl go 6,
or exanple 1 to mi.s nrnt rom 2.to or exanple 3 to
6. It wll be apf)arfgg?aat‘e"a %thaﬁ rg'qlg%n ;in rer?gatr%re?aat | 51nk°t’)‘§et%§€ t he
preferred val ueshajomethyhdoy émoxmréwgrmps. havi ng the hi gher values of n

tendi ng[to ]have the mnsmkmneé dﬂagéfibed%gvé“nﬁ§ B@bﬁé’senﬁoont hﬁé in .
roups err oy exa conve er
gont gl n 3t c'é{tﬁ mg 6%1:‘?‘@ Pf‘ygr? Pérlcda:za E.rggypgf'gf

i nt erest as N- sufosines uuemay:tucultalnky caslwdﬂamymad-rz-nge,c aﬂb@moatptynd-g-one,

substituted by ogj;qg 1Q2p, dRcA)1 BhRtdehy lgr‘]%@é’gﬂ’gf%‘w i‘ﬁhatlc
hydrocarbon groups ¥ exanpl’e groups” [err 8‘Ier"r el n
defi ned her ei nbef®ge. “thﬁ@ﬁé‘%xﬂﬁgi‘myﬁéh"s"w't hebdiipikrdarrén dHmerhy ‘)\)hl ch

ar ehof sone par E SWHﬁd’xbeiﬁr-GGJ;es ol Baﬂyaeétiyab#waabtmhuﬂr-gyﬁmbm&]n oups
such as groutb's are,.al iphatic roc r as r

substituted by a h %'ngﬁ theI ﬁ es%‘mdqxélcg fﬁﬁgl-%uﬁ’spﬁ& dcﬁ?ﬁ'pouL&nde%xy
group, for exarrptlte h@ﬁeonétﬂhyl3-@@romymwfmehle-amqimemhyqf gk®Uups

such as [err] . agdnbéie hey1Thatss apltR-PEF fehEé&’-@&bél&%dohipExMcC%oexes of
usé in the present invention is derjved froma 3- pyrrdone i n whrch

the hydrogen at ofAT2P? EERWR) B 3458 i ePRRFEAL &P&?ﬁer% Y“E‘r}l’gc’@d‘ e cagqofpyy 5
[err] al kyl gr outheaB¢hydbexypytid>gesoneast, OfRsabsralient gbodplacof ithg aliphatic :

: 15 acyl and amide-, ester- and hydroxy-substituted aliphatic hydro-
S carbon group type are of especial interest. Wbrthy of particular
mention are 3-hydroxypyrid-2-ones N-substituted by a group
-(CH,) COXR, and 3-hydroxy-2-methylpyrid-4-ones N-substituted
by a group -(CHz)nCOXR1 or -(CHZ)NXH wherein R1 is a 01_4 alkyl
20 group, X is an oxy group n is an integer from 1 to 4 and m is
an integer from 3 to 6.
Specific examples of N-substituted 3~-hydroxypyrid-2- and
-4~ones lacking C~-substitution other than by an aliphatic hydro-
carbon group are the following compouﬁds,_with X being an oxy or
Y 25 imino group, R1 being an alkyl group, for example methyl, ethyl or
n-propyl, R2 being hydrogen or an alkyl group, for example methyl,
ethyl, n-propyl, isopropyl or n—butyl but with the proviso that in
formula (II), (V) and (Vi) R2 may only be hydrogen when X is
imino, R being hydrogen, ethyl or especially methyl, n and m being
30 integers as defined hereinbefore and p being 0, 1, 2, 3 or 4 (the
case of R2 = H being of less interest when p = 0). Compounds (1IV),
and also. compounds (V) and especially (II) in which X is an imino
group may be mentioned particularly. '



:bon atomat the 6-position is replaced by.an al koxynet hyl, hal onethyl or
~ hyfdroxynet hyl group. The N-substituents described above may be present on
~the 05 nitrogen atons of various 3-hydroxypyrid-2-ones and +
3- hydroxypyrid- 4-ones, in particularly 3-hydroxypyrid-2-one,
3- hydr oxypyri d-4-one, 2-al kyl (e.g. methyl and ethyl)-3-hydroxypyrid-4-ones,
6-al kyl (e.g. nethyl)-3-hydroxypyrid-4-ones, 2,6-dialkyl (e.g. dinethyl)-.__
3- hydr oxypyri d-4-ones and 3- hydroxy- 6- hydr oxynet hyl - pyri d-4-one, 10 - as
wel | as the correspondi ng cycl oalk ﬂ-%ubstituted conpounds. In the case of
t he 3-hydroxypyrid-2-ones, N-substituent groups of the aliphatic acyl, and
am de- or ester-substituted aliphatic hydro- carbon group type are of - '
especial interest whilst in the case of the 3-hydroxypyrid-4-ones,
N-substituent groups of the aliphatic 15 acyl and am de-, ester- and
hydr oxy-substituted aliphatic hydro- carbon group typedare of especial
interest. Worthy &f particular nention'q%F 3- hydr oxy ig-iﬂpnes‘
N-substituted $ ' [err] , - roxy- 2- ¥'d- 4- ones
N substituted a grloup [err] off [err] wherein [erf{f i# a [err] alkyl 20
yp

group, X is angpxy grfdup n is anflinteggr from1 to IS an integer
from3 to 6. Spesi g4 anples o gtuted 3-hy \ 1 d-2- and
-4-ones | acking. C-pubstitution othef than by an aliphalic hydro- carbon
group are the fol kewiyng conpounds, (eaph X bei ng anj;;y 8{ 25 ~ imno group,

[err] Dbeing an al [(ﬁ Pgroup, for ex e net hyl , et n-propyl, [err]
‘being hydrogen or_@p al kyl group, §6( exanple nethy, eth®{, n-propyl,

i sopropyl orl%tyﬂyT\but with th /6réV{so that in formula (I1), (V) and

(V1) [err] may ®nly b&,hydrogen %hen X*s inino, R being hydrogen, ethyl oL/
especially nmethyl, n and m being 30 i ntegers as defined hereinbefore and

p being 0, 1, 2, %Ibr 4 (the case dfI)err] = H being 8 %ess interest when

p - 0). Compounds (1V), and al so conpounds (V) and especially (I1) in which
Xis an imno groug may be_nentioneg particul arly. 0 \;;

(VII) (VIII)



[ ERR] - 12- Exanpl es of pyridones containing C substituents other tha '5?
al i phatic hydrocarbon groups and N-substituents which are aliphatic h
hydr ocar bon groups.are the 1-al kyl (and cycl oal kyl) -.6-hal onmet hyl -

. 3- hydr oxypyri d-4-ones and the 1-al kyl (and cycl oal kyl) -3-hydroxy- 05

6 hydr oxymet hyl pyri d- 4-ones and their 6- al koxymet hyl anal ogues, specific
exanpl es of which are the follow ng conpounds in which the various synbols
areias defined above for formulae (1) to-(q4¢lll), the two synbols [err]
représenting the sanme or a different al kyl or cycloal kyl group in (X), and
Hal represents a hal Egasplgs Cnfppyﬂdones containing C-substituents [olcih tHdh

|t should be not ggi&h'ﬁ@ic } ak g wgr%y?-\gulbgt:&éxgngsf wﬁPqi are ali%hattﬁ%

3- hydr oxypyri d-4-ones, the forne re- of T erest
iron conplex for ﬁY?rﬁFaFW&ng‘Eﬂb‘ﬁ&tqunﬂtfnél'%l | Gand eqfYCécP@lkaIﬂ-) rathalonettydter

i nt elr est in the B#l@iﬂré?ﬁti@g-bﬂé&ngﬁﬁffﬁé’alli-glﬁylt Qgnd t«.ﬁ@tolzﬁml)ois-@@mxw-ons
InVOVIngII’ (0) ri.oa es I,be In plcatlon
2136807. 3-H ro§$""€ %’V&‘eg‘}s?’y ﬁ‘{/f“ B FRRAE g“ﬁ% ’eﬁﬂwﬂg‘*s'
hydr oxy- 6- hydr oxgpresiifij¢ eyrenples-afnwhidh- eté shentol howting- womdy_ in which
net hyl pyri d- 4- ongpe %MEOQ%-D&J ars f%d&%@& hbhve ZolBidhihile" kﬂ' ég O@ﬁ?:ﬁ“d

1- nethoxycarbonylge ydr oxy- 2- met éhld 4-one are

conpounds but al F*f¥ H’é“?ﬂlﬁeh WBFWBW 8 éémﬁj%c?ldééﬁle%ﬁé\@kﬂ ®r
bel ieved to be newloalkiiegmmpoitt (KERCahdHabivepbesents a halogen group.

1- met hyl - 3- hydr oxv- 6- hydr oxymet hyl - pyri d-4-one shows in solution with
ferric chloride has been reported in the literajure but no product, was
characterised. Mreover, it gghoul d be noteg thaty he procedur OH
descri bed does not yields .

1 )
N R R N R
HalCH | HOCH | R,0cH, | :
2 R 17772 R
N\ ' R, 1 1
Ry - (%) _ an
10 It should be noted that among the 3—hydroxypyrid—2—ones and

3-hydroxypyrid-4-ones, the former_are of rather greater interest

in-the iron complex form for irom donation and the latter are of

" . rather greater interest in the free form for irom removal in the

treatment of conditions involving iron overload, as described in

15 UK patent application 2136807. .

N 3-Bydroxy-6-hydroxymethyl-1-methylpyrid-4-one, 1-ethyl-3-

~

hydroxy-6-hydroxymethylpyrid-4-one, 6-chloromethylvB-hydroxy—1-
methylpyrid-4-one, 3—hydroxy-1f(2'-hydfoxyethyl)-2-methylpyrid-4-
. one and l1-methoxycarbonylmethyl-3-hydroxy-2-methylpyrid-4-one are
20 known compounds but all of the other hydroxypyridones described
above are believed to be novel.

The colour reaction which. 1-methyl-3—hydroxv—6-hydroxymethyl-
pyrid-é-one shows in solution with ferric chloride has been reported
in the literature but no product was characterised. Moreover, it

25 = should be noted that the procedure described does not yield a



solid conplex and that the prevailing conditions are such that the

xt ure of conpl exes which would be forned in solution does not include a

'c‘orrpl ex of the 3:1 formreferred to hereinbefore, both the armount of ferric

chloride and al so the pH of the reaction 05 'mixture having an influence
on the nature of the conplex produced. The present invention thus also

“includes as conpounds, per se, an iron conplex of a 3-hydroxypyrid-2-one or

3- hydroxypyrid 4-one in which the_ q)sd_r_ogen atom attached to the nitrogen

-atomis replaced by an aliphatic acyl group, by an aliphatic hydrocarbon

group, Or gdfig c&%laﬂ Al BhA! tre Bywaq&eﬁmanwau& %u@sgulcﬁumad fne one or nore
substituents selected fromaliphatic a%&‘? koxy, cl.oal koxy, ali phat I C

ani de, 'al PEHFAEE Cfestnplexes, Fhid, vapd RS ‘iﬂ}é‘t doggy@Pbnal Iy, in
whi ch oneif¢luderse caiplieheomy:déQgenfahor@featéaabembﬁednbafngepabblmn atons are

P ot He Aodle BEYRER1 O SKLer AL (08410 ene DKL Wekee by PAALL S BT de-

aliphatic ester I OX at1 c hydrocarbon
gr oup5 or mixtuza W#mapu tﬂfﬂyﬂﬁ%aﬁlﬁéﬁ rAteEp ofuble |°Pm1é6 pRPdufedal koxy,

cycl oal goxy, 3}11& E@Jé&dMFioJ1Qh£§tJQms&rinHYvﬂfeQXA/s tﬁB@éH%ndbU e£gal, udi ng
conpounds in whi ¢ id_repl acenen ep .at.ons i conpound is
effected 2B r°5rﬁ°§‘p§"§?‘ it a’i"fd(,mﬁWFg%ai%Bﬁ ‘8 gt}'ﬁé‘r&’f‘?&yﬁ*‘é em;pem fic
conpound 2a hipdetoxte hyldydgemx g ot Bytachedretiohyheypitxhgén ortem i mepaqeacul ar, the
| nvention, %%' Rafit & %@%Uﬁgﬁ A §ﬁphgtﬁeu;m!ca€bo£ Byelpoxapyr i done

tron(l11l) 2-ones and 3- roxypyrld 4- ones
as j ukt db!laﬁeﬂlipbstic hydrocgRon SWPCWItéR‘Eseda‘?Ye °E‘E)rﬂFe‘Fﬁ' tly prepared by

the react pgystQtudnle Jude@aywﬁ dofyhadnel acyD) all Réy, E)hﬂohﬂtdx?{ conveni ent |y

b d t  particularly a f hal i de. and "
copeci ar| pEBeHR bl FiBnatle Bt bAoAt babioP R BATCG 0

suitabl e mmullvol itenhicatn@ne\mremomyf cﬁt@ehvdsesﬂsedwa)ﬁtt#ﬂhsda@ pur pose.

I desi fee'arn QYNGR at B muem%/cea N ai%ﬁéﬁ&e Jeyxt Wigoy be used or an
or gam c solvent, tor exanpl e ethanq hanol hi orof orm.and mi xtures of

t hesel%ol GEFHPalkTFetidPhey /ﬂ?idﬁmtar}%i‘fé‘f’ Hsre ‘E&BF"CPpPFa*V&“’fYn parti cul s
met hanol gfolﬁspgcaﬂldlypmﬁEn‘mjdraag/rbbe groad, ax bﬁensal:uphatiq/mere it is

_ desired tﬁ §¥; on group substituted by an alkoxy, cycloalkoxy, aliphatic

ester, halogen or hydroxy group, but egcluding compounds in which
said replacement of hydrogen'atoms in the compound is effected

20 only by aliphatic hydrocarbon groups and also the specific
compound 3-hydroxy-6-hydroxymethyl-1-methylpyrid-4-one. In
particular, the inventidn includes as compounds, per se, a
neutral 3:1 hydroxYpyridone iron(III) complex of such 3-hydroxy-
pyfid-z-ones and 3-hydroxypyrid-4-ones as just defined.

25 | The iron complexes are conveniently prepared by the reaction
of the hydroxypyridone and iron ioné, the latter conveniently
being derived from an irom salt, particularly a ferric halide and
especially ferric chloride. The reaction is conveniently effected
in a suitable mutual solvent and water ﬁay often be used for this

30 purpose. If desired, however, an aqueous/organic solvent mixture
may be used or an organic solvent, for example ethanol, methanol,
chloroform and mixtures of these solvents together and/or with
water where appropriate. In particulat; methanol or especially

' ethanol may be used as the solvent where it is desired to effect

L4



“14- the separation of at least a major part of a by-product such as sodi ‘

chloride by precipitation whilst the iron conplex is retained in solution.
l,t will be appreciated that the nature of the iron conpl ex 05 obt ai ned 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 nmedi um
Thus, for the preparation of the 3:1 ferric conplex, for exanple, the

hydr oxypyri done and the ferric salt are-ceyweniently mxed in solution in a
3:1 Yol ar 10 proportion and the pH adjusted to a.value in the range of 6
to 9, for exarrplﬁxeYséprarStidnf ofi a%i Dadsara aiges paof ofiyalngxymducd@neh iason i s

empl oyed but 10 puST AR L ThdE. 01 J G AL L WAl Shapgaplgs on the

adm xture of the an'rron Ssa h as Terric chloride
then a mxture o#eﬂtﬂﬁ%edZi& SaﬂmltiPnl conplex 15  wi II instead be obt ai ned.

React i gndt 0 L ormt helnli ol Q@Wpﬁécia&e@&?@iaﬁe}’n{@@b%fﬁﬂﬂe w;bﬁ cdapiaixl y have
proceeded substantially to conpletion_a tes .at ,about [err

al though a |®hge? n“Fé’éﬁf‘t PY)rfhfl ﬁ% é%%mf‘?piffg‘g X &P irﬁ%%’g\%\nwnﬂ]l
separation of andepené doph it elte lpyegurmﬂmn:bf. th26e msumca&tsodmdjmml oride in
the case. of certgy nr@%lfvﬂﬂzt rédcti6ireal i M AASL ! AR mé(tpyéﬁrwoncgf‘vem ently

be evaporated on otary evaporator or freezé dried to yield the solid
i ron conpl ex. Thtke Axy fer#iCde@mleﬁ, f9E expprlea| Fhes Bpdgoxgpitidenn Aad|the
sol vent, for exafgirge Vyalera.read’bnaréﬁﬁi@iy aHe aa aﬂbaml in Qv 381 aﬁlafnant

m xture, 25 I ncl udi Wi | 5.0 uses
it may be apl# op?ﬁ"g?’é&tgﬁ 1?? ﬁé gn@% ex |n %‘ﬁ'b% gnt aFNgS/ ggr
form i.e. subst gt pxdupye {7r e §. roﬁﬁ lays:[miéduc#cse@f ofrehydfterypyridong nlrgpher

cages, for exanple qf olg}e@b%elwa@j@m&w 7y il Ok aﬁecyama pﬁdmfiemel nafter,
t he presence of 30 y- products such as sodji um ch ui.te

na
acceptabl e. | n EfSHetePD Hsnadmixtuzte, of ntl?ﬁt’i‘yai‘lmﬁypfri gnefad S 250 alt
[ hydr oxypyri donesdchos Ifbtpile chloride then a mixture of the 2:1 and 1:1 complex

o 15 will instead be obtained.
~ Reaction to form the iron complex is generally rapid and will
usually have proceeded substantially to completion after 5 minutes
at about 20°C, although a longer reaction time may be used if
'neceésary. Following separaiioﬁ of any precipitated by-product,.
20 such as sodium chloride in the case of certain solvent_systems,
| the reaction mixture may conveniently be evaporated on a rotary
evaporator or freeze &ried to yleld the solid irom complex. This
may, if desired, be crystallised from a suitable solvent, for
example water, an alcohol such as ethanoi, or a solvent mixture,
\~/ 25 including mixtures containing an ether.

Whilst for some uses it may be appropriate to prepare the
iron complex in substantially pure form, i. .e. substantially free
from by-products of manuféctgre, in other cases, for example with
a solid oral formulation as described hereinafter, the presence of

30 by—ﬁroducts such as sodium chloride may be quite acceptable. In
" general, however, the neutral 3:1 [hydroxypyridone:iron(III)]
'cOmplex is of particular intérest in a form substantially free

from By-products which are complexes containing differegt_
proportions of hydroxypyridone and irom, in particular the 2:1

Y



ﬁpl ex is of particular interest in a formsubstantially free from

/--products which are conpl exes containing different proportions of

hydr oxypyri done and iron, in particular the 2:1 -15- and 1:1 conpl exes. .
As indicated hereinafter, it may be advan- tageous under sone circunstances
for the iron conplex to be used in adm xture with the free hydroxypyri done
and, if desired, such a mxture nmay be obtained directly by reacting a
nol ar proportion of 05 t he hydroxypyridone and iron ions of greater th@
3:1. The 3-hydroxy-pyrid-2-one conpdunds nmay conveniently be prepared by '
nucl eophi L ¢ ,subst| l.on ,at | 5t m t he correspondi ng

2, 3-di hyd%%igﬁyr%%%egf égeiédgg?%dnf‘%%gg?%%éf{:ga : ﬁ’tei %‘{vénf'o _
C-subst i t &it8foys pinder rAome eirpemstantese fopyrhe dinen, camplex] @o beexaedl e usi ng an
organi ¢ hahiddaiktuke i Withhitehfite hpdHoRSSIH18odd18nd] AEPIdY18SEN L@ ot e Ni trogen

t of the desired 3-hyd rid- 2- . ; _ tible theret
And X 1 opPBCRRE T Y Bl BB PnopAEr CBaP PR TR Bl 0

repr e@%ent the hydehxypyidpnevaed fRonrppsesfegreatam tanpBak. ¢ hydrocar bon group

or such a or Ot BanyarBley yRia-21BEE ¢samgg% "Boydfeddei g0 DY an allphati c

acyl group such as Terr],” rono gr en R represents an aliphatic
acyl grouprerefith bsaycdeoghilic substitutinn af chej piiaesen Ayem ofa¥son group
subst i t ut eskreypstdiag 'imbadﬂh?dﬁﬁzybyﬂfdﬂhl&orsbﬁ‘df”l caﬁcaﬁilli%s or. gn al i phatic
ester gro rrl]....A.20 roup . -l ast _nentioned type, once
i nt roduce c?r’i'?%ﬁtahgérﬁ' ?bc?]g:éﬁuegf:%rﬁreﬁayt E‘g %ﬁdé%ﬁ%ggc?yi'g?%eel PTan al i phati c
hydr oar bersngie wsisgiaot ongantel hsdide BLE HoxyhichrR'sweptespaty abe, whi ch car boxy

(or sul th)ougrgéEéﬁﬁ ohNtHeUh b8 @bt bfl PhelResied 3 Hy@E kyRY AL EN another
ester gr og_p. 25 2 'I;he 3-_h¥dr ox¥$¥r| d-4--gne cgrrpou_ndsomay conveni ent| X/
be preparE®Ei M PafTYP ofORFPEHRLAIRFT ¢TI0 ARY HeTARFeER S 4i Ha] o8  essi bl e

cor r espongiong. 3-Tnyphratyslarpyk aae for examphy depxasedt M Q6> gedpai Ni Ng gr oups
converti btlllﬁa.nt R 'Ql?re%hﬁk‘? sagai h&%ﬁ&tﬂr ﬁyscﬁ:%tnli:b%ht Ekeougeéaj' 'sG&h a grou;

15 of 2 or more carbon atoms substituted by an aliﬁhatic'acyl group ;;) :
such as CH3C0(CH2)-, or a bromo group when R' represents an '
aliphatic acyl group, such as CHSCO— or CH3CHZCO—, or an aliphatic
hydrocarbon group substituted by an aliphatic acyl group, such
as CHSCOCHZé, or an aliphatic ester group, such as CZHSOCOCHZ-. A

20 group of the last mentioned type, once introduced onto the nitrogen
atom, may be hydrolysed to yield an aliphatic hydrocarbon group
substituted by a carboxy (or sulpho) group, which carboxy (or
sulpho) group is in turn converted to an amide group or even
another ester gtoup.

25 The 3-hydroxypyrid-4-one compounds may conveniently be
prepared similarly or preferably from the more réadily accessible
corresponding 3-hydroxy-4-pyrone or a 3-hydroxy-4-pyrome containing
groups Convertible to the C-substituent present in the desired
pyridone, for example by the reaction -CH29H~4--> -CHZHal. Thus

30 the 3-hydroxypyrid-4-one may conveniently be converted to the
3-hydroxypyrid-4-one through prntection of the hydroxy groups, for
example as an ether group such as a benzyloxy group, and reaction
of the protected compound with a compound R'NHZ, in which R' .

repfesents the group present on the nitrogen atom of the desired



|5yridone for exanple by the reaction [err] -> [J[err]. Thus 30 the
3- hydroxypyri d-4-one may conveniently be converted to the . ’

3- hydroxypyrid-4-one through protection of the hydroxy groups, for exanple
~as an ether group such as a benzyl oxy group, and reaction of the protected’
conpound with a conpound [err], in which R. represents the group present
on the.nitrogen atomof the desired -16- 3-hydroxypyrid-4-one or a group
conyertible thereto, in the presence of _ggbase, for exanple an al kali netal
‘hydroxi de such as sodi um hydroxi de. The protecting group is then renoved

and any ot her madjfdroRfgyetd-Gohd1dr G b icbhvit $b RS tredeed, 1hntlﬁﬁl‘tlcu| ar
[err] 05 may for exa

e represent_ an. amn stiiute al.i hat
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3- hydr oxypr opy| soddumnydrbixtiieox yThgr prazecting\gsaspsts tthemremoned aid emuosbene
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am no, car boxg (or sul pho) g%oup can be used Erecursors faor N-substituent
0

10 groups nieay rﬁngezgﬂtp repELseRt &n @qd&apgubs :Eg:ﬁggtql&@}kﬁ;ic Wﬁlroca on
alternative pr O(bedd,lrt@dtdieyedm&s fdeR as e-hfdraxyethflquiaeior 3chyidrSeppydpydeyf ur an
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2-acetyl - 3- hydr oxy I 'um sa nhe to fo
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Severin and Loi¢ 'or'é?zl?h &LEMS&:; bt el ad &GRS0 £6r NlEJbstl&&ntAn exanpl e
-of the nodification o Substituents after formation qf @e pyri done ring

arises in t A8 cAEeURMEPUalning anids, 3 eater FB“r“Pémd‘?f‘F"t‘iféﬁ? on carbon atons
of the ring to be 2@n alveshsariveprokeduse Huoivest tiieé mme icf afi-adip@tie t he

ni gen at om of, - I YNNI p\VAa T enaVly = 07} roup
|skp/roesent on the@?n%ir%%xyg{wﬁas ?ﬁnﬁgwr‘%ﬁ%@gr%&p, b%th hy dr xybggroups-
(o2 |

in a 3-hydroxy- Mﬁ%n@%&*’%éeiﬁ‘é?%&fea'%tﬁe draw LmaR &L thifhgover |
N-acyl ated pyri Godi@anesltTey dl9ciie RO fotm bb‘c?ﬂ:oxyﬁhﬂh@t-ﬂ-ﬁquam-mmebml—l t.

preferred t? pr Ot efcf-l;t-gnee %hpéﬂd )&%scribed by Severin and Loidl in Z. Lebensm.
— Unters. Forsch. 1976, 161, 119. '

An example of the modification of C-substituents after
‘formation of the pyridone ring arises in the case where it is
appropriate for substituents on carbon atoms of the ring to be

20 protected whilst substitution is effected at the nitrogen atom of
the ring. Thus, for example, where a hydroxymethyl group is
preseni on the ring'as well as the 3-hydroxy group, both hydroxy
groups in a 3-hydroxy-4-pyrone may be prqtected as described

) above. Moreover, N-acylated pyrid-4-ones may be prepared by

k-/ 25 direct acylation but it is preferred to protect the 3-hydroxy

group, for example as an ether group such as a benzyloxy group,
and to remove this protecting group after the N-acylation has been
effected. A similar form of protection of the 3-hydroxy group is.
suitable where a 6-hydroxyalkyl group is present which is being

30 modified, for example to give a 6-alkoxyalkyl or 6-haloalkyl
'group.

It will be seen from the foregoing that in many cases the
final stage in the preparation of the compound comprises deprotec-
ting the hydroxy group of a pyridone having similar ring carbom

35 -atom substituents but with the 3-hydroxy group in protected form



Gy

up, for exanple as an ether group such as a benzyl oxy group, and to

pve this protecting group after the N-acyl ati on has been effected. A
Sinilar formof protection of the 3-hydroxy group i's suitable where a

6- hydroxyal kyl group is present which is being 30 . nodified, for exanple
to give a 6-al koxyal kyl or 6-hal oal kyl group. It wll be seen fromthe
foregoing that in many cases the final stage in the preparation of the _
conpound conprises deprotec- ting {pg hydroxy group of a pyridone havingy
simlar ring carbon 35 -atonlsubs ituents but with the 3-hydroxy group in

protect e‘lﬁﬁoefi%er & e g ﬂtgbéén D6 ST 1khat BE 1dn@I&RBEOM SUbSt tuent

or one conver - er et wher e appl i capi e, converti ng t he
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appr eci attedtﬁahaﬁrefsbﬁsfinaéﬁdneﬁmpbhﬁi Onligielrotlt @3 Ml baRbprde@atddese conpounds

(05 and ety gl LouS, ! B BBl VSR TN NS ginedo dell I oubS.ApPar ent (o those

skllledln he ar t asvm e rou evarlou er nedi at es
requbsed as@(ﬂhaasvacis\tﬂ)ﬁ-tﬁmeﬁ'ea @3y heidis8d /s Wikl de meppyentdimes and

3- hydr oxmésaoxm&%& Ma@ca\eer ag WL bé A8 ARRESClAtRd vhbRdusCertain of the
10  conpounds nay be converfed in vivo to other conpounds whi ch are

‘r esponsi Breemetiathe TRgpired,speh AY Cropraritytedhdet v 88 i3 4Vivo, This will ‘be

true, foﬁiﬁydaaﬁmiﬂfne@ommaﬁd&rmawmngs.ester groups which.are likely to
be convertedugpeoqegar QOfSi’llgEQ% %QQFQ% SofRe@dni nistered orally.

15 The Tron to orrru at ed or use as pharmaceu- ticals
for V@t ecPprroupds mgy Q%(&Prweét%_&n_iém th osher) gpnnoupds vhjc agnmal i an -

context, r@épcasPeIel 8dd %hé q.rethyrmauﬂgeamvatw%bs%d% We¥d10denis The
phar rracetﬁ%hgﬁl conposi tion jorate water or a nedi u/

Y,
cont ai ni ot ¥&hni SS’W'QHB 85 %"mﬁb‘m f‘f'ﬁéﬁ? “ghg ﬁeﬁgg”[%‘gsform of a
sol ut i onwhiaks pendibelyoto diuteniventedAgacogarboxy| groop whenl thief | ed corrp05| tions .

' ncorF“)résﬁﬂyan&ElaEgLﬂd%inistered orally. ' co .o

15 The iron complexes may be formulated for use as pharmaceu- o’
ticals for veterinary, fof example in an avian or particularly a '
mammalian context, or especially for human use by a variety of
methods. The pharmaceutical composition may, for example,
incorporate_wétef or a medium containing an organic solvent as a

20 diluenf, having the form of a solution, suspension or emulsion.
Aqueous, oily or emulsified compositions incorporating a liquid
diluent will, however, most usually be employed for parenteral
administration and therefore may comveniently be sterile and
pyrogen free. However, for the treatment of iron deficiency

25 apaemia in humans oral administration is generally to be
preferred rather than the use of a sterile injectable cumposi-
tion and the complexes of the present invention may be given by
such a route. Although compositions incorporating a liquid
diluent may be used for oral administration, it is preferred,

30 particularly in humans, to use compositiouns incorporating a
solid carrier, for example formulating the solid complex with

a conventional solid carrier material such.as'starch, lactose,



diluent will, however, nost usually be enployed for parenteral -_‘
adm nistration and therefore may conveniently be sterile and pyrogen free! "

However, for the treatnent of iron deficiency 25 anaenia in humans oral
adnlnlstratlon is generally to be preferred rather than the use of a
sterile injectable conposi- tion and the conpl exes of the present invention
may be given by such a route. Although conpositions incorporating a |iquid
di l yent may be used for oral admnistratign_ it is preferred, 30
particularly in humans, to use conpositions incorporating a solid carrier,

for example formé&@;ti'nngr tmpsnésqmcgtggfml L X suhmoai@%ﬁsmem' nfp! 1d carrier

mat erial such as starc act ose 18- “dextrin or %gem um stearate
Such solid conpfoRYEHABtIahe 5nd formed |tYPhe IF eX2nrtendyy 8, fGPselesnpl e
as tabl ets, capscihemdﬁhgl@buﬂhugs s-paagwtese.t TRER Bdxk) ¢kl ade Mark), etc.

At hough S0l 10 coMbagihy RS, ALE RBhEIiets e Ko ARR! LERLLP Ui BRssonhl U1 ¢

conpositions are of cul-ar-instanc nr'?]!)l
human and vedSer Miavi,d anoam@@eléme aﬁrﬁnnﬂsetsltatq oertada mmlnargnsm%qes.

admi ni stration aﬁrdé:éﬁyﬁesﬁdmiiﬁhﬁd RRtéMhary Untfanbdé @R r ARG EAVELion and

partlcularly for such oral ni stration, roduce |iquid conpositions
containing a hi d??é?rlﬁﬁﬁbéﬁszfFMsttﬁ%ﬂ°EO’s dfc')%"p Uy F‘ ’Bg?%‘nabﬁ egw th a

purely aqueous cdmposiesimbles panticallaxiiyefaxontch nrﬂg adm:galtmts.oh.vents such
as sinpl e nonohy, o2 I | 1] ' - ' t
t heref ore being P%%a "fte hfﬁaﬁ?eﬁ%@g &ﬁgﬁg tﬁggﬁﬁﬁﬂs% lFallgﬂglf. %ﬁ&nq;% @g een

found that HiOgheks EQAddEnoParinghte Fih t?eP‘&’EﬂWe*ﬂé‘GmEﬁ/ "—P‘I‘Ré’sét&%?“o?r daferdnt s
containing 15 Jn‘éDcdili:aithg Jt}gdﬁm(xoweau@&uan a3 BitP1exdondhftirad £licbrdlsgroup,

especially glycolso I t hers in ad [ W|th wat er or, for
bgltgt/er sol ubi |'i sét’f‘?ontg ‘%gone q‘ﬁes gsPc sértéleg °ret{f °f 163 hterest are.
t he nono- et her s iggeresitvheg nas am senehbkq fon‘nyl nke gﬂs)tbpemrfoatd phat indgher

hydr ocar bon gr O%neéncl-amnﬁ mrb@&cﬁima 1P the A8e WIS G651 /R8Es 2BAVAN1APT

exanpl e a rreth roup, such
' TTL y! wg or gore hydroxy géyups or a hydroxy- and an ether group,

especially glycols or glycol ethers, either in admixture with
water or, for better solubilisation, alone. The glycol ethers of
particular interest are the mono-ethers containing as an etheri—
fying group an aliphatic hydrocarbon group of 1 to 6 carbon atoms
20 as described above, for exaﬁple.a methyl group, such a glycol
mono—ether being methyl ethylene glycol. In general, however, the
glycols themselves are preferred. Examples of such glycols are
the simpple dihydroxy alkanes such as ethylene glycol as well as
those more complex compounds comprising two hydroxy groups attached
~ 25 to a chain containing both carbon and oxygen atoms, such as triethy-
lene glycol, tetraethylene glycdl and polyethylene glycol, for
example of 4,000 daltons mblecular weight. Triethylene glycol and
especially tetraethylene glycol are of particular interest in view
of their very low toxicity. By using such glycols and glycol
30 ethers it is possible to increase solubility for many complexes
to 10 to 20 mg/ml.
In the case of animals, compositions for parenteral adminis-~
tration are of greater interest than with humans. The problems of
iron deficiency anaemia in newly born pigs arise primarily during



pX10- et her being nmet hyl ethylene glycol. In general, however, the glycols
fténsel ves are preferred. Exanples of such glycols are the sinple dihydroxy
al kanes such as ethylene glycol as well as those nore conpl ex conmpounds
conprising two hydroxy groups attached 25 to a chain containing both
carbon and oxygen atons, such as triethy- |ene glycol, tetraethylene ¢glycol
and pol yet hyl ene glycol, for exanple of 4,000 daltons nol ecul ar weight.
Triethyl ene glycol and especialIy_ifa;Laethylene gl ycol are of particular\_)
interest in view of their very low toxicity. By using such glycols and

gl ycol 30 ¢pe 6liREE Snkbe waelP92! & 8t el PAI2ESReA0L WREY iday1d Qe 1gfly coNpl exes
to 10 to 20 ng/m . |In the case of aninmals, conpositions_for parenteral

adni ni s- - 8R4 takes pdacy- gFheatdiali Rwes shor admngs $93 themeA stheThEP Yor obl ens of

i ron defi ¢cbhfpleyefdECthe pkésentWnrehtion o GBuly ipigldtsi &y phentluralng -19-
the first .three weeks or so.of their.life when.a very,.rapid |.ght gain

t akes pl ag‘é'f’ efﬁ“eﬂ%s%% ra'rmésuq[“égr’f SF r]ﬁ’ n€°srt ?’éatmlp(]i% ot alt]hi u?[')dr ﬁx\go%pl exes of

t he pPesemton fjrincted oty shagnauthi efloveyes, pay ahtasratrivef eppregeipl e .

i ntranuscyl &l efHan@t dhe i EHREARE GrAthd nli 1kl WhdwiicBPEHeAp1dkats i ON
"injected" into However, an alternative approach.is to enhance

t he, nmout h. t
the iron @BhtfERELings bY HZeATIE Ehe MATHSS Pi%eupin® 8FY SF PAFERRATAY by treating
t he not headdiings tistlion Ofat exampl entheral injdotadilet slati valeadoprepaxapl e with an

I nj ect abl _ el . para-1Ll ro]gEP 0 be an

I nt er est ?%?Ja? u%‘aﬁgci%ﬁfgi‘%@ﬁ@l“ &Eeélé:iﬁp?%gég%ofaca 3%?’&% piglets on
f oodstf f ¥hew Aerist Applichkleritp kiesf nigdetmorncfoodptpfiptothay Hi1a8othfe possibl e
to ef fect nifie ophitienBe@ieki £i3!, By kb e phedIble MR bffaReCEI €X in this

T5'"" the. Bremmerreah agabt e SLtoB o e | SPHBLTn SH IR SR8 vet erl nary
cont ext s, féamisteffanpl e t he use of suppositories for human adm ni- stration.
Other forms of administration than by injection or through
15 the oral route may also be considered in both human and veterimary ‘;).
contexts, for example the use of suppositories for human admini-
stration. ' '
Compdsitions may be formulated in unit dosage form, i.e. in
the form of discrete portions containing a unit dose, or a multiple
20 or sub-unit of a unit dose. ' Whilst the dosage of hydroxypyridone
iron complex given will depend on various factors, ihcluding the
particular compound which is employed in the composition, it may
be stated by way of guidance that maintenance of the amount of
iron present in the human body at a satisfactory level will often
25 be achieved using a daily dosage, in terms of the iron content of
| the compound, which lies in a range from about 0.1 to 100 mg and’
often in a range from 0.5 to 10 mg, for éxample 1 or 2 mg, veteri-
'nafy doses being on a similar g/kg body weight ratio. However, it
will be'appreciated that it may be appropriate under certain
30 circumstances to give daily dosages either below or above these
levels. in géneral, 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
35  achievement of this aim.



Conpositions may be fornmulated in unit dosage form i.e. in the form of T\
di screte portions containing a unit .dose, or a nultiple 20 or sub-unit l@
as unit dose. Wiilst the dosage of hydroxypyridone iron conplex given wll
depend on various factors, including the particul ar corrpound which is

enpl oyed 'in the conposition, it may be stated by way of gui dance that

mai nt enance of the anmount of iron present in the human body at a

satigfactory level will often 25 be achjgeved using a daily dosage, in
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however, that tféhitigntheoppfacteat 3 1‘1‘1%‘ }avel cthan; FRPeﬁﬂPGHmFPa@é RFePERY her

advant age in thaied HaytiRi thitmeor B6tadaanta.t it naf fihetefre codtenite t he ef f ect

at a\/l over I‘l? Velth;[a hcaagettmeatc&npggvréqso? zi é—%?:g\?iding compound added to the

composition may not require to be high or, with pteferred formula-
tions of thé iron complexes, may be dispemnsed with altogether.
‘ Accordingly the present invention includes a pharmaceutical

composition comprising an iron complex of a 3-hydroxypyrid-2-one.
20 or 3-hydroxypyrid-4-one in which the hydrogen atom attached to the
nitrogen atom is replaced by an aliphatic acyl group, by anm aliphatic
hydrocarbon group, or by an aliphatic hydrocarbon group substituted
by one or more substituents selected from aliphatic acyl, alkoxy,
cycloalkoxy, aliphatic amide, aliphatic ester, halogen and hydroxy
groups and, optionally, in which one or more of the hydrogen atoms
attached to ring carbon atoms are replaced by an aliphatic acyl,
alkoxy, cycloalkoxy, aliphatic amide, aliphatic ester, halogen or
hydroxy group, by an aliphatic hydrocarbon group, or by an aliphatic
hydrocarbon group substituted by an alkoxy, cycloalkoxy, aliphatic
30 ester, halogen or hydroxy group, but excluding compounds in which.

said replacement of hydrogen atoms in the compound 1is effected

only by aliphatic hydrocarbon groups and also the specific

compound 3-hydroxy-6-hydroxymethyl~l-methylpyrid-4-one, together

with a physiologically acceptable dilueat or cérrier.



' .r t he

- Tequire to be high or,

may be di
i ncl udes

Lp in the treatment of anaemia. It may therefore often be 15

t he case .
| evel of zinc-providing conpound added to the caonposition -may not

spensed with altogether. Accordingly the present invention:-

a pharmaceuti cal conposition conprising an iron conplex of a

3- hydroxypyri d-2-one 20 or 3-hydroxypyrid-4-one in which the hydrogen
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phati c hydrocarbon group, or by an aliphatic hydrocarbon group
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treatment of iron deficiency anaemia, has been confirmed by measure-— .

20

25

30

ments in the rat sméll intestine, Once present in the bloodsﬁream,
the complexes will donate iron to traunsferrin, a position of
equilibrium being set up between the complexes and transferrinm.
It is because of the existence of this equilibrium that the
corresponding free hydroxypyridones may equally be used in the
treatment of'iron overload, although certain of these compounds
may be of particular value for use in the free state for iron
removal and others may be of particular value for use as irom
complexes for iron supply. Preliminary experiments have suggested
that the 3-hydroxypyrid-2-ones may be more efficient at donating
iron to transferrin than the 3-hydroxypyrid-4-ones. .
Certain aspects of their formulation may enhance the activity
of the complexes in particular contexts. Thus, although the
neutral 3:1 ferric complexes are of particular value as being
stable over a wide pH range from about 4 or 5 up to 10, they will
dissociate at the pH values of less than 4 prevailing in the
stomach to form a mixture of the 2:1 and 1:1 complex together with

the free hydroxypyridone. Firstly, one of several variatioas may

or

N- -

o/



this ability in the [err] val ues of various conpounds has been referred
to hereinbefore. The ability of the iron conpl exes of the present inventio_
t.o pronote iron uptake with a high level of efficiency, as conpared 15.

with a range of other iron conplexes currently market.ed for the treatnent

of iron deficiency anaem a, has been confirnmed by neasure- nents in the rat -
small intestine. Once present in the bloodstream the conplexes will donate
irog to transferrin, a position of equild eium being set up between the
corrp\r/exes and transferri n. 20 It is because of the existence of this

equi | i bri um that bé hapLayede@piahdiviodd fare eeduger expypyre dbrmbe imop emppdéx \tobe

used in the treabip ol b oHa" Loade AbphOHONSER LitdaGles! 55 SukiayROUNGS

may be of particular value use I n the e state I ron renoval and
others may be of vprious cirpes ofafensTelbled sedease isypHrmasrangdip|iEw L™ or iron
supply. Prelim gpicn Sa0€bt RAhFINBY dased)98SE pdLjueal dhich simply provides

3- hydr oxypyrj d- 2- opes e nor fficient nat [.n r errin
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‘enhance the acti s trpsbdtanhectoc dhgsoekatsion rundar tacr;dritarcoe@mie';ﬁ,s forTiemample

al though the 30 eeﬁug &%ukféﬁhg c:enpls%eén aﬁehoisnaaséwwraal ue as.
bei ng stabl e over r

Hran#q om about 4 or ]#O t he vaI

di ssoci ate at th&e}pase sodes cgpditdens sygh a8 preYelt I"Pn&'ﬁ*l fmgiie 1ates

forma mxture ofof heaﬁpl_k &l dénbiecOigbpatehogahers wratilided towads a pH.

hydr oxypyri dg(?e-rgg' ' ’su&ngsoéjrfe%%%leriln :‘Aérén%}.a{‘%u ¢ one’ €7 0§ £NPI Oyed

whi ch avoi d °e posure iron co he aclidic conditions
of the stonmach. Suchhasmrevaidisctn rthe W@bl%%#ousﬁ%ﬂpéée@ﬁ eortheol | ed .

rel ease system gemhmsf ﬁ%?nﬁtem eharraxt fualy wmaam&amtmﬂ

~polymer, which si ayed, re ease of .t he conpl ex tlh
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" A particularly convenient approach to a controlled release

composition involves encapsulating the irom complex by a material
which is resistant to dissociation in the stomach buﬁ which is
adapted towards dissociation in the small intestine (or possibly,
if the dissociation is slow, in the large intestine). Such encapsu-
20 lation may be achieved with liposomes, phospholipids gemerally
being resistant to dissociation under acidic conditions. The .
liposomally entrapped 3:1 iron(III) complexes can therefore .
survive the acid enviromment of the stomach without dissociating
to the 2:1 and 1:1 complexes, and the free hydroxypyrone. On
\V) 25 entry into the small intestine, the pancreatic enzymes rapidly
destroy the phosphalipid—dependent structure of the liposomes
thereby releasing the 3:1 complex. Liposome disruption is further
facilitated by the presence of bile salts. However, it is usually
it is more convenient to effect the encapsulation, including.
30 micro-encapsulation, 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 dissqci-
ation under non-acidic conditions is well known in the art and



@I'ease under conditions such as prevail in the small intestine, for

Xahpl e a pH sensitive systemwhich is stabilised towards a pH 10 of 1 to
3 such as prevails in the stonmach but not one of 7 to 9 such as prevails in

the small intestine. Since the pH of the stomach is higher after a neal, it

may be advant ageous, whatever nmethod of fornulation is used, to administer

the iron conpl exes at "such a tinme. 15 A particularly conveni ent .

approach to a controlled rel ease c@fposition involves encapsul ating the \J
iron conplex by a material which is resistant to dissociation in the

st omach buthtV\Bft‘.-‘el’:l mroada@t:ad dseVel datetiiasemitahg pwhereblyheabdoed,) i ntestine
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|'i posomal 4k e08dddPasid edample | Of( tid hreQIR! &1 mpidiceidq ecsurvive the
acid environnent of the storrpch W t hout d| ssoci at i n@‘eﬁﬁfthe 2:1 and 1:1

conpl Bxesentgme t‘%’ét?dr SRPFHIEF 0By pA5 e cturing, % 3Pfhe smal |
intesti neAeztobel RS/ eayltwenzguaesn rsagh dsltyndhsﬂt referéiye books as

phospholl deé) gcesru {arsgclpcmug %h&e#tp@s {@g%}g{ gp%ﬁgﬂuﬁ@ﬁl ng the 3:1

conpl ex. osone on 1S acrlrtat resence of bile
sal ts. Hoﬁmbé#shth by sfaawap#squ@- i @mtmémeéh?d t°6 %‘TGPEE‘Elat'he

encapsul aiim]g.m}dl%él%agus%%f g@lffﬁ'ee&ﬁﬁﬁﬁéﬂ 2ba 0, whih h?&m?frb;af a solid
conposition o sen ve natur.e e preparation of solid conpositions
adapt@d tf)cer"éé?ﬁh%? Z‘é‘ﬁ ‘%1;,51 Hfg gﬁ{f ggb‘{ﬁ&edtapt e(rjrpt owar ds
di ssoci - eid galanidecapsole a.‘cmhuhecmtdptlainsaues \wlelr khﬂ)w:nid gondie art and
23 oSt £l Ol oA Uil Ufiedt G fcosﬁn%f 16 E8RdaRd aMicHRRYEd:RD! et s,

capsul es, he 1 nidivi rticles or gr anul es cont ai ned thereln
are coat eeltahlﬁh ghe goesinge 1Preh°é'PY%H des?ﬁ?&hiﬁf‘rdo&%r&%e &F‘t‘-}“&éZcrl bed, for

exanpl e, hikd1fge *6had16neL Bk tleclntddi0adiGhed 10f is not protonated,
15 thereby allowing water to act on the gelatin. Once released in g;;
the intestine the rate of permeation of the intestine wall by the
water soluble 3:1 irdn(III) complex is relatively constant irrespec-
tive of the position within the intestine, i.e. whether in the
jejunum, ileum or large intestine. Other examples of methods of
20 formulation which may be used include the use of polymeric hydrogel
formulations which do not actually encapsulate the iron complex _
but which are resistant to dissociation under acidic conditioms.
A secoﬁd approach to countering the effect of the acidic
conditions prevailing in the stomach is to formulate the iron
25 complex in the pharmaceutical compositiom together with the. “/
metal-free hydroxypyridone from which it is derived. The -
dissociation of the neutral 3:1 ferric complex, for example,
invdlves various-equilibria between this complex, the 2:1 and 1:1
complexes, and the metal-free compound, so that the presence of
30 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 prdportion of the
free éompound present in compositions according to the present



05 enteric coated capsul es" by Jones in Manufacturing Cheni st and Aeros-"‘;-
News, - May 1970, and in such standard reference books as "Pharnaceuti cal

Bosage Forms, Volune |11 by Liebermann and Lackmann (published by Marcel
Decker). One particular nmethod of encapsula- tion involves the use of

gel ati ne capsules coated with a cellulose 10 acetate phthal ate/

di ethyl phthal ate | ayer. This coating protects the gelatin capsule fromthe
action of water under the acid condi- tLogs .of i he stomach where the
coating is protonated and therefore stable. The coating is however

dest abi | i sed undgiei@nnedltchad /Frad l0aksd DO sd1adi EdeRNByd2bxipiR 1ddtlee b idone Where

it is not proton d, 15 t here 0 ct the elatln
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di ssoci atiofl. undﬁrsam d| ?9@9:& ANy éoaesc%og?ﬂgpg mq}]lgspp#gi ring the

effect of the acidrit “c I ons evai orrrul ate
the iron 25  cOfpl ese Pﬁ qulqb Hdxure cin PEa‘#mPeF#P&GsFQ‘itBPF ofgEeharesgpth t he

netal -free hydr %@yfiod%cérwleﬁkblet ohé +d€60 04esl’ almddie q@iri3est @i on of

t he neutral 1 ferric cor f.or S var|o quilibria
bet ween t hi s1%corﬂ?lté§": of i r%n?ﬁc‘impgﬁngpl é)'(e%‘ g‘x ’tjﬁ‘leg B‘é’gever’

conmpound, so t hanhat‘hﬁxepéqaﬂe:ﬂnﬁuﬁfbe&%en tthe doaplexes\oi hatﬂmhs bnytpes hang '
dixgsoci ati on. Aﬂ% ‘Hﬁ%o rtego%m?fm dd G111 66 &QQPP&”EJ* agdyvaptageous in

this context bu urt vant age "accrues |ncrea5| ng the
proporti on beyorddtsexr dpt tienbedyyand the slegres Péds"(cén@at%rf‘:?ﬁeth?o?%@“h

proportion of therfé&etptdMpolNdepindsenithe patRIRdSE thetB-f266 Aollpsighdl.O t he
present -4~ LVENLL QN tnd BUSulstOMede! To20dIRbES, hLFGulr bRV Jone: 1
' marked effect on the behaviour of the complex/ metal-free compound
system, and in selecting such N-substituents this fact should be
taken into account.
A further advantaﬁe than prevention of dissociation of the
20 iron complex under'acidic conditions may accrue from the use of a
free hydroxypyridone in admixture with its iron complex. Thus, in
certain pathological conditions there may be an excess of irom
deposited at certain sites even though the patient exhibits an
overall anaemia. In patients having such conditions the use of
N 25 such a mixture has the advantage that the iron complek will remedy
~ the overall anaemia whilst the free hydioxypyridone will act to
remove iron from pathological to physiological sites. Moreover,
there may be an advantage in formulating the iron coumplex of one
hydroxypyridone as described herein with another ome of such .
30 hydroxypyridones in free form (the same group of hydroxypyridones
in metal-free form are the subject of our further application of
even date herewith) or with a mixture of the corresponding free
' hydr%xypyridone, present primarily to prevent dissociation of the
iron complex, and of another such hydroxypyridone in free form,



Sﬁﬁiron conplex, particularly the neutral 3:1 iron(l1l) conplex.

&gveni ently, a proportion of up to no nore than 5 or 10 noles:1 nole is
used with a lower level of 1 or 2 noles:1 nole, although 05 to obtain a
mar ked ef fect upon dissociation of the iron conplex a proportion of at
least 5 or 10 noles:1 nole is usually enployed. Thus, a preferred range is
from3 noles:1 to 10 noles:1 nole. The use of such a nmixture'is an -
i mportant feature of the present inyention since it can enable one to

- obtain alnost quantitative 10 uptake of iron fromthe conplex. It should

be apprecjaiesy pROURMES . td e@éeckhﬁo%qwéngb& un&het%@&stheégﬁmlaexes of
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sel ects nglts de prferabde farenthydepxypyr tdone shedng dused asakeriront o account. A
further afbhovén@ot 432be HaPYEIH. h@fhbehsiusweha&Iﬁnr&faihbqnm.e i ron conpl ex
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condi t i onshet hes of ndbffbrendnhpitosgpyrddodesoin dbpoixiekefbrat aicas aihe. Sites even
t hough t hgoRal duikx %Q @:Eéiéaﬁ%%?& ATk, hi‘f Q’L:’Lt[eﬂg ottlﬁ‘” ng such

conditions the use of xture has t’he a at the iron
conpl Bk VRIFRAINEREBRY ot FRF GFRITITPAEATEerfuaC TR Bere RECHcert LiyektRY pyri done
Will act fmtherfeve foid sl kOBt feabegd 62lin! Qodl¥si WrRGiLah Sohes. Moreover,

there may; he.an @dog &3‘?6%% 19£er%|s@tare he |rlg Oﬁegglnexﬂg‘}egge \/

hydroxypyr| bhe “as herein W|th Aot
hydr oxypyefi adwdsoxypyride-pes with ke feembydposppyrifi-dyode 0xapdyri dones in

met al - frQﬁtﬁ@&dﬁlﬂrﬁsbhﬁtﬁubﬂﬁGBrfﬁspﬂlﬁnE Lh“:fea%ydi\%}plyem-lzo@n@f even date..
herewith)_or wt ture of the cor r‘gésg)ondl ng free hydroxypyr+done,

preseht prii ARFHTRY» (*Be prres T arayEidone B3 4ttamativedn Romptein and of
anot her sthehfdmdedHraypslti doneedi at fthechydooxy group thereof through its

conversion to the anion (OH ——> 0 ) and containing a physio-
logically acceptable cation, for example the cation of an alkali
metal such as sodium, quaternary ammonium ions or protonated

20 amines such as the cation derived from tris.

It will be appreciated that, as an alternative to combination
with a different free hydroxypyridone of the same type, the iron
complex may be used in coﬁbination with another iron chelating
agent. In particular, this iron chelating agent may be of a

25 similar type to that described in UK patent 2118176, being a
3-hydroxypyrid-2-one or'3-hydroxypyrid-4-one in which the hydrogen
atom attached to the nitrogen atom is'replaced by an aliphatic
hydrocarbon group and,-optionally, in which a hydrogen atom
attached to one or more ring carbon atoms is also replaced by an

30 aliphatic hydrocarbon group, or a salt thereof containing a-
physiologically acceptable cation. Other types of free hydroxy-
pyridone with which the iron complex may be comBinéd are described
in UK patent application 8325496 (from which UK patent applica—

. tion 2146990 claims priority).



t he hydroxypyridone present in an iron donor to be rapidly.netabolized so
as to effect its renoval fromthe systemonce it has given up its iron at -
an appropriate site in the system whilst 05 it is preferable for a

hydr oxypyri done being used as an iron renover not to be rapidly netabolized .
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 conplex has certain advanta - Moreover, different hydroxy-
10- pyridones may, f ot her as unction nore efficiently either in
the free formas an %%Fowefﬁ%\}é“(e%?m?rf B%rﬁ?f:g%efo? rﬁhﬁgmﬁﬁ“fﬁéh donor. O
sone especi al i repasiiticn eompoising {apfanatrdar compdexpifex hydroxypyrid-
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hydr opgen at om ataat g%r%%gé elhgf'%zreg o %g?‘%nP %rogéb%écée‘g agﬁ; Eﬂ ri;?: atic
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patent applica-

25- present primarily to effect iron transfer. Thus, it is preferable f-

groups and also the specific compound 3-hydroxy~-6-hydroxymethyl-
7-methylpyrid-4-one and (b)_a 3-hydroxypyrid=-2-one or 3-hYdfoxy-
pyrid-4-one in which the hydrogen atom attached to the nitrogen
atom is replaced by an aliphatic acyl group, by an aliphatic
20  hydrocarbon group, or by am aliphatic hydrocarbon group substi-
tuted by one or more substituents selected from aliphatic acyl,
alkoxy, cycloalkoxy, aliphatic amide, aliphatic ester, halogen and
hydroxy groups and, optionally, in which one or more of the hydrogen
atoms attached to ring carbon atoms are replaced by an aliphatic |
acyl, alkoxy, cycloalkoxy, aliphatic amide, aliphatic ester,
halogen or hydroxy group, by an aliphatic hydrocarbon group, or by
an aliphatic hydrocarbon group substituted by an alkoxy, cycloalkoxy,
aliphatic ester, halogen or hydroxy group, or a physiologically
acceptable salt thereof, together with a physiologically acceptable
30 diluent or carrier.

When a metal-free 3-hydrdxypyrid-2-one'or'3-hydrbxypyrid-4-
one 1s present in admixture with the iron complex of a 3-hydroxy-
pyrid-4-one or 3-hydroxypyrid-2-one for the purpose of acting as

an iron remover, then the amount of the metal-free compound may be



n 2146990 clainms priority). -26- The present invention thus |ncludes
conp05|t|on conpri sing (a) an iron conplex of a '

attached to the nitrogen atomis replaced by an aliphatic acyl group, by an
05 al i phati c hydrocarbon group, or by an aliphatic hydrocarbon group
substituted by one or nore substituents selected fromaliphatic acyl,

al koxy, cycl oal koxy, ali phat ic am e, aliphatic ester, halogen and hydrU
groups and, optionally, in whi ch”offe"or nore of t he hydrogen atons attached
to ring t re PLASEde a | koxy,

cycl oal kggéperef'? tﬁa? W%en {h ll'"g:atli %%t Pg&gs L"l’&egggudhmgr oxy group, by

an al i phaei @ahymeeene:}pbdr? éF%ﬁ‘mR#xb’ys z&ﬁeﬁﬂnrtp?ra“-ﬂ%ﬂﬁyé‘m@aﬁbon gr oup
substit gtpedpéax &8 paédetyng aygé&ahkmyof ahé rmﬁbta:l ,€85 ins%&!ﬂeﬁgeg or hyclrl[S oxy
group, i ng .conp S..in repl acenent o rogen

atons i nkll ﬁ%{(gﬁgﬂﬁ?ﬂndﬁ’f’i 'g’ffg ﬁléd“c?ﬁﬁfl ﬁa{é‘f |15ﬂ'gt°i°'(‘fp dWc&F groups and
al so0$ he abpecitd che odidy bs8gd plr they £6eeh hidxypptidyne for nibiehy| pyri d- 4- one
and () BuisoB¥dEO%YPM; g' gs %noﬂf'onoi'm%vgi‘ ?XVe tRYt 'qQOéfedo'?ﬁ gg" whi ch the

hydr ogen at'om att ache he nitrogen atomis replaced by an aliphatic
acyl gr oap‘e“ﬁya%ﬂti‘aﬂiﬁﬁa%‘ﬁés@b and, i UK paseRt 31 RK6 bre-b3bows Q4% ghatic
hydr ocar kers grfmphamﬂietzse, tpufﬂduhglrlgne.i)rg tmmegslfbsﬁ iwhtiemntit sel ected from

a0 phati g AoRL. o SbKAKE 6 6L ALK e RN A Sl e LADBELE eoTer,

hal ogen = roxy dgroups Py ona n mhrch 0
hydrm@enpmidnﬂe atsteétciwedutho8r1='~'ﬂ7g}el§1arml§l!)rlElfateB‘in?cs{Pis ecpidgcrapgsybutn al i phatic

25 acyl r@de@é&' m&mlsoaé k:aéyﬁrealad&tsatdcptaﬁa 46 bedhigHaat trraneaﬁe%r hal ogen or_
hydr oxy roup, atic dr ocar bon rou an aliphatic -
hydrocar Brfl gP’E)"(% 3’?‘?%3?' 1"b)‘/ %ﬁ“é?‘?f&x?f “&&F&d‘%s“&ﬁ tic ester,
hal ogen or hydrwil} gy epprecoated pimtsithe Qyeoeitl ynmcecm abse inelddesher eof ,
toget her i t0e 3By S r3h a8 léfaeP%‘ii?}élakﬁpﬁQd-ﬁJohHed}t 3%yde 8y er- |
15 pyrid-4-one as described hereinbefore for the manufacture of a Q_d
medicament for use in effecting an increase in the levels of iron |
in a patient's blood stream.
In addition to the pharmaceutical uses of the iroun complexes
discussed above they are also of potentiai interest as a source of
20 iron in various other contexts including in cell and bacterial
growth, in plant growth, as a. colouring agent and in the control
of iron'transport_across membranes. '
This invention is illustrated by the following Examples.
EXAMPLES

25 Example 1
Preparation of the iron complexes

The iron complex of 3-hydroxy-1-(2'-hydroxyethyl)-2-methylpyrid-4-one

is prepared by either procedure (a) or procedure (b).

{a) An aqueous solution of ferric chloride is feacted'for S minutes
30 at room temperature with an aqueous solution containing 3 molar '

equivalents of 3-hydroxy-1-(2'-hydroxyethyl)-2-methylpyrid-4-one.

The resultant solution is adjusted to pH 7.0 using 2 molar aqueous

sodium hydroxide and is then freeze dried. The resulting powder

<

4



in adm xture with the iron conplex of a 3-hydroxy- pyrid-4-one or

3- hydr oxypyrid-2-one for the purpose of acting as an iron renover, then
anount of the netal -free conpaund may be: -27- different than mhen t he
net al -free hydroxypyri done corresponding to that present in the iron
conplex is present primarily for the purpose of preventing dissociation of
t he conpl ex,. as di scussed . herei nbefore._ Thus the daily dosage of the iron
conptex may be as 05 above and the daily dosage of the free

hydroxypyridone {or, Ef‘ﬁt &”&Qﬁech%r&%%nm@&ﬁa dridOfnd @EDMAke ram&ﬁeahat
quoted in UK patent a 80

I cat1on 2136 and in: %(algatent ‘(2)11%1]76 about
0.1 gto5gfor t‘l’u]-’ﬁﬁ?FYu%’Wﬁé?jﬁ“cEﬂ éﬂ’?aﬁ gsagnt Uap R ofi | |
be seen that thetiy apetrial Cdomplex comraianyy ene a%dydmsm-warﬂwyrowethylpya-r done
used in such a Con&eityg’r;gmf-%égeﬁgo@carngs § EA36F BUS: PELRkEEM anDUNt S

of the free corrpouna her en it gr esent pr| marily
for the purpsse McrpIPéﬂléﬁﬁtﬁgncﬁfss’éﬁ:ﬁai|"<9HP1§’°t £5am F“l‘i’ém pves i dfed that the
present inventi oBoRused chﬁAﬂ&dQS o.pe memfcam ir Oﬂﬁu§mpﬂ$5000f1500 cm

3- hydr oxypyri d- 2-one_ or d .
her ei nbefore for (‘t)ne%ﬁi‘“éégﬁrsé)iﬁfﬁg ﬂ%%%ﬁ’é%eﬁt‘f gdgﬁssegélsa% ??gctl ng an
increase in the hineks axf réamonerdperatyrat viaht & schhpxafdrm taoduthon| epodinti on to

the pharmaceut | cgh, 4SEAaQl edullGaldnlll SOTMyRESR-AL EPUAIEIx RAYE) INGNLIHLE 2l SO

of potentlal |nter St as a sourc iron in vari,ous P}B‘ %ﬁrgxts
i ncl udi ng i nicel Pyeiddéteres erl‘tra|regvbm# s‘llﬁ‘tb‘f"aﬁf EstRLeed, A of*
agent and in theof@lidlso@fun Eé)ﬁbohiwsmﬁx Tpr@éﬂpmmeﬂEﬁdﬂimeSiloﬂﬁesrewedlt i on

i s{i]lustrated bﬁgt‘{l«;%ac%lélgov%n 9% %ﬁ&rﬁ& e@w\@}:&s t8531vEX§dTBL§enhally

Preparatlon of t ron co
3- hydroxy-1- (2" - Iqmtd)k#étlhwi)em qfettrg/ﬁpt/mouplsx@rfe-p. 330-340 c.
The 3:1 iron(I1I) complexes of 3-hydroxy-1-methyoxycarbonyl-

\WWen a netal -free 3- hydr oxypyri d-2-one or 3-hydroxypyrid-4- one is prese’
05

U 15 methy;pyrid—z-one and of_3ehydroxy-1 -(N-propylcarbamoylmethyl)-

pyrid-2-one are prepared by a procedure analogous to (b) - above

and Have, respectively, m.p. 305-310°C decomp., Voax {nujol) 1540,

1630, 1750 cn™' and m.p. 171-175% v___ (aujol) 1540, 1630, 1675 ca™'.

When an excess (5 to 50 molar equivalents) of any pyridone is

20 used, both procedure (a) and procedure (b) lead to an essentially
quantitative yield of the excess pyridone in free form in admixture
with the 3:1 complex.

The partition coefficient Kp being the ratio (concen-

’
tration in n-octanol)/(concentratizz in aqueous phasg) on
A 25 partition between n-octanol and aqueous tris hydrochlo-

" ride (20 mM, pH 7. 4; tris represents 2-amino-2-hydroxymethyl-
propane 1,3-diol), is measured at 20°C for the 3:1 iron(I1I)
complexes of each of the compounds listed in Table 1 and also
for the iron—free compound (at 10 M) by spectrophotometry. The

30 solutioms of the complexes are either produced by dissolving the



<Rrepared by either procedure (a) or procedure (b). (a) An aqueous

.sQajtion of ferric chloride is reacted for 5 mnutes 30 at room

t elmperature with an aqueous sol ution containing 3 nolar equival ents of
3- hydr oxy-1- (2' - hydroxyet hyl ) - 2- net hyl pyri d- 4-one. The resultant sol ution

'is adjusted to pH 7.0 using 2 nolar aqueous sodi um hydroxi de and is then

freeze dried. The resulting powder -28- is extracted with chloroform
filtered and the filtrate subjecteddte rotary evaporation to give an \J
essentially quantitative yield of the neutral conplex containing the :

3- hydr oxyrre-formed \qtmpler-tinythe. aquapps nglipyhﬁddodllentdﬂanrcﬁreand' the ferric

cation i Npr3pdredl @R Wilkh O ¢A5 bufP@rcsysshal 4du3@hifNopla & conpl.ex from
neﬂ)'l'oured crystals, 330-[ err] err (nujol)

et hanol g%\égs ogl &
1, 600, 1 (% Fie PYEYAoRR andnEerte ShIgF ﬁ'oﬁh%#’af@reFFiftGHI‘?ﬁ‘-P&e is reacted
for 5 ni meadiusaied rwoh 4 affpercabsary \(tlieh sane pkedurk owdDlSHE wbtﬁheaont ain--ing 3

- ol afgequiy @L@[}}Lﬁ;f 91'[1@19{ >§¥Fs3}ae@iveh¥€”&>é¥§éﬁh¥u J;B{gaon%ytllseg dition of

pyrrg- 4- one he resultant solUtion Is neutralise
sol i d sodisuf® Gafdpbindee ormot)s cAqidi vashed slesswarectd Gﬂctiéhr@r&hved by

fil trat } Qﬂtﬁaﬁfh tf'ﬂ.lf:h:f.ﬂgr alLLgvane al Z;g tRe gtﬁr/ﬁ: &'aseafvlulaidnv qu?ntl tat } ve .
y| e (0] t ex e . | ron conpl exes O

2. bydr oxyPLE o b B FRastael e (€ Blackery the, givapss_ st Bixtare

3- hydr oxyislcéntrpiugeyt| etrbodgl faxt BQIQecopqﬁ i dTHe owe raselqihggﬂxraeds by a

Hecong. " e"[’gp‘?épqgﬂfﬁao?g(fgﬁ%@%‘?éﬂ"?f??’?‘r‘% 2 'rrr‘g**fl?@'?“ Terr]
(nuj ol ) DPB4eac 163’?5"' Yeey SreshydngRIAYRidoRe e §he (‘3‘8%23 HOl o iéqw val ents) of
any pyrideee fo Sfxcenttatfon laetémﬁmdyrﬁiﬂ,@) foBCenar OdubnpleRds | ead to ag

essential by ﬁ@?tj‘b 3116’%ny:’. el d. pf ‘;arl xce lp%ge&?’?&%ﬁ?i‘f e formin

adm xture w 5 eX50The partl rr] being the

rati o (c@ueecghown rim Tajnlej h. n- oct anol)/(concentratl on in aqueous phase) on 25

partltl on between n-octanol and aqueous tris hydrochl o- .
o




ride (20 MM pH 7.4; tris represents 2-am no-2-hydroxynet hyl - propane
1,3-diol), is neasured 'at 200C for the 3:1 iron(ll1l) conpl exes of each-'
't.he conpounds listed in Table 1 and also for the iron-free conpound (at

104M by spectrophotonetry.  The 30 solutions of the. conplexes are either
produced by dissolving the -29- pre-forned conplex in the aqueous tris
hydrochl oride or are prepared in situ in the buffer by the adm xture of a
3:1.mplar ratio of the pyridone and ferwigochloride, the pH thereafter

bei n§ readjusted to 7.4 if necessary (the same product will be obtained 05

in the buffer saokastteon irrespective of. whether the pyridone used is in a

salt formor not§ar £ oq Q glassware I s used through- out -and,

fol owi ng m xi ng—v&ﬂm 4M aqueous solution with 5 m of
n-octanol for 1mrmote, theagqueous TT=octanof M Xture 15 centriituged at
1,000 g for 30 deconds. The two resul ting phEse%aribtima?‘?fg%ﬁéf‘&t%dr{or 3
concentration determ nation by spectrophoto For—t-he—f+ee
hydr oxypyri doneq, the rat@goudd-340 nm i s uspirdeokcommueént r ftdnopomplex
determ nations ¢hilst for the iron conpl exes}the range 3}Q,BHE) d.
Val ues typical ¢f those obtained are shown ijh Table 1. 4[% 30(-&“‘19I bfl%b%
Partition coeffifcremts PartTtTom coeffrcrent|Rpart. Conpo
Free conmpound |Ilrafe@dnpiadrppyeysidr2engcet y| - 3- Qyd? oxypyr.i d- 2- Bré

0.55 1-Qtibkydaohgrneenyipaay| net hy| -3- 0.5 00519
0. 19 hydr oxypyr ild- -

%§é¥l§ypyrid-2-one

3-hydroxy-1-methoxycarbonyl- 0.2 : 0.02
. methylpyrid-2-one ) N '
1=-(N-ethylcarbamoylmethyl-~ ' 0.12 0.01
3-hydroxypyrid—2—one- . _
: 3-hydroxy-1-(N-methylcarbamoyl- , 0.06 o 0.005
~ methyl)-pyrid—z-one
3—hydroxy—1-(N-propylcarbamoyl— 0.35 0.14
methyl) -pyrid-2-one ' )
3-hydroxy-1-[N-(2'-methylethyl)~ 0.34 0.15
carbamoylmethyl]}-pyrid-2-one
1-(N~butylcarbamoylmethyl)- 1.89 5.12
3~-hydroxypyrid—-2~one .
3-hydroxy-1-(2'~hydroxyethyl) - < 0.002 _ <.0.002
- 2=-methylpyrid-4-one '
N, 3-hydroxy~1-(3'-hydroxypropyl)~ - 0.10 0.06
2-methylpyrid-4~one
3-hydroxy-1-(4'-hydroxybutyl)- 0.14 0.03
2-methylpyrid-4-one |
3-hydroxy-1-(5"'-hydroxypentyl- 0.28 0.04
2-methylpyrid-4-one .
1- (5'-acetoxypentyl—S-hydroxy- 0.45 ' _ 0.03
2-methylpyrid~-4-one ' | '
3~hydroxy-g~hydroxymethyl-1- 0.03 ' 0.01 .
methylpyrid~4-one _
1-ethyl-3-hydroxy-6-hydroxyne thyl 0.06 ©0.07

pyrid-4~cne




0.04 2- rrgi&uhpw el Ogured - KySstxﬁqug)xypeemyiethhqmeng a

dr oxy- 1- met hoxycar bonyl - | 0.2 0. 02

fhyl pyrid-2-one 1-(N-ethyl carbanoyl net hyl - .0.12
0.01 3- hydroxypyrl d- 2-one 3-hydroxy- 1- (N-net hyl car banoyl - 0. 06
0. 005 net hyl ) -pyrid-2-one 3-hydroxy-1- (N propyl car banoyl - 0. 35
© 0.14 nethyl)-pyrid-2-one 3-hydroxy-1-[N-(2'-net hyl et hyl) - 0.34

0..15 car banoyl net hyl ] -pyri d-2-one 1-(N- butyl car banoyl net hyl) -

1.89 - _ 5.12 3- hydroxy_p? yid-2-one 3- hydroxy 1-(2' - hydroxyet hylb
p

< 0.002 < 0.002 2-nethy yr|d 4- one

3-hydroxy- 1- 1% abmrtgxé/ﬂ)ﬁ:ﬁpyeoﬁplexes ‘of 1&&@@1 -h roxypyrid-z‘loﬁﬁ

2- et hyl pyri d-4-one hydr -1- (4 dr oxy 14
0.03 2- mddhyrespi P RydrFyss ‘f’wéﬁ tfw?svr hisg to ‘5‘;‘*‘”' 0.28
0. 45

0.03 2- h I b 0.03:
0.01 net %yl’l %mg'ﬁ‘cé) % §¥ &X?Jm?iﬁ %r gﬁgrtgéysﬁgo%?ﬁ%{'% I3 0. 06
0. 07°iner4dmeiron) wtrarhe:oabﬁem ayt df o |saneemFEA EoBY 1éfawlied

1-acetyl tc?’ hYﬁu‘I@X&/&\Aﬁh desepidarx ’ﬁ@-w gel pemea.tion column - Pharmacia).
1-ethyl yrid-4 qne t o dto

of haenogixmhngl aantidyhe 59Fe-| abelled 3
PREPARATION OF HYDROXYPYRIDONE STARTING MATERIALS
10 Various hydroxypyridonmes for the preparation_of the irom

complexes of Table 1 and of other iron complexes of use in the
present invention ere obtained as follows. '
(A) The preparatioﬁ of 1-acetyl—3-hydroxypyrid-2-one
2,3~Dihydroxypyridine (5.55 g) is refluxed with acetyl-
15 broﬁide (10 ml) overnight. The reaction mixture is allowed-£0~
cool and water (10 ml) is added. The resulting suspemnsion is

extracted with methylene chloride and the methylene chloride
solution i1s dried over Nazso4 and evaporated. The resultant
residue is recrystallised from petroleum ether (80—100 C) to

20 give 1-acetyl-3-hydroxypyrid-2-one as white crystals (2.8 g),
n.p. 140—141°g; Voax (nujol) 1680, 3120:cm-1; 6(d6DMSO),
2.2 (s, 3H), 6.1 (t, 1H), 6.65 (m, 1H), 7.2 (d, 1H).
(B) The preparation of 1Qethoxycarbonylmethyl-S-hydrpxy

pyrid-2-one - '

25  2,3-Dihydroxypyridine (5 g) is suspended in ethylbromo-

acetate (20 ml) and the mixture heated in a sealed tube for 24 .

hours at 140°C. The tube is then cooled in solid CO2 and opened. -

The contents are subjected to rotary evaporation at 50°C to
yield a yellow solid. Recrystallisation of this solid from
30 water yields l-ethoxycarbonylmethyl-3-hydroxypyrid-2-one as
white crystals (5.4 g), m.p. 141-151 °; Voax (nujol) 1645,
1720 ca™';  6(d,DS0), 1.0 (¢, 3H), 4.0 (. 28), 4.55 G m),

3.95 (t, 14), 6.6 (d, 1H), 7.05 (d, 1H).

(1)Registered Trade Mark.

hyd - hyd | obi
i nvest i ggt"eé"{)??)%‘? %/ rf[j‘g)f( t@%?‘éﬂ'? ﬂ“’ﬁr ‘b‘f Fée%r"’g %a%”ﬂ'&aié’lmvmgg g 21 ;? uIrZ



05 (pyridone:iron) neutral conplex (at 1 nmM concentration) is applied
a PD-10 colum ([err] G 10 gel perneation colum - Pharmacia). The two
conpl exes advant ageousl y show no det ect abl e haenogl obin binding ability.
PREPARATI ON OF ' HYDROXYPYRI DONE STARTI NG MATERI ALS 10 - Vari ous
hydroxypyri-dones for the preparation of the.iron -conplexes of Table 1 and
of other iron conplexes of use in the present invention are obtained as
foII (A) The preparation of 1-acetyl- h_ydroxypyrl d- 2-one _
\thydroxypyrldl ne (5.55 g) is refluxe W|th acetyl - 15 brom de (10

m ht t Om
is)aggg{jh' gnt- g e £RAGHLAN PIH DE 8-hpardkl-ANEL: HoRyERBbafRd ¢ fid(-ll o ;nd

t he net hyl ene chl orl.aﬁ‘-sol ution is dried over [err] and evaporated. The

resul tant resi dug-dagbdx 3ldyds £ oiR2p&d 0l eum et her (80- [err]) to 20
1- tyl-3- t 2.
T terers Ters] Lnu o avgg%a?wﬂw%sl-@% SeenbBiiros & # 3 3. 6.1 (1

1H), 6.65 (05 1HyRepdrdl @d deseyibedBjndeTh(d) pte aesnlved 1of 15 ml of 1:

1- et hoxycar bonyl Qﬁxtam‘i/'wgtm dbRetn Py lsEFAc PO %ﬁnonium hydroxide to create
2, 3- Di hydr oxypyri di ne éz (ga | S suspended I n et hy - acetate %20 m) and
seal

the nixture heat®®H P ke sabrricg i hestsd, : 39 C[éPF]?’O Hpute
cooled in solid ¢siied, and aﬂeiﬁdd ﬂa"IQHCZnIOtEy‘ltthe adddisiohj ef tfednicoact.ary

evaporation at [ﬁ{r]soiu%i g_ ah el evgw ?Qe&dﬁ " nﬁﬁ' l‘%fs%éoq QJ this
solid from 30 wat er S BEF 562 r OX 3/ cf’2 one as
white crystals (411‘14%9n fmqse iﬂ]?d[%?tr]w hOPEBr tp remm? dghe %&5- PYEF [err];
[7erg] dl 8 (t, 3ﬂidR4n@a{uEbni%Dfonﬂa& ('%e 243l tingdBo1ld, 1&H)ecr>&t61iﬂedll-l)f
3 %y/dl(’ O;(y- H). rret h 5&1 %s oS ?}ﬁ{,q ymethyl-3Shydrgx))pyr}.—cpel-gtrxeeggr%iltgn 0
crystals (1. 4 g), m.p. 203—205 C; Voax (nujol) 1540, 1590, 1640,
1695, 3240 em™'; 6(d,DMSO) 4.5 (s, 2H), 5.95 (¢, 1H), 6.6 (d, 1W),
\ 15 7.0 (4, 1H).
3-hydroxy-1-methoxycarbonylmethylpyrid-2-one

1-Carboxymethyl-3-hydroxypyrid—2-one (1 g) is refluxed in
methanolic hydrochloric aci& for 2 hours. The solvent is removed
by rotary evaporation and the residue recrystallised from water to
20 give 3-hydroxy-1-methoxycarbonylmethylpyrid-2-one in 60% yield,
m.p. 141-142° C; Voax (nujol) 1560, 1595, 1645, 1730, 3220 em 1;
6(d DMSO) 3.55 (s, 3H), 4.65 (s, 2H), 6.05 (t, 1H), 6.7 (d, 1H),
7.1 (d, 18) 9.2 (s, 1H).

(D) The preparation of 1=-(N-ethylcarbamoylmethyl)-3-hydroxypyrid-

25 2-one
3-Benzyloxy-1-carboxymethylpyrid-2-one

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

as described under (B), is dissolved in methanol/ water (9:1 v/v)
(400 ml). To this solution is added benzyl chloride (3 molar

30 excess) and NaOH until the pH is above 12. The mixture is then
refluxed for six hours to give a clear orange solution. The
methanol is removed by rotary evaporation'and the aqueous solution
is extracted with dichloromethane to':emove excess benzyl chloride.
The aqueous phase is diluted slightly by adding extra water and -«

35 then acidified to pH 2 hsing concentrated hydrochloric acid which
results in the precipitation of a beige solid. The mixture is
cooled and the precipitate filtered off and washed with diethyl

be is then

ad



hpxycar bonyl met hyl - 3- hydr oxypyri d-2-one (2 g), 05 prepared as

ribed under (B) is dissolved in 15 nl of 1:2 v/v ethanol /water
cont ai ni ng sufficient anmoni um hydroxide to create a pH of 12.0. The
solution is heated at [err] for 30 mnutes, cooled, and acidified to pH 3.0
by the addition of formc acid. The solution is rotary evaporated to renove
nmost of the ethanol 10 and then g§eeze dried for 20 hours to renove th@_)
water, formc acid and anmoni um formate. The resulting solid is
recrystalatlhsg,d rhe rervad @E‘od&tYl@thiyd’t&Ib!@éyn&tohyéth%nhyd:bomyrI d- 2-one as

wh | o
toos; SoipHwpil R L L g ol ress 115
1- Car boxynet @dnegzﬁx%%wmx%&wmﬁ:&& ﬂ-)onles(i ‘ii'ﬁxﬁﬁsdomvé@t hanol i ¢

hydr ochl ori c aci ours ent is re b ry evaporation
o (. s FRRSOT Morpade| {BE) (AoRDdpdr i 5 soLisige 1e added Y ©VEP
3- hydr ox w-hydihdpeaecaaididay t 1) hy 1Ty rieduleamtesslut 66001y i @lotled ranp. 141-[err];

%65 (s, %.#“’%) e et fiiodua BTG Ry O Siés (D) The

@Q 1- Car boxynet hyl 3- hydr oxypyri d- 2- one
(o

prepar at iDMF €F ml) ( NThe mmetanebaﬁmulmw)stsnﬁwsmwyrms . 2-one
3- Benzyl oxeh &?EMMH?%QX'Q%EE% %r@él%itate The precipitate is
1- Et hoxycar bony

net hyl - 3- hydro r d d bed
under1q B)E11Fered; ekl \‘Y%ﬂ‘eldn ?.é% gh g‘}"(}’f’gf‘ are asToetS(r:nrls ©

sol ution dmesﬁedd&zehigﬂ vabluar. i dihe( Brmial prodaet 1sedctxash)edami d\laC]-I until the
pH 1S BD0G e vorlte O} Hithfirlfe D 4l 4 glo fQhesisd DAASSO give a cleay)

orange soti anol I's renoved ar évapor ation and the
aqueous s@%tﬁiﬁnt#@ ékt#laét‘-(&fcmﬁtsn‘%l‘?‘@mor ?‘H-élﬁ & 38 d®Bve .excess benzyl

Chl or It ge coBhs% a]gwe%u&ééaasgnﬂ sr@uﬂpumi $4 I@.hltéx}édbzfﬁiddd ngsked ra water and
en idifie in r at och N aci d whi ch
resul’[ss i h% L5FES BT‘ %‘t"}o‘?‘\ g" BEY % gn"gs Yoi Biodte WA N e{ m-x a?egl S o/
oxycarbonylmethyl)—pyrid-z-one (2. 26 g, 82%), m.p. 187-188%C. . )
.3-Benzyloxy—1-(N—ethylcarbamoylmethyl)-pyrid-Z-one

3-Benzyloxy-1-(succigimido—oxycarboﬁylmethyl)-pyrid-z-
one (1 g) is dissolved in dichloromethane (100 ml) and to this
20 solution is added ethylamine in a 2 molar excess. The mixture is
allowed to stand for fiﬁe minutes and then the N-hydroxysuccinimide
liberated by the reaction is extracted with 1M sodium bicarbo-
nate (2 x 25 ml). The organic layer is dried over anhydrous
sodium sulphate, filtered,'and evaporated to give 3~benxyloxy- ,
25 1- (N—ethylcarbamoylmethyl)-pyrid-z-one as a grey solid in 50% \—/
yield, m.p. 171-172%. ' : '
1 -{N-ethylcarbamoylmethyl)-3-hydroxypyrid-2-one

3-Benzyloxyl-(N-ethylcarbamoylmethyl)-pyrid-2-one (1 g)
is dissolved in 50:50 v/v aqueous ethanol. Platinum/carbon
30 catalyst (100 mg) is added and the solution is hydrogenated
at 20°C and atmospheric pressure for eight hours. The mixture
is filtered, the filtrate subjected to rotary evapo:ation and the
. resulting residue recrystallised from ethanol to give 1-(N-ethyl-



ether. The crude product is recrystallised fromethanol to give

3- benzyl oxy- 1- car boxynet hyl pyri d-2-one (5.4 g, 41%, mp. 176-[err].

3- Benzyl oxy- 1- (succi ni m do--oxycar bonyl net hyl ) - pyri d- 2- one

3- Benzyl oxy- 1- car boxynet hyl pyri d-2-one (2 g) is dissolved 05 I n

di rrethyl formam de (DMF) (25 ml) and to this solution is added
)Ld/roxysucm nimde (1 g). The resultant solution is cooled and to it is

adde di cycl ohexyl carbod| imide (DCCI') (T138Yy) in DWW (5 m). The ni xture

Is allowed to stan ive a su atapt and a_ whi.t
preci pitate. The®¥: 3%‘?" F’?‘J’S’é i%{%“y?ﬁ e? eojr‘{)%gdg'ﬁ W?hzé“'rzﬂf’?# e DVF
and then evapor atgd (rorjdl)lyr1658%, (H8Mkr 166 55h 1656 uBi2A0, TMDOcmae $IdQDMBLY) i S

di ssolved in a m @ymmpl gn@s Qa, dmghlprso@tﬂgneg 850 di gyl £iheriy)s added
to this solution,unti] gcoce Cj The” $ol utlonlst en. coolebl and
_the resultant pr%‘@?pﬂ*a?%}'l I'tbered off and washed 15 with a li ttI e

di et hyl et hes t o(R)i V'Ehe3

oxycar bonyl net hyl ) -p L§-2.90e p. :

3- Benzyl oxy-1- (N-et yl et hyl ) pyri d- 2- one )

3- Benzyl oxy- 1- ( succi ribenzigosxylcdsunsdyintdohonyyamhony thehy Breytd-gyores (1 ),
di ssol ved in di c&ﬂe@éﬁaeamesc:(i%@@ Jﬁhlr any, t1a &éuc‘ieeqeithsnﬁlnu}imné ndéded
ethylamne in a 2 nmixture is allowed to stand for five

ni nut es and therF“Pﬁéa‘N-i rﬁi"igﬁﬁc‘i%ﬂﬁiﬂﬁs |5opERaseetrasyLhade undesc (Do foF s
extracted wlth 1ﬂﬂesm#cumdapf:an’rﬂe -canpownd( @ich 2thyliapinellbe giveaB+bendydyey- | S

dried over anhyd{_qﬂﬁ?%? },E‘géatthgpngk,#qerzegne gg% sgfﬁdﬂ %&l ve

3-benxyl oxy- 25 )-pyri one as a grey solid in
50%0 yield, mp eiqnlmmz-cm-
1 (N-et hyl car banoy| nmfi8Ydompsudlly 8§ Qﬁ)ﬁ%ehﬁ'te%‘ QQQiescribed under (D) for

3- Benzyl oxyl - (N-%t h%/lr%g%qt%%gﬁ/gag?h %aalfg (10 g&e 3£hyd92)xy—%Ndl S oﬂ ved in

50: 50 v/v aqueous et !
] 15 carbamoylmethyl) -pyrid-2-one in 60% yield, m.p. = 204-205° C; Voax

(nujol) 1560, 1585, 1645, 1685, 2950, 3275 cm 1‘. 6(d6DMSO) 2,40,
2.46 (2 x s, 3H), 4.35 (s, 2H), 6.55 (d, 1H), 6.95 (4, 1H),

7.95 (s, 1H).

(F) The preparation of 3-hydroxy-i- (N—propylcarbamnylmethyl)-

20 pyrid-2-one
3-Benzyloxy-1-(succinimido~oxycarbonylmethyl)~pyrid-2-one (1 g),

cool ed and the precipitate filtered off and washed w th di et hyl -33-.Ei:

prepared as described under (D), is reacted with n-propylamine under
substantially similar conditions to those described under (D) for
the reaction of this compound with ethylamine to give 3-benzyloxy-
25 1-(N-propylcarbamoylmethyl)-pyrid-2-one as a beige solid in 60%
yleld, m.p. 156-157C. This compound is hydrogenated as described
under (D) for the corresponding ethyl analogue to give 3-hydroxy-
1= (N—propylcarbamoylmethyl)-pyrid-z-one in 472 yield, m.p.’ 204-205° C;
(nujol) 1560, 1580, 1640, 3050, 3200 cm , 5(d DMSO) 0.85 (t, 3H),
30 1. 5 (m, 24), 3.0 (q, 3H), 4.5 (s, 2H), 6.05 (t, 1H) 6.7 (d, 1H),
7.05 (d, 1H), 8.1 (s, 1H), 8.95 (s, 1H).



30~ catal yst (100 ng) is added and the solution is hydrogenated at [err]

. ah@tm)spherlc pressure for eight hours. The mxture is filtered, the

fi ate subjected to rotary evaporation and the resulting resi due
recrystallised fromethanol to give 1-(N-ethyl- 34

- car banoyl net hyl ) - 3- hydroxypyrid-2-one in 70%yield, mp. 214-215C, [err]

(nuj ol ) 1555, 1580, 1645, 1675, 3260, 3400 [err], [err] 1.0 (t, 3H), 3.05

(m 2H), 4.5 (s,2H), 6.05 (t, 1H), 6.7 (d, 1H), .7.05 (d, 1H), 8.2(s, 1H_y
05 (E) The preparation of 3- hydr3 xy 1- (N- et hyI car banoyl met hyl ) - :
| -

pyrld 2-opg 3:.Be yl)-pyrid-2-one (1
prepa@d LU XL A7, t hyl am ne under

subst anti al | ycagb e i et hose described under (D) for 10 t he
reaction of t.'?‘-i-lﬁn 9umsuéimﬁida¥bmaesody@mg¢m).?p,b@alzyI oXy-

1- (N- et hyl car Irreth rid- ite solid.in 84%yield, m
- (182-[er °neT& gg)y BTJ?‘IFG) gy ﬁﬁ‘éﬁ‘grﬂ%ﬁﬂ @% dess Eeaasedy ‘H‘ﬁaer (Dgl for thep
Cor r ggpontsopgy ogtlla;dnea nadetxg gebsitentfialiy SiayLaroxyndikionst by |thodd

car banoy! [err]

(nu1 ol) 1@%&:@41%8@% Sl@ QQ% %‘Q g%é%ya 5‘? errﬁmp"ft&fl {‘a’& 518'1 2.46 (2 x s,
4. 35aWige to{gives 3515ev(zal° E-n\eahylﬂq}vl 7eathapayluethylleF)  The
grgpar altlpﬁiaiz-%ubydrmxy émﬁdﬁnarﬁgny@ﬁgbml @H@H%ﬁibe@%der (p) pyrid-2- gne
enzy succi ni ar ri repare
as desur | 1 i agreoB g POt B e kI Tl bt ol 1y
Si m |1r cethorl) +aambanioy Ludrbyd] thysidi2bene @adesilWryf mwdteheinr é@ktyﬂ-ehd,of this

conpound gt hy Ay %R ng tO(&Hij—‘) 35?@“4%9”55@53270 en

1- (N | b d‘ 055 3 el d,
LN B OBy e PRy e ) B 2 5% 3&@?%@3%&4?-@ fX'ret he ‘U

corr esponﬁ.l9lag(ce,t hy), qued dgyello §i88e(s3- hFXr oxy-

(H) The preparation of 1-(N-buty;carbamoylmethyl)-3-hydroxy- :

15 pyrid-2-one _ . Q_)
3-Benzyloxy-1-(succinimido-oxycarbonylmethyl)-pyrid-

2-one (1 g), prepared as described under (D), is reacted with
n-butylamine under substantially similar conditions to those
described under (D) for the reaction oﬁ this compqund with ethyl-
20 amine to give 3-benzyloxy-1-{N~butylcarbamoylmethyl)~-pyrid-2-one.
This compound is hydrogenated as described under (D) for the
corresponding ethyl analogue to give 1-(N-butylcarbamoylmethyl)-
3-hydro$ypyrid-2—one as colourless needles of m.p. 199-200°C;
Vpax (aujol) 1565, 1595, 1650, 1680, 3100, 3270_cm-1; 6(d6DMSO),
25 0.8 (t, 3€), 1.3 (m, 4H), 3.0 (d, 2H), 4.43 (s, 2H) 5.95 (t, 1H) -
6.63 (d, 1B), 6.96 (d, 1H), 8.0 (t, 1H), 8.86 (s, 1H). '
(1) The preparation of 1-acetyl-3-hydroxy-2-methylpyrid-4-one

3-Benzyloxy-2-methyl-4-pyrone : :
3-Hydroxy-2-methyl-4-pyrone (22.2 g) in methanol (225 ml) is
30 added to aqueous sodium hydroxide (25 ml H O containing 7.5 g NaOH).
Benzyl chleride (25.5 g) is added and the mix;ure is refluxed for 6
hours and is then allowed to cool overnight. The bulk of the methanol

is removed under vacuum and the residue is treated with water (50 ml).



1- (N- propyl car banoyl net hyl ) - pyrid-2-one in 47%yield, mp. 204- 205C [erfA
(nujol) 1560, 1580, 1640, 3050, 3200 [err] , [err] 0.85 (t, 3H), 1 '
(m 2H), 3.0 (g, 3H, 4.5 (s, 2H), 6.05 (t, 1H) 6.7 (d, 1H, 7.05 (d 1H)3
8.1 (s, 1H), 8.95 (s, 1H). -35- (G The preparation of

3- hydroxy-1-[ N-(2' -net hyl et hyl ) - carbanoyl nmet hyl | - pyri d- 2- one :
3- Benzyl oxy-| - (succi ni mi do- oxycar bonyl net hyl ) -pyrid- 2-one (1 g), prepared
as described under (D), is reacted with 05 i sopropyl am ne under
substantially si m I ar conditions to those3®¥escribed under (D) for the

3 henzyl oxy- 1. | NS RIAREE Ry PR e PR TR PIRAEh SR, 635,25 #la. Thfi s
conpound is hydr%gemﬁsedrasommda lreshadndtrh 6B)w/roNaOHhE2 xoRF edporttieng et hyl

anal ogue to gi VeyateBY, rQXZS' le N 2r108tR¥E -nagflesivm sulpha.te. Eva oration
et hyl) - carbarmyl rret?% -2-one as_a silvery powder in /p d

el mp
238-[err]; [errqft &Pb‘fﬁ“tlsi?’ﬁs crde 3'?6‘5“!?'“8’2’?0“?@&*’?]‘“”{-’% fg I 08959%%),
6H) , 3.d7 (1|r_n|)051|él)wh514h dig( ﬁ;rﬁll:&d, b9. cﬁEtiI].atiH) 16. @3rbgen difer PeddBed bredddre
7.96 e t10
1- (N E)ut yl car barmy?éatah 1%"(#)&5? 585jl ot L 1;' ?Is 8/% 2 ne:
3-Benzyl oxy-1-( pFHla & ayttenehyl ) - pyrld 2- one (1 g), prepared
as described under (ﬂ)ﬂenéﬂoim&&yw4%yﬁowkié§?1 r&nusui%taﬂeézénblﬁdoby
simlar conditions to t?ooose des ed urz&i&r &P utegen%egch on of this
conpound wi th et¥Ppeia,§200 m) snd eshanel, ml) are m and*E5e &Y' oom
3- benzyl oxy-19- (Nrehuegdtuae fand) dagt.hyThe pylvetit 2andnexcedhi ammoaty ave thies
hyd ted ' t
ydrogenated as (g wqowﬁf}%vép?:ﬁifﬁow 1694 ragstpﬁnggﬁq &}Qﬂ Hagtgoue to

give  1- (N-butyl car ano one as co our ess needl es
of mp. 199- [er With[acetpnq gifes) ?-bfsssloxzs%@et&ﬂwﬂdréwe 83 ohitgZrysfader ] ;
[err], 25 0.8 ol.b. 1H163Pc3 (M 4H) 3.0 (d, 2H), 4.43 (s, 2H) 5.95 (t,

1H) 6.63 (d, 1WT~6' 5 ﬂ e thalpyiid- _8r86(s 1H. (1) The
prepar ati on of Fre-e S ' e~ 4- one
— 1 3-Benzyloxy-2-methy1pyrid—4—one (4 g) is dissolved in dry

acetone (100 ml). Acetylbromide (3 g) and triethylamine (2.7 g)
are added and the reéulting mixtufe is mechanically stirred over-
night. The mixture is then filtered and the filtrate is rotary
evaporated to dryness. The residue is dissolved in methylene

20  chloride and washed with dilute hydrochloric acid (pH 3.0), then
twice with water, and is dried over Nazso and rotary evaporated
to yield a solid residue. Recrystallisation of this residue from
an ethylacetate/hexane mixture gives 1-acetyl-3-benzyloxy-2~methyl~

Lo . pyrid-~4-one as an 0il (3.1 g).
25  1-Acetyl-3-hydroxy-2-methylpyrid-4-one : :
© 1=Acetyl-3-benzyloxy-2-methylpryid-4-one (2 g) is treated.

with 457 w/v HBr-acetic acid (10 ml) for 1 hour at 100°C. - The
solution is rotary evaporated to dryness at 70°C and triturated
with an ethyl acetate/methanol (20.1 v/v) mixture. On standing

30  overnight at 4°C pale brown crystals are deposited (1.2 g) and
these are recrystallised from an ethyl acetate/methanol mixture to
yield 1-acetyl-3-hydroxy-2-methylpyrid-4?0ne as white crystals,
m.p. 152-160°C; v___ (nujol) 1630, 1680 ca™'; 6(d,DS0),

2.2 (s, 3H), 2.5 (s, 3H), 7.25 (d, 1H), 8.15 (d, 1H).



SmBenzonxy 2- nethyl 4- pyrone 3- Hydroxy-2-net hyl -4-pyrone (22.2 g) in

_ ggg anol (225 m) is 30 added to aqueous sodium hydroxide (25 m [err]

- ‘aining 7.5 g NaOH). Benzyl chloride (25.5 g) is added and the m xture .
is refluxed for 6 hours and is then allowed to cool overnight. The bul k of

t he met hanol is renpoved. under vacuum and the residue is treated with water
(50 m). -36- The mxture is extracted into di chl oronet hane (3 x 25 m).
The extracts are conbi ned, washed_ h 5% wv NaCOH (2 x 25 nl), then wategry

(2 x 25 m) and dried over nmgnesi um sul phate. Evaporation of the sol vent

gi ves Ccrudg,y3- ﬂ%nﬁégg§¥ti%nn&t Byﬂ%df‘oﬁy%ﬁﬁlgg-ﬁi&#g e33%)-05 which is
purified b ssure to yield a

col ourl ess oi I_&El’é)’.!ﬂ.d_ﬂ_ﬁ_ 148 C/ 0.2 nm 3-Benzyl oxy- 2- met hyl pyri d- 4- one
3- Benzyl ox3y-8&n 5 é 1dateshe s. g. 0.880) ammonia

(200 M) an | e r enperature
for 3 days. - ee%zgll\‘}ejf'r and” & )hrp%f’%faeﬁ %%%\%e b?/ rotary
evaporoat i omden (f) elagda?rhgdtoxyhthyiawine (142% 8} iags dhaspleadet®ne gi ves
3-benzyl 0%2: @&@wlgyidadeﬁaqef @80 \mbt@on%yﬁual Sodiul- hyke3zie3 (P Q)
- 1- Acet yl - 3- benyl oxy- d- 4% one

3- Benzyl ox‘f ‘%‘/Péth ﬁy‘\“t"&uﬂe &ﬁes"(i&r% al"'sr"d’f“sgﬂpﬁéﬂt“lrﬁ fany 6 da¥s ot (100 m ).
Acet yl br onisdéhen3ag)disne Mttetcbyde&ntmd(ﬂy&ogl)loau.e axddecb ahd2,t hed resul ting

m xture is rrech cal I%/Ynegls.;\r/gﬁi%ra &i?%g%&“;lﬂgsrgfi&&wﬁ l,&,Hen filtered

and the fiTtra e |st°r% ary he residue is dissol ved
i n netify| eith d@ter @nﬂmmecmdims#@eraﬁqm él? 1xuPR mydr J&RI eHlioEeaci d (pH

f 0), ltgerrow\/:&grsthawfceﬁbmamd db:lﬁT_djE:b@ﬁ ng’@Hfsi{;@réiﬂlpm rmc?ry evapor at ed\)

ovyield a solid resi cr al | 0 esi rom an '

ethyl acet aﬁvé?‘?fé‘%ﬁ‘hé%’(”ﬁﬁ& giﬁf’%;y xl" ?’W&ﬁg’{/ﬁo; 1 hyl -

pyr| d- 4- opgrad-4atna)i hs (B wiig) soldd (3.5 g):,ennyb 3—95y 0Ly - 2 nmet hyl pyri d- 4- one
3-Hydroxy-1- (2'-hydroxyethyl)—2—methylpyrid-4-one

-

15 3-Benzyloxy-1-(2'-hydroxyethyl)-2-methylpyrid—4-one (2 g) is : -’
added to concentrated hydrobromic acid (10 ml) and the mixture-is
heated on a steam bath for 30 minutes. The resultant product is
then tecrystaliised from water to yield 3-hydroxy-1(2'-hydroxyethyl)~-
2-methylpyrid-4~one as white crystals (0.8 g), m.p. 164—16500; Voax
20 (aujol) 1630, 3150, 3350 eu™'; &(d, DMSO), 2.5 (s, 3E), 3.7 (z, 28),
4.35 (t, 2H), 7.25 (3, 1H), 8.15 (d, 1H).
(K) The preparation of 3-hydroxy-1-(3'-hydroxypropyl)-

- -2-methylpyrid-4-one

3-Benzyloxy-2-methyl-4-pyrone, prepared as described under (I),
25 is reacted with 3-~hydroxypropylamine under substantially similar
conditions to those describe§ under (J) for.reaction ﬁith 2-hydroxy-
ethylamine to give 3-benzyloxy~1-(3'~hydroxypropyl)-2-methylpyrid-
4-~one. This is deprotected using the procedure described under (1)
tO-give-3-hydroxy-1-(3'-hydroxypropyl)-2—methylpyride4-one as
30  white crystals, m.p. 111-113°C; v__ (nujol) 1630, 3150, 3350 aa™',
5(d6 pMsO) 1.8 (m, 2H), 2.4 (s, 3H), 3.35 (t, 2H), 4.33 (t, 2H),
7.3 (d, 1H), 8.2 (4, 1H).



1- Acetyl - 3- benzyl oxy- 2-net hyl pryid-4-one (2 g) is treated. with 45% w' v
HBr-acetic acid (10 nl) for 1 hour at [err]. The solution is rotary ?-
evaporated to dryness at [err] and triturated with an ethyl
acetate/ nethanol (20.1 v/v) mxture. On standing 30 overnight at 4 C pal e
brown crystals are deposited (1.2 g) and these are recrystal Ilsed from an
et hyI acet ate/ net hanol mxture to yield

et,yl - 3- hydr oxy- 2- et hyl pyri d- 4- one as |te ‘crystals, mp. 152-[err];
[err (nujol) 1630, 1680 [err]; [err], 2 (s, 3H, 2.5 (s, 3H, 7.25 (d,
1H), 8.15 (d, 1HL) The-prd ara(tanU%eam P&y, HJ-QP- droxybutyl)~-2-methyl-
3- hydroxy- 1- (2' - hydrox
3-Benzyl oxy-1-(2'-h I) 2rrethy|pyr|d4one
3- Benzyl oxy- 2- net hyI3—Heqzy1m¢)e2(-nﬂet&yg%-ppromparmlaasgddes(Hebbﬁﬂe@ﬁmdeblr‘(d:er

el Zonyar Q8YSRUAGAL Chn it £l 250 Yofle! Dy %iagﬁzoﬂ%a”d

et hanol (100 ml) contal ning so dr oxi reis
stirred at bomcPRHhFLPag §P ethrse deseriped aynder S(Wh ae#qj:lipli ot thi 3-hydroxy—~

concentrated hydenaahoid ¢o ag:ilvd 3.% 13xy-A2qs4 m@@p&,@b@@ﬂ)%%ﬂﬁﬁrm—rae
resul ting col ourI ess :Psl N nd extractéd Into
chl oroform (2 x °B8% mré $i pﬁ?ﬁeé:l"

8 “Fg?%tgnﬁtﬂrﬁﬁf rﬁr segHisdnertergt®ed over

magnesi um sul phae egivanithpdegzyr bt (Gd-ydryxybudyl) ~2-methylpyrid-4-one . as. white

3- benzyl oxy- 1-( 0 t Jragonet Qyl - n St 10t d

(3 Al mP 153&\4@5 X:Yg l'j%ék T28%6F g (9&(5{0'19 fes% 3359 m&th 8 Sﬁuﬁ%bz one
- L Bendyd dRy -4 ¢ 02.4 ffr’o Hat Rydd) -(2- s} h)/i B EH)ond. %52(@3)11'105 _

added to concenBrat(ad 1rmydrobrom c acid (10 m) and the nixture-is heated on

a steam bath fory 0 CratidiC of _Hléant_ﬁrggd%ct S thea r_g_9r¥stal l'ised

fromwater to yield e as
white crystals (0. 8P.m_ﬁ:r3§_ 164-[err]; [err] 20 (nujol) 1630, 3150, 3350

[err];, [err], 2.5 é-%en@y’ﬂoxy%-lxe‘:ﬁyhl-zk{)yroﬂe, %réﬁareg Hsg 4:123&:5.1:0{%3 un&@ (Ii3 15,

d, 1H). Th repar,atj on droxy- 1- dr ox
( \yﬁﬂ (k?S Eel%ea ted wi %. —amino- ~hydroxypentane under su stantially similar

conditions to those described under (J) for reaction with' 2-hydroxy-
ethylamine to give 3-benzyloxy-1-(5'—hydroXypentyl)-2—metﬁylpyrid—4-
one. This is deprotected using the procedure described under (H) |
-to give 3-hydroxy-1-(5'-hydroxypentyl)-Z;methylpyrid-a-one as white
20 crystals, m.p. 136-138°C; v (aujol) 1625, 3350 en™': &(d DMSO)
1.3 (m, 6H), 2.40 (s, 3H), 3. 25 (t, 2H), 4.20 (t, 2H), 7. 20 (d 1H),
8.15 (4, 1H). .
(N) The preparation of 1- (5'-acetoxypentyl)-3-hydroxy-2-methyl-
pyrid-4—one . .

N 25 3—Hydroxy-1-(5'-hydroxypentyl)-2-methylpyrid-4-one, prepared
as described under (M), (2 g) is diss61ved in glacial acetic acid
containing about 1% w/v of hydrogen bromide and the solution is

refluxed for 2 hours. The resultant mixture is subjecied to
rotary evaporation and the residue crystallised from aqueous -
30 ethanol to give 1-(5'-acetoxypentyl) -3~hydroxy-2-methylpyrid-
' 4-one in 65% yield, m.p. 132-133°C, v__ (aujol) 1520, 1540,
1580, 1635, 1735 cu | and 6(4,DMS0), 1.6 (m, 6H), 2.1 (s, 3H),
2.4 (s, 3H), 4.05 (m, 4H), 6.4 (4, 1H), 7.3 (4, 1H).



(),

25 Is reacted wth 3-hydroxypropyl am ne under substa

t hyI pyrid-4-one 3-Benzyl oxy-2-met hyl -4-pyrone, prepared as de
ﬂ-o'

Iar conditions to those described under (J) for reaction with

- 2-hydroxy- ethylamne to give

3- benzyl oxy-1-(3' - hydr oxypropyl) - 2- nethylpyrld 4-one. This is de
usi ng the procedure described under (J) to.give
3- hydr oxy- 1- (3' - hydr oxypropyl ) - 2- ngghélpyrid-4-one as 30 white

mp. 111-[err]; [err] (nujol) 163

(s, 3H), §o35n(é gé%&_rau%@ﬁf (1t-(%ﬂ@:hoiﬁcérééixgzlé{'ﬁzlg33-%;&%::&-@
The prepar atl rid-
3- Benzyl oxy- 22%%X 3¢ PPEAFIY® as descri bed under (1),

wth 1- ammnﬂyibkﬁimmﬁaﬁﬂexﬂﬂﬁﬂ)-SJ-Hi&hﬁIﬁYra.h-LQ‘-oﬁém lar 05 con
t hose descrlb

reactlion w t hyl am ne
‘3-benzyl dxy- 1 Zf‘nz% d‘?’oé ﬁ%'ﬁ"&"‘ﬁﬁ?hﬂrﬁ‘iﬁﬁeé '319/(3 ibT‘ﬁl s is dep
usi n@st heugsiesc€Dur €20d @3 andbeetactatbmdné HP 8D agpv@-ssolved in 3:2 v/v

126-
(s,

[err];

3H),

3- hydr OXYWa]te(:ﬁetthf Q&M@%W' Qon%aﬂﬁrn YoldRu fﬂ]’ égoﬂ)e Pév&ﬁ@'é %ofx%f)ﬁ.%ha

[err ntO| err

‘?"@53 opat 1 o ft't °1 19w isyr

4H)
Hyoxed oz (1 miﬂ)“-‘*( M The
- preparat imreﬁpoir hy(ﬁuexg/-fi:onﬂfi gt ementqla)x ﬂ:ﬂiﬁi&y—bd dqoLbuEl- 4- one

scri bed
ntially

prot ect ed

crystal Q‘J

150, 3350 cnl, [err] 1.8 (m 2H), 2.4

-38- (L)
4- one

.is reacted

ditions to
to give
r ot ect ed

s, mp.
,245

3-Benzyl oy goltRUbY s a%%&?{‘& BTEPH F théeé Qf%“”dm%%eé' 'S
reacted w Fam ho erftane ander PantTaf T y Sim I ar

conditoi ontotayy terveafetadéere-rl Besl reﬂdetrins Paueens PMP@#WQ%GQ hydr oxy-

et hyl am nesike ﬂtﬂ%&yb@d&XEQWO@ﬂ5 hvdls %meﬂ;nyka -tRedBjuBysdtai d-4- one. |
This is de rotected using the qﬁg e descr 3«(3%(]1 o gi ve o
3 by oy TR SARE R TR ST STy RR 4 deds crystals,

(s,

3H)
15

white ;(t%ci@l'i‘)ate,ﬂf wi?chl( g gj.'i'lerezr gpf (tg’ giyé) 3~benzyloxy-1-
(2'~carboxyethyl)~2-methylpyrid-4~one in 70% yield, m.p. 156~157°¢.
1-(2'~Carboxyethyl) -3-hydroxy-2-methylpyrid-4~one hydrochloride

20

25

3-Benzyloxy-1-(2'-carboxyethyl-2-methylpyrid-4-one is
subjected to hydrogenation in aqueous ethanol (1:1 v/v) in the
presence of platinum/carbon &atalyst_(100~mg per gram of pyridone)

for 8 hours at 20°C and atmospheric pressure. Filtration, followed

by rotary evaporation of the filtrate, yields a white solid which
on recrystallisation from acetone and diethylether gives 1-(2'-

carboxyethyl)-3-hydroxy~2-methylpyrid-4-one hydrochloride in 55%
yield, m.p. <40°C: v___ (aujol) 1590, 1620, 1720 em ': 6(d.DMSO)
2.5 (s, 3H), 2.8 (t, 2H), 4.45 (t, 2H), 7.35 (4, H), 8.2 (d, 1H).

1=-(2'~ethoxycarbonylethyl) -3-hydroxy-2-methylpyrid-4-one

hydrochloride

30

35

1-(2'~Carboxyethyl) -3-hydroxy-2-methylpyrid~4—one hydrochlo-
ride (2 g) is dissolved in ethanol saturated with hydrogen chloride
and the solution is refluxed for 3 hours. Rotaty evaporation of
the solution yields a-white-solid which on recrystallisation from
ethanol gives 1-(2'-ethoxycarbonylethyl)=-3-hydroxy-2-methyl-
pyrid-4-one hydrochloride in 75% yield, m.p. 127-130° C; vmax
(aujol) 1530, 1620, 1720 cm ; 6(d DMS0) 1.1 (t, 3H), 2.5 (s, 3H),

2.9 (t, 2H), 4.0 (q, 2H), 4.5 (¢, zn), 7.4 (d, 1H), 8.2 (d, 1H).

m p. 136-thdsrieducgdvolume pfilgodhyioh6LH acswie@etror ]:H 3.Peta Jgite 31 (m 6H), 2.40



8.15 (d, 1H). (N) The preparation of e W
1- (5" -acet oxypentyl)-3-hydroxy-2-nethyl - pyrid-4-one 25 ‘:“--=‘,
3- Hydr oxy-1- (5' - hydroxypentyl ) - 2- et hyl pyri d-4-one, prepared as described
under- (M, (2 g) is dissolved in glacial acetic acid containing about 1%

w v of hydrogen brom de and the solution is refluxed for 2 hours. The
resultant mxture is subjected to rotary evaporation and the residue
crystallised fromaqueous 30 et hanol to give :

1- (57 -acet oxypentyl) - 3 hydr oxy- 2- met hyI py#d a¢- 4-one in 65%vyield, mp.
132-[err], [err] ( uf 6 _J.err], 1.6
(m 6H), 2.1 (s, F3pihe =(d, 1H).
39 (0) The prepar atlb-nediylmi_.’i_l'-éettdeoxycar bonyl et hyI) 3- hydroxy 2-

net hyl - pyri d- 4-one kmU%QQLJAQGgﬂyQ?h 1)-3-hydroxy-2-methylpyrid-4—one hydrochlo-

3- Benzyl oxy- 1(2-carbox et hyl") 2v | pyrid-4-o0

3- Benzyl oxy- 2- métfi§1 ¢ 43}3%‘6?1%“%?5955?%&1’ “&é%‘br(Pb’e&SO@-S“h‘fﬁieim @efhanoip q)
and bet a- al 88i nesatOrared arehdiydzogete ehlidtide %nkl/ﬁheV\&ilﬁltiﬁ'I hanﬁfl(xﬂaofdiﬂb

cont ai ni ng NaOH.(10. 9) gd r&)ﬁ Sj 21308 WUkl QoM D on Jigt'd of, v?l:{:l.tzle.es‘;:1 fl %I;L %The

ik
solution is refluxed for es V\,hereu on i rns romaI|
to an intense reé® E%ﬂ%&?alliﬁ#fé@soﬂramMh'ﬁ@las#\t}ﬁf $dgdrexyph @' emmdxxhe

et hanol is renDwadbdty1déhyl) L Bimadtny1 Fymawdeowdm;{mr&&é%tsm fémeous
solution is washed tw wi,th eth fet,lﬁése ((5% "}%0 This sql utlf% t hen
subj ected to rot™Py 895 ﬁ‘ﬂrﬁtléfﬁazu PP t Yl T30, VA% vod 8?9 *and
this reducedOvolua® Gf, 3)|,ui86n(t,s 28k Aisilaqd 38 ,pH4s3. Ot @RY Ve3® (u/mme,
preC| pitate, whighs '(% fL)tered off to give 3-benzyloxy-1- 15 :
car boxyet hyl ) - 2 rret yI pyr| d 4 one in 70% |eI d, mp. 156 157 C.

?“2/ Car boxyet H® ) L L d5exy] (N E AR CE

3 Benzyl oxy- 1- (2’ -cafthmqyet-digdhyﬂpmawbwrl d-4-one is subJ ect ed to

_ hydrogenatlon | ue n V) in.th R e _
pl ati.nunt car bonr}1 SBeiyise- sucgjm%m |

U 15 pyrid-é4-one hydrochloride

3-Benzyloxy-1-(2'-carboxyethyl)-2-methylpyrid-4-one, prepared
as described under (0), (2.2 g) is dissolved in DMF (25 ml) and to -
the solution is added N~-hydroxysuccinimide (1 g). This solution
is cooled and to it is added dicyclohexylcarbodiimide (1.8 g) in
20 DMF (S ml).. The mixture is allowed to stand overnight giving a-
dark coloured solution and white precipitate. The precipitate is
removed by filtration and washed with DMF (3 ml). The solution is
rotary evaporated to dryness and triturated with diethylether to
give 3-benzyloxy-1-[2'~(succinimido-oxycarbonyl)=-ethyl]-2-methyl-
25 pyrid-4-one hydrochloride as a white solid in Ssz'yield; m.p. 45-47°C.
3-Benzyloxy-1-[2'~(N-propylcarbamoyl)—-ethyl]-2-methylpyrid-4-one

3-Benzyloxy-1-[2'-(succinimido~oxycarbonyl)-ethyl]-2-methyl-
pyrid-4-one hydrochloride (1 g) 1s dissolved in chloroform (100 m1)

and to this solution is added ethylamine in a 2 molar excess. The
30  mixture is .allowed to stand for 15 minutes and the N-hydroxysuccin-
imide liberated by the reaction is then extracted with 1M-NaHCO
solution (2 x 25 ml). The organic layer is dried over Na

3
2504
filtered and evaporated to dryness to give 3-benzyloxy-1-[2'- -
(N-propylcarbamoyl)-ethyl]- 2-methy1pyrid—4—one as a white solid
35 in 40% yield, m. p. 146-147°C.



~-for 8 hours at [err] and atnospheric pressure. Filtration, followed
rotary evaporation of the filtrate, yields a white solid Wmch on
recrystal lisation fromacetone and diethyl ether gives 1-(2'-
car boxyet hyl ) - 3- hydr oxy- 2- et hyl pyri d- 4- one hydrochloride in 55%yield,

"mp. <[err]: TJerr] (nujol) 1590, 1620, 1720 [err]: [err] 25 2. 5_(s,

3H), 2.8 (t, 2H), 4.45 (t, 2H), 7.35 (d, 1H), 8.2 (d, 1H).
1-(2' - et hoxycar bonyl et hyl ) - 3- hydrg - 2-net hyl pyri d-4- one hydrochl ori de

1-(2' - Car boxyet hyl ) - 3- hydr oxy- 2 rret yI pyrid-4-one hydrochlo- ride (2 g) is

di sso:c ?/ed 3j.|rg‘,‘d@t,£§._r_1

is reflux

solid which orf™PEER ;

1-(2' -et hé-xguea(bcg)yisatdhy&:)lvad hiyad B @259 Q}mhhlgdus ©thanelt 4- Bhexihymlf ochl oride in

(7t5% gl €l dvz‘a?E 3’%&48 égéo me & Ld&g*&’d th%%%‘iut %293 Jx}é&%ekgé% [egr]( dl 1
52 2 @8, 201p|)and atm.osgj@pric(p)essqqgefw @paqnggs, Or-il'th mixture is

3 hydr oxyfin(ezed,rr&h&l@ﬂeﬂéaomdﬁefw )co votaey hyhmawo&laemethe

pr cpar o SOUELTE AU ARSI B ELHbREL T ASTHARBI057 satur at o0

wi th hydr deii-Epors deasimioy He-esby Lit-porid 4o, Imped‘lfbnwoqqouvn&x Rot ary
evapor at i @l 5 %fl) t1f3955q|526' qg7y| qk?(; @}7(4‘5“ t3§8(§0|3bl§b \Mﬂrth 0 Ibﬁgd)yst allisation

from net hano gi ves

- car boh| ePtyI(Fs BBhet Infl é@ﬁ‘ﬁ’l‘lmﬂ?‘on@)hyarf’oéﬂf o1 el c? +iBm WA%%M m p.

140-[err] 1appligg I and ql54!5),, A00%t, 1015,7.2780, 14YpB. [ e(dvkridpptid 4 10 2.45
(s, 3H) “Fﬁii (iu 5 (s, 3H, 4.45 (t, 2H), 7.30 (d, 1H), 8.15 (d O
1H). e pr aratlon of 3 hydroxy 1- [2 (N—propyl car banoyl ) -
et hyI] (X hThe prephratio 8 jx&-=hydfoxyme shyici rpethylb oxycarbonyl)
-et hyl ] -2 mahﬁlg;(, e pyr| d-4-one hydrochl or| de .
15 3-Benzyloxxéé-benzyloxymethylpyrid-4-one _. . ;;;
Kojic acid (3~-hydroxy-6-hydroxymethylpyrid-4-one) (11.5 g)-

in methanol (90 ml) is added to an aqueous solution of sodium
hydroxide (3 g in 10 ml). Benzylchioride (10.2 g) is added and
the mixture is stirred aﬁd-refluxed for 6 hours. On cooling,

20 crystals are obtained which are recrystallisated from methanol to
give 3-benzyloxy-6-benzyloxymethylpyrid-4-one as white crystals
(10 g), m.p. 103-131°C; 8(CDCL,) 4.25 (s, 2H), 4.99 (s, 28),
6.25 (s, 1H), 7.3 (s, 5H), 8.1 (s, 1H).
3—Hydfoxy76-hydroxymethyl-1-methylpyrid-&-one

25 3-Benzyloxy~6-benzyloxypyrid-4—~one (5.0 é) and methylamine
hydrochloride (1.56 g) are dissolved in aqueous ethanol (300 ml
of 2:1 HZO-CZHSOE by volume containing 2 g of sodium hydroxide).
The reaction mixture is stirred at room temperature for 6 days and
then acidified with concentrated HCl to pH 2.0. The yellow mixture
30 1is evaporated to drymess and the resulting solid residue is heated
under reflux with concentrated HClL (50 ml) for 30 minutes. The
product.ié rotary evaporated to drymess yielding a brown residue
which on trituration with acetone forms crystals. Recrystallisétion



under (0), (2.2 g) is dissolvedsin DMF (25 m) and to the solution is ad
N- hydr oxysucci'nimde (1 g). This solution is cooled and to it is added

di cyctohexyl carbodiimde (1.8 g) in 20 DVMF (5 m). The mxture is

all awed to stand overnight giving a dark col oured solution and white
precipitate. The precipitate is removed by filtration and washed w th DVF
(3 nf). The solution is rotary’ evaporated 50 dryness and triturated vvith
di ethyl et her to give - ' :

3 benzyloxy 1 e (Uee Lo iR ER O - SR 2 TR Bicope

pyri d- 4-one hydroch or| eas a

3- Benzyl oxy- 1- [ 2¢n (188 priepd eal'baﬁirgﬂlaﬁ &t h§fdg 2H$ﬁ§tsh§'49p)§$1 dHY, dnb (s, ZH)’

3- Benzyl oxy- 1-[ 27 -4 34CQuN] 1. gocsquar bonyl )-ethyl]-2-nethyl- pyrid-4-one
hydrochl oride (1,Q) s dISSO|V oo Qr m d q this

sol ution is addetf’et+38-BRFREEZEH ° : 3 FoSEure i s

al l onwed to gband forg@dm ges and the N-hydroxysucm n- imde |iberated by
the reaction is the”a ﬁ%&f%%&é\,ﬂ%dﬁ&&h-@&é ULk eflrkd o descFliled ThE

organic layer is dr|e over [err filtéred and evaporated to dryness to.
gi ve 3-benzyl oxyureep2(R), (3¢ 6Fﬁffﬁc‘§r‘5a?ﬁ5‘ﬂ%ﬁh§ﬂdf°2h%ﬁﬂ/%‘§ﬁt E“bzftﬁ?fe as a
glhl tg solid FS tial 14 Qi yl s dondﬂtl.bnsléﬁﬂ:[heéé’ ]describeélmdezc'i (R) for. reaction

Hydr oxy-1-[2' - pro r | ne _
3- Benzyl oxy- 1- [2 tg%ﬁyfmg'ﬁ %%"r lmé{'ﬂey évé“ﬁ: ﬁ¥+}&¥é fsgl’%’o(rglehy(d‘?;'”(fﬂ IS
di ssol ved i n1050: &T—hvlwraq-de@as ast vhitel CrYPItaltq,num (‘t 6$| Gat &dgsMS0100 )
i's added and t heq solkpt i@y, isSohydr apeEnNat£ds O2m), at. 2200C1ad 82§ &s rLic

3- Benzyl oxy- 1- (2' - car boxyet hyl ) - 2- net hyl pyri d- 4-one, prepared as descri b@"

pr ure for 8h§urs e mxture i's filtered, the filtrate suBJectedto
ot ry evaporat i he resul ting residue recrystal |ised fromethanol to
g| ve 3- hydr oxy- The abildhly pofodydeC acpeleresd o edongkd -ivyn it dpcamensferpin

115 el (or ) CRUASILydefBess R0 45 Lo d30hon! Clged W01 RO [ 171

[err] 10 0.6 (t, over-
lapping t and g, 3¢H?r°x€¥‘§"’(yﬁr°’2ﬂ?thﬁnf’@d“‘ (1@, ’.E» ( BveRarap Asndessribed
in Example 1) were incubated together in tris hydrochloride (50 mM,

buffered to pH 7.4) at 37°C for 10 minutes when a 1 ml aliquot was
removed from the medium and added to a PD10 column. 0.5 ml frac-
tions were coileceed directly into scintillation vials for counting.
20 nge associated with both the apotransferrin and the ligand

was estimated and it was found that over 45% of the irom was
removed from the irom complex. A similar value was obtained with
the complex of 3-hydroxy-1-(2'-hydroxyethyl)-2-methylpyrid-4-one

. | but with the complex of'1-acetyl—3-hydroxypyrid-2—one over 80Z% of

N 25 the iron was removed within 10 minutes.

' Examgle 3

In vitro tests on permeation of iron complexes into human

erythrocytes

The accumulation of iron by human erythrocytes which are |
30 associated with iron complexes of various of the compounds
referred to in Example 1 was studied by incubating for 1 hour
at 37°C a 5% suspension of erythrocytes in a medium consisting of
the 59Fe labelled irom complex (10-3 M) in aqueous sodium

chloride (130 mM) buffered to pH 7.4 by tris hydrochloride (2 ml)



- 3- Benzyl o %“bg

@\t ,. 2). (R The preparation of 3-hydroxy-6-hydroxynethyl -1-net hyl -

pyri d- 4-one 15 3- Benzyl oxy- 6- benzyl oxynet hyl pyri d-4-one Kojic acid

(3- hydroxy 6- hydr oxynet hyl pyrid-4-one) (11.5 g) in nethanol (90 m) fs
added to an aqueous sol ution of sodium hydroxide (3 g in 10 m).

Benzyl chloride (10.2 g) is added and the mxture is stirred and refl uxed
for 6 hours. On cooling, 20 crystals are obtained which are
recrystallisated from nethanol tq ghve W
3- benzyl oxy- 6- benzyl oxynet hyl pyri d-4-one as white crystals (10 g) m p.

103-[er r]Gthe[ﬂ’o’h] ccﬂnpiéx (w'is Fldbardt 99 di%u b%HLn a@aggto(.é r’UE'LdurL 3 (s, 5H),

8.1 d f-ﬁ)ﬂ -I-nme d- 4
- %é‘{/ﬂ‘?r ’ffg"g)f (§°61©‘)i“§n iﬁe{%}%rﬁgﬂg“warochl oride

(1.56 g) wive, Ghmsshllqued qfntquml&oethdnnédi@ﬂﬂﬂmﬁﬁrofwae p]LaHi’cD C2H50H by

vol une c¢ i N f §r QX Jjhe reactl xturels stlrred
at room 'fge%a%;ya? f%i ‘ﬁgys an tﬁé ggétlhﬁ?‘? d SWPEThH 38 tentrated HA

pH 20 ’;'/’efI“EQ)W%l R’F@F‘éh Fhe oilg éﬂP&porF&t é%f'etlé aﬂsyntg@damctht he resul ti ng
sol i d [ eahdmﬁarmaaednundﬁr iﬁ&fbhb%n%&&luﬁ%&%niﬂeﬁt &sholeleh, (gRem ) for 30

m nut es. S rota a yness y| eI d| ng a bromm =~ -
resi due vﬁ? e]htlo if1 aszl%l'ﬁ’ %5@&% g‘#ﬁr%ﬁ WAPBE Afs thezecryst al | i sati on

- -42- of tcluplexf ew&n&mmh@nm 8a lmpde pipnetvey| -dhenpidrgd praluds 4- one in 15%

yi el d me:Ln 83- L&ErlasJ ehd keas-of £§’le§{9 hﬁ ddééemgg% fad (s, 1H), 8.3

(s A The preparation of r oxy- ar oxynet hyl - 05
pyri a°4 one FtpEHAyPe)8pen- @éﬁz‘;ﬂ%k@/‘ﬁ‘}‘ﬁ?ﬁ&hﬁr@mﬂgﬁ*@ﬁﬁ gr ashgescri bed under
(R), is rsaeed adcma&hraiahyén%mweuhydmeblmrl daramﬁuiﬁﬁu&éébsmn- tially simlar

condi tionpg 1t (caleH] e%%e%gr l_,fl%_egas%ncﬁllydr_(egi)mxém?ﬁ/(ri,l?l%l tgyl vgl_hydrrgg;hyl anmine  (_;

hydr ochl or 0 [o¢
pyrid-z-one The abnormal uptake shown by the complex containing

an ester group is probably associated with the extreme lability of
15 the ester bond when the 3-hydroxypyridone is co-ordinated to iron. _ u

b3



1o met hyl pyri d-4-one as white crystals, mp. 143-[err]; [J[err] 1.1 (t, .
3H, 4.0 (q, 2H), 4.3 (s, 2H), 7.2 (s, 1H, 8.1 (s, 1H. Exanple 2 The
abil'ity of iron conplexes to donate iron to apotransferrin Apotransferrin

(10 4 M and the iron conplex of 1-ethyl- 15

3- hydr.oxy- 6- hydr oxymnet hyl pyri d-4-one (10 M prepared as described in _

Exarrpl e 1) were incubated together in tris hydrochloride (50 mM buffered
Ruﬁz 4) at [err] for 10 m nutes when a m aliquot was renmoved fromthe

madl and added to a PD10 colum. 0.5 nT Ttac- tions were collected

directly into sci EH I Igat ion vials for counting. 20 The 59Fe associ at ed

errin and the ligand was estinmated and it was found
e s h A O

Wwith both the ap
t hat over 45% of ye8e i ron conplex. A sinilar

od with thpArnnnIpx of

val ue was obtain
3- hydr oxy-1-(2' - hydr oxyet hyl ) - 2- et hyl pyri d 4-one but w thjthamesitpbex pf
1-acetyl - 3- hydr okypyri d- 2-one over 80% of 25 the iron was rem)veq W thin
10 minutes. Exanple 3 In vitro tests on perneation of iron conpolf"éxes info
human eryt hrocyt ps The accunul at i @Gmpodnd r-on by human eryt hfocyrteripgi ch| are
30 associated pith iron conpl exes of various of the conp u&gghf&gegged to
In Exanple 1 was|studied by incubating for 1 hour at [err] %Soti ensj on
of erythrocytes |n.a nmedium con3|st| ng of t he 59Fe | abel | ef |r5n‘n 8 x
(10 3 M in aqueg S . d 30—~F)—b e-eh—i-0—p
hydr ochl ori de (2 -43 (the |ron corrpl ex was prepar eq |,n S|tu by pgn
anal ogous pr'oced gIlb cr| bed in Exanple 1). Follow ng this perjod
of incuba- tion, an aI| the eryt hrocyte/ medi um m xgure was pl aced
abpve a Tayer of §r¢¢,ecmb-30'hvdmp!ﬁé ehrocytes separated by &9
centrifugation t 1r1Wx&&b@ﬁ;}lmeu@les&%eoiy@yei@-2as:seoc| ated wthiahe
erythrocytes. and %bt?ydrg:(z:}lvj- 9;gtétq-\yoxycar ny\ﬁ\.getenytlpyr ds yor};[eed he -230
) 3-hydroxy=-1-{N~-(2'-methylethyl)~carbamoylmethyl]- 52
-/ pyrid-2-one o
1-(N-butylcarbamoylmethyl)-3-hydroxypyrid-2-one 105
3-hydrbxyf1-(2'-hydroxyethyl)-2-methylpyrid-4-one <5
3-hydroxy-1-(3’4hydroxypropy1)-2—methylpyrid-4—one 30
3-hydroxy-1-(4'~hydroxybutyl)-2-methylpyrid-4-—one 40
3-hydroxy-1-(5'~hydroxypentyl)-2-methylpyrid-4~one 44 p
3-hydroxy-1-(2'-methoxycarbonylethyl)-2-methyl- 25
pyrid-4-one
3-hydroxy-6~hydroxymethyl-1-methylpyrid-4-one <5
\ A 1-ethyl-3-hydroxy-6-hydroxymethylpyrid-4-one 26

~ Example &

In vitro tests on permeation of rat jejunal sac by iron complexes
The iron uptake into the serosal space of the inverted rat

jejunal sac was compared for the iron complexes of various of the

05

compounds referred to in Example 1.

Rats (male Sprague Dawley, 60 g)

were killed and the jejunum removed, everted and cut into three

segments (4 cm_length).

The seéments were tied at both ends and

filled with Krebs Ringer buffer (0.2 ml) and incubated in Krebs

59

Ringer buffer containing ““Fe complexes at 37°¢ for

periods up



eyl ts obtai ned are shown in Table 2 where the anount of the conpl ex
I‘.i ng erythrocytes (n.nmole) is given, the quoted val ues being in each
case the nean of at |east three determ nations. 10 It will be’seen
that the uptake of the conpl exes after 1 hour shows a clear relationship
with their [err] values quoted in Exanple 1 except in the case of

1- et hoxycar bonyl net hyl - 3- hydr oxy- pyrid-2-one. The abnornmal uptake shown by
t he conpl ex containing an ester g_rqu_i s probably associated with the v
extrene lability of 15 the ester bond when the 3-hydroxypyridone is )
co- or di nated héur (e iron céfplekdU s plegdRbdk® 9f nl OPINCARSoRYuL! Yt hrocyt es
Amount of %%gmr%xtCOtgggu#d' 1b Ex - enteri-ng erythrocytes
(n.mol e) Fe Conpl €%t o ?g%ﬁgeﬂll xampls o oxy [RE COREeRsR L the

240 1- et htaeyEerhoryduedt for - yukd areggnmed dspfeconephotometrically. 10

3- hydr oxy- 1- nghye, r _ I | d- 24N

3- hydroxy- 1- LN— 2' %?h@gtﬁgﬁ?%ﬁﬁg&%y%ﬁﬁt E?/nfp]l?xes acco-rdingég pyri d-2-one
1- (NOBut yHiea b1 ARReRSACR- 4dh B HRY Ry FERBAFdPRA, for seven othes

g- Eygr OX ytrba ( &mpbymisoutytthhate) eZcHrebbghdi}au FeS ﬂzéﬁplaeatj_ons mrk&;g

- hydr oxye. 1- (3. - [0 L6 rid-4-on

3- hydr oxyf- - %% t%%é‘%%%&t %’%n) E%r%e%?%?/%pggﬁeﬂgﬁ-aoﬁ?egh"m 1a Tablg,3,

3- hydr oxythe. {zpo. pptakexiqremten yompoynd helpg rshdwal-redetive to thavifor
3-Nydroxyeeke{ chlldfae Xy aL DORYAINNL )seda "EalVine complexes of 25 PYrid-4-one

3- hydr oxys G-Et}#/d 0X t hyl - 1- met-hyl pyr.i d- 4- onge . 5

1- et HYI - AV eoiy‘?%gﬁ?ﬁ#'/’&ﬁ?/ ﬁe”?ﬁ'{%pg‘%/ Irge ppsAke which is signifi—g
cantly higher than the levels observed for any of the 7 compounds )
in current use for the treatment or iron deficiency anaemia. _ o/




éxanple 4 In vit
The iron uptake

conpared for the iron conpl exes of various of the 05

to in Exanple 1.
j €j unum r enoved,

segnents were tied at both ends and filled with Krebs Ri nger
d incubated in Krebs Ringer buffer.ggntaining
to 1 hour (the iron conplex was prepared in

m) @

[err] for period

ro tests on perneation of
into the serosal

rat jejuna

Rats (mal e Sprague Daw ey,
everted and cut

S up -45-

space of the inverted rat .jejunal
conmpounds referred
60 g) were killed and the

into three segnents (4 cmlength). The

sac by iron conpl exss

sac

buffer (O.

situ by an anal ogig procedure to that described in Exanple 1). The
contents of the Sac were counted for Fe and neasured
spectrophotonetrficall'y. The results obtained for various irfon, GQpR/Exes
according to 05} the present invention and, by way of co rison, for
seven ot her iror] conpoundstomheusd are each cont ai ned in pr epir atlrems
marketed for thgq treatment of iron deficiency anaem a are showptake Tabl
~the iron uptake |f or eaCh conmpound being shown relative to that for ferj
chloride as 1. Iff %$ be seen that (he conplexes of 10 aane T eaq
provi de a | evel oﬁ Bon uptake which is signifi- cantly higher than th
| evel s observed if ifIany, nfimggg 7 conmpounds in current use fpr the trea
or iron deficierc¥ anae -46- Table 3 Rel ative Conmpouhd . .
I ron Uptake Fed|3 acetyl—3-hydroxypyrid-2-one _ - 38
11 1-ethoxycarbonylmethyl-3~hydroxypyrid-2-one 26
' 3~-hydroxy-1-methoxycarbonylmethylpyrid-2-one 31
\/ 1-(N-ethylcarbamoylmethyl? ~3-hydroxypyrid-2-one 23
3-hydroxy-1-(N-me thylcarbamoylnie thyl)-pyrid-2-one 24
3-hydroxy-1-(N-propylcarbamoylmethyl-pyrid~2-one 18
o 3-hydroxy-1-(3'~hydroxypropyl)-2-methylpyrid-4-one. 16
~ 3-hydroxy-1-(4'-hydroxybutyl)-2-methylpyrid-4-one _ 30
1=-(5'-acetoxypentyl)-3-hydroxy-2-methylpyrid-4-one 33
Fen' sulphate 2.4
Feu fumarate 4.0
Fen gluconate 1 ._6
Feu 'succina.te 2.0
relt! EpTA 3.6
L/ re'lagcorbate 0.4
Fen_:I citrate 2.0

2

[err] 0 conpl exes at



Fe - conplex of: 1-acetyl-3-hydroxypyrid-2-one

ydr oxy- 1- met hoxycar bonyl nmet hyl pyri d- 2- one 3t

(E%;Bl et hoxycar bonyl net hyl - 3- hydr oxypyri d- 2> one* 26 |
(

N-et hyl car banmoyl met hyl ) - 3- hydr oxypyri d-2- o

-3-hydroxy- 1- (N- propyl car banoyl net hyl - pyri d- 2-

Tt I
16

3-'hydr oxy-1- (3" - hydr oxypropyl ) - 2- hyl pyri d- 4- one
ky

3- hydr oxy- 1- (4' - hydr oxybut yl ) - 2- met
1- (5' - acet oxypentyl)-3- hydr oxy- 2-GEIM§| pyri d- 4- one

yl pyri d- 4-one 30

o/

33 [err] sul phate

2|- 4 [er { 11, T {884 Gomplex of a 3—hydroxypyrid-2—one or 3-hydroxygyrid- - 4.0 [err]
guggfggt 24 -one in which the hydrogen atom attached to the nitrogenz ag g.rrsH EDTA

3.6 [err]radaceédayean aliphatic acyl group, by an aliphatic hydrocarbon 0.4 [err]
citrate ° 7- CLAIMS 1.
An iron c%)r SPET ?y - a]hjiygra?)%(c e oéaﬁb n&"oF §ubﬁtzitru(§>?§p ® © -one in which
t he' hygr ogq;ﬁ a{wa{qnaemeée@%ﬁdt ﬁ%?%#@@é# &CHin PskWpl%Yeéela%yxaﬂ al i phatic

ﬁcé | gr Ogﬂipbytﬁna@idephﬁﬁpaamdém&r bmogé:puad Hydrdky Fbuphkidagtic
ydr ocar
fromalip

hal ogen arﬁghya:hbouysugmm sepdacep by oavalalLiphaiic wayk,h abkaxyor nor e

hydrogen @;cqama,&%oal ghgacrmqecaarﬂmakme@r %al SahasE dy @%xgn ali phatic

acyl, al koxy, cyc

hydr opgy - 18F0UP gtFpR ad&pwiamv&ﬁawe%ﬁpampso‘w #r Akbe

oxy hatic am de, allphatic ester

of the -

al ogen or
hafichy an al i phatic

hydr ocar bigyirgé4ubpn Sgtasp | dubbeltultyd By ad lekyxy,Cyyilosikoayy altpliqrhat i c ester,
hal 0gen ofe YANQXYedl giRiyaBily SXG1IhI0 eEOTROH donjdlatll N SRk d " ep! acement

of hydrogen at

15

20

25

30

e“co
said replacement of hydrogen atoms in the compound is effected

only by aliphatic hydrocarbon groups, for use in therapy. -
2. An iron complex of a 3-hydroxypyrid-2-ome or 3-hydroxypyrid-

" 4-one in which the hydrogen atom attached to the nitrogen atom is

replaced by an aliphatic acyl group, by an aliphatic hydrocarbon
group, or by an aliphatic hydrocarbon group substituted by one or
more substituents selected from aliphatic acyl, alkoxy, cycloalkoxy,
aliphatic amide, aliphatic ester, halogen and hydroxy groups and,
optionally, in which ome or more of the hydrogen atoms attached to
ring carbon atoms are reblaced by an aliphatic acyl, alkoxy,
cycloalkoxy, aliphatic amide, aliphatic ester, halogen or hydroxy
group, by an aliphatic hydrocarbon group, or by an aliphatic
hydrocarbon group substituted by an alkoxy, cycloalkdxy, aliphatic
ester, halogen or hydroxy group, but excluding compounds in which

- said repladement of hydrogen atoms in the compound is effected

only by aliphatic hydrocarbon groups and also the specific compound

3—hydroxy-6-hydroxymethy1-1émethylpyrid-A-one. ,
3. A complex according to Claim 1 or 2, in which the 3-hydroxy-
pyfidone is substituted either only on the nitrogen atom or on the

nitrogen atom and on one only of the ring carbon atoms.

ted b bst it | ect ed
BRSPS o wl o S e R re R Rt T et er,

&

~



only by aliphatic hydrocarbon groups, for use in therapy. 2. An iron @ .
conpl ex of a 3- hydr oxypyri d- 2- one or 3- hydr oxy +eh the
hydrogen atom attached to the nitrogen atomis repl aced b an aliphatic
“&cyl group, by an aliphatic hydrocarbon group, lﬁmumm Elll
hydrocarbon group substituted by one or nore su ed from
al i phatic acyl, .al koxy, cycloal koxy, 20 ali phat i ¢ ami de aI | phat I c ester,
hal ogen and hydroxy groups and, optionaklag -in which one or nore of the
,hyd?'o’gen atons. attached to ring carbon atons are replaced by-an aliphatic
acyl, al koxy, cy!cl oa kmexaddcptmnn?gcuamdm ladd phatn ehixdt eitg 3REaydrgen or
hydr oxy group, (S 9 )y an_

ﬁn;’b 190Q?d<§g§'§’&t %kgx ng 95%1 kzogge’ gl 1 dhp%%%kester

hydr ocar bon gro %‘H
hal ogen or hydrd'x?“‘brétﬁ}kybnt“e YGdeHETEITB EPyTidnrioss, éaﬁb#:rrlep@racerrent-
of hydrogen at ongscydlobing/1com3avaE pysichiond od nBLyidixynl bphBblaidyrds-ocar bon

groups and al so I C c ound

3- hydr oxy- eﬂhydrgg’?ﬁéﬁ?ﬁ“i”?ﬁé VIB8%id-4-0ne. 30 3. A conplex

according to C &.m 1A oemplexiarcobiinl theng-dfyGiadny-1 pyré,ddneshiich smpst i t ut ed

ei ther only on thgg ryaksagspa@tsgsea&um Lbecheli-rh9mya§%a@qsoy @ne only of

the ring carbon atons. conplex according to d ai'n#l or 2,

in I ch the 3- ri onels an N-su stituted 3- I ox ri d-2-one,
whi ch th r?}BYJo%§°“Ppy d b d 3-hydroxypyrid-

3- hydr oxypyrl d 64 OI’IBconii:-lak kadcordiing2tcc gL fanh kod 23- iwdnmnypr,@r |3dhy4aretap-

6- al kyl - or 6- Ky. ro ne or - Vil

2, 6-dicycl o r91a°l’<'e JJ'S m/drs%(s)%w{e& 34}8’ °xy§yrgd 2 °%erpr h)?dﬁ x(?'gﬁijr hg to

any of O ains 1 4t-oney), ZTmthm-@hhmxnmgdt‘a-pBen baeerhyd nhrdwirqxypyridrétane

3-Thydr OXYpYr i dor?,e 2$_adgthj_3ahy¢goxg§ﬁq@_4_@neA corrpl ex according to Claim1l
or~2, in which t dr,ox i don

y stityted
- 3- hydroxypyr| d- 27 on ﬁr%‘%ﬁb‘{h“?d% A58, t#ﬁ g ﬁ?d#’&ﬁ?/pﬁ;‘ﬁ d- 4- one,
6- met hyl - 3- hydr mxymgencbt&mdae sobistd toteli uystahybrm’ilhgllechglpykyltaﬁhmye

(;;' 15 group or by a C1—6 aliphatic hydrocarbon group substituted by ome
or more substituents selected from formyl, Cz_5 alkylcarbonyl, C1_4
alkoxy, carbamoyl, sulphamoyl, mono- and di- C.‘_6 aliphatic hydro-
carbyl N-substituted carbamoyl and N~substituted sulphamoyl, formyl-

amino, aliphatic hydrocarbylcarbonylamino, C 1-6 aliphatic .

c
2-7
20 hydrocarbylsulphonylamino, mono- -1 -6 aliphatic hydrocarbyl

N-substituted formylamino, N-substituted C aliphatic hydrocarbyl-~

carbonylamino and N-substituted C1-6 aliph:tlc hydrocarbylsulphonylf

amino, formyloxy, 02_7 aliphatic hydrocarbylcarbonyloxy, C2_7
aliphatic hydrocarbyloxycarbonyl, c1-6 aliphatic hydrocarbyl-

S 25 sulphonyloxy, C1-6 aliphatic hydrocarbyloxysulphonyl, halogen and
hydroxy groups. _
8. A complex according to Claim 7, in which any hydrocarbyl
group in a substituted aliphatic hydrocarbon group is a C1_A
group. .

30 9. A complex according to Claim 7, in which the nitrogen atom is

- substituted by a_c.‘_6 aliphatic hydrocarbon group substituted by a

single substituent selected from C1_4 alkoxy groups.



> A compl ex according to any of Clainms 1 to 6, in which the nitrogen
é}” fis substituted by a fornyl or [err] al kyI Car.bonyl 15 group, or by a
r] al i phati c hydrocarbon group substituted—byonmeor—more substituents

selected fromfornyl, [err] alkyl carbonyl, noyl ,
sul phanoyl, nono- and di- [err] aliphatic hyd“ | H“I!wﬂ tituted
car banoyl and N-substituted sul phamoyl, forny i phatic

hydr ocar byl car bonyl am no, [err] al kﬁghgt ic 20 hydrocarbyl sul phonyl am no,\/
nono- [err] aliphatic hydrocarbyl substituted fornylam no, N-substituted
[err] alippat thJMQ&P%EMmgC&f AR ﬁmiﬂowlﬁ'lﬂ D sHba! ichait@drdRhnr ]

al i phati c hydrocarbyl s honyl - am_no for $/ [l rr] aliphatic

hydr ocar b§F&art ﬁoﬁﬁ‘;‘?Fg&? ‘Fé’\”rf %l—spﬂ&?[‘%ﬂﬁy AR BrH8ATHEr 1]

al i phat i cbhydsdgglebydbst2tuens dqlleomed Gxgn chclrambyh) isphettamoyl, mono-

G k2 b POy IBLEO @&g ges%sr; §QBEbs frured COMPI X

accordi ng ailmt n whi c rocar y group substituted :
al i ptagt i c swipdaweyds bégrmgianiso; §2a5[§-lkV}°3g'P%am9€P’ 91_4 ath,lorrpl ex according -
to G ai M gx1ghBnytantho aRe uwnbr- en aawmn-su&mﬁtédutf@&y@xmﬁder r] aliphatic
hydr ocar bgn rou]) sgbstlt sr Bg fﬁpstlt ent selected from[err]
al koxy gr ui?g ut c’g'ﬁﬂﬂ tedi f1 whi ch in which the
ni trogen allc;msu]a:t&ujomu.hmtgeduﬁy a [err] aI i phatic hydrocar bon group :
substitut g by @m?il&g'aecfm BT 1S £ RCHEG R B e f AN WHom A1 Phanoyl,

er N-Su

mono- and di - stituted carbanoyl and N-substituted 05
sul theryF“bsfcéF‘FﬁﬁdaW 48, a][iQPﬁ"]i“aFW 8579BoTISAR mi $fo 21fRhat]c é"lyﬁfﬁ‘
sul phonyl| asdvea @wpmmu ) E:i:}tydhé()él t&m&ub]stsubsltﬂdeﬁorm&panrc

-N_substltu%d [err] bonx&%nk %”Qn'&ﬁ i‘t"ng }d? rr]

al kyl sul ph ek det 10 a P 7 in which
t he nitrogmupatfﬂﬁzb c@@winsu#)stmmaédswtaw&&ltlWpl'@ﬂacwergim)l}ﬁ -COR1, an

al i phati Cimédeo- Qmﬁograrpow 1lsCh& ]oxya.r:mm grédy, M Nl a&tihsagetruent group
[er r] [er er 1 to %er rl]d s 2N i%ltle ehratE Iaydr Qcar bon | \J
12. A complex according to Claim 7 in which the nitrogen atom is
substituted by an aliphatic acyl group —q0R1. an aliphatic hydro-

carbon group (CHZ) carrying a terminal substituent group -COXR1,
or an aliphatic hydrocarbon group -(CHZ) - carrylng a temminal

20 substituent group -~0H, wherein R1 is methyl or ethyl, X is an oxy
or imino group, n is an integer from 1 to 4, and m is an integer
from 2 to 4.
13. A complex according to Claim 7, in which,fhe 3-hydroxypyridone
is 3-hydroxypyrid-2-one N-substituted by a group -(CHZ)nCOXR1 or

25 3-hydroxy-2-methylpyrid-4-one N-substituted by a group -(CHZ)nCOXR1
or -(CHz)mpH, wherein R1 is a c1_4 alkyl group, X is an oxy group, n
is an integer from 1 to 4 and m is an integer from 3 to 6.
14. A complex according to Claim 11, 12 or 13, in which n is an
integer from 1 to 4 with -(CHz)n- and R1

30 to 7 carbon atoms, and m is an integer from 3 to 6.

together coataining 3



[err] alkyl group, X is an oxy or imno group, nis an integer 15 fr¢nid
t,o 6, and'mis an integer from2 to 6. 12. A conplex accarding to Clal
i'n which the nitrogen atomi.s substituted by an alrphatrc acyl gr oup
an aliphatic hydro- carbon group [err] carrying iﬂ'ﬂlj"ﬂ”! nmﬂlr uent
group -COXR1, or an aliphatic hydrocarbon group t er m nal
substituent group -OH wherein [err]sols rrethyl or-ethyl®, X is an oxy
hﬁ‘no group, nis an integer froml1l to 4, and mis an integer from2 to

2. 13. A comp ©453C O H e ol e Zo cwiml&,.hzt hﬁ SnludERuRiyddane 1s
3- hydr oxypyri d- 2-one N-substituted [efr]

3- hydr oxy- 2- net WFHH“Fdh"f ghe °§I—§I?o§?‘f“’t“ﬂr?%d-n5§“&e$r§9ﬂrﬁw’[ err] or [err],
wherein [err] is a [err] alkyl group, X is an oxy group, n isS an integer
from1l to 4 and mis an integer-from3 to 6. 14. A conplex afcording to
Claim1l, 12 or "13, in yhich ggis an integer freggn 1l to 4 witM4[arrdy and
[err] together cont ab g ' f ' nt eger
from3 to 6. -50- 5. ‘A gonpl ex accqrdingjto aiml o whi ch t he
i : [ ERR]
-51- in which Ris hyd o net hyl, Ng“an~@xy or imno oup,R[err]
an al kyl group, [err] isthydrogen or. an al kyl group but withjthe proviso

that in the formulae (1 2)(p\/) and (V) I?W only be hyocy egxwhen Xis
n om

imno, ais anrntegerfom1t04 mis 05 i nt eger to4andp

is O or an integer fro?§t04 /
< . 7 O,

§roup [err] carrying a term nal sub‘stituent' group -OR, wherein [err] is_,_A,‘

-
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opyl and [err] is hydrogen, nethyl or et hyl. 17. A conplex according to

@A conpl ex according to daim15, in which [err] is nethyl, ethyl or'

Ctaim1 or 2, in which the hydrogen. atom attached to the nitrogen atomis - 3

replaced by a [err] alkyl 10 group and th ttached to the
ring carbon atomat the 6-position is. repl aaﬁmmnm‘kmnet hyl ,
hal omet hyl or hydroxymethyl group. .18. co ex accordisng*to any of th

preceding clains, in which the Squir_oxypyrl done is a 3-hydroxypyrid-2- op_e’u

15 - 19. A corrpl ex according to any of the preceding claims which is a
neutral 3inl vhydl XMPRYEDRL drf R&dhyh | )x ¢9EN 6:‘6y &Omﬁopgmga uti cal

r
STy o o et i iRy 3o ALSTb R BHR AR oo ¢ roger

atom i s reprasedhdy lanttel fphmlae 20), (WE)dndg(WOpit mayasmigl bphatic
hydr ocar bgigidtphePk pyiﬁﬂnoal hpﬂaaaqnlaxgb@@@é&)qnugww gupstituted by one

or more substltuents sel ected from al’i phatic acyl, alkoxy, cycl oalkoxy,
al i pRat i UaREFe fro PpFati 8nk et 8% 0 ARIaBgEFearR FFpmrog9 4 oups and,

opti onal 6. Imc\obplblst ﬁkElﬁ:rﬂingTﬁﬁ er.laim tﬂse fenoge aztsOﬁEttQtl!; acdngd to ring
car bon at Qe aroe > 0d [{egs c% tg £phatt a al koxy, cycl oal koxy,
al i phati CTam PYal i pha& i C ’h%ﬁ 6 Tof tm}droxy group, by an aliphatic

hydr ocar bdn gk Gelpplee;r awra#nsarto rﬂia@m d by dhotmvbdeh theydsodrst i t uted by an

al koxy, ca\e%oﬁtkaa@a t@Ieheh@f&sg&SL% ibaéeggmdosy ha\/gr OXY%1gFoup, but
excl ydi ng conpoynds | n. whi ch sai d repiacenent of hydithen 30 atons in the

corrpdﬂnd ﬁrgu%falngc'fb(-?d Hﬁ%e‘bf“%‘laﬁﬁ%ﬂ% P&&P%c%“ﬁo‘i?rgP‘bdﬁgmaﬂﬁ also the
speci fi c thenpeoatiidnhixreplaced bydan alietyngkhyt, HEIdMEtIM bel- 4- one, toget her

with ap cceptabl e diluent or carrier. - 52- 21. A
REanRlL e d;

pharmace Itron according to daim20, in wich the conplex is
as defindd-i rh SARPIGK WoATAPE3te GuYE 2be pReghdingreladns cah ‘d?dnbom tion

accor di nghk 03-GyaidRy3PrMond s & MB-hydroxypyrid—-2-one. _

15 . 19. A complex according to any of the preceding claims which is a ;‘J
neutral 3:1 hydraxypyridone iron(III) complex.
20. A pharmacgutical composition comprising an iron complex of a
3-hydroxypyrid-2-one or 3-hydroxypyrid-4-one in which the hydrogen
atom attached to the nitrogen atom is replaced by an aliphatic

20 acyl group, by an aliphatic hydrocarbon group, or by an aliphatic
hydrocarbon group substituted by one or more substituents selected
from aliphat{c acyl, alkoxy, cycloalkoxy, aliphatic amide, aliphatic
ester, halogen and hydroxy groups and, optionally, in which one or
more of the hydrogen atoms attached to ring carbon atoms are .

25 replaced by an aliphatic acyl, alkoxy, cycloalkoxy, aliphatic ~
amide, aliphatic ester, halogen or hydroxy group, by an aliphatic
hydrocarbon group, or by an aliphatic hydrocarbon group substituted
by an alkoxy, cycloalkoxy, aliphatic ester, halogen or hydroxy
group, but excluding compounds in which said replacemént of hydrogen

30 atoms in the compound is effected only by aliphatic hydrocarbon
groups and also the specific compound 3-hydroxy-6-hydroxymethyl-1-
methylpyrid-4-one, together with a physiologically acceptable

diluent or carrier.



Zwhich the conplex is a neutral 3:1 hydroxypyridone:iron(lll) 05 conpl e
23. A pharnmaceutical conposition according to Caim 20, 21 or 22 which
addirtionally tontains an iron chel ati ng agent as an additi i

¢onmponent thereof. 24. A pharnaceutical conpositi | to Claim 23,
in which 10 the iron chelating agent is a 3- hydﬂm‘gﬁm "Hﬂﬂ r :
3-hydroxy- pyrid-4-one in which the hydrogen atoma wl Og nitrogen

at og;;s repl aced by an aliphatic acyl gr_o%, by an aliphatic hydrocarbon

gro or by an aliphatic hydrocarbon grolb substituted by one or nore

substi tuents selgct g {1 Q. aldRBAtcfpdG¥hon gééﬁ,ﬁ%% C1HCHRAE Y

aliphatic amde, alip I C es , hal ogen an Xy groups "and,
optional ly, in vifectrmphex 3¢ #pdefimed: i 2py dfo atd¥8 Htached to ring
carbon atons ar 2, e ghskhabyutidalldoRpediic Lol @¥tord2hk @6YC1aaMCIOBE kAXY1in

al i phatic am de,_al.iphatic ester, hal ogen,qr, hydrox rou n aliphatic
hydr ocar bon grou“ﬁ)‘?“%&tﬂﬁy“a‘ﬁf% ?‘f)haatnf“ét 3‘qh%¥r&’:‘§$ 3%0‘6%25%“%5@5“»[“»[ ed by
an al koxy, 0§cl camfdexy, aliphatic ester, hal ogen or hydroxy group, or a -

physiol ogi cal | y A¢CcepLabh@cedlical RLFN 116D acfoROAE BCELM N CAI, GPIHROZA LI ON
saaccording to Caim24 which contains a corga exedgg ri done together with the

|
same pyridone i fadeh adgliionptlyy eoptadpganytron g Bo88%R%| #%) 2B Mt ianad

salt thereof. 2@ctivephadipmestitthepdofconpositi on according to any. of Cains

20 to 25 which cgnt a i i ddi.t | Chy '
Chereot. 27 A fuar paplspebfu Bl ofoditsfif Sbid08, BCLad LLTROMRL
to 26 in sofPd fheriropgchelatingapganteln iac Athydonyesyid-drongc e®rithydroky- any of

Cainms 20 to 27 pydaplieend Qh wHish @dNhyirskdmlata) attache®3to e nhtrogen
piarmaceut]cal QYS! Hhe8F 59" ol Wi il hed] 203"y 20 Louhdeld) sterile
) hydrocarbon group, or by an. aliphatic hydrocarbon group substituted
by one or more substituents selected from aliphatic acyl, alkoxy,

15 cycloalkoxy, aliphatic amide, aliphatic ester, halogen and hydroxy
groups and, optionally, in which one or more of the hydrogen atoms
attached to ring cafbon atoms are replaced by an aliphatic acyl,
alkoxy, cycloalkoxy, aliphatic amide, aliphatic ester, halogen or .
hydroxy group, by an aliphatic hydrocarbon-group, or by an aliphatic

20 hydrocarbon group substituted by an alkoxy, cycloalkoxy, aliphatic
ester, halogen or hydroxy group, or a physiologically acceptable
.salt thereof. '

25. A pharmaceutical composition according to Claim 24 which
contains a complexed pyridone together with the same pyridone in

N 25 uncomplexed form, or a physiologically acceptable salt thereof.

26. A pharmaceutical composition according to any of Claims 20

to 25 which contains folic acid as an additional active component

theréof.

27. A pharmaceutical composition according to any of Claims 20
30 to 26 in solid form. -

28, A pharﬁaceutical composition according to any of Claims 20

to 27 adapted for oral administration.



@ A pharmaceutical conposition according to any of Clains 20 to 29 in

ayed

rel ease form 05 31. - A pharmaceuticdl conposition according to

any of Clains 20 to 30 .in unit dosage form 32. The use of an iron conpl ex

" of a 3-hydroxypyrid-2-one or. 3- hydroxypyri dmn mlnmum e hydrogen
atom attached to the nitrogen atomis repl ace " acyl group,

by an 10 al i phatic hydrocarbon group, or by &n &li'phadti ¢ hydrocarbon |
group substituted by one or nore_substituents selected fromaliphatic aow,

al koxy,

cycl oal koxy, aliphatic am'de, aliphatic ester, hal ogen and hydroxy

groups agyl, P¥nlaPRsHel¥1cd1Ne dikpos L 138Ca Qor RE tOfank e lRYsHROeH at ons attached

to ring

carbon atons are by an aliphatic acyl, alkoxy,

 repl.aced 15 '
cycl oal kBky$® i ?6ﬁ%§t1Fci“dﬁFB§’,lea?‘?‘ﬂ‘nat ic ester, halogen or hydroxy group, by
an al i phzg.i cA lphdigacenatdaine gipoaptioar adnprdingalks pHngt ofc Chyhso2@r bon gr oup
substitu{otqubiy qglé?eﬁog&eagg L@@l koxy, aliphatic ester, halogen or hydroxy -
) |

group,

exclu g conpounds 1 nh which said replacenent of 20 hydr ogen

at or®5 i M3t-heA abspeaneyticelepomposdtionnfgeosging CpraRyi ¢f KYa™6c? bon groups, for
the manuiaabUi uRit AcBRE ¢armnt for use in effecting an increase in the

- levels o%%(ir ninag/patient's blood. s
i

3:1 hydr
pr epar at

t - 33. ' | bei
ypyte 4BREE FBATPR IS REHDPEE fgg’gép(?f‘y%ﬁﬁgf "8%8% done whose
Bysimoxypydéer-phedn whisiatis bydrdgat asos| aRtaped to the

3- hydfoxe(ﬁ%{eéd&fe&yggt facgrlaééd‘r%hm QYijikede W§1 gbup AByideN cONPI ex

according to

10

15

20

25

aim use in therapy. _
aliphatic hydrocarbon group, or by an aliphatic hydrocarbon group

substituted by one or more substituents selected from aliphatic PR
acyl, alkoxy, cycloalkoxy, aliphatic amide, aliphatic ester, [

halogen and hydroxy groups and, optionally, in which one or more
of the hydrogen atoms attached to ring carbon atoms are replaced
by an aliphatic acyl, alkoxy, cycloalkoxy, aliphatic éﬁide, ' g_!
aliphatic ester, halogen or hydroxy group, by an aliphatic hydro-

carbon group, or by an aliphatic hydrocarbon group substituted by

an alkoxy, cycloalkoxy, aliphatic ester, halogen or hydroxy

group, but.excluding compounds in which said replacement of

hydrogen atoms in the compound is effected only by aliphatic

hydrocarbon groups, for the manufacture of a medicament for use in

effecting an increase in the levels of iron in a patient's blood-

stream. ' . _ T

33. An irom complex being a 3:1 hydroxypyridone:iron(III) complex

. _j’

of a hydroxypyridome whose preparation is described in Example 1 s

but excluding 3—hydroxy-6—hydroxymethyl—1-methylpyrid-k—one.
34. An iron complex according to Claim 33 for use in therapy.




