126901 | RON COVPLEXES Thi's invention relates fo iron corrpounds forgs'eyfqogicb
phar maceutical conpositions for the treatment of iron deficiency anaem a.

An quate supply of iron to the body is an essential 05 requi renent for
tis growth in both man and animals. A though there is nornally an anple
anpunt of iron in the diet, the level of absorption of iron fromfood is g -
generally low so that the supply of iron to the body can easily becone {
critical under a variety of conditions.ylron deficiency anaema is 10

comonly encountered in pregnancy and nay also present a problemin the

newly born, particularly in certain animal species such as the ptg§s01

Mor eover, in certain pat hol ogi cal cqm@utﬁmgxmre IS a mal di stribution of
body .iron | eadi ngﬂ_hglg onL.c anaem | S seen in chronic

% stam r ? { ron 0, H f in
di seases 15  suc LT REA L R L EmronAs hEnBt§t"c di seases and
cancer. Althoummau\ewlacaarmpofntrm forphentiseatment refadyomar ket ed for the
treatnent of i Iy anaem a, the level of iron uptake by the body
fromthese con%%{}nggﬁ‘%yg g?@e{n ‘quite low, 20 necessitating the
admi ni stration of Ancadaquate ysupipdy efodage toelbe body iheancessantial The

admi ni str g O”Eﬂfuitﬂéﬁé}uﬁd?ﬁ? ti&%é'Q’roﬁkﬁofrp%@th'rﬁa‘ﬂ”?ﬁ@@%ﬁé‘ may cause

siderosis of t a varjet of ects such as nausea,

vomi ti ng, consﬂtﬁ‘&l-lﬂ%rf‘-h&ﬁﬂ ?\%é‘\?{/‘“‘ﬁh‘%éﬁrmes?’l‘ﬁﬂ@ obgiron in thg qied. K
patent applicatheonevel oFuabSIrHtIONOI roPUtromsfssd as &&a?&ﬂﬁﬂ@&é\)so 8327612

(P11 ohed 25 48214000 R AN LI R R
3- hydr oxypyri duntternasvanidt$-dfy doodytibnpyr dres d¢fiictiensy hazeniadéntified as
e Pr okt b, SPenty|GeptBlafed % sndic SRR, 4 Btediade | iEls
certai n advant@gabdemain &hgcméadbﬁén.emnattceﬂarbxcdnuéen'tradm animal
species such as the pig.. Moreover, in certain pathological
conditions there is a mal distribution of body iron leading to
a state of .chronic anaemia. This is seen in chronic diseases
15 such as rheumatoid arthritis, certain haemolytic diseases and
cancer. ' .
Although a wide range of iron compounds is already marketed
for the treatment of iron deficiency anaemia, the level of iron
uptake by the body from these compounds is often quite low,
20 necessitating the administration of relatively high dosage
levels of the compound. The administration of high dose,
- poorly absorbed, iron complexes may cause siderosis of the gut
wall and a variety of side effects such as nausea, vomiting,
constipation and heavy malodorous stools.
25 In the UK patent applications of numbers 8308053 (published
as GB 2117766A), 8327612 (published as GB 2128998A) and 8407180
(published as 6B 2136806A), we describe iron complexes of
various 3-hydroxpyrid-2-ones, 3-hydroxypyrid-4-ones and
3-hydroxy-4-pyrones which we have identified as beihg of | _
30 particular value for use at relatively low dosage levels in the
treatment of iron deficiency anaemia. It has now been found
that certain advantages, as discussed hereinafter, accrue from

g



 ‘the use of ‘conpl exes not described in these earlier applications which

cont |n one or nore hydroxypyridone or hydroxypyrone ligands but in which.
t he ands present in.t conplex are not identical. 05 Accor di n: '
t he esent invention a neutral 3:1 |igand: iron(ll1) conpl ex conpLis

t’hr«€e, nonobasi c. bi dentate |igands, .of which at |east tw are diff&p
eaehv1|gand separately being provided by a conmpound bei ng: (1) b
3- hydr oxy-4- pyrone or a 3-hydroxy-4-pyrdnre in which one or P

hydrogen atons .att ¢ h?{d éoﬂ.g'ié)&‘! figt QQEcﬁtb%Hfuﬁ e£ethﬁF§¢O§y al

hydr ocar bon group © arbon at ons d
3- hydr oxypyri danpbmtmnwnmw chataipdeeg @f '&Q" &‘iﬁ%&h@ddpbe t°r'i'e o

atomis replacgg rome 11§drdRNEit Gnaglch SEHRUR gdids aaleh Dt ERR S
‘hydr ocar bon grou ﬁj%? @%rbon atons, or by an alﬁghatlc hydr oCsrt

gr oup substltuﬂ@mpby‘éﬁ%'ﬁﬂ et i@bst it uents sel ected fromaliphatic acyl

~al koxy, al igghatic ﬁdE‘o@@‘mgaFtbph\%t bﬁemtefnvehﬁidigennmdah)&iﬂoxy gr oups
and, . optional | nor e oJ

a .
to ring car bony]d%'ms‘ 5?%&&8I%?5@513’bf°%”5815 @Hea @Wﬁ??rfcqgﬂq&ttggg attached
al i phatic hydrddgaidsy gf adnich at ﬂ)qasa:ntnd» igri od i ff ehendr,oeagbdmgandoup

substituted. by Vi g . hydroxy group; the
trival ent posi t? ?H&Q? beﬁ:h @Ib@t'?err c ég{nFor@bE%nrg neut raI i sed gry the 25

‘charge on the I(ﬂ@a?rd'wdm’%a‘l“eh!ﬂ%eb?fu|4d3T'rVé‘|"@’E¥)'4'P¥"@ﬁolﬂd’ BEN 2981 ¥Ci at ed

that a featwremairethethé Hydeegan em attddned presend capbemnitoms iaset hat they
are“neutral, i t her

ferric cation aﬁ?&l‘?‘fﬁg E¥g’éh82’&5‘8£’1 m@ﬂﬁ%ﬁ%ﬁ?ﬁ%@%r?i sﬁggév%&nnéhﬁo 30
nﬁﬁgrrgg an gddbﬂspmml non-coval ently bound ani on or anions, such as
;nd hydroxypyr(aj(rél ??"ggﬂgr"%&?gpﬁdégﬁmkhgenfrhshpo Eltmfmngt_)gi?cn %%y%%lndone
cont ai ni ng a grhydpogeh atom grtiachedf ta Hbegridirpgercaten é§eﬁQP‘|aﬁ91 HY &dnpound

| '3t ie' f). '1% 'Sdﬁﬁhatﬂérﬁ’éﬁr gPbip,! BE dmaaPighadtc BrédarBos GFBLEF $ a neutral
to 6 carbon atoms, or by an aliphatic hydrocarbon group '
substituted by one or more substituents selected from aliphatic
aeyT, a1koxy,_a11phatic,amide, aliphatic ester, halogen and
hydroxy groups and, dptioha]]y, in which .one or more of the
- 20  hydrogen atoms attached to ring carbon atoms are rep]aced by
~ one of sa1d substituents, by an aliphat1c hydrocarbon group, or
_ by an aliphatic hydrocarbon group substituted by an alkoxy,
N S aTibhatic ester, ha1ogeh or hydroxy group; the trivalent
| 1 positive charge on the ferric cation being neutralised by the
25 charge on the 11gands covalently bound thereto. _ |
It should be appreciated that a feature of the 1ron
~ complexes of the present 1nvent10n is that they are neutra1
" j.e. there 1s ‘an internal balance of charges between the ferric
'_cation and the ligands bound covalently thereto, there being no
30 . need for any additional non-cova]ent]y ‘bound anion or an1ons,
. such as ch1oride to ba]ance the charge on the ferr1c cation.
The hydroxypyr1done and hydroxypyrone ligands are each
bidentate and monobasic (the 1igand conta1n1ng a group -0 in
place of .the _group -0H present in the compound itself). It is
35 preferab]y the case that the iron comp]ex is a neutral 3:1



-3- ligand:iron(I11) conplex which contains three nonobasi'c, bidentate
l'i gands, of which at least two are different, each Iigand separately belng
pro d by a conpound being: (1) 3-hydroxy-4- pyrone or a

3-h oxy-4-pyrone as defined 05. herei nbefore; (2) a - .

3-hydroxypyrid-2-one or 3- hydr oxypyri d- 4- one as defi ned herelnbefore 'aﬁ&l'
(3).-an alternative conpound providing a physiologically acceptable, g
.. nonobasic, bidentate Iigand which is_ Gapabl e of 10. bondi ng :

- covalently to iron;- but with the proviso that at- l'east one of the Ilgands

: conblnatlons 0

“tis.of type (1) 1ngan@2jr0ﬂ(t11w Icomp texaphi et icautadng hEhreehmor®basig,gand: i r on -
~conpl exes of tP?dﬁ“tﬁ"F@“ltig ﬁ!d’senBF Q:FhitﬁﬁyathS?Q 'twdadr‘)eoﬁf@rﬁhtar%ﬁth 15

descri bed above,

| YPES |
subj ect "t o ‘t.he Hﬁ'ﬁh swmtem&ma Prayidedoby 3 §ompaupd BBy i done or

hydr oxypyr one kigfsnd wuiyt-madyranéaﬁsh 3-Wydeéxyi-depyrivnecad idgaiky are not
i dentical.__-Thus, ﬁH the-|igands may be-of type (1):or of type (2),

al t hough d?iferaneﬁFI these types, or.the ligands may be of al
three types. Akz)aranat-hym'loyypydid-honanols 3vhydtmxypymidetvore af defpeed (1) and

(2), a m xt ur e. of htgygf’ﬁe%).e;ang 43) or -a mxture of types (2) and (3). It

will rost usually case Rat two of. t he npnobasi c, bi dentate |i gands
~present in a 3(3) eonpliernative gempomind previdingea physfiofogicahly d one bei ng

different. Mor evarccaﬁtébqastmdn%awd I'bientstalliyame whtch RE EapdbPYgFyr i done
or hydroxy rone venlently, therefore, the conplex contains

n
t hree I|g s of t'?ég’ )coy)aie[ggﬁ) Yitull 8y of type (1) which are derived
fromtwo di ffebentmtbrrmeupdwisorthdteato‘tqalstmn’.eOof thenl djandstiwofdent i cal

| i gands of typg g% R§§t|cularly of type (1) together with a third .
~ligand whi ch” i &YR§ Aé 0 ype (1). or (2), respectlvely, or |ess preferably
of type (3). It will be appreciated that the 3:1 ligand:iron complexes -

of the present invention may contain various different _

- 15 combinations of the 1igands of ‘the types (1) to (3) described |
“above, subject to the requ1rement that at least one 1s ‘a .
'hydroxypyridone or hydroxypyrone 1igand and that a least two of -
_the three- ligands are not 1dentica1 Thus, all of the 1igands
may be of type ) or of type (2), a]though differing within

20"nthese types or the ‘1igands may be of all three types
L Alternatively, the ]igands may be a mixture of types (1) and , o
(2), a mixture of types (1) and (3) or a mixture of . types (2) : E o~
~ and (3). 1t wil] most usua11y be the case that ‘two of the
fmonoba51c bidentate Iigands present in a 3:1 ‘compléx’ w111 be
25 the same,lwith ‘the ‘third one being different. Morever, at
least two will preferably be of the hydroxypyridone or
' hydroxypyrone type Host convenient]y, therefore the compiex
:contains three ligands of type (2) or particuiar]y of type (1)
_ 'fwhich are derived from two different compounds, or the complex
30 contains two identical ligands of type (2) or particu]arly of |
type 1) together w1th a third 1igand which is either of type
(1) or (2). respective]y. or ‘less preferab]y of type (3)
_ The abiIity of both the meta]-free 1igand-prov1d1ng
_ 'compounds and of the iron complex to permeate membranes is
35 1mportant in the context of the treatment of iron def1c1ency



The ability:of both the netal -free ligand-providing conpounds and of the
dron_conmplex to perneate nenbranes is 35 . inportant in the context of the
t r'ea@nt of iron deficiency - 4 anaemia and-it is also desirable for both -
to pO%¥sess sonme degree of water solubility. A good indication of the o
physwcal properties of a l|igand-providing conpound and of an [err] conplex:
~in'vhis respect is provided by the value of [err] 05 ~partition
coefficient (Kpart) obtained on partiend between n-oct anol and tr| S

- hydrochl oride ( t tl

- hydr oxynet hyl pr%’%ﬁﬁ% fBE {t 4‘5 “a{%d&%} rggg"gg O%tha%:}’
_organi ¢ phase) /degoee eaft watarono]um&qtseoue masy)dna’t' & e% iKSS E
3708 But | e i RraRRER kol T NadnddBREn Y AR RORHELR Car i °V Séeﬁhe}
with a val ue ofcqapé@)é 11’nth Shée@ef¥. FoRrPYdedclynihextaue pfotite .
than 6.0, egpeciarthyid cabrnie éhtl 2oBtatine Dn payei t 1

of 15 neasurgé p rtltfo coéfflél ﬁQ) . nt%L R;.qaéfﬁw
hydr oxypyr ones," g'!f’ﬂ pp rtréﬁrﬂﬁd&é& h‘g‘?égﬁ’? i % o

areI i denti cal , nw#esmtoegs&mmimb-ﬁehydﬂeymethﬁimqplaee11,<3f- WQhafz0fbe three -
applications refer r.e nts upon
preferences am)Jnng é%?retsgﬁé‘%a ﬁug?ég oe(lcagér;b %1%109"‘%‘%,'-?%??0 (3) which may
be used in conpif@sed/ («opeentiratiano in muppo%@hase)nvemqf@nrod SOMRIEXeFn the
l'ight of 't hgse Woﬁfﬁr\ﬁﬂﬁé%@ﬁgéﬁ PeF te'aEhOﬁgﬁﬁ c}fﬁoﬂ?i&ﬂkseonﬂ%ﬁn@)&?r oXypyrone

Ilydnds of . type re of icular v | ex cording to
‘the present | n\Pé’f‘?f’% Rudnless & T’P§ ﬁorﬁSQFﬁ‘éqyl%faé °Yﬁ1@ ¢uch
| i gand. The suttt léss QdarB-lhydrmytHbrpwﬂﬂnesvam;e ofirk, r-fml’roe' thar3:one type

of -aliphatic hy p. Sy n
substitution by tvvgf‘{lgt E%'?prﬂga‘#)%h? %0 3#13) gar?s:%cuﬁé\r I%yeb Bgﬁ?qg%e
ali phat i ¢ hydr cifanboye §rbuar Ps2 husdf tessethan The. aFppirxemples of

B 15 measured partitmn coeff1c1ents of metal-free hydroxypyr1dones

and hydroxypyrones, and of iron complexes thereof in which all
of the ligands are identica1,_reference should be made to
Examp]e 1 of each of the three app]1cat1ons referred to
o hereinbefore The following comments upon preferences among
20 the different 1igands_of types (1) to (3) which may be used in
complexes according to the presént invention are made in the
_ light of'thESe preferences as to partition coefficients. '
(% : The hydroxypyrone 1igands of type (1) are of part1cu1ar -
' value and the complexes according to the present 1nvent1on may
"25 conveniently contain at least one such ligand. The substituted
' 3-hydroxy-4~pyrones may carry more than one type of aliphatic
hydrocarbon group but this is not usual and, indeed,
substitution by two rather than three, and particularly by only
. one aTiphatic hydrocarbon group is preferred. The.aliphatic
30 hydrocarbon groups may be cyclic or acyclic, having a branched
chain or especially a straight chain in the latter case, and
may be unsaturated or esoecia11y saturated. Groups of from T
to 4 carbon atoms and particularly of .1 to 3 carbon atoms are.
_ of. most interest ~ Alkyl groups are preferred, for example
35 cyclic groups such a cyclopropyl and especially cyclohexyl but,



30 hydrocarbon groups may be cyclic or acyclic, having a branched chain
~or especially a 'straight chain in the latter case, and may be unsat ur at ed
or cially saturated. Goups of . from1 to 4 carbon atons and ' o
" part larly of 1 to 3 carbon atons are of nost' interest. Al kyl groups are

preferred, for exanple 35 - cyclic groups such a cyclopropyl_and especiaLlyT'
'cyclohexyl but, - -5- nore particularly preferred are acyclic alkyl groﬂmﬁ

such as n- propyl and isopropyl, -and espgcially ethyl and nethyl.
Substitution at the 2- or. 6-position is of especial interest although,: mhen
the ring is sulferetRarddcwlarlyprefegead are dexeltc @dkyl iwyowrsc areforesgr oups,

| lothe Terr] "ol EsE feprimny e, B e o o o
to the [err i s emis involyved in . the conple _
- and the[cl ose §¥'§§f{r£“}i°'bfa ﬁ'ée?F PhEPAT PN Al BEa‘ﬁpG"ﬁ?Hr‘BE%ﬁeéGn gr oups
- may lead to stelitbowghi, ehen the atingnts substidapédbylthe Thpgeraai tphathe ;31;] erred -
hydr oxypyr gges d t c S.,accor. to e
oY SConPY 1985 RRYCFY0R droRE hErERRY ol o RIBRERE SR A EN
particul ar Int émbshwswmgnmecaﬂ'bomtal a(ﬂph): 'emctheH'c‘:-p s@stem ,
exampl & mot hyl - et hyl - A propyl L sopr of ““'8? o) Bl 8”‘{"’58{ 3
"~ exanpl e net hy n-.pr i's : 0,
(thgprl ng bei na'h$ s{lYBQF"'ti&t g@f’dyeen‘f}' ‘kﬁ°m3hiﬁﬂ9sttr'? hrons'apg theanong t hese
‘conpounds  3- hy@nosy pRoxtitityl oft-ongremehé Mairger atliphatic= flﬁfr:’jo]carl‘ls?orpf rmg; o
i nterest, whil n OfU, G ac] 1, n =0 s
3- hydroxy 6- me?ko'ﬁpshﬁ‘g%y%ﬂetﬁéft?rﬁ?egffﬁ%ﬂ‘Aﬁe? C‘Eﬂ"ﬁ’r : _ A
2-ethyl -3 h?drdnmmﬂﬁpprone (ethylpyroneconlc aci d; -—[err]are al so of-
especi al, | Preferred hydroxypyrones providing: 11gands present in
' complexes accord1ng ‘to the present ‘invention have the

formula ‘(I), specific hydroxypyrones of Dart1cu1ar interest
having the formu]ae (II) ‘and (III) oo :

15 in wh1ch R 1s an alky1 group, . for example methy], ethy1
-propyl 1sopropy1 or butyl and n is 0, 1 2 or 3 (the r1ng
" being unsubstituted by any alky] group when n is 0) Among
" these compounds 3-hydroxy—2-methy1—4-pyrone (ma]tol N _
11, R = CH3) ‘is of most interest, whilst 3-hydroxy-4-pyrone '
20 (pyromeconic acid; I, n = 0) 3—hydroxy—6-methy1-4-pyrone
_(III R= CH3) and particu]ar]y 2—ethy1-3—hydroxy—4-pyrone
- (ethy]pyromeconic acid* II, R = C2H5) are also of especial
interest. | - - '



I nt erest. -6- ‘As regards the hydroxypyridone |igands of type (2),these-
may be derived from hydroxypyridones of the type described in UK Patent
App tion No. .8308053, published as GB 21177 of the type described in UK
Pat ent” Application No. 8407180, 05 publ i shed as GB 2136806A aqg/cTal..
S pri-erity from UK Pat ent Appllcatlon No. 8308055. The forrmer cofis 0
3- hydToxypyrld 2-one or hydroxypyrld 4-one in mhlch the hyd_

of 1 to 6 carbon atoms an in h e '
hydrogen atons att H'Eﬁla'fdé Fli"’né'ygﬁ'g‘% ‘a‘{otgﬁsha?lagx\gl& t’?&pl(gg ‘
or a different mayiphdeirtvedy éron hydaxypyoidones of the Bypardesort

the latter conﬂgp of a@} H}h(%{(r%y%/ ?gﬁgd epﬁw?@éhy%%'@yﬁ ‘_‘

is substituted Rari nbat or e but —excl URYq TS
compounds in whifcbhe rtepe alelsactbednin &K Patens ghnp 1acakioni No e BAREBAd onfy—t

aliphatic Ry 5 g,q,gli d%%ﬂ&@szﬂa@%ﬁ aﬁerwraqm fa@ﬁmwhemwbstpattuaed

hydr oxypyr i or ne i cation ri dones. providin
“ligands which rﬁi’y]lf@td%d‘q -n8 mggexégeaf @51{})’25 t he present >
invention have 3RgdéoxypyriEe24dné oﬁrlﬁ-hg&%){yﬂwid-w—one jnOwhich the = N

e X A LIS 08 A I B g 0 2
interest than tadidpBatigdhydeppgrios- graupesf 1 to- & capbaif @ﬂ:gm;@gdas to the
ﬂ;él-::‘giyg;?l grslla H:gt?'neaqfwbhm SHPSH bhd' M mEFL YPSLHY Ry@¥geh Matlohs attached
, : ~ to . ring carbon atoms are also rep]aced by the same or a
different aliphatic hydrocarbon group of 1 to 6 carbon atoms,
whilst the latter consist of a 3-hydroxypyrid-2-one or
3'-hydroxypyr"id—4-one which is substituted as defined under (2)
15 - her‘embefore but excluding those compounds in which the . |
replacement of - hydrogen atoms is effected only by ahphat1c
hydroca_rbon groups (these. compounds being the s_ubstﬂ:uted _
hydroxypyridones' of the-f_ormer app'l_icati_on). Hydroxypyridpnes
~ providing ligands which may be used in complexes according to
20 the present invention have the formulae (IV) and (V)

-in which X and Y are substituents as defined hereinbefore and n
"4s 0, 1, 2 or 3, the 3-hydroxypyrid-2-ones generally being of -
somewhat greater interest than the 3-hydroxypyrid-4-ones.



~substituted. al iphatic hydrocarbon group substituents may conveniently - <

as expre-ssed' in the two earlier applications. Thus," su'bst ituted aliphatic
hydr ogar bon groups present in the 05 . hydroxypyridonesﬁnay as indicated
carr@ore t han one substituent group but it is preferred t hat. two rat her

t han ree, and particularly only one substituent group is present. Such-
contain. groups of 1 to 8 and particularly of 1 10 to 6 carbon atons, bu?f‘ '
" the si mpler’ hydroxypyrl dones of UK Pateqt_ Application GB 2117766A :
- containi ng only- unsubstituted aliphatic hydrocarbon group substituents are.
of ‘the gieatest inPesfesencesTas o shernatyee andopas ithen &ifi pheat i ¢ hydr ocar bon
groups present: s!u'BsH‘ﬁx%ﬁtWnﬂ%%ﬁé&bﬁ@ﬂﬂstﬁé’rh&&ﬁ&&'ﬁgr'h%’ng?lé’ret Brdza1y those

expressed i.n-rel ation to 4}' E% I oX r,oNes roups
~conveni.ent |y beisng*RIEsged oin ¢ dﬁ"'cPerr‘l?ﬂgﬁeMbo h&%oms but |arger =
al kyl groups alsimsbiauutgdCﬂIilpuaticchi/ﬁ‘ocaﬁb@f @PbufsOpresengt id hieon- on the ring

prof oranl y By aArpUBEIds W s’ i eabey ﬁrsev"ﬁr?%&ﬁrc*‘r}'yﬁ?o'cir bon

~ groups, is of mabsttueat gnouprist ftris beefms'eddfhalthmoBrbmh“rOXhayrl d- 4- ones,

~aliphatic hydr SU&RpoIRsEi

3- hydroxypyrld ones use |on
dsﬂb@bﬁtlremdmarhen Gragp zsabst‘cfanebbh MAYOS.

~Speci fic hydroxpryén éaney cohtonm GréuPsof i NI §5dnd RE?(&&QHFJ!'ya@f ), (VI ),
and (VI11). in which Ris an™

- al kyl grou 8 £ &o gx'?frﬁgf’% arﬁ?f"ﬁylbut the- fil"?l-:rﬁe?] BM”W%’HSPB%/I“OVK butyl ,- and V |
Terr] is hydrogj’arhemt paplicattion 188 2N 2664 | comtatmingf onlyexasyyseitiegedyl .  such

_corrpounds i ncl lAQ?pﬁamdﬁﬁ%chtw E?‘&W Eﬁib@tw(wgnts abYbf the greatest
- : 1nterest The preferences among the’ aI1phat1c hydrocarbon
groups present in these hydroxypyridones correspond largely to
15 _those expressed 1n reIation to the hydroxypyrones with methyI
groups’ convenient]y being ‘used for substitut1on on ring- carbon
atoms but Iarger aIkyI groups “also bevng of particular interest .
“for substitution ‘on the ring n1trogen atoms Subst1tut1on of
N the-ring carbon atoms which is again preferany by one rather
20 -than two or three a11phatic hydrocarbon groups, is of
' particular interest 1n the case of the 3- hydroxypyr1d-4—ones,
' for example- at the 6- or part1cu1arly the 2 -position, whilst
' the 3-hydroxypyr1d—2—ones may more often be used without any
. add1tiona1 a]iphat1c hydrocarbon group substituent on the ring
25 'carbon atoms. _ Spec1f1c hydroxypyridones of particular 1nterest
_have formulae (VI), (VII), and (VIII)

for exanple at t%:'?@e anﬂr%i; Ehﬁ’rjl?ror}’lgégﬁe SuB th €g£‘3’ﬂp a%dPH]see"

O




05 di met hyl pyri d-4-one and particularly I-ethyl-3-hydroxypyrid 2- one,

3- hy Xy-|-propyl pyrid-2-one, 3-hydroxy-I-(1'-nmethyl--ethyl)- pyrld 2-one,
| - bu 3- hydr oxypyri d-2-one, |-ethyl-3- hydroxy-2- nethylpyrld -one,

3- hydr oxy- 2- nethyl-l-propyl pyri d- 4- one, ' _ _
-3- hydroxy-1- (1" :nethyl ethyl)-2-nethyl pyrid-4-one 10 and -
I-bHPyI-3 hydroxy 2-met hyl pyrid-4-one with the 3-hydroxy- p¥#
as | -ethyl -3-hydroxypyrid-2-one bei ng e§pé0|ally preferredn\ﬂ%e Lrgan

tn )altfer g |3|) rrgxécbre;ﬁi%hwda fik 04R \ampugso.i;p,r Wor cefxaﬁpmoﬂaﬂcm A 1b}‘1e3m£10|v ¥ED ary
u y urri 0 accdpt a
‘monobasi ¢, bi deﬂt%{%g ?’I déﬁﬂropd %ﬁyfhé % s -CFW& %%%8 oy
sucg [ gands W b&r‘genmralyl an @dipl igreuf A)fon dxample gemhwi NgSuY
acidic proton ) e
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gr oupi ng wh@kh prmﬂhuhwmnéwsomﬂ che‘ﬂl&!ﬂ&@ys]t%thy
_preferabl y e|th ﬁ’ﬁﬁ]okQ— %Bﬁ g{‘p_tépopg a- ﬁﬁrlag?y]_qﬁo%t 11 st the

grouping (b) is an amno grou convenj en a_prinary am no
group, or a hdeg‘!W gP!HUﬂ‘zTWea b%ﬁ“ityhﬁ SVd’c'%é!By‘”WrT@ upt ?ﬁ?yl:a% fulfil
bot h funczjl on (nydr%‘iy—z-ai&ghimeﬁdmoﬁ@) t3 hgfduwy-mhyrnnecﬁdmxyl ic acids
can provide an an|0n capa nt a a g roupi n
[err]which willPYQYdAre Ot{‘ﬁ’fyﬁmﬁg gF Eﬁ(ﬂ?ﬁg}?} “&?itq'#oﬁ%cargoi“flgu o
acids, for Hkanphe: 1f—butu1c3awmrpxmaypemloyatﬂ-d-anﬂjwmhm ttiheud-dwdyorscetic
ackd, many ot he ﬁa é-wsf@uaif aﬁcmtﬂyﬁaoﬁym&gﬁﬁ% éoanepsfmcd' ng type (3)

~ ligands. These e_varl ous droxy acids exanpl e tic acid,
gl uconi ¢ aci d, @sReciakhy p\‘?&fﬁ"d’ﬁg ami no aci-ds, for exanple glycine,

isoleucine, leuci nernermitglahwdfetywﬂyhﬁh,am memw:r esd;mevaaﬂmsvabme Also
of interest are F ar.t.i ular ound uch as.

|
tri and especi 8 %p?t B?U’Hep'f'?'ﬁfegp "’hf15 %'S?aﬂ%“r ?M)soécﬁ n’tnarn 'Wg"f gama or

different 15 phys1o]og1ca11y acceptable, monobas1c, bidentate ligands known
- | in the art. The compounds which prov1de such 11gands will
genefa11y compr1se (a) a first grouping conta1n1ng an ac1d1c '
proton which is 1ost to provide both the s1ng1e negat1ve charge
_pn the ligand and also one of its che1at1ng sites and (b) a
20  second grouping which prbvides the second chelating site. The
gfouping (a)'is preférably either an enolic hydroxy group or a
_carboxy'ghoup'whilst the grouping (b) is preferably an amino
g_j- - .grbup, conVenienf]y'a primary amino group, or a hydroxy group.
' In a particu]ar case, one grouping can fulfil both function (a) -
.25 and function (b). Thus, some monocarboxyllc acids can provide
" an anfon capable of a bidentate mode and containing a

. _gr_oupi_hg _—cgagg: which will fulfil both _f_unct'ioris.

- Apart from such monotérboxy]ic acids, for example formic
acid, propionic acid and particularly acetic acid, many other
30 forms.of acid are of interest for providing type (3) ligands.
.These=1nc]ude various hydroxy acids, for example lactic acid,

gluconic:acid.'etc.;iand~various amino acids, forUexamp1e
'glyCine,~1soleuc1ne. leucine, methionine, phenylalanine,
tyrosine and valine. Also of interest are peptides,



am no acids selected fromthose |isted above such as glycyl -l eucine,

| eucyl - glyci ne and-especially glycyl-glycine 05 and |eucyl-Ieucine.

- Apart om the carboxylic acids, the other group of conpounds .of particular
inter i s those containing a grouping [err] a particular exanple of this
cl ass being ascorbiic acid (vitamn C). - It should be not ed that ascorbic < -
acid i's capabl e of providing a dibasic rat her  than a nonobasic I0 ani ori”.
but corrpounds such gas thi's are qui te Sy table for use in providing l'i gands
- of type 0 where they have a single pKa, only, whichis less-than 10 since,

. in use under - phparbicegacty tbbrﬁﬂlat”%sfﬂmﬂi@dés%{ﬁhba% drdr ahdhespesishlwni on

wi | 1. “be “monobasig§-pepittdad lfoPQex%ﬁBTé?Qh&i@@ohtﬂﬁihﬁetﬁeosﬁﬁ@'oPgdi]ﬁerent |
di scussi on‘ t hat the ca F QF Iucon c acid and ascorbic acid .
‘are of-interest 3MN}HAL ﬂ.sﬁgeﬁfg '(03) §t"§n8 Y% SUEhid&rest extends to.
~ other car bohydrgﬂmi-‘leudimel,ntpqogitgkyulimIayndtéupedbmﬂ&agt#@’“—ghﬂycsugars and -
~related co un | h 0 )
provi di ng g@g’ ?ﬁd le Elg?—ﬁﬁulﬁg %&%ﬁ%ﬁ%érﬁ&%ﬁ %ﬁ@gu% 3?’&"
generally of gr oamm Ofm@vpggndss@ftmiamhrgmmeamTsoth@sedspnta]megmpl e, |
the nmore conpley ramimg Ap=@S0H h@“pﬁlﬂiﬁufﬁ- eﬁynédq% ot t@iﬁeaa%"ssu?émgn Exanpl es .

- of speC| fic iron co zCCOI’ resent I.nventi are

(1- et hyl - 3- hydréi%ﬁ‘r Fda°2'ido ‘65“2'"?' n‘ﬁut yit sheytd aﬁy'fﬂﬁepdtmtoﬁ%‘)"bﬁ'én(l 1),

(maltol)2 (1 ethyle Ashyisradty poff pdo@iﬂﬂh@)a 'dﬁBﬂ(i:C{ Véthe(r”ﬁﬁéfph)&'(db@”fd ne) ,,.,s
TR A A ) U e (O e 6

(maltol )2 (et hybpwidrmco}‘ilgen@clocﬂ)tvneow whprertheychavel pysiongde qpag aci d)2
e, of hose. 2ty ot s 0P BAGELO: oty 188 e psHERRIERLI™S,
-10 - sinilarlyce ttiﬁ@zssofthéraﬂCPgﬁﬂ@sOVtQﬁhsrLﬁsM@ea'bmnng'lH be
. monobasic. It wi]l be appreciated from the fore901ng
15':rdiscussion that the carbohydrate compounds giuconic ac1d and
ascorbic acid are of interest in prov1d1ng type (3) iigands and
~ this interest extends to. other carbohydrates, 1nc1uding
'i_particularly the monosaccharide sugars and reTated compounds
_ ‘In. seiecting carbohydrate or other compounds for prov1ding
20 type (3) 1igands the more hydrophobic compounds are genera]ly
' of greater interest so that among ‘the amino ac1ds for example, N
the more compiex amino acids than g]ycine may be of greater . e,
vaiue _ '
_ ' Examples of spec1fic iron compiexes according to the
25 :present invention are (1-ethyi—3—hydroxypyr1d 2—one)2 ,
(1-buty1-3 hydroxypyrid-4-one) iron(III). (maito1)2
(1—ethyi-3—hydroxypyrid-2-one) iron(III), (maito1)2 (1euc1ne)
-iron(III),ﬂ(maltoi)z (glycine).iron(III), (maltol)p (ascorbic
- .acid)-iron(III),[(malto1)z'(glucdnic-acid) iron(III)[and_
30 “especiaTIy-(maTtO1)z (ethylpyromeconic acid):iron(III)-and'
B .(ethyipyromeconic acid)z maltol 1ron(III) It will be-
appreciated that. “maltol“ is-used in the names of these :
complexes to represent.the 1igand derived from maltol, and



- conpounds:iron. |

throughout the specification. The iron conpl exes are conveniently prepared

by t eaction of a mixture of the conpounds which provide the 05 i gands -

and n i ons, the |atter convenientl y being derived from an
particularly,a ferric halide and especially ferric chloride
i's conveniently. effected in a suitable nutual solvent and
f or~Fhi s purpose. |If desired, however, an aqueous/organi ¢

£ol Géntfygg

mhi<turfe may be -used or an organi c sol-vdﬁt- for - exanpl e et noli3nwmd10 pr-
chl or of orm and S [y V&/af* r wheérp
appropriate. |s'r?“?§¥'{1 f th@e&%ﬁggig\éﬁgééetstggsgfugﬁ{;?%gfhé;re &ﬁd

where it is deﬁhremmteﬂﬁeét’e‘t‘ﬁéctﬂﬂar ation of at |east a: w»
by- product such aswiémmdmym@hl&re denlanipAE prépatre@rbwvlan
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U|00nI the plgsof tigendsandi ronntstisynthe Tbtlter tonvenéeally bétingf deriived20
conpl exes cont ni n r i he
l'igand pr ovi di r °@oﬁb3uﬁﬁisag£daqahg{$‘ﬁg aig;”é:r gﬁégﬁvée'{fg%é#ﬁ”i
solution in-a :a‘errnolcaﬂOp’rdBpor'[heoneasn’tdol\ hies pwmp%’ﬂadeffcﬁcée‘bai“ué in the

.range of 6 to- Smtgzgieeiﬁafugiesc?mht%nd h&téi» ﬁawdeaﬁs&msnsscne& the

" no adj ustment f th di H
which results JWrppEe-adhf ﬂeégée"of h?"l’f’é’eé'or#dbéﬁ'é@“éhﬁrgém? r%ﬁ"%%{‘i te Zﬂ:hl gsp

fgLril c. Sh' ngdﬁmxthﬁdl may bex uséd obf ar okgamit 3o lventypiorxesampilel eihasdbad be
add tion of sodRRE) Bparatiroind RIEMNSCH KnBEs o flfS rtethel,
However, a possind/er alithrweterwherehappiropsiade. paint partignlamt @e“d@tno\'hhen
PP 62 bace SORPRTEL B SAnb PR VA" hert 95 1011 10 artice
~ the separat1on of at least a major part of a by—product such as
15  sodium chloride by precipitation whilst the iron complex is
| retained in solution. '

The nature of the product obtained will depend in part upon
the molar proportion of the various reactants but also upon the
pH of the reaction medium. Thus, to prepare the ferric

20_..comp1exes containing a 3:1 molar proportion of ligand
| iron(III), the ligand providing compounds and the ferric salt
o are convenientiy mixed in solution in a 3:1 molar proportion
— ~and the pH adjusted to a value in the range of 6 to 9, for
' example 7 or 8. If a similar excess of the compounds iron is
25 empioyed but no adjustment is made of the acidic pH which
' uresuits on the admixture of the compounds and an iron sait such
-as ferric chioride, then a mixture of 2:1 and 1:1 complexes
will: instead be obtained AdJustment of the pH may
convenient]y be effected by the addition of sodium carbonate as
30_-.described hereinafter in Example 1. However, a p0551b1e _
' alternative, which is of particular 1nterest when preparing the
jron compiexes in batches of 20 g or more, is to use a
_ hydroxide base such as sodium or ammonium hydroxide



When using a hydroxi de base, the reaction may conveniently be carried out
in 4:1 v/v ethanol :water as.a solvent and the pH. adj usted by the addition
of a 'ar aqueous solution of the base.. |t will be appreci-ated that the -
presehce of a proportion 05 of water in the reaction mxture will lead to
the ret entlon of a by-product in the iron conplex on evaporatioen of the . -~
- solvent (a chloride where the iron salt is ferric chloride). However, t hijve
can be removed; if desired,. by procedureﬁ such as crystallisation froma
suitabl e sol vent system or sublimation 10 in the particular case of

armoni um chl or | Wen weing adhydrewide bRg@nEher tRACHH oy Mey grveNiEentAy be

conveniently bec&ﬁﬂ@d'dhtaul alvpr e@hénd’[nba’ferpﬁﬁ)@rsh'l t m:d rthﬂfﬂl-% E‘e)l ar

t ft |t di ng_.on whet
l ghnds are di riehsked o Ehe ata BRIt 3 B ol aqpeonacsolit oo (e | gands.
are the sanme ankasehe Hhiwfdil ibe dp;frfecﬁetéd that vmlbre@en@@me@p%pdrtﬂaﬁwevir
L2 ol 5 o FaReRROER 8RRl biske T L A R o
- predoni nate pr o¥ iby-prpdued in gaedirpnowmuieg aoepapords i@ of othesisolvemt 20 o
‘reactivity, they ‘é’h'lorild@ Ql*i_gr%' Eﬁ‘éj i'rH? aéi”f‘txisjggri“ict ghi’drq% fOfnga%ﬁef,.,corml ex

as di scussed here| nafter. to en ance degr_ee '

of . admi xture of thfist s bt "i“!?t"ﬁﬂ oifF deyivedx banpeeredyrepisacheas  t he
proportions of ¢reatatiisatiy fbom \@supehbie §d1|v§n?f§§sterﬂ'wssu61Qha%ﬁp| e a

I di ff ands may be used to S
. éncoﬁragtramt %(ra fzﬁ}ﬁ'agrpgq%%i#u nf?(sﬁwg ad+"°{'ﬁren %§SI ble types of 2:1 "’
conpl ex differing The tiindividygaidligand rprovéding nahmndRenﬂgttmehiJerfﬂl‘ym the
Lron complex, eIgled A ¥ 10 30 YdrarFBbHYIdNC G4 8 Cg

substanti al | y to conpl et es-at although a
| onger reacti orPropaE MyOf)éhsséQf"ﬁF -‘rﬂa‘des%ene}ld'lng:@m'dwthgra-iﬂatla'teeon of any.

precipitated bYUﬂotﬁé'UﬁﬁganésJ%lreatﬁif?@F'éWmea%r‘isjehs'uElT %rsﬁé‘f‘reef Grtain
sol vent sy onveni ent evapbrated on a

eacti on.m.xtur
rotary evaé%r at¥r EF‘B (;931"&5 £re i"reoﬁa%ﬂﬁaeweﬁh"%?c‘%f\ﬁﬂ?“tusub‘l ly be an .
oil ini t | aI ly. \Mllidhbwabbredicaw,erhowever, that the use of such proportions . -

 will not 1ead exclusiveiy to the 1: 1 1 or a 51ngie 2:1 compiex
since, aithough these forms of compiex wii] predominate
'_providing the iigand-providing compounds are of similar
- 20 reactivity, they wiii be obtained 1n admixture w1th other forms
| - of comp]ex ‘as discussed hereinafter Indeed, if it is desired
to enhance the degree of admixture of different forms of : ' -
. comp]ex which is’ obtained the proportions of reactants may be | |
p varied to this end. Thus for exampie a 1.5:1.5 molar g
_ 25 proportion of two different iigands may be used to encourage
' the formation of a mixture of the two p0551bie types of 2 1
_'comp]ex differing in the iigand which predominates
' Reaction to form the iron compiex is generaiiy rapid and
will usua11y have proceeded substantiaiiy to compietion
30 after 5 minutes at about 200c although a longer reaction time
' ’:may be used if necessary. Foiiowing separation of any
'precipitated by—product such’ as sodium chioride in the case of
- certain soivent systems the reaction mixture may convenientiy
be evaporated on a rotary ‘evaporator to yield the 1ron compiex '
35 which will usua]iy ‘be an o011 1nit1aliy which will, however,



~often forma glass on standing. The present invention thus further

I ncl” a process for the preparation of an iron conplex as descrlbed
her ei fore, which conprises reacting a mixture of selected
hydr.oxypyri doene, hydroxypyrone a 05 alternative |'i gand- provi di n
conpounds, as described hereinbefore, with ferric ions and i.8
resuf't ant conpl ex. Wil st for sone uses, jt may be approprigt,
“the iron conplex in a formfree frombyzproducts of manufast ur,

_;rom Iot her corrpd:meanotImgaoghes aasscsnmfn@r amame@.em]ymv | P )
ormul ati on ‘as e reinafter resence, o roQ :@,@ c
sodi um chl ori deﬂi’ri'ﬁef) g1y eé ﬁc%ré’ﬁfﬁ%lftgr trﬁ"n"ﬁ%ﬂ‘?é?&]"” ﬁg ' 'éff,’f}‘the J;rqleu
3:1iron(l11) cecompllex assdeﬁcrphed|heuétnbefutegrabtch pompriieesk bt Bing] §
~substantially f e , '
cont ai ni ng di ff%ﬁ‘gzﬁﬁ cgJ\}ce?g ﬁcftpro;yu ?’a@HWd @g&r‘f "W&ﬁp" ks, &g |
conpl ex, al@houdjttensatiiveyl sndrimed iding Qmuhﬁsaaﬁoﬁaﬁcrmbeml chitis in
adni xture with &tmﬁbéﬂépes uﬁ&h&e}reer%sxa@&i%ﬁ%ﬁéeﬂe s Bald A

~preferably 20 istantla y free from2:1 and 1:1 conpl exes.
addi tion, the |§UP 8Xon of. the conpl ex will usually provide it. |n a form
substantially freewhilst fow somé aJsefsrﬂemaprmoumopeiaﬁsnomheasré @ha |igand

- h | from' dh

Dot Rl cat ettﬁeﬁ%rﬂgé%cglhﬁ§ 0, PR PR RbrodhEFE o BurhBeifire, I o "
referred td0 Caapagtnrfrom ether! coppidxes.ovindothgrceasesurfs, examphe awithl 40l , are
avaf | abl e commeypiial dng1 Va9 108" 8s Je?l:'r'?ocedfh’éretinﬂferprﬂﬁﬁg%s ipedr €

descri bed in the hree UK patent. appl cations referred rel nbef ore.
" Thus, for exanmffePywRnoduetse syeh ash??fﬁé‘!!‘yﬂ!ﬂr"é'h%% maychehdhtent starting .
material in margtceptitiecesincgondrall miuewr Orrﬁscrwuerﬂcudi WHoRPIIg readily

~an Al denyde t o (IR 35 G oRHEaP KEEERR in A foRE MBIEBLIS on. - whi ch gr oup
may t hen b8sr echmieﬂantoaﬂ)ly)cfmee at Ieadtkirenﬂ those by—products which are.
compiexes containing different overail proportions of
_ligand iron. . Thus the 3:1 compiex a]though usua]]y obtained _ |
| and ‘used in a form in which it is in admixture with other types g
| of 3:1 compiex as discussed hereinafter, is preferabiy '
20 substantiaiiy free from 2:1 and 1:1 complexes. In addition,
- the 1soiation of the compiex will usually provide it in a form
. substantially free from any metai-free compound corresponding
-g_;_ E 1o a 1igand present in the complex. The term “substantiaily
' free from" is used herein to ind1cate the presence of 10% by
25 weight or less of the material referred to _
_ Certain_of the iigand-providing compounds;_suCh a maltol,
_ére]auqiiab]e_commerciaily. With others, routes for their N
'_prepardtion'are described in the three UK patent applications
N referred to hereinbefore Thus, for exampie ‘with the
30 hydroxypyrones a convenient starting material in many instances
consists of pyromeconic acid which is readiiy obtainable by the -
decarboxylation of meconic acid and ‘may be reacted with an |
aidehyde to 1nsert a 1-hydroxyalky1 group at the 2- p051tion,
, which group may then be reduced to produce a 2-alky1-3-
35 hydroxyfﬂ-pyrone ~ The preparation of 2-ethyl-3-hydroxy-4-
pyrone,_etc., by this route is described in US application
serial number 310,141 .(series of 1960). '




~control |l ed Supply

- 35 hydr'o_xy.- 4-pyrone.: The pr'epar ation .of .2-ét hyl - 3- hydrdxy-4- pyroné,

etc., by this route is described in US application serial nunber 310, 141

: (sef' of 1960). 13 It will be appreciated.that these are -not the only

rout @s“avail able to these conmpounds and their ‘i ron conpl exes and that
various alternatives may be used as will 'be apparent to those skilled in v )

the art. Mreover, it will be appreciated that 05 - certain of the
. conmpounds may be convert ed in vivo to-otder conpounds which are respon5| bl e

f th tal bindi

Lol e, o “Compouha B3 appr BSey hak el bopre B0k b Sobls, "
converted to Cagvaitgb ¥ Qupﬂiesbecnmploendx)radeMMraimnadmpiskes @ddotl’uitl y. 10
The iron conpl & ar%gﬁ% Satiltgrn){tﬁigg a nggq‘ts 9%5"’1@?1 belepgisﬁa,'fr%Ht Fo' li:ﬁ'<'.iseer est for

several reasons’ gt on e m xt ur _
different i gansieiipednmd&he aartaddiyd'eavemnstomﬂ on apprrReIaged dihaéorrpl exes

havi ng optiqu se.gle REdF the do Jﬁfyoﬁﬁé md\P beNc dvePtdd iHrPWonO other

iTon app e I'na particular htnman,or veterinary

context. More cqmounas:amngh arenpraPaps (R er Earuithe medadi Mg ing ackvay
erythrocytes ansbsié?»vamnevew edThi’# wi £ lb@atrtfe‘%gﬂ@ﬂteiamm@gesf dohpéurrienpl exes

contai.nin d | f h
D on complexea a8 G, ASESr BroRs BRI 3EF o Bk 38 Be dONEEEh 0" Loary
from t he behavi carbor{ drivaps awhehettes compduads |aret admimsberad ormiﬂornt ion . -

- provides pa{q | cul aky @di’r%‘ﬂt?tﬂ@%ex& ?l ﬁié Egg%ééitt tl‘ﬁvefnct'iﬁ'n"ﬁ%' iron . U

corrpl exes n certarn con SC I n.nore -det ai- here| nafter,
l'i quid fornul at portdcelan Hatenesh &ﬂiﬁ?%&("@s} peasonsy e Fdfs'ﬂéfrtit%l ar interest,

for. exanple fOrWéi%ki&?tﬁrbnﬁfnasiadrufnasimhwrafamf@aéﬁi qubaﬁdsy for
parenteral veterinary tge%sia m_ni st.r n found that

for use in- suchp'(’:‘B’ﬂFS%taé' 2% Mslipfyt%ihgdﬁéigq °tfh§°'i'p?'8ﬁe% % es of
the three previ emlmse@rptmpememqoatem uppi ivdas i tmnprowideess .

15 controlied suppiy of 1ron appiicabie in a particuiar human or
'veterinary context " More specificaiiy, comparative results
| 'obtained in human erythrocytes and in non—everted rat JeJunai
'segments suggest that compiexes containing mixed 1igands may
provide a more avaiiabie source of 1ron than iron complexes in-
20 which the 1igands are homogeneous Secondiy, apart from the
behaviour of the compiexes in vivo, the present 1nvention _ .
'prov1des particuiar advantages in relation to the formuiation e
of iron compiexes In certain contexts, as discussed in more
. “detail hereinafter, iiquid formuiations of the iron complexes
25  are of particular interest for exampie for oral veterinary
administration and particuiariy for parenterai veterinary and
human administration and it has been found that for use in
B such contexts the soiubility of some of the iron compiexes of
_ ,the three previousiy mentioned UK patent appiications 1S less
30 than might have been desired o
B The mixed iigand compiexes of the present 1nvention
generaiiy show much higher soiubilities. both in water and in’
'organic soivents as compared with those in which the ligands
are homogeneous It is beiieved that the reason for this 11es
.35 in the diversity of different stereoisomers of ‘one compiex



30 t han m ght have been desired. The m xed |igand conpl exes of the
_prese I nvention generally show much higher solubilities, both in water
andiéf)wganic sol vents, as conpared with those in which the Ilgands are
‘honmogetnieous. - It is; belleved that the reason for this lies S
-diversity of different stereoisoners of one conpl ex - 14
whélr a nixture of | igands is present and which can be auggy
presence of several different conplexesjgn a reaction mj/Xi
the reaction w qf, ppre than ope |i and produgi ng conpou
iron(I11) conplWAcBcrAmARTTH Whe deMiHire; ¢l 1aafiamit Mrett

in four stereoicanTbeiaughenta bwtthdnms?nwrﬂfl eewempcncfg 1i6d (len
of a 3 nolar pr r t and oducyilg
and B wth forite FefdiBh aEls Bhaficefm HEE™ ?%pre L8 s en

in the 10 r eaeft mone rtihao Lone: 11gand3prdduBing Eemmindnd ThaB2A '0’\7er,
al though thg fi #@trnlgrsm e Qn%tﬁ@mﬁefﬁ’ﬁee‘“’ihénﬁ hftasbﬁn%th"feac ands

st er eoi someric i oned conp exes W8T st in
ei ght stereoi sofffr P&‘%ﬁﬂsf%lanSWeﬁimeé“écfﬁm%)bUm whenr @ sgmpiiex dsul t i f

- three differentpiddgedt pyatie Pé&&qah)of 353 mohhrfmpbﬁ@iranfwradmimtret he four
st er-eoi soners of an FeAg ex will co-crystallise wth ease but

that for an FeA@ZtU?[E'tgPT '(,pd'ﬂg'l“é’)l‘ pPHE?%éée%Pdnﬁ?rﬁQrthofe@”f'Er’tﬂ“éomars and
- the presence ofthenhthe’ 3ol1dmggntypesocrf( hbmble&onw Qﬁeﬁresﬁh'e\ﬁ(ﬁntﬁe such -

co-cr stalllsat es C id with
eﬁ‘rﬁinged soloubl'fe%t@t@gmggmpz’gre ell. nggg?% ‘K?og%d’ FeB3 -
conpl exes.. The 3 rtbﬂuqibr?ﬁe e'staty@ommmgned) cpmelqaqees\eﬂﬂ exisgnin dioumay be
formul ated for %%?e@?so&bﬁfﬂﬁﬁh&t | ¢Re Slafs‘értvk%ﬁhﬁ‘l%h% c?ﬁ{)])’exefs% ﬁxa”p' ein

an avian or particu menmel i‘an cont ext , unan use by a
variety of net I‘R?Gg e’%ﬁé'r“? ﬁéﬂﬁﬁé@e"?ﬂé?m%v Sér"épbﬁ'? EYeRJoXR CANPdBYS, oily

or emul sified amixpose WidN result if three different 1igands are present).

' 15 It has been found that the four sterecisomers of an FeAz or
FeB3 complex will co-crysta1lise with ease but that for an
FeAB2 or FeB2A complex the increased number of stero1somers,

. and the presence of other 3:1 ligand: 1ron(III) comp1exes,
prevents such co—crysta111sat1on and ensures that the product '

20 is a 1iquid with enhanced solubility as compared with the
‘usually solid FeA3 and FeB3 complexes. '

~~ The .iron cbmplexes according to the present invention may
be formu1ated for use as pharmaceuticals for both veterinary,
for example in an avian or particu]arﬁy a mammalian context,

25 and human use by a variety of methods. -For instance; they may
be applied as an aquebus, oily or emulsified'composition
incorporating a liquid diluent which may often be employed for
parenteral administration and therefore may'cpnvgniently be
sterile and pyrogen free. Oral administration is often

30 préferred for the tréatment of iron deficiency anaemia in
humans” and the comp]ékes of the present invention may be given

: by_suth*é route. Although compositions 1ncorp0rating-a"1iquid
d11ueht_mayﬁbe used for oral édministration, itlis more usual,
at least in humans,-to use compositions incorporating a solid

35 carrier, for example a conventional solid carrier material such



humans,.-to use conpositions |ncorpora-t|15g-a 'solid 35 carrier, for exanple - -
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adninistration and therefore may conveniently be sterile and pyrogen free.
-Oralf alimini'stration is often.30 preferred for the treatment "of .iron _
- defit ency anaenmi a in humans and the conpl exes of- the present invention rray

be -gi ven *- by such a route. Alt hough conposi tions incorporating a liquid_
di | uent may ‘be used for oral administration, it is nore usual, at least in

a conventional solid caryi mat.er - st t ose, '
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of a forned t yieempdsditiensampy cconventenitdy he ofips foemed itype udiongexapahsul es) ,

etc AIthough S I| oSl or,sL.he 05 treatnent of |
iron defici enci)? ﬂa&;@%gg %ﬁbéﬁiamcggﬁ?@%%{ms u egérrpo& tions are of
interest in other Addhoegh solidcompesiplieny mahmﬁanramf‘eétfm tkey o

| ntramiscubar aAgeht b it n\éﬁtﬁfa'eﬁi%yin%@ﬂ'ta%ﬂ”&dﬂt%kfét'0” as

IsInthe area of |i id conpositions that the

i.nt ter est. Thﬁ%xﬂhﬂ]e' $n Qﬁint@ﬁ &RIs vetdrtinafp 1ﬁtﬁ!iw@eu1drgud:ﬁhrﬁglﬁmﬁlohlh ons |
contai nj ng a hi_ghey nt r teadi | y. obtai pable with a pure
agueous CONPOS ol HF'P?"ﬁ&éE%I °Jﬁi %@Hf'gfqaﬁbmbr"éa%s&“éﬁ?‘{)ents such asp Y

~sinpl e monohydhereinafterl cdholss.in tite heea loéelﬁq‘uddncbmmsmmhe thagntheonpl exes

described i tlgeldHieeniditigh oﬁ&ﬁr‘t?@ﬁla?”saﬁ'ﬁﬂﬁ pRepedngl el ore that o

be ach hé use ent containing two
or nore hydr oxgxgtusige, d tarestar oXusaniit s eftrn dgyivaple dopereducey gl ycol s

or glycol ethengqufy Ebﬁ‘ﬁos“n%@f@hﬁﬁﬁﬁ‘aﬁ’@ a h‘i\bﬁé} YeR@ntPatiohOthdiets er
sol-ubi | i'sati on, aI one. 9 Mg‘g*l et-h er articular jnterest are the
b%ﬂs*"ah &
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.~ group, 15 alcohols. - It has been found with the 1ron comp]exes described

in . the three UK patent app11catlons ‘mentioned hereinbefore that -
higher concentrat1ons may be achieved by the use of solvents |
'conta1ning two or more hydroxy groups or a hydroxy and an ether
) group,.espec1a]1y glycols or glycol ethers, either 1n_adm1xture
20 - with water or, for better SOIubilisafiqn; alone. The giyco]
ethers of perticular interest are the.mono-ethers containing as
_-an;etherifying grodpean aliphatic_hydrocafbon group of 1 to 6
carbon atoms as described above, for example a methyl group,
such a glycol mono-ether being methyl ethylene glycol. 1In
25 - general, however, the glycols themselves are preferred. -
' Examp1es of such glycols are the simple dihydroxy a1kanes such
- as ethyleﬁe glycq1has we11 as those more complex compounds
comprising two hydroxy groups attatheduto;a'chain.cohtaihing
both carbon and oxygen atoms,-such_as triethyiene glycol,
30 tetraethyiene g]yco1 and polyethylene glycol, for example
' of 4000 daltons mo]ecular weight. Triethylene glycol -and
-'.especiaIIy ‘tetraethylene glycol are of part1cu1ar interest in
view of their very low toxicity. By using such glycols and
glycol ethers it is possible to increase solubility for many
35 comp1exes-ton107to'20rmg/m1.' Although shch-techniques may also



such a gl ycol nono-ether. being nmethyl ethylene glycol. In 25 g
‘howeve the glycols thenselves are preferred. Exanples of such
the sgnpl e di hydroxy al kanes such as ethyl ene glycol as well
conpl €X conpounds conprising two. hydroxy groups attached to g
cont ai ni ng bot h. car.bon and oxygen atoms, such as triethyl ene
t et>aet hyl ene . egcoI and pol yet hyl ene egcoI for exanpl e of
nol ecul ar melght Tri et hyl ene glycol.am@.espe0|ally tetraet R

are of artlcul | ere view qQf their very | ow toxicity\E
such gl 5col s an éBYe‘itiHe&e fP"!'“(s)]a 6% of)| khe 6"?'?1(9%&%%%04%

many 35  conpl dme‘lshet préibntoirﬂ&nﬁgdm&he}ﬂgrbﬂé@hs@mmh@ﬁhﬁ'lﬂlb%ed to
- 16 - b I tion. o c s, accordi ng
the pr esgntenPnSéE °'J % tﬁ' %@3? e &g, emp PVtV'"W??r %P’F ah one with
advant-age to enpbmgossiitmn and fstrit a:h1bvqmndcmrpb®ortsboonsaggrﬁ1ymn achi gveAS
concentrati gos eeesdsdIgF aNi¥ 10" t8%20 gmgr n@é this 10 to g f.ange.

i ndicated, |1 quid conpositions are 0 ular interest inrelation to
‘parenteral adni ni stASaffdisated éqqmdeﬁemosﬁeionmacm ofir payrddcwiarh humans in

certain context Snﬂﬁesﬂﬁprﬁﬁﬁﬂoﬁui:@rphb‘eriﬂrﬁﬂ \RImeA1StRRYidonaext, for exanple-
‘with 10 pigs. _The ens Qf irqn defici encxganaema in newy born pigs

“arise primaril y TR ITR e'fthé"f‘l"fhgfhtar\" &es Wi hugpns dingfertadn reantextshen a
‘very rapi d wei ghtt gdso partésulalrdgein Iheetestd ryr contRxt | q*oraebmmanstm&hl on of

the iron cojgpl eyggs of Tﬁe"‘%gi?ﬁfeﬁﬁnof '1'?‘3??31[ 'f?Eletn%yygr%lrl%? ?' gi@ﬁpﬁgr’hs a

pé’r—ént eral, for exanple ramusc
liquid preparat Pigs ariseerimeriintduning theufirst threeveeeksaor aot of nati ve

| ‘approach is to -endWnterd fied. raOQeﬂP'?"'aBm vléfigﬁtmﬁam Ik @0 pAaLeh trf)& piglets

are feedi ng by tre t|n usi ng oral or parentera

th
admi ni strati on, g° af’ﬂﬁ%?ﬁ%r%}ié’&t& ItBesinoR cempdaxes »f the
_.prepar ati-on (supi‘es&htatrmenﬁtﬂh mayyoahgqaﬂgeet)i aret gir@fteral , ofor- ‘example

15 intramuscular, or oral, for examp]e as a liquid preparation
"injected" into the mouth However, an alternative approach 1s
to enhance the iron content of the mi]k on which the piglets
are_feedlng by treating the mother p1g using oral or parenteral
.. administration, for example with an injectable slow release
.20 préparatidn (such an approach may also be of interest in a
human context). When it is applicable to feed piglets on
_foodstuffs other than the milk of the mother pig, it may also

W . be possib]e to effect the. pharmaceutical admmstration of the
o iron complex in this other foodstuff
25 . .. Other forms of admimstration than by 1nJect1on or through

..the oral route may also be considered in both human and
veterinery contexts, for example the use of suppositories or
pessaries for human administration. Another form of _

':oharmaceutica1 composition of some particular interest is one

- 30 for-bucoal or nasal administration and such compoéitions are
discussed hereinafter in more detail. _
_Compositions may be formulated in unit dosage form, i.e. in
the form of discrete portions conta1n1ng a unit dose, or a
multiple or sub4unit.of'a unit dose. Whilst the dosage of 1iron
35 'complex given will depeod oo various factors, inciuding the



. human context). When it is applicable to feed piglets on foodstuffs other
than-the mlk of the nother pig, it nmay also be possible to effect the.
phar, eutical administration of the iron conplex in this other foodstuff.
25 N/ Qher forms of administrati-on than by injection or through the

oral route may also be considered in both human and. veterinary .contexts, —~ "

for exanple the use:-of suppositories or pessaries for hunman adm ni stratloh'.’-
Anot her form of pharmaceutical conposi 'on of some particular interest is
one 30 for buccal or nasal adm ni stralt’l on and such corrp05|t|ons are :
di scussed . her eparficaiar rcompounddeb il is Gmploged iiontheragmans itbemulidt ed in

. unit dosage fo 0 c t
ose, “or 0t Bt Spatdd by S o5t dHACHALE ol ianies ‘5‘?”*?525"25’"0‘? ron
35 conpl ex gofetron preseapet tha humanhedyr akeosatisfactany Agvehii 1l © 17 -

particul ar congesdyl pehicievéd mhgwaaﬂwd&@;ecomwmsm thé mw be stated

- by way of guidance that maintenance npunt .. of th
hurman bodyg%t 8%’6&“%95&“6@”!@%& \M?'I ¢h Bg'f"é "og 5&0% eE/ 8@‘?%8 a dgl I ye

dosage, in tersp 10 mtjh@nd opterD3n acnngertif eFork I0e5 Coopoumg), fahich lies in a
range -from about

0) to 10 ,
for exanple 1 &K 'Ep]ﬁ'g]i e'ﬁ?’n&e %d‘égg dggfagglfegﬁggong{aé nﬂ%r q{kgbgdy vven?ght
rati o. Howevebpdy twe\i/ght rh&ia.ppﬂw\mf‘edit wallibe Wﬂﬁéatﬁﬁpﬁ ?Ji? |1z§t ®a\inder

cortain ol SUThLAlasipl el Hadiobualh c1dReAReE L g1vORRIY or above

t hese | evel s e alms be to 3row e t he anount. or iron”™™

requir ed b}othéﬁﬁﬁﬁqseﬂiﬂwrt helaw aﬁrﬁbﬁ"gtté‘relsﬁg ey8yS undeINeEBEs BRd the
properties of fhg iﬁwwafeeublmwwrmesmaumwaaem Heqgited binether esent

bt oy oo Pabbert ifabs sbnsfdst bl R BRG BR R hnd Rpe L0100 U
corrpl ex accordlpmgpemiesla)fpmbemilamaneamﬁca)h compositions according to the -
' present 1nvention are particuiariy suited to the achievement of
15 this aim. e '
It wiii ‘be appreciated from the foregoing discussion that
" more than one iron compiex according to the present 1nvention
may be contained in the pharmaecuticai composition, or indeed,
other active compounds ‘may be included in the comp051tion for'
20 exampie compounds having ‘the ability to. faciiitate the
treatment of anaemia, such as folic acid.  Another additional
_component which may be inciuded in the composition, if de51red
is a source of zinc. Iron compounds used in the treatment of
. iron deficiency anaemia ‘can inhibit the mechanism of zinc '
25 uptake in the body and this can .ause serious side effects in
the foetus when treating anaemia in a pregnant femaie It is
believed, however, ‘that the iron compiexes of the present
" invention have a further advantage in that they either do not
~ have this effect or exhibit the effect at a lower level. than
30 the compounds: at present used in the ‘treatment of anaemia. B
| 'Accordingiy, it may often be the case that the level of.
: zinc-providing compound added ‘to the compos1t10n may not
require to be’ high or, with preferred formulations of the iron

NG

compiexes ‘may be dispensed with a’ltogether



"nay be contained in the pharmaecutical conposition, or indeed, other active.
- conpo s may be included in the conposition, for 20 exanple conmpounds
havih ‘he ability to facilitate the treatment of anaem a, &

acid.  Anot her additional conponent. which may be i ncl uded { .
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t réat ment of vag peci es. an ecl a The
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on the nature- mrmtheoﬂytgand§hprdsiéritytdfethsé rcompalinds in this respect '
15 will depend on the nature of the ligands pnesent therein and
the reflection of this ability in the Kpart values of various
compounds has been referred to hereinbefore. E :
- Certain aspects of their formulation may enhance the
activity of the jron complexes in particular contexts Thus,
20 although the neutral ferric comp1exes containing a 3: 1 ‘molar .
.propqrtion of 1igand.1ron(III) are of particular value as being
: . stable over a wide pH range from about 4 to 5 up to 10, if
St o admfnistered.orany they will dissociate at the pH values of
' less than 4 prevailing in the stomach to form a mixture of
25  the 2:1 and 1:1 complex together with free Tigand. Firstly,
.-one :of-.'several variations méy be employed which avoid or reduce
- -exposure of the iron complex.to the acidic con_ch'tions of the
stomach. ' Such approaches may involve various types of
controlled release system, ranging from one, ‘which may for
30 example be based on a po]ymer, which simply provides a delayed
release of the complex with. time, through a system which is
resistant . .to_.di_ssociation under acidic conditions, for example
by the use of buffering, to a system which is biased towards
- release .under ,condli.tions.su.ch as prevail in the small |
35 intestine, for example a pH sensitive system which-'is'



the reflection of this.ability in the Kpart val ues of various. compounds

has been referred to hereinbefore. Certain aspects of their formulation my

.enhacgf ‘the activity of the. iron conplexes in particular contexts. Thus,
t‘hough the neutral ferric conplexes containing a 3:1 nolar-

~proportion-of ligand.iron(ll11) are of particular value as being stable ovéﬁ;

~-a wide pHrange fromabout' 4 to 5 up to 10, 'if administered orally they.
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the small intestlne di ssociation i Ls)b in the
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15 - stomach ‘without dissociating to the 2: 1 and 1:1 comp]exes, and
' the free hydroxypyrone On entry 1nto the small intestine the y
pancreatic enzymes rapidly destroy the phosphoiipid-dependent
structure of the liposomes thereby re]easing ‘the 3:71 complex.
_ Liposome disruption is further faciiitated by the presence of
20 bile saits ~However, it is usuaiiy more convenient to effect
the encapsulation. 1nc1uding microencapsuiation by the use of .
a solid composition of a pH sensitive nature s - | -
-~ The preparation of -solid compositions -adapted to resist
_ dissociation under acidic conditions but adapted towards
25 - dissociation under non-acidic conditions is well known in the
art and most often involves the use of enteric coating, whereby
- tablets, capsuies etc. or-the individual particles or granuies'
' contained therein, are ‘coated with a suitabie material. Such
. -procedures -are described for example 1n the articie entitled
30 “production of enteric coated’ capsuies“ by Jones in ‘
o Manufacturing Chemist and Aerosol News May 1970, and ‘in ‘such
B ;standard reference books as. “Pharmaceuticai Dosage Forms“
" Volume III by Liebermann and Lackmann (Pubiished by Marcel _
- Decker). ' One particuiar method of encapsuiation involves. the
35 use of geiatine capsuies coated with a cei]uiose acetate



acidic conditions. The liposomally entrapped 3:1 iron(l11) conp&e
t herefore survive the acid environnent of the 15 stomach wi '
disspciating to the 2:1 and 1:1 conpl exes, and the free hydr g%
entry into the small intestine the pancreatic enzynes rapidl
phosphol i pi d-dependent structure of the |iposones thereby r:
conpt’ex. Li posone disruptlon Is further facilitated by the b
bile salts. However, is usually nome €onvenient to effec
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with a suipgbl ecnaraﬁamai/amsmh @asmﬁeﬁlme%fafr@ dredstiRedmeloritexanpl e, in
the article entitled 30 FI t enteric coated capsules" by Jones

in Manufact uri MgtcHEIPRItedn gthes, REW watgr toAst amdhengslatinst andar d
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‘const ant i rrespeetrrasésbﬁntt be dissot¢iadriomiunden aclidic conditions.
15 A second approach to countering the effect of the acidic
' conditions prevailing in the stomach is to formulate the iron
complexés as a pharmaceutical composition adapted for buccal or
~ nasal administration.. Thus, since the buccal and nasal
cav1ties represent an environment with a pH in the region of 7,
20 a3: 1 neutral iron(1I11) complex will be taken up by the
_membranes of the buccal cavity (including the tongue) and the
_ nasaI passages in the néutra].form, without any significant
%-f . degreé of disproportionation.to the corresponding 2:1 and 1:1“
~_complexes. Such a form of administration thus often provides a
25 simp]e approach to the protection of the 3:1 neutral iron(1Il)
cpmp]ex9s from the sthng1y acid_enVironment of the stomach.
_ | A.further-aqvantage-of_compositions_for buccal or nasal
'.administration_is_that they provide some form of safety measure
: - as. régérds overdoses, for example those arising from the taking
30_ by ch11dren of medicat1on prescribed for adults in the same |
._’hou;ehoId: This can pose a considerable problem with ex1st1ng
irqn;preparations and, although the present.1ron complexes in
- any . case generally have the advantage of lower toxicity and
Tower unit dosage levels, the compositions of the present
35 invention prbvide an added advantage. Thus, it is difficult




- conditions: 15 . - A second approach to countering the effect of the -
~acidic condltlons prevalllng in the stomach is.to fornulate the iron

10 intesti ne, i .e. whether in the jejunum ileum or | arge intestine.
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of eric hydrogel fornul ati ons whi ch do not act ual ly encapsul ate the
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adm-ni-stration. .Thus, 'since the buccal and nasal cavities represent an

envi ronnent wi repid1yHEq ingest aedarae vantityf the Jren campisx fireBnthe i)

conpl ex-wi'lT* bﬁuéc‘%heé‘aﬁﬁ:ybo(r tsrﬂggamgeg%esmd dv@?d@agfanqlirdvbf%‘ms wrei ncl udi ng

t he tongue) and-th a al f ou
si.gni fi cant de@?"éf‘eeiopam §Br§fﬁé?tﬁlfﬁé{9? oﬁ’?’ai'gm'f"ﬂg b&fﬂ@%}f&ﬂ'&r %fl and 1:1
conpl exes. ' Suthis i§odoneqf hawbvien] samuathe)nrbmtmmpiet:ensmo:tvfdmlat% si npl e

B T Ty

conposi tions f stonaeb¢ adispropardidpnatdon e thatd:dnand it hattompﬂeyeqowoﬂ de sone

formof saf etyoeggsnaﬁgreigmgfggﬁwéar&wr%em the! 1 K% A bR Qpeaks i Si Ng

fromthe takin ren of medication prescribed for adults in the
same househol dfromrhe Q%ﬁﬁd%e The gRBETAIIND] wesr BN AT YO htR&i 1€ ng i ron

- preparations aashpméhtmgm VA dPRERHE bt m.reomoccaqrraémgesm rthany case generall y'

Composi 11 ol opatratprestiRe? st fehdan, v, Mhcueh SAAIE BIAR age.

Thus, it is di f«ittcmlany commertlial fromipreparationgest a Iarge quantity of the
i ron. conpl ex from I osage _
probl ens are nore '#I?Ee'ﬁi ?fg& é:(ra?g*eé%hr%i@ﬁe fﬁ%ﬁ@%ﬁ.ﬁfﬂ%}é%{ﬂmm 1 f
this is done, hMéﬁOfﬁnGO‘f MCFibr?f‘cbﬁﬁilleidWiénhb'tatﬂeﬂ mavafeeiuds  in such

~a way as to prosﬁmslﬁatfewmst hﬁ amrdneruslerw&ﬁboﬂfnbne ﬁfrogmh

administrat: on Bucca dminisqeat1on is of part1cu1ar
_1nterest.and in.this'case a so1id composition is preferred}

" Such cbmpositiohsladapted'for retehtiOn-in.the mouth”Father
than swallowing, and consequent release of the active component
in the buccal cay1ty,3may take very many forms. These include

- 20 cheﬂihg or bubble gUm;.lo111pops, boiled sweets, effe?véScent_

" tablets .and particulariy'pastiITes and lozenges. Most”usna11y,
therefore, the'composition will be chewed or sucked to lead to -~
release of the iron complex in the mouth, although it is
possible to use tab]ets for example 1n the form of a d1sc of

25 'po1ymer1c.mater1a1 which are attached to the inside of the

_ buctai cavity'and’which.gradually release the iron complex
without-being'Sucked; If desired, liquid compositions may be

o used in the buccal cavity, particularly aerosol sprays, but

~ these are of less interest. " A1l of these forms'of compositions

30  are taken through the mouth but, in constrast to the oral
‘compusitions ‘described earlier, are adapted to release of the
“fron COMpiex'ih the mouth ‘rather than on being swa11owed“' |
(although in the process of chewing, sucking etc. a proport1on
of the 1ron complex may of course pass into the stomach)

di sproport_lsonatlon to the 2:1 1 exe



occur thereby significantly reducing the |level of iron uptake fromthe.
overdqse.  The generally lower toxicity of the iron conpl exes /&

rmch@ the 1ocal damage to the 10 gastrointestinal tract /«b
in stch circunstances with many commercial iron preparatio oYL
carriers suitable for the fornulation of conposi tions for
~adm=hi stration may include various materials in current usg
for such 15 adm nistration. Buccal- aglm nistration is of

i nterest and i ol id copposit 'J\
conposi ti ons a§55€%ae$3‘f°mét°3an’m?s‘ ‘f'\s?:aa#o(@)t?taﬁé} egef'{dt ﬁ]gzne "
consequent rel gaste coﬁnpashemm iave mpmasndescrr'lbeﬂa blyuthﬂaltecr&w

very many for My, qligse thi qéqgﬁcom S quﬁl\m@ljh pOPS

boi | ed sweets, vels pa i'cularly pastilles and
| ozenges. Nbsvsasually,_therefore t he conposition will be chewed or

sucked to ad to n | th hit is’
possi bl e t(b)guse tap%gflzﬁefc&‘;mtee)lf(*g wrlﬁgﬂlrﬁ@”ﬁe%eh mtf;)ﬁsﬂﬂ%s" ans ough It 1s

pol ymeri ¢ mat el PEgNgesten deseribed a’é‘héﬁl"@&st\‘f‘étﬁ n‘s,WCd@ngg ?‘ﬁ%ostfd%b%ﬂ cavity
3ggl \I’M;:ZIChI gr adippi nacoep RASehé meitmnpmd Eeepai Cdts)uyxt aikiMagt tndaied. . | f

I qui _ons_ nma sed i | ar |
~aerosol sprays(%hf)&trg%meﬁshérﬁ?%"pcggi? esgn? r?ta'g?‘ec"tqgr %%ﬁ'g*? %?#e}s% Fngnél cu. o
conposi tions 3@ast’elr1esti‘:skdas¢m|bed|gh the 1980t8ritdsh Pharmaseeptamandto the oral
conposi t | O'i'ﬁ .3 ﬁHs*%?doP%r i Hure s \ﬁg@f‘ﬂtnedgfekewoéaaﬁg&f EDE-ikr seygeonpl ex

i n~he nout er -than on_being s ou he rocess of
chewi ng, - sucki 384 @amaraethyr ofhst t"Pg‘h adt which H’%ﬁaé%‘d% 9(‘%?19 A 18oth&se pass
into the st Omiﬁmth may 16% Welﬁ&@ desdred witRfn el ﬂooﬂmeoing:(an‘gomj tions -

' |
v R erm o1 (RYELGF uRtake ofo At *Bsﬁ??"f&h?é’“fwtié'?@%?ﬂ?tregﬁgﬁfﬁéﬁél e

for example, by increasing the proportion of gelatin used.
15 Pastilles may conveniently be prepared by forming a melt
' conta1ning a suitable amount of the iron complex and the
. carrier and then pouring this 1nto a mould and a]]ow1ng to
dry. Qne particular examp]e of a base for 1ozenges is .
described -in the 1959 British Pharmacoepia Codex and consists
20 of a mixture of sucrose, acacia and rose 0il water. Once _
| again, the rate of disso1ution may be controlled by var1at1on
of the 1ngred1ents in the base mater1a1 .Lozenges may
S - conveniently be prepared either by forming a "dough" from which
| the IOZeoges are cut or, preferably, by compression.' If
25 desired, further flavourings can be incorporated in fhe
pastilles or lozenges but the taste of the iron complexes is so
' aoceptable that this may be unnecessary, except perhaps for )
: paediatr1c formulations. '
where compositions for nasal administration are emp]oyed
30 these will usually be liquid and may compr1se water and/or
suitab?e organic solvents. Such compositions may conveniently
be used either as drops or in the form of an aerosol spray. It
is, however, possible to use solid compositions in the form of
a snuff if so desired. ' '



use. 05 .. . Specific carriers which may be used in pastilles and |ozenges
are descrlbed I-n various. tests including the Brltlsh Phar macoepi a, 't he
British: Pharmacoepi a Codex and Martindale, the Extra Phar macopoei a. One

- par t4 c'Iar exampl e of a base for pastilles is described in, the 1980 British g
.Pharnacoepla and 10 consists of a mxture. of gel atin, glycerlne sugar, e
‘cittic actd and anaranth The rate at mhlch the pastille dissolves in thé’
mout h - ‘may. be varied as desired with a_\.ew to achieving a good |evel of

| '-uptake of ‘iron, the rate of dissol ution bei ng reduced, for exanple, by -

- conpl ex and the _carrier and ouri.n

increasing.the pr obdihirérapsroah d0i ¢ounseningithe epfiect Iolfethemyw:n:nvem ently
- be prepared by cfoaammsapmhﬁm@ntnﬁ'meneta.ﬁ%w t»ihf%l:ﬁ ﬁrranyJmEdWﬁ | ron

: i's’into a noul d and owi ng to
~ dry. One parti8ufhY? éﬁ&@d\de""@)\‘c"amﬁéﬁwdIaVFo(i%"r'F@éE qthepaadvantagssin the -

1959 British meamaptwe@@ﬁl?ﬁsaod PG ftleStRE iroRfcompMextinr enedf sucrose,
acaci a and ose,oil of dlssolutlon may be

control | ed%By MFT"&%‘%‘*B %’f] Fﬂ@ﬁsﬁgﬁﬂh%ﬂt@er ﬁi’e%%@é' morePf athe |ozenges
may conveni ent imgtak-firee phigadd-epriolvdd 1 gy cdmpoundg frof dmugh"mﬁ riem whi ch the

| ozenges -are. C‘ﬂteBWed prﬁt?troﬁ?h y’thwtaﬁgw Cglsﬁléf%]séf g?%ﬂ%z‘%e&qtphgrtgge |

_ flavourlngs can be 1 ncorporated in St
of the iron. cortppeinos c@nps]sxa%@épthn)lpeesm 'lUYﬂ@m!i,y PbetmﬁGCBswey except

per haps for paodmgral ﬁefar-wvé@tclon?@ndv\berfgpsomow nsi{ Qs h
admmstra}i on a tE_ivvlll usual | el UId an

may
~conprise er 3%%9 qg§%|at%g5?‘éﬁé'Fthl s Aasenin Vi%cﬂf 'éB?rrP%FIQ'Uﬂ‘éyrmy
~_conveni ently befustféctingan ae:l'ﬂhgie)sbemmemthheneftﬁﬂnﬂr@fe édmpaanR®@@d spray. |t

L5 guoreuer PUng: Bhie! il sk B AATERE sREE e Rl 1R Blaghe T 1
_ different type of comp]ex Also - described in GB 2117766A is ' '
‘the use of an iron complex in adm1xture with a different
15  metal-free 1ron'che1ating'agent - Once again, this: approach may
- also be cons1dered with the iron complexes of the’ present |
~ invention but is less attractive for similar reasons.
~ In addltion_to_the_pharmaceutica1 uses of the iron -
compleXES discussed above they are also of potential interest
20 as a source of iron 4n various other contexts 1nc1ud1ng in cell
- and bacterial growth, in p]ant growth as a co]our1ng agent and
~in the control of iron transport across membranes.
"~ This invention is illustrated by the following Examples.

(:>'

O



conditions prevailing in the stomach, which is described in GB 2117766A and
“whic y al so have certain other advantages described therein, is to

- fornll ate the i rron conplex in the 05 pharmaceutical conpositi
“with one or'nore of . the netal -free |igand-providing conpounds J
I's derived. Although , this approach may al so be consi dered (4
corpf exes of the present invention, particularly when using 3
conpound of type (1) or. (2), it is .perBéps 10 rather less @

this case in view of the possibility o ting an exchang -1
metal -free conpound and the bound IlgaEx ﬁfp[g:rtlcul arly thosefo

to produce a diExampleni type of - conplex. Also described in GB 2N
the use of an iprepara®@ioh &f ﬁfbnad@,_@qteuée with a different 15

iron chelating a a al so_ e'cons[dered -
with the iron égmfbféga%ﬁ h%qH? Jf eﬁgg‘htﬁ 38"@ 13 Feagted 5t ractive for
sim |l ar re@songor|5 mindtds ah ﬂmmttmpphﬁmcM| aadhhasefsomf sehgiobmon .
conpl exes di sc Y | ter _ __as a
source of i ron%lﬁﬁgﬂa‘ Fguze %IP% eﬁ@ naf]gﬁf | nc gﬁhﬁa% ? E—S"E &aglac"t eri al
growt h, in plamyrepeivard lamoltarc efiwiveil ent @ge}netamu-anhydmvammdr—ar of iron

' transport acrO%Sem”brﬁﬂ;-e%sﬂ_ﬂaﬁt'ﬂ)\'lﬂﬂidnoﬁs'r§eu'tHPfsTeH f@hQYadeh&er' | owi ng
- Exanpl es.

Exanple 1 Pr ep&fa%‘?]dﬁ BqdiluP‘o‘Fﬁr@Bﬂiﬂee%éEh cAj "Mgetmanr?‘c‘péBﬁﬁdl on of ferric

chloride i30reaodtuh Qhlorider i rendvedeby aﬁntmribheemdewé fridtrdteh i
chT™or of or m sol uti on _cont.ai n 2 nol ag UI val ent of e
el 3 B1S.

~(3- hydr oxy- 2- mévAgIaRed £o g aﬂa""1°%1 P%ﬁ?ln;'i. thlbaf"t“?atwe
1- et hyl - 3- hydr grigpd/oif da Zni xbueg lof . 3:1TThempleses t tnwhbahl the dmailtoleut ral i sed by

L0t ehtors o1 S-SV R ReP L) {00 Wb o 10
This oil so]idif es on standing to give a glass, vmax(glass)

15 1525 1560, 1620, 1645 cm"I (The infra-red spectrum of th1s
3compound and of the other compounds described hereinafter, is
obtained by disso]ving the orig1na1 glass in chloroform and
evaporating this solution in situ on the sodium chloride plates
to re-form a glass on which the infra-red spectrum is run.)

.20 | The neutral ferric complexes of (a) ethy]pyromeconic_atid
(2-ethy1-3-hydroxy-4-pyrone) and maltol and (b) 1-(ethyl-3-
_ *. hydroxypyrid-2-one and 1-buty1—3—hydr0xypyrid-4—one;are.
Aot similarly prepared by procedure (A) to give (a) a mixture
' ' ~of 3:71 complexes 'in which the (ethylpyromecon1c acid) (maltol)
25 1ron(III) complex predominates as a glass, and (b) a mixture
of 3:1 complexes in which the_(1—ethy]-3-hydroxypyr1d-2-one)2
_-(1-buty1-3—h9droxypyrid—4-one)'1r0n(III).comp1ex.predominates,

(1) The concentration of the 1 molar equivalent .
"__.1_igand,-provid1rig -t_:ompou_nd is ca. 0.1M although this
cbncehtrfation may be varied, for example in a range of 0.1
to 1M, subject only to the solubility of the particular
~ ligand-providing compounds in the solvent -systerﬁ being used.



'évaporat ed to give, as an oil, an essentiall y quantltatlve yield of a.

m xture of 3:1 conpl exes in mhlch the (maltol)2
(1- eg:?I-S hydroxypyrid-2-one) iron(ll1) conpl ex predon1nates ThIS oi
sol i ies on_ standlng to give-a glass, [err](glass) 15 1525, 1560, 1620,

1645 cnferr] 1. “(The infra-red spectrum of -t hi s- conpound, ‘and of the ot her{j— —
corrpounds described. hereinafter, is obtained by dissolving the origi nal
gl ass.¢iim-chl or of or m-and evaporating thi2§ solution in situ on‘the sodium

chlorlde l'ates_to x, orm a .gl,as h e I pdy gl trum run. -
20 'FI)‘he ndtitd & S?Ie Jg’%§r lesgg \c,;{fy]? r]mth {H ?on%@oﬁ?ﬁﬁacrd IS_ ) )
(2- et’hyl - 3- hydsokut-ien pyft cinehuanhlomldtaois amela‘(ed) wlti( @t hgt - (80°c)

hydr ox F:ird=2 I d
oy oAk o CapRiat e spthol cABMHRI PRIk SoBifa Bhes S By, preare
(et hyl pyromecom‘% 1a&'PEB"2 eg ‘faﬂGP} 02’5ascqrrbaﬁ(qq1p?vgdﬁbpeu§eppgdmﬁ nat es as a

_?llastsh ?”3,0-’;] szeﬁhaﬁo’ﬂ Urfthet &aiza @@Tﬂgk?mfbﬂnvdsl & ptrbeedure (A)) . o
e ro ri u 0X one)_ .i.ron
conpl ei pr edgm"ﬁ%@/ﬁé %)%’15%% éﬁf ?IXU'F) 'K‘E%iferfbilxif‘r%dmfi‘é?
|'i gand - provi dltogcooann\:)modmlten{peraﬂure()\ddﬂ a0 tniiouyés .t hiTse esatiantat i on may
be vari ed, forfﬁgf ?Ho'n s rr‘%ﬂgﬁa feQ lgy gﬂe %ﬁ%ﬂ %?tsﬁ%y#oquﬁhe

partI

solubility of cul ar npounds™ 1'n the sol vent
syst em bei ng usachonate -with efsira gﬁaéﬁ e grecip @25 SOQBBID chieridg dsr] (B) An_

ethanol i ¢ $@! Ulbmdved’ bf %l‘ltpatqhhoaﬂmné Sﬁtvtsa.tee@lsvwalao?amt 6 &fikd, ethanol i ¢
sol ution contai ni ng 2 nol ar e myl ar ‘equi val ent of

ascorbi ¢ aci d(P§ 3t RAT1uAD BfS g{y q“%’ftHz}ﬁBT"e V&?ﬁngtﬁgﬁxE'ﬁfed chl orof orm
~as in procedur of (3N, complerasii inedhiach dhes(miaveot)he(mbbc (acad) d) and the

Do o v ebitafep sohB16 HTebAIER 1 In B L P TulbefSen e oPe LA
. -stirring, the ptaddipgtta edvemjlgumnhlvmx dGHSS)l(DSOO,r é&@@/edﬁbq' f iltration o
~ and t he flllgraﬁegd %mevaporat ed to give, _
o The neutral ferric comp]exes of (a) ma1to1 and 1euc1ne and
(b) maltol and glycine are s1m11ar1y prepared by procedure (B)
- to give (a) a mixture of 3:1.comp1e§es'1n which the (maltol)?
(leucine) comp]ex predominateS' as a glass, vpax 1500, 1560,
20 1595 cm“, and (b) a mixture ‘of 3:1 complexes in which the
- (maltol)y (g]ycine) iron(III) complex  predominates, - as a glass
~ Determination of partition coefficients S S . R
The - partition_coefficient Kpart. being the ratio o
_ (concentration of cdmpound-in n-octanol)/(concentration of
25 ~ ‘compound in aqueous phase) on partition between n-octanol ‘and
aqueous tris hydroch]or1de ‘(20 mM, pH 7.4; tris represents
2-am1no-2-hydroxymethy1propane 1,3-diol), is ‘measured at 20°C
_ for the 3:1 iron(1Il). complexes listed in the Table. (at 10'4M)
by spectophotometry, the complex prepared as described above
30 being disso]ved initially 1n the aqueous tris hydrochloride.
© acid washed g]assware s used throughout and, fo1low1ng mixing
of 5 ml of the 104 aqueous solution with 5 m1 of n-octanol
"for 1 minute, the ‘aqueous n-octanol mixture is centrifuged at
1,000 g for 30 seconds. The two resulting phases are separated
35 for a concentration determination'by spectrophotometry on each,
the rangef340-640 nm being used. _Values typical of those |
~ obtained are shown in the Table. -




as an oil, an essentially quantitative yield of a mxture of 3:1 conplexes’
I n mhlch the (maltol)2 (ascorbic acid) iron(l11) conplex predom nates.

This i1 solidifies on standing to give a glass, [err] (glass) 1500, 1560,
1600, 5 1790 [ehr]. The neutral ferric conplexes of (a) maltol and
leuci ne and (b). ndl'tol and glycine are simlarly prepared by-procett e (B
toagive (a) a mxture of 3:1 conplexes in which the (maltag}.2-(T

~conpl ex predomi nates, as a glass, [erL]pgla00, 1560, 20 '

m xture of 3:1 conelexes in which the (maltol)2 (glycine);+ ex

predom nat es, ass - Determ nation of partition coef#

partition coef fpariteeionK aéﬁf,nb@;iﬂ*gg the ratio (concent rat ko p n
- n- octanol)/(concentratlon of 25 conpound i n aqueous phad4) qii n

bet ween n-octanol and aqueous tr|s hydrochlorlde (20 v

|

repr esents 27 anrmmo=2= ||yu1 U)\ylch ||y| propane J. S=0ir mj S rrr: -uuixg‘y
~for the 3:1irdqn(LIl) co | n the Tabl g ( _
spect ophot orret rly, the co”rrgl ex?glrﬂgpg‘t'r’@ﬂ gs descri bed e{%‘é}gk&nt be| ng

di ssolved initijally in the aqueous tris hydrochl arild acid washed
gl assware is uged tnroughout and, TolTow ng m XIng oT 5 m_of the [efr]

aqueous sol utlc (ﬁ m_ahymm?mlypf(ﬁd_i_mg)ute, t pez;aqueous n- ¢ct anol
m xture is centrlfuge at 1,000 g 30 seconds The two resul ting|phases
~are separated 3Yethyipyramecundendaid)p omadedr m nati gn by1lsggect r ophot o%et ry

(

on each, the rgnge 340-640 nm bei ng used. Values tlypical of those oltained

anre’ shown in tI‘d1Tabmé-3-hy¢r‘02@¥ﬁ¢ﬁBLoﬂelz Partition| coeBf%kients lrom(lil)
conpl ex , ‘Partition _coefficient: (naltol)z : '
~(1- et hyl - 3- hydr dﬁyawwﬁzhs&reyywmd-4—oneb (@aitol),
_ (ascorbic acid) 0.14
(ma1to1)2 (leucine) | - 0.7
| (maltol), (glycine) | o0.s
Example 2 o .

Donation of jron tq;gpptrgﬁ;ferrin
E (Maltol)2 (ascorbic acid) iron(III) was'brepared in situ by
dissolving maltol and ascorbic acid in a 2:1 molar ratio in an
05 = aqueous medium containing morpholine propane su1phonate
~ (MOPS, 25 mM) ahd'SOdium hydrogen carbonate (30 mM), the pH
. being adjusted to 7.4 with hydrochloric acid'(50% v/v). To the
mediumﬂwas.added_a_So]ution of 99Fe enriched ferric¢ chloride
- in 0.7M aqueous hydrochloric acid containing a molar amount of
10 1iron equivalent to that of the ascorbic acid. “Equal volumes of
thé 361ution of the iron complex and of'apotransferrin in the
‘same . aqueous medium were mixed to provide concentrations 1n the
mixture of 5 x 10~5M of apotransferrin and 1 x 10~4M of iron.
o The mixture was incubated ‘at room temperature in separate
15 exper1ments for 10 and 60 minutes and an aliquot was then added -
© to a Sephadex 610(1) column equilibrated with the same aqueous
medium described above and the column eluted with that medium,

() Registered Trade Mark



(ethylpyrorreconic acid)2 (maltol) . a9

(1-ethyl - 3-hydroxypyrid-2-one)2 - 3.56 .

(1-b I-3 hydr oxypyri d- 4- one) (rraltol ) (ascorbl ¢ acid)

0.14 ItoI)2(IeUC|ne) Ftrrm\m)z

(gl yci ne)- ' . .0.18 Exarrple 2 Dona'tron of iron to.

: apotransferrl n (I\/al toI )2 (ascorbic aci d)-iron(lll) was prepared in situ byw/
di ssolving maltol and ascorbic .acid i nu%a, 2:1 nolar .ratio.in-an 05 aqueous

medi'um cont ai ni ng norphol i ne propane s phonate (MOPS, 25 mV) and sodi um

hydr ogen “car borfa‘aet’(cms hw)ng mblqoltlemandgcrauyteétedheopercentagels ofy #26ehl ori c

acid (50% v/ v) attleﬁ ﬁs@éj,qe,g ﬂ\dsﬁlitﬂ QB e aﬁas:ea gnrl ched ferric
chloride in O. q#eous droc l'ori ¢ acid containing anount of 10
i ron eqgui-val entcaﬂgu ated @ cpmeinpdcapafiransianrin/miadl C%ﬂmmof t he.

! solution of: ‘t-hej roh Omaq887) £ ade¥rbet gaquy@dﬁﬁegprm n in-the sane aqueous

medi um wer e _m xed to 1de concentra ons in X [err] of
apot r ansf e(ﬁpl n. and? ti‘"gfe qund,that, ghtery inutes é@%aé? tﬁ?ﬁu%aﬁeeﬂasat room
tenperature inasspeiatied With apotransfemtia dmir.519 oefndheﬁ e rwittasttend an
~aliquot was the ed gpgég.a [ i Ish t he
.same aqueous ma g‘%&deg@ﬂﬁe a oggﬁgﬁiéiéﬁgo m1 el-ut e@é %ﬁgt%ttp medi um
(1) Regi stered theaapotvansferrin 2iad risent to#S¥heonly 25% Inewabingnd. count ed.
The percent age§sggcgq;lgﬁ mogh@thﬁ sth apotransferrin -and with the |igands
S

are cal cul ated as m I ron-apotransferrin/total cpmand cpmiron-(nmaltol)2 -~
(ascor bi c 38 d)ﬁﬁéﬁﬂﬁ—cpm 05 ~ 1t was found'that after 10 mnutes 43%/
of the 59Fe wagnagsgel oéestk %tﬁbm@tf@nsf eirrfohncdifpde)EJs’/OIﬁfo tuuna|59Fe with the -
| i gands, whi | st—after h '

apotransferri n ehrgtlhn‘ocﬁ @sto 75% only 25% remal ni g
~ The. accumu1at1on of iron by human. erythrocytes which are
associated w1th (ethylpyromeconic acid)z (malto]) 1ron(111),
15 (ma]to1)2 (ethy1pyromeconic acid) 1ron(III), (ma]to1)2
(ascorbic ac1d) 1ron(III) and (1—ethy1—3—hydroxypyr1d-2—one)2
(1-buty1-3-hydroxypyr1d—4-one) iron(111) was studied together
_ with that of a group of four other. 1ron "compounds - for
o comparative purposes this group compr1sing the 3:1. homogeneous
20 iron complexes, (ethy1pyromecon1c acid)z 1ron(1II) and
(maltol)3. 1ron(III), and the salts, . ferric NTA
'(nitrilotriacetic -acid). and ferrous sulphate.
_The. iron compounds were used in solution in an aqueous
. medium containing tris (ZO_mM) and sod1um_chlor1de.(130 mM),
- 25. the pH]beingzadjusted;to 7.4 with hydrochloriC'acidf(50%-v/u).
- The solid ferric NTA and ferric sulphate, labelled with 59Fe,
-were diSsoIved'in the aqueous medium to produce'a 10-4M

O

. 'solution wh1lst the iron complexes were. prepared in situ by
'solut1on of the ligand-providIng compound or of an appropr1ate
30';'molar rat1o of Iigand-providing compounds. in the aqueous
' med1um and the addition of an appropriate molar proport1on
- of 59Fe enriched ferric chlor1de in 0.1M aqueous hydrochloric
.acid, the”final-concentration of,iron_bejng 10-4M..



associated with the Iigands 10 Exanple 3 In vitro tests on perneation. of
i ron- | 'exes iqnto hypan erythrocytes The accunul ation of iron by human
eryt hyocyt es, whi ch.are ‘associated W th (ethylpyroneconlc aC|d)2(naItoI)
iron(l11), 1 (naJtoI)Z (et hyl pyroneconic acid) iron(ll11), (maltol)2 "
(ascorbic acid) iron(111). and (I-ethyl-3-hydroxypyrid-2-one)2 '
(1-Bhtyl - 3- hydroxypyrid-4-one) iron(l11) was studi-ed together with that ofr
a group of four other iron conpounds Fo?Beonparatlve pur poses, thlS group-ﬁ

comprising the 3:1paopmOiR (62%TRh S FBEL Y 138 “"? el
acid)3 iron(ll1) an mal he sal erric NTA =
(nitrilotriacet AQUeRYs d’“éhl Q‘teﬁf’?ﬁjsl ﬂsiﬁﬁélﬂ‘a’@% exgerimends f@dsn‘-i)mndd@ wer ¢ “’
in solution in ﬁmtﬁﬂﬂeﬂﬂﬁlﬂﬁ(ﬁ's@?‘ GPat iR (’iré*l@o'l()%ogé’g\&rﬁfﬁ ag‘?
chloride (130 % he, pH. bei ng adj usted. to -h i
acid (50% v/ v) % ibl icqmp 1%, Pl Mg\“rﬁéef'&sr PE expepieands ¢°a'sm9éfd Wt h
59Fe, were @8 sspoweq smohewaqeepus amglaonmmt@f odlaeﬂoa?h@rfrﬂc#sfdwhl on

- whilst th red i.n uti,on o he

1 gand- provi di nt AUTRES A 6" R RO, ofcubatfom et g migtid, vis o

| i gand- provi di ngema‘penlmdscenm1fugataqumas tvediayerandf tsheicoméi bion of an
appropriate gl oopor phfh A1 OressRteORd Tl Borehlbpiige In O 1M

“aqueous hydr.ochl'oric aci conce i ron-being 104M
- 28 - Packed hasR@sited Hﬁﬂbﬁé@ qfotme rﬁrytlmcastesq@n@atr@mmcwbaheoraqueous

rre\g; um at h[mr r | médi uﬁaﬁh&feai?rrmé@edﬂdrgﬂ% %r&@ént@dw a3 ﬂrgﬁl?ﬁ%n: ﬂa'lg' 'Seffzgso f
exper?:rentg Ezgﬁ{ﬁ? éﬁt%g%" 8 e@y&%gocyﬁgspé@ceé‘éraqgn HH'"B@)%/% )niR es. |
Fol | owi ng i ncubtatilen2 for the Guand GD minaterexperimatite aniCaharabee Jredrum
m xture was Sepﬂ{eakfﬁep)éxﬁ%héht YARh! 1288 H\Qcolrg erashgi isé'io#l.lcﬁne ol l
(a1l data in the Tables represents a mean of at ]east three
_'15 independent experiments). : : :
It will be seen from Table 2 that ethy]pyromeconic acid is
~ more effective as a Hgand than ma]tol in producmg uptake of
an iron complex by erythrocytes the uptake both for the
_comp'lex containing three ethylpyromeconic acid hgands and that
- 20 contaimng two of such ligands reaching an_ equilibrium’ after
onl'y"s minutes. It should also be noted that a higher level 'of
iron uptake is 'achieve'd'at: 30 minutes for each of the three
\/ ~ mixed 1igand complexes containing a hydroxypyrone hgand than
o . "~ for either of the comp]exes contaming three 1dent1ca1 '
25 hydroxypyrone ligands.




(p =

1.07, and p =
of the erythrocytes and the incubation 10

1.2 respectivel y.

preﬁénted as'a distribution ratio (concentration in

eryﬁhfocytes/concentratlon in medium

experiments and in Table 3 for the other experinent wiith (maltol)2.

“(ascorbi c. acid)
| east three 15

"~ that ethyl pyr
produci ng upt

dron(lh1l) (all

conic acid is nore effective as a Ilgand than mal t ol
an iron conpl ex by erythrocytes

i ndependent exper i.reizesy .

L2

It w

The ‘59Fe | evel s associ‘ated with each
nedlun1were counted and are

in Table 2 for the 5 and 30 nlnute

A~

-
data in the Tables represents a mean of at .

be seen from Table 2

in

t he uptake both for "

COI’]t ai n| ng t
m nut es.

contai ning thyee ldentlcal
Li gand Conpoupd

3.6 Fe[ ERR] (
Fe[ ERR] (et hyl
Fe[ ERR] (‘mal t ol

(et hyl pyromecg

5.2 Fe[err] (]I
2-one) 2( 1- but)

t he . conpl.ex containing three et hyl pyroneconi ¢ acid |igands and that 20
of such ligands reachingjan equilf briumafter only 5| .
It should al so be noted that ajtiigaRd |jevel of iron uptakelis
achi eved at 30 ninut e€ompsundach of the {IfOBEEN xeopﬁsitﬁél?fﬁ‘%niﬂpté?es -
containing a hydroxypyrone |igand than drakiemep—of LHU',Uleexe5-
25  hydroxypyrone lipg ABLE 2
o concen- Di stri b?lt"ﬂ('i‘Ht?sa 138 'F‘r"éf??%rh 5
m nutes 30 m putes. Fe[ERR](ethyIpyronec nic.acidp3- - 03 317
|l + Al ’3 O : 4 4
OO U. & . c .
}gr PIHG %Ryfpﬁ(&}ngéo%lc %%38 11. 0.3 El); 8.3.7{ | g'%.ﬁmi‘l tol B
Hp(ng [err] (maltol).: (asggg'bi_:’ aqg.@) 10.218.1 1.5y,
gkh qhigﬁoxypyrld- 0/2:0.1. | 0.4 i 1.4 QJ'
"Femrb(ﬂh??‘byromecomc ac1d)2 0.2:0.1 5.6 5.2
| maltol o o j*' o
Felll(maltol)y | 0.2:00 | 1.9 6.3
(ethylpyromeconic acid) ' o '
eIII(maltol)g(ascorbic actd) | 0.2:0.1| 1.5 | 5.2
_FeIII(T-ethy]-S—hydroxypyrid- ',O.Z:O.Tf 0.4 1.4
-one)2(1-buty1-3~hydroxy- '
pyr1d-4—one) : , - _
Felll NTA 0.1 | 6.2 4.9(1)
| Fellso, o._i; 5.0 4.3(1)
(1)An analysis of the erythrocyte membranes after 1ncubat1on Q.J_

shows that these apparent]y high levels of iron uptake are due .

to binding to the cell membrane and do not in fact reflect true

values of iron uptake.



pyrid-4-one) Felll NTA _ 0.1 6.2
4.9(1) _Fe[err] - 0.1 5.0 = 4.3(1)
(1) An \a/nal ysi;s of the erythrocyte menbranes after incubation shows that

t hese apparently hi gh | evel s of iron uptake are due to binding to.the cell
mermbrane and do not in fact reflect true values of iron upt ake
TABLIE 3 [ Fe[err] (naltol).2- (ascorblc acid)] Time (m nutes)

Di:stribution ratio 2 - 30 - 6.1 5
8.0 10 ' 10 2 15 . = .
17.1 45 TABLES . . 26 5[err] 60 A

30.8(1) [err] These hi gh val ues arl se from di ssoci ation of} the. cont)l e>?
donation of iron_t roteip, Exanple 4 In VItl;,O tests 't Y
experi menti.on ORFﬁgInf( iﬁf‘g F'e]cuﬂé?d)slegrrents by iron ¢ €

upt ake of iron by non- everteoﬁat Jejunal segnents was 05 s {3032
(et hyl pyromeconic acid)2 (maltol) iron(1l1) (maltol)2 (ethyl Dvrorreconr c

acid) iron(lll)y and (1-ethyl-3- hydroxypyrid-2-one)?2 :
(1-butyl - 3-hydroxygyri Bide ¢mégutiespn(111). Fobistenpatiahi metipur poses, simlar
experiments were cgrried out with (eth.y pyromeconic acid)3 iron(ill) and
(maltol)3 10 |ro-@LLL9—,—'L-h-e—La1-LeL—c-e-xpLe¥_bei-ng—us-ed_aJ-one_a-nrd I n
adm xture : ._ : ) - e .
s - 5 - 8.0
| 10 7 0.2
15 | | 2.2
0 | BRI
4 | 2.5y
60 1 0.8
' (”These high values arise from dissociation of the complex and
donation of 1ron to intracelluar. protein.
: Example 4 '

In vitro tests experimention of non-everted rat Jejuna1 segments

by iron complexes :
The uptake of iron by non-everted rat Jejuna1 segments was -

05 :stueied for.(ethylpyromeconic acid)z (maltol) iron(111) .

"(MalteT)z (ethylpyromeconic acid) iron(ILI) and (1-ethyl-3-

' hydroxypyridQZ-one)z (1-buty1-3-hydroxypyrid-4-one) iron(III).

" For comparative purposes, similar experiments were carried out

‘with (ethylpyromeconic acid)g iron(III) and (ma1t01)3 ' '
10 1ron(III), the latter complex being used alone and in adm1xture




- 31 - with an excess of naltol corresponding to either 1 nolar proportion
or .7 nol ar proportions of free maltol in addition to the 3 ol ar

_ proportlons contained in the conplex in association with 1 ol ar proportlon o
~of iron(lll). 05 - The iron conpl exes were prepared in Situ.in '
oxygenat ed HEPES buffer by solution of the appropriate amunt: of the fs :
| i gand- providi ng corrpound or of an appropriate nolar ratio of. P
| i gand- provi di ng conpounds,. in the buf4ser and the addition of an

' appropriate nol ar roportlon of . 59Fe enrlched ferric 10 ~chloride in 0. 1M
“aqueous hydr odfithr 8% eXEPES of n@a ol aforgpeendingttcoribhen fomlgsi ng 10[err].

- Rats (mal e, . Spyraguet Banbeys m3®ar9(pr6pontﬁbﬁs lofl Fesk ihﬁljtdlh%JaQid‘i'Ei’dﬂ ggroved.

St di vi d ut | engt hwi se.-and opened out.
1 e, O o SR g AR 13, oot o Seimcinncs
|ncubat|on f | a€iith. 1 mbfierjprjopootionasf jironpHIIOd at [err] (pre-incubat ed
Lok beiggscuscdmé Ao Londtbelh GO0 Brafted FFLTEDL P sklugholBE' 7 1)
mngt es. - The HEPES uffen byedplutiineref theranpooptiade adunt of thee uptake of -
59Fe was cal culighRdlprevid i seamﬁauhaorbrraf'a% sﬁn%?%{eainbm ratio
Chowy

~ tissuel/concent atl n T n corrected and -
the extracel | u §F" rpé'EV? g(F R4rdsy Ha- W/@B@f@uF%éﬂ‘é %%éé"%t‘ﬁdl es) of
" the tissue. 'Hneapmplrﬁateamlahm\noporrtﬁmtdfe59fFaltdri¢hedl férMie seen, i.n

contrast 48,5 t t hrocytes, that the uptake qf™ "
I ron from%tahe Jggotf‘heextlg(idr‘“lgl B Oa%hre %‘m@ Cdﬂe %@W ii'éac]| d ligands is n&/
greater than tqeasentnatim oconmrekemmﬂan -ng three mal tol - |igands. However
a5 L Lhe erylir oplse (RRET SHRIS 0d8 yUiPloaks g wgmiﬁe@faﬁatﬁ{e for the

three m xed 30 gand exXes cont Lni ng E rone | Tgand than
for ei t her of. Jteﬂlé“%r?ﬁ!“é‘ié‘@s cbinwas fiyddecia OFQIGWOW dneach geaidg.

cut lengthwise -and opened out. These lengths were further cut
15 ] into segments of .30-35 mg (3 per incubation flask). _
Jejunum was incubated at 379C (pre-incubated flasks being used
each” of which contained 3 segments) in a medum of oxygenated
HEPES buffer containing the appropriate iron complex
for 10 minutes. The tissue and medium were then counted.
20 The uptake of. 59Fe was calculated as a distribution- ratio
' (concentration in tissue/concentration in medium) corrected for
ythe water content (80%) and the extraceliular fraction (found
-to be 20% by sulphate space studies) of ' the tissue. The
results are shown in Table 4 and it will be seen, 1in contrast
25 to the results obtained Wlth erythrocytes that the: uptake of
iron from the complex containing three ethylpyromeconic acid
.ligands is not greater than that - for the complex containing
‘three maltol ligands However as in. the erythrocyte
: experiments the uptake of 1ron s greater for the three mixed
30 f 1igand complexes containing a hydroxypyrone ligand than for
='either of the complexes containing three hydroxypyrone
: ligands

~
N\



32 - TABLE 4 Ligand - Cbnpound ' concentration

: D strlbutlon (my rati o Fe(lll)(naltol)3 + mal t ol
1 . . 0 1 (1 7 nolar ratio of conpl ex: mal tol) Fe(lll)(naltoI)S +
naltol 0.4 0.6 (1 1 nolar ratio of ==
conpt ex: naltol) Fe(lll)(maltol)3 0.3 .7 SRR
1. 3xFe(l1})(ethyl pyromeconic acid)3 0.3 1,0
- Fe(ll1)(ethyl pyromeconic aC|d)2 . 032:0.1 . 6.0 (maltol)
'Fe(lll)(rnaltoI)Z 0.2:0.1 4.3 f gy
(et hyl pyromeconil8Blfsidd) Fe(111) (maltol)2(ascorbic acid) S Q.27 051
9.7 Fe(111)(1-ethyl-3-hydroxypyrid- 0.2:0.1 : 2.4 -
2-one) 2- (1- buty{-3-hydroxy-3- net hyl pyrid-4one - 33} CLAINQ 1.

iron conplex cofprising a ferric cation in fcoriidgaedion wth atVIéasla'
different |iganfls, atCompasd one of which is| ¢gansenteatipy p auﬁwnbwauweq‘
- (1) 3-hydroxy- #-pyrone or a 3-hydroxy- 4pyfone (A whi ch| one '@tios
-of the hydrogen}jatons attached-to ring carbon atons are feplaced by a
al i phatic hydrog¢arhan graoup of 1 to 6 carb tons. or {2) a _
: I ch the hydrogen atpm

3- hydr oxypyri d-2-0 r 3 h rox% |d 4-onge i _
attached to the ﬁFgﬁ aced b an aliphaﬂig‘cyl_groum
by an aliphatic|hy Lﬁ% %pﬂ of 1 : _

K,J: Fe(III)(maltol)g + malto1 _ 0.4 _ 0.6
' (1:1 molar ratio of ' ' : :
complex:maltol) 3
Fe(III)(ma1to1)3 - 0.3 SR ¥ N
Fe(III)(ethy]pyromecon1c acid)3 0.3 | 1.0 .-
Fe(III)(ethylpyromeconic acid); 0.2:0.1 6.0
(malto]) _ _ ' . _ _
_ Fe(III)(malto1) _ | 0.2:0.v - . 4.3
(ethylpyromeconic acid) | ' _
Fe(III)(ma1tox)2(ascqrb1c.acid) 0.2:0.1 | 9.7

Fe(1II)(1-ethy1-3-hydroxypyrid- 0.2:0.1 2.4
-one)z-(l-butyl 3-hydroxy-3- : : _
' methylpyrid-4-one




to 6 carbon atons, or by an aliphatic hydrocarbon group substituted by .one
or- nore substltuents sel ected fromaliphatic acyl, alkoxy, aliphatic am de,
alrphatlc ester, hal ogen and hydroxy groups and, optlonally, ‘i-n whi ch one
or nopre of the 15 hydrogen atoms attached to ring carbon-dtons -are _
repl aced by one of said substituents, by an aliphatic hydr ocarbon ‘group af~_ ~
1 to 6 carbon atoms, or by an allphatlc hydr ocar bon group substituted by

. -al koxy, aliphatic ester, halogen or hydroxy group; 20 the trival ent

_positive charge on the ferric cati ol Peimg neutralised by the charge on t'he
| i gands - covalently bound thereto. 2. gﬁAngytral 3:1 ligand:iron(ll1)"
conpl ex conpr|5|$8 { hree: noba5|c en ate |'igands, of which at | east

r

two are 25 Ui f AR HYAN COMP Génﬁ‘?“f?ﬁf?mﬁ’ ?rrécf‘é’r ’PE aermhinagien | gand
separately beﬂm atowadedtdwdafmﬁpbmdabdas Ngt ebst éhehyfranigndipyrone or a _

3- hydroxy- 4- ?{Esﬁé g)ng f&ggg'edo;)? re of the hydrogen atons attached to

ring carbon allphatlc hydr ocarbon group of 1 to 6
carbon 30 aﬂdms$ ?(sﬂf)f‘oxn-@uymamypyr%ﬂy@‘mﬁmranmymrulxyqtrypnei -of-one in
whi ch t hegchy e g a I d by an

al i phati ?Sac;ﬁm g aéh%nh%%%{?%ﬁh? Jﬁﬁ Eér%(n:cgr E?réﬂl?n afo?r% ?ggG car bon
atoms, or by lemr are rbartae ﬂ?ﬂh@@&r byﬁrogaotzqn qnqu_plg 111@1&1@@9&11111111

- 34- substltLgﬁaﬁsby‘gne or nore substituents selected fromaliphatic acyl,

alkoxy, al i ph trc ali tic ester, halo and hydy oxy . groups and,
optionally, i '\é!ﬁs" Eb&@'(?f‘e t%earﬂy&fBbgWréﬁ o‘hé’“étl’hb%ég‘"to ring _
~ carbon atons ﬂreehyﬁpdganedtdwaﬂfacheom the sﬁmde@anbatdui uenteplabyd asy al i phat i d
~ hydrocar on hat i c hy carbon )
oroun suﬁﬁt P8R el 20, SESSn g e R Lot BY WOReRAsBAR cirou )
_ to 6 carbon atoms, or by an aliphatic hydrocarbon group ﬁ '
subst1tuted by one or more substltuents selected from a11phat1c
acy]. alkoxy, aliphatic amide, a11phatic ester ha]ogen and
_ hydroxy groups and, optional]y, in wh1ch one or.more of the
~. 15 hydrogen atoms attached to ring carbon atoms are replaced by
one of said substttuents. by an al1phat1c hydrocarbon group of
1 to 6 carbon atoms, or by an a11phat1c hydrocarbon group _
substituted by an alkoxy. a]iphat1c ester, halogen or hydroxy

- group; : . _
- 20 the trivalent posit1ve charge on the ferr1c cation be1ng _ B
‘neutralised by the charge on the 1igands cova1ent1y bound . : g,; '

2. A neutral 3:1 ligand: 1ron(III) comp1ex compr1s1ng three
monobasic, bidentate ligands, of which at least two are |
25 different, in combination with a ferric catlon -each ligand
' separate]y being provided by a compound being:
(1) —hydroxy-4—pyrone or a 3-hydroxy-4-pyrone in wh1ch one or
" more of the hydrogen atoms attached to ring carbon atoms are - '
rep]aced by an a11phat1c hydrocarbon group of 1 to 6 carbon
30 atoms; _ : :
(2) a 3-hydroxypyr1d-2—one or 3-hydroxypyr1d—4—one in which
the hydrogen atom attached to the nitrogen atom is replaced by
an aliphatic acyl group, by an aliphatic hydrocarbon group of 1
to 6 carbon atoms, or by an a1iphat1c.hydrocarbon-group .

| / 0 W



~group; or (3) an alternative conpound providing a physiologically 10
accept abl e, nongbasi c, bidentate |igand which .is capable of bonding
cova}ently to i ron: but with the provi so that at |east .one of the._ligands
is of~type (1) or (2) 3. A conplex according to Claim2, in whi'ch then
conpound of type (3) either contains a first grouping whi ch i-s an’ enol &y
: hyd¥exy group or a carboxy group and a second grouping which i's an aﬁineﬁk
group or a hydroxy group, or is a nmormo@4r boxyl i ¢ aci d providing an ani’gn e

containing a grauding, %?W ofte or m6AIRER ﬁﬁsﬂsdkeﬂecttedQr%mﬁaﬁpnh%ia\hhfgh

the conpound of YIO@-]&(g aci acefl c acid, propignic aci.d
lactic 20  aciatylglakkowyc adcp@haswﬂs»@1dehdt1cgpgﬂarneha1|og

. n‘et hi oni ne, ph | M&o @% Mali e @Rich d“ e drfel :‘;; %
whi ch the am n(?mggl d@égﬁ"surés Sdp natay] 1 e oPim of

ne or differ ', 104
resi dues of aniMSragenatemy é&tweﬁrtﬂn”ﬁ? scal"é%'f a%@'ﬁ 2SR FPJP fﬁfﬁ b8t si x
an no aci ds 25one bf saAdcsuiiitétuentsprbyi an aldpﬁialcrrhyurocmrhnlm grouphef corrpound

of type (3) is uconi.c -
. conpl ex accor dlﬂ gcﬂgg@faqﬂngi %gr@ a%iﬁhagiv%ﬂgﬂ C%P gt%lltﬁ?v\o gf t he
| i gands are prosubd&ﬁitut;dchmpwmli@xw npln@tnenesteypelsﬂamgw( hydroxy) and
(3). 30 7. gp gﬁaaccordlng to any- of lains 1 to 6, in which two of
Vi

the |ligands are pr t he.sane co d and t her d :
provided by a d(f ei%ﬁﬂteﬂﬁﬁﬂﬁﬁdmmETﬁﬂlg%T%giﬂ Rk WTf?T!T?iilggn LISM S

- 35 - 8. ¥ neadceptatde] mor@dastid,r bidenthie dgphdxhichisi sapagle fafee

nonebasi c, b|de te |iga h dis
different, in c 1H%\tt1°gﬁ??dﬂ%t’m é :ﬁ/glr"?’i cbﬁgtﬁgﬁ ‘E’thwﬁaﬁ% O?Fbot {types
‘each separatel yortaenﬁgtipr digandd WO& tpe (b)owpo(ﬂid bei ng:

: ' 3. A complex according to Claim 2, in which the compound of

type (3) either conta1ns a first grouping which is an enolic
- 15 hydroxy ‘group or ‘a carboxy group and a ‘second grouping which is
an amine group or a hydroxy group, or is a monocarboxyiic acid

prov1ding an anion contaimng a grouping —-C:{g:z' _
4._ A comp]ex according to c1a1m 3, in which the compound of
-type (3) is formic acid acetic ‘acid, propionic ac1d 1act1c
20 -'acid “gluconic acid, ascorbic acid, ginine, leucine,
methionine pheny1a1an1ne tyrosine, valine or a di- or
, tri-peptide in which the amino acid residues, which may be the
N o same or different are residues of amino acids se1ected from
' this 1ast mentioned group of six amino acids.
25 5. A complex according to Claim 4, 1n which the compound of _
type. (3) is g]uconic acid ascorbic ac1d glycine or Teucine.
6. A comp]ex according to any of Claims 1 to 5, in which at
-least two of the Iigands are prov1ded by compounds of different
types among - (1), (2) and (3).
30 7. A compiex according to any of Ciaims 1 to 6, in which two
| of the iigands are prov1ded by ‘the same compound and the other
1igand is provided by a different compound o

M AT



- .gluconic acid, - ascor

(1) 3- hydroxy 4- py3 hydroxy 4- hydroxy 4- pyrone In whi ch one or nore -of the
hydrogen atons attached to ring carbon atons are .replaced by ap al i phatic

hydrocar bon group of 1 to 6 carbon atons;. 10 (2) a 3- hydroxypyrld 2-one
or 3-hydroxypyri d- 4-one 'in which the hydrogen atom attached to the nitrogen

atamis replaced by an ali phatrc acyl group, by an aliphatic hydrocarbon :; o

group of 1 to 6 carbon atons, by an aliphatic hydrocarbon group
substi-tuted by one or mnore. subst i tuents sel ected fromaliphatic 15 acyl
al koxy, aliphatic am.de, al-iphatic estsér “hal ogen and hydroxy groups and,-

optional l'y; i®8.wh cleutred GE1 n‘nrgend)i‘i doheltmdt&ﬁb?lréxaé&rlﬁ@inga(th% to ring
by an aljphatic

d. substit t .
ot oar bon oPBTRbeRE S e Rlad S158ngts & SHPZG PSR tnR %56 apdiBBear bon
group 20 subbird ulsedhﬂfyzramt,ahho«gmbiaatwmawim asternicheatigan the hydr oxy
group; (Of (3) 1i4HdY G Yol LRS! LS retPTNE AGhTaed B5TLC ac! .

gl-yci'né euci p?ienyl al ani ne,
tyrosine 8% vapmmndzoeingo A conpl ex according to.any of Cainms 1 58 8, N
in which at t amg, ihd GO d; of e (1 £
conpl ex accor ?’rsrg 3?g?drldx9 ,yriégé’v\ﬁ" ﬂhﬁﬁoﬁq gé'?a é?'({'/) |% %)'Fovr ded
by a corrpound'“B'Fet“f hydragen aﬁ?'@oﬁﬁ%ﬁl‘eﬂc%r"dﬂﬁgiatf‘ om@tops aree precedi ng

. clains, in 30replditledfbyt laﬂ ghiphati¢ l@ﬂr‘&dﬂ?‘boh Igroup oF hy€s @ ¢adudayr one or a

3- hydroxy4 py I nwhi ch one. or nore of "the- hydrogen atons -attached to .
~ring carbon a%g% *are. replaced by an-acyclic aliphati-c hydrocarbon group CQ/
1 to 4 catbon(a} onss-mnrnmmnﬂ-memmmmwﬁm-n-m@ 1h wﬂ‘vﬂrhS *

-36- 12. A copplngy Oﬁgon'f'gtrtgclﬁdatm&je nifroggh CJtohrhf“s Irldby of -type
(-1) 's 3 hydrgn(yalipﬁaticngcg({)lr g?‘oup, by an a-l?lfphatic hydrocarbon group of 1 '
- to 6 carbon atoms or by an aliphatic hydrocarbon group
. substituted by one or more. substituents selected from aliphatic -
15 acyl, alkoxy, aliphatic amide aliphatic ester, halogen and ' _
| hydroxy groups and, optionally, in which one -or more of the ' - ."i
hydrogen atoms attached to ring carbon atoms are replaced by
one of said substituents, by an aliphatic hydrocarbon group
of l to 6 carbon atoms, or by an aliphatic hydrocarbon group
20 substituted by an alkoxy. aliphatic ester, halogen or hydroxy
group; or S . . _ |
(3) formic acid acetic acid propionic acid, lactic ac1d o ;_;
gluconic ac1d ascorbic ac1d glycine, leuc1ne, methionine, '
phenylalanine tyrosine or valine._- .
25 9. A complex according to any of Claims 1 to 8, in which at
least one. ligand is provided by a compound of type (l)
~ 0. A complex according to Claim 9, in which each ligand '
separately is provwded by a compound of . type (1)
1. A complex according to any of the preceding claims, in
30 which the compound of type (l) is 3-hydroxy—4-pyrone or a -
': 3~hydroxy4-pyrone in which one or more of the hydrogen atoms
attached to ring carbon atoms are replaced by an acyclic
aliphatic hydrocarbon group pf 1 to 4 carbon atoms.
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one or nore of the hydrogen atomns attached to ring carbon atons is replaced
by a nethyl, ethyl, n-propyl or isopropyl group. 05 13. A conpleg,
accordrng to, Clain112 in which the substltuted 3- hydr oxy- 4- pypane has \
si ngl e* ‘substituent®at the 2- or 6- position. 14. A conplex according to -
Ci-aim 12, in which the conpound of type (1) is selected froqlthe group
coﬁ&#stlng of 3-hydroxy-4- 10- pyrone,
-3z hydroxy-2-met hyl . - 4- pyrone. 3- hydr oxy;
2-et hyl - 3- hydr oxy- 4-pyrone. 15. A coin X according to Clalullz

. the conpound; oﬂztyﬂecétﬂmeuSaa@Iremgadofcmmm Qnourncuoma S b

3- hydr oxy- 2- 30

oml ex acoor dEn (37 T SCReRRV-E RO oF FRRG VR AME: TG
provi ded by a omerpnumolra)bftmae hle)QgeMatqmcajmalcbxd docoiny ngrhan amgmso

Clains 1 to 8, c d rat S 13 conpound of

type (2). 18. 1%”35%1? c%on*r gﬂﬂp Wﬁ f ﬁ%yll orp1§¥|%%g'l béllréﬁg dmi7 |n o
0 which $I1e1§cnn@099mp16# §§ﬂﬂ§dt49 tPsC¥§15 Tﬁwdﬁﬁxnﬁiyﬁlthﬂzséhﬁi1éﬂted

2

3- hydr oxypyri ds%%?%xy-fh%k&{b hbe xdreuesumdtaruait aghat ko dhe nitrogen

%!
nethyl 4- pyrone and ’3‘“vf~n Pl
in® mhlch=“

atomis repl aced al ' phatic hydrocarbon group of 1 to 6 carbon atons
and, optionall ch one or nore of the hydrogen atonms attached to
ring carbon at mms a\reom;ﬂpkawdwaﬁ\g tbyC1dim Baa,nﬂnmh1ahdttfe‘ eompiundl oﬂohat iC

A 00 e 3yt e Fe SR P R o ol R CY 3pRdhas D oY ©f
compgound 010t yperqne) &fhydrwfﬁamnﬂ'ﬁﬂ-tmenq2«)--b$'4m*<"t-¢mth$1~def| ned in

Claim 18. 30 _agc of Clains 1. to 8 and 16 to
19, in which tﬁ% égnégﬁﬁﬂgkﬁﬁtg ﬁﬂ?§§p droxyRyrld 2- one. - 37

- '21. A conpl exléccdr EIWPdet‘andiﬂg GPaﬂ?é'“ﬂ%’o"B whighzthe compound afi ch t he
conpound of tyaﬁpé i 155 sel @xle@0f FonP Bhé oGP QeRs TR SHf Qghﬂfroxy-z-
3 hydroxy 1- et %lhﬁyr—pyrong naend %—etthy){-s 3ﬁydr'oxy-4-pyr'one ' . .
15 16. A complex accord1ng to any of Claims 1 to 9, in wh1ch at
' least one ligand is provided by a compound of type (2). _ _
~17. A complex according to any of Claims 1 to 8, in which each .
ligand separately is provideq'by a compound of type (Zi. ; '
18. A complex according to any of Claims 1 to 8, 16 and 17, in
.20 which the compound of type (2) is a 3-hydroxypyrid-2-one or
3-hydroxypyrid-4-one in which the hydrogen atom attached to the
.XH/ _nitrogen atom is replaced by an aliphatic hydrocarbon group
of 1 to. .6 carbon atoms and, optionally, in which one or more of
 the hydrogen atoms attached to ring carbon atoms are replaced
25 - by the same or a different aliphatic hydrocarbon group .of 1
" to 6 carbon atoms: _ _ ' '
19. A.;qmb1ex according to any of Claims 1 to 8, 16 and 17, in
" which at least one 1igand is provided by a compound of type (1)
or a compound of type (2)-otheb'than as defined in Claim 18.
30 20. A complex according to any of Claims 1 to 8 and 16 to 19,
in'which'the.cqmpouhd of type (2) is a 3-hydroxypyrid-2-one.

* c L M S *



hydr oxypyri d- 2- one, - 3- hydr oxy- 1- propyl pyri d- 2- one, . 3- hydr oxy-1- 05
(1 - nethylethyl) pyrid-2-one, 3-hydroxy-1, 2- dlnEthyIpyrld 4- - one,
¥- ethyl - 3- hydr oxy- 2- net hyl pyri d- 4- one,  3- hydr oxy-.2-"
nethyl-l-propylpyrld 4-one and 3-hydroxy-1-(1"- nethylethyl) 2-
net Ryl pyri d-4-one.. 22. . A conpl ex according to C.aim?2, being(l- ethyl 3<:§0
hydr oxypyri d-2-one) 2- (1 ‘butyl -3-hydroxypyrid-4-one) iron(lI1I

.(3- hydroxy- 2- net hyl - 4- pyrone)2 (1-et y| - 3-hydroxypyrid-2-one) |ron(III)

( 3- hydr oxy- 2- et hyl - 4-pyrone) 2 (|l euci’né) iron(l11),

(3- Eygroxy %lnetmwomﬂlwlaccm)ﬁnﬁgtwah%&)f Clainsl 1 3o 8, 16 and 17, in '

3- I S .__"

E3 h§d£8§§ Sdhﬁg % ao ﬁcifzts( 332 4 sg?{e(&;ed FP%}I‘I: gr'oup ) . _

-~ (3-hydr oxy Z:oneimlngmfpydrbmo)w-'( Zﬂeéhh}nmd-l-@rﬂhnexyl-zetpy’r-da-e) iron(lIl) or
“(2-ethyl - - _ = n(lil1
| ( = Wﬁ?&%ﬁi ahe) %egﬁ%cch%‘”aY d%%yi %epyj Qﬁ,ﬁ}-?y ﬁygroxg/ 2-
20 mefhyl Q- pvpetauémy(u-uwrzfaawdwwﬁraxwr,ar@wercmnwn91-4;7 ’:

'(A\cht hﬂax a??g;ﬁtﬁw_ﬁpw&y@ﬁymaag%%:3—4“@ubstan't : 21I0In§/| 1|‘ Ir?ee from '
i ronm(::)orrpl eMeth %bﬂtg Hr?ﬂyﬁﬁzﬁﬂje"‘o?"?rﬂf‘é hydropy-IREl s‘&'ﬁﬁhﬂ‘ﬁaﬁh S4n |

" conbi nati on muthﬁﬂp@rﬁwmnecat ion as-other than a-neutral 3:1: -
-_Ilandllro I A CO accqr- of the
prgcedl ng-- A%%ﬁﬂeﬁ?(agﬁ%dm%tc Fﬁ%ﬁl‘?? Cb? Pgn?g' %ﬁhﬁor%nd in the net alu
free forkh c@wwmudidr@-me)z K guta 1 p3-dwdnoxypyridret-vaepl i anm._ 26.
conpl ex acc rsdhﬁﬁ-o?@-?-%étﬂﬁ qhsymﬁggdgrlthﬂﬁﬁydg%{;&ﬁlug tially free

fron1by-pro uct’s. o rmaceu osition

conpri si ng dRopedd) o@ﬂﬂhlifw‘ﬁﬂmh&lh&rwww 619@‘%}@”9"{3 26, toget her

- with a physi(el-mmwmeﬁpmabymdoﬁlmycme)capéﬁ(qrzr), ST

- 111111JJJ111%%1gjé%% ]ikm%%&y1-4-p§¥%ne)z (ascorbic ac1d) 1ron(III),

' 15. (3-hydroxy—2-methyl—4—pyrone)2 (glucenic ac1d) 1ron(111). _
'(3-hydroxy-2-methy1-4—pyrone )2 (2-ethy1-3—hydroxy-4—pyrone) T
iron(III} or (2—ethy1—3-hydroxy-4-pyrone)2 (3-hydroxy—2— ' |
'methy1-4-pyrone) iron(III) . : SO

: ;23. A complex according to Claim 2, he1ng (3-hydroxy-2-
- 20 methy1-4—pyrone)z (2-ethy1—3-hydroxy-4-pyrone) 1ron(III) or.
' (2—ethy1-3-hydroxy—4-pyrone)2 (3—hydroxy-2-methy1-4-pyrene)
iron(III). .-~ . .. L _ _ | : o
24. A comp]ex accord1ng to any of Claims 27to 23, be1ng i
substantia]ly free from. 1ron complexes containing one or more
25 of the ‘same ligands in combination-w1th a ferric cation as
other than a neutral 3:1 ligand:iron(IIl) complex..
25. A comp]ex according to any -of the preceding claims, being
'substant1a11y free froma: compeund in ‘the meta1 free form
corresponding - to-a- ligand present ‘in the complex
30 26. A complex according to any of : the preceding c1a1ms be1ng
; substantially free from by-ppoducts of manufacture.
27. A pharmaceutical composition comprising an iron comp]ex
_according to any of Claims 1 to 26, together with a

L 4

physiolog1_cal'ly acceptable di'luent or carrier. -
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" release form 383~ hYA"Wnﬁ%fémTrwyf‘@’@ﬂmoéhatbm'ai’cdiwd

28. A pharnmaceuti cal corrp05| tion conprising one
(3-hydroxy-2-nethyl - 4- pyrone) 2 (2-et hyl - 3- hydr oxy- 4- pyrone) |ron(I 1) and
(2- et: hy\l 3- hydr oxy-4-pyrone)2 (3-hydroxy nethyl -4- pyrone) iron(lil),

toget her with.a phyS| ol ogi cally 05 acceptable diluent or carrier. 29. A
pharnmaceutical conposition according to claim27 [err] in solid form 30.
A ph‘ér maceuti cal conposition according to Claim?27, 28 or 29 V\/m ch is
“adapted for oral admnistration. 10 =~338 - A phar naceutlcal ]

according to C ggm 30 %ﬁ@edﬁcSP%ﬁﬂgﬁ%Bﬁb‘Joﬁbé $3hg

phar maceuti cal conposition accordin

27 15 to 31 WiikGHT 11 5) %@lapeza@tﬁﬂisehm%ﬁyw%w ,Té% B

intestine rather than in onmac phar maceut i-ca

~ conposi ti on. accBFHY g*t’W"@'%t)i 31"3'3(“#?1 Mseﬂ'errhw%ﬂpv % 1

encapsul at e@5 byaa:emab‘re diilueati ot aarrier.di ssoci ati on un¥
oSi ti

28 or 20 whi ch P aAMAREFOIETEEL cabfes LRER aechnfine; t %Aﬂ Lo

~ pharnaceutical &®msedsd toom. according to Caim 35 which is forrre- as o
~pastilles or |oggnggspp ceﬁ‘n?%fircmﬁ@ﬂtﬁ&@lacﬁ&’mﬂg' 4 Q'?aﬂ'c?(\zqrdiﬂqg to.Caim -

27 or .28 25 _in aerosol fTorm har maceut | nposition according
to.Claim27 or 98 z\ﬂh\"&"r?hc&ﬁtaéﬁﬁgedafﬂfé?rﬁﬂ eadnpws)‘qéﬁiw ee d| luent. 39. A

pharmacéut i ol wnpasprtamacmeemcalpdmw aetokd ing "o 27a{m 308w iEhUNI t

doSage form 30 foodst ff conprising an iron conpl ex
according to an§/S C(,l%g'?'?’f’s ﬁqﬂggs oL{‘lcap ?'ocess for the preparation of an

‘iron conplex acddr dAr@atmaemy:mﬂ @bmpmtiori @c2érdiingcto aaypofi SGES'IllegV ng t he
therew tﬁ”’i'l‘i“l 1?22@‘*%?%11253%%1“ fhagn o oo ng reaction 8
_ . _ 3. pharmaceut1ca1 composit1on according to any of Claims 27
15 to 31 wh1ch is adapted to release the complex or complexes in
the intestine rather than in the stomach. _
34. A pharmaceutical composition_according to Claim 33, in
whigh the complex or complexés are encapsulated by a material
resistant to dissociation under aqueous acidic conditions.
20 35. A pharmaceutical composition.according to Claim 27, 28
' or 29 which is adapted for buccal or nasa]_administration.
- 36. A pharmaceutical composition according to Claim 35 which
N o " is formed as pastilles or lozenges.
' ' ' 37. A pharmaceutical composition accord1ng to Cla1m 27 or 28
25. in aerosol form. , .
38. A pharmaceutical composition according to Claim 27 or 28
“which contains a sterile, ‘pyrogen-free diluent.
'-39.' A pharmaceutical composition according to any of Claims 27
to 38 in unit dosage form. :
30 40. An animal foodstuff comprising an iron complex according
to any Claims 1 to 26. '
~41. A process for the preparatwon of an iron complex according
to any of Claims 1 to 26 which compr1ses adding the ligand-
.. providing compounds to ferric ions and effecting react1on
35 therewith.
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'CL M S *  -'39-.42. A process according to Gaim4l, in which
the m xture resulting fronlthe reaction is treated to effect i-sol ation of

t he.-it on conplexes 43. An .iron conpl ex accordlng to any'qf Cains 1 to

26-feor use 05 ~ in therapy. 44. The use of :an iron conplex accordlng to .

any of Claims 1 to 26 for. the manufacture of a nedicanment for use in {:?

_effectlng an increase in the IeveIs of iron in a patlent s bl oodst ream e
- 39 _

42._ A process accord1ng to c1a1m 41, 1n whlch the m1xture
_ resulting from the react1on 1s treated to effect 1solat1on of
:_;sthe 1ron complexes._ _ '
_ ;-_-43L “An’ iron comp]ex accord1ng to any of Cla1ms 1 to 26 for use
OSht:1n therapy. _ : : :
44 The use of an iron comp]ex accord1ng to any of C1a1ms 1
to 26 for the manufacture of a med1cament for use in effect1ng
an 1ncrease in the 1eve1$ of 1ron in a pat1ent s b1oodstream
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