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cNLoridaesin ethanol to pI’OVI de a 2:1 mgg;mm@;i o of hydroxypyridone:zinc.in

t he m Xt ur epartidhata®onind tdrfisiexds andtn ligandlflovidmgdorpaRss of solid sodi um
carbonate i s die ed-tutbmbobﬂﬁeennKx.t,meltlse stio (compeintfagipn IOn-oatanal/conceitetionindqueais

I's then fil 9@#@ mqu%mw Ebea"aeteah'wd Fhigride R0 rmémttw T [epreeonts z
cont ai nlsdﬂg in l a %s vi a is dﬁﬁg lnogﬁz seof(fe
Recrystall | o GGG Forh el eanae o hhaoa i ae
solid in eSﬁfet‘bht:dalof Waripud Ndndudisi vfethg mbdt-frdm ﬁgan{!-ﬁfow in vu amamsé bﬂli) 12

[err] 1620 tiesfibicompaund fatiber r ] DVMSO), 6.80 (q, 1H), 6.30 (m 2H), 4.01 (q,
2H), 3. 35(s~3H.1.23 (t, 3H). (B) The preparation of zinc

3= hydr oxy- 1m2nd|damehudtﬁy lof thedmeltoe is40l02M altholgie thi figuPél tiaBy €€ varddiroc thishshalr othek)
| s f ol | owedhydraxypyBorteg.dorexampls iRt a cingeofiPl 10,0:5Mi bengronstrained bttbeunppr ehd of the range by
et hyl - 3- hy dthesgiuility tﬂ’&?@"t’@ﬂ@‘%"ﬂ‘i@“%‘@!‘?al 2:1 conpl ex from ethanol as

a white crygt Vi

(vith df %om‘?t“" ati*“tééﬁmiﬁto Z:a%f”f"““ Pt Pl eraflo
: 1FD 6.20 (d, : 3 70 (s, , 2.33 (s,

Exanpl e 4 P93r1thp mnswt@mraofm t#thd-?@ xr@s«'l emds Q:??M ol Pawra m&be varied for

conpounds - Tﬂ\%s 33@?‘1‘{ WQ',Y 2 éﬁmégf%’ %9.‘°rﬂ|§e° F |e"b5 @ EYIFIRIRT 3 thegiRPeT,
n- oct an(‘iF)/ L & Tpnes By S so ueoec ase on par s?l on between n-octanol
and aqueous tris hydrochloride (20 an pH 7.4; Tris represents 2-
am no- 2- hydr oxynet hyl propane 1, 3-diol), i1 measur ed at [err] for zinc
conpl exes contai ni ng various 50 | i gands and for their correspondi ng
| i gand- provi di ng conmpounds as listed In Table 1. In the case of certain of
t he conpl exes the partition coefficient for the 2:1 ligand: zinc(ll) conplex"
Is al so measured in the




]

presence of various anounts of the netal -free |igand-providing conpound in

excess of a 1:2 zinc(ll):conpound ratio. 55 [err] The concentration of the

smal-tol is 0.02M al though this figure 83( be éarled for this and ot her
hydr oxypyrones, for exarrpl eina ERnQe‘ 228081 0 5I\/l bei ng constrai ned

at the upper ,end, o FSndt@RPE alRowell il Lé’ rochl {lﬁ
Ceact' on Sq-UiHmal Thed cc%ﬁ’ s s:@hw@"e‘i ol réﬁ;&%ﬂp‘m&f@ xﬁf
pyr omeconi sddaioh of ¥ Zn 1dbelibdlzh lptoaae r6pHSR atholiit OFEE m'&thl-f?ae lbﬂlufpﬁbvmiéc potind b

as di scus swseqnerlt adjustroerit obthe pHl 0 Eanpé gddm %gewls frea'haseommshccbdlassmra fs uséa

1- et hyl 53.4% Mﬂ"zﬁ‘% '"95°f(§ WGQM "F‘P 5phof |5eoctape! jferdl
For Uhi o oJis T "?f mm.g Jvﬁ“’”
ln

J ‘%" : |
0.5\ bei nm i {oF 8 s mlg'wm"

in thd & case of the

n

to

sol ub¥l i t yeoniplekéshe det@minato isleffelaﬁdbyamtmy“thsﬁtment EP 0145 228 B1 |
-each ca¥e, t Resultatypical af thpss olitained breeblowrin Takid 1, yhei nartlxibtecqgﬁmnw beifly qupted for the
hydr ochl orﬁ’?fé“’%&'“ °@B‘ﬂ¥,%FR'F"§P'le ?IF“'F wrorq?rnpelr t‘!" i ‘O'Z‘P'ﬁb"m inrﬁ'é,e
Coerl Exes %?ﬁwﬁz f;v e’ﬁ,@{ ndlca f‘.lhﬁ:'mol Hﬁgw o
the add't'& dﬁfh&ﬁﬂe&%ﬁ Fs%n Iex
net al - fnseeoeburga Bli i wilich eﬁﬂ:r&ﬁdﬁlﬂtﬁt otail af thel ISl RIThct bl rb&ihmﬁfez oo inpbiex, fitkd
7.4 by thepramatnlitmhlSGdrm'hems ufcreeadlbae massmﬁqﬂtemme gbm&gqnd-fmm&und
throughout"‘?{gﬂ“’f Wi of 5 r egous sol ution
with s m %ZB; hg{ % E}a , il m“g katculate
centri fﬂdg cﬁ‘étical 0QValhs d?'i'le Iﬁﬁﬁ'@nﬁ?ﬁn il I&@séf@ﬁa\i h@&h &id, those
s epar at ed Heing 011 a1 LEI vespattivelip ad@totyum\mmbem It Will bé bean dasthe edlud duated in the Table
gand- rd‘vn gl:A an'ﬂ mmg ratms inl e2ch cadercansiderably dese bt dovilkbe dppreciated that these are
sr&e.et r oph h%&ﬂ"’ﬁ rtiog of tha majiel %‘ PYJ'P"‘F‘??E"’ acid is
comml cvas Rt e S e e R
np' €X8 , lll easured
Resul ts ty\mu@ ggﬂc are shown art tion
coefficients be| ng quot ed for the fi rié I:W? 2| nc corrpl exes for di fferent
overal | ratios of zinc:conpound, the two nolar proportions of the
conmpoung: zi nc being avail abl e f opapi 13dbRcded fhédenginc in a 2:1 _
|l igand: zinc(ll) conplex and the Gthers representing free conpound (i. a
1:4 zinc(Il): 0 1T narcatfng nol ar_gpropor . ron of rhe 2:1
conpl ex and 2|molar proportions of {he free comjound 4% “CBRIE: e
conversion of 1zi ngeifu-pRovidin corrpl ekSconpond §, 2l t hougn It be
apprecifted t fat not -?J of the zin wikl_in fadt z&%‘ﬁ%&ﬂf’ s K be 2
conpl ex, the gropor t$BROPRI t hi s for i bei AFY ner dasndldry ratdens a@P?on
effect as thej}proportion of |igand-{ree tonpound increases). t he of
si mul t aneous ¢quati ons and the kno popul at 1 ong conpl exes Jcont ai nijng
di ffereft profamsicehs of zinc:ligand poesént under thd:2onditijofs08&ed in
this experimedgt, it is possible to ¢alculate 201 theorggical [lerg hyyal pes
for neutral 2j]1 ligand:zinc(l1) compl exes of naljtol and et hyl dyronmeconf c
acélg, those b¢ing 0.11 and 133 respgctively as Juot ed M@0 ei nbgf &+a09 | t{ wi |
be-seern®st hat the Tab for g 1:2 z.pc(l1):fc
ratio is in edc hﬁh%g@éﬁconmﬁg y Iesg' %t it \(jmll b? appr eci
these are neadured val ues whi ch refllect the fact] that 8Aly a of

the mal tol or jethyl pyromeconic acidjis bound to{zinc asathe 2:{L 1.241
| i gand:&i nc(I1l}) conpl ex under thesejconditons. As the ratio i wvﬁﬁeasad
S

with a 25 coﬁs%@fﬂémxﬂ‘ﬂﬂ%él’}'ﬁdf e &bint of {the 2:¥2conpl
present, it wjll Jagpseen that the asured val ugs approach theg cal cul af ed

val ues. TABLE 1 0 Part | éi on ¢ %i.‘,gi enf s
zi nc cagpl ex Joi-ethyl=-3~hydyoxyaxtids, dvi GrAd Frigé conp

Zi nc: conpound corﬂngh@d part .

part 40 .66 . 1:
0.038 1: 6 . 3"““5‘”!?7’@"&"%"”““" 8189 et hy‘lopyr oné&oni ¢ aki%t 78 E
0.75 2-one 1: 2 0.J172 1:6 0.653 1:2

1.241 56 3- hydroxy 1- net hyl pyri d- 0. 44 P 2

0. 13 2-0ne 1- Sihiyehemdaidipc-056y-yHt~c- O~ T
0.76 2-one 3-hydroxy-1-propylpyrid-  0.78 1:2

2.74 GQW . 2-one 65 14 :
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EP 0-145 228 Bl Exanple 5 The ability of zinc conplexes to donate zinc to
apotransferrin Apotransferrin ([err]M and the [err]Zn ratiol abelled zinc
sconmpl ex of maltol (the conplex being prepared in situ in the buffer using
[err]Zn radiolabelled [err] at a (Enoermsazzorawf [err]Mand a 10 nol ar
proportion of 5 maltol) were incubated together in Tris hydrochloride (50
mM  buffered to pH 7 4) at [err] for 1OE>qamnl§t5es when a 1 m aliquot was

renoved f ro"ﬁ‘F ‘LE%' ons o
A R e %@M&w&'ﬁﬁr S
associ at ed rditol) wertidcubdiqi taguier T Wcrrbémoa & 1o \PRY @sﬁsvm% rfiGted t

was found twiab ad\m!rah%Wae‘ remhedzftoncthhaﬂdubmend adzie wealPH10@aiutnh 0.8 mhitactianswess .

to Exanpl e cgliecied direcHyintocssintiliation yvidle fepenunting. He *Zn pesodiatag il ath tha@potrsnsferrin and

er ytNw ocyt d% mallel es eimater iagh t ayes June Ui over At OB EiaF e bRes remever framethe zino

associ ated. W "PE*t he neutral 2:1 |'i gand: zi nc(11) conpl exes of naltol and

et hyl pyromeconi c aci d was st udi ed by | nsaplbisng for 1 hour at [err] 15 a 5%

suspensi on Iwfitre tegts lon perytieationi of zific coBtblenen intoMBINSH erpdiroefted he [err] Zn

r at | oI abel I edT’m A@U’Gd neRf ?lm: a t!'emas esmtpmascmmm ﬁG %& th ?m fnée;ggtﬂq;!reo
gford

A W 2
sr tu I n t h{ mﬁi‘f M S plex in aqueous
concent r at irsHhe®fn ﬁe ﬁ%}ﬁ ;’m %n Vil szrmibtamd zaéopét ¥ m.rm’gﬁﬁzs W oG 2

nmol ar rati mmhamlmﬁetva@w%&ndclﬁn Qmoﬁr ratio o’Ezch cahipbUnddt 1:0; 124) 1:5} 1: @ or 11120, i.e. the
concent rat |°m1=em3fati9mef the mncﬂ-lpmwm cergravpdpeion . B hép @5 o & mM, @epectively. 25'!6 5

r especPlep ofFe2: 2 1:20,previge am ingreasingmmo "t utral
e ST A e e T O TIR
akounts of t ﬁ,ut,.r,igg:ﬂ-@g fihae as%

Tris free lln&eeof(dlmombmmndzhmwmg sq:ddted uycneavrmrgahoarthraogldthpIdil.oThar%clbveﬁsn

to fornfd heswe \ykh thF@M M mﬁdlmn\wbmeh equntedTha resgiitanbtaiediares

er yt hr Ocyt ?s t a ues aC| Bf‘;ﬁ gf eter?h‘:eéfg wqg)%kwlem.gme;)he
erythr Ocyt% Xm@l‘pegigf tﬁé’ﬂﬁtﬁi\ the resent
| evel s 25 GSﬂ\GQH&b |estt. r.;aba“ﬁroy 0 fb gam. ncubat | on medi um wer e
then co¥nted. The results obtai ned are shown in Tabl e 2 where the anount' of
[err]Zn entering erythrocytes (n.nol eI#él-_.ﬂ) [err] of packed erythrocytes)
is given, the quoted val ybptakei of) zinc ccomplexescby haryeheocyeés t hr ee

determ nations. It will be seen that the uptake increases with an increase

I n the anount Went- as
the 2:1 conpl 119 gaRELpER§ EdiLnghr Ough tbﬂ. odfid | Pn pichREtof 28nd ABLE
conplexes by -erythrocytes 35 Lrggnd providin o

Upt ake of zin
Zi nc: conpound of zinc ¢ (n.mole)p| ar rhtio

(n. ol ey 40 n 1.0 .0
mal t ol ' 1 : 6.7 1:5

7.9 1:10 none 8.5 1.20 130 1} 4 50 2.0

et hyl pyronecori ¢ matitél . 1 2 1:2 &%.3 1:5

28,0 1.40 28.0 55 1: . 35.0

Example 7 (A) Jin vitro tests on per atiOn"dr'f rat Jejunal ‘sac by zirk
conpl exes The Jzi nc uptake into the rosal‘lspace o t he |r8/.érted r at
j ejunal -.sac wgs conpared for the 2: ] neut rfr Ilgan zi nc( )4 conpl extes of
mal t ol , et hyl gyr omeconi ¢ acid, 1-ethyl-3- hy&roxypy I d-2-0 e and '

3- hydroxy 1- rrop;hmmmﬂeuie ad2dt § (nal e1@prague} Dawl ey,8.80 g) wer
ki'l l ed and thgq jejunum renoved, everfed angd.cut 65 intoiad]bee segngnts (4
cmlength)y. THe segnents were tied both énds anfl filled With Krelds

R nger buffer |15 EP 0 145 228 B1 | 0.2 ma1%nd i hcubat ed8+0n Kr ebs {Ri nger
buf fer €ontairfing [err]zZn conpl exes fat [ erq.agf Or ppriods 44eto 1 hoyr

i

60 Example 7
' (A) In vitro tests on permeation of rat jejunal sac by zinc complexes
The zinc uptake into the serosal space of the inverted rat jejunal sac was compared for the 2:1 neutral
ligand:zinc(l) complexes of maltol, ethylpyromeconic acid, 1-ethyl-3-hydroxypyrid-2-one and 3-hydroxy-1-
propylpyrid-2-one. Rats (male Sprague Dawley, 60 g} were killed and the jejunum removed, everted and cut
65 into three segments (4 cm Iength) The segments were tied at both ends and filled with Krebs Ringer buffer
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" (the zing conplexes were prepared in situ at sinilar concentrations by an
anal agous procedure to that described In Exanple 6 but not using any Tris

free base).

The contents of the sac were counted for

[err] Zn,

the results

obt ai ned bei ng shown in Table BEneoeMUmarn‘mt of [err]Zn entering the
t he quot ed val ues

ser osal
bei ng

conpar

hydr oxypy‘ﬂ@ﬁ@c cp

t he |ncr

an incg easgg,slgn

tnment of the 5

sac is given in n.nole,
i n (020 apd ingubated imrikrabs Rifiger mf@ecqa@imgrffzﬂapmms a 37°G hepqsiawm 1thhkl!

'E’dﬁ@ wege RMH’T"" %Zg?g qﬁgatl?ﬁ‘i
ih QatR lcibé T‘i

%‘:% %s arenes,eé&ﬂt o

of threp B&&&m'tatlorihﬂn the case

TABLE 3 Re#themadroxypyrode ngatds jtsgilweaéenslmtthbyptakeragaummupésesmsn tiidindreayaindhaamountdi ng
Zi nc: constdraeicompolst wihich is presen as & tsayiion9a increase in the amount of the 2: 1rﬂ9|'"&1°" Which i

presenge @) it tesisbi
of zinc mal tThk progcédaret

zi nc: nmal tmncmrat«wm@uthpﬁpr@
ra

t he rret al "’g

mal t o

d f orn msa‘aawrmu manh@rthe uptdRe Of 1&1450&38&8&6?% m‘?médnmn@f irohi ifiC
on iron ufiede df “Eoayeiietiatric coridaiimadnyxture in a 1:1

of zinc z pmake is measured in the absence of any zipq gempound and in the presence of ()
JSEH@ :zinc(ll) complex in the presence of free maltof (1: 1ﬂ

i
ﬁ'%: sto‘:::tnisn;:lthb G4¥atd dotintSd Yol {07 *°Fe, the results obtained beiﬁhgwﬂ-ﬂ Tables4and 5
zi nc( 1) : @Aérk the amount of zink oditbniehtefid the gerd¥@t cﬁrﬁbartment ofthesaci

enpl o

zinc(ll):
zi nc(1%):

ik fa"b’aﬁm

%rall rpropoiiib

or as the 2:

ST

fexﬁE QIRGH

Y”?

3 13,10

mgle

b o

ehABlrolb, the

(n.\oA e) PPFeRtone 1: 0 10.0
mal t ol,, : 12.2 25

1:5 32.4 1:10 I'4']'3'141%"'3'2418120 76.5 30
et hyl pyromeconi ¢ aci dpemeauon of rat jefundD sac by zinc complex@s. 4 1:20

41.9 1-ethyl - 3-hydroxypyri 1: 36.4 35
2-one 46 Pl

3- hydroxy- 1- pjopyl 12 . e} 40 45
(B) Invitro testsE&P“g'Pmav&flf‘% of rt sz'el}cliﬁ%ﬂ'pound u%“@u&eéiﬁ i nc and
iron The procgdure dasmpoimedd under (A} i smalewdratdost dy tinemededake bf zinc
frombuffer cqntaining a |err]Mconce§traL|on of zind in the forma

[err] 2% radiollabel led zinc sulphate i§ adnixture in 1: 10 nol ar prpportion
with maltol, tthenopeake bei ng neasured in thé&:@bsencq of at9-@ ron cprpound,
aQd in the prdse f a [err]Mconceftratio f ironeith s ferfous
sE%phate or as &g%&l mal tol :iron(lI1) corrp?ee In t pregienzcae 50 pf free
mal tol25 (1: 10 (veraII nol ar proportionjof ferdt® chlorfde: mdRtbl). Ih an
exactly sim | gr manner the uptake of ijron frqggufferfcontgiygng a ferr]M
concentrationjof iron in the formof [lerr]Fe Iabelledlferrlg chlorigle in
adm xture in 4 1:10 nol ar proportion th matt# is s}udi ed®he upyake is
neasured in the q,lgggj_pﬁ.oﬂgcmg &didc ccwpoundmmj in the prasance of {[err] M
.zinc either a9 zinc sul phate or as thq 2:1 mali czing(ll) io |l ex §n the
presence of frjee maltol (1: 10 overall} nol ar Q)portl bn of 43¢

sul phat e: maltdl) 4=ebhy 1-3.{[’}'@-09?;{,@&5 of the1sac are fount 86.4 or ir]Zn or
[err] g, the rlesults obtained being sijown in | es 4{ and gvggeret e
anount of zind or Rrepe entering the sgrosal (1,0 art meht of % sac s gi.ven
In n.nol e, thq qEehgdrdm-varopeipygid+ jeach casz the nmpan oR2ihree
determnationg. It _will| be seen that ijn the presence pf an excess off the
- hydr oxypyrone Ilgaﬁa‘"ﬂﬁow di ng conpounyd there is no S gni fi cant nut gal

i nhibition of khe=dpiake—at—ao—=etifrer—tromror—zrrc—romra-Tentrar conpl ex
formed with that hydroxypyrone |igand. Al t hough a slight inhibition of iron
uptake fromiron maltol in adm xture with free maltol was observed in the

In@atioﬁhf St jefdhdI Bad by GRxtWRS of itlc aR®R&H ved i n the presence
ed/la'ldBIdBBls esepmstmmb&mdteomni’e &o:prboﬁmmntaiming)i 107°M
zinc 1-1 phatejn SWE‘P'%FR

ﬂrgmﬁg?l of
ERY N

qetpoeisence

m‘fmmnttm with maitol isgtudied dpe ake

ki {0

r proportlon

quoted

values being in each case the mean of three determinations. it will be seen that in the presence of an excess
of the hydroxypyrone ligand-providing compound there is no significant mutual inhibition of the uptake of

either iron or zinc from a neutral complex formed with that hydroxypyrone ligand. Although a slight
inhibition of iron uptake from iron maltol in admixture with free maitol was observed in the presence of zinc

sulphate, this inhibition was not observed in the presence of zinc maitol. (In these various experiments the
1:10 proportion of zinc:maltol is required in order to ensure that a substantial proportion of the metal is
bound to the ligand in the form of the neutral 2:1 maltol:zinc(ll) complex, and a similar proportion of

65

iron:maitol is employed for conformity).
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20 I nfluence of zinc on iron uptake 25 Conponent contai ni ng

. Conponent contai ni ng Upt ake of zinc iron - zinc
An..nmole) 30 1:10 iron(l1l);

44 1:10 iron(I11): maltol zinc s ph§t1é52£8nﬁ1 33 1:10
iron(l11):maltol 1:10 zinc(l1):malt 4 45 35 Exanple 8 In
vivo test of action of zinc conpl exes: r-n—#F're—rat 40 Two rats (300-350

g) were anaesthetised wth Nenfnfhience of5 zimd oaniravheptaket h et her. A
m d-|ine II’ICISIOI’I was nade and the [err]Zn radiol abelled sanple (20 [err]
- Zn, 1 [err]O) containing a 1. 10 ojerall nolar proportijon of zinc

sul phate: mal t 4l Gompepentedontaiding r i|beCbmpondntasgitaiag) paakedf ginct hp
| umen of the quodenum vy 'Iing a smal | i§nci si on. he abdoni nal N \L,¥I% .t hen
cl os with alsuture. e an| rral s (fere sacr| Red at 2 jland

respecti(f’ely, after—tfe—dnT rnsuat romof—the—sanpte—ar
wer e 45. rmni-tor1eq0f ct(Eﬁfmaiﬁflr] nnq)ggtent Tabl e 6 ghows t | evel s
[err] Zn presert ours and hours in the varioys organs as a
per centage of tﬁémm-inﬂ(lb} mited adniigpetid)esulphateni | | {be seerd% hat t hel
total's d& not arfoqatzm(ipp%ﬂdj_ce nqt."gll mg(mljsm;ﬁgf been |r)‘\6est|gatgd
but the assungti on nay be de thatl al zinC not prlesent in t he gut
washi ngs ~has beemn .aosoroea, gven i 1T as ot att—peen—rocated. T e _
experinment, the blood |evels of [err]ZgA\gﬁgeSfound to be highest between 60
and 90 nenutes after so the intra-duo —adm ni stration of the zinc

conplex. In the separated bl ondfmlgs_é ofneixic of iton ppkdkeactivity was found
to be located in the higher nolecular wei ght fraction of the plasma with

jans
D f

nowe in the |o ge-TIrCart g tirar. e Zi nc was _brngi ng
to pl asng prot Egmg‘; AkeN I NES ha,gg icentARgngf fleop GikeOst AiRR10
columm.) 55 60 et E§R€{145i21g8 Bl TABLE 6 Distri bﬁt i ogl; of zipg in
various rat tipsues 5 Ameant of zirc as a pe¥®€nt age of }t he @r!‘@*"ﬂal doge
10 Tissue Bat sacrifli o fui ‘
at 4 hougs 15 [ut washi % 57.8 ) 44.
Gut wal | 1:10 iron(11l):maltqk [ none 14.1 20 %ne N
%-034 o5 1 10 iren Q1) '\ﬁiltol zinc sulphate ol 6.33

ni es
2.0 Bl 009 1: 10 iron(Ill 'magto.{] 3110 zinc(1I) =malt¢])1 5 54§pl een
0.2 0.4 30 . Heart
0.1 0.2 Skeletal nuscle N. D.
2.7 Lungs N. D. Example 8 0.3 35
Test es in w-\'r’o test of(action ofzmc comphk@in the rat ( 0o Brain

wo rats (30 d igd-line

Eot d et er mi %ﬁv? P 1%3!;: WHE?»Z?KQ?: nf;!;ga ning’ gl' ‘govm I molar

C § re Ex 95) was assed into.th of the
Exanpl e mé' .haao.p he istiomid A3 Rite. e elimait wers
nal tOI Zi nC(shdn)‘"ceﬂQﬂ:pitﬂ)d hbtirs WV eﬂmﬁehdmistraﬁon@mahmnmmgmb viridub ohyns were

ht of® zmrmntotsdﬁ:@ af‘Zsc a hesfmvsmlqvels fﬁ’b\mwaﬁe@z rsrmﬂr’»h s fnghe
conpl ex pr eqa'f‘u Iefio'Fw"rPeéeTt atshe to Is do not
proportion Bous ‘t’ "eB

a‘a?hawnhm eg@dﬁbhat all the

In the experiment, the blood Ievels of *5Zn were found to be highest between 60 and 90 minutes after

§0 the intra-duodenal administration of the zinc complex. In the separated blood sample most of the

radioactivity was found to be located in the higher molecular weight fraction of the piasma with none in the

low molecular weight range indicating that the zinc was binding to plasma proteins (the separation into
fraction was effected on a PD10 column.)

&5
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I
A celluﬁ

cApsu
;fof capsul e surface)
- described by Jones,

con{ ai ni ng about 2.5 ng of zi
| ose acet ate pht hal at e/ di et hyl
in a small scale

|t|es a'nd added to standard gel atine capsules (16 x 5 mm,

each
nc. The capsules are then coated with
pht hal ate |l ayer (6 ng coat per [err]
procedure anal ogous to the procedure

ibid. Such capsEPeo 1A5228sB4t ant to dissociation in

-the stomach but wll

ﬁal ternative preparati on,
mal tol used in (A) is 55

conpl ex, the 3:1 maltol:

undergo dissociation in the intestine. (B) In an
the m xture of_'-!ﬁgm:l mal tol : zi nc(I1) co_rrpl ex and
ﬁfﬂﬁgg&&yoﬁlﬂhétﬂf I%ai’;gt h| Eaé &sg@é rzinc(11)
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by wei ghtsto pr . [ ol

(bound and unbojund). Each capsul e con ou nd p ny
iron, 60 Clajms 1. A zinc(l1) corrp "&h?%ﬁqf‘ﬁeaﬁ ﬁercfen%%%ch i gand

separ a@l y is pyovided by a conpound )el ng. (aF &ehydiginylzuqsyrone or] a

3- hydr oxyp 4- pyrpne in |,ch one or noge of the hydrogen atons attached to

ring carbon ato are rept¥¥ed by an t | phati ¢ hydrodarbon group of 1jto 6

carbon atons;: (2) a 3- hydr oxypyr Ret Zaandfized3-fhRrdrosagrificedt- ohe in

whi ch the hydropgen atom attached to the at FzPhQur145 428 Bl JABLEs 6

Di stributjon off zinc in various rat tyssues ANDUNt off ziNc as a per ceht age

fof the ori gi nal jeese~+0— —Frsstre—Rat—sgcrrced Rat™

sacrificed at 2f hoyr at 4 heurs t wasHi ngs
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§| ndi cates t hat thE§€1éé§| ues were not determolgd in tHe rat smarificed at 2

ihours. 45 Exanple Capsul e fornmul at Won of nc mal tjol (A) dA preparafion

‘of the 23 maltpl Y831 1) conpl ex in{adni xt bf,lvvlth mal t ol ('Eontai nijhg 1

part by weight bf gkdiethD midcparts by fwei giN.Do ltdl) is @rained

m xing the conp} ex_prepared as descri lped | §><arrple A with tol in

1:3.2 proportio 9%’& ght. The resul §ing 31 paratiorf is divi'ded intof 50 ny

50 quantsdties and'raskhd to standard el atimd.capsul zs (16 0.3 M), ch

capsul e contai nfng_about 2.5 ng of zinc. capsuleq are t coatedd with

a cellul ose ace 5 Ti‘ﬁ‘t hal at e/ di et hyl ght hal a'Pé | ayer J(6 ng coat per of

capsul e surface
descri begr by Jo
t he stomach but
alternative prepar

Win

aﬂt?%gcﬂﬁc@&)&ttuh%ﬁrst he 2:1 maltol:zinc(ll) conplex and

| bid. Such capsul es are resistant -to di ssoci at ion in
-Iundedirgtes Shsti thassnvalyes eerenpet defarmingg

i A

mek£ol used in (A replaced by a mxture of the 2:1 maltal:zinc(Il)
'cor'rp@ ,¢ghe 3:1 maltol:iron(lll) corrplegxaa,gggmltol in a 2:23:5 proportion
by wei ght t cCapsudfothtulaion ofldiickdditopor oporti on by wei ght of zinc:iron:nmaltol
(bound and unb (A Aciyreperation otm lel faalwbmfalﬂmemdb’omta@lwe ho‘ﬂaltzi (mﬂtamdg 3 pagy

of iron. 60 wa@"%‘fﬁ 4 208 a ?bﬁa 'EPf' FR—?“P"‘ ; s‘;”b:‘:':“
i gand sgparglhi xsanaaém'\? S

or a 3- hydr Gifi-The Bipe@baré flle \me caruudavs ﬁmﬂmaaetn

to ring car lzof obtapsaie surfacel in Mdcdwpmda’ela ouSt dpmeﬂnbcuesoybww es’L itid)
6 carbon at ¢igh capgules a |$t!m@c|bhé wilj urgietgp incthaintestine.

$tant ta dissod
in whichg h%ep*?ﬂg‘ g,ga mﬁ?: ﬁQWma tal: zlrlé(bl compfie

1 maltol:zinc{ll} complex and maltol usedin (A) is
X, the 3:1 maltol:iron(iti) complex and maltol in a
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60 Claims

1. A 2inc({ll) complex in which the liquid or each ligand separately is provided by a compound being:
{1) 3-hydroxy-4-pyrone or a 3-hydroxy-4-pyrone in which one or more of the hydrogen atoms attached
. to ring carbon atoms are replaced by an aliphatic hydrocarbon group of 1 to 6 carbon atoms;
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(2) a 3-hydroxypyrid-2-one or 3-hydroxypyrid-4-one in which the hydrogen atom attached to the



EP 0 145 228 Bl nitrogen atomis replaced by an aliphatic acyl group, by an
al i phat.i ¢ hydrocarbon group.of 1 to 6 carbon atons, or by an aliphatic
hydrocarbon group substituted by one or nore substituents selected from

al i phatic acyl, al koxy, aliphatic BifQd4522®HB1ic ester, hal ogen and
hydroxy groups and, optionally, in which one or nore of t he hydr ogen at ons
attached to ring carbon atons are repm_fby one of said 5 substituents,
by an aliphatic hydrocarfon Gb@idn0bs kiho 1§ ¢RELRE AlOFBssw@s by an
al i phati c hydrocarbon group SUDSTITured by an ar Roxy, aripnatic ester,
hal ogen &r hyd . m COTTPoUTd pT ovi Ui 1103
physi ol ogi cal | y accept abI e, nonobasif Bﬁcﬂﬁ@t@f eﬂlghggngl ﬁ@i‘bEﬂ’tng capabl e of
bondi ng coval eptly to zinc; but with t he provi so | east ‘one ¢f the
ligands is of ype (1) or (2); for upe in th@f’a‘-ﬂly 01@81“31 dgse A zi ncfl 1)

conpl ex son whi th6|E€£‘ or each pigand sepa nrovi ded b

i (1) 3-hydroxy-4-pyrope or a 3- hydro y-4-pyrone in i
or nore of -the] hydrogen atons att achbdRe® sacnificad bpnRat easrificedepfaced by -
an aliphatic hpydrocarbon group of 1 jo 6,Carppirsat ofs; _
3- hydroxypyri di 2- one or 3-hydroxypyr}d-4-one in whi¢h the hydrogen §
attached to t hpmitTrogemraron 5 Tepfaced 0y an alL.phatic acyl group,
al i phatic hydcha&@p%gﬁ of 1 to p carlygnglS atoks, or shygan ali
hydrogen groupf substituted by one or rmre Su stituefpts sel.lﬁc,f ed fro
al i phat i,g acyl ’kbk‘y“ al i phatic antd d hatic ¢ster, 'hal ogen a
hydr oxy groups anﬂen@%tgﬂal ly, in whi ch oneszor nor¢ of the,dydroge
attached to rijpg carbon atons are repl aced _by one of said upstltue
by \ap al i phati hir%car bon group of 1 to 8- %ar bon toms, " by an
al i phati,¢ hydr Bcagﬂqﬁegrﬁaouﬂﬂgstitu ed bytae al koxy, alipbadic est
hal ogen or hydfo g 0 or 3) an #ternat ve conp #nd pro
physi ol ogi cal | § ‘g‘ﬂtabl e, m)noba5| . bi d@h ate |igand whi'th is cap:
bondi ng coval ewtlspj,anzl nc; but wth]the poOoZiso thit at |@akt one
| igands.i s of yp@ 4&1{_) or (2) and ex¢l udi ng forrpl exgs in V\:Ei.fh t he
is proviffed by}a Bthdound, or each | gand 1S ovi d¢d by the sane c
whi ch i s 3-hydl oxgkelleral amscl8- hydr oyy- 2- MePhyl’- 4-p rone 2. hydroxy
6- met hyl - 4- pyr pne, or__3- hydr oxy- 1- met Iyl PYIN. g 4- one. g . Aco

according to ¢ ai }ﬁ‘ﬁgsor 2, in which f{he conpound of type (3) ei ther
contain$®a firpt Uesuesi ng which is a enoM.B. hydr oxy group%et a car
group and a sefong.ggfoupi ng which isjan apjge groupjof a layda-pxy gr
i s a nonocarbo yllc aci d provi di ng ap ani-on contai nijng a grouplng 3
35 4. A conpl ex~acTordirmygto Crarm 3, 1 n Wil cn the conpoun ype (3) is
formc axid, a ic acid, propionic acid, |lactic acid a

ascor bi ¢ aci d, C(g?yl‘,flhei dicaten Ehaf sthesg values TR BH ﬁ%getﬂ‘g%‘félgﬁl g‘?‘ﬁ ne,
tyrosine, valine oOfa gdbrifdaed tati 2ARREE(e containing the sane or different

amno acid residues 40 selected fromthis |ast nentioned group of seven
amqo aesds. 5. A conplex according to Qaﬁ.'pm.ﬂ in which the corrpound of

type (3) |s£ag$uﬂ:bmmtlannthincawolr bi c aci d, yci ne or | euci ne. 6. A co l ex .
accor di ng to '!3'%2"5’"“ 'EH“’ e Wi 'ﬂe!rtc

separately g gm:&:’ ﬁi’gﬂ% {%‘:}&ﬁ

(2). 454 qua stﬁiﬁﬁﬂf

| east two zir@ sapames 406 théh £ heraétmwutﬁzaﬁ phd.ht&femreﬂmphmmmseymﬁg c

(2) and (3)em*8f capsulosqolacak immulldc rb@d@eanahgbum t& proaodm idederitsed blvdemats lbrd.o
l'igands ar e‘sup'i' F'd@fd"b F' G'PRQQ' 'i "aﬁt!“* sting
R e s e T T
pr ovi el bywasg ioht 9 p 135 @&a i nﬂut?h@ao

1, in which ). Eacl uﬁemstaésﬂoytoawa\ﬂn mgafmrrpound sel ect ed from
those of type (1). 11. A conplex according to Claim 2, in which each | i gand
separ at el ylcgﬁmorow ded by a conpound sel ect ed fromthose of type (1). 55

12. A c8hpl'€Xaccording to Caim 10 or .11, "in which each ligand is provided

by the'same cnmmidiicoriplek yd@hiéhlthe liuld ordashOigRhdepataten iskirt\ided By @ BYmPdtMd Béing:he
precedi ng cl aftyshydiazy-dipyrotee dria@d-hydnopedimaloraiin whiteone by mms o&he hgdﬂcgau the pryacivatic

or a 3-hydt® ‘3! @ﬂ@ameméhve'h@ipbﬁﬂcmfecwﬂ 'b% attached
to ring®arboft AF3WEroRKPErig-2spneor-HhygipxypyridAwne in E{P'&'h B"edfvd ?'batﬂmc%‘ﬂlfﬁ
atons. 60 14. A conplex according to Caim 13, in whiththeconpound

different substituents selected frommethyl, ethyl, n-propyl
groups. 15. A conplex according to Claim114, in which the substituted
3 hydroxy 4 -pyrone. has a single substltuent at the 2- or 6 p05|t|on

oy ~ @ o o - N A~

i s 3-hydroxy-4-pyrone or a 3-hydroxy-4- pgrone in which on o f _the
hydrogen atons attached to ring carbon atons are repl aced gmﬂﬂ%ilﬁr"ﬁjmm
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EP 0 145 228 Bl 5 [ERR] wherein Ris nethyl, ethyl, n-propyl, i sopropyl or
butyl. .,17. A conplex according to Caim14, in whi ch t he corrpound IS

3- hydr oxy- 4- pyrone, 3-hydroxy-2- mnethyl -4-pyrone, -

3- hydr oxy- 6- net hyI 4- pyrone o'r 2 ethl o3145¢28><ﬁ14 pyrone. 18. A conpl ex

accordi ng to anﬁ at ha cn a‘gﬂ" i ca&ar&d |sfpoo€/ma
by a 15° CO ﬁraﬁ th vdr tmﬁr ﬁé @i‘@ sela from
whi ch each Iamgm a&#%ﬁs‘% r)hati&arﬁi’a@\ﬂli éferahQOJEHQHE k08t ?ein
of type (2).whiéh oné ot @jpd abchebyios nragmtscmﬁradm drhy carbion msl’\are céd byaorh of said

provi ded &y quhem@awebm em hzﬁm@;bpe 9(02? of 12!9 6 carbon’@lomsAO'ClUmﬂ aliphatie Mrmamgn

to Cla|m18qg“ nve gc on
o e e S AR s g et
~attached to (2);1 ¥ 648 B thada |s replaced by an I phatic y rocarpon group

of . 1 to 6ocCar ba aiciirsornapiek in wpt:h e #idngd or each Mund Beparatehois provided By a édirpound being:
hydr ogen at ons, t%‘hﬁfm&nmnp p lw!rm A-perongin v'arcb on Inmmft yddogenstoras atjached

di fferent aI'Pﬂ . ne o "'B‘F’" _ff?c ﬁé:’" at°'"s' -
conpl ex accq{I o a ,ana, q ﬁ ? thon
group is,an a’i&ﬂ bl‘-'bv%@ u%fﬂaﬁ@ lﬁféan | &ighdtie

any one .of oegi allmxﬁ.&hﬁlntm?a’&ude. unphktic@btet, ﬂogyamsd) x9 rohymd(cﬂ:)nonalym Which one or
hydr oxypyr i dogre pfthe hmgeﬂ\afemmaeb@da@ ur@;rt@rhqg atoms @leagniacediby 4ne ofispictsybstituents, or by
compound i s aga roia gh%imslor ty@n aliphatic hydrocarbon group substituted by
~ethyl - 3- by droXypy Mﬂ' 'f‘*g%‘ ?E‘% (5&7"’% lwgiew Slohtde mhobgsic, bidentate ligand

3- hydr oxy- 1-v(h1ch1§’ﬁé§ e cmrehiifﬁznﬂﬂ:étvg th-the'p A ¥t Iﬁ@fd?l% s:ﬁaréaeé'aiaiwgége
--one of the pﬂslrdZ)lan eséllaimveqomahmshn iwhich tiecligandiis é}oﬁdddl yyaenebnmionud, lor pach ligand is
conglex. .26 p’”‘ﬁﬁ 4 [sampe qormt ﬁgyh Gﬁehvﬂ'iom:tpvrynq:%hmr@w-zrmetWH@Woea@fhvng-
the two Ffrfa% x'g-:#ﬁp Qﬁ%‘gn tg cﬁ))f%pc\é Q&\d o‘% (3) either_contains a first
3 hydl oxf? 4-gadt 9963(y6]ro Jr%srbb ol o ol ol wﬂncrf"ﬁ hine

conjainiviy

hydr ogen at (y’ﬂﬁxp&ﬁ'&&?&i&d] dréupf 6r1ga ﬁﬁh&@i‘boi\ﬂle BEd pro@iding Bh amiel
hydr ocarbon group. of 1 to 6 carbon atonms, for use in therapy. 27 A corrpl ex

according to Caim26, in which the hydroxypyrone Is as defined in any of
Clains 1% to 17. 28. A neutral 2:1 hydroxypyrone zinc(ll) conplex in which
each ligand separately is provided by hydr oxy- 2- met hyl - 4- pyrone or
2- et hyl - 3- hydr oxy- 4-pyrone, for use in thﬁ@.y 29. A neutral 2:1

hydr oxypyrone: zinc(l1) conplex in which each of the two |ignads is provided
by the s#re hydroxypyrone belng a 3- hydroxy- 4-pyrone |n mhlch one or nore

of the hydroge to attach n atom; ed b

o a1 g AR o Gl R mrfgm. R S i
hydr oxy- 2- megnam alﬂﬂri%y{vfb@ﬁe,%ldle% nﬁi’d‘p tid&dohidint 1&)&5&9& diffe53nt ammo &id reSidues
conpl ex acccxfedbtﬁgfrbmtm hstheétfioned [gratP io€ Severhaminy adidexypyrone i s as defi ned In -
any of Cl ains $3A Wplék ac@ldindrh@lﬂﬁed.tln whicl? the chmpeuos phypeidkis gluprnid deid, asgerpic esid,
of 2-ethyl ne xtu f ne or nore neutr

| i gand: zi nc(&lf)zfgé cggﬁs QEA %;" ‘Lﬁl’ht %ﬁ §/°aﬁrﬁg N ’89%6“‘%5"
conoundssbei Ng:7. aAkomplex a r% EfQSﬁ!:iaﬂnéD)’ l’t@B,GmCWhléh a IEAédvaB(lIgaﬁdspWeQﬁlﬁndeﬂ by
whi ch one orcomppuends bf difigertyybesgresngdtloRkangi(8lached to ring carbon atons are
repl aced by %"'2"‘%& i}i 'Bdr?f grioupichpt '185% Uloelsermsbwrmw cprppougds of
3- hydr oxypyr t gn% Af
attachedgt 0 elygeltf)! rogen a S Jr%%"g%é ?/v hlz.acﬁ tl{&%mﬁléé?o% cQE{bound
al i phati c hydr ac.ax benipi€x setgidiag tolClaien ) if hizb eadht ugaﬁd s@arahw ia provided Mtalcbmpound
hydr ocar bon sglem@frembmseptwmm one or nore substituents selected from55
al i phatic aﬁ%L” W E% A {4 E"“Hh? de which eghifigand sepptately ig grayisied by gfompound
hydroxy h. r

attache % ca'r" on ato a?'be'n'ﬂgg g'c'g §°§'g§)"r’1‘§8§) 's%?d&%bgglﬁs? '&gﬁ%@&&@
an ali phat | C hyislromaiples Beagrdingito ey dnelobthe preasdirig) tlairha) bwhicH the yormyound ofxi (1)ds 3-

hydr ocar bon hydmxy-4-pyroas erta B-tydrosy-4-ayrops ik wwbich oa¢ o pf:the bmogen Imlm;g@tncheﬂ to ring
hydr oxy grOLHSFbOB "%FHP' é’Vﬁ F‘M)'égfe 4 Si oI ogi_ca

accept aife e "@ﬁ; B o kil
covalently t maloﬂame suu!nt ed%aqwn;sﬁ.e i Egmpn grbﬁbs "gands
Is of type (1) 18rA campleaadd tarclaimaa,rm vebierd theamihﬁ shymmaqw 6 has a single

correspondi r@lb!t&leohﬂthﬁr&nbﬁ-eowbnt he ligands in the conplex or conpl exes;
the nol a8 propdft4 BIPPlK aé%H‘PQ}HEmP%%b‘ﬂh'E‘b%&W“Eﬁ’ 8ot EsMPex cont ai ni ng
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. EP 0 145 228 Bl 33. A mixture according to Caim32, in which each Iigand
separately is provided by a conpound selected fromthose of type (1). 34. A
mxture according to Claim32 or 33; in which either (a) a single zinc
conpl ex containing two identical ElgemtldSlaﬂﬁ)rBﬂsent together with the
unconpl exed conpound corresponding to those ligands or 5 (b) a single
zinc conplex containing two non-identigal |igands or nore than one zinc
conplex is present together with unco exed conpounds corresponding to
each of the ligands present in the co ex ogHconpl exes. 35. A nmixture of
(a) onesor nore neutral 2:1 hydroxyp yZinc(l1) conpl exes in which each
|'i gand separately is provided by 3-hl)droxy- 2-net hyl - 4- pyrone or
2- et hyl - 3- hydr oxy- 4- pyrone and (b) elch |#gand- 10 providing conpound in-
uncohp{exed form the nolar proportio h unconpl exed conpound: zi nc
conpl exocont ai ni ng that conpound being fromO0.5:1 to 100:1. 36. A mixture
of (a) a zw hR)!smelhmaﬂM,landel.ishpmMotmgﬂnd or each ligand separately is

provi ded b% ‘a ﬂ'r“ F'ﬁ t° ﬁ%oé‘ mh@ 3dwd@xy 4-pyrone, 3—hydroxy-2-
3- hydr oxy- gﬁ
to 1ings CatdApBund G " "°°°' "BI %E’e"’ a'2?r‘°i 1a lpha¥"| %83? B 3f BROeE mi e,

6. carbon atons,a e&)plac a%c&i&dﬂ wawmdmznmaeaa{ ng%nalyéik%my lptciliddd 6@ cblﬁpc)m&Ch
t he hydrog@vcﬁﬂﬁmnahqsaofnph @b the nitrogen atomis replaced by an aliphatic

acyl grou p‘mC 139 Asemplex geeatding toGiaimot9ein mbich gach ligandis pr_ovmd &Y thaspmecomnanrd of Bipe by
an al i phat Vi X r » b1 A4t; . i N
o1 oot Bt g e R gk BG4 R ﬁmg%syig%es&ﬁ%hg ﬁen.éf B E 5 diEio

hal ogen anliphasd h@fycag:roagmp 8fcko 6 GdtborCdteths ahd, dpﬂoﬁmy m ne Bemore omaé Ry a he
hyslcogen astomsattached edring cerbor atergs arereblered by thesanee @ differehtaliptatiblyydonerborf greun o1

by R A 6 LIS B 5 ) R i e
ester, hal ogem ol r%a.ag’ Uy ofé of Slaim8 N8 &) 322 I \lithtRe CEMIRNDOF HpPIS) Mia 2

physi ol ogi loetdxypyside@pé.abl e, nonobasic, bidentate |igand which is capable of
bondi ng covalRérf tomplex agpanding b&lalwashnmw %f:mgunmaﬁ-hmro*vemethﬂwd@fone.ﬁe

i gand® i st SysRY ’5“"7&:2“% Hivd e ‘1'9 ?zi:e&:r] %gp.;w?@q%anﬂnc(m

i ron conpl%a% Y

l'i gand: zin mﬁalze«hwfbxw}bm.rﬁm Borbdi R thich estR BAhE 1R rgaREY pRSedby e
conpound hsamediydiodypyidné peing 3¥iydrodyyl-syiehe OF aB-HydidxEld-pyrgnelinWhidhndheloR nvdfé 6fthene
or nor¥ ofhvdmemgfam gnmhtaittg FiBg carbanaitamb BOreplacediby @y akpbetixdydwtarben group of 110 6

repl aced b“f’ ar hol of 1 to 6 carhon, .ato

e Ao Bl T S P YR o ek S PRy R TR e
attached to b mutramﬁﬂy&wmmﬁa Al onfifbxly whidh 8hchNgaid sep@atly iDprovided Hy)s- an
al i phato c Hydobop2-arethyld-pyraner 2dethyl-3-lydfoxg-d-pirone, &ir assip therappy an al i phatic

hydr ocar bon @9-d\neutial 3ck hydiswrang:2ine{l) compleninevhichisach of theitwa lignafisle peavided brithe

L m&%w Tk

att ach ptdampiefasecemdawcl in@h %yaayemeameﬁalaﬁl, of Claims 13 to
substltuen'ﬂs an aI| hatlc hydrocar bon group of 1 to car bon atom; or

lier. alhéu bga‘ i Rl ekt o bRy S TR RN

. a
conpl ey i n- )GJB §Wx9%%6néﬁmmicﬁﬁhm%dwof%mmgéﬂ@orﬁs%mched
defi ned undeing (:& orcdddng é})rep%adbyanaﬁphaﬁc Widrdcarben groawofdi to § carborCtamsn 39, i n
whi ch each | #2)andhslegxypysid €+ e ion 3thindroxypyrid-dong in rwmhd ydsegen atom ttapbvd:ltwdthb

a corrpound"%‘?;qeéé Ebrsf é"' “E \39'% V%‘?"P'OR"H‘ %ﬁaém EU’BP GT °6'b°"

C' a' m 37 0 Y aﬁ . n £ estbys hil&?lﬂ rﬁ@%% &.‘WI 8l %n
@horé hQi’n ch%@'ﬁ@n

I | gand or subgihrdss, iy saiphatic ny rbbh I@Ebup@ﬁphﬁﬁ(carlib‘i atoms, diby o anpheticl hfﬂrﬂfarbbﬂ

one or mrmwm;bﬂ%ggﬁa;?%d Npbgticaster, hpln |qr ydroxyd ptﬂe-}-pegr in V\:hl gmen?m A
| i gand separ,. %
g sengy R e %w%ﬁ%

. hydr oxypyrongs)lah Qﬂédn{pbe\(e&moﬁﬂ@& doﬁap&'ﬂidg Borfd n 98 BAb SrARGE 3t b Yighrits in the

. provi ded Zcoltiplék @X Yonablexe® tthy/toldr gryodtivh of leach-udt byrponnd:zific @yriplaxeontdiding A
m xt ur e acth@rcdimpepnt being from 0.5 1i18&1.37 to 40 whi ch additionally contains an
unconpdsexed 50 conpound or conpounds corresponding to one or nore of t he
| i gands conpl exed to zinc or iron. 42. A mixture according to Claim41l, in
whi ch an unconpl exed conpound or conpourzds are present ¢

each of the ligands conplexed to zinc and iron. 43. A phglmngu“'m%mlm“l '
conposition conprising a zinc(ll) conplex in which the |ligand ot ehch®
| i gand separately Is provided by a conpound being: 55 (1)

_3 hydroxy 4- pyrone or a 3 hydroxy 4 -pyrone I n mhlch one or nore of the

. e . oy o o
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