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Syntlmis and Luminiscence Properties of Europhn(lm) and 
Terbium(III) Complexes of Aminopolycarboxylic Acid Ligands 

containing 34roylco~ 

lhe lumimscaux of lanthanide (III) compkMds is tidely applied in various tie&’ in particular the 

analysis of Lna+ ions and fluoroimm un0asski.s tiVions Et?+ and TW+ am efficient emitten when they 

fonn~~~wi~ligandsbearhrg~~.insuchcOm~atesthel~’ofthemetal 

is obtained by the antenna @kct,’ which is defined as a light amversi~ process via an tncrgy &bsoxptioa- 

transfaanission sequaxe involving distinct ab&ing (ligand) and emitting (metal ion) species. 

High emission quantum yield, high kinetic stability and good water solubility are essential 

xequixema~ts for lumksccnt lanthanide complexes if they sre to be used as labels in Immunoassay. In recent 

- ‘lereseprch~hasbeen~towardstwomainclaJseJof~,i.e. 
z- 

macro+lic ligaads’ and aminopolycarboxylic acids.’ Apart from efYickMly absorbing incident 

light, wve macmc@c ligands shield to a high extakt the metal i& frk its interaction with solvent 

molecul~~whi& is the maia cause for nonrad*Wive decay of the lumineskt level. Ho&vex, &me of the 

~annplexesJhowedpaorst;rbitityinwataaolutian,aseriausshartcominginthdrusea;Luminescent 

labek6’ oil the &I hand, amkopolyauboxylic acids f&al quite stmne complexes +b%netal iais. 

The&Me, ‘the inclusion of iminadiaatic subunits in chromophoric knnjxments gives r&e to a very 

promisinO’~~~r#tobeusedaslabelsinimmundogiccllrrndDNAhybridizationnrJgyS? 

& have p+iously mported on thk lumkxemx prop&es of polyacid chelates dexived from 2,6- 

Bis(~pyn~lyl)pyridk,~ whose W+ and W+ complex~ were highly stable and d excellent 
photophy+al propmiu. Somewhat bore recently, we have ddcribed, a F class of photauWe 

macmcy&c&l&gthe3_afoy~llucleusan;lthe~~studies~Wtheyare 

usefulastlipletsalsitiienforlantb?nidcl~.9 

In tbis’papa we report the synttiesis and pnliminary 1M study of lW+ and W+ 

complexes of new polyacids derivHt from 3-aroykxnlmarias, compounds where the excellent complex 
stabilities pxwided by imbmdkedc subunits and the sa~sitintion power of coumarins are combined. 
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sChemeIahowsour~~approach.The~intenmdiatewasthe~~ (Product of step v), 
whose condensation with dlfferentty substituted salicyhtldchydes affmxkd coumark in high yields (step VI). 

The j%W&er was pmpared from 3,4dihydroxyacetophenone in high yield by the promckn+prom&m 

sequence Skated in steps i-iv. 

scheme I 

Reagents and con&ions: i) Methyl 2-bromoacetam K&O&etone; ii) Ethylene glycol, amberlyst- 

15ltriethyl orthoformate (90%); iii) LAWTIIP (WC); iv) Amberlyst-1Sketone; v) Die&y1 

c&onaWpotsssium tert-butoxyde, vi) Salicylaldchyde, 4methoxy- or 4,6dimeWxy- 

salicylalckhy&, pipelidmeJEtOW, vii) IMetMWlfonyl chlcride, EtgIKIi&l& viii,) Di-&?Ft-Butyl 
. . . 
Wte, NaI/Na&Os/C!IIxCN (1 HPC); ir) ‘IFA/CII&. 

Ihe Wraacid l&auds Lid were pnpand by substitution of the mcsylated coumarin with di-rcn-butyl 

imi&keWe (steps vihdi~~.‘a 
. 

The tcrt-butyl esters were hydrolyzed quite easily to the e 

k&acids kith tifluo~c acid (step ix). ‘IYE use of other esters or dierent hydrolysis methods affo&d 

complex mixtures of carboxylate salts/esters. 

The 13u3+ and ‘IV+ complexes were pmpared from ligands Lta in three different ways: a) the 

addition of aqueous or methsnolic solutions of E&l, or IbCl, on the Mraacids dissolved in water or 

methanol, &c!ctively; b) the addition of the corresponding aqueous solution of lanthanide chloride to the 

tetmacids dissolved in NaOH @H=9.8); c) crystalline, analytically pure complexes wem obtained by 

beatment of the ligands with Et@ls and ‘lb&. The absorption, excitation and emission spectra of each 

complex were very similar regardless of the method a-c used for its preparation and did not change even 

afterseverslweeks. 

Ihe UV spectra of all the studied complexes were very similar to those of the parent ligands, 

suggesting that the auudinated metal produced low or no permrbation of the ehromophore which does not 

part&a& in the coordhmtion. The observation of an intense Eu3f and W+ luminescence at concentrations 

aJlowas10-~MindicatedUlatenenagytransferfromUle~~dtothemetalion~plaa~~1). 
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The intensity of emisskm was somewhat lower iu water compued to methanol, presumably as a consequence 

ofthequenchinge~ofthewammotacuksinthecoordinationspbacof~emeEalion.Thiswas 

c&irmed by tbe higher lifetime Y&W measured in methanol solution, i.e. for 3ue z(&O) = 0.52 ms 

vs. z(KeOH) = 0.92 ms. 

A B 

mgun 1. zAl- excitation and emission speck shown by lanthanide cemplexes of 
compounds Q4 (see Scheme I) in water: A, Ed+ umpkes; B, ‘It?+ complex=. 

3+ ItcanbeseeninFigufeIthatEu and TV+ complexes of the same ligand showed diffemnt 

excitationspectra.InthecaseofEkls+ complexes, in addition to a broad excitzuion band between 250 and 

300 nm (Figure lA), a low energy band was observed which was red-shifted as the substitution of the 

coumPrin~[~=343nmf~~;~=391~forLzand~=398nmforY.Incontrast,the 

three Tb3+ complexes displayed simiIar spectra with maxima at around 252 nm (see Pi 1B). 

The af&ementioned ~~~~t bands of Eu3+ complexes were tentatively assigned to a 
. 

ligand-to-metal charge-transk (CT) prrroess. We based this assigament on the ikt that the e g 
TW+ compkxes, whem the metal ion is extremely difficult to reduce, did not show such excitation bands. 

However, for most systems studied in solution, the nonradiative relaxation pathways of these CI’ states do 

not pass through the SD1 excited-state manifold of E!u3+ and, therefore, do not lcsd to seusitixed sD0 + ?, 

emission.” A possible explanation for the high intensity observed in our complexes for thexe bands (see 

FigurelA)oouldbe~t,inourcasc,mostofthearergyplacedinaCTsEatefindsitswaytothesDc 

emitting level. 
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