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Absiract: Three differently substituted 3-aroylcoumarins, L, with tetrascid chelating subunits
anchored st the 3-benzoyl greup were synthesized, and their complexes with Eu*+ and Tb** formed as
new potential bioaffinity-assay markers. Some spectsal and luminescence properties of the complexes in
water and methanol are reported.

The luminescence of lanthanide (IIT) compounds is widely applied in various fields,'! in particular the
analysis of Ln?+ ions and fluoroimmunoassay.> The-ions Eu?+ and Tb>+ are efficient emitters when they
form coniplexes with ligands bearing chromophoric groups. In such complexes the luminescence of the metal
is obtained by the antenna effect,” which is defined as a light conversion process ‘via an encrgy absorption-
transfer-emission sequence involving distinct absorbing (ligand) and emitting (metal ion) species.

High cmission quantum yield, high kinetic stability and good water solubility are essential
requirements for luminescent lanthanide complexes if they are to be used as labels in immunoassay. In recent
yeari,aoonsidmilermrcheffonhaslieetldirectedtowardstwomainclasmofcompounds,i.e.
photoactive macrocyclic ligands® and aminopolycarboxylic acids.’ Apart from efficiently absorbing incident
light, photoactive macrocyclic ligands shieid to a high extent the metal i ion from its interaction thh solvent
moleculu, which is the main cause for nonradiative decay of the luminescent level. However, some of the
smdledcomplexushowedpoorstabnhtymwawrsoluuon, a serious slmrwonungmﬂmuseaslummmt
labels‘Ontheothethaud axmnopolycarboxyhcamdsfonnqmtemongcomplexummmaalwns
Therefore, ‘the inclusion of iminodiacetic subunits in chromophoric components gives rise to a very
pmmnnztypeofstmcﬁumtobeusedaslabelsmlmmunologwalandDNA hybridization assays.”

' We have prmouslyreportedonﬂ\elunummcepropauuofpolyaud chelates derived from 2,6
Bis(N-pyrazolyl)pyridine,® whose Eu3+ and Tb3+ complexes were highly stable and showed excellent
photophysical properties. Somewhatmrerecmﬂy,wehaveducribedancwclusofphotmcuve
mhmmgm}mmmnwmmwpwmmmwmaﬂwym
useﬁnlasmpletsamnmforlanﬂmudelumum’

In this paper we report the synthiesis and preliminary luminescence study of Bu+ and Tb3+
complexes of new polyacids derived from 3-aroylcoumarins, compounds where the excellent complex
stabilities provided by iminodiacetic subunits and the sensitization power of coumarins are combined.
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Scheme I shows our synthetic approach. The key intermediate was the S-ketoester (product of step V),
whose condensation with differently substituted salicylaldehydes afforded coumarins in high yields (step vi).
The S-ketoester was prepared from 3,4-dihydroxyacetophenone in high yield by the protection-deprotection
sequence indicated in steps i-iv.
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Ly  R=R,2OMe

Scheme I

Reagents and conditions: i) Methyl 2-bromoacetate K,CO,/acetone; ii) Ethylene glycol, amberlyst-
15/triethyl orthoformate (90°C); iii) LAH/THF (0°C); iv) Amberlyst-15/acetone; v} Diethyl
carbonate/potassiym  ters-butoxyde; vi) Salicylaldehyde, 4-methoxy- or 4,6-dimethoxy-
salicylaldehyde, piperidine/EtOH; vii) Methanesulfony! chloride, Et;N/CH,Cl,; viii} Di-tert-Butyl
iminodiacetate, Nal/Na,CO,/CH;CN (110°C); ix) TFA/CH,Cl,.

The tetraacid ligands L, 3 were prepared by substitution of the mesylated coumarin with di-ferr-butyl
iminodiacetate (steps vii-viii).'° The tert-butyl esters were hydrolyzed quite easily to the corresponding
tetraacids with trifluoroacetic acid (step ix). The use of other esters or different hydrolysis methods afforded
complex mixtures of carboxylate salts/esters.

The Eu?+ and Tb?+ complexes were prepared from ligands Ly y in three different ways: a) the
addition of aqueous or methanolic solutions of EuCl, or TbCl, on the tetraacids dissolved in water or
methanol, i'espectively; b) the addition of the corresponding aqueous solution of lanthanide chloride to the
tetraacids dissolved in NaOH (pH=9.8); ¢) crystalline, analytically pure complexes were obtained by
treatment of the ligands with Eu,0; and Tb,O;. 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
after several weeks.

The UV spectra of all the studied complexes were very similar to those of the parent ligands,
suggesting that the coordinated metal produced low or no perturbation of the chromophore which does not
participate in the coordination. The observation of an intense Eu?+ and Tb+ luminescence at concentrations
as low as 10-7 M indicated that an energy transfer from the ligand to the metal ion takes place (Figure 1).
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The intensity of emission was somewhat lower in water compared to methanol, presumably as a consequence
of the quenching effect of the water molecules in the coordination sphere of the metal ion. This was
confirmed by the higher lifetime values measured in methanol solution, i.e. for Bucl, o(H,0) = 0.52 ms
vs. (MecOH) = 0.92 ms.

3 8 8 8 8 8 ¥
- 58 888888E

-]

250 300 3IBO 400 450 BOD BEO 600 660 700 70
(rm)

A B

Figure 1. Luminescence excitation and emission spectra shown by lanthanide complexes of
compounds Ly 3 (see Scheme I) in water: A, Eu®+ complexes; B, Tb*+ complexes.

It can be seen in Figure 1 that Eu**+ and Tb*+ complexes of the same ligand showed different
excitation spectra. In the case of Eu3+ complexes, in addition to a broad excitation band between 250 and
300 nm (Figure 1A), a low energy band was observed which was red-shifted as the substitution of the
coumarin increased [4.,= 343 nm for Ly; A,= 392 am for L, and A,= 398 nm for L;]. In contrast, the
three Tb? + complexes displayed similar spectra with maxima at around 252 nm (see Figure 1B).

The aforementioned substitution-dependent bands of Eu?+ complexes were tentatively assigned to a
ligand-to-metal charge-transfer (CT) process. We based this assignment on the fact that the corresponding
TH3+ complexes, where 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 CT states do
not pass through the 5D excited-state manifold of Eu3+ and, therefore, do not lead to sensitized SDy & F;
emission.'' A possible explanation for the high intensity observed in our complexes for these bands (see
Figure 1A) could be that, in our case, most of the energy placed in a CT state finds its way to the 5D,
emitting level.

Research is in progress to ascertain the precise nature of the photophysical processes involved in these
complexes. Also the determination of the stability constants of these new chelates as well as the preparation
of similar ligands with polyaminocarboxylates attached to the coumarin nucleus is under way.
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