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Abstract: A pyrane-tethered triacid receptor and its chelates with two lanthanide(III) metal cations have 
been synthesized. The first example of energy transfer taking place from the excited pyrene 
chromophore to the europiumfl~ metal is reported therein. 
© 1997 Published by Elsevier Science Ltd. All rights reserved. 

A research area of fascinating interest relies on the design and the engineering of supramolecular 

devices for artificial photosynthesis or information processing. In that connection, the conception of two- 
component systems combining a metal cation binding subunit and a light-sensitive aromatic chromophore 
occupies a central place. 1 Particularly this approach has found attractive applications in the field of lanthanide 

complexation chemistry. 2 

During the course of investigations on the synthesis of tripodal molecular receptors for first-row 
transition-metal ions, 3 it occurred to us that compound 1, a pyrene-based carboxylic triacid building block, 

could be a promising precursor towards the preparation of a variety of fluorescent complexing agents. 4 The 
pyrene chromophore has been successfully used as reporter group in fluorescent chemosensors chemistry, 3,5 
and represents also a versatile light-harvesting unit for the design of supramolecular metallosystems endowed 
with photoactive features. 6 

Recently, calix[4]arene-triacid derivatives, 7 and, particularly, tripodal triether-acid chelators $ 
structurally related to 1 were shown to form electroneutral complexes with lanthanide(III) metal cations. We 

thus prepared the europium(HI) chelate, [ l,Eu], and investigated its photophysical properties. [l,Eu] enabled 
to observe the pyrene-sensitized luminescence emission of Eu nl in solution, which is, to our knowledge, the 
ftrst example of an antenna effect between the pyrene ckromophore and the europium0II) ion. 

The synthetic route used for the preparation of 1 is as follows. 
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Compound 1 was obtained as a viscous oil in 35 % yield from 4 and 5.9,10 The structures of the 
compounds were confirmed by 1H, 13C NMR, mass spectrometry, and elemental analyses.ll The chelate 

[l,Eu] was prepared by reaction of I with a stoichiometric amount of Eu(NO3)3,5H20 in water in the 
presence of slightly over 3 molar equivalents of NaOH.8 The europium complex precipitated to give a white 

solid that was insoluble in most organic solvents. Attempts to obtain a FAB-MS were unsuccessful. 
Satisfactory C, H, N, and Eu elemental analyses were obtained, and the FT-IR spectrum tl  (KBr) showed 

spectral features consistent with those publishedS for analogous complexes. The terbium(III) chelate, [l,Tb], 

was prepared similarly from TbCI3,6H20.11Th e europium neutral complex of the non-fluorescent triacid 
derivative, 2, was also prepared and used as reference compound for photophysical investigations. 
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Figure. Luminescence emission and excitation spectra of [1,Eu] in DMF (containing 0.2 % DMSO) at room temperature 
(10 -5 IVl). Dotted line: 1L a absorption band of the pyrene chromophore in the complex. 

The electronic absorption spectra of I and [1,Eu] in the DMF/DMSO 99.8/0.2 (v/v) solvent mixture 
(ca. 10 -5 M) were found identical, which indicated the absence of ground state interactions between the 
pyrene nucleus and the chelated metal. Upon light excitation at 345 nm (1L a band of pyrene), a solution of 
[l,Eu] exhibited a dual spectrum, composed of the pyrene fluorescence emission band (370-500 nm), and, at 
longer wavelength, the characteristic europium metal luminescence contribution (Figure). While the former 
could be detected at concentrations lower than 10 .6 M, the latter could only be recorded for more concentrated 
solutions, typically around 10 -5 M. Similar features were observed when the excitation wavelength was 
scanned over the whole absorption spectrum of the pyrene group, particularly at 280 nm which corresponds to 
the strong 1B b electronic transition. Luminescence excitation spectra monitored at the metal emission closely 
matched the absorption bands of pyrene. Under the same experimental conditions, a solution (ca. 10 -5 M) of 
the reference complex, [2,Eu], did not show any luminescence emission. These results are indicative of the 
occurrence of an energy transfer process from the sensitizing aromatic chromophore to the metal ion. The 
spectroscopic data for 1 and its Eu nx chelate are collected in the Table. 12 

Energy transfer between a series of excited arenes as energy donors and lanthanides(IIl) has already 
been reported, intermolecularly 16 in fluid solution or in micellar media, as well as intramolecularly 7,17 in the 
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case of chromophore-appended receptors. Yet the efficient quenching of pyrene singlet excited state by the 
oxidizing Eu 3+ ion has been shown to proceed v/a photoinduced electron transfer processes. 18 Such 
mechanism would be of rather low efficiency in the case of [1,Eu], with regard to the observed weak 
quenching of the pyrene fluorescence emission (Table). 

Table: Electronic Absorption and Luminescence Emission Data for Receptor 1, and its Eu m and Tb nx 

Chelates. 

Absorption Emission 

(e~x) a Pyrene chromophore b M m centre a 
nm (M -s cm -1) ~F ~ (ns) cI~ 

346 (37300) 0.1 (ND) 
0.49 (D) 180 (D) 

(ms) 

[l,Eu] 346 (37100) 0.08 (ND) 0.002 (ND) 0.92 (ND) 
0.43 (D) 150 (D) 0.009 (D) 

[1,Tb] 346 (37 350) 0.1 (ND) None 
In DMF/DMSO (99.8/0.2 v/v); 25 °C. a ca. 10 -5 M. bca. 10 -6 M. ND = non-degassed. D = degassed. 

Noticeably, the europium emission in [l,Eu] is extremely low, which might indicate that energy transfer 

from pyrene to chelated Eu m is rather difficult. This feature might be rationalized by considering that the 
lowest energy triplet state for compound 1, lying at ca. 16800 cm -1, is essentially isoenergetic with the lowest 
europium 5Do emitting state (ca. 17200 cm-t), which could favour metal-to-chromophore back energy 

transfer. The pyrene triplet state was reasonably assumed to act as energy donor, by analogy with previous 
work. 16-18 The oxygen quenching effect (Table) on the europium luminescence in [l,Eu] may confirm this 
mechanism. 19 However, energy transfer processes from the pyrene singlet excited state 20 into either the 5L 
manifold of complexed europium(III), which is spin allowed, or LMCT states can not be completely 
excluded, although the latter possibility is known not to lead to sensitized 5D0--->TFj emission.21Anyway, the 
lowest energy level in the terbium chelate is the first triplet state of pyrene and this may account for the lack 
of metal lumiscence emission. Furthermore, addition of a small amount of water to a DMF solution of [1,Eu] 

led to the total suppression of the sensitized Eu m emission whereas that of pyrene remained unchanged. Such 
effect could be due to the poor ability of that ligand unit to shield the bound metal ion from interaction with 
water molecules, although metal dissociation can not be completely ruled out. The detailed investigation of 
the photophysical properties of the lanthanide chelates of compound 1 is being actively pursued in order to 
obtain further insights into the mechanism of energy transfer between pyrene and Eu m in these species. 
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