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Abstract: Synthesis of fluoroionophores consisting of 3-benzoylcoumarins fused with crown ethers in two different
modes are described. The resulting macrocycles bore emission properties strongly dependent on metal ions and
coumarin substitution and may be therefore used as cation dependent fluorescence signaling systems or triplet
sensitizers for lanthanide luminescence.

Attachment of a fluorogenic or chromogenic subunit to crown ethers or related species leads to a new
class of compounds which is interesting from a theoretical viewpoint as well as for practical purposes.! In
these host-guest systems, defined as supramolecular species, the structure-specific interactions play a key role
in the processes determining the photochemical and photophysical properties. Insertion of a cation into the
ionophore cavity can in fact change the absorption spectrum, the luminescence properties, and the
photochemical reactivity of the chromophore, opening the way to recognition and determination of metal
cations and a variety of other applications.?

Coumarins are extremely interesting chromophores by their photochemical and photophysical
properties, and have been already used to convert crown ethers and cryptands into fluorescent probes for
alkali metal jons.3 On the other hand, it has been shown that ketocoumarins* display sensitization properties,
via triplet-triplet energy transfer, which has found numerous industrial applications (crosslinking of many
polymers, etc.). This photosensitization might also be applied to excite lanthanide ions in order to enhance
their luminescence, a phenomenon with application in fluoroimmunoassay.’

The present work deals with the synthesis of 3-aroylcoumarin crown ethers and the preliminary
results concerning their luminescence properties. Despite the fact that coumarins are in general highly
fluorescent and, therefore, unsuited in principle as lanthanide sensitizers, our results suggest that an adequate
selection of substituents in the coumarin nucleus allows the management of the luminescent properties of
these molecules.

Two attachment modes of coumarin (A and B in Scheme) were made in order to compare their
complexation and photophysical properties. The key step of the synthesis was the formation of the coumarin
nucleus,® by condensation of a B-ketoester with a salicylaldehyde derivative in the presence of piperidine (see
Scheme). The condensing units 1a-b and 2, bearing the crown ether, were obtained in good yields from the
reaction in Na,CO,/acetone of the corresponding polyethylenoxy diiodides with 2,4,5-
trihydroxybenzaldehyde and 3,4-dihydroxyacetophenone, respectively.” Lower yields of coumarin crowns
were obtained when the macrocyclization reaction was carried out from the respective dihydroxycoumarin.
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The complexation of 3-7 with Na* and K+ was directly observed by 'H-NMR but, since Euv3* and
Tb3+ complexes were paramagnetic, they had to be indirectly evidenced from the 'H-NMR spectra of the
diamagnetic complexes of La3+ whose coordination chemistry is quite similar.

The absorption spectra of compounds 3-7 in acetonitrile showed in all cases intense bands at
wavelengths above 320 nm with significant maxima ranging from 322 to 420 nm (see Table).

Table. Absorption and emission spectra of coumarin crown ethers 3-7.

Coumarin UV/Vis Mpay £(103) Fluor. Aqpay @

3a 372 10.6 471
306 5.8

3b 373 15.2 469
303 8.7

4 322 17.4 -
287 21.2

5 335 23 -

6 351 15.9 -
269 8.2

7 420 45.9 485
314 9.2

2 Spectra recorded in acetonitrile solution at ¢ = 10-5-106 M.
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The Na+, K+, Eu3*+ and Tb3+ complexes did not appreciably change the pattern of the spectra
showing very small batho- or hypsochromic effects (< 10 nm) compared to free ligands.

The derivatives 4-6 having alkoxy or no substituents on the coumarin moieties exhibited virtually no
fluorescence in acetonitrile at room temperature. The diethylamino derivative 7 showed in turn fluorescence
and the 6,7-crown substituted compounds 3a,b were able to produce room-temperate phosphorescence (483
nm) and/or delayed fluorescence (see below).

Analogously to the absorption spectra, only minor shifts were observed on the emission and excitation
wavelengths. However, the intensity was markedly affected by the complexation. In the case of 3a, as shown
in the Figure, the fluorescence intensity increased notably on addition of alkali and lanthanide metal ions
(105-10% M), in the order Na+ <K+ <Tb3+. A plausible explanation for the highest increase observed in the
case of Tb3*+ could be the higher rigidity imposed to the complex by this ion because of its higher charge
density, making the vibrational deactivation pathways less effective in the complex compared to the free
ligand and leading to a more efficient emission process.

Figure. Excitation and emission spectra of 3a and its Na*, K+ and Tb3+ complexes.

3a (exc.)
— 3a(ems.)

== == Na comp. (exc.)
= = Nacomp. (ems.)
------- K comp. (exc.)
- = K comp. (ems.)

Tb comp. (exc.)

= = = Tb comp. (ems.)

250 275 300 325 35 375 400 425 450 475 500 525 550 5715 600
‘Wavelength (van)

It is well known that the photophysical properties of Fu3+ and Tb3+ ions markedly depend on their
environment and, in particular, their luminescence is strongly decreased by the inclusion of water molecules
in the coordination shell.® However, typical luminescence of Europium (621 nm) and Terbium (525 nm) was
observed for some complexes of 3a-b when irradiated into the lowest energy ligand-centered absorption
bands, even though some of the complexes were fluorescent and the crown ethers were not expected to
perfectly isolate the lanthanide ions from the water molecules.® Therefore, these crown ethers presented
simultaneous fluorescence, room temperature phosphorescence and lanthanide luminescence.

Research is under progress to improve the design of these compounds in order to tune their
fluorescence and phosphorescence properties, and the quantum yields of induced lanthanide emission as well,
by using novel substituted coumarin nuclei and/or selecting different complexing subunits (chelating groups
and cryptands).
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