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A new calix[4]arene receptor modiÐed with 8-hydroxyquinoline
has been synthesised, exhibiting luminescence and energy trans-
fer properties in the presence of coordinated Eu3‘ and Tb3‘
ions.

Calixarene macrocyclic compounds have been exploited as
building block systems1 or for recognition of main group,2
lanthanide3 and actinide4 metals by incorporating speciÐc
functions. ModiÐed calixarene-based ligands with phosphino
groups have been successfully employed in the preparation of
transition metal catalysts, exhibiting well-deÐned cavities.5,6
In addition, complexes of Eu3 and Tb3` ions with calixarene
ligands incorporating chromophoric groups have also been
pursued7 because of their potential usefulness in Ñuoro-
immunoassays. Luminescence of the metal ion in these com-
plexes arises upon efficient light absorption by the ligand,
followed by ligand-to-metal energy transfer.8,9 Recently, a
modiÐed 8-hydroxyquinoline species10 has been proposed as a
versatile building block for supramolecular chemistry ;
however, the corresponding calixarene derivatives have never
been reported in the literature. Here, we describe the novel
bis(8-oxyquinoline)calix[4]arene ligand 3, specially designed

for photophysical applications in metallo-supramolecular
chemistry.

The synthesis (Scheme 1) was carried out by reacting p-tert-
butylcalix[4]arene11 with in the presence ofBr(CH2)3Br,

yielding the 5,11,17,23-tetra(tert-butyl)-25,27-bis(3-K2CO3 ,
bromopropoxy)-26,28-(dihydroxy)calix[4]arene intermediate
compound 112¤ as a white powder (85%). Treatment of 1 with

and 8-hydroxyquinoline 2, in acetonitrile, gave theK2CO3new species 3” as a white powder, with a yield of 25%, after
chromatography cyclohexeneÈethyl acetate 2 : 1,(Rf \ 0.48,
v/v). Microanalytical results were consistent with the formula-
tion (with 1 molecule of ethyl acetate)C68H78N2O6 ÉC4H8O2and the FAB MS spectrum revealed a molecular ion at 1019.9,
consistent with [C68H78N2O6]`.

1H as well as 13C NMR spectra clearly indicated a twofold
molecular symmetry for the ligand 3, conÐrming the bonding
of quinolinic oxygen to the propoxy fragment of
calix[4]arene. The 1H NMR spectrum exhibited a large shift
of the signals (qui- from 4.02CH2 OCH2CH2CH2OAr)
(compound 1) to 4.55 ppm. The assignment of the signals of
the quinoline fragments of 3 was based on the corresponding
two-dimensional 1HÈ1H COSY NMR spectra (Fig. 1). The

Scheme 1 Synthesis of ligand 3.
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Fig. 1 1HÈ1H COSY NMR spectrum of the aromatic rings of 3, in the range 6.0 to 9.5 ppm, in CDCl3 .

infrared spectrum showed characteristic bands of this ligand
(in dry KBr) at 3350 [l(OÉ É ÉH) intermolecular hydrogen
bond], 3046 2957 2905 2868l(CÈHar), las(CH3), l(CH2),1615 l(C2N), 1596 l(C2C), 1570 l(C2C), 1424ls(CH3), d(CH2),1362 1262 and 1195 d(ArÈOÈC) cm~1 (Fig. 2).d(OÈHphenol),The assignment was carried out in comparison with the
spectra of 8-hydroxyquinoline and ligand 1 precursors, and
using the aromatic-heteroaromatic ring infrared tables.13 Nor-
mally, the OH stretch in phenols gives rise to a strong absorp-

Fig. 2 IR spectra in KBr pellets of ligand 3, [Eu É 3]3` and
[Tb É 3]3` complexes.

tion near 3300 cm~1 due to OÈHÉ É ÉO bonds, while the
corresponding deformation vibrations occur at 1390È1330
cm~1. The bands found at 1615, 1570 and 1262 cm~1 have
been observed in the quinoline moiety, but not in aromatic
rings related to ligand 1. The other bands correspond to the
calix[4]arene 1.

Compound 3 exhibits absorption bands at 283 and 320 nm
associated with p ] p* transitions in the calix[4]arene and 8-
oxyquinoline moieties, respectively [Fig. 3(a)]. A mixture of
equimolar amounts of or and theEu(CF3SO3)3 Tb(CF3SO3)3ligand 3 in resulted in a pale yellow solution of theCH2Cl2corresponding [Eu É 3]3` or [Tb É 3]3` complexes. As one can
see in Fig. 3(b), there is a signiÐcant broadening of the 8-
oxyquinoline absorption band in the near UV region, accom-
panied by a bathochromic shift, reÑecting the coordination of
this group to the lanthanide ions. The and[Eu É 3](CF3SO3)3complexes were also isolated in solid form[Tb É 3](CF3SO3)3and exhibited consistent elementary analysis.

Coordination of the lanthanide ions was readily evidenced
in the IR spectra of the complexes (Fig. 2). Marked shifts of
the l(C2N) and l(C2C) peaks of the quinoline moiety of 3 at
1615 and 1570 cm~1, to 1634 and 1555 cm~1 in both the
Eu(II) and Tb(III) complexes, indicates the involvement of the
aromatic N atom in the binding process. Furthermore, the
observed shifts in the d(ArÈOÈC) vibrations at 1262 and 1195
cm~1 to 1252 and 1165 cm~1 reÑect the coordination of
oxygen atoms of the quinoline and calixarene units. The
bands at 1285 and 1032 cm~1 are ascribed to the CF3SO3~ion.14 The shift from 3350 to 3437 cm~1 can be associated
with the rupture of the intermolecular hydrogen bonds in the
lower-rim oxygen atoms, due to their participation in the
coordination process. Preliminary MM` molecular mechanics
calculations revealed that the 8 coordination model is feasible,
involving 4 oxygen atoms at the lower rim and the two biden-
tate 8-oxyquinoline arms, as illustrated in Fig. 4.

The Ñuorescence spectrum of ligand 3 (10 lmol dm~3 in
MeCN, or 320 nm) showed a characteristic emis-jexc \ 283
sion band at 488 nm associated with the 8-(/q \ 0.0079)
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Fig. 3 UVÈVis and room temperature luminescence spectra of 3 and
[Eu É 3]3` (10 lmol dm~3 in MeCN). (a) Absorption spectrum of 3
(ÈÈ) showing the calix[4]arene p ] p* band at 283 nm and the 8-
oxyquinoline bands in the 300È400 nm range ; Ñuorescence spectrum
(É É É) with nm or 320 nm and excitation spectrum (È È È)jexc \ 283
with nm. (b) Absorption spectrum of [Eu É 3]3` (ÈÈ) andjem \ 490
its corresponding Ñuorescence spectrum (É É É) with nm orjexc \ 283
320 nm, showing the 8-oxyquinoline emission at 490 nm and the
narrow Eu3` bands ; excitation spectrum (È È È) with5D0] 7Fnnm. (c) Phosphorescence spectrum of [Eu É 3]3` (É É É) withjem\ 490

nm and 320 nm, showing the Eu3` bands, andjexc \ 283 5D0] 7Fnthe corresponding excitation spectrum (È È È) with nm.jem \ 619

oxyquinoline group [Fig. 3(a)]. In the case of the [Eu É 3]3`
complex, a less intense 8-oxyquinoline Ñuorescence emission
was observed at 490 nm or 320 nm), accompanied(jexc \ 283
by a series of narrow bands associated with the lanthanide

to transitions [Fig. 3(b)]. The strongest europium5D0, 1 7Fjion emission at 619 nm corresponds to the electric-dipole
allowed hypersensitive transition while the shoul-5D0] 7F2der at 590 nm [Fig. 3(c)] can be associated with the magnetic
dipole transition, The intensity ratio of these two5D0] 7F1.europium ion transitions is related to the symmetry of the
coordination sphere.15 A distortion of the symmetry causes an
intensity enhancement of the hypersensitive transition. Typi-

Fig. 4 Structural representation of the [Eu É 3]3` complex from
molecular mechanics calculations.

cally, intensity ratios ranging from 8 to 12 have been reported
for complexes exhibiting an asymmetric coordination sphere,
and this is probably the case for the [Eu É 3]3` complex.

The excitation proÐle for the 8-oxyquinoline emission in the
[Eu É 3]3` complex is consistent with the absorption bands of
the 8-oxyquinoline chromophore ; however, the emission
quantum yield was substantially smaller, in com-/q\ 0.0034,
parison with that of ligand 3 These values are(/q\ 0.0079).
lower than those reported for EuÈbipyridine-calixarene
systems,7 but are comparable to those of lanthanide complex-
es containing triphenylene antenna groups.16 Lifetime mea-
surements for the 8-oxyquinoline emission were below the
working limit of our Edinburgh Ñash photolysis instrument
(\10 ns) ; however, as a reference, the reported lifetime for the
related aluminium(III)È8-hydroxyquinoline complex17 was 10
ns. In that case, the emission has been associated with the
lowest 1pp* level, involving substantial charge transfer from
the phenoxide part to the pyridyl site of the 8-
hydroxyquinoline ligand.18,19 Presumably, by means of the
heavy metal e†ect, the lanthanide ion promotes efficient
singletÈtriplet intersystem crossing, lowering the emission
quantum yields for the 8-oxyquinoline singlet state.

In the phosphorescence mode, it was possible to discrimi-
nate the emission of the lanthanide ion, as shown in Fig. 3(c).
Surprisingly, the observed excitation spectra for the lantha-
nide phosphorescence emission matched the absorption band
of the calixarene moiety at 280 nm, rather than the absorption
band of the 8-oxyquinoline group at 320 nm. More than indi-
cating that the Eu3` emission is being promoted by the calix-
arene moiety, this result also implies that the lanthanide ion
should be interacting with the lower-rim oxygen atoms, in
agreement with the infrared spectra. According to the elec-
tronic spectra, the 1pp* and 3pp* levels of calixarene are
higher in energy than those of the 8-oxyquinoline group. In
this way, the efficient calixarene singletÈtriplet conversion by
the heavy metal e†ect would promote the energy transfer to
the level of Eu3`, thus accounting for the observed lanth-5D0anide phosphorescence emission and the corresponding exci-
tation proÐle. On the other hand, since the 1pp* emission of
8-oxyquinoline occurs at 490 nm, the 3pp* level can be lower
than the level of Eu3`, and would not contribute to the5D0antenna e†ect in the [Eu É 3]3` complex.

In the case of the terbium complex, a similar, but much less
intense 8-oxyquinoline luminescence has been(/q\ 0.0018)
observed, using a typical concentration of 10 lmol dm~3 in
MeCN and or 320 nm. In this case, as reported forjexc \ 283
several terbiumÈbipyridyl complexes20 and other similar
terbium compounds, the weak luminescence may be due to
efficient 1pp* ] 3pp* intersystem crossing (heavy metal e†ect),
as well as to a back-energy transfer process7,20 from the
excited metal to the 8-oxyquinoline pp* levels. In fact, from
the corresponding bands at 545 and 619 nm, respectively, the

level for Tb3` is more energetic than the level for5D4 5D0Eu3`, practically coinciding with the 1pp* level of 8-
oxyquinoline. Both mechanisms would decrease the Ñuores-
cence quantum yield from the 8-oxyquinoline singlet state.

From the results reported here, it is clear that the attach-
ment of the 8-oxyquinoline groups to the calix[4]arene moiety
does provide new e†ective binding sites for coordination of
metal ions, facilitating their interaction with the calixarene
lower-rim oxygen atoms and allowing, in this way, for efficient
energy transfer from the organic host (calixarene) to the metal
centre.
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Notes and references

¤ Whilst this work was in progress, Li et al. reported12 the synthesis
of a new 5,11,17,23-tetra(tert-butyl)-25,27-bis(3-bromopropoxy)-26,28-
(dihydroxy)calix[4]arene ligand, 1.
” Consistent elemental analyses have been obtained for all com-
pounds. Selected data for 3. 1H NMR (299.94 MHz) : d(CDCl3)\ 8.87
(dd, 4-CH, 2H, 3J \ 4.3 Hz and 4J \ 1.8 Hz), 8.03 (dd, 2-CH, 2H,
3J \ 8.3, 4J \ 1.8 Hz), 7.63 (s, OH, 2H), 7.44È7.30 (m, 5,6,3-CH, 6H),
7.16 (d, 7-CH, 2H, 3J \ 6.6 Hz), 7.00 and 6.81 (2 s, m-ArH, 4H each),
4.55 (t, 4H, 3J \ 6.7 Hz), 4.24 (d] t, ABquinÈOCH2CH2CH2OAr,
spin 8H, 2J \ 13.1 Hz), 3.27 (d,system ] quinÈOCH2CH2CH2OAr,
AB spin system, 4H, 2J \ 13.1 Hz), 2.55 (m, 4H,OCH2CH2CH2O,
3J \ 6 Hz), 1.27 and 0.97 (2 s, But, 18H each). 13CM1HN NMR
(75.42 MHz) : (s, arom. Cq), 125.52 andd(CDCl3)\ 150.68È126.90
124.98 (2 s, arom. CH of calixarene), 121.30È109.38 (arom. CH
of quinoline), 73.07 (s, 65.91 (s,ArOCH2CH2CH2OÈquin),

33.92 and 33.79 [2 s, Cq, 31.69quinÈOCH2CH2CH2OAr), C(CH3)3],[s, 30.99 [s, 29.87 (s,ArCH2Ar ] C(CH3)3], C(CH3)3],FAB-MS: m/z\ 1019.9 (100%) [M]`. Anal. calc.OCH2CH2CH2O).
for C 78.09, H 7.83, N 2.53 ; found : C 78.33,C68H78N2O6 ÉC4H8O2 :
H 7.97, N 2.44.
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