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Abstract

The photophysical and complexing properties of fluoroionophores consisting of the coumarin C153 linked to dibenzo-16-crown-5
(C153-DBC) and tribenzo-19-crown-6 (C153-TBC) are described in acetonitrile and ethanol. The carbonyl group of the coumarin moiety
is in direct interaction with a bound cation. The selectivity of these compounds for a given alkali or alkaline earth metal ion was found to
be better than that of previously reported crowned coumarins owing to the rigidity of dibenzo- and tribenzocrowns. In acetonitrile, a very
high selectivity for C&" versus Md@" has been found. In ethanol, C153-DBC is selective fot lad C153-TBC is selective forK as
expected from the relative size of the crown cavity. © 2000 Elsevier Science S.A. All rights reserved.
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1. Introduction the dye and the crown. In order to improve the selectivity
and to decrease the pH sensitivity, the methylene bridge
The development of fluorescent molecular sensors for was replaced by an amide bridge (C343-crown). An im-
metal ions, especially for cations of biological interest, has provement was observed in the selectivity towards alkaline
been the object of considerable effort [1-4]. The design prin- earth cations with respect to alkali cations.
ciples of such sensors, so-called fluoroionophores consist-
ing of a fluorophore linked to a complexing unit, have been

reviewed [5,6]. The changes in the photophysical properties F, (\0/73 0 {\Of\l
in the presence of a cation possibly involve various photoin- XN j ~~ N
duced processes such as electron transfer, charge transfe {/ 0 Q/o\/o
: . o—-Q_J oo
excimer formation and energy transfer.
We have previously reported the photophysical and
complexing properties of fluoroionophores composed of a C153-crown(04) C343-crown

coumarin linked to azacrowns via a methylene bridge or an
amide bridge [7-10]. The carbonyl group of the coumarin
moiety interacts with the bound cation. The photophysi-
cal changes upon complexation with a metal ion can be
described in terms of enhancement of the intramolecular ; .

. an _
charge transfer in the coumarin owing to direct interaction was f_ound to be selective _for ng[12], a high K" selec
between the bound cation and the carbonyl group. The se-Vity is expected when using tribenzo-19-crown-6 (TBC)
lectivity was found to be poor in C153-crown(O4) because [1:268Tr;ergf0(ar§, C'gt.grr]der éohggrc;\ée I;?:i dsirlleeCtg”t;’C:g' n
of the flexibility of the crown as well as the spacer between W give lon, W v Pla z W

ether by a dibenzocrown ether and a tribenzocrown ether.

The synthesis, and the photophysical and complexing
* Corresponding author. Fax:33-1-40-27-23-62. properties of these new fluoroionophores that are called
E-mail addressvaleur@cnam.fr (B. Valeur) C153-DBC and C153-TBC are reported in this paper.

Further improvement in selectivity is expected from the
use of a more rigid crown containing phenyl groups, as
demonstrated previously [11]. Dibenzo-16-crown-5 (DBC)
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Fs 4H); 4-4.40 (m, 13H); 4.85 (s, 2H); 6.80—7.10 (m, 12H);
CF, A 7.15 (S, 1H)
N o 0 ! 13C NMR (CDCk): § (ppm) 20.97, 21.08, 22.02, 28.51,
(}jO,Q S ] 50.10, 50.58, 64.12, 68.40, 68.81, 71.07, 77.45, 104.29,
o0 o o 106.95, 115.23, 116.32, 117.9, 119.23, 119.42, 122.46,

o 122.59, 123.19, 123.92, 124.01, 140.20, 146.91, 149.82,
149.87, 150.54, 151.80, 162.05.

o

C153-DBC C153-TBC
2.2. Solvent and salts
2. Materials and methods Acetonitrile from Aldrich (spectrometric grade) and ab-
solute ethanol from SDS (spectrometric grade) were used
2.1. Synthesis of the crown as solvents for absorption and fluorescence measurements.

. The alkali and alkaline earth perchlorates and potassium
Sym(hydroxy)dibenzo-16-crown-5 was prepared ac- thjocyanate used were from Alfa and of the highest qual-

cording to Cram et al. [14] and Markowitz et al. [15]. jty available, and were vacuum-dried ovepQ@2 prior
Sym(hydroxy)tribenzo-19-crown-6 was prepared according tg yse.

to Bartsch et al. [13]. The chloromethyl derivative of C153
(C153-CHCI) was synthesised as described previously [

8]
and used as a crude product. 2.3. Apparatus

2.1.1. C153-DBC synthesis UV-VIS absorption spectra were recorded on a Varian

An amount of 24mg (1.5eq) of NaH (60% dispersion Cary 5E _spectrophotometer._ Corrected emission spectra
in mineral oil) was introduced in a round-bottom flask Were obtained on an SLM-Aminco 8000C and 48000S. The
under argon and washed three times with dry pen»[(,:me_fluorescence quantqm yield was determlned.usmg Cl153 as
Pentane was replaced by 10ml of dry THF and 230mg & reference®=0.38 in ethanol) [16]. All experiments were
(1eq) of Sym(hydroxy)dibenzo-16-crown-5 were added. Performed at 20C. _ _

The mixture was stirred at room temperature for 1h and  1he stability constants were determined usingsteeriT
240mg of the crude C153-Gi@l dissolved in 30ml of software version 211 (Spectrum Software Associates).
THF were added slowly. The reaction mixture was left

stirring overnight at room temperature. After evaporation

of the solvent under reduced pressure, the mixture was3. Results and discussion

dissolved in 30 ml of methylene chloride and washed three

times with 10 ml of water. After solvent evaporation under 3.1. Cation-induced photophysical changes

reduced pressure, the product was purified by flash chro-

matography on silica gel (eluent GBI>:MeOH (95:5)) The absorption and corrected emission spectra of
affording 220 mg (50% vyield) of the desired product which C153-DBC with its complexes and C153-TBC with its
can be further recrystallised in ethyl acetate/hexane. Thecomplexes are shown in Figs. 1 and 2, respectively. The
purity of the product was checked by HPLC: a single peak spectral characteristics of the free ligands and the vari-
with 100% peak purity analysis was observed on the C18 ous complexes are given in Table 1 for C153-DBC and in
reversed phase with MeOHzB (90:10) eluent. Table 2 for C153-TBC. The spectral shifts under complexa-

C153-TBC was similarly synthesised with 65% yield. tion may be explained, as reported previously, by the direct

interaction of the bound cation with the carbonyl group of
2.1.1.1. Analysis of C153-DBC'H NMR (CDCh): § the coumarin. It should be noted that the spectral shifts
(ppm) 1.95 (m, 4H); 2.75 (t, 2H); 2.85 (t, 2H); 3.28 (M, are larger with C153-DBC and C153-TBC as compared to
4H); 3.88-4.00 (m, 4H); 4.12-4.20 (m, 6H); 4.24 (p, those observed with C153-crown and C343-crown. These
1H); 4.33-4.37 (m, 2H); 4.96 (s, 2H); 6.81-6.88 (m, 4H); different systems differ in the bridging group separating
6.90-6.95 (m, 2H); 7.04-7.06 (m, 2H); 7.17 (s, 1H). the coumarin and the crown. In the case of C153-DBC and
13C NMR (CDCk): 8 (ppm) 20.24, 20.38, 21.21, 27.78, C153-TBC, the bridging arm contains one more atom than
49.36, 49.83, 64.06, 67.62, 69.62, 71.27, 77.35, 103.58,the systems C153-crown and C343-crown. One may indeed
106.24, 113.27, 117.02, 118.52, 118.63, 121.24, 122.58,expect C153-DBC and C153-TBC to adopt a conformation
123.19, 123.22, 139.60, 146.11, 148.44, 150.32, 150.76,allowing the cation to move closer to the carbonyl group
162.17. upon excitation as a result of increasing electron density
in the excited state (Scheme 1). In contrast, the shifts of
2.1.1.2. Analysis of C153-TBC!H NMR (CDCk): § the absorption spectra appear to be less dependent on the
(ppm) 1.95 (m, 4H); 2.74 (t, 2H); 2.86 (t, 2H); 3.30 (m, fluoroionophore structure.
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Fig. 1. Absorption and corrected emission spectra of C153-DBC in ace-

tonitrile and its complexes with perchlorate salts. Fig. 2. Absorption and corrected emission spectra of C153-TBC in ace-

tonitrile and its complexes with perchlorate salts.

A decrease was observed in the fluorescent quantumrate constant is only slightly affected by a bound cation,
yield upon complexation: the larger the charge density whereas the nonradiative rate constant is increased signifi-
of the bound cation, the lower the quantum yield of the cantly and seems to be correlated to the charge density of
complex. The fluorescence decays of C153-DBC and the cation.
its complexes were measured in acetonitrile. They were In ethanol, red shifts of the absorption and emission spec-
found to be monoexponential. The lifetime was 3.34ns tra were also observed upon addition of cation (Figs. 3 and
for the free ligand, and the values for the complexes 4). For cations with a high charge density (ftg C&t),
follow those of the fluorescence quantum vyields. By cal- the stability constants are too low to attain full complexa-
culating the radiative and nonradiative rate constants tion upon addition of a reasonable amount of salt. Therefore,
from the values of the fluorescence quantum yield and no reliable values of the photophysical characteristics of the
the excited-state lifetime, it turns out that the radiative complex can be obtained in these cases.
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Table 1
Absorption and fluorescence properties of C153-DBC and C153-TBC and its complexes with alkali and alkaline earth metal ions in acetonitrile at roon
temperaturé

Diameter (A) Charge density (A1) Jabs (NM) ex1073 (Imol~tcm™1) iso (NM) Jem (NM) O

C153-DBC

Ligand 434 17.6 558 0.21

Lit 1.36 1.47 438 18.2 430 571 0.16

Nat 1.94 1.03 444 19 431 569 0.16

K+ 2.66 0.75 438 19 426 568 0.17

Mg?2t 1.32 3.03 b b 448 b b

ca* 1.98 2.02 479 20.5 450 598 0.092
C153-TBC

Ligand 432.5 17.8 558 0.23

Lit 1.36 1.47 b b b b

Nat 1.94 1.03 440 17.5 438.5 563 0.21

K+ 2.66 0.75 438 18.2 431 567 0.19

Mger 1.32 3.03 442 18.7 449.5 591.5 0.11

cat 1.98 2.02 472 18.0 450 593 0.12

Ba2t 2.68 1.49 464.5 18.8 445 584 0.15

@ )abs absorption maximume: molar absorption coefficient;iso: wavelength of the isosbestic poinbg: fluorescence quantum yield.
b The stability constants are too small to yield a reliable value characteristic of the complex.

Table 2
Absorption and fluorescence properties of C153-DBC and C153-TBC and its complexes with alkali and alkaline earth metal ions in ethanol at roon
temperaturé

Diameter (A) Charge density (A1) Aabs (NM) ex1073 (Imol~tcm1) Xiso (NM) Xem (NM) Op

C153-DBC

Ligand 431.3 14.96 558 0.2

Lit+ 1.36 1.47 b b b b b

Na® 1.94 1.03 440 15.83 428 566 0.16

K+ 2.66 0.75 442 15.81 430 565 0.15

Mg+ 1.32 3.03 b b 430 b b

cat 1.98 2.02 b b 447 b b
C153-TBC

Ligand 4315 14.83 558 0.22

Lit 1.36 1.47 b b b b

Na™ 1.94 1.03 441 15.13 434 561 0.19

Kt 2.66 0.75 439 15.68 426 567 0.20

Mg2+ 1.32 3.03 b b 437 b b

Catt 1.98 2.02 b b 445 b b

Bat 2.68 1.49 459 16.1 442 576 0.17

a1apbs absorption maximumg: molar absorption coefficieng;iso: wavelength of the isosbestic poinbg: fluorescence quantum yield.
b The stability constants are too small to yield a reliable value characteristic of the complex.

3.2. Stoichiometry and stability constant of the complexes of the spectral evolution upon addition of salt is given in
Fig. 5.

The stoichiometry and the association constant were de- The stability constants obtained for the complexes in
termined by using the variation in either absorbance or flu- acetonitrile and in ethanol are reported in Table 3. Satisfac-
orescence intensity upon addition of metal ion. An example tory fits were found for the 1:1 complex for C153-DBC with
alkali and alkaline earth cations. In the case of the com-
plexation of C153-TBC with B& and C&™ in acetonitrile
and with B&* in ethanol, the titration curves are consis-
tent with the formation of two complexes viz. 1:1 and 2:1

S O%
070 QO3 (ligand:metal). The following equilibria are to be consid-
.'ﬁ ered:
:
—

ML
M+L=ML, Ki= L
Scheme 1. [M][L]

Fy
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Fig. 3. Absorption and corrected emission spectra of C153-DBC in ethanol Wavelength (nm)

and its complexes with perchiorate salts. Fig. 4. Absorption and corrected emission spectra of C153-TBC in ethanol

and its complexes with perchlorate salts.
[ML 7]

2
MIIL] expressed as the ratio of the stability constants, was found to
Similar complexes have already been reported in the be 12500 for C153-DBC and 58 000 for C153-TBC. g
literature for the binding of benzocrowns linked to pyrene is too small to fit in the crown. As compared to the above,
[17] or bistyryl benzene [18]. In the present work, the sand- the selectivity was only 3.5 in the case of C343-crown. Re-
wich complexes observed were found only in the case of garding the distinction between Nand K, the selectivity
the complexation of C153-TBC with &4 and B&*. A of C153-DBC for N& versus K- is Naf/K+=16.
steric hindrance may account for this observation. In ethanol, the stability constants are reported in Table 3.
The values of the stability constants obtained in acetoni- It is worth noting that the stability constants are much higher
trile clearly show that the use of a more rigid crown by than those obtained with the same DBC [19] thanks to the
incorporating phenyl groups leads to an improvement in participation of the carbonyl group in the complexation.
the selectivity (Table 3). The selectivity for &aMg?t, The stability constants of the complexes of C153-DBC and

M+2L =MLy, K=
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Table 3
Stability constants of the complexes of C153-DBC and C153-TBC in acetofitrile
Solvent Compound Li (1.36 A) Nat (1.94A) Kt (2.66A) Mgt (1.32A) Ca (1.98A) Ba" (2.68A)
Acetonitrile C153-DBC 1.960.03 4.2+0.05 2.98:-0.03 1.48:0.03 5.58-0.02
C153-TBC 1.36:0.02 3.81#0.02 4.08:0.02 2.73:0.02 logK1=7.5+0.3 logK;=8.6+0.3
logK,=13.7+0.4 logK2,=15+0.3
Ethanol C153-DBC <1 3.5£0.02 3.10.02 1.4£0.02 1.3:0.03
C153-TBC <1 3.03:0.02 4.34:0.02 <1 1.1 logK1=8.59+0.3
logK2=154+0.3

aThe values are expressed as kag The ionic diameter is indicated in brackets.

e (x10*MLem™)
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Fig. 5. Evolution of the absorption (A) and corrected emission spectra
(B) of C153-DBC in acetonitrile on addition of calcium perchlorate.

C153-TBC with N& and K" are much higher than with
Lit, Mg?t and C&* because the latter cations have a higher
charge density and are thus more solvated than complexed
in contrast to the observation in acetonitrile. The selectivity
Na’/K* was found to be 3 for C153-DBC. The selectivity
of this compound with respect to the other alkali and alka-
line earth cations is in good agreement with that of a similar
pendent lariat ether (dibenzo-16-crown-5 oxyacetate) [20].
The K*/Na' selectivity of C153-TBC was found to be 20
(instead of 2 in acetonitrile).

4. Conclusion

Replacement of the azacrown in the previously reported
fluoroionophores (C153-crown and C343-crown) by a
dibenzocrown or a tribenzocrown leads to the expected im-
provement in selectivity. It should be emphasised that the se-
lectivity of these compounds is strongly solvent-dependent
as a result of the interplay between solvation and com-
plexation. In acetonitrile, a very high selectivity towards
calcium versus magnesium has been observed. In ethanol,
the complexes of C153-DBC and C153-TBC with™Nand
K+ were found to be much more stable than those with the
other alkali and alkaline earth cations. Regarding the dis-
tinction between N& and K", it was found that C153-DBC
is selective for Na and C153-TBC is selective for K as
expected from the relative size of the crown cavity. The
K*/Na" selectivity of C153-TBC is promising when the
selective detection of K, which is of major interest in hu-
man serum where Nais present in a larger concentration
than Na ([Na*]/[K t]~30), is the aim.

The present investigation on crowned coumarins in line
with the previous ones shows that the most important pa-
rameters responsible for selectivity in such compounds are
(i) the rigidity of the link between the fluorophore and the
crown, (ii) the rigidity of the crown itself and (iii) the size
of the crown.
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