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Abstract

Anthracene anchored 1,3-di-derivatives of lower pirers-butyl-calix[4]arene were synthesized and characterized. These derivatives were
subjected to the binding studies with the divalent metal ions, viz2*Mgn?*, Fe*, C&?*, Ni?*, Cl/?* and Zr#* using fluorescence and
absorption spectra. The imine moiety that is in conjugation with the anthryl unit is responsible for quenching the fluorescence in the absenc
of metal ion, however, in the presence offFand Ci#*, the spectra showed very high enhancement in fluorescence intensity indicating that
the lone pair present on the imine-N is involved in the metal ion binding and as a result the photo-induced electron transfer is prevented
Based on the photo-physical studies, it has been found that the anthracene derivative that is coupled with the calix[4]arene unit through a
imine bond acts as a chemosensor foi*femd Cd*. The fluorescence studies are further augmented by the absorption spectra.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction the ligand were used to get significant changes in the fluo-
rescencg3—7]. On the other hand, there are only few reports
Calixarenes are ubiquitous containing both hydrophobic of such studies regarding the binding of transition metal ions
and hydrophilic compartments together in the same molecule.to fluorophore bound calix[4]arene derivati&s9]. There-
Organic synthesis ensures building-up of coordination coresfore, this paper demonstrates the differential interaction of
either on the lower rim or on the upper rim and hence the various metal ions with lower rim based di-derivatives pos-
resulting derivatives are good biomimetic modg2]. In sessing anthryl moiety using their fluorescence-on/off behav-
this context binding and/or recognition of organic or inor- ior besides providing their synthesis and characterization.
ganic moieties is of utmost importance. In order to evaluate
such properties of these derivatives, sensitive techniques that
are easy to monitor are essential. In this regard, fluorescence, Experimental
spectroscopy offers an efficient and convenient way. Hence
the calixarene derivatives with appropriate binding cores 2.7, Materials
and yet possessing fluorescent probe are of great advantage.
Recent literature witnessed the binding of alkali and alkaline 9-Anthraldehyde, anthracene, 9-chloromethylanthracene
earth ions with the lower rim calix[4]arene derivatives pos- and the metal perchlorates (caution: perchlorate salts are
sessing fluorophores where high mole ratios of metal ion to expected to be handled with appropriate care) were purchased
from Sigma—Aldrich Chem. Co. Analytical grade solvents
* Corresponding author. Fax: +91 22 2572 3480. obtained locally were purified and dried by routine proce-
E-mail address: cprao@chem.iitb.ac.in (C.P. Rao). dures immediately before use.
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Scheme 1. Synthesis ofland Ly: ()1 (1.0g, 1.55mmol), KCO;3 (1.0g, 7.25 mmol), bromoacetonitrile (0.8 g, 8.31 mmol), 50 mLsCN, reflux under
N> for 7 h; (b)2 (4.70g, 6.50 mmol), LiAIH (2.0g, 5.1 mmol), 250 mL ¢Hs0C,Hs, reflux for 5 h; ()3 (100 mg, 0.136 mmol), 9-anthraldehyde (56.0 mg,
0.272mmol), 10 mL EtOH, pH range is maintained between 5 and 6 by adding appropriate amou®Gaf keflux for 3h; (d)1 (0.5g, 0.675 mmol),
9-chloromethylanthracene (0.45 g, 2.02 mmok(O; (0.745 g, 5.40 mmol) 25 mL C}CN. R =tert-butyl.

2.2. Synthesis of lower rim calix[4 ]Jarene fluorophores same solutions were measured on Shimadzu UV-2101PC
in the range 320-500 nm. Normalized emission intensities
Reaction of bromoacetonitrile with-tert-butyl-calix[4] (IlIp) are plotted against the mole ratio of metal ion to the
arene,1 results in the di-nitrile derivative which upon ligand. The binding constants of the complexes formed in
reduction by LiAlH, yields the di-amine derivativ& This di- the solution have been quantitatively estimated by plotting

amine derivativé results in the formation ofLwhenreacted  log[(I — Io)/(I" — I)] versus log[S] o, intensity with no metal
with 9-anthraldehyd§10,11] On the other hand, reaction of ion; I, maximum Intensity7, intensity in the presence of
1 with 9-chloromethylanthracene directly results in the for- various ratios of metal salt; and S, concentration of the metal

mation of L,. All these steps are shown 8cheme Jand all salt added). The slope of the straight line gives the ratio of

the products were characterizd@®—-16] the ligand versus metal cation in the fully saturated case
and Kassfor the complex equals to the value of log[S] at

2.3. UV-—vis and fluorescence studies log[(I — Io)/(f — D]=0. The quantum yields of the ligand L

and the complexes were measured with respect to anthracene
The ligands are dissolved in CHind the metal perchlo- (¢ =0.27+0.03 in EtOH).
rates in MeOH, and all the bulk solutions are made to 0.001 M
concentration. All the measurements have been made in 1 cm
guartz cells and maintained a final ligand concentration of 3. Results and discussion
10uM and the concentration of metal perchlorates were var-
ied accordingly in order to result in requisite mole ratios of L1, L2 and all the intermediate products in the synthe-
metal ion to the ligand. During the titration of the ligand with  sis were well characteriz§d2—16] Proton NMR data (two
metal perchlorates, the total volume of the solution is main- doublets for methylene bridged protons with 13 Hz) is
tained constant (3mL) in each case by adding appropriateconsistent with the presence of 1,3-di-derivatives being in
volume of 5% MeOH-CHGI. their cone conformation in case of las well as in k. The
Fluorescence spectra were measured on Perkin-Elmedigand L; has two imine bonds in conjugation with anthracene
LS55 by exciting at 340 nm and absorption spectra of the unit, two phenolieOH groups and two ether oxygens of the
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Fig. 1. Fluorescence spectra of &s a function of added metal ion concentration (varyinM?2* ratios): (a) F&* (1:1-1:60); (b) C&" (1:1-1:50).

pendant present on the lower rim and these provide poten-rigid and the lone pair is delocalized on to thecloud of

tial sites for metal ion bindingScheme L The binding the anthracene unit. Such rigidity provides a favorable orbital
strength of these groups is expected to differ depending uponoverlap between imine-N and tieorbital of anthracene, and
the nature of the metal ion and thus the interaction of the hence results in photoinduced electron transfer (FHES).
metal ion would influence the fluorescence emission to dif- On the other hand,41having no interconnecting imine group
ferent extents owing to its coordination preferences. Single between the anthracene and calixarene portiSehéme L
crystal X-ray analysis of other 1,3-di-derivatives possessing exhibits an emission that is quite similar to that of the
amide pendants indicated that there exists hydrogen bondanthracene it self, but with only a 3.5 fold quenching, i.e.,
interaction between the phench©H and the ether oxygen 10 times lower than theil

of the adjacent pendant resulting in narrowing of the entry

for species towards the lower rif7]. 3.1.2. In the presence of metal ions
Effect of metal ions, viz., M§", Mn?*, Fé*, C?*, Ni?*,
3.1. Emission and absorption studies CWw?* and Zrf* on Ly were studied using fluorescence and
absorption spectra in CHgIMeOH (19:1). Fluorescence
3.1.1. In the absence of metal ion intensity of Ly enhances as a function of the addition of Fe

Free Ly shows very weak anthracene-type emission from and C#* dramatically as shown iRig. 1 Either in the emis-
locally excited lowestf — ) state in CHGY/MeOH (19:1) sion spectraKig. 2a) or in the absorption spectrii¢. 2b),
at room temperature as compared to the simple anthracenavhen Ly is bound to F&" and C@", it exhibits a spectrum
due to quenching by a conjugated imine moiety (lone pair having features very similar to the original anthracene spec-
of electrons on nitrogen) and the quenching is at least by trum itself. All this indicates the role of the lone pair on the
~35-fold. This imine group, as a spacer, makes the systemimine-N in quenching the fluorescence in the free ligand and

1000 -

Fe2+ 0.16 -
Cu2+
800 -
2+
/ Zn 0.12 4
2+
Co o
600 <
& Ni2t E
7] e .
£ Mg 5 008
= 400 4 ' 24 =
= Mn <
L
2+ 1 i
200 4 zn 0.04
0 T T T -1 0.00 T 1
400 450 500 550 350 500
(a) Wavelength (nm) (b) Wavelength (nm)

Fig. 2. Spectral traces atIM?2* ratio being 1:50: (a) fluorescence spectra (excitation wavelength of 340 nm); (b) absorption spectra.
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Table 1 binding of two ether oxygens of the pendants. The third step
Quantum yield¢) of L and its metal ion complexes in the F&€* curve can be explained owing to the binding of the
Ly +M2 ® two phenolie-OH groups with the metalion center. As afunc-
L1 0.0036 tion of step-wise binding, there occur concomitant changes
Fe? 0.061 in the geometry around the metal ion that enters the bind-
(oli 0.056

ing core as well as in the geometry of the fluorescing group.

2+
é?,% 8'8(1)2471 Binding of transition metal ion at the imine center quenches
Mn2* 0.0061 the effect of lone pair present on nitrogen that is responsi-
Ni2* 0.0060 ble for the conjugation and thereby enhances the intensity of
Mg?* 0.0054 fluorescence. At any given [M/L1] ratio, the fluorescence

enhancement is'5.5-fold for F&*/Zn?* or CU¥*/Zn?*. The
association constants (&9, for the corresponding steps
the reversal of this quenching by the metal ion binding that Were estimated using lod[¢ lo)/(I" — I)] versus log[S], to
utilizes the lone pair. The increase in the fluorescence inten-be 4.80, 3.80, 3.39 for P&, 4.54, 3.68 for Cé*, and 4.74,
S|ty of L1 follow a trend, Fé&* ~Cu2t >>Zn2+’ where as the 3.74 for Zrtt towards L. Analysis of these p|0tS by equilib-
remaining metal ions, viz., Mg, Mn2*, C&?*, Ni2* shows rium shift method yields 1:1 compld8]. While the number
no considerable effect. Fluorescence quantum yields,of L Of steps observed could be used to differentiate t#& frem
in the presence of different metal ions measured relative to that of C#*, the fluorescence enhancement ratio can be used
the anthracene are shownTiable 1 In presence of P& and to differentiate ZA* from these ions. Thus,Lcan act as

CU?* the quantum yield enhances 15 times. fluorescence-on chemosensor towards these ions. This is fur-
The normalized intensity for Ci and Fé* are plotted ~ ther supported by the fact that the enhancement/inis
against the metal to the ligand mole ratio as showfiin 3 higher by at least 10 times fonl(Fig. 3a and b) when com-

andthe curvesindicate thatwhile the binding ot Fisathree  pared to a control ligand,a(Fig. 4 where there is no imine
step processH{g. 3a), that of the C&" (Fig. 3) and zr* group involved, either for & or for CL2*. Similar study

(Fig. 3c) are two step processes. These binding steps with L carried out with an upper rim-based fluoroph(it8] on the

are attributable to different binding modes present in the lig- other hand exhibited large changes in fluorescence intensity
and Ly as shown irScheme 20wing to the HSAB principle, only with Ca®* and C@#*. However, their studies were not
the divalent transition metal ions are expected to have higheraugmented by a corresponding calixarene control ligand.
affinity towards imine over that of the oxygen ligating centers. ~ As evident from the literature, calix[4]arene lower rim
Hence, the first step of binding of these metal ions with L  derivatives bearing fluorophore sensors showed measurable

is at the imine functions and the second step arises from thechanges in fluorescence intensity or in absorption intensity
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Fig. 3. Plots of metal ion to the ligand mole ratio W) vs. normalized intensityi{lo). Step-wise binding is designated on the graph and for the details of
the stepsScheme e referred.
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Fig. 4. Plots of metal ion to the ligand mole ratio #WL ) vs. normalized intensityillo).
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