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ABSTRACT

A new fluorescent chemosensor, anthryl tetra acid, was synthesized and showed large fluorescence quenching effects in 100% aqueous
solution with metal ions via photoinduced electron transfer (PET). Chelatoselective fluorescence perturbation was observed with Cd(II) and
resulted from electrophilic aromatic cadmiation.

Photoinduced electron transfer (PET) has been widely used
as a tool of choice in fluorescent sensor design for protons
and metal ions by many groups.1 In particular for compounds
containing the benzylic amine moiety, in the absence of metal
ions or proton, fluorescence is quenched via PET from the
fairly reducing amine group to the excited singlet state of
anthracene. Upon complexation with a suitable metal ion, a
large chelation-enhanced fluorescence (CHEF) effect is
observed because the chelation abrogates the PET process.

This is a typical “off-on” type of PET chemosensor. On
the other hand, Shinkai and co-workers reported a reverse
PET chemosensor (on-off type) bearing a (tetraphenylpor-
phyrinato)tin(IV) moiety as a fluorescent site and 2-ami-
nomethylphenylboronic acid group as a sugar-binding site.2

In this work, diol complexation induced fluorescence quench-
ing due to the inhibition of the B-N interaction.

We report here a new anthracene derivative as a reverse
PET chemosensor for metal ions. In the absence of metal
ion, fluorescence remains because this compound exists as
a zwitterion at pH 7. Metal ion binding induced a PET
process by reducing the pKa of the benzylic amine group,
resulting in fluorescence quenching. We also observed a
chelatoselective fluorescence perturbation in the presence of
Cd(II) caused by the electrophilic aromatic cadmination at
the 9-position of anthracene.
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Our synthesis began with 1,8-bis(bromomethyl) anthracene
1, produced using the method described by Nakagawa.3

Treatment of1 with diethyl iminodiacetate and potassium
carbonate in chloroform at 40°C for 5 h led to the tetraester
2 in 85% yield (Scheme 1). The tetra acid3 was produced
in 90% yield by hydrolysis with potassium hydroxide in
water.

Ca(II), Cd(II), Co(II), Cs(I), Cu(II), K(I), Li(I), Hg(II),
Mg(II), Mn(II), Na(I), Ni(II), Pb(II), Rb(I), Sr(II), and Zn-
(II) ions were used to evaluate metal ion binding of

compound3. Titration studies were conducted at pH 7 (0.1
M HEPES) using a 6µM concentration of compound3.
Using these metal ions (6µM), compound3 displayed
fluorescence quenching effects with Co(II), Cu(II), Hg(II),
Mn(II), Pb(II), and Zn(II) ions. Selected fluorescence emis-
sion spectra of compound3 upon the addition of 1 equiv of
metal ions are shown in Figure 1. These results are contrary
to those obtained with normal PET chemosensors and can
be explained as follows. As shown in Scheme 2, in the

absence of metal ions, compound3 displayed significant
fluorescent emission intensity even at pH 7. Because of the
adjacent carboxylic acid groups, this compound must be a
zwitterion, in which each side has two negative and one
positive charge. When the metal ion binds, it shields the
charge on the carboxylates, and the pKa of the benzylic amine
changes such that it is no longer protonated at pH 7. This
explanation can be applied to Co(II), Mn(II), and Zn(II).

Fluorescence quenching effects were maximized with Cu-
(II) and Hg(II). Since both of these metal ions are known as
effective quenching metals (e.g., open-shell, paramagnetic,
large or easily reducible cation4), it may be difficult to
distinguish between the reverse PET mechanism and intra-
complex quenching. Interestingly, Ca(II), Mg(II), and Sr(II)
ions displayed chelation-enhanced fluorescence (CHEF)
effects with compound3. These CHEF effects are observed
when metal ion binds to the lone pair electrons of nitrogen.
We observed similar CHEF effects with these metal ions at
pH 11 (0.1 M CAPS) also.

Furthermore, the Cd(II)-3complex displays an additional
broad, red-shifted band yielding the composite spectrum with
λmax 435 nm (Figure 1). The1H NMR spectrum of the Cd-
(II)-3 complex in D2O solution revealed the presence of more
than one chelate; moreover, H-10 was clearly represented
by major and minor singlets (ratio) 2:1) (Figure 2). When
1.1 equiv of Cd(II) was added at room temperature, we
observed a substantial decrease and broadness of the H-9
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Scheme 1. Synthesis of Anthryl Tetra Acid3

Figure 1. Changes in the fluorescence emission spectra of
compound3 (6 µM) upon the addition of 1 equiv of metal ions at
pH 7 (0.1 M HEPES).

Scheme 2. Proposed Mechanism of Fluorescence Emission
Change upon the Addition of Metal Ions to Compound3 at pH

7
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proton peak. In addition, a gradual coalescing of the aromatic
resonances was observed on heating.

A similar result was report by Czarnik and co-workers in
1990.5 Among few anthryl-azacrown compounds, only (9′-
anthrylmethyl)-1,4,7,10,13-pentaazatridecane was reported to
exhibit similar aromatic cadmiations at the 1- and 8-positions
of anthracene. However, the observed fluorescence, UV, and
1H NMR perturbations of the Cd(II) complex were observed

only in water; in methanol, ethanol, and acetonitrile, only
unperturbed anthracene spectra were observed. On the other
hand, in our case, similar fluorescence and1H NMR
perturbations of the Cd(II)-3 complex were observed both
in water and in ethanol.

A proposed mechanism for these observations is illustrated
as follows. The Cd(II)-3 complex uniquely populates a
conformer in which an anthracene-Cd(II)π-d orbital interac-
tion promotes the anthracene-Cd(II)π-complex. Thisπ-com-
plex is then converted to a higher energy species, a
σ-complex.

In conclusion, compound3 can be considered as a new
reverse PET chemosensor, which works in a manner that is
contrary to that of normal PET chemosensors. Also, the
structural basis of chelatoselective fluorescence perturbation
with Cd(II) suggests that changes in the species involved in
such “nonclassical” selectivity may produce further fluor-
oionophores.
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Figure 2. Partial 1H NMR spectra (500 MHz) in D2O: (a)
compound3 at 25°C, (b) compound3 upon the addition of 1 equiv
of Cd(II) at 25°C, and (c) compound3 upon the addition of 1.1
equiv of Cd(II) at 80°C.
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