doi:10.1246/cl.2012.863
Published on the web August 11, 2012

863

Acridine-based Switching on Fluorescence Sensor for Cd?* Functioning
in Absolute Aqueous Media

Shyamaprosad Goswami,* Krishnendu Aich, and Debabrata Sen
Department of Chemistry, Bengal Engineering and Science University, Shibpur, Howrah-711 103, India

(Received April 21, 2012; CL-120348)

A new acridine fluoroionophore derivative bearing lithium
salt of thioglycolate, is designed and synthesized. Its fluores-
cence sensing behavior toward metal ions has been investigated
in absolutely aqueous media (HEPES buffer solution, pH 7.4). It
displayed a selective CHEF (chelation-enhanced fluorescence)
effect toward Cd>* in presence of other heavy and transiton-
metal ions. Highly sensitive switching on response of the
fluorophore toward Cd>*, facilitates it suitable for sensing of
Cd** in aqueous media.

The development of artificial synthetic fluorescence chemo-
sensors with high selectivity and sensitivity for the target ions
has been receiving considerable attention in recent years due to
their application in a broad area of medicine, environment,
and biology.! Nowadays, fluorescence detection has become
a promising strategy used for the detection of heavy and
transition-metal ions because of its operational simplicity, low
cost, real time monitoring, and also high selectivity.? Cadmium,
the highly toxic metal is widely used in many fields, such as
industry, agriculture, military affairs, etc. and it is even found in
phosphate fertilizers.> These sources lead to cadmium exposure
to the living organism through various means, such as through
the ingestion of contaminated food or water and inhalation of
cigarette smoke. As cadmium can be accumulated in the human
body for >10years,* it causes a number of lesions in many
organs and tissues such as the kidney, liver, gastrointestinal tract,
brain, and bone.® In addition, chronic exposure to Cd>* has been
implicated as a cause of cancers of the lung, prostate, pancreas,
and kidney.® Consequently there is a great need for methods for
detecting and monitoring cadmium levels in biological and
environmental samples. The choice of the fluoroionophore in
this aspect is of major importance because it governs the
recognition event into an optical signal owing to the change of
its photophysical characteristics due to the perturbation by the
bound cation. However, there are only few reports on Cd**
selective fluorescent chemosensors’® and most of them easily
undergo fluorescence quenching and even fewer examples are
available in literature where a significant fluorescence enhance-
ment is observed upon metal ion binding in complete aqueous
media.® In this aspect, chelation-enhanced fluorescence (CHEF)
principle provides an ideal strategy for the construction of
luminescent chemical devices, that combines the ability to
recognize and respond to an external input mostly with
mediation of photoinduced electron transfer (PET).

In continuation of our research work in the development of
switching on fluorescence sensors’ for biologically important
substrates, herein, we describe the design, synthesis, and
photophysical properties of a new thioglycolate salt of acridine-
based fluorescent receptor. Experimental studies revealed that
the fluorophore exhibits remarkable affinity for Cd** in fully
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Scheme 1. Synthesis of the receptor.'

aqueous media which is associated with a large CHEF
effect.

Receptor is synthesized following the three steps starting
from acridine and is shown in Scheme 1. Intermediate 4,5-
bis(bromomethyl)acridine is prepared according to the literature
procedure.'?

Treatment of 4,5-bis(bromomethyl)acridine with methyl
thioglycolate in dry acetone in presence of K,CO; and a
catalytic amount of tetrabutylammonium bromide (TBAB)
affords compound A. Then hydrolysis of compound A with
LiOH-H,0 in CH;0H/THF (1:1, v/v) followed by subsequent
evaporation of the solvent finally gives the receptor. The flexible
receptor is composed of acridine nitrogen, soft donor sulfurs,
and carboxylate oxygens as ion recognition unit. The use of
lithium salt of carboxylates imparts the water solubility of the
receptor in combination they take part in binding with the
selected metal ion and flexibility factor seems to increase the
extent of chelation during complexation with Cd>*.

The fluorogenic response of the receptor (1 uM) has been
tested by employing the perchlorate salts of various metal ions at
pH 7.4 in aqueous HEPES buffer solution. In absence of the
metal ions fluorophore exhibits very weakly an emission band
positioned around 440 nm upon excitation at 356nm and the
fluorescence quantum yield (¢) is only 0.005. A significant
enhancement of emission intensity along with a moderate
shifting (Al = 23 nm) of emission band is observed at 463 nm
(Figure 1) during gradual addition of Cd** (20 uM). Almost
15-fold enhancement of fluorescence intensity (¢ = 0.05) is
observed up to the addition of seven equivalents of Cd>* then
further addition of Cd** (up to 10 equiv) produces insignificant
changes in emission spectra. The association constant for the
Cd** complexation process is found to be 1.05 x 10*M~!
(error & 10%)."! A similar enhancement (four fold) of intensity
is observed upon gradual addition of Hg?* (0-1 equiv) and then
further addition of Hg>* (up to 10 equiv) causes the quenching
of emission intensity.

Hence, the receptor exhibits greater affinity and large CHEF
effect toward Cd’>* compared to Hg?* even though positioned in
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Figure 1. Fluorescence titration spectra of the receptor (¢ =
1.0 x 107°M) in presence of Cd’>T (c=2.0x 107°M) at
pH 7.4 in HEPES buffer. Inset: Fluorescence intensity of the
receptor as at 463 nm as a function of [Cd**].
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Figure 2. Emission spectra of the receptor (c = 1.0 x 107° M)
in presence of 10 equiv of each of the guest cations.

the same group. The thiophilic nature and the similar chemical
properties of Cd** are responsible for the interference of Hg?*
upon binding with fluorophore. Different ionic radii (102 pm for
Hg?* and 95 pm for Cd’>*) also may account for the selectivity
of the receptor toward Cd** over Hg?*. Interestingly, neither
appreciable change in emission spectra nor large CHEF effect is
observed even with excess addition of other tested metal ions
e.g., Nat, K*, Ca?*, Mg?t, Ni*t, Zn?*, Cu’*, Pb**, Co’t,
Mn?*, and Fe?*. Figure 2 displays the relative change of
emission spectra of the receptor in presence of other competing
metal ions. In addition, to confirm the Cd** selectivity of the
receptor competition experiment has also been performed by
adding interfering metal ions (10 equiv).

The selectivity profile diagram (Figure 3) depicts that Cd**-
induced fluorescence enhancement remains unaltered by the
commonly employed coexistent metal ions and this result
indicates that receptor has the potential for quantitative detection
of Cd** concentration with a high selectivity (except Cu?*).
Since paramagnetic Cu’* is a notorious fluorescence quencher
a decrease in intensity seems to happen either by energy- or
electron-transfer process.

Cd**-Induced large CHEF effect of the acridine fluoro-
phore®®!2 is associated with coordination of acridine nitrogen
along with the participation of two thioglycolate (-SCH,COO™)
groups in the present case that possibly form a semirigid cavity
which is well arranged for the target metal ion (Scheme 2).
Hence fluorescence enhancement at 463 nm in presence of Cd>*
reflects a change in the geometry of the flexible conformation of
the unbound form possibly to a conformationally more rigidified
form during complexation, thus making the nonradiative decay
for free fluorophore unit in the excited state less probable.'?

Chem. Lett. 2012, 41, 863-865

© 2012 The Chemical Society of Japan

1000+

Intensity
o ~
(=] o
o o
T

N

a

o
n

0

% % qr ogr f g x

Qg 1;: e'; < & B
Figure 3. Metal ion selectivity profile of the receptor (¢ =
1.0 x 10°M): (blue bars) change of emission intensity of
receptor + 10 equiv of M""; (black bars) change of emission
intensity of receptor + 10 equiv of M"*, followed by 3 equiv of
Cd** at 463 nm.
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Figure 4. Fluorescence spectra of receptor (1 uM) itself (a),

upon the addition of Cd** (b), followed by addition of

Na,EDTA to (receptor + Cd*") mixture (c), and finally again

addition of Cd** to a solution of (receptor + Cd** + Na,EDTA)
mixture (d).

Noteworthy, the switch on sensing process could readily be
detected not only by fluorescence spectroscopy but also by
naked eye experiment. In absence of Cd>*, receptor (10 uM) is
almost nonfluorescent, but Cd?** (100 uM) tunes its fluorescence
and results in the appearance of strong blue fluorescence
under UV light that facilitates its quick naked eye detection
(Scheme 2).

The reversibility of the metal complexation of the process as
proposed in Scheme 2 is confirmed by adding aqueous solution
of excess Na,EDTA (10 equiv) in situ to solution of receptor/
Cd**. Eventually, the fluorescence is lost immediately which
indicates that Na,EDTA possibly strips away Cd** from the
binding zone. However, addition of Cd®>* back to back again
recovers the fluorescence (Figure 4).

Now to check whether the perchlorate anion has any
influence on the spectral properties of the fluorophore, titration
experiment is also performed by taking other counter anions
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Figure 5. Fluorescence titration spectra of the receptor (1 uM)

in presence of addition of other counter anions of Cd>* (5 equiv
in each case) in HEPES buffer.
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Figure 6. Absorption titration spectra of the receptor (10 uM)
in presence of Cd** ion (0-10 equiv) in HEPES buffer. Inset,
change of absorption intensity in between the range 300-
450 nm.

(e.g., C1I7, NO3~, and CH;COO™) of Cd** (Figure 5). Almost
similar enhancement of emission intensity is observed in all
cases indicating that fluorescence is unperturbed by these
counter anions.

UV-vis absorption spectrum of the receptor (Figure 6) is
characterized by two bands centered at 254 and 356 nm, which
possibly attributes to 77—* transitions of acridine ring.'* Upon
addition of Cd** ion, a decrease in absorption intensity at 254
and 356 nm is observed, while a new band around 420430 nm
is appeared with generation of an isosbestic point at 397 nm. The
intensity of the new band is found to increase with increasing
concentration of Cd?*. The observed changes clearly indicate
the formation of a new complex in equilibrium due to host—guest
interaction in the ground state and participation of acridine
nitrogen in the complexation.

In summary, a new sensor based on thioglycolate salt of
acridine derivative has been synthesized and characterized,
which displays selective and large CHEF effect with Cd** in
presence of other competing metal ions examined. Significantly,
it functions completely in aqueous media at neutral pH range
and exhibits large turn on fluorescence enhancement in presence
of Cd**.
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