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Fluorescence sensing of tartaric acid: a case of excimer
emission caused by hydrogen bond-mediated complexation
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Abstract—A novel quinoline based receptor that shows monomer emission quenching followed by intramolecular excimer emission
upon hydrogen bond mediated complexation of tartaric acid has been designed and synthesized. The excimer emission has been used
to confirm the selective recognition of tartaric acid over its nonhydroxy analogue, succinic acid. Binding ability was studied by
1H NMR, UV–vis and fluorescence spectroscopic methods.
� 2006 Elsevier Ltd. All rights reserved.
Due to many applications in analytical chemistry and
biomedical research, the development of receptors which
have the ability selectively to bind and sense neutral
molecules, anions and cations through an optical
response has attracted much attention in recent years.1

In this regard, one of the recent approaches to the design
of fluorescent signalling systems relies on guest-induced
folding of flexible receptors, which brings the fluoro-
phores close enough as to function as an excimer.2

This excimer emission formation is sometimes used to
‘read out’ the molecular recognition process more
conveniently.

Given the importance of dicarboxylic acids due to their
biological relevance,3 the need for fluorescent receptors
as sensors for carboxylic acids in different contexts of
molecular recognition research4 has recently been of
paramount interest. In this respect, tartaric acid, a com-
mon natural product in wines and other grape derived
beverages, has received attention due to its structural
features possessing several hydrogen bond donors and
acceptors. Many hydrogen bonding receptors for the
binding of tartaric acid and its derivatives have been
reported.5

A binaphthol-based aminopyridyl group for enantio-
selective recognition of diacetyl tartaric acid deriva-
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tives,6a unique trench type binding on a porphyrin
for tartaric acid derivatives,6b a colorimetric chemosen-
sing ensemble for tartrate/malate in beverages devel-
oped by Anslyn and co-workers,6c are notable.
Tryptophan-based chiral sensors7a for dibenzoyl tartrate
and anthracene labelled fluorescent chiral sensors7b for
enantiomeric discrimination of tartaric acid are also
interesting. As a result of our research on molecular
recognition,8,4a we herein report the design and synthesis
of a quinoline-based sensor 1 which shows selective
recognition of tartaric acid from its nonhydroxy
analogue succinic acid by exhibiting selective excimer
emission.

The receptor 1 was synthesized according to Scheme 1
and was isolated in 55% yield.9 The lumophore,
8-hydroxyquinoline was first coupled with 2-N-pivaloyl-
amino-6-bromomethylpyridine (obtained from 2-N-
pivaloylamino-6-methylpyridine by reaction with NBS
in dry CCl4) to give compound 2. Amide hydrolysis of
2 then afforded compound 3 in 80% yield. On coupling
3 with 5-octyloxy-1,3-benzenedicarbonyl chloride (pre-
pared by etherification of diethyl 5-hydroxyisophthalate
with octyl bromide in dry acetone using K2CO3 and
hydrolysis of the esters followed by reaction with oxalyl
chloride) yielded the desired receptor 1.

The quinoline moiety has been coupled with a pyridyl
unit to serve as a fluorophore as well as to involve the
quinoline nitrogens as hydrogen bond acceptors. Energy
minimization10 of 1 (Emin = 19.92 kcal/mol) shows the
nearly parallel arrangement of the pendent quinolines
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Scheme 1. The synthesis of receptor 1.
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with a separation of distance of 4.01 Å and the open
binding cleft assumes a nonplanar shape (Fig. 1). The
hydrogen bonding groups in the cavity are well arranged
for complexation of hydroxydicarboxylic acids.

The sensitivity and the selectivity of receptor 1 were
evaluated by observing the change in 1H NMR, UV–
vis and fluorescence emission in CHCl3.

1H NMR of the receptor 1 in CDCl3 (5.83 · 10�3 M)
revealed the position of the amide protons at d
8.96 ppm. The addition of powdered DD-(�)-tartaric
acid to this solution showed clear dissolution after
sonication. This was evident from the downfield shift
of the amide protons (d 8.96–9.90 ppm = Dd
0.94 ppm) of 1 as well as from the appearance of a
new peak at d 4.97 ppm due to methine protons in
the 1:1 complex (Fig. 2). The integration ratio of
tartaric acid methine protons to the receptor amide
protons in the NMR spectrum of the complex
(Fig. 2; top) clearly revealed the formation of a 1:1
complex. On dilution of the 1:1 complex, there was
practically no shift of the receptor amide protons.
This suggests strong complexation of tartaric acid into
the open cleft of the receptor 1 as in the mode shown
in complex A (Fig. 1).
R = C8H17
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Figure 1. Energy minimized structure of 1.
Determination of the association constants was, however
impossible because of the negligible change in the posi-
tion of the amide protons after forming the 1:1 complex.

The absorption spectra of 1 and its 1:1 complexes with
DD-(�)-tartaric, rac-malic, and succinic acids in CHCl3
were recorded to investigate the interactions in the
ground state. Chloroform solutions of the 1:1 complexes
were diluted gradually with chloroform and the change
in intensity, as a function of the concentration was linear
in each case. Figure 3 shows the effect of dilution on the
UV spectra of the tartaric acid 1:1 complex with 1. This
change in the UV–vis spectra was used conveniently to
study the binding since the lower concentration used
led to a more accurate determination of the values of
the association constants11 for the acids (Table 1). The
hydroxy analogues of succinic acid show higher binding
constants due to the greater number of hydrogen bonds.
Interestingly, the binding values were reduced 10-fold as
the number of –OH groups decreases. The binding con-
stant values in our case, however, are greater in magni-
tude than the previously reported naphthyridine-based
receptors.5b

The fluorescence spectra of the receptor 1 were simulta-
neously recorded in CHCl3 both in the presence and



Figure 2. 1H NMR (in CDCl3) spectra of receptor 1 (bottom) and the 1:1 complex with tartaric acid (top).
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Figure 3. UV spectra of complex A and its change of absorbance on
dilution; (inset) plot of absorbance versus concentration of the
complex of tartaric acid with 1.
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Figure 4. Fluorescence change of 1 in CHCl3 in the presence of
dicarboxylic acids (kex = 290 nm).

Table 1. Association constants determined by UV (CHCl3)

Guest Association constant Ka (M�1)

DD-(�)-Tartaric acid 9.81 · 105

rac-Malic acid 4.96 · 104

Succinic acid 9.38 · 103
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Figure 5. Plot of the ratio of excimer to monomer emission versus
concentration of the complex of 1 with tartaric acid.
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absence of dicarboxylic acid guests. Figure 4 shows the
fluorescence spectra of 1 and its 1:1 complexes with
DD-(�)-tartaric, rac-malic and succinic acids in CHCl3.
On complexation with these acids significant fluores-
cence quenching takes place.

However, the degree of quenching is dependent on
the nature of the acid. The magnitude of the quenching
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Figure 6. Possible hydrogen bonding structures of 1 with rac-malic acid.
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efficiency (/Q)12 follows the order of DD-(�)-tartaric acid
(0.92) > rac-malic acid (0.87) > succinic acid (0.53),
reflecting the stabilities of the complexes (see the binding
constant values in Table 1). In the case of DD-(�)-tartaric
acid, an additional peak at 453 nm along with monomer
emission at 377 nm was noticed due to excimer forma-
tion. The excimer emission resulted from the intramole-
cular excimer, rather than intermolecularly, as indicated
by the dilution experiments at different concentrations in
which the intensities of the ratio of excimer to monomer
emission changed gradually (Fig. 5). The formation of
this excimer in the presence of DD-(�)-tartaric acid could
be attributed to the tartaric acid templated hydrogen
bond induced organization of the quinoline moieties.
Such excimer formation was not observed in the case
of succinic acid due to the lack of –OH groups which
are necessary to bring closer together the pendant quin-
oline groups of the binding arms via hydrogen bond
formation. This was confirmed using rac-malic acid
where the excimer emission was observed (Fig. 4) due
to the possibility of hydrogen bonding structure 4 which
may remain in equilibrium with 5 and 6 (Fig. 6). It is,
therefore, worth noting that the conformation of 1
was changed substantially only on binding with hydroxy-
dicarboxylic acids rather than with a dicarboxylic acid
of the same chain length.

In pursuit of a fluorescent sensor we have demonstrated
that hydrogen bond-mediated complexation of tartaric
acid with 1 results in monomer emission quenching fol-
lowed by intramolecular excimer emission. This excimer
emission is moderate and convenient for practical use to
distinguish tartaric acid from its nonhydroxy analogue
succinic acid. Further study on this subject is underway
in our laboratory.
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