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Abstract

The quinoline-based tripodal fluororeceptor 1 has been designed and synthesized for the detection of citric acid in less polar solvents.
Receptor 1 shows monomer emission quenching followed by excimer emission upon hydrogen bond-mediated complexation of citric
acid. In comparison, receptor 2, in presence of the same acid, gives rise to a decrease in the monomer emission of the naphthyl moiety
without showing any peak for the excimer. Receptor 1 is found to bind citric acid more strongly than receptor 2 in CHCl;.

© 2007 Elsevier Ltd. All rights reserved.

Keywords: Citric acid recognition; Quinoline; Naphthalene; Tripodal receptor

The specific detection of biologically relevant molecules
is of considerable interest in molecular recognition
research. In this context, the design and synthesis of fluoro-
receptors, which selectively interact with the substrate of
choice, and report the binding events via a change in a
physical signal is an area of intense interest.'> As sub-
strates, carboxylic acids are of particular importance due
to their key roles in a wide range of biological processes.>*
Citric acid, in this regard, is a tricarboxylic acid that plays
an important role in the Kreb’s cycle to provide the vast
majority of energy used by aerobic cells, for example, in
human beings. Several groups have reported the recogni-
tion of citrate ions using various receptors.” '* Many of
these are based on positively charged, hydrogen bonding
groups or unsaturated metal centers coordinated to 1,3,5-
trialkylbenzene scaffolds, which adopt a ‘fly-trap’ confor-
mation. Anslyn used the indicator displacement method
for the recognition of citrate. In relation to these
approaches, our recent report on a naphthyridine based
sensor for citric acid'' inspired us to investigate the design
of a new tripodal receptor. Tripodal receptors based on
hexasubstituted arene rings are well established for anions
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and cations.'? In this context, the 1,3,5-tripodal host based
on 3-aminopyridinium ‘arms’ containing anthracenyl moie-
ties is interesting for the selective sensing of acetate.'> How-
ever, the use of the 1,3,5-tripodal core for recognition of
carboxylic acids is unknown to the best of our knowledge
and therefore a challenging theme in the area of molecular
recognition. In this Letter, we, for the first time, report
pyridine based tripodal fluororeceptors 1 and 2 that show
significant binding ability for citric acid in the less polar
solvent CHCl; (Fig. 1).

The receptors 1 and 2 were synthesized from 1,3,5-
tris(bromomethyl)-2,4,6-trimethylbenzene'*!'> by reaction
with fluorophore labeled 2-aminopyridines 4 and 6, respec-
tively, in the presence of K,CO; in a dry CH3;CN and THF
solvent mixture (1:1) (Scheme 1). Compounds 1 and 2 were
obtained in 30% and 33% yields, respectively, and were
characterized by '"H NMR, *C and mass analyses.'®

These tripodal receptors 1 and 2 can adopt a folded con-
formation with the fluorophore (naphthalene, quinoline)
moieties upwards and downwards around the benzene
core. Molecular modeling'” shows that the orientation of
the hydrogen bonding groups around the central benzene
core is in a tripodal fashion in both 1 and 2 (Fig. 1).

The binding abilities of the tripodal receptors 1 and 2 for
citric and other carboxylic acids such as rac-malic and
p-(—)-tartaric acids were investigated using 'H NMR,
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Fig. 1. Energy minimized structures of 1 (Ep;, = 132.5 keal/mol) (
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Scheme 1. Syntheses of receptors of 1 and 2.

UV-vis and fluorescence methods. To gain an insight on
the binding interactions with citric acid, "H NMR spectra
of 1 and 2 were taken in CDCl; (¢ =3.08 x 107> M and
3.31 x 107* M, respectively). The amine NHs in 1 and 2
appeared at 6 4.32 and 4.43 ppm, respectively and were
too broad to detect accurately upon addition of citric acid
(dissolved in CDCIl; containing 4% DMSO-ds). Even the
amine NHs in 1, which appeared at § 4.32 ppm, were also
broadened after addition of powdered citric acid to a dry
CDCl; solution of 1 followed by sonication. The clear dis-
solution of citric acid was evident from the appearance of
new resonances at ¢ 2.85 and 2.66 ppm for the —CH,—

groups of citric acid. All the signals in the aromatic region
of 1 were resolved and no other new signals were noticed.
When dry HCI was passed into the chloroform solution
of 1, immediate precipitation occurred to give an insoluble
product. The '"H NMR of this insoluble product was
recorded in DMSO-ds. All the signals were broad and
new resonances in the regions ¢ 9.29, 7.90, and 7.27 ppm,
presumably for the protonated quinoline, pyridine, and
ammonium cations, respectively, were observed. The
absence of such new resonances at ¢ 9.29, 7.90, and
7.27 ppm during the complexation of citric, rac-malic,
and p-(—)-tartaric acids with both 1 and 2 thus confirmed
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that the tripodal receptors 1 and 2 were involved in com-
plexation with the carboxylic acid guests in CDCI; mainly
through H-bonding instead of ion pair binding via proton
transfer.

Once the nature of the interactions had been established,
both 1 and 2 were studied by UV-vis and fluorescence to
establish their selectivities and sensitivities toward citric,
rac-malic, and Dp-(—)-tartaric acids. Initially, the photo-
physical properties of 1 were determined in solvents of dif-
ferent polarities to gain an insight into its solvatochromic
behavior. The absorption spectra of 1 in dry CHCl; exhib-
ited a structureless absorption band at 310 nm, characteris-
tic of quinoline. The position of this peak was unaltered in
dry THF, CH;0H, and CH;CN. A slight red shift in dry
DMSO was observed. In the presence of citric acid, the
absorption peak at 310 nm for the quinoline in 1 showed
a large red shift (A2 =21 nm) in CHCI; only, which illus-
trated a strong hydrogen bond interaction between citric
acid and receptor 1. A chloroform solution of the 1:1 com-
plexes of citric, rac-malic, and p-(—)-tartaric acids with
receptor 1 was diluted gradually with chloroform and the
change in intensity, as a function of concentration was lin-
ear in each case. Figure 2, for example, shows the effect of
dilution on the UV-vis spectra of the 1:1 complex of 1-citric
acid. This change in the UV-vis spectra was used conve-
niently to study the binding since the lower concentration
led to a more accurate determination of the association
constants for the acids (Table 1).'® Citric acid, having more
hydrogen bonding groups, shows a higher binding constant
in comparison to the other acids tested. Similar control
experiments on 2 gave lower binding constant values with
the other acids (Table 2). This underlines the fact that
the quinoline ring nitrogen in 1 plays a key role in hydro-
gen bonding to increase the binding of the carboxylic acids.

The chemosensor behavior was also investigated by
steady state fluorescence. As shown in Figure 3a, the fluo-
rescence emission of the quinoline in 1 varied with the
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Table 1
Binding constant values of 1 by UV-vis titration
Guest acid K, M~1y2 K, (M1
Citric 6.36 x 10° 5.75 x 10*
rac-Malic 7.25 x 10* 7.49 % 10°
p-(—)-Tartaric 7.62 x 10* 2.90 x 10*
# Determined in pure dry CHCl;.
® Determined in dry CHCl; containing 0.7% DMSO.
Table 2
Binding constant values of 2 by UV-vis titration
Guest acid K, M~1H?2 K, M~hP®
Citric 8.82 x 10* 2.28 x 10*
rac-Malic 1.02 x 10* 1.62 x 10*
p-(—)-Tartaric 1.81 x 10* 1.30 x 10*

# Determined in pure dry CHCl;.
® Determined in dry CHCl; containing 0.7% DMSO.

polarity of the solvents when excited at 290 nm. Com-
pound 1 displayed a structureless monomer emission at
382 nm when irradiated at 290 nm in CHCl;. The addition
of citric, rac-malic, and p-(—)-tartaric acids to a CHCl;
solution of 1 in 1:1 stoichiometry resulted in a decrease
in the fluorescence emission of the quinoline moiety along
with a simultaneous generation of the excimer bands at
456, 444, and 464 nm, respectively (Fig. 4a). As shown in
Figure 4a, the intensity of the excimer band varies with
the nature of the carboxylic acid and is found to be signif-
icant in case of citric acid. This excimer emission of 1 in the
presence of citric acid showed a sensitive dependence on the
polarity of the solvent, being much less important in more
polar solvents such as CH3;0H, THF, and DMSO except
for CH3CN where a weak excimer band at 475 nm was
observed (Fig. 3b). We suggest that this excimer emission
results from the guest-induced hydrogen bond-mediated
upward folding of the quinoline moieties that occurs with
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Fig. 2. UV spectra of a 1:1 complex of 1 with citric acid and the change of absorbance on dilution; (inset) plot of absorbance vs. concentration of the

complex of citric acid with 1.
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Fig. 4. (a) Fluorescence change of 1 in CHClI; in the presence of citric, rac-malic and p-(—)-tartaric acids (Aex = 290 nm); (b) fluorescence change of 2 in
CHCl; in the presence of citric, rac-malic and p-(—)-tartaric acids (Aex = 300 nm).

citric acid due to its larger size and strong hydrogen bond-
ing interaction. This was proved by performing similar
control experiments using 2 with the same carboxylic acids
in CHCIs. Interestingly, 2 in presence of the same acids,
gave rise to a decrease in the monomer emission of the
naphthyl moiety to different extents without showing any
peak at 456 nm for excimer formation (Fig. 4b). Even upon
addition of the tetrabutylammonium salt of citric acid to
the chloroform solution of 1, no measurable change in
the fluorescence was observed (see Supplementary data).
These observations support the conclusion that the nitro-
gen of the quinoline ring is indeed an important factor in
the guest induced, hydrogen bond-mediated, substantial
conformational change of 1, which brings the quinoline
moieties close enough for the formation of the excimer.
The excimer emission resulted from the intramolecular
excimer, rather than intermolecularly, as indicated by dilu-
tion experiments at different concentrations in which the
intensities of the ratio of excimer to monomer emission
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Fig. 5. Plot of the ratio of excimer to monomer emission versus
concentration of the complex of 1 with citric acid.
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Fig. 7. (a) Fluorescence titration and (b) UV-vis titration curves for 1 with citric acid, dissolved in CHCl; containing 0.7% DMSO.

changed gradually (Fig. 5). In order to find out the influ-
ence of the polar solvent on the binding of citric and other
acids, fluorescence titrations on both 1 and 2 were con-
ducted by taking the guest acids in CHCI; containing
0.7% DMSO. It is of note that the excimer was absent
when the guest acids, dissolved in CHCl; containing 0.7%
DMSO, were gradually added to the CHCI; solution of 1
(¢=1.32x 107> M). In this regard, Figure 6a shows the
change in fluorescence of 1 upon addition of citric acid.
The corresponding change in absorption in CHCI; on
gradual addition of citric acid dissolved in CHCI; contain-
ing 0.7% DMSO is also worth noting (Fig. 6b).

The isosbestic point at 315 nm infers 1:1 stoichiometry
of the complex. The stoichiometry was further ascertained
from the break of both the fluorescence and UV titration
curves at [G)/[H]=1 (Fig. 7a and 7b, respectively). How-
ever, the presence of DMSO, a competitive hydrogen
bonding partner, reduces the binding affinity of 1 with
the guest acids (Table 1; the binding is approximately 10
times less than the values in pure CHCl3)"” so that upward
folding of the quinoline moieties is presumably less efficient
than in pure CHCIl;. The binding constant values as pre-
sented in Table 1, indicate that receptor 1 is an efficient bin-
der of citric acid in CHCl;, even more so than receptor 2.

In conclusion, a simple modular approach has been
described to a quinoline-based tripodal receptor displaying
marked citric acid binding in the less polar solvent chloro-
form. This binding relies solely on weak non-covalent
interactions. The hydrogen bond-mediated complexation
of citric acid by the quinoline-based sensor has been
followed by excimer emission. This excimer emission is
moderate and convenient as a practical method to detect
and distinguish citric acid from tartaric and malic acids.
Further studies on this subject are underway in our
laboratory.
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'"H NMR, '*C NMR and mass spectra of compounds 1
and 2, fluorescence spectra of 1 on addition of the tetra-
butylammonium salt of citric acid and the binding cons-
tant determination curve for citric acid are available.
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Supplementary data associated with this article can be found,
in the online version, at doi:10.1016/j.tetlet.2007.11.139.
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