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Abstract—We design a new saccharides sensor based on the ensemble of compound 2 with a boronic group and compound 3 with
two phenolic -OH groups, taking advantage of the fluorescence quenching ability of nitronyl nitroxides and reversible boronate
formation between boronic acid and diol. The results show that the fluorescence of compound 2 was largely quenched upon addition
of compound 3 due to the formation of the intermediate nitronyl nitroxide—anthracene dyad 1. Sequential addition of saccharides
such as fructose to the ensemble of compounds 2 and 3 together with dyad 1 induced the fluorescence enhancement. These results
clearly demonstrate the possibility to employ the ensemble of compounds 2 and 3 (with dyad 1) to sense saccharides.

© 2006 Elsevier Ltd. All rights reserved.

It is well known that saccharides play significant roles in
biological processes. For better understanding of the ef-
fects of saccharides on the biological processes, develop-
ment of efficient approaches to detect saccharides is
highly desired. By taking advantage of the high affinity
of boronic acids for diols through reversible boronate
formation, various saccharides sensors containing
boronic acid group have been described.! For instance,
Shinkai and coworkers have studied extensively the sac-
charides sensors based on PET (photoinduced electron
transfer) mechanism containing three components: a
fluorophore, an amine, and a boronic acid group.'®?
Similarly, saccharides sensors featuring boronic acid
groups based on ICT (internal charge-transfer) mecha-
nism have been reported.> Besides, other saccharides
sensors by making use of the formation of multiple
hydrogen bonds have also received attention.* We have
just recently reported a new saccharides sensor based on
a tetrathiafulvalene—anthracene dyad with a boronic
acid group.’
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Nitronyl nitroxides, also referred to as Ullman radicals®
as spin probes, have been intensively investigated as
components of organic magnets since the first report
of purely organic ferromagnet in 1991.7 In fact, nitronyl
nitroxides are electron donors and can function as fluo-
rescence quenchers. For example, 2-nitronyl nitroxide
pyrene was found to be rather weakly fluorescent.® We
design a new saccharides sensor based on nitronyl nitr-
oxide-anthracene dyad 1 generated in situ from the
reaction between compound 2 with a boronic acid group
and compound 3 with two phenolic -OH groups. The
design rationale is illustrated in Scheme 1. Reaction of
compound 2 with compound 3 would form the nitronyl
nitroxide—anthracene dyad 1 leading to the fluorescence
quenching of the anthracene unit. Addition of saccha-
rides to the solution would shift the existing equilibrium
between dyad 1 and compounds 2 and 3 due to the com-
petitive binding of compound 2 with saccharides. As a
result, the quantity of dyad 1 in the solution would be
reduced, and accordingly the fluorescence intensity of
the solution is expected to increase because boronate
anion is a weak fluorescence quencher. Apparently our
design employs both fluorescence quenching ability of
the nitryonyl nitroxides and the reversible reaction of
boronic acids with diols. We want to mention that Ans-
lyn and coworkers have successfully employed similar
competition assay for detection of saccharide derivatives
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Scheme 1. Chemical structures of compounds 2 and 3 and the competitive binding of saccharides with compound 2 in the presence of compound 3.

based on the absorption spectral changes.” In our case,
we are monitoring fluorescence property of anthracene.

Compounds 2 and 3 were synthesized and characterized
according to the reported procedures.>!? Figure 1 shows
the fluorescence spectrum of 2 (1.0x 107> M at pH 7.3
adjusted by 0.033 phosphate buffer in THF/H,O (1:1
v/v)) and those upon addition of compound 3. Obvious-
ly, the fluorescence intensity decreased gradually by
introducing compound 3 to the solution. When 70 equiv
of 3 (7.0 x 10~* M) was added, the fluorescence intensity
was reduced to 6.0% of that of the initial solution in the
absence of compound 3. The inset of Figure 1 shows the
plot of I,/(I, — I) versus the reciprocal of the concentra-
tion of compound 3, where I, and I are the fluorescence
intensities at 419 nm of the solution in the absence and
presence of compound 3. The titration data were ana-
lyzed with Benesi-Hildebrand equation leading to the
corresponding binding constant K =2410 (r = 0.9981),
which was comparable to those of boronic acids with
two phenolic -OH groups.!'! The reduction of the fluo-
rescence intensity of compound 2 after reaction with
compound 3 should be due to the formation of the nitro-
nyl nitroxide—anthracene dyad 1 as shown in Scheme 1.
It is understandable that dyad 1 shows weak fluores-
cence due to the quenching effect of nitronyl nitroxide
as reported previously.®

50 :
omM o

| T
40 =3
— 2.
1

30 A 5000 10000 15000 20000

1/[compound 3]

201

10+

Fluorescence intensity (a.u.)

400 450 500
Wavelength (nm)

Figure 1. Fluorescence spectra of compound 2 (1.0 x 107> M) with
different concentrations of compound 3 (0-0.7 mM) at pH 7.3 adjusted
by 0.033 phosphate buffer in THF/H,O (1:1 v/v); the excitation
wavelength is 370 nm. The inset shows the plot of I/(I — 1) (at 419 nm)
versus the reciprocal of the concentration of compound 3.

In the following, we will show that the fluorescence inten-
sity of the ensemble of compounds 2 and 3 together with
dyad 1 increases gradually after introducing saccharides
to the ensemble. For instance, Figure 2 displays the fluo-
rescence enhancement observed for the ensemble after
addition of different amounts of fructose. But, if less than
100 equiv of fructose (<1.0 x 107* M) was present the
fluorescence intensity was only slightly enhanced. Only
after more than 100 equiv of fructose (>1.0 x 107 M)
were introduced large fluorescence enhancement was
realized. These results can be well explained by the fact
that the binding constant of the boronic acid with
fructose (around 100 M~') was smaller than that of
the boronic acid group of compound 2 with two phenolic
—OH groups of compound 3 (2410 M~ '). The inset of
Figure 2 shows the increase of the fluorescence intensity
with the amount of fructose added to the ensemble; the
maximum fluorescence enhancement was achieved when
2.5 x 10* equiv of fructose (0.25 M) versus compound 2
was introduced to the ensemble. Therefore, the ensemble
can be used to detect fructose in the concentration range
of 1.0 x 107°-0.25 M.

Similarly, fluorescence enhancement was also detected
after adding mannose, glucose and galactose to the
ensemble of compounds 2 and 3 (with dyad 1) as shown
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Figure 2. The fluorescence spectra of the ensemble of 2 (1.0 x 107> M)
and compound 3 (7.0x 107*M) (with dyad 1) after addition of
different amounts of fructose (0-0.10 M) at pH 7.3 adjusted by 0.033
phosphate buffer in THF/H,O (1:1 v/v); the excitation wavelength is
370 nm; the inset shows the plot of the relative fluorescence intensity at
419 nm versus the fructose concentration.
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Figure 3. Relative fluorescence intensity at 419 nm for the ensemble of
compound 2 (1.0 x 107> M) and compound 3 (7.0x 10~* M) after
addition of saccharides (fructose, mannose, gluctose and galactose);
the measurement conditions are the same as those listed in Figure 2
with excitation wavelength of 370 nm.

in Figure 3, where the plot of the relative fluorescence
intensity (//I,, I and I, at 419 nm are the fluorescence
intensities of the ensemble in the absence and presence
of saccharides, respectively) versus the concentrations
of saccharides was displayed. Addition of fructose, man-
nose, glucose and galactose led to fluorescence enhance-
ment in the following order: fructose, mannose, glucose
and galactose. Among the four saccharides tested, the
largest fluorescence enhancement was observed in the
case of fructose under the present conditions. These
results are indeed in agreement with the corresponding
binding constants of boronic acid with these four
saccharides.

In summary, we showed that the fluorescence of com-
pound 2 was largely quenched upon addition of com-
pound 3 due to the formation of the intermediate
nitronyl nitroxide—anthracene dyad 1. Addition of sac-
charides such as fructose reversed the reaction and in-
duced the fluorescence enhancement. These results
clearly demonstrate that a trimolecular system (com-
pounds 2, 3 and dyad 1) can be employed to detect sac-
charides. Further studies include design of new
analogues of compound 3, the binding constants of
which with compound 2 are comparable or even smaller
than those of compound 2 with saccharides, and conse-
quently it may result in development of new more sensi-
tive ensemble for saccharides.
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