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Substantially enhanced monosaccharide fluorescent sensing in

aqueous solutions using a simple phenylboronic acid receptor is

achieved by coupling the classic strategy based on saccharide–

boronic acid interaction with catalytic Suzuki homocoupling

reaction.

Detection of saccharides is obviously important since many

metabolic processes have a close relation with the saccharide

level. Among the reported methods, those based on interaction

of saccharide with boronic acid represent a major kind (box in

Scheme 1),1–3 although lectin or lectin mimic based saccharide

receptors are available too.4 Saccharide sensing based on

simple monoboronic acid receptors, however, remains less

sensitive, in many cases the limit of detection being at

mmol L�1 level. This is because of the low binding affinity

of boronic acids with saccharides at 102–103 mol�1 L order of

magnitude and/or the small difference in the reporting signals

such as fluorescence quantum yield between saccharide

boronate and the boronic acid. It therefore appears that, in

simple boronic acid based saccharide sensing, signal amplification

represents a basic and critical subject for improving sensitivity.

We here report a method to do so by coupling the classic

sensing strategy based on saccharide–boronic acid interaction

with the well-established palladium catalysed Suzuki coupling

reaction in which boronic acid is a reactant5 (Scheme 1). In this

way, the original difference between the reporting signals

of boronic acid and boronate is amplified by the catalytic

reaction (Appendix in ESIw).
Palladium catalyzed Suzuki coupling of organic halides with

boronic acids is one of the most efficient and powerful

carbon–carbon bond formation reactions.5,6 The reaction

usually takes place at high temperature, since a side reaction

of homocoupling of organoboron often occurs at room

temperature. In our research, however, we employed this side

reaction for saccharide sensing in aqueous solutions at room

temperature, since the second-order reaction kinetics towards

boronic acid and saccharide boronate5,6 may help to further

enhance the sensitivity (see eqn (11) in Appendix, ESIw). For a
comparison, saccharide sensing was first carried out by the

classic fluorescence assay using phenylboronic acid (PBA).

Fig. 1a–c shows the traces of fluorescence titrations of

PBA by D-fructose, D-galactose and D-glucose, respectively.

Fluorescence of PBA at 294 nm was weakly quenched,

although to a higher extent by D-fructose (Fig. 1d) because

of its larger binding affinity to PBA.7 The low binding affinities

of these three monosaccharides with PBA are responsible for

the weak fluorescent response.1,2a,7

Sensing by coupling the saccharide–boronic acid interaction

with Suzuki homocoupling reaction was next examined. PBA

at 1.0 � 10�5 mol L�1 was first mixed with 10 equivalents of

monosaccharide in aqueous buffer solution for 10 min, to

which Pd-catalyst was then added. A quick increase in the

fluorescence emission was observed due to the generation

of highly fluorescent biphenyl (Fig. 2). In the presence of

saccharide the reaction became slower, since the formed

saccharide boronate is less nucleophilic.6 The inhibition activity

of the tested saccharides decreases in the order of their

binding affinity with PBA,7 fructose 4 galactose 4 glucose

(Fig. 2). Experimental conditions were optimized in terms of

solution pH, reaction temperature and PBA and Pd-catalyst

concentrations. Suzuki coupling reaction normally requires an

alkaline environment, while in the case of boronic acid as it is a

weak Lewis acid its existing species is pH dependent. From the

kinetic profiles at varying pH obtained by monitoring

fluorescence intensity of product biphenyl at 311 nm (Fig. S1

in ESIw), it was found that at pH 9.3 the difference in the

fluorescent intensity at the 11th min of the reaction system

containing phenylboronic acid from that containing D-fructose

phenylboronate was the largest. Both in the absence and

presence of saccharide the kinetic profiles were independent

of reaction temperature over 25 to 40 1C (Fig. S2w). All the

experiments were therefore carried out at room temperature.

Scheme 1 Proposed strategy for saccharide sensing coupled with

catalytic Suzuki homocoupling reaction. Difference in the reactivity

towards the Suzuki reaction of boronic acid and saccharide boronate

allows an amplified signaling of saccharide. Scheme in the ‘‘box’’

represents classic sensing strategy based on saccharide–boronic acid

interaction.
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The reaction kinetics was highly subject to PBA concentration

(Fig. S3w) and a concentration of 1.0 � 10�5 mol L�1 was

chosen because of the limited solubility of product biphenyl in

water and the concern of a practically acceptable short reaction

time. Since the catalytic activity of Pd-catalyst in aqueous

solution at room temperature is not very high (Fig. S4w), the
same equivalent of [Pd] as PBA was used.

Fluorescence spectra 11 min after the Suzuki homocoupling

reaction under optimal conditions were recorded (Fig. 3a–c).

With increasing saccharide concentration, fluorescence intensity

of the reaction product biphenyl decreases and linear correlations

can be found for the intensity at 311 nm versus saccharide

concentration (Fig. 3d). The limit of detection (LOD) of

fructose was estimated to be 0.024 mmol L�1 (3s/k), which
is lower by one order of magnitude than that of the classic

method (Fig. 1). The LODs for the other two monosaccharides

were lower too (Figs. 1 and 3). This confirms the enhanced

sensitivity of the proposed new strategy. The relative linear

slopes of the fluorescent response for glucose, galactose

and fructose (1 : 2.0 : 24.5, Fig. 3) of the new method when

compared to those of the classic method (1 : 1.8 : 7.7, Fig. 1)

also indicate a higher selectivity as well of the new sensing

strategy for fructose over galactose and glucose and for

galactose over glucose.

In conclusion, we demonstrate a strategy to substantially

improve the sensitivity of saccharide sensing using a simple

boronic acid receptor, by coupling the classic method based on

saccharide–boronic acid interaction with catalytic Suzuki

homocoupling reaction in aqueous solutions. Signal amplification

was shown to improve the sensitivity and selectivity as well. As

Suzuki coupling reaction has been well studied, many boronic

acid substrates and reaction conditions are available for

further optimization of the saccharide sensing. In principle,

this strategy can also be combined with the available multiboronic

acid and IDA based systems for broader applications in

saccharide sensing.
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