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A new type of boronic acid fluorescent reporter compound
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Abstract—Fluorescent boronic acids that change fluorescent properties upon carbohydrate binding are very useful for the prepara-
tion of fluorescent sensors for sugars. Herein we report 5-quinolineboronic acid (5-QBA) that shows significant fluorescent property
changes through a unique pKa-switching mechanism upon binding a diol in aqueous solution.
� 2005 Elsevier Ltd. All rights reserved.
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Carbohydrates play a critical role in a variety of biolo-
gical processes.1 Lectin2 mimetics that can recognize cer-
tain carbohydrates with high affinity and specificity
under near physiological conditions can be used in sens-
ing, diagnostic, and therapeutic applications. In prepar-
ing compounds for carbohydrate recognition, the
boronic acid moiety holds a special place because of
the ability for boronic acid to form tight and reversible
complexes with diols,3 which are commonly found on
carbohydrates. Several laboratories have devoted much
effort in this area to developing boronic acid-base fluo-
rescent sensors for carbohydrates.4,5 Our laboratory
and others have been especially interested in the devel-
opment of boronic acid compounds that can recognize
complex carbohydrate biomarkers.6 These compounds
are essentially lectin mimetics and are therefore referred
to as boronolectins.3d,4e,h Our aim is to develop these
boronolectins for diagnostic and therapeutic applica-
tions. Along this line, we have studied fluorescent label-
ing of mammalian cells based on their cell-surface
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carbohydrate biomarkers using small molecule chemo-
sensors.6a,b In our continuing effort to search for fluores-
cent boronolectins for various biologically important
carbohydrates, we are interested in developing a combi-
natorial approach. In order to increase the structural
and spectroscopic diversity in our libraries, we are in
need of boronic acids of different structural classes that
(1) change fluorescent properties upon binding and (2)
are water soluble.3d,4g,7

Herein we report 5-quinolineboronic acid (5-QBA) as a
fluorescent reporter for carbohydrates, which shows
large fluorescence intensity changes upon binding with
carbohydrates in aqueous solution at physiological
pH. More important, 5-QBA also shows an unique
pKa-switching between the quinolinium and boronic
acid groups upon binding with a diol and has much
stronger binding with each individual sugar compared
with 8-QBA.
5-QBA itself is essentially non-fluorescent at pH above 5
and weakly fluorescent at lower pH in aqueous solution.
However, upon addition of DD-fructose, the fluorescence
intensity increased dramatically in a concentration-
dependent manner (Fig. 1). In an effort to examine the

mailto:wang@gsu.edu


0

20

40

60

80

100

120

0 0.02 0.04 0.06 0.08 0.1 0.12
Sugar Concentration (M)

F
lu

o
re

sc
en

ce
 In

te
n

si
ty

Figure 2. Fluorescence intensity of 5-QBA (5.8 · 10�5 M) in 0.10 M
phosphate buffer at pH 7.4 in the presence of DD-fructose (j),
DD-galactose (m), DD-mannose (�), and LL-arabinose (d): kex = 315 nm,
kem = 425 nm.
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Figure 3. Fluorescence intensity pH profile of 5-QBA (5.8 · 10�5 M)
in 0.10 M phosphate buffer: kex = 315 nm, kem = 425 nm. (j) 5-QBA,
(�) 5-QBA + 0.5 M DD-fructose.
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Figure 1. Fluorescence spectra of 5-QBA (5.8 · 10�5 M) upon addi-
tion of DD-fructose (0, 0.5, 1.0, 2.0, 5.0, 10, 20, 50 mM) in 0.1 M
phosphate buffer at pH 7.4: kex = 315 nm.
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generality of this phenomenon, a few other sugars were
tested. Figure 2 shows the concentration profiles of fruc-
tose, arabinose, galactose, and mannose with binding
constants of 924 ± 88, 121 ± 16, 90 ± 2, and
60 ± 2 M�1, respectively. It is interesting to point out
that the binding constants of 5-QBA with different
monosaccharides are significantly higher compared to
8-QBA.7b For example, the binding constant of
5-QBA with DD-fructose is 8 times that of 8-QBA.

Since the increase in fluorescence intensity upon binding
with a sugar seems to be a general phenomenon, next we
were interested in examining how 5-QBA functions as a
fluorescent probe for diols. Therefore, we studied the
fluorescence pH profiles of both 5-QBA alone and
5-QBA in the presence of DD-fructose (0.5 M). Based on
the fluorescence intensity changes, only one apparent
pKa at 5.2 was observed for 5-QBA in the absence of
sugar and two apparent pKa values at 3.5 and 6.6 were
observed in the presence of fructose (Fig. 3). The UV
pH titration of 5-QBA and its ester did not provide use-
ful information for the pKa determination (data not
shown). In order to assign each pKa, we recorded the
11B NMR spectra of 5-QBA and its ester in a mixed
deuterated methanol–water (1:1) solvent at different
pH. Methanol was used so that the concentration of
5-QBA can be increased to 57 mM so as to allow for a
meaningful NMR determination within a reasonable
period of time. It should be noted that the addition of
50% methanol to water solution results in minimal
changes of the solution pH.8 The boron signal of
5-QBA appeared at 30.0 ppm at both pH 2.0 and 7.0,
consistent with the neutral trigonal boron (1 or 2). At
an increased pH (7.5), two boron signals at 30.0 and
10.0 ppm were observed indicating a mixture of both
the neutral (1 and 2) and anionic (3) species. It should
be noted that in Anslyn�s work with a different boronic
acid compound, a single boron peak was observed at
different pH reflecting an average of two species.9 In this
case, the appearance of two peaks at pH 7.5 indicates
that the inter-conversion between the anionic and neu-
tral species must be sufficiently slow with 5-QBA so that
the two ionization states can be observed individually.
At pH 12, a single peak at 5.7 ppm was found indicating
the presence of only the anionic tetrahedral state (3).
These results indicated that the boron of the free acid
changed hybridization from sp2 to sp3 between pH 7.0
and 12.5k Thus, we assigned the first pKa of 5-QBA at
5.2 to the quinolinium nitrogen, and the second pKa cor-
responding to boronic acid ionization must be between
7.0 and 12. This pKa assignment is opposite to that of
8-QBA. For the fructose ester of 5-QBA, two pKa values
were observed: 3.5 and 6.6. In the B NMR, we observed
the same chemical shifts (at about 10.5 ppm) at pH 6.0
and 11. This clearly indicated that the boron in the ester
did not change hybridization state between pH 6.0 and
11. Therefore, it is reasonable to assign the first pKa at
3.5 to the boronic ester group, and the second pKa at
6.6 to the quinolinium nitrogen. Such results indicate
that the pKa of the boronic acid is higher in the absence
of a sugar, but lower in the presence of a sugar than that
of the quinolinium nitrogen. Such a pKa-switching
seems to correspond to the highest fluorescence intensity
change at pH 5.8 (Fig. 3), which suggest that the zwitter-
ionic species 5 is the more fluorescent one (Scheme 1).

Past work in searching for new boronic acid-based fluo-
rescent reporter compounds has been focused on explor-
ing the inductive effect of boronic ester formation on a
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Scheme 1. The ionization steps of 5-QBA and its esters.
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conjugated p chromophoric system4g,3d and/or the utili-
zation of B–N interactions.10 We recently reported that
8-QBA could show large fluorescence intensity change
due to diols binding.7b In this study, the fluorescence
intensity increase of 5-QBA upon binding with sugars
is observable in the whole range of pH above 3.5, sug-
gesting that 5-QBA can be used for monitoring sugar
within a large pH range. Of course, measuring saccha-
ride concentrations at physiological pH is most useful.
At pH 7.4, 5-QBA ester exists predominantly in the bor-
onate form (6) and 5-QBA itself exists as a mixture of
the boronic acid form (2) and the boronate form (3).
Both species 2 and 3 are non-fluorescent, and yet the
boronate ester form 6 is fluorescent. It seems that the
fluorescence increase of 5-QBA at pH 7.4 is also due
to the diol binding as that of 8-QBA.7b However, it
should be pointed out that the zwitterionic quinolinium
boronate form (5) is more fluorescent than the boronate
6. This does provide room for further improvement in
sensitivity for this sensor system by moving the fluores-
cence intensity to maximum range of the corresponding
ester beyond pH 7.4. It is conceivable that such manip-
ulation can be achieved through modulating the nitro-
gen pKa of 5-QBA with the introduction of different
substituents.

The availability of 5-QBA-based fluorescent reporter
compounds will be very useful to our combinatorial
effort in search of fluorescent sensor for cell-surface
carbohydrates. In our earlier efforts of making such
cell-surface carbohydrate sensors using an anthracene-
based fluorophore,6a,b it was always necessary to add
some organic co-solvent (commonly methanol) for the
cell-labeling studies due to their poor water solubility.
The need for organic co-solvent can be tolerated in an
in vitro experiment, but not in an in vivo experiment.
The availability of water-soluble fluorescent reporter
compounds such as 5-QBA will significantly help the
effort of making biocompatible fluorescent sensors for
cell-surface carbohydrates biomarkers.

In conclusion, 5-QBA was found to be a fluorescent
reporter compound with many desirable properties for
biosensor preparation. Such properties include (1) large
fluorescence intensity changes upon binding and (2)
being functional in aqueous solution at physiological
pH. Furthermore, 5-QBA shows a pKa-switching
between the quinolinium and boronic acid groups upon
binding a diol in aqueous solution. The same principle
can be used for the design of other new boronic acid-
based sensors. Work is underway to use this new type
of fluorescent boronic acid compounds in our combina-
torial synthesis of diboronic acid compounds for high
selectivity and affinity recognition of carbohydrates of
biological interest.6a,b
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