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ABSTRACT

OH
@g OH Ho’Bgi)
: U
A modular fluorescence intramolecular energy transfer saccharide sensor 2 has been prepared with phenanthrene as the donor and pyrene
as the acceptor.

A great amount of attention continues to be devoted to the
development of synthetic molecular receptors with the ability “OH  HO™ HO-g’
to recognize neutral organic species, including sacchatitles. C@ ;@ N/\©
The vast majority of these systems have relied upon hydrogen OO |
bonding interactions for the purposes of recognition and g L\_/—/ b“ ‘
binding of guest species. However, there is still no designed, O

monomeric hydrogen bonding receptor that can compete

effectively with bulk water for low concentrations of

monosaccharide substrafe$he boronic acid-saccharide

interaction can be utilized to overcome the problem of HO”
undesired solvent competition for the host. Boronic acids

readily and reversibly form cyclic boronate esters with diols

in aqueous basic medi&.Saccharides contain a linked array \_\—/_/
of hydroxyl groups that provide an ideal structural framework

for binding to boronic acids. The most common interaction

is with 1,2- and 1,3-diols of saccharides to form five- or

six-membered rings, respectively, via two covalent bonds. Because of these properties the boronic acid is becoming
the receptor of choice in the design of fluorescent sensors

for saccharide&?# 13 Over the past few years we have been

5@6_2
s
&

T University of Bath.
* Beckman-Coulter Inc.

(1) Hartley, J. H.; James, T. D.; Ward, C.JJChem. Soc., Perkin Trans. (4) Arimori, S.; Ward, C. J.; James, T. Detrahedron Lett2002 43,
1200Q 3155. 303.

(2) James, T. D.; Shinkai, S.op. Curr. Chem2002 218 159. (5) Yang, W.; He, H.; Drueckhammer, D. Gngew. Chem., Int. Ed.

(3) Davis, A. P.; Wareham, R. 8ngew. Chem., Int. EA999 38, 2978. 2001, 40, 1714.

10.1021/0l026802b CCC: $22.00  © 2002 American Chemical Society
Published on Web 11/08/2002



interested in developing new fluorescence sensors selectivgpossible to observe the long wavelength excimer emission
for saccharides employing a modular approféii!®> The due tor— stacking of phenanthrene and pyrene.
basic idea was to break a sensor into three components: To confirm that thex—m stacking of sensoR is only
receptor units, linker units, and fluorophore units. The intramolecular and not intermolecular we plotted the absorp-
approach requires the selection and synthesis of a set oftion versus concentration @and3 + 4 in pH 8.21 buffer
molecular binding blocks from which the selective fluores- (52.1 wt % methanol in water with KCI, 0.01000 mol d#n
cent sensors can be easily constructed. The quick assemblKH,PQ,, 0.002752 mol dm?®, Na,HPQ, 0.002757 mol
of a diverse selection of fluorescent sensors will require that dm=3).18 The plots for sensa2 and the mixture of sens@&
the receptor and fluorophore units are linked to core units + 4 are linear until 2.0x 10~°mol dn3 (e = 2.12 x 10*
using the minimum of synthetic linkage reactions. The use dm® mol™ (Amax 342 nm) for senso? and 4.59x 10* dm?
of common reactions means the synthetic routes toward themol™ (Amax 342 nm) for sensor3 + 4), clearly demonstrat-
new sensors will be convergent. Our modular system ing that ther—s stacking of sensa? is only intramolecular.
contains two phenylboronic acid groups (for selectivity), one  Fluorescence titrations @f(2.5 x 10-% mol dm3) excited
pyrene group (for fluorophore), and hexamethylene (for atle 299 nm (phenanthrene) angk 342 nm (pyrene) were
linker).1! The modular nature df makes it easy to vary both  performed with different saccharides in pH 8.21 buffer. The
the fluorophore and linker length. The choice of linker is fluorescence intensity of sensd@at 417 nm increased with
very important because it determines the selectivity for a added saccharide when excited at 299 and 342 nm, while
particular saccharide. Our research has demonstrated thathe excimer emission at 460 nm decreased with added
hexamethylene was the best linker length to obtagiucose saccharide. The excimer emission change indicates that the
selectivity!1:15 fluorophore stacking of phenanthrene and pyrene is broken

Our aim with this research was to apply the modular design on saccharide binding.
to prepare a saccharide sensing system using fluorescence At an excitation wavelength of 299 nm (phenanthrene)
energy transfer. Fluorescence energy transfer is the transfeno emission was observed at 369 nm (phenanthrene), but
of excited-state energy from a donor to an acceptor. The emission was observed at 417 nm (pyrene) (Figure 1). This
transfer occurs as a result of transition dipetipole result implies that the excited energy of phenanthrene (donor)
interactions between the donegicceptor pait® In this paper was transferred to pyrene (acceptor), so that only the emission
we report on a new fluorescence sen&othat has two spectra of pyrene was observed.
phenylboronic acid groups, hexamethylene linker, and two
different fluorophore groups (phenanthrene and pyrene). _

Our idea with this system was to investigate the efficiency
of energy transfer (ET) from phenanthrene to pyrene as a

function of saccharide binding. A similar concept has 800 -

previously been employed in the construction of a fluorescent \:

calix[4]arene sodium sensét. % 600 -
The excitation and emission wavelengths of phenanthrene £

3 (donor) are 299 and 369 nm, respectively, while the g 400

excitation and emission wavelengths of pyrdn@cceptor) 2

are 342 and 397 nm, respectively. The emission Wavelength§ 200 -

of phenanthren& (369 nm) and excitation wavelength of . .

pyrene4 (342 nm) overlap. These observations suggest that 350 400 450 500 550
intramolecular energy transfer from phenanthrene to pyrene Wavelength / nm

can take place in modular sensarin addition it is also

Figure 1. Fluorescence spectral change2d®.5 x 106 mol dn13)
with different concentrations af-glucose in pH 8.21 bufferigy
299 nm).
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Table 1. Stability ConstanK (coefficient of determination;?) for the Saccharide Complex of Diboronic Acid Sen&aand
Monoboronic Acid Sensor8 and 4?2

3 4
Aex 299 NM, Aem 417 Nm Aex 342 Nnm, Aem 417 Nnm Aex 299 Nnm, Aem 369 NM Aex 342 Nnm, Aem 397 Nm

fluorescence fluorescence fluorescence fluorescence
saccharide K, dm3 mol=! enhancement K, dm3mol~! enhancement K,dm3mol-! enhancement K, dm3mol~! enhancement

b-glucose 142 + 12 3.9 108 + 10 2.4 30+7 15 44+3 45
(0.99) (0.99) (0.98) (1.00)

p-galactose 74+ 7 2.2 81+8 2.6 77+12 1.4 51+2 4.2
(0.99) (0.99) (0.98) (1.00)

p-fructose 76 £ 10 1.7 125 + 11 3.5 548 + 55 1.4 395 + 11 3.6
(0.98) (0.99) (0.99) (1.00)

o-mannose  —P —b 8+1 3.5 58 + 8 1.4 36+1 3.7
(1.00) (0.98) (1.00)

a[2] = 2.5 x 107 mol dm3, [3] = 5.0 x 10~ mol dm3, [4] = 1.0 x 107 mol dm3, pH 8.21 buffer® The K and fluorescence enhancement could
not determined because of the small changes in fluorescence.

constantsK for diboronic acid senso? (lex 299 and 342  different fluorophores phenanthrene (donor) and pyrene
nm) with p-fructose were reduced relative to those for (acceptor), using simple building blocks employing a modu-
monoboronic acid sensoBsand4. These results were not lar approach. Our ongoing research is directed toward the
surprising since it is well-known thatglucose easily forms  development of other fluorescent sensors employing energy
1:1 cyclic complexes with diboronic acids, whereas transfer as a method to enhance sensitivity and selectivity.
fructose tends to form 2:1 acyclic complexes with diboronic
acids. Acknowledgment. T.D.J. wishes to acknowledge the
Sensor2 is particularly interesing in that the differences Royal Society, the EPSRC, and Beckman-Coulter for sup-
between the observed fluorescence enhancements obtainegort. S.A. wishes to acknowledge Beckman Coulter for
when excitated akex 299 nm (phenanthrene) adq 342 sypport through the award of a Postdoctoral Fellowship. We

nm (pyrene) (Table 1) can be correlated with the molecular \yoyid also like to acknowledge the support of the University
structure of the saccharidsensor complex. of Bath.

The fluorescence enhancement of ser2swith p-glucose
is 3.9 times greater when excited at 299 nm and 2.4 times Supporting Information Available:
greater when excited at 342 nm. Whereas, witfiuctose
the enhancement was 1.9 times greater when excited at 29
nm and 3.2 times greater when excited at 342 nm.

These results indicate that the energy transfer from
phenanthrene (donor) to pyrene (acceptor) in a rigid 1:1
cyclic p-glucose complex is more efficient than in a flexible
2:1 acyclico-fructose complex. The more efficient energy
transfer leads to an enhanced fluoresence response t
D-glucose.

In conclusion, we have shown that it is possible to prepare
a fluorescent energy transfer saccharide sensor, with two0OL026802B

Selected data and
synthetic scheme for the preparation2pfibsorption versus
9t:oncentration plots o2 and 3 + 4; fluorescent spectral
changes of2 (2.5 x 10°® mol dm™3) with different
concentrations ob-glucose in 52.1 wt % methanol at pH
8.21 phosphate buffefds 342 nm); saccharide concentration
vs relative fluorescence intensity profiles 2{2.5 x 10°®
mol dn3) with added saccharides in pH 8.21 buffee(
%99, 342 nm anden 417, 460 nm). This material is available
free of charge via the Internet at http://pubs.acs.org.
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