
Hinge Sugar as a Movable Component
of an Excimer Fluorescence Sensor
Hideya Yuasa,* Naofusa Miyagawa, Takuhiro Izumi, Masatoshi Nakatani,
Masayuki Izumi, and Hironobu Hashimoto

Department of Life Science, Graduate School of Bioscience and Biotechnology,
Tokyo Institute of Technology, 4259 Nagatsutacho, Midoriku, Yokohama 2268501, Japan

hyuasa@bio.titech.ac.jp

Received February 29, 2004

ABSTRACT

The ring flip of a carbohydrate is employed for the tongs-like movable component of a metal ion sensor. A pair of separated pyrene groups
attached to the carbohydrate component are placed side by side when it recognizes metal ions, affording excimer fluorescence. This novel
molecular sensor is selective for Zn2+ and Cd2+.

The functions of a number of supramolecules, molecular
devices, and molecular machines rely on their conformational
changes.1 Some of these conformational changes are based
on the ring flip of cyclohexane, which has been employed2

for the movable component of pyrene-based excimer fluo-
rescence sensors.3 These sensors have the recognition and
reporter components, respectively, on each side of the
cyclohexane plane, mimicking the fundamental design of
signal transducers at the interface across a cell membrane.
When these sensors catch ligands on the recognition side
by rearranging their diequatorial arms into diaxial orientation,
the stacked pyrene groups attached to the diaxial arms on

the reporter side are forced to unstack with the arms
rearranged into diequatorial orientation in a clothespin
manner, which in turn extinguishes the excimer fluorescence.
This clothespin-like motion is considered easier to ac-
complish with cyclohexane than a tongs-like motion that
requires highly constrained four axial arms in its closed form.
In this paper, we present a tongs-like excimer fluorescence
sensor based on the ring flip of a xylopyranoside,4 which
generates eximer fluorescence when ligand is bound, that
is, a response opposite to the clothespin-like sensors. In the
closed form of the tongs-like sensor, the pivot xylopyranoside
assumes a1C4 conformation with four axial substituents. This
sterically demanding structure is facilitated by the peculiar
properties of carbohydrates, i.e., the anomeric effect and the
absence of hydrogen atoms on the ring oxygen.5

Methyl 2,4-disubstitutedâ-D-xylopyranosides are known
to favor 1C4 over 4C1 conformations6 in nonpolar solvents,
presumably due to the intramolecular hydrogen bond between
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3-OH and 1-O.7 Thus, we first examined whether the 2,4-
di-O-pyrenecarbonyl-substituted derivative2 also prefers1C4

conformation and forms an excimer complex in nonpolar
solvents and yet assumes4C1 conformation in polar solvents
such as DMSO by interfering with the hydrogen bonding.
This facile conformation change of pyranoside even with
the large substituents is prerequisite for sensitive molecular
sensors. Compound2 was prepared by pyrenecarbonylation
of methyl 3-O-allyl-â-D-xylopyranoside18 and subsequent
deallylation (Scheme 1). From theJ-values,9 compound2
existed in equilibrium between4C1 and 1C4 conformations
in each solvent and the percentages of1C4 conformation of
2 were estimated10 to be 93% in CDCl3, 64% in CD3OD,
and 22% in DMSO-d6. These data demonstrate that the
gained stability of the1C4 structure in CDCl3 compared with
that in DMSO-d6 is approximately 2.3 kcal/mol, being in
the range of a single OH...O hydrogen bond.11 Moreover,
IR spectra of2 in CCl4 indicates an absorption band at 3530
cm-1, which is attributed to the intramolecular hydrogen bond
that constructs the six-membered ring, as depicted in structure
2(1C4).7 In line with the above results, the excimer fluores-
cence at about 500 nm was observed with2 in the less polar
solvent, CHCl3, probably because the two pyrene groups
were placed in close proximity with the1C4 conformation.
Moreover, the polar solvents, e.g., MeOH and DMSO, tend

to decrease the excimer fluorescence, probably because the
hydrogen-bonding is interrupted in these solvents (Figure
1A).12 Thus, the hydrogen bonding is the most plausible
driving force for the closing-tongs-like motion of compound
2, giving the excimer complex. The lower limit of the
concentration of2 to observe the excimer fluorescence was
10 nM in CHCl3.

Since as small a force as a single hydrogen bonding is
enough to switch the excimer fluorescence with compound
2, the xylopyranose-based excimer fluorosensors will find a
number of applications. We designed 2,4-diaminoxylopyra-
noside 7 as a common reporter component for various
molecular sensors. The amino group of7 can be a universal
connector for various recognition components, and the amino
group as itself can be a recognition site for metal ions.
Compound7 was synthesized from 2,4-diazido-xylopyranose
34a (Scheme 2). Compound3 was converted to glycosyl
chloride4 with TiCl4, which was then subjected to a typical
glycosidation conditions for 2-azido-2-deoxy-glycosyl chlo-
rides to give pyrenylmethyl xyloside5. Deacetylation and
O-alkylation at the 3-position of compound5 gave compound
6, which was subjected to the reduction of the azido groups
to give the desired compound7.

NMR measurements revealed that compound7 assumed
4C1 conformation in all solvents tested (CDCl3, acetone-d6,
DMF-d7, and DMSO-d6).13 However, the addition of ZnCl2

(5 equiv) to the acetone-d6 solution immediately changed
the conformation of7 into 1C4 as indicated by their small
3J-values14 (Scheme 3, Figure 2). The predominant formation
of 1C4 was unexpected, because our previous studies4a
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solution of a simple hinge sugar derivative resulted in a4C1-
1C4 equilibrium with a 1C4 proportion of at most 40%.
Perhaps the stacking force between two pyrene groups
assisted the predominant1C4 formation. The4C1 structure

was recovered by the addition of 4 equiv of triethylenetet-
ramine to7-Zn2+ complex. The addition of K2[PtCl4] to
the DMF-d7 solution of7 converted it to1C4 conformation
after 15 h, as expected from our similar studies4b with a hinge
sugar derivative. The complex8(MdPt) with 1C4 conforma-
tion was isolable.15

As with 2,4-dipyrenyl compound2, 1C4 conformation
forces the two pyrenyl groups of8 into 1,3-diaxial orienta-
tion, which would facilitate formation of the excimer
complex. In practice, addition of ZnCl2 to the acetone
solution of7 caused the eximer fluorescence at around 480
nm (Figure 1B), as expected from the formation of1C4

conformation in the NMR experiments. The minimum
concentration of Zn2+ required to observe the excimer
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(s, 1H, H-2), 4.19 (s, 1H, H-3), 4.10 (s, 1H, H-4), 3.65 (d, 1H, H-5b).
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Figure 1. (A) Solvent-dependent excimer fluorescence of2 (1 µM) with the excitation at 355 nm. Intensity scales are 5-fold for CHCl3

solution and 2-fold for MeOH solution. (B) Fluorescence spectral change of7 (1 µM in acetone; exitation at 347 nm) with the addition of
ZnCl2 (0, 0.5, 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 100, 300, 500, 1000 equiv). (C) Fluorescence spectral change of7 (1 µM in acetone; exitation
at 347 nm) with the addition of CdCl2‚4H2O (0, 0.5, 1, 2, 3, 4, 5, 10, 20, 30, 40, 50, 100 equiv). (D) Time course for the fluorescence
spectral change of7 (1 µM in DMSO; exitation at 347 nm) after the addition of K2[PtCl4] (1 equiv). The reaction was monitored at 0, 30,
60, 120, 240, 360, 480, 600, 720, 960, 1200 and 1440 min.

Figure 2. (A) 1H NMR spectrum of7 in acetone-d6. (B) 1H NMR
spectrum of7 with 5 equiv of ZnCl2 in acetone-d6. Assignments
were based on COSY, HMQC, and HMBC.
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fluorescence was 50 nM with 100 nM of [7], comparable to
most metal ion sensors.16 CdCl2 also caused the excimer
fluorescence as shown in Figure 1C. Interestingly, the other
metal ions (Li+, Na+, Cr3+, Fe2+, Fe3+, Co2+, Ni2+, Cu2+,
Zr2+, Ag+, Ba2+, La3+, Pb2+) did not exhibit significant
excimer fluorescence, while HgCl2, MnCl2, and Mg(ClO4)2

showed slight excimer fluorescence. Thus, the sensor7 is
selective for Zn2+ and Cd2+ as with the other fluorescence
sensors.16a,17These sensors show a fluorescence enhancement
only when the nonquenching diamagnetic ions, Zn2+ and
Cd2+, are bound. On the other hand, Zn2+ caused no excimer
fluorescence in DMSO. Furthermore, a small amount of
DMSO (0.1% v/v) was sufficient to completely extinguish
the excimer fluorescence of the acetone solution. Perhaps,
the oxygen atom of sulfoxide is more nucleophilic than that
of acetone, interfering with the chelation.18 The better
H-bond-accepting ability of DMSO19 relative to acetone
could also play a roll. However, addition of K2[PtCl4] to the

solution of7 in DMSO induced the excimer fluorescence at
around 480 nm, which increased over 18 h to reach a plateau
(Figure 1D). Unfortunately,7 was insoluble in water, limiting
the convenience of this sensor.

In conclusion, we demonstrate here the application of the
hinge sugar in an excimer fluorescence sensor selective for
Zn2+ and Cd2+. To the best of our knowledge, this is the
first report of a carbohydrate-based movable device. Since
the amino functional group used for the recognition of metal
ions can be modified with a variety of ligands recognized
by metal ions, receptor proteins, and DNA, compound7 will
be the basic sensor component.
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