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A glycocluster peripherally functionalized with a lactose (Lac: Galb1?4Glcb1–) derivative possessing a
silole moiety as a luminophore was synthesized. The photoluminescence spectrum of the glycocluster
showed extremely strong emission at 474 nm and the absolute quantum yield was estimated to be
92% in distilled water. The emission intensity was decreased by increasing the amount of peanut agglu-
tinin (PNA), a lactose-binding lectin, and plots of the relative fluorescence intensity revealed a decline of
95% in emission intensity. Fluorescence quenching of the glycocluster upon mixing with PNA could be
easily observed by the naked eye under UV irradiation, whereas no distinct change in fluorescence
properties of the glycocluster was observed when wheat germ agglutinin (WGA) was employed.

� 2009 Elsevier Ltd. All rights reserved.
Recent advances in glycoscience have revealed that glycoconju-
gates, such as glycoprotein and glycolipid, generally located on the
cell surface play a critical role in the process of cell adhesion with
proteins of pathogens.1 It is known that the early stage of cell adhe-
sion involves carbohydrate-mediated specific recognition of patho-
gens. Lee et al. discovered that the clustering of carbohydrates
leads to the enhancement of individual interactions between car-
bohydrates and proteins.2 A combination of the specific recogni-
tion and the carbohydrate cluster effect has been applied for the
molecular design of artificial inhibitors and neutralizing agents of
pathogens, such as toxins, bacteria, and viruses, and several forms
of glycoclusters have been developed so far.3 We have reported the
syntheses and biological activities of some glycoclusters in carbos-
ilane dendrimers employed as carbohydrate scaffolds.4

On the other hand, glycoclusters possessing luminophores have
recently attracted much attention in both clinical and chemical
biology fields from the viewpoint of a fluorescent marker that ad-
heres to the target analyte.5 However, there have been few reports
on the application of luminescent glycoclusters for a biosensor
whose emission can be enhanced/quenched or blue/red-shifted
in the presence of the target analyte.6 We have recently reported
the synthesis of not only the first glycocluster possessing siloles
(silacyclopentadienes) but also the first hydrophilic silole deriva-
ll rights reserved.

atano).
tive, and we have shown that the emission intensity was enhanced
by aggregate formation of the silole moiety.7 This unique photolu-
minescence property motivated us to explore the usefulness of the
silole-glycocluster as a biosensor of pathogens. In this letter, we
present a convenient fluorescence quenching sensor for lectin as
an alternate analyte instead of pathogens based upon the aggrega-
tion-induced enhanced emission (AIE) feature of silole derivatives.

A glycocluster peripherally functionalized with lactose possess-
ing a silole moiety was prepared according to the same route as
that described in our previous report (Scheme 1).7 Coupling reac-
tion between a silole-core dendrimer 1 and a peracetylated lactose
derivative 2 was achieved by nucleophilic substitution of the ter-
minal bromide on the dendrimer 1 with a thiolate anion generated
from 2 by treatment with sodium methoxide in methanol. The
silole-core glycodendrimer 3 fully substituted by lactose was
obtained in 71% yield after re-acetylation followed by recycling
GPC purification.8 De-O-acetylation of the glycodendrimer 3 by a
combination of Zemplén’s condition and saponification afforded
the related dendrimer 4, combining silole-luminophore and lactose
moieties having PNA recognition ability, in 90% yield.9

A photoluminescence (PL) spectrum of 4 measured in distilled
water showed an emission band at around 474 nm from the silole
moiety and the absolute quantum yield (UFL) was estimated to be
92% in water.10 Silole luminophore must have some molecular
vibrational modes when it is molecularly dissolved in a solvent,
and rotation of the phenyl groups linked to the silole nucleus
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Scheme 1. Reagents and conditions: (i) 28% NaOMe, MeOH, DMF, rt, on; (ii) Ac2O, pyridine, rt, on; (iii) 28% NaOMe, MeOH, rt, 1 h; (iv) 0.1 M NaOH, rt, on.
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Figure 1. PL spectra of silole-core dendrimers 4 in the presence of different
amounts of PNA (from 0 to 50 lL). Concentration of 4: 0.6 lM in HEPES buffer
(5 mM, pH 7.4). Concentration of PNA: 20 lM in HEPES buffer (5 mM, pH 7.4).
Excitation: 360 nm.
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Figure 2. Plots of relative fluorescence intensity [(I�I0)/I0] of solution of 4 at
474 nm versus concentration of PNA.
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may occur mainly in the vibrational modes. Since a considerable
part of photo-excited energy would be spent on the phenyl-rota-
tion, low quantum yield and low emission intensity were eventu-
ally observed in the solvent. In an aggregational state, however,
the phenyl-rotation could be efficiently inhibited by intermolecu-
lar repulsion of the phenyl substituents, ultimately resulting in
high quantum yield and high emission intensity. The intramolecu-
lar restriction of phenyl-rotation may be the main cause for the AIE
phenomenon in the case of a p-system peripherally functionalized
with phenyl substituents such as silole. Dynamic light scattering
(DLS) measurement strongly suggested the formation of monodi-
spersed aggregates of globotriaose analogue of 4 in distilled water
(9.0–18.1 nm, 1 mg/100 mL).11 Thus, the extremely high lumines-
cent efficiency of 4 observed in distilled water is attributable to
aggregation formation by amphiphilic silole dendrimer 4 in water;
the hydrophobic silole groups are oriented within the aggregate
and the hydrophilic lactose moieties are exposed to surrounding
water.

The PL spectrum of 4 measured in aqueous buffer solution
[0.6 lM in HEPES buffer (5 mM, pH 7.4), 3.0 mL] also showed
strong emission at 474 nm. Upon addition of PNA solution
(20 lM in HEPES buffer), the emission of 4 became faint light.
The PL spectra of 4 were obtained with successive addition of ali-
quots of PNA solution (Fig. 1), and the relative fluorescence inten-
sity [(I-I0)/I0], where I0 and I are emission intensities of 4 in the
absence and presence of PNA, respectively, versus PNA concentra-
tions are plotted in Figure 2. The emission intensity decreased pro-
gressively with an increase in the amount of PNA and there was a
decline of 95% in emission intensity with addition of 50 lL of the
PNA solution; however, emission maximums were constantly de-
tected at around 474 nm in all experiments. Fluorescence quench-
ing of 4 upon mixing with PNA can be easily observed by the naked
eye under UV irradiation as shown in Figure 3. Analogous treat-
ments of 4 with WGA, a GlcNAc/Neu5Ac-binding lectin, and with
a blank solution (buffer solution without lectin) were carried out
for comparison. No remarkable fluorescence quenching was de-
tected in both the PL spectra (Fig. 4); additions of 80 lL of each
solution led to a decline of only 2% in emission intensity due to
the diluting effect. Therefore, the variations of emission intensity
from 4 were essentially inert, unlike the case of PNA, clearly
indicating that silole dendrimer 4 specifically recognizes PNA. A



Figure 3. Pictures of photoluminescence of the HEPES buffer solution of 4 in the
(A) absence and (B) presence of PNA. Excitation: 360 nm.
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Figure 4. PL spectra of silole-core dendrimers 4. (A): Presence of different amounts
of WGA (from 0 to 80 lL). Concentration of 4: 0.6 lM in HEPES buffer (5 mM, pH
7.4). Concentration of WGA: 40 lM in HEPES buffer (5 mM, pH 7.4). Excitation:
360 nm. (B): Addition of different amounts of blank solution (from 0 to 80 lL).
Excitation: 360 nm.

5818 K. Hatano et al. / Tetrahedron Letters 50 (2009) 5816–5819
plausible mechanism for the fluorescence quenching of 4 upon
mixing with PNA is agglomerate dispersion of 4 formed in the ab-
sence of the lectin due to carbohydrate–lectin specific recognition,
that is, PNA addition converts a highlyemissive ‘AIE active’ situa-
tion of silole 4 into a non-emissive ‘AIE inactive’ situation. Silole-
core dendrimers peripherally functionalized with carbohydrates
such as 4 are potentially useful for detection of a target lectin by
means of the high affinity and specificity of the glycocluster and
the AIE effect of the silole derivative. Further investigations of sil-
ole-core dendrimers functionalized with bioactive oligosaccha-
rides and their applications to detection of pathogens as a novel
biosensor are currently in progress.
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