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Abstract—1-Amino-1,2,5-trideoxy-2,5-imino-D-mannitol was fluorescently tagged by reaction with dansyl chloride at N-1 or by
attachment of a dansyl amide bearing spacer to this centre. Compounds obtained are highly potent inhibitors of B-glucosidase
exhibiting K; values in the single figure nanomolar range. The 1-N-dansyl substituted inhibitor was successfully exploited for bind-
ing studies with B-glucosidase from Agrobacterium sp. employing fluorescence spectrometric methods. © 2001 Elsevier Science Ltd.

All rights reserved.

Iminosugars are potent reversible inhibitors of glycoside
hydrolases and consequently important tools in glyco-
biology and glycotechnology.? 1-Deoxynojirimycin (1,5-
dideoxy-1,5-imino-D-glucitol, 1), the paradigmatic D-
glucosidase inhibitor in this class of inhibitors, exhibits
similar properties as castanospermine (2),> another
important glucosidase inhibiting sugar mimetic.” These
and related compounds cause notable biological
effects such as anti-diabetes, anti-retroviral as well as
anti-tumour properties.?
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The iminoalditol 2,5-dideoxy-2,5-imino-D-mannitol
(3),3 yet another typical representative of sugar analo-
gues with basic nitrogen instead of oxygen in the ring, is
a powerful reversible inhibitor of D-glucosidases and
invertase.?
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In order to extend our understanding of the structure—
activity relationships that are operative in this range of
compounds, some examples of analogues of 3 bearing
lipophilic side chains attached to C-1 were prepared and
screened.*> In the course of this programme we also
became interested in derivatives of 3 featuring extended
aromatic systems, in particular fluorescent tags. Such
compounds should bear great potential for the direct
investigation and mapping of glycosidase active sites as
well as for specific labelling of particular enzymes and,
consequently, for diagnostic purposes.

Exploiting the Amadori rearrangement reaction of
readily available 5-azidodeoxy-D-glucofuranose with
dibenzyl amine followed by catalytic hydrogenation
with concomitant intramolecular reductive amination of
the resulting 5-azido-1-(dibenzyl)amino-1,5-dideoxy-D-
fructopyranose and nitrogen deprotection provided
I-amino-1,2,5-trideoxy-2,5-imino-D-mannitol (4), the
l-aminodeoxy derivative of 3 in 75% yield.* Based on
this simple synthetic approach, a range of C-1 modified
derivatives of compound 3 became available for eva-
luation of their glucosidase inhibitory activities.® In
particular, analogues bearing lipophilic substituents
showed interesting biological properties.®

These encouraging observations have now led to the
design and synthesis of novel, fluorescently labelled
analogues such as 5, which were easily obtained’ by
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coupling dansyl chloride directly to N-1 of the inhibitor
4 (Scheme 1). Alternatively, in the case of spacer-armed
compound 6, a convergent synthesis was performed
by coupling iminoalditol intermediate 4 with the
fluorescently labelled spacer arm 8 employing HBTU
[(O-benzotriazol-1-yl)-N,N,N',N'-tetramethyluronium
hexafluorophosphate]® as the coupling reagent.
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Scheme 1.
Compound 8 was prepared from dansyl chloride and

methyl 6-aminohexanoate to give methyl ester 7 which
was subsequently saponified (Schemes 2 and 3).
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Scheme 2.

In both cases, the primary amine in compound 4 reacted
highly selectively in the presence of the unprotected ring
nitrogen furnishing the desired 1-N-acylated products 5
and 6.
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Scheme 3.

In order to probe any undesired inhibitory effect of the
dansylamino moiety itself, N-dansyl ethanolamine (9)
was prepared.

0,NH(CH,),0H

NMe,
9 (K; 5.10° nM)

Strong inhibition was observed with both new deriva-
tives of compound 4 employing B-glucosidase from
Agrobacterium sp. (Abg) at pH 6. Their inhibitory
power was found to be two orders of magnitude better
than parent compound 3 (3: K; 200 nM; 5: K; 2.4nM; 6:
K; 2.1nM) and thus amongst the most potent of this
type of reversible B-glucosidase inhibitors.3?

N-Dansyl ethanolamine (9) exhibited a K; value of
500 uM documenting the importance of the sugar
mimicking iminoalditol moiety for the inhibitory activity
found with compounds 5 and 6.

Characterisation of fluorescence properties of com-
pound 5 as well as the corresponding complex with
Agrobacterium sp. B-glucosidase was conducted as fol-
lows.!? Different amounts of enzyme were incubated
with compound 5 and electrophoresis was performed on
native polyacrylamide gel without detergent (Fig. 1A).
Other proteins such as B-galactosidase from Aspergillus
oryzae, glucose isomerase, as well as albumin served as
probes for the selectivity of 5 for B-glucosidase activity.
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Figure 1. Visualization of the fluorescent complex of 5 with Agro-
bacterium sp. B-glucosidase (Abg) on native PAGE. (A) Different
amounts of the enzyme and other related enzymes were preincubated
with 2nmol of 5 at room temperature for 15min. Lanes: 1, 1 ug Abg;
2, 2ug Abg; 3, 3ug Abg; 4, 4ug Abg; 5, 5pg Abg; 6, 7.5ug Abg; 7,
10 pg Abg; 8, 40 pg galactosidase; 9, 40 ug glucose isomerase; 10, 40 pg
albumin. (B) Plot of fluorescence intensity versus enzyme mass.

Only the desired glucosidase—inhibitor complex could be
detected as a single strongly fluorescing band nicely
demonstrating the purity of the enzyme with respect to
glucosidase activity as well as the selectivity of the
inhibitor.

A plot of fluorescence intensity versus concentration of
enzyme showed a linear concentration-dependent effect
(Fig. 1B).

The quenching of the intrinsic tryptophan fluorescence
of a defined amount of Agrobacterium sp. B-glucosidase
by titration with compound 5 was also examined. The
dansyl fluorophor is an energy acceptor for the first
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excited singlet state of tryptophan. Consequently, bind-
ing of dansyl labelled inhibitor § to the enzyme
suppresses the protein fluorescence highly efficiently.
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Figure 2. Quenching of the intrinsic tryptophan fluorescence of Agro-
bacterium sp. B-glucosidase (Abg) by titration with compound 5.

Gratifyingly, the plot of the tryptophan fluorescence
intensity versus the inhibitor/enzyme ratio exhibited
maximal quenching at a 1:1 ratio of enzyme to inhibitor
(Fig. 2). Larger amounts of inhibitor 5 did not further
reduce the protein fluorescence.

Thus, it may be concluded that one inhibitor molecule
binds to the active site of a single polypeptide without
any additional adsorbtion of label at the surface of the
protein.

Analogue 6 exhibited analogous behaviour.!!

In conclusion, compounds 5 and 6 represent a novel
type of reversible iminoalditol-based glycosidase inhi-
bitor featuring not only powerful inhibitory activities
but also excellent chemo-optical properties which, by
their unprecedented combination, are clearly eminently
suitable for exploitation in a wide range of new appli-
cations in glycobiology.
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