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AbstractÐAnalogues of the tumor-associated T-antigen (bGal1,3aGalNAc) containing 4,6-epidithio and 4,6-thietan modi®cations
were synthesized from the a-allyl glycoside of bGala1,3G1cNAc via suitable thiocyanate derivatives. Binding to three leguminous
lectins as model systems was investigated in an enzyme-linked lectin assay (ELLA) and IC50 values comparable to the corre-
sponding natural disaccharides T-antigen, lactose and N-acetyllactosamine were found. # 2000 Elsevier Science Ltd. All rights
reserved.

In the design of glycomimetics, an important challenge
is the synthesis of biologically active oligosaccharide
derivatives that possess new functional properties yet
bind to natural receptors. Presently, we report on sulfur-
containing analogues of the tumor-associated T-antigen
bGal1,3aGalNAc, the carbohydrate determinant of
allyl glycoside 1. Compounds 2 and 3, potential photo-
oxidants,1 and immunomodulators,2 contain fused 4,6-
epi-dithiolane and 4,6-epi-thietane rings in the reducing
GalNAc moieties.

As a ®rst model experiment, we wished to ascertain
whether the relatively bulky sulfur functionalities of
compounds 2 and 3will be accommodated by the binding
sites of typical Gal/GalNAc speci®c legume lectins from
peanut (Arachis hypogaea, PNA),Erythrina corallodendron
(EcorL) and soybean (Glycine max, SBA).3ÿ7

Synthesis

Compound 1 and intermediate 4 (Fig. 2) were prepared8

by standard glycosylation procedures. For the synthesis
of 2 from 4, sulfur atoms were introduced as thiocya-
nate groups9,10 in a stepwise fashion, using mesylate as

the leaving group at C-6 and tri¯ate as the leaving
group at C-4. For the synthesis of 3 from 4, the sulfur
atom was introduced as a thiocyanate group at C-6, and
displacement of mesylate with inversion at C-4 was e�ec-
ted by the action of sodium methoxide on intermediate 6b
(Fig. 2). For reasons of clarity, selected physical data are
given of 3 in per-O-acetylated form.
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Figure 1. (A) Structure of the carbohydrate binding site of Erythrina
corallodendron lectin with bound lactose (Protein Data Bank, entry I
LTE). Aromatic side chains are displayed in dark grey, the bound
lactose in light grey. (B) Structures of the synthesized disaccharides: a-
allyl glycoside of T-antigen 1, 4,6-epidithio modi®ed a-allyl glycoside
of T-antigen 2 and 4,6-thietan modi®ed a-allyl glycoside of T-antigen 3.
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Lectin binding studies

The assay system used is a modi®ed ELLA (Fig. 3)
based on binding of the biotinylated lectins, peanut
agglutinin (PNA), Erythrina corallodendron lectin
(EcorL) and soybean agglutinin (SBA) to immobilized
asialofetuin (ASF).11,12 The a�nity constants (Kd) for
binding of the lectins to immobilized ASF were found to
be 140 nM for biotin-PNA, 120 nM for biotin-EcorL,
and 195 nM for biotin-SBA (data not shown). IC50

values for compounds 1±3 and for the standards T-
antigen (as the reducing disaccharide), N-acetyllactos-
amine (LacNAc) and lactose (Lac) were calculated from

titration curves obtained by inhibition of binding of
biotinylated lectin to immobilized ASF and quanti®cation
of bound lectin (Fig. 3A). Relative inhibitory potencies
were calculated with the inhibitory potency of Lac
arbitrarily set at 1 (Fig. 3B). Binding of the biotinylated
lectins to ASF was una�ected by up to 25 mM con-
centrations of trans 4,5-dihydroxy- 1,2-dithiane, indicat-
ing that the measured values are not artifacts due to a
chemical reaction of disul®de with components of the
assay system.

Compounds 2 and 3 bind speci®cally to all three lectins
tested (IC50: 1.95 mM and 2.51 mM for PNA, 1.51 mM

Figure 2. Chemical syntheses of compounds 2 and 3: (a) Hg(CN)2/HgBr2; toluene/CH3NO2; 60
�C; 23 h; then 80% AcOH; 90 �C; 30 mm; (b) MsCl;

pyr; 0 �C; 2 h; (c) KSCN; DME; �; 36 h; (d) Tf20; pyr; ÿ15 to 0 �C; 3 h; (e) KSCN; DME; � 12 h; (f) CH3ONa/CH3OH; RT; (g) MsCl; pyr; DMAP;
0 �C to rt; 6 h; (h) KSCN; DME; 100 �C; 15 h; (i) CH3ONa/CH3OH; re¯ux; 2 h.

Figure 3. (A) Saccharide competition for binding of peanut agglutinin, Erythrina corallodendron lectin and soybean agglutinin to immobilized
asialofetuin. The sugars shown are T-antigen (&), 1 (�), 2 (^), 3 (x), N-acetyllactosamine (~) and lactose (*). (B) Relative inhibitory potencies of
the di�erent disaccharides. The inhibitory potency of lactose was arbitrarily set to 1.
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and 1.15 mM for EcorL, 1.29 mM and 1.72 mM for
SBA). Binding of the analogues to PNA is ca. 30 times
weaker than that of T-antigen, whereas their binding to
EcorL and SBA is comparable to that of Lac. These
results suggest that binding of both 2 and 3 is mediated
primarily through hydrogen bonding and hydrophobic
interaction with the non-reducing Gal moieties while the
modi®ed GalNAc moieties neither contribute to nor
strongly hamper binding. The functional potential of
compounds 2, 3 and related derivatives is signi®cant in
view of the clusters of aromatic amino acids typically
present at carbohydrate binding sites (cf. Fig. 1). Thus,
in the case of tryptophan-135 in EcorL, e�cient energy
transfer has been demonstrated13 between the indole
and the parallel dansyl group of the bound arti®cial
ligand, N-dansylgalactosamine.

Similarly, in the case of cutinase from Fusarium solani pisi,
the single tryptophan-69mediates the photoreduction of an
adjacent disul®de grouping upon ultraviolet irradiation.1

Consequently, we are planning to use compounds 2, 3
and related derivatives in spectroscopic and photo-
chemical explorations of the carbohydrate binding sites
in PNA, EcorL, SBA and other lectins.
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