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Inés Maya, Óscar López, José G. Fernández-Bolaños,* Inmaculada Robina and José Fuentes
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Abstract—An expeditious and high-yielding one-pot procedure to prepare different types of O-unprotected N-�-D-glycopyranosyl,
N �-substituted thioureas and di-�-D-glucopyranosyl thioureido bolaamphiphiles from �-D-glycopyranosylamines via O-unpro-
tected glycopyranosyl isothiocyanates has been developed. © 2001 Elsevier Science Ltd. All rights reserved.

Isothiocyanates are attractive synthons in organic
chemistry due to their availability and their tendency to
undergo nucleophilic additions and cycloadditions.1,2

Particularly, sugar isothiocyanates have been used for
the synthesis of a wide spectrum of carbohydrate
derivatives, mostly having thiourea structure, of syn-
thetic, biological and pharmaceutical interest.3–5 Antivi-
ral, antibacterial and antitumor agents have been
prepared by reaction of glycosyl isothiocyanates with
biologically active amines.3,6 Recently, glycosyl isothio-
cyanates are being used to prepare glycodendrimers and
glycoclusters, as mimetics of natural oligo- and polysac-
charides that interact with the carbohydrate recognition
domains of cell surface lectins.7–9 Bridged thiourea
calix-sugars have been prepared for molecular recogni-
tion studies.10

The facility of reaction between the NCS group and the
hydroxyl groups of a sugar radical means that the
availability of glycosyl isothiocyanates is practically
limited to O-protected derivatives,3 which have been
prepared by reaction of acylated glycosyl halides with
silver thiocyanate following the classical Fischer’s
method,11 and variants including the use of potassium
thiocyanate under phase-transfer catalysis12 or melting
the acylated glycosyl bromide with potassium thio-
cyanate.13 Other methods involve the use of trimethylsil-
yl isothiocyanate and tin tetrachloride on peracetylated
aldopyranoses2 or the reaction of glycals with silica-
supported KSCN in the presence of iodine.14 Isothio-
cyanation of glycosylamines has been performed via
N-protection as enamines, O-protection, removal of the
enamine group and treatment with thiophosgene.15

Scheme 1. Reagents and conditions : (i) 1.2 equiv. CSCl2, pH 8 (NaHCO3/CO2), −10°C, 30 min, 1:1 dioxane–water; (ii) 1.2 equiv.
of 7a–h (0.6 equiv. of 7i,j), pH 9 (NaHCO3/CO2), rt, 2–5 h.
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The transformation of O-unprotected glucosyl (malto-
syl, lactosyl)amines into glycosyl isothiocyanates by
reaction with thiophosgene has been reported16–19 and

they have been used as potent irreversible glycosidase
inhibitors and as affinity labels of proteins involved in
the transport of carbohydrates across cell membranes.

Table 1. Conversion of �-D-glycosylamines (1, 2) into thioureas 8 (D-gluco) and 9 (D-galacto)
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However, these compounds were later shown to
undergo fast decomposition under physiological
conditions20 and no further chemistry has been
described. �-D-Glucopyranosyl isothiocyanate (3) was
prepared in low yield (22%) and this compound was
spectroscopically characterised only by an IR absorp-
tion, and no reactions of the NCS group were
described.17

We have investigated various approaches for the syn-
thesis of 3 and obtained the most convenient results by
reacting �-D-glucopyranosyl amine21 (1) with thiophos-
gene (Scheme 1) in a buffered medium (NaHCO3/CO2,
pH 8). After standard workup and purification proce-
dure, a mixture of 3 and the corresponding 1,2-cyclic
thiocarbamate 5 was obtained (64%);22 the 3:5 ratio
measured by integration of 1H NMR signals was 1:5 in
(CD3)2SO and 3:2 in D2O, showing that 3 and 5 are in
a solvent dependent equilibrium. This mixture could be
transformed into thioureas (Table 1) by adding alkyl or
aryl amines 7a–c, diethylamine 7d,23 the aminoacids
glycine or taurine 7e,f, or O-unprotected glycosyl-
amines 7g,h to the same flask where 3/5 were formed.
Similarly, bolaamphiphiles24 8i and 8j were prepared
using �,�-polymethylenediamines 7i and 7j.

Thioureas 8a–d were purified by silica gel column chro-
matography and more polar compounds 8e–j were
purified by gel filtration chromatography. Similarly, we
have obtained 9a and 9c starting from �-D-galactopy-
ranosylamine 2.

The reaction of �-D-mannopyranosylamine 10 with
thiophosgene in the conditions described above for the
synthesis of 3 produced the cis bicyclic thiocarbamate
11 (46%), which did not react with amines as latent
isothiocyanate. The 1H NMR spectrum in D2O of 11
showed no signals for mannopyranosyl isothiocyanate.
The different behaviour of the cis- and trans-
hydrindanes-type systems 11 and 5 (6) could be
explained by the strain of the ring fusion in the trans-
isomer, as a consequence of the unfavourable puckering
of the six-membered ring.25

The widely used methodology for the synthesis of gly-
cosyl thioureas involves the coupling of O-acylated
glycosyl isothiocyanates with amines or aminosugars
followed by Zemplen deacetylation.3,26,27 However, this
reaction has been found to be occasionally unsuccessful
or low yielding.3 In addition, an unexpected base-
catalysed anomerisation reaction for � and �-D-
mannopyranosyl thioureido derivatives has been
described upon Zemplen deacetylation.28,29 This result
contrasts with the preparation of 8h, which did not
show anomerisation.

In conclusion, a rapid and practical two-step one-pot
procedure for the synthesis of O-unprotected N-
glycopyranosyl, N �-substituted thioureas from 1,2-trans
arranged glycopyranosyl amines has been developed.
This represents a better alternative to the currently used
O/N protection–deprotection steps in the synthesis of
glycosyl thioureas and thiourea-tethered pseudooligo-
saccarides30 and bolaamphiphiles.31
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I.; Fuentes, J. Tetrahedron: Asymmetry 1999, 10, 3011–
3023 and references cited therein.

6. (a) Todoulou, O. G.; Papadaki-Valiraki, A. E.; Filip-
patos, E. C.; Ikeda, S.; De Clercq, E. Eur. J. Med. Chem.
1994, 29, 127–131; (b) Povarov, L. S.; Potapova, N. P.;
Bakina, E. V.; Preobrazhenskaya, M. N.; Rozynov, B. V.
Bioorg. Khim. 1992, 18, 1117–1126.

7. Roy, R. Curr. Opin. Struct. Biol. 1996, 6, 692–702.
8. Lindhorst, T. K.; Kieburg, C. Angew. Chem., Int. Ed.

Engl. 1996, 108, 2083–2086.
9. Walter, M.; Lindhorst, T. K. 20th International Carbohy-

drate Symposium ; Hamburg, Germany, 2000, abstr. B-
134, p. 125.

10. Saitz-Barrie, C.; Torres-Pinedo, A.; Santoyo González, F.
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