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The synthesis of 1,1-thiodisaccharide trehalose analogues in good to excellent yields by a Lewis acid
(BF3�Et2O)-catalysed coupling of sugar per-O-acetate with thiosugar is described. The reactivity of differ-
ent sugar per-O-acetates and thiosugars is explored.

� 2009 Elsevier Ltd. All rights reserved.
Trehalose is a non-reducing disaccharide in which two mole-
cules of glucose are linked via a 1,1-glycosidic bond.1 Of the ano-
mers possible, it is only the a,a-configuration that is found in
animals, plants and microorganisms,2 where it serves as a source
of energy and carbon.1 In addition, trehalose-derivatised lipids
are important components of bacterial cell walls, and are therefore
crucial to cell growth.3 Thiotrehalose, in which the glycosidic oxy-
gen is replaced by a sulfur atom, possesses greater chemical and
enzymatic stability than its O-linked isostere. Thiodisaccharides
that are structurally related to trehalose (including thiotrehalose)
have attracted interest as enzyme inhibitors. For example, growth
of Escherichia coli is inhibited by trehalose analogue 1-thio-b-D-
galactopyranosyl-b-D-galactopyranoside.4 Thiotrehalose analogues
have also found other applications, including use in enzyme puri-
fication,5–7 and in the study of enzyme kinetics.8–10 The physical
properties of these molecules have also been extensively studied,
for example rotatory dispersion11 and molecular dynamics.12,13

There are several reported methods for the synthesis of 1,1-
thiodisaccharides. Initial reports described the condensation of
per-O-acetylated chlorosugars with potassium alkylxanthate (to
give the a,a-isomer),14,15 or the reaction between a thiosugar
and acetobromosugar.16 Since then other methods have been
developed in order to improve reaction yields, including the
tri(diethylamino)-phosphine-promoted mono-desulfurisation of
glycosyl disulfides.17,18 This method affords cis-related 1-thiogly-
cosides, but requires the prior synthesis of a glycosyl disulfide,
which is not always straightforward. Using another procedure, a
ll rights reserved.
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mixture of a,a-1-, a,b-1- and b,b-1-thiotrehaloses was obtained
by the hydrogen fluoride-mediated reaction of D-glucose with
hydrogen sulfide.19 The use of toxic reagents and the need for
specialised apparatus are drawbacks to this method. More re-
cently, the reaction of sugar-thiouronium bromides with acetoha-
losugars either at room temperature20 or under microwave
conditions21 afforded 1,1-thiodisaccharides in good yields. Meth-
ods involving a two-phase system have also been employed, for
instance using sodium sulfide22 and sodium hydrogensulfate23,24

or thioacetamide.25 In summary, the methods described here gen-
erally involve long reaction times and frequently require the use
of toxic and malodorous reagents. There is therefore a clear need
for alternative strategies.

The Lewis acid BF3�Et2O has found wide application in the
synthesis of thioglycosides, not least in promoting the reaction
between per-O-acetylated sugars and alkyl- and aryl-thiols or
alkyl- and aryl-thiotrimethylsilanes.26–28 Our interest in the
chemical biology of thiodisaccharides29,30 meant we required a
facile route to thiotrehalose analogues. We investigated the use
of BF3�Et2O in the synthesis of such molecules. Initially we ex-
plored the BF3�Et2O-catalysed reaction of glucose per-O-acetate
1a with per-O-acetylated 1-thioglucose 2a (Table 1). This reac-
tion, first introduced by Ferrier and Furneaux,31 can also be used
for the synthesis of alkyl- and aryl-thioglycosides.26 The desired
1,1-thiodisaccharide 3a was obtained in good yield with minimal
by-products (Table 2, entry 1). Significantly, this method avoided
the need to synthesise the acetobromosugar glycosyl donor,
thereby reducing the number of steps in the synthesis. The study
was extended to different sugar per-O-acetates 1a–i and to differ-
ent 1-thiosugars 2a–g (Table 3).
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Table 1
Per-O-acetate sugars and thiosugars that were studied

Series Per-O-Acetate sugar (1) 1-Thio sugar (2)

D-Glucose OAc-Glc-b-OAc 1a OAc-Glc-b-SH 2a
OAc-Glc-a-OAc 1b

D-Galactose OAc-Gal-b-OAc 1c OAc-Gal-b-SH 2c

D-Mannose OAc-Man-a-OAc 1d OAc-Man-a-SH 2d
OAc-Man-b-OAc 1e

L-Fucose OAc-Fuc-b-OAc 1f OAc-Fuc-b-SH 2f
OAc-Fuc-a-OAc 1g OAc-Fuc-a-SH 2g

L-Rhamnose OAc-Rha-b-OAc 1h
OAc-Rha-a-OAc 1i
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This methodology was further investigated by varying the reac-
tion time for OAc-Glc-b-OAc 1a and OAc-Glc-b-SH 2a (Table 2).
OAc-Gal-b-OAc 1c was more reactive than OAc-Glc-b-OAc 1a, with
a reaction time of 2 h sufficient to complete the consumption of 1c
(Table 2, entry 3), as expected.32 It was found in the case of b,b-
thio-diglucose 3a, however, that 2.0 equiv of 2a and longer reac-
tion times (18 h) were optimal (Table 2, entries 1 and 2). Based
on the reactivity of 1a, a series of reactions were carried out over-
night (Table 3). Reaction yield was dependent on the anomeric
configuration of the glycosyl donor as observed previously.31 No
reaction was observed when using alpha-glucose derivative OAc-
Glc-a-OAc 1b as donor. The study was extended to investigate
the reactivity of both fully acetylated anomers of mannose (entries
5 and 6), fucose (entries 10 and 11) and rhamnose (entries 12 and
13) with per-O-acetylated 1-b-thioglucose 2a.

The results obtained are partly in contrast to those of a previous
study,33 in which unsuccessful attempts were made to synthesise
alkyl thiomannosides from D-mannose per-O-acetate using
BF3�Et2O. Use of the alternative Lewis acid, FeCl3, solved this prob-
lem in that instance.33 Others have since employed BF3�Et2O to suc-
cessfully synthesise aryl thiomannosides.34,35 In this study,
mannosyl thiodisaccharides were obtained, albeit in slightly lower
yields than the corresponding glucosyl derivatives (Table 3, entries
5–7).

Single anomer per-O-acetyl glycosyl donors generally yielded
an anomeric mixture of thiodisaccharides (at the donor anomeric
Table 2
Importance of reaction time

per-O-acetate sugar  +  thiosugar      

Entry Per-O-acetate sugar 2

1 O
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AcO
AcO
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OAc
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OAcAcO
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OAc

OAc

1c

O

OAc

AcO
AcO

OAc
SH

(2.0 eq 2a, 2h)
carbon). This result is consistent with that previously reported
when alkyl thiols were used as glycosyl acceptors.33 In the case
of OAc-b-Glc-OAc and OAc-b-Gal-OAc we observed that the pro-
portion of a anomer obtained was very low. These minor products
were not isolated in this study. The ratio of anomers was deter-
mined by analysis of the proton NMR spectrum of the crude reac-
tion mixture. With mannose per-O-acetate as donor, the a-anomer
was favoured (a:b ratio of ca. 3:1) as observed previously by Ferrier
and Furneaux.36 For the fully acetylated 6-deoxy sugars, an a:b ra-
tio of ca. 1:1 was obtained with L-fucose per-O-acetate while
L-rhamnose per-O-acetate gave an a:b ratio of ca. 2:1. Compound
characterisation was achieved using 1H, 2D COSY and HMQC
NMR experiments. The Pearl effect suggests that for monosaccha-
rides, the 1J (C-1,H-1) coupling constant is higher (ca. 10 Hz) in the
a anomer.37,38 Based on this principle, the anomeric configurations
of the mannosides and rhamnosides were confirmed.

In conclusion, the preparation of a series of 1,1-thiodisaccha-
rides using the Lewis acid BF3�Et2O is reported. The method de-
scribed herein has the advantage of producing thiotrehalose and
analogues (including non-symmetrical thiodisaccharides) in a con-
venient, facile manner. Significantly, it was not necessary to acti-
vate the glycosyl donor by conversion to an acetohalosugar
before coupling with the thiol. The methodology outlined is appli-
cable to the synthesis of a wide range of thiodisaccharides, which
have potential as enzyme inhibitors and molecular probes to aid
understanding in complex biological systems.
1. Experimental

1.1. General methods

Optical rotations were measured using a PerkinElmer 341
polarimeter. NMR spectra were generated on a JEOL ECA-600
spectrometer (1H at 600 MHz and 13C at 150.9 MHz) or a Bruker
DPX-400 spectrometer (1H at 400 MHz and 13C at 100.6 MHz).
Chemical shifts are reported in ppm downfield relative to
tetramethylsilane (solvent CDCl3). Spectral assignment was
accomplished using 2D COSY and HMQC measurements as well
as coupling constant analysis where possible. Non-decoupled
13C NMR experiments were employed to determine the 1J(C-1,H-1)
                          thiodisaccharide
BF3.Et2O
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Table 3
Synthesis of thiodisaccharides

O OAc +
O SH O S

O

S+
O

O OAc
OAcAcO AcO AcO

AcOBF3.Et2O (2 eq)

18 h, RT

1 (1 eq) 2 (2 eq) 43
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4 1c 2c O
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O
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O
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OAc
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AcO
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(continued on next page)
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Table 3 (continued)

1 2 3 4 Ratio 3:4a

12 1h 2a O
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OAc
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O
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O
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AcO OAc
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a Determined by 1H analysis of the crude reaction mixture.
b Reaction time 2 h.
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coupling constants where indicated; in accordance with the
findings of Bock and Pedersen38 the assignment of configuration
has been made on the basis that 1Ja(C-1,H-1) > 1Jb(C-1,H-1). Low res-
olution mass spectra (LRMS) were generated using a Micromass
Quattro Ultima mass spectrometer. Analytical thin-layer chroma-
tography (TLC) was performed on plates precoated with silica gel
60 F254 (Merck). Visualisation of the plates was carried out using
UV light (254 nm), and/or a solution of 10% H2SO4 in EtOH fol-
lowed by heating. Flash column chromatography was carried
out on silica gel (Merck). All solvents were of reagent grade.
1a, 1c and 2a were obtained commercially from Sigma–Aldrich.
Compound 1c was prepared from D-glucose (Ac2O, I2).39 Other
reducing sugars were per-O-acetylated (Ac2O, pyridine) and the
mixture of anomers was purified by preparative high-perfor-
mance liquid chromatography (HPLC) to give the respective su-
gar peracetates 1d, 1e, 1f, 1g, 1h and 1i. Thiosugars 2c, 2d, 2f
and 2g were prepared from the corresponding per-O-acetylated
sugars in two steps: (1) bromination at the anomeric carbon
using HBr–AcOH, and (2) reaction of the acetobromosugar with
thiourea, followed by basic hydrolysis.40 HPLC analysis and puri-
fication were performed on an Agilent Technologies 1200 HPLC
system with diode array detection, using C18 reversed phase col-
umns (Agilent Eclipse XDB—analytical: 4.6 � 100 mm; prepara-
tive: 21.2 � 150 mm), solvent A (90% H2O, 10% MeCN + 0.05%
TFA) and solvent B (90% MeCN, 10% H2O + 0.05% TFA). Com-
pounds were eluted using: 20% B (0–2 min), 20–60% B (2–
7 min, linear gradient), 60–70% B (7–8 min, linear gradient),
70–100% B (8–13 min, linear gradient), 100% B (13 -18 min),
100–20% B (18–20 min, linear gradient).
1.2. General procedure for the synthesis of thiodisaccharides

BF3�Et2O (1.0 mmol) and 1-thiosugar 2 (1.0 mmol) were added
to a stirred solution of sugar per-O-acetate 1 (0.50 mmol) in
anhydrous CH2Cl2 (5 mL) under an argon atmosphere. The reac-
tion mixture was stirred for 2 h (galactose per-O-acetate) and
18 h (glucose, mannose, rhamnose and fucose per-O-acetates).
Thereafter, CH2Cl2 (50 mL) was added and the mixture was
extracted with satd aq NaHCO3 (50 mL). The organic phase was
dried over MgSO4, filtered and concentrated. Flash column
chromatography (1:1 petroleum ether–EtOAc) gave the desired
thiodisaccharide. Mixtures of anomers otherwise inseparable by
this method were separated by preparative HPLC after flash
chromatography.

1.2.1. 2,3,4,6-Tetra-O-acetyl-b-D-glucopyranosyl 2,3,4,6-tetra-O-
acetyl-1-thio-b-D-glucopyranoside (3a)

Amorphous solid, lyophilised from water: Rf 0.42 (1:2 petro-
leum ether–EtOAc); ½a�20

D � 34.0 ± 1.0 (c 0.4, CHCl3); 1H NMR
(600 MHz, CDCl3): d 1.98, 2.01, 2.02, 2.09 (s, 12H, 4OAc), 3.66 (m,
1H, H-5), 4.13 (dd, 1H, J5,6a 2.0 Hz, J6a,6b 12.3 Hz, H-6a,), 4.24 (dd,
1H, J5,6b 4.8 Hz, J6a,6b 12.3 Hz, H-6b), 4.80 (d, 1H, J1,2 10.3 Hz,
H-1), 5.03 (dd, 1H, J1,2 10.3 Hz, J2,3 9.6 Hz, H-2), 5.07 (dd, 1H, J2,3

9.6 Hz, J3,4 9.6 Hz, H-4), 5.20 (dd, 1H, J3,4 9.6 Hz, J4,5 8.9 Hz, H-3);
13C NMR (150.9 MHz, CDCl3) d 20.67, 20.72, 20.85 (8 � OCH3),
62.12 (2 � C-6), 68.24 (2 � C-4), 70.20 (2 � C-2), 73.89 (2 � C-3),
76.22 (2 � C-5), 80.69 (2 � C-1), 169.40, 169.46, 170.24, 170.67
(8 � CO); HRMS (ESI) calcd for C28H42O18NS [M+NH4]+ 712.2117.
Found 712.2127; lit.14 ½a�20

D � 35.
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1.2.2. 2,3,4,6-Tetra-O-acetyl-b-D-galactopyranosyl 2,3,4,6-tetra-
O-acetyl-1-thio-b-D-glucopyranoside (3b)

Amorphous solid, lyophilised from water: Rf 0.42 (1:2 petro-
leum ether–EtOAc); ½a�20

D � 10.0 ± 1.0 (c 0.37, CHCl3); 1H NMR
(600 MHz, CDCl3): d 1.95, 1.97, 2.00, 2.02, 2.02, 2.04, 2.07, 2.13
(8s, 24H, 8OAc), 3.66 (m, 1H, H-5Glc), 3.88 (dd, 1H, J5,6a 6.4 Hz,
J5,6b 6.7 Hz, H-5Gal), 4.08–4.14 (m, 3H, H-6aGlc, H-6aGal, and H-
6bGal), 4.23 (dd, 1H, J5,6b 4.9 Hz, J6a,6b 12.3 Hz, H-6bGlc), 4.78 (d,
1H, J1,2 9.6 Hz, H-1Gal), 4.80 (d, 1H, J1,2 9.6 Hz, H-1Glc), 5.00 (dd,
1H, J1,3 9.6 Hz, J2,3 9.6 Hz, H-2Glc), 5.02 (dd, 1H, J3,4 3.1 Hz, J2,3

9.6 Hz, H-3Gal), 5.06 (dd, 1H, J3,4 9.6 Hz, J4,5 9.6 Hz, H-4Glc), 5.17–
5.20 (m, 2H, H-2Gal, H-3Glc), 5.41 (d, 1H, J3,4 3.1 Hz, H-4Gal); 13C
NMR (150.9 MHz, CDCl3) d 20.66, 20.74, 20.77, 20.78, 20.80,
20.83 (8 � OCH3), 61.45 (C-6Gal), 62.14 (C-6Glc), 67.16 (C-4Gal),
67.34 (C-3Glc), 68.25 (C-4Glc), 70.16 (C-2Glc), 71.85 (C-3Gal), 73.88
(C-2Gal), 74.75 (C-5Gal), 76.17 (C-5Glc), 80.73 (C-1Glc), 81.28 (C-
1Gal), 169.38, 169.46, 169.56, 170.08, 170.24, 170.25, 170.42,
170.61 (8 � CO); HRMS (ESI) calcd for C28H42O18NS [M+NH4]+

712.2117. Found 712.2117.

1.2.3. 2,3,4,6-Tetra-O-acetyl-b-D-galactopyranosyl 2,3,4,6-tetra-
O-acetyl-1-thio-b-D-galactopyranoside (3c)

Amorphous solid, lyophilised from water: Rf 0.46 (1:2 petro-
leum ether–EtOAc); ½a�20

D + 6.0 ± 2.0 (c 0.45, CHCl3); 1H NMR
(600 MHz, CDCl3): d 1.07, 2.05, 2.05, 2.16 (4s, 12H, 4OAc), 3.90
(m, 1H, H-5), 4.10 (dd, 1H, J5,6a 6.6 Hz, J6a,6b 11.3 Hz, H-6a), 4.16
(dd, 1H, J5,6b 6.7 Hz, J6a,6b 11.3 Hz, H-6b), 4.79 (d, 1H, J1,2 10.1 Hz,
H-1), 5.04 (dd, 1H, J3,4 3.4 Hz, J2,3 9.9 Hz, H-3), 5.21 (dd, 1H, J2,3

9.9 Hz, J1,2 10.1 Hz, H-2), 5.43 (d, 1H, J3,4 3.4 Hz, H-4); 13C NMR
(150.9 MHz, CDCl3) d 20.66, 20.77, 20.79, 20.87 (8 � OCH3), 61.47
(2 � C-6), 67.22 (2 � C-4), 67.36 (2 � C-2), 71.92 (2 � C-3), 74.77
(2 � C-5), 81.45 (2 � C-1), 169.57, 170.11, 170.27, 170.45
(8 � CO); HRMS (ESI) calcd for C28H42O18NS [M+NH4]+ 712.2117.
Found 712.2125.

1.2.4. 2,3,4,6-Tetra-O-acetyl-b-D-mannopyranosyl 2,3,4,6-tetra-
O-acetyl-1-thio-b-D-glucopyranoside (3d)

Amorphous solid, lyophilised from water: Rf 0.44 (1:2 petro-
leum ether–EtOAc); ½a�20

D � 47.0 ± 1.0 (c 0.27, CHCl3); 1H NMR
(600 MHz, CDCl3): d 1.96, 1.99, 2.02, 2.03, 2.04, 2.10, 2.10, 2.16
(8s, 24H, 8OAc), 3.66–3.70 (m, 2H, H-5Glc, and H-5Man), 4.09–4.17
(m, 2H, H-6aMan, and H-6aGlc), 4.24 (dd, 1H, J5,6b 4.6 Hz, J6a,6b

12.5 Hz, H-6bGlc), 4.29 (dd, 1H, J5,6b 5.6 Hz, J6a,6b 12.5 Hz, H-6bMan),
4.81 (d, 1H, J1,2 10.0 Hz, H-1Glc), 5.00 (dd, 1H, J1,2 10.1 Hz, J2,3 9.3 Hz,
H-2Glc), 5.05 (d, 1H, J1,2 1.2 Hz, H-1Man), 5.06–5.11 (m, 2H, H-3Man,
and H-4Glc), 5.20–5.26 (m, 2H, H-3Glc, and H-4Man), 5.48 (dd, 1H, J1,2

1.2 Hz, J2,3 3.3 Hz, H-2Man); 13C NMR (150.9 MHz, CDCl3) d 20.62,
20.66, 20.71, 20.75, 20.76, 20.85, 20.90 (8 � OCH3), 61.94 (C-6Glc),
62.83 (C-6Man), 65.73, 68.17, 70.06, 70.27, 71.75, 73.76 (C-2Glc, C-
3Glc, C-4Glc, C-2Man, C-3Man and C-4Man), 76.14, 76.71 (C-5Glc and
C-5Man), 79.27 (C-1Man), 80.94 (C-1Glc), 169.37, 169.43, 169.96,
170.07, 170.27, 170.71, 170.75 (8 � CO); HRMS (ESI) calcd for
C28H42O18NS [M+NH4]+ 712.2117. Found 712.2121.

1.2.5. 2,3,4,6-Tetra-O-acetyl-b-D-mannopyranosyl 2,3,4,6-tetra-
O-acetyl-1-thio-b-D-galactopyranoside (3e)

Amorphous solid, lyophilised from water: Rf 0.41 (1:2 petro-
leum ether–EtOAc) ; ½a�20

D � 65.0 ± 5.0 (c 0.03, CHCl3); 1H NMR
(600 MHz, CDCl3): d 1.96, 1.97, 2.03, 2.05, 2.05, 2.09, 2.15, 2.16
(8s, 24H, 8OAc), 3.66–3.68 (m, 1H, H-5Man), 3.91 (dd, 1H, J5,6a

6.6 Hz, J5,6a 6.6 Hz, H-5Gal), 4.10–4.17 (m, 3H, H-6aGal, H-6bGal,
and H-6aMan), 4.29 (dd, 1H, J5,6b 5.8 Hz, J6a,6b 12.3 Hz, H-6bMan),
4.78 (d, 1H, J1,2 10.1 Hz, H-1Gal), 5.04 (dd, 1H, J3,4 3.2 Hz, J2,3

9.9 Hz, H-3Gal), 5.06 (d, 1H, J1,2 1.0 Hz, H-1Man), 5.08 (dd, 1H,
J2,3 3.4 Hz, J3,4 9.9 Hz, H-3Man), 5.20 (dd, 1H, J1,2 10.1 Hz, J2,3

9.9 Hz, H-2Gal), 5.24 (dd, 1H, J3,4 9.9 Hz, J4,5 9.9 Hz, H-4Man),
5.43 (d, 1H, J3,4 3.2 Hz, H-4Gal), 5.49 (dd, 1H, J1,2 1.0 Hz, J2,3

3.4 Hz, H-2Man); 13C NMR (150.9 MHz, CDCl3) d 20.63, 20.64,
20.71, 20.76, 20.79, 20.86, 20.90 (8 � OCH3), 61.47 (C-6Gal),
62.47 (C-6Man), 65.77 (C-4Man), 67.12 (C-4Gal), 67.36 (C-2Gal),
70.35 (C-2Man), 71.78, 71.81 (C-3Gal and C-3Man), 74.75 (C-5Gal),
76.96 (C-5Man), 79.36 (C-1Man), 81.43 (C-1Gal), 169.68, 169.74,
169.93, 170.06, 170.11, 170.27, 170.45, 170.68 (8 � CO);
1J b-Man(C-1,H-1) 156.0 Hz; HRMS (ESI) calcd for C28H42O18NS
[M+NH4]+ 712.2117. Found 712.2108.

1.2.6. 2,3,4-Tri-O-acetyl-b-L-fucopyranosyl 2,3,4,6-O-acetyl-1-
thio-b-D-galactopyranoside (3f)

Amorphous solid, lyophilised from water: Rf 0.57 (1:2 petro-
leum ether–EtOAc); ½a�20

D + 6.0 ± 1.0 (c 0.31, CHCl3); 1H NMR
(600 MHz, CDCl3): d 1.21 (d, 3H, 3J 6.3 Hz, CH3), 1.96, 1.97, 2.02,
2.04, 2.15, 2.18 (6s, 21H, 7OAc), 3.83–3.86 (m, 1H, H-5Fuc), 3.95
(ddd, 1H, J4,5 1.0 Hz, J5,6a 6.8 Hz, J5,6b 6.5 Hz, H-5Gal), 4.07 (dd,
1H, J5,6a 6.8 Hz, J6a,6b 11.3 Hz, H-6aGal), 4.19 (dd, 1H, J5,6b 6.5 Hz,
J6a,6b 11.3 Hz, H-6bGal), 4.58 (d, 1H, J1,2 9.9 Hz, H-1Fuc), 4.74 (d,
1H, J1,2 9.9 Hz, H-1Gal), 5.01 (dd, 1H, J3,4 3.2 Hz, J2,3 9.9 Hz, H-
3Fuc), 5.04 (dd, 1H, J3,4 3.4 Hz, J2,3 9.9 Hz, H-3Gal), 5.22–5.27 (m,
3H, H-2Gal, H-2Fuc, H-4Fuc), 5.41 (dd, 1H, J4,5 1.0 Hz, J3,4 3.4 Hz,
H-4Gal); 13C NMR (150.9 MHz, CDCl3) d 16.41 (C-6Fuc), 20.68,
20.74, 20.76, 20.80, 20.89 (7 � OCH3), 61.48 (C-6Gal), 67.31 (C-
4Gal), 67.56, 68.03, 70.49 (C-2Gal, C-2Fuc and C-4Fuc), 72.07 (C-
3Gal), 72.60 (C-3Fuc), 73.84 (C-5Fuc), 74.78 (C-5Gal), 81.51 (C-1Fuc),
81.82 (C-1Gal), 169.22, 169.37, 170.29, 170.33, 170.56, 170.70
(7 � CO); 1J b-Fuc(C-1,H-1) 155.3 Hz; HRMS (ESI) calcd for
C26H40O16NS [M+NH4]+ 654.2062. Found 654.2067.

1.2.7. 2,3,4-Tri-O-acetyl-b-L-fucopyranosyl 2,3,4,6-O-acetyl-1-
thio-b-D-glucopyranoside (3g)

Clear oil, becomes amorphous solid on standing: Rf 0.12 (1:1
petroleum ether–EtOAc); ½a�20

D � 7.9 ± 0.2 (c 1.3, CHCl3); 1H NMR
(400 MHz, CDCl3): d 1.20 (d, 3H, 3J 6.4 Hz, CH3), 1.96, 1.99, 2.02,
2.03, 2.08, 2.18 (6s, 21H, 7OAc), 3.73 (m, 1H, H-5Glc), 3.85 (q, 1H,
J5,6 6.4 Hz, H-5Fuc), 4.13 (d, 1H, J6a,6b 12.4 Hz, H-6aGlc), 4.25 (dd,
1H, J5,6b 5.2 Hz, J6a,6b 12.4 Hz, H-6bGlc), 4.58 (d, 1H, J 10.0 Hz, H-
1Glc), 4.74 (d, 1H, J 10.0 Hz, H-1Fuc), 4.99–5.05 (m, 2H, H-2Fuc, H-
3Fuc), 5.09 (1H, t, J3,4=4,5 9.6 Hz, H-4Glc), 5.20 (t, 3H, J2,3=3,4 9.6 Hz,
H-3Glc), 5.25–5.27 (m, 2H, H-2Glc, H-4Fuc); 13C NMR (100.6 MHz,
CDCl3): d 15.88 (C-6Fuc), 20.19, 20.32, 20.34 (7C, OCH3), 62.05 (C-
6Glc), 67.74, 67.98, 70.07, 70.35 (C-2Glc, C-2Fuc, C-4Glc, C-4Fuc),
72.40 (C-3Fuc), 73.68 (C-5Fuc), 74.00 (C-3Glc), 76.15 (C-5Glc), 81.05
(2C, C-1Glc, C-1Fuc), 169.66, 169.74, 169.88, 170.65, 170.85,
171.08, 171.23 (7C, CO); HRMS (ESI) calcd for C26H36O16S
[M+NH4]+ 654.2062. Found 654.2059.

1.2.8. 2,3,4-Tri-O-acetyl-b-L-rhamnopyranosyl 2,3,4,6-tetra-O-
acetyl-1-thio-b-D-glucopyranoside (3h)

Amorphous solid, lyophilised from water: Rf 0.67 (1:2 petro-
leum ether–EtOAc); ½a�20

D � 13.0 ± 1.0 (c 0.23, CHCl3); 1H NMR
(600 MHz, CDCl3): d 1.26 (d, 3H, 3J 6.1 Hz, CH3), 1.96, 1.99, 2.02,
2.02, 2.04, 2.10, 2.15 (7s, 21H, 7OAc), 3.34–3.49 (m, 1H, H-5Rha),
3.72–3.75 (m, 1H, H-5Glc), 4.11 (dd, 1H, J5,6a 2.1 Hz, J6a,6b 12.4 Hz,
H-6aGlc), 4.25 (dd, 1H, J5,6b 4.9 Hz, J6a,6b 12.4 Hz, H-6bGlc), 4.55 (d,
1H, J1,2 9.9 Hz, H-1Glc), 4.96 (d, 1H, J1,2 1.1 Hz, H-1Rha), 4.99–5.05
(m, 3H, H-2Glc, H-3Rha, and H-4Rha), 4.19–5.17 (m, 2H, H-3Glc, and
H-4Glc), 5.47 (dd, 1H, J1,2 1.1 Hz, J2,3 3.0 Hz, H-2Rha); 13C NMR
(150.9 MHz, CDCl3) d 17.56 (C-6Rha), 20.66, 20.69, 20.82, 20.88
(7 � OCH3), 62.21 (C-6Glc), 67.93 (C-4Glc), 70.08, 70.55, 71.28,
71.82 (C-2Glc, C-2Rha, C-3Rha and C-4Rha), 74.40 (C-3Glc), 75.17
(C-5Rha), 76.58 (C-5Glc), 79.10 (C-1Rha), 82.02 (C-1Rha), 169.16,
169.57, 170.02, 170.34, 170.41, 170.91 (7 � CO); 1J b-Rha(C-1,H-1)

153.8 Hz; HRMS (ESI) calcd for C26H40O16NS [M+NH4]+ 654.2062.
Found 654.2054.
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1.2.9. 2,3,4-Tri-O-acetyl-b-L-rhamnopyranosyl 2,3,4,6-tetra-O-
acetyl-1-thio-b-D-galactopyranoside (3i)

Clear oil, becomes amorphous solid on standing: Rf 0.16 (1:1
petroleum ether–EtOAc); ½a�20

D + 4.5 ± 1.0 (c 0.50, CHCl3); 1H NMR
(400 MHz, CDCl3): d 1.29 (d, 3H, 3J 6.0 Hz, CH3), 1.98, 2.04, 2.05,
2.06, 2.16, 2.17 (6s, 21H, 7OAc), 3.56 (m, 1H, H-5Rha), 3.97 (t, 1H,
J5,6 6.8 Hz, H-5Gal), 4.14 (d, 1H, J 6.8 Hz, H-6Gal), 4.58 (d, 1H, J1,2

10.0 Hz, H-1Gal), 4.96–5.06 (m, 3H, H-3Gal, H-3Rha, H-4Rha), 4.99
(br s, 1H, H-1Rha), 5.28 (t, 1H, J 10.0 Hz, H-2Gal), 5.42 (d, 1H, J3,4

3.2 Hz, H-4Gal), 5.49 (d, 1H, J 0.8 Hz, H-2Rha); 13C NMR
(100.6 MHz, CDCl3): d 17.21 (C-6Rha), 20.23, 20.26, 20.31, 20.34,
20.42 (7C, OCH3), 61.32 (C-6Gal), 67.25 (C-4Gal), 67.53 (C-2Gal),
70.02, 71.06, 71.72, 72.17 (C-2Rha, C-3Gal, C-3Rha, C-4Rha), 74.92
(C-5Gal), 75.19 (C-5Rha), 79.85 (C-1Rha), 82.76 (C-1Gal), 169.60,
170.33, 170.62, 170.73, 170.82, 170.95 (7C, CO); 1J b-Rha(C-1,H-1)

157.4 Hz; HRMS (ESI) calcd for C26H36O16S [M+NH4]+ 654.2062.
Found 654.2066.

1.2.10. 2,3,4,6-Tetra-O-acetyl-a-D-mannopyranosyl 2,3,4,6-
tetra-O-acetyl-1-thio-b-D-glucopyranoside (4d)

Amorphous solid, lyophilised from water: Rf 0.46;
½a�20

D + 28.0 ± 0.5 (c 0.49, CHCl3); 1H NMR (600 MHz, CDCl3): d
1.98, 1.98, 2.01, 2.03, 2.06, 2.07, 2.10, 2.17 (8s, 24H, 8OAc), 3.71–
3.79 (m, 1H, H-5Man), 4.10 (dd, 1H, J5,6a 2.2 Hz, J6a,6b 12.5 Hz, H-
6aGlc), 4.14–4.19 (m, 2H, H-6Man, and H-6bMan), 4.25–4.28 (m, 1H,
H-5Glc), 4.38 (dd, 1H, J5,6a 3.4 Hz, J6a,6b 12.5 Hz, H-6bGlc), 4.62 (d,
1H, H-1Glc), 5.06 (2dd, 2H, 2J 9.6 Hz, H-3Glc, and H-4Man), 5.16
(dd, 1H, J2,3 9.6 Hz, J3,4 9.6 Hz, H-3Glc), 5.18 (dd, 1H, J2,3 3.4 Hz, J3,4

9.6 Hz, H-3Man), 5.31 (dd, 1H, J1,2 1.5 Hz, J2,3 3.4 Hz, H-2Man), 5.38
(dd, 1H, J3,4 9.6 Hz, J4,5 9.6 Hz, H-4Glc), 5.57 (d, 1H, J1,2 1.5 Hz, H-
1Man); 13C NMR (150.9 MHz, CDCl3) d 20.66, 20.68, 20.77, 20.79,
20.81, 20.99 (8 � OCH3), 61.85 (C-6Man), 61.97 (C-6Glc), 65.63 (C-
4Man), 67.88 (C-4Glc), 69.36, 70.05, 70.80, 70.94 (C-2Glc, C-2Man, C-
3Man and C-5Man), 73.85 (C-3Glc), 76.51 (C-5Glc), 81.59 (C-1Man),
82.80 (C-1Glc), 169.36, 169.44, 169.68, 169.89, 170.05, 170.26,
170.71, 170.77 (8 � CO); HRMS (ESI) calcd for C28H42O18NS
[M+NH4]+ 712.2117. Found 712.2114.

1.2.11. 2,3,4,6-Tetra-O-acetyl-a-D-mannopyranosyl 2,3,4,6-
tetra-O-acetyl-1-thio-b-D-galactopyranoside (4e)

Amorphous solid, lyophilised from water: Rf 0.45 (1:2 petro-
leum ether–EtOAc); ½a�20

D + 44.0 ± 2.0 (c 0.22, CHCl3); 1H NMR
(600 MHz, CDCl3): d 1.97, 1.98, 2.03, 2.08, 2.10, 2.14, 2.18 (7s,
24H, 8OAc), 3.95 (dd, 1H, J5,6a 6.5 Hz, J5,6b 6.5 Hz, H-5Gal), 4.05
(dd, 1H, J5,6a 6.5 Hz, J6a,6b 11.2 Hz, H-6aGal), 4.10 (dd, 1H, J5,6a

2.2 Hz, J6a,6b 12.5 Hz, H-6aMan), 4.14 (dd, 1H, J5,6b 6.5 Hz, J6a,6b

11.2 Hz, H-6bGal), 4.30–4.33 (m, 1H, H-5Man), 4.35 (dd, 1H, J5,6b

3.6 Hz, J6a,6b 12.5 Hz, H-6bMan), 4.61 (d, 1H, J1,2 10.1 Hz, H-1Gal),
5.00 (dd, 1H, J3,4 3.2 Hz, J2,3 9.9 Hz, H-3Gal), 5.22 (dd, 1H, J2,3

3.4 Hz, J3,4 10.1 Hz, H-3Man), 5.26 (dd, 1H, J2,3 9.9 Hz, J1,2 10.1 Hz,
H-2Gal), 5.32 (dd, 1H, J1,2 1.3 Hz, J2,3 3.4 Hz, H-2Man), 5.38 (dd,
1H, J4,5 9.9 Hz, J3,4 10.1 Hz, H-4Man), 5.41 (d, 1H, J3,4 3.4 Hz, H-
4Gal), 5.53 (d, 1H, J1,2 1.3 Hz, H-1Man); 13C NMR (150.9 MHz,
CDCl3) d 20.65, 20.68, 20.74, 20.76, 20.81, 20.88, 21.02
(8 � OCH3), 61.53 (C-6Man), 61.92 (C-6Gal), 65.71 (C-4Man), 67.24
(C-4Gal), 67.84 (C-2Gal), 69.32, 69.87, 70.74 (C-2Man, C-3Man and
C-5Man), 71.73 (C-3Gal), 74.90 (C-5Gal), 81.90 (C-1Man), 83.76 (C-
1Gal), 169.50, 169.67, 169.82, 170.07, 170.26, 170.47, 170.7
(8 � CO); 1J a-Man(C-1,H-1) 171.9 Hz; HRMS (ESI) calcd for
C28H42O18NS [M+NH4]+ 712.2117. Found 712.2119.

1.2.12. 2,3,4-Tri-O-acetyl-a-L-fucopyranosyl 2,3,4,6-O-acetyl-1-
thio-b-D-galactopyranoside (4f)

Amorphous solid, lyophilised from water: Rf 0.67 (1:2 petro-
leum ether–EtOAc); ½a�20

D � 158.0 ± 1.0 (c 0.21, CHCl3); 1H NMR
(600 MHz, CDCl3): d 1.17 (d, 3H, 3J 6.5 Hz, CH3), 1.97, 1.97, 2.04,
2.05, 2.06, 2.14, 2.16 (7s, 21H, 7OAc), 3.89 (ddd, 1H, J4,5 1.0 Hz,
J5,6a 6.5 Hz, J5,6b 6.7 Hz, H-5Gal), 4.06 (dd, 1H, J5,6a 6.5 Hz, J6a,6b

11.3 Hz, H-6aGal), 4.13 (dd, 1H, J5,6b 6.7 Hz, J6a,6b 11.3 Hz, H-6bGal),
4.33–4.35 (m, 1H, H-5Fuc), 4.63 (d, 1H, J1,2 10.2 Hz, H-1Gal), 5.01
(dd, 1H, J3,4 3.4 Hz, J2,3 9.9 Hz, H-3Gal), 5.11 (dd, 1H, J3,4 3.3 Hz, J2,3

10.9 Hz, H-3Fuc), 5.26 (dd, 1H, J1,2 10.2 Hz, J2,3 9.9 Hz, H-2Gal), 5.29
(d, 1H, J3,4 3.3 Hz, H-4Fuc), 5.34 (dd, 1H, J1,2 5.7 Hz, J2,3 10.9 Hz, H-
2Fuc), 5.40 (dd, 1H, J4,5 1.0 Hz, J3,4 3.4 Hz, H-4Gal), 5.86 (d, 1H, J1,2

5.7 Hz, H-1Fuc); 13C NMR (150.9 MHz, CDCl3) d 16.02 (C-6Fuc),
20.66, 20.70, 20.75, 20.78, 20.84, 20.90 (7 � OCH3), 61.35 (C-6Gal),
65.66 (C-5Fuc), 67.06, 67.27, 67.34 (C-2Gal, C-2Fuc and C-4Gal),
68.66 (C-3Fuc), 70.64 (C-4Fuc), 72.04 (C-3Gal), 74.67 (C-5Gal), 80.34
(C-1Fuc), 81.23 (C-1Gal), 169.42, 170.03, 170.05, 170.17, 170.36,
170.60 (7 � CO); 1J a-Fuc(C-1,H-1) 173.6 Hz; HRMS (ESI) calcd for
C26H40O16NS [M+NH4]+ 654.2064. Found 654.2071.

1.2.13. 2,3,4-Tri-O-acetyl-a-L-fucopyranosyl 2,3,4,6-O-acetyl-1-
thio-b-D-glucopyranoside (4g)

Clear oil, becomes amorphous solid on standing: Rf 0.20 (1:1
petroleum ether–EtOAc); ½a�20

D � 158.2 ± 1.0 (c 2.12, CHCl3); 1H
NMR (600 MHz, CDCl3): d 1.17 (d, 3H, 3J 6.6 Hz, CH3), 1.97, 2.00,
2.01, 2.05, 2.06, 2.08, 2.17 (7s, 21H, 7OAc), 3.66 (m, 1H, H-1Glc),
4.03 (dd, 1H, J5,6a 2.4 Hz, J6a,6b 12.6 Hz, H-6aGlc), 4.28 (dd, 1H, J5,6b

5.4 Hz, J6a,6b 12.6 Hz, H-6bGlc), 4.33 (q, 1H, J5,6 6.6 Hz, H-5Fuc),
4.65 (d, 1H, J1,2 10.8 Hz, H-1Glc), 5.03–5.11 (m, 3H, H-2Glc, H-4Glc,
H-3Fuc), 5.21 (t, 1H, J2,3=3,4 9.0 Hz, H-3Glc), 5.29 (d, 1H, J3,4 1.8 Hz,
H-4Fuc), 5.33 (dd, 1H, J1,2 5.7 Hz, J2,3 10.8 Hz, H-2Fuc), 5.87 (d, 1H,
J1,2 5.7 Hz, H-1Fuc); 13C NMR (150.9 MHz, CDCl3): d 15.53 (C-6Fuc),
20.20, 20.24, 20.28, 20.31, 20.36, 20.40 (7C, OCH3), 61.80 (C-6Glc),
65.55 (C-5Fuc), 66.80 (C-2Fuc), 68.04, 68.44, 69.92 (C-2Glc, C-3Fuc,
C-4Glc), 70.42 (C-4Fuc), 73.84 (C-3Glc), 75.94 (C-5Glc), 80.20 (C-
1Fuc), 80.54 (C-1Glc), 169.71, 169.91, 170.46, 170.78, 170.99,
171.23 (7C, CO); HRMS (ESI) calcd for C26H36O16S [M+NH4]+

654.2062. Found 654.2065.

1.2.14. 2,3,4-Tri-O-acetyl-a-L-rhamnopyranosyl 2,3,4,6-tetra-O-
acetyl-1-thio-b-D-glucopyranoside (4h)

Amorphous solid, lyophilised from water: Rf 0.48 (1:2 petro-
leum ether–EtOAc) ; ½a�20

D � 101.0 ± 1.0 (c 0.63, CHCl3); 1H NMR
(600 MHz, CDCl3): d 1.24 (d, 3H, 3J 6.1 Hz, CH3), 1.96, 2.00, 2.00,
2.04, 2.06, 2.07, 2.14 (7s, 21H, 7OAc), 3.66–3.69 (m, 1H, H-5Glc),
4.04–4.07 (m, 1H, H-5Rha), 4.11 (dd, 1H, J5,6a 2.2 Hz, J6a,6b 12.3 Hz,
H-6aGlc), 4.25 (dd, 1H, J5,6b 4.5 Hz, J6a,6b 12.3 Hz, H-6bGlc), 4.69 (d,
1H, J1,2 9.9 Hz, H-1Glc), 5.05 (dd, 1H, J1,2 9.9 Hz, J2,3 9.9 Hz, H-2Glc),
5.07–5.15 (m, 3H, H-3Rha, H-4Rha, and H-4Glc), 5.22 (dd, 1H, J2,3

9.9 Hz, J3,4 9.3 Hz, H-3Glc), 5.35 (dd, 1H, J1,2 1.5 Hz, J2,3 3.3 Hz, H-
2Rha), 5.43 (dd, 1H, J1,2 1.5 Hz, H-1Rha); 13C NMR (150.9 MHz, CDCl3)
d 17.42 (C-6Rha), 20.64, 20.68, 20.69, 20.73, 20.79, 20.85, 20.95
(7 � OCH3), 61.81 (C-6Glc), 68.01 (C-4Glc), 68.09 (C-5Rha), 69.19 (C-
3Rha), 70.06 (C-2Glc), 70.87 (C-2Rha), 71.02 (C-4Rha), 73.96 (C-3Glc),
76.05 (C-5Glc), 80.07 (C-1Rha), 81.29 (C-1Glc), 169.28, 169.45,
169.89, 169.92, 170.05, 170.41, 170.90 (7 � CO); 1J a-Rha(C-1,H-1)

171.9 Hz; HRMS (ESI) calcd for C26H40O16NS [M+NH4]+ 654.2062.
Found 654.2056.

1.2.15. 2,3,4-Tri-O-acetyl-a-L-rhamnopyranosyl 2,3,4,6-tetra-O-
acetyl-1-thio-b-D-galactopyranoside (4i)

Clear oil, becomes amorphous solid on standing: Rf 0.16 (1:1
petroleum ether–EtOAc); ½a�20

D � 106.3� ± 1.3� (c 0.55, CHCl3); 1H
NMR (400 MHz, CDCl3): d 1.24 (d, 3H, 3J 6.4 Hz, CH3), 1.97, 1.98,
2.03, 2.05, 2.07, 2.15, 2.16 (7s, 21H, 7OAc), 3.92 (t, 1H, J5,6 6.8 Hz,
H-5Gal), 4.05–4.18 (m, 3H, H-6Gal, H-5Rha), 4.68 (d, 1H, J1,2 10.0 Hz,
H-1Gal), 5.05 (dd, 1H, J3,4 3.2 Hz, J2,3 10.0 Hz, H-3Gal), 5.10 (t, 1H,
J3,4=4,5 10.0 Hz, H-4Rha), 5.16 (dd, 1H, J2,3 3.2 Hz, J3,4 10.4 Hz, H-
3Rha), 5.27 (t, 1H, J 10.0, H-2Gal), 5.36 (dd, 1H, J1,2 1.2 Hz, J2,3
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3.2 Hz, H-2Rha), 5.42 (d, 1H, J3,4 3.2 Hz, H-4Gal), 5.45 (br s, 1H,
H-1Rha); 13C NMR (100.6 MHz, CDCl3): d 16.95 (C-6Rha), 20.19,
20.25, 20.31, 20.34, 20.40, 20.50 (7C, OCH3), 61.05 (C-6Gal), 66.96
(C-4Gal), 67.21 (C-2Gal), 67.97 (C-5Rha), 69.02 (C-3Rha), 70.91 (2C,
C-2Rha, C-4Rha), 71.73 (C-3Gal), 74.56 (C-5Gal), 80.02 (C-1Rha), 81.75
(C-1Gal), 169.82, 170.28, 170.43, 170.59, 170.80, 170.89 (7C, CO);
1J a-Rha(C-1,H-1) 171.9 Hz; HRMS (ESI) calcd for C26H36O16S
[M+NH4]+ 654.2062. Found 654.2067.

Acknowledgments

This work was supported by EPSRC (GRM), the Association for
International Cancer Research (AJH) and Yorkshire Cancer Research
(RAF). The authors thank Andrew Healey for running low resolution
mass spectra and the EPSRC National Mass Spectrometry Service
Centre, University of Wales, Swansea, for high resolution accurate
mass measurements. Dr. Klaus Pors is thanked for useful discus-
sions. Dr. Derek Maitland is thanked for NMR technical support.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.carres.2009.03.017.

References

1. Elbein, A. D.; Pan, Y. T.; Pastuszak, I.; Carroll, D. Glycobiology 2003, 13, 17R–27R.
2. Chen, Q.; Haddad, G. G. J. Exp. Biol. 2004, 207, 3125–3129.
3. Shimakata, T.; Minatogawa, Y. Arch. Biochem. Biophys. 2000, 380, 331–338.
4. Wilson, D. M.; Putzrath, R. M.; Wilson, T. H. Biochim. Biophys. Acta 1981, 649,

377–384.
5. Jain, R. S.; Binder, R. L.; Walz, C.; Buck, C. A.; Warren, L. J. Chromatogr. 1977, 136,

141–146.
6. Pueppke, S. G.; Benny, U. K.; Hymowitz, T. Plant Sci. Lett. 1982, 26, 191–197.
7. Blancmuesser, M.; Defaye, J.; Driguez, H. Tetrahedron Lett. 1976, 4307–4310.
8. Osumi, T.; Saier, M. H. Proc. Natl. Acad. Sci. U.S.A. 1982, 79, 1457–1461.
9. Thompson, J. J. Bacteriol. 1980, 144, 683–691.
10. Bock, K.; Defaye, J.; Driguez, H.; Barguilloux, E. Eur. J. Biochem. 1983, 131, 595–
600.

11. Tsuzuki, Y.; Tanabe, K.; Akagi, M.; Tejima, S. Chem. Pharm. Bull. 1965, 38, 270–
274.

12. Stevensson, B.; Hoog, C.; Ulfstedt-Jakel, K.; Huang, Z.; Widmalm, G.; Maliniak,
A. J. Phys. Chem. B 2000, 104, 6065–6070.

13. Farnback, M.; Eriksson, L.; Widmalm, G. Acta Crystallogr. Sect. C 2000, 56, 700–
701.

14. Sakata, M.; Haga, M.; Tejima, S.; Akagi, M. Chem. Pharm. Bull. 1964, 12, 652–
656.

15. Sakata, M.; Haga, M.; Tejima, S. Carbohydr. Res. 1970, 13, 379–390.
16. Blancmuesser, M.; Defaye, J.; Driguez, H. Carbohydr. Res. 1978, 67, 305–328.
17. Harpp, D. N.; Gleason, J. G. J. Am. Chem. Soc. 1971, 93, 2437.
18. Ferrier, R. J.; Furneaux, R. H.; Tyler, P. C. Carbohydr. Res. 1977, 58, 397–404.
19. Defaye, J.; Gadelle, A.; Pedersen, C. Carbohydr. Res. 1991, 217, 51–58.
20. Tiwari, P.; Agnihotri, G.; Misra, A. K. J. Carbohydr. Chem. 2005, 24, 723–732.
21. El Ashry, E. S. H.; Awad, L. F.; Hamid, H. M. A.; Atta, A. I. J. Carbohydr. Chem.

2005, 24, 745–753.
22. Chretien, F.; Di Cesare, P.; Gross, B. J. Chem. Soc., Perkin Trans. 1 1988, 3297–

3330.
23. Bogusiak, J.; Szeja, W. Carbohydr. Res. 1985, 141, 165–167.
24. Cumpstey, I.; Salomonsson, E.; Sundin, A.; Leffler, H.; Nilsson, U. J. Chem. Eur.

J. 2008, 14, 4233–4245.
25. Fujihira, T.; Takido, T.; Seno, M. J. Mol. Catal. A 1999, 137, 65–75.
26. van Doren, H. A.; van der Geest, R.; Keuining, C. A.; Kellogg, R. M.; Wynberg, H.

Carbohydr. Res. 1989, 194, 71–77.
27. Agnihotri, G.; Tiwari, P.; Misra, A. K. Carbohydr. Res. 2005, 340, 1393–1396.
28. Dasgupta, F.; Garegg, P. J. Acta Chem. Scand. 1989, 43, 471–475.
29. Morais, G. R.; Humphrey, A. J.; Falconer, R. A. Tetrahedron 2008, 64, 7426–7431.
30. Morais, G. R.; Falconer, R. A. Tetrahedron Lett. 2007, 48, 7637–7641.
31. Ferrier, R. J.; Furneaux, R. H. Carbohydr. Res. 1976, 52, 63–68.
32. Zhang, Z. Y.; Ollmann, I. R.; Ye, X. S.; Wischnat, R.; Baasov, T.; Wong, C. H. J. Am.

Chem. Soc. 1999, 121, 734–753.
33. Galema, S. A.; Engberts, J. B. F. N.; van Doren, H. A. Carbohydr. Res. 1997, 303,

423–434.
34. Tennant-Eyles, R. J.; Davis, B. G.; Fairbanks, A. J. Tetrahedron: Asymmetry 2003,

14, 1201–1210.
35. Kajimoto, T.; Ishioka, Y.; Katoh, T.; Node, M. Bioorg. Med. Chem. Lett. 2006, 16,

5736–5739.
36. Ferrier, R. J.; Furneaux, R. H. Methods Carbohydr. Chem. 1980, 8, 251–253.
37. Wolfe, S.; Pinto, B. M.; Varma, V.; Leung, R. Y. N. Can. J. Chem. 1990, 68, 1051–

1062.
38. Bock, K.; Pedersen, C. J. Chem. Soc., Perkin Trans. 2 1974, 293–299.
39. Kartha, K. P. R.; Field, R. A. Tetrahedron 1997, 53, 11753–11766.
40. Saito, S.; Tsuchiya, T. Chem. Pharm. Bull. 1985, 33, 503–508.

http://dx.doi.org/10.1016/j.carres.2009.03.017

	A facile preparation of trehalose analogues: 1,1-thiodisaccharides
	Experimental
	General methods
	General procedure for the synthesis of thiodisaccharides
	2,3,4,6-Tetra-O-acetyl-β-d-glucopyranosyl 2,3,4,
	2,3,4,6-Tetra-O-acetyl-β-d-galactopyranosyl 2,3,
	2,3,4,6-Tetra-O-acetyl-β-d-galactopyranosyl 2,3,
	2,3,4,6-Tetra-O-acetyl-β-d-mannopyranosyl 2,3,4,
	2,3,4,6-Tetra-O-acetyl-β-d-mannopyranosyl 2,3,4,
	2,3,4-Tri-O-acetyl-β-l-fucopyranosyl 2,3,4,6-O-a
	2,3,4-Tri-O-acetyl-β-l-fucopyranosyl 2,3,4,6-O-a
	2,3,4-Tri-O-acetyl-β-l-rhamnopyranosyl 2,3,4,6-t
	2,3,4-Tri-O-acetyl-β-l-rhamnopyranosyl 2,3,4,6-t
	2,3,4,6-Tetra-O-acetyl-α-d-mannopyranosyl 2,3,4,
	2,3,4,6-Tetra-O-acetyl-α-d-mannopyranosyl 2,3,4,
	2,3,4-Tri-O-acetyl-α-l-fucopyranosyl 2,3,4,6-O-a
	2,3,4-Tri-O-acetyl-α-l-fucopyranosyl 2,3,4,6-O-a
	2,3,4-Tri-O-acetyl-α-l-rhamnopyranosyl 2,3,4,6-t
	2,3,4-Tri-O-acetyl-α-l-rhamnopyranosyl 2,3,4,6-t


	Acknowledgments
	Supplementary data
	References


