
Tetrahedron Letters 47 (2006) 8493–8497
Efficient synthesis of pyruvate ketals of carbohydratesI
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Abstract—An efficient method for the preparation of pyruvate ketals of carbohydrates has been developed using N-iodosuccinimide
or 1,3-dibromo-5,5-dimethylhydantoin as activator and methyl 2,2-di(ethylthio)propionate. The method has been applied for the
preparation of a pyruvate ketal-containing trisaccharide present in the bacterial cell-wall of Mycobacterium smegmatis.
� 2006 Published by Elsevier Ltd.
1. Introduction

Pyruvate ketals are present in many lipopolysaccharides
of bacterial origin, in capsular polysachharides,1 and
also in glycolipids isolated from fish nerve fibres.2 As a
result of the unique structural features including the
presence of a negative charge on the carboxyl functional
group and the chiral centre, pyruvate ketals influence
immunological specificity and patterns of immunologi-
cal cross reactivity and are therefore recognized as
immunodominant structural features of polysaccharides
which play an important role in cell–cell recognition
processes.3–8 It has also been proved that hexopyrano-
sides containing pyruvic acid ketals are very useful tools
for immunochemical studies of Klebsiella polysaccha-
rides.5,6 Therefore, efficient chemical syntheses of pyru-
vate ketal-containing oligosachharides are essential for
their use in immunochemical studies.

Most commonly, pyruvate ketals are present as 4,6-
ketals of hexose residues.9 However they also occur as
1,4-dioxolanes formed either from cis-axial-equato-
rial10,11 or trans-diequatorial hydroxyl groups.12 Pyru-
vate ketals can be synthesized by direct condensation
of a pyruvate ester with a diol in the presence of a Lewis
acid, but this is less preferred because of the electron-
withdrawing effect of the adjacent carboxylate
group.13–15 Therefore, several indirect methods for the
acetalization have been introduced including condensa-
tion with pyruvate derivatives16,17 or generation of the
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carboxylate group by oxidation of a suitable precur-
sor.18–21 However, these procedures are not generally
applicable due to low yields or sensitivity of glycosides
under the reaction conditions. Earlier reports of the
preparation of pyruvic ketals by the reaction between
diols and methyl pyruvate dialkyl dithioacetal,22,23 acti-
vated by methyl triflate, dimethyl(methylthio)sulfonium
trifluoromethane sulfonate (DMTST), nitroso tetrafluo-
roborate (NOBF4) or SO2Cl2-trifluoromethanesulfonic
acid are limited because the yields or the stereochemical
outcome of these reactions was not satisfactory. There-
fore, the development of a convenient and efficient
methodology for the synthesis of pyruvate ketals of
carbohydrates is desirable and herein, we report an
expedient protocol for the synthesis of pyruvate ketal
derivatives and its application for the synthesis of a
pyruvate ketal-containing trisaccharide related to the
glycolipid found in Mycobacterium smegmatis. The
N-Iodosuccinimide (NIS) and trifluoromethanesulfonic
acid combination is a well known glycosyl promoter
used as a thioglycoside activator for the preparation of
several oligosaccharides.24 We envisioned that NIS
might efficiently activate pyruvate dithioketal in the
presence of a carbohydrate diol to furnish pyruvate
ketals.

In a set of initial experiments, methyl 2,3-di-O-acetyl-a-
DD-glucopyranoside was treated with methyl 2,2-di(ethyl-
thio)propionate23 in the presence of NIS-TfOH in a
variety of solvents and reaction conditions. The use of
2.0 equiv of methyl 2,2-di(ethylthio)propionate and
3.8 equiv of NIS and 0.3 equiv of TfOH in anhydrous
acetonitrile furnished an excellent yield of the pyruvate
ketal (Scheme 1). Reduction of the proportion of
methyl 2,2-di(ethylthio)propionate and NIS produced
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Scheme 1. Synthesis of pyruvate ketals using NIS-TfOH as the
thiophilic activator.
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a sluggish reaction which did not reach completion even
after 24 h. Under similar reaction conditions, a series of
pyruvate ketal derivatives of mono-, di- and tri-saccha-
rides were synthesized (Table 1). Most of the protecting
groups and the inter-glycosidic bond remained
unaffected.

In order to develop the pyruvate ketal formation using a
cheaper thiophilic activator, a series of parallel reactions
were carried out using 1,3-dibromo-5,5-dimethylhydan-
toin (DBDH). Recently, DBDH has been found to act
Table 1. Synthesis of pyruvate ketals using DBDH or NIS-TfOH
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as thiophilic activator for converting dithioacetals to
the corresponding aldehydes as well as O,O-acetals.25

Earlier, DBDH had been used as a free radical bromi-
nating agent26 and as a source of active bromonium
ions.27 Therefore, it was reasoned that DBDH might
act as an economically convenient thiophillic activator.

Treatment of methyl 2,3-di-O-acetyl-a-DD-glucopyrano-
side with methyl 2,2-di(ethylthio)propionate in the pres-
ence of DBDH in a variety of solvents and reaction
conditions showed that the use of 2.0 equiv of methyl
2,2-di(ethylthio)propionate and 2.5 equiv of DBDH in
acetonitrile under anhydrous conditions furnished excel-
lent yields of the pyruvate ketals (Scheme 2 and Table 1).

NIS-TfOH activated formation of 4,6-O-pyruvate ketal
using methyl 2,2-di(ethylthio)propionate, is more stereo-
selective than DBDH activation, only a single isomer
(S-isomer) being formed (Table 1). The configurations
of the pyruvate ketals were confirmed by the 13C-chem-
DBDH NIS
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ical shift of the ketal methyl carbon. The 4,6-O-pyruvate
ketals of disaccharide 11 and trisaccharide 16 were
synthesized exclusively as single diastereomers applying
NIS-TfOH as promotor. However, in the case of benzyl-
ated derivatives, 2,3-di-O-benzyl-a-DD-glucopyranoside 3
and 2,3-di-O-benzyl-a-DD-galactopyranoside 7, diastereo-
meric mixtures of the pyruvate ketals were isolated. Fol-
lowing a similar reaction protocol, the 5,6-O-pyruvate
ketal of 3-O-octyl-a-DD-glucofuranoside 10 was formed
in high yield. The configuration of the ketal carbon
was assigned using 13C NMR spectroscopy by compar-
ison with those previously reported.19,28,29 For 4,6-O-(1-
carboxymethyl)ethylidene-DD-glucopyranoside deriva-
tives 2, 4, 6, 12 and 17 (Table 1, Scheme 3) the methyl
group of the pyruvate ketal appeared at 24–26 ppm
for the S-isomers and at 17–19 ppm for the R-isomers
of the ketal carbon. In the case of DD-galacto derivative
8, the methyl group showed peaks at 26 ppm, for the
major R-isomer and at 20.4 ppm for the minor S-isomer
of the ketal carbon.19,29 In the case of the five-membered
pyruvate ketal 10, there was no significant difference
between the chemical shifts of the two diastereomers,
as reported earlier.30 The significantly higher diastereo-
selectivity with NIS and TfOH can be explained by
assuming that under acidic conditions, the thermody-
namically less stable isomers rearranged to the thermo-
dynamically favoured ones which were finally isolated
as the sole or major products. In the case of 4,6-O-
ketals, the thermodynamically favoured isomers were
formed, with an axial methoxycarbonyl group (S-iso-
mers for DD-Glcp and R-isomers for DD-Galp
derivatives).15
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Scheme 2. Synthesis of pyruvate ketals using DBDH as the thiophilic
activator.
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Scheme 3. Reagents and conditions: (a) N-iodosuccinimide, TfOH, CH2Cl2–t
rt, 30 min, 95%; (c) methyl 2,2-di(ethylthio)propionate, N-iodosuccinimide, T
drops of H2O, rt, 12 h, 86%.
1.1. Typical experimental protocol for the synthesis of
pyruvate ketals using NIS-TfOH

To a solution of methyl 2,3-di-O-acetyl-a-DD-glucopyr-
anoside (1; 360 mg, 1.29 mmol) in dry acetonitrile
(10.0 mL) was added methyl 2,2-di(ethylthio)propionate
(404 mg, 1.92 mmol) and N-iodosuccinimide (1.1 g,
4.8 mmol) and the mixture was stirred at 0 �C for
10 min. To the reaction mixture, trifluoromethanesulf-
onic acid (35 lL, 0.4 mmol) was added and the reaction
mixture was stirred at 0 �C for a further 20 min. After
completion of the reaction (TLC), satd Na2S2O3 was
added, then the solvent was evaporated followed by
dilution with dichloromethane. The organic solution
was washed with satd NaHCO3 and water, dried
(Na2SO4) and concentrated under reduced pressure.
The crude product was purified over SiO2 using hex-
ane–EtOAc (5:1) to give pure pyruvate acetal 2
(322 mg, 69%).31
1.2. Typical experimental protocol for the synthesis of
pyruvate ketals using DBDH

To a solution of methyl 2,3 di-O-acetyl-a-DD-gluco-
pyranoside (1; 360 mg, 1.29 mmol) in anhydrous aceto-
nitrile (10.0 mL) was added methyl 2,2-di(ethylthio)-
propionate (540 mg, 2.58 mmol) and 1,3-dibromo-5,5-
dimethylhydantoin (DBDH, 925 mg, 3.23 mmol) and the
mixture was stirred at room temperature for 30 min.
After completion of the reaction (TLC), triethylamine
was added and the solvent was evaporated followed
by dilution with dichloromethane. The organic solution
was washed with satd Na2S2O3 and water, dried
(Na2SO4) and concentrated under reduced pressure.
The crude product was purified over SiO2 using
hexane–EtOAc (5:1) to give a diastereomeric mixture
of 2 (336 mg, 72%).

This methodology was applied to the synthesis of a
pyruvate ketal-containing trisaccharide related to the
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cell-wall glycolipid of M. smegmatis. The trisaccharide,
b-DD-Glcp-(1!6)-a-DD-Glcp-(1!1)-DD-a-Glcp is known to
have antigenicity.3–5,32,33 Furthermore, the pyruvate
ketal is supposed to provide the serological specificity
to the immunodominant oligosaccharide structure.

The synthesis of the pyruvylated trisaccharide is
presented in Scheme 3. Glycosylation of ethyl 2,3-di-
O-benzoyl-4,6-O-benzylidene-b-DD-glucopyranoside 13,
prepared from DD-glucose in five steps, with 2,3,4,6-
tetra-O-acetyl-a-DD-glucopyranosyl)-(1!1)-2,3,4-tri-O-
acetyl-a-DD-glucopyranose 14,34 prepared from a-DD-
glucopyranosyl-(1!1)-a-DD-glucopyranose (trehalose) in
three steps, using N-iodosuccinimide and trifluoro-
methanesulfonic acid gave 2,3-di-O-benzoyl-4,6-O-benz-
ylidene-b-DD-glucopyranosyl)-(1!6)-2,3,4,6-tetra-O-acet-
yl-a-DD-glucopyranosyl)-(1!1)-2,3,4-tri-O-acetyl-a-DD-
glucopyranose 15 in 73% yield.35 Removal of the benzyl-
idene acetal from 15 using perchloric acid supported
on silica gel (HClO4–SiO2) furnished 2,3-di-O-benzoyl-
b-DD-glucopyranosyl)-(1!6)-(2,3,4,6-tetra-O-acetyl-a-DD-
glucopyranosyl)-(1!1)-2,3,4-tri-O-acetyl-a-DD-gluco-
pyranose 1636 which on pyruvylation using methyl
2,2-di(ethylthio)propionate and N-iodosuccinimide in
the presence of trifluoromethane sulfonic acid gave
2,3-di-O-benzoyl-4,6-[(S)-(1-carboxymethyl)ethylidene]-
b-DD-glucopyranosyl)-(1!6)-(2,3,4,6-tetra-O-acetyl-a-DD-
glucopyranosyl)-(1!1)-2,3,4-tri-O-acetyl-a-DD-glucopyr-
anose 17.37 Signals at d 1.49 (s, 3H) for the ketal methyl
(CCH3) in the 1H NMR and at d 99.6 (CCH3) and 25.5
(CCH3) in the 13C NMR spectra of compound 17 sug-
gested the S-configuration by comparison with literature
reports. Saponification of compound 17 using sodium
methoxide gave 4,6-[(S)-(1-sodium carboxylate)ethyl-
idene]-b-DD-Glcp-(1!6)-a-DD-Glcp-(1!1)-DD-a-Glcp 18.38

In conclusion, a high yielding reaction protocol with
good stereoselectivity for the synthesis of 4,6- as well as
5,6-O-pyruvate ketals has been developed. These conve-
nient and easy to perform reaction conditions have been
applied to the synthesis of a trisaccharide pyruvate ketal
related to the cell-wall glycolipid found in M. smegmatis.
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