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Abstract
A detailed study of the access to carboxylmethyl tri-O-acetyl-a-D-glucopyranoside 2-O-lactone from isomaltulose was per-
formed. Side products can arise from incomplete oxidation of isomaltulose by hydrogen peroxide, acidic hydrolysis, or opening
of the lactone during the acylation step. Based on these observations, the optimum conditions for the preparation of this interesting
synthon, as well as of its benzylated and pivaloylated analogues, was determined. Also, the use of the hydrogenated analogue of
isomaltulose, isomalt�, as the starting material was studied. In this case, during the oxidation step, the catalysis by sodium tungstate
proved to be indispensable to form carboxymethyl glucoside, unlike for isomaltulose. Although giving low yields, this reaction is
very direct and was performed using cheap and simple procedures from a readily available substrate. To cite this article: R. Pierre
et al., C. R. Chimie 11 (2008).
� 2007 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
Résumé
L’étude détaillée de l’accès à la tri-O-acetyl-a-D-glucopyranoside 2-O-lactone à partir d’isomaltulose a été réalisée. Les produits
secondaires peuvent provenir de l’oxidation incomplète de l’isomaltulose par le peroxyde d’hydrogène, de l’hydrolyse acide, ou de
l’ouverture de la lactone au cours de l’étape d’acylation. En se basant sur ces observations, des conditions optimisées pour la syn-
thèse de cet intéressant synthon ont été déterminées, ainsi que pour la synthèse de ses analogues benzoylés et pivaloylés. Par
ailleurs, l’utilisation comme substrat de l’analogue hydrogéné de l’isomaltulose, l’isomalt�, a été étudiée. Dans ce cas, lors de
l’étape d’oxydation, la catalyse par le tungstate de sodium s’est révélée indispensable pour former le carboxyméthyl glucoside,
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contrairement au cas de l’isomaltulose. Bien que les rendements restent modestes, cette séquence est extrêmement directe, et est
réalisée à partir de substrats très disponibles. Pour citer cet article : R. Pierre et al., C. R. Chimie 11 (2008).
� 2007 Académie des sciences. Published by Elsevier Masson SAS. All rights reserved.
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1. Introduction

In the search for rapid conversion of carbohydrates
into useful synthons, our group has been interested in
the chemistry of palatinose, a disaccharide which is
cheap, readily available and produced by bioconversion
on an industrial scale from sucrose. In particular, we
have shown that the hydrogen peroxide oxidation of iso-
maltulose offers a convenient access to carboxymethyl
a-D-glucopyranoside (a-CMG) [1], an interesting syn-
thon for coupling a carbohydrate moiety onto various
chemical architectures [2e7]. Also, we found that the
treatment of a-CMG with acetic anhydride provided
the corresponding 3,4,6-tri-O-acetyl-a-D-glucopyrano-
side 2-O-lactone (a-CMGL), which has been shown
to serve as an interesting electrophilic species for the
synthesis of pseudoglycoconjugates. For example,
opening of the lactone ring of CMGL by various amines
allowed one to prepare glycocaminoacid hybrids [8],
pseudodissacharides [9] and pseudoglucolipids [10].
Besides the simplicity of the reaction, a simple addition
which does not require any activating reagent, the gly-
coconjugate-amides display a free OH function at the
2 position of the glucose moiety, which can be used
for further substitution.

The synthetic interest of such bicyclic lactones has
led us to work in two directions, one dealing with the
preparation of analogous compounds based on other
carbohydrate backbones, and the other, being described
here, dealing with the use of either isomaltulose or its
hydrogenated analogue, isomalt�, as starting materials,
the possible side products observed when the oxidation
step is either incomplete or excessive, the formation of
the lactone and the by-products observed depending on
the conditions, the stability of the lactone, and finally
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Scheme 1. Reagents and conditions: (i) H2O2, W2O4, H
the synthesis of lactones having different ester protect-
ing groups to the acetyl ones.

2. Results and discussion

Previous studies on palatinose (1) and trehalulose [1]
have shown that oxidation gave the best results in acidic
conditions using hydrogen peroxide and catalytic
amounts of sodium tungstate following a modified ver-
sion of the VenturelloeRiccieNoyori method [11]. Re-
action was performed at 80 �C for 25 h and in the case
of palatinose, even if the a-inter-glycosidic linkage is
not very prone to cleavage under acidic conditions,
the reaction mixture was still maintained at pH 4 to
give fair yields of a-CMG (2). The reaction was fol-
lowed by HPLC and the maximum yield observed
was 38% [1]. When the mixture obtained containing
the intermediate 2 was acetylated using pyridine and
acetic anhydride, compound 3 was obtained in 29%
overall yield from 1 (Scheme 1).

Our initial goal for this study was directed towards
a better understanding of the oxidation step of this
two-step transformation by analysis of the side products
formed. Nevertheless, compounds were identified after
acetylation and a selection of the results is summarized
in Table 1.

The pH of the reaction mixture was monitored and it
was found that when the mixture containing palatinose
(1), phosphoric acid, sodium tungstate and hydrogen
peroxide was placed at 90�C, the pH, initially placed
at 4, decreased rapidly during the course of the reaction.
Thus, over the first 5 h, pH needed to be adjusted fre-
quently (every 15 min) by addition of small portions
of a molar solution of sodium hydroxide. After 5 h the
pH levelled off and the reaction was continued for the
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Table 1

Selected results obtained using different reaction conditions

Entries/Starting

compounds

Oxidation Acetylation Obtained compounds

pH T (�C) NaWO4 Reaction

times (h)

Quenching

reagents

Solvents Reaction

times (h)

3 (%) 4 (%) 5 (%)

1/1 4 90 Yes 16 Na2SO3 Pyridine 48 23 þ n.d.

2/1 2 80 No 14 Na2SO3 Pyridine 72 12 8 3

3/1 2 80 No 22 MnO2 Pyridine 12 8 10 n.d

4/1 4 90 Yes 48 MnO2 DMF/Et3N 15 23 þ n.d.

5/11 4 90 Yes 100 MnO2 Pyridine 48 12 2 þ
6/11 2 90 Yes 20 MnO2 Pyridine 48 16 n.d. n.d.

7/11 2 90 No e e e e e e e

þ: Trace amounts of the compound were detected by TLC.
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next 20 h. An analysis of the main side products ob-
served after acetylation showed that a a/b mixture of
peracetylated glucose (4) was found when the pH was
not carefully controlled (Scheme 2). When the reaction
was indeed performed at pH 2, up to 8% yield of perace-
tylated glucose could be isolated and the CMGL (3)
yield decreased to 12% showing poor stability of the gly-
cosidic linkage at pH lower than pH 4 (Table 1, entry 2).

Control of the temperature proved to be a very im-
portant factor for improving the yield of CMGL, since
when the reaction was conducted at 80 �C (Table 1, en-
tries 2 and 3) another side product (5) was isolated and
characterised. This compound is the result of an incom-
plete oxidation of the furanose ring of palatinose, which
could give compound 5 after acetylation (Scheme 2).
Interestingly, only trace amounts of this compound
could be identified by TLC when the reaction was
performed at 90 �C (Table 1, entry 1), showing that tem-
perature is critical for obtaining a more complete oxida-
tion of the fructose moiety in those conditions.

The large excess of hydrogen peroxide needed to be
quenched prior to the acetylating step using either man-
ganese dioxide or sodium sulfite. The use of catalytic
amounts of MnO2 allowed the dismutation of H2O2,
reducing the quantity of salts obtained at the end of the
process. Thus, it should be considered as a good method
for obtaining the CMG (2). However, it turned out to give
a glassy residue after evaporation, which was found to be
a problem for the following acetylation step, since it was
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Scheme 2
very difficult to dissolve in a pyridine/acetic anhydride
mixture. Despite the large quantities of salt obtained after
evaporation, the use of sodium sulfite proved to be a more
convenient way for the synthesis of CMGL (3).

According to the TLC analysis, the oxidative step
giving access to CMG (2) was very reproducible, but
the yields obtained of CMGL (3) were more sensitive
to other parameters; hence we focused on the acetyla-
tion conditions and the stability of 3, which could
explain the observed variations in yields. After oxida-
tion, quenching of H2O2 and neutralisation, the initial
workup involved a dilution with water and the diluted
solution was freeze-dried to give a white powder which
was subjected to acetylation [8]. In order to develop a
robust and straightforward access to CMGL, we devel-
oped a direct protocol which did not involve the use of
a freeze-drying step. Instead, after oxidation the ob-
tained solution was directly evaporated and the residue
was subjected to two different acetylating systems: ace-
tic anhydride/pyridine or acetic anhydride/DMF/Et3N
(Table 1, entries 1 and 5). Both conditions gave similar
results in terms of yields and in both cases side products
arising from the competitive opening of the lactone by
traces of water were observed and identified as com-
pounds 6 and 7. Hydrolysis of lactone 3 to give com-
pound 6 was followed by NMR in a THF-d8/D2O
mixture and was found to be complete after 4 weeks
(Fig. 1). NMR experiments did not show any additional
peaks to those expected for compound 6.
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(a) 1 day, (b) 1 week, (c) 3 weeks, (d) 4 weeks.
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Fig. 1. 1H NMR spectra of the hydrolysis of lactone 3 in THF-d8/D2O. (a) 1 day, (b) 1 week, (c) 3 weeks, (d) 4 weeks.
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Strict anhydrous conditions are therefore required in
order to minimize the amount of side products formed
during the acetylation step. Thus, the residue was
placed under reduced pressure in a desiccator over
P2O5 for 15 h to give access to a white solid on which
the acetylation was then achieved.

Another side product, compound 7, was observed
and its formation is explained by the acetylation of po-
sition 2 that has made impossible the lactone ring for-
mation. It was shown that when compound 6 was
indeed placed in an acetic anhydride/pyridine, lactone
3 was formed in quantitative yield, whereas when
a small quantity of water was added (pyridine/Ac2O/
H2O 50/10/1), CMGL (3) and compound 7 were ob-
tained with, respectively, 58% and 23% yields.

Hydrolysis of lactone 3 to give 6 was also observed
during the purification on silica gel column chromatog-
raphy and was even faster when a small quantity of
Et3N was added to the eluent mixture. Thus, after acet-
ylation, the residue was washed with an ammonium
chloride solution and carefully dried over sodium sul-
fate before being subjected to silica gel column chroma-
tography. The obtained yellow oil was then precipitated
to give 3 as a white solid which could be stored at 4 �C
for several months.

For stability reasons and for widening the chemistry
potentialities of a-D-glucopyranoside 2-O-lactone, sim-
ilar structures bearing other protecting groups were syn-
thesised by treatment of compound 2 with chloroacetyl
chloride, pivaloyl anhydride or benzoyl chloride to give
access to, respectively, 8 [2], 9 and 10 (Scheme 3).

We also considered the use of isomalt� (11) as start-
ing material (Scheme 3). Unlike what was observed for
isomaltulose [1], no CMG (2) was detected by TLC
when the reaction was carried out in the absence of so-
dium tungstate (Table 1, entry 7). Placed in the same
condition used in the case of isomaltulose (pH 4,
90 �C), the reaction turned out to be very slow since it
required 100 h and addition of 24 more equivalents of
H2O2 to observe the complete disappearance of the
starting material (Table 1, entry 5). Reaction was thus
achieved at pH 2, giving access after 20 h at 90 �C to
CMGL (3) with 16% yield (Table 1, entry 6).

In conclusion, this detailed study on the oxidative
degradation of two different disaccharides followed
by a direct acetylation has highlighted some key points
of the sequence leading to carboxymethyl glucoside
lactones. Even though the yields remain modest, these
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synthons are obtained through a straightforward and
reliable process, which is competitive compared to
multistep processes involving KoenigseKnorr-type
reactions.
3. Experimental part

All chemicals were purchased from Aldrich. Organic
solutions were dried over anhydrous sodium sulfate.
The reactions were monitored by thin-layer chromatog-
raphy on silica gel 60 F254 (Merck); detection was car-
ried out by charring with a 5% H2SO4 solution in
ethanol. Silica gel (Kieselgel 60, 70e230 mesh
ASTM, Merck) was used for flash chromatography.
NMR spectra were recorded with a Bruker ALS300,
DRX300 or DRX500 spectrometer in CDCl3. The sig-
nal of the residual protonated solvent was taken as ref-
erence. Chemical shift (d) and coupling constants (J)
are reported in ppm and Hz, respectively. Optical
rotations were measured with a PerkinElmer 241
polarimeter for solutions in CH2Cl2 at room tempera-
ture. Elemental analyses were performed by ‘Service
central de microanalyses du CNRS’, 69360 Solaize
(France).

3.1. Synthesis of compounds 3, 5 and 6

3.1.1. Typical procedure for the synthesis of
compound 3 (see Table 1 for variations in the
conditions)

In a 500-mL three-necked flask equipped with a mag-
netic stirring bar, a reflux condenser and a pH meter
probe, was placed a mixture of isomaltulose (1, 10 g,
29.2 mmol) in a (30% w/w) aqueous hydrogen peroxide
solution (60 mL, 572 mmol). Sodium tungstate (2.32 g,
7.1 mmol) and 85% phosphoric acid (0.24 mL,
3.5 mmol) were added and the solution was adjusted
to pH 4 using sodium hydroxide (1 M) before being
placed at 90 �C. The pH was carefully adjusted every
15 min for the first 5 h and the mixture was stirred at
90 �C for 20 h. The solution was cooled to room tem-
perature and potassium iodide (20 mg) was added to
follow the quenching of the hydrogen peroxide excess.
The medium was adjusted and maintained to pH 8 with
sodium hydroxide (1 M), while an aqueous solution of
sodium sulfite (10% w/v) was added until complete dis-
appearance of the brown color. Solvents were evapo-
rated under reduced pressure and the residue was
placed in a desiccator over P2O5 for 15 h. The obtained
yellow solid was then placed at r.t. in anhydrous pyri-
dine (100 mL), acetic anhydride (75 mL) was added
and the mixture was stirred for 24 h. Solvents were
then removed under reduced pressure and the oily resi-
due was taken up in CH2Cl2 (200 mL) and washed using
an aqueous NH4Cl solution (10% w/v, 100 mL). The
aqueous phase was extracted with CH2Cl2, the organic
layers were combined, dried over Na2SO4, filtered and
concentrated under reduced pressure. The residue was
purified by column chromatography using a pentane/
EtOAc (1/1) and the obtained yellow syrup was dis-
solved in CH2Cl2 (3 mL) and Et2O (60 mL), under stir-
ring; pentane (150 mL) was slowly added and, after
filtration, 3 was obtained as a white solid (2.33 g,
6.7 mmol, 23%).

3.1.2. Compound 5
Compound 5, a white solid, was isolated by column

chromatography during the purification of compound 3.
1H NMR (500 MHz, CDCl3): d 1.97 (s, 3H), 2.01 (s,
3H), 2.03 (s, 3H), 2.06 (s, 3H), 2.12 (s, 3H), 2.19 (s,
3H), 3.76 (dd, 1H, J¼ 11.5, J¼ 2.7 Hz), 4.02 (dd,
1H, J¼ 11.5, J¼ 3.9 Hz), 4.05e4.14 (m, 2H), 4.25
(dd, 1H, J¼ 12.3, J¼ 4.2 Hz), 4.49 (ddd, 1H, J¼ 6.3,
J¼ 3.9, J¼ 2.7 Hz), 4.87 (dd, 1H, J¼ 10, J¼ 3.8 Hz),
5.05 (t, 1H, J¼ 9.8 Hz), 5.10 (d, 1H, J¼ 3.8 Hz),
5.42 (t, 1H, J¼ 10 Hz), 5.46 (t, 1H, J¼ 6.3 Hz), 5.65
(d, 1H, J¼ 6.3 Hz); 13C NMR (125 MHz, CDCl3):
20.4, 20.6, 20.7, 20.8, 20.8, 20.8, 61.7, 67.0, 67.7,
68.4, 70.1, 70.5, 72.0, 73.2, 79.0, 96.5, 168.6,
169.7, 169.8, 170.1, 170.2, 170.5, 170.8; [a]D

20 þ94
(c 1.0, CH2Cl2); HRMS (LSIMS) calcd for [MþH]þ

563.1612, found 563.1614; Anal. calcd for C14H18O10:
C, 49.11; H, 5.38. Found: C, 49.06; H, 5.51.

3.1.3. Compound 6
Compound 6 was identified when lactone 3 was

treated with a THF-d8/D2O mixture as shown in
Fig. 1. 1H NMR (500 MHz, THF-d8/D2O): d 2.06 (s,
3H), 2.09 (s, 6H), 3.80 (dd, 1H), 4.10 (m, 1H), 4.21
(m, 1H), 4.27e4.35 (m, 3H), 4.96 (t, 1H, J¼ 9.8 Hz),
5.04 (d, 1H, J¼ 3.0 Hz), 5.30 (t, 1H, J¼ 9.6 Hz); 13C
NMR (125 MHz, THF-d8/D2O): 20.5, 21.5, 21.7,
63.5, 66.9, 69.2, 70.1, 70.9, 74.6, 100.5, 173.4, 174.3,
174.3, 174.4, HRMS (LSIMS) calcd for [MþNa]þ

387.0903, found 387.0905.

3.2. Synthesis of compounds 9 and 10

3.2.1. Compound 9
A solution of triethylammonium salt of CMG (2,

352 mg, 1 mmol) in anhydrous pyridine (20 mL) was
placed at 0 �C. Benzoyl chloride (2.6 mL, 22.4 mmol)
was added and the mixture was stirred for 3 days at
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room temperature. Solvents were evaporated under re-
duced pressure and coevaporated with toluene. The ob-
tained residue was dissolved in CH2Cl2 and washed
with a diluted solution of sodium hydrogenocarbonate.
The organic phase was washed with brine and dried
over sodium sulfate. The solvent was evaporated under
reduced pressure and the obtained residue was chroma-
tographed on silica gel using an hexane/ethyl acetate
mixture (1:1) to give compound 9 as a white solid
(160 mg, 30%). 1H NMR (300 MHz, CDCl3): d 4.45
(dd, 1H, J¼ 12.9, J¼ 6.1 Hz), 4.55e4.70 (m, 4H),
4.77 (d, 1H, J¼ 18 Hz), 5.45 (d, 1H, J¼ 2.9 Hz), 5.62
(t, 1H, J¼ 9.6 Hz), 6.06 (t, 1H, J¼ 9.5 Hz), 7.3e7.6
(m, 9H), 7.8e8.1 (m, 6H); 13C NMR (125 MHz,
CDCl3): 62.1, 64.4, 67.7, 70.5, 71.8, 76.2, 91.1, 163.4,
165.0, 165.6, 165.9; [a]D

20 þ87 (c 1.0, CH2Cl2); Anal.
calcd for C14H18O10: C, 65.41; H, 4.54. Found: C,
65.24; H, 4.54.

3.2.2. Compound 10
A solution of triethylammonium salt of CMG (2, 1 g,

2.9 mmol) in anhydrous pyridine (30 mL) was placed at
0 �C. pivaloyl anhydride (60 mL) and DMAP (200 mg,
1.63 mmol) were added. The reaction mixture was
stirred for 3 days at room temperature. Solvents were
evaporated under reduced pressure and the obtained res-
idue was chromatographed on silica gel using an
CH2Cl2/acetone mixture (49:1) to give compound 10
as a white solid (873 mg, 63%). 1H NMR (300 MHz,
CDCl3): d 1.14 (s, 3H), 1.18 (s, 3H), 1.20 (s, 3H),
4.09e4.20 (m, 2H), 4.24e4.31 (m 1H), 4.40 (dd, 1H,
J¼ 9.4, J¼ 3.0 Hz), 4.49 (d, 1H, J¼ 17.9 Hz), 4.68
(d, 1H, J¼ 17.9 Hz), 5.11 (t, 1H, J¼ 9.8 Hz), 5.32 (d,
1H, J¼ 3.0 Hz), 5.60 (t, 1H, J¼ 9.8 Hz); 13C NMR
(75 MHz, CDCl3): 27.6, 27.7, 27.7, 39.4, 39.5, 39.5,
61.8, 65.0, 66.9, 71.3, 77.0, 91.7, 164.1, 177.1, 178.0,
178.3; [a]D

20 þ101 (c 1.0, CH2Cl2); Anal. calcd for
C14H18O10: C, 58.5, H, 7.7. Found: C, 58.1; H, 7.8.
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