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Abstract

The direct oxidation of palatinose and trehalulose by hydrogen peroxide in acidic medium provided
carboxymethyl a-D-glucopyranoside (a-CMG) in moderate to fair yields in a single step. The effect of
catalytic sodium tungstate on the reaction was studied. a-CMG is a versatile synthon able to supply a
glucosyl moiety through the acylation of alcohols or amines, via the opening of the d-lactone obtained by
acetylation. © 2000 Elsevier Science Ltd. All rights reserved.
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As a part of our efforts towards the use of carbohydrates as organic raw materials,1 and in
the context of clean oxidation processes,2 we were interested in the chemistry of two reducing
disaccharides, palatinose and trehalulose, 6-a-D-glucopyranosyl-D-fructofuranose and 1-a-D-
glucopyranosyl-D-fructopyranose, respectively, both obtained in one-step from sucrose by
bioconversion.3 The oxidation of palatinose can lead to glucosyl-a-D-arabinonates by air
oxidation under basic conditions, or to more carboxylated derivatives under platinum-catalysed
oxidation conditions.4 Further oxidation could offer an access towards other interesting syn-
thons such as carboxymethyl a-D-glucopyranoside (a-CMG), for which there are no straightfor-
ward preparative methods available. This compound can be used as a reagent able to supply a
carbohydrate entity by reaction of its carboxylic function.5 On the other hand, polyhydroxycar-
boxylates derived from carbohydrates can also be seen as potential cation sequestering agents.6

Aqueous hydrogen peroxide is a very attractive system for the oxidation of organic com-
pounds taking into account that it is easy to handle, easily available, and that it generates no
by-products. In the case of carbohydrates, the outcome of hydrogen peroxide oxidation
reactions depends on the occurrence of hemiacetalic centres, the basic or acidic conditions, and
the presence of additives such as metal salts. All these aspects have been recently reviewed by

* Corresponding author. Fax: +33 (0)4 72 44 29 91; e-mail: queneau@univ-lyon1.fr

0040-4039/00/$ - see front matter © 2000 Elsevier Science Ltd. All rights reserved.
PII: S0040 -4039 (00 )01440 -4



8274

Sheldon et al.7 Some of these reactions are degradative oxidation-decarboxylation sequences
since the immediate products are also oxidisable, leading to short acids as final products.

We describe the obtention of a-CMG (2) from palatinose (1) or trehalulose (7) in one-step
using hydrogen peroxide. We also studied the effect of the presence of sodium tungstate, known
to promote the oxidative cleavage of glycols when used in combination with hydrogen peroxide,
via peroxotungstate species, in a very clean and efficient manner which was developed by
Venturello and Ricci,8 and more recently by Noyori et al. who applied it to a straightforward
synthesis of adipic acid.9 Applied to starch and maltodextrins, erythronic acid-terminated
oligoglucosides were obtained.10

The reaction of palatinose with excess hydrogen peroxide either in acidic conditions (pH 2) at
80°C or in basic conditions at room temperature provided essentially one product having a
carbohydrate skeleton, identified as carboxymethyl a-D-glucopyranoside (2, a-CMG) (Scheme
1). This compound could be isolated by silica gel chromatography, but was fully characterised
after chemical derivatisation as its methyl ester 3 upon treatment with methyl iodide in DMF
and subsequent peracetylation to the tetraacetyl derivative 4. On another hand, treatment of the
carboxylate 2 (Ac2O, py or AcONa) led to the triacetyl lactone 5 which was quantitatively
converted into the triethylammonium salt 6 (NEt3, MeOH, H2O).11,12 One-dimensional (1H and
13C) and two-dimensional NMR spectroscopic analyses of all these compounds were consistent
with the presence of the a-carboxymethyl linkage. Long distance C�H correlations (HMBC)
were observed between H-7ab and C-1 and between H-7ab and C�O. The pure triethyl
ammonium salt was used for establishing two analytical procedures necessary for the optimisa-
tion of the reaction, based on the direct assay by ion-exchange analytical chromotography
(Carbopac, Dionex) or using gas chromatography after persilylation (py-TMSCl-HMDS, 9/3/1
vol, ultrasound bath, 30 min, phenyl b-D-glucopyranoside as internal standard). All new
compounds gave satisfactory analytical data.

Scheme 1.
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The rates of formation of a-CMG and the yields depended strongly on the pH (Table 1).
Under basic conditions at room temperature (or under conditions used by Isbel et al. for the
oxidation of dissaccharides leading to similar compounds such as b-CMG or the a-galacto
derivative from melibiose and gentiobiose),13 a very slow formation of a-CMG was observed,
with yields below 15%, although palatinose was fully consumed. The same observation was
made with sodium peroxide as oxidant. In both cases, a complex mixture of products was
obtained as seen by NMR spectroscopy. However, under acidic catalysis and at higher
temperature, we could increase the yield up to 35%. Increasing the pH from 2 to 5 led to a
slower reaction and lower yields, showing that the issue was not only to prevent acidic
hydrolysis of the product. At pH 4, an interesting effect of the presence of sodium tungstate was
observed, as the yield was increased to 38% compared to 23% without tungstate (Table 1).14 This
effect might be due to the cleavage of the C-3�C-4 bond of the fructofuranose moiety, thus
pushing the reaction two steps ahead compared to the sequential degradation mechanism.
Increasing the tungstate amount did not improve the process. Under the more acidic conditions
(pH 2), which are described to be the best conditions in the Venturello–Ricci–Noyori method,
there is no advantage in using the tungstate. Decreasing the amount of hydrogen peroxide to the
stoichiometric amount necessary to oxidise only the fructose moiety of the substrate led to only
slightly lower yields of a-CMG (2) showing that the intermediate compounds are more easily
oxidised than palatinose itself. The reaction rate was increased in this case because of higher
concentrations, the reaction volume being mostly that of the hydrogen peroxide aqueous
solution. Starting from trehalulose (7), the same product was obtained in 42% yield at pH 2 and
40% at pH 4 with tungstate ions (47 and 59% based on starting material recovery, respectively),
in a slower conversion rate compared to palatinose, but with a faster a-CMG formation rate.
Even though the yields are moderate because of a slow further oxidation, a-CMG is obtained
in a very straightforward manner in comparison with the methods described in the literature
requiring several steps from glucose15 or very low yielding and not selective at the anomeric
center by direct reaction of glucose with glycolic acid.16

Table 1
Formation of a-CMG (2) by oxidation of palatinose (1) or trehalulose (7)14

Na2WO4 (equiv.) 2 (%)pHSubstrate t (h)T (°C)H2O2 (equiv.)

132 36 20 2 15
2 309.8 802 12

10 3622 19.6 80
3 3219.6 802 12

2 23148019.64
88019.6 310.2422

25 380.12 19.62 804
4 0.24 19.62 80 20 38

0.4842 35178019.6
42 (47)a87 802 19.6

47 0.24 40 (59)a19.6 80 20

a In brackets are given the yields based on starting material conversion.
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Having a-CMG in hands, acetylation easily afforded the lactone 5 (H-2 and H-7ab correlated
with C�O), as in the case of the carboxymethyl-b-lactoside.17 This lactone was used as a reagent
able to supply a carbohydrate entity, a useful process for either providing chirality, water-solu-
bility or more specific properties due to its carbohydrate nature.18 Reaction of 5 with alcohols
(e.g. allyl alcohol) or amines (e.g. hexadecylamine) under basic conditions led to the correspond-
ing ester 8 (88%) and amide 919 (76%) of 3,4,6-tri-O-acetyl-a-CMG, having a free OH-2 (Scheme
2).

Scheme 2.

In conclusion, we have shown that carboxymethyl a-D-glucoside can be obtained in one single
step in moderate yields from palatinose or trehalulose with hydrogen peroxide under acidic
conditions. The best conditions are pH 4 in the presence of catalytic amounts of sodium
tungstate (interesting in the case of substrates which would exhibit lower stability) or pH 2
without any other catalyst. The lactone obtained quantitatively by acetylation of a-CMG can be
opened by nucleophiles (alcohols, amines) to provide the corresponding glucosyloxycarbony-
lated derivatives.

The scope of the use of this lactone as an acylating agent able to supply a carbohydrate
moiety with respect to other alcohols and amines is currently in progress in our laboratory.
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H.; Puke, H.; Kunz, M. Zuckerindustrie 1990, 115, 174–181.



8277

5. Bandai, T.; Okumoto, H.; Hara, K.; Mikuni, K.; Hara, K.; Hamada, H. JP 09227584 (Chem. Abstr. 1997, 127,
248356).

6. Besemer, A. C.; van Bekkum, H. In Carbohydrates as Organic Raw Materials III ; van Bekkum, H.; Röper, H.;
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