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Abstract: A direct approach to the synthesis of pseudo-sugar disaccharides employing the Diels—Alder reaction of a dienyl
glycoside ond maleic ankydride as a key step is described. Cycloadduct (2), obtainéd from diene (1), was trangformed into the
monocarba-disaccharide (11) in 26% overall yleld using a seven-step procedure.

Pseudo-sugars are compounds in which the ring oxygen of a furanoid or pyranoid sugar is replaced by a
methylene group.! Because of their structural similarity to the parent carbohydrates they have been expected to
possess interesting biological activities. Indeed, pseudo-a-D-galactopyranose—a naturally occurring pseudo-
monosaccharide—is endowed with antibiotic properties, pseudo-B-DL-glucopyranose is as sweet as D-glucose,
and pseudo-0-DL-glucopyranose is effective in inhibiting glucose stimulated release of insulin and has islet
glucokinase activity.l:2 Many synthetic routes have been developed for the synthesis of pseudo-
monosaccharides in racemic and enantiomerically pure forms.! However, less attention has been focussed on
the synthesis of monocarba-disaccharides (disaccharides containing one pseudo-sugar residue). Relatively small
numbers of this type of pseudo-oligosaccharide have been synthesised and linear strategies utilising coupling
and glycosylation reactions have usually been employed.1-3 We felt that a direct approach using the asymmetric
Diels—Alder reaction of dienyl glycosides with maleic anhydride could lead to an efficient and highly versatile
synthesis of such compounds.

Carbohydrate-based diene systems have been shown to exhibit high diastereofacial selectivity in their
reactions with cyclic dienophiles.4 The diene (1) reacted with maleic anhydride in benzene to give a 6:1 mixture
of the two cycloadducts (2) and (3). Trituration of the crude mixture with dicthyl ether afforded (2) in a 57%
yield on an ca. 50 mmol scale in this study. It was envisaged that the cycloadduct (2) would serve as a
precursor of monocarba-disaccharides. Appropriate functionalisation of the carbocyclic ring could lead w 1,1-,
1,3- and 1,4- glycosidically linked systems. This paper describes our initial efforts which were directed towards
the synthesis of a monocarba-disaccharide containing a 4-amino-2,4-dideoxy pseudo-sugar residue coupled to
glucose via a p-1,3-glucosidic linkage.
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The strategy employed would depend on the ability to chemically distinguish the two carboxyl groups of
the anhydride functionality of (2). Reduction at site (a) followed by a decarboxylative procedure with
introduction of heteroatom functionality at site (b) would give rise to a compound of type (4) with the desired

carbocyclic skeleton.

The initial pathway for these transformations is shown in Scheme 1. Acidic hydrolysis of the silyl enol
cther moiety of (2) using a catalytic amount of concentrated hydrochloric acid in chloroform gave the ketone
(5). Differentiation of the carboxyl groups of (5) was easily effected by treatment with sodium
cyanoborohydride in acetic acid to give the lactonic acid (6)° in a 70% yield after recrystallisation. Treatment of
the acid chloride derived from (6) with sodium azide in anhydrous THF gave the corresponding acyl azide (7).
Subsequent heating at reflux in benzene resulted in a Curtius rearrangement with retention of stereochemistry at

C-4 1o give the isocyanate (8) in a 98% yield.
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It was envisaged that reduction of both the isocyanate and lactone groups of (8) would give after
acetylation a protected monocarba-disaccharide. However, treatment of (8) with excess lithium aluminium
hydride in refluxing THF followed by acetylation resulted in a low mass recovery of material. An alternative
protocol involved hydrolysis of the isocyanate (8) to the amine (9). This also proved problematical and resulted
in low yiclds. The best result was obtained by treatment of (8) with an equimolar amount of triethylamine in
aqueous THF which gave the amine (9) in a 35% yield. The problem with the conversion of (8) into (9)
appeared to be competing hydrolysis of the acetate and lactone functionalities. Subsequent reduction of (9) with
lithium aluminium hydride in refluxing THF followed by acetylation afforded the monocarba-disaccharide
(10).6 Deprotection of (10) using the method of Pathak? gave the desired pseudo-disaccharide (11)8 (Scheme
2).
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iv, IRA-400 (OH) resin, MeOH.

In conclusion, we have demonstrated that the asymmetric Diels—Alder reaction using the dienyl
glucoside (1) has provided a direct and efficient route to the pseudo-sugar disaccharide (11). The availability of
a wide range of dienyl glycosides makes this methodology attractive for the synthesis of pseudo-sugar
disaccharides and further work is underway extending the procedure to the synthesis of 1,1- and 1,4-
glycosidicaily linked monocarba-disaccharides. Furthermore, there is a close similarity of the functionality and
stercochemistry of the pscudo-sugar residue of (9) to that of kedarosamine9 (2,4-dideoxy-4-dimethylamino-L-
fucopyranose), the amino sugar component of the antitumor antibiotic kedarcidin.10 Minor modification to our
synthetic route is expected to result in an asymmetric synthesis of pseudo-kedarosamine.
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