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Abstract

It is confirmed that tri-O-acetyl-D-glucal with thiophenol in the presence of BF3�OEt2 as catalyst gives
the allylically rearrangedS-phenyl 4,6-di-O-acetyl-2,3-dideoxy-1-thio-�- and�-D-erythro-hex-2-enopyranosides
as the main products, and now demonstrated that the presence of catalytic proportions of water diverts the
reaction in favour of the isomericS-phenyl 4,6-di-O-acetyl-2-deoxy-3-phenylthio-1-thio-D-arabino- and -D-ribo-
hexopyranosides. It is proposed that these products are formed from an intermediate enal. © 2000 Elsevier Science
Ltd. All rights reserved.

O-Acylated glycals, such as tri-O-acetyl-D-glucal 1, as vinyl ethers, readily undergo direct addition
reactions with nucleophilic species (Z) in the presence of protonic acids to give 2-deoxyglycosyl
compounds2, whereas Lewis acids (BF3 being most commonly used) usually promote substitution at the
anomeric centre with allylic rearrangement to afford 2,3-unsaturated glycosyl derivatives31,2 (Scheme
1), both types of process having usefulness for the synthesis of glycosidic products of various kinds.

There are, however, exceptions to both these generalisations. For example, several instances have been
recorded of 2,3-unsaturated nucleoside analogues (3, Z=heterocyclic base) having been formed from
glycal esters and purine and pyrimidine bases under the influence of strong protonic acids,3 and 2,3-
unsaturated glycosyl fluorides have been made by the use of hydrogen fluoride.4 On the other hand, there
are cases in which saturated 2-deoxy-adducts are the main products of reactions catalysed by Lewis acids
(as indicated in Scheme 1). We here call attention to several examples of such adducts4 that have the
nucleophilic species as substituents at C-3 as well as C-1, and present evidence pertinent to their mode
of formation:
– While reactions of 3,4-di-O-benzoyl-D-arabinal and -D-xylal in dichloromethane with 3–4 mol equiv.

of methanol and in the presence of BF3�Et2O give, initially, the 2,3-unsaturated methyl glycosides,
these products are finally replaced by methyl 4-O-benzoyl-2-deoxy-3-O-methyl-�- and�-D-erythro-
andthreo-pentopyranosides.5
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Scheme 1. Reagents: (i) H+, :Z; (ii) Lewis acid, :Z

– Although the reaction of tri-O-acetyl-D-glucal1 in benzene with thiophenol and added BF3�Et2O has
been shown unequivocally to give a mixture of the 2,3-unsaturatedS-phenyl 1-thioglycosides5 with
minor amounts of the 3-phenylthio-D-allal isomer6 (Scheme 2),6 one report suggested thatS-phenyl
2-deoxy-3-phenylthio-1-thio-glycosides7 are the products of this reaction.7

Scheme 2. Reagents: (i) PhSH, BF3�Et2O; (ii) PhSH, BF3�Et2O, H2O (catalytic)

– Di-O-acetyl-L-rhamnal with benzyl alcohol in benzene, again with BF3�Et2O, shows mixed products,
the major being the rearranged 2,3-unsaturated glycosides (88% after saponification), but 11% (after
saponification) of 1,3-di-O-benzyl-2-deoxy adducts are also formed.8

– The 3,4-di-O-acetate of the glycal derived from methyl glucuronate in reactions separately with ethyl
glycolate, methyl lactate and ethyl 3-hydroxybutanoate in CH2Cl2, also with BF3�Et2O as catalyst,
affords the saturated products shown in Scheme 3 in 75, 50 and 30% yields, respectively.9

Scheme 3. Reagents: (i) BF3�Et2O, ROH. R=EtO2CCH2-, MeO2CCH(CH3)-, EtO2CCH2CH(CH3)-

While some authors5,8 have suggested that the 1,3-disubstituted adducts arise by additions to first-
formed 2,3-unsaturated compounds we are impressed by the consistent 1,3-pattern of disubstitution and
favour an alternative pathway which involves 2,3-unsaturated aldehydes, e.g.8, as exemplified in Scheme
4. That is, the presence of water is deemed to lead to the anomalous addition processes, and importantly,
as indicated in Scheme 4, the water can function catalytically.
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Scheme 4.

To test this hypothesis and to examine the inconsistencies reported for the reaction of tri-O-acetyl-D-
glucal 1 and thiophenol (Scheme 26,7), the former (0.80 mmol) and the latter (1.75 mmol) in benzene
(2.5 mL) containing BF3�Et2O (0.40 mmol) were kept in the dark at room temperature for 15 min. A
sample was withdrawn and the catalyst was neutralised. Examination by1H and13C NMR spectroscopy
showed complete conversion to the 2,3-unsaturated thioglycosides5 and a small proportion of the 3-S-
phenylthio-D-allal isomer6, as expected.6 No further change occurred to the bulk solution on standing at
room temperature in the dark for 72 h (NMR data). In a parallel experiment, identical except that water
(0.28 mmol, 0.35 mol equiv.) was added after 5 min, none of the unsaturated first products remained
after 72 h; rather,S-phenyl 4,6-di-O-acetyl-2-deoxy-3-phenylthio-1-thio-�- and�-D-ribo-, and�- and
�-D-arabino-hexopyranosides7 were present as the only products in the approximate ratios 3:5:5:1.

From a preparative experiment (tri-O-acetyl-D-glucal, 6.4 mmol) conducted with 4 mol% of water and
at reflux temperature for 10 min under bright light [used with the intention of generating the (E)-isomer
of enal810 and thereby favouring Michael-like addition, but discovered not to be necessary] the�- and
�-ribo- and the�-arabino-products were isolated pure, and the�-arabino-isomer as the main component
of a mixed fraction (Tables 1 and 2).11 The total isolated yield was 83%.

Table 1
1H NMR parameters for the ring protons of theS-phenyl 4,6-di-O-acetyl-2-deoxy-3-phenylthio-1-

thio-D-hexopyranosides7
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Table 2
13C NMR chemical shifts (�) for the S-phenyl 4,6-di-O-acetyl-2-deoxy-3-phenylthio-1-thio-D-

hexopyranosides7

Of relevance to these observations are the findings that the formally prepared enal8 readily adds
thioacetic acid to give the 3-acetylthio-2-deoxy free sugar,12 that 1,3-dibromo-2-deoxy compounds
have been identified as reaction products of tri-O-acetyl-D-glucal and HBr,13 and that the relevant enal
has been invoked as intermediate in the reaction of 4,6-O-benzylidene-2,3-dideoxy-D-erythro-hex-2-
enose with methoxide ion, which affords 4,6-O-benzylidene-2-deoxy-3-O-methyl-D-arabino- and D-
ribo-hexopyranoses.14

It is concluded that adventitious water may be held responsible for at least some of the anomalous
addition reactions referred to above, but in the case of the reactions of the uronic acid-based glycal
with methyl lactate and ethyl 3-hydroxybutanoate, which gave 50 and 30% of 1,3-disubstituted 2-deoxy
adducts (Scheme 3), water is likely to have been generated by elimination from the alcohol substrates.9

This type of explanation is, however, unlikely to account for the 75% of corresponding adducts obtained
with ethyl glycolate (Scheme 3), or for the production of the 2,3-unsaturated glycosides from this glycal
(92%) and from tri-O-acetyl-D-glucal (84%) with dimethyl malate,9 which would also be expected to
dehydrate under the reaction conditions.
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