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Abstract

It is confirmed that tri©-acetylD-glucal with thiophenol in the presence of BBEL as catalyst gives
the allylically rearrange&-phenyl 4,6-diO-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 isomeri&-phenyl 4,6-diO-acetyl-2-deoxy-3-phenylthio-1-thip-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 t@-acetylD-glucal 1, as vinyl ethers, readily undergo direct addition
reactions with nucleophilic species (Z) in the presence of protonic acids to give 2-deoxyglycosyl
compound®, whereas Lewis acids (BHBeing most commonly used) usually promote substitution at the
anomeric centre with allylic rearrangement to afford 2,3-unsaturated glycosyl derivativ¢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 analogBeZ=%heterocyclic base) having been formed from
glycal esters and purine and pyrimidine bases under the influence of strong protonié ac®lg,3-
unsaturated glycosyl fluorides have been made by the use of hydrogen ftuGnickbe 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 adihatthave 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-dB-benzoylb-arabinal and-xylal in dichloromethane with 3—4 mol equiv.

of methanol and in the presence of BEt,O give, initially, the 2,3-unsaturated methyl glycosides,

these products are finally replaced by methyd-benzoyl-2-deoxy-3-methyl- - and -D-erythro-

andthreo-pentopyranosides.
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Scheme 1. Reagents: (i) HZ; (ii) Lewis acid, :Z

— Although the reaction of tr-acetylD-glucal 1 in benzene with thiophenol and addedsBEt,O has
been shown unequivocally to give a mixture of the 2,3-unsatui@fgtenyl 1-thioglycosides with
minor amounts of the 3-phenylthib-allal isomer6 (Scheme 2%, one report suggested th&phenyl
2-deoxy-3-phenylthio-1-thio-glycosid&sare the products of this reactidn.
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Scheme 2. Reagents: (i) PhSH,BEt0O; (ii) PhSH, BR Et,0, H,O (catalytic)

— Di-O-acetyli-rhamnal with benzyl alcohol in benzene, again withsBE,O, shows mixed products,
the major being the rearranged 2,3-unsaturated glycosides (88% after saponification), but 11% (after
saponification) of 1,3-dB®-benzyl-2-deoxy adducts are also fornfed.

— The 3,4-diO-acetate of the glycal derived from methyl glucuronate in reactions separately with ethyl
glycolate, methyl lactate and ethyl 3-hydroxybutanoate inCll also with BRs Et,O as catalyst,
affords the saturated products shown in Scheme 3 in 75, 50 and 30% yields, respgctively.
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Scheme 3. Reagents: (i) BEt,O, ROH. R=EtQCCH,-, MeO,CCH(CH)-, EtO,CCH,CH(CH)-

While some authoP® 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 aldehyde8, &gxemplified 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 reactioD-at#iylD-
glucal 1 and thiophenol (Schemé?), the former (0.80 mmol) and the latter (1.75 mmol) in benzene
(2.5 mL) containing BE Et,O (0.40 mmol) were kept in the dark at room temperature for 15 min. A
sample was withdrawn and the catalyst was neutralised. Examinatitih &gd2C NMR spectroscopy
showed complete conversion to the 2,3-unsaturated thioglycdsidied a small proportion of the S-
phenylthiop-allal isomers, as expectefl 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; rathersphenyl 4,6-diO-acetyl-2-deoxy-3-phenylthio-1-thio- and -D-ribo-, and - and
-D-arabino-hexopyranosides were present as the only products in the approximate ratios 3:5:5:1.
From a preparative experiment (GacetylD-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 generatingisofmer
of enal810 and thereby favouring Michael-like addition, but discovered not to be necessary} tred
-ribo- and the -arabino-products were isolated pure, and tharabino-isomer as the main component
of a mixed fraction (Tables 1 and 2 The total isolated yield was 83%.

Table 1
H NMR parameters for the ring protons of tiSgphenyl 4,6-diO-acetyl-2-deoxy-3-phenylthio-1-
thio-D-hexopyranoside®

'H Chemical shifts (3) 3Jiun Coupling constants (Hz)

Isomer H-1 {H-2 | H-2" | H-3 | H4 | H-5 | Jiz2 | Jia | Jaz | 23 | s | S3a | Jas
o-arabino | 5.59 | 2.41 | 2.14 | 3.59 | 497 | 4.47 0 54 1100 42 ] 13.1{ 10.1] 10.1
B-arabino | 4.69 | 2.30 | 2.11 | 3.17 | 482 | 354 | 1.8 | 114|135 | 45 | 12.6] 10.5] 10.5

o-ribo | 549 [ 2.63 | 234 | 392 | 5.04 | 468 | 6.1 | 4.1 | 147 49| 6.0 | 43 | 8.0

B-ribo 5.24 -2.18- 396 | 491 42 |41 | 95 - - - 43 | 9.2
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Table 2
13C NMR chemical shifts () for the S-phenyl 4,6-diO-acetyl-2-deoxy-3-phenylthio-1-thip-
hexopyranoside®

Isomer C-1 [C2 |C3 |C4 |C5 |C-6 |CHCO

o-arabino | 84.4 | 37.6 | 45.7 |70.9 |70.2 | 63.2 |21.1,21.0

B-arabino | 82.8 136.8 [48.2 |76.9 | 68.8 | 62.1 | 19.8,19.6

o-ribo 83.5 |35.0 [46.2 1 69.6 | 68.4 | 63.2 |21.1,20.9

B-ribo 794 (353 [46.4 1684 [72.1 | 62.3 | 19.8,19.3

Of relevance to these observations are the findings that the formally prepared rexaalily adds
thioacetic acid to give the 3-acetylthio-2-deoxy free sddahat 1,3-dibromo-2-deoxy compounds
have been identified as reaction products ofwacetylD-glucal and HBR2 and that the relevant enal
has been invoked as intermediate in the reaction ofCilEnzylidene-2,3-dideoxp-erythro-hex-2-
enose with methoxide ion, which affords 4JBbenzylidene-2-deoxy-8-methyl-D-arabino- and D-
ribo-hexopyranose¥!

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.
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 triO-acetylD-glucal (84%) with dimethyl malat&which would also be expected to
dehydrate under the reaction conditions.
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11. A stirred solution of triO-acetylD-glucal (1.74 g) and thiophenol (1.54 g, 2.2 mol equiv.) in benzene (20 mL) containing
water (50 L, 0.044 mol equiv.) was heated under reflux (heat lamp). After 2 misn BEO (50 L, 0.06 mol equiv.) was
added and the heating was continued for 10 min. The catalyst was neutralised (B)et@@he products were fractionated
by flash column chromatography on silica gel (light petroleum;CIHEtOAc, 12:1:1). Data for th&-phenyl 4,6-diO-
acetyl-2-deoxy-3-phenylthio-1-thip-hexopyranosidegin order of elution: -D-arabino-m.p. 110.5-111°C (from EtOH);

[ 1o +223 (1.3, CHCl); anal. calcd for @H»405S;: C, 61.1; H, 5.6; S, 14.8; found: C, 61.1; H, 5.9; S, 14.7-ribo-

m.p. 77-78°C (from aq. EtOH); [I[p + 76 (€ 0.9, CH.Cl,); anal. found: C, 61.3; H, 5.7; S, 14.6;:D-arabino (in 3:1

mixture with -D-ribo) [ ]p —33 (€ 3.1, CHCl,); -D-ribo- m.p. 110-110.5°C (from EtOH); [Jp + 217 € 1.5, CH.Cl,);

anal. found: C, 60.9; H, 5.9; S, 14.8%. See Tables 1 and 2 for NMR data; other resonances were present as required by the
assigned structures.
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