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Abstract

2,3-Bis-O-(tert-butyldimethylsilyl)-5,6-O-isopropylidene-D-glucono-1,4-lactone has been easily prepared from
commercially available starting material and its activity investigated. Based on the lactone functionality, this com-
pound can proceed via nucleophilic addition, reduction, and hydrolysis to generate various highly functionalized
molecules. © 2000 Elsevier Science Ltd. All rights reserved.

Aldonolactones are sugar lactones formed from aldoses by oxidation of the C-1 aldehyde to carboxylic
acid and further intramolecular esterification with one hydroxyl group (normally at the C-4 or C-5 posi-
tion). Although they are usually commercially available and can be purchased at costs as low as common
aldose sugars such as glucose and galactose, their synthetic usage as a starting material has not been
generally recognized.1,2 Lundt has studied aldonolactones for the synthesis of pyrrolidines, piperidines,
carbocyclic compounds (carbasugars), and tetrahydrofurans;3 however, most of this work was involved
in the preparation of selectively functionalized aldonolactones with little exploration into protection
group chemistry. In the past, methods for making protected sugar lactones always utilized corresponding
aldose sugars as starting materials, which required tedious protection and deprotection steps at anomeric
positions and provided only one protecting group for all hydroxyl groups.4–7 As our synthetic interest
is to develop different and distinguishable protecting groups in aldonolactone chemistry, here we would
like to demonstrate that 2,3-bis-O-(tert-butyldimethylsilyl)-5,6-O-isopropylidene-D-glucono-1,4-lactone
(2) can be synthesized in a concise way to serve as a versatile chiral synthon leading to the preparation
of various carbohydrate derivatives.

Compound2 was prepared in two steps fromD-glucono-1,5-lactone, i.e., the formation of 5,6-
O-isopropylidene and the protection at the C-2 and C-3 positions using thetert-butyldimethylsilyl
(TBDMS) group, as shown in Fig. 1.8 Although the starting material exists as a�-lactone, compound
1 was characterized as the-lactone of a five-membered ring, which was consistent with the results of
Chittenden.9
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Fig. 1.

Furthermore, when using two equivalents oftert-butyldimethylsilyl chloride as the silylation reagent,
partially protected products (compounds3a and 3b) were obtained in the company of the desired
compound2 with purified yields of 15, 40 and 39%, respectively. The reason for the excessive amount of
3b relative to3acan be explained based on the understanding that the hydroxyl group at C-2 is sterically
less hindered than that at C-3.

To investigate the nucleophilic addition of the lactone functionality, compound2 reacted with allyl-
magnesium chloride to giveC-glycoside4 (Fig. 2) as the inseparable mixture of the�- and�-anomers
(ratio 3:1). In order to simplify the characterization of the reaction product, further acetylation gave
compound5 as the exclusive�-anomer.10 The� configuration was determined based on the NOESY
spectra and supported by the MM2 calculations.11 Such a result is concordant with the understanding that
the�-anomer is more reactive than the�-anomer due to less steric hindrance. Compound5 was subject to
ozonolysis and epoxidation to give the aldehyde7 and epoxide8, respectively.12 The elimination reaction
of the former product is currently being investigated since the conjugated aldehyde can be generated for
further synthetic exploration; such as Michael addition to introduce an extra substituent in the anomeric
position, and a Diels–Alder reaction to build up a spiro moiety.

For the purpose of reduction, compound2 was treated with sodium borohydride in THF/H2O to
give a mixture with a complicated1H NMR spectrum, which implied the migration of the TBDMS
group(s) under the strongly basic conditions. Therefore, further silylation withtert-butyldimethylsilyl-
trifluoromethanesulfonate (TBDMSTf) generated the fully protected compound9 to facilitate the product
characterization.13 The result provides an approach to prepare biologically interesting carbohydrates with
discernible protecting groups. For example, compound9 was selectively removed from the isopropyli-
dene group in the presence of BCl3. Subsequent treatment with the pyridinum dichromate oxidation
and final acidic deprotection generatedL-gulose,14 a sugar component of the glycopeptide antibiotic
bleomycin A2.

As for the lactone hydrolysis to generate an acid/ester and a hydroxyl group, compound2 was tried
under several different conditions (e.g., EtOH/H2O and various temperatures) and found to be resistant to
the nucleophilic attack of water or alcohol. The problem was overcome by replacing TBDMS with acetyl
group. The acetate analog10 can easily proceed the methanolysis, as shown in Fig. 3. The methyl ester
11 was produced after further protection with Ac2O/pyridine.15 It is interesting that different protecting
groups can influence the reactivity of the lactone moiety. Whether an electron-withdrawing group (such
as the acetyl group) activates the lactone, or the steric hindrance of TBDMS plays a major role, requires
further investigation. Moreover, since the migration of the acetyl and TBDMS groups was observed in
this study, additional protection was required for result analysis and product characterization.



2571

Fig. 2.

Fig. 3.

In conclusion, 2,3-bis-O-(tert-butyldimethylsilyl)-5,6-O-isopropylidene-D-glucono-1,4-lactone (2)
and its analog have been examined on the reactivity of the lactone functionality and applied to prepare
various highly functionalized molecules, such asC-glycosides and polyhydroxyl compounds. The
strategy developed here is useful for other sugar lactones. Further investigations based on this concept
are currently in progress.
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