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Efficient Synthesis of a-Aldopyranosyl Cyanides via Radical Cyanation Reactions
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Abstract: o-Aldopyranosylcyanides were efficiently prepared by a radical cyanation reaction between glycosyl bromides
or glycosyl dithiocarbonates with fert-butylisocyanide, tris(trimethylsilyl)silane and 2, 2’-azoisobutyronitriles.
© 1998 Elsevier Science Ltd. All rights reserved.

The C-C bond formation at the anomeric position of a carbohydrate has become an important area in
carbohydrate research especially after many naturally occurring C-glycosides have shown antibacterial,
antiviral, and antitumor properties.'” The C-glycoside analogs of biologically active carbohydrates® have been
recognized as potentially stable pharmacophores which could be used to prepare novel enzyme inhibitors* with
structures that may be difficult or impossible to construct utilizing conventional carbohydrate chemistry. In the
synthesis of C-glycosides, glycosyl cyanides are useful and versatile intermediates’ because the cyano group
can be easily transformed into a variety of other functionalities.® Early methods for the preparation of glycosyl
cyanides involved the reaction of peracylated glycosyl halides with mercury(I)” or silver® cyanides. The yields
and levels of stereochemical control of these reactions vary and by-products such as isocyanides, unsaturated
sugars, and 1, 2-O-(cyanoalkylidene)glycosyl derivatives could be formed in large percentage. Recently, the
use of trimethylsilyl cyanide (TMSCN) as a CN donor along with a Lewis acid has been the most popular
method for the cyanation reaction.™*!" Other approaches for the preparation of glycosyl cyanides involved the
cyanation of fluoroglycosides with Me,AICN'? and the reduction of C-glycopyranosyl nitromethanes' with
PCl, and pyridine. In essence, all the existing methods for the formation of 1-C-cyanoglycosides'* are based on
or related to ionic mechanisms with the electrophilic species derived from the sugar component. Generally, the
direct cyanation of per-O-benzyl-protected electrophilic substrates yields mainly or exclusively 1,2-cis C-
cyanoglycosides whereas per-O-acylated donors give the corresponding glycosyl cyanides with a high degree of
1,2-truns stereoselectivity. We describe here a new method for the stereoselective formation of a-
cyanoglycosides through glycosyl radical cyanation. This work represents a new successful application of the
Stork method" for the cyano group transfer via regiospecific radical trapping of fert-butylisocyanide (t-BuNC)
promoted by tris(trimethylsilylsilane [TTMS or (Me,Si);SiH].'"® Although Somsak, et al.'® studied the radical
reduction of 1-bromo-1-cyano glycosides for the preparation of glycosyl cyanide, the direct cyanation at
anomeric position via glycosyl radical reaction has not been previously reported.
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Scheme 2 Mechanism of Galactopyranosyl Radical Cyanation
1c

The same reaction conditions were also applied to other pyranosyl donors including 1b, 1c, 1d, 2a, and

The suggested mechanism of the reaction is illustrated in Scheme 2. The silyl radical [(Me,Si),Si*}'™
Table 1. Free radical cyanation of o-pyranosyl bromides

extracted a hydrogen atom from TTMS and regenerated the tris(trimethylsilyl)silyl radical which reacted with

according to ESR studies developed by Giese, Sustmann et al." The galactosyl radical 4a likely exists in a *H
xylosylradical is observed as an equilibrium between conformations 7a (B,s), 7b ('"“B) and 7C ('C)).

*Yields are referred to isolated products by flash column chromatography.
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proceed to afford the corresponding products (with better yields) through a trans attack with respect to the lone
electron pair of the anomeric oxygen.

Scheme 3 Glycosyl Conformers
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Pyranosides with 2-deoxy-2-nitrogen substituting group such as 3, 4, 6-tri-O-acetyl-2-phthaloyl-2-
deoxy-a-D-glucopyranosyl bromide, O-ethyl-S-(3, 4, 6-tri-O-acetyl-2-deoxy Q—acetamldo—B—D-glucopyranosyl)
dithiocarbonate, and O-ethyl-S-(3, 4, 6-tri-O-acetyl-2-deoxy -2-azido-B-D-galalactopyranosyl) dithiocarbonate
were also inveatigated for the radical cyanation reaction. However, none of them afforded the desired product.
The lack of activity of these pyranosides, compared with their peraceylated counterparts, may be attributed to
the difference in stereoelectronic effects between 2-N substituents (such as 2-NPhth, 2-NHAc and 2-N,) and 2-
OAc group. Presumably, only the chair conformation 5a (Scheme 3), which is energeticaily less favored, is
adopted because the stereoelectronic effect does not suffice to compensate for the increase of the steric strain in
the chair-boat interchange. The slow cyanation reaction would compete with the CN transfer to
tris(trimethyl)silyl radicals, since significant amounts of the by-product (Me,Si),SiCN was observed in such
examples.

In summary, a novel and highl stereoselective radical cyanano method for ntroducmg yano group
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