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Chemical synthesis of oligosaccharide mimetics

Pierre Sinay
Ecole Normale Supkrieure, Dkpartement de Chimie, URA CNRS 1686
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Abstract : A variety of C-disaccharides have been selectively and expeditiously synthesized
through the so-called tether approach.

Jntroduction .
'Oligosacch&ides are involved in a increasing number of biological processes. This has stimulated the
development of selective methods for the synthesis of such complex molecules. Among others, the
imidate. procedure that we have discovered (ref. l), and which has been remarkably modified as the
ttichloroacetimidate version (ref. 2), is of classical use in the field of glycosylation. A host of synthetic
complex oligosaccharides are thus easily available for the benefit of glycobiology. Knowledge of their
geometrical and motional properties in aqueous solution is important for understanding the structureactivity relationship and for an appreciation of the ease of taking-up of the active conformation - the one
matching the corresponding receptor and inducing an optimal biological response-. A potential way to
subtly alter such a conformation is to replace the interglycosidic oxygen atom by a methylene group. In
doing so, the exo anomeric effect is removed. A comparison of recent studies (ref. 3) has shown that the
effect of such a replacement on geomeuical and motional properties of di or oligosaccharide is a matter of
discussion. It should also be noted that such disaccharide close mimetics are not degraded by
glycosidases, a feature which could be of practical interest if one's try to develop an oligosaccharide
based drug.
The purpose of this invited lecture is to report on recent advances on the development of a synthetic
entry to C-disaccharides, based on a 8 or 9 e n d o - t r i g radical cyclisation reaction from two
monosaccharide temporarily connected through a tether. Silicon tethered reactions have gained increasing
general importance for the successful synthesis of a variety of complex molecules (ref. 4). The practical
use of the temporary silicon connector in the carbohydrate field has been materialized by Stork within the
context of C-glycoside synthesis (ref. 5).
tive svof a
Galactose and galactosamine are monosaccharides which are frequently found in natural oligosaccharides
of biological importance. As previously shown by us (ref. 6), we can modulate the alp selectivity of the
C-galactosylation through the position of tethering (Scheme 1).
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Scheme 1: Reagents: i) 1)1, BuLi, 2)Me?SiC12; ii) 2 or 4, imidazole, THF: iii) Bu3SnH, toluene, reflux,
then aq. HF/THF.

When the galactopyranosyl donor 1 was tethered with the primary hydroxyl group of 2, selective a-C.galactosylation was observed, via a 9 endo- nig cyclisation process, to give compound 3 . When the same
donor 1 was now tethered with alcohol 4, the selectivity of the C-galactosylation of C-4 was nicely
reversed, and the protected C-lactoside derivative 5 was now obtained. Although this work is basically
interesting in conceptual terms, the selectivity was rather limited and we sought for a much more
selective approach. Scheme 2 describes a highly efficient and stereoselective example of an a-Cgalactosylation . The galactosyl donor 1 was replaced by the donor 6 , which was tethered with alcohol 7
through a diisopropyl silicon tether.
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Scheme 2: Reagents: i) 1) 6,BuLi, THF,0" C, 2) iPr2SiC12, 4 equiv., -78" C to r. t., 3) Concentrate to
dryness, 4) 7, DMAP,THF,r. t.(70%); ii) BujSnH, AIBN, toluene, reflux (80%).

This tether, which is more stable than the previous one (dimethyl), allows the easy isolation by flash
chromatography of the silaketal 8 and thus a precise evaluation (80%) of the yield of the radical
cyclisation. A remarkable feature of this reaction is its remarkable double selectivity, the a-Cdisaccharide 9 being the single product of the rection. This exquisite a-C-galactosylation has been
explained by B. Giese (personal communication), which has shown (scheme 3) that the model radical 10
adopts a boat conformation, so that only a -C-galactosylation can occur for geometrical reasons. In
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contrast, a model 11 of the previously used C-galactosyl donor adopts a
in an non-unexpected moderate selectivity.

chair conformation, resulting
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Scheme 3
The other selectivity as been explained as clearly shown in scheme 4 by a 1,5 hydrogen transfer from the
primary benzyl group.

nBu3SnD

Scheme 4
In order to solve the problem of the direct C-galactosaminylation, we worked out a temporary
phosphoramidic connection as typically shown in scheme 5 :
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Scheme 5 : Reagents: i) 1) PhPC12, Et3N, THF, r. t.(80%); 2) tBuOOH; ii) 1)Bu3SnH, AIBN, toluene,
reflux, 2)LiAlH4, THF (47%).
Finally, we have also used another approach, whereby an anomeric exoglucal is connected, through a
silaketal tether, to an iodosugar, as shown in scheme 6:
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Scheme 6 : Reagents: i) BuLi, MezSiC12; ii) BugSnH, AIBN, toluene, reflux, then nBuqNF (40%).

In this case, the resulting anomeric radical is expectedly reduced from the a-side to selectively provide a
P-C-disaccharide.

This lecture reports a selection of selective syntheses of C-disaccharides we have recently achieved in our
group, clearly demonstrating the potentiality of the tethering approach for the practical synthesis of
carbohydrate mimetics of biological relevance. A study of their biological properties is currently
underway.
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