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Abstract: Both diastereomers of 4,6-O-pyruvylated glycosides S- and R-2 were selectively prepared from the
corresponding 4,6-unprotected glycosides 1 by acetalation of the latter with methyl pyruvate and BF,-diethylether
complex. In acetonitrile as the solveat, the thermodynamically favoured disstereomers having an axial-orienfed
methoxycarbony] group are formed preferentially. In methyl pyruvate 2s the solvent, the diastereomers having an
equatorial-oriented methoxycarbonyl group sre the main products and the diastercosclectivity of the acetalation is
influenced by the protecting groups at positions 2-O and 3-O of the starting glycosides 1.

4,6-O-Pyruvylated hexopyranosyl [4,6-0(1 -carboxyethylidene)-D-glycopyranosyl] residues are found in
many bacterial polysaccharides. Most prominently, 4,6-O-pyruvylated D-mannosyl residues are frequently
detected in Klebsiella bacteria2 and 4,6-O-pyruvylated D-glucosyl and D-galactosyl residues in Rhizobium
bacteria3. As far as determined by NMR spectroscopy of bacterial saccharides* all 4,6-G-pyruvylated glycosyl
residues contain a thermodynamically favoured2e axial-oriented carboxyl group at the pyruvate acetal moiety.
Since pyruvic acid acetals as non-carbohydrate substituents of bacterial polysaccharides are immunodominant
groupsS and the interaction of 4,6-O-pyruvylated hexoyranoses with lectins depends on the stereochemistry of
the acetal carbon of the pyruvate acetal group’ diastereoselective syntheses are required in order to provide
sufficient material for further studies of protein-interactions with pyruvate acetal-containing saccharides. This
appears to be especially important for the agriculturally significant Rhizobium species because much controversy
is found in the liserature whether the pyruvylated polysaccharides of these bacteria are involved in species-
specific infection mechanisms with their leguminous hosts8,

Of the various procedures developed so far for the preparation of pyruvylated monosaccharidesS:? the
direct acetalation!- 54 of partially protected glycosides with methyl pyruvate opens up the possibility to prepare
selectively both diastereomers of 4,6-0-(1-carboxyethylidene)-D-glycopyranosides by the proper choice of the
reaction conditions for the acetalation step. Resutlts of this approach are now communicated here.

Table 1 summarises the results of the BF3-diethylether-catalysed condensation of some 2,3-O-protected
alkyl and phenyl 1-thio D-glycopyranosides 1 with methyl pyruvate in different solvents to give the
corresponding 4,6-0-[ 1-(methoxycarbonyl)ethylidene}-D-glycopyranosides 219,11, For comparison, also some
examples for pyruvylations in dichloromethane> are added.

In general, all condensations in acetonitrile as the solvent proceed faster (2 h) than in dichloromethane (24
h) that was previously used for pyruvylations®4, This is due to the better stabilisation of the cationic
intermediate by acetonitrile during acetalation of methyl pyruvaie™d. However, following the course of the
condensation by tic revealed that in dichloromethane a mixture of both diastereomers R-2 and S-2 is initially
formed that slowly isomerises during the reaction period of 24 h into the thermodynamically more stable isomer
(i.e. $-2 in the gluco and manno series and R-2 in the galacw series). In contrast, in cation-stabilising
acetonitrile as the solvent only the thermodynamically favoured diastereomer is detected in the course of the
condensation probably due to the formation of nitrilium ions that enables the acetalation to proceed highly
diastereoselective. Similar observations are described for pyruvate acetals of aliphatic diols!2.
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Table 1. Condensation of D-glycosides 1 with methyl pyruvate under different reaction conditions®.

entry | start. mat. 1 solvent thermodyn. favoured 2 kinetically favoured 2
on COOCH;
Ivent, BF3-E60O ,k. "V
o }';;ccoco;m% o o H,COOC ° o
HE % : + R
0 RO 0
RoOBn ROOBn IloOBn
1 1a R = Piv H3;CCN §-2aR=Piv 69% R-2a R = Piv traces
2 methyl pyruvate 11% 33%
3 1bR=Bz CH,CL S-2bR=Bz 52%} R-2bR=Bz 0%b
4 H3CCN 86% 0%
5 methyl pyruvate 29% 34%
6 1¢ R=ClAc® H3CCN §-2¢ R=ClAcc 78% R-2¢ R=ClAc® 0%
7 methyl pyruvate 27% 39%
OH COOCH;
sol BF;-Et;O
RO HyCCOCO.CH, /lVo RO H3COOC 'JVO RO
HO o e) Q + 9 o
RO RO [o]
OCH,4 OCH; 3
8 1dR=Bz CH,Cl, S2dR=Bz 43%b R-2dR =Bz 0%b
9 H3;CCN 81% traces
10 l1e R = Piv H3CCN S-2eR=Piv  60% R-2e R =Piv traces
11 methyl pyruvate 41% 35%
COOCH;3
Hyco0C -‘Lo o
HO _OH solvent, BF3-Et,O (o]
o HsCCocoLHs o + o
RO SPh RO SPh RO SPh
RO RO RO
12 1fR=Bz CH,Cl, R2fR=Bz 58%bd S2fR=Bz 0%b
13 H3;CCN 91%e 0%
14 methyl pyruvate 37%f 37%f
15 1g R=Piv H3;CCN R-2gR=Piv 77% S-2gR=Piv 0%
16 methyl pyruvate 0% 95%

a: Reactions in H3CCN were performed at room temp. for 2 h; those in methy! pyruvate for 0.1-0.5 h until all
starting material had reacted!©, b; Taken from ref. 5b. ¢: ClAc = chloroacetyl. d: A 52:48 mixture of a:f
anomers is formed>®, e; Taken from ref, 5d. f: An unscparable mixture of diastereomers is formed.
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In the D-gluco (entries 1-7) and D-manno series (entries 8-11) a complete diastereocontrol of the acetal
formation is found for condensations in acetonitrile. In all cases, the thermodynamically favoured §-2 are
obtained as the sole products. In contrast, when methyl pyruvate is used as the solvent both diastereomeric
pyruvate acetals are formed in variable ratios (~1:1 for entries 5,7, 11 and 1:3 for entry 2). Although the
diastereoselectivity is not significantly governed by the protecting group at positions 2 and 3 of the starting diols
1, preparative useful ratios of S-2 and R-2 are obtained for pivaloyl groups (entries 2 and 11). The separation
of the respective diastereomers is easily achieved by a single chromatography.

In the D-galacto series (entries 12-16), however, a dramatic influence of the protecting group is observed.
The 2,3-O-benzoylated galactoside 1f yields a 1:1 mixture of the respective pyruvate acetals 2f in methyl
pyruvate (entry 14) whereas the corresponding 2,3-O-pivaloylated galactoside 1g is diastereoselectively
acetalated to give S-2g almost quantitativelyl® (entry 16). The strong dependence of the selectivity of the
acetalation from the protecting group may be due to a steric hindrance of the cis-orientation of 3-O and 4-C in D-
galactosides that favours the formation of the kinetically controlled diastercomer S§-2 g having an egquaorial
carboxylate group. In D-glucosides and D-mannosides, steric factors are less operative since 3-O and 4-O are
trans-diequasorial here. Compound S-2 g is also easily converted by subsequent depivaloylation (Zemplén) and
rebenzoylation (BzCl, pyridine) into S-2f (93%) which could not be obtained in pure form from the 2,3-0-
benzoylated galactoside 1T (entry 14).

That $-2 g is in fact the kinetically favoured diastereomer despite the steric influence of the 3-O-pivaloyl
group is demonstrated by its conversion to the thermodynamicaily stable isomer R-2 g Treatment of S-2g in
acetonitrile with BFj-diethylether complex for 2 h at room temp. gives R-2g in 95% yield. The found
equilibrium mixture of S-2g and R-2g of >5:95 is in good agreement with previously performed AM 1
calculations in the D-gluco seriesS® that revealed a 2.3 kcal/mol higher stability for diastereomeric pyruvylated
glycosides with an axial-oriented carboxylate group.

COOCH; COOCH,
/k o Av o H3COOC JV (o]

o 1) NaOMe, MeOH o H3CCN e}
2) BzCl, pyridine BF3-E©O
o e o —_— o
BzO SPh 93% PivO SPh 95% PivO SPh

s2f BP s2g TvO R2g MO

In summary, the selective pyruvylation of simple glycoside diols 1 presented here opens up a
preparatively easy entry to both diastercomers of 4,6-0-[1-(methoxycarbonyl)ethylidene]-D-glycopyranosides
that are useful for the construction of higher oligosaccharides via the respective pyruvylated glycosyl donors>.
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