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Electrochemical reduction on silver of tri-O-acetyl-o.-p-
fucopyranosyl bromide 3 affords (1 — 1’)-linked C-disac-
charide-like mimics 6-8; reduction of 1,2:3,4-di-
O-isopropylidene-6-deoxy-6-iodo-a-p-galactopyranose 5
provides 1,2:3,4-di-O-isopropylidene-6-deoxy-6-(1",2" : 3’ ,4'-
di-O-isopropylidene-6’-deoxy-a.-p-galactopyranos-6’-yl)-
a-p-galactopyranose 9; simultaneous reduction of 5 and
tetra-O-acetyl-a-p-glucopyranosyl bromide 1 or tri-
O-acetyl-a-L-fucopyranosyl bromide 4 gives 9 and methyl-
ene-bridged C-disaccharide-like mimics 11, 12 or 13, 14,
respectively.

C-Glycosides are of interest asmolecules of potential biological
activity and are aso useful for enzymatic and metabolic
studies.r Some C-disaccharides have also been investigated.2

Here we describe an electrochemical approach to C-
disaccharide-like mimics, the reduction of halogenosugars in
MeCN at a silver electrode, a method aready extensively
applied to glycosides syntheses.34 This approach was con-
firmed by the electroreduction using the above conditions of
tetra-O-acetyl-«-p-glucopyranosyl bromide 1 which mainly
provides 1,3,4,5,8,9,10,12-octa-O-acetyl-p-gluco-L-altro-
L-erythro-2,6: 7,11-dianhydrododecitol .8 1,3,4,5,8,9,10,12-
octa-O-acetyl-p-gluco-p-galacto-L-erythro-2,6 : 7,11-di-
anhydrododecitol and  1,3,4,5,8,9,10,12-octa-O-acetyl-p-
gluco-L-ido-L-erythro-2,6: 7,11-dianhydrododecitol® with an
overal yield of 50%, the ratio being ca. 2:1:1.5 We can
account for the formation of these biglucosyl derivatives via a
radica pathway, i.e. the dimerisation of tetra-O-acetyl-
D-glucopyranosyl radical 2.34

The O-glucosides themselves formed in the electrolyses of 1
on silver in the presence of phenols can be accounted for by
coupling of an anomeric radica and a phenoxyl radical.35
These electrolyses were carried out in MeCN via cyclic
voltammetry of 1 at a silver electrode which displays one
irreversiblepeak at E; = —1.3V (vs. ag. SCE). Electrochemical
reduction of 1 at a mercury electrode in DMF or MeCN was
proposed by Vianello and co-workers as a new approach to
3,4,6-tri-O-acetyl-p-glucal, the cyclic voltammetry of 1 dis-
playing one irreversible peak at E;, = —1.9 V (vs. SCE).6 No
dimers were observed. Different mechanisms are no doubt
involved in electrolyses of 1 using mercury or silver electrodes.
On mercury, the overall electrode process of 1 was interpreted
as a two electron C-Br bond cleavage coupled to a very fast
elimination of the acetate anion, which leads to 3,4,6-tri-
O-acetyl-p-glucal.  1,2,3,4,6-Penta-O-acetyl-B-p-glucopyra-
nose was also isolated, via nucleophilic substitution.6 The
electrode process on the silver cathode appears more complex.
Compound 1 undergoes asingle electron-transfer reduction; the
following elimination of the bromide anion leads to the
intermediate radical 2, which affords dimers (50%); 3,4,6-tri-
O-acetyl-p-glucal (20%) and 1,2,3,4,6-penta-O-acetyl-p-p-
glucopyranose (15%) are aso isolated, thus indicating that a
further reduction of 2 occurs.

On the basis of these results, we have investigated whether
silver cathodic reduction of halogenosugars could be suitable to

generate carbohydrate radicals, with the aim of developing new
synthetic methods. The voltammetric behaviour of 1, tri-
O-acetyl-a-p-fucopyranosyl bromide 3,7 tri-O-acetyl-«-L-fuco-
pyranosyl bromide 47 and 1,2:3,4-di-O-isopropylidene-
6-deoxy-6-iodo-«-p-gal actopyranose 58 were studied both at
silver and mercury electrodes in MeCN (Table 1).

Table 1 Reduction peak potentials

E, (Ag)V E, (Hg/V
Halogenosugar  (vs. SCE) (vs. SCE)
1 —1.30 —1.95
3a —1.20 —1.95
5 —1.23 —1.81

a Compound 4 is reduced at the same E;, as 3.

Data in Table 1 confirm the remarkable electrocatalytic
activity of silver with respect to mercury. Compounds 1,3-5
were submitted to preparative electrolyseson asilver cathodein
MeCN. Tri-O-acetyl-«-p-fucopyranosyl bromide 3 was el ectro-
lysed at —1.5 V. 3,4,5,8,9,10-Hexa-O-acetyl-p-gal acto-L-ido-
p-threo-1,12-deoxy-2,6: 7,11-dianhydrododecitol 6% (15%),
3,4,5,8,9,10-hexa-O-acetyl-n-gal acto-L-altro-p-threo-1,12-
deoxy-2,6: 7,11-dianhydrododecitol g (15%) and
3,4,5,8,9,10-hexa-O-acetyl-p-gal acto-p-gal acto-p-threo-1,12-
deoxy-2,6: 7,1-dianhydrododecitol 8% (4%) (Scheme 1) were
recovered, together with 3,4-di-O-acetyl-p-fucal (11%) and
fucose tetraacetate (10%).

The product distribution of 3 appears similar to that of 1,
except for the dimer ratio. 1,2:3,4-Di-O-isopropylidene-
6-deoxy-6-iodo-«-p-galactopyranose 5 is suitable for generat-
ing anon-anomeric radical and for derivatisation to occur at the
other end of the sugar skeleton. The reduction of 5at —1.7 V
provides 1,2:3,4-di-O-isopropylidene-6-deoxy-6-(1',2": 3, 4’-
di-O-isopropylidene-6’-deoxy-«-p-gal actopyranos-6'-yl)-o-p-
galactopyranose 949 as the only product (Scheme 2). Once
again its formation can be explained by the presence of an
intermediateradical like 1,2 3,4-di-O-isopropylidene-6-deoxy-
«-D-galactopyranos-6-yl radical 10.

On the basis of these results and of the similar redox
potentials of the investigated substrates (Table 1), we asked
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ourselves if it was possible to couple two different radicals
generated at the same stage. Our goal was the synthesis of non-
symmetrical C-disaccharides-like mimics. Radical 2 is a
secondary radical, to some extent stabilised by an O atomin the
«-position, while 10 isan unstabilized primary radical . So could
the so-called anomeric radical 2 behave as a persistent radical 10
and act as a scavenger of the more reactive 10? Compounds 1
and 5 were simultaneously reduced at —1.5V intheratio 1.5: 1.
1,2: 3,4-Di-O-isopropylidene-6-deoxy-6-(2',3',4’,6'-tetra-
O-acetyl-«-p-glucopyranosyl)-«-p-galactopyranose 118 (9%)
and 1,2:3,4-di-O-isopropylidene-6-deoxy-6-(2’,3',4’,6'-tetra-
O-acetyl-f3-p-glucopyranosyl)-«-p-galacto-pyranose 128 (9%)
were isolated (Scheme 2) together with 9 (17%), with only a
very small amount of glucosyl dimers (> 3%).

Compounds 47 and 5 in the ratio 2: 1 were also simultane-
ously reduced a —1.5 V. 1,2:3,4-Di-O-isopropylidene-
6-deoxy-6-(2',3',4'-tri-O-acetyl-«-L-fucopyranosyl)-o-p-
galactopyranose 13 (11%) and 1,2:3,4-di-O-isopropylidene-
6-deoxy-6-(2',3',4'-tri-O-acetyl-[3-L-fucopyranosyl)-«-p-galac-
topyranose 141 (11%) were isolated together with 9 (34%)
(Scheme 2).

In both cases glycals and penta- or tetra-acetyl derivatives
were aso isolated. The product distributions show that
dimerisation of 10 competes well with its trapping by glycosyl
radicals, but also that there is no dimerisation of glycosyl
radicals in the presence of 10 or that it is significantly
reduced.

The mechanism of these reductions is very intriguing as we
could argue that not only are carbohydrate radicals involved as
intermediates, but also that dimerisation is the only termination
reaction, which would be very unusual. The glucopyranosyl
radical 2, for instance, has been extensively studied especially
by Giese. In the absence of a radical scavenger, it mainly
undergoes migration of the acetate group from position 2 to 1.11
In the electroreduction we did not actually observe any
migration at al! We extensively studied the chemical behaviour
of 10.8 Althoughit actsasagood hydrogen abstractor evenfrom
MeCN, in the electroreduction we did not observe any hydrogen
abstraction at al! Some coupling of 10 was observed, but only
in the presence of Fel'12 and, in that particular case, the effect of
Fe'l was interpreted using Kochi’s hypothesis as being due to
‘metal ion—free radical complexes of relatively longer life than
asimple alkyl radical’ .13

In conclusion, we have provided evidence for the ability of a
silver cathode to generate carbohydrate radicals and perhaps to
induce their dimerisation, but, for the moment, we are not able
to giveany satisfactory interpretation of the mechanism. Indeed,
even if yields arelowered by the presence of glycals and acetate
derivatives, this peculiar electroreduction affords different
kinds of C-disaccharide-like mimics, and in this sense it could
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be proposed as a mild, clean, one-pot method with which to
form stable interglycosidic bonds.
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1 Sdlected data for 6: 64(500 MHz, CgDg) 1.12 (d, 3 H, H-6, Js.¢ 6.6), 4.33
(dg, 1 H, H-5, J4.5 3.6), 440 (d, 1 H, H-1, J;., 3.9), 548 (t, 1 H, H-4, J3.4
3.5),5.57 (dd, 1 H, H-2, J,.3 7.8), 5.78 (dd, 1 H, H-3). For 7: 64(500 MHz,
CeDg) 0.95 (d, 3H, H-6', Js.¢ 6.5), 1.19 (d, 3H, H-6, Js.6 6.7), 2.85 (dg, 1
H, H-5, J4.5 0.9), 3.60 (dd, 1 H, H-1’, J;.1 4.9, J1.»9.9), 412 (dg, 1 H,
H-5, J4.5 3.8), 4.33 (dd, 1 H, H-1, J;., 4.3), 5.11 (dd, 1 H, H-3’, J».3 10.0,
Jz.43.4),5.24(dd, 1H, H-4’), 5,51 (t, L H, H-4, J3., 3.5), 5.67 (t, 1L H, H-2),
5.80 (dd, 1H, H-2, J,.37.1), 5.89 (dd, 1 H, H-3). For 8: 64(500 MHz, C¢Dg)
1.0(d, 3H, H-6, J56 6.4), 2.97 (q, 1 H, H-5, J4.5 0), 3.37 (d, 1 H, H-1, J;.»
9.0), 5.22 (dd, 1 H, H-3, J,.3 9.0, J3.4 3.7), 5.22 (d, 1 H, H-4),5.90 (t, 1 H,
H-2).

§ Selected data for 11: 64(500 MHz, CsDe) 1.99 (ddd, 1 H, H-6a, J17.62 11.7,
Js.62 2.9, Jeasb 14.9), 2.12 (ddd, 1 H, H-6b, Jy.6p 2.5, Js.6p 10.0), 3.86 (dd,
1H,H-4,J3480,J451.9),3.93(ddd, 1 H, H-5, Jy.5 8.0, J5.¢a 4.5, J5- 6
4.3), 4.14 (ddd, 1 H, H-5), 4.15 (dd, H-2, J;.2 5.0, J>.3 2.4), 4.33 (ddd, 1 H,
H-6'a, Jgaen 11.9), 4.38 (ddd, 1 H, H- 6’b), 4.49 (dd, 1 H, H-3), 4.60 (ddd,
1H, H-1, Jy.» 5.1),5.24 (dd, 1 H, H-2/, J».5 8.0), 5.26 (t, 1L H, H-4', J3.s
= 7.9),5.43(d, 1H, H-1), 553 (t, 1 H, H-3). For 12: 64(500 MHz, CsDg)
2.07-2.08 (dd, 2 H, H-6a, H-6b, J;/.6 4.6-4.8, J5.6 2.0), 3.22 (ddd, 1 H, H-%',
Jus 10.0, J5.¢2 2.0, J5-¢ 4.9), 3.52 (at, 1 H, H-1’, J.»» 9.2), 3.94 (dd, 1
H, H-4,J3347.8, J4.5 1.6), 403 (dd, 1 H, H-6'a, Jgaen 12.1), 416 (dd, 1 H,
H-2, 3.2 5.2, Jo.3 2.4), 4.26 (dd, 1 H, H-6'b), 4.26 (dt, 1 H, H-5), 4.51 (dd,
1H, H-3),5.23 (dd, 1 H, H-4’, J3.4 9.3), 5.30 (dd, 1 H, H-2"), 5.30 (dd, 1
H, H-3), 5.48 (d, 1 H, H-1).

1 Selected data for 13: 64(500 MHz, CDCl3) 1.12 (d, 3 H, H-6', J5..¢ 6.4),
1.84 (ddd, 1 H, H-6a, Ji.6a 4.2, Js.6a 8.2, Jsaen 14.5), 2.00-2.05 (m, 1 H,
H-6b), 3.85(ddd, 1 H, H-5, J4.5 1.9, J5.6,5.7), 4.05(dg, 1 H, H-5', Jy.5 1.9),
4.17 (dd, 1H, H-4,J3.47.9), 427 (dd, 1 H, H-2, J1., 5.2, J».3 2.4), 4.35 (ddd,
1H, H-1, J1.» 5.6, J1.ep 11.6), 4.57 (dd, 1 H, H-3, J,.32.4), 5.20 (dd, 1 H,
H-3', J».z 10.0, J3.4- 3.0), 5.25 (dd, 1 H, H-4), 5.28 (dd, 1 H, H-2’), 5.47
(d, 1 H, H-1). For 14: 64(500 MHz, CDCl3) 1.12 (d, 3 H, H-6’, J5..¢ 6.4),
1.55(ddd, 1 H, H-68, J1/.62 11.0, J5.62 2.0, Jsa-6p 14.7), 1.86 (ddd, 1 H, H-6b,
Jr-e 1.9, Js.65 10.6), 3.63 (dt, 1 H, H- 1/, J1.» 9.6), 3.79(q, 1 H, H-5'), 4.02
(dd, 1H, H-4,33.47.9, J4.5 1.9), 4.07 (dd, 1 H, H-5),4.25(dd, 1 H, H-2, J;.»
4.9,3,.32.4),4.54(dd, 1 H, H-3),4.98 (dd, 1 H, H-3', J3'-4’' 3.4, J,..3 10.1),
5.05 (t, 1 H, H-2)), 5.25 (d, 1 H, H-4’), 5.47 (d, 1 H, H-1).
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