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Abstract
Unprotected glycals smoothly react with trimethylsilyl cyanide in the presence of a catalytic amount of Pd(OAc),
to yield the corresponding unprotected glycosyl cyanides in high yield. © 1999 Eisevier Science Ltd. All rights reserved.
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Glycosyl cyanides are versatile intermediates for the synthesis of C-glycosyl derivatives,
because the cyano group can be readily transformed into a variety of other functional groups.
In fact, glycosyl cyanides have been used as starting compounds for the synthesis of naturally
occurring C-nucleoside antibiotics and many analogues [1]. Therefore, there have been some
reports for the synthesis of C-glycosyl cyanides [2]; however, all reported procedures use a
protected substrate, namely, acetylated, benzylated, and benzoylated, or acetal glycosyl sugars.
Here we would like to report the first example of the reaction of unprotected glycals with
trimethylsilyl cyanide (Me,SiCN) with the aid of a small amount of a palladium catalyst which
leads to the synthesis of unsaturated unprotected glycosyl cyanides [3].

In connection with our research on the synthesis of unprotected branched-chain sugars,
we examined the C-glycosidation of unprotected 2-substituted glycals with Me,SiCN. After
screening of a variety of catalysts, we found that both 3,4,6-O-acetyl and unprotected D-glucal
(1 and 3) were smoothly coupled with Me,SiCN by using 1 mol% of Pd(OAc), in CH,CN to
afford the corresponding 2,3-unsaturated glycosyl cyanide 8 and 10 in 95% and 99% yield,
respectively [4]. Furthermore, various glucals bearing substituents at the 2-position (4—7)
also reacted with Me,SiCN in the presence of 1-10 mol% of Pd(OAc), to afford the
corresponding unsaturated glycosyl cyanides in satisfactory yields (Table 1) [5,6].
Compounds 6 and 7 were prepared by the reaction of the corresponding 2-bromoglucal (4 and
5) and methyl acrylate by palladium-catalyzed Heck reaction [7].

As for the stereochemistry of the reaction, moderate to high o-stereoselectivity was
observed in the reaction of unprotected glycals. On the other hand, only a low level of
selectivity was attained in the reaction of the acetylated glycals, though the acetylated glycals
exhibited higher reactivity. Especially, high a/B selectivity was attained (ot/f > 98/2) for the
reaction of unprotected 2-bromoglucal (5), whereas the corresponding tri-O-acetyl-2-
bromoglucal (4) afforded only poor selectivity (a/f = 55/45).

The cyanation reaction of unprotected glucals would proceed via silylated glucals. For a
relatively sluggish substrate (5 and 7), silylation with Me,SiCN took place much faster than
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Table 1. C-Glycosidation of protected and unprotected D-glycals with Me,SiCN catalyzed by
Pd(OAc),’

R1 R1
cat. N
] Pd(OAc), 1N HCI
+ MesSIiCN CHLCN > > +
R‘ Rgl R1 2
8—14
Product

Run Substrate B%c(ﬁ‘f%nc)zTemp/"c Time/h  yield (%)" o/B°
1 1(R!'=Ac,R*=H) 1 20 3 8 95 5842
2 2 (R!'=SiMe, R*=H) 1 80 48 9 82 75125
3 3[R'=HR*=H) 1 80 24 10 99 7525
4 4 (R'=Ac, R*=Br) 1 80 6 11 85 55/45
5 5 (R'=H,R*=Br) 5 80 96 12 90 >9872
6 6 (R'=Ac, R? = (E)-CH=CHCO,Me) 1 80 24 13 92 60/40
7 7 (R' = H, R? = (E)-CH=CHCO,Me) 10 80 60 14 97 65/35

* Two equiv. of Me,SiCN was used for protected I%lycals (1, 2, 4 and 6) and 5 equiv. of Me,SiCN was added
for unprotected lycgfs (ii, §, and 7). ° Isolated yield after silica-gel column chromatography. §i1ylatcd roducts
were_hydrolyzed with 1IN HCL._When the reaction mixtures were treated with a mixture of satd. NaHCO,
solution and a few drops of pyridine, silylated products were obtained (run 3,5 and 7).° "H NMR analysis.

cyanation. In the case of 3, both the silylation and cyanation proceed rapidly, so we prepared
silylated materials 2 independently to use as a substrate. The o/f ratio of the products
indicates that the cyanation would proceed via silylation. When unprotected substrates were
used, the real cyanating reagent would be hydrogen cyanide generated by the reaction of the
hydroxy group of glucals and Me,SiCN, and this hydrogen cyanide will attack the anomeric
position of glucals activated by Pd(OAc),.

In conclusion, in the presence of a catalytic amount of Pd(OAc),, unprotected glucals
including 2-substituted ones were coupled with Me;SiCN to afford the corresponding
unsaturated glycosyl cyanides in high yield.
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