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Abstract

Acetylated and unprotected enones derived fromD-glucal reacted with trimethylsilyl cyanide in the presence of
a catalytic amount of a palladium compound in 1,4-addition fashion to afford the corresponding 3-keto-glycosyl
cyanides in high yield and in high�-selectivity. © 2000 Elsevier Science Ltd. All rights reserved.
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Glycosyl cyanides are versatile intermediates for the synthesis ofC-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 the starting compounds for the synthesis of naturally occurringC-nucleoside
antibiotics and many analogues.1 Therefore, there have been several reports for the synthesis ofC-
glycosyl cyanides.2 However, as for the stereoselective synthesis of 2-deoxyglycosyl cyanides, very few
examples have been reported so far.3

The 1,5-anhydrohex-1-en-3-uloses are versatile substrates,4 because stereoselective 1,4-addition re-
actions of carbon nucleophiles to the anomeric position produce the 2-deoxy-C-glucopyranosides after
hydride reduction of the resulting ketone at the 3-position.

Here we would like to report the stereoselective synthesis of 2-deoxy-D-glucopyranosyl cyanide based
on 1,4-addition of trimethylsilyl cyanide to the anomeric position of 1,5-anhydrohex-1-en-3-ulose.5

We recently reported the first catalytic and practical synthesis of 1,5-anhydrohex-1-en-3-uloses based
on palladium-catalyzed hydrogen transfer reaction ofD-glycals.6,7 We first examined the reaction of
4,6-di-O-acetyl-1,5-anhydro-2-deoxy-D-erythro-hex-1-en-3-ulose (1) with trimethylsilyl cyanide in the
presence of a catalytic amount of Pd(OAc)2 in acetonitrile (Eq. (1)). The reaction proceeded at room
temperature aided by 1 mol% of Pd(OAc)2 to give 1,4-adduct (3-keto-glycosyl cyanide) after hydrolysis
with 1N HCl in 89% yield (�:�=82:18). In the absence of a catalyst, only 8% yield of the product was
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obtained after 195 h at 80°C in acetonitrile (�:�=80:20). The ratio of�:� was determined by1H NMR
analysis. The results obtained are summarized in Table 1.8 The configurations at the anomeric center of
a major product and a minor one were determined as� and�, respectively, from assignment of1H NMR
analysis: the coupling constant; major isomer,JH1–H2ax=7.7 Hz,JH1–H2eq=1.1 Hz,JH4–H5=9.7 Hz; minor
isomer,JH1–H2ax=12.2 Hz,JH1–H2eq=2.9 Hz,JH4–H5=10.6 Hz, which would indicate that the major isomer
has�-CN configuration and the minor one has�-CN configuration, respectively.9 This assignment was
confirmed by X-ray crystallographic analysis. The minor product3� was analyzed directly. The major
product was analyzed after reduction of the 3-keto group with NaBH4–CeCl3, followed by benzoylation.
The ratio of�:� was not significantly affected by temperature or the amount of Pd(OAc)2. The degree of
this�-selectivity was higher in the reaction of enones compared with the case ofD-glucal.3b Furthermore,
it should be mentioned that only the formation of a 1,4-addition product to the anomeric position was
observed.

(1)

(2)

Table 1
Conjugate addition of trimethylsilyl cyanide to 1,5-anhydrohex-1-en-3-ulosea

We recently reportedC-glycosidation of unprotectedD-glucals with trimethylsilyl cyanide with the aid
of a catalytic amount of Pd(OAc)2 which leads to the synthesis of unprotected and unsaturated glycosyl
cyanide.3b So we examined the reaction of unprotected enone2 with trimethylsilyl cyanide and we found
that unprotected ulose2 was more reactive compared with acetylated enone1. The cyanation reaction
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of the unprotected enone would proceed via the silylated enone, and in this case, the real cyanating
reagent would be hydrogen cyanide generated by the reaction of the hydroxy group of enone and
trimethylsilyl cyanide, and this hydrogen cyanide will attack the anomeric position of ulose activated
by the palladium catalyst. As for the stereoselectivity of the reaction of the unprotected ulose, higher
�-selectivity (88:12–92:8) was observed compared with that of the corresponding acetylated enone
(77:23–82:18). In all the solvents we examined�-isomer4� was produced predominantly (CH2Cl2,
66%, �:�=86:14; Et2O, 79%,�:�=90:10; THF, 58%,�:�=88:12). The acetylated and unprotected
enones derived fromL-rhamnal (5 and6) were also cyanated to afford7 and8 in 96% and 98% yield,
respectively (7�:7�=76:24,8�:8�=78:22).

Palladium(0) catalysts such as Pd(PPh3)4 and palladium on activated carbon (Pd/C) also worked as a
catalyst in the cyanation reaction of2 with trimethylsilyl cyanide (Pd(PPh3)4, 76%,�:�=85:15; Pd/C,
84%,�:�=87:13). It would be reasonable to propose that the enones are activated by these palladium
compounds; however, the role of the palladium species might be different between Pd(II) species and
Pd(0) species or between homogeneous system (Pd(OAc)2 and Pd(PPh3)4) and heterogeneous one
(Pd/C). The details are not clear at present. The observation that palladium(0) promoted the reaction
effectively prompted us to attempt the synthesis of 3-keto-glycosyl cyanide in a one-pot procedure from
D-glucal. After the treatment ofD-glucal with 10 mol% of Pd(OAc)2 in the presence of 3 equiv. of
vinyl acetate (50°C, 8 h), the addition of only trimethylsilyl cyanide into the mixture resulted in the
formation of 3-keto-glycosyl cyanide in 93% yield (�:�=86:14). Neither isolation of the intermediately
formed enone nor additional palladium catalyst was necessary to obtain4� and4� (Eq. (3)). This one-
pot procedure was also carried out by using the Pd/C–ethylene system. That is, treatment ofD-glucal
with 10 weight% of 10% Pd/C under ethylene atmosphere (50°C, 13 h), followed by the addition of
trimethylsilyl cyanide produced 3-keto-glycosyl cyanide in 84% yield (�:�=91:9) after 25 h at room
temperature. In these reactions, vinyl acetate and ethylene obviously facilitated the reaction of the first
step of the catalytic hydrogen transfer reaction ofD-glucal to enone as sacrificial hydrogen acceptors.

(3)

The 3-keto group in3� was reduced by the treatment of NaBH4–CeCl3 followed by acetylation to
afford9 and10 in 78% yield (9:10=74:26) (Eq. (4)).

(4)

In summary, acetylated and unprotected enones derived fromD-glucal reacted with trimethylsilyl
cyanide in the presence of a catalytic amount (1 mol%) of Pd(OAc)2 to afford the 3-keto glycosyl
cyanides in high yield and in high�-selectivity.
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