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Abstract—The conjugate addition reactions of protected pyranose alkoxides to both nitroalkenes and nitrosoalkenes, as a route to
2-nitroalkyl, 2-oximinoalkyl and 2-oxoalkyl glycosides, are described.
� 2005 Elsevier Ltd. All rights reserved.
Despite the myriad methods for the formation of O-gly-
cosides available today,1 there remains a need for the
development of novel strategies allowing access to glyco-
side linkages within certain structural templates. As part
of a total synthesis program towards the antibiotic lac-
tonamycin 12 (Fig. 1), we required a reliable method
for (LL)-a-rhodinosylation. Since we considered the direct
glycosylation3 of a sterically hindered a-hydroxy-ketone
would be problematic, we decided to explore a non-tra-
ditional method4 for the construction of the glycosidic
bond.

The potent reactivity of both nitroalkenes and nitro-
soalkenes as conjugate addition acceptors, coupled with
the facile conversion of the nitro or nitroso group into
other functionalities, such as ketones,5 nitriles6 and
amines,7 has prompted the extensive use of conjugate
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Figure 1.
addition reactions of diverse nucleophiles to such Mi-
chael acceptors.8 A number of examples exist for the
conjugate addition of oxygen nucleophiles to nitroalk-
enes and nitrosoalkenes,8,9 however, to date the use of
anomeric alkoxides in the formation of 2-nitroalkyl
glycosides remains unexplored. Lubineau et al.10 have
reported the addition of the sodium salt of 3,4,6-tri-O-
acetyl-2-acetamido-2-deoxy-b-DD-glucose to 3-(4-toluene-
sulfonyl-oxy)propenal to provide the corresponding
vinyl glycoside via an addition–elimination sequence.
In addition, Dixon and coworkers have reported the
synthesis of 1,2-amino alcohols using the diastereoselec-
tive Michael addition of d-lactols to (E)-nitroalkenes.10

We proposed to harness the acceptor properties of nitro-
and nitrosoalkenes to allow for the preparation of O-
glycosides through the Michael addition of anomeric
alkoxides. In this communication, we describe studies
on the conjugate addition reactions of a range of
pyranose derivatives to 1-nitrocyclohexene, 1-nitroso-
cyclohexene and related systems to produce the
corresponding glycoside addition products.11

A range of anomeric alcohols 2–7 (Fig. 2) was prepared
by the literature procedures.12 The 2-deoxy-glucose
derivative 8 was prepared in three steps from DD-glucal
following Danishefsky�s method.13 4-O-tButyldimethyl-
silyloxy-LL-rhodinopyranose 13 was synthesized using a
modification of the previous synthesis of Schlessinger
and Graves14 with the replacement of toxic tin and chro-
mium reagents (Scheme 1). Protection of methyl (S)-lac-
tate 9 as its benzyl ether followed by DIBAl-H reduction
afforded the corresponding aldehyde. This was allowed
to react with allylmagnesium bromide under chelation
control conditions15 to afford the monoprotected diol
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Scheme 2. Reagents and conditions: (a) n-BuLi, THF, �10 �C; 24,

25 �C; AcOH, �78 �C (Ref. 18); (b) 25 or 26, n-BuLi, THF, �10 �C;
Bu4NF, �78 �C; NH4Cl, H2O (Ref. 20).
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Scheme 1. Reagents and conditions: (a) NaH, Bu4NI (1 mol%),

PhCH2Br, THF, 85%; (b) DIBAl-H, CH2Cl2, �78 �C; (c) allylmagne-

sium bromide, MgBr2ÆEt2O, CH2Cl2, �78 �C; (d) tBuMe2SiCl, imid-

azole, DMAP (5 mol%), DMF, 89% over three steps; (e) cyclohexene,

BH3ÆSMe2, THF; NaOH, H2O2, 50 �C, 81%; (f) Dess–Martin period-

inane, CH2Cl2, 89%; (g) H2 (3 atm), 10% Pd/C, EtOH, 81%.
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10 with excellent diastereoselectivity (>95%). Silylation
gave alkene 11,which was subjected to hydroboration
with subsequent Dess–Martin oxidation16 to reveal alde-
hyde 12. Debenzylation under hydrogenolysis condi-
tions afforded the desired (LL)-rhodinose derivative 13
in 44% overall yield from methyl (S)-lactate 9.

Deprotonation of alcohol 2 using n-butyllithium at
�10 �C followed by the addition of 1-nitrocyclohexene
24 and quenching with acetic acid at �78 �C gave the
corresponding glycoside 14 (56%) as a mixture of ano-
mers and 2-nitrocyclohexyl diastereoisomers. Further
chromatography and 1H–1H and NOE NMR studies al-
lowed for the identification of the stereochemical bias of
the reaction. The product 14 was obtained predomi-
nantly as the a-anomers (14a and 14b)17 with a selectiv-
ity of 4:1 [(14a and 14b):(14c and 14d)] (Fig. 3). In
addition the 2-nitrocyclohexyl residue was formed pre-
dominantly as the cis-isomer, although there was no
significant absolute stereochemical bias in the nitro-
cyclohexyl unit.

The procedure18 was extended to the preparation of the
2-nitrocyclohexyl glycosides 15–21, which were obtained
in good yields as mixtures of isomers (Scheme 2, Table
1). The reaction conditions were sufficiently mild and
tolerated a range of protecting groups on the glycosyl
donor. It is clear from entries 1–3 and 7 that glucopyra-
nose derivatives with methyl and silyl ether protecting
groups underwent glycosidation in higher yields than re-
lated benzyl and allyl ethers. Alongside the glucose
derivatives investigated, the study showed that fucose
5 (entry 4), mannose 6 (5), xylose 7 (6) and rhodinose
13 (8) derivatives were also successfully coupled. Of par-
ticular importance, with respect to the lactonamycin
program, was the effective glycosylation of the 2-deoxy
sugars 8 and 13 (entries 7 and 8).



Table 1. Synthesis of 2-nitroalkyl and 2-oximinoalkyl glycosides

Entry Pyranose Reagenta Product (%) a:b Ratio

1 2 24 14 (56) 4:1

2 3 24 15 (65) —b

3 4 24 16 (44) —b

4 5 24 17 (51) 3:1

5 6 24 18 (48) —b

6 7 24 19 (52) —b

7 8 24 20 (63) —b

8 13 24 21 (55) 3:1

9 6 25 22 (69) —b

10 6 26 23 (62) —b

aGlycosidation using nitrocyclohexene 24, or nitrosoalkenes generated

in situ from the oximes 25 or 26.
b Ratios not determined.
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The 2-nitrocyclohexyl glycosidations were extended to
related reactions using the labile nitrosoalkenes derived
from the a-chloro-ketoximes 25 and 26, by desilylation
and chloride elimination in situ (Table 1, Scheme 2).
The required oximes 25 and 26 were, respectively, pre-
pared from the corresponding a-chloro-ketones and
O-(t-butyldimethylsilyl)hydroxylamine.19 Sequential addi-
tion of n-butyllithium (at �10 �C) and tetrabutylammo-
nium fluoride in THF to pyranose 6 and oxime 25 gave
the corresponding glycoside 22 (69%) as a mixture of
isomers. In the same way,20 pyranose 6 and oxime 26
were converted into the glycoside 23 (62%), also as a
mixture of isomers
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Finally, a representative 2-nitroalkyl glycoside 21 was
converted into the corresponding 2-oxoalkyl glycoside
27 (50%, a:b 3:1) using an oxidative Nef reaction with
potassium permanganate, potassium hydroxide and
magnesium sulfate in methanol.21 Secondly, the
2-oximinoalkyl glycoside 22 was converted into the
corresponding 2-oxoalkyl glycoside 28 (71%) using
manganese dioxide in hexane5 and was obtained as a
mixture of isomers. These oxidative conversions are rel-
evant to the synthesis of the keto glycoside unit of lac-
tonamycin 1.

In conclusion we have developed novel glycosylation
strategies for the preparation of 2-nitroalkyl, 2-oxi-
minoalkyl and 2-oxoalkyl glycosides, through the conju-
gate addition of anomeric alkoxides to nitro- or
nitrosoolefins. This methodology has been applied to a
range of pyranose sugars affording the desired addition
products in good yields and, in several cases, with prom-
ising levels of a-diastereoselectivity. Further work con-
cerned with the formation of O-glycosides through the
conjugate addition of anomeric alkoxides will be re-
ported in due course.
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