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Nitro Compounds as Nucleophilic Alkylidene
Transfer Reagents

Summary: Nitro compounds can be used as useful and
general nucleophilic alkylidene transfer reagents for the
preparation of various cyclopropanes.

Sir: The base-catalyzed reaction of nitroalkanes with
electron-deficient olefins is well-known as the Michael
reaction and it has been used extensively in organic syn-
thesis.! In spite of the numerous examples of Michael
additions, there is only one report of cyclopropane for-
mation by the reaction of the a-anion of a nitroalkane with
electron-deficient olefins.?2 The yield of cyclopropanes
prepared by this method was generally low (10-20%) ex-
cept for alkenes derived from steroides; the only nitro-
alkanes investigated were nitromethane and nitroethane.?
Here we describe the general use of nitroalkanes as al-
kylidene transfer reagents.

As allylic nitro compounds undergo palladium-catalyzed
allylic alkylation with stabilized carbanions,?® it might be
expected that the reaction of the a-anion of 4-nitro-2-
methyl-2-butene (1) with 2 in the presence of Pd(PPhy),
would give cyclopropane 3 via sequential Michael addition
and palladium-catalyzed allylic alkylation. In fact, 3 was
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obtained in good yield on treatment of the potassium salt
of 1 with 2 in the presence of 5 mol % of Pd(PPhy),.
However, we have found that the palladium catalyst is
unnecessary. Simply stirring a mixture of the potassium
salt of 1 and 2 in dimethyl sulfoxide (Me,SO) at room
temperature for 3 h gave 3 in 86% yield. The potassium
salt was prepared in situ by the reaction of 1 with t-BuOK
or KOH in Me,SO. This reaction can be extended to a
variety of allylic nitro compounds and conjugated alkenes.
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Table 1. Preparation of gem-Dimethylcyclopropanes Using
2-Nitropropane
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Some typical examples are shown here. Phenylnitro-
methane was also used as an alkylidene transfer reagent
to give the corresponding cyclopropane in good yield.
Thus, the nitro group at the allylic and benzylic positions
is activated to nucleophilic replacement.*

Anticipating the formation of gem-dimethylcyclopropane
(11), we carried out the reaction of the potassium salt of
2-nitropropane with 2. The reaction was carried out in
dilute Me,SO solution with avoidance of proton sources
to minimize side reactions, dimerization, and Michael
addition.’ Compound 11 was obtained in 65% yield under
these conditions. Various gem-dimethylcyclopropanes can
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be prepared by this method and the results are summa-
rized in Table I. Isopropylidene transfer using 2-nitro-
propane is an extremely useful process for organic syn-
thesis. Although the potassium salt of 2-nitropropane lacks
the reactivity of typical isopropylidene transfer reagents
such as diphenylsulfonium isopropylide® or sulfoximine
isopropylides,” 2-nitropropane is commercially available
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and cheap; the nitronate is stable and easy to handle.

As the a-anion of 2-nitropropane is much more stable
than the a-anion of ketones, the reaction of the potassium
salt of 2-nitropropane with alkenes substituted with only
one keto group is thermodynamically unfavored for the
formation of cyclopropanes. Nevertheless, gem-di-
methyleyclopropanes were obtained in 5-10% yields even
in such cases. The present alkylidene transfer reaction is
not limited to the examples presented above but can be
further extended. When nitro cycloalkanes are used, spiro
compounds are prepared as in eq 6. Nitro compounds

CN

- room temperature
NOZ + - 24 h
COOMe

CN
)
COOMe
45%
MeO ~ NO, +2 room ;:m:eru'ure
0
CN
MeO (7)
COOMe
56%

having other functional groups also follow this reaction,
as, for example, methyl 4-nitropentanoate, which results
in the regioselective formation of cyclopropanes. When
primary nitroalkanes were used, primary alkyl groups could
be transfered in 50-60% yields. Only alkenes were suc-
cessful substrates, activated by two electron-withdrawing
groups. The stereochemistry of the present alkylidene
transfer reaction is noteworthy. The stereochemistry of
alkenes was retained in the course of the reaction when
they were prepared by the Knoevenagel reaction. This
means that the reaction proceeds via the similar inter-
mediates as those of the Knoevenagel reaction.! The
studied reaction of nitro groups so closely parallels the
sulfone cyclopropanation.? The former method has merits
over the latter one in that various alkyl groups are
transfered regioselectively.

Thus, the nitro group at allylic, benzylic, and tertiary
positions is especially readily replaced by intramolecular
nucleophiles to form cyclopropanes. This fact strongly
suggests that the present ring closure proceeds via sin-
gle-electron transfer as in other reactions of nitro com-
pounds with nucleophiles.!® Further studies are currently
in progress on the mechanism of the ring closure along with
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the synthetic application of the present reaction.
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Total Synthesis of (x)-Ilicicolin H

Summary: The first total synthesis of ilicicolin H (1) is
described. An intramolecular Diels—Alder strategy pro-
vides high regio- and stereoselectivity.

Sir: Extracts from the mycelium of the imperfect fungus,
Cylindrocladium ilicicola, have led to the isolation and
characterization of the novel antifungal antibiotic known
as ilicicolin H (1).2 Bassianin, tenellin, and funiculosin
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have been identified as related members of this family of
natural products,® and extensive biosynthetic studies of
tenellin and ilicicolin H have established a unique ring
expansion rearrangement leading to these a-pyridone
metabolites.* These studies present a convergent route
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