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Abstract

A number of 1- and 1,2-disubstituted cyclopropenes undergo [4+2]-cycloaddition to methyl vinyl ketone
or acrolein at ambient temperature to produce 2-oxabicyclo[4.1.0]hept-3-enes. When 1-phenyl-2-trimethylsilyl-
cyclopropene is treated with 0.4 mol. equivrofchloroperbenzoic acid, the derived ring-opened enone undergoes
[4+2]-cycloaddition to the remaining starting material at ambient temperature. © 2000 Elsevier Science Ltd. All
rights reserved.

It was reported recently that 1-phenyl-2-trimethylsilylcycloprop#ig converted into the crystalline
tetramer2 in remarkably high yield (85%) when allowed to stand at ambient temperature under vacuum
for three weeks. Some of us observed that whénwas kept at 5°C for an extended period without
taking precautions to exclude air, a different crystalline material was obtaifiad. formation of this
compound appeared to occur most rapidly whewmas purified by chromatography over silica and then
allowed to stand alone at 20°C, when crystals had begun to be deposited after 18 h; after 7 days NMR
of the crude products showed the almost complete reaction of the cyclopropene and the formation of a
single product. The same product was formed more slowly wiheas kept inD-chloroform at 20°C,
about 10% reaction occurring in 7 day3he product gave a microanalysis consistent with a structure
formed from two molecules of cyclopropene and one oxygen atom; its NMR spectrum included two
trimethylsilyl signals at 0.2 and 0.3, two cyclopropane hydrogens as an AB pattdrB.R Hz) at
1.31 and 1.40 and a second AB systei 7.0 Hz) at 2.31 and 2.74, together with ten phenyl hydrogens.

Its structure was confirmed as beidpy means of a single crystal X-ray stutijhe result of which is
shown in Fig. 1.

Corresponding author.
T No tetramer2 was detected by NMR under either of these conditions.
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Fig. 1. Single crystal X-ray structure determinatiorBof

This formation of compoun@ appeared to be explained by the [4+2]-cycloaddition of the cyclopro-
penel and the enond, to produce a six-membered heterocycle in the boat conformation with atoms
C7 and C9 irRSandSRconfigurations, respectively. The ring-opening of cyclopropenes to give related
enones on reaction with oxygen is known; thus the indertoiseconverted into compoun@ with the
more electron withdrawing group on the 1-position of the erfoReesumably the cycloproperdenust
absorb enough oxygen during work-up or chromatography, or in storage, to be oxidised; nonetheless,
none of the dimer was observed when oxygen was bubbled through a solutionmichloroform for 18
h. However, in support of the above mechanism, the oxidatidrbgfl mol. equiv. ofm-chloroperbenzoic
acicP for 10 min at 40°C led to a mixture of together with a minor isomét (70%; ratio 1.7:1f, when
the oxidation ofl was carried out with 0.4 mol. equiv. of the peracid, the NMR spectrum of the product
initially showed the presence dfand7 together with unreactet} after standing for 18 h at 20°C, the
spectrum showed the signals for compoudind 7 remained unreacted; the major isordewas no

longer present, apparently having reacted with the excess of cyclopropene.
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There are many examples of cycloaddition of cyclopropenes to dienes, in many cases even at ambient
temperature or below.There are also many examples of the addition of alkenes to enones and enals;
with simple alkenes these usually occur at relatively high temperature, although in some cases, and
particularly in the presence of a Lewis acid catalyst they occur at ambient temperature and below.
However, the formation o as described above would represent the first example of the [4+2]-addition
of a cyclopropene to an enofAdlthough there are a number of examples of 2-oxabicyclo[4.1.0]hept-3-
enes’ most of these are further functionalised with a ketone at C-5; others are derivedHrqyrdns®
or 4H-pyran-4-ones' by cyclopropanation. The cyclopropetevas therefore treated with an excess
of methyl vinyl ketone in chloroform for 4 h at 20°C; the add@&etwas isolated in 91% crude yield
(87% after rapid column chromatograpHy)a similar producBb was isolated whet was treated with
acrolein (86%). In contrast, whehwas allowed to stand witlrans-but-2-en-1-al or 4-methylpent-3-
en-2-one, no products of [4+2]-cycloaddition were observed and instead the cyclopropene was slowly

oxidised to gives.

Ph

R

SiMe;
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In order to establish whether this reaction could be applied more widely, a number of other

cyclopropene'$ were treated with methyl vinyl ketone or acrolein at 20°C; the

results are presented

in Table 114
/é\ o Octyl Yy a) Y =H R=DMe
. \; // cpei, b) Y=H, R =H
Octyl Y ) o) c) Y = Br, R = Me
R ° =Br, R=H
(9):; z : ir 20 ¢ R :)) := SiMe;, R = Me
c) ¥ = SiMe, R = H, Me (10) £) Y = SiMe;, R = H
Table 1
Reactions of cyclopropenes with enones to give 2-oxabicyclo[4.1.0]hept-3-enes at 20°C
Cyclopropene Enone Reaction Product | Yield (after
Time chromatography)
€)) Methyl vinyl ketone 4 (8a) 86
Acrolein 4 (8b) 86
Crotonaldehyde 18 0
Mesityl oxide 18 0
(9a) Methyl vinyl ketone 18 (10a) 89
Acrolein 4 (10b) 92
(9b) Methyl vinyl ketone 18 0
(9¢) Methyl vinyl ketone 4 (10e) 87
Acrolein 4 (10f) 86
Crotonaldehyde 18 0

Under these conditions, no reaction was observed with either mesityl oxidengrcrotonaldehyde.
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2-Bromo-1-octylcyclopropene did not react with any of the enones, nor did 3-methyl-3-
phenylcyclopropene. In this latter case the steric hindrance caused by the 3-substituents to cycloaddition
to the cyclopropene -bond has been noted on a number of occasions.

The use of an appropriate catalyst and of high pressure to promote the [4+2]-cycloaddition with less
reactive enones and cyclopropenes is being examined.
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