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THE REARRANGEMENT OF VINYL EPOXIDES DERIVED FROM BICYCLO[4.2.0]OCTA-2,4,7-TRIENES
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As part of our interestl’2 in the preparation of the 8-oxatricyclo[4.3.0. 0 ]nona 2,4-
diene ring system (1), we investigated the epoxidation of bicyclo[4.2.0]octa-2,4,7-trienes
(biCOTs) (2). While several examples of epoxidation of cyclobutene m-systems have been reported3
and even the preferential epoxidation of a ring-strained m-bond in the presence of a 1,3-diene
system elsewhere in the molecu1e4, the reaction of biCOTs (g) with m-chloroperbenzoic acid
(m-CPBA) was not successful as a route to the required ring-system (1). In the event a
new type of end-product was obtained which has not previously been observed in m-CPBA reactions,
and this is the subject of the present report.

R Ry R R,
- Ko o Ao
R: Ry R: R,

® @ ®

@

A o cl ¢
{ Ph {
R, R, R,
® ® 0
(@) R=Me,R=Ph ) R=R=Ph (¢} R=R=Me @ R=Ph,R=Me.

Initially the biCOT (2§)6 was treated with m-CPBA in chloroform solution (3 days, r.t.)
and a single product obtained. Purification by p.l.c. (silica CH,Cl,/petrol) and crystallisation
(CHC1;/EtOH) yielded a product, m.p. 139°C, m/e 362. The p.m.r. spectrum (Fig. 1) showed that
epoxidation had not occurred at the cyclobutene m-bond. The u.v. spectrum [Amax 223, 275 mm in
EtOH] indicated that the original diene chromophore [Amax 248, 311 nm in hexane for (2a)] had
been modified, but a decision between the 1,2-epoxides (3a or 3d), and the 1,4-oxide (4a) was

more difficult.
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A definitive judgement in favour of the 1,4-oxide was forthcoming from the !'3C-n.m.r.
spectral data. Thus the C-resonances at 91.7, 87.6 p.p.m. were assigned to the 1,4-oxygen
bridged carbon atoms, since such resonances fall within the range 80-95 p.p.m. whereas those
associated with 1,2-epoxides fall in the range 40-75 p.p.m.7 The constancy of these assignments
is supported by literature values as well as a large amount of our own data, a selection of which
is summarised in Fig. 2.

The formation of 1,4-oxides was quite general with similarly substituted compounds,
and the related tetraphenylbiCOT (2b) yielded a 1,4-product, m.p. 173°C. In this case the
symnetry of the 'H- and '3C-n.m.r. spectra added support to the 1,4-oxide formulation. The
reaction also occurred with the 7,8-dichlorobicyclo[4.2.0]octa-2,4-diene (5a) which yielded
(chloroform solutlon) a mixture of endo- and exo-1,4-oxides (7a), m.p. 181°C, 195°C, resp.,
together with the benzocyclobutene (8), m.p. 144°C.

There are numerous examples of 1,4-oxides being formed from ene epoxides under
thermalll, photochemicallz, or metal carbonyl promoted rearrangementls, but to our knowledge no
reports of acid-catalysed transformation have appeared. Indeed ene epoxides are usually trans-
formed into ketone, ene-diol or related derivatives upon treatment with acid.1 4 1n fact the
biological formation of ene diols from enzymatically produced ene epoxides has recently gained

importance in the metabolism of carcinogenic hydrocau‘bons.15

In the conversion of (2) to (4) there seemed good precedent to suspect the intermediacy
of ene epoxides, and this premise was borne out by carrying out the m-CPBA reaction in a basic,
two phase medium (CH.Cl,/0.5M aq. NaHCO3). In the case of biCOT (2a) the crystalline epoxide
(3~a), m.p. 142°C, was the exclusive product. The 'H-n.m.r. spectrum of this compound (Fig. 3)
showed a strong spectral similarity with the 1,4-oxide (4~a), but the '3C-n.m.r. clearly indicated
the presence of the epoxide ring with resonances at 66.9, 64.2 p.m.r. Dissolution of (3a) in
CDCl3 (but not in acetone or benzene) at ambient temperature, caused rapid rearrangement to the
1,4-oxide, the traces of acid impurities present in commercial CDCl; being sufficient to catalyse
the reaction. A mechanism involving the stabilised carbocation (?) is proposed to account for
the ene epoxide to dihydrofuran rearrangement. An intermediate such as (g) also accounts for
the formation of the methylene alcohol (1~0) when 2,5-dimethyl-3,4-diphenylbiCOT (2¢) is treated
with m-CPBA in CHC1,.'0
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Treatment of a chloroform solution of the biCOT (2a) with molecular oxygen (in the
dark) at 0°C, resulted in the slow formation of the 1,4—oxid~e (4~a). When the reaction was
carried out in the absence of acid the epoxide (3~a) could be detected, but under these reaction
conditions (benzene r.t.) a significant amount of the related cyclooctatetraene was also
observed. This latter compound results from a disrotatory ring-opening of the biCOT, a reaction
known to occur under thermal conditions.

A precedent exists for the formation of 1,2-epoxides from conjugated polyenes on
treatment with molecular oxygen”, and the 1,4-oxide is presumed to again arise from the acid
catalysed pathway.
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