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OXIDATION OF 1,2,3-BUTATRIENES: A FACILE
FORMATION OF METHYLENECYCLOPROPANONES AND
THETR SUBSEQUENT PHOTODECARBONYLATION

Wataru Ando*, Hiroshi Hayakawa, and Norihiro Tokitoh
Department of Chemistry, University of Tsukuba

Sakura-mura, Niihari-gun, Ibaraki 305, Japan

Summary: A peracid oxidation of some sterically hindered 1,2,3-butatrienes (4)
using an alkaline biphasic solvent system was examined, and the resulted
methylenecyclopropanones (5) were readily photodecarbonylated to give the
corresponding allenes (6) in good yields.

Although the oxidation of allenes has been investigated extensively from a
viewpoint of generating a valence tautomeric triad with an allene oxide (1),
cyclopropanone (2), and oxyallyl (g),1) the oxidation of 1,2,3-butatrienes has
not been fully investigated because of the instability of the reaction

products.
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In this paper, we wish to report the first example of the peracid oxida-
tion of sterically hindered 1,2,3-butatrienes (4) leading to the corresponding
methylenecyclopropanones (5), and a subsequent photodecarbonylation of §
resulting a facile formation of the hindered allenes (6), the decarbonylation

products.

The oxidation of butatrienes (4) by m-chloroperbenzoic acid (mCPBA) was
achieved very easily and effectively using the alkaline biphasic solvent
system.2) For example, 4a was treated with an equimolar amount of mCPBA in

CH2C12—NaHCO3 solvent system to give the corresponding methylenecyclopropanone
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(ba) in 81% yield as a yellow 0il.3) The results with the other butatrienes
are listed in Table 1. In the case of unsymmetric butatriene (4d), the
peracid oxidation gave the mixture of two regioisomeric methylenecvclo-

propanones (5d) and (5d') in 81% yield.4)
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Table 1. The transformation of 4 into & via 5.
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By analogy to the rearrangement of allene oxide (1) into cyclopropanone
(g)ﬂr6“8) the formation of the methylenecyclopropanones (5) was interpreted
with the intermediacy of the initially formed epoxides (7) followed by the ring
transformation via the oxyallyl intermediates (8). However, in spite of the
presence of the bulky substituents the unsaturated epoxide (7) was not stable
enough to isolate 1in contrast to the allene oxide (l)ﬂ'6‘8} As for the
regiochemistry, the initial epoxidation of 4 seems to occur not at the central
m-bond but at the terminal w-bond, considering the facts that the analogous
nucleophilic sgpecies such as diazomethane?) and dichlorocarbene ! 0r11) attack

butatrienes at the terminal w-bonds.
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For the decarbonylation reaction of the methylenecyclopropanones (5), ba
(90 mg, 0.33 mmol) was irradiated in 1.8 ml of benzene by a 400 W medium
pressure mercury lamp through a phenanthrene filter solution (1.4 g/250 ml of

methanol) under cooling with water. In a few minutes the coriginal vellow
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color of the solution disappeared and the 1

H-NMR spectrum of the mixture showed
a guantitative conversion of 5a into the decarbonylated allene (6a). The
isolation by the column chromatography on silica gel afforded 6a in 81% yield
(69.5 mg) as a colorless oil. The results obtained using the other methylene-
cyclopropanones (5) as a substrate are summarized in Table 1.

The fact that the photoreaction of the methylenecyclopropanone (5b), which
has two UV absorption maxima in hexane at 423(log € =3.06, n»>7*¥} and 260 nm

(log € =5.08,1>1*), was accomplished by the n+7* excitation using phenanthrene

filter (>365 nm) suggests that the photodecarbonylation of 5 proceeded through
12)

the Norrish Type I cleavage of the cyclopropanone ring.
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In view of the facility of this conversion and the ready availability of
either symmetrical or unsymmetrical butatrienes as a substrate, the present
sequence provides a new conversion method for the preparation of sterically

hindered allenes.
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